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ABST
PAL  .Iadd.A thermostat for controlling heating apparatus is converted to a
      thermostat for controlling heating and cooling apparatus by the addition
      of a subbase. The heating thermostat has a double switch attached to a
      bimetal and a heating anticipation heater whereby heating apparatus is
      controlled when connected to the terminals of the thermostat. When it is
      desired to use the thermostat to control both heating and cooling
      apparatus, the thermostat is removed from the wall and a subbase is placed
      under the thermostat. The subbase has a cooling anticipation heater which
      is thermally connected to the bimetal. The subbase has terminals to
      connect the assembly of thermostat and subbase to the heating and cooling
      apparatus. .Iaddend.
BSUM
PAR  The present invention is concerned with an improvement in a thermostat for
      a heating and cooling system; in particular, a thermostat is provided with
      a double switch so one portion of the switch can be normally used to
      control heating apparatus and upon the addition of a subbase which has a
      heater to artificially heat the temperature responsive device in the
      thermostat, the thermostat can control both heating and cooling apparatus.
PAR  Heretofore, when temperature controls were provided for controlling heating
      apparatus, a space temperature control or thermostat was not easily
      converted to control cooling apparatus should the temperature conditioning
      apparatus of the building or dwelling be modified to add cooling
      apparatus. Upon such a modification of the conditioning apparatus for
      cooling, a new thermostat which had provisions for controlling both
      heating and cooling apparatus was substituted for the old thermostat at a
      considerable expense to the home owner.
PAR  Various ways are used to reduce the cost of the conversion from heating to
      a heating and cooling system. One particular scheme is to add an
      additional relay to the normal heating thermostat for reversing the switch
      operation of the heating thermostat so the heating thermostat can be used
      to control either heating or cooling apparatus. Obviously such a reversing
      relay becomes expensive and increases the overall cost of the modification
      of the existing heating system to a heating and cooling system. In
      addition, the heat effects of a relay may cause poor operation of the
      thermostat.
PAR  The present invention provides for the addition of a subbase to a heating
      thermostat which has a switch means adaptable to control a cooling
      apparatus. The subbase contains a heat anticipation heater means which is
      thermally connected to the temperature responsive means of the thermostat
      when the subbase is mounted on the thermostat. With such a subbase, the
      thermostat is adapted for controlling both heating and cooling apparatus,
      and the initial expense and expense of conversion of the heating system to
      a heating and cooling system is maintained at a minimum. The present
      invention provides for a reduction in the initial expense to the home
      owner by eliminating the anticipation heater used during the cooling
      operation in the thermostat. The anticipation heater for cooling is placed
      in the subbase to be thermally coupled to the thermostat when the subbase
      is mounted on the thermostat.
PAR  An object of the present invention is to provide an improved thermostat and
      subbase combination wherein the anticipation heater used during the
      cooling operation is mounted on the subbase and is thermally coupled to
      the temperature responsive means in the thermostat.
PAR  Another object of the present invention is to provide a thermostat with a
      temperature responsive means supported on a member attached to a base so
      the thermostat can normally control heating apparatus. Upon the attachment
      of a subbase, an artificial heating means is added which is supported by a
      resilient means biased against the member to conduct heat from the subbase
      to the temperature responsive means for anticipation purposes when cooling
      apparatus is controlled.
PAR  Another object of the present invention is to provide a subbase adapted to
      be connected to a thermostat with a heater in the subbase thermally
      coupled to the thermostat for anticipation when the thermostat controls
      cooling apparatus.
DRWD
PAR  These and other objects of the present invention will be understood upon a
      study of the following specification and claims of which:
PAR  FIG. 1 is a schematic representation of a thermostat and subbase
      combination used to control heating and cooling apparatus.
PAR  FIG. 2 is a side cut away view of a typical thermostat having an
      anticipation heater mounted in the subbase to be thermally coupled to the
      temperature responsive means in the thermostat.
PAR  FIG. 3 is another embodiment of the present invention disclosing the
      coupling of the heater in the subbase to the temperature responsive means
      of the thermostat by air flow through a hole in the base of the
      thermostat.
PAR  FIG. 4 is another embodiment of the present invention showing the heater in
      the subbase adjacent the support of the temperature responsive element in
      the thermostat to thermally couple the heater and temperature responsive
      means and
PAR  FIG. 5 is a detailed showing of the resilient support for the heater
      mounted in the subbase as shown in FIG. 2.
DETD
PAR  Referring to FIG. 1, a thermostat 10 is used to control the temperature in
      a space. Thermostat 10 has a temperature responsive means or bimetal 11
      which is mounted on a support or post 12. Connected to the free end of
      bimetal 11 is a switch 13. The switch 13 is of an SPDT mercury switch type
      having two end electrodes 14 and 15 and a center common electrode 20 to
      form a circuit closing switch at each end when the mercury 21 covers
      either electrodes 14 and 20 or electrodes 15 and 20. Thermostat 10 is
      normally connected to control 22 for controlling heating apparatus.
      Apparatus 22 contains a source of power 23 having a primary winding 24 and
      a secondary winding 25. A heating relay 30 has a winding 31 and a normally
      open switch 32 which is adapted to be connected to temperature
      conditioning or heating apparatus.
PAR  Relay 30 is energized when switch 13 tips to the right to close the circuit
      between electrodes 15 and 20 through a circuit traced as follows: from
      secondary 25, a conductor 33, winding 31, a conductor 34, a terminal 35, a
      conductor 40, a terminal 41 on thermostat 10, a resistor 42 which is
      thermally connected to bimetal 11 for heat anticipation purposes, a
      conductor 43, electrode 15, electrode 13, a conductor 44, a terminal 45, a
      conductor 50, a terminal 51, conductor 52, and back to the other side of
      the secondary 25. Upon a drop in temperature of the space containing
      thermostat 10, bimetal 11 moves switch 13 to the right to close the
      circuit between electrodes 15 and 20 to energize relay 30 and the heating
      apparatus. The current circulating through the circuit passes through
      heater 42 to artificially heat the bimetal 11 to cause the bimetal
      temperature to rise to anticipate increase in space temperature due to the
      operation of the heating apparatus. The heating apparatus is then
      deenergized earlier than without anticipation.
PAR  In order to convert the system to a heating and cooling system by the
      addition of the cooling control 53, a subbase 54 is added to thermostat
      10. The subbase may be physically connected as well as electrically
      connected by terminal screws 41, 45 and 46. Subbase 54 contains a
      change-over or cool-off-heat switch 55 which has a movable member 60
      engaging contacts 61 and 62 when in the cool position and contact 63 when
      in the heat position for selectively switching the system to obtain
      cooling or heating or to turn the system off. Heater 64 mounted in subbase
      54 is positioned to be thermally connected or coupled to bimetal 11 when
      the subbase 54 is mounted on the thermostat. Heater 64 is used for
      anticipation purposes when the thermostat is ued to control the cooling
      apparatus. When thermostat 10 is used for controlling the heat apparatus
      22 and the cooling apparatus 53, the connections for the thermostat are
      made through the subbase 54. The circuit for the control of the heat
      apparatus 22 is modified to be traced as follows: from the secondary
      winding 25 of the transformer, conductor 33, winding 31, conductor 34, a
      conductor 65, a terminal 70, a conductor 71, a terminal 72 on subbase 54,
      contact 63, movable member 60 when in the heat position, a conductor 73,
      terminal 45, conductor 44, electrode 20, electrode 15, conductor 43,
      heater 42, terminal 41, a conductor 74, a terminal 75 on subbase 54, a
      conductor 80, a terminal 81, a conductor 82, conductor 52, and back to the
      other side of a source of power. Upon the decrease in temperature of
      bimetal 11, switch 13 controls relay 30 to operate the heating apparatus
      in the same manner as was the case when the thermostat 10 was connected to
      control apparatus 22 by the circuit through conductors 40 and 50 which are
      not used for the heating and cooling connections.
PAR  The operation of the cooling apparatus is accomplished by thermostat 10
      when the switch 55 of the subbase is moved to the cool position as shown
      with member 60 engaging contacts 61 and 62 through a circuit traced as
      follows: from the secondary 25, a conductor 83, an energization winding 84
      of a relay 85 which has a normally open switch 90 attached to be connected
      to cooling apparatus, a conductor 91, a terminal 92, a conductor 93, a
      terminal 94 on subbase 54, conductor 95, terminal 46, conductor 100,
      electrode 14, electrode 20, conductor 44, terminal 45, conductor 73,
      member 60, contact 61, terminal 75, conductor 80, terminal 81, conductor
      82, conductor 52, and back to the other side of the source of power. The
      anticipation heater 64 is connected in parallel with the switch formed by
      electrodes 14 and 20 by a circuit traced as follows: from conductor 44,
      terminal 45, conductor 73, member 60, contact 62, heater 64, terminal 46
      and to conductor 100. When the switch of electrodes 14 and 20 is open,
      heater 64 is connected across secondary 25 through the circuit including
      winding 84 so bimetal 11 is artificially heated during the off cycle of
      the cooling operation of thermostat 10 to anticipate the effect of the
      operation of the cooling apparatus.
PAR  Referring to FIG. 2, a specific thermostat and subbase is shown. Bimetal 11
      is mounted on a base or support means 101 by a post or support means 102.
      Heater 64 is mounted on subbase 54 by means of a platform 103 integrally
      molded into the subbase for supporting a resilient connection or spring
      104. Spring 104 as shown in FIG. 5 has a cut section to provide two lower
      fingers 105 and 110 and an upper flanger 111 so resistor or heater 64 can
      be mounted between the fingers and finger 111 can be resiliently biased
      against support 102 to thermally conduct the heat from heater 64 to
      bimetal 11.
PAR  Referring to FIG. 3, another embodiment discloses the thermostat and
      subbase. Bimetal 11 is mounted on the base of the thermostat by a support
      102. The base of the thermostat 112 has at least two holes 113 and 114.
      Heater 64 is mounted on the subbase by means of a spring clip 115 similar
      to that disclosed in FIG. 5 except that the clip does not engage support
      102. Heater 64 is held in a position so the heat from the heater warms the
      air which passes through holes 113 and 114 to change the temperature
      surrounding bimetal 11. In such a manner, heater 64 is thermally connected
      to the temperature responsive means of the thermostat when subbase 54 is
      mounted on thermostat 10.
PAR  Referring to FIG. 4, another embodiment of the invention discloses the
      thermostat 10 and subbase 54 with heater 64 mounted on subbase 54 away
      from the support 102 of bimetal 11 so that heat from heater 64 radiates to
      support 102 to be conducted through the support to the bimetal whereby the
      heater 64 can be thermally coupled to the bimetal 11 when the subbase 54
      is mounted on thermostat 10.
PAC  Operation
PAR  Initially when a home owner would have a thermostat for controlling heating
      apparatus, thermostat 10 would be connected to control apparatus 22 by
      conductors 40 and 50. The operation of the thermostat with the bimetal
      cooled down would be in a conventional manner to cause the switch formed
      by shorting electrodes 15 and 20 to energize relay 30 to bring about the
      operation of the heating apparatus. By providing thermostat 10 with the
      SPDT switch 13, even though the second circuit formed by electrodes 14 and
      20 is not used when the thermostat is connected for heating only, the
      added cost to the home owner is relatively small as other parts of the
      thermostat which are necessary for use in heating and cooling systems are
      not contained in thermostat 10.
PAR  Later upon the addition of cooling apparatus to the house, the cooling
      control panel 53 is added and subbase 54 is added to thermostat 10. The
      subbase 54 connects the thermostat 10 to the heating and cooling controls
      22 and 53, respectively, by conductors 71, 80 and 93. Subbase 53 contains
      the changeover switch 55 which provides for the selection of control by
      thermostat 10 of heating or cooling depending on the position of the
      movable member 60. Subbase 54 also contains the cooling anticipation
      heater 64 which is mounted in the subbase so as to be thermally connected
      to the bimetal. Upon the operation of thermostat 10 as a cooling
      thermostat, the heat from heater 64 artificially heats the bimetal during
      the off cycle for anticipation purposes only.
PAR  The specific structure of the subbase is shown in FIG. 2. Heater 64 is held
      on the subbase by the resilient spring 104 and a finger 111 as shown in
      FIG. 5 is biased to the right as shown in FIG. 2 to engage the support
      102. Heater 64 is thermally connected to bimetal 11 by the heat conduction
      through the spring 111 and the support 102.
PAR  In FIGS. 3 and 4 two other alternate designs are shown for providing the
      heater 64 in the subbase and conducting the heat to the bimetal in the
      thermostat. The thermostat of FIG. 3 has two holes 113 and 114 to provide
      air flow so air can flow to the rear of the thermostat and back up heat
      from heater 64 which is mounted in the subbase to deliver the heat to the
      bimetal for anticipation purposes. The embodiment of FIG. 4 has the heater
      64 mounted in the subbase so heat can be transferred to the support 102 to
      conduct the heat to bimetal 11.
PAR  The present invention provides an improvement over thermostat and subbase
      combinations which heretofore have been used to provide a heating
      thermostat which can be readily adapted for heating and cooling
      installation by the addition of a subbase to make use of the heating
      thermostat for the heating and cooling system. When reversing relays and
      switches are used in the subbase to obtain a reversal of a normal heating
      thermostat, the added heat of the relays as well as the cost of the relays
      make such a thermostat and subbase combination objectionable. The present
      invention provides for an inexpensive design whereby with a slight
      additional cost to the thermostat by using a three electrode switch, the
      thermostat can be used with an inexpensive subbase to make a heating and
      cooling control system which provides good control results. The
      anticipation heater is mounted in the subbase to eliminate the cost of the
      heater from the thermostat alone and yet when the subbase is added to the
      thermostat, the heater is thermally coupled to the thermostat to provide
      an operative system which has been found to be very satisfactory at a
      minimum cost to the home owner.
CLMS
STM  The present invention is described and presented in various embodiments;
      however, the intent is to limit the scope of the invention only by the
      appended claims in which we claim:
NUM  1.
PAR  1. In a thermostat for controlling heating .[.and cooling.]. apparatus,
      .Iadd.and being adaptable for controlling cooling apparatus by adding a
      subbase, .Iaddend.a main unit having a base, temperature responsive switch
      means mounted on said base, a first heater mounted .Iadd.on said base
      .Iaddend.in thermal relation to said temperature responsive switch means,
      and connection means adapted to connect said heater and said switch means
      in a circuit for controlling the heating apparatus, a subbase unit having
      a second heater, .Iadd.and .Iaddend.means for mounting said main unit on
      said subbase unit to thermally connect said second heater to said
      temperature responsive switch means and electrically connect said
      .Iadd.first and .Iaddend.second .[.heater.]. .Iadd.heaters .Iaddend.to
      said switch means and .Iadd.adapted to connect .Iaddend.said switch means
      to control the .Iadd.heating and the .Iaddend.cooling .[.apparatus..].
      .Iadd.apparatuses. .Iaddend.
NUM  2.
PAR  2. In a thermostat for controlling heating .[.and cooling.]. apparatus,
      .Iadd.and being adaptable for controlling cooling apparatus by adding a
      subbase unit .Iaddend.a main unit having a base, temperature responsive
      means mounted on said base, first and second switch means, means
      connecting said first and second switch means to said temperature
      responsive means, a first heater mounted .Iadd.on said base .Iaddend.in
      thermal relation to said temperature responsive switch means, and
      connection means adapted to connect said heater and said first switch
      means in a circuit for controlling the heating apparatus, and a subbase
      unit having a second heater, .Iadd.and .Iaddend.means connecting said main
      unit and said subbase unit to thermally connect said second heater to said
      temperature responsive means and .Iadd.adapted .Iaddend.to electrically
      connect said .Iadd.first and .Iaddend.second switch means to control said
      .Iadd.first and .Iaddend.second .[.heater.]. .Iadd.heaters .Iaddend.and
      the .Iadd.heating and the .Iaddend.cooling .[.apparatus.].
      .Iadd.apparatuses. .Iaddend.
NUM  3.
PAR  3. In a thermostat for controlling heating apparatus and being adaptable
      for controlling cooling apparatus by adding an auxiliary base, a first
      base, temperature responsive means .Iadd.having a first anticipation
      heater .Iaddend.mounted on said base, means connecting said temperature
      responsive means to control .Iadd.said first heater and .Iaddend.the
      heating apparatus, a second auxiliary base, means connectively mounting
      said first and second bases together, .[.an.]. .Iadd.a second
      .Iaddend.anticipation heater mounted on said second base, said
      .Iadd.second .Iaddend.heater being thermally coupled to and effective to
      modify the temperature of said responsive means when said second base is
      mounted on said first base, and means including said second base
      connecting said temperature responsive means to control the .Iadd.heating
      and the .Iaddend.cooling .[.apparatus.]. .Iadd.apparatuses .Iaddend.said
      last mentioned means connecting said .[.heater.]. .Iadd.heaters
      .Iaddend.to be selectively energized by said responsive means.
NUM  4.
PAR  4. In a thermostat for controlling a first conditioning apparatus and being
      adaptable for controlling a second conditioning apparatus by adding a base
      unit, a first base .Iadd.unit .Iaddend.temperature responsive means
      mounted on said base .Iadd. a first anticipation heater mounted on said
      base unit, .Iaddend.means connecting said temperature responsive means to
      control .Iadd.said first heater and .Iaddend.the first conditioning
      apparatus, a second base unit, means connecting said first and second base
      units, .[.an.]. .Iadd.a second .Iaddend.anticipation heater means mounted
      on said second base unit, means thermally connecting said heater means to
      be effective to modify the temperature of said responsive means when said
      second base unit is mounted on said first base unit, and means included in
      said second base unit electrically connecting said temperature responsive
      means to control the .Iadd.first and the .Iaddend.second conditioning
      .[.apparatus.]. .Iadd.apparatuses.Iaddend., said last mentioned means
      electrically connecting said .[.heater.]. .Iadd.heaters .Iaddend.to be
      selectively energized. .[.5. A thermostat assembly comprising a main body,
      a secondary body for modifying said main body, and means connecting said
      main body and said secondary body, said main body comprising a base
      member, a temperature responsive means, support means connected to said
      base member and said responsive means, switch means, and means connecting
      said switch means to said responsive means, said secondary body comprising
      an anticipation heater, a second base member, spring means supporting said
      heater on said second base member, said spring means engaging said support
      means to thermally connect said heater to said temperature responsive
      means when said main body is mounted on said secondary body, and
      connection means connecting said switch means to control the energization
      of said anticipation heater..]. .[.6. A thermostat assembly comprising a
      main body connected to control heating apparatus and a secondary body
      connected to said main body controlling both heating and cooling
      apparatus, said main body comprising
PA1  a temperature responsive means,
PA1  a base,
PA1  support means mounting said temperature responsive means on said base,
PA1  switch means,
PA1  connection means connecting said switch means to said temperature
      responsive means,
PA1  and electrical connection means adapted to connect said switch means to the
      heating apparatus,
PA1  said secondary body comprising an anticipation heater,
PA1  resilient means thermally connected to said heater, said resilient means
      engaging said support means when said main body is mounted on said
      secondary body to conduct heat from said heater to said temperature
      responsive means,
PA1  connection means connecting said switch means to control the cooling
      apparatus,
PA1  and further connecting means connecting said heater to said switch
      means..]. .[.7. A subbase to be connected to a thermostat having a
      temperature responsive switch means to control both heating and cooling
      conditioning apparatus but normally only controlling heating apparatus
      comprising, anticipation heater means, thermal connection means adapted to
      connect said heater means to said temperature responsive means when the
      thermostat is connected to said subbase, and electrical connection means
      connecting said heater means to the temperature responsive switch means
      when said switch means is connected to control the conditioning
      apparatus..]. .[.8. A subbase to be connected to a thermostat having a
      temperature responsive switch means adapted to control both heating and
      cooling apparatus comprising, a base, anticipation heater means mounted on
      said base, resilient connection means connected to said heater means and
      adapted to be thermally connected to said temperature responsive means
      when the thermostat is connected to said subbase, and electrical
      connection means adapted to connect said heater means to be controlled by
      the temperature responsive switch means when said switch means is
      connected to control cooling apparatus..]. .[.9. In a subbase adapted to
      be connected to a thermostat having a temperature responsive switch means,
PA1  a base,
PA1  means for connecting said base to the thermostat,
PA1  anticipation heater means,
PA1  resilient connection means connected to said base and said heater means,
      said resilient means being adapted to engage the temperature responsive
      switch means when the thermostat is connected to said subbase to conduct
      heat from said heater to said temperature responsive switch means,
PA1  and electrical connection means adapted to connect said heater means to a
      source of power when the switch means is connected to conditioning
PAR   apparatus..]. 10. In a thermostat, .Iadd.adaptable for controlling heating
      apparatus and being adaptable for controlling apparatus by adding a
      secondary unit, .Iaddend.
PA1  a main unit having a temperature responsive switch means .Iadd.and an
      anticipation heating means .Iaddend.adapted to control heating .[.and
      cooling apparatuses,.]. .Iadd.apparatus, .Iaddend.
PA1  electrical means adapted to connect said switch means to control one of the
      apparatuses,
PA1  a secondary unit having electrical means adapted to connect said switch
      means to control both said heating and cooling apparatuses,
PA1  and means connecting said main and secondary units,
PA1  an improvement comprising .Iadd.a second .Iaddend.anticipation heating
      means in said secondary unit and means to thermally connect said
      .Iadd.second .Iaddend.heating means to said temperature responsive switch
      means whereby said main unit when used separately to control heating
      apparatus can have a minimum cost and upon a need for the control of
      .Iadd.heating and .Iaddend.cooling .[.apparatus.]. .Iadd.apparatuses
      .Iaddend.said secondary unit can be added. .[.11. In a control system,
      temperature control means comprising a base, a bimetal, means mounting
      said bimetal on said base, a switch having first and second circuits, and
      means mounting said switch on said bimetal; heating control apparatus; a
      source of power; circuit means including said first circuit for connecting
      said heating control apparatus to said source; and a subbase for said
      temperature control means, means connecting said subbase to said base,
      said subbase comprising an electrical heater, resilient means engaging
      said means mounting for thermally connecting said heater to said
      responsive means, cooling control apparatus, circuit means including said
      second circuit for connecting said cooling control apparatus to said
      source, and circuit means selectively connecting said heater means to said
      source..]. .[.12. In a thermostat for controlling a first conditioning
      apparatus and being adaptable for controlling a second conditioning
      apparatus by adding an auxiliary base unit,
PA1  a first base,
PA1  temperature responsive means,
PA1  support means mounting said temperature responsive means on said base,
PA1  means adapted to connect said temperature responsive means to control the
      first conditioning apparatus,
PA1  a second base unit,
PA1  an anticipation heater means,
PA1  means mounting said heater means on said second base unit, said first base
      having an opening for air flow, said heater means being effective to
      modify the temperature of said responsive means when said second base unit
      is mounted on said first base unit by the flow of heated air from said
      heater means through said opening, and
PA1  means including said second base unit when mounted on said first base unit
      adapted to electrically connect said temperature responsive means to
      control the second conditioning apparatus..]. .[.13. In a control system
      for controlling temperature control apparatuses,
PA1  temperature control means comprising a base, a bimetal mounted on said
      base, a switch having first and second circuits, and means mounting said
      switch on said bimetal;
PA1  first temperature control apparatus;
PA1  a source of power;
PA1  circuit means including said first circuit for connecting said first
      control apparatus to said source;
PA1  a subbase,
PA1  means connecting said subbase to said temperature control means;
PA1  said temperature control means comprising an electrical heater, and means
      thermally connecting said heater to said responsive means;
PA1  second temeprature control apparatus;
PA1  circuit means including said second circuit for connecting said second
      control apparatus to said source; and
PA1  circuit means connecting said heater means to said source..]. .Iadd. 14. In
      a thermostat assembly, wherein a thermostat for controlling heating
      apparatus is used for controlling heating and cooling apparatus by the
      addition of a subbase, comprising
PA1  a thermostat adapted to be mounted on a wall, said thermostat comprising a
      base, temperature responsive means attached to said base, switch means
      connected to said temperature responsive means, said switch means having a
      first circuit and a second circuit, a heat anticipation heater mounted on
      said base and being thermally connected to said temperature responsive
      means, and connection means connecting said first circuit of said switch
      means and said heat anticipation heater in a circuit to terminals on said
      base so that heating apparatus can be controlled upon being connected to
      said terminals, and
PA1  a subbase adapted to be mounted between said thermostat and the wall to
      modify said thermostat when it is desired to convert said thermostat to
      control heating and cooling apparatus, said subbase comprising, a second
      heat anticipation heater, and connection means when said subbase is placed
      under said thermostat for connecting said first circuit of said switch
      means and said first heater to first terminals on said subbase so that
      heating apparatus can be controlled upon being connected to said first
      terminals and for connecting said second circuit of said switch means and
      said second heater to other terminals on said subbase so that cooling
      apparatus can be controlled upon being connected to said other terminals,
      said second heater being thermally connected to said temperature
      responsive means by a solid heat conducting connection made when said
      thermostat is mounted on said subbase.
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ABST
PAL  A waste treatment system which is capable of handling materials of widely
      different physical characteristics such as glass, metal, and fibrous and
      plastic waste, incorporates a rotor rotatably mounted in a waste receiving
      vessel, the rotor being adapted to fracture brittle material, compact
      malleable material, and otherwise pulverize the frangible waste to a
      particulate form small enough to be extracted through a perforated plate.
      The rotor also circulates the material in a slurry form within the vessel
      in a vortical pattern so that the waste is repeatedly treated until it is
      ejected from the vessel. A series of space attrition bars are mounted
      outwardly of the rotor to provide an annularly shaped, discontinuous
      attrition surface, and hammers or flails are pivotally mounted on the
      rotor to reduce into smaller pieces materials which are flung upon or
      between the attrition bars by the rotor. Where the waste material contains
      a high proportion of rags, tubing and other stringy material, a rotating
      chopper blade is provided to chop this portion of the waste into smaller
      pieces which are more readily handled by the rotor and flails. Waste
      materials which are not readily reduced to a pulverized state by the
      system are segregated from those which are and removed separately.
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PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  Application Ser. No. 6,041, filed Jan. 26, 1970, for METHOD AND APPARATUS
      FOR THE TREATMENT OF GARBAGE AND OTHER WASTES by Joseph Baxter, Jr. now
      U.S. Pat. No. 3,549,092, and application Ser. No. 861,778, filed Sept. 28,
      1969, For Waste Treatment System, of which the present application is a
      division now U.S. Pat. No. 3,595,488.
PAC  BACKGROUND OF THE INVENTION
PAR  Municipal wastes will typically include materials of widely varying
      physical characteristics. These may include fibrous materials, such as
      paper, cardboard and rags, plastic materials, glass, wire, light gauge
      metallic containers, and relatively heavy, infrangible materials such as
      heavy metal pipes and iron castings. It is generally desirable to separate
      the relatively infrangible materials from those which may be readily
      broken down to a small particle size, reduce the latter in an aqueous
      medium and pump the resulting slurry to further treatment stages.
PAR  This has conventionally required sorting the waste material prior to
      reducing the frangible fraction to a size capable of being suspended in an
      aqueous medium. Additionally, even though the relatively infrangible
      portion of the waste is removed, the disparate characteristics of the
      remaining fraction render in them not readily amenable to reduction in a
      single treatment. This is particularly true where the waste materials
      contain a relatively high proportion of stringy materials, such as rags,
      tubing, and the like, as is usually found in waste materials received from
      hospitals.
PAR  It has, therefore, been long recognized that it would be highly desirable
      to combine in one treatment the functions of separating the relatively
      frangible and infrangible portions of the waste material and at the same
      time efficiently reducing the frangible portion to a particulate state,
      even though the physical characteristics of the frangible portion are
      quite dissimilar.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention combines, in one system, a series of elements which
      cooperate both to segregate the frangible and infrangible portions of the
      waste material being treated and to pulverize the frangible portion to a
      particle size which permits the waste to be readily suspended in an
      aqueous medium for pumping to further treatment stations.
PAR  Thus apparatus according to the present invention includes a rotor mounted
      in a vessel and serving to set up destructive hydraulic shear forces in
      the vessel when the vessel is loaded with waste materials and a liquid
      suspending medium. The rotor can be of the disc type but may
      advantageously be constructed in accordance with the teachings of the
      patent to Vokes, U.S. Pat. No. 3,073,535. With this type of rotor a
      plurality of arms are provided which enhance the formation of a vortical
      flow pattern in the vessel which continuously causes the material to be
      driven outwardly and upwardly along the sides of the vessel to an
      overhanging wall of the vessel and then downwardly back into the path of
      the rotor arms. A perforated extraction plate may be positioned beneath
      the rotor so that as the waste is reduced to the desired size, the action
      of the rotor forces this portion of the material in slurry form through
      the extraction plate into a chamber, where means is provided for conveying
      the slurry away for further treatment.
PAR  An annularly shaped, discontinuous attrition surface is formed by a
      plurality of spaced attrition bars positioned outwardly of the rotor and
      engaged by swinging hammers or flails mounted on the rotor. These elements
      cooperate with the rotor in reducing waste material to the desired size
      and are particularly effective in reducing tubing, rags and the like.
      Thus, as tubing, for example, influenced by the vertical flow pattern set
      up by the rotor, passes between the spaced attrition bars, the rotating
      flails sever the tubing into shorter lengths. The outer surfaces of the
      attrition bars extend substantially vertically from the bottom of the
      treatment vessel and provide an annular pocket into which the currents set
      by the rotor deposit the relatively heavier, infrangible portions of the
      material, thereby segregating this portion from that which may be more
      readily pulverized.
PAR  Additionally, where the material contains a high proportion of stringy
      materials such as tubing and rags, a rotary chopper blade may be mounted
      in the vessel and positioned so as to receive materials being circulated
      through the tank by the rotor arms and to chop these materials to a size
      more readily handled by the rotor, attrition surface and flails, and
      extraction plate.
PAR  Thus the present invention incorporates in one system a series of elements
      which cooperate both to segregate the relatively frangible and infrangible
      portions of the material being treated and to subject the frangible
      portions to a pulverizing action, despite the widely different physical
      characteristics of the frangible portion, whereby the pulverized frangible
      portions are transformed into a homogenous slurry which can be readily
      pumped, transported, dewatered and otherwise treated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view, partly in cross section, of apparatus of the
      present invention;
PAR  FIG. 2 is a plan view with portions broken away for clarity;
PAR  FIGS. 3 and 4 are cross sectional views taken on lines 3--3 and 4--4,
      respectively, of FIG. 9;
PAR  FIG. 5 is an enlarged cross sectional view of a portion of the apparatus of
      the present invention showing structure adjacent the rotor of the system;
PAR  FIG. 6 is a plan view of a portion of one of the flails and the
      discontinuous attrition surface;
PAR  FIG. 7 is a view of a portion of the chopper blade;
PAR  FIG. 8 is a view of a portion of the bottom of the rotor and an attached
      flail;
PAR  FIG. 9 is a plan view of a portion of the top of the rotor and associated
      elements;
PAR  FIG. 10 is a cross sectional view of a portion of apparatus according to a
      modified form of the invention;
PAR  FIG. 11 is a perspective view of a portion of the attrition plate of FIG.
      10;
PAR  FIGS. 12-14 are somewhat schematic representations showing the various
      positions the chopper blade may assume according to the principles of the
      present invention;
PAR  FIG. 15 is an elevational view showing a further embodiment of the present
      invention; and
PAR  FIG. 16 is a somewhat schematic representation of a complete waste
      treatment system.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As seen in FIG. 1 of the drawings, apparatus according to the present
      invention may incorporate a vessel 10 having a bottom wall portion 11 and
      an upstanding, substantially cylindrical side wall 12. A continuation 13
      of the side wall extends inwardly and downwardly and terminates in an
      overhanging lip 14. A ring 15 is positioned between the side wall 12 and
      lip 14 with its oppositely projecting flanges 16 and 17 secured thereto to
      provide an annular space 18, which may be filled with concrete or the like
      to stabilize theunit against vibrations imposed by the moving parts of the
      equipment. Extending downwardly from the right-hand side of the vessel as
      seen in FIG. 1 is a conduit 19 which permits ejection from the system of a
      portion of the waste as described below.
PAR  Mounted in the bottom wall of the vessel 10 is a rotor 20 having outwardly
      projecting arms 21 and rotating in the direction indicated by the arrow in
      FIG. 2. The rotor 20 may be splined to a shaft 22 mounted in a bearing 23
      and extending downwardly into operative association with drive means 24.
      Each of the arms 21, as best seen in FIG. 3, has a truncated air foil
      shape with a substantially flat leading edge 25 which is slightly inclined
      from the vertical in a direction downwardly and away from the direction of
      rotation of the arms 21. The upper and lower surfaces 26 and 27 of each
      arm 21 converge towards each other with the lower surface 27 being curved
      upwardly away from the bottom of the vessel. The leading edge of each arm
      21 may be provided with a protective strip 28 of a hardened material such
      as tungsten carbide or the like, and a deflecting strip 29 of
      substantially rectangular cross section may be attached to the
      undersurface of the rotor, as more clearly shown in FIGS. 8 and 9.
PAR  The portion of the bottom wall 11 immediately beneath the rotor 20 may be
      formed as a plate 30 having a series of perforations 31 therein to
      function as an extraction plate. Affixed to the upper surface of the plate
      30, as by welding or the like, is a series of substantially rectangularly
      cross sectioned deflecting bars 32 mounted in opposition to the similarly
      cross sectioned rotor deflecting bars 29. It will be noted from FIG. 9
      that each of the bars 29 and 32 extends at an angle to the radii of the
      rotor but in opposite directions, for a purpose to be presently explained.
      Immediately beneath the extractor plate 30, a support plate 33 is secured
      to provide, with plates 34 and 35, a substantially toroidal-shaped chamber
      36 having an opening 37 therein attached to a conduit 38. Plate 33 is, of
      course, provided with openings 39 therethrough to permit communication
      between the vessel interior and the chamber 36 through the perforations
      31.
PAR  At least a pair of oppositely extending arms 21 are modified as seen in
      FIGS. 2, 4 and 9 by providing a cutaway portion 40 having an opening 41
      therethrough to receive a bolt 43. A flail 44 of substantially L-shape has
      a complementary cut-way portion 45 formed on its inner end with an
      aperture 46 therethrough for receiving the bolt 43. The bolt 43 may be
      provided with an enlarged shoulder 42, and a washer 47 is positioned
      between the opposing portions of the arm 21 and flail 44. Alternatively of
      course, the shoulder 42 may be replaced by a bushing. The purpose of the
      shoulder 42, or a corresponding bushing, and the washer 47 is to permit
      even wear of the more readily replaceable flails, bolts and washers. The
      outer end of each flail 44 has an upwardly and outwardly beveled surface
      48, as best seen in FIGS. 4 and 8.
PAR  Positioned outwardly of the rotor 20 are a series of attrition bar members
      50 of generally trapezoidal configuration separated by passages 56. The
      bars 50, as best seen in FIG. 2, are conveniently mounted in units on
      segment plates 57, which may be secured to the support plate 33 by means
      of bolts or the like 58 (See also FIG. 4). The trapezoidal configuration
      of the bars 50 provides, in addition to the upper and lower parallel sides
      51 and 52, a pair of non-parallel sides 53 and 54, each of which serves an
      important function in the apparatus of the present invention.
PAR  The substantially vertically oriented surface 53 of each of the bars forms
      a pocket 55 in the lower portion of the vessel 10 for a purpose to be
      presently explained and the surfaces 54 of the bars 50, which are
      complementary to the surface 48 of the flail 44, collectively define an
      annularly-shaped, discontinuous attrition surface. While a pair of
      oppositely positioned flails 44 have been described for purposes of
      illustration, it will be apparent that the number of flails utilized may
      be varied as desired, the only limitation being the avoidance of an unduly
      unbalanced system.
PAR  A chopper blade 60 is shown in FIG. 1 as mounted in the side wall 12 of the
      vessel 10 on a shaft 61 which extends through the side wall and is
      shrouded at 62 and attached to a source of power 64 mounted outwardly of
      the vessel 10. As best seen in FIG. 7, the chopper blade 60 may be of
      saw-toothed construction with the teeth 65 of the blade inclined away from
      the direction of rotation of the blade.
PAR  The apparatus thus far described may be operated on either a continuous or
      a batch basis. However, it will generally be preferable to operate on a
      continuous basis, and the description of the operation is therefore
      directed to a continuous process, although it will be apparent that it has
      facility in a batch process as well.
PAR  In operation, waste material is delivered to the vessel 10 together with a
      change of liquid, which may initially be fresh water but which, as will be
      explained below may quite advantageously be raw sewage from a municipal
      sewage system. The consistency of the mixture in the vessel 10 will vary
      depending upon the amount of glass, metal and the like in the vessel.
      Thus, if there is a high percentage of these materials, the consistency
      may be as high as 10 percent. However, the consistency of the slurry
      passing through the plate will preferably be approximately 2 to 6 percent
      solids, and the total amount of material will usually be kept rather low
      to provide a more efficient reducing and segregating operation.
PAR  The rotor 20, which may operate at a peripheral speed of approximately
      1,000 to 6,000 feet per minute, establishes a vortical circulation path in
      the vessel, as indicated by the arrows 70, which subjects the material in
      the vessel to severe hydraulic shear forces. In this regard is should be
      noted that the horsepower to volume ratio is preferably maintained
      relatively high to insure a vigorous flow pattern, with the volume of
      material treated ranging from 1.5 to 7.5 cubic feet per unit of horsepower
      expended. This serves to break up a portion of the waste material to
      smaller sizes and appears to be particularly effective in reducing fibrous
      materials such as paper, cardboard and the like.
PAR  In addition to the attrition caused by hydraulic shear, the arms 21 also
      exert a mechanical destructive force on the waste. Thus the leading edge
      of each arm 21, protected by the hardened strip of material 28, defines an
      impacting surface which extends nonparallel to the plane of rotation of
      rotor 20 and batters the objects it encounters as it sweeps about the
      bottom of the vessel, serving to compact light gauge metallic containers
      such as aluminum and tin cans and fracturing relatively brittle materials
      such as glass into small particles.
PAR  The inclined leading edge of each of the arms 21 also tends to direct the
      waste material downwardly towards the extractor plate 30, where, if it is
      of a sufficiently small size, it passes through the apertures 31 and
      thence, into the toroidal chamber 36 from which it may be evacuated by the
      conduit 38. Material which is forced down toward the plate 30 but is too
      large to pass through the apertures 31 is sucked upwardly from the surface
      of the extractor plate by the negative pressure exerted by the passage of
      the upwardly curved surface 27 of each of the arms 21, and this upward and
      downward plusation provides an additional comminuting action. The
      deflector bars 29 and 32 cross each other in scissors fashion and serve to
      cut and otherwise sweep out any oversize gritty particles which tend to
      become lodge between the surfaces of the rotor and the extractor plate 31.
PAR  Stringy material, such as rags and tubings, will be flung outwardly by the
      rotor toward the attrition bars 50. The space between these bars will
      preferably be dimensioned to be greater than the diameter of the types of
      tubing and the like which are likely to be encountered so that the
      majority of such tubing may pass between the bars. Therefore, as the
      tubing passes between the bars 50 it will be served into shorter lengths
      by the outer end of the flails 44, which are impelled outwardly by
      centrifugal force and engage the annularly-shaped discontinuous attrition
      surface defined by the inclined surface 54 of the bars 50.
PAR  Because of the pivotal mounting, if a piece of hard waste material is
      encountered by a flail, it will move away from the direction of movement
      of the rotor, in the manner indicated by the arrow in FIG. 9, and damage
      to the flail prevented. Preferably, the outer ends 48 of the flails 44 are
      dimensioned to be wider than the space 56 between adjacent bars 50 to
      prevent the flails from being jammed between adjacent bars and damaged.
      Additionally, the spaces 56 between adjacent attrition bars taper
      outwardly, as best seen in FIGS. 2, 6 and 9, to prevent material from
      becoming lodged between them, and the bars are angularly oriented with
      respect to the radii 59 of the rotor so as to be aligned with the outward
      flow created by the rotor 20 and indicated at 59' in FIG. 6.
PAR  As noted previously, the consistency of waste material in the vessel 10 is
      deliberately kept at a level which allows the material to circulate in the
      vortical pattern indicated by the arrows 70. Thus, it is redirected
      downwardly back into the rotor and associated flails, thereby repeatedly
      subjecting the material to an extremely severe treatment. In this regard
      the overhanging lip 14 prevents material from being flung from the vessel
      when the amount of material in the vessel necessitates it. Heavier,
      relatively infrangible waste such as heavy gauge steel or cast iron, is
      also flung outwardly by the rotor where it tends to follow the general
      direction of the arrows 70. However, because of its greater weight, it
      will only travel a short distance up the bottom wall of the vessel and
      will then fall downwardly, where it migrates to the general vicinity of
      the pocket 55 formed by the vertical surfaces 53 of the attrition bars
      members 50. Continued circulation and accumulation of this relatively
      heavy infrangible material continues until the natural circulation within
      the vessel causes this portion to be ejected from the vessel 10 through
      the conduit 19. Thus rather than the relatively infrangible portion of the
      waste being retained in the system, where it would not only subject the
      system to excessive wear but would also occupy volume which could be best
      utilized by the more frangible portions of the waste, it is instead
      segregated and delivered out of the system at an early stage.
PAR  While the system as thus far described operates efficiently in segregating
      the relatively frangible and infrangible portions of the waste and in
      pulverizing the frangible portion to a particulate size, in certain
      instances where the waste contains a high proportion of stringy or ropy
      materials such as tubing and rags, additional means may be provided for
      breaking down this stringy material to a size more readily handled by the
      rotor and associated flails.
PAR  Thus as seen in FIGS. 1 and 2, the rotating, sawtoothed, chopper blade 60
      rotating at a peripheral speed for 4,000-12,000 feet per minute may be
      mounted in the side wall of the vessel 10 in the path of the material
      flung outwardly and upwardly by the rotor 20; whereby any stringy or ropy
      portions are chopped into shorter lengths which are more conveniently
      handled by the rotor 20 and flails and attrition bars. In practice it has
      been found that if a chopper blade is not used in situations in which the
      proportion of stringy material is high, this material may wind into an
      increasingly larger bail and greatly inhibits the effectiveness of the
      operation.
PAR  Turning now to FIGS. 10 and 11 of the drawings, a second preferred
      embodiment of the invention will be described. The embodiment of FIGS. 10
      and 11, as in the case of the embodiment of FIG.. 1, incorporates a rotor
      20' in which certain arms thereof are modified for the attachment of
      flails 44' thereto. However, unlike the previous embodiment, the bottom
      wall portion 80 beneath the rotor 20' is, with the exception of the
      opening 81 accommodating the conduit 82, relatively imperforate.
      Additionally, the annular attrition surface is formed as an annular plate
      83 having spaced ribs 84 formed thereon and a series of passages 85
      extending through a portion of the plate 83 into the chamber 90.
PAR  The chamber 90 is coextensive with the apertured portion of plate 83 and is
      formed by the cover plate 91, substantially vertically extending walls 92
      and 93 and a bottom wall 94, with egress from the chamber being provided
      by the conduit 95. Thus rather than the particulate material produced by
      the system being directed downwardly through an extraction plate, as in
      the embodiment of FIG. 1, it is ejected outwardly through the openings 85
      in the apertured portion of the plate 83 and thence into the chamber 90,
      where it is drained by the conduit 95. The conduit 82 may be connected to
      a source of fluid under pressure which may be either intermittently or
      continuously delivered to the space 96 between the bottom of the rotor and
      the plate 80 and thereby assist in preventing an accumulation of material
      in this area.
PAR  In the embodiment shown in FIG. 1 of the drawings, the axis of rotation of
      the chopper blade 60 is normal to the axis of rotation of the rotor 20 and
      on a line which would intersect a line running through the axis of
      rotation of the rotor. It will be noted from FIGS. 12, 13 and 14 of the
      drawings, however, that it is within the scope of the present invention to
      provide alternate mountings for the blade 60. Thus as seen in FIG. 12, the
      axis of rotation of the chopper blade 60a may be angularly disposed with
      respect to the axis of the rotor 20. Alternatively, as seen in FIG. 13,
      the axis of rotation of the chopper blade 60b is parallel to that of the
      rotor. FIG. 14 shows yet another embodiment wherein, although the axis of
      rotation of the chopper blade 60c is again normal to that of the rotor, it
      is offset with respect thereto. While in all of the embodiments shown only
      a single chopper blade is utilized, it will be apparent that multiple
      choppers can also be used to advantage, particularly in large
      installations.
PAR  In FIG. 15 a further embodiment of the present invention is shown wherein a
      rotor 20a is provided mounted in the side wall of the vessel 10a. In this
      position the rotor is removed from the heavier materials which tend to
      collect at the bottom of the vessel. While the rotor 20a is shown as
      associated with an extraction plate 30a, it will be appreciated that the
      rotor may instead be associated with construction of the type shown in
      FIG. 10. Additionally, a second rotor 20b could also be provided with its
      axis extending normal to the axis of rotor 20a.
PAR  FIG. 16 of the drawings somewhat schematically represents a complete system
      in which the apparatus of the present invention may be utilized. Thus a
      trash segregating and disintegrating unit, including a vessel 10, may be
      associated with a junk catcher 100 by means of a conduit 19 and
      continuously charged with waste material by means of the conveyor 101.
      Liquid, preferably water, may be fed to the vessel 10 by means of a line
      102 connected to the junk catcher 100 and in communication with the vessel
      10 via the conduit 19. The slurry of pulverized waste material and liquid
      passes from the vessel 10 by means of the conduit 103 and is pumped by
      means of the pump 104 to a separator 105, which may conveniently be of the
      cyclone type and which serves to separate gritty materials from the
      slurry. Grit thus separated from the slurry of waste material may be
      ejected through the line 106 and collected for disposal by land fill
      methods or utilized as an aggregate in low load bearing structures. The
      remaining slurry of waste material may then be conveyed by means of the
      line 107 to a sewer line 108. Since the grit has been removed in the
      cyclone there is no danger of it settling out in and clogging the sewer.
PAR  Alternatively, the accepts from the cyclone 105 may be passed through a
      line 109 to a thickener 110, which may conveniently be of the screw type.
      Liquid expressed at the thickener 110 may then be conveyed back to the
      junk catcher by means of line 111 in place of or in supplement to the
      liquid from the conduit 102. The relatively high consistency material
      delivered by the thickener 110 may then be passed through the line 112 to
      a conventional incinerator, an incinerator of the fluidized bed type, or
      otherwise disposed of.
PAR  It is also possible to use the apparatus of the present invention in a
      system wherein the waste material is treated in more than a single
      comminuting operation. Thus the openings through which the pulverized
      material in the vessel 10 are expressed into the line 103 may be
      relatively large, for example, on the order of 1/2 - 11/2 inches, with the
      waste material consequently receiving only a fairly coarse treatment. This
      coarsely divided waste material may then be conveyed to the cyclone
      separator 105 to remove the grit fraction of the waste, and the accepts
      from the separator delivered through a line 113 to a second apparatus 114
      which may be, but not necessarily is, of the same type as apparatus 10 and
      which has openings therefrom on a much smaller order of magnitude, for
      example, three-eights of an inch, than the apparatus thereof. The waste
      material passing from this apparatus may then be treated as described
      above. A system which incorporates a multiple stage comminuting process
      has the advantage of a higher through-put rate, since the retention time
      in each stage need not be as long, and reduced equipment wear,
      particularly in the stages downstream of the separating apparatus.
PAR  From the above, it will be apparent that the present invention provides
      apparatus which through a unique cooperation of elements, permits, in a
      single continuous operation, the segregation of the relatively frangible
      and infrangible portions of waste material, and the reduction of the
      frangible portion to a desired particulate size, despite widely varying
      physical characteristics of the waste.
PAR  While the forms of apparatus herein described constitute preferred
      embodiments of the invention, it is to be understood that the invention is
      not limited to these precise forms of apparatus, and that changes may be
      made therein without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A waste treatment system comprising:
PA1  a. a vessel .Iadd.adapted to receive relatively frangible and infrangible
      material therein for treatment, said vessel .Iaddend.including an
      upstanding side wall portion,
PA1  b. a rotor mounted in said vessel,
PA1  c. means defining a discontinuous attrition surface mounted in said vessel
      intermediate said side wall portion and said rotor,
PA1  d. said side wall portion being of appreciably greater extent in a
      direction parallel to the axis of rotation of said rotor than said
      attrition means,
PA1  e. said discontinuous attrition surface being spaced from said side wall
      portion to accommodate material flow through and over said attrition
      surface into .[.said space.]. .Iadd.the space between said attrition
      surface and said side wall portion .Iaddend.and upwardly along said side
      wall in a vortical pattern,
PA1  f. flail means mounted on said rotor and projecting outwardly therefrom,
PA1  g. said flail means being mounted on said rotor for movement with respect
      thereto and engagement with said attrition means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein:
PA1  a. at least a distal portion of said flail means is engageable with said
      attrition surface, and
PA1  b. said distal portion of said flail means and the portion of said
      attrition surface engageable thereby are complementary in shape.
NUM  3.
PAR  3. The apparatus of claim 1 wherein:
PA1  said flail means are pivotally mounted on said rotor.
NUM  4.
PAR  4. The apparatus of claim 3 wherein:
PA1  a. said attrition surface is defined by one edge of a series of bar
      members, and
PA1  b. said bar members are positioned about said rotor in spaced relationship
      to each other.
NUM  5.
PAR  5. The apparatus of claim 4 wherein:
PA1  a. said bar members are angularly disposed with respect to the radii of
      said rotor, and
PA1  b. the spacing between said bar members increases in a direction away from
      said rotor.
NUM  6.
PAR  6. The apparatus of claim 4 wherein:
PA1  a. said bar members are substantially trapezoidal in configuration.
PA1  b. one of the non-parallel edges on each of said bar members extends
      substantially parallel to the axis of rotation of said rotor and defines
      an annular pocket surrounding said bar members,
PA1  c. the other non-parallel edge of each of said bar members constitutes said
      discontinuous attrition surface defining means, and
PA1  d. means is provided for evacuating said pocket.
NUM  7.
PAR  7. The apparatus of claim 3 wherein:
PA1  a. said flail means are substantially L-shaped.
NUM  8.
PAR  8. The apparatus of claim 1 further comprising:
PA1  a. a chopper blade mounted in said vessel in spaced relationship to said
      rotor.
NUM  9.
PAR  9. The apparatus of claim 8 wherein:
PA1  a. said chopper blade is rotatably mounted, and
PA1  b. said chopper blade is of saw-toothed configuration.
NUM  10.
PAR  10. The apparatus of claim 9 wherein:
PA1  a. the surface of the teeth of said chopper blade are curved with respect
      to the radii thereof in a direction opposite to the direction of rotation
      of said chopper blade.
NUM  11.
PAR  11. The apparatus of claim 1 further comprising:
PA1  a. a foraminous wall positioned beneath said rotor.
NUM  12.
PAR  12. The apparatus of claim 1 wherein:
PA1  a. said attrition surface defining means comprises an annularly shaped
      plate having a series of passages extending therethrough.
NUM  13.
PAR  13. The apparatus of claim 12 wherein:
PA1  a. a series of ribs are mounted on an inner surface of said annular plate
      and project inwardly toward said rotor, and
PA1  b. a chamber is positioned outwardly of said annular plate opposite the
      apertured portion thereof.
NUM  14.
PAR  14. Apparatus of the type described comprising:
PA1  a. vessel having a bottom wall, a substantially cylindrical side wall, an
      inwardly projecting top wall and a downwardly extending lip,
PA1  b. a rotor having outwardly extending arms mounted in said bottom wall,
PA1  c. a portion of said bottom wall beneath said rotor having perforations
      formed therethrough and a chamber positioned beneath said portion,
PA1  d. at least two of said arms having L-shaped flails mounted thereon and
      projecting outwardly toward said side wall,
PA1  e. a series of trapezoidally shaped bars arranged outwardly of said rotor
      in spaced relation to each other to define a substantially inwardly and
      downwardly extending discontinuous attrition surface,
PA1  f. the outer portion of said flails being beveled to a configuration
      complementary to said attrition surface and engageable thereby,
PA1  g. an outermost portion of each of said bars defining with a section of
      said bottom wall a substantially annularly-shaped pocket,
PA1  h. said bars being oriented at an angle to the radii of said rotor, with
      the spacing between said bars increasing outwardly of said vessel and the
      spacing of the inner edges of said bars being smaller than said beveled
      portion of said flails,
PA1  i. an outlet from said vessel positioned adjacent a portion of said pocket,
      and
PA1  j. a rotatable chopper blade mounted in said vessel with the axis thereof
      spaced from the axis of said rotor,
PA1  k. said blade being of saw-toothed configuration with the teeth curved in a
      direction away from the direction of rotation of said blade. .Iadd. 15.
      The apparatus of claim 1 further comprising:
PA1  a. means defining an outlet from said vessel adapted to remove said
      relatively infrangible material therefrom..Iaddend..Iadd. 16. The
      apparatus of claim 15 wherein:
PA1  a. said space between said attrition means and said side wall portion is
      substantially annular, and
PA1  b. said outlet from said vessel communicates with said annular
      space..Iaddend.
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PAL  An electric exposure meter for storing the brightness of a photographic
      object as an electric voltage of a magnitude corresponding thereto in
      order to control the exposure time by using the voltage thus stored.
PARN
PAR  This application is a continuation of application Ser. No. 34,320, filed
      Apr. 27, 1967, now abandoned.
BSUM
PAR  This invention is related to an electric exposure meter, more particularly
      to an electric exposure meter usable together with an electronic shutter,
      which is preferably mounted on a through the lens type camera hereinafter
      referred to as a "TTL" camera. Such cameras include, for example, single
      lens reflex camera.
PAR  There have been proposed so-called electronic shutters for electrically
      determining shutter speed or exposure time. A known electronic shutter
      includes an electric circuit comprising, in series, an electric power
      source, a switch adapted to open and close responsive to the movement of
      shutter blades, a photoconductive element for receiving light from a
      photographic object, said photoconductive element having a variable
      resistance responsive to the intensity of the light received thereby, and
      a capacitor. In such electronic shutter, upon depression of a shutter
      button, a shutter sector is opened by an electromagnet, and at the same
      time said switch is closed to complete the aforesaid electric circuit. In
      this case, the capacitor is charged until the voltage across it reaches a
      certain predetermined value, and then the capacitor is discharged. A
      current due to the capacitor discharge actuates an electromagnet for
      closing the shutter sector, so that the shutter is closed to complete the
      exposure. The time necessary for charging the capacitor of such electronic
      exposure meter up to a certain predetermined voltage varies in accordance
      with the brightness of the photographic object, because the electric
      resistance of the photoconductive element is changed responsive to the
      brightness of the light received by the element from the photographic
      object, and hence, the duration of the shutter opening or the exposure
      time is determined according to the brightness of the photographic object.
PAR  In an electronic eye camera having such electronic shutter, it is made
      possible to dispense with a complicated exposure control mechanism of
      conventional electric eye cameras, by taking advantage of the fact that
      the entire opening and closing operation of the shutter blade of the
      electronic shutter can be electrically controlled.
PAR  Such electronic shutter, however, has a disadvantage in that the
      photoconductive element thereof must be disposed to the light until the
      entire exposure is completed. Accordingly, such electronic shutter cannot
      be mounted on a TTL type monocular reflex camera, because the exposure in
      this type camera is determined by a photoconductive element located at a
      suitable point in the light path in the view-finder thereof for measuring
      the brightness of light passing through a photographing lens means, which
      light path during the brightness measurement is changed from that during
      exposure by means of rotation of a mirror.
PAR  Therefore, an object of the present invention is to provide a TTL type
      exposure meter for a monocular or single lens reflex camera having a focal
      plane shutter.
PAR  According to the present invention, the light from a photographic object,
      which passes through a photographing lens of a camera, is delivered to a
      photoconductive element located at a suitable position of the light path
      of a viewfinder thereof to generate electricity. The electricity thus
      generated is measured by a voltmeter and stored in a suitable storing
      means as a capacitor as a charge therein. The electricity thus stored is
      used for controlling the start of the motion of the rear plane of the
      focal plane shutter after the front plane thereof is moved.
DRWD
PAR  Other objects and a fuller understanding of the present invention may be
      had by referring to the following description taken in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic illustration of the light path in a view-finder of
      a monocular reflex camera, on which an exposure meter according to the
      present invention can be mounted;
PAR  FIG. 2 is an electric circuit diagram of an embodiment of the present
      invention;
PAR  FIG. 3 is a graph illustrating resistance-terminal voltage characteristics
      of a light receiving element;
PAR  FIG. 4 is an electric circuit diagram of a modification of the embodiment
      of FIG. 2; and
PAR  FIG. 5 is a graph showing the relationship between the value of B.sub.v and
      output voltage.
PAR  Referring to FIGS. 1 to 3, symbols L, M, P, E, S, and F represent
      respectively a photographing lens, a a mirror adapted to rotate as shown
      by an arrow during exposure, a penta-prism, an eye-piece, a focal plane
      shutter, and a film. A photoconductive element 10 is, for instance, made
      of cadmium sulfide (CdS), and a resistor 12 is connected in series with
      the photoconductive element 10. The photoconductive element 10 and the
      resistor 12 are respectively connected to rotary contact arms 14a and 14b
      of a gang-operated dial switch generally depicted by 14, as shown in FIG.
      2. The mechanism of the gang-operated dial switch 14 is such that when the
      rotary arm 14b is positioned respectively at the corresponding terminal
      a', b', c', d', or e', the arm 14a is positioned at the corresponding
      terminal as shown in the figure.
PAR  The terminal a is connected to one end of a resistor r.sub.1, which is
      negatively biassed by a battery 16, the terminal b to the joint between
      resistors r.sub.1 and r.sub.2, the terminal c to the joint between
      resistors r.sub.2 and r.sub.3, the terminal d to the joint between
      resistors r.sub.3 and r.sub.4, and the terminal e to the joint between
      resistors r.sub.4 and R. The corresponding terminals a', b', c', d', and
      e' are respectively connected to the joint between resistors R and
      r.sub.5, the joint between resistors r.sub.5 and r.sub.6, the joint
      between resistors r.sub.6 and r.sub.7, the joint between resistors r.sub.7
      and r.sub.8, and an end of the resistor r.sub.8, which is positively
      biassed by a battery 18.
PAR  The battery 16 is connected to a closed circuit, which traces from the
      positive terminal thereof to the negative terminal thereof through a lead
      wire 20, resistors r.sub.6, r.sub.5, R, r.sub.4, r.sub.3, r.sub.2, and
      r.sub.1. The battery 18 is also connected to a closed electric circuit,
      which traces from the positive terminal to the negative terminal thereof
      through resistors r.sub.8 and r.sub.7 and the lead wire 20.
PAR  The joint between the photoconductive element 10 and the resistor 12 is
      connected to a terminal 26 of a double-throw selective switch 22 through a
      lead wire 24. A selective arm 28 of the selective switch 22 is normally
      connected to the terminal 26, and the arm 28 is in turn connected to a
      capacitor 30 which is grounded through the ground wire 32. A voltmeter 34
      is connected to the lead wire 24 in parallel with the capacitor 30 in
      order to measure the voltage across the capacitor. In this particular
      embodiment, a capactor is used, but any other suitable storing means can
      be also used in the exposure meter according to the present invention.
PAR  The other terminal 36 of the selective switch 22 is connected to the base
      of a transistor 40 through a resistor 38. The emitter of the transistor 40
      is connected to the ground wire 32, while the collector thereof is
      connected to the negative terminal of the battery 16 through a capacitor
      42. The collector of the transistor 40 is also connected through a lead
      wire 44 to a relay 46 of suitable type for starting the rear plane of
      focal element shutter.
PAR  The operation of the circuit of the aforesaid structure will now be
      described. The selective contact arm 14a of the dial switch 14 is
      interlocked with a film sensitivity selector mounted on a camera body or a
      lens cylinder and adapted to cooperate with a lens aperture ring. Let it
      now be assumed that a film having a sensitivity of ASA 100 is loaded in
      the camera and the lens aperture f of the camera is set at f.sub.8, and
      the selective contact arms 14a are respectively positioned at terminals c
      and c' upon setting a film sensitivity selector at ASA 100. Furthermore,
      it is assumed that the resistor r.sub.1 to r.sub.8 in the embodiment of
      FIG. 2 have the same resistance of r ohms and the resistor R thereof has a
      resistance of R ohms. The numerical value of the resistance r is selected
      to be identical with the resistance variation of the photoconductive
      element per unit brightness value (to be referred to as "Bv" hereinafter).
PAR  In this case, the voltage between terminals c and c' or the voltage across
      the selective arm 14a and 14b of the dial switch 14 is given by (R+4r)i
      volts, as a result of the voltage division by means of resistors r.sub.1
      to r.sub.8 and R. Here, i represents the current flowing through the
      selective arms 14a and 14b. Due to the fact that the resistance of each of
      the resistors r.sub.1 to r.sub.8 is the same, the volatge across the
      selective arms 14a and 14b of the dial switch 14 is not affected by the
      position thereof, namely a--a', b--b', c--c', d--d', or e--e', as shown in
      FIG. 3.
PAR  Under such conditions, if a monocular reflex camera having a focal plane
      shutter together with an exposure meter according towards the present
      invention is directed to a photographic object, the resistance of the
      photoconductive element 10 is varied responsive to the brightness of the
      object of the Bv thereof, and a voltage representative of the Bv of the
      photographic object is produced in the lead wire 24. The capacitor 30 or a
      suitable storing means is charged by the voltage on the lead wire 24
      through the terminal 26 and the selective contact 28. At the same time,
      the voltage on the lead wire 24 is read out by means of the voltmeter 34
      having a graduation according to shutter speed.
PAR  If the voltage generated on the lead wire 24, as detected by the voltmeter
      34 falls within the operative range of shutter speed of the camera, a
      shutter button is depressed. Such depression of the shutter button causes
      upward movement of the mirror, start of movement of the front plane (not
      shown) of the focal element shutter, and simultaneously turn-over of the
      selective arm 28 of the selective switch 22 to the terminal 36 thereof.
      Thus, the capacitor 30 is discharged through the resistor 38 and the
      transistor 40, and an electric signal for actuating the rear plane of the
      focal plane shutter is delivered to the relay circuit 46. After a certain
      time lag following the start of the front element, the relay circuit 46
      actuates a relay (not shown) and starts the rear element (now shown) to
      complete the exposure. The aforesaid time lag depends on the intensity of
      the signal from the transistor 40, that is the magnitude of the voltage
      across the capacitor 30 established by the charge thereof.
PAR  If a lens aperture ring is turned so as to increase the aperture, the
      selective arms 14a and 14b of the dial switch 14 are also turned due its
      interconnection with the lens aperture ring, say to the terminals b and b'
      respectively. With the selective arms thus moved, the voltage across the
      arms 14a and 14b is not changed and kept at (R+4r)i volts, however the
      voltage on the lead wire 24 relative to the ground wire 32 is increased by
      ir volts (see FIG. 5), provided that the intensity of the light delivered
      to the photoconductive element 10 is kept constant. In effect, the voltage
      on the lead wire 24 is increased as if the lens aperture were not changed
      and the brightness of the photographic object is increased by a unit
      brightness value, i.e., 1Bv. Such increase in the voltage on the lead wire
      24 results in an increase of a voltage across the capacitor 30, which
      causes an intensification of the signal on the relay circuit 46 for
      starting the rear element of the focal plane shutter. According to the
      invention, the relay circuit 46 is adapted to start the rear element
      earlier when a stronger signal is applied thereto, and hence, a faster
      shutter speed is obtained responsive to the aforesaid increase in the lens
      aperture.
PAR  In a different embodiment of the invention, when the intensity or Bv of the
      incident light to a photoconductive element 10 is increased, the current
      flowing through the selective arms can be reduced for producing a weaker
      signal, and a relay circuit 46 can be so arranged as to result in a faster
      shutter speed for such weaker signal applied thereto.
PAR  On the other hand, in the embodiment as shown in FIG. 2, if the lens
      aperture ring is so turned as to reduce the aperture by one step, and if
      the selective arms 14a and 14b are moved to the terminals d and d'
      respectively, then, it is apparent to those skilled in the art that the
      voltage on the lead wire 24 is decreased by an amount corresponding to the
      brightness change by a value, provided that the actual intensity of the
      incident light to the photoconductive element is unchanged, thereby the
      start of the rear element of the focal plane shutter is delayed for
      providing a slower shutter speed.
PAR  Then, if the sensitivity of the film loaded in the camera is increased to
      ASA 200, the selective arms of the dial switch are turned accordingly, say
      to terminals b and b' respectively. Similarly, if the film sensitivity is
      reduced to ASA 50, the selective arms 14a and 14b are also moved, say to
      terminals d and d' respectively. Thus, the shutter speed can be adjusted
      in accordance with the sensitivity of the film loaded in the camera.
PAR  FIG. 4 shows a modification of the embodiment of FIG. 2, in which a
      compound photoconductive element 10a is utilized instead of the simple
      photoconductive element 10, however, the operation of the circuitry is the
      same as the of FIG. 2.
PAR  Although the present invention has been described by way of example, it is
      understood that numerous changes in the details of construction and the
      combination and arrangement of parts may be resorted to without departing
      from the spirit and the scope of the invention to. For instance, instead
      of a series of terminals, variable resistors can be used for achieving
      continuous control of the lens aperture, or instead of two batteries, one
      electric power means can be used.
CLMS
STM  We claim:
NUM  1.
PAR  1. An exposure measuring system comprising a gang switch including first
      and second movable contacts mechanically and electrically connected with
      each other, and two groups of corresponding fixed contacts arranged so
      that when the first movable contact is engaged with any one of the first
      group of fixed contacts the second movable contact is engaged with the
      corresponding fixed contact;
PA1  a photoconductive element and a load resistance connected in series, said
      photoconductive element being connected to said first movable contact
      while said load resistance is connected to said second movable contact;
PA1  two groups of resistances each comprised of a plurality of equal value
      resistors connected in series, another resistance connected between said
      two groups of resistances, one end of said series connected resistances
      being connected to a DC electric source, each of said fixed contacts being
      connected to one end of an associated resistor so that in any contact
      position of said gang switch the voltage across the opposite ends of said
      series connection of the photoconductive element and load resistance is
      the same; and
PA1  measuring means connected between the photoconductive element and the load
      resistance for measuring the voltage across the load resistance;
PA1  whereby the output voltage is in linear relation relative to the brightness
      value of the object as sensed by the photoconductive member.
NUM  2.
PAR  2. An exposure measuring system according to claim 1 wherein said measuring
      means comprises a storing means for storing said output voltage for
      controlling the operation of a shutter of a camera.
NUM  3.
PAR  3. An exposure measuring system according to claim 2 wherein said measuring
      means comprises an indicator means for indicating said voltage stored in
      said storing means.
NUM  4.
PAR  4. An exposure system according to claim 3 wherein said indicator is a
      voltmeter.
NUM  5.
PAR  5. An exposure measuring system according to claim 2 wherein said storing
      means is a capacitor.
NUM  6.
PAR  6. An exposure measuring system according to claim 1 wherein said
      photoconductive element is made of cadmium sulfide.
NUM  7.
PAR  7. An exposure measuring system according to claim 1 wherein said
      photoconductive element is a compound photoconductive member. .Iadd. 8. An
      exposure measuring system comprising:
PA1  means including a voltage divider having a series connected network of a
      resistor and a photoconductive means, said photoconductive means being
      exposed to light, for producing a potential at the junction point of said
      resistor and photoconductive means, said potential varying relative to a
      predetermined point in a linear relation to the BV value of the brightness
      of the light incident on said photoconductive means;
PA1  means including a variable resistor device having a resistor portion
      connected in parallel with said series connected network and adjustable in
      accordance with a light unrelated photographing parameter in a manner to
      vary the potentials at both end terminals of said voltage divider equally
      and in the same direction and vary said potential at the said junction
      point with changes in said last mentioned potential for each increment of
      adjustment of said parameter corresponding to changes of potential
      effected by unit changes in the brightness of said incident light; and
      storage means connectable with said means for producing a potential for
      storing said potential in said storage means. .Iaddend. .Iadd. 9. The
      system of claim 8 wherein said photoconductive means includes a pair of
      photoconductive elements coupled as a compound photoconductive cell.
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ABST
PAL  An oil burner consists of an outer jacket surrounded and spaced from an
      inner burner tube to provide a surrounding counterflow chamber. Jacket and
      tube project horizontally inwards from the surrounding combustion chamber
      wall. Counterflow chamber is substantially closed at both ends. Tube
      projects inwardly beyond counterflow chamber and terminates in an upfacing
      burner head. Communication exists at opposite ends of the part of tube
      surrounded by counterflow chamber. At startup a tongue of flame travels
      through tube from an injector nozzle. Part of flame counterflows back
      through surrounding chamber and recirculates through tube. Another part of
      flame proceeds on to burner head. When parts sufficiently heated, flame in
      tube is caused to be extinguished and is replaced by hot clear blue flame
      jets from burner and a multiapertured band in tube within limits of
      counterflow chamber at end thereof remote from nozzle where counterflow
      originates. Combustion-supporting air to both chambers adjustably admitted
      at nozzle end.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to oil burners suitable for use in heating
      installations of various kinds but particularly for those intended for use
      in association with domestic heating units and especially domestic hot
      water heating units.
PAR  Oil-burning hot-water heaters of the type used in many households are
      unable to operate efficiently due in part to the design of the burners
      thereof and partly because the oil and air which provides the combustible
      mixture are both fed to such burners under considerable pressure. The
      combustion chambers of most domestic burners are considerably smaller than
      those of commercial hot water heaters for example. As a result of these
      considerations fuel tends to be swept through these chambers before it can
      be preheated and mixed thoroughly as is necessary if a high rate of heat
      release is to be achieved. A high-pressure burner requires that the
      combustion chamber associated therewith be lined with a refractory
      material, and to sustain combustion this material must be incandescent.
      However since the demand for hot water is not great or frequent, such
      burners only operate at fairly widely spaced intervals and then usually
      for only a short period of time. Accordingly, at each time of use the
      burner should be brought up to an operating temperature which will permit
      the fuel to burn properly. But length warmup further reduces the
      effectiveness of such burners because in fact the surrounding refractory
      material is not brought up properly to incandescence each time and as a
      result, conventional hot water heating equipment and especially
      conventional domestic hot-water heating equipment operates considerably
      below optimum efficiency from the standpoint of economy as well as from
      the standpoint of frequency of maintenance which is required to keep an
      inefficient burner clean.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention consists of means for accomplishing the method steps which
      are characterized by initially projecting a relatively long jet or tongue
      of flame from ignited fuel longitudinally from an injecting nozzle
      assembly to a principal burning zone which is remote therefrom and well
      within (usually substantially centrally within) a surrounding axially
      vertical combustion chamber. Simultaneously with what has just been
      stated, a counterflow of a part of said jet or tongue is caused to travel
      oppositely or back toward the general region from whence the flame emerges
      from the nozzle assembly, the counterflowing part returning somewhat as
      might a fountain having a ring of jets around a central jet, or as petals
      might droop from a flower except that the flow here being referred to is
      horizontal. The originating location of the counterflow is between the
      nozzle assembly or source of flame and the aforesaid principal burning
      zone. The counterflow is reintroduced back into the main central jet or
      tongue near the said source or nozzle assembly.
PAR  The next step in the accomplishment of the present invention is that of
      separating the tongue of flame from the nozzle when a sufficient rise in
      ambient temperature has supervened. This separation and extinguishment of
      the flame tongue is caused by the turning off of the ignition electrode
      adjacent the aforesaid nozzle. In the action of extinguishment the flame
      leaves the vicinity of the nozzle assembly travelling the full length of
      the burner to appear in the form of a multiplicity of clean blue uniform
      flame jets at the mentioned principal burning zone. At the same time a
      band of similar clear blue flame jets appears at the originating location
      of counterflow. The principal burning zone is further from the nozzle
      assembly than the originating location of counterflow. While the aforesaid
      main tongue of flame travels horizontally, the firstmentioned multiplicity
      of blue flame jets are projected vertically upwards within the combustion
      chamber. In the conclusion, in this context, it will accordingly be
      recognized that there is visible within the combustion chamber from the
      outside thereof after the burner has been brought up to optimum oil
      vaporizing heat, only the horizontal upwardly facing disc of blue flame
      jets.
PAR  The novel objects achieved by the burner structure which produces the above
      forms of visible heat may be stated as follows:
PAR  The burner is designed for consuming any fuel from kerosene to Type 2
      furnace oil without adjustment. At this point another particular novel
      feature of the burner may be stated as residing in the fact that it
      operates at atmospheric pressure and requires no forced draft, the only
      point at which a small quantity of air under pressure is admitted to the
      burner being at the injection nozzle assembly thereof where such pressure
      is in the order of up to 10 p.s.i. as a rule, this being substantially
      solely for the purpose of breaking up and impelling particles of oil mixed
      with air into the burner at the point where the fuel is ignited.
PAR  A novel advantage flowing from the last aforementioned objective lies in
      the fact that such a burner both starts up and operates at sound levels
      which are low and comparable to existing gas fired units which are well
      known to have acoustic advantages. At the same time, due to its high
      recovery rate the present burner would appear to be favorably competitive
      with gas in terms of consumption costs.
PAR  A further novel objective achieved by the present burner and also flowing
      from what has already been stated resides in that operation at atmospheric
      pressure, or in other words, with natural draft, eliminates one of the
      biggest service problems which is that of the `linting up` of oil burners.
      By this is meant the accumulation of dust and lint upon the fan blades of
      a forced draft blower, also the accumulation of such materials upon the
      parts surrounding and adjacent the fan whereby the area of air entry into
      the burner is diminished, and also the charring of the burner orifices
      with lint mixed with incompletely burned oil due to the slowing down of
      the fan blades consequent upon the deposit of said lint thereon whereby
      the air intake capacity is decreased and hence the combustibility of fuel
      within the burner.
PAR  A yet further novel feature of the present burner arising out of its
      quietness of running is its suitability for oil-burning use (particularly
      when the burner plates are made rectangular instead of circular as herein)
      in association with clamshell heat exchangers as used in automobile
      trailers, cabin cruisers and the like, which are extremely easy to
      manufacture and assemble, and are relatively deep, wide, cross-sectionally
      narrow, and more or less corrugated being fomed of two similar stampings
      edge joined and between which the burner is placed usually in multiples of
      three. .Iadd.
PAR  A further important novel object is the provision of means for feeding
      separate air to the initial mixing zone between the burner tube and fuel
      nozzle, and to the combustion chamber so that the two main bodies of
      combustion supporting air may be "balanced" according to atmospheric
      conditions. These means essentially embody an air distributing housing
      secured against the combustion chamber wall so as to cover and enclose
      both the air passages to said mixing zone and said combustion chamber
      within a common plenum, the said air passages thus being served from one
      air body inside the distributor housing, all to the end of maintaining as
      nearly as possible a substantially constant volumetric intake of air into
      the burner tube regardless of the air pressure (i.e., barometric
      conditions) in the combustion chamber surrounding the burner so that, in
      turn, a hot blue flame will be maintained at the burner head substantially
      regardless of barometric combustion chamber variations. .Iaddend.
PAR  A further objective achieved by the burner consists of efficiencies in the
      order of 84 percent combined with the employment of a burning process
      which is nearly perfect, the combustion gases containing only traces of CO
      and no visible smoke or soot. As a result, the low stack temperature
      achieved can be advanced to the authorities concerned in favor of
      permitting the main chimney for such a burner to employ type "B" vents as
      presently allowed for gas-fired units only.
PAR  A further object is to vaporize a tongue of fuel within an inner burner
      type by a surrounding counterflow to provide means for preventing it from
      becoming reignited.
PAR  Further objectives attained by the present burner reside in the design and
      arrangement of the same which renders it easily adaptable to replacement
      of existing oil-fired burners, quick and easy withdrawal of the unit for
      maintenance purposes and consequent reduction in maintenance costs,
      fewness of moving parts thus further simplifying servicing due to
      wear-out, the provision of a nozzle the exit orifice of which is very
      considerably larger than with conventional burners resulting in a
      relatively cool nozzle temperature and the elimination of plugging by dirt
      and hence carbon buildup while at the same time providing a nozzle
      assembly which is located externally of the fuel combustion chamber and
      hence away from the high-temperature zone with its quickly deteriorating
      effect upon a nozzle, and the production of a flame which does not need a
      refractory or stainless steel combustion chamber hence resulting in
      reduced weight, price and maintenance.
PAR  Further novel objectives reside in that the purchaser is not obliged to
      outlay the expense of a fan or blower and in that a useful space saving is
      achieved particularly in small housing units due to the elimination of a
      fan or blower and associated motor for operating the same.
DRWD
PAR  With the foregoing in view, and such other or further purposes, advantages
      or novel features as may become apparent from consideration of this
      disclosure and specification, the present invention consists of the
      inventive concept which is comprised, embodied, embraced, or included in
      the method, process, construction, composition, arrangement or combination
      of parts, or new use of any of the foregoing, herein exemplified in one or
      more specific embodiments of such concept, reference being had to the
      accompanying Figures in which:
PAR  FIG. 1 is a plan representation of the invented oil burner.
PAR  FIG. 2 is a sectional elevation substantially on the line 2--2 of FIG. 1.
PAR  FIG. 3 is an end elevation as viewed from the right of FIG. 2.
PAR  FIG. 4 is a plan representation for the purpose of orientating and
      depicting in situ the invented oil burner in and with respect to an
      enclosing combustion chamber.
PAR  FIG. 5 is a representation of the flame travel immediately following
      startup.
PAR  FIG. 6 is a representation similar to FIG. 5 some 60 to 90 seconds after
      startup.
PAR  FIG. 7 is a circuit detail showing an example of a means for causing the
      flame tongue to be extinguished when a sufficient rise in ambient
      temperature is supervened.
PAR  In the drawings like characters of reference designate similar parts in the
      several Figures.
DETD
PAC  PRELIMINARY DESCRIPTION
PAR  Stated in terms generally consonant with those of the accompany claim or
      claims to aid in construing the same the invention includes an inner
      burner tube A, a surrounding jacket B, said tube and jacket each having
      first ends C and D respectively, and adjacent second ends E and F
      respectively, said jacket being spaced from said tube, a fuel nozzle
      assembly G, and an ignition electrode H characterized by including (i) a
      burner head J on the first end of said tube, (ii) means in the form of a
      first end wall K (the second end wall being L), the multi-apertured first
      and second annular bands M and N, and the tube and jacket A and B
      respectively defining the surrounding counterflow chamber O, for providing
      a counterflow of ignited fuel P (FIG. 5) through said counterflow chamber
      O, said counterflow P being opposite in direction to the flow, and
      consisting of a portion of, a tongue Q of flammable fluid projected
      through tube A from nozzle assembly G, (iii) the original location R of
      the aforesaid counterflow being between the said nozzle assembly and the
      said burner head, (iv) means comprising in combination the aforesaid
      second band N and the annular space S for reintroducing counterflow P back
      into inner tube A, and (v) means consisting of a thermostatic cutout for
      causing flame tongue Q to be extinguished when a sufficient rise in
      ambient temperature has supervened, and simultaneously therewith thereby
      causing the generation of a blue flame T at originating location R and at
      a principal burning zone U, said burning zone being further from nozzle
      assembly G than originating location of counterflow R. .Iadd.Burner tube A
      encloses a fuel chamber V. Arranged closely around jacket B are air intake
      apertures X. Covering and enclosing the pathways of ambient air into both
      the air and fuel mixing funnel of assembly G and the said apertures X is a
      variable air distributing housing Y. .Iaddend.
PAC  DETAILED DESCRIPTION
PAR  The burner collectively designated 10 is secured to the wall 12 of the
      surrounding conventional combustion chamber 14 so as to project
      horizontally into the combustion chamber.
PAR  The burner per se comprises, in combination with the aforesaid inner burner
      tube A, surrounding jacket B, wherein the jacket is spaced from the tube,
      a fuel nozzle assembly G and an ignition electrode H when characterized by
      including the following features:
PAR  A first end generally designated 16 and a second end generally designated
      18, the first end having an imperforate end wall 20 and the second having
      an imperforate second end wall 22. These end walls, together with the
      jacket B, and the portion 24 of tube A which is between said end walls
      define the aforesaid counterflow chamber O which is best seen from FIG. 2
      to be relatively elongated and of annular configuration.
PAR  Although it has been said that the end walls 20 and 22 are imperforate,
      they are nevertheless provided with the central apertures 26 and 28
      respectively, through the former of which tube A extends, and with
      sufficient clearance, centrally of said aperture as to provide .Iadd.what
      is collectively designated as .Iaddend.an annular combustion supporting
      structure 30. Second end wall 22 is centrally apertured at 28 to provide
      an intake orifice for the elongated flame tongue Q, a frustoconical funnel
      32 being secured to the perimeter of aperture 28 upon the external side of
      chamber 14 to accommodate ignition assembly G and electrode H.
PAR  Burner head J is in the form of an outflared and rimmed formation or
      somewhat circular washbasin shaped. Spanning the rim thereof is a pair of
      slightly spaced multiapertured fuel jet plates 34. Burner tube A is held
      centered within jacket B by two discoid rings, one of which is styled an
      apertured air distributor 36 slightly spaced from plate 20 within chamber
      O. The other is a flame arrestor plate 38, secured to tube A and jacket B
      as clearly depicted to prevent reignition of the flame of tongue Q after
      it has been extinguished and vaporized as will hereinafter be explained.
PAR  Communication between inner tube A and counterflow chamber O is provided by
      means of a first annular band 40, a second annular band 42, and an annular
      space 44. Both annular bands are multiapertured, said apertures being
      designated 46. Annular space 44 is located between the second end D and
      second end wall L. A pair of aligned central and relatively enlarged
      apertures 48 are provided in jet plates 34. Flanges 50 overlap the
      opposite ends of jacket B (which is for all practical purposes coincident
      with combustion chamber wall 12). Secured upon the external side of said
      wall (in other words to the right of said wall as appears from FIG. 2) are
      adjustable .Iadd.air distributing .Iaddend.means collectively designated
      52 .Iadd.(including the housing Y) .Iaddend.for .[.varying the admission
      of.]. .Iadd.a .Iaddend.combustion supporting air .Iadd.stream which flows
      simultaneously and according to demand through the funnel 32 and apertures
      X .Iaddend.to the interior of tube A and the surrounding combustion
      chamber 14 .Iadd.respectively.Iaddend.. These means consist of an annular
      outwardly projecting wall 54 and end plate 56. Wall 54 is provided with a
      set of spaced .Iadd.air .Iaddend.apertures 58. Overlying wall 54 is a ring
      60 provided with apertures of the same size as apertures 58 and capable of
      registration or partial registration therewith upon rotation of the ring
      which is normally held clamped to wall 54 by means of the conventional nut
      and bolt bracket assembly collectively designated 62 (FIG. 3).
PAC  OPERATION
PAR  Upon operation of the associated pump (not shown) air therefrom at 4 to 7
      p.s.i. enters nozzle assembly G where it creates a partial vacuum thereby
      attracting oil from the associated oil pump, (also not shown) to be mixed
      with said air and expelled through the orifice 28. Approximately on the
      plane of such orifice electrode H ignites the oil and air mixture to
      create a long luminous tongue flame commencing substantially at the nozzle
      orifice and extending clear through burner tube A and through burner head
      J. At the same time an outer annular layer of the tongue of flame is so to
      say stripped off and proceeds through first annular band 40 into the
      original location of the commencement of counterflow R it counterflows
      through chamber O oppositely back through flame arrestor plate 38,
      annularly or radially inwards through second apertured annular band 42 as
      well as through annular space S to recirculate again toward burner head J
      within burner tube A.
PAR  The just-stated process continues for some 60 to 90 seconds. At that time
      ignition electrode H is automatically inactivated. This causes the flame
      of the tongue Q to be extinguished since it is to be understood that under
      normal operating conditions after some 60 to 90 seconds a sufficient rise
      in ambient temperature has supervened to vaporize the air and oil mixture
      expelled from orifice G. At the same time as electrode H is inactivated, a
      multiplicity of small blue jets of flame 64 are established on the outer
      surface of first annular band 40 as a result of the intake of .[.fresh.].
      air as indicated by arrow 66 .[.around the annular combustion
      supporting.]. .Iadd.through .Iaddend.aperture .[.30.]. .Iadd.26.Iaddend..
      Such intake of air is also distributed in the narrow annular space 68
      between the otherwise imperforate end plate 20 and perforated distributor
      ring 36 .[.. Thus.]. .Iadd., thus .Iaddend.assisting the completion of
      combustion not only at the location R but usefully throughout the entire
      adjacent region of counterflow chamber O and to some extent through the
      entire chamber.
PAR  It is to be understood that by this time the temperature of the burner has
      reached a point where the air and oil mixture is immediately vaporized
      into a gas upon entry past orifice 28. The kinetic energy of the nozzle
      assembly G also draws air as indicated at 70 through apertures 58 into
      funnel 32 to mix with the air oil mixture. In addition, combustion
      supporting air also enters through said apertures 58 as indicated at 72
      for the purpose of aiding the completion of combustion within chamber 14.
      .Iadd.As a result, combustion-supporting input air in the form of what is
      herein designated as primary and secondary air streams 72 and 70
      respectively entering the right or second end (with respect to FIG. 2) is
      "balanced across the burner" so that if for example high barometric stack
      pressure is obtaining, more air is admitted to 14 but less to burner tube
      A so as not to change the character of flame, such as would happen if air
      were admitted to the tube A proportionately with an increase in negative
      pressure. It will be noted by best reference to FIG. 2 and the shown
      openings X and 28 therein that the said primary and secondary air streams
      70 and 72 are separate from each other. The intake at aperture 26 may for
      convenience be referred to as a tertiary air stream.
PAR  If the burner has been preset for example so as to provide a hot blue flame
      at or about normal ambient barometric pressure, the performance of the air
      distributing means 52 in the achievement of its object, namely the
      maintenance of such a flame regardless of ambient barometric variation can
      be described as follows:
PAR  Let it be assumed that there is .02 inches of water column negative in
      combustion chamber 14. Air enters Y through ports 58 and then divides into
      the primary stream 72 to enter 14 through aperture X, and secondary stream
      70 to enter the burner tube A by way of funnel 32.
PAR  Since the two air streams 70 and 72 are separate, substantially the only
      draw upon 70 is that caused by the aspirating effect of the nozzle
      assembly G which is invariant. If therefore the barometric pressure in
      combustion chamber 14 be increased to 0.08 WC negative there is an
      immediate increase in demand upon the air within the distributing housing
      Y. This is satisfied by an increase of air stream 72 through apertures X
      at the expense of air stream 70 which is slightly reduced due to the
      creation of a small pressure drop between the intake of funnel 32 and the
      adjacent end plate or wall 56. Thus the combustion air entering housing X
      due to being split into two streams which are separate, and led, the one
      to the combustion chamber 14 and the other to the burner tube, is
      automatically balanced resulting in a substantially constant blue flame.
      This condition would not obtain if the combustion chamber air intake 72
      and the burner tube intake 32 each communicated separately directly with
      the surrounding air. In that case by contrast there would be an equal
      pressure draw into the combustion chamber and into the burner tube. Such
      draw in the case of air stream 70 would be mainly through the burner plate
      orifices detrimentally changing the character of the flame T. .Iaddend.
PAR  During the first 60 to 90 seconds of operation while the flame Q is
      luminous it will be understood that it is luminous flame which also
      counterflows in chamber O and which proceeds onwardly to and through jet
      plates 34 including the central spire of flame 74. When vaporizing heat
      has been achieved, the tongue Q is in the form of a gas and it is as a gas
      that the fuel counterflows backwardly through chamber O as indicated in
      FIG. 6. Thus it will be understood that all that is visible when
      vaporizing or gasifying heat has been achieved is a ring of blue flame
      jets T, and an upper facing disc of such jets at the principal burning
      zone generally designated 76, such disc being horizontal in virtue of the
      generally right-angular disposition of the inner burner tube to the head
      J.
PAR  When the burner is up to vaporizing heat, the maximum temperatures tested
      on the upper plate 34 have been 1,100.degree.-1,200.degree. F. However the
      normal operating temperatures, reached in 2 to 3 minutes at this place are
      700.degree.-800.degree. F. Between approximately the limits of bracket 78
      (FIG. 1) maximum recorded temperatures have been
      1,200.degree.-1,400.degree. F. and between approximately the limits of
      bracket 80 they have been 1,200-1,400.degree.C F. However, the normal
      operating temperature approximately between the limits of brackets 78 and
      80 are 850.degree.-1,000.degree. F. and 1,000.degree.-1,100.degree. F.
      respectively and reached in 2 to 3 minutes as aforesaid. In the regions of
      the arrows 82 and 84, on the surface of jacket B maximum recorded
      temperatures have been 1,100.degree.-1,200.degree. F. and
      900.degree.-1,000.degree. F. respectively, and after 2 to 3 minutes,
      normal temperatures at these two regions are approximately
      900.degree.-1,000.degree. F. and 700.degree.- 800.degree. F. respectively.
PAR  From all the foregoing it will now be recognized that the invented oil
      burner is a low-pressure air-aspirating and atomizing burner. Fuel oil is
      drawn through the inlet valve of an associated gear-type oil pump and
      discharged into the float chamber thereof, which float chamber contains a
      float-operated oil return control valve. From this float chamber a zero
      pressure regulator is fitted to the nozzle assembly supply line. A
      vane-type air pump driven by an electric motor common to the oil pump
      provides air at a pressure of approximately 6 p.s.i. to the nozzle. Oil is
      lifted to the nozzle mixing zone by the aspirating action of the atomizing
      primary air. As already stated a relatively large nozzle is employed. The
      primary air-oil mixture passes through a horizontal preheating and
      vaporizing zone being that which has already been described in detail and
      illustrated in the accompanying drawings before being deflected by a
      90.degree. elbow (the angulation between A and J) to discharge across a
      diffuser plate, or as heretofore designated, the plates 34 where it is
      ignited. .[.Secondary combustion air.]. .Iadd.The tertiary air stream 66
      .Iaddend. is drawn in concentrically at the aperture .[.30.]. .Iadd.26
      .Iaddend.as also already described, about the burner tube A to counterflow
      chamber O.
PAR  In tests, two water heaters fired by the described burner were employed.
      Efficiency was determined using the indirect method, namely by
      establishing an analysis of the flue gases. The apparatus used was the
      standard Orsat apparatus capable of measuring the CO.sub.2, CO and oxygen
      in flue gases to a volumetric accuracy of better than 0.2 percent.
PAR  Since the Orsat apparatus could not indicate CO of less than 0.1 percent by
      volume or about 1,000 p.p.m. a more accurate check using Bacharach
      Industrial Instrument Co. CO Tester was carried out. The results of
      testing indicated only traces of CO, in the order of 1 p.p.m.
PAR  The fuel used was standard Esso Furnace Oil ASTM Specification D-306 Grade
      No. 2 distillate fuel.
PAR  For each of the two heaters tested the apparent variation in efficiency was
      found to be well within the possible errors involved in measurement and
      computation of such efficiency. The variation was less than one-half of 1
      percent from the average. The average efficiency computed for heater No. 1
      was 83.8 percent and for heater No. 2 was 83.04 percent. Combustion was
      found to be complete and evidenced by the practically imperceptible traces
      of CO in the exhaust gases. The gases expelled are CO.sub.2 and water
      vapor with traces of SO.sub.2 and SO.sub.3 depending on the fuel used. The
      exhaust gases also were clear and contained no visible smoke or sooty
      deposits. Here follows the results of the flue gas analysis and the
      evaluated efficiencies in respect of heater No. 2:
TBL                   11:04                                                    

                           11:15                                               

                                11:30                                          

                                     13:05                                     

                                          13:30                                

     Test Number      (d)  1    2    3    4                                    

     __________________________________________________________________________

     Flue gas analysis; (e) percent                                            

      CO.sub.2             10.6 10.2 10.4 0.8                                  

      O.sub.2              6.8  7.8  8.2  7.8                                  

      CO                   &lt;0.1 &lt;0.1 &lt;0.1 &lt;0.1                                 

     Temperatures .degree.F.                                                   

      Ambient         .sup.(1)                                                 

                           70   72   77   73                                   

      Stack           .sup.(1)                                                 

                           390  390  400  400                                  

      Water in        .sup.(1)                                                 

                           46   46   46   46                                   

      Water out       .sup.(1)                                                 

                           --   140  140  142                                  

      Excess air percent                                                       

                      .sup.(1)                                                 

                           45.3 56.3 61.7 55.9                                 

      Flue gas loss percent                                                    

                      .sup.(1)                                                 

                           8.34 8.52 8.53 9.07                                 

      Comb. H.sub.2 O loss percent                                             

                      .sup.(1)                                                 

                           7.20 7.19 7.19 7.21                                 

      Air H.sub.2 O loss percent                                               

                      .sup.(1)                                                 

                           0.14 0.15 0.15 0.15                                 

      Other loss percent (a)                                                   

                      .sup.(1)                                                 

                           1.0  1.0  1.0  1.0                                  

      Calculated efficiency                                                    

       percent             83.32                                               

                                83.14                                          

                                     83.13                                     

                                          82.57                                

      Average efficiency   83.04                                               

                                83.04                                          

                                     83.04                                     

                                          83.04                                

     __________________________________________________________________________

      .sup.1 Start up of second unit.                                          

PAL  In the above table (a) means other loss taken as radiation plus unaccounted
      for loss, assumed at 1 percent: (d) heater run continuously from startup.
      Water flow approximately 3.75 lb./minute: (e) Orsat Apparatus accuracy
      better than 0.2 percent volumetric.
PAR  Reverting in conclusion to the burner as exemplified, there is shown in
      FIG. 7 a means for causing the flame of tongue Q to be extinguished when a
      sufficient rise in ambient temperature has supervened. The circuitry shown
      is purely exemplary and not that which is actually used since the
      circuitry actually used is considerably complicated beyond what has herein
      been shown having regard for other purposes such as demand startup, safety
      controls and the like common to oil burner installations. The circuitry of
      FIG. 7 is however sufficient to indicate a means for the precise purpose
      just stated and it is to be understood that the same will be housed within
      the control box 86 from which, or adjacently from which projects a
      conventional probe 88 which could also be adapted for use as the means for
      causing the flame of the tongue to be extinguished under the circumstances
      just mentioned, both the utilization of the probe for such a purpose and
      the circuit of FIG. 7 being well within the skill of those versed in the
      art to which this invention pertains.
PAR  With the foregoing understood, a grounded heater coil 90 is provided on one
      side of the electrode circuit 92, as an element in the series circuit 94.
      A shunt 96 to one of a pair of terminals 98 and 100 is located in the
      shunt circuit 96. A bimetallic strip thermostat 102 is connected in the
      circuit 94. When the heater coil deflects the thermostat from the position
      shown and out of contact with terminal 98, circuit 92 is interrupted and
      the electrode H inactivated. As a consequence the visible tongue of flame
      is quenched in favour of the condition which has already been fully
      described herein.
PAR  Various modifications can be made within the scope of the inventive concept
      disclosed. Accordingly, it is intended that what is set forth herein
      should be regarded as illustrative of such concept and not for the purpose
      of limiting protection to any particular embodiment thereof, and that only
      such limitations should be placed upon the scope of protection to which
      the .[.inventor hereof.]. .Iadd.patentee .Iaddend.is entitled as justice
      dictates.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the art of combusting flammable fluid fuel for creating heated gas,
      the method steps which are characterized by:
PA1  i. initially projecting a relatively long tongue of ignited fuel
      longitudinally from a source to a principal burning zone remote from said
      source,
PA1  ii. causing an opposite, counterflow of a part of said tongue back towards
      said source, the originating location of said counterflow being between
      said source and said principal burning zone,
PA1  iii. reintroducing said counterflow back into said tongue near said source,
PA1  iv. causing the flame of said tongue to be extinguished when a sufficient
      rise in ambient temperature has supervened, and substantially
      simultaneously therewith
PA1  v. causing the generation of a blue flame at the said originating location
      of counterflow, and at said principal burning zone, and
PA1  vi. introducing sufficient air to .[.meet the requirements aforesaid, said
      burning zone being further from said source than said original location of
      counterflow..]. .Iadd.said burner to support combustion..Iaddend.
NUM  2.
PAR  2. The method according to claim 1 which includes the step of admitting
      additional counterflow air to mix with said first mentioned counterflow.
      .[.3. The method according to claim 1 which is effected within a
      surrounding combustion chamber and which includes the steps of:
PA1  i. admitting additional counterflow air to mix with said first mentioned
      counterflow, and
PA1  ii. admitting air to said combustion chamber from a location near said
      source to mix with said tongue of ignited fuel within said combustion
      chamber..]. .[.4. A fluid fuel burner embodying an inner burner tube, a
      surrounding jacket, said tube and said jacket each having a first end and
      adjacent second ends, said jacket being spaced from said tube, a fuel
      nozzle assembly, an ignition electrode and sufficient air intake means,
      the foregoing being characterized by including:
PA1  i. a burner head, on the first end of said tube,
PA1  ii. means for providing a counterflow of ignited fuel through a counterflow
      chamber existing between and by virtue of said tube and said jacket, said
      counterflow being opposite in direction to the flow of, and consisting of
      a portion of, a tongue of flammable fluid projecting through said tube
      from said nozzle assembly
PA1  iii. the originating location of said counterflow being between said nozzle
      assembly and said burner head
PA1  iv. means for reintroducing said counterflow back into said inner tube near
      said nozzle assembly, and
PA1  v. means for causing the flame of said tongue to be extinguished when a
      sufficient rise in ambient temperature has supervened, and substantially
      simultaneously therewith thereby causing the generation of a blue flame at
      the said originating location of counterflow, and at a principal burning
      zone, said burning zone being further from said nozzle assembly than said
PAR   originating location of counterflow..]. 5. A fluid fuel burner
      .[.embodying.]. .Iadd.including in combination with .Iaddend.an inner
      burner tube, a surrounding jacket, said tube and jacket each having a
      first end and adjacent second ends said jacket being spaced from said
      tube, a fuel nozzle assembly, an ignition electrode and .[.sufficient.].
      .Iadd.combustion supporting .Iaddend.air intake means .[., the foregoing
      being characterized by including.]. :
PA1  i. a burner head .[.on.]. .Iadd.at .Iaddend.the first end of said tube
PA1  ii. first and second end walls for said jacket providing a counterflow
      chamber therebetween surrounding said inner tube, said inner tube
      admitting fuel at said second end and discharging it at said first end,
PA1  iii. said second wall extending between said jacket and inner tube adjacent
      said nozzle assembly
PA1  .[.iv. said inner tube being vented to an external side of said chamber at
      the first end of said jacket,.].
PA1  v. said first end wall being predominantly imperforate but .[.sufficiently
      apertured as to permit.]. .Iadd.having aperture means for permitting
      .Iaddend.a limited volume of counterflow air into said surrounding
      .Iadd.counterflow .Iaddend.chamber,
PA1  vi. said inner tube being of greater length than said jacket and projecting
      through an aperture provided therefor in said first end wall,
PA1  vii. said inner tube providing communication with said chamber adjacent
      both said end walls for the counterflow .Iadd.from .Iaddend.and
      reintroduction .[.respectively.]., to said inner tube of products of
      combustion burnt within said inner tube,
PA1  viii. said burner head being upon the first end portion of said inner tube
      which end projects through said first end wall to said external side of
PAR   said .Iadd.counterflow .Iaddend.chamber. 6. The invention according to
      claim 5 in which said communication between said inner tube and said
      .Iadd.counterflow .Iaddend.chamber adjacent the first end wall thereof is
      in the form of an annular band comprised of a multiplicity of apertures in
PAR   said inner tube. 7. The invention according to claim 6 in which said
      communication between said inner tube and said .Iadd.counterflow
      .Iaddend.chamber adjacent the second end wall thereof includes an annular
      space between the second end of said tube and said second end wall. .[.8.
      The invention according to claim 6 in which said communication between
      said inner tube and said chamber adjacent the second end wall thereof is
      in the form of an annular band comprised of a multiplicity of apertures in
      said inner tube..]. .[.9. The invention according to claim 8 in which said
      communication between said inner tube and said chamber adjacent the second
      end wall thereof also includes an annular space between the adjacent end
PAR   of said tube and said second end wall..]. 10. The invention according to
      claim .[.9.]. .Iadd.7 .Iaddend.which is also characterized by the
      provision of an air intake aperture in said second wall, a frustoconical
      funnel secured to the rim of said aperture substantially on the vertex
      plane thereof, said fuel nozzle assembly .[.and said ignition electrode.].
PAR   projecting into said funnel. 11. The invention according to claim 10 in
      which said burner is secured to and projects inwardly from the wall of a
      combustion chamber, and .[.adjustable.]. .Iadd.air distributing
      .Iaddend.means on the external side of said wall for .[.varying the
      admission.]. .Iadd.balancing the volume .Iaddend.of combustion supporting
      air .[.to.]. .Iadd.between .Iaddend.the interior of said combustion
      chamber and .[.into.]. .Iadd.the vicinity of .Iaddend.said .[.funnel
      through venting.]. .Iadd.combustion tube through aperturing in said funnel
      and .Iaddend.in said wall upon the outer side of said jacket .[...].
      .Iadd., all said aperturing being within the confines of said distributing
PAR   means. .Iaddend. 12. The invention according to claim 5 which is also
      characterized by including a multiapertured air-distributing plate on the
      counterflow chamber side of said first end wall, slightly spaced
PAR   therefrom. 13. The invention according to claim .[.9.]. .Iadd.7
      .Iaddend.which is also characterized by including a multiapertured
      air-distributing plate on the counterflow chamber side of said first end
PAR   wall, and slightly spaced therefrom. 14. The invention according to claim
      5 in which said burner head is characterized by being secured to the fuel
      discharge end of said inner tube, said head being in the form of an
      outflared and rimmed head formation, and at least one multiapertured fuel
PAR   jet plate spanning said rim. 15. The invention according to claim .[.10.].
      .Iadd.7 which is also characterized by the provision of an air intake
      operature in said second wall, a frusto-conical funnel secured to the rim
      of said operature substantially on the vertex plain thereof, said fuel
      nozzle assembly and said ignition electrode projecting into said funnel
      and .Iaddend.in which said burner head is characterized by being secured
      to the first end of said inner tube, said head being in the form of an
      outflared and rimmed head formation and at least one multiapertured fuel
PAR   jet plate spanning said rim. 16. The invention according to claim 5 in
      which said burner head is characterized by being secured to the first end
      of said inner tube, said head being in the form of an outflared and rimmed
      head portion, and a pair of closely spaced and parallel, multiapertured
      fuel jet plates spanning said rim, said burner in situ being axially
      horizontal with said inner tube horizontal and said burner head generally
      right-angularly disposed with said inner tube axis so that said head
      formation opens upwardly with the rim thereof lying in a horizontal plane.
PAR   7. The invention according to claim .[.10.]. .Iadd.15 .Iaddend.in which
      said burner head is characterized by being secured to the first end of
      said inner tube, said head being in the form of an outflared and rimmed
      head portion, and a pair of closely spaced and parallel multiapertured
PAR   fuel jet plates. 18. The invention according to claim 6 which is also
      characterized by including a multiapertured air-distributing plate on the
      counterflow chamber side of said first end wall, and slightly spaced
PAR   therefrom. 19. The invention according to claim 6 in which said
      communication between said inner tube and said chamber adjacent the second
      end wall thereof includes an annular space between the adjacent end of
PAR   said tube and said second end wall. 20. The invention according to claim
      19 in which said burner is secured to and projects inwardly from the wall
      of, a combustion chamber, and .[.adjustable.]. .Iadd.air distributing
      .Iaddend.means on the external side of said wall for .[.varying the
      admission.]. .Iadd.admitting variable volumes .Iaddend.of combustion
      supporting air .Iadd.and distributing said air separately to the vicinity
      of the second end of said inner burner tube and .Iaddend.to the interior
      of said combustion chamber .[.and into said counterflow chamber..].
PAR   .Iadd...Iaddend. 21. The invention according to claim .[.3.]. .Iadd.1
      which is effected within a surrounding combustion chamber and which
      includes the steps of:
PA1  admitting additional counterflow air to mix with said first mentioned
      counterflow, and
PA1  admitting air to said combustion chamber from a location near said source
      to mix with said tongue of ignited fuel within said combustion chamber,
      and .Iaddend.which includes the step of preventing the reignition of said
      tongue by said counterflow after it has been vaporized by said temperature
PAR   rise and extinguished. 22. .[.The invention according to claim 4 which
      includes.]. .Iadd.A fluid fuel burner embodying an inner burner tube, a
      surrounding jacket, said tube and said jacket each having a first end and
      adjacent second ends, said jacket being spaced from said tube, a fuel
      nozzle assembly, an ignition electrode and combustion supporting air
      intake means, and including in combination:
PA1  i. a burner head, on the first end of said tube
PA1  ii. means for providing a counterflow of ignited fuel through a counterflow
      chamber existing between said tube and said jacket, said counterflow being
      opposite in direction to the flow of, and consisting of a portion of, a
      tongue of flammable fluid projecting through said tube from said nozzle
      assembly,
PA1  iii. the originating location of said counterflow being between said nozzle
      assembly and said burner head,
PA1  iv. means for reintroducing said counterflow back into said inner tube near
      said nozzle assembly, and
PA1  v. means for causing the flame of said tongue to be extinguished when a
      sufficient rise in ambient temperature has supervened, and substantially
      simultaneously therewith thereby causing the generation of a blue flame at
      the said originating location of counterflow, and at said burner head, and
PA1  vi. .Iaddend.means for preventing the reignition of said tongue by said
      counterflow after it has been vaporized by said temperature rise and
PAR   extinguished. 23. The invention according to claim 5 which includes flame
      arrestor means in said counterflow chamber for preventing the reignition
      of said tongue by said reintroduced products of combustion after said
PAR   tongue has been vaporized by said temperature rise and extinguished.
      24. The invention according to claim 12 which includes an annular
      apertured flame arrestor plate spanning said counterflow chamber between
      said tube and said jacket, said plate being relatively near the second
      ends of said tube and jacket, said plate preventing the reignition of said
      tongue by said counterflow after .[.it.]. .Iadd.said tongue .Iaddend.has
      been vaporized by said temperature rise and extinguished. .Iadd. 25. For
      use in combination with a burner tube adapted and designed to project into
      a combustion chamber from the enclosure defining said chamber, air
      distributing means on the exterior side of said enclosure, said
      distributing means being apertured for air admission and communication
      with:
PA1  a. the interior of said burner tube,
PA1  b. said combustion chamber, means for automatically, separately, and
      simultaneously feeding air into said tube and into said combustion chamber
      according to the relative barometric demands of said tube and combustion
      chamber, and means for isolating the proportion of air fed into said
      combustion chamber against entry into said burner tube at least in the
      vicinity of said location from which said burner tube projects into said
      combustion chamber;
PAL  said air distributing means being secured to and projecting outwardly from
      said enclosure, said enclosure being apertured within the confines of said
      housing so as to be enclosed thereby and permit the passage of air within
      said distribution housing therethrough into said combustion chamber.
      .Iaddend..Iadd. 26. The invention according to claim 25 which includes a
      venturi funnel for a fuel nozzle positioned in said distributing housing,
      said funnel being secured and substantially sealed around its reduced
      discharge end against air admission other than through the enlarged intake
      end thereof, said funnel being substantially co-axial with said tube.
      .Iaddend. .Iadd. 27. The invention according to claim 26 in which said
      funnel is situated substantially central of said distributing housing the
      aperturing in said enclosure being arranged about said funnel and spaced
      therefrom. .Iaddend..Iadd. 28. The invention according to claim 27 in
      which said air intake housing includes a surrounding apertured wall
      secured against and projecting outwardly from said enclosure and an end
      plate spanning said apertured wall, a plenum chamber occupying the space
      between said apertured wall, said end plate, and the portion of said
      combustion chamber enclosure bounded by said apertured wall.
      .Iaddend..Iadd. 29. The invention according to claim 22 in which said
      burner projects into a combustion chamber from a location at least near to
      a portion of the enclosure defining said chamber, air distributing means
      on the exterior side of said enclosure, said distributing means being
      apertured for air admission thereto and air communication with:
PA1  a. the interior of said burner tube,
PA1  b. said combustion chamber,
PAL  means for automatically, separately, and simultaneously feeding air into
      said tube and into said combustion chamber from said air distributing
      means according to the barometric demands of said combustion chamber, and
      means for isolating the proportion of air fed into said combustion chamber
      against entry into said burner tube at least in the vicinity of said
      location from which said burner tube projects into said combustion
      chamber. .Iaddend..Iadd. 30. The invention according to claim 5 in which
      said burner projects into a combustion chamber from a location at least
      near to a portion of the enclosure defining said chamber, air distributing
      means on the exterior side of said enclosure, said distributing means
      being apertured for air admission and communication with:
PA1  a. the interior of said burner tube,
PA1  b. said combustion chamber,
PAL  means for automatically, separately, and simultaneously feeding air into
      said tube and into said combustion chamber from said air distributing
      means according to the barometric demands of said combustion chamber, and
      means for isolating the proportion of air fed into said combustion chamber
      against entry into said burner tube at least in the vicinity of said
      location from which said burner tube projects into said combustion
      chamber. .Iaddend..Iadd. 31. The invention according to claim 7 in which
      said burner projects into a combustion chamber from a location at least
      near to a portion of the enclosure defining said chamber, air distributing
      means on the exterior side of said enclosure, said distributing means
      being apertured for air admission and communication with:
PA1  a. the interior of said burner tube,
PA1  b. said combustion chamber,
PAL  means for automatically, separately, and simultaneously feeding air into
      said tube and into said combustion chamber according to the barometric
      demands of said combustion chamber, and means for isolating the proportion
      of air fed into said combustion chamber against entry into said burner
      tube at least in the vicinity of said location from which said burner tube
      projects into said combustion chamber. .Iaddend..Iadd. 32. The invention
      according to claim 22 in which said burner projects into a combustion
      chamber from a location at least near to a portion of the enclosure
      defining said chamber, air distributing means on the exterior side of said
      enclosure, said air distributing means being apertured for air admission
      and communication with:
PA1  a. the interior of said burner, and
PA1  b. said combustion chamber,
PAL  means for automatically, separately, and simultaneously feeding air into
      said tube and into said combustion chamber according to the barometric
      demands of said combustion chamber, and means for isolating the proportion
      of air fed into said combustion chamber against entry into said burner
      tube at least in the vicinity of said location from which said burner tube
      projects into said combustion chamber, said air distributing means being
      in the form of an apertured air intake housing secured to and projecting
      outwardly from said enclosure, said enclosure being apertured within the
      confines of said housing to permit the passage of air within said
      distribution housing therethrough into said combustion chamber, said
      burner tube lying within the produced boundary of said housing, a venturi
      channel for a fuel nozzle positioned in said distributing housing, the
      reduced end of said funnel lying substantially on the plane of said
      enclosure, said funnel being secured on said plane and substantially
      sealed around its reduced discharge end against air passage other than
      through the enlarged intake end thereof, said funnel being substantially
      co-axial with said tube, said funnel being situated substantially central
      of said distributing housing, the aperturing in said enclosure being
      arranged about said funnel and spaced therefrom, said air intake housing
      including a surrounding apertured wall projecting outwardly from said
      enclosure and an end plate spanning said apertured wall, a plenum chamber
      occupying the space between said apertured wall, said end plate, and the
      portion of said combustion chamber enclosure bounded by said apertured
      wall. .Iaddend..Iadd. 33. The invention according to claim 5 in which said
      burner projects into a combustion chamber from a location at least near to
      a portion of the enclosure defining said chamber, air distributing means
      on the exterior side of said enclosure, said air distributing means being
      apertured for air admission and communication with:
PA1  a. the interior of said burner, and
PA1  b. said combustion chamber,
PAL  means for automatically, separately, and simultaneously feeding air into
      said tube and into said combustion chamber according to the barometric
      demands of said combustion chamber, and means for isolating the proportion
      of air fed into said combustion chamber against entry into said burner
      tube at least in the vicinity of said location from which said burner tube
      projects into said combustion chamber, said air distributing means being
      in the form of an apertured air intake housing secured to and projecting
      outwardly from said enclosure, said enclosure being apertured within the
      confines of said housing to permit the passage of air within said
      distribution housing therethrough into said combustion chamber, said
      burner tube lying within the produced boundary of said housing, a venturi
      funnel for a fuel nozzle positioned in said distributing housing, the
      reduced end of said funnel lying substantially on the plane of said
      enclosure, said funnel being secured on said plane and substantially
      sealed around its reduced discharge end against air passage other than
      through the enlarged intake end thereof, said funnel being substantially
      co-axial with said tube, said funnel being situated substantially central
      of said distributing housing, the aperturing in said enclosure being
      arranged about said funnel and spaced therefrom, said air intake housing
      including a surrounding apertured wall projecting outwardly from said
      enclosure and an end plate spanning said apertured wall, a plenum chamber
      occupying the space between said apertured wall, said end plate, and the
      portion of said combustion chamber enclosure bounded by said apertured
      wall. .Iaddend..Iadd. 34. A fluid fuel burner including an inner burner
      tube having at a first end thereof a burner head, and a jacket surrounding
      part of said tube, characterized in that said jacket has a first end wall
      and a centrally apertured second end wall, said jacket and end walls
      defining a counterflow chamber around said inner tube, said inner tube
      being annularly perforated in the vicinity of said first end wall and
      within the confines of said first and second end walls, said inner tube
      and counterflow chamber being in communication in the vicinity of said
      second end wall and within the confines of said first and second end
      walls, an air distributing housing overlying said second end wall on the
      exterior side thereof, means for admitting air into said housing, a
      venturi funnel within said housing communicating with the interior of said
      housing and with said second end wall central aperture, said funnel being
      substantially coaxial with said inner tube, an injection nozzle for
      pulverized fuel, and aperture means within the confines of said housing
      and communicating between the interior of said housing and the space
      surrounding said burner. .Iaddend. .Iadd. 35. The invention according to
      claim 5 in which said first end wall is sufficiently apertured to admit
      said limited volume of counterflowing air. .Iaddend. .Iadd. 36. The method
      according to claim 1 which is effected within a surrounding combustion
      chamber and which includes the steps of admitting air to an air
      distributing means and dividing said air within said distributing means
      into two essentially enclosed and separate air streams one of which mixes
      with said ignited fuel and the other of which enters said combustion
      chamber. .Iaddend..Iadd. 37. A fluid fuel burner embodying an inner burner
      tube, a surrounding jacket, said tube and said jacket each having a first
      end and adjacent second ends, said jacket being spaced from said tube, a
      fuel nozzle assembly, an ignition electrode and combustion supporting air
      intake means, and including in combination:
PA1  i. a burner head, at the first end of said tube,
PA1  ii. means for providing a counterflow of ignited fuel through a counterflow
      chamber existing between said tube and said jacket, said counterflow being
      opposite in direction to the flow of, and consisting of a portion of a
      tongue of flammable fluid projecting through said tube from said nozzle
      assembly,
PA1  iii. the originating location of said counterflow being between said nozzle
      assembly and said burner head,
PA1  iv. means for reintroducing said counterflow back into said inner tube near
      said nozzle assembly, and
PA1  v. means for causing the flame of said tongue to be extinguished when a
      sufficient rise in ambient temperature has supervened, and substantially
      simultaneously therewith thereby causing the generation of a blue flame at
      the said originating location of counterflow, and at said burner head.
      .Iaddend..Iadd. 38. The invention according to claim 15 in which said
      burner is secured to and projects inwardly from the wall of a combustion
      chamber having air venting in said wall upon the outer side of said jacket
      and air distributing means on the external side of said wall enclosing
      said venting, for admitting combustion supporting air to (a) the interior
      of said combustion chamber through said venting, and (b) through said
      funnel to said burner tube..Iaddend.
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ABST
PAL  Apertured nonwoven textile fabrics comprising polyvinyl alcohol fibers and
      having a predetermined pattern of fabric apertures and fiber bundles
      created by applied fluid forces; and methods of making the same which
      comprises: chemically treating and modifying heat-sensitive, water-soluble
      polyvinyl alcohol fibers to (a) raise their wet softening temperature
      whereby they are essentially wet heat-insensitive up to a temperature of
      at least about 150.degree. C. and (b) give them an average degree of
      acetalization of from about 20 mol percent to about 35 mol percent whereby
      they develop the necessary balance of hydrophobic-hydrophilic properties
      and are sufficiently water-insensitive and water-insoluble as to be
      capable of controlled movement and manipulation by applied fluid forces;
      forming a cohesive fibrous web from said heat-insensitive, water-insoluble
      fibers; and applying fluid forces to said fibrous web to move and
      rearrange said heat-insensitive, water-insoluble fibers into a
      predetermined pattern of fabric apertures and fiber bundles constituting
      an apertured nonwoven fabric.
BSUM
PAR  This invention relates to apertured nonwoven fabrics having a predetermined
      pattern of fabric apertures and fiber bundles comprising polyvinyl alcohol
      fibers, and to methods of making the same.
PAR  Polyvinyl alcohol fibers are obtainable, for example, by dry or wet
      extruding or spinning from their aqueous solutions and, by definition, are
      composed of at least about 50 percent by weight of vinyl alcohol units
      (--CH.sub.2 --CHOH--).sub.n and in which the total of the vinyl alcohol
      units and any one or more of the various acetal units is at least about
      85% by weight of the fiber.
PAR  The simplest molecular structure of polyvinyl alcohol is therefore seen as
      idealistically possessing the following characteristic polymer chain, of
      which five typical units are shown, as follows:
      ##EQU1##
PAR  Inasmuch as the vinyl alcohol molecule as such is unknown as a monomer,
      polyvinyl alcohol is usually prepared by polymerization of vinyl acetate
      into polyvinyl acetate, followed by conversion by alcoholysis, hydrolysis,
      saponification, or the like, to polyvinyl alcohol.
PAR  It is therefore to be appreciated that the above structural formula assumes
      (primarily for illustrative purposes) the substantially complete
      alcoholysis, hydrolysis, saponification, or other conversion of the
      polyvinyl acetate into polyvinyl alcohol. This assumption of 100%
      conversion, will be followed throughout this disclosure to simplify the
      chemistry involved and is not intended to limit the scope of the
      applicability of the inventive concept.
PAR  Polyvinyl alcohol fibers are naturally strong and abrasion resistant and
      have high resistance to chemicals, including acids and alkalis. Resistance
      to fungi, mildew, and insects is good. Polyvinyl alcohol fibers, can be
      manufactured at relatively low cost and have many excellent physical and
      chemical properties and characteristics. Unfortunately, however, such
      fibers, as they are originally produced, have an undesirable sensitivity
      to heat and water, and particularly to hot water. Specifically, if they
      are immersed in water at room temperature, they shrink by more than about
      10%, and, if they are immersed in hot water at a temperature of about
      65.degree. C., they become soluble and dissolve.
PAR  Such heat-sensitive, water-soluble polyvinyl alcohol fibers have some
      utility in the textile and related industries but have very little
      applicability in the manufacture of apertured nonwoven textile fabrics by
      the well-known fluid techniques described in U.S. Pat. No. 2,862,251 which
      issued Dec. 2, 1958 to F. Kalwaites. Efforts to utilize such
      heat-sensitive, water-soluble polyvinyl alcohol fibers in the apparatus
      illustrated, for example, in FIGS. 7-12 of this patent, have lead to
      completely undesirable results which come about especially when the
      heat-sensitive, water-soluble polyvinyl alcohol fibers are exposed to the
      applied fluid forces during their movement and manipulation into the
      predetermined patterns of the desired fabric apertures and fiber bundles.
PAR  In order to overcome such shortcomings, the freshly spun polyvinyl alcohol
      fibers have been subjected to heat treatments, usually in the range of
      from about 200.degree. C. to about 250.degree. C. whereby their
      wet-softening temperature, that is, by definition, the temperature at
      which the fibers shrink 10% of their original length, can be raised to a
      range of from about 60.degree. C. to about 100.degree.C. Unfortunately,
      however, although the fibers have far less heat sensitivity, they are
      still essentially water-soluble and will still dissolve in hot water at a
      temperature of about 110.degree. C.
PAR  However, if the heat-treated fibers are further subjected to an
      insolubilizing or a cross-linking operation by treatment with aldehydes,
      such as an acetalization by means of formaldehydes, their wet softening
      temperature can be raised to a value in excess of about 150.degree. C.
      Additionally, they become less water sensitive and they do not dissolve in
      water at such temperature. .Iadd.
PAR  It is not essential, however, that the wet softening temperature always be
      raised to a value in excess of about 150.degree. C., provided the fibers
      are capable of meeting the previously-mentioned standard of not being
      essentially water-soluble and not dissolving in hot water at a temperature
      of about 110.degree. C. .Iaddend.
PAR  Unfortunately, when efforts are made to form these heat treated and
      acetalized heat-insensitive, water-insoluble polyvinyl alcohol fibers into
      fibrous webs by exposure to the fluid processing and manipulation involved
      in the manufacture of apertured nonwoven textile fabrics, as described in
      the above-mentioned patent, the results are still unsuccessful. The
      polyvinyl alcohol fibers do not make completely satisfactory fibrous webs
      and, although the fibers do not dissolve when treated by the fluid
      techniques of the above-described patent, they do not make commercially
      satisfactory apertured nonwoven textile fabrics.
PAR  The reasons for such lack of success have not been discovered and the
      purpose and object of this inventive concept is to disclose and illustrate
      methods for successfully manufacturing commercially acceptable apertured
      nonwoven textile fabrics from polyvinyl alcohol fibers by the
      above-mentioned fluid processes.
PAR  It has been discovered that apertured nonwoven textile fabrics having a
      predetermined pattern of fabric apertures and fiber bundles can be
      successfully made from polyvinyl alcohol fibers by the fluid processing
      techniques of the above-described patent if such fibers possess specific
      chemical and physical properties and characteristics which can be built
      into them by selective manufacturing and processing techniques. These
      specific chemical and physical properties and characteristics which are
      necessary require that the fibers have an average degree of acetalization
      of from about 20 mol percent to about 35 mol percent whereby they develop
      the necessary balance of hydrophobic-hydrophilic properties and are
      sufficiently heat-insensitive and water-insoluble as to be capable of
      controlled movement and manipulation by the applied fluid forces used in
      the processes of said patent. Additionally, the heat-insensitive and
      water-insoluble fibers are to be given a crimping treatment whereby from
      about six crimps to about 16 crimps are formed in the fibers and they are
      thus rendered more amenable to the formation of fibrous webs which are
      cohesive, do not split, and are well adapted for fluid processing into
      apertured nonwoven textile fabrics by applied fluid forces.
PAR  Although the present inventive concept will be described with reference to
      heat-insensitive, water-insoluble polyvinyl alcohol fibers which have been
      subjected to a specific heat treatment at a selected temperature range to
      improve their resistance to heat shrinking and a subsequent cross-linking
      or acetalization preferably with formaldehyde to improve their resistance
      to water-sensitivity, it is to be appreciated that other processing
      techniques can be resorted to in order to create the desired and necessary
      physical and chemical properties and characteristics.
PAR  This is particularly true of the cross-linking or insolubilizing step
      wherein a large number of other insolubilizing agents are of use. Such
      other insolubilizing or acetalizing agents include other aldehydes, both
      aliphatic and aromatic, such as acetaldehyde, propionaldehyde,
      n-butyraldehyde, isobutyraldehyde, n-valeraldehyde, isovaleraldehyde,
      n-caproaldehyde, n-heptaldehyde, stearaldehyde, acrolein, crotonaldehyde,
      benzaldehyde, furfural, naphthaldehyde, etc. Substituted aldehydes are
      also of use and include chloroacetaldehyde, bromoacetaldehyde,
      chlorobenzaldehyde, nitro-benzaldehyde, hexahydrobenzaldehyde, etc.
PAR  Aminoaldehydes are also of use and include aminoacetaldehyde,
      beta-amino-propionaldehyde, beta-amino-butyraldehyde, the isomeric amino
      valeraldehydes, cyclohexylaminoacetaldehyde, beta-(amino-ethoxy)
      acetaldehyde, N-methyl-amino-acetaldehyde, N-ethyl-amino-acetaldehyde,
      N-methyl-amino-propionaldehyde, beta-N-methyl-amino-butyraldehyde, etc.
PAR  Dialdehydes, which are bi-functional, similarly, are of use and include
      glyoxal, succinaldehyde, malonaldehyde, glutaraldehyde,
      terephthal-aldehyde, etc.
PAR  However, regardless of the particular heat treatment employed or the
      specific aldehydes selected for the insolubilizing treatment, the average
      degree of acetalization or the mol percent of hydroxy groups which are
      reacted with the selected aldehyde is in the range of from about 20 mol
      percent to about 35 mol percent.
PAR  The following molecular structure is shown to illustrate polyvinyl alcohol
      in which 20 mol percent of the hydroxy groups are reacted, for this
      particular segment of the polymer chain:
      ##EQU2##
PAR  The molecular structure is idealistically shown in its simplest form and it
      is to be appreciated that many other similar ether linkages are possible.
      Additionally, other types of ether linkages are possible, such as, for
      example, a cyclic ether linkage between adjacent hydroxy groups on the
      same polymer chain. Such can be illustrated as follows, showing a 40 mol
      percent acetalization for this particular segment of the polymer chain:
      ##EQU3##
PAR  When the polyvinyl alcohol fibers have an average degree of acetalization
      of from about 20 mol percent to about 35 mol percent, they develop the
      necessary balance of hydrophobic-hydrophilic properties and are sufficient
      heat-insensitive and water-insoluble, as to be capable of controlled
      movement and manipulation by the applied fluid forces which are employed
      in the process described in the patent to rearrange the individual fibers
      into a predetermined pattern of fabric apertures and fiber bundles.
PAR  Average degrees of acetalization which are definitely above about 35 mol
      percent are not desirable inasmuch as such degrees of acetalization tend
      to possess too much hydrophobicity and tend to resist the desired movement
      and rearrangement by the applied fluid forces. Also, average degrees of
      acetalization which are definitely below about 20 mol percent are not
      desirable as such degrees of acetalization tend to possess too much
      hydrophilicity and tend to be too water-sensitive or water-soluble.
PAR  The average degree of acetalization is noted as also having an inverse
      effect upon the moisture regain of the polyvinyl alcohol fibers. This is
      evidenced in the following Table, developed at 40.degree. C. and a
      Relative Humidity of 90%:
TBL                TABLE I                                                     

     ______________________________________                                    

     Mol % Acetalization                                                       

                       % Moisture Regain                                       

     ______________________________________                                    

     10                11                                                      

     20                10                                                      

     32                 8                                                      

     40                71/2                                                    

     60                 7                                                      

     70                 6                                                      

     ______________________________________                                    

PAR  Additionally, in order that a fibrous web be formed which is sufficiently
      cohesive and self-sustaining and does not split apart during conventional
      commercial handling and processing, crimps are formed in the fibers,
      preferably subsequent to the heat treatment and insolubilizing step and,
      of course, prior to the formation of the fibrous web.
PAR  The number of crimps per inch of fiber will vary according to the denier
      and length of the fiber, upon the nature, shape and amplitude of the crimp
      itself, and other related factors. From about six crimps per inch to about
      16 or more crimps per inch is satisfactory, with a preferred commercial
      range extending from about eight crimps per inch to about 12 crimps per
      inch.
PAR  These crimps may be obtained in many ways, such as, for example,
      mechanically, as by passage of the fibers through intermeshing heated
      gears. The particular nature, shape, and amplitude of the crimps is
      controlled by the nature and shape of the teeth or intermeshing elements,
      of the heated intermeshing gears and by the depth to which these gears
      intermesh. Other crimping techniques may, of course, be utilized.
PAR  Although the invention will be described and illustrated with particular
      reference to starting fibrous materials comprising carded webs in which
      the individual fibers are generally oriented in the machine or long
      direction, it is to be appreciated that such is done because the invention
      is of primary importance in connection with such carded or oriented webs.
PAR  However, the inventive concept is also applicable to other types of
      starting fibrous materials. One such type is the so-called "isotropic" web
      formed by air-laying techniques in which the fibers are disposed at random
      and are not oriented in any particular direction.
PAR  Still another aspect of the present invention is its application to fibrous
      webs made basically by conventional or modified papermaking techniques.
      Such fibrous webs are also not oriented but are basically "isotropic" and
      generally have like properties in all directions.
PAR  These fibrous webs normally comprise individualized overlapping and
      intersecting fibers and, in the case of the carded or oriented fibrous
      webs, have an average length of from about 1/2 inch to about 21/2 inches
      or more. This range is, of course, most desirable and in most respects
      necessary when the starting fibrous materials are carded or oriented webs.
PAR  When the starting fibrous materials are "isotropic" webs derived from
      air-laying techniques or from conventional or modified papermaking
      techniques, shorter lengths of fibers may be employed provided they are of
      sufficient length to be handled in the subsequent fluid rearranging
      process. Usually, fiber lengths down to about 1/4 inch are capable of use,
      with shorter lengths of use by means of special handling techniques.
PAR  Other fibers of a natural, synthetic or man-made base or origin may be used
      in various proportions and various blends to partially replace the
      polyvinyl alcohol fibers. Such other fibers include cellulosic fibers such
      as cotton or rayon; polyamide fibers notably nylon 6 and nylon 6/6;
      polyester fibers such as "Dacron," "Fortrel,"  and "Kodel;" acrylic fibers
      such as "Acrilan," "Orlon," and "Creslan;" modacrylic fibers such as
      "Verel" and "Dynel;" polyolefinic fibers derived from polyethylene and
      polypropylene; cellulose ester fibers such as "Arnel" and "Acele," etc.
PAR  The denier of the synthetic fibers used in applying the principles of the
      present inventive concept may be selected from a relatively wide range of
      sizes. A denier range of from about 1 to about 3 is generally preferred
      for conventional commercial purposes, although for special purposes,
      deniers as low as 1/2 or as high as 5, 10, 15 or even more find utility in
      special cases.
DETD
PAR  The invention will be further illustrated in greater detail by the
      following examples. It should be understood, however, that although these
      examples may describe in particular detail some of the more specific
      features of the invention, they are given primarily for purposes of
      illustration and the invention in its broader aspects is not to be
      construed as limited thereto.
PAC  EXAMPLE I
PAR  A carded fibrous web is prepared from dull, crimped polyvinyl alcohol
      fibers which are chemically treated and modified by a heat treatment and
      by reaction with formaldehyde. The fibers have the following properties
      and characteristics:
TBL  Degree of formalization                                                   

                            10%                                                

     Formalization treating time                                               

                            2 minutes                                          

     Denier                 1.32                                               

     Tenacity (grams/denier)                                                   

                            5.11                                               

     Elongation (%)         16.5                                               

     Staple length (mm)     35                                                 

     DFA (mol % by analysis)                                                   

                            10.0                                               

PAR  The carded fibrous web is exposed to fluid rearranging techniques similar
      to those set forth and illustrated in FIGS. 7-12 of Kalwaites U.S. Pat.
      No. 2,862,251 which issued Dec. 2, 1958.
PAR  A rearranged nonwoven fabric having fiber bundles and fabric apertures or
      openings is obtained. Formation of fiber bundles and fabric apertures or
      openings, however, is not well defined and is not commercially acceptable.
      It is believed that such unsatisfactory formation is due to the
      hydrophilicity of the fibers.
PAR  A materials balance determination of the weight of the product before
      rearranging and after rearranging indicates a substantial and commercially
      uneconomical loss of fiber weight during the rearranging process.
      Additionally, there is considerable evidence of autogenous bonding between
      the individual fibers, created presumably by the softening and adhering of
      such fibers as a result of the fluid rearranging process. Such bonding
      leads to undesirable loss of softness, hand, and drape.
PAR  The rearranged nonwoven fabric is economically and commercially
      unsatisfactory and unacceptable to industry.
PAC  EXAMPLE II
PAR  A carded fibrous web is prepared from dull, crimped polyvinyl alcohol
      fibers which are chemically treated and modified by a heat treatment and
      by reaction with formaldehyde. The fibers have the following properties
      and characteristics:
TBL  Degree of formalization                                                   

                            20%                                                

     Formalization treating time                                               

                            5 minutes                                          

     Denier                 1.32                                               

     Tenacity (grams/denier)                                                   

                            5.29                                               

     Elongation (%)         16.8                                               

     Staple length (mm)     35                                                 

     DFA (mol % by analysis)                                                   

                            19.3                                               

PAR  The carded fibrous web is exposed to fluid rearranging techniques similar
      to those set forth and illustrated in FIGS. 7-12 of Kalwaites U.S. Pat.
      No. 2,862,251 which issued Dec. 2, 1958.
PAR  A rearranged nonwoven fabric having fiber bundles and fabric apertures or
      openings is obtained. Formation of fiber bundles and fabric apertures or
      openings is well defined and is commercially acceptable. The materials
      balance determination of the weight of the product before rearranging and
      after rearranging is satisfactory and within commercially acceptable
      limits. There is substantially no evidence of autogenous bonding between
      the individual fibers. The nonwoven fabric has a high degree of softness,
      hand, and drape.
PAR  The rearranged nonwoven fabric is economically and commercially
      satisfactory and acceptable to industry.
PAC  EXAMPLE II-A
PAR  The procedures of Example II are followed substantially as set forth
      therein with the exception that the polyvinyl alcohol fibers are not
      crimped.
PAR  Fibrous lap and web formation is produced only with extreme difficulty
      because of lack of crimp and cohesiveness of the fibers. The fibrous laps
      and webs also split very badly when they are carded.
PAR  The difficulties were such as to render the use of uncrimped polyvinyl
      alcohol fibers commercially unsatisactory and unacceptable to industry.
PAC  EXAMPLE II-B
PAR  The procedures of Example II are repeated substantially as set forth
      therein with the exception that the polyvinyl alcohol fibers have a degree
      of formalization of about 20.2%. The moisture regain of such fibers is
      about 10% at a temperature of 40.degree. C. and a relative humidity of
      90%.
PAR  The results are generally comparable to the results obtained in Example II.
PAC  EXAMPLE III
PAR  A carded fibrous web is prepared from dull, crimped polyvinyl alcohol
      fibers which are chemically treated and modified by a heat treatment and
      by reaction with formaldehyde. The fibers have the following properties
      and characteristics:
TBL  Degree of formalization                                                   

                            30%                                                

     Formalization treating time                                               

                            17 minutes                                         

     Denier                 1.39                                               

     Tenacity (grams/denier)                                                   

                            4.88                                               

     Elongation (%)         16.2                                               

     Staple length (mm)     35                                                 

     DFA (mol % by analysis)                                                   

                            30.4                                               

PAR  The carded fibrous web is exposed to fluid rearranging techniques similar
      to those set forth and illustrated in FIGS. 7-12 of Kalwaites U.S. Pat.
      No. 2,862,251 issued Dec. 2, 1958.
PAR  A rearranged nonwoven fabric having fiber bundles and fabric apertures or
      openings is obtained. Formation of fiber bundles and fabric apertures or
      openings is well defined and is commercially acceptable. The materials
      balance determination of the weight of the product before rearranging and
      after rearranging is satisfactory and within commercially acceptable
      limits. There is substantially no evidence of autogenous bonding between
      the individual fibers. The nonwoven fabric has a high degree of softness,
      hand, and drape.
PAR  The rearranged nonwoven fabric is economically and commercially
      satisfactory and acceptable to industry.
PAC  EXAMPLE III-A
PAR  The procedures of Example III are followed substantially as set forth
      therein with the exception that the polyvinyl alcohol fibers are not
      crimped.
PAR  Fibrous lap and web formation is produced only with extreme difficulty
      because of lack of crimp and cohesiveness of the fibers. The fibrous laps
      and webs also split very badly when they are carded.
PAR  The difficulties were such as to render the use of uncrimped polyvinyl
      alcohol fibers commercially unsatisfactory and unacceptable to industry.
PAC  EXAMPLE III-B
PAR  The procedures of Example III are followed substantially as set forth
      therein with the exception that the polyvinyl alcohol fibers have a degree
      of formalization of about 32.2%. The moisture regain of such fibers is
      about 71/2% at a temperature of 40.degree. C. and a relative humidity of
      90%.
PAR  The results are generally comparable to the results obtained in Example
      III.
PAC  EXAMPLE IV
PAR  A carded fibrous web is prepared from dull, crimped polyvinyl alcohol
      fibers which are chemically treated and modified by a heat treatment and
      by reaction with formaldehyde. The fibers have the following properties
      and characteristics:
TBL  Degree of formalization                                                   

                            40%                                                

     Formalization treating time                                               

                            2 hours                                            

     Denier                 1.38                                               

     Tenacity (grams/denier)                                                   

                            5.16                                               

     Elongation (%)         15.2                                               

     Staple length (mm)     35                                                 

     DFA (mol % by analysis)                                                   

                            40.2                                               

PAR  The carded fibrous web is exposed to fluid rearranging techniques similar
      to those set forth and illustrated in FIGS. 7-12 of Kalwaites U.S. Pat.
      No. 2,862,251 issued Dec. 2, 1958.
PAR  A rearranged nonwoven fabric having fiber bundles and fabric apertures or
      openings is obtained. Formation of fiber bundles and fabric apertures or
      openings, however, is not well defined and is marginal but not
      commercially acceptable. It is believed that such satisfactory formation
      is due to the increased hydrophobicity of the fibers. The resulting
      appearance of the rearranged nonwoven fabric is not pleasing.
PAR  The rearranged nonwoven fabric is marginal but commercially unsatisfactory
      and unacceptable to industry.
PAC  EXAMPLE V
PAR  A carded fibrous web is prepared from dull, crimped polyvinyl alcohol
      fibers which are chemically treated and modified by a heat treatment and
      by reaction with formaldehyde. The fibers have the following properties
      and characteristics:
TBL  Degree of formalization                                                   

                            50%                                                

     Formalization treating time                                               

                            14 hours                                           

     Denier                 1.35                                               

     Tenacity (grams/denier)                                                   

                            5.43                                               

     Elongation (%)         16.0                                               

     Staple length (mm)     35                                                 

     DFA (mol % by analysis)                                                   

                            48.0                                               

PAR  The carded fibrous web is exposed to fluid rearranging techniques similar
      to those set forth and illustrated in FIGS. 7-12 of Kalwaites U.S. Pat.
      No. 2,862,251 issued Dec. 2, 1958.
PAR  A rearranged nonwoven fabric having fiber bundles and fabric apertures or
      openings is obtained. Formation of fiber bundles and fabric apertures or
      openings, however, is not well defined and is not commercially acceptable.
      It is believed that such unsatisfactory formation is due to the increased
      hydrophobicity of the fibers. The resulting appearance of the rearranged
      nonwoven fabric is not pleasing.
PAR  The rearranged nonwoven fabric is commercially unsatisfactory and
      unacceptable to industry.
PAC  EXAMPLE VI
PAR  Polyvinyl alcohol fibers are treated with a conventional heat treatment at
      elevated temperatures and an insolubilizing step with formaldehyde to
      raise their wet-softening temperature and make them heat insensitive at a
      temperature of 150.degree. C. (less than 10% shrinkage) and give them an
      average degree of acetalization of about 35 mol percent.
PAR  A card web is prepared weighing 442 grams per square yard and comprising
      such heat-insensitive, water-insoluble polyvinyl alcohol fibers having a
      denier of 21/2, a staple length of 38 mm. (11/2 inch), and 8 crimps per
      inch. The polyvinyl alcohol fibers have a moisture regain of 7.8% at a
      temperature of 40.degree. C. and a relative humidity of 90%.
PAR  This fibrous card web is exposed to fluid rearranging techniques in the
      apparatus illustrated in FIGS. 7-12 of U.S. Pat. No. 2,862,251 and the
      fibers are rearranged into a predetermined pattern of fabric apertures and
      fiber bundles.
PAR  The apertured nonwoven textile fabric is bonded with National Starch
      NS4260, a non-ionic, cross-linking acrylic resin. The final weight of the
      bonded nonwoven textile fabric, after drying and curing, is 532 grains per
      square yard.
PAR  Physical tests show that the nonwoven textile fabric made of polyvinyl
      alcohol fibers is exceptionally strong in both the machine direction and
      cross direction, both in the dry and wet conditions.
TBL                TABLE II                                                    

     ______________________________________                                    

     Tensile Strength - Dry                                                    

                   Machine Direction                                           

                                 Cross Direction                               

     Thwing Albert - 3 ply                                                     

                   (Pounds)      (Pounds)                                      

     ______________________________________                                    

                 38.1        6.8                                               

                 38.9        7.0                                               

                 39.1        7.2                                               

            Average                                                            

                   38.7          7.0                                           

                 28.7        5.6                                               

                 29.1        5.2                                               

                 26.6        5.2                                               

            Average                                                            

                   28.13         5.33                                          

     Tensile Strength - Cross Direction                                        

     Instron - 1 ply (Pounds)                                                  

                   2.02                                                        

                   2.20                                                        

                   1.80                                                        

                   1.93                                                        

                   1.90                                                        

             Average 1.97                                                      

     ______________________________________                                    

PAR  The softness of the nonwoven textile fabric is excellent. Its absorbency
      rate and absorbent capacity is very good. Its elongation and its bulk are
      comparable to similar products made of rayon fibers.
PAR  The product is of use as a facing for absorbent products such as diapers.
      In a lighter weight, it is of use as a facing for sanitary napkins.
PAC  EXAMPLE VII
PAR  The procedure of Example VI are followed substantially as set forth therein
      with the exception that the polyvinyl alcohol fibers have a denier of 1.4,
      rather than 21/2. The results are generally comparable.
PAC  EXAMPLE VIII
PAR  The procedures of Examples VI and VII are followed substantially as set
      forth therein with the exception that the polyvinyl alcohol fibers do not
      possess any substantial crimp. Web formation is rendered extremely
      difficult; there is a lack of cohesiveness and laps split badly when the
      fibers are carded.
PAC  EXAMPLE IX
PAR  The procedures of Example VI are followed substantially as set forth
      therein with the exception that the acetalization with formaldehyde is
      carried out to a much higher degree. The average degree of acetalization
      of the polyvinyl alcohol fibers is approximately 70 mol percent. The
      moisture regain of such fibers is low and is less than 6% at 40.degree. C.
      and a relative humidity of 90%. Such fibers tend to exhibit a greater
      degree of hydrophobicity and do not respond satisfactorily to applied
      fluid forces exerted during the fluid rearranging techniques disclosed in
      FIGS. 7-12 of U.S. Pat. No. 2,862,251.
PAC  EXAMPLE X
PAR  The procedures of Example VI are followed substantially as set forth
      therein with the exception that the acetalization with formaldehyde is
      carried out to a much lower degree. The average degree of acetalization of
      the polyvinyl alcohol is only about 9 mol percent. The moisture regain of
      such fibers is very high and is greater than 12% at 40.degree. C. and a
      relative humidity of 90.degree.. Such fibers tend to exhibit a greater
      degree of hydrophilicity and do not respond satisfactorily to applied
      fluid forces exerted during the fluid rearranging techniques disclosed in
      FIGS. 7-12 of U.S. Pat. No. 2,862,251. Additionally, a materials balance
      determination of the weight of the product before rearranging and after
      rearranging reveals a relatively large loss of fiber weight during the
      rearranging process. There is also undesirable evidence of autogenous
      bonding between the individual fibers which makes the product harsh,
      papery, and boardy, and lacking in softness, hand and drape.
PAC  EXAMPLE XI
PAR  The procedures of Example VI are followed substantially as set forth
      therein with the exception that benzaldehyde is used instead of
      formaldehyde in the insolubilizing treatment. The results are generally
      comparable and the resulting nonwoven textile fabrics are commercially
      acceptable.
PAR  Although several specific examples of the inventive concept have been
      described, the same should not be construed as limited thereby nor to the
      specific features mentioned therein but to include various other
      equivalent features as set forth in the claims appended hereto. It is
      understood that any suitable changes, modifications and variations may be
      made without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making an apertured nonwoven textile fabric having a
      predetermined pattern of fabric apertures and fiber bundles created by
      applied fluid forces which comprises: (1) chemically treating and
      modifying heat-sensitive water-soluble polyvinyl alcohol fibers by (a) a
      heat treatment in the range of from about 200.degree. C. to about
      250.degree. C. to raise their wet softening temperature whereby they are
      essentially wet heat-insensitive up to a temperature .[.of at least about
      150.degree. C..]. .Iadd.in the range of from about 60.degree. C. to about
      100.degree. C. .Iaddend.and by (b) insolubilizing or cross-linking
      treatment with an aldehyde to give them an average degree of acetalization
      of from about 20 mol percent to about 35 mol percent and a moisture regain
      at 40.degree.C. and a relative humidity of 90% down to about 10% but not
      to as low as 71/2% whereby they develop the necessary balance of
      hydrophobic-hydrophilic properties and are sufficiently heat-insensitive
      and water-insoluble .Iadd.as not to dissolve in hot water at a temperature
      of about 110.degree. C. and .Iaddend.as to be capable of controlled
      movement and manipulation by applied fluid forces; (2) crimping said
      relatively heat-insensitive, water-insoluble polyvinyl alcohol fibers so
      that they possess from about six to about 16 crimps per inch; (3) forming
      a cohesive fibrous web from said crimped, heat-insensitive,
      water-insoluble fibers; and (4) applying fluid forces to said fibrous web
      to move and rearrange said crimped, heat-insensitive, water-insoluble
      fibers into a predetermined pattern of fabric apertures and fiber bundles
      constituting an apertured nonwoven fabric.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the polyvinyl alcohol fibers are
      chemically treated and modified by a reaction with formaldehyde.
NUM  3.
PAR  3. A method as defined in claim 1 wherein the polyvinyl alcohol fibers are
      chemically treated and modified by a reaction with benzaldehyde.
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PAL  Nickel base superalloys in which critical amounts of boron are employed to
      enhance creep-rupture strength and ductility in the 1,300.degree.
      F-1,800.degree. F. temperature range. Creep-rupture strength and ductility
      at temperatures around 1,800.degree. F. also is enhanced by employing
      amounts of carbon below a critical upper limit. These alloys are
      particularly useful in the form of castings as gas turbine engine
      components.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to nickel-base alloys having relatively great
      tensile strength at high temperatures and to castings made from such
      alloys. The nickel-base superalloys of the present invention are
      particularly useful for fabricating components of gas turbine engines,
      such as turbine blades, turbine vanes, integral wheels, and the like.
PAC  BACKGROUND OF THE INVENTION
PAR  There are a number of precipitation strengthened nickel-base superalloys
      which, because of their strength at high temperatures, are used as
      materials in fabricating components for use in high temperature sections
      of gas turbines. The precipitate involved is an intermetallic compound,
      generally referred to as gamma prime, having the generic formula Ni.sub.3
      (Al, Ti). Alloys hardened by such precipitates are referred to as gamma
      prime strengthed superalloys. In recent years, while characteristics of
      such alloys at lower temperatures have not altogether been ignored, the
      greater emphasis in the development of improved alloys has been centered
      around performance at high temperatures. High temperature performance has
      been of concern because of the fact that in new engine designs, as gar
      turbine operating temperatures are increasing to meet the demands for
      higher efficiency and power output. High temperature performance
      properties of particular concern include stress-rupture and creep
      strength, resistance to thermal fatigue, and corrosion resistance.
PAR  It is known that thermal fatigue properties are associated with
      intermediate temperature (1,300.degree.F - 1,500.degree.F) ductility. The
      greater the ductility in this range, the more resistant the alloy is to
      thermal fatigue. As a general rule, alloys with high temperature rupture
      and creep strength have inadequate thermal fatigue and hot corrosion
      resistance. Conversely, alloys with good hot corrosion resistance show
      poor high temperature rupture, creep and thermal fatigue properties.
PAR  While much work has been done in the development of precipitation
      strengthened high temperature superalloys, no alloy has been found to be
      entirely satisfactory with respect to fulfilling the strength, ductility
      and thermal fatigue requirements needed in gas turbine components. Indeed,
      in recent superalloy developments, strength improvements obtained through
      composition modification generally have resulted in reduced ductility. In
      the same manner, alloys designed for improved ductility or toughness or
      hot corrosion resistance generally possess inadequate strength.
PAR  Superalloys suitable for fabircating gas turbine components desirably
      possess good creep-rupture strength, i.e., resist excessive creep or
      rupture for long periods of time while under stress at high temperatures.
      Such alloys also desirably possess good creep-rupture ductility, i.e.,
      deform uniformly and predicatably while under stress at high temperataure,
      rather than crack and fracture. Alloys that lack ductility will tolerate
      little deformation before the onset of crack nucleation, rapid crack
      propagation, and failure. Use of a material lacking adequate ductility can
      result in unpredictable and catastrophic engine component failure. A
      characteristic peculiar to the gamma prime strengthened superalloys is
      that they are subject to a sharp decrease in creep-rupture ductility and
      tensile strength at temperatures between about 1,300.degree.F. and
      1,500.degree.F. The decrease in ductility is commonly referred to as the
      "ductility trough," as ductility is higher at temperatures below
      1,300.degree.F. and above 1,500.degree.F. It generally has been observed
      that the higher the strength of an alloy, the more pronounced will be the
      ductility decrease within the "ductility trough" temperature range. An
      example would be MAR-M200 (U.S. Pat. No. 3,164,465). This alloy possesses
      adequate strength for most advanced gas turbine engine requirements, but
      lack of 1,400.degree.F. ductility in the conventionally cast material
      precludes its usefulness for turbine components.
PAR  To circumvent the low ductility problem while retaining usable high
      temperature strength, the art, in recent years, has turned to a casting
      process known as directional solidification. This technique, disclosed in
      U.S. Pat. No. 3,260,505, eliminates grain boundaries that lay in a
      direction transverse to the direction of applied stress in the component.
      While directional solidification eliminates a major cause of low
      longitudinal creep-rupture ductility, it is an expensive procedure and is
      therefore used only in specialized cases where cost is not a major
      concern.
PAR  It has also been attempted to circumvent ductility trough problems by
      introducing hafnium to nickel-base superalloys (see, e.g., U.S. Pat. Nos.
      3,005,705; 3,677,746; 3,677,746; 3,677,747; and 3,677,748). The addition
      of very dense and expensive hafnium imposes higher raw material costs and
      increases the unit weight of the alloys. Increased weight, of course, is a
      serious disadvantage in alloys intended for aircraft engine components. As
      is apparent, the lack of the combination of high temperature creep-rupture
      strength and ductility remains a major inadequacy in existing superalloy
      compositions. These inadequacies are particularly acute since they impair
      the usefulness of superalloys for many of their intended applications,
      i.e., formation of gas turbine components.
PAR  The alloys of the present invention have improved high temperature strength
      and corrosion resistance. These alloys are capable of withstanding
      prolonged operation at temperatures up to about 2,000.degree.F. or higher,
      and may be formed into highly advantageous castings.
PAR  In accordance with the present invention, alloy compositions have been
      discovered which possess unique and unusually high creep-rupture strength
      and ductility in the polycrystalline (non-directionally solidified) form.
      Specifically, a previously unrecognized criticality has been discovered in
      the amounts of two alloying elements (boron and carbon) included in
      chromium, aluminum, and titanium containing nickel base superalloy
      compositions.
PAR  The desirability of adding boron and carbon to high temperature alloys is
      well documented in the prior art technical and patent literature. The
      alloy characteristics generally enhanced by the addition of some boron and
      carbon include ductility, strength, forgeability and in some cases,
      castability. The present level of technology in the field of superalloy
      physical metallurgy does not enable precise definition or explanation of
      the exact mechanism responsible for this property enhancement. Yet one
      versed in the art of superalloy development recognizes the necessity for
      the presence of both elements.
PAR  while it is known that the role of both carbon and boron in nickel
      superalloys is complex and dynamic, some generalizations can be drawn.
      Carbon appears in the form of complex carbides which prefer grain
      boundaries as location sites. Detrimental effects on ductility have been
      noted with certain grain boundary carbide morphologies. This indicates
      that carbon should be maintained at low levels. On the other hand, it also
      has been observed that low carbon content results in sharply reduced high
      temperature creep life. It is generally believed, since carbides exert a
      significant and beneficial effect on rupture strength at high temperature,
      that carbon should be part of superalloy composition.
PAR  Boron is considered an essential ingredient in superalloys. In superalloys,
      boron in the form of complex borides, is also located at grain boundaries.
      Grain boundary morphology of superalloys is significant because high
      temperature creep and rupture failures initiate at and propogate along
      grain boundaries. Complex borides at grain boundaries reduce the onset of
      grain boundary tearing under rupture loading.
PAR  Typical cast superalloys of the prior art preferably contain carbon in an
      amount of about 0.10% to about 0.25% by weight. In typical prior art
      wrought alloys, the carbon content range is between about 0.03% and about
      0.15% by weight. For example, in a commercial alloy known as INCO 713, the
      carbon content is kept as low as 0.05% by weight. Boron content in over
      fifty prior art alloys studied, preferably is held between 0.007% and
      0.03% by weight of the composition. The very small amount of boron used in
      these commercial alloys demonstrates the potency of the element in
      affecting properties.
PAR  The present invention is based, in part, on the discovery of an unusual and
      unexpected improvement, in both 1,400.degree.F. creep-rupture strength and
      ductility of gamma prime strengthened nickel-base superalloys, obtained by
      increasing boron content up to about twenty times the accepted optimum
      level. Maintenance of the boron content within this critical range of the
      present invention not only eliminates the problem discussed earlier,
      relating to the ductility trough present at temperatures between about
      1,300.degree.F. and 1,500.degree.F., but results in a marked increase in
      creep-rupture strength at those temperatures.
PAR  It has also been discovered, in accordance with the present invention, that
      by reducing the carbon content to a critical upper limit below the amount
      generally employed in superalloys, it is possible to both effect the
      improvement in 1,400.degree. F. properties and maintain or improve
      creep-rupture strength and ductility at temperatures around 1,800.degree.
      F. This aspect of the present invention is important with respect to items
      such as gas turbine components requiring enhanced properties at both
      1,400.degree. F. and 1,800.degree. F.
PAR  Among the alloys of the prior art which will exhibit enhanced properties by
      following the teachings of the present invention are those disclosed in
      U.S. Pat. Nos. 3,310,399; 3,164,465; 3,061,426; and 3,619,182. While many
      of the alloy compositions disclosed in these patents are similar to, and
      generically overlap with, the alloys of the present invention, none of
      these patents disclose, nor do corresponding commercial alloy have, the
      unusual and surprisingly advantageous properties and characteristics of
      the alloys of the present invention. This is because the prior art fails
      to recognize the critical carbon and boron content ranges of the alloys of
      the present invention. All of the commercial alloys derived from the
      patents referred to above contain substantially less than the minimum
      boron content used in the alloys of the present invention. Additionally,
      while at least some of these patents suggest broad boron content ranges
      which overlap the boron content range of the present invention, there is
      no recognition that high temperature properties will maximize in a narrow
      range within these broadly disclosed ranges.
PAR  The alloys of the present invention, which have very good stress rupture
      life at elevated temperatures, contain required minimum amounts of nickel,
      chromium, aluminum and titanium. The chromium affords primary corrosion
      resistance while the remaining components are essential to the formation
      of the gamma prime intermetallic compound. Ni.sub.3 (Al, Ti), which forms
      the basic superalloy structure of this invention. The Ni.sub.3 (Al, Ti)
      precipitate lends to these alloys their required high temperature
      strength, and titanium is an important element in providing the strength
      properties of the present alloys at both room temperature and at elevated
      temperatures. The presence of significant amounts of Ti strengthener in
      the present alloys renders them significantly different in character from
      lower temperature alloys such as those of U.S. Pat. No. 3,005,704, which
      excludes Ti from its alloys.
PAC  SUMMARY OF THE INVENTION
PAR  In general terms, the present invention pertains to gamma prime phase
      strengthened superalloys. These alloys are specifically adapted to be
      employed in cast shapes under conditions of high stress at high
      temperature. The invention also concerns cast components for use in gas
      turbine engines made from such alloys.
PAR  The alloys of the present invention are predominantly nickel, i.e., at
      least 35% nickel, and contain in varying amounts, chromium, aluminum,
      titanium, and boron. One or more of the elements carbon, cobalt,
      zirconium, molybdenum, tantalum, rhenium, columbium, vanadium, and
      tungsten may also be included in these alloys. In addition, the alloys of
      the present invention may contain minor amounts of other elements
      ordinarily included in superalloys by those skilled in the art which will
      not substantially deleteriously effect the important characteristics of
      the alloy or which are inadvertently included in such alloys by virtue of
      impurity levels in commercial grades of alloying ingredients.
PAR  It is a principal object of the present invention to include in the
      aforedescribed alloys amounts of boron within the range of 0.05% to 0.3%
      by weight to enhance creep-rupture strength and ductility at temperatures
      around 1,400.degree. F. In accordance with preferred embodiments of the
      present invention, in addition to maintaining the boron content within the
      range specified, the carbon content of the alloys is maintained below
      about 0.05% by weight. By additionally maintaining the carbon content
      below this critical upper limit, it is possible to effect creep-rupture
      strength and ductility improvement at temperatures around 1,400.degree.F.
      while, at the same time, maintaining or improving creep-rupture strength
      and ductility at temperatures around 1,800.degree. F.
PAR  Table I sets forth a broad range and two different narrower ranges, in
      terms of percent by weight, of elements employed in the alloys of the
      present invention. It should be understood that the tabulation in Table I
      relates to each element individually and is not intended to solely define
      composite of broad and narrow ranges. Nevertheless, composites of the
      narrower ranges specified in Table I represent preferred embodiments.
PAR  A particularly preferred alloy composition, in percentages by weight,
      consists essentially of about 8.0% to about 10.25% chromium, about 4.75 to
      about 5.5% aluminum, about 1.0% to about 2.5% titanium, about 0.05 to
      about 0.30% (and more preferably about 0.075% to about 0.2%) boron, up to
      about 0.17% (and more preferably less than 0.05%) carbon, about 8% to
      about 12% cobalt, about 0.75% to about 1.8% columbium, about 11% to about
      16% tungsten, up to 0.20% zirconium, and the balance essentially nickel
      and minor amounts of impurities and incidental elements which do not
      detrimentally affect the basic characteristics of the allog.
TBL                TABLE I                                                     

     ______________________________________                                    

     ELE-                                                                      

     MENT  BROAD RANGE NARROWER RANGES                                         

     ______________________________________                                    

     Cr    5.0  - 22    6.0     - 17    5     - 12                             

     Al    0.2  - 8     2       - 8     4     - 8                              

     Ti    0.5  - 7     0.75    - 3     0.75  - 2.5                            

     B     0.05 - 0.30  0.07    - 0.25  0.075 - 0.20                           

     C     0.00 - 0.35          &lt;0.05         &lt;0.05                            

     Co    0.00 - 20    2       - 17    5     - 15.5                           

     Cb    0.00 - 3     0.25    - 3           &lt;0.20                            

     Mo    0.00 - 8             &lt;3      3     - 8                              

     Ta    0.00 - 10            &lt;3      2.3   - 10                             

     V     0.00 - 2      --              --                                    

     W     0.00 - 20    5       - 20          &lt;2.5                             

     Zr    0.00 - 1.00  0.001   - 0.5         &lt;1                               

     Re    0.00 - 2      --              --                                    

     Ni    35 - 85      40      - 80    40    - 80                             

     ______________________________________                                    

PAR  Another particularly preferred alloy composition, in percentages by weight,
      consists essentially of about 7.5% to about 8.5% chromium, about 5.75% to
      6.25% aluminum, about 0.8% to about 1.2% titanium, about 0.05% to about
      0.30% (and more preferably about 0.075% to about 0.2%) boron, up to about
      0.13% (and more preferably less than 0.05%) carbon, about 9.5% to about
      10.5% cobalt, about 5.75% to about 6.25% molbdenum, about 4.0% to about
      4.5% tantalum, 0.05% to 0.10% zirconium, and the balance essentially
      nickel and minor amounts of impurities and incidental elements which do
      not detrimentally affect the basic characteristics of the alloy.
PAR  Impurities and incidental elements which may be present in the alloys of
      the present invention include manganese, copper, and silicon in amounts of
      not more than 0.50%, sulfur and phosphorus in amounts of not more than
      0.20%, and iron in amounts of not more than 2.0%. Impurities such as
      nitrogen, hydrogen, tin, lead, bismuth, calcium, and magnesium should be
      held to as low a concentration as practical.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graphical plot of percent creep elongation against time for two
      alloys, one within the ambit of the present invention, and the other
      outside the ambit of the present invention.
PAR  FIG. 2 is a plot of creep-rupture life in hours against the boron content
      in weight percent of certain nickel base alloys at both 1,400.degree. F.
      -- 94,000 psi and 1,800.degree. F. -- 29,000 psi. The creep-rupture life
      at 1,400.degree. F -- 94,000 psi and 1,800.degree. F -- 29,000 psi for
      commercial alloys similar to the alloy of the plot, but outside the ambit
      of the present invention, is also noted on the plot.
PAR  FIG. 3 is similar to FIG. 2 but plots percent creep elongation against
      boron content, rather than creep rupture life against boron content.
PAR  FIG. 4 is a reproduction of a photomicrograph at a magnification of 300, of
      a commercial alloy outside the ambit of the present invention.
PAR  FIG. 5 is a reproduction of a photomicrograph, at a magnification of 300,
      of an alloy (comparable to the alloy of FIG. 4) within the ambit of the
      present invention.
PAR  FIG. 6 is a reproduction of a photomicrograph, at a magnification of 7,000,
      of the same alloy shown in the photomicrograph of FIG. 4.
PAR  FIG. 7 is a reproduction of a photomicrograph, at a magnification of 7,000,
      of the same alloy shown in the photomicrograph of FIG. 5.
DETD
PAC  DESCRIPTION OF EXAMPLES AND PREFERRED EMBODIMENTS
PAR  The alloys of the present invention, containing boron within the critical
      range of 0.05% to 0.3% by weight, exhibit enhanced creep rupture strength
      and ductility in the 1,300.degree. F. to 1,500.degree. F. temperature
      range over prior art gamma prime strengthened nickel base superalloys.
      Thus the alloys of the present invention are capable of withstanding an
      applied stress of 94,000 psi at 1,400.degree.F without rupture for a time
      in excess of 120 hours. Further, this improvement in strength and
      ductility properties in the intermediate temperature range
      (1,300.degree.F. - 1,500.degree.F) is accompanied by a pronounced
      beneficial effect on high temperatue (above 1,700.degree.F.) thermal
      fatigue properties. Alloys of the present invention, having improved
      intermediate temperature strength and ductility, demonstrate great
      advantage in resistance to high temperature thermal fatigue cracking over
      alloys containing boron in amounts outside the critical range of the
      present invention.
PAR  Designers of gas turbine engines place great importance upon the selection
      of capable and reliable materials. This is particularly true for rotating
      components in large aircraft engines where unpredictable engine component
      failure could endanger the aircraft and its occupants. One of the more
      critical components in this calss of engines is the hot section or turbine
      blade. Because of the severe conditions of temperature and stress to which
      these components are subjected, they must be formed of high strength
      superalloys.
PAR  Usual designs involve the mechanical attachment of turbine blades around
      the periphery of a wheel or disk which rotates at high speed. In
      operation, hot gases pass over the airfoil portion of the blades, causing
      the blades and disk to rotate at high speed. The hot gases raise the metal
      temperatures and the high rotational speed of the disk imposes stress due
      to centrifugal loading. The attachment, or root portion of the blade is
      heated only to moderate temperatures due to the cooling effect of the
      massive disk. The temperature to which the root section of the blade is
      heated is frequently in the ductility trough temperature range
      (1,300.degree. F. to 1,500.degree. F.). It is an essential mechanical
      property of an alloy being used for such blades that it be capable of
      deforming predictably in the root section at temperatures around
      1,400.degree. F. while withstanding mechanically imposed strain without
      cracking, i.e., the alloy must possess reasonable ductility. The alloys of
      the present invention, containing boron within the critical range of 0.05%
      to 0.30% by weight, demonstrate great advantage in strength and ductility
      in the 1,400.degree. F. temperature range over prior art alloys intended
      for use in turbine blades.
PAR  The rotating turbine disk, to which the blade root is attached, also
      requires high resistance to creep and rupture along with ductility and
      strength to resist fatigue and crack propagation. Accordingly, the alloys
      described herein provide enhanced properties desirable in disk alloys.
PAR  Manufacturers of small gas turbine engines generally employ an integral
      wheel rather than an assembly of individual disks and blades. These
      integral wheels, consisting of a single component comprising a disk having
      radially extending blade airfoils at the disk periphery, is usually
      manufactured by investment casting. Normal modes of operation for small
      engines subject such components to rapid heating and cooling. This normal
      mode of operation results in premature cracking at the disk rim between
      the blade airfoils, because of low cycle thermal and mechanical fatigue.
      Since the disk rin in many engine designs operates up to about
      1,400.degree. F., the alloys of the present invention enhance the overall
      performance of integral wheels.
PAR  The formulations of several of the more important prior art alloys which
      are currently commercially used in turbine engines are tabulated in Table
      II. The values tabulated represent the amount of each ingredient present
      in terms of weight percent. The amount of boron and carbon present in each
      formulation is considered by the prior art to be approximately optimum.
      With respect to each of the alloys, designated A, B, C, D, E, and F, the
      U.S. Patent and commercial designation is indicated in the table.
PAR  For purposes of comparison, example alloys, compositionally similar to the
      commercial alloys of Table II, but containing boron within the critical
      range of the present invention, were prepared. Analyses of these example
      alloys (designated A-1, B-1, etc.) are presented in Table III. Standard
      cast-to-size test bars (0.25 inch in diameter) of the alloys of Table II
      and the example alloys of Table III were prepared by melting and casting
      under vacuum into shell molds. All example alloy specimens were heat
      treated under a protective atmosphere at 1,975.degree. F. for four hours
      and then air cooled. The example alloys were also subjected to an aging
      heat treatment at 1,650.degree. F. for ten hours. Each of the commercial
      alloys of Table II was heat treated in accordance with the practice
      recommended by the alloy developer.
PAR  Table IV shows the comparative creep-rupture strength (as measured by time
      to rupture) and ductility, (as measured by prior creep) of both commercial
      alloys A, B, C, and E, and example alloys A-1, B-1, C-1, C-2, C-3 and E-1.
      All alloys were tested at 1,400.degree. F. under a stress of 94,000 psi.
PAR  The data in Table IV shows a very significant improvement in both
      1,400.degree. F. creep-rupture strength and ductility for alloys having a
      boron content within the critical range of the present invention. At 0.20
      weight percent boron, the properties of Example C-3, although decreasing
      from Example C-2, still show a marked improvement over Alloy C.
PAR  The data set forth in Tables II - IV demonstrates that the utility of
      nickel-base superalloys for use in gas turbine engine components in which
      maximum service temperature does not exceed about 1,400.degree. F. is
      greatly enhanced by increasing boron content to an effective level
      previously considered excessive.
TBL                                    TABLE II                                

     __________________________________________________________________________

     A*      B*    C*    D*    E*    F*                                        

     __________________________________________________________________________

     C 0.10  0.10  0.15  0.15  0.18  0.21                                      

     Cr                                                                        

       8.0   10.0  9.0   9.0   10.0  12.5                                      

     Co                                                                        

       10.0  10.0  10.0  10.0  15.0  9.0                                       

     W --    --    12.5  10.0  --    3.9                                       

     Mo                                                                        

       6.0   3.0   --    2.5   3.0   2.0                                       

     Ta                                                                        

       4.25  7.0   --    1.5   --    3.9                                       

     Ti                                                                        

       1.0   1.0   2.0   1.5   4.7   4.2                                       

     Al                                                                        

       6.0   6.0   5.0   5.5   5.5   3.2                                       

     B 0.015 0.015 0.015 0.015 0.015 0.02                                      

     Zr                                                                        

       0.10  0.10  0.05  0.05  0.06  0.10                                      

     Cb                                                                        

       --    --    1.0   --    --    --                                        

     V --    --    --    --    1.0   --                                        

     Ni                                                                        

       (1)   (1)   (1)   (1)   (1)   (1)                                       

     __________________________________________________________________________

      A* 3,310,399 B-1900                                                      

      B* 3,310,399 B-1910                                                      

      C* 3,164,465 MAR-M200                                                    

      D* 3,164,465 MAR-M246                                                    

      E* 3,061,426 IN-100                                                      

      F* 3,619,182 IN-792                                                      

      (1)Balance                                                               

TBL                TABLE III                                                   

     ______________________________________                                    

     EXAMPLE NO.                                                               

     A-1     B-1      C-1      C-2    C-3    E-1                               

     ______________________________________                                    

     C   0.12    0.11     0.15   0.09   0.15   0.18                            

     Cr  7.87    10.2     8.75   9.30   8.75   10.1                            

     Co  10.15   10.0     10.1   10.3   10.1   15.1                            

     W   --       --      12.0   12.81  12.0    --                             

     Mo  6.06    3.05      --     --     --    3.01                            

     Ta  4.40    6.75      --     --     --     --                             

     Ti  1.08    1.12     1.98   2.08   1.98   4.80                            

     Al  5.95    6.30     4.99   4.80   4.99   5.33                            

     B   0.10    0.10     0.10   0.13   0.20   0.10                            

     Zr  0.05    0.14     0.06   0.03   0.06   0.06                            

     Cb  --       --      1.23   1.20   1.23    --                             

     V   --       --       --     --     --    0.86                            

     Ni  (1)     (1)      (1)    (1)    (1)    (1)                             

     ______________________________________                                    

      (1)Balance                                                               

TBL                                    TABLE IV                                

     __________________________________________________________________________

                      Creep-Rupture Properties                                 

             Boron Content                                                     

                      1400F/94,000 psi                                         

             (wt. %)  Rupture Life (hr)                                        

                                 Prior Creep'(%)                               

     __________________________________________________________________________

     Alloy A 0.016    31.0       1.98                                          

     Example No.:                                                              

     A-1     0.10     229.6      6.80                                          

     Alloy B 0.015    102.1      3.68                                          

     Example No.:                                                              

     B-1     0.10     297.2      8.95                                          

     Alloy C 0.015    46.7       0.51                                          

     Example No.:                                                              

     C-1     0.10     400.6      3.60                                          

     C-2     0.13     442.6      6.45                                          

     C-3     0.20     245.5      2.35                                          

     Alloy E 0.012    26.6       0.96                                          

     Example No.:                                                              

     F-1     0.10     345.0      5.25                                          

     __________________________________________________________________________

      'Prior creep indicates the last-creep reading prior to specimen failure  

PAR  The need for improved higher temperature (greater than 1,700.degree.F)
      creep capability in gas turbine alloys is of comparable importance to
      effecting an improvement in 1,400.degree. F. creep-rupture strength and
      ductility. Therefore, the effect of the high boron range upon the
      creep-rupture properties in the 1,700.degree. F. to 1,900.degree.F.
      temperature range was studied by conducting creep-rupture tests on heat
      treated standard cast-to-size test bars at 1,800.degree. F. under a stress
      of 29,000 psi.
PAR  Results of that testing show that the high boron levels, demonstrated as
      being unusually effective for 1,400.degree. F. properties, were
      deleterious to 1,800.degree. F. rupture strength. The effect was a
      weakening of the resistance of all alloys in Tabe II to creep deformation
      and a noticeable increase in ductility, i.e., a weaker but more ductile
      material. For gas turbine components requiring both 1,400.degree. F. and
      1,800.degree. F. creep-rupture strength and ductility, use of the alloys
      shown in Table II would involve the unacceptable tradeoff of improved
      1,400.degree. F. ductility at the expense of decreased 1,800.degree. F.
      strength.
PAR  It has been discovered, in further accord with the present invention, that
      by reducing the carbon content to a critical upper limit of no more than
      about 0.05 weight percent, it is possible to both effect the improvement
      in 1,400.degree. F. properties and approximately maintain, and in some
      cases improve, creep-rupture strength and ductility at 1,800.degree. F.
      Alloys of the present invention, containing less than 0.05 weight percent
      carbon are capable of withstanding an applied stress of 29,000 psi at
      1,800.degree. F. without rupture for a time in excess of 40 hours.
PAR  The low carbon aspect of the present invention is particularly important
      with respect to turbine components requiring enhanced properties at both
      1,400.degree. F. and 1,800.degree. F. As previously noted, properties at
      around 1,400.degree. F. are particularly important with respect to the
      root sections of turbine blades. However, the hot gases passing across the
      airfoil portion of the blade raise metal temperatures into the
      1,700.degree. F. to 1,900.degree. F. temperature range. Accordingly,
      turbine blades desirably require an alloy having good high temperature
      properties throughout the temperature range of from about 1,300.degree. F.
      to about 1,900.degree. F. or higher.
PAR  To demonstrate the utility and advantages of the low carbon feature of the
      present invention, thirty pound heats of example alloys A-2, B-2, C-4
      through 13, D-1, E-2 through 9, and F-1 were prepared by melting under
      vacuum. Standard test bars (0.25 inch diameter) were cast under vacuum
      into shell molds and all specimens were heat treated under a protective
      atmosphere at 1,975.degree. F. for four hours. After air cooling, all
      specimens were subjected to an aging heat treatment of 1,650.degree. F.
      for ten hours. Analyses for series A,B,D, and F example alloys are shown
      in Table V. Analyses for series C and E example alloys are shown,
      respectively, in Tables IV and VII. In all six series compositions, carbon
      has been reduced to as low a level as possible using normal master alloys
      and metals in the preparation of each heat. Such a technique is
      representative of typical commercial practice. Intentional carbon was
      added however, where appropriate, to determinate the critical upper limit.
PAR  Creep-rupture tests were conducted at 1,800.degree. F. under a stress of
      29,000 psi and at 1,400.degree. F. under a stress of 94,000 psi on all low
      carbon example alloys. For comparative purposes, the same tests were
      conducted on the commercial alloys A,B,C,D,E, and F of Table II. The
      commercial alloy test bars were heat treated in accordance with the
      procedures recommended by the producers to achieve maximum mechanical
      properties. Creep-rupture data for commercial alloys D and F under these
      conditions were obtained from technical literature provided by the
      respective alloy producers.
PAR  The data of Table VII demonstrates the applicability of the present
      invention to a wide range of superalloys. The four example alloys
      corresponding to the four commercial alloys designated A,B,D, and F had
      boron and carbon levels approaching the target compositions, i.e., 0.01
      weight percent carbon and 0.10 to 0.12 weight percent boron. The
      comparative test results between the commercial alloys A, B, D, and F and
      corresponding series A, B, D and F example alloys set forth in Table VIII
      shows in all cases that very significant improvements are effected at both
      1,400.degree. F. and 1,800.degree. F in rupture life and ductility.
TBL                TABLE V                                                     

     ______________________________________                                    

     EXAMPLE NO.                                                               

     A-2         B-2       D-1       F-1                                       

     ______________________________________                                    

     C     0.014     0.040     0.009   0.009                                   

     Cr    9.75      10.56     9.66    11.35                                   

     Co    12.15     11.76     10.91   9.43                                    

     W     --        --        9.66    4.18                                    

     Mo    5.89      3.10      2.43    2.04                                    

     Ta    3.71      5.70      1.50    4.23                                    

     Ti    0.96      0.99      1.38    3.69                                    

     Al    5.95      6.03      5.19    3.92                                    

     B     0.081     0.109     0.084   0.096                                   

     Zr    0.073     0.084     0.062   0.083                                   

     Ni    (1)       (1)       (1)     (1)                                     

     ______________________________________                                    

      (1)Balance                                                               

TBL                                    TABLE VI                                

     __________________________________________________________________________

     EXAMPLE NO.                                                               

     C-4     C-5   C-6   C-7   C-8   C-9   C-10  C-11  C-12  C-13              

     __________________________________________________________________________

     C 0.011 0.010 0.014 0.012 0.011 0.018 0.018 0.045 0.023 0.033             

     Cr                                                                        

       9.33  8.33  8.89  8.61  8.64  8.97  8.96  9.50  9.54  10.00             

     Co                                                                        

       10.66 10.70 10.64 10.66 10.71 10.78 10.60 10.50 10.69 10.54             

     W 12.41 12.40 12.74 12.84 12.48 12.55 12.41 12.5  11.84 13.15             

     Ti                                                                        

       1.76  1.78  1.77  1.78  1.75  1.77  1.76  2.0   1.75  1.75              

     Al                                                                        

       5.65  5.53  5.63  5.80  5.41  5.13  5.15  4.98  4.76  4.76              

     B 0.02  0.03  0.08  0.14  0.15  0.20  0.235 0.10  0.28  0.39              

     Zr                                                                        

       0.077 0.075 0.079 0.068 0.074 0.065 0.054 0.060 0.053 0.038             

     Cb                                                                        

       0.95  0.95  0.92  0.92  0.92  0.91  0.85  1.09  0.88  0.79              

     Ni                                                                        

       (1)   (1)   (1)   (1)   (1)   (1)   (1)   (1)   (1)   (1)               

     __________________________________________________________________________

      (1)Balance                                                               

TBL                                    TABLE VII                               

     __________________________________________________________________________

     EXAMPLE NO.                                                               

     E-2     E-3   E-4   E-5   E-6   E-7   E-8   E-9                           

     __________________________________________________________________________

     C 0.010 0.008 0.008 0.008 0.010 0.011 0.012 0.012                         

     Cr                                                                        

       8.56  9.10  8.95  9.67  9.87  9.87  10.22 10.05                         

     Co                                                                        

       16.60 16.67 16.62 16.62 16.62 16.86 16.80 16.69                         

     Mo                                                                        

       3.01  2.94  3.17  3.06  3.03  3.25  3.33  3.32                          

     Ti                                                                        

       4.89  4.90  4.88  4.74  4.91  4.64  4.64  4.56                          

     Al                                                                        

       5.58  5.71  5.60  5.61  5.63  5.22  5.23  5.23                          

     B 0.018 0.044 0.088 0.090 0.125 0.170 0.180 0.220                         

     Zr                                                                        

       0.079 0.067 0.074 0.071 0.060 0.067 0.069 0.064                         

     V 1.06  1.07  1.07  1.08  1.06  0.996 1.01  1.01                          

     Ni                                                                        

       (1)   (1)   (1)   (1)   (1)   (1)   (1)   (1)                           

     __________________________________________________________________________

      (1)Balance                                                               

TBL                                    TABLE VIII                              

     __________________________________________________________________________

                       Creep-Rupture Properties                                

                       1400F/94,000psi                                         

                                  1800F/29,000psi                              

             Boron                                                             

                  Carbon                                                       

                       Life Prior Life                                         

                                      Final                                    

             (wt.%)                                                            

                  (wt.%)                                                       

                       (hr.)                                                   

                            Creep(%)                                           

                                  (hr.)                                        

                                      Elong(%)                                 

     __________________________________________________________________________

     Alloy A 0.016                                                             

                  0.12  31.0                                                   

                            1.98  53.2                                         

                                      6.0                                      

     Example No.:                                                              

     A-2     0.081                                                             

                  0.014                                                        

                       146.5                                                   

                            7.3   44.8                                         

                                      9.9                                      

     Alloy B 0.010                                                             

                  0.11 102.1                                                   

                            3.68  50.3                                         

                                      9.3                                      

     Example No.:                                                              

     B-2     0.109                                                             

                  0.040                                                        

                       206.0                                                   

                            5.1   52.4                                         

                                      13.0                                     

     __________________________________________________________________________

PAR  The most pronounced effect noted is with alloy F in which 1,400.degree. F.
      rupture life is increased by more than a factor of four, while ductility
      is doubled. At 1,800.degree. F. the time to rupture is more than doubled,
      an unusually large increase.
PAR  Comparative results of the testing between alloy C and the respective
      Series C example alloys is shown in Table IX. The 1,400.degree. F. results
      show strength comparable to the previous high carbon alloy rsults set
      forth in Table IV. This demonstrates that the boron is effective in
      improving 1,400.degree. F. properties regardless of carbon level. The
      1,800.degree. F. results show creep-rupture life increasing with
      increasing boron to about 0.15 weight percent. Above 0.15 weight percent
      boron, strength falls off slightly. Example alloy C-4 shows very good
      rupture life at 1,400.degree. F., but the low level of both boron and
      carbon causes low ductility in the 1,800.degree. F. test. In addition, the
      combination of low boron and low carbon contents causes poor castability
      and a tendency for castings to crack on cooldown during solidification.
      The minimum boron required to circumvent these problems in the low carbon
      alloys is about 0.05 weight percent.
PAR  Comparative results of testing between alloy E and the respective Series E
      example alloys is shown in Table X. In these data it is seen that although
      the 1,400.degree. F. strength is below the high carbon counterparts
      reported in Table IV, the improvement over commercial alloy E is
      significant.
TBL                                    TABLE VIII-Continued                    

     __________________________________________________________________________

             Creep-Rupture Properties                                          

             1400F/94,000psi      1800F/29,000psi                              

             Boron                                                             

                  Carbon                                                       

                       Life Prior Life                                         

                                      Final                                    

             (wt.%)                                                            

                  (wt.%)                                                       

                       (hr.)                                                   

                            Creep(%)                                           

                                  (hr.)                                        

                                      Elong.(%)                                

     __________________________________________________________________________

     Alloy D 0.015                                                             

                  0.15 120.0                                                   

                            2.2   50.0                                         

                                       5.0                                     

     Example No.:                                                              

     D-1     0.084                                                             

                  0.009                                                        

                       432.8                                                   

                            4.3   58.1                                         

                                       4.8                                     

     Alloy F 0.02 0.21  62.0                                                   

                            3.5   30.0                                         

                                      11.0                                     

     Example No.:                                                              

     F-1     0.096                                                             

                  0.009                                                        

                       254.4                                                   

                            8.1   79.2                                         

                                      11.7                                     

     __________________________________________________________________________

TBL                                    TABLE IX                                

     __________________________________________________________________________

                       Creep-Rupture Properties                                

                       1400F/94,000psi                                         

                                  1800F/29,000psi                              

             Boron                                                             

                  Carbon                                                       

                       Life Prior Life Final                                   

             (wt.%)                                                            

                  (wt.%)                                                       

                       (hr.)                                                   

                            Creep(%)                                           

                                  (hr.)                                        

                                       Elong.(%)                               

     __________________________________________________________________________

     Alloy C 0.015                                                             

                  0.15 46.7 0.51  96.8 7.5                                     

     Example No.:                                                              

     C-4     0.02 0.011                                                        

                       314.8                                                   

                            3.50  73.6 2.2                                     

     C-5     0.03 0.010                                                        

                       392.2                                                   

                            2.57  85.2 2.4                                     

     C-6     0.08 0.014                                                        

                       448.0                                                   

                            2.36  113.9                                        

                                       4.2                                     

     C-7     0.14 0.012                                                        

                       452.9                                                   

                            3.53  122.4                                        

                                       6.0                                     

     C-8     0.15 0.011                                                        

                       468.6                                                   

                            2.21  128.3                                        

                                       5.8                                     

     C-9     0.20 0.018                                                        

                       459.8                                                   

                            2.03  117.1                                        

                                       4.5                                     

      C-10    0.235                                                            

                  0.018                                                        

                       458.6                                                   

                            1.57  64.8 4.2                                     

      C-11   0.10 0.045                                                        

                       397.2                                                   

                            2.59  92.3 7.0                                     

      C-12   0.28 0.023                                                        

                       347.4                                                   

                            2.11  43.0 4.6                                     

      C-13   0.39 0.033                                                        

                       80.7 1.56  14.7 11.1                                    

     __________________________________________________________________________

TBL                                    TABLE X                                 

     __________________________________________________________________________

                       Creep-Rupture Properties                                

                       1400F/94,000psi                                         

                                  1800F/29,000psi                              

             Boron                                                             

                  Carbon                                                       

                       Life Prior Life                                         

                                      Final                                    

             (wt.%)                                                            

                  (wt.%)                                                       

                       (hr.)                                                   

                            Creep(%)                                           

                                  (hr.)                                        

                                      Elong.(%)                                

     __________________________________________________________________________

     Alloy E 0.015                                                             

                  0.18  26.6                                                   

                            0.95  41.9                                         

                                       8.5                                     

     Example No.:                                                              

     E-2     0.018                                                             

                  0.010                                                        

                        38.6                                                   

                            2.32  27.0                                         

                                       5.2                                     

     E-3     0.044                                                             

                  0.008                                                        

                        68.1                                                   

                            5.44  48.6                                         

                                      11.4                                     

     E-4     0.088                                                             

                  0.008                                                        

                       104.2                                                   

                            5.92  41.3                                         

                                      12.3                                     

     E-5     0.090                                                             

                  0.008                                                        

                       117.2                                                   

                            5.91  38.1                                         

                                      11.7                                     

     E-6     0.125                                                             

                  0.010                                                        

                       174.1                                                   

                            4.86  41.2                                         

                                      13.8                                     

     E-7     0.170                                                             

                  0.011                                                        

                       266.3                                                   

                            5.03  36.5                                         

                                      11.9                                     

     E-8     0.180                                                             

                  0.012                                                        

                       302.2                                                   

                            4.90  31.9                                         

                                      10.1                                     

     E-9     0.220                                                             

                  0.012                                                        

                       357.6                                                   

                            5.50  27.6                                         

                                      11.8                                     

     __________________________________________________________________________

PAL  In addition, the 1,800.degree. F. properties are maintained within a boron
      range of about 0.05 to 0.15 weight percent. At 0.22 weight percent boron
      in Example alloy E-9, the 1,800.degree. F. strength is about sixty percent
      that of commercial alloy E.
PAR  The creep-rupture data discussed previously and presented in Tables IV, V,
      VIII, IX and X were developed using standard cast-to-size test bars with a
      0.250 inch diameter gage section. To demonstrate that the property
      enhancement is applicable to turbine components, several turbine blade
      castings were produced from alloy C-7 and specimens cut from those
      castings. Testing was conducted under the same temperature and stress
      conditions previously employed and results are present in Table XI. The
      data show the expected reduction in capability compared to test bar
      properties, but the level of strength and ductility are exceptionally
      attractive for specimens machined from turbine component castings.
PAR  Another major concern of gas turbine engine builders in the selection of
      high temperature materials is the ability of the selected alloy to retain
      initial or starting properties after long time, high temperature exposure.
      Example Alloy C-7 cast-to-size test bars were subjected to creep testing
      at 1,500.degree.F under a stress of 40,000 psi for 1,000 hours and
      examined microstructurally. No deleterious phase formation was observed
      and subsequent creep-rupture testing was conducted at 1,400.degree.F and
      94,000 psi for comparison with the same alloy in the as-heat treated
      condition.
TBL                TABLE XI                                                    

     ______________________________________                                    

             Creep-Rupture Properties                                          

             1400F/94,000psi                                                   

                          1800F/29,000psi                                      

               Life     Prior     Life  Final                                  

     Specimen No.                                                              

               (hr.)    Creep(%)  (hr.) Elong.(%)                              

     ______________________________________                                    

     1         371.9    4.36      42.5  4.5                                    

     2         264.4    3.38      63.3  7.1                                    

     3         172.4    2.00      54.4  5.1                                    

     4         281.5    3.50      39.6  11.4                                   

     5                            49.4  7.2                                    

     b                            46.1  11.5                                   

     ______________________________________                                    

TBL                TABLE XII                                                   

     ______________________________________                                    

                         Creep-Rupture                                         

                         Properties                                            

                         1400F/94,000psi                                       

                               Life     Prior                                  

     Example No.                                                               

               Specimen Condition                                              

                               (hr.)    Creep(%)                               

     ______________________________________                                    

     C-7       As-heat treated 452.9    3.53                                   

     C-7       Heat treated plus                                               

                               463.3    4.03                                   

               1500F exposure for                                              

               1000 hours under                                                

               stress of 40,000psi                                             

     ______________________________________                                    

PAL  Results shown in Table XII reveal essentially no change in rupture life and
      an improvement in 1,400.degree.F ductility.
PAR  FIG. 1 shows the creep characteristics of typical Alloy C and one of the
      example alloy C-7 test bars in the 1,400.degree.F test. In FIG. 1, percent
      creep elongation is plotted against time. The improved results obtained
      with the alloys of the present invention are dramatically demonstrated.
PAR  FIGS. 2 and 3 further demonstrate the critical relationship between boron
      content and strength and ductility. FIG. 2 is a plot of creep rupture life
      in hours against the boron content in weight percent of C series, low
      carbon (less than 0.05% by weight), alloys at both 1,400.degree.F --
      94,000 psi and 1,800.degree.F -- 29,000 psi. The creep rupture life for
      commercial alloy C at 1,400.degree.F - 94,000 psi and 1,800.degree.F --
      29,000 psi for commercial alloy C is noted on the plot at, respectively,
      points A and B. As is apparent, substantial improvements in crees rupture
      life are obtained at 1,400.degree.F by maintaining the boron content
      within the critical range of the present invention.
PAR  FIG. 3 is a plot of percent creep elongation against boron content for C
      series, low carbon alloys at both 1,400.degree.F -- 94,000 psi and
      1,800.degree.F -- 29,000 psi. The percent creep elongation for commercial
      alloy C at both 1,400.degree.F -- 94,000 psi and 1,800.degree.F -- 29,000
      psi is also noted on this plot, respectively, at points A and B. Again
      substantial improvements are apparent at 1,400.degree.F. with respect to
      alloys containing boron within the critical range of the present
      invention. While the percent creep elongation obtained at 1,800.degree.F
      with alloys within the ambit of the present invention is not as high as
      that of the commercial alloy, highly acceptable levels are achieved.
PAR  Metallographic examination was conducted in an attempt to explain the
      mechanism responsible for the observed property enhancement. FIG. 4 shows
      the normal microstructure of commercial Alloy C in the as-cast condition
      at 300 magnifications. The light etching dendrite arms or branch-like
      areas indicate tungsten segregation. A few titanium rich carbides are
      visible in the lower center portion of the photomicrograph.
PAR  The photomicrograph of FIG. 5 also at 300 magnifications, shows the
      profound microstructural change resulting from the added boron and reduced
      carbon of example alloy C-7. Reducing carbon to less than 0.02 weight
      percent frees titanium previously tied up as a stable carbide. The
      increased available titanium in the alloy results in the formation of
      gamma-gamma prime eutectic in the grain boundaries, a microstructural
      effect known to enhance 1,400.degree.F ductility. The boron addition
      results in the formation of discrete grain bondary particles, identified
      by electron-beam micro-probe analysis as an M.sub.3 B.sub.2 type boride
      where M (in the C alloy series) is chromium and tungsten. These grain
      boundary particles are responsible for restoring 1,800.degree.F
      creep-rupture ductility to low carbon alloys.
PAR  Electron photomicrographs of commercial alloy C and example alloy C-7, at
      7,000 magnifications, are shown, respectively, in FIGS. 6 and 7. FIG. 6
      shows, as previously stated to be the general case, borides located at the
      grain boundaries. In FIG. 7, a boride precipitate within each gamma prime
      particle may be observed, a phenomenon absent in superalloys of the more
      conventional compositions. The presence of the very fine boride particles
      appears to retard dislocation movement through the gamma-prime particles
      and, in essence, provides dispersion strengthening for improved resistance
      to creep deformation at 1,800.degree.F. This microstructural effect has
      not been observed in commercial alloys.
PAR  Many of the alloys of the present invention may be extruded and hot forged.
      Wrought, high strength nickel-base superalloys are generally employed in
      applications where ductility and fracture roughness in the 1,000.degree.F
      to 1,500.degree.F temperature range are of prime concern. Such
      applications include gas turbine engine turbine and compressor disks. The
      series E alloys of the present invention may be hot forged, using
      conventional techniques, into shaped articles having the characteristics
      considered to be essential in advanced wrought alloys. For example, alloys
      E-1 and E-5 have responded very satisfactorily to extrusion and forging in
      the 2,000.degree.F to 2,200.degree.F temperature range in anticipation of
      the requirements for advanced wrought disk and blade materials.
PAR  The present invention also anticipates the use of powder metallurgy for
      controlling the size, morphology and distribution of the boride
      microconstituents previously described.
PAR  The invention in its broader aspects is not limited to the specific
      embodiments shown and described. Departures may be made therefrom within
      the scope of the accompanying claims without departing from the principles
      of the invention and without sacrificing its chief advantages.
CLMS
STM  What is claimed is: .[.
NUM  1.
PAR  1.  A nickel base alloy for use at relatively high temperatures consisting
      essentially of the following elements in the weight percent ranges set
      forth:
     Elements           Percent                                                

     ______________________________________                                    

     Chromium           5-22                                                   

     Aluminum           0.2-8                                                  

     Titanium           0.5-7                                                  

     Boron              0.07-0.25                                              

     Carbon             less than 0.05%                                        

     Cobalt             0.00-20                                                

     Columbium          0.00-3                                                 

     Molybdenum         0.00-8                                                 

     Tantalum           0.00-10                                                

     Vanadium           0.00-2                                                 

     Tungsten           0.00-20                                                

     Rhenium            0.00-2                                                 

     Zirconium          0.00-1.00                                              

     ______________________________________                                    

PAL  the balance of the alloy being essentially nickel and minor amounts of
      impurities and incidental elements which do not detrimentally affect the
      basic characteristics of the alloy, said nickel being present in an amount
      of from about 35% to 85% by weight..]. .[.2. The nickel base alloy of
      claim 1 wherein the carbon content is no more than 0.025% by weight..].
      .[.3. the nickel base alloy of claim 1 wherein the boron content is about
      0.075% to 0.2% by weight..]. .[.4. A cast component for use in a gas
      turbine engine formed of the alloy of claim 1..]. .[.5. The component of
      claim 4 in which said component is a turbine blade..]. .[.6. The component
      of claim 4 in which said component is a disk..]. .[.7. The component of
      claim 4 in which said component is an integral wheel comprising a disk and
      turbine blade..]. .[.8. A cast component for use in a gas turbine engine
      formed of the alloy of claim 3..]. .[.9. The component of claim 8 wherein
      said component is a turbine blade..]. .[.10. The component of claim 8
      wherein said component is a disk..]. .[.11. The component of claim 8
      wherein said component is an integral wheel comprising a disk and turbine
PAR   blade..]. 12. A shaped object of the alloy of claim .[.1.]. .Iadd.50
      .Iaddend.capable of withstanding an applied stress of 94,000 psi at
PAR   1,400.degree.F. without rupture for a time in excess of 120 hours. 13. A
      shaped object of the alloy of claim .[.1.]. .Iadd.12 .Iaddend.capable of
      withstanding an applied stress of 29,000 psi at 1,800.degree.F. without
PAR   rupture for a time in excess of 40 hours. 14. The alloy of claim .[.1.].
      .Iadd.50 .Iaddend.which contains, on a weight basis, about 6.0% to about
      17% chromium, about 2% to about 8% aluminum, .[.about 0.75% to about 3%
      titanium, about 2% to about 17% cobalt,.]. and about 40% to 80% by weight
PAR   nickel. 15. The nickel base alloy of claim 14 wherein the carbon content
PAR   is no more than 0.025% by weight. 16. A cast component for use in a gas
PAR   turbine engine formed of the alloy of claim 14. 17. A cast component for
PAR   use in a gas turbine engine formed of the alloy of claim 15. 18. The alloy
      of claim .[.1.]. .Iadd.50 .Iaddend.which contains, on a weight basis,
      about 5% to 12% chromium, about 4% to about 8% aluminum, .[.about 0.75% to
      about 2.5% titanium,.]. about 5% to about 15.5% cobalt, and about 40% to
PAR   80% by weight nickel. 19. The nickel base alloy of claim 18 wherein the
PAR   carbon content is no more than 0.025 by weight. 20. A cast component for
PAR   use in a gas turbine engine formed of the alloy of claim 18. 21. A cast
      component for use in a gas turbine engine formed of the alloy of claim 19.
PAR   2. A nickel base alloy for use at relatively high temperatures consisting
      essentially of the following elements in the weight percent ranges set
      forth:
TBL  Elements            Percent                                               

     ______________________________________                                    

     Chromium            6 - 17                                                

     Aluminum            2 - 8                                                 

     Titanium            0.75 - 3                                              

     Boron               0.05 - 0.3                                            

     Carbon              0.00 - 0.05                                           

     Cobalt              2 - 17                                                

     Columbium           0.25 - 3                                              

     Molybdenum          0.00- 3                                               

     Tantalum            0.00 - 3                                              

     Tungsten            5 - 20                                                

     Zirconium           0.001 - 0.5                                           

     ______________________________________                                    

PAL  the balance of the alloy being essentially nickel and minor amounts of
      impurities and incidental elements which do not detrimentally affect the
      basic characteristics of the alloy, said nickel being present in an amount
PAR   of from about 40% to 80% by weight. 23. The nickel base alloy of claim 22
PAR   wherein the boron content is about 0.07% to about 0.25% by weight. 24. The
      nickel base alloy of claim 22 wherein the carbon content is no more than
PAR   0.025 by weight. 25. A cast component for use in a gas turbine engine
PAR   formed of the alloy of claim 22. 26. A cast component for use in gas
PAR   turbine engine formed of the alloy of claim 24. 27. A nickel base alloy
      for use at relatively high temperatures consisting essentially of the
      following elements in the weight percent ranges set forth:
TBL  Elements            Percent                                               

     ______________________________________                                    

     Chromium            8 - 10.25                                             

     Aluminum            4.75 - 5.5                                            

     Titanium            1 - 2.5                                               

     Boron               0.05 - 0.3                                            

     Carbon              0.00 - 0.05                                           

     Cobalt              8 - 12                                                

     Columbium           0.75 - 1.8                                            

     Tungsten            11 - 16                                               

     Zirconium           0.00 - 0.20                                           

     ______________________________________                                    

PAL  the balance of the alloy being essentially nickel and minor amounts of
      impurities and incidental elements which do not detrimentally affect the
PAR   basic characteristics of the alloy. 28. The nickel base alloy of claim 27
PAR   wherein the boron content is about 0.07% to about 0.25% by weight. 29. The
      nickel base alloy of claim 27 wherein the carbon content is no more than
PAR   0.025% by weight. 30. A cast component for use in a gas turbine engine
PAR   formed of the alloy of claim 27. 31. The component of claim 30 in which
PAR   said component is a turbine blade. 32. A cast component for use in a gas
PAR   turbine engine formed of the alloy of claim 29. 33. The component of claim
PAR   32 wherein said component is a turbine blade. 34. A shaped object of the
      alloy of claim 27 capable of withstanding an applied stress of 94,000 psi
      at 1,400.degree. F. without rupture for a time in excess of 120 hours.
PAR       A shaped object of the alloy of claim 29 capable of withstanding an
      applied stress of 29,000 psi at 1,800.degree. F. without rupture for a
PAR   time in excess of 40 hours. 36. A nickel base alloy for use at relatively
      high temperatures consisting essentially of the following elements in the
      weight percent ranges set forth:
TBL  Elements            Percent                                               

     ______________________________________                                    

     Chromium            5 - 12                                                

     Aluminum            4 - 8                                                 

     Titanium            0.75 - 2.5                                            

     Boron               0.05 - 0.3                                            

     Carbon              0.00 - 0.05                                           

     Cobalt              5 - 15.5                                              

     Columbium           0.00 - 0.20                                           

     Molybdenum          3 - 8                                                 

     Tantalum            2.3 - 10                                              

     Tungsten            0.00 - 2.5                                            

     Zirconium           0.00 - 1                                              

     ______________________________________                                    

PAL  the balance of the alloy being essentially nickel and minor amounts of
      impurities and incidental elements which do not detrimentally affect the
      basic characteristics of the alloy, said nickel being present in an amount
PAR   of from about 40% to 80% by weight. 37. The nickel base alloy of claim 36
PAR   wherein the boron content is about 0.07% to about 0.25% by weight. 38. The
      nickel base alloy of claim 36 wherein the carbon content is no more than
PAR   0.025% by weight. 39. A cast component for use in a gas turbine engine
PAR   formed of the alloy of claim 36. 40. A cast component for use in a gas
PAR   turbine engine formed of the alloy of claim 38. 41. A nickel base alloy
      for use at relatively high temperatures consisting essentially of the
      following elements in the weight percent ranges set forth:
TBL  Elements            Percent                                               

     ______________________________________                                    

     Chromium            7.5 - 8.5                                             

     Aluminum            5.75 - 6.25                                           

     Titanium            0.8 - 1.2                                             

     Boron               0.05 - 0.3                                            

     Carbon              0.00 - 0.05                                           

     Cobalt              9.5 - 10.5                                            

     Molybdenum          5.75 - 6.25                                           

     Tantalum            4.0 - 4.5                                             

     Zirconium           0.05 - 0.10                                           

     ______________________________________                                    

PAL  the balance of the alloy being essentially nickel and minor amounts of
      impurities and incidental elements which do not detrimentally affect the
PAR   basic characteristics of the alloy. 42. The nickel base alloy of claim 41
PAR   wherein the boron content is about 0.07% to about 0.25% by weight. 43. The
      nickel base alloy of claim 41 wherein the carbon content is no more than
PAR   0.025% by weight. 44. A cast component for use in a gas turbine engine
PAR   formed of the alloy of claim 41. 45. The component of claim 44 in which
PAR   said component is a turbine blade. 46. A cast component for use in a gas
PAR   turbine engine formed of the alloy of claim 43. 47. The component of claim
PAR   46 wherein said component is a turbine blade. 48. A shaped object of the
      alloy of claim 41 capable of withstanding an applied stress of 94,000 psi
      at 1,400.degree. F. without rupture for a time in excess of 120 hours.
PAR       A shaped object of the alloy of claim 43 capable of withstanding an
      applied stress of 29,000 psi at 1,800.degree. F. without rupture for a
PAR   time in excess of 40 hours. 50. A nickel base alloy for use at relatively
      high temperatures consisting essentially of the following elements in the
      weight percent ranges set forth:
TBL  ELEMENTS            PERCENT                                               

     ______________________________________                                    

     Chromium            5-22                                                  

     Aluminum            0.2-8                                                 

     Titanium            0.5-7                                                 

     Boron               0.05-0.3                                              

     Carbon              less than 0.05                                        

     Cobalt              2-17                                                  

     Columbium           0.00-3                                                

     Molybdenum          0.00-8                                                

     Tantalum            0.00-10                                               

     Vanadium            0.00-2                                                

     Tungsten            0.00-20                                               

     Rhenium             0.00-2                                                

     Zirconium           0.00-1.00                                             

     ______________________________________                                    

PAL  the balance of the alloy being essentially nickel and minor amounts of
      impurities and incidental elements which do not detrimentally affect the
      basic characteristics of the alloy, said nickel being present in an amount
PAR   of from about 35% to 85% by weight. 51. The nickel base alloy of claim 50
PAR   wherein the boron content is about 0.07% to about 0.25% by weight. 52. The
      nickel base alloy of claim 51 wherein the carbon content is no more than
PAR   0.025% by weight. 53. A cast component for use in a gas turbine engine
      formed of the alloy of claim 50. .Iadd. 54. The nickel base alloy of claim
      50 wherein the molybdenum content is 0.00 - 3% and the tungsten content is
      5 - 20%. .Iaddend..Iadd. 55. The nickel base alloy of claim 50 wherein the
      molybdenum content is 3 - 8%, the tungsten content is &lt; 2.5%, and the
      tantalum content is 2.3 - 10%. .Iaddend..Iadd. 56. The nickel base alloy
      of claim 50 wherein the cobalt content is 5 to 15.5% cobalt. .Iaddend.
      .Iadd. 57. A nickel base alloy for use at relatively high temperatures
      consisting essentially of the following elements in the weight percent
      ranges set forth:
TBL  Elements           Percent                                                

     ______________________________________                                    

     Chromium           5 - 12                                                 

     Aluminum           2 - 8                                                  

     Titanium           0.5 - 7                                                

     Boron              0.05 - 0.3                                             

     Carbon             less than 0.05%                                        

     Cobalt             2 - 17                                                 

     Columbium          0.00 - 3                                               

     Molybdenum         0.00 - 8                                               

     Tantalum           0.00 - 3                                               

     Vanadium           0.00 - 2                                               

     Tungsten           &lt; 2.5                                                  

     Rhenium            0.00 - 2                                               

     Zirconium          0.00 - 1.00                                            

     ______________________________________                                    

PAL  the balance of the alloy being essentially nickel and minor amounts of
      impurities and incidental elements which do not detrimentally affect the
      basic characteristics of the alloy, said nickel being present in an amount
      of from about 35% to 85% by weight. .Iaddend..Iadd. 58. The nickel base
      alloy of claim 57 wherein the tungsten and vanadium contents are
      essentially 0. .Iaddend..Iadd. 59. A cast component for use in a gas
      turbine engine formed of the alloy of claim 57. .Iaddend..Iadd. 60. The
      nickel base alloy of claim 57 wherein the carbon content is no more than
      0.025% by weight. .Iaddend. .Iadd. 61. A nickel base alloy for use at
      relatively high temperatures consisting essentially of the following
      elements in the weight percent ranges set forth:
TBL  ELEMENTS            PERCENT                                               

     ______________________________________                                    

     Chromium            5-22                                                  

     Aluminum            0.2-8                                                 

     Titanium            0.5-7                                                 

     Boron               0.05-0.3                                              

     Carbon              less than 0.05                                        

     Columbium           0.00-3                                                

     Cobalt              5-15.5                                                

     Molybdenum          &lt; 3                                                   

     Tantalum            0-10                                                  

     Vanadium            0.00-2                                                

     Tungsten            0.00-20                                               

     Rhenium             0.00-2                                                

     Zirconium           0.00-1.00                                             

     ______________________________________                                    

PAL  the balance of the alloy being essentially nickel and minor amounts of
      impurities and incidental elements which do not detrimentally affect the
      basic characteristics of the alloy, said nickel being present in an amount
      of from about 35% to 85% by weight. .Iaddend..Iadd. 62. The nickel base
      alloy of claim 61 wherein the carbon content is no more than 0.025% by
      weight. .Iaddend..Iadd. 63. The nickel base alloy of claim 61 wherein the
      chromium content is 5 - 12% and the tungsten content is 5 - 20%. .Iaddend.
      .Iadd. 64. The alloy of claim 61, which contains, on a weight basis, about
      2.3% to about 10% tantalum. .Iaddend..Iadd. 65. The alloy of claim 64
      which contains, on a weight basis, 5-20% tungsten. .Iaddend..Iadd. 66. The
      alloy of claim 61, which contains, on a weight basis, less than 3%
      tantalum. .Iaddend..Iadd. 67. The alloy of claim 14 which contains, on a
      weight basis, 0 to about 3% molybdenum, 0 to about 3% tantalum, about 5%
      to about 20% tungsten, and about 0.001 to about 0.5% zirconium.
      .Iaddend..Iadd. 68. The alloy of claim 18, which contains, on a weight
      basis, about 3% to about 8% molybdenum, about 2.3% to about 10% tantalum,
      and 0 to about 2.5% tungsten.
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ABST
PAL  A procedure is provided for producing a laminate having a textile backing,
      a crushed, thermoset plastic foam bonded thereto, and a transparent
      polymeric film, preferably also a thermoset, which may be printed or
      colored overall overlying the foam. The structure is self-bonded, i.e., no
      adhesive is used to bond the laminate to one another. The preferred
      procedure is to apply a thin layer of foamed latex of a thermosettable
      polymer on a textile followed by drying the foam, the thickness of the
      foam being between about 10 mils and 150 mils. The transparent film,
      preferably thermosetting, is suitably formed by casting a latex upon a
      release surface such as silicone release paper and drying the same without
      causing thermosetting (if a thermosettable polymer is utilized). The dry
      film, still on the release paper, is then suitably coated or printed with
      a decorative design. The decorated side of the film is then placed against
      the dried foam layer and bonded thereto by pressure. The thermosetting may
      be done simultaneously with bonding or subsequently thereto.
BSUM
PAR  This invention relates to a decorative laminate such as a simulated oil
      painting and a process for its manufacture. The laminate consists of a
      substrate such as a textile fabric, a crushed, thermoset foam self-adhered
      thereto and a top layer of of a clear film, which may be printed or
      otherwise colored by coating, pigmenting, or dyeing. The printed or coated
      side of the film can be adhered to the foam to encapsulate the color in
      order to protect it from abrasion, cleaning, etc. Preferably the film is
      also thermoset. The laminae are self-adhered or self-bonded; i.e., no
      extraneous adhesive is needed.
PAR  In the past, similar laminates have been made without a foam interlayer,
      and unless the clear film is exceptionally thick, the product is not
      subject to embossing in such a way as to keep the backing in substantially
      planar form. Where an interlayer has been used between the decorative
      material and the substrate, it has either been a resilient material of a
      relativelly massive thickness or in some cases a thermoplastic material.
      Where forms have been used for this function, the foam is either of such
      light weight and low density that a fabric-like hand could not be
      obtained, or is a dense foam provided by controlling the amount of blowing
      or foaming agent or controlling the extent of expansion, the product thus
      being relatively stiff and inflexible and again does not have the hand of
      a soft fabric. Commonly in laminating fabrics to foams or foams to other
      layers such as a transparent film, the practice is to use a separate
      adhesive layer for such bonding or to use thermoplastic materials which
      can be softened and bonded by heat and pressure. The present invention
      makes it unnecessary to use such adhesive, thus substantially reducing the
      number of operations necessary to achieve the product of the invention.
PAR  In a preferred embodiment of the present invention, the clear film is
      prepared from a latex as is the foam interlayer. Also, it is preferred
      that the clear film be thermosetting and that it be cured only after being
      in contact with the dry thermosettable foam and that the curing take
      place, of course, subsequent to or simultaneous with crushing or embossing
      the foam. Curing of the composite may also be delayed until fabrication,
      where the composite can be heat sealed to produce seams without sewing.
PAR  In a specific preferred embodiment, a clear cross-linkable or
      thermosettable acrylic film is desposited in the form of a latex onto
      release paper coated with a silicone release coating, the film is dried
      without thermosetting, and a decorative material is printed on the dried
      clear film while still on the release paper. A similar crosslinkable
      acrylic polymer in latex form is foamed, preferably by means of whipped in
      air and in the presence of a foam stabilizer, the foam is then applied to
      a fabric, woven or non-woven, and gelled and dried without causing
      crosslinking. The printed side of the clear film and the foamed surface of
      the fabric-foam laminate are then juxtaposed, the foam is reduced in
      thickness by pressure, with or without embossing a design in the laminate,
      and the clear film and foam layer are heated to a temperature sufficiently
      high to crosslink and thermoset the polymers. Other clear films may be
      used and other thermosettable foams may be used, but in every case the
      foam is thermoset only after being reduced in thickness. The foam, when a
      latex, is initially foamed to a wet foam density of about 0.5 to 0.05
      grams per cubic centimeter and is applied in a thickness of from about 10
      to 150 mils. The density, of course, will vary with the presence or
      absence of pigments and fillers and their identity. The foam is then dried
      without causing thermosetting, crosslinking, or vulcanization to a
      sensibly dry condition, for example, to an air-dry or sensibly dry state,
      for example, by heating at a temperature below that which causes said
      thermosetting, crosslinking, or vulcanization, an example being from 1 to
      10 minutues at an oven temperature of 200.degree.-350.degree.F., followed
      preferably after having placed the decorated side of the clear film and
      the surface of the foam together, by crushing the foam to a thickness
      between 5 percent and 25 percent of its original dry thickness to give a
      density of about 0.2 to 3 g./cc..sup.3, followed by curing of the crushed
      foam. In general, the thickness of the dried foam prior to crushing may be
      substantially less than that of the wet foam, there at times being some
      shrinkage. This shrinkage is in the range of 0 to 30 percent of the
      thickness of the wet foam being lost during drying. Suitable moisture
      contents range from 5 percent to 15 or 20 percent in order to qualify as
      air dry or sensibly dry materials. The criteria as to moisture content is
      that the foam must be stable enough to be self-bonded to the top film. Of
      course, in a system wherein a chemical blowing agent is used to form the
      foam or in which a solvent system is utilized to form the foam, when the
      foam is dried it is essentially anhydrous. In some cases cross-linking may
      be accomplished by catalysis rather than primarily by the application of
      heat. Of course, the foam may be crushed before it is self-bonded to the
      surface film, but in this case a crushing roll having a release coating
      such as a silicone or Teflon is desirable. Normally no adhesive is needed
      between the foam and the textile or between the decorated surface of the
      clear film and the surface of the foam, since a thermosettable foam is
      used, and the final curing of the foam causes a firm bond between the
      layers.
PAR  Crushed foam is essential, since if the initial foam is formed to the final
      density by control of the amount of foaming agent or by means such as
      using a chemical blowing agent and restraining the expansion in order to
      get the final density, the walls or struts connecting the air spaces are
      relatively thick. A crushed foam, on the other hand, initially having
      expanded to a number of times its final thickness, has connective walls or
      struts of a thin flexible nature. The result is that the crushed foam is
      much more flexible than a foam initially expanded to the density noted
      above. These foams are inherently opaque. The opacity can be compared with
      the opacity of whipped egg whites; the liquid egg white is substantially
      transparent and the gas cells incorporated therein confer opacity upon the
      whipped froth.
PAR  When pigmented compositions are contemplated, examples of the pigments that
      may be employed include clays especially of the kaolin type, calcium
      carbonate, blanc fixe, talc, titanium dioxide, colored lakes and toners,
      ochre, carbon black, graphite, aluminum powder or flakes, chrome yellow,
      molybdate orange, toluidine red, copper phthalocyanines, such as the
      "Monastral" blue and green lakes. If dyed compositions are used, examples
      of dyes for acrylic film and foam include basic and dispersed dyes. Other
      composites could be made dyeable, if not inherently so, through the use of
      additives such as methyl cellulose, hydroxyl ethyl cellulose, and the
      like. Other dyes which could be used include acid dyes, vat dyes, direct
      dyes, and fiber reactive dyes.
PAR  The clear film is preferably cast from a single acrylic latex (thickened if
      necessary) or other suitable latex such as carboxylated SBR containing
      antioxidants or UV stabilizers, polyvinyl chloride, ethylene polyvinyl
      chloride, polyvinylidene chloride, polyvinyl acetate, polyvinyl alcohol as
      well as copolymers of these latices. The film has delayed cure properties
      built into it where strigent durability requirements (resistance to
      multiple washing and drycleaning) exist.
PAR  The film may be cast from two or more latices to achieve specific effects.
      For example, the "first-down" basecoat latex can be selected for its
      toughness and its freedom from residual tackiness. The "second-down"
      topcoat can be a softer material providing more plastic flow under heat
      and pressure to achieve embossing, lamination and heat sealing where
      necessary.
PAR  The finish on release paper (or other suitable release medium) can be
      picked up by the transfer film when it is pulled off of the release medium
      to provide a surface finish for other specific effects. For example,
      silicone surfaced release paper can be engineered so that some of the
      silicone goes with the film when it is pulled off the release paper to
      provide the water repellency.
PAR  Solvent systems can be used instead of latices alone, or in combination
      with aqueous systems where multilayer films are made as previously
      described. For example, a solvent saran first-down coat can be topped with
      an aqueous coating so that the composite film, when pulled off release
      paper and inverted, would expose a tack-free saran outer surface.
PAR  The films can be made breathable by mechanically foaming the latex before
      casting, mechanically puncturing the film, using chemical blowing agents
      or dissolving or digesting out temporary fillers placed in the latex
      before it is cast. An example of the latter method would be the use of
      starch granules in the mix before casting, subsequently digesting the
      starch granules with an enzyme leaving pores in the film.
PAR  For specialty effects, the film can be colored by pigmenting the liquid
      medium before casting, adding dyes to the liquid medium before casting,
      post-dyeing the composite or vacuum metalizing the film after casting.
      Another includes printing or coating the release medium with pigments or
      ink which would be transferred to the film after it is dried and pulled
      away from the release medium.
PAR  A delayed cure acrylic film is preferred which provides freedom from
      plasticizer as a means of minimizing pollution as well as avoiding the
      possibility that plasticizer migration will cause the foam and film to
      separate eventually. In addition, there is a distinct likelihood that the
      presence of plasticizers in either the film or the foam will cause
      printing inks to bleed distorting decorative effects.
PAR  While the preferred clear (essentially transparent) film is that obtained
      from a crosslinkable acrylic latex as suggested herein, other
      crosslinkable latices are useful as are preformed films. Examples of other
      latices are crude rubber in which 3 percent of the polymer is in the form
      of combined maleic anhydride, butadiene-styrene polymers and
      butadiene-acrylonitrile polymers containing 3 percent to 5 percent
      carboxylated groups, carboxylated polyisoprene, and other natural and
      artificial polymers modified to have cross-linkable or thermosettable
      functionality. In each case, external crosslinkers such epoxy exposy
      resins are used. As is implied by the above, the same general types of
      crosslinkable polymers are useful for both the clear film and the foam.
PAR  Thermoplastic films which may be used include polyvinyl chloride,
      ethylene-vinyl chloride copolymer, polyvinylidene chloride, polyvinyl
      acetate, polyvinyl alcohol and copolymers thereof, saran, polyurethane,
      Mylar, Tedlar (polyvinyl fluoride), ethylene-vinyl acetate, and the like.
      Similar preformed films can be made from ethylene-Vinyl acetate,
      ethylene-methyl acrylate, ethylene-ethyl acrylate copolymers, ionomers,
      vinyl chloride-propylene, vinyl chloride-ethylene, vinly
      chloride-acrylate, polyethylene, nylons, and chlorotrifluoroethylene,
      polyester, polycarbonate, and the like. While many of the clear
      theromplastic films are useful, they are not nearly so desirable as the
      thermosetting clear films deposited from latices, or less desirably from
      an organic solvent solution.
PAR  An embossed textured surface will not always be necessary and the composite
      can be made by simply adhering the film/foam/textile having a flat
      surface. Where a three dimensional effect is desired, this can be achieved
      by using embossed rolls or plates, nipping the composite through rolls or
      plates at the same time as embossed paper is passed through the nip or
      casting the film on release paper which has previously been embossed to
      such a depth that a flat surface of film is achieved for printing if
      necessary. Subsequently, the film on embossed release paper and the foam
      on the supporting substrate are run through a plain nip and the embossed
      pattern is imparted through the composite by the embossed release paper on
      which the film was originally cast. After the marriage, the embossed
      release paper can be pulled away from the composite and reused. After
      crushing the foam and embossing, if used, the laminate is cured
      (thermoset, cross-linked) by heating at a suitable temperature, for
      example, 1 to 5 minutes at 275.degree.-375.degree. F.
PAR  An important advantage in utilizing a dried but uncured foam of a
      crosslinkable polymer and a dried but uncured clear film, printed or not,
      is that the two elements can be passed through the nip of a pair of
      rollers, the distance between which is small enough to "marry" the two but
      insufficient to crush the dried foam, all without using an adhesive to
      bond the foam to the fabric or other substrate and to bond the foam to the
      clear printed or unprinted film. Of course, bonding of the dry foam and
      the clear film can be done at a pressure sufficient to crush the foam with
      or without embossing the same. Even after crushing, the foam has
      sufficient resilience to be embossed with a patterned roller. If desired,
      the embossing roller may be heated to the curing temperature of the
      thermosetting film and foam, although normally a period of time is
      required which necessitates passing the laminate through an oven.
PAR  For a description of suitable conventional foaming procedures and foam
      stabilizers and foaming agents, reference is made to Madge, E. W., "Latex
      Foam Ruber,"  John Wiley and Sons, New York (1962) and Rogers, T. H.,
      "Plastic Foams," Paper, Reg. Tech. Conf., Palisades Sect., Soc. Plastics
      Engrs., New York, November, 1964. Most common are the alkali metal,
      ammonia, and amine soaps of saturated or unsaturated acids having, for
      example, from about 12 to about 22 carbon atoms. Examples of suitable
      soaps include tallow soaps and coconut oil soaps, preferably the volatile
      amine or ammonia soaps, so that the volatile portion is vaporized from the
      foam. Other useful foaming-foam-stabilizing agents include lauryl
      sulfate-lauryl alcohol, lauryl sulfate-lauric acid, sodium lauryl sulfate,
      and other commonly used foamed stabilizers or foaming agents.
PAR  It is to be understood that the foam may be laminated to other substrates.
      Examples of such substrates include woven and non-woven fabrics, plastic
      films, rigid plastics, leather substitutes, leather, paper, wood including
      plywood, metals such as of steel, iron, aluminum, copper, brass, zinc
      which may be bare or primed such as with an epoxy or with an
      epoxy/aminoplast priming layer, and so forth.
PAR  Suitable woven and non-woven textile substrates include fiberglass, nylon
      taffetas and tricots, texturized polyester fabrics, cotton duck, Spandex
      knits, woolens and worsteds, flocked fabrics, rayon fabrics and blends of
      natural and synthetic fibers. The textile may be simply a functional
      supporting substrate or a textile having a pre-finished "face" to serve as
      the outer surface of the composite or as a lining. An example is a
      synthetic pile fur fabric, the back of which is used to function as the
      supporting substrate for the foam/film to end up with a composite having
      two functional and aesthetically appealing surfaces. Such a composite
      could be used to make a reversible coat which would have a leather-like
      texture on one side and a fur texture on the other. Non-wovens are made by
      air lay, dry lay, wet lay and spun-bonded processes. Various forms of
      paper and paperboard may also be used. Tissue is included as paper in this
      description.
PAR  The latex, when formulated with the foam stabilizer and optionally,
      suitable pigments, is readily convertible into the foamed state. The
      polymer composition is such that excessive thickening of the formulation
      is not encountered under the acid or alkaline conditions employed to
      assure the most efficient operation of the foam stabilizing agent. In
      addition the copolymer is such that the crushed foam retains its softness
      and its flexibility at low temperatures at least to a temperature as low
      as 10.degree. F., and after curing is non-tacky. In addition, the foam is
      resistant to washing in normal detergents used for cleaning of textiles in
      general and drapery fabrics in particular and is resistant to drycleaning.
      By providing a foam that is durable to drycleaning and to washing the foam
      is quite useful for textiles which are frequently subjected to drycleaning
      and washing operations.
PAR  An important property of the polymer for both the foam and the clear film
      is the glass transition temperature (Tg) thereof, and consequently the
      selection of monomers and proportions thereof depends upon their influence
      on the Tg. The Tg of the polymer for the foam is suitably between
      -60.degree. and 35.degree. C. For the clear film, it is normally between
      -30.degree. and 100.degree. C. "Tg" is a conventional criterion of polymer
      hardness and is described by Flory, "Principles of Polymer Chemistry," pp.
      56 and 57, (1953), Cornell University Press. While actual measurement of
      the Tg is preferred, it may be calculated as described by Fox, Bull. Am.
      Physics Soc. 1, 3, p. 123 (1956). Examples of the Tg of homopolymers and
      the inherent Tg thereof which permits such calculations are as follows:
TBL  Homopolymer of           Tg                                               

     ______________________________________                                    

     n-octyl acrylate         -80.degree.C.                                    

     n-decyl methacrylate     -60.degree.C.                                    

     2-ethylhexyl acrylate    -70.degree.C.                                    

     octyl methacrylate       -20.degree.C.                                    

     n-tetradecyl methacrylate                                                 

                              9.degree.C.                                      

     methyl acrylate          9.degree.C.                                      

     n-tetradecyl acrylate    20.degree.C.                                     

     methyl methacrylate      105.degree.C.                                    

     acrylic acid             106.degree.C.                                    

     ______________________________________                                    

PAL  These or other monomers are blended to give the desired Tg of the
      copolymer. As is known, for a given number of carbon atoms in the alcohol
      moiety, the extent and type of branching markedly influences the Tg, the
      straight chain products giving the lower Tg. Most of the esters of acrylic
      acid or methacrylic acid having a low Tg are well known in the art.
PAR  One of the monomers utilized in a substantial proportion to prepare the
      preferred clear films and foam is a "soft" monomer which may be
      represented by the following formula:
      ##EQU1##
      wherein R is H or alkyl having one to four carbon atoms and R' is the
      straight chain or branched chain radical of a primary or secondary
      alkanol, alkoxyalkanol or alkylthiaalkanol, and having up to about 14
      carbon atoms, examples being ethyl, propyl, n-butyl, 2-ethylhexyl, heptyl,
      hexyl, octyl, propyl, 2-methylbutyl, 1-methylbutyl, butoxybutyl,
      2-methylpentyl, methoxymethyl, ethoxyethyl, cyclohexyl, n-hexyl, isobutyl,
      ethylthiaethyl, methylthiaethyl, ethylthiapropyl, n-octyl, 6-methylnonyl,
      decyl, dodecyl, and the like, said radicals R.sup.1, when alkyl, having
      from two to about 14 carbon atoms, preferably from three to 12 carbon
      atoms, when R is H or methyl. When R is alkyl and R.sup.1  is alkyl,
      R.sup.1  should have from about six to about 14 carbon atoms and when R is
      H and R.sup.1  is alkyl, R.sup.1  should have from about two to about 12
      carbon atoms, in order to qualify as a soft monomer.
PAR  Other ethylenically unsaturated copolymerizable monomers having a Tg of
      above 0.degree. C. are useful in combinations with the above mentioned
      soft monomers provided they do not adversely affect the desired properties
      of the polymer (e.g., unduly raise the overall Tg) and do not seriously
      interfere with the crosslinking. These may be represented by the formula:
      ##EQU2##
      wherein R is as above. R.sup.2 is preferably alkyl and is methyl or alkyl
      having from about 13 to about 20 carbon atoms when R is H, and is alkyl of
      from one to about five carbon atoms or alkyl of from about 15 to about 20
      carbon atoms when R is methyl. It can be seen from about that for alkyl
      acrylates and alkyl methacrylates the Tg at first decreases with an
      increased chain length of the alkyl group and then the Tg again increases;
      i.e., both hard and soft monomers are known to occur in each group of
      monomers. Examples of these hard monomers and other hard monomers include:
      methyl acrylate, acrylamide, vinyl acetate, tetradecyl acrylate,
      pentadecyl acrylate, methyl methacrylate, ethyl methacrylate, t-butyl
      acrylate, butyl methacrylate, styrene, pentadecyl methacrylate, vinyl
      toluene, methacrylamide, and N-methylolacrylamide.
PAR  The preferred emuslion copolymers, for both the foam and the clear layer,
      having a molecular weight of between about 70,000 and 2,000,000, and
      preferably between about 250,000 and 1,000,000 and are made by the
      emulsion copolymerization of the several monomers in the proper
      proportions. Conventional emulsion polymerization techniques are described
      in U.S. Pat. Nos. 2,754,280 and 2,795,564. Thus, the monomers may be
      emulsified with an anionic, a cationic, or a nonionic dispersing agent,
      about 0.05 percent to 10 percent thereof ordinarily being used on the
      weight of the total monomers. The acid monomer and many of the other
      functional or polar monomers may be soluble in water so that the
      dispersing agent serves to emulsify the other monomer or monomers. A
      polymerization initiator of the free-radical type, such as ammonium or
      potassium persulfate, may be used alone or in conjunction with an
      accelerator, such as potassium metabisulfite, or sodium thiosulfate.
      Organic peroxides, such as benzoyl peroxide and t-butyl hydroperoxide are
      also useful initiators. The initiator and accelerator, commonly referred
      to as catalyst, may be used in proportions of 0.1 percent to 10 percent
      each based on the weight of monomers to be compolymerized. The amount, as
      indicated above, may be adjusted to control the intrinsic viscosity of the
      polymer. The temperature may be from room temperature to 60.degree. C. or
      more as is conventional.
PAR  Suitable dispersing agents useful in emulsion polymerization include
      anionic types such as the sodium salts of the higher fatty acid sulfates,
      such as that of lauryl alcohol, the higher fatty acid salts, such as the
      oleates or stearates or morpholine, 2-pyrrolidone, triethanolamine or
      mixed ethanolamines, or any of the nonionic types, such as ethylene
      oxidemodified alkyl phenols, of which tert-octyl phenol modified by 20 to
      40 ethylene oxide units is representative, ethylene oxide-modified higher
      fatty alcohols such as lauryl alcohol, containing 20 to 50 ethylene oxide
      units, similarly modified long-chain mercaptans, fatty acids, amines, or
      the like. Mixtures of nonionic and anionic dispersing agents are also
      useful.
PAR  Although emulsion polymers are preferred, polymers prepared in organic
      solutions, e.g., in xylene, methyl "Cellosolve" and the like, by
      well-known conventional means such as free-radical initiation with benzoyl
      peroxide or the like are also useful. Solution polymers useful in the
      invention preferably have a molecular weight of between about 10,000 and
      1,000,000.
PAR  There are essentially two types of latent cross-linking which can be used.
      These are (1) crosslinking subsequent to polymerization by including
      monomers in the polymer recipe which have functional groups capable or
      crosslinking by various mechanisms including self-crosslinking, or mutual
      crosslinking by different functional groups, both in the polymer chain,
      and (2) latent crosslinking by means of an external separately added
      chemical compound. Combinations can be used.
PAR  The foam is subjected to latent crosslinking, after drying and crushing.
      Where addition polymers are involved, monomers which are suitable for this
      function include certain acrylics having crosslinkable functionality
      exemplified below.
PAR  Examples of the crosslinking reactions which are possible using heat,
      aging, and/or catalysis are:
      ##EQU3##
      In the above, R is H or CH.sub.3. Addition polymerizable unsaturated
      monomers containing such groups are well known in the art, examples being
      isocyanates such as isocyanatoethyl methacrylate, epoxy compounds such as
      glycidyl methacrylate, aminoalkyl compounds such as methylaminoethyl
      methacrylate, and t-butylaminoethyl methacrylate, amides such as
      methacrylamide, guanamines such ad 4-pentenoquanamine, hydroxyalkyl esters
      such as hydroxypropyl methacrylate and hydroxyethyl methacrylate, nitriles
      such as methacrylonitrile, N-alkoxyalkyl amides such as methoxymethyl
      methacrylamide, hydroxyalkyl amides such as N-methylol methacrylamide, the
      analogs of the above methacrylic acid derivatives with other unsaturated
      acids such as acrylic acid and itaconic acid, such acids themselves,
      dicarboxylic acids such as maleic acid and half esters and half amides
      thereof, vinyl ethers of glycols such as ethylene glycol, and so forth.
PAR  As may be seen, the crosslinkable addition polymerizable unsaturated
      monomers have reactive polar groups selected from those including --OH,
      --SH,
      ##EQU4##
      Such groups may be included as are mutually or self-crosslinkable, or
      separate crosslinking compounds such as a triazine-formaldehyde resin may
      be added, as is well known.
PAR  Of course, water sensitive materials such as isocyanates should not be used
      in aqueous systems unless they are blocked by groups such as phenol groups
      which protect the isocyanate groups until subsequent heating or the use of
      other reaction mechanisms such as the use of a calcium, zinc, or tin
      compound catalyst conventional in the art.
PAR  There is thus included within the copolymer up to 20 percent by weight of
      such functional, polar, or reactive monomer, preferably an unsaturated
      carboxylic acid, half esters and half amides of .alpha.-unsaturated
      dicarboxylic acids, and salts thereof with ammonia, an alkali-metal, such
      as sodium, potassium or lithium, or with a volatile water-soluble amine
      such as dimethylamine or triethylamine, in order to provide the
      cross-linking functionality. Examples of copolymerizable ethylenically
      unsaturated monocarboxylic or polycarboxylic acids are sorbic, cinnamic,
      vinyl furoic, .alpha.-chlorosorbic, p-vinylbenzoic, acrylic, methacrylic,
      maleic, fumaric, aconitic, atropic, crotonic, and itaconic acid, or
      mixtures thereof, with itaconic acid and the .alpha., .beta.-unsaturated
      monocarboxylic acids, particularly methacrylic acid and acrylic acid,
      being preferred. Other copolymerizable acid monomers include the alkyl
      half esters or partial esters of unsaturated polycarboxylic acids such as
      of itaconic acid, maleic acid, and fumaric acid, or the partial amides
      thereof. Preferred half esters are the lower alkyl (C.sub.1 to C.sub.6)
      esters such as methyl acid itaconate, butyl acid itaconate, methyl acid
      fumarate, butyl acid fumarate, methyl acid maleate, and butyl acid
      maleate. Such partial esters and partial amides are considered to be
      ".alpha.,.beta.-unsaturated monocarboxylic acids,"  and the term as used
      herein includes such esters and amides.
PAR  In addition to or in place of the acids, amides such as acrylamide and
      methacrylamide, 2-sulfoethyl methacrylate, the materials disclosed in U.S.
      Pat. No. 3,446,777 to W. D. Emmons, U.S. Pat. No. 3,150,118 to D. H.
      Clemens, and U.S. Pat. No. 3,266,930 to W. D. Emmons and E. Hankins Owens,
      and various other functional, polar, or monomers having groups which
      remain reactive after the polymer is formed, for example, falling within
      the definitions of formulas II, III, IV, and V, are also useful, as
      follows:
      ##SPC1##
PAL  where R.sup.0 is selected from the group consisting of H and alkyl groups
      having one to four carbon atoms, and
PA1  n is an integer having a value of 1 to 4,
PA1  Ch.sub.2 = c(r)aynr.sup.1 r.sup.2                          (iii)
PAL  where R is selected from the group consisting of H and CH.sub.3,
PA1  A is selected from the group consisting of O, S,
      ##EQU5##
      Y is an alkylene group having two to four carbon atoms, R.sup.1 is
      selected from the group consisting of H and an alkyl group having one to
      four carbon atoms, and
PA1  R.sup.2 is selected from the group consisting of H and an alkyl group
      having one to four carbon atoms,
      ##EQU6##
      where R is the same as above, and Z is an alkylene group having two to
      three carbon atoms.
PAR  Examples of compounds of formula II include: 2-vinylpyridine;
      4-vinylpyridine; 2-methyl-5-vinylpyridine; 5-methyl-2-vinylpyridine;
      4-methyl-2-vinylpyridine; 2-ethyl-5-vinylpyridine;
      2,3,4-trimethyl-5-vinylpyridine; 3,4,5,6-tetramethyl-2-vinylpyridine;
      3-ethyl-5-vinylpyridine; 2,6-diethyl-4-vinylpyridine.
PAR  Examples of compounds of formula III include: dimethylaminoethyl acrylate
      and methacrylate; diethylaminoethyl acrylate and methacrylate
      dimethylaminopropyl acrylate and methacrylate; diethylaminopropyl acrylate
      and methacrylate; dipropylaminoethyl acrylate and methacrylate;
      di-n-butylaminoethyl acrylate and methacrylate; di-sec-butylaminoethyl
      acrylate and methacrylate; di-t-butylaminoethyl acrylate and methacrylate;
      dimethylaminoethyl vinyl ether and sulfide; diethylaminoethyl vinyl ether
      and sulfide; aminoethyl vinyl ether and sulfide; monomethylaminoethyl
      vinyl ether and sulfide; N,N-dimethylaminoethyl acrylamide and
      methacrylamide; N,N-diethylaminoethyl acrylamide and methacrylamide.
PAR  Examples of compounds of formula IV include:
      N-[.beta.-(.alpha.-methacryloxyacetamido)ethyl]-N,N'-ethyleneurea;
      N-[.beta.-(.alpha.-acryloxyacetamido)ethyl]-N,N'-ethyleneurea;
      N-[.beta.-(.alpha.-acryloxyacetamido)ethyl]-N,N'-trimethyleneurea;
      N-[.beta.-(.alpha.-methacryloxyacetamido)ethyl]-N,N'-trimethyleneurea.
      ##EQU7##
      where R and Z are as defined above, of which an example is
      N-[.beta.-(methacrylamido)ethyl]-N,N'-ethyleneurea.
PAR  Generally, such functional monomers are present in amounts of from 0.05 to
      20 percent, preferably from 0.3 to 10 percent by weight, and more
      preferably 0.5 to 4.5 percent, based on the total monomers that form the
      coating or foamable resin.
PAR  The separate added crosslinker, when used, is useful with or without the
      use of mutual crosslinking groups and self-crosslinking groups. Among the
      external crosslinking methods or compounds is the use of organic peroxides
      such as benzoyl peroxide; the use of epoxy resins such as that obtained
      from bis-phenol A and epichlorohydrin; esterification, by means of
      dicarboxylic acids reacting with hydroxyl groups in the polymers, or by
      reacting diols or polyols such as neopentyl glycol, trimethylol propane,
      trimethylol ethane, or ethylene glycol with carboxyl groups in the
      polymer; use of aminoplasts such as melamine formaldehyde, urea
      formaldehyde, or butylated melamine formaldehyde; diamines and polyamines
      such as hexamethylene diamine, ethylene diamine, and the Versamids;
      polyisocyanates such as toluylene diisocyanate; compounds with mixed
      functionality such as ethanolamine, and other well-known external
      crosslinkers. The invention is not in the use of crosslinking per se but
      in the utilization of crosslinking and/or the bodying agent to obtain the
      desired physical characteristics of the foam or clear resin of the
      invention.
DETD
PAC  EXAMPLE 1
PAR  An emulsion compolymer dispersion prepared from 2,575 parts deionized
      water, 87 parts sodium lauryl sulfate, 90 parts acrylic acid, 315 parts
      acrylamide, 900 parts acrylonitrile, and 7,695 parts n-butyl acrylate is
      compounded in the following formulation:
TBL                  Product   Solids                                          

     ______________________________________                                    

     Dispersion        200         100                                         

     Titanium Dioxide                                                          

      (Titanox RA-45)  25          25                                          

     Clay (Acme WW)    30          30                                          

     Melamine-Formaldehyde                                                     

      Resin (Aerotex MW)                                                       

                       4.6         3.7                                         

     Ammonium Stearate 14          4.6                                         

     Water             70          --                                          

     Ammonia (28%)     4           --                                          

                       347.6       163.3                                       

     Solids - 47.0%                                                            

     ______________________________________                                    

PAL  All parts and percentages are by weight unless otherwise stated.
PAR  Foams are made by whipping air into the formulation using a Kitchen-Aid
      Mixer (Model C) to a wet density of about 0.16 g. cm..sup.3. The foam is
      then cast at 60 mils onto contton twill cloth, 19 mils thick and dried for
      1.75 minutes at 280.degree. F. to give a dry foam 45 mils thick.
PAR  On a silicone coated release paper 5 mils thick, a latex (50 percent
      solids) of 65 parts ethyl acrylate, 25 parts butyl acrylate, 5 parts
      acrylonitrile, 3.5 parts acrylamide and 1.5 parts itaconic acid is cast in
      a thickness to give a dry film 2 mils thick and dried at 95.degree. C. for
      3 minutes. The exposed side of the clear film is printed with a decorative
      design, and the printed side and dried foam are then placed together and
      passed through a pair of rollers, at room temperature, with a nip of 20
      mils. The release paper is then peeled off. The laminate is then passed
      between a smooth and an embossed roller, both heated to
      250.degree.-300.degree. F., the embossed roll being adjacent the clear
      film. This embosses the film and foam, crushes the 45 mil thick dry foam
      to about 8 mils thick, and firmly bonds the film, foam, and fabric. To
      achieve more complete crosslinking of the foam and film, the composite is
      heated in an oven for 2 minutes at 300.degree. F.
PAR  The crushed foam has a cold-flex temperature of -15.degree. F.
PAC  EXAMPLE 2
PAR  Example 1 is repeated except that 135 parts of itaconic acid, 315 parts of
      acrylamide, 5,850 parts of ethyl acrylate, 405 parts of acrylonitrile and
      2,305 parts of n-butyl acrylate are used as the monomers for the foam.
PAC  EXAMPLE 3
PAR  Example 1 is repeated except that for the foam 675 parts of acrylonitrile
      and 2,035 parts of n-butyl acrylate are used and polymer drapery fabric is
      used. The resultant crushed foam has a cold-flex temperature of 15.degree.
      F.
PAC  EXAMPLE 4
PAR  Example 1 is repeated except that 180 parts of acrylic acid, 315 parts of
      acrylamide, 900 parts of acrylonitrile and 7,605 parts of n-butyl acrylate
      are used as the monomers, for the foam.
PAC  EXAMPLE 5
PAR  Example 1 is repeated except that 45 parts of acrylic acid, 315 parts of
      acrylamide, 1,800 parts of acrylonitrile and 6,840 parts of n-butyl
      acrylate are used as the monomers, for the foam.
PAC  EXAMPLE 6
PAR  Example 1 is repeated but the monomers for the foam consist of 270 parts
      methacrylic acid, 180 parts acrylamide, 375 parts acrylonitrile, 2,250
      parts butyl acrylate, and 5,925 parts ethyl acrylate.
PAC  EXAMPLE 7
PAR  The procedure described in Example 6 is repeated except the methacrylic
      acid is replaced with 45 parts of itaconic acid and the amount of butyl
      acrylate is changed to 2,475 parts.
PAC  EXAMPLE 8
PAR  The procedure described in Example 1 is followed with an emulsion polymer
      of 170 parts itaconic acid, 200 parts methacrylic acid, 135 parts
      acrylamide, 450 parts acrylonitrile, 2,700 parts butyl acrylate, and 3,485
      parts ethyl acrylate, to prepare the foam.
PAC  EXAMPLE 9
PAR  The procedure described in Example 1 is carried out with an emulsion
      polymer of 135 parts methacrylic acid, 180 parts acrylamide, 630 parts
      acrylonitrile, 5,400 parts butyl acrylate, and 3,655 parts isopropyl
      acrylate.
PAC  EXAMPLE 10
PAR  Example 1 is repeated with an emulsion polymer of 135 parts itaconic acid,
      270 parts acrylamide, 630 parts acrylonitrile, 5,400 parts butyl acrylate,
      1,285 parts ethyl acrylate, and 1,285 parts methyl acrylate, as the foam.
      Similar results are obtained when isobutyl acrylate or 2-ethylhexyl
      acrylate are used in place of butyl acrylate or ethyl acrylate.
CLMS
STM  I claim:
NUM  1.
PAR  1. A laminate consisting of
PA1  a. a transparent plastic surface film of a thermoset emulsion polymer
      .Iadd.transferred from a release surface and .Iaddend.adhered to
PA1  b. a crushed, crosslinked thermoset resilient foam of a thermoset emulsion
      polymer adhered to
PA1  c. a textile fabric substrate, with
PA1  d. a decorative layer between (a) and (b) the crushed foam layer (b) being
      self-bonded to the substrate (c) and the surface film.
NUM  2.
PAR  2. The article of claim 1 in which the surface film has printed thereon a
      decorative layer (d) between (a) and (b), the article has a fabric like
      hand, and the crushed foam is less than about 90 mils in thickness.
NUM  3.
PAR  3. The article of claim 1 in which reaction products of one or more of a
      crosslinking group of the structure
      ##EQU8##
      provides the crosslinking.
NUM  4.
PAR  4. The article of claim 3 in which the foam (b) and the film (a) contain a
      polymerized unsaturated acid and the crosslinking is provided by a water
      soluble condensate of formaldehyde with urea, N,N'-ethyleneurea,
      dihydroxyethyl ureas or a triazine.
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ABST
PAL  A display panel comprising a plurality of gas-filled cells, each having a
      pair of energizing electrodes and adapted to be energized in groups to
      display characters. The panel also includes a plurality of cells which are
      adapted to be energized so that they glow continuously and facilitate the
      turning on of the groups of cells which are used to display a character.
      These auxiliary energizing cells are hidden from view so that they perform
      their function without being seen and without interfering with viewing of
      the primary characters.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Display panels comprising large numbers of light-producing cells,
      particularly gas-filled cells, have been known in the art for some time.
      However, up to the present time, the necessary inventions have not been
      made to convert these devices from the theoretical or laboratory state to
      the practical commercial state. In gas-filled devices which are intended
      to be caused to glow to display characters, a voltage is applied across
      selected cells to provide the desired breakdown and glow. The breakdown
      and glow-producing process is generally considered to require the presence
      in the gas of at least one electron to initiate the required collisions
      and energy interchanges which produce glow.
PAR  The initiating electron(s) are not, relatively speaking, easy to obtain,
      but they can be obtained, for example, by field emission or photoemission.
      However, these methods are not sufficiently fast or easy to carry out when
      it is desired to enter and change information in a display panel at
      relatively high speed.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention comprises providing, in an operating display panel,
      auxiliary cells which glow without being seen and provide electrons or
      ions which facilitate the turning on of cells which are intended to
      display information.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a display panel embodying the invention;
PAR  FIG. 2 is a sectional view of the device of FIG. 1 showing display cells
      and their electrodes;
PAR  FIG. 3 is a plan view of a modification of the invention;
PAR  FIG. 4 is a sectional view of a portion of the device of FIG. 3;
PAR  FIG. 5 is a sectional view showing a modification of the invention;
PAR  FIG. 6 is a plan view of another modification of the invention; and
PAR  FIG. 7 is a plan view of still another modification of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The principles of the invention are applicable to display devices of many
      types, some of which are described and claimed in a copending application
      of G. A. Kupsky, Ser. No. 764,984, now abandoned. Devices of this type are
      shown and described herein in only enough detail to illustrate the
      invention. Details of manufacturing and assembly operations are omitted.
PAR  Referring to the drawings and to FIGS. 1 and 2, a display device or panel
      10 comprises a sandwich of plates including an insulating central plate 20
      of glass or ceramic, a top glass plate 30 which is a viewing window, and a
      bottom glass plate 40. The center plate has apertures or cells 50 arrayed
      in rows and columns, and a row electrode X is provided in contact with the
      top surface of the central plate in operative relation with each row of
      cells, and a column electrode Y is provided in contact with the bottom
      surface of the central plate and in operative relation with each column of
      cells. The cells 50 are intended to display information, and they define
      an information display or viewing area.
PAR  The top electrodes, that is, the row electrodes X in FIG. 1, are designed
      so that the glow in cells 50 is not obstructed by them. For this purpose,
      these electrodes are flat strips having apertures aligned with the cells,
      or they are thin wires which do not entirely cover the cells, or they may
      be strips offset so that they only partially cover the cells, or they may
      be transparent electrode films which may be formed on the top glass plate.
      Any other suitable expedient may also be employed.
PAR  The cells 50 are filled with a suitable gas such as neon, argon, or a
      mixture of these at any suitable pressure, for example, 20 to 100 Torr at
      room temperature.
PAR  In operation of the panel 10, selected cells 50 can be caused to glow by
      the application of suitable voltages between the row and column electrodes
      associated with the selected cells. Without the provision of some means
      for providing the first electron in the cells to cause the cells to turn
      on, such means being, for example, an external source of ultraviolet
      light, the turn-on time for each cell is often undesirably long. According
      to the invention, this problem is overcome by the provision of auxiliary
      rows of cells 60 positioned outside the area occupied by cells 50 which
      are intended for use in displaying characters. In FIG. 1, two rows of
      auxiliary cells 60 are shown, one along the upper margin of panel 10 and
      one along the lower margin of the panel. The auxiliary cells 60 have row
      electrodes X4 and X5 and the same column electrodes as the column cells
      with which each is aligned.
PAR  The auxiliary cells 60 are arranged so that they glow, but without the glow
      being seen by a viewer. These cells 60 thus serve as a source of charged
      particles such as electrons or ions which find their way between the
      center plate and the other plates to the other cells to thereby facilitate
      their turning on. The auxiliary cells 60 may be hidden from view, for
      example, by having their top electrodes in the form of strips which are
      wide enough to cover the cells so that they cannot be seen by a viewer. To
      facilitate their operation, it might be desirable to interconnect cells 60
      by channels 62 illustrated in FIG. 1.
PAR  Other expedients might also be employed to hide cells 60 from view. For
      example, the portions of top glass plate 40 which cover cells 60 might be
      painted black, or a layer of some plastic might be cemented on the top or
      bottom surface of the top plate. In either case then, the top electrode
      associated with cells 60 need not also conceal the cells.
PAR  In one mode of operation of panel 10, the column cells are scanned or
      energized from left to right, as illustrated in FIG. 1, at a rate which
      makes information appear to be stationary. This is achieved by applying
      energizing potentials to electrodes Y1, Y2, Y3...Yn in turn, and, as each
      Y electrode is energized, appropriate information-representing potentials
      are applied to the X electrodes to turn on the proper cells in the column
      of cells associated with the energized Y electrode.
PAR  Thus, for example, when electrode Y1 is energized, suitable information
      signals are supplied to the appropriate X electrodes to turn on cells 50A
      and 50C. Then when electrode Y2 is energized, the information signals on
      the X lines are changed so that, say, cell 50E is turned on, etc. This
      scanning operation is carried out at a rate which keeps the selected cells
      ON and displaying a character or message for a time until the input
      information is changed and the display is changed. However, operating
      turn-on potentials are applied continuously to lines X4 as the Y lines are
      energized to turn on the auxiliary cells 60 in each column, and thus to
      provide a source of ionic stimulation for the display cells 50.
PAR  The auxiliary cells 60 may be separated electrically from the cells 50 by
      not using the Y electrodes as common electrodes as described above, but by
      having a second electrode for operation with electrodes X4 to turn on
      cells 60. As shown in FIGS. 3 and 4, the second electrode can be a row
      electrode X5 positioned between the center plate and bottom plate and
      aligned with cells 60 paralleled to electrodes X4. The second electrodes
      X5 are suitably insulated from the Y electrodes which pass through the
      area by means of insulating coatings or strips 70 where needed. Of course,
      the Y electrodes need extend across only one set of cells 60 and out of
      the panel 10 to provide external connection thereto.
PAR  Electrodes X4 and X5 and their cells 60 are energized by a separate signal
      source V connected between them. The source V may provide an AC signal
      synchronized with the scanning signal, or it may be a DC voltage which
      holds cells 60 on continuously.
PAR  In another concealing arrangement illustrated in FIG. 5, an insulating
      strip 80 is placed on the top surface of plate 20 over each row of cells
      60, and electrode wires 90 and 100 are seated in slots in the top and
      bottom surfaces of center plate 20 and extending along the rows of
      auxiliary cells 60. As described above with respect to FIG. 3, either an
      AC or DC signal may be applied to electrodes 90 and 100 to operate
      auxiliary cells 60.
PAR  In another modification of the invention shown in FIG. 6, a panel 10'
      includes the upper and lower rows of auxiliary cells 60 as described
      above, and, in addition, a column of auxiliary cells 160 positioned ahead
      of the first column of cells 50 viewed in a scanning operation. In FIG. 6,
      the column of auxiliary cells 160 is positioned at the left-hand edge of
      the panel, and it is assumed that the scanning operation proceeds from
      left to right.
PAR  Any suitable arrangement may be used to conceal and to energize the column
      of auxiliary cells 160. One convenient construction is similar to that
      shown in FIG. 3, and, in effect, converts the individual row electrodes X4
      and X5 to U-shaped electrodes which are aligned with cells 60 and 160. The
      usual row and column electrodes X and Y are provided for the other cells
      30, with insulation being provided between the various electrodes where
      required. As above, signal source V is connected between the U-shaped
      electrodes X4 and X5 associated with the rows and columns of auxiliary
      cells.
PAR  The rows of cells 60 perform the function described above, and, in
      addition, the column of auxiliary cells 160 facilitate the starting of a
      new scanning cycle after all of the cells have been cycled from left to
      right. The cycle is begun again by having the column of auxiliary cells
      160 turn on, and this provides the stimulus for the next adjacent column
      of cells 50 which are the first cells to carry visible information. As
      described above, the auxiliary cells 60 and 160 might be held on
      continuously or cycled.
PAR  In still another modification of the invention, illustrated in FIG. 7, it
      might be desirable to have rows or columns of auxiliary cells interspersed
      among the display cells 50 throughout the panel. In panel 10" shown in
      FIG. 7, a row of auxiliary cells 260 is shown with an electrode X6
      connected to U-shaped electrode X4. The required associated electrode for
      cells 260 is provided even though it cannot be seen in FIG. 7. This type
      of construction would normally be used in a large panel having many cells.
PAR  In another modification of the invention illustrated in FIG. 7, a second
      column of auxiliary cells 160 and its electrodes are provided along the
      right-hand margin of the area occupied by the display cells 50. Thus, a
      ring of auxiliary cells is provided completely surrounding the display
      cells 50. With this arrangement, and particularly if intermediate
      auxiliary cells 260 are provided in a display panel, the turn-on of cells
      anywhere in the panel is facilitated. Thus, a scanning operation or entry
      of static information need not originate at a margin of a panel
      immediately adjacent to auxiliary cells, but can originate anywhere in the
      panel with ease.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flat panel display device comprising
PA1  a gas-filled envelope including an insulating center plate and top and
      bottom insulating plates all sealed together vacuumtight along their
      adjacent peripheries,
PA1  said center plate comprising a solid sheet having a plurality of discrete
      apertures, each forming a gaseous display cell, said cells being arrayed
      in rows and columns,
PA1  the walls of said display cells being free of material which can generate
      excited particles and in the same physical state as other portions of the
      surface of said center plate,
PA1  a row electrode aligned with each row of display cells and a column
      electrode aligned with each column of display cells,
PA1  said display cells being adapted to be fired by the application of
      operating potentials to selected ones of said row and column electrodes,
      .Iadd.
PA1  conductive means attached to said column electrodes for scanning said
      display cells one column after the next, while potentials are selectively
      applied to said row electrodes, .Iaddend.
PA1  a plurality of auxiliary discrete gas-filled cells adapted to glow at a low
      level, not for viewing, but to provide excited particles for firing said
      .[.first.]. .Iadd.display .Iaddend.cells,
PA1  the walls of said auxiliary cells being free of material which can generate
      excited particles and in the same physical state as other portions of the
      surface of said center plate,
PA1  each auxiliary cell being aligned with and in operative relation with a
      column of said .[.first.]. .Iadd.display .Iaddend.cells, each column
      electrode also being in operative relation with one of said auxiliary
      cells, and
PA1  an auxiliary row electrode in operative relation with each of said
      auxiliary cells,
PA1  said auxiliary electrode and said column electrodes being usable to fire
      each of said auxiliary cells to cause the gas therein to glow and to
      generate excited particles, said excited particles diffusing to adjacent
      display cells and energizing the gas therein to facilitate the firing of
      said display cells when operating potentials are applied thereto.
NUM  2.
PAR  2. The panel defined in claim 1 wherein said auxiliary cells are arrayed in
      a series and each auxiliary cell is coupled to the adjacent auxiliary cell
      by a gas communication path whereby when one auxiliary cell is ON, it
      provides excited particles which diffuse to the adjacent auxiliary cell
      and facilitate its turning ON.
NUM  3.
PAR  3. The panel defined in claim 1 wherein said auxiliary electrode is an
      opaque electrode which overlays said auxiliary cells and prevents light
      from said auxiliary cells from being seen by a viewer.
NUM  4.
PAR  4. The device defined in claim 1 and including an auxiliary cell aligned
      with each row of .[.first.]. .Iadd.display .Iaddend.cells.
NUM  5.
PAR  5. A flat panel display device comprising
PA1  an insulating center plate having generally flat top and bottom surfaces
      and including a plurality of first gas-filled cells arrayed in rows and
      columns, said first cells comprising display cells for displaying
      information and occupying an information display area,
PA1  said cells being mechanically separate from each other,
PA1  the walls of said first cells being free of material which can generate
      excited particles and in the same physical state as other portions of the
      surface of said center plate,
PA1  an insulating base plate having a relatively flat top surface and secured
      along its periphery to a peripheral portion of said center plate,
PA1  the adjacent portions of the top of said base plate and the bottom surface
      of said center plate being in intimate contact with each other but not in
      gastight engagement,
PA1  a top plate being secured to said center plate along their adjacent margins
      with the bottom surface of said top plate in intimate engagement but not
      in gastight engagement with the top surface of said center plate,
PA1  there thus being minimal spacing between said center plate and the adjacent
      top and bottom plates, said spacing being too narrow to permit a mass flow
      of gas but permitting passage of charged particles of gas,
PA1  a plurality of auxiliary gas-filled cells spaced from said first cells and
      having electrode means for producing glow at a level suitable not for
      viewing but to provide charged particles for said first cells,
PA1  the walls of said auxiliary cells being free of material which can generate
      excited particles and in the same physical state as other portions of the
      surface of said center plate,
PA1  said electrode means associated with said auxiliary cells being usable to
      fire each of said auxiliary cells selectively to cause the gas therein to
      glow and to generate excited particles, said excited particles diffusing
      to adjacent display cells and energizing the gas therein to facilitate the
      firing of said display cells when operating potentials are applied
      thereto,
PA1  said excited particles diffusing from an auxiliary cell when it is ON to a
      first cell through the spacing between said center plate and said top and
      bottom plates,
PA1  said auxiliary cells each being aligned with a column of said first cells,
PA1  at least two electrodes associated with each of said first cells, and
PA1  at least two electrodes in said electrode means associated with each of
      said auxiliary cells,
PA1  at least one of said last two electrodes being positioned to conceal said
      auxiliary cells from view.
NUM  6.
PAR  6. A flat panel display device comprising
PA1  a gas-filled envelope including an insulating center plate and top and
      bottom insulating plates all sealed together in vacuumtight engagement
      along their adjacent peripheries,
PA1  said center plate comprising a solid sheet of insulating material having a
      plurality of discrete .[.appertures.]. .Iadd.apertures.Iaddend., each
      forming a gaseous display cell, said cells being arrayed in rows and
      columns,
PA1  the walls of said cells being free of material which can generate excited
      particles, said walls being in the same physical state as other portions
      of the surface of said center plate,
PA1  a row electrode aligned with each row of display cells and a column
      electrode aligned with each column of display cells, each row electrode
      crossing each column electrode, each crossing being at one of said display
      cells whereby each display cell can be fired by the application of
      electrical potential to the two electrodes associated with it, .[.and.].
      .Iadd.
PA1  conductive means attached to said column electrodes for scanning said
      display cells one column after the next, while potentials are selectively
      applied to said row electrodes, and .Iaddend.
PA1  a plurality of auxiliary discrete gas-filled keep-alive cells positioned
      adjacent to said display cells and having operating electrodes and adapted
      to glow at a level, not necessarily suitable for viewing, but suitable to
      provide excited particles for firing said first cells,
PA1  the walls of said auxiliary cells being free of material which can generate
      excited particles, said walls being in the same physical state as other
      portions of the surface of said center plate,
PA1  said operating electrodes of said auxiliary cells usable to fire each of
      said auxiliary cells to cause the gas therein to glow and to generate
      excited particles, said excited particles diffusing to adjacent display
      cells and energizing the gas therein to facilitate the firing of said
      display cells when operating potentials are applied thereto.[...]. .Iadd.
PA1  one operating electrode of each of said auxiliary cells being connected
      electrically in common with one of said column electrodes. .Iaddend.
NUM  7.
PAR  7. The display device defined in claim 6 wherein said auxiliary cells
      .[.are arrayed in.]. .Iadd.includes .Iaddend.a column .Iadd.of auxiliary
      cells .Iaddend.adjacent to the first column of said display cells and in
      gas communication therewith whereby excited particles generated therein
      can reach said display cells in said first column.
NUM  8.
PAR  8. The device defined in claim 7 wherein there is one auxiliary cell
      adjacent to each row of display cells.
NUM  9.
PAR  9. The display device defined in claim 6 and including a strip of opaque
      material overlaying said auxiliary cells, the operating electrodes
      associated with said auxiliary cells being disposed beneath said opaque
      strip and in slots in the top and bottom surfaces of said center plate.
      .[.10. The display device defined in claim 6 and including circuit means
      connected to said electrodes for scanning and firing said display cells
      column by column, and circuit means coupled to said electrodes of said
      auxiliary cells for simultaneously scanning and successively energizing
      said auxiliary cells whereby each auxiliary cell as it is fired can
      generate excited particles for assisting the firing of the first column of
      display cells..]. .[.11. The display device defined in claim 10 wherein
      both said circuit means are operable for energizing each column of display
      cells in turn in a scanning cycle and energizing each auxiliary cell as
      each column of display cells is energized..]. .Iadd. 12. A flat display
      panel, comprising
PA1  a gas-filled envelope including a face plate and a base plate closely
      spaced to one another and hermetically sealed together along a
      predetermined perimeter,
PA1  a plurality of groups of localized glow discharge regions, said groups
      being disposed side-by-side along a common plane within said envelope and
      each region being capable of sustaining a glow discharge which is visible
      through said face plate,
PA1  at least first and second electrodes adjacent each such visible glow
      discharge region, said electrodes being selectively energizable to
      initiate glow discharges in selective ones of said regions, and
PA1  a plurality of auxiliary glow discharge regions disposed in succession
      coplanar with said visible glow discharge regions but hidden from view
      through said face plate, each being adjacent and associated with one of
      said groups of visible glow regions to supply excited particles to the
      visible glow regions of the group and facilitate the initiation of glow
      discharge therein
PA1  at least two electrodes adjacent each of said auxiliary glow discharge
      regions to initiate glow discharges in said auxiliary regions,
PA1  means for sequentially energizing the electrodes of said auxiliary glow
      regions from the first in the succession to the last, for supplying
      excited particles sequentially to said visible glow region groups, and
PA1  means for energizing said groups of visible glow regions sequentially, one
      such group after another, in synchronism with the energization of said
      auxiliary glow discharge regions, to initiate glow in selective ones of
      the visible glow regions in each such group. .Iaddend. .Iadd. 13. A
      display panel as in claim 12 further including a plurality of conductors
      common to the energizing means for the visible cells and for the auxiliary
      cells, each of which is connected electrically to the first electrodes of
      all of the visible glow regions of one of said groups and to one of the
      electrodes of the associated auxiliary glow region. .Iaddend..Iadd. 14. A
      display panel as in claim 12 wherein, in each of the groups of visible
      glow regions, the first electrodes of all of the visible glow regions in
      that group are connected electrically in common, further including
PA1  a plurality of conductors each of which is electrically connected to the
      second electrode of one of the visible glow regions in each of said
      groups. .Iaddend..Iadd. 15. A panel as in claim 14 wherein the visible
      glow regions of the different groups are disposed in substantially the
      same pattern, and
PA1  wherein each of said conductors is electrically connected to the second
      electrode of the correspondingly-positioned visible glow regions in each
      of the groups. .Iaddend..Iadd. 16. A flat display panel, comprising
PA1  an envelope having a viewing window and containing an ionizable gas at a
      pressure capable of sustaining glow discharge,
PA1  a plurality of groups of localized glow discharge regions disposed
      side-by-side and coplanar with one another within said envelope
PA1  at least first and second electrodes adjacent each such localized glow
      region, said electrodes being selectively energizable to initiate glow
      discharges in selective ones of said regions,
PA1  at least one of the localized glow regions of each such group being
      adjacent the others but hidden from view through said viewing window, and
      serving, when energized, to supply excited gaseous particles to the other
      localized glow regions of the group to facilitate initiating glow
      discharges in such other localized glow regions, and
PA1  means for energizing said glow region groups sequentially, one group after
      another,
PA1  said energizing means serving to initiate glow in the hidden glow region(s)
      and in selective ones of the other glow regions in each such group, one
PAR   group after another. .Iaddend..Iadd. 17.  A display panel as in claim 16
      wherein, in each of said groups, all of the first electrodes of the
      localized glow regions therein are portions of a common conductive member,
      and
PA1  wherein the energizing means comprises a plurality of conductive leads, one
      of which is connected electrically to each of said common conductive
      members. .Iaddend..Iadd. 18. A display panel as in claim 16 wherein the
      energizing means comprises a plurality of conductive leads, each of which
      is connected electrically to the first electrodes of all of the localized
      glow regions of one of said groups. .Iaddend. .Iadd. 19. A display panel
      as in claim 18, further including
PA1  a first conductor electrically connected to the second electrode of at
      least one hidden glow region in each of said groups, and
PA1  a plurality of second conductors each of which is electrically connected to
      the second electrode of one of the other glow regions of each such group.
      .Iaddend..Iadd. 20. A display panel, comprising
PA1  a gas-filled envelope filled with an ionizable gas at a pressure capable of
      sustaining glow discharge and having a viewing window,
PA1  a plurality of groups of first electrodes disposed side-by-side within said
      envelope, with a discrete glow discharge region in the gaseous atmosphere
      contiguous each such electrode to define side-by-side groups of glow
      discharge regions visible through said viewing window,
PA1  a plurality of first conductors electrically connected to said first
      electrodes for selectively energizing said first electrodes to initiate
      glow discharges in selective ones of said visible glow regions,
PA1  a plurality of second electrodes, each being adjacent and associated with
      one of said first electrode groups and its associated visible glow region
      group for initiating glow discharges in visible glow regions of such
      group,
PA1  a plurality of auxiliary glow discharge regions coplanar with said visible
      glow discharge regions but hidden from view through said viewing window,
      at least one being adjacent and associated with each of said visible glow
      region groups, to supply excited particles to the glow regions of such
      group and thereby facilitate the initiation of glow discharges therein,
      and
PA1  a plurality of second conductors, one connected electrically to each of
      said second electrodes, for energizing said second electrodes and the
      associated visible glow region groups sequentially, one after another, and
PA1  means for energizing the auxiliary glow regions sequentially, one after
      another, each at approximately the time its associated visible glow region
      group is being energized. .Iaddend..Iadd. 21. A display panel as in claim
      20, wherein each of said first conductors is electrically connected to at
      least one first electrode of each of said first electrode groups, for
      selectively energizing the first electrodes of the respective groups, and
      producing glow discharges in selective ones of the contiguous visible glow
      regions, as the second electrodes are being sequentially energized.
      .Iaddend..Iadd. 22. A display panel as in claim 21, further including
PA1  at least two electrodes adjacent and associated with each of said auxiliary
      glow discharge regions,
PA1  means connecting electrically in common one electrode of each of said
      auxiliary glow discharge regions, and
PA1  means electrically connecting another electrode of each said auxiliary glow
      discharge region to the second electrode of the associated group of
      visible glow discharge regions. .Iaddend..Iadd. 23. A display panel as in
      claim 21 wherein there are two auxiliary glow discharge regions adjacent
      and associated with each visible glow region group, and
PA1  wherein said auxiliary glow discharge regions are energized two at a time,
      the two auxiliary glow discharge regions associated with each visible glow
      region group being energized at approximately the time the visible glow
PAR   regions of such group are energized. .Iaddend..Iadd. 24.  A display panel
      as in claim 21, further including a channel interconnecting at least one
      auxiliary glow discharge region associated with each of the visible glow
      region groups. .Iaddend..Iadd. 25. A display panel as in claim 21 wherein
      the sequential energization of the second electrodes and visible glow
      region groups begins with the group at one end of said side-by-side
      groups,
PA1  further including an additional auxiliary glow discharge region hidden from
      view through said viewing window,
PA1  said additional auxiliary glow discharge region being located adjacent and
      associated with the visible glow region group at said one end, to
      facilitate the initiation of glow in the visible glow regions of said
      group each time said sequential energization begins or repeats.
      .Iaddend..Iadd. 26. A display panel as in claim 25 further including at
      least two electrodes adjacent and operative with said additional auxiliary
      glow discharge region, and
PA1  a third conductor connected to one of the electrodes of said additional
      auxiliary glow discharge region for sequentially energizing said one
      electrode with the sequential energization of the second electrodes, to
      energize said one electrode just before energizing the second electrode
      associated with the visible glow region group at said one end. .Iaddend.
      .Iadd. 27. A display panel, comprising
PA1  a gas-tight envelope filled with an ionizable gas at a pressure capable of
      sustaining glow discharge and having a viewing window,
PA1  a plurality of groups of first electrodes within said envelope, with a
      discrete glow discharge region in the gaseous atmosphere contiguous each
      such electrode,
PA1  said first electrode groups being disposed side-by-side to define
      side-by-side groups of glow discharge regions visible through said viewing
      window,
PA1  a plurality of first conductors each electrically connected to a first
      electrode in each of said first electrode groups, so that selective
      combinations of the glow discharge regions contiguous each first electrode
      group can be activated by a predetermined energization of said conductors,
PA1  a plurality of second electrodes one positioned in operative relation with
      each group of first electrodes and the associated group of glow discharge
      regions,
PA1  a plurality of auxiliary glow discharge regions coplanar with said visible
      glow discharge regions but hidden from view through said viewing window,
      at least one associated with each of said groups of visible glow discharge
      regions,
PA1  a plurality of second conductors one of which is connected to each of said
      second electrodes for energizing said second electrodes sequentially, one
      after another, while said first conductors are being selectively
      energized, to produce selective glow discharge patterns sequentially in
      the different groups of visible glow discharge regions, and
PA1  means for energizing said auxiliary glow discharge regions sequentially,
      one after another, in synchronism with the sequential energization of said
      second electrodes. .Iaddend. .Iadd. 28. A display panel as in claim 27
      wherein each of said auxiliary glow discharge regions, when energized,
      produces charged gaseous particles which facilitate the initiation of glow
      discharges in its associated visible glow region group, and
PA1  wherein said energizing means for said auxiliary glow discharge regions
      energizes each such region approximately as its associated visible glow
      region group is being energized. .Iaddend..Iadd. 29. A display panel as in
      claim 28, further including a channel interconnecting at least one
      auxiliary glow discharge region associated with each of the visible glow
      region groups. .Iaddend..Iadd. 30. A display panel as in claim 29 wherein
      the sequential energization of the second electrodes and visible glow
      region groups begins with the group at one end of said side-by-side
      groups,
PA1  further including an additional auxiliary glow discharge region hidden from
      view through said viewing window,
PA1  said additional auxiliary glow discharge region being located adjacent and
      associated with the visible glow region group at said one end, to
      facilitate the initiation of glow in the visible glow regions of said
      group each time said sequential energization begins or repeats. .Iaddend.
      .Iadd. 31. A flat display panel, comprising
PA1  an envelope having a viewing window and containing an ionizable gas at a
      pressure capable of sustaining glow discharge,
PA1  a plurality of groups of localized glow discharge regions disposed
      side-by-side and coplanar with one another within said envelope,
PA1  at least first and second electrodes adjacent each such localized glow
      region, said electrodes being selectively energizable to initiate glow
      discharge in selective ones of said regions,
PA1  at least one of the localized glow regions of each such group being hidden
      from view through said viewing window and being in gas coupling and
      priming relationship to at least one other localized glow region of the
      group, and
PA1  means for energizing said glow region groups sequentially, one group after
      another,
PA1  said energizing means serving to initiate glow in the hidden glow region
      and in selective ones of the other glow regions in each such group, one
      group after another. .Iaddend. .Iadd. 32. A display panel, comprising
PA1  a gas-filled envelope filled with an ionizable gas at a pressure capable of
      sustaining glow discharge and having a viewing window,
PA1  a plurality of groups of first electrodes disposed side-by-side within said
      envelope, with a discrete glow discharge region in the gaseous atmosphere
      contiguous each such electrode to define side-by-side groups of glow
      discharge regions visible through said viewing window,
PA1  a plurality of first conductors electrically connected to said first
      electrodes for selectively energizing said first electrodes to initiate
      glow discharges in selective ones of said visible glow regions,
PA1  a plurality of second electrodes, each being adjacent and associated with
      one of said first electrode groups and its associated visible glow region
      group for initiating glow discharges in visible glow regions of such
      group,
PA1  a plurality of auxiliary glow discharge regions coplanar with said visible
      glow discharge regions but hidden from view through said viewing window,
      at least one being adjacent and associated with each of said visible glow
      region groups,
PA1  a plurality of second conductors, one connected electrically to each of
      said second electrodes, for energizing said second electrodes and the
      associated visible glow region groups sequentially, one after another, and
PA1  means for energizing the auxiliary glow regions sequentially, one after
      another, each at approximately the time its associated visible glow region
      group is being energized. .Iaddend. .Iadd. 33. A flat display panel,
      comprising
PA1  a gas-filled envelope including a face plate and a base plate closely
      spaced to one another and hermetically sealed together along a
      predetermined perimeter,
PA1  a plurality of groups of localized glow discharge regions, said groups
      being disposed side-by-side within said envelope and each region being
      capable of sustaining a glow discharge which is visible through said face
      plate,
PA1  at least first and second electrodes adjacent each such visible glow
      discharge region, said electrodes being selectively energizable to
      initiate glow discharges in selective ones of said regions,
PA1  an elongated auxiliary glow discharge region coplanar with said visible
      glow discharge regions but hidden from view through said face plate and
      extending along the length of said panel adjacent to all of said groups of
      localized glow discharge regions and having a portion associated with, and
      in gas communication with, each of said groups of visible glow regions to
      supply excited particles to the visible glow regions of the group and
      facilitate the initiation of glow discharge therein, and
PA1  means for energizing said groups of visible glow regions sequentially, one
      such group after another, to initiate glow in selective ones of the
      visible glow regions in each such group. .Iaddend. .Iadd. 34. A flat
      display panel, comprising
PA1  a gas-filled envelope including a face plate and a base plate closely
      spaced to one another and hermetically sealed together along a
      predetermined perimeter,
PA1  a plurality of groups of localized glow discharge regions, said groups
      being disposed side-by-side within said envelope and each region being
      capable of sustaining a glow discharge which is visible through said face
      plate,
PA1  at least first and second electrodes adjacent each such visible glow
      discharge region, said electrodes being selectively energizable to
      initiate glow discharges in selective ones of said regions,
PA1  a plurality of auxiliary glow discharge regions coplanar with said visible
      glow discharge regions but hidden from view through said face plate
      aligned along the length of said panel adjacent to said groups of
      localized glow discharge regions, each such auxiliary glow discharge
      region being associated with one of said groups of visible glow regions to
      supply excited particles to the visible glow regions of the group and
      facilitate the initiation of glow discharge therein, and
PA1  means for energizing said auxiliary glow discharge regions and said visible
      glow discharge region groups sequentially to initiate glow in selective
      ones of the visible glow regions in each such group. .Iaddend.
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ABST
PAL  A double lens headband supported sports goggle system having a fixed main
      lens and an outer auxiliary lens, the latter being pivotally harnessed to
      the headband for selective use in conjunction with the main lens or for
      storage thereabove or below against a wearer's head without detachment
      from the system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to double lens goggles in general and more
      particularly to sports goggles.
PAR  2. Description of the Prior Art
PAR  Double lens goggles, especially of the sports type, have popularly served
      to reduce lens fogging in cold weather and/or offer the user a selection
      of clear or minimally subdued vision with one lens only or substantial
      subduction of the intensity or glare of light reaching the eyes with the
      addition of an auxiliary lens placed forwardly or rearwardly of the goggle
      main lens.
PAR  The former has been at least partially accomplished by spacing the
      auxiliary lens slightly away from the main goggle lens to form a thermal
      barrier keeping the innermost lens at a higher temperature than the
      outermost lens.
PAR  The latter, i.e. modification of the light reaching a wearer's eyes, has
      been accomplished through the provision of light filtering colored and/or
      polarized auxiliary lenses.
PAR  In all such cases, however, the auxiliary lens has been problematic in
      heretofore having to be completely removed from the goggle system and
      separately stored when not in use.
PAR  This removal of the lens, its handling for storage and the reverse process,
      together with the all too often improper storage (e.g. loosely in pockets
      of clothing) exposes the lens to excessive scratching and the abuse of
      crushing, not to mention the awkwardness imposed upon the user of handling
      the lens with gloved hands or removing gloves in cold weather and an
      attendant likelihood of loss or misplacement causing non-availability at
      times of need.
PAR  The present invention overcomes the aforesaid and related problems or
      drqwbacks of prior art double lens goggles and is particularly applicable
      to goggles used for protection of the eyes in various or variable lighting
      and weather conditions, especially during cold weather sports activities
      such as skiing or toboganning and the like.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a goggle system comprised of a facepiece having a
      main lens, an elastic headband, auxiliary lens and elasticized pivotable
      attachment means for the auxiliary lens. These parts are readily
      detachable from each other for replacement or repair purposes but are
      normally kept interconnected as a single unit at all times during use or
      nonuse of the goggle.
PAR  The auxiliary lens attachment means is pivotally connected to the headband
      and, being elastic, is compliant with stretching and recovery of the
      headband thereby not interferring with the fit of the goggle system upon a
      wearer. The elasticity of this attachment means also allows the auxiliary
      lens to be freely pivoted away from the main lens of the goggle upwardly
      over various thickness and shapes of helmets or other headgear or
      downwardly under the chin without disruption of the fit of the main goggle
      structure before the eyes. The elastic nature of the auxiliary lens
      attachment means still further functions to draw this lens snugly against
      the head or helmet of a wearer preventing the annoyance of slippage from a
      desired position of non-use above or below the main lens.
PAR  The invention will be more fully understood by a reference to the following
      detailed description when taken in conjunction with the accompanying
      drawings.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a preferred embodiment of the
      invention with its auxiliary lens shown in a position of non-use;
PAR  FIG. 2 is a top plan view of the goggle system showing the auxiliary lens
      in a position of use forwardly of the main goggle lens; and
PAR  FIG. 3 is a cross-sectional view taken generally along line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more particularly to the drawings, it will be seen that goggle
      system 10 includes a facepiece 12 having a forwardly disposed ocular
      opening 14 (FIG. 3) and a rearwardly disposed facial opening 16 (FIG. 3).
      Facial opening 16 is provided with a peripheral cushion 18 formed of a
      foamed rubber or plastic which provides a substantially airtight seal and
      comfortable fit against the face when the goggle system is in use.
PAR  A main goggle lens 20 (FIGS. 1 and 2) is fixedly secured in the rim of the
      ocular opening of facepiece 12 by tabs 22 which are extensions of the
      material of facepiece 12.
PAR  Facepiece 12 is held in place against the wearer's face by elastic
      headbband 24. While being partially broken away in the present drawings
      for ease of illustration, headband 24 normally extends completely about
      the back of the head of a wearer, its opposite ends 26 and 28 (FIG. 2)
      being attached to corresponding connecting buckles 30 and 32 which are
      integral with facepiece 12. Sliding buckle 34 allows headband 24 to be
      adjusted in overall length between its ends 26 and 28 according to the
      wearer's head size. Once so adjusted, the goggle system can be removed and
      replaced upon the same wearer's head with the elasticity of headband 24
      functioning to permit easy removal and replacement while holding facepiece
      12 snugly in place during use. Headband 24 is preferably formed of woven
      elasticized strands or thread but may, alternatively comprise a length of
      extruded, cast or molded synthetic rubber or an equivalent thereof.
PAR  Main goggle lens 20 is provided with one component 36 of a snap fastener
      adjacent each of its opposite ends (FIGS. 1 and 3) and auxiliary lens 38,
      preferably of substantially the same size and shape as main lens 20, is
      provided with the second, preferably female, component 40 of each snap
      fastener adjacent each of its opposite ends.
PAR  Thus, by interengaging corresponding components 40 and 36 of each snap
      fastener, auxiliary lens 38 may be attached to goggle system 10
      immediately forwardly of main lens 20 and slightly spaced therefrom as
      shown in FIGS. 2 and 3 to provide a thermal barrier space 42. Insulating
      air in space 42 keeps main lens 20 somewhat warmer than auxiliary lens 38
      in cold environments thereby reducing fogging of the goggle system lenses.
      Also, but forming no particular part of the present invention, facepiece
      12 may be louvered as at 44 and/or perforated or otherwise vented to
      provide for a change of air in the space between the wearer's face and
      main lens 20 thereby keeping the humidity within the goggle facepiece at
      approximately the outside humidity and reducing the tendency for fogging
      from perspiration.
PAR  According to a particular feature of the present invention, auxiliary lens
      38 which may be colored and/or light polarizing for subduction of glare
      and/or the intensity of light reaching a wearer's eyes, is elastically
      pivotally harnessed to the goggle system 10. Thus, lens 38 may be released
      (unsnapped) from main lens 20 and moved above or below facepiece 12 to a
      position of storage snugly against the head or headgear of a wearer.
PAR  The auxiliary lens attachment means comprises elastic straps 46 each having
      one of its ends fixed to lens 38 by a snap component 40 and releasably
      pivotally connected to headband 24 by a snap fastener 48. Straps 46 are
      free to pivot about the respective axes of fasteners 48 during manual
      adjustment of lens 38 to and away from such positions as forwardly of and
      above or below main lens 20 of goggle system 10.
PAR  With auxiliary lens 38 placed for storage above facepiece 12 against the
      head or headgear of a wearer as shown in FIG. 1, for example, or beneath
      the chin of the wearer (not shown) elastic straps 46 apply a tensioning
      force upon lens 38 preventing the annoyance of its slippage or
      misplacement from the desired position of storage during nonuse. The
      elasticity of straps 46 permits lifting of lens 38 away from a position of
      such storage and swinging into a position for attachment to main lens 20
      and vice versa without interferring with the fit of facepiece 12 or the
      function of headband 24 in maintaining the previously mentioned snugness
      of facepiece fit.
PAR  While various parts of the goggle system 10 (e.g. auxiliary lens 38, main
      lens 20 and facepiece 12) may be readily detached from each other for
      replacement or repair purposes by releasing snap fasteners 48 and tabs 22,
      the system 10 as illustrated in the drawings is normally kept intact as a
      single unit at all times during use or non-use thereby eliminating the
      need for separate storage of parts, excessive awkwardness in handling of
      separate parts with or without gloved hands in cold weather and the
      likelihood of loss or misplacement of auxiliary lens 38.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a goggle system including a facepiece having a forwardly disposed
      main goggle lens and an elastic headband connected to opposite sides of
      said facepiece for supporting the whole goggle system upon the head of a
      wearer, the improvement of an auxiliary lens adapted to be used forwardly
      of said main goggle lens in combination with attachment means therefor
      comprising:
PA1  a pair of elastic straps, one end of each strap being attached to said
      auxiliary lens adjacent one of each of its opposite sides;
PA1  pivotable fastening means connecting the opposite ends of said straps
      directly to said headband at points one adjacent to each of said opposite
      sides of said facepiece; and
PA1  said elastic straps being compliant with stretching and retraction of said
      elastic headband whereby interference with the function of said headband
      is avoided and said straps further being independently stretchable whereby
      said auxiliary lens is permitted to be selectively moved forwardly of said
      main goggle lens and swung about said pivotable fastening means from a
      position of use forwardly of said main lens to positions of storage above
      and below said facepiece all without disconnection from said elastic
      headband.
NUM  2.
PAR  2. The goggle system according to claim 1 wherein said auxiliary lens is of
      approximately the same shape and size as said main goggle lens and
      includes fastening means for releasably attaching same to said main goggle
      lens.
NUM  3.
PAR  3. The goggle system according to claim 2 wherein said fastening means
      comprises one snap fastener component secured to each of opposite sides of
      said main goggle lens and a mating snap fastener component secured to each
      of opposite sides of said auxiliary lens.
NUM  4.
PAR  4. a goggle system according to claim 3 wherein said fastener components
      secured to said auxiliary lens further each comprise attachment means for
      said one end of each of said straps of said auxiliary lens attachment
      means.
NUM  5.
PAR  5. A goggle system according to claim 1 wherein said pivotable fastening
      means connecting ends of said straps to said headband each comprise a dual
      component snap fastener, one component being pivotable about the other
      when the two are interengaged.
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ABST
PAL  The thumb of a golf glove is provided with a circumferentially wrapped
      adjustable elongated member for confining relative thumb and thumb-stall
      movement.
BSUM
PAR  This invention pertains to conventional golf gloves and in particular to
      one which eliminates a problem not heretofore generally recognized. That
      is, that the glove-thumb is a significant factor in generating an accurate
      swing and that this portion of the glove, either due to nonfit or
      expansion during use, permits relevant movement between the user's thumb
      and glove and thereby interferes with the swing accuracy.
PAR  Within the past several decades, golf gloves have become an acceptable
      medium for improving swing performance by permitting a more stable grip on
      the club handle. Although such gloves do indeed provide better performance
      than that achieved bare handed, I have found that a certain portion of the
      glove contributes significantly to the swing. That portion is the thumb
      area that rests on the club. Generally, right-handed players wear the
      glove on their left hand, which is the control hand. The left thumb
      supports the club to the top of the backswing. However, if the glove
      leather has been stretched in the thumb area or fails to fit snugly, club
      control is greatly diminished.
PAR  I have also found that the same is not true with the remaining fingers of
      the hand since these fingers are generally securely wrapped about the
      club. The thumb, however, merely rests on the club and stretches on each
      impact of the golf ball. The problem is amplified by the fact that thinner
      gloves create a better fit and feeling and are, therefore, used more
      extensively. Thinner gloves, however, have a greater propensity to
      stretch.
PAR  It is, therefore, an object of this invention to provide a golf glove
      adjunct which secures against relative movement of the thumb and glove.
PAR  It is a further object of this invention to provide adjustability of the
      foregoing adjunct so that during the wear-life of the glove, such
      adjustment will permit snugness retention.
PAR  It is a further object of this invention to accomplish the foregoing
      objects without material variation of the accepted conventional golf glove
      and to do so economically.
PAC  SUMMARY OF THE INVENTION
PAR  The above mentioned and other features and objects of this invention and
      the manner of attaining them will become more apparent and the invention
      itself will be best understood by reference to the accompanying drawings
      and further pointed out in the appended claims in conjunction with the
      following description:
PAR  FIG. 1 illustrates a conventional golf glove with the appended improvement;
PAR  FIG. 2 is a detail of said improvement in the thumb-stall area;
PAR  FIG. 3 is a detail of the thumb-stall area showing the improvement during
      use.
DETD
PAR  Referring now to the figures, and in particular to FIG. 1, there may be
      seen a conventional golf glove having the usual breathing holes 10, wrist
      gripping elastic 12 and securing snap 14. Preferably, although not
      necessarily, the glove is made of leather. Fingers 16 are conventionally
      formed to hug the digits of the wearer as the golf club is firmly gripped.
PAR  Thumb-stall 18 is that portion of the glove which may be conventionally ill
      fitting or becomes such through use because of the relative movement of
      the thumb-stall and the user's thumb.
PAR  As shown in greater detail in FIG. 2, thumb-stall 18 has appended thereto,
      at substantially right angles, an elongated web 20, preferably of elastic
      material. Because of the adjustability of the invention, any material
      including leather may also be used so long as when in its use position the
      engagement between thumb-stall and club provides a friction mate.
PAR  In the embodiment of the figures, web 20 has appended thereto mating VELCRO
      portions 22 and 24. VELCRO and its adjustable functions and the manner in
      which it engages may be seen in greater detail in U.S. Pat. No. 2,717,437
      granted Sept. 13, 1955, to DeMestral.
PAR  For ease and permanence of attachment of web 20 to the thumb-stall, it may
      be simply included within the normal thumb-stall stitching 26 so as to be
      permanently secured thereto.
PAR  As may be seen from FIG. 3, the improvement to the invention is simply
      initiated by circumferentially wrapping web 20 about the thumb-stall so as
      to mate VELCRO portions 22 and 24. Naturally, these VELCRO portions should
      mate on the back side of the thumb-stall so as not to interfere in the
      thumb-stall club engagement. The natural velcro adjustability and the web
      flexibility, whether elastic or leather, permits sufficient variation to
      suit the snugness of the wearer. Needless to say, the invention does not
      depend on the use of VELCRO. It may alternately use any adjustable mating
      segments, such as hooks and eyes.
PAR  In the foregoing manner, it may be seen how the objects of this invention
      are easily satisified and regardless of the wear or stretch of the
      thumb-stall area, the snugness between the glove and the thumb of the user
      is maintained.
PAR  While the principles of the invention have been described in connection
      with specific apparatus, it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a golf glove of conventional design, the improvement comprising an
      elongated webbing fixedly attached at one end to the thumb-stall
      substantially perpendicular thereto, said webbing including variable
      mating means at the opposite ends and sides thereof, wherein said webbing
      may be wrapped circumferentially about the thumb-stall to a degree of
      snugness suitable to the user.
NUM  2.
PAR  2. The improvement claimed in claim 1 wherein said elongated webbing is
      elastic and is attached to the thumb-stall by means of inclusion in the
      thumb-stall seam.
NUM  3.
PAR  3. The improvement claimed in claim 2 wherein said mating means comprises
      mating VELCRO sections.
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ABST
PAL  A prosthesis for replacing a defective stapes of the middle ear. A piston
      is provided for transmitting sound vibrations from the incus to the oval
      window of the middle ear. A clamp is securely attached to the piston for
      anchoring the piston to the incus. The clamp is capable of being easily
      bent to securely grasp the incus and is capable of maintaining that bent
      shape after the force causing it to be bent is removed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to medical prostheses for use in otologic surgery in
      the middle ear.
PAR  2. Description of the Prior Art
PAR  Heretofore, various stapedial prostheses have been developed. See, for
      example, Mercandino et al. (U.S. Pat. No. 3,191,188), Robinson (U.S. Pat.
      No. 3,196,462), Shea (U.S. Pat. No. 3,711,869) and Shakhov (U.S.S.R. Pat.
      No. 204,496). None of the above patents disclose or suggest the present
      invention.
PAR  In a healthy ear, the stapes extends from the lenticular process of the
      incus to the oval window for transmitting sound vibrations from the incus
      to the oval window. Due to various reasons, the stapes sometimes becomes
      defective and is replaced by a stapedial prosthesis. A major problem with
      all prior stapedial prostheses concerns the securing of the prosthesis to
      the incus. The Robinson prosthesis disclosed in U.S. Pat. No. 3,196,462
      utilizes a wire loop for securing the prosthesis onto the incus. In this
      type prosthesis, there is the possibility of pressure necrosis (deadening
      or killing of bone cells) if the wire loop is applied too tightly and the
      possibility of dislocation of the prosthesis if the wire loop is applied
      too loosely. The Shea prosthesis disclosed in U.S. Pat. No. 3,711,869
      overcomes the problem of pressure necrosis by having a socket provided in
      the head of the prosthesis which closely receives a portion of the
      lenticular process of the incus to secure the prosthesis to the incus. In
      this prosthesis, a loop extends from the head portion of the prosthesis
      and fits around the long process of the incus to insure that the
      prosthesis is held to the incus in the event that the portion of the
      lenticular process is dislodged from the socket. The loop does not
      normally contact the incus. In such a prosthesis there is the possibility
      of dislocation, resulting at best in inefficient transmission of sound
      vibrations from the incus to the oval window.
PAC  SUMMARY OF THE INVENTION
PAR  The stapedial prosthesis of the present invention is directed towards
      overcoming the problems and disadvantages of prior stapedial prostheses.
      The concept of the present invention is to provide a prosthesis that can
      be easily, securely and safely anchored to the incus.
PAR  The prosthesis of the present invention includes piston means for
      transmitting sound vibrations from the incus to the oval window of the
      middle ear and anchor means securely attached to the piston means for
      anchoring the piston means to the incus. The anchor means includes a clamp
      member for extending substantially around the incus to fixedly attach the
      piston means to the incus. The clamp member is capable of being easily
      bent to securely grasp the incus and is capable of maintaining that bent
      shape after the force causing it to be bent is removed. The portion of the
      clamp member that extends around the incus is substantially flat and wide
      (as compared to the wire loop of Robinson) to prevent the possibility of
      pressure necrosis. The end of the piston means adjacent the oval window
      when the piston means is anchored to the incus may be provided with an
      indent for allowing the membrane covering the oval window of the middle
      ear to grow thereinto thereby helping the piston means to maintain its
      proper position relative to the oval window.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged front elevational view of the stapedial prosthesis of
      the present invention.
PAR  FIG. 2 is an enlarged side elevational view of the stapedial prosthesis of
      the present invention.
PAR  FIG. 3 is a sectional view of the stapedial prosthesis of the present
      invention as taken on line III--III of FIG. 2.
PAR  FIG. 4 is an end elevational view of the stapedial prosthesis of the
      present invention.
PAR  FIG. 5 is a sectional view of the stapedial prosthesis of the present
      invention as taken on line V--V of FIG. 1 diagrammatically showing the
      present invention in place in the middle ear.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The stapedial prosthesis 11 of the present invention is for use in otologic
      surgery in the middle ear to replace the stapes. The stapedial prosthesis
      11 includes, in general, piston means 13 for transmitting sound vibrations
      from the incus to the oval window of the middle ear and includes anchor
      means 15 for anchoring the piston means 13 to the incus.
PAR  The piston means 13 includes a first end 17 for engagement with the incus
      and includes a second end 19 for association with the oval window. The
      first end 17 of the piston means 13 preferably includes a head portion 21
      having a socket 23 for receiving a portion of the lenticular process of
      the incus. The second end 19 of the piston means 13 includes a preferably
      cylindrical rod portion 25. The socket 23 preferably has its longitudinal
      axis aligned with the longitudinal axis of the rod portion 25 and opens
      opposite the second end 19 of the piston means 13. The head portion 21
      preferably includes a groove 27 in its outer wall lying transverse to the
      longitudinal axis of the socket 23. An aperture 29 preferably extends
      laterally from the socket 23 through one wall of the head portion 21
      adjacent the groove 27 for allowing access into the socket 23 when a
      portion of the lenticular process of the incus in received in the socket
      23. The rim of the head portion 21 may be provided with a channel 30 or
      the like for receiving a portion of the long process of the incus. The
      channel 30, among other things, helps center the incus relative to the
      longitudinal axes of the socket 23 and rod portion 25. The rod portion 25
      of the second end 19 of the piston means 13 preferably includes an indent
      31 opening opposite from the socket 23 of the head portion 21 for allowing
      the membrane covering the oval window of the middle ear to grow thereinto
      thereby helping the piston means 13 to maintain its proper position
      relative to the oval window. The piston means 13 may be constructed of any
      biocompatible material well known to those skilled in the art. More
      specifically, the piston means 13 may be constructed of stainless steel,
      Teflon, or the like. However, it should be noted that the piston means 13
      may be constructed of a porous material for allowing the membrane covering
      the oval window of the middle ear to grow thereinto thereby helping the
      piston means 13 to maintain its proper position relative to the oval
      window. Such a biocompatible porous material is manufactured under the
      trademark "Plasti-Pore" and is porous, high density polyethylene.
PAR  The anchor means 15 is securely attached to the first end 17 of the piston
      means 13 and includes a clamp member 33 for extending substantially around
      the incus to fixedly attach the piston means 13 to the incus. The clamp
      member 33 is capable of being easily bent to securely grasp the incus and
      is capable of maintaining that bent shape after the force causing it to be
      bent is removed. Preferably, the clamp member 33 of the anchor means 15
      includes a first clasp portion 35 for extending around a first section of
      the long process of the incus and includes a second clasp portion 37 for
      extending around a second section of the long process of the incus. The
      first and second clasp portion 35, 37 are movable by force between a first
      position substantially away from each other for allowing the clamp member
      33 to be inserted around the long process of the incus by way of the space
      between the first and second clasp portion 35, 37 and a second position
      substantially adjacent each other (see the phantom line showing of FIG. 1)
      for causing the clamp member 33 to securely grasp the long process of the
      incus. The first and second clasp portions 35, 37 are preferably
      substantially flat and wide (as compared to the wire loop of the Robinson
      patent) to prevent the possibility of pressure necrosis when the clamp
      member 33 securely grasps the long process of the incus. The anchor means
      15 preferably includes a ring member 39 for securely attaching the anchor
      means 15 to the head portion 21 of the piston means 13. The ring member 39
      is adapted to be received in the groove 27 of the head portion 21 of the
      piston means 13. The ring member 39 is preferably provided with a slot 41
      extending through one side thereof and with inturned portions 43 adjacent
      either side of the slot 41 for extending into the aperture 29 in the head
      portion 21 of the piston means 13 to help secure the anchor means 15 to
      the piston means 13. The anchor means 15 is constructed of any material
      that can be easily bent into a desired shape and is able to hold that bent
      shape after the force causing it to be bent is removed. More specifically,
      the anchor means 15 is preferably constructed of a relatively rigid,
      non-resilient platinum metal which has sufficient malleability so that it
      can be easily bent by the application of slight pressure.
PAR  Referring to FIG. 5 of the drawings, the use of the stapedial prosthesis 11
      of the present invention will now be explained. To replace a defective
      stapes with the stapedial prosthesis 11 of the present invention, the
      defective stapes is first removed from the middle ear using methods well
      known to those skilled in the art. A vein graft or like membrane 45 is
      then typically placed over the oval window. Next, with the first and
      second clasp portions 35, 37 of the clamp member 33 in said first
      position, the stapedial prosthesis 11 of the present invention is inserted
      into the middle ear and the clamp member 33 of the anchor means 15 is
      inserted around the long process 47 of the incus 49 by way of the space
      between the first and second clasp portions 35, 37. The socket 23 of the
      head portion 21 of the piston means 13 is then aligned with a portion of
      the lenticular process 51 of the incus 49 and the indent 31 in the second
      end 19 of the piston means 13 is positioned on the membrane 45 over the
      oval window. The first and second clasp portions 35, 37 are then moved
      with aid of forceps or the like from the first position substantially away
      from each other to the second position substantially adjacent each other
      for causing the clamp member 33 to securely grasp the long process 47 of
      the incus 49. The first and second clasp portions 35, 37 are preferably
      twisted somewhat so that they lie flat against the long process 47 of the
      incus 49 thereby reducing the possibility of pressure necrosis.
PAR  As thus constructed and used, the present invention provides a stapedial
      prosthesis 11 that can be easily, securely and safely anchored to the
      incus without danger of being anchored too tightly thereby creating a
      possibility of pressure necrosis of the incus or being anchored too
      loosely thereby creating a possibility of dislocation of the prosthesis.
      In addition, the present invention provides a stapedial prosthesis 11 that
      will maintain its proper position relative to the oval window under
      adverse conditions.
PAR  Although the invention has been described and illustrated with respect to a
      preferred embodiment thereof, it is not to be so limited since changes and
      modifications may be made therein which are within the full intended scope
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A prosthesis for replacing the stapes of the middle ear, said prosthesis
      comprising:
PA1  a. piston means for transmitting sound vibrations from the incus to the
      oval window of the middle ear, said piston means including a first end for
      engagement with the incus and including a second end for association with
      the oval window, said first end of said piston means including a socket
      for receiving a portion of the incus;
PA1  b. anchor means securely attached to said first end of said piston means
      for anchoring said piston means to the incus, said anchor means including
      a clamp member for extending substantially around the incus to fixedly
      attach said piston means to the incus, said clamp member being capable of
      being easily bent to securely grasp the incus and being capable of
      maintaining that bent shape after the force causing it to be bent is
      removed, said clamp member including a first clasp portion for extending
      around a first section of the long process of the incus and a second clasp
      portion for extending around a second section of the long process of the
      incus, said first and second clasp portions being movable by force between
      a first position substantially away from each other for allowing said
      clamp member to be inserted around the long process of the incus by way of
      the space between said first and second clasp portions and a second
      position substantially adjacent each other for causing said clamp member
      to securely grasp the long process of the incus.
NUM  2.
PAR  2. A prosthesis for replacing the stapes of the middle ear, said prosthesis
      comprising:
PA1  a. piston means for transmitting sound vibrations from the incus to the
      oval window of the middle ear, said piston means including a first end for
      engagement with the incus and including a second end for association with
      the oval window, said first end of said piston means including a head
      portion, said second end of said piston means including a rod portion,
      said head portion having a socket for receiving a portion of the
      lenticular process of the incus, said socket having its longitudinal axis
      aligned with the longitudinal axis of said rod portion and opening
      opposite said second end of said piston means;
PA1  b. anchor means securely attached to said first end of said piston means
      for anchoring said piston means to the incus, said anchor means including
      a clamp member for extending substantially around the incus to fixedly
      attach said piston means to the incus, said clamp member being capable of
      being easily bent to securely grasp the incus and being capable of
      maintaining that bent shape after the force causing it to be bent is
      removed, said clamp member including a first clasp portion for extending
      around a first section of the long process of the incus and a second clasp
      portion for extending around a second section of the long process of the
      incus, said first and second clasp portions being movable by force between
      a first position substantially away from each other for allowing said
      clamp member to be inserted around the long process of the incus by way of
      the space between said first and second clasp portions and a second
      position substantially adjacent each other for causing said clamp member
      to securely grasp the long process of the incus.
NUM  3.
PAR  3. The prosthesis of claim 2 in which said anchor means includes a ring
      member for securely attaching said anchor means to said head portion of
      said piston means, and in which said head portion of said piston means
      includes a groove in its outer wall lying transverse to the longitudinal
      axis of said socket for receiving said ring member of said anchor means.
NUM  4.
PAR  4. The prosthesis of claim 3 in which said second end of said piston means
      includes an indent on the end of said rod portion opening opposite said
      socket of said head portion of said piston means for allowing the membrane
      covering the oval window of the middle ear to grow thereinto thereby
      helping said piston means to maintain its proper position relative to the
      oval window.
NUM  5.
PAR  5. The prosthesis of claim 4 in which said head portion of said piston
      means includes an aperture extending lateral from said socket through one
      wall of said head portion adjacent said groove for allowing access into
      said socket when a portion of the lenticular process of the incus is
      received in said socket, and in which said ring member of said anchor
      means is provided with a slot extending through one side thereof and
      includes inturned portions adjacent either side of said slot for extending
      into said aperture in said head portion to help secure said anchor means
      to said piston means.
NUM  6.
PAR  6. The prosthesis of claim 5 in which said anchor means is composed of a
      platinum metal and in which said piston means is composed of a stainless
      steel metal.
NUM  7.
PAR  7. The prosthesis of claim 5 in which said piston means is composed of a
      biocompatible porous material for allowing the membrane covering the oval
      window of the middle ear to grow thereto thereby helping said piston means
      to maintain its proper position relative to the oval window.
NUM  8.
PAR  8. A prosthesis for replacing the stapes of the middle ear, said prosthesis
      comprising:
PA1  a. piston means for transmitting sound vibrations from the incus to the
      oval window of the middle ear, said piston means including a first end for
      engagement with the incus and including a second end for association with
      the oval window, said first end including a head portion having a socket
      for receiving a portion of the lenticular process of the incus, said
      second end including a rod portion, said socket having its longitudinal
      axis aligned with the longitudinal axis of said rod portion and opening
      opposite said second end of said piston means, said head portion having a
      groove in its outer wall lying transverse to the longitudinal axis of said
      socket and having an aperture extending lateral from said socket through
      one wall of said head portion adjacent said groove for allowing access
      into said socket when a portion of the lenticular process of the incus is
      received in said socket, said second end of said piston means including an
      indent on the end of said rod portion opening opposite from said socket of
      said head portion for allowing the membrane covering the oval window of
      the middle ear to grow thereinto thereby helping said piston means to
      maintain its proper position relative to the oval window; and
PA1  b. anchor means securely attached to said first end of said piston means
      for anchoring said piston means to the incus, said anchor means including
      a clamp member for extending around the incus to fixedly attach said
      piston means to the incus, said clamp member of said anchor means
      including a first clasp portion for extending around a first section of
      the long process of the incus and a second clasp portion for extending
      around a second section of the long process of the incus, said first and
      second clasp portions being movable by force between a first position
      substantially away from each other for allowing said clamp member to be
      inserted around the long process of the incus by way of the space between
      said first and second clasp portions and a second position substantially
      adjacent each other for causing said clamp member to securely grasp the
      long process of the incus, said anchor means including a ring member for
      coacting with said groove of said head portion of said piston means for
      securely attaching said anchor means to said head portion of said piston
      means, said ring member being provided with a slot extending through one
      side thereof and including inturned portions adjacent either side of said
      slot for extending into said aperture in said head portion of said piston
      means to help secure said anchor means to said piston means.
NUM  9.
PAR  9. The prosthesis of claim 8 in which said anchor means is composed of a
      platinum metal.
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ABST
PAL  Anti-splash attachment means for the flush water circulating rim on a
      conventional-type toilet bowl. It comprises a first C-shaped strap member
      which is opposed to inner peripheral surface portions of the encompassing
      flush rim, said strap member having circumferentially spaced U-shaped
      stainless steel or equivalent clips. These clips are yieldingly clasped
      over and clamped on the rim. Vertically disposed guides, more
      particularly, closed-bottom socket members are fixed to the respective
      clips and are interiorly provided with suitably nested coil springs. The
      anti-splash guard or shield comprises a second C-shaped strap member
      slidingly keyed in slots provided therefor in the socket members. The
      springs engage and yieldingly project the guard to an elevated position.
      When the usual hinged seat ring, with or without the cover, is lowered it
      engages and forces the guard down to a retracted out-of-use position.
BSUM
PAR  This invention relates to certain new and useful improvements in an
      anti-splash attachment for a toilet bowl and has to do, more particularly,
      with readily applicable and removable adapter means which is clipped on
      the usual flush rim and is provided with novel means for retentively
      positioning a spring-biased vertically raisable and lowerable anti-splash
      guard.
PAR  For background information and, as exemplary of the state of the art,
      reference may be made to several prior patents, namely, U.S. Pat. Nos.
      2,980,919; 2,583,718 and 3,071,778. Unlike these prior patents, the
      hereindisclosed adaptation pertains to a bowl rim attachment characterized
      by an anti-splash shield or guard which is designed and adapted to recede
      within the confines of the bowl when the usual hinged seat ring, with or
      without the covering lid, is manually lowered to a position of use atop
      the aforementioned flush rim.
PAR  Briefly, the attachment features two companion units, one of which is set
      forth as applicable and removable adapter means and comprises a C-shaped
      strap member which is shaped and proportioned to coact with the inner
      peripheral surface of the flush rim. This strap member is equipped with
      circumferentially fixed U-shaped spring clips which conformingly and
      retentively clamp over the flush rim and whose interior median or bight
      portions are each equipped with a cylindrical vertical socket member. The
      closed bottom portion has a suitably tensioned coil spring nested therein.
      The upper open end portion has diametrically opposite guide slots for the
      relatively movable unit, that is, the second C-shaped strap member which
      is raisable and lowerable and provides the automatic anti-splash shield or
      guard.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAR  FIG. 1 is a top plan view of a conventional type toilet bowl with portions
      at the left broken away, with the cover and seat ring omitted and showing,
      in top plan, the anti-splash attachment and how it is constructed and
      applied for use.
PAR  FIG. 2 is a central view based on FIG. 1 but including the cover and seat
      ring and with parts appearing in section and elevation and showing the
      raisable and lowerable anti-splash guard or shield in its down or
      out-of-the-way position.
PAR  FIG. 3 is a view similar to FIG. 2 and showing the anti-splash guard in its
      elevated position.
PAR  FIG. 4 is an enlarged fragmentary detail view taken approximately on the
      plane of the section line 4--4 of FIG. 1 looking in the direction of the
      indicating arrows.
DETD
PAR  With reference now to the views of the drawing, the toilet bowl, which is
      of any suitable and conventional construction is denoted, generally
      stated, by the numeral 6, the upper open portion thereof being provided
      with an appropriate flush water circulating and distributing rim 8. The
      seat ring which is denoted at 10 in FIG. 2 is hingedly mounted as at 12.
      The companion lid or cover is denoted by the numeral 14 and it likewise is
      hingedly mounted as at 16.
PAR  The self-contained anti-splash attachment is characterized, as already
      comprehended by a unit which is referred to broadly as adapter means 18.
      It may be stated in this connection that the component parts are all made
      of stainless steel or equivalent plastic material wherein the component
      parts lend themselves to periodical cleaning for sanitary purposes.
PAR  The first C-shaped rust and soil resistant strap member, a significant part
      of the means 18, is denoted by the numeral 20 and embodies (see FIG. 1) a
      suitably curvate bight portion 22 and arcuately or longitudinally bowed
      limb or arm portions 24, the strap member being of requisite size to
      properly oppose the inner peripheral surface 26 of the aforementioned rim
      8. This strap member is provided at circumferentially spaced points with
      permanently attached substantially U-shaped spring attaching and retaining
      clips 28 which are constructed so that the jaw portions 30 can be
      retentively clamped and clipped over the rim 8. It will be noted that the
      median or bight portions 32 are fixed to the interior surface of the strap
      member and are suitably designed and constructed to permit the attachment
      thereto of the aforementioned circumferentially spaced vertically disposed
      guides. Each guide comprises a vertically disposed and elongated
      cylindrical socket member 34 having a closed bottom as at 36 (FIG. 4). A
      portion of one side of the socket member is welded or otherwise secured to
      the bight portion 32 of the bracket-type clip. The upper open end portion
      is denoted at 38, this portion being provided with diametrically opposite
      guide slots 40 which are closed at lower ends but open through the upper
      open end 38 as is perhaps best shown in FIG. 4. The receiver portion of
      the socket member, that is the portion 42 in FIG. 4, serves to
      accommodatingly receive and nest a suitably tensioned coil spring 44.
PAR  The second unit, more particularly the anti-splash guard or shield is
      denoted by the numeral 46 and it too is made of rust and soil resistant
      stainless steel and is of requisite size and preferably C-shaped in plan
      as is evident in FIG. 1. The limb or leg portions of this guard are
      denoted at 48, the free tip portions being denoted at 50. The curvate
      median or bight portion is denoted at 52 (FIG. 1). The lower half or edge
      portion of this C-shaped guard or shield is slidingly keyed in the
      aforementioned guide slots 40. Thus the shield is spring-biased or
      spring-loaded and is referred to as automatically raisable and lowerable.
      Assuming that the seat ring 10 and cover are in an up out-of-the-way
      position as suggested in FIG. 3 it will be evident that the springs in the
      cylindrical socket members exert upward yielding pressure on the lower
      edge portion of the guard and it is therefore raised to assume the
      anti-splash position illustrated in FIGS. 3 and 4. When the seat ring 10
      is lowered to the position shown in FIG. 2 with or without the cover the
      weight of the ring exerts pressure on the upper edge portion of the shield
      and the shield is forced to a down out-of-the-way position.
PAR  It is submitted that the views of the drawing taken in conjunction with the
      description will enable the reader to obtain a clear and comprehensive
      understanding of the two units and the manner in which they are combined
      and used. Then, too, the purpose and features and advantages of the
      invention are believed to be self-evident. Accordingly, a more extended
      description is deemed to be unnecessary.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination, a water closet including a toilet bowl having an upper
      open portion wholly surrounded by a conventional-type overhanging flush
      water circulating and distributing rim, a hingedly mounted liftable and
      lowerable seat ring positionable atop said rim, and a hingedly mounted
      lid-type cover for said seat ring, adapter means mounted on said rim, and
      an anti-splash guard carried by said adapter means and interposed between
      said rim and seat ring, said adapter means being relatively stationary and
      including resilient means contacting the guard for permitting retraction
      of the guard, said guard being vertically projectable and retractable and
      automatically projected to an upstanding anti-splash position by the
      resilient means when the seat ring and companion cover are elevated and
      being adapted to retract to a down out-of-the-way position when the seat
      ring is lowered to an in-use position atop said flush rim, said adapter
      means including fixedly mounted guides, and the resident means being
      tensioned coil springs arranged in the guides, and said guard comprising
      an anti-splash shield having portions therein slidingly mounted in said
      guides and coacting with and acted upon and automatically biased upwardly
      by said springs, and said adapter means comprising a first soil and rust
      resisting strap member which is substantially C-shaped in plan, said strap
      member having rigidly mounted rim gripping and clamping spring clips, said
      guides comprising vertical socket members closed at their lower ends, open
      at their upper ends, the upper half-portion of each socket member having
      guide slots in which a lower edge portion of said guard is retentively but
      slidingly keyed, and the lower socket portion of each socket member having
      one of said tensioned coil springs housed therein and operatively engaging
      the coordinating portion of said guard.
NUM  2.
PAR  2. The combination defined in claim 1, and wherein said guard also
      comprises a soil and rust resisting band-type strap member conformingly
      shaped to said first named strap member and likewise C-shaped in plan.
NUM  3.
PAR  3. An anti-splash attachment for the flush water circulating rim on a
      toilet bowl, the attachment comprising, in combination:
PA1  a. an anti-splash guard substantially C-shaped in plan and including a pair
      of leg portions terminating in free tip portions, and a bight portion
      between the leg portions, the guard further including a lower edge portion
      and a spaced, parallel upper edge portion, both extending along the bight
      and leg portions; and
PA1  b. adapter means conformingly, detachably connectible with a coacting
      inward peripheral surface of a toilet bowl flush water circulating rim for
      receiving the lower edge of the anti-splash guard and supporting on and
      carrying the anti-splash guard, the adapter means including resilient
      means for permitting retraction of the anti-splash guard under pressure of
      a seat ring associated with the toilet bowl on the upper edge portion of
      the anti-splash guard, said adapter means comprising a first strap member
      which is substantially C-shaped in plan, and includes a curvate bight
      portion and longitudinally bowed limbs, said limbs having
      circumferentially spaced U-shaped rim gripping strap positioning and
      retaining clips, the median portion of each clip having a fixedly mounted
      vertical socket member, said socket member having a closed-bottom portion,
      the resilient means being a suitably tensioned coil spring disposed in the
      closed-bottom, the upper portion of said socket member being open and
      provided with diametrically opposite keying and guiding slots in which
      coordinating portions of said guard are slidingly and yieldingly keyed.
NUM  4.
PAR  4. The anti-splash attachment defined in claim 3, and wherein said guard
      has the lower edge portions of its leg portions guidingly keyed in the
      slots provided therefor.
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ABST
PAL  A urine collection container carried by a person confined to a wheelchair
      includes a drain tube which is connected to a valve mounted on the
      person's wheelchair to permit the person, unattended, to empty the
      contents of the collection container onto the ground or into a floor drain
      beneath the wheelchair. The valve may be manually operated, as by a lever
      within reach of the wheelchair occupant, or may be operated using a
      solenoid. The latter construction permits remote operation of the valve
      utilizing a low current sensitive switch operable, for example, by a
      quadraplegic. In addition, the solenoid operated valve permits the use of
      a timing circuit which automatically closes the valve a predetermined
      period of time after the valve is open to prohibit the valve from
      accidentally being left open and additionally to permit handicapped
      persons to both open and close the valve with a single switch operation.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 382,580, filed July 25, 1973 entitled Disposal Device For Wheel Chairs
      and now abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to urine collection containers, and specifically to
      leg bags which are utilized by persons confined to wheelchairs, for the
      collection of urine. More particularly, this invention relates to a valve
      device connected to the drain opening of such a bag and adapted to open
      and close the bag drain to permit the contents of the bag to be dumped
      onto the ground or into a floor drain over which the wheelchair is
      positioned.
PAR  In the conventional drainage bag, a drain tube is connected to the bag to
      permit emptying. This is a frequent requirement, because paraplegic or
      quadraplegic patients excrete exceptional amounts of urinary waste to
      compensate for deficiencies in other excretory processes. Particularly for
      quadraplegic and paraplegic patients, this operation requires the
      assistance of an attendant and thus reduces the independence of the
      patient and may at times cause embarrassment for the patient.
PAR  Prior to the present invention, apparatus did not exist which would allow a
      person confined to a wheelchair and utilizing a urine collection bag or
      leg bag to conveniently empty the contents of the bag below the wheelchair
      without the assistance of an attendant. In addition, it has been virtually
      impossible for paraplegics or quadraplegics to remain unattended for a
      substantial period of time because of the need for frequent emptying of
      the leg bag.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention utilizes a valve which is permanently attached to the
      wheelchair of the patient, typically a quadraplegic or paraplegic. The
      valve is connected by tubing to the patient's leg bag and the outlet of
      the valve is connected, preferably through rigid tubing, to a point
      beneath the wheelchair. This latter outlet tubing is situated on the
      wheelchair in a position which permits the tubing to be placed over a
      floor drain, for example, so that the patient can move the wheelchair to a
      position above the floor drain and empty the contents of the leg bag
      without assistance.
PAR  Furthermore, the present invention contemplates not only a mechanical valve
      actuator usable by patients who have the use of their arms, but in
      addition contemplates the use of a solenoid valve operable by
      quadraplegics. In this latter instance, the solenoid valve is conveniently
      connected to a power source, such as a storage battery, through an
      electronic circuit which permits the use of a control switch which carries
      extremely low current. The reduction in current through the control switch
      permits the use of sensitive switches, such as tongue operated switches,
      operable by a quadraplegic, without a risk of electrical shock or fire.
PAR  In addition, the invention contemplates an electronic circuit for
      controlling solenoid operation which permits a sensitive switch such as a
      tongue switch to open the solenoid valve and which closes the solenoid
      valve automatically a predetermined time after opening in order to assure
      that the valve is not inadvertently left open. The apparatus thus avoids
      possible embarrassment to the patient and, in addition, permits a single
      operation of the sensitive switch, such as a tongue switch, to both open
      and close the valve.
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PAR  These and other advantages of the present invention are best understood
      through a reference to the drawings, in which:
PAR  FIG. 1 is a rear elevation view of a wheelchair including the mechanical
      assembly of the mechanically operated valve of the present invention;
PAR  FIG. 2 is a side elevation view of the mechanical valve actuator assembly
      of the present invention, partially broken away from the wheelchair;
PAR  FIG. 3 is a rear elevation view of the mechanical assembly of FIG. 2,
      broken away from the wheelchair;
PAR  FIG. 4 is a bottom plan view of the valve of FIGS. 1 and 2 and the mounting
      thereof to the footrest of the wheelchair;
PAR  FIG. 5 is a rear elevation view of a wheelchair similar to the wheelchair
      of FIG. 1 equipped with the electrical solenoid valve and control circuit
      of the present invention;
PAR  FIG. 6 is a schematic illustration of the electrical circuit utilized for
      controlling the solenoid valve of the apparatus shown in FIG. 5;
PAR  FIG. 7 is a schematic illustration of an alternate embodiment of the
      electrical circuit utilized to control the solenoid of the apparatus shown
      in FIG. 5; and
PAR  FIG. 8 is a schematic illustration of a second alternate embodiment of a
      control circuit utilized to control the solenoid in FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring initially to FIGS. 1 through 4, the overall mechanical valve and
      control assembly is designated by the numeral 10. This apparatus is
      secured to an invalid wheelchair which includes a support frame 30, a back
      32, a seat 33, a pair of rear wheels 34, a pair of front directional
      wheels 35, and a pair of foot support pedals 36. In addition to the
      elements shown in FIG. 1, the invalid wheelchair may typically include an
      electric storage battery and motor means for auto-propulsion, as is well
      known in the wheelchair art.
PAR  When a patient is situated on the seat 33, the flexible outlet or drain
      tube from his collection bag may conveniently be attached onto an
      upstanding tube 22 which, as shown in FIGS. 1, 2 and 4, is connected to
      the inlet of a manually actuated valve 20 and may conveniently pass
      through an opening in the footrest 36. If the outlet tube from the
      collection bag has a mechanical valve, such as a pinch valve which pinches
      the tubing to prohibit fluid flow, this valve is opened after the tube is
      connected to the upstanding tube 22 so that fluid communication exists
      between the collection bag and the valve 20. The valve 20 additionally
      includes an outlet tube 21 which is typically constructed of metal and is
      directed downward from the valve 20. This tube 21 projects below the
      footrest 36 a sufficient distance so that relatively inconspicuous
      disposal of the leg bag contents through the valve 20 and the tube 21 may
      occur. The placement of the outlet tube 21 beneath the footrest 36 is
      convenient since it enables the wheelchair occupant to position the tube
      21 above a floor drain or other receptacle so that the leg bag contents
      may be disposed of.
PAR  The assembly of the valve 20 and the metal tube sections 21 and 22 is
      secured to the lower surface of the foot support pedal 36 by means of two
      clamps 23 which are secured, in turn, to the foot support pedal 36 by
      means of machine screws, nuts and washers 24. Alternatively, the valve 20
      may be secured to the foot support pedal 36 through the use of machine
      screws passing through the foot support pedal 36 into tapped holes in the
      body of the valve 20.
PAR  From the above description it can be seen that the valve 20 is normally
      closed and prohibits flow of fluid from the leg bag onto the floor or
      ground beneath the wheelchair. When the valve 20 is opened by manipulation
      of a rotating valve arm 19, fluid flows from the leg bag out of the outlet
      tube 21 onto the ground or into a drain. This rotating valve arm 19 is
      manipulated by the apparatus shown in detail in FIGS. 2 and 3.
PAR  A support plate 11 is securely fastened to the support frame 30 either
      through a weldment to the support frame or by means of machine screws
      passing through the support plate 11 and the support frame 30. The support
      plate 11 includes a pivot pin 12 projecting therefrom to support an
      elongate lever 13 and, in addition, includes a projecting stop pin 14 to
      limit the movement of the lower part of the lever 13 in the forward
      direction. The lever 13 may be spaced from the support plate 11 by a
      spacer 15 to prevent striking of the lever 13 against the support frame
      30, and a washer 16 and retaining tap nut 17 is used to secure the lever
      13 to the pivot pin 12. The upper end of the lever 13 is long enough to
      permit actuation of the lever 13 by means of friction of the patient's arm
      against a rounded protective knob 18 covering the upper end of the lever
      13. During actuation, the lever 13 is rotated in a clockwise direction
      about the pivot pin 12, as viewed in FIG. 2.
PAR  The lower end of the lever 13 includes a notch into which is engaged the
      valve arm 19. Thus, rotation of the lever 13 about the pin 12 rotates the
      valve arm 19, so that the valve 20 is opened when the lever 13 contacts
      the stop pin 14. The notched configuration of the lever 13 additionally
      permits rotation of the foot support pedal 36 into an upright position,
      with a resulting rotation of the valve 20 and valve arm 19 out of
      engagement with the notch on the lever 13.
PAR  In using the device illustrated in FIGS. 1 through 4, the occupant of the
      wheelchair moves the wheelchair above a floor drain or other location
      where the collection bag is to be emptied. He then manipulates the lever
      13 to open the valve 20, permitting flow of fluid from the collection bag
      onto the ground. When the bag is empty, the lever 13 is again manipulated,
      this time in a counter-clockwise direction as viewed in FIG. 2, to close
      the valve 20.
PAR  Referring now to FIGS. 5 and 6, an alternate embodiment of the present
      invention, utilizing an electrical solenoid valve for controlling fluid
      flow from the patient's leg bag, will be described. In this instance, the
      apparatus is connected to a wheelchair identical to the wheelchair shown
      in FIG. 1 and identified by like numerals. The disposal apparatus includes
      a solenoid valve 37 which is secured to the footrest 36 of the wheelchair,
      and is electrically connected to a source of electrical current, such as a
      storage battery 39, through a control circuit 41. The control circuit 41
      may conveniently be attached to the storage battery 39. In addition, this
      control circuit 41 is connected electrically to a switch 43 which, in the
      embodiment shown in FIG. 5, is a toggle switch mounted proximate the
      wheelchair occupant to permit manipulation by the occupant's arm or hand.
      Alternatively, the circuit 41 may be mounted as a unit with the switch 43,
      both being within reach of the occupant. In an alternate construction, a
      well known tongue-activated switch, or other switches designed for
      manipulation by different portions of a paraplegic's or quadraplegic's
      body, may be used to replace the switch 43. In each instance, it will be
      understood that the particular switch 43 is selected for the convenience
      of the wheelchair occupant.
PAR  The electrical components which make up the solenoid valve 37, control
      circuit 41, and switch 43 are shown schematically in FIG. 6. The purpose
      of the control circuit 41 is to permit operation of the electrical
      solenoid 37, which requires relatively high current, under the control of
      a low current switch 43. The control circuit 41 thus substantially reduces
      the danger of electrical shock or fire at the location of the switch 43
      and permits, for example, a tongue-operated switch without hazard to the
      wheelchair occupant. As in the previous embodiment of FIGS. 1 through 4,
      operation of the solenoid valve 37 permits flow of urine from the
      patient's leg collection bag through a flexible tube which is connected
      onto an inlet valve tube 22, through the solenoid valve 37, and out of an
      exit tube 21 beneath the wheelchair. In many instances, the storage
      battery 39 utilized to operate the control circuit 41 and solenoid valve
      37 may be the storage battery utilized to provide auto-propulsion for the
      wheelchair, but in the case where the wheelchair is manually operated, the
      storage battery 39 may be a small storage battery provided on the
      wheelchair specifically for the purpose of operating the valve 37.
PAR  Referring specifically to the schematic illustration of FIG. 6, the battery
      is connected to provide a voltage source, typically 12 volts, through a
      current limiting resistor R1, to the switch 43. In the embodiment
      illustrated, the switch 43 is a single-pole, double-throw switch which is
      switched to position 45 to open the solenoid valve 37 and is switched to
      position 47 to close the valve 37.
PAR  A transistor Q1 includes a base and collector terminal which are connected
      together through a normally-closed relay contact 49. The transistor Q1 is
      thus maintained in a hard saturated or closed circuit configuration so
      long as the switch contact 49 is closed. In this hard saturated
      configuration, current may flow from the positive terminal of the battery
      39 through the transistor Q1 to a silicon controlled rectifier CR1. The
      silicon controlled rectifier CR1 is gated by current flowing through the
      resistor R1 when the switch 43 is momentarily placed in position 45. The
      silicon controlled rectifier CR1, once gated, supplies current to the
      solenoid valve 37 and additionally supplies current through a limiting
      resistor R4 to a light emitting diode CR4 which is utilized to notify the
      operator that the valve 37 is open. Other warning devices, such as a
      buzzer, may be utilized in place of the light emitting diode CR4.
PAR  Once the silicon controlled rectifier CR1 has been gated, a return of the
      switch pole 43 to its neutral position, as shown in FIG. 6, will not
      affect operation of the solenoid valve 37, since the silicon controlled
      rectifier CR1 will continue to conduct so long as current is supplied
      between its anode and cathode.
PAR  When the switch 43 is momentarily moved to position 47, current from the
      battery 39 through the limiting resistor R1 will gate a silicon controlled
      rectifier CR2, permitting current to flow through a limiting resistor R5
      and the energizing coil K1 for the relay contacts 49. This current will
      open the relay contacts 49, to open the base-to-collector circuit of the
      transistor Q1, prohibiting current flow to the solenoid valve 37, thus
      closing this valve 37. After the valve 37 is open, the switch 43 may be
      released and allowed to return to its neutral position as shown in FIG. 6.
      When this occurs, current through the relay coil K1 will cease and the
      relay contacts 49 will return to their normally closed position to
      saturate the transistor Q1. The silicon controlled rectifier CR1 will
      prohibit current flow to the solenoid valve 37 until the switch is again
      moved to position 45.
PAR  A capacitor C1 is utilized to maintain current flow through the coil K1
      during a short period of time after contact between the switch pole 43 and
      terminal 47 ceases, in order to assure that the relay contacts 49 open for
      a sufficient period of time to deenergize the solenoid 37. A diode CR3 is
      utilized to shunt current generated by the collapsing field within the
      solenoid 37 upon deenergization. A resistor R2 in parallel with a
      capacitor C2 are utilized to protect the gate of the silicon controlled
      rectifier CR2 from spurious conducted and radiated transients which might
      inadvertently gate the silicon rectifier CR2. In a similar manner, a
      parallel combination of a resistor R3 and capacitor C3 are utilized to
      protect the gate of the silicon controlled rectifier CR1 from spurious
      signals.
PAR  It can be seen from the schematic illustration of FIG. 6 that current
      through the switch 43 is limited by both the limiting resistor R1 and the
      current flow through the gating circuits of the silicon controlled
      rectifiers CR1 and CR2. This current may be maintained at an extremely low
      level in comparison with the current required to operate the solenoid
      valve 37, in order to protect the switch operator from shock and fire
      hazards.
PAR  Referring now to FIG. 7, an alternate circuit for use as the control
      circuit 41 in the apparatus on FIG. 5 will be described. The control
      circuit of FIG. 7 is similar in both construction details and operation to
      that of FIG. 6, except that some of the elements have been changed or
      eliminated.
PAR  As in the previous embodiment, a transistor 51 is maintained in a hard
      saturated condition by a connection between its base and collector
      terminals passing through the normally closed contacts 53 of a relay 55. A
      momentary operation of the switch 43 to a first terminal 45 provides
      gating current through a limiting resistor 57 to gate a silicon controlled
      rectifier 59 for supplying current to the solenoid valve 37. Manipulation
      of the switch 43 to a second contact 47 provides gating current to a
      silicon controlled rectifier 61 through a jumper wire 63 and a pair of
      terminals 65 which permit disconnection of the silicon rectifier 61 from
      the switch terminal 47. When gated, the silicon controlled rectifier 61
      provides current through the coil of relay 55 through a limiting resistor
      67. A light emitting diode 69 is utilized to warn the operator that the
      solenoid valve 37 is open and is energized from the current source through
      a limiting resistor 71.
PAR  A diode 73 is utilized as an inductive current shunt to protect the circuit
      from currents caused by the collapsing field in the solenoid 37. A
      capacitor 75 is utilized to protect the gate of the silicon controlled
      rectifier 61 from spurious signals and a capacitor 77 serves a similar
      purpose with respect to the gate of the silicon controlled rectifier 59.
      It can be seen that the circuit of FIG. 7 operates to gate the silicon
      controlled rectifier 59 when the switch 49 is momentarily connected to the
      terminal 45, opening the solenoid valve 37. A placement of the switch pole
      43 momentarily in contact with the terminal 47 will gate the silicon
      controlled rectifier 61, if the jumper wire 63 is connected as illustrated
      in FIG. 7, supplying current through the limiting resistor R3 to the relay
      55. This current will open the normally closed contacts 53 to inhibit
      current flow through the transistor 51, closing the solenoid valve 37.
      Release of the switch 43 to its neutral position, as shown in FIG. 7, will
      inhibit current flow through the relay 55, so that the transistor 51 will
      again saturate. By this time, however, the silicon controlled rectifier 59
      has ceased conduction so that a new gating signal from the terminal 45 is
      required to again open the solenoid valve 37.
PAR  Referring now to FIG. 8, a second alternate embodiment for the control
      circuit 41 of FIG. 5 will be described. In this instance, operation of the
      circuit elements to open the solenoid valve 37 is identical to operation
      of the circuit of FIG. 7. Additionally, operation of the switch 43 to
      close the solenoid valve 37 through the silicon controlled rectifier 61 is
      identical to operation of the circuit shown in FIG. 7 if the jumper wire
      63 is placed in the dotted line position shown in FIG. 8. If, however, the
      jumper wire 63 is placed in the solid line position shown in FIG. 8,
      signals from the terminal 47 will not gate the silicon controlled
      rectifier 61 and will have no effect.
PAR  With the jumper wire 63 placed in the position shown in FIG. 8, the circuit
      operates to automatically close the solenoid valve 37 a predetermined time
      interval after the valve 37 has been opened. When the silicon controlled
      rectifier 59 begins to conduct current, current will flow through a fixed
      resistor 81 and a variable resistor 83 to charge a capacitor 85. The
      common terminal of the resistor 83 and capacitor 85 are connected to the
      gating circuit of a silicon controlled rectifier 87 so that a voltage ramp
      is applied to this gating circuit as the capacitor 85 is charged following
      energization of the solenoid 37. The silicon controlled rectifier 87 is
      biased by a resistor 89 which sets the trigger voltage of the silicon
      controlled rectifier 87. By manipulating the variable resistor 83, the
      charge rate of the capacitor 85 may be varied so that the time period
      between an energization of the solenoid 37 and the gating of the biased
      silicon controlled rectifier 87 may be controlled. Once the voltage on the
      capacitor 85 has exceeded the gating voltage of the silicon controlled
      rectifier 87, this rectifier 87 will conduct, opening the normally closed
      contacts 53 of the relay 55. In a typical installation, the time delay
      generated by the capacitor 85, silicon controlled rectifier 87, and
      resistors, 81, 83 and 89 is selected to be variable (through control of
      the resistor 83) between 30 and 90 seconds. In addition, it can be seen
      that, through a manipulation of the jumper wire 63, the use of the switch
      47 for manually deenergizing the solenoid 37 may be prohibited. Thus, for
      example, when a tongue switch is used for the switch 43, a single-pole,
      single-throw switch is all that is required, the solenoid always being
      deactuated automatically. The circuit of FIG. 8 therefore gives the
      operator the option of timed deenergization of solenoid 37 with a manual
      override to prematurely deactuate the solenoid 37, or a simple timed
      deactuation with the use of a single-pole, single-throw switch, such as a
      tongue-actuated switch.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for controlling the disposal of urinary waste from a
      collection receptacle carried by a wheelchair occupant, said receptacle
      including a drain tube, comprising:
PA1  a valve rigidly connected to said wheelchair and selectively positionable
      to an open or closed configuration;
PA1  an inlet conduit for said valve connected to said drain tube;
PA1  an outlet conduit for said valve, said outlet conduit extending from said
      valve to a location beneath said wheelchair; and
PA1  means connected to said valve and extending to a position remote from said
      valve and proximate said occupant for selectively positioning said valve
      to said open configuration to permit flow of said waste from said
      receptacle, through said valve and outlet conduit, onto the floor beneath
      said wheelchair.
NUM  2.
PAR  2. Apparatus for controlling the disposal urinary waste as defined in claim
      1 wherein said means for selectively positioning said valve comprises:
PA1  a lever mounted on said wheelchair and connected to selectively position
      said valve, said lever extending to a position proximate said occupant.
NUM  3.
PAR  3. Apparatus for controlling the disposal of urinary waste as defined in
      claim 2 wherein said wheelchair includes a footrest, and wherein said
      valve is connected to the underside of said footrest.
NUM  4.
PAR  4. Apparatus for controlling the disposal of urinary waste as defined in
      claim 3 wherein said lever is adapted to permit rotation of said footrest
      relative said wheelchair.
NUM  5.
PAR  5. Apparatus for permitting the convenient discharge of waste fluid
      collected in a receptacle from a wheelchair confined individual,
      comprising:
PA1  a wheelchair;
PA1  a discharge tube mounted on said wheelchair, fluidly connected to said
      receptacle and extending to a location beneath said wheelchair;
PA1  means for controlling flow through said discharge tube to permit selective
      discharge of said waste fluid from said receptacle to said location
      beneath said wheelchair; and
PA1  means connected to said flow controlling means and extending to a position
      remote from said flow controlling means and proximate said individual for
      selectively operating said flow controlling means to discharge said waste
      fluid to said location beneath said wheelchair.
NUM  6.
PAR  6. Apparatus for permitting the convenient discharge of waste fluid as
      defined in claim 5 wherein said flow controlling means comprises a
      manually actuated valve connected to said discharge tube, and wherein said
      selectively operating means comprises a lever pivotally mounted on said
      wheelchair and extending from said valve to a location proximate said
      individual.
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ABST
PAL  A thin flexible liner having a horizontal flange overlying the top surface
      of a bathtub and a main portion covering the inner wall of the bathtub.
      The liner is open at bottom leaving the bottom of the bathtub exposed. The
      flange is held removably in contact with the top surface of the bathtub by
      magnetic or suction securing means. The liner can have a small slotted
      region in registration with an overflow outlet in the bathtub.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed towards a liner which can be removably disposed
      in a bathtub to minimize the collection of dirt therein and to facilitate
      ease of cleaning while reducing the time required for cleaning.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of this invention, a thin flexible liner,
      which can be disposable, fits removably into a bathtub. The liner has a
      horizontal flange overlying the top surface of the bathtub and a main
      section covering the inner wall of the bathtub. The liner is open at the
      bottom leaving the bottom of the bathtub exposed. Magnetic securing means
      holds the flange in position against the top surface of the bathtub to
      hold the liner in place when the bathtub is formed of procelain covered
      iron or other magnetic material. Suction means securing means holds the
      flange in position to hold the liner in place when the tub is non
      magnetic.
PAR  In use when the bathtub is drained, the soap and scum will accumulate
      primarily on the exposed surface of the liner with a small portion
      settling onto the bottom of the tub. The liner is readily washed off
      whereby the soap and scum is collected on the bottom of the tub and is
      easily washed down the drain with running water from the tap.
PAR  The liner can have a slotted opening covering the overflow opening in the
      tub whereby water can flow unimpeded through the opening and at the same
      time the liner will not pull loose around the opening.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an exploded perspective view of the invention;
PAR  FIG. 2 is an assembled cross sectional view of the invention; and
PAR  FIG. 3 is an enlarged detail view of a modification of the invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1 and 2, a porcelain clad iron or steel bathtub 10
      has an overflow outlet 12. A thin plastic disposable liner has a
      horizontal flange 14 which overlies the top surface of the tub. The flange
      has a central oval shaped opening with a vertical peripheral wall 16
      adapted to engage the inner wall of the tub. The bottom of the liner is
      open exposing the bottom surface of the tub. The liner wall has an opening
      formed by slots 18 which span outlet 12 and allow access thereto.
PAR  An oval shaped flat horizontal magnet 20, which can be constructed of
      magnet gasket material used in refrigerators or can be of conventional
      magnet material, overlies the flange and holds the flange to the tub
      detachably by use of magnetic forces of attraction.
PAR  Alternatively, when the tub is formed of non magnetic material, as shown in
      FIG. 3, the bottom surface of the flange can have suction dimples or
      recesses 22. When these recesses are flattened out against the top surface
      of the tub, suction forces are developed which hold the flange in
      position. The magnet 20 is not used in this application and is removed.
PAR  While the invention has been described with detailed reference to the
      drawings, the protection sought is to be limited only by the terms of the
      claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a magnetic bathtub, a thin flexible plastic liner
      having a horizontal flange overlying the top surface to the bathtub and
      having a central oval opening with a vertical peripheral wall extending
      downward and overlying the inner wall surface of the bathtub, the bottom
      of the bathtub being exposed, the inner wall surface of the bathtub having
      an overflow outlet, the wall of the liner having a slotted opening
      overlying the outlet, and means with form of a flat magnet overlying said
      flange to detachably secure the flange to the top surface of the bathtub.
NUM  2.
PAR  2. In combination with a bathtub, a thin flexible plastic liner having a
      horizontal flange overlying the top surface of the bathtub and having a
      central oval opening with a vertical peripheral wall extending downward
      and overlying the inner wall surface of the bathtub, the bottom of the
      bathtub being exposed, the inner wall surface of the bathtub having an
      overflow outlet, the wall of the liner having a slotted opening overlying
      the outlet, and means in the form of suction producing recesses in the
      bottom surface of the flange to detachably secure the flange to the top
      surface of the bathtub.
PATN
WKU  039316521
SRC  5
APN  5601673
APT  1
ART  243
APD  19750320
TTL  Infant bathing apparatus
ISD  19760113
NCL  2
ECL  1
EXP  Artis; Henry K.
NDR  1
NFG  3
INVT
NAM  Navarra; Barry A.
STR  c/o Port-O-Tub Inc., 214 Old Nyack Turnpike
CTY  Spring Valley
STA  NY
ZIP  10977
CLAS
OCL    4177
XCL    4177IW
XCL    4185R
XCL    4DIG18
EDF  2
ICL  A47K  3064
ICL  A47K  306
FSC    4
FSS  187;DIG. 18;177;177 IW;173-175;185 R;185 S;166;167
UREF
PNO  2806227
ISD  19570900
NAM  Arbetter
OCL    4187
UREF
PNO  2817851
ISD  19571200
NAM  Barnwell
OCL    4166
UREF
PNO  2853714
ISD  19580900
NAM  Darmstadt
OCL    4173
UREF
PNO  3058122
ISD  19621000
NAM  McDaniel et al.
OCL    4177
UREF
PNO  3409917
ISD  19681100
NAM  Howard
OCL    4177
FREF
PNO  742,969
ISD  19560100
CNT  UK
OCL    4177IW
LREP
FR2  Tailer; Peter L.
ABST
PAL  An inflatable liner for a standard kitchen sink has a bottom, sides, and
      ends formed from contiguous inflatable ribs. The sides and ends are formed
      from horizontal ribs which extend above the level of the sink. An
      inflatable pillow with an air valve in its lower side extends from one end
      of the liner to rest on the sink top. A drain is formed in the end of the
      bottom of the liner opposite the pillow. The liner, when used with a sink,
      provides a tub for bathing infants.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Tubs for bathing babies are large and bulky and thus difficult to store. In
      addition, they are usually of hard materials or incorporate hard elements
      which may injure or cause discomfort to delicate newborn infants. The
      bathing apparatus of this invention is easily stored and very safe to use.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a standard kitchen sink containing infant
      bathing apparatus according to my invention, an infant being shown therein
      in phantom lines;
PAR  FIG. 2 is vertical section taken on line 2--2 of FIG. 1; and
PAR  FIG. 3 is a plan view of the infant bathing apparatus of my invention
      during its fabrication.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIGS. 2 and 3, two layers 10 and 11 of flexible vinyl sheet
      material of the like are cut in cruciform shapes and placed one over the
      other. Each layer 10 and 11 has a rectangular bottom portion 12, side
      portions 13 and 14, and end portions 15 and 16. The end portions 16 have
      the extension 17.
PAR  The layers 10 and 11 are electronically welded or otherwise sealed at their
      cruciform peripheries 18, on the transverse line welds 19-28, and on the
      longitudinal line welds 29-34. The transverse line welds 19-28 end short
      of the periphery 18 and the longitudinal line welds 31 and 32. The
      longitudinal line welds 29-34 also end short of the periphery 18. The ends
      15 and 16 and the sides 13 and 14 are folded upward and welded together
      along vertical welds 41 as may be seen in FIG. 1. A drain 42 in bottom 12
      is provided with a stopper 43. Layer 11 contains a mouth inflation valve
      44 in extension 17.
PAR  Referring now to FIGS. 1 and 2, air is blown into valve 44 inflating
      extension 17 into pillow 51. Air then flows around the line welded areas
      25-28 to form the inflated transverse bottom ribs 52-55 in bottom portion
      12, and the horizontal ribs 56-61 and 62-67 in ends 15 and 16 and sides 13
      and 14.
PAR  The inflated baby bathing apparatus is either placed in a conventional sink
      70, or the apparatus is placed in the kitchen sink 70 and then inflated
      therein. Stopper 43 is placed in drain 42 and the apparatus is filled from
      sink faucet 71 to provide a safe baby bath. On completion, the apparatus
      is drained, deflated, wiped dry, and stored.
PAR  The inflation valve 44 is placed under pillow 51 where it is easy to reach
      by merely raising pillow 51 povoting it about line weld 28. Placing valve
      44 under pillow 51 prevents it from being accidently touched which could
      result in the deflation of the apparatus while in use. The upper
      horizontal ribs 56, 61, 62 and 67 extend above the edge of a standard
      kitchen sink 70 to completely cushion an infant from any possible contact
      with hard surfaces. The drain 42 with its stopper 43 is placed opposite
      pillow 51 so that, when properly seated, an infant will not come in
      contact with the drain 42.
PAR  While this invention has been shown and described in the best form known,
      it will nevertheless be understood that this is purely exemplary and that
      modifications can be made without departing from the spirit of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Baby bathing apparatus for use with a standard kitchen sink comprising,
      in combination, upper and lower layers of flexible material, cruciform
      shapes cut from said upper and lower layers of material with said
      cruciform shapes each having a bottom portion and sides and ends extending
      therefrom, extensions from one end of each cruciform shape, peripheral
      welds joining the peripheries of said cruciform shapes, transverse spaced
      apart line welds joining said layers together within said bottom portions
      and said ends of said cruciform shapes, longitudinal spaced apart line
      welds joining said layers together within said sides of said cruciform
      shapes, said line welds terminating short of the peripheries of said
      cruciform shapes, a mouth inflation valve in one of said extensions, said
      valve inflating said apparatus with said bottom portions inflating as
      contiguous transverse ribs forming the bottom of said apparatus, with said
      sides and ends of said cruciform shapes inflating as horizontal contiguous
      ribs forming sides and ends of said apparatus, and with said extensions
      inflating as a pillow resting at the end of the sink, said bottom of said
      apparatus having one end opposite said pillow containing a drain, a
      stopper for said drain, and vertical welds joining adjacent sides and ends
      of said apparatus, said uppermost of said horizontal ribs extending above
      the sink.
NUM  2.
PAR  2. The combination according to claim 1 wherein said valve is in said lower
      layer disposed on the underside of said pillow.
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ABST
PAL  A body rest apparatus having a base to be placed on a support surface and
      having a back rest actuable to different inclined positions relative to
      the base by a motor driven screw and nut mechanism located within the
      dihedral angle formed between the base and back rest elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improved power actuated back rest assemblies for
      supporting a person's back and head while in a reclining or semi-reclining
      position.
PAR  Power actuated back rests of various types have been utilized in the past
      in adjustable beds, such as for example those used in hospitals. One such
      adjustable bed is shown in Donaldson U.S. Pat. No. 2,988,758 which teaches
      the use of a relatively bulky and indirect dual motor arrangement for the
      purpose. The two motors are located at the foot of the bed and actuate the
      head portion of the bed upwardly and downwardly by two drive mechanisms
      extending from the motors along opposite sides of the bed. Another prior
      art adjustable bed, which is on the market but not shown in any particular
      patent of which I am aware, incorporates an electro-hydraulic power unit,
      in which a motor drives a fluid pump which in turn actuates an hydraulic
      piston and cylinder arrangement located behind the head portion of the
      bed. Necessary parts include a high pressure fluid pump, reservoir, lines,
      piston and cylinder mechanisms, seals, solenoid valves, and rectifiers for
      the valves.
PAR  These and other prior art adjustable bed structures of which I am aware
      have had at least two major drawbacks in use. In the first place, their
      structure has been unnecessarily complicated and therefore more costly
      than would be desired, both as to initial investment and as to cost of
      repair. Further, these prior mechanisms are not adapted for supporting a
      person's back in many of the non-hospital situations in which an
      adjustable back rest might otherwise be desirable, as for instance on a
      sofa, or on a conventional mattress, or other supporting surface which is
      not part of an adjustable bed but on which a person may wish to lie at a
      particular time. The incorporation of each of the previously proposed
      powered back rest arrangements into a certain bed structure limits its
      versatility and prevents use of the back rest except on that particular
      bed.
PAC  SUMMARY OF THE INVENTION
PAR  The general purpose of this invention is to provide an improved power
      actuated back rest which is less costly and more portable than the prior
      art devices and which can if desired be removably placed and used on
      virtually any supporting surface, such as for example a sofa or the like.
      The unit includes a base adapted to be placed on the support surface in
      generally horizontal condition, and a back rest hinged to the base for
      upward and downward swinging movement between differently inclined
      positions, together with a screw and nut actuating mechanism located
      within the dihedral angle formed between the hinged base and back rest
      elements. The screw and nut mechanism may be pivotally connected to the
      base, and preferably also to a swinging force transmitting member which is
      operatively interposed between the screw and nut mechanism and the back
      rest element. A rotary motor drives the screw and nut mechanism to actuate
      it between different conditions of extension, thereby actuating the back
      rest by way of the intermediate force transmitting member through
      different conditions of inclination relative to the base. When left in any
      given position, the friction and gearing of the actuating mechanism serve
      to brake the back rest against a force tending to change its position.
      Therefore no separate mechanism is needed to lock the back rest in that
      position.
PAR  The device can be constructed with its base and back rest elements both
      essentially planar in nature, preferably with the motor as well as the
      screw and nut actuation mechanism located within the discussed acute
      dihedral angle defined by these elements. This allows placement of the
      device on any flat surface, such as a bed, sofa or floor, or if desired
      allows insertion between the mattress and box spring of a conventional
      bed. The device may be frictionally retained wherever placed, and can be
      easily moved to different locations at different times by the user.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other features and objects of the invention will be better
      understood from the following detailed description of the typical
      embodiment illustrated in the accompanying drawing, in which:
PAR  FIG. 1 is a side elevational view of a portable body rest constructed in
      accordance with the invention, shown in a lowered condition in position on
      a bed;
PAR  FIG. 2 is an enlarged end perspective view of the body rest taken on line
      2--2 of FIG. 1;
PAR  FIG. 3 is a further enlarged side view of the body rest in a raised
      condtion, partially broken away on line 3--3 of FIG. 2;
PAR  FIG. 4 is a perspective fragmentary view of the intermediate force
      transmitting member's hinge taken in the direction indicated by arrow 4 in
      FIG. 3;
PAR  FIG. 5 is an enlarged section through one pivoted connection taken on line
      5--5 of FIG. 3;
PAR  FIG. 6 is a reduced view showing the back side of the hinged back rest
      element and taken on line 6--6 of FIG. 3; and
PAR  FIG. 7 is a side elevational view similar to FIG. 1 but showing the back
      rest device as it appears when utilized between the mattress and box
      spring of a bed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, there is represented at 10 a conventional bed
      consisting of a mattress 11 and box spring 12 supported by a frame 13.
      Body rest assembly 14 is positioned on the upper horizontal surface 15 of
      mattress 11, and consists generally of base 16, back rest 17 and actuating
      mechanism 18.
PAR  FIGS. 2 and 3 show the structure of assembly 14 more clearly. Back rest
      element 17 may consist of an essentially planar rectangular rigid member
      19 and an attached cushion 20, both of great enough length and width to
      accomodate the back, neck and head regions of an adult user in a reclining
      position. Cushion 20 may be removably attached to member 19 by a wide
      pocket 21 formed in the back of the cushion near its head region and two
      small elastic straps 22 also attached to its back and positioned
      diagonally across the two corners respectively at its lower end as shown
      in FIG. 6. Attachment of cushion 20 to member 19 is accomplished by
      slipping pocket 20 over the head end of member 19 and by stretching and
      frictionally securing each elastic strap 22 around its respective corner
      23 at the foot end of member 19.
PAR  Member 19 is attached along its lower edge 24 to the corresponding edge 25
      of base 16 for pivotal movement about an axis 26 which is parallel to and
      closely adjacent those two edges. The attachment is by simple hinges 27
      riveted or otherwise secured to the underside of member 19 and the top of
      base 16 near axis 26, so that member 19 can swing freely about that axis
      relative to base 16. Base 16 supports actuating mechanism 18 and may be an
      essentially planar and essentially stiff and rigid member of dimension and
      composition similar to that of member 19.
PAR  Actuating mechanism 18 consists basically of a motor assembly 28, screw and
      nut mechanism 29, and a swinging force transmitting member 30. Motor
      assembly 28 may include a rotary electric motor 31 rigidly connected to
      and carrying a speed reduction gear housing 32. Motor 31 may be
      electrically connected to a source of power through a multiple conductor
      cord 35, a terminal box 33, and a second multiple conductor cord 34
      carrying an electric plug 40 for insertion into a conventional power
      supply socket. Cords 34 and 35 are electrically connected to each other at
      their terminal box ends through a third cord 36 and a manually operated
      control unit 37, which may be held and be actuated by a person resting on
      the bed. The control unit 37 may have two push buttons 38 and 39 for
      energizing the motor to move the back rest upwardly and downwardly
      respectively. The circuit between cords 34 and 35 is normally open, when
      neither push button is depressed, so that in that condition no electric
      power is conducted to motor 31. Depression of either the "up" or "down"
      button of control 37, however, closes the circuit between the two cords 34
      and 35 in one or the other condition of polarity, powering motor 31 to
      operate in its respective direction.
PAR  Terminal box 33 may also contain a starting capacitor connected across the
      power leads in a parallel electrical relation with motor 31, if necessary
      for the operation of the particular motor utilized. Also the gear housing
      32 may contain a cam operated limit switch device, represented
      diagrammatically at 132 in FIG. 3, acting to automatically break the
      circuit to the motor in its extreme upper and lower positions to limit the
      range of powered movement of the back rest element 19.
PAR  Gear housing 32 may be composed of two parts 41 and 42, suitably connected
      to the output end of the motor by a number of screws 43, with the output
      shaft 44 of the motor projecting into the gear housing and turning about
      an axis 49 parallel to axis 26 of the back rest hinges 27. A worm 45 is
      carried by that shaft and rigidly affixed to and driven rotatively by it.
      The entire motor and connected reduction gear assembly is mounted to base
      16 for relative pivotal movement about an axis 54 extending parallel to
      motor axis 31 and axis 26. For this purpose, the reduction gear housing 32
      may have a hinge projection 50 through which a cylindrical opening 51
      centered about axis 54 extends. A U-shaped hinge bracket 55 with aligned
      openings 56 in its parallel arms 57 is oriented along axis 54 and rigidly
      secured to base 16, as by rivets 58 extending through its center section
      59. A hinge bolt or pin 60 projects through the registering openings 56
      and 51 and is secured therein by a nut 61 to complete the pivotal mounting
      of the motor.
PAR  The screw and nut mechanism 29 includes an elongated screw 62 having an
      external thread 162 centered about an axis 262, a nut 63 which threadedly
      engages the screw and is rigidly and coaxially fixed within one end of a
      tube 64, and a sleeve 65 disposed about the screw. Screw 62 may have at
      its drive end a reduced diameter cylindrical shank 66 to which is affixed
      a worm gear 67 engaging and driven by worm 45 within gear housing 32. A
      pair of thrust bearings or bushings 68 carried by gear housing 32 journal
      shank 66 of screw 62 for rotation relative to the motor and reduction gear
      housings, about axis 262, and also retain the screw against axial
      movement.
PAR  Screw 62 projects from the motor assembly in a direction generally toward
      back rest element 17, with the axis 262 of the screw being disposed
      within, and swinging upwardly and downwardly within, a vertical central
      plane 362 (FIG. 2) which is perpendicular to hinge axis 54 and midway
      between the opposite sides of elements 16 and 19. Cylindrical sleeve 65 is
      positioned coaxially about screw 62, and extends therealong essentially
      from gear housing 32 to approximately the end 71 of the screw. One end 72
      of sleeve 65 is secured rigidly to gear housing 32, as by reception within
      a shallow cylindrical recess 73 in housing 32, and retention therein by
      screws 74 extending through registering openings in housing 32 and sleeve
      65 at that location.
PAR  The cylindrical tube 64, which may be roughly as long as and coaxial with
      sleeve 65, has an outside diameter slightly less than the inside diameter
      of sleeve 65, and is telescopically received therein. The nut 63 is
      rigidly carried within one end 79 of tube 64, to move that tube axially
      relative to the screw in response to rotary actuation of the screw. Such
      actuation is accomplished through worm 45 and worm gear 67 by motor 31.
PAR  Back Rest element 17 is actuated upwardly and downwardly about its axis 26
      by the screw and nut mechanism 29, and particularly its tube 64,
      preferably through the action of an intermediate swinging actuating plate
      or lever member 30. Member 30 may be an essentially planar rectangular
      element slightly narrower than member 19, and approximately one half as
      tall. Its bottom edge 90 is attached to base 16 for pivotal movement about
      an axis 97 which extends parallel to axis 26 and closely proximate base 16
      but is offset toward motor 31 from axis 26 by the distance d of FIG. 3.
      This offset distance d may be between about 1/5 and 1/3 (preferably about
      1/4) of the total distance between axes 26 and 54. The pivotal connection
      between elements 30 and 16 may be formed by a pair of elongated U-shaped
      hinge brackets 91 and 92 secured to elements 30 and 16 respectively by
      rivets or other fasteners 95, and interconnected for pivotal relative
      movement by pivot pins or rivets 93 extending through vertical terminal
      ears 96 of the brackets.
PAR  The end 83 of tube 64 is pivotally attached to member 30 at a point spaced
      a substantial distance t from axis 97, preferably a distance equal to
      between about one-fourth and one-half of the total length m of member 30.
      A U-shaped hinge bracket 84 may be attached to member 30 for this purpose,
      with two parallel vertical arms 88 of the bracket received at opposite
      sides of tube 64 and connected to it by a pivot pin 85, for relative
      pivotal movement about a horizontal axis 87 extending parallel to axes 26,
      54 and 97.
PAR  In operation, motor 31 is actuated in the desired direction of rotation by
      depression of either the up or down button on control 37, thus closing the
      power circuit in one or the other condition of polarity. The powered
      rotation of the rotor and driven shaft 44 of motor 31 about axis 49 acts
      through the reduction gearing consisting of worm 45 and worm gear 67 to
      turn lead screw 62 about its axis 262 in a corresponding direction. The
      rotation of screw 62 in turn causes nut 80 and the attached tube 64 to be
      actuated axially relative to the screw. Member 30, connected pivotally to
      end 83 of tube 64, swings about axis 97 at its base in response to this
      axial movement of tube 64. As it does so, the height of the end portion 83
      of tube 64 above the plane of base 16 varies, and the entire motor and
      screw and nut assembly pivots about axis 54 accordingly.
PAR  As member 30 swings upwardly or downwardly about axis 97, the engagement of
      its upper horizontal edge 98 with the rear planar surface of back rest
      element 17 causes actuation of that element about its axis 26 between
      differently inclined positions. Mechanism 18 may be designed to actuate
      element 17 only through acute angles 99 with respect to the base, so that
      element 17 can never reach a position in which it might have a tendency to
      fall forward away from mechanism 18.
PAR  As a result, gravity always tends to hold element 17 against edge 98 of
      member 30. As the elements 17 and 30 change angular positions, the upper
      edge 98 of element 30 shifts slidably a short distance upwardly or
      downwardly relative to the engaged portion of element 17, by virtue of the
      offset relationship of the two pivotal axes 26 and 97 of these parts, but
      with effective transmission of supporting force between the parts in all
      positions. Because of the relative positioning of the two axes 26 and 97,
      the rate of angular movement of element 17 about its axis is less than the
      rate of angular movement of element 30 about its axis, to supplement the
      reduction gear effect of worm 45 and worm gear 67, as well as the screw
      and nut. To obtain this result, it is desirable that the distance between
      the point of interengagement of elements 19 and 30 (point x in FIG. 3) and
      axis 26 be greater than the distance between point x and axis 97.
PAR  The net effect of the parameters chosen for the worm and worm gear, the
      screw and nut, and the swinging member 30 is that many revolutions of
      motor 31 correspond to a relatively small angular movement of element 17.
      The motor is thus required to perform less work per revolution against a
      given external force than if a higher gearing were used, so that a less
      powerful motor is sufficient to overcome that force. Such a motor can be
      less expensive, smaller, lighter and more portable than would otherwise be
      the case. Also, accurate adjustment of the position of element 17 is
      facilitated by this low gearing since the speed of its movement is
      relatively low, allowing the user to easily stop the back rest at a
      desired position.
PAR  An additional advantage of the illustrated actuating mechanism resides in
      its capacity to effectively brake element 17 against a force tending to
      lessen the dihedral angle 99 between elements 19 and 30 in the unenergized
      state of the motor. The same gearing which is low with regard to actuation
      by motor 31 is high with regard to actuation by back rest element 17. The
      combined inertia and static friction of the moving parts, including
      especially the worm and worm gear and the screw and nut, are sufficient in
      this unenergized condition to brake the mechanism against such a force in
      normal use. Thus, even though a user leans all of his weight back against
      element 19, the inertia and friction of the moving parts hold element 19
      in any set position and against movement to positions of decreasing
      angularity unless and until the motor is purposely energized.
PAR  FIG. 7 illustrates the use of the above-described body rest assembly 14
      between the mattress 11 and box spring 12 of a conventional bed 10. By use
      in this way, the advantages of a power actuated adjustable bed can be
      attained at a cost much lower than that of other units for this purpose
      currently on the market. The device can be moved very easily from one bed
      to another, and can be held in position between the mattress and box
      springs by friction without the necessity for any type of connection to
      the bed. Cushion 20 may be removed from back rest element 19 in this use,
      to allow more complete retraction of the mattress in its lowermost
      position.
PAR  It is contemplated also that assembly 14 may be permanently built into a
      mattress as an integral part thereof if desired. Such a mattress would
      then have essentially the same appearance as the arrangement of FIG. 7,
      but with element 19 being permanently attached to the underside of the
      mattress for actuation thereof.
PAR  While certain specific embodiments of the present invention have been
      disclosed as typical, the invention is of course not limited to these
      particular forms, but rather is applicable broadly to all such variations
      as fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An adjustable body rest assembly comprising:
PA1  a base adapted to be placed on and be supported by an upwardly facing
      surface of a bed or other support structure with said base in generally
      horizontally extending condition;
PA1  a back rest hinged to said base for pivotal movement about a first
      essentially horizontal axis through different inclined positions and
      forming a variable acute dihedral angle with said base;
PA1  an extensible screw and nut mechanism located above said base and within
      said dihedral angle and including a screw part and a threaded interengaged
      nut part one of which is actuable along a second axis relative to the
      other to lengthen said mechanism in response to relative rotation of the
      parts about said second axis;
PA1  said two parts exerting force in generally opposite directions against said
      base and said back rest at locations offset from said first axis to swing
      said back rest between said different inclined positions;
PA1  a rotary motor located above said base and within said dihedral angle and
      connected to said screw and nut mechanism and operable to drive one of
      said screw and nut parts rotatively relative to the other in a relation
      actuating said back rest between said different inclined positions;
PA1  a first pivotal connection attaching both said motor and said screw and nut
      mechanism at one end of the latter to said base for upward and downward
      swinging movement of both the motor and the screw and nut mechanism in
      unison within essentially a vertical plane disposed essentially
      transversely of said first axis and during actuation of said back rest
      about said first axis; and
PA1  a second pivotal connection at the other end of said extensible screw and
      nut mechanism through which force is transmitted from said mechanism to
      the back rest to actuate it.
NUM  2.
PAR  2. An adjustable body rest assembly as recited in claim 1, in which said
      base is essentially planar and has an essentially planar undersurface
      adapted to removably engage and be supported by said upwardly facing
      surface of the bed or other support structure.
NUM  3.
PAR  3. An adjustable body rest assembly as recited in claim 1, including a
      swinging force transmitting part hinged to said base for relative swinging
      movement about a third axis generally parallel to but offset from said
      first axis and connected to said other end of the screw and nut mechanism
      by said second pivotal connection and acting to transmit actuating force
      from said screw and nut mechanism to said back rest.
NUM  4.
PAR  4. An adjustable body rest assembly as recited in claim 3, in which said
      force transmitting part has sliding engagement with said back rest and
      shifts slidably relative thereto upon change in inclination.
NUM  5.
PAR  5. An adjustable body rest assembly as recited in claim 1, in which said
      screw and nut parts and said rotary motor are so geared relative to each
      other and to said back rest that the combined inertia and static friction
      of the assembly in any particular setting thereof effectively brakes said
      back rest against a force tending to lessen its inclination.
NUM  6.
PAR  6. An adjustable body rest assembly as recited in claim 1, in which said
      screw and nut mechanism includes tubes disposed about said screw and nut
      parts respectively.
NUM  7.
PAR  7. An adjustable body rest assembly as recited in claim 1, in which said
      base is essentially flat and lies essentially within a predetermined
      plane, said assembly including an essentially flat force transmitting
      member mounted to said base for relative pivotal movement about a third
      axis essentially parallel to said first axis and acting to transmit force
      from said screw and nut mechanism to said back rest and having an upper
      edge slidably engaging the back rest, said first and third axes both lying
      in approximately the plane of said base, a speed reduction gear driving
      said screw part rotatively from said motor and mounted to swing upwardly
      and downwardly therewith, a first tube connected to said motor and
      disposed about said screw part, a second tube carrying said nut part and
      telescopically interfitting with said first tube and attached by said
      second pivotal connection to said swinging force transmitting member, and
      a cushion carried at a forward side of said back rest, said reduction gear
      and tubes and force transmitting member, in addition to said motor and
      said screw and nut parts, all being located within said dihedral angle
      between the base and back rest.
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ABST
PAL  A device for positioning and supporting the lower leg and foot of a patient
      while lying on the side during periods of extended bedrest is formed from
      a block of polyurethane foam having resilient characteristics, and being
      of such configuration as to include a plurality of vertically extending
      sides between which an open arcuate groove extends longitudinally along
      the length of the block providing a cradle for the lower leg and a
      transverse slot extending across the vertical sides adjacent one end of
      the block for receiving a foot of a patient enabling the patient to lie on
      his side with the uppermost leg portion being positioned perpendicularly
      to the lower leg portion which is positioned perpendicularly to the foot.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is often necessary to the therapy and comfort of a patient confined to
      bed for extended periods of time to bodily position the patient using
      various supporting and positioning devices usually such as pillows. When
      pillows are used, nurses spend an inordinate amount of time worrying about
      proper positioning, especially of older patients, and must spend
      additional time checking on the patient to make sure that the pillows
      haven't collapsed due to the patient moving.
PAR  In an attempt to provide better body positioning devices, foam rubber
      padding has been used to support the limbs of hospitalized patients such
      as shown in U.S. Pat. No. 3,345,656 wherein a lower limb is supported
      above the bed surface to prevent the formation of bed ulcers or bed sores
      on the heel which often result when the heel is allowed to contact the bed
      surface for prolonged periods of time. However, while such a device may be
      effective to support the patient's foot above the bed surface, such a
      device does not add support to the foot itself, nor does it provide for
      proper containment and support for the leg, ankle, and foot portions as a
      unit.
PAR  Accordingly, an important object of the present invention is to provide a
      device for supporting and positioning the lower leg and foot of a patient
      when lying on the side during prolonged periods of bed rest.
PAR  Another important object of the present invention is to provide a device
      for supporting and positioning the lower leg, ankle, and foot of a patient
      as a unit while the patient is lying on his side.
PAR  Another important object of the present invention is to provide a device
      for supporting and positioning a leg of a patient which will enable the
      patient to be positioned in a stable manner.
PAR  Another important object of the present invention is to provide a device
      for positioning and supporting the lower leg portion in a manner which is
      simple and requires very little time.
PAR  Another important object of the present invention is to provide a device
      for supporting and positioning the lower leg portion of a bed patient in a
      permanent manner so as to eliminate the inordinate amount of time a nurse
      spends checking on the bed patient and in re-positioning the patient on
      the bed.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that a leg positioning device can be constructed of a
      resilient, deformable polyurethane foam block having an open arcuate
      groove extending along the entire length of the block providing a cradle
      for the lower leg portion, an open transverse slot extending across the
      block adjacent one end thereof for receiving a foot of a patient, and
      pressure sensitive fastening means located on each side of said slot and
      extending thereacross for adjusting the amount that the foot is gripped in
      the slot. Thus, the lower leg portion of a bed patient may be received and
      cradled in the open groove and the foot may be tilted and positioned as
      desired in the slot in a permanent and unitary manner by fastening the
      presure sensitive fastening means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The construction designed to carry out the invention will be hereinafter
      described, together with other features thereof.
PAR  The invention will be more readily understood from a reading of the
      following specification and by reference to the following specification
      and by reference to the accompanying drawings forming a part thereof,
      wherein an example of the invention is shown and wherein:
PAR  FIG. 1 is a perspective view illustrating a leg positioner constructed in
      accordance with the present invention, and
PAR  FIG. 2 is a perspective view illustrating a bed patient lying on a side
      whose lower leg portion is supported and positioned in a leg positioner
      constructed in accordance with the present invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The drawing illustrates a device for supporting and positioning the lower
      leg and foot of a patient as a unit when lying on the side during
      prolonged periods of bed rest.
PAR  An elongated positioning block, broadly designated at 10 is made of a
      resilient deformably polyurethane foam material which is lightweight and
      air-permeable. The block has the advantage of being inexpensive and
      suitable for one-patient use so that it does not have to be re-used. The
      block may be cut or sawed from a one-piece stock of foam material to
      provide a pair of vertically extending side portions 11 and 12 having top
      planar surfaces 13 and 14, respectively. An open arcuate groove A extends
      between the side portions 11 and 12 along the entire length of the block
      providing a cradle for receiving the leg portion of a patient. A
      transverse slot B extends across the block adjacent an end 15 of the block
      for providing a support for positioning of the patient's foot. The slot B
      may be of any cross-sectional shape, such as semicircular, but preferably
      is of a squared U-shape as shown. The slot is formed by cutting or sawing
      out a transverse section of the block and is defined by opposed vertically
      extending surfaces 16 and 17 and a flat bottom portion 18. Formed in the
      bottom portion 18 is a small circular cut-out 19 which receives the ankle
      portion (not shown) so as to substantially eliminate any pressure on the
      ankle.
PAR  The side portion 12 is continuous except for the square U-shaped opening
      formed therein by the slot B. The side portion 11 terminates at an end
      portion 20 which is short of the end portion 21 of the block 10 providing
      a corner cut-out portion C which is defined by the end portion 20 of side
      11 and a vertical side surface 22 cut in the block 10 through part of the
      groove A. This cut-out portion at C alleviates any pressure on the back of
      the knee and also provides for supporting a lower portion of the patient's
      thigh as can be seen in FIG. 2. This provides additional support for the
      patient's knee portion preventing any discomfort due to side twisting of
      the knee joint.
PAR  A pressure sensitive fastening means preferably includes conventional
      Velcro strip members D,E, and F. The strip D is a hooking strip and is
      located on the top planar portions 13 and 14. A hooking strip E is located
      on the vertical surface of end portion 15 in alignment with the strips D.
      The strip member F is a pile strip which is hooked by strips E and D as it
      is placed thereover to provide a pressure sensitive fastening means. As
      the strip member F is fastened to the strips D and E, it extends over the
      slot portion B and provides for adjusting the closure of the slot and thus
      the gripping force against the patient's foot as held in slot B.
PAR  In use, the leg positioning block 10 may be used to support and position
      the lower leg portion and foot of a bed patient while lying on either side
      as best seen in FIG. 2. The body 23 of the patient is positioned on the
      left side on the bed surface 24 with the right lower leg portion 25
      supported and positioned therein as a unit. This allows the patient to lie
      on his side with the leg unit positioned properly in a squared Z-shape
      when viewed from above. Thus, there should be a ninety degree angle from
      the patient's hip to the knee, the lower leg portion should be
      perpendicular to the knee, and the foot should be perpendicular to the
      lower leg portion or tilted slightly relative thereto. In this position
      the patient's lower thigh portion just above the knee, may be received in
      the cut-out portion C and rests upon the upper surface of the groove A to
      the extent desired. Therefore, the entire knee portion is supported by the
      leg positioning block. In this manner, the lower thigh portion, the knee,
      the lower portion, and the foot are supported and positioned in the block
      10 as a unit which provides for the proper tensioning and relaxation of
      the muscles in the entire portion of the leg held therein. Hence, with the
      leg held as a unit, the problem of sagging muscles and cramping which
      often results from the inactivity of prolonged bed rest is reduced.
PAR  The Velcro strips D, E, and F are used to close the slot B to comfortably
      grip the patient's foot stabilizing the positioning of the patient's leg
      and preventing separation of the patient's leg and foot from the support
      block due to turning and the like.
PAR  With the patient's leg portion supported as a unit as described above, it
      is possible that the support block 10 may be moved back and forth on the
      bed surface to provide pumping of the leg portion for properly exercising
      the knee joint. This is advantageous when the patient is confined to bed
      for prolonged periods of time in order to keep the knee joint from
      becoming stiff and to keep the related muscles somewhat in shape. While
      the use of the leg positioning block 10 has been described with the
      patient lying on a side, it is possible that the body positioner can be
      used with the patient in a supine position supporting the lower leg and
      foot in a straight manner down the middle of the groove A.
PAR  It may also be desireable to use spacing blocks, such as 26 and 27 to raise
      and lower the position of the support block 10 to adjustably position the
      vertical distance of the patient's leg from the bed surface. The cut-out
      portion C may be located on either side 11 or 12 depending on whether the
      right leg or left leg is to be positioned, respectively. It is also
      possible that a single block could be used which incorporates a cut-out
      portion C in each of the vertical side members. However, when this is done
      support for the front of the knee is reduced. It is also possible that the
      positioning support block may be used without the cut-out portion C if
      only the upper ankle and foot portion are to be supported.
PAR  The device constructed in accordance with the present invention may be used
      advantageously to support and position a cast enclosed lower limb and foot
      of a side-positioned patient. In which case the drying of such a wet cast
      will be enhanced by the air-permeable characteristic of the foam material.
      This air flow capability also adds to the comfort of the patient's limb
      when supported without a cast.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for supporting the lower thigh, leg and foot of a patient when
      lying on the side during prolonged periods of bed rest comprising:
PA1  a. an elongated base;
PA1  b. a plurality of sides extending upwardly from said base;
PA1  c. an open groove interposed between said sides extending the entire length
      of said base;
PA1  d. a pair of transverse surfaces in said sides adjacent one end of said
      base defining a transverse slot extending across said groove and said
      sides adjacent said one end thereof for receiving a foot of the patient
      when lying on the side; and
PA1  e. pressure sensitive fastening means carried by a top surface extending
      between respective sides and said slot and by a vertical surface of said
      one end extending across said slot for adjustably closing said slot to
      position said foot supported therein;
PA1  whereby the patient may be properly positioned on a side with a knee bent,
      the lower portion of the leg cradled in said groove, and the foot tilted
      and positioned as desired in the slot by fastening the pressure sensitive
      fastening means in a desired position.
NUM  2.
PAR  2. The structure of claim 1 wherein a corner of said elongated base is cut
      out for receiving the knee portion and alleviating pressure on a back
      upper portion of the patient's knee.
NUM  3.
PAR  3. The structure of claim 1 wherein said base includes an opening in a
      bottom of said slot for receiving the ankle portion of said foot.
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ABST
PAL  An inflatable boat is preferably of sectional construction and includes a
      bow section, an intermediate section and a stern section which are
      releasably secured together. Each boat section is comprised of inflatable
      side members that are of generally rectangular configuration and which
      form the sides of the boat. Inflatable transverse members of each section
      are secured together and serve as seats for the boat. The sections may be
      readily disconnected from each other, and each section may then serve as a
      small buoyant craft.
BSUM
PAC  SUMMARY OF INVENTION
PAR  This invention relates to inflatable boats.
PAR  Although there are many kinds of inflatable water craft, most of these
      inflatable craft are usually referred to as rafts, and the periphery of
      these prior art inflatable craft is usually formed by an inflatable ring
      and therefore does not have the configuration of a boat. Although some of
      these prior art inflatable craft do have a tapering boat-like shape, these
      prior art craft have a relatively shallow profile and the inflated
      peripheral ring thereof is circular in cross-sectional configuration.
PAR  It is therefore a general object of this invention to provide a novel
      inflatable boat, which has the general configuration and shape of
      conventional boats and which has a relatively deep profile. The inflated
      sides of the boat are of generally uniform cross-sectional configuration
      and each section when disassembled may function as a small buoyant craft.
PAR  This novel inflatable boat may be readily assembled and inflated and may
      also be readily disassembled into a small compact structure to facilitate
      storage and transport.
DRWD
PAR  These and other objects and advantages of this invention will more fully
      appear from the following description made in connection with the
      accompanying drawings wherein like reference characters refer to the same
      or similar parts throughout the several views.
PAC  FIGURES OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view of the novel inflatable boat;
PAR  FIG. 2 is a cross-sectional view taken approximately along line 2--2 of
      FIG. 1 and looking in the direction of the arrows;
PAR  FIG. 3 is a longitudinal sectional view taken approximately along lines
      3--3 of FIG. 1 and looking in the direction of the arrows;
PAR  FIG. 4 is an enlarged fragmentary elevational view illustrating the means
      of attaching adjacent sections together;
PAR  FIG. 5 is a fragmentary plan view of the stern of the boat illustrating
      details of construction thereof;
PAR  FIG. 6 is an elevational view of the transom of the boat, and
PAR  FIG. 7 is a cross-sectional view taken approximately along lines 7--7 of
      FIG. 1 and looking in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawings and more specifically to FIG. 1, it will be
      seen that one embodiment of the novel inflatable boat, designated
      generally by the reference numeral 10, is there shown. The inflatable boat
      10 is comprised of a plurality of boat sections which are releasably
      secured together and which includes a bow section 11, an intermediate
      section 12 and a stern section 13. It is pointed out that while only a
      single intermediate section 12 is shown in the present embodiment, a
      plurality of such intermediate sections may be provided to increase the
      overall length of the boat, or alternatively, the bow section may be
      connected directly to the stern section. It is preferred, however, that
      the sectional boat include at least one intermediate section.
PAR  Each of the boat sections is comprised of a pair of spaced apart generally
      parallel upright inflatable side members 14. Each of these inflatable side
      members is of generally rectangular shape with the exception of the side
      members for the bow section 11, and each side member is of generally
      uniform cross-sectional configuration, as best seen in FIG. 2. Each of the
      side members is formed of a suitable air and liquid impervious material,
      preferably rubber, and each includes an upper wall element 15, a lower
      wall element 16, opposed vertical side wall elements 17 and opposed end
      wall elements 17a.
PAR  A plurality of filaments or threads 18 are bonded to and extend between the
      side wall elements 17 of each side member and these filaments are
      preferably formed of nylon and are bonded to substantially the entire
      inner surface area of the vertical side wall elements. In this respect, it
      will be noted that the side members are of also generally rectangular
      cross-sectional configuration, as best seen in FIG. 2. A suitable valve 19
      is provided to permit inflation and deflation of the side members as
      desired.
PAR  It will be noted that the side members of the bow section 11 has a lower
      wall which includes an upwardly and forwardly tapering portion 16a so that
      the forward end wall element is of diminished size. In the embodiment
      shown, the vertical dimension of each of the side members is substantially
      greater than the transverse dimension from one side of wall element 17 to
      the other side wall element thereof and in the embodiments shown, this
      vertical dimension is in excess of thirty six inches.
PAR  Each of the boat sections include one or more inflatable transverse members
      20, each extending between and being secured to the associated pair of
      inflatable side members 14. Each of the inflatable transverse members 20
      is also formed of an impervious flexible material such as rubber or the
      like, and each includes an upper wall element 21, a lower wall element 22,
      opposed side wall elements 23 and opposed end wall elements 23a. These
      transverse members are also rectangular in shape and the inner surface
      areas of the side wall elements have filaments or threads 24 bonded
      thereto and extending therebetween.
PAR  Referring now to FIG. 3, it will be noted that the transverse members 20
      are of generally rectangular cross-sectional configuration when in the
      inflated condition, and each is provided with a valve 25 to permit
      inflation and deflation thereof, as desired. It will be noted that the
      transverse members 20, also have a height dimension substantially greater
      than the cross-sectional dimension thereof, but the height dimension of
      the transverse members is substantially less than the corresponding
      vertical dimension of the side members 14.
PAR  Each of the transverse members 20 extend between and is bonded to an
      associated pair of side members 24. To this end, a bonding flap 32 extends
      between and is bonded to an associated pair of side members 24.
      Specifically, a bonding flap 32 extends between and is bonded to the inner
      side wall elements of each side member and to the inner side wall element
      of each transverse member adjacent the respective ends thereof as best
      seen in FIG. 1. These bonding flaps are preferably formed of rubber or the
      same material as the side and transverse members.
PAR  In the embodiments shown in FIG. 1, the bow section 11 is provided with a
      transverse member 20 adjacent its rear or stern end portion thereof and is
      also provided with a pair of transverse members adjacent the bow end
      thereof, including an upper bow member 35 and a lower bow member 36. The
      upper bow member and the lower bow member extend between, engage and are
      bonded to the side members 14 of the bow section in the same manner as the
      rear transverse member. It is also pointed out that the upper and lower
      bow members are identical in construction, size and shape to the remaining
      transverse members.
PAR  Means are also provided for releasably securing the boat sections together
      and to this end, each of the side members 14 has an elongate vertically
      disposed attachment flap 26 bonded to the outer side wall elements thereof
      which is adjacent the end thereof. The attachment strap is also preferably
      made of a flexible, yieldable material such as rubber and in the
      embodiments shown, the rear ends of the side members are provided with
      attachment straps while the forward ends of the side members of the stern
      section is provided with attachment straps. Opposite ends of the side
      members for each intermediate section has attachment strap 26 secured
      thereto.
PAR  Each of the attachment flaps 26 is provided with a plurality of vertically
      spaced apart loops 27 so that the loops of attachment flaps for adjacent
      sections may be disposed in interlaced registering relation to permit the
      reception of an elongate attachment element 28 therethrough. The
      attachment element 28 is preferably a non-metallic semi-rigid member
      preferably formed of a suitable plastic material, such as nylon or the
      like, and when extended through the loops of the flaps effectively secures
      adjacent boat sections together in end-to-end abutting relation.
PAR  It will be noted that when the sections are secured together in end-to-end
      relation, the adjacent end wall elements of abutting side members abut
      against each other so that the side members form a continuous side for the
      boat. The adjacent side wall element of abutting transverse members also
      engage each other so that upper wall element for a pair of abutting
      transverse members defines a continuous surface. These abutting transverse
      members located between the intermediate section and the bow and stern
      sections thereby function as seats for the boat.
PAR  Means are provided for securing the abutting transverse members together
      and to this end, each transverse member which functions as a seat is
      provided with a pair of attachment flaps 29 one of which is bonded to the
      upper wall element of the transverse member and the other flap being
      bonded to the lower wall element of the transverse member. These
      attachment flaps are formed of the same material and are substantially
      identical in construction to the attachment flaps 26 and each includes a
      plurality of spaced apart loops 30 which may be disposed in interlaced
      registering relation with the loops of attachment flaps on the adjacent
      abutting transverse member. The adjacent flaps may be secured together by
      suitable elongate attachment elements 31 which are also identical in
      construction to the attachment elements 28 associated with the side
      members 14. It will therefore be seen that the transverse members not only
      abut each other throughout the area defined by the adjacent side walls,
      but these abutting transverse members are also secured together along
      upper and lower transverse lines. Thus the connections between adjacent
      boat sections not only provides a positive interlocked structure, but one
      which may be readily released by merely removing the elongate attachment
      elements.
PAR  Each boat section also is provided with a bottom sheet 33 which actually
      defines the bottom wall and which is bonded to the associated side and
      transverse members thereof. In the embodiments shown, the bottom sheet is
      preferably formed of an impervious material such as rubber and is actually
      spaced slightly above the lower wall elements of the side members as best
      seen in FIG. 2 to permit planing of the boat at high speeds. In this
      respect, the bottom sheet 33 may be secured to the inner side wall
      elements of the associated side and transverse members adjacent the lower
      portions thereof.
PAR  Since the bottom sheet 33 which defines the bottom wall of the boat
      sections is of flexible construction, it is preferred that a relatively
      non-yieldable floor be provided and, to this end, each section is provided
      with a buoyant panel 34 which is shaped and sized to be positioned upon
      the bottom sheet and between the associated side and transverse members.
      The buoyant panel 34 for each boat section is preferably formed of a
      foamed core such as polyurethane foam which is provided with a fiberglass
      skin. Since each panel is buoyant, each of these panels will add to the
      buoyancy of the boat.
PAR  Referring now to FIGS. 1, 5 and 6, it will be seen that the stern section
      13 illustrated is provided with a generally rectangular shaped transom 37
      which is formed of a non-metallic material such as plastic or the like and
      which extends between and is secured to the side members of the stern
      section by pairs of bonding flaps 38. The pairs of bonding flaps 38 are
      preferably formed of rubber or the like and are bonded to the side members
      of the stern section and to the front and rear surfaces of the transom. In
      the event that the transom is formed of a buoyant material such as
      polyurethane, having a fiberglass skin, then it is preferred that a
      mounting panel 39 in the form of an insert be provided. The mounting panel
      39 is formed of a non-compressable material such as wood or the like and
      is embedded or otherwise snugly fitted within a recess in the transom. It
      will also be noted, as best seen in FIG. 7, that the bottom sheet 33 of
      the stern section extends beyond and folded over the rear surface of the
      panel and is bonded thereto to form a water-tight connection thereat.
PAR  In use, the boat sections may be secured together and inflated or may be
      partially or completely inflated and then secured together. When the boat
      sections are secured together, the inflated side members and the inflated
      transverse members are quite rigid, having a rigidity corresponding to the
      conventional materials of which smaller crafts are constructed. This
      rigidity, together with the manner in which the boat sections are coupled
      together, present a relatively high strength monolithic structure whose
      configuration is very similar to the conventional boats. The width
      dimension of the embodiment illustrated, is approximately seven feet from
      the inner side wall element of one side member to the inner side wall
      element of the other side member. The boat is approximately twenty one
      feet long and when operated at relatively high speeds by an outboard
      motor, will plane on the lower surfaces of the side members. Although the
      boat has a relatively shallow draw because of its high degree of buoyancy,
      the vertical dimensions of the side members (in excess of three feet)
      provide a boat with a deep profile and thereby minimize the danger of a
      person accidently falling overboard. The rectangular configuration of the
      side and transverse members and especially the ratio of the relatively
      small transverse dimensions to the vertical dimension of each side member
      provides an inflatable buoyant craft which completely departs in shape and
      design from any heretofore known conventional inflatable drafts. Further,
      the use of transverse fibers to reinforce and permit the side and
      transverse members to maintain their cross-sectional shape provides an
      inflatable craft having strength characteristics not heretofore possible
      with conventional prior art inflatable craft.
PAR  It is also pointed out that each individual boat section may be
      disassembled and when inflated may serve as a smaller inflated craft if
      desired. When the entire sectional boat is disassembled and deflated, the
      entire boat in this deflated disassembled condition will present a
      structure of relatively small compass which may be readily stored in any
      convenient storage area, such as a closet or garage or the like. Thus, the
      space problem of boat storage (for conventional draft) will be completely
      avoided with the novel inflatable craft.
PAR  From the foregoing description, it will be seen that I have provided a
      novel inflatable boat which is not only of simple and inexpensive
      construction, but one which completely departs from conventional prior art
      inflatable craft in both design and construction.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An inflatable boat comprising:
PA1  opposed substantially parallel elongate upright inflated side members, a
      plurality of similar longitudinally spaced apart elongate inflatable
      transverse members extending between and engaging said side members, one
      of said transverse members extending between said side members adjacent
      the front end thereof, said transverse members having a vertical dimension
      substantially less than the vertical dimension of said side members, each
      of said side and transverse members being formed of a flexible and
      impervious material and when inflated, being of substantially rectangular
      cross-sectional configuration and including opposed, substantially
      parallel vertical side wall elements, opposed end wall elements, top wall
      elements and a lower wall element, a plurality of fibers extending between
      and being bonded to the inner surface area of the vertical wall elements
      of each side and transverse member, each side and transverse member having
      a valve therein to permit inflation and deflation thereof, each of said
      side and transverse members when inflated having a vertical dimension
      substantially greater than the transverse dimension thereof,
PA1  means sealingly connecting the respective end portions of a transverse
      member, said side members having a flexible impervious panel sealingly
      secured to the lower portions of the transverse and side members and
      defining a flexible floor, a rigid substantially flat floor defining panel
      positioned upon said flexible floor panel and extending between said side
      members,
PA1  and a rigid, vertical transom extending between and sealingly secured to
      the side members and flexible floor member adjacent the rear ends thereof.
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ABST
PAL  A surfboard leash for attaching a surfboard to a surfer, having a tubular
      outer element made of a resilient material such as rubber, and a partially
      resilient inner reinforcement element made from a material having a
      limited stretching ability, such as braided nylon cord. The natural length
      of the inner reinforcement element is several times the natural length of
      the outer casing, so that when unextended it lies coiled within it, but
      the maximum stretched length of the inner reinforcement element is less
      than the maximum stretched length of the outer tubular casing so that the
      outer casing is protected from breakage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a surfboard leash of resilient material
      for linking a surfer and his surfboard, particularly to use with the
      floating type of surfboard known as a "Malibu" board. Surfing on this type
      of board is performed with the surfer standing on the board which has
      sufficient buoyancy to support the surfer entirely out of the water.
      Leashes of this general type are known but have not found wide acceptance
      due to the fact that a satisfactory design had not been found until the
      present invention was made.
PAR  Even when surfing on relatively small waves the distance from the beach to
      the "take-off" point where the surf riding starts is often quite large and
      on large waves the distance to the take-off point can be very
      considerable. After each surf ride a surfer has to swim, with his
      surfboard from the beach to the take-off point and this clearly represents
      the major part of the physical effort involved and is quite time
      consuming. Since it is a difficult operation to get the surfboard moving
      down the slope of a wave and then to stand up on it, involving great
      balancing skill, it frequently happens that the intending surfer loses his
      balance and falls off his surfboard before actually getting properly under
      way. This is known as a "wipe out." If this happens the surfer is
      separated from his surfboard, which latter is carried by the wave back to
      the beach. The surfer, however, is left to swim back to the beach to
      retrieve his board and then has to return with it to the take-off point in
      order to try again. This obviously increases the amount of time wasted in
      swimming, without the surfer even having a surf-ride. Apart from this
      disadvantage to the surfer, there is a further disadvantage, from the
      point of view of other surfers or swimmers, since the surfboard carried
      alone by a wave represents a safety hazard. Being unguided and, normally,
      broadside on to the wave, it is both difficult to spot and difficult to
      avoid. An impact between a swimmer and such a free surfboard can be quite
      dangerous since there is the possibility that the swimmer may be knocked
      unconscious, in addition to any damage which may be caused by the impact.
PAR  If each surfer were to have his surfboard attached to him then upon the
      occurence of a "wipe-out" he would nevertheless be able to retrieve the
      board without having to return from the take-off point to the beach.
      Moreover, the danger from freely moving unguided surfboards would be
      correspondingly reduced since, being attached to a surfer, they would have
      only a limited range of free movement.
PAR  The achievement of this ideal situation has been hindered, however, by the
      fact that leashes must have particular characteristics for their safe and
      consistent use by surfers. For example, it is not possible to use an
      inelastic leash tied to any part of the body of the surfer, since the
      shock imparted when all the slack has been taken up upon separation of the
      surfboard and the surfer would be likely to cause injury to the surfer,
      and may possibly damage the surfboard. In order to overcome this
      difficulty resilient leashes have been tried in order that the resilience
      will progressively absorb the shock as the leash becomes extended.
      Previously used resilient leashes, however, have suffered from two major
      disadvantages; first, if the resilience allows the leash to stretch
      considerably there is a risk either of breakage of the leash when fully
      stretched or of collision between the surfer and the surfboard as it
      returns upon contraction of the leash following full extension; secondly,
      if the resilience of the leash is such that only a small extension is
      possible, the previously mentioned disadvantage of inelastic leashes is
      not fully overcome and there is a possibility that the force of a powerful
      wave pulling on the board could be sufficient to dislocate a surfer's
      ankle, knee or thigh. Moreover, there is a risk that, when the surfer is
      separated from the surfboard in a large wave, the speed and momentum of
      the board will cause a hold-down situation with the surfer being dragged
      under the water.
PAC  OBJECTS OF THE INVENTION
PAR  The object of the present invention is to provide a resilient surfboard
      leash which is sufficiently elastic to absorb the force of a large wave
      carrying a surfboard away from a surfer while nevertheless being
      adequately reinforced against breakage at full extension.
PAR  It is another object of this invention to provide a resilient surfboard
      leash in which there is a certain measure of damping upon contraction
      thereof.
PAR  It is a further object of this invention to provide a surfboard leash
      having an elastic outer casing with an inner reinforcement which is itself
      resilient.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a surfboard leash comprises an outer
      tubular casing of resilient material having at least one separate internal
      reinforcement element attached to the outer casing at each end thereof,
      the reinforcement element itself being resilient.
PAR  Preferably the natural length of the reinforcement element is greater than
      the natural length of the outer tubular casing.
PAR  In the preferred embodiment the maximum extended length of the
      reinforcement element is shorter than the maximum extended length of the
      outer tubular casing. The outer tubular casing is preferably made of a
      material capable of extension to at least eight times its natural length
      and the resilience of the inner reinforcement element is preferbly such as
      to allow the element to extend by only a fraction of its natural length,
      for example between 10 percent and 20 percent thereof.
PAR  It has been found that the relative dimensions of the diameter of the inner
      reinforcement element and the inner diameter of the outer tubular casing,
      together with the wall thickness of the outer tubular casing and the
      resilience of the material thereof, with respect to the natural length of
      each of these elements, has a critical bearing on the performance of the
      leash. Thus, the natural length of the inner reinforcement element should
      be greater than one and a half times, and less than seven times, the
      natural lenth of the outer tubular casing. Similarly, it is preferred that
      the diameter of the inner reinforcement element should lie between one
      fifth and one third of the diameter of the bore in the tubular outer
      casing and the wall thickness of the tubular outer casing lies between one
      sixth and one quarter of the said bore diameter although tubes having wall
      thicknesses between one eighth and three quarters of the bore diameter can
      be used. In an example of a preferred embodiment the outer tubular casing
      has an inner diameter of 8 mm., a wall thickness of 1.6 mm. and a length
      of 1 metre; the inner reinforcement element of this example has a diameter
      between 2 and 3  millimetres and a length of between four and four and a
      half metres.
PAR  The natural length of the inner reinforcement element should not be less
      than one and a half times the natural length of the outer tubular casing.
      A suitable material for the outer tubular casing has been found to be
      latex rubber and a suitable material for the inner reinforcement element
      is braided nylon cord. The use of braided nylon cord is preferred since
      this has an appropriate degree of resilience, stretching between 10
      percent and 20 percent of its natural length.
PAR  The advantages of the present invention are that the extension of the leash
      as a surfboard is carried away from a surfer smoothly decelerates the
      board without causing an unacceptable, and possibly dangerous, shock upon
      reaching full extension. Moreover, if the relative dimensions of the outer
      tubular casing and the inner reinforcement are within the indicated limits
      the inner reinforcement is coiled within the outer tubular casing in the
      unextended condition and the adoption of this coiled position acts to damp
      the contracting movement of the outer tubular casing thereby avoiding the
      risk of a dangerous impact as the surfboard returns to the surfer.
DRWD
PAR  Further features and advantages of the present invention will become
      apparent during the course of the following description with reference to
      the accompanying drawings which are provided purely by way of
      non-restrictive example.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal cross-section of one end of an embodiment of the
      invention;
PAR  FIG. 2 is a perspective view of a part of the embodiment illustrated in
      FIG. 1; and
PAR  FIG. 3 is a schematic diagram illustrating the relative lengths and
      diameters of the elements forming the embodiment of FIGS. 1 and 2 in the
      unextended and the extended positions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings there is shown a surfboard leash generally
      indicated 11 comprising an outer tubular casing 12 of latex rubber having
      an inner bore diameter of 8 mm., a wall thickness of 1.6 mm. and an
      unextended length of 1 metre. Within the outer tubular casing 12 there is
      coiled an inner reinforcement element 13 made of braided nylon cord having
      a diameter of 2 mm. and an unextended length of 4.3 metres. The cord 13
      has a knot 14 adjacent the end of the outer tubular casing 12. On the side
      of this knot nearest the end of the outer tubular casing 12 there is a
      compression band 15 which tightly encircles the outer tubular casing 12
      compressing this into the inner reinforcement element 13. The compression
      band 15 in the embodiment illustrated comprises a loop of cord of the same
      material as the cord 13, although any suitable material resistant to
      corrosion by seawater could be used. The end of the outer tubular casing
      12 is turned back over the band 15 to provide a neat external appearance.
PAR  The end of the cord 13 is formed into a loop 16 to which is attached a
      further loop 17 for attachment of the leash 11 to a fixing ring or other
      mounting carried on a surfboard. If the auxiliary loop should become
      chafed or broken it can be replaced readily. This avoids the necessity of
      replacing the whole leash in the event of chafing and wear.
PAR  Referring now to FIG. 3 the relative extensions of the inner reinforcement
      element 13 and the outer tubular casing 12 are shown. It will be seen that
      the maximum possible extension of the outer tubular casing 12 amount to
      between 8 and 9 times its unextended length, that is to between 8 and 9
      metres. The maximum possible extensions of the inner reinforcement element
      13, however, is only to about 5 metres. Thus even when extended to its
      maximum length the inner reinforcement element 13 prevents the outer
      tubular casing 12 from stretching to its full extent. The resilience of
      the outer tubular casing 12 absorbs the shock which would otherwise occur
      when the slack in the inner reinforcement element is taken up as a
      surfboard is carried away from a surfer by a wave following a "wipe-out."
      The friction between the inner reinforcement element 13 and the inner wall
      of the outer tubular casing 12 also helps to damp the movement, both on
      expansion and contraction, thereby contributing to the shock absorbing
      effect. The relative lengths of the two elements is, for this reason,
      critical to ensure that there is frictional engagement between the
      elements without binding or deformation which could cause excessive local
      stretching of the outer tubular casing leading to rapid deterioration and
      early breakage.
CLMS
STM  I claim:
NUM  1.
PAR  1. A leash for attaching a surfboard to a surfer, comprising:
PA1  an outer tubular casing of resilient material,
PA1  at least one separate reinforcement element housed within said outer
      tubular casing and attached at each end thereto, said reinforcement
      element itself being resilient, the natural length of said inner
      reinforcement element being greater than the natural length of said outer
      tubular casing, and the maximum extended length of said reinforcement
      element being less than the maximum extended length of said outer tubular
      casing,
PA1  first attachment means on one end of said reinforcement element for
      attaching it to a part of the body of a person, and
PA1  second attachment means at the other end of said reinforcement element for
      attaching it to a surfboard.
NUM  2.
PAR  2. The surfboard leash of claim 1 wherein the natural length of said inner
      reinforcement element is not less than one and a half times the natural
      length of said outer tubular casing.
NUM  3.
PAR  3. The surfboard leash of claim 1, wherein the natural length of said inner
      reinforcement element is not more than seven times the natural length of
      said outer tubular casing and the maximum extended length of said outer
      tubular casing is in the region of eight times its natural length.
NUM  4.
PAR  4. The surfboard leash of claim 1, wherein the diameter of said inner
      reinforcement element lies between one fifth and one third of the diameter
      of the inner bore of said tubular outer casing.
NUM  5.
PAR  5. The surfboard leash of claim 1, wherein the wall thickness of said
      tubular outer casing is between one sixth and one quarter the diameter of
      the bore in said tubular outer casing.
NUM  6.
PAR  6. The surfboard leash of claim 1, wherein the maximum extended length of
      said inner reinforcement element is between 10 percent and 20 percent
      greater than the natural length thereof.
NUM  7.
PAR  7. The surfboard leash of claim 1, wherein said inner reinforcement element
      is made of braided nylon cord.
NUM  8.
PAR  8. The surfboard leash of claim 1 wherein said tubular outer casing is made
      of a latex rubber.
NUM  9.
PAR  9. The surfboard leash of claim 1, wherein said inner reinforcement element
      is knotted at each end and an encircling clamping band secures said
      tubular outer casing to said inner reinforcement element, said encircling
      clamping band surrounding said tubular outer casing outwardly of said
      knots.
NUM  10.
PAR  10. The surfboard leash of claim 9 wherein said encircling clamping band is
      made of the same material as said inner reinforcement element and is
      knotted to hold it in position.
NUM  11.
PAR  11. The surfboard leash of claim 1, wherein said inner reinforcement
      element is formed into a loop at one end, said loop projecting from one
      end of said tubular casing, an auxiliary loop of substantially
      inextensible material being attached to said loop at said one end of said
      inner reinforcement element.
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ABST
PAL  A personal flotation device includes front and rear panels secured together
      to form an aesthetically appealing life vest. The panels are provided with
      relatively thin sheets of buoyant material of sufficient buoyancy to cause
      a user to remain afloat while in the water. The vest is provided with an
      inflatable bladder which may be readily inflated to increase the buoyancy
      of the flotation vest. The flotation vest is also provided with a collar
      through which the bladder extends and serves to cause the user to float
      face-up when the bladder is inflated.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a personal flotation device and more specifically
      to a flotation device generally known as a life vest.
PAR  There are various types of personal flotation devices including both the
      inflatable and noninflatable life vests. The noninflatable prior art life
      vests are usually bulky, generally unattractive, and are often
      uncomfortable. The United States Coast Guard and other agencies urge that
      life vests and other personal flotation devices be worn at all times by
      persons in watercraft. Because the uninflatable type prior art vests are
      bulky, unattractive and often uncomfortable, these life vests are usually
      not worn, but are merely carried in the watercraft. It has also been found
      that it is difficult to construct these noninflatable prior art life vests
      so that they will properly fit small children whose body sizes and shapes
      vary extensively.
PAR  It is therefore an object of this invention to provide a novel life vest
      which is not only effective as a flotation device, but is also
      aesthetically appealing in appearance and comfortable to wear.
PAR  Specifically, the life vest is provided with buoyant sheets of material
      which impart buoyancy thereto, and is also provided with an inflatable
      bladder, which when inflated, increases the buoyancy of the life vest. It
      has also been found that when the inflatable bladder is inflated, it not
      only increases the buoyancy of the life vest, but also serves to cause the
      vest to more snuggly and comfortably fit a user and is therefore
      especially adapted for use with small children.
PAR  Another object of this invention is the provision in the life vest of a
      collar through which the inflatable bladder extends, the collar being
      shaped and constructed to present a fashionable and styled garment feature
      when the bladder is in a deflated condition, but causing the user to float
      face-up when the bladder is in the inflated condition.
PAR  These and other objects and advantages of this invention will more fully
      appear from the following description made in connection with the
      accompanying drawings wherein like reference characters refer to the same
      or similar parts throughout the several views.
DRWD
PAC  FIGURES OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view of the novel life vest;
PA1  Fig. 2 is a rear perspective view thereof;
PA1  Fig. 3 is a side elevational view thereof;
PA1  Fig. 4 is an exploded perspective view illustrating certain components of
      the novel life vest.
PA1  Fig. 5 is a cross-sectional view taken approximately along line 55 of FIG.
      1, and looking in the direction of the arrows, but with the inflatable
      bladder being illustrated in an inflated condition.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawings and more specifically to FIG. 1, it will be
      seen that one embodiment of the novel life vest, designated generally by
      the reference numeral 10, is there shown. The life vest 10 includes a pair
      of front panels 11 and a pair of back panels 12, each panel having an
      upper peripheral edge 13, a lower peripheral edge 14, and an inner
      longitudinal edge 15 and an outer longitudinal edge 16. Each panel also
      has an exterior surface and an interior surface, the exterior surface
      being defined by a fabric cover 17, preferably formed of a cotton
      polyester blend and which may have any suitable pattern design for
      aesthetic appeal. The inner surface of each panel is defined by a liner
      18, also formed of a suitable fabric such as muslin or the like. The cover
      and liner for each panel are sewn together at their respective
      peripheries, and each panel has a sheet 19 of buoyant material disposed
      between the cover and liner thereof. The sheet 19 is preferably formed of
      a semi-rigid crosslinked polyethylene foam. The front cover 17 is provided
      with a longitudinal pleat or fold 20 which, as shown, is located between
      the inner and outer longitudinal edges of the front panel.
PAR  Each front panel 11 is secured at its upper edge 13 to the upper edge 13 of
      one of the back panels 12 by means of a stitch 21. It is pointed out that
      the stitch 21, as well as all of the stitching in the life vest 10
      comprises a lock stitch for the purpose of safety. It will also be noted
      that both the front and rear panels have longitudinally spaced apart
      grommets 22 therein, along the respective outer longitudinal edges
      thereof. Each front panel 11 is secured to one of the back panels 12 at
      its outer longitudinal edge by means of a cord 23 which is laced through
      the grommets in the front and back panels. The inner longitudinal edges of
      the front panels 11 are provided with a zipper-type closure fastener 24
      which permits opening and closing of the vest by a user. It is pointed out
      that the zipper closure fastener is preferably formed of a noncorrosive
      material such as plastic and is of the self-locking type. The back panels
      12 are secured together at spaced longitudinal points adjacent their inner
      longitudinal edges by means of connecting fabric strips 25.
PAR  Each front panel 11 is provided with a small block 26 of buoyant material
      which is interposed between the cover 17 and liner 18 of the associated
      panel. The block 26 is separated from the associated sheet 19 by means of
      a stitch 27, and is in effect, hinged relative to the sheet 19. The block
      26 is also formed of a foamed polyethylene and it will be noted that it is
      substantially smaller in area than the single elongate sheet 19 for each
      panel. By using a single, relatively thin sheet 19, the bulky unappealing
      appearance which characterizes most prior art life vests is avoided. It
      will further be noted that each front panel and back panel 12 are not
      connected along their entire outer longitudinal edges, so that arm holes
      16a are defined therebetween.
PAR  The vest 10 is also provided with a collar 28 which is comprised of a pair
      of substantially identical sheets 29 of fabric, preferably of the same
      fabric from which the cover 17 of each panel is formed. The sheets 29 of
      the collar 28 are secured together along three of their peripheral edges
      by a stitch 30 while the remaining transverse peripheral edge of the
      lowermost sheet 29 is secured by stitching 31 to the back panels 12, and
      the remaining transverse peripheral edge of the uppermost sheet 29 is
      secured by the stitching 31 to the front panels 11.
PAR  The life vest 10 also includes a generally inverted, elongate, U-shaped
      inflatable bladder 32 which is comprised of a pair of spaced apart
      elongate sections 33 which are interconnected at their respective ends by
      a bight portion 34. Each of the elongate sections 33 is of reduced
      transverse size adjacent the bight portion 34 to thereby define a neck 33a
      thereat. Each of the elongate sections 33 is interposed between the sheet
      19 and the cover 17 of one of the front panels 11 and extends from
      adjacent the stitch 27 upwardly with the bight portion thereof extending
      through the collar 28.
PAR  Referring now to FIGS. 4 and 5, it will be seen that the bladder 32 is
      actually comprised of an upper sheet 35 and a lower sheet 36, each being
      shaped to the configuration of the bladder. The sheets are secured
      together at their respective peripheral edges in sealing relation by a
      suitable adhesive. That portion of the lower sheet 36 which defines each
      elongate section 33 has a lateral extension 37 provided with openings 37a
      therein through which the grommets 22 project. Each elongate section 33 is
      also provided with an attachment strip 38 which is secured to the lower
      sheet 36 and which projects laterally inwardly from each elongate section
      33. These attachment strips 38 for each elongate section are secured to
      the associated zipper closure fastener structure. It will therefore be
      seen that each of the elongate sections 33 of the bladder are permanently
      anchored along its perspective longitudinal edges to some portion of the
      associated front panel.
PAR  The bladder 32 is provided with an elongate flexible conduit 39, an
      adjustable valve 40 adjacent its outer end, the outer end defining an
      outlet or mouthpiece. The valve 40 is of conventional construction and is
      spring urged to a closed position but may be urged longitudinally of the
      conduit to an open condition when it is desirable to inflate or deflate
      the bladder. The conduit 39 is positioned below a flap 41 which is
      stitched to the cover 17 of the associated front panel and which is held
      in a closed position by a suitable velcroe-type fastening means. The flap
      41 may be formed of the same material from which the cover 17 is formed.
PAR  The life vest 10 is aesthetically more appealing than conventional prior
      art life vests since it presents a less bulky appearance and, when worn in
      a deflated condition, is quite similar to a conventional garment-type
      vest. This is accomplished through the use of single elongate sheets of
      buoyant material for each panel, each have a thickness dimension
      substantially less than the thickness dimension of the large blocks used
      in prior art life vests. In this respect, it is pointed out that the
      thickness dimension of the buoyant sheets 19 for the rear panels is less
      than the thickness dimension of the buoyant panels for the front panels.
PAR  The inflatable bladder 32 is also substantially smaller in all dimensions
      than the bladders used in prior art inflatable life vests. Thus when the
      bladder is in the deflated condition, it adds very little by way of bulk
      to the front panels and to the collar. Therefore, when the bladder is in
      the deflated condition, the collar has a low flat profile and lies upon
      the back panels in substantially the same manner as a collar for a
      garment.
PAR  The sheets 19 are of a sufficient buoyancy so as to cause a user to remain
      afloat in the water even though the life vest is in a deflated condition.
      As a matter of fact, the sheets 19 of buoyant material have a buoyancy of
      15.6 pounds which meet the Coast Guard requirements for buoyancy for a
      noninflatable type personal flotation device. However, in the event that a
      user concludes that he may be in the water for an extended period of time,
      the user may then inflate the bladder 32 which not only imparts additional
      buoyancy to the vest, but the collar 28 when inflated, avoids the negative
      riding moment resulting from a person afloat and thereby causes the user
      to float face-up.
PAR  When the life vest 10 is worn by a child, and it is found that the life
      vest does not properly and comfortably fit the child, the bladder 32 may
      then partially or completely be inflated to very snuggly fit the torso of
      the child. The capability of the life vest 10 to conform to a child's
      torso cannot be accomplished with prior art life vest devices. The bladder
      32 may also be partially or fully inflated by a user to cause the vest to
      fit more snuggly, especially the collar 28 for the purpose of increasing
      the comfort of the life vest for protection against moisture and cold. The
      use of the pleats 20 also not only impart a stylized feature to the
      garment, but permit the bladder to expand outwardly away from the body of
      the user, rather than inwardly which permits the life vest to be inflated
      without a decrease in the comfort of the vest.
PAR  Thus it will be seen that I have provided a life vest which is not only of
      novel and inexpensive construction, but one which functions in a more
      efficient manner than any heretofore known comparable flotation devices.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A personal flotation vest device comprising:
PA1  a pair of front panels and a pair of rear panels, each panel having inner
      and outer longitudinal edges, upper and lower edges, means securing the
      respective upper edges and portions of the outer longitudinal edges of a
      front panel and back panel together to define an armhole therebetween,
      means securing the inner longitudinal edges of the back panels together,
      and releasable closure means for releasably securing the inner
      longitudinal edges of the front panels together,
PA1  each panel including a flexible fabric liner covering the interior surface
      thereof and a flexible cover covering the exterior surface thereof and
      secured at its periphery to the periphery of the associated fabric liner,
PA1  each panel including a vertically extending sheet of buoyant material
      extending from adjacent the lower edge of each panel to a point adjacent
      the upper edge thereof and interposed between the associated liner and
      cover,
PA1  a collar secured to said panels and including a pair of sheets of flexible
      fabric secured together at peripheral portions thereof,
PA1  a generally U-shaped inflatable bladder formed of an elastic gas impervious
      material and including a pair of elongate sections and a bight portion
      extending between such sections said bight portion of the bladder being
      positioned between the sheets of said collar, each elongate section of
      said bladder having means thereon adjacent one longitudinal edge portion
      thereof attached to said closure means, and each section having means
      thereon adjacent its other longitudinal edge portion secured to said cover
      and liner.
NUM  2.
PAR  2. The vest device as defined in claim 1 wherein the cover of each front
      panel is provided with a longitudinal pleat to permit outward expansion of
      the cover when the bladder is inflated.
NUM  3.
PAR  3. The vest device as defined in claim 1 wherein said collar including the
      bight portion of the bladder therein is adapted to lay in a flattened
      condition upon the back panels when said bladder is in the deflated
      condition.
NUM  4.
PAR  4. The vest device as defined in claim 1 wherein said closure means
      comprises a zipper closure fastener.
NUM  5.
PAR  5. The vest device as defined in claim 4 wherein the means on said one
      longitudinal edge of each elongate bladder section comprises an attachment
      strip to which is connected said closure means, and the means on said
      other longitudinal edge of each bladder section comprises a lateral
      extension which is attached to said cover and liner of the associated
      front panel.
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ABST
PAL  A car wash apparatus having inner and outer, counterrotating curtain
      assemblies of circular configuration. Each curtain comprises strip
      elements which at rest are suspended in close proximity to those strip
      elements of the other curtain. The strips are displaced during travel over
      the car body resulting in the strips from one curtain intermingling with
      strips of the other curtain to enhance the strips cleaning action. A drive
      mechanism powers the curtains through concentric drive shafts with a water
      supply shown provided through same. Curtain confining means are supported
      adjacent the curtain paths guiding the curtain strips for rotational
      travel into desired impingement against the vehicle body. The strip
      elements may include highly flexible fibrous segments to clean irregular
      surface areas of the vehicle. Rotary brushes within the inner curtain
      assembly clean the vehicle sides. Said brushes are powered via a
      continuous cable carried by said curtain assembly reeved through power
      take-off pulleys.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  The present application is a continuation-in-part of my copending U.S.
      patent application bearing the same title filed May 31, 1974 under Ser.
      No. 475,103, now abandoned, which was a continuation-in-part of an
      original application filed Aug. 9, 1973 and accorded Ser. No. 386,976, now
      abandoned.
BSUM
PAR  In common use presently are various apparatuses for the washing or cleaning
      of automobiles. Such apparatuses include both powered brushes and more
      recently, pliable strips which dislodge dirt from the vehicle by a wiping
      action. The term curtain is applied commonly to any suspended aggregation
      of pliable strip material that travels over the vehicle contours to clean
      same. Examples of the curtain type prior art are found in the following
      U.S. Pat. Nos. 3,705,435; 3,683,441; 3,517,405; 3,510,898; 3,499,180;
      3,487,490; 3,345,666; and 2,544,066.
PAR  The prior art apparatuses commonly provide a curtain or curtains of pliable
      strips disposed crosswise to the automobile path with the curtain strips
      being oscillated or drawn across the automobile body in a unidirectional
      manner. The mechanism, for imparting such movements to the curtain, is
      complex and contributes to such being a costly piece of equipment not
      readily affordable by all car wash operators. The complexity of such
      curtain oscillating or powering mechanisms further results in a high
      incidence of component failures with the consequent shut down of the car
      wash apparatus until a replacement part is obtained or repairs made. While
      very large car wash establishments may be able to inventory a complete
      supply of parts and retain fully trained service personnel the same is not
      so for a smaller car wash operator, for example, a service station
      operator operating a car wash as an added service to his customers. The
      complex apparatuses of the prior art are clearly not practical from an
      original cost or maintenance standpoint in this type of operation.
PAR  Contributing to the impractical nature of the prior art equipment, in
      addition to original cost and maintenance objections, is the operating
      envelope or space required to install such equipment. Again, where the
      operation is primarily that of a service station, space for the
      installation of the car wash equipment is severely limited. In some
      instances the space available for car wash equipment will be limited to
      that area termed a bay which formerly was used as an auto servicing area.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied within an apparatus having
      counter-rotating curtain assemblies with the circular curtains suspended
      therefrom having an augmented cleaning action by reason of the interaction
      of curtain strips while passing oppositely across auto surfaces in close
      proximity to one another. Concentric curtain supports are driven in
      opposite directions of rotation with their strip-like curtain elements
      trailing across the auto body. The travel of said strips in conjunction
      with continuous forward motion of the vehicle and the varying contour of
      same provides a resultant random passage of the strips over the auto body.
      Certain curtain elements of the inner and outer curtains are displaced by
      vehicle contact into an enmeshed relationship resulting in their paths
      being altered to further enhance their cleaning action on the surface.
      Additionally the rotating strip elements of the inner curtain assembly may
      urge those of the outer curtain assembly into forceful contact with the
      auto surfaces. Means are provided for concentric rotation of the curtains
      including a provision for delivery of water to at least one of said
      curtain assemblies. A supporting framework for the curtain supports may be
      mobile permitting relocation of the apparatus if the latter is used only
      periodically with the framework additionally serving, if desired, to
      support water and wax solution conduits. As the framework itself is of
      large diameter tubular components the same may serve as conduit means to
      supply spray outlets mounted thereon.
PAR  Curtain confining means, disclosed as panels in a later described modified
      form of the invention, are supported by the framework and constrain the
      curtain strips for arcuate travel into impingement against the vehicle
      body for optimum strip cleaning action on the body without risk of undue
      entanglement of said strips. Fabric segments carried by the strips as
      later described further enhance cleaning action.
PAR  Side brush assemblies are disposed within the inner curtain assembly and
      engage the vehicle sides to supplement the cleaning action of the curtain
      assemblies. The rocker panels of an auto being washed are also engaged by
      the side brushes to dislodge dirt thereon. Each brush assembly is powered
      by a rotating curtain assembly by means of a circuit of cable on the
      curtain assembly being reeved through power take-off pulleys in driving
      connection with each brush.
PAR  Important objectives achieved with the present car wash apparatus include:
      an apparatus having a thorough washing action; an apparatus of simplified
      construction resulting in a significantly lower original cost and an
      apparatus not susceptible to component failures; an apparatus having
      multiple counter-rotating circular curtains radially offset from one
      another with curtain confining means directing same into desired contact
      with the automobile body; and apparatus having multiple circular curtains
      with said curtains comprising strip elements bearing for a portion of its
      length a highly flexible, fibrous strip of a wooly appearance particularly
      adapted for cleaning irregular automobile surface areas; an apparatus
      having side brushes for cleaning the sides of a vehicle with each of the
      brushes deriving rotary power from the innermost rotating curtain assembly
      by means of a power take-off in driven engagement with continuous means
      carried by said inner curtain assembly; an apparatus wherein side brushes
      are laterally displaced upon a control arm being contacted by the
      approaching vehicle to preclude damage to the brushes by the vehicle; a
      car wash apparatus of a compact nature readily adaptable for use in other
      than primarily car wash installations, as for example, service station
      bays; an apparatus having low shipping, installation and hook-up costs
      permitting relocationing of the apparatus if so desired; an apparatus
      wherein undesirable curtain action, as for example whipping of end
      segments, is avoided thereby avoiding damage to automobiles and their
      accessories; an apparatus capable of operating within a relatively small
      area such as a bay of a service station; an apparatus wherein the
      framework is of relatively large diameter pipe to serve both as a water
      conduit and reservoir, the latter at a pressure considerably above normal
      line pressure of a standard sized supply conduit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a side elevational view of the present apparatus at rest with
      curtain fragments broken away and the outermost limits of curtain travel
      during operation shown in broken lines,
PAR  FIG. 2 is a plan view of the autos front portion with arcuate areas
      indicated schematically thereon typically indicating areas traversed by
      passing strip-like elements of the two curtain assemblies.
PAR  FIG. 3 is a plan view of the apparatus framework taken downwardly along
      line 3--3 of FIG. 1 and of reduced scale,
PAR  FIG. 4 is a side elevational view of the apparatus with curtain fragments
      broken away to disclose typical stripelements of the inner and outer
      curtains and their relationship during passage over auto surfaces,
PAR  FIG. 5 is an elevational view of a drive mechanism for the inner and outer
      curtain assemblies of the apparatus,
PAR  FIG. 6 is a horizontally sectional view taken downwardly along line 6--6 of
      FIG. 5 of the drive assembly,
PAR  FIG. 7 is a view similar to FIG. 6 taken downwardly along line 7--7
      disclosing other drive mechanism components,
PAR  FIG. 8 is a view similar to FIG. 4 showing the relationship of inner and
      outer curtain strips during impact against leading and trailing upright
      surfaces of the auto,
PAR  FIG. 9 is a sectional view of a typical curtain ring showing curtain
      attachment thereto,
PAR  FIG. 10 is a view similar to FIG. 1 but with curtain confining means in
      place on the support structure,
PAR  FIG. 11 is a plan view of the side of the support structure viewed in FIG.
      10 with a curtain confining panel in place thereon,
PAR  FIG. 12 is a view similar to FIG. 11 but on a reduced scale showing
      modified panel configuration,
PAR  FIG. 13 is a perspective view of a modified curtain strip,
PAR  FIG. 14 is a side elevational view of the present apparatus with a rotary
      side brush shown in dashed lines,
PAR  FIG. 15 is a plan view of FIG. 14,
PAR  FIG. 16 is an elevational view of a side brush assembly taken along line
      16--16 of FIG. 15, and
PAR  FIG. 17 is a horizontal sectional view of brush positioning linkage taken
      along line 17--17 of FIG. 16.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With continuing reference to the drawings, wherein applied reference
      numerals indicate parts similarly identified in the following
      specification, the reference numeral 1 indicates generally a tubular
      support structure or framework of the present apparatus.
PAR  The support structure 1 is comprised of tubular members including pairs of
      leg members 2 with each pair interconnected by crossmembers 3.
      Interconnecting the crossmembers 3 are longitudinal members 4 which
      support a drive mechanism generally at 5.
PAR  The structural members being tubular may be utilized to convey water to
      supply nozzles 6 and 7 or alternatively, conduits may be provided
      exteriorly of said structural members. For the sake of convenience, caster
      wheels 8 are provided to enable rolled movement of the apparatus. Rods at
      10 longitudinally interconnect the leg members bracing same.
PAC  CURTAIN ASSEMBLIES
PAR  Multiple curtain assemblies are provided with two being shown in the
      present embodiment of the invention, one disposed within the other and
      hence termed inner and outer curtain assemblies and indicated generally at
      12 and 13. The curtain assemblies are similar to a large extent, each
      being circular, with the diameters differing to provide circular curtains
      C each offset or horizontally spaced from the outer but suspended in close
      proximity. Each curtain is of a later described fabric cut to provide
      highly flexible strip-like elements S.
PAR  Inner curtain assembly 12 includes a circular curtain ring or support 14
      constituting a curtain support which may be of rolled angle stock.
      Radially disposed spars 15 terminate inwardly in bolted attachment (FIG.
      5) with a carrier 16 flanged at 16A-16B. The carrier is secured to the
      lower end of an inner curtain drive shaft 54 by means of a shaft attached
      plate 17 with bolt assemblies 18 passing therethrough and through the
      carrier flanges and inner spar ends. Curtain ring 14 is additionally
      supported by a series of tensioned suspension cables 19 in adjustable
      engagement as at 20 with ring 14 and affixed by cable eyes at 21 to flange
      16A of the carrier. While only two tensioned cable members 19 are shown
      (FIG. 5) associated with carrier 16, additional tensioned members are
      utilized and extend in a similar manner between carrier member 16 and the
      curtain support ring 14. To effectively impart drive shaft rotation to
      inner curtain assembly 12 the cable eyes 21 are secured to carrier flange
      16A in a tangential manner with the attachment point being advanced ninety
      degrees in the direction of rotation from the point at which attachment
      would be made if the cable 19 were to lie in a true radial plane of
      carrier 16.
PAR  For distributing a water flow a union at 22 is in communication with a
      water source via the inner curtain drive shaft with the flow being
      directed to spray conduits 23 affixed to certain of the spars.
PAR  Outer curtain assembly 13 is similar to the first described curtain
      assembly and includes a circular curtain ring or support 26 of greater
      diameter than curtain ring 14 to outwardly space its curtain from the
      inner curtain assembly. Outer curtain assembly 13 further includes spars
      27, a flanged carrier 28 bored to receive a tubular outer curtain drive
      shaft 30. Carrier 28 includes flanges 28A-28B the lowermost being in
      bolted engagement with the spars 27 while the upper flange receives the
      inner ends of tension cables 31. Upper flange 28A is additionally in
      bolted engagement with a plate 29 which is secured to and supported by
      shaft 30. As curtain rotation of the outer curtain assembly is counter to
      that of the inner curtain, the cable eyes at 32 are attached to flange 28A
      in an oppositely offset manner from those described earlier in connection
      with carrier 16.
PAR  The material used for the curtains may be of synthetic fiber of the type
      widely marketed by several manufacturers for use as outdoor carpeting,
      such material being well known in the car washing art with various other
      types of "curtain.revreaction.  apparatuses. One such suitable material is
      sold under the trademark Ozite. The circular curtains are cut into strip
      form with each strip being approximately one and one half inches in width
      and extending substantially the vertical height of the curtain C. One
      suitable means for attaching the curtain material to its frame is shown in
      FIG. 9 wherein bolt assemblies 34 extend through the doubled back upper
      edge of the curtain and through the curtain ring 14 or 26 with washer
      elements 35 providing an adequate compression surface against the
      material. Desirably, each curtain is comprised of separately detachable
      segments of ninety degrees for convenient replacement when necessary.
PAR  As best viewed in FIGS. 5 through 7, the drive mechanism 5 is mounted on
      the longitudinal members 4 of the apparatus by means of plates 36. An
      electric motor 37 drives through a reduction gear box 38, the output shaft
      40 of which carries a double roller chain sprocket 41 driving a double
      roller chain 42 which is entrained about a driven sprocket 43 for
      imparting torque to tubular drive shaft 30 powering the outer curtain
      assembly 13. Shaft 30 is suitably journalled within plate mounted bearings
      44 while a collar 45 retains shaft 30 against axial movement. Shaft 30
      terminates downwardly with carrier 28 as earlier described.
PAR  For imparting opposite rotation to inner curtain assembly 12 a shaft 47 is
      suitably journalled within plate mounted bearings 48. As viewed in FIG. 7,
      double roller chain 42 is reversely entrained about a sprocket 50 so as to
      impart rotation to shaft 47 oppositely to the rotation of sprocket 43
      associated with the outer curtain assembly. For transmitting such opposite
      idler shaft rotation to inner curtain assembly 12, a driving sprocket 51
      (FIG. 6) on idler shaft 47 drives a single roller chain 52 and in turn a
      driven sprocket 53, the last mentioned sprocket being keyed to an inner
      curtain assembly drive shaft indicated at 54 which additionally is keyed
      at its lower end to carrier 16 earlier described.
PAR  For supplying water to the inner curtain assembly 12, I provide a water
      conduit 55 for passage lengthwise of inner drive shaft 54. An inlet
      coupling at 56 receives water from a suitable pressurized source 57 with
      the lower half of the coupling being rotatable with water conduit 55 while
      union 22, at the lower end of the conduit, distributes the flow laterally
      to multiple spray conduits 23.
PAR  Of particular importance in the present invention are the operational
      advantages of multiple, counter-rotating curtains moving in close
      proximity to one another and at times intermeshing with one another. With
      reference to FIGS. 2 and 4, it will be seen that curtain strips (typically
      shown in FIG. 4) travel across vehicle body surfaces with zones at Z-1 and
      Z-2 indicating areas of wiping contact by the oppositely moving strips.
      Common or overlapped areas of contact occur by reason of the inner strip
      trailing outwardly and rearwardly (with respect to its supporting ring 14)
      into the path of the oncoming strips of the outer curtain. It is believed
      obvious that the zones will be of a shape other than the arcuate areas
      indicated by reason of the random interaction of the oppositely passing
      strips and the forward motion of the vehicle. Further, enhancing the
      cleaning action of the strips is the tendency of the strips to override
      one another of the same and other curtain.
PAR  With attention to FIG. 8 wherein again only two typical curtain strips S
      are shown for the sake of clarity, strip cleaning action on the leading
      and trailing upright surfaces of a vehicle is particularly efficient by
      reason of concerted strip action. For example the front bumper and grill
      of the auto being washed are initially contacted by the outer curtain
      which normally travels in a downwardly flared configuration by reason of
      centrifugal force acting along the strip per the broken line position. The
      outer curtain strips, as they initially contact and sweep across the
      grillwork of the forwardly moving auto are gradually displaced to the full
      line position of FIG. 8 whereat the strips of the inner curtain impinge on
      same urging the outer curtain strips into more forceful contact with the
      upright auto surfaces. The same strip action occurs as the auto departs
      the curtain area of the apparatus achieving efficient cleaning of the
      autos rear deck, bumper and other upright rear end surfaces.
PAR  With attention again to FIGS. 1 and 3, the hollow tubular support structure
      1 may receive a water flow for water nozzles 6 and 7 and be additionally
      equipped with additional water and liquid wax conduits to prepare the auto
      for curtain contact as well as to rinse same and to apply a wax solution.
      A first crosswise conduit or "wand" 57 suitably supported on structure 1
      pre-soaps the car while frame mounted nozzles 6 and 7 apply additional
      water. Conduits 23, carried by inner curtain assembly 12, receive a
      constant flow of soap and water to thoroughly soap the vehicle during
      passage of the vehicle through the curtains. As the vehicle moves away
      from the curtain assemblies, rinse water is applied from the nozzles 7 at
      the left hand side of FIG. 1 while a frame supported "wand" at 58 delivers
      a water-wax solution. A "wand" at 60 discharges a chemical wax solution to
      lessen water "beading" while a "wand" at 61 applies the final rinse to the
      vehicle. The use of such "wands" in the car wash industry such being
      associated with other apparatuses and the solutions discharged thereby are
      all well known and constitute no part of the present invention.
PAR  For guidance of the auto through the curtain assemblies, guide rails at 62
      may be spaced to receive the wheels along one side of the vehicle. For
      smaller than standard size vehicles a second pair of rails may be located
      inwardly toward the vertical axis of the curtain assemblies in order to
      direct the vehicle through the center of the curtain assemblies. Other
      known equipment may be associated with the present apparatus such as wheel
      washing and rocker panel washing instrumentalities.
PAR  Shown supported by said leg members 2' in a modified form of the support
      structure in FIGS. 10, 11 and 12 (wherein aforementioned components are
      indicated by like prime reference numerals) are curved panels 9 offset
      from curtain assemblies 12' and 13' and constituting curtain confining
      means. Clamps at 63 serve to attach each panel corner to the framework leg
      members with the mid-portion of each panel being offset approximately 6
      inches or so from the outermost curtain when at rest. Each of the curtain
      retainers serves to confine the strips of the curtain assemblies against
      excessive outward displacement during curtain rotation and more
      importantly, guides the moving curtain strips of the outer curtain
      assembly 13' into desired impingement with the automobile body to enhance
      the concerted action of the strips on said body. In FIGS. 10 and 11, the
      panels 9 include a curved portion 9A on one side of a transverse
      centerline CL said portion formed on a constant radius. A remaining
      portion 9B is tangential to portion 9A. Accordingly, and as best viewed in
      FIG. 11, the strips of the outer curtain assembly 13' departing from the
      automobile body are provided additional clearance to permit their gradual
      and progressive confinement by mid-portion 9 of the panel. With attention
      to FIG. 12 a slightly different panel configuration is shown wherein panel
      9' has portions at 9A' and 9B' symmetrically disposed as viewed in the
      plan view provided. In this latter panel the strip-like curtain elements
      of outer curtain assembly 13 are not confined by panel portion 9A' to the
      extent provided by the earlier described panel portion 9A to reduce the
      concerted force exerted against the vehicle body by the aggregated strips.
      In FIGS. 10 through 12 the unseen panels 9, 9' are of like spacing and
      configuration as those shown at diametric points from the curtain axis.
PAR  Shown in FIG. 13 is a modified form of curtain wherein each curtain strip S
      carries lengths at 64 of fibrous material suitably affixed to opposite
      sides of the supporting strip. In this form of curtain, the fibrous
      material 64 is stitched or otherwise located along the curtain strip and
      is particularly efficient in that the fibrous material will not bridge
      across irregular body surfaces but rather, conforms closely to said
      surfaces during passage thereover efficiently cleansing same. One suitable
      type of material affixed to the curtain strips is that cut from carpeting
      of a synthetic fiber having a pile depth of approximately 1 inch.
PAR  The usefulness of the present apparatus may be extended by providing a
      second apparatus for removal of water from the washed vehicle. The tubular
      support structure 1 of the second apparatus would, of course, not include
      the "wands" or other discharge nozzles. The strips S of synthetic fiber
      serve to wipe the wet automobile surfaces with the absorbed water rapidly
      evaporating from the moving strips. The continuous travel of the strips
      hastens evaporation with known fan assemblies being usable, if necessary,
      to expedite same.
PAC  Brush Assemblies
PAR  A modification of the invention is disclosed in FIGS. 14 through 17 which
      are concerned with the addition of brush assemblies into the car wash
      apparatus supplementing the cleaning action of the curtain assemblies. The
      brushes are particularly adapted to clean the vehicle sides and especially
      the rocker panels of an automobile such being that area of the body below
      the door openings. Rocker panels are particularly difficult to clean by
      reason of same being inwardly directed presenting an inclined surface to a
      washing instrumentality.
PAR  With attention to FIG. 14, the tubular framework of the apparatus remains
      as earlier disclosed in FIGS. 10, 11 and 12 with framework and curtain
      assembly components indicated by double prime reference numerals. Brush
      assemblies are indicated generally at 70 and 71. Each assembly is located
      to one side of a vehicle path with brushes at 72 and 73 being biased into
      engagement with the vehicle sides.
PAR  Power take-off means generally indicated at 74 and 75 include respectively,
      pairs of sheaves 76, 77 and 78, 79 in entrainment with a continuous
      element at 80 in the form of a cable circuit carried by inner curtain
      support frame 12" and more specifically Z-shaped clips 81 on the spars 15"
      of the frame. With joint attention to FIGS. 15 and 16, the cable 80 is
      reversed by travel about the first sheaves 76, 78 of each pair of sheaves
      and subsequently passes about the second sheaves 77, 79 prior to the cable
      again re-engaging clips 81 on the inner curtain support frame. Cable 80 is
      in tensioned engagement with clips 81 but may freely depart from same for
      travel about the above mentioned sheaves with return to clip engagement
      during support frame rotation by the prime mover. Applied arrows to the
      drive sheaves indicate the direction of sheave travel in response to cable
      passage.
PAR  As each brush assembly is substantially the same, the following description
      of the single brush assembly of FIG. 16 is believed adequate. Both the
      cable reversing sheave and the power take-off sheave of each power
      take-off are journalled within bearings 82, 83 mounted on a plate 84
      supported by the upper end of a post 85. A stabilizing bar 95
      interconnects plates 84 of the brush assemblies for purposes of rigidity.
      a base 86 supports post 85 and, in turn, rests upon a pair of longitudinal
      members 10" and 87A of the car wash apparatus. An inner rail member 87B
      serves additionally as a guide rail for vehicle wheels. A power take-off
      shaft 88 is fitted at its lower end with a belt pulley 89 and terminates
      therebelow in a bearing 90 supported by a flange 91. A pulley at 92 is in
      driven engagement with the first mentioned pulley 89 by means of V-belt 93
      which may be mounted in a figure eight manner for desired brush rotation
      direction. The last mentioned pulley is mounted on a shaft 94 to which is
      secured brush 72. Accordingly, rotary motion is imparted to brush 72 about
      the axis of shaft 94.
PAR  Brush support structure includes a post 96 in axial alignment with power
      take-off shaft 88, the upper and lower ends of the post having end
      fittings pivotally mounted on pintles 97-98. A brush support arm 100 is
      fitted at its outer end with a sleeve 99 housing suitable radial thrust
      bearings 101. The brush structure may move in an arcuate manner about a
      vertical axis in coaxial alignment with take-off shaft 88 to permit travel
      of the rotating brush toward and away from the path of the auto.
PAR  With continuing attention to FIG. 16 and also to FIG. 17, a brush control
      arm 102 projects outwardly into the automobile path for contact with the
      auto for the purpose of positioning side brush 72 temporarily away from
      the bumper of an approaching automobile as current bumpers are often of
      the type having forwardly projecting end portions which could trap or
      prevent lateral brush travel and hence damage the brush assembly. To
      remedy this, control arm 102 is swingably mounted for travel about the
      vertical axis of an arm support 103. To avoid damage to the vehicle
      finish, the arm is covered with a thickness of resilient material. Linkage
      at 104 and 105 is pivotally coupled at 106 to translate control arm
      movement to the brush. Linkage arm 105 is rigidly mounted at its opposite
      end to an end fitting on brush post 96. Upon contact of the end portion of
      the auto bumper with arm 102, outward movement is imparted to brush 72
      repositioning same temporarily to permit passage of the bumper with
      subsequent inward return of the brush into cleaning contact with the
      automobile side. A helical spring 107 urges linkage arm 105 and hence
      brush 72 into vehicle contact.
PAR  The curtains C suspended from the inner and outer curtain rings 14' and 26"
      are separated during their arcuate travel by curved panels 107, 108
      supported at 107A, 108A upon longitudinal members 87A of the support
      structure. Further, panels 107, 108 serve to guide the passing curtain
      strips S" of the inner curtain into uniform impingement against the auto
      body. Panels 107, 108 need only be 2 feet or so in height.
PAR  In operation, as the auto progresses through the curtains, the frontal
      upright surfaces of the auto (FIG. 8) are efficiently cleaned by the
      combined action of panel guided strips S of the inner and outer curtain
      assemblies. The travel of the pliable strips is impeded as they come into
      contact with the surfaces of the auto whereupon they tend to travel over
      said surfaces in a bunched or grouped manner. The strips under the
      influence of centrifigual force have a horizontal component of force as
      they contact the body surfaces.
PAR  Upon advancement of the auto the strips come into contact with the
      generally horizontal surfaces of the auto with the lower portions of said
      strips being deflected upwardly towards the horizontal. Strips of the
      inner curtain assembly 12 accordingly are displaced into the path of
      oncoming strip portions of outer curtain assembly 13 whereupon the
      friction of those strips in contact with the auto body is beneficially
      increased.
PAR  While the aforementioned curtain confining means is shown and described as
      outer panels 9 and inner panels 107, 108 disposed so as to guide the
      strip-like elements of the curtain assemblies, said confining means may
      otherwise be embodied as for example within multiple rails vertically
      spaced to receive and confine impinging curtain elements. Such rails would
      be mounted to the leg members 2 and longitudinal members 87A of the
      support structure.
PAR  Operation of brush assemblies 70 and 71 commences with rotation being
      imparted to inner and outer curtain assemblies 12 and 13 by drive
      mechanism 5. Circular travel of inner curtain ring 14, and hence cable 80
      thereon, results in continuous passage of the cable through the sheave
      arrangement of each brush assembly. Brush rotation by the power take-off
      drive is in a direction to cause wiping contact of the brush in a
      direction opposite to vehicle travel. Brush control arm 102 serves to
      outwardly displace its respective brush to avoid damaging contact with the
      vehicle bumper while subsequently permitting brush contact with the
      vehicle side and particularly the rocker panel portion of the vehicle
      body. The cleaning action of the circular curtains is supplemented which
      may or may not be required depending upon the dirty condition of the
      vehicle being washed. The additional loads on motor 37, incurred in
      powering the brush assemblies, may be considered insignificant as each
      rotating curtain assembly embodies considerable momentum.
PAR  While I have shown a number of embodiments of the invention, it will be
      apparent to those skilled in the art that the invention may be embodied
      still otherwise without departing from the spirit and scope of the
      invention.
CLMS
STM  Having thus described the invention, what is desired to be secured under a
      Letters Patent is:
NUM  1.
PAR  1. An apparatus for use in the washing of vehicles and the like, said
      apparatus comprising,
PA1  a support structure,
PA1  a drive mechanism including a prime mover on said support structure,
PA1  curtain assemblies supported by said structure with each assembly including
      a circular curtain support adapted for independent rotational movement
      about a common axis and from which are suspended curtains of strip-like
      elements, said strip-like elements of each curtain assembly being in
      radial spaced relationship to those of the other assembly when the curtain
      assemblies are at rest, said strip-like elements of one curtain assembly
      being interengageable with strip-like elements of another curtain assembly
      upon their displacement resulting from automobile contact, and
PA1  said drive mechanism imparting opposite rotational movement to the curtain
      supports whereby oppositely moving strip-like elements of each curtain
      assembly will be trailed across the automobile body in opposite directions
      with said strip-like elements of the different curtain assemblies randomly
      engaging each other as they pass in opposite directions to enhance
      cleaning action of the strips.
NUM  2.
PAR  2. The apparatus as claimed in claim 1 additionally including curtain
      confining means associated with said structure and wherein the curtain
      supports comprise rings of unequal diameter for the purpose of radially
      offsetting the strip-like elements of one curtain assembly from those of
      the other.
NUM  3.
PAR  3. The apparatus as claimed in claim 2 wherein the curtain support of at
      least one of said curtain assemblies includes conduit means for the
      application of fluids to the automobile body during its passage beneath
      said one curtain assembly.
NUM  4.
PAR  4. The apparatus as claimed in claim 3 wherein said drive mechanism
      includes concentric drive shafts oppositely driven by the prime mover.
NUM  5.
PAR  5. The apparatus as claimed in claim 4 wherein the innermost drive shaft is
      adapted to receive a fluid flow for passage therethrough for delivery of
      fluid to said conduit means.
NUM  6.
PAR  6. The apparatus as claimed in claim 5 wherein said curtain assemblies each
      include a centrally disposed carrier affixed to the lower ends of their
      respective concentric drive shafts, tensioned members extending inwardly
      from points spaced about the curtain rings and terminating in attachment
      with their respective carriers.
NUM  7.
PAR  7. The apparatus as claimed in claim 6 wherein said tensioned members are
      attached to their respective carriers in an offset manner, the attachment
      points being offset forwardly in the direction of curtain assembly
      rotation for effectively transmitting torque to the curtain rings.
NUM  8.
PAR  8. The apparatus as claimed in claim 1 additionally including curtain
      confining means in place adjacent the sides of the support structure and
      confining the curtain assemblies against excessive centrifugal
      displacement and to assure optimum impingement of strip-like elements
      against the vehicle body.
NUM  9.
PAR  9. The apparatus as claimed in claim 8 wherein said curtain confining means
      are curvilinear in horizontal section and oppositely spaced from the
      rotational axis of the curtain assemblies.
NUM  10.
PAR  10. The apparatus as claimed in claim 9 wherein said curtain confining
      means include an arcuate portion formed on a constant radius and acting on
      the strip-like elements of the outer curtain assembly immediately prior to
      impingement of same against the vehicle body.
NUM  11.
PAR  11. The apparatus as claimed in claim 8 wherein said curtain confining
      means includes portions oppositely spaced from the transverse centerline
      of the apparatus with each portion tangential to the confined path of the
      outermost curtain elements.
NUM  12.
PAR  12. The apparatus as claimed in claim 8 wherein the curtain confining means
      are embodied within upright panels in place on opposite sides of the
      support structure, said panels being of arcuate configuration for at least
      a portion of their length.
NUM  13.
PAR  13. The apparatus as claimed in claim 12 wherein said strips comprise a
      woven body of material having a pile depth of approximately one inch.
NUM  14.
PAR  14. The apparatus as claimed in claim 1 wherein the striplike elements of
      the curtain assemblies include fibrous segments having a thickness greater
      than the remaining segment of the strip-like elements.
NUM  15.
PAR  15. An apparatus for washing vehicles and the like, said apparatus
      comprising,
PA1  a tubular support structure,
PA1  a drive mechanism including a prime mover on said support structure,
PA1  curtain assemblies of circular configuration supported in a concentric
      manner by said support structure with each assembly including a curtain
      support frame adapted for independent rotational movement and from which
      are suspended curtains of strip-like elements, said strip-like elements of
      each curtain assembly being in spaced relationship to those of the other
      assembly when the curtain assemblies are at rest, said strip-like elements
      of the curtain assemblies being interengageable upon their displacement
      resulting from automobile contact,
PA1  brush assemblies within the innermost curtain assembly on opposite sides of
      a vehicle path, said brush assemblies including power take-off means in
      driven connection with continuous means carried by the inner curtain
      support frame permitting brush components to be powered by said rotating
      inner curtain support frame, and
PA1  said drive mechanism imparting opposite rotational movement to the curtain
      support of each curtain assembly whereby oppositely moving strip-like
      elements of the different curtain assemblies randomly engaging each other
      as they pass in opposite directions to enhance the cleaning action of the
      strips.
NUM  16.
PAR  16. The apparatus as claimed in claim 15 wherein said continuous means is a
      circuit of cable extending about the curtain support frame in a tensioned
      manner, said power takeoff means including sheaves about which said cable
      is entrained.
NUM  17.
PAR  17. The apparatus as claimed in claim 16 wherein said curtain support frame
      is provided with a series of clips mounting the cable to said support
      frame yet permitting excursions of cable segments through said sheaves.
NUM  18.
PAR  18. The apparatus as claimed in claim 15 wherein said brush assemblies
      further include brush support structure, an arm contactible with the
      forward end of the vehicle being washed, linkage actuated by said arm and
      operable to momentarily reposition the brush support structure outwardly
      to avoid brush damaging contact with the vehicle bumper.
NUM  19.
PAR  19. The apparatus as claimed in claim 15 wherein said tubular support
      structure includes longitudinally extending members supporting the brush
      assemblies in spaced relationship above a ground surface.
NUM  20.
PAR  20. In a car wash apparatus having a rotary curtain assembly including a
      circular support frame from which depends a circular curtain through which
      a vehicle being cleaned passes, the improvement comprising,
PA1  continuous means extending about said support frame, and
PA1  a brush assembly within the rotary curtain assembly including power
      take-off means in driven connection with said continuous means permitting
      brush components to be powered by the rotating curtain support frame.
NUM  21.
PAR  21. The improvement as claimed in claim 20 wherein said continuous means
      comprises a circuit of cable extending about the curtain support frame in
      a tensioned manner, said power take-off means including sheaves about
      which said cable is entrained.
NUM  22.
PAR  22. The improvement as claimed in claim 21 wherein said curtain support
      frame is provided with a series of clips mounting the cable to said frame
      while permitting excursions of cable segments through said sheaves.
NUM  23.
PAR  23. The improvement as claimed in claim 20 wherein said brush assembly
      includes brush support structure, an arm contactible with the forward end
      of the vehicle being washed, linkage actuated by said arm and operable to
      momentarily reposition the brush support structure outwardly to avoid
      brush damaging contact with the vehicle bumper.
NUM  24.
PAR  24. In an apparatus for use in the washing of vehicles and the like, said
      apparatus including curtain assemblies of circular configuration each
      adapted for opposite rotational movement and each including strip-like
      elements interengageable with one another during passage over a vehicle
      body to dislodge dirt particles from same, the improvement embodied within
      a support structure for said curtains, said support structure including
      tubular load carrying members, at least some of said load carrying members
      in communication with a pressurized water source, nozzle means affixed to
      the last mentioned load carrying members, said last mentioned members
      defining internal water chambers from which the nozzle means are supplied.
NUM  25.
PAR  25. The invention as claimed in claim 24 wherein some of said load carrying
      members include both vertical leg and horizontal members of the support
      structure with said nozzle means affixed at spaced intervals therealong,
      said vertical leg and horizontal members in open communication with one
      another and with said source.
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PAL  A floor treating machine supported at the floor or surface to be treated by
      means of a work disk arranged beneath a substantially ring-shaped stop
      member, the work disk being detachably coupled with a drive motor. There
      are provided two selectively insertable work disks of different diamter
      and a ring-shaped stop member is provided for each such work disk.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of floor
      treating or cleaning machine, hereinafter conveniently referred to as a
      floor treating machine, such machine being of the type which is supported
      at the floor or surface to be treated by means of a work disk which is
      arranged beneath a substantially ring-shaped stop member and releasably
      coupled with a drive motor.
PAR  Floor treating machines of such type are employed for the most varied work,
      such as, for instance, for polishing, buffing, wiping, scrubbing, sanding,
      grinding, planing, spraying (with chemical agents) and so forth. These
      prior art floor treating machines can be basically classified into two
      groups, namely a first group which is employed for the thorough floor
      treating work and a second group employed for the maintenance work.
      Consistent with such subdivision there have been constructed for many
      years heavy, high-output floor treating machines for the thorough cleaning
      work and lighter, less powerful machine constructions for the maintenance
      cleaning work. The most commonly employed models are typically equipped
      with a work disk having a diameter of about 400 millimeters. Satisfying
      the requirements which prevail owing to the nature of the work which must
      be accomplished by resorting to the available equipment heretofore known
      in the art is extremely uneconomical and for years has only constituted a
      continual emergency solution. This can be already best appreciated from
      the aspect of the manufacturer of such equipment, since the production of
      two different types of machines results in smaller mass production and
      accordingly higher costs for each unit. Of perhaps even greater
      significance are the drawbacks considered from the standpoint of the user
      of such machine, particularly if it is appreciated that the thorough floor
      cleaning or treatment work -- in contrast to the daily maintenance
      cleaning work--  occurs at larger time intervals, possibly only once each
      year, with the result that the more expensive floor treating machine used
      for the thorough cleaning work is hardly used and therefore uneconomically
      employed.
PAR  Up to the present the manufacturers of such equipment have not been able to
      find a satisfactory solution for this problem and to offer one to the
      consumer. One proposal which has been made and commercialized relates to a
      two-speed machine which is operated at a lower rotational speed during the
      thorough cleaning work and at a higher rotational speed during the
      maintenance cleaning work. But with this solution, of course, the machines
      are more complicated and expensive, without really providing any increased
      advantages in terms of the more expensive costs of the equipment. In fact
      it has been found that the higher rotational speed only provides better
      utilization of the motor output which has been designed on the basis of
      the thorough cleaning work over a partial range of the maintenance work,
      not however over the entire range of maintenance work. Apart from the
      foregoing it has been found to be a further extremely disadvantageous
      factor that the correct selection of the rotational speed (for the purpose
      of optimumly utilizing the power of the motor) is extensively dependent
      upon the skill and "feeling" of the operator and improperly selected
      rotational speeds can lead to disturbances in the operation of the
      equipment. Due to these drawbacks preference has generally persisted for
      the single-speed machines.
PAR  Moreover, in an attempt to avoid the necessity of procuring two machines
      the users of such equipment have acquired bad habits. For instance, it has
      been found that the workers have used the machine intended for the
      thorough cleaning or treating work also for the maintenance cleaning work
      or, however, as more frequently was the case, the maintenance cleaning
      machine once per year for the heavy or thorough cleaning work and which
      last-mentioned type of work was much too rigorous for use with the
      maintenance cleaning machine. In the first case there existed on a daily
      basis loss in drive energy, whereas in the second case the machine was
      actually overloaded and thus either immediately or during the course of
      time broke down.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, from what has been discussed above it should be apparent that this
      particular field of technology is still in need of floor treating machine
      constructions not associated with the drawbacks and limitations discussed
      above. It is therefore a primary object of the present invention to
      provide a new and improved construction of floor treating machine which
      satisfactorily fulfills the existing need in the art and is not associated
      with the aforementioned drawbacks and limitations of the prior art
      proposals.
PAR  Another and more specific object of the present invention aims at the
      provision of a floor treating machine which does not constitute a
      compromise solution as was heretofore the case and is capable of optimumly
      carrying out both types of work.
PAR  Still a further significant object of the present invention relates to an
      improved floor treating machine which is relatively simple in construction
      and design, extremely reliable in operation, quite versatile, and
      specifically adaptable for carrying out both thorough cleaning work as
      well as maintenance cleaning work.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      invention is manifested by the features that there are provided two
      selectively insertable work disks of different diameter and for each such
      work disk there is provided a ring-shaped or ring stop. Thus, the given
      drive power which is dimensioned for the thorough cleaning work by means
      of the smaller diameter disk is applied to the floor by the larger size
      work disk with a specific power per unit surface adequate for the
      maintenance cleaning work and with an enlarged working range, and
      accordingly, can be fully utilized for the maintenance cleaning work. In
      contrast to the non-useful increase of the rotational speed undertaken
      with regard to the aspect of increasing the output, in this case the
      output or power of the machine is really increased by increasing the
      useful working range and by daily usefully employing the machine
      expenditure predicated upon the requirements of the thorough or primary
      cleaning work. A comparison with the two-speed machine has shown that
      additionally the floor treating machine of this development, when used in
      both of its useful stages, not only is properly dimensioned from the
      standpoint of the power requirements but additionally also with respect to
      its construction. Thus, while the heretofore known reversible machines
      when operating in the higher rotational speed range function with an
      overdimensioned transmission or gearing, the requirements which are placed
      upon the gearing or transmission of the machine of this development are
      approximately the same both for the thorough cleaning work as well as also
      for the maintenance cleaning work. Apart from the economies regarding
      energy which are realized the machine of the invention also from its
      constructional standpoint is devoid of any compromise solutions. This
      means that the apparent advantages which are gained by both the user as
      well as the manufacturer are not overpaid. The manufacturer can adequately
      satisfy the requirements with a single type of machine and therefore can
      produce such machines less expensively on a mass-production basis. On the
      other hand, the users of such equipment obtain two machines in one merely
      for the small additional cost of providing an additional work disk and the
      therewith associated ring stop.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a perspective view of a floor treating machine employed for the
      primary or thorough floor cleaning work;
PAR  FIG. 2 illustrates the same machine portrayed in FIG. 1 but equipped with
      structure for carrying out the maintenance cleaning work; and
PAR  FIG. 3 illustrates the machine of FIG. 2 in a partially exploded view in
      order to reveal internal structure.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, according to the exemplary embodiment of floor
      treating machine shown in FIG. 1 the entire floor cleaning machine,
      conveniently designated by reference numeral 1, rests upon a work disk 2
      which is conveniently driven by a suitable drive motor 3 through the
      agency of an appropriate detachable coupling which is not particularly
      visible in the showing of the drawing. The work disk 2 is detachably
      connected by means of the detachable or releasable coupling to the drive
      motor 3 in conventional manner which does not constitute part of the
      invention. As to the work disk 2, and as best seen by referrring to FIG.
      1, such comprises a marginal edge or rim 2' from which upwardly extends a
      central hood portion 2a. At the underside of the marginal edge or rim 2'
      of the work disk 2 there is supported a suitable floor treating element
      2b. Above the marginal edge or rim 2' of the work disk 2 there is located
      a stop or check ring 4 which is secured to a substantially plate-shaped
      wall portion 5 of the machine housing 5'.
PAR  As best seen by referring to FIGS. 2 and 3, instead of using the work disk
      2 it is possible with the aid of the previously mentioned detachable
      coupling to insert a work disk 6 which, in contrast to the work disk 2,
      possesses a wider marginal edge 6' which protrudes past the stop ring 4
      and accordingly has a larger diameter. In all other respects the work
      disks 2 and 6 may be essentially of the same construction. A substantially
      pot-shaped ring stop, designated in its entirety by reference character 7,
      and associated with this work disk 6, has a stop or check ring 8 which is
      accommodated in its diameter to the larger size diameter work disk 6, and
      which stop ring 8 in the working position of the ring stop 7 (FIG. 2) is
      located around the stop ring 4 above the edge 6' of the work disk 6. The
      end wall 9 of the ring stop or stop member 7 bears against the wall 5 of
      the machine housing 5' and the stop rings 4 and 8 are centered relative to
      one another by means of centering projections 10 (FIG. 3) and 11 (FIG. 2)
      respectively, arranged at the end wall 9 and which engage about the
      outside of the stop ring 4. The end wall 9 is equipped with a recess 12
      for piercingly receiving therethrough and accommodating therein parts of
      the machine housing which protrude past the wall 5. This end wall
      furthermore carries plug-in or insertable pins 13 or equivalent structure
      which can positively engage with sleeves 14 (FIG. 3) formed of rubber or a
      suitable plastic, and which sleeves are secured at the wall 5 of the
      machine housing 5'. In this way it is possible to securely hold in its
      working position, as shown in FIG. 2, the ring stop 7.
PAR  The output of the drive motor 3 is dimensioned such that for the primary or
      thorough cleaning work, i.e. for the heavier cleaning work there is
      available the required specific power or output related to the surface of
      the smaller work disk 2. If the smaller work disk 2 is exchanged for the
      larger work disk 6, then, the specific output drops to a valve which is
      adequate for the maintenance work, and the given motor output is
      completely usefully applied to the floor over a larger working surface.
      Consequently, the motor output calculated for the thorough cleaning work
      is transformed during the maintenance cleaning work into an hourly output
      which can be considerably greater than that of a maintenance cleaning
      machine which is only provided for use for this purpose. Consequently, the
      user of the equipment has a two-fold gain since he can get by with a
      single machine, which beneficially during the daily maintenance work is
      capable of reducing the working times and therewith the operating costs of
      the worker which are forever always increasing more and more.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto but may be otherwise variously embodied and practiced
      within the scope of the following claims
CLMS
STM  Accordingly, what is claimed is:
NUM  1.
PAR  1. A floor treating machine capable of being supported at the floor to be
      treated by means of a work disk, said work disk being arranged adjacent a
      substantially ring-shaped stop, the improvement comprising: said machine
      possessing a machine housing, said machine being provided with two work
      disks of different diameter which are selectively insertable at least
      partially into the machine housing, one of said work disks defining a
      smaller diameter work disk and the other of said work disks defining a
      larger diameter work disk, a separate substantially ring-shaped stop
      provided for each such different diameter work disk, the ring-shaped stop
      provided for the smaller diameter work disk defining a smaller ring-shaped
      stop relative to the other ring-shaped stop provided for the larger
      diameter work disk defining a larger ring-shaped stop, and at least the
      ring-shaped stop provided for the smaller diameter work disk being fixedly
      secured to said machine housing.
NUM  2.
PAR  2. The floor treating machine as defined in claim 1, further including
      means for detachably securing the larger ring-shaped stop for the larger
      work disk at the machine housing.
NUM  3.
PAR  3. The floor treating machine as defined in claim 2, wherein the larger
      diameter ring-shaped stop comprises a stop ring member which surrounds the
      smaller ring-shaped stop.
NUM  4.
PAR  4. The floor treating machine as defined in claim 3, wherein the larger
      ring-shaped stop is arranged to be supported at the smaller ring stop.
NUM  5.
PAR  5. The floor treating machine as defined in claim 4, wherein the larger
      ring-shaped stop possesses a substantially pot-shaped configuration and
      has an end wall which is supported at the smaller ring-shaped stop.
NUM  6.
PAR  6. The floor treating machine as defined in claim 5, wherein the larger
      ring-shaped stop and said machine housing have cooperating means for
      centering said larger ring-shaped stop.
NUM  7.
PAR  7. The floor treating machine as defined in claim 6, wherein said centering
      means comprises said machine housing having holes, the larger ring-shaped
      stop having centering projections and plug-in pins provided at the end
      face of said larger ring-shaped stop, said centering projections engaging
      about the smaller ring-shaped stop, and said plug-in pins being insertable
      into said holes of the machine housing.
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PAL  A guide structure straddling the path of a vehicle to be washed carries a
      vertically movable horizontal rotary brush, a pair of laterally
      displaceable first vertical rotary brushes moving in a first transverse
      plane perpendicular to that path, a pair of second vertical rotary brushes
      with shafts tiltably mounted on horizontally swingable main supporting
      arms pivoted to the structure downstream of the first pair, and a pair of
      vertical third rotary brushes mounted on horizontally swingable ancillary
      arms which intersect the main arms and are also pivoted to the structure
      downstream of the first pair. The first vertical brushes counterrotate in
      a sense tending to drive them apart on contact with a front surface of the
      vehicle; the initially separated second vertical brushes counterrotate in
      the opposite sense, so as to move toward each other, and their bristles
      interpenetrate in their position of closest approach, with their arms
      lying in a second transverse plane parallel to the first plane, into which
      they are urged by the relatively advancing vehicle. Upon the further
      advance of the front of the vehicle beyond that second plane, the second
      vertical brushes again separate; this separating movement is assisted by a
      pair of stationary guide rails, curving along arcs centered on the fulcra
      of the main arms, which are engaged by friction rollers on the tiltable
      shafts of the second brushes whenever the latter are deflected from their
      vertical attitude toward each other. The third brushes, hanging down to a
      lower level than the first and second brushes, normally rest against the
      sides of the guide structure and are held in that withdrawn position by
      interengagement of the main and ancillary arms until the second brushes
      are displaced from their normal position by the thrust of an oncoming
      vehicle whereupon the third brushes are free to engage the sides of the
      vehicle at the level of its wheels and also to sweep part of the vehicular
      rear surface.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to scrubbing apparatus for a vehicle-washing
      station wherein a vehicle to be washed moves relatively to a guide
      structure along a straight path straddled by that structure, either the
      guide structure or the vehicle being stationary.
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional equipment of this nature comprises a portal frame or a tunnel
      roof carrying one or more elevatable horizontal rotary brushes for
      scrubbing the front, top and rear surfaces of the vehicle as well as at
      least one pair of symmetrically disposed laterally oscillatable rotary
      vertical brushes for scrubbing front, side and surfaces of respective
      halves of the vehicle. Such brushes and their mountings have been
      disclosed, for example, in my U.S. Pat. Nos. 3,618,152, 3,633,231 and
      3,725,967.
PAR  In such a system the vertical brushes are generally positioned close to
      each other, near the centerline of an oncoming vehicle, at the beginning
      of a washing cycle and move apart along the front of the vehicle as the
      latter advances relatively to the guide structure. Since the forward end
      of a vehicle is usually dirtier than the rest of its body, this relatively
      short contact with the vertical brushes may not suffice for a thorough
      cleaning of the vehicular front surface, especially near its center.
PAC  OBJECTS OF THE INVENTION
PAR  An important object of my present invention is to provide means in such a
      station for more effectively scrubbing the front of a passenger car, truck
      or other vehicle to be washed.
PAR  A more specific object is to provide a compact ancillary assembly for the
      scrubbing of the lower parts of the vehicle body, especially its wheels,
      without interfering with the operation of the main scrubbing brushes or
      requiring a lengthening of the guide path for this purpose.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with my present invention, the guide structure of a
      vehicle-washing station including at least one horiziontal brush comprises
      a pair of first vertical brushes, mounted on the structure for oscillatory
      movement in a first transverse plane perpendicular to the line of relative
      vehicular motion, as well as a pair of second vertical brushes suspended
      from the free ends of a pair of horizontally swingable supporting arms
      which are symmetrically fulcrumed on the guide structure above the path of
      the vehicle and have pivotal axes located in a second transverse plane
      downstream of the first plane as viewed with reference to the apparent (or
      relative) vehicular motion. The supporting arms are urged into a normal
      position, offset from the second transverse plane, by suitable biasing
      means such as spring-loaded or tilted hinges. In this normal position, the
      brushes of the second pair lie upstream of the second transverse plane and
      are separated from each other by a distance less than the width of the
      horizontal brush; yielding to the thrust of the vehicle, these brushes
      closely approach each other on swinging through the second transverse
      plane and then separate again. Thus, the brushes of that pair move first
      toward and then away from each other across the vehicular front surface
      which is thereby intensely scrubbed; advantageously, the supporting arms
      are of such length (or are sufficiently extensible) that the bristles of
      these brushes interpenetrate in their position of closest approach so as
      not to leave any dead zone escaping the scrubbing action.
PAR  If these swingably supported brushes counterrotate in such a sense that
      their confronting sides (i.e., those facing the centerline of the guide
      path) move upstream, i.e., against the direction of relative vehicular
      motion, this rotation will tend to accelerate the symmetrical displacement
      of the brushes toward each other in the initial phase of contact with the
      vehicle by a tiltable mounting of the brush shafts on their supporting
      arms. It is then possible to let these brushes approach each other earlier
      in the cycle than would otherwise be the case, giving them more time to
      clean the center of the vehicular front surface.
PAR  On the other hand, this mode of operation tends to impede the eventual
      separation of the brushes necessary to let the vehicle pass betweeen them.
      For this reason, according to a further feature of the invention, I prefer
      to provide the guide structure with two arcuate overhead tracks fixedly
      mounted thereon and centered on the pivotal axes of the supporting arms,
      each of the tiltable brush shafts carrying a friction roller engageable
      with the respective tack upon a tilting of the shafts toward each other.
      By virtue of this engagement, the friction rollers driven by the brush
      motors coact with the tracks to complete the swing of the arms away from
      their normal position, in the downstream direction, until their brushes
      have cleared the front surface of the vehicle and engage its sides which
      restores them to their normal vertical attitude.
PAR  Conversely, the first pair of vertical brushes may be counterrotated in the
      opposite sense, i.e., with their confronting sides moving downstream,
      which causes them to pass rapidly outwardly across the front surface and
      inwardly across the rear surface of the vehicle upon engaging same.
PAR  According to a further feature of my invention, a pair of horizontally
      swingable ancillary arms are symmetrically fulcrumed on the guide
      structure at pivot points downstream of the first and preferably also the
      second transverse plane, the extremities of these ancillary arms
      supporting a pair of third vertical rotary brushes which are biased toward
      respective sides of the vehicle for scrubbing same at its wheel level. The
      main supporting arms carrying the second brush pair and the ancillary arms
      carrying the third brush pair are provided with coupling means, such as
      stops on one pair of arms coacting with the arms of the other pair, for
      holding the ancillary arms in a retracted position substantially parallel
      to the line of vehicular advance as long as the brushes of the second pair
      are in their normal position, i.e., prior to their encounter with the
      oncoming vehicle. In that retracted position, in which the extremities of
      the ancillary arms point upstream, the brushes of the third pair are held
      out of the vehicular path by the overriding biasing force of the main
      supporting arms until the vehicle has moved in between them; they are then
      released for movement toward the sides of the vehicle by their own biasing
      forces which may also be provided by spring-loaded or tilted hinges.
      Advantageously, these third brushes are driven to counterrotate in the
      same sense as the first brushes, i.e., with their confronting sides moving
      in the downstream direction, which tends to draw them inwardly toward each
      other as soon as the vehicle has moved past; as a result, these brushes
      will sweep across at least part of the rear surface of the vehicle to give
      it an additional scrubbing at a low level.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a somewhat diagrammatic top plan view of a vehicle-washing
      station according to the invention, with the brushes thereof shown in
      their normal position;
PAR  FIG. 2 is a view similar to FIG. 1, showing the brushes displaced by a
      vehicle in an initial phase of a washing cycle;
PAR  FIG. 3 is a more schematic top view of a pair of brushes of the system of
      FIGS. 1 and 2 in three different operating positions;
PAR  FIG. 4 is a fragmentary elevational view taken on the line IV -- IV of FIG.
      1 and drawn to a larger scale;
PAR  FIG. 5 is a fragmentary top view, partly in section, taken on the line V --
      V of FIG. 4; and
PAR  FIGS. 6 - 9 are schematic top views showing the elements of FIGS. 4 and 5
      in successive positions during a washing cycle.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The vehicle-washing station shown in the drawing comprises a guide
      structure 1, here assumed to be stationary, with sidewalls 1a and a portal
      frame 1b defining a guide path for a vehicle V moving along a straight
      centerline 0 in the direction of arrow H, i.e., upwardly in FIGS. 1 - 3
      and 6 - 9. The vehicle is entrained, in a conventional manner not further
      illustrated, by means of a chain 12 moving continuously or intermittently
      as indicated by an arrow C.
PAR  Guide structure 1 supports a number of rotary scrubbing brushes of
      generally cylindrical configuration, namely a horizontal brush 2, a pair
      of first vertical brushes 4, a pair of second vertical brushes 7 and a
      pair of third vertical brushes 19, the latter being of smaller diameter
      and descending to a lower level than brushes 4 and 7. Horizontal brush 2
      is driven by a motor 3 and can be raised and lowered in a manner not
      further illustrated, e.g., as described in my prior U.S. Pat. No.
      3,725,967. Portal frame 1b carries, at the level of its lintel, a
      transverse rod 5 on which the brushes 4 are mounted for symmetrical
      oscillation with freedom to tilt in planes perpendicular to the rod 5, the
      mechanism for their displacement having also been omitted; such a
      mechanism is shown in my prior U.S. Pat. Nos. 3,618,152 and 3,633,231. Rod
      5 generally defines the location of a first transverse plane P' in which
      the brushes 4 are displaceable. A second transverse plane P", downstream
      of plane P', is defined by the pivotal axes 13 of a pair of main
      supporting arms 9 whose free ends carry the brushes 7; the arms 9 are
      fulcrumed on sidewalls 1a, above the path of vehicle V, by means of hinges
      10 which may be tilted or spring-loaded to bias them in an upstream
      direction, as indicated by arrows G, into the normal position of FIG. 1.
      In this normal position, the brushes 7 are swung outwardly, i.e., away
      from centerline 0, and are separated by a distance less than the width of
      vehicle V and therefore also less than the length of horizontal brush 2.
PAR  A pair of ancillary arms 21 are fulcrumed on sidewalls 1a by tilted or
      spring-loaded hinges 22 defining pivotal points downstream of plane P",
      the arms 21 lying also above the vehicular path and intersecting the arms
      9. The brushes 19 are suspended from the extremities of ancillary arms 21
      which are biased by their own tilted or spring-loaded hinges in a
      direction opposite that of arrows G, as indicated by an arrow G' in FIG.
      6. Arms 9 are provided with depending lugs 23, extending to the level of
      arms 21, which normally engage the latter to link the initial movement of
      the brushes 19 with that of the brushes 7. In the quiescent state of FIG.
      1, the overriding biasing force of arms 9 holds the arms 21 in a retracted
      position, substantially parallel to walls 1a, with their brush-supporting
      extremities pointing upstream, i.e., toward the plane of motion P' of
      brushes 4. With arms 21 coming to rest against hinges 10, lugs 23 also act
      as stops to prevent the rearwardly swinging arms 9 (arrows G) from passing
      the normal position of FIG. 1.
PAR  Brushes 4, 7 and 19 are provided with respective motors 6, 8 and 20
      counterrotating the brushes of each pair in the directions discussed
      above, as respectively indicated by arrows F, F' and L. The brushes may
      rotate continuously or only in the presence of a vehicle.
PAR  As best seen in FIGS. 4 and 5, each brush 7 has a shaft 16 which is
      tiltably mounted on its supporting arm 9 by means of a bearing 15
      articulated to that arm at 14. The brush can thus be limitedly inclined,
      as indicated by broken lines in FIGS. 4 and 5, in a direction
      substantially paralleling the front surface of a vehicle V entering into
      contact with the brush, i.e., in a plane substantially parallel to planes
      P' and P" in the normal position of FIG. 1. Such tilting is induced by the
      sense of rotation (arrows F' in FIGS. 1 - 3), clockwise in the case of the
      left-hand brush, which tends to displace the brush toward centerline 0.
      The weight of brush 7 and its motor 8 is balanced by a counterpoise 24
      preserving the vertical attitude of the disengaged brush. Each brush shaft
      16 fixedly carries a friction roller 17 which, upon a tilting as indicated
      in FIGS. 4 and 5, comes to bear upon one of two stationary arcuate rails
      18 which are centered on the pivotal axes 13 of arms 9 above the vehicular
      path. The engagement of friction wheels 17 with rails 18 generates a
      positive driving force which helps propel the brushes 7 forwardly and
      outwardly, as indicated by an arrow K in FIG. 5, to let the brushes clear
      the vehicle V in the final phase of their forward swing in which the
      thrust of the vehicle has only a small component perpendicular to the arms
      9. In this way, even minor projections at the front surface of the vehicle
      will not prevent the withdrawal of the brushes.
PAR  FIG. 3 shows three successive positions of brushes 7 during the scrubbing
      of the front surface of a vehicle V. At first contact, the brushes are
      slightly moved inwardly from their normal position of FIG. 1 so that their
      axes are separated by a distance A. The arms 9 now include an angle
      -.alpha. with the plane P". Upon a forward swing through a somewhat
      smaller angle, the bristles of brushes 7 being to interpenetrate as shown
      at B; the concurrent flattening of the brush bodies ensures an effective
      scrubbing of the midportions of the vehicular front surface as the arms 9
      swing through their axial plane P". Upon a further swing through an angle
      +.alpha. beyond that plane, the brush axes are again spaced apart by the
      initial distance A.
PAR  FIGS. 6 - 9 show the correlated motions of brushes 7 and 19 from the
      instant of initial contact between the vehicle and brush 7 to a time when
      the rear surface of the vehicle has just left that brush. In FIG. 6 the
      brush 19 begins it swing toward the side of vehicle V as the brush 7 moves
      forward. In FIG. 7 the brush 19 has entered the space beneath the front
      fender and scrubs one of the vehicle wheels even as brush 7 begins to
      withdraw from the front surface of the vehicle. In FIG. 8, the brush 7 has
      swept most of the side of the vehicle while brush 19, having cleared its
      rear edge, moves inwardly along the rear surface thereof. In FIG. 9, the
      vehicle has disengaged itself from the brush 7 whose lug 23 thereupon
      begins to retract the brush 19 as the two arms are returned by the biasing
      force of hinge mounting 10 to the normal position of FIG. 1.
PAR  It will thus be seen that the wheel-scrubbing brushes 19 and their swing
      arms 21 are entirely accommodated within the part of structure 1 which
      carries the main arms 9 and the guide rails 18 so that no additional space
      is required for these brushes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A scrubbing apparatus for a vehicle-washing station, comprising:
PA1  a guide structure straddling a path for a wheeled vehicle movable
      relatively thereto along a straight line;
PA1  horizontal rotary brush means mounted on said structure above said path for
      up-and-down movement to scrub front, top and rear surfaces of said
      vehicle;
PA1  a pair of first vertical rotary brushes symmetrically mounted on said
      structure for oscillatory movement in a first transverse plane
      perpendicular to said line to scrub front, side and rear surfaces of
      respective halves of said vehicle;
PA1  a pair of horizontally swingable supporting arms symmetrically fulcrumed on
      said structure above said path with pivotal axes located in a second
      transverse plane perpendicular to said line downstream of said first
      transverse plane with reference to the apparent vehicular motion and with
      free ends extending inwardly from said pivotal axes toward the centerline
      of said path;
PA1  a pair of second vertical rotary brushes suspended from said free ends for
      supplementing the scrubbing action of said first vertical brushes; and
PA1  biasing means urging said supporting arms into a normal position in which
      said second vertical brushes lie upstream of said second transverse plane
      and are separated from each other by a distance less than the width of
      said horizontal brush means, said biasing means being sufficiently
      yieldable to enable said second vertical brushes to move under the thrust
      of the oncoming vehicle past said second transverse plane into an
      alternate position in which they are again separated after closely
      approaching each other in an intermediate position coinciding with said
      second transverse plane.
NUM  2.
PAR  2. An apparatus as defined in claim 1, wherein said second vertical brushes
      are provided with drive means for counterrotating same with their
      confronting sides moving upstream, said second vertical brushes having
      shafts tiltably mounted on said free ends with swing axes extending
      generally parallel to said line in said normal position.
NUM  3.
PAR  3. An apparatus as defined in claim 2, further comprising two arcuate
      tracks fixed to said structure above said path and centered on said
      pivotal axes, respectively, each of said shafts being provided with a
      friction roller engageable with the respective track upon a tilting of the
      shafts toward each other, said friction rollers coacting with said tracks
      to complete the swing.
NUM  4.
PAR  4. An apparatus as defined in claim 2 wherein said first vertical brushes
      are provided with drive means for counter-rotating same with their
      confronting sides moving downstream.
NUM  5.
PAR  5. An apparatus as defined in claim 1, further comprising a pair of
      horizontally swingable ancillary arms symmetrically fulcrumed on said
      structure at pivot points downstream of said first transverse plane, a
      pair of third vertical rotary brushes suspended from extremities of said
      ancillary arms remote from said points, and coupling means between said
      supporting arms and said ancillary arms for holding said third vertical
      brushes out of the path of said vehicle until said second vertical brushes
      have been displaced by the vehicle from said normal position, said third
      vertical brushes being inwardly biased toward respective sides of the
      vehicle for scrubbing same at the wheel level thereof.
NUM  6.
PAR  6. An apparatus as defined in claim 5 wherein said coupling means comprise
      stops on one of said pairs of arms with the arms of the other pair for
      holding said ancillary arms against their biasing forces in a position
      substantially parallel to said line, with said extremities pointing
      upstream, in said normal position of said second vertical brushes.
NUM  7.
PAR  7. An apparatus as defined in claim 7 wherein said pivot points are located
      downstream of said second transverse plane, said supporting and ancillary
      arms intersecting each other.
NUM  8.
PAR  8. An apparatus as defined in claim 7 wherein said biasing means comprises
      a first pair of hinge mountings for said supporting arms, said ancillary
      arms being provided with a second pair of hinge mountings exerting thereon
      a biasing force less than that exerted by said first pair of hinge
      mountings.
NUM  9.
PAR  9. An apparatus as defined in claim 5 wherein said third vertical brushes
      are provided with drive means for counter-rotating same with their
      confronting sides moving downstream.
NUM  10.
PAR  10. An apparatus as defined in claim 1 wherein said supporting arms are of
      such length that the bristles of said second pair of vertical brushes
      interpenetrate in said position of closest approach.
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ABST
PAL  Apparatus for scrubbing, rinsing, drying and packaging very fine, hollow
      cylinders or straws employed in artificial poultry insemination, includes
      straw transport means moving straws in fixed orientation through
      successive cycles including interior washing and drying and magazine
      loading entirely automatically.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  In the artificial insemination of poultry, such as turkeys, for example,
      there may be employed very fine, hollow, cylinders which are loaded with a
      precise amount of semen and a separate straw is then employed for each
      female fowl in order to ensure application of the desired amount of semen
      in each artificial insemination operation. These fine, hollow cylinders
      are termed "straws" and reference is made to U.S. Pat. No. 3,774,578 for
      "Poultry Insemination Apparatus" containing description of apparatus for
      the utilization of such straws. Reference is also made to U.S. Patent
      Application Ser. No. 384,937 for "Straw Charging and Feeding Apparatus,"
      wherein the present invention, A. G. Horsting, is a co-inventor,
      describing and illustrating apparatus for the loading of fine, hollow
      cylinders or straws with poultry semen.
PAR  The utilization of a separate sterile straw for each artificial
      insemination operation is highly advantageous in preventing infection or
      the spread of disease in poultry being operated upon. However, it will be
      realized that commercial artifical poultry insemination is a very large
      scale operation involving hundreds of thousands and even millions of fowl.
      The insemination straws may be formed of a variety of materials such as
      glass or plastic; however, with even the most inexpensive materials, the
      very large volume of straws required poses a problem of cost and also
      supply. Reuse of these straws requires an extremely thorough cleaning
      disinfecting and again the large number thereof involved necessitates some
      type of automated process for the efficienct and inexpensive handling
      thereof.
PAC  SUMMARY OF INVENTION
PAR  The present invention provides a fully automated system and apparatus for
      the thorough cleaning and disinfecting of fine cylinders or straws
      employed in artificial poultry insemination. The apparatus hereof also
      provides for the thorough drying of the cleaned and disinfected straws and
      the packaging of same in a magazine so that they may be directly loaded
      into apparatus such as disclosed in U.S. Patent Application Ser. No.
      384,937 noted above, to preclude the possibility of contamination.
PAR  The apparatus of the present invention includes a hopper into which straws
      are dumped and which feeds straws individually in succession therefrom
      onto transport means which holds each straw in predetermined orientation.
      The transport means of the present invention moves successive straws
      through a cleaning and disinfecting cycle wherein the exterior of the
      straws are scrubbed and the interior of the straws are washed while both
      interior and exterior are disinfected. The transport means then continues
      the movement of straws through a rinsing station wherein both the interior
      and exterior of the straws are thoroughly rinsed. Individual straws after
      rinsing are then successively moved by the transport means into a drying
      cycle wherein the interior of each straw is thoroughly dried and the
      exterior of the straws are dried so that the straws are then individually
      in condition for further utilization. The dry, cleaned and disinfected
      straws are automatically loaded by the present invention into a magazine
      or the like, again in predetermined orientation with each other whereby
      the magazine may be closed and moved in such condition to straw filling
      apparatus without being touched by human hands.
PAR  The entire system and apparatus of the present invention is automated and
      the straws thereof move continuously therethrough to provide a high rate
      of cleaning and disinfecting so that the large numbers of straws may be
      processed hereby to provide the necessary volume for commercial artificial
      poultry insemination.
DRWD
PAC  DESCRIPTION OF FIGURES
PAR  The present invention is ilustrated as to a single preferred embodiment
      thereof in the accompanying drawings wherein:
PAR  FIG. 1 is a central longitudinal vertical section through a preferred
      embodiment of the present invention, with the section being offset in the
      plane of the chain cylinders to illustrate chain drive;
PAR  FIG. 2 is a transverse vertical sectional view taken in the plane 2--2 of
      FIG. 1;
PAR  FIG. 3 is a partial sectional view taken in the plane 3--3 of FIG. 2;
PAR  FIG. 4 is a schematic flow diagram in accordance with the present
      invention;
PAR  FIG. 5 is a schematic plan view of the apparatus of the present invention;
PAR  FIG. 6 is a partial sectional view taken in the plane 6--6 of FIG. 3; and
PAR  FIG. 7 is an enlarged sectional view taken in the plane 7--7 of FIG. 5.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  A preferred embodiment of the present invention, as illustrated in the
      drawings, includes a housing 11 including a vertical back wall 12, front
      and rear walls 13 and 14 and an inclined bottom 16. A front wall 17
      includes a lower fixed portion 17a and an upper removable portion 17b as
      shown, for example, in FIG. 2. At the forward end of the apparatus there
      is provided an inlet hopper 21 having an open top with an inclined back
      wall 22. At the bottom of the hopper there is provided a rotatably mounted
      cylinder 26 having peripherally spaced longitudinal notches 27 thereabout.
      The cylinder 26 extends transversely of the housing between the back and
      front walls and has a pair of ball chains 28 and 29 disposed thereabout
      adjacent opposite ends of the cylinder. The chains 28 and 29 extend about
      the cylinder 26 in circumferential grooves and fit into peripheral
      indentations 30 in the bottom of these grooves. Each of the chains is
      composed of a succession of balls or spheres 31 connected by links 32 and
      such chains may be conventional commercially available items of this type.
      Balls 31 of the chains and indentations 30 of the cylinder are dimensioned
      such that the balls fit in the indentations so that the cylinder acts in
      part as a cog wheel for moving the chains. These chains 28 and 29 extend
      longitudinally through the housing about a second peripherally indented
      cylinder 33 mounted for rotation at the rear end of the housing. An idler
      cylinder 34 is rotatably mounted on a pivotally mounted arm to adjustably
      tension the chains 28 and 29.
PAR  The chains 28 and 29 are driven by one of the cylinders 26 or 33 to move
      continuously through the housing longitudinally thereof and U-shaped chain
      supports 36 are provided beneath the upper traverse of the chains, as
      illustrated in FIG. 2, to prevent lateral movement of the chains or
      sagging thereof. The separation of the individual balls 31 of the chains
      is just sufficient to accommodate the placement of a straw 41 therebetween
      upon the link 32 connecting the balls. This is illustrated in FIG. 1 where
      it will be seen that the bottom of the hopper 21 is formed of the notched
      cylinder 26 so that movement of the cylinder across the otherwise open
      bottom of the hopper will cause successive straws from the hopper to fall
      into the notches 27 and be moved onto the chains 28 and 29 to then be
      transported individually therefrom rearwardly of the housing. The forward
      lower part of the hopper is preferably formed of an angled plate 42
      mounted on a pivot arm 43 with the plate 42 resting upon the cylinder 26
      so that rotation of the cylinder 26 with the chains thereabout will cause
      the pivoted plate to ride over the notched cylinder periphery and thus
      vibrates the straws in the hopper to overcome any tendency of same to
      stick together or lodge in a fixed position. This assists in feeding the
      straws into the cylinder notches and thence onto the transport chains
      whereby successive straws are moved from the hopper upon the chains.
PAR  The housing 11 is divided into a plurality of transverse compartments by
      successive partitions 46, 47, 48 and 49 extending transversely of the
      upper portion of the housing and mounted on the back wall 12. Transverse
      support beams 51 mount the chain guides 36. The separate transverse
      compartments hereof are open to the bottom of the housing which forms a
      sump 52 and the chains 28 and 29 pass across the bottom of these
      compartments immediately beneath the partitions 46 to 49.
PAR  The first cycle of the present invention following removal or transport of
      successive individual straws from the hopper is that of cleaning
      disinfecting. This is accomplished in a compartment 56 disposed between
      the partitions 46 and 47. Within this compartment 56 there are mounted a
      pair of scrub brushes 57 and 58 which may be formed with hollow shafts
      slidably mounted upon driven shafts 59 with a pin through the latter
      engaging a cutout on the brush shafts for rotating the brushes.
PAR  Provision is made for maintaining the straws at a desired height within the
      compartment 56 and successive compartments by mounting a strip 66 along
      the back wall 12 of the housing with such strip having a U-shaped
      projection 67 longitudinally thereof along one half of the chamber and
      within which one end of the straws rides. Within the U-shaped projection
      there are preferably provided upper and lower flexible strips 68 between
      which the straw ends move to grip the ends of the straws and hold them in
      desired vertical position as they move through the compartments. The
      straws are prevented from bouncing upwardly from the chains by hold-down
      strips 71 and 71' extending between the partitions 46 and 47 immediately
      above the straws 41 on the chains and spaced apart so as to engage the
      straws if they should attempt to rise from the chains. A central low
      transverse wall 72 extends across the chamber 56 between the brushes 57
      and 58 and the hold-down strips 71 and 71' are engaged therewith as by
      extension into slots therein with strips 71 in the first part of the
      compartment laterally offset with respect to strips 71' in the second part
      in order that the brushes shall engage all of the straw exteriors as the
      straws pass through the compartment.
PAR  The brushes and straws in the compartment 56 are subjected to a "rain" of
      cleaning and disinfecting fluid fed through an apertured tube 76 disposed
      transversely of the chamber between and above the brushes 57 and 58. Thus
      the exteriors of the straws are scrubbed by the brushes in passage through
      the chamber 56 while the cleaning and disinfecting fluid is directed onto
      the brushes. The interiors of the straws are also cleaned and in this
      respect reference is made to FIG. 2 wherein it will be seen that each
      straw in passing through a first portion of the chamber 56 is disposed
      with one end between the resilient strips 68 of the U-shaped projection 67
      on strip 66 and the other end is engaged by a retainer strip 77 extending
      longitudinally of the chamber 56 and engaging only the top of the straw so
      that the center opening thereof is left unobstructed.
PAR  The interior of the straws are washed by the passage of cleaning and
      disinfecting material therethrough and to this and the strip 66 is
      provided with a plurality of small openings 81 therethrough aligned with
      the centers of the straws 41 in passage through the compartment 56. Fluid
      is supplied to the openings 81 under pressure from a pipe 82 threaded into
      a boss on the back wall 12 of the housing. An opening 84 in the back wall
      communicates between the pipe 82 and a longitudinal recess 85 in strip 66
      communicating with the small orifices 81 that are aligned with the centers
      of the straws so that liquid cleaner and disinfectant supplied to the pipe
      will be forced through the straws to exit therefrom at the far ends of the
      straws, as indicated by the small arrows in FIG. 2.
PAR  It will be seen that the straws are successively transported by the chains
      28 and 29 through the cleaning and disinfecting compartment 56 while such
      straws are maintained in fixed orientation to each other. The straws are
      prevented from lateral motion by fitting between the bottom of the
      U-shaped mwmvwe 67 on a strip 66 and the retaining strip 77 in the first
      portion of chamber 56, while the straws are prevented from moving up and
      down by the hold-down strips 71 and the first ends of the straws are
      maintained in alignment with the orifices 81 by the resilient strips 68 in
      the U-shaped member 67. In the latter portion of the chamber 56 the
      U-shaped projection 67 is omitted and the hold-down strips are offset so
      that all parts of all straws are scrubbed. Of course the balls 31 on the
      chains prevent movement of the straws longitudinally of the chains and
      consequently the only movement possible for the straws relative to the
      chains is a rotary motion which is, in fact, caused by the brushes 57 and
      58 rotated at a speed much greater than the speed of translation of the
      straws by the chains. The brushes 57 and 58 may be rotated
      counterclockwise with the peripheral velocity thereof substantially
      greater than the translational velocity of the chains so that the brushes
      not only scour the straws as they pass through the compartment 56 but also
      rotate them so that all portions of the exterior of the straws are in fact
      cleaned and scrubbed.
PAR  Following the cleaning and disinfecting compartment 56 there is provided a
      rinse compartment 86 disposed between the partitions 47 and 48. Within
      this rinse compartment there is transversely disposed a slotted or
      perforated pipe 87 having one end extending through the ball wall 12 of
      the housing and the other end capped. Clean water or other fluid rinse is
      supplied through this pipe 87 and is sprayed downwardly upon the straws 41
      transported across the bottom of the compartment 86 by the chains 28 and
      29. Within the rinse chamber 86 there is also provided an extension of the
      strip 66 and all elements thereof in the first part of the chamber 86
      whereby the straws in the rinse compartment have one end thereof passing
      between the strips 68 and clean water pipes 88 force filtered water
      through the slits 81 into the straws in the rinse compartment to thus
      rinse out the inside of the tubes therein. This structure of the rinse
      compartment is not illustrated inthe drawings inasmuch as it is the same
      as the structure in the cleaning and disinfecting compartment as
      illustrated in FIGS. 2 and 3.
PAR  Following complete rinsing of the straws as they pass through the rinse
      compartment 86, the present invention provides for completly drying the
      straws both internally and externally thereof. To this end there is
      provided an internal drying compartment or chamber 91 between the
      transverse partitions 48 and 49. This compartment may be quite short in
      length and includes wiping means 92 which may take the form of a plurality
      of thin strips of resilient material such as rubber, secured along the
      upper edges thereof to the lower portion of the partition 48 in the
      compartment 91 so that the lower edges of these resilient strips depend
      transversely across the compartment. As the chains move the straws 41 past
      the strips 92, the straws will be wiped by the strips to remove droplets
      of water adhering to the exterior of the strips. Following this wiping
      operation in the compartment 91, there are provided one or more fine
      orifices 93 aligned with the ends of the straws as they pass across the
      bottom of the compartment and high pressure air is applied through these
      orifices to thus blow as a jet forcibly through the interior of the straws
      and thus remove droplets of water that may remain therein.
PAR  Following the inner drying compartment 91 there is provided an outlet
      hopper 96 disposed between the partition 49 and end wall 14. This hopper
      has an upwardly inclined floor 97 with longitudinal slots therein through
      which the chains 28 and 29 pass so that movement of the chains through the
      hopper causes the straws carried thereby to be pushed onto the inclined
      floor upwardly from the chains as they pass through the inclined floor so
      as to leave the cleaned and disinfected straws in the hopper. The straws
      will thus pile upin the hopper, as shown, while yet in parallel alignment
      with each other and the back wall 12 of the housing at the hopper is
      formed with a large number of perforations, such as by the insertion of a
      screen 98 in a large opening therein with warm air being blown
      therethrough so as to complete drying of the straws in the hopper. The
      front wall 17 is also perforated at the exit hopper in order for this air
      to readily escape from the housing.
PAR  Provision is also made in the present invention for the automatic loading
      of magazines or the like with cleaned, disinfected and dried straws. To
      this end the housing is provided with means for receiving a magazine 101
      immediately above the exit hopper 96. The magazine 101 has a slidably
      disposed bottom wall 102 which may be retracted, as illustrated in FIG. 1,
      to leave the interior of the magazine open to the hopper at the top
      thereof. The magazine 101 may also include an apertured flange 103 for
      fitting about a bolt and nut 104 on the housing to lock the magazine onto
      the housing. As the straws pile up in the hopper they will thus be moved
      upwardly into the magazine following the complete drying operation in the
      exit hopper. At such time as the magazine is filled or filled to desired
      capacity the floor 102 is then slid into closing position to the magazine
      so that the latter may be removed from the apparatus with straws therein
      ready for further use. Such a magazine may then be emptied into straw
      filling apparatus such as that disclosed in U.S. Patent Application Ser.
      No. 384,937 without the straws being touched by human hands since they
      were placed in the inlet hopper of the present invention.
PAR  The mechanical configuration of a preferred embodiment of the present
      invention has been described above and reference is now made to FIGS. 4
      and 5 illustrating the flow of fluid in the apparatus hereof and the drive
      means for elements of the apparatus. Preferably cleaning and rinsing of
      the straws and the apparatus of the present invention is accomplished with
      water, although some other type of fluid can be employed. A water supply
      111 is shown to pass water under pressure through a filter 112 into a
      manifold 113. A source 114 of detergent or other cleansing means and
      disinfectant solution is connected to one inlet of a conventional metering
      pump 116 having the other inlet connected to the manifold 113 so as to
      provide a controllable desired mixture of cleanser, disinfectant and water
      which is then discharged from the pump to the tube 76 and inlet pipes 82
      of the cleaning and disinfecting chamber 56. Clean, fresh water from the
      manifold 113 is also connected directly to the inlet pipes 87 and 88 of
      the rinse chamber. It will thus be seen that water containing a cleanser
      and disinfectant is forced into the chamber 56 through the pipes 76 and 82
      for the purposes described above and also clean water is forced under
      pressure through the pipes 87 and 88 into the rinse chamber 86 for rinsing
      the inside and outside of straws.
PAR  The chains 28 and 29 are moved across the bottoms of the above-described
      compartments by rotation of one of the notched cylinders 26 or 33 and in
      FIG. 5 there is shown a motor 121 disposed exteriorly of the housing 11
      and driving the shaft 25 of the notched cylinder 26. This connection of
      motor and shaft may be made in any one of a variety of ways such as by
      gears, belts, chains or the like, and the motor may be variable speed
      motor with control means thereon for adjusting the rate of travel of the
      chains through the apparatus of the present invention. Preferably a clutch
      122 is included in the drive train so that no undue damage could result
      from possible jamming of the apparatus. The brushes 57 and 58 of the
      present apparatus are rotated as, for example, by an exterior motor 123
      through a chain drive or the like into connection with the brush shafts
      59. The interior drying of the straws in the chamber 91 is accomplished by
      a high velocity jet of air forced through the straws and such jet is
      preferably provided by a separate high velocity blower 126 mounted
      exteriorly of the housing at the back wall 12 thereof and having an outlet
      pipe 127 extending through such wall into communication with the jets 93
      within the chamber 91. The final drying of the straws in the outlet hopper
      96 is accomplished by the passage of heated air longitudinally of the
      straws therein and to this end there is provided a blower 131 passing air
      through a heater 132 and exhausting through the perforated opening in the
      back wall of the housing at the outlet hopper 96.
PAR  The liquids employed in the apparatus of the present invention will be seen
      to fall from the chambers 56 and 86 into the sump 52 at the bottom of the
      housing inasmuch as there are no floors provided in these chambers. The
      sump 52 is preferably provided with a low point in the bottom thereof so
      that liquid may be readily drained from the sump, as shown.
PAR  It will be appreciated that the present invention, as described above in
      connection with a preferred embodiment thereof, operates to thoroughly
      clean, disinfect and dry poultry insemination straws without the necessity
      of any human intervention. The apparatus is fully automatic so that a
      large number of straps may be passed therethrough to provide necessary
      high output for this field. Additionally the apparatus hereof provides for
      automatic loading of magazines with the dry, clean straws so that the
      latter may then be readily employed in further artificial insemination
      operations without the necessity of handling same and this is advantageous
      in reducing the risk of possible straw contamination by human handling.
PAR  Although the present invention has been illustrated with respect to a
      single preferred embodiment, it will be apparent to those skilled in the
      art that various modifications and alterations may be made in such showing
      without departing from the concepts of this invention. It is thus not
      intended to limit the invention to the precise details of illustration nor
      terms of description.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for cleaning and disinfecting small straws employed for
      artificial poultry inseminations comprising
PA1  a pair of parallel endless chains having spaced depressions thereon for
      receiving straws to be carried thereby and extending over first and second
      rotatably mounted cylinders with one cylinder being driven to thus move
      said chains together for transporting straws,
PA1  means holding straws on said chains,
PA1  at least one rotary mounted brush disposed at a first station above said
      chains in position to scrub straws carried by said chains past the brush,
PA1  means directing cleaning disinfecting fluid onto said straws and through
      said straws at said first station,
PA1  means defining a second station through which said chains pass and
      including means directing a rinse fluid onto and through straws carried by
      said chains, and
PA1  straw drying means directing a jet of air through rinsed straws on said
      chains and directing air onto the exterior of said straws.
NUM  2.
PAR  2. The apparatus of claim 1 further defined by a first of said cylinders
      having peripherally spaced longitudinal notches thereabout dimensioned to
      receive straws therein and having circumferential grooves wherein said
      chains wrap around the cylinder whereby straws are carried by the cylinder
      grooves onto said chains for transport by the chains.
NUM  3.
PAR  3. The apparatus of claim 1 further defined by an inlet hopper having said
      peripherally notched cylinder forming the bottom thereof and an angled
      front wall pivotally mounted to ride upon said cylinder and thus to pivot
      up and down as the wall rides into and out of cylinder notches to vibrate
      straws placed in the inlet hopper.
NUM  4.
PAR  4. The apparatus of claim 1 further defined by a pair of elongated U-shaped
      chain guides disposed one beneath each chain along the upper extension
      thereof between said cylinders and the means holding chains comprising
      thin parallel spaced strips extending longitudinally of the chains
      immediately above same and laterally staggered in said first station.
NUM  5.
PAR  5. The apparatus of claim 1 further defined by said first station including
      at least two rotary driven brushes mounted to engage straws carried by
      said chains, said means directing cleaning and disinfecting fluid
      including a U-shaped retainer disposed along the outside of a first of
      said chains partially through said first station whereby the ends of
      straws are engaged thereby with means defining small openings therein
      aligned with the interior of straw ends moved along the retainer by the
      chains and means ejecting a cleaning and disinfecting fluid through said
      small openings for passage thereof through said straws, and said means
      holding said straws including a retainer strip disposed along the outside
      of a second of said chains in position to engage the ends of straws on the
      chains only at the upper portion of the chains.
NUM  6.
PAR  6. The apparatus of claim 1 further defined by an outlet hopper having a
      slotted floor inclined upwardly in the direction of chain travel with said
      chains extending through said slotted floor whereby straws move off of the
      chains onto the hopper floor as the chains move and means for receiving a
      straw magazine having a movable bottom in closing relation to the open top
      of said outlet hopper for automatic loading of a magazine by upward
      movement of straws in said hopper.
NUM  7.
PAR  7. The apparatus of claim 1 further defined by a housing enclosing said
      cylinders, chains, first and second stations and drying means with said
      housing having an inclined floor and a drain at the lower point thereof
      for drainage of fluids from said housing, said housing having transverse
      support beams mounting chain guides disposed longitudinally beneath the
      upper traverse of said chains and transverse partitions defining said
      first and second stations above said chains.
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ABST
PAL  A self-propelled machine includes a main housing supported on front and
      rear drive rollers and has an operator control handle extending from the
      rear. Front and rear elongated working brushes are driven in orbital
      movement in horizontal planes, with the front brush being positioned ahead
      of the front roller and the rear brush positioned behind the rear roller.
      A supply tank for the working solution includes agitating and aerating
      means for creating a foam dispensed from a pressurized tank through a flow
      control gate, and applied to the floor surface ahead of the front brush.
      The drive rollers act as squeegies. A collection system includes vacuum
      pickup nozzles adjacent each of the drive rollers for picking up material
      from the floor surface which is collected in a collection tank.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 147,866 filed May
      28, 1971 now U.S. Pat. No. 3,761,987, issued Oct. 2, 1973.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a machine for scrubbing or shampooing rugs or
      carpeted floor surfaces, for scrubbing hard floor surfaces, or for waxing
      and polishing hard floor surfaces.
PAR  A variety of machines have been devised for cleaning rugs or carpets
      through the use of detergents generated and applied in the form of a dry
      foam in the path of shampooing brushes intended to work the foam into the
      pile to entrap the dirt held therein, with the foam and entrapped dirt
      then being extracted from the carpet surface through a vacuum pickup
      system. A disadvantage of some machines is that the cleaning medium and
      entrained dirt must be collected in a separate operation. This results in
      extra work, considerable wetting of the nap surface for more difficult
      removal of the dirt, and longer drying time.
PAR  An object of this invention is to provide an improved floor surface
      cleaning machine having the capability to shampoo and remove surface dirt
      from a carpet surface in one operation, to scrub and remove surface dirt
      from a hard floor surface in one operation, or to apply wax to and polish
      a floor surface in one operation.
PAR  A further object of this invention is to provide a floor surface cleaning
      machine having a cleaning solution foaming system within the machine and a
      pressurized foam dispensing system.
PAR  Still another object of this invention is to provide a rug cleaning machine
      having means for scrubbing the pile, removing the dirt from the pile, and
      lifting the pile to original position in one operation.
PAR  Another object of this invention is to provide a rug cleaning machine
      wherein the machine support and drive rollers function as squeegies to
      direct the cleaning foam and entrapped dirt toward the vacuum pickup
      nozzles.
PAR  Still another object of this invention is to provide a floor surface
      cleaning machine having an improved solution dispensing mechanism
      including means for forming a foam, means for effecting flow of the foam
      under pressure, and means for controlling the rate of flow of foam to the
      floor surface.
PAR  For accomplishing these objects, a machine according to the invention
      includes a housing having front and rear support and traction means, and
      power means for driving the traction means. One elongated brush means is
      disposed ahead of the front traction means to act on the floor surface,
      and the power drive means for the brush provides motion of the brush in a
      horizontal plane. The machine housing contains a cleaning medium supply
      and dispensing system including dispensing means at the front of the
      machine ahead of the brush. A collection system includes a collection tank
      associated with the housing, an elongated suction nozzle disposed behind
      said brush to pickup material from the floor surface, and an air pump
      having its suction side communicating with said collection tank. In more
      particularity, the invention includes a squeegee roller as the front
      traction with the suction nozzle disposed just ahead of the squeegee
      roller; a skirt depending from the housing defining an enclosure for the
      dispensing means, traction means, brush and suction nozzle; and said air
      pump discharging air into said enclosure.
PAR  The novel features and the advantages of the invention, as well as
      additional objects thereof, will be understood more fully from the
      following description when read in connection with the accompanying
      drawings.
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PAC  DRAWINGS
PAR  FIGS. 1 through 4 are general views of a preferred form of machine as
      viewed, respectively, from a top, left side, front and rear of the
      machine;
PAR  FIGS. 5 and 6 are fragmentary detail views of the machine handle and
      controls as viewed from the respective planes indicated in FIG. 2;
PAR  FIG. 7 is a view from the bottom of the machine of FIGS. 1 through 4.
PAR  FIG. 8 is a view of the top of the machine, with the top cover removed;
PAR  FIG. 9 is a sectional view taken in the vertical plane 9--9 of FIG. 8
      looking from the left side of the machine;
PAR  FIG. 10 is an enlarged fragmentary view of the brush drive mechanism
      illustrated in FIG. 9;
PAR  FIG. 11 is a vertical sectional view taken in the plane 11--11 of FIG. 8
      adjacent to the left side wall as viewed from the right side of the
      machine;
PAR  FIG. 12 is a fragmentary sectional view taken in the vertical plane 12--12
      of FIG. 7 particularly illustrating the brush supporting mechanism;
PAR  FIG. 13 is a fragmentary sectional view taken in the vertical plane 13--13
      of FIG. 8, particularly illustrating the vacuum pickup nozzles and
      manifold;
PAR  FIG. 14 is a fragmentary sectional view of a drive roller and associated
      support bracket as viewed in the plane 14--14 of FIG. 11; and
PAR  FIG. 15 is a sectional view of a support and drive roller as viewed in the
      plane 15--15 of FIG. 14.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As seen in the drawings, the machine is enclosed in a generally cube shaped
      housing 10, the machine being self-propelled; and a control handle 11 is
      attached to the rear wall of the housing by means of which the machine may
      be manually guided by the operator to the extent necessary, the handle
      also having various controls mounted thereon for automatic control by the
      operator.
PAR  The machine housing or frame 10 is an integrated structure including a
      floor plate 13 and rear, left side, front, and right side walls 14B, 14L,
      14F and 14R, respectively. As viewed in plan in FIG. 1, the handle 11 is
      attached to the rear wall of the machine which, in normal forward
      operation, moves from right to left as viewed in this figure. The
      references to left and right sides of the machine are considered from the
      vantage point of the operator at the handle 11. A top cover 15, best seen
      in FIGS. 1 and 9, encloses the top of the housing and is removable for
      servicing. As will be described, the housing 10 is supported somewhat
      above the floor surface, and a flexible skirt 16 defines a downward
      extension of the housing walls terminating close to the floor surface.
PAR  The machine is supported and propelled by front and rear drive rollers 22F
      and 22B rotatably supported in left and right roller brackets 24L and 24R
      respectively which are floatingly attached to the left and right sidewalls
      14L and 14R respectively. As best seen in FIG. 11, the roller bracket 24L
      is supported for vertical floating movement relative to the wall 14L by
      means of supporting bolts 25 extending through vertically elongated slots
      26 in the roller bracket. The roller brackets 24 then define a form of
      chassis for the machine; and the housing 10 is supported on the chassis by
      means of compression springs 27 confined between load bearing ears on the
      wheel brackets 24 and load bearing pads on load brackets 28L and 28R
      secured to the sidewalls 14L and 14R respectively. In this manner, the
      housing 10 is resiliently supported on the chassis defined by the roller
      brackets 24L and 24R.
PAR  As best seen in FIG. 14, each of the rollers 22 comprises a welded
      structure of an elongated cylindrical tube 31 having a resilient surface
      layer, and left and right hub structures 32L and 32R respectively. The hub
      structures include axial bores for retaining sleeve type bushings 33 by
      means of which the rollers are rotatably supported on elongated shafts 34
      which extend between and are suitably secured to the roller brackets 24L
      and 24R. For driving the rollers, belt pulleys 35 are secured to the hubs
      32L at the left ends of the two drive rollers.
PAR  The drive motor and gear box unit 36 for the drive rollers is best seen in
      FIGS. 8 and 13, this unit being mounted on a bracket 37 supported on the
      floor plate 13. The horizontal output shaft 38 from the gear box extends
      toward the left side wall and carries a drive pulley 39 disposed in the
      plane of the drive roller pulleys 35. A drive belt 40 couples the drive
      pulley 39 and the roller pulleys 35, this belt also passing over an idler
      pulley 41 rotatably supported on the roller bracket 24L, so that the two
      drive rollers are driven simultaneously by the drive motor unit 36.
PAR  A solution dispensing system includes a supply tank 45 formed integrally
      with the housing 10 adjacent to the front and left sidewalls. This tank is
      a sealed tank extending to the top of the housing and includes a filler
      opening and cap 46 for supplying materials to the tank. The materals are
      dispensed from the tank through seven vertical dispenser tubes 47
      laterally spaced along the front of the housing adjacent to the front
      wall, these tubes extending from a trough 48 formed at the upper portion
      of the tank 45 and downward through openings provided in the floor plate
      13. The trough 48 is a horizontal trough formed by the front wall 14F, a
      horizontal bottom plate having openings communicating with the upper ends
      of the dispenser tubes 47, and a rear wall formed by a weir gate 49
      supported for reciprocating vertical movement in plane parallel to the
      front wall. The weir gate is supported from a control helix 50 threaded
      through a threaded bushing in the top of the supply tank, and including a
      manual knob extending from the top of the housing for control by the
      operator. Through this control helix, the weir gate is raised or lowered
      to regulate the horizontal opening defined between the weir gate and the
      top of the tank which communicates the trough 48 with the remainder of the
      supply tank 45.
PAR  An electric motor-pump unit 53 is mounted within the supply tank 45 on the
      floor plate 13 for agitating and mixing the solution in the supply tank as
      desired.
PAR  Air for pressurizing the supply tank and for aerating and foaming the
      solution within the tank is provided from an air compressor-electric motor
      unit 56 mounted adjacent to the right front corner of the machine housing.
      The compressor outlet includes a flexible conduit 57 between the
      compressor and the supply tank, a conduit 58 within the tank including
      horizontal and vertical branches, and a horizontal T nozzle 59 providing
      two nozzle outlets 60. In operation, the solution in the tank is agitated
      by the motor-pump unit 53 and aerated by the compressor unit 56 to produce
      a foam which is caused to flow from the main tank chamber into the trough
      48 as a result of the pressurization of the tank. The solution is then
      dispensed from the dispenser tubes 47 being discharged adjacent to the
      front wall 14F.
PAR  The working brushes for the machine are elongated front and rear brushes
      61F and 61B, respectively, having downwardly extending bristles. The
      brushes are supported on a horizontal brush plate 62, supported just below
      the floor plate 15, with the brushes extending transversely parallel to
      and adjacent to the housing front and rear walls. The support end drive
      for the brushes is best seen in FIGS. 9 and 10 and also in FIG. 7.
PAR  The power unit for the brush system is a vertically disposed electric motor
      67 supported at the center of the machine housing on the floor plate 13.
      The motor drive shaft extends downwardly through an opening the floor
      plate, and has non-rotatably fixed thereto an eccentric drive plate 63
      including a fly wheel portion and an eccentric boss. An antifriction
      rotation and thrust bearing 64 has its inner race secured to the eccentric
      boss; and a mounting collar 65 associated with the brush plate 62 is
      secured to the outer race of this bearing. In this manner, the brush plate
      62 is secured to and partially supported by the eccentric drive plate 63.
PAR  As best seen in FIG. 7 and 13, the brush plate is generally co-extensive
      with the floor plate of the machine housing; and the brush plate is
      further laterally supported by means of a pair of front tension springs
      66F and a pair of rear tension springs 66B. The front springs 66F are
      anchored between the housing floor plate and the brush plate to urge the
      brush plate toward the front of the machine, while the rear springs 66B
      are connected between the floor plate and the brush plate to urge the
      brush plate toward the rear of the machine. The springs 66 then form a
      lateral suspension system for the brush plate to facilitate orbital drive
      of the brush plate and brushes 61 by the eccentric drive mechanism. As
      best seen in FIG. 9, the front brush 61F is spaced sufficiently from the
      housing front wall to permit the dispensing of the solution from the
      dispensing tubes 47 ahead of the front brush.
PAR  The vacuum pickup system for the machine includes a collection tank 70
      which is formed integrally with the housing floor plate and rear wall,
      extending laterally across the machine. An electric motor-vacuum pump unit
      71 is mounted on the collection tank at the right rear corner of the
      housing and includes an inlet pipe 72 which extends vertically through the
      tank. The inlet tube includes inlet openings at the upper end of the tube
      to withdraw air only from the upper portion of the collection tank 70. The
      vacuum pump discharge conduit 73 extends downwardly from the unit
      discharging through the floor plate 13 to the area beneath the floor plate
      enclosed by skirt 19. A filter unit 74 is provided within the outlet
      conduit including a filter element removable from a rear housing wall.
PAR  The machine is provided with an elongated front and rear vacuum nozzles 75F
      and 75B which extend laterally across the machine; the front nozzle 75F
      being disposed forwardly of the front drive roller 22F, and the rear
      vacuum nozzle 75B being disposed rearwardly of the rear drive roller 22B.
      The vacuum nozzles are connected at their ends to respective left and
      right manifolds 76L and 76R, each of these manifolds including an upright
      discharge pipe 77 which extends through the housing floor into the
      collection tank 70. In operation, the vacuum created within the collection
      tank 70 causes withdrawal of the foam or dirt from the floor surface
      through the nozzles 75 and the manifolds 76, which material is drawn into
      the lower portion of the tank. Since the discharge pipes 77 extend only a
      short distance above the housing floor surface, the discharge materials
      settle in the lower portion of the tank, and the relatively cleaner air is
      withdrawn from the tank through vacuum pump inlet tube openings adjacent
      to the top of the tank. A drain faucet 78 is provided for draining the
      collection tank.
PAR  The handle 11 is an elongated member including a T grip 81 at the outer end
      and a T base 82 in the form of a sleeve at the opposite end. The handle is
      coupled to the housing 10 by means of a transverse support pipe 83
      nonrotatably mounted between left and right support brackets 84L and 84R
      secured to the housing rear wall. Since the machine is self-propelled, the
      handle is used for minimal machine guidance by the operator, and also to
      support the control panel for automatic control of the machine. For this
      purpose, the handle should be free to swivel on the support pipe 83 so
      that the T grip 81 may be held at a convenient height by the operator. For
      supporting the handle at a minimum height, the handle is provided with a
      latch pin 85 for engagement in a suitable angularly elongated recess in
      the support pipe 83. The pin mechanism is best illustrated in FIG. 9 which
      shows the latch pin 85 urged by a compression spring 86 into a pipe
      recess. A lever 87 at the grip end of the handle is coupled to the latch
      pin 85 through a cable or link for the purpose of releasing the latch pin
      when desired.
PAR  This handle latching feature is also desirable for the purpose of
      transporting the machine over floor surfaces from one area of use to
      another. For this purpose the machine housing is provided with a left and
      right transport wheels 90L and 90R rotatably supported on suitable wheel
      brackets 91L and 91R mounting on the housing rear wall. These transport
      wheels are mounted on the housing to be normally supported above the floor
      surface, and are engaged with the floor when the machine it tilted
      backward by means of the handle 11 wherein the machine is entirely
      supported on the transport wheels and conveniently moved by the operator
      to a different area for use.
PAR  As indicated above, all of the powered elements for the machine are driven
      by electric motors; and electric energy is supplied through a conventional
      power cord 92 connected to a suitable control box and panel 93 mounted on
      the handle 11 adjacent to the T grip 81. As best seen in FIG. 6, the
      control panel includes a main line switch 94, a reversible motor switch 95
      for controlling the direction of drive of the roller drive motor 36, and
      an associated rheostat 96 for controlling the speed of the drive motor.
      Other controls are an on-off switch 97 for the brush drive motor 67, an
      on-off switch 98 for the supply tank compressor and agitator pump motors,
      and an on-off switch 99 for the vacuum pump unit 71.
PAR  The operation of the above described machine for several of its functions
      will now be briefly described.
PAR  For scrubbing or shampooing a rug or carpet, the supply tank 45 is first
      charged with the appropriate treatment materials such as a suitable
      proportion of water and liquid detergent. Prior to the cleaning operation,
      the agitator pump and compressor are turned on to appropriately mix the
      solution and create the desired foam, while simultaneously pressuring the
      supply tank to the desired pressure. During this operation, the weir gate
      may be moved to its upper closed position by the control heliz 50 to
      prevent flow of the solution foam into the trough 48.
PAR  After positioning the machine to begin the cleaning operation, the weir
      gate is opened to effect the desired flow of detergent from the dispensing
      tubes, the brush drive motor is energized, and the roller drive motor is
      energized to propel the machine in a forward direction. The vacuum system
      is also energized. The machine moves forward at an appropriate rate of
      speed so that the cleaning solution, which is applied uniformly across the
      machine path from the several dispensing tubes 47, is worked into the rug
      pile by the orbiting forward brush 61F to effectively clean all surfaces
      of the pile fibers and to work the cleaning foam to the base of the pile.
PAR  As the forward drive roller 22F moves toward the scrubbed area, the
      squeegee action effected by the weight of the machine urges the foam
      forward toward the front vacuum pickup nozzle 75F. The rear vacuum pickup
      nozzle 75B picks up any materials from the surface which remain; and the
      orbiting rear brush 61B effects a circular swirling action of the pile
      fibers to lift the pile to its original as-new position. The air
      circulated by the vacuum system is returned to the underside of the
      housing through the discharge tube 73, after being filtered, to effect a
      continuous circulation of air to assist in the drying of the surface
      enclosed within the machine skirt 16.
PAR  For a hard floor surface scrubbing or wax stripping operation, the machine
      functions in a similar manner. For this operation the forward operating
      brush 61F would be a different type of brush for performing a desired
      scrubbing or stripping operation; and a rear brush 61B would not be
      required.
PAR  For a floor waxing operation, a relatively quick drying foam wax solution
      may be dispensed to the floor surface with the same foaming and dispensing
      system, the forward brush 61F may be particularly adapted for distributing
      the wax foam uniformly over the floor surface. The vacuum system may be
      operated as an air circulating system wherein the air is directed to the
      area enclosed by the machine walls 14 and skirt 16 and recirculated
      through the vacuum pickup nozzles 75F and 75B to assist in the drying of
      the wax. The rear brush 61B then may be a polishing brush for applying a
      final polish to the floor surface.
PAR  What has been described is an improved floor treatment machine which is
      particularly adapted for the shampooing of rugs or carpeted floor surfaces
      including the application of the shampoo and the pickup of the dirt in one
      continuous operation.
PAR  An important feature of the invention is the collection system which
      provides for picking up the cleaning medium and entrained dirt immediately
      following the scrubbing by the brush. Another feature is the enclosure for
      the brush means, traction means, and suction nozzle and the flowing of air
      through the enclosure to assist in drying the floor surface.
PAR  Another feature of the machine is the solution preparation and dispensing
      system which produces an effective foam capable of being flowed to the
      floor surface at a controlled rate under air pressure.
PAR  While a preferred embodiment of the invention has been illustrated and
      described, it will be understood by those skilled in the art that changes
      and modifications may be resorted to without departing from the spirit and
      scope of the invention.
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STM  What is claimed is:
NUM  1.
PAR  1. A machine for treating floor surfaces comprising
PA1  a housing having front and rear ends in relation to normal movement over a
      floor surface in one direction, and having a generally horizontal floor;
PA1  front and rear traction means, for supporting and driving said housing
      along the floor surface, spaced from said housing front and rear ends
      respectively;
PA1  supply means in said housing for supplying a cleaning medium, including
      dispensing means disposed at the front end thereof; elongated brush means
      extending across said housing behind and adjacent to said dispensing
      means; power means in said housing for producing movement of said brush
      means in the floor plane relative to said housing;
PA1  a collection system including a collection tank associated with said
      housing, an air pump having its suction side communicating with said tank,
      an elongated suction nozzle disposed under said housing floor behind and
      adjacent to said elongated brush means, and a manifold communicating said
      suction nozzle with said collection tank;
PA1  said front traction means comprising an elongated roller generally
      coextensive with said brush means functioning as a squeegee roller; and
      said elongated nozzle being positioned directly ahead of said roller.
NUM  2.
PAR  2. A machine as set forth in claim 1
PA1  second brush means extending transversely across said housing behind said
      rear traction means.
NUM  3.
PAR  3. A machine as set forth in claim 1
PA1  a second elongated suction nozzle disposed adjacent to the rear end of the
      machine; said second suction nozzle being connected to said manifold.
NUM  4.
PAR  4. A machine as set forth in claim 5
PA1  said rear traction means being an elongated roller coextensive with said
      front traction means and functioning as a squeegee roller; said second
      nozzle being disposed behind and adjacent to said rear traction roller.
NUM  5.
PAR  5. A machine for treating floor surfaces comprising
PA1  a housing having front and rear ends in relation to normal movement over a
      floor surface in one direction, and having a generally horizontal floor;
      means mounted on said housing for supporting said housing for movement
      along a floor surface;
PA1  supply means in said housing for supplying a cleaning medium, including
      dispensing means disposed at the front end thereof under said housing
      floor; brush means disposed under said housing floor behind and adjacent
      to said dispensing means; power means in said housing for producing
      movement of said brush means in the floor plane relative to said housing;
PA1  a collection system including a collection tank associated with said
      housing, an air pump having its suction side communicating with said tank,
      an elongated suction nozzle disposed under said housing floor behind and
      adjacent to said brush means, and conduit means communicating said suction
      nozzle with said collection tank;
PA1  a continuous skirt depending from said housing and defining, with said
      housing floor and with the floor surface, an enclosure for said dispensing
      means, said brush means and said suction nozzle;
PA1  and a discharge conduit means communicating the discharge side of said air
      pump with a discharge port in said housing floor, to direct the pump
      discharge air into said enclosure for forced drying of the floor surface;
      said discharge port being spaced from the assembly of said dispensing
      means, said brush means, and said nozzle means to effect substantial
      exposure of the floor surface to air recirculated from said discharge port
      to said nozzle means.
NUM  6.
PAR  6. A machine as set forth in claim 5
PA1  air filter means disposed in said pump discharge conduit.
NUM  7.
PAR  7. A machine for treating floor surfaces comprising
PA1  a housing having front and rear ends in relation to normal movement over a
      floor surface in one direction, and having a generally horizontal floor;
PA1  means mounted on said housing for supporting said housing for movement
      along the floor surface;
PA1  supply means in said housing for supplying a cleaning medium, including
      dispensing means disposed at the front end thereof; brush means mounted
      under said housing behind and adjacent to said dispensing means; power
      means in said housing for producing movement of said brush means in said
      floor plane relative to said housing;
PA1  said cleaning medium supply means including a sealed supply tank in said
      housing for containing a liquid solution, a source of compressed air
      communicating with said tank for pressurizing said tank and for producing
      a foam of the solution therein, means in said supply tank for agitating
      and mixing the solution therein, elongated transverse trough means in said
      tank defining the dispensing means, and adjustable gate means for
      regulating the flow of solution foam from said supply tank into said
      trough;
PA1  a collection system including a collection tank associated with said
      housing, an air pump having its suction side communicating with said tank,
      an elongated suction nozzle disposed under said housing floor behind and
      adjacent to said elongated brush means, and a manifold communicating said
      suction nozzle with said collection tank.
NUM  8.
PAR  8. A machine as set forth in claim 7
PA1  said elongated transverse trough means being disposed in the upper portion
      of said supply tank; a plurality of vertical conduits defining said
      dispensing means for directing foam from said trough means to the floor
      surface at the front of said housing; and said adjustable gate means
      comprising an adjustable weir gate for controlling the flow of solution
      foam from the main supply tank chamber into said trough.
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ABST
PAL  In a springless self-latching hinge having a pair of hinge members
      pivotally connected by a hinge pin, one hinge member is formed of
      resilient material configured releasably to maintain the hinge closed.
      This resilient hinge member includes a spaced pair of hinge pin receiving
      knuckles extending from a base portion which may be slightly bowed toward
      the pin. The other hinge member has a hinge knuckle terminating at a
      bearing sleeve a portion of which incompletely encircles the pin to define
      a recess. A boss projects from the central base portion of the resilient
      hinge member to engage the bearing sleeve recess when the hinge is closed.
      As the hinge is opened, the bearing sleeve depresses the boss to place the
      central region under compression. Thus the hinge is held releasably closed
      until sufficient opening effort is exerted to rotate the hinge and thereby
      compress the resilient member. In an alternative embodiment, the resilient
      hinge member contains a central pin receiving knuckle and a pair of bosses
      which cooperate with a pair of recessed bearing sleeves on the other hinge
      leaf to perform the latching function.
PARN
PAR  This application is a continuation of abandoned application Ser. No.
      296,938 filed Oct. 12, 1972.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to self-latching hinges, and particularly to
      such a hinge wherein the latching force is provided by the resilience of
      one of the hinge leaves.
PAR  2. Description of the Prior Art
PAR  Self-latching hinges have gained widespread acceptance in the building
      industry for installation of cabinet doors and the like. Such hinges
      include a force providing mechanism which maintains the cabinet door
      closed without the need for a separate latch. Use of self-latching hinges
      eliminates both the cost of the latch hardware and the even greater
      expense of latch installation.
PAR  In typical prior art self-latching hinges, a spring biased roller or wedge
      incorporated in one hinge leaf presses against a notched hinge pin bearing
      sleeve on the other leaf. As the hinge members are rotated toward the
      door-closing position, the roller or wedge is biased against the bearing
      sleeve notch to force the hinge closed. Some effort is required to open
      the hinge against the biasing force.
PAR  In most self-latching hinges of the type described, the roller or wedge
      biasing force is provided by a separate spring element mounted to one
      hinge leaf. Assembly is difficult, and both hinge leaves must be formed of
      relatively thick metal to withstand the substantial spring force. One
      object of the present invention is to provide a self-latching hinge
      requiring no separate spring element. A unitary hinge member functions
      both as a hinge leaf and as the force providing element for releasably
      maintaining the hinge closed. Another object is to provide a self-latching
      hinge wherein one hinge leaf is formed of a resilient material, typically
      a plastic which may be less costly than metal. This enables use of
      inexpensive molding techniques to fabricate the hinge leaf.
PAR  Yet shortcoming of prior art self-latching hinges concerned the manner of
      attachment to the frame or closure. Most commonly, one of the metal hinge
      leaves was fastened by screws to the cabinet or door frame. By providing a
      hinge wherein one leaf is formed of plastic, alternative means for
      attachment are available. Thus another object of the present invention is
      to provide a hinge construction wherein one leaf may be formed integral
      with a closure frame, or may be attached in other unique ways.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objectives are achieved by providing a springless
      self-latching hinge having a pair of hinge members pivotally connected by
      a hinge pin. One unitary hinge pin is formed of resilient material,
      typically molded plastic, and includes a spaced pair of hinge pin
      receiving knuckles extending from a base portion which may be slightly
      bowed toward the pin. The other hinge leaf has a hinge knuckle terminating
      at a bearing sleeve a portion of which incompletely encircles the pin to
      define a recess. A boss projects from the base portion of the resilient
      hinge member to engage the bearing sleeve recess when the hinge is closed.
      As the hinge is opened, the bearing sleeve depresses the boss to compress
      or deform the central region of the resilient member. Thus the hinge is
      maintained releasably closed. Various means for mounting the hinge members
      also are disclosed. An alternative hinge embodiment uses two bosses on the
      resilient member cooperating with a spaced pair of recessed bearing
      sleeves on the other hinge leaf.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A detailed description of the invention will be made with reference to the
      accompanying drawings wherein like numerals designate corresponding parts
      in the several figures. Unless otherwise indicated, the drawings are to
      scale.
PAR  FIG. 1 is an exploded perspective view of a springless self-latching hinge
      in accordance with the present invention.
PAR  FIG. 2 is a front view of the hinge of FIG. 1, shown in a typical cabinet
      installation.
PAR  FIG. 3 is a side view of the hinge installation of FIG. 2, as seen along
      the line 3--3 thereof.
PAR  FIG. 4 is a transverse sectional view of the hinge of FIG. 2, as seen along
      the line 4--4 thereof; the hinge is closed.
PAR  FIG. 5 is a transverse sectional view like FIG. 4, but with the hinge open.
PAR  FIG. 6 is a perspective view of a resilient hinge member configured for
      injection molding with minimal material usuage.
PAR  FIGS. 7 and 7A are transverse and lateral sectional views of the hinge of
      FIG. 6, as seen respectively along lines 7--7 and 7A--7A thereof.
PAR  FIG. 8 is a perspective view of a hinge member in accordance with the
      present invention and configured for dove-tail installation to a frame
      member.
PAR  FIG. 9 is a perspective view of another embodiment wherein the resilient
      hinge member is mounted using integral split dowel pegs.
PAR  FIG. 10 is a perspective view of a hinge member in accordance with the
      invention and including an integral mounting extension.
PAR  FIG. 11 is an exploded perspective view of a completely hidden hinge
      installation employing another embodiment of the invention.
PAR  FIG. 12 is a pictorial view of an alternative hinge embodiment wherein the
      resilient member has a single hinge pin receiving knuckle and a pair of
      bosses which cooperate with two recessed bearing sleeves on the other
      hinge member to perform the latching function.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following detailed description is of the best presently contemplated
      modes of carrying out the invention. This description is not to be taken
      in a limiting sense, but is made merely for the purpose of illustrating
      the general principles of the invention since the scope of the invention
      best is defined by the appended claims.
PAR  Structural and operational characteristics attributed to forms of the
      invention first described shall, also be attributed to forms later
      described, unless such characteristics are obviously inapplicable or
      unless specific exception is made.
PAR  Referring now to FIGS. 1 through 5, there is shown a first embodiment 15 of
      the inventive springless self-latching hinge. The hinge 15 has three
      parts, a first hinge member 16 formed of a resilient material such as
      molded plastic, a hinge pin 17 and a rigid hinge leaf 18 typically formed
      of metal. The resilient hinge member 16 includes a base portion 19 from
      which project a spaced pair of knuckles 20 provided with coaxial openings
      21 for receiving the hinge pin 17. The ends 22 of the base portion 19 form
      flanges for mounting the hinge member 22 to a door or cabinet frame 23, as
      by screws 24 extending through holes 25 in the ends 22.
PAR  The hinge leaf 18 includes a mounting plate 27 having holes 28 facilitating
      screw attachment to a door or closure 29. Extending generally
      perpendicularly from the plate 27 is a knuckle 30 the end of which is
      curled to form a bearing sleeve 31 engaging the pin 17. A portion of the
      bearing sleeve 31 incompletely encircles the pin 17 to define a bearing
      recess 32. A boss 33 extending from the central region 34 of the resilient
      hinge member base 19 engages the bearing recess 32 (as shown in FIG. 4)
      releasably to maintain the hinge 15 closed.
PAR  To open the hinge 15, the closure 29 and hinge leaf 18 are pivoted
      clockwise (as viewed in FIG. 4) about the hinge pin 17. The section 31a of
      the bearing sleeve 31 then depresses the boss 33 to compress the central
      base region 34 of the hinge member 16. Thus to open the closure 29,
      sufficient effort must be exerted to accomplish such compression.
PAR  The underside 35 of the base portion 19 may be recessed or arcuately curved
      toward the pin 17. When the hinge 15 is opened, the central region 34 is
      compressed toward the frame 23, thereby tending to flatten the arcuate
      surface 35, as indicated in FIG. 5. Thus the force provided by the
      resilient hinge member 16 may in part be due to the slight deformation of
      the region 34 away from the pin 17. This deformation is restricted
      principally to the region between the knuckles 20; the knuckles 20, end
      flanges 22 and screws 24 cooperate to maintain the hinge pin 17 at a fixed
      distance from the frame 23 as the hinge member 18 is opened.
PAR  With the hinge open (FIG. 5), the resilient force of the hinge member 16
      acting through the boss 33 tends to maintain the closure 29 at any
      selected angular location. However, the force required to swing the
      closure 29 to a different position, or to close the hinge 15, is less than
      that required subsequently to open the hinge. Thus, with the hinge closed
      (FIG. 4), significant effort must be exerted via the closure 29 to open
      the hinge 15 and concomitantly to compress or deform the central region 34
      of the resilient hinge member 16. In this manner, the self-latching
      feature is achieved.
PAR  An alternative configuration for the resilient hinge member is shown in
      FIGS. 6, 7 and 7A. There, the hinge member 16A is formed of a
      thermosetting plastic such as nylon. The member 16A includes hollow
      regions 38 beneath each knuckle 20 and opening to the bottom surface 39
      thereof. The hinge pin 17 is received in openings 21a which extend from
      the recesses 38. With this arrangement, the member 16a can be formed
      completely in a single injection molding operation, the recesses 38
      permitting unobstructed removal of the molding die. Material costs are
      minimized, since less plastic is used than in the embodiment of FIG. 1.
      The pin 17 remains in place against the upper portion of the hinge
      knuckles 20a by the resilient force of the base 19a acting through the
      boss 33a and the bearing sleeve 31.
PAR  In the embodiment of FIG. 6, the resilient hinge member 16B does not have
      mounting flanges 22. Instead, integral dove-tail legs 41 project from the
      base portion 19b in the opposite direction from the pin receiving knuckles
      20b. The legs 41 mate with corresponding dove-tail grooves 42 in a frame
      member 43. An appropriate adhesive may be used to prevent the hinge member
      16b from being pulled out of the grooves 42.
PAR  The resilient hinge member 16C of FIG. 9 is provided with integrally molded
      split dowel pegs 45. For mounting to a frame member 46, the
      semicylindrical dowel sections 45a, 45b are held together and inserted
      through frame holes 47. When inserted all the way through, the dowel
      sections spread apart so that the shoulders 45c engage the back surface 48
      of the frame 46 to retain the hinge member 16C firmly in place. In an
      alternative embodiment, not shown, the resilient hinge member may be
      provided with cylindrical dowel pegs having just slightly smaller diameter
      than the holes 47. An adhesive then may be used to secure the dowels
      within the holes 47. Such an arrangement is particularly useful with a
      plastic frame. A solvent-type adhesive then may be used to secure the
      resilient plastic hinge member to the frame.
PAR  In the embodiment of FIG. 10, a mounting extension 50 is formed integral
      with the resilient hinge member 16D. The mounting member 50 has a
      generally U-shaped cross section and a length commensurate with that of
      the hinge base portion 19d. The extension 50 seats securely about the edge
      of a frame member 51, and may be retained in place by screws 52.
PAR  A concealed hinge installation is shown in FIG. 11. There, the resilient
      hinge member 16E is provided with rectangular legs 53 which extend into
      corresponding grooves 54 in a frame 55 and are secured therein by screws
      56. An integral web 57 covers the region between the knuckles 20c flush
      with the rear surface 58 of the hinge member 16E. The hinge leaf 18 is
      secured to a closure 59 having a recess 60 which freely receives the
      portions of the resilient hinge member 16E projecting away from the frame
      55. When assembled, the web 57 and the hinge surface 58 completely enclose
      the opening 60, flush with the end surface 61 of the closure 59. The hinge
      installation is completely hidden.
PAR  In an alternative embodiment (FIG. 12), the resilient hinge member 65 has
      one central pin-receiving hinge knuckle 66, with a pair of bosses 67
      situated on opposite sides of the knuckle. The other hinge leaf 68 has a
      spaced pair of recessed bearing sleeves 69 which engage the pin 70 on
      either side of the central knuckle 66. The two bosses 67 cooperate with
      the recesses 71 in the spaced bearing sleeves 69 to perform the latching
      function.
CLMS
STM  Intending to claim all novel, useful and unobvious features shown or
      described, we make the following claims:
NUM  1.
PAR  1. In a self-latching hinge structure for a cabinet:
PA1  a. a pair of hinge members connected together for angular movement about a
      hinge axis;
PA1  b. means determining a limited closed position of said hinge members;
PA1  c. one of said hinge members being made of relatively flexible, resilient
      molded plastic material;
PA1  d. means relatively rigidly securing spaced portions of said one hinge
      member to a relatively rigid cabinet to limit flexure between said spaced
      portions;
PA1  e. said hinge members having interacting parts developing stress in said
      one hinge member as a function of angular movement therebetween, said
      parts being positioned to maximize said stress just prior to arrival of
      said hinge members at said closed position;
PA1  f. said stress acting in a direction to impose a stress on said cabinet at
      said securing means.
NUM  2.
PAR  2. The self-latching hinge structure as set forth in claim 1 in which said
      one hinge member has a normally bowed configuration between said spaced
      portions that assumes a flatter curvature upon being increasingly stressed
      by said interacting parts.
NUM  3.
PAR  3. A self-latching hinge having a pair of hinge members pivotally connected
      by a hinge pin, characterized in that one hinge member has a hinge knuckle
      the end of which incompletely encircles said pin to define a bearing
      sleeve providing a latching recess, the other hinge member being formed of
      a resilient material and including a spaced pair of hinge pin receiving
      knuckles separated by a base portion having a boss extending toward said
      hinge pin to engage said recess when said hinge is closed, said bearing
      sleeve compressing said boss and base portion away from said pin when said
      hinge is opened, the resilience of said base thereby acting through said
      boss releasably to maintain said hinge closed; the region of said base
      portion being slightly arcuate to permit deflection of said region away
      from said pin as said base portion is compressed by said bearing sleeve;
      said knuckles, said base portion and said boss of other hinge member
      forming a one-piece integral structure.
NUM  4.
PAR  4. A self-latching hinge according to claim 3 wherein said resilient hinge
      member includes one or more integral mounting members projecting
      therefrom.
NUM  5.
PAR  5. A self-latching hinge according to claim 3 wherein the width of said
      boss is less than the distance between said pin receiving knuckles, and
      wherein said boss has a concave curvature generally conforming to the
      convex curvature of said bearing sleeve.
NUM  6.
PAR  6. A self-latching hinge according to claim 3 wherein said one hinge member
      is rigid and formed of metal.
NUM  7.
PAR  7. A self-latching hinge comprising:
PA1  1. a hinge pin,
PA1  2. a unitary first hinge member of resilient material having:
PA2  a. a base portion having a central region,
PA2  b. a spaced pair of knuckles projecting from said base portion and provided
      with coaxial openings receiving said hinge pin,
PA2  c. a force transmitting boss extending between said knuckles toward said
      pin,
PA1  3. a second, rigid hinge member having:
PA2  d. a mounting plate, and
PA2  e. a hinge knuckle extending therefrom,
PA2  f. the end of said hinge knuckle being curled to form a hinge pin bearing
      sleeve, at least a portion of said bearing sleeve incompletely encircling
      said pin to define a recess receiving said boss when said hinge is closed,
      said bearing sleeve depressing said boss to compress said base central
      region when said hinge is opened, the resilience of said first hinge
      member thereby releasably maintaining said hinge closed;
PA1  4. the said central region of said base portion of said first hinge member
      being bowed slightly toward said pin and said knuckles, said base portion
      and said boss of said first hinge member forming a one-piece integral
      structure.
NUM  8.
PAR  8. A self-latching hinge according to claim 7 wherein said first hinge
      member includes integral mounting members projecting therefrom.
NUM  9.
PAR  9. In a self-latching hinge structure:
PA1  a. a pair of hinge members;
PA1  b. one of said hinge members having a latch element made of resilient
      plastic material and bowed toward the other of said members;
PA1  c. the other of said hinge members having a relatively rigid latch element
      positioned to interact with said latch element of said one hinge member;
PA1  d. said latch elements having a configuration to provide a snap closing
      under the influence of the resilience of said one latch element;
PA1  e. a pair of fasteners connected to said one hinge member at spaced
      positions for confining the ends of said bowed latch element to provide a
      high spring constant as said bowed element flattens upon interaction with
      said other latch element whereby a high holding force is developed;
PA1  f. said bowed latch element assuming a flatter curvature upon being
      increasingly stressed by said relatively rigid latch element such that at
      the closed position of said hinge members a positive interaction and
      positive closure at said closed position is provided.
NUM  10.
PAR  10. The self-latching hinge as set forth in claim 9 in which said one hinge
      member is substantially unstressed when the hinge is in open position.
NUM  11.
PAR  11. The self-latching hinge structure as set forth in claim 9 in which said
      one hinge member is made of one-piece plastic unit with said pair of
      fasteners and adapted to be rigidly secured to a cabinet structure.
NUM  12.
PAR  12. The self-latching hinge structure as set forth in claim 9 in which said
      bowed latch element is inwardly bowed at its under surface and is adapted
      to oppose and to flex toward a surface of said cabinet structure.
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ABST
PAL  The present invention is an improvement in a door hinge construction for
      use on automotive vehicles for preventing the door from closing when the
      vehicle is parked on a sloping surface or from wind forces which act to
      close the door. A torsion bar is mounted in the stationary portion of the
      hinge and has a straight end portion which biases against a pair of
      rollers mounted on the movable portion of the hinge attached to the door
      to apply a torque to the movable hinge portion to maintain the door in the
      open position, with this torque increasing with wider opening of the door.
PAL  The use of the rollers present a sliding contact with the torsion bar, thus
      eliminating unpleasant clicking noises during door opening and closing
      operations.
BSUM
PAR  This invention relates to improvements in and relating to door hinge units,
      especially adapted for use on automotive vehicles. More specifically, it
      relates to a door hinge unit comprising roller means and torsion bar means
      for providing relative turning torque acting between two base panels or
      boards contained in the unit, and about a hinge pin of the unit, adapted
      for effective prevention of a sudden and unintentional closure of the
      vehicle door by subjecting to outside cause(s) such as wind pressure,
      collision shock or the like.
PAR  In a representative embodiment of the door hinge unit of the above kind,
      there are provided two base panels or boards which are connected
      mechanically with each other by a vertically extending hinge pin. One of
      these base panels or plates mounts a roller which is rotatable on a
      horizontal plane, while another base panel or plate is fitted with a
      S-shaped torsion bar. To provide the torque, a substantially vertically
      extending movable end of said torsion bar is brought into pressure contact
      with the outer peripheral surface of said roller, while the vertically
      extending intermediate portion of said bar is kept in its torsioned state.
      Since, in this case, however, the relative contact between the torsion bar
      and the roller is of the sliding type, so that unpleasant click noises are
      frequently develop during door opening and closing operations.
PAR  The main object of the present invention is to provide a vehicle door hinge
      unit, capable of ovbiating these unpleasant click noises.
DRWD
PAR  This and further objects, features and advantages of the present invention
      will become more apparent when read the following detailed description of
      the invention by reference to the accompanying drawings in which:
PAR  FIG. 1 is a front view of a door hinge unit built in accordance with a
      first embodiment of the invention, wherein the parts are shown in their
      relative position when the door is closed.
PAR  FIG. 2 is a right-hand side elevation.
PAR  FIG. 3 is a plan view thereof.
PAR  FIG. 4 is a similar view to FIG. 3 wherein, however, the parts are shown
      when the door is half-opened.
PAR  FIG. 5 is a similar view to FIG. 3 wherein, however, the parts are shown
      when the door is fully opened.
PAR  FIG. 6 is a plan view of a second embodiment of the invention, as met when
      the door has been fully closed.
PAR  FIG. 7 is an elevational view of part of the mechanism shown in FIG. 6
      which is taken from the side shown by an arrow B in FIg. 6, wherein,
      however, the door and door pillar have been omitted from the drawing only
      for convenience.
PAR  FIG. 8 is a side elevation view taken from the right-hand side of FIG. 6,
      wherein, however, the door and door pillar have been omitted from the
      drawing only for convenience.
PAR  FIG. 9 is a similar view to FIG. 6, wherein the constituents are shown in
      their corresponding position where the door has been kept in its half open
      position.
PAR  FIG. 10 is a similar view to FIG. 9 wherein the door has been brought to
      its full open position.
PAR  FIG. 11 is a front view of a third embodiment of the invention, the parts
      being shown when the door has been fully closed.
PAR  FIG. 12 is a plan view of the third embodiment shown in FIG. 11
DETD
PAR  In the following, several preferred embodiments of the invention will be
      described in detail by reference to the accompanying drawings.
PAR  First, referring to FIGS. 1-5 showing the first embodiment, numeral 10
      represents generally a base plate which comprises a vertically arranged
      main plate portion 10a, edge flanges 10b and 10c projecting horizontally
      from the main portion. There is a second base plate 11 which comprises
      similarly a vertically arranged main plate portion 11a having edge flanges
      11b and 11c projecting horizontally therefrom. The edge flanges 10a and
      10b are arranged in a partially overlapped way with the edge flanges 11a
      and 11b, as most clearly be seen from FIG. 1 and a vertically arranged
      hinge pin 12 passes through all these edge flanges so that the base plates
      10 and 11 may perform a relative pivotal movement to each other.
PAR  Base plate 10 is formed with three bolt holes 13 adapted for receiving
      respective attaching bolts, not shown, so as to attach the plate fixedly
      to a body of a powered and wheeled vehicle not shown. In the similar way,
      another base plate 11 is also formed with three bolt holes 11a for
      receiving respective fixing bolts, not shown, so as to attach the plate to
      a vehicle door, not shown.
PAR  The position of the hinge unit shown in FIGS. 1-3 corresponds to that of
      the door closed. When the door is being opened from the shown closed
      position, the base plate 11 will turn clockwise in FIG. 3 about the hinge
      pin 12 relative to the first base plate 10. A stop pin 15 passes fixedly
      through edge flanges 11b and 11c for limiting the door opening range by
      contact with edge flanges 10b and 10c of the first base plate 10.
PAR  With the vehicle parked on a sloped road, the door may be subjected to such
      gravity force as to open or close it, as the case may be. Even with the
      vehicle stopped on an even road surface, the door, when kept open, may be
      urged by a wind force which acts in the closing or opening direction on
      the door. These unintentional door-opening or -closing phenomenon may
      cause a grave human hazzard under occasion.
PAR  It is therefore highly desirable that the base plate 11 is urged by an
      urging torque acting in the door-closing direction when the door is
      closed, and it is urged by an urging torque acting in the opposite
      direction when the door is kept at its full open position.
PAR  For this purpose and in the present embodiment, a pair of rollers 16; 17
      are rotatably mounted on their respective shafts 18; 19 which pass through
      the edge flange 11b of the second base plate 11 at certain respective
      distances from the hinge pin 12, and the first base plate 10 is provided
      with a torsion bar 20.
PAR  The torsion bar 20 comprises a central straight portion 20a, the upper and
      lower ends of which are kept in engagement with respective recesses 22 and
      23 of plastic supporter 21 and of lower edge flange 10c, respectively. The
      bar 20 comprises further with a U-shaped portion as an extension of said
      straight main portion 20a as may be most clearly seen from FIG. 1, the
      outer end of the U-bend being denoted with 20b. This end portion 20b is
      kept in engagement with a stay 24 which us formed on the lower edge flange
      10c. As an opposite extension of the main straight portion 20a, a movable
      end portion 20c is formed on torsion bar 20, as extending substantially on
      a horizontal plane. The torsion bar 20, as a whole, is so designed and
      arranged that when the door is closed, the main straight portion 20a is
      kept in its torsioned state and the movable upper end portion 20c is kept
      in pressure contact with the outer peripheral surface of roller 16. In
      this case, the contact point P.sub.1 between the roller 16 and the movable
      end portion 20c of torsion bar 20 when seen in FIG. 3 will occupy at a
      position situated at the right-hand side from a connection line A--A
      passing through the center of rotation of the roller 16 and the pivotal
      center of base plate 11, thus the latter being subjected to a counter
      clockwise turning moment in the door-closing direction. When the door is
      opened under these conditions, the base plate 11 is rotated naturally
      clockwise and the roller 16 rolls along the said end 20c towards its end
      extremity. When observing the said contact point P.sub.1, it will shift at
      first towards the line A--A and finally moves across the latter and will
      occupy a position which is situated at the left-hand side from the line.
      Until the point P.sub.1 comes on the line, a door-closing torque is
      applied to the base plate 11, while, during shift of the contact point
      P.sub.1 from the said line in the leftwards, a door-opening torque will be
      exerted upon the plate 11 which is thus urged to rotate in clockwise
      direction. Then, another roller 17 will be also brought into contact with
      the same movable end portion 20c of the bar 20 while the former roller 16
      rolls along the same end portion. In this case, the contact point P.sub.2
      between the roller 17 and the movable bar end portion 20c is situated on
      the right-hand side of the line B-B connecting the center of rotation of
      roller 17 and the pivotal center of base plate 11 a door-closing torque
      will be applied to the latter. With the door opened wider and wider, this
      torque will become so much stronger, while the door-opening torque
      provided by the rolling engagement between the former roller 16 and the
      same bar end portion 20c will become smaller as the door is opened wider.
      Therefore, there is a time point where the both torques are brought into a
      balanced condition relative to each other and the door must receive an
      opening manual effort applied thereto. See, FIG. 4. With continued opening
      movement of the door, the former roller 16 will disengage from contact
      with the bar end portion 20c and then the contact point P.sub.2 will come
      to a position which is situated at the left-hand side of the line B--B.
      Under these operational conditions, the base plate 11 will be subjected
      exclusively to a clockwise turning urging torque. See FIG. 5.
PAR  It should be noted from the foregoing that in the case of door-closing or
      opening operation, the rollers 16; 17 are brought into solely or jointly
      in rolling contact with the substantially horizontally extending bar end
      portion 20c and that there is practically no slip between these rollers
      and the bar, conventionally encountered unpleasant click noises as
      appearing during door-opening or closing operation can be effectively
      avoided.
PAR  In the case of the foregoing first embodiment, a pair of urging rollers 16;
      17 has been employed for satisfying the above purpose. This is from such
      reason that the door is desired to keep its half-opened position. If,
      however, such feature may be disregarded, either roller can do the desired
      job without hindrance. In the present invention, when repeated, the urging
      roller means is/are kept in cooperation with the substantially
      horizontally extending end portion of the torsion bar in contrast to the
      conventional design wherein the roller means is/are kept in cooperation
      with a substantially vertically extending end portion of the torsion bar
      which arrangement requires a substantially large roller diameter and there
      is practically no urging torque in the case of the door positioned at
      proximity to its fully closed position, thus the door in this being
      uncertain in its position and being liable to be subjected to positioned
      fluctuation. According to our practical experience, such fluctuation can
      be positively and definitely avoided when the door hinge unit is designed
      as so far shown and described with proper and reasonable dimensions of the
      constituent parts similar to those as have been illustrated.
PAR  Next, referring to FIGS. 6-10, a second embodiment of the invention will be
      described.
PAR  In these figures, numeral 111 represents a vehicle door, only partially
      shown. A L-shaped movable plate 113 is fixedly attached at its attaching
      portion 113a to the door, although the conventional fixing means such as
      bolts, rivets or welds have been omitted from the drawing only for
      simplicity. The main plate portion 113b of the movable plate 113b mounts
      rotatably a pair of rollers 117a and 117b by means of stationary
      respective roller pins 118a and 118b, respectively. Numeral 112 represents
      only partially a conventional door pillar rigid with the chassis of the
      vehicle, not shown, a fixed plate 114 being fixed;y attached thereto,
      although the conventional fixing means have been omitted only for
      simplicity.
PAR  A strong bar spring 115 is formed at its one end with a substantially
      U-shaped end which is held between the fixed plate 114 and a holder plate
      119. This plate 119 is fixedly attached by rivet means as at 116 so as to
      hold the U-shaped end of the bar spring 115 which is formed at its free
      end into a curved bent end portion 115a positioned at a proximity to the
      door pillar 12. This curved end portion 115a is so designed and arranged
      that it is brought into rolling contact with either or both of the rollers
      117a and 117b.
PAR  In FIG. 6, the relative position of the constituent parts is such that the
      door 111 has been brought into its fully closed position. At this stage,
      the roller 117a is kept into rolling contact with the curved contact end
      portion 115a of the spring bar 115.
PAR  When, under these conditions, the door 111 is manipulated or operated
      mechanically or hydraulically in its opening direction, the roller 117a
      rolls along the curved bar end portion 115a while it urges the same bar
      portion to bend towards the door pillar 112. Thus, the roller 117a rolls
      relatively along the related bar end while receiving a strong resilient
      force. When the roller passes a certain predetermined point which may be
      called the first dead point on the bar end, the spring urging force acting
      upon the roller reverses its acting direction, thus the urging force
      becoming a door-open assisting effort. With further continuation of the
      door-opening operation, other roller 117b will be also brought into
      pressure rolling engagement with the said bar end 115a, thus, at this
      stage of operation, these rollers 117a; 117b being jointly kept in
      pressure contact with the spring bar 115. When the relative position
      between the rollers on the one hand, and the spring bar, on the other
      becomes that as shown in FIG. 9, even the door-opening operation should be
      stopped from some or other intentional cause, the door can be held at its
      this half open position by virtue of the said engagement of the both
      rollers with the spring bar end and by the strongly urging pressure force
      exerted by the spring bar upon the both rollers.
PAR  With further continuation of the door from the aforementioned half open
      position thereof, the roller 117a is disengaged from contact with the bar
      end, while the remaining roller 117b will continue to roll along the
      spring bar. When this roller attains at a certain point on the bar end
      which may be called the second dead point, the resistingly acting urging
      spring force exerted by the spring bar upon the now rolling effective one
      of the rollers 117b will turn in its acting direction so that the urging
      spring force will act in the door open assisting direction. Even when the
      door has been closed to its full open position, this resilient urging
      force acting in the door opening direction will act to hold the door at
      its final or full open position. See, FIG. 10.
PAR  The door-closing operation can be carried out in the opposite sense, and
      thus no further analysis may be made for better understanding of the
      present embodiment, since, from the foregoing disclosure, this
      door-closing operation could be easily understood by any person skilled in
      the art.
PAR  A third embodiment of the invention will now be described by reference of
      FIGS. 11 and 12. In this embodiment, a plate spring is used in place of
      the bar spring employed in each of the foregoing embodiments.
PAR  Numeral 201 represents a movable plate which fixedly attached to the door,
      not shown, for moving in unison therewith.
PAR  Numeral 202 represents a stationary plate fixedly mounted on the door
      pillar, not shown. These plates 201 and 202 are hinged with each other by
      means of a hinge pin 203. Rollers 208a and 208b are rotatably mounted on
      the movable plate 201 by means of respective roller pins 207a and 207b,
      respectively. Numeral 206 represents a spring plate which is arranged to
      extend in a direction perpendicular to a common plane including the
      respective axis of the roller pins 207a and 207b. One end 206a of this
      spring plate 206 is fixedly attached to the stationary plate 202 by means
      of a pin 209, while the opposite end 206b of the same spring plate is so
      designed and arranged that it cooperates with either or both of the
      rollers 208a and 208b. The base portion 206c is designed to develop a
      bending force as output. A stop portion 210 formed on the movable plate
      201 is so designed and arranged to engage with a stop portion 111 formed
      on the stationary plate 202, thus limiting the full opening range of the
      door when the latter is being opened to its full open position.
PAR  The function is very similar to that of any of the foregoing embodiments.
      Thus, no further analysis may be omitted for better understanding of the
      invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are as follows:
NUM  1.
PAR  1. A door hinge unit comprising a first base plate adapted to be mounted on
      a supporting structure, a second base plate adapted to be mounted on a
      door, vertically extending hinge pin means pivotedly connecting base
      plates together, a pair of rollers mounted for rotation about parallel
      vertically disposed axes on one of said base plates, and resilient means
      mounted on the other of said base plates, said resilient means having a
      horizontally extending portion disposed in constant pressure contact with
      at least of one of said rollers at all times and a vertically extending
      portion supported by the other of said base plates under torsional stress
      so as to provide a rotational moment acting between said base plates, both
      of said rollers being disposed on the same side of said horizontally
      extending portion and in contact therewith at an intermediate door opening
      position to eliminate said rotational moment, only one of said rollers
      contacting said resilient means as the door is moved toward the
      door-closed position so that the resilient means will provide a
      door-closing moment and only the other of said rollers contacting said
      resilient means as the door is moved toward the fully opened door position
      so that the resilient means will provide a door opening moment.
PATN
WKU  039316653
SRC  5
APN  5001307
APT  1
ART  333
APD  19740823
TTL  Stripper means for meat skinning machines
ISD  19760113
NCL  12
ECL  1
EXP  Peshock; Robert
NDR  1
NFG  7
INVT
NAM  Townsend; Ray T.
CTY  Des Moines
STA  IA
ASSG
NAM  Townsend Engineering Company
CTY  Des Moines
STA  IA
COD  02
CLAS
OCL   17 21
EDF  2
ICL  A22B  516
FSC   17
FSS  21
FSC   99
FSS  589
UREF
PNO  3100515
ISD  19630800
NAM  Schill
OCL   99589
LREP
FRM  Zarley, McKee, Thomte & Voorhees
ABST
PAL  A stripper means for meat skinning machines is disclosed wherein the
      machine includes a driven toothed roll which is rotatably mounted on a
      frame means adjacent one end of a feed table. A pressure shoe means
      extends around a portion of the driven roll and has a skinning blade
      extending therefrom for severing the skin from the meat product as the
      product is moved thereby. The driven roll is provided with a plurality of
      spaced apart annular grooves formed in the peripheral surface thereof. A
      stripping shaft is mounted on the frame means below the driven roll and
      has a plurality of stainless steel stripping elements or blades mounted
      thereon in a spaced apart relationship. The stripping shaft is provided
      with a plurality of spaced apart grooves formed in one side thereof which
      receive one end of the stripping element. Each of the stripper elements
      has a hook-like upper end portion which is received in the grooves of the
      driven roll with the hook portion extending around the driven roll in
      excess of 180.degree. thereof. The stripping shaft is selectively
      rotatably mounted on the frame means and is selectively slidably mounted
      thereon to permit the stripping elements to be adjusted relative to the
      driven roll. The construction of the stripping elements is such that the
      stripping elements slightly oscillate laterally on the stripping shaft
      during the stripping operation so that the stripping elements are
      self-cleaning.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Skinning machines such as those described in U.S. Pat. No. Re. 23,222; U.S.
      Pat. No. 2,522,728; and U.S. Pat. No. 2,912,027 are employed to remove the
      skins from meat products. Generally speaking, the skinning machines are
      provided with a driven toothed roll rotatably mounted on a frame means
      adjacent one end of a feed tray or the like. A pressure shoe means having
      a skinning blade mounted thereon is movably mounted on the frame means and
      is adapted to sever the skin from the meat product with the severed skin
      passing between the toothed roll and the pressure shoe means.
PAR  U.S. Pat. No. 3,741,105 disclosed a plastic stripping blade or element for
      use on the machines described above. The plastic stripping element
      disclosed in U.S. Pat. No. 3,741,105 overcame many of the disadvantages of
      the prior art and the instant invention represents an improvement over the
      stripping blades of said patent in that a stripping element is provided
      which oscillates laterally to permit the stripping elements to be
      self-cleaning. Further, the instant invention provides a better stripping
      action than the stripping blades of U.S. Pat. No. 3,741,105 and the
      adjustment means of this invention also is vastly improved over that
      disclosed in said patent.
PAR  Therefore, it is a principal object of the invention to provide a stripping
      means for a skinning machine.
PAR  A further object of the invention is to provide a stripper means for a meat
      skinning machines comprising a plurality of spaced apart stripper elements
      which are adjustably movable towards and away from the toothed stripper
      roll.
PAR  A further object of the invention is to provide a stripper means for meat
      skinning machines comprising a plurality of spaced apart stripper elements
      including a hook portion which extends more than one-half the
      circumference of the driven toothed roll.
PAR  A further object of the invention is to provide a stripper means for meat
      skinning machines comprising a plurality of spaced apart stripper elements
      which oscillate laterally so that they are self-cleaning.
PAR  A further object of the invention is to provide a stripper means for meat
      skinning machines which may be easily cleaned.
PAR  A further object of the invention is to provide a stripper means for meat
      skinning machines comprising a plurality of stripper elements with each of
      the stripper elements including a hook portion positioned in a groove in
      the toothed roller wherein the height of the hook portion is slightly
      higher than the base of the teeth so that just a small portion of the
      teeth is exposed.
PAR  A still further object of the invention is to provide a stripping means for
      meat skinning machines which is economical of manufacture, durable in use
      and refined in appearance.
PAR  These and other objects will be apparent to those skilled in the art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention consists in the construction, arrangements and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims, and illustrated in the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the meat skinning machine:
PAR  FIG. 2 is a partial exploded perspective view of the meat skinning machine:
PAR  FIG. 3 is an exploded perspective view of the stripper means of this
      invention:
PAR  FIG. 4 is a perspective view of one of the end plates for mounting the
      stripper means:
PAR  FIG. 5 is an enlarged sectional view seen on lines 5--5 of FIG. 2:
PAR  FIG. 6 is an enlarged sectional view seen on lines 6--6 of FIG. 3; and
PAR  FIG. 7 is an end view of one of the stripper elements illustrating the
      manner in which the element laterally oscillates.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With respect to the drawings, the numeral 10 generally designates a
      skinning machine substantially conventional in design and is of the type
      manufactured by Townsend Engineering Company of Des Moines, Iowa. The
      machine 10 generally comprises a frame means 12 mounted on a pedestal 14.
      A feed table 16 is mounted on the frame means 12 for moving the product 18
      towards the skinning blade means 20.
PAR  Skinning blade means 20 includes a blade 22 which extends from the leading
      edge of a pressure shoe 24 which is movably mounted on the frame means 12
      in conventional fashion so that the shoe may "float" with respect to the
      driven or toothed roll 26 which is rotatably mounted on the frame means
      12. The purpose of the toothed roll 26 is to aid in removing the skin 28
      from the meat product 18 after it has been severed therefrom by the
      skinning blade 22. The toothed roll 26 also aids in pulling the meat
      product towards the skinning blade 22. The toothed roll 26 pulls the
      severed portion of the skin 28 downwardly from the blade 22 in
      conventional fashion between the roll 26 and the pressure shoe 24. Roll 26
      is provided with a serrated peripheral surface or teeth 30 which project
      therefrom for gripping the skin. Roll 26 is also provided with a plurality
      of spaced apart annular grooves 32 formed therein which extend inwardly
      from the peripheral surface thereof.
PAR  The numeral 34 refers generally to the stripper means of this invention
      comprising generally end plates 36 and 38, stripper shaft 40 and stripper
      elements 42. End plate 36 includes a bottom 44 having a pair of spaced
      apart elongated openings or slots extending upwardly thereinto adapted to
      receive screws 46 and 47. End plate 36 is also provided with a bore 48
      formed therein which is adapted to receive one end of the shaft 40. The
      numeral 40 refers to a bore extending between the forward and rearward
      ends of the end plate 36 which is adapted to receive the slide pin 52
      which has a pair of threaded openings 54 and 56 formed therein which are
      adapted to receive screws 46 and 47 respectively.
PAR  Shaft 40 is provided with a plurality of spaced apart grooves 58 formed in
      one side thereof as will be described in more detail hereinafter. One end
      of shaft 40 is provided with a bore 60 which is adapted to receive plug 62
      therein. Plug 62 is provided with a threaded opening 64 adapted to receive
      screw 66. Shaft 40 is also provided with an elongated groove 68 formed
      therein extending inwardly therein from one side thereof which
      communicates with the bore 60.
PAR  End plate 38 comprises a bottom portion 70 having a pair of spaced apart
      elongated openings or slots 72 and 74 formed therein which are adapted to
      receive the screws 76 and 78 extending therethrough respectively. The
      slots 72 and 74 are identical to the slots extending upwardly through
      bottom 44 of end plate 36. End plate 38 is provided with an elongated bore
      80 adapted to receive the slide pin 82. Slide pin 82 has a pair of
      threaded openings 84 and 86 which are adapted to threadably receive the
      screws 76 and 78 respectively. End plate 38 has an opening 88 formed
      therein which is adapted to receive one end of the shaft 40 as illustrated
      in the drawings. End plate 38 also has an opening 90 formed therein which
      extends inwardly from one side thereof into the opening 88 for receiving
      the screw 66.
PAR  Each of the stripper elements 42 comprises a base portion 92 having an
      opening 94 extending upwardly thereinto. As seen in FIG. 5, each of the
      openings 94 is defined by a straight portion 96 and an arcuate portion 98.
      The elements 42 are mounted on the shaft 40 by snapping the same into
      place so that the straight portion 96 of opening 94 is received by the
      groove 58 formed in the shaft 40 and so that the arcuate portion 98
      embraces the upper periphery of the shaft 40. Each of the stripper
      elements 42 also comprises a hook portion 100 which is received by one of
      the annular grooves 32 as illustrated in FIG. 5. Hook portion 100 embraces
      more than one-half the circumference of the roll 26 or more than
      180.degree. of the roll as illustrated in the drawings. As seen in FIG. 5,
      hook portion 100 has a height such that the upper edge thereof is
      positioned slightly above the base portion of each of the teeth 30. It can
      be seen that the height of portion 100 is such that only a portion of the
      teeth are exposed thereabove.
PAR  The end plates 36 and 38 are mounted on the frame means 12 as illustrated
      in the drawings so that the bolts 46, 47, 76 and 78 extend upwardly
      through the frame means and are received by the slots formed in the bottom
      portions of the end plates. The end plates have the opposite ends of the
      shaft 40 received therein and it can be seen that the slots formed in the
      bottom portions of the end plates permit the end plates to be slidably
      moved towards or away from the roller 26 since the slide pins 52 and 82
      provide the slidable connection. When the end plates 36 and 38 are in the
      desired position, the screws 46, 47, 76 and 78 are tightened which causes
      the slide pins 52 and 82 to draw the end plates downwardly into frictional
      engagement with the frame means 12 to limit any further movement thereof.
PAR  The shaft 40 is rotatably mounted in the openings 48 and 88 of the end
      plates 36 and 38 respectively and is maintained in its various positions
      of rotation by the screw 66. When the shaft 40 has been rotated to its
      proper position such as seen in FIG. 5, screw 66 is threadably rotated to
      cause plug 62 to be urged towards the right as viewed in FIG. 6 so that
      the shaft 40 is prevented from rotational movement relative to the plug
      62.
PAR  When it is desired to clean the stripper elements 42 or to rotate the same
      to a different position, it is simply necessary to loosen the screw 66
      which permits the shaft 40 to be rotated relative to the plug 62 and the
      end plates.
PAR  As seen in FIG. 5, the hook portions 100 have a thickness sufficient so
      that the upper ends thereof are positioned above the base portion of the
      teeth 30 and so that the upper ends thereof are positioned slightly below
      the exposed portions of the teeth to aid in stripping the skin from the
      roll 26 and to aid in cutting sinew, etc. The stainless steel stripper
      elements 42 and the means for mounting the same permits the teeth to
      laterally oscillate as seen in FIG. 7 so that the stripper elements are
      substantially self-cleaning.
PAR  Thus it can be seen that a novel stripping means has been provided for a
      skinning machine which permits the stripper elements to be precisely
      adjusted relative to the toothed roll and which permits the stripper
      elements to be easily installed or removed. Thus it can be seen that the
      invention accomplishes at least all of its stated objectives.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a device of the class described, a frame means,
PA1  a driven roll rotatably mounted on said frame means, said driven roll
      having a plurality of spaced apart annular grooves formed therein which
      extend inwardly into the peripheral surface thereof,
PA1  a skinning blade means on said frame means and positioned adjacent said
      driven roll for severing the skin from the product being skinned, the
      severed skin being gripped by said driven roll and being passed between
      the periphery of said driven roll and said skinning blade means,
PA1  a stripper shaft on said frame means below said driven roll,
PA1  a plurality of stripper elements detachably secured to said stripper shaft
      in a spaced apart relationship, each of said stripper elements having an
      arcuate hook portion which is received in one of said grooves in said roll
      so as to extend around a portion of said driven roll whereby said stripper
      elements will strip the severed skin from said driven roll,
PA1  said stripper elements each having a base portion with an opening in one of
      the margins thereof, said opening having inner margins which slidably
      embrace said shaft,
PA1  said shaft and said inner margins of said opening in said base portions
      each having complementary surfaces which engage one another to hold said
      stripper elements against rotation with respect to said shaft while at the
      same time permitting sliding movement of said stripper element radially
      outwardly from said shaft.
NUM  2.
PAR  2. The device of claim 1 wherein said stripper shaft is selectively
      pivotally mounted, about its longitudinal axis, on said frame means to
      permit said stripper elements to be pivotally moved towards said driven
      roll and away from said driven roll.
NUM  3.
PAR  3. The device of claim 1 wherein said stripper shaft is selectively
      adjustably mounted on said frame means to permit said stripper elements to
      be moved towards said driven roll and away from said driven roll.
NUM  4.
PAR  4. The device of claim 2 wherein said stripper shaft is also selectively
      adjustably mounted on said frame means to permit said stripper elements to
      be moved towards said driven roll and away from said driven roll.
NUM  5.
PAR  5. The device of claim 1 wherein said stripper shaft has a plurality of
      spaced apart grooves formed therein at one side thereof, each of said
      stripper elements having a lower end portion having an opening extending
      upwardly therein, each of said openings being defined by a straight wall
      portion adapted to be received by one of said grooves and a semi-circular
      wall portion adapted to embrace a portion of the periphery of said
      stripper shaft.
NUM  6.
PAR  6. The device of claim 1 wherein said driven roll has a plurality of teeth
      extending from the periphery thereof between said annular grooves, said
      hook portions of each of said stripper having an upper end which is
      positioned inwardly of the outer ends of said teeth.
NUM  7.
PAR  7. The device of claim 6 wherein each of said teeth have inner and outer
      ends and wherein said upper ends of said stripper elements are positioned
      outwardly of the inner ends of said teeth.
NUM  8.
PAR  8. The device of claim 1 wherein each of said hook portions of said
      stripper elements have an end portion which is positioned below and
      closely adjacent said skinning blade means.
NUM  9.
PAR  9. The device of claim 1 wherein said stripper elements are comprised of a
      stainless steel material so that said hook portions oscillate laterally
      with respect to said annular grooves in said driven roll.
NUM  10.
PAR  10. The device of claim 1 wherein said driven roll has rearward and forward
      portions, said hook portion of each of said stripper elements extending
      around the forward portion of said driven roll more than one-half the
      circumference thereof.
NUM  11.
PAR  11. The device of claim 1 wherein first and second end plates are
      adjustably slidably mounted on said frame means, said stripper shaft being
      adjustably rotatably mounted on and extending between said end plates.
NUM  12.
PAR  12. The device of claim 11 wherein one end of said stripper shaft has a
      first bore formed therein and extending inwardly thereinto, a plug
      rotatably mounted in said first bore and having a threaded opening formed
      therein, said stripper shaft having a slot formed therein at one side
      thereof extending inwardly thereinto which communicates with said first
      bore, each of said end plates having shaft openings formed therein which
      rotatably receive the opposite ends of said stripper shaft, one of said
      end plates having a bolt opening formed therein which communicates with
      the said shaft opening and a bolt means extending through said bolt
      opening and being threadably received by the threaded opening in said plug
      to permit said stripper shaft to be selectively positioned in various
      positions of rotational movement relative to said end plates and said
      driven roll.
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ABST
PAL  A diaper fastener comprising a strip of tape having an adhesive mass
      disposed over a surface thereof and a unit removably secured to the strip
      in a longitudinally central portion of the strip. The unit provides an
      exposed surface (facing away from the strip surface) having a limited
      affinity for the adhesive. An end portion of the strip is folded over and
      in contact with the unit exposed surface. The unit itself comprises outer
      and inner layers of web each of which has a surface which has limited
      affinity for the adhesive and which faces away from the other layer. The
      outer layer includes tabs which project longitudinally beyond the ends of
      the inner layer and which are secured to the strip surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to diaper fasteners of the variety which include an
      adhesive-bearing tape for securing opposite ends of the tape to different
      parts of the diaper thereby retaining the diaper on an infant.
PAR  Tape fasteners of this general variety have been proposed which include a
      strip of tape and a centrally located release sheet which is adhesively
      secured to the strip of tape and has an exposed surface which has been
      treated to have a limited affinity for the adhesive. An end portion of the
      strip of tape is folded over for contact with that exposed surface thereby
      retaining the fastener in a folded configuration and protecting the
      adhesive on that end portion without the necessity of a separate removable
      release sheet.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide for an
      improved fastener of the type described above. It is an additional object
      to provide a fastener which, after use, provides an exposed, previously
      unused region of adhesive mass at a location suitable for securing a
      soiled diaper in a rolled up configuration with only the exterior water
      impervious surface exposed.
PAR  To achieve these and other objects, a diaper fastener constructed according
      to the present invention comprises a strip of tape having an adhesive mass
      disposed over a surface thereof and a unit removably secured to the strip
      in a longitudinally central portion of the strip. The unit provides the
      exposed surface, facing away from the strip, which has a limited affinity
      for the adhesive mass and to which an end portion of the strip of tape is
      releasably secured. The unit comprises outer and inner layers of web each
      of which has a surface which has a limited affinity for the adhesive mass
      and which faces away from the other layer. The outer layer includes tabs
      projecting longitudinally beyond the ends of the inner layer and secured
      to the strip surface for retaining the unit to the strip at the desired
      location. In use, the end portion of the strip may be peeled back from the
      exposed surface of the unit and then used to secure the diaper to an
      infant. To remove a soiled diaper, the fastener is torn across its width
      in its longitudinally central region thereby exposing edges of both the
      outer and inner layers of the unit. These may be peeled back toward the
      diaper itself (or completely removed from the remainder of the fastener
      for separate disposal) to expose the fresh adhesive mass in the
      longitudinally central portion of the strip of tape. The diaper may then
      be rolled into a bundle and that fresh adhesive mass employed to retain
      the diaper in such a bundle, all as further described below.
PAR  In preferred embodiments of the invention the strip of tape includes a
      weakened zone to facilitate such tearing of the fastener for removal of
      the diaper, the weakened zone is aligned with one of the tabs of the outer
      layer, and that tab itself also includes a weakened zone.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features, and advantages of the invention will appear from
      the following description of a particular preferred embodiment taken
      together with the accompanying drawings in which:
PAR  FIG. 1 is a sectional view, through its longitudinal axis, of a fastener
      constructed according to the present invention and of a portion of the
      disposable diaper to which it is secured;
PAR  FIG. 2 is a view similar to FIG. 1 with a portion of the fastener in an
      extended position preparatory to application of the diaper to an infant;
PAR  FIG. 3 is a perspective view of the diaper fastener retaining a diaper on
      an infant;
PAR  FIG. 4 is a perspective view of a portion of disposable diaper and
      fasteners constructed according to the present invention after removal of
      the diaper from the infant; and
PAR  FIG. 5 is a perspective view of a rolled up soiled diaper retained in its
      rolled up configuration by fasteners constructed according to the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF A PARTICULAR PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2 diaper fastener 10 comprises a strip of tape 12
      having pressure sensitive adhesive disposed on a surface 14 thereof and
      permanently secured to the conventional plastic, water impervious backing
      sheet 16 of a disposable diaper by contact of the adhesive on a portion 18
      of the strip 12 with the backing sheet 16. The strip of tape 12 also
      includes a longitudinally central portion 20 and an outer, end portion 22.
      A unit 24 is disposed on the surface 14 in the central portion 20 of the
      strip 12. One longitudinal end of the unit is generally aligned with the
      adjacent lateral margin 23 of the diaper 26, the diaper having the
      conventional arrangement of an absorbent body 28 disposed between the
      outer backing sheet 16 and an inner water pervious liner 30.
PAR  The unit 24 comprises an outer layer 32 and an inner layer 34 which in the
      preferred form illustrated consists of separate pieces of paper. The
      exposed surface 36 of the unit 24 (i.e., the upper surface of outer layer
      32) has been treated in a conventional fashion so that it has limited
      affinity for the adhesive on the surface 14. The lower surface 38 of the
      inner layer 34 has been similarly treated. Untreated surfaces of the
      layers are in contact at 40. The outer layer 32 extends longitudinally
      beyond the ends of the inner layer providing tabs 42 which have their
      untreated lower surfaces in contact with the adhesive mass on surface 14,
      thereby firmly securing the layer 32 to the strip 12 and sandwiching the
      layer 34 therebetween. The layer 34 is provided with an upturned tab 44
      which is not secured to the adhesive. The strip 12 and the outer layer 32
      are each provided with a weakened zone adjacent the tab 44 of layer 34.
      These weakened zones may be in the form of aligned lines of perforation
      46. The end portion 22 of the strip of tape 12 may be provided with a
      gripping tab 48 at the end thereof remote from the unit 24.
PAR  The operation of the fastener 10 in applying the diaper to an infant
      proceeds in the same manner as other fasteners of this same general
      catagory with the parent peeling back the end portion 22 of the strip of
      tape 12 from the exposed surface 36 of unit 24 to achieve the
      configuration shown in FIG. 2. The adhesive disposed on surface 14 in the
      end portion 22 is then available for contact with a remote portion of the
      diaper after the diaper has been fitted around an infant as shown in FIG.
      3.
PAR  To remove the diaper the fastener 10 is torn across its width in the
      central region 20. Lines of perforation 46 facilitate such tearing. The
      resultant fastener configuration is shown on the left side of FIG. 4 where
      the severed strip of tape 12 has the layer 34 lightly secured to it over
      the length of that layer and the layer 32 secured to it firmly but only at
      an end portion of the layer 32 adjacent the diaper lateral margin 23. The
      layers 32 and 34 may then be peeled back to overlie the diaper itself (or
      the layer 34 removed entirely, with the tab 44 facilitating this, as shown
      in the right side fastener 10 in FIG. 4). With the fasteners in
      configuration shown at the right side of FIG. 4, the longitudinally
      central portion 20 of the strip 12 now has fresh adhesive exposed. The
      diaper may then be rolled up starting at the remote end of the diaper to
      achieve a configuration such as shown in FIG. 5. The portions 20 are then
      used to secure the roll against unravelling.
PAR  While a particular preferred embodiment of the invention has been
      illustrated in the accompanying drawings and described in detail herein,
      other embodiments are within the scope of the invention and the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A diaper fastener comprising a strip of tape having a pressure sensitive
      adhesive disposed over a surface thereof, a unit removably secured to said
      strip in a longitudinally central portion thereof, said unit providing an
      exposed surface facing away from said strip surface and having limited
      affinity for said adhesive, an end portion of said strip folded over and
      in contact with said exposed unit surface, said unit comprising outer and
      inner layers of web each of which has a surface which has limited affinity
      for said adhesive and which faces away from the other layer, said outer
      layer including tabs projecting longitudinally beyond the ends of the
      inner layer, said tabs secured to said strip surface, whereby said unit
      remains in said central strip portion when said end strip portion is
      removed from said exposed surface of said unit.
NUM  2.
PAR  2. A diaper fastener as claimed in claim 1 wherein said strip of tape
      includes a weakened zone to facilitate tearing of the fastener for removal
      of the diaper.
NUM  3.
PAR  3. A diaper fastener as claimed in claim 2 wherein said weakened zone is
      aligned with one of said tabs.
NUM  4.
PAR  4. A diaper fastener as claimed in claim 3 wherein said one of said tabs
      also includes a weakened zone.
NUM  5.
PAR  5. A diaper fastener as claimed in claim 4 wherein said inner layer
      includes an end portion adjacent said one of said tabs which is unsecured
      to said strip surface.
NUM  6.
PAR  6. A diaper fastener as claimed in claim 1 wherein said end portion of said
      strip includes a gripping tab which is unsecured to said exposed unit
      surface.
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ABST
PAL  An attachment device comprising a filament having a laterally oriented bar
      at one end and a hollow body member at its other end, a wall of said body
      member having an opening therethrough large enough to receive the filament
      and the bar when they are in parallel orientation but of a width smaller
      than the length of the bar so as to prevent the withdrawal of the bar from
      the hollow interior subsequent to insertion, a self-contained, interlocked
      attachment thereby being obtained.
BSUM
PAR  This invention relates to attachments of a type designed to be inserted
      through an object usually with a view to attaching two objects together,
      and widely used to fasten tags or labels to garments or the like, with a
      very high degree of security, and to ways of using them. It also relates
      to an assembly of such attachments which greatly facilitates the
      application of such attachments to the objects with which they are to be
      associated.
PAR  Attachments of the general type here involved have been previously
      disclosed in Bone U.S. Pat. No. 3,444,597, issued May 20, 1969, and in
      Kirk, U.S. Pat. No. 3,380,122, issued Apr. 30, 1968, these patents being
      owned by the assignee of the instant application. Such prior art
      attachments comprise an object-penetrating part at one end thereof, an
      elongated filament-like section extending therefrom, and a part at the
      other end of said filament-like section which is enlarged relative to the
      thickness or diameter of said section. The object-penetrating part is
      designed to be passed through a hole (existing or made as part of the
      attaching operation) in the object with which it is to be associated, that
      part then remaining on the far side of said object, the elongated section
      passing through the hole, and the enlarged part remaining on the near side
      of the object. The object-penetrating part is capable of passing end-wise
      through said hole, but after it has passed therethrough it will assume its
      normal position substantially perpendicular to the elongated section and
      thereby prevent the attachment from escaping in one direction from the
      object in question. Escapement of the attachment in the other direction is
      prevented by the enlarged portion.
PAR  As is disclosed in the cited patents, attachments of the type in question
      are generally provided in the form of an assembly or "clip" of a plurality
      of such attachments -- a typical clip includes 20 attachments. An
      attaching device or "gun" such as is disclosed in Bone U.S. Pat. No.
      3,103,666, issued Sept. 16, 1963, and owned by the assignee of this
      application, may be employed to form the hole through the object with
      which the attachment is to be associated, sever a single attachment from
      the assembly of attachments, and force its object-penetrating part through
      the hole which it forms in the object in question and to the far side of
      that object.
PAR  Attachments of the type in question used in conjunction with attaching
      devices such as those shown in the Bone U.S. Pat. No. 3,103,666 patent
      have become extremely widely used in industry, not only for the attachment
      of tags and labels to articles to be sold on the retail market, where the
      attachments are particularly effective in preventing unscrupulous shoppers
      from switching tags -- removing a tag from a low-priced article, attaching
      it to a high-priced article, and then paying only the lower price for the
      article -- but also for securing any group of objects to one another. The
      attachments in question, particularly when used in connection with
      attaching devices of the type described, may be operatively applied at an
      extremely rapid rate even by relatively unskilled personnel, thus greatly
      reducing the cost of tagging, labeling, and securing objects to one
      another in general. Indeed, in many commercial areas attachments of the
      type in question have virtually supplanted all other attaching methods.
PAR  While such attachments have been widely used and, indeed, have been
      exceedingly effective in preventing tag switching, the fact that both ends
      of the attachment are exposed raises the possibility that a new scheme
      might be devised for switching tags from a low-priced article to a
      higher-priced article. For example, an unscrupulous shopper given
      sufficient time might be able to place the cross bar adjacent the filament
      and then thread the two back through the opening in the garment initially
      formed by the needle and through the tag and thereafter make any desired
      substitution. Accordingly, the need exists for a self-contained attachment
      whereby the ends of the filament are interlocked. In this manner, the only
      way the attachment could be removed from an object would be by actual
      breaking of the filament section, thereby preventing its subsequent use
      and providing a clear indication of tampering.
PAR  Furthermore, the basic filament type attachments have not provided
      multifunctional use as, for example, by being able to simultaneously
      function as hanging means for articles which are to be displayed in a
      hanging position, such as scarves, handkerchiefs and the like, it being
      necessary to resort to attachments of the filament and socket type or of
      the split filament type for this characteristic. Accordingly, it would be
      beneficial to provide attachments of the basic filament type which exhibit
      a more versatile functionality.
PAR  It is the prime object of this invention to modify the construction of a
      filament type attachment so as to permit the interlocking of the
      respective ends thereof.
PAR  It is a further object to replace the enlarged end of the attachment with a
      hollow body member having an opening therein adapted to receive the
      object-penetrating part.
PAR  It is still a further object to provide the opening with a plurality of
      projections to facilitate retention of the object penetrating part in the
      hollow body member.
PAR  It is another object to combine the individual attachments so as to
      facilitate their use with automated attaching devices.
PAR  It is still another object to provide an attachment which can be
      manufactured and assembled by means of simple, inexpensive machinery
      operations.
PAR  To these ends, the present invention provides an attachment comprising a
      filament having a laterally oriented bar at one end and a hollow body
      member at its other end. The body member has an opening in at least one
      wall thereof, the opening having dimensions relative to those of the bar
      such that the bar and the filament when oriented in a generally parallel
      relationship are passable through the opening into the interior of the
      hollow member. Furthermore, the hollow interior has a greater width than
      that of the opening, thereby defining an abutment which serves to retain
      the bar in the hollow interior when it is no longer in parallel
      orientation relative to the filament. Optionally, a plurality of
      projections extending into the opening may be provided in order to aid in
      stripping the bar from the insertion mechanism and thereafter to further
      facilitate retention of the bar in the hollow body member. The ability to
      insert the bar end of the filament into the body end thereof thus provides
      a self-contained, interlocking device wherein both ends of the filament
      are no longer exposed and thus not available to be tampered with.
PAR  The attachments may be combined into an integral assembly by conventional
      techniques, this permitting their insertion by means of automatic
      attaching devices. For example, when using the device of the
      aforementioned Bone U.S. Pat. No. 3,103,666 patent, the assembly of
      attachments are fed therethrough such that the cross bars of adjacent
      attachments are brought successively into register with the base of a
      hollow needle. The thus positioned attachment is then severed from the
      assembly and a plunger is effective to drive the cross bar through the
      needle with the filament projecting laterally through the slot. By
      inserting the needle through an object and a tag and then through the
      opening in the body member into the interior thereof, the cross bar
      likewise is inserted therethrough with the filament being bent over the
      trailing portion of the bar. Upon removal of the needle, the cross bar is
      effectively retained in the body member while the object and tag are
      maintained on the filament.
PAR  As a further advantage, the resulting looped configuration of the
      interlocked construction may be utilized for a variety of applications
      such as mounting loops for articles to be displayed in a hanging position,
      as hanger loops for skirts, and for other uses which will be apparent to
      the practitioner. The attachments are thus provided with greater
      application versatility.
DRWD
PAR  To the accomplishment of the above, and to such other objects as may
      hereinafter appear, the present invention relates to an attachment and
      assembly of attachments as defined in the appended claims and as described
      in this specification, taken together with the accompanying enlarged
      drawings, in which:
PAR  FIG. 1 is a perspective view showing a tag and the interlocked attachment
      of the present invention secured to an object;
PAR  FIG. 2 is a perspective view of the attachment assembly of this invention
      showing the component parts of the individual attachments thereof;
PAR  FIG. 3 is a cross sectional view taken along line 3--3 of FIG. 2 depicting
      an embodiment of a hollow body member;
PAR  FIG. 4 is a cross sectional view taken along line 4--4 of FIG. 3 showing
      one embodiment of a bar-retaining projection;
PAR  FIG. 5 is a cross sectional view of the body member of FIG. 3 depicting the
      retention of the cross bar therein;
PAR  FIG. 6 is a perspective view of a second embodiment of a body member of
      this invention showing, in addition, means for securing adjacent body
      members of an attachment assembly;
PAR  FIG. 7 is a cross sectional view taken along line 7--7 of FIG. 6;
PAR  FIG. 8 is a cross sectional view taken along line 8--8 of FIG. 7;
PAR  FIG. 9 is a perspective view of a third embodiment of a body member of this
      invention; and
PAR  FIG. 10 is a fragmentary view in elevation of the wall of the member of
      FIG. 9 showing the bar-receiving opening, the projections and the abutment
      wall.
DETD
PAR  As is shown in FIG. 1, a tag generally designated A is adapted to be
      secured to an article of merchandise generally designated B by means of an
      attaching device generally designated C, the attaching device C being
      reliably secured to tag A and being engageable with the article of
      merchandise B by having a filament portion generally designated D which is
      adapted to be passed through an appropriate part of the merchandise B,
      either through a pre-existing hole in article B (as shown) or through a
      self-made hole. The end of the filament D is provided with a laterally
      oriented bar generally designated E which is adapted to be passed into and
      permanently received in a hollow body member generally designated F at the
      other end of filament D, thus making permanent and interlocking the
      filament loop D which passes through and supports tag A and article B.
PAR  In the specific embodiment depicted in FIGS. 2-5, the attachment C
      comprises an elongated filament D, a normally laterally oriented bar E at
      one end thereof and a hollow body member F at the other end thereof. Cross
      bar E is illustrated as a relatively thin cylinder connected at its
      midpoint to filament D and extending generally at right angles to said
      filament D to form therewith a generally T-shaped configuration. (see FIG.
      2) The cross bar E is shown as having a circular cross section but various
      other shapes may be suitable. In operation, as will be described in more
      detail hereinafter, the cross bar E is inserted through a tag A and/or an
      object B and into body member F along its axial direction, the retention
      of cross bar E in body member F thereby forming filament loop D which
      serves to retain tag A and/or object B. Accordingly, cross bar E must have
      a sufficient maximum length to width ratio to effectively prevent its
      extrication from body member F, for if bar E did come out from body member
      F tag A and/or object B would slip off filament D. In addition, cross bar
      E must have a sufficiently small effective cross section to allow it to be
      threaded through object B without producing a sizeable or noticeable hole
      therein.
PAR  Body member F, which is situated at the end of filament D opposite to said
      cross bar E, is seen to have a hollow interior 12. It is also seen that at
      least one wall 14 of said body member F has an opening 16 therethrough,
      leading into hollow interior 12. In all cases, hollow interior 12 has a
      greater width than opening 16 thereby permitting the remainder of the wall
      14 to function as an abutment 18 between said interior 12 and said opening
      16. Furthermore, the maximum width of said opening 16 is less than the
      length of cross bar E. With these dimensional relationships, cross bar E
      is passable through said opening 16 when said bar E is oriented in a
      direction generally parallel to the axis of opening 16, but when said bar
      E is in another direction while in said hollow interior 12 it engages with
      said abutment 18, thereby preventing its extrication from hollow interior
      12. (FIG. 5)
PAR  The configuration of body member F and opening 16 may vary in accordance
      with the practitioner's requirements. Thus, a wide variety of geometrical
      shapes are applicable, while the opening may appear in any wall of the
      body member and preferably in an end wall. For example, FIG. 2 illustrates
      a cylindrical body member F having an opening 16 in one of its end walls
      14. It is further seen in FIGS. 3 and 4 that a plurality of projections
      20, 22 extend generally laterally into said opening 16 from the wall 14
      surrounding said opening 16. Projections 20, 22 serve to facilitate the
      ejection of cross bar E and filament D from the penetrating needle into
      said hollow interior 12 and thereafter aid in the retention of bar E in
      that interior 12. Thus, as seen in FIG. 5, when bar E is inserted into
      hollow interior 12 of body member F, the slightest position change of bar
      E away from a generally parallel conformation causes bar E to engage
      projections 20, 22 thereby aiding in its removal from the needle and
      providing an abutment 18 engageable by bar E and preventing the
      extrication of bar E from hollow interior 12.
PAR  A second embodiment of a body member of this invention is illustrated in
      FIGS. 6-8. In this instance body member 24 is again in cylindrical
      configuration having an opening 26 in one of its end walls 28. However, as
      distinguished from the embodiment in FIG. 2, opening 26 does not exhibit
      any projections (see FIG. 8). Accordingly, abutment 30 is formed by the
      remainder of end wall 28, this relationship being established by providing
      hollow interior 32 with a greater width than said opening 26. Any movement
      of bar E from its generally parallel position, subsequent to insertion
      into hollow interior 32, results in bar E engaging abutment 30, thereby
      preventing the extrication of bar E.
PAR  A third embodiment of a body member of this invention is depicted in FIGS.
      9 and 10. In this instance body member 34 is seen to exhibit a rectangular
      configuration having an opening 36 in one of its end walls 38. As seen in
      FIG. 10, opening 36 contains projections 40, 42, 44 extending laterally
      into said opening 36 from wall 38 surrounding said opening 36. In this
      instance, a slight position change in bar E will enable it to engage
      projections 40, 42, 44 and thereby be prevented from slipping through
      opening 36.
PAR  As shown in FIG. 2, a plurality of attachments C are integrally molded
      together in an assembly strung along mounting rod 46 by means of necks 48.
      Thus, the laterally oriented bar E on each attachment C is secured to the
      rod 46 by means of a frangible neck 48 which can be readily severed during
      insertion of the attachment C. This construction is particularly well
      suited for use with attaching devices of the Bone U.S. Pat. No. 3,103,666
      variety, inasmuch as a single actuation of the device can rapidly sever
      attachment C, insert the filament D and cross bar E through a tag and/or
      an object, and pass filament D and cross bar E into the interior of hollow
      body member F.
PAR  The attachments may be molded as a two piece construction wherein the cross
      bar, the filament and one hollow section of the body member are integrally
      connected while the second hollow section of the body member is separately
      molded. The two sections of the body member may be manufactured in two
      separate molds and thereafter combined by means of ultrasonic welding,
      solvent treatment, or cementing. Alternatively, the two sections could be
      prepared in a single mold connected by a "living" hinge, i.e. a hinge that
      will not split under constant flexing, and then combined as above. The
      open outer end of one of the sections is sealed, as by heat sealing or by
      providing a flap construction which can be closed over the open end in
      order to provide an enclosed receptacle for the cross bar, the sealing
      being conducted either prior or subsequent to combination of the
      individual sections. Reference may be made to FIG. 2 for an illustration
      of the combined body member. Thus, section 50, which was integrally molded
      with filament D and cross bar E, and section 52, which was separately
      molded are combined at 54 to provide a one piece, hollow body member F,
      the juncture line 54 being generally perpendicular to the axis of opening
      16. In order to provide a totally enclosed body member F, the open outer
      end of section 52 was heat sealed to form wall 56 (see FIG. 3).
PAR  The attachments are preferably molded of a thermoplastic material such as
      Nylon and the like. In a typical embodiment the filament D extends
      approximately six inches in length, the bar E is approximately 13/32 inch
      in length and 0.045 inch in diameter, and body member F has an interior
      width of approximately 1/8 inch while the width of the opening is
      approximately 0.063 inch. It should be noted, however, that these
      dimensions may be varied considerably, depending upon the particular
      attachment and its specific end use application.
PAR  The manner of use and functioning of the attachments described herein will
      now be apparent. The assembly of FIG. 2 is inserted into an automatic tag
      attachment mechanism of the type described in the aforementioned Bone
      patent and the cross bars E are successively aligned with the hollow
      needle at its base. The needle passes through tag A, passes through an
      opening in object B or through object B itself if no pre-existing opening
      is found therein, and is then inserted through opening 16 into the
      interior 12 of body member F. As the attaching device is actuated, the
      thus positioned attachment C is severed from the assembly at its neck
      portion 48 and the cross bar E is forced through the needle and
      consequently through tag A, object B and into interior 12 of body member F
      by a plunger, the filament D projecting laterally outwardly through the
      axial extending slot in the needle. As cross bar E moves past tag A,
      object B and opening 16, the filament D is pulled inwardly toward the
      needle and is bent substantially 90.degree. onto the trailing portion of
      cross bar E. As cross bar E leaves the needle, it tends to spring back to
      the T-configuration in relation to the filament D. Cross bar E, having
      moved from its generally parallel configuration, will thus engage abutment
      18 and/or projections 20, 22 and thus will be retained in hollow interior
      12 of body member F. It should be noted that in view of the generally
      small dimensions of hollow interior 12, cross bar E may occasionally
      remain in the needle and therefore be withdrawn from interior 12 as the
      needle is withdrawn. In such an instance, projections 20, 22 are
      particularly useful as means for aiding in the extrication of cross bar E
      from the needle. Thus, projections 20, 22 will engage even the slightest
      portion of cross bar E that extends from the needle, thereby exposing
      additional surface of cross bar E with which it may engage abutment 18 and
      be retained in interior 12. Likewise, either of projections 20, 22 may
      actually penetrate the axial extending slot in the needle, thereby
      engaging cross bar E therein and forcibly retaining it in interior 12
      while the needle is withdrawn therefrom. The loop configuration which is
      thus formed may be of any circumferential length, depending upon the
      initial length of filament D. The loop thus functions to hold tag A and
      article B thereon. Furthermore, cross bar E is now completely concealed
      with body member F thereby removing the possibility of tampering or tag
      switching by manipulation of cross bar E.
PAR  As an optional feature, securing means may be interposed between and
      connected to adjacent body members in order to avoid tangling of
      individual attachments as by having the filaments intertwine with other
      filaments in a given assembly of attachments or in an adjacent assembly
      when a number of clips are packed or stored together. Reference may be
      made to U.S. application Ser. No. 256,890, filed May 25, 1972 issued as
      U.S. Pat. No. 3,733,657 on May 22, l973 and assigned to the assignee of
      the instant application for a detailed description of the use of such
      securing means. In general, the securing means are sufficiently strong to
      maintain the attachments in proper orientation under normal conditions of
      storage and manipulation, but are readily frangible so that a given
      attachment, when used for its designated purpose, can be separated from
      the assembly at the body member end while leaving the other attachments
      well secured to one another. While the attachments remain secured at both
      ends they tend to remain substantially parallel to one another. However,
      when a particular attachment has been separated at the cross bar it is
      free to be moved relative to the other attachments remaining in the clip.
      Accordingly, it has been found advantageous to use securing means which
      resist tension forces relatively strongly but resist torsion forces
      relatively weakly so as to remain secured during manipulation of the
      attachment but being readily separable thereafter merely by a twisting
      movement. A thin and short filamentary connection has this characteristic.
      So does a layer of relatively weak adhesive.
PAR  The use of such securing means is depicted in FIG. 6. In this instance, a
      short, thin filamentary connection 50 secures facing surfaces 52, 54 of
      body members 24, 56, respectively. Connection 50 can be integrally molded
      with other portions of the attachment assembly, it merely being required
      to provide cavities in the mold for these additional components. The
      connection 50 is formed of material sufficiently tough to withstand
      tension or such bending as it may be subjected to. By reason of the
      shortness of that filament, however, it can be broken relatively readily
      when twisted. Alternately, assemblies may be made in the fashion of the
      prior art with the body members being moved into engagement with one
      another and there secured by means of a weak adhesive.
PAR  By means of the construction of the present invention attachments may be
      formed with substantially the same facility as is the case with comparable
      attachments now on the market. The instant attachments will have the
      advantage, however, of containing a hollow body member having an opening
      therethrough adapted to receive the cross bar component of the attachment,
      thereby providing a self-contained, interlocked system having no exposed
      ends available for tampering or manipulation.
PAR  While the invention has been described in terms of the specific embodiments
      herein, it should be apparent that variations may be developed without
      departing from the spirit or scope of the invention as defined by the
      following claims:
CLMS
STM  We claim:
NUM  1.
PAR  1. An attaching device comprising a filament having a normally laterally
      oriented bar at one end and a hollow body member at its other end, at
      least one wall of said body member having an opening therethrough leading
      into the hollow interior of said member, said hollow interior having a
      greater width than said opening, an abutment defined therebetween, said
      filament being passable through said opening and said bar having a length
      greater than the maximum width of said opening and a thickness such that
      it is passable through said opening when said bar is oriented in a
      direction generally parallel to said filament, said bar when in a
      direction other than generally parallel to said filament being receivable
      in said hollow interior and engageable with said abutment, said body
      member comprising a two piece assembly wherein said pieces are secured to
      one another, one of said pieces being integrally connected to said
      filament, with one piece being an open-ended tube and the other piece
      being a closed-ended tube.
NUM  2.
PAR  2. The attachment of claim 1, wherein said laterally oriented bar extends
      substantially at right angles to said filament.
NUM  3.
PAR  3. The attachment of claim 2, wherein a plurality of projections extend
      laterally into said opening from the wall surrounding said opening to
      facilitate retention of said bar in said hollow interior.
NUM  4.
PAR  4. The attachment of claim 3, which is constituted by a molded plastic
      assembly.
NUM  5.
PAR  5. The attachment of claim 1, wherein a plurality of projections extend
      laterally into said opening from the wall surrounding said opening to
      facilitate retention of said bar in said hollow interior.
NUM  6.
PAR  6. The attachment of claim 1, which is constituted by a molded plastic
      assembly.
NUM  7.
PAR  7. The attachment of claim 1, wherein said pieces are connected along a
      line generally perpendicular to the axis of said opening.
NUM  8.
PAR  8. An assembly of a plurality of attachments, each attachment comprising a
      filament having a normally laterally oriented bar at one end and a hollow
      member at its other end, at least one wall of said body member having an
      opening therethrough leading into the hollow interior of said member, said
      hollow interior having a greater width than said opening, an abutment
      defined therebetween, said filament being passable through said opening
      and said bar having a length greater than the maximum width of said
      opening and thickness such that it is passable through said opening when
      said bar is oriented in a direction generally parallel to said filament,
      said bar when in a direction other than generally parallel to said
      filament being receivable in said hollow interior and engageable with said
      abutment; said assembly comprising a mounting element and a connector
      between said mounting element and each laterally oriented bar, whereby
      said bar is connected to said mounting element.
NUM  9.
PAR  9. The assembly of claim 7, wherein a plurality of projections extend
      laterally into said opening from the wall surrounding said opening to
      facilitate retention of said bar in said hollow interior.
NUM  10.
PAR  10. The assembly of claim 8, wherein securing means are interposed between
      and connected to said body members to secure said members together, said
      securing means being comparatively more readily severable than said
      frangible means.
NUM  11.
PAR  11. The assembly of claim 10, wherein said body members are arranged
      essentially parallel to one another with facing surfaces, said securing
      means being interposed between and secured to said facing surfaces.
NUM  12.
PAR  12. The assembly of claim 8, wherein the body members are connected
      together.
NUM  13.
PAR  13. The assembly of claim 12, wherein the body members are interconnected
      by means interposed therebetween.
NUM  14.
PAR  14. An attachment device comprising a filamentary member, a flexible and
      laterally oriented bar at one end of said filamentary member and a body
      member at the other end of said filamentary member, said body member
      having an opening therein leading into a hollow interior having a width
      greater than said opening and an abutment defined therebetween, said
      filamentary member being passable through said opening and said bar having
      a length greater than the minimum width of said opening and a thickness
      such that it is passable through said opening into said hollow interior
      and engageable with said abutment therein when oriented in a direction
      generally parallel to said filamentary member.
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ABST
PAL  A kitchen utensil holder in combination with a clamp for mounting the
      holder to a pan or other container is described. The holder includes a
      supporting member, first and second outer loops spaced laterally from one
      another, first and second connectors respectfully connecting the first and
      second outer loops to a third inner loop having an opening that is greater
      than the space between the first and second loops. One of the outer loops
      is connected at one end to a support member. The other end of the support
      member is connected to a clip or clamp. The latter is adapted for
      attaching to the rim of a bowl or sauce pan.
PARN
PAR  The present application is a continuation-in-part of my copending
      application Ser. No. 437,488 filed Jan. 28, 1974 and now abandoned.
BSUM
PAR  A principal object of the present invention is to provide a kitchen utensil
      holder in combination with a clamp for mounting the holder to a pan or
      other container, and for holding a utensil such as a spoon or the like in
      a desired position and handy to use. Another object is to provide a holder
      and clamp of the type described which can be adjusted to fit on the rim of
      a wide variety of sauce pans, pots, bowls and other like containers. Still
      another object is to provide a holder and clamp of the type described and
      in which the utensil may be readily attached to a pot or sauce pan,
      maintaining the utensil readily at hand for use in cooking, but so that
      the handle of the utensil is kept relatively cool.
DRWD
PAR  The foregoing and other objects disclosed or rendered obvious by the
      following description are achieved by means of a novel shaped holder in
      combination with a clamp. Other features and advantages of the invention
      are disclosed or rendered obvious by the following specification and the
      corresponding drawings wherein:
PAR  FIG. 1 is a perspective view of a holder in combination with a clamp in
      accordance with the present invention, and shown mounted on the rim of a
      sauce pan with a spoon being held in desired position;
PAR  FIG. 2 is a front elevational view of the holder and clamp shown in FIG. 1;
PAR  FIG. 3 is a side elevational view of the clamp and holder shown in FIG. 1;
PAR  FIG. 4 is a front elevational view of the holder portion of the combination
      shown in FIG. 1;
PAR  FIG. 5 is a side elevational view of the holder portion shown in FIG. 4;
      and
PAR  FIG. 6 is a perspective view of the holder and clamp shown in FIG. 1 and
      shown mounted on the rim of a sauce pan, but with another shaped spoon
      being held in a different position.
PAR  In the drawings, like numbers refer to like parts.
DETD
PAR  Referring to FIGS. 1, 2 and 5, the holder portion indicated generally at 10
      comprises first and second outer loops 20 and 22 spaced laterally from one
      another, and a third loop 27 connected to outer loop 20 and 22 by inwardly
      curved connector sections 21 and 26 respectively. Loop 27 defines an
      opening 27A that is somewhat greater than the space 24 between outer loops
      20 and 22. Space 24 provides an entrance mouth for a spoon handle H as
      will become clear from the description following. The holder portion also
      includes a pair of parallel connector members 17 and 18 attached to the
      free ends of loops 20 and 22 respectively. Members 17 is somewhat longer
      than member 18 and terminates in a hook shaped portion 14 which defines an
      opening 15. Member 18 terminates in another elongate member 16. The latter
      extends perpendicularly from member 18 towards member 17, and is disposed
      in the same plane as members 17 and 18. Holder 10 is preferably formed
      from a single elongate rod or member such as stainless steel wire that is
      bent in the desired shape.
PAR  Referring now to FIGS. 1, 2 and 3, the clamp portion comprises a clip or
      clamp C having two oppositely disposed jaws 28 and 30. Preferably as shown
      in FIGS. 2, 3 and 6, one of the jaws 28 is somewhat longer than the other
      jaw 30, so that jaw 28 will not project into the contents of the saucepan.
      The jaws are held in a normally closed position by a spring biasing means
      32 that holds the jaws together and also acts as a pivot. Spring biasing
      means 32 includes a compression spring or coil portion 38 which extends
      between jaws 28 and 30 in a common opening hole 40, and the straight ends
      of spring 38 are disposed around the outside of jaws 28 and 30, fitting
      into slots 34 and 36 in jaws 28 and 30 respectively. As will be obvious
      from the preceeding description clamp C is similar to a common clothes pin
      of the compression spring type.
PAR  Referring in particular to FIG. 2 holder 10 is attached to clamp C by a
      threaded bolt 42 that passes through hook opening 15 of the holder and
      through the spring coil portion 38. A threaded wing nut 44 is provided on
      the other end of bolt 42 and serves to hold holder 10 in desired fixed
      position relative to claim C when the latter is placed on a sauce pan,
      bowl or the like.
PAR  In use, the clamp is clipped onto the side of a bowl or pan P, adjacent the
      rim. Holder 10 is then adjustably connected to clamp C by bolt 42 as
      explained above, and the wing nut is tightened on the bolt. Then as shown
      in FIG. 1, the handle narrow portion of a utensil such as a spoon S is
      inserted into mouth 24 by turning the utensil on its edge, and the utensil
      is then rotated whereby the spoon handle wide portion will rest in loop 27
      and be engaged by the loop and connector members 26 and 27.
PAR  Alternatively, as shown in FIG. 6, the utensil may be inserted under loop
      27 between that loop and member 16 so that the utensil may then rest on
      member 16, and the utensil will be retained in position on member 16 by
      contact with the bottom of loop 27. This latter arrangement may be
      particularly useful for relatively large spoons or other utensils which
      may not fit inside loop 27.
PAR  The invention is susceptible of modification. For example, one modification
      of the invention is shown in dotted lines in FIG. 4. In this modification
      the holder 10 includes a second hook shaped member 12 extending at one end
      from member 16, and defining a second opening 15. The two openings 15 are
      aligned with one another to define a common passageway whereby bolt 42
      will be inserted through the two openings. This modification may be
      desired for large clamps for use with relatively large, heavy utensils,
      e.g. as may be found in restaurants. Another possible modification is to
      make jaws 28 and 30 of equal length. Still other modifications will be
      obvious to one skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus comprising a kitchen utensil holder in combination with a
      clamp for mounting the holder to a pan or other container, said holder
      comprising first and second outer loops spaced laterally from one another,
      a third inner loop having an opening that is greater than the space
      between said first and second outer loops and connected to said outer
      loops by first and second connecting members, a support member attached to
      one of said outer loops, said support member having a portion defining an
      opening;
PA1  said clamp comprising two jaws and spring means normally holding said jaws
      in closed position, said spring means embodying a spring member that
      extends between and laterally of said jaws and has an opening extending
      therethrough;
PA1  a bolt extending through said opening and the opening in said spring
      member; and
PA1  fastening means for fastening said bolt so as to secure said holder to said
      clamp in a selected position.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said bolt is threaded and said
      fastening mean is a nut screwed onto said bolt.
NUM  3.
PAR  3. Apparatus according to claim 1 further including a second support member
      attached to the other of said outer loops and having a portion defining an
      opening through which said bolt extends.
NUM  4.
PAR  4. Apparatus according to claim 1 further including a spoon having a handle
      with a relatively wide face portion and a relatively narrow edge portion,
      the width of said face portion being such that said face portion cannot
      pass through the space between said first and second outer loops but can
      pass into the opening of said third inner loop, and the width of said edge
      portion being such that it can pass through the space between said first
      and second outer loops.
NUM  5.
PAR  5. Apparatus according to claim 3 further including a spoon having a handle
      with a relatively wide face portion and a relatively narrow edge portion,
      the width of said face portion being such that said face portion cannot
      pass through the space between said first and second outer loops or into
      the opening of said third loop, and the width of said edge portion being
      such that it can pass through the space between the bottom of said inner
      loop and said second support member.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein one of said clamp jaws is longer
      than the other of said jaws.
NUM  7.
PAR  7. Apparatus comprising a kitchen utensil holder in combination with a
      clamp for mounting the holder to a pan or other container,
PA1  said holder comprising first and second supports disposed opposite to one
      another, first and second laterally extending openings in said first and
      second supports respectively, said first and second openings being aligned
      with one another, first and second outer loops spaced laterally from one
      another, first and second connectors respectively connecting said first
      and second outer loops to said first and second supports respectively, a
      third inner loop having an opening that is greater than the space between
      said first and second outer loops, and third and fourth connectors
      respectively connecting said third inner loop to said first and second
      outer loops;
PA1  said clamp comprising two jaws and spring means normally holding said jaws
      in closed position, said spring means embodying a spring member that
      extends between and laterally of said jaws and has an opening extending
      therethrough;
PA1  a bolt extending through said first and second openings and the opening in
      said spring member; and
PA1  fastening means for fastening said bolt so as to secure said holder to said
      clamp in a selected position.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said bolt is threaded and said
      fastening means is a nut screwed onto said bolt.
NUM  9.
PAR  9. Apparatus according to claim 7 further including a spoon having a handle
      with a relatively wide face portion and a relatively narrow edge portion,
      the width of said face portion being such that said face portion cannot
      pass through the space between said first and second outer loops but can
      pass into the opening of said third inner loop, and the width of said edge
      portion being such that it can pass through the space between said first
      and second outer loops.
NUM  10.
PAR  10. Apparatus according to claim 7 wherein one of said first and second
      connectors has a straight portion directly connecting one of said outer
      loops to one of said first and second supports, and further wherein said
      bolt extends at substantially a right angle to said straight portion.
NUM  11.
PAR  11. Apparatus according to claim 7 wherein one of said clamp jaws is longer
      than the other jaw.
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ABST
PAL  Apparatus to cut or shear loop pile fabric by moving the loop pile fabric
      to be cut or sheared over a rotating cutting member which cuts the loops
      in the fabric but prevents the fabric backing material from being cut by
      the use of guard members for the cutting blades. The guard members are
      pivotally mounted to allow ease of blade sharpening.
BSUM
PAR  Prior to this invention loop pile fabrics were normally sheared by cutting
      off the top of each loop to achieve a cut loop or velour effect which
      resulted in the loss of a considerable amount of yarn which could not be
      reprocessed for other uses.
PAR  Therefore, it is an object of the invention to provide an apparatus to
      efficiently shear a loop pile fabric which does not result in an excess
      yarn loss.
DRWD
PAR  Other objects of the invention will become readily apparent as the
      specification proceeds to describe the invention with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a schematic side view of the novel loop pile fabric shearing or
      cutting apparatus;
PAR  FIG. 2 is an enlarged view of the cutting rotor for the apparatus of FIG.
      1;
PAR  FIG. 3 is a top schematic view of the cutting rotor of the apparatus of
      FIG. 1;
PAR  FIG. 4 is a perspective view of one of the cutting blade modules
PAR  FIG. 5 is a view similar to FIG. 2 showing a modified blade module
      construction;
PAR  FIG. 6 is a bottom view of the modified blade module and
PAR  FIG. 7 is a cross-section view taken on line 7--7 of FIG. 6.
DETD
PAR  Looking now to the drawings and especially FIG. 1, the invention will be
      described. The loop pile fabric 10, such as tufted or bonded fabric, is
      supplied from a supply roll 12, over a rotating cutting rotor 14, to a
      take-up roll 16. The fabric 10 is conveyed by the action of a pair of nip
      rolls 18 and 20 driven by a suitable motor 22 through belt or chain 24.
      The fabric 10 in its path from the roll 12 to the roll 16 passes under a
      pair of idler rolls 26 and 28, over a guide roll 30 and under a pair of
      vertically reciprocably mounted idler rolls 32 and 34. The rolls 32 and 34
      are suitably mounted to be vertically adjustable in the roll supports 36
      to control the amount of wrap of fabric 10 around the cutting rotor 14.
      The cutting rotor 14 is driven by a suitable drive motor 38.
PAR  Mounted adjacent the rotor 14 is an air nozzle 40 supplied with air under
      pressure from a source not shown to blow lint, yarn, etc. from the rotor
      and especially from between the cutting blades 42 and the blade guards 44.
      To collect the dislodged lint, yarn, etc. a suction conduit 46 is located
      under the rotor 14 to pick up the lint and send it to a place of
      collection through conduit 48. If desired, the air nozzle can be
      eliminated and a rotary mounted brush substituted to physically clean out
      the blades.
PAR  Preferably, the rotor 14 is solid and having a plurality of grooves 50 cut
      therein to accommodate the cutting modules 52 therein. A plurality of
      modules 52 are locked in the grooves 50 across the face of the rotor 14
      with the elongated projection 54 engaging the slot 56 to guide the modules
      in position. The modules consist of a plurality of alternated cutting
      blades or knives 42 and blade guards 44 held together on a pin 58 inserted
      through the bore thereof and molded into the base 60 of suitable plastic,
      pot metal, etc. with the projection 54 integral therewith. As shown in
      FIG. 4 approximately sixteen blades per inch are shown but the number of
      blades is within the realm of mechanical expediency depending on the
      number of loops to cut across the width of the fabric.
PAR  The guards 44 bear against the fabric 10 when the fabric engages the rotor
      14 preventing the blades 42, which are recessed a pre-determined distance
      below the outer extremity of the guards 44, from cutting through the
      backing 62 of the looped pile fabric 10.
PAR  The number of blades in each module depends on a number of factors such as
      the number of loops in each width of fabric to be cut, the relative speeds
      of the rotor and the fabric, the design of the fabric, etc. The lowest
      loop that can be cut is basically determined by the relative difference in
      length between the blade and the blade guard while the number of exposures
      of a given loop to a cutting blade depends on the number of rows of blades
      in the rotor, the amount of wrap of the fabric around the rotor, the
      linear speed of the fabric and the speed of the rotor.
PAR  To prevent the appearance of rows or stripes in the fabric, either the
      fabric 10 or the rotor 14 can be traversed. In the preferred form of the
      invention (FIG. 3) a motor 64 is provided to traverse the rotor 14 by the
      use of an eccentric 66 connected to the motor shaft 68 at one end and the
      rotor shaft 70 at the other end. Traverse of the rotor 14 will provide a
      random cut or sheared appearance on the surface of the fabric.
PAR  Looking now at FIGS. 5-7 the blade module 52 has been modified to allow
      each of the guards 44 to be pivoted relative to the ridigly mounted blade
      members 42 to allow room for sharpening of the blade members 42. To
      accomplish this result the base portion is so molded to have the base 72
      of the guard members 44 project outwardly from the base member so that the
      guard member can pivot around the pin 58 so that the base portion can
      pivot into the groove 74 molded into the bottom of the base member 60. The
      portion 76, shown in FIG. 7, connects the blade holding portions of the
      base member and is located high enough above the pin 58 to allow the base
      portion 72 of the guard member 44 to pivot into the groove 74.
PAR  One of the big advantages of the invention is that the fabric to be cut or
      sheared can be wrapped around the rotor as it spins to provide enhanced
      cutting efficiency due to the fact that the blade guard prevents the
      backing from being cut and allows the knife blades to encounter the same
      loop a number of times. The process is somewhat statistical in nature, in
      that many passes of the knives are made through any given area of fabric,
      in order to minimize the probability that any loops are left uncut.
      Another way of expressing this is that each loop is exposed to the cutting
      action of a blade many times during its passage through the machine. As an
      example, suppose it is desired to cut the loops of a loop pile fabric
      possessing 25 rows of loops per inch width of fabric (1/25 gauge).
      Further, assume that, due to the wrap of the fabric around the rotor, 10
      linear inches of fabric are in contact with the rotor at all times, the
      fabric throughput speed is 3 yards per minute and the rotor speed is 2000
      revolutions per minute. Under these conditions each loop, on the average,
      is exposed to a cutting blade approximately 474 times during its passage
      through the machine. This insures that the probability of a loop passing
      through the process without being cut is relatively small.
PAR  It is possible to obtain a patterned effect of cut and uncut pile loops in
      the pile fabric by taking out certain selected rows of cutting blades in
      each of the longitudinal rows of blades to provide a fabric possessing
      longitudinal strips of uncut loops on spaced areas of the pile fabric.
PAR  Obviously, the new and novel apparatus provides a loop cutting device that
      not only reduces the amount of waste yarn but increases the cutting
      efficiency when providing a cut loop pile product. It should be noted that
      seams will cause no problem since the guards will prevent the blades from
      hitting any seams sewn in to connect pieces of fabric. Further, the guards
      prevent accidental insertion of the finger into the cutting blades. The
      new and novel apparatus provides a loop cutting device which will cut all
      the loops including those loops which have been laid over in handling of
      the fabric. The apparatus also tends to cut all the loops in the center
      thereof rather than on one side or the other as with prior art devices.
PAR  Although the preferred embodiment of the invention is described in detail,
      it is contemplated that changes may be made without departing from the
      scope or spirit of the invention and it is desired that the invention be
      limited only by the scope of the claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A module for a loop pile fabric cutting machine comprising: a plurality
      of upwardly projecting cutting blade members, a plurality of cutting blade
      guard members adjacent said cutting blade members and projecting upwardly
      beyond said cutting blade members, a base member molded around said blade
      and guard members holding them in position, a pin member projecting
      through said base member and said guard members and a plurality of grooves
      in the base of said base member substantially parallel to said guard
      members to allow said guard members to be pivoted to allow said blade
      members to be exposed.
NUM  2.
PAR  2. The module of claim 1 wherein said cutting blade members are rigidly
      secured in said base member.
PATN
WKU  039316700
SRC  5
APN  4641051
APT  1
ART  321
APD  19740425
TTL  Apparatus and method for connecting two axially spaced apart pipes
ISD  19760113
NCL  16
ECL  1,15
EXA  Walkowski; Joseph A.
EXP  Lanham; C. W.
NDR  2
NFG  7
INVT
NAM  Arnold; James F.
CTY  Houston
STA  TX
ASSG
NAM  HydroTech International, Inc.
CTY  Houston
STA  TX
COD  02
CLAS
OCL   29157R
XCL   61 721
XCL   61 723
XCL  166   5
XCL  166   6
XCL  285DIG23
EDF  2
ICL  F16L  104
FSC   29
FSS  428;429;200 P;237;157 R
FSC  269
FSS  48.1;49;50;52
FSC   61
FSS  63;69;72.1;72.3
FSC  285
FSS  18;23;24;27;33;95;96;98;322-323;DIG. 22;23
FSC  166
FSS  .5;.6
UREF
PNO  3383122
ISD  19680500
NAM  Richardson
XCL  166   .5
UREF
PNO  3645563
ISD  19720200
NAM  Rochelle
XCL  166   .6
UREF
PNO  3729941
ISD  19730500
NAM  Rochelle
OCL   61 72.3
UREF
PNO  3751932
ISD  19730800
NAM  Matthews
OCL   61 72.1
UREF
PNO  3830509
ISD  19740800
NAM  Weber
OCL  269 48.1
UREF
PNO  3835655
ISD  19740900
NAM  Oliver
XCL  166   .6
UREF
PNO  3842612
ISD  19741000
NAM  Arnold
XCL  285 18
ABST
PAL  A releasable pull plug arranged for mounting inside the end of one of the
      pipes or conduits with the plug having clips for disengageably engaging
      the internal surface of one of the conduits and locking the plug against
      axial movement relative thereto. A line is attached to the plug and
      extends axially through the other conduit for exerting a pulling force
      thereon whereby the two conduits may be drawn together by pulling on the
      line. The plug is provided with fluid pressure actuated release means for
      disengaging the clips, and means are provided for applying pressurized
      fluid to the release means to thereby release the plug. Means are also
      provided which are operable in response to the activation of the release
      means for holding the locking means in the disengaged position
      independently of the fluid pressure, whereby the plug after release may be
      withdrawn through the other conduit by pulling on the line. The plug may
      include means for sealing the end of the conduit in which the plug is
      mounted.
PAL  The method includes the steps of installing a releasable pull plug inside
      the end of one of the conduits, with the plug being arranged to release in
      response to application of fluid pressure thereto. A line is attached to
      the plug and is extended through the other conduit. Thereafter, a tension
      force is applied to the line to draw the two pipe ends together, after
      which a fluid pressure is applied to the plug to thereby release the plug.
      The fluid pressure is relieved, and the released plug is then withdrawn
      from the conduits by pulling on the line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention generally relates to an apparatus and method for drawing
      together two generally axially spaced apart pipes, whereby the two ends
      can then be joined in a hostile environment, for example, as in underwater
      or sub-sea locations.
PAR  2. Description of the Prior Art
PAR  When installing a pipeline on the sub-sea floor, it is often desirable to
      connect such sub-sea pipeline with a pipeline riser that extends upwardly
      on a drilling platform or the like. However, it is very difficult, time
      consuming, and expensive to effect a pipeline connection with a riser pipe
      in a sub-sea location because of the depth of the water, the wave action,
      poor visibility and the like. Heretofore, no fully satisfactory solution
      has been provided for making such an underwater connection and thereafter
      easily withdrawing the connection means with a minimum of effort.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide an improved
      apparatus and method for drawing together the ends of two generally
      axially spaced apart conduits. The apparatus in its broadest sense
      includes a releasable pull plug arranged for mounting inside the end of
      one of the conduits, with the plug having means for disengageably engaging
      the internal surface of the conduit and locking the plug against axial
      movement relative thereto. Preferably, the plug is provided with a mandrel
      on which is mounted, for relative axial movement, a body member. A line is
      attached to the plug and extended axially through the other pipe for
      exerting a pulling force thereon whereby the two conduit ends may be drawn
      together by pulling on the line. Fluid pressure actuated release means are
      provided in the plug for releasing the locking means upon actuation
      thereof. The invention also includes means operable in response to the
      activating of the release means for holding the locking means in the
      disengaged position independently of the fluid pressure. Means are also
      supplied for applying the pressurized fluid to the release means to
      thereby release the plug, whereby the plug after release thereof may be
      withdrawn through the other conduit by pulling on the line. Preferably the
      apparatus also includes seal means supported by the plug and cooperative
      therewith for sealing the end of the conduit in which the plug is mounted.
      The seal means is preferably of the resilient type which is arranged for
      radial deformation in response to axial pressure.
PAR  Briefly stated, the method of this invention includes installing a
      releasable pull plug inside the end of one of the conduits, with the plug
      being arranged to release in response to the application of fluid pressure
      thereto. A line is attached to the plug and extended through the other
      conduit. A tension force is then applied to the line to thereby draw the
      two conduit ends together. The plug is released by applying fluid pressure
      thereto. Fluid pressure is thereafter removed and the plug is withdrawn
      from the conduit by pulling on the line. Preferably, the plug is locked in
      the end of the pipe by supporting clips in engagement with the inside of
      the pipe, and the clips are continuously urged to the release position
      independently of fluid pressure. The conduit ends may have supported
      thereof mating coupling members, such as ball and socket connectors, which
      are interconnected when they are moved and guided to the mating position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a generally schematic side elevation view showing the apparatus
      arranged for interconnecting a horizontally extending pipe with a riser
      pipe, which may be attached to an off-shore platform leg, for example.
PAR  FIG. 2 is a view similar to FIG. 1 but showing the pipe interconnected with
      the riser pipe and the pull plug being removed up the riser pipe.
PAR  FIG. 3 is a generally cross-sectional view of the pull plug of this
      invention shown in the actuated or engaging position.
PAR  FIG. 4 is a view similar to FIG. 3 but showing the pull plug in the
      de-actuating or disengaged position and withdrawn to the left from the
      engaged position.
PAR  FIG. 5 is a partial cross-sectional view of the pull plug as shown in FIG.
      2 and showing the pipe engaging clips in the extended or engaging
      position.
PAR  FIG. 6 is a half-sectional view similar to FIG. 5 but showing the pipe
      engaging clips in the retracted position as shown in FIG. 4.
PAR  FIG. 7 is a fragmentary sectional view of an alternate embodiment arranged
      for testing of the seal means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and in particular to FIG. 1 initially, a
      riser pipe 11 is generally shown attached as by clamp 12 to a leg 13 of an
      offshore platform. The lower end of riser pipe 11 is shown having a ball
      14 attached thereto and, in addition, a guide trough 15 may also be
      attached thereto and extend proximately along the sub-sea floor, as shown.
      Riser pipe 11 has a line in the form of cable 18 passing downwardly
      therethrough, which cable is attached to a releasable pull plug of this
      invention designated generally by the numeral 20. Pull pulg 20 will be
      described in greater detail hereinafter. However, it should be noted that
      it is arranged for engaging the internal surface of generally horizontally
      extending pipe 21 which is to be interconnected with riser pipe 11. Pipe
      21 has mounted thereon a coupling member which is arranged for mating with
      ball 14, which coupling member is in the form of socket 22, which is
      arranged to seal with and otherwise lock and engage with ball 14.
      Preferably ball and socket connectors 14 and 22 are hydraulically actuated
      connectors and of the type sold by Hydro-Tech Services, Inc. of Houston,
      Tex., under the brand name HYDROBALL. However, it is to be understood that
      other mating coupling members can be used, as for example, mating flanges
      or the like. However, the ball and socket arrangement is preferred because
      of its ability to accommodate substantial misalignment, which may occur
      between the pipes to be connected.
PAR  Referring now to FIG. 2, it is to be understood that socket 22 is provided
      with a plurality of radially movable slips 25 which are arranged to engage
      the rearward side of ball 14 upon actuation. Slips 25 are arranged for
      actuation by axially movable cam piston 26 which is arranged to move
      axially in response to hydraulic pressure applied on hydraulic line 27.
      Hence, ball 14 and socket 22 are arranged to cooperatively interconnect
      pipes 11 and 21 and seal the same for fluid flow therethrough, as is
      generally shown in FIG. 2.
PAR  Referring now to FIGS. 3 and 5 in particular, pull plug 20 is initially
      mounted inside of pipe 21 in a convenient work environment, as for
      example, above sea level, and thereafter pipe 21 and pull plug 20 are
      lowered to the sub-sea location with socket 22 being supported on guide
      trough 15 as shown in FIG. 1. In the event no trough 15 is used, then the
      lower end of riser pipe 11 would be provided with a mud cover, through
      which cable 18 would extend. Such cover would, of course, be removed
      before making the final connection.
PAR  Pull plug 20 is of the releasable type and is responsive to fluid actuation
      to the released position. Pull plug 20 is comprised of a mandrel 30 having
      a cable eye 31 at one end thereof for connection to cable 18, and at the
      opposite end thereof is provided with a first enlarged portion forming an
      annular shoulder 32 and a second, radially enlarged portion forming
      annular shoulder 33 and a third annular portion forming end plate 34.
PAR  Mandrel 30 has mounted thereon for axial sliding movement therewith annular
      plug body 40. The right end of plug body 40, as shown in FIGS. 3 and 4, is
      provided with a radially reduced outer portion about which is mounted an
      annular, resilient, elastomeric seal 41, which is arranged for sealing
      engagement with the internal surface of pipe 21 in response to axial
      deformation thereof. The internal bore of plug body 40 is of enlarged
      diameter on the right end thereof, as shown in FIGS. 3 and 4, so as to
      form a shoulder which generally mates with shoulder 33 of mandrel 30. In
      addition, the internal bore of plug body 40 is provided with a pair of
      annular recesses 43 and 44 in each of which is mounted an O-ring seal to
      provide seals between plug body 40 and mandrel 30. Other types of seals
      could, of course, be used.
PAR  Plug body 40 also has provided therein a plurality of radially extending
      bores, in each of which is mounted a generally radially extending keeper
      pin 46, the radially inward ends of which abut against mandrel 30. As
      shown in FIG. 3, the radially outward end of each of the keeper pins 46
      abut against the radially inward end of a pull clip 47. The radially
      outward edges of pull clip 47 are arranged for engagement in annular
      recess 48 provided in the internal surface of pipe 21 to facilitate
      locking engagement therewith. As best shown in FIGS. 5 and 6, clips 47 are
      biased radially inwardly by spring means such that when mandrel 30 is
      moved axially to the right relative to plug body 40 and pins 46 clear
      shoulder 32, then pull clips 47 are retracted radially inwardly from the
      engaged position. Each of the clips 47 is provided with a radially
      extending recess 61 on the outward periphery thereof, and extend radially
      inwardly therethrough. Each recess 61 has mounted therein a bolt 62 which
      extends radially into and is threadably engaged with body 40. Each bolt 40
      has supported under the head thereof a spring 63, which abutts against a
      shoulder in the recess and is arranged to continuously urge the respective
      clips 47 radially inward, to thus serve as means for holding clips 47 out
      of engagement with recess 48. Other bias means would, of course, be
      provided to supply this function.
PAR  Annular seal 41 is arranged for axial compression and thereby radial
      deformation to the sealed position shown in FIG. 3 by being compressed
      between plug body 40 and thrust ring 50, which has a portion which engages
      annular seal 41 as shown. Ring 50 is mounted about mandrel 30 and is
      spaced between plug body 40 and end plate 34, as shown.
PAR  Clips 47 and seal 41 are held in the engaged or actuated position as shown
      in FIG. 3 by virtue of retainer disc 52, also mounted about mandrel 30 and
      held there by plurality of shear pins 53 which extend into mandrel 30.
      Shear pins 53 are selected so as to provide the desired amount of
      resistance to axial force exerted between plug body 40 and mandrel 30.
PAR  Pull plug 20 is arranged to be actuated to the released position by the
      application of pressurized fluid thereto. Means for applying the
      pressurized fluid include a fluid port 55 which passes through mandrel 30
      at a point axially spaced apart from retainer disc 52 and communicates
      through branch ports 56 to the annular space between recesses 43 and 44
      and between shoulders 33 of mandrel 30 and the mating shoulder of plug
      body 40. Hence, upon the application of fluid pressure through ports 55
      and 56, fluid pressure is applied to shoulder 33, which causes plug body
      40 and mandrel 30 to be urged axially apart. Continued application of
      fluid pressure through port 55 and the associated conduit means will
      result in a build-up of fluid pressure to the point that shear pins 53 are
      ruptured, thereby permitting mandrel 30 to move to the right relative to
      disc 52, as shown in FIG. 4, which thereby permits clips 47 and keeper
      pins 46 to be released by being retracted radially inwardly past shoulder
      32, thereby releasing pull plug 20 from the set position. In addition, it
      will be understood that plug body 40 and ring 50 are thereafter allowed to
      separate, thereby disengaging or unsealing annular seal 41 which, because
      of its resilient nature, will revert to the non-deformed or unsealed
      position.
PAR  It is to be understood that fluid pressure may be applied to ports 55 and
      56 in one of at least two different means or methods. For example, port 55
      may be connected with an adapter 58, which in turn is connected to a
      hydraulic line 59, which extends upwardly through riser pipe 11 along with
      cable 18. Hence, by the application of fluid pressure on line 59 after the
      pipes 11 and 21 have been interconnected, pull plug 20 may be released as
      aforesaid. Alternatively, port 55 may be in communication directly with
      the fluid inside of pipe 11, and in which event fluid pressure can simply
      be applied through riser pipe 11, which pressure then acts through port 55
      and its associated elements to cause release of pull plug 20 in the same
      manner as described above. After release of the plug 20, pressure in the
      pipe is then relieved, except as to any head pressure which may be
      present.
PAR  For purposes of convenience, the term "locking means" may sometimes be used
      herein to describe certain portions of the present embodiment of the
      invention including clips 47, pins 46 and that portion of mandrel 30 which
      is axially adjacent shoulder 32. In addition, the term "release means" may
      sometimes be used to describe certain other portions of the present
      invention and including shoulder 32 of mandrel 30 which permits movement
      of pins 46 radially therepast and shoulder 33 of mandrel 30 and the
      adjacent shoulder of body 40 which together form the pressure chamber to
      which fluid pressure is applied through parts 55 and 56 to urge mandrel 30
      and body 40 axially apart.
PAR  In using the present embodiment of this invention, riser pipe 11 would
      normally be installed on platform leg 13 at the time that the platform is
      installed in the sub-sea location, or may be added subsequently. In
      addition, cable 18 may be installed extending downwardly through riser
      pipe 11, with the lower end thereof extending upwardly to the surface or
      platform. Riser pipe 11 may also have ball 14 and guide trough 15 welded
      or otherwise attached thereto.
PAR  Thereafter, pipe 21 may be held in the above-sea location with socket 22
      welded or otherwise attached therewith. At this point, pull plug 20 can be
      installed in the end of pipe 21 generally in the set position shown in
      FIG. 3, with clips 47 engaging annular recess 48 and with annular seal 41
      sealing the end of pipe 21 to avoid incursion of sea water and the like
      during installation. During assembly, a temporary cone-shaped member (not
      shown) may be placed over the mandrel to provide an inclined ram to
      facilitate movement of pins 46 to the radially outward position shown,
      while body 40 and mandrel 30 are drawn together.
PAR  Thereafter, pipe 21 and accompanying socket 22 can be lowered in the water
      to rest upon guide trough 15 in the manner shown in FIG. 1. Application of
      tensional force on cable 18 will draw the ends of pipes 11 and 21 axially
      together such that ball 14 and socket 22 are drawn to the mating position.
      Thereafter, by the application of hydraulic pressure on fluid line 27,
      piston 26 of ball 22 is moved axially to thereby cause engagement of slips
      25 with ball 14, which operation is accompanied by the sealing of the two
      elements, i.e., ball 14 and socket 22. If preferred, the hydraulic fluid
      may be displaced with an epoxy resin to provide a permanent connection of
      socket 22 and ball 14.
PAR  Thereafter, fluid pressure can be applied either downwardly through pipe 11
      as heretofore described or down hydraulic line 59 through port 55 to
      thereafter cause release of pull plug 20 as heretofore described. Upon
      release of pull clips 47 as described, pull plug 20 is withdrawn upwardly
      through riser pipe 11 by taking up on cable 18 as shown in FIG. 2, thus
      completing the installation of the interconnection of the two conduits.
      Continued application of fluid pressure is not required to keep the clips
      47 in the retracted position. Hence, plug 20 can be removed with a minimum
      of effort.
PAR  It is to be understood that seal 41 of releasable plug 20 is useful in
      serving a number of functions. By sealing the end of pipe 21, the
      successful connection of ball 14 and socket 22 can be pressure tested by
      applying fluid pressure down pipe 21. The pressure applied for testing
      purposes can be maintained for some period of time below the pressure
      level at which shear pins 53 are sheared, and the pressure can thereafter
      be increased to cause shearing of pins 53, causing release of the plug.
      Further, by having the end of pipe 21 sealed as aforesaid, fluid pressure
      can be applied directly down pipe 11 and through port 55 of plug 20
      without the necessity for having a separate hydraulic line 59 as described
      above.
PAR  Radial deformable seal 41 allows for greater space tolerance between the
      outside of plug 20 and the inside of pipe 11 so that it may be readily
      pulled therethrough after release. Referring now to FIG. 7, an alternate
      embodiment of the sealing means is shown. In this embodiment, two axially
      spaced apart annular resilient seals 65 are mounted between body 40 and
      thrust ring 50. Seals 65 are spaced on opposite sides of an annular test
      ring 66 which has a radial port 67 which communicates with another conduit
      68 provided in body 40. Hence, upon application of pressurized fluid
      through conduit 68, the effectiveness of seals can be determined when the
      tool is initially assembled. Thereafter, conduit 68 may be plugged, if
      desired, or may be left open to facilitate separation of body 40 and ring
      50 during the release sequence.
PAR  It will thus be observed that the art has been provided with a relatively
      simple apparatus and method for accomplishing a relatively difficult
      underwater pipe connection. The connection is accomplished by leaving the
      conduit unobstructed with a full axial bore therethrough. The operation
      can generally be carried out remotely without necessity for having divers
      on the sub-sea location, or if divers are used, their use is reduced to a
      minimum. The apparatus and method provides for a safe, efficient,
      convenient, and easily operated system to complete the interconnection of
      two pipes in a difficult working environment. The plug can be withdrawn
      without the necessity of maintaining pressure on the plug. Stated
      otherwise, the plug is provided with means which positively keep it in the
      disengaged condition once it is released, as described above, which
      greatly facilitates removal thereof.
PAR  Further modification and alternative embodiments of the apparatus and
      method of this invention will be apparent to those skilled in the art in
      view of this description. Accordingly, this description is to be construed
      as illustrative only and is for the purpose of teaching those skilled in
      the art the manner of carrying out the invention It is to be understood
      that the forms of the invention herewith shown and described are to be
      taken as the presently preferred embodiment. Various changes may be made
      in the shape, size and arrangement of parts. For example, equivalent
      elements or materials may be substituted for those illustrated and
      described herein, parts may be reversed, and certain features of the
      invention may be utilized independently of the use of other features, all
      as would be apparent to one skilled in the art after having the benefit of
      this description of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus of drawing together the ends of two generally axially
      spaced apart conduits, the combination comprising:
PA1  a releasable pull plug arranged for mounting inside the end of one of said
      conduits, said plug having means for disengageably engaging the internal
      surface of said one conduit and locking said plug against axial movement
      relative thereto;
PA1  a line attached to said plug and extendable through said other conduit for
      exerting a pulling force thereon, whereby said two conduit ends may be
      drawn together by pulling on said line;
PA1  fluid actuated release means provided in said plug for disengaging said
      locking means from said conduit upon actuation thereof;
PA1  means operable in response to the actuation of said release means for
      holding said locking means in the disengaged position independently of
      said fluid pressure;
PA1  and means for applying pressurized fluid to said release means to thereby
      release said plug, whereby said plug after release thereof, and with said
      locking means held in said disengaged position, may be withdrawn through
      said other conduit by pulling on said line.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein:
PA1  said locking means includes a plurality of clips circumferentially spaced
      about said plug for disengageably engaging an annular recess in the
      internal wall of said one conduit.
NUM  3.
PAR  3. The invention as defined in claim 2 wherein:
PA1  said holding means includes means for biasing said clips towards said
      disengaged position.
NUM  4.
PAR  4. The invention as defined in claim 2 and further including:
PA1  seal means mounted on said plug for effecting a seal between said plug and
      said one conduit when said clips are disposed in said recess engaging
      position.
NUM  5.
PAR  5. In apparatus for drawing together the ends of two generally axially
      spaced apart conduits, the combination comprising:
PA1  a releasable pull plug arranged for mounting inside the end of one of said
      conduits, said plug having a mandrel with a body mounted on said mandrel
      for relative movement therewith;
PA1  means supported by said plug for disengageably engaging the internal
      surface of said conduit and locking said plug against axial movement
      therein;
PA1  an annular resilient seal mounted axially adjacent a portion of said body
      for sealing with the internal surface of said conduit upon axial
      compression thereof;
PA1  an annular thrust ring mounted on said mandrel and generally axially
      adjacent said body, said thrust ring having an annular portion which is
      cooperative with said body for axially compressing and radially deforming
      said seal to said sealing position when said locking means are engaged
      with said conduit;
PA1  said plug including fluid pressure actuated release means movable between a
      set position in which said locking means are held in the conduit engaging
      position and a release position in which said locking means are released
      from engagement with said one conduit in response to relative axial
      movement between said mandrel and body;
PA1  means for attaching a line to said mandrel, which line is extendable
      through said other conduit for exerting a pulling force thereon, whereby
      said two conduit ends may be drawn together by pulling on said line;
PA1  and means for applying pressurized fluid to said release means to thereby
      cause axial movement between said mandrel and body to release said locking
      means, whereby said plug, after release of said locking means, may be
      withdrawn through said other conduit by pulling on said line.
NUM  6.
PAR  6. The invention as claimed in claim 5 wherein:
PA1  said locking means includes a plurality of circumferentially spaced clips
      arranged for engaging an annular recess in the internal surface of said
      conduit.
NUM  7.
PAR  7. The invention as claimed in claim 5 including:
PA1  means supported by said plug for resisting relative movement between said
      mandrel and said body until said fluid pressure exceeds a predetermined
      extent.
NUM  8.
PAR  8. The invention as claimed in claim 5 including:
PA1  bias means supported by said plug for urging said locking means radially
      inwardly toward the release position.
NUM  9.
PAR  9. The invention as claimed in claim 5 including:
PA1  another annular resilient seal supported generally axially adjacent said
      first seal;
PA1  an annular testing ring mounted between said seals, said testing ring
      having radial port means therethrough for applying fluid pressure to the
      space between said seals to thereby test said seals;
PA1  and conduit means communicating with said port means through said plug for
      applying fluid pressure thereto.
NUM  10.
PAR  10. The invention as claimed in claim 5 including:
PA1  means operable in response to the activation of said release means for
      holding said locking means in the disengaged position independently of
      said fluid pressure.
NUM  11.
PAR  11. Apparatus for connecting together the ends of two spaced apart
      conduits, the combination comprising:
PA1  ball and socket members mounted on said conduit ends, said ball member
      being mateably engageable with said socket member to permit relative
      misalignment between said conduits and to secure said conduits together;
PA1  a releasable pull plug arranged for mounting inside the end of one of said
      conduits, said plug having means for disengageably engaging the internal
      surface of said one conduit and locking said plug against axial movement
      relative thereto;
PA1  a line attached to said plug and extendable through said other conduit for
      exerting a pulling force thereon, whereby said ball and socket members may
      be drawn together in mating engagement as aforesaid by pulling on said
      line;
PA1  fluid pressure actuated release means provided in said plug for disengaging
      said locking means from said conduit upon actuation thereof;
PA1  means operable in response to the actuation of said means for holding said
      locking means in the disengaged position independently of said fluid
      pressure;
PA1  and means for applying pressurized fluid to said release means to thereby
      release said plug, whereby said plug after release thereof, and with said
      locking means held in said disengaged position, may be withdrawn through
      said other conduit by pulling on said line.
NUM  12.
PAR  12. The invention as defined in claim 11 wherein:
PA1  said locking means includes a plurality of clips circumferentially spaced
      about said plug for disengageably engaging an annular recess in the
      internal wall of said one conduit.
NUM  13.
PAR  13. The invention as defined in claim 12 wherein:
PA1  said holding means includes means for biasing said clips towards said
      disengaged position.
NUM  14.
PAR  14. The invention as defined in claim 12 and further including:
PA1  seal means mounted on said plug for effecting a seal between said plug and
      said one conduit when said clips are disposed in said recess engaging
      position.
NUM  15.
PAR  15. In a method of drawing together the ends of two generally axially
      spaced apart conduits, the combination comprising:
PA1  installing a releasable pull plug inside the end of one of said conduits,
      said plug being releasable in response to the application of fluid
      pressure thereto;
PA1  attaching a line to said plug and extending said line through said other
      conduit;
PA1  applying a tension force on said line to thereby draw said two conduit ends
      together;
PA1  applying fluid pressure to said plug to thereby release said plug;
PA1  relieving said fluid pressure, with said plug remaining in said released
      condition;
PA1  and withdrawing said released plug from said conduits by pulling on said
      line, while said fluid pressure is relieved.
NUM  16.
PAR  16. The invention as claimed in claim 15 wherein:
PA1  said plug is held in said one conduit end by supporting a plurality of
      clips about the periphery of said plug and engaging said clips in a recess
      about the internal surface of said one conduit end;
PA1  and including positively urging said clips to the disengaged position while
      said fluid pressure is relieved to thereby facilitate withdrawal of said
      plug.
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ABST
PAL  This invention relates to a terminal locator and retainer device for use in
      crimping dies. More particularly the device consists of a molded block of
      resilient material which contains locating means for accurately
      positioning the terminal and retaining means for holding the terminal and
      wire being terminated without need for external support. Further, the
      device provides a dynamic means for preventing terminal bowing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The termination of wire into an open barrel terminal utilizing a
      conventional "F" type crimp on top of the terminal and highly deforming
      the underside simultaneously by means of a raised bar on the anvil
      presented serious problems. First, there was no way to hold the terminal
      and wire except by hand. As the nest descended its force easily overcame
      the stabilizing force of the operator with the result that the terminal
      twisted and the crimp was either totally lost or very poor. Secondly,
      there was no way of accurately positioning the terminal with respect to
      the anvil and nest. Thirdly, the wire had to be held by hand in the
      barrel, during the crimping operation. This of course subjected the
      operator to injury to his hand or fingers.
PAR  Accordingly, the object of the present invention was to provide a means
      which could hold the terminal without human aid.
PAR  Another object of the present invention was to provide a means which would
      automatically position the terminal into correct alignment with the die
      members.
PAR  Yet another object of the present invention was to provide means which
      would hold the terminal in correct alignment during the crimping and
      deforming operation.
PAR  Still another object of the present invention was to provide means which
      would hold the wire in correct alignment with respect to the wire barrel
      during crimping operations without requiring operator assistance.
PAR  These and other objects were achieved in the present invention which
      includes a terminal locator and retainer device consisting of a body
      having a tongue receiving slot and an integral spring member which permits
      the terminal to be moved vertically generally uniformly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the utility of the present invention;
PAR  FIG. 2 is a perspective view of the back side of the present invention;
PAR  FIGS. 3-6 are cross-sectional views, taken along lines 3--3 of FIG. 1,
      showing sequentially the positioning and crimping of a terminal and wire
      utilizing the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein like reference numerals represent
      corresponding parts in all Figures, there is shown in FIG. 1 a
      conventional hydraulically-operated crimping press 10 containing a nest
      12, anvil 14; i.e., the crimping dies, an insulation support member 15 and
      the terminal locator and retainer device 16, hereinafter sometimes
      referred to simply as retainer device 16 or device 16.
PAR  A wire 18 and open barrel terminal 20 is shown to the right of press 10.
PAR  Nest 12 consists of the wire barrel crimping portion 22 and insulation
      crimping portion 24.
PAR  Anvil 14 is characterized by its wire barrel support 26 and the high
      deformation bar 28 which rests on support 26.
PAR  Wire 18 contains a conductor 30 which may be solid or stranded as shown,
      and an insulation jacket 32. The wire has been prepared for terminating by
      exposing the portion of the conductor which will be received in wire
      barrel 34 of terminal 20.
PAR  In addition to wire barrel 34, terminal 20 consists of a tongue 36 and, at
      the other end, insulation barrel 38.
PAR  Wire barrel 34 is characterized by two upwardly diverging side walls 40
      connected at the base by an arcuate floor 42. The inside of the floor and
      walls may contain indentations. The insulation barrel, which also has two
      side walls 43, is displaced downwardly relative to the wire barrel to
      adjust for the insulation jacket thickness.
PAR  Terminal locator and retainer device 16 may be molded with the preferred
      material being polyurethane rubber. The front face 38 contains a large
      opening 40 and a narrow, horizontal slot 42 just beneath. Slot 42 extends
      through the body and opens out onto the back side.
PAR  The back wall 44 of opening 40, seen in FIG. 3, slopes rearwardly from the
      top wall and ends spaced above the floor to define a narrow horizontal
      slot 46 which opens out onto the back side 48 of the retainer device (FIG.
      2).
PAR  The top wall 50 of the opening contains an arcuate groove 52.
PAR  On the portion of the front face 38 running across the top of opening 40
      and in the center thereof is a forwardly extending projection 54 which
      provides the locating and positioning means for terminal 20. The width of
      projection 54 is equal to the space between the side walls 40 of terminal
      20 at their free ends. The sides of the projection taper inwardly as shown
      in FIG. 1 to reflect the slanted side walls 40. The upper surface 56 of
      the projection is beveled as may be seen in the cross-sectional views 3-6.
PAR  A pair of raised dots 58, positioned on the front face 38 of the retainer,
      one on each side of projection 54, provide guide means for placing the
      terminal.
PAR  The lower portion of retainer device 16 is cut away to provide a thin
      downwardly depending mounting flange 60 as seen in FIG. 2. A brace 62
      resiliently supports the rear upper portion of the retainer device.
PAR  The method of utilizing the terminal locator and retainer device 16 is
      shown sequentially in the cross-sectional views, FIGS. 4-6. Beginning with
      FIG. 4, the tongue 36 of terminal 20 is shoved against the sloping rear
      wall 44 which guides it down into slot 46. This slot is slightly
      undersized relative to the thickness of the tongue so that it frictionally
      holds the terminal. The leading edges of the wire barrel side walls 40
      abut the front face 38 of the retainer, one wall on either side of
      projection 54. Between slot 46 and projection 54, terminal 20 is securely
      held against axial, lateral or rotational movement. Further, the terminal
      is in alignment with the anvil and nest with floor 42 of the wire barrel
      resting on top of bar 28. The retention is so firm that the operator's
      hands are completely freed.
PAR  If, during the step of inserting the tongue 36 into opening 40 and slot 46,
      the terminal had been canted to one side or the other, the aforementioned
      raised dots would have caused the terminal to veer over into correct
      alignment or, in the case where the cant angle was too high, would have
      let the terminal abut up against the face at such a cocked angle that it
      would be immediately apparent that the positioning of the terminal was
      incorrect. In other words, by virtue of the raised dots 58 and projection
      54, the terminal is located on the anvil either precisely correct or very
      obviously incorrect.
PAR  Moving to FIG. 5, prepared wire 18 is located so that the tip 64 of
      conductor 30 enters groove 52 and the remaining bared portion rests in
      wire barrel 34. The weight of the wire forces tip 64 up against the groove
      surface and in that manner the wire is held in place without any other
      support. The covered wire behind the bared conductor rests in insulation
      barrel 38.
PAR  FIG. 6 is a view taken at the point where anvil 14 has moved up into
      engagement with nest 12. As the anvil approaches the nest, the beveled
      upper surface 56 of projection 54 strikes the nest and retainer device 16
      is cammed backward and downward in the direction indicated by arrow 66.
      This rotational motion is necessary first to remove the projection 54 and
      raised dots 58 out of the way of the nest; i.e., these projections would
      otherwise be in the crimp area and obviously sheared off by the nest.
      Secondly, under the crimping force applied, conductor 30 and wire barrel
      34 are significantly enlarged axially; i.e., the conductor and wire barrel
      are extruded into opening 40. The rotational movement provides increased
      axial length in the opening for this extrusion. Additionally, the
      rotational movement provides a benefit in that the walls surrounding
      tongue 36 are compressed and the terminal is held more firmly during the
      critical crimping operation.
PAR  The presence of bar 28 on anvil 14 results in a high degree of compression
      between the conductor and wire barrel. In the case of a stranded
      conductor, inter-strand cold welding occurs which greatly enhances the
      conductivity of the termination. However, the presence of the bar
      introduces an undesirable affect of axially bowing the terminal about the
      wire barrel. To prevent bowing, means must be provided which allows the
      terminal 20 to displace vertically, relative to anvil 14, a distance equal
      to the height of bar 28 and thereafter provides firm support during the
      remaining crimping action. The present invention provides the means for
      accomplishing these objectives in this manner. Referring to FIG. 5, the
      floor of opening 40 - slot 46 is on the same plane as the top of bar 28,
      and the top wall of slot 42 is on the same plane as the top of anvil 14.
      Now referring back to FIG. 6, tongue 36 has been vertically displaced so
      that it is on approximately the same plane as anvil 14. The void defining
      slot 42 and the resiliency of the material separating that slot and slot
      46 permits this downward displacement. Over travel of the terminal tongue
      is prevented by the firm support provided by the floor of slot 42
      buttressed by brace 62.
PAR  After side walls 40 and 43 have been crimped into encompassing engagement
      with conductor 30 and wire 18, and the wire barrel 34 deformed by bar 28,
      the anvil 14 is withdrawn from nest 12. With the pressure relased
      therefrom, retainer device 16 rotates back up to its normal position shown
      in FIGS. 1-5 and the terminated wire and terminal may now be withdrawn
      from locator and retainer device 16.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom, as some modifications will be obvious to those skilled in the
      art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A terminal locator and retainer device for locating and retaining a
      terminal having a projecting tongue or the like in crimping means
      comprising: a block of deformable material having retaining means for
      removably receiving and frictionally retaining the tongue of a terminal
      and locating means for locating and positioning the terminal to a position
      on top of a bar-containing-anvil in the crimping means and further having
      wire retaining means for removably receiving and retaining a wire which
      may be terminated in the terminal.
NUM  2.
PAR  2. The terminal locator and retainer device of claim 1 wherein the
      retaining means include an expandable slot in the block for slidingly
      receiving the tongue of the terminal, said slot being of lesser size than
      the thickness of the tongue.
NUM  3.
PAR  3. The terminal locator and retainer device of claim 1 wherein the locating
      means include a projection on one face of the block, said projection
      having downwardly converging sides adapted to engage the inside surfaces
      of the side walls on the terminal thereby positioning the terminal in a
      predetermined location.
NUM  4.
PAR  4. The terminal locator and retainer device of claim 3 wherein the locating
      means further include a raised dot positioned on each side of the
      projection, said dots adapted to guide the side walls of the terminal into
      proper engagement with the projection.
NUM  5.
PAR  5. The terminal locator and retainer device of claim 1 wherein the wire
      retaining means include an opening in one face of the block for receiving
      the end of the wire which may be terminated in the terminal.
NUM  6.
PAR  6. The terminal locator and retainer device of claim 1 further having a
      slot of predetermined height located below the retaining means and spaced
      therefrom by a deformable layer of resilient material, said material
      adapted to be moved in a vertical direction into the slot so that the
      terminal is displaced vertically on a generally uniform plane during the
      crimping thereof so that one end of the terminal does not become bowed in
      relation to another end.
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PAL  Disclosed is a deformable wire stripper comprising either a single or set
      of blades fabricated from a deformable material such as a plastic. The
      material is selected so it will undergo plastic or elastic deformation
      upon contact with a metal conductor, but yet will penetrate and cause
      deformation of the wire insulation to be stripped.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional wire strippers generally utilize extremely hard metal blades,
      such as stainless steel, such blades being capable of cutting through both
      the plastic insulation and metal conductor. For this reason, in the
      fabrication of conventional wire strippers, the blades must be dimensioned
      to close tolerances so they will penetrate and cut the insulation, yet
      leave the conductor substantially untouched. To this end, the typical hand
      wire stripper comprises a cutting blade having therein a number of
      notches, or grooves, each notch being dimensioned for use on a different
      size wire. Such a device requires the operator to properly select the
      correct notch size, and then carefully close the stripper around the wire
      so as to cut and penetrate the insulation without damage to the wire.
      Damage to the conductor is prevalent with such strippers, since such
      stripping techniques not only requires the operator to carefully select
      the proper notch, but also requires that close tolerances be maintained in
      the fabrication of the blades as well as the wires. Where either the wire
      or the blade notch is out of tolerance, poor stripping or damage to the
      conductor may result. Inadequate penetration of the insulation may cause
      an incomplete strip of the insulation, or tearing of the insulation
      resulting in a non-uniform and ragged edge. Penetration of the blade to a
      depth of greater than the insulation may result in the cutting, gouging or
      deformation of the conductor, the damaged area being a prime spot for
      electrical failure
PAR  U.S. Pat. No. 3,703,840 in attempting to obviate the requirement of exact
      dimensioning of the blade to conform about the wire, provides a plurality
      of thin blade-like members mounted on spring arms so that they may flex,
      and move relative to each other when closed about a wire. The spring means
      is so tensioned that the blade members will cut and sever the electrical
      insulation but will flex upon contact with the metal conductor. However,
      it is specifically noted that the cutter blade must be made of a metal and
      preferably of relatively hard steel. It was previously thought that
      materials softer than that of a copper conductor would have marginal
      penetration into the insulation making it either impossible to strip such
      insulation or resulting in an extremely ragged edge at the end of the
      stripped insulation. In addition, it was heretofore accepted that
      extremely hard cutting steel or a like metal material was required to
      insure a reasonable working life.
PAR  It is an object of this invention to provide a wire stripper having blades
      which will strip insulation yet not damage the conductor even if placed in
      pressure contact therewith. It is another object of this invention to
      provide such a deformable blade from a single material, without the
      requirements of springs or flexing configurations.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects are accomplished by selecting as the blade material
      one which, upon application of sufficient force, will penetrate the
      insulation, deforming and/or cutting it, and upon pressure contact with
      the conductor, will itself deform rather than deforming or penetrating the
      conductor.
PAR  More particularly, a material which will undergo plastic or elastic
      deformation is configured to form a cutting edge. The material is engaged
      with a force exerting means such that upon application of sufficient
      force, the edge will cut or deform the insulation, after which the
      insulation can be stripped from the conductor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective illustration of a wire stripping device according
      to one embodiment of this invention.
PAR  FIG. 2 is an illustration of the use of two deformable blades in the
      stripping of wire insulation.
PAR  FIG. 3 is a cross-section taken along line 3--3 of FIG. 2.
PAR  FIG. 4 is an illustration of the use of a single blade and anvil in the
      stripping of wire insulation.
PAR  FIG. 5 is a cross-section taken along line 5--5 of FIG. 4.
DETD
PAC  PREFERRED EMBODIMENT
PAR  This invention is related to an apparatus and process of stripping wires.
      By use of the term "wire" is meant not only conventional, concentric
      insulated conductors, for which prior art conventional wire strippers are
      generally designed, but also, other "wire" configurations for which the
      present invention is particularly suited. Thus, by the term "wire" is
      meant, any jacketed conduit in which the conduit is less deformable than
      the jacket. The term "conductor" as used herein is synonomous with conduit
      and includes not only electrical conductors, but also optical conductors
      wherein easily damaged fiber optics materials such as acrylics may be
      stripped via this invention. In addition, "conductor" may include conduits
      or pipes for the transmission of liquid or gaseous material, such conduits
      having an outer jacket, as for example where thermal insulation of the
      conduit is required. Finally, by the term "wire" is meant not only
      concentrically positioned conductors and insulation, but also a variety of
      other conductor-insulation configurations. For example, flat cables,
      ribbon cables, as well as a plurality of insulated conductors having an
      outer secondary insulating jacket around and therebetween.
PAR  Referring to FIG. 1, a hand wire stripper utilizing the deformable blade of
      this invention is shown. Handles 7 and 8 are connected to jaws 9 and 10
      through which is applied pressure contact to deformable blades 11 and 12.
      The blades are conveniently mounted in mounting blocks 13 and 14 for easy
      replacement. Notches 15 and 16 may be pre-formed or may result from the
      stripping operation itself as will be discussed in greater detail later.
      Of course, it will be understood that although a simple hand held wire
      stripper is illustrated, a wide variety of wire stripping designs can be
      utilized in accordance with this invention, including automatic wire
      strippers.
PAR  Referring to FIGS. 2 and 3, a wire stripper having two deformable blades,
      24 and 26 are utilized for stripping of the insulation. The blades are set
      and aligned in tooling blocks 20 and 22 by any convenient means, such as a
      set screw, not shown. Blades 22 and 24 taper to an edge of less than 0.030
      inch and preferably less than 0.005 inch to about 0.001 inch. The angle of
      taper, .alpha. is preferably less than 65.degree. and in most instances
      preferably between 15.degree. and 45.degree.. Greater angles tapering to
      an edge of approximately 0.001 inch have a tendency to bend away upon
      pulling of the wire, resulting in poor or no stripping of the insulation.
      Ideally, the angle of pull, .beta., should be 0.degree., but variation in
      pull angle up to 30.degree. appear to have little effect on stripping.
      Also, as shown in FIG. 2, the direction of pull towards the blade taper is
      preferred, yet good strips have been obtained by pulling in the opposite
      direction.
PAR  Referring, more specifically to FIG. 3, blades 24 and 26 are shown in the
      closed position deformed about the insulation. The degree of deformation
      of the blade, and its degree of penetration into, and deformation of, the
      insulation, will of course vary with the blade and insulation materials.
      In accordance with this invention, a "strain balance"  must be achieved
      between the blade, the insulation, and the conductor. The blade should be
      selected so that it will readily penetrate and deform the insulation, with
      little or no deformation of its own, but upon total penetration of the
      insulator and pressure contact with the conductor, it will deform as
      opposed to damaging the conductor. For relatively soft insulation, such as
      polyethylene or teflon, with a relatively hard deformable blade such as
      plexiglass, a 0.005 inch edge has been found to readily penetrate and cut
      the insulation, and then deform about the conductor. Upon stripping,
      smooth, uniform edges result. Where harder insulators, as for example
      where polyvinylidene fluoride type insulations are to be stripped, and a
      softer blade material, such as nylon 66 is used, the blade need not
      completely cut and penetrate insulation, but need merely deform it to such
      an extent that upon pulling of the insulation, a relatively smooth break
      in insulation is obtained. Surprisingly, I have found that as long as
      substantial deformation of the insulation is obtained, and the angle of
      pull is substantially along the axis of the wire, complete cutting of the
      insulation is not necessary to achieve a uniform edge.
PAR  Of course, in accordance with this invention, the proper "strain balance"
      must be maintained. Thus, for instance, relatively soft blade materials,
      such as 6/6 nylon or A.B.S. may not be suitable for the stripping of
      extremely hard varnish insulations, since the blade will substantially
      deform prior to deformation and penetration into the insulation. By proper
      "strain balance" is meant that through the stripping operation, the
      conductor undergoes substantially no strain while the insulation undergoes
      substanial strain from the applied stress of the blade, and the blade
      itself undergoes, at most, slight deformation while deforming the
      insulation but readily deforms upon contact with the conductor. In the
      case of extremely hard insulations, such as varnishes, it may be necessary
      to utilize plastic materials having inorganic fillers to act as abrasives
      and reinforcing agents thereby increasing the toughness of the blade to
      prevent its deformation during penetration of the insulation. However,
      greater care must be taken in this case to insure that the conductor is
      not deformed by the blade material. Where extremely hard, deformable
      blades must be utilized due to the toughness of the insulation, notches or
      grooves are preferably pre-cut in the blades as is done with conventional
      metal wire strippers. However, even here, close tolerances and proper
      groove selection is not nearly as critical as with sharp metal blades,
      since even reinforced plastic materials such as glass filled epoxies, tend
      to deform before actually cutting into and permanently damaging a metal
      conductor. Pre-notching also is beneficial in reducing the penetration
      force required, thereby in the case of hand strippers, reducing operator
      fatigue. Nevertheless, in using relatively hard materials such as
      epoxy-glass, pre-grooving the blades is advisable so that the blades need
      not be required to undergo complete deformation around the entire
      conductor diameter increasing the possibility of damage to the conductor.
      On the other hand, where relatively soft wiring insulations, such as
      polyolefins or P.V.C. are to to be stripped, relatively soft blades such
      as nylon 66 or A.B.S. may be used. Such blades, need not have a notch or
      groove pre-cut therein since upon contact with the conductor, they will
      readily deform around the conductor with no resulting damage to the
      conductor. Surprisingly, and completely contrary to any suggestions of the
      prior art, I have found that deformable blades, such as nylon may be
      utilized over extended periods for the stripping of wire, i.e., greater
      than 100 strips. Also, unexpectedly, the edge of the insulation stripped
      is in many cases, as smooth and as uniform as wire stripped with a proper
      sized metal cutting blade.
PAR  In addition, since for most applications, the blades need not be
      pre-notched or grooved to a specific wire size, odd shaped wires such as
      non-concentric wire may also be readily stripped via this process. Also,
      multiple wires, even of different diameters, may be stripped in a single
      stripping operation. For example, I have stripped twisted pairs, wherein
      the wires were both stripped and straightened via one pulling operation.
PAR  Also, wires having stranded conductors have been stripped without any
      discernable damage to the conductor. For example, polyarylene blades,
      (Stylan.sup.T from Raychem Corp.), not pre-notched, were found suitable
      for stripping stranded wire with P.V.C. insulations of A.W.G. sizes
      between 16 and 30.
PAR  Referring to FIGS. 4 and 5, an alternative embodiment of this invention is
      shown. A single blade, either pre-notched, or readily deformable about the
      conductor, may be utilized in conjunction with an anvil. Deformable blade,
      34, is aligned with the wire, and set into block 32 by any convenient
      means. The angle of taper, .alpha., is preferably less than 60.degree.,
      while the angle of pull, .beta., is ideally 0.degree.. The anvil, 36,
      should be made of a flat hard material, so upon exertion of pressure, as
      best seen in FIG. 5, the blade 34, will penetrate the insulation 38, and
      deform about the conductor 40, stopping upon contact with the anvil. It
      will of course be understood that numerous other blade configurations
      utilizing deformable blades may be designed for use in accordance with
      this invention.
PAR  Although surprisingly, we have found that relatively soft deformable blades
      exhibit good stripping properties for a number of strips, it will be
      understood that for optimum reliability the blades may be used on a "one
      shot" basis. Since the cost of the blade material may be kept relatively
      inexpensive, i.e., polystyrene, and little or not machining is required,
      by achieving the proper "strain balance" between the insulation, conductor
      and blade, an excellent cut, with no damage to the insulation may be
      achieved by utilizing a fresh blade for each strip. Obviously, as even in
      the case with pre-notched metal baldes, the quality of the strip will
      deteriorate over extended use of the same blade. However, unlike
      pre-notched stainless steel blades, the use of a fresh blade after each
      strip is not economically prohibitory. Where high quality electrical
      terminations are required, the cost of constant replacement of a plastic
      deformable blade, is minimal. Also, to achieve such continuous replacement
      of the blade, it would be understood that a means may be provided in the
      wire stripper device for storing a number of blades and automatically
      unloading the used one and loading a fresh one after each strip. Also,
      used blades may be readily recycled by heating them to their melt
      temperature to reform the edge.
PAR  This invention will become apparent from the following more specific
      examples.
PAC  EXAMPLE I
PAR  Irradiated P.V.C. insulated wire (Raychem Rayovin.sup.R 21/011-22) was
      stripped using a nylon 66 blade. Blades with variation in taper to an edge
      of 0.001 inch were evaluated, the results of which are summarized in Table
      1. The taper was measured as shown by the angle alpha in FIG. 2.
TBL                Table I                                                     

     ______________________________________                                    

     (.degree.)                                                                

            Stripping Force (lb.)                                              

                                Remarks                                        

     ______________________________________                                    

     15.degree.                                                                

            7.0               always stripped                                  

     30.degree.                                                                

            7.0               always stripped                                  

     45.degree.                                                                

            6.0               stripped 50% of time                             

     50.degree.                                                                

            4.0               no strip                                         

     60.degree.                                                                

            2.0               no strip                                         

     75.degree.                                                                

             .2               no strip                                         

     ______________________________________                                    

PAL  From the table, it can be seen that variations in blade geometry may
      produce variations in stripping results. This is due to the amount of
      penetration force that the blade can exert on the wire insulation as well
      as the amount of shear stress it can withstand upon pulling. If the
      penetration force is high enough, plastic deformation of the insulation
      will occur and stripping will result unless shear stress of the blade is
      exceeded. On the other hand, if the angle is too great, the blade material
      will either deform at too low a stress level during penetration of the
      plastic or will be sheared off during pulling of the wire.
PAC  EXAMPLE II
PAR  This example demonstrates the importance of blade material on stripping
      results. A P.V.C. insulated wire, as in Example I (Raychem Rayovin.sup.R
      No. 21/011-22) was stripped using various blade materials tapered at a
      45.degree. angle to an edge of 0.005 inch. The results are summarized in
      Table II. F.sub.s represents the force required to strip while F.sub.p
      represents the force required to penetrate the insulation.
TBL                Table II                                                    

     ______________________________________                                    

     Blade Material F.sub.s (lb.)                                              

                             F.sub.p  Remarks                                  

     ______________________________________                                    

     ABS            3.5      4.7      no strip                                 

     Polystyrene    2.3      12.3     stripped                                 

     Epoxy-Glass(G-10)                                                         

                    3.0      13.0     stripped                                 

     Acrylic Plexiglass                                                        

                    4.8      12.0     stripped                                 

     Nylon 66       4.1      6.8      stripped                                 

                                      inconsistently                           

     Polycarbonate  2.6      8.8      stripped                                 

     Polyarylene (Stylan                                                       

                    5.7      8.7      stripped                                 

     from Raychem Corp)                                                        

     ______________________________________                                    

PAL  As can be seen from Table II, the force required to penetrate the P.V.C.
      insulation was greater than 8 lbs. Where softer blade materials were used,
      which deformed at less than 8 lbs., poor stripping resulted. Harder
      materials, which did not deform at the force required to penetrate the
      insulation, such as plexiglass and polystyrene, gave excellent stripping
      results. Although the most suitable blade material may vary from
      insulation to insulation, deformable materials ranging in hardness between
      a Rockwell harness of M30 and M130 when tested via ASTM Test Method D785
      are best suited for use as deformable blades. Although inexpensive
      thermoplastic materials which will undergo plastic deformation upon
      contact with the conductor are preferred and adequate for most
      applications, tougher, thermosetting materials such as epoxy-glass, are
      also contemplated by this invention for hard to strip insulators. Also,
      elastomeric materials which undergo elastic deformation during stripping
      but recover to the original shape after stripping may be utilized,
      provided that the elastomer is substantially less deformable than the
      insulation to be stripped.
PAC  EXAMPLE III
PAR  Example III demonstrates the dependence of deformable stripping of wire
      insulation. A blade material of nylon 66 tapered at a 45.degree. angle to
      a sharpness of 0.005 inch was evaluated with various insulators over 22
      A.W.G. stranded wire. The results are summarized in Table III.
TBL                Table III                                                   

     ______________________________________                                    

     Wire           F.sub.s (lb..sub.f)                                        

                             Remarks                                           

     ______________________________________                                    

     Irradiated P.V.C.                                                         

                    3.9      stripped inconsistently                           

     (Rayovin No. 21/011-22                                                    

     Raychem Corp.)                                                            

     Thermorad (irradiated                                                     

                    4.5      stripped                                          

     polyolefin, Raychem                                                       

     Corp.)                                                                    

     Non-irradiated P.V.C.                                                     

                    4.1      stripped                                          

     Polyethylene telephone                                                    

                    4.2      stripped                                          

     wire(from Western                                                         

     Electric)                                                                 

     Spec 44(polyvinylidene                                                    

                    9.1      no strip                                          

     fluoride polyethy-                                                        

     lene wire)                                                                

     ______________________________________                                    

PAL  From Table III, it can be seen that a relatively soft, inexpensive
      thermoplastic blade material, such as nylon 66 may be used to strip common
      insulators such as P.V.C. and polyethylene. On the other, such a blade
      material is not suited for the stripping of extremely tough insulators
      such as polyvinylidene fluoride jacketed polyethylene. However, other
      deformable blade materials were used with success in stripping of this
      insulation, as for example G 10 epoxy-glass.
CLMS
STM  Having specifically described the invention, what is claimed is:
NUM  1.
PAR  1. A process for stripping insulation from wire comprising contacting the
      insulation with a material exhibiting plastic or elastic deformation
      greater than that of a conductor with a force sufficient to cause
      substantial deformation of the insulation via penetration by the material
      into the insulation; pulling the insulation substantially along the wire
      axis while maintaining the penetration force, the pull force being
      sufficient to cause the insulation to sever at the point of penetration
      whereby the insulation may be stripped without deformation of the
      conductor.
NUM  2.
PAR  2. The process of claim 1 wherein the wire comprises a plurality of twisted
      insulated conductors, said conductors being both stripped and straightened
      in one contacting and pulling operation.
NUM  3.
PAR  3. The process of claim 1 wherein the wire comprises a plurality of
      insulated conductors of varying sizes, said conductors being stripped in
      one contacting and pulling operation.
NUM  4.
PAR  4. The process of claim 1 wherein the wire comprises an insulated conductor
      wherein the insulation is not concentric with the conductor.
NUM  5.
PAR  5. The process of claim 1 wherein the deformable material comprises a
      plurality of deformable blades positioned so as to concentrically deform
      about the conductor.
NUM  6.
PAR  6. The process of claim 1 wherein the deformable material comprises a
      single blade which contacts the wire positioned over an anvil.
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ABST
PAL  Improved thermoelectric device and process, comprising the
      high-temperature, vacuum bonding of a graphite contact and
      silicon-germanium thermoelectric element by the use of a low void,
      aluminum, metallurgical shim with low electrical resistance sandwiched
      therebetween.
BSUM
PAC  RELATED APPLICATIONS
PAR  Ser. No. 679,281 filed Jan. 5, 1968, by James E. Monroe, now U.S. Pat. No.
      3,620,808.
PAR  Ser. No. 502,945 filed Oct. 23, 1965 by G. F. Dingwall et al., now U.S.
      Pat. No. 3,442,718.
PAR  Ser. No. 841,958 filed July 15, 1969 by Arthur J. Seuffert, now U.S. Pat.
      No. 3,627,650.
PAC  BACKGROUND OF THE INVENTION
PAR  Advantageously, thermoelectric converters operate reliably for long periods
      of time at high hot junction temperatures for producing high electrical
      power outputs, and to this end various systems employing radioisotope heat
      sources for Si-Ge thermocouples have become useful. In this regard, a heat
      transfer means, such as a fluid heated by the source, supplies heat to the
      hot junction of the thermocouple and another heat transfer means, such as
      a cooled fluid and/or radiator, cools the cold junction of the
      thermocouple to provide a high temperature differential across the
      thermocouple, whereby the electrical output of the converter corresponds
      to the temperature differential across the converter, while the high
      performance of the thermocouple and a high hot junction temperature has
      depended on a stable mechanical, chemical and metallurgical configuration.
PAR  Report NYO 3582-12, illustrates one example of such a thermoelectric
      device. As shown, for example in FIG. 3.5-1 of this report, the device
      comprises both "N" and "P" elements having end pieces, comprising shoes,
      straps, insulators, contacts, flexible connectors, and hot and cold plates
      that contain heat transfer fluids that circulate through respective hot
      and cold plates by means of suitable pumps, heat pipes or the like. The
      elements (N and P) have the same or different lengths. Similarly, the "N"
      and "P" elements (legs) of the device and their end pieces have various
      thicknesses, cross-sections, and cross-sectional areas, e.g. the same or
      different rectangular cross-sectional areas.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, made in the course of, or under a
      contract with the United States Atomic Energy Commission, clean aluminum
      shim interposed between the graphite contact and the Si-Ge thermoelectric
      element, provides an improved means for securing the graphite and Si-Ge
      conductive contact elements. In this regard, the process of this invention
      provides an improved thermocouple fabrication process for bonding the
      graphite contact and the Si-Ge thermocouple element, wherein the aluminum
      shim when exposed to high temperature in a vacuum, bonds the graphite and
      Si-Ge thermocouple with low-electrical contact resistance, negligible
      chemical interaction, and provides mechanical strength over a wide range
      of temperatures, shocks, vibrations, and launch conditions, into a space
      orbit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings where like elements have like reference numbers:
PAR  FIG. 1 illustrates a partial cross-section through the device of this
      invention;
PAR  FIG. 2 represents a graphic illustration of a performance curve of the
      device of FIG. 1, having a graphite Si-Ge bond in accordance with this
      invention;
PAR  FIG. 3 illustrates a photomicrograph of the as bonded condition provided by
      the aluminum shim of FIG. 1, showing SiGe penetration into an intermediate
      layer of graphite sandwiched between tungsten at the top and SiGe at the
      bottom of the photomicrograph;
PAR  FIG. 4 illustrates a photomicrograph of the as bonded condition provided by
      the elements of FIG. 3 after 3,000 hours at 900.degree.C, which shows no
      change in penetration distance and indicates the stability of the material
      thereof.
PAR  FIG. 5 illustrates a partial schematic drawing of the assembly means for
      providing the aluminum shim bonding of the elements of FIG. 1, in
      accordance with this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment of this invention provides an improved bond
      between a graphite contact and a "P" type Si-Ge thermoelectric element leg
      for operation over a wide temperature range for use in space. However, as
      understood from the following, this invention has utility in a wide
      variety of thermoelectric devices for a wide variety of temperature ranges
      and applications.
PAR  Referring now to FIG. 1, in one embodiment, this invention utilizes the
      following elements listed in the following table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     No.  Part      Dimension          Material                                

     ______________________________________                                    

     11   Al Shim   0.325" .times. 340" .times. 0.005"                         

                                       Aluminum                                

     13   Barrier   0.364" .times. 0.364" .times. 0.020"                       

                                       Graphite                                

     17   Pellet    0.325" .times. 0.340" .times. 0.400"                       

                                       SiGe Alloy                              

     15   Barrier   0.364" .times. 0.364" .times. 0.020"                       

                                       Graphite                                

     ______________________________________                                    

PAR  In accordance with this embodiment, the above-mentioned elements provide
      diffusion of the Si-Ge into the graphite for securing the conductive
      contact elements, comprising graphite contacts 13 and 15 and a P type
      thermoelectric element 17, made of silicon-germanium. To this end, the
      aluminum shim 11, when exposed to high temperature in a vacuum between the
      thermocouple and graphite end pieces produces a diffusion of the Si-Ge
      into the graphite, which it has been discovered, provides good physical
      connection between the graphite contact, and thermoelectric element 17,
      low-electrical contact resistance, negligible chemical interaction in the
      bond zone 19 at operating temperatures, sufficient mechanical connection
      to maintain the bond stable and effective over a wide temperature range,
      and effectively withstands severe shock and vibration during assembly and
      operation, particularly in launchings into space. In accordance with this
      invention, moreover, the bond resulting from the use of the shim 11 of
      this invention, which sandwiches between the parts to be bonded, i.e.,
      element 17 and contact 13 and/or 15, at high temperature in a vacuum, has
      a low void space, with mechanical strength greater than the weakest member
      in the system, and wherein no changes in physical, chemical or electrical
      characteristics occur with extended times at temperatures up to at least
      900.degree.C.
PAR  The following table II illustrates the isothermal testing of the Si-Ge
      thermoelectric element 17 having a graphite contact bonded thereto across
      a bond zone 19 produced with shim 11 in accordance with this invention.
TBL                TABLE II                                                    

     ______________________________________                                    

     Isothermal Testing at 900.degree.C                                        

     Hours at Temperature                                                      

                        Room Temperature                                       

                        Contact Resistance                                     

                        in Milliohms                                           

     ______________________________________                                    

     0 (as bonded)      0.18                                                   

      16 at 900.degree.C                                                       

                        0.16                                                   

      200 at "          0.17                                                   

     1000 at "          0.18                                                   

     2000 at "          0.20                                                   

     3000 at "          0.19                                                   

     ______________________________________                                    

PAR  The following table III illustrates the room temperature resistance of the
      Si-Ge thermoelectric element 17 having a graphite contact bonded thereto
      across a bond zone 19 produced with shim 11 in accordance with this
      invention.
TBL                TABLE III                                                   

     ______________________________________                                    

     Room temperature contact resistance after thermal cycling-                

     Ambient to 800.degree.C and return (2 hr. cycle)                          

     Cycles           Contact Resistance                                       

                      in Milliohms                                             

     ______________________________________                                    

     0                0.12                                                     

     5                0.12                                                     

     10               0.14                                                     

     20               0.12                                                     

     ______________________________________                                    

PAR  Referring to FIG. 2, the graphic representation thereof shows that the
      contact resistance increases by less than 0.02 milliohms in 3,000 hrs. at
      a test temperature of 900.degree.C. In this graph, the abscissa represents
      contact resistance in milliohms measured at room temperature and the
      ordinate represents the time in hours that the graphite-thermocouple bond
      of this invention was heated at 900.degree.C.
PAR  FIG. 3 shows an actual photomicrograph of the as bonded condition showing
      the SiGe penetration that occurs in bond area 19 with the Al-shim 11. In
      this FIG. 3, and FIG. 4, which shows no change in penetration in bond zone
      19 (indicating stability) after 3,000 hours at 900.degree.C, reference
      number 21 indicates Si-Ge in a portion of thermocouple 17, 19 the bond
      zone, 13 the graphite wafer, and 21' a tungsten contact bonded to the
      graphite, as described in the above-referenced report.
PAR  In accordance with one embodiment of the bonding method of this invention,
      a suitably cleaned aluminum shim 11 provides the basis for the desired
      SiGe penetration into the graphite. To this end before the bonding between
      the graphite contact and the SiGe thermoelectric element ultrasonic
      vibration and etching cleans the aluminum shim 11 in a dilute NaOH
      solution. Thereafter, a deionized water wash, a strong HNO.sub.3 solution,
      and further deionized water neutralizes cleans, washes and removes the
      NaOH solution from the etched aluminum shim 11. Thereupon, acetone removes
      the other liquids from the etched aluminum shim 11 and a gentle flow of
      warm air removes the acetone by evaporation from the etched aluminum shim
      11. The bonding of the resulting etched aluminum shim 11, comprises the
      respective assembly of aluminum shims 11 between element 17 and the
      graphite contacts 13 and 15 at the opposite ends of element 17, and
      heating of the assembly 19' in a vacuum at a temperature above the soldius
      temperature of the element 17.
PAR  In one example of the above described process, the following parameters
      apply:
PAC  EXAMPLE I
PAR  For: Aluminum shim 11 - Alcoa Aluminum, 1 mil thick foil
PAR  1. Aluminum cleaning process:***
PA1  a. Etch in 4% NaOH* solution at 55.degree.C .+-. for 15 sec. in ultrasonic.
PA1  b. Rinse in water for 1 min. ultrasonic.
PA1  c. Desmutter in 50% Nitric Acid solution for 15 sec. in ultrasonic.**
PA1  d. Rinse in clean water for 1 min. ultrasonic.
PA1  e. Rinse in deionized water for 1 min. ultrasonic.
PA1  f. Rinse in Acetone for 1 min. ultrasonic.
PA1  g. Blow dry in hot air.
FNT  * 12.51 gms/300 cc H.sub.2 O
FNT  ** 150 cc Nitric Acid - 150 cc H.sub.2 O
FNT  *** Pyrex Beakers
PAR  2. Assembly of shim 11 between element 17 and graphite shoes 13 and 15.
PAR  3. Bonding - vacuum pressure 10.sup..sup.-5 mm Hg, temperature
      .apprxeq.1150.degree.C, and time .apprxeq. approximately 5 minutes.
PAR  FIG. 5, illustrates apparatus 23 for performing the described method. Here,
      clamp 25, advantageously made of tungsten, holds contacts 13 and 15 at the
      opposite ends of thermoelectric element 17 to sandwich shims 11
      therebetween. In this embodiment cold shoe 27 forms from a graphite
      contact 13 having an aluminum shim 11 sandwiched between this contact 13
      and a "P" type Si-Ge thermoelectric element 17. Hot shoe 29 forms from
      graphite contact 15 with an aluminum shim 11 sandwiched between this
      contact 15 and the other end of thermoelectric element 17. Also, by
      employing ceramic flat 33 between graphite contact 15 and tungsten clamp
      25, the graphite contact 15 also bonds to an "N" type Si-Ge thermoelectric
      element 17. To this end, clamp 37 holds flat 33 against graphite contact
      15, which has an aluminum shim 11 sandwiched between graphite contact 15
      and an "N" type Si-Ge thermoelectric element 17. Thus, when exposed to
      high temperature in a vacuum, the clamped contacts 13 and 15 provide bond
      zones 19 in respective shoes 27 and 29. Likewise, clamp 37 holds another
      graphite contact 13 to sandwich an aluminum shim 11 against the " N" type
      Si-Ge thermoelectric element 17 for forming another cold shoe 27. After
      removing clamps 25 and 37, the cold shoes can be bonded to suitable
      tungsten elements for assembly in series with further thermoelectric
      elements (not shown) in accordance with the described process and by
      employing the described assembly apparatus.
PAR  In the described process the thermoelectric elements and end pieces may
      have the following parameters: C(13) 0.490 inch .times. 0.180 inch .times.
      0.020 inch; Al(11) 0.460 inch .times. 0.150 inch .times. 20.001 inches;
      SiGe(17) 0.460 inch .times. 0.150 inch .times. 0.420 inch; Al(11) 0.460
      inch .times. 0.150 inch .times. 20.001 inches; C(15) 0.490 inch .times.
      0.180 inch .times. 0.020 inch.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method for producing a thermoelectric device having a graphite contact
      for a silicon-germanium thermoelectric element, comprising the steps of:
PA1  a. cleaning an aluminum shim by sequentially vibrating said aluminum shim
      in dilute NaOH, de-ionized water, strong HNO.sub.3, deionized water and
      acetone, and a gentle flow of warm air;
PA1  b. sandwiching said shim between said graphite contact and said
      silicon-germanium thermoelectric element; and
PA1  c. bonding said graphite contact and silicon-germanium thermoelectric
      element with said aluminum shim sandwiched there between in a vacuum at a
      temperature above the solidus temperature for the silicon-germanium
      thermoelectric element.
PATN
WKU  039316742
SRC  5
APN  4409302
APT  1
ART  325
APD  19740208
TTL  Self aligned CCD element including two levels of electrodes and method
      of manufacture therefor
ISD  19760113
NCL  9
ECL  1
EXP  Tupman; W.
NDR  3
NFG  13
INVT
NAM  Amelio; Gilbert F.
CTY  Saratoga
STA  CA
ASSG
NAM  Fairchild Camera and Instrument Corporation
CTY  Mountain View
STA  CA
COD  02
CLAS
OCL   29578
XCL   29589
XCL  357 24
XCL  357 91
EDF  2
ICL  B01J 1700
FSC   29
FSS  571;578;589;576 B
FSC  357
FSS  24;91
UREF
PNO  3735156
ISD  19730500
NAM  Krambeck
OCL  357 24
UREF
PNO  3745647
ISD  19730700
NAM  Boleky
OCL   29571
UREF
PNO  3796928
ISD  19740300
NAM  Doo
OCL  357 24
UREF
PNO  3852799
ISD  19741200
NAM  Walden
OCL  357 24
LREP
FR2  MacPherson; Alan H.
FR2  Reitz; Norman E.
FR2  Richbourg; J. Ronald
ABST
PAL  A self-aligned charge coupled device comprises a semiconductor substrate
      having implanted barrier regions, an insulation layer disposed over the
      substrate, a first layer of closely spaced electrodes, a second layer of
      closely spaced electrodes interlaced between electrodes of the first layer
      and separated by insulation, and a conductor deposited between the first
      and second electrodes so as to electrically connect portions of the first
      electrodes to portions of the second electrodes. The process for
      fabricating this self-aligned CCD structure comprises the steps of
      selectively removing portions of a first conducting layer to form the
      first electrodes, forming a first oxide layer over the first electrodes,
      implanting barrier regions in the substrate in alignment with edges of the
      first oxide layer, selectively removing portions of a second conducting
      layer to form the second electrodes between the electrodes of the first
      electrode layer, forming a second oxide layer over the entire structure,
      selectively removing portions of the first and second oxide layers, and
      depositing conductors over the structure to electrically connect portions
      of the first electrodes to portions of adjacent second electrodes. Another
      disclosed embodiment relates to an alternate method of fabricating a
      semiconductor structure having closely spaced electrodes. The disclosed
      method is modified to remove portions of the first insulation layer prior
      to forming the second conducting layer so that each of the first
      electrodes are formed in ohmic contact with corresponding adjacent ones of
      the second electrodes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a charge coupled semiconductor device and the
      method of manufacture therefor; and, more particularly, to a charge
      coupled device (hereinafter CCD) having two levels of gate electrodes and
      self-aligned implanted barriers.
PAR  2. Description of the Prior Art
PAR  W. S. Boyle and G. E. Smith describe the basic concept of charge coupled
      semiconductor devices in an article published in the Apr. 19, 1970 Bell
      System Technical Journal, page 587, entitled "Charge Coupled Semiconductor
      Devices." As described by Boyle and Smith, a charge coupled device
      consists of a metal-insulation-semiconductor (MIS) structure in which
      minority carriers are stored in a "spatially defined depletion region,"
      also called "potential well" at the surface of the semiconductor material.
      The charge is moved along the surface by moving the potential minimum. A
      paper on page 593 of the same volume of the Bell System Technical Journal
      by Amelio, et al., entitled "Experimental Verification of the Charge
      Coupled Device Concept" described experiments carried out to demonstrate
      feasibility of the charge coupled device concept.
PAR  As discussed by Boyle and Smith, charge coupled devices are potentially
      useful as shift registers, delay lines, and in two dimensions, as imaging
      devices or display devices.
PAR  A CCD structure comprises a multiplicity of potential wells within a
      semiconductor substrate. The potential well is employed for storing, or
      accumulating, packets of charge. The accumulated packets of charge
      comprise carriers which are minority in relation to the conductivity type
      of the predominant impurity in the substrate containing the potential
      wells. In one embodiment, barriers are implanted periodically in the
      surface of the substrate in intervals which define the lateral extremities
      of the potential wells. The barriers make possible unidirectional flow of
      the charge packets. In some prior art CCD structures, the size of the
      implanted barriers, and the size of the potential well between adjacent
      barriers varies. This restricts the charge handling capabilities and the
      packing density of the CCD structure.
PAR  A need existed to develop a process and a CCD structure that would have
      self alignment features which would permit the gate electrodes of the two
      phase CCD to be in substantial self alignment with the implanted barrier
      regions cooperatively coupled to the overlying gate electrodes. Also, a
      need existed for a process and a resultant CCD structure that would
      provide uniformity of implanted barrier size, and uniformity of potential
      well size. In addition, it is desirable that this process be compatible
      with large scale integration processing techniques for MOS circuits.
PAR  The importance of extremely accurate processing to yield devices with
      predictable, reproducible characteristics in charge coupled devices for
      use in two-phase operation was pointed out in one of the first papers on
      the subject, an article by Krambeck, Walden and Pickar entitled "Implanted
      Barrier Two-Phase Charge-Coupled Device" published in Applied Physics
      Letters, Vol. 19, No. 12, pp. 520-522, in 1971.
PAR  In Patent Application Ser. No. 429,329, filed Dec. 28, 1973 by M. P.
      Anthony, et al., entitled "Self Aligned CCD Element Including Fabrication
      Method Therefor," and assigned in common with the present application, a
      charge coupled semiconductor device having self-aligned implanted barriers
      and the process for making such a device is described.
PAR  Also, in a patent application Ser. No. 445,361 by G. F. Amelio et al.
      entitled "Method for Manufacturing a Charge Coupled Device Having
      Self-Aligned Implanted Barriers with Narrow Gaps Between Electrodes," and
      assigned in common with the present application, an improved method of
      manufacturing a CCD is disclosed in which the implanted barrier regions
      are self-aligned with corresponding edges of the gate electrodes and in
      which the gaps between the electrodes are relatively narrow.
PAR  As pointed out in the above-cited Anthony, et al., copending patent
      application, efficient CCD operation is hindered when sizable gaps exist
      between adjacent electrodes. These gaps are wasteful in that they consume
      material which could be used for other portions of the structure. Also,
      these gaps are undesirable since they must be passivated during operation.
PAR  In U.S. Pat. No. 3,756,924 entitled "Method of Fabricating a Semiconductor
      Device" by D. R. Collins, et al., a method for forming a structure having
      adjacent closely spaced electrodes is disclosed. The disclosed structure
      and method in this patent is distinct from the structure and method
      disclosed in this application, as will be shown in greater detail
      hereinbelow.
PAR  This invention provides a structure and process for fabricating a CCD in
      which the barrier regions are intrinsically aligned with corresponding
      two-phase electrodes which are separated by very narrow gaps, which
      process is compatible with isoplanar processing. The term "isoplanar," as
      used herein, refers to the isolation of integrated circuits by means of a
      first dielectric formed after gate oxidation is carried out in regions
      defined by a second dielectric layer.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a self-aligned CCD structure is
      disclosed which comprises a semiconductor substrate having implanted
      barrier regions, insulation layers disposed over the semiconductor
      substrate, a first layer of spaced electrodes, an insulation layer
      selectively formed over the first layer, a second layer of electrodes
      selectively disposed between the electrodes of the first layer, and gate
      contacts formed so as to electrically connect the first layer of
      electrodes to the second layer of electrodes.
PAR  In accordance with another embodiment of this invention, a CCD structure
      having a self-aligned electrode barrier structure is fabricated. The
      process of fabrication comprises the steps of forming a first insulating
      layer over a semiconductor substrate, forming a first conducting layer
      over the first insulating layer, selectively removing portions of the
      first conducting layer, forming a second insulating layer over first
      electrodes comprising the remaining portions of the first conducting
      layer, implanting barrier regions in the substrate through the openings
      between the first electrodes, forming second electrodes between the first
      electrodes by selectively removing portions of a second conducting layer
      formed over the second insulating layer, forming a third insulating layer
      over the entire structure, selectively removing portions of the second and
      third insulating layers in areas above the first electrodes, and
      selectively forming gate contacts between the first and second electrodes
      so as to electrically connect the first and second electrodes.
PAR  In accordance with another embodiment of the process of this invention,
      portions of the second insulating layer are selectively removed prior to
      forming the second electrodes so that ohmic contact is effected directly
      between the first and second electrodes without the need for the gate
      contacts.
PAR  An important feature of this invention includes providing two
      polycrystalline silicon layers that are electrically connected together so
      as to functionally decrease the gaps between the electrodes. The two
      levels of polycrystalline silicon electrodes, when arranged in array form,
      advantageously provide a high functional density structure and allows a
      very dense packing of leads for peripheral circuitry. In this arrangement
      the first polycrystalline silicon layer forms a first interconnect axis,
      and the second polycrystalline silicon layer, forms a second interconnect
      axis orthogonal to the first axis.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is an elevational cross-sectional view of a semiconductor substrate
      with a first insulating oxide layer formed on one surface of the
      substrate, a second insulating nitride layer formed on top of the first
      insulating layer, and a first polycrystalline silicon layer formed on top
      of the second insulating layer.
PAR  FIG. 2 is a view similar to FIG. 1 with a first photoresist pattern formed
      on the top surface of the first polycrystalline silicon layer.
PAR  FIG. 3 is a view similar to FIG. 2 after portions of the first
      polycrystalline silicon layer have been etched away in the areas beneath
      the openings in the first photoresist pattern.
PAR  FIG. 4 is a view similar to FIG. 3 after the first photoresist pattern has
      been removed and after a second layer of silicon dioxide has been formed
      over the surface of the polycrystalline silicon layer, and after the
      formed structure has been irradiated with ions so as to implant barrier
      regions in the semiconductor substrate.
PAR  FIG. 5 is a view similar to FIG. 4 with a second polycrystalline layer
      formed over the second silicon dioxide layer, and a second photoresist
      pattern is formed over the second polycrystalline silicon layer.
PAR  FIG. 6 is a view similar to FIG. 5 after the second polycrystalline silicon
      layer has been etched and the second photoresist pattern is removed.
PAR  FIG. 7 is a view similar to FIG. 6 with a third insulating silicon dioxide
      layer formed over the structure of FIG. 6, and a third photoresist pattern
      is formed over the third silicon dioxide layer.
PAR  FIG. 8 is a view similar to FIG. 7 after the second and third insulating
      silicon dioxide layers have been etched away in the areas beneath the
      openings in the third photoresist pattern.
PAR  FIG. 9 is a view similar to FIG. 8 after the third photoresist pattern has
      been removed, and after a conducting layer has been selectively formed
      over the structure so as to electrically connect the remaining portions of
      the first and the second polycrystalline silicon layers.
PAR  FIGS. 10 through 12 illustrate a structure, and process steps, for another
      embodiment of this invention; wherein portions of the second silicon
      dioxide layer are removed to effect an electrical connection between the
      first and second polycrystalline silicon layers.
PAR  FIG. 13 illustrates still another embodiment of this invention, wherein a
      metallic conductor is substituted in lieu of the second polycrystalline
      silicon layer.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, a semiconductor substrate or wafer 20 is used as the
      starting material for the fabrication of the final CCD structure of this
      invention. The substrate 20 is a silicon slice of P type conductivity
      comprising, for example, a boron doped substrate. Although the described
      embodiment uses a silicon semiconductor substrate, it is evident to those
      skilled in the art that other semiconductor materials may be used.
      Furthermore, the conductivity type regions described in the embodiment
      shown in the Figures can be of opposite type conductivity, if desired, in
      order to provide a CCD structure using charge packets with the opposite
      type of minority carriers.
PAR  A first insulating layer 24, which may for example comprise silicon
      dioxide, is formed on the substrate surface by well known thermal
      oxidation techniques. In one example, the thermally grown layer 24 has a
      thickness of 1200 Angstrom units. A second insulating layer 26 is formed
      on top of the first insulating layer 24. The second insulating layer 26
      is, for example, silicon nitride and is formed by well known techniques.
      In the example where the first insulating layer 24 was 1200 Angstrom units
      thick, the silicon nitride layer 26 was also 400 Angstrom units thick. The
      second insulating layer 26 is silicon nitride because thermally grown
      oxides will not form on the nitride. Thus the silicon nitride is very
      useful in protecting the underlying layer 24 from becoming significantly
      thicker as would normally occur during the subsequent oxidation steps in
      the process of this invention. Additionally, the silicon nitride layer 26
      functions as a further protective layer against pinholes in the underlying
      layer 24. Other materials having characteristics similar to layer 26 may
      be employed, such as for example aluminum oxide.
PAR  Thereafter, a polycrystalline silicon layer 28 is formed on top of the
      second insulating layer 24. The polycrystalline silicon layer 28 is a
      doped layer containing impurities (typically phosphorous when layer 28 is
      doped with a N type impurity) of a sufficient quantity to permit the doped
      polycrystalline silicon layer 28 to function as an electrical conductor,
      or gate electrode. In one example, the doped polycrystalline silicon layer
      28 has a thickness of about 3,000 to about 4,000 Angstroms.
PAR  Referring to FIG. 2, a photoresist layer 32 is deposited by conventional
      deposition techniques and developed (using photolithographic masking and
      etching techniques) to define a pattern with openings, of which openings
      34, 36, 38, and 40 are shown formed therein. The openings in the
      photoresist layer 32 are employed subsequently for defining barrier
      regions that are to be implanted in the substrate 20.
PAR  Referring to FIG. 3, portions of the doped polycrystalline silicon layer 28
      are removed. Typically this is done by etching with an etchant suitable
      for use with polycrystalline silicon. For example, a suitable etchant may
      comprise a solution of hydrofluoric, acetic, and nitric acids; or, a freon
      gas in a plasma state may be suitable, wherein the plasma etchant
      mitigates problems of the etchant undercutting the underlying layers.
      Openings 35, 37, 39, and 41 are formed in the layer 28 as a result of the
      etching process step, and electrodes 43, 45, 47, 49, and 51 of layer 28
      remain after this etching operation.
PAR  Referring to FIG. 4, the photoresist pattern layer 32 is removed with the
      use of conventional photoresist removal solutions. After the photoresist
      is removed, a thermal oxidation process step is carried out using standard
      thermal oxidation techniques to form an oxide of the semiconductor
      material, which in this case is silicon dioxide, on the surface of the
      polycrystalline silicon layer 28. Accordingly, the oxidation forms a thin
      oxide layer 53, comprising segments 54, 56, 58, 60, and 62 on the
      corresponding electrodes 43, 45, 47, 49, and 51 of the first
      polycrystalline semiconductor layer 28. Moreover, since oxides grow much
      more slowly on a silicon nitride surface, no substantial oxide grows on
      the top surface of silicon nitride layer 26.
PAR  Thereafter, the next process step is to implant the desired impurity ions
      in the substrate 20 through the openings 35, 37, 39, and 41 formed in the
      layer 28. In the preferred embodiment boron ions are implanted so as to
      form ion-implanted barrier regions 44, 46, 48, and 50 beneath the openings
      35, 37, 39, and 41, respectively, in the layer 28. Although boron is the
      desired P type ion, other P type ions may be used to form the desired type
      of implanted barrier regions. It can be seen in FIG. 4 that the edges of
      the implanted barrier regions are vertically aligned with the respective
      outer edges of the thermally-grown thin oxide layer 53.
PAR  The energy, which is imparted to the ions during the irradiation process
      step, is set at a preferred level to implant the ions at a depth that
      corresponds with the surface of the substrate 20. In one example, the
      energy level was set within the range of 100KV to 200KV. The ions will
      penetrate through the insulation layers 24 and 26, which constitute a
      thickness of approximately 1600 Angstroms, and will implant in the
      substrate beneath the openings 35, 37, 39, 41 . . . as shown in FIG. 4.
      The combined thickness adjacent the electrodes 43, 45, 47, 49, 51 . . . is
      approximately 6500 Angstroms, which impedes ion penetration. A negligible
      amount of ions will implant within the polycrystalline silicon layer 28.
      However, as stated hereinabove, the layer 28 is doped with an impurity,
      which doping is at a significantly higher concentration than the amount of
      ions which may implant within the electrodes 43, 45, 47, 49, 51 . . . as a
      result of the ion irradiation process step.
PAR  Referring now to FIG. 5, a second polycrystalline silicon layer 74 is
      deposited on top of the thermally grown thin oxide layer 53. The second
      polycrystalline silicon layer 74 is a doped layer containing impurities of
      a sufficient quantity to permit the doped polycrystalline silicon 74 to
      function as an electrical conductor or gate electrode. A second
      photoresist pattern 76 is then formed over the second polycrystalline
      silicon layer 74.
PAR  Referring now to FIG. 6, the second polycrystalline silicon layer 74 is
      etched by conventional techniques, thereby removing portions of the layer
      74 not covered by the second photoresist pattern 76. Layer 74 then
      comprises second electrodes 84, 86, 88, and 90 which are shown as being
      T-shaped with a leg portion that extends within the openings 35, 37, 39,
      and 41 in the first polycrystalline silicon layer 28 and with shoulder
      portions that extend over the adjacent oxide layers of layer 53; thereby
      forming flange portions above the adjacent first polycrystalline silicon
      electrodes 43, 45, 47, 49, 51 . . . The width of the leg portions of the
      second electrodes is substantially equal to the width of the barriers 44,
      46, 48, 50 . . .
PAR  Referring now to FIG. 7, another thermal oxidation process step is carried
      out using standard thermal oxidation techniques to form an oxide of the
      semiconductor material, similar to the oxide layer 53, which in this case
      is silicon dioxide, on the surface of the structure of FIG. 6. The oxide
      thus formed is designated as layer 93 and covers layer 53 above portions
      of the first polycrystalline silicon layer 28, and portions of the second
      polycrystalline layer 74. A photoresist pattern 95 is deposited over the
      oxide layer 93, and formed into the pattern illustrated in the cross
      section of FIG. 7. The openings in the photoresist pattern 95 extend
      substantially over the center of respective electrodes 43, 45, 47, 49, and
      51 of the first polycrystalline silicon layer 28.
PAR  Referring to FIG. 8, an oxide etching operation is carried out to remove
      those portions of oxide layers 53 and 93 located within the openings in
      the photoresist layer 95. As a result of this selective removal of the
      oxide layers, the center portion of the top surface of each of the
      electrodes 45, 47, 49, and 51 of the first polycrystalline silicon layer
      28 and the right edge of the T-shaped electrodes 84, 86, 88, and 90 of the
      second polycrystalline silicon layer 74 are exposed. The terms "left" and
      "right" as used herein are intended to apply only to positions in the
      drawings when viewed in a conventional manner.
PAR  Referring to FIG. 9, the photoresist pattern layer is removed using
      conventional photoresist removal solutions. After the photoresist is
      removed, a conducting layer 100 is formed over the entire structure and
      within the openings formed by the previous etching step so as to
      electrically connect the electrodes of the first polycrystalline silicon
      layer 28 with adjacent electrodes of the second polycrystalline silicon
      layer 74.
PAR  After the formation of the conducting layer 100, the desired gate
      interconnection pattern is formed by a metal etching operation which
      etches out a defined pattern so as to provide gate contacts, such as
      contacts 101, 102, 103, and 104, of the final structure shown in FIG. 9.
      This may be done by the use of another photoresist pattern (not shown),
      and a suitable etchant.
PAR  The final structure illustrated in FIG. 9 comprises a plurality of closely
      spaced CCD gates, with self-aligned implanted barriers. In particular,
      electrodes 45, 47, 49, and 51 of layer 28 are in ohmic contact with
      electrodes 84, 86, 88, and 90 of layer 74 by means of gate contacts 101,
      102, 103, and 104, respectively. The lateral extremities of each CCD gate
      are illustrated graphically in FIG. 9 by means of brackets 106, 107, 108,
      and 109. For example bracket 106 demarcates the lateral extremities of a
      gate comprising electrode 84 of layer 74, electrode 45 of layer 28, and
      gate contact 101. Implanted barrier 44 is aligned with the left edge of
      the gate demarcated by bracket 106.
PAR  The final CCD structure shown in the FIG. 9 is a two-phase, ion-implanted
      barrier CCD arrangement wherein self-alignment is achieved between the
      ion-implanted barrier regions and the respective two layers of doped
      polycrystalline silicon gate electrodes associated therewith. As
      established in the CCD art, the gate electrodes serve to electrically
      lower the potential in the barrier regions in a selective manner to permit
      charge packets to be transmitted unidirectionally in shift-register
      function along the surface of the CCD structure.
PAR  Accordingly, the CCD structure formed by the process has truly self-aligned
      barrier regions that are not dependent upon any critical etching
      techniques. As can be seen with reference to the drawings, the implanted
      barrier regions 44, 46, 48, and 50 are aligned with the sides of the oxide
      layer 53. Thus, self-alignment is precisely achieved. In addition, the
      ion-implantation step in this process can be achieved with a relatively
      low-power 100kv to 200kv implanting device since the ions forming the
      barrier regions are implanted through only relatively thin insulating
      layers and not through the relatively thick polycrystalline silicon
      layers. These advantages outweigh the fact that a double polycrystalline
      silicon technology is required to form the two electrode layers.
PAR  To improve the performance of the device of the present invention, buried
      channel construction may be employed. A buried channel is obtained
      typically by forming a layer of appropriate impurities (n type impurities
      for an n channel device, and p type impurities for a p channel device) in
      the semiconductor substrate near the substrate-insulator interface.
      Typically, this layer is formed using ion implantation techniques. Such a
      buried channel is not illustrated in the figures; however, a buried
      channel, if employed, would be implanted within the substrate 20 prior to
      the formation of the first polycrystalline silicon layer 28.
PAR  The process described above may be modified to fabricate a structure
      similarly having closely spaced electrodes. In the description hereinafter
      of other embodiments of this invention, like reference numerals are
      employed in FIGS. 10 through 12 with a single prime, and in FIG. 13 with a
      double prime.
PAR  Referring now to FIG. 10, a modification of the process is illustrated,
      which modification is made after the process step illustrated in FIG. 4.
      Portions of the insulation layer 53' are removed from the left side of the
      electrodes 43', 45', 47', 49', and 51'. Such a removal process step may be
      accomplished by the use of a photoresist layer (not shown) and a suitable
      etchant.
PAR  The polycrystalline silicon layer 74' is formed over the structure in the
      same manner as described above in conjunction with the description of FIG.
      5. A photoresist pattern layer 76' is formed over the polycrystalline
      silicon layer 74'  to define the pattern of the second layer of
      electrodes.
PAR  Referring now to FIG. 11, the polycrystalline silicon layer 74' is etched
      by conventional techniques, which forms electrodes 84', 86', 88', and 90'.
      The removal of portions of the oxide layer 53' from the first electrodes
      43', 45', 47', 49', and 51' allows the formation of electrical connections
      between adjacent ones of the first and second electrodes. That is,
      electrode 84 is in ohmic contact with electrode 45, electrode 86 is in
      ohmic contact with electrode 47, and so forth for the remaining
      electrodes.
PAR  Referring now to FIG. 12, an insulation layer 96' is formed over the entire
      structure. Connections to the underlying electrodes may be effected by
      means of via holes, which technique is well known in the art. The final
      structure of another embodiment of this invention, as illustrated in FIG.
      12, comprises a plurality of closely spaced CCD gates with self-implanted
      barriers. The lateral extremities of each CCD gate are illustrated
      graphically in FIG. 12 by means of brackets 106', 107', 108', and 109'.
      For example, bracket 106' demarcates a CCD gate comprising first electrode
      45' and second electrode 84', which are in ohmic contact with one another
      at the left edge of electrode 45'. Also, implanted barrier 44' is in
      alignment with the left edge of electrode 84' and comprises a portion of
      the CCD gate demarcated by bracket 106'. The CCD gate demarcated by
      bracket 107' is separated from the formerly described gate demarcated by
      bracket 106' by the thickness of the oxide layer on the right hand portion
      of the electrode 45'. The remaining CCD gates throughout the structure of
      this invention are fabricated in a similar manner.
PAR  Referring now to FIG. 13, still another embodiment of this invention is
      illustrated. A portion of the oxide layer 53" is removed from the
      electrodes 43", 45", 47", and 51" (of the structure illustrated in FIG.
      4), and a second layer of electrodes is formed from an aluminum conductor
      120. The aluminum conductor 120 is formed into individual electrodes by
      the use of a photoresist pattern (not shown) and a suitable etchant.
PAR  The final structure illustrated in FIG. 13 differs primarily from the
      structure illustrated in FIG. 12 by the use of metallic material for the
      second electrodes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for fabricating a charge coupled device structure in a
      semiconductor substrate, comprising the steps of
PA1  selectively applying at least one layer of insulation material to said
      semiconductor substrate;
PA1  selectively forming a plurality of spaced-apart first gate electrodes on
      the uppermost surface of said at least one layer of insulation material;
PA1  forming a first insulation layer over said plurality of first gate
      electrodes;
PA1  forming implanted barrier regions in said semiconductor substrate in the
      intervals between said plurality of spaced-apart first gate electrodes,
      the edges of said implanted barrier regions being aligned with the
      vertical edges of the insulation layer on the respective first gate
      electrodes;
PA1  selectively forming a plurality of second gate electrodes on said uppermost
      surface of said at least one insulating layer between said plurality of
      spaced-apart first gate electrodes, each of said second gate electrodes
      substantially occupying the space between adjacent first gate electrode;
      and
PA1  connecting each of said second gate electrodes to an individual adjacent
      first gate electrode to form a composite electrode for a charge coupled
      element.
NUM  2.
PAR  2. The process as recited in claim 1 wherein the step of forming implanted
      barrier regions is accomplished by implanting ions of a conductivity type
      opposite to the conductivity type of said semiconductor substrate in said
      substrate in said intervals.
NUM  3.
PAR  3. The process as recited in claim 2 wherein the connecting step comprises
      forming an ohmic contact between each of said plurality of first gate
      electrodes and an adjacent second gate electrode.
NUM  4.
PAR  4. The process as recited in claim 3 wherein said step of forming an ohmic
      contact comprises the steps of
PA1  forming a second insulation layer over said first insulation layer and said
      second gate electrodes;
PA1  selectively removing portions of said first and second insulation layers;
      and
PA1  forming a conductive interconnection between each of said first gate
      electrodes and said adjacent second gate electrodes.
NUM  5.
PAR  5. The process as recited in claim 4 wherein the steps of selectively
      forming said plurality of spaced-apart first gate electrodes and
      selectively forming said plurality of second gate electrodes are
      accomplished by depositing doped polycrystalline silicon and removing
      selected portions of said doped polycrystalline silicon.
NUM  6.
PAR  6. The process as recited in claim 5 wherein said step of applying at least
      one layer of insulation material is accomplished by
PA1  forming a layer of silicon dioxide on said semiconductor substrate; and
PA1  forming a layer of silicon nitride on said layer of silicon dioxide.
NUM  7.
PAR  7. The process as recited in claim 6 wherein said step of forming a layer
      of silicon dioxide is accomplished by thermally oxidizing said
      semiconductor substrate.
NUM  8.
PAR  8. The process as recited in claim 7 further including before said step of
      forming at least one layer of insulation material the step of forming a
      buried channel region in the surface of said semiconductor substrate.
NUM  9.
PAR  9. The process as recited in claim 3 further comprising forming an ohmic
      contact between each of said plurality of first gate electrodes and an
      adjacent second gate electrode by
PA1  selectively removing portions of said first insulation layer prior to the
      step of forming said second gate electrodes; and
PA1  forming said plurality of second gate electrodes so that one of said second
      gate electrodes contacts and forms an electrical communication with the
      exposed portion of an adjacent one of said first gate electrodes.
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PAL  An electric dry shaver wherein the cutter head assembly is held securely
      within a cutter head receptacle portion thereof by means which includes
      latch members on the cutter head in latching engagement with a detent
      spring on the bottom wall of the receptacle. Additional means are provided
      for pivoting the receptacle away from the casing for presenting the detent
      spring in position to release the cutter head or clean the adjacent casing
      area.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful improvements in electric dry
      shavers and in particular to means for mounting a cutter head assembly on
      or within the shaver casing.
PAR  In electric dry shavers it is the usual practice to provide means for
      detachably mounting the cutter head assembly on the shaver casing whereby
      the former is readily removable therefrom for cleaning or replacing the
      various parts of the cutter head assembly. Further, in the course of
      shaving debris such as hair clippings, facial powder and other matter will
      collect beneath, within and adjacent the cutter head assembly. In order
      for proper operation of the electric dry shaver these accumulations must
      be periodically removed by brushing or similar methods. Also in shavers
      utilizing multiple cutter head units where each unit comprises a
      stationary outer cutter and a movable inner cutter, the latter cutter must
      be replaced from time to time to maintain proper cutting efficiency of the
      cutter head assembly.
PAR  In known electric dry shavers, although means comprising various structural
      arrangements have been provided for accomplishing these objectives both
      individually and in combination, there has not been found in one electric
      dry shaver the simplicity that is required to provide access to the cutter
      head assembly in daily use of the shaver for both cleaning and replacing.
      In some shavers, for example, the cutter head is held to the casing by
      spring clips and a removable hair pocket is disposed over the cutter head
      which must be removed to obtain access to the cutter head. In other
      shavers means are provided for latching the cutter head to the casing with
      other means provided for manually releasing the shaver head from a latched
      position to a position partially ejected from the casing for removal
      therefrom. In other type shavers means are provided for elevating the
      cutter head clear of the cutter drive mechanism or of the casing for
      cleaning or removal of the inner cutters. In still other shavers the
      cutter head is hinged to the casing and is adapted to be pivoted away
      therefrom upon actuation of latch releasing mechanisms.
PAR  These arrangements although satisfactory in use, require removal of parts
      from the casing or the like for cleaning the cutter head area and
      releasing the cutter head. Further the known means for latching the cutter
      head assembly in these shavers is not readily accessible for operation.
      The excessive manipulations in obtaining access to the areas to be cleaned
      and releasing the cutter head is often avoided by the user in daily use of
      the shaver which results in inefficient operation of the shaver.
PAR  It is an object of the present invention to provide novel means for
      mounting a cutter head assembly on a shaver casing.
PAR  Another object is to provide novel means for securing cutter head assembly
      within a shaver casing which does not interfere with the other mechanisms
      within the casing.
PAR  Another object is to provide novel means for permitting ready access to a
      cutter head and adjacent areas within the casing for cleaning and
      servicing of the cutter head assembly.
PAR  A still further object is to provide a novel arrangement for attaching a
      cutter head assembly within the casing wherein the cutter head and
      attachment means is protected by adjacent casing structure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates an electric dry shaver having novel
      means for mounting a cutter head assembly on the casing and for providing
      ready access thereto for servicing. In one embodiment the cutter head
      assembly comprises a multiple cutter head unit having a plurality of
      cutter units mounted on a single support plate. The cutter head assembly
      is disposed in a cutter head receptacle casing portion of the shaver
      casing provided in the upper hairpocket section thereof with the cutter
      head support plate disposed upon a bottom wall portion of the receptacle.
      Latch members extend from the support plate through openings in the bottom
      wall and in mounted position of the cutter head assembly have portions in
      latching engagement with a detent spring secured to the opposite surface
      of the bottom wall of the receptacle. The hairpocket is hinged clear of
      the main casing and means are provided locking the hairpocket thereto with
      manually operable means accessible for pivoting the hairpocket and cutter
      head away from the receptacle whereat the cutter head is pivoted clear of
      the cutter head drive mechanism and where the cutter head attachment means
      is accessible for unlatching the cutter head assembly.
DRWD
PAR  The above and other objects and advantages of the present invention will
      appear more fully hereinafter from a consideration of the detailed
      description which follows taken together with the accompanying drawings
      wherein an embodiment of the invention is illustrated.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of an electric dry shaver in which is
      incorporated an embodiment of the present invention;
PAR  FIG. 2 is a fragmentary side elevational view of the upper portion of the
      electric dry shaver of FIG. 1 with the cutter head assembly pivoted clear
      of the cutter head receptacle;
PAR  FIG. 3 is an enlarged side elevational sectional view of the cutter head
      receptacle and cutter head assembly;
PAR  FIG. 4 is a plan view of the cutter head receptacle with the cutter head
      assembly removed therefrom;
PAR  FIG. 5 is a sectional view taken on the line 5--5 of FIG. 4 and shows the
      cutter head assembly in a released relationship relative to the cutter
      head receptacle;
PAR  FIG. 6 is a perspective view of the cutter head detent spring;
PAR  FIG. 7 is a side view of the shaver as seen in FIG. 5;
PAR  FIG. 8 is a fragmentary sectional view taken on the line 8--8 of FIG. 3;
      and
PAR  FIG. 9 is an exploded perspective view of the hairpocket locking mechanism
      shown in exploded relationship.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings for a more detailed description of the
      present invention, an electric dry shaver is generally indicated by the
      reference numeral 10 in FIGS. 1, 2 and 3. Electric shaver 10 comprises a
      main body portion or enclosure 12 and an upper hairpocket section 14 both
      of which are formed of molded plastic. A cutter head receptacle 16 is
      provided in hairpocket 14 in which is disposed a cutter head assembly 17
      which is operated by a drive mechanism in a well-known manner comprising
      oscillator arms 39 which are powered by a motor (not shown) disposed
      within main body portion 12 in a conventional manner.
PAR  Cutter head receptacle 16 comprises a pair of spaced end walls 19 and 20
      which rise upwardly from main body section 12. A cutter head supporting
      section 21 within receptacle 16 includes a bottom wall 22 and front and
      rear walls 24 and 25. Cutter head assembly 17 is disposed in receptacle 16
      upon bottom wall 22 and has exposed upper portions arranged substantially
      flush with the upper edges of end walls 19 and 20 and front and rear walls
      24 and 25.
PAR  Cutter head assembly 17 includes three individual and identical cutter head
      units 29 and which units are of a well-known structure. Cutter units 29
      are disposed in side by side relationship on a substantially rectangular
      metallic mounting plate 30 which is slightly convex in cross-sectional
      configuration. Each cutter head unit 29 includes an inverted U-shaped
      outer cutter 31 having opposite sidewall portions secured to the arms of a
      U-shaped base spacer 32. An inner cutter 33 of the general type shown and
      described in U.S. Pat. No. 2,793,430 issued on May 28, 1957 to L. C.
      Carissimi is disposed within each outer cutter 31 and is urged in cutting
      association against the outer cutter 31 by a leaf spring 34 as shown in
      FIG. 3. Suitable fastening means (not shown) are provided for securing the
      cutter head units 29 to mounting plate 30 and may include suitable clamp
      members or other well-known means for maintaining the cutter head units 29
      thereon.
PAR  In addition skin engaging bar members 35 are disposed intermediate adjacent
      cutter units 29 and are secured to mounting plate 30 by suitable fastening
      means (not shown).
PAR  Cutter head assembly 17 is disposed in cutter head receptacle 16 and seated
      upon wall portion 22 of cutter supporting section 21. Wall portion 22 is
      provided with an opening 38 through which extend oscillator arms 39 from
      the motor compartment in main enclosure 12. Arms 39 also project through
      openings 40 in the cutter head assembly to bias springs 32 of the inner
      cutters in the usual manner into cutting cooperation with outer cutters
      31. Upper wall 42 of enclosure 12 provides the lower floor of an area
      designated at 43 in FIGS. 2 and 3 beneath wall 22 of cutter head
      receptacle whereat hair clippings or the like will accumulate.
PAR  As mentioned it is a feature of the present invention to provide novel
      means for attaching cutter head assembly 17 to shaver casing 12 within
      receptacle 16. To this end, spaced depending latch members 44 and 46
      (FIGS. 4 and 5) are formed on the bottom of mounting plate 30 and project
      downwardly through openings 40 in wall portion 22 of cutter supporting
      section 21 at opposite sides of the center motor oscillator arm 39.
PAR  Detent means are provided for holding latch members 44 and 46 in a manner
      whereby cutter head assembly 17 is secured in operative position within
      cutter head receptacle 16 and which means comprise a U-shaped spring
      member 48. Spring member 48 has opposite arms 50, 51 and an intermediate
      bight portion 52. Bight portion 52 of spring 48 is looped around depending
      port projections 53 and 54 on bottom wall portion 22 (FIGS. 4, 5, and 6).
      Arms 50-51 of spring 48 are biased outwardly against spaced abutments 55
      of wall portion 22 arranged adjacent the central open 38 therein. In this
      manner when cutter head assembly 17 is seated in receptacle 16 latch
      members 44-46 extend below wall 22 into latching engagement with portions
      of arms 50-51 (FIG. 4) of spring 48.
PAR  As seen in FIG. 2 cutter head assembly 17 and cutter head supporting
      section 21 are pivotable away from casing 12 clear of end walls 19 and 20.
      To accomplish this rear wall 25 of section 21 is hinged by means of pins
      56 in the lower corners of end wall 19 and 20 fitted in the lower adjacent
      corners of rear wall 25. In this manner section 21 is pivotable on hinge
      pins 56 toward or away from upper wall 42 of enclosure 12 and the debris
      collecting area 43.
PAR  A locking mechanism for locking pivotable section 21 to enclosure 12 is
      generally indicated by the reference numeral 60 in FIGS. 8 and 9. Locking
      mechanism 60 is disposed between front wall 62 (FIG. 1) of enclosure 12
      and an extension 63 of upper wall portion 42 and includes a slidable
      locking member 65 having a central recess 66 fitted in secured position
      over a shaft portion 67 of release button 68 which extends from the outer
      surface of wall 62 into casing 12. A marginal portion 64 of member 65 is
      bent at a right angle thereto and is positioned on wall 42 for slidable
      movement thereon.
PAR  Locking mechanism 60 further includes a spring member 69 having a pair of
      arms 70-71 and a base portion looped about a boss 72 on extension 63 to
      position the spring within the casing. One arm 71 of spring 69 is biased
      into engagement with locking member 65 within a recess 73 therein and arm
      70 is urged against projection 75 on extension 63. In this manner latch
      end 74 of member 65 is urged into cammed latching engagement with
      projection 76 on bottom wall 22 of cutter head support section 21.
PAR  In accordance with the above described structure and with the cutter head
      assembly 17 mounted on cutter head support structure, let it be assumed a
      person desires to remove cutter head assembly 17 from the shaver. First
      release button 68 is moved to the left as viewed in FIG. 8 releasing latch
      end 74 from projection 76. The biasing of inner cutter springs 34 by
      oscillator arms 39 cause section 21 to pivot about hinge pins 56 away from
      enclosure section 12 to the position shown in FIG. 2 clear of oscillator
      arms 39. In this position the area 43 may be cleaned of debris by brushing
      or the like. Further, end portions 49 of arms 50-51 of cutter head detent
      spring 48 can be pressed together releasing latch hooks 44-46 from arms
      50-51 and freeing cutter head assembly from support section 21.
PAR  If it is desired to restore cutter head assembly 17 to shaver 10 a reverse
      procedure is followed. Cutter head 17 is inserted into receptacle 16
      reinserting latch projections 44-46 into openings 40 camming against and
      then snapping into latching engagement with arms 50-51 as cutter head
      mounting plate 30 seats on wall 22. As cutter head 17 is thus returned to
      latched position the slightly greater convex configuration of mounting
      plate 30 engages the lesser convex shaped surface of wall 22. The latter
      difference in configuration as designated by the greater and lesser angles
      a and b respectively in FIG. 7 and cause mounting plate 30 to flex
      slightly causing the outer most cutter units 29 thereon to move into
      closer engagement with adjacent skin bars 35 thereby effecting a tighter
      locking engagement of cutter head assembly 17 to wall 22 of cutter support
      section 21.
PAR  In a similar reverse manner support section 21 may be then pivoted on hinge
      pins 56 back into locked position relative to enclosure casing 12 with
      projection 75 on wall 22 camming into latching engagement with locking
      member 65 against the bias of spring 69.
PAR  It will be apparent from the foregoing description of the novel attachment
      means described has many advantages in use. One advantage is that the
      cutter head area 43 is readily accessible for cleaning without removing
      the cutter head assembly 17 from casing 12 by utilization of latch
      mechanism 60 as described. Further, if desired the cutter head assembly
      can be readily removed by releasing detent spring 48 in the unlatched
      position of the support section 21. In addition in pivoted position of
      cutter support section 21 the inner cutters 33 can be removed from the
      cutter assembly without disturbing the detent spring 48 and the cutter
      head assembly is in a position clear of the oscillator arms 39.
PAR  Although one embodiment of the present invention has been illustrated and
      described in detail it is to be expressly understood that the invention is
      not limited thereto. Various changes can be made in the design and
      arrangement of parts without departing from the spirit and scope of the
      invention as the same will now be understood by those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Cutter head attachment means for an electric dry shaver, comprising:
PA1  a. a casing having a main body portion and a cutter head supporting section
      mounted on said main body portion,
PA1  b. means mounting said cutter head section, for separation from said main
      body portion,
PA1  c. said cutter head section including a bottom wall extending between a
      pair of opposed side walls,
PA1  d. a cutter head assembly including a cutter unit support plate disposed
      upon one side of said bottom wall of said cutter head section,
PA1  e. latch means on said support plate projecting through said bottom wall,
PA1  f. detent means on the opposite side of said bottom wall for detenting said
      latch means, and
PA1  g. said detent means having means for releasing said support plate from
      said bottom wall when said cutter head section is in the separated
      position.
NUM  2.
PAR  2. The device of claim 1 wherein said cutter head assembly includes at
      least one cutter head unit having an inner cutter and an outer cutter,
      said latch means including a latch extension of said support plate
      projecting from said cutter head unit through said bottom wall said detent
      means including a spring having an arm portion biased into engagement with
      said latch extension for latching said plate to said bottom wall, and
      means on said spring for releasing said arm portion from the latched
      position.
NUM  3.
PAR  3. The device of claim 2 wherein said cutter head assembly includes a
      plurality of said cutter units mounted on said support plate, said
      latching means including at least two of said latch extensions projecting
      from said plate, and said detent means including a U-shaped spring having
      a bight portion and a pair of opposed arm portions said bight portion
      secured to said bottom wall and each of said opposed arm portions biased
      into engagement with the latch extensions.
NUM  4.
PAR  4. The device of claim 3 wherein said support plate for mounting said
      cutter units is formed from a resilient material and is adapted to flex
      upon engagement with said bottom wall to cause at least two of said cutter
      units to flex relative to each other to further assist in said latching
      engagement of said latch extensions with said spring arm portions.
NUM  5.
PAR  5. The device of claim 1 wherein said means for mounting said cutter head
      section includes means hinging said cutter support section to the main
      casing and second latch means securing said cutter head section to the
      main body portion and operable to release said section to the separated
      position.
NUM  6.
PAR  6. The device of claim 5 wherein said second latch means includes a
      depending projection from said cutter head section, a slide latch member
      on said main body portion, and spring means adapted to urge said slide
      latch member into latching engagement with said projection.
NUM  7.
PAR  7. In an electric dry shaver having a casing and a cutter head receptacle
      in said casing,
PA1  a. said receptacle including a bottom wall between a pair of opposed side
      walls,
PA1  b. a cutter head assembly including a plurality of cutter head units
      secured to a mounting plate,
PA1  c. said cutter head assembly disposed in said cutter head receptacle on one
      side of said bottom wall thereof,
PA1  d. latch means on said mounting plate extending through said bottom wall,
PA1  e. detent means on the opposite side of said bottom wall and including
      means in engagement with said latch means for releasably securing said
      cutter head assembly within the receptacle, and
PA1  f. means for releasing said bottom wall from the casing whereat said detent
      means are manually operable to unlatch said cutter head assembly.
NUM  8.
PAR  8. The device of claim 7 wherein openings are provided in said bottom wall
      through which project drive means for said cutter head assembly, said
      latch means including latch projections on said mounting plate depending
      through one of said openings, said detent means including a U-shaped
      spring secured to the opposite side of said bottom wall and having
      opposite arms thereof biased into engagement with said latch projection.
NUM  9.
PAR  9. The device of claim 7 wherein said cutter head assembly includes at
      least two cutter head units, and wherein said mounting plate is adapted to
      flex upon engaging said one side of said bottom wall in latched position
      of said assembly to bias said at least two cutter head units toward each
      other and thereby further assist in said latching engagement.
NUM  10.
PAR  10. The device of claim 9 wherein said bottom wall is convex in
      cross-sectional configuration and wherein said mounting plate is of
      similar configuration of lesser dimension to cause said plate to flex when
      seated on said bottom wall.
NUM  11.
PAR  11. The device of claim 7 wherein said detent means includes U-shaped
      spring having the bight portion secured to the said opposite side of said
      cutter head receptacle bottom wall, opposite arms of said spring biased
      into engagement with said latch means, and means on said arms accessible
      in the released position of the bottom wall for manually releasing said
      arms from the latch means.
NUM  12.
PAR  12. The device of claim 7 wherein said bottom wall is hinged to said casing
      and wherein said bottom wall releasing means include second latch means
      for releasably securing said wall portion to the casing.
PATN
WKU  039316769
SRC  5
APN  4415590
APT  1
ART  323
APD  19740211
TTL  Portable power saw apparatus
ISD  19760113
NCL  5
ECL  1
EXA  Peters; J. C.
EXP  Smith; Al Lawrence
NDR  1
NFG  4
INVT
NAM  Merle; William E.
STR  15400 Bancroft Road
CTY  Auburn
STA  CA
ZIP  95602
CLAS
OCL   30371
XCL   30379
XCL   83745
EDF  2
ICL  B27B 1702
FSC   30
FSS  166 A;371;373;381;382;383;379;370;231
FSC   56
FSS  244;245;290;291;292
FSC   83
FSS  745
UREF
PNO  2698034
ISD  19541200
NAM  Jakku
OCL   30371
UREF
PNO  2765822
ISD  19561000
NAM  Smith
XCL   30383
UREF
PNO  3097430
ISD  19630700
NAM  Lewinski
XCL   30371
UREF
PNO  3680607
ISD  19720800
NAM  Robinson
OCL   83745
FREF
PNO  1,004,415
ISD  19570300
CNT  DT
OCL   30166A
LREP
FR2  Bielen, Jr.; Theodore J.
FR2  Peterson; Richard Esty
ABST
PAL  A portable power saw apparatus is disclosed having an endless saw chain
      driven about a bow bar by an internal combustion engine. The apparatus
      includes a pair of transversely spaced legs respectively secured to the
      chain guide adjacent the outer end thereof and extending downwardly
      therefrom. The legs provide a ground-engageable abutment to support the
      outer end portion of the chain guide and saw chain, and they also define a
      size guage determinative of the largest diameter object acceptable between
      the legs for severance by the saw chain. Skid means secured to the handle
      structure of the apparatus is oriented at substantially the same elevation
      as the legs and forms a ground-engageable means therewith to support the
      saw apparatus in a generally horizontal orientation in certain operating
      modes.
BSUM
PAR  This invention relates to a portable power saw apparatus and, more
      particularly, to an apparatus of the type equipped with means for
      protecting the endless power driven saw chain from damage.
PAR  The portable power saw apparatus includes a prime mover most frequently in
      the form of a gasoline engine. The engine is drivingly connected to an
      endless saw chain supported along the perimetric edge of a chain guide
      which extends from the casing of the saw in cantilever fashion. Whenever
      the engine is energized, the saw chain is driven continuously about the
      guide therefor, and the teeth of the chain can be moved into engagement
      with brush, trees, and similar objects to sever the same.
PAR  A saw apparatus of this type is used extensively in forestry and in fire
      fighting, although these instances of use are in no sense exhaustive. In
      the forestry application, the saw apparatus may be used for thinning in
      which case the brush and tree to be removed are advantageously cut in
      close proximity to the ground level. Similarly, in using a saw apparatus
      on a fire line, the brush and trees are advantageously cut close to the
      ground so as to minimize the amount of combustible material remaining. In
      either instance, it is very common for the saw chain to be dulled and
      damaged by inadvertent engagement with rocks and with the abrasive soil as
      by being pushed into a hillside or slight rise along the ground level. The
      resultant damage to the teeth of the saw chain necessitates frequent
      sharpening of the teeth and often very deep or extensive sharpening which,
      evidently, removes substantial amounts of metal from the teeth. In fact,
      it has been estimated that at least 90 percent of the wear along the teeth
      of a saw chain is a consequence of the sharpening to which the teeth are
      subjected between the period when the saw chain is first placed on the saw
      apparatus and when it must be discarded because of wear.
PAR  Further, whenever the saw chain is pushed inadvertently into a hillside,
      rocks, etc., an abnormal load is imparted to the saw chain which can prove
      hazardous by jerking or otherwise imparting unusual stress to the
      operator. Such occurrences together with the weight of the saw apparatus
      requires that the operator support the same in both hands, thereby often
      preventing him from warding off falling brush, small trees, and other
      debris being severed by the saw apparatus. The resultant attention that
      the operator must pay to the material being severed makes it very
      difficult for him to remove his eyes therefrom should he be momentarily
      distracted.
PAR  In view of the foregoing, an object of the present invention is to provide
      an improved portable power saw apparatus that obviates or minimizes many
      of the disadvantages and limitations inherent in prior art mechanisms.
PAR  Still another object is in the provision of an improved saw apparatus of
      the character described in which both the replacement costs of saw chains
      and the down time required for sharpening are significantly reduced, chain
      costs being reduced by as much as 80 percent (typical chain costs today
      approximate $40.00 for each replacement chain) and down time for
      sharpening to about the same order of magnitude (the saw apparatus may be
      used continuously for an eight hour shift without sharpening being
      required whereas sharpening often is required from two to four times and
      often more in an eight hour shift in conventional apparatus, depending
      upon the particular soil and brush conditions).
PAR  Yet another object is that of providing an improved chain saw apparatus as
      described in which positive means are included to protect the saw chain
      from being advanced into rocks, soil, etc.; and in which the operator of
      the apparatus is able to rest at least a portion of the saw weight on the
      ground so that he is subjected to much less fatigue and therefore is
      capable of greater production.
PAR  Further objects, among others, of the present invention are to provide a
      portable power saw apparatus having the features and characteristics
      discussed, and in which cutting is effected equally well from above,
      below, or on the sides so that an operator may approach a tree or brush
      directly and thereby minimize the operator's requirement for lateral
      movement or "walk around"; in which brush and trees may be cut at ground
      level by the operator laying the saw apparatus in a generally horizontal
      disposition along the ground and then pushing it forwardly beneath
      overhanging limbs and debris; in which a timber stand may be thinned with
      substantially improved accuracy as respects tree sizes and as an automatic
      function by means of a size guage forming a part of the improved
      apparatus, and which size gauge may be adjustably interchanged to provide
      selection over the tree sizes selected for cutting; in which safety is
      enhanced by reducing operator fatigue and enabling him to remove his eyes
      safely, although momentarily, from the particular cutting area should he
      be distracted; and in which various aids and protective arrangements are
      included to facilitate use of the apparatus.
PAR  Additional objects and advantages of the invention, especially as concerns
      particular features and characteristics thereof, will become apparent as
      the specification continues.
PAR  In general summary form, the improved saw apparatus embodying the present
      invention is equipped with leg means secured to the chain guide of the
      apparatus adjacent the outer end portion thereof to extend both laterally
      and forwardly therefrom and provide a ground-engageably abutment in at
      least one operative position of the saw apparatus to support the outer end
      portion of the chain guide and saw chain during at least certain cutting
      operations. Such leg means may include a pair of transversely spaced legs
      that define a size gauge determinative of the largest diameter object
      accepted between the legs for severance by the saw chain. The legs are
      adjustably or interchangeably related to the chain guide to enable the
      size gauge to be changed when desired. Skid means carried by the casing
      assembly of the saw apparatus on the same side thereof as the legs are
      cooperative with the later to support the saw apparatus in a generally
      horizontal orientation. A light is included to enable the material being
      severed to be illuminated for more clear observation.
DRWD
PAR  Embodiments of the invention are illustrated in the accompanying drawing,
      in which:
PAR  FIG. 1 is a side view in elevation of saw apparatus embodying the present
      invention oriented in one cutting mode, an alternate position of the
      apparatus being shown in broken lines;
PAR  FIG. 2 is a bottom plan view of the apparatus taken along the line 2--2 of
      FIG. 1;
PAR  FIG. 3 is an enlarged longitudinal sectional view taken along the line 3--3
      of FIG. 2; and
PAR  FIG. 4 is a broken bottom plan view, similar to that of FIG. 2, but
      illustrating a modified apparatus.
DETD
PAR  The portable power saw apparatus illustrated in the drawing is, for the
      most part, substantially conventional, and the particular apparatus shown
      is denoted in its entirety with the numeral 10. The saw apparatus 10
      includes a casing assembly 11 having a chain guide 12 extending
      longitudinally therefrom. The guide 12 is traversed along the edges
      thereof by an endless power-driven saw chain 14, and a handle structure 15
      secured to the casing assembly 11 enables the apparatus to be handheld and
      manipulated.
PAR  The chain guide 12 extends longitudinally from the casing assembly 11 in
      cantilever fashion so as to be supported only at the inner end thereof.
      The chain guide is sometimes referred to in the art as a "bar," and in the
      particular form shown is a "bow bar" forming a continuous perimetric edge
      defining an open center portion 16, as shown best in FIG. 2. The bow bar
      enlarges outwardly from the casing assembly 11 to provide a relatively
      large arc traversed by the chain 14 to form a substantial cutting segment
      thereat. The chain 14 is necessarily endless since it travels continuously
      along the edge of the chain guide 12, and it is driven by means provided
      for this purpose within the casing assembly 11. The chain, as is well
      known, constitutes a plurality of successive links pivotally
      interconnected one with another and provided with cutting edges adapted to
      cut trees, logs, and similar articles, as illustrated in FIG. 1.
PAR  Respecting driving power imparted to the chain 14, any suitable prime mover
      may be used for this purpose, and in the saw apparatus 10, the prime mover
      takes the form of an internal combustion engine and specifically, a
      gasoline engine generally of the two-cycle type sufficiently small and
      lightweight to enable the apparatus 10 to be handheld and manipulated with
      reasonable facility. The apparatus 10 therefore has the usual engine
      controls including an electric on-off switch 17 located along a handle
      section 18 extending from the casing assembly 11 in a longitudinal
      direction opposite that of the bow bar 12, as is apparent in both FIGS. 1
      and 2. The handle section 18 is a closed component having a relatively
      large opening 19 therewithin adapted to have the fingers of a workman pass
      therethrough, and a finger-manipulatable throttle control 20 is disposed
      within the opening 19 to enable a workman to have continuous control over
      the velocity of the engine and, therefore, the rate of linear movement of
      the saw chain 14.
PAR  It may be observed that as respects the saw apparatus 10 as heretofore
      described, it may be completely conventional, therefore requiring no
      further specific details pertaining to its structural and operational
      features and characteristics. By way of a specific example, the saw
      apparatus 10 may be a McCulloch Super Pro 80 manufactured by the McCulloch
      Corporation of Los Angeles, Calif.
PAR  The saw apparatus 10 is equipped with a leg extending laterally from the
      chain guide 12 adjacent the outer end portion thereof remote from the
      casing assembly 11. The leg provides a ground-engageable abutment in at
      least one operative position of the saw apparatus to support the outer end
      portion of the chain guide and saw chain during certain cutting
      operations. In the particular form of the invention being considered, a
      pair of such legs are included, and they are symmetrically disposed with
      respect to the longitudinal axis of the chain guide 12, as is most
      apparent in FIG. 2. Such legs are respectively denoted with the numerals
      21a and 21b. As previously suggested, the legs 21 are equally spaced from
      the longitudinal axis of the chain guide 12 to which they are respectively
      secured in transversely spaced relation adjacent the outer end portion
      thereof. The legs 21 extend forwardly from the chain guide, as is most
      evident in FIG. 2, and they define a size gauge determinative of the
      largest diameter object accepted between the legs for severance by the saw
      chain 14.
PAR  The legs 21 are quite similar structurally and are essentially identical
      except that they diverge from the axis of the chain guide 12 adjacent
      their outer end portions. In this respect, each of the legs is generally
      U-shaped in a longitudinal direction, as is evident in FIG. 1, and it has
      a ground-engageable intermediate length or section 22 (the suffixes a and
      b being used in respective association with the legs 21a and 21b for
      purposes of differentiation), an outer transversely-turned section or
      length 23 terminating in a laterally turned (i.e., toward the plane of the
      chain guide 12) outer end 24, and a laterally turned inner end 25
      generally paralleling the end 24. The end 25 is somewhat longer than the
      end 24, and it determines the spacing between the plane of the chain guide
      12 and ground-engaging sections 22 and 23 which essentially parallel the
      same. The inner leg 25 at the end thereof is welded or otherwise fixedly
      secured to a mounting plate or bracket 26 that is secured to the chain
      guide 12, as by means of a plurality of nut and bolt assemblies 27. It is
      apparent, then, that the legs 21a and 21b are substantially identical
      except that the end portions 23a and 23b thereof diverge and therefore
      project in opposite directions from the longitudinal axis of the chain
      guide 12.
PAR  The legs 21 may be adjustable for the purpose of changing the size of the
      spacing defined therebetween which will have the effect of controlling the
      size of the object permitted to be engaged by the saw chain 14. Various
      arrangements may be provided to accommodate such adjustability of the
      legs, and in the particular form of the invention being considered, the
      legs 21 are removably secured to the chain guide 12 by means of the
      aforementioned nut and bolt assemblies 27. Accordingly, the legs 21a and
      21b may be removed from the saw apparatus 10, and replaced with legs
      having a different spacing therebetween. More particularly, the
      ground-engaging sections 22a and 22b of the legs, as seen most clearly in
      FIG. 2, extend in generally parallel relation with the respective
      diverging edges of the chain guide 12. Therefore, the spacing between the
      sections 22a and 22b adjacent the outer termini thereof approximates the
      transverse dimension of the arcuate end portion of the chain guide. The
      diverging sections 23a and 23b simply establish a relatively wide mouth to
      facilitate movement of material into the space between the legs for
      engagement by the saw chain 14. Referring to FIG. 4, it will be seen that
      the legs 21a and 21b have been replaced, respectively, by legs 21a' and
      21b'. These alternative legs 21' differ from the aforementioned legs 21 in
      that the ground-engaging sections 22a' and 22b' thereof do not diverge
      (i.e., generally parallel the respectively associated edges of the chain
      guide 12), but tend to generally parallel each other and actually converge
      slightly, thereby defining a more restricted space between the legs 21'
      than the space defined between the legs 21.
PAR  Except for the differences noted, the modified legs 21' are essentially
      identical to the legs 21, and no further description thereof will be
      included. The respectively corresponding components, however, are denoted
      with the primed form of the same numerals used to identify the various
      elements of the legs 21. The chain guide 12 illustrated in FIG. 4 may be
      the same chain guide 12 previously described and illustrated in FIGS. 1
      and 2 so that it need not be further described.
PAR  It will be apparent that the saw apparatus 10 may be advanced toward the
      stem of a small tree or treeling 28, as illustrated in FIG. 1, to pass the
      stem intermediate the spaced legs and thereby bring the saw chain 14 into
      severing engagement with the tree stem. Since the legs must accept the
      stem therebetween before the saw chain is able to engage the stem, it will
      be appreciated that the spacing defined between the legs determines the
      maximum size of any tree stem that can be cut by the saw apparatus.
      Therefore, the legs provide a size gauge effective to select automatically
      the tree size to be cut, thereby removing from the workman the requirement
      for conscious size selection. As previously explained, the size gauge can
      be changed selectively as by replacing the legs 21 with the legs 21' (or
      other pairs of legs having different spacings therebetween) so that the
      size selection effected automatically by the apparatus can be tailored to
      the requirements of any cutting operation.
PAR  The saw apparatus 10 is further equipped with skid means supported by the
      casing assembly 11 along the same side of the apparatus and chain guide 12
      as the legs 21 for ground-engagement therewith. In the form shown, a
      support 29 is secured to the casing assembly to provide a
      ground-engageable element disposed along the same side of the apparatus
      and chain guide as the legs 21. The support 29 is equipped with the
      aforementioned skid means (denoted with the numeral 30) to protect the
      same during ground-engagement thereof. The support 29 in the form shown is
      substantially integral with the handle structure 15, and it extends along
      the casing assembly 11 on one side thereof. The support 29 is spaced from
      the adjacent surface of the casing assembly 11, and a handle component 31
      formed integrally with the handle structure 15 is interposed between the
      casing assembly and support. As shown best in FIG. 1, the lower extremity
      of the skid means 30 and lower surface of the legs 21 are in a generally
      coplanar relationship so that the bow bar 12 is disposed in a
      substantially horizontal orientation when the skid means 30 and leg
      sections 22 are in ground-engaging position.
PAR  As illustrated best in FIGS. 2 and 3, the skid means 30 constitute a
      plurality of individual roller-like sleeves of hollow cylindrical
      configuration that are coaxially circumjacent the hollow tubular support
      29. The sleeve-type skid means may be formed from various materials, and a
      specific example is one of the durable synthetic plastics such as
      polyvinylchloride. It is usually unnecessary for the skid sleeves to be
      freely rotatable with respect to the support 29, and they may be fixedly
      located thereon via a frictional grip.
PAR  The saw apparatus 10 is further equipped with an electric light 32 mounted
      on the casing assembly 11 via bracket structure 33 having an adjustable
      hinge 34 intermediate the ends thereof to enable the orientation of the
      light 32 to be adjusted so as to illuminate the particular part of the saw
      chain 14 being used for cutting at any particular time. The light 32 is a
      conventional, self-contained, battery-energized light source with the bulb
      and battery being located within the casing of the light. An on-off switch
      35 enables the light to be manually manipulated. The bracket structure 33
      is conventional, and the hinge 34 includes the usual clamp to tighten the
      relatively movable sections of the bracket structure into tight frictional
      engagement to preserve any position of adjustment selected for the light.
PAR  As shown best in FIG. 1, the light 32 is disposed in general alignment with
      the saw chain 14, and a safety guard 36 is located intermediate the light
      32 and underlying section of the saw chain 14 to shield the light and to
      protect the hands of one that may manipulate the light when the saw chain
      is being driven. As seen in FIG. 2, the guard 36 is secured to the chain
      guide 12 by a plurality of fasteners 37 in the form of nut and bolt
      assemblies, and the guide is enlarged at its inner base end to enable such
      connection thereof with the chain guide. The guard is therefore supported
      in cantilever fashion, and it extends forwardly along the chain and
      diverges slightly therefrom.
PAR  For the most part, the saw apparatus 10 is usuable in a conventional manner
      but with the advantages and facility resulting from the inventive changes
      introduced thereinto. Accordingly, the saw apparatus may be oriented in
      the cutting mode depicted in FIG. 1 in which the legs 21 face downwardly
      for ground-engagement. Similarly, the apparatus 10 may be oriented in the
      position shown in FIG. 2 in which the legs 21 extend to one side, rather
      than downwardly, and the section of the saw chain 14 then used to effect
      severance is the relatively long stretch thereof projecting from the
      casing assembly 11 toward the leg 21b. Evidently, in either operating mode
      of the saw apparatus 10, the segment of the saw chain intermediate the
      legs 21 or the longer segment thereof intermediate the casing assembly and
      leg 21b may be used to engage and cut brush, small trees, etc. The short
      chain segment outwardly from the guard 36 may also be used to engage and
      cut material.
PAR  The usual operating procedure is for the workman to hold the saw apparatus
      by means of the handle structure 15 and handle section 18 in both of the
      operating modes respectively shown in FIGS. 1 and 2, and to move the
      selected cutting section of the saw chain 14 into engagement with the
      material to be severed. In the absence of the legs 21, the workman must
      support the chain guide 12 and saw chain 14 above the surface of the
      ground for the purpose of protecting the saw chain from rocks, abrasive
      soil, and similar matter that is very destructive of the saw blade. In the
      presence of the legs 21, and particularly in the operating mode of the
      apparatus shown in FIG. 1, the saw chain 14 is automatically protected
      from ground engagement thereby alleviating this operator requirement and
      also reducing the load that the workman must support because a part of the
      weight of the saw apparatus may be carried on the legs 21. In this
      respect, it is often possible for the operator to use the saw apparatus by
      supporting the same with one hand as he protects himself with his other
      hand and arm by catching and pushing severed trees and brush away from
      him.
PAR  In certain instances, it may be desirable and advantageous to support the
      saw apparatus 10 on the legs 21 and skid means 30, as shown by broken
      lines in FIG. 1. Especially in this case, but any time that the legs 21
      are in ground-engagement, the brush and/or small trees severed by the saw
      apparatus will all be cut at the same elevation with respect to the ground
      surface. The go-no go or size guage characteristics of the legs 21 have
      been explained which is very convenient for use in forest thinning. The
      legs may also be interchanged not only for size guage purposes but also to
      provide a different cutting elevation with respect to the ground surface.
      That is to say, the legs 21 may be exchanged for counterpart legs in which
      the inner ends 25 thereof are either longer or shorter than those shown in
      FIG. 1 to enable the saw chain 14 to be either disposed more remote or
      more proximite to the ground surface during a cutting operation. The skid
      means 30 support the casing assembly 11 at an elevated position and
      protect both the casing assembly and support 29 from abrasion whenever the
      saw apparatus is in the horizontal operating mode depicted by broken lines
      in FIG. 1. The light 32 is useful especially at night to illuminate the
      object being engaged and cut by the saw chain 14. As previously noted, the
      guard 36 both shields the light 32 and protects the hands of one
      manipulating the same during operation of the saw apparatus.
PAR  The legs 21 protect the saw chain from being lowered into ground engagement
      and from being pushed forwardly into a hill or rise, thereby protecting
      the cutting teeth of the saw chain from damage. As previously indicated,
      this extends the life of the chain very significantly because in the
      absence of such misuse or accidental use of the saw chain, it remains
      sharp for longer periods, thereby obviating the requirement for frequent
      and expensive sharpening which has been estimated to account for of the
      order of 90 percent of chain wear. As an example, in the average use of
      saw apparatus of the type being considered, it may be in actual operation
      for up to eight hours a day. With such use, the saw chain 14 in the
      absence of the present invention will have a useful life of about one
      week. In being protected by the legs 21, the saw chain 14 is able to be
      used for up to one month without being replaced because the only
      requirement for sharpening is "touch-up" sharpening to take care of
      ordinary wear in contradistinction to the extensive and frequent
      sharpening required to take care of damaged teeth that have engaged earth,
      rocks, and similar debris.
PAR  While in the foregoing specification embodiments of the invention have been
      set forth in considerable detail for purposes of making a complete
      disclosure thereof, it will be apparent to those skilled in the art that
      numerous changes may be made in such details without departing from the
      spirit and principles of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable power saw apparatus having in combination a casing assembly,
      a chain guide extending longitudinally therefrom and transversed along the
      edges thereof by an endless power driven saw chain, and a handle structure
      enabling said apparatus to be hand-held and manipulated the improvement
      comprising: a pair of legs secured to the chain adjacent the outer
      end-portion thereof remote from the casing assembly and extending
      laterally from the guide, said legs disposed in transversely spaced
      relation to define a size guage determinative of the largest diameter
      object accepted between said legs for severance by the chain saw, said
      legs' end portions forming a wide mouth to facilitate movement of
      severable objects through the spaces defined between said legs and into
      engagement with said saw chain, said legs providing a ground-engageable
      abutment in at least one operative position to support the outer end
      portion of the chain guide and saw chain and protect the same from
      groundengagement during certain cutting operations.
NUM  2.
PAR  2. The apparatus of claim 1 in which said legs are removably secured to the
      chain guide to enable said legs defining variant sized gauges to be
      interchangeably associated with said apparatus.
NUM  3.
PAR  3. The apparatus of claim 1 which additionally comprises an electric light
      means secured to said casing assembly and oriented to direct a beam of
      light toward said legs.
NUM  4.
PAR  4. A portable power saw apparatus in accordance with claim 1 in which the
      chain guide comprises a pair of transversely spaced diverging members
      extending longitudinally and forwardly from the casing assembly and haing
      an arcuate bent portion connecting the forward ends of the diverging
      members, the chain saw being guided along the outer edges of the members
      and of the arcuate connecting portion, said legs secured to an extending
      forwardly and divergently from said members and beyond the arcuate
      connecting portion, and the portion of the legs, extending beyond the
      arcuate connecting portion of the diverging members being laterally spaced
      from said members.
NUM  5.
PAR  5. The apparatus of claim 1 in which each of said legs is generally
      U-shaped, extending laterally from said chain guide in one direction,
      forwardly therefrom, and then laterally in the opposite direction.
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PAL  An assembly for creating die stone castings for dental restoration (inlays,
      crowns, and fixed bridges) comprising (a) a die pin setter comprising a
      flexible plastic tube or rod positionable in substantially super-imposed
      relation above the curvilinear array of cavities in a dental impression
      formed of elastic material, (b) a die pin holder comprising a series of
      bifurcated clips each forced down over the plastic tube in press-fit
      relation but nonetheless accommodating rotation of each clip in respect to
      the plastic tube into generally coaxial relation with an adjacent
      impression cavity, and (c) a dual dowel or die pin unit associated with
      each clip with at least one upper pin of the unit press-fit in depending
      relation into a blind bore of the associated clip locating two lower dowel
      or die pins in the adjacent impression cavity. The depending association
      between each clip and its dual pin unit allows relative rotation to aid in
      properly orienting the two lower die pins in the adjacent impression
      cavity. Also, by using two upper die pins in lieu of one, either may be
      press-fit into the blind bore of the adjacent clip, again insuring
      accurate, simple and quick placement of the die pins in the impression
      cavity.
PARN
PAC  BACKGROUND
PAC  CONTINUITY
PAR  This application is a continuation-in-part of my earlier and presently
      copending U.S. Pat. application Ser. No. 340,937, filed Mar. 13, 1973 and
      now U.S. Pat. No. 3,832,777 issued Sept. 3, 1974.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to die stone casting for dental
      restoration and more particularly to methods and apparatus, preferably
      comprising a die pin setter in the nature of a flexible plastic tube, a
      series of die pin holders in the nature of bifurcated clips and a dual
      dowel pin unit associated with each clip for die stone casting whereby
      inlays, crowns and fixed bridges are fabricated.
PAC  PRIOR ART
PAR  Heretofore, die stone casting in the course of dental restoration utilized
      very expensive precision equipment not easily adaptable for use from one
      impression to the next impression, occupied extensive periods of time,
      frequently resulted in intolerable accuracies in the work product, and
      required technically trained personnel. While from U.S. Pat. No. 3,704,519
      it is known to use two pins in dental restoration work, the apparatus and
      methods of the present invention are otherwise totally dissimilar.
PAC  BRIEF SUMMARY AND OBJECTS OF THE INVENTION
PAR  The present invention overcomes or at least substantially alleviates the
      above-mentioned limitations of the prior art by providing novel methods
      and apparatus, which apparatus is relatively inexpensive, requires only
      limited time to use and results in an accurate work product, even when
      operated by non-technical persons. The preferred apparatus comprises a die
      pin setter in the nature of a flexible plastic tube or rod the arcuate or
      curvilinear configuration of which configuration may be almost
      instantaneously altered from impression to impression to be substantially
      superimposed over the array of cavities in any given impression.
      Bifurcated clips, serving as die pin holders, are forced down over the
      plastic tube or rod in press-fit relation but nonetheless accommodate
      rotation of each clip into generally coaxial relation with the adjacent
      impression cavity and are also individually readily removable by simply
      manually lifting the clip from its press-fit disposition over the flexible
      tube or rod. Dual dowel or die pin units are used, one with each clip, in
      depending press-fit relation thereto so that at least two lower dowel or
      die pins extend well into the adjacent impression cavity. Thus, when the
      lower two die pins are positioned in the die stone material placed in the
      impression cavity and the material has set, relative rotation between each
      die stone segment (following cutting) and the associated die pin unit is
      prohibited. Naturally, the press-fit relation between each clip and dual
      die pin unit allows rotation of the pin unit in respect to the clip to aid
      in prompt and accurate orientation of the two depending dowel pins in each
      impression cavity. Moreover, if two upper press-fit accommodating pins are
      provided, either may be associated with the adjacent clip, again for
      speedy, accurate and inexpensive pin orientation.
PAR  Accordingly, it is a primary object of the present invention to provide
      novel methods for dental restoration.
PAR  Another paramount object of the present invention is to provide improved
      apparatus for dental restoration.
PAR  A further and no less important object of the present invention is to
      provide dental restoration equipment comprising a die pin setter in the
      nature of a flexible plastic tube or rod the curvilinear configuration of
      which may be readily repositioned from impression to impression without
      exchange of equipment, expensive and time consuming procedures and without
      the need for technical personnel.
PAR  A further dominant object of the present invention is the provision of
      dental restoration apparatus comprising bifurcated clips serving as die
      pin holders which are pressed down over a die pin setter of curvilinear
      configuration accommodating immediate placement and removal and ready pin
      orientation in an adjacent impression cavity.
PAR  An additional principal object of this invention is the provision of dental
      restoration apparatus comprising dual die pin units which are each
      press-fit in depending relation to an associated die pin holder so as to
      be rotatable whereby two lower die pins are accurately and immediately
      positioned in an adjacent impression cavity and ultimately non-rotatably
      retained within the die stone once cast and set.
PAR  An additional significant object of the present invention is the provision
      in a dental restoration apparatus of dual die pin units each adapted to be
      press-fit in depending relation to a die pin holder in either of two upper
      pins to accommodate initial relative rotation in respect to the holder
      whereby two lower pins are accurately and instantaneously positioned in an
      impression cavity.
DRWD
PAR  These and other objects and features of the present invention will be
      apparent from the following detailed description, taken with reference to
      the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary prospective representation of a presently preferred
      dental restoration assembly comprising a flexible plastic tube functioning
      as the die pin setter member, a series of one-piece plastic clips pressfit
      from above over the flexible plastic tube and a dual die pin unit
      depending from each clip; and
PAR  FIG. 2 is an exploded front elevation view of one clip, (force-fit down
      upon the flexible plastic tube) and a dual pin unit.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED APPARATUS
PAR  Reference is made now specifically to the drawings, which illustrate a
      presently preferred dental restoration assembly, generally designated 10.
      While it is to be appreciated that the assembly 10 will be associated with
      holding or support equipment, such is not essential to an implementation
      or a complete description of the present invention. It is preferred that
      the assembly 10 be fundamentally supported or carried by a jig which
      includes a base, a dental impression tray clamp and a jig mount such as is
      described and claimed in my copending U.S. Pat. application Ser. No.
      340,937, filed Mar. 13, 1973, to which reference may be made for a more
      thorough understanding of the present application which is a
      continuation-in-part thereof.
PAR  The assembly 10 comprises a die pin setter member in the nature of a
      flexible plastic tube or rod 12. One suitable type of plastic tube is
      saliva ejector stock, the plastic of which is readily yieldable as is a
      metal reinforcing element imbedded within the plastic. By utilizing the
      jig mount of U.S. Pat. application Ser. No. 340,937, the curvilinear
      configuration of the die pin setter tube 12 may be altered from dental
      impression to dental impression so as to be essentially superimposed
      thereover. This may be accomplished almost immediately without technical
      expertise. It is to be appreciated that flexible tube 12 may be positioned
      in a horizontal plane as illustrated in FIG. 1 or in an erected condition
      so as to be essentially out of the way when necessary or desirable.
PAR  Assembly 10 also comprises an array of die pin holders in the nature of
      bifurcated clips 14 preferably formed of rigid plastic material, such as
      nylon, in one piece through injection molding, notwithstanding the fact
      that other materials and methods of fabrication could be relied upon. Each
      clip 14 is press-fit downward over the curvilinear flexible plastic tube
      when disposed in the horizontal plane so as to constrict the diameter of
      the tube 12 forcing the memory of the material from which tube 12 is made
      to exert an outward force upon the clip 14 thereby tending to retain each
      clip 14 in a stationary condition force-fit or press-fit mounted upon the
      tube 14.
PAR  Each clip 14 comprises an upwardly extending contoured handle 16, a central
      bifurcated section 18, a downwardly extending side finger 20 and a
      downwardly extending axial finger 22. Fingers 20 and 22 are separated by
      an elongated narrow slot 24. The slot 24 opens into a generally circular
      region, a semi-circle 26 thereof being formed on the inside of the side
      finger 20 and a semi-circle 28 thereof being formed on the inside of the
      axial finger 22. Together the two essentially semi-circular notches 26 and
      28 form an essentially circular confinement the diameter of which is
      slightly less than the diameter of the tube 12.
PAR  The lower portion of the finger 22 comprises an axial downwardly opening
      blind bore 30, having a length and diameter for receiving a pin as
      hereinafter more fully described. In short, each clip 14 is readily
      press-fit over the tube 12, after or before it is configurated to be
      superimposed rather exactly over the arc of cavities in a dental
      impression placed under the tube 12. Each clip 14 is force-fit at
      semi-circular grooves 26 and 28 over the tube 12, causing the slot 24 to
      initially spread somewhat, so that the memory of the tube 12 holds the
      clip in whatever orientation is manually set. Clearly, the orientation may
      be readily altered by gripping the handle 16 between the fingers and
      rotating the clip 14 about the tube 12, preferably causing the axial
      finger 22 to become essentially aligned with the axis of an impression
      cavity 32 (FIG. 1). This requires negligible time, is extremely accurate
      and does not necessitate use of highly trained personnel.
PAR  The assembly 10 also comprises a dual die pin unit 40, but it is to be
      appreciated that a single die pin placed in blind bore 30 and extending
      axially into the adjacent impression cavity 32 could also be used in
      conjunction with the clip 14 and a suitable die pin setter member. The
      dual die pin unit 40, however, comprises a central bumper or abutment 42,
      downwardly tapered about its periphery and integrally joined (preferably
      by one-piece injection molding techniques using nylon or another suitable
      plastic) to two upwardly projecting clip engagable pins 44. Either pin 44
      may be press-fit into the blind bore 30, depending upon which will more
      accurately place the depending portion of the dual pin unit 40 most
      appropriately within the adjacent impression cavity 32. It is to be
      appreciated that the length and diameter of each of the two upper clip
      engagable pins 44 is of such a nature as to accommodate force fitting of
      either pin 44 within and removal from the blind bore 30 of the adjacent
      clip 14. Two depending pins of dissimilar lengths 46 and 48, to match the
      configuration to the impression cavity 32, are integral with the central
      bumper 42. Each pin 46 and 48 is adapted to be placed within the
      impression cavity 32 as shown in FIGS. 1 and 2 so that when the impression
      cavity 32 is filled with die stone material, and the pins 46 and 48 are
      imbedded therein, the dual pin unit 40 is non-rotatably retained by the
      die stone casting after it has set and tooth sections cut therefrom. It is
      preferred that the exterior surface of the pins 46 and 48 be knurled or
      otherwise roughened to accommodate satisfactory bonding between the die
      stone material and the pins.
PAR  After the die stone material has been placed in the array of impression
      cavities, each containing imbedded pins 46 and 48 depending from the dual
      pin unit 40 therein and a die stone casting obtained therefrom,
      conventional techniques are used to mount the die stone casting upon a
      base material into which pins 44 extend and to cut the die stone casting
      into separate tooth segments. The base material releasably holds the tooth
      segments during "waxing-up" and completion of the inlay or the like using
      conventional techniques. During these procedures, it is significant to
      have pins 44 available for accurately returning the associated die stone
      tooth segment to its proper position in the base material which preserves
      the array of the initial impression and that the pins 46 and 48 be
      retained imbedded within the die stone material whereby rotation between
      the pin unit and the tooth segment is pre-empted. It is also to be
      appreciated that, once the die stone material has been placed in the array
      of impression cavities and set with pins 46 and 48 imbedded therein, the
      tube 12 and each clip 14 may be immediately removed, with the investment
      of negligible time.
PAR  Restated, the present assembly 10 comprises apparatus and provides
      methodology which produces highly accurate die stone casting for dental
      restoration with a minimum of time invested, without expensive equipment
      and procedures and can utilize the services of non-technical personnel to
      produce the castings of high precision.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiment is therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by United States Letters Patent
      is:
NUM  1.
PAR  1. A die pin holder comprising an elongated clip having a major axis and
      three ends, the clip comprising:
PA1  means at one end of the clip along said axis for releasably receiving in
      depending generally axial relation at least one die pin;
PA1  a body disposed central of the three ends comprising a bifurcated section
      defining an inverted Y, the apex region of which defines a downwardly
      directed opening adapted to be force fit over die pin setter means;
PA1  a free normally upwardly directed second end along said axis comprising a
      handle for manually gripping the clip to cause the clip to be placed
      downwardly in and removed upwardly from said force fit relation with the
      die pin setter means;
PA1  said third end projecting at an acute angle in respect to said axis, with
      said downwardly directed opening at said apex region being sized to
      initially slightly under match the cross sectional size of the die pin
      setter means over which the die pin holder is force fit to enlarge the
      size of said opening equal to the size of the die pin setter means.
NUM  2.
PAR  2. A die pin holder according to claim 1 further comprising a slot at said
      apex region extending angularly into the central body to accommodate
      facile spreading of the holder of the bifurcated section during placement
      downwardly upon and removal upwardly from the die pin setter means.
NUM  3.
PAR  3. A die pin holder according to claim 1 wherein said one end means
      comprises an axial blind bore adapted to receive the at least one die pin
      in force-fit releasable relation.
NUM  4.
PAR  4. A one-piece die pin unit comprising:
PA1  a central enlarged body;
PA1  at least one pin integral with and extending essentially perpendicular
      upwardly away from the body, said at least one pin adapted to be force fit
      into releasable depending engagement with a receptacle of a die pin
      holder;
PA1  at least two pins integral with and extending downwardly in spaced
      essentially parallel relation essentially perpendicular away from the body
      in a direction essentially opposed to the at least one upwardly directed
      pin, said at least two downwarly directed pins adapted to be placed in
      depending relation within die stone material within a dental impression
      cavity prior to the initial set of the material.
NUM  5.
PAR  5. A dental restoration assembly comprising:
PA1  a one piece elongated flexible plastic tubular die pin setting member
      disposed in an adjustable curvilinear configuration;
PA1  at least one die pin holding plastic clip having an upwardly projecting
      manual handle, a central bifurcated section, from which two downwardly
      extending fingers depend, the bifurcated section being force fit
      downwardly over the tubular member allowing manual radial rotation of the
      clip upon the axis of the tubular member, one of said fingers being longer
      than the other, the longer finger having a blind bore in the lower end
      thereof;
PA1  a dual die pin unit comprising an upwardly extending pin force fit into
      said blind bore, a central body portion and at least two downwardly
      extending pins adapted to be placed in die stone material within a dental
      impression cavity before the material has set.
NUM  6.
PAR  6. A method of supporting an array of die pin holders upon a die pin
      setting member, comprising the steps of:
PA1  shaping a one piece yieldable plastic tubular die pin setting member into a
      curvilinear essentially superimposed relation over a dental impression;
PA1  force fitting one bifurcated die pin holder downwardly over the tubular
      member above each impression cavity in releasable relatively radially
      rotatable fashion with a portion of the bifurcated holder projecting
      downwardly toward the associated cavity;
PA1  force connecting at least one die pin unit to said downwardly projecting
      portion of the die pin holder in depending releasable relatively rotatable
      fashion; and
PA1  imbedding only a lower part of the die pin in die stone placed within the
      cavity.
NUM  7.
PAR  7. A method as defined in claim 6 wherein said force connecting step
      comprises placing one rod portion of the die pin unit in depending force
      fit relation in a blind bore of the projecting portion of the die pin
      holder and causing at least two other spacing rod portions to extend
      downwardly into the die stone receiving cavity.
NUM  8.
PAR  8. In a dental restoration and die pin assembly, the improvement comprising
      die pin setter means comprising a length of small diameter elongated
      deformable plastic material with memory having two ends and placed in a
      curvilinear horseshoe configuration, each end of the elongated plastic
      material being secured to spaced selectively settable jig mount site
      means, whereby each change in the location of each jig mount site means
      alters the curve defined by the plastic material.
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ABST
PAL  A process for repairing dental caries which comprises:
PA1  A. Removing decayed tooth structure to form a dental cavity;
PA1  B. Filling said cavity with a dental filling composition comprising
PA2  1. A free-radical polymerizable acrylate monomer;
PA2  2. A free radical polymerization initiator; and
PA2  3. An inorganic filler;
PA1  C. Applying an aqueous solution of waterglass to the surface of the
      composition and allowing the water to evaporate to leave a solid,
      essentially oxygen-impermeable coating of waterglass;
PA1  D. Permitting said composition to harden to form a restored dental surface;
      and
PA1  E. Washing off the waterglass coating with water.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel process for filling dental cavities.
      Co-pending application Ser. No. 415,454, filed Nov. 12, 1973, by the
      inventors hereof relates to an improved dental filling composition
      comprising certain monomeric compositions which are described in detail
      herein. Briefly, these compositions comprise polymerizable
      urethane-acrylate resins which cure by a free-radical mechanism, along
      with a free-radical initiator. While these compositions do function well
      for their intended purpose, because of the polymerization inhibiting
      effect of oxygen on compositions of this nature, the surface cure of the
      compositions when applied to a dental cavity is sometimes not reliably
      completed. It has now been found that surface cure properties can be
      improved by use of the present process.
PAC  SUMMARY OF THE INVENTION
PAR  This invention deals with a novel process for sealing the surface of a
      composition for dental filling, which composition utilizes a polymerizable
      acrylate monomer, preferably a urethane-acrylate monomer containing at
      least two reactive acrylic functional groups and at least two urethane
      linkages per molecule. It has been found that a monomer of this preferred
      type, when polymerized in situ in a dental application of the type
      described herein, will produce a polymer which has superior properties as
      a tooth filling. Polymerization is induced by a free-radical method,
      involving either the use of an ultra-violet (hereinafter "UV") activated
      free-radical generator, or a peroxy compound in combination with a known
      activator for said peroxy compound. The composition may also be
      incorporated into a dental filling composite which utilizes the
      above-described urethane-acrylate monomer and curing agents, in
      combination with an inorganic filling material. This composition or
      composite is applied to a dental cavity which has been prepared according
      to standard techniques of dentistry.
PAR  The novel feature of the present invention involves application to the
      composition or composite described above of an aqueous solution of
      waterglass, i.e., sodium metasilicate, Na.sub.2 SiO.sub.3. The water is
      allowed to evaporate leaving a solid film or coating of sodium
      metasilicate which is essentially impermeable to oxygen. Thus, oxygen is
      excluded from the surface of the curable composition, thereby permitting
      the surface to cure fully. The waterglass film is then readily washed away
      by rinsing with water.
PAR  The invention also involves a composition comprising a curable dental
      filling composition or composite having a waterglass coating thereon.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The critical feature of the invention is the creation of an essentially
      oxygen-impermeable film over the surface of the curable filling composite
      or composition. Theoretically, any material which is capable of forming
      such a film in the environment of the mouth should be suitable provided it
      does not mix with or adsorb the filling material, can be easily removed
      without damaging the cured surface, and is non-toxic. Preferably, such
      material is inorganic. Water-soluble organic polymers such as polyvinyl
      alcohol and its copolymers with polyvinyl chloride are not recommended.
PAR  It has been found that most desirable material for this purpose is
      waterglass, i.e., sodium metasilicate, Na.sub.2 SiO.sub.3. This material
      appears to be virtually unique in its exceptional ability to meet all the
      criteria described in the preceeding paragraph. Waterglass is bland and
      non-toxic and will not mix with the curable monomer. It also has the very
      desirable property of being highly water soluble, which facilitates its
      application and permits easy removal. This property also permits the
      waterglass film to be readily and completely removed from the cured
      surface of the filling material by merely rinsing with water, preferably
      tepid water. Useful concentrations of waterglass are in the range of
      approximately 25 to 60 per cent by weight of the aqueous solution. The
      lower concentrations are preferred because of their relatively low
      viscosity. The preferred concentration range is approximately 30 to 55 per
      cent by weight.
PAR  It is also desirable to include in the waterglass solution a small amount
      of a surface active agent which serves to improve the wetting properties
      of the sodium metasilicate solution, thereby enhancing its ability to
      cover the filling material. Obviously, the surface active agent should be
      non-toxic. Theoretically, any non-ionic surface active agent with adequate
      wetting properties can be used; however, the sulfates, sulfonates,
      phosphates, or mixtures of these are preferred. Useful surface active
      agent concentrations range from approximately 0.05 to approximately 1 per
      cent by weight of the aqueous solution, preferably approximately 0.1 to
      approximately 0.5 per cent by weight.
PAR  The waterglass solution can be applied to the composition or composite
      surface by any convenient means such as painting or spraying.
PAR  In general, any free-radical polymerizable acrylate monomer can be used in
      this invention, provided that it is otherwise acceptable for dental use.
      It is known in the art that the polymerization of such monomers tends to
      be inhibited to some extent by the presence of air or oxygen, thus
      resulting in incomplete cure at the exposed surface of the polymerizing
      mass. This problem is solved by the present invention by covering such
      surface with an oxygen-excluding film or coating of waterglass.
PAR  The urethane-acrylate monomers preferably used in the compositions and
      process of this invention are substances having structures which allow
      them to be regarded as the reaction product of an organic polyisocyanate
      with a polymerizable acrylate ester having a hydroxy or a primary or
      secondary amino group in the alcoholic moiety thereof. The active ydrogen
      atom in the alcoholic portion of the ester reacts with the isocyanate
      group, producing the polymerizable urethane-acrylate monomer used herein.
PAR  It is understood that certain of these monomers may, in fact, be oligomers
      or other low polymers of the urethane-acrylate monomer which contain at
      least two acrylic functional groups, and all such materials are considered
      to meet the definition of urethane-acrylate monomer as discussed and used
      herein. Suitable monomers are disclosed in U.S. Pat. No. 3,425,988 to
      Gorman et al.
PAR  The acrylates which may be used in making the urethane-acrylate monomer are
      substances of the general formula
EQU  CH.sub.2 =CR.sup.2 . COOR.sup.3                            (I)
PAL  in which R.sup.2 is H, CH.sub.3, C.sub.2 H.sub.5 or Cl and R.sup.3 is one
      of the following: (a) a C.sub.1-8 hydroxyalkyl or aminoalkyl group, (b) a
      C.sub.1-6 alkylamino-C.sub.1-8 alkyl group; or (c) a hydroxyphenyl, an
      aminophenyl, a hydroxynaphthyl or an aminonaphthyl group which may be
      further substituted by an alkyl, alkylamino or dialkylamino group, each
      alkyl group in this sub-part (c) containing up to about 3 carbon atoms.
PAR  These acrylates are exemplified by, but not limited to, 2-hydroxyethyl
      acrylate, 2-hydroxyethyl methacrylate, 2-aminopropyl methacrylate,
      hydroxyhexyl acrylate, 2-tert-butylaminoethyl methacrylate and
      hydroxyoctyl methacrylate.
PAR  In a convenient and known process for making the polymerizable monomer used
      in the polymerizable composition according to this invention, an acrylate
      of general formula I is reacted with a di- or other polyisocyanate,
      preferably in the presence of a solvent, at a temperature in the range of
      0.degree.-200.degree.C as will be described in more detail later, chosen
      to suit the specific reactants involved.
PAR  The polyisocyanates which may be used in making the polymerizable monomer
      may be generally represented by the formula (O=C=N).sub.n Q, in which n is
      an integer from 2 to about 20, preferably 2 to about 5, and Q is an
      organic radical having a molecular weight up to about 5000 and a bonding
      capacity equal to n. A preferred class of isocyanates are those of the
      formula:
EQU  (O=C=N).sub.n R.sup.4                                      (II)
PAL  wherein n is 2 and R.sup.4 is a C.sub.2-20 alkylene, alkylene or
      cycloalkylene radical or a C.sub.6-40 arylene, alkarylene, aralkarylene,
      alkyloxyalkylene or aryloxyarylene radical which may be substituted by 1-4
      chlorine atoms or by 1-3 amino or mono- or di-C.sub.1-3 -alkylamino or
      C.sub.1-3 alkoxy groups.
PAR  Typical examples of such isocyanates are toluene diisocyanates,
      4,4'-diphenyl diisocyanate, 4,4'-diphenyl methane diisocyanate,
      dianisidine diisocyanates, 1,5-naphthalene diisocyanate, 4,4'-diphenyl
      ether diisocyanate, p-phenylene diisocyanate, trimethylene diisocyanate,
      tetramethylene diisocyanate, hexamethylene diisocyanate, ethylene
      diisocyanate, cyclohexylene diisocyanates, nonamethylene diisocyanate,
      octadecamethylene diisocyanate, 2-chloropropane diisocyanate,
      2,2'-diethyl-ether diisocyanate, 2-(dimethylamino) pentane diisocyanate,
      tetrachlorophenylene-1,4-diisocyanate, 3-heptene diisocyanate and
      transvinylene diisocyanate.
PAR  Other polyisocyanates which may be used are the higher molecular weight
      polyisocyanates obtained by reacting polyamines containing terminal
      primary or secondary amine groups, or polyhydric alcohols, for example,
      the alkane and alkene polyols such as glycerol, 1,2,6-hexanetriol,
      1,5-pentenediol, ethylene glycol, polyethylene glycol, "bisphenol-A" and
      substituted bisphenol-A, with an excess of any of the above-named
      diisocyanates. These higher molecular weight urethane or ureide
      polyisocyanates may be represented by the formula:
EQU  (O=C=N--R.sup.4 --NH.CO.X--).sub.n R.sup.5                 (III)
PAL  in which R.sup.4 has the meaning given above; X represents O or NR.sup.6
      where R.sup.6 is H or a C.sub.1-7 alkyl group; and R.sup.5 is the
      non-functional residue of a polyamine or a polyhydric alcohol having at
      least n primary or secondary amino or hydroxyl groups respectively; and n
      is an integer from 2 to 20.
PAR  Accordingly, when the monomer is derived from one of the simple
      diisocyanates defined above, it has the general formula:
EQU  (CH.sub.2 =CR.sup.2.CO.O.R.sup.7.O.CO.NH--).sub.2 R.sup.4  (IV)
PAL  in which R.sup.2 and R.sup.4 have the meanings given above and R.sup.7
      represents R.sup.3 less one hydrogen atom. Preferred monomers conforming
      to this definition include derivatives of higher alkylene diisocyanates
      such as octamethylene diisocyanate, and the aromatic diisocyanates
      containing more than 8 non-isocyanate-group carbon atoms, such as durene
      diisocyanate, i.e., tetramethylphenyl-1,4 diisocyanate, and 4,4'-diphenyl
      diisocyanate. When, on the other hand, the monomer is derived from one of
      the higher molecular weight urethane or ureide polyisocyanates aforesaid,
      it has the general formula:
EQU  (CH.sub.2 =CR.sub.2.CO.O.R.sup.7.O.CO.NH.R.sup.4.NH.CO.X--).sub.n R.sup.5
      (V)
PAL  in which R.sup.2, R.sup.4, R.sup.5, R.sup.7, X and n have the meanings
      given above.
PAR  As used herein, the term urethane denotes a compound having in the molecule
      the characteristic group --O--CO--NH-- and the term ureide denotes a
      compound having in the molecule the characteristic group --NH--CO--NH--.
PAR  A typical and preferred monomer useful in the polymerizable composition of
      this invention is the monomer of formula IV in which R.sup.2 is CH.sub.3,
      R.sup.7 is n-C.sub.3 H.sub.6 and R.sup.4 is
      ##SPC1##
PAR  An acrylate is, as stated above, reacted with a polyisocyanate to form a
      monomer for use in the polymerizable composition of the invention. While
      the proportions of the reactants used are not critical, it is generally
      preferred to use about a 0.1 equivalent excess of polyisocyanate above the
      amount needed to furnish one isocyanate group for each hydroxyl or amino
      group in the acrylate molecule.
PAR  The reaction may be carried out in the presence or absence of a solvent.
      Preferably solvents selected from the aliphatic, cycloaliphatic and
      aromatic hydrocarbons, for example, benzene, toluene, cyclohexane, hexane
      and heptane, are employed, but other solvents such as methyl isobutyl
      ketone, diamyl ketone, isobutyl methacrylate, and cyclohexyl methacrylate
      can also be utilized if desired, especially where complete compatibility
      with the dental adhesive is desired. The chief reason for using a solvent
      is to prevent the reaction mixture from becoming too viscous.
PAR  The temperature employed in the reaction may vary over a wide range. Where
      the reactants are present in approximate chemically equivalent amounts or
      with slight excess of the isocyanate reactant, useful temperatures lie in
      a range extending from about 10.degree. to 175.degree.C.
PAR  When the simpler isocyanates are used the reactants are preferably at or
      near room temperature, e.g., from 20.degree.C to 30.degree.C. In the
      preparation of the high molecular weight monomers using an excess of the
      isocyanate, the reactants may be combined at room temperature but it is
      preferable to allow them to react at a temperature in the range 40.degree.
      to 150.degree.C, a specially preferred range having been found to extend
      from 90.degree. to 120.degree.C. Further detail may be found in U.S. Pat.
      No. 3,425,988.
PAR  Reaction proceeds with a slight elevation of the temperature and is
      complete when heat ceases to be evolved. The reaction mixture is then
      cooled at room temperature; if the solvent used is suitable for
      incorporation in the polymerizable composition according to this
      invention, the reaction product will need no extraction or purification
      and is ready for use.
PAR  To provide the necessary curing ability to the above-described
      urethane-acrylate monomer, a suitable initiator system is used in
      conjunction therewith. If the monomer is to be cured by a uv activation
      mechanism, a uv activated free-radical generator is selected, and
      generally may be incorporated directly into the urethane-acrylate monomer.
      For example, it is possible to use a metal carbonyl of the formula M.sub.x
      (CO).sub.y, wherein M is a metal atom, preferably Cr, Mn, Fe, Co, Ni or
      Mo, x is 1 or 2, and y is an integer determined by the total valence of
      the metal atoms, generally from 4 to 10. The preferred uv activated
      free-radical generators are selected from: (a) C.sub.1-16 straight or
      branched chain alkyl diones; and (b) carbonyl compounds of the general
      formula:
EQU  R(CO)R.sup.1
PAL  in which R is a C.sub.1-10 alkyl, aryl, aralkyl or alkaryl radical, and
      R.sup.1 is R or H. R or R.sup.1 can contain any substituents which do not
      adversely affect the compound in serving its intended function. For
      example, R or R.sup.1 can be alpha-substituted with an alkyl, aryl,
      alkaryl alkoxy or aryloxy radical, or with an amino or a mono- or
      dialkylamino derivative thereof, each of the above substituents containing
      up to about six carbon atoms. In addition, R and R.sup.1, taken together
      with the carbonyl group to which they are attached, may represent an
      aromatic or heterocyclic ketone containing up to about sixteen (16) carbon
      atoms.
PAR  Preferred polymerization initiators are acetophenone, benzophenone and 1-
      and 2- acetonaphtone. Others are 2,3-butadione, 2,4-dimethyl-3-pentanone,
      1- and 2-naphthaldehyde, p-phenylacetophenone, n-proprionophenone,
      fluoren-9-one, xanthen-9-one and 4,4'-bis-dimethylaminobenzophenone. Uv
      initiators generally are used at a level between about 0.1 and 10 percent
      by weight of the urethane-acrylate monomer, and preferably between about
      1.5 and 7.5 percent by weight.
PAR  When cure is to be initiated by free-radical mechanism which is not uv
      dependent, the urethane-acrylate monomer is used in combination with a
      peroxy compound and an activator for said peroxy compound. The specific
      peroxy compound and activator therefor are determined by the speed of cure
      desired in the final dental sealing or filling composition. This speed of
      cure also can be varied by the appropriate balancing of concentrations of
      monomer, peroxy compound and activator therefor. Organic hydroperoxides
      and organic peresters can be used in the compositions and processes of
      this invention, particularly those having a molecular weight between about
      90 and about 800, preferably between 90 and 400. Typical examples are
      t-butylperbenzoate, cumene hydroperoxide and t-butylhydroperoxide. These
      initiators generally are used at a level between about 0.5 and 10 percent
      by weight of the urethane-acrylate monomer, preferably 1 to 5 percent by
      weight.
PAR  The peroxy compounds of the preceding paragraph frequently can be activated
      by the use of organic sulfimides (such as benzoic sulfimide) and/or
      primary, secondary or tertiary amines (preferably those to be described
      hereafter). Typically, these activators are used at a level between about
      0.1 and about 7 percent by weight of the urethane-acrylate monomer,
      preferably 0.2 to 4 percent by weight. Alternatively, low levels of
      transition metal compounds frequently can be used, commonly at a level
      between about 1 and 1000 parts per million by weight of the
      urethane-acrylate monomer. Most typically the transition metal is selected
      from the class consisting of copper, iron, manganese and cobalt.
PAR  The most highly preferred peroxy initiator system is obtained by the use of
      a peroxy initiator selected from the class consisting of acyl peroxides
      and silyl peroxides. The acyl peroxides have the general formula:
EQU  Ar.CO.O.sub.2.CO.Ar
PAL  where each Ar is an aryl radical containing up to about 10 carbon atoms and
      preferably is C.sub.6 H.sub.5, ClC.sub.6 H.sub.4, NO.sub.2 C.sub.6
      H.sub.4, or Cl.sub.2 C.sub.6 H.sub.3. The silyl peroxides have the general
      formula:
EQU  CH.sub.2 =CH--Si(OOR.sup.8).sub.3
PAL  in which R.sup.8 is a C.sub.1-6 straight or branched chain alkyl radical.
      The preferred compounds from each group are benzoyl peroxide and vinyl
      tris(tert-butyl peroxy)silane, respectively. The most highly preferred
      class is the acyl peroxides. The peroxides of this paragraph generally are
      used at a level between about 0.05 and 5 percent by weight of the
      urethane-acrylate monomer, preferably 0.1 to 3 percent by weight.
PAR  The peroxides of the preceding paragraph, and most particularly the acyl
      peroxides, are most commonly activated by the use of an organic amine,
      generally having a molecular weight less than about 800. While primary,
      secondary or tertiary alkyl, aryl or alkyl/aryl amines can be used, the
      preferred amines are amines of the formula:
EQU  ArNR.sup.9 R.sup.10
PAL  where Ar is as defined above, preferably being C.sub.6 H.sub.5 or a C.sub.1
      -C.sub.4 alkyl substituted C.sub.6 H.sub.5 ; and each of R.sup.9 and
      R.sup.10 is hydrogen or a C.sub.1 to C.sub.4 alkyl group. Preferably each
      of R.sup.9 and R.sup.10 is methyl or ethyl.
PAR  The amines are used at the same level described in the preceding paragraph
      for the peroxides. In addition to the above ingredients, other ingredients
      known in the dental filling composition art may be added. The common
      additive, and one which is essential in most dental filling compositions,
      is an inorganic filler material, such as finely ground glass powder. The
      preferred filler is an aluminum borosilicate glass, most preferably having
      an average particle size which is less than about 40 microns. The
      inorganic filler frequently comprises a significant, and even a major,
      portion of dental filling composites. For example, they can comprise from
      about 40 to about 95 percent by weight of the total composition,
      preferably 70 to 90 percent by weight.
PAR  It is frequently desirable to add low levels, such as up to about 500 parts
      per million by weight, of a free-radical or uv stabilizer, many of which
      are shown in the art, to prevent spurious polymerization of the
      composition prior to the time of its intended use. Suitable free-radical
      stabilizers are hydroquinone, p-benzoquinone, butylate of hydroxy toluene
      and butylate of hydroxyanisole. It also may be desirable to modify the
      compositions by the addition of lower viscosity polymerizable ingredients,
      most commonly lower viscosity acrylate esters. Typical examples are
      hydroxyethyl methacrylate, hydroxypropyl methacrylate, trimethylolpropane
      trimethacrylate, butyleneglycol dimethacrylate and polyethyleneglycol
      dimethacrylate. Many other acrylate esters are known in the art, and
      essentially any of said esters can be used for purposes herein. An amount
      of lower viscosity acrylate ester is used which is necessary to produce
      the desired viscosity, but when the ester selected contains only one
      acrylic functional group, the amount used should not exceed the weight of
      the urethane-acrylate ester since the hardness or durability of the final
      product could be affected.
PAR  Other materials, such as adhesive agents, plasticizers, pigmenting agents,
      etc., can be used if desired.
PAR  In discussing the use ratios of the various components, the bulk of the
      composition should be composed of at least 5% by weight urethane acrylate
      monomer, plus initiator system and inorganic filler. All other ingredients
      preferably do not comprise more than about 30 percent by weight of the
      composition.
PAR  For a system which is to be initiated by a uv mechanism, it is generally
      preferable to add the uv activated free-radical initiator directly to the
      mixture of urethane acrylate monomer and other ingredients as described
      herein. This provides a one-component system which can be used directly to
      fill the apertures or cavities in the teeth and immediately activated with
      uv light. In those systems which are not to be uv activated, it is
      possible to prepare systems which can contain all necessary curing agents
      as a single component composition, such as one in which the cure is via a
      hydroperoxide/amine initiator system. Such one-component peroxy systems
      tend to be excessively slow; a far more preferable approach is to separate
      either the peroxy compound or the activator therefor into a second
      component which is to be added immediately prior to use. In this fashion,
      compounds can be selected and used in such amount as to provide much more
      rapid cure. It is for this reason that a certain number of systems
      enumerated above have been specified as preferred compositions.
PAR  When the two-component system is to be utilized, it is preferable that the
      peroxy compound be used as an additive at the time of use since in this
      way the most highly stable compositions can be prepared. The dentist then
      can measure out the appropriate quantities of each of the two components
      and mix them, directly apply them to the aperture or cavity, and within a
      short time such as one to 30 minutes, a hard and durable filling
      composition will be formed in the tooth. When the two-component system is
      utilized, it is generally desirable to mix the peroxy ingredient with a
      plasticizer or a polymerizable acrylate ester, including a urethane
      acrylate monomer, to facilitate mixing at the time of use. The balance of
      weight of use between the two components is a matter of choice dependent
      upon the systems used, and determination thereof is well within the
      province of the reasonably skilled chemist.
PAR  The compositions of this invention have been found to be easily prepared
      and used. When placed and cured in a tooth cavity, the composition forms
      hard and durable adhesive bonds to normal tooth structure. The cured
      composition is abrasion resistant, and can easily be formulated to match
      the tooth color and texture.
PAC  EXAMPLES
PAR  The invention will now be illustrated by the following description of
      specific embodiments thereof, given by way of example only.
PAR  The monomers used in the Examples are monomers A and B, and have the
      formulae:
      ##SPC2##
PAL  in which PR represents a propylene triol oligomer (average molecular weight
      2500) devoid of its three hydroxyl groups.
PAC  EXAMPLE I
PAR  A dental filling composition was prepared by blending the following
      ingredients, expressed on a parts by weight basis:
TBL  1    Monomer A                 14                                         

     2    Monomer B                 7                                          

     3    Methacrylic Acid          0.8                                        

     4    Methacryloxy trimethoxysilane                                        

                                    0.66                                       

     5    Naphthoquinone 0.33                                                  

     6    Cumene hydroperoxide      0.166                                      

     7    Benzophenone              1.6                                        

     8    Hydroxyethyl methacrylate 14                                         

     9    Uniflex 330               15                                         

     10   Glass powder (dental quality) q.s.ad.                                

                                    100                                        

PAL  Ingredients 3 and 4 are adhesion promoters, 5 is a stabilizer, 6 is a
      free-radical inhibitor, 7 is the photo-initiated carbonyl compound, 8 and
      9 are viscosity regulators, 9 being a proprietary product of Union Camp
      Corporation, Wayne, N.J. which comprises poly(butylene sebacate), and 10
      is a mechanical extender and toughener as used in conventional dental
      filling compositions.
PAR  The composition was applied to a prepared tooth cavity, molded into the
      required shape, and painted with a solution made up as follows:
TBL  Waterglass   100 ml (as 54% by weight aqueous                             

                  solution)                                                    

     "Neutrobrite"                                                             

                  0.5 gm                                                       

     Water         50 ml                                                       

PAL  In this formulation the water acts as a diluent and viscosity modifier.
      "Neutrobrite" is the trade name of a mixture of sodium hexametaphosphate
      and sodium lauryl sulfate sold by Albright & Wilson, Ltd.. The water was
      allowed to evaporate, leaving a film of waterglass.
PAR  The covered composition was then irradiated for 60 seconds at 12 inches
      diatance using a lighted Philips 125 watt HPK high pressure mercury vapor
      ultraviolet-emitting lamp. Under this treatment the composition rapidly
      cured, yielding a highly satisfactory dental filling. The waterglass film
      was then readily removed by rinsing with tepid water, leaving the filling
      intact.
PAC  EXAMPLE II
PAR  A two-part dental filling composition was prepared using the following
      ingredients, expressed as parts by weight:
TBL  FIRST PART                                                                

     ______________________________________                                    

     1.    Monomer A             14                                            

     2.    Monomer B             8                                             

     3.    Methacrylic acid      1                                             

     4.    Methacryloxy trimethoxysilane                                       

                                 0.66                                          

     5.    Naphthoquinone        0.3                                           

     6.    N,N-dimethyl-p-toluidine                                            

                                 0.5                                           

     7.    Hydroxypropyl methacrylate                                          

                                 14                                            

     8.    Uniflex 330           10                                            

     9.    Glass Powder, q.s.ad. 100                                           

     SECOND PART                                                               

     ______________________________________                                    

     10.   Dibenzoyl peroxide    5                                             

     11.   Uniflex 330           45                                            

     12.   Glass Powder          50                                            

     ______________________________________                                    

PAR  Ten parts by weight of the First Part were mixed with one part by weight of
      the Second Part. The mixture was applied to a prepared tooth cavity, where
      it was molded into the desired shape. The waterglass solution of Example I
      was then applied and the water was permitted to evaporate. After several
      minutes the filling was sufficiently hard for normal use, and was a highly
      satisfactory dental filling by standard professional criteria. The
      waterglass film was removed by rinsing with tepid water, leaving the
      filling intact.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for repairing dental caries which comprises:
PA1  a. Removing decayed tooth structure to form a dental cavity;
PA1  b. Filling said cavity with a dental filling composition comprising
PA2  1. a urethane-acrylate monomer formed by the reaction of an organic
      polyisocyanate with a polymerizable acrylate ester having a hydroxy or
      amino group in the alcoholic moiety thereof;
PA2  2. a free-radical polymerization initiator; and
PA2  3. an inorganic filler;
PA1  c. Applying an aqueous solution of about 25 percent to about 60 percent by
      weight waterglass to the surface of the composition and allowing the water
      to evaporate to leave a solid, essentially oxygen-impermeable coating of
      waterglass;
PA1  d. Permitting said composition to harden to form a restored dental surface;
      and
PA1  e. Washing off the waterglass coating with water.
NUM  2.
PAR  2. The process of claim 1 in which the aqueous waterglass solution also
      contains about 0.05 to about 1.0 percent by weight of a water-soluble
      surface active agent.
NUM  3.
PAR  3. The process of claim 2 wherein the acrylate ester has the formula
      CH.sub.2 =CR.sup.2.COOR.sup.3 wherein R.sup.2 is H, CH.sub.3, C.sub.2
      H.sub.5 or Cl and R.sup.3 is one of the following: (a) a C.sub.1-8
      hydroxyalkyl or aminoalkyl group, (b) a C.sub.1-6 alkylamino-C.sub.1-8
      alkyl group; or (c) a hydroxyphenyl, an aminophenyl, a hydroxynaphthyl or
      an aminonaphthyl group which may be further substituted by an alkyl,
      alkylamino or dialkylamino group, each alkyl group in this sub-part (c)
      containing up to about 3 carbon atoms.
NUM  4.
PAR  4. The process of claim 3 wherein the polyisocyanate has the formula
      (O=C=N).sub.n R.sup.4 wherein n is 2 and R.sup.4 is a C.sub.2-20 alkylene,
      alkenylene or cycloalkylene radical or a C.sub.6-40 arylene, alkarylene,
      aralkarylene, alkyloxyalkylene or aryloxyarylene radical which may be
      substituted by 1-4 chlorine atoms or by 1-3 amino or mono- or di-C.sub.1-3
      -alkylamino or C.sub.1-3 alkoxy groups.
NUM  5.
PAR  5. The process of claim 4 wherein the free-radical polymerization initiator
      is a UV activated free-radical generator selected from: (a) C.sub.1-16
      straight or branched chain alkyl diones; and (b) carbonyl compounds of the
      general formula R(CO)R.sup.1 in which R is a C.sub.1-10 alkyl, aryl,
      aralkyl or alkaryl radical, and R.sup.1 is R or H.
NUM  6.
PAR  6. The process of claim 4 wherein the free-radical polymerization initiator
      is a peroxy initiator selected from (a) acyl peroxides of the formula
      ArC(O)O.sub.2 C(O)Ar wherein each Ar is an aryl radical containing up to
      about 10 carbon atoms and (b) silyl peroxides of the formula CH.sub.2
      =CH--Si(OOR.sup.8).sub.3 wherein each R.sup.8 is a C.sub.1 to C.sub.6
      alkyl radical.
NUM  7.
PAR  7. A process for repairing dental caries which comprises:
PA1  a. Removing decayed tooth structure to form a dental cavity;
PA1  b. Filling said cavity with a dental filling composition comprising
PA2  1. a free-radical polymerizable acrylate monomer;
PA2  2. a free-radical polymerization initiator; and
PA2  3. an inorganic filler;
PA1  c. Applying an aqueous solution of waterglass to the surface of the
      composition and allowing the water to evaporate to leave a solid,
      essentially oxygen-impermeable coating of waterglass;
PA1  d. Permitting said composition to harden to form a restored dental surface;
      and
PA1  e. Washing off the waterglass coating with water.
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PAL  The patient simulator provides a skull with a mandible and maxilla
      relatively arranged and supported for movement simulating that of a human
      mandible and maxilla, and having a skin covering with the natural
      appearance and "feel" of the human skin. The simulator additionally
      includes a resilient tongue, and soft palate or velum which with the skin
      covering defines the mouth cavity. With practice dentures releasably
      secured to the mandible and maxilla the dental student can practice on
      various tooth conditions under substantially normal working conditions.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The patient simulator resembles a human head and is readily assembled to a
      body portion so that the complete assembly can be normally seated in a
      dental chair, with the head carried on the usual head rest. The skin
      covering lays against the outer surfaces of the dentures, and the
      resilient tongue member lays on the lower denture adjacent to and within
      the vertical confines of the teeth thereof. With the soft palate closing
      the throat end of the mouth, the available working space is limited to
      normal human conditions. Additionally, the cheek and lip portions of the
      skin covering and the tongue must be manually deflected, and retained
      deflected, to provide the necessary access to teeth being worked upon. As
      a result of this simulation of human skull and the facial characteristics,
      including the human simulation of the relative movement between the
      mandible and maxilla, the practice time of the dental student can be most
      advantageously planned and used under substantially normal working
      conditions without reliance upon practice patients.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the patient simulator of this invention
      shown seated in a dental chair;
PAR  FIG. 2 is an enlarged perspective view of the patient simulator with parts
      broken away and other parts shown in section to more clearly show its
      construction;
PAR  FIG. 3 is a fragmentary face view of the patient simulator showing one
      cheek manually deflected to provide access to the outer side of some of
      the teeth on the lower jaw;
PAR  FIG. 4 is a fragmentary face view showing the lower jaw moved laterally in
      opposite directions to extreme positions relative to the upper jaw;
PAR  FIG. 5 is an enlarged sectional view taken on line 5--5 in FIG. 1;
PAR  FIG. 6 is a reduced sectional view as seen along line 6--6 in FIG. 5;
PAR  FIG. 7 is a fragmentary sectional view on line 7--7 in FIG. 5 showing the
      distension of one cheek from, and the proximity of the other cheek to
      opposite side portions of the lower jaw;
PAR  FIG. 8 is a reduced fragmentary sectional view on line 8--8 in FIG. 7; and
PAR  FIG. 9 is an enlarged fragmentary sectional view as seen along line 9--9 in
      FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference to FIG. 2 of the drawings, there is illustrated the
      simulation of a hollow human skull 15 which is formed of a suitable
      plastic material such as ABS styrene, nylon or a polyethylene having
      necessary strength and lightness requirements. The skull 15 includes a
      downwardly projected neck post 16 that fits within a mating socket (not
      shown) provided in a headless manikin 17 (FIG. 1), only the shoulder and
      arm portions of which are illustrated. Together the skull form 15 and
      manikin 17 simulate a complete human body which is adapted to be placed in
      a seated position within a dental chair 18 in all ways similar to a human
      body to simulate a dental patient.
PAR  Forwardly of the neck post 16 the skull 15 is formed with a cutaway section
      20 defined in part by an upper wall 19 and a rear wall 21 (FIG. 2).
      Received within this cutaway section 20 and secured to the upper wall 19
      is a fixed upper jaw maxilla 22 which includes a releasable upper practice
      denture 23. A lower jaw or mandible 24 is movably supported on the upper
      wall 19 at a position rearwardly of the upper denture 23 and includes a
      lower releasable practice denture 26 arranged opposite the upper denture
      23.
PAR  The skull form 15 is completely enclosed within a skin covering 27 which is
      composed of an elastic material such as a suitable rubber or polyvinyl
      chloride composition and simulating the human skin and underlying tissues
      as to feel and thickness. This skin covering is tinted or colored in
      imitation of corresponding human skin portions.
PAR  The skin covering 27 is of a one piece construction and of a size and shape
      to fit over the skull form 15 for termination in a neck section 28, the
      lower portion of which, as shown in FIG. 1, extends within the collar of a
      shirt 29 worn by the manikin 17. A usual zipper closure 31 (FIGS. 5 and 6)
      for closing the skin covering 27 about the skull form 15 extends centrally
      of the back of the neck section 28 and upwardly and forwardly of the skull
      section to a position rearwardly of the forehead section of the covering
      27. Thus, on opening of the zipper 31 the skin covering 27 may be spread
      apart for ready removal from the skull form.
PAR  To assure a mating fit of the skin covering 27 about the skull form, such
      covering is provided on its inner surface with a pair of opposed inwardly
      projected cylindrically shaped knobs or bosses 34 located adjacent
      simulated human ears 36 for projection within corresponding holes 38 in
      the skull form (FIGS. 5 and 8). Additionally, opposite the bridge portion
      of the simulated nose section on the covering 27, the covering is formed
      on its inner surface with an inwardly extended arcuate projection 41 that
      is received within an arcuate recess 42 formed in the skull 15. In the
      assembly of the skin covering 27 with the skull 15 the arcuate projection
      41 is received in the recess 42 along with the cylindrical bosses 34 being
      inserted within the skull holes 38. It is to be also noted that the chin
      section of the skin covering 27 is formed with an inwardly extended
      arcuate projection 44 for reception within an associated arcuate recess 46
      formed in the mandible 24. With the coacting portions on the skin covering
      27 and skull 15 in mating engagement, the skin covering is readily located
      in a properly fitted relation with the skull to locate the mouth opening
      47 relative to the jaws 22 and 24, and with this relation being maintained
      on closing of the zipper 31.
PAR  The upper practice denture 23 (FIGS. 2 and 5) includes usual artificial
      teeth 48 fixed in a suitable manner within a thermoplastic plate 49 having
      a flat upper surface adapted for full bearing engagement with the upper
      wall 19 of the skull recess or cutaway section 20. The upper denture 23 is
      secured to the wall 19 by means including a cap screw 51 insertable
      downwardly through the wall 19 for threadable engagement within the plate
      49. To replace the upper denture 23 with another practice denture the
      locking screw 51 is accessible through a hole 52 (FIG. 5), formed in the
      top of the skull 15, by opening the zipper 31 and then stripping the skin
      covering 27 forwardly to expose the opening 52. The head member of the cap
      screw 51 is then manipulated by a usual socket wrench (not shown) adapted
      to be inserted within the skull 15 through the hole 52.
PAR  The lower jaw 24 (FIG. 2) includes a mounting bracket 53 that has a front
      shelf member 54 of a curved shape corresponding to the shape of the lower
      denture 26. Projected rearwardly from the rear wall 56 of the shelf 54
      (FIGS. 2 and 6) are a pair of transversely spaced side members 57 which
      terminate in upright rear arm sections 58. Adjacent their lower ends, the
      upright arms 58 are connected together by a single transverse upright
      latch or pawl member 59. The side members 57 are of a generally angular
      shape in transverse cross section having horizontal leg portions 61 (FIG.
      6) extended inwardly toward each other and connected at their forward ends
      by a horizontal ledge 62 which is integrally formed with the rear wall 56
      of the front arcuate member 54. As best appears in FIG. 6, the vertical
      leg portions of the side members 57 are formed continuously with
      corresponding upright arms 58. It is to be noted that the front and side
      portions of the front shelf 54 are formed with the recess 46 which
      receives the arcuate projection 44 of the skin covering 27.
PAR  The lower practice denture 26 has a plate 64 (FIG. 5) fitted with
      artificial teeth 66. The plate 64 is in interlocked engagement with the
      top surface of the front shelf 54 of the mounting bracket 53 and the lower
      denture is secured to the shelf 54 by holding screws 67 projected upwardly
      through the shelf 54 for threaded engagement within the plate 64. The
      screws 67 are accessible for manipulation from the underside of the shelf
      54 on removal of the skin covering 27.
PAR  A soft palate or velum 68 (FIG. 5) is fixed to the upper wall 19 of the
      skull recess 20 at a position adjacent the rear side of the upper denture
      23. From such upper wall the soft palate 68 (FIGS. 4 and 5) extends
      downwardly to a position rearwardly of the base 69 of a tongue member 71
      and constitutes a rear closure for the mouth cavity 72. The tongue member
      71 (FIGS. 2 and 4) is located between the artificial teeth 66 of the lower
      denture 26 with the base 69 thereof projected downwardly between the side
      members 57 at a position adjacent the rear wall 56 of the shelf 54. The
      tongue 71 is secured to the mounting bracket 53 by a clip member 73 of an
      angle shape having a verticle leg embedded within the tongue base 69 and a
      horizontal leg secured as by screws 74 to the underside of the horizontal
      ledge 62.
PAR  The lower jaw mounting bracket 53 is movably supported on the skull 15 by
      means including a pair of mounting blocks 76 (FIGS. 2 and 5) corresponding
      to the arms 58 and secured to the upper wall 19 of the recess 20 at
      positions rearwardly of the soft palate 68. Each mounting block 76 has a
      flat depending ear 77 adjacent an upright arm 58. The ears 77 are formed
      with transversely opposite elongated forwardly and downwardly extended
      slots 78 for receiving therein the projected end sections 80 of a shaft or
      rod 79 that interconnects the top ends of the upright arms 58.
PAR  As best appears in FIG. 9, the surface of an ear 77 facing an adjacent
      upright arm 58 is formed with a flat section 81 rearwardly of the slot 78
      and with a forwardly and outwardly inclined section 82 over the remaining
      portion thereof. The upright arms 58 are yieldably held against the upper
      ends of the slots 78 by a pair of torsion springs 83 spaced longitudinally
      of the rod 79 between the arms 58 and anchored to the upper wall 19 by
      means including an anchor bar 84. It is thus seen that the lower jaw 26 is
      pivotally movable relative to the upper jaw 22 along with being laterally
      movable to opposite sides of the upper jaw on movement of one or the other
      of the projected ends 80 of the rod 79 longitudinally of an associated
      slot 78. This lateral movement is restricted to an included angle A formed
      between the surface of an upright arm 58 with the inclined surface section
      82 of an adjacent ear 77. This pivotal and lateral movement of the lower
      jaw relative to the upper jaw is a substantial simulation of the relative
      movement of such jaws in a human skull.
PAR  For holding the lower jaw 24 in a pivotally moved position the neck post 16
      (FIGS. 5 and 6) is provided with a pair of transversely opposite forwardly
      extended holding arms 87, the rear ends of which are separately pivoted on
      screws 88 arranged in axial alignment and threadably engageable within
      opposite sides of the neck post 16. The forward end of each arm 87 is
      continuously biased in an upward direction by a torsion spring 89 having
      one end anchored within the skull 15, and its opposite end extended
      transversely through a holding arm. The upper surfaces of the holding arms
      87 are formed with longitudinally spaced notches 91 arranged opposite each
      other for selectively receiving the latch bar 59. The front ends of the
      top surfaces of the arms 87 are tapered downwardly and forwardly with the
      arms 87 being of a length such that such tapered surfaces are engageable
      with the underside of the horizontal ledge 62 of the mounting bracket 53.
PAR  The latch bar 59 is maintained in engagement within a selected pair of
      transversely opposite notches 91 by the torsion springs 89 on movement
      laterally of the lower jaw relative to the upper jaw 22 by virtue of the
      independent yieldable support of the holding arms 87 on the neck post 16.
      Thus, and referring to FIG. 2, should the lower jaw be laterally moved to
      the left, as viewed in FIGS. 2 and 4, the left end 80 of the rod 79 would
      remain at the upper end of its corresponding slot 78 while the right hand
      end 80 of the rod would be moved downwardly in its associated slot 78.
PAR  As a result of this downward movement, of the right hand end 80 of the rod
      79, the right hand holding arm 87 would be pivotally moved downwardly a
      like amount while the latch bar 59 would remain within the selected
      notches 91. This lateral movement of the lower jaw 24 to the left to its
      full line position shown in FIG. 4, would be limited by the engagement of
      the inclined surface 82 on the ear 77 of the left hand mounting block 76
      with the outer surface of the adjacent left hand arm 58. It will be
      understood that a similar movement of the rod 79 relative to the mounting
      blocks 76 would occur on lateral movement of the lower jaw to the right of
      the upper jaw 22 to the dotted line position therefor shown in FIG. 4. It
      is seen, therefore, that the movement of the lower jaw 24 relative to the
      upper jaw 22 simulates in all respects the corresponding relative
      movements of the human counterparts thereof.
PAR  As shown in FIG. 6, the lip and cheek sections of the skin covering 27 are
      adjacent to the outer surfaces of the teeth of the practice dentures 23
      and 26. Thus, with the mouth in an open position access to the teeth
      adjacent a cheek section is obtained by manually deflecting a cheek
      section outwardly as illustrated for the right hand check section in FIGS.
      3 and 7. With the soft palate 68 and tongue member 71 relatively arranged
      to simulate the human counterparts thereof, consideration must also be
      given to their positions when dental work is to be performed on the teeth
      66 of the lower practice denture 26. It is seen, therefore, that access to
      the teeth 48 and 66 for dental operations as well as the working space
      available through the mouth and within the mouth cavity for performing
      such operations is limited and inhibited by simulated human skull
      characteristics to better prepare the practicing dentist for dental work
      on humans.
PAR  Although the invention has been described with respect to a preferred
      embodiment thereof it is to be understood that it is not to be so limited
      since changes and modifications can be made therein the full intended
      scope of the invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dental practice device for simulating dental conditions of a dental
      patient, said device comprising:
PA1  a. a simulated human head including a skull having an upper jaw fixed
      thereto,
PA1  b. a movable lower jaw,
PA1  c. means movably supporting the lower jaw on the skull for up and down
      pivotal movement toward and away from the upper jaw and for transverse
      movement relative to the upper jaw including means for releasably holding
      the lower jaw in a pivotally moved position and means providing for a
      transverse movement of the lower jaw in all pivotally moved positions
      thereof,
PA1  d. practice dentures corresponding to and releasably secured to said upper
      and lower jaws, and
PA1  e. a covering skin for said skull, upper jaw and lower jaw simulating the
      human skin and including a mouth portion, said skin forming with said jaws
      a mouth cavity to which access is had only through said mouth portion.
NUM  2.
PAR  2. A dental practice device according to claim 1 wherein:
PA1  a. said skull has a rearwardly located depending neck section and said
      lower jaw an upstanding rear section, and
PA1  b. said releasable holding means includes a pair of pivoted arms arranged
      at opposite sides of said neck section and extended forwardly therefrom,
PA1  c. means pivoting the rear ends of said pivoted arms on said neck section
      for independent pivoted movement about a common axis extended transversely
      of said neck section,
PA1  d. coacting means on said pivoted arms and lower jaw for releasably locking
      the lower jaw in a pivotally moved position,
PA1  e. said means for movably supporting the lower jaw for transverse movement
      including mounting means on said skull having a pair of transversely
      spaced elongated slots extended in a downward and forward direction,
PA1  f. an elongated pivot means on said rear section having the ends thereof
      receivable in said slots, and
PA1  g. means on said skull for yieldably urging said pivot means upwardly of
      said slots.
NUM  3.
PAR  3. A dental practice device according to claim 2, wherein:
PA1  a. said coacting means includes longitudinally spaced transversely opposite
      teeth portions in the upper surfaces of said pivoted arms,
PA1  b. a transversely extended latch bar on said lower jaw adjacent said
      upstanding rear section selectively engageable with said teeth portions,
      and
PA1  c. means on said skull for yieldably urging said pivoted arms into
      engagement with said latch bar.
NUM  4.
PAR  4. A dental practice device according to claim 1 wherein:
PA1  a. the practice denture for the lower jaw has a base portion with an open
      rear side and teeth projected upwardly from said base portion along the
      side and front edges thereof, and
PA1  b. a flexible tongue member simulating a human tongue having a body portion
      with a downwardly projected rear portion secured to said lower jaw, so
      that said body portion extends forwardly through said open rear side and
      over said base portion within the vertical confines of said teeth.
NUM  5.
PAR  5. A dental practice device according the claim 4 wherein:
PA1  a. said upper denture has teeth thereon arranged in opposition to the teeth
      on said lower denture, and
PA1  b. said covering skin has cheek portions and lip portions in contact
      engagement with the teeth on corresponding adjacent portions of said upper
      and lower dentures, whereby free access to the outer surfaces of said
      teeth is obstructed by said cheek and lip portions of the skin covering.
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PAL  The specification describes an automatic machine for measuring the length,
      width and girth of a foot for the purpose of determining the most
      appropriate shoe size. The machine measures the width of the foot at a
      distance approximately three quarters of the length of the foot from the
      heel end and measures the girth of the foot at the same position. Placing
      the heel against a heel stop on a platform initiates motor driven movement
      of a toe stop towards the toes. When the toe stop comes into abutment with
      the toes, a microswitch is actuated which starts a motor driving one of
      two width probes for bringing the two width probes into engagement with
      opposite sides of the foot, the width probes being coupled together for
      lateral floating movement. The width probes are mounted on a carriage
      which is driven lengthwise of the foot in conjunction with the toe stop
      end at three-quarters of the speed of the toe stop. Contact of the width
      probes with opposite sides of the foot actuates motors which cause two
      girth probes mounted on the said carriage to move towards each other
      laying tape across the instep of the foot. When the girth probes touch
      each other, their relative movement towards each other is terminated.
      Motors which respectively drive the toe stop, width probes and girth
      probes are connected to respective pointers which provide measures of the
      length, width and girth of the foot.
BSUM
PAR  This invention relates to foot measuring machines.
PAR  According to this invention there is provided a foot measuring machine
      comprising a platform for supporting a foot, a heel stop and a toe stop
      for respectively engaging the heel and toe of the foot, which stops are
      spaced apart lengthwise of the platform, a main carriage mounted for
      guided movement lengthwise of the platform, width probes mounted on the
      carriage for guided movement to engage opposite sides of the foot, means
      for moving the heel stop, toe stop and carriage relative to each other in
      a direction lengthwise of the platform and maintaining the distance
      between the width probes and the heel stop at substantially three-quarters
      of the distance between the toe stop and the heel stop, means for moving
      the width probes into engagement with opposite sides of the foot, and
      measuring means providing a measure of the distance travelled by the
      probes in moving from an initial position into a position in engagement
      with opposite sides of the foot thereby to provide a measure of the width
      of the foot. In one embodiment of the invention, the heel stop is fixed
      and the moving means drives the toe stop and the carriage lengthwise of
      the platform.
PAR  According to a preferred feature of the invention, the two width probes are
      mounted for lateral floating movement as a unit with respect to the
      carriage.
PAR  According to another preferred feature of the invention the width probes
      are mounted on respective trolleys on the carriage, said trolleys being
      mounted for guided movement transversely of the length of the foot
      relative to the carriage and carrying cam followers for engagement with
      cam means extending lengthwise of the platform, and means being provided
      for urging the trolleys in a sense to hold the cam followers in engagement
      with the cam means, said cam means being adapted to vary the distance
      between the trolleys as a function of the distance between the heel and
      toe stops thereby to provide a datum width, and to establish the initial
      positions of the width probes.
PAR  According to still another preferred feature of the invention the cam means
      is mounted for free lateral pivotal movement about one of its ends so as
      to provide said floating movement.
PAR  According to another preferred feature of the invention the carriage
      carries means for providing a measure of the girth of the foot at the
      position where the width of the foot is measured.
PAR  In preferred arrangements means is provided for establishing a datum girth
      at the position of measurement as a function of the measured width of the
      foot at that position, the girth measuring means providing a measure of
      the difference between the datum girth and the actual girth of the foot.
      In one such construction the girth measuring means comprises at each side
      of the platform a tape or band extending in a loop directed transversely
      to the lengthwise dimension of the platform and having its ends attached
      to the main carriage, a girth carriage mounted on the main carriage and
      having thereon two guide elements spaced apart transversely of the
      lengthwise dimension of the platform and engaged in the loop, and means
      for moving the girth carriages towards and away from each other, the
      construction and arrangement being such that inward movement of the
      carriage causes the guide elements to move within the loops the two inner
      guide elements being adapted to roll towards each other across the instep
      of a foot on the platform, and means for moving the carriages a
      predetermined distance inwards towards each other for bringing the inner
      guide elements into an initial relative position. Preferably the inner
      guide elements are resiliently urged towards each other so as to place the
      respective loops under tension, and one end of one of the loops is
      connected to a motor driven element operating in a sense to reduce the
      tension in the loop whereby the associated guide element is permitted to
      move forward to contact the inner guide element on the other carriage,
      there being provided switch means adapted to be actuated by a fall in the
      tension of said one of the loops to terminate movement of said motor
      driven element, which movement provides a measure of the girth of the
      foot.
PAR  The invention also provides a foot measuring machine comprising a platform
      for supporting a foot, a heel stop and a toe stop for respectively
      engaging the heel and toe of the foot, which stops are spaced apart
      lengthwise of the platform, a main carriage mounted for guided movement
      lengthwise of the platform, means for moving the heel stop, toe stop and
      carriage relative to each other in a direction lengthwise of the platform
      and maintaining the distance between the carriage and the heel stop at
      substantially three-quarters of the distance between the heel and toe
      stops, and means on the carriage for laying tape or other flexible band
      across the instep of the foot and for indicating a measure of the length
      of tape so laid thereby to provide a measure of the girth of the foot at
      the position of measurement.
PAR  The invention further provides a foot measuring machine comprising a
      platform for supporting a foot, a heel stop and a toe stop for
      respectively engaging the heel and toe of the foot which stops are spaced
      apart lengthwise of the platform, a main carriage mounted for guided
      movement lengthwise of the platform, means for moving the toe stop and the
      carriage simultaneously lengthwise of the platform and means on the
      carriage for laying tape or other flexible band across the instep of the
      foot and for indicating a measure of the length of tape so laid thereby to
      provide a measure of the girth of the foot at the position of measurement.
DRWD
PAR  One embodiment of the invention will now be described by way of example
      with reference to the accompanying drawings in which:
PAR  FIG. 1 is a perspective front view of a machine according to the invention,
PAR  FIG. 2 is a side elevation of the machine, parts of the external casing
      being omitted to show the construction more clearly,
PAR  FIG. 3 is a plan view of the apparatus, the external casing being omitted
      to show the construction,
PAR  FIGS. 4A and 4B together show an end elevation of the apparatus, FIG. 4B
      being partly sectioned on the plane 4--4 of FIG. 3
PAR  FIG. 5 is a fragmentary sectional plan on the plane 5--5 of FIG. 4,
PAR  FIG. 6 is a sectional view on the plane 6--6 of FIG. 4,
PAR  FIG. 7 is a diagrammatic plan view of a girth carriage of the machine,
PAR  FIG. 8 shows diagrammatically the arrangement for providing the girth
      measurement reading,
PAR  FIG. 9 is a front elevation of the pointer assembly of the machine with the
      external casing removed, and
PAR  FIG. 10 is a sectional side elevation of the pointer assembly.
DETD
PAR  The illustrated machine is designed to measure the length of a person's
      foot and to measure the width and girth of the foot at a position 72.5% of
      the measured length of the foot from its heel end, which investigation has
      shown to be position of maximum width and maximum girth for most people.
      The machine establishes a datum girth for the foot on the basis of the
      measured width of the foot and then goes on to measure the variation from
      that datum girth. The machine indicates by means of a pointer 10 the most
      appropriate size-length of shoe for the foot based on its measured length,
      and indicates by means of a pointer 11 the most appropriate width fitting
      derived from the measured deviation from a datum width which is based on
      the typical maximum width of a foot of given length, and indicates by
      means of a pointer 12 whether the girth of the foot at the point of
      measurement of the width is low, normal or high. The datum width for each
      length of foot is greater than the maximum width likely to be encountered.
      In measuring the girth, the machine measures the variations of the girth
      from a datum which is less than the smallest girth likely to be met in a
      foot of given length.
PAR  Referring now to FIGS. 1, 9 and 10 the pointers 10, 11 and 12 and their
      respective scales are disposed in an upstanding indicator head 13 at the
      rear end of the machine. The size-length, width and girth fitting scales
      are marked side by side on a translucent screen 14. Pointers 10, 11 and 12
      comprise transparent Perspex rods which are secured by one end in bosses
      24a attached to respective lower lever portions 24. The bosses are mounted
      on a horizontal pivot pin 15 carried by a vertical frame 17, two uprights
      18 of which have their lower ends secured in slots 19 near the rearward
      end of the chassis 16 of the machine. Each lever portion 24 is urged into
      a central position by opposed tension springs 24a acting on it. However,
      in the case of the lever portion of rod 10, the left hand tension spring,
      viewed as in FIG. 7 is a constant tension spring. The transparent Perspex
      rods are each notched at 20 near the pivot 15. An electric light bulb 21
      partly enclosed by a casing structure 22 is directed on to the notches and
      light therefrom passes along each rod and is projected on to the screen 14
      to indicate the scale reading. The length, width and girth dimensions
      measured by the machine are transmitted to the pointers by respective
      Bowden cables 23a, 23b, 23c connected to the lower ends of the lever
      portions. The range of swinging movement of the pointers is shown in chain
      lines in FIG. 10.
PAR  A casing 25 for the bottom part of the machine provides in its top face an
      elongate rectangular aperture 25a to receive a person's foot. The aperture
      is longer and wider than the largest foot the machine can measure. Below
      the aperture is disposed a horizontal platform 26 (FIGS. 1, 2 and 3) which
      is fixedly mounted at its ends on brackets forming part of a main chassis
      of the machine. A heel plate 28 is pivotally attached by its lower end to
      the upper surface of the platform 26 at the forward end of the latter. A
      microswitch 29 is disposed behind the heel plate 28 and when a foot to be
      measured is placed on the platform with the heel in engagement with the
      heel plate 28 to close the microswitch and a main switch S on the
      indicator head 13 has been actuated by the attendant to start an electric
      motor 30 mounted on the chassis 19 near the rear end of the machine.
PAR  Motor 30 drives, through a reduction gear train 31, a shaft 32 carried in
      bearings on the machine chassis. Shaft 32 extends across substantially the
      full width of the machine and has secured to each end a chain sprocket 33
      and a wheel 34 which has a peripheral flange. Each of the wheels 34 has
      secured to its flange by a screw 34a one end of a constant tension spring
      35 of the type known as Tensator springs, the other end of which is
      attached to a pulley 36 carried in bearings in the chassis adjacent the
      front end of the machine. A transversely extending bar 37 has its opposite
      ends secured to the two springs 35 respectively and supports a bracket 38
      for movement lengthwise of platform 26. The bracket in turn carries for
      pivotal movement about a horizontal axis a toe-plate 39 behind which a
      microswitch 39a is attached to the bracket 38. The two springs 35 are
      designed to pull the bar 37 towards the heel plate with a constant tension
      of approximately one pound each. When motor 30 is started, the wheels 34
      are driven to permit the Tensator springs to be drawn on to the pulleys
      36, and when the toe plate 39 comes into abutment with the toes of the
      foot on the platform 26, a maximum pressure of two pounds is exerted by
      springs 35 but the constant tension spring acting on the lever portion 24
      of rod 10 as previously described reduces the load applied to the toes to
      about 1/2 to 1 lb.
PAR  The toe plate swivels under this load and operates the microswitch 39a to
      stop the motor 30.
PAR  The other end of the Bowden cable 23a attached to the length pointer 10 is
      attached to bracket 38 and its cover is engaged in a holder (not shown)
      mounted on the rearward end of the platform so that the pointer 10 moves
      as bracket 38 moves and indicates the measured length of the foot.
PAR  The width of the foot is measured by two width probes 40, 41 carried by
      respective trolleys 42, 43 which are mounted on a frame 44a forming part
      of a main carriage 44 spanning the chassis 16. Carriage 44 comprises a
      pair of side plates 45 interconnected by a rod 46 and a parallel channel
      section member 47 and carrying rollers 48 enabling the carriage to roll
      backwards and forwards along lengthwise extending rails 49 secured to the
      chassis 16 (FIG. 2). A post 50 projecting upward on each side plate 45 is
      connected to a link of a chain 51 extending round the sprocket 33 which is
      secured to the motor driven shaft 32 and round an idler sprocket 53
      mounted on a stub shaft carried by the chassis 16 adjacent the pulley 35.
      The ends of the chain are interconnected by a tension spring 51a (FIG. 2).
PAR  As mentioned above it has been found by extensive investigations that on
      average the maximum width of the foot occurs at a distance equal to 72.5%
      of the length of the foot measured from the heel. The required ratio
      between the movement of the toe plate and the carriage 44 to ensure that
      the width sensors are at a distance from the heel plate equal to 72.5% of
      the distance of the toe plate from the heel plate is determined by the
      relationship between the effective diameters of the sprockets 33 and the
      wheels 34 which control the position of the toe plate 39.
PAR  The frame 44a which forms part of the carriage is rigid and has two
      vertical side parts disposed on opposite sides of the trolleys and
      extending parallel to and adjacent the rod 46 and member 47 respectively,
      these side parts being interconnected by horizontal rods 54. Each side
      part comprises a horizontal member 55 extending under the platform 26 with
      first uprights 56 at its ends, second uprights (which are not shown)
      spaced inwards from its ends and disposed adjacent opposite sides of the
      platform, and short horizontal members 58 interconnecting the upper ends
      of the first and second uprights at each side of the platform. The
      carriage frame 44a also has bearing sleeves 59 (FIG. 6) clamped thereto
      and encircling the rod 46 and rollers 60 engaging the top and bottom
      flanges of the channel section member 47, so that the frame can move
      laterally along the rod 46 and member 47. Each of the two trolleys
      comprises a box structure 61 which is supported between the side parts of
      the carriage frame 44a by bearing sleeves (not shown) clamped to the box
      structure behind the bearing sleeves 59 engaging the rod 46 and by rollers
      57 engaging within the channel section member 47 enabling the trolleys to
      move relative to the carriage frame. The two trolleys are pulled towards
      each other by twin constant tension springs 62 each extending between a
      drum 63 on one trolley and an anchorage 64 on the other trolley but are
      held apart at a distance related to the measured length of the foot by a
      floating cam device which will now be described.
PAR  Referring now to FIGS. 2, 3, 4A and 4B two parallel links 68 extend along
      under the platform 26 and are pivotally attached to the chassis at 69 at
      their rearward ends, the front ends of the links being pivotally coupled
      together by a transverse link 70 which is supported beneath the platform
      by a block 71 made from polytetrafluoroethylene. Two generally triangular
      width cams 72 are respectively secured to the links 68 and each has
      outwardly facing contiguous cam edges 73, 74. The transverse distance
      between the two cam edges 73 or the two cam edges 74 at any point
      lengthwise of the cams represents the datum width for a corresponding foot
      length, and it is the variations from this datum width which are
      transmitted to the width pointer 15. The cam edges 73 represent the widths
      corresponding to children's shoe sizes and the cam edges 74 represent
      those corresponding to adult sizes. The cam edges 73, 74 of the two cams
      72 are engaged by roller followers 75 (FIG. 4) adjustably mounted on the
      trolleys 42, 43. The inner edges of the cams are respectively engaged by
      rollers 76 adjustably mounted on the carrier frame 44a. The trolleys are
      pulled towards each other to maintain the rollers 75 in contact with the
      cams by the twin constant tension springs 62 which provides a constant
      pulling force of 2 lb. between the trolleys. The pivotal attachment of the
      links 68 to the machine chassis provides the assembly of the trolleys 42,
      43 and width cams 72 with a transverse floating action without the
      occurrence of any appreciable error in the transverse datum distance
      between the rollers 75. The engagement of rollers 76 with the inner edges
      of the cams maintains the carriage 44a in a central position with respect
      to the two trolleys.
PAR  To bring the width probes 40, 41 into abutment with the sides of the foot,
      a gear train 80 mounted on trolley 43 is driven by a flexible cable drive
      (not shown) from an electric motor 81 mounted at the rearward end of the
      chassis and drives a gear wheel 82 which has a screw 83 secured to it. The
      screw has a standard and a non-standard thread in its length. The standard
      screw thread is engaged by a threaded sleeve 84 which is held against
      rotation and which is attached to an assembly 85 slidably mounted on the
      trolley and carrying the width probe 41. The width probe 41 is thus
      movable inwards towards and outwardly away from width probe 40. In
      operation of the machine, the microswitch 39a operated by the toe plate 39
      starts the motor 81 at the same time as it stops the motor 30, and motor
      81 drives the gear train 80 in a sense to move the width probe 41 towards
      the side of the foot. When probe 41 touches the side of the foot, the
      continuing operation of motor 81 and probe 41 and the lateral floating
      action introduced by the mounting of the width cams together cause the
      trolleys 42, 43 to move transversely of the foot along the rod 46 and
      member 47 until the width probe 40 comes into abutment with the other side
      of the foot. A plate 85 (FIG. 5) on the inner end of each probe is mounted
      for a small degree of lost motion in the direction of movement of the
      probe. A small spring 86 holds each plate 85 at the inner extremity of its
      lost motion but is overcome when the probes press against opposite sides
      of the foot, and the resulting movement of the plates 85 relative to
      respective probes actuates microswitches 40a on the bodies of respective
      probes to stop the motor 81. Microswitches 40a are connected in series
      with each other. Springs 86 (see FIG. 5) are selected bearing in mind that
      the width probes can never exert a force greater than 2 lb. on the foot,
      i.e. a force equal to the total tension exerted by the constant tension
      springs 62. One of the gears in the gear train 80 driven by motor 81 has a
      drum 88 secured to it, and the end of the Bowden cable 23b remote from the
      pointer arrangement is attached to the drum, the end of the cable cover
      being held by a holder (not shown) on the box structure 61 of trolley 43.
      Thus the rotational movement of the drum 88 from its initial datum
      position is directly related to the movement of the threaded sleeve 84
      along the screw thread necessary to bring the two probes 40, 41 into
      engagement with the sides of the foot, and this movement is transmitted by
      the Bowden cable to the pointer 11, indicating the variation from the
      standard width determined by the spacing between the two cam followers 72
      and thus the required width fitting of the shoe.
PAR  Each of the trolleys 42, 43 also carries a girth carriage 90 (FIGS. 4 and
      7) comprising two side strips 91 which are secured together and which are
      slidably mounted on the top of the carriage frame for movement at right
      angles to the lengthwise dimension of platform 26. At its outer end (i.e.,
      its end further from the platform 26) each carriage provides a transverse
      axle pin for a roller 93 as shown in FIGS. 7 and 8. A block 94 disposed
      between the side strips 91 has lateral pins 95 which project into slots 96
      extending lengthwise of the side strips 91 and which respectively provide
      anchorages for two tension springs 97, the other ends of which are
      attached to inwardly directed pegs 98 fixed on the side strips 91. A
      second roller 99 is mounted inwardly of the inner ends of the side strips
      91 in a yoke 100 which is rotatably mounted on a rod 101. Rod 101 extends
      outwards between the strips 91 and has its outer end mounted in the block
      94. The mounting of the yoke 100 enables the roller 99 to tilt about the
      axis of rod 101. Between block 94 and the yoke, the rod 101 is rotatably
      mounted in a second block 102 which is carried by strips 103 extending
      laterally over the side strips 91 and secured at their outer ends to
      outwardly extending radius arms 104 pivotally mounted on the trolley 42 or
      43 (FIG. 3). The rod 101 and roller 99 can thus also pivot upwards and
      downwards about the lateral pins 95 and are stabilised by block 102 and
      the radius arms 104. A tape 105 extends round the rollers 93 and 99.
PAR  A plate 122 (FIGS. 7 and 8) underlies the girth carriage and is slidably
      supported by carriage frame 44a for movement parallel to that of the girth
      carriage. The outer end of plate 122 has a vertical tail piece 122a (see
      FIG. 8) which is arranged to actuate a microswitch 123 and to which is
      connected one end of a weak tension spring 122c, the spring being anchored
      to carriage frame 44a and tending to pull the plate in an outward
      direction. The plate 122 is held against the spring tension by one end of
      the tape 105 which is attached to the inner end of the plate at 122b and
      extends thence forwardly (inwardly), upwardly round the inner roller 99,
      rearwardly, downwardly round roller 93 and then forwardly to an anchorage
      point. This anchorage point is not the same on the two trolleys 42, 43, as
      will now be explained. A plate 122 forms a first anchorage for each tape
      105, the other anchorages of the right and left tapes being formed by the
      block 108 and the sleeve 126 respectfully.
PAR  On the right hand girth trolley at the right hand end of carriage frame 44a
      as viewed from the front of the machine, the said anchorage point is a
      block 108 (FIG. 4B) which is in engagement with the non-standard screw
      thread of screw 83. When the width probes 40, 41 move inward to measure
      the deviation of the width of the foot from the corresponding datum width
      for the length of the foot, the starting position of block 108 and said
      other end of the girth measuring tape on the right hand trolley is
      automatically adjusted to set the girth datum corresponding to the
      measured width of the foot. This adjustment thus moves the said other end
      of tape 105 (FIGS. 7 and 8) which in turn adjusts the position of the
      inner roller 99 relative to the girth carriage the lateral pins 95 moving
      along their slots 96 to compensate.
PAR  A motor 87 (FIGS. 4A and 4B) which is disposed below platform 26 and which
      is started by the microswitch 39a actuated by the toe plate 39 has two
      pulleys 112 on its output shaft, and the pulleys drive endless cords 113,
      114 extending round pulley systems associated with the respective trolleys
      42, 43 and mounted on the carriage frame. Each of these pulley systems
      comprises pairs of pulleys 115 and 116 (FIGS. 3 and 4A) carried on rods 54
      and a pulley 117 mounted on a vertical pin carried by the carriage frame.
      A clip 118 (FIG. 3) on the run of each endless cord between one pulley 116
      and pulley 117 is connected to the associated girth frame 90, so that when
      the motor 87 is set in forward operation from its predetermined starting
      position the two girth frames are moved towards each other from their
      predetermined initial positions. A first microswitch 120 associated with
      motor 87 is provided for stopping the motor and simultaneously starting a
      motor 121 mounted adjacent the rear end of the chassis. Since each girth
      carriage is thus effectively moved inward a predetermined distance, the
      position of the inner roller 99 of the right hand girth carriage continues
      to be indicative of the girth datum. It will be understood that since the
      ends of the tapes are not attached to the girth carriage the rollers 93,
      99 roll within the loop of tape during the forward movement of each girth
      carriage.
PAR  On the girth carriage 90 on the left hand end of the carriage frame 44a,
      the said anchorage point to which the end of the tape 105 is connected is
      a threaded sleeve 126 (FIGS. 5 and 8) mounted on a screwed rod 127 which
      is supported in bearings on carriage frame 44a.  Sleeve 126 has a lateral
      extension 126a slidably engaged with a rod 129 carried by trolley 42 so as
      to hold the sleeve against rotation. Screwed rod 127 is driven by a motor
      121 (FIG. 3) at the rear end of the chassis through a flexible cable (not
      shown) and a gear train (not shown) carried by the carriage frame 44a. One
      of the gears in the train has a drum secured to it in the same manner as
      in the gear train 80 (FIG. 4B), and the end of the Bowden cable 23c remote
      from the pointer system is attached to and wound on the drum.
PAR  Each of the plates 122 (FIGS. 8 and 4B) is positively restrained against
      forward movement beyond a point at which a selected tension is applied to
      its spring 122c. In the illustrated construction this is achieved by
      abutment of the vertical tail pieces 122a of the plates against the outer
      ends 107 of the respective gear boxes housing the gear trains driven by
      motors 81 and 121.
PAR  When forward motion of the motor 87 beneath platform 26 (FIGS. 4A and 4B)
      is initiated by microswitch 39a the two girth carriages are moved bodily
      inward by the endless cords 113, 114 in the manner described above at a
      speed which is substantially the same as the speed of movement of the
      width probes 40, 41. During this movement of the girth carriages, the two
      ends of each tape 105 (FIGS. 7 and 8) being effectively fixed, the rollers
      93 and 99 roll within the tapes. The motor 87 remains in operation after
      the width probes have stopped and carries the girth probes constituted by
      the rollers 99 inward towards each other across the foot. The rollers roll
      across the instep of the foot and can lift and tilt by virtue of their
      mountings 102, 104 on the girth frames to keep in proper rolling contact
      with the foot. The motor 87 is stopped by the operation of a microswitch
      120 (FIG. 3), at a selected rotational position of its pulleys 112, by a
      projection 124 attached to one of the pulleys, when the girth probes,
      rollers 99, are still a short distance apart.
PAR  The actuation of microswitch 120 also initiates operation of motor 121 to
      drive the screwed rod 127 in a sense to move the threaded sleeve 126 on
      the left hand girth carriage outwards (FIGS. 5 and 8). This allows the
      tape 105 on the carriage to be fed inward round the roller 93, which in
      turn allows the roller 99 to be moved inward by the tension springs 97
      towards the roller 99 on the right hand girth carriage.
PAR  When the left hand roller 99 touches the stationary right hand roller 99,
      continued movement of the threaded sleeve 126 (FIG. 8) causes the tension
      in the tapes 105 of both girth carriages to fall and this reduction of
      tension is transmitted to the underlying plates 122 and allows the plates
      to be pulled outwards by their respective springs 122c to actuate the
      microswitches 123, to stop motor 121. The operation of motor 121 is
      terminated when both of the microswitches 123 have been actuated. The
      length of Bowden cable 23c which has been fed on to the drum on the left
      hand trolley 42 by the rotation of the motor 121 is a measure of the
      deviation of the actual girth of the foot from the datum value and serves
      to move the pointer 12 to provide an appropriate reading on the scale. The
      setting of each of the microswitches 123 can be adjusted by altering its
      rotational position about its fixing bolt 123a.
PAR  The sequence of events is thus briefly as follows. Placing of the foot on
      platform 26 with the heel against the heel plate 28 actuates microswitch
      29 to start motor 30. Motor 30 drives wheels 34 and chain sprockets 33 to
      move the toe plate assembly towards the toe and simultaneously to move the
      carriage 44 to maintain its transverse centre line at a constant distance
      from the heel plate equal to 72.5% of the distance between the toe plate
      and heel plate. When the toe plate touches the toe of the foot, the
      microswitch 39a stops the motor and simultaneously starts the width probe
      motor 81 and the girth carriage motor 87. The movement of the toe plate
      has been transmitted by cable to pointer 10. The two trolleys 42, 43 have
      been moved towards each other by the constant tension springs 62 to the
      extent permitted by the floating cam mechanism beneath platform 26 to set
      the spacing between the trolleys, and hence the width datum, at a value
      related to the measured length of the foot. Movement of the width probes
      into engagement with the sides of the foot is actuated from the right hand
      trolley, the floating cam mechanism now operating to cause the left hand
      width probe 40 to be drawn into engagement with the side of the foot. The
      actuating movement of motor 81 is measured by the amount of cable drawn on
      to the drum 88 and is transmitted to the pointer 11 to provide a width
      fitting reading based on the deviation from the datum width for the
      measured length of the foot, the datum for each length of foot being wider
      than the widest foot likely to be encountered. Simultaneously with the
      operation of the width probes 40, 41 a datum correction related to the
      measured width of the foot is being applied by threaded block 108 to the
      right hand girth probe (roller 99), and inward movement of the girth
      probes is actuated by motor 87 through endless cords 113, 114. This inward
      movement continues after the width probes have stopped and brings the
      right hand girth probe to a datum position, and is terminated by stopping
      of motor 87 by microswitch 120, which simultaneously starts motor 121 to
      actuate a measured further inward movement of the right hand girth probe
      99 which movement is transmitted to pointer 12.
PAR  When the scale readings have been noted, release of the press-button switch
      S initiates reversal of the motors of the mechanism to return the
      components to their starting positions.
PAR  In a modified arrangement, the drum 88 and its driving gear are
      respectively replaced by a rack and pinion the rack being slidably mounted
      on the trolley, and the cable being connected to the rack. The
      corresponding components on trolley 42 may be similarly replaced.
PAR  The illustrated arrangement determines the girth datum in part in
      dependence on the shape of the cams 68 of the floating cam arrangement,
      but these cams are designed primarily to set the width datum. To provide
      an improved initial girth datum setting, the illustrated arrangement may
      be modified by incorporating a second floating cam which is in the form of
      a long narrow substantially triangular plate having the apex which
      provides its smallest angle mounted for pivotal movement about a vertical
      axis in the region of the rearward end of the platform and substantially
      aligned with the path of movement of the anchorage 107 of the girth tape
      on the right hand trolley in the illustrated arrangement. However, in the
      modified arrangement the end of the tape is secured to a block and the
      width dimension of the cam is disposed between the block and a point on
      the trolley corresponding to the anchorage 107. The block is slidable
      relative to the trolley in a direction towards and away from the cam, and
      the block and the trolley carry follower rollers for respectively engaging
      opposite side edges of the cam. The block is spring-loaded towards the
      cam. Thus, as the trolley moves with the frame 44a during the measurement
      of the length of the foot, the floating cam adjusts the position of the
      end of the tape remote from the block 108 in dependence on the measured
      length of the foot. The floating cam has portions of its cam edge designed
      respectively for children's and adult's sizes similarly to the edges 73,
      74 respectively of the width cams 72.
PAR  The right hand girth carriage may have a plate 122, microswitch 123 and
      spring 122c associated with it in the same manner as shown in FIGS. 7 and
      8, and in that case the operation of motor 121 is terminated when both of
      the microswitches have been actuated by the relaxing of the tensions in
      the respective tapes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A foot measuring machine comprising a chassis, a platform for supporting
      a foot, said platform being mounted on the chassis, a heel stop and a toe
      stop for respectively engaging the heel and toe of the foot, said stops
      being spaced apart lengthwise of the platform, a main carriage mounted on
      the chassis for guided movement lengthwise of the platform, cam means
      extending lengthwise of the platform and providing laterally oppositely
      facing cam surfaces, said cam means being mounted on the chassis for free
      sideways movement with respect to the platform, trolleys mounted on the
      carriage at opposite sides of the platform for guided movement relative to
      the carriage in a direction at right angles to the lengthwise dimension of
      the platform for engaging opposite sides of the foot, cam followers
      secured to the respective trolleys and respectively engaging said cam
      surfaces, means connected to urge the trolleys resiliently towards each
      other, a pair of width probes each of which is mounted on a separate said
      trolley to engage opposite sides of the foot, one of said width probes
      being fixed on its respective trolley and the other of said width probes
      being mounted for guided movement relative to its trolley in a direction
      at right angles to the lengthwise dimension of the platform, means for
      relatively moving the heel stop, toe stop and carriage in a direction
      lengthwise of the platform and maintaining the distance between the width
      probes and the heel stop at substantially three-quarters of the distance
      between the toe stop and the heel stop, first measuring means providing a
      measure of the distance between the toe and heel stops thereby to provide
      a measure of the length of the foot, means for moving said other width
      probe relative to its trolley in a direction at right angles to the
      lengthwise dimension of the platform, and second measuring means providing
      a measure of the distance travelled by said other width probe relative to
      its trolley in moving from an initial position into a position in which
      the two width probes are in engagement with opposite sides of the foot
      thereby to provide a measure of the width of the foot.
NUM  2.
PAR  2. A machine as claimed in claim 1, wherein the cam means is mounted for
      free lateral pivotal movement about one of its ends.
NUM  3.
PAR  3. A machine as claimed in claim 1, wherein the carriage carries automatic
      means for providing a measure of the girth of the foot at the position
      where the width of the foot is measured.
NUM  4.
PAR  4. A machine as claimed in claim 3, wherein means is provided for
      establishing a datum girth at the position of measurement as a function of
      the measured width of the foot at that position, the girth measuring means
      providing a measure of the difference between the datum girth and the
      actual girth of the foot.
NUM  5.
PAR  5. A machine as claimed in claim 4, wherein the girth measuring means
      comprises at each side of the platform a tape or band extending in a loop
      directed transversely to the lengthwise dimension of the platform and
      having its ends attached to the main carriage, a girth carriage mounted on
      the main carriage and having thereon two guide elements spaced apart
      transversely of the lengthwise dimension of the platform and engaged in
      the loop, end means for moving the girth carriages towards and away from
      each other, the construction and arrangement being such that inward
      movement of the carriages causes the guide elements to move within the
      loops the two inner guide elements being adapted to roll towards each
      other across the instep of a foot on the platform, and means for moving
      the girth carriages a predetermined distance inwards towards each other
      for bringing the inner guide elements into an initial relative position.
NUM  6.
PAR  6. A machine as claimed in claim 5, wherein the inner guide elements are
      each resiliently urged towards the other so as to place the respective
      loops under tension, and wherein one end of one of the loops is connected
      to a motor driven element operating in a sense to reduce the tension in
      the loop whereby the associated guide element is permitted to move forward
      to contact the inner guide element on the other carriage, there being
      provided switch means adapted to be actuated by a fall in the tension of
      said one of the loops to terminate movement of said motor driven element,
      which movement provides a measure of the girth of the foot.
NUM  7.
PAR  7. A machine as claimed in claim 6, wherein means is provided for adjusting
      the effective length of one of the loops in dependence on the width of the
      foot as measured by the width probes.
NUM  8.
PAR  8. A machine as claimed in claim 6, wherein means is provided for adjusting
      the effective length of one of the loops in dependence on the position of
      the carriage lengthwise of the platform.
NUM  9.
PAR  9. A machine as claimed in claim 8, wherein the adjusting means comprises a
      cam plate extending generally parallel to the platform and disposed at one
      side of the platform, the widthwise dimension of said cam being
      resiliently gripped between a follower on the main carriage and a follower
      attached to one end of the adjustable loop.
NUM  10.
PAR  10. A machine as claimed in claim 9, wherein the cam plate is mounted on a
      fixed part of the machine for lateral pivotal movement.
NUM  11.
PAR  11. A machine as claimed in claim 19, wherein the heel stop is fixed and
      the moving means drives the toe stop and the carriage lengthwise of the
      platform.
NUM  12.
PAR  12. A machine as claimed in claim 11, wherein the moving means comprises
      two wheels fixed to a common drive shaft and a driving band extending
      drivingly around each wheel to which driving bands the toe stop and
      carriage are respectively drivingly secured, the diameter of the wheel
      which drives the carriage being approximately three-quarters of the
      diameter of the wheel which drives the toe stop.
NUM  13.
PAR  13. A machine as claimed in claim 12, wherein the driving band extending
      around the wheel which drives the toe stop is a constant tension spring
      urging the toe stop in a direction towards the heel.
NUM  14.
PAR  14. A foot measuring machine comprising a platform for supporting a foot, a
      heel stop and a toe stop mounted above said platform for respectively
      engaging the heel and toe of the foot, which stops are spaced apart
      lengthwise of the platform, a main carriage mounted for guided movement
      lengthwise of the platform, means for moving the heel stop, toe stop and
      carriage relative to each other in a direction lengthwise of the platform
      and maintaining the distance between a point on the carriage and the heel
      stop at substantially three-quarters of the distance between the heel and
      toe stops, and at least one girth probe mounted on the carriage, first and
      second tape anchorages on the carriage, a flexible tape having its ends
      attached to said anchorages and extending in a direction normal to said
      lengthwise direction around the probe between said anchorages, means for
      moving the probe across the instep of a foot on the platform thereby to
      lay said tape across the instep of the foot and means for indicating a
      measure of the length of tape so laid thereby to provide a measure of the
      girth of the foot.
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ABST
PAL  The present invention relates to a method of and a device for positioning
      or setting the blade in the cutter drum of a wood-chipping machine or the
      like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The arbor or cutter drum of a woodcutting or chip-producing machine usually
      is a cylindrical body which is rotated about its longitudinal axis and
      which is provided on its periphery with a plurality of longitudinally
      extending grooves in which straight-edged blades are clamped with their
      edges lying on a cylindrical orbit centered on the rotation axis of the
      arbor. It is very important that the straight edge of each blade lie
      exactly parallel to the arbor's rotation axis and directly on the orbit in
      order to produce wood chips of uniform dimensions.
PAR  The grooves in the drum may be of a predetermined depth and the blades are
      of a predetermined width so that in theory they need merely be seated in
      these grooves so as to have their cutting edges properly positioned. In
      such a system, however, any deformation of the cutter drum misaligns the
      blades. Similarly if the blades wear and/or are reground, their width
      changes so that they must be reset painstakingly by hand by a skilled
      worker using a micrometer gauge or the like and even then any
      irregularities in the shape of the drum will be reflected in the setting
      of the blade edges.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      method of assembling or adjusting a cutter for a wood chipper or the like
      so as to require relatively little downtime for the machine.
PAR  Another object is the provision of an apparatus for carrying out the
      method.
PAR  A further object is to provide a system whereby the blades of a cutter can
      be positioned or set accurately, inexpensively and rapidly.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention in a system
      wherein the blades are first loosely or temporarily mounted on the drum
      with their cutting edges lying beyond the desired cylindrical blade orbit.
      Then the drum and a setting abutment are moved relative to each other to
      push the blades in until their edges lie just on this orbit, and the
      blades are next secured more tightly. In this manner the blades are set on
      a cylindrical orbit centered on the rotation axis of the drum rather than
      merely positioned at a fixed height above the adjacent surface of the
      drum.
PAR  In accordance with a feature of the invention, the abutment is a
      cylindrical roller which has a surface osculating the desired blade orbit.
      This roller may be pivotal about the rotation axis of the drum so that it
      is merely swung around the drum axis to push all the blades in and thereby
      properly position them. The roller may be pivotal about an axis parallel
      to the drum axis and displaceable out of a closable housing adjacent the
      drum into the desired position osculating the desired orbit. Then the drum
      is rotated to position the blades, the housing serving to protect the
      setting device against damage or contamination when it is not in use.
PAR  According to another feature of this invention the drum is rotated until a
      face of the blade lies against a first element, then a second element is
      brought against the edge of the blade either radially of the drum or in
      the plane of the blade to push it back into the desired position. These
      two elements may be separate and independent or they may be parts of a
      single body. In both cases, the ultimate position of the setting element
      is at a fixed distance from the drum axis corresponding to the radius of
      the orbit.
PAR  In accordance with yet another feature of this invention, the blades are
      each secured in a groove in the drum by a clamping body which at first
      bears with a relatively light force on the blade and, once the blade is
      properly positioned, bears on the blade with a considerably greater force,
      without displacing the blade. This clamping body may be a wedge which is
      forced by a centrifugal force against the blade, so that spinning the
      cutter at high speed after the blades are positioned serves to secure the
      blades tightly. Alternatively it may be spring loaded and provided with a
      pneumatic piston arrangement that takes up some of the spring force during
      the positioning operation, and thereafter allows the entire spring force
      to ace on the blade to hold it in place.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages of the invention will
      become more readily apparent from the following description, reference
      being made to the accompanying drawing in which:
PAR  FIGS. 1-4 are diagrammatic sectional end views illustrating different
      embodiments of the present invention;
PAR  FIGS. 5 and 6 are sectional end views illustrating two different
      blade-clamping arrangements according to this invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIG. 1 a cutter drum 1 is formed with a plurality of radially
      opening and angularly spaced grooves 22 each of which receives a clamping
      body 17 urged radially outwardly by a spring 20. In addition each groove
      22 is formed with a side groove 21 extending at an angle of approximately
      45.degree. to the radial grooves 22. A flat steel blade 2 having a
      straight cutting edge 2' is slidably received in each groove 21.
PAR  For the production of wood chips of uniform thickness it is necessary that
      the cutting edges 2' lie on a cylindrical orbit 3 centered on the axis 5
      of rotation of the drum 1. In order to position these blades exactly they
      are first disposed to extend radially beyond this orbit 3 by, for insance,
      a radial distance a for the blade 2 shown to the left in FIG. 1. A
      cylindrical setting roll 4 having an axis 6 swingable about the axis 5
      (with its axis 6 spaced from the axis 5 by a distance R which may
      represent an arm carrying the roll 4) is brought into engagement with the
      projecting blade 2. This roll 4 has a radius r such that its periphery
      lies on the cylindrical orbit 3. In this manner as the roll 4 engages the
      blades 2 it cams them down in the grooves 21 until their edges 2' lie just
      on the orbit 3. The blades 2 are inclined into the cutting direction shown
      at A, which is the rotation direction for the drum 1, and the drum 6 is
      swung about the axis 5 in the opposite direction. The springs 20 hold the
      blades 2 relatively loosely until after the setting operation, whereupon
      the drum 1 is spun at high speed to drive the wedges 17 centrifugally
      outwardly and lock the blades 2 tightly in place.
PAR  The system of FIG. 2 is essentially similar except that here the roll 4' is
      held stationary and the drum 1 is rotated during the setting operation.
      The rotation axis 6' of the drum 4' is secured on an arm 7 pivotal about a
      fixed axis 7' in a protective anticontamination housing 9 having a door
      9'. A hydraulic ram 8 serves to displace the arm 7 like a third-class
      lever and has a piston rod 8' secured via an adjustment nut 10 to the arm
      7. When the cylinder 8 is pressurized and fully extended the drum 4'
      osculates the orbit 3, the nut 10 being rotatable to ensure an exact
      positioning. When the blades 2 are all set the arm 7 is retracted and the
      door 9' is closed to protect the device.
PAR  The device of FIG 3 has a first abutment or stop 11 having an end 11'
      projecting into the proposed orbit 3 and engageable flatly against the
      leading face of a blade 2 to stop the drum 1 in a predetermined position.
      Thereafter another element 12 is displaced inwardly along a secant of the
      orbit in the plane of the blade 2 resting against the end 11' to push it
      back into the desired position on the orbit 3. Thereafter the element 11
      is drawn secantially out of the way and the abutment 12 is retracted to
      allow the blade to pass so that another blade can be positioned.
PAR  The device of FIG. 4 is identical to that of FIG. 3 except that the
      elements 11' and 12' here are parts of the same body which is first moved
      closely enough to the drum 1 for the blade 2 to engage the part 11' and
      then is displaced inwardly in the plane of the plade or radially.
PAR  In FIG. 5 a drum 1' is formed with a triangular-section groove 22' in which
      a blade 2 is secured on top of a clamping block 17' formed in front of the
      blade 2 with a plurality of chip-forming pockets 23. The blade 2 is
      clamped to the block 17' by another clamping body 14. A plurality
      hexagonal-head cap screws 19 screwed into the body of the drum 1' have
      heads 13 against which springs 15 bear, the other ends of these
      compression springs 15 bearing on the body 14 to urge it against the blade
      2 and block 17'. The screws are not screwed completely in until the blades
      are properly positioned.
PAR  The device of FIG. 6 has a drum 1 formed with rectangular-secttion radially
      open grooves 22 as shown in FIG. 1. The body 17 is normally urged
      outwardly by a spring 16. A piston 18 carried on a rod 24 secured in the
      wedge 17 carries a piston 18 which defines in a cylinder 25 a pair of
      chambers 25a and 25b. As the blade is positioned by a roll 4 or the like
      the chamber 25a is pneumatically pressurized by a compressor 26 or the
      like to take up some of the force exerted by the spring 16 on the body 17
      and blade 2. Once the blade is properly positioned, the chamber 25a is
      depressurized, and the prestressed spring 16 bears with full force
      outwardly upon the wedge body 17 to lock the blade 2 in place.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for setting a straight-edged blade on a cylindrical cutter
      drum rotatable abut an axis, said apparatus comprising:
PA1  means on said drum for holding said blade on said drum and permitting
      displacement of said blade relative to said drum;
PA1  means including an abutment engageable with said blade for displacing same
      into a position with said edge lying on a circular orbit centered on said
      axis; and
PA1  means for locking said blade to said drum, said abutment including a
      cylindrical roll having a periphery osculating said orbit, said means
      engageable with said blade including means for pivoting said roll into and
      out of a position with said periphery osculating said orbit.
PA1  said apparatus further comprising a housing spaced from said drum and
      receiving said roll in a retracted position thereof.
NUM  2.
PAR  2. An apparatus for setting a straight-edged blade on a cylindrical cutter
      drum rotatable about an axis, said apparatus comprising:
PA1  means on said drum for holding said blade on said drum and permitting
      displacement of said blade relative to said drum;
PA1  means including an abutment engageable with said blade for displacing same
      into a position with said edge lying on a circular orbit centered on said
      axis; and
PA1  means for locking said blade to said drum, said abutment having a first
      portion engageable with a face of said blade and a second portion
      engageable with the edge of said blade.
NUM  3.
PAR  3. An apparatus for setting a straight-edged blade on a cylindrical cutter
      drum rotatable about an axis, said apparatus comprising:
PA1  means on said drum for holding said blade on said drum and permitting
      displacement of said blade relative to said drum:
PA1  means including an abutment engageable with said blade for displacing same
      into a position with said edge lying on a circular orbit centered on said
      axis; and
PA1  means for locking said blade to said drum, said abutment having a first
      portion engageable with a face of said blade and a second portion
      engageable with the edge of said blade, said locking means including a
      spring and a wedge urged by said spring against said blade, the holding
      means including a fluid-pressurizable cylinder operatively connected to
      said wedge and mounted on said drum pressurizable to urge the wedge in the
      direction opposite the direction of spring bias.
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ABST
PAL  Apparatus and method for removing moisture from moisture bearing material
      comprising supporting structure for supporting the material, a vibrator
      unit for vibrating the supported material and an electrostatic unit for
      electrostatically removing moisture from the vibrating material. The
      vibrator unit and the electrostatic unit are disposed in aligned relation
      substantially transverse to the supported material to respectively and
      substantially act in unison thereon.
BSUM
PAR  This invention relates to an improved apparatus and method for removing
      moisture from moisture bearing material and the like.
PAR  It is well known from the patent to Candor et al., U.S. Pat. No. 3,641,680
      that it has been suggested that the combination of vibrating action and
      electrostatic field action on the moisture of moisture bearing material
      will tend to remove such moisture from the moisture bearing material
      because it is believed that the vibrating action will tend to reduce the
      particle size of the mositure in the moisture bearing material to tend to
      reduce the capilliary holding action of the material on the moisture
      therein while the electrostatic field action will tend to sweep such
      reduced sized moisture particles from the moisture bearing material by an
      electro-osmotic action.
PAR  It is a feature of this invention to provide an apparatus and method
      whereby the vibrating action and electrostatic field action can act in
      substantial unison on the moisture bearing material to remove the moisture
      thereof for the above reasons.
PAR  In particular, one embodiment of this invention provides means for
      supporting the moistture bearing material, vibrating means for vibrating
      the supported material and electrostatic means for electrostatically
      removing moisture from the vibrating material, the vibrating means and
      electrostatic means being disposed in aligned relation substantially
      transverse to the supported material to respectively and substantially act
      in unison thereon.
PAR  Accordingly, it is an object of this invention to provide an improved
      apparatus for removing moisture from moisture bearing material, the
      apparatus of this invention having one or more of the novel features set
      forth above or hereinafter shown or described.
PAR  Another object of this invention is to provide an improved method for
      removing moisture from moisture bearing material, the method of this
      invention having one or more of the novel features set forth above or
      hereinafter shown or described.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description which proceeds with reference to the
      accompanying drawings forming a part thereof and wherein:
PAR  FIG. 1 is a schematic view, partially in cross section, illustrating one
      embodiment of the method and apparatus of this invention.
PAR  FIG. 2 is a cross-sectional view of another embodiment of a vibrating
      roller for the apparatus and method of FIG. 1.
PAR  FIG. 3 is a view similar to FIG. 1 and illustrates another embodiment of
      the method and apparatus of this invention.
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adapted to remove moisture from a wet
      paper web, it is to be understood that the various features of this
      invention can be utilized singly or in any combination thereof to act on
      other types of moisture bearing materials as desired.
PAR  Therefore, this invention is not to be limited to not only the embodiments
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide variety of the uses of this invention.
DETD
PAR  Referring now to FIG. 1, the improved method and apparatus of this
      invention is generally indicated by the reference numeral 10 for acting on
      a wet web of material 11, such as a wet paper web as the same is being
      continuously formed in a paper making apparatus, a moist cloth material as
      the same is moving through a drying apparatus, etc., suitably supported by
      roller means 12 and 13 to pass from left to right in FIG. 1 by itself or
      with a supporting screen or porous belt so as to pass around part of an
      external periphery 14 of a cylindrical conductive roller 15 that is
      adapted to be vibrated sonically or ultrasconically by conventional
      vibrating apparatus 16 suitably interconnected thereto and being supplied
      energy from an energy source 17 in a conventional manner.
PAR  In this manner, as the web of material 11 passes into engagement with the
      outer periphery 14 of the roller 15, the vibrating roller 14 rotates
      therewith and imparts vibrating action to the web of material 11 to tend
      to act on the moisture therein in a manner believed to tend to reduce the
      holding force of the fibers of the material 11 on the moisture contained
      therein, such as by reducing the particle size of the moisture contained
      in the material 11 through the vibration of such particles against the
      fibers of the web 11.
PAR  A stationary suction nozzle 18 is carried by the apparatus 10 and has an
      open end 19 disposed closely adjacent the roller 15 on the other side of
      the web 11 to tend to draw moisture from the material 11 into the interior
      20 of the nozzle means 18 by a suction device 21 having an inlet conduit
      22 thereof interconnected to the cavity 20 of the nozzle 18 at the bottom
      wall 23 of the nozzle 18 to tend to force moisture collected into the
      nozzle 18 out of an outlet conduit 24 of the suction means 21 for recovery
      purposes or exhaust thereof as the case may be.
PAR  In addition, an electrostatic field generating source means 25 is provided
      for the apparatus 10 and is adapted to charge the conductive roller 15
      with a positive charge through a suitable lead means 26 while being
      adapted to charge a pointed, serrated or other desired shaped conductive
      electrode 27 with a negative charge through a suitable lead means 28, the
      electrode 27 being disposed in the cavity 20 of the nozzle 18 and pointing
      toward the roller 15 so as to create an electrostatic field action with
      the roller 15 whereby such electrostatic field tends to pass through the
      web of material 11 as the web 11 passes between the roller 15 and nozzle
      18.
PAR  If desired, the electrode 27 can be covered with suitable insulating
      material 29 to prevent shorting thereof by the moisture being drawn into
      the inlet end 19 of the nozzle 18 or can be non-insulated and be a roller
      disposed in contact with the underside of the web 11 to impart its charge
      to the web 11.
PAR  Similarly, the roller 15 of the vibrating apparatus 16 can have its outer
      periphery covered with insulating material, such as the insulating
      material 30 illustrated in FIG. 2 while the interior of the roller is
      conductive and is provided with the positive charge from the source 25 by
      the lead 26.
PAR  In any event, it can be seen that the method and apparatus 10 of this
      invention has the vibrating means 15 and electrostatic means 27 disposed
      in aligned relation transverse to the material 11 to operate thereon in
      substantial unison in a manner now to be described.
PAR  As the web of material 11 continuously passes from left to right in FIG. 1
      through the apparatus 10 by suitable drive means (not shown), a portion of
      the web of material 1 is always disposed in contact with a portion of the
      outer periphery 14 of the vibrating roller 15 whereby the vibrating roller
      15 is believed to impart vibrating action to the engaged material 11 to
      tend to reduce the particle size of the moisture being contained therein
      and such reduced sized vibrating particles are believed to be adapted to
      be swept therefrom by the electrostatic field action created between the
      positively charged roller 15 and the negatively charged electrode 27 for
      the reasons set forth in the aforementioned patent to Candor et al., U.S.
      Pat. No. 3,641,680 and/or any of the Candor et al-patents referred to
      therein.
PAR  In addition, a fluid flow is created in a direction toward the electrode 27
      by the suction device 21 with such fluid flow passing through the material
      11 to also tend to sweep such vibrating moisture particles therein into
      the cavity 20 of the nozzle 18 to be swept away by the sucting device 21
      out through the outlet conduit 24 whereby the fluid flow being created by
      the suction means 21 is also disposed transverse to the material 11 and in
      alignment with the vibrating means 15 and electrostatic means 27.
PAR  Thus, as each section of the material 11 passes against the roller 15, the
      same has the combined action of the vibrating means 15 and electrostatic
      field of electrode means 27, as well as the fluid flow action of the
      suction means 21, imposed thereon substantially simultaneously and in a
      direction transverse thereto to tend to sweep the moisture from that
      particular section of the material 11.
PAR  Accordingly, it is believed that the method and apparatus 10 of FIG. 1 will
      tend to remove moisture from the moisture bearing material 11 as the same
      passes between the roller 15 and nozzle 18 for the reasons previously set
      forth.
PAR  Another method and apparatus of this invention is generally indicated by
      the reference numeral 10A in FIG. 3 and parts thereof similar to the
      apparatus and method 10 previously described are indicated by like
      reference numerals followed by the reference letter "A".
PAR  As illustrated in FIG. 3, the moisture bearing material 11A is supported by
      roller means 12A and 13A to pass from left to right in FIG. 3 through the
      apparatus 10A and is adapted to pass through a nip area 31 formed between
      a pair of perforated cylindrical rollers 32 and 33 respectively being
      adapted to be vibrated sonically or ultrasonically by vibrating apparatus
      16A respectively interconnected thereto and interconnected to power source
      means 17A in a conventional manner whereby the rollers 32 and 33 are
      adapted to rotate as the material 11A passes therethrough and will impart
      vibrating action to the material 11A in the same manner as the roller 15
      previously described.
PAR  However, each roller 32 and 33 has a stationary nozzle 34 disposed therein
      with the open end 35 of the respective nozzle 34 facing toward the
      material 11A and being disposed against the internal peripheral surface 26
      of the respective roller 32 or 33 to be in fluid communication with
      perforations 37 passing through the respective roller 32 or 33 in the area
      of the moisture bearing material 11A passing through the nip area 31
      thereof as illustrated.
PAR  Each nozzle 34 is interconnected to a suction device 21A except that the
      nozzle 34 for the upper roller 32 is interconnected to the outlet conduit
      24A of its suction device 21A while the nozzle 34 of the lower roller 33
      is interconnected to the inlet conduit 22A of its suction device 21A
      whereby fluid under pressure is adapted to be forced out of the nozzle
      means 34 of the upper roller 32 and into the material 11A at the open end
      35 of its nozzle 34 while such fluid is adapted to be drawn into the open
      end 35 of the nozzle 34 of the lower roller 33 to thereby create a fluid
      flow directly through the material 11A in aligned relation with the
      vibrating rollers 32 and 33.
PAR  A voltage source 25A is provided for the apparatus and method 10A and is
      adapted to place a positive charge on an electrode 38 disposed in the
      chamber 20A of the upper nozzle 34 through a lead means 26A and place a
      negative charge on the electrode 27A disposed in the chamber 20A of the
      lower nozzle 34 by the lead means 28A, the upper electrode 38 and lower
      electrode 27A being respectively covered by insulating material 39 and 29A
      if desired and being of any desired shape for the intended function
      thereof.
PAR  Alternately or in addition to the electrodes 38 and 27A, the rollers 32 and
      33 can be formed by conductive material and be respectively provided with
      a positive and negative charge through rolling contact means 40 and 41
      respectively disposed in contact with the roller 32 and 33 and being
      interconnected to the leads 26A and 28A by branch leads 42 and 43.
PAR  In this manner, an electrostatic field action will be formed transverse to
      material 11A between the rollers 32 and 33 either by the electrostatic
      field action being created between the electrodes 38 and 27A and/or by the
      electrostatic field action being created between the charged rollers 32
      and 33 by the rolling contacts 40 and 41.
PAR  In any event, it can be seen that the apparatus and method 10A, in a manner
      similar to the apparatus 10, and method, has the vibrating means 32, 33;
      electrode means 38, 27A and/or 32, 33 and fluid moving means 34 of the
      rollers 32 and 33 disposed in aligned relation substantially transverse to
      the material 11A to operate in substantial unison thereon in a manner now
      to be described.
PAR  As the material 11A continuously passes from left to right in the apparatus
      and method 10A of FIG. 3, the vibrating rollers 32 and 33 act thereon to
      impart vibrating action to the section of material 11A disposed in the nip
      area 31 and engaging the rollers 32 and 33 whereby the vibrating material
      11A is believed to cause the moisture particles therein to tend to be
      reduced in size and thereby have the force of the capillary holding action
      of the material 11A thereon reduced. The electrostatic field action being
      produced between the electrodes 38 and 27A and/or between the charged
      rollers 32 and 33 acts on such vibrating moisture particles to tend to
      sweep the same from the material 11A into the opening 35 of the lower
      nozzle 34 to be swept away from the interior 20A of the lower nozzle 34
      through the lower suction device 21A. In addition, the fluid flow being
      created between the upper and lower nozzle means 34 of the rollers 32 and
      33 in a direction down through the material 11A into the lower nozzle 34
      also tends to sweep the vibrating moisture particles of the moisture
      bearing material 11A therefrom into the lower nozzle 34 to be removed
      therefrom by the suction device 21A in the manner previously described.
PAR  Therefore, it is believed that the method and apparatus 10A will tend to
      remove moisture from the moisture bearing material 11A as the same passes
      from left to right in the apparatus and method 10A through the combined
      action of the vibrating rollers 32, 33 and the electrostatic field
      produced by the electrodes 38, 27A and/or charged rollers 32 and 33 as
      well as by the fluid flow passing from the upper nozzle 34 with such
      actions all being transverse to the material 11A and in substantial
      aligned relation relative to each other while acting in unison on the
      material 11A.
PAR  While the electrostatic means of this invention has been described and
      illustrated as operating between oppositely charged electrodes, it is to
      be understood that such electrostatic field action can be created by a
      single electrode or between a pair of electrodes of which one thereof is
      grounded or at a like potential relative to another electrode but having a
      lesser positive or negative charge thereon as the case may be.
PAR  Also, the polarity of the electrodes illustrated in the drawings could be
      reversed, if desired.
PAR  While the vibrating means 15, 32 and 33 have each been illustrated and
      described as being a contact imparting vibrating means, it is to be
      understood that the vibrating means of this invention could comprise
      vibration means that impart sound waves against the web of material,
      whether said sound waves are audible or inaudible in much the same manner
      as set forth in the patent to Rodwin et al., U.S. Pat. No. 3,694,926, as
      it is believed that the electrostatic means, as well as the fluid
      directing means previously described, could be utilized in combination
      with such sound generating means.
PAR  Also, while an upper and lower roller means 32 and 33 are illustrated and
      described as jointly acting on the traveling web 11A, it is to be
      understood that the upper roller 32 and its associated structure could be
      eliminated whereby only the lower roller means 33 and its associated
      structure would be provided for acting on the material 11A to vibrate the
      same, create a fluid flow through the material 11A and to create an
      electrostatic field action on the material 11A whereby it can be seen that
      all three actions would all be disposed on the same side of the material
      11A while being in alignment with each other and disposed substantially
      transversely to the material 11A. Of course, such lower roller means 33
      when being utilized without the roller 32 and its associated structure
      could become an upper roller rather than a lower roller if desired. Also,
      when both rollers 32 and 33 are utilized, the same could be reversed so
      that roller 33 is an upper roller and roller 32 is a lower roller.
PAR  It is to be understood that while the rollers 32 and 33 are illustrated as
      merely contacting the web 11A in a non-compressing manner as the same
      passes through the nip area 31 thereof, the rollers 32 and 33 could also
      compress the web 11A as it passes therebetween to aid in the moisture
      removal from the web 11A in a manner similar to a press section of a
      conventional paper making machine.
PAR  Also, if only the roller 33 is utilized in the manner previously described,
      it is to be understood that the web 11A could pass around part of the same
      in the same manner as illustrated in FIG. 1 for the web 11 in order to
      increase the contact area between the roller 33 and the web 11A in a
      manner similar to a suction roll of a conventional paper making machine.
PAR  Therefore, it can be seen that this invention not only provides an improved
      apparatus for removing moisture from moisture bearing material, but also
      this invention provides an improved method of removing moisture from
      moisture bearing material.
PAR  While the form and method of this invention now preferred has been decribed
      and illustrated as required by the Patent Statute, it is to be understood
      that other forms and method steps can be utilized and still come within
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for removing moisture from moisture bearing material
      comprising means for supporting said material, vibrating means for
      vibrating said supported material, and electrostatic means for
      electrostatically removing moisture from said vibrating material, said
      vibrating means and said electrostatic means being in aligned relation
      substantially transverse to said supported material to respectively and
      substantially act in unison thereon, said vibrating means including part
      of said electrostatic means.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 wherein said vibrating means and the
      remainder of said electrostatic means are respectively disposed on
      opposite sides of said supported material.
NUM  3.
PAR  3. Apparatus as set forth in claim 1 wherein fluid directing means is
      provided for directing fluid through said supported material and is in
      aligned relation with said vibrating means and said electrostatic means.
NUM  4.
PAR  4. Apparatus as set forth in claim 1 wherein said vibrating means comprises
      vibrating roller means disposed against said material to impart vibrating
      action thereto.
NUM  5.
PAR  5. Apparatus as set forth in claim 1 wherein said electrostatic means
      comprises electrode means disposed on opposite sides of said supported
      material to provide an electrostatic field therebetween and acting through
      said supported material, one of said electrode means being said part of
      said electrostatic means.
NUM  6.
PAR  6. A method for removing moisture from moisture bearing material comprising
      the steps of supporting said material, vibrating said supported material
      with vibrating means, electrostatically removing moisture from said
      vibrating material with electrostatic means, forming said vibrating means
      to include part of said electrostatic means, and disposing said vibrating
      means and said electrostatic means so as to be in aligned relation
      substantially transverse to said supported material to respectively and
      substantially act in unison thereon.
NUM  7.
PAR  7. A method as set forth in claim 6 and including the step of disposing
      said vibrating means and the remainder of said electrostatic means so as
      to be respectively disposed on opposite sides of said supported material.
NUM  8.
PAR  8. A method as set forth in claim 6 and including the step of directing
      fluid through said supported material with fluid directing means that is
      disposed in aligned relation with said vibrating means and said
      electrostatic means.
NUM  9.
PAR  9. A method as set forth in claim 6 and including the step of forming said
      vibrating means from a vibrating roller means, and disposing said roller
      means against said material to impart vibrating action thereto.
NUM  10.
PAR  10. A method as set forth in claim 6 and including the steps of forming
      said electrostatic means from electrode means, and disposing said
      electrode means on opposite sides of said supported material to provide an
      electrostatic field therebetween and acting through said supported
      material, one of said electrode means being said part of said
      electrostatic means.
NUM  11.
PAR  11. Apparatus as set forth in claim 4 wherein at least part of said roller
      is formed of electrically conductive material that provides one electrode
      means of said electrostatic means and is thereby said part of said
      electrostatic means.
NUM  12.
PAR  12. Apparatus as set forth in claim 11 wherein said roller has an outer
      electrically insulating cover covering said conductive part of said
      roller.
NUM  13.
PAR  13. Apparatus as set forth in claim 11 wherein said electrostatic means
      comprises another electrode means disposed on the side of said supported
      material opposite to the side thereof where said roller is disposed.
NUM  14.
PAR  14. Apparatus as set forth in claim 4 wherein said roller is hollow, said
      part of said electrostatic means comprising an electrode means disposed
      inside said roller.
NUM  15.
PAR  15. Apparatus as set forth in claim 14 wherein said electrostatic means
      comprises another electrode means disposed on the side of said supported
      material opposite to the side thereof where said roller is disposed.
NUM  16.
PAR  16. A method as set forth in claim 9 and including the step of forming at
      least part of said roller of electrically conductive material that
      provides one electrode means of said electrostatic means and is thereby
      said part of said electrostatic means.
NUM  17.
PAR  17. A method as set forth in claim 16 and including the step of covering
      said conductive part of said roller with an outer electrically insulating
      cover.
NUM  18.
PAR  18. A method as set forth in claim 16 and including the steps of forming
      said electrostatic means with another electrode means and disposing said
      other electrode means on the side of said supported material opposite to
      the side thereof where said roller is disposed.
NUM  19.
PAR  19. A method as set forth in claim 9 and including the steps of making said
      roller hollow, forming said part of said electrostatic means from an
      electrode means, and disposing said electrode means inside said roller.
NUM  20.
PAR  20. A method as set forth in claim 19 and including the steps of forming
      said electrostatic means with another electrode means, and disposing said
      other electrode means on the side of said supported material opposite to
      the side thereof where said roller is disposed.
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ABST
PAL  A dryer for particulate material combines the drying effect of a stream of
      heated gas circulated by a blower in a closed duct system with that of a
      radiator structure which is in the drying chamber and is in a heat pump
      circuit. The condenser of the heat pump circuit is in the duct system
      where it condenses moisture from the gas which has passed through the
      particulate material. The heat pump compressor is driven by an internal
      combustion engine which is in a compartment in heat exchange relationship
      with the duct system. The engine cooling system radiator is immediately
      downstream from the condenser and the engine exhaust system includes a
      heat exchanger which is in the duct downstream from the engine cooling
      radiator.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Most dryers for particulate material, such as grain, make relatively
      inefficient use of the energy which is expended in the drying process. The
      commonest dryers of this type burn a fuel such as liquid propane and
      utilize the heated air and products of combustion as the sole source of
      heat for drying the grain, except to the extent that metal parts of the
      drying chamber may also become heated by the air and combustion products.
PAR  A patent which discloses a different heat source is McOmber U.S. Pat. No.
      2,777,212, which discloses a grain drying system mounted upon a combine in
      which the heat from an internal combustion engine for driving the combine
      is utilized to heat the air for drying grain.
PAR  Either of the above types of dryers is relatively inefficient because they
      continually introduce unheated air from the ambient atmosphere, heat it,
      pass it through the grain, and then discharge the moisture laden air to
      the ambient atmosphere.
PAR  Closed circuit drying systems for laundry dryers are disclosed in Whitesel
      U.S. Pat. No. 2,660,806 and Shewmon U.S. Pat. No. 2,676,418. They utilize
      a thermal pump system with a heat exchanger in a duct upstream from a
      tumbling drum and the heat pump condenser in the duct downstream from the
      drum. The heat pump compressor delivers compressed fluid through the heat
      exchanger to the condenser. A similar arrangement for removing cleaning
      solvent from textiles is disclosed in Freze U.S. Pat. No. 3,831,294,
      except that there is an air heating coil upstream from the drum and an air
      cooling coil downstream from the drum; but without utilizing a thermal
      pump system.
PAR  The foregoing systems make relatively inefficient use of the energy which
      heats the fluid for the heat exchanger because only the circulating air,
      rather than the material to be dried, comes into contact with the heat
      exchanger.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the present invention is to provide a dryer for
      particulate material, such as grain, which makes extremely efficient use
      of energy which enters the drying system.
PAR  Another object of the invention is to provide a highly efficient grain
      dryer for agricultural use.
PAR  In accordance with the invention, grain flows by gravity through a drying
      chamber which is part of a closed duct system having a blower which
      circulates gas through the drying chamber countercurrent to the flow of
      grain through the chamber.
PAR  The drying chamber is provided with radiator means in the form of numerous
      vertically spaced tiers of pipes that have inverted V-shaped heat exchange
      fins and that are arranged to cause serpentine flow of grain through the
      drying chamber. A hot fluid inlet at the bottom of the radiator means
      receives fluid from the high pressure side of a compressor, and a cool
      fluid outlet at the top of the radiator delivers the fluid to a condenser
      which is in the duct system where it condenses moisture from the stream of
      gas which is passed through the drying chamber. From the condenser the
      fluid returns to the low pressure side of the compressor, as in any
      conventional thermal pump circuit.
PAR  The compressor is driven by an internal combustion engine which is in a
      closed compartment in heat exchange relationship to the duct downstream
      from the condenser. The engine has a cooling system with a radiator which
      is in the duct immediately downstream from the condenser where it gains
      the maximum cooling effect from the deeply chilled gas which has passed
      over the condenser coils. In the duct downstream from the engine cooling
      system radiator and the blower is a heat exchanger through which the
      exhaust gases from the engine are discharged to the ambient atmosphere.
PAR  The internal combustion engine makes notoriously poor use of the fuel which
      is used to operate it, as is evidenced by the enormous amount of heat
      released by an operating engine. The dryer of the present invention, while
      using the inherently inefficient internal combustion engine to drive the
      thermal pump compressor, nevertheless makes very efficient use of the fuel
      consumed by the engine because the heat from the engine is used to preheat
      the gas which is circulated through the drying chamber.
PAR  The energy required to operate the compressor enters very efficiently into
      the drying operation because the compressed fluid passes through the
      radiator in the drying chamber to heat the inverted V-shaped heat exchange
      fins which are in direct contact witth the material to be dried.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a perspective view, with parts broken away, of a grain dryer
      embodying the invention; and
PAR  FIG. 2 is a diagrammatic view of the dryer of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, a grain dryer, indicated generally at 10, has an
      external frame 11 provided with wheels 12. Mounted within the frame are
      sidewalls such as the wall 13, end walls 14 and 15, inclined top walls 16,
      and inclined floor panels 17, which define an enclosure. Immediately
      beneath the top walls 16, and parallel with them, are screens 18, and
      immediately above the floor panels 17, and parallel with them, are bottom
      screens 19. The space between the sidewalls, the end walls and the screens
      defines a drying chamber 20.
PAR  Particulate material M to be dried, such as grain, is fed into a receiver
      21 and is picked up by a distributor auger 22 which is mounted in an auger
      tube 23 that is open at the bottom as indicated at 24 in FIG. 2; so the
      auger may distribute the material along the upper screen 18 from end to
      end of the drying chamber 20, with the screen 18 in turn distributing the
      material laterally across the drying chamber. The material flows
      downwardly by gravity through the drying chamber as indicated by the
      downwardly directed arrows in FIG. 2. At the bottom of the drying chamber
      20, the material is caught on the lower screens 19 which are fine enough
      to retain the material which slides laterally on the screens 19 to a
      discharge auger 25 which carries it to the end beneath the inlet 21 where
      it is discharged into any suitable conveying device such as a raddle
      conveyor or a receiving hopper of an air conveyor.
PAR  The augers 22 and 25, when they are filled with material, function in the
      manner of air locks so that the drying chamber is, essentially, not open
      to the ambient atmosphere.
PAR  The drying chamber 20 is a part of a closed duct system, indicated
      generally at 26, which includes an input portion 27 communicating with the
      chamber 20 through the lower screen 19, and a return portion 28 which
      communicates with the drying chamber through the upper screen 18. A blower
      29 (FIG. 2) circulates gas through the closed duct system 26 as indicated
      by the arrows G in FIG. 2.
PAR  When a dryer embodying the present invention is used to dry grain, the gas
      circulated through the duct system is ordinarily air. However, for other
      types of granular material M the circulating gas may not be air; and in
      such a case true air locks may be used to introduce material to and remove
      it from the drying chamber 20, so that none of the circulating gas escapes
      from the system. Accordingly, the term "air lock means" as used in the
      claims should be understood to include either augers which are
      sufficiently gas tight when filled with material to prevent any excessive
      leakage of air, or true air locks which are capable of producing a
      completely gas tight system.
PAR  Between the duct portions 27 and 28, the duct passes through a housing,
      indicated generally at 30, which houses parts of a thermal pump system,
      indicated generally at 31, and an internal combustion engine, indicated
      generally at 32, which furnishes the power for the thermal pump system 31,
      for the augers 22 and 25, and for the blower 29.
PAR  The thermal pump system 31 includes a compressor 33 from the high pressure
      side of which a hot fluid conduit 34 is connected to an inlet 35 of
      radiator means, indicated generally at 36, which is located in the drying
      chamber 20.
PAR  The radiator means 36 consists of a large number of horizontal pipes 37
      which extend longitudinally of the drying chamber 20 and are arranged in
      vertically spaced tiers 38. The pipes in each tier 37 are joined by
      transverse connector pipes 39, and adjacent tiers are connected by risers
      40. The uppermost tier of pipes 38 has an outlet 41 communicating with a
      cool fluid conduit 42 through which the heat pump fluid enters a condenser
      43 which is mounted in the duct within the housing 30. From the condenser
      43 a fluid return conduit 44 carries the fluid of the heat pump system to
      the low pressure side of the compressor 33.
PAR  Alternate tiers 38 of pipes 37 are seen in FIG. 2 to be staggered, and each
      of the pipes 37 is provided with inverted V-shaped heat exchange fins 37a
      the disposition of which within the chamber 20 is such that material M
      flowing by gravity through the drying chamber 20 follows a generally
      serpentine path.
PAR  The internal combustion engine 32 is drivingly connected to a drive shaft
      33a of the thermal pump compressor 33; and as seen in FIG. 2 the engine is
      in heat exchange relationship with a thin metal wall 45 of the duct within
      the housing 30; while the engine 32 is otherwise enclosed in an insulated
      compartment 46. In addition, the sides of the duct, other than the thin
      sheet metal wall 45, within the housing 30 are covered with insulation 47,
      as is the duct portion 27.
PAR  The internal combustion engine 32 is enclosed except for a combustion air
      inlet pipe 48 which connects the carburetor (not shown) of the engine with
      the ambient atmosphere, and exhaust gas outlet means 49 which passes
      through a heat exchanger 50 in the duct that is located downstream from
      the blower 29. Exhaust gases are discharged to the ambient atmosphere
      through an exhaust pipe 51.
PAR  The internal combustion engine 32 is of the water cooled type, and has a
      radiator 52 which is mounted in the duct immediately downstream from the
      condenser 43 and upstream from the blower 29.
PAR  In operation, gas which is circulated through the closed duct system 26
      including the drying chamber 20 leaves the condenser 43 in a very dry,
      cold condition so as to afford the maximum cooling and absorb the most
      possible heat from the radiator 52 of the engine cooling system. The air
      is then further heated by passing through the heat exchanger 50; and it
      then goes through the insulated portion 27 of the conduit and into the
      lower end of the drying chamber 20 through which it passes upwardly,
      absorbing moisture vaporized from the material in the chamber by the
      combined action of the radiator 36 and the hot gas itself. Moisture laden
      gas emerging from the upper end of the drying chamber 20 passes through
      the return duct 28 to the condenser 43 where it is rapidly chilled and
      loses practically all of its moisture which is collected in a pan or tank
      and is drained through a condensate discharge pipe 53.
PAR  Conveniently one end of the crank shaft of the internal combustion engine
      32 is provided with a pulley or sprocket that affords a belt or chain
      drive for the blower 29; while the other end of the crank shaft drives an
      output shaft which is journalled in a wall of the insulated engine
      compartment 46 and acts through any suitable manual clutches and speed
      reduction means to provide the necessary low speed drives for the augers
      22 and 25. Likewise, a clutch is necessary between the engine output shaft
      and the compressor input shaft 33a so that the only load on the engine
      during starting is that of the blower 29 and the pump for the liquid
      cooling system that includes the radiator 52.
PAR  The foregoing detailed description is given for clearness of understanding
      only and no unnecessary limitations should be understood therefrom, as
      modifications will be obvious to those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A dryer for particulate material comprising, in combination:
PA1  a drying chamber through which particulate material flows by gravity;
PA1  first air lock means for admitting particulate material to the upper end of
      said drying chamber;
PA1  second air lock means for removing particulate material from the lower end
      of the drying chamber;
PA1  a thermal pump system including a compressor having a low pressure side and
      a high pressure side, radiator means in the drying chamber which is
      directly contacted by said particulate material as it passes through said
      chamber, said radiator means having an inlet and an outlet, a condenser, a
      hot fluid conduit connecting the high pressure side of the compressor to
      the radiator inlet, a cool fluid conduit connecting the radiator outlet to
      the condenser, and a fluid return conduit from the condenser to the low
      pressure side of the compressor;
PA1  a closed duct system which includes the drying chamber, and blower means in
      the duct system to circulate gas through said drying chamber in
      countercurrent to the flow of particulate material so as to absorb
      moisture vaporized from the material;
PA1  means for heating said gas in the duct system before it enters the drying
      chamber, the condenser of the thermal pump system being positioned in the
      duct system upstream from the heating means where it condenses moisture
      from the gas which has left the drying chamber;
PA1  and condensate discharge means for removing condensed moisture from the
      duct system.
NUM  2.
PAR  2. The dryer of claim 1 in which the radiator means comprises a plurality
      of vertically spaced tiers of generally horizontal pipes so that the
      particulate material flows over said tiers of pipes, and risers connecting
      said tiers of pipes.
NUM  3.
PAR  3. The dryer of claim 2 in which the pipes in successive tiers are
      staggered, and inverted V-shaped heat exchange fins on said pipes are
      positioned to cause serpentine flow of particulate material.
NUM  4.
PAR  4. The dryer of claim 2 in which the radiator inlet is connected to the
      pipes in the lowermost tier and the radiator outlet is connected to the
      pipes in the uppermost tier.
NUM  5.
PAR  5. The dryer of claim 1 which includes an internal combustion engine for
      driving the compressor, and in which the means for heating gas in the duct
      system includes a heat exchanger provided with pipes for the engine
      exhaust gases.
NUM  6.
PAR  6. The dryer of claim 5 in which the internal combustion engine is provided
      with cooling means which is located in the duct system immediately
      downstream from the condenser and upstream from the heat exchanger.
NUM  7.
PAR  7. The dryer of claim 6 in which the cooling means comprises a liquid
      cooling system which has a radiator located in the duct system.
NUM  8.
PAR  8. The dryer of claim 5 in which the internal combustion engine is in a
      closed compartment, and a combustion air inlet pipe and an exhaust gas
      outlet pipe connect said engine to the ambient atmosphere.
NUM  9.
PAR  9. The dryer of claim 1 which includes a closed compartment in heat
      exchange relationship with the duct system downstream from the condenser,
      an internal combustion engine in said compartment for driving the
      compressor, a combustion air inlet pipe connecting the engine with the
      ambient atmosphere, a heat exchanger in the duct system provided with
      pipes for the engine exhaust gases, said pipes discharging to the ambient
      atmosphere, and cooling means for the engine which is located in the duct
      system immediately downstream from the condenser and upstream from the
      heat exchanger.
NUM  10.
PAR  10. The drying of claim 9 in which the cooling means comprises a liquid
      cooling system which has a radiator located in the duct system.
NUM  11.
PAR  11. A dryer for particulate material comprising, in combination:
PA1  a drying chamber through which particulate material flows by gravity;
PA1  first air lock means for admitting particulate material to the upper end of
      said drying chamber;
PA1  second air lock means for removing particulate material from the lower end
      of the drying chamber;
PA1  radiator means in the drying chamber;
PA1  means including a pump for circulating hot fluid through said radiator
      means;
PA1  a closed duct system which includes the drying chamber, and blower means in
      the duct system to circulate gas through said drying chamber in
      countercurrent to the flow of particulate material so as to absorb
      moisture vaporized from the material;
PA1  an internal combustion engine for driving the pump, said engine being in
      heat exchange relationship to the duct system;
PA1  heat insulating means enclosing said internal combustion engine to reduce
      radiation of engine heat to the ambient atmosphere;
PA1  a combustion air inlet pipe and exhaust gas outlet means connecting said
      engine to the ambient atmosphere, said exhaust gas outlet means passing
      through the closed duct system downstream from the blower means;
PA1  a heat exchanger in the duct system adjacent the engine, said heat
      exchanger including the exhaust gas outlet means;
PA1  cooling means for the engine which is located in the duct system adjacent
      the blower means;
PA1  a condenser which is located in the duct system immediately upstream from
      the engine cooling means where it condenses moisture from the gas which
      has left the drying chamber;
PA1  and condensate discharge means for removing condensed moisture from the
      duct system.
NUM  12.
PAR  12. The dryer of claim 11 in which the radiator means in the drying chamber
      comprises vertically spaced tiers of generally horizontal heat exchange
      pipes which are provided with inverted V-shaped heat radiating fins, and
      the pipes in adjacent tiers are staggered to cause serpentine flow of
      material through said chamber.
NUM  13.
PAR  13. The dryer of claim 11 in which the cooling means for the engine
      comprises a liquid cooling system which has a radiator located in the duct
      system.
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ABST
PAL  A curing chamber has entry and exit ports for passing articles to be cured
      therethrough. Air curtains are provided at the inlet and exit ports.
      Communicating means connect the air curtains to a source for maintaining a
      pressure equilibrium at the air curtains. Means from outside the air
      curtains supply a controlled heated moist vapor for providing
      predetermined moisture to the air curtains to thereby reduce the escape of
      volatile gases within the curing chamber.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a divisional application of Ser. No. 406,626, filed
      Oct. 15, 1973, now U.S. Pat. No. 3,851,402.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for handling and applying
      a volatile catalyst to wet surface finishes for the continuous rapid and
      cool curing thereof.
PAR  2. Description of the Prior Art
PAR  It is known to cure resin-coated surfaces, such as panels, by passing the
      wet coated panels through various heat treatments or by radiation or
      electron beam and ultraviolet ray systems. In the case of heat curing,
      those types of materials or substrates which react to heat would be
      affected, while in the case of the radiation type of treatment, the curing
      field would be restricted to the exact area of the direct path of a beam.
      Any of these systems involve serious personnel risks and very high costs.
PAR  There are certain catalysts, however, that are used as accelerators for
      drying paints and for curing resins. For instance, U.S. Pat. No.
      3,411,940, issued Nov. 19, 1968, John A. Lopez et al, inventors, teaches a
      method of using a tertiary amine in a particular solution and bringing it
      in contact with the coating to be cured.
PAR  It would be preferable, in a continuous process, to be able to use such
      accelerators or catalysts, such as tertiary amines, in a vapor condition
      and to bring it in contact with the resin type wet finishes, whereby the
      resin would cure in seconds. However, due to the toxic nature of such
      accelerators, for example, tertiary amines, this method has not been found
      to be practical to date.
PAC  SUMMARY OF THE INVENTION
PAR  It is an aim of the present invention to provide a method and apparatus for
      continuously curing resin type wet coated articles by bringing the
      articles into contact with a vaporous accelerator, such as tertiary amine,
      in a safe, economic and practical manner.
PAR  An apparatus, in accordance with the present invention, includes means for
      continuously conveying the wet coated articles through a curing chamber,
      means for producing and passing a vaporous accelerator through the curing
      chamber in contact with the wet coating of the article during the period
      of its passage through the curing chamber, means for avoiding the escape
      of the vaporous accelerator to the atmosphere, and means for controlling
      the temperature and density of the vaporous accelerator within the curing
      chamber.
PAR  A method, in accordance with the present invention, includes the steps of
      passing wet resin-coated articles through an isolated curing station,
      selecting an accelerator acceptable for rapid curing of said wet resin
      coating, providing the accelerator in vaporous form into the isolated
      curing station into contact with the wet resin-coated article, maintaining
      the vaporous accelerator isolated from the atomosphere and controlling the
      density and temperature of the vaporous accelerator at the curing station.
PAR  In a specific embodiment, the wet coated substrates are carried by an
      endless conveyor through a chamber containing a vaporous catalyst which is
      continuously maintained at a sufficient density and temperature in the
      gaseous carrier to cure the wet coated surface in a period of time
      sufficiently short to permit the use of a curing chamber of a practical
      size and an adequate conveyor speed. The toxic nature of the catalyst
      requires not only its complete control in the area around the curing
      machine, but also the reduction to a permissible minimum of any loss or
      escape of the vapor into the atmosphere, and the economics of production
      require a compact and self-contained curing machine. The possible
      flammable or explosive nature of the vaporous catalyst requires an inert
      gas carrier and the exclusion from entry into the curing chamber of air or
      oxygen in a volume sufficient to produce a flammable or explosive gaseous
      mix, requirements which also necessitate reducing the size of the curing
      machine or apparatus as far as practical having regard to the sizes of the
      materials on which the wet coatings are to be cured. As the catalyst
      carrier, nitrogen is employed which, as an inert gas, is a very
      appropriate carrier and at the same time is freely available in necessary
      quantities at reasonable cost and satisfies the economics of the
      production of the cured finishes. The nitrogen, from standard pressure
      tanks, after being reduced to atmospheric pressure by an automatic
      pressure reduction valve, is passed through a flow control and then into
      liquid catalyst in a vapor generator which is maintained at a
      predetermined temperature, where it absorbs gaseous catalyst vapor. From
      the vapor generator, the vaporous catalyst nitrogen mix flows into a
      mixing chamber located below the curing chamber. Mixing fans located at
      each end of the mixing chamber direct the vaporous mix through manifolds
      into perforated impinger or diffuser tubes located in the curing chamber
      which direct the vapor at a suitable angle toward the surface to be cured
      and the center of the curing chamber and finally back to the mixing
      chamber. The direction of vapor flow from the impinger tubes can be
      adjusted to prevent rippling of the wet surface, to maintain turbulence in
      the vapor mix and to regulate the vapor flow pattern back to the mixing
      chamber from which it is recirculated. The catalyst density in the curing
      chamber is measured by a vapor analyzer connected to the curing chamber
      and additional catalyst automatically added as required by adjustment of
      nitrogen flow and temperature in the vapor generator. If an amine catalyst
      and a resin type wet coating are used, the effective operating density of
      the catalyst as a percentage of the carrier catalyst mix may be below ten
      percent by volume and due to the absorptive capacity of the carrier
      nitrogen, an operating temperature range between 80.degree. and 90.degree.
      Fahrenheit will maintain the mix above the dew point and avoid
      condensation on the coating being cured.
PAR  The use of a closed circuit for the production of nitrogen catalyst mix
      eliminates the entry of any air borne oxygen up to the delivery of the
      vapor mix into the curing chamber. The entry of natural or air borne
      oxygen into the curing chamber through the entry and exit ports for the
      carrier and the material to be cured will dilute the strength of the
      catalyst mix and also tend to create a possible flammable or explosive mix
      in the curing chamber. Such entry is reduced at a point below which a
      flammable or explosive condition would be created in the curing chamber by
      means of a combined labyrinth and air curtain at each port and the
      introduction of warm moist air into the air curtains which increases their
      efficiency. This warm moist air moves against any outward flow from the
      curing chamber and being warmer than the atmosphere and the curing mix
      deflects up the exhaust duct of the air curtain and similarly deflects
      upward any escaping mix thus effectively excluding any leakage out the
      entry or exhaust portals. The warm moist air will also mix with and warm
      any air entering the portals and thus tend to carry and direct such
      external air up the exhaust stack.
PAR  The quantity of oxygen in the curing chamber and resultant dilution of the
      vaporous catalyst mix are indicated by the vapor analyzer referred to
      above. If an unacceptable amount of atmospheric oxygen builds up in the
      curing chamber, the latter can be purged via dump valved directly
      connected to the exhaust stack.
PAR  By connecting the exhaust stack to each air curtain through a common
      exhaust plenum and using balancing control gauge valves to maintain a
      pressure equilibrium between the two curtains and the introduction of
      moist air to increase the humidity in the curtains, the loss of catalyst
      is reduced to an acceptable minimum. By introducing a suitable vaporable
      chemical agent into the exhaust plenum, the vaporous catalyst can be
      neutralized and atmospheric pollution eliminated during curing operation.
PAR  The material to be cured is carried through the air curtains and the curing
      chamber on an appropriate conveyor which returns outside the curing
      chamber. The rate of travel of the conveyor is adjusted to correlate the
      time of exposure of the surface required and the length of the curing
      chamber.
PAR  The invention permits a continuous curing process which may be applied to
      any type of substrate and which is economical, safe and avoids air
      pollution.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which illustrate an embodiment of the invention:
PAR  FIG. 1 is a longitudinal front view of an embodiment of the invention;
PAR  FIG. 2 is a part section along the longitudinal center line of this
      embodiment;
PAR  FIG. 3 is an end view of this embodiment;
PAR  FIG. 3a is an enlarged section on the line 3a--3a of FIG. 3;
PAR  FIG. 4 is a part section on the line 4--4 of FIG. 1;
PAR  FIG. 5 is a part section on the line 5--5 of FIG. 1;
PAR  FIG. 5a is a part section on the line 5a--5a of FIG. 5;
PAR  FIG. 6 is a section on the line 6--6 of FIG. 1;
PAR  FIG. 6a is an enlarged view of one end of FIG. 6;
PAR  FIG. 6b is a detail of the rotation control member attached to the catalyst
      vapor impinger or diffuser tubes;
PAR  FIG. 6c is a detail of the rotation control member attached to the manifold
      wall;
PAR  FIG. 7 is a section on the line 7--7 of FIG. 1;
PAR  FIG. 8 is a section on the line 8--8 of FIG. 7;
PAR  FIG. 9 is a section along the line 9--9 of FIG. 1;
PAR  FIG. 10 is a part top view and part bottom view of one end of the plenum;
PAR  FIG. 11 is a horizontal section of the bottom access panel along the line
      11--11 of FIG. 10;
PAR  FIG. 12 is a front end view of one of the neutralizer drip and vacuum gauge
      intake units and holding plate;
PAR  FIG. 13 is a top view of the neutralizer drip and vacuum gauge intake unit;
PAR  FIG. 14 is a section along the line 14--14 of FIG. 12;
PAR  FIG. 15 is a part side view and part section along the line 15--15 of FIG.
      16;
PAR  FIG. 16 is a transverse section on the center line of the catalyst vapor
      generator;
PAR  FIG. 17 is a front view of the mixing chamber reception unit for the
      catalyst vapor nitrogen mix produced by the vapor generator;
PAR  FIG. 18 is a cross-section along the line 18--18 of FIG. 17;
PAR  FIG. 19 is a general view of panels of the control console;
PAR  FIG. 20 is a schematic diagram of the heating liquid circuit for the vapor
      generator;
PAR  FIG. 21 is a schematic diagram of the main flow of gas catalyst carrier
      from source through vapor generator to gas mixing chamber and the
      secondary flow to the liquid catalyst source; and
PAR  FIG. 22 is a general schematic diagram of the operation of an embodiment of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The machine embodying the invention as illustrated comprises essentially a
      conveyor 1, curing chamber 2, air curtains 3, common exhaust plenum 4,
      humid air generators 5, humid air diffusers 6, curing catalyst vapor
      generator 7, catalyst vapor mixing chamber 8, catalyst supply plenums 38,
      catalyst manifolds 9, catalyst diffusers 10, liquid heater 11 (FIG. 20),
      exhaust 12 and supporting legs 13.
PAR  A self-contained variable speed mechanical conveyor 1, which, in the
      embodiment of the invention illustrated, is of the continuous rope type,
      receives the wet coated material at the entrance port 14 and conveys it at
      predetermined speed through the shallow curing chamber 2 and elivers it at
      the exit portal 15. As one element in reducing escape or loss of the
      vaporous catalyst mix, the curing chamber is sloped slightly from each end
      to the middle and to effect the slight change in the direction of the
      conveyor ropes, idler pulleys 16 are provided in the upper part of the
      central mixing chamber 8. To further reduce escape or loss of vaporous
      catalyst mix, humid air diffusers 6 which are external of the air curtains
      3 direct a gentle flow of warm humid air produced in the generators 5
      towards the curtains which rises through them and into the common exhaust
      plenum 4 through a series of five small tubes 19 at the top of each
      curtain which tend to restrict flow and finally proceeds out of the
      exhaust 12. The direction of flow of the humid air is against any outflow
      of the curing vapor through the entry or exit ports which in addition
      deflects any net flow of curing vapor up through the air curtain.
      Labyrinths 18 forming part of each air curtain 3 also serve to reduce loss
      or escape of curing vapor. Pressures in each section of the exhaust plenum
      4 are measured by pressure gauges 50 (FIG. 19) connected to each half of
      the plenum. Any pressure differential between the air curtains 3 is
      measured by balancing pressure gauge 49. Control units combining the
      pressure switches 52 (FIG. 19) and temperature gauges 53 (FIG. 19)
      maintain the temperature and pressure of the humid air supply through
      control of its heat and water supplies.
PAR  Adjustment of the apertures at the entry port 14 and exit port 15 to reduce
      entry of air borne oxygen by maintaining minimum openings when dealing
      with materials of different thicknesses is effected by movable platforms
      20 located below the air curtains and labyrinths in cavities made in the
      floor of the curing chamber, the platforms being supported by four cams 21
      in contact with bearing plates 28 on the under side of each platform. The
      level of the platforms and consequently the depths of the apertures at the
      entrances to the actual curing chamber is adjusted by means of the cams 21
      which are attached to two hand-operated cam shafts 22 passing through the
      lateral walls of the chamber. To maintain alignment of the carrier ropes
      across the top of the platform, guides 26 (FIG. 5) are provided and to
      prevent wear of the ropes and the top of the platform spring steel bars 27
      bowed under slight compression are inserted between the guides. This
      platform consists of a top and side walls stiffened by a flat wide channel
      29 pressed from steel sheeting and running transversely under the floor of
      the platform. The bottom of the cavity is sealed and insulated by a sheet
      steel insulation filled base 30 and to prevent any build up of liquid
      seeping down between the platform and the cavity walls a drain connection
      23 is provided to a common sump.
PAR  To prevent wear of the conveyor ropes and the floor of the curing chamber,
      wear buttons 24 (FIG. 5a) are fixed to the floor at suitable intervals
      which support the conveyor ropes 1 above the curing chamber floor 65.
PAR  Vaporous catalyst mixing fans 32 (FIG. 1) located in supply plenums 38
      attached to each end of the mixing chamber take the catalyst from the
      mixing chamber 8 and direct it into the catalyst manifolds 9 which carry
      it to the catalyst diffusers 10 located in the roof of the curing chamber
      which spray it at an angle towards the center of the chamber which
      provides turbulence to maintain uniformity of the catalyst nitrogen mix
      and also directs the flow toward the mixing chamber so that the cycle may
      continue. Any condensed vapor is discharged through the drain 88. Manually
      controlled-air-operated exhaust or dump valves 39 (FIG. 7) permit
      discharge of the supply plenums and mixing chambers, if required or
      desirable for any reason, through the exhaust pipe 40 connected to the
      general exhaust stack 12. In order to produce the same pressure and rate
      of flow in all catalyst diffusers 10 irrespective of the distance from the
      intake ends of the manifold, hand-operated mushroom valves 33 (FIG. 7) are
      provided at both ends of each diffuser which permit appropriate adjustment
      to be made to compensate for any differential in manifold pressure due to
      the distance from the intake ends of the manifold as indicated by pressure
      gauges 67 and any pressure differential in laterally corresponding
      diffusers as indicated by pressure gauges 68. Any imbalance between the
      end pressures in the diffusers 10 is indicated by gauge 55 (FIG. 19)
      connected to probes 89 (FIG. 6) at each end of the diffusers. To permit
      adjustment of direction of discharge of catalyst mix to avoid rippling of
      the wet surface and produce a suitable combination of turbulence and flow,
      end plates 34 (FIG. 6a) are fixed to each end of the diffusers. A series
      of threaded holes 35 is provided at the top and bottom of each plate, the
      circular spacing of these holes permitting a number of changes of the
      angle of discharge. Corresponding plates 36 with single slots at top and
      bottom are attached to the manifold. The slots are deep enough to permit
      studs 37 to be threaded to any pair of holes 35 in the plates 34. Cavities
      are provided in the side walls of the curing chamber to house the valves
      33 and to permit access to the plates 34 and the studs 37.
PAR  While the machine may be housed in any area at normal room temperature, a
      higher temperature may be required in the curing chamber 2 to maintain the
      vaporized catalyst above the dew point. In order to provide and maintain
      such appropriate above dew point temperature, heat tapes 41 (FIG. 2),
      controlled by thermostats 66 (FIG. 1) are provided at suitable intervals
      in the floor and roof of the curing chamber 2 and in the walls of the air
      curtains 3. For control and regulating purposes, a recording thermometer
      54 is connected to the curing chamber 2 in addition to the thermostats 66.
      To produce the catalyst vapor at the appropriate temperature in the vapor
      generator 7, hot liquid is circulated in the walls 73 (FIG. 15) of the
      generator and in the tubes 51 (FIG. 15 and FIG. 16) connected between the
      walls in the area filled with liquid catalyst. The hot liquid from the
      heater 11 (FIG. 20) which enters the outer sleeve 80 (FIG. 2) of the
      reception fitting 75 in the wall of the mixing chamber 8 by the tube 74
      proceeds through the outer sleeve of delivery tube 70 (FIG. 15) to the
      sleeve 91 of the catalyst vapor nitrogen mix discharge fitting 78 of the
      vapor generator 7 to the hollow sidewall of the vapor generator from which
      it passes into and through the tubes 51 to the opposite hollow wall and
      finally leaves the generator by the discharge tube 79. It then passes
      through the gear pump 46 (FIG. 20) whence it returns to the heater 11
      where it is reheated and the flow continues through the same circuit.
      Pressure switch engage 58 (FIG. 19) controls the supply of liquid catalyst
      and the meter 61 controls the temperature of the heating liquid. To avoid
      air pockets in the heating liquid circuit, the filler cap is located above
      the heater and above the highest point of the circuit. The circulation of
      the heating liquid in the heater circuit is provided by the gear pump 46
      and expansion or contraction of the liquid due to temperature variation is
      compensated for the expansion valve 47.
PAR  As the concentration or density of the catalyst in the curing chamber must
      be maintained within predetermined limits, the dilution created by the
      entry of air through the entry and exit ports of the curing chamber and
      the loss of catalyst in the chamber through the air curtains must be
      compensated for by the addition of new nitrogen catalyst vapor mix. The
      amount of dilution is measured by an oxygen analyzer 48 (FIG. 19) which is
      connected to a sensor located in the curing chamber 2. The oxygen analyzer
      is calibrated with reference to the operating density range of the
      catalyst vapor so that the meter reading on the scale indicates the actual
      percentage of catalyst vapor in the curing chamber.
PAR  Vapor pressure changes within the vapor generator operate pressure switches
      within the limits set on pressure gauge 58 (FIG. 19). Upon reaching the
      low limit, solenoid valves 81 and 82 (FIG. 21) will allow nitrogen to be
      fed through the tube 90 (FIG. 1) into the liquid catalyst container 25
      which drives the liquid catalyst into the vapor generator 7 through the
      supply tube 71 to the receiving fitting 63. Upon reaching the high limit
      set by pressure gauge 58, the flow of nitrogen into the catalyst container
      is shut off by the solenoids 81 and 82 (FIG. 21) and the flow of liquid
      catalyst to the generator 7 ceases. Adjustment of the nitrogen flow rate
      to the liquid catalyst container 25 is made by needle valve control 59
      (FIG. 19). Nitrogen fed directly to the generator 7 through supply tubes
      31 (FIG. 15) rises through the hot liquid catalyst and picks up the
      catalyst vapor. The nitrogen catalyst mix enters the slotted collector
      pipe 77 at the apex of the generator from which it enters the delivery
      fitting 76 whence it passes to the mixing chamber 8 through the supply
      tube 92 and the receiving fitting 72. The rate of the continuous flow of
      the carrier nitrogen is measured by the flow meter 57 (FIG. 19) and the
      adjustment of such rate is made by means of a manual control switch 83
      (FIG. 19) or otherwise by the automatic control switch 84.
PAR  Variations in the density of the catalyst carrier mix, necessitated either
      by the characteristics of the catalyst used or those of the surface finish
      to be cured, may be made by varying the rate of catalyst vapor production
      and the absorption capacity of the carrier, both of which are relative to
      their respective temperatures. The catalyst vapor thermometer 60 (FIG. 19)
      is connected to the probe 62 (FIG. 16) in the vapor generator. Appropriate
      temperature changes are made by varying the temperature of the liquid fed
      to the vapor generator by adjusting the temperature in the liquid heater.
      The heating liquid tank temperature control meter 61 is connected to the
      probe 64 in the vapor generator.
PAR  As the vaporized catalyst may form a flammable or explosive mixture in the
      presence of oxygen, a blowout panel 42 is provided over the mixing chamber
      and sprinklers 43 are provided in the air curtains and in the roof of the
      curing chamber and plexi-glass blow-out ports 44 (FIG. 2) are inserted in
      the interior walls of the supply plenums. In addition, if unacceptable
      oxygen content or pressure builds up in the curing chamber, a special
      electrical circuit controlled by switch 69 (FIG. 19) simultaneously shuts
      off all material and curing vapor supplies to the machine without
      affecting the operation of the mixing 32 or exhaust 85 fans and activates
      the valves of the supply plenums so that the entire content of curing
      vapor in the machine may be exhausted to the open air in a matter of
      seconds.
PAR  To eliminate atmospheric pollution by the escaping catalyst vapor, it is
      neutralized before it leaves the exhaust stack 12. This is effected by
      means of injector units 45 (FIG. 14) installed in each half of the exhaust
      plenum under the exhaust stack by means of which an appropriate
      neutralizer, depending on whether the catalyst is alkaline or acid in
      nature, may be introduced into the escaping nitrogen catalyst mix through
      the delivery tube 86. While a gaseous neutralizer may be used, it has been
      found that the temperature and continuous flow through the exhaust plenum
      to the stack is sufficient to vaporize a liquid neutralizer in sufficient
      volume to effectively neutralize the escaping catalyst. The units also
      house the probe 87 of the exhaust plenum pressure gauge 50.
PAR  Time of exposure of the wet surface to the curing vapor may be varied by
      appropriate adjustment of conveyor speed.
PAR  To minimize heat loss and assist in maintaining the appropriate temperature
      in the curing chamber and the other areas of the machine in which
      condensation of the catalyst vapor must be avoided, all side walls, floors
      and roofs of the curing and mixing chambers, the associated air curtains
      and the supply plenums are insulated in addition to the area between the
      entry and exit ports and the air curtains.
PAR  To prevent any accumulation of liquid from condensation occurring in the
      exhaust plenums, the floor of the plenum slopes slightly from each end
      towards the center and from front to rear with drain pipes leading to a
      common sump inserted at the low point in the central back area of the
      plenum floor.
CLMS
STM  We claim:
NUM  1.
PAR  1. A curing chamber having entry and exit ports for passing articles
      therethrough, air curtain means at said inlet and exit ports to prevent
      entry of air into the curing chamber, communicating means connecting the
      air curtain means at said inlet and outlet ports to maintain a pressure
      equilibrium at the air curtains, means for supplying from outside the air
      curtain means in a direction inwardly of the curing chamber a controlled
      heated moist vapor providing predetermined moisture to the air curtains
      thereby reducing the escape of volatile gases from within the curing
      chamber.
NUM  2.
PAR  2. A curing chamber as defined in claim 1, wherein the inlet and exit ports
      are in the form of narrow slots, said air curtain means including a
      plurality of baffles above the path of the articles in said entry and
      outlet slots, effective to provide a labyrinth to reduce escape of
      volatile gases from within the curing chamber and entry of atmospheric air
      into the curing chamber, air pressure control means communicating the air
      curtains with a common plenum chamber, valve means in said plenum chamber
      for increasing or decreasing alternately the pressure in the air curtain
      means, diffuser means spaced from said curtain means outwardly of the
      curing chamber but within said inlet and outlet narrow slots, the diffuser
      means being provided with orifices in a direction of said air curtains
      inwardly of the curing chamber, means for providing controlled heated
      moist air through the diffusers towards the air curtains to be mixed with
      the air in the baffles.
NUM  3.
PAR  3. A curing chamber as defined in claim 1, wherein said air curtain means
      includes labyrinth means effective to reduce escape of volatile gases from
      within the curing chamber and entry of atmospheric air into the curing
      chamber; deflecting means associated with each air curtain means adapted
      to deflect said heated moist vapor in a stream of air from said inwardly
      direction, in a generally upward direction to said communicating means;
      and said chamber including means for dispensing a controlled amount of
      vaporous curing aid in an inert gaseous carrier into the chamber interior.
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ABST
PAL  This invention relates to an elastic-topped athletic shoe for use by a
      football player wherein the lacing of a conventional shoe is replaced by
      an elastic panel integral with the shoe and forming the instep portion
      thereof, said panel being extended to connect integrally with a tubular
      elastic member encompassing the ankle of the wearer, said elastic panel
      and tube serving to retain the shoe securely on the wearer's foot.
BSUM
PAR  Football players, and particularly punters, place-kickers and sometimes
      quarterbacks, are required to kick with speed and precision, and it is
      frequently found that a football kicked by a player is projected from that
      area of the instep where the lacing of a conventional shoe is located.
PAR  The minute unevenness of a shoe lacing on the player's foot may cause a
      deviation in the direction of travel of the ball from that intended by the
      kicker or required for the completion of a desired play in the game.
PAR  Some kickers avoid this difficulaty by using the front of the ankle as the
      area of contact between the kicker's foot and the ball. Other kickers may
      use the side of the instep to avoid contact of the lacings with the ball.
      However, there is the ever-present possibility of a lacing being brought
      into contact with the ball and causing it to deflect from the desired
      route of projection.
PAR  In this invention the lacings are omitted, and the shoe is formed with a
      conventional sole, and uppers rising at the forward end to a height equal
      to the top of the toes, said sole and abbreviated uppers being herein for
      convenience sometimes referred to as the "shoe member" of this invention.
PAR  Integrally attached to the upper edge of the shoe member, for a distance
      extending approximately from each ankel bone to the toes, is an elastic
      panel replacing the conventional top of a shoe. At the point where the
      elastic panel reaches the ankle bone, it is formed into a tubular
      ankle-encompassing member, the lower rear edge being free from attachment
      to the border of the shoe heel.
PAR  With the elastic-topped shoe of this invention, a kicker may use the front
      of his ankle, or the center or either side of his instep, as the point of
      contact with the football, and at any such point there is an assured
      smooth launching area for the ball.
DRWD
PAR  For a better understanding of this invention, reference is made to the
      accompanying drawings, wherein
PAR  FIG. 1 is a side view of an elastic-topped shoe; and
PAR  FIG. 2 is a front view of such shoe.
PAR  FIG. 3 is a rear view of a shoe showing fastener means for securing the
      edges of the ankle-encompassing member.
DETD
PAR  Referring more particularly to the drawings, FIG. 1 shows a conventional
      sole 10, with upper 11 forming a low surrounding wall around teh foot to
      permit integral attachment on line 12 of elastic panel 13 which forms the
      top portion covering the instep. Said panel 13 is formed integrally with
      anklet 14, said line of connection 12 being terminated as at 15 to provide
      space 16 between anklet 14 and heel 17 of said shoe.
PAR  The elastic panel 13 may be provided with added cushioning, having either
      increased elastic or leather or other suitable material, across the front
      of the ankle or the top of the foot, as in the shaded portion 18, and
      increased tension may be provided in the ankle-encompassing tube for added
      support of a kicker's ankle. The open space provided at the heel by the
      spacing between the shoe heel and the ankle-supporting tube permits
      flexing of the foot for complete freedom of movement.
PAR  The elastic anklet and instep panel provides assured retention of the shoe
      on the wearer's foot.
PAR  As an alternative to a tube formed to fit around the ankle, the
      ankle-encompassing member may be made of a sheet of elasticized material
      joined by a vertical fastener such as a zipper, which may be located
      either at the back or on one side of the ankle said fastener means being
      shown at 19 in FIG. 3 of the drawing.
CLMS
STM  Having thus disclosed my invention, I claim:
NUM  1.
PAR  1. A laceless athletic shoe comprising a sole, a narrow strip attached to
      the entire edge of said sole and upstanding therefrom; an elasticized
      panel connected to the forward portion of said narrow strip, said
      elasticized panel encompassing the instep, and an elasticized
      ankle-encompassing member integral with and being a continuation of said
      elasticized panel; the rearward portion of the lower edge of said
      ankle-encompassing member being free rearwardly of the heel breast line,
      from connection to said narrow upstanding strip.
NUM  2.
PAR  2. The invention of claim 1 wherein said instep elasticized portion is
      provided with a centrally disposed panel of thicker dimension than the
      remainder of said panel or of said ankle-encompassing tube, to cushion the
      foot of the wearer upon impact of the foot against a ball.
NUM  3.
PAR  3. The invention of claim 1 wherein the said ankle-encompassing tube is
      provided with a front panel of thicker dimension than the remainder of
      said tube.
NUM  4.
PAR  4. The invention of claim 1 wherein said ankle-encompassing tube is formed
      by vertical fastener means connecting two edges of an elasticized sheet
      encompassing the wearer's ankle.
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ABST
PAL  A fastener for closure in wearing apparel having adjacent edges with spaced
      opposed eyelets providing two elongate elastic elements each laced through
      eyes along one edge of the closure to form adjacent spaced loops with
      plural hook elements releasably joining opposed loops on each side of the
      closure. The fastener is particularly adapted for use in boots.
BSUM
PAC  BACKGROUND OF INVENTION
PAC  RELATED APPLICATIONS
PAR  There are no applications related hereto now filed in this or any foreign
      country.
PAC  FIELD OF INVENTION
PAR  This invention relates generally to fasteners for lace type closures and
      particularly opposed elastic laces releasably joined by plural hooks.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The common non-elastic fabric lace associated with plural opposed eyelets
      to releasably fasten together separated parts of wearing apparel to form
      closures, particularly in footwear and leggings, has inadequacies
      notwithstanding the extensive use of this method of closures. The closure
      lacks some movability and conformability primarily because of its
      non-elastic nature and is difficult of establishment when cross laced in
      the ordinary fashion. In the past other improved lace-type methods of eyed
      closures to accomplish such fastening with differing benefits in
      particular cases have become known. The instant invention is one of this
      class.
PAR  Obviously, however, if such improved methods are to be at all useful in
      existing garments they must be compatible in their fastening with the
      present eyelet structure of the wearing apparel in which they are to be
      used. Heretofore such improved lace-type fastening methods have evolved
      along two essential lines; firstly that involving a continuous lace of the
      normal non-elastic configuration, composed of or containing an elastic
      element, that is positioned in some fashion between eyelets on both sides
      of the laced closure, and secondly, a plurality of elastacized members,
      each associated in some releasable fashion with only the two members of a
      pair of opposed eyelets, and having no association with other eyelets
      outside that pair. Each of these systems possesses individual advantages
      and disadvantages. In the first instance the lacing gives elasticity at
      any point along the length of the closure as required by strain upon the
      area at a particular time and also allows for lineal lace adjustment, but
      there is the inconvenience in establishment, as the lace must be long and
      individually threaded and adjusted through the several eyelets on each
      side of the closure. In the second instance there is not the contributory
      adjustable conformity to varying stress throughout the length of the
      closure, as the particular elastic functions are limited to one particular
      pair of opposed eyelets and their associated fasteners; however, the ease
      and simplicity of fastening is greater because there is no necessity of
      using a long lace and having to adjust it or lace it by its end or ends
      through the several eyelets involved. With these factors and this
      background in mind, the instant invention seeks to provide new and unique
      lacing that has the advantages of each of the improved types mentioned but
      is without the disadvantages of either.
PAC  SUMMARY OF INVENTION
PAR  My invention provides generally paired cooperating elastic laces each
      associated with plural spaced eyelets on each side of a garment closure to
      form opposed cooperating loops that are releasably joined by plural rigid
      hook elements. Preferably the laces are laced alternately through adjacent
      eyelets and the hook elements are permanently carried on one lace and
      releasably attachable to the other.
PAR  In providing such a closure fastening system it is:
PAR  A principal object of my invention to provide an elastic fastening means,
      for use upon eyelet-type lace-closing structures having paired opposed
      eyelets adjacent the opposed abutting parts of such laceable closure, that
      may be rapidly fastened or unfastened after establishment without passing
      the end of a lace through the various eyelets.
PAR  A further object of my invention to provide a fastening means of the nature
      aforesaid that is contributorily elastically adjustable throughout its
      length to provide for variations in movement of the proposed members of
      the laced structure in response to conformal stress thereon.
PAR  A further object of my invention to provide a fastening means of the nature
      aforesaid that is compatible with and may be used upon existing
      eyelet-type lace closing structures of wearing apparel without
      modification thereof and may be releasably established therein with
      minimum effort.
PAR  A still further object of my invention to provide a fastener means of the
      nature aforesaid that is of new and novel design, of simple and economic
      manufacture, of rugged and durable nature, and otherwise well adapted to
      the uses and purposes for which it is intended.
PAR  Other and further objects of my invention will appear from the following
      specification, drawings and claims which form a part of this application.
      It is to be remembered, however, that its accidental features are
      susceptible of change in design and structural arrangement with only one
      preferred and practical embodiment being illustrated as required.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  In the accompanying drawings which form a part of this specification and
      wherein like numbers of reference refer to similar parts throughout:
PAR  FIG. 1 is an isometric view of an ordinary high-top shoe of commerce, with
      my invention in place thereon, partially fastened and partially
      unfastened.
PAR  FIG. 2 is a diagrammatic representation illustrating a single method of
      establishing my elastic laces through ordinary eyelets of laceable
      closures in diagram 2A and a double method of establishment in diagram 2B.
PAR  FIG. 3 is a partial enlarged orthographic view of my elastic lace passing
      through two adjacent eyelets, showing how the lace is frictionally and
      deformably engaged therewith.
PAR  FIG. 4 is an orthographic cross-sectional view of FIG. 3 taken on the line
      4--4 thereon in the direction indicated by the arrows.
PAR  FIG. 5 is an enlarged isometric view of a particular type of a hooking
      device that I prefer to use with my invention.
PAR  FIG. 6 is a somewhat enlarged partial orthographic view of the hooking
      device of FIG. 5 in place upon one of the elastic laces of my invention,
      showing the deformed frictional engagement between the two members.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings in more detail and particularly to that of
      FIG. 1, it will there be seen that my invention essentially comprises two
      elastic lace members 10, laced alternately through adjacent eyelets 11 of
      shoe 12 to form paired opposed loops 13, releaseably fastened together by
      hook fasteners 14.
PAR  My invention is particularly adapted to fasten the adjacent opposed lacing
      flies 18 of shoes 12 and leggings together, but it is to be understood in
      this regard that it is equally within the spirit of my invention to fasten
      laceable closures of garments and other articles of the same type having
      opposed spaced eyelets in the adjacent fastening parts. The invention is
      particularly extendable to articles of clothing and various containers,
      especially plastic or semi-rigid ones.
PAR  Lace 10 is an elongate strip of elastic, deformable material of appropriate
      surface constitution and preferably of substantially a rectangular
      cross-section as illustrated. I prefer to form this member from rubber,
      though other materials such as some plastics having like or similar
      physical properties would undoubtedly serve the purposes of my invention.
PAR  The size and physical characteristics of the lace are quite essential to
      the operation of my invention. The member must be such that loops 13
      formed in it are sufficiently elastic and have sufficient physical
      strength to perform their function. The member must also be yieldably held
      in position within the eyelets 11 through which it passes, and this
      requires that the material be sufficiently elastically deformable, as
      illustrated, and of appropriate surface characteristics to create a
      frictional engagement between lace 10 and eyelet 11 so that the lace will
      not under normal circumstances readily pass therethrough but yet under
      unusual stresses will tend to yield slightly to somewhat equalize the
      stress throughout the laced closure or a substantial part of it.
PAR  To accomplish these purposes I have found rubber to be an ideal material. I
      prefer to have the cross-section of lace 10 of a width approximately
      one-fourth greater than the major internal diameter of eyelet 11, and of
      the thickness of approximately one-third of the internal diameter of the
      eyelet. The length of the member 10, obviously, will be dependent upon the
      size of the particular closing being fastened, but this length should be
      such that the lace may be positioned as hereinafter provided so that in
      normal unfastened condition it will have substantially no lineal stress
      within it.
PAR  With this sizing and dimensioning of the lace and with its particular
      physical characteristics, when an elongate stress is applied to the lace
      on one side of an eyelet as in FIG. 3, the elastic of the lace tends to
      elongate on that side, but if the pressure be less on that portion of the
      lace on the opposite side, the lace will tend to bind within the eyelet so
      that the function aforementioned is attained. This binding is caused by
      the deformed frictional engagement of the lace on the far side of the
      strained part contacting the surface of the eyelet on that side. This
      reaction is necessary to the proper functioning of my invention in the
      form illustrated in this disclosure.
PAR  It is necessary that elastic side laces 10 be positioned through the
      various eyelets on one side of fastening flap 18 so as to form loops 13 on
      the fastening side of the closure between eyelets where fastening is
      desired. This may be accomplished in at least two ways as illustrated in
      the diagrams of FIG. 2. In diagram 2A, if a single length of lace be
      threaded alternately through adjacent eyelets 11, firstly on one side of
      the fastening flap 18 and then the other, the result will be a series of
      loops 13 formed between each alternate pair of adjacent eyelets, as
      illustrated. If, however, loops 13 are desired between each adjacent pair
      of eyelets 11 of a fastening flap 18, lace 10 may be doubled and the two
      ends of lace 10 there threaded alternately through such eyelets 11, the
      two ends passing in opposite directions through each eyelet 11, as
      illustrated in diagram 2B. Either of these methods of positioning the
      elastic side laces may be used under the spirit of my invention, the
      particular choice depending upon particular desires of the user.
PAR  In either of the lacing methods illustrated in FIG. 2, an elastic lace 10
      of the specified size and dimension is deformed in passing through an
      eyelet 11, and is frictionally engaged or bound therein. Each loop 13
      (span of lace between eyelets) thus becomes substantially independent. The
      elastic property of lace 10 allows extension of loop 13 and provides an
      additional tightening or binding in the eyelet. The maximum yield of the
      loop 13 is at a point between eyelets 11; at eyelet 11, where lace 10 is
      bound, yield is minimal. Thus, there is no necessity to provide fastening
      at the lace ends (although end fastenings could be provided if desired),
      because the lace will not slip through the eyelet nearest the lace end
      because of the lace's frictional engagement or binding therein. The single
      provision of the extension of lace 10, approximately half the distance
      between adjacent eyelets 11, beyond the eyelet nearest the lace end is
      sufficient to insure the maintenance of the lace in the end eyelets.
PAR  The elastic laces 10 of my invention are preferably pointed at their ends,
      or carry some device such as a ferrule, as well known in the art, to aid
      in their insertion through the eyelets 11 upon establishment. The lace is
      normally established in place by manual minipulation or if desired a
      needle-like threading device (not shown) may be employed to assist in this
      operation.
PAR  To render my invention operable, paired opposed loops 13 in the elastic
      lacing member 10 must be releasably joined. One type of fastener 14 that
      accomplishes this purpose is illustrated in FIG. 3, but it is to be
      understood that there obviously are many other fastening devices that
      would serve this purpose and any that releaseably fastens two adjacent
      loops together would serve this purpose of my invention and be within its
      scope and purpose. The fastener illustrated comprises a looped part 15
      structurally communicating with a hook part 16, all formed from an
      elongate, deformable, semi-rigid piece of metal 17 of a wire-like nature.
      Loop portion 15 may be welded or otherwise solidly formed, or if desired,
      it may be formed from a metal that may be bent to allow its placement in
      the same fashion as a hook, without requiring the passing of one end of
      lace member 10 therethrough for establishment. In fact the member 15 may
      be a hook similar to that of the hook 16 if desired, though with this
      arrangement when hooks are then in the non-engaging position it is easy to
      accidently dis-engage them from a loose lace.
PAR  The use of my invention on a shoe is illustrated in FIG. 1. One side lace
      10 is established in each adjacent opposed lacing flaps 18 of shoe 12. In
      this instance a single lace was used, passing alternately through the
      adjacent eyelets to form alternating loops on the lacing side of the flap
      between adjacent pairs of eyelets. Laces 10 may be established in this
      fashion in a particular shoe and left in this position thereafter without
      any requirement that they be removed or re-established when the shoe is
      fastened or unfastened. Hook fasteners 14 are established in place upon
      the elastic side members 10, one hook fastener being distributed for each
      pair of opposed loops 13 on the fastening side of the fastening flap. The
      hook fasteners, if the loop portion 15 be rigid, must of necessity be
      established during placement of the elastic lace member. The hook
      fasteners may be initially positioned on either side of the fastening
      flap, or partially on one and partially on the other, though for
      convenience it is generally preferred to position all of them on the outer
      fastening flap 18A of the shoe (outer being determined as the shoe would
      normally be worn).
PAR  To use my invention, lace member 10 and hook fasteners 14 are established
      in place as aforesaid, one hook fastener for each loop 13 of the fastening
      member on the fastening side of flap 18. The shoe may then be permanently
      left in this condition as long as is desired. To fasten the closure the
      shoe is laced upon the foot in normal position and thereafter the elastic
      laces and hooks manually manipulated to hook the hooked portion 16 of each
      hook fastener 14 over the laterally adjacent loop of the opposed lace so
      that paired opposed loops are releaseably fastened to each other. This
      operation is repeated with each hook-loop combination until each of the
      adjacent loops is fastened to its paired opposed mate, when the shoe is
      completely fastened. The shoe is unfastened, for removal, in the reverse
      fashion.
PAR  With many shoes or garments, depending upon size and construction, there
      may be sufficient elasticity in the fastened closure that the garment may
      be put on or removed without the complete unhooking of the lacing, or in
      fact in some instances without any unhooking at all.
PAR  It is to be noted from the nature of the invention hereinbefore described,
      that a laced fastening, particularly in the case of a shoe, completely
      loosened for either putting on or off when the hooks connecting the laces
      are dis-engaged, whereas the ordinary laces of commerce must be at least
      partially removed.
PAR  It is further to be noted that my invention may be equally well used upon
      any lace type closure having co-operating eyelets in adjacent fastening
      flaps, whether it be upon wearing apparel or upon containers or other
      articles, the principle being equally applicable to any such use. If the
      closure to be laced is sufficiently rigid and appropriately pliable, it
      may not be necessary to have separate eyelet structures, but the device
      may function equally well upon insertion in holes in the parts to be
      fastened without any additional support, as especially in the case of
      sheet plastics.
PAR  While the foregoing description is necessarily of a detailed particular
      character so that a specific embodiment of my invention may be clearly set
      forth as required, it is to be understood that various rearrangement of
      parts, multiplications thereof and modifications of detail may be resorted
      to in connection with the invention without departing from its spirit,
      scope or essence.
PAR  Having thusly described my invention, what I desire to protect by Letters
      Patent, and,
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A fastening device for a lace-type closure having adjacent opposed
      fastening flaps with plural eyelets spaced inwardly adjacent each opposed
      edge of the flaps, and comprising, in combination:
PA1  paired, elongate elastic laces configured to allow insertion through the
      eyelets in each fastening flap but be bindable in the said eyelets when
      stressed away therefrom, each of said laces being laced through adjacent
      eyelets in each of the fastening flaps to form plural opposed loops on the
      fastening side of the flaps, and
PA1  plural fastening members releasably fastening paired opposed fastening
      loops to each other to cause a releaseable fastening of the laceable
      closure.
NUM  2.
PAR  2. The invention of claim 1 wherein the elastic laces are formed of rubber
      of a rectangular cross-section having one dimension substantially
      one-fourth greater and the other substantially one-third as great as the
      major diameter of the eyelets in which the lace is to be positioned.
NUM  3.
PAR  3. The invention of claim 1 wherein each of the plural fastening members
      comprises a ring fastenable about one lace structurally communicating with
      a hook fastenable about the other lace.
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ABST
PAL  An ejector roller and guide arrangement having a pair of rollers beveled on
      their outer edges, one on each side of the ejector frame, which travel
      between horizontal upper and lower tracks mounted on the pusher frame. The
      beveled edges of the rollers ride on inwardly angled surfaces of the
      track. Separate rollers on inwardly angled axes of rotation roll on
      separate track secured to the side walls of the bowl having outwardly
      angled surfaces. The longitudinally spaced rollers provide lateral and
      vertical guidance of the ejector in moving into and out of the scraper
      bowl for ejection of the earth material.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder with the Department of the Army.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to the art of mobile earth moving machines and
      particularly to tractor scrapers having a movable ejector for expelling
      earth material from the bowl.
PAR  1. Field of the Invention
PAR  Scrapers will have an ejector that is movable into the bowl for discharging
      the load. When uneven loads occur, the ejector will tend to bind and not
      move forward in parallelism with the sidewalls of the scraper unless
      guided in some manner. The ejector is guided in its forward and rearward
      travel by a trailing frame having guide rollers which travel on a track
      mounted on the stinger or pusher frame of the scraper.
PAR  2. Description of the Prior Art
PAR  One type of ejector guide is to use a track having a rectangular cross
      section and a quadrilateral arrangement of rollers traveling along the
      track. In certain cases, however, additional guidance has been needed such
      as where the continued usage in rugged terrain is to be expected.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an ejector roller and guide arrangement
      employing a pair of beveled rollers traveling with the ejector frame which
      are guided in a fore and aft manner on upper and lower tracks mounted on
      the pusher frame. The tracks have inwardly inclined surfaces that the
      beveled edges of the rollers ride on. In addition to the beveled rollers
      at the rear, a pair of rollers on each side of the ejector have their axes
      of rotation angled inwardly. A second track is mounted on each scraper
      side wall and provides upper and lower outwardly inclined surfaces for
      these rollers.
PAR  To provide individual adjustment, each roller may be mounted on an
      eccentric shaft so that the rollers may be adjusted alone, or in tandem,
      as required to maintain parallelism of the ejector frame and tracks.
PAR  One advantage of the ejector guide arrangement is that the beveled rollers
      at the rear act with the angled rollers spaced forwardly to absorb side
      thrust as well as up and down forces acting on the ejector at
      longitudinally spaced locations of the track structure distributing the
      loading and providing a stronger and more rigid guide arrangement.
PAR  Another advantage is that the present arrangement permits either the
      beveled rollers or the angled rollers to be individually adjusted by means
      of eccentric mountings so that any misalignment which is developed can be
      relieved by the adjustments.
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PAR  These and other features will become apparent by referring to the following
      description of the invention which proceeds with the description of the
      drawings wherein:
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a tractor scraper with the ejector
      retracted showing the beveled rollers and tracks at the rear and with the
      scraper wall partially broken away showing the angled rollers and track at
      the front;
PAR  FIG. 2 is a partial view taken in cross section through the pusher frame at
      the rear of the scraper showing the beveled roller and track arrangement;
PAR  FIG. 3 is a view showing the angled rollers and track at the front, and;
PAR  FIG. 4 is a view of one of the roller assemblies showing the eccentric
      mounting.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to FIG. 1, 10 designates an earth moving tractor scraper
      having a scraper 11 towed by tractor 12. The scraper is supported at the
      front on a pair of hydraulic cylinders 14 pivoted to a yoke 15. The
      cylinders may be extended to drop the front of the scraper bowl. A blade
      17 is fixed on the front edge of the bowl and will be lowered into a
      digging engagement with the ground when filling the bowl. A stinger or
      pusher frame 17 is mounted on the rear of the bowl and supports an axle 18
      having ground engaging wheels 19. The bowl is closed at the rear by an
      ejector 20 which pushes dirt from the bowl when moved by an hydraulic
      actuator carried on the pusher frame. The ejector encounters uneven loads,
      wet or sticky material, large boulders and other loading conditions which
      produce side thrusts and lifting forces such that it is essential to
      provide a guide structure to obtain relatively smooth operation.
PAR  In the present arrangement, the ejector has a rigid trailing frame 30
      mounted on the rear which extends back into the pusher frame 17. The
      ejector frame 30 carries at its rear a pair of beveled rollers 32, one on
      each side, having beveled edges 33. The pusher frame carries upper and
      lower tracks 35 on each side, each having a horizontally extending
      inwardly inclined surface 37 angled such that the beveled edges 33 of the
      rollers run against it. In the preferred embodiment, the tracks are formed
      from parallel angles secured to the sides of the pusher frame to form
      double "V" trackways as depicted in FIG. 2 where the inwardly facing
      surfaces 31 are at about 45 degrees as are the beveled edges 33 of the
      rollers. With this arrangement, the beveled rollers 32 are trapped between
      the tracks 35 keeping the trailing end of the ejector frame in close
      lateral and vertical alignment as it moves into and out of the bowl.
      Spaced forwardly of the beveled rollers are pairs of rollers 40, one pair
      on each side, arranged with their rotational axes angled inwardly so as to
      roll on the upper and lower outwardly inclined surfaces 42 of a separate
      track 45 secured on each side wall of the bowl. The tracks 45 are formed
      by right angle pieces making a 45 degree surface with the side wall on
      which the right angled rollers will travel.
PAR  The beveled rollers 32 at the rear cooperate with the pairs of rollers
      spaced forwardly to better distribute the side thrust and off-center
      forces acting on the ejector wall so that it moves into and out of the
      bowl in a relatively smooth manner.
PAR  Should an adjustment be required due to wear or other factors, the beveled
      rollers 32, and if desired the rollers 40 as well, are mounted on an
      eccentric bushing 46 allowing each roller to be individually adjusted or
      in tandem, so as to correct any misalignment problem relative to the
      rollers and tracks.
PAR  While one preferred embodiment of my invention has been disclosed it will
      be understood that the description is for purposes of illustration only
      and that various modifications and changes may be made without departing
      from the nature of the invention which is defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An earth moving scraper having sidewalls, a fixed floor portion
      extending between the sidewalls, an ejector extending between the
      sidewalls and movable into and out of the space between the sidewalls over
      the fixed floor portion, a rigid frame structure attached to the scraper
      at the rear, an ejector frame secured to and movable with the ejector and
      projecting rearwardly into the rigid frame structure, a pair of beveled
      rollers, one on each side of the ejector frame, a pair of parallel tracks,
      one on each side of the rigid frame structure having spaced, inclined
      surfaces on which the beveled edges of said rollers travel, a pair of
      rollers having intersecting axes of rotation mounted on each side of the
      ejector and spaced forwardly of said beveled rollers, a separate track on
      each side wall of the scraper having upper and lower inclined surfaces on
      which said pairs of rollers travel which together with said beveled
      rollers cooperate for maintaining the ejector in proper alignment while
      moving into and out of the space between the side wall of the scraper.
NUM  2.
PAR  2. An earth moving scraper according to claim 1 wherein a pair of eccentric
      bushings rotatably mount each roller on the ejector and the axes of
      rotation of the pairs of rollers are offset with respect to the axis of
      rotation of the eccentric bushings permitting their rotational axes to be
      adjusted individually relative to the associated track.
NUM  3.
PAR  3. An earth moving scraper according to claim 1 wherein the beveled rollers
      are beveled on their outer edges and are in rolling engagement with
      outwardly inclined surfaces on said parallel tracks whereas the axes of
      rotation of said pairs of rollers on the ejector incline inwardly at
      approximately right angles and the rollers are in flat rolling engagement
      with the upper and lower surfaces of the separate tracks on the sidewalls
      of the scraper.
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ABST
PAL  A combination identification storage and display case adapted to serve the
      dual purpose of storing an attached insignia member therein and of fitting
      in a garment pocket while displaying the member on the pocket exterior.
BSUM
PAR  This invention relates to identification devices and more especially to a
      combination insignia storage and display folder which may be worn on or
      carried within garment pockets.
PAR  Heretofore, many types of conventional pocket-supported identification
      devices have been used, such as those disclosed in U.S. Pat. Nos.
      3,280,488; 3,371,829; 3,295,235; and 3,660,915. So far as applicant is
      aware, however, none of these items comprise a folder with a storage
      recess therein and with an insignia member permanently attached thereto in
      such a manner that it may be exhibited in plain view while folder occupies
      the pocket, or alternatively, stored entirely within the folder.
PAR  The present invention may be used by public and private officials, security
      agents, investigators, toy manufacturers and by many other users where it
      is desirable to quickly convert insignia members to and from stored and
      displaying positions without risk of loss or misplacement due to
      separation of parts.
PAR  It is therefore an object of this invention to provide a pocket-size case
      which may serve alternatively as an identification display and as an
      identification storage while positioned on or in a garment pocket.
PAR  It is another object of this invention to provide a unitary foldable
      display and storage wallet which, when partially folded, the unfolded part
      will exhibit an insignia member in plain view while the folded part
      occupies a garment pocket.
PAR  It is yet another object of this invention to provide an article of the
      class described which is attractive in appearance, compact, simple in
      construction, relatively inexpensive to manufacture, and capable of being
      quickly adapted to either display or to store an insignia member.
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PAR  Some of the objects of invention having been stated, other objects will
      appear as the description proceeds when taken in connection with the
      accompanying drawings, in which,
PAR  FIG. 1 is an isometric view of an insignia holding folder or case according
      to my invention and mounted in display position on a garment pocket;
PAR  FIG. 2 is an enlarged vertical sectional view taken along line 2--2 in FIG.
      1;
PAR  FIG. 3 is a plan view looking at the inside face of the folder when
      completely unfolded;
PAR  FIG. 4 is a sectional view taken along line 4--4 in FIG. 3;
PAR  FIG. 5 is a sectional view taken along line 5--5 in FIG. 3, and
PAR  FIG. 6 is an enlarged fragmentary view similar to the upper portion of FIG.
      2, but showing a slight modification of the invention.
DETD
PAR  Referring more particularly to the drawings, the numeral 10 denotes a
      garment having a pocket 11 adapted to accommodate my improved combination
      insignia storage and display case 12. Briefly stated and as better
      illustrated in FIG. 3, the case 12 includes: a flat rectangular insignia
      holding section 13 having a recess 14 in one face thereof in which an
      insignia member 15 may be stored; a flat rectangular sheet-like cover
      member or closure section 16 attached to one side of section 13 and
      adapted to fold over said recess; a second flat closure section 17
      attached to a second side of section 13 and adapted to fold over cover
      section 16, and an insignia carrier or strap 18 having one end thereof
      attached to a third side of section 13, said strap being adapted to fold
      in face-to-face contact with the inside face of section 13 when the
      insignia member is stored within recess 14. The insignia member 15 is
      detachably secured to the free end portion of strap 18. Closure section 17
      further serves as a mount for identification cards 19 and the like.
PAR  When the case 12 is supported by garment pocket 11 with the insignia member
      15 in display position as shown in FIGS. 1 and 2, the sections 13, 16 and
      17 are folded in parallel relation one to the other and positioned within
      the pocket. At this time, the insignia member is suspended on strap or
      carrier 18 which passes upwardly over the upper edges of pocket 11 and
      section 17, and then downwardly between sections 17 and 13 to point 30
      where it is secured to annular frame 21 and accompanying spoon-shaped
      member 20 to be described later. On the other hand, when case 10 is folded
      with the insignia member 15 stored in recess 14, as shown in dotted lines
      in FIG. 2, the case may be carried within the pocket or by hand as
      desired. The length of strap 18 between the anchorage point 30 and the
      insignia 15 must be at least equal to the distance between the point 30
      and the storage compartment 14 in order to permit the insignia to be
      transferred from its display to its stored position while attached to the
      case 12.
PAR  By making the insignia member 15 a part of the case as described above, the
      assembly will always remain connected regardless of whether used to
      display or to store the insignia member, thus eliminating the possibility
      of loss due to separation.
PAR  A closer examination of the drawings will reveal that the recess 14 of
      insignia-receiving section 13 includes a relatively rigid concavo-convex
      spoon-shaped member 20 having a flange or frame 21. A relatively soft
      cover 20a is secured on the concave face of member 20 to serve as a
      wearing surface. The frame or flange 21 supplements the rigidity of the
      spoon-shaped member 20, and further serves to stabilize the anchorage
      point 30 of strap 18 and as a base to which a relatively soft leather-like
      cover 22 is attached. A suitable filler material 23, such as sponge
      rubber, is disposed adjacent the outer or convex face of spoon-shaped
      member 20, said material being confined in position by means of an outside
      cover 24 of section 13.
PAR  It is important to note that the spoon-shaped framed member 20, 21 affords
      the necessary rigidity to protect the insignia 15 from damage due to
      crushing or improper handling when it is in stored position. The
      surrounding relatively soft cover and filler materials relieve the wearer
      of the case from physical discomforts which would otherwise result from
      the relatively rigid compartment construction.
PAR  The covers 22 and 24 are secured together along the marginal sides 13a and
      13b by any suitable means such as stitching or an adhesive (FIGS. 3 and
      5); and along the marginal side 13c, said covers and one side of closure
      16 are secured together in a similar manner. The fourth side 13d of
      section 13 is connected to the second closure 17 by means of an
      intermediate relatively thin flexible bend section 26. As previously
      stated, the closure 17 also serves to encase identification cards and the
      like.
PAR  It is to be understood that the invention contemplates the use of either
      one or both of the closures 16 and 17 in combination with section 13 and
      insignia carrier 18. Although the closure 16 is primarily designed to
      protect insignia member 15 when stored in recess 14, it can also serve
      alone the dual purpose served by both closures with obvious modification.
      Likewise, the closure 17 may serve alone the dual purpose served by both
      closures as shown in FIG. 6.
PAR  FIG. 6 further shows a slightly different manner of suspending the carrier
      strap and associated insignia member 15 in display position on the garment
      pocket 11. In this modification, the member 15 is attached to the opposite
      face of carrier strap from that shown in FIGS. 1-3. Also when the insignia
      member is displayed on the exterior of upright pocket 11, the section 13
      faces outwardly whereas in FIGS. 1 and 2, the section 17 is disposed
      outwardly adjacent the outer layer of the pocket. Thus, in FIG. 6 the
      strap 18 passes over the upper edge of section 17 and then is suspended,
      rather than over the upper edge of section 13.
CLMS
STM  I claim:
NUM  1.
PAR  1. A unitary insignia storage and display case (12) for use on an upright
      garment pocket (11) having a front and a back panel, the upper marginal
      edge of the front panel being substantially horizontal and cooperating
      with the back panel to form a pocket opening, said case comprising:
PA1  a pair of integral rectangular sections (13, 17) foldable to parallel
      positions in which at least two of the side edges of the respective
      sections sunstantially coincide;
PA1  said folded sections (13, 17) being insertable through said opening and
      into said pocket with said coinciding side edges uppermost and adjacent
      said upper marginal pocket edge;
PA1  the inner face of one of said folded sections (13, 17) being recessed to
      form a storage compartment (14) for said insignia (15);
PA1  a flexible suspension strap (18);
PA1  means (30) for securing one end of said strap (18) to said recessed section
      (13);
PA1  said strap (18) extending laterally from said securing means (30), across
      said upper marginal edge of said pocket (11), and then downwardly
      alongside the exterior of the front panel of said pocket, and
PA1  means for securing said insignia (15) to said downwardly extending strap
      portion, the strap length between said securing means (30) and said
      insignia (15) being at least equal to the distance between the securing
      means and said compartment (14) whereby said insignia while connected to
      the case may be selectively displayed in suspended position on the
      exterior of said pocket front panel or stored within said compartment.
NUM  2.
PAR  2. The improvement defined in claim 1 and further comprising a rectangular
      sheet-like member (16) having one edge thereof attached to a side edge
      (13c) of said recessed section (13) and foldable transversely of the
      direction of fold of said first-named sections (13, 17) to a position
      covering the recess of said compartment (14).
NUM  3.
PAR  3. The improvement as defined in claim 2 wherein said compartment (14)
      includes a rigid concavo-convex framed member (20, 21) and wherein the
      remaining portion of said recessed section (13) consists of relatively
      soft flexible materials in which the concavo-convex member is embedded,
      said strap securing means (30) being anchored to said concavo-convex
      member.
NUM  4.
PAR  4. The improvement defined in claim 1 wherein said compartment (14)
      includes a rigid concavo-convex framed member (20, 21) and wherein the
      remaining portion of said recessed section (13) consists of relatively
      soft flexible materials in which the concavo-convex member is embedded,
      said strap securing means (30) being anchored to said concavo-convex
      member.
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PAL  By providing a frame structure and two panels adapted for removable,
      interlocking mounting on the frame structure, a sign housing is obtained
      which is rapidly assemblable without the use of screws, clips, or other
      such fastening means. In the preferred embodiment, the sign housing is
      employed as an illuminated emergency exit sign, and can be flush-mounted
      with only one side viewable or mounted to ceilings or walls with both
      sides viewable. Also, an emergency power supply can be secured directly to
      the sign housing to provide a complete independent package.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to illuminated housings and more particularly to
      exit-type sign housings.
PAR  Most prior art exit sign housings are constructed with a plurality of
      independent parts, which are held together by screws, clips, and other
      such independent fastening means. Since these exit sign housings are
      generally mounted to ceilings or to walls at or near the ceiling,
      difficulties arise in assembling these exit sign housings with the various
      screws required to hold the housing together. Another problem arises when
      bulbs must be replaced, since the housing must be substantially
      disassembled in order to change the bulbs, or repeatedly jam, making bulb
      replacement very difficult.
PAR  Furthermore, most prior art exit sign housings are separately manufactured
      for the particular location at which the housing is to be employed.
      Consequently, the exit sign housing must be individually purchased,
      depending upon whether it is to be flush-mounted to the ceiling,
      flush-mounted to a wall, or suspended from a ceiling or wall away from an
      adjacent wall.
PAR  Also, prior art exit sign housings, although provided with auxiliary light
      bulbs incorporated within the housing do not easily convert to an
      auxiliary power supply. As a result, a central auxiliary power supply must
      be provided, and the housing must be connected to this central auxiliary
      lighting supply source, as well as the main power lighting supply source.
PAC  OBJECTS OF THE INVENTION
PAR  Therefore, it is an object of this invention to provide an exit sign
      housing which can be rapidly assembled without the use of screws, clips,
      and similar independent fastening means.
PAR  Another object of this invention is to provide an exit sign housing of the
      above character having one basic unit which can be mounted in any desired
      location or position.
PAR  Another object of this invention is to provide an exit sign housing of the
      above character which can be readily connected to its own independent
      auxiliary emergency power supply for lighting the emergency lights.
PAR  A further object of this invention is to provide an exit sign housing of
      the above character in which light bulbs can be quickly and easily
      replaced.
PAR  Another object of this invention is to provide an exit sign housing of the
      above character which is constructed from a minimum of interlocking parts.
PAR  Other objects will in part be obvious and will in part appear hereinafter.
PAR  The exit sign assembly of this invention incorporates three basic parts, a
      frame structure, a rear panel, and a front panel. The frame structure
      incorporates the externally visible depending sides of the exit sign
      housing, while also incorporating top and bottom mounting portions. The
      rear panel is secured between the top and bottom mounting portions of the
      frame structure by means of interconnecting lock arrangements.
PAR  The front panel is slidingly engaged on the frame structure and in its
      normally locked position engages the bottom portion of the frame
      structure, as well as latch means near the top of the frame structure. In
      its open position, the top of the front panel is secured near the base of
      the frame structure. By employing this unique construction, the front
      panel can be quickly and easily slid from its normally locked position to
      its open position, allowing complete access to light bulb sockets.
PAR  By employing this readily assemblable sign construction, the exit sign
      housing of this invention can be easily and quickly assembled and secured
      in position with a minimum of effort. Furthermore, all of the parts
      interfit and lock together, thereby eliminating the need for independent
      fastening means. The exit sign housing of this invention is also
      constructed so as to cooperate with a bracket assembly which can be
      mounted at the top or the side of the housing. In this way, the exit sign
      housing can be easily secured to ceilings or walls where there are no
      other supporting structures.
PAR  Furthermore, the exit sign housing of this invention cooperates, if
      desired, with an independent auxiliary emergency power supply which is
      mountable on the top of the exit sign housing. In this manner, the exit
      sign housing of this invention can be completely independent of any
      central emergency power source.
PAR  As an additional feature, one embodiment for the rear panel of the exit
      sign housing of this invention is constructed for flush mounting of the
      housing directly to a wall. This optional construction feature allows for
      the customization of the housing to a particular use, while still
      employing the same basic unit.
PAR  In the preferred embodiment, the exit sign housing of this invention
      incorporates a reflector plate which mounts on the light bulb sockets and
      assures reflection of the light to optimize the brilliance of the front
      and rear panels. Also, in the preferred embodiment, the bottom portion of
      the frame structure incorporates similar reflective surfaces in order to
      add greater assurance of proper light reflection.
PAR  The invention accordingly comprises a product possessing the features,
      properties, in the relation of components, which will be exemplified in
      the product hereinafter described, and the scope of the invention will be
      indicated in the claims.
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PAC  THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description, taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of one embodiment of the exit sign housing of
      this invention with an emergency power package and bracket mounted
      thereon;
PAR  FIG. 2 is a perspective view of another mounting arrangement for the exit
      sign housing of this invention, with the auxiliary power supply and
      bracket mounted on the housing;
PAR  FIG. 3 is an exploded perspective view of one embodiment of the exit sign
      housing of this invention, depicting the mounting of the housing with a
      bracket to a ceiling;
PAR  FIG. 4 is an exploded view of another embodiment of the exit sign housing
      of this invention, with the auxiliary power supply and bracket
      incorporated therein;
PAR  FIG. 5 is a cross-sectional partial side elevation view of the exit sign
      housing of this invention, showing the initial position for mounting the
      rear panel to the frame structure;
PAR  FIG. 6 is a cross-sectional side elevation view of the exit sign housing of
      this invention, showing the second position for mounting the rear panel to
      the frame structure;
PAR  FIG. 7 is a partial bottom view of the exit sign housing of this invention
      in the mounting position depicted in FIG. 6;
PAR  FIG. 8 is a cross-sectional partial side elevation showing a third position
      in the mounting procedure of the rear panel to the frame structure;
PAR  FIG. 9 is a cross-sectional side elevation view of the exit sign housing of
      this invention with the rear panel securely mounted to the frame
      structure;
PAR  FIG. 10 is a front elevation view of the exit sign housing of this
      invention showing the installation of the front panel to the frame
      structure;
PAR  FIG. 11 is an end view of the front panel of the exit sign housing of this
      invention;
PAR  FIG. 12 is a cross-sectional partial side elevation view of one embodiment
      of the exit sign housing of this invention completely assembled, with the
      various positions required to assemble the front panel shown in phantom;
PAR  FIG. 13 is a partial bottom view of the exit sign housing of FIG. 12.
PAR  FIG. 14 is a cross-sectional side elevation view of one embodiment of the
      exit sign housing of this invention completely assembled; and
PAR  FIG. 15 is a cross-sectional top view of one corner of the exit sign
      housing of this invention, taken along line 15 of FIG. 14; and
PAR  FIGS. 16 and 17 are exploded side views, partially in cross section,
      showing the various orientations in which the exit sign housing can be
      mounted to the auxiliary power supply.
DETD
PAR  For convenience and clarity, the same reference numbers refer to the same
      elements throughout the several views of the drawings.
PAC  DETAILED DESCRIPTION
PAR  One embodiment of the exit sign construction of this invention is shown in
      FIG. 1. In this embodiment, exit sign housing 20 is shown with auxiliary
      power supply 22 mounted to the top of exit sign housing 20, and bracket 23
      mounted to the top of auxiliary power supply 22. With this arrangement,
      the exit sign construction of this invention can be mounted directly to
      ceilings in any desired location.
PAR  Another embodiment of the exit sign construction of this invention is shown
      in FIG. 2. In this embodiment, exit sign housing 20 is shown with
      auxiliary power supply 22 mounted to the top of housing 20, while bracket
      23 is mounted to the side of housing 20. With this arrangement, the exit
      sign construction of this invention can be mounted directly to walls in
      any desired location.
PAR  In order to provide a modularized exit sign construction which incorporates
      as many identical interfitting parts as is possible, exit sign housing 20
      comprises a front panel 24, which incorporates a large stencil having the
      letters "EXIT", and frame members or structures 25. Auxiliary power supply
      22 comprises a container 35 and an interfitting, locking cover 36.
PAR  Exit sign housing 20 can incorporate either of two different rear panels,
      as shown in FIGS. 3 and 4. Generally, regardless of whether the exit sign
      housing is mounted to a ceiling or to a wall, the only variation is
      whether or not the sign housing will be flush-mounted directly against a
      wall. In order to provide for these two variations, the exit sign housing
      of this invention has two embodiments. One embodiment incorporates a rear
      panel 27, shown in FIG. 3, comprising a stencil of the letters "EXIT",
      while the other embodiment incorporates rear panel 26, shown in FIG. 4,
      which comprises no stencil and instead incorporates punch-out areas for
      any desired flush mounting arrangement.
PAR  In FIG. 3, exit sign housing 20 is shown in an exploded perspective view
      along with bracket 23 and the associated hardware required for mounting
      exit sign housing 20 and bracket 23 to a ceiling. In order to fully
      describe some of the features of exit sign housing 20, the removable front
      panel 24 is not shown. Along with front panel 24, exit sign housing 20
      comprises frame structure 25 and rear panel 27. In this embodiment, rear
      panel 27 comprises a stencil of the letters "EXIT". As discussed above,
      this embodiment of the exit sign construction of this invention would be
      employed when both the front and rear panels of the exit sign housing 20
      would be visible.
PAR  Rear panel 27 also incorporates four knock-out plugs 30 along its top
      surface, which serve as access holes into housing 20 for auxiliary-powered
      light bulb sockets. Four knock-out plugs 30 are provided, in order to
      allow panel 27 to cooperate with any type of emergency lighting
      arrangement. Panel 27 also incorporates two pre-drilled holes 33, through
      which normal powered light bulb sockets 32 are secured, and two knock-out
      plugs 28 along its bottom surface, which can be employed if downlighting
      is desired. As shown in FIGS. 1 and 2, similar knock-out plugs or segments
      28 are also incorporated on front panel 24 to provide the downlighting
      when desired. Frame structure 25 incorporates side knock-out plug 34 in
      order to accommodate end mounting.
PAR  In the preferred embodiment, exit sign housing 20 also incorporates a
      removable reflector plate 40. Reflector plate 40 comprises sheet metal
      which has been formed to incorporate substantially V-shaped surfaces 41
      and 42 with upstanding, substantially parallel flanges 43 and 44. V-shaped
      surfaces 41 and 42 incorporate four holes 45, which cooperate and are
      coaxial with knock-out plugs 30 of rear panel 27 when reflector plate 40
      is installed in its proper position. Flanges 43 and 44 incorporate four
      tabular detents 46, which hold reflector plate 40 in position by snapping
      onto sockets 32.
PAR  In order to install reflector plate 40, reflector plate 40 is positioned
      along the inside top surface of exit sign housing 20 with light bulb
      sockets 32 extending through two of the four holes 45. When pushed into
      its retaining position, tabs 46 securely lock on sockets 32, holding
      reflector plate 40 in the desired position. In operation, when light bulbs
      120 are installed and operating, reflector plate 40 by means of V-shaped
      surfaces 41 and 42 provides angular reflection of the light rays, assuring
      redirection of most of the rays onto the front and rear panels of exit
      sign housing 20. In FIG. 14, this reflection is schematically represented.
      This assures maximum illumination of the exit sign's stencil letters.
PAR  Furthermore, light bulbs 120 are placed in juxtaposed spaced relationship
      to the solid areas between the stenciled letters. Preferably, bulbs 120
      are located between the E and the X, and between the I and the T. In this
      way, uniformity of illumination is provided.
PAR  The general method for mounting the exit sign construction of this
      invention to pre-existing ceiling hardware is shown in FIG. 3, along with
      the installation of bracket 23. First, mounting plate 50 is secured to the
      existing ceiling housing, not shown, by means of screws 51. Next, nipple
      connector 52 is secured to exit sign housing 20, using nuts 53 on the
      inside top surface of exit housing 20. Bracket 23 is then secured to exit
      sign housing 20, by passing nipple connector 52 through the cooperating
      hole 54 of bracket 23, and secured in position by nut 55.
PAR  The remaining assembly steps are then best performed using hanger 56, which
      is secured through mounting plate 50 in bracket 23, in order to suspend
      the partially mounted exit sign construction without the use of the
      installer's hands. In this way, the exit sign wires are then passed upward
      through the nipple connector 52 and secured to power wires in the
      overlying junction box to connect the normal power line to illuminate exit
      sign housing 20. After the connections are made, the nipple connector 52
      is threadedly engaged in mounting plate 50, and the entire exit sign
      construction of this invention is secured in place ready for operation.
PAR  Under certain conditions, such as a high ceiling, elongated nipple
      connector 52A may be used in place of nipple connector 52. When elongated
      nipple connector 52A is employed, cover plate 49 may be used to hide holes
      48 and 48A in bracket 23 which are produced during the bracket's
      manufacturing process.
PAR  In FIG. 4, another embodiment of the exit sign construction of this
      invention is shown, depicting the mounting of exit sign housing 20 to a
      wall, with the auxiliary power supply 22 mounted to the top of housing 20.
      In order to best understand the mounting procedures, exit sign housing 20
      and auxiliary power supply 22 are shown in an exploded perspective view,
      with the removable front panel 24 not shown. Along with front panel 24,
      exit sign housing 20 comprises frame structure 25, rear panel 26, and
      reflector plate 40. In this embodiment, rear panel 26 incorporates a
      plurality of knock-out plugs 29 arranged in a predetermined pattern.
      Knock-out plugs 29 are provided in order to quickly and easily provide
      holes which will facilitate flush mounting of housing 21 in any desired
      arrangement. As discussed above, rear panel 26 will be incorporated on
      housing 20 for a mounting location where the rear panel of housing 20
      would not be visible, and therefore would not have to incorporate the
      "EXIT" -lettered stencil on its surface.
PAR  Rear panel 26 also incorporates two knock-out plugs 28 along its bottom
      surface, which can be employed if down-lighting is desired. Furthermore,
      rear panel 26 incorporates four knock-out plugs 30 along its top surface,
      which, as described above, serve as access holes into housing 20 for any
      type of emergency lighting arrangement. Panel 26 is also provided with
      pre-drilled holes 33, for securement of the normal powered light bulb
      socket 32.
PAR  As shown in FIG. 4, exit sign housing 20 is mounted to a wall, using
      bracket 23. The physical mounting of exit sign housing 20 to bracket 23
      and to the wall hardware, as well as the electrical connection of sockets
      32 to the available wires, is made in substantially the same manner as
      described above, using a nipple connector 52, nuts 53, mounting plate 50,
      and screws 51.
PAR  Once light bulbs have been placed in sockets 32, these bulbs will fully
      illuminate exit sign housing 20 as long as there is no power failure. If,
      however, there were such a power failure, the exit sign housing 20 would
      not be illuminated unless connected to an auxiliary power supply.
PAR  In the exit sign construction of this invention, self-contained auxiliary
      power supply 22 can be mounted directly to exit sign housing 20, in order
      to provide emergency power thereto. If a central auxiliary power supply is
      available, self-contained power supply 22 would not be required.
PAR  Auxiliary power supply 22 incorporates container 35 and a removable front
      cover 36. Cover 36 incorporates a tongue member 60, which cooperates with
      receiving bracket 61 to hold the cover in place on that side of power
      supply 22. Cover 36 is then secured to container 35 by a screw 62.
PAR  Container 35 incorporates therein a rechargeable battery 37, an emergency
      power supply transformer, rectifier, transfer and battery-charging
      circuitry 38, a test switch 39, and an indicator lamp 47. Switch 39 is
      used in order to check the operability of the emergency power supply
      system.
PAR  Container 35 of emergency power supply 22 also incorporates an elongated
      opening 64, which cooperates with a socket-supporting plate 65. Two light
      bulb sockets 66 are rotatably mounted to plate 65 near the extremities
      thereof. In the preferred embodiment, the mounting point for socket 66
      lies along the central axis of light bulb socket 66. In this way, the
      light bulb socket can be rotated without changing its position or the
      position of the light bulb relative to the front and rear panels of
      housing 20, when installed therein. This same socket construction is also
      used with sockets 32 of the housing itself. Plate 65 also incorporates
      holes 67 in order to allow the wires connected to light bulb socket 66 to
      be easily passed through holes 67 to the emergency power supply.
PAR  Supporting plate 65 also incorporates a hole 68 through which nipple
      connector 52 passes and is secured by nuts 53. In the preferred
      embodiment, mounting points for light bulb socket 66 on plate 65 and the
      center of hole 68 all lie on the same line, parallel to the sides 70A and
      71A of plate 65. Furthermore, this line is not centrally located on plate
      65 and instead is offset closer to side 71A of plate 65.
PAR  In order to secure supporting plate 65 to container 35 of power supply 22,
      supporting plate 65 is positioned in hole 64 with the outboard flanges 69
      at the ends of plate 65, extending outside of hole 64. Nipple connector 52
      passes through nipple plate 70 and is secured thereon by lock nut 71.
PAR  By also referring to FIGS. 16 and 17, the preferred construction of this
      interconnection assembly can best be understood. Plate-receiving hole or
      slot 64 is not centrally positioned on the bottom wall of container 35.
      Instead, the center point of receiving hole 64 is positioned closer to the
      rear of container 35, spaced a distance X therefrom. The positioning of
      receiving hole 64 cooperates with the position of nipple hole 68 on plate
      65, in order to provide two different emergency lighting positions -- one
      for flush mounting, and the other for wall or ceiling mounting when both
      the front and rear panels are visible.
PAR  As described above, nipple hole 68 and mounting points 121 for emergency
      lighting socket 66 are not centrally located on supporting plate 65. The
      center point of plate 65 and mounting point 121 for socket 66 are
      positioned apart a distance Y. When plate 65 is positioned in receiving
      hole 64, as shown in FIG. 16, the central axis of socket 66 and mounting
      point 121 are maintained a distance X+Y from the rear of container 35.
      Since the distance X+Y is substantially equal to one-half the width of
      container 35 when auxiliary power supply 22 is secured to exit sign
      housing 21, exit sign housing 20 will be substantially centrally located
      on the bottom surface of power supply 22, providing an attractive,
      symmetrical assembly when both front and rear stencil panels are displayed
      to view.
PAR  By pivoting supporting plate 65 180 degrees, and securing supporting plate
      65 in receiving hole 64, as shown in FIG. 17, the central axis of socket
      66 and mounting point 121 will be located a distance X-Y from the rear of
      container 35. In this position, both the rear of container 35 and the rear
      of sign housing will be in substantially the same plane. This orientation
      is particularly adapted for flush mounting of the sign housing directly
      against a wall. In order to facilitate the securement of plate 65 to
      container 35 of auxiliary power supply 22, allowing for its dual
      positions, nipple plate 70 incorporates an elongated receiving hole 72 for
      nipple connector 52 (FIG. 4).
PAR  One of the features of the exit sign housing of this invention is that the
      entire housing is assemblable without the use of external fastening means,
      such as screws, clips, etc. Each element used in the exit sign housing of
      this invention incorporates interlocking catches which provide a
      completely assembled structure quickly and easily that is completely
      assembled without the need for external fastening means.
PAR  By referring to FIGS. 5 through 9, the assembly of rear panel 26 to frame
      member 25 can best be understood. Furthermore, the assembly of rear panel
      27 is identical to the assembly procedure described below, and panel 26 is
      used mainly for illustrative purposes.
PAR  As best seen in FIG. 6, rear panel 26 comprises a substantially flat wall
      portion 75, a substantially flat bottom edge 76 substantially
      perpendicular to wall 75, an upturned flange 77 substantially
      perpendicular to bottom portion 76, and a substantially flat top surface
      78 substantially perpendicular to wall portion 75. Top surface 78 also
      incorporates downturned locking tabs 79, substantially perpendicular to
      top surface 78. In the preferred embodiment, wall portion 75 also
      incorporates a stepped portion 80. Portion 80 is included for aesthetic
      purposes, in order to provide a substantially similar appearance for both
      the front and rear of the housing.
PAR  Frame member 25 incorporates side members 83, a top portion 84, and a
      bottom portion 85. Each side member 83 incorporates an upstanding camming
      and sliding rib 86 longitudinally extending along one side thereof and a
      stepped portion 87 longitudinally extending along the other side thereof.
PAR  Side member 83 also incorporates a stepped portion 90 along its bottom edge
      surface, best seen in FIGS. 5 and 7, positioned between and substantially
      parallel to both rib 86 and stepped portion 87 (as shown in FIG. 5).
PAR  Top portion 84 incorporates a locking groove 88 and a depending flange
      portion 89, best seen in FIG. 8. Depending flange portion 89 is
      substantially perpendicular to top portion 84 and incorporates an
      upstanding camming and locking latch 96.
PAR  As best seen in FIGS. 5, 6 and 7, bottom portion 85 of frame member 25
      incorporates substantially V-shaped side walls 91 and 92, which cooperate
      and are blended with substantially parallel side flanges 93 and 94. The
      V-shaped side walls 91 and 92 provide redirection of the light rays along
      the bottom of the sign housing in order to maximize the illumination of
      the panels when installed. This light ray redirection is shown
      schematically in FIG. 14. Also, bottom portion 85 incorporates holes 95 in
      order to provide downlighting when desired.
PAR  The first step in mounting rear panel 26 to frame member 25 is shown in
      FIG. 5. Wall portion 75 of rear panel 26 is slidingly advanced along
      flange 94 of bottom surface 85 until bottom surface 76 of panel 26 abuts
      flange 93 with upstanding flange 77 of panel 26 engaged on flange 93 of
      bottom portion 85, as shown in FIG. 6. When this position is reached, the
      edge of top surface 78 of panel 26 will abut against top surface 84 of
      frame member 25. Also, as shown in FIG. 7, step portion 97 of bottom
      surface 76 of panel 26 is held in parallel juxtaposition to step portion
      90 of side member 83 of frame member 25.
PAR  The next step in the installation process of rear panel 26 on frame member
      25 can best be understood by referring to FIG. 6. Top surface 78 of rear
      panel 26 is pushed upwardly, using the thumbs of the installer, thereby
      causing top surface 78 to be raised above top surface 84 of frame member
      25. Simultaneously, rear panel 26 is advanced towards frame member 25
      until the position shown in FIG. 8 is obtained. In this position, rear
      panel 26 is almost completely installed; however, locking tab 79 abuts an
      inside surface of top portion 84 of frame member 25. The final
      installation is obtained by again pushing top surface 78 of rear panel 26
      with the thumbs of the operator, as shown in FIG. 8, moving top surface 78
      to the position shown in phantom, and then moving rear panel 26 until
      depending locking tab 79 is secured within receiving hole 88 of top
      surface 84. The final installed position is shown in FIG. 9.
PAR  In the final secured position, wall portion 75 abuts against raised portion
      87 of frame member 25, causing wall portion 75 to cammingly bend along the
      curved portion of raised surface 87. Since bottom surface 76 and flange 77
      of rear panel 26 are secured about flanges 93 and 94 of bottom portion 85
      of frame member 25 and the normally planar wall portion 75 of panel 26 is
      forced to convexly bend along raised portion 87 of frame member 25,
      locking tab 79 of panel 26 is firmly held against the side wall of
      receiving hole 88, securely maintained in position by the biasing forces
      produced by wall portion 75 being locked in the convex orientation.
PAR  With rear panel 26 securely locked in position on frame member 25, front
      panel 24 can now be installed on frame member 25. This installation can
      best be understood by referring to FIGS. 10 and 11.
PAR  Front panel 24 incorporates a substantially flat side portion 101, and a
      substantially flat bottom portion 102 perpendicularly disposed to side
      portion 101. Side portion 101 comprises a stencil of the letters "EXIT",
      and a removable direction arrow 120 on both sides of the "EXIT" stencil.
      Removable arrow 120 is included in order to allow the precise location of
      the exit to be clearly indicated. Removable arrow 120 incorporates
      "half-staked" portions 122 and punched, sheared portion 124 forming the
      remainder of the arrow 120. The major portion of arrow 120 is punched and
      sheared, and then forced back into place, forming portion 124. The short
      portions 122 are "half-staked" or scored, serving to hold removable arrow
      120 in place, while still allowing its quick and easy removability when
      desired.
PAR  Front panel 24 also incorporates a stepped portion 103 at both ends of
      bottom surface 102 and holding tabs 104 and 105 at both ends of the top
      surface of side 101. As shown in FIG. 11, both tabs 104 and 105 are bent
      and offset in order to provide a tab surface which is substantially offset
      and parallel to side portion 101. Furthermore, panel 24 incorporates along
      its top surface a latch-engaging hole 106 and two bent clips 107 for
      securely holding a diffuser plate 110 in place.
PAR  Panel 24 is constructed in order to provide for its easy installation,
      while also allowing panel 24 to have both a securely locked position and
      also a trapped open position which allows easy access to the light bulb
      sockets for installing and changing bulbs. This two-fold construction is
      achieved by having tabs 104 and 105 of panel 24 slideably engaged with
      upstanding ribs 86 of frame member 25 on both sides of frame member 25.
PAR  In order to install panel 24 on frame member 25, the panel is diagonally
      positioned across frame member 25, as shown in position "A" of FIG. 10.
      Upstanding rib 86 on the left-hand side of frame member 25 is captured
      between tab 104 and side portion 101 of panel 24, while rib 86 on the
      right-hand side of frame member 25 is captured between tab 105 and side
      portion 101 of front panel 24. Then, panel 24 is positioned so that the
      top edge of side portion 101 is substantially parallel with the top edge
      of frame member 25, as shown in position "B" of FIG. 10. In this position,
      panel 24 is freely slideable along ribs 86 of frame member 25.
PAR  Panel 24 now has substantially two positions. One position is completely
      open wherein panel 24 freely hangs from frame member 25, captured in this
      position by tabs 104 and 105, which are secured around the rear sides of
      upstanding ribs 86 of frame member 25. As shown in FIG. 6, rib 86
      incorporates an enlarged area near its base which serves as a stop for
      holding panel 24 in the panel's open position. In this position, complete
      access to the light bulb socket disposed within the exit sign housing is
      freely attainable. This is shown by position "B" of FIG. 10.
PAR  In order to lock panel 24 in its normal latched position, as shown in
      position "C" of FIG. 10, panel 24 is slid upwardly along upstanding ribs
      86 of frame member 25 until step portions 103 of bottom portion 102 of
      panel 24 is engaged with the base of sides 83 of frame member 25, as well
      as ramped latch 96 being engaged by hole 106 of panel 24. This sliding,
      latching securement of panel 24 to frame member 25 can best be understood
      by referring to FIGS. 12 and 13.
PAR  In FIG. 12, the various positions prior to complete installation of panel
      24 on housing 25 are shown in phantom. As discussed above, panel 24 is
      slidingly engaged with ribs 86 of frame member 25 and is moved along these
      upstanding ribs until panel 24 is juxtaposed to the bottom edge of side 83
      of frame member 25. At this point, bottom portion 102 of panel 24 is moved
      laterally sideways until offset portion 103 of panel 24 engages offset 90
      of side 83 of frame member 25. Then, panel 24 is moved upwardly until hole
      106 of side portion 101 of panel 24 deflects and then surroundingly
      engages camming latch 96 of frame member 25. In this position, panel 24 is
      securely locked on latch 96 and is biased against the inside wall of
      flange 89 of frame member 25 due to the forced deflection of side 101 by
      the curvature of upstanding rib 86.
PAR  Upstanding rib 86 of frame member 25, as best seen in FIG. 14, comprises an
      over-all curved shape extending the length of side member 83 of frame
      member 25. Since panel 24 incorporates a substantially flat side portion
      101, the inwardly spaced capture and lock of base 102 of panel 24 by
      offset portion 90 of side 83 of frame member 25 forces panel 24 to be
      convexly arranged on frame member 25. This convex orientation forces top
      portion 106 to press tightly against flange 89 of frame member 25, thereby
      assuring the secure locked engagement of panel 24 on latch 96.
PAR  This biasing locked engagement of panel 24 as well as rear panel 27 is
      enhanced by the inclusion of a diffuser plate 110 on both panels 24 and
      26. The diffuser plate is preferably a fiberglass-reinforced, translucent
      plastic in a color complying with local codes, most usually red, and is
      employed to assure the high visibility of the "EXIT" letters on the front
      and rear panels. In the flush mounting construction wherein rear panel 26
      is used, a rear diffuser plate is not required.
PAR  Clips 107 of front panel 24 are employed to securely lock diffuser plate
      110 in its proper position. The completely assembled exit sign housing of
      this invention with the diffuser plates employed in both the front and
      rear panels is shown in FIG. 14.
PAR  An additional problem which has existed in prior art exit sign
      constructions is the difficulty of eliminating visible illumination along
      the edges of the front and rear panels where they meet the frame member.
      In order to eliminate this undesirable lighting effect, upstanding ribs 86
      of frame member 25 incorporate a channel 112 extending the entire length
      of ribs 86 along the side members 83 of frame member 25. Channel 112 is
      shown in FIG. 15.
PAR  It has been found that by incorporating channel 112 along upstanding ribs
      86 of frame member 25 and installing diffuser plate 110 and panel 24 in
      position, this undesirable side lighting is eliminated. It is believed
      that channel 112 provides an area for the light rays to internally reflect
      off the walls of channel 112 and thereby eliminate the undesirable visible
      light leakage. If desired, foam material 114 can be mounted in channel 112
      in order to further reduce undesirable visible light leakage.
PAR  By employing the exit sign construction of this invention, as completely
      disclosed above, a unique exit sign housing is provided which is
      completely assembled without the need for external fastening means. All of
      the parts are made to be interfitting and interlocking in a mating
      fashion, which assures a completely rigid construction firmly held
      together by the internal construction of the components. Furthermore, the
      exit sign housing is completely adaptable with a self-contained auxiliary
      power supply which can be quickly and easily mounted to the exit sign
      housing of this invention. Also, the internal construction of the exit
      sign housing incorporates internal reflection members, which enhances the
      desired reflection of light rays in order to fully illuminate the exit
      sign lettering.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above product without departing
      from the scope of the invention, it is intended that all matter contained
      in the above description or shown in the accompanying drawings shall be
      interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the invention which, as a matter of
      language, might be said to fall therebetween.
CLMS
STM  Having described my invention, what I claim as new and desire to secure by
      Letters Patent is:
NUM  1.
PAR  1. A sign housing comprising:
PA1  A. a frame member incorporating
PA2  a. a bottom portion,
PA2  b. a top portion and
PA2  c. two side portions interconnecting said top and bottom portions;
PA1  B. a rear panel removably mounted to said frame member and engageable with
      said top and bottom portions of said frame member; and
PA1  C. a flexible front panel
PA2  a. removably mounted to said frame member,
PA2  b. vertically slidingly engaged with said frame member along a substantial
      portion of the side portions thereof in substantially the same vertical
      plane from a first latched position to a second opened, retained position
      with said front panel vertically extending below said bottom portion and
PA2  c. dimensioned for flexible latched cooperation with said frame member to
      secure said front panel in said first latched position,
PAL  whereby access to the interior of the sign housing can be made while said
      front panel is retainingly suspended in its second position, vertically
      below the sign housing.
NUM  2.
PAR  2. The sign housing defined in claim 1, wherein said front panel comprises
      a stencil of the letters "EXIT", and wherein said sign housing
      incorporates internal lamp means positioned between the panels in
      juxtaposed spaced relationship to solid areas between the letters.
NUM  3.
PAR  3. The sign housing defined in claim 2, wherein said sign housing also
      incorporates a diffusion plate position directly behind said stenciled
      front panel for increasing the visibility and readability of the stenciled
      letters.
NUM  4.
PAR  4. The sign housing defined in claim 2, wherein said rear panel comprises a
      stencil of the letters "EXIT".
NUM  5.
PAR  5. The sign housing defined in claim 1, wherein said frame member includes
      an upstanding rib portion longitudinally extending along each of said side
      portions and cooperating with said front panel as a track along which the
      front panel is slidably engaged, thereby providing quick access into said
      sign housing by moving said front panel from its normally closed latched
      position to an open unlatched position.
NUM  6.
PAR  6. The sign housing defined in claim 1, wherein said sign housing includes
      removable knock-out segments on the top surface and the side portion
      thereof, providing universal mounting capability for said sign housing.
NUM  7.
PAR  7. The sign housing defined in claim 1, wherein said rear panel
      incorporates light bulb sockets for interconnection with a power supply
      and secured to an upper surface thereof which is engageable with the top
      portion of said frame member.
NUM  8.
PAR  8. The sign housing defined in claim 7, wherein said light bulb sockets are
      mounted to the rear panel at a point which lies substantially along the
      central axis of the light bulb sockets, thereby allowing rotation of the
      sockets without movement of any light bulb mounted therein towards either
      the front or rear panel.
NUM  9.
PAR  9. The sign housing defined in claim 7, wherein said sign housing further
      comprises a light deflector plate mountable to said light bulb sockets and
      incorporating two intersecting surfaces angularly disposed for reflection
      of light rays towards the front and rear panels.
NUM  10.
PAR  10. The sign housing defined in claim 9, wherein said bottom portion of
      said frame member incorporates two intersecting surfaces angularly
      disposed for deflection of light rays towards the front and rear panels.
NUM  11.
PAR  11. A sign housing comprising:
PA1  A. a frame member incorporating
PA2  a. a bottom portion,
PA2  b. a top portion incorporating
PA3  1. tab receiving recesses, and
PA3  2. front panel latch means, and
PA2  c. two side portions interconnecting said top and bottom portions and
      incorporating on its inside surface;
PA3  1. a longitudinally extending upstanding rib spaced inwardly of one edge of
      said side portion,
PA3  2. a first step portion spaced inwardly from the outer edge of said side
      portion and longitudinally extending along a major portion of said side
      portion, and
PA3  3. second step portion positioned between said rib and said first step
      portion extending substantially parallel to the edges of said side
      portion, near said bottom portion, providing seated positioning for said
      installed front and rear panels;
PA1  B. a rear panel removably mounted to said frame member engageable with said
      top and bottom portions of said frame member; and
PA1  C. a flexible front panel removably mounted and slidingly engaged with said
      frame member along said upstanding rib and dimensioned for flexible
      latching cooperation with said frame member to secure said front panel in
      an installed and latched position.
NUM  12.
PAR  12. The sign housing defined in claim 11, wherein said rear panel
      comprises:
PA1  a. a substantially flat side surface,
PA1  b. a bottom surface substantially normal to said side surface and
      incorporating an upturned flange extending along the edge thereof, and
PA1  c. a top surface substantially normal to said side surface and
      incorporating down-turned tabs,
PAL  whereby upon mounting said rear panel on said frame member, said bottom
      surface and upturned flange of said rear panel peripherally surround and
      capture the bottom portion of the frame member, the side surface of the
      rear panel retainingly conforms to the longitudinal shape of the first
      step portion of the side member of the frame member, and side downturned
      tabs of said top surface of said rear panel lockingly engage said recesses
      of said top portion of said frame member.
NUM  13.
PAR  13. The sign housing defined in claim 12, wherein said first step portion
      of said frame side portion comprises a convex shape along a portion
      thereof, thereby causing the side surface of said rear panel to bend
      concavely in conformance therewith and said downturned tabs of said top
      surface of said rear panel to be firmly secured in flexible latching
      engagement within the recesses of the top portion of said frame member.
NUM  14.
PAR  14. The sign housing defined in claim 12, wherein said sign housing
      incorporates internal lamp means, said frame bottom portion incorporates
      at least one slot forming an open area vertically through said bottom
      portion, and said bottom surface of said rear panel incorporates at least
      one removable knock-out segment in juxtaposed spaced relationship to said
      bottom portion slot for providing down lighting.
NUM  15.
PAR  15. The sign housing defined in claim 11, wherein said upstanding ribs
      incorporate stop means at the bottom end thereof and said front panel
      comprises:
PA1  a. a substantially flat side surface incorporating rib capture means at the
      top corners thereof, and
PA1  b. a bottom surface substantially normal to said side surface and
      incorporating offset portions along the side edges thereof, adapted for
      cooperative engagement with said second step portion of said frame side
      portion,
PAL  whereby said front panel is slidably engaged along said ribs from a
      securely retained open position to a latched position with said offset
      positions engaged with said second step portions of said frame side
      portion.
NUM  16.
PAR  16. The sign housing defined in claim 15, wherein a portion of said
      upstanding rib comprises a convex shape, whereby said front panel conforms
      to the curvature of said upstanding ribs upon engagement of the offset
      portion of the front panel's bottom surface by the second step portion of
      the frame side portion, thereby causing said front panel to biasingly and
      firmly engage said latch means of the top portion of the frame member.
NUM  17.
PAR  17. The sign housing defined in claim 15, wherein the width of said front
      panel is greater than the distance between said upstanding ribs, and each
      rib capture means comprises a tab
PA1  1. offset from the plane of the side surface of the front panel,
PA1  2. a portion of which is parallel to the plane of the side surface of the
      front panel,
PAL  whereby each upstanding rib is captured between one said offset tab and a
      portion of said side surface of the front panel.
NUM  18.
PAR  18. The sign housing defined in claim 17, wherein each of said rib capture
      means is initially engaged about its respective upstanding ribs by
      positioning the top edge of said front panel in an angularly skewed
      relationship with said upstanding ribs, whereby upon movement of said
      front panel to its normal position with its top edge substantially
      perpendicular to said upstanding ribs, said front panel is securely
      slideably engaged to said frame member.
NUM  19.
PAR  19. The sign housing defined in claim 17, wherein said sign housing
      incorporates internal lamp means and each of said upstanding ribs
      incorporates an outwardly facing groove longitudinally extending
      substantially the entire length of said ribs, for entrapping unwanted
      visible light reflections when said front panel is installed in its
      latched position.
NUM  20.
PAR  20. The sign housing defined in claim 19, wherein said groove incorporates
      a strip of foam material cooperating with said front panel to
      substantially seal the light within the sign housing when said front panel
      is installed in its latched position.
NUM  21.
PAR  21. A self-illuminating sign assembly incorporating
PA1  A. a power supply unit comprising
PA2  a. a container incorporating
PA3  1. a self-contained emergency power supply system having a rechargeable
      storage battery, a battery charger and transfer circuitry,
PA3  2. light bulb sockets connected to said power supply system,
PA3  3. a multi-position interconnection assembly for mounting said power supply
      assembly to a sign housing in a plurality of orientations; and
PA1  B. a sign housing comprising
PA2  a. a frame member incorporating
PA3  1. a bottom portion,
PA3  2. a top portion, and
PA3  3. two side portions interconnecting said top and bottom portions,
PA2  b. a rear panel removably mounted to said frame member, engageable with top
      and bottom portions of said frame member, forming the exposed top portion
      of said sign housing and incorporating removable knockout segments for
      insertion of said light bulb sockets of said power supply assembly
      therethrough, and
PA2  c. a front panel removably mounted and vertically slidingly engaged with
      said frame member, adapted for latching cooperation with said frame member
      to secure said front panel in a normally closed position while also
      providing for an open position with said front panel vertically extending
      below the bottom portion of said frame member, thereby providing complete
      access to said light bulb sockets.
NUM  22.
PAR  22. The sign assembly defined in claim 21, wherein said interconnection
      assembly comprises a plate
PA4  aa. incorporating the light bulb sockets thereon, and
PA4  bb. securable to the container of said power supply assembly in two
      orientations having different positions for the light bulb sockets.
NUM  23.
PAR  23. A sign assembly comprising
PA1  A. a power supply unit comprising
PA2  a. a container incorporating
PA3  1. a self-contained emergency power supply system having a rechargeable
      storage battery, a battery charger and transfer circuitry,
PA3  2. light bulb sockets connected to said power supply system,
PA3  3. a multi-position interconnection assembly for mounting said power supply
      assembly to a sign housing in a plurality of orientations, including a
      plate
PA4  aa. incorporating the light bulb sockets thereon, and
PA4  bb. securable to the container of said power supply assembly in two
      orientations having different positions for the light bulb sockets,
PAR  4.  a substantially rectangular shape, and
PA3  5. a cut-out portion for interconnected assembly with said plate, extending
      along the base of the container and having a center point a distance X
      from the rear of the container, and said light bulb sockets are mounted on
      said plate along a line offset from the centerline of said plate by a
      distance Y, whereby said plate is securable to said container with said
      light bulb sockets positioned a distance either (X-Y) or (X+Y) from the
      rear of the container,
PA1  B. a sign housing comprising
PA2  a. a frame member incorporating
PA3  1. a bottom portion,
PA3  2. a top portion, and
PA3  3. two side portions interconnecting said top and bottom portions,
PA2  b. a rear panel removably mounted to said frame member, engageable with top
      and bottom portions of said frame member, forming the exposed top portion
      of said sign housing and incorporating removable knockout segments for
      insertion of said light bulb sockets of said power supply assembly
      therethrough, and
PA2  c. a front panel removably mounted and vertically slidingly engaged with
      said frame member, adapted for latching cooperation with said frame member
      to secure said front panel in a normally closed position while also
      providing for an open position with said front panel vertically extending
      below the bottom portion of said frame member, thereby providing complete
      access to said light bulb sockets,
PAL  whereby said power supply unit is interconnectible with said sign housing
      in both a first position with the rear surfaces of the power supply unit
      and the sign housing substantially planar and in a second position with
      the sign housing substantially centered on the centerline of the power
      supply unit.
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ABST
PAL  A system for transferring the forces between reciprocably mounted firearm
      action bars (and a bolt assembly connected thereto) and an action spring
      mounted in the gun stock. A flexible wire link connects the action spring
      and the action bars so that rearward movement of the action bars to the
      breech open position causes biasing of the action spring whereupon the
      action spring now urges the action bars forwardly to breech closed
      position.
BSUM
PAR  This invention relates generally to a firearm of the type which is
      automatically reloaded and made ready for subsequent firing by either
      utilizing the energy of recoil imparted to a movably mounted barrel, or by
      utilizing a portion of the explosive gases to move the reciprocating
      action bars and bolt assembly rearwardly into breech open position. Some
      typical U.S. Pats. showing firearms of this type are Hepburn, No. 918,447;
      Crittendon, No. 2,570,772; and Saive, No. 2,780,145.
PAR  More specifically, this invention relates to a novel system of transferring
      the forces between the reciprocably mounted action bars and bolt assembly
      and an action spring mounted in the gun butt stock.
PAR  It is an object of this invention to provide an improved, flexible wire
      linkage between the reciprocably mounted action bars and bolt assembly and
      an action spring, wherein the action spring is biased by the rearward
      movement of the action bars.
PAR  It is a further object of this invention to provide a flexible wire linkage
      between the action bars and action spring which will have adequate part
      life and which does not take up much space, thus avoiding parts congestion
      within the frame of the gun.
DRWD
PAR  Other objects and advantages will appear from consideration of the
      specification and claims, referring to the attached drawings in which:
PAR  FIG. 1 is a side elevation of a portion of a firearm showing the action in
      the forward breech closed position.
PAR  FIG. 2 is a side elevation of a portion of the firearm shown in FIG. 1
      showing the action in a breech open position.
PAR  FIG. 3 is a plan view of the firearm shown in FIG. 1.
PAR  FIG. 4 is a sectional view of the action spring tube showing a modified
      action spring, in this case an extension spring in place of the
      compression spring shown in FIGS. 1-3.
DETD
PAR  It is to be understood that when the term "automatic firearm" is used
      herein that it is the intent that this term includes not only firearms
      which are fully automatic, i.e. will fire continuously as long as the
      trigger remains depressed and ammunition is available, but also includes
      such firearms which today are sometimes known as "semi-automatic" or
      "autoloading", i.e. where the trigger must be actuated for each firing
      cycle. In either case, the action is cocked and made ready to fire by
      either utilizing the gun recoil or by using part of the explosive gases in
      the barrel to move the action rearwardly after firing.
PAR  When the action bars 10 and bolt assembly 12 of an automatic firearm 14 are
      brought to their rearmost position after the firing of a round (see FIG.
      2), some means must be provided for feeding the next cartridge 15 into the
      chamber 15a and for returning the action bars and bolt assembly to their
      forward, breech closing position.
PAR  An action spring 16 is contained in the action spring tube 18 which is
      positioned in stock 19 and which extends from the rear of the gun frame 20
      to provide the force required to return the action bars 10 and bolt
      assembly 12 to the forward-most or breech closing position. The bolt
      assembly 12, which includes the firing pin (not shown), is mounted to the
      action bars 10 and moves therewith reciprocably between the forward breech
      closed position (FIG. 1) to a rearward breech open position (FIG. 2). As
      mentioned above, the force which moves the action bars and bolt assembly
      rearwardly to the breech open position can be provided by gun recoil or by
      bleeding off explosive gas pressure from the barrel of the gun. The force
      which moves the action bars and bolt assembly to a forward breech closed
      position is provided by the action spring 16.
PAR  Thus far, the construction described above is conventional. Moreover, the
      Hepburn and Crittendon patents, cited above, disclose rigid links
      connecting the action spring and the reciprocating bolts, while the Saive
      patent, also cited above, discloses a rigid rod link connecting these
      parts.
PAR  The present invention utilizes a novel flexible wire link 22 to transfer
      the force of the action spring 16 to the action bars 10 and attached bolt
      assembly 12. The forward end of wire link 22 is attached to the action
      bars 10 and runs forward through a slot (not shown) in the action bar to
      the wire link forward guide pin 24. There it makes a 180.degree. turn and
      runs rearwardly along the inside surface of the frame 14. Near the rear of
      the frame, it goes around rear wire link guide pins 26, 28, 30, and 32 and
      enters the action spring tube 18. In its entrance to the action spring
      tube, the wire link 22 is guided by an action spring stop 34 which, in
      addition to acting as a stop for the action spring 16, locates the wire
      link 22 centrally in the action spring tube. The wire link is then
      connected to the rear of the action spring by means of a wire link
      connecting washer 36 and a wire link connecting nut 38 completing the
      assembly.
PAR  The description outlined above refers to the use of a compression action
      spring as shown in FIGS. 1 through 3. It is possible, however, to use an
      extension type of action spring as shown in FIG. 4.
PAR  In the modification shown in FIG. 4, the flexible wire link 22 is connected
      at its forward end in the same manner as shown in FIG. 1. The rear end of
      the wire link enters the action spring tube 18 and is guided by an action
      spring stop 34, again as shown in FIG. 1. The wire link 22 is then
      attached to the forward end of an extension spring 40, the rear end of
      which is connected to the action spring tube by means of an extension
      spring retainer 42, in this case a cross pin.
PAR  As will be understood, when the action moves rearwardly to the breech open
      position, the wire link is moved forwardly so that the extension spring 40
      is elongated and put in tension. When the action is at its rearmost
      position, the spring 40, supported at its rear end and pulled forwardly at
      its forward end, is biased to move the wire link rearwardly and thus to
      move the action bar and bolt assembly forwardly into breech closed
      position.
PAR  Flexible wire link 22 can be any type of flexible wire which has high
      strength, e.g. impact and wear, characteristics. Generally, the preferred
      type will be wire composed of metal strands twisted to form a high
      strength wire, and preferably coated with a suitable plastic, such as
      nylon. A nylon coated wire has been successfully tested in an altered 12
      gauge shotgun. Other plastics, such as fluorcarbon, would also be expected
      to be suitable for this purpose.
PAR  The nylon coated flexible wire provides for (1) less operating friction;
      (2) more wear resistance; and (3) greater endurance life of wire.
PAR  In addition to the nylon coating assisting in decreasing the amount of
      operating friction, it should be understood that the friction can be
      decreased by hardening and polishing the forward guide pin 24 as well as
      the wire link guide pins 26, 28, 30, and 32.
PAR  The following description of the cycle of operation refers to the preferred
      compression type of action spring as shown in FIGS. 1-3.
PAR  Our description will begin with the action in its forward-most breech
      closed position, as shown in FIG. 1. After the round is fired, the action,
      i.e. bars 10 and bolt assembly 12, starts its movement to the rear under
      the influence of gun recoil or explosive gases. In doing this, the action
      pulls the wire link forwardly which in turn pulls on the rear of the
      action spring, bringing it forward and thus compressing it. As the action
      reaches its rearmost or breech open position (FIG. 2), the action spring
      is compressed to its fully loaded position. The compressed action spring
      then pulls on the wire link which in turn pulls the action forward and
      returns it to the forward-most or breech closed position (FIG. 1).
PAR  The above system is described as using one wire link. It should also be
      noted that two wire links could be used, having one on either side of the
      gun and both being the mirror image of the other.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a firearm having a barrel, a chamber in said barrel for receiving a
      cartridge, a receiver frame attached to said barrel and a gun stock
      attached to said frame, a breech bolt means mounted in said frame for
      reciprocable movement between a forward breech closing position and a
      rearward breech open position, action spring means mounted in said gun
      stock, and flexible wire means connected at one end to said action spring
      means and at the other end to said bolt means, a stationary guide means
      mounted on said frame for guiding said wire means so that upon rearward
      movement of said bolt means into breech open position, said spring means
      is biased to resist the rearward movement of said bolt means and to urge
      the bolt means forwardly into breech closed position.
NUM  2.
PAR  2. In a firearm having a barrel, a chamber in said barrel for receiving a
      cartridge, a receiver frame attached to said barrel and a gun stock
      attached to said frame, a breech bolt means mounted in said frame for
      reciprocable movement between a forward breech closing position and a
      rearward breech open position, action spring means mounted in said gun
      stock, and flexible wire means connecting said action spring means and
      said bolt means so that upon rearward movement of said bolt means into
      breech open position, said spring means is biased to resist the rearward
      movement of said bolt means and to urge the bolt means forwardly into
      breech closed position, a forward guide means mounted on said frame
      forwardly of the connection of said flexible wire means to said breech
      bolt means, rear guide means mounted on said frame between said forward
      guide means and said action spring means, said flexible wire means being
      operatively connected to said bolt means and extending forwardly therefrom
      to run over said forward guide means, where said wire means makes a
      180.degree. turn to run rearwardly along said frame and on said rear guide
      means and finally being connected to said action spring means.
NUM  3.
PAR  3. In a firearm as recited in claim 2 wherein said action spring means
      comprises an action spring tube mounted in said gun stock, an extension
      action spring positioned in said tube, said spring having its rear end
      connected at the rear of the action spring tube and its forward end
      connected to the rear end of said flexible wire means so that upon
      rearward movement of said breech bolt means to the breech open position,
      the flexible wire means is pulled forwardly to place the action spring in
      tension.
NUM  4.
PAR  4. In a firearm as recited in claim 2 wherein said action spring means
      comprises an action spring tube mounted in said gun stock, a compression
      action spring positioned in said tube, said compression spring having its
      forward end supported at the front of said tube and its rear end connected
      to the rear end of said flexible wire means so that upon rearward movement
      of said breech bolt means to the breech open position, the flexible wire
      means is pulled to put the action spring in compression.
NUM  5.
PAR  5. In a firearm as recited in claim 2 wherein said flexible wire means is
      coated with a plastic material.
NUM  6.
PAR  6. In a firearm as recited in claim 5 wherein said plastic material is
      nylon.
NUM  7.
PAR  7. In an automatic firearm having reciprocable action bars and a bolt
      assembly connected thereto, an action spring located rearwardly of said
      action bars and bolt assembly, a system for transferring the force of the
      action spring to the action bars and bolt assembly comprising: a flexible
      wire link connecting said action spring and said action bars and bolt
      assembly, guide means guiding the movement of said flexible wire link so
      that upon rearward movement of said action bars and bolt assembly to
      breech open position, said flexible wire link moves to bias said action
      spring which then tends to pull the flexible wire and thus urge the action
      bars and bolt assembly forwardly into breech closing position.
NUM  8.
PAR  8. In an automatic firearm as recited in claim 7 wherein said action spring
      is an extension spring which is put in tension by the rearward movement of
      said action bars and bolt assembly.
NUM  9.
PAR  9. In an automatic firearm as recited in claim 7 wherein said action spring
      is a compression spring which is put in compression by the rearward
      movement of said action bars and bolt assembly.
NUM  10.
PAR  10. In an automatic firearm as recited in claim 7 wherein said flexible
      wire link is coated with plastic material.
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ABST
PAL  A door device comprises a door hingedly affixed to a housing at the top of
      the door for covering the opening thereof. A door locking device is
      provided on the housing at the door and comprises a pair of parallel guide
      slots each formed through the housing on a corresponding side of the
      opening. A slide rod is slidably mounted in the slots for movement up and
      down on one side of the door and extend across the opening. Thus, when the
      door is open it supports the slide rod and when it closes, the slide rod
      slides down and bars the door.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a door device.
PAR  Objects of the invention are to provide a door device, and more
      specifically, a door and door locking device of simple structure, which is
      inexpensive in manufacture, and which functions with efficiency,
      effectiveness, and reliability to automatically lock a door.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a front view of an embodiment of the door device of the invention
      in closed, locked condition;
PAR  FIG. 2 is a side view of the door device of FIG. 1;
PAR  FIG. 3 is a view of the door device of FIG. 1 in open condition;
PAR  FIG. 4 is a side view of the door device of FIG. 3;
PAR  FIG. 5 is a side view of an animal trap embodying the door device of FIGS.
      1 to 4, the door being in open condition;
PAR  FIG. 6 is a front view of another embodiment of a door device of the
      invention in closed, locked condition;
PAR  FIG. 7 is a side view of the door device of FIG. 6;
PAR  FIG. 8 is a front view of the door device of FIG. 6 in open condition;
PAR  FIG. 9 is a side view of the door device of FIG. 8; and
PAR  FIG. 10 is a schematic diagram of the locking member of the door device of
      FIGS. 6 to 9.
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
PAR  The door device of the invention comprises a housing 1 having an opening 2
      (FIGS. 1 to 5). In the embodiment of FIGS. 6 to 10, a housing 1' has an
      opening 2'.
PAR  The door 3 is hingedly affixed to the housing 1 for covering the opening 2
      thereof (FIGS. 1 to 5). A door 3' is hingedly affixed to the housing 1'
      for covering the opening 2' thereof (FIGS. 6 to 9). The door is affixed to
      the housing at the top of the door, as shown in the FIGS. Any suitable
      hinge arrangement may be utilized such as, for example, a pair of hinges 4
      and 5, as shown in FIGS. 1 and 3, or a single hinge 6, as shown in FIG. 6.
PAR  In accordance with the invention, a door locking device is provided on the
      housing 1 or 1' at the door 3 or 3'. The door locking device comprises a
      pair of parallel guide rods 7 and 8 (FIGS. 1 and 5). Each of the parallel
      guide rods 7 and 8 is mounted on the housing on opposite sides of the
      opening 2. In the embodiment of FIGS. 1 to 5, a slide rod 11 is movably
      confined by the rods 7 and 8 and extends across the opening 2. Thus, when
      the door 3 is open, it supports the slide rod 11, and when the door
      closes, the slide rod slides down and bars the door.
PAR  In the embodiment of FIGS. 6 to 10, slide rods 9 and 10 extend across the
      opening 2'. Thus, when the door 3' is open, it supports the slide rods 9
      and 10 and when the door closes, the slide rods slide down and bar the
      door. A pair of substantially parallel guide slots 13 and 14 (FIG. 6) are
      formed through the housing 1, on opposite sides of the opening 2'. The
      slide rods 9 and 10 are substantially parallel and are slidably mounted
      for movement up and down on opposite sides of the door. The slide rods 9
      and 10 are affixed to each other at the slots 13 and 14.
PAR  The door 3 or 3' may open either outward from the housing or into the
      housing. A triggering device 12 coupled to the door 3 holds bait in the
      housing 1 and closes the door when the bait is taken. A triggering device
      12' (FIG. 9) coupled to the door 3' holds bait in the housing 1' and
      closes the door when the bait is taken.
PAR  While the invention has been described by means of specific examples and in
      specific embodiments, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A door device for a door hingedly affixed to a housing for covering an
      opening thereof, said door being affixed to the housing at the top of the
      door, said door device comprising door locking means on the housing at the
      door, said door locking means comprising a pair of substantially parallel
      guide slots formed through the housing on opposite sides of the opening
      and a pair of substantially parallel slide rods slidably mounted for
      movement up and down on opposite sides of the door, said slide rods being
      affixed to each other at the slots and extending across the opening
      whereby when the door is open it supports the slide rods and when it
      closes, the slide rods slide down and bar the door.
NUM  2.
PAR  2. A door device as claimed in claim 1, wherein the door opens inward and
      outward from the housing.
NUM  3.
PAR  3. A door device for a door hingedly affixed to a housing for covering an
      opening thereof, said door being affixed to the housing at the top of the
      door, said door device comprising door locking means on the housing at the
      door, said door locking means comprising a pair of substantially parallel
      guide slots formed through the housing on opposite sides of the opening
      and a slide rod slidably mounted in the slots for movement up and down on
      one side of the door and extending across the opening whereby when the
      door is open it supports the slide rod, and when it closes, the slide rod
      slides down and bars the door.
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ABST
PAL  The present insect exterminating pad has a quantity of insecticidal food
      particles covered on top by a paper web which has openings at the inside
      covered by dispersed fibers that can be penetrated by the feelers and
      mouth parts of Blatella germanica cockroach nymphs. The food particles are
      covered on the bottom by Kraft paper that cannot be so penetrated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Dense habitation by people, due to inflated land costs, in highrise
      apartment buildings where living space is small and where hundreds to
      thousands of such apartments of restricted dimensions are linked together
      by vast plumbing and pipe connections, has been accompanied by extensive
      infestations, vertically as well as horizontally, by the genus and species
      Blatella germanica, commonly known as cockroaches or croton bugs.
PAR  Professional exterminators use residual insectidal oils in liquid form and
      high pressure spraying equivalents to attack this problem. However, due to
      the close living areas in individual apartments, such efforts to remedy
      the situation have had to be modified because of the toxicity of the
      insecticidal chemicals. Many people, particularly women, cannot tolerate
      the strong pervasive odors of the oils and syncope results. The spraying
      is directed around the floors adjoining walls which are used by the
      insects as runways, but such spraying can only be done in carefully aimed,
      cursory, light amounts. In fact, since these insecticidal residual oils
      are volatile, their effect wanes within 48 hours but, because of the toxic
      factor, cannot be used in areas such as china closets, cabinets in
      kitchens, shelves containing stored foods, or under kitchen and bathroom
      sinks where all kinds of household necessities such as detergents,
      cleaning and dusting cloths, soap, toilet paper, drugs, etc. are stored.
      Thus, the amount of space that can be covered by spraying is minimal. The
      spraying, therefore, must be frequent and expensive, while the toxicity
      gradient rises during the first 24 hours thereafter.
PAR  Cockroaches abide preferably in moist, dark spaces where they lay their
      eggs, for example, under sinks, shelves where pots and pans are kept, on
      plumbing fixtures such as pipes or traps, or on the wall spaces
      surrounding them. These nests, called egg cases, are only infrequently
      destroyed by spraying. Breaks in the plaster or cement of walls around the
      periphery of water pipes, where they are inserted through holes for
      connections between floors, are frequent at kitchen sinks, wash basins,
      bathroom toilets and shower connections. Spray nozzles do not reach these
      breaks. Unfortunately, workmen in construction neglect to secure circular
      metal shields (known in the plumbing trade as "escutcheons") around pipe
      holes to block them off because the spaces around traps are narrow and it
      is a backbreaking job. Through such breaks insects can crawl over
      pipelines for any number of stories.
PAR  Cockroaches lay eggs three times annually, and from each egg case anywhere
      from 30 to 50 young are hatched each time. These young nymphs are found
      mostly at floor level, or on lower floors of cabinets, or on shelf space,
      having traveled from under sinks or pipe connections in search of food. At
      this stage of life, they are under one millimeter in length and are barely
      visible to the naked eye. Since the egg cases are adhered to walls or
      pipes by insect secretion, it is obvious that eliminating them requires a
      better means than volatile sprays.
PAR  As the nymphs grow to adult size (nearly 3/4 inch in length), the adults
      seek runways, cracks or any other sort of cover when disturbed in the
      search of food. In the adult stage they are substantially, but not
      exclusively, night crawlers. When a strong light is turned on, they
      "freeze" immobile. Light is to them the signal of danger. The nymphs,
      however, are diurnal crawlers as well and are less sensitive to the danger
      signal of light. Thus, it becomes apparent that any means directed against
      the reduction in numbers or the elimination of nymphs is most effective,
      since 15 to 25 females, when resulting from the hatching of one egg case
      containing 30 to 50 eggs, can produce 450 to 1,250 nymphs, and this can
      occur a second time during a year, subject to reduction in numbers only by
      variant environmental conditions.
PAR  One product offered for sale at retail is a small cardboard box which holds
      about 1/2 ounce of loose foodstuff that is lethal to cockroaches. It is
      opened at the perforations around a closure tab by finger pressure,
      whereupon the foodstuff particles pour out on the floor or shelf space,
      scattering about profusely. This is an effective idea for houses having
      cellars or attics or detached sheds or barns or outside garbage areas.
      However, in highrise apartments or inside homes or mobile homes where
      living space is minimal, it presents some major problems. The foodstuff
      contacts the fingers when opening the box and in use the particles, which
      are somewhat toxic to warm-blooded domestic animals, including humans, are
      strewn over surfaces and areas of floors, shelves, cabinets, etc., where
      they cannot be readily distinguished from other particulate matter
      thereon.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a novel insecticidal pad that is
      specially constructed to exterminate Blatella germanica cockroaches while
      they are young nymphs. The pad has a quantity of poison food particles
      covered on top by a paper web of special formation having openings on the
      inside which are larger than the feelers and mouth parts of cockroach
      nymphs. On the outside of the web these openings are covered by waterlaid,
      dispersed fibers which the feelers and mouth parts of such nymphs can
      readily penetrate between to reach the poison food through the openings.
      On the bottom the pad has a web, preferably of Kraft paper, that cannot be
      so penetrated. Preferably, this impenetrable bottom web projects beyond
      the pad at one end or at opposite ends to facilitate the handling of the
      pad without danger of toxic effects to humans.
PAR  A principal object of this invention is to provide a novel and improved
      insecticidal pad, particularly for exterminating Blatella germanica
      cockroach nymphs.
PAR  Another object of this invention is to provide such an insecticidal pad
      that is adapted to be placed wherever such insects are likely to be in the
      home and with minimal possibility of toxic effects or odor noticeable to
      human beings.
DRWD
PAR  Further objects and advantages of this invention will be apparent from the
      following detailed description of certain presently-preferred embodiments
      thereof, shown in the accompanying drawing in which:
PAR  FIG. 1 is a longitudinal section through an insect exterminator pad in
      accordance with a first embodiment of this invention;
PAR  FIG. 2 is an enlarged, schematic plan view of the inner face of the top
      cover web in the FIG. 1 insect pad, taken from the line 2--2 in FIG. 1;
PAR  FIG. 3 is an enlarged, schematic, vertical cross-section through this cover
      web, taken along the line 3--3 in FIG. 1; and
PAR  FIG. 4 is a view similar to FIG. 1 and showing a second embodiment of this
      invention.
DETD
PAR  Before explaining the disclosed embodiments of the invention in detail it
      is to be understood that the invention is not limited in its application
      to the details of the particular embodiments shown, since the invention is
      capable of other embodiments. Also the terminology used herein is for the
      purpose of description and not of limitation.
PAR  Referring first to FIG. 1, the insect exterminator pad shown there
      comprises a suitable quantity of poisonous, friable insect food particles
      10 inside a porous cover web 11 of special construction, as explained
      hereinafter, and a bottom web 12. In one practical embodiment the poison
      food 10 is the product now sold under the name "Baygon". The bottom web 12
      perferably is unbleached Kraft paper having a thickness within the range
      from about 0.002 inch to 0.008 inch. It is impenetrable by insects, is
      heat sealabe, flexible, foldable and printable, and has a compact, dense
      formation which may be calendered or uncalendered, with either wet
      strength or sized property.
PAR  The porous web 11 is a paper of special construction having an inside layer
      (next to the food particles) that, when suitably magnified, in plan view
      looks like a group of interlaced, bowl-like bird's nests as shown at N in
      FIG. 2, each having a substantially oval opening O at the center. Each of
      these openings in the preferred embodiment has a major diameter of
      substantially 2 millimeters and a minor diameter of substantially 1
      millimeter.
PAR  As shown in FIG. 3, the web 11 has an outer layer L (away from the food
      particles) that is made up of dispersed fibers waterlaid upon nests N and
      crossing over the openings O in the nests in random fashion. The fibers in
      this outer layer L are readily displaceable laterally by the feelers of
      Blatella germanica nymphs seeking to reach the toxic food particles
      through the openings O in the inner layer of the web.
PAR  Preferably, the complete thickness of the cover web 11 is within the range
      from substantially 0.0025 inch to 0.005 inch.
PAR  The feelers of Blatella germanica nymphs are very fine and much longer than
      the body of the insect, so they can penetrate without great difficulty
      through the fibrous outer layer L of the cover web and then through the
      openings O in the inner layer of this web to get at the poison food 10.
      The head of a Blatella germanica nymph is shaped generally like an
      isosceles triangle, with the mouth parts at the apex ranging in width from
      0.1 millimeter to 0.2 millimeter, so that the nymph is able to insert his
      mouth parts through the fibrous outer layer L and through the much wider
      opening O in the inner layer.
PAR  In addition to enabling Blatella germanica nymphs to have ready access to
      the poison food 10, the fibers in the outer layer L of the cover web act
      to retain food particles inside the pad so as to avoid possible toxic
      effects to humans handling the pad. The interstices between the discrete
      fibers in the outer layer L enable the insect to see the food inside.
PAR  The cover web 11 may completely enclose the poison food 10, as shown in
      FIG. 1, or it may cover only the top of the food.
PAR  The bottom web 12 preferably is heat sealed to the cover web 11 around the
      latter's entire periphery, so that the only access to the food 10 is
      through the cover web 11 (the bottom web 12 being impenetrable by the
      insect). As shown in FIG. 1, the bottom web has a wing or extension 12a at
      one end which the user may grasp without touching the cover web 11, so as
      to substantially minimize the contact with the toxic contents of the pad.
PAR  Alternatively, as shown in FIG. 4, the bottom web 12 may have wings 12a and
      12b at its opposite ends which may be folded over the top of the cover web
      11 and the poison food 10 therein when the pad is being handled by humans.
      As shown in this figure, the bottom web 12 has a thin strip of
      double-faced, pressure sensitive adhesive tape 13 with a paper cover 14
      that may be peeled off. When the peel-off cover 14 is removed, the tape 13
      may be used to attach the pad to a water pipe, drain pipe, trap, or any
      other selected support surface located where Blatella germanica nymphs are
      expected.
PAR  The present insect exterminator pad may be any desired size, for example,
      as small as 1.5 inches square. In general, a greater number of small pads
      located in a given area have been found more effective than a smaller
      number of larger pads in that same area.
PAR  It is axiomatic that if the young nymphs are eliminated very near to their
      egg case source, the full grown mating adults will be decreased in
      exponential numbers. I have made extensive tests to prove this hypothesis.
      Counts of from 2 to 10 dead insects have been found upon or within an 8
      inch circle of a single pad.
PAR  The present pad may be embodied in more complicated units than the
      single-pad units shown in FIGS. 1 and 4. For example, two pads as shown in
      FIG. 4 may be assembled together to provide a rectangular, open-ended,
      box-like structure presenting two feeding areas in a single unit.
CLMS
STM  I claim:
NUM  1.
PAR  1. An insecticidal pad having a quantity of poison food particles covered
      by a paper web having openings on the inside which are substantially
      larger than the feelers and mouth parts of Blatella germanica cockroach
      nymphs, said web on the outside having dispersed fibers which overlie and
      cross over said openings in random fashion over substantially the complete
      cross-sectional area of said openings and which the feelers and mouth
      parts of said nymphs can readily displace laterally and penetrate between
      to reach the poison food through said openings.
NUM  2.
PAR  2. An insecticidal pad according to claim 1, wherein said dispersed fibers
      on the outside of said web are waterlaid randomly over said openings on
      the inside of the web.
NUM  3.
PAR  3. An insecticidal pad according to claim 1, wherein said web at the inside
      has interlaced fiber nests formed individually with said openings and
      individually surrounding said openings, and said dispersed fibers on the
      outside of the web are waterlaid randomly on said nests to overlie and
      cross over said openings in random fashion.
NUM  4.
PAR  4. An insecticidal pad according to claim 3, wherein said openings are
      substantially oval, with a minor diameter of substantially 1 millimeter
      and a major diameter of substantially 2 millimeters.
NUM  5.
PAR  5. An insecticidal pad according to claim 1, wherein said web has a
      thickness from the outside to the inside within the range from
      substantially 0.0025 inch to 0.005 inch to permit penetration through the
      complete thickness of the web by the feelers and mouth parts of Blatella
      germanica cockroach nymphs.
NUM  6.
PAR  6. An insecticidal pad according to claim 1, and further comprising a
      bottom web sealed to said first-mentioned web, said bottom web being
      impenetrable by Blatella germanica nymphs.
NUM  7.
PAR  7. An insecticidal pad according to claim 6, wherein said bottom web
      presents a wing projecting beyond one end of said first-mentioned web and
      foldable over the top of the latter.
NUM  8.
PAR  8. An insecticidal pad according to claim 7, wherein said bottom web
      presents wings at its opposite ends projecting beyond said first-mentioned
      web and foldable over the top of the latter.
NUM  9.
PAR  9. An insecticidal pad according to claim 5, and further comprising a Kraft
      paper bottom web heat sealed to said first-mentioned web around the
      latter's periphery, said bottom web being impenetrable by Blatella
      germanica nymphs.
NUM  10.
PAR  10. An insecticidal pad according to claim 1, wherein:
PA1  said web has a thickness within the range from substantially 0.0025 inch to
      0.005 inch;
PA1  said dispersed fibers on the outside of said web are waterlaid randomly
      over said openings;
PA1  and said web on the inside has interlaced fiber nests formed individually
      with said openings and surrounding said openings.
NUM  11.
PAR  11. An insecticidal pad according to claim 10, wherein each of said
      openings is substantially oval, with a minor diameter of substantially 1
      millimeter and a major diameter of substantially 2 millimeters.
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ABST
PAL  An improved dump mechanism for a toy truck includes a dump lever having an
      upper surface curving downward toward the lifting end of the dump lever to
      engage an undersurface of the dump body. The curved surface of the dump
      lever is shaped for pivoting the dump body in increments that increase
      successively relative to corresponding successively equal pivotal
      increments of the dump lever throughout at least the initial half of the
      motion of the dump body from a load position to a full-dump position. This
      makes the pivoting of the dump body with the dump lever relatively easy
      with approximately even torque on the dump lever throughout the dumping
      motion.
BSUM
PAC  THE INVENTIVE IMPROVEMENT
PAR  Toy dump trucks have been popular for years and are generally made to
      simulate real dump trucks with a pivotal dump lever in the region of a
      simulated cab for pivoting the dump body from a load position to a
      full-dump position. For many years this has been accomplished with a
      pivotal dump lever formed as a bent wire engaging the underside of the
      dump body but requiring very high initial torque to start the pivotal
      motion of the dump body and relatively light torque near the end of the
      dump motion. This has made the dump lever difficult for a small child to
      operate.
PAR  The invention involves recognition of the operating problems of prior art
      dump mechanisms for toy dump trucks, and the invention aims at an
      easy-to-operate dump lever that requires relatively low and relatively
      steady torque throughout the dump motion. The invention also aims at
      simplicity, economy, reliability, and a dump mechanism that is
      trouble-free, convenient and easy to operate, and satisfying in its
      action.
PAC  SUMMARY OF THE INVENTION
PAR  The inventive dump mechanism is applied to a toy dump truck having a
      chassis, a dump body mounted on a rear region of the chassis to pivot
      between a load position and a full-dump position, a simulated cab in a
      forward region of the chassis, and a dump lever pivotally mounted on the
      chassis near the simulated cab. The dump lever has an upper surface
      curving downward toward the lifting end of the dump lever, and the dump
      body has an undersurface engaged by the curved surface of the dump lever.
      The curved surface of the dump lever is shaped for pivoting the dump body
      in pivotal increments that increase successively relatiave to
      corresponding successively equal pivotal increments of the dump lever
      throughout at least the initial half of the motion of the dump body from
      the load position to the full-dump position. Preferably, the dump body
      also has a downwardly curving surface engaged by the lifting end of the
      dump lever after the dump lever pivots past the engagement with the
      undersurface of the dump body for pivoting the dump body the last few
      degrees to the full-dump position.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a side elevational view of a toy dump truck showing initial
      pivotal motion of the dump body by the inventive dump mechanism from the
      solid-line load position to a broken-line pivoted position;
PAR  FIG. 2 is a side elevational view of the inventive dump mechanism pivoting
      the dump body from a broken-line position to a solid-line full dump
      position;
PAR  FIG. 3 is a fragmentary, cross-sectional view of the dump mechanism of FIG.
      1 taken along the line 3--3 thereof; and
PAR  FIG. 4 is a fragmentary, cross-sectional view of the dump mechanism of FIG.
      2 taken along the line 4--4 thereof.
DETD
PAC  DETAILED DESCRIPTION
PAR  The inventive dump mechanism is applied to a simulated dump truck 10 having
      a chassis 11 supported by wheels 12 and having a simulated cab 13 in its
      front end region. A dump body 15 is mounted for pivoting on an axis 16 in
      a rear region of chassis 11, and a dump lever 20 having an operating
      handle 19 and an operating knob 18 is mounted for pivoting on an axis 17
      in the region of simulated cab 13. Dump lever 20 has an upper surface 21
      curving downward toward the lifting end 22 of dump lever 20, and the
      undersurface of dump body 15 has a pair of transverse downwardly
      projecting ridges 23 and 24 engaging curved surface 21 during operation of
      dump lever 20. Instead of ridges 23 and 24, the undersurface of dump body
      15 can be smooth and either straight or curved to engage curved surface 21
      of dump lever 20.
PAR  A plate 25 extends downward from the undersurface of dump body 15, and
      curved surface 21 of dump lever 20 is preferably separated into two
      congruent portions straddling plate 25 as best shown in FIG. 3. Plate 25
      has a downwardly curving surface 26 engaged by lifting end 22 of dump
      lever 20 in the final stages of a dump, and surface 26 is formed as edges
      27 extending laterally outward from opposite sides of plate 25 as best
      shown in FIG. 4. The lifting end 22 of dump lever 20 has projections 29
      extending inward from curved surfaces 21 to engage curved surface 26 on
      the underside of edge 27 extending outward from plate 25, and edges 28
      extending outward at the lower forward region of plate 25 form stops or
      abutments engaged by projections 29 to limit the motion of dump body 15 to
      the full-dump position shown in solid lines in FIG. 2. Another pair of
      edges 30 extending laterally outward from the lower edge of plate 25 are
      engaged by projections 29 when dump lever 20 is pivoted back from the
      full-dump position shown in FIG. 2 to pivot dump body 15 from the
      full-dump position back toward the load position shown in FIG. 1.
PAR  In operation, dumping of toy truck 10 proceeds from the load position shown
      in solid lines in FIG. 1 with curved surface 21 of lever 20 engaging ridge
      23 on the undersurface of dump body 15, and as lever 20 is pivoted
      counterclockwise as illustrated in FIG. 1, it begins to pivot dump body 15
      and moves into engagement with ridge 24 as shown in broken lines in FIG.
      1. As pivoting of dump lever 20 continues, its lifting end 22 eventually
      moves away from engagement with the undersurface of body 15 and engages
      curved surface 26 curving downward from the underside of body 15 as shown
      in FIG. 2 to pivot body 15 to the full-dump position. The curvatures of
      surface 21 on dump lever 20 and surface 26 on the underside of dump body
      15 are formed to provide a relatively even and uniform lifting torque for
      dump body 15 as described below.
PAR  The inventive dump mechanism provides a variable ratio lift mechanism
      applying controlled torque to dump body 15. The force F exerted upward by
      lever 21 is applied along a line through the center of curvature O of
      surface 21 or surface 26 and through the point of engagement with dump
      body 15, and equals the force applied downward against lever 20 by dump
      body 15. The torque required to operate dump lever 20 is a function of the
      weight in the body and effective lever arms of dump lever 20 and dump body
      15 at any given position. The effective lever arm of the dump body is a
      function of the horizontal distance CB from the center of gravity of dump
      body 15 to pivot B at the pivotal axis 16 of dump body 15 and the distance
      OB from dump body pivot B to the line of lifting force of dump lever 20.
      The lever arm AO of dump lever 20 is the distance from pivot A at pivot
      axis 17 to the line of lifting force. As dump body 15 pivots from the
      solid-line to the broken-line position of FIG. 1, the lifting lever arm AO
      of dump lever 20 increases to AO', the distance OB decreases to O'B, and
      the horizontal distance CB also decreases to C'B because of pivotal motion
      of the center of gravity from C to C'. These parameters are related to the
      point of engagement between curved surface 21 and the undersurface of dump
      body 15 so that dump body 15 moves in pivotal increments that increase
      successively relative to corresponding successively equal pivotal
      increments of dump lever 20 throughout at least the initial half of the
      motion of dump body 15 from the load position shown in solid lines in FIG.
      1 to the full-dump position shown in solid lines in FIG. 2.
PAR  An example of a preferred relation between the dump lever and the dump body
      is shown in the following table.
TBL  Angle of Movement of                                                      

                         Pivot of Dump Body                                    

                         For Each 5.degree. of Dump                            

     Dump Lever Dump Body    Lever Pivot                                       

     ______________________________________                                    

      0         0                                                              

      5          21/2        21/2                                              

     10         6            31/2                                              

     15         10           4                                                 

     20         141/2        41/2                                              

     25         19           41/2                                              

     30         241/2        51/2                                              

     35         301/2        6                                                 

     40         38           71/2                                              

     45         461/2        81/2                                              

     50         531/2        7                                                 

     55         57           31/2                                              

     ______________________________________                                    

PAR  The above table shows that during the initial pivotal motion of dump lever
      20, dump body 15 pivots by relatively small increments that increase
      steadily during at least the first half of the dump body motion and
      preferably during about the first two-thirds of the dump body motion. The
      pivot rate of dump body 15 tapers off somewhat near the end of the
      approach toward the full-dump position, but such a tapering off is not
      necessary, because dump body motion requires relatively little torque as
      body 15 approaches the full-dump position where the center of gravity of
      dump body 15 is nearly above pivot axis 16. By adjusting the curvatures of
      surface 21 of dump lever 20 and surface 26 on dump body 15, the lever arm
      of dump lever 20 and the effective operating lever arm of dump body 15 are
      preferably made to produce approximately the results shown in the above
      table so that dump lever 20 has a mechanical advantage applying relatively
      greater force to dump body 15 during the initial stages of the dump and
      has a mechanical advantage applying relatively greater motion to dump body
      15 during the later stages of the dump. The effect from the point of view
      of the child operating truck 10 is that relatively steady and low torque
      applied to handle 18 of dump lever 20 raises dump body 15 evenly but at
      varying rates from the load position to the full-dump position without
      requiring any excessive torque during the initial stages of the dump.
PAR  Dump body 15 stops in the full-dump position when projections 29 at the
      lifting end 22 of dump lever 20 engage stop edges 28 on plate 25, and when
      dump lever 20 is moved away from the full-dump position, projections 29
      engage edges 30 along the lower edge of plate 25 to pivot dump body 15
      back toward the load position of FIG. 1. The center of gravity of dump
      body 15 in the full-dump position shown in solid lines in FIG. 2 is
      preferably slightly behind pivot axis 16 as illustrated so that dump body
      15 remains upward when truck 10 is level. A slight pivot downward by
      return of dump lever 20 from the full-dump position moves the center of
      gravity of dump body 15 back ahead of pivot axis 16, so that dump body 15
      pivots from that point back down to the load position of FIG. 1 under its
      own weight.
PAR  Dump lever 20 can be made longer and more curved to eliminate the need for
      curved surface 26 extending downward from dump body 15, but the
      illustrated arrangement including curved surface 26 is preferred for
      compactness, simplicity, and improved appearance. The undersurface of dump
      body 15 can also have various shapes besides transverse ridges 23 and 24
      and can be curved to cooperate with the curvature of surface 21 of dump
      lever 20. Truck 10 can also have many different styles, and those skilled
      in the art will appreciate other ways of configuring the inventive dump
      mechanism to achieve the desired variable-ratio effect.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a toy truck having a chassis, a dump body mounted on a rear region of
      said chassis to pivot between a load position and a full-dump position, a
      simulated cab in a forward region of said chassis, and a dump lever
      pivotally mounted on said chassis near said simulated cab, an improved
      dump mechanism comprising:
PA1  a. said dump lever having an upper surface curving downward toward a
      lifting end of said dump lever;
PA1  b. said dump body having an undersurface engaged by said curved surface of
      said dump lever; and
PA1  c. said curved surface of said dump lever and said body undersurface being
      shaped for pivoting said dump body in pivotal increments that increase
      successively relative to corresponding successively equal pivotal
      increments of said dump lever throughout at least the initial half of the
      motion of said dump body from said load position to said full-dump
      position.
NUM  2.
PAR  2. The dump mechanism of claim 1 wherein said dump body has a downwardly
      curving surface engaged by said lifting end of said dump lever after said
      dump lever pivots past said engagement with said undersurface of said dump
      body for pivoting said dump body the last few degrees to said full-dump
      position.
NUM  3.
PAR  3. The dump mechanism of claim 1 wherein said curved surface of said dump
      lever is separated into two portions straddling said downwardly curving
      surface of said dump body.
NUM  4.
PAR  4. The dump mechanism of claim 3 wherein said lifting end of said dump
      lever has projections extending inward from said curved surfaces under
      said downwardly curving surface of said dump body.
NUM  5.
PAR  5. The dump mechanism of claim 4 wherein said dump body has a surface
      engaging said projections at said full-dump position to prevent motion of
      said dump body beyond said full-dump position.
NUM  6.
PAR  6. The dump mechanism of claim 5 wherein said dump body has a surface
      engaged by said projections when said dump lever is moved back from said
      full-dump position to pivot said dump body back from said full-dump
      position toward said load position.
NUM  7.
PAR  7. The dump mechanism of claim 6 wherein said dump body has a plate
      extending downward between said curved surfaces of said dump lever and
      said downwardly curving surface of said dump body, said surface engaging
      said projections at said full-dump position, and said surface engaged by
      said projections when said dump lever is moved back from said full-dump
      position are all formed as edges projecting laterally outward from
      opposite sides of said plate.
NUM  8.
PAR  8. The dump mechanism of claim 1 wherein said undersurface of said dump
      body engaging said curved surface of said dump lever is formed as
      transverse, downwardly projecting ridges.
NUM  9.
PAR  9. The dump mechanism of claim 8 wherein said dump body has a downwardly
      curving surface engaged by said lifting end of said dump lever after said
      dump lever pivots past said engagement with said undersurface of said dump
      body for pivoting said dump body the last few degrees to said full-dump
      position.
NUM  10.
PAR  10. The dump mechanism of claim 9 wherein said curved surfaces of said dump
      lever is separated into two portions straddling said downwardly curving
      surface of said dump body.
PATN
WKU  039316947
SRC  5
APN  4789512
APT  1
ART  337
APD  19740613
TTL  Planting flat
ISD  19760113
NCL  2
ECL  1
EXA  Bratlie; Steven A.
EXP  Burr; Edgar S.
NDR  2
NFG  7
INVT
NAM  Krikorian; Peter K.
CTY  Fresno
STA  CA
ASSG
NAM  Krikorian; Haig K.
CTY  Fresno
COD  04
CLAS
OCL   47 3413
XCL   47 37
EDF  2
ICL  A01G  902
ICL  A01G  910
FSC   47
FSS  34.13;34.1;37;38.1
UREF
PNO  579993
ISD  18970400
NAM  Mahler
OCL   47 34.1
UREF
PNO  2810234
ISD  19571000
NAM  Blackburn et al.
OCL   47 34.1
UREF
PNO  3032927
ISD  19620500
NAM  Kobs
OCL   47 37
UREF
PNO  3522058
ISD  19710100
NAM  Fici
XCL   47 34.13
UREF
PNO  3539071
ISD  19701100
NAM  Ludder
UCL   47 34.13
UREF
PNO  3667159
ISD  19720600
NAM  Todd
OCL   47 34.13
UREF
PNO  D207174
ISD  19670300
NAM  Rowbottam
OCL  D35  3
FREF
PNO  1,034,256
ISD  19660600
CNT  UK
OCL   47 34.13
FREF
PNO  151,592
ISD  19320300
CNT  CH
OCL   47 34.1
FREF
PNO  930,534
ISD  19630700
CNT  UK
OCL   47 34.13
FREF
PNO  2,017,100
ISD  19701000
CNT  DT
OCL   47 34.13
LREP
FRM  Huebner & Worrel
ABST
PAL  A planting flat consisting of a unitary plastic body providing a
      multiplicity of planting cells having open upper ends adapted to receive
      growing medium, seeds, water, fertilizer, and the like; closed lower ends
      defining reservoirs for the retention of residual water and fertilizer
      accessible to the roots of plants grown in the cells; and aerating
      openings disposed above the reservoirs serving the combined purposes of
      supplying air to the growing medium and providing drainage of water and
      fertilizer in excess of an amount sufficient to fill the reservoirs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a planting or seedling flat and more
      particularly to such a flat having a multiplicity of planting cells
      providing open upper ends adapted to receive growing medium, seeds, water,
      fertilizer, and the like; downwardly constricted closed lower ends
      defining reservoirs for the retention of residual water, fertilizer, and
      the like accessible to the roots of the plants grown in the cells; and
      aerating openings disposed above the reservoirs serving the combined
      purposes of supplying air to the growing medium and providing drainage of
      water and fertilizer in excess of an amount sufficient to fill the
      reservoirs.
PAR  Planting flats are employed for growing plants from seeds or cuttings. When
      such plants have reached a given stage of growth, they are taken from such
      flats and planted in other containers or in open fields. What once was
      entirely a manual operation of filling such flats with soil or other
      growing medium, planting the seeds or cuttings, and hand watering the soil
      has become a highly mechanized procedure. Many field crops, such as
      tomatoes, are first planted in flats and grown in greenhouses before being
      transplanted to the open field. In areas in which late frosts are a
      problem, this procedure permits the farmer to achieve plants of a
      significant size by the time it is safe to plant them outside and thus
      prior to exposing them to the hazards of frost, mechanical damage,
      preditory insects, caterpillars, and the like encountered in the field.
PAR  The growing season for plants in flats is usually quite brief. Such plants
      are required in great numbers at one time, orders for such plants
      frequently being for millions of the plants at a time. The plants must be
      healthy, uniform, weed-free and economical. They should be as vigorous and
      stalky as circumstances permit. They should receive as little root damage
      as possible during transplanting and must be economical. The saving of
      even a cent a flat, or one plant per hundred, is a significant saving in
      commercial operations.
PAR  Machines have been developed which accept flats having a multiplicity of
      receptacles therein, fill the receptacles with disinfected soil or other
      growing medium, place one seed in each receptacle, cover the seeds, and
      compact the soil. Such machines have been of great benefit to the industry
      but the planting flats themselves have suffered from many difficulties
      which have inspired the present invention.
PAR  Prior to the present invention, it has been erroneously believed in the
      industry that the planting cells of flats must have drainage openings to
      avoid an objectionable accumulation of salts, over watering, stagnation,
      or souring. Such openings can be typified by those shown at 34 and 58 in
      U.S. Pat. No. 3,667,159, at c in U.S. Pat. No. 2,045,189, and at 3 in
      British Pat. No. 1,034,256. Thus, such drainage openings have been
      uniformally utilized even though recognized to cause serious troubles.
      They permit roots to grow downwardly and out through the openings. Such
      roots are broken off when the plants are removed from the flats thus
      frequently impairing their survival, aggravating the shock of
      transplanting, or at least impairing the plants' rate of growth. Further,
      such drainage openings have been recognized as permitting the rapid escape
      of irrigation water resulting in the leaching of nutrients from the soil
      and a requirement for excessively frequent irrigation and fertilization.
PAR  The present invention resides in the discovery that drainage openings in
      the lower ends of planting cells in flats are not only unnecessary but are
      undesirable.
PAR  The invention further resides in the discovery that if such drainage
      openings are moved upwardly from the lower ends of such planting cells so
      that the cells have imperforate lower end portions constituting reservoirs
      beneath such openings a great many advantages accrue. The openings become
      ventilation openings conducive to superior plant growth. The reservoirs
      accumulate residual water reducing the frequence of required irrigation.
      The reservoirs serve to retain fertilizer and other plant nutrient
      materials in position conveniently accessible to the roots of the growing
      plants rather than having them leached directly from the soil. Plants
      grown in such cells are markedly sturdier and stalkier.
PAR  Still further, the invention resides in forming such reservoirs so as to
      have substantially conical lower end portions terminating in hemispherical
      lower ends which facilitate plant and root mass removal as well as shaping
      such root masses for more advantageous growth when planted in a field. As
      the roots of the plant grow downwardly, they are confined so as to form
      highly desirable root masses or balls. Such plants and root masses with
      entrapped soil are pulled from such cells, they are much more easily
      released from the flats. In actual practice, tomato plants only one and
      one-half to two inches high, two or three weeks after planting, can
      readily be pulled from the plant cells of the flats of the present
      invention together with their growing medium while normally such tomato
      plants need to be about six weeks old and eight or ten inches tall in
      order to permit satisfactory removal. Two factors are principally
      involved. There are no bottom drainage openings through which the roots
      can grow and they make no effort to extend through the elevated drainage
      or ventilation openings. The protracted presence of water in the reservoir
      better lubricates the root masses in a wick-like action for extraction
      from the cells. Additionally, the confined and shaped root masses more
      quickly become established when transplanted so as to minimize shock and
      insure growing continuity.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved planting
      flat.
PAR  Another object is to provide a planting flat conducive to the production of
      superior seedlings and rootings therein.
PAR  Another object is to provide a planting flat having facility for the
      retention of residual water, fertilizer, other plant nutrients and the
      like in positions conveniently accessible to the roots of the plants
      growing therein.
PAR  Another object is to provide for the ventilation of growing medium in
      planting flats.
PAR  Another object is to provide a planting flat having improved facility for
      confining and shaping the root masses of plants growing therein.
PAR  Another object is to provide a planting flat having planting cells therein
      from which growing plants can be removed more speedily and easily than
      from previously known planting flats.
PAR  Another object is to reduce the frequency with which plants growing in
      planting flats must be irrigated and/or fertilized.
PAR  Another object is to locate drainage openings in the planting cells of
      planting flats so as to form a reservoir therebelow for residual water,
      fertilizer, and the like, to serve drainage purposes when excessive
      irrigation occurs, and to ventilate soil therein disposed above such
      openings.
PAR  Another object is to provide such a planting flat in which a condition of
      maximum moisture at the bottoms of cells is maintained to cause the roots
      of growing plants to form deeper roots.
PAR  Another object is to provide such a flat in which the roots are confined
      and shaped at the positions to which the roots are attracted by such
      moisture.
PAR  Still further objects and advantages are to provide improved elements and
      arrangements thereof in a planting flat of the character described which
      is durable, economical, and superior to know flats in performing its
      intended functions.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a fragmentary perspective of a planting flat embodying the
      principles of the present invention and showing a growing plant and its
      root mass and entrapped soil being pulled from the flat.
PAR  FIG. 2 is a top plan view of the flat.
PAR  FIG. 3 is a side elevation of the flat of FIG. 2.
PAR  FIG. 4 is a somewhat enlarged fragmentary plan view of a cell of the flat
      of the present invention.
PAR  FIG. 5 is a section taken on line 5--5 of FIG. 3.
PAR  FIG. 6 is a section taken on line 6--6 of FIG. 4 but showing a plant
      growing therein in dashed lines.
PAR  FIG. 7 is a section taken on line 7--7 of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring in greater detail to the drawings, a planting flat embodying the
      principles of the present invention is shown at 10 consisting of a unitary
      body of sheet plastic material formed by stamping, die casting or any
      other suitable procedure from styrene or other suitable heat conductive,
      light-weight, thin, durable, yet somewhat flexible plastic. The flat
      provides a substantially square top panel 11 having square openings 12
      formed therethrough in rows longitudinally and transversely of the panel.
      Each opening 12 has a cell 15 formed by side walls 16 integral with the
      top panel 11. The side walls for each cell define an open upper end 17 in
      registration with its respective opening 12. Transversely of the cells,
      the side walls are right-angularly related to form substantially square
      upper end portions. Opposed side walls of the upper end portions of each
      cell are extended downwardly from the panel in substantially parallel
      relation for approximately one-quarter of the length of the cells. From
      the parallel upper end portions, the side walls downwardly converge,
      forming a substantially frusto-conical central portion 18 and a
      frusto-conical lower end portion 19 terminating in a hemispherical lower
      end 20. The lower end portion 19 is imperforate and constitutes a
      reservoir for residual water, fertilizer, plant nutrients and the like.
      While the central portion is substantially frusto-conical, it has
      elongated inwardly disposed concavities or hollow ribs 21 formed in the
      side walls which extend from the corners formed by the walls in the upper
      end 17 downwardly to positions substantially three-quarters of the lengths
      of the cells where they terminate in openings 22. Such concavities
      upwardly expand to facilitate plant and growing medium extraction.
PAR  To impart greater strength to the panel 11, a skirt 27 integral therewith
      is downwardly extended along each side of the panel and joined at the
      corners thereof. In their downward extension, the skirts somewhat
      outwardly extend to facilitate removal of the flats from the dies, not
      shown, in which they are formed and to permit a multiplicity of flats to
      be compactly stored or transported in nested relation.
PAR  The top panel 11 and the lower ends 20 of the cells 15 are disposed in
      substantially parallel planes. Being imperforate, the lower ends provide
      dependable support for the flat 10 when rested on a table, bench, or other
      supporting surface.
PAR  The ventilating openings 22 are disposed in a plane between the plane of
      the top panel 11 and the lower ends 20 and approximately one-fourth of the
      distance between said planes from the plane of the lower ends.
PAC  OPERATION
PAR  The operation of the described embodiment of the present invention is
      believed to be clearly apparent and is briefly summarized at this point.
      Growing medium 30 is deposited in the cells 15 through the upper ends 17
      and fills such cells to their tops or nearly thereto. Such medium may take
      the form of soil, vermiculite, peat moss, sand, or the like, and any
      desired combination thereof. A single seed 31 is positioned in the growing
      medium of each cell and the growing medium compacted thereover. While the
      filling of the cells, the planting of the seeds, and the compacting of the
      growing medium may be manually performed, in commercial operations it is
      accomplished by automatic machinery, not shown, available for the purpose.
PAR  The flats 10 are then sprinkled. In most hot house operations, such
      sprinkling must be repeated two or more times a day and is frequently
      accomplished by time clock actuation of suitable sprinkling equipment.
PAR  As spray descends on the growing medium 30 in the cells 15, it soaks
      downwardly, thoroughly moistening the growing medium and the seeds 31 and
      excess or residual amounts are collected in the reservoirs provided in the
      lower end portions 19. Between irrigations, the reservoirs contain
      residual quantities of water and the growing medium extended therein acts
      as a wick or capillary attractor maintaining the seed in the desired
      moistened condition. When it is desired to provide fertilizer or other
      plant nutrients to the growing medium, it is simply added to the
      irrigation water. In such event, such fertilizer or other plant nutrient
      material is also found in the reservoirs together with the residual water
      for utilization between irrigations. This achieves a continuity of
      irrigation and plant feeding unknown in prior flats.
PAR  As discussed, prior to the present invention, it was considered absolutely
      essential to provide lower drainage openings in planting flats to avoid
      the accumulation of excessive salts, over watering, stagnation or souring.
      However, it has been found that plants grown in the flat of the present
      invention having the described reservoirs at the lower end portions 19 of
      the cells 15, are at the end of six weeks approximately fifty percent
      (50%) larger in caliber than the same kind of plants sown in the same
      planting medium but having the described drainage openings through which
      water, fertilizer, and plant nutrient material drain. This is believed to
      be due primarily to the continual provision of adequate moisture by the
      wick effect of the growing medium disposed in the water, fertilizer,
      and/or plant nutrient material in the reservoirs. However, several
      additional factors are involved. First, the plants are produced so quickly
      that they are normally now available for field planting in approximately
      six weeks after the seeds 31 are deposited in the planting medium 30.
      Second, the location of the ventilating openings 22 limit the maximum
      amount of residual water, fertilizer and plant nutrient material that can
      be retained in the reservoirs during irrigation. Third, the openings 22
      admit air to the planting medium so that even though it is maintained in a
      continuously moist condition, it is also continually aerated in a manner
      which has proved highly conducive to effective plant growth.
PAR  After the seeds 31 germinate, they produce plants 33 which have root
      systems 34 which, as they descend from the seeds through the growing
      medium, are constrained by the downwardly converging side walls 16 until
      entering the frusto-conical lower end portions 19 in which they form
      compact root masses conducive to ease of transplation and effective plant
      growth after transplation.
PAR  As best shown in FIG. 1, to remove the plants 33 from the cells 15, the
      plants are grapsed by an attendant who pulls upwardly on them and easily
      withdraws the growing medium now bound in the root systems 24 from the
      flat 10. Since there are no drainage openings in the lower ends 20, the
      tap roots of the plants do not extend from the cells and thus do not
      inhibit plant withdrawal and cannot be damaged by such withdrawal. In
      practice, it is found that no significant portions of the root systems 34
      extend from the openings 22. Such openings remain open and continue to
      provide their aerating effect as well as their controlled limitation of
      the maximum amount of residual water and the like retained in the
      reservoirs. Further, the absence of drainage openings in the lower ends 20
      of the cells 15 permit the flats to be rested on any suitable supporting
      surface while the plants are withdrawn from their cells or for storing or
      growing purposes.
PAR  Although the cells 15 are usually die cast, their ultimate form is that of
      sheet material of the described form. Such sheet material is resiliently
      flexible. Since the walls 16 diverge upwardly until reaching their
      parallel upper end portions 17 and even the elongated concavities 21
      upwardly distend, the root systems 34 of the plants 33 are easily removed
      from the cells. However, if the growing medium 30 and root systems 34 are
      adherent to the side walls due to the use of an improper growing medium or
      the like, the root systems are readily loosened by flexing the flat 10 in
      a brief and limited twisting action whereupon even the most tightly
      adherent root systems are easily withdrawn.
PAR  With conventional flats, a four-hour delay in either of the two normally
      scheduled daily waterings almost always causes tip burn and other damage
      to the plants. The flats of the present invention have gone an entire day
      without watering with no significant damage to plants growing therein
      under the same environmental conditions. With conventional flats, it is
      the practice to fertilize twice a day with each of the two irrigations.
      With the flat of the present invention, residual fertilizer and water are
      retained in the reservoirs 19 and are not simply leached from the growing
      medium 30. Thus, less fertilizer is needed, since less is wasted,
      permitting a substantial saving.
PAR  In view of the foregoing, it will be evident that the flats of the present
      invention permit the growing of superior plants, with less attention, less
      water, less fertilizer, less hazard, less expense, and less loss during
      transplanation. Plants produced in the flats of the present invention are
      more easily removed, more easily replanted and grow more nearly
      continuously when replanted than those permitting roots to emerge from
      drainage openings in the flats in which they are germinated.
PAR  Although I have herein shown and described my invention in which I have
      conceived to be the most practical and preferred embodiment, it is
      recognized that departures may be made therefrom within the scope of my
      invention.
CLMS
STM  Having described my invention, what I claim as new and desire to secure by
      Letters Patent is:
NUM  1.
PAR  1. A planting flat comprising a unitary body of sheet material having a
      plurality of downwardly tapering cells of a common vertical length having
      open upper ends and closed lower ends disposed in respective upper and
      lower substantially parallel planes, an upper panel interconnecting the
      upper ends of said cells into rows that are of substantially parallel
      adjacent relationship, each unitary cell having a transversely
      substantially square upper portion defined by vertically substantially
      parallel, right angularly related pairs of oppositely disposed walls, and
      having substantially frusto-conical unitary central and lower portions
      continuous with the walls of said upper portion and tapering uniformly
      downwardly along a common longitudinal axis from the upper square portion
      to a closed lower end, the central portion being defined by a plurality of
      unitary longitudinally extending concave reinforcing ribs extending
      downwardly from each corner of said square upper portion to said lower
      portion to enhance the rigidity of said central portion, said ribs
      extending radially beyond the taper of said central portion and defining
      openings at their lower ends spaced outwardly from the remaining tapered
      lower portion whereby excess water can drain from said cell, said openings
      being upwardly spaced in relation to said lower portion of the cell, the
      tapered lower portion below the openings being inperforate to define a
      reservoir therein.
NUM  2.
PAR  2. The planting flat of claim 1 in which the ribs are frusto-conical and
      constrict downwardly.
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ABST
PAL  A method and apparatus for growing plants using artificial light wherein
      pulsed fluorescent lamps are placed among the plants themselves below the
      plant tops and are pulsed on and off at a rate such that the plant can
      utilize the light photons in a chemically useful way with regard to that
      rate which maintains the lamp bulb temperature below a level that would be
      harmful to the plants. This technique significantly enhances growth and
      enables the lamps to be used as a supplemental lighting system in
      combination with natural light. To increase the life and overall yield of
      the plants an arrangement is also provided which includes a compartment
      containing a nutrient solution and a movable belt or the like to which the
      roots of a plant attach. As the plant grows and extends in length, the
      stem of the plant is pulled down into the nutrient solution to provide
      root growth area which permits the previously adventitious roots to
      develop as new roots on the newly submerged stem so as to maintain more
      optimum spacing between the plant roots and the aerial extremities of the
      plant, hence minimizing translocation distances that minerals and plant
      compounds must travel for new growth.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to systems for growing plants and, more particularly,
      to an improved controlled environment agriculture system which permits
      economical growing of plants on a year around basis with substantial
      increases in plant yield.
PAC  BACKGROUND OF THE INVENTION
PAR  An intriguing technological area which has been the subject of increasing
      interest is controlled environment agriculture (hereinafter referred to as
      CEA). In a natural environment, agriculture productivity is limited by the
      seasonal distribution of sunlight, temperature and moisture. In a CEA
      system the light energy required for growing can be provided from lamp
      sources geared towards maximized day lengths, intensity levels and
      photosynthetically useful light spectrum bands. Along with optimized
      temperatures, moisture and nutrients, the growing periods can be extended
      to long day light periods the year round with substantial increases in
      yields. The chief factor limiting CEA application has been the economics
      of such systems with previously available technology. Plant researchers
      have proven the potential of CEA and in recent years commercial CEA
      growing of seedling plants has been demonstrated to be practical.
      Inevitably, broader application of CEA will follow and it will have
      significant implications for land use, energy consumption and food
      quality, plus better controlled use of pesticides and fertilizers and
      other factors that affect the world we live in.
PAR  To aid in understanding the economics of CEA a brief review of the process
      of photosynthesis is helpful. It is also important to remember that the
      net growth potential of a plant is severely limited when growing in a
      natural environment and since farming began, man has quested to modify the
      natural environment of growing plant life to improve output. Thus, to
      begin the review, it is first noted that between 5 and 10% of a plant is
      derived from minerals and fertilizers taken up through the root system
      from the growing medium. It might be noted here that the worth of systems
      like "hydroponics" is often overemphasized since, in reality, such systems
      contribute to only a small fraction of a plant's growth, their actual
      importance lying in seeing to it that a plant is not limited as far as
      minerals and water is concerned. The remaining 90 to 95% of a plant is
      chemically synthesized by the process known as photosynthesis which, using
      light as the primary energy source, removes carbon dioxide (CO.sub.2) and
      water (H.sub.2 O) from the environment and returns carbohydrate compounds
      and oxygen to the environment.
PAR  Primary production of the carbohydrate compound glucose, from which most
      plants are built, takes place within the leaves of a plant in cells
      containing chlorophyll. The chlorophyll molecules trap light photons and
      use these packets of energy to drive a sequential series of chemical
      reactions. It should be remembered that the process is sequential.
      Specifically, glucose, a simple sugar, is initially produced and is then
      reprocessed to several different compounds, ending up as some final form
      of carbohydrate material. The chlorophyll is not consumed in the chemical
      reactions but its presence, plus that of a number of mineral salts and a
      suitable temperature environment, is essential to both the primary
      production of the glucose and subsequent processing. The reaction chain is
      much too complex for elaboration here and suffice it to say that the final
      carbohydrate compounds formed are composed of some multiple of the
      empirical formula CH.sub.2 O. The simplified equation for photosynthesis
      is H.sub.2 O + CO.sub.2 light CH.sub.2 O + O.sub.2.
PAR  The carbon products manufactured by the photosynthetic process are
      nominally stable in air at room temperature and can be considered to be
      stored energy. Further, when heated, these products burn and the reaction
      is reversed. In the reverse process, the carbohydrate and oxygen react
      thereby returning carbon dioxide, water and thermal energy back to the
      environment. Studies of this reverse reaction show that 112 KCAL of
      thermal energy would be evolved for each mole equivalent of CH.sub.2 O. If
      112 KCAL are evolved in this reverse reaction the first law of
      thermodynamics dictates that at least that amount of light energy was
      utilized in a chemically useful way in order to manufacture the
      carbohydrate initially.
PAR  The chemical equation for the primary production of the photosynthate
      glucose when balanced with the 112 KCAL of energy known to be fixed in the
      process is as follows:
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PAR  A cursory examination of the relative costs of furnishing the required
      amount of light energy, water, carbon dioxide, minerals and heat shows
      that the light cost far exceeds the combined cost of all others. Likewise,
      only the carbon product output has a dollar value of interest.
      Accordingly, the present analysis will now be confined to CEA light costs
      and the output of interest. It should be noted that a plant also uses
      between 20 to 40% of the initially produced glucose for housekeeping
      purposes and that the remainder goes to plant growth product.
PAR  To proceed with the examination, a plant or crop suitable for CEA will be
      considered. Tomatoes are a good candidate since they can profitably
      utilize long day periods. Further, tomatoes are in demand the year around,
      with most major markets being heavily dependent on imports most of the
      year. The fresh weight of an average successful tomato plant is about 15
      kilograms, with about 50% of this figure being the weight of the fruit.
      The dry weight of the fruit runs about 5% and the vine, roots, leaves and
      the like, about 10%. Hence, calculation shows the synthesized material to
      be about 1125 g. If this figure represents the final form, which is
      representative of 60% of the glucose manufactured, then about 1875 g of
      glucose is required. The light requirement of 0.13 kWh for 30 grams
      extended to 1874 g means that about 8 kWh of equivalent light energy has
      to be utilized in a chemically useful way in manufacturing the plant. With
      the amount of energy required to be fixed in the representative tomato
      plant converted to an energy term commonly used when discussing electrical
      energy, what amount of electrical input energy is required to fix the 8
      kWh of light energy stored in the plant? To establish this value the
      pathway taken by the input energy is required and this is a function of
      the type of light the plant best utilizes vis a vis a selected light
      source and the light-time relationships involved.
PAR  Three important factors enter into the source selection. First, the light
      absorption curve for chlorophyll indicates that the efficiency at which
      chlorophyll electrons absorb light is dependent to a marked degree on the
      wavelength of the light photons. In particular, it has been found that a
      large majority of the light photons in the vicinity of 670 nanometers will
      be absorbed, perhaps half as many of the 450 nanometer photons will be
      absorbed, and a lower percentage in the green-yellow 500 to 600 nanometer
      spectral region will be absorbed. It is interesting to note that this is
      why plants look green in nature, i.e., many of the green photons are not
      absorbed but are reflected. It is obvious that the selection of a green
      emitting light source would not be very efficient if a large percentage of
      its photons would be reflected rather than used. On this basis, a lamp
      rich in 670 radiation would be most efficient and a blue light would be
      the next insofar as absorption considerations are concerned.
PAR  The second important factor is the energy utilization of each photon
      absorbed. Except in isolated instances it is known that an electron
      absorbing a photon on visible light energy is raised to either the first,
      second or third singlet state depending upon the wavelength of the photon.
      Since the wavelength is inversely proportional to the energy content, the
      shorter wavelength photon has more energy, i.e., a 450 nm blue photon has
      roughly 11/2 times the energy of a 680 nm red photon. An absorbed 450 nm
      photon would raise the electron to the third singlet state of excitation
      whereas a 680 nm photon would raise the electron to the first singlet
      state. This is very important because it is also known that only the
      energy from a first singlet state can proceed to be utilized in a
      chemically useful way. Any electron excited above one of lower substates
      of the first singlet state must reduce itself by vibrational or rotational
      processes to a lower first singlet substate. This energy reduction, which
      contributes only to the kinetic motion of the molecules and not to
      photosynthesis, is called internal energy conversion. Once an excited
      electron reaches the lower substate levels of the first excited singlet
      state it can then either be utilized in a chemically useful way or
      continue the internal conversion process or be fluoresced or go to a
      triplet state. The foregoing clearly indicates that for primary
      photosynthate production the use of a red light energy source would be the
      most efficient. It should be noted, however, that some shorter and longer
      wavelength energy may be required for morphological and other processes.
PAR  The third important factor is once the photon energy is reduced to the
      first singlet useable state only some will be utilized in a chemically
      useful way while some will be refluoresced or converted to heat. Since
      this involves time-light relationships, this factor will be covered after
      first considering the types of lamps that might be used. Comparing the
      three basic types of light sources (1) the high intensity discharge (HID)
      and (2) the fluorescent, and (3) the incandescent, with their efficiencies
      expressed in terms of the percent of electrical input energy that is
      transduced into visible spectrum light, these efficiencies are about 33%,
      22% and 5%, respectively. It should be noted that these efficiencies are
      expressed in terms of visible spectrum and not in terms of utilization for
      photosynthetic purposes. In fact, fluorescent lamps are the only light
      source that can be tailored to provide near optimum absorption spectra and
      coupled with its controlability, cost and other factors, such lamps are
      the best lamp candidate in terms of utilization of the photon energy in a
      chemically useful way. To carry the discussion further, and assuming
      overhead lamp array with reflectors, about 50% of the photons generated
      will fly on intercept pathways with the chlorophyll molecules in the
      leaves. Further, it is estimated that of the light absorbed by the leaves,
      approximately twenty percent, takes the first singlet state pathway to
      chemical utilization in conventional systems. The remaining 80% is lost
      through fluorescence or continuing internal energy conversion. The HID
      lamp depends on direct arc radiation from a gaseous arc discharge hence
      the spectral energy cannot be independently controlled. Such lamps also
      operate at very high temperatures requiring the lamps to be located some
      distance from the plant. the first factor results in higher internal
      energy conversion in contrast to a red spectrum phosphor fluorescent
      energy and the second factor decreases the photon-chlorophyll intercept
      possibilities. The combined effect of these two factors offset the higher
      luminosity efficiency of the HID lamp. In fluorescent lamps relative
      narrow band light emitting phosphors can be used to provide a light output
      which is spectrally matched to the most efficient chlorophyll absorption
      band(s). Accordingly, the absorption potential of the light received from
      the fluorescent lamp is greater than that of the HID lamp. Moreover, by
      being of more optimum wavelength, a higher percentage of the light energy
      absorbed is utilized in a chemically useful way. When these factors
      together with the relative equipment costs are considered, the fluorescent
      lamp is generally favored over the HID type of lamp. Further, other
      reasons, yet to be discussed, clearly make the fluorescent lamp the
      superior choice.
PAR  To account for at least one factor that reduces the guantum efficiency a
      limited overview as to how the light absorption process physically works
      is also important. A representative photosynthetic unit of a leaf includes
      a population of about 300 light absorbing chlorophyll "B" molecules and a
      single special chlorophyll "A" molecule. Each plant might have millions of
      these discrete photosynthetic units with each working away as a tiny
      photosynthate factory manufacturing glucose independently of the others.
      Some of the light photons which fall on the units are absorbed by the
      chlorophyll "B" molecules, also referred to as antenna molecules. By a
      complex energy transfer mechanism, the trapped light energy is then
      transferred to the single special chlorophyll "A", or energy processing
      molecule. Up to this point the process is rapid, perhaps only a few
      nanoseconds, but once the "A" molecule is fueled the biochemistry begins
      with its related processing time taking upwards to a few milliseconds.
      During this processing time period no more energy can be taken in by the
      single chemical processing molecule. If the energy held by an electron in
      one or more of the chlorophyll molecules cannot be transferred for
      processing within the finite time the absorbing electron can stay excited,
      the energy must then be disposed of elsewhere. Therefore, this energy, if
      not utilized in a chemically useful way, is lost so far as the
      photosynthetic process is concerned. If all photons absorbed could be
      utilized in a chemically useful way, about three first singlet state
      energy equivalent photons would be required for each molecule of final
      form carbohydrate produced. Converted to energy equivalents, and
      multiplied by the number of molecules (Avogadro's constant) per mole, the
      product would be the 112 KCAL previously discussed (or 672 KCAL mole for
      glucose). We are dealing here with a theoretical 100% quantum efficiency
      in which the energy from each quanta of light would hypothectically be
      utilized in a chemically useful way. In nature, the quantum efficiency is
      a few percent at best. Most researchers contend that 8 photons under
      laboratory conditions are required for each carbohydrate molecule
      synthesized. On this basis, and depending upon the wavelengths involved,
      between 18 and 30% of the absorbed photon energy would be chemically
      utilized which reasonably corresponds to the 20% referred to earlier.
PAR  Turning again to a comparative consideration of light sources, a further
      very important advantage of fluorescent lamps over HID lamps is that the
      former can be rapidly pulsed on and off while the latter cannot. A plant
      growth system which utilizes pulsed fluorescent lamps is disclosed in my
      co-pending U.S. Pat. application Ser. No. 346,902, filed on Apr. 2, 1974,
      which issued as U.S. Pat. No. 3,876,907 on Apr. 8, 1975, and which is a
      divisional application based on my earlier filed U.S. Pat. application
      Ser. No. 96,789, now abandoned. In this system relatively short pulses of
      light are used, each followed by a longer dark period which is on the
      order of milliseconds long. During the latter no more light energy can be
      utilized until the processing of the energy transferred to the energy
      processing chlorophyll "A" molecule is completed. Thus, photons from
      pulsed fluorescent lamps can be delivered to a plant in a time related
      manner with a higher likelihood that the special chlorophyll "A"
      processing molecules is at the ground state and able to receive the photon
      energy, thereby providing a higher utilization efficiency in terms of
      photons received versus photons chemically utilized. Also, the size and
      related cost of the iron core and copper components of the lamp system are
      reduced because of the limited duty cycle. Although the use of a properly
      mechanized pulsing fluorescent lamp obviously provides a corresponding
      reduction in the amount of electrical energy required, the economics of
      using artificial light are still such that practical systems cannot
      complete with conventional plant growth systems using natural light for
      most applications.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one important aspect of the present invention, a method
      and apparatus for growing plants is provided wherein at least one
      fluorescent lamp is located in close proximity to, or in contact with, the
      plants being grown, at a level lower than the tops of the plants, the lamp
      preferably being pulsed "on" for a period that is no greater than the off
      time of the lamp. It will be appreciated that the growing system in
      accordance with the invention contrasts with those in the prior art
      wherein, whatever the type of lamp used, the lamps are mounted above the
      plants. This aspect of the invention is based on the inventive
      appreciation that by pulsing the lamps on and off in the manner described,
      the higher temperatures associated with conventional lighting systems are
      reduced to the extent that the pulse-controlled lamps can be virtually
      buried below the plant canopy top and can even contact the plant.
PAR  One important advantage of this technique, i.e., the provision of light
      within the canopy, is that the plants can be spaced closer together. For
      example, a conventional greenhouse tomato forest has a plant density of
      about 10,000 plants per acre. Using the technique described above wherein
      the lamps are buried among the plants themselves, this figure can be
      increased to perhaps 15,000 or more plants per acre. Moreover, with this
      close proximity geometry the photon intercept is also increased to at
      least 75% in contrast with the 50% figure referred to above. Further, this
      figure can be raised to close to 100% if a ground covering it also used,
      i.e., strawberries used with tomatoes.
PAR  Perhaps the most important advantage associated with this aspect of the
      invention is that the lamp can be used as a supplement to natural light
      since the lamps are not located between the plants and the sun. As part of
      a supplemental system, the lamps would then be required to furnish only a
      fraction of the 8 kWh of light energy referred to above. Further, pulsing
      of the lamps with an increase in quantum efficiency from 20% to perhaps
      50% together with the novel arrangement of the lamps with respect to the
      plants produces an increased photon intercept up to perhaps 90% which
      would result in a considerable increase of energy utilized in a chemically
      useful way. Comparing the power cost to grow a 8 kWh tomato plant for (1)
      a continuously "on" HID system, (2) a pulsed fluorescent system and (3) a
      pulsed fluorescent system used only to supplement natural day light (based
      on the pulser providing 25% of the total energy required), and with an
      assumed power cost of 1.5% per input kWh and using a conservative sixteen
      pound yield per plant, the power cost for (1) is about 31 cents per pound
      but with much higher capital equipment costs, for (2) about 16 cents per
      pound with a lower cost base and (3) about 4 cents per pound with an even
      lower cost base. These figures demonstrate that it would be economically
      feasible to use a pulsed fluorescent system wherein the lamps are situated
      among the plants as supplemental plant growing system in an overall system
      using natural light.
PAR  A further important aspect of the invention concerns the fact that some
      plants, like the tomato plant being considered as a representative plant,
      will continue to grow and yield during the winter in a greenhouse or the
      like if the days did not shorten and if the greenhouse operator did not
      remove the plants and start over at least twice every year (although the
      plants would probably be removed in any event because of housing and
      support problems due to vine growth as well as problems concerned with
      supplying minerals over the ever increasing distance between the vine tip
      and the root tip). However, sufficient year around light is made practical
      by the supplemental lighting system of the invention described above, and
      this, coupled with the unique culturing system provided in accordance with
      a further aspect of the invention, enables the useful life of a plant to
      be extended while permitting that plant to continue to produce high yields
      for a much longer period of time.
PAR  According to this further aspect of the invention, a partially enclosed
      container or compartment is provided to contain the root system and
      growing medium preferably in the form of a nutrient solution, and through
      which is passed a movable root support element, preferably in the form of
      a belt or web, to which the roots of the plants to be grown become
      attached. As the vine grows outwardly the root support element is
      displaced in the opposite direction so as to pull the main stem of the
      plant into the root growing compartment which is periodically flooded with
      and drained of a nutrient solution. This arrangement will permit a new
      root system to develop on the stem being pulled into the root growing area
      in such a manner that the new root being developed on the aerial side of
      the root mass will tend to maintain more optimum spacing with respect to
      the growing vine tip and the roots. The lower vines would be cut off prior
      to winding the step in for rooting and the oldest root would be removed as
      it passes through and out of the root compartment area.
PAR  It will be appreciated that the combination of (1) cost effective light
      during the entire year as provided in accordance with the first aspect of
      the invention and (2) optimum replenishing of the root system as provided
      in accoreance with the second aspect of the invention, enables one to keep
      the plants to be grown at the most advantageous stage of growth and yield
      for longer periods, thereby eliminating the relatively inefficient growth
      and harvesting cycles now prevalent.
PAR  Other features and advantages of the invention are set forth in, or
      apparent from, the detailed description of the preferred embodiments found
      hereinbelow.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram in which the plant growing efficiencies of HID and
      fluorescent lamps are compared;
PAR  FIG. 2 is a diagram illustrating the steps whereby the electrical input
      energy to a fluorescent lamp used in irradiating a plant is converted to
      the final form carbohydrate in the;
PAR  FIG. 3 is a schematic representation of a plant growth system incorporating
      the supplement lighting system of the invention;
PAR  FIG. 4 is a representative light waveform associated with the plant growth
      system of FIG. 3; and
PAR  FIGS. 5(a) and 5(b) are front and transverse cross-sectional views of an
      arrangement for extending plant growth and yield in accordance with a
      further aspect of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Considering in more detail some of the points discussed above, a comparison
      of continuous HID and fluorescent lamp systems is provided in block
      diagram representative of FIG. 1. This diagram illustrates that in terms
      of visual luminosity the HID lamp is almost 50% more efficient than the
      fluorescent lamp. However, as noted, the HID lamp output is direct arc
      radiation whereas the fluoroescent lamp output is substantially
      fluoroscent light whose spectral characteristics can be modified by the
      selection of the phosphor coating employed. As noted, direct arc radiation
      is essentially fixed spectrally at wavelengths which are not
      photosynthetically optimum whereas fluoroesent lamps can be used to
      provide a light output which is spectrally matched to the most efficient
      chlorophyll absorption bands. Thus, as shown in FIG. 1, the absorption
      potential of the light received from a fluorescent lamp is greater than
      that of an HID lamp. FIG. 1 also illustrates that a higher percentage of
      the light absorbed is utilized in a chemically useful way. These two
      factors together with the other advantages of fluorescent lamps discussed
      above make the fluorescent lamp the superior choice for the purposes being
      considered here. Moreover, as reflected in the figures given, the use of
      pulsing techiques together with further techniques in accordance with the
      present invention, raise the amount of electrical energy utilized in a
      chemically useful way to several times that of the HID lamp.
PAR  To further supplement the discussion above, FIG. 2 illustrates in more
      detail the electrical to plant pathway, i.e., the steps whereby the
      electrical input energy to a lamp irradiating a plant is converted into
      the final form carbohydrate of the plant.
PAR  Turning now to a consideration of a first aspect of the invention, as noted
      above, an important feature of the present invention is based on the
      inventive appreciation that a substantial advantage of using pulsed,
      fluorescent lamps is that the bulb temperature of the lamps can be
      significantly lowered so that the lamps no longer need to be located
      spatially between the plants and the sun. In particular, the lamps can be
      placed among the plants themselves and employed as supplemental lighting
      system, in addition to natural light, without shading the plants from the
      natural light. Thus, referring to FIG. 3, a greenhouse or other growing
      building, generally denoted 10, includes a series of rows of plants,
      R.sub.1 to R.sub.6, between which are located a series of banks of
      fluorescent lamps, L.sub.1 to L.sub.5. The banks of lamps L.sub.1 to
      L.sub.5 each comprises a vertical row of five lamps in the embodiment
      shown. In actual practice, the technique described might be most
      advantageously employed after high population density grown seedlings are
      transplanted to growing-harvesting greenhouse ranges. It will be
      appreciated that during the seedling growth phase not as much light is
      utilized since the intercept mass of the plants is not fully developed.
      Hence high density planting with overhead pulsing lamps would be used. The
      fluoroescent lamps of the supplemental growing and harvesting lighting
      system are preferably erected similarly to rails in a rail fence, with
      additional rails being added as the plants reach an optimum height. The
      end supports S.sub.1 to S.sub.5 for such a rail construction are
      illustrated in FIG. 3, with the rails for the individual lamps being
      separable as indicated by sections S.sub.11 and S.sub.12 for lamps
      L.sub.11 and L.sub.12. It is noted that a supplemental system such as
      described would probably need to furnish only the photosynthetic efficient
      red photons because the blue and far red photon content required for
      morphological or other processes would be derived from the natural
      radiation.
PAR  One or more pulse sources 12 is connected to the lamps of each row of lamps
      L.sub.1 to L.sub.5 and provides pulses of the general form shown in FIG.
      4. Some pulse sources and pulsing rates are disclosed in co-pending U.S.
      Patent application Ser. No. 346,902, referred to above. However, other
      pulse programs including continuously on at lower arc currents to achieve
      the lower bulb wall temperatures are conceivable. It will be appreciated
      that standard fluorescent lamps used by researchers experience bulb wall
      temperature rises of the order of 30.degree. to 40.degree.F above ambient,
      which when a normal efficient growing temperature, e.g., 80.degree.F, is
      being maintained, the bulb wall cannot touch or be in such proximity to
      the plant that it would dehydrate the plant or upset its surrounding
      temperature environment. Obviously the ability to withstand high
      temperatures will vary from plant to plant.
PAR  Turning now to consideration of a second aspect of the invention, as stated
      above, plants such as tomato plants would continue to grow and yield in a
      greenhouse throughout the winter if sufficient light were available and
      the greenhouse operator did not remove the plants. There would, of course,
      be problems associated with housing and supporting the plants vines as
      growth continued, as well as problems in supplying the necessary nutrients
      over the ever increasing distance between the roots and vine tip. Before
      proceeding, it should be noted that plants do not need dirt for growing
      and many successful growing systems employ growing mediums ranging from
      gravel beds with nutrient solutions added, to neutral cultures such as
      vermiculite and peat with periodic fertilization. In general, the roots of
      a plant merely need something to attach themselves to in order to support
      the aerial growth of the plant. The tomato plant, the exemplary candidate
      crop under consideration here, starts to grow adventitious roots all along
      the main aerial stem. After the stem protrudes from the growing medium so
      that the surrounding air is contacted the root growth stops but
      adventitious roots stand ready to develop further if the opportunity
      presents itself. A good example of this characteristic is a tomato vine
      stem which falls so as to contact a growing medium like the ground; this
      stem will root at the contact point and, if permitted will develop a new
      and extensive root system in this area.
PAR  Referring to FIGS. 5a and 5b, there is shown an arrangement for enhancing
      the growth of a plant and extending the useful life thereof. This
      arrangement, which is generally denoted 20 includes a container 22 in
      which the plant denoted P, grows. Container 22 contains the plants root
      system which is periodically flooded and drained of a nutrient solution
      24, the nutrient solution 24 being shown at flood level in the drawings.
PAR  An endless perforated plastic or non-corrosive metal belt 26 is driven by a
      drive mechanism which includes a drive roller 28 located outside of the
      container 22 and connected to a suitable drive source (not shown), a pair
      of idler rollers 30 and 32 located within container 22 and three further
      idler rollers 34, 36 and 38 arranged, as shown, outside of the container
      22 to provide a complete drive loop. With this arrangement, a portion of
      the belt 24 extends into the nutrient solution 24 in container 22 and can
      be displaced within container 22.
PAR  Belt 26 is arranged so that the roots, denoted R, of plant P attach and
      grow thereon and are at least periodically within solution 24, the belt 26
      being constructed as a mesh, or otherwise including numerous perforations
      as shown in FIG. 5(a), so as to enhance rooting of the plant. A vertical
      length of twine 40 is provided so that the plant can vine upwardly. The
      location of twine 40 is of secondary importance and in the embodiment
      illustrated the twine 40 is terminated above the belt drive arrangement
      and is connected to a horizontal length of twine 42 which joins a series
      of other vertically extending lines (not shown) for other plants. In this
      regard it is contemplated that a plurality of arrangements such as just
      described would be used in conjunction with a lighting system described
      above in connection with FIG. 3, although, of course, the arrangement can
      also be used independently of such a system or systems.
PAR  In accordance with the invention, as the plant P is extended by growth, the
      belt 26 is periodically displaced in the direction indicated by the arrow
      in FIG. 5(b) so as to pull the main stem of the plant downward into the
      growing medium, i.e., into the nutrient solution 24. In this way the
      system shown permits new root to develop on the stem being pulled into the
      growing medium in such a manner that the new root develops on the aerial
      side of the root mass thereby maintaining more optimum spacing between the
      growing vine tip and the root mass. In use, the lower vines of the plant P
      would be cut off prior to winding in the stem for further rooting and the
      oldest root would probably be removed as it emerges from the nutrient
      solution.
PAR  It will be appreciated that the combination of cost effective year around
      lighting as described earlier together with the arrangement just discussed
      whereby new roots are provided to continually replenish the old at the
      aerial end of the root system, the plant can be kept at the most
      advantageous stage of growth and yield for longer periods, thereby
      minimizing cyclic harvesting associated with tomato plants and the like.
      It will also be understood that the embodiment of this feature of the
      invention is merely exemplary and movement of the plant to enhance root
      growth may be accomplished in other ways.
PAR  It will be understood by those skilled in the art that although the
      invention has been described relative to exemplary embodiments thereof,
      modifications and variations can be effected in these embodiments without
      departing from the scope and spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for growing higher order plants, said method comprising
      locating at least one fluoroescent lamp in close proximity to the plants
      to be grown at a level lower than the tops thereof and pulsing the lamp on
      a limited duty-cycle so as to keep the bulb wall temperature of the lamp
      below a value that would damage the plant, said method further comprising
      providing a growing medium for at least one of the plants including a
      liquid nutrient solution and pulling the stem of said at least one of the
      plants into the growing medium at a selected time in the growth cycle
      thereof to enable further rooting of the plant to take place at the
      portion of the stem pulled into the growing medium.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein said lamp is located in contact
      with the plants to be grown.
NUM  3.
PAR  3. A method of growing higher order plant life wherein the plants to be
      grown are arranged in a selected pattern in a location which permits
      sunlight to fall on the plants, said method comprising locating at least
      one fluorescent lamp between at least two of the plants in close proximity
      to the plants and in a location in which sunlight is not blocked from
      falling on said plants, and which normally would not receive direct
      sunlight, and pulsing said at least one lamp on and off, the "on" time of
      said lamp being no greater than the "off" time of the lamp.
NUM  4.
PAR  4. A method as claimed in claim 3 wherein the lamp is pulsed on cyclically
      for a period which is substantially less than the "off" time of the lamp.
NUM  5.
PAR  5. A method as claimed in claim 3 wherein said plants are arranged in rows
      and at least one said fluorescent lamp is located between each of said
      rows.
NUM  6.
PAR  6. A method as claimed in claim 3 wherein said plants are arranged in rows
      and a bank of at least two fluorescent lamps is located between said at
      least two rows, the longitudinal axis of the lamps of said bank of lamps
      extending substantially parallel to the ground and said two lamps of said
      bank of lamps being spaced apart vertically in the same plane.
NUM  7.
PAR  7. An arrangement for growing higher order plants comprising:
PA1  An enclosure having a construction that permits natural sunlight to
      irradiate the plants,
PA1  a plurality of fluorescent lamps located among the plants in close
      proximity thereto and in positions which are beneath the tops of the
      plants so as to permit sunlight to irradiate the plants without hindrance
      from said lamps, and which provide that portions of the plant which
      normally do not receive direct sunlight are irradiated by the lamps
PA1  and means for pulsing said lamps on and off in accordance with a
      predetermined, variable duty cycle, the "off" time of said lamps being
      greater than the "on" time of said lamps.
NUM  8.
PAR  8. An arrangement as claimed in claim 7 wherein plants are arranged in rows
      and a bank of lamps is positioned between the rows, said bank of lamps
      comprising a plurality of vertically stacked, detachably mounted lamps.
NUM  9.
PAR  9. An arrangement as claimed in claim 8 wherein at least some of said
      plants are grown in an artificial growing medium, comprising a nutrient
      solution said arrangement further comprising movable means providing a
      rooting site for the plants grown in said artificial growing medium, and
      means for selectively moving said movable means so that the plants rooted
      thereon are pulled into said growing medium to enable further rooting of
      the plant.
NUM  10.
PAR  10. An arrangement for prolonging the growth of plant life and maintaining
      a plant at the most advantageous stage of growth and yield, said
      arrangement comprising:
PA1  means providing a growing medium comprising a nutrient solution for the
      plant to be grown,
PA1  and mechanical means for enabling the plant to be pulled into the growing
      medium at a desired time to enhance further rooting by the plant at the
      portion of the plant pulled into the growing medium
NUM  11.
PAR  11. An arrangement as claimed in claim 10 wherein said mechanical means
      comprises a movable member providing a growth area for development of the
      root system for the plant and drive means for displacing said movable
      member relative to said growing medium.
NUM  12.
PAR  12. An arrangement as claimed in claim 11 wherein said movable member
      comprises a continuous perforate belt, at least a portion of which extends
      into said growing medium and said drive means comprising a drive roller
      and a plurality of further rollers upon which said belt is mounted.
NUM  13.
PAR  13. An arrangement as claimed in claim 12 wherein said means providing a
      growing medium comprises a container containing said nutrient solution.
NUM  14.
PAR  14. An arrangement as claimed in claim 10 further comprising at least one
      fluorescent lamp located in close proximity to the plant being grown and
      at a level lower than the top thereof and means for pulsing said lamp off
      and on to irradiate said plant, the "on" time of said lamp being
      substantially less than the "off" time of said lamp.
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ABST
PAL  Device for making sections for specimens and specimen support therefor,
      namely for thin sections and ground surfaces of metallographic specimens
      for microscopic analyses. The device includes a rotatable polishing wheel
      with at least two of the specimen supports disposed thereabove, and
      frictional drive means centrally located with respect to the wheel,
      wherein the specimen supports have assigned thereto at least one roller
      for driving a pair of adjacent supports, the latter as well as the rollers
      having complementary engaging peripheral surfaces that are partly
      cylindrical and partly conical, and means for adjusting the location and
      degree of interengagement between the respective surfaces.
BSUM
PAR  The invention relates to devices for making planar and/or plan-parallel
      sections, particularly for preparing metallographic specimens for
      microscopic analyses. Specifically, the invention also relates to specimen
      supports to be used in such devices, and to their drive and adjusting
      means.
PAR  When making qualitative and quantitative analyses of compound substances
      one uses predominantly microscopic tests. To this end thin sections and
      ground surfaces are respectively required which can be examined in
      transillumination or top illumination, according to the test method being
      used.
PAR  Certain requirements are made in respect of such specimens or preparations.
      Thus, for example, the surfaces have to be planar and substantially
      plan-parallel for thin sections, with the requirement of the section
      thicknesses being adjustable and reproducible. Abrasion or
      material-removal processes other than grinding and polishing are less
      suitable because it is important to avoid the possible shifting and
      smearing of the inner structures.
PAR  In order to obtain a surface which is free from embossment or relief and
      scratches, and having only minimum roughness depths, special grinding or
      polishing pastes or corresponding wheel or disc materials are required.
      The kinematic conditions also have to be kept at an optimum for
      maintaining the planar surfaces with economic operating conditions, such
      as constant values of revolution, correlated diameters and balanced mass
      conditions.
PAR  These requirements cannot be fulfilled with the hitherto known state of the
      art, or they can be realized only in part.
PAR  It is well known that specimens of this kind have to be kept in appropriate
      cages, processed on rotating polishing wheels or discs by the aid of loose
      grinding materials, in order to achieve planar surfaces having minimum
      roughness depths.
PAR  This working principle does not lend itself to adaptation to the area of
      preparing thin sections and ground surfaces for mineralogy because
      different force conditions occur, such as for example when grinding metals
      from which metallographic specimens are prepared, e.g. for microscopic
      analyses.
PAR  It is also known, particularly for the reproducible preparation of thin
      sections, to adjust their thicknesses such that three limiting pins are
      made to directly touch the plan-parallel annular surface of the specimen
      holder or the surface of the polishing wheel when the grinding or
      polishing process is completed. These pins are directly coupled to the
      lowering or feeding process of the specimens. Although this manner of
      setting the thickness allows a certain subsequent correction of
      non-parallelism, it is rather cumbersome, time-consuming and basically
      prone to errors because the same adjustment of the limiting pins has to be
      performed at three different locations. The possibility of an erroneous
      adjustment is not eliminated either by directly or indirectly coupling the
      adjusting movement of the pins by the aid of precision measuring devices.
PAR  It is therefore an object of the present invention to eliminate the
      described disadvantages and drawbacks as far as possible. The invention
      aims at providing a simple yet reliable structure for supporting
      specimens.
PAR  The inventive specimen supports are suitable for the new devices which
      latter include the usual housing, rotatable polishing wheel, frictional
      driving roller means in the center of the wheel. The supports themselves
      are characterized in that they have assigned thereto at least one driving
      roller for two adjacent supports, the latter as well as the roller having
      complementary engaging peripheral surfaces that are partly cylindrical and
      partly conical, and means for adjusting the location and degree of
      interengagement between the respective surfaces.
PAR  Other, optional and secondary features of the invention will become clear
      from the specification, in respect of preferred, exemplary embodiments of
      the devices and the supports, which latter respectively serve for the
      preparation of accurately reproducible thin sections, and for precisely
      ground specimen surfaces, also for microscopic analyses.
PAR  It should be mentioned at this point that the present invention is related
      to some extent to the simultaneously filed patent application of the
      inventors D. Welsch and H. Waschull, titled "Device for Mounting
      Specimens", U.S. Ser. No. 447,684.
DRWD
PAR  Other objects and many of the attendant advantages of the invention will be
      readily appreciated as the same becomes better understood by reference to
      the following detailed description, when considered with the accompanying
      drawings, wherein
PAR  FIG. 1 is a somewhat schematic overall top view of a device for making
      sections for specimens, including specimen supports both according to this
      invention (somewhat similar to FIG. 2 of the above-mentioned co-pending
      application);
PAR  FIG. 2 is a partly sectional front view of a specimen supports that can be
      used in the device of FIG. 1; and
PAR  FIG. 3 is a sectional frontal view through the device of FIG. 1,
      corresponding to a section line 3 -- 3 therein, to show further structural
      details of both the device and the specimen support therein.
DETD
PAR  The device, which includes the specimen supports, has therein a polishing
      wheel or disc 1 which has fixed in its center a driving roller 2 rotating
      together with the wheel. It is however also contemplated to have the
      roller loosely mounted or separately driven, including the direction
      opposite to that of the wheel. It will be seen from the correlation of
      FIGS. 1 and 2 that the latter shows the structure of a specimen support 3
      in the overall arrangement of FIG. 1, FIG. 3 in turn constituting an
      angularly broken section as indicated in the drawing in the usual manner.
PAR  Wheel 1 has thereabove a number of the specimen supports 3 (e.g. four, as
      shown), identified as such in FIGS. 1 and 3 and in FIG. 2 with inner
      structural details at 9, with respective kinds of specimens therein, as
      will be explained somewhat later. Two intermediate driving rollers 4 are
      provided between roller 2 and the specimen supports, rollers 4 being
      respectively carried by arms 23 associated with a housing portion 26 of
      the specimen mounting device.
PAR  Supporting or braking rollers 5 are carried by smaller support arms 24,
      similarly associated with housing portion 26. Arms 23, 24 are removable
      from housing 26 by the aid of securing pins 27 and with handles,
      preferably in the form of wing nuts, 28, as shown in FIG. 3 for one of the
      arms 24 (but not for 23 which falls outside the section).
PAR  Support arms 23 also have thereon supporting rollers 5a, at locations
      spaced away from rollers 4 thereon. Rollers 5, 5a prevent simultaneous
      rotation of specimen supports 3, 9.
PAR  Rollers 4, 5, 5a have envelopes constituted partly by a cylindrical and
      partly by a somewhat conical surface, as shown in FIG. 3 for rollers 4 and
      5. These rollers are supported in a loosely rotatable manner by respective
      bolts 19 having threads at least in their upper portions, thereby allowing
      axial adjustment by the aid of respective immobilizing nuts 20.
PAR  The rollers effectively engage corresponding cylindrical and oppositely
      tapering peripheral portions of specimen holders 3 (see again FIG. 3).
      This arrangement allows the pressure onto the working wheel surface to be
      regulated, in a novel manner, and also the larger or more intense removal
      effect on the polishing wheel transferred or shifted from its outer
      periphery to more inward surface areas thereof, and vice versa.
PAR  Considering that the specimen supports according to the invention are
      suitable for the treatment of both thin sections and ground surfaces, a
      specimen 6 of the latter kind is shown in FIG. 3 within support 3, that is
      to be ground on its surface, while thin-section specimens 8 are
      illustrated in FIG. 2 between wheel 1 and support 9.
PAR  Dealing first with the details of FIG. 2, this support structure can be
      inserted into one of the supports 3 of FIG. 1 or into one of the supports
      9 (forming part of FIG. 2), and serves for the preparation of accurately
      reproducible thin sections. A glass plate 8a is shown on which preferably
      three or more specimens 8 can be attached, e.g. with an adhesive or with a
      suitable putty. Each support 9 has therein a measuring device, for example
      in the form of a screw-type micrometer 10 with which the degree of
      lowering of the specimens can be preset, thereby controlling the material
      removal therefrom.
PAR  An adjusting plate 11 has therein preferably three limiting pins 12 (only
      two being visible), distributed close to the periphery of the plate, which
      come to rest on a top edge of support 9 when the preset degree of material
      removal has been attained.
PAR  A lever 13 with eccentric action controls a prismatic guide 14 within
      support 9, clamping being accomplished by the aid of a tensioning bridle
      15 in cooperation with two lateral tightening bolts 16. Glass plate 8a is
      associated with a guide cylinder 17, and it has a notch on its periphery
      which engages a driver 18 of support 9, as shown. This prevents
      inadvertent rotation of plate 8a with respect to the support. In its
      position with respect to plate 11, cylinder 17 can be fixed with the
      previously described elements 13 to 16.
PAR  Coming now to the support structure shown in FIG. 3, serving for the
      preparation of ground specimen surfaces, an appropriate number of
      supporting rings 6a is provided within each support 3 for specimens 6. A
      weight 7 is placed on top of the structure (not identified in FIG. 1),
      which has one or more depending pressing bolts 21 that contact pressing
      plates 22 in the areas of specimens 6.
PAR  Support 3 may have therein three conical bores for the specimens, the
      contacting surfaces between holders 3 and rings 6a being angularly tapered
      so that pull-out or breakdown torque effects are substantially eliminated.
PAR  It should be noted that weight 7 can be substituted by an appropriate
      spring means (not shown).
PAR  When specimens 6 to be ground within rings 6a are processed, a follower pin
      25 prevents weight 7 from following the movement of the associated
      specimen support 3. Two holding pins 29 immobilize pressing plate 22 with
      respect to rings 6a.
PAR  It should be understood, of course, that the foregoing disclosure relates
      only to preferred embodiments of the invention, and that it is intended to
      cover all changes and modifications of the examples and features described
      which do not constitute departures from the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for making sections for specimens, for thin sections and ground
      surfaces of metallographic specimens for microscopic analyses, comprising
      a housing; a rotatable polishing wheel therein; frictional drive means
      disposed centrally on said wheel and rotating therewith; at least two
      specimen supports symmetrically carried above said wheel in a freely
      rotatable, removable and interchangeable manner; at least one intermediate
      roller pivotally supported adjacent the peripheries of a pair of adjacent
      ones of said supports for transmitting to the latter rotation from said
      drive means in a direction identical with that of said wheel; said
      supports as well as said roller having complementary interengaging
      peripheral surfaces that are partly cylindrical and partly conical; and
      means for adjusting the location and degree of interengagement between the
      respective surfaces.
NUM  2.
PAR  2. The device as defined in claim 1, wherein at least one pair of said
      engaging surfaces is located slightly above the level of said polishing
      wheel.
NUM  3.
PAR  3. The device as defined in claim 1, wherein said adjusting means is
      centrally disposed in said at least two specimen supports.
NUM  4.
PAR  4. The device as defined in claim 1, further comprising limiting means
      engaging peripheral portions of said at least two specimen supports for
      presetting the lowering distance thereof toward said polishing wheel until
      a predetermined degree of material removal by the latter has been
      attained.
NUM  5.
PAR  5. The device as defined in claim 4, wherein said limiting means includes a
      plate above said specimen support, at least one limiting pin passing
      through said plate, a substantially axial prismatic guide with clamping
      means, a guide cylinder, and a glass bottom plate associated with said
      cylinder, above a specimen when inserted in the respective support.
NUM  6.
PAR  6. The device as defined in claim 1, further comprising means for pivotally
      securing said at least one intermediate roller to said housing.
NUM  7.
PAR  7. The device as defined in claim 6, wherein said securing means is
      constituted by at least one arm pivotally supported on said housing and
      carrying said at least one roller thereon.
NUM  8.
PAR  8. The device as defined in claim 1, further comprising a weight for urging
      a specimen in one of said specimen supports toward said polishing wheel.
NUM  9.
PAR  9. The device as defined in claim 1, further comprising spring means for
      urging the specimen toward said polishing wheel.
NUM  10.
PAR  10. The device as defined in claim 1, further comprising at least one
      braking roller engaging one of said at least two specimen supports and
      urging the same toward said drive means.
NUM  11.
PAR  11. The device as defined in claim 10, further comprising means for
      removably securing said at least one braking roller to said housing.
NUM  12.
PAR  12. The device as defined in claim 10, wherein said at least one braking
      roller also has peripheral surfaces that are partly cylindrical and partly
      conical, for selective engagement with such surfaces of said at least two
      specimen supports.
NUM  13.
PAR  13. The device as defined in claim 1, wherein said at least two specimen
      supports have conical inner recesses for receiving and immobilizing
      specimens therein.
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PAL  A plurality of mathematically interrelated modular structures are disclosed
      which are based on a series of minimal surfaces bounded by skewed
      polygons. Some six basic modules are described which are capable of being
      interconnected in various combinations to form finite volume enclosing
      structures. Appropriately scaled, the modules could be used as structure
      toys, to create playground equipment or, for the construction of habitible
      structures. Utilizing these structural modules, it is possible to
      construct large assemblies having parallel planar structures within the
      enclosed space which could be considered floors and ceilings of multilevel
      structures.
PARN
PAR  This is a continuation of application Ser. No. 216,488, filed Jan. 10,
      1972, and now abandoned.
PAR  The present invention relates to modular structural elements and, more
      particularly, a series of saddle type curved surface polygonal modules
      which can combine and repeat in various add mixtures to form a collection
      of spatial structures capable of efficiently enclosing and subdividing
      space.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  From time to time, in the prior art, suggestions have been made that closed
      finite polyhedra made up of saddle shaped polygons spanned by minimal
      surfaces are possible and M. Burt has, in a book entitled "Spatial
      Arrangements and Polyhedra With Curved Surfaces and Their Architectural
      Applications", published by Technion, Haifa, Israel, in November of 1966,
      described a set of polyhedra. Three of Burt's polyhedra can be used to
      form unary space filling systems. Some of the others are capable of
      combinations which provide spans, trusses and other architectural
      elements.
PAR  Others, have in recent years, proposed minimal curved surfaces for use as
      core structures, such as is taught in the patent to Robb, U.S. Pat. No.
      3,227,598; or in walls, as is shown in Hauer, U.S. Pat. No. 3,038,278.
      Similarly, the patent to Hale, U.S. Pat. No. 3,525,663 teaches a cellular
      core structure using curved surfaces.
PAR  According to the present invention, a plurality of curved surface modules
      are derived as approximations of surfaces of least area, relative to
      closed polyogonal perimeters. Each module starts with a non-planar skew
      polygon. When a minimal surface is bounded by the skew polygon, the result
      is a saddle like, smooth surface which tends to optimize distribution of
      stress.
PAR  Utilizing the concepts of the present invention, a fundamental set of six
      primary interrelated curved surface modules has been derived. The set
      includes an octagonal figure, two hexagonal figures, one of which can be
      modified into pentagonal shape, and three dodecagonal figures. The
      included angles between adjacent edges of the polygons tend to be either
      90.degree., 120.degree., or 135.degree.. The dihedral angles between
      intersection planes of the skew polygons are either 125.degree. 16' or
      109.degree. 28'. Within these constraints, the edge lengths can be
      established for a given set of modules.
PAR  Sets of modules can be assembled and interconnected to form structures
      which can enclose space as simple finite polyhedra, or as continuous
      structures capable of virtually indefinite extension. The structures thus
      created would include curved space labyrinths having complementary tunnel
      regions which are identical or congruent. Certain of these spatial
      configurations are adapted to employ, in addition to the curved surface
      structural modules, planar, regular polygons.
PAR  In yet other embodiments, adapted for use in playground equipment, simple
      connectors have been devised to couple modules together into appropriate
      structures. Such techniques include plastic hinged joints as well as
      hingeable flanged couplers, channel members and the like.
PAR  In the preferred embodiment of the present invention, the individual
      modules will be made from rigid or semi-rigid materials so as to resist
      both tension and compression loads. A plurality of polygonal units can be
      arranged so that a single continuous membrane can be substituted for a
      series of interconnected individual modules in a minimal surface which
      conforms to the several polygons.
PAR  A triangulated skeletal approximation can be derived from each curved
      surface module. Such an approximation would utilize the teachings of a
      copending application of the inventor entitled "Minimum Inventory Maximum
      Diversity Building System," filed Aug. 30, 1971, U.S. Ser. No. 176,220.
      Such structures would utilize strut members to form the perimeter of the
      module, and other strut members would be used to triangulate the structure
      to afford structural rigidity.
PAR  In another embodiment, an alternative triangulated approximation can be
      created from a plurality of planar, triangular elements replacing the
      skeletal strut members. As is taught in the copending Pearce application,
      supra, a plane triangular plate would be the full structural equivalent of
      a skeletal frame of the same shape or outline.
PAR  It is, therefore, an object of the present invention to provide a set of
      minimal surface, polygonal modules that are capable of being assembled
      into integral, self-supporting structures.
PAR  It is an additional object of the invention to provide a family of realted,
      polygonal modules that can be assembled into novel and challenging play
      structures.
PAR  It is a further object of invention to provide a family of related,
      polygonal modular shapes that can be utilized as a construction toy.
DRWD
PAR  The novel features which are believed to be characteristic of the
      invention, both as to organization and method of operation, together with
      further objects and advantages thereof will be better understood from the
      following description considered in connection with the accompanying
      drawings in which several preferred embodiments of the invention are
      illustrated by way of example. It is to be expressly understood, however,
      that the drawings are for the purpose of illustration and description only
      and are not intended as a definition of the limits of the invention.
PAR  FIG. 1 is a perspective view of a multi-story structure composed of modules
      according to the present invention;
PAR  FIG. 2, including FIGS. 2a through 2e, inclusive, relates to an octagonal
      curved surface module according to the present invention in which FIG. 2a
      is a perspective view of the intersecting planes which help define the
      module; FIG. 2b is a perspective view of a minimum surface module so
      defined; FIG. 2c is a perspective view of a triangulated planar
      approximation of the module; FIG. 2d is a top view of the module
      triangulated by skeletal struts; and FIG. 2e is a modification of the
      module wherein arcs replace certain of the linear edges.
PAR  FIG. 3, including FIGS. 3a through 3e, inclusive, relates to a hexagonal
      curved surface module according to the present invention in which FIG. 3a
      is a perspective view of the intersecting planes which help define the
      module; FIG. 3b is a perspective view of a minimum surface module so
      defined; FIG. 3c is a perspective view of a triangulated planar
      approximation of the module; FIG. 3d is a top view of the module
      triangulated by skeletal struts; and FIG. 3e is a modification of the
      module wherein arcs replace certain of the linear edges.
PAR  FIG. 4, including FIGS. 4a through 4h, inclusive, relates to an alternative
      hexagonal curved surface module according to the present invention in
      which FIG. 4a is a perspective view of the intersecting planes which help
      define the module; FIG. 4b is a perspective view of a minimum surface
      module so defined; FIG. 4c is a perspective view of a triangulated planar
      approximation of the module; FIG. 4d is a top view of the module
      triangulated by skeletal struts; FIG. 4e is a modification of the module
      wherein arcs replace certain of the linear edges; FIG. 4f is a perspective
      view of the module of FIG. 4b modified to a pentagonal shape; FIG. 4g is a
      perspective view of a triangulated planar approximation of the modified
      module; and FIG. 4h is a top view of the modified module triangulated by
      skeletal struts.
PAR  FIG. 5, including FIGS. 5a through 5f, inclusive, relates to a dodecagonal
      curved surface module according to the present invention in which FIG. 5a
      is a perspective view of the intersecting planes which help define the
      module; FIG. 5b is a perspective view of a minimal surface module so
      defined; FIG. 5c is a perspective view of a triangulated planar
      approximation of the module; FIG. 5d is a top view of the module
      triangulated by skeletal struts; FIG. 5e is a modification of the module
      wherein arcs replace certain of the linear edges; and FIG. 5f is a further
      modification in which all straight edges are replaced by curves.
PAR  FIG. 6, including FIGS. 6a through 6e, inclusive, relates to an
      alternative, symmetrical dodecagonal surved surface module according to
      the present invention in which FIG. 6a is a perspective view of the
      intersecting planes which help define the module; FIG. 6b is a perspective
      view of the module so defined; FIG. 6c is a perspective view of a
      triangulated planar approximation of the module, FIG. 6d is a top view of
      the module triangulated by skeletal struts; and FIG. 6e is a modification
      of the module wherein arcs replace certain of the linear edges.
PAR  FIG. 7, including FIGS. 7a through 7e, inclusive, relates to another
      symmetrical dodecagonal curved surface module according to the present
      invention in which FIG. 7a is a perspective view of the intersecting
      planes which help define the module; FIG. 7b is a perspective view of the
      module so defined; FIG. 7c is a perspective view of a triangulated planar
      approximation of the module; FIG. 7d is a top view of the module
      triangulated by skeletal struts; and FIG. 7e is a modification of the
      module wherein arcs replace certain of the linear edges.
PAR  FIG. 8, including FIGS. 8a and 8b, is a structure comprised of the modules
      of FIGS. 3b and 5b and of the comparable structure comprised of the
      modules of FIG. 3e and 5e in FIGS. 8a and 8b, respectively;
PAR  FIG. 9, including FIGS. 9a and 9b, illustrates structures comprised of the
      elements of FIGS. 2a, 6b, and 2e, 6e, in FIGS. 9a and 9b, respectively,
PAR  FIG. 10, including FIGS. 10a and 10b, illustrates structures comprised of
      the modules of FIG. 3b, 4b, and 3e and 4e, in FIGS. 10a and 10b,
      respectively;
PAR  FIG. 11 is a partially exploded view of a complex structure employing units
      comprised of the modules of FIGS. 2, 3 and 6;
PAR  FIG. 12 is a perspective view, partly broken away of a portion of the
      structure of FIG. 11, containing a plurality of parallel planes suitable
      as an element of a habitable structure;
PAR  FIG. 13 is a perspective view of a more complex structure utilizing
      components of the present invention;
PAR  FIG. 14 is a perspective view, partially broken away, of a portion of the
      structure of FIG. 13 showing a set of parallel planes in the interior of
      the structure;
PAR  FIG. 15 is an alternative structural combination comprised of the modules
      FIGS. 3b, 4f of the present invention;
PAR  FIG. 16 is a perspective view of a tunnel labyrinth structure comprised of
      modules of the present invention;
PAR  FIG. 17 is a view of a labyrinthine structure comprised of modules of FIG.
      5b of the present invention;
PAR  FIG. 18 is a perspective view of a labyrinthine structure substantially
      identical to that of FIG. 17, except that the modules of FIG. 5b utilized
      in the structure of FIG. 17 have been replaced by the modules of FIG. 5f;
PAR  FIG. 19 including FIGS. 19a and 19b, illustrates two alternative
      configurations of the same labyrinth system comprising modules with
      straight edges, FIG. 19a, and with curved edges, FIG. 19b;
PAR  FIG. 20 is yet another complex structure employing modules of the present
      invention;
PAR  FIG. 21 including FIGS. 21a through d, inclusive, is a perspective end view
      of coupling hinges suitable for joining the modules of FIGS. 2 through 7;
PAR  FIG. 22 is a top view, of a module according to the present invention
      having a hinged edge adaptable for interconnecting with other similar
      modules;
PAR  FIG. 23 is a sectional view of the module of FIG. 22 taken along line
      23--23 in the direction of the appended arrows;
PAR  FIG. 24 including FIGS. 24 a through e, inclusive, illustrates the
      sequential steps of joining modules by clamping edges;
PAR  FIG. 25 is a top view of interconnected modules such as are illustrated in
      FIGS. 3a and 3b;
PAR  FIG. 26 is a sectional view of the structure of FIG. 25 taken along the
      lines 26--26 in the direction of the appended arrows;
PAR  FIG. 27 is a sectioned view of the structure of FIG. 25 taken along lines
      27--27 in the direction of the appended arrows;
PAR  FIG. 28 represents the 20 horizontal planar sections of the structure of
      FIG. 1.
DETD
PAR  Turning first to FIG. 1, there is illustrated a multistory structure,
      comprised for the most part of a superstructure which is in turn assembled
      from surface modules of the present invention. As illustrated, the
      structure may be considered a 20 story habitable structure in which floor
      layers span and, subdivide very large volumetric regions created by the
      super-structure.
PAR  As illustrated in FIG. 1, the structure terminates in domes of the type
      disclosed in the copending application of the present inventor, entitled
      "Minimum Inventory Maximum Diversity Building System", filed Aug. 30,
      1971, U.S. Ser. No. 176,220. In that application, a building system was
      disclosed which comprised a plurality of strut members of predetermined
      dimensions which, when interconnected, provided modular structures using
      linear frameworks which were triangulated for structural rigidity. Because
      of the selection of relative sizes of the structural members, dome
      structures were provided of high volume to weight ratios and of great
      inherent structural strength and stability.
PAR  While it is not essential that such elements of the system of the copending
      application be employed, they are useful to illustrate the flexibility of
      the present invention and its ability to accommodate other systems.
PAR  In the architectural field, the application of curved space structures to
      large scale building assemblies is of great interest. Structures can be
      assembled in larger aggregates from prefabricated modular surfaces
      produced in reinforced thin shell concrete or even reinforced plastic.
      Typically, a module for building purposes may measure approximately 13
      feet on an edge.
PAR  As shown in FIG. 1, a superstructure can be assembled from modules which
      incorporates both surface and skeletel modules described in greater detail
      below and skeletal frameworks of the copending Pearce application. Floor
      layers can then be attached to the superstructure as described herein.
      Very large volumetric regions are spanned by the floor layers. In proposed
      embodiments, the largest spans approach 80 feet. A 20 story pyramidal
      building configuration 10 is shown by way of example.
PAR  In this configuration, one of several "tunnel" regions forms the interior
      of the building. Another is entirely exterior and is represented by the
      shaded regions. Such a configuration gives rise to a remarkable series of
      floor plans which are shown below, in detail, in FIG. 28.
PAR  In the preferred embodiment of the present invention a set of six, primary,
      interrelated curved surface modules are defined. These are shown in FIGS.
      2-7 inclusive. Their triangulated approximations are also included. The
      perimetric nonplanar (skew) polygons of each module may be identified in
      terms of their included angles and the number of sides. The six primary
      modules are listed in the following Table 1:
TBL                TABLE 1                                                     

     ______________________________________                                    

            No. of Sides                                                       

                       No. of   No. of                                         

     Modules                                                                   

            of Perimetric                                                      

                       Primary  Second-                                        

                                       Included Angles                         

            Polygon    Edges    ary                                            

                                Edges                                          

     ______________________________________                                    

     A (20) 8          4        4      120.degree. etc, etc.                   

     B (24) 6          4        2      90.degree., 120.degree., 120.degree.,   

                                       90.degree., 120.degree., 120.degree.    

     C (28) 6          4        2      90.degree., 135.degree., 135.degree.,   

                                       90.degree., 120.degree., 120.degree.    

     D (34) 12         8        4      90.degree., 120.degree., 120.degree.,   

                                       90.degree., 120.degree., 120.degree.,   

                                       90.degree., 120.degree., 120.degree.,   

                                       90.degree., 120.degree., 120.degree.    

     E (40) 12         6        6      120.degree.                             

     F (44) 12         6        6      135.degree.                             

     ______________________________________                                    

PAR  It is the combination of the included angles and the number of sides of a
      given polygon or set of polygons that determines how multiples can be
      assembled into a curved space structural array. The edges of each polygon
      are classified as primary or secondary and are indicated in TABLE 1, and
      in the figures. Any variation in edge length combinations is permissible
      so long as the angular relationships and the number of primary edges for a
      given module remain constant.
PAR  Turning next to FIG. 2, there is shown in FIG. 2b an octagonal module 20,
      which is identified as the A module. This figure, as noted in the table,
      includes four primary edges 14 and four secondary edges 16. In defining
      the figure, it may be assumed that two of the primary edges 14 can define
      a first plane 15, and the remaining two primary edges 14 define a second
      plane 17, which will intersect the first plane 15 at some point remote of
      space.
PAR  A third plane 18 can be defined by the parallel secondary edges 16 that
      separate any pair of coplanar primary edges. The third plane 18 which may
      be considered a base plane intersects the first and second planes 15, 17
      at a dihedral angle of 125.degree. 16'. It is to be noted, however, that
      this mode of describing the figure merely relates to the relative
      placement of the edges, and in no way constrains the surface, which,
      according to the present invention, should be a minimal surface bounded by
      the edges. The included angle between adjacent edges in this module is
      uniformly 120.degree..
PAR  In FIG. 2c, a module 22 having the same perimeter is shown as a
      triangulated frame without a surface. The frame would include two
      secondary edges 16 in a base plane 18' and two primary edges 14 and the
      included secondary edge 16 forming first planes 15' intersecting the base
      plane 18' at a dihedral angle of 125.degree. 16'. The remaining primary
      edges 14 and the included secondary edge 16 also form a plane 17'
      intersecting the base plane 18' at a dihedral angle of 125.degree. 16'.
      For structural rigidity, a strut would be placed at each apex, with the
      several struts intersecting at the centroid of the figure.
PAR  An alternative embodiment of the module 20 is illustrated in FIG. 2e, in
      which the primary edges 14 of the A module 20 have been extended and are
      joined by an arced apex, rather than a secondary edge 16. The resulting
      module 22 then becomes primarily a quadrilateral polygon. All other
      relationships are maintained, and the modified A module 22 could be
      utilized virtually interchangeably with the A module 20 of FIG. 2b.
PAR  A second or B module 24 is illustrated in FIG. 3 as a hexagonal module
      having four primary edges 14 and two secondary edges 16. In this B module
      24, the primary edges 14 meet. A first plane 25 is defined by two primary
      edges 14 and an included secondary edge 16. The remaining primary edge 14
      and the included secondary edge 16 defines a second plane 27 which
      intersects the first plane 25 at a dihedral angle of 109.degree. 28'. As
      noted in Table I, the primary edges 14 meet at an angle of 90.degree., but
      primary 14 and secondary 16 edges meet at 120.degree. angle.
PAR  In FIG. 3c, the alternative triangulated form of the figure is illustrated,
      which includes triangulation for rigidity in the absence of the minimal
      surface. In FIG. 3e, the B module 24 is modified by extending coplanar
      primary edges 14 to form arced apices, resulting in a substantially
      quadrilateral figure 26, as well.
PAR  In FIG. 4, there is shown a C module 28, which is also a hexagon. In the C
      module 28, as in the B module 24, the primary edges 14 meet at 90.degree.
      angles. The planes formed by the primary edges and the included secondary
      edges 16 intersect at a dihedral angle of 125.degree. 16 minutes, as with
      the A module 20 of FIG. 2 above. In the C module 28, one of the secondary
      edges 16 meets the primary edges 14 at angles of 120.degree. while the
      other of the secondary edges 16 meets the primary edges at angles of
      135.degree.. This makes for a less uniform figure in that the secondary
      edges 16 are not the same length.
PAR  In FIG. 4c, the triangulated version of the C module 28 is illustrated, and
      in FIG. 4e, a virtual quadrilateral polygon 30 is formed by extending the
      primary edges 14 and substituting arced apices for the secondary edges.
PAR  A modified version of the C module is illustrated in FIG. 4f and has been
      identified as the C' module 32. This alternative module is created by
      extending two of the primary edges 14 to intersect in place of the
      secondary edge 16, which intersected at the angles of 135.degree.. The
      resulting pentagonal module 32 has all of the primary edges 14
      intersecting at 90.degree. angles with the secondary edge meeting the
      adjacent primary edges at an angle of 120.degree.. In FIG. 4g, the
      resulting pentagon is shown in the triangulated frame version.
PAR  In FIG. 5b there is illustrated a dodecagonal module identified as a D
      module 34. The primary edges 14 of this module 34 meet at a 90.degree.
      angles, while the secondary edges 16 join the primary edges at 120.degree.
      angles. Given a base plane 35 defined by the four 90.degree. apices of the
      primary edge 14 intersections, each of four planes that intersect the base
      plane can be defined by each secondary edge 16 and the two primary edges
      14 connected to it. Each of these planes intersect the base plane 35 at
      the dihedral angle of 125.degree. 16'.
PAR  In FIG. 5c, the triangulated frame version of the module 34 is illustrated,
      and in FIG. 5e, a modified figure 36 is illustrated in which the primary
      edges 14 are extended to meet at arced apices, eliminating the secondary
      16 edges. This modification results in a substantially octagonal figure.
PAR  In an alternative version of the D module identified as the D' module 38 in
      FIG. 5f, each of the 90.degree. intersections of the primary edges 14 is
      replaced with a single, curved primary edge 12, and each of the secondary
      edges are replaced by curved edges 8. The special utility of such a module
      will appear in conjunction with assembleges to be described below.
PAR  An alternative, symmetrical dodecagonal figure is illustrated in FIG. 6,
      and is identified as an E module 40. The E module 40 is a symmetrical
      dodecagon having six primary 14 and six secondary edges 16 with a
      120.degree. angle at each edge intersection. Further, a dihedral angle of
      109.degree. 28' is formed by the intersections of the planes defined by
      the primary edges and included secondary edges and a base plane, said base
      plane is defined by three coplanar secondary edges. The triangulated
      version of the E module 40 is illustrated in FIG. 6c. In FIG. 6e and E
      module is modified by extending the primary edges to meet at arced apices,
      to result in an approximately hexagonal figure 42.
PAR  A sixth basic module, known as the F module 44, is illustrated in FIG. 7b.
      As may be noted in connection with Table I above, all of the edges of the
      F module 44 intersect at an angles of 135.degree.. The F module 44 has six
      primary 14 and six secondary 16 edges, and the dihedral angles formed by
      the intersection of the plane defined by each set of two primary edges and
      the included secondary edge with a base plane defined by the remaining
      three secondary edges is 125.degree. 16'. In FIG. 7c, the triangulated
      frame version of the F module 44 is shown, and in FIG. 7e, an approximate
      hexagonal figure 46 is produced by the extension of the primary edges to
      meet at arced apices. Any variation in edge length combinations is
      permissible so long as the angular relationships and the number of primary
      edges for a given module remain constant.
PAR  Particular primary edge combinations govern the formationn of alternative
      spatial configurations. Secondary edge 16 joining is normally inadvertent.
      All basic assemblies can be created by joining only primary edges 14 on
      primary edges 14. Such a procedure automatically provides that secondary
      edges 16 meet each other.
PAR  Also utilized but not illustrated are planar geometric figures such as a
      hexagon, square and triangle. As discussed in the copending Pearce
      application, the hexagon and square can also be represented in
      triangulated form. These flat polygonal modules constitute secondary
      components since they do not determine the basic assembly possibilities.
      Their occurrence is primarily inadvertent, as these flat polygons are
      always defined by openings which have been formed by secondary edges 16.
      In such cases the flat polygons are required for full spatial closure.
      There are some instances where certain edges of flat polygons may join
      primary edges 14. However, these are special cases usually related to the
      termination of structures.
PAR  The alternative modules in which the basic elements have been modified by
      extending the primary edges to meet at arced apices have the same basic
      assembly capabilities as the primary modules from which they are derived
      since the primary edges are preserved and the secondary edges virtually
      eliminated. Triangulated approximations of these modified modular elements
      are not shown although, in principle, they are possible to form.
PAR  Note that a C' module 32 is shown. This alteration, which eliminates one
      secondary edge leaves a 5-sided polygon of 4 primary edges and one
      secondary edge with included angles of 120.degree., 90.degree.,
      90.degree., 120.degree.. Similar alterations can be made to any of the
      polygons. This C' module 32 is shown because it is a particularly useful
      part as will be developed below.
PAR  Note that there is also shown a D' module 38. In this modification, pairs
      of primary edges have been merged into continuous arcs and the secondary
      edges have also been arced. Although the application of this module is
      more limited than the modified D module 36, it is nonetheless capable of
      being assembled into structures with remarkable properties as will be
      shown.
PAR  With the basic kit of parts described and shown in FIGS. 2-7, a variety of
      different spatial assemblies can be made. Some systems can be assembled
      with only one kind of module. Others require combinations of two or more.
      It is important to point out that for every spatial configuration that can
      be assembled from these curved surface modules, an equivalent spatial
      configuration can be assembled from the corresponding triangulated
      approximations of these same modules.
PAR  A collection of finite saddle polyhedra can be assembled by various
      admixtures of components from the inventory, including the planar
      triangles, squares and hexagons. This collection of finite, closed curved
      spatial cells constitutes a unique set of space filling polyhedra which in
      various combinations can be packed to fill all space.
PAR  From various of these space filling combinations, can be derived a second
      class of modular curved space structures by symmetrically omitting certain
      of the partitions shared by adjacent polyhedra in a space filling array.
      What is generated is a family of different but related, infinite,
      continuous, curved space, three-dimensional tunnel labyrinths which divide
      space into two and only two, complementary tunnel regions.
PAR  The tunnel regions are separated from one another by the continuous
      three-dimensional membrane formed by the assembly of certain of the
      surface modules of FIGS. 2-7. One of the principle properties of such
      continuous surfaces is that they are approximately smooth throughout. Even
      at the intersection of one modular surface element to another, there
      exists no abrupt change in direction of the surface. This is particularly
      true at the intersections of primary edges, the tangent surface of which
      tends in all cases to meet at 180.degree. plane angles to one another.
      There are a few of these spatial labyrinths in which secondary edges meet,
      such that a discontinuity occurs because surfaces do not meet at
      180.degree., but in these structures too, the overall continuity is
      preserved through the intersections of primary edges 14.
PAR  In some examples of these curved space labyrinths, the complementary tunnel
      regions are identical (congruent) and in others, they are, of necessity,
      still complementary but non-congurent. These systems are described in more
      detail below. Different finite curved space cells or saddle polyhedra are
      illustrated by way of example. In FIG. 8a there is shown a figure 48
      assembled from twelve B components 24, six D components 34 and eight
      planar hexagonal components 50. Note that the triangulation of some of
      these component modules is indicated.
PAR  The B and D modules 24, 34 can be replaced with their respective
      alternative modified forms 26, 36 with the extended primary edges and
      arced apices. This is best seen in FIG. 8b. Note that the planar hexagonal
      modules 50 are omitted and minimal concave hexagons 52 occur. This example
      of a modified structure 54 like others below shows the secondary role of
      the flat hexagons 50 which join D and B components 34, 24 on their
      secondary edges 16. This saddle polyhedron 54 can fill space in
      combination with other figures described below.
PAR  In FIG. 9a there is shown an assembly 56 of six A components 20 four E
      components 40, and four planar hexagons 50. FIG. 9b illustrates the
      equivalent saddle polyhedra 58 assembled from modified A and E components
      22, 42 with the primary edges 14 extended and the arced apices. Note again
      that the flat hexagonal components 50 are replaced by concave hexagons 52.
PAR  In FIG. 10a there can be seen a saddle polyhedron 60 which is equivalent in
      overall form to the assembly 56 of FIG. 9a. However, it is assembled from
      a different set of components: namely, 24 B components 24, 24 C
      components, 28, four planar hexagonal components 50 and six square planar
      components 62.
PAR  The equivalent configurations can again be assembled from the appropriate
      set of alternate modules 26, 30 with extended primary edges and arced
      apices as in FIG. 10b. Note that both the flat hexagons 50 and squares 62
      are diminished, again revealing the secondary role of these flat polygonal
      modules. The assemblies 56, 58 and 60,64 of both FIGS. 9 and 10 form
      saddle polyhedra that will fill space by themselves as well as in
      combination with other spatial units.
PAR  Turning to FIG. 11, a space filling is provided in which some of the E
      modules 40 are removed to result in a continuous curved space labyrinth
      which divides space into two congruent regions. These two regions comprise
      two mutually exclusive, yet complementary tunnel regions. Each tunnel
      region conforms to the mapping of a uniform periodic network in which 4
      edges meet at each vertex in the array at approximately 109.degree. 28'.
      In effect, a "4-way" tunnel labyrinth is formed.
PAR  As was noted earlier, one of the properties of such continuous surfaces is
      that the modules meet one another at approximately 180.degree. thereby
      forming a surface continuity from one modular unit to another. Such
      structures can be indefinitely extended. In this case they are extended by
      the repetition of A 20 and planar hexagonal 50 components only.
PAR  However, such structures cannot actually grow indefinitely and, therefore,
      require some form of termination. Moreover, without such termination,
      structural instability results. By way of example, one of the saddle
      polyhedra 56 has each of its four E components 40 replaced by a set of
      three B components 24. This illustrates that the continuous labyrinth can
      be conveniently terminated with either B components 24 or E components 40.
      Note that when the B components 24 are used for termination purposes,
      planar triangles 66 result. Some of the A and B modules 20,24 have been
      shown in their triangulated form. A modified saddle polyhedron 68 is shown
      with one of its B modules 40 triangulated in addition to singles A and
      planar hexagonal modules 50. One can see from this that the entire curved
      space labyrinth FIG. 11 could be assembled exclusively with triangulated
      modules, exclusively with curved surface modules, or, for that matter, any
      admixture of triangulated or curved surface modules as may be desirable.
PAR  In FIG. 12 there is shown a partial assembly of the curved space structure
      68 from FIG. 11 in which a set of parallel planes 70 are included. The
      planes 70 are defined by certain primary and secondary edges of the
      constituent polygonal modules from which the curved space structure is
      assembled. The parallel planes 70 are attached at the edges which define
      them.
PAR  In the preferred embodiment of this system, the edges of all the modules
      are equal in length in which case, the parallel layers 70 may each be
      composed of planar arrays of equilateral triangoles 72 whose edges are
      equal in length to the edges of the curved surface modules. These
      geometric relationships facilitate the assembly of modular floor trusses
      which can be hung perimetrically to the building superstructure formed
      from the curved space labyrinth.
PAR  In FIG. 13, there is shown yet another curved space structural labyrinth 74
      similar to that of FIG. 12. This particular structure can be derived from
      a space filling system comprised of the saddle polyhedra 48 of FIG. 8a and
      a second saddle polyhedra (not illustrated) in which all D modules 34 are
      omitted. This results in a labyrinth composed of two congruent tunnel
      regions. Each tunnel system conforms to a mapping of a uniform periodic
      network in which 6 edges meet at each vertex in the array at approximately
      90.degree., forming a simple cubic network.
PAR  In effect, a 6-way tunnel labyrinth is formed. The entire curved space
      structure 74 may be indefinitely extended by the repetition of B modules
      24 and planar hexagonal modules 50. Like the 4-way labyrinth of FIG. 11,
      this 6-way labyrinth must also be terminated or closed off if it is to be
      stable. This is conveniently accomplished by use of additional B modules
      24 which again gives rise to the inadvertent occurrence of triangular
      regions which can be filled by triangular elements 66.
PAR  As was earlier pointed out, the inherent stability of a triangle makes the
      triangle module 66 of optional module since it is not a structural
      requirement. Note that D modules 34 may also be used for termination
      purposes.
PAR  In FIG. 13 many modules are shown in triangulated form. Like all of the
      composed described herein, assemblies can be created which are entirely
      composed of triangulated modules or entirely composed of curved surface
      modules or any combination of the two types.
PAR  In FIG. 14, a partial assembly 76 of the curved space structure 74 of FIG.
      13 is shown including a set of parallel planes 70. As in the case of FIG.
      12, the planes 70 are defined by certain primary and secondary edges of
      the component modules and the planes 70 are attached to these same edges.
PAR  Also when the edges of all of the surface modules are equal in length the
      parallel planes 70 may be decomposed into arrays of equilateral triangles
      72 with their edges equal in length to the edges of the surface modules.
      This permits the assembly of modular floor trusses which make possible
      useful multistory building arrangements with the spatial volumes created
      by the curved space modular structure.
PAR  In FIG. 15 can be seen a partial space filling array which includes four
      saddle polyhedra 78 similar to the type seen in FIG. 10a. The unit
      polyhedron in this array differs from that of FIG. 10a in that the C'
      modules 32 have been everywhere substituted for C modules 28, and hence
      all the planar square modules are omitted. This is a very interesting
      space filling system since curved space labyrinth structures may be
      derived that are equivalent to both the 4-way tunnel system of FIG. 11 and
      the 6-way tunnel system of FIG. 13. If, in a space filling array of this
      saddle polyhedron 78, all B components 24 and the planar hexagons 50 which
      are surrounded by B components 24 are omitted, the 4-way tunnel labyrinth
      is formed. It would be composed of C' components 32, and planar hexagons.
      If, on the other hand, all C' components 32 are omitted, the 6-way tunnel
      labyrinth is formed. Like the structure of FIG. 13, it would be composed
      entirely of B components 24, and planar hexagons 50.
PAR  Because these two different tunnel systems can be derived from the same
      space filling saddle polyhedron, it is possible to build single continuous
      structures that incorporate sections from both 4-way and 6-way tunnels.
PAR  An assembly of a section of another tunnel labyrinth 80 is shown in FIG.
      16. Note that although B modules 24, are omitted to create the continuous
      labyrinth 80. Other B modules 24 are used for termination purposes. Twelve
      tunnels 82 emanate from each of the FIG. 8a saddle polyhedra 48 in a
      periodic array. Each tunnel consisting of two A modules 20 in turn is
      joined to another FIG. 8a saddle polyhedron 48, etc. Hence the 12-way
      tunnel system is formed.
PAR  A 4-way/9-way tunnel system 84 is the larger left over space. Note that in
      the labyrinth assembly 80 of FIG. 16, some of the modules are shown as
      triangulated components. The entire structure could be comprised entirely
      of surface modules, entirely of triangulated modules or any admixture or
      combination as desired. It should also be noted that the parallel floor
      planes 70 mentioned earlier in connection with FIGS. 12 and 14 and their
      governing parameters, apply equally well to this configuration.
PAR  In FIG. 17 is shown yet another spatial labyrinth which is derived from
      another space filling system. The spatial labyrinth 86 is assembled
      entirely from D modules 34 in which two complementary but dissimilar
      tunnel regions are formed. One such region conforms to a uniform network
      in which 8 edges meet at each vertex at angles of approximately
      70.degree.32'. The complementary tunnel system conforms to a uniform
      network in which 4 coplanar edges meet at each vertex at approximately
      90.degree. angles. In effect, an 8-way/4-way tunnel complex 86 is formed.
PAR  In FIG. 18 there is shown the same general configuration as in FIG. 17,
      except D' modules 38 have been substituted for D modules 34 everywhere.
PAR  In FIG. 19a there can be seen an alternative labyrinth system 88 which is
      not derived from a system of space filling saddle polyhedra, but which is
      nonetheless, assembled from modules defined in TABLE I. A labyrinth system
      88 is assembled from E components 40 in which the two complementary
      regions are congruent and each conforms to a mapping which defines a
      semiuniform net.
PAR  At one kind of vertex 3 edges meet in a common plane at approximately
      120.degree. and at a second kind of vertex 5 edges meet 3 edges in a
      common plane at approximately 120.degree. and 2 edges normal to said plane
      from either side. In effect, a 5/3-way tunnel system is formed.
PAR  This particular curved space labyrinth 88 has more frequently occurring
      surface discontinuities along the edges where modules are joined than in
      any of the other systems described, but they are not so severe as to
      destroy the flow of the labyrinth.
PAR  These same discontinuities can be reduced and even eliminated by intoducing
      some curved edges to some of the modules. FIG. 19b shows a modified
      version of FIG. 19a in which curved edges are introduced to eliminate such
      discontinuities.
PAR  In FIG. 20 there is shown a partial space filling arrangement composed of
      yet other saddle polyhedra. These polyhedra are comprised of A and B
      modules, 20,24 and planar squares 62. As is shown, continuous enclosed
      spaces can be created.
PAR  It can be easily demonstrated that doubly curved surfaces or shells of the
      types exemplified by the inventory of modular units in FIG. 2-7 have very
      high strength to weight characteristics when produced in appropriately
      rigid materials. They have substantially greater strength per unit of
      invested material, or per unit of material thickness, than do planar
      surfaces.
PAR  The space filling saddle polyhedra disclosed herein have some unique
      advantages as high efficiency structures due to the periodic interaction
      of the already efficient, doubly curved surfaces. Such interactions serve
      a self-stabilizing and stress-distributing function. The modular curved
      space labyrinths have basically the same properties, but may be considered
      optimal forms in the sense that they are minimum redundancy structures.
PAR  They are characterized by an extraordinarily large containment of volume
      for the surface area, and although there is no actual formation of an
      array of finite volumetric units or cells, this is implicit in the
      tunneling system. Perhaps even more than the space filling polyhedra,
      these curved space, continuous surfaces open up wholly unprecedented
      possibilities for structural design.
PAR  Although it is implicit in all of the configurations described above, it is
      with the continuous surface systems that one clearly abandons any
      references to the conventional spatial orientation and constraints usually
      associated with structural design and architecture. The spatial labyrinths
      of continuous surfaces have no inherent "inside" or "outside", "up" or
      "down," "horizontal" or "vertical", etc. All of these orientations can be
      assigned to a structure, but they are not inherently dictated by the
      geometry of the structure itself.
PAR  As was pointed out above, these labyrinths divide space into two regions;
      that is, they create two-side surfaces. "Inside" can be either of its two
      sides. This will usually depend on the means by which these "infinite"
      systems are terminated or closed off into finite structures. "Up" and
      "Down" and "Horizontal" and "Vertical" may be determined with reference to
      specific environmental contexts or use, but not by the structure itself.
PAR  In order to differentiate an "inside" from an "outside", it is necessary,
      as a minimum condition, to subdivide space into at least two regions. Any
      simple finite cell such as a single sphere or cube does this very well. If
      one wished to subdivide space indefinitely or even in a nominally
      repeatable way, into at least two regions, then the continuous surfaces
      have extremely useful properties.
PAR  As a family of structures, the spatial labyrinths will subdivide space into
      two regions with less surface area than any other kind of space enclosing
      system. This, in connection with their efficiency as physical structures,
      promises assemblies of minimum redundancy, i.e., structures which enclose
      a great amount of repeatable volume while requiring a minimum of invested
      resources.
PAR  The present invention includes curved surface modules and their
      triangulated approximations. Empirical observations show that there is a
      surprising similarity of behavior between the linear frameworks described
      and shown in the copending Pearce application and saddle surfaces when
      they are both considered in terms of periodic, modular associations. Much
      of the structural approach presented herein depends upon the assumption
      that those spatial arrangements of phsyical modules, be they linear
      branches or surfaces, which form fully stable geometrical arrangements,
      will be more efficient as structures than those which do not form stable
      geometric arrangements.
PAR  Efficiency is taken here to mean the ratio of resources investment required
      to resist a given amount of stress (or stresses), to the amount of volume
      enclosed. Stated another way -- it will take less material to resist a
      given amount of stress while enclosing a given volume with a modular
      system that is inherently stable, than is required with a system that is
      not inherently stable.
PAR  The basic principle of geometric stability governs the behavior of both
      branch and surface systems. In the case of finite branch systems, the
      principle of geometric stability is simple enough. Namely, that only fully
      triangulated systems are inherently stable.
PAR  If a finite system is entirely enclosed by surfaces it will also be stable.
      If these surfaces are all flat, as in plane faced polyhedra, local
      instability results when concentrated loads are applied to the faces. If
      the surfaces are curved, the local instability is diminished or completely
      eliminated. It will be seen that in a physico-geometric sense, only fully
      triangulated polyhedra, or fully surfaced polyhedra may be considered
      closed and, therefore, stable, and that the saddle polyhedra overcome, to
      a large extent, the local instabilities of the plane faced polyhedra.
PAR  A finite saddle polyhedron clearly illustrates the structural enhancement
      of doubly curved saddle surfaces when they are associated in aggregate.
      The isolated saddle surface undergoes stress that is completely cancelled
      out by the interaction of saddle surface in an aggregate. The isolated
      saddle surface is invariably expected to function as a cantilever which
      introduces bending stresses that are unknown to periodic arrays of such
      surfaces. This fact can be appreciated by working with scale models.
PAR  Individual surface modules, when formed from thin plastic such as rigid
      vinyl, are relatively flexible and easily bent. When a set of such modules
      are assembled to form a closed saddle polyhedron, they become
      extraordinarily rigid by virtue of the manner in which they must interact
      with each other. An inherently stable configuration is formed which
      behaves not unlike a fully triangulated network structure with respect to
      their tendency to distribute stress.
PAR  With infinite periodic structures, the question of stability is far more
      subtle and interesting than in the case with finite triangulated
      frameworks. There are two basic classes of infinite periodic structures
      which have counterparts in both triangulated systems and surface systems.
      First, there are those systems which are aggregates of stable finite
      polyhedra; and second, there are those systems which are continuous
      infinite labyrinths assembled by the repetition of discrete polygonal
      modules. Such infinite labyrinths are frequently derived from periodic
      arrays of finite polyhedra but they are not of themselves composed of
      finite stable cells.
PAR  Infinite labyrinths, be they surface or skeletal systems, are only stable
      when they are infinitely large. When such infinite systems are arbitrarily
      terminated, they become unstable; however, this does not always affect
      stability at the center of such structures, depending on the
      configuration. It is not actually possible to realize an infinite
      structure, and accordingly all structures must eventually be terminated.
PAR  If total stability is to be maintained, it is necessary for such structures
      to be closed by curved surfaces or triangulated frameworks. In other
      words, in a very real sense an infinite open structure must ulitmately be
      transformed into a finite closed structure, as finite structures are the
      only realizable structures that are stable.
PAR  The class of periodic structures which are composed of finite stable cells
      do not, of course, have such a terminal problem. They can be stopped at
      any arbitrary region and will remain stable. The continuous surfaces as
      infinite systems are highly stable when properly terminated, and the
      smoothness of transition of one surface module into another provides an
      extraordinary distribution of stress whether due to concentrated or
      distributed loads.
PAR  From an experimental point of view, the stability of periodic systems (or
      any system)) can be determined by assemblies in which the joining of all
      elements, be they branches or surfaces, is done with hinging connectors.
      In the case of the branch systems, a multidirectional hinge is desirable,
      and in the case of saddle surfaces, which join along common edges, a
      simple two-dimensional hinge is appropriate. A very slight load (usually
      just the weight of a model) will reveal an unstable condition.
PAR  The hingeable joint is an effective way to verify the inherent stability of
      these systems. In the case of triangulated framework structures, all loads
      remain axially in the members and no bending loads are induced. The same
      principle is operative in the case of fully stable, continuous curved
      space labyrinths. That is, all loads remain in the surface modules and
      bending is minimized if not altogether eliminated.
PAR  The prime areas of application for the curved space structures outline
      above are in the fields of structure toys, playground structures, and
      modular prefabricated architectural systems, although they are not limited
      to those fields.
PAR  In the structure toy field two different embodiments of the invention are
      appropriate. In one case a complementary family of closed, saddle
      polyhedra cells would be formed each as a single piece of plastic by blow
      molding or formed in two or three subunits by injection molding and then
      bonded together permanently to form closed spatial cells.
PAR  Such a family of complementary cells would be dimensionally coordinated so
      they could be combined and stacked like blocks in various spatial
      arrangements. Such a set of curved space play blocks would provide an
      instructive and imaginative alternative to the old fashioned cubic
      building blocks. Such a curved space block set could be designed as a
      gravity dependent stacking system without special provisions for joining.
      With special snap or friction fastening techniques, the saddle polyhydra
      blocks could be held together in a variety of gravity defying
      arrangements.
PAR  In the second toy embodiment of the curved space structures, a kit of parts
      would be produced which would include a series of polygonal saddle modules
      from TABLE I, formed or molded in plastic. Various saddle polyhedra,
      saddle polyhedra packings, and curved space labyrinths can be assembled by
      linking the individual surface modules with a special longitudinal joining
      system.
PAR  Turning next to FIG. 21, there is shown a joining system consisting of an
      extruded element 102 approximately equal in length to the edge lengths of
      the modules. It is produced in a soft, flexible plastic and designed as a
      hingeable linear unit that will fit over a bead that is formed on the edge
      of a surface module. As shown in FIGS. 21b, and 21c and 21d, the units can
      be grouped in bivalent 104, trivalent 106, and quadrivalent 108 form.
PAR  The thinned out central regions 100 of these units 102 enables the hinging
      to occur. A slot 112 runs the length of the joint and includes an
      interior, expanded area 114 to accommodate the beads on the edges of the
      modules. The hinging is a requirement if the variety of angles that occur
      in the curved space structures are to be accommodated. The bivalent joint
      104 is used for the assembly of finite, single saddle polyhedra and
      infinite labyrinth systems since in both these cases only two surface
      modules meet on a common edge.
PAR  The trivalent and quadrivalent systems 106, 108 are used for the assembly
      of various space filling arrangements which require three and sometimes
      four surface modules meeting on a common edge. A hingeable joining system
      not only provides for the complete range of angles at which surface
      modules meet on common edges, it also enables the user to understand the
      principles of stability which govern the efficient use of curved space
      structures.
PAR  In the playground structure field, a preferred embodiment of the invention
      consists of a set of formed plastic modules as shown in FIG. 22 and a
      corresponding set of skeletal triangulated frames as shown in FIG. 25,
      with a compatible joint system that permits the interchangeability and
      admixture of both kinds of modules.
PAR  Turning to FIGS. 22 and 23, an ideal form of this system consists of
      surface modules 120 with edge lengths of approximately 12 inches,
      injection molded in high density polyethylene or polypropylene material in
      which integral, hingeable flanges 122 are provided. This is possible due
      to the properties of these materials which will bend or hinge along all
      lines formed by locally reduced cross-sections 124. FIG. 22 is a drawing
      in plan of a planar hexagon module. Such locally reduced cross-sections
      124 are shown as broken lines, a cross-section being shown in FIG. 23.
PAR  Two surface modules may be attached to each other by folding their
      hingeable flanges 122 to the proper angles and clamping or bolting them
      together.
PAR  FIG. 24 illustrates a procedure to couple flanges 122 with a series of
      cross-section views. In order to distribute the pressure of bolts,
      specially designed longitudinal metal brackets 126 are used which run the
      full length on each side of the flange connection. Two bolts 128 may be
      used per flange and, in effect, clamp the brackets 126 onto the flange
      122. Because the flanges 122 are hingeable, the variety of angles at which
      surface modules can meet are provided for as shown in FIGS. 24d and 24e.
PAR  Because the curved space labyrinths described above consist of two tunnel
      regions and, therefore, a two-sided surface, the joining system described
      above enables assemblies to be made in which one side is perfectly smooth
      without interruption short of small flush seams where modules meet. On the
      other side, a series of ribs are formed where the flanges 122 are held
      together. In a curved space labyrinth like the one shown in FIG. 11, the
      smooth side of the surface becomes a very effective and unusual
      environment for children to slide on, while the ribbed side of the surface
      provides hand holds and foot rests for efficient climbing. The
      cross-section of the metal brackets 126 which enclose the flanges 122 are
      contoured so as to provide a comfortable grip for grasping hands.
PAR  The ideal skeletal triangulated modules are produced as a one piece
      aluminum casting. Such a casting is designed so that it can be joined to
      the injection molded surface module with the same hinging flange system or
      to itself with a special hingeable polypropylene extrusion. FIG. 25 shows
      a plan view of two skeletal modules 130 and one surface hexagon module.
      FIG. 26 shows a cross-section taken along the line 26--26 in which two
      cast modules 130 are joined to each other by means of a hingeable
      polyproplene extrusion 132. FIG. 27 shows a cross-section taken along the
      line 27--27 in which a surface module 120 is attached directly to a
      skeletal module 130. The hingeable extruded joining member 132 of FIG. 26
      has the same ability to accommodate varied angles as the hingeable flanges
      122 of the surface module 120.
PAR  Such a playground structural system can be used to build all-surface
      configurations for imaginative play, unusual multidirectional sliding and
      surface climbing; to build all-skeletal configurations for open frame
      climbing; or to build any combination thereof.
PAR  Referring again to FIG. 1, it will be seen that with a combination of
      surface modules of the type disclosed in FIGS. 2-7, and with the dome
      structures taught in the copending Pearce application, supra, a multistory
      structure can be erected. Turning now to FIG. 28, there is shown in
      greatly reduced scale, the floor plans of each of the "floors" of the
      structure illustrated in FIG. 1. It may, for the sake of explanation, be
      assumed that the structure of FIG. 1 is to be deemed a 20-story structure,
      with the plan of each floor identified in FIG. 28 by a numeral, commencing
      with the number "1" representing the ground floor.
PAR  In FIG. 28, the shaded areas correspond to a planar floor enclosed within
      the structure, and the unshaded areas represent openings or an absence of
      structure. It also may be assumed that, considering the ground floor
      level, each of the triangular sides has a length of 13'. This would then
      establish the dimension of the entire structure.
PAR  At this scale, the various triangular units of the ground floor might serve
      as entries for the overlying areas on the second floor. Each of the
      substantially triangular areas of the second floor would then have a side
      of approximately 90' or an area of approximately 5,500 ft.sup.2.
PAR  As may be seen, considering the various stories, the available, enclosed
      space on each floor is varied and at all levels substantial open space is
      available for each floor area.
PAR  Note the diversity of form that occurs in successive floor layers and note
      that in many given floor interior areas are islanded from each other. This
      reflects the tunnel system that is on the exterior. Such a structure
      provides very low exterior surface to floor area ratios and
      extraordinarily efficient distribution of stress.
PAR  In one possible configuration, the second floor could be devoted to shops
      and stores, each with separate entries through the enclosed, triangular
      ground floor structures. The third floor might be utilized for offices and
      the upper levels could be utilized for apartments. Some levels might be
      used for schools, theaters, or restaurants where substantial unobstructed
      interior space is available.
PAR  Obviously, a single floor may be devoted to several purposes such as
      apartments and a school or theater, apartment and offices or offices and
      restaurants. Further, one or more floors can be combined in a multilevel
      use to provide, for example, theaters with balconies or multilevel
      apartments.
PAR  For example, the uppermost, twentieth floor can provide three isolated
      apartments, each approximately 1200 ft..sup.2 or the areas may be combined
      with the nineteenth floor of approximately 4,000 ft..sup.2 to subdivide
      into one or more two-level apartments. Equal division results in three
      roughly 2,500 ft..sup.2 units.
PAR  It is clear that the individual modules of FIGS. 2-7 could be combined into
      a more complex single unit module in that departing from the teachings of
      the present invention. However, each of the individual modules could be
      identified in such a combined unit.
PAR  It is noted that throughout the application, exact angles measured in
      degrees and minutes have been set forth. It is to be understood that the
      concepts of the present invention would not be violated if the angles were
      modified by 2.degree. or 3.degree. so long as the module substantially met
      the description set forth here. Accordingly it should be understood that
      recitations of angles should be viewed as including a margin of error of
      .+-. 3.degree., assuming that dimension relates to the modules when
      combined into a more complex structure.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. A saddle-like polygonal surface module for defining, in conjunction with
      other, related modules, space enclosing structures, the module comprising:
PA1  a nonplanar, skew polygonal periphery, having a substantially minimal
      surface membrane extending to the periphery thereof to define a
      saddle-like, structural module, said polygonal periphery having six edges,
      one pair of opposing edges and an included edge defining a first plane, a
      second pair of opposing edges and an included edge defining a second
      plane; the interior angles of the edges defining said first and second
      planes being 120.degree., said first and second planes intersecting at a
      dihedral angle of 125.degree. 16', the edges at said intersection of
      planes joining at 90.degree..
NUM  2.
PAR  2. A saddle-like polygonal surface module for defining, in conjunction with
      other, related modules, space enclosing structures, the module comprising:
PA1  a nonplanar skew polygonal periphery, having a substantially minimal
      surface membrane extending to the periphery thereof to define a
      saddle-like, structural module, said polygonal periphery having eight
      edges and the interior angles of the vertices each being substantially
      120.degree.,
PA1  one pair of opposing edges defining a base plane, a second pair of opposing
      edges, together with an included edge, defining a second plane and a third
      pair of opposing edges, together with an included edge defining a third
      plane, said second and third planes intersecting said base plane at
      dihedral angles of substantially 125.degree. 16'.
NUM  3.
PAR  3. A saddle-like polygonal surface module for defining, in conjunction with
      other, related modules, space enclosing structures, the module comprising:
PA1  a nonplanar, skew polygonal periphery, having a substantially minimal
      surface membrane extending to the periphery thereof to define a
      saddle-like, structural module,
PA1  said polygonal periphery having five straight edges, four of the edges
      intersecting at 90.degree. angles, and the fifth edge joining adjacent
      edges at 120.degree., said fifth edge and the two edges adjacent thereto
      defining a first plane, the remaining two edges defining a second plane,
      said first and second planes intersecting at a dihedral angle of
      substantially 125.degree. 16', the edges at said intersection of said
      first and second planes joining at 90.degree. angles.
NUM  4.
PAR  4. A saddle-like polygonal surface module for defining, in conjunction with
      other, related modules, space enclosing structures, the module comprising:
PA1  a nonplanar, skew polygonal periphery, having a substantially minimal
      surface membrane extending to the periphery thereof to define a
      saddle-like, structural module,
PA1  said polygonal periphery having twelve edges, four pairs of said edges
      intersecting at four points to define a first, base plane, each adjacent
      pair of said points also defining the intersection of said first plane
      with second, third, fourth and fifth planes at dihedral angles of
      substantially 125.degree. 16', said second, third, fourth and fifth planes
      each being defined by a pair of opposing edges and an included edge, each
      included edge joining adjacent coplanar edges at 120.degree. and the edges
      intersecting at said points joining at 90.degree..
NUM  5.
PAR  5. A saddle-like polygonal surface module for defining, in conjunction with
      other, related modules, space enclosing structures, the module comprising:
PA1  a nonplanar, skew polygonal periphery, having a substantially minimal
      surface membrane extending to the periphery thereof to define a
      saddle-like, structural module,
PA1  said polygonal periphery having twelve straight edges, one pair of opposing
      edges together with an included edge defining a first plane, a second pair
      of opposing edges together with an included edge defining a second plane,
      a third pair of opposing edges together with an included edge defining a
      third plane, the three remaining, non-intersecting edges defining a base
      palne, said first, second and third planes, intersecting said base plane,
      the edges of said pairs being respectively connected to said
      non-intersecting edges at the intersection of said planes.
NUM  6.
PAR  6. The module of claim 5, above, wherein the interior angle of the vertices
      are each substantially 120.degree., and the dihedral angles of said
      intersecting planes are substantially 109.degree. 28'.
NUM  7.
PAR  7. The module of claim 5, above, wherein the interior angles of the
      vertices are each substantially 135.degree., and the dihedral angles of
      said intersecting planes are substantially 125.degree. 16'.
NUM  8.
PAR  8. A saddle-like polygonal surface module for defining, in conjunction with
      other, related modules, space enclosing structures, the module comprising:
PA1  a nonplanar, skew polygonal periphery, having a substantially minimal
      surface membrane extending to the periphery thereof to define a
      saddle-like, structural module,
PA1  said polygonal periphery having six edges,
PA1  a first pair of opposing edges being joined by an included third, coplanar
      edge at angles of 120.degree. to define a first plane and a second pair of
      edges being joined by an included sixth coplanar edge at angles of
      135.degree. to define a second plane,
PA1  said first and second planes intersecting at a dihedral angle of
      substantially 125.degree. 16',
PA1  said first and second pair of opposing edges being joined at 90.degree. at
      the intersection of said planes.
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ABST
PAL  An improved crane boom structure for telescopic boom sections. The
      conventional, generally rectangular cross-sectional shape is modified to
      provide central guiding of the boom sections to locate the bearing forces
      transmitted between sections at or near the neutral axis where bending
      stresses are minimal for greater load carrying capacity for a given boom
      weight. The boom side walls are provided with channel shaped projections,
      the top and bottom channel legs being located on either side of the
      neutral axis of the beam section, preferably symmetrical therewith.
      Bearing surfaces are interposed between top and bottom channel legs of
      contiguous boom sections.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Telescoping crane booms and particularly those mounted on mobile carriers
      require the efficient use of a minimum of material, i.e. structural steel,
      to resist the deflection and stresses imposed on the boom by lifting the
      required loads. The box section or rectangular cross-section boom, which
      is universally used, is an efficient structure to resist the bending
      loads, the major strength in the box section being obtained from the
      material or thickness in the top and bottom sections. Telescoping cranes
      consist of a number of similar sections nested together, usually between
      two and five sections, and a smaller section is extensible and retractible
      within the next larger section. When telescoped in or out, the boom
      sections support each other with sliding pads, shoes or rollers interposed
      between the sections. The maximum deflection and stress in the boom
      sections and the maximum load imposed on the bearing points between
      sections occur when the sections are telescoped out their maximum
      distance. The top and bottom members of the box section boom construction
      are highly stressed, the top in tension and the bottom in compression, due
      to bending from the overhanging load, and, in addition, these members are
      subject to high local loading at the bearing supports. The present
      invention contemplates a more efficient boom section for carrying higher
      loads by locating the bearing points as close as possible to the neutral
      axis of the boom. In doing so, the load bearing supports will be located
      where the bending stresses are at or near a minimum, and the top and
      bottom members of the boom sections will be relieved of the local high
      bearing loading and hence can be sized to carry the tension and
      compression stresses, respectively, due to bending.
PAR  2. Description of the Prior Art
PAR  In order to provide for free guided relative longitudinal movement between
      adjacent sections of the boom structure, normally a pair of bearing
      surfaces are provided on the first inner section, on its top side adjacent
      the rear end thereof for contact with under side of the top wall of the
      largest or base section. Likewise, a pair of bearing surfaces are normally
      provided on the forward or outer end of the base section for contact with
      the underside of the bottom wall of the first inner section. This
      alternating positioning of bearing surfaces is used for additional boom
      sections as will be more fully explained in connection with the present
      invention. An example of this arrangement using stationary and pivotally
      mounted bearing pads is shown in Johnston et al. U.S. Pat. No. 3,368,696.
      The use of rollers as bearings between sections is typically shown in
      Obenchain U.S. Pat. No. 2,819,803 and Grove U.S. Pat. No. 3,386,594. An
      articulated bearing assembly utilizing a pair of pivotally mounted slider
      blocks or shoes is shown in Benkowski U.S. Pat. No. 3,782,790. Examples of
      modifying the rectangular or box-shaped cross-section to obtain greater
      load carrying capacity are shown in Sterner U.S. Pat. No. 3,708,937 and
      Johnston U.S. Pat. No. 3,807,108 which utilize trapezoidal cross-sections.
      A beveled box section is shown in Eiler U.S. Pat. No. 3,481,490. There is
      no suggestion in any of these prior art structures of locating the bearing
      surfaces at or close to the neutral axis of the boom cross-section.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a mobile crane is provided with a
      plurality of telescopic boom sections. The embodiment of FIG. 2 shows a
      four section boom and FIG. 4 shows a three-section boom, with two to five
      sections being common in the art.
PAR  One of the primary objectives of the present invention is the location of
      the bearing pads between contiguous sections at a point where normal
      bending stresses are near a minimum. In the normal rectangular crane boom
      section, the bending stresses due to the beam weight and overhanging load
      are at maximum in the top and bottom plates, and the minimum stresses are
      at the neutral axis of the beam which is at the geometrical horizontal
      centerline. In the instant invention, the boom side walls are provided
      with channel shaped projections located symmetrically with respect to the
      horizontal neutral or geometric axis of the section. This places the
      channel legs in horizontal planes equidistant from the horizontal
      geometric axis. Adjacent boom sections have complementary channel
      projections nested together so that bearing surfaces can be placed between
      adjacent top and bottom channel legs. In the embodiment of FIG. 2 which
      nominally shows a four section boom, all of the channel shaped projections
      face outwardly with the top bearing pads being affixed to the exterior
      surfaces of the channel legs to engage the inside surfaces of the channel
      legs of the next larger adjacent boom section. Similarly, the bottom
      bearing pads of the FIG. 2 embodiment are affixed to the interior surfaces
      of the channel legs to engage the exterior surfaces of the channel legs of
      the next smaller adjacent boom section.
PAR  In the embodiment of FIG. 5 which nominally shows a three-section boom, the
      intermediate or mid-section is formed with inwardly and outwardly
      projecting channel sections which are conveniently constructed with square
      tubing in each of the sidewalls. The largest or base section of the boom
      has outwardly projecting channel-shaped projections which nest with the
      outwardly projecting portion of the square tubing of the mid section, and
      the smallest or jib section of the boom has inwardly projecting
      channel-shaped projections which nest with the inwardly projecting portion
      of the square tubing of the mid section. Bearing means are placed between
      contiguous sections in a manner similar to the FIG. 2 embodiment, and in
      both embodiments the bearing means may take the form of rollers, rocker
      arms, or flat bearing plates.
PAR  The present invention has thus overcome the above disadvantage of locating
      the bearing surface at the points of maximum stress.
PAR  Another advantage of the present construction is that it permits the
      placement of intervening bearing pads of adjacent sections on the channel
      legs so as to be located directly in line with the vertical portions of
      the side walls to thus utilize the side walls in compression as columns. A
      good showing of the usual prior art structure wherein the bearing pads are
      not located directly in line with section side walls is shown in FIGS. 2
      and 3 of Sung U.S. Pat. No. 3,690,742 which patent also shows the
      improvement that is obtained by locating the bearing pads in line with the
      side walls.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Still other objects and advantages of this invention will become readily
      apparent from the following description and drawings setting forth the
      preferred embodiment of the invention wherein:
PAR  FIG. 1 is a perspective view of a mobile crane incorporating the boom
      structure of this invention and wherein the boom is illustrated in
      retracted transport position.
PAR  FIG. 2 is an enlarged sectional view of a four section boom structure
      showing the details of the center guiding bearing arrangement, with the
      lower portion of the base section broken away.
PAR  FIG. 3 is an enlarged longitudinal view, partially in section, of two boom
      sections in extended relationship to each other showing the gibs and
      bearings.
PAR  FIG. 4 is a longitudinal diagrammatic view of the channel portions of the
      four section boom structure of FIG. 2 showing the relative placement of
      the bearing pads and guide surfaces.
PAR  FIG. 5 is a view similar to FIG. 2 showing a modification particularly
      adapted for three section booms.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, there is illustrated in FIG. 1 a mobile crane
      vehicle 10 including the boom structure 11 of this invention. Mounted on
      frame 12 of vehicle 10 are hydraulically operated outriggers 13 located on
      both sides of vehicle 12. When the crane is to be operated the outriggers
      13 are extended laterally outward from the frame 12 and then extended
      downwardly into engagement with the ground to remove part of the load from
      the vehicle frame 12 and wheels 14 and to cooperate with the vehicle
      wheels 14 to stabilize the vehicle frame 12 against vertical and lateral
      movements.
PAR  A turntable 15 carried at the rearward end of vehicle frame 12 rotatably
      supports a base frame 16 for 360.degree. rotation in a horizontal plane
      relative to the vehicle frame 12. The boom structure 11 is pivotally
      mounted on the base frame 16 for raising and lowering the boom assembly by
      hydraulic cylinders not shown. Also mounted on the base frame 16 is an
      operator's cab 17 and a power plant 18 for supplying hydraulic power to
      motor 20 which forms part of the winch unit 21 which is mounted at the
      rear end of the boom structure for supplying lifting power to load lifting
      cable 22 operating through hammerhead or tackle block unit 23 at the
      forward end of boom structure 11. Additionally, power plant 18 supplies
      hydraulic power to hydraulic motors and cylinders (not shown) to rotate
      turntable 15, to raise and lower boom structure 11, to extend and retract
      the boom structure 11, and to extend and operate outriggers 13.
      Counterweight 24 is also attached to base frame 16 at its rearward end to
      counterbalance the overhanging weight of the boom structure 11 and the
      lifting load.
PAR  The mobile crane vehicle 10 is shown in FIG. 1 with its boom structure 11
      in transport position, i.e. the boom assembly is fully retracted and
      extends horizontally and longitudinally over the vehicle frame 12. A
      driver's cab 25 and power unit 26 for driving the vehicle 10 are mounted
      on the front end of vehicle frame 12 below and in clearance relationship
      with the boom structure 11.
PAR  Referring to FIGS. 2 and 3 the boom assembly 11 is shown as comprised of
      four generally rectangular sections, namely the base section 27 which is
      closest to the base frame 16 to which it is pivotally mounted and which
      has the largest cross-section; the inner mid section 28 which is
      telescopically received in contiguous relationship with the base section
      27; the outer mid section 30 which is telescopically received in
      contiguous relationship with the inner mid section 28, and the fly section
      31 which has the smallest cross-section and is telescopically received in
      contiguous relationship with the outer mid section 30. As the inner mid
      section 28 is closer to the base frame 16 than the outer mid section 30
      when the boom assembly 11 is extended, likewise, when reference is made to
      the inner or outer end of a particular section, it denotes the end of the
      section closest to and farthest from the base frame respectively. In this
      four-section  boom structure, a hydraulic cylinder, not shown, would
      normally be located in the area 32 below the inner mid section 28 to
      extend and retract the inner mid section 28 with respect to the base
      section 27. In a like manner, two hydraulic cylinders, not shown, would be
      located in the area 33 bound by the fly section 31, one cylinder to extend
      and retract the outer mid section with respect to the inner mid section
      28, and the other cylinder to extend and retract the fly section 31 with
      respect to the outer mid section 30. These cylinders and their piston rod
      connections have not been shown as they form no part of the present
      invention; they are well known and shown in the prior art cited above.
PAR  Referring to FIG. 3, the outer mid section 30 is shown in its extended
      position with respect to the inner mid section 28 within which the outer
      mid section 30 is telescopically received. The outer end of the inner mid
      section is designated by the numeral 34, and the inner end of the outer
      mid section is designated by the numeral 35. Upper bearing pads 36 are
      attached to the outer mid section 30 adjacent to its inner end 35, and
      lower bearing pads 37 are attached via gibs 38 to the inner mid section 28
      adjacent to its outer end 34, the details of which will become more
      apparent from an examination of FIG. 2. The load imposed on the inner mid
      section by the weight of outer mid section, the weight of the fly section
      and the load carried by the load lifting cable is transmitted from the
      outer mid section to the inner mid section through bearing pads 36 and 37
      to guide surfaces 40 and 41 respectively. As the outer mid section is
      retracted from its fully extended position shown in FIG. 3, bearing pads
      36 will slide inwardly on guide surfaces 40 of inner mid section 28, and
      guide surfaces 41 of the outer mid section 30 will move inwardly on
      bearing pads 37.
PAR  Referring to FIG. 2, boom sections 28, 30, and 31 are symmetrical about
      horizontal centerline 42, which thus becomes the neutral axis of these
      beams for crane loading. Base section 27 is shown with an enlarged lower
      portion 43 which extends below the exterior of the bottom member 28B of
      inner mid section 28 a distance sufficient for area 32 to accomodate a
      hydraulic cylinder for extension and retraction of the inner mid section
      28 with respect to base section 27. This determines a neutral axis of base
      section 27 below the neutral axis 42 of beam sections 28, 30, and 31.
      Since a primary object of this invention is the location of bearing forces
      as close to the neutral axis as practical, and since the bending stress
      creates upwardly and downwardly directed forces between contiguous boom
      sections, channel shaped projections from both sidewalls of each boom
      section which are located symmetrical or nearly symmetrical with the
      neutral axis of the sections accomplishes the desired result. Thus, fly
      section 31 is constructed with its sidewalls 31L and 31R having outwardly
      projecting channel members 31LC and 31RC respectively, each channel member
      being symmetric with neutral axis 42, i.e. the top and bottom legs of
      channel members 31LC and 31RC are vertically equidistant from neutral axis
      42. The channel legs are perpendicular to the side walls while the channel
      webs are parallel to the side walls. Outer mid section 30 which
      contiguously surrounds fly section 31 is similarly constructed with its
      side walls 30L and 30R having outwardly projecting channel members 30LC
      and 30RC respectively, each channel member being symmetric with neutral
      axis 42. Inner mid section 28 which contiguously surrounds outer mid
      section 30 likewise is similarly constructed with channel members 28LC and
      28RC. Finally, base section 27 which contiguously surrounds inner mid
      section 28 is similarly constructed except that its bottom wall 27B, not
      shown, is not immediately subjacent bottom 28B as explained above, and
      although channel members 27LC and 27RC are symmetric to neutral axis 42 of
      the other three boom sections, the neutral axis of the base section 27 is
      slightly below axis 42. Each of the four boom sections can be constructed
      from four channel members using four continuous longitudinal, exterior
      welds. For example, fly section 31 can be constructed with top channel 45
      welded at the ends of its channel legs to the upper exterior leg ends of
      channel members 31LC and 31RC as shown at 47 and 48 respectively, and
      bottom channel 46 welded at the ends of its channel legs to the lower
      exterior leg ends of channel member 31LC and 31RC as shown at 50 and 51
      respectively. Base section 27, inner mid section 28, and outer mid section
      30 can be similarly constructed. This method of construction locates all
      of the welds near the neutral axis, the point of minimum stress. The top
      channel 45 can be specifically designed for the tension bending stress,
      and the bottom channel can be designed for the compression bending stress.
      An optimal boom weight to load carrying capacity can thus be achieved.
      Each of the sections 27, 28, 39, and 31 is so sized as to allow sufficient
      space between adjacent channel leg members to interpose a bearing surface
      for slideable engagement therebetween. The bearing surface is affixed to
      one of the adjacent leg members while the other adjacent leg member serves
      as a guide upon which the bearing surface contiguously rides.
PAR  While the bearing surface can take the form of rollers as in the aforesaid
      Obenchain U.S. Pat. No. 2,819,803 or shoes as in the aforesaid Benkowski
      U.S. Pat. No. 3,782,790 the structure of the instant invention is
      particularly well adapted to utilize a flat plate or pad type of bearing.
      This pad type of bearing can be made relatively long as shown in FIG. 3
      with upper bearing pads 36 and lower bearing pads 37 to thereby better
      distribute the loading lengthwise. Additionally, the pad type of bearing
      can be made to be adjustable for wear as in the machine tool industry as
      shown by the use of gibs 38 below the lower bearing pads 37. The bearing
      pads having a tapered bottom surface need only be shifted longitudinally
      with respect to the gib which has a correspondingly tapered top surface to
      make an initial adjustment or a subsequent adjustment for wear. The
      present structure also contemplates the easy removal of the upper bearing
      pads which are located at the inner ends of the boom sections without
      completely disassembling the sections from each other. In the fully
      extended position shown in FIG. 3, screws 29 in bearing holder 39 are
      accessible and can be removed. Bearing holders 39 extend in front of and
      beyond the inner ends of bearing pads 36, with ears 49 on either end of
      the bearing pad. The holder 39 and bearing 36 can thus be easily removed.
PAR  As seen in FIGS. 2 and 4, the bearing pad location with respect to its
      corresponding guide surface can be readily ascertained. Fly section 31 has
      bearing pads 52 located at the inner exterior ends of the top legs of
      channel members 31LC and 31RC which slidingly engage guide surfaces 53
      formed by the inside top legs of channel members 30LC and 30RC of outer
      mid section 30. The outer mid section 30 has bearing pads 54 located at
      the outer interior ends of the bottom legs of channel members 30LC and
      30RC which slidingly engage the guide surfaces 55 formed on the exterior
      of bottom legs of channel members 31LC and 31RC of fly section 31. Bearing
      pads 54 are made adjustable by gibs 59. Outer mid section 30 also has
      bearing pads 36 located at the inner exterior ends of top legs of channel
      members 30LC and 30RC which slidingly engage guide surfaces 40 formed by
      the inside top legs of channel members 28LC and 28RC of inner mid section
      28. The inner mid section 28 has bearing pads 37 located at the outer
      interior ends of the bottom legs of channel members 28LC and 28RC which
      slidingly engage the guide surfaces 41 formed on the exterior of bottom
      legs of channel members 30LC and 30RC of outer mid section 30. Bearing
      pads 37 are made adjustable by gibs 38. Inner mid section 28 also has
      bearing pads 56 located at the inner exterior ends of top legs of channel
      members 28LC and 28RC which slidingly engage guide surfaces 57 formed by
      the inside top legs of channel members 27LC and 27RC of base section 27.
      Finally, base section 27 has bearing pads 58 located at the outer interior
      ends of bottom legs of channel members 27LC and 27RC which slidingly
      engage the guide surfaces 60 formed on the outside of bottom legs of
      channel members 28LC and 28RC of inner mid section 28. With the aforesaid
      location of the bearing pads and the cooperating guide surfaces between
      the legs of adjacent channel members it can be seen that the bearing pads
      are located directly in line with the vertical portions of the sidewalls
      to thus utilize the sidewalls in compression as columns.
PAR  In order to provide lateral positioning between boom sections and to
      facilitate extension and retraction of the sections with a minimum of
      frictional resistance, rollers are provided at all four boom corners,
      mounted to the ends of the boom sections for rolling contact with the next
      adjacent boom side walls. These rollers are mounted projecting from the
      inner and outer ends of the boom sections. Typical mounting of these
      rollers can be seen in FIG. 2 in which rollers 62 are journalled on
      holders 63 affixed to brackets 64 mounted to flange 65 at the outer end of
      base section 27. Only two rollers 62 and their mountings are shown for the
      sake of clarity, but it should be understood that two additional rollers
      are mounted, one of the upper left corner and the other on the lower right
      hand corner of base section 27 as it would be viewed in FIG. 2. Rollers 62
      are directed inwardly from base section 27 to roll against the exterior of
      sidewalls 28L and 28R to thereby guide the extension and retraction of
      inner mid section 28 with respect to base section 27. Rollers 66 are
      typical of rollers mounted on the inner end of a boom section. Rollers 66
      are journalled in holders 67, affixed to brackets 68, mounted to cross
      member 70, and welded to the inner end 35 of the outer mid section 30.
      Only two rollers 66 are shown in FIG. 2, but, like rollers 62, four, one
      at each corner, are utilized. Rollers 66 are directed outwardly from the
      outer mid section 30 to roll against side walls 28L and 28R of the inner
      mid section 28 to thereby guide the extension and retraction of the outer
      mid section 30 with respect to the inner mid section 28. FIG. 3 shows the
      longitudinal location of these rollers 66 and also rollers 71 which are
      located at the outer end 34 of the inner mid section 28. Rollers 71 are
      directed inwardly from the inner mid section 28 to roll against the
      interior of the side walls of outer mid section 30. The use of rollers as
      opposed to pads for the lateral positioning provides a convenient method
      of assembly of the boom sections within each other by laying the sections
      on their sides and rolling them into each other. The gibs can also be
      adjusted in this position to properly align the bearing pads.
PAR  Referring to FIG. 5, an alternative crane boom structure is shown which is
      particularly adapted for three section booms. Boom assembly 72 is shown as
      comprised of three generally rectangular sections, namely the base section
      73, which is closest to the base frame to which it is pivotally mounted
      and which has the largest cross-section, the mid section 74 which is
      telescopically received in contiguous relationship with the base section
      73, and the fly section 75 which has the smallest cross-section and is
      telescopically received in contiguous relationship with the mid section
      74. All three sections are symmetrical about horizontal centerline 76,
      which thus becomes the neutral axis of these beams for crane loading. Mid
      section 74 is constructed with its side walls 74L and 74R having square or
      rectangular tubing 77 located therein symmetric with neutral axis 76.
      Square tubing 77 creates in side walls 74L and 74R outwardly projecting
      channel members 74LC and 74RC respectively and also inwardly projecting
      channel members 74LC' and 74RC'. Base section 73 which contiguously
      surrounds mid section 74 is constructed with side walls 73L and 73R having
      outwardly projecting channel members 73LC and 73RC respectively which are
      complementary to mid section channel members 74LC and 74RC. Fly section 75
      which is contiguously surrounded by mid section 74 is constructed with
      side walls 75L and 75R having inwardly projecting channel members 75LC and
      75RC which are complementary to mid section channel members 74LC' and
      74RC'. Each of the sections 73, 74, and 75 is so sized as to allow
      sufficient space between adjacent channel leg members to interpose a
      bearing surface for slideable engagement therebetween. Bearing pads 78T
      and 78B are interposed between base section 73 and mid section 74. Bearing
      pads 80T and 80B are interposed between the fly section and the mid
      section. The details of the bearing pad placement with the corresponding
      guide surfaces is the same as that for FIGS. 2-4 except for the fact that
      there is one less boom section in the modification of FIG. 5.
PAR  The basic difference between the boom assembly 72 and the boom assembly 11
      which is created by the use of square tubing 77 in the side walls of mid
      section 74 to form inwardly and outwardly projecting channels is that
      bearing pads 78T and 80T are in the same horizontal plane above the
      neutral axis 76 and bearing pads 78B and 80B are in the same horizontal
      plane below the neutral axis 76. This puts all of the bearing and guiding
      surfaces closer to the neutral axis than is possible with the species of
      FIGS. 2-4. Also greater rigidity of the mid section side wall is obtained
      with the use of square tubing 77 which the column loads of the side walls
      from the fly section to the base section. It should be understood that
      while it is desirable in either case to locate the channel shaped
      projections with the channel legs symmetric with the neutral axis of the
      boom section, this is not always practical. Normally, however, the channel
      shape projections would be located on either side of the horizontal
      neutral axis. Likewise, the projections may not always be channel shaped.
      For example, with a two section boom, the projection could be flat plates.
PAR  Comparing both of the preferred species of the invention with rectangular
      beam sections having bearing between top and bottom members, the smaller
      guide section formed by the projecting channel members are less subject to
      dimensional variation enabling closer and more accurate guiding movement.
      Likewise, with the center-guided boom structure of the instant invention
      as compared with top and bottom wall guiding, the dimensions of the
      hammerhead can be decreased, decreasing the moment load when the boom
      assembly is operated at an angle to the horizontal. It should also be
      noted that the structure of the present invention by utilizing channels in
      the side wall has a greater resistance to buckling than the straight side
      walls of the conventional rectangular beam section.
CLMS
STM  Having described specific preferred embodiments of the invention the
      following is claimed:
NUM  1.
PAR  1. An extensible boom assembly comprising, in combination a base section,
      at least one additional extensible and retractible boom section
      telescopically received in said base section, the sections of the
      extensible boom assembly having a generally rectangular transverse cross
      section including top, bottom and side walls, said side walls having
      projections, said projections of contiguous boom sections being
      complementary to one another, and bearing means having a load bearing
      surface interposed between contiguous projections.
NUM  2.
PAR  2. An extensible boom assembly comprising, in combination a base section,
      at least one additional extensible and retractible boom section
      telescopically received in said base section, the sections of the
      extensible boom assembly having a generally rectangular transverse cross
      section including top, bottom and side walls, said side walls having
      channel shaped projecting portions with top and bottom channel legs
      located on either side of the horizontal neutral axis of said boom
      section, and said channel shaped projecting portions of contiguous boom
      sections being complementary to one another, and bearing means having a
      load bearing surface interposed between contiguous top and bottom channel
      legs.
NUM  3.
PAR  3. The boom assembly of claim 2 wherein the top and bottom legs of the
      channel shaped projecting portions are located symmetric with the
      horizontal neutral axis.
NUM  4.
PAR  4. The boom assembly of claim 2 wherein the channel shaped portions of the
      side walls project outwardly.
NUM  5.
PAR  5. The boom assembly of claim 2 having at least three boom sections
      comprising a base section, a mid section telescopically received within
      said base section, a fly section telescopically received with said mid
      section, and wherein said mid section is constructed with rectangular
      tubing in each side wall forming inwardly and outwardly projecting channel
      portions, the side walls of the base section have outwardly projecting
      channel portions complementary with the outwardly projecting channel
      portions of said mid section side walls, and the side walls of the fly
      section have inwardly projecting channel portions complementary with the
      inwardly projecting channel portions of said mid section side walls.
NUM  6.
PAR  6. The boom assembly of claim 5 wherein the tubing in each side wall is
      square tubing.
NUM  7.
PAR  7. The boom assembly of claim 2 wherein the bearing means are bearing pads
      which are attached to one of the two contiguous channel legs for sliding
      engagement with the other contiguous channel legs as a guide surface.
NUM  8.
PAR  8. An extensible boom assembly comprising, in combination a base section,
      at least one additional extensible and retractible boom section
      telescopically received in said base section, the sections of the
      extensible boom assembly having a generally rectangular transverse
      cross-section including top, bottom, and side walls, said side walls
      having channel shaped projecting portions with top and bottom channel legs
      located on either side of the horizontal neutral axis of said boom
      section, and said channel shaped projecting portions of contiguous boom
      sections being complementary to one another, upper bearing pads affixed to
      the exterior surface of top channel legs to engage the inside surfaces of
      the channel legs of the next larger adjacent boom section as guide
      surfaces, and lower bearing pads affixed to the bottom interior channel
      legs to engage the exterior surfaces of the channel legs of the next
      smaller adjacent boom section as guide surfaces.
NUM  9.
PAR  9. The boom assembly of claim 8 further comprising gibs located between
      said lower bearing pads and the bottom interior channel legs.
NUM  10.
PAR  10. The boom assembly of claim 8 wherein said boom sections have inner and
      outer ends and the upper bearing pads are affixed to the inner end of at
      least one boom section and the lower bearing pads are affixed to the outer
      end of at least one other boom section.
NUM  11.
PAR  11. An extensible boom assembly comprising, in combination a base section,
      a mid section telescopically received in contiguous relationship with said
      base section, a fly section telescopically received in contiguous
      relationship with said mid section each of said sections having inner and
      outer longitudinal ends and having a generally rectangular transverse
      cross-section including top, bottom and side walls, said wide walls having
      channel shaped projecting portions with top and bottom channel legs
      located on either side of the horizontal neutral axis of said sections,
      and said channel shaped projecting portions of contiguous boom sections
      being complementary to one another, a pair of lower bearing pads affixed
      to the outer interior bottom channel legs of said base section for sliding
      engagement with the exterior bottom channel legs of the mid section as
      guide surfaces, a pair of upper bearing pads affixed to the inner exterior
      top channel legs of said mid section for sliding engagement with the
      interior top channel legs of the base section as guide surfaces, a pair of
      lower bearing pads affixed to the outer interior bottom channel legs of
      said mid section for sliding engagement with the exterior bottom channel
      legs of said fly section as guide surfaces, and a pair of upper bearing
      pads affixed to the inner exterior top channel legs of said fly section
      for sliding engagement with the interior top channel legs of the mid
      section as guide surfaces.
NUM  12.
PAR  12. The boom assembly according to claim 11 wherein said mid section is
      constructed with rectangular tubing in each side wall forming inwardly and
      outwardly projecting channel portions, the side wlls of the base section
      having outwardly projecting channel portions complementary with the
      outwardly projecting channel portions of said mid section side walls, and
      the side walls of the fly section have inwardly projecting channel
      portions complementary with the inwardly projecting channel portions of
      said mid section side walls.
NUM  13.
PAR  13. The boom assembly of claim 11 wherein the channel shaped portions of
      the side walls project outwardly.
NUM  14.
PAR  14. The boom assembly of claim 11 further comprising rollers mounted on the
      four corner ends of the boom sections for rolling contact with the next
      adjacent boom side walls.
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ABST
PAL  Interior and exterior glazing strips hold a window glass or panel in place
      in a structural frame that has an opening slightly larger than the glass
      or panel. The glazing strips have a resilient reinforcing member with an
      elastomeric material extruded over and covering the reinforcing member.
      Receivers for the glazing strips have channels shaped to interlock with
      and hold the glazing strips around the periphery of the frame, and the
      reinforcing member extends from the gripping portion of the strip into the
      base of the strip interlocked with the channel. The reinforcing member
      resiliently presses the retainer portion of the glazing strip against the
      window glass or panel with a force of approximately 4-6 pounds per linear
      inch around the periphery of the window glass or panel.
BSUM
PAC  THE INVENTIVE IMPROVEMENT
PAR  Many glazing systems have been suggested for window wall assemblies,
      storefront windows, curtain walls, and other architectural systems using
      window glass or panels to be secured in place in a structural frame. The
      frame generally overlaps the glass or panel on the exterior side to
      prevent the glass or panel from falling outward, and elastomeric glazing
      strips are secured around the inside of the glass or panel to hold it in
      the frame. Such constructions suffer from many problems, including
      deterioration of the glazing strips from age and ultraviolet light
      degradation and varying characteristics of the glazing strips at different
      temperatures. These difficulties have led to many serious and expensive
      problems.
PAR  Another problem faced by glazing systems is different kinds of glass and
      panel materials used in modern buildings. The expansion and contraction
      and other characteristics of different glass materials vary widely and
      must be accommodated by glazing systems, and glass can have different
      thicknesses, can be single glass panes and double glass panes, and panels
      can be formed of materials other than glass.
PAR  In many buildings, window glass is originally installed from the inside
      against an overlapping frame structure before the building is completed,
      and if the window glass has to be replaced, it ordinarily must be
      reinstalled from the inside. This can cause much expense and difficulty
      when equipment installed after the original window glass was mounted
      interferes with installation of a replacement window glass.
PAR  The invention involves recognition of the many problems encountered by
      glazing systems and proposes an improved solution to all these problems in
      a glazing system that is simple, economical, and able to accommodate a
      wide range of constructions and glass and panel material. The invention
      aims at a versatile glazing system that can be widely applied to many
      constructions with a few minor and inexpensive variations. The invention
      seeks economy, reliability, safety, and long life durability in a glazing
      system for securely holding a variety of window glass and panels in place.
      The inventive glazing system also allows replacement of window glass or
      panels from the exterior of the building after original installation of
      window glass or panels from the interior of the building.
PAC  SUMMARY OF THE INVENTION
PAR  The inventive glazing system supports a window glass or a panel in a
      structural frame having an opening slightly larger than the window glass
      or panel around the entire periphery of the window glass or panel. An
      interior and an exterior glazing strip hold the window glass or panel in
      place in the frame, and each of the glazing strips has a resilient
      reinforcing member and an elastomeric material extruded over and covering
      the reinforcing member. The glazing strips have an anchorage base and a
      retainer portion, and the reinforcing member extends from the retainer
      portion into the anchorage base. Each of a pair of rigid receivers has a
      channel shaped to interlock with the anchorage base of one of the glazing
      strips, and the receivers extend around the periphery of the frame and
      hold lengths of the glazing strips in place to engage and seal opposite
      surfaces of the window glass or panel around the periphery of the window
      glass or panel. The configuration and material of the reinforcing member
      is selected for resiliently pressing the retainer portion of the glazing
      strip against the window glass or panel with a force of approximately 4-6
      pounds per linear inch around the periphery of the window glass or panel.
      The anchorage base is insertable into interlocking relation with the
      receiver and is removable from the receiver only by deliberate force for
      replacing the window glass or panel.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a fragmentary, elevational view of a preferred embodiment of the
      inventive glazing system;
PAR  FIG. 2 is an end elevational view of a preferred embodiment of glazing
      strip for the inventive system;
PAR  FIG. 3 is a partially schematic, plan view of a preferred embodiment of
      reinforcing member for the glazing strip of FIG. 2; and
PAR  FIGS. 4-9 are fragmentary cross-sectional views of preferred alternative
      constructions using the inventive glazing system.
DETD
PAC  DETAILED DESCRIPTION
PAR  The inventive system uses only internal and external glazing strips to
      support and seal a window glass or panel in a structural frame, and the
      frame does not overlap the window glass or panel on either the exterior or
      interior side. This allows the window glass or panel to be installed from
      either side of the frame which has an opening slightly larger than the
      window glass or panel around the entire periphery of the window glass or
      panel. Thus, as shown in FIG. 1, frame 10 has an opening 11 larger than
      the perimeter 12 of a pane of window glass 13 mounted in frame 10. Glass
      13 is held in place by glazing strips 15 which engage the entire periphery
      of glass 13 around its exterior and interior sides and are securely
      mounted in frame 10.
PAR  FIG. 2 shows one preferred form for glazing strips 15 which include a
      resilient reinforcing member 16 and an elastomeric covering material 17.
      Reinforcing member 16 can be formed of various metallic and resin
      materials to have the desired strength and resiliency characteristics. One
      preferred reinforcing member 16 is shown in FIG. 3 as formed of zig-zag
      loops of wire 18 held together by stitching 19. A monofilament of resin
      material can be substituted for wire 18, and generally the tensile
      strength and diameter of wire or filament 18 can be selected to provide
      the desired strength and resilience characteristics for reinforcing member
      16. Other materials suitable for reinforcing member 16 include perforated
      or notched metal strips, springy metal cross strips secured together by
      stitching, sheet plastic strips, and other materials having the desired
      characteristics.
PAR  Glazing strip 15 is preferably formed in a crosshead extrusion process in
      which elastomeric covering 17 is extruded over reinforcing member 16, and
      glazing strips 15 are preferably made in indefinite lengths and later cut
      to fit a particular frame. Many rubber and rubber-like materials are
      suitable for elastomeric covering 17, and glazing strips 15 can have many
      cross-sectional shapes.
PAR  Glazing strip 15 includes a retainer portion 20 and an anchorage base 21,
      and reinforcing member 16 extends from retainer portion 20 down into
      anchorage base 21 as illustrated. Reinforcing member 16 then provides a
      strong and resilient connector between retainer portion 20 and base 21.
      Base 21 has hooks 22 to interlock with a receiver as explained below, and
      retainer portion 20 has a surface 23 shaped to engage and press against a
      window glass or panel.
PAR  When reinforcing member 16 is formed of zig-zag wire or filament as shown
      in FIG. 3, the zig-zag pattern of reinforcing member 16 may show through
      elastomeric covering 17 after the extrusion is finished, and to prevent
      this from appearing in the final product, an opening 24 can be formed in
      retainer portion 20 to "absorb" the pattern of reinforcing member 16 and
      allow glazing strip 15 to have a smooth exterior. Any unevenness in
      elastomeric material 17 will appear in opening 24 rather than at the
      exterior of glazing strip 15 for an improvement in appearance. Under some
      circumstances opening 24 is not necessary or desirable.
PAR  Glazing strip 15 can be formed of two different durometers of material 17
      such as a relatively firm and rigid base 21 and a softer and more
      resilient sealing portion 20. This can give strength and security to the
      anchorage of glazing strip 15 in the frame and also allow a readily
      deformable and secure elastomeric grip by retainer portion 20 on a window
      glass or panel.
PAR  The strength and resilience of reinforcing member 16 determines the grip of
      retainer portion 20 on a window glass or panel, and a preferred grip for
      the inventive glazing system is approximately 4-6 pounds per linear inch
      around the periphery of a window glass or panel to be held in place. Since
      the gripping force is set by the strength and resilience of reinforcing
      member 16, the gripping force remains relatively constant even though
      elastomeric material 17 ages or deteriorates. This provides a secure grip
      for a long life and a retaining force that is not practically affected by
      changes in temperature or in material characteristics as materials age.
PAR  Glazing strips 15 are made in indefinite lengths and can be shipped in coil
      form to a building site where they are cut to length to form butt joints
      14 as shown in FIG. 1, or mitre joints or other joints, preferably all of
      which are sealed. The interior and exterior can be glazed with the same
      strip to reduce the number of parts required, and the glazing strips can
      be cut and formed with bonded joints in a completed frame made at the
      factory and shipped to the building site. Since glazing strips 15 are
      flexible and resilient, a completed glazing frame can be deformed enough
      to be pressed into a structural frame at the building site.
PAR  Various installations of the inventive glazing system are shown in FIGS.
      4-9, and each installation uses receivers holding glazing strips 15 in
      place. Referring to FIG. 4, structural frame 25 for a building has four
      receivers 26-29, each having a channel 30 for receiving glazing strips 15.
      Whatever notch or hook configuration is formed on anchorage base 21 is
      also preferably formed in complement in channel 30 so that glazing strips
      15 can be pressed into a secure interlocking fit in channel 30 as
      illustrated. Preferably, manual force is sufficient to press base 21 of
      each glazing strip 15 fully into a tight interlocking fit in each channel
      30, and glazing strips 15 cannot be removed from channel 30 except by
      deliberate force for tearing strips 15 out of channels 30 to replace a
      window glass or panel.
PAR  In the embodiment of FIG. 4, receivers 26-29 differ slightly from each
      other, and are all preferably formed as an extrusion of frame member 25.
      Frame 25 can then be formed of aluminum, resin, or other extrudable
      material, but appropriate receivers can also be formed in other materials
      in frames around a window glass. Glazing strips 15 are all identical in
      the embodiment of FIG. 4 for engaging and gripping window glasses 31 and
      32 with the preferred force of approximately 4-6 pounds per linear inch.
PAR  The original installation of the inventive glazing system is preferably
      from the interior. To accomplish this, exterior glazing strips are locked
      in place around the entire frame, and the frame opening for window glass
      31 is clear from the interior to allow glass 31 to be moved outward to
      seat against the exterior glazing strips. Window glass 31 is then centered
      within the frame and supported on seating or mounting blocks 33 and
      properly shimmed and centered. Then interior glazing strips are pressed
      into place around the frame to hold glass 31 securely in place. If glass
      31 has to be replaced, exterior glazing strips 15 can be torn from their
      mounting channels 30 even though this may destroy the glazing strips.
      Reinforcing members 16 give glazing strips 15 sufficient strength so that
      anchorage bases 21 can be torn out of channels 30 without separating from
      gripping portions 20 if replacement of window glass 31 is necessary. Then
      a replacement glass is moved into the proper seat in the frame to rest
      against the interior glazing strips and the exterior glazing strips are
      pressed in place to mount the replacement glass securely in the frame.
      Then problems of moving a large window glass into place from the interior
      of a completed building filled with obstructing equipment can be avoided.
PAR  The embodiment of FIG. 5 uses the previously described glazing strips 15 to
      engage the interior surfaces of glass 31 and panel 34 and uses a pair of
      mating exterior glazing strips 35 and 36 which abut one another in the
      finished assembly to provide a thermal barrier between glass 31 and panel
      34. Receivers 37 of frame 25 are angled relative to receivers 38 to help
      accommodate such an arrangement, and the differences between the
      embodiments of FIGS. 4 and 5 illustrate two of the many variations that
      can be used in applying the inventive glazing system to various
      structures.
PAR  FIG. 6 shows a pair of glazing strips 15 locked in the receivers 39 and 40
      of a reglet 41 cast into a concrete frame 42 around a double-pane window
      glass 43 as illustrated. FIG. 7 shows a similar construction using a
      narrower reglet 44 so that glazing strips 15 can engage and support a
      single glass plate 45. Reglets 41 and 44 can be made in various widths to
      accommodate different thicknesses of window glass or paneling, and reglets
      can be configured in various ways for a cast interlock with concrete 42.
      Reglets 41 and 44 are preferably extrusions of resin or metallic material
      and are preferably hard and rigid relative to glazing strips 15.
PAR  The embodiments of FIGS. 8 and 9 are similar to the embodiment of FIG. 4,
      but show different spacing of receivers 46 and use of stiffeners 47 and 48
      preferably formed of rigid extrusions of resin or metal. Stiffener 47 of
      FIG. 8 extends between and supports a pair of receivers 46, and stiffener
      48 of FIG. 9 supports a receiver 46 relative to a wall of frame 25. FIG. 9
      also illustrates that changes can be made between a thickness of glass or
      paneling in one complete assembly without changing from the basic glazing
      strip 15 which can be applied in various ways to support many different
      glass and paneling contructions.
PAR  Persons wishing to practice the invention should remember that other
      embodiments and variations can be adapted to particular circumstances.
      Even though one point of view is necessarily chosen in describing and
      defining the invention, this should not inhibit broader or related
      embodiments going beyond the semantic orientation of this application but
      falling within the spirit of the invention. For example, those skilled in
      the art will appreciate the different materials, configurations, and
      constructions possible in applying the inventive glazing system to various
      architectural designs.
CLMS
STM  I claim:
NUM  1.
PAR  1. A glazing system for a window glass or a panel, said system comprising:
PA1  a. a structural frame having an opening slightly larger than said window
      glass or panel around the entire periphery of said window glass or panel;
PA1  b. an interior and an exterior glazing strip holding said window glass or
      panel in place in said frame;
PA1  c. each of said glazing strips having a resilient reinforcing member and an
      elastomeric material extruded over and covering said reinforcing member;
PA1  d. said glazing strips having a single anchorage base and laterally spaced
      therefrom a retainer-sealing portion, and said reinforcing member
      extending from said retainer-sealing portion into said anchorage base;
PA1  e. a pair of rigid receivers each having a channel shaped to interlock with
      said anchorage base of one of said glazing strips and extending around the
      periphery of said frame, lengths of said glazing strips being secured in
      said receivers to engage and seal opposite surfaces of said window glass
      or panel around said periphery of said window glass or panel;
PA1  f. the configuration and material of said reinforcing member being selected
      for resiliently pressing and sealing said retainer portion of said glazing
      strip against window glass or panel with a force of approximately 4-6
      pounds per linear inch around said periphery of said window glass or
      panel; and
PA1  g. said anchorage base being insertable into said interlocking relation
      with said receiver and being removable from said receiver only by
      deliberate force for replacing said window glass or panel.
NUM  2.
PAR  2. The system of claim 1 wherein said interior and exterior glazing strips
      are identical.
NUM  3.
PAR  3. The system of claim 1 wherein said anchorage base and said receiver have
      a plurality of complementary interlocking hooks.
NUM  4.
PAR  4. The system of claim 1 wherein said elastomeric material in said
      retainer-sealing portion has a hollow region between said reinforcing
      member and the outside of said glazing strip.
NUM  5.
PAR  5. The system of claim 1 wherein said receivers are formed in a portion of
      said frame structure.
NUM  6.
PAR  6. The system of claim 1 wherein said receivers are formed in a reglet cast
      into said frame structure.
NUM  7.
PAR  7. The system of claim 1 wherein said elastomeric material of said
      anchorage base is firmer than said elastomeric material of said
      retainer-sealing portion.
NUM  8.
PAR  8. The system of claim 1 wherein said reinforcing member is formed of
      zig-zag wire with stitching securing the loops of said zig-zag wire
      together.
NUM  9.
PAR  9. The system of claim 8 wherein said interior and exterior glazing strips
      are identical.
NUM  10.
PAR  10. The system of claim 9 wherein said elastomeric material of said
      anchorage base is firmer than said elastomeric material of said
      retainer-sealing portion.
NUM  11.
PAR  11. The system of claim 10 wherein said elastomeric material in said
      retainer-sealing portion has a hollow region between said reinforcing
      member and the outside of said glazing strip.
NUM  12.
PAR  12. The system of claim 11 wherein said anchorage base and said receiver
      have a plurality of complementary interlocking hooks.
NUM  13.
PAR  13. The system of claim 12 wherein said receivers are formed in a portion
      of said frame structure.
NUM  14.
PAR  14. The system of claim 12 wherein said receivers are formed in a reglet
      cast into said frame structure.
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ABST
PAL  A member which when disposed in a plane in abutting relationship with a
      plurality of other members defines a planar surface which will remain flat
      when pressure is applied along the thickness from two opposed directions.
      The member takes the form of a body having upper and lower flat parallel
      main faces joined by six curved side faces disposed end to end defining
      and endless closed path. The upper main face has a periphery of six
      sections disposed end to end, these sections defining like arcs with like
      radii of curvature but being alternately convex and concave. The lower
      main face identical to the upper main but is rotated through 60.degree. of
      arc with respect thereto to insure that the end points of each concave arc
      section of either main face are vertically aligned with the corresponding
      end points of the corresponding convex arc section of the other main face.
      Each concave section together with its said corresponding convex section
      and the aligned end points of both said sections defines a corresponding
      one of said side faces.
BSUM
PAC  SUMMARY
PAR  The object of the invention is to provide a flat surface which will remain
      flat under tensions and expansions of various kinds and which can be kept
      merely by applying pressure along its thickness from two opposed
      directions, without the use of reinforcements embedded in the surface.
PAR  Thus, a plurality of like interlocking members are formed. Each member has
      two parallel flat faces which will form the flat surface when the member
      is interlocked with others of its kind.
PAR  Six curved side faces form the sides of the member, the curved pieces being
      disposed in a ring between the flat faces. The non-flat faces bulge
      alternately inwardly and outwardly in the ring, and engage corresponding
      outwardly and inwardly bulging faces on neighboring members. Because of
      the engagement of the curved side faces, no one member may be removed from
      the surface without removing the neighboring members engaged therewith,
      and the whole surface must thus be moved as a unit, or none of it may be
      moved at all. The surface is kept flat by pressure along the thickness of
      the member from two opposed sources, which keeps the side faces of one
      member tightly engaged with the side faces of neighboring members.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a top view of one of the members;
PAR  FIG. 2 is a view along line 2--2 of FIG. 1;
PAR  FIG. 3 is another view of the member shown in FIGS. 1 and 2;
PAR  FIG. 4 exhibits the interlocking action of a plurality of members of the
      type shown in FIG. 1;
PAR  FIG. 5 is a top view of a second type of member;
PAR  FIG. 6 is another view of the member of FIG. 5; and
PAR  FIG. 7 exhibits the interlocking action of members of the type shown in
      FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1-3, a member has a top flat face 10 with a periphery
      formed by six arcs 20, 30, 40, 50, 60, 70, all of which are of equal
      length and radius of curvature. The arcs form a ring, with convex arcs 30,
      50 and 70 bulging away from the center of the face, and concave arcs 20,
      40 and 60 being oppositely directed. Below this face and parallel to it is
      a bottom flat face 75 which is congruent to top face 10 but which is
      rotated 60.degree. of arc with respect to it. Thus, arcs 80, 90, 100, 110,
      120 and 130 have their endpoints directly below the end-points of arcs
      which are oppositely directed. Thus, curved side faces 140, 150, 160, 170,
      180 and 190 are formed, by the collection of straight lines that connect
      corresponding points on the peripheries of the two flat faces. These lines
      have varying vertical slopes decreasing from infinite values when they
      extend between endpoints to a minimum when they extend between midpoints
      of corresponding arcs.
PAR  As is shown in FIG. 4, the member forms a flat surface when interlocked
      with others of its kind.
PAR  Referring now to FIGS. 5 and 6, another member is shown which functions in
      a similar manner although it is shaped differently. One face 200 (which
      can be either the top or bottom) takes on the shape of a hexagon, and the
      opposite face has the same shape as in FIGS. 1-3. The faces are aligned in
      the same manner as before. Thus, the altitudes 210 connecting
      corresponding vertices of the top and bottom faces form rectangular
      peripheries of side faces 220, 230, 240, 250, 260 and 270. These faces
      alternately bulge inwardly (as in faces 230, 250 and 270) towards the
      centers of the top and bottom faces, or outwardly, as in faces 240, 260,
      and 220, forming a ring. As before, the inwardly bulging faces engage
      outwardly bulging faces of neighboring units, and vice versa.
PAR  FIG. 7 shows how a surface formed from the members may be constructed. A
      plurality of interlocked members 300 are pressed together by transverse
      iron bars 320. None of the pieces may be removed individually, and thus a
      rigid flat surface is formed without bars being embedded in it.
PAR  The pieces can be formed of wood, plastic or any other suitable material.
PAR  While the invention has been described with particular reference to the
      drawings, the protection is to be limited only by the terms of the claims
      which follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. A member which when located in a plane in abutting relationship with a
      plurality of other like members defines a planar surface which will remain
      flat when pressure is applied along the thickness of the surface from two
      opposed directions, the member comprising:
PA1  a body having upper and lower flat, parallel main faces joined by six
      curved side faces that are connected end to end to define an endless
      closed path,
PA1  the upper main face having a periphery of six sections connected end to
      end, the sections defining congruent circular arcs that are alternately
      concave and convex,
PA1  the lower main face being identical to the upper main face but being
      rotated through 60.degree. of arc with respect to it to vertically align
      the endpoints of the sections so that the endpoints of each concave
      section in each main face is vertically aligned with the endpoints of a
      corresponding convex section in the other main face,
PA1  each concave section, its corresponding convex section and their vertically
      aligned endpoints defining the periphery of one of the curved side faces,
      and
PA1  each side face being further defined by the collection of straight lines of
      varying vertical slope which extend between corresponding points on each
      corresponding pair of sections, said lines having an infinite slope at the
      endpoints and having steadily decreasing slopes as their distance to the
      midpoints of the sections decreases.
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ABST
PAL  A produce-bagging machine utilizing factory-roll polyethylene net tubing
      for automatic packaging is described. The bagging machine is designed to
      form bags from factory rolls of polyethylene net tubing, fill the bags
      with produce, and close and eject them in a continuous automatic cycle.
      The machine consists of seven main parts: (1) an opening and gripping
      mechanism, (2) a bottom-closing and cutting mechanism, (3) a filling
      device, (4) a top-closing mechanism, (5) an ejection chute, (6) automatic
      action controls, and (7) a spreading mechanism.
PARN
PAR  This is a continuation-in-part of application Ser. No. 484,198, filed June
      28, 1974, now abandoned.
BSUM
PAC  PRIOR ART AND BACKGROUND OF THE INVENTION
PAR  Oranges and grapefruit have been packaged in bags at the shipping point for
      more than three decades in Florida. For about 20 years it was all done
      manually. Only fabric mesh bags were used before polyethylene film bags,
      which first appeared in Florida statistics for the 1958-1959 season.
      Polyethylene net bags first appeared in Florida statistics for the 1966-67
      season.
PAR  In Florida most citrus bagging in polyethylene film bags is done by
      semiautomatic machinery: limited automatic machines are in use. In all
      semiautomatic bagging operations, purchased (premanufactured) bags are
      used entirely. The semi-automatic equipment used by the larger portion of
      the packinghouse counts the desired quantity of fruit into the bag upon
      actuation of a foot pedal or other control by the operator. The operator
      holds the bag in position to catch the fruit, then closes it by a tape or
      stapling device, and places it in a master carton. Similar semiautomatic
      equipment is used elsewhere for packaging such produce as apples, onions,
      and potatoes in polyethylene film bags. Generally, this equipment measures
      quantity by weight instead of count. Machine action or the operator pours
      the measured quantity from a pan or accumulating chamber into the bag
      after the machine feed has stopped at a preset weight. Bag closing
      practices are similar to those employed on semiautomatic citrus bagging
      operations. Semiautomatic machines suitable for polyethylene film bags are
      also generally usable for bagging fruit in polyethylene net bags.
PAR  Automatic polyethylene film bagging machines have been installed in several
      Florida packinghouses over approximately the past three years. Premade
      bags are used by all of them except for one make that uses specially
      prepared film, doubled, in a ribbon with perforations in heat-sealed
      strips betweem bags. The bagging machine heat-seals the top after filling
      except where twist-tie or Kwik-lok closing has been substituted. Bags
      separate along perforation lines in passing out of the machine onto the
      takeaway conveyor. Manual checking of bag weight is required in operating
      one make of these machines, a carrousel type.
PAR  No fully automatic machines are available for handling polyethylene net
      bags except one type, recently offered in the Florida citrus area, with an
      attachment for automatically handling net bags supplied on wire frames.
      Thus far, the tooling of bagmakers has not provided for supplying
      polyethylene net bags in this way. Since manufactured polyethylene net
      bags cost about twice as much as film bags, there would be an economic as
      well as many other advantages accruing to consumers and packers alike by
      having bag forming incorporated into an automatic cycle of bag filling and
      closing machinery.
PAR  These concepts were emperically tested and evaluated by constructing an
      experimental machine. Testing of the machine was confined to packing
      5-pound bags of oranges because of their lead in shipment of Florida
      citrus fruit in polyethylene net bags. The machine is adaptable, however,
      to other bag sizes, produce, and applications.
PAC  OBJECTIVES
PAR  One of the objectives of this machine is to eliminate the need for
      preformed bags. Another objective is to make a totally automatic citrus
      bagging machine. Another objective is to incorporate the bag forming into
      the automatic cycle. It is yet another objective to eliminate the need for
      manual labor in any of the weighing and bagging operations of citrus
      packaging. Another object of this invention is to reduce the cost of
      packaging of citrus fruits. Still another object of this invention is to
      supply a means of packaging other types of produce.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  Polyethylene bagging material is initially manually fed into the automatic
      bag-forming portion of the automatic bagging machine when a new roll of
      netting is installed. This is done by hand feeding the netting material
      through the bottom ring around the spreading mandrel, thus positioning it
      to begin the automatic bag-forming operation.
PAR  The solenoid actuates the spreader thereby positioning it to subsequently
      spread the netting by allowing for entry of the spreading fingers in the
      gripping head. The spreading fingers of the gripping head are positioned
      to the center of the cross head thereby enabling the cross head to be
      lowered in such a manner that the fingers are inserted into the center of
      the polyethylene netting material. The fingers contact the top of the
      spreading mandrel causing the top of the spreading mandrel to be
      repositioned. The gripping fingers are then actuated to an out position
      thus opening the top of the netting material to allow for produce entry.
      The cross head then moves up the full length of a bag (approximately 19
      inches) pulling the netting material with it.
PAR  Then the bottom gathering, closing, and cutting mechnism swings in. The
      bottom gathering arm gathers the material and after gathering the material
      it actuates a micro switch which staples and then cuts the bag thus
      forming the bottom of the bag. The bottom gathering, closing and cutting
      mechanism then swing out and simultaneously the chute drops down to
      support the fruit which is then going to automatically be counted into the
      open bag.
PAR  The automatic counter then counts the desired amount of produce into the
      bag, as previously programmed (approximately 11 to 13 oranges). This can
      be any amount of fruit or produce which can be programmed for bagging.
      After counting the produce into the bag the counting machine signals the
      bagging machine to start closing the top again.
PAR  The gripping belts enter under the gripping head. The gripping belts have
      two arms which forces the hot wire in. The hot wire then cuts the netting
      off the gripping fingers. Then actuate the belt and move the net into the
      top closing mechanism. When the net moves into the top closing mechanism
      far enough it signals the photoelectric cell (triggers the photoelectric
      cell). The photoelectric cell actuates the gathering arm and causes the
      gathering arm to move in and gather the material (polyethylene material).
      When the material has been gathered, the micro switch is actuated thereby
      actuating the stapling mechanism. The stapling mechanism then staples the
      material together at the top and simultaneously the chute pan
      automatically moves up into position to allow the bag to slide forward and
      down. It is thus ejected. The machine then repeats the same operations
      previously described.
DRWD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  In describing the preferred embodiment of the invention illustrated in the
      drawings, specific terminology will be resorted to for the sake of
      clarity. However, it is not intended to be limited to the specific terms
      so selected, and it is to be understood that each specific term includes
      all technical equivalents which operates in a similar manner to accomplish
      a similar purpose. Machine dimensions, materials of construction, control
      devices, operating configurations and applications illustrated are typical
      only and all other more sophisticated equivalents are also intended.
PAR  FIG. 1 is an exploded isometric view showing the bagging machine.
PAR  FIG. 2 is an exploded view of the lower portion of the automatic bagging
      machine detailing the assembly of the opening and closing mechanism and
      the opening and gripping mechanism in relation to the spreading mandrel.
PAR  FIG. 3 is an isometric view of the gripping fingers in the spread open
      position.
PAR  FIG. 4 is an illustrative drawing showing the position of the gripping
      fingers in both the open and closed position.
PAR  FIG. 5 is an isometric view of the spreading mandrel and the tripping
      mechanism with the polyethylene net tubing superimposed over the exterior.
PAR  FIG. 6 is an illustrative cross-sectional drawing of the spreading mandrel
      in the down or collapsed position.
PAR  FIG. 7 is an illustrative cross-sectional view of the spreading mandrel in
      the expanded or up position.
PAR  FIG. 8 is an isometric view of the top gathering and closing mechanism.
PAR  FIG. 9 is an illustrative view of the transfer belt arms in the open
      position.
PAR  FIG. 10 is an illustrative view of the transfer belt in the closed
      position.
PAR  FIG. 11 is an isometric view of the bottom gathering, closing and cutting
      mechanism.
PAR  FIG. 12, Detail A is a detail of the internal workings with respect to
      FIGS. 6 and 7.
PAR  FIG. 13, A through G, is an illustrative cross-sectional view of the
      machine action sequences.
DETD
PAR  In the preferred embodiment of the invention, polyethylene net tubing is
      supplied by the manufacturer on a roll in continuous form. Reference is
      made to FIGS. 1 through 12. The end of the polyethylene net tubing on roll
      13, FIG. 1, is manually fed into the automatic bag forming machine by
      inserting the net material through base plate 40 and ring 5, and around
      spreading mandrel 6, FIGS. 1, 2, and 5, thus positioning it to begin the
      automatic bag-forming cycle. Spreading mandrel 6, FIGS. 5, 6, and 7, is of
      a cylindrical design and floats free inside ring 5, which is mounted to
      base plate 40. FIG. 5. Base plate 40 has a hole for the polyethylene net
      tubing to pass through. This hole is smaller than the circumference of the
      mandrel thus holding the mandrel in place above the base plate.
PAR  The trippers 7, FIG. 5, are actuated by the solenoid 14, positioning the
      spreading mandrel 6, FIGS. 5, 6, and 7, to subsequently spread the netting
      and allow for entry of the opening and gripping mechanism 8, FIGS. 1, 2,
      3, and 4. The spreader mandrel operates as follows:
PAR  Solenoid 14, FIG. 5, connected to tripper 7, which pivots on screw 46, and
      is mounted on frame 42, attached to plate 40, by rod 41, actuates tripper
      7 which pivots at base plate 40 and comes into contact with locking pin
      arm 54, FIG. 6, pulling locking pin 53, FIG. 6, up and out of locking
      groove 59, thereby releasing the top of the spreader mandrel 50, to be
      forced upward by spring 51, thus resulting in expanded position as shown
      in FIG. 7. Simultaneously, locking pin spring return 57, FIG. 12, detail
      A, forces locking pin 53 back into ready position. The expanded position
      is fixed by the top mandrel locking shoulders 60, contacting with locking
      screws 52, FIGS. 6 and 7. This position is necessary to receive the
      gripping mechanism of the automatic bagging machine.
PAR  Simultaneously, trippers 7, FIG. 5, are returned to resting position by
      return spring 44, which is attached to return spring anchor mount 45,
      which is attached to solenoid 14, FIG. 5.
PAR  A cam timer on the automatic bagging machine signals a gripping mechanism
      which is part of the bagging machine bringing the gripping mechanism into
      contact with the top of the spreader mandrel 50, FIG. 6, forcing the top
      of spreader mandrel 50, FIGS. 6 and 7, downward. As top spreader mandrel
      50, is forced downward, the bevel on the top internal pop-up section 61,
      contacts locking pin 53, shoves it outward, and allows pin 53 to insert
      into groove 50, thereby repositioning and resetting spreader mandrel 6, as
      shown in FIG. 6, which is the initial starting position. The polyethylene
      netting material can then slide between the exterior surface of spreader
      mandrel 6, FIG. 5, and stationary guide ring 5, FIG. 6.
PAR  The opening and gripping mechanism 8, is then positioned to the center of
      the cross-head which is then lowered in such a manner that the fingers of
      the opening and gripping mechanism 8 are inserted into the center of the
      polyethylene netting material. This position of sequence is represented on
      sequencing graft 13 as sequence 13 A. Opening and gripping mechanism 8 is
      attached to cross-head frame 17 which is mounted to vertical rods 90 which
      are rigidly mounted to the outer frame for support. The cross-head 17 thus
      moves up and down guided by vertical rods 90 for vertical movement and
      alignment. Gripping fingers 26, FIG. 3, move in and out actuated by air
      cylinders 12 for horizontal movement, FIGS. 1, 2, 3, and 4. The opening
      and gripping mechanism operates as follows:
PAR  Air cylinders 12 are attached to cylinder rod 25, FIG. 3, which is attached
      to pivot block 3, using connecting screw 24, which is attached to cross
      members 1 and 2. The forward ends of cross members 1 and 2 have
      cylindrical vertical gripping fingers 26 attached at 90.degree. angles to
      said cross members 1 and 2. The aft end of cross members 1 and 2 are
      secured by slide action bushing 31, FIG. 4, and a screw through the cross
      member. Cross member 2 has a spacer 30, FIG. 3, on the secured aft end.
      This spacer 30 is slightly thicker than the cross member 1. It is the
      function of this spacer to allow for horizontal leveling of cross member
      2.
PAR  Since it is the basic function of the gripping surfaces to grip and hold
      the polyethylene bagging in place during the automatic machine cycle, this
      operation takes place as follows: air cylinders 12 are actuated forward.
      This causes cylinder rod 25, FIGS. 3 and 4, to move forward. Since it is
      attached to pivot block 3 which is attached to cross members 1 and 2 at
      2/8 inches forward of the center of the cross bar, the forward end with
      the gripping fingers 26, FIGS. 3 and 4, moves forward to the center of
      frame 27, FIGS. 3 and 4, aligning themselves in the entry position 33,
      FIG. 4. Simultaneously, the aft secured end rides the slide action bushing
      31, FIG. 4, along slots 28, FIG. 4, such that the aft ends come together
      in alignment, thus completing a closing cycle.
PAR  The opening cycle takes place by the direct reverse of the operation
      described above. Air cylinders 12 move rod 25, FIGS. 3 and 4, backward
      causing gripping fingers 26, FIGS. 3 and 4, to move backward bringing
      gripping fingers 26 and gripping surface 29, FIGS. 3 and 4, together with
      the polyethylene net tubing held firmly between fingers 26 and gripping
      surface 29, FIGS. 3 and 4, thus completing a full open and closing cycle.
PAR  The entire gripping head assembly is capable of being lowered and raised
      during the bag-forming cycle of the automatic bagging machine. In this
      manner the cross-head is moved upward the full length of a bag
      (approximately 19 inches) pulling the polyethylene netting material with
      it, to machine action sequence 13B.
PAR  At this point air cylinders 12, actuates swing mounting and air stapler 10,
      FIGS. 1, 2, and 11, causing 10 to swing in, to allow for gathering
      stapling and cutting of the polyethylene net bag and thus form a bottom.
      The gathering, cutting and stapling apparatus as shown in FIG. 11 is
      mounted for swinging horizontally on vertical rod 91 which is attached to
      the supporting frame. A signal to the solenoid opens the air to air
      cylinder 12 which is a gathering and cutting cylinder, FIG. 11. The
      gathering arm 70, gathers the polyethylene material into V-notch 21, and
      microswitch 71, opens the air to the stapler stapling the polyethylene
      netting forming a closed net at the bottom. Automatically a knife 72
      swings under the V-notch 21, severing the polyethylene net just below the
      stapled netting. Then swing mounting and air stapler 10 swing back out to
      initial position. Simultaneously, the chute 4, FIGS. 1 and 11, drops down
      to support the produce which is then counted automatically into the upper
      open end of the bag (this sequence is represented by machine operation
      sequence 13D).
PAR  After counting the produce into the bag, the counting machine (which can be
      any commerical grade weighing and counting machine) signals the bagging
      machine to actuate the top gathering and closing mechanism 15 which is
      swing mounted to the top of the support frame, FIGS. 1 and 8. The gripping
      belts 16, FIG. 8, enter under the gripping frame 17, FIGS. 1 and 2. The
      gripping belts have two transfer belt arms 18, FIG. 8, with a hot wire
      attachment 19, FIG. 8. The transfer belt arms 18, forces the hot wire 19,
      into contact with the polyethylene netting thus severing the netting from
      the gripping fingers 8. FIGS. 1 and 8, this point of bag forming is
      represented by machine diagram sequence 13E. These actuate the gripping
      belts 16, FIG. 8, and move the net into top closing mechanism 15, far
      enough to trigger the photoelectric cell 80 which actuates the top
      gathering arm 20, which gathers and staples the net material by triggering
      the V-notch stapling mechanism 21, FIG. 8. Simultaneously, the chute pan
      4, FIG. 1, automatically moves up into position to allow the bag to slide
      forward and down, see machine operational sequence FIG. 13F and 13G, thus
      ejecting it.
PAR  The machine then automatically repeats the same operations above described
      for another cycle thus forming another bag, filling the bag, stapling, and
      ejecting.
CLMS
STM  We claim:
NUM  1.
PAR  1. An automatic produce-bagging machine that uses factory-roll polyethylene
      net tubing material for bag fabrication and comprising in combination:
PA1  a. a frame;
PA1  b. a polyethylene net material spreading means;
PA2  1. an actuating means for said spreading means;
PA1  c. an opening and gripping means;
PA2  1. an actuating means for said opening and gripping means;
PA1  d. a bottom gathering, closing, and cutting means comprising:
PA2  1. a means of imparting swing movement to said closing means;
PA2  2. a means of gathering the polyethylene net material;
PA2  3. a means of cutting said polyethylene material;
PA2  4. a stapling device to staple the polyethylene material and form
      substantially a closed bottom of a polyethylene net bag;
PA2  5. an actuating means to impart energy to said bottom gathering, closing,
      and cutting means;
PA1  e. a top gathering and closing means comprising:
PA2  1. a gathering means to gather the top of the polyethylene bag;
PA2  2. a cutting means to cut the top edge of the bag even;
PAR  3. a stapling means to close the top edge of the polyethylene netting
      material and form a closed container for the produce;
PA2  4. an actuating means to impart energy to said top gathering, closing, and
      cutting means;
PA1  f. an automatic counting means to count the produce into the bag; and
PA1  g. a means of supplying the polyethylene net material to the automatic
      bagging machine.
NUM  2.
PAR  2. An apparatus as defined in claim 1 wherein the spreading means is a
      vertical sectional cylinder, the bottom of which telescopes into the top
      portion thereof.
NUM  3.
PAR  3. An apparatus as defined in claim 1 wherein the actuating means for the
      spreading means is a solenoid.
NUM  4.
PAR  4. An apparatus as defined in claim 1 wherein the means of imparting swing
      movement to the said closing means is an air cylinder.
NUM  5.
PAR  5. An apparatus as defined in claim 1 wherein the means of gathering the
      polyethylene material comprises:
PA1  a. a metal arm; and
PA1  b. a metal plate with a v-notched section which is used for gathering the
      material.
NUM  6.
PAR  6. An apparatus as defined in claim 1 wherein the supplying means for
      supplying the polyethylene net material to the automatic bagging machine
      is a spool mounted on a horizontal cross bar attached at the two ends to a
      vertical frame.
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ABST
PAL  A machine for forming large cylindrical bales of hay or the like has a
      mobile main frame with opposite upright sides defining a baling chamber
      therebetween. A windrow pickup unit removes the crop from the field and
      delivers it rearwardly between a pair of compressor rolls, which deliver
      the crop material in a mat to a baling zone between upper and lower
      endless conveyors, the lower conveyor having a generally horizontal upper
      run which supports the underside of the bale and the upper conveyor having
      an upwardly and forwardly moving lower run which engages the crop moving
      rearwardly on the lower conveyor to roll it into a bale. The upper
      conveyor envelops the bale as it is formed and a rear gate assembly is
      provided in association with the upper conveyor for permitting rearward
      discharge of the formed bale, the gate assembly including a pair of
      vertically swingable upper arms and vertically swingable lower arms
      carried by the upper arms, a linkage being provided between the lower arms
      and the frame to control the movement of an upper conveyor roller
      extending between the lower ends of the lower arms, which defines the
      rearward end of the baling chamber as the bale is being formed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a machine for forming cylindrical bales of crop
      material such as hay or the like, and more particularly to an improved
      machine of the above general type wherein the bale is formed off the
      ground between upper and lower conveyors and discharged rearwardly after
      the bale is formed
PAR  Machines of the above general type have been known for a long period of
      time, and numerous, now expired patents disclose cylindrical balers having
      crop pickups which deliver the crop rearwardly between a pair of
      compressor rolls to a baling zone between a pair of belt-type conveyors
      moving around transverse rollers, the bale being supported above the
      ground on the lower conveyor while the upper conveyor envelops at least a
      part of the upper portion of the bale to rotate the bale and roll the mat
      of crop material moving between the compressor rolls into an increassingly
      larger bale. After the bale reaches a predetermined size, means are
      provided for rearwardly discharging the bale onto the ground. The early
      commercial machines embodying the above bale-forming mechanism produced
      relatively small bales that could be manually lifted, but with the
      decreasing availability of farm labor and the increasing availability of
      material-handling machines, later commercial machines have provision for
      the formation of much larger bales that can only be handled by
      mechanically powered material-handling equipment. Several machines of the
      latter type are now commercially available, U.S. Pat. No. 3,722,197
      illustrating one type of the larger baling machines now commercially
      available.
PAC   SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided an improved machine
      for forming large cylindrical bales of the above general type, wherein the
      bale is formed off the ground in a baling zone between two conveyors. More
      specifically, the baler is provided with an improved rear gate assembly
      having a transverse roller that defines a rearward end of the baling zone
      and about which the upper conveyor moves. The rear gate assembly is so
      constructed that the roller moves rearwardly in close proximity to the
      upper run of the lower conveyor as the bale grows and then swings upwardly
      and rearwardly when the gate assembly is actuated to permit discharge of
      the formed bale. Another feature of the invention resides in the provision
      of guides or tracks on opposite sides of the baling chamber which are
      engaged by followers on the lower end of the gate assembly to control the
      movement of the lower end of the gate assembly and the roller mounted
      thereon.
PAR  Another feature of the improved baler resides in the provision of a
      transverse roller adjacent to the upper conveyor at the forward end of the
      baling zone to strip the upper conveyor at the forward end of the baling
      zone and prevent the forward loss of material from the baling zone due to
      the motion of the upper conveyor. The stripper roller is much simpler and
      less expensive than devices accomplishing the above result on earlier
      machines.
PAR  Still another feature of the invention resides in the simple and rugged
      construction of the machine frame as opposed to a more complicated frame
      structure of earlier machines.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a right front perspective view of the improved machine for
      forming large cylindrical bales in a non-operating condition.
PAR  FIG. 2 is a partly schematic side elevation view of the machine as it is
      starting to form a bale.
PAR  FIG. 3 is a view similar to FIG. 2, but with portions of the side of the
      machine removed to more clearly show the bale, which has reached its full
      size, just prior to discharge.
PAR  FIG. 4 is a view similar to FIG. 3, but showing machine just subsequent to
      the discharge of a formed bale.
PAR  FIG. 5 is a plan view of one end of the lower rear roller, which is mounted
      on the end of the gate assembly, showing the track and follower for
      guiding the lower end of the gate assembly.
PAR  FIG. 6 is an enlarged side elevation showing the adjustable link connecting
      the lower arm of the gate assembly to the main frame.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is embodied in a machine that includes a mobile main frame,
      indicated generally by the numeral 10, the frame being mounted on a pair
      of wheels 12 on opposite sides of the frame. The main frame includes a
      pair of upright frame members 14 extending upwardly from a transverse axle
      structure 15 for the wheels 12, the upright frame members being
      respectively disposed immediately interiorally of the respective wheels at
      opposite sides of the machine. A pair of generally fore and aft frame
      members 16 respectively intersect and are connected to the upright frame
      members 14 to form inverted T-shaped frames on opposite sides of the
      machine, and a transverse frame member 18 spans the width of the machine
      and connects the forward ends of the fore and aft members 16. An implement
      tongue 20 extends forwardly from the center of the transverse frame member
      for connection to a towing vehicle in the conventional manner.
PAR  A pair of upright, fore and aft side panels or walls 22 and 24 are
      respectively connected to the inner sides of the opposite upright frame
      members 14 and the opposite fore and aft frame members 16, the side walls
      or panels 22 and 24 forming the opposite sides of a baling chamber within
      the machine. As is apparent from FIG. 4, the side panels 22 and 24 are
      generally in the shape of an upwardly and forwardly inclined parallelogram
      with the upper front corners truncated, and a pair of downwardly and
      forwardly inclined frame members 26 respectively extend from the upper
      ends of the upright frame members 14 along the upper forward side of the
      respective side panels. An upper transverse beam 28 interconnects the
      forward ends of the inclined frame members 26.
PAR  A pickup mechanism, indicated generally by the numeral 30, is of the well
      known type utilized on balers and the like for picking up crop material
      laying in a windrow and will not be described in detail. The pickup
      mechanism is mounted on the main frame by a pair of generally fore and aft
      arms 32 having their rearward ends pivoted to the main frame by
      transversely aligned pivots 34 to permit vertical swinging adjustment of
      the pickup mechanism about the axis of the pivots 34. A generally U-shaped
      horizontally disposed finger type compressor mechanism 36 has its opposite
      ends connected to the opposite sides of the main frame and extends
      forwardly therefrom over the pickup mechanism, such compressors also being
      well known and functioning to limit the upward movement of the crop after
      it is thrown upwardly and rearwardly by the pickup mechanism.
PAR  A pair of vertically spaced, transversely extending, oppositely rotating
      compressor rolls 38 and 40 extend between the opposite side panels 22 and
      24 immediately to the rear of the pickup mechanism. The upper compressor
      roll 38 rotates in a clockwise direction, and the lower roll 40 rotates in
      a counterclockwise direction as viewed in FIG. 2. As is apparent in FIG.
      2, the pickup mechanism elevates the crop laying in a windrow, indicated
      by the numeral 41 in FIG. 2, and delivers it upwardly and rearwardly to
      the bite of the compressor rolls 38 and 40, which engage the crop and pass
      it rearwardly between the rolls in a mat, indicated by the numeral 42.
PAR  The mat of crop material leaving the compressor rolls 38 and 40 is
      deposited on top of a lower conveyor means, indicated generally by the
      numeral 43. The lower conveyor means is formed by an endless flexible belt
      44 which spans the width of the baling chamber and is trained around the
      lower compressor roll 40 and a rear roller 46 which also extends between
      the opposite side panels adjacent the lower rear corner thereof. A pair of
      intermediate rollers 47 and 48 also extend between the opposite side
      panels and engage the underside of the upper run 50 of the belt, the
      rollers 46, 47 and 48 being parallel to and lying in substantially the
      same horizontal plane as the lower compressor roll so that the upper run
      50 of the belt 44 is substantially horizontal.
PAR  An upper conveyor, indicated generally by the numeral 52, is also disposed
      between the opposite side panels and includes a plurality of side by side
      endless flexible belts 54, which are transversely spaced a relatively
      small distance apart and extend side by side across the width of the
      baling chamber. The belts 54 are trained around a transverse lower front
      roller 56, which extends between the opposite side panels rearwardly of
      the upper compressor roll 38, an upper front roll 57, which extends
      between the side panels adjacent the upper forward corner thereof, and a
      pair of upper rear rollers 58 and 59, which extends between the opposite
      side panels adjacent the upper rear corner thereof on opposite sides of
      the upper end of the upright frame members 14. The rollers 56, 57, 58 and
      59 all rotate about fixed transverse axes and engage the inner side of the
      belts 54. A pair of axially transverse idler rollers 60 and 61 are mounted
      on and extend between the rearward ends of a pair of generally fore and
      aft arms 62 having their forward ends mounted on a transverse pivot shaft
      64, which extends between the opposite side panels immediately below the
      upper transverse beam 28, the arms 62 being respectively disposed
      immediately adjacent to the interior sides of the opposite side panels 22
      and 24. A pair of spring arms 66 are respectively connected to the
      opposite ends of the pivot shaft 64 on the exterior side of the side
      panels, and a pair of helical tension springs 68 extend between the
      rearward ends of the spring arms 66 and mounting brackets 70 on the
      upright frame members 14. As is apparent, the springs 68 exert a
      counterclockwise biasing force on the shaft 64, as viewed in FIG. 2, which
      in turn biases the arms 62 downwardly, the rollers 60 and 61 engaging the
      exterior sides of the belts 54 on opposite sides of the fixed roller 58.
PAR  A rear gate assembly indicated generally by the numeral 72 allows the
      rearward discharge of formed bales. The gate assembly includes a pair of
      identical arm assemblies 74 on opposite sides of the machine, only the arm
      assembly on the right side of the machine being shown and described in
      detail herein. The right hand arm assembly includes an upper arm 76 having
      its forward end swingably mounted on a transverse pivot 77 carried by a
      bracket 78 on the upright frame member 14. A transverse tube 79 connects
      the upper arms 76 of the two arm assemblies 74 so that the arm assemblies
      move in unison.
PAR  The arm assembly 74 also includes a lower arm 80 that is pivotally
      connected to the rearward end of the upper arm 76 by means of a transverse
      pivot 81, the lower arm being connected to the upper arm a short distance
      away from the upper end of the lower arm. A link 82 has one end pivotally
      connected to the upper end of the lower arm 80 and its opposite end
      pivotally connected to a bracket extension 83 on the bracket 78. As best
      seen in FIG. 6, an adjusting means 84 is provided at the connection
      between the link and the lower arm for selectively adjusting the effective
      length of the link, the adjusting means being in the form of a threaded
      member threadable into the end of the link. A hydraulic cylinder 86 is
      provided on each side of the machine and extends between a bracket 88
      intermediate the opposite ends of the upper arm and a bracket 89 on the
      main frame adjacent the intersection of the frame members 14 and 16.
PAR  A lower rear transverse roller 90 extends between the lower ends of the
      lower arms 80, and a roller 92 extends between the lower arms 80 parallel
      to the roller 90 coaxial with the pivot connections between the upper and
      lower arms. The upper conveyor belts are also trained around the rollers
      90 and 92.
PAR  A pair of generally fore and aft guide tracks 94 are respectively mounted
      on the opposite side panels 22 and 24 immediately above the upper run 50
      of the lower conveyor belt 46. As seen in FIG. 5, the lower ends of the
      lower arms 80 are provided with L-shaped brackets 96 which carry axially
      transverse rollers 98 that ride along the guide tracks 94. Thus, as the
      rear gate assembly swings rearwardly, the rollers 98 roll along the guide
      tracks 94 so that the lower ends of the lower arms and the rear roller 90
      carried thereby move in a straight line immediately adjacent to and
      following the path of the upper run of the lower belt. The geometry of the
      gate assembly links 82 relative to the gate assembly arms is such that a
      generally linear movement of the lower ends of the lower arms is produced
      during the first portion of the rearward and upward movement of the gate
      assembly, the first portion of said movement accommodating the growth of
      the bale during the baling process. As shown in FIG. 2, the rear roller 90
      is in its forwardmost position at the start of the baling process, wherein
      it is disposed at the forward end of the guide tracks 94, and is in its
      rearwardmost position at the end of the baling process as shown in FIG. 3.
      When the bale is completely formed, further rearward movement of the gate
      assembly from the position shown in FIG. 3 results in arcuate movement of
      the lower rear roller 90 to a rearward and upward position for discharge
      of the bale as shown in FIG. 4.
PAR  The upper run 50 of the lower convey moves rearwardly during the baling
      process, while the lower run of the upper conveyor, which is opposite the
      lower conveyor moves forwardly. The portion of the upper conveyor belts 54
      extending between the rear roller 90 and the fixed lower front roller 56
      is the bale engaging portion 100 of the upper conveyor. The area or zone
      between the upper run 50 of the lower conveyor and the bale engaging
      portion 100 of the upper conveyor defining a baling zone, identified by
      the numeral 102 in FIG. 2. As is apparent from FIG. 2, as the compressor
      rolls 38 and 40 feed the mat of material 42 into the baling zone 102 it is
      engaged by the two oppositely moving conveyors in such a manner that it
      starts to roll the material into a ball. The rear roller 90 defines the
      rearward end of the baling zone 102, and as the bale grows, the gate
      assembly swings rearwardly carrying the rear roller 90 rearwardly until it
      reaches the position shown in FIG. 3. A transverse stripper roller 104
      extends between the opposite side panels immediately to the rear of the
      upper compressor roll 38 and immediately below the lower front roller 56
      to strip crop material from the upper conveyor belts at the forward end of
      the baling zone 102, the stripper roller 104 being driven in a
      counterclockwise direction as viewed in FIG. 2.
PAR  The pickup and the conveyor rolls are driven from the towing vehicle,
      conventionally a tractor equipped with a power take-off mechanism, in the
      conventional manner, the baler being provided with a fore and aft
      driveshaft 106 above the tongue 20. The forward end of the driveshaft is
      connectible to the tractor power take-off mechanism, and the rearward end
      of the driveshaft provides the input for a bevel gearbox, which is
      disposed under appropriate shielding 108. The gearbox, in turn, drives a
      transverse driveshaft 110 extending toward the left side of the machine,
      and the transverse driveshaft is connected to the various driven
      components by conventional belt drives, some of which are schematically
      shown in FIG. 2, where there is shown an upper drive belt 112 between the
      driveshaft 110 and the fixed drive roller 57 of the upper conveyor, a belt
      drive 114 between the driveshaft and the stripper roller 104, a belt drive
      116 between the stripper roller and the lower compressor roll 40, an upper
      belt drive 118 from the roller 57 to the roller 58, and a belt drive 120
      from the stripper roller to the lower front roller 56, all of said rollers
      being driven in a counterclockwise direction. Of course, additional drives
      are provided for the pickup and the upper compressor roll.
PAR  In operation, as the machine advances across a field of windrowed crops,
      the pickup mechanism 30 raises the windrow 41 and moves it rearwardly to
      the compressor rolls 38 and 40, which deliver the crop rearwardly in a mat
      to the baling zone 102, where it is engaged by the rearwardly moving upper
      run 50 of the lower conveyor and the forwardly moving run 100 of the upper
      conveyor, as shown in FIG. 2. The oppositely moving belt runs tends to
      roll the hay into a roll, and the stripper roller 104 prevents the upper
      conveyor from expelling the crop material forwardly over the upper
      compressor roll 38. As the bale rolls, the size of the roll of hay in the
      baling zone increases, the bale being supported from below on the upper
      run of the lower conveyor while the upper conveyor substantially envelops
      the remainder of the bale. The increasing bale size, of course, requires
      additional length of the bale engaging run of the upper conveyor, the
      takeup mechanism provided by the idler rollers 60 and 61, which are spring
      loaded against the outside of the belt, providing the necessary belt
      length and tension for the compression of the bale. As is apparent from
      FIG. 2, the rollers 60 and 61 are in their lowermost position when the
      bale is started, while the rollers 60 and 61 are in their uppermost
      position when the bale reaches full size, as shown in FIG. 3, wherein the
      bale is indicated by the numeral 122. As previously described, as the bale
      grows, the roller 90 moves rearwardly to accommodate the increase in bale
      size, the cylinders 86 allowing free movement of the rear gate assembly.
      As is apparent from FIG. 3 the rollers 47 and 48 support the lower
      conveyor so that the bale 118 is resting on the rollers 47 and 48 as it
      nears its completion. Once the bale reaches its full size, the operator
      actuates the cylinders 86, which can be connected to a hydaulic power
      source and control valving on the tractor in the conventional manner, so
      that the cylinders swing the gate assembly rearwardly and upwardly to the
      position shown in FIG. 4. When the rear gate assembly is in its raised
      position, the lower conveyor 43 discharges the bale out the rear of the
      machine. After the bale 122 clears the machine, the operator retracts the
      cylinders 86 to move the gate assembly to its original position, as shown
      in FIG. 2, so that another bale can be started.
CLMS
STM  We claim:
NUM  1.
PAR  1. A machine for forming large cylindrical bales of crop material such as
      hay or the like comprising: a mobile main frame having opposite, upright,
      fore and aft sides defining a baling chamber therebetween; a crop delivery
      means carried by the frame and adapted to remove the crop from the field
      as the machine advances and deivers it rearwardly to the baling chamber in
      a mat; a bale forming mechanism disposed between the opposite sides and
      including a lower conveyor means generally below the path of crop material
      when it is delivered from the delivery means and adapted to support the
      underside of the mat of crop material and the bale formed in the baling
      chamber above the ground and an upper endless conveyor means spanning the
      baling chamber, the upper conveyor means having a portion opposite the
      lower conveyor means to form a baling zone therebetween wherein the mat of
      material is rolled into a cylindrical bale; and a rear gate assembly
      including a first pair of interconnected parallel arms pivotally connected
      to the opposite sides of the machine for swinging in unison in vertical
      arcs about a common transverse axes, a second pair of parallel arms
      respectively pivotally connected to the first arms for swinging in
      vertical arcs about a transverse axis, a first transverse roller extending
      between the second arms parallel to the pivot axis of the second arms and
      defining the rearward end of the baling zone, the first and second pairs
      of arms swinging rearwardly so that the roller moves rearwardly as a bale
      grows in the baling zone, the upper conveyor means being trained around
      said roller, a linkage means connecting the second pair of arms to the
      frame so that the first roller moves in a path generally parallel and
      adjacent to the lower conveyor means as the bale grows, and power means
      selectively operative to swing the gate assembly arms upwardly and
      rearwardly so that the first roller is spaced above the lower conveyor
      means to permit the rearward discharge of a formed bale.
NUM  2.
PAR  2. The invention defined in claim 1 wherein the main frame includes a pair
      of vertical frame elements on opposite sides of the frame and the first
      pair of arms are respectively pivotally connected to a central portion of
      the vertical frame elements.
NUM  3.
PAR  3. The invention defined in claim 2 wherein the main frame includes a pair
      of fore and aft frame elements crossing the respective vertical frame
      elements on opposite sides of the baling chamber, a transverse frame
      member interconnecting the forward ends of the fore and aft frame elements
      above the crop delivery means, and a central fore and aft tongue extending
      forwardly from the transverse frame member.
NUM  4.
PAR  4. The invention defined in claim 1 and including a transverse rotary
      stripper element mounted on the main frame and disposed above the mat of
      material delivered to the baling zone adjacent to the upper conveyor means
      at the forward end of the baling zone.
NUM  5.
PAR  5. The invention defined in claim 4 wherein the crop delivery means
      includes a pair of transverse, oppositely rotating vertically spaced,
      compressor rolls mounted on the main frame and adapted to pass the mat of
      material rearwardly therebetween and the stripper element comprises a
      transverse roller rearwardly adjacent to the upper compressor roll.
NUM  6.
PAR  6. The invention defined in claim 1 wherein the rear gate assembly includes
      a second transverse roller rotatably mounted on and extending between the
      second pair of arms and disposed above and rearwardly of the first roller
      during the baling forming operation.
NUM  7.
PAR  7. The invention defined in claim 1 wherein the lower conveyor means
      includes a generally horizontal upper run, and including a pair of
      generally fore and aft, horizontal guide elements on opposite side of the
      frame adjacent to the upper run of the lower conveyor, the gate assembly
      including follower means on the lower ends of the second arms adapted to
      engage the guide elements to maintain the first roller in a predetermined
      path as it moves rearwardly as the bale grows.
NUM  8.
PAR  8. The invention defined in claim 1 wherein the second pair of arms are
      pivotally connected to the first pair of arms intermediate the opposite
      ends of the second pair of arms and the linkage means comprises a pair of
      links respectively extending between the upper ends of the second arms and
      the main frame.
NUM  9.
PAR  9. The invention defined in claim 8 wherein adjustment means are provided
      in each link to vary the effective length of the link and thereby vary the
      path of movement of the lower ends of the second arms and the first roller
      carried thereby as the gate assembly swings rearwardly.
NUM  10.
PAR  10. A machine for forming large cylindrical bales of crop materal such as
      hay or the like comprising: a mobile main frame having opposite upright
      fore and aft sides defining a baling chamber therebetween; a crop delivery
      means carried by the frame and adapted to remove the crop from the field
      and deliver it rearwardly as the machine advances; a pair of transverse,
      oppositely rotating compressor rolls mounted on the frame rearwardly of
      the crop delivery means and adapted to receive the crop therefrom and
      deliver it rearwardly between the rolls in a mat; a lower conveyor means
      mounted on the frame generally below the path of crop material delivered
      from the compressor rolls and adapted to support the underside of the mat
      of crop material and a bale formed in the baling chamber above the ground;
      an upper endless conveyor means trained around a plurality of transverse
      rollers extending between the opposite frame sides, the upper conveyor
      means including a portion opposite the lower conveyor means to form a
      baling zone therebetween wherein the mat of material is rolled into a
      cylindrical bale after it leaves the compressor rolls; a transverse
      stripper roller extending between the opposite frame sides at the forward
      end of the baling zone rearwardly adjacent to the upper compressor roll
      and adjacent to the underside of the upper conveyor means at the forward
      end of the baling zone to strip the crop material from the upper conveyor
      means before it leaves the baling zone; a rear gate assembly on the main
      frame, defining the rearward end of the baling chamber and including a
      pair of arm means carrying a transversely extending lower rear roller at
      their lower ends about which the upper endless conveyor means is trained,
      the transverse lower rear roller forming the rearward end of the baling
      zone and moving rearwardly with the arm means as the bale increases in
      size; and means operative between the main frame and the gate assembly to
      raise the gate assembly and move said arm means and the roller carried
      thereby upwardly and rearwardly to permit the rearward discharge of a bale
      from the baling zone.
NUM  11.
PAR  11. The invention defined in claim 10 wherein each arm means includes a
      first arm having its forward end pivotally connected to the frame for
      swinging in a vertical arc and a second arm pivotally connected to the
      rearward end of the first arm to permit swinging of the second arm
      relative to the first arm in a vertical arc, the lower rear roller being
      carried between the lower ends of the second arms of the respective arm
      means.
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ABST
PAL  A device for correcting running of an electronic watch comprises two
      contactors acting on respective bistable circuits in turn acting on a
      combinatory circuit controlling a counter which provides binary correction
      information to an inhibitor circuit. The latter is arranged to inhibit a
      number of pulses of a pulse generator having a predetermined nominal
      frequency above a given value, to set the frequency at said given value
      prior to division to provide accurate clock pulses fed to a device for
      indicating the time. Successive actuation of respective contactors
      corresponds to increasing or decreasing the number of inhibited pulses
      from an approximate number stored in a programmable memory.
BSUM
PAR  The present invention relates to a device for correcting the running of an
      electronic watch comprising at least one source of electrical energy, a
      pulse generator whose output frequency in Hertz has a predetermined
      nominal value with an approximate positive tolerance of one per ten
      thousand, a divider circuit adapted to act on the pulse generator output
      so as to emit an accurate predetermined frequency signal, and a device for
      indicating the time controlled by this signal.
PAR  There are two known types of correcting device.
PAR  The first type corrects the frequency of the oscillations of the actual
      oscillator by means of a trimmer connected in the case of a quartz
      oscillator in series with the quartz. These devices are not satisfactory
      as the trimmers cannot have large dimensions, their capacity is limited
      and consequently the range of regulation is in turn limited. The capacity
      variation characteristic of the trimmers is generally logarithmic, which
      makes correction difficult. Several successive measurements and
      corrections are generally necessary for an acceptable regulation of the
      frequency to be obtained. Very accurate apparatus and considerable
      regulating time are required for obtaining accurate running.
PAR  The second known type of correcting device uses a digital correction which
      is carried out by suppressing, at the input of the frequency divider and
      at a predetermined rate, a certain number of pulses provided by an
      oscillator whose frequency is higher than a nominal value.
PAR  A device according to the invention is of the second type.
PAR  In known devices of the second type, the number of pulses suppressed is
      determined either by the adjustable period of an astable oscillator, or by
      a series of interrupters whose positions indicate the number of pulses to
      be suppressed in binary arithmetic.
PAR  For the period of an astable circuit device to be adjustable a capacitance
      is required, but capacitances may only be integrated in circuits with very
      large tolerances and severe limitations.
PAR  Correcting devices comprising interrupters are complicated. The number of
      pulses to be suppressed is given in binary form. For example, to provide
      for a correction of up to 12 seconds per day in jumps of one tenth of a
      second, or 120 possibilities, it is necessary to use 7 bits, i.e. seven
      interrupters which together will give 2.sup.7, or 128 combinations. The
      watchmaker who has to regulate a watch of this type will have to open all
      the interrupters, measure the advance of the oscillator of the watch with
      a very accurate apparatus and then determine from this measured advance
      which interrupters have to be closed. To carry out this last operation, it
      is necessary to consult a table comprising the 127 regulating combinations
      of 1 to 126 tenths of a second per day. In view of its dimensions, this
      table cannot be integrated in the watch. This is a disadvantage since each
      make may have its own code so that the watch-maker must have the tables of
      all makes of watch which he may desire to regulate. After consulting the
      relevant table the watch-maker will then have to close the interrupters
      indicated by the table for the desired correction. Another disadvantage of
      this device is the considerable space which the 7 interrupters, which each
      must be directly accessible, occupy in the watch.
PAR  It is an object of the present invention to provide a watch of the second
      type which obviates or mitigates the above mentioned disadvantages by
      eliminating the requirement for tables and the operation of numerous
      interrupters.
PAR  According to the present invention, there is provided a device for
      correcting the running of an electronic watch having at least one source
      of electrical energy, a pulse generator whose output frequency in Hertz
      has a predetermined nominal value, a divider circuit adapted to act on the
      pulse generator output so as to emit a predetermined accurate frequency
      signal and a device for indicating the time controlled by this signal, the
      device comprising two contactors each connected to act on a respective
      bistable circuit, two bistable circuits being connected to act on a
      combinatorial circuit at the input of a counter arranged to provide binary
      correction information to an inhibitor circuit, the inhibitor circuit
      being arranged to send at a predetermined rate, a number of pulses for
      inhibiting a corresponding number of pulses of the oscillator, one of the
      contactors by its operation being arranged to increase the number of
      inhibiting pulses, the other being arranged to decrease the number of
      inhibiting pulses.
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PAR  The accompanying drawings illustrate, by way of example, one embodiment of
      a correcting device according to the invention.
PAR  FIGS. 1a and 1b are a circuit diagram of the device; and
PAR  FIG. 2 is a diagrammatic view of an apparatus for actuating the device.
DETD
PAR  The device illustrated in the circuit diagram of FIG. 1 is intended to
      correct the running of a standard electronic watch comprising a pulse
      generator, preferably a quartz pulse generator, whose frequency is for
      example 2.sup.15 Hertz with an approximate positive tolerance of one per
      ten thousand. There is no need for this frequency to be accurately
      selected provided that it is greater than 2.sup.15. As known, the pulse
      generator acts on a divider circuit whose output pulses are sent to a
      device for indicating the time, which device may be either digital or
      provided with hands. These components of watches are known and will not be
      further described.
PAR  A programmable memory which is programmed at the factory determines the
      approximate state of running of the watch by providing a signal in binary
      form to an inhibitor circuit. This memory will be of the RAM, ROM or PROM
      type, preferably of the latter type, which is able to store the
      information received. The memory is receptive of and stores time
      correction signals stored in a counter, described herein below, and
      converts the counter contents to a binary format for controlling the
      inhibitor circuit.
PAR  The device comprises two contactors or switches 1 and 2 which may each be
      actuated by respective push-buttons 1b and 2b. These contactors are formed
      by a strip which is normally in stationary contact with respective
      contact-studs 1c and 2c. When a push-button is actuated, the respective
      strip comes into contact with the respective contact-stud 1d or 2d. The
      contact-studs 1c and 1d of the first contactor 1 are connected to the two
      set and re-set inputs of a flip-flop circuit 3. The contact-studs 2c and
      2d of the second contactor 2 are connected to the two set and re-set
      inputs of a flip-flop circuit 4.
PAR  The outputs of the flip-flops 3 and 4 are connected to a combinatorial
      logic circuit 5. This circuit is commercially available. One example is
      the RCA CD 4011A, described in the RCA Solid State Databook SSD-203A
      (1973).
PAR  It should be noted that since the triggering of the flip-flop takes place
      at the time of pressure on the contactor, the possible return movement at
      the time of release has no effect on the operation of the device.
PAR  When it is triggered, the flip-flop 3 provides the logic circuit 5 with an
      addition pulse. When it is triggered, the flip-flop 4 provides the logic
      circuit 5 with a subtraction pulse.
PAR  For the final correction, these pulses are sent to an up/down counter 7, 8
      which counts them and transmits the total count in binary form to an
      inhibitor control circuit 15. By setting the switches 1 and 2, the count
      stored in the up/down counter can be varied to control the inhibitor 16 to
      control the number of pulses applied to the divider 18 and thus control
      the time indicating mechanism 19. Controllable inhibitor circuits of the
      type described hereinabove are known and the structure of one example is
      disclosed in Swiss Patent Application Ser. No. 534,913. The count stored
      in up/down counter 7, 8 is applied to and stored in the programmable
      memory (PROM) 15. The format of the count is changed to a binary format
      for controlling the inhibitor circuit 16 to block certain numbers of
      pulses from the pulse generator 17. The pulses which are passed by the
      inhibitor 16 are applied to the divider 18 which develops a time signal to
      drive the time indicating device 19.
PAR  The circuits are arranged such that pressure on the push-buttons 1b or 2 b
      corresponds to a correction of operation on one tenth of a second,
      actuation of the push-button 1b increasing the number of inhibiting pulses
      to create an advance, actuation of the push-button 2b decreasing the
      number of inhibiting pulses to create a retard.
PAR  The counter 7,8 may be reset to zero by simultaneous action of the two
      push-buttons.
PAR  To facilitate the operation of the contactors 1 and 2, a small apparatus 9
      has been designed in which the watch 10 is fixed. The two contactors 1 and
      2 of the watch are located in front of rods of two push-buttons 11 and 12
      supported by the apparatus 9.
PAR  By acting on either push-button of the apparatus, one actuates the
      corresponding push-button of the watch.
PAR  The push-buttons of the apparatus are mechanically connected to a small
      counter 13 which counts the correction carried out in one tenths of a
      second. This small counter may be reset to zero by a button 14.
PAR  To regulate a watch provided with the illustrated device, the correction
      which is required is measured on a known apparatus, and the correction is
      made by pressing the advance or retard push-button depending on the
      direction of correction required as many times as there are tenths of a
      second to be corrected. This is very simple and may be undertaken by the
      watch-maker without any dismantling of the watch.
PAR  In an alternative arrangement which is not shown, the push-buttons may be
      located inside the casing of the watch. Corrections will thus be carried
      out by the watchmaker after opening the casing.
CLMS
STM  We claim:
NUM  1.
PAR  1. A time setting circuit for correcting the time setting of an electric
      timepiece of the type having a pulse generator having an output frequency
      set to a predetermined nominal value, a divider circuit receptive of the
      pulse generator output for developing a time signal having a frequency
      determined by the divider circuit, a controllable inhibitor circuit for
      blocking selected pulse generator output pulses from the divider circuit,
      and a time indicating mechanism driven by the time signal, wherein the
      time setting circuit comprises:
PA1  a. two bistable circuits each having an output representative of a
      conductive state of the respective bistable circuit;
PA1  b. two switches each connected to control the conductive state of a
      respective one of said two bistable circuits;
PA1  c. an up/down counter for counting pulses;
PA1  d. means for applying the count stored in said up/down counter to the
      controllable inhibitor circuit to control the number of pulses blocked by
      said inhibitor circuit and thereby control the time indicating mechanism;
      and
PA1  e. a combinatorial circuit receptive of the outputs of said two bistable
      circuits for applying pulses to said up/down counter for increasing the
      count stored therein in response to actuation of a first of said two
      switches and for applying pulses for decreasing the count stored therein
      in response to actuation of a second of said two switches.
NUM  2.
PAR  2. A time setting circuit according to claim 1, wherein the two bistable
      circuits are flip-flop circuits connected to be triggered when said
      respective switches are closed so that opening of the switches has no
      effect on the operation of the time setting circuit.
NUM  3.
PAR  3. A time setting circuit according to claim 1 in, further comprising
      combination with said switches, bistable circuits, combinational circuit
      and inhibitor of an electric timepiece, means for supporting said
      timepiece for the correction of running thereof, said supporting means
      including two push buttons adapted to act at least indirectly on
      respective ones of said two switches of said timepiece, and counter means
      for providing a visual digital indication of the number of successive
      actuations of either of said push buttons.
NUM  4.
PAR  4. A device according to claim 1, where said means for applying the count
      stored in said up/down counter comprises programmable memory means for
      providing to the inhibitor circuit binary information about the running of
      the timepiece, said memory means being able to store information received
      from said counter.
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PAL  A watch case wherein a back wall is integral with a side wall which
      projects forwardly from the back wall while surrounding a space which is
      closed at one end of the side wall by the back wall and which is open at
      the opposed end of the side wall, the latter having a pair of integral
      lugs projecting laterally from each of a pair of opposed regions thereof
      for supporting watch-band holding rods. The one-piece body which includes
      the latter structure is formed of sintered diamond particles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to watches.
PAR  In particular, the present invention relates to watch cases designed to
      house the watch movement.
PAR  It is conventional to utilize for cases of wristwatches or pocket watches a
      metal such as stainless steel, brass, nickel, silver, gold, or platinum.
      These materials are used for a number of reasons among which is the reason
      that such materials have sufficient strength to withstand the daily use of
      the watch while protecting the internal movement. In addition, the
      appearance of the watch case has become of increasing importance during
      recent times, and metals such as those referred to above have not only the
      required strength but also the required appearance. Thus, various types of
      known watch cases have been manufactured in such a way that the watch case
      is made of brass with a chrome plating, or the watch case is made of
      stainless steel, while other watch cases are made of precious metals such
      as white gold, green gold, etc. Over the years the manufacture of watch
      cases has developed from the time when artistic pocket watches with
      engraving on the watch case were preferred until the present time where
      watch cases of relatively simple structure are mass produced.
PAR  Although many years have passed since watch cases of the above type have
      been manufactured, no notable improvements have been made in the watch
      cases. Thus, with respect to strength, conventional watch cases are not
      satisfactory in that they are easily scratched or scarred, for example, as
      a result of impact against foreign bodies, rubbing against foreign bodies,
      or contact with personal belongings or the like. In addition, with respect
      to esthetic appearance, conventional watch cases have not been
      satisfactory inasmuch as machining is essential at the final finishing
      stage, and as a result many desired configurations of a watch case cannot
      be manufactured because of the limitations resulting from the machining
      requirements.
PAR  For reasons of comfort as well as appearance it is highly desirable to make
      a watch, particularly a wristwatch, as thin as possible. However, because
      of the strength requirements, metal watch cases of the type referred to
      above cannot be made as thin as desired.
PAR  Furthermore, it is customary with most metal watch cases to provide a
      removable back cover which either has a press fit or a threaded fit.
      Because of the high costs which would be involved in providing a watch
      case having an integral back wall, such removable covers are customary.
      However, these covers create problems such as problems with retaining the
      cover in position as well as problems with respect to access of tiny dust
      particles into the interior of the watch case.
PAR  In addition, moisture can enter into the interior of conventional watch
      cases through the connection at the back cover, or moisture can be
      undesirably created due to condensation as when an individual uses a watch
      out in cold weather and then enters into a relatively warm room where
      humidity is relatively high.
PAR  Furthermore, with conventional watch cases because of the machining
      requirements it is not possible to avoid sharp edges and corners which
      undesirably catch on clothing and other articles providing injury thereto
      in an undesirable manner.
PAR  Also, it is not always possible to provide for a watch a color which is
      desired.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      watch case, and watch case manufacturing method, which will avoid the
      above drawbacks.
PAR  In particular, it is an object of the present invention to provide a watch
      case which can readily be manufactured with an integral back wall so that
      all the problems resulting from conventional removable covers are
      eliminated.
PAR  Also it is an object of the present invention to provide a watch case which
      while being relatively thin nevertheless has the required strength. Thus,
      it is an object of the invention to provide a watch case which has a
      greater strength than a conventional metal watch case of the same
      dimensions.
PAR  Furthermore, it is an object of the present invention to provide a watch
      case which will greatly reduce the possibility of condensation of moisture
      either at the exterior or interior of the watch case as well as greatly
      reducing the possibility of entry of dust into the interior of the watch
      case.
PAR  Furthermore, it is an object of the present invention to provide a watch
      case and manufacturing method which are not limited by machining
      requirements so that the watch case can be manufactured in any desired
      configuration while being free of any sharp edges or corners.
PAR  Also it is an object of the present invention to provide a watch case which
      may have any desired color or combination of colors.
PAR  Furthermore, it is an object of the present invention to provide a watch
      case where the lugs which carry the watch-band supporting rods are formed
      integrally with the remainder of the watch case.
PAR  According to the invention the watch case includes a back wall and a side
      wall integral with and projecting forwardly from the back wall while
      surrounding a given space which is closed at one end by the back wall
      while remaining open at an opposed end of the side wall. This side wall
      has opposed regions each of which carries a pair of integral laterally
      extending lugs for supporting a watch-band holding rod. Thus, a one-piece
      body is provided, this body including the back wall, the side wall, and
      the lugs of the watch case, and in accordance with the invention this
      one-piece body is made of sintered diamond particles.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a view of one possible watch case according to the invention as
      seen when looking into the hollow interior of the watch case;
PAR  FIG. 2 is a section of the case of FIG. 1 taken along line 2--2 of FIG. 1
      in the direction of the arrows;
PAR  FIG. 3 is a section of the case of FIG. 1 taken along line 3--3 of FIG. 1
      in the direction of the arrows; and
PAR  FIG. 4 is a bottom end view of the case of FIG. 1 as seen when looking
      upwardly toward the bottom of the structure shown in FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As is apparent from the above, in accordance with the invention the watch
      case is made of unique materials which heretofore have not been used for
      this purpose, these materials enabling the watch case of the invention to
      be free of the drawbacks of the known watch cases while having
      characteristics superior to those of conventional watch cases while at the
      same time enabling the watch case to be economically manufactured,
      utilizing recently developed techniques in the use of the unique
      materials.
PAR  Thus, in accordance with the invention the watch case is formed of sintered
      diamond particles in the form of a diamond powder which is sintered under
      conditions of high pressure and temperature in a suitable mold, achieving
      in this way all of the requirements of a watch case while at the same time
      maintaining great economies and achieving high ornamental values.
PAR  Referring to the drawings, it will be seen that the illustrated watch case
      includes a back wall or cover 2 from which a side wall 1 projects
      forwardly, this side wall being integral with the back wall 2 and
      surrounding a space which is closed at the rear by the cover 2 and which
      is open at the front opposed end of the side wall 1. The side wall 1 is
      formed with the bore 6 which extends through the side wall perpendicularly
      to a central axis surrounded by the side wall, this bore 6 being adapted
      to receive the stem of the crown which is used for winding the watch or
      setting the hands thereof. In addition, the side wall 1 has opposed
      regions, shown at the right and left in FIG. 1, each of which has a pair
      of integral lugs 3 projecting laterally therefrom for supporting the
      watch-band holding rod, such rods conventionally having spring-pressed
      ends capable of being received in bores 5 which are formed in the lugs 3.
PAR  At the front opening 4 the side wall 1 is formed with the shoulder 7 which
      extends radially from the inner surface 8 of the side wall 1 as well as
      rearwardly from the front surface of the side wall 1 which is visible in
      FIG. 1. The shoulder 7 is adapted to hold the bezel which carries the
      crystal. Thus, the entire structure shown in the drawings is in the form
      of a one-piece body consisting of sintered diamond particles.
PAR  Of course the bores 5 for the ends of the watch-band holding rods extend
      only partly into the lugs 3 from the space between each pair of lugs 3.
      Moreover, although only a single bore 6 is shown for the stem of the
      crown, it is possible to provide additional stem bores at desired
      locations in accordance with the particular construction of the watch
      movement. The space surrounded by the inner surface 8 of the side wall 1
      receives the watch movement, this space being limited at the rear by the
      wall 2.
PAR  In accordance with the method of the present invention, the mold which is
      used during sintering has core members at the bores 5 and 6 so that the
      sintered material is formed around these core members, and in this way the
      bores 5 and 6 are formed in the body during sintering thereof. In this way
      considerable manufacturing economies are achieved.
PAR  The configuration of the watch case is determined in such a way that it
      will fit well on the wrist during use of the watch while presenting an
      esthetically desirable appearance. However, the watch case is molded
      during sintering in such a way that it has no sharp points or corners
      which are likely to catch on clothing or the like. Thus, the mold in which
      the sintering takes place has a configuration which will provide the
      exterior of the watch case with suitably curved surfaces. With
      conventional watch cases the necessity of machining with lathes, milling
      machines, and the like, makes it impossible to provide a watch case which
      has such curved exterior surfaces. In contrast, with the present
      invention, when the sintered article is removed from the mold its surface
      does not require any further finishing. It is therefore possible to design
      the watch case with complete freedom from the standpoint of human
      engineering while at the same time also achieving a desired esthetic
      appearance.
PAR  The diamond particles which are sintered in order to manufacture the watch
      case of the invention are preferably in the form of an artificial diamond
      powder such as is readily available on the market, because of the economic
      advantages which are achieved in this way. The sintering technique is well
      known. It is possible to purchase artificial diamond powder at an
      extremely low price with the grain size of the particles being extremely
      small, which is to say, in a range of approximately several microns (such
      as 10 microns or less) up to several hundred microns, which is to say less
      than 1000 microns and preferably less than 500 microns. The greatest
      advantages are achieved by using a diamond powder having an extremely
      small grain size on the order of only several microns. The smaller the
      grain size the greater the quality of the resulting product. Furthermore,
      the selected grain size is uniformly maintained throughout the entire
      product so that there will be no undesirable concentration of strength in
      any particular direction or at any one part of the molded product.
PAR  As was pointed out above, the molded product in general does not require
      any additional finishing since it is possible to mold the diamond powder
      into a precisely determined shape while achieving a product with a high
      degree of accuracy and with a smooth exterior surface. If any additional
      finishing is necessary, the product can be polished by using a diamond
      powder, but in general such additional finishing is not required.
PAR  It is to be noted that the configuration of the watch case is such that the
      space surrounded by the surface 8 and limited at its rear by the back wall
      2, while having the shoulder 7, enables the molded product to be readily
      withdrawn from the mold.
PAR  As is well known, diamond particles of the above type can have any of a
      large number of desired colors, ranging over the entire spectrum, such as
      pink, green, black, gray, brown, yellow, blue, white, etc., in accordance
      with the substances contained in the powder, such as manganese. However,
      it is also possible to achieve a desired color by artificially coloring
      the diamond using a known technique of exposing the diamond to irradiating
      radioactive rays.
PAR  Thus, a further advantage which can be achieved by using diamond particles
      as described above is that it becomes possible to select from various
      colors for the watch case either by initially selecting diamond powder of
      given colors or by artificially coloring the diamond in the manner
      described above. In addition it is very easily possible to provide the
      watch case of the invention with two or more different colors located at
      selected parts of the watch case. The selected color will be permanently
      maintained.
PAR  It is emphasized in this connection that the selection of color is not
      merely a matter of ornamental or esthetic appearance. Thus, it is known
      that it is desirable to provide a watch that can be easily read under a
      number of different lighting conditions, and the selection of color will
      be made in accordance with the coloration of the face of the watch and the
      numerals and hands visible at the face of the watch in such a way that
      suitable contrast in coloration is achieved to provide a watch satisfying
      not only esthetic requirements but also requirements with respect to easy
      readability.
PAR  In accordance with the invention the thickness of the various parts of the
      watch case is small as possible while assuring that the required strength
      is achieved. In this way it becomes possible to use the minimum amount of
      diamond powder while achieving a watch case which is as thin as possible.
      Experience has shown that for a watch case of a given strength the diamond
      powder material used for the watch case of the present invention enables
      the watch case to have a lesser thickness than a conventional metal watch
      case.
PAR  The watch movement is introduced into the watch case of the invention
      through the front opening 4 so as to reside in the space surrounded by the
      surface 8 and limited at the rear by the back wall 2. The watch mechanism
      is retained in place, for example, by way of an earthquake-proof
      supporting structure, as is generally known in the art. The unillustrated
      winding crown is connected to the movement from the outside with the stem
      extending through the bore 6. The watch glass or crystal is carried by a
      bezel or seat which is joined to the shoulder 7 from the outside of the
      watch case. If desired an additional shoulder may be provided,
      simultaneously with the formation of the shoulder 7, for accommodating a
      packing or sealing ring or the like, so that the hollow interior of the
      finished watch will be sealed off from the outer atmosphere.
PAR  A watch band is secured to the watch case by inserting through the opening
      at the end of the watch band a rod carrying as is well known,
      spring-pressed axially movable ends which can be received in the bores 5
      at each pair of lugs 3, in a manner which is well known with conventional
      watches.
PAR  Thus, as has been pointed out above, during normal use of a watch, the case
      thereof will encounter considerable friction, impact, and the like, and
      the result is that conventional watch cases are easily scratched or
      damaged. In contrast, with the watch case of the invention, the sintered
      diamond cannot be scarred or damaged during such normal use of the watch.
      The watch case of the present invention maintains its surface lustre and
      has a permanent highly desirable ornamental effect. In addition, by giving
      a suitable roundness to the watch case particularly at the corner portions
      thereof injury to other articles is avoided.
PAR  Since the watch case of the invention is made by sintering diamond powder,
      a homongenous product is achieved without any localized areas of greater
      strength or hardness and less strength or hardness, in a given direction,
      as is the case with natural diamond. In addition, the sintered powdered
      diamond watch case of the invention has a far greater strength than any
      metal watch case of comparable dimensions, so that it becomes possible to
      achieve with the watch case of the present invention a smaller thickness
      than has heretofore been possible. Thus the result is a saving in the
      material of the watch case as well as achievement of a thin and compact
      structure for the entire watch. Such thin and compact watches are highly
      advantageous both from practical and ornamental viewpoints.
PAR  A further advantage achieved with the watch of the invention is that
      condensation of droplets of water at the surface of the watch case is
      reliably avoided. Thus, the temperature of the entire watch case
      necessarily changes under the influence of exterior temperature changes,
      particularly temperature changes in the atmosphere in which the watch is
      located or at objects which engage the watch. Thus the temperature of the
      watch case will be determined by the surroundings thereof, by air flow,
      and the like. If the temperature of the watch case is always the same as
      that of the surrounding atmosphere, there will be no condensed water
      droplets at the surface of the watch case since the relative humidity of
      the air adjacent the watch case will be substantially equal to that of the
      atmospheric air, except for the special case where the humidity percentage
      in the atmosphere is 100 percent. Thus, in the event that the wearer or
      user of the watch enters suddenly into a warm room from an outside cold
      atmosphere, the air which surrounds the watch case has been cooled to a
      temperature lower than the dew point, since a certain period of time must
      elapse before the watch case warms up to the room temperature, and as a
      result there will be condensation at the watch case. In some cases the
      condensation is created in the interior of the watch case with poor
      results with respect to the operation of the movement.
PAR  However, with the watch case of the present invention these drawbacks with
      respect to condensation are very greatly minimized. This advance is
      achieved because the watch case of the invention is relatively thin, as
      compared to conventional watch cases, and as a result has a relatively
      high coefficient of thermal conductivity. In general diamond has a high
      thermal conductivity, the latter being as high as aluminum, and thus the
      temperature of the watch case of the invention will rapidly rise to the
      surrounding temperature in the case where the watch case is transferred
      from a region of cold temperature to a region of higher temperature. In
      this way condensation is avoided.
PAR  In addition, diamond has an extremely small coefficient of thermal
      expansion, so that the change in size which occurs with temperature change
      is extremely small even if a large temperature change is encountered. This
      characteristic is also highly desirable since it further protects the
      internal watch movement.
PAR  Also, in the case of a conventional watch, the back cover and case wall are
      separate elements which are directly connected either with a press fit or
      with a threaded connection. With such conventional constructions,
      perspiration at the wrist of the wearer adheres to the watch case and
      easily penetrates into the interior thereof as a result of capillary
      action. Thus, injury to the watch movement occurs under these conditions.
      In addition, if any minute gap remains enabling air to enter into the
      interior of the watch case, fine particles of dust will have access to the
      interior of the watch case. Therefore, it is clear that considerable
      advantages are achieved by providing a back wall and side wall which are
      integral since in this way a superior protection of the mechanism in the
      interior of the watch case is achieved. However, considerable difficulties
      are encountered with conventional metal watch cases in achieving an
      integral back wall and side wall. Thus, if such an integral back wall and
      side wall are achieved by machining, undesirably high manufacturing costs
      are encountered inasmuch as the material as well as the machining costs
      are extremely high. Also, while it is possible to provide a unitary watch
      case structure by forging, such procedures are not advantageous in a
      practical way since the durability of the dies used in the forging is not
      sufficiently great with respect to materials such as stainless steel, and
      in addition even with such manufacturing techniques it becomes necessary
      to provide a subsequent final finishing by machining operations.
PAR  In sharp contrast with the latter drawbacks, the watch case of the present
      invention, because it is formed by sintered diamond particles, is capable
      of having a back wall and side wall which are integral, without
      undesirably increasing the cost or involving additional finishing problems
      or the like. Thus, with the present invention the problems resulting from
      providing a watch case with a separate back cover are completely
      eliminated. Thus, with the watch case of the invention a waterproof
      closure is achieved in a highly reliable manner without any concern with
      respect to the joint between a back cover and side wall. Furthermore, any
      troubles which arise because of looseness of the back cover are avoided.
      In addition, since the watch case of the present invention is made of a
      sintered diamond powder, machining of the watch case can be eliminated
      inasmuch as the surface of the product as it comes out of the mold is
      sufficiently hard and dense so that it can be used for the finished watch
      case without any further treatment. Also, further economies are achieved
      by forming all parts of the watch case, including the lugs 3 thereof, in a
      single operation in the form of a one-piece body.
PAR  As was indicated above, a further advantage of the invention resides in the
      fact that the watch case can be made in any desired shape without
      encountering undesirable high cost. As was pointed out above, with
      conventional watch cases final finishing involves the use of machine tools
      such as lathes, milling machines, or the like. As a result, it is
      necessary to provide the watch case with a configuration which must
      include combinations of flat surfaces, cylindrical surfaces, conical
      surfaces, and the like. Also, roundness of the watch case at corner
      portions is limited with conventional constructions to an extent such as
      that which is permitted by machining operations. It is therefore not
      possible to select freely the extent of curvature or combination of
      curvatures at the exterior surface of conventional watch cases.
PAR  In contrast, with the watch case of the present invention any desired
      curvature can be achieved simply by providing a desired shape of the mold
      in which the sintering is carried out, and it is possible to provide watch
      cases of relatively complex configurations without undesirably high costs
      and while maintaining a high degree of precision.
PAR  In addition, since sintered diamond powder is used for the watch case of
      the invention it is possible to provide the watch case with any desired
      colors, so as to increase its ornamental value as well as the visibility
      and readability thereof, as pointed out above. The surface of the sintered
      diamond powder is sufficiently hard and beautiful as it comes from the
      mold. However, it is also possible to achieve different colors at the
      surface of the watch by suitably selecting for the diamond material powder
      which has the desired colors so that in this way it is possible to
      increase the ornamental effect which is achieved by the particular
      combination or disposition of the various colors.
PAR  Furthermore, as is pointed out above it is possible to impart desired
      colors to the watch case by irradiating radioactive rays thereon.
PAR  Therefore, in accordance with the present invention it is possible to
      achieve a new, extremely attractive watch case which has a construction of
      the highest quality.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in a watch, a one-piece case having a back wall and a side wall
      projecting forwardly from said back wall and surrounding a space which is
      closed at one end of said side wall by said back wall and which is open at
      an opposed end of said side wall, said side wall having a pair of opposed
      regions each of which carries a pair of laterally extending lugs for
      supporting a watch-band holding rod, said lugs forming an integral part of
      said one-piece case and said one-piece case being formed in its entirety
      of sintered diamond particles, the thickness of said back wall and the
      dimension of said side wall between said ends thereof being less than the
      thickness of the side wall and back cover of a metal watch case of
      comparable strength.
NUM  2.
PAR  2. The combination of claim 1 and wherein said side wall has an inner
      surface at said space surrounded by said side wall and said side wall
      having at said open end of said space a forwardly directed shoulder
      extending radially from said inner surface of said side wall and
      rearwardly from a front surface of said side wall.
NUM  3.
PAR  3. The combination of claim 1 and wherein said side wall surrounds a
      central axis and is formed between said opposed regions with at least one
      bore extending through said side wall between the ends thereof
      perpendicularly with respect to said axis.
NUM  4.
PAR  4. The combination of claim 1 and wherein each pair of lugs at each of the
      opposed regions of said side wall has a pair of inner surfaces directed
      toward each other and said lugs being formed at said inner surfaces with
      bores extending partly through said lugs and communicating with the space
      between each pair of lugs for receiving the ends of a watch-band holding
      rod.
NUM  5.
PAR  5. The combination of claim 1 and wherein the case has an exterior curved
      surface which is free of any sharp edges, corners, or the like.
NUM  6.
PAR  6. The combination of claim 1 and wherein the diamond particles are small
      enough to form a diamond powder.
NUM  7.
PAR  7. The combination of claim 1 and wherein the diamond powder has a size
      range of between several microns and several hundred microns.
NUM  8.
PAR  8. The combination of claim 1 and wherein the watch case has at least one
      color selected from the entire spectrum.
NUM  9.
PAR  9. The combination of claim 1 and wherein the watch case has different
      portions which respectively have different colors.
NUM  10.
PAR  10. The combination of claim 1 and wherein the sintered diamond particles
      are in the form of an artificial diamond powder.
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ABST
PAL  The present invention relates to a counter feed mechanism as used in
      digital clock comprising a cam member adapted for advanced rotation and
      another cam member adapted for delayed rotation both arranged on a common
      axis so that the advanced rotation of the first-mentioned cam member under
      a drive force transmitted from a clock mechanism twists a coil spring
      stretched between both cam members, which is, in turn, charged with energy
      for rotation of the second-mentioned cam member and, upon rotary
      displacement of the first-mentioned cam member by a predetermined angle,
      said second cam member is released to be rotated at once so as to advance
      a rotary wheel step by step.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a counter feed mechanism particularly as
      used in the digital clock using a battery as its power source.
PAR  The first object of the present invention is to operate in a transmittent
      manner the rotary wheels forming together a time display drum assembly
      with a reliable drive torque.
PAR  The second object is to minimize a drive sound or an impact sound at the
      moment of each intermittent rotation of the rotary wheels.
PAR  The third object is to provide perfect change-over of a display on the
      rotary wheels serving as the time display drum assembly.
PAR  The fourth object is to prevent a first order minute display drum from
      being rotated backward in adjustment of a displayed time.
PAR  The fifth object is to prevent an operation display wheel from momentarily
      pausing (ceasing to rotate) during operation.
PAC  BACKGROUND OF THE INVENTION
PAR  Although there have already been proposed various types of feed mechanism
      for the digital counter, most of them have conventionally been of the
      motor driven type using commercial AC and encountered no problem of
      obtaining a drive torque for the rotary wheels serving as the time display
      drum assembly.
PAR  In the DC digital clock using a battery as its drive source, however, a
      necessary restriction on the available current has raised an inconvenience
      in that the output torque is so small that it is difficult to drive the
      drum assembly reliably. An improved feed mechanism which may be
      effectively operated at an improved efficiency or at a lower torque has
      been seriously needed.
PAR  There has also been a serious need for elimination or minimization of an
      impact sound possibly generated at the moment that the first order minute
      display drum is intermittently driven or comes to rest.
PAR  To overcome the above mentioned drawbacks, the present invention provides
      an improved counter feed mechanism which is of low cost and can be
      reliably operated with a negligible drive sound as well as being a
      relatively light load.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 to 4 illustrate a first embodiment of the mechanism constructed
      according to the present invention, of which FIG. 1 is a perspective view
      of said mechanism, FIG. 2 is a perspective view showing important parts
      thereof when dismantled, FIG. 3 is a view similar to FIG. 2 but as seen in
      the other direction, FIG. 3a schematically shows relative positions of
      stopper associated with the first- and second-mentioned cam members,
      respectively, and FIG. 4 is a schematic diagram illustrating the manner in
      which said mechanism operates;
PAR  FIGS. 5 to 9 illustrate a second embodiment of the mechanism according to
      the present invention, of which FIG. 5 is a plan view showing said
      mechanism partially in section through the important parts thereof, FIG.
      5a illustrates bevel gears and crown gears in detail, FIG. 6 is a side
      view showing Geneva gears, FIG. 7 is an enlarged perspective view of cams,
      FIG. 8 is a side view of cams, and FIG. 9 is a side view partially broken
      away of the other Geneva gear;
PAR  FIGS. 10 to 13 illustrate a third embodiment of the mechanism according to
      the present invention, of which FIG. 10 is a perspective view thereof,
      FIG. 11 is a perspective view showing important parts thereof as
      dismantled, FIG. 12 is a view similar to FIG. 11 but as seen in the other
      direction, and FIG. 13 is a side view partially broken away of said
      important parts; and
PAR  FIGS. 14 to 16 illustrate a fourth embodiment of the mechanism according to
      the present invention, of which FIG. 14 is a perspective view, FIG. 15 is
      a perspective view showing important parts as dismantled, and FIG. 16 is
      an enlarged perspective view showing said important parts.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Now the first embodiment will be described with reference to FIGS. 1 to 4.
      A reference numerical 10 designates a counter body including rotary wheels
      11, 12 and 13 well known in themselves which serve as the first order
      minute display wheel, the second order minute display wheel and an hour
      display wheel, respectively, when they are practically used in a digital
      clock. These rotary wheels 11, 12 and 13 are intermittently driven by an
      intermittent drive mechanism 14 under a rotary drive force provided from a
      clock mechanism (not shown). The intermittent drive mechanism 14
      principally comprises a first cam member 16 which is provided with a
      stopper 15 and adapted for delayed rotation, a second cam member 18 which
      is provided with a stopper 17 and adapted for advanced rotation, and a
      lock lever 19. A reference numeral 20 designates a rotary shaft on which a
      drive gear 21 is mounted in unison therewith so that the rotary shaft 20
      also is rotated as said drive gear 21 is driven by the clock mechanism
      (not shown). The rotary shaft 20 has a spring anchor 22 and said second
      cam member 18 both integrally secured thereon. Feed change gears 23, 43, a
      coil spring 24 and the first cam member 16 are loosely mounted around the
      rotary shaft 20, respectively. The coil spring 24 is anchored at an end 25
      engaged into a groove 250 of the spring anchor 22 and at the opposite end
      26 engaged into an opening 27 of the first cam member 16. As the rotary
      shaft 20 is rotated in the direction as indicated by an arrow A, the
      spring anchor 22 is also rotated in the same direction and thereby the
      coil spring 24 is twisted so as to be charged with a restoring force until
      the first cam member 16 loosely mounted on the rotary shaft 20 is released
      from a locking effect by the other member. When released from the locking
      effect by the other member, the first cam member 16 is displaced at once
      in the direction as indicated by the arrow A by a predetermined angle
      under said restoring force charged in the coil spring 24 and thereby
      advances the rotary wheel 11 by one step. A reference numeral 28
      designates teeth formed on the first cam member 16, which are engaged with
      teeth 29 associated with the rotary wheel 11. The rotary wheel 11 is
      connected through a slip mechanism (not shown) to said teeth 29. Reference
      numerals 30, 31, 32 and 33 designate cam portions of the first cam member
      16 which are associated with cam steps a, b, c and d, respectively,
      arranged at an angular interval of 90.degree.. The stopper 15 laterally
      projects from the cam portion 30 and bears against the stopper 17 of the
      second cam member 18 so as to regulate a rotational angle of the cam
      members 16. Reference numerals 34, 35, 36 and 37 designate cam portions of
      the second cam member 18 which are associated with cam steps a.sub.o,
      b.sub.o, c.sub.o and d.sub.o, respectively, arranged at an angular
      interval of 90.degree.. The stopper 17 laterally projects from the cam
      portion 34 and bears against, as previously mentioned, the stopper 15 of
      the first cam member 16. A reference numeral 38 designates teeth formed on
      the second cam member 18. A reference numeral 30 designates a first
      locking portion of the lock lever 19 which is adapted to be engaged with
      any one of the cam steps a, b, c, and d associated with the cam portions
      30, 31, 32 and 33, respectively, of the first cam member 16. A reference
      numeral 40 designates a second locking portion of the lock lever 19 which
      is adapted to be engaged with any one of the cam steps a.sub. o, b.sub.o,
      c.sub.o, and d.sub.o associated with the cam portions 34, 35, 36 and 37,
      respectively, of the second cam member 18. The lock lever 19 is normally
      biased by a coil spring 41 in the direction as indicated by an arrow B and
      has the locking portions engaged with the associated cam steps.
PAR  As the rotary shaft 20 is rotated in the direction as indicated by the
      arrow A, the second cam member 18 is also rotated in the same direction
      together therewith. The coil spring 24 stretched between the spring anchor
      22 being rotated in the direction of the arrow A and the first cam member
      16 which is still blocked against rotation is now twisted and thereby
      charged with a restoring force. As the second cam member 18 is rotated in
      the direction of the arrow A, the second locking portion 40 of the lock
      lever 19 which is engaged with the cam step c.sub.o of the cam portion 36
      is angularly displaced by the cam edge of the cam portion 37 around a
      pivot 42 in the direction as indicated by an arrow C. Thus, the lock lever
      19 is angularly displaced in against a biasing effect of the coil spring
      41 acting in the direction of the arrow B and thereby the first locking
      portion 39 which is engaged with the cam step b of the cam portion 31 of
      the first cam member 16 is now disengaged from said cam step b. As a
      result, the first cam member 16 is rotated in the same direction under the
      effect of the coil spring 24 and thereby the second locking portion 40 of
      the lock lever 19 falls along the cam edge of the cam portion 37 into the
      cam step d.sub.o. Thus, the first cam member 16 is rotated at once by an
      angle of 90.degree. in the direction of the arrow A under the restoring
      force of the coil spring 24, and the stopper 15 laterally projecting from
      the cam portion 30 of the first cam member 16 bears against the stopper 17
      laterally projecting from the cam portion 34 of the second cam member 18
      so that said second cam member 18 is stopped. In such a way the rotary
      wheel 11 is advanced by one step under action of the teeth 28 on the first
      cam member 16 through the teeth 29. Such an operation will be repeated
      thereafter. A reference numeral 23 designates a feed change gear loosely
      mounted on the rotary shaft 20 so that the rotary wheel 12 may be
      angularly displaced by one step for every rotation of the rotary wheel 11.
      Another feed change gear 43 advances the rotary wheel 13 by one step in
      the similar manner.
PAR  The manner in which the embodiment of the arrangement as mentioned just
      above operates will be now described.
PAR  As the drive gear 21 is rotated by the clock mechanism (not shown) in the
      direction of the arrow A, the rotary shaft 20 is also rotated in the same
      direction. As a result, the second cam member 18 is also rotated in the
      same direction and the coil spring 24 is twisted so as to be charged with
      a restoring force. As the second cam member 18 is further rotated in the
      direction of the arrow A, the second locking portion 40 of the lock lever
      19 which has fallen into the cam step c.sub.o of the cam portion 36 is now
      lifted by the cam edge of the cam portion 37, so that the lock lever 19
      retracts around the pivot 42 in the direction of the arrow C.
      Consequently, also the first locking portion 39 of the lock lever 19 which
      has fallen into the cam step c of the cam portion 32 in the first cam
      member 16 is now disengaged from the cam step c, releasing the first cam
      member 16 from a locking effect. Thus, the second cam member 18 is rotated
      in the direction of the arrow A and the second locking portion 40 of the
      lock lever 19 now falls into the cam step d.sub.o of the cam portion 37.
PAR  The first locking portion 39 of the lock lever 19 has been disengaged from
      the cam step c of the cam portion 32 in the first cam member 16 as
      mentioned above, so that the first cam member 16 is rotated at once by an
      angle of 90.degree. in the direction of the arrow A under a restoring
      force of the coil spring 24 and stopped as the following stopper 15 bears
      against the advanced stopper 17. The rotary wheel 11 is thereby advanced
      by one step through action of the teeth 28 and 29. Such an operation will
      be repeated thereafter.
PAR  The second embodiment will be described with reference to FIGS. 5 to 9. The
      parts included in this embodiment that are substantially similar to those
      included in the first embodiment are designated by the same reference
      numerals.
PAR  This embodiment effectively eliminates drawbacks of the first embodiment
      which will be described below.
PAR  First, the first cam member 16 usually involves two-stage-operation
      consisting of a momentary rotation and a rotation at reduced velocity in
      operative connection with a clock mechanism 44, so that the displayed time
      is changed over disadvantageously through two-stage-operation. Second,
      rotation for adjustment of a displaced time is transmitted to the first
      cam member and thereby the coil spring 24 is charged so that, after
      adjustment of the displayed time, said first cam member 16 is rotated back
      by an angle through which said coil spring 24 has been twisted and a
      corresponding "relapse" appears in the displayed time.
PAR  The first and second drawbacks as mentioned just above are effectively
      overcome by this embodiment in which there is provided an intermittent
      rotation mechanism such as a Geneva gear between the first cam member 16
      and the rotary wheel 11.
PAR  Third, there may occur a phenomenon that the operation display drum
      momentarily pauses (takes a breath) and this phenomenon would make the
      user feel uneasy and anticipate a trouble. This drawback is effectively
      overcome by this embodiment in which there is provided between the first
      cam member and the clock mechanism bevel gears or crown gears any one of
      which is subjected to a spring pressure acting in the axial direction so
      that a backlash between the second cam member 18 and the clock mechanism
      44 may be eliminated and said momentary pause (or taking a breath) may be
      avoided. This phenomenon of taking breath may be due to a cause as
      described below.
PAR  As the first cam member 16 is rotated by the coil spring 24 upon rotation
      of the lock lever 19 by a predetermined angle, the stopper 15 forces the
      stopper 17 of the second cam member 18 in the direction of the positive
      rotation under an effect of the coil spring 24 acting in the direction of
      said positive rotation so that an advanced rotation of the second cam
      member 18 corresponding to said backlash is provided and both cam members
      16, 18 cease to rotate for a time corresponding to said backlash. Thus,
      the operation display drum 51 connected to said both cam members 16, 18
      momentarily ceases to rotate or take a breath. The second embodiment may
      effectively eliminate this drawback which has usually been encountered by
      the mechanism of prior art.
PAR  Features of this embodiment will now be described in detail but description
      of substantially the same operation as that of the first embodiment will
      not be repeated here.
PAR  A reference numeral 44 designates the clock mechanism with which the
      counter body 10 is provided and the rotary shaft 20 has the first cam
      member 16 as the cam member for delayed rotation loosely mounted thereon
      and the second cam member 18 as the cam member for advanced rotation
      integrally mounted thereon. Said rotary shaft 20 is rotatably connected
      through bevel gears or crown gear 45 and an intermediate gear 450 to said
      clock mechanism 44. The one 45a of said bevel gears 45 that is located on
      the drive side or the side of said clock mechanism 44 is loosely mounted
      on a shaft 46 with its mating surface biased by a leaf spring 470 against
      the bevel gear 45b on the follower side which is fixedly mounted on the
      rotary shaft 20. A rotational force transmitted from the clock mechanism
      44 is further transmitted through an intermediate gear 450 to said bevel
      gears 45a, 45b and said rotary shaft 20. The coil spring 24 is connected
      at one end 25 to the spring anchor 22 fixedly mounted on the rotary shaft
      20 and at the other end 26 to said first cam member 16. The first cam
      member 16 is formed at one end with a drive side Geneva gear 47 or 47' as
      shown by FIG. 6 or 9 and at the other end with the cam portions 30 to 32
      and the stopper 15.
PAR  Said drive side Geneva gear 47 together with a follower side Geneva gear 50
      or 50' operatively connected through a slip mechanism 49 to the rotary
      wheel 11 serving as the first order minute display drum forms the
      intermittent rotation mechanism in which, upon rotation of said drive side
      Geneva gear 47 by a predetermined angle, the follower side Geneva gear 50
      is momentarily rotated by a predetermined angle corresponding to a single
      graduation (1 minute) of said rotary wheel 11.
PAR  The cam portions 30 to 33 have their respective cam steps a, b, c and d all
      facing in the direction of rotation and constitute a spiral cam. The
      stopper 15 has an end surface 15a (see FIG. 3a) flush with the cam step a
      of said cam portion 30. The second cam member 18 is formed with teeth 61
      operatively connected to an operation display drum 51 and at one side with
      cam portions 34 to 37 and the stopper 17 in opposition to the cam portions
      30 to 33 of said first cam member 16. The cam portions 34 to 37 have their
      respective cam steps a.sub.o, b.sub.o, c.sub.o and d.sub.o all facing in
      the direction opposite to rotation and constitute another spiral cam. The
      stopper 17 has an end surface 17a (see FIG. 3a) adapted to bear against
      the end surface 15a of said stopper 15 and thereby to regulate a
      rotational angle of said first cam member 16. The lock lever 19 is
      integrally formed with a second locking portion 40 adapted to be engaged
      with any one of the cam steps a.sub.o to d.sub.o of the cam portions 34 to
      37, respectively, and a first locking portion 39 adapted to be engaged
      with any one of the cam steps a to d of said cam portions 30 to 33,
      respectively. The lock lever 19 is supported at one end around the pivot
      42. The coil spring 41 biases the lock lever 19 normally against the cam
      portions 30 to 33, on one hand, and against the cam portions 34 to 37, on
      the other hand. A reference numeral 53 designates a drum shaft on which
      the rotary wheel 11 is fixedly mounted while said operation display drum
      51, the rotary wheel 13 serving as the hour display drum and the rotary
      wheel 12 serving as the second order minute display drum are loosely
      mounted. An adjustor wheel 54 is fixedly mounted on one end of said drum
      shaft 53. A reference numeral 55 designates an adjustor shaft integrally
      provided at one end with an adjustor knob 56, at the other end with a
      starter cam 58 serving as an actuator for a starter 57 and at an
      intermediate portion with an adjustor pinion 59 engaged with said adjustor
      wheel 54. A reference numeral 60 designates a restoring spring for the
      adjustor shaft 55.
PAR  The manner in which the second embodiment of the arrangement as mentioned
      above operates will be now described.
PAR  When the adjustor knob 56 is pulled in the direction as indicated by the
      arrow D and then released, the starter cam 58 causes the starter 57 to
      oscillate and thereby the clock mechanism 44 is activated, so that the
      rotary shaft 20 is rotated through the bevel gears 45. The coil spring 24
      connected at one end with the first cam member 16 of which the cam step c
      is engaged with the first locking portion 39 of the lock lever 19 is now
      charged with a rotation force as the rotary shaft 20 is rotated. The
      second cam member 18 is, on the other hand, rotated in the direction of
      the arrow A in unison with the rotary shaft 20 and gradually lifts the
      lock lever 19 in the direction of the arrow C. When said lock lever 19 has
      been lifted by a predetermined amount, the first locking portion 39 of
      said lock lever 19 is disengaged from the cam step c of the cam portion 32
      and simultaneously the first cam member 16 is rotated in the direction of
      the arrow A under a force charged in the coil spring 24 until the end
      surface 15a of the stopper 15 bears against the end surface 17a of the
      stopper 17 opposed to said end surface 15a. Said first cam member 16 is
      rotated under action of the coil spring 24 together with the second cam
      member 18 even after being momentarily stopped upon contact between said
      stoppers 15 and 17 until the second locking portion 40 of the lock lever
      19 falls into a predetermined step of a predetermined cam portion of the
      second cam member 18 and the first locking portion 39 of said lock lever
      19 falls into predetermined cam step of a predetermined cam portion of the
      first cam member 16.
PAR  As mentioned above, the follower side Geneva gear 50 is rotated first after
      delayed rotation of the first cam member 16 and the rotation of said
      Geneva gear 50 causes the rotary wheel 11 to be rotated. There may be
      provided another arrangement such that the momentary rotation of the first
      cam member 16 also rotates said follower side Geneva gear. The rotation of
      said rotary wheel 11 is, as well known, successively transmitted to the
      rotary wheels 12 and 13. The operation display drum 51 is continously
      rotated by the clock mechanism 44 together with the second cam member 18.
PAR  In adjustment of the displayed time, the adjustor knob 56 may be pulled and
      rotated with the adjustor pinion 59 engaged with the adjustor wheel 54 so
      that the rotary wheel 11 be rotated through the drum shaft 53 together
      with said adjustor wheel 54 to the position corresponding to a correct
      time. The first cam member 16 is cut off at this time point from any
      rotation transmitted thereto under the function peculiar to the Geneva
      gears 47 and 50 for prevention of the reverse rotation and a frictional
      coupling is established between the rotary wheel 11 and the slip
      mechanism.
PAR  As described hereinbefore, the present invention is based on the principle
      that cooperation of the first cam member 16 with the second cam member 18
      and the lock lever 19 causes the coil spring 24 to be charged with a drive
      torque for the rotary wheels 11, 12 and 13 and thereby the time display
      drum is intermittently rotated by the clock mechanism of a simple
      construction as well as of a low torque. Furthermore, in accordance with
      the present invention, the "two-stage-operation" and relapse of the
      displayed time is eliminated by use of the intermittent rotation mechanism
      such as a Geneva gear. Moreover, the elements such as the bevel gear, the
      crown gear and the leaf spring may effectively eliminate the backlash and
      the breath of the operation display drum according to the present
      invention.
PAR  The third embodiment will be described in reference with FIGS. 10 to 13.
      The parts are substantially the same as those in the first and second
      embodiments and are designated by the reference numerals common thereto.
PAR  The counter body 10 is provided with the rotary wheels 11, 12 and 13 which
      are intermittently driven by the intermittent drive mechanism 14 under a
      drive force provided from the clock mechanism (not shown). The
      intermittent drive mechanism 14 principally comprises the second cam
      member 18 adapted for advanced rotation, the first cam member 16 adapted
      for delayed rotation and a coil spring 63 adapted to bias said cam members
      18 and 16 so that both these cam members normally bear against each other
      on a common axis. The second cam member 18 has teeth 64 to which a drive
      force is transmitted from the clock mechanism (not shown). The second cam
      member 18 is fixedly mounted on the rotary shaft 20 in such a manner that
      said second cam member may be rotated together with said rotary shaft 20.
      The first cam member 16 is loosely mounted on the rotary shaft 20. A
      reference numeral 65 designates a cam stem consisting of a sleeve which is
      partially broken away in the axial direction and has its forward end 66
      obliquely cut off so as to be formed into a slant edge 67. Reference
      numerals 68 and 68 a designate cut-off edges of the cam stem 65 formed by
      a sleeve axially broken away. A reference numeral 69 designates a cam
      sleeve of the first cam member 16, within which a spiral cam portion 70
      having a diameter corresponding to the inner diameter of said sleeve is
      formed. Reference numerals 71, 71a and 72 designate a first cam step, a
      second cam step and a cam edge, respectively. With the cam stem 65 of said
      second cam member 18 loosely inserted into the cam sleeve 69 of said first
      cam member 16, the cut-off edge 68 of said cam step 65 is biased by the
      coil spring 63 against the first cam step 71 of the spiral cam portion 70
      in said cam sleeve 69 and the slant edge 67 is forced against the cam edge
      72 under a tensile force of said coil spring 63 arranged between both cam
      members 18 and 16. Said coil spring 63 will be described later in more
      detail. Relative rotation of the second and first cam members 18 and 16
      causes, therefore, the coil spring 63 to be charged, and said first cam
      member 16 is displaced in the direction of the arrow B due to a
      relationship between the cam stem 65 and the spiral cam portion 70. A
      reference numeral 73 designates an anchoring hole provided in the first
      cam member 16, into which is inserted and anchored one end 63a of the coil
      spring 63 of which the other end 63b is inserted and anchored into another
      anchoring hole 74 provided in the second cam member 18. A tensile force of
      the coil spring 63 establishes the state that the first and second cam
      members 16 and 18 bear against each other. A reference numeral 740
      designates teeth of the first cam member 16 which are adapted to be
      engaged with teeth 75 of the rotary wheel 11. A reference numeral 76
      designates a stopper to regulate the angle through which the first cam
      member 16 may be rotated. The stopper 76 is normally engaged with the
      teeth 740 to prevent the first cam member 16 from being rotated and, upon
      displacement of said first cam member 16 in the direction of the arrow B,
      disengaged from said teeth 740 to allow said first cam member 16 to be
      rotated at once by a predetermined angle.
PAR  The manner in which the third embodiment of the arrangement as mentioned
      above operates will be described below.
PAR  The rotary shaft 20 is rotated by the clock mechanism (not shown) and
      thereby the advanced rotation of the second cam member 18 occurs in the
      direction of the arrow A. This advanced rotation of the first cam member
      16 causes the cut-off edge 68 of the cam stem 65 to be disengaged from the
      first cam step 71 of the spiral cam portion 70 in said first cam member 16
      and simultaneously causes the slant edge 67 of said cam stem 65 to be
      rotated in slidable contact with the cam edge 72 of said spiral cam
      portion 70. As said slant edge 67 is rotated, the second cam member 18
      twists the coil spring 63 and displaces the first cam member 16 in the
      direction of the arrow B. The first cam member 16, extends the coil spring
      63 by the spiral cam portion 70 thereof and is simultaneously displaced in
      the direction of the arrow B. Such a displacement of said first cam member
      16 in the direction of the arrow B causes said first cam member 16 to be
      disengaged from the stopper 76, so that said first cam member 16 is
      rotated at once under a force of the previously charged coil spring 63 in
      the direction of the arrow A and simultaneously pulled by a compressive
      force of said coil spring 63 in the direction of the arrow C. Thus, the
      next tooth 740' bears against said stopper 76 and thereby the first cam
      member 16 is restrained against further rotation. As the first cam member
      16 is rotated at once in the direction of the arrow A, the rotary wheel 11
      is advanced by cooperation of the teeth 75 of said rotary wheel 11 with
      the teeth 740 of said first cam member 16. Such an operation will be
      repeated thereafter.
PAR  The fourth embodiment will be now described with reference to FIGS. 14 to
      16. Parts substantially the same as those in the first, second and third
      embodiments are designated by reference numerals common thereto. The
      counter body 10 is provided with the rotary wheels 11, 12 and 13 which are
      intermittently driven by the intermitten drive mechanism 14 under a drive
      force provided from the clock mechanism (not shown). The intermittent
      drive mechanism 14 principally comprises the second cam member 18 adapted
      for advanced rotation, the first cam member 16 adapted for delayed
      rotation and the lock lever 19. The second cam member 18 is fixedly
      mounted by a sleeve 77 on the rotary shaft 20 in a manner such that said
      rotary shaft 20 is rotated together with said second cam member 18 as the
      latter is driven by the clock mechanism (not shown). The first cam member
      16 is loosely mounted by a sleeve 78 on the rotary shaft 20. A reference
      numeral 79 designates a stopper formed by peripherally cutting three
      quarters of said sleeve 77 away. A reference numeral 80 designates another
      stopper formed by peripherally cutting three quarters of said sleeve 78
      away. The stoppers 79 and 80 have respective cut-off end surfaces 79a and
      80a adapted to bear against each other. A reference numeral 81 designates
      a coil spring which is anchored at one end 82 on the rotary shaft 20 and
      at the other end 83 on the first cam member 16. As the rotary shaft 20 is
      rotated, the coil spring 81 is charged with a restoring force so far as
      the first cam member 16 is restrained by the lock lever 19 against
      rotation and said second cam member 18 is rotated at once in the same
      direction as the rotating direction of said rotary shaft 20. Reference
      numerals 84 and 85 designate teeth of the second and first cam members 18
      and 16, respectively. Reference numerals 86 and 87 designate first and
      second locking portions of the lock lever 19, which are adapted to bear
      against the teeth 85 of the first cam member 16 and against a cam boss 88
      of the second cam member 18, respectively. A reference numeral 89
      designates a pivot of said lock lever 19 which normally urges said lock
      lever 19 in the direction of the arrow B under action of a coil spring 90
      against the second cam member 18 and the first cam member 16. A reference
      numeral 91 designates teeth of the rotary wheel 11. Reference numerals 23
      and 43 designate feed change gears adapted to drive the rotary wheels 12
      and 13.
PAR  The manner in which the fourth embodiment of the arrangement as mentioned
      above operates will be described below.
PAR  The rotary shaft 20 is rotated by the clock mechanism (not shown) and
      thereby the second cam member 18 is rotated in the direction of the arrow
      A. The cam boss 88 is urged against the locking portion 87 of the lock
      lever 19 and thereby said lock lever 19 is forced to retract in the
      direction of the arrow C. The locking portion 86 is disengaged from the
      teeth 85 of the first cam member 16 immediately before the locking portion
      87 reaches the summit of the cam boss 88, so that the restoring force of
      the coil spring 81 which has been charged with said restoring force as the
      rotary shaft 20 is rotated causes the first cam member 16 to be rotated at
      once in the direction of the arrow A by a predetermined angle. This
      predetermined angle corresponds to the angle at which the cut-off end
      surface 79a of the stopper 79 formed on the sleeve 77 in the second cam
      member 18 is brought into contact with the cut-off end surface 80a of the
      stopper 80 of the first cam member 16. As the second cam member 18 is
      further rotated in the direction of the arrow A, the locking portion 87 of
      the lock lever 19 is disengaged from the summit of the cam boss 88 and
      thereby said lock lever 19 is brought back under the restoring force of
      the coil spring 90 in the direction of the arrow B into a recess 93.
PAR  Such an operation will be repeated thereafter.
PAR  It is obvious that the present invention is not limited to the specific
      embodiments as described herebefore in reference with the accompanying
      drawing and there may be various modifications without departure from the
      spirit of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A counter feed mechanism for use in a digital clock comprising in
      combination, a first cam member adapted for advanced rotation, a second
      cam member adapted for delayed rotation with respect to said first cam
      member, both of said cam members being arranged on a common rotational
      axis, a rotary clock mechanism, means coupling said clock mechanism to
      said first cam member for rotation of same, spring means coupled to said
      second cam member and arranged to be charged by rotation of said clock
      mechanism, lock means engaging said second cam member for preventing
      rotation thereof, said first cam member including means for releasing said
      lock means after a predetermined amount of rotation of said first cam
      member thereby to allow said spring means to advance said second cam
      member, and a rotary wheel coupled to said second cam member, whereby
      energizing of said clock mechanism causes said rotary wheel to advance in
      step by step fashion.
NUM  2.
PAR  2. A counter feed mechanism according to claim 1 wherein said first cam
      member includes a cam stem, said second cam member includes a cam sleeve,
      said cam stem being loosely inserted into said cam sleeve, said sleeve and
      stem forming a spiral cam adapted to move said second cam member axially
      with respect to said first cam member, a predetermined amount of axial
      movement serving to release said second cam member for stepwise rotation
      under the urging of said spring means.
NUM  3.
PAR  3. A counter feed mechanism according to claim 2 wherein said spring means
      comprises a coil spring having a first end connected to said first cam
      member and a second end connected to said second cam member whereby
      rotation of said first cam member serves to stretch said spring, said
      spring serving to urge said cam members together.
NUM  4.
PAR  4. A counter feed mechanism according to claim 1 wherein said first cam
      member is operatively connected to an operation display drum, and further
      including gear means for transmitting rotational drive from said clock
      mechanism to said first cam member, and second spring means biasing said
      gear means into mesh thereby to eliminate backlash.
NUM  5.
PAR  5. A counter feed mechanism for use in a digital clock comprising in
      combination, a rotational clock mechanism, a first cam member adapted for
      advanced rotation and operatively coupled to said clock mechanism, a
      second cam member arranged in opposition to said first cam member and
      adapted for delayed rotation, a rotary wheel operatively coupled to said
      second cam member, said first and second cam members being arranged on a
      common axis, a coil spring coupled between said clock mechanism and said
      second cam member and adapted to be charged in response to rotation of
      said clock mechanism, a lock lever adapted to engage both of said cam
      members, said lock lever serving to restrain rotation of said second cam
      member, said first cam member serving to angularly displace said lock
      lever to release said second cam member after a predetermined amount of
      rotation of said first cam member, thereby to allow rotation of said
      second cam member under the urging of said spring means to advance the
      rotary wheel intermittently.
NUM  6.
PAR  6. A counter feed mechanism according to claim 5 including a Geneva
      mechanism coupling said second cam member to said rotary wheel.
NUM  7.
PAR  7. A counter feed mechanism according to claim 5 including a shaft driven
      by said rotary clock mechanism, said first cam member being secured to
      said shaft for rotation thereby, said second cam member being loosely
      mounted on said shaft, said cam members including operatively associated
      stop members whereby said first cam member sets a limit on rotation of
      said second cam member after said second cam member is released by said
      lock lever.
NUM  8.
PAR  8. A counter feed mechanism according to claim 5 wherein said second cam
      member includes a plurality of teeth for driving said rotary wheel, said
      lock lever including a first arm engaging said first cam member and a
      second arm adapted to be interfitted between the teeth of said second cam
      member, rotation of said first cam member serving to disengage said second
      arm from said teeth thereby to release said second cam member, said cam
      members including interacting stop means for limiting the amount of
      rotation of said second cam member.
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ABST
PAL  A blank, having a pair of parallel bushing forming strips that are
      intermediately connected by a web, is formed from stock. The blank is bent
      and curled in a progressive die to form a bushing link that includes a
      pair of cylindrical bushings integral with the web. Rollers can be slipped
      longitudinally over the bushing ends opposite from the web and an inside
      plate is welded to the bushing ends to form a roller link. Such roller
      links are alternately arranged with pin-links to form a roller chain. A
      bushing chain can be formed in essentially the same manner as the roller
      chain by omitting the rollers from the bushing links.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAL  1. field of the Invention
PAR  This invention relates to chain making. More specifically, the invention
      pertains to forming a bushing link, that includes a pair of parallel
      bushings and an integral side plate joining the bushings, which together
      with a second side plate form an inside link of a chain.
PAL  2. Description of the Prior Art
PAR  Chain links with integral bushings and side bars have been formed from
      sheet metal blanks. A U-shaped link with two parallel side plates and an
      integral bushing is shown in U.S. Pat. Nos. 2,793,536 and 3,125,850. An
      integral block link having two parallel side plates and two bushings is
      disclosed by U.S. Pat. Nos. 3,119,276 and 3,192,785. In each of the above
      mentioned patents, the disclosed bushings within the links have at each
      end an integral side plate extending perpendicular to the bushing and
      thus, a roller cannot be slipped longitudinally about the bushing.
PAR  Roller chains have been assembled from separately formed bushings and
      inside plates. Such construction requires a link weight of material, a
      link production cost, and a chain assembly cost that can be significant
      when considered in view of the many links in roller chains.
PAC  SUMMARY OF THE INVENTION
PAR  A chain can be formed with bushing links to reduce the weight of material
      and lower production costs. Such links include a pair of parallel bushings
      integral with a web that serves as a side bar or inside plate. These links
      are formed in a progressive die from strip steel stock. A blank that
      includes a pair of parallel bushing forming strips connected
      intermediately by a web is first formed. Then, the web is bent to position
      the strips perpendicular to the original plane of the web and parallel
      with each other. Each strip is then curled outwardly from the other strip
      to form a bushing.
PAR  In a preferred form of the invention, rollers are slipped longitudinally
      about the bushings and an inside plate is welded to the ends of the
      bushings to form a roller link. Such roller links are alternately arranged
      with conventional pin-links to form a roller chain with the integral web
      side of each bushing link being reversed from the integral web side of the
      bushing links nearest each end thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1-3 are perspective views illustrating the steps of forming a bushing
      link from a blank in accordance with the present invention.
PAR  FIG. 4 is a perspective view of a roller that fits upon the bushings of the
      bushing link.
PAR  FIG. 5 is a perspective view of an inside plate.
PAR  FIG. 6 is a perspective view of a roller link formed by the bushing link,
      rollers and inside plate.
PAR  FIG. 7 is a plan view of a roller chain formed with roller links that
      include bushing links made in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to FIG. 1, a blank 10 is shown having a pair of parallel
      bushing forming strips 12 and 14 that are connected intermediately by a
      web 16. Such a blank is formed by stamping or cutting from a stock of
      strip steel and the blank can be bent and curled in a progressive die to
      form a bushing link 18, as shown in FIG. 3.
PAR  After forming the blank 10, the web 16 is bent to position the bushing
      forming strips 12 and 14 in planes perpendicular to the original plane of
      the web, as shown in FIG. 2. The outer surfaces of the strips are spaced
      by a distance that equals the pitch of the bushings to be formed less the
      inside diameter of one bushing. Thus, the outer surfaces of the strips are
      positioned tangent to the internal bores of the bushings to be formed.
      Then, the strips are curled outwardly from each other to form cylindrical
      bushings 12 and 14, as shown in FIG. 3. The bushings are integral with the
      web 16 that serves as an inside plate and the combination bushings and
      plate define the bushing link 18.
PAR  The bushing link 18 can be used to form a roller link 19, as shown in FIG.
      6. A roller 20, as shown in FIG. 4, is a cylindrical ring which turns over
      a bushing. A similar roller 20a, shown in FIG. 6, is slipped
      longitudinally over bushing 12 and a similar roller 20b is slipped
      longitudinally over bushing 14. An inside plate 22, shown in FIG. 5, has
      therein openings 24 and 26 that correspond to the internal bores of the
      bushings 12 and 14. This inside plate is then placed in abutment with the
      ends of the bushings opposite from the web 16, the holes in the plate
      being aligned with the internal bores of the bushings, and the plate is
      welded to the bushings to form the roller link.
PAR  Since the plate 22 is welded to the ends of the bushings 12 and 14, the
      welds and the plate prevent the bushings from uncurling or spreading
      apart. The rollers 20a and 20b also restrain the bushings from uncurling.
      The roller links 19 can then be assembled into a roller chain 29, as shown
      in FIG. 7.
PAR  The inside links of the roller chain 29 are formed by roller links 19 and
      19'. It will be noted that the roller link 19' positioned within the chain
      has a web 16' that serves as an inside plate and is reversed to a position
      on the opposite side of the chain from the web 16 of roller link 19. As
      further roller links are added to the chain, this alternate positioning of
      the webs is repeated so that the integral web of every roller link is
      reversed to the opposite side of the chain from the integral webs of the
      roller links nearest each end thereof. The outside links of the roller
      chain are conventional pin links consisting of pin-link plates 30 and 32
      assembled with pins 34 and 36. The pins extend through the bushings of the
      roller links 19 and 19' and through the pin link plates 30 and 32 that can
      be welded or riveted to the bushings. Thus, the inside roller links and
      outside pin-links form a roller chain.
PAR  With reference to FIG. 3, the ends of each curled bushing forming strip 12
      and 14 meet along a horizontal plane in which the centerlines of each
      bushing and the centerline of the web 16 are located. This is due to the
      web, as shown in FIG. 1, extending between the midpoints of the bushing
      forming strips. Should it be desired to have the ends of the bushing
      forming strips come together at locations that are not on the horizontal
      centerline plane of the bushing link 18, the blank can be modified to
      position the web to extend between the bushing forming strips at a
      location spaced either above or below the midpoints of the strips. If
      there is any difficulty in curling the bushing forming strips due to the
      integral adjacent web portions, the web can be notched to narrow the
      integral adjacent web portions and reduce the arc lengths of the curled
      bushing forming strips along which the web is joined.
PAR  A modified embodiment of the invention would be a bushing chain, which
      somewhat resembles a roller chain, but differs from the latter in that the
      bushings between the side links are not provided with rollers. The
      operation of this rollerless chain is similar to that of a solid block
      chain. It will fit sprockets intended for roller chains, provided the
      pitch and diameter of the bushings correspond with the pitch and diameter
      of the intended rollers. Such a bushing chain could be formed in the same
      manner as roller chain 29 by simply omitting the rollers 20. It might also
      be desirable to weld the abutting ends of each curled bushing forming
      strip 12 and 14 together on the side adjacent the web 16 to restrain the
      bushing forming strips from uncurling.
PAR  Although the best mode contemplated for carrying out the present invention
      has been herein shown and described, it will be understood that
      modification and variation may be made without departing from what is
      regarded to be the subject matter of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of making a chain, the steps of forming a blank that
      includes a pair of parallel bushing forming strips connected
      intermediately by a web, bending the web to position the strips
      perpendicular to the original plane of the web and parallel with each
      other, and curling each strip outwardly from the other strip to form a
      bushing link having a pair of bushings integral with the web that serves
      as an inside plate.
NUM  2.
PAR  2. The method of making a chain as described in claim 1, which further
      includes the steps of mounting a roller upon each of the bushings and
      welding an inside plate to the ends of the bushings opposite from the web
      to form an inside link for a roller chain.
NUM  3.
PAR  3. The method of making a chain as described in claim 1, which further
      includes the step of welding an inside plate to the ends of the bushings
      opposite from the web to form an inside link.
NUM  4.
PAR  4. The method of making a chain as described in claim 3, which further
      includes the steps of connecting a first pair of pin link plates on
      opposite sides of the inside link by a pin extending through one bushing
      and connecting a second pair of pin link plates on opposite sides of the
      inside link by a pin extending through the other bushing.
NUM  5.
PAR  5. The method of making a chain as described in claim 4, which further
      includes the step of connecting a second inside link to one pair of pin
      link plates in a position with the inside plate formed by the web being
      reversed to the opposite side of the chain from the inside plate formed by
      the web of the first inside link.
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ABST
PAL  A flameholder for the afterburner of an aircraft gas turbine engine is
      provided which comprises a pair of concentric rings forming an annular
      flow passage therebetween which has a continuous annular inlet for
      receiving the gas flow from the turbine exhaust. A plurality of discrete
      pilot fuel jets eject pilot fuel into the passage. A plurality of flow
      vanes are positioned within and around the circumference of the annular
      flow passage in order to impart a circumferential swirl to the fuel-air
      mixture and thereby improve the mixing and vaporizing thereof. An igniter
      of the spark type is positioned downstream of the swirl vanes. The outer
      annular wall of the flow passage extends downstream of and diverges
      conically outward from the inner wall of the flow passage. An annular
      V-shaped gutter is secured to the downstream end of the inner wall of the
      annular flow passage in order to provide a stable flameholding surface.
      The pre-mixed, vaporized fuel recirculates into the V-gutter to provide
      combustion stability. A plurality of radially extending V-shaped vanes may
      also be secured to the downstream end of the inner annular wall of the
      annular flow passage in order to further spread the flame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an afterburner flameholder and, more
      particularly, to an afterburner flameholder for inclusion within the high
      velocity gas stream of an aircraft gas turbine engine as part of an
      afterburning system to provide additional thrust augmentation.
PAR  It is well known in the aircraft gas turbine art to provide thrust
      augmentation by burning additional fuel in an afterburner located
      downstream of the engine turbine. The afterburner generally includes means
      for dispersing a main flow of fuel together with a flameholder to which
      the flame may attach. The flameholder reduces locally the velocity of the
      gas stream and establishes a recirculation zone within the afterburner in
      order to sustain the flame which would otherwise blow out. The flameholder
      further provides an ignition and low temperature rise zone which, in
      conjunction with additionally injected fuel in parallel and sequentially
      to a pilot fuel flow, provides staging to accomplish broad temperature
      modulation of the afterburner. One well known type of flameholder
      comprises two concentric flame rings arranged to diverge from each other
      in a downstream direction. Fuel may be introduced either uniformly
      upstream of the flameholder or in locally concentrated manner so that fuel
      droplets impinge upon the outside diverging surfaces of the flameholder
      and the afterburning flame attaches to the trailing edges of the flame
      rings.
PAR  In order to provide for positive and uniform lightoff of the afterburner
      during all modes of flight operation, pilot fuel may be introduced and
      sparked to ignite by means of a point source igniter. The pilot flame, in
      turn, operates to ignite the main fuel droplets. It is well known to
      introduce the pilot fuel to the afterburner by means of discrete jets
      situated around the flameholder. The pilot fuel jets are generally located
      intermediate the flame rings such that each pilot jet receives gas flow
      from the turbine exhaust through an inlet to the flameholder.
PAR  One afterburner flameholder of this type is described in U.S. Pat. No.
      3,765,178 issued to Robert Hughes Hufnagle, et al. on Oct. 16, 1973, and
      assigned to the same assignee as the present invention. The afterburner
      flameholder of the Hufnagle, et al. patent includes an inner flame ring
      and an outer flame ring spaced radially outwardly from and concentric to
      the inner flame ring to form an annular flow passage for receipt of the
      turbine exhaust. An inlet screen comprising a plurality of
      circumferentially spaced apart tubes is provided between the inner and
      outer flame rings closely adjacent the annular inlet thereto in order to
      meter the flow between the flame rings and precipitate turbulence in the
      wake behind the screen and thereby minimize circumferential temperature
      gradients in the incoming gas. Further, at the outlet to the annular flow
      passage, circumferentially spaced apart air foil type swirl vanes,
      radially extending between the inner and outer flame rings are provided in
      order to produce rapid propagation of flame around the entire flameholder
      and to provide a surface for holding the flame.
PAR  Flameholders of the type described in the Hufnagle et al. patent provide a
      flowpath for the hot turbine gases which is smooth and without abrupt
      changes or discontinuities so as to reduce the risk of "flashback" and
      "preignition".
PAR  Flashback can generally be described as an upstream propagation of the
      afterburner flamefront into the interior of the flameholder in the area
      between the flame rings, and may occur if the velocity of the flow through
      the flameholder falls off locally below the minimum velocity required to
      maintain flame attachment. Preignition is not as well understood as
      flashback, and relates to a sudden spontaneous ignition of the flow in the
      area between the flame rings of the flameholder. Preignition differs
      essentially from flashback in that the upstream preignition flame inside
      the flameholder exists independently of the downstream flame which remains
      attached to the flame ring trailing edges. preignition may be a direct
      result of temperature gradients in the flow through the flameholder. The
      deleterious effects from flashback and preignition are essentially the
      same, resulting in a premature localized burning of the flameholder
      components.
PAR  While minimizing the occurrence of flashback and preignition, afterburner
      flameholders of the type disclosed in the Hufnagle et al. patent have
      several disadvantages. One such disadvantage is that the airswirl vanes
      located at the outlet to the annular flow passage have demonstrated poor
      flameholding characteristics. Accordingly, flameholders of the type
      disclosed in the Hufnagle et al. patent have been subjected to flameout
      under various operating conditions. Another disadvantage of flameholders
      of the type disclosed in the Hufnagle et al. patent is that the outer
      edges of the swirl vanes which come in contact with the flame have not
      been able to sustain the high temperatures to which they have been exposed
      and accordingly have been subject to structural damage due to overheating.
PAR  It is therefore an object of this invention to provide an afterburner
      flameholder wherein the flowpath therethrough is smooth and uniform to
      thereby reduce the risk of flashback and preignition.
PAR  It is also an object of this invention to provide an afterburner
      flameholder having a relatively high internal air velocity so as to
      preclude flashback and preignition.
PAR  It is a further object of this invention to provide an afterburner
      flameholder which exhibits highly stable flameholding characteristics.
PAR  It is a further object of this invention to provide an afterburner
      flameholder which utilizes a system of swirl vanes to create
      circumferential flow to provide uniform fuel air mixture, and to establish
      shear turbulence behind the flameholder to enhance the burning
      characteristics of the afterburner.
PAR  A further object of this invention is to provide an afterburner flameholder
      in which the swirl vanes are out of contact with the flame so that they
      are not susceptible to high temperature structural damage.
PAR  A further object of this invention is to provide an annular recirculating
      V-gutter downstream of the swirl vanes to provide a strong recirculation
      zone for stable combustion of a portion of the carbureted fuel air
      mixture.
PAR  It is still a further object of this invention to provide an afterburner
      flameholder which uses a system of radially extending V-gutters to improve
      its flame spreading characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  A gas turbine engine of the type having a compressor, combustor and turbine
      in serial flow relation is provided with thrust augmentation by an
      afterburner. The afterburner includes a flameholder having an inner ring
      and an outer ring spaced radially outwardly from and concentric to the
      inner ring. Means are further included for introducing a main flow of fuel
      outside the rings together with means for attaching the rings to the
      engine casing. According to the means of this invention, the outer ring,
      in cooperation with the inner ring, define an annular passageway having an
      annular inlet for receipt of a portion of the hot gas flow from the engine
      turbine, and an annular outlet. A plurality of swirl vanes are located
      within the annular flowpath adjacent the inlet thereof in order to impart
      a circumferential swirl to the fuel gas mixture flowing therethrough to
      thereby improve its fuel/air mixture and burning characteristics. Means
      are included for introducing pilot fuel in discrete jets downstream of the
      annular inlet and upstream of the swirl vanes. Alternatively, the pilot
      fuel may be introduced downstream of the swirl vanes as would be desirable
      for extremely high afterburner inlet temperatures. The gas fuel mixture is
      swirled in a circumferential direction by the swirl vanes in order to
      deliver a uniform fuel/air mixture to the flameholding ring and to provide
      for rapid propagation of the flame around the entire flameholder. The
      outer ring extends downstream of the inner ring. The downstream end of the
      outer ring diverges conically outward and terminates in a ring extension
      concentric with the inner ring. A circumferential annular V-gutter is
      attached to the downstream end of the inner ring in order to provide a
      flameholding surface. A ring extension is secured to the inner wall of the
      V-gutter and extends downstream of the V-gutter outer wall in vertical
      alignment with the downstream extension of the flameholder outer ring in
      order to provide a protective shroud around the flameholding surfaces in
      order to further improve the flame stability.
PAR  According to another feature of the invention, radially extending V-gutters
      may be secured to the downstream end of the inner ring to improve radially
      inward flame spreading.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims distinctly claiming and
      particularly pointing out the invention described herein, it is believed
      that the invention will be more readily understood by reference to the
      discussion below and the accompanying drawings in which:
PAR  FIG. 1 is a side elevational view, partly in cross-section, of a gas
      turbine engine embodying the afterburner flameholder of this invention.
PAR  FIG. 2 is an enlarged cross-sectional view of the upper portion of the
      afterburner flameholder of FIG. 1.
PAR  FIG. 3 is a cross-sectional view, taken along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a cross-sectional view taken along the line 4--4 of FIG. 2.
PAR  FIG. 5 is a cross-sectional view taken along the line 5--5 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a gas turbine engine of the turbojet
      type comprising a core engine 11, consisting of a compressor 12 in flow
      communication with a combustor 14 which generates a hot gas stream to
      drive a turbine 16. The turbine 16 is connected to and drives the rotor 18
      of compressor 12 through a drive shaft 20. An outer casing 22 and inner
      liner 23 are mounted concentric with the core engine 11 to define an inlet
      3. A variable area exhaust nozzle 26 is mounted on the downstream end of
      the outer casing 22.
PAR  In operation, the compressor 12 pressurizes an incoming air stream to
      provide a highly compressed air stream for supporting combustion of fuel
      in the combustor 14. Fuel in the combustor 14 is provided by fuel
      injection means 28 which receives a flow of pressurized fuel through
      conduit 30 from a source of pressurized fuel (not shown). The hot gas
      stream thus generated drives the turbine 16 and is thereafter exhausted
      through annular passageway 34 and out exhaust nozzle 26 in order to
      provide forward thrust.
PAR  Additional thrust is provided by the afterburner shown generally at 32.
      Additional fuel is introduced to the afterburner 32 through fuel inlet
      means 36 connecting to a source of pressurized fuel (not shown). Means for
      afterburner flame attachment are provided by flameholder 38, the details
      of which will be made fully obvious from the discussion below.
PAR  The hot gas stream exiting from the afterburner 32 is exhausted from
      exhaust nozzle 26 to provide further thrust for propulsion. Although the
      invention is described in relation to a turbojet engine, it will be
      obvious to those skilled in the art that it can be applied with equal
      success to other types of gas turbine engines such as a turbofan.
PAR  Looking now to FIGS. 2 through 5, where like numerals refer to previously
      described elements, there is seen the flameholder 38 comprising an inner
      ring 40 and an outer ring 42. The inner and outer rings 40 and 42 are
      arranged in general concentric alignment so as to define an annular inlet
      44. Outer ring 42 extends downstream of and diverges conically outward
      from inner ring 40. The annular trailing edge of ring 42 diverges inward
      from the conical portion thereof to form a ring extension in general
      concentric alignment with the ring 40. Separation between the rings 40 and
      42 is maintained by a plurality of circumferentially spaced apart and
      radially extending swirl vanes 48 located downstream and adjacent inlet
      44. The cross-sections of the vanes 48 are best seen in FIG. 5. The
      upstream ends 105 and 106 of rings 40 and 42 respectively are curved
      radially inward to permit only a predetermined amount of gas to flow
      through the annular passageway 43 therebetween.
PAR  The flameholder 38 may be secured to the engine outer casing 22 by any
      suitable means which, as illustrated in FIG. 2, is by means of a plurality
      of circumferentially spaced retaining links 39, each having one end
      pivotally attached to the outer mid portion 96 of ring 42 at a plurality
      of circumferentially spaced pivots 43 and the other ends pivotally
      attached to the inner liner 23 at a plurality of circumferentially spaced
      pivots 41 which are secured to the engine casing 22 by means of respective
      struts 45 which are in fixed connection between the inner liner 23 and the
      engine outer casing 22. The pivotal feature of the retaining links 39 is
      provided to accommodate thermal expansion of the flame ring 42 which may
      result in a radial outward growth of the flameholder 38.
PAR  The afterburner fuel inlet means 60 comprises a plurality of main fuel
      inlet conduits 62 and 64. The conduit 62 provides fuel to the annular
      chamber 51 surrounding ring 42, while the conduit 64 provides fuel to the
      inner flow chamber 53 surrounded by ring 40. Each main fuel inlet conduit
      62 and 64 includes a plurality of radially spaced apertures 66 and 68
      respectively, so as to discharge main jet streams of fuel into the
      chambers 51 and 53 respectively.
PAR  A plurality of pilot fuel conduits 54 are equally spaced around the annular
      inlet 44 of flameholder 38. Each pilot fuel conduit 54 disperses fuel
      between the leading edges of adjacent primary vanes 48. The
      circumferential swirl from vanes 48 acts to carburet the fuel and assure a
      highly uniform and vaporized fuel/air mixture at the downstream end of the
      flameholder 38, with a limited number of fuel injection jets 54. Each
      pilot fuel conduit is secured to the engine casing 22 by means of a
      respective flange 58.
PAR  An annular V-gutter 70 is mounted to the inner ring 40 by a plurality of
      circumferentially spaced apart retaining links 72. The upstream ends of
      retaining links 72 are rotatably pinned at pivot 74 to flange elements 76
      attached to the exterior wall of ring 40. The downstream ends of retaining
      links 72 are rotatably pinned at pivot 78 to flange elements 80 which are
      in fixed connection to the exterior annular wall 82 of the lower portion
      of annular V-gutter 70. V-gutter 70 is retained adjacent to but separate
      from ring 40 by retaining links 72 in order to permit thermal expansion
      between the rings 40 and V-gutter 70 since, in operation, the temperature
      of V-gutter 70 is significantly greater than the temperature of the ring
      40. The axial gap 13 between ring 40 and annular V-gutter 70 permits a
      small portion of the fuel-air mixture to propagate along the radially
      inward extending wall 82 of V-gutter 70 in order to reduce the pilot fuel
      flow required to ignite the afterburner during extreme low pressure, high
      altitude conditions. In order to improve the ducting of the fuel air
      mixture along the inner wall 82 of V-gutter 70, the downstream end of
      annular ring 40 may be curved radially inward and elongated to extend
      parallel to but spaced apart from the inner wall 82 of V-gutter 70 to a
      point in proximate vertical alignment with the mid span of inner wall 82.
PAR  The radially inward extending wall 82 of annular V-gutter 70 includes a
      downstream ring extension 94 concentric to and vertically aligned with the
      downstream extension 46 of the ring 42 to form an annular flowpath
      extension 98. The radially outward extending wall 99 of V-gutter 70 is
      recessed within the annular flow passage extension 98. Ring members 42 and
      94 form an annular flow passage 98 aft of the V-gutter 70 so as to
      increase the stability of the flame therein.
PAR  In accordance with an optional feature of the invention, a plurality of
      circumferentially spaced radially extending auxiliary V-gutters 86 may be
      attached to the downstream extension 94 of the inner wall 82 of V-gutter
      70.
PAR  A spark igniter 52 extends through the ring 42 and terminates within the
      passageway 43 in order to provide a point source spark to ignite the
      fuel/air mixture within the annular flow passage 43 between the rings 42
      and 40. Spark igniter 52 is secured to the engine outer casing 22 by
      suitable bracket means 56. While the spark igniter is preferably located
      outside the flameholding V-gutter 70 in order to minimize thermal damage
      thereto, it is also possible to locate the spark igniter within the
      V-gutter 70 by extending it through the wall member 99 of V-gutter 70.
PAR  Describing now the operation of the foregoing structure for cases where
      additional thrust is required, the afterburner may be lit by first
      introducing pilot fuel through conduit 54, whereupon the pilot fuel is
      sparked to ignite by igniter 52. Incoming hot gas from the turbine 16 of
      the gas turbine engine enters the flameholder 38 by way of inlet 44. As
      indicated, the leading edges 105 and 106 of annular rings 42 and 40
      respectively are tapered inward to provide a predefined cross-sectional
      area for inlet 44. This opening is sufficient to meter a predetermined
      portion of the total gas flow from the turbine 16 through the annular
      inlet 44 so as to achieve the desired stoichiometric ratio of pilot fuel
      to air. As previously discussed, the incoming fuel/air mixture is swirled
      by the swirl vanes 48 so as to thoroughly mix and vaporize the pilot fuel
      in the incoming gas and provide a uniform fuel/air mixture around the
      entire flameholder which is ignited from the initial point of ignition by
      spark igniter 52. The main fuel in afterburner 32 is introduced
      concurrently or sequentially and ignited by the pilot flame held in the
      main V-gutter 70 and the radially extending auxiliary V-gutters 86.
PAR  Because of the highly stable flameholding characteristics of the V-gutters
      70 and 86 of flameholder 38, a higher velocity internal gas flow may be
      utilized in the annular flow passage 43 between the rings 40 and 42
      without preignition and flashback occurring, than can be tolerated in
      conventional afterburner flameholders such as that described in the
      Hufnagle et al. patent.
PAR  As indicated, the swirl vanes of the flameholder 38 are located in the
      upstream end of the annular flow passage 43 formed between the rings 40
      and 42 away from the flame front so as to avoid excessive damage thereto
      from overheating. The flameholder gutter 70 may be readily separated from
      the balance of the flameholder assembly to improve the maintainability and
      simplify replacement thereof.
PAR  Various changes could be made in the structures shown in FIGS. 1 through 5
      without departing from the scope of the invention. As indicated, it may be
      desirable to locate the fuel inlet conduit 54 downstream of the swirl
      vanes 48; alternatively, as indicated, it may also be desirable to locate
      the igniter 52 within the V-gutter 70.
PAR  Therefore, having described preferred embodiments of the invention, though
      not exhaustive of all possible equivalents, what is desired to be secured
      by Letters Patent of the United States is claimed below.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flameholder for the afterburner of a gas turbine engine comprising:
PA1  an inner ring,
PA1  an outer ring spaced radially outward from and concentric to the inner ring
      to form an annular flow passage therebetween for receipt of the hot gases
      exhausted from the engine turbine,
PA1  means for introducing pilot fuel into the flow passage to mix with the hot
      gases therein,
PA1  means within the flow passage for imparting a circumferential swirl to the
      fuel gas mixture flowing therethrough,
PA1  means for igniting the swirled fuel gas mixture to generate a pilot flame,
      and
PA1  annular V-gutter means secured to the downstream end of the inner ring for
      providing a surface to which the pilot flame may attach.
NUM  2.
PAR  2. The flameholder of claim 1 further comprising radially extending
      V-gutter means in vertical alignment with the annular V-gutter means for
      spreading the pilot flame radially within the afterburner.
NUM  3.
PAR  3. The flameholder of claim 1 wherein:
PA1  the outer ring extends downstream of and diverges conically outward from
      the inner ring and terminates in an annular ring extension in concentric
      alignment with the inner ring to form the outer wall of the outlet for the
      annular flow passage, and
PA1  the annular V-gutter means includes a downstream ring extension concentric
      to and vertically aligned with the annular ring extension of the outer
      ring to provide the inner wall of the outlet for the annular flow passage
      and together with the outer ring extension forms a protective shroud
      around the flameholding surfaces of the annular V-gutter means to thereby
      improve flame stability.
NUM  4.
PAR  4. The flameholder of claim 1 further including retaining link means
      connected between the inner ring and the annular V-gutter means for
      holding the annular V-gutter means apart from and in concentric alignment
      with the trailing edge of the inner ring so as to permit relative growth
      due to thermal expansion between the inner ring and the annular V-gutter
      means.
NUM  5.
PAR  5. The flameholder of claim 1 wherein the igniting means comprises a spark
      igniter within the annular flow passage downstream of the swirl means and
      the points at which pilot fuel is introduced.
NUM  6.
PAR  6. The flameholder of claim 1 wherein the igniting means comprises a spark
      igniter within V-gutter of the annular V-gutter means.
NUM  7.
PAR  7. The flameholder of claim 1 wherein the swirl means comprises a plurality
      of swirl vanes circumferentially spaced around the interior of the flow
      passage and the pilot fuel is introduced into the flow passage at points
      between the swirl vanes.
NUM  8.
PAR  8. The flameholder of claim 1 wherein the pilot fuel is introduced into the
      flow passage downstream of the swirl means.
NUM  9.
PAR  9. The flameholder of claim 1 wherein the upstream end of the outer ring
      converges radially inward and the upstream end of the inner ring diverges
      radially outward to thereby provide a restricted inlet to the flow passage
      so that only a predetermined portion of the turbine exhaust is permitted
      to enter the flow passage to thereby control the internal velocity and
      stoichiometry of the fuel gas mixture.
NUM  10.
PAR  10. A flameholder for the afterburner of a gas turbine engine comprising:
PA1  an inner ring having a radially outward diverging upstream end,
PA1  an outer ring spaced radially outward from and concentric to the inner ring
      and having a radially inward converging upstream end to form an annular
      passage between the inner and outer rings having a restricted inlet for
      receipt of the hot gases exhausted from the engine turbine and having a
      downstream end which extends downstream of and converges conically outward
      from the trailing edge of the inner ring and terminates in an annular ring
      extension in concentric alignment with the inner ring,
PA1  a plurality of swirl vanes circumferentially spaced around the interior of
      the annular passage between the inner and outer rings to impart a
      circumferential swirl to the gases impinging thereon,
PA1  a plurality of pilot fuel jets in flow communication with the annular
      passage at respective points between different pairs of swirl vanes to
      deliver pilot fuel to the annular passage,
PA1  an annular V-gutter having generally radially outward and radially inward
      extending walls held in concentric alignment with the downstream end of
      the inner ring by a plurality of retaining links and having an annular
      ring extension of the radially inward extending wall, said ring extension
      being concentric to and vertically aligned with the annular ring extension
      of the outer ring and together with the outer ring extension form the
      outlet of the flow passage and provide a protective shroud around the
      flameholding surfaces of the annular gutter, and
PA1  a spark igniter within the annular passage downstream of the swirl vanes to
      ignite the fuel gas mixture therein.
NUM  11.
PAR  11. The flameholder of claim 10 further comprising a plurality of
      circumferentially spaced and radially extending V-gutters secured to the
      ring extension of the radially inwardly extending leg of the annular
      V-gutter.
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ABST
PAL  A movable flap at the exit end of a variable pitch ducted fan is configured
      and dimensioned in order to provide an effective duct configuration for
      good cruise performance, improved thrust coefficient of the fan duct
      nozzle and a desirable inlet when the fan is operating in the reverse
      pitch mode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to variable pitch ducted fans and particularly to an
      improved variable area discharge convergent-divergent nozzle of the duct
      and constitutes an improvement over the flap design disclosed in a
      companion application Ser. No. 405,605 entitled Bypass Ducted Fan
      Propulsor by Carl Rohrbach filed on even date and assigned to the same
      assignee.
PAR  While the utilization of variable flaps on a duct are well known in the
      art, such flaps heretofore would never be designed to form a low area
      ratio convergent-divergent nozzle. With the advent of the variable pitch
      fan aircraft propulsors which are utilized to provide reverse capabilities
      it has become desirable to provide bellmouth shaped inlet of the fan duct
      exit.
PAR  I have found that I can improve the effectivenss of the duct for both the
      cruise and reverse mode performances by designing the flap to provide a
      convergent-divergent nozzle when the flaps are in their closed position
      for cruise operation and when in the open position form a desirable inlet
      for the reverse pitch operation. Moreover, I have found that for low fan
      pressure ratios I can increase the flow coefficient of the fan duct nozzle
      in such a manner that during the periods of operation where the pressure
      ratio across the fan is at a low value the improvement in the flow
      coefficient tends to move the operation of the fan away from the surge
      line and enhances the effectiveness of the fan particularly during
      takeoff, landing and ground operation.
PAR  Additionally by disposing the pivot point of the flap in a discrete and
      judicious location serves not only to prevent flow disturbances through
      the duct but tends to improve the effectiveness of the bellmouth shaped
      inlet during reverse mode.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide for a variable pitch ducted fan
      and improved variable flap.
PAR  A still further object of this invention is to provide for a ducted fan a
      variable flap that provides a convergent-divergent nozzle when in its
      closed position and to provide a bellmouth shaped inlet when in its open
      position.
PAR  A still further object of this invention is to provide a movable flap for
      variable pitch ducted fan which variable flap is pivoted at a point which
      is judiciously and discretely located within the duct to enhance the flow
      capabilities thereof.
PAR  Other features and advantages will be apparent from the specification and
      claims and from the accompanying drawings which illustrate an embodiment
      of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE is a view partly in schematic and partly in section
      illustrating the movable flap of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As can be seen from the sole FIGURE the propulsor for an aircraft includes
      a fan generally illustrated by reference number 10 comprising a plurality
      of variable pitch blades (only one being shown) 12 circumferentially
      disposed for rotating motion driven by the engine 14, (only the inlet
      portion being shown). A spinner 16 may also be incorporated. The fan is
      surrounded by a suitable bypass duct 18 so that air during cruise and
      takeoff flight regimes flows into the duct, through the fan blades and a
      portion is ingested into the engine through inlet 20 while the remaining
      portion is discharged through the exit 22 of duct 18 via anti-swirl vanes
      24.
PAR  Flaps 26 at the exit end of the duct 18 are designed to open and form a
      substantially bell-shaped nozzle when the blades are moved in the reverse
      position. In this mode, air now flows into the exit end 22, via the flaps
      26, anti-swirl vanes 24 where a portion is ingested by the engine via
      inlet 20 and the remaining portion is passed through the blades 12,
      imparting a reverse thrust utilized in the landing regime of the aircraft.
PAR  In accordance with this invention the flaps are designed and configured to
      form a low area ratio convergent-divergent nozzle when the flaps are in
      the closed position. Additionally, the pivot point 30 is judiciously
      located so as to form a smooth converging passage for the flow of air when
      the air is passing through the duct in the forward direction depicted by
      arrow A. Similarly when the flow is reversed in direction the pivot point
      is located so that a smooth opened flap forms converging passage to the
      air entering the duct from the rear.
PAR  It should be understood that the invention is not limited to the particular
      embodiments shown and described herein, but that various changes and
      modifications may be made without departing from the spirit or scope of
      this novel concept as defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. For a variable pitch ducted fan driven by a turbine type of power plant
      in which the duct surrounds and extends beyond the inlet of the power
      plant and the fan is movable from a positive to a negative pitch to
      reverse the flow of air in the duct, a variable flap at the exit end of
      the duct pivotally mounted aft of said inlet, said variable flap having an
      inwardly convex inner wall protruding into the duct to define a reduced
      diameter of the duct and a nozzle when said flap is in the normal positive
      pitch position and defining a substantially aerodynamically smooth surface
      for directing air from outside of said duct through the exit end into said
      inlet and said fan when in the reverse position.
NUM  2.
PAR  2. For a variable pitch ducted fan as claimed in claim 1 wherein said
      nozzle is of the convergent-divergent type.
NUM  3.
PAR  3. For a variable pitch ducted fan as claimed in claim 2 wherein said
      variable flap is pivoted to said duct at a point where the flap flares
      into the arc of the convex section.
NUM  4.
PAR  4. For a variable pitch ducted fan as claimed in claim 2 wherein said
      variable flap forms a substantially bell-shaped member.
PATN
WKU  039317099
SRC  5
APN  5185785
APT  1
ART  343
APD  19741029
TTL  Method of loading a solid fuel rocket engine
ISD  19760113
NCL  3
ECL  1
EXA  Garrett; Robert E.
EXP  Croyle; Carlton R.
NDR  1
NFG  2
INVT
NAM  Doin; Bernard Jean Felix Victor
CTY  Saint Medard en Jalles
CNT  FR
INVT
NAM  Grebert; Robert Omer Emmanuel
CTY  Saint Medard en Jalles
CNT  FR
INVT
NAM  Jouhaud; Yves Pierre
CTY  Saint Medard en Jalles
CNT  FR
ASSG
NAM  Societe Nationale des Poudres et Explosifs
CNT  FR
COD  03
PRIR
CNT  FR
APD  19720303
APN  72.07377
RLAP
COD  74
APN  335766
APD  19730226
PSC  03
CLAS
OCL   60255
XCL   60 3947
XCL   86  1R
XCL  102 99
EDF  2
ICL  F02K  904
ICL  C06B 2100
FSC   60
FSS  253;255;39.47;254;256
FSC   86
FSS  1 R;20 R;20 B;20 C;20 D
FSC  102
FSS  99
UREF
PNO  3397539
ISD  19680800
NAM  Schubert
XCL   60255
LREP
FRM  Bucknam and Archer
ABST
PAL  One or both ends of the body of a solid fuel rocket engine is provided with
      an internally thickened portion, which serves for the mechanical
      attachment of additional parts, that is the rocket head or the rocket
      base, to the end of the engine body, without any increase in the external
      cross-sectional dimension of the body. A block of propellant fuel is
      located within the engine body and has a portion of reduced
      cross-sectional dimensions corresponding to the internally thickened
      portion at the end of the engine body. The block is introduced into the
      body by cooling the former until its dimensions have shrunk sufficiently
      for it to be introduced.
PARN
PAR  This is a division of application Ser. No. 335,766 filed Feb. 26, 1973, now
      abandoned.
BSUM
PAR  The present invention relates to solid fuel rocket engines which may be
      used for aircraft propulsion, for missiles, for pyrotechnic purposes or
      otherwise, to a method of introducing a block of propellant fuel into such
      a rocket engine, and to a block of propellant fuel for this purpose.
PAR  So-called "free" blocks of propellant fuel are frequently used in small
      solid fuel rocket engines. These blocks are manufactured independently of
      the rocket engine, for example by extrusion, and are then introduced into
      the engine. Their outer shape is frequently cylindrical and they are
      located in the combustion chamber of the body of the engine which is
      itself cylindrical. In order to be able to introduce the block in this
      way, the combustion chamber must have an aperture having a diameter at
      least equal to the diameter of the block. The chamber is closed by means
      of mechanical parts which extend the body of the engine, for example a
      base carrying an exhaust nozzle for the combustion products of the
      propellant, and the attaching of these parts, usually achieved by a screw
      thread or by a system of clips, necessitates providing an extra thickness
      at the end of the engine body. This extra thickness is necessarily located
      on the outside, which increases the external dimensions of the engine, and
      substantially decreases its performance by increasing the drag to which it
      is subjected.
PAR  We have now devised a rocket engine construction which enables a maximum
      amount of propellant fuel to be accommodated within the combustion chamber
      with no extra thickness being present on the outside of the engine body.
PAR  According to the present invention, we provide a solid fuel rocket engine
      including at least one block of propellant fuel, which has been preshaped
      before inserting it into the body of the engine and in which the
      thickening of the wall of the body necessary for attaching thereto a
      mechanical part at at least one of its ends is located on the inside of
      the body with no increase in the external dimensions of the body, the body
      thus defining a combustion chamber which is of reduced cross-section at
      the end through which the block of propellant fuel is inserted into the
      chamber, the block having an end portion of correspondingly reduced
      cross-section and the external dimensions of the remainder of the block
      being greater than the cross-sectional dimensions of said end of reduced
      cross-section.
PAR  The body of the engine is preferably in the form of a cylindrical tube,
      with the combustion chamber and the block of propellant fuel being
      correspondingly cylindrical. As indicated above either one or both of the
      ends of the body of the engine may be provided with internal wall
      thickening to provide for the attachment of a mechanical part, that is
      either the head of the engine or an exhaust nozzle part.
PAR  The present invention also comprises a method of introducing the block of
      propellant fuel into the combustion chamber of a rocket engine according
      to the invention, in which the block of propellant fuel is cooled to such
      a temperature that its maximum cross-sectional dimension is less than the
      minimum dimension of said end of the chamber of reduced cross-section and,
      at this temperature, the block is rapidly introduced into the chamber
      through said end of reduced cross-section.
DRWD
PAR  In order that the invention may be more fully understood, a preferred
      embodiment of rocket engine, and the assembly thereof, will now be
      described, by way of example, with reference to the accompanying drawings
      in which:
PAR  FIG. 1 is a diagrammatic axial section of the body of a rocket engine
      having a block of propellant fuel located therein, and
PAR  FIG. 2 is a similar section of the same components as in FIG. 1, during the
      operation of introducing the block of propellant fuel into the combustion
      chamber of the body of the rocket engine.
DETD
PAR  In general terms, a rocket engine will comprise an engine body portion in
      which the propellant charge is located, a head portion containing
      particular devices, and a base portion comprising an exhaust nozzle.
PAR  FIGS. 1 and 2 show only the end of the body 1 of the rocket engine, the
      interior of which constitutes a combustion chamber 3 in which the block of
      propellant fuel 2 is located. The external surface 4 of the body is free
      from any extra thickness and the external diameter of the engine is
      determined by that of the propellant charge it is required to accommodate.
      The end of the body 1 has an internally thickened portion 5 as required
      for attaching the mechanical parts which are attached thereto, for example
      a base comprising a convergent region followed by a divergent region and
      forming an exhaust nozzle which is attached to the end 6. The block 2 has
      a corresponding shaped end 7 which fits within the thickened portion 5,
      and which is of smaller diameter than the remainder of the block.
PAR  The increased thickness of the portion 5 is preferably the same whatever
      the length of the engine body; the thickened portion can, for example, be
      externally screw-threaded for attachment of the rocket base. The thickened
      portion 5 thus, on the one hand, represents a volume of material available
      for the formation of a mechanical connection between the engine body and
      an associated part, such as the rocket base, and, on the other hand, its
      maximum dimensions have to be compatible with the process for introducing
      the block of propellant fuel which will be described below.
PAR  In the operating position (FIG. 1), the block of propellant fuel 2, which
      is coated over its entire outer cylindrical surface with an inhibitor 8 is
      held in the combustion chamber 3 by, for example, gluing to the front base
      of the engine body which is used for attaching the head of the rocket
      engine. The block 2, for example of 150 mm diameter, is held concentric
      relative to the combustion chamber 3 which has an internal diameter of,
      for example, 151.6 mm so that there is a radial clearance of 0.8 mm
      between the block and the wall of the combustion chamber at the normal
      temperature of +20.degree.C. The portion 7 of reduced diameter is, for
      example, a cylinder of 146.4 mm diameter, while the internal diameter of
      the thickened portion 5 is, for example, 148 mm. On the basis of these
      exemplary dimensions, the present invention enables the weight of
      propellant fuel to be increased by approximately 3.5 percent without
      changing the external diameter of the engine body.
PAR  It is preferred that the minimum diameter of the thickened portion 5 should
      be at least 96 percent of the internal diameter of the combustion chamber,
      the external diameter of the block being, at normal temperature, greater
      than the internal diameter of thickened portion 5.
PAR  The introduction of the block 2 into the combustion chamber 3 will be
      described with reference to FIG. 2. The dimensions mentioned above will
      again be taken by way of example and additionally the coefficients of
      linear expansion of the propellant fuel and of the inhibitor will be taken
      as being similar and substantially equal to 2 .times. 10.sup..sup.-4
      mm/.degree.C.
PAR  The block of inhibited propellant fuel is placed in a refrigerating chamber
      and the temperature is gradually lowered to -60.degree.C. After a
      temperature stabilisation period, the external diameter of the block 2 is
      147.6 mm, whilst the internal diameter of thickened portion 5 is, as
      stated above, 148 mm, the engine body being at normal ambient temperature.
      The block is then removed from the refrigerating chamber and introduced
      rapidly through the end 6 of the engine body. A theoretical radial
      clearance of 0.2 mm is necessary at the start of the introduction
      operation because heat exchanges between the engine body and the block
      tend to decrease this clearance. It should be noted that when the block is
      of considerable length, it is advantageous to heat the engine body to a
      temperature above normal ambient temperature, for example to 40.degree.C,
      in order to have a longer period of time available for the introduction.
      When the portion 7 of the block has been brought into register with the
      thickened portion 5 of the engine body the two parts are kept in this
      relative position until the temperature of the combination equilibrates
      with ambient temperature and the block 2 is then permanently located
      within the combustion chamber 3. In order to make it easier to position
      the block and the engine body relative to one another, a bevelled edge 9
      is preferably provided at the junction of the two cylindrical surfaces of
      the block of propellant fuel, on the one hand, and of the combustion
      chamber, on the other hand.
PAR  In more general terms, the temperature to which the block of propellant
      fuel is cooled may typically be from -80.degree.C to -40.degree.C and can
      be even lower in certain particular applications, but in this case, the
      risk of detachment at the interface between the propellant fuel and the
      inhibitor makes it necessary to choose an inhibitor which is sufficiently
      adherent at such low temperatures. A suitable inhibitor is, for example, a
      thin coating of silicone resin. In order to avoid the necessity for too
      great a contraction of the block, and particularly when the engine body is
      made of a material having a sufficiently high coefficient of linear
      expansion, although less than the coefficient of the fuel, it can be of
      value to heat the engine body to a temperature slightly above ambient
      temperature when the block is being introduced. This may also be done in
      order to reduce the amount of cooling to which the block has to be
      subjected, which reduction may be as much as 25 percent. Moreover, the
      dimensions of the block and of the combustion chamber are advantageously
      chosen so that a residual clearance exists between the block and the
      internal surface of the combustion chamber, the clearance being necessary
      to enable the block to remain free up to the maximum storage temperature.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of introducing a block of solid propellant fuel into the
      combustion chamber of the body of a solid fuel rocket engine, said rocket
      engine being of uniform outer diameter, and comprising a cylindrical body
      portion, at least one cylindrical block of propellant fuel within said
      body portion, said body portion defining a cylindrical combustion chamber,
      means for attaching mechanical parts located within said body portion,
      said chamber comprising at least one portion of increased internal wall
      thickness at one end of said body portion, whereby said chamber has
      reduced cross section in the end of increased internal wall thickness, and
      an opening at the end of said reduced cross section for insertion of said
      cylindrical block of propellant fuel, said block having an end portion of
      reduced cross section, which comprises cooling the block of propellant
      fuel to such a temperature that its maximum cross-sectional dimension is
      less than the minimum dimension of said end of the chamber of reduced
      cross-section and rapidly introducing at this temperature, the block into
      the combustion chamber through said end of reduced cross-section.
NUM  2.
PAR  2. A method according to claim 1, in which the block of propellant fuel is
      cooled to between -80.degree. and -40.degree.C.
NUM  3.
PAR  3. A method according to claim 1, in which the body of the engine is at a
      temperature above ambient temperature when the block is introduced into
      the combustion chamber.
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ABST
PAL  Method and installation for the predetermined addition of secondary air
      used in effecting optimum combustion of internal combustion engine exhaust
      gases, including a control arrangement including one or more measuring
      devices sensing engine operating or exhaust gas contents and, in response
      to the sensed conditions, regulating the addition of secondary air in
      order to obtain optimum exhaust gas combustion.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a method for the measurement of
      supplementary or secondary air utilized for obtaining the optimum
      combustion or after-burning of the exhaust gases of internal combustion
      engines, and in which the added quantity of the secondary air is
      determined by means of a control installation. It has been ascertained as
      being essential that deleterious materials, which are present in the
      exhaust gases of the internal combustion engines, such as carbon monoxide
      (CO), hydrocarbons (C.sub.x H.sub.y) and nitric oxide (NO.sub.x), be
      converted through suitable means into harmless chemical compounds. In
      order to accomplish this effect, thermally and catalytically operating
      reactors or after-burners are generally utilized.
PAC  DISCUSSION OF THE PRIOR ART
PAR  When an internal combustion engine is driven under variable operative
      conditions, there occur constant changes in the composition of the exhaust
      gases. The foregoing changes disturb the after-burning sequence, inasmuch
      as at any particular time there is experienced an excess, and at another
      time, a shortage of oxygen available for use in the after-burning process.
      In order to compensate for these shortcomings, it is presently known that
      the internal combustion engines may be operated with a deficiency or
      insufficiency of air (.lambda. is less than 1), and to introduce the
      combustion air required for the after-burning by means of a motor-driven
      air pump. An arrangement of that type is described and illustrated in
      German laid-open specification No. 2,035,591.
PAR  A drawback of the prior art installations consists of in that the additive
      quantities of secondary air cannot be controlled in a precise and
      sufficiently rapid manner. Consequently, the after-burner cannot be
      optimally operated, and the deleterious materials in the exhaust gases
      cannot be adequately converted into harmless components.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, accordingly, has, as an object, the optimal
      conversaion of the deleterious materials contained in the exhaust gases of
      an internal combustion engine into harmless materials within the extent of
      the most advantageous engine air-fuel mixture relationship, and for which
      purpose there is provided a precision control arrangement for the addition
      of secondary air.
PAR  The problems encountered in the prior art are herein inventively solved in
      that the control arrangement for the addition of secondary air is
      coordinated from at least three external control or guide conditions or
      measures which are in a non-linear interdependent relationship with each
      other. Advantageously, an additional control guide condition provides
      further external guidance into the control installation, and acts
      independently of the other control guide conditions.
PAR  Advantageously, as the control guide conditions there may be utilized the
      pressure on the suction side (suction conduit pressure), the pressure on
      the exhaust side (exhaust gas back-pressure), the engine speed or R.P.M.,
      the oxygen or the carbon monoxide content of the exhaust gases, either
      concurrently or selectively.
PAR  In a further embodiment of the invention one or more non-linear
      interdependent control guide conditions may be influenced by the
      independent or separate control guide condition
PAR  As a sensor for the measurement of the extent of oxygen or carbon monoxide
      contained in the exhaust gases there may be employed a suitable measuring
      receiver having a platinum-coated wall or partition which is formed of
      zirconium oxide and located whereby the wall on one surface thereof is in
      communication with the exhaust gases being measured and on its other
      surface with the atmosphere.
PAR  In order to obtain an improved degree of control and concurrently provide
      for the relief of the air inlet arrangement, the control installation for
      the introduction of measured quantities of the secondary air is
      additionally provided with an arrangement for the withdrawal and return of
      a portion of the air which is conveyed into the control installation. This
      allows for the addition of the secondary air quantities and the withdrawal
      of the returning quantities of air through the use of two conical metering
      plug valves mounted one above the other on a common actuating rod, and
      which are so positioned relative to each other, whereby upon an increase
      in the quantity of secondary air, the quantity of returning withdrawal air
      is reduced and reversed.
PAR  The actuating rod for the conical metering plug valves advantageously is
      fixedly connected with two superimposed spaced membranes having different
      active or operative surfaces, and in which a control pressure chamber
      positioned intermediate the membranes preferably is subjected to the
      exhaust gas back-pressure, and a second control pressure chamber
      positioned above the upper membrane is subjected to the suction tube
      pressure. In the foregoing construction, the control pressure chamber
      which is located above the upper membrane is provided with an inlet
      aperture having a non-return valve positioned therein, so that inflow into
      the control pressure chamber is essentially unrestricted, and with the
      non-return valve being bridged by a narrow bypass aperture so that any
      outflow from the control pressure chamber is only permitted through the
      bypass aperture. Consequently, upon a sudden withdrawal of gases, this
      will prevent the sudden cut-off of the inflow of secondary air.
PAR  In order to prevent the forming of an undue high pressure at the inlet side
      to the inflowing air, the arrangement for the withdrawal and return of a
      portion of the air flowing into the control installation, in a further
      embodiment of the invention is provided with a closure member which allows
      for the return flow as soon as the pressure of the inflowing air reaches a
      predetermined value. This closure member may be integrally formed with the
      conical metering plug valve employed for the return flow.
PAR  In order to obtain an additional influence over the control guide
      conditions per se, in another embodiment of the invention there may be
      provided suitable actuating members in the signal conduits providing one
      or more of the non-linear interdependent control guide conditions. To
      obtain this effect, there may be located a signal converter or transformer
      intermediate the sensors used for the measurement of the oxygen content or
      of the carbon monoxide content of the exhaust gases and the actuating
      members of one or more of the signal conduits for the non-linearly
      interdependent control guide conditions.
PAR  In a further embodiment there may be provided, in lieu of or in addition
      to, a control element at the output of the control installation for the
      addition of the secondary air, which is actuated in response to the
      signals emanating from a signal converter, the latter of which receives
      and converts the signals from the sensors measuring the oxygen or carbon
      monoxide contents of the exhaust gases.
PAR  So long as the secondary air from the internal combustion engine must be
      conveyed into the suction conduit, it is preferable that downstream of the
      control element positioned at the outlet of the control installation and
      used for the addition of secondary air, there is included a control valve
      through which the secondary air flows and which for maintaining constant
      the pressure at the valve inlet. When employing pneumatic signal conduits,
      preferably used are calibrated throttling valves which afford an improved
      degree of integration of the control impulses.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference is now had to preferred embodiments of the present invention,
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 illustrates an internal combustion engine air intake and exhaust
      system showing a control installation according to the present invention;
PAR  FIG. 2 is a second embodiment of a control installation;
PAR  FIG. 3 is a third embodiment of a control installation;
PAR  FIG. 4 illustrates an internal combustion engine air intake and exhaust
      system showing a fourth embodiment of a control installation;
PAR  FIG. 5 illustrates the system of FIG. 4 with a fifth embodiment of a
      control installation;
PAR  FIG. 6 illustrates the system of FIG. 4 with a sixth embodiment of a
      control installation; and
PAR  FIG. 7 illustrates a modified system with a seventh embodiment of a control
      installation.
DETD
PAC  DETAILED DESCRIPTION
PAR  In accordance with the embodiment of FIG. 1, an internal combustion engine
      11 includes on its suction side a suction conduit 12 which has a
      carburetor 13 attached to one end thereof. The inlet of air is effected
      through an air filter 14. The combustion fuel inlet and air-fuel mixture
      forming components of the carburetor are not illustrated.
PAR  At its exhaust side, the internal combustion engine 11 includes an exhaust
      collecting conduit 15 which leads toward an after-burner 16. An air pump
      17 is connected with a filter 19 through a suction conduit 18, and through
      which filter secondary air is aspirated from the atmosphere. From the air
      pump 17 a conduit 20 communicates with a control installation 21. An air
      return conduit 22 leads from the control installation 21 back into suction
      conduit 18.
PAR  The control installation 21 includes a multiple-component housing 23 which
      is divided by means of membranes 24 and 25 into control pressure chambers
      26 and 27, and through partitions 28 and 29 into pressure chambers 30, 31
      and 32. The conduit 20 communicates with the pressure chamber 31, and the
      air return conduit 22 with the pressure chamber 30.
PAR  The membrane 25 has a larger effective or operative surface than membrane
      24. Both membranes are fixedly connected to a control rod 33, which is
      positioned thereon and fastened thereto in superimposed relationship
      conical measuring valves 34 and 35. The conical valves are cooperatively
      positioned in, respectively, passages 40 and 41 located in the respective
      partitions 28 and 29.
PAR  Utilized as the non-linear interdependent control parameters are the
      suction tube pressure, the exhaust gas backpressure, and the engine speed
      or R.P.M. The suction tube pressure is communicated into the control
      installation 21 through conduit 36, and the exhaust gas back-pressure
      through conduit 37. The engine R.P.M. or rotational speed is similarly
      transmitted into the control installation 21 through a drive 38 directly
      to the air pump 17, and indirectly air supply quantity, which is dependent
      upon engine R.P.M., of conduit 20. The secondary air is introduced through
      conduit 39 into the exhaust gas collecting conduit 15.
PAR  In the engine stationary operating mode, both conical measuring or
      calibrating valves are moved into their lowermost position due to the
      force of a compression spring 42 acting on membrane 24, so as to close
      aperture 40 and completely open aperture 41.
PAR  During engine operation the air pump 17 pumps, in response to a
      predetermined engine R.P.M., correspondingly larger or smaller air
      quantities. At a high suction tube pressure compression spring 42 is
      unloaded, in view of which the conical valves are downwardly displaced.
      Consequently, the return flow of secondary air from pressure chamber 31
      into the pressure chamber 30 and from there into the air return conduit 22
      is either reduced or completely stopped, whereas the aperture 41 is more
      or less opened so as to allow for the passage therethrough of secondary
      air from pressure chamber 31 into the pressure chamber 32 and from the
      latter through conduit 39 into the exhaust gas collecting conduit 15. The
      lower the suction tube pressure, the higher are conical valves 34 and 35
      raised, so as to permit that much more air to be returned, while
      restricting the delivery of secondary air.
PAR  The exhaust gas back-pressure which is present in conduit 39 is
      communicated through conduit 37 as the control parameter for the control
      pressure chamber 27. In view of the area or surface differential of
      membranes 24 and 25, an increasing exhaust gas back-pressure creates an
      increased opening, whereas a reducing exhaust gas back-pressure created
      the continued closing of aperture 41.
PAR  FIG. 2 illustrates another specific embodiment of a control installation
      21. In the following details this embodiment advantageously distinguishes
      over the control installation according to FIG. 1:
PAR  In the upper portion of the multiple component housing 23 there is located
      an adjusting screw 43 which provides for the adjustment of the
      pre-stressing or loading of compression spring 42, and a second adjusting
      screw 44 for adjustment of the minimum cross-sectional opening of aperture
      41. The control pressure chamber 27 communicates through a bore 45 and a
      channel 46 with pressure chamber 32, the latter of which communicates
      through conduit 39 with the exhaust gas collecting conduit 15. This
      eliminates the requirement for a particular conduit (for example, conduit
      37 in FIG. 1).
PAR  The control installation 21 of the embodiment according to FIG. 3 of the
      drawings evidences further advantages as compared to the control
      installation illustrated in FIG. 2. Thus, the control pressure chamber 26
      located above membrane 24 includes an inlet aperture 47 in which there is
      positioned a non-return valve 48 formed of a spring-loaded ball, and in
      view of the action of which, the air inlet flow from conduit 36 into
      control pressure chamber 26 is essentially unrestricted. By means of a
      bypass aperture 49 the non-return valve 48 is bridged in a manner so as to
      allow air outflow from the control pressure chamber 26 only through the
      bypass aperture 49. The conical valve 34 in this embodiment is slidably
      mounted on the control rod 33 and is biased by a compression spring 50.
      Consequently, the conical valve 34 concurrently forms a closure member
      which permits air return flow as soon as the pressure of the inflowing air
      reaches a predetermined value. This is further attained independently of
      the operative position of the other conical valve 35. This arrangement
      advantageously and in a single manner protects the apparatus against the
      unallowable excess pressures.
PAR  In FIG. 4 there is illustrated another embodiment of the invention, which
      in the following essentials distinguishes over the embodiment of FIG. 1:
PAR  In a signal conduit 51; 51a for the control installation 21 which employs
      the encountered exhaust gas back-pressure as the control guide condition,
      there is utilized a control element 52 which is constituted of an
      electro-magnetically actuated three-way valve. The withdrawal of the
      exhaust gas back-pressure, in this instance, is not obtained from conduit
      39 but, in a manner similar to FIGS. 2 and 3, from the pressure chamber
      32. Upstream of the after-burner 16, a sensor 53 is located in the exhaust
      gas collecting conduit 15 so as to facilitate the measurement of the
      oxygen content in the exhaust gases. The sensor consists of a measured
      value receiver which includes a platinum-coated wall formed of zirconium
      oxide. The measured value receiver is positioned so that the wall
      communicates with one surface thereof with the exhaust gases being
      measured, and its other surface with the atmosphere.
PAR  The sensor 53 conveys a voltage signal, dependent upon the continuously
      measured oxygen content of the exhaust gases, through an electrical
      conduit 54 into a signal converter or transformer 55. The signal converter
      55, which is basically a conventional threshold circuit normally used with
      an exhaust gas sensor, by means of a conduit 56 and a suitable accumulator
      battery (not shown), has an operative direct current supplied thereto. The
      signal converter 55 emanates an intermittent output signal which is
      conveyed through a conduit 57 to the control element 52. The membrane
      chamber 27 is subjected to an exhaust gas back pressure which leads to an
      increase in the secondary air addition, until the sensor 53 again reports
      the flow of exhaust gas composition toward a leaner direction. The control
      sequence again repeats continuously in the aforementioned manner, so as to
      be able to provide intermittent control of the electromagnet valve 52.
PAR  A signal conduit 58 branches from conduit 36 and similarly leads through a
      non-return valve 59, a reserve container or vacuum storage accumulator 60
      and a vacuum signal conduit 61, to control element 52. The vacuum in this
      storage accumulator 60 is generated through the conduits 58 and 36. As
      soon as the vacuum or reduced pressure in the suction tube 12 is higher
      than the vacuum in the storage volume 60, the return valve 59 is opened
      and the receptacle 60 is evacuated. In all cases, in which the vacuum in
      receptacle 60 is higher than the reduced pressure in the suction tube 12,
      the valve remains closed. The reduced pressure in the storage 16 is
      required in order to provide for the availability of various control
      pressures upon the switching over of the electromagnetic three-way valve
      52. The control element 52 is in a position to, in accordance with the
      received impulse signals, to connect, with variable interruption
      intervals, the signal conduit 51a with either the signal conduit 51 or 61.
      In dependence upon the interruption intervals, a predetermined pressure is
      generated in the control pressure chamber 27, so as to effect a precise
      regulation on the considerably differently sized operative surfaces of the
      membranes 24 and 25.
PAR  In FIG. 5 a further embodiment of the invention is disclosed, which varies
      in the following particulars from the embodiment of FIG. 4:
PAR  The control element 52, in this instance, consists of an
      electro-magnetically actuated through-flow valve. In a signal conduit 61
      there is positioned a second control element 62, which consists of a
      similar electro-magnetically actuated through-flow valve. A conduit 57
      leads from the signal converter 55 to the control element 52, and another
      conduit 63 leads to control element 62. In this embodiment, the control of
      each of the control elements 62 and 52 may be effected independently of
      each other. This particular utilization provides for a "dead" or neutral
      range of the control between two signal impulse peak values, which allows
      for the switching frequency to be lowered, and a reduction in the volume
      of the reserve container 60.
PAR  A further embodiment of the invention is illustrated in FIG. 6, and which
      varies in the following essentials from the embodiment of FIG. 1:
PAR  At the output of the control installation 21 for the addition of the
      secondary air there is provided a control element 64 which is actuated
      through the intermediary of conduit 57 by the output signals of signal
      converter 55, the latter of which receives signals from sensor 53 through
      conduit 54. In this embodiment the sensor 53 has, as described in greater
      detail in FIG. 4, a platinum-coated wall formed of zirconium oxide.
PAR  Through a conduit 56, the signal converter 55 is provided with an operative
      direct current voltage from an accumulator battery (not shown). The
      advantage of this arrangement lies in that the unavoidable time delays in
      commencing with air additions are still further reduced.
PAR  The inventive embodiment according to FIG. 7 shows, in contrast to all of
      the other embodiments, an addition of secondary air at the suction side of
      the internal combustion engine. A further distinction lies in that, in the
      conduit 39, 39a through which the secondary air is conveyed into the
      suction conduit 12, there is positioned a secondary air through-flow
      control valve 65 which maintains the valve inlet pressure at a constant
      value. The control valve 65 consists of a housing 66 which is divided by a
      membrane 67 into a control pressure chamber 68 and a pressure chamber 69.
      An aperture 70 provides communication between the control pressure chamber
      68 and atmosphere. The membrane 67 which is subjected to a biasing force
      by a compression spring 71, during inaction, locates a closure element 72
      which is connected thereto into a closed position. Upon the pressure in
      conduit 39 reaching a predetermined value, the valve outlet is opened by
      the closure element 72 in opposition to the biasing force exerted by the
      spring-loaded membrane 67.
PAR  The construction and switching action of the control element 64, the signal
      converter 55, and of the sensor 53 corresponds to that described in the
      embodiment of FIG. 6.
PAR  The quantity in the air conveyed from the air pump 17 in response to the
      rotational speed of the engine, is conveyed through conduit 20 into the
      control installation 21, whose function has been described in connection
      with the embodiment of FIG. 1. The occasional disturbing oscillations
      which occur in the suction tube pressure are maintained remote from the
      pressure chamber 32 of control installation 21 through the intermediary of
      the control valve 65. As distinguished from all of the other embodiments,
      the exhaust gas back-pressure is not conveyed through conduit 37, but the
      controlled pressure in the conduit 39 is conveyed as the control guide
      condition into the control pressure chamber 27 of the control installation
      21.
PAR  The advantage of this arrangement consists of in that the operative engine
      combustion is effectively controlled by the addition of air and improved
      thereby, and in which above all an even more increased constant control
      time is obtained in comparison with the other embodiments of the
      invention.
PAR  In addition to the above-enumerated advantages of the present invention it
      is also emphasized that in view of the inventive fine precision control
      over the addition of secondary air, the conversion of the deleterious
      materials which are contained in the exhaust gases of the internal
      combustion engine are adapted to be converted into harmless components for
      the purposes of universal protection, to the optimum extent.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An installation for the proportionate addition of secondary air employed
      in the optimum combustion and after-burning of the exhaust gases of an
      internal combustion engine, comprising; an engine-driven air pump control
      means for introducing predetermined quantities of said secondary air;
      means located externally of said control means being responsive to at
      least one of a plurality of engine operating conditions consisting of the
      pressure of the engine suction side, the engine exhaust gas back-pressure,
      engine rotational speed, exhaust gas oxygen content, and exhaust gas
      carbon monoxide content for regulating said control means; said control
      means including means for the withdrawal of a portion of the secondary air
      conveyed through said control means and conducting said withdrawn
      secondary air to the suction side of said air pump, said air pump
      returning said secondary air from the pressure side of said air pump to
      said control means; means for determining the rate of feed of the
      secondary air and the quantity of the air portion withdrawn from said
      control means to said air pump, said means including two spaced conical
      valve means controlling flow passages through said control means, said
      valve means being mounted on a common actuating control rod and being
      positioned so that, during an increase of the fed quantity of secondary
      air, the quantity of the withdrawn air portion is reduced, said actuating
      control rod for said conical valve means being rigidly connected to two
      spaced upper and lower membranes having unequal operative surfaces, said
      membranes defining therebetween a first control pressure chamber
      communicating with the exhaust gas back-pressure of said engine, and a
      second control pressure chamber located above the upper membrane
      communicating with the suction side pressure of said engine.
NUM  2.
PAR  2. An installation as claimed in claim 1, said second control pressure
      chamber above the upper membrane including an inlet aperture, a non-return
      valve means being positioned in said inlet aperture so as to facilitate
      unrestricted inflow into said control pressure chamber, and a small bypass
      aperture bridging said non-return valve so as to limit outflow from said
      control pressure chamber to said bypass aperture.
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ABST
PAL  An improved controller assembly is utilized in a hydrostatic steering
      system having an engine driven pump with a servomotor which is effective
      to vary the displacement of the pump upon operation of a pressure
      responsive valve assembly. The controller assembly includes a housing
      having a valve chamber with an inlet port which receives fluid from the
      pump. Upon rotation of a steering wheel, a controller valve member is
      moved to an actuated position and a metered flow of fluid is conducted
      from the valve chamber through a motor port to a steering motor. In
      addition, fluid is conducted from the steering motor through another motor
      port to the controller valve chamber. The fluid from the steering motor is
      then discharged from the valve chamber to reservoir or drain through an
      outlet port. The controller assembly also includes a control port
      connected in fluid communication with the pressure-responsive valve
      assembly. Surfaces on the controller valve member and housing cooperate to
      form an orifice which causes the fluid pressure conducted to the control
      port to vary as a function of variations in the rate at which the steering
      wheel is rotated, and in addition to the pressure required to overcome any
      variable steered load.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a controller assembly for use in a vehicle
      steering system, and more specifically to a controller assembly which is
      utilized in a hydrostatic steering system having a variable displacement
      pump which supplies fluid under pressure through the controller assembly
      to a steering motor.
PAR  In copending application Ser. No. 521,236, entitled "Vehicle Steering
      System", and assigned to the assignee of the present invention, there is
      disclosed a variety of steering systems which incorporate a metering
      mechanism which is operable at varying rates in accordance with the
      steering demanded by the vehicle operator. The systems function to deliver
      fluid from a source to that metering mechanism in accordance with the rate
      of operation of the metering mechanism. Advantages of such systems are set
      forth therein and will not be repeated herein.
PAR  The present invention is directed to a controller assembly for use in such
      systems as disclosed in the aforesaid application Ser. No. 521,236. The
      controller assembly, in general, includes a directional valve and a
      metering unit. The controller assembly is connected to the steering wheel
      so that the valve and metering unit are operated in accordance with the
      extent and rate of turning of the steering wheel. The controller assembly
      has a pair of motor ports which are connected with respective opposite
      chambers of a steering motor, an inlet port connected with a fluid source,
      preferably a variable displacement pump, and a control port which is
      connected with a valve assembly, which valve assembly is operable in
      response to a variation in a pressure signal to effect a change in the
      displacement of the pump.
PAR  To promote the generation of a pressure signal for controlling pump
      displacement, a variable orifice is provided in the controller assembly.
      This variable orifice causes the fluid operating pressure conducted to the
      control port to vary as a function of the rate of rotation of the steering
      wheel, i.e., the demand for steering. The orifice is formed by cooperation
      between surfaces disposed on a movable valve member and a housing
      therefor.
PAR  Accordingly, it is an object of this invention to provide a controller
      assembly for use in a hydrostatic steering system having a variable
      displacement pump and a pressure-responsive valve and motor arrangement
      for effecting variations in the displacement of the pump and wherein the
      controller assembly includes a directional valve, a metering unit and a
      variable orifice which is effective to cause the fluid operating pressure
      conducted from a housing control port to vary as a function of variations
      in steering wheel movement and/or steering loads.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and features of the present invention will
      become apparent upon a consideration of the following description taken in
      connection with the accompanying drawings wherein:
PAR  FIG. 1 is sectional view of a controller assembly constructed in accordance
      with the present invention;
PAR  FIG. 2 is a plan view, taken generally along the line 2--2 of FIG. 1, and
      illustrating the relationship between inlet, outlet, motor and control
      ports in a housing of the controller assembly;
PAR  FIG. 3 is an enlarged view of a portion of the controller of FIG. 1;
PAR  FIG. 4 is a schematic illustration depicting the relationship of the
      controller assembly of FIG. 1 to a steering motor, variable displacement
      pump and a pressure-responsive valve assembly for effecting variations in
      the displacement of the pump;
PAR  FIG. 5 is a sectional view of a controller assembly forming a second
      embodiment of the invention;
PAR  FIG. 6 is a plan view, taken generally along the line 6--6 of FIG. 5,
      illustrating the relationship between inlet, outlet, motor and control
      ports in the housing of the controller assembly of FIG. 5;
PAR  FIG. 7 is an enlarged view of a portion of the controller of FIG. 5;
PAR  FIG. 8 is a schematic illustration depicting the relationship of the
      controller assembly of FIG. 5 to a steering motor, variable displacement
      pump and a pressure-responsive valve assembly for effecting variations in
      the displacement of the pump;
PAR  FIG. 9 is a sectional view of a controller assembly forming another
      embodiment of the invention;
PAR  FIG. 10 is a plan view, taken generally along the line 10--10 of FIG. 9,
      illustrating the relationship between an inlet, outlet, motor and control
      ports in the housing of the controller assembly of FIG. 9;
PAR  FIG. 11 is an enlarged view of a portion of the controller of FIG. 9; and
PAR  FIG. 12 is a schematic illustration depicting the relationship between the
      controller assembly of FIG. 9 and a steering motor, variable displacement
      pump and a pressure-responsive valve assembly for effecting variations in
      the displacement of the pump.
DETD
PAC  DESCRIPTION OF SPECIFIC PREFERRED EMBODIMENTS OF THE INVENTION
PAR  A controller assembly 10 constructed in accordance with the present
      invention includes a housing 12 in which there is formed a generally
      cylindrical axially extending valve chamber 14. A cylindrical valve sleeve
      16 is disposed within the valve chamber 14 and is rotated by an input
      shaft 18 having an end portion 20 adapted to be connected with a steering
      wheel. Fluid supplied by a variable displacement pump 22 (FIG. 4) driven
      by an engine 24 is conducted to an inlet port 26.
PAR  The controller assembly 10 is constructed to port fluid to either a motor
      port 30 (FIG. 2) or a motor port 32 upon rotation of shaft 18. The motor
      ports 30, 32 are connected by conduits 34, 36 (FIG. 4) with a piston and
      cylinder type steering motor 38. The relatively high pressure fluid
      conducted through one of the conduits 34 or 36 effects operation of the
      steering motor 38 to turn steerable vehicle wheels. The fluid discharged
      from the steering motor 38 is conducted back to one of the motor ports 30
      or 32. This fluid flows through a variable orifice 42 to an outlet port 44
      connected with a reservoir 48.
PAR  A control fluid pressure which varies as a function of variations in the
      fluid pressure at the upstream side of the orifice 42 is communicated
      through a control port 52 to a conduit 54 and a pressure-responsive valve
      assembly 56 (see FIG. 4). The valve assembly 56 is actuatable under the
      influence of fluid pressure to effect operation of a servomotor 58 to vary
      the displacement of the pump 22.
PAR  The specific manner in which the pressure-responsive valve assembly 56
      effects operation of the motor 58 to vary the displacement of the pump 22
      does not form part of the present invention and is fully set forth in the
      aforementioned U.S. application Ser. No. 521,236 filed Nov. 6, 1975 by Jim
      Lee Rau, entitled "Vehicle Steering System" and will not be further
      described herein to avoid prolixity of description. However, it should be
      noted, and as will be described below, that the fluid pressure conducted
      through the conduit 54 varies as a function of the rate of rotation of the
      shaft 18 and variations in steering loads.
PAR  The housing 12 is provided with a plurality of annular grooves in the wall
      of the valve chamber 14 (FIG. 1). These annular grooves are connected with
      the various ports in the housing and cooperate with annular lands on the
      tubular valve sleeve 16 to control the flow of fluid through the
      controller assembly 10. Upon axial movement of the valve sleeve 16, fluid
      from the inlet port 26 is directed to a metering assembly 62 disposed
      within the controller housing 12 and from the metering assembly to one of
      the motor ports 30, 32. Return fluid from the steering motor 38 enters the
      other motor port and is directed to the orifice 42 and outlet port 44.
PAR  Specifically, the inlet port 26 is connected with an annular groove 64
      which circumscribes the valve sleeve 16 and is designated by the letter P
      in FIG. 1. The annular groove 64 is connected with a second annular groove
      66 by a passage formed in the housing 12 and indicated schematically in
      FIG. 1 at 68. Prior to rotation of the input shaft 18, the valve sleeve 16
      is in the neutral position shown in FIG. 1 blocking fluid flow to and from
      the valve chamber 14. When the valve is in neutral position, the pump 22
      supplies fluid at a standby pressure to the valve inlet port 26. This
      pressure is also communicated via orifice 49 to conduit 54 and the valve
      assembly 56 to maintain the pump 22 in a minimum displacement condition.
      The pump 22 is biased to maximum displacement and a reduction in pressure
      in conduit 54 effects an increase in pump output, and an increase in
      pressure in conduit 54 effects a decrease in pump output.
PAR  Upon initial rotation of the steering wheel and input shaft 18 in the
      direction indicated by the arrow 72 in FIG. 1, rotation of the metering
      assembly 62 is hydraulically inhibited due to the steering load (as is
      known). Thus, shaft 74 connected with the metering assembly cannot be
      rotated relative to the housing 12. A head end portion 76 of the shaft 74
      is provided with gear teeth which are disposed in meshing engagement with
      longitudinally extending internal gear teeth or splines 78 formed on the
      valve sleeve 16. Therefore, the shaft 74 holds the valve sleeve 16 against
      rotational movement in the valve chamber 14 upon initial rotation of the
      input shaft 18. However, the internal gear teeth 78 are ineffective to
      hold the valve sleeve 16 against axial movement.
PAR  Since the valve sleeve 16 is initially held against rotational movement by
      the shaft 74, a ball and helical groove arrangement 82 is effective to
      shift the valve sleeve axially toward the left (as viewed in FIG. 1) upon
      initial rotation of the input shaft 18. The axial movement of the valve
      sleeve 16 enables inlet fluid from the pump 22 (see FIG. 4) to flow from
      the inlet port 26 and annular groove 64 (FIG. 1) through an annular
      undercut 86 in the valve sleeve 16 to an annular groove 88 (also
      designated M.sub.1 in FIG. 1) connected with the metering assembly 62. In
      addition, the leftward axial movement of the valve sleeve 16 connects
      ports 90 in the side wall of the tubular valve sleeve 16 with an annular
      groove 92 (also designated C.sub.2 in FIG. 1 which is connected in fluid
      communication with the motor port 32 by an internal passage in the housing
      12.
PAR  As noted, during the time when the shaft 74 cannot rotate, the valve sleeve
      16 will shift axially (as is known). Interposed between the input shaft 18
      and the shaft 74 is a torsion bar 75. The torsion bar 75 resists relative
      rotation between the shaft 18 and shaft 74. When the shaft 18 is turned
      without shaft 74 turning, the torsion bar 75 will flex, and accordingly
      the valve sleeve 16 will shift axially (due to the action of camming balls
      82).
PAR  After the valve sleeve 14 has been shifted axially toward the left, high
      pressure fluid from the inlet port 26 is conducted from the groove 64 to
      the groove 88 connected with the metering assembly 62. After the pressure
      at the metering assembly increases sufficiently to overcome the variable
      steering load, the shaft 74 can rotate and the metering assembly 62
      operates at a rate dependent upon the rate of turning of the steering
      wheel and input shaft 18.
PAR  The metering assembly 62 is of the gerotor gear type and includes an
      internally toothed stator 96 which cooperates with an externally toothed
      rotor 98 to provide a metered flow of fluid through a commutator valve
      plate 100 to the inside of the valve sleeve 16 as the rotor 98 rotates and
      orbits relative to the stator 96. The manner in which the commutator valve
      plate 100 and rotor 98 cooperate is the same as is disclosed in U.S. Pat.
      No. 3,452,543.
PAR  The metered flow of fluid is conducted from the inside of the valve sleeve
      16 through the ports 90 to the groove 92 and motor port 32 (FIG. 2). Since
      the motor port 32 is connected with the steering motor 38 (see FIG. 4) by
      the conduit 36, the metered flow of high pressure fluid effects operation
      of the steering motor to turn the wheels of the vehicle. As the steering
      motor 38 is operated, a piston 102 is moved toward the left (as viewed in
      FIG. 4) so that fluid is discharged from a motor cylinder 104 to the
      conduit 34 leading to the motor port 30. The motor port 30 is connected
      with an annular groove 108 (also designated C.sub.1 in FIG. 1) by a
      passage in the controller housing 12.
PAR  Since the valve sleeve 16 has been shifted toward the left (as viewed in
      FIG. 1) by the initial rotational movement of the input shaft 18, fluid
      received from the steering motor 38 can flow from the annular groove 108
      through an annular recess 110 formed in the valve sleeve 16 to an annular
      groove 112 in the housing 12. The annular groove 112 is not connected
      directly with any of the outlet ports so that the fluid which flows from
      the steering motor 38 through the groove 108 into the groove 112 must flow
      out of the groove 112 through an annular recess 114 in the valve sleeve 16
      into an annular groove 116 (also designated LS in FIG. 1). The groove 116
      is connected with the control port 52 and conduit 54 leading to the
      pressure responsive valve assembly 56 (see FIG. 4). In addition, the
      groove 116 is connected with a second annular groove 120 (also designated
      LS in FIG. 1).
PAR  Since the valve sleeve 16 has been shifted toward the left (as viewed in
      FIG. 3), the groove 120 is connected with an annular groove 124 (also
      designated R in FIG. 1) through the orifice 42. The variable orifice 42,
      it should be understood, initially opened to a position to allow system
      pressure to increase in accordance with the load requirement prior to
      operation of the metering mechanism. When the orifice 42 initially opens,
      there is a drop in the stand-by pressure in advance of the orifice 42 at
      groove 120, which results in a reduced pressure signal being conducted to
      the valve assembly 56 which results in an increase in displacement of pump
      22 in a known manner.
PAR  Once the metering assembly 62 starts operating, as long as the rate of
      steering wheel turning and steering load remain constant, the operating
      size of orifice 42 does not vary and the pump 22 delivers fluid at a rate
      to satisfy the demand. If the rate of steering wheel turning or the
      steering load changes, the size of the orifice 42 is changed with a
      resulting change in the rate of flow of fluid from the control port 52 and
      grooves 116, 120 to an annular groove 124 (designated R in FIG. 1). The
      groove 124 is connected with the outlet port 44 leading to the reservoir
      48 (see FIG. 4). Therefore, fluid discharged from the steering motor 38
      can flow from the motor port 30 through grooves 108, 112 and 116 in the
      valve chamber 14 to the control port 52. In addition, the fluid discharged
      from the steering motor 38 can flow from the control port 52 through the
      groove 120 in valve chamber 14 and orifice 42 to the outlet or drain port
      44.
PAR  A fluid pressure signal is conducted through conduit 54 to the
      pressure-responsive valve assembly 56. That signal varies as a function of
      variations in the rate at which the steering wheel is turned and the
      metering mechanism 62 and steering motor 38 operate, and thus the signal
      varies with load pressure requirements and flow demand. If the rate at
      which the steering wheel is rotated is increased with a resulting increase
      in the rate of rotation of the input member 18, the orifice 42 increases
      in size due to the fact that shaft 74, at this time, is rotating slower
      than shaft 18. This results in a reduced pressure signal being
      communicated through conduit 54 to the pressure-responsive control valve
      56 which operates to increase displacement of pump 22. Of course,
      increasing the displacement of the pump 22 increases the rate of fluid
      flow to the metering mechanism 62 and the rate at which fluid is
      discharged from the metering mechanism to the steering motor 38.
      Therefore, increasing the rate of rotation of the steering wheel and input
      member 18 results in an increase in the size of the orifice 42, an
      increase in the displacement of the pump 22, and an increase in the rate
      at which fluid is discharged from the metering mechanism 62 to effect a
      corresponding increase in the rate of operation of the steering motor 38.
PAR  If the rate of rotation of the steering wheel and input member 18 are
      reduced, the orifice 42 decreases in size, due to the fact that
      momentarily shaft 74 is rotating faster than shaft 18. This results in a
      higher pressure signal being communicated through conduit 54 to the
      pressure-responsive control valve 56 which operates to decrease
      displacement of pump 22. Of course, decreasing the displacement of the
      pump 22 decreases the rate of fluid flow to the metering mechanism 62 and
      the rate at which fluid is discharged from the metering mechanism to the
      steering motor 38. Therefore, decreasing the rate of rotation of the
      steering wheel and input member 18 results in a decrease in the size of
      the orifice 42, the displacement of the pump 22 and the rate at which
      fluid is discharged from the metering mechanism 62 to effect a
      corresponding decrease in the rate of operation of steering motor 38.
PAR  If during steering an increase in steering load is encountered, as for
      example, the steered wheels engaging mud, rocks, etc., the orifice 42 will
      increase in size due to a momentary slowing of shaft 74, resulting from an
      increase in pressure on rotor 98. If a decrease in steering load is
      encountered, as for example, the wheels engaging wet pavement, etc., the
      orifice 42 will reduce in size. The metering unit in this case will
      momentarily overrun shaft 18, causing the valve spool 16 to shift to
      reduce the size of the orifice 42. These changes in the size of orifice 42
      effect a change in the displacement of pump 22, as described above.
PAR  From the above, it should be clear that the pressure-responsive valve
      assembly 56 responds to variations in the fluid pressure conducted to it
      from the conduit 54 to effect variations in the displacement of the pump
      22 in such a manner as to maintain the rate of fluid delivered to the
      metering mechanism 62 in accord with demand. If the rate of turning of the
      steering wheel increases and/or the steering load increases, orifice 42
      increases in size and the fluid pressure at the control port 54 decreases.
      This causes the pressure-responsive valve assembly 56 to effect operation
      of the swashplate motor 58 to increase the displacement of the pump 22.
      The reverse occurs on a decrease in the rate of turning of the steering
      wheel and/or a decrease in the steering load. The change in the size of
      orifice 42 occurs due to the interaction of the metering unit 62, valve
      sleeve 16, and input shaft 18. Also, it should be understood that orifice
      42 not only functions in the nature of a load sense or demand orifice, but
      also functions as a meter-out anti-cavitation orifice.
PAR  The description above referred to turning of steering shaft 18 in one
      direction to turn the vehicle wheels in one direction. When the vehicle
      wheels are to be turned in the opposite direction, the input shaft 18 is
      turned in the direction of the arrow 140 in FIG. 1. Since the metering
      assembly 62 is initially inhibited from rotating, the initial turning
      movement of the input shaft 18 causes the ball and helical groove
      arrangement 82 to shift the valve sleeve 16 toward the right from the
      neutral condition of FIG. 1. When the valve sleeve 16 is shifted, fluid
      under pressure flows from the pump 22 (FIG. 3) to the inlet port 26 and
      groove 64. However, since the valve sleeve 16 moved through an incremental
      distance toward the right, the inlet groove 64 is blocked. Therefore, the
      high pressure fluid from the pump 22 flows through the internal passage 68
      to the second annular pressure groove 66. At this time, the motor ports 90
      in the wall of the tubular valve sleeve 16 are aligned with the annular
      groove 66. Therefore, high pressure fluid can flow from the annular groove
      66 through the ports 90 and the inside of the valve sleeve 16 to the
      metering assembly 62. A metered flow of fluid is discharged from the
      metering assembly 62 through an internal housing passage (not shown) to
      the annular groove 88. Since the valve sleeve 16 has been shifted toward
      the right (as viewed in FIG. 1), the groove 88 is connected in fluid
      communication with the groove 108 through the annular undercut 86 in the
      valve sleeve 16. The annular groove 108 is connected with the motor port
      30. Of course, the motor port 30 is connected by the conduit 34 with the
      steering motor 38 (see FIG. 4).
PAR  The metered flow of high pressure fluid through the conduit 34 effects
      operation of the steering motor 38 to turn the wheels of the vehicle. As
      the steering motor 38 is operated, the piston 102 moves toward the right
      (as viewed in FIG. 4) and fluid is discharged from the steering motor
      through the conduit 36 to the motor port 32. The motor port 32 is
      connected with the annular groove 92 (see FIG. 1). Since the valve spool
      16 has been shifted toward the right (as viewed in FIG. 1), the steering
      motor discharge fluid flows through an annular undercut 144 in the valve
      sleeve 16 to an annular groove 146 (designated Y in FIG. 1). The groove
      146, like the groove 112, is not connected with an outlet port so that the
      steering motor discharge fluid flows from the groove 146 through the
      annular undercut 114 to the groove 116 which is connected with the control
      port 52. The annular groove 116 is also connected with the groove 120 by
      an internal passage, indicated schematically at 148 in FIG. 1. Since the
      valve spool 16 has been shifted toward the right, the annular groove 120
      is connected through the orifice 42 with the annular groove 124 and the
      outlet port 44. The outlet port 44 is connected with drain or reservoir 48
      (see FIG. 4).
PAR  When the valve sleeve 16 is shifted axially to the right, the operation of
      the controller assembly 10 in response to variations in the rate of
      rotation of the steering wheel and/or variations in the steering load is
      as described above in connection with shifting of the valve sleeve to the
      left, and accordingly that description will not be repeated.
PAR  In the embodiment of the invention illustrated in FIGS. 5 through 8,
      components are included which are similar to the components of the
      embodiment of the invention illustrated in FIGS. 1 through 4, and
      accordingly similar numerals will be utilized to designate similar
      components, the suffix letter "a" being associated with the numerals of
      FIGS. 5 through 8 in order to avoid confusion.
PAR  The controller assembly 10a (FIG. 5) includes a housing 12a in which there
      is formed a generally cylindrical axially extending valve chamber 14a. A
      cylindrical valve sleeve 16a is disposed within the valve chamber 14a and
      is rotated by an input shaft 18a having an end portion 20a adapted to be
      connected with the steering wheel (not shown). The controller assembly 10a
      includes an inlet port 26a (see FIGS. 5, 6) which is connected with the
      output from the variable displacement steering pump 22a (see FIG. 8). A
      pair of motor ports 30a, 32a (see FIG. 8) are connected with a steering
      motor 38a by fluid conduits 34a, 36a. An outlet port 44a is connected with
      a reservoir 48a. In addition, a control port 52a is connected through a
      conduit 54a with a pressure-responsive valve assembly 56a.
PAR  Upon variations in fluid pressure conducted through the conduit 54a to the
      pressure-responsive valve assembly 56a, the pressure-responsive valve
      assembly 56a effects operation of a hydraulic motor 58a to move the
      swashplate of the variable displacement pump 22a. This varies the
      displacement of the pump 22a and the rate at which the fluid is discharged
      from the pump to the inlet port 26a. It should be noted that the inlet
      port 26a and motor ports 30a, 32a (FIG. 6) are disposed in the same
      positional relationship with the valve chamber 14a as are the inlet and
      motor ports 26, 30, 32 of the embodiment of the invention illustrated in
      FIGS. 1-4. However, the positions of the outlet port 44a and control port
      52a relative to the valve chamber 14a are reversed from the positions of
      the outlet port 44 and control port 52 relative to the valve chamber 14 of
      FIGS. 1-4.
PAR  Upon actuation of the valve spool 16a to either the right or left (as
      viewed in FIG. 5) fluid pressure from the pump 22a is ported from an
      annular groove 66a (also designated with the letter P in FIG. 5) to an
      annular groove 120a (also designated LS) through a fixed open orifice 42a,
      (see FIG. 7). The annular groove 120a is connected with the control port
      52a. In addition, the annular groove 120a is connected with the outlet
      port 44a through a variable orifice 160 formed between the groove 120a and
      a groove 124a. The annular groove 66a is connected in fluid communication
      with the inlet port 26a and an annular groove 64a through an internal
      housing passage, indicated schematically at 68a.
PAR  The orifices 42a, 160 are open when the valve sleeve 16a is in the neutral
      condition of FIG. 5. Therefore, when the valve sleeve 16a is in the
      neutral position, there is a continuous pilot flow of fluid through the
      orifice 42a to the control port 52a to establish a minimum stand-by
      pressure level at port 52a. This pilot flow of fluid flows through the
      metering-out orifice 160 and the outlet or drain port 44a. This flow
      returns to reservoir preferably through a suitable cooling device. Thus a
      continuous flow of fluid is directed through the cooler, even when the
      valve is in neutral.
PAR  As noted, the orifice 42a is a fixed orifice sized by the pilot flow and
      stand-by pressure, and orifice 160 is a variable orifice. The size of
      orifice 160 varies in accordance with the rate of turning of the steering
      wheel and/or the steering load in the manner as described above in
      connection with the orifice 42 of FIG. 1. Upon rotation of the input
      member 18a in the direction of the arrow 72a in FIG. 5, a helical ball and
      groove arrangement 82a shifts the valve sleeve 16a toward the left (as
      viewed in FIG. 5). It should be noted that upon initial rotational
      movement of the input member 18a, the gerotor gear type metering assembly
      62a is inhibited from rotation. Therefore, shaft 74a holds the valve
      sleeve 16a against rotation while enabling the valve sleeve to be shifted
      axially in the valve chamber 14a.
PAR  Upon axial shifting of the valve sleeve 16a toward the left, the size of
      the orifice 42a remains constant and the size of orifice 160 decreases. In
      addition, fluid from the inlet port 26a can flow from the inlet groove
      64a, also designated P in FIG. 5, in an annular groove 88a (also
      designated M.sub.1) which is connected with the metering assembly 62a
      through an internal housing passage. The fluid output from the metering
      assembly 62a is conducted through the central portion of the tubular valve
      sleeve 16a to ports 90a which communicate with an annular groove 92a (also
      designated C.sub.2). The groove 92a is connected in fluid communication
      with the motor port 32a so that a metered flow of fluid is provided
      through the conduit 36a (see FIG. 8) to the steering motor 38a to effect
      operation of the steering motor and a turning of the vehicle wheels.
PAR  As the steering motor 38a is operated, fluid is discharged from the
      steering motor through a conduit 34a to the motor port 30a. The motor port
      30a is connected in fluid communication with an annular groove 108a (also
      designated C.sub.1 in FIG. 5). Since the valve sleeve 16a has been shifted
      to the left of the position shown in FIG. 5, fluid is conducted through a
      rate or metering-out anticavitation control orifice 168 (see FIG. 5) to a
      blind groove 112a.   The fluid flows from the annular groove 112a to a
      groove 116a (also designated R). The annular groove 116a is connected with
      the outlet or drain port 44a.
PAR  When the valve sleeve 16a is initially moved, the variable size orifice 160
      moves toward a closed condition restricting the pilot flow of fluid
      therethrough and increasing the pressure at 120a. The size or
      cross-sectional area of orifice 160 varies as a function of variations in
      the rate of rotation of the steering wheel and variations in steering
      load. The fixed load sense orifice 42a communicates pressure through
      grooves 120a, 52a, and conduit 54a to the pressure-responsive valve
      assembly 56a.
PAR  When the steering action is occurring, it should be clear that the orifice
      160 will operate on a very small flow of fluid, since the bulk flow will
      be directed to the steering motor 38a.
PAR  In the event that the pressure in the line 54a during steering action
      increases, the displacement of the pump 22a will increase. The pressure in
      line 54a will increase when the metering mechanism 38a is demanding
      steering fluid in response to increasing the rate of rotation of the
      steering wheel due to a reduction in the size of the orifice 160. The
      resulting increase in fluid pressure acting on valve assembly 56a causes
      an increase in the displacement of the pump 22a. Similarly, if the demand
      for fluid by the metering mechanism 62a decreases due to a decrease in the
      rate of rotation of the steering wheel, the size of orifice 160 increases.
      When this occurs, the fluid pressure in the conduit 54a will decrease.
      This results in a decrease in the displacement of the steering pump 22a.
PAR  The manner in which the pressure-responsive valve assembly 56 cooperates
      with the steering controller 10a to control the displacement of the pump
      22a is the same as is described in U.S. Pat. application Ser. No. 521,236,
      filed Nov. 6, 1974 by Jim Lee Rau, and entitled "Vehicle Steering System",
      and will not be further described herein to avoid prolixity of
      description. The disclosure of that application is incorporated herein by
      this reference thereto.
PAR  Upon interruption of the rotation of the steering wheel and input member
      18a, the metering unit 62a is operated through an incremental distance
      during which the shaft 74a effects rotation of the valve sleeve 16a, as is
      known. This causes the ball and helical groove arrangement 82a to effect a
      shifting of the valve sleeve 16a back to the neutral position shown in
      FIG. 4 with resulting increase in the size of the orifice 160. Of course,
      once the valve sleeve 16a has been shifted toward the position shown in
      FIG. 4, flow to and from the metering assembly 62a and steering motor 38a
      is blocked.
PAR  Upon rotation of the input member 18a in the direction of the arrow 140a in
      FIG. 5, the helical ball and groove arrangement 82a effects a shifting of
      the valve sleeve 16a toward the right, as viewed in FIG. 5. This rightward
      movement of the valve sleeve 16a shifts the ports 90a in the valve sleeve
      16a into communication with the groove 66a which is connected in fluid
      communication with the inlet port 26a. Therefore, fluid from the pump 22a
      flows from the inlet port 26a through the groove 66a and port 90a to the
      interior of the tubular valve sleeve 16a. This flow of fluid is conducted
      to the metering assembly 62a and from the metering assembly back to the
      annular groove 88a through an internal housing passage. Since the valve
      sleeve 16a was shifted toward the right, as viewed in FIG. 5, the metered
      flow of fluid is conducted from the groove 88a to the groove 108a which is
      connected with the motor port 30a (FIG. 8). Since the motor port 30a is
      connected with the steering motor 38a through the conduit 34a, the
      steering motor 38a is operated to turn the wheels of the vehicle.
PAR  As the steering motor 38a is operated, fluid is discharged from the
      steering motor through a conduit 36a to the motor port 32a. The motor port
      32a is connected in fluid communication with the annular groove 92a (FIG.
      5). Since the valve sleeve 16a has been shifted toward the right, as
      viewed in FIG. 5, the fluid discharged from the steering motor 38a flows
      through a rate or metering-out anti-cavitation control orifice 173 to an
      annular groove 146a. The annular groove 146a is connected in fluid
      communication with the outlet port 44athrough the annular groove 116a.
PAR  The fluid pressure at the inlet port 26a is transmitted through the passage
      68a to the groove 66a. The inlet pressure is connected through the orifice
      42a to the groove 120a which is connected in fluid communication with the
      control port 52a. In addition, the fluid pressure from the groove 120a is
      transmitted through the orifice 160 to the groove 124a which is connected
      with the outlet port 44a.
PAR  If the rate of rotation of the steering wheel should vary or the steering
      load varies, with a resulting variation in the size of the orifice 160, a
      load sense pressure signal is transmitted from the control port 52a
      through the conduit 54a to the pressure-responsive valve assembly 56a. It
      should be clear from FIG. 7 that the orifice 160 will operate in both
      directions of movement of the sleeve 16a to control the load sense
      pressure in groove 120a which is communicated to the pressure-responsive
      valve assembly 56a. Variations in this pressure signal cause the
      pressure-responsive valve assembly 56a to be actuated to effect operation
      of the motor 58a to vary the displacement of the pump 22a. Upon
      interruption of rotational movement of the input member 18a, the metering
      assembly 62a continues to operate so that the ball and helical groove
      arrangement 82a  effects axial movement of the valve sleeve 16a leftward
      to the neutral position shown in FIG. 7. When this occurs, fluid to and
      from the metering unit 62a is blocked. Also, fluid flow to and from the
      steering motor 38a is blocked.
PAR  A third embodiment of the invention is illustrated in FIGS. 9-12. Since the
      components of the embodiment of the invention illustrated in FIGS. 9-12
      are generally the same as the components of the embodiment of the
      invention illustrated in FIGS. 1 through 8, similar numerals will be
      utilized to designate similar components, the suffix letter "b" being
      associated with the numerals of FIGS. 9-12 to avoid confusion.
PAR  When the controller 10b or FIG. 9 is in a neutral or unactuated condition,
      fluid flow to and from the controller through an inlet port 26b, motor
      ports 30b, 32b, return port 44b, and a control port 52b (see FIG. 10) is
      blocked. Any stand-by pressure at control port 52b is communicated to
      drain through orifice 249 (see FIG. 12) and port 44b. Of course, fluid
      flow to and from metering assembly 62b is blocked. Upon actuation of the
      valve sleeve 16b toward either the right or left upon either
      counterclockwise or clockwise rotation of an input shaft 18b, fluid from
      the inlet port 26b is ported through a variable size orifice 42b to the
      control port 52b, (see FIGS. 9 and 11, and orifice 249 is closed. The
      location of orifice 249 is not shown in FIG. 9, since such location may
      vary and be in the sleeve 16b or housing 12b, as illustrated in FIG. 9,
      and is within the domain of one skilled in the art.
PAR  The orifice 42b includes an annular land 200 formed on the valve sleeve
      16b. The annular land 200 blocks fluid flow from the inlet port 26b when
      the valve sleeve 16b is in the neutral position illustrated in FIG. 9.
      Upon rotation of the input shaft 18b in the direction of the arrow 72b,
      the valve sleeve 16b is shifted toward the left by a ball and helical
      groove arrangement 82b to open the orifice 42b to an extent which
      corresponds to the rate of rotation of the input shaft 18b and the
      steering load. This leftward movement of the valve sleeve 16b enables
      fluid to flow from the inlet port 26b and annular groove 64b through the
      open orifice 42b to an annular groove 202. The annular groove 202 is
      connected with the control port 52b through a passage in the controller
      housing 12b. This passage is indicated schematically at 204 in FIG. 9. The
      control port 52b is connected with a pressure-responsive valve assembly
      56b (see FIG. 12) through a conduit 54b.
PAR  Upon a variation in the rate of rotation of the steering wheel and input
      shaft 18b, the valve sleeve 16b is shifted to vary the size of the orifice
      42b and effect actuation of valve assembly 56b, in a manner as described
      in the afore-mentioned Rau application. Actuation of valve assembly 56b
      causes a motor 58b to actuate to vary the displacement of a steering pump
      22b. Varying the displacement of the steering pump 22b varies the rate at
      which fluid is connected from the pump to the inlet port 26b  with a
      resulting variation in the rate of fluid flow to the metering mechanism
      62b and steering motor 38b.
PAR  After flowing from the inlet port 26b to the annular groove 202, the fluid
      is conducted to an annular groove 88b, since the valve sleeve 16b has been
      shifted from the neutral position shown in FIG. 9 to a leftward actuated
      condition. The groove 88b is connected in fluid communication with the
      metering assembly 62b so that a metered flow of fluid flows from the
      metering assembly 62b through the interior of the tubular valve sleeve 16b
      to motor ports 90b formed in a side wall of the valve sleeve. The metered
      flow of fluid passes through the ports 90b to an annular groove 92b which
      is connected in fluid communication with the motor port 32b. The motor
      port 32b is connected with the steering motor 38b through a conduit 36b
      (see FIG. 12). Therefore, a metered flow of fluid from the metering
      assembly 62b is conducted to the motor 38b to effect operation of the
      motor to turn steerable wheels of the vehicle at a rate which varies as a
      function of variations in the rate of rotation of the input member 18b.
PAR  As the motor 38b is operated, fluid discharged from the motor is conducted
      through a conduit 34b to the motor port 30b. The motor port 30b is
      connected in fluid communication with an annular groove 108b. Since the
      valve sleeve 16b has been shifted toward the left from the neutral
      position illustrated in FIG. 9, fluid can flow from the motor port 108b
      through a blind annular groove 112b to an annular groove 124b connected
      with the outlet or drain port 44b (see FIG. 9).
PAR  If the rate of rotation of the steering wheel and input member varies while
      the motor 38b is being operated, or if the steering load varies, relative
      rotation occurs between the input member 18 and valve sleeve 16b causing
      the ball and cam arrangement 82b to shift the valve sleeve 16b axially. As
      this occurs, the size of the orifice 42b is changed so that the pressure
      conducted from the control port 52b through the conduit 54b to the
      pressure-responsive valve assembly 56b will be varied. The
      pressure-responsive valve assembly 56b cooperates with the motor 58b to
      adjust the rate of fluid flow from the pump 22b to satisfy the changed
      rate of demand for steering fluid.
PAR  Upon rotation of the input shaft 18b in the direction of the arrow 140b in
      FIG. 9, the ball and helical groove arrangement 82b effects a shifting of
      the valve sleeve 16b toward the right. This rightward movement of the
      valve sleeve 16b connects the inlet port 26b and annular groove 64b with
      an annular groove 210. The annular groove 210 is connected by the housing
      passage 204 with the control port 52b. In addition, the annular groove 210
      is connected with the ports 90b in the valve sleeve 16b. Therefore, fluid
      from the steering pump 22b can flow from the inlet port 26b through the
      grooves 64b and 210b to the ports 90b. The fluid then flows through the
      tubular valve sleeve 16b to the metering assembly 62b.
PAR  A metered flow of fluid from the assembly 62b is ported to the annular
      groove 88b which, due to the rightward shifting of the valve sleeve 16b,
      is connected with the annular groove 108b. The metered flow of fluid is
      then conducted from the annular groove 108b to the motor port 30b. The
      motor port 30b is connected in fluid communication with the steering motor
      38b through the conduit 34b (see FIG. 12). Therefore, the metered flow of
      fluid effects operation of the steering motor to turn the wheels of the
      vehicle.
PAR  As the steering motor 38b is operated, fluid is discharged from the
      steering motor through the conduit 36b to the motor port 32b which is
      connected in fluid communication with the annular groove 92b (see FIG. 9).
      Since the valve sleeve 16b has been shifted toward the right, as viewed in
      FIG. 9, the fluid discharged from the steering motor 38b can flow from the
      groove 92b through the blind groove 146b to the annular groove 124b which
      is connected in fluid communication with the outlet port 44b. It should be
      noted that the valve sleeve 16b is undercut in such a manner as to provide
      an anti-cavitation orifice 214 between the annular groove 92b and the
      blind groove 146b. A similar anti-cavitation orifice 218 is formed between
      the annular groove 112b and the annular groove 108b when the valve sleeve
      16b is shifted leftwardly from the position shown in FIG. 9.
PAR  In view of the foregoing description, it can be seen that an improved
      controller assembly 10 is utilized in a hydrostatic steering system having
      an engine-driven pump 22. When the controller assembly 10 is in an
      actuated condition, a pressure-responsive valve assembly 56 is activated
      to effect operation of a motor 58 to vary the displacement of the pump 22
      as a function of variations in the demand for steering fluid flow and
      pressure resulting from variations in the rate of rotation of the input
      shaft 18 and/or variations in the steering load.
PAR  The controller assembly 10 includes a housing 12 having a valve chamber
      with an inlet port 26 which receives fluid from the pump. Upon actuation
      of the valve 16, fluid is conducted through the metering assembly 62 to
      one of the motor ports 30, 32. The metered flow of fluid from the motor
      port effects operation of the steering motor 38 to turn the vehicle. In
      addition, fluid is conducted from the steering motor 38 through the other
      motor port to the valve chamber 14. The fluid is discharged from the valve
      chamber 14 to reservoir or drain through an outlet port 44. A control port
      52 is connected in fluid communication with the pressure-responsive valve
      assembly 56. Surfaces on the valve sleeve 16 and housing 12 cooperate to
      form an orifice 42 which effects a variation in the fluid pressure
      conducted to the control port 52 as a function of variations in the rate
      at which the input shaft 18 is rotated and variations in the steering
      load.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mechanism for effecting actuation of a vehicle steering motor to turn
      vehicle wheels, said mechanism being constructed to be in fluid
      communication with the steering motor and with a variable delivery fluid
      source having pressure-responsive means for effecting variations in the
      delivery of fluid from the source and the steering motor, said mechanism
      comprising,
PA1  a housing defining a valve chamber,
PA1  a valve member located in said valve chamber, said valve member having a
      neutral position and being movable therefrom to port fluid to said
      steering motor,
PA1  said housing having a control port for fluid connection to said
      pressure-responsive means,
PA1  a variable orifice formed between said valve member and said housing and
      communicating with said control port, and
PA1  means for positioning said valve member as a function of variations in the
      rate of movement of the input member and variations in the steering load
      to thereby vary the size of said orifice and the control pressure ported
      to said pressure-responsive means.
NUM  2.
PAR  2. A steering mechanism as defined in claim 1 wherein said means for
      positioning said valve member comprises a manually movable input member
      connected with said valve member and a metering mechanism connected with
      said valve member and operable to meter fluid flow to the steering motor
      in response to movement of the input member.
NUM  3.
PAR  3. A steering mechanism as defined in claim 2 wherein said valve member and
      said housing have first passage means for porting fluid to said metering
      mechanism, second passage means for porting fluid from said metering
      mechanism to said steering motor, and third passage means for receiving
      return fluid flow from said steering motor and porting said return flow to
      drain, and said variable orifice being located in said third passage means
      through which said return fluid flows.
NUM  4.
PAR  4. A steering mechanism as defined in claim 2 wherein said valve member and
      said housing have first passage means for porting fluid to said metering
      mechanism, second passage means for porting fluid from said metering
      mechanism to said steering motor, and third passage means for receiving
      return fluid flow from said steering motor and porting said return flow to
      drain, said variable orifice being normally open and located in a fourth
      fluid passage means communicating with said control port and drain.
NUM  5.
PAR  5. A steering mechanism as defined in claim 4 further including a fixed
      normally open orifice formed between said valve member and said housing
      and located in series with said variable orifice.
NUM  6.
PAR  6. A steering mechanism as defined in claim 2 wherein said valve member and
      said housing have first passage means for porting fluid to said metering
      mechanism, second passage means for porting fluid from said metering
      mechanism to said steering motor, and third passage means for receiving
      return fluid flow from said steering motor and porting said return flow to
      drain, and said variable orifice being located in said first passage means
      for directing fluid to the metering mechanism.
NUM  7.
PAR  7. A steering mechanism as defined in claim 2 wherein said metering
      mechanism comprises an orbital rotor member and said valve member
      comprises a sleeve-like member, porting operatively connecting one end of
      said valve member to said rotor and said other end thereof to said input
      member.
NUM  8.
PAR  8. A mechanism for effecting actuation of a vehicle steering motor to turn
      vehicle wheels, said mechanism being constructed to be in fluid
      communication with the steering motor and with a variable delivery fluid
      source having pressure-responsive means for effecting variations in the
      delivery of fluid from the source, said mechanism comprising housing means
      for defining a valve chamber, said housing means including an inlet port
      adapted to receive fluid from the variable delivery source, first and
      second motor ports adapted to discharge fluid to and receive fluid from
      the steering motor, an outlet port adapted to discharge from said housing
      means fluid received at one of said motor ports, and a control port
      adapted to be connected in fluid communication with said
      pressure-responsive means, valve means disposed in said valve chamber for
      controlling fluid flow between said ports, rotatable input means for
      operating said valve means from a neutral condition to either one of two
      actuated conditions in which said valve means is effective to conduct
      fluid from said inlet port to one of said motor ports and to conduct fluid
      from the other one of said motor ports to said outlet port, said valve
      means being effective to conduct fluid pressure to said control port when
      said valve means is in either one of said actuated conditions, and said
      valve means including orifice means for causing the fluid pressure
      conducted to said control port to vary as a function of steering demand,
      and means for controlling the size of said orifice means in accordance
      with the demand for steering fluid flow and pressure.
NUM  9.
PAR  9. A controller assembly as set forth in claim 8 wherein said valve means
      includes a movable valve member disposed in said valve chamber, said
      orifice means including a first surface connected with said housing means
      and a second surface connected with said valve member and cooperable with
      said first surface to define a first orifice, said second surface being
      movable with said valve member relative to said housing means and said
      first surface to vary the flow area of said first orifice upon operation
      of said valve means between the neutral condition and one of said actuated
      conditions.
NUM  10.
PAR  10. A controller assembly as set forth in claim 9 wherein said valve means
      includes means for conducting fluid from said inlet port to said orifice
      means and for conducting fluid from said orifice means to said control
      port when said valve means is in said one of said actuated conditions.
NUM  11.
PAR  11. A controller assembly as set forth in claim 9 wherein said orifice
      means further includes a third surface connected with said housing means
      and a fourth surface connected with said valve member and cooperable with
      said third surface to define a second orifice in series with said first
      orifice, said valve means including means for conducting fluid from said
      inlet port to said first orifice and for conducting fluid from said first
      orifice to said outlet port when said valve means is in either of said
      actuated conditions.
NUM  12.
PAR  12. A controller assembly as set forth in claim 8 wherein said valve means
      includes a movable valve member disposed in said valve chamber, said
      orifice means including a first surface connected with said valve member
      and a second surface connected with said housing means and cooperable with
      said first surface to define a first orifice, said valve means including
      means for directing a flow of fluid through said first orifice upon
      operation of said valve means to either of said actuated conditions.
NUM  13.
PAR  13. A controller assembly as set forth in claim 12 wherein said valve means
      includes means for connecting an upstream side of said first orifice means
      with said control port and for connecting a downstream side of said first
      orifice with said outlet port upon operation of said valve means to either
      of said actuated conditions.
NUM  14.
PAR  14. A controller assembly as set forth in claim 9 wherein said valve means
      further includes means for connecting the upstream side of said orifice
      means in fluid communication with said first motor port when said valve
      means is in one of said actuated conditions and for connecting the
      upstream side of said orifice means in fluid communication with the said
      second motor port when said valve means is in the other of said actuated
      conditions.
NUM  15.
PAR  15. A controller assembly as set forth in claim 9 wherein said valve means
      includes means for connecting an upstream side of said orifice means in
      fluid communication with said first motor port and said control port and
      means for connecting a downstream side of said orifice means in fluid
      communication with said outlet port upon operation of said valve means to
      a first one of said actuated conditions, said valve means further
      including means for connecting the upstream side of said orifice means in
      fluid communication with said second motor port and said control port when
      said valve means is in a second one of said actuated conditions.
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ABST
PAL  This invention provides a differential pressure-activated control system
      having non-mechanical, remotely controllable, biasing means. The system
      comprises a differential pressure sensing means, having opposing first and
      second pressure sensing portions, a conduit between one portion of the
      sensing means and a system to be monitored and a second conduit means
      between a second portion of the pressure sensing means and the system to
      be monitored; the second conduit comprising in intermediate fluid flow
      pressure connection, a pressure regulator which limits the maximum
      pressure, in accordance with a desired predetermined pressure, conducted
      to the second portion of the pressure sensing means. Such pressure
      regulator can be remote from the system and from the pressure sensing
      means and is connected thereto only by non-moving, pressure-connecting
      means.
BSUM
PAR  The present invention is directed to a control unit responsive to the
      pressure of a fluid effluent from a pressurized unit which it is desired
      to control, and in particular a control unit for controlling a
      turbocharger super-charging device for an internal combustion engine.
PAR  A problem which arises in the fluid process art generally, and most
      particularly in systems, such as a turbocharger system, for supplying air
      and/or fuel and air at a desired pressure to the internal combustion
      engine, is that the output of the turbocharger must be controlled in
      response to the required manifold pressure. In the case of aircraft, this
      requires adjustment for the altitute of the aircraft and the density of
      the gas which must be provided by the turbocharger to the engine in
      relation to the density of gases at the operating altitute. With regard to
      surface vehicles, including both land-vehicles and marine-vehicles, i.e.
      boats or amphibious vehicles, it is desired to pressurize the fuel-air
      mixture in order to increase efficiency.
PAR  The so-called turbocharger is perhaps the most common method of
      pressurizing the fuel-air charge to an engine and comprises a centrifugal
      type compressor which is generally wholly or partially driven by, for
      example, a turbine powered by the engine exhaust gases; thus, the energy
      in the exhaust gases is utilized, and not lost through the exhaust system.
      Generally, such turbocharger system is in effect self-regulating in that
      an increased speed of operation of the engine generates a corresponding
      increase in exhaust gas pressure, which in turn generates increased power
      for operating the compressor, which in turn provides a greater mass for
      the fuel-air mixture supplied to the engine-cylinders and thus renders
      more efficient the operation of the engine. Centrifugal type compressors
      are shown, for example, in U.S. Pat. Nos. 3,380,245 to Mick, and 2,903,874
      to Boyd.
PAR  In order to further regulate the speed of the compressor, and in order to
      avoid operating at too high a turbine speed and thus at too high a
      pressure, provisions are made for diverting all or a portion of the
      exhaust gas, as desired, and thus slow down the speed of operation
      turbine-compressor. Such a device is commonly called a wastegate by-pass
      valve.
PAR  A common system for controlling the wastegate valve is the use of a
      pressure sensitive device which directly, or indirectly, through, for
      example, a hydraulic system, opens and closes the wastegate by-pass valve
      in response to changes in the output pressure from the turbocompressor.
      One such system, for example, is disclosed by Mueller in U.S. Pat. No.
      3,611,711. Mueller describes a turbocharger, wherein the wastegate by-pass
      valve is indirectly operated by a hydraulic system controlled by a
      differential pressure device which is connected to two points in the fluid
      line leading from the turbine output to the internal combustion engine.
      The two points, in effect, measure the pressure drop along a certain
      portion of the line which includes a butterfly valve. The pressures from
      the two points in the system are applied to opposite sides of a movable,
      biased diaphragm which is in turn connected to a valve which activates a
      hydraulic system for opening and closing the wastegate valve. Thus, when
      the pressure drop reaches a defined value, which is determined by the
      absolute pressure at the output of the turbocharger, the hydraulic line is
      activated to open the wastegate valve, thereby limiting the pressure at
      that value. A similar device is disclosed by Silver in U.S. Pat. No.
      3,035,408; however, Silver measures the pressure drop across the
      turbocompressor, i.e. the pressure at the inlet to the compressor and at
      the outlet from the compressor; the pressure means is activated in
      response to a certain ratio between the inlet and the outlet pressures.
PAR  A problem with the above and other previous systems for regulating such
      pressure is that the desired pressure limit is determined by mechanical
      means in the pressure-responsive element and thus the operator must be at
      a position accessible to the pressure-responsive means, or alternatively,
      extensive and often complex mechanical linkages must be arranged to enable
      the operator to obtain the desired control over the process system. Such
      devices are not only applicable to the turbocharger-internal combustion
      engine combination, but generally to substantially any process system,
      including industrial chemical processing system, wherein the pressure of
      the output gas is in some way, directly or indirectly, related to one or
      more parameters for the system's operation; thus, the pressure-responsive
      control means can be utilized not only to vary the amounts of, for
      example, exhaust gas fed to the compressor drive turbine, but also, for
      example, the amounts of reagent fed to a chemical reactor, or the
      temperature at which the reaction in a chemical reactor is carried out.
      Alternatively, the pressure-responsive means can be utilized merely to
      generate a signal to an operator indicating a certain pressure has been
      reached.
PAR  The present invention, therefore, provides pressure-activated,
      signal-generating means, having biasing means for permitting varying the
      pressure at which the system will react; the biasing means being readily
      remotely controllable utilizing a simple fluid pressure connection without
      requiring extensive mechanical linkage, regardless of the distance between
      the operating device and the control valve. Further, the present invention
      utilizes a pressure tap at a single point in the system being monitored,
      but provides a signal based upon a set differential pressure. A preferred
      embodiment of this invention permits the control of the speed of a
      turbocharger operated by the exhaust gas from the internal combustion
      engine being supercharged, wherein the supercharging pressure desired can
      be varied by remotely controlled pressure bias means.
PAR  In accordance with the present invention, there is provided a differential
      pressure-activated control system having remotely controllable biasing
      means, the system comprising: two pressure-sensing surfaces, both being in
      fluid pressure connection with the substantially same point in a system to
      be monitored; conventional pressure regulating means connected
      intermediate to the reference sensing surface and the system to be
      monitored in order to limit the pressure which can be transmitted to the
      reference surface; and signal generating means designed and adapted to
      generate a signal when there is a predetermined difference between the
      pressures against the two sensing surfaces. The predetermined difference
      is reached after the pressure regulator connected to the second surface
      reaches its pressure limit, thereby preventing any further increase in the
      pressure against the reference surface, while the pressure to the first
      surface continues to increase. When the differential between the two
      pressures is at a predetermined level, which differential can be a
      substantial constant for the system, a signal is generated which in turn
      can be utilized directly to automatically activate the desired operating
      means or to merely provide a signal for a manual operation. This invention
      further provides a system for controlling the speed of a turbocharger for
      an internal combustion engine, wherein the turbocharger is driven by the
      exhaust gases from the engine and wherein the control system generates a
      signal for controlling the admission of the exhaust gases to the
      turbocharger.
PAR  Other features, objects and advantages of the present invention will be
      readily apparent from the following description of preferred embodiments
      thereof. Variations of the preferred embodiments, including that shown in
      the accompanying drawings, can be effected, without departing from the
      spirit and scope of the invention disclosed herein.
DRWD
PAR  The accompanying drawing is a schematic diagram, in partial section, of a
      system encompassing the pressure control system of the present invention,
      including a turbocharger and an interior combustion engine. The various
      components of the system are shown diagrammatically, in many cases only
      symbolically; however, these elements are each conventional in the art and
      the exact construction or design thereof are not basic to the present
      invention. A more extended description thereof would only tend ot
      obfuscate the invention defined herein.
DETD
PAR  Referring to the drawings, a turbocharger, generally designated by the
      numeral 10, comprises a rotor 12, an intate 13 and an outlet 14, which
      supplies air to an engine intake manifold 16 of an internal combustion
      engine 17. The turbocharger rotor 12 is directly connected to a gas
      turbine, vaned rotor 20, via shaft 21. The gas turbine vaned rotor 20 has
      an inlet 22 and an outlet 23. The gas turbine inlet 22 is in turn
      connected to the exhaust manifold 19 of the internal combustion engine 17.
PAR  The amount of exhaust gas passing to the gas turbine inlet 22 from manifold
      19 can be controlled via a wastegate bypass valve 25, in this case shown
      as a butterfly valve which can be opened to bypass a portion of the
      exhaust in manifold 19. The butterfly valve 25 is directly operated by a
      hydraulic actuator, generally indicated by the numeral 30, and comprising
      a piston 31 reciprocating within a closed cylinder 32 and biased to
      maintain the butterfly valve 25 in the closed position by spring 33.
PAR  The hydraulic actuator 30 is connected via hydraulic fluid conduit 39 to a
      source of high pressure hydraulic fluid 36. The hydraulic fluid from the
      actuator 30 drains through conduits 35 and 37 back to the fluid supply 36
      via is pressure-activated control means, generally indicated by a numeral
      40. The pressure-activated control means 40 is shown herein in highly
      schematic form, however these devices are generally available to the art
      and substantially any device which can be activated by balancing pressures
      against two different surfaces to actuate a signal, can be utilized.
PAR  In the highly schematic accompanying drawing, the controller is a
      diaphragm-type controller, wherein pressure is applied against the
      opposing surfaces of a movable diaphragm 41, which is in turn biased
      against movement in a downward direction by spring 43. When the pressure
      in the upper chamber, defined by the upper cover plate 44, is greater than
      the pressure in the lower, or reference, chamber, defined by lower cover
      plate 45, by an amount sufficient to overcome the force of the spring, the
      diaphragm 42 is moved in a downwardly direction. Diaphragm 42 is connected
      to a vertical shaft 46 which passes through a sealing ring 47; on the far
      end of the shaft 43, there is attached a valve head 48. When the shaft 46
      is moving in a downwardly direction, valve head 48 seats against valve
      seat 49. The upper chamber 44 is directly connected via conduit 50 to the
      engine intake manifold 16. Lower chamber 45 of the pressure-activated
      controller 40 is connected via conduit 51 to a pressure regulating means
      52, which can be in a remote location, and is in turn connected via
      conduit 55 to the intake manifold 16 at substantially the same point at
      which conduit 50 is connected thereto. The air regulator 52 includes a
      manually operable handle 53 which is connected to an internal mechanism,
      for example a spring, thereby permitting setting a predetermined value and
      varying said value as desired for operation of the regulator. When the
      pressure in conduit 16, as conducted via conduit 55, reaches a certain
      predetermined maximum value, the air regulator 52 is activated to close
      off that conduit, thereby limiting the pressure transmitted to the lower
      chamber 45 of the pressure controller 40.
PAR  In operation, butterfly valve 25 is normally held in the closed position by
      the action of helical spring 33 in the hydraulic actuator 30, i.e.
      butterfly valve 25 is in the vertical position, when closed, in the
      drawing as shown. Upon starting up the engine, exhaust gases leave the
      engine 17 through manifold 19 and pass into the rotary turbine 20 via
      inlet 22, thus, creating a rotary motion of the turbine 20, which rotary
      motion is conducted via shaft 21 to create an equivalent rotary motion of
      the compressor turbine 12. Air and fuel mixture entering the turbine
      compressor 12 via inlet 13 is compressed and passed out at an advanced
      pressure through outlet 14 and then to inlet manifold 16, where it is
      passed to the internal combustion engine 17. The pressure in the inlet
      manifold 16 is transmitted via conduit 50 to the upper chamber 44 of
      pressure controller 40 and via conduit 55 and 51, passing through
      regulator 53, to the lower chamber 45 of the controller 40. The diaphragm
      42, of the controller 40, is held in the normally equilibrium position,
      i.e. level, as shown in the drawing, by the biasing action of spring 43.
PAR  As the engine speed increases, the flow of exhaust gases through exhaust
      manifold 19 increases, thus increasing the flow of the exhaust gas into
      the drive turbine inlet 22. This, in turn, causes an increase in the
      outlet pressure from the compressor tubrine 12, thus increasing the
      pressure in the inlet manifold 16. The pressure in upper and lower
      chambers 44 and 45 of the pressure controller are, up to this time
      maintained substantially constant because the conduits 55 and 50 tap the
      inlet manifold 16 at substantially the same location. When the maximum
      pressure set for the regulator 52 is reached, however, the regulator is
      activated to close off the conduit 55/51, thus in effect limiting the
      pressure within the reference chamber 45 at that level. As the pressure in
      the intake manifold 16 continues to increase with increasing engine speed,
      the pressure in upper chamber 44 gradually increases above that within
      reference chamber 45 until the pressure differential is equal to the
      biasing force exerted by spring 43. After this point, the diaphragm 42 is
      forced in a downwardly direction, thereby causing valve head 48 to move
      downwardly and into contact with valve seat 49. This closes off the
      circulating flow from high pressure oil source 36 through the hydraulic
      actuator 30. This in turn causes an increase in the pressure within
      actuator 30, above piston 31; when the pressure above piston 31 increases
      to a value sufficiently great to overcome the biasing action of spring 33,
      the piston 31 is moved in a downwardly direction, thereby causing
      butterfly valve 25 to open, permitting the exhaust gases to be partially
      diverted from exhaust manifold 19 outwardly through the wastegate valve
      25. This in turn reduces the flow of the exhaust gas to the driving
      turbine 20 and in turn serves to reduce the pressure in inlet 16 until an
      equilibrium value is reached.
PAR  It is understood that this system will tend to oscillate in a usual manner
      between the open and closed positions as the system strives to reach an
      equilibrium point at which the inlet manifold pressure 16 is substantially
      at that set by the pressure regulator 52. However, such oscillations can
      be dampened by conventional means well-known to the art and such means are
      not set forth explicitly herein in order to avoid confusing the reader and
      ofuscating the scope of the invention defined herein.
PAR  The pressure controller which is described and shown in the accompanying
      drawing and above description is of a type wherein a pressure differential
      across a movable member, in the case shown a diaphragm, causes the
      movement of the member, against a biasing action, to generate a signal; in
      this case the signal is a closing of a hydraulic valve, which in turn
      automatically actuates a wastegate valve to open the exhaust manifold from
      an internal combustion engine. The control valve 40 is a conventional
      sliding stem, single-seated, diaphragm motor valve of the direct acting
      type. In the conventional such pneumatic, diaphragm motor-powered control
      valve, the upper chamber is connected to the pressure source for operating
      the diaphragm and the lower chamber is often vented to the atmosphere.
      See, for example, the bypass control valve in the turbocharger disclosed
      in U.S. Pat. No. 3,380,245 to Mick. Alternatively, where a differential
      pressure is to be measured between two process points, as in the
      turbocharger control system to Mueller, U.S. Pat. No. 3,611,711, the two
      sides of a diaphragm are connected to the two different points of the
      process system; when the differential pressure between the two points
      reaches a certain value, the spring force is overcome and the diaphragm is
      forced to move in the required direction. In the present device, the
      pressure to both sides of the diaphragm is obtained from the process
      system, i.e. in this case a turbocharger-engine system, at the same point
      in the system, such that the pressure is the same. Thus during normal
      operation of the system, the pressure across the diaphragm is
      substantially equal. However, the pressure conduit to the reference
      chamber, i.e., the bottom chamber 45 of the control valve, is connected to
      the system via a pressure regulator, which has a function of limiting the
      pressure which can be passed through such conduit. Thus, when the limiting
      pressure is reached in the reference chamber, additional increase in
      pressure is prevented and eventually a pressure differential develops
      across the diaphragm sufficient to overcome the bias of the spring. Thus
      the effect of the present invention is not to operate a control valve
      utilizing a pressure drop through a system, but rather to utilize the
      pressure at a single point and to obtain a pressure differential at a
      variable absolute pressure point, so as to permit control over the
      pressure at which the control valve will be actuated without requiring any
      manipulation of the mechanical components of the valve itself. There is no
      requirement for any mechanical linkage between the regulator and the
      control valve; only a simple pressure conduit is necessary.
PAR  The pressure regulator itself can be of a conventional type also and
      includes, for example, the self-operating pressure regulator
      conventionally used in process control systems. Such pressure regulators,
      or reducing valves, are shown, for example, in Chemical Engineers
      Handbook, Third Edition, John H. Perry (Ed.), page 1320.
PAR  In addition to the biased, moving member type of pressure controller and
      pressure regulator described above, other, perhaps less conventional,
      types of controllers can be utilized, where their peculiar characteristics
      are required and their additional cost not a problem. For example, the
      pressure regulator 40 can be replaced by a fluidic pressure controller,
      where the signal is obtained from opposing jets of fluid and not from a
      movable diaphragm as shown in the accompanying drawing. The signal
      obtained from such fluidic pressure controllers can then be utilized in
      the same manner as described above for the activation, for example, of a
      hydraulic fluid supply valve. Further the two opposing jets are connected
      as in the present case to the same point in the process control system;
      one jet being connected via a regulator, for example of the same or
      different type of that shown above, the second directly connected to the
      system; thus the same manner of varying the point at which a differential
      pressure develops can be obtained without requirements of any extensive
      mechanical linkages between the operating process and the operator's
      position.
PAR  A second type of pressure controller is a wholly electronic type utilizing,
      for example, strain gauges of a type commonly used in the industry. Strain
      gauges react by a change in impedence, or resistance, upon being subjected
      to varying amounts of stress. Accordingly, in this type of system, conduit
      50 can expose the pressure of inlet manifold 16 to one strain gauge, the
      conduit 51 can expose the pressure of conduit 16, via regulator 52, to a
      second strain gage; the potential drops of the two strain gauges can then
      be balanced and the electrical impulse resulting therefrom utilized to
      activate a solenoid, also in a conventional manner. Generally, the power
      obtained from such strain gages is of a minuscule quantity and thus
      conventional amplification means, whether of the bridge type, or of the
      solid state variety, can be utilized. Any other means of measuring
      pressure differential, whether now known or to be developed, can be
      utilized, and considered as the equivalent of the pressure controller
      described and shown herein.
PAR  Accordingly, the present invention provides a simple, nonmechanical means
      for remotely controlling the pressure at which a pressure controller will
      activate a desired signal. The pressure controller operates on a
      differential pressure basis and the present invention varies the absolute
      pressure value at which the desired pressure differential initially
      develops. Thus, in operation, the desired maximum pressure in inlet
      manifold 16 is to be set to equal to the pressure value set on regulator
      52, plus the pressure exerted by the biasing member, e.g., in the
      exemplified case above, exerted by spring 43. In other words, the pressure
      at which regular 52 is to be set to close off the flow through conduit 55
      and 51, is the desired maximum value in inlet manifold 16, less the
      biasing pressure of spring 43.
PAR  The preferred embodiment of the pressure controller shown in the
      accompanying drawing includes a separate mechanical biasing means, i.e.
      helical spring 43, which must be overcome before the pressure drop across
      the two pressure sensing surfaces on diaphragm 42 can activate the signal
      generating means. Alternative embodiments utilizing other types of
      mechanical biasing means, such as gravity, e.g. the weight of the
      diaphragm 42, and the valve head 48, where the diaphragm moves upwardly to
      generate a signal. It is also possible to utilize a pressure controller
      which has no biasing means, whereby the slightest pressure differential
      generates a signal.
CLMS
STM  The patentable embodiments of the invention which are claimed are as
      follows:
NUM  1.
PAR  1. A differential pressure-activated control system having remotely
      controllable biasing means, the system comprising:
PA1  a. first pressure-sensing surface;
PA1  b. reference pressure-sensing surface;
PA1  c. signal generating means, operatively connected to the first
      pressure-sensing surface and to the reference pressure-sensing surface,
      the signal generating means being designed and adapted to generate an
      activating signal when there is a predetermined differential between the
      pressures applied against the first and reference pressure-sensing
      surfaces;
PA1  d. first pressure conducting means in fluid pressure connection with the
      first pressure sensing surface and designed and adapted to connect the
      first pressure sensing surface to a source of pressure;
PA1  e. reference pressure conducting means in fluid pressure connection with
      the reference pressure sensing surface;
PA1  f. an externally controllable regulating means in fluid pressure connection
      with the reference pressure conducting means, and designed and adapted to
      connect the reference pressure conducting means to the source of pressure,
      and being further designed and adapted to limit the pressure reaching the
      reference pressure conducting means from the source of pressure to a
      desired maximum value; whereby the absolute pressure, at which the signal
      generating means generate an activating signal, is controlled by the
      regulating means.
NUM  2.
PAR  2. The control system of claim 1, wherein the pressure sensing surfaces
      comprise opposing surfaces of a movable member.
NUM  3.
PAR  3. The control system of claim 2, wherein the movable member is biased
      against movement.
NUM  4.
PAR  4. The control system of claim 3, wherein the source of pressure is the
      inlet manifold connecting the output of a turbocharger and an internal
      combustion engine.
NUM  5.
PAR  5. A differential pressure-control system, having remotely controllable
      biasing means, the control system being designed and adapted for
      controlling the output pressure for a supercharger by varying the amounts
      of the power source supplied to the supercharger, the control system
      comprising:
PA1  differential pressure-responsive means, comprising a displaceable member
      having opposing pressure surfaces, a first surface and a reference
      pressure surface, the member being displaceable when the pressure applied
      to the opposing surfaces differs by a predetermined differential value;
PA1  control means for regulating the amount of power source supplied to the
      supercharger;
PA1  linkage means, operatively connecting the displaceable member and the
      control means;
PA1  first pressure conducting means designed and adapted to place in fluid
      pressure connection, the first surface and the outlet from a supercharger,
      so as to apply against the first surface the pressure at the supercharger
      outlet;
PA1  reference pressure conducting means in fluid pressure connection with the
      reference pressure surface; and
PA1  an externally controllable pressure regulating means in fluid pressure
      connection with the reference pressure conducting means and designed and
      adapted to be in fluid pressure connection with the outlet from the
      supercharger, the regulating means being further designed and adapted to
      limit the maximum value of the pressure transmitted from the supercharger
      outlet via the regulator and the reference pressure conducting means to
      the reference pressure surface, whereby there is substantially no
      differential pressure between the opposing surfaces of the displaceable
      member until the aforesaid maximum reference pressure is reached, at which
      point a pressure differential develops, the control means receives a
      signal from the pressure-responsive means when the pressure differential
      exceeds the predetermined value;
PA1  thus, the absolute pressure at which the control means is activated is
      controlled by the pressure regulating means.
NUM  6.
PAR  6. The pressure control system of claim 5, wherein the displaceable member
      is a diaphragm.
NUM  7.
PAR  7. The pressure control system of claim 6, wherein the control means
      comprises a valve having a valve head and a valve seat, the valve head
      being operatively connected to the linkage means so as to be moved
      relative to the valve seat upon movement of the displaceable member, in
      response to the predetermined pressure differential.
NUM  8.
PAR  8. The pressure control system of claim 6, wherein the differential
      pressure responsive means comprises a housing having a cavity; the
      displaceable member being disposed within the cavity and dividing the
      cavity into a first and a reference chamber; the first pressure conducting
      means being in fluid pressure connection with the first chamber and the
      reference pressure conducting means being in fluid pressure connection to
      the reference chamber; the chambers being sealably separated by the
      displaceable member.
NUM  9.
PAR  9. In combination with an internal combustion engine, the engine comprsing
      a combustion chamber, inducting means for forming fuel/air mixtire, an
      induction conduit in fluid flow connection with the induction means and
      combustion chamber, and means to exhaust fluid from the combustion
      chamber:
PA1  A. supercharging means having an inlet and an outlet, the outlet being in
      fluid flow connection with the induction conduit
PA1  B. means for providing energy to drive the supercharger; and
PA1  C. differential pressure-activated control system, having remotely
      controllable biasing means, the control system comprising:
PA2  i. a differential pressure responsive means, comprising a displaceable
      member, having opposing surfaces, a first surface and a reference surface,
      the member being displaceable when the pressure applied against the
      opposing surfaces differ by a predetermined differential value;
PA2  ii. control means operatively connected to the supercharger power source
      for regulating the amounts of power supplied to the supercharger;
PA2  iii. linkage means operatively connecting displaceable member to the
      control means;
PA2  iv. first pressure conducting means in fluid pressure connection between
      the supercharger outlet and the first surface, so as to supply
      supercharger outlet pressure to act against the first surface;
PA2  v. reference pressure conducting means in fluid pressure connection with
      the reference surface; and
PA2  vi. an externally controllable pressure regulating means in fluid pressure
      connection between the reference pressure conducting means and the
      supercharger outlet, the pressure regulator having means for sealing off
      the reference pressure conducting means from the turbocharger outlet, when
      a predetermined maximum pressure is reached;
PA1  whereby there is substantially no differential pressure across the
      displaceable member until said predetermined maximum pressure is reached,
      after which time, a pressure differential develops the displaceable member
      is displaced when said differential reaches the predetermined value,
      thereby activating the control means and decreasing the power supplied to
      the supercharger, thus limiting the output pressure therefrom.
NUM  10.
PAR  10. The combination according to claim 9, wherein the energy means for the
      supercharger comprises a drive means designed and adapted to utilize
      energy provided by the internal combustion engine.
NUM  11.
PAR  11. The combination of claim 10, wherein the drive means utilizes the
      energy in the exhaust fluid for driving the supercharger.
NUM  12.
PAR  12. The combination of claim 11, wherein supercharging means is a
      centrifugal compressor.
NUM  13.
PAR  13. The combination of claim 12, wherein the drive means comprises a gas
      turbine, directly driving the centrifugal compressor, the gas turbine
      being in fluid flow connection with the exhaust means from the combustion
      chamber, whereby the exhaust gases from the internal combustion engine
      drive the gas turbine.
NUM  14.
PAR  14. The internal combustion engine of claim 13, wherein the control means
      comprises a wastegate bypass valve for permitting the diversion of exhaust
      gas away from the gas turbine; and hydraulic actuating means operatively
      connected to the wastegate bypass valve and operatively connected to the
      displaceable member, whereby displacement of the displaceable member
      results in activation of the hydraulic actuator and opening of the
      wastegate bypass valve.
NUM  15.
PAR  15. The combination of claim 14, wherein the displaceable member comprises
      a diaphragm biased against movement in response to a differential
      pressure, by a spring biasing member; the linkage means comprises a valve
      head stem connected to the diaphragm and to the valve head, and the
      control means comprising, in addition, a valve seat designed and adapted
      to be sealably closed when contacted by the valve head, the valve seat
      being in fluid pressure connection intermediate the hydraulic actuating
      means and a source of high-pressure hydraulic fluid, the hydraulic source
      being in fluid pressure connection in turn with the hydraulic actuating
      means, whereby when the displaceable member is displaced, the valve head
      seats against the valve seat, thereby closing off the flow connection
      between the actuator and the high-pressure fluid supply and thereby in
      turn creating change in pressure in the hydraulic actuator, which in turn
      actuates and opens the wastegate bypass valve.
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ABST
PAL  A method and apparatus for generating power by passing a motivating fluid
      from a higher energy level to a lower energy level by compressing said
      fluid within a centrifuge type first rotor and discharging said fluid via
      nozzles near the first rotor periphery forwardly in the direction of
      rotation to a second rotor which is an inward flow type reaction turbine,
      then passing said fluid through a regeneration type heat exchanger to
      transfer heat from the inward bound fluid into outward bound fluid, after
      which the fluid is cooled in a heat exchanger to its original temperature
      and is passed outward again thus completing its cycle. Heat is added to
      said fluid near the periphery of the second rotor, or the heat may be
      added near the periphery of the first rotor, or both. Additionally, the
      fluid may be supplied to the unit from outside source, and returned to
      such outside source, and the cooling thus may be eliminated from the unit.
      Further, the entering fluid from outside source may be at an elevated
      pressure. Fluids used may be gaseous, which is normal for a closed type
      unit, and may be also liquids at entry for the open type unit.
PARN
PAR  This application is a continuation-in-part application of "Turbine with
      Dual Rotors," Ser. No. 405,628, filed 10/11/73, and uses material of a
      previous U.S. Pat. No. 3,834,179, "Turbine with Heating and Cooling".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to devices for generating power in
      response to a fluid being flowed from a higher energy level to a lower
      energy level by passing said fluid through a turbine for generating said
      power.
PAR  There have been various types of turbines previously, in some of which a
      fluid is accelerated in a single or multiple stationary nozzles and then
      passed to vanes mounted on a rotating rotor wheel, where the kinetic
      energy contained by said moving fluid is converted to power by
      decelerating said fluid.
PAR  These conventional turbines normally have a high energy loss due to fluid
      friction, especially between rotor vanes and the fluid where the velocity
      differential is usually large. Also, these turbines often require complex
      shaped turbine vanes making the unit costly.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a turbine for power generation
      in which heat is converted to power, in an efficient and economical
      manner, and with high thermal efficiency. It is also an object of this
      invention to provide a means for transferring heat from the motivating or
      working fluid, which is the first fluid, during its passage from rotor
      periphery to rotor center into said first fluid which is passing from
      rotor center towards the rotor periphery. This heat transfer improves the
      efficiency of the turbine, and also reduces the necessary rotor rotational
      speed, thus allowing the use of less costly rotor construction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section of one form of the device, and
PAR  FIG. 2 is an end view of the unit shown in FIG. 1.
PAR  FIG. 3 is a cross section of another form of the device.
PAR  FIG. 4 is a detail of rotor nozzles.
PAR  FIG. 5 is a pressure-enthalpy diagram of the first fluid with working cycle
      illustrated thereon for said first fluid.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, therein is shown a cross section of one form of the
      turbine. In this form the first fluid is sealed within the rotor with a
      second fluid which supplies heat to the first fluid, and a third fluid
      which cools the first fluid, being circulated from external sources. The
      first fluid is accelerated and compressed within the first rotor, and
      after discharge from first rotor nozzles into the second rotor, receives
      heat from said second fluid, and after deceleration and expansion said
      first fluid passes in heat exchange relationship with the first fluid
      flowing outward so that heat is transferred from the inward bound first
      fluid to the outward bound first fluid. Cooling is then provided for the
      first fluid to bring the first fluid temperature to an initial
      predetermined value. In FIG. 1, 10 is casing, 11 is first rotor, 12 is
      third fluid heat exchanger, 13 is vane serving also as heat exchange
      member, 14 is heat conductive wall, 15 is vane, 16 is nozzle, 17 is second
      rotor, 18 is second fluid heat exchanger, 19 is vane, 20 is second fluid
      conduit, 21 is bearing and seal, 22 is bearing and seal, 23 is second
      rotor shaft for delivery of power, and for support of second rotor, 24 and
      25 are supply and return for third fluid, 26 is vent opening in casing
      into which a vacuum source may be connected, 34 is dividing wall, 27 are
      vanes serving also as heat exchange members, 28 is first fluid passage, 30
      is bearing and seal, 31 and 32 are second fluid entry and exit, and 33 is
      first rotor shaft.
PAR  In FIG. 2, an end view of the unit of FIG. 1 is illustrated. 10 is casing,
      11 is first rotor, 17 is second rotor, 16 are first fluid nozzles, 18 is
      heat exchanger, 19 are vanes, 20 is conduit, 13, 14 and 27 form a heat
      exchanger for first fluid and 23 is second rotor shaft.
PAR  In FIG. 3, another form of the turbine is shown, where the first fluid is
      supplied to the turbine from outside sources thus eliminating the third
      fluid heat exchanger. 50 is first rotor, 51, 52 and 53 form a heat
      exchanger for the first fluid, 55 and 58 are heating heat exchangers for
      adding heat to the first fluid and may use a second fluid at the same
      temperature or at a different temperature as the heating fluid, 54 are
      vanes within first rotor, 56 are first fluid nozzles oriented to discharge
      forwardly, 57 is second rotor, 59 are vanes, 60 is second fluid conduit,
      61, 62 and 72 are bearings, 64, 65, 69 and 70 are entries and exits for
      the second fluid, 63 is second rotor shaft, 71 is first rotor shaft, 66 is
      base, and 67 and 68 are exit and entry for the first fluid.
PAR  In FIG. 4, a detail of the first fluid nozzles is shown. 34 is wall onto
      which nozzles 16 are mounted. 35 is approximate direction of leaving first
      fluid, and 36 indicates direction of rotation of first rotor.
PAR  In FIG. 5, a pressure-enthalpy diagram for the first fluid is shown, with
      the working cycle for the first fluid illustrated thereon. 80 is pressure
      line and 81 is enthalpy line, 82 are constant entropy line, 83 are
      constant pressure lines, and for the cycle, compression with heat removal,
      or without heat removal, occurs from 84 to 85, heat is added from
      returning first fluid from 85 to 86, further compression is from 86 to 87,
      then expansion from 87 to 88 and 89, and heat removal to first fluid from
      89 to 84, thus completing the cycle. Heat is normally added between 87 and
      88, from second fluid. The heat addition between 85 and 86, and heat
      removal between 89 and 84 may be at constant or vary in pressure as
      desired; pressure may be varied conveniently by increasing or decreasing
      the diameter of the first fluid-to-first fluid heat exchanger, making said
      heat exchanger tapered.
PAR  In operation, the rotors are filled to a desired pressure with a suitable
      first fluid, and the first rotor is caused to rotate. First fluid is first
      compressed with heat removal, and then is passed in heat exchange
      relationship with the inward bound first fluid with addition of heat, and
      after this the first fluid is further compressed and accelerated and after
      this compression, the first fluid is passed via nozzles mounted on the
      first rotor forwardly in the direction of rotation, after which the first
      fluid enters a second rotor inward extending passages for deceleration,
      with heat being added to the first fluid in the second rotor inward
      extending passages for reduction of density of said first fluid. After
      passing inward and decelerating, said first fluid is passed in heat
      exchange relationship with the outward bound first fluid, and after that,
      the first fluid may be further decelerated, and then said first fluid
      enters said outward extending passages of the first rotor thus completing
      the cycle.
PAR  The operation of the open turbine of FIG. 3 is similar to that described,
      except that the first fluid is supplied from external sources, and is then
      returned to said external source, with cooling then being deleted.
PAR  The work input to the first rotor is the work required to accelerate the
      first fluid, and the work output by the second rotor is the work of
      deceleration received by the said second rotor. The work output by the
      turbine is the work differential of these two rotors.
PAR  The rotational speed of the second rotor may be higher than the rotational
      speed of the first rotor. To provide for inward flow of the first fluid
      within the second rotor, the fluid density is reduced by adding heat to
      the first fluid either within said second rotor, or also within the first
      rotor.
PAR  The addition of heat from the inward bound first fluid to the outward bound
      first fluid increases the temperature of the first fluid during latter
      part of compression and during expansion, and thus has the effect of
      improving the thermal efficiency of the turbine. Further, another effect
      is the reduction in the needed rotational speed for the turbine rotors,
      thus reducing the required strength for the rotors, and making said rotors
      more economical to make and operate.
PAR  Working fluids for this turbine are usually gases for the said first fluid,
      and liquids for the said second and third fluids. Gaseous second and third
      fluids may be also used, and the first fluid may be a liquid in some
      instances. Also, the first fluid may undergo a phase change within the
      turbine, if so desired, when using a suitable fluid.
PAR  Applications for this turbine include normal power generation service using
      various heat sources.
PAR  The first rotor shaft and the second rotor shaft are normally connected via
      a power transmission device so that a part of the power produced by the
      second rotor is used to rotate the first rotor. Starting of the unit is by
      a starting device.
PAR  The vanes of the rotors may be made curved if desired. In many instances,
      the first rotor vanes may be curved backward to increase compression of
      the first fluid, and the vanes of the second rotor may be also curved, to
      improve performance, and to suit the design and fluid selected. In this
      connection, the fins for the heat exchangers are considered to be vanes.
PAR  The pressure-enthalpy diagram shown in FIG. 5, is approximate only. This
      diagram may be varied, depending of the amount of heat added in the second
      rotor, or in the first rotor, and depending on the specific location of
      the second fluid and third fluid heat exchangers. In particular, heat may
      be added to the first fluid during expansion to make the first fluid
      actually increase in temperature; this will normally improve the overall
      thermal efficiency of the turbine. Also, heat removal by said third fluid
      may be conducted in places other than that shown in FIG. 1, as desired.
PAR  It should be also noted that the heat addition to said first fluid may be
      from other sources than said second fluid, and similarly, some other means
      may be used to cool said first fluid than said third fluid. Such heating
      sources may include electricity, or other rotors mounted in proximity to
      this turbine; these will not change the spirit of this invention.
PAR  The heat exchanger means for transferring heat from the inward bound first
      fluid to the outward bound first fluid can also be located within the
      second rotor, and also the entry and exit for the first fluid into the
      turbine may be within said second rotor. Such arrangements are not shown
      specifically in the drawings since they are considered to be within the
      capabilities of a skilled designer, in view of the descriptions given
      herein.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A turbine for generating power and comprising:
PA1  a. means for rotatably supporting first and second rotors;
PA1  b. First and second rotor shafts journalled in said support means for
      rotation;
PA1  c. first rotor means provided said first shaft for rotation therewith, said
      first rotor means having a first passageway for an outward bound first
      fluid, with said first passageway communicating at its downstream end with
      means for accelerating said first fluid forwardly in the direction of
      rotation of said first rotor means and for passing said first fluid into
      said second rotor means, said first rotor means further having a second
      passageway for inbound first fluid in close proximity to said first
      passageway and in communication therewith near the downstream end of said
      second passageway, and heat exchanger means intermediate said first and
      second passageways for adding heat to said outward bound first fluid from
      said inward bound first fluid;
PA1  d. second rotor means mounted on said second shaft for rotation therewith,
      said second rotor having further passageway means for said first fluid,
      said further passageway means being in fluid communication at its upstream
      end with said first rotor accelerating means, and in fluid communication
      at its downstream end with said first rotor second passageway.
NUM  2.
PAR  2. The turbine of claim 1 wherein a heating heat exchanger is provided for
      adding heat to said first fluid downstream of said first passageway.
NUM  3.
PAR  3. The turbine of claim 1 and including heat removal heat exchanger means
      provided downstream of said first rotor second passageway means.
NUM  4.
PAR  4. A method of generating power comprising the following steps:
PA1  a. compressing a outward bound motivating fluid within a first passageway
      of a rotating first rotor;
PA1  b. accelerating and discharging said motivating fluid into a passageway of
      an independently rotating second rotor;
PA1  c. passing said motivating fluid from said second rotor passageway into a
      second passageway of said first rotor; and
PA1  d. effecting heat transfer from said motivating fluid in said first rotor
      second passageway to said motivating fluid in said first rotor first
      passageway.
NUM  5.
PAR  5. The method of claim 4 and including the following additional step:
PA1  returning said motivating fluid from the downstream end of said first rotor
      second passageway to the upstream end of said first rotor first
      passageway.
NUM  6.
PAR  6. A method of transferring heat within a rotor, comprising the following
      steps:
PA1  a. driving an outward bound motivating fluid within a first passageway of
      said rotor;
PA1  b. effecting a heat transfer between an outside source and said motivating
      fluid;
PA1  c. causing said motivating fluid to be inbound within a second passageway
      of said rotor, proximate to said first passageway; and
PA1  d. effecting heat transfer between said motivating fluid in said second
      passageway and said motivating fluid in said first passageway.
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ABST
PAL  An electrohydraulic emergency trip system which automatically shuts off the
      steam supply to a turbine power plant upon the detection of specific
      operational contingencies is disclosed. The hydraulic portion of the
      system includes two pair of combined electrical and hydraulically operated
      pilot trip valves that are so arranged that the opening of any one valve
      of each pair decreases the hydraulic trip pressure to close rapidly the
      steam inlet valves to the turbine; that an open or closed failure of a
      single trip valve does not prevent a valid trip or cause an unwarranted
      trip; and finally that an open failure of one pair of the valves does not
      result in an unwarranted trip. Each pair of valves is electrically
      operated from an independent voltage source such that the electrical
      failure of one source does not cause or prevent an unwarranted turbine
      trip. The pilot portion of the hydraulic system is so arranged that the
      electrical operation of either pilot valve portion of each pair operates
      hydraulically the other pilot portion of that pair.
PAL  The hydraulic portion of the system is also constructed to be responsive to
      the operation of the conventional mechanical overspeed mechanism. In one
      embodiment such mechanism operates from the same fluid pressure source to
      operate the two pair of valves hydraulically. In another embodiment, a
      second fluid source is used to operate the conventional diaphragm
      overspeed trip valves of the overspeed mechanism and in turn the diaphragm
      valve hydraulically operates the two pair of trip valves. In a
      modification of this embodiment, the diaphragm valves decreases the trip
      pressure to close the steam inlet valves without the necessity of
      operating the trip valves.
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PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  Reference is made to the following concurrently filed and related patent
      applications which are assigned to the present assignee:
PAR  1. U.S. Ser. No. 477,116, filed: 6/6/74 entitled "Electro-Hydraulic
      Emergency Trip System For A Turbine Power Plant" and filed by Andrew S.
      Braytenbah, Karl O. Jaegtnes and Millard F. Smith.
PAR  2. U.S. Ser. No. 477,155 filed: 6/6/74 entitled "Improved Electrical System
      For Electro-Hydraulic Emergency Trip System" and filed by Andrew S.
      Braytenbah.
PAR  3. U.S. Ser. No. 477,117, filed: 6/6/74 entitled "Electro-Hydraulic On-Line
      Testable Trip System For Turbine Power Plant" and filed by K. O. Jaegtnes
      and Andrew S. Braytenbah.
PAC  BACKGROUND OF THE INVENTION
PAR  During the operation of a turbine power plant, there are various conditions
      which may occur necessitating an immediate shutting down or "tripping" of
      the turbine. For example, a loss of electrical load may create a dangerous
      overspeed condition; low bearing oil pressure may cause excessive wearing
      and serious malfunction of the turbine bearings; excessive wearing of the
      thrust bearing results in axial misalignment of the rotating blades
      resulting in serious internal turbine damage; insufficient condenser
      vacuum may cause overheating at the last row of turbine blading; or other
      contingencies may occur where it is necessary to shut down or "trip" the
      turbine rapidly to prevent an unsafe operating condition or damage to the
      turbine power plant.
PAR  A failure or delay in shutting off the steam to the turbine in the event of
      any of the above contingencies may cause extensive damage to various
      portions of the plant, necessitating expensive repairs and prolonged
      shutdown. Thus, it is necessary that such a system react quickly to
      specific contingencies.
PAR  In a typical steam turbine power plant, oil is and low at high pressure to
      a plurality of hydraulically operated valves for controlling steam flow.
      These valves are designed to open on an increase in oil pressure, and to
      close on a decrease in oil pressure. Governor valves control steam flow to
      the high pressure turbine and interceptor valves control the flow of steam
      to the intermediate and low pressure turbine stages. Throttle valves,
      which control the flow of steam to the steam chest upstream of the
      governor valves and reheat stop valves, which control the flow of steam
      from the reheater section of the steam generator to the intermediate low
      pressure turbine stages upstream of the interceptor valves, are provided
      primarily for protective control of the turbine. The throttle valves are
      also used for turbine startup. Thus, when tripping the turbine, the
      throttle valves, the governor valves, the reheat stop valves, and the
      interceptor valves are rapidly closed. This is accomplished by releasing
      the oil pressure to all of the valves simultaneously in response to the
      detection of any one of several operational contingencies or by remote
      means under the control of the operator.
PAR  Turbine tripping systems presently in use utilize a mechanical hydraulic
      automatic stopping mechanism, which is referred to as an "autostop", to
      maintain under pressure, the valve control oil for the steam inlet valves
      an emergency trip valve, as well as the throttle valves and the reheat
      stop valves, are under the control of a hydraulic system, referred to as
      an autostop control oil system. The maintenance of pressure in this
      autostop oil system permits the throttle and reheat stop valves to be
      opened and the pressure in the control oil system to be maintained by the
      emergency trip valve. An overspeed trip valve maintains the proper
      pressure in the autostop oil system to keep the emergency trip valve
      closed, and all steam inlet valves operable. The overspeed trip valve is
      operated to release the autostop oil pressure wither by a centrifugally
      operated overspeed tripping device on the trubine shaft or the operation
      of the mechanical autostop trip lever by an operator. The centrifugally
      operated overspeed tripping device moves a lever when the turbine reaches
      a predetermined overspeed conditions to cause the overspeed trip valve to
      release the autostop oil pressure, thus completely shutting down the
      turbine.
PAR  The conventional mechanical autostop assembly, typically consists of a
      machined block, on which is mounted a lever arrangement which, when moved
      a predetermined distance, hydraulically causes the overspeed trip valve to
      release the autostop oil pressure. Connected to move the lever in the
      autostop assembly are a plurality of linkages which are connected to
      respective protective devices in the autostop machined block. For example,
      a low bearing oil pressure trip in the form of a spring-loaded diaphragm
      is exposed to bearing oil pressure, which release high pressure oil to
      operate the overspeed trip valve when bearing oil pressure is below a
      predetermined value. A low vacuum trip in the form of a pressure
      responsive bellows is exposed to exhaust vacuum, and operates the
      overspeed trip valve when the exhaust vacuum drops below a preset value. A
      thrust bearing trip in the form of a spring-loaded diaphragm operates the
      overspeed trip valve when pressure builds up in response to a certain
      position of the thrust collar. Finally, the autostop assembly includes a
      solenoid, which when energized by the operator, moves the lever on the
      autostop assembly to operate the overspeed trip valve.
PAR  Also, in conventional tripping systems, a separate overspeed trip
      mechanism, which consists of an eccentric weight mounted in the end of the
      turbine shaft, is balanced in position by a spring until the turbine speed
      exceeds a predetermined amount. The centrifugal force then overcomes the
      spring and the weight flies out, striking a trigger which trips the
      overspeed trip valve, releasing the autostop oil pressure and shutting
      down the turbine.
PAR  The conventional trip systems, presently in use, are effective in tripping
      the turbine, either manually by the operator, or in response to the
      various operating contingencies, including those previously mentioned.
      However, such systems are relatively slow in their operation because of
      the mechanical linkage.
PAR  In turbine power plants where the controls are automated or controlled from
      a central office, it is desirable to maintain the reliability and rapid
      response of a hydraulic system and to eliminate the relatively slow
      operation, difficulty of adjustment, and limited range of response, of the
      mechanical autostop assembly with its accompanying linkage.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates broadly to an improved electro-hydraulic
      emergency trip system for a steam turbine in which the steam inlet vlaves
      rapidly close to trip the turbine upon a predetermined decrease in
      hydraulic trip pressure. The hydraulic portion of the system which
      includes two pair of electrically and hydraulically operated trip valves,
      is configured to trip the turbine upon the opening of at least one valve
      of each pair, and to not trip the turbine upon the opening of only one
      pair of valves. Each valve includes a pilot portion and a main portion. A
      decrease in hydraulic pressure in the main portion opens the valve, and
      this decrease in hydraulic pressure is created by the opening of the pilot
      portion of each valve. Each pair of valves is operated electrically from
      an independent electrical source to operate the pilot portions. Such pilot
      portions of the two pair are so arranged in the system that the electrical
      response of one valve of each pair hydraulically operates the other valve
      of such pair. More specifically, the hydraulic portion of the trip system
      also responds to the conventional mechanical overspeed trip mechanism. In
      one aspect the hydraulic portion is arranged to be responsive to the
      overspeed trip valve directly without the operation of the
      electrohydraulic trip valves. In another aspect, the two pair of trip
      valves, one operated in response to the mechanical overspeed trip valve,
      and in still another aspect the mechanical overspeed mechanism operates
      the trip valves directly.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram of a steam turbine power plant
      employing an emergency trip system in accordance with the principles of
      the present invention;
PAR  FIG. 2 is a schematic diagram of the hydraulic portion of the emergency
      trip system according to one embodiment of the invention and illustrating
      schematically as a portion thereof the system for detecting and testing
      the hydraulic pressure in the trip system;
PAR  FIG. 3 is a schematic diagram of an alternate arrangement of the hydraulic
      portion of the system utilizing a single high pressure fluid arrangement
      in conjunction with the mechanical overspeed trip of the power plant;
PAR  FIG. 4 is a schematic diagram of a typical hydraulic operating system for
      an interceptor and reheat stop valve controlled by the emergency trip
      system and method of the present invention;
PAR  FIG. 5 is a schematic diagram of a typical hydraulic operating mechanism of
      a throttle and control valve controlled by the emergency trip system and
      method of the present invention;
PAR  FIG. 6 is a schematic diagram of a portion of the electrical part of the
      emergency trip system in accordance with one embodiment of the present
      invention;
PAR  FIG. 7 is a schematic diagram of a modified version of the portion of the
      electrical system for sensing and detecting a trip contingency;
PAR  FIG. 8 is a schematic diagram of another portion of the electrical part of
      the emergency trip system according to one embodiment of the present
      invention illustrating the circuitry for the alternating current and dc
      power supply together with ground fault detection system and the
      arrangement for selectively testing remotely the response of the emergency
      trip system to individual operating contingencies;
PAR  FIG. 9 is a schematic diagram of that portion of the system for testing and
      detecting a low bearing oil pressure operating contingency according to
      the present embodiment of the invention; and
PAR  FIG. 10 is a schematic diagram of that portion of the system for detecting
      and testing low vacuum in the condenser according to the present
      embodiment of the invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a large single reheat steam turbine 10 is constructed
      in a well known manner and operated by controlling the throttle valves
      TV1--TV4, the governor valves GV1-GV8, reheat stop valves SV, and
      interceptor valves IV. An electrohydraulic trip system 11, which includes
      a remotely located control and indication trip system panel 12, operates
      to rapidly close the steam inlet valves TV, GV, SV and IV upon the
      occurrence of a malfunction or predetermined operating contingency
      detected by a low bearing oil detection system 13, a thrust bearing
      detection system 14, an overspeed detection system 14, or a low vacuum
      detection system 16, for example. Also, a remote detection system 17 may
      be operated to cause a closing of the steam inlet valves in response to a
      selected operating contingency which may be located and sensed remote from
      the turbine installation. A low pressure detection system 18 operates the
      electrohydraulic system 11 upon the lowering of the hydraulic pressure in
      the trip system by a predetermined amount. The steam turbine 10 and the
      steam inlet valves TV, GV, SV and IV are described herein as an
      environment within which the invention is particularly useful. However,
      the invention of the emergency trip system described herein may be
      utilized to respond to different operating contingencies than those herein
      described to close steam inlet valves of different types and numbers with
      other types of steam turbines.
PAR  The steam turbine 10 is provided with a single output shaft 20 which drives
      a conventional large alternating current generator 21 to produce the
      electric power. The steam is supplied from a suitable generating system
      22.
PAR  In the present instance, the turbine 10 is of the mulit-stage axial flow
      type and includes a high pressure section 23, and intermediate pressure
      section 24, and a low pressure section 25. In other applications, turbines
      operated in accordance with the present invention can have other forms
      with more or fewer sections tandemly connected to one shaft or compoundly
      coupled to more than one shaft. also, in the present instance the turbine
      10 is of the plural inlet front end type wherein steam flow is accordingly
      directed to the turbine steam chest (not specifically indicated) through
      four throttle inlet valves TV1-TV4. Generally, the plural inlet type and
      other front end turbine types, such as the single-ended type or the end
      bar lift type may involve different numbers and/or arrangements of
      throttle valving.
PAR  Steam is directed from the admission steam chest to the first high pressure
      section 23 through governor steam inlet valves GV1-GV8 which supply steam
      to inlets arcuately spaced about the turbine high pressure casing, thereby
      forming a somewhat typical governor valving arrangement for large fossil
      fuel turbines. Nuclear turbines might, on the other hand, typically
      utilize only four governor valves.
PAR  After the steam has passed through the high pressure section 23, it is
      directed to a reheater system 26 which is associated with the steam
      generating system 22. In practice, the reheater steam system 26 might
      typically include a pair of parallel connected reheaters associated with
      opposite sides of the turbine casing and coupled to the steam generating
      system 22 in heat transfer relation as indicated by the dashed line 27.
      With a raised enthalpy level, the reheated steam flows from the reheater
      system 26, through the intermediate pressure turbine section 24, and the
      low pressure turbine section 25, to a condenser 28, from which water flow
      is directed (not shown) back to the steam generating system 22.
PAR  To control the flow of reheat steam, stop valving SV, referred to as reheat
      stop valves, are normally opened or closed to protect against turbine
      overspeed, or upon the tripping of the emergency trip system 11 in
      response to any of the operating contingencies. Intercept valving IV,
      which may include a plurality of valves, is also provided in the reheat
      steam flow path, and in this instance such valving is normally open and
      operates over a range of positioning control to provide reheat steam flow
      under turbine overspeed conditions. The intercept valving IV is also
      closed in response to assocaited operation of the electrohydraulic trip
      system 11.
PAR  Respective hydraulically operated throttle valve actuators indicated by the
      reference character 30 are provided for the four throttle valves TV1-TV4.
      Similarly, respective hydraulically operated governor valve actuators
      indicated by the reference character 31 are provided for the eight
      governor valves GV1-GV8. Hydraulically operated actuators 32 and 33 are
      also provided for the reheat stop valving SV and the intercept valving IV,
      respectively. A fluid supply, referred to at 34, provides the variable
      hydraulic pressure for actuator operation of the steam inlet valves
      TV1-TV4, GV--GV8, SV, and IV. A lubricating oil system (not shown) is
      separately provided for turbine plant lubricating requirements such as the
      bearings, for example, and is monitored by the low bearing oil pressure
      detection system 13 connected to the electrohydraulic trip system 11. The
      high pressure from the hydraulic fluid supply 34 is monitored by the low
      pressure detection system 18 which is connected to the electrohydraulic
      trip system 11.
PAR  The respective actuators 30 and 31 are of conventional construction and are
      operated by position controls which include electronic circuitry with a
      conventional analog controller for driving a suitable known actuator servo
      valve. The reheat stop valve actuators 32 and intercept valve actuators 33
      are controlled to be fully open unless the trip system operation or other
      operating means causes them to close and stop the reheat steam flow.
      Position control operation of the intercept valving IV is typically
      provided only under reheat steam flow cutback requirements.
PAR  The steam inlet valves TV1-TV4, GV1-GV8, SU, and IV are able to be
      controlled by their respective valve actuators to an open hydraulically
      only when their respective operating mechanism is subjected to a
      predetermined pressure from the high pressure hydraulic fluid supply
      system 34. As shown in the schematic diagram of FIG. 1, the throttle
      valves TV1-TV4 are hudraulically connected to the trip system 11 through
      piping 35; (the governor valves GV1-GV8 are hydraulically connected
      through piping 36;) reheat stop valving SV is hydraulically connected to
      the trip system 11 through piping 37; (and the intercept valving IV is
      hydraulically connected through piping 38). A predetermined decrease in
      pressure in the lines 35, 36, 37 and 38 causes the steam inlet valves to
      rapidly close regardless of the control provided by their respective
      hydraulic valve actuators. In addition, there is an overspeed protection
      control system 40 which maintains the fluid supply pressure to permit the
      governor valves GV1-GV8, and the valving IV to be controlled to an open
      position separately from the emergency trip system 11. Upon operation of
      the system 40, only the governor valves GV1-GV8 and intercept valving IV
      are closed. A check valve 41 prevents the release of fluid pressure from
      the throttle valves TV1-TV4 and the reheat stop valving SV upon operation
      of the overspeed protection control system 40. The operation of the
      electrohydraulic trip system 11 releases such fluid pressure to a drain
      such as referred to at 42.
PAR  The turbine trip system panel 12 includes a selector switch (not shown in
      FIG. 1) for individually testing the various operating contingencies, such
      as low hydraulic fluid supply pressure, referred to at 18, low bearing oil
      pressure, referred to at 13, thrust bearing wear detection, referred to at
      14, overspeed detection, referred to at 15, low vacuum detection, referred
      to at 16, and the remote contingency detection referred to at 17. The
      panel 12 also includes means  for indicating the condition of the
      emergency trip system, as more fully described hereinafter.
PAR  Referring to FIG. 2, the electrohydraulic trip system 11 (FIG. 1) includes
      a hydraulic for maintaining a predetermined fluid pressure in
      communication with the steam inlet valves' operating mechanisms under
      normal conditions so that the valves can be operated to an open condition;
      and to decrease such pressure below the trip pressure in response to an
      abnormal operating contingency for rapidly closing the steam inlet valves.
PAR  The hydraulic portion of the system of FIG. 2 includes the high pressure
      hydraulic supply system 34 which supplies oil under pressure at nominally
      1800 pounds per square inch in the pipe line 51 to the operating mechanism
      of the steam inlet valves. In FIG. 2, the operating mechanism for each of
      the valves is shown schematically by block 52 for the governor valves
      GV1-GV8; by block 53 for the intercept valving IV; by block 54 for the
      throttle valves TV1-TV4; and by reference numeral 55 for the reheat stop
      valving SV. A more detailed description of the steam inlet valves'
      operating mechanism, insofar as it is applicable to a description of the
      present invention, will be described in connection with FIGS. 3 and 4.
      Although a single operating mechanism is shown schematically in block form
      for each type of steam inlet valve, in actual practice, typically, there
      would be an operating mechanism connection to the high pressure hydraulic
      supply for each individual valve. The hydraulic pressure required to
      render the governor valves operative to an open position is supplied from
      the line 51 through line 56, orifice 57 to the operating mechanism 52. The
      orifice 57 restricts the flow of oil to an extent whereby a release of
      pressure on the lower side of the orifice 57 as viewed in the drawing does
      not effectively decrease the pressure in the pipeline 51. Similarly, fluid
      under pressure is conducted through pipeline 51, line 58, and orifice 59
      to the operating mechanism 53, representative of the intercept valves IV.
      Also, the throttle valve operating mechanism 54 is subjected to fluid
      pressure through pipeline 51, pipeline 61, and an orifice 62. Also, high
      pressure hydraulic fluid is conducted through line 51 and line 63 through
      orifice 64 to the operating mechanism 55 for the reheat stop valving SV.
      In all instances, the pressure of the fluid from source 34 is not
      effectively reduced in line 51 when pressure is released on the lower side
      of each of the restrictive orifices 57, 59, 62, and 64.
PAR  A plurality of pilot operated solenoid valves AST1, AST2, AST3, and AST4
      are so connected in the hydraulic portion of the trip system and with
      respect to each other to either release the hydraulic pressure downstream
      of the restrictive orifices 57, 59, 62, and 64 to the drain 42 or to block
      the drain 42 to maintain the predetermined pressure required to operate
      the steam inlet valves in accordance with a respective open or closed
      operating condition. Each valve AST has a main portion and a pilot
      portion. The valve AST1 has a main portion 65. The valve AST2 has a main
      portion 66. The valve AST3 has a main portion 67; and the valve AST4 has a
      main portion 68. Each of the valves AST is shown with its main portion in
      a closed position to maintain the fluid pressure in communication with the
      operating mechanism of the steam inlet valves. Each valve AST has its main
      portion connected with respect to the main portion of each other valve AST
      so that the fluid pressure is released to drain to rapidly close the steam
      inlet valves when the pilot operated valve AST1 and the pilot operated
      valve AST2 or AST4 is opened. Also, the fluid pressure can be decreased to
      rapidly close the steam inlet valves when the valve AST1 is in a closed
      position provided that the valve AST3 and either AST2 or AST4 is in its
      opened position.
PAR  For example, when the valves AST1 and AST2 are opened, the hydraulic
      pressure is suddenly decreased to a value that rapidly closes all the
      steam inlet valves. For example, the pressure for the operating mechanism
      52 for the governor valves GV is released through check valve 71, pipeline
      72, either check valve 73 or 74, pipeline 75, pipeline 76, the main valve
      portion 65 of the valve AST1, main portion 66 of the valve AST2, and the
      pipeline portion 77 to the drain 42. When the valves AST4 and AST1 are
      opened, the fluid pressure is released from the main portion 65 through
      pipeline 78 and the main portion 68 of the valve AST4 to the drain 42. If
      both the valves AST2 and AST4 are closed, then the pressure is maintained
      to render the steam inlet valves responsive to be controlled to an open
      position by preventing the high pressure oil from reaching the drain 42.
      Similarly, with the valve AST3 open, the main portion 68 and the main
      portion 66 of closed valves AST2 and AST4 block the drain 42. Thus, the
      opening of the valves AST1 and AST3 with the valves AST2 and AST4 closed,
      does not release the oil pressure in the hydraulic system. Similarly, the
      opening of the valves AST2 and AST4 with the valves AST1 and AST3 closed
      does not release the fluid pressure to the drain 42. Thus, the valves AST1
      and AST2 have their main portions connected in series; and the valves AST3
      and AST4 have their main portions connected in series. The series
      connected pairs AST1 and AST4, and AST2 and AST3 are further connected in
      series with respect to each other by way of the pipeline 78. Thus, a
      malfunction of any one of the valves AST to an open position will not
      cause the turbine to trip; nor will the malfunctioning of any one of the
      valves AST to the closed position prevent the turbine from an emergency
      trip. Further, the opening and closing of the valves AST1 and AST3 has no
      effect on the steam inlet valves as long as both valves AST2 and AST4 are
      closed; and likewise, the opening of both valves AST2 and AST4 does not
      release the fluid pressure from the steam inlet valves when valves AST1
      and AST3 are closed. Line 79 which includes restrictive orifice 79a
      connecting pipeline portion 76 to pipeline portion 78 equalizes the
      hydraulic pressure between the inlets to the pilot valves AST1 through
      AST4.
PAR  The pressure is released from the intercept valve operating mechanism 53
      through check valve 81, either check valve 73 or 74, pipeline portion 75
      and pipeline portion 76 in the manner previously described. Also, the
      pressure is released from the throttle valve operating mechanism 54
      through check valve 82 and the pipelines 75 and 76; and the reheat stop
      valve mechanism 55 releases its pressure through check valve 83 and the
      pipeline portions 75 and 76, as previously described. The check valves 73
      and 74 are inserted in the trip lines for the governor valve operating
      mechanism 52 and the intercept valve operating mechanism 53 so that the
      pressure can be released from such operating mechanisms by the overspeed
      protection system 40 without tripping the throttle valves and reheat stop
      valves under certain predetermined operating situations.
PAR  The main portions 65, 66, 67, and 68 of the valves AST1 through AST4,
      respectively, are held in their closed position by fluid pressure from the
      high pressure hydraulic supply system 34. The valves AST1 and AST3 are
      held closed by pressure from the fluid supply 34 by way of pilot pipeline
      portion 84, through restrictive orifice 85, pilot pipeline portion 86, and
      pilot pipeline portion 87. For valve AST1 the fluid pressure is introduced
      into the main portion 65 above piston 88 to hold the piston 88 in blocking
      relationship between pipeline portions 76 and 78. Similarly, the fluid
      pressure from the supply 34 communicates with the main portion 67 of the
      valve AST3 above piston portion 91 over line 92 to maintain the piston 91
      in a position to block the flow of oil from the pipeline portion 76 to
      pipeline portion 79.
PAR  Similarly, the main portions 66 and 68 of the valves AST2 and AST4 are
      maintained in their closed position by fluid pressure from hydraulic
      supply 34 by way of the pipeline portion 84, through a restrictive orifice
      93, pipeline portion 94, and pipeline portion 95. Piston 96 of valve AST2
      is held in blocking relationship to the drain 42 by pressure in the line
      95. Piston 98 of the valve AST4 is held in blocking relationship to the
      drain 42 by pressure in the line 97.
PAR  Each of the valves AST1 through AST4 has a pilot portion 101, 102, 103, and
      104, respectively for controlling the pressure of the fluid against the
      piston member of the main portion of its respective valve. Each pilot
      portion includes a member which is movable to block or unblock the high
      pressure pilot fluid to the drain 42. The valve AST1 pilot portion 101
      includes a member 105 which is movable to permit the passage of hydraulic
      pilot fluid from line 87, through lines 99 and 77 to the drain 42 upon the
      deenergization of its solenoid 106. In operation, when the solenoid 106 is
      deenergized, member 105 permits pipeline 87 to be in communication with
      the line 77 leading to the drain 42. This releases the pressure in lines
      87 and 86 at the right-hand or downstream side of the restrictive orifice
      85 as viewed in FIG. 2, which permits the piston member 88 of the main
      portion 65 to overcome its fluid pressure bias and move upwardly as viewed
      in FIG. 2 by the pressure of a spring member 107. The pressure in line 76
      which communicates with the underside of member 88 through pipeline 108
      also forces the piston member upwardly to open the main portion 65
      rapidly. Also, the energizing of the solenoid 106 moves the member 105 to
      a blocking position thus permitting the pressure in the line 87 to build
      up above the member 88 causing the valve AST1 to close.
PAR  The restrictive orifices 85 and 93 are smaller than the passage through the
      pilot portions of the valves AST1 through AST4; and in one application are
      in the order of thirty mils. Generally, orifices should be as small as
      practicable within manufacturing tolerances, and large enough so dirt
      particles will not cause blocking.
PAR  The pilot portions 102, 103, 104 of the valves AST2, AST3, and AST4,
      respectively, operate in the same manner as described in connection with
      valve AST1. The pilot line portion 87 is connected in common with the
      pilot portions of the valves AST1 and AST3. Therefore, the opening of the
      pilot portion 101 of valve AST1 not only permits piston member 88 to open
      the hydraulic line but also permits piston member 91 of valve AST3 to open
      by decreasing the pressure in pipeline portion 92 which communicates
      portion 101 of valve AST1. Also, the opening of the pilot portion 103 of
      valve AST3 releases the pilot pressure for the valve AST1 through the
      pilot portion 103 through line 87 and over pipeline portion 111 to the
      drain 42.
PAR  The main portions 66 and 68 of the valves AST2 and AST4 are connected in
      common to the pilot line portion 95 such that the opening of either pilot
      portion 102 of valve AST2 or pilot portion 104 of valve AST4 results in a
      decrease of pilot pressure to open the main portion 66 or 68 of the valves
      AST2 or AST4, respectively, in the same manner as described in connection
      with AST1 and AST3. Thus, should the pilot portion of either valve AST1 or
      AST3 fail to open to release the pilot pressure upon the deenergization of
      its respective solenoid, the main portions 65 and 67 of such valves will
      open through the release of pressure by the other valves pilot portion.
      Similarly, should either the pilot portion 102 of the valve AST2 or the
      pilot portion 104 of the valve AST4 fail to open upon the deenergization
      of its respective solenoid, the valve AST4, or the valve AST2 will open
      through the pilot portion of its commonly connected valve. The hydraulic
      trip pressure in line 76 can also be released by a diaphragm valve 112 in
      response to the operation of a conventional mechanical overspeed trip
      mechanism 113 which operates to release the pressure in diaphragm portion
      114 of the valve 112 created by the high pressure lubricating oil supply
      system 115. In response to the operation of the overspeed trip mechanism
      113, the pressure is released in pipeline portion 116 downstream of
      restrictive orifice 117, which causes the diaphragm valve 112 to open
      thereby releasing the pressure in the trip line 76 to the drain 119 to
      close rapidly the steam inlet valves GV, IV, TV, and SV. This is
      accomplished without the necessity of operating the solenoid valves AST1
      through AST4.
PAR  Pressure switches ASP(A) and ASP(B) are connected to close a circuit to
      illuminate corresponding "tripped" lamps on the control panel 12 upon the
      release of pressure in lines 86 and 94 respectively, to indicate the
      opening of the valves AST1 through AST4. The pressure switch ASP(A) closes
      a contact upon the release of pilot pressure by the valves AST1 and AST3;
      and the pressure switch ASP(B) closes a contact to illuminate a "tripped"
      lamp upon the release of pilot pressure by the pilot valves AST2 and AST4.
      Thus, the operator is informed when the system has responded to a test.
      The pressure switch AST is connected to operate a trip indication light
      upon the release of pressure in the line 76.
PAR  The overspeed protection system 40, which releases the hydraulic portion in
      response to an anticipated overspeed is comprised of normally closed
      deenergized pilot operated valves OPC1 and OPC2 which operate in a manner
      similar to the valves AST1 through AST4. Upon the energization of the
      pilot portion of the valves OPC1 or OPC2 the high pressure hydraulic
      supply is released from the governor valves GV and interceptor valves IV
      operating mechanisms 52 and 53 only without decreasing the hydraulic
      pressure to the operating mechanisms 54 and 55 of the throttle valves and
      reheat stop valves. The pressure in lines 121 and 122 is released upon
      energization of the valves OPC1 and OPC2, which permits piston members 123
      and 124 to be driven upwardly by the pressure in the lines 125 and 126
      that is maintained by restrictive orifices 127 and 128, respectively.
PAR  The low hydraulic supply pressure detection system denoted at 18 will be
      described in connection with the other predetermined operating contingency
      detection systems.
PAR  Referring to FIG. 3, a portion of the hydraulic portion of the emergency
      trip system shown in FIG. 2 is schematically illustrated to show the
      emergency trip system hydraulic arrangement in combination with the
      conventional mechanical overspeed tripping device 113 without the
      necessity of using the diaphragm valve 112 so that the mechanical
      overspeed trip mechanism 113 can be subjected directly to the high
      pressure hydraulic supply rather than utilizing a separate high pressure
      lub oil supply 114 as shown in FIG. 2.
PAR  In the alternative embodiment of FIG. 3, the mechanical overspeed trip
      mechanism 113 is connected to the pilot lines 87 and 95 by pipelines 435
      and 436, respectively. The operation of the conventional mechanical
      overspeed trip mechanism 113, as is well known in the art, is connected to
      release the pressure in lines 435 and 436 in response to an overspeed of
      the turbine to connect the pilot line fluid to a drain 437. Thus with the
      release of the pilot line pressure in the lines 87 and 95, the main
      portions 65, 66, 67 and 68 of the solenoid operated pilot valves AST1
      through AST4 open directly by releasing the pressure above the members 88,
      91, 96 and 98. When testing the system as previously described, the
      reduction of the pilot line pressure in the line 87 or line 95 by the
      electrical operation of the pilot operated solenoid valves will not affect
      the mechanical overspeed trip mechanism because of check valves 440 and
      441. Restrictive orifice 442 or 443 serve to operate the mechanical
      overspeed trip mechanism when the turbine is tripped by another
      contingency which then requires a mechanical latch as well as an
      electrical latch to again start the turbines.
PAR  Referring to FIG. 4, a typical operating mechanism 53 is shown
      schematically for a conventional interceptor valve IV. In FIG. 4 the valve
      is shown in its closed position illustrated schematically by the blocking
      of a section of steam line 130 by a valve member 131. The high pressure
      hydraulic supply is in communication with the operating mechanism member
      132 through the pipeline portion 58, the restrictive orifice 59, solenoid
      valve 133, pipeline portion 134, and through orifice 135 to bear against
      piston member 136 against the force of a spring 137. Upon release of the
      high pressure hydraulic fluid through the previously-described check valve
      81, the member 136 moves to the extreme right as viewed in the drawing,
      permitting fluid in chamber 138 to flow from beneath valve piston 141
      through orifice 142, and check valve 143 to a drain 144. When the valve is
      able to be operated to its open position, portion 145 of the member 136
      blocks passage 146 which subjects the underside of the member 141 to
      hydraulic pressure from line 58 through orifice 147 and opening 148 into
      the chamber 146. The interceptor valves IV are either operated to an open
      or closed position by diverting the fluid from the high pressure line 58
      to line 151 by the solenoid valve 133. This bypasses the high pressure
      fluid in the line 58 through the line 151 and the check valve 143 to the
      drain 144 permitting the member 141 to be spring biased by spring 154 to
      its closed position. The closing of the solenoid valve 133 has no effect
      on the emergency trip system pressure to the other valves because of the
      check valve 81.
PAR  Referring to FIG. 5, the conventional operating mechanism 52 is shown
      schematically for a typical governor valve which differs from the
      intercepts type valve IV of FIG. 4 in that it is controllable to any
      position intermediate to its open and closed positions as long as a
      predetermined hydraulic pressure is in communication with movable member
      160 in member 161 of the operating mechanism 52 to maintain portion 162
      against opening 163 leading to chamber 164 below the valve operating
      member 165. Such pressure is maintained from the hydraulic supply 34 (not
      shown) through the line 56 a valve 166 and a filter 167, the restrictive
      orifice 57 and opening 168 in the member 161. A valve position detection
      element 171, servo valve 172, demodulator 173, summing device 174 and
      amplifier 179 provide a conventional local electrohydraulic valve position
      control loop for each governor valve. This control loop, through the
      operation of the servo valve 172, regulates the pressure in the chamber
      164 to position the member 165 in accordance with the desired opening of
      the valve. Of course, when the high pressure hydraulic supply is released
      through the check valve 71, the pressure is released in the chamber 164
      through orifice 176, line 177 and check valve 178 to a drain 181 resulting
      in rapid closure of the valve.
PAR  The operating mechanism 54 for the throttle valves TV1-TV4 are similar to
      the operating mechanism 52; and the operating mechanism 55 for the reheat
      stop valves is similar to the operating mechanism 53 for the interceptor
      valve. The operating mechanism for the steam inlet valves are of
      conventional construction and form no part of the present invention but
      are described herein to illustrate the manner in which valves of such type
      rapidly close in response to a predetermined decrease in hydraulic
      pressure to which their operating mechanisms are subjected.
PAR  Referring to FIG. 6, the electrical portion of the electrohydraulic trip
      system 11 (FIG. 1) is illustrated schematically in a normal operating
      condition. Generally, the purpose of the electrical portion of the trip
      system is to operate the solenoid portion of the valves AST1, AST2, AST3
      and AST4 to close the steam inlet valves in response to a predetermined
      operating contingency or malfunction; and to operate selected ones of the
      valves AST1 through AST4 for the purposes of testing the components of the
      electrohydraulic trip system without disturbing the operating position of
      the steam inlet valve; and at the same time rendering the emergency trip
      system responsive to a predetermined malfunction or operating contingency
      to rapidly close the steam inlet valves.
PAR  Solenoids 106 and 209 of the pilot portions 101 and 103 of the valves AST1
      and AST3 respectively are maintained energized by a circuit which includes
      one terminal of an alternating current source (A) and includes lines 201
      which is connected in parallel to one side of the winding of solenoid 106
      of the pilot valve of AST1 and one side of the solenoid 209 of the pilot
      valve of AST3. The other side of the winding of the valve AST1 is
      connected by wire 202 through front contacts 203 and 204 of normally
      energized parallel connected trip relays A1 and A2, and wire 205 to the
      other terminal of the AC source (A). The other side of the winding of the
      solenoid 209 for valve AST3 is connected by wire 206, front contacts 207,
      203A of the trip relays A1 and A2 and the wire 205 to the other side of
      the alternating current source (A).
PAR  Solenoids 219 and 229 of the pilot portions 102 and 104 of the valves AST2
      and AST4, respectively are maintained normally energized in parallel by a
      circuit which extends from one terminal of an alternating current source
      (B) and includes wire 208, one side of the winding 219 and 229 of the
      solenoid for valves AST2 and AST4 in parallel, front contacts 210 and 211,
      and 212 and 212A of normally energized trip relays B1 and B2, wire 213 and
      the other terminal of the alternating current source (B). The trip relays
      A1 and A2, and B1 and B2, are connected in parallel with their contacts
      connected in series to better insure proper operation in the event of a
      sticking contact.
PAR  The trip relays A1 and A2 which hold the pilot portions of the solenoid
      valves AST1 and AST3 closed, are maintained energized by a circuit which
      extends from one terminal of the alternating current source (A) and
      includes front contact 214 of a normally energized low vacuum detection
      relay LV(A), front contact 215 of normally energized overspeed detection
      relay OS(A), front contact 216 of a normally energized thrust bearing wear
      detection relay TB(A), front contact 217 of normally energized low bearing
      oil pressure detection relay LBO(A), front contact 218 of low hydraulic
      pressure detection relay LP(A), front contact 219 of a remote operating
      contingency relay REM(A), wire 221, front contacts 222 and 222A of the
      trip relays A1 and A2 and the other terminal of the 115 volt AC current
      source (A).
PAR  The normally energized trip relays B1 and B2, which hold the pilot portions
      of solenoid valves AST2 and AST1 closed is maintained energized by a
      circuit which extends from one side of an alternating current source (B)
      and extends through front contact 223 of a low vacuum detection relay
      LV(B), front contact 224 of an overspeed detection relay OS(B), front
      contact 225 of a thrust bearing wear detection relay TB(B), front contact
      226 of a low bearing oil pressure detection relay LBO(B), front contact
      227 of a low hydraulic pressure detection relay LP(B), front contact 228
      of a remote operating contingency relay REM(B), front contact 229 and 229A
      of the trip relays B1 and B2, and the other side of the alternating
      current source (B).
PAR  Each pair of the normally energized similarly designated contingency
      detection relays (A) and (B) is provided for a distinct malfunction or
      operating contingency that is to trip the turbine. The windings of each
      pair of detection relays normally are connected in parallel to a DC power
      source through contacts of selector switches SA and SB when the system is
      not being tested for its associated operating contingency. In FIG. 6, the
      common DC positive bus is designated as (+) and the common DC negative bus
      is designated as (-).
PAR  Specifically, the normally energized relays REM(A) and REM(B) constitute a
      pair of detection relays associated with a predetermined remote operating
      contingency, such as an electrical load fault on the turbine-generator
      unit situation requiring a trip condition. The relay REM(A) is normally
      energized by a circuit which extends from (+) and includes resistor 231,
      which may be typically a 3,000 ohm resistor, and the winding of the relay
      REM(A) to (=). It is also energized by a circuit which extends from (+)
      and includes resistor 232, closed contact 233 of selector switch SB,
      closed contact 234 of selector switch SA, and the winding of the relay
      REM(A) to (-). The relay REM(B) is normally energized by a circuit which
      extends from (+) and includes the resistor 231, closed contact 234 of the
      switch SA and closed contact 233 of the switch SB, and the winding of the
      relay REM(B) to (-).
PAR  The detection relays LP(A) and LP(B) constitute a pair of relays for
      detecting a predetermined low pressure in the high pressure fluid supply
      system, which supplies fluid to all steam inlet valve actuators, as well
      as to the emergency trip system. The circuit for energizing the relay
      LP(A) extends from (-) and includes resistor 235; and the winding of relay
      LP(A) to (-) or extends from (+) and includes resistor 236, closed contact
      237 of the switch SB, closed contact 238 of the switch SA, and the winding
      of the relay LP(A) to (-). The relay LP(B) is similarly energized normally
      by a circuit which can extend from (+) and includes the resistor 236, or
      extend from (+) and includes the resistor 235, the contacts 238 and 237 of
      the switches SA and SB, and the windings of the relay LP(B) to (-).
PAR  The relays LBO(A) and LBO(B), constitute a pair of relays for detecting the
      low bearing lubricating oil pressure of the turbine power plants and are
      normally energized during operation of the plant. Specifically, the relay
      LBO(A) is energized by a circuit which extends from (+) and includes
      either resistor 241, the winding of relay LBO(A), and the closed contacts
      701 and 703 (to be described in connection with FIG. 7) to (-); or extends
      from (+) and includes the resistor 241, the winding or relay LBO(A), the
      closed contacts 706 and 707 of the switches SA and SB respectively, and
      closed contacts 704 and 702 (to be described in connection with FIG. 7) to
      (-). Similarly the relay LBO(B) is energized by a circuit which extends
      from (+) and includes resistor 242, the winding of relay LBO(B), and
      either includes the closed contacts 704 and 702, or the closed contacts
      707 and 706 and the closed contacts 701 and 703 to (-). Although the
      sensing circuit to be described in connection with FIG. 7 is disclosed in
      connection with the low bearing oil pressure contingency. It is understood
      that such arrangement can be used for other contingencies, and the
      previously described arrangement can be used for the low bearing oil
      pressure contingency.
PAR  The relay TB(A) and the relay TB(B) constitute a pair of relays for
      detecting thrust bearing wear, for example, and are connected in a circuit
      in a manner similar to the previously-described detection relays to be
      energized either directly from the positive DC bus through its respective
      resistor 245 or 247; or through closed contacts 247 and 248 of the
      switches SA and SB. Similarly, the relays OS(A) and OS(B) constitute a
      pair of relays for detecting an overspeed contingency for the steam
      turbine and are normally energized by a circuit which extends from (+) and
      includes either resistor 251 or 252 and its associated relay winding; or
      includes closed contacts 253 and 254 of the switches SA and SB. Finally,
      in accordance with the described embodiment of the invention, the
      detection relays LV(A) and LV(B) constitute a pair of relays for detecting
      insufficient vacuum in the condenser of the power plant. These relays are
      also connected to the common DC power source in the same manner as the
      previously-described detection relays. Specifically, the relay LV(A) is
      normally energized by a circuit which extends from (+) and includes
      resistor 255 and its winding to (-); or extends from (+) and includes
      resistor 256, closed contacts 257 and 258 of the switches SB and SA and
      its winding to (-). The relay LV(B) is energized by a circuit which
      extends from (+) and includes the resistor 256 and its winding to (-); or
      includes the resistor 255, the closed contact 258 of the switch SA, the
      closed contact 257 of the switch SB and the winding of the relay LV(B) to
      (-).
PAR  Each operating contingency or malfunction can be sensed by at least two
      condition responsive devices. In the present embodiment of the invention,
      the overspeed contingency can be sensed by either the mechanical overspeed
      trip mechanism 113 (See FIG. 2) or a switch OST (FIG. 6); and the
      remaining contingencies are sensed by two or more sensing devices as
      hereinafter described. Each of the sensing devices is a condition
      responsive switch, which in one described embodiment operates to close an
      electrical contact and in another embodiment operates to open an
      electrical contact when the particular contingency is in a state that
      requires an emergency turbine trip. These switches may be of any reliable
      well-known construction which are suitable for the purposes intended.
      Referring specifically to the embodiment of FIG. 2, a sensing device
      LPS(A) is operative to close its contact 261 when the pressure in the high
      pressure fluid supply header decreases below a predetermined amount.
      Similarly, the pressure switch LPS(B) is operative to close its contact
      262 when the pressure of the high pressure fluid supply header is
      decreased to such predetermined amount. Either the closing of the contact
      261 of LPS(A) or the closing of the contact 262 of switch LPS(B) causes
      both the detection relays LP(A) and LP(B) to deenergize and open their
      front contacts 218 and 227 respectively. When the contact 261 closes, the
      relay LP(A) is shorted out by a circuit which extends from (+) and
      includes the resistor 235, the closed contact 261 to (-). Also, the
      winding of relay LP(B) is shorted out by a circuit which extends from (+)
      and includes the resistor 236, closed contact 237 of the selector switch
      SB, closed contact 238 of the selector switch SA and the closed contact
      261 of the switch LPS(A) to (-). Should the switch LPS(A) fail to operate
      properly for example, the closed contact 262 of the pressure switch LPS(B)
      shorts out both the LP(A) and LP(B) detection relays. This circuit extends
      from (+) and includes the resistor 236 and the closed contact 262 of the
      switch LPS(B) to (-). The relay LP(A) is shorted out by the circuit which
      extends from (+) and includes the resistor 235, the closed contacts 238
      and 237 of the switches SA and SB, and the closed contact 262 of the
      switch LPS(B) to (-). Thus, under normal conditions, when the contacts of
      both the selector switches SA and SB are closed, both of the detection
      relays of each pair will become deenergized in response to the operation
      of either one of the switches LPS(A) or LPS(B). Therefore, the failure of
      single sensor to operate does not prevent the emergency trip system from
      operating as intended.
PAR  Similarly, the remote contingency detection relays REM(A) and REM(B) (FIG.
      6) are deenergized by the closing of either contact 265 or contact 266,
      which occurs upon the happening of the selected remote contingency such as
      unit transformer failure for example, in the same manner as previously
      described in connection with the deenergizing of the detection relays LP.
PAR  The thrust bearing of a steam turbine is susceptible to wear in either a
      direction towards the generator end or in a direction towards the turbine
      end. In the embodiment illustrated, a sensing device K1 closes its contact
      267 upon a predetermined wear of the thrust bearing towards the turbine
      governor end upon a predetermined wearing of the thrust bearing towards
      the generator end. Similarly, sensing device K2 closes its contact 268
      upon a predetermined wear of the thrust bearing in the direction of either
      the generator end or the turbine governor end. Such sensing devices are
      well known in the art and form no part of the present invention. Upon the
      closing of either the contact 267 of device K1 or the contact 268 of the
      device K2, both the relays TB(A) and TB(B) are deenergized provided that
      the selector switch contacts 247 and 248 of the switches SA and SB are
      closed. The circuitry for shorting out the relay windings of the detector
      relays TB(A) and TB(B) is identical to the circuitry described in
      connection with the deenergizing of the detection relays LBO, LP and REM.
PAR  According to the present embodiment of the invention a sensing device OST
      having a normally opened contact 271 is utilized for responding to an
      overspeed condition of the turbine requiring an emergency trip. The
      overspeed switch is electrically connected between the contacts 253 of the
      selector switch SA and the contact 254 of the selector switch SB. The
      closing of the contact 271, when the contacts 253 and 254 of the selector
      switches SA and SB are closed, deenergizes the detection relay OS(A) by
      shorting out its winding through a circuit that extends from (-) and
      includes the resistor 251, the closed contact 253 of the selector switch
      SA, and the closed contact 271 of the sensing device OST to (-). The
      winding of the relay OS(B) is shorted out by a circuit which extends from
      (+) and includes the resistor 252, the closed contact 254 of the selector
      switch SB and the closed contact 271 of the sensing device OST to (-).
      Although, in the present embodiment one electrical and one mechanical
      overspeed channel is shown, two electrical channels could be utilized
      connected in the same manner as the previously described sensing devices.
PAR  The low vacuum sensing devices LVS(A) and LVS(B) are connected in a
      slightly different manner that the previously described sensing devices in
      order to prevent an emergency trip when conditions are not warranted, even
      though under normal operating conditions, such a low vacuum should result
      in an emergency trip. In the present embodiment, upon the closing of the
      low vacuum sensing switch LVS(A), the winding of the detection relay LV(A)
      is shorted out by a circuit which extends from (+) and includes the
      resistor 255, closed contact 272 of the switch LVS(A), and back contact
      273 of a vacuum trip inhibit relay VTI to (-). Similarly, the detection
      relay LV(B) is deenergized by a circuit which extends from (+) and
      includes the resistor 256, closed contacts 257 and 258 of selector
      switches SB and SA, the closed contact 272 of the relay VTI to (-). Also,
      the winding of the relays LV(A) and LV(B) are shorted out by the sensing
      device LVS(B) by a circuit which either extends from (+) and includes the
      resistor 256, closed contact 274 of the sensing switch LVS(B), and the
      back contact 273 to (-); or extends from (+) and includes resistor 255,
      closed contact 258 and 257 of selector switches SA and SB, the closed
      contact 274 of the sensing switch LVS(B) and the back contact of relay VTI
      to (-). When it is desired to inhibit the low vacuum trip, such as during
      startup, for example, the relay VTI is energized by operating a pushbutton
      275 on the control panel which energizes latch relay 269 closing its front
      contact 276. The closing of the front contact 276 energizes the coil or
      relay VTI by a circuit which extends from (+) and includes resistor 277,
      winding VTI, front contact 276 of the latch relay 269, normally closed
      contact 278 of low vacuum switch LVL which opens on increasing pressure of
      four psia and decreasing pressure of three psia, normally closed contact
      281 of low vacuum switch LVH, which opens on increasing pressure of
      approximately seventeen psia, normally closed contact 282 of a pushbutton
      283 on the control panel to (-). Once the relay VTI is energized, it is
      held energized by a stick circuit which extends from (+) and includes the
      resistor 277, the winding of relay VTI and its front contact 283. When the
      relay VTI is energized, a lamp 284 on the control panel is energized by a
      circuit which extends from (+) and includes a 220 kilohm resistor for
      example, front contact 283, and the closed contacts 278, 281, and 282 to
      (-). The vacuum trip inhibit relay VTI is deenergized to render the
      emergency trip system responsive to an insufficient vacuum by the
      operation of the pushbutton 283 to open its contact 282, the opening of
      the contact 278 of LVL or the opening of the switch contact 281 of the
      switch LVL. Therefore, the low vacuum operating contingency is inhibited
      during start-up, and becomes inhibited when the vacuum first reaches a
      certain condition.
PAR  Referring to FIG. 7, the sensing devices, which are described in connection
      with a low bearing oil pressure contingency by way of illustration are so
      arranged that a failure of a single sensing device does not cause an
      unwarranted emergency trip or a failure of a single sensing device does
      not prevent an emergency trip. In the embodiment of FIG. 7, pressure
      switches, LBOS(A1)(A2)(A3) and (A4), which operate in response to low
      bearing lubricating oil pressure, each include respective contacts
      263(A1)(A2)(A3) and (A4) which are closed under normal operating
      conditions, and open in response to the operation of its associated
      pressure switch LBOS. Under normal operating conditions, each one of the
      switches LBOS maintains an associated relay LBOX energized by a circuit
      which extends from (+) and includes the respective normally closed contact
      263 of its associated switch LBOS to (-). The relays LBOX(A1) and LBOX(A3)
      each respective front contact 701 and 703; and the relays LBOX(A2) and
      LBOX(A4) each have respective front contacts 702 and 704 which maintain;
      under normal operating condition, the detection relays LBO(A) and LBO(B)
      energized as described in connection with FIG. 6. Should either one or
      both of the contacts 701 or 703 become deenergized by reason of the
      failure of pressure switches LBOS(A1)(A3) or relays LBOX(A1)(A3), for
      example, its associated detection relay LBO(A) remains energized by the
      circuit which extends from (+) and includes the closed contacts 706 and
      707 of the switches SA and SB and the closed contacts 702 and 704 of the
      relays LBOX(A2), (A4) to (-). Similarly, if one or both of the contacts
      702 and 704 should fail to open the detection relay LBO(B) remains
      energized by a similar circuit which includes the closed contacts 701 and
      703. Thus, the failure of any one sensing circuit or device during normal
      operation does not cause an unwarranted trip and the failure of any one of
      the sensing devices, which cause contact 701, 703 or 704 to remain closed
      does not prevent an emergency trip.
PAR  The selector switches SA and SB each have two idenpendent electrical
      stages; one stage includes the contact described in connection with FIG.
      6, and the other stages includes the contacts described in connection with
      FIG. 8. The switches SA and SB are located on the remote testing and
      indicator panel to selectively open and close particular contacts of each
      stage as hereinafter described. For example, in FIG. 6 selector switch SA
      can be operated to open either its contact 234, 238, 247, 253, 258, or
      706; and selector switch SB can be operated to open either its contact
      233, 237, 248, 254, 257, or 707. The operation of the selector switch SA,
      for example, to open its contact 238 changes the energizing circuit for
      the detection relay LP(A) so that it extends from (+) to include the
      resistor 235 and the winding of the relay LP(A) to (-). The circuit for
      maintaining the detection relay LP(B) energized when the contact 238 is
      open extends from (+) and includes the resistor 236 and the winding of
      relay LP(B) to (-). Thus, upon the closing of contact 261 of the sensing
      device LPS(A) only, the winding of the detection relay LP(A) is shorted
      out causing the relay to drop out. The relay LP(B) remains energized.
      Similarly, upon the closing of the contact 262 of the sensing device
      LPS(B) only the detection relay LP(B) is deenergized. The other stage of
      the selector switch operation is discussed in more detail hereafter in
      connection with FIG. 8.
PAR  Referring first to the schematic diagram of the power supply arrangement of
      the system in FIG. 8, two independent alternating current sources are
      provided for the operation of the electrical portion of the emergency trip
      system. With reference to the previous description of FIG. 6, the solenoid
      operated pilot valves AST1 and AST3 and the trip relays A1 and A2 are
      operated directly from the alternating current source (A) referred to at
      301 of FIG. 8. The solenoid operated pilot valves AST2 and AST4 and the
      trip relays B1 and B2 are operated directly from the 115 volt alternating
      current source (B) referred to at 302 of FIG. 8.
PAR  The alternating current sources (A) and (B) referred to at 301 and 302 in
      FIG. 8 are used in combination to provide a single direct current source
      utilized for those components operated by direct current in the emergency
      trip system. The voltage source (A) is connected to a primary winding 303
      of a transformer 304; and the voltage source (B) is connected to a primary
      winding 305 of a transformer 306. The induced voltage in center tap
      secondary winding 307 of the transformer 304 is rectified by a pair of
      diodes 308 and 309 connected across the secondary winding 307 to permit
      only the positive portions of the AC voltage on line 311. Similarly, the
      induced voltage in center tap secondary winding 313 of the transformer 306
      is rectified by diodes 314 and 315 connected across the secondary winding
      to produce a positive rectified voltage on line 316. A capacitor 318
      smoothes the rectified voltage from the transformer 304 of the voltage
      source (A); and capacitor 321 smoothes the rectified voltage from the
      transformer 306 connected to the voltage source (B). The positive
      conductors 311 for voltage source (A) and 316 for voltage source (B) are
      commonly connected to a positive DC bus 322. The rectified positive
      voltage on conductor 311 is connected to the bus 322 through positive
      going diodes 323 and 324. The rectified positive voltage on conductor 316
      is connected to the bus 322 through positive going diodes 325 and 326. The
      center taps 312 for voltage source (A) and 317 for voltage source (B) are
      commonly connected to a negative direct current bus 327. Thus, should the
      voltage source (A) become non-existent, the DC voltage is maintained by
      the AC voltage source (B). Similarly, if the voltage source (B) should
      fail the DC voltage is maintained by the AC voltage source (A).
PAR  Contacts 373 and 383 of pressure switches ASP(A) and ASP(B) (see FIG. 2)
      are provided to check the pressure conditions of the pilot pressure of
      valves AST1 and AST3, and AST2 and AST4, respectively so that a test will
      not result in an inadvertent trip. Upon the operation of the portion of
      the trip system controlled by the alternating current source (A), for
      example, contact 332 of pressure switch ASP(A) is closed to illuminate
      lamp 343 indicating that a test cannot be conducted without causing an
      emergency trip. Upon the operation of the portion of the trip system
      controlled by the voltage source (B), switch ASP(B) closes its contact 334
      to illuminate trip indicating lamp 344 indicating that a test cannot be
      conducted without causing an emergency trip.
PAR  Referring again to FIGS. 6 and 8, there are only a certain number of
      circuit sections of the DC circuit which can be subjected to a ground
      fault. One is a circuit section which includes the positive DC bus, such
      as at point G1, for example, which is commonly connected to one side of
      all the resistors 231, 232, 235, 236, 241, etc., as denoted by the (+)
      designation; the second circuit section is the negative DC bus such as at
      point G2, for example, which is commonly connected to one side of the
      relays REM(A), REM(B), LP(A), LP(B), etc., and one side of the sensor
      switches 265, 266, 261, 262, etc., as denoted by the (-) designation; and
      the third circuit section which includes the switches SA and SB (FIGS. 6
      and 8) and the common connections to the other side of the resistors 231,
      232, etc., relays REM(A), REM(B), etc., and sensor switches 265, 266,
      etc., such as at point G3, for example. During testing, selected ones of
      the third circuit section terminate at either the switch SA or SB
      hereinafter described in connection with the testing operation. The
      solenoid valves included in the invention, the trip relays 204 and 212,
      and the latch relay 269 are energized directly from either the AC source
      (A) or AC source (B) as shown in the drawings.
PAR  With respect to the DC circuit the arrangement of the present invention
      provides for a "floating" DC circuit; that is, neither the positive nor
      the negative DC bus is grounded. Also, the ohmic value of each of the
      resistors and the characteristics of the associated relay coil as
      described above is of such a value that the relays will operate
      continuously should either the first, second, or third circuit section G1,
      G2, or G3 be subjected to a ground fault. Also, the arrangement is such
      that multiple ground faults can occur in the third circuit sections
      without affecting the operation of the system. A ground fault in both the
      first and second or second and third sections would, of course, affect the
      operation of the system.
PAR  Connected across the positive DC bus 322 and the negative DC bus 327 are
      series connected relay coils P1, and N1. The commonly connected terminal
      between relay windings or coils P1 and N1 are connected to ground 334.
      Thus, the relay P1 is connected to the ground 334 from the positive DC bus
      and the relay N1 is connected to the ground 334 from the negative DC bus.
      Each of these relay coils should be able to be operated continuously at
      twice the voltage to which they are subjected under normal conditions. In
      the present embodiment of the invention where the normal applied voltage
      is sixty volts (from (+) or (-) to ground) it is contemplated to use
      standard DC relays which can operate between approximately 9 volts and 148
      volts, for example.
PAR  When no ground fault is present, the relays P1, and N1, are normally
      energized. The relay P1 is energized from the bus 322 to the ground 334 by
      approximately +60VDC; and the relay N1 is energized from the bus 327 to
      the ground 334 by approximately -60VDC. Upon the occurrence of a ground
      fault on the positive DC bus or first circuit section, as previously
      described, the relay P1 shorts out closing back contact 335 to sound an
      appropriate alarm. Upon the occurrence of a ground fault on the negative
      DC bus or second circuit section as previously described, the relay N1
      shorts out closing back contact 339 to sound another appropriate alarm. In
      the foregoing instances, the ground fault is monitored continuously, and
      an alarm sounds, even though such ground faults do not affect the status
      or operation of the system arranged according to the present invention.
PAR  Should any of the circuit sections G3 be inadvertently grounded, the relays
      P1, and N1, remain energized during normal operation of the system in the
      embodiment where the contacts of the pressure switches are normally open
      because of the resistors, such as 231 and 232, between the fault and the
      positive bus, and the relay windings such as REM(A) and REM(B) between the
      fault and the negative bus of the closed circuit. However, during testing
      of the system, and in the open pressure switch embodiment not only is such
      a ground fault alarmed, but it is also located with respect to the
      particular operational contingency circuit in which it occurs.
PAR  For example, referring to FIG. 6, assume that a ground fault exists at a
      point G4 in the third circuit section that includes the contingency
      detection relays TB(A) and TB(B). For testing of the portion of the trip
      circuit that includes TB(A), the contact 247 on the switch SA is opened.
      Then, as hereinafter described in connection with testing, the sensing
      switch K1 closes its contact 267, thereby connecting the second circuit
      section to the portion of the third circuit section under test, which
      causes the relay N1 to short out to provide the appropriate alarm. Upon
      the completion of the test, the contact 267 opens removing the alarm or
      ground fault indication. When the contingency that includes relay TB(B) is
      under test, the contact 248 of the switch SB is opened, which of course,
      removes a fault occurring at G4 from the circuit.
PAR  Referring further to FIG. 8, a control and indication panel 340, which may
      be located in the control room of the power plant, for example, is
      provided for indicating specific conditions of the emergency trip system
      and to control the testing of the system. In the present embodiment of the
      invention, the panel 340 is provided with lamps 341 and 342, which are
      illuminated during the testing of a particular portion of the system. The
      lamp 341 is illuminated during a test of that portion of the components
      which includes the sensing devices and contingency detection relays of
      FIG. 6 which bear the suffix (A) and trip solenoid valves AST1 and AST3.
      The lamp 342 is illuminated during the testing of that portion of the
      system which includes the sensing devices and contingency detection relays
      bearing the suffix (B) and trip solenoid valves AST2 and AST4. Upon the
      completion of the testing of a given function in the (A) portion of the
      system, lamp 343 is illuminated. Upon completion of the testing of a
      function in that portion of the system that includes components (B), lamp
      344 is illuminated. When the previously described vacuum trip inhibit
      relay VT1 is energized, such as during starting, for example, the lamp 284
      is illuminated. After the system has been tripped, or when a portion of
      the system has been subjected to a completed test, the system is reset by
      the operation of the latch pushbutton 275 (see FIG. 6) to energize the
      latch relay and the particular trip relay A1 and A2, and B1 and B2 as the
      case may be. In turn, the solenoid pilot valves AST1 and AST3, and AST2
      and AST4 are energized as the case may be. The latch pushbutton 275 is
      also operated to operate the vacuum trip inhibit feature as previously
      described. The reset pushbutton 282 for the vacuum trip inhibit is
      operated to render it inoperative. The operative condition of the vacuum
      trip inhibit is indicated to the operator by the lamp 284.
PAR  To initiate a test, test pushbutton 345 is operated after the particular
      operating contingency and its associated sensing devices and components
      has been selected by the appropriate selector switch SA or SB. The
      selector switches may be of any well known type of rotary or other type of
      selector switch having a plurality of contacts which are open and closed
      at certain manual settings. In addition to the function of the selector
      switches SA and SB described in connection with the description of the
      circuitry of FIG. 6, the selector switches also have other contacts which
      are selectively closed when normally operated to energize portions of the
      system which initiate the effect of simulating the malfunction or
      contingency which causes the turbine to trip.
PAR  In FIG. 8, which shows the second electrical stage of the test selector
      switches SA and SB are illustrated shown in their "off" position. In this
      position switch SA, a member 349 closes off contact 451 for switch SA, and
      member 350 closes off contact 352 for switch SB. In this position, the
      contingency simulation test components referred to by reference numeals
      353 through 359 and bearing the legend suffix (A), and those referred to
      by reference numerals 363 through 369 and bearing the legend suffix (B)
      are all in a deenergized position. In this condition, the contacts 243,
      238, 247, 253, 258 and 706 (FIG. 6) of the selector switch SA; and the
      contacts 233, 237, 248, 254, 257 and 707 (also FIG. 6) are all in a closed
      condition so tha the system can operate to trip the turbine upon the
      operation of the sensing devices as previously described in connection
      with FIGS. 6 and 7.
PAR  The specific arrangement of each portion of the system for operating the
      contingency sensing devices in response to the energization of its
      associated simulation device 353 through 359 inclusive or 363 through 369
      inclusive is described in connection with the description of system 18 of
      FIG. 2, and the description of FIG. 9 and FIG. 10 hereinafter. For an
      understanding of the circuitry of FIG. 8, with respect to the testing of
      the system by the operation of selector switches SA and SB, it is pointed
      out that in the illustrated embodiment for those operating contingencies
      having two sensing devices there is a contingency simulation arrangement
      for causing the operation of each respective sensing device, and for those
      operating contingencies having four sensing devices, for example there is
      a contingency simulation arrangement for each pair of sensing devices, as
      described hereinafter. For the overspeed operating contingencies having
      only one electrical sensing device, there is an associated simulation
      testing device for each of the contingency detection relays OS(A) and
      OS(B). Also, in accordance with the present embodiment of the invention
      during a test operation, only one contingency detection relay of each pair
      is deenergized. The other contingency detection relay of the pair remains
      responsive to the sensing device associated therewith to trip the turbine
      during a test should a trip contingency occur.
PAR  The selector switches SA and SB are of the type that are so interlocked
      that a test simulation device 353 through 359 inclusive bearing the suffix
      legend (A) cannot be energized if any one of the contingency simulation
      devices 363 through 369 inclusive and bearing the legend suffix (B) are
      energized, and vice versa. This is to prevent the operator from
      inadvertently operating simultaneously the selector switches SA and SB
      resulting in an unnecessary turbine trip. Specifically, when the contact
      471 of switch SA is closed, the simultation testing device REMT(A)
      referred to at 359 is energized from the alternating current source (A) by
      a circuit which extends from terminal 372 of the AC source, front contact
      373 of the trip switch ASP(B), closed contact 374 of the "test" pushbutton
      345, "off" contact 352 of switch SB, closed contact 471 of the switch SA,
      wire 376, the winding of relay 359, and terminal 373 of the voltage source
      (A). It should be noted in the present embodiment of the invention, that
      when the member 349 is in contact with 471 of the switch SA, the contact
      234 (FIG. 6) of the switch SA is open. When the member 349 is in
      electrical contact with 478, relay 358 is energized by a similar circuit.
      Also, stationary contacts 481, 482, 483, 484 and 485 are provided for
      energizing devices 357 through 353, respectively. The operation of the
      selection switch SB to a position such that member 350 is in contact with
      contact 381, the remote simulation testing device REMT(B) referred to at
      369 is energized by a circuit which extends from terminal 382 of the
      voltage source (B) and extends through front contact 383 of the pressure
      switch ASP(A), closed contact 384 of the "test" pushbutton 345, wire 385,
      "off" contact 451 of the switch SA, the wire 379, the contact 381 of
      switch SB, wire 386, and winding 369 of the device REMT(B) to terminal 387
      of the voltage source (B). The energizing of the remaining contingency
      simulation devices 368 through 363 is accomplished by a similar circuit
      which includes the movable contact member 350 being in electrical
      arrangement with contacts 388, 391, 392, 393, 394 or 395, respectively of
      the selector switch SB.
PAR  From the foregoing, it should be noted that none of the simulation devices
      bearing the legend suffix (A) can be energized from the alternating
      voltage source (A) if the portion of the trip system energized by power
      from source (B) is operated. Also, none of the contingency simulation
      devices bearing the legend suffix (B) are able to be energized from the AC
      voltage source (B) if the portion of the trip system energized from source
      (A) is operated. Thus, the possibility of an unnecessary trip is
      eliminated when one of the AC power sources or other component has failed,
      and the operator attempts to test the other portion of the system
      depending on AC power from source (B) or vice versa.
PAR  For each operating contingency or malfunction that should result in a
      turbine trip, there is a pair of contingency simulation devices for
      testing the system. For example, associated with the low hydraulic
      pressure contingency are normally closed solenoid valves LPT(A) and LPT(B)
      bearing reference numeral 353 and 363, respectively. For an emergency trip
      contingency caused by low bearing lubricating oil pressure, there are
      simulation devices that include solenoid valves LBOT(A) and LBOT(B)
      bearing reference numeral 354 and 364, respectively. For the condenser low
      vacuum contingency, there are provided simulation devices LVT(A) and
      LVT(B) bearing reference numeral 355 and 365, respectively. For an
      overspeed operating contingency, there are contingency simulation devices
      OST(A) and OST(B) bearing reference numeral 356 and 366, respectively. For
      the operating contingency involving thrust bearing wear in the direction
      of the generator, there are provided simulation devices TB(GEN)(A) and
      TB(GEN)(B) bearing reference numeral 357 and 367, respectively. For the
      contingency simulation corresponding to thrust bearing wear in the
      direction of the governor pedestal of the turbine, there is provided a
      contingency simulation device TB(GOV)(A) and TB(GOV)(B) bearing reference
      numeral 358 and 368, respectively. Finally, for a selected remote
      contingency, there are provided simulation devices REMT(A) and REMT(B)
      bearing the reference numeral 359 and 369, respectively.
PAR  Referring to FIG. 9, the system for sensing and simulating low bearing
      lubricating oil pressure of the turbine power plant is referred to
      generally at 13. The bearing oil pressure line referred to at 401 is in
      communication through a normally open maintenance valve 402 with a
      pipeline 403. The bearing oil is conducted from the pipeline 403 through a
      restrictive orifice 305 and 306 in parallel to be in communication with
      pressure sensitive devices LBOS(A1) and (A2), and LBOS(A3) and (A4). Upon
      a decrease in the bearing oil pressure in line 403, all four pressure
      sensors LBOS are influenced; and when such pressure decreases to a value
      wherein LBOS(A1) and (A3) and/or LBOS(A2) and (A4) are operated, the
      turbine trips as previously described. Pressure gauges 407 register the
      pressure to which the sensing devices LBOS(A1) and (A3) are subjected and
      gauge 408 registers the bearing oil pressure to which LBOS(A2) and (A4)
      are subjected. The bearing oil pressure in communication with LBOS(A1) and
      (A3) can be released by energizing the normally closed solenoid valve
      LBOT(A)(354) and releasing the oil to a drain 411. The oil pressure in
      communication with the sensing device LBOS(A2) and (A4) is released by
      opening the normally closed solenoid valve LBOT(B)(364) and conducting the
      oil to drain 411. The restrictive orifices 405 and 406 are of such a size
      that the bearing oil pressure in the line 403 will decrease
      insignificantly when the pressure is released between such restrictive
      orifice and the drain 411. The normally closed locally operated valves 412
      and 413 can be used to gradually release the oil pressure to which its
      respective sensing device is subjected to determine the exact pressure at
      which such devices will operate. Thus, under normal conditions, should the
      bearing oil pressure become dangerously low, the contingency responsive
      devices LBOS(A1), (A2), (A3), and (A4) will operate to trip the turbine.
PAR  To test the low bearing oil trip function the simulating device LBOT(A) is
      energized to open the solenoid valve 354 which serves to release the
      pressure without restriction from the sensing devices LBOS(A1) and (A3)
      without affecting the sensing devices LBOS(A2) and (A4) or the pressure in
      the line 403. Similarly, the solenoid valve simulation sensing device
      LBOT(B) can be energized to test the response of the trip system to the
      sensing devices LBOS(A2) and (A4). Should two of the sensing devices
      LBOS(A1) and (A3), or LBOS(A2) and (A4) be under test, one of the other
      pair of sensing devices is still capable of responding to an actual
      decrease in the pressure line 403 to trip the turbine.
PAR  Referring to FIG. 10, the low vacuum contingency detection portion of the
      trip system is referred at 16. Pipeline 421 is in communication through
      maintenance valve 422 with the vacuum in the condenser 28. The pipeline
      421 in communication with the contingency sensing devices LVS(A) and
      LVS(B) through orifices 423 and 424 which operate to trip the system when
      the vacuum is insufficient. The pressure switch LVS(A) operates on
      increasing condenser pressure at approximately 4 psia. The pressure switch
      LVS(B) has two stages. Stage one operates on increasing condenser pressure
      at approximately 4 psia and operates on decreasing condenser pressure at
      approximately 3 psia. The sensing device LVH which is in communication
      with the condenser vacuum through orifice 425 and the pipeline 421
      operates on increasing pressure at approximately 17 psia. The gauges 426
      and 427 indicate the vacuum to which the sensing devices LVS(A) and LVS(B)
      respectively, are subjected. Upon the operation of the contingency
      simulation device LVT(A) referred to at 355, a vent 428 is open which
      operates the sensing device LVS(A). Upon the energizing of the contingency
      simulating device LVT(B) referred to at 365, the vent 428 is opened to
      operate the sensing device LVS(B). The high pressure sensing device LVH
      which operates on increasing pressure at approximately 17 psia, requires
      the introduction of air in order to test the switch above atmospheric
      pressure. Thus, a valve 431 can be opened manually to introduce air
      pressure above atmospheric in communication with the sensing device LVH to
      test its operation. In the illustrated embodiment, the valve 431 is shown
      as a locally operated valve without remote testing capability because such
      a sensing device is utilized only in the vacuum trip inhibit circuit
      previously described. However, such sensing device can be included for
      remote testing if required. Locally operated valves 432 and 433 are
      utilized to calibrate the pressure switches LVS(A) and LVS(B),
      respectively.
PAR  Referring to FIG. 2, the low hydraulic pressure sensing and simulation
      arrangement is referred to at 18. This hydraulic arrangement is similar to
      the hydraulic arrangement described in connection with the low bearing oil
      pressure of FIG. 9. The sensing devices LPS(A) and LPS(B) are operated in
      response to a predetermined reduction in the high pressure hydraulic fluid
      for maintaining the steam inlet valves in an operative condition.
      Energizing the simulation devices for solenoid valves LPT(A) and LPT(B)
      release the pressure to which the sensing devices LPS(A) and LPS(B),
      respectively are subjected. Pressure gauges 460 and 461 indicate the
      pressure in communication with the sensing devices. Valves 462 and 463 may
      be used to determine the exact point at which the sensing devices close or
      open their respective contacts. The restrictive orifices 464 and 465
      prevent a significant decrease of the high pressure hydraulic supply
      pressure in line 51 during testing.
PAR  When it is desired to test the overspeed contingency, the selector switch
      SA or SB (FIG. 8) is operated to the required position which energizes
      relay OST(A) or OST(B) as the case may be. In response to the picking up
      of either relay OST(A) or OST(B) relay OS(X) is energized which opens its
      back contact to disconnect the actual turbine speed pickup and closes its
      front contact 336 transferring the simulated turbine speed measurement
      from oscillating device 337. This device 357 is constructed to simulate an
      overspeed condition which is applied to an operational amplifier 337A and
      compared with a trip turbine speed reference by comparator 339A to close
      the switch 271. The remainder of the operation is similar to the testing
      of the previously described contingencies.
PAR  The thrust bearing wear contingency is accomplished by physically moving a
      conventional wear-sensing device (not shown) in response to either the
      energization of relay 358 or 367 depending on the portion of the system
      under test; and the remainder of the system operates as previously
      described. The arrangement of the thrust bearing wear sensor does not form
      part of the present invention.
PAC  DESCRIPTION OF OPERATION
PAR  When the system is not being tested and the turbine is operating, the
      selector switches SA and SB are in their "off" position (see FIGS. 6 and
      8); and the indicating lamps indicating "testing" and "tripped" are not
      illuminated. Assuming the turbine power plant is subjected to low bearing
      oil pressure for example, the sensing devices LBOS(A1), (A2), (A3) and
      (A4), oepn their respective contacts 263A1 and 263A2, 263A3, 263A4. (FIG.
      7) In response to the opening of these contacts, respective relays LBOX
      are deenergized, which deenergizes the detection relays LBO(A) and LBO(B)
      as previously described. This results in the opening of the contacts 217
      and 226 of the relays LBO(A) and LBO(B), respectively. Upon the opening of
      the contacts 217 and 226, the alternating current voltage circuit for the
      normally energized trip relays A1 and A2 is opened; and the energizing
      circuit for the trip relays B1 and B2 is opened. In response to the
      deenergizing of the trip relays, the front contacts 203, and 204 of the
      trip relays A1, A2, and the front contacts 210 and 212 of the trip relays
      B1, B2 open, which deenergize the pilot operated solenoid valves AST1,
      AST3, AST2, and AST4. In response to the deenergizing of the solenoids of
      the valves AST, the pilot fluid pressure is conducted to the drain 42
      causing the main portions 65, 66, 67 and 68 of the pilot operated valves
      AST1 through AST4, respectively, to open. The opening of the main portions
      of these valves in turn drains the pressure for rendering the steam inlet
      valves operative to the drain 42 through paths which can include either
      the open valves AST1 and AST2 or AST1 and AST4; or AST3 and AST4, or AST3
      and AST2. The decrease of the hydraulic pressure in the line 76 results in
      immediate decrease in the trip pressure to which the steam inlet valves
      are subjected by permitting the oil to flow through the respective check
      valves 71, 73 and 81, 74 of the governor valves GV1-GV8 and interceptor
      valving IV; and to drain through the respective check valves 82 and 83 of
      the throttle valves TV1-TV4, and the solenoid valving SV. This causes the
      steam inlet valves to rapidly close thereby shutting off all steam to the
      turbine.
PAR  Once the low bearing oil pressure has increased to a value permitting the
      contacts of the sensing devices LBOS(A1), (A2), (A3) and (A4) to close,
      the respective relays LBOX(A1), (A2), (A3), and (A4) pick up, closing
      their respective front contacts 701, 702, 703, and 704. This invention
      energizes the detection relays LBO(A) and LBO(B) to close their contacts
      217 and 226. However, the trip relays A1, A2 and B1, B2 will not
      reenergize until the pushbutton 275 of the latch relay is operated because
      of the front contacts 22, 22A and 229, 229A in the energizing circuit of
      the trip relays. The closing of front contact 470 of the latch relay
      causes the trip relays A1, A2 to be energized if the bearing oil pressure
      is of the proper value. Similarly, the closing of front contact 471 of the
      latch relay permits the trip relays B1, B2 to be reenergized. The
      energizing of the trip relays in turn reenergize the pilot operated
      solenoid valves AST1 through AST4 which permits the pilot pressure (see
      FIG. 2) to build up in lines 87 and 95, which in turn closes the main
      portion 65 through 68 of the pilot operated valves AST1- AST4. This in
      turn permits the high pressure hydraulic fluid to increase again rendering
      the steam inlet valves operative to an open condition under control of the
      turbine control system.
PAR  Should one of the sensing devices LBOS fail to operate upon predetermined
      decrease in bearing oil pressure, both of the detection relays LBO(A) and
      LBO(B) are still deenergized to deenergize both of the trip relays 204 and
      212 as described in connection with FIG. 6 to deenergize the valves AST1
      through AST4.
PAR  In addition to providing a high degree of safety in tripping the turbine
      upon the occurrence of a predetermined malfunction or operating
      contingency, it is also important that the emergency trip system is not
      inadvertently tripped upon the failure of components or portions of the
      system; and in the event of a component failure that the system is still
      in a condition to trip the turbine should a predetermined contingency
      occur. For example, if one of the independent alternating current voltage
      sources (A) or (B) become nonexistent, the direct current source is still
      intact to maintain the contingency detection relays (see FIG. 6) energized
      and responsive to their associated sensing devices. However, the failure
      of the voltage source (A) for example, would result in the deenergizing of
      trip relays A1, A2 resulting in the opening of the pilot valves AST1 and
      AST3. The opening of these pilot valves does not cause the trip pressure
      to which the steam inlet valves are subjected, to decrease, because the
      hydraulic fluid is still blocked from draining by the valves AST2 and
      AST4. Should a predetermined trip contingency occur, however, the
      remaining sensing devices could deenergize its respective detection relay
      to effect the opening of the pilot valves AST2 and AST4 to shut off the
      steam to the turbine. With respect to the sensing switches LBOS in the
      embodiment of FIG. 7, an inadvertent opening of one of the switches LBOS
      does not result in a turbine trip; nor does an inadvertent opening of both
      switches LBOS(A1) and (A3) or (A2) and (A4) cause a turbine trip.
PAC  TESTING OPERATION
PAR  In testing the system, first, either the selector switch SA or SB is moved
      to the position corresponding to the contingency to be tested. For
      example, assume that the response of the system to low bearing oil
      pressure is to be tested, the operation of the system and the switch SA,
      for example is operated so that its contact 484 is closed (see FIG. 8).
      Then the test pushbutton 345 is operated to close its contact 374. Upon
      the operation of the test pushbutton, the solenoid valve LBOT(A) referred
      to at 354 is opened, provided that the other portion of the system
      associated with the switch SB is not tripped. In response to the opening
      of solenoid valve LBOT(A) (see FIG. 9) the lubricating oil pressure is
      released in that portion of the line in communication with the pressure
      switches LBOS(A1) and LBOS(A3). This does not affect the normal bearing
      oil pressure in the line 403 because of the restrictive orifice 405. When
      the bearing oil pressure in communication with the sensing devices
      LBOS(A1), (A3) reaches a predetermined low value, their contacts 263A1 and
      A3 (see FIG. 7) open to deenergize its associated relay LBOX(A1) and
      LBOX(A3) which in turn, through the opening of contacts 701 and 703
      deenergizes its associated detection relay LBO(A) as described in
      connection with FIG. 7.  The position of the switch SA to the test
      position opens contact 706 and prevents the detection relay LBO(B) from
      becoming deenergized to trip the turbine. The opening of the selector
      switch contacts in the stage of FIG. 6 upon the selection of particular
      contingencies for test changes the normal energizing circuit for the
      respective detection relays as previously discussed.  For example, when
      testing the low hydraulic pressure of the A portion of the system, the
      contact 238 of switch SA is opened which prevents the detection relay
      LP(B) from becoming deenergized in response to the operation of the
      sensing device LPS(A). However, this testing does not render the detection
      relay LP(B) unresponsive to the closing of the contact 262 of the sensing
      device LPS(B) because the operation of the test switch divides the
      detection relays LP(A) and LP(B) into two independent circuits. Similarly,
      the testing of the portion of the system under control of the selector
      switch SB divides the trip circuit for each of the contingencies
      selectively in the same manner as the test selector switch SA.
PAR  The trip relays (A1) and (A2) are deenergized which open the circuit to
      deenergize the solenoids 106 and 209 of the pilot valve portions of the
      valves AST1 and AST3 as previously described. The deenergizing of the
      solenoids release the pressure in the pilot pressure line 87 which, causes
      the sensing switch ASP(A) to be operated to energize a circuit to
      illuminate the lamp bearing a legend "tripped" on the indication panel.
      The orifice 85 (FIG. 2) prevents the pressure in the line 84 from dropping
      significantly from its normal hydraulic pressure which in turn prevents
      the pressure in line 51 from decreasing below a predetermined value
      sufficient to otherwise cause the rapid closing of the steam inlet valves.
      In response to the opening of the pilot valve portions 101 and 103 of the
      valves AST1 and AST3, pressure is released in line 87 to permit the
      opening of the main portions 65 and 67. The pressure in line 76 is
      prevented from decreasing however by the closed condition of the valves
      AST2 and AST4.
PAR  Once the test for the low bearing oil pressure, in the example described is
      completed, the "test" pushbutton is released by the operator. Upon release
      of the "test" pushbutton, the solenoid valve LBOT(A) is deenergized to
      close. Upon the closing of valve LBOT(A), pressure builds up in the line
      (see FIG. 9) in communication with the pressure switch LBOS(A1) and
      LBOS(A3) to close their respective contacts 263(A1) and 263(A3), this
      closes the energizing circuit LBOX(A1) and (A3), which in turn energizes
      the detection relay LBO(A). Then the latch button 275 is operated which
      energizes the trip relays A1 and A2 and in turn the solenoid valves AST1
      and AST3, as previously described, to put the system in a normal condition
      when the pressure in the pilot lines 86 and 87 (FIG. 2) reaches a normal
      value caused by the closing of pilot portions 101 and 106, the lamp 343
      marked "tripped" goes out, the main portions of the valves AST1 and AST3
      close and the system is ready for the testing of another contingency; or
      the testing of the other sensing device or devices and the system response
      thereto for the same contingency.
PAR  From the foregoing description of the operation of the system, together
      with the drawings, the testing and operation of the system for the other
      contingencies will become apparent.
PAR  In brief summary, an improved electrohydraulic emergency trip system for a
      steam turbine power plant is provided that utilizes two independent AC
      power sources, and a DC power source converted from both AC sources by an
      arrangement that requires both AC sources to fail in order for the system
      to cause an unnecessary turbine trip. Also, the system is operative to
      respond to a valid turbine even though one of the AC power sources is
      nonexistent. Further, contingency sensing devices are provided wherein and
      so arranged that failure of a single sensing device will not prevent a
      turbine trip, and in the preferred a single failure will not cause an
      unwarranted turbine trip.
PAR  Also, a single failure in the hydraulic portion of the system will not
      cause or prevent a turbine trip.
PAR  The emergency trip system of the type described, thus includes provision
      for remote testing of the operation of each sensing device individually
      and the response of the system to its operation by simulating the actual
      conditions which would cause the system to trip the turbine. This testing
      is accomplished without tripping the turbine; and during such tests, the
      sustem is operative to trip the turbine even though the contingency
      causing the valid trip is the identical contingency under test.
PAR  Further, the improved electrohydraulic system is particularly adaptable to
      automatic testing by computer for example wherein the computer can monitor
      both the switches ASP(A) and ASP(B) (see FIG. 2), to insure that both the
      pilot lines to valves AST1 and AST3 and valves AST2 and AST4 are
      pressurized. A signal can then be given to place the trip system in test
      mode. The computer can then by a signal select each of the contingencies
      to be tested by energizing each of the simulation devices (see FIG. 8) in
      sequence. When the pressure switch ASP(A) senses low pressure, a signal
      can be given to the computer which informs the computer that such test is
      successful. A signal can then be given to remove the effectiveness of the
      simulation device, such as closing the solenoid valve simulation device to
      permit a contingency to be removed, such as low oil pressure for example,
      and a signal can be given to either close the valves AST1 and AST3 or to
      operate the latch. Once the pressure has built up in the pilot line for
      the valves AST1 and AST3, the pressure switch can give a signal to the
      computer that the system is ready for the next selection. Such a remote
      testing operation in no way will prevent the system from responding to a
      real contingency to cause a valid trip.
PAR  While preferred embodiments of the invention have been described in detail,
      many changes and modifications within the spirit of the invention would
      occur to those skilled in the art. For example, the sensing circuitry
      described in connection with FIG. 7 for the low bearing oil pressure
      contingency can be used for other contingencies of the system, such as low
      hydraulic, or low vacuum, for example. All such modifications are
      considered to fall within the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electro-hydraulic emergency trip system for a turbine power plant to
      close rapidly the steam inlet valves to the turbine in response to a
      predetermined contingency, comprising:
PA1  a plurality of steam inlet valves,
PA1  an operating mechanism for each steam inlet valve operative to close its
      associated valve in response to a predetermined decrease of fluid pressure
      in communication with such operating mechanism,
PA1  a source of fluid under pressure,
PA1  a first hydraulic means including a drain connecting operatively the source
      of fluid under pressure to the operating mechanism of each steam inlet
      valve to pressurize each operating mechanism sufficiently to render the
      steam inlet valves controllable to an open position at times when the
      drain is blocked,
PA1  first and second trip valve means each having a main portion and a pilot
      portion, said main portion having a movable member to block the flow of
      fluid through the valve at times when the main member is subjected at one
      side to a predetermined fluid pressure, said pilot portion having a
      movable pilot member electrically operable to one condition to decrease
      the fluid pressure at said one side of the movable main member to render
      such decrease effective to open the valve and electrically operable to
      another condition to maintain the predetermined fluid pressure,
PA1  second hydraulic means interconnecting the main portions of the first and
      second trip valve means to the first hydraulic means in parallel
      relationship to block the drain of the first hydraulic means at times only
      when the movable main members of both the first and second trip valve
      means is subjected to the predetermined fluid pressure, third hydraulic
      means interconnecting the one side of the main movable members of both
      first and second trip valve means to the pilot movable members of both the
      first and second trip valve means between the source of fluid under
      pressure and the drain to decrease the pressure against the one side of
      the main movable member of both trip valve means in response to the
      operation of the pilot movable member of either the first or second trip
      valve means,
PA1  and circuit means including a voltage source responsive to the occurrence
      of a predetermined contingency to operate the electrically movable pilot
      members of both the first and second valve means to their one condition,
PA1  whereby the emergency trip system operates to close the steam inlet valves
      in response to the operation of the main portion of either the first or
      second trip valve means and said either main portion operates to open its
      associated trip valve means in response to the electrical operation of the
      pilot movable members of either the first and second trip valve means.
NUM  2.
PAR  2. A system according to claim 1 further comprising:
PA1  an overspeed contingency sensing means including a valve means mechanically
      operable to an open position in response to mechanical detection of a
      predetermined turbine overspeed, and
PA1  a fourth hydraulic means connecting said last named valve means at one side
      to the first hydraulic means between the fluid pressure source and the
      first and second trip valve means in communication with the steam inlet
      valve operating mechanisms and connecting the other side of the last named
      valve means to a drain, whereby a predetermined overspeed contingency
      decreases the pressure to the steam inlet valves by way of the first
      hydraulic means independent of the first and second trip valve means.
NUM  3.
PAR  3. A system according to claim 1, further comprising an overspeed
      contingency sensing means including a valve means mechanically operable to
      an open position in response to the mechanical detection of turbine
      overspeed, and
PA1  a fourth hydraulic means connecting said last named valve means at one side
      to the third hydraulic means between the fluid pressure source and the one
      side of the main movable members of the first and second trip valve means
      and connecting the other side to drain, whereby a predetermined overspeed
      contingency decreases the pressure against the one side of the main
      movable members of the first and second trip valve means to open the trip
      valve means to decrease the fluid pressure in the first hydraulic means.
NUM  4.
PAR  4. A system according to claim 1, further comprising an overspeed
      contingency sensing means including a valve means mechanically operable to
      an open position in response to the mechanical detection of a
      predetermined overspeed,
PA1  a second source of fluid under pressure,
PA1  an hydraulically operable valve means connected to the second source of
      fluid pressure operative to open in response to a predetermined decrease
      in the pressure from the second source,
PA1  a fourth hydraulic means interconnecting the hydraulic valve means to the
      second source of fluid pressure and to one side of the valve means of the
      overspeed contingency sensing means and the other side to drain,
PA1  a fifth hydraulic means connecting the hydraulic valve means at one side to
      the third hydraulic means and the other side to drain, whereby the opening
      of the hydraulic valve means decreases the pressure from the first fluid
      pressure source against the one side of the main movable members of both
      the first and second trip valve means to open the trip valves to decrease
      the fluid pressure a predetermined amount in the first hydraulic means.
NUM  5.
PAR  5. A system according to claim 1, further comprising an overspeed
      contingency sensing means including a valve means mechanically operable to
      an open position in response to the mechanical detection of a
      predetermined overspeed
PA1  a second source of fluid under pressure,
PA1  an hydraulically operable valve means connected to the second source of
      fluid pressure operative to open in response to a predetermined decrease
      in the pressure from the second source,
PA1  a fourth hydraulic means connecting the valve means of the overspeed
      contingency means at one side between the second pressure source and
      drain, and
PA1  a fifth hydraulic means connecting the hydraulic valve means at one side to
      the first hydraulic means and drain, whereby the pressure in the first
      hydraulic means is drecreased the predetermined amount in response to a
      predetermined overspeed independent of the first and second trip valve
      means.
NUM  6.
PAR  6. An electro-hydraulic emergency trip system for a turbine power plant to
      close rapidly the steam inlet valves to the turbine in response to a
      predetermined contingency, comprising:
PA1  a plurality of steam inlet valves,
PA1  an operating mechanism for each steam inlet valve operative to close its
      associated valve in response to a predetermined decrease of fluid pressure
      in communication with such operating mechanism,
PA1  a source of fluid under pressure,
PA1  a first hydraulic portion including a drain connecting operatively the
      source of fluid under pressure to the operating mechanism of each steam
      inlet valve to pressurize each operating mechanism sufficiently to render
      the steam inlet valves controllable to an open position at times when the
      drain is blocked,
PA1  first and second trip valve means, each including at least one trip valve,
PA1  third and fourth trip valve means, each including at least one trip valve,
      each said trip valve having a main portion and a pilot portion, said main
      portion having a movable member to block the flow of fluid through the
      valve at times when the main member is subjected at one side to a
      predetermined fluid pressure, said pilot portion having a movable pilot
      member electrically operable to one condition to decrease the fluid
      pressure at said one side of the movable main member to render such
      decrease effective to open the valve and electrically operable to another
      condition to maintain the predetermined fluid pressure,
PA1  a second hydraulic portion interconnecting the main portions of the first
      and third trip valve means to the first hydraulic portion in series
      relationship to block the drain of the first hydraulic portion at times
      when the movable main members of both the first and third trip valve means
      is subjected to the predetermined fluid pressure,
PA1  a third hydraulic portion interconnecting the main portions of the second
      and fourth trip valve means to the first hydraulic portion in series
      relationship to block the drain of the first hydraulic portion at times
      when the movable main members of both the second and fourth trip valve
      means is subjected to the predetermined fluid pressure,
PA1  fourth hydraulic portion interconnecting the one side of the main movable
      members of both first and third trip valve means to the pilot movable
      members of both the first and third trip valve means between the source of
      fluid under pressure and the drain to decrease the pressure against the
      one side of the main movable member of both first and third trip valve
      means in response to the operation of the pilot movable member of either
      the first or third trip valve means,
PA1  a fifth hydraulic portion interconnecting the one side of the main movable
      members of both the second and fourth trip valve means to the pilot
      movable members of both second and fourth trip valve means between the
      source of fluid under pressure and the drain to decrease the pressure
      against the one side of the main movable member of both second and fourth
      trip valve means in response to the operation of the pilot movable member
      of either the second or fourth trip valve means,
PA1  and circuit means including a voltage source responsive to the occurrence
      of a predetermined contingency to operate the electrically movable pilot
      members of said trip valve means to their one condition,
PA1  whereby the emergency trip system operates to close the steam inlet valves
      in response to the operation of the main portion of both the first and
      third trip valve means or the main portion of both the second and fourth
      trip valve means and said main portion of the first and third trip valve
      means operates to open its associated trip valve means in response to the
      electrical operation of the pilot movable members of either the first or
      third trip valve means, and said main portion of the second and fourth
      trip valve means operaties to open its associated trip valve means in
      response to the electrical operation of the pilot movable members of
      either the second or fourth trip valve means.
NUM  7.
PAR  7. A system according to claim 6 further comprising:
PA1  an overspeed contingency sensing means including a valve means mechanically
      operable to an open position in response to mechanical detection of a
      predetermined turbine overspeed, and
PA1  a sixth hydraulic portion connecting said last named valve means at one
      side to the first hydraulic portion between the fluid pressure source and
      the first and second trip valve means in communication with the steam
      inlet valve operating mechanisms and connecting the other side of the last
      named valve means to a drain, whereby a predetermined overspeed
      contingency decreases the pressure to the steam inlet valves by way of the
      first hydraulic portion independent of the said trip valve means.
NUM  8.
PAR  8. A system according to claim 6 further comprising: an overspeed
      contingency sensing means including a valve means mechanically operable to
      an open position in response to the mechanical detection of turbine
      overspeed, and
PA1  a sixth hydraulic portion connecting said last named valve means at one
      side to the fourth and fifth hydraulic portion between the fluid pressure
      source and the one side of the main movable members of the trip valve
      means and connecting the other side to drain, whereby a predetermined
      overspeed contingency decreases the pressure against the one side of the
      main movable members of the trip valve means to open the trip valve means
      to decrease the fluid pressure in the first hydraulic portion.
NUM  9.
PAR  9. A system according to claim 6, further comprising an overspeed
      contingency sensing means including a valve means mechanically operable to
      an open position in response to the mechanical detection of a
      predetermined overspeed,
PA1  a second source of fluid under pressure,
PA1  an hydraulically operable valve means connected to the second source of
      fluid pressure operative to open in response to a predetermined decrease
      in the pressure from the second source,
PA1  a sixth hydraulic portion interconnecting the hydraulic valve means to the
      second source of fluid pressure and to one side of the valve means of the
      overspeed contingency sensing means and the other side to drain,
PA1  a seventh hydraulic portion connecting the hydraulic valve means at one
      side to the fourth and fifth hydraulic portions and the other side to
      drain, whereby the opening of the hydraulic valve means decreases the
      pressure from the first fluid pressure source against the one side of the
      main movable members of said trip valve means to open the trip valves to
      decrease the fluid pressure a predetermined amount in the first hydraulic
      portion.
NUM  10.
PAR  10. A system according to claim 6, further comprising an overspeed
      contingency sensing means including a valve means mechanically operable to
      an open position in response to the mechanical detection of a
      predetermined overspeed of the turbine,
PA1  a second source of fluid under pressure,
PA1  an hydraulically operable valve means connected to the second source of
      fluid pressure operative to open in response to a predetermined decrease
      in the pressure from the second source,
PA1  a sixth hydraulic portion connecting the valve means of the overspeed
      contingency means at one side between the second pressure source and
      drain, and
PA1  a seventh hydraulic portion connecting the hydraulic valve means at one
      side to the first hydraulic means and drain, whereby the pressure in the
      first hydraulic means is decreased the predetermined amount in response to
      a predetermined overspeed independent of the trip valve means.
NUM  11.
PAR  11. A system according to claim 6, further comprising a sixth hydraulic
      portion interconnecting the second and third hydraulic portions at a point
      between the first and second trip valve means and a point between the
      second and third trip valve means, whereby the fluid pressure in the first
      hydraulic portion is decreased to close the steam inlet valves in response
      to the operation of one of the first and third trip valve means and one of
      the second and fourth trip valve means.
NUM  12.
PAR  12. A system according to claim 10 wherein the circuit means includes a
      first independent voltage source for the first and third trip valve means
      and a second independent voltage source for the second and fourth trip
      valve means, whereby the failure of the first or second voltage source
      operates the pilot portion of only its respective trip valve means to the
      one condition and not decrease the pressure of the fluid in the first
      hydraulic portion.
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PAL  This specification discloses a method of providing an ice structure at a
      desired offshore, frigid location. The structure is constructed at a first
      offshore location by accumulating ice on a base of naturally occurring
      ice. The existing extreme temperature is utilized to quickly freeze water
      sprayed or flooded on the base to form the accumulating ice. The base
      sinks under the weight of the accumulated ice to form the structure having
      a desired thickness. A cavity is then formed, preferably by melting, in
      the interior of the structure to provide the structure with sufficient
      buoyancy to float the structure and allow it to be towed to its desired
      location. There the cavity is filled with a material dense enough to again
      cause the structure to sink and become grounded at said desired location.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of providing a structure made primarily
      of ice at a desired location and more particularly relates to a method of
      transporting an offshore ice structure from a first frigid area where it
      is constructed to another frigid area where said structure is to be used.
PAR  In producing hydrocarbons from hostile, frigid environments, e.g., Arctic
      shelf, many problems are encountered which are not normally present in
      other offshore areas. These problems arise from the ever-changing ice
      conditions in these areas. For example, in winter "fast ice" may attach
      itself to shore and extend outward as much as 50 miles in places. Such ice
      could serve as a temporary, stable platform for drilling or other
      operations but, unfortunately, this ice breaks up during the thawing
      period and "shore-leads" of open water develop through the ice. While the
      leads are open, floating drilling operations might be carried out but the
      risk is great since pack ice frequently moves shoreward under the
      influence of winds and currents. When this happens, the pack ice can
      completely close the shore-leads, thereby damaging any equipment within
      the leads. Further, this pack ice, which may range up to ten feet or more
      in thickness, can exert massive force which may be too great to be
      resisted by any practical drilling/production fixed platform of the
      conventional type. Therefore, to operate successfully in these areas, any
      drilling/production structure must be capable of withstanding or avoiding
      the force of the moving pack ice.
PAR  One structure which can successfully resist such forces is an island which
      extends upward from an anchored position on the marine bottom to a
      distance above the waterline. Ideally, this island would be a naturally
      occurring one but unfortunately such islands are not normally present in
      this area or are located in the wrong places to serve a particular field.
      It follows that in most instances if an island is to be used, it must be
      of some other form.
PAR  At least three alternate forms of such islands have been proposed: (1)
      artificial islands built of earth materials and the like; (2) natural ice
      islands; and (3) artificial ice islands. As to artificial earth islands,
      the severe shortage or difficulty of obtaining the required materials in
      the Arctic areas makes their use impractical in most of these areas. The
      use of natural ice islands in these areas has been investigated as
      reported in OIL AND GAS JOURNAL, July 28, 1969, pp. 118-119, but these
      attempts were abandoned due to severe cracking of the islands. A further
      difficulty is that natural ice islands are unlikely to be present at the
      desired location and time. This leaves artificial ice islands to which the
      present invention relates.
PAR  In U.S. Pat. No. 3,750,412, issued Aug. 7, 1973, there is fully described a
      method of constructing an artificial ice island by utilizing the naturally
      occurring freezing temperatures found in certain frigid areas. An ice floe
      or a portion of fast ice is selected as a base on which ice is accumulated
      by freezing water which is sprayed or flooded onto said base. The base
      under the added weight of the accumulated ice will begin to sink toward
      the marine bottom. Accumulation of ice is continued until the structure
      attains a desired thickness.
PAR  The areas having the extreme temperatures necessary for the rapid freezing
      of water to form such structures, however, are not always the same areas
      as those where said structures are ultimately to be used. Furthermore, in
      some areas where such structures are to be used, movement of pack ice is
      such that it is virtually impossible to anchor an ice floe or the like
      over an exact location and maintain that position while an island is being
      constructed. Therefore, for use of such structures to be practical, there
      is a need for a method of constructing an ice structure in an area best
      suited for this purpose and then economically transporting it to the
      location where it is to be used.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method whereby an ice structure may be
      transported from one offshore area to another.
PAR  An artificial ice island is first constructed in a frigid offshore area
      where the temperature is such to allow the rapid freezing of water to
      accumulate ice at a practical rate necessary to form said island. For
      actual techniques that may be used to form such an island, see U.S. Pat.
      No. 3,750,412, issued Aug. 7, 1973. In accordance with the present
      invention, once the island is formed, an internal cavity is provided
      therein, preferably by melting a portion of the ice forming the island.
      This melting can be accomplished by circulation of a hot fluid or can be
      done in situ by supplying fuel and air to the interior of the island and
      igniting same. As the cavity increases and the resulting water is removed,
      the remaining island shell becomes buoyant and will begin to float. When
      the proper buoyancy is attained, the melting is ceased and the island
      shell can then be towed to its desired location. If the island is formed
      from fast ice, it may be necessary to wait for the thawing season so that
      the remaining fast ice is broken up before the island is transported.
      Also, protection from marginal melting should be provided during the time
      the island is being towed.
PAR  Once the island reaches its destination, the internal cavity is filled to
      overcome the buoyancy of the island shell and the ice island is grounded
      in position, ready for use. A wide range of materials having a proper
      density can be used to fill the cavity. For example, sand, gravel, or
      other dredged materials can be used or water or crushed ice can be
      supplied to the cavity and frozen into a solid mass by refrigeration
      equipment.
PAR  The above mentioned and other advantages of the invention will be more
      readily appreciated as the invention becomes better understood by
      reference to the following detailed description when considered in
      connection with the accompanying drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of an ice island utilizing a first technique for
      forming an internal cavity therein;
PAR  FIG. 2 is a sectional view of an ice island utilizing a second technique
      for forming an internal cavity therein; and
PAR  FIG. 3 is a perspective view of a vessel towing an ice island to a desired
      location.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In constructing an ice island, a base having the desired surface area,
      e.g., about one acre or greater, is first selected. This base may be a
      relatively flat sheet of ice, such as an ice floe, or may be a larger ice
      mass, such as an iceberg, or it may be a portion of fast ice attached to
      the shore. The base is hopefully captured in the immediate region where
      the island is to be constructed but if it is normally floating ice, it can
      be towed by a tug or the like to the desired construction location. The
      base is anchored at the construction location and construction of the
      island is commenced.
PAR  The construction location is in an area having extremely low temperatures
      which are necessary for the rapid freezing of water as it is sprayed or
      flooded on the base. The ice formed will accumulate on the base and the
      weight thereof will cause the base and accumulated ice to sink.
      Accumulation of ice is continued until the island attains a desired
      thickness. For a more detailed description of the actual construction of
      ice islands including spraying and flooding techniques along with
      reinforcing and protection steps for said islands, reference is again made
      to U.S. Pat. No. 3,750,412, issued Aug. 7, 1973.
PAR  Once an island has been formed and it is not to be used at the position
      where is was constructed, an internal portion of the ice is removed,
      preferably by melting. As a cavity is formed within the island, the
      remaining ice shell will attain sufficient buoyance to cause the shell to
      float on the surface. Lines can then be attached to the ice shell so that
      it may be towed to a location where it is to be used. When said location
      is reached, the buoyant cavity in the island shell can be filled with a
      dense material (e.g., sand, or other material dredged from the marine
      bottom) or it can be filled with crushed ice and/or water which is then
      frozen by refrigeration equipment. By filling the cavity, buoyancy of the
      shell will be overcome and the island will sink to become grounded at the
      desired location.
PAR  The method of the present invention will now be further described by
      referring to the drawings. In FIG. 1, ice island 10 has been constructed
      in an Arctic area having the temperatures required for the rapid freezing
      of water when water is flooded or sprayed onto a selected ice base. Once
      again, the actual construction of island 10 including reinforcement
      techniques and means for protecting said island during thawing periods is
      fully described in U.S. Pat. NO. 3,750,412. Island 10 has achieved the
      desired thickness T, this thickness being that which is required for
      island 10 to extend from the marine bottom to a point above the waterline
      when the island is grounded in the area where the island is ultimately to
      be used.
PAR  A hole 11 is drilled or otherwise provided in island 10 and casing 12 is
      positioned therein. The interior of casing 12 is connected to boiler or
      heater 13 which supplies steam or other hot fluid to casing 12. Suction
      pipe 14 is slidably positioned within casing 12 and is connected to a
      suction pump 15.
PAR  After casing 12 is in position, hot fluid is supplied to the interior
      thereof and flows down into contact with the ice at the lower end of
      casing 12. As the hot fluid melts the ice, suction pipe 14 which is heated
      in part by the incoming hot fluid, picks up the resulting water and expels
      it off island 10 through pump 15 and outlet 16. Suction pipe 14 is
      slidable within casing 12 so that the inlet of pipe 14 can be maintained
      near the bottom of ever-expanding cavity 17 in order to remove the water
      before it has a chance to refreeze. Also, the exposed portions of pipe 14
      and pump outlet 16 need to be well insulated to prevent the expelled water
      from freezing therein.
PAR  Although the dotted lines in FIG. 1 represent that cavity 17 is spheric in
      configuration, it should be recognized that the actual configuration is
      not critical and may actually take an irregular shape within the island.
      The main criteria are that cavity 17 remain completely within island 10
      (not break through the sides of island 10) and that it be large enough to
      provide the buoyancy necessary to float the shell of island 10 which
      remains after cavity 17 has been formed.
PAR  After cavity 17 is large enough so that island 10 has the desired buoyancy,
      melting is stopped and island 10 is allowed to float. If island 10 has
      been formed from fast ice, it may be necessary to wait until the thawing
      season for the surrounding fast ice to break up to allow the island to be
      towed to its desired location. Suction pipe 14, boiler 13, and related
      equipment may be removed but casing 12 is preferably capped and left in
      place to provide a means for refilling cavity 17 when island 10 has been
      finally positioned. Towing anchors 18 or the like may be frozen into the
      island or otherwise provided as a means for attaching towlines 19 from tug
      50 to island 10 (see FIG. 3).
PAR  Insulative means such as described in U.S. Pat. No. 3,750,412 can be
      provided for island 10 to prevent marginal melting as island 10 is towed
      to its new location. Once island 10 has reached its destination, cavity 17
      can be refilled with gravel, sand, or other dredged materials or it can be
      filled with crushed ice and/or water which is then frozen into a solid
      mass by artifical refrigeration or the like. As cavity 17 is filled,
      island 10 loses its buoyancy and sinks to become grounded at its desired
      location.
PAR  In FIG. 2 an alternate method of forming a cavity in an ice island is
      illustrated. A hole is drilled or otherwise provided in island 20 in which
      casing 22 is positioned. A small initial cavity is reamed out just below
      casing 22 and conduits 23 and 24 are placed into communication with said
      initial cavity. Air line 25 and fuel line 26 are slidably positioned
      within conduits 23 and 24, respectively. Suction line 27 is slidably
      positioned within casing 22 and is connected to suction pump 28.
PAR  With the equipment in place as shown in FIG. 2, fuel, e.g., oil, is
      supplied by pump 29 to cavity 31 through line 26 and air is supplied by
      compressor 30 through line 25. The fuel and air mixture is ignited within
      cavity 31 and the resulting heat begins to melt the ice and enlarge cavity
      31. The exhaust gases from the combustion will rise through the annulus
      between casing 22 and suction line 27 and are vented through vent 32 in
      casing 22. The warm exhaust gases also heat suction line 27 to aid in
      preventing the water being removed from cavity 31 from refreezing. Lines
      25, 26, and 27, all of which are fire resistant, e.g., stainless steel,
      are lowered within cavity 31 as melting progresses. Oil and air, being
      lighter than water, will surface through any accumulated water in cavity
      31 to feed the combustion within said cavity. Water, as it accumulates
      from melted ice, is quickly removed through line 27 and expelled from
      island 20 through pump 28 and outlet 33.
PAR  When cavity 31 reaches a size necessary to supply the desired buoyancy, the
      combustion in cavity 31 is extinguished and the related equipment is
      removed. Conduits 23 and 24 can be removed or sealed but conduit 22 is
      capped to provide a means for refilling cavity 31 when island 22 reaches
      its final destination. The island can then be towed and positioned as
      described above. Again, although cavity 31 has been illustrated as
      spherical, it should be recognized that is actually may take an irregular
      shape in many instances. Although two methods of providing an internal
      cavity in an ice island have been described, it should be recognized that
      other techniques could be used. For example, the cavity could be formed
      mechanically by drilling and reaming operations. Also, while a single,
      centrally located cavity has been illustrated, buoyancy for the island
      could be provided by forming several smaller internal cavities positioned
      about the island. If this latter technique were used, preferably the
      cavities would be formed in communication with each other so that they
      could all be filled through a common inlet.
CLMS
STM  What we claimed is:
NUM  1.
PAR  1. A method of transporting an ice island from a first offshore location to
      a second offshore location, said method comprising:
PA1  forming an internal cavity within said ice island of a size sufficient to
      provide the buoyancy necessary for said island to float on the water at
      said first offshore location, said internal cavity being formed within
      said structure by melting ice from the interior of said structure and
      removing the resulting water; and
PA1  moving said island on the water from said first offshore location to said
      second offshore location.
NUM  2.
PAR  2. The method of claim 1 wherein said melting is carried out by circulating
      hot fluids into the interior of said ice structure.
NUM  3.
PAR  3. The method of claim 1 wherein said melting is carried out by supplying
      fuel and air to the interior of said structure and igniting said mixture.
NUM  4.
PAR  4. A method of providing an ice structure at a desired frigid, offshore
      location, said method comprising:
PA1  constructing said structure at a first, frigid, offshore location where the
      atmospheric temperature is such that water exposed to the air will rapidly
      freeze to supply the ice necessary to form said structure;
PA1  providing an internal cavity within said ice structure of a size necessary
      to provide sufficient buoyancy to cause said structure to float, said
      internal cavity being formed within said structure by melting ice from the
      interior of said structure and removing the resulting water;
PA1  transporting said ice structure from said first, offshore location to said
      desired frigid, offshore location; and
PA1  filling said cavity with a material dense enough to cause said structure to
      lose its buoyancy and sink to become grounded at said desired frigid
      location.
NUM  5.
PAR  5. The method of claim 4 wherein said melting is carried out by circulating
      hot fluids into the interior of said ice structure.
NUM  6.
PAR  6. The method of claim 4 wherein said melting is carried out by supplying
      fuel and air to the interior of said structure and igniting said mixture.
NUM  7.
PAR  7. The method of transporting an ice island from a first offshore location
      to a second offshore location, said method comprising:
PA1  providing a hole from the surface of the island to the interior thereof;
PA1  supplying hot fluid through said hole to melt ice in the interior of said
      island;
PA1  removing the water resulting from said melting of said ice and expelling
      said water from said island;
PA1  continuing said melting and said water removal until an internal cavity is
      formed which provides said island with sufficient buoyancy to allow said
      island to float;
PA1  ceasing said supply of hot fluid and capping said hole in said island; and
PA1  moving said island to said second offshore location.
NUM  8.
PAR  8. The method of claim 7 including:
PA1  refilling said cavity through said hole after said island is at said second
      offshore location, said cavity being refilled with material having a
      density great enough to cause said island to lose its buoyancy.
PATN
WKU  039317161
SRC  5
APN  4772784
APT  1
ART  351
APD  19740607
TTL  Pile splice for concrete and steel piles of various configuration
ISD  19760113
NCL  19
ECL  1
EXA  Sakran; V. N.
EXP  Gilliam; Paul R.
NDR  5
NFG  12
INVT
NAM  Payne; Donald
STR  53 O. K. Ave.
CTY  Harahan
STA  LA
ZIP  70123
CLAS
OCL   61 53
EDF  2
ICL  E02D  534
ICL  E02D  522
FSC   61
FSS  53;56;53.5
FSC  403
FSS  312;310;314;335;336;338
FSC  285
FSS  365;407
UREF
PNO  415037
ISD  18891100
NAM  Gray
OCL   61 53
UREF
PNO  669673
ISD  19010300
NAM  Averbeck
OCL  403338
UREF
PNO  1043412
ISD  19121100
NAM  Faunce
OCL  285286
UREF
PNO  1967467
ISD  19340700
NAM  Damsel
OCL  285365
UREF
PNO  3457728
ISD  19690700
NAM  Pogonowski
OCL   61 53
UREF
PNO  3720068
ISD  19730300
NAM  De Rosa
OCL   61 53
UREF
PNO  3744577
ISD  19730700
NAM  Williams
OCL  403338
UREF
PNO  3796057
ISD  19740300
NAM  Dougherty
OCL   61 53
FREF
PNO  589,324
ISD  19590300
CNT  IT
OCL  403312
LREP
FRM  Gardiner, Sixbey, Bradford & Carlson
ABST
PAL  A pile splice is disclosed which completely satisfies the need for such a
      device which will enable structural analysis of the loads and stresses
      induced therein, which is simple and economical; which may be readily
      completed in the field with a minimum of construction equipment and
      comprises a pair of mating plates having machined abutting surfaces, one
      each carried by the pile section and embodying an outwardly projecting
      flange circumscribing the joint area. A tension band is applied to the
      flanges being comprised of two halves which are joined together at
      diametrically opposed points by upper and lower fillet welds so that the
      only stress in the bands is hoop stress induced by tension or bending and
      shear and the mating plates act in compression as a solid joint whereby
      all of the loads and resulting stresses in the joint section may be
      calculated by accepted stress-strain calculations.
BSUM
PAC  BACKGROUND
PAR  It is an accepted axiom, today, that land is becoming scarce. As the
      population increases more and more land is being used for habitable
      structures. The situation has become quite real and critical particularly
      in coastal areas or low lying areas adjacent rivers and lakes where the
      characteristics of the soil are such that it is not capable of supporting
      substantial structural loads such as are imposed by high rise office
      buildings, apartments, theaters, auditoriums and the like. Typical
      examples of areas where the noted soil condition exists would be the areas
      of New Orleans, Louisiana, Washington, D.C. and parts of the New Jersey
      coast where much of the land area is low lying swamp totally incapable of
      supporting structural loads and where even artificial fill does not
      materially improve the situation since the size and weight of structures
      built on so-called "fill land" are inherently limited by the nature of the
      area when filled.
PAR  Recently, too, a number of projects have been proposed wherein sizeable
      structures will be built in coastal waters adjacent land areas. One such
      proposal involves construction of a nuclear power plant off the New Jersey
      coast. Other proposals involve so-called "offshore" drilling for oil and
      the even more recently innovated unloading docks for recently developed
      "super tankers" which are so huge as not to be able to enter coastal parts
      and therefore must be unloaded "at sea" at offshore docking and pumping
      stations.
PAR  In effecting construction of structures on non-land or in areas of unstable
      land, the construction industry has resorted to the practice of placing
      such structures on a multiplicity of supports known as piles. These piles
      are driven into the ground by the use of mechanical means such as pile
      drivers, jet pumps, etc., to a sufficient depth that the lower end portion
      of the pile is embedded in substrata capable of supporting load both
      compressive and lateral bending loads transferred through the pile from
      the supported structure. One method of determining the capability of a
      pile to support loads is to measure the amount of penetrating movement
      axially of the pile each time the pile is struck at its top end by some
      type of impact device of known characteristics. When the rate of axial
      movement decreases to zero or to a predetermined rate per impact, its load
      carrying capacity can be determined by known engineering calculations.
      Obviously, it can readily be deduced that the number of piles to be driven
      to support a given structure becomes the sum total of the structural load
      as related to the ability of individual piles to carry load times the
      number of piles driven.
PAR  The pile support system is readily adaptable to support many and varied
      types of structures from apartments and office buildings to offshore
      drilling rigs and docking facilities and is widely used both here and
      abroad. However, as might be expected, there are problems connected with
      the techniques, one of the most pressing ones being the matter of pile
      length, as it is necessary to go further and further down into appropriate
      load supporting substrata. The answer to this would appear to be
      relatively simple-- use longer piles. Unfortunately, however, there are
      practical limitations on pile length imposed by transport problems,
      limitations on driving equipment, handling equipment, etc., all of which
      more or less fix the maximum length of any given pile.
PAR  The alternative route to increasing pile length to unmanageable
      proportions, is to adapt a range of pile lengths which can be readily
      handled and to subsequently join the individual lengths by some type of
      on-the-site effected connection means. This alternative has been explored
      in a number of ways.
PAC  THE PRIOR ART
PAR  Possibly one of the most widely accepted alternatives for making long piles
      from individual pile sections by connection of the sections on site can be
      found in the "Brunspile" which is covered in U.S. Pat. No. 2,938,104. In
      this system, each individual pile section is fabricated of a cementitious
      material such as concrete in which are embedded spirally configured metal
      reinforcing rods and prestress tendons. The rods are given two spiral
      pitches, one throughout the length of the pile and a second more tightly
      coiled spiral adjacent each end of the cementitious body. The ends of the
      cementitious body, adjacent the tight spirals, are reduced to receive
      generally cylindrical ferrules thereover, which ferrules are subsequently
      inserted into a pile connector.
PAR  The pile connector is comprised of a cylindrical sleeve having a membrane
      area which bisects the sleeve through a plane lying approximately mid-way
      between the sleeve ends and normal to the sleeve axis. The membrane acts
      as an impact plate to transfer the impact shocks from the terminal end of
      one pile section through the ferrule to the membrane and thence through
      the ferrule on the end of the mating pile end through the body of the
      pile.
PAR  In order to lock the ferrules within the connector sleeve, the cylindrical
      wall of the connector is dimensioned so that the ferrules must be forced
      into the connector by axial impact applied to the pile section being
      connected.
PAR  Other types of pile connectors have also been devised though the so-called
      Brunspile has met with considerable commercial success. Such other
      proposals are best illustrated in U.S. Pat. Nos. 3,585,803 and 3,748,863,
      and 2,211,375, all of which involve the use of rather complicated
      structures. Another approach, particularly for steel piling, has been to
      simply weld the ends of the pile sections as driving proceeds. However,
      this method has a great number of disadvantages in that welding time runs
      for hours and during this period a lot of expensive equipment and labor is
      idled. Too, where the pile driving operation is being conducted "offshore"
      the difficulties of using this technique are almost insurmountable.
PAR  Thus, the Brunspile system of all the known pile connector systems, has
      found considerable acceptance in the construction field, but only so long
      as the prevailing conditions of use are such that the loads imposed on the
      driven piles are primarily and essentially only a compression load axially
      of the assembled piling.
PAR  As the use of areas of less and less stable substrata or in conditions such
      as encountered in construction of "offshore" rigs has progressed, the
      Brunspile system has become unable to fulfill the need because it has been
      discovered that under such conditions the piling is not always subject to
      simple compression loads but may be subject to severe bending loads and
      known tension loads which would cause failure of the Brunspile connector
      system with attendant disasterous results. To further complicate the
      situation, the Brunspile system does not permit of calculation of its
      stress limits under any load, other than compression loads, by known
      mathematical and structural analysis. Thus, if it is suspected that
      bending or tension loads might come into play in a particular situation,
      the use of the Brunspile system is immediately suspect and in fact, may be
      automatically rejected as unpatentable because there is just no way to
      predict with any degree of certainty what-so-ever, that a structural
      failure cannot occur. Thus, the industry is forced to resort to other
      time-consuming, expensive and inconvenient connector systems.
PAC  THE INVENTION
PAR  With the foregoing background in mind, it becomes readily apparent that the
      construction industry desperately needs a pile connector system that is:
PA1  1. usable in on-site situations,
PA1  2. economical,
PA1  3. lends itself to stress calculations by known classical stress and strain
      analysis and calculation,
PA1  4. readily effected by conventional equipment,
PA1  5. uncomplicated,
PA1  6. acceptable in every conceivable situation,
PA1  7. capable of resisting bending loads, and, finally,
PA1  8. capable of absorbing unexpected or known tension loads.
PAR  The present invention, then, has for its objectives the fulfillment of all
      of the above stated needs and also various other objectives which while
      not specifically set forth, are readily apparent to those skilled in the
      construction and engineering arts, in particular, the art of pile
      construction and driving methods.
PAR  In general, the connectors comprising the invention include a pair of
      impact plates, one each of which is attached by appropriate means to the
      ends of two pile sections to be joined, said plates having an area larger
      than the ends of the pile sections to define an annular flange between the
      sections, said flange having preferably slightly sloping surfaces facing
      toward each pile section and ring or band means having an internal annular
      recess surrounding said plates and in engagement only with the flange
      faces facing each pile section, said ring or band being diametrically
      expandable to enable its placement over the flanges when said impact
      plates are in face-to-face abutment and means for fastening said band
      around said plates. The plates may also include means for centering the
      adjacent pile sections in axial alignment during joinder of two abutting
      sections.
DRWD
PAR  Having set forth in general terms the essentials of the inventive concept,
      consideration thereof in detail may be obtained from the following
      detailed description wherein reference is made to the drawings forming a
      part of such descriptive material, and wherein
PAR  FIG. 1 is a schematic view, partially in section showing the invention as
      used in an "offshore" application,
PAR  FIG. 2 is an enlarged view of a pile connector noted in FIG. 1 and is a
      typical view,
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2,
PAR  FIG. 4 is a sectional view taken along the axis of an "H" steel piling,
      showing a modified form of the invention,
PAR  FIG. 5 is a sectional view taken along the line 5--5 of FIG. 4,
PAR  FIG. 6 is a sectional view of a pile connector similar to that disclosed in
      FIG. 2 but showing a means to facilitate alignment of abutting pile
      sections during erection,
PAR  FIG. 7 is a schematic view showing a test set up for data reproduced in
      FIGS. 10 and 11,
PAR  FIG. 8 is an enlarged view of the area bounded by the dotted line circle of
      FIG. 7,
PAR  FIG. 9 is a sectional view taken along the line 9--9 of FIG. 8,
PAR  FIG. 10 is a graph of the test data procured from the test configuration of
      FIG. 7,
PAR  FIG. 11 is a graph of additional data obtained from the FIG. 7 test
      configuration, and, finally,
PAR  FIG. 12 is a graph of tensile test data.
DETD
PAR  Directing attention to FIG. 1, there is illustrated a typical deep pile
      situation wherein the structure to be supported is over water. As shown
      the substrata consists of a layer of loose sand or mud which progressively
      deepens as the water depth increases. Regardless of the composition, the
      particular strata is incapable of providing a solid base in which to
      anchor the pile 10.
PAR  Beneath the first-mentioned strata is a further substrata such as hard
      sand, mixed rock and sand which is capable of performing as a proper pile
      anchor when the pile is driven deep enough thereinto. It is assumed, for
      example, that from the water surface to the supporting substrata is a
      vertical distance of 150 feet and that the pile 10 must be driven at least
      another 150 feet into the anchoring strata to provide for its designed
      load bearing capacity. Thus, the pile 10 would be of a length of 300 feet,
      if an integrated structure, and would be impossible to transport or handle
      with conventional equipment such as barge cranes, floating pile drives,
      graphically illustrated as 20.
PAR  Accordingly, lacking all factors into consideration the pile is made up of
      pile sections 1, 1a, 1b, 1c, each of which is 75 feet in length and
      therefore must be joined by pile connectors 3 to form a piling of adequate
      length.
PAR  In the example, each pile section is fabricated of concrete suitably
      reinforced by a spiral steel reinforcement such as reinforcement rods 5
      and 7 and tendons, shown in FIG. 2. Following customary practice, the
      number of turns of the reinforcing rods 5 and 7 may be variable depending
      on anticipated design loads. Similarly, the pile diameter is a function of
      anticipated load.
PAR  Due to the particular situation, i.e., the proximity of the shore or
      because the structure may rest on piling which may be on the shore, it
      must be anticipated that any given pile may be subject to other than
      simply axial compression loads. For example, due to tidal or wave
      conditions or shifting of the shore, the pile 10 might be subject to
      bending or even tension loads since there is no guarantee that other
      piling supporting the structure will be subjected to identical conditions
      or will even react in the same way as any other pile under such
      conditions.
PAR  Since the prior art connectors, noted heretofore, are either difficult to
      work with or will not take to bending or tension loads or their reaction
      to such loading is uncalculable or unpredictable, the structural engineer
      or foundation designer is placed on the horns of a dilemma--expensive
      piling or gamble with less expensive but potentially disasterous
      connectors.
PAR  As illustrated, however, the connectors 3 of the structure of this present
      invention are illustrated in detail in FIGS. 2 and 3, as applied to
      concrete pile sections, 1a, 1b, etc.
PAR  The pile sections, for example, 1a and 1b are prefabricated at the
      manufacturing source, wherever it may be, and in the process each end is
      provided with a generally circular impact plate. In FIGS. 2 and 3, the
      impact plates are designated by reference numerals 9 and 11. The plates 9
      and 11 are affixed to the concrete matrix of each section by means of
      embedded studs 13, 15 having known characteristics, a prime example being
      identified as "Nelson" studs which may be readily purchased on the open
      market.
PAR  Each impact plate is carefully aligned during its joinder to the particular
      pile section so that its abutment face 17, 17' as shown in FIG. 2 is as
      perfectly normal to the axis of the pile section 1a, 1b as is possible to
      attain during the fabrication process.
PAR  After the concrete matrix of each pile section 1a, 1b etc. is cured, i.e.,
      set and hardened, the accuracy of the abutment face and pile axis
      relationship is carefully checked. If the abutment face is perfectly
      normal to the axis of the given pile section, the individual section is
      ready for use. However, should accuracy be lacking, the abutment faces 17,
      17' may be finished, by known machining techniques to secure the desired
      accuracy, after which the sections are ready for use.
PAR  In addition to the abutment faces 17, 17', each impact plate 9 and 11 is
      provided with a peripheral slot or groove of a modified "V" configuration
      in that one surface of the slot is an annular conical land 21, 21',
      another, a cylindrical peripheral wall 23, 23' and, finally a second
      annular land 25, 25' which lies in a plane bisecting the pile axis normal
      thereto. As shown in FIG. 2, the conical land 21 of the groove always
      faces toward the body of the pile matrix while the annular land of the
      groove faces toward the end of the pile matrix.
PAR  As shown in FIG. 2, each end of a given pile section 1a, 1b etc., is
      identical so that when the pile sections are assembled in end-to-end axial
      alignment the abutting impact plates form a symmetrical flange assembly
      wherein the two conical lands 21, 21' define a generally triangular shaped
      clamping flange assembly 40 adapted to receive a circumscribing clamping
      collar 50.
PAR  The clamping collar 50 is comprised of two arcuate segments (see FIG. 3) 51
      and 52, which are welded together at two diametrically opposed weld seams
      53 and 54. The interior of the collar is also provided with a groove
      having a pair of divergent conical clamping lands 57, 59 and a cylindrical
      base surface 61 defining the bottom of the groove. Preferably, the
      diameter of the base surface 61 is slightly greater than the diameter of
      the outer surface of the abutment plates whereby when the collar halves 51
      and 52 are placed in position around the abutment plates, the inner
      cylindrical wall of the collar is spaced from the cylidrical wall defined
      by the outer surfaces of these assembled plates. Thus, the prime contact
      area between the collar 50 and the abutment plates becomes the conical
      lands 21, 21' of the abutment plates and the diverging conical lands 57,
      59 of the clamping collar.
PAR  The collar halves, 51, 52 are drawn together by any suitable means such as
      a chain wrapped around the collar halves and placed under tension so that
      the ends of the two collar halves are drawn into closely adjacent, but not
      abutting relationship. Thereafter, a weld is effected between the two
      collar halves at 53, 54, care being taken not to weld the collar to the
      abutment plates 9 and 11.
PAR  As shown in FIG. 2, the connector assembly is somewhat larger in diameter
      than the joined piles 1a, 1b, etc. However, in many cases, this would be
      undesirable, hence, as illustrated in dotted line outline, the pile matrix
      may be so fabricated as to be of larger cross section than the connector
      assembly and with the respective ends "necked down" to the dimensions
      necessary to effect connection with the proper size connector to meet
      calculated loads.
PAR  With respect to the clamping collar 50, it is possible to fabricate same of
      one piece rather than of two semi-circular segments if so desired. In that
      case, the collar would be formed with but one unconnected portion and
      installed by prying this portion open to enable it to be fitted around the
      abutment plates after which the noted clamping step is effected followed
      by welding of the adjacent ends of the collar which then has but a single
      weld bead as for example, bead 54, the bead 53 being eliminated.
PAR  In FIGS. 4 and 5, the invention is shown as applied to steel piling of the
      typical "I" or "H" beam cross-sectional configuration. Also are shown
      modified abutment plates used in this application.
PAR  As shown, the pile sections 63, 65 are welded at 67, 69 to abutment plates
      71, 73. The plates 71 and 73 are rectangular in plan configuration, see
      FIG. 5, and are of such dimensions, length and widthwise, as to provide a
      peripheral flange 75, 77 completely around the marginal edges of the
      plates when welded in place on the ends of the pile sections 63, 65. The
      surfaces 79, 81 of the flange facing the pile sections is sloped outwardly
      and downwardly to receive a clamping collar 83 which is identical in
      cross-sectional configuration to the cylindrical collar 50 of FIG. 3, but
      which in plan view is rectangular to accommodate the rectangular
      configuration of the abutment plates as is readily apparent in FIG. 5. In
      all other respects, including welding of the collar, the installation is
      identical to those details set forth in connection with FIGS. 2 and 3.
PAR  A further modification of the connector is shown in FIG. 6. In this
      modification, the abutment plates 83, 85 are provided with central
      apertures 87, 89 respectively. When the pile sections are cast, an
      internally threaded ferrule 91, 93 is carefully aligned with the
      longitudinal axis of the pile section and becomes embedded in the matrix
      and is aligned with the apertures 87, 89 in each plate 83, 85.
PAR  When the pile sections are being assembled on the construction site, a
      threaded rod 95 may be engaged in either ferrule 91 or 93 to serve as an
      alignment pin when two adjacent pile sections are being aligned for
      connection. Since each end of the pile sections is identical, the rod 95
      may be inserted in either end of a given section. Further, since the rods
      are inserted only when needed, there is little danger that misalignment of
      any two pile sections will occur since there is no likelihood that the
      pins will be bent during transport or handling of the sections as might be
      the case where the pins 95 were molded or embedded directly in the matrix
      of the sections.
PAR  Returning for a moment to a discussion of the abutment plates and in
      particular the sloping or conical land areas, it should be noted that the
      degree of slope or the angle of generation for the conical surface is not
      critical. The prime function of using sloping or conical surfaces is to
      assure proper contact of the clamping collar with the abutment plates and
      to avoid the manufacturing difficulties that would be involved in
      attempting to secure proper contact between two planar faces in abutment,
      since it is essential that the collar mate the abutment plates into
      complete face-to-face contact. It can be said, however, that a reasonable
      slope angle .alpha. would be in the neighborhood of 2.degree. to
      15.degree. as measured along a given radius or longitudinal axis, note
      FIG. 6.
PAR  With the structure of the connector defined, consideration will now be
      given to one of the principal advantages of the invention over the prior
      art. It has been stated herein that one of the problems sought to be
      overcome is to provide a connector which follows known and calculable
      reaction to compression bending and tension loads. Thus, consideration of
      the conditions to which the connector may be subject reveals that all
      compression and impact loads are transmitted directly through the impact
      plates as pure compression and may be readily analyzed since these plates
      will transmit the load directly for section to section so that
      conventional column stress analysis and formula apply as the assembled
      piles act as a true integral column in compression.
PAR  Similarly, if either bending or tension loads are imposed on the assembled
      pile, these loads are transmitted to the abutment plates and from the
      abutment plates to the clamping collar which becomes stressed due to
      tensile forces which arise when the collar is forced to try to expand
      tremendously so that its inside diameter is equal to the outside diameter
      of the abutment plates. The collar then must elongate .pi. times 2 times
      the distance the collar is overlapped into the abutment plate groove.
      Thus, the collar is subject to hoop stress which is readily determinable
      and its loading may be established by known mathematical formulae and
      calculated readily to determine the material requirements that the collar
      must embrace to resist such stresses.
PAR  Another advantage of the present invention resides in the fact that since
      the abutment plates are not welded together there is no danger of weld
      fracture as might occur, for example, in the lower connectors of known
      prior art systems, particularly welded joints which tend to work harden
      under impact, due to repeated impact loads that are imposed during the
      pile driving operation.
PAR  As might be said in the case of any structural innovation, proof lies in
      performance which should substantiate the design calculations originally
      made in fabrication. To this end, the following test example,
      substantiates all that has been said before.
PAR  FIG. 7 is a schematic illustration of the test installation. The pile
      sections were two 14 inch square concrete pile sections, each 10 feet in
      length. The concrete matrix had a nominal compressive strength of 5,000
      psi. The connector was formed in accordance with FIG. 2 and the
      description thereof.
PAR  The joined sections 101, 102 with the completed connector 103 were then
      placed on two pedestals 110 and 120 in a true horizontal position. The
      unsupported span length between pedestals was 18 feet clear.
PAR  Load was applied by hydraulic jack 105 at a location 6 feet from one end
      reaction point to place the connection under moment and shear load.
PAR  Deflection measurements were taken at the joint 103 and at the load point.
PAR  As shown in FIGS. 8 and 9, measuring gauges 107, 108, 109 and 111 were
      mounted at positions 90.degree. apart at the connector 103 to measure
      rotation.
PAR  To further substantiate the foregoing statements, a test specimen was
      evaluated in tension by welding abutment plates to steel pipe sections and
      completing the connector as described in connection with FIG. 2. Pipe
      sections were used so as to obtain a true evaluation of the connector
      assembly, per se, without any variables as might be induced by the matrix
      bond to the embedded studs 15 of FIG. 2.
PAR  FIG. 12 is a graph of the results from which it can be concluded that the
      test specimen performed as anticipated.
PAR  Throughout the foregoing discussion the collar has been defined as welded
      in place surrounding the abutment plates. It should be understood that the
      collars may be bolted in place having been provided with apertured ears
      and the abutting ends of the collar which method is less preferred and not
      illustrated in detail being readily apparent to those skilled in the art.
      However, since bolting complicates the stress analysis picture by
      introducing additional factors and calculations on the scene, the
      preferred method is to weld the collar as illustrated throughout the
      specification.
PAR  Having described the invention in its best mode and modifications thereof,
      it will be appreciated that various modifications as may occur to those
      skilled in the art are embraced within the inventive concept defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of forming a plurality of pile sections into an integrated
      piling assembly comprising the steps of casting an elongated pile section
      matrix having abutment plates of identical configuration and outwardly
      extending, sloping flange areas integrated in the matrix; manipulating
      said plates to dispose the outer surfaces thereof in a plane precisely
      normal to the longitudinal axis of the pile section; thereafter while on
      site, placing at least a pair of pile sections in end-to-end aligment with
      the abutment plates at one end of a pile section in abutment throughout
      its entire end face area with the abutment plate of the other of said pile
      sections; surrounding the outwardly extending, sloping flange areas of
      said abutment plates with a clamping collar having at least one
      discontinuous portion; closing said collar against the edges of said
      abutment plates by compression to reduce the span of the discontinuous
      portion by drawing the collar ends into closely adjacent but non-abutting
      relation and thereafter welding only said collar to close said
      discontinuous portion, without welding said abutment plates to each other
      or to said collar.
NUM  2.
PAR  2. The method as defined in claim 1 wherein the pile sections are cast at a
      point of manufacture and are placed and joined together in end-to-end
      abutment on the job site.
NUM  3.
PAR  3. The method as defined in claim 1, wherein after a pair of pile sections
      are joined said assembled sections are subjected to a pile driving step
      and after which step the assembly of two pile sections is repeated to
      produce an integrated pile assembly of the required length.
NUM  4.
PAR  4. A connector for concrete pile sections comprising a pair of impact
      plates, one each of which is attached by incorporation into the body of
      each pile means to the ends of two pile sections to be joined; said plates
      having an area larger than the cross-sectional areas of the ends of the
      pile sections to provide an annular flange extending outwardly of the pile
      sections at the ends of the sections, each flange including a slightly
      outwardly and downwardly sloping surface facing toward each pile section;
      a clamping collar completely circumscribing the plates and having an
      annular recess comprised of a cylindrical wall and a pair of annular land
      faces opening inwardly thereof toward said plates, said band surrounding
      said plates and being in engagement only with the sloping surfaces of the
      flanges on said abutment plates, said clamping collar being diametrically
      expandable to enable its placement over the flanges when said impact
      plates are in face-to-face abutment; and means for fastening said collar
      in compression around said plates whereby only a hoop stress is developed
      in said collar.
NUM  5.
PAR  5. A pile connector as defined in claim 4 wherein said clamping collar is
      comprised of two semi-circular sections and said fastening means is
      comprised of diametrically opposed weld beads joining only said sections
      together.
NUM  6.
PAR  6. A pile connector as defined in claim 4 wherein said collar is
      discontinuous at one area and wherein the discontinuous area is filled by
      a weld bead after said collar is placed around said outwardly extending
      flange areas of said impact plates.
NUM  7.
PAR  7. A pile connector as defined in claim 4 wherein said impact plates are
      circular and said sloping flange surface is frusto-conical, and said land
      faces define frusto-conical mating surfaces diverging toward the inward
      facing opening of the recess.
NUM  8.
PAR  8. A pile connector as defined in claim 4 wherein said impact plates are
      polygonal and said clamping collar embraces each of the polygonal sides.
NUM  9.
PAR  9. A pile connector as defined in claim 4 wherein means are provided at the
      pile ends to effect longitudinal alignment of two abutting pile sections.
NUM  10.
PAR  10. A pile comprised of a plurality of pile sections assembled into
      end-to-end alignment, a plurality of identical connector means joining the
      pile ends, each connector comprising abutment plates of identical
      configuration attached to each end of the pile sections; said plates being
      disposed on the pile ends in planes precisely normal to the longitudinal
      axis of each such pile section, the abutment plate at one end of an
      individual pile section being in contact throughout its entire end face
      area with the abutment plate of the next adjacent one of said pile
      sections; a clamping collar having at least one discontinuous portion in
      engagement with the edges of said contacting abutment plates under
      compression to reduce the span of the discontinuous portion and fastening
      means for holding said collar closed and in compression without attaching
      said abutment plates to each other or said collar to either of said
      abutment plates.
NUM  11.
PAR  11. A pile as defined in claim 10 wherein each pile section is comprised of
      a cast concrete matrix.
NUM  12.
PAR  12. A pile as defined in claim 10 wherein each pile section is comprised of
      a steel structural section.
NUM  13.
PAR  13. A pile as defined in claim 10 wherein said abutment plates and said
      collar are fabricated of mild steel.
NUM  14.
PAR  14. A pile as defined in claim 10 wherein said clamping collar is comprised
      of two semi-circular sections and said fastening means is comprised of
      diametrically opposed weld beads joining said sections together.
NUM  15.
PAR  15. A pile as defined in claim 10 wherein said collar is discontinuous at
      one area and wherein the discontinuous area is filled by a weld bead after
      said collar is placed around said flange.
NUM  16.
PAR  16. A pile as defined in claim 10 wherein said abutment plates are circular
      and said sloping flange surface is frusto-conical and said land faces
      define frusto-conical mating surfaces diverging toward the inward facing
      opening of the recess.
NUM  17.
PAR  17. A pile as defined in claim 10 wherein said sloping flange surface
      defines one surface of an outwardly opening circumferential groove formed
      around the edge of said circular abutment plates.
NUM  18.
PAR  18. A pile as defined in claim 10 wherein said abutment plates are
      polygonal and said clamping collar embraces an equal number of polygonal
      sides.
NUM  19.
PAR  19. A pile as defined in claim 10 wherein means are provided at the pile
      ends to effect longitudinal alignment of two abutting pile sections.
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PAL  A cable guiding chute suitable for attachment to a ground slitting blade to
      dispense a plurality of cables includes a pair of generally vertical
      sidewall members, forward and trailing webs extending between the sidewall
      members to define a cable passageway, and a plurality of generally
      J-shaped separators extending the length of the passageway to define a
      plurality of cable guiding conduits. One of the sidewall members is
      releaseably secured to the forward and trailing webs and may be removed to
      expose the cable guiding conduits for lateral insertion or removal of
      cables. The forward web member includes a flange which is received within
      a plurality of retainer clips carried by the removable sidewall for
      stabilizing the forward end of the removable sidewall against lateral
      displacement. A channel-shaped latch is connected to the trailing edge of
      the removable sidewall and receives a locking bar member pivotally mounted
      on the trailing web for securing the removable sidewall in a cable
      dispensing position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a cable chute suitable for attachment to a
      ground slitting blade to dispense and position a plurality of cables in
      the ground. More particularly, the present invention relates to a cable
      chute having a removal sidewall component to enable lateral insertion or
      removable of cables.
PAR  2. The Prior Art
PAR  Various cable guiding chutes have been proposed by the prior art and
      include varying configurations and design. One very basic shortcoming in
      conventional cable chutes is the failure to provide an apparatus capable
      of (1) simultaneously guiding and laying a plurality of cables, or the
      like, without requiring a complicated structure, and (2) providing
      accessibility to the cable guiding conduits to remove, insert or replace
      cables as the need arises.
PAR  An example, of the prior art includes, first, U.S. Pat. No. 3,395,545 to
      Mendaloff, which discloses a cable guiding compartment that is releasably
      maintained within the chute. This patent, rather than suggesting the
      present invention, illustrates one of the basic problems in the art, i.e.
      nonaccessibility to the cable guiding conduits. Further, the suggested
      Mendaloff chute does not include the provision of cable guiding separators
      extending the length of the chute, thereby requiring additional guiding
      structure in the form of rollers.
PAR  Another example of prior art patents which broadly teach the idea of
      simultaneously guiding and laying a plurality of cables includes U.S. Pat.
      Nos. 3,222,876, and 3,338,060 to Harmstorf. These patents likewise do not
      teach the use of any structure to yield accessability to the guiding
      chutes to accomodate ease in removing or inserting cables or the like.
PAR  Several prior art patents include a general teaching of a removable
      component to provide accessibility to the interior of the cable guiding
      chute, examples of such prior art being U.S. Pat. Nos. 3,363,423 to Davis,
      3,111,007 to Ryan, 3,405,533 to Fries and 3,417,571 to Kelley. It can
      readily be seem from these patents that there is no hint of the structure
      proposed by the present application which would yield accessibility to the
      interior of the cable chute capable of dispensing and guiding a plurality
      of cables or the like.
PAR  Yet another embodiment of a cable chute for dispensing a plurality of
      cables includes an arrangement consisting of a plurality of individual
      conduit members which may be connected to one another in a "piggy back"
      manner. This particular arrangement is highly undesireable for several
      reasons, including (1) inaccessibility to the interior of any one or more
      of the cable guiding conduits, (2) the requirement of mounting structure
      for attaching each individual cable guiding conduit, (3) the necessity of
      feeding cable longitudinally through the cable guiding conduit rather than
      by lateral insertion as proposed by the present invention, and (4) the
      time required for attaching each individual cable guiding conduit.
PAR  The present invention overcomes the shortcomings of the prior art cable
      chutes while providing numerous other advantages as will become apparent
      through study of the remaining portions of this application and through
      use of the suggested structure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a cable guiding and dispensing chute
      suitable for use with a ground slitting blade for placing a plurality of
      cables, plastic pipes or the like in vertically layered fashion within the
      ground.
PAR  The chute, per se, is a generally J-shaped box-like structure having an
      opening at an upper end thereof to receive a plurality of cables and a
      lower, rearwardly directed opening for a cable exit. The structural
      components of the chute include, among others: (a) a pair of spaced,
      generally vertical, J-shaped sidewalls, one of which is releaseably
      secured to the chute assembly to enable removal: (b) spaced forward and
      trailing spacer components extending between the sidewalls and being
      attached to the non-removable sidewall; and (c) a plurality of J-shaped
      divider components rigidly secured to the non-removable sidewall and
      extending from the cable entrance region to the cable exit region to
      define a plurality of cable guiding channels. The forward spacer component
      is formed from channel-shaped members having a pair of lateral flanges,
      one of which is rigidly secured to the non-removable sidewall. The other
      of the flanges releasably receives a plurality of retainer clips connected
      to the removable sidewall for lateral stabilization when that sidewall
      component is in the cable dispensing position.
PAR  To further secure the removable sidewall component in position, a latching
      mechanism is provided to interlock the trailing edge of the removable
      sidewall to the trailing spacer. That mechanism includes a channel-shaped
      member rigidly secured to the removable sidewall and having a lengthwise
      J-shaped configuration fitting closely adjacent to the rear surface of the
      trailing member. A J-shaped locking bar is pivotally mounted on a lower
      portion of the trailing channel and is positioned and configured to
      nestingly fit into the channel latching member to lock the removable
      sidewall member into position.
PAR  Thus, as the need arises to replace, remove, or insert cables into the
      chute channels, the removable sidewall may be separated from the remainder
      of the chute by simply, first, pivotally disengaging the locking bar from
      the channel shaped latching member, and second, lifting the removable
      sidewall to remove the retainer clips from engagement with the flanges of
      the forward spacer channel.
PAR  It can therefore be appreciated that the present invention affords several
      advantages, including: (1) expeditious removal or attachment of the
      removable sidewall to the remainder of the chute assembly, (2)
      accessibility to the cable guiding channels to enable lateral insertion or
      removal of cables therefrom; and (3) simplicity in construction of a
      multiple cable guiding chute.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the cable chute assembly proposed by
      the present invention in the environment of a crawler tractor and ground
      slitting blade.
PAR  FIG. 2 is a side elevational view of the cable dispensing chute,
      illustrating the plurality of cable guiding channels and the
      interconnection between the removable sidewall component and the chute
      assembly.
PAR  FIG. 3 is a sectional view along line 3--3 of FIG. 2.
PAR  FIG. 4 is a rear elevational view of the cable chute, illustrating the
      locking mechanism proposed by the present invention for securing the
      removable side plate in position.
PAR  FIG. 5 is an exploded cross-sectional view taken along line 5--5 of FIG. 2,
      illustrating the removable sidewall component detached from the chute.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates specifically to an improved cable guiding and
      dispensing chute 10 which is designed preferably to be used in combination
      with a ground slitting implement in the form of a blade 12 as illustrated
      in FIG. 1. The ground slitting and cable dispensing assembly is suitable
      for attachment to a prime mover such as a crawler tractor 14 by way of an
      elevatable platform and support links 16, as more fully discussed in U.S.
      Pat. No. 3,363,423 to Davis, which is incorporated herein by reference.
PAR  As illustrated in FIG. 1, a power actuated blade reciprocating mechanism 18
      is employed to vertically vibrate the blade 12 for cutting a slot in the
      ground, and includes, for example, a pair of counter-rotating eccentric
      masses which are commonly known in the trade as a Shaler Shaker. The cable
      dispensing chute itself is connected to the blade by longitudinally spaced
      links (designated in FIG. 2 by reference numerals 20 and 22) which are
      pivoted freely at their respective opposite ends to brackets on the blade
      and the chute to eliminate the transmission of vibratory motion. The blade
      preferably has a thickness which is similar to the thickness of the cable
      or pipe being dispensed and is slightly smaller than the width of the
      cable chute for purposes which are more fully discussed and explained in
      the aforementioned U.S. Pat. No. 3,363,423 to Davis.
PAR  The cables 24 which are being fed into the cable dispensing and guiding
      chute 10 may be dispensed from a plurality of parallel cable drums 26
      (only one of which can be seen in FIG. 1) which are supported by
      conventional support structure on the crawler tractor.
PAR  Referring now to FIG. 2, the cable chute 10 is illustrated as being
      pivotally connected to the support links 20 and 22 by respective support
      brackets 28 and 30, which are rigidly mounted on a forward end wall or
      web. This web may be continuous to form both the forward and lower walls
      of the chute, or may consist of several web sections designated as 32, 34,
      36 and 38. As will become apparent for resons set out in later portions of
      this disclosure, the web sections have a channel-shaped cross-sectional
      configuration (as illustrated in FIGS. 3, 4, and 5) and are assembled to
      form a generally J-shaped forward chute wall.
PAR  A first, generally J-shaped first sidewall 40 is connected to the web
      sections along its lower and forward edges and has rigidly connected
      thereto a plurality of primary dividers 42, 44, and 46 and a trailing end
      wall or web 48. As illustrated in FIG. 2, the primary dividers and the
      trailing end wall are generally J-shaped along their lengths and extend
      from an upper cable entrance region to a lower cable exit region to form a
      plurality of cable guiding channels. Auxiliary dividers 45 and 47 are
      connected to primary dividers 44 and 46, respectively, in the transition
      region of the cable channels to provide the desired radius of curvature
      for positioning the cables in a generally horizontal disposition for
      placement in the ground. Angle support members 50 and 52 are connected
      between dividers 44, 45 and 46, 47, respectively, to provide additional
      support to the dividers in the transition region.
PAR  A plurality of bars or rods 54, 56, 58, 60, 62, and 64 are connected to the
      ends of the dividers and the trailing web for the purpose of (1) reducing
      drag on the cables as they traverse the ends of the dividers and (2)
      eliminate the possibility of damage to the cables which might otherwise
      occur from the relatively sharp edges at the ends of the dividers. An
      additional feature provided by the present cable chute design is the
      enlarged upper ends of the dividers and the trailing web and the flaring
      out of the first sidewall member 40 to provide a funnel-shaped cable
      entrance region to enable cables to be reeled off a drum or fed from
      various points into the cable chute.
PAR  The advantages provided by the construction of the cable chute described to
      this point include, for example: (1) a simplicity in construction and
      design, and (2) supporting a plurality of cables along the entire length
      of the cable chute to thereby eliminate tangling and pressure of the
      cables upon one another. However, probably the most important advantage
      afforded by the present invention accrues through the provision of a
      removable sidewall member which is designated by reference numeral 66.
      Specifically, the advantage afforded by the removable sidewall member is
      the ability to gain accessibility to the interior of the cable guiding
      conduits so that cable may be laterally inserted into or removed from
      these conduits rather than having to be fed lengthwise thereof as required
      by the prior art.
PAR  The removable sidewall member 66 is similar in shape to the first sidewall
      member 38 since it has a J-shaped configuration and an upper, outwardly
      flarring section defining the other side of the funnel-shaped cable
      entrance region. The removable sidewall member 66 is retained on the
      forward end wall of the cable chute 10 by a plurality of retainer clips 68
      which overlappingly engage the upwardly extending flange members of the
      separating web components 34 and 38. As best illustrated in FIGS. 3 and 5,
      the retainer clips are formed from tabs which are secured at one end to
      the removable sidewall plate 66 and are bent to form a depending free end
      which defines an entrance channel into which the flange of the separating
      webs is inserted.
PAR  The trailing edge of the removable sidewall component 66 is secured to the
      trailing web member 48 by a releaseable locking assembly which includes a
      J-shaped latch member 72 that is rigidly secured to the trailing edge
      region of the removable side plate 66. As can be seen from FIGS. 2, 4, and
      5, the latch member has a configuration to closely fit adjacent the
      trailing web 48 and is channel-shaped in cross-section to receive a
      pivotally mounted locking bar 74 which has a complementary J-shaped
      lengthwise configuration. The locking bar 74 is pivotally mounted on a
      reinforcing gusset plate 76 rigidly secured to the trailing web 48 by a
      removable pin 78 that is releaseably retained within a hole in the gusset
      plate by retainer sleeves 80 or the like. The upper end of the locking bar
      is releaseably secured in a nesting position within the channel-shaped
      latch member 72 for securing the removable sidewall 66 in a cable
      dispensing position by a cotter pin 82 which fits through mating holes in
      the gusset plate 76 and the locking bar 74. It can be seen from FIGS. 4
      and 5 that an optional bearing element 83 is connected to the locking bar
      74 for abutment against the channel-shaped latch member 72. The bearing
      element 83 may take the form of a continuous resilient strand along the
      entire length of the locking bar or may be in the form of a plurality of
      ball bearing elements.
PAR  To remove the sidewall member 66 when it is positioned as illustrated in
      FIGS. 2, 3, and 4, one must simply remove the cotter pin 82 and manually
      grasp a handle bar 84 rigidly connected to the locking bar to downwardly
      pivot the locking bar out of its nesting position with the channel-shaped
      latch member 72. As shown in FIG. 2, the channel member 72 terminates at
      an end 86 away from the pivotal connection of the locking bar to enable
      removal of the sidewall components 66. Next, the handle 88 is manually
      grasped and the removable sidewall member 66 is lifted to disengage the
      retainer clips 68 from the flanges on the spacer channels. Once sidewall
      member 66 has been removed, the internal cable guiding channels are
      exposed to enable lateral insertion or remove of a plurality of cables. To
      reposition the sidewall member 66 into its cable dispensing position, the
      retainer clip 68 are inserted over the flanges of the spacer channels, the
      locking bar is pivoted into its nesting position with the channel-shaped
      latch component, and the cotter pin 82 is inserted through mating holes in
      the locking bar and the supporting gusset plate.
PAR  It can now be fully appreciated that the presently proposed cable chute
      assembly affords the several advantages previously set forth in the
      present disclosure. Other advantages and meritorious features will become
      apparent to those skilled in the art of cable laying operations.
PAR  The disclosed embodiment is merely exemplary of the overall invention
      presently proposed and is not intended to be limiting in any manner. To
      the contrary, it is intended that this application cover all equivalents
      to which it is entitled; for example, it is anticipated that some
      alternative to the present disclosed retainer clips could be employed to
      carry out the overall objectives herein.
CLMS
STM  Having fully and completely described by invention, I now claim:
NUM  1.
PAR  1. In a cable guiding chute assembly including a pair of spaced, generally
      parallel vertical sidewalls; a set of spaced end walls between and
      generally perpendicular to said sidewalls, said end walls defining a
      passageway to receive generally vertically oriented cables and to guide
      said cables into a generally horizontal orientation for placement in the
      ground; and a plurality of dividers positioned between said set of end
      walls and being generally perpendicular to said sidewalls to define a
      plurality of cable guiding conduits within said passageway, said dividers
      having arcuate sections for guiding and dispensing a plurality of cables
      into said horizontal orientation, the improvement of one of said end walls
      including a flange adjacent to one of said sidewalls, said flange
      extending generally parallel to said one sidewall, a plurality of
      connector clips carried by said one sidewall and receiving said flange for
      releaseably interconnecting said one side wall to said one end wall, and a
      locking means carried by the other of said end walls for releaseably
      engaging a latch carried by said one sidewall, wherein said one sidewall
      may be removed from the chute assembly to expose the conduits to enable
      lateral removal, insertion or replacement of a plurality of cables.
NUM  2.
PAR  2. The cable chute assembly defined in claim 1, wherein said latch is
      channel-shaped and overlies said other end wall, said locking means
      including a pivotally mounted bar nesting within said channel-shaped latch
      for securing the removable sidewall to the chute assembly.
NUM  3.
PAR  3. The cable chute assembly defined in claim 2, characterized by said other
      end wall, said locking bar and said channel having a generally J-shaped
      lengthwise configuration.
NUM  4.
PAR  4. In a cable guiding chute assembly including:
PA1  a pair of generally vertical sidewalls and a set of forward and trailing
      end walls extending between and being generally perpendicular to said
      sidewalls, said end walls being spaced and having a configuration to
      define a generally J-shaped passageway for a plurality of cables, and at
      least one separator extending along substantially the entire length of
      said passageway to define a plurality of cable guiding channels, the
      improvement of:
PA1  one of said sidewalls being removeable from the chute assembly and
      including means for (a) engaging one of said end walls and (b) stabilizing
      said one sidewall against lateral displacement from the chute assembly;
PA1  the other of said end walls having a J-shaped lengthwise configuration and
      being connected to the other of said sidewalls;
PA1  a channel-shaped latch carried by the removeable sidewall, said latch
      having a generally J-shaped lengthwise configuration overlying and
      extending substantially the entire length of said other end wall and
      opening away from said other end wall, and;
PA1  a pivotally mounted locking bar carried by said other end wall and having a
      generally J-shaped lengthwise configuration nesting within said
      channel-shaped latch to releaseably maintain the removeable sidewall on
      said chute assembly, wherein the removeable sidewall may be displaced from
      the chute assembly upon disengagement of the locking bar from the latch to
      expose the cable guiding channels for lateral insertion or displacement of
      cables.
NUM  5.
PAR  5. The cable chute as defined in claim 4, characterized by said one end
      wall including a flange projecting toward said other end wall and being
      generally parallel with and adjacent to said removeable sidewall; and said
      engaging and stabilizing means including a plurality of retainer plates
      connected to said removeable sidewall and defining therewith channels
      receiving said flange.
NUM  6.
PAR  6. The cable chute assembly defined in claim 5, furthering including a
      reinforcing plate connected to said other end wall and being generally
      parallel with said locking bar; said plate and locking bar including
      mating holes through which a cotter pin is inserted to releaseably
      maintain the locking bar within said channel-shaped latch.
NUM  7.
PAR  7. The cable chute assembly defined in claim 6, characterized by said
      separator having a generally J-shaped lengthwise configuration.
NUM  8.
PAR  8. The cable chute assembly defined in claim 5, characterized by said
      flange including generally horizontally and vertically directed sections,
      and at least one of said retainer plates engaging each of said sections to
      stabilize said removeable sidewall against displacement in at least two
      directions.
NUM  9.
PAR  9. In a cable chute suitable for attachment to a trenching blade for
      guiding and dispensing a plurality of cables, pipes or the like,
      including:
PA1  a first, generally vertical, J-shaped sidewall member;
PA1  generally J-shaped, spaced forward and trailing webs carried by and
      generally perpendicular to said first sidewall member defining a
      passageway for a plurality of cables; said forward web terminating at its
      distal edge away from said first sidewall member in a flange generally
      parallel to said first sidewall member and projecting generally toward
      said trailing web; a plurality of separators carried by said first
      sidewall member, said separators being generally parallel with said
      trailing web and extending substantially the length of said passageway to
      define a plurality of cable guiding and dispensing channels, wherein the
      improvement comprises:
PA1  a generally vertical, removeable sidewall member having a configuration
      substantially the same as said first sidewall member and abutting against
      outwardly directed, generally vertical surfaces on said flange and said
      trailing web;
PA1  a plurality of retainer clips connected to said removeable sidewall member
      and defining therewith an entrance channel receiving said flange to
      stabilize said removeable sidewall member on the chute assembly against
      lateral displacement;
PA1  a generally J-shaped channel member carried by said removeable sidewall and
      overlying a portion of said trailing web; and
PA1  a generally J-shaped locking bar pivotally connected to said trailing web
      and nesting within said J-shaped channel member for securing said
      replaceable sidewall in abutting relationship against said flange and
      trailing web, and means releaseably maintaining said locking bar in nested
      arrangement with said channel member, wherein said removeable sidewall may
      be displaced upon disengagement of said maintaining means and said locking
      bar for exposing said cable guiding channels to enable lateral removal,
      insertion or replacement of a plurality of cables.
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ABST
PAL  A screw compressor, compressing refrigerant gas in a refrigeration system,
      which has liquid refrigerant passed back through it, in counter flow to
      the gas being compressed, for sealing the rotor clearances. The liquefied
      gas from the condenser of the system returns to the evaporator either
      wholly by way of the compressor or partly by way of the compressor as
      aforesaid and partly through a bypass equipped with an expansion valve.
PARN
PAR  This is a continuation of application, Ser. No. 134,591, filed Apr. 16,
      1971, now abandoned.
BSUM
PAR  This invention relates to refrigerating systems in which compressors, and
      especially screw compressors, are used for compressing refrigerant gas.
PAR  A problem encountered with these machines when used for refrigeration
      purposes has been to seal the clearance spaces between the rotors and
      between each rotor and the casing in order that the required pressure
      ratio can be maintained at moderate speeds at a high volumetric
      efficiency. Another problem is that of removing at least part of the heat
      of compression in order to reduce power consumption and prevent
      overheating. One solution has been to inject oil into the machine. This
      has the disadvantage that a large quantity of oil is required and
      consequently large oil separators are needed, and the power used in
      pumping the oil is wasted.
PAR  According to the present invention, to maintain a gas seal, at least a
      proportion of the liquid refrigerant returning from the condenser to the
      evaporator of the system flows through the compressor in the reverse
      direction to the gas flow. The liquid can be injected into the compressor
      at or near the delivery port and the centrifugal force imparted by the
      moving rotors tends to keep the liquid near the outer peripheries of the
      rotors. The liquid flows through the clearance towards the low pressure
      side of the compressor by virtue of the pressure differences across the
      lobes of the rotors. The clearance can be sized to give the correct liquid
      flow, and at the same time minimise any gas flow. The clearances may
      require to be larger at the low pressure end of the machine than at the
      high pressure end.
PAR  One arrangement according to the invention will now be described by way of
      example and with reference to the accompanying drawing which shows
      diagrammatically a refrigeration circuit embodying the invention.
PAR  In the drawing, a screw compressor A has an inlet for refrigerant in
      gaseous form at B and an outlet for the compressed gas at C. After the
      compressed gas has been condensed in a condenser D, at least a proportion
      of the resulting liquid refrigerant returns to the high pressure side of
      the compressor at E and, after passing back through this machine, is taken
      from the low pressure side at F and thence to an evaporator G. The
      refrigerant liquid regasifies in the evaporator G and is returned to the
      compressor gas inlet B. Pumps may be required on the liquid lines between
      the condenser D and the compressor liquid inlet E and between the
      compressor liquid outlet F and the evaporator G, depending on the relative
      positions of the circuit components.
PAR  Alternatively, counter flow of liquid and vapor could take place in the
      same pipeline at inlet to the compressor, especially if the different
      components of the plant are close together. Liquid and gas would then
      enter and leave the compressor by essentially the same ports and the line
      leading from F back to the evaporator would be omitted.
PAR  Liquid expansion within the compressor is thermodynamically more efficient
      than if the liquid were expanded externally of the compressor through a
      throttling valve because the flash gas is recompressed as soon as it is
      formed without further expansion down to evaporator pressure. In addition,
      the compressed gas is always at or near the saturation temperature and
      consequently high temperatures are not developed in the compressor and the
      wasteful effects of superheat are avoided.
PAR  Since one compressor may be required to operate over a range of conditions,
      control of the liquid flow may be necessary. At high evaporator pressures
      the mass flow of refrigerant for a given size and speed will be large
      whilst the pressure difference tending to drive the liquid through the
      same clearances will be small. As the evaporator pressure drops the
      refrigerant throughput will go down but the pressure difference across the
      compressor will rise. Because of this pressure drop it may be necessary to
      allow some of the liquid flow to the evaporator to take place outside the
      compressor, using an expansion valve as shown at H. Alternatively, the
      liquid may be fed into the the compressor at a variable number of entry
      points E', E",  or provision may be made for some bypassing of liquid
      within the compressor itself.
PAR  The invention also affords the following further possibilities:
PA1  a. The use of liquid refrigerant to cool and lubricate the compressor
      bearings I; these can be ball-bearings or roller bearings at the ends of
      the rotors J.
PA1  b. The use of the liquid refrigerant to lubricate and/or cool the rubbing
      surfaces of the rotors in machines where no external gearing is provided.
      In this case it may be desirable to make the rotors of dissimilar
      materials of which one would preferably be of a low-friction material; the
      machine is then less liable to seizure should it temporarily run dry.
PA1  c. Where intermeshing rotor gearing K is provided, the bathing of the gears
      in the refrigerant liquid.
PA1  d. In a hermetic design, the irrigation of the motor bearing with liquid
      refrigerant.
PA1  e. The injection of some or all of the liquid going back through the
      compressor through one or more holes provided in one or both rotors.
PA1  f. The control of compressor capacity by the use of variable area porting
      at the inlet or outlet, or both.
PA1  g. The employment of a compressor with double-ended reverse helix rotors.
      This simplifies the bearing arrangements so that bathing the bearings in
      liquid refrigerant becomes an adequate means of lubrication.
PA1  h. The internal surface of the compressor casing in contact with the
      refrigerant, rather than being smooth, could be machined or otherwise
      treated to have a textured surface which would retain liquid refrigerant,
      and would also reduce the back-flow of liquid under the pressure gradient.
PA1  i. The inlet ports to the compressor for the returning liquid refrigerant
      could comprise plugs L of porous material, such as sintered metal, so that
      liquid would flow through due to surface tension but reverse flow of
      vapour would be prevented. This provision will be particularly valuable if
      multiple liquid entry ports are used and not all of them are exposed to
      gas at the same pressure at the same time.
PA1  j. Part or all of the surface of one or both rotors, or of the casing, can
      consist of a layer of porous material, such as sintered metal, so that
      part at least of the liquid refrigerant can flow from the high pressure to
      the low pressure zones of the compressor through this porous material.
PA1  k. The compressor can be mounted with the rotor axes vertical, so that
      gravity will either aid or oppose the liquid flow, and the clearances
      designed accordingly.
PA1  l. The flow of most or all of the liquid refrigerant from the condenser
      back through the compressor can still take place in cases where
      conventional lubricants are used to minimize friction or for partial
      sealing, provided that the mutual solubility of the lubricant and
      refrigerant is low. The thermodynamic advantages of multi-stage liquid
      expansion and cooling will still be obtained.
PA1  m. The provision of a number of control valves to regulate the distribution
      of liquid refrigerant between different injection points in the compressor
      casing, rotors or both.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A closed cycle refrigeration system, comprising an evaporator receiving
      liquid refrigerant and gasifying it, a rotary compressor receiving at its
      inlet side the refrigerant gas from the evaporator and compressing it, a
      condenser receiving the compressed gas discharged by the compressor and
      condensing it, means delivering at least a portion of the liquid
      refrigerant from the condensor outlet back to the discharge side of the
      compressor, and a second liquid line conducting liquid refrigerant from
      the inlet side of the compressor back to the evaporator, the liquid
      refrigerant returned to the compressor in said first liquid line traveling
      through the compressor to said second liquid line by way of the rotor
      clearance gaps in the compressor; and means including an expansion valve
      for delivering the remaining portion of liquid refrigerant from the
      condensor outlet to the evaporator.
NUM  2.
PAR  2. A refrigeration system according to claim 1, wherein the compressor is a
      screw compressor.
NUM  3.
PAR  3. A refrigeration system according to claim 1, wherein the liquid is
      injected into the compressor near the compressed gas delivery port and
      leaves near the gas inlet.
NUM  4.
PAR  4. A refrigeration system according to claim 1, wherein the clearances
      within the compressor are larger at the low pressure end of the machine
      than at the high pressure end.
NUM  5.
PAR  5. A refrigeration system according to claim 1, wherein counter flow of
      liquid and gas takes place in the same pipe line at the inlet to the
      compressor.
NUM  6.
PAR  6. A refrigeration system according to claim 1, wherein a bypass passage,
      including said expansion valve, is provided through which a proportion of
      the liquid from the condenser can flow back to the evaporator without
      passing through the compressor rotor clearance gaps.
NUM  7.
PAR  7. A refrigeration system according to claim 1, wherein the liquid is fed
      into the compressor at a plurality of entry points.
NUM  8.
PAR  8. A refrigeration system according to claim 1, wherein the liquid inlet
      port comprises a plug of porous material such as sintered metal.
NUM  9.
PAR  9. A refrigeration system according to claim 1, wherein the liquid
      refrigerant is employed to lubricate the bearings of the compressor.
NUM  10.
PAR  10. A refrigeration system according to claim 1, wherein the compressor
      rotors are geared to one another and the gears are bathed in the liquid
      refrigerant.
NUM  11.
PAR  11. A refrigeration system according to claim 1, wherein the inside of the
      compressor casing is roughened to retain liquid refrigerant.
NUM  12.
PAR  12. A process of gas compression in an oil-free refrigeration system
      wherein a screw compressor draws gas into an inlet on its low-pressure
      side from an evaporator and delivers compressed gas from a delivery port
      at its high-pressure side into a condenser, including the steps of
      withdrawing part of the liquid phase of the gas being compressed from the
      liquid condensed in the condenser, injecting said withdrawn liquid into
      the compressor at a pressure point near its delivery port on the
      high-pressure side of the compressor whereby injected liquid is driven
      toward the low-pressure side of the compressor by the differential
      pressure across the compressor and liquid arriving at its inlet port is
      delivered directly to the evaporator.
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ABST
PAL  Jewel-studded components are formed of a planar holder or carrier made up
      of rings joined together by webs with the back surfaces of stones secured
      into the rings by soldering or by an adhesive. The thickness of the holder
      is only a fraction of the height of the back surface of the stones. The
      rings are sized to receive the shape and size of the stones so that
      different size stones can be fitted into the holder. The holder can be
      formed from a thin metal plate and the webs are flexible and deformable.
      Further, the holder can be provided with support surfaces, laterally
      adjacent the rings, on which contrasting small sized articles, such as
      granules or floccules, are deposited.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to the formation of a jewel-studded
      component and, more particularly, it is directed to the construction of
      such a component formed of rings secured together by webs so that a thin
      planar holder is provided into which stones can be secured.
PAR  The production of both fine and custom jewelry from strass-chatons can be
      effected in various ways. Previously, the stones were held in mounts by
      claws, however, today most stones are cemented in position.
PAR  A considerable portion of the custom jewelry produced uses so-called kettle
      chains. These kettle chains are metal parts deformed into mounts which are
      joined together by links. The kettle chains are very flexible and can be
      joined to each other by soft or hard soldering and they can be
      subsequently galvanized. This type of custom jewelry has the disadvantage
      that the claws used for mounting the stones remain visible and the stones
      are spaced relatively far apart and do not afford the impression of a
      continuous or closed surface.
PAR  In another type of jewelry production, metal parts are produced by
      centrifugal casting and are then galvanized with the stones being set
      individually by hand. This method has the disadvantage that the front
      facets of the stones are soiled by the adhesive. Though the adhesive is
      mostly transparent, the appearance of the stones is greatly impaired
      because the adhesive changes the physical properties of the upper facets,
      and the effect of the surface-ground faces, which impart fire and
      brilliance to the stones, is lost. Another disadvantage of this method is
      the high cost of labor. Since in the production of custom jewelry certain
      price levels must not be exceeded, it has frequently been tried to reduce
      the high processing costs by using larger stones. However, the use of
      larger stones impairs the appearance of the jewelry. Such pieces lack the
      delicacy and elegance of fine jewelry.
PAR  By means of the present invention it is possible to eliminate the
      disadvantages experienced in the past. In accordance with the present
      invention, the jewelry is produced, not by cementing individual stones
      into mounts, but by prefabricating the stones and combining them in groups
      to form a jewelry component. Such components can then be supplied to a
      manufacturer so that he can produce the jewelry by combining several
      components, for example, by cementing or sewing. Since the components must
      have certain properties, the present invention is directed to the
      components and the manner in which they are produced. The components
      embodying the invention consist of stones secured in rings joined to one
      another by webs to form a planar or flat-shaped holder or carrier, the
      thickness of the rings forming the carrier are only a fraction of the
      height of the back surfaces of the stones which are fitted into the rings.
      The shape and size of the rings are adapted to the shape and size of the
      stones fitted into the rings. The carrier can be in a leaf or band shape,
      but it can also be formed to a particular pattern. It is not necessary for
      the component to be flat and it can be deformed to the configuration of
      the object to be decorated, for example, to the shape of a button, a
      buckle and the like.
PAR  The stones can be cemented or soldered to the rings of the carrier, and
      where soldering is used the back surfaces of the stones are provided, at
      least in part, with a metal coating. In most cases the diameter of the
      rings forming the carrier will be smaller than the maximum diameter of the
      stone so that the ring is not visible when viewed from the front surface
      of the stones. By virtue of the stone setting afforded by the present
      invention, it is possible to form components with the stones in a closely
      fitted arrangement and with a maximum amount of flexibility and
      deformability being present in the component.
PAR  In producing the components, initially the stones are placed on a vibrating
      plate so that the stones fall into depressions shaped to receive the back
      surfaces of the stones. With the depressions filled with stones, the
      remaining stones on the plate are removed. The depressions in the
      vibrating plate are arranged in a pattern comparable to at least a portion
      of the pattern of the rings in the holder or carrier. The stones are
      transferred to a settling plate and are fixed to the carrier which is
      applied onto the back surfaces of the stones after the stones have been
      inverted from their position in the vibrating plate. The mechanical
      arrangement of the stones and the fixing of the stones to the carrier is
      subject to modifications.
PAR  Additionally, the invention concerns the manner in which the holders are
      formed, such as by etching a thin metal plate to provide the arrangement
      of the rings and webs which define the holder.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there are illustrated and described preferred embodiments of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a plan view of a carrier with certain of the stones shown in
      phantom;
PAR  FIG. 2 is a sectional side view of the holder shown in FIG. 1;
PAR  FIGS. 3 to 7 are schematic showings of a variety of band-shaped holders,
PAR  FIG. 8 is a schematic showing of a shaped holder;
PAR  FIGS. 9 to 12 illustrate the various steps involved in forming a jewelry
      component using a holder of the type shown in FIG. 1;
PAR  FIG. 13 is a partial sectional view through a piece of jewelry formed in
      accordance with the present invention; and
PAR  FIGS. 14 to 17 are plan views of decorative holders embodying the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  IN FIGS. 1 and 2, a holder 1 having a screen-like appearance, is formed of
      a plurality of rings arranged in three lingitudinally extending rows with
      the rings in each row joined together by webs 3, that is, in each row
      adjacent rings are secured together by a web 3. The webs 3 are disposed in
      longitudinal alignment. Additional webs 4 interconnect certain of the
      rings in adjacent rows. The webs 4 extend obliquely between the rings
      relative to the longitudinal direction of the webs 3. As can be seen in
      FIG. 1 every other ring in the rows is secured by a web 4 to a ring in the
      adjacent row. Accordingly, it is possible to stretch the holder 1 in the
      direction of the arrows 5 because of the orientation of the webs 4,
      however, because of the longitudinal alignment of the webs 3 it is not
      possible to effect an expansion in the direction of the arrows 6.
PAR  Because of the type of materials used, the components formed of the
      carriers 1 and stones 7 can be formed into developable surfaces, for
      example, cylinders, cones and the like, by deforming the component in any
      direction. While the component is being deformed, the stones remain fixed
      to the rings and the rings are mechanically unstressed, because only the
      connecting webs 3 and 4 are bent or twisted in the deforming operation.
      This characteristic is of particular importance because warping of the
      rings is prevented and the stones do not become displaced or broken out of
      the rings during the deformation operation.
PAR  As indicated in FIG. 2, the stones 7 are set into the rings 2, the stones
      being shown in dot-dash lines. At the maximum diameter of the stones a
      separating plane is provided extending generally parallel with the surface
      of the holder with the front surface of the stone extending outwardly from
      one side of the separating plane and the back surface of the stone
      extending outwardly from the opposite side of the separating plane. As
      shown in FIG. 2, the back surface of the stone seats within the rings 2 in
      the carrier 1. In FIG. 2 the height h of the back surface of the stones 7,
      that is, the dimension from the separating plane to the tip 8 of the stone
      is considerably greater than the thickness s of the carrier, that is, the
      thickness of the carrier represents only a fraction of the height h of the
      back surface of the stone.
PAR  The inside diameter of the rings 2 is not critical. If a smaller inside
      diameter is used for the rings, the back surfaces of the stones are
      engaged closer to the tip 8 without causing any effect on the properties
      of the component.
PAR  As indicated by the dot-dash lines in FIG. 1, the stones can be arranged
      closely together giving the surface of the component formed by the front
      surfaces of the stones a solid or closed impression. Such a close
      arrangement of the stones was not possible in the known methods of stone
      setting. With metal kettles and plastic mounts the edges of the stones had
      to be fixed so that a corresponding distance between adjacent stones was
      unavoidable. With the components formed in accordance with the present
      invention, the closest arrangement of the stones can be achieved by
      orienting the stones by the use of suitable devices in such a way that the
      corresponding facets point in the same direction.
PAR  The screen-like holders for the stones can be formed of various materials.
      It is simple to produce the holders by etching. In etching a holder, a
      suitable thin metal sheet is coated on both sides, for example, with
      "PHOTO-RESIST", after which the desired shape of the holder is projected
      on the coated surfces. After development, the etching can be carried out,
      an etch-absorbing varnish can be applied by means of a screen printing
      process. As a result, the uncovered areas are etched away and the desired
      holder remains. The shape of the holder can vary, as is indicated in FIGS.
      3 to 8. In FIG. 3 the holder is formed of a single row of rings 2 joined
      by webs 3. In FIG. 4 one continuous row is formed, similar to that in FIG.
      3, with every other one of the rings in the continuous row being connected
      to another ring by a web 4. In FIGS. 5 and 6 two adjacent rows of rings 2
      are provided, however, in FIG. 5 alternate pairs of rings are secured
      together by the webs 3 while each of the adjacent pairs of rings are
      secured by the webs 4 so that the webs connect the rings together in a
      tortuous or meandering form. In FIG. 6 the rings in one row are offset
      relative to the rings in the adjacent row and while the rings in the
      individual rows are not connected together the rings in adjacent rows are
      interconnected by webs 4 providing the holder with a zig-zag appearance.
      In FIG. 7 three rows of rings are shown with the center row having larger
      rings 2' as compared to the rings 2 in the two outer rows. Only the rings
      2' are connected together in a longitudinal form similar to that in FIG. 1
      with obliquely disposed webs 4 joining each of the rings 2' in the center
      row to an adjacent ring in ech of the two outer rows. The rings in the
      outer rows are not connected to one another but only to the rings in the
      center row. In the arrangement of FIG. 7 larger stones can be inserted
      into the center row. Due to the manner in which the rings in the outer row
      are joined to the rings in the center row the carrier has a herringbone
      pattern. The inside diameters of the rings in each of the rows are
      preferably adapted so that the outer faces of the small and the large
      stones are arranged in the same plane. With such an arrangement components
      with stray stones can be produced.
PAR  Though the components shown in FIGS. 3 to 7 have basically a band-like
      configuration, from FIG. 8 it can be noted that shaped holders can be
      provided, such as the leaf-shaped holder indicated. The holder in FIG. 8
      can be easily deformed so that different leaf forms can be produced from
      one component. To provide the desired flexibility the rings in each of the
      longitudinally extending rows are not connected to one another by the webs
      3 but are connected to rings in adjacent rows by the webs 4. A
      considerable reduction in the costs of production can be achieved if the
      stones are set mechanically into the rings of the holder. The setting
      operation is shown schematically in FIGS. 9 to 12. In FIG. 9 a vibration
      plate 11 is shown having depressions 12 arranged in a regular pattern and
      shaped to receive the back surfaces of the stones 7. Initially, the stones
      are placed on the vibration plate 11 and by shaking the plate they fall
      into the depressions 12. With the depressions filled, any remaining stones
      are removed from the plate. A turning plate 13, as indicated in FIG. 12,
      can be placed over the front surfaces of the stones in the plate 11 and,
      by inverting both of the plates, the vibration plate can be removed with
      the stones 20 fitted within recesses in the turning plate with their back
      surfaces directed upwardly. When inverted in the transfer or turning plate
      13, the stones remain in the pattern as originally contained in the
      vibration plate and as is shown in FIG. 10. A holder 1 can be applied to
      the back surfaces of the stones and soldered or cemented to them. With the
      stones secured to the holder, the component can be lifted as a unit from
      the turning plate 13.
PAR  If the stones are to be arranged closely together, shaking the vibration
      plate for positioning the stones in the depressions can present some
      difficulties. If the depressions are arranged closely together the stones
      tend to block the movement of one another and, as a result, the use of
      such a vibration plate is unsuitable. Accordingly, to provide a close
      arrangement of the stones, an intermediate plate 14, such as shown in FIG.
      11, can be used. The plate 14 contains depressions spaced closely togethr
      with the depressions arranged in a multiple of the pattern shown in FIG.
      10. By initially using the vibration plate with the wide spacing of the
      depressions it is possible to displace the stones into the depressions and
      then lift the stones and place them in the various patterns indicated in
      FIG. 11.
PAR  In arranging the stones in the depressions in the plate 14 shown in FIG.
      11, initially, the stones are lifted from the vibration plate 11 by means
      of a transfer plate 15 and located in the selected depressions in the
      settling plate 14. The plate 15 has tubes 16 soldered in place within
      bores 17 in the plate. The upper face of the plate forms a housing 18
      which is connected over a hose line 19 to a vacuum pump, not shown. By
      exerting a vacuum within the pump and positioning the tubes over the
      stones in the vibration plate, the stones can be lifted in the desired
      pattern from the plate 11 and moved into position over the settling plate
      14. When the stones are positioned in the selected depressions, for
      instance depressions a of the settling plate, the suction pump can be
      disconnected and the stones will remain in the settling plate 14 when the
      transfer plate 15 is removed.
PAR  This process is repeated a number of times by the transfer plate, however,
      each time it is displaced diagonally relative to the prior position for
      depositing the stones from the vibration plate so that the stones are
      located in a different pattern of depressions. For instance, in the second
      step of the operation, the stones are placed in the depressions b, the
      next set of stones is placed in the depressions c and the final set of
      stones is placed in the depressions d so that all of the depressions in
      the settling plate 14 are filled with stones.
PAR  By using the turning plate 13 the stones can be inverted while they are
      kept in the proper arrangement and the holder can be cemented to the back
      surfaces of the stones. It may be advisable to equip the turning plate
      with a vacuum device, in the same manner as the transfer plate 15.
      Different vibration plates and transfer plates are used if stones of
      different size and/or different color are to be combined in a component. A
      separate vibration plate and in many cases also a separate feed plate must
      be used for each size and for each color of the stones.
PAR  In another feature of the invention, surfaces can be provided on the holder
      which are free of stones and are made optically effective. This can be
      achieved by providing support surfaces adjacent the rings and, after
      depositing an adhesive coat on the surfaces, sprinkling or applying small
      sized materials such as floccules, granules, spherules, fibers and the
      like. For this purpose metal pigment floccules are suitable, as are
      textile fibers. Moreover, glass chips can also be used. With this
      arrangement the portions of the components which do not contain stones
      provide a sharp contrast with the stones.
PAR  In FIG. 14 a portion of a strip or band-shaped holder is shown with two
      edge zones or support surfaces 28 flocked with small material after the
      stones have been inserted.
PAR  In FIG. 15 adjacent rings are secured to one another by webs 3 and are also
      secured to the adjacent surfaces 28 by similar webs. In other words, the
      webs extend perpendicularly to one another from opposite sides of the
      rings.
PAR  In FIG. 16 a carrier 29 is illustrated which is made up of sixteen rings
      arranged in a rhombic form but the support surface 28 laterally enclosing
      the rings has a rectangular shape and is flocked with a coat to provide a
      contrast with the stones in the rings.
PAR  In FIG. 17 a circular holder 30 is illustrated with the rings 2 arranged in
      a circle laterally enclosed by a support surface 28 and, in turn,
      enclosing a center support surface 31. Both of the support surfaces 28 and
      31 are provided with a coat of small material.
PAR  In the embodiment of FIGS. 14-17, the components are deformable to a
      limited degree. Although the components of these embodiments are not as
      deformable as those of FIGS. 1, 6, 7, and 8, they are deformable to some
      degree so as to allow for differently formed structures.
PAR  Jewelry pieces can be formed by inserting components 21 in depressions
      provided in or on a jewelry piece or carrier 23 into which adhesives 24
      are introduced, note FIG. 13. The thickness of the adhesive is selected so
      that it penetrates through openings 25 in the holder 1, which openings are
      located between the webs, and permits the adhesive to wet the stones up to
      the edge 26, that is to the separating plane which defines the back
      surface from the front surface of the stones.
PAR  Preferably, solvent-free adhesive systems or casting resins are used so
      that there is no shrinkage as the material sets and an optimum bond is
      obtained. The components formed in accordance with the present invention
      are flexible and partly stretchable and during such deformation the stones
      are not disturbed relative to one another. Stray stones can also be set
      and any desired form can be given to the components. It is possible to
      produce the components in leaf or band form and the manufacturer can
      eliminate parts as desired, such as is done in the "do-it-yourself"
      market. Accordingly, preset breaking points can be provided in the webs of
      the holders. It is also possible to cut the webs apart, for instance, by a
      separating disc or suitable pliers such as diagonal cutting pliers.
      Further, there is great freedom in the selection of the adhesive used.
PAR  The cross section of the ring 2 of a holder must be selected so that, when
      the holder is bent or stretched, only the webs are deformed and not the
      rings.
PAR  It is not necessary that the rings be circular. In certain cases it is
      feasible to adapt the ring form and/or the ring cross section to the stone
      to be inserted.
PAR  Further, the components formed in accordance with the present invention
      have the advantage that they can be used even with small sized stones,
      which is not possible with kettle mounts or plastic.
PAR  During subsequent galvanizing, the back surfaces of the stones with their
      sensitive varnish or silver mirror coats are completely protected by the
      adhesive or resin in jewelry pieces formed in accordance with the present
      invention. However, in kettle mounts the back surfaces are exposed which
      often leads to problems with the silver mirror coat, because the cleaning
      process preceding the galvanizing bath, which incidently is carried out
      differently by various processors, represents an extremely rough treatment
      of the stones.
PAR  In single-row holders, the connecting webs of the individual rings can be
      made thicker to increase the stability of the component. This
      characteristic also applies to all special forms of the components.
PAR  With the present invention it is also possible to produce crowned, that is
      convex or concave components, such as for buttons. For economy reasons
      flat settling plates are preferred. The form of the components depends on
      the type of deformation to be subsequently provided.
PAR  The use of the holders according to the present invention are by no means
      limited to strass chatons, pointed stones or transparent or opaque glass
      beads could also be used with the same advantages. The use of the
      vibration plates in forming the components is much simpler when glass
      beads are used instead of chatons. Further, in such a case the turning
      step is eliminated. It should be understood that the term "stones" used
      herein is intended to cover chatons, pointed stones, beads and the like.
PAR  The present invention opens up new possibilities in the custom jewelry
      field, for example, the production of largesurfaced highly flexible
      bangles, bracelets and clasps studded with jewels in a close arrangement.
      Such close spacing has not been economically feasible in the past because
      of the high processing costs involved, such as for individual stone
      setting, or because subsequent deformation of the previously formed
      components made with plastic was not possible. The great flexibility of
      finished jewelry pieces, such as is required for head and arm bands, is
      achieved, for example, by using the components formed in accordance with
      the present invention in combination with rubber-elastic two-component
      adhesives to cement the components with the carrier materials.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Jewel-studded components comprising a thin screen-like planar holder,
      said holder comprising at least two rows of rings, said rows being
      disposed in laterally spaced relation to one another, each said row having
      a plurality of rings disposed in spaced relation longitudinally of said
      row, and connecting means consisting of webs integrally interconnecting
      each said ring with at least one other of said rings, stones each having a
      separating plane with a front surface extending outwardly from one side of
      the separating plane and a back surface extending outwardly from the
      opposite side of the separating plane beyond said rings, and the back
      surface of each stone being secured in one of said rings, the thickness of
      said holder being only a samll fraction of the height of the back surface
      of each said stone measured outwardly from the separating plane, and the
      size and shape of said rings being adapted to the size and shape of said
      stones, said webs comprising first webs each connecting adjacent said
      rings of each of said respective rows, said first webs disposed in
      longitudinal alignment with each other in the respective row, and second
      webs extending obliquely of the longitudinal direction of said first webs
      and interconnecting adjacent said rings of different said rows so that one
      said first web and one said second web each connected to one said ring
      extend therefrom each to a said ring in a different said row, said webs
      being permanently deformable whereby the dimension of said component can
      be increased or decreased in a direction transverse to said longitudinal
      direction.
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PAL  A self-aligning coupling between a driving member and a driven member as a
      cross-disc member in which the members define a pair of linear slots at
      right angles to one another and have axial faces adjoining the flanks of
      these slots. The cross-disc member has ledges received in the slots and
      planar surfaces parallel to the flanks and axial faces, but spaced
      therefrom. L-section bearing cages with arrays of parallel needle bearings
      in each leg of the L are provided between the flanks and adjoining faces
      of one member and the juxtaposed flanks and adjoining faces of the other
      member so that the roller axes of each cage are orthogonal to one another.
BSUM
PAR  This invention refers to a self-aligning coupling for joining shafts or
      similar rotating components in parallel alignment, with a driving and a
      driven part and a cross disk coupling arranged therebetween.
PAR  Self-aligning couplings are known, in which the faces of the cross disk and
      the opposing inner end faces of the driving and driven parts have
      semicircular grooves radially extending to the axis of rotation, in which
      balls are provided to act as force transmitting elements between cross
      disk and driving part on the one hand and between cross disk and driven
      part on the other hand.
PAR  Such self-aligning couplings suffer however from the drawback that the
      balls impose considerable axial forces on the driving and driven parts.
      Another disadvantage resides in the point loads imposed by the balls at
      the contact points, causing correspondingly high specific pressures per
      unit area. This disadvantage can be met in part by fitting bigger balls,
      but this adversely affects the overall dimentions of the coupling.
PAR  The present invention has for its object to obviate these disadvantages.
      This is accomplished by providing the cross disk with a driving ledge on
      each of its faces, these ledges intersecting at right angles in the axial
      projection and engaging corresponding grooves in the driving and driven
      parts, laterally limiting surfaces being left between grooves and ledges,
      as well as spaces between the faces of the cross disk and the opposite end
      faces of the driving and driven parts. Fitted in said spaces are needle
      thrust bearings, whose cages consist of lengths of L-profiles with the
      needles rotatably mounted in their shanks.
DRWD
PAR  The accompanying drawing shows by way of example two forms of embodiment
      incorporating the invention, and wherein:
PAR  FIG. 1 is an axial section of a self-aligning coupling joining two shafts
      in parallel alignment with each other;
PAR  FIG. 2 is another axial section taken along the line II--II of FIG. 1;
PAR  FIG. 3 shows a section view taken along the line III -- III of FIG. 1;
PAR  FIG. 4 shows a sectional view taken on the line IV -- IV of FIG. 1; and
PAR  FIG. 5 represents an axial section through a self-aligning coupling in the
      form of a drill chuck.
DETD
PAR  Referring to said drawing, the driving part shown in FIGS. 1 to 4 is
      denoted by numeral 1, comprising the stub shaft 2 and the disk-shaped
      coupling head 3 integral therewith. The coupling head, threaded on the
      outside, has the coupling housing 4 screwed onto it and secured by a lock
      nut 5.
PAR  The driven part 6 comprises the stub shaft 7 and the coupling disk 8
      integral therewith. Arranged between the head 3 of the driving part and
      the coupling disk 8 of the driven part is a cross disk 9. On its two faces
      the latter has a prismatic ledge 10 and 11 respectively, which cross at
      right angles in the axial projection and engage corresponding grooves 12
      and 13 in coupling head 3 and coupling disk 8.
PAR  Between said grooves 12,13 and the surfaces 14,15 and 16,17 defining the
      ledges 10,11 laterally, and between the faces 18,19 of the cross disk 9
      and the opposite faces 20,21 of the driving and driven parts, spaces 22,23
      are left having needle thrust bearings 24,25 fitted therein. As cages for
      the needles use is made of L-profile lengths 26,27, carrying in their
      shanks the needles, which rotate at right angles to the length of the
      L-profiles. The needle thrust bearings float so as to be able to shift
      linearly in the spaces 22,23 at right angles to the needle axes. This
      displacement of the needle thrust bearings is limited by stops in the form
      of pins 28 anchored in the driving ledges 10,11. Coupling disk 8 and a
      shoulder 30 of the housing 4 have a ball thrust bearing 29 arranged
      therebetween.
PAR  In the self-aligning coupling in the form of a drill chuck shown in FIG. 5,
      numeral 3 again designates the disk-shaped coupling head of the driving
      part, and 8 the coupling disk of the driven part. The housing 4 has the
      coupling head 3 bolted thereonto and secured in position by the lock nut
      5. The cross disk 9 includes driving ledges 10 and 11 projecting from its
      two faces and engaging the corresponding grooves 22 and 23 in coupling
      head 3 and coupling disk 8 through the interposed needle thrust bearings
      24,25. Arranged between coupling disk 8 and shoulder 30 of the housing 4
      there is again a ball thrust bearing 29.
PAR  Instead of the stub shaft 7 as shown in the form according to FIGS. 1 to 4,
      there is arranged a draw-in collet chuck 31 to take a drilling tool on
      coupling disk 8 at the driven side.
PAR  In the form shown in FIG. 5, the shoulder 30 has an internal thread, in
      which a bush 32 can be adjusted by turning. On its outer face said bush
      has a flange 33 with knurled edge. Towards the inner face of the bush its
      bore widens conically at 34. At the end of the collet chuck 31 is a
      corresponding mating taper 35. In the position shown, the two tapers 34
      and 35 leave an annular gap 36. Within this annular gap the coupling disk
      8 or collet chuck 31 can float, in other words perform axially parallel
      movements in relation to the driving part. This range of movement may be
      varied by turning the bush 32 in its threads.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A self-aligning coupling comprising a driving part and a driven part,
      said parts having grooves oriented at right angles to one another with
      planar flanks parallel to the axis of the respective part and planar faces
      perpendicular to said axes;
PA1  a cross-disk member received between said parts and having a pair of
      prismatic ledges oriented at right angles to one another and respectively
      received in said grooves, said ledges having planar flanks each parallel
      to and spacedly juxtaposed with a flank of the respective groove, said
      member having planar faces adjoining said ledges and spacedly juxtaposed
      with and parallel to a respective face of one of said parts whereby each
      flank of a groove and an adjoining face of one of said parts is paired
      with a juxtaposed flank of a respective ledge and an adjoining face of
      said member;
PA1  and a respective bearing element comprising a linearly extending L-profile
      and linearly movable cage, with legs lying between the paired faces and
      flanks, disposed between said parts and said members, each of said bearing
      elements being formed with an array of a multiplicity of thrust needle
      bearings in each leg engaging the paired surfaces and paired flanks with
      the axes of the needle bearings of one leg of each element orthogonal to
      the axes of the needle bearings of the other leg thereof.
NUM  2.
PAR  2. The coupling defined in claim 1, further comprising stops for limiting
      the linear displacement of said cages in each direction of movement
      thereof.
NUM  3.
PAR  3. The coupling defined in claim 2, wherein said stops are pins mounted in
      said ledges.
NUM  4.
PAR  4. The coupling defined in claim 1, further comprising a casing closing
      said member and threaded onto one of said parts, a lock nut securing said
      casing on said one of said parts.
NUM  5.
PAR  5. The coupling defined in claim 1, further comprising a ball thrust
      bearing supporting one of said parts on the other of said parts.
NUM  6.
PAR  6. The coupling defined in claim 1 wherein said driven part is formed with
      a tool chuck.
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ABST
PAL  This invention relates to a warp knitted elastic fabric composed of
      alternating non-elastic courses formed from non-elastic yarns and
      intervening elastic courses formed primarily with elastic thread having a
      knitted ground construction composed of a plurality of non-elastic threads
      arranged in one or two systems of warp threads formed into a plurality of
      wales and courses of single thread stitches. The threads of said system or
      systems form stitches in adjacent wales in a course and in alternate
      courses to form the alternating non-elastic course. A plurality of elastic
      threads arranged in one system of warp threads form a plurality of wales
      and alternate elastic courses of double elastic thread stitches. Each
      elastic thread forming a part of two stitches in adjacent wales in a
      course knitting in the intervening courses when at least half of the
      non-elastic threads are not knitting. The elastic courses in particular
      and the base fabric construction are dependent on the elastic threads
      being formed into knitted stitches to hold the knitted structure together,
      to prevent the knit structure from raveling.
PAL  The warp knitted elastic fabrics of this invention are opaque, have a soft
      hand, a smooth uniform surface free of streaks and a long comfort-type
      stretch in one direction and control-type stretch in the other direction
      at right angles to the said first direction. These objectives are achieved
      with more economical usage of elastic yarn than is possible in
      conventional fabrics with knitted in elastic yarn.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Warp knit elastic fabrics are used in support-type undergarments and form
      fitting outerwear garments because they can be made with a range of
      different stretch properties at right angles to each other, their natural
      configuration is flat, not tubular, therefore they are easier to handle
      during garment manufacturing, and they are more run-resistant than other
      types of knitted fabrics. They can be produced faster and, therefore, are
      more economical than competitive woven fabrics. An object of the present
      invention is to provide a warp knitted elastic fabric with improved
      properties for figure-control and support undergarments and form-fitting
      outer garments, such as swimsuits. Another object of the invention is to
      provide a method of making elastic fabric where the fabric has a soft
      hand, has lightweight opacity, a smooth uniform surface free from streaks
      and possesses the characteristics of a long comfort-type stretch in the
      direction corresponding to the length of the garment embodying the same
      and power control-type stretch in the direction corresponding to the width
      of the garment.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Various elastic warp knit fabrics are known wherein non-elastic yarn is
      formed into a fabric or a mesh to bind and hold laid-in elastic threads
      within the structure in a stretched state to impart elastic properties to
      the fabric structure. Other elastic warp knit fabrics are known wherein
      the structure is formed from stitches which have non-elastic and elastic
      thread components. Each individual elastic thread is a component of only
      one stitch in a course. Fabrics with laid-in elastic yarn suffer from a
      high incidence of streaks if the non-elastic yarn is knit with tension on
      the non-elastic yarn low enough to produce a soft hand in the fabric.
      Fabrics with laid-in elastic yarn can be engineered to have good stretch
      and modulus properties in the length of the fabric but generally they have
      poor stretch properties in the width of the fabrics. Fabrics with single
      strands of elastic yarn formed into stitches with the non-elastic yarn
      generally have a high incidence of streaks because of the non-consistent
      response of the elastic yarn in the stitches. They are more costly because
      they require larger quantities of expensive elastic yarn for a given
      fabric weight. They generally have long stretch properties but have too
      high a modulus for support-type garments.
PAR  Warp knit elastic fabrics are known wherein a knitted ground construction
      composed of a plurality of pairs of non-elastic warp threads are formed
      into a plurality of wales and courses of single thread stitches one thread
      of each of the pairs forming stitches in adjacent wales and alternate
      courses, and wherein the other thread of each of the pairs forms stitches
      in non-adjacent wales and alternate courses. A plurality of elastic
      threads extending between the wales generally parallel thereto, are inlaid
      in the ground construction with a non-elastic warp thread of the ground
      construction wrapped about each of the elastic threads to maintain the
      elastic threads in the ground construction.
PAR  There are also known other eleastic warp knit fabrics comprised of a
      plurality of courses of elastic and non-elastic threads in which each of
      the elastic threads is knitted into every stitch across the width of the
      fabric in consecutive courses.
PAR  There are also known other elastic warp knit fabrics wherein a ground
      construction composed of a single non-elastic yarn system is used to bind
      and conceal laid-in elastic yarns from a single yarn system in such a way
      as to minimize the danger of the non-elastic yarn in the knitted ground
      structure from raveling.
PAR  Prior patents disclosing warp knit elastic fabrics include U.S. Pat. Nos.
      3,069,885 (Cooper); 3,429,147 (Perrier); 3,552,154 (Lesley); 3,552,155
      (Hartung); and 3,733,859 (Wittman).
PAC  SUMMARY OF THE INVENTION
PAR  A warp knit elastic fabric in accordance with the invention may be made on
      a conventional warp knitting machine which is capable of withstanding the
      stress imposed of knitting elastic fabric under tensions such as in
      Raschel "power net" knitting.
PAR  One version of the fabric is made from one warp of elastic thread forming
      all of the stitches in alternate courses in the fabric while one warp of
      non-elastic thread forms all of the intervening courses in the fabric.
PAR  In two other versions of the fabric one warp of elastic thread forms a
      component of all of the stitches in a knitted course while the two warps
      of non-elastic thread each form half of the stitches in a single course.
      Thus, the warp knit fabric so knit is composed of a lattice of knitted
      non-elastic threads whose stitches are held together and which holds
      together the stitches of a web of knitted elastic threads.
PAR  In making one of these two versions of the fabric from two warps of
      non-elastic thread knitting simultaneously in alternate courses, a third
      warp of elastic thread knits in the intervening courses. The elastic warp
      forms all of the stitches in a course and it forms double loops so that
      each elastic thread is a component of two stitches in adjacent wales in
      the course.
PAR  Each of the non-elastic warps forms only half of the stitches in the
      non-elastic courses so that one warp of non-elastic thread forms the
      odd-numbered stitches in the non-elastic courses while the other system of
      non-elastic thread forms the even-numbered stitches in the same courses
      while the elastic thread is mislapping (floating). Threads from the
      non-elastic warps float on the alternate courses while the elastic yarn is
      knitting. When the non-elastic warps are floating they move laterally
      opposite to each other the distance of the two threads so that each system
      continuously forms stitches in either odd-numbered or even-numbered wales
      in the non-elastic courses throughout the fabric.
PAR  To arrive at the new position, the threads of one non-elastic warp
      connecting the consecutive stitches cross over threads of the other
      non-elastic warp. On the next course when the elastic thread floats again
      and the non-elastic threads are knitting the two systems have moved the
      distance of two threads opposite to the previous lateral move and opposite
      to each other. On the fifth consecutive course the sequence repeats.
PAR  In making another version of the fabric from two warps of non-elastic
      thread knitting simultaneously in alternate courses and opposite to each
      other in the intervening courses each knitting alternately with a third
      warp of elastic thread in the intervening courses while the other
      non-elastic warp floats. The elastic thread forms the primary component of
      all of the stitches in a course when it knits and it forms double loops so
      that each elastic thread is a component of two stitches in adjacent wales
      in the course.
PAR  Each of the non-elastic warps forms only half of the stitches in the
      non-elastic courses so that one warp of non-elastic thread forms the
      odd-numbered stitches and the other forms even-numbered stitches in the
      non-elastic courses. Threads from one of the non-elastic warps floats on
      the first intervening elastic course and as it floats it moves laterally
      the distance of two threads while the elastic warp threads and the other
      non-elastic warp threads knit together. The non-elastic warp which knits
      moves laterally the distance of one thread in two consecutive courses in a
      direction opposite to the other non-elastic warp. In the next course both
      the non-elastic warps knit while the elastic warp floats. In the second
      invervening elastic course the elastic yarn again knits forming double
      stitches. The non-elastic warp that knits with the elastic threads in the
      first intervening elastic course floats in this course. As it floats, it
      moves laterally the distance of two threads in opposite lateral direction
      as moved previously. The non-elastic warp which floated before, knits with
      the elastic thread in this course and moves laterally one thread between
      two consecutive courses opposite to the direction of the other non-elastic
      warp. On the fifth consecutive course the sequence repeats.
PAR  In making a version of the fabric from one warp of non-elastic thread
      knitting in alternate courses, a second warp of elastic thread knits in
      opposite alternate courses. The elastic warp forms all of the stitches in
      the course and it forms double-loops so that each elastic thread is a
      component of two stitches in adjacent wales in the course. The non-elastic
      warp forms adjacent single thread stitches in alternating courses. Between
      courses when the non-elastic warp knits, it moves laterally the distance
      of one thread to the left and one to the right consecutively so that the
      non-elastic thread forms stitches in adjacent wales on alternate courses.
      On the fifth consecutive course the sequence repeats.
PAR  The elastic warp knitted fabric made with the elastic warp knitting on
      alternate courses in the fabric and forming double stitches when it does
      knit effects economy in the use of elastic yarn over conventional knitted
      elastic fabrics wherein the elastic thread forms single stitches in every
      course.
PAR  The knitted fabrics of the invention have a minimum amount of yarn
      committed to the loops of the knitted structure to produce an unstructured
      system which binds the elastic yarn in the fabric and permits the elastic
      yarn to be knit with sufficient tension to produce a fabric with a high
      degree of human figure controlling capability in garments made thereof.
      The retraction forces in the elastic thread reacting in a fabric with a
      minimum amount of knitted structure produces a high degree of contraction
      in the fabric without the undesirable effects of fabric compaction such as
      poor drape, a stiff hand and excess weight.
PAR  In the knitted fabrics of the invention, the non-elastic yarn in the
      unstructured portions of the fabric is more evenly distributed in yarn
      reserves which allows the elastic yarn to stretch with a minimum
      restriction from the non-elastic threads and maintain good fabric opacity
      throughout the normal stretch range of the fabrics.
PAR  In addition, in the knitted fabrics of the invention the stitches are
      sufficiently distorted to create a smooth uniform surface, and to mask
      inconsistencies in elastic yarns which are known to cause streaks in
      elastic fabrics.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the structure of the warp knit elastic fabric of the
      invention when it is formed with two warps of non-elastic thread which
      knit on the same alternate courses when the elastic threads are not
      knitting, as this fabric would appear on the knitting machine.
PAR  FIG. 2 illustrates the structure of the warp knit elastic fabric of the
      invention when it is formed with two warps of non-elastic thread which
      knit on the same alternate courses when the elastic thread is not knitting
      and alternately in opposite intervening elastic courses with the elastic
      yarn.
PAR  FIG. 3 illustrates the structure of the warp knit elastic fabric of the
      invention when it is formed with one warp of non-elastic thread which
      knits on alternate courses when the elastic threads are not knitting.
PAR  FIG. 4A illustrates the knit construction details for the fabric in FIG. 1.
PAR  FIG. 4B is a stitch diagram of the fabric of FIG. 1.
PAR  FIG. 5A illustrates the knit construction details for the fabric in FIG. 2.
PAR  FIG. 5B is a stitch diagram of the fabric of FIG. 2.
PAR  FIG. 6A illustrates the knit construction details for the fabric in FIG. 3.
PAR  FIG. 6B is a stitch diagram of the fabric of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 which illustrates the preferred embodiment of my
      invention, there is shown a warp knitted elastic fabric having a knitted
      ground construction composed of a lattice a, b of knitted non-elastic
      threads. For example, 40-13-865A Brt. Nylon, which lattice is held
      together and holds together a web of c of knitted elastic threads, for
      example 140-1-127 Lycra either bar or Lycra covered with non-elastic
      thread.
PAR  This fabric is knit from two systems of non-elastic thread comprising one
      solid warp with individual ends threaded alternately in two guide bars in
      a conventional knitting machine and one system of elastic threads from one
      warp threaded solid in a single guide bar. The elastic thread knits in
      alternate courses C-1 and C-3 and forms double stitches which are part of
      two adjacent wales. The non-elastic thread knits intervening courses C-2
      and C-4.
PAR  The non-elastic threads knit single stitches in the intervening courses,
      each stitch being formed from a single non-elastic thread. Between the
      intervening non-elastic courses the non-elastic threads float. As they
      float the non-elastic threads in each guide bar move laterally in
      opposition to each other, the distance of two wales reversing their
      lateral direction between consecutive intervening courses to that
      non-elastic threads knitting in adjacent wales in the first intervening
      course are separated by the wales when they knit in the next intervening
      course. In the following consecutive intervening course, they again knit
      in neighboring wales. Between the alternate elastic courses while the
      elastic threads are floating the guide bar moves one wale to the left and
      then one wale to the right between the next two alternate courses so that
      each elastic thread knits in one wale in every alternate course plus one
      wale to the left in the odd alternate courses and one wale to the right in
      the even alternate courses.
PAR  Referring to FIG. 3 which illustrates another proposed embodiment of my
      invention, there is shown a warp knitted elastic fabric having a knitted
      ground construction composed of a lattice a of knitted non-elastic
      threads, for example, 30-18-472 Qiana Nylon, which lattice is held
      together and holds together a web of b of knitted elastic threads, for
      example, 280-1-127 Lycra.
PAR  In making the fabric, FIG. 3, from a base system of non-elastic thread
      knitting alternate courses C-2 and C-4, a second base system of elastic
      threads knits in intervening courses C-1 and C-3. The elastic yarn system
      forms all of the stitches in a course and when it knits each elastic
      thread forms double loops from the one warp of elastic thread so that each
      elastic thread is a component of two stitches in adjacent wales in the
      course.
PAR  The subject warp knit elastic fabrics are advantageously produced on a
      Raschel warp knitting machine which is threaded conventionally with one
      solid warp of elastomeric thread such as Lycra spandex which is referred
      to here as elastic yarn or elastic thread. A multiplicity of elastic
      threads arranged parallel to each other on an appropriate spool and
      threaded individually in separate spaced guiding fingers on a continuous
      bar for the purpose of guiding the individual threads around spaced
      knitting needles simultaneously so that the multiplicity of elastic
      threads will be wrapped simultaneously around pairs of knitting needles so
      that each elastic thread will form pairs of knitting loops in combination
      with adjacent elastic threads from the same warp. In addition to the one
      solid warp of elastic thread the machine must be threaded with the
      equivalent of one solid warp of a non-elastic yarn such as nylon. The
      elastic properties of the fabric result from the unique interlacing of the
      elastic and non-elastic yarns in the knitted structure illustrated in
      FIGS. 1, 2 and 3.
PAR  The novel feature of the knitted construction is that the elastic threads
      are programmed to knit every other course in the fabric and to float (miss
      stitch) on the alternate courses. At those courses where the elastic
      thread does knit, it wraps around two needles to form double stitches.
      This double stitching results in a lateral meshing of neighboring elastic
      threads in the fabric since each knitting loop of elastic thread is formed
      from the strands of two neighboring elastic threads drawn through a loop
      of non-elastic thread.
PAR  The requirement for the non-elastic thread is that there be a non-elastic
      thread forming a knitting loop on every knitting needle when the elastic
      thread skips a course (floats). In addition, the non-elastic thread must
      be programmed so that it does not continuously form stitches on the same
      needle in consecutive courses. Each knitting needle forms stitches that
      form a continuous wale line running the length of the fabric. A thread
      that knits on only one needle forms stitches in only one wale line. To
      impart satisfactory stretch properties to the fabric, the non-elastic
      thread must not form consecutive stitches in wale line. It must be
      programmed to form stitches in adjacent or non-adjacent wale lines,
      switching from one wale line to its neighbor on consecutive or on
      alternate courses when the non-elastic thread knits.
PAR  The rate at which the elastic thread is fed to the knitting needles as the
      fabric is being formed determines the amount of tension produced in the
      elastic thread during knitting. The tension under which the elastic thread
      is knit determines the stretch and power characteristics of the fabric.
      The amount of tension of the elastic thread which is possible when elastic
      thread is knit is limited by the effect of the bending force the thread
      tension puts on the knitting needles during loop formation. In warp
      knitted elastic fabric of the invention, there is a greater latitude for
      knitting the elastic thread under tension because the bending forces
      applied to the knitting needles by the elastic thread during loop
      formation is neutralized because adjacent elastic threads apply bending
      forces to the knitting needles in opposite directions when all of the
      elastic threads form double knitting loops simultaneously around adjacent
      pairs of knitting needles.
PAR  The non-elastic thread is fed to the needles at a rate determined by the
      length of the stitches being formed. The weight, the opacity and the hand
      of the fabric are determined by the size of the stitches formed and the
      weight of the non-elastic thread. The size of the stitches is controllable
      in the normal range of knitting machine settings.
PAR  In addition, knitting and floating on alternate courses creates two levels
      of demand for elastic thread; one low as the elastic thread floats on an
      axis parallel to the length of the fabric and the other tension is high
      and on an axis parallel to the width of the fabric. These two sets of
      stretch characteristics make it possible to manipulate the fabric during
      the finishing process to develop long low-tension stretch in the fabric
      for comfort stretch in one direction in garments made thereof and high
      tension at right angles to the long stretch for support and human figure
      control in these garments.
PAR  The warp knitted elastic fabric of the invention is useful in garments
      wherein it is desirable to have a long easy comfort-type stretch in the
      direction corresponding to the length of the garment and power
      control-type stretch in the direction corresponding to the width of the
      garment and wherein lightweight opacity with a soft hand are also
      desirable features.
CLMS
STM  I claim:
NUM  1.
PAR  1. A warp knitted elastic fabric having a soft hand, lightweight opacity,
      streak-free uniforming and low-modulus human figure-control type stretch
      in one direction and high-modulus form-fitting comfort stretch in the
      other direction at right angles to said first direction comprising
PA1  a. a plurality of elastic threads and a plurality of non-elastic threads
      forming alternate elastic courses and intervening non-elastic courses,
PA1  b. a plurality of elastic threads arranged in a solid warp of elastic
      threads and formed into a plurality of adjacent connected wales in
      alternate elastic courses only, when at least half of the non-elastic
      threads are floating, and
PA1  c. wherein on the alternate elastic courses when the elastic threads are
      knitting each thread forms two stitches which are components of two
      adjacent wales in the same course.
NUM  2.
PAR  2. A warp knitted elastic fabric having a soft hand, lightweight opacity,
      streak-free uniformity and low-modulus human figure-control type stretch
      in one direction and high-modulus form-fitting comfort stretch in the
      other direction at right angles to said first direction comprising
PA1  a. a plurality of elastic threads formed into a plurality of alternate
      courses when the non-elastic threads are floating, and
PA1  b. in alternate courses when the elastic thread forms stitches each elastic
      thread forms two stitches which are components of two adjacent wales in
      the same course, and
PA1  c. a plurality of non-elastic threads formed into adjacent wales in
      intervening courses of single-thread stitches.
NUM  3.
PAR  3. A warp knitted elastic fabric having a soft hand, lightweight opacity,
      streak-free uniformity and low-modulus human figure-control type stretch
      in one direction and high-modulus form-fitting comfort stretch in the
      other direction at right angles to said first direction comprising
PA1  a. a plurality of elastic threads formed into a plurality of wales and a
      plurality of alternate courses when at least half of the non-elastic
      threads are floating, and
PA1  b. in alternate courses when the elastic threads form stitches each elastic
      thread forms two stitches which are components of the adjacent wales in
      the course, and
PA1  c. composed of a plurality of non-elastic threads arranged in the systems
      of warps forming all of the stitches in intervening courses and floating
      at least half of the threads in the alternate courses.
NUM  4.
PAR  4. A warp knitted elastic fabric having a soft hand, lightweight opacity,
      streak-free uniformity and low-modulus human figure-control type stretch
      in one direction and high-modulus form-fitting comfort stretch in the
      other direction at right angles to said first direction comprising
PA1  a. a plurality of elastic threads arranged in a solidly threaded warp and
      an equal number of non-elastic threads arranged in a solid warp and
      threaded in two half-guage guide bars forming alternate elastic and
      intervening non-elastic courses,
PA1  b. wherein the single warp of elastic threads is formed into a plurality of
      wales in alternate elastic courses when the non-elastic threads are
      floating, and
PA1  c. in the alternate courses when the elastic thread knits each thread forms
      two stitches which are components of two adjacent wales in the same
      course,
PA1  d. wherein the two warps of non-elastic thread form single stitches in
      alternate and intervening wales in the intervening non-elastic courses and
      float while moving laterally the distance of two wales in opposition to
      each other between consecutive intervening courses while the elastic
      thread is knitting and they reverse their lateral movement between the
      following intervening courses.
NUM  5.
PAR  5. A warp knitted elastic fabric as defined in claim 4, wherein the bar
      movement patterns of the stitch construction diagram are, respectively, a
      front bar 44-02-22-64, middle bar 22-64-44-02 and back bar 04-44-62-22,
      said numerical description being Raschel designations for a knitted fabric
      construction.
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ABST
PAL  Method and apparatus for liquid treatment of a lengthy woven or knitted
      cloth band of an endless form for scouring, dyeing and desizing of cloths.
      A cloth band is helically wound on plurality of cylindrical drums disposed
      axially in longitudinal arrangement with helical parts thereof depending
      from the cylindrical drums. Rotation of the cylindrical drums at
      progressively reduced peripheral speeds causes the helical parts of the
      cloth to depend at uniform lengths from the drums and thereafter all
      cylindrical durms are rotated at an equal speed.
BSUM
PAR  This invention relates to an apparatus for liquid treatment of a lengthy
      woven or knitted cloth band of an endless form.
PAR  The invention is particularly intended for liquid treating such cloth in a
      treating liquid for scouring, dyeing and desizing purposes.
PAR  According to the apparatus of the invention, a cloth band of a preferred
      length is provided to helically wind and depend from cylindrical drum
      which are longitudinally connected and axially mounted on a shaft, such
      cylindrical drum being rotated at peripheral speeds progressively reduced
      from one end to other end, wherein each helical part of the cloth band is
      depended downwardly from drum at a uniform length and thereafter the
      cylindrical drum are rotated at an equal speed thereby circulating the
      cloth through a treating liquid in a tub to apply a desired treatment to
      the cloth band such as scouring, dyeing and desizing.
PAC  BACKGROUND OF THE INVENTION
PAR  Prior art methods of the kind for liquid treatment of a cloth band included
      the steps of providing a cloth band of an endless form depended upon a
      cylindrical drum, suspending the cloth band from the drum and passing it
      repeatedly through a treating liquid in a tub below the cylindrical drum.
      One usual method was provided such that a cloth band of a preferred length
      and in endless connection is depended from the cylindrical drum, the
      depending lower part of the cloth band being dipped in a treating liquid
      in a treating tub, thereafter the cylindrical drum are rotated to permit
      the cloth band depended from the drum to pass through the treating liquid
      continuously. The method as described however is very cumbersome and
      therefore not desirable for use because separate cloth bands must be
      prepared in a large number to meet the need and much troubles are entailed
      from the necessity of suspending each cloth band on the drum or removing
      each used cloth band from the drum.
PAR  In alternate case, the cloth band was formed in a lengthy band with the
      ends connected to each other, the connected cloth band being helically
      depended from the drum with the lower parts drooping in a loose condition.
      The lower parts of the cloth band helically depending are dipped in a
      treating liquid. The cylindrical drum is then rotated in the similar way
      to treat the cloth band in like manner as described in the first example.
PAR  According to the above prior art methods, the cloth band may be taken out
      of the tub after treatment but as the entire band is formed in a serial
      connection, it is rather convenient for drawing out the cloth band from
      the tub simply by disconnecting the joints of ends of the cloth band so
      that the cloth band can be readily taken out continuously from the drum
      and also from the treating tub. However the suspension of the cloth band
      helically on the cylindrical drum so as to get uniform lengths of dipped
      parts in the treating liquid or of parts drooping from the drum to be
      dipped in the treating liquid in a loosened way has been a difficult
      problem to solve.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention provides an apparatus for liquid treatment of a lengthy woven
      or knitted cloth band of an endless form for scouring, dyeing and desizing
      purposes. Normally the cylindrical drums are consisted of one or more drum
      members having same diameters mounted on a same shaft and arranged axially
      in a longitudinal connection. On the cylindrical drums is wound a cloth
      band which may be helically suspended downwardly of the drums with a
      number of helical parts of the cloth band depended from the cylindrical
      drums. By rotation of the cylindrical drums with the peripheral speeds
      progressively reduced from a first drum toward a last one, each helical
      part of the cloth band may depend downwardly at a uniform length. All
      cylindrical drums in serial connection are rotated at equal speeds
      thereafter.
PAR  It is a primary object of the invention to provide an apparatus for liquid
      treatment of a lengthy cloth band of woven or knitted material for
      scouring, dyeing and desizing purposes, which apparatus is simple and
      efficient for practice and brings no troubles in charging the cloth band
      and treating and drawing out the product.
PAR  It is a further object of the invention to provide a novel mechanism for
      use in the apparatus for liquid treatment of a lengthy cloth band of woven
      or knitted material for scouring, dyeing and desizing, which can apply a
      desired uniform treatment for the manufacture of a product before charging
      a material cloth band, that is, in the initial stage of liquid treatment.
PAR  It is a further object of the invention to provide a novel mechanism most
      adapted for the apparatus for liquid treatment of a lengthy cloth band of
      woven or knitted material which can apply an equal speed to the
      cylindrical drum after a material cloth is charged onto the cylindrical
      drum which are uniform in shape and suited for manufacture of a product.
PAR  It is an additional object of this invention to provide an apparatus for
      liquid treatment of a lengthy cloth band of woven or knitted material,
      which has a simple and efficient construction.
PAR  These and other objects and advantages of the invention will be achieved by
      application of the mechanism and also by the process and operation of the
      apparatus of the present invention, of which specific embodiments of the
      invention will be illustrated with reference to the accompanying drawings,
      in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an example of a conventional apparatus
      showing a part thereof being cut away;
PAR  FIG. 2 is a cross section taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a perspective view of other example of a prior art apparatus
      showing a part thereof being cut away;
PAR  FIG. 4 is a view illustrating an essential portion of the apparatus
      according to the invention;
PAR  FIG. 5 is a front view of a preferred mechanism used in the apparatus of
      the invention, showing its cross section being partly cut away;
PAR  FIGS. 6 and 7 are other embodiments of the apparatus of this invention
      illustrating the apparatus in practical use;
PAR  FIG. 8 is a view of FIG. 6 illustrating the condition of a lengthy cloth
      band in the initial stage of operation;
PAR  FIG. 9 is a view illustrating a preferred example of treatment of a lengthy
      cloth band of FIG. 6; and
PAR  FIG. 10 is a front view showing other construction of the cylindrical drum
      according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Previous to illustration of an embodiment of the invention, one example of
      the prior art technique is now described with reference to FIG. 1. In the
      drawing, a preferred number of cloth bands, 11, 12, 13 and 14 are shown
      connected in an endless form and arranged to be depended in parallel from
      a longitudinal cylindrical drum 15 axially mounted on a shaft 16. A guide
      plate 17 is provided for guiding the cloth band. Each cloth band 11, 12,
      13 and 14 has a downwardly drooping part 18, 19, 20 and 21, which is
      arranged to dip in a treating liquid 22 (shown in FIG. 2) of a treating
      tub 23. The cylindrical drum 15 is rotated to continuously pass over the
      cloth bands 11, 12, 13 and 14 through the treating liquid 22. This type of
      the conventional apparatus is required a number of endless cloths, each of
      which is suspended from the cylindrical drum 15 as shown and removed from
      the drum after it is treated with liquid. It has been found that this
      treating operation has been extremely troublesome in practice. A cross
      section of the apparatus taken along the line II--II of FIG. 1 is shown in
      FIG. 2.
PAR  Another example of the prior art technique is shown in FIG. 3, in which
      ends of a cloth are previously connected for subsequent treatment. The
      cloth band is formed in a lengthy endless band 24, the lower part of which
      is loosend and helically applied on the cylindrical drum 15. The loosend
      lower parts 25, 26, 27 and 28 are dipped in the treating liquid. By
      rotation of the cylindrical drum 15, the endless band 24 is passed through
      the treating liquid. As shown in the drawing, a guide ring 29 is provided
      for the endless band. In the apparatus of the type, the endless band is
      taken out of the cylindrical drum and treating means after treatment is
      carried out in a manner different from that of the apparatus shown in
      FIGS. 1 and 2. The entire cloth band is formed in a serial connection,
      which cloth can be taken out all in succession in a relatively simple way.
      When one of the connection parts of the cloth band is detached from other
      and one end of the detached cloth is pulled out, the cloth can be pulled
      out continuously very simply and conveniently. In this occasion, however,
      it is quite difficult to preferably helically put the cloth band in
      endless connection upon the cylindrical drum 15 so that the lower parts
      25, 26, 27 and 28 of the cloth band each depending in the treating liquid
      may have substantially uniform lengths. It is essentially important though
      to provide an arrangement of cloth bad depending at uniform lengths and
      substantially helically wound on the cylindrical drum.
PAR  The present invention has eliminated the above-mentioned drawbacks of the
      prior arts as shown in FIG. 3. In the first embodiment of the invention,
      as shown in FIG. 4, the apparatus is consisted of composite cylindrical
      drum 30 which is longitudinally connected and disposed on a same shaft 16,
      which composite cylindrical drum consisting of a number of cylindrical
      drum members each having a same diameter. The composite cylindrical drum
      30 thus being formed in a serial connection, each drum may have a
      peripheral speed of a preferred ratio of rotation relative to the rotation
      of other drums. Thus, the drums may respectively be rotated at
      progressively reduced peripheral speeds from a first drum A through a last
      one D, that is, from the nearest drum A through the farthest drum D
      relative to a housing 31. The cloth band in serial connection and
      contained in the housing 31 can be drawn out of the housing and put on the
      serially connected drums having each helical part of the cloth band
      depending from each and one cylindrical drum. In this arrangement, the
      cylindrical drums may be rotated respectively at various peripheral speeds
      in the order of progressively reduced ratios as preferred. After rotation
      of the drums in a certain period of time, there may be obtained cloth
      bands of uniform lengths with loosened parts 32, 33, 34 and 35 of a
      lengthy cloth band 36 depending from the drums A, B, C and D. In this
      occasion, two ends 37 and 38 of the lengthy cloth band as shown in FIG. 4
      are connected in an endless form. Preferably the connected cloth band may
      be formed endless in shape before it is suspended from each drum.
PAR  Thus, the drums may be rotated at the same peripheral speeds. It will
      result that each part of the cloth band on each drum will droop from the
      drum having a preferred form always in continuity.
PAR  Below is illustrated an example of a mechanism with reference to FIG. 5
      which is employed for varying the speed of each drum mounted on a shaft
      for all drums in connection.
PAR  The drawing shows for illustration a combination of two small cylindrical
      drums A and B formed into a composite cylindrical drum 30. In FIG. 5 is
      shown a drum A located closest to the housig 31 of FIG. 4 and secured to a
      shaft 16, which shaft is journalled on bearings 39 and 40. On the shaft 16
      is mounted a rotary sprocket wheel 41. A chain 42 is provided between the
      rotary sprocket wheel 41 and a first driving sprocket wheel 43 attached to
      one end of a drive shaft 44 as separately provided. The shaft 16 is
      rotated through rotation of the drive shaft 44. A clutch 45 is provided on
      a shaft 16 to slidably move to left and right. The drum B may be located
      adjacent to the drum A on the shaft 16, an internal drum 46 is rotatably
      attached to the shaft 16, which internal drum 46 is secured with the drum
      B. The internal drum 46 is further attached with a rotary sprocket wheel
      47, which is connected by chain 48 to a second driving sprocket wheel 49
      fixed to other end of the drive shaft 44. It will be seen that the rotary
      sprocket wheel 47 of the second drum B has a diameter relatively larger
      than that of the rotary sprocket wheel 41 of the first drum A. The two
      driving sprocket wheels 43 and 49 as described and mounted on the drive
      shaft 44 have the same diameter. The second driving sprocket wheel 49
      which rotates the second drum B may preferably be provided with a
      freewheel means (not shown).
PAR  A pawl 50 is provided on an outer side of the rotary sprocket wheel 47 of
      the second drum B, which pawl is located opposite to the engaging part 51
      of the clutch 45 as above described.
PAR  Operation of the mechanism according to the invention is now described.
PAR  When the drive shaft 44 is rotated, the first and second drums A and B are
      rotated and at this moment the second drum B is rotated slower than the
      first drum A.
PAR  Thereafter, the lengthy cloth band 36 of the lower part of each drum having
      equal loosening and being dipped in the treating liquid.
PAR  During this operation, the clutch 45 is moved as in FIG. 5 to the right (as
      shown by the arrow). Then an engaging part 51 is engaged to a pawl 50 of
      the rotary sprocket wheel 47 of the drum B to transmit the rotation of the
      shaft 16 to the drum B which was rotating at a lower speed relative to the
      drum A so that the first and second drums A and B are integrally and
      simultaneously rotated.
PAR  The rotary sprocket wheel 47 giving rotation to the second drum B is idly
      rotated by the freewheel of the second driving sprocket wheel 49 as above
      described.
PAR  This embodiment provides such that the first, second and third small drums
      of the same diameter may be mounted in parallel on the same shaft. It is
      also provided that the small drum located farther from the housing 31
      relative to other small drums on the same axis is so much reduced in
      frequency of rotation and when lengths of dependency of the cloth bands
      from respective small drums become equal, rotation of the small drums
      becomes equal.
PAR  In another case shown in FIG. 6, a cylindrical drum 52 of a known
      cone-shape is located in the upper part and a cylindrical drum 53 of a
      right shape is provided below in parallel to the abovementioned
      cone-shaped cylindrical drum. Each shaft 16 on which each drum is carried
      by support frames 54 and 55 is provided in vertical direction of the shaft
      16.
PAR  In this arrangement, the lengthy cloth band 36 leading from the housing 31
      is brought to a large diameter part of the cone-shaped cylindrical drum
      52, the cloth band then being successively wound helically on the drum
      rotating at a preferred frequency of rotation. As the result, the
      depending portion of the cloth band is produced a loosening of an
      approximately same length while staying in the treating liquid. Then, as
      shown in FIG. 7, the support frames 54 and 55 are turned over with the
      upper support frame changed for the lower support frame. The portion which
      has been depended on the cone-shaped cylindrical drum 52 is moved to the
      right shaped cylindrical drum 53. Liquid treatment is thus carried out by
      rotation of this right shaped cylindrical drum. FIG. 8 shows the
      cone-shaped cylindrical drum 52 depending the lengthy cloth band 36 in the
      initial stage of liquid treatment. FIG. 9 illustrates the lengthy cloth
      band 36 in a preferred proper condition of treatment.
PAR  FIG. 10 shows a mechanism of an essential portion of another embodiment. In
      the mechanism, the shaft 16 is journalled on bearings 39 and 40, the shaft
      being slidably fitted with the slidable member 56 on which arms 57 and 58
      are provided are rotatably carried at ends by pins 59 and 60 with other
      ends of the arms 57 and 58 rotatably connected by pins 61 and 62 to ends
      of frame bars 63 and 64. The ends of the frame bars 63 and 64 are attached
      free to open or close to supports 65 and 66 so designed as to allow the
      ends of the frame bars 63 and 64 to open outwardly larger than other ends
      of the frame bars relative to the shaft 16 when the arms 57 and 58 are
      turned to vertical as shown. The frame bars 63 and 64 are provided several
      in number surrounding the shaft 16 (the other frame bar is partly shown at
      67 in a cutaway view of FIG. 10).
PAR  Thus, when the arms 57 and 58 are turned to vertical, there is produced a
      same configuration as that of the cone-shaped cylindrical drum 52 as shown
      in FIGS. 6, 7, 8 and 9. The lengthy cloth band leading from the housing 31
      is then depended from the cone formed by the above described frame bars
      successively from a large diameter portion to a smaller one of the cone.
      When the lengths of loosened parts in the lower part of the cloth band
      becomes equal to each other, the slidable member 56 is drawn out (shown on
      the right) and the frame bars are mounted in parallel on the shaft 16 with
      the slidable member rigidly fixed to the shaft 16 by a set screw 68. As
      shown in the drawing, outer configuration formed by the frame bars
      parallel to the shaft 16 have same diameters both in the front and rear
      parts, which configuration is similar to that of the cylindrical drum of
      the right cylindrical shape (as shown in FIGS. 6 and 7). In this position,
      the shaft 16 is rotated to carry out the liquid treatment as desired for
      the cloth band.
PAR  The above-mentioned mechanism does not need the provision of two cylinders
      of conical and right cylindrical shape as shown in FIGS. 6 and 7. This
      gives much convenience for the treatment operation.
PAR  As many apparently widely different embodiments of this invention may be
      made without departing from the spirit and scope thereof, it is to be
      understood that the invention is not limited to the specific embodiments
      thereof except as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for liquid treatment of a lengthy woven or knitted cloth
      band for scouring, dyeing and desizing of cloths, comprising a plurality
      of drums rotatably mounted on a common shaft about which drums said cloth
      band is helically wound, a treating tub beneath said drums for said
      treatment, means for rotating said drums at progressively reduced
      peripheral speeds from one end to the other in order to depend each
      helical part of the cloth band downwardly from the drums at a uniform
      length and means for rotating drums at an equal speed thereby circulating
      the cloth band through the treating liquid in said tub to apply the
      desired treatment, said means for rotating the drums at an equal speed
      having a relationship with the means for rotating the drums such that the
      equal speed takes place after the results of the reduced peripheral speeds
      are achieved.
NUM  2.
PAR  2. An apparatus for liquid treatment of a lengthy woven or knitted cloth
      band for scouring, dyeing and desizing of cloths, comprising a number of
      drums of a same diameter mounted and arranged adjacent to each other on a
      common shaft, means for rotating said drums successively at lower speeds
      in the order of sequence from a first drum to a last drum and also means
      for rotating all drums in the same direction at the same speed, the latter
      means being provided with a drive shaft in parallel with the shaft
      mounting said number of drums, said drive shaft being provided with
      driving sprocket wheels of the same diameter, said driving sprocket wheels
      transmitting power to rotary sprocket wheels on said shaft with said first
      drum fixed directly on said shaft and said first drum is rotatable with
      said shaft, an internal drum being rotatably mounted on said shaft with
      the second drum secured to the internal drum to make an adjacent drum to
      succeed said first drum to rotate, said internal drum having a rotary
      sprocket wheel larger in diameter than the rotary sprocket wheel rotating
      said first drum, said rotary sprocket wheel having power transmitted
      thereto from a separate driving sprocket wheel having a free wheel and
      mounted on a drive shaft, transmission means or a clutch meshing with a
      pawl on the rotary sprocket wheel for the internal drum, and a treating
      tub placed beneath the drums for dyeing treatment, wherein the lengthy
      cloth band depends helically from the drums with each drooping portion in
      the tub as the drums are rotated in the same direction at progressively
      reduced speeds from the first part to the last one so that loosened
      portions of the lengthy cloth band may form a uniform length when the band
      cloth is placed in the tub as the drums are rotated in the same direction
      and same speed.
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ABST
PAL  A lock for locking by-passing type slidable closure panels in a closed
      position with adjacent ends of the panels in spaced overlapping relation.
      The lock includes a lock housing mounted on one of the panels and having a
      lock plug mounted for axial sliding and rotary movement about an axis
      perpendicular to the panels, and an elongated keeper on the other of the
      panels. The lock plug has a rotary latch member on its forward end
      engageable with the keeper when the plug is extended and rotated to a
      preselected position to hold the plug in its extended position, and the
      plug also has latch means at its forward end engageable with the keeper to
      lock the plug and keeper against relative movement in one direction
      crosswise of the plug axis. The lock housing and keeper are advantageously
      adhesively secured to the inner and outer panels respectively so that the
      lock and keeper can be mounted without requiring drilling of the panels
      and the lock and keeper remain in position on the panels when unlocked.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In by-passing type slidable closures, the thickness of the closure panels
      as well as the spacing between the closure panels and the amount of
      overlap between the closure panels varies in different installations.
      Moreover, in the glass-type slidable closures such as are commonly used in
      showcases, it is difficult to drill or otherwise form mounting holes in
      the glass panels.
PAR  So-called ratchet-type locks are commonly used for locking glass-type
      closure panels and include a ratchet bar which is clipped to the inner
      closure panel and a separate lock member which is slidable onto the
      ratchet bar to engage the edge of the outer closure panel for locking the
      closure panels in a closed condition. Such ratchet-type locks, however,
      are not permanently attached to the closure panels and comprise two
      entirely separate pieces which must be disassembled for unlocking and then
      reassembled in order to lock the closure panels. This not only makes the
      use of such ratchet-type locks more difficult and time consuming but also
      increases the likelihood of loss of one or more of the parts of the lock
      when they are removed from the panels. Moreover, the chip on type ratchet
      bars tend to chip the edge of the glass panels during use and, when
      tempered glass panels are used, chipping of the edge of the glass panel
      may cause fragmentating of the entire panel.
PAR  It has also been proposed to mount a plunger-type lock on a frame member
      attached to the edges of the sliding glass panels and movable therewith.
      Such plunger-type locks are in the form of a key operated bolt which is
      mounted in a lock housing attached to the frame member on the outer panel
      and the bolt is movable perpendicular to the outer panel into an opening
      in the frame member on the inner closure panel. Such plunger-type locks
      can only be mounted on sliding glass panels which have frame members
      movable therewith and, moreover, require considerable time and skill to
      drill the frame members and mount the locks. Further, the hole in the
      inner panel for receiving the plunger must be accurately aligned with the
      plunger when the doors are closed and this further complicates the problem
      of mounting the plunger-type locks.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to porvide a lock for
      by-passing type closure panels which overcomes the problems encountered
      with prior locks for sliding closure panels.
PAR  An important object of this invention is to provide a lock for by-passing
      type closure panels which can be permanently mounted on the panels to
      facilitate locking and unlocking of the closure panel, and which will not
      interfere with movement of the panels between an open and closed position
      when the lock is in an unlocked condition.
PAR  Another object of this invention is to provide a lock for by-passing type
      closure panels which can be easily mounted on the closure panels and which
      does not require any drilling or other special machining or cutting of the
      panels in order to effect mounting of the lock.
PAR  A more particular object of this invention is to provide a lock for sliding
      closure panels in accordance with the foregoing object in which the lock
      is adhesively secured to one of the panels and the keeper is adhesively
      secured to to other of the panels and in which the lock and keeper are
      constructed and arranged to hold the panels in a locked condition, when
      the lock and keeper are locked together, even if the adhesive bond between
      one or both of the lock members in their respective panel is disrupted.
PAR  Other important objects of this invention are to provide a lock for
      by-passing type closure panels which accommodate panels of different
      thickness; which can accommodate different panel-to-panel spacing; and
      which can accommodate different panel overlap, without change in the lock.
PAR  Still another object of this invention is to provide a lock for by-passing
      type closure panels which inhibits removal of the panels from the
      trackways when in a locked condition.
DRWD
PAR  Further objects of the invention will be apparent from the following
      description when taken in connection with the accompanying drawings
      wherein:
PAR  FIG. 1 is a fragmentary perspective view of a lock embodying the present
      invention and shown mounted on a pair of by-passing type closure panels;
PAR  FIG. 2 is an exploded view illustrating mounting of the lock housing on one
      of the closure panels;
PAR  FIG. 3 is a fragmentary exploded view illustrating the mounting of the
      keeper on the other of the closure panels;
PAR  FIG. 4 is a fragmentary horizontal sectional view taken on the plane 4--4
      of FIG. 1 with parts broken away and shown in section to illustrate
      details of construction;
PAR  FIG. 5 is a fragmentary vertical sectional view taken on the plane 5--5 of
      FIG. 4 showing the lock in a locked condition and on a larger scale that
      FIG. 4;
PAR  FIG. 6 is a fragmentary vertical sectional view taken on the plane 5--5 of
      FIG. 4 illustrating the lock in an unlocked condition;
PAR  FIG. 7 is a fragmentary view taken on the plane 7--7 of FIG. 6;
PAR  FIG. 8 is a fragmentary vertical sectional view taken on the plane 8--8 of
      FIG. 6;
PAR  FIG. 9 is a perspective view of the keeper;
PAR  FIG. 10 is a sectional view through a modified form of lock illustrating
      the same in an unlocked condition;
PAR  FIG. 11 is a fragmentary view taken on the plane 11--11 of FIG. 10 and on a
      larger scale than FIG. 10;
PAR  FIG. 12 is a sectional view through the lock of FIG. 10 illustrating the
      same in a locked condition and on a larger scale than FIG. 10;
PAR  FIG. 13 is a fragmentary view illustrating one form of keeper for the lock
      of FIG. 10;
PAR  FIG. 14 is a perspective view illustrating another form of keeper for the
      lock of FIG. 10;
PAR  FIG. 15 is a sectional view taken on the plane 15--15 of FIG. 14;
PAR  FIG. 16 is a fragmentary view illustrating a modified form of latch for use
      on the lock of FIG. 10.
DETD
PAR  The lock of the present invention is generally adapted for use on
      by-passing type closure panels and particularly for use on sliding glass
      panels of the type commonly used in showcases and the like. The lock is
      shown applied to outer and inner by-passing type closure panels 10 and 11
      which are respectively slidable on outer and inner parallel tracks.
      Various different trackways can be used to slidably support the by-passing
      type panels, some of which trackways are arranged to directly receive the
      edges of the panels and other of which trackways are arranged to receive
      frame members on the edges of the panels. In the embodiment illustrated,
      metal frame members 13 and 14 are attached to the outer and inner panels
      10 and 11 respectively and contain rollers (not shown) which engage outer
      and inner trackways 15 and 16 to slidable support the panels for endwise
      movement. Trackways are also provided at the upper edges of the panels to
      maintain the same in spaced parallel relation and the upper trackways are
      usually in the form of downwardly opening channels that slidably receive
      either the edges of the panels or frames attached to the edges of the
      panels. The details of construction of the trackways for slidably
      supporting the panels form no part of the present invention and further
      detailed description and illustration is deemed unnecessary.
PAR  The lock in general includes a lock housing 21 which is mounted on the
      outer panel 10 and a keeper 22 which is mounted on the inner panel 11. The
      lock housing 21 has a generally cylindrical passage 23 extending
      therethrough and a lock plug 24 which is mounted in the passage 23 for
      axial sliding and rotary movement relative to the housing under the
      control of a key 30. The lock can be of the disk or pin tumbler type and
      is herein shown as a disk tumbler type having a plurality of disks 27
      which are normally biased by springs (not shown) outwardly of the plug to
      project into one set of opposed grooves 28a 28b (FIG. 8), and the disks
      are retracted when the key is inserted into a keyway 26 in the plug so
      that the plug can be rotated to a second angular position in which the
      disks register with a second pair of opposed grooves 29a and 29b in the
      housing. Thus, the disks 27 normally project into one pair of opposed
      grooves 28a, 28b in the lock housing to hold the plug against rotation,
      and the disks 27 are retracted into the plug when the key 30 is inserted
      into the keyway so that the plug can be rotated to a second position in
      which the disks register with a second pair of grooves 29a and 29b. When
      the key 30 is withdrawn from the keyway, the disks move outwardly from the
      plug and into the grooves 29a and 29b to lock the plug in the second
      position. The plug 24 has a reduced diameter portion 24a defining a
      shoulder 24b intermediate its ends and the plug is yieldably urged in an
      axial direction to a retracted position as shown in FIG. 6 by a spring 31
      disposed around the reduced diameter portion 24a between the shoulder 24b
      and a cover plate 32 on the end of the lock housing. As shown in FIG. 7,
      the cover plate 32 is conveniently secured to the housing 21 by fasteners
      32a. For reasons pointed out more fully hereinafter, provision is made for
      inhibiting rotation of the plug relative to the housing, when the key is
      inserted, until the plug has been moved axially in a forward direction a
      preselected distance. This is achieved by a lug 33 on the plug which is
      slidable in one of the grooves 28a to normally prevent rotation of the
      plug, and an arcuate cross groove 35 is provided in the housing extending
      between the groove 28a and an adjacent groove 29a, at a location along the
      grooves to allow turning of the plug only when the plug has been extended
      to a preselected position in which the forward end of the plug is adjacent
      the inner closure panel 11.
PAR  The lock 21 is mounted on the outer panel 10 by a mounting plate 37 that
      extends laterally from the lock housing and which has a flat attaching
      face 37a disposed in a plane perpendicular to the axis of the lock plug
      24. The mounting plate 37 is conveniently integrally connected to the
      cover plate 32 by a transverse portion 38 that forms a shoulder adapted to
      engage and position the lock housing at the edge of the outer panel 10.
      The transverse portion 38 is also arranged to offset the lock housing 21
      outwardly from the inner face of the outer panel 10 to provide adequate
      clearance between the lock and keeper for free sliding of the panels, even
      with a very small panel-to-panel spacing. The lock housing is
      advantageously adhesively mounted on the outer panel so as to avoid the
      necessity of drilling or otherwise cutting into the glass panels. The
      adhesive is preferably in the form of a double coated pressure sensitive
      adhesive tape indicated at 39. Alternatively, an adhesive coating could be
      applied directly to the attaching face 37a of the mounting plate. The
      actual thickness of the adhesive layer has been exaggerated somewhat in
      the drawings for purpose of illustration and the adhesive layer is
      preferably made only sufficiently thick to accommodate minor
      irregularities and to assure a good bond between the mounting plate and
      panel.
PAR  Provision is advantageously made for strengthening the mounting of the lock
      housing on the outer panel. In the preferred embodiment illustrated, a
      second lock mounting member 41 is provided for engaging the outer side of
      the outer panel and interfitting guideways are formed on the second lock
      mounting member and on the lock housing to support the second lock
      mounting member for sliding movement on the lock housing in a direction
      perpendicular to the face 37a on the mounting plate 37. In the embodiment
      shown, the second lock mounting member 41 has a flat attaching face 41a
      and a recess 41b at one side disposed at right angles to the face 41a. The
      body has inwardly directed flanges 42 along opposite sides of the recess
      41b and which are adapted to be received in grooves 43 on the lock housing
      to slidably interconnect the second lock mounting member 41 and the lock
      housing. In order to inhibit separation of the second lock mounting member
      and the lock housing, ratchet teeth 43a are provided on the side face of
      the lock housing and a resilient pawl 44 is provided on the member 41 to
      engage the ratchet teeth and inhibit movement of the member 41 in a
      direction away from the mounting plate 37. The attaching face 41a of the
      second lock mounting member 41 is also advantageously adhesively secured
      to the panel 10, as by an adhesive coating or a pressure sensitive double
      coated adhesive tape indicated at 45. An opening 47 (FIG. 7) is
      advantageously provided in the transverse member 38 to allow insertion of
      a tool for engagement with the resilient pawl 44 to release the latter, in
      the event it is desired to remove the lock from the outer panel for
      purposes of replacement of the panel or the like.
PAR  The plug has a rotary latch member 51 mounted on its forward end as by
      fasteners 52 for axial and rotary movement with the plug and the rotary
      latch member is arranged to engage the keeper 22 on the inner panel to
      lock the plug and keeper against relative movement in a direction axially
      of the plug, when the plug is in its locked condition. In the preferred
      embodiment of FIGS. 1-9, the plug also has a reciprocable latch bolt 53
      which is mounted on the plug for axial sliding movement relative thereto
      and which is also engageable with the keeper 22 to lock the plug and
      keeper against relative movement in one direction crosswise of the plug
      when the plug is in its locked condition. As best shown in FIG. 7, the
      rotary latch member has oppositely extending latch ears 51a which are
      disposed in a direction generally parallelling the direction of movement
      of the panels when the plug is in its unlocked position, and which extend
      generally transverse to the direction of movement of the panels when the
      plug is in its locked condition shown in FIG. 1. The reciprocable latch
      bolt 53 extends through an opening 51b in the rotary latch member and the
      bolt is yieldably urged forwardly of the rotary latch member by a spring
      56. As best shown in FIG. 5, the plug 24 has a stepped bore 55a which is
      closed at its outer end by the rotary latch member and the spring 56 is
      interposed between the plug and an enlarged collar 53a on the latch bolt.
      The collar 53a cooperates with the stepped bore and the rotary latch
      member to provide stops to limit extension and retraction of the bolt.
PAR  The keeper 22 is in the form of an elongated plate 61 which has a flat
      attaching face 61a at one side adapted to be secured to the outer face of
      the inner panel 11. The flat attaching face is advantageously adhesively
      secured to the outer face of the inner panel as by an adhesive 62 to avoid
      the necessity of drilling or cutting of the panel. As described in
      connection with mounting of the lock on the outer panel, the adhesive 62
      is preferably in the form of a double coated pressure sensitive tape, it
      being understood that the adhesive could also be in the form of an
      adhesive coating applied directly to the face 61a. A stop flange 64 is
      provided at one end of the keeper plate 61 to engage the edge of the inner
      panel 11 to not only locate the keeper on the inner panel but to also
      provide a stop for preventing movement of the keeper in one direction
      relative to the inner panel. The keeper has inwardly directed flanges 68
      along its opposite side edges which are spaced from the side of the plate
      61 opposite the attaching face 61a to define opposed grooves or channels
      extending lengthwise of the keeper plate for receiving the latch ears 51a
      on the rotary latch member 51, when the plug is turned to its locked
      position. The latch plate also has means providing bolt receiving recesses
      at longitudinally spaced locations therealong for receiving the latch bolt
      53 with the edges of the recesses defining shoulders or stops for engaging
      the latch bolt to lock the plug and keeper against relative movement in
      one direction crosswise of the plug axis. As will be seen from FIG. 1, the
      panels will be held in their closed position if the keeper and plug are
      locked against relative movement crosswise of the plug axis in the
      direction of the arrows in FIG. 1 and the spaced recesses are shaped to
      define spaced stops on the keeper to lock the keeper and plug against
      relative movement in this direction. In the embodiment shown, the recesses
      are in the form of openings that extend through the plate 61 and which
      define stop bars on teeth 67a intermediate the openings. It is apparent,
      however, that the recesses do not have to extend completely through the
      plate 61 and may be in the form of sharp edged depressions on the plate.
      For reasons pointed out more specifically hereinafter, a stop,
      conveniently in the form of small protrusions 71, is provided on the
      keeper 22 to engage the rotary latch member and prevent movement of the
      rotary latch member out of the end of the keeper, when the plug is in its
      locked condition. If desired, the end 53b of the latch bolt can be
      bevelled as best shown in FIG. 2 so that the bolt can ratchet to allow
      relative movement between the panels in a direction to close the panels,
      but will provide an abutment engageable with the stop bars 67a to prevent
      opening movement of the panels (in the direction of arrows in FIG. 1). The
      bolt is preferably made non-circular in cross-section and extends through
      a corresponding non-circular opening 51b on the rotary latch (FIG. 7) to
      maintain the bolt properly oriented.
PAR  The embodiment of FIGS. 10-13 is generally similar to that of FIGS. 1-9 and
      like numerals followed by the postscript (') are used to designate
      modified parts. In this embodiment the parts are the same as previously
      described except that a modified rotary latch member 51' is mounted on the
      end of the plug 24' for axial and rotary movement therewith and is
      arranged to engage a modified keeper 22' to both hold the plug in an
      extended position and lock the plug and keeper against relative movement
      in a direction crosswise of the plug. As best shown in FIG. 13, the keeper
      22' is formed with inwardly directed flanges 68' along opposite edges that
      define opposed grooves extending lengthwise of the keeper and the keeper
      is also formed with teeth 67a that extend inwardly of the channels at
      spaced locations therealong to form spaced recesses 67' along the
      channels. In the embodiment, the teeth are conveniently formed by
      generally wedge shaped indentations in the base of the channel. In the
      keeper 22" shown in FIGS. 15 and 16, teeth 67a" are formed by spaced
      indentations in the flange 68" to provide recesses 67" at spaced locations
      along the keeper plate 61". The rotary latch member 51' is conveniently
      formed of spring steel with curved ends 51a' dimensioned to move into
      opposed recesses in the keeper and engage the teeth therein as best shown
      in FIG. 13, when the plug is extended and rotated in its locked position.
      The keeper 51' is conveniently mounted in a cross groove 24' in the end
      24a' of the plug and retained in the groove by swaging the end of the
      plug. As will be seen from FIG. 13, the rotary latch member 51' having
      dual locking ends 51a' will lock the keeper against movement crosswise of
      the plug axis in either direction of movement of the panels. If desired, a
      rotary latch member 51" having a single curved end 51a" can be provided as
      shown in FIG. 16 to allow the keeper to ratchet in one direction relative
      to the plug for closing of the panels. The keeper 51" is preferably
      removably mounted in the end of the plug by a screw fastener 53" to enable
      reversing of the rotary latch member 51" for right and left hand panels.
PAR  From the foregoing, it is thought that the construction and operation of
      the lock will be readily understood. The lock housing 21 mounted on the
      outer panel by positioning the transverse portion 38 against the edge of
      the outer panel and by pressing the adhesive coating 39 on the mounting
      plate against the inner face of the outer panel. Thereafter, the second
      mounting member 41 is attached to the lock housing with its face 41a
      adhesively bonded to the outer side of the outer panel. This stiffens and
      reinforces the mounting of the lock housing on the outer panel and,
      moreover, provides a double faced bond between the housing and the outer
      panel to inhibit unauthorized removal of the lock housing from the outer
      panel. The keeper is mounted on the inner panel by engaging the stop 64
      against the edge of the inner panel and pressing the adhesive on the
      attaching face 61a against the outer face of the inner panel. Guidelines
      70a and 70b (FIG. 1) are conveniently provided on the keeper and lock
      housing to facilitate alignment of the keeper with the plug axis. The
      adhesive attachment of the mounting plate 37 of the lock housing to the
      inner face of the outer panel and the adhesive attachment of the keeper to
      the outer face of the inner panel in the regions where the panels overlap
      makes it difficult to remove the adhesively attached lock and keeper when
      the panels are closed. However, in order to prevent opening of the closure
      panels in the event someone is able to separate the keeper from the inner
      panel by inserting a cutting or prying tool between the panel and the
      keeper, the stop 64 on the end of the keeper is extended laterally of the
      keeper a distance sufficient to remain in engagement with the edge of the
      inner panel, even if the keeper is separated from the inner panel and
      moved laterally away from the inner panel until it engages the outer
      panel. Stated otherwise, the distance from the front side of the keeper 24
      to the rear edge of the stop 64 on the keeper is made greater than the
      maximum panel-to-panel spacing which would be encountered in normal
      installations.
PAR  The lock is key operated and is first moved axially to position the rotary
      latch member 51 between the flanges on the keeper and the plug is then
      rotated to a second angular position shown in FIG. 2 in which the ears 51a
      on the rotary latch underlies the flanges on the keeper. This locks the
      plug against retraction and also locks the keeper against separation from
      the plug in the event the keeper is somehow separated from the inner
      panel. In addition, the reciprocable lock bolt 53 extends into the keeper
      recesses and engages the intermediate stop bars 67a to lock the plug and
      keeper against relative movement in the direction indicated by the arrows
      in FIG. 1 crosswise of the plug. This locks the panels against relative
      movement in a direction to open the panels. In the event the resilient
      bolt 53 does not register with one of the openings 67 in the keeper when
      the plug is extended and rotated to its locked position, the bolt will
      automatically engage in a recess to lock the panels against opening, as
      soon as either panel is moved slightly relative to the other. Moreover, it
      will be seen that, when the rotary latch member is located in the keeper,
      the forward end of the bolt 53 is effectively enclosed to prevent
      unauthorized retraction of the bolt. The stop projections 71 at the end of
      the keeper are arranged to engage the rotary latch member when the latter
      is in its locked position to prevent opening of the panels in the event
      the bolt 53 fails to engage in one of the recesses 67 or the keeper
      becomes separated from the inner panel.
PAR  In the embodiments of FIGS. 10-16, the rotary latch member is movable
      axially with the plug to a position between the opposed channels when the
      plug is extended and, when the plug is rotated to its locked postion, the
      ends rotary latch member move into the channels to hold the plug in its
      extended position and are also positioned to engage the teeth in the
      channels to lock the panels against opening. The rotary latch members 51'
      and 51" are formed of spring steel with ends curved opposite the direction
      of rotation of the plug to its locked position, to cam over the teeth in
      the channels, in the event the recesses in the channels are not properly
      aligned with the plug axis.
PAR  In the drawings and specification, there has been set forth preferred
      embodiments of the invention, and although specific terms are employed,
      these are used in a generic and descriptive sense only and not for purpose
      of limitation. Changes in form and proportion of parts as well as
      substitution of equivalents are contemplated, as circumstances may suggest
      or render expedient, without departing from the spirit and scope of this
      invention, as further defined in the following claims:
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A lock for use on outer and inner by-passing type closure panels
      respectively slidable endwise on outer and inner parallel tracks into and
      out of a closed position with one end of each the outer and inner panels
      in spaced overlapping relation, said lock being adapted to lock the panels
      in a closed position and comprising a lock housing having a lock plug
      mounted therein for axial sliding and rotary movement, a mounting plate
      rigid with the housing and extending laterally therefrom with a flat
      attaching face on one side of the mounting plate disposed in a plane
      perpendicular to the plug axis, adhesive means on said attaching face for
      adhesively securing said mounting plate to the inner side of the outer
      panel with the plug offset from said one end of the outer panel and
      extending perpendicular to the plane of the outer panel, a keeper plate
      having a flat attaching face on one side and adhesive means on said flat
      attaching face for adhesively securing the keeper plate to the outer side
      of the inner panel adjacent said one end thereof, said plug having a
      keyway and key operated means controlling rotation of said plug, said plug
      being axially movable from a retracted position in which the forward end
      of the plug is adjacent the housing to an extended position in which the
      forward end of the plug is adjacent said keeper plate and said plug being
      angularly movable between first and second angular positions under the
      control of said key, and latch means on the forward end of said plug and
      keeper means on the keeper plate operative to engage said latch means when
      the plug is extended and rotated to said second position to lock the plug
      against retraction to said first position and to lock said keeper plate
      against movement in the direction crosswise of the plug.
NUM  2.
PAR  2. The combination of claim 1 wherein said keeper means on said keeper
      plate includes at least one groove generally paralleling the direction of
      sliding movement of the inner panel and opening in a direction corsswise
      of the plug axis and a plurality of keeper recesses adjacent the groove
      and spaced lengthwise therealong, said latch means on the plug including a
      rotary latch member shaped to be positioned out of the groove on the
      keeper plate when the plug is in said first angular position and to extend
      into the groove on the keeper plate and hold the plug in its extended
      position when the plug is rotated to said second angular position, and a
      second latch member on said plug extending forwardly of said rotary latch
      member for engagement with said keeper recesses to lock the plug and
      keeper plate against relative movement in a direction crosswise of the
      plug.
NUM  3.
PAR  3. The combination of claim 2 wherein said second latch member comprises a
      latch bolt mounted on the plug for axial sliding movement relative
      thereto, and means yieldably urging said bolt in one axial direction
      relative to the plug to yieldably project the forward end of the bolt to a
      position forwardly of said rotary latch member.
NUM  4.
PAR  4. The combination of claim 3 including spring means between the plug and
      the housing yieldably urging the plug to a retracted position.
NUM  5.
PAR  5. The combination of claim 1 including a second lock mounting means
      rigidly connected to said lock housing and extending laterally therefrom
      and defining a second flat attaching face paralleling said flat attaching
      face on the mounting plate for engaging the outer side of the outer panel.
NUM  6.
PAR  6. The combination of claim 1 including a second lock mounting member,
      guide means on said lock housing and said second lock mounting member
      supporting the latter for for sliding movement relative to the lock
      housing in a direction perpendicular to said flat attaching face on the
      mounting plate, said second lock mounting member having a face paralleling
      said first attaching face on the mounting plate for clamping the outer
      panel therebetween.
NUM  7.
PAR  7. The combination of claim 6 including adhesive means attaching said face
      on said second lock mounting member to said outer face of said second
      panel.
NUM  8.
PAR  8. The combination of claim 6 including latch means between said lock
      housing and said second lock mounting member for restricting movement of
      said second lock mounting member in a direction away from said mounting
      plate.
NUM  9.
PAR  9. The combination of claim 1 wherein said adhesive means comprises a
      pressure sensitive adhesive.
NUM  10.
PAR  10. The combination of claim 1 wherein said adhesive means comprises a
      double faced pressure sensitive adhesive tape.
NUM  11.
PAR  11. The combination of claim 1 including an abutment on one end of said
      keeper plate extending laterally from said flat attaching face for
      engagement with one edge of the inner closure panel.
NUM  12.
PAR  12. The combination of claim 1 wherein said flat attaching face on said
      mounting plate is offset forwardly from the latch means on the forward end
      of the plug when the plug is in its retracted position.
NUM  13.
PAR  13. The combination of claim 12 including means for restricting rotation of
      the plug relative to the housing until the plug is extended to a position
      adjacent the keeper plate.
NUM  14.
PAR  14. The combination of claim 1 wherein said keeper means on said keeper
      plate includes a pair of inwardly directed flanges extending along
      opposite lenghwise edges of the keeper plate and spaced from the other
      side of the keeper plate to form a pair of grooves paralleling the
      direction of sliding movement in the inner panel and opening in a
      direction crosswise of the keeper axis, said keeper means also including a
      plurality of keeper openings at spaced locations along the keeper plate
      between the flanges, the latch means on the plug including a rotary latch
      member shaped to be receivable between the flanges on the keeper plate
      when the plug is in said first angular position and to underlie the
      flanges and hold the plug in its extended position when the plug is
      rotated to said second angular position, and a second latch member on said
      plug extending forwardly of said rotary latch member for engagement in a
      keeper opening to lock the plug and keeper plate against relative movement
      in one direction crosswise of the plug.
NUM  15.
PAR  15. The combination of claim 1 wherein said keeper means on said keeper
      plate includes at least one groove generally paralleling the direction of
      sliding movement of the inner panel and opening in a direction crosswise
      of the plug axis and a plurality of teeth at spaced locations along the
      groove in the keeper plate, said latch means on the plug including a
      rotary latch member shaped to be positioned out of the groove in the
      keeper plate when the plug is in said first angular position and to extend
      into the groove in the keeper plate between adjacent ones of the teeth
      therein to hold the plug in its extended position and to lock the plug and
      keeper plate against relative movement in a direction crosswise of the
      plug.
NUM  16.
PAR  16. The combination of claim 15 wherein said teeth extend into the groove
      from the base thereof.
NUM  17.
PAR  17. The combination of claim 15 wherein said teeth extend into said groove
      from one side therof.
NUM  18.
PAR  18. A lock for use on by-passing type closure panels to lock the panels in
      a closed position with adjacent end portions of the panels in spaced
      overlapping relation, said lock comprising a lock housing having means for
      mounting the same on one of the closure panels, a lock plug mounted in the
      lock housing for axial sliding and rotary movement about an axis
      perpendicular to said one panel, the plug having a keyway and key operated
      means controllong rotation of the plug, said plug being axially movable
      from a retracted position in which the forward end of the plug is adjacent
      the housing to an extended position in which the forward end of the plug
      is spaced forwardly from the housing and said plug being angularly movable
      between first and second angular positions under the control of the key,
      an elongated keeper adapted for mounting on the other of the by-passing
      closure panels parallel its direction of movement and having at least one
      lengthwise groove opening in a direction crosswise of its plug axis and a
      plurality of keeper teeth adjacent the groove and spaced lengthwise of the
      keeper, a rotary latch member mounted on the forward end of the plug
      shaped to be positioned out of the groove on the keeper when the plug is
      in said first angular position and to extend into the groove on the keeper
      and hold the plug in its extended position when the plug is rotated to
      said second angular position, and means operative when plug is in its
      second angular position to engage one of the teeth on the keeper to lock
      the plug and keeper plate against relative movement in one direction
      crosswise of the plug.
NUM  19.
PAR  19. A lock according to claim 18 including spring means between said plug
      and housing yieldably urging said plug to said retracted position.
NUM  20.
PAR  20. A lock according to claim 18 wherein said latch means comprises a bolt
      mounted on said plug for azial sliding movement relative thereto, and
      means yieldably urging said bolt in an axial direction to project the
      forward end of the bolt to a postion forwardly of said rotary latch
      member.
NUM  21.
PAR  21. A lock according to claim 18 wherein said keeper includes an elongated
      base plate adapted to be mounted flush against the other of said
      by-passing closure panels and having flanges along opposite side edges
      spaced from the base plate to provide a pair of lengthwise extending
      grooves, said keeper teeth being formed in the base plate between the
      flanges.
NUM  22.
PAR  22. A lock according to claim 18 wherein said means for mounting said lock
      housing comprises a mounting plate rigid with said housing and extending
      laterally therefrom with a flat attaching face disposed in a plane
      perpendicular to the plug axis, adhesive means on said attaching face for
      adhesively securing said mounting plate to one closure panel, said keeper
      having a flat mounting face and adhesive means on said flat mounting face
      for ashesively securing said keeper to the other closure panel.
NUM  23.
PAR  23. A lock according to claim 18 wherein said keeper teeth are located in
      said groove in the keeper and said rotary latch member has at least one
      end portion adapted to extend into the groove between the teeth therein
      when the plug is rotated to said angular position.
NUM  24.
PAR  24. A lock for use on a pair of by-passing type closure panels to lock the
      panels in a closed position with adjacent end portions of the panels in
      spaced overlapping relation, the lock comprising a lock housing having a
      lock plug mounted therein for axial sliding and rotary movement, a
      mounting plate rigid with the lock housing and extending laterally
      therefrom with a flat attaching face disposed in a plane perpendicular to
      the plug axis for mounting the housing on one closure panel, a rotary
      latch member mounted on the forward end of the plug for axial and rotary
      movement therewith, a reciprocable latch bolt mounted on the plug for
      axial sliding relative thereto and means yieldably urging the latch bolt
      forwardly relative to the plug to normally project the froward end of the
      bolt forwardly of the rotary latch member, said plug having a keyway and
      key operated means controlling rotation of said plug, means yieldably
      urging said plug to a retracted position in which the rotary latch member
      is adjacent the housing, said plug being axially movable from said
      retracted position to an extended position in which the rotary keeper is
      spaced forwardly from said housing and said plug being angularly movable
      between first and second angular positions under the control of said key,
      and an elongated keeper having means for mounting the same on the other
      closure panel to generally parallel the direction of its movement, said
      keeper having a first keeper means engageable with said rotary latch
      member when the latter is moved axially to an extended position and turned
      angularly to said second position for holding the plug against retraction
      and said keeper having a second keeper means engageable with said bolt
      when the rotary latch member engages said first keeper means to lock the
      plug and keeper against relative movement in one direction crosswise of
      the plug.
NUM  25.
PAR  25. The combination of claim 24 wherein said keeper comprises an elongated
      plate having a flat attaching surface on one side thereof, said first
      keeper means including a pair of inwardly directed flanges along opposite
      lengthwise edges of the keeper plate and spaced from the other side of the
      keeper plate to form a pair of lengthwise extending grooves, and said
      second keeper means comprising recesses at spaced locations along the
      keeper plate between the flanges for receiving the forward end of the
      bolt.
NUM  26.
PAR  26. The combination of claim 25 including an abutment on one end of the
      keeper extending laterally from said one side thereof for engaging the end
      edge of a closure panel.
NUM  27.
PAR  27. The combination of claim 26 including means on said keeper adjacent its
      other end engageable with the rotary latch member on the plug for
      preventing relative movement in said one direction crosswise of the plug.
NUM  28.
PAR  28. The combination of claim 25 including adhesive means on said flat
      attaching face of said mounting plate and on said flat attaching surface
      of said keeper plate for attaching the same to a closure panel.
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ABST
PAL  A device for use in piercing and plugging mills, comprising a rod with a
      plug and a gear, for keeping the rod from longitudinal displacements under
      the effect of the load arising during the piercing or plugging. The gear
      includes a fixed thrust bearing accommodating a revolving casing through
      which passes the rod that reciprocates in operation. A part of the
      internal surface of the revolving casing forms a working cone that faces
      the plug with its base. The gear also includes a lock to fix the rod when
      piercing or plugging a billet, and preferably mounted on the rod, and a
      drive for carrying the rod with the plug. The lock mounts a spring-biased
      cone positively encompassed round the circumference with radially floating
      cams. Before piercing, the spring-biased cone is slightly drawn off by the
      spring from the cams so that the latter can enter the lock which is then
      able to enter the casing. At the moment piercing is effected, the cone,
      admitted together with the cams into the casing, gets completely between
      the cams, forcing them against the working cone of the casing and blocking
      up (wedging) the rod within the casing. Piercing or plugging completed,
      the spring draws the cone off again from the cams, the latter enter, and
      the rod with the plug can be displaced by the drive into its initial
      position.
BSUM
PAR  The present invention relates to the production of seamless pipes on pipe-
      and tube-rolling units with oblique-roller piercing and plugging mills and
      more particularly to plug-retaining devices for use in piercing and
      plugging mills.
PAR  Oblique-roller mills with plug-retaining devices as their inherent
      components are incorporated in all pipe- and tube-rolling units and behave
      as piercing or plugging mills or both. A mill for helical rolling
      comprises a mill proper and a group of gears of the plug-retaining device.
PAR  The design of the plug-retaining device which determines the duration of
      auxiliary operations when piercing (plugging) billets stipulates to a
      great extent the production rate of the entire pipe- and tube-rolling
      unit. Moreover, alongside with an enhancement of the mill production, the
      construction of the plug-retaining device conditions and allows the
      possibility of automation of a billet piercing (plugging) line.
PAR  Depending on the arrangement of the plug-retaining device the existing
      piercing (plugging) mills are subdivided into those with side or with
      axial delivery of a hollow billet. The mills with the side delivery are
      superior in production, require smaller shop floor areas, and a lower
      metal consumption.
PAR  A main disadvantage of the mills with the side delivery resides in that a
      plug-retaining bearing proper is displaced in such mills together with the
      rod. Heavy movable masses of the plug-retaining bearing largely complicate
      mill automation and restrict the speeds of both the rolling unit and the
      plug withdrawal. The known automatic control systems of the plug-retaining
      bearings are based on the use of computers, are very sophisticated and
      feature low reliability; therefore they have not found wide application.
PAR  The use of the plug-retaining devices with the axial delivery of pierced
      billets is expedient only in newly built shops, their utilization in the
      existing shops being associated with heavy outlays on shop reconstruction.
      According to literature and catalogue data as well as to patent material,
      no information is available from foreign countries on piercing and
      plugging mills with the axial delivery.
PAR  Progress in the plug-retaining devices of the piercing (plugging) mills is
      directed at providing plug-retaining bearings with minimum movable masses.
      In such devices only the rod with the plug are movable, the plug-retaining
      bearing proper being fixed. The provision of the above devices enables a
      3-4-fold reduction in the movable masses, and owing to this stabilization
      of rod starting and stopping is achieved at the moment the plug is set up
      and withdrawn. A reduction in the movable masses of the bearing allows
      using simple and reliable automatic control systems based on standard
      apparatus.
PAR  The known plug-retaining devices employed in the piercing or plugging of
      billets with the side delivery of pierced billets comprise: a thrust
      bearing moving along the rolling axis together with a rod and plug fixed
      therein, a gear for securing the bearing in a working position, a drive
      for longitudinal transfer of the bearing together with the rod and plug,
      and slideways along which the bearing moves.
PAR  The movable thrust bearing together with the rod and plug mounted thereon
      in antifriction bearings is designed to take up considerable axial loads
      up to several tens of tons, that arise during piercing or plugging, with
      the rod rotating at a speed of 900 rpm and over.
PAR  Piercing completed, the rod with the plug and plug-retaining device are
      shifted to an extreme rear position to release the pierced billet and
      throw it on a receiving grating of the next unit.
PAR  Also known is a plug-retaining device furnished, in contrast to the
      previous one, with a non-rotatable rod with a plug which is turned prior
      to each piercing cycle. The device is provided with a movable thrust
      bearing incorporating the rod with the plug and a gear for turning the rod
      and the plug prior to the piercing operation.
PAR  In both cases the thrust bearing, shifting together with the rod, features
      a considerable weight which diminishes the speed of its travel and does
      not exclude blows in an extreme front and rear position. The heavy weight
      of the thrust bearing increases the duration of auxiliary operations at
      the exit side of the mill, and in addition the blows in the extreme
      positions reduce the service life on the plug-retaining device. In the
      front position (during piercing) the plug-retaining bearing is fixed with
      the help of a special lock which is engaged and disengaged by an
      individual drive requiring an additional response time which, in turn,
      increases the duration of auxiliary operations at the exit side of the
      mill.
PAR  Also known are plug-retaining bearings whose inherent design allows
      reducing their displacement time and accordingly that of auxiliary
      operations at the exit side of a piercing (plugging) mill owing to a
      reduction of the movable bearing masses (see, e.g., U.S. Pat. No.
      2,480,381, granted in 1949).
PAR  These devices comprises a stationary thrust head including a casing, a
      socket, radial thrust bearings, pneumatic drives with a leverage system,
      ensuring rod striking and rotation during the piercing operation, rapid
      displacement of the cams and withdrawal of the rod as well as positional
      adjustment of the plug in the deformation focus. In this case both the
      return and the front stroke times of the rod with the plug are reduced
      owing to a decrease in the movable masses.
PAR  However, with the above devices the time of auxiliary operations includes
      additional time for the bringing together and separation of the cams
      holding in place the rod with the plug. Moreover, the bearing structure in
      the above devices is complicated due to the cam arrangement proper.
PAR  Known in the art is a plug-retaining device for use in piercing and
      plugging mills for producing cylindrical pipe billets, comprising a rod
      with a plug, the rod being set up along the rolling axis of the mill, to
      be capable of reciprocating therealong and passing through a gear, for
      keeping the rod from longitudinal displacement under the effect of the
      load brought about by piercing or plugging. The gear is arranged on the
      rolling axis and includes a fixed thrust bearing accommodating a revolving
      casing so that a portion of its internal surface forms a working cone
      facing the plug with its base, a retainer and a lock for securing the rod
      with the working cone of the revolving casing at the moment of piercing or
      plugging, the lock being mounted on the rod in the rolling direction
      behind the fixed thrust bearing; the gear includes also a drive for
      transferring the rod with the plug to working and initial positions (see
      Author's Certificate of the USSR No. 229419).
PAR  The lock of the above plug-retaining device is made as a chuck whose leaves
      constitute rod extensions and take up the axial force of piercing or
      plugging, and transmit the torque from the rod to the revolving casing of
      the thrust bearing. Moreover, the chuck leaves are designed for a high
      number, up to 6000, of variable-sign cycles per 24 hours.
PAR  Owing to the intricate shape of the leafs and the great number of cycles
      performed under heavy loads, the chucks are costly and feature low
      reliability in operation. Moreover, the known structural material cannot
      provide the requisite number of cycles without failure of the chuck leaves
      at their joints with the rod.
PAR  It is an object of the invention to overcome the above disadvantages.
PAR  The main object of the present invention is to provide a plug-retaining
      device for use in piercing and plugging mills which is simple and reliable
      in service, owing to a new lock for securing a rod with the plug at the
      moment the billet is pierced or plugged.
PAR  Another object of the invention is the provision of a plug-retaining device
      which makes it possible to enhance the production of a piercing or
      plugging mill be increasing the rate of displacement of the rod with the
      plug, reducing thereby the time for such auxiliary operations as the
      setting up of the plug in the deformation focus and its withdrawal from
      the pipe after piercing or plugging, to be brought in its initial
      position.
PAR  These and other objects of the invention are achieved in the novel
      plug-retaining device according to the invention, for use in piercing and
      plugging mills for producing hollow cylindrical pipe billets, the device
      comprising a rod with a plug, the former being arranged along the mill
      rolling axis, to be able to reciprocate therealong and passing through a
      gear for keeping the rod from longitudinal displacements under the effect
      of the load arising during the piercing or plugging. The gear is arranged
      on the mill rolling axis and includes a fixed thrust bearing accommodating
      a revolving casing, with a portion of its internal surface forming a
      working cone that faces the plug with its base, a retainer and a lock for
      securing the rod within the working cone at the instant of the piercing or
      plugging. The lock is mounted on the rod in the rolling direction behind
      the fixed thrust bearing. Preferably the gear also includes a drive for
      moving the rod with the plug into its working and initial position.
PAR  According to important features of the invention, the lock is provided with
      a wedge in the form of a truncated cone, longitudinally spring-biased to
      the rod and facing the plug with its apex, and with cams positively
      encompassing the wedge, the cams being arranged in one slots about the
      circumference of the rod, preferably in one the same plane, and floating
      in radial directions, adapted to secure the rod in its working position,
      and prevent it from being axially displaced relative to the revolving
      retainer-carrying casing of the fixed thrust bearing. The cams mate with
      their external surfaces with the working cone, as the wedge shifts with
      respect to the rod in the direction opposite to the rolling direction, at
      the moment the rod interacts with the retainer, to block the rod within
      the revolving casing; while alternatively the external surfaces of the
      cams come out of engagement with the working cone when the wedge moves in
      the rolling direction, so that the rod with the plug can be returned to
      its initial position.
PAR  It is recommended that the retainer be made as a spring-biased bush to
      protect the device from blows.
PAR  The present invention thus relates to the provision of a plug-retaining
      device featuring a simple and dependable arrangement, making it possible
      to increase the rate of movement of the rod with the plug, diminishing
      thereby the time for such auxiliary operations as the setting up of the
      plug in the deformation focus and its withdrawal from the pipe after
      piercing or plugging, to be brought in its initial position, and enhancing
      labour productivity.
DRWD
PAR  The present invention will be better understood from a consideration of a
      detailed description of an exemplary embodiment thereof, to be had in
      conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic layout in a longitudinal section of a piercing mill
      with a plug-retaining device according to the invention at the moment a
      billet is being pierced;
PAR  FIG. 2 is the same as FIG. 1, after completion of the piercing operation
      and the return of the rod with the plug into its initial position;
PAR  FIG. 3 is a longitudinal sectional view of a plug-retaining device
      according to the invention with a rod and a plug in their initial
      positions;
PAR  FIG. 4 is the same as FIG. 3, at the moment the rod with the plug is fixed
      in their working positions, when piercing the billet;
PAR  FIG. 5 is a longitudinal sectional view of a lock with the rod placed in
      its initial position corresponding to section V--V--V in FIG. 6;
PAR  FIG. 6 is a section VI--VI in FIG. 5;
PAR  FIG. 7 is a longitudinal sectional view of a lock with the rod in its
      working position, section VII--VII of FIG. 8; and
PAR  FIG. 8 is a section VIII--VIII of FIG. 1.
DETD
PAR  In a schematic illustration of a piercing mill (FIGS. 1 and 2) a billet 1
      is admitted into a trough 2 at the entry side of a piercing mill 3. Then
      the billet 1 is fed by a feeding gear 4 between oblique work rolls 5 of
      the piercing mill 3, which are brought into rotation by an electric motor
      (not shown in the drawing) through a pinion stand 6. The billet 1 rotated
      by the work rolls 5 is pulled axially onto a plug 7 of a rod 8 of a
      plug-retaining device 9, the plug 7 being mounted in a deformation focus,
      and is pierced to form a hollow cylindrical billet, 1a. Once piercing is
      completed, the billet 1a is arranged in a trough 10 at the exit side of
      the piercing mill. To deliver the pierced billet to a next unit (not shown
      in the drawing) of a pipe- and tube-rolling plant and for piercing the
      next billet, the plug 7 of the rod 8 is withdrawn from the billet 1a with
      the help of a carriage 12 and a pneumatic rod transfer drive 11 disposed
      along the rolling axis 0--0 at the exit side of the piercing mill and
      placed in a sprayer 13 wherein it is cooled with high-pressure water. As
      soon as the the pierced billet 1a is removed from the trough 10, the plug
      7 is again set up in the deformation focus in its working position, as
      shown in FIG. 1. Then the cycle is repeated.
PAR  The plug-retaining device 9 presented in FIGS. 3 and 4 comprises the rod 8
      with the plug 7, a gear 14 for keeping the rod from longitudinal
      displacements under the effect of the load arising during the piercing
      operation, and the rod transfer drive 11.
PAR  The gear 14 includes a fixed thrust bearing 15 and a lock 16 to secure the
      rod therein. The fixed thrust bearing 15 accommodates a revolving casing
      20 mounted in radial bearings 17 and 18 and a thrust bearing 19. On the
      casing 20 is fixed a replaceable thrust head 21 whose internal surface
      forms a working cone 22 whose base is directed to the side opposite to the
      rolling direction, with the opposite side of the cone 22 connected to the
      base of a guide cone 23.
PAR  At the moment piercing is effected the axial force is transmitted through
      the surface of the working cone 22 and the thrust bearing 19 to a movable
      socket 24, and through a buttress thread 25 and a back nut 26 to a housing
      27 mounted on a foundation (not shown in the drawing).
PAR  The back nut 26 is capable of rotating by means of a socket (steering
      wheel) 29 set up on a key 28, shifting the socket 24 along a key 30 within
      the housing 27 and changing thereby the position of the working cone 22 of
      the thrust head 21. By varying the position of the working cone 22 the
      setting of the plug 7 in the deformation focus can be adjusted when
      passing over to the piercing of billets of another diameter.
PAR  The revolving casing 20 accommodates a thrust sleeve 31 with a spring 32
      which serves for damping the rod securing lock 16 when it is engaged.
PAR  The lock 16 is mounted in a tail portion 33 of the rod 8 and is provided
      with floating cams 34 (FIGS. 3, 4, 5 and 6), with their external and
      internal surfaces being tapered and mating at the instant the rod is fixed
      with the surface of the working cone of the thrust head 21 and that of a
      truncated cone 35 of a movable wedge 36. The cone 35 is set up on the
      wedge 36 with its apex facing the plug 7. The cams 34 are placed in axial
      slots 37 (FIGS. 6, 8) of the tail portion 33 of the rod 8 round the
      circumference in the same plane and forced against the cone 35 by a
      helical spring 38 (FIGS. 5 and 7). A cylindrical front stem 39 and a rear
      stem 40 of the wedge 36 are centered, the stem 39 being centered in the
      tail portion 33 of the rod 8 and the stem 40 in a back nut 41 (FIGS. 3, 4,
      5 and 7) screwed on the tail portion 33 of the rod 8.
PAR  The rear cylindrical stem 40 terminates with a thread 42 on which is
      screwed a sleeve 43 which serves to connect the rod 8 through the stem 40
      to the carriage 12 coupled with a rod 44 of a long-stroke air cylinder 11
      for transferring the rod 8.
PAR  Mounted intermediate of the sleeve 43 and the nut 41 is a helical spring 45
      which tends to press the cone 35 against the back nut 41.
PAR  The herein-proposed plug-retaining device operates in the following manner.
      In the initial position (FIG. 2) the pierced billet 1a is arranged in the
      outlet trough 10 between the piercing mill 3 and the sprayer 13. To
      deliver the pierced billet 1a to the next unit of the pipe- and
      tube-rolling plant and to pierce a new billet, the rod 8 with the plug 7
      is turned clockwise until the plug 7 is withdrawn from the billet 1a and
      set up in the sprayer 13 to be cooled therein.
PAR  As soon as the outlet trough 10 is emptied and thus ready for piercing the
      next billet 1 (which by that moment has been delivered to the inlet trough
      2), the plug 7 is mounted between the rolls 5 of the piercing mill 3 and
      secures the rod 8 in the thrust bearing 15 with the aid of the rod-keeping
      gear 14.
PAR  The plug 7 being set up, the gear 4 feeds the billet 1 to be pierced into
      the rolls 5 of the mill 3.
PAR  Upon piercing the next billet the drive 11 returns the rod 8 with the plug
      7 to their extreme right-hand (initial) positions shown in FIGS. 2 and 3.
      The cone 35 is pressed by the helical spring 45 against the internal end
      face of the back nut 41 (FIG. 3). The cams 34 are forced by the helical
      spring 38 against the working surface of the cone 35 and do not protrude
      above the surface of the tail portion 33 of the rod 12 (FIG. 5). The
      spring 45 is precompressed by a force exceeding the resistance encountered
      in the outlet trough 10 and in the revolving casing 20 of the fixed thrust
      bearing 15 as the rod 8 shifts to the work rolls 5 (FIG. 3).
PAR  When the rod 8 moves from its initial to its working position to set up the
      plug 7 in the deformation focus between the rolls 5 of the mill 3 before
      piercing is initiated, the wedge 36 is not displaced axially within the
      tail portion 33 of the rod 8 since the resistance of the displaced rod
      does not exceed the precompression force of the spring 45.
PAR  As the front end face of the tail portion 33 of the rod 8 approaches the
      back nut 31, the spring 45 is compressed with the force created on the rod
      44 of the pneumatic drive 11 which serves to transfer the rod 8. In this
      case the wedge 36 transfers within the tail portion 33 of the rod 8 and
      the cone 35 draws apart the cams 34 overcoming the force of the helical
      spring 38.
PAR  When the cams 34 are drawn apart, their external tapered surfaces mate with
      that of the working cone 22 of the thrust head 21 (FIG. 4) which transmits
      the piercing force through the casing 20, bearings 17, 18 and 19 and the
      movable socket 24 to the housing 27 of the fixed thrust bearing 15. The
      piercing force adds to a wedging force, blocking up the cams 34 and
      keeping the wedge 36 from being displaced.
PAR  After the piercing operation has been started, air pressure within the
      piston air cylinder (of the rod pneumatic drive) 11 is decreased, the rod
      being fixed only by the axial piercing force.
PAR  Piercing being completed, the spring 45 shifts the wedge 36 until the cone
      35 strikes against the back nut 41.
PAR  The rod 8 with the plug 7 is ready to return to its initial (extreme
      right-hand) position, as shown in FIG. 2.
PAR  As the hollow billet 1a passes to the trough 10 at the exit side of the
      mill, the pneumatic drive 11 transfers the rod with the plug into their
      initial positions.
PAR  Further, all the operations are repeated in the abovedescribed sequence.
PAR  The herein-proposed plug-retaining devices has been manufactured and
      subjected to industrial test on an operating mill. As shown by the tests
      and experiments, the rod and plug setting-up and withdrawal time was
      reduced by 1.5 to 1.8 times as compared with piercing mills furnished with
      movable thrust bearings, which enabled a substantial increase in labor
      productivity.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A plug-retaining device for use in a piercing and plugging mill for
      producing hollow cylindrical pipe billets, comprising, in combination: a
      rod with a plug, said rod being set up along the rolling axis of the mill,
      reciprocable therealong, and having axial slots about its circumference; a
      gear arranged on the rolling axis, through which gear said rod and said
      plug pass, for keeping said rod from axial displacements under the effect
      of the load arising during the piercing and plugging of the billets; said
      gear including a fixed thrust bearing, a revolving casing enclosed within
      said bearing, with a portion of the internal surface of said casing
      forming a working cone that faces said plug with its base, a lock for
      securing said rod with said plug in said cone at the moment of the
      piercing and plugging, said lock being set up on said rod in the rolling
      direction behind said bearing and provided with a wedge longitudinally
      spring-biased to said rod and made as a cone facing said plug with its
      apex, and cams arranged in said slots, floating in radial directions,
      positively encompassing said cone, to fix said rod in its working
      position, to preclude the axial displacements with respect to said casing;
      said gear being fitted with means for shifting said rod with said plug,
      and with a retainer disposed within said casing, said retainer being made
      as a spring-biased bush for engaging said lock; whereby, as said wedge is
      displaced in relation to said rod in the direction opposite to the rolling
      direction, at the moment said rod interacts with said retainer, said cams
      mate with their external surfaces with said cone, thereby blocking said
      rod within said casing; while, as said wedge moves in the rolling
      direction, said external surfaces are brought out of engagement with said
      cone, thereby enabling said rod with said plug to return to its initial
      position.
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ABST
PAL  A portable machine for the production of siding of alternative cross
      sectional configurations from metallic stock, the siding of both
      configurations being of equal width and including butts adjacent their
      lower edges and marginal portions shaped for interfitting engagement with
      marginal portions of adjacent siding strips when the strips are laid. The
      strips of one configuration have only the lower butt and the strips of the
      other configuration have an additional intermediate butt. The machine
      includes a series of spaced pairs of upper and lower shafts, said shafts
      supporting opposed rollers having shaping elements for gradually shaping
      the lower butt and the marginal portions of the stock, and certain of said
      shafts additionally supporting mounting means intermediate said spaced
      pairs of upper and lower rolls for the support of readily attachable and
      detachable shaping elements for forming said intermediate butt when
      desired. Inasmuch as for the siding strips having the intermediate butt
      the stock must be of increased width, the rollers carrying the elements
      for shaping one of the marginal portions of the stock are mounted for
      ready longitudinal adjustment on their shafts for conversion of the
      machine from the production of the single-butt siding strips to the
      production of the double-butt siding strips and vice versa.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to portable machines for employment at the
      job site for converting metal strip material, such as aluminum strip
      stock, into simulated wooding siding. The simulated siding, which may in
      some cases be employed over correspondingly-shaped wooden siding and in
      other cases over wall surfaces of other types, is typified by bevel 8-inch
      siding having a single butt and double 4-inch bevel siding additionally
      having an intermediate butt. In both types, the siding further includes
      marginal interlocking means for employment in the assembly or laying of
      the siding strips on a wall surface.
PAR  2. Description of the Prior Art
PAR  Portable machines for the production of siding simulating wooden siding
      from metal strip stock have heretofore been developed, the machines in
      some instances being also convertible to produce siding of either the
      single-butt or multiple-butt type as desired for a particular job.
      Reference is made in this connection to patent to Knudson U.S. Pat. No.
      3,791,185, issued Feb. 12, 1974. The machine disclosed, which is of the
      portable type similarly as Applicant's machine, employs ten sets of
      opposed strip-shaping rolls, the first seven sets of said ten sets being
      of a form to shape the marginal edges of the strip to define means for
      interlocking engagement with adjacent strips when the siding is applied
      and also to provide a lower butt. The remaining three sets of rolls are of
      a character to form the intermediate butt when that is desired.
PAR  In order to convert the machine from the production of one type of siding
      to the other, the lower rolls of the final three sets of rolls are carried
      by a support structure which is movable between positions in which the
      lower rolls are in strip-shaping relationship with the upper rolls of the
      three sets and positions lowered therefrom. As will be understood when the
      lower rolls of the three sets are in strip-shaping relationship with the
      upper rolls of the sets, the intermediate butt will be formed and when the
      lower rolls are moved to inactive positions, the stip will pass
      therebetween without further shaping operations being performed on it and
      a siding of the single-butt type will result.
PAR  Another prior patent of interest in this connection is Beymer U.S. Pat. No.
      3,788,115, issued Jan. 29, 1974. The patent also discloses a machine for
      forming siding from metal strip material, the siding being of either the
      single or double-butt type. The machine of the patent has a first series
      of opposed shaping rolls for forming the interlocking marginal portions of
      the siding and the lower butt. The machine additionally includes an
      extension supporting three sets of shaping rolls for forming the
      intermediate butt, when that is desired, the extension being swingable
      between operative and inoperative positions. As a result, when the
      extension is in its operative position, double-butt sliding is produced,
      and when in its inoperative position, single-butt siding is produced.
PAR  In both of the above prior patented constructions, the width or span of the
      siding strip will necessarily be reduced when the double-butt type of
      siding is being made as the additional butt, the butt normally being 1/2
      inch in width, will reduce the total width of the siding strip by
      approximately that amount. Thus, if the machine of either of the above
      patents is set up to produce single-butt siding of the standard exposed
      width of 8 inches, when converted to provide the double-butt siding the
      exposed width will be only approximately 7 1/2 inches or 3 3/4 inches for
      each simulated siding strip which would normally be 4 inches in width. A
      further disadvantage of the patented machines is that the rolls which are
      employed to form the interlocking portions on the marginal edges of the
      strip material for both the single-butt and double-butt sidings are
      limited to the first group of shaping rollers whereby a more desirable
      gradual shaping of the metal of the strip margins, which would result if
      all of the sets of rolls were involved, cannot be obtained.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the instant invention is the provision of a
      portable machine for the shaping of metallic strip stock into siding
      strips or the like of either of alternate transverse cross sectional
      configurations with the widths of the strips adapted for exposure being at
      least substantially the same in both instances.
PAR  Another object of the invention is the provision of a machine attaining the
      foregoing object in which the change-over of the machine for converting it
      from the production of one type of siding strip to the other may be made
      with a minimum of down time.
PAR  A further object of the invention is the provision of a machine for the
      production of simulated siding strips having marginal strip interlocking
      means and having a single or both a single and intermediate butt, as
      desired, the machine including a plurality of sets or pairs of opposed
      strip-shaping means to form the lower butt and said marginal strip
      interlocking means and certain of said pairs of opposed strip-shaping
      means including readily attachable and detachable means for forming the
      intermediate butt when that is desired.
PAR  In the preferred embodiment of the instant invention, the machine includes
      an elongated frame structure carrying bearings for rotatably supporting
      the shafts of a plurality, preferably ten, pairs of opposed strip-shaping
      means. The machine also includes frame members projecting upwardly from
      the main frame structure for the support of a coil of the strip material
      to be shaped, the coil being positioned adjacent the strip entry end of
      the machine (hereinafter referred to as the "forward end"). Additional
      frame members at the forward end support bearings for the shaft of a
      conventional strip-bending roller for removing the coil set from the strip
      stock. The strip stock material is adapted to be drawn from the coil
      thereof and to be passed partially around the bending roll and thereafter
      to enter the machine between spaced guide means, at least one of which,
      namely the guide means for the edge of the strip stock which will define
      the upper edge of the shaped strips, is adjustable relatively to the other
      to accomodate different widths of the strip material.
PAR  The strip-shaping means comprises the ten pairs or sets of horizontal
      shafts carrying rollers for the conversion of a flat strip of material
      into a strip having a longitudinally-extending butt in one marginal
      portion (hereinafter referred to as the "lower marginal portion") and
      means for forming interlocking connections with similar strips when the
      strips are laid, in both the lower and the opposite or upper marginal
      portions. Certain of the pairs or sets of shafts are additionally provided
      with hub means intermediate the edge-shaping rollers, the hub means being
      adapted to support readily attachable and detachable rim members for the
      formation of the intermediate butt, when that is desired. The frame
      elements of the machine additionally include longitudinally-extending
      members having means for the support of the rim members in inoperative
      positions when the latter are detached from their hubs.
PAR  The rollers for forming the marginal configuration of the strip opposite to
      that in which the butt is formed (hereinafter referred to as the "upper
      marginal configuration") are mounted for adjustment on their shafts
      between first positions in which they are all spaced a given distance from
      the rollers which form the lower butt and second positions in which such
      spacing is adjusted in varying amounts.
PAR  In the operation of the machine for the production of simulated single-butt
      siding, the rollers for forming the upper marginal configuration of the
      siding strip are adjusted to their first position on their shafts, the rim
      members of the intermediate rolls are removed from their hubs and
      supported in their inoperative positions and the adjustable guide means at
      the forward end of the machine is adjusted to accomodate the width of the
      strip material required. The sets of rolls are then driven and the strip
      stock fed into the machine for gradual shaping by the shaping rolls to the
      required cross sectional configuration. For the conversion of the machine
      to produce siding including an intermediate butt, the rollers for forming
      the upper marginal configuration are adjusted to their second positions,
      the rim members of the intermediate rolls are removed from their
      inoperative positions and replaced on their hubs and the adjustable guide
      means is adjusted for the accomodation of the greater width of material
      required.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the machine of the instant invention
      with various framing and supporting elements omitted for clearness of
      illustration;
PAR  FIG. 2 is a sectional view taken on the line 2--2 of FIG. 1 and looking in
      the direction indicated by the arrows and with parts broken away;
PAR  FIG. 3 is a sectional view on an enlarged scale taken on the line 3--3 of
      FIG. 1 and looking in the direction indicated by the arrows, but with
      framing elements omitted, the view illustrating the position of certain of
      the parts in the production of siding of one cross sectional
      configuration;
PAR  FIG. 3A is a view corresponding to FIG. 3, but illustrating the position of
      said certain of the parts for the production of siding of a second cross
      sectional configuration;
PAR  FIG. 4 is a plan view of a spacer element as employed for the adjustment of
      the positions of certain of the shaping elements in the conversion of the
      machine from the production of siding of one cross sectional configuration
      to the other;
PAR  FIG. 5 is a detail view with parts in section and on an enlarged scale,
      illustrating the manner of employment of a spacer of FIG. 4 in a selected
      location and the means for removably retaining it in such location; and
PAR  FIGS. 6A-6J inclusive are views showing the cross sectional configurations
      of the strip stock following its passage between successive pairs of
      shaping elements to produce siding elements of one cross sectional
      configuration.
DETD
PAR  Referring now to the drawings and, more particularly to FIGS. 1 and 2, the
      machine in which the features of the present invention are incorporated
      includes a generally rectangular frame structure 10 including spaced upper
      rails 11 and spaced lower rails 12, the upper rails being connected by a
      plurality of cross rails 13, one of said cross rails being shown in FIG.
      2, and the lower rails being connected by a plurality of cross rails 14,
      one of said rails also being shown in FIG. 2. The upper and lower rails
      are supported in vertically spaced relationship by members 15 at the four
      corners of the frame structure. As shown, the rails and vertical members
      are preferably angle irons and are secured together as by welding. In
      addition, top, bottom and side cover plates (not shown) may be employed,
      if desired, the cover plates being secured to the frame structure to form
      a housing for the machine.
PAR  The frame structure additionally includes vertically-extending members 20
      connecting the upper and lower rails on each side of the machine, the
      members 20 carrying bearings for the ends of the shafts of a plurality of
      sets, namely sets or pairs A-J (see FIG. 1), of opposed shaping elements
      for converting the strip stock into either one of two desired cross
      sectional configurations. As is conventional, the bearings for the shafts
      of either the upper or lower shaping elements of each set may be made
      adjustable relatively to the bearings for the other shaping elements of
      the set by any suitable means (not shown) to permit the selection of the
      spacing between the shaping elements of each pair to accomodate strip
      material of different thicknesses.
PAR  Posts or uprights 21 project upwardly from the frame structure adjacent the
      forward end of the machine for the support of a reel 22 which in turn
      supports a coil of the sheet metal strip material which is to be converted
      into the simulated siding strips. The reel 22 is mounted on a shaft 23,
      the ends of which are received in bearing notches 74 of the uprights 21. A
      conventional bending roller 25 is supported outwardly of the forward end
      of the machine in bearings 26 carried by outwardly-extending frame
      elements 27, the bending roll being adapted to remove the coil set
      normally found in the metallic strip material upon its being unwound from
      the coil.
PAR  An electric motor 30 for driving the shafts of the several sets of shaping
      elements is mounted on a base 41 carried by the frame structure in an
      elevated position at the forward end of the machine, as illustrated in
      FIG. 1. The motor is employed to drive the shafts of the shaping elements
      by means of a sprocket and chain combination including an endless chain 31
      leading from a sprocket (not shown) carried by the motor shaft (not shown)
      to a sprocket 32 supported for rotation adjacent the rear end of the
      machine and thence in a counterclockwise direction partially around a
      sprocket 33 carried by the shaft 34 of the upper one of the set J of
      shaping elements for producing a final cross sectional configuration to
      the strip, thence in a clockwise direction partially around a sprocket
      (not shown) carried by the shaft 35 supporting the lower shaping element
      of said set and thence similarly partially around sprockets corresponding
      to sprockets 33 carried by the shafts of the upper and lower shaping
      elements of the remaining sets I to A inclusive, only the sprockets on the
      shafts of the upper shaping elements being shown.
PAR  Motor 30, when energized, drives the shafts for the upper and lower shaping
      elements in counterclockwise and clockwise directions respectively as
      indicated by the arrows (see FIG. 1). Energization of the motor is under
      the control of a switch (not shown) suitably mounted on the frame
      structure adjacent the rear end of the machine.
PAR  The machine as described to this point is, for the most part, generally of
      conventional type. An additional feature which is also of basically
      conventional type is the provision of means for guiding the strip material
      as it leaves bending roller 25 and enters the machine. The guiding means,
      as disclosed, includes (see FIG. 2) spaced angle members 29 and 36 with
      their vertical flanges projecting upwardly and with their horizontal
      flanges resting on support bars 37, the bars spanning the width of the
      machine and having their ends secured as by welding to the frame
      structure. The spaced angle members 36 and 29 are affixed as by welding to
      the ends of threaded elements 38 and 39 respectively, the elements
      penetrating openings in frame elements of the machine. The angle members
      are adjusted to the desired positions and maintained therein by pairs of
      nuts 42, one of each pair serving as a lock nut. The ability to adjust the
      spacing of angle member 36 relatively to angle member 29 is of particular
      importance in the machine of the instant invention, as will later become
      apparent.
PAR  Referring particularly to FIGS. 1, 2 and 6A-J inclusive, the shaping
      elements supported by the successive pairs of opposed shafts will now be
      described. It will be understood that FIGS. 1 and 2 disclose the machine
      set up to produce the siding strips with the intermediate butt as well as
      a lower butt. The changes required to convert the machine to the
      manufacture of single-butt siding will be explained hereinafter. The
      shafts of the first set A carry cooperating rollers 43 contoured to impart
      the initial shape as shown in FIG. 6A to the marginal portion of the strip
      which will include the lower butt and a pair of co-operating rollers 44,
      only one of the rollers being shown in FIG. 2, which are contoured to
      impart the initial shape to the marginal portions of the strip defining
      the upper marginal portion of the siding strip. For convenience, it will
      be assumed that one is observing the machine from the forward or sheet
      stock entry end thereof, and such pairs will be referred to respectively
      as the right- and left-hand pairs. As is conventional, one of the rollers,
      suitably the upper roller, of pair 44 includes a series of punches 45 and
      the lower roll of the pair includes a groove (not shown) to receive the
      punches, the punches being employed for forming nail holes in the upper
      marginal portion of the siding strip. The upper roll of the right-hand
      pair similarly has one or more punches 46 and the lower roll of the pair
      has a groove (not shown) to receive the punch or punches, the punches
      being positioned to form spaced breather or drain holes in the lower butt
      of the siding strip. The shafts of the set also support a pair of
      intermediate rolls 47 of flat edge contour whereby they will not affect
      the shape of the strip material, the upper roll 47 of the pair, the only
      one shown, supporting one or more punches 48 and the lower roll of the
      pair being grooved to receive the punch or punches to form breather or
      drain holes in the intermediate butt when that is being formed. However,
      each punch 48 is supported for ready removability, as by having a threaded
      end received in a correspondingly threaded socket in the roll, when the
      machine is to be converted from the production of a double-butt siding to
      the production of single-butt siding.
PAR  The rollers of each pair 43, 44 and 47 are secured in any suitable way in
      predetermined positions longitudinally of their shafts and for rotation
      with their shafts. Preferably, the positioning means consists of collars
      50 and 51 for rollers 44, the collars being secured in predetermined
      positions on their shafts by set screws received in threaded openings in
      the collars and adapted for securing contact with the shafts. Similar sets
      of collars 52-53 and 54-55 secured to the shafts by set screws are
      employed for the pairs of rolls 43 and 47 respectively. For ensuring
      rotation of rollers with their shafts, each shaft is provided with a
      keyway extending longitudinally and suitably for the full length thereof,
      corresponding keyways in the rollers and collars supported by the shaft
      and keys received within the keyways. Such use of keyways and keys for
      causing rotation of rollers with their shafts being well known, the
      keyways and keys have not been shown in the drawings. The positioning of
      the lefthand pair of rollers 44 longitudinally of their shafts is also
      determined by spacer element 56 inserted between each collar 51 and its
      associated roller when the double-butt siding is being produced. The
      purpose for which the spacers are employed and specific features of the
      spacers will later be pointed out.
PAR  The right- and left-hand roller pairs of the remaining sets of shaping
      means B to J inclusive, the rollers and associated elements where shown of
      the particular configuration required for a particular set as in FIGS. 3
      and 3A, being assigned the same reference characters as employed for such
      rollers and elements of set A but with the set-designating letter added,
      are contoured to form the successive shapes in the marginal portions of
      the strip material as illustrated in FIGS. 6B-J inclusive. However, the
      punching dies 45 and 46 are, of course, omitted. The manner in which the
      pairs of rollers are mounted on their respective shafts is suitably the
      same as that employed for the rollers of set A.
PAR  The collars on the upper shafts 34 and the lower shafts 35 of the
      successive sets corresponding to collars 51 are in general alignment
      longitudinally of the machine. Similarly, the collars of each of the sets
      on the upper shafts 34 and the lower shafts 35 corresponding to collar 52
      of set A are in general alignment, and the collars corresponding to collar
      53 of set A are in general alignment, longitudinally of the machine, any
      variation from exact alignment being due to minor variations in the widths
      and positioning of the rolls. Each shaft carries a spacer element
      corresponding, except as noted below, to spacer element 56 of set A and
      similarly located. The spacer elements, however, are of varying
      thicknesses on certain of the shafts for purposes hereinafter to be
      pointed out. As a result, the collars corresponding to collar 50 of set A
      will, in certain instances, be varyingly spaced from collars corresponding
      to collar 51 in accordance with the variance in the thickness of the
      spacers as well as variations in the widths of the rollers.
PAR  Referring now particularly to FIGS. 1, 3 and 3A, the pair of shafts for
      each of the shaping sets E to J inclusive additionally support means for
      forming the intermediate butt when the double-butt siding is to be
      produced. For this purpose, they are each provided with hub elements 60
      (see particularly FIG. 3A) positioned intermediate the rolls for forming
      the marginal configurations of the strip material. Hub elements 60 are
      maintained in their desired positions by collars corresponding to collars
      54 and 55 of set A, the collars being secured in fixed positions on their
      shafts by set screws (not shown) and being additionally keyed to their
      respective shafts for rotation therewith in the manner previously
      described for the collars 50-53. Also, the hub elements are in alignment
      longitudinally of the macine. The hub elements each include a hub 61 and
      an outwardly-extending annular flange portion 62, the hubs and annular
      flanges of the upper and lower hub elements being in relatively reversed
      positions. The hub elements are adapted to support annular rim members 63,
      designated 63J in FIGS. 3 and 3A, the rim members each having a central
      opening of a diameter substantially equal to but slightly greater than the
      diameter of hub 61. For the production of the double-butt siding the rim
      members are positioned on the hubs and secured in such positions by
      threaded studs 65 penetrating a plurality of bores in the rim members and
      threaded into associated threaded bores in the annular flange portions 62.
      The rim members and the annular flange portions of the successive sets are
      dimensioned and contoured to produce the successive intermediate shaping
      of the metal strip as disclosed in FIGS. 6E- J, the final shaping
      operation producing the completed intermediate butt 57 as shown in FIGS. 3
      and 6J.
PAR  The machine additionally includes means for supporting the rim elements 63
      in inoperative positions out of contact with operating elements and with
      the strip material, but within the confines of the machine frame
      structure, when the single-butt siding is to be produced. The means for
      this purpose includes upper and lower bars 66 and 67 respectively, the
      bars extending longitudinally of the length of the machine occupied by
      sets E to J of the shaping elements. Bar 66 is positioned above the shafts
      carrying the upper shaping elements and to the left, as viewed in FIGS. 3
      and 3A, of the shaping elements for the intermediate butt, bar 67 is
      positioned between the upper and lower shafts and to the right of the
      shaping elements for the intermediate butt, as viewed in FIGS. 3 and 3A.
      The bars are supported in the above-stated positions by upwardly-extending
      vertical elements 68 and downwardlyextending vertical elements 69
      respectively, the ends of the vertical elements remote from the bars being
      secured as be welding to frame members of the machine. The upper bar 66 is
      provided with tapped openings 58, there being one such opening in vertical
      alignment with each of the upper shafts of the sets E to J of the shaping
      elements. The lower support bar 67 is in the preferred embodiment provided
      with a series of hooks 70, one being positioned in vertical alignment with
      each of the lower shafts of the sets E to J of the shaping elements, the
      hooks being of a character to be received within one of the threaded bores
      of the rim member adapted to be mounted on the hub element of its
      associated shaft. For the shifting of the rim members from operative to
      inoperative positions, the studs 65 securing the upper rim members to
      their hub elements are removed and each rim member is positioned with one
      of its stud-receiving bores in alignment with a bore in support bar 66.
      Stud 65 or a similar stud is then inserted in the bore of the rim member,
      but in a reversed position, and threaded into the bore of support bar 66.
      To shift the rim members of the lower roller sets from operative to
      inoperative positions, the studs 65 are similarly removed and each rim
      member is positioned on its hook 70, the latter projecting through one of
      the bores normally receiving the stud 65. The use of the stud as the
      securing means for the rim members of the upper shaping means in their
      inoperative positions rather than employing a hook constitutes a safety
      feature. As will be understood, if hooks of the type of hook 70 were to be
      employed for the support of the upper rim members in their inactive
      positions during the production of single-butt siding, any excessive
      vibration of the machine might well cause one or more of the rim members
      to fall off its associated hook and damage the siding being produced. On
      the other hand, if any of the rim members of the lower shaping means
      should be jarred off its hook 70, it will cause no damage to the strip
      material. The hooks are preferred because of the ease and time saving
      involved in the mounting of the rim members thereon as compared to the
      employment of the studs. However, the stud-securing means, similarly as
      used for rim members of the upper shaping means, may be employed in place
      of the hooks if desired.
PAR  Referring now particularly to FIGS. 3, 3A, 4 and 5, the construction and
      operation of the spacers 56 mounted on the shafts for each of the pairs of
      shaping rollers 44 will be described. As is apparent, when the double-butt
      siding of FIG. 3 is to be produced, the strip material employed must be of
      a greater width than the strip material employed for the production of the
      single-butt siding shown in FIG. 3A, the additional width being
      approximately equivalent to the depth of the intermediate butt. Also,
      particularly with respect to the sets of strip-shaping elements which
      include the means for forming the intermediate butt, the sets of rollers
      44 forming the marginal portion of the strip material opposite to that in
      which the lower butt is formed must be successively shifted until such
      rollers of the final set J are in the position or substantially the
      position they would be in for the formation of the single-butt siding.
PAR  However, in actual practice it has been determined that due to spring-back
      characteristics of the metal employed, even the pair of rolls 44 of set J,
      which determine the final configuration of the upper marginal portion of
      the siding strip, must be spaced a somewhat greater distance from the pair
      of rolls 43 forming the lower marginal portion than is the case when
      single-butt siding such as shown in FIG. 3A is being formed. Also, the
      spring-back characteristics of the metal require various of the spacers to
      be of a thickness other than that which would normally be considered
      correct. Specifically, in order to produce a double 4-inch siding, it has
      been determined that the thicknesses in inches of the spacers for the
      successive shaping sets should be as set forth below.
TBL  ______________________________________                                    

     Set A Sets B-E Set F   Set G Set H  Set I  Set J                          

     ______________________________________                                    

     0.340 0.450    0.365   0.345 0.205  0.190  0.100                          

     ______________________________________                                    

PAR  As will be understood, because of the necessarily relatively small scale of
      the drawings, no attempt has been made to show the variations in thickness
      of the successive spacers in FIG. 2, nor are the spacers shown of the
      proper thicknesses relatively to associated parts in FIGS. 3 and 3A.
PAR  Referring now particularly to FIGS. 4 and 5, the construction of the
      spacers and their manner of association with and removal from the shafts
      of the shaping roller sets will be described. As illustrated in FIG. 4,
      each spacer 56 is of approximately horseshoe configuration and is defined
      by a semicircular outer edge 71 and a slot 72 extending inwardly therefrom
      and terminating in a semicircular end portion 73 for contact with the
      shaft on which the spacer is to be positioned. The diameter of the
      semicircular end portion and the width of the slot are such as to readily
      but snugly receive the shafts of the shaping roll sets. The spacer is
      provided with a bore 74 having preferably a somewhat tapered or expanded
      mouth 75.
PAR  Each spacer is mounted on its associated shaft by positioning the slot in
      line with the shaft and then moving it in the direction of the shaft until
      the latter is contacted by end portion 73. The mounting of the spacer may
      be performed with the spacer in a horizontal, vertical or any intermediate
      position, and after mounting, may be rotated to a position to bring bore
      74 into alignment with a spacer-securing means 76 carried by each of the
      collars 50 and 51 for the pairs of rollers 44A-J. For convenience of
      illustration, the spacers have been shown in horizontal positions in FIGS.
      3 and 3A.
PAR  Referring now to FIG. 5, which is a detail view on an enlarged scale with
      parts in section and other parts broken away, the spacer 56 is illustrated
      positioned on the shaft for the upper roller 44 between the inner surface
      of the roller and collar 50. The preferred embodiment of the
      spacer-securing means 76 is what is termed a "spring plunger" such as
      manufactured by the Vlier Engineering Corp. of Burbank, California. The
      spring plunger includes a threaded tubular element 77 for reception in a
      correspondingly threaded opening in the collar and a threaded plug 78
      received in a correspondingly threaded outer rim portion of the tubular
      member. It also includes a ball 79 of a diameter to partially penetrate
      bore 74 and a compression spring 80. The spring 80 is so selected that the
      force it exerts against ball 79 is sufficient to maintain the ball in the
      somewhat expanded mouth 75 of the bore notwithstanding the centrifugal
      forces created by the rotation of the shaft and any vibration or jarring
      to which the shaft is normally subjected during operation. On the other
      hand, when the spacer is to be removed, such removal may be readily
      obtained by forcing it off the shaft with a sliding movement of the
      spacer, the spring yielding to permit the ball to adjust its position as
      required for this operation. Similarly, the spacer is installed on the
      shaft by moving the roller into spaced relationship with collar 50 as
      shown in FIG. 5 and then sliding the spacer into the space between the
      collar and the roller until ball 79 overlies bore 70 at which time the
      ball will snap into the mouth 75 of the bore.
PAR  In the operation of the machine for, for example, producing double
      four-inch siding with lower and intermediate butts, each 1/2 inch in
      width, from strip stock, suitably aluminum strip, of a width of 11 1/2
      inches, a coil of the strip stock is mounted on reel 22, angle member 36
      of the guiding means is adjusted relatively to angle member 29 to
      accomodate the strip of the width being employed between their vertical
      flanges, and the spacers 56 for the upper and lower shafts of each of the
      several sets of shaping elements are mounted on their shafts in the
      positions shown in FIG. 2, namely between the collars 51 and the rollers
      44. In addition, the rim members 63 of the shaping means for forming the
      intermediate butt in sets E to J inclusive are removed from their
      respective support bars 66 and 67 and installed on their associated hubs
      61 and studs 65 or other studs inserted to maintain them in their
      operating positions. In addition, punch 48 is screwed into its socket in
      roll 47. Strip stock is then manually drawn from the roll thereof and
      passed around bending roll 25 and through the guide means. Motor 30 is
      then started and the end of the strip is positioned in the nip between the
      first set of shaping means A. The strip material is thereafter drawn
      through the machine by the rolls. It will be understood that suitable
      guiding and supporting means (not shown) for the strip for its initial
      introduction between the successive pairs of strip-shaping sets may
      preferably be employed. Alternatively, the strip may be manually guided
      and supported. Upon continued operation of the macine, the strip material
      is converted from its original flat condition through the several cross
      sectional contours disclosed in FIGS. 6A to 6I inclusive, and then to the
      final cross sectional contour of FIG. 6J.
PAR  For the production of siding strips of the single-butt type having an
      exposure width of 8 inches, strip stock of a width of 10 1/2 inches is
      preferably employed. To convert the machine from the production of the
      double-butt siding to the production of such single-butt siding, angle
      member 36 of the guide means is adjusted inwardly to accomodate the width
      of the stock between its vertical flange and the vertical flange of angle
      member 29. The spacers 56 are snapped off the shafts supporting them and
      rollers 44 are slid inwardly on the shafts into contact with collars 51.
      The spacers are then replaced on the shafts, but between rollers 44 and
      the outer collars 50. Also, the rim elements 63 of the shaping means for
      the intermediate butt at sets E to J inclusive are removed from their hubs
      and supported in inoperative positions by the bars 66 and 67. In addition,
      the punch 48 is removed from roll 47. A roll of the strip stock is then
      positioned on reel 22 and fed into the machine as before. In operation,
      the sets of shaping elements will result in the same gradual formation of
      the shapes of the marginal portions of the sheet from that of FIG. 6A to
      that of FIG. 6J as obtained in the production of the siding with the
      intermediate butt. However, the intermediate butt will not, of course, be
      formed and the siding will have the cross sectional configuration as
      disclosed in FIG. 3A.
PAR  It will be understood that the machine as described above may include
      additional features often employed in portable machines for the production
      of siding strips. For example, roller means for squaring the lower butt of
      the strip, particularly when the siding with both the lower and
      intermediate butts is being produced, may be supported for movement
      between operative and inoperative positions adjacent to but to the rear of
      the final set J of the shaping elements. In addition, the machine may be
      provided with a preferably attachable and detachable saw or a guillotine
      device for severing the completed siding strip material into the mitered
      lengths required.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for forming a strip of metallic stock into a siding strip of
      either a first or a second cross sectional configuration, with the siding
      strips of both configurations having first and second marginal portions,
      with the first marginal portion shaped to define a butt, and both marginal
      portions shaped to define siding strip interconnecting means, and said
      siding strip of said second configuration additionally having an
      intermediate butt, said machine comprising a succession of pairs of
      opposed strip-shaping means, shafts supporting said strip-shaping means
      for rotation therewith, and means for rotating said shafts, said pairs of
      opposed strip-shaping means each comprising first and second spaced-apart
      roller means having shaping elements for forming said above-defined shapes
      of said first and second marginal portions, and certain of said succession
      of pairs of opposed strip-shaping means each including additional roller
      means having readily attachable and detachable shaping elements for
      forming, when attached, said intermediate butt.
NUM  2.
PAR  2. A machine as defined in claim 1 wherein there is means for adjusting the
      relative spacing of said first and second spaced-apart roller means in the
      conversion of said machine from the production of siding elements of one
      of said first and second cross sectional configurations to the other.
NUM  3.
PAR  3. A machine as defined in claim 2 wherein said means for adjusting the
      relative spacing of said first and second spaced-apart roller means
      comprises means mounting said roller means having shaping means for
      forming one of said first or second marginal portions for longitudinal
      adjustment relatively to the other on the shafts supporting said
      spaced-apart roller means.
NUM  4.
PAR  4. A machine as defined in claim 3 wherein said means for mounting said
      roller means for longitudinal adjustment on their shafts comprises spaced
      collar means secured to said shafts on opposite sides of said roller means
      for determing the limits of adjustment of said roller means on their
      shafts, spacer means adapted for insertion into selected positions between
      either side of said roller means and said collar means, and means for
      releasably securing said spacer means in said selected positions.
NUM  5.
PAR  5. A machine as defined in claim 1 wherein there is means within said
      machine for supporting said readily attachable and detachable shaping
      elements in inoperative positions when detached.
NUM  6.
PAR  6. A machine as defined in claim 1 wherein said additional roller means
      comprise hub portions and said shaping elements comprise rim members for
      securement to and removal from said hub portions.
NUM  7.
PAR  7. A machine as defined in claim 6 wherein there is means for supporting
      said rim members in inoperative positions when detached from said hub
      portions.
NUM  8.
PAR  8. A machine as defined in claim 7 wherein said means for supporting said
      rim members in inoperative positions comprises rails extending
      longitudinally of said machine and there is means for supporting said rim
      members from said rails.
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ABST
PAL  This invention relates to a device, actuated by a propellant, for crimping
      heavy-walled terminals about large size electrical wire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Diesel locomotives of the type having electrically-driven traction motors
      require wire of a size capable of carrying a current of around 1100 amps.
      The size of aluminum multi-strand wire having this capability is on the
      order of one million circular mils in cross-sectional area. The current
      carrying requirements and physical wire size have provided workers in the
      field with a problem in terminating so as to prevent terminal overheating
      and failure. One solution to this problem was to use heavy-walled copper
      terminals. However, heretofore, means of manageable size adequate to crimp
      a heavy-walled copper terminal around a million circular mil wire were not
      available, particularly when copper wire was used. In conjunction with
      this, aluminum wire can be used as a replacement for the copper wire
      offering numerous advantages, such as weight and cost savings, and reduced
      resistance to crimping when high pressures may be required.
PAR  As is well known, the undesirable properties of creep, cold flow,
      oxidation, thermal expansion and corrosion which are inherent in aluminum
      have to be overcome in providing a reliable and stable termination. Prior
      to recent developments in the field of crimp terminations for aluminum
      wire, welding was the only method for avoiding the aforementioned
      undesirable properties. This method, however, was both costly and time
      consuming and provided only marginal results in many instances. Now
      however, the development of the aluminum crimp techniques as disclosed in
      U.S. Pat. applications, Ser. No. 346,530, filed on Mar. 29, 1973 and Ser.
      No. 481,590, filed on June 21, 1974, the disclosures of both being
      incorporated herein by reference, teaches methods which overcome the
      aforementioned properties in an inexpensive manner and with excellent
      results. Generally and briefly, these methods provide a perforated liner
      between the wire and wire barrel and further use crimping forces
      sufficiently high to deform the terminal and wire by a factor of 65
      percent. Utilizing these methods however with heavy-walled copper
      terminals and wire of one million circular mils in cross-sectional area
      presented problems, the solution to which were not obvious.
PAR  Manually operated tools capable of crimping large size terminals are heavy,
      bulky and generally do not provide the pressures required. Tools operated
      by electricity or compressed air are bulky and expensive. Further, power
      or compressed air is not always available at the sites where the
      termination is to be made.
PAR  With these limitations in mind, Applicant considered propellant-driven
      devices with which Applicant's assignee has some experience; e.g., U.S.
      Pat. Nos. 3,163,200 and 3,187,500, the disclosures thereof being
      incorporated herein. U.S. Pat. Nos. 2,981,130, 2,995,053 and 3,251,216,
      assigned to Applicant's assignee also, are additional state of the art
      disclosures.
PAR  It was discovered however that the tools disclosed in the aforementioned
      patents lacked the capabilities required. One problem was in the
      propellant-carrying element and means for exhausting the gases. Another
      problem was that of providing a method for driving the moving die out of
      engagement with the terminal after crimping it around the wire. The
      solution to these and other problems resulted in the instant invention
      which provides a propellant-driven device having a elongated housing whose
      walls define an interior chamber. One die is fixed at one end of the
      chamber and a second, movable die is slidingly positioned therein so that
      it can be driven against a terminal placed on the first die. The other end
      of the chamber contains a recess for receiving the rim of a cartridge
      containing the propellant. The cartridge is made of a plastic which, upon
      detonation of the propellant, separates and becomes gas-tight seals. The
      cap or closure means contain the firing mechanism and also a combination
      safety to prevent unintentional detonation and a means to seal off a gas
      release passageway which connects the chamber to outside the housing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the preferred embodiment constructed in
      accordance with the present invention. A closed barrel terminal and
      prepared wire are shown to the left;
PAR  FIG. 2 is a view of the wire and terminal after being crimped together by
      the preferred embodiment shown in FIG. 1;
PAR  FIG. 3 is a sectionized view of the preferred embodiment shown in FIG. 1;
PAR  FIG. 4 is a cross-sectional view of the cartridge used in the preferred
      embodiment;
PAR  FIG. 5 shows details of the locking mechanism of the preferred embodiment;
PAR  FIG. 6 is a partially sectionized view of the preferred embodiment
      illustrating the anvil return spring mechanism; and
PAR  FIGS. 7 and 8, both being views taken along lines 7--7 of FIG. 6,
      illustrate the functional aspects of the locking mechanism of the
      preferred embodiment of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein like reference numerals represent
      corresponding parts in all Figures, there is shown on the right in FIG. 1
      a device 10 which is used for crimping a heavy-walled terminal 12, seen on
      the left, into encompassing engagement with a large diameter wire 14 to
      provide the termination 16 shown in FIG. 2.
PAR  Device 10, also referred to as a propellant-driven crimping press,
      possesses the following visible outer elements; a housing 18, a lateral
      window 20 which has a counterpart on the housing's opposite side (see FIG.
      3), a closure means or cap 22 and a safety means or safety arm 24.
PAR  A fixed die 26, or nest, may be seen through window 20. This die is
      U-shaped with sidewalls 27 extending upwardly from either side of the
      die's floor.
PAR  Housing 18 is preferably provided with an enlarged base 28 so that device
      10 may stand free. Cap 22 contains lateral flutes 30 as shown for ease in
      handling. Safety arm 24 has a cover 32 on its free end to shield firing
      pin assembly 34 centrally positioned in cap 22.
PAR  Terminal 12 consists of a ring tongue front end 36 and a closed wire barrel
      38. Dimensionally the wire barrel is about 41/2 inches long and has a wall
      thickness of 0.20 inches. The terminal is made from copper, plated with
      tin and weighs about 2 pounds.
PAR  Wire 14 is a multi-strand aluminum cable having a cross-sectional area of
      about one million circular mils. In order to achieve a reliable crimp the
      terminal and wire must be deformed to about 40 percent of the non-deformed
      cross-sectional area. The force required to achieve this degree of
      deformation on the heavy-walled terminal and large diameter wire is about
      65 tons per square inch.
PAR  FIG. 2 illustrates the high deformation crimp achieved via device 10. A
      transverse bar 39 (FIG. 3), located on the floor of the fixed die 26,
      pushes in (relatively speaking) on the bottom of wire barrel 38 as shown
      by reference numeral 40. The deformation extends completely across the
      wire barrel. The moveable die (reference numeral 54 in FIG. 3) pushes in
      on the top of the wire barrel in a generally oval pattern as indicated by
      reference numeral 42. The strands of wire inbetween the two deformed areas
      are both extruded longitudinally and cold welded together. The extrusion
      process breaks up aluminum oxide which may be present on the strands
      thereby providing fresh or clean metal to adjacent strands which enhances
      the process of cold welding.
PAR  The internal details of device 10 may be seen in FIG. 3. Chamber 44 within
      the housing is closed at its lower end by a plug 46. A pair of screws 48
      extend through the plug and secure fixed die 26 thereto.
PAR  The upper part of the housing contains a passageway 50 which is concentric
      with and connects chamber 44 with the top surface 52 of the housing. A
      moveable die 54, shown in its raised position in the device has a piston
      56 at its upper end and an anvil 58 at its lower end. As FIG. 3 indicates
      piston 56 fits very closely in passageway 50.
PAR  With reference to FIG. 5 also, the outside upper portion of housing 18 has
      a portion of reduced diameter to form a cap-receiving section 60. Section
      60 is cylindrical and has first and second laterally projecting lugs,
      reference numerals 62 and 64 respectively, each spaced diametrically with
      respect to the other. Both lugs are relatively thick to provide adequate
      locking means for cap 22. Lug 62 has a radius of about 82.degree. and lug
      64 has a radius of 90.degree..
PAR  A horizontal gas release passage 65 and gas release pin 68 slidingly housed
      in passage 66 are positioned in section 60 off to one side of lug 62.
      Referring specifically to FIG. 3, the passage's diameter is abruptly
      reduced adjacent passageway 50 and pin 68 has a reduced diameter stud 69
      which fits sealingly into the reduced area.
PAR  Stop means comprised of a vertical passage 70 and rod 72 is positioned
      through lug 64 and into the lower cap receiving section 60.
PAR  With continuing reference to FIGS. 1, 3 and 5, cap 22 forms a closure means
      for housing 18 and chamber 44. The lower edge of the cap contains two
      inwardly projecting flanges 74 and 76 respectively, one being positioned
      opposite the other. These flanges cooperate with lugs 62 and 64 in
      securing cap 22 to housing 18, flange 74 sliding below lug 62 and flange
      76 sliding below lug 64.
PAR  L-shaped safety arm 24 is pivotably mounted on the side of cap 22, pivoting
      being provided by pin 78 located in a horizontal passageway 80. A slot 82
      in the side of the cap receives part of the arm when it is in its safety
      position covering firing pin assembly 34 as shown in FIG. 5. Safety arm 24
      is positioned on cap 22 so that as it is pivoted back, uncovering firing
      pin assembly 34, its pivotably mounted end 84 engages and pushes gas
      release pin 68 inwardly thereby sealing off passage 66.
PAR  With reference specifically to FIG. 3, firing pin assembly 34 consists of
      firing pin passage 86, a spring 88, a firing pin 90, and a firing pin
      striker 92 moveably positioned over pin 90. A retaining plate 94, secured
      to cap 22 by conventional means, provides retaining means for the firing
      pin assembly.
PAR  FIG. 6 illustrates the means for biasing moveable die 54 against the upper
      part of chamber 44. These means consist of vertical passageway 96, a heavy
      lower spring 98 and a lighter upper spring 100, both mounted on a lower
      pin 102. A hollow spring compressing rod 104 is secured to a bottom
      surface of moveable die 54. The dashed lines 106, seen on the opposite
      side of housing 18 indicate the location of a second identical set of
      biasing means.
PAR  The propellant means for propelling moveable die 54 downwardly toward fixed
      die 26 is shown in FIG. 4. These means include a cartridge 107 which
      consists of a lower, cup shaped base 108 and a cover 110. The material
      used in making these two parts is preferably nylon. Cover 110 has a
      downwardly depending skirt 112 which slides over upstanding walls 114 on
      base 108 thereby forming a chamber 120. Cover 110 also has a lateral rim
      116 extending around its periphery. This rim sets in a circumferential
      groove 118 located at the open end of passageway 50 of the cap-receiving
      section 60. FIG. 5 shows the groove clearly. Propellant 122, which may be
      Bullseye smokeless powder, manufactured by E. I. DuPont deNemours &
      Company, fills chamber 120. Cover 110 contains an opening 123 in which,
      primer 124 is positioned. Primer 124 is detonated by being struck by
      firing pin 90.
PAR  FIGS. 7 and 8 illustrate the mechanics of securing cap 22 to cap-receiving
      section 60. In FIG. 7, cap 22 has been placed over cap-receiving section
      60. Note that flange 76 on cap 22 spans the space between gas release pin
      68 and lug 64. Also note that safety arm 24 is positioned at the end of
      lug 62 opposite the gas release pin.
PAR  In FIG. 8 cap 22 has been rotated clockwise to where one end of flange 76,
      shown as dashed lines, abuts against rod 72. Both flanges 74 and 76 are
      under lugs 62 and 64 respectively and safety arm 24 is bearing against gas
      release pin 68.
PAR  The utilization of device 10 is straight-forward, lending itself to use by
      even the most unskilled workman with only a minimal amount of training.
PAR  Beginning with the device as shown in FIG. 5; i.e., cap 22 being removed, a
      cartridge 107 is placed into the top of passageway 50 with rim 116 being
      seated in groove 118. Cap 22 is placed on cap-receiving section 60 (FIG.
      7) and rotated clockwise (FIG. 8) until flange 76 abuts rod 72. Device 10
      is now as such is shown in FIGS. 1 and 6; i.e., cover 32 on safety arm 24
      shielding firing pin assembly 34. The stripped end of wire 14 is now
      inserted into wire barrel 38 of terminal 12. Terminal 12 is then placed
      into fixed die 26 via window 20 so that the approximate middle of the wire
      barrel is resting on bar 39 located on the fixed die.
PAR  Safety arm 24 is pivoted outwardly, thereby exposing firing assembly 34 and
      simultaneously pressing in on gas release pin 68 thereby sealing off gas
      release passage 66. Upon striking firing pin striker 92, firing pin 90
      detonates primer 124 which in turn detonates propellant 122. The gases
      generated thereby expand, driving moveable die 54 downwardly. Base 108,
      which becomes separated from the cover 110 of cartridge 107, acts as a
      seal around piston 56 thereby preventing gas from blowing by. Die 54
      strikes and crimps terminal 12 between it and fixed die 26. After the
      force of the burning gases have been expended, heavy spring 98 acts to
      drive the die out from engagement with crimped terminal 12 and lighter
      spring 100 pushes the die up to its normal position. Safety arm 24 is
      pivoted back onto cap 22 thereby releasing gas release pin 68 and the
      residue gas in the chamber above piston 56.
PAR  Using 70 grains of Bullseye powder, the propellant-driven device disclosed
      above develops on the order of 65 tons pressure per square inch. Tests
      show that this energy is required to achieve a satisfactory crimp of a
      wire barrel having a 2 inch diameter with walls 0.20 inches thick. The
      dimensions of the device used include a housing 18 having a height of
      10.12 inches and made from alloy steel. The diameter of chamber 44 is 2.24
      inches. The radius of cap 22 is 5.75 inches. The material used in making
      the cap is preferably alloy steel, the entire device weighs about 60
      pounds. As noted elsewhere, wire 14 crimped in the wire barrel was
      multi-stranded aluminum wire having a cross-sectional area of one million
      circular mils.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom, as some modifications will be obvious to those skilled in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A propellant-driven device for crimping a terminal into encompassing
      engagement with a wire, which comprises:
PA1  a. a housing having an elongated chamber with a first and a second end;
PA1  b. a fixed die positioned at the first end of the chamber;
PA1  c. a movable die slidingly positioned in the chamber which cooperates with
      the fixed die;
PA1  d. a lateral opening into the chamber for allowing the positioning of a
      terminal between the fixed and movable dies;
PA1  e. propellant means positioned at the second end for propelling the movable
      die toward the fixed die;
PA1  f. removable closure means for closing the second end of the chamber;
PA1  g. detonating means for detonating the propellant means, said detonating
      means positioned in the closure means;
PA1  h. a passage extending from the chamber adjacent the second end with a gas
      release pin slidingly positioned therein and adapted to removably seal the
      passage; and
PA1  i. safety means pivotally connected to the closure means so that as it is
      pivoted outwardly it forces the gas release pin into sealing engagement in
      the passage.
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ABST
PAL  The specification discloses a method and system for detecting brake wear in
      a metal forming machine having a ram operable by a rotative drive and
      further having a brake for stopping the ram. The amount of rotation of the
      drive for the machine is determined from the time of energization of the
      brake to the time of stopping of the ram by the brake. This determined
      amount of rotation is compared with a predetermined magnitude. An alarm is
      generated as the determined amount of rotation of the drive exceeds the
      predetermined magnitude, thereby indicating excessive brake wear. Further
      operation of the ram is then prevented upon the generation of an alarm.
      The specification further discloses a check system for checking the
      operation of various components of the detection system prior to detecting
      of the brake wear.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to work safety systems and methods for use with
      machines having braked work producing members, and more particularly
      relates to a safety method and system for detecting brake wear in a
      machine having a work producing member which is movable by a drive and
      which is stopped by a brake.
PAC  THE PRIOR ART
PAR  Problems due to brake wear and failure have heretofore occurred in machines
      having a work producing member which is movable by a drive system and
      which is stopped by a brake. In particular, in metal forming machines such
      as press brakes and the like, rams are conventionally reciprocated by a
      rotating drive mechanism and are stopped by the application of a brake
      near the top of the ram's cycle. In case of brake wear, the ram does not
      stop until it is moved past the top of the stroke and is again moving
      downwardly toward the work area, thereby presenting a danger to operators
      having their hands in the work area. In case of brake failure, the ram can
      cause severe damage to operators having their hands in the work area.
PAR  Systems have been heretofore proposed wherein the position of the brake at
      its stopping position is detected. However, such techniques have not been
      satisfactory, inasmuch as they merely check brake position and not brake
      wear. With such prior systems, it is thus possible for an operator to
      merely adjust the position of the ram instead of checking the brake,
      thereby ignoring the brake wear until brake failure results. Moreover,
      previously developed brake wear detecting systems have been subject to
      failure of their own components, thereby allowing brake wear to go
      undetected. Prior brake monitoring systems have also been subject to being
      defeated by an operator by shorting and the like.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a brake monitoring method and
      system is disclosed which does not merely check the position of the brake
      where it is stopped, but detects the angular distance required for the
      brake to stop the work producing member during each operating cycle. When
      the detected distance reaches a predetermined magnitude, excessive brake
      wear is present. Further, the present system and method checks the various
      components of the detection system during each operating cycle prior to
      detecting brake wear. The present system is not subject to being shunted
      or defeated without terminating operation of the machine.
PAR  In accordance with the present invention, a safety system is provided for a
      machine having a work producing member which is movable from a drive
      system and which is stopped by a brake. Circuitry is responsive to the
      drive system for detecting the amount of movement of the drive system
      between the time of energization of the brake and the time that the work
      producing member stops. An alarm is operable if the amount of movement
      exceeds a predetermined magnitude.
PAR  In accordance with another aspect of the invention, a safety system is
      provided for a metal forming machine having a ram operable by a rotative
      drive system and a brake for stopping the ram. A sensor senses the
      rotation of the drive system. Circuitry is responsive to the sensor to
      determine the amount of rotation of the drive system from the time of
      energization of the brake to the time of stopping of the ram. Circuitry
      compares the determined amount of rotation of the drive system with a
      predetermined magnitude. An alarm is operated if the predetermined amount
      of rotation of the drive system exceeds the predetermined magnitude.
PAR  In accordance with a more specific aspect of the invention, a safety system
      is provided for a press machine having a ram operable by a rotative drive
      and a brake operable to stop the ram. A sensor generates electrical
      signals representative of the amount of rotation of the drive. Circuitry
      is responsive to a first angular position of the drive for directing a
      first portion of the electrical signals to a counter. Check circuitry
      prevents further rotation of the drive if a predetermined number of the
      first portion of electrical signals are not received by the counter.
      Circuitry is responsive to the application of the brake for directing a
      second portion of the electrical signals to the counter until the rotation
      of the drive is stopped. Circuitry prevents further rotation of the drive
      if the second portion of the electrical signals exceeds a predetermined
      magnitude.
PAR  In accordance with yet another aspect of the invention, a method of
      detecting brake wear in a metal forming machine having a ram operable by a
      rotative drive and having a brake for stopping the ram includes sensing
      the amount of rotation of the drive. The amount of rotation of the drive
      is then determined from the time of energization of the brake to the time
      of stopping of the ram by the brake. The determined amount of rotation of
      the drive is compared with a predetermined magnitude. An alarm is
      generated if the predetermined amount of rotation exceeds the
      predetermined magnitude.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present application and for
      further objects and advantages thereof, reference is now made to the
      following description taken in conjunction with the accompanying Drawings,
      in which:
PAR  FIG. 1 is a somewhat diagrammatic illustration of a typical metal forming
      machine utilized in conjunction with the present invention;
PAR  FIG. 2 is an electrical schematic of the present safety device; and
PAR  FIG. 3 is a graphical illustration of the energization of the limit
      switches of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a typical press is illustrated generally by the
      numeral 10 and may comprise, for example, a press of the type disclosed in
      U.S. Pat. No. 2,286,943, issued to David C. Verson et al. It will be
      understood that press 10 is merely exemplary of any type of machine having
      a work producing member which is moved by a rotative drive and which is
      stopped by a brake.
PAR  The press 10 includes a main frame 12 having a crown 14 and a bed 16. A
      reciprocal ram 18 is vertically movable in jibs 20. In the press crown, a
      motor (not shown) drives a flywheel 22 in the well-knoown manner. The
      flywheel 22 is connected through a clutch 24, a clutch and brake assembly
      26 and suitable gearing 28 to a pair of large gears 30. Gears 30 drive an
      eccentric 32 to operate a pitman 34 which is connected to the ram 18.
PAR  The clutch 24 and clutch brake assembly 26 may be of either hydraulic or
      pneumatic type, and the supply of fluid applied thereto is under the
      control of one or more solenoid valves which will be subsequently
      described. On the frame 12 is a master control station 36 which includes a
      manually operable function control switch which is movable to a number of
      different active stable positions such as "off", "single cycle", "inch"
      and "continuous" positions. Run buttons 40 and 42 are provided which must
      be simultaneously depressed by the operator to cause operation of the ram
      18. A stop button 44 may be depressed by the operator in order to generate
      an electrical signal to energize the brake by operating a valve, thereby
      allowing springs to engage the brake of the system in order to stop the
      movement of the ram 18, although normally limit switches (not shown) cause
      the ram 18 to be automatically stopped at the top of each stroke. Due to
      the requirement of valve operation and due to the speed of the ram 18, a
      time interval occurs between the energization of the brake by button 44 or
      limit switches and the final engagement of the brake and then the final
      stopping of the ram. A similar operator control station 46 is provided to
      enable operation of the device by two operators. For a more detailed
      description of the construction and operation of the control system for
      the press shown in FIG. 1, reference is made to U.S. Pat. No. 3,666,965,
      issued May 30, 1972 and entitled "Press Control Apparatus" to the present
      Applicant and assigned to the present Assignee, along with U.S. Pat. No.
      3,628,357, issued Dec. 21, 1971, and entitled "Safety Control Circuit for
      Presses and the Like" to Applicaant and assigned to the present Assignee.
PAR  FIG. 2 illustrates the brake wear detection circuitry of the present
      invention. As noted, when a metal forming machine such as a press brake or
      the like is utilized over a period of time, the system brake sometimes
      becomes worn or in need of adjustment. When this occurs, the distance or
      angle required for the brake to stop the movement of the ram becomes
      lengthened, thereby presenting a safety hazard to the operator. In
      previously developed safety systems, the position of the ram when it is
      stopped by application of the brake has been detected. Such systems
      provide an alarm when the ram does not stop at the top of its stroke.
      However, such systems do not thus directly check the operation of the
      brake, but check only the position of the ram when stopped by the brake.
      Thus, an operator could merely adjust the position of the ram instead of
      actually checking the brake, and thus would not detect the fact that the
      brake was becoming worn and indeed might be subject to failure. The
      present system overcomes this disadvantage by directly detecting the
      distance or angle required for the brake to stop the ram after each cycle
      of operation.
PAR  Referring to FIG. 2, a source of power is connected across terminals 50 and
      52. A relay 1CR is connected across terminals 50 and 52 in series with
      normally closed Run switches 54 and 56. Normally open relay contacts 4CR
      are connected in series with normally open relay contacts 2CR. Normally
      closed switch 4APS is connected across relay contacts 4CR. Normally open
      relay contacts 1CR and 1CR and normally closed relay contacts 3CR and 4CR
      are connected in series with normally closed Run switches 58 and 60 and
      are tied across relay contacts 2CR. Normally open relay contacts Y are
      connected in series with relay 2CR.
PAR  Normally open relay contact 2CR is connected in series with normally open
      Run switches 62 and 64 and with a normally closed relay contact 1CR. A
      normally open switch 66 is connected in parallel with normally closed
      relay contacts 3CR and is tied to rotary cam switch CLSA-2 and normally
      open relay contacts 4CR.
PAR  Normally closed relay contacts 1CR and normally open relay contacts 2CR are
      connected in series with normally open Run switches 68 and 70. Normally
      open relay contacts 3CR are tied in series with normally open rotary cam
      switch CLSB-2.
PAR  Relay 3CR is connected in series with a normally closed rotary cam switch
      CLSA-1 which is connected in parallel with normally closed relay contacts
      2CR, and which are tied to one terminal of relay contacts 3CR.
PAR  Normally closed rotary cam switch CLSB-1 is connected in parallel with
      normally closed relay contacts 2CR. A relay 4CR is connected in parallel
      with normally open relay contacts 3CR, clutch valve solenoids 72 and 74,
      normally open relay contacts 4CR and rotary cam switch CLSA-3 and relay X.
      Normally open relay contacts 3CR are connected in parallel with normally
      open relay contacts 4CR.
PAR  An important aspect of the present invention is a proximity sensor 76 which
      is disposed adjacent a portion of the rotative drive system which operates
      the work producing member of the machine. Sensor 76 may comprise any type
      system for sensing the rotation of the drive system. For example, the
      proximity sensor 76 may be disposed to detect the rotation of one of the
      gears of the drive system for the ram 18 shown in FIG. 1. Specifically,
      one of the gears 30 shown in FIG. 1 which drives the eccentric 32 may be
      sensed by the proximity sensor 76 in order to monitor the movement of the
      ram. Sensor 76 thus generates electrical pulses which represent the
      passage of gear teeth on gear 30 past the sensor.
PAR  The output of the proximity sensor 76 is applied to a proximity control
      circuit 78 which operates to apply power to the proximity sensor 76 and to
      apply the output of the sensor 76 to a high speed counter 80. The high
      speed counter includes a thumbwheel counter setting device 82 into which a
      desired magnitude may be manually set. The counter 80 also includes a
      relay 81 which is closed during reset and counting and which opens when
      the counter 80 has registered the number of pulses set into the thumbwheel
      counter setting device 82. The switch 81 is connected in series with a Y
      relay. A normally closed relay contact X is connected in series with a
      normally closed switch 84 which is tied across the terminals of the high
      speed counter 80. The terminals of the counter 80 are also connected
      through normally closed relay contacts Y and 4CR to a flasher 86 and an
      alarm light 88. If desired, a numeric readout may be provided with the
      counter 80 to display the count generated by the sensor 76 during
      detection of the brake operation.
PAR  FIG. 2 illustrates the opening and closing of the rotary cam limit switches
      of the present circuit. As shown in FIG. 3, the rotary cam switch CLSA-1
      is closed during 0.degree.-250.degree. and from 300.degree.-360.degree. of
      the rotation of the drive system for the ram 18. Rotary cam limit switch
      CLSA-2 is closed during 160.degree.-330.degree. of rotation of the drive
      system, while limit switch CLSA-3 is closed from 0.degree.-170.degree. and
      from 280.degree.-360.degree. of rotation. Switch CLSB-1 is closed from
      0.degree.-250.degree. and from 300.degree.-360.degree. of revolution,
      while switch CLSB-2 is closed from 160.degree.-300.degree. during the
      rotation of the rotary drive system for the ram 18. As is well-known in
      the art, such rotary limit switches will generally be positioned about a
      rotating member of the rotary drive system of the press and are
      sequentially energized and de-energized by cams attached to the rotating
      member.
PAR  In operation of the system shown in FIG. 2, when the press Run buttons are
      depressed, switches 54, 56, 58 and 60 are opened, while switches 62, 64,
      68 and 70 are closed. Consequently, relay 1CR is de-energized, causing
      corresponding operation of the various 1CR relay contacts. Power is
      applied to the relay Y, thereby causing closing of the Y relay contact
      connected in series with relay 2CR and therefore antirepeat relay 2CR is
      energized. This causes closing of normally open relay contacts 2CR and
      therefore power is applied to energize relay 3CR. This causes power to be
      applied to energize relay 4CR, thereby energizing the clutch valve
      solenoids 72 and 74 in order to energize the jibs 20 and gears 30 in order
      to begin movement of the ram 18.
PAR  In addition, energization of relay 4CR causes energization of relay X. This
      causes opening of the relay contact X connected across the high speed
      counter 80 to cause resetting of the counter and prevents the counter from
      responding to incoming pulses.
PAR  Rotation of the gear 30 is sensed by the proximity sensor 76 which
      generates pulses representative of the rotation of the gear 30 to the
      proximity control 78 and to the high speed counter 80 which is at the
      present inhibited. After 160.degree. of rotation of the gear 30, the limit
      switches CLSA-2 and CLSB-2 are closed, as shown in FIG. 3, thereby
      bypassing the Run button circuit such that the Run buttons may be
      released.
PAR  At 170.degree. of rotation of the gear 30, switch CLSA-3 is opened, as
      shown in FIG. 3, thereby de-energizing relay X. The X relay contact across
      the high speed counter 80 closes, thereby causing the counter 80 to
      respond to incoming pulses from the proximity control 78. This initiates a
      check operation of the system to determine that the proximity sensor 76,
      the counter 80 and the associated relay circuitry are correctly working.
      Assuming that the circuitry is working properly, the counter 80 counts to
      a predetermined magnitude and trips out. This predetermined magnitude will
      be varied depending upon press characteristics, but in the system
      illustrated it will be assumed that the counter trips out when the gear 30
      is rotated to 198.degree.. When the counter 80 trips out, the Y relay is
      de-energized, thereby opening the Y relay contacts and de-energizing the
      antirepeat relay 2CR.
PAR  Limit switches CLSA-1 and CLSB-1 are opened at 250.degree. of rotation of
      the gears 30 in order to insure that the anti-repeat relay 2CR has been
      dropped out. If the relay 2CR has been properly dropped out, the normally
      closed relay switch contacts 2CR to bypass the opened limit switches and
      the circuit continues operation. Thus, the present circuit provides
      fail-safe check on operation of the system, for if the system has not
      operated properly at this point, the press would be stopped when the limit
      switches CLSA-1 and CLSB-1 are opened at 250.degree. of rotation.
PAR  At 280.degree. of rotation of the press, limit switch CLSA-3 recloses,
      thereby energizing the relay X. The counter 80 is then reset, thereby
      re-energizing the relay Y. The relay 2CR is prevented from being
      re-energized at this point by normally closed relay contacts 3CR and 4CR
      which are opened due to the energization of relays 3CR and 4CR. At
      300.degree. of rotation of the press, limit switches CLSA-1 and CLSB-1 are
      closed to conclude the check of the antirepeat relay.
PAR  At 330.degree. of rotation of the press, the rotary cam switches CLSA-2 and
      CLSB-2 are opened to de-energize the clutch valve solenoids 72 and 74 and
      the relay X. Relay contact X thus closes across the high speed counter 80
      to permit the counter to respond to incoming pulses from the proximity
      sensor 76. Due to the de-energization of the clutch valve solenoids 72 and
      74, the brake is set, thereby causing the ram 18 to be decelerated.
PAR  As previously noted, a predetermined magnitude is set into the thumbwheel
      switch 82 which determines the maximum amount of rotation to be allowed
      gear 30 before the ram 18 is stopped to thereby provide a check on the
      quality of the braking action. If the count received by the counter 80 at
      this point from the proximity sensor 76 is less than the count set in the
      thumbwheel switch 82, the brake is assumed to be satisfactory and the
      relay Y will be energized, thereby maintaining the relay 2CR to be
      energized, as relays 3CR and 4CR have been dropped out. Thus, another run
      cycle may be initiated by the operator in the same manner.
PAR  If, however, the number of gear teeth detected by the proximity sensor 76
      and applied to the counter 80 are greater than the count set in the
      thumbwheel switch 82, the brake operation is not satisfactory. Thus, the
      counter switch 81 opens, de-energizing the relay Y which de-energizes the
      antirepeat relay 2CR, thereby preventing a subsequent run cycle. Also upon
      de-energization of the Y relay, the flasher 86 is energized, thereby
      causing a flashing indication by the light 88 to indicate a brake problem.
PAR  It will be understood that the various angles of operation of the various
      limit switches of the system may be varied according to press
      characteristics and brake types. Moreover, the magnitude set in the
      thumbwheel counter setting 82 may be varied according to desired operating
      characteristics. A limit to which the thumbwheel switches may be set is
      provided in the system. If an excessive count is set in the thumbwheel
      switch 82, the Y relay is not dropped out and the antirepeat relay 2CR
      would be energized thereby causing the press to stop on the up stroke.
PAR  An important aspect of the present invention is that the present system is
      extremely hard to bypass by shorting around thereof. The present system is
      not merely a "black box" attached next to the press gears, but is an
      intimate part of the control circuitry and any attempt to short around the
      present system would result in malfunction of the press. The present
      system is extremely valuable in that it does not make a positional check
      of the ending position of the brake, as such systems may be overcome by
      the operator merely putting the brake on sooner. Such attempts by the
      operator to overcome the present invention will not prevent the present
      system from detecting brake wear.
PAR  An important aspect of the present invention is the check function provided
      by the system in the beginning portion of each rotation of the drive gear
      of the press which provides a check for the limit switches, the counter,
      the various relays and valves of the system. If the system detects a
      malfunction of any of these components, the press is promptly shut down.
      Once the present system detects brake wear and the alarm light 88 is
      energized, the system must be reset by proper operation of the reset
      switch 84. Normally, this resetting switch will require operation by a key
      to enable resetting only by supervisory and maintenance personnel.
PAR  It will be understood that a variety of various components may be utilized
      for the system shown in FIG. 2. However, in one embodiment, a proximity
      sensor EE-971-56102 manufactured and sold by Namco Control was utilized.
      Similarly, a connector assembly EA-972-80023 and a proximity control
      EE-971-02303 by Namco may be utilized along with the proximity sensor. The
      counter 80 may comprise, for example, the Eagle signal counter described
      in Bulletin 129 or any other suitable high speed counter.
PAR  Whereas the present invention has been described with respect to specific
      embodiments thereof, it will be understood that various changes and
      modifications will be suggested to one skilled in the art, and it is
      intended to encompass such changes and modifications as fall within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety system for a machine having a work producing member which is
      movable by a drive system and which is stopped by a brake comprising:
PA1  means responsive to the drive system for detecting the time interval
      between the time of energization of the brake and the time that the work
      producing member stops,
PA1  means for comparing said time interval with a predetermined magnitude, and
PA1  alarm means operable if said time interval exceeds the predetermined
      magnitude.
NUM  2.
PAR  2. The safety system of claim 1 and further comprising:
PA1  means for automatically preventing further operation of the work producing
      member if the amount of movement exceeds said predetermined magnitude.
NUM  3.
PAR  3. The safety system of claim 1 and further comprising:
PA1  means for automatically self-checking the correct operation of said means
      for detecting prior to energization of the brake, and
PA1  means responsive to said means for self-checking for preventing further
      rotation of said drive system upon detection of malfunction of said means
      for detecting.
NUM  4.
PAR  4. A safety system for a machine having a work producing member which is
      movable by a drive system and which is stopped by a brake comprising:
PA1  a proximity sensor for detecting movement of gear teeth in the drive system
      between the time of energization of the brake and the time that the work
      producing member stops, and
PA1  alarm means operable if the amount of movement exceeds a predetermined
      magnitude.
NUM  5.
PAR  5. The safety system of claim 4 wherein said proximity sensor generates
      electrical signals representative of the rotation of the gear teeth, and
      further includes:
PA1  means for counting said electrical signals to derive information on the
      amount of movement of the drive system.
NUM  6.
PAR  6. In a metal forming machine having a ram operable by a rotative drive
      system and a brake for stopping the ram, the combination comprising:
PA1  means for sensing the rotation of the drive system,
PA1  means responsive to said sensing means for determining the amount of
      rotation of the drive system from the time of energization of the brake
      and the time of stopping of the ram,
PA1  means for comparing the determined amount of rotation of the drive system
      with a predetermined magnitude,
PA1  alarm means for being operated if the determined amount of rotation of the
      drive system exceeds the predetermined magnitude, and
PA1  means for automatically preventing further operation of the work producing
      member if the determined amount of rotation of the drive system exceeds
      the predetermined magnitude.
NUM  7.
PAR  7. The combination of claim 6 and further comprising:
PA1  means for automatically self-checking the correct operation of both said
      means for sensing and said means for determining the rotation of the drive
      system prior to energization of the brake.
NUM  8.
PAR  8. The combination of claim 6 and further comprising:
PA1  means for enabling selective change of said predetermined magnitude.
NUM  9.
PAR  9. The combination of claim 8 wherein said enabling means comprises a
      thumbwheel numeric input switch.
NUM  10.
PAR  10. In a metal forming machine having a ram operable by a rotative drive
      system and a brake for stopping the ram, the combination comprising:
PA1  a sensor for sensing rotative movement of structure associated with a gear
      in the drive system and for generating electrical signals in response
      thereto,
PA1  means responsive to said electrical signals for determining the amount of
      rotation of the drive system from the time of energization of the brake
      and the time of stopping of the ram,
PA1  means for comparing the determined amount of rotation of the drive system
      with a predetermined magnitude, and
PA1  alarm means for being operated if the determined amount of rotation of the
      drive system exceeds the predetermined magnitude.
NUM  11.
PAR  11. The combination of claim 5 and further comprising a thumbwheel numeric
      input switch for enabling selective change of said predetermined
      magnitude.
NUM  12.
PAR  12. In a press machine having a ram operable by a rotative drive and a
      brake operable to stop the ram, the combination comprising:
PA1  timing means responsive to electrical signals representative of the amount
      of rotation of the drive,
PA1  means responsive to a first angular position of the drive for directing a
      first portion of said electrical signals to said timing means,
PA1  self-check circuitry for preventing further rotation of the drive if a
      predetermined number of the first portion of said electrical signals are
      not received by said timing means,
PA1  means responsive to the energization of the brake for directing a second
      portion of said electrical signals to said timing means until the rotation
      of the drive is stopped; and
PA1  means for preventing further rotation of the drive if the second portion of
      said electrical signal exceeds a predetermined magnitude.
NUM  13.
PAR  13. The combination of claim 12 wherein said electrical signals are
      generated by a proximity sensor for generating electrical pulses in
      response to movement of gear teeth in the drive.
NUM  14.
PAR  14. The combination of claim 12 wherein said means responsive to a first
      angular position of the drive comprises a switch operable to cause said
      timing means to count said first portion of said electrical signals.
NUM  15.
PAR  15. The combination of claim 12 wherein said self-check circuitry comprises
      a relay operable to prevent the application of power to the machine drive.
NUM  16.
PAR  16. The combination of claim 12 wherein said means for directing a second
      portion of said electrical signals comprises a relay responsive to the
      energization of the brake.
NUM  17.
PAR  17. A method of detecting brake wear in a metal forming machine having a
      ram operable by a rotative drive and having a brake for stopping the ram
      comprising:
PA1  sensing the amount of rotation of the drive,
PA1  determining the amount of rotation of the drive from the time of
      energization of the brake and the time of stopping of the ram by the
      brake,
PA1  comparing the determined amount of rotation of the drive with a
      predetermined magnitude, and
PA1  generating an alarm if the determined amount of rotation exceeds the
      predetermined magnitude.
NUM  18.
PAR  18. The method of claim 17 and further comprising:
PA1  preventing further operation of the ram if the determined amount of
      rotation exceeds the predetermined magnitude.
NUM  19.
PAR  19. The method of claim 17 wherein the amount of rotation of the drive is
      determined by generating electrical signals representative of the number
      of gear teeth passing a fixed point.
NUM  20.
PAR  20. The method of claim 17 and further comprising:
PA1  checking the operation of components of the detection system prior to
      detecting brake wear.
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ABST
PAL  In a hydraulic press for heavy workpieces the frame of which comprises two
      yokes spaced by columns, the yokes are movable towards and from each other
      by the hydraulic working cylinders of the press. At least one of the yokes
      carries tools displaceable along the yoke. The arrangement makes it
      possible for the tools to work on every portion of a workpiece filling out
      the entire space between the columns, yet the cylinders are fixed
      relatively to the yoke carrying them which eliminates the need for
      flexible connections for the hydraulic medium.
BSUM
PAR  The present invention relates generally to so-called portal presses and,
      more specifically, to hydraulic presses designed to operate on heavy
      workpieces and equipped with a frame comprising two yokes which are spaced
      by columns at their both ends and carry the press tools between
      themselves.
PAR  Very heavy workpieces, particularly sheet metal pieces, are subjected to
      pressing in many fields of the engineering industry. Their main dimensions
      could typically be of the order of magnitude of 15 .times. 30 ft. and the
      working carried out involves plastic deformation to a larger or smaller
      extent and in different ways. A general object of the deformation is,
      however, to give the metal pieces a curvature in one or two planes.
      Typical fields of use for both categories are, by way of example, ship
      hull plates, walls for cylindrical or spherical containers and pressure
      vessels etc. In those connections there arise very considerable handling
      problems, which, on the one hand, are a consequence of the heavy weights
      and dimensions of the workpieces and, on the other, emanate from the
      structural and operational limitations of the machinery used.
PAR  An obvious but naturally also very expensive solution of the handling
      problem is to design portal presses of very large dimensions. This would,
      if the press was required to handle plates with the maximum dimensions 15
      .times. 30 ft., mean that the available space between the columns of the
      press frame must be 30 ft., since the machine must satisfy the requirement
      that any portion of the workpiece shall be within the reach of the
      centrally located tool of the press. Stated in other words, this
      requirement implies that it must be possible laterally to displace the
      plate by a distance equal to its full width. Further, it is obviously
      necessary to allow for longitudinal displacement of the workpiece through
      the portal by a distance equal to the total length of the workpiece. The
      combination of those two requirements involves that the workpiece must be
      positively controlled in two co-ordinate directions. However, an
      arrangement capable of co-ordinate adjustment of a heavy workpiece within
      a large area and at a high precision, naturally becomes very big but,
      above all, very expensive. While it is true that the use of gap presses
      reduces the overall size of the press as well as the maneuvering area
      called for by the handling apparatus, the latter must in return also be
      capable of turning the plate upside down, which means that it acts as a
      manipulator. Consequently, also such a solution is very expensive.
PAR  It would per se be possible to solve the problem of availability in
      different ways for each of the two co-ordinate directions, viz. on the
      basis of the realization that the ultimate requirement is just a relative
      movement between the workpiece and the press cylinder and not necessarily
      a displacement of the workpiece relatively to a stationary cylinder. In a
      portal press designed according to that principle the tool could reach
      different points spaced in the longitudinal direction of the workpiece by
      successive displacement of the latter in that direction, the position of
      the press cylinder being maintained, whereas the necessary crosswise
      relative movement is attained according to an opposite principle, the
      workpiece is kept stationary and the press cylinder is moved transversely
      between the two end columns of the frame of the press. However, the
      requirement for a movable press cylinder results in a reduced capacity of
      the machine since, in such a case, the hydraulic oil connections must be
      constituted by flexible hoses and as it is entirely unrealistic to give
      them such large effective cross-sectional areas which would be required
      for flows permitting rapid movements of the hydraulic piston. Another
      difficulty is that in such a design the piston is exposed to unsymmetric
      loads resulting in corresponding stresses on the piston and on the
      cylinder, which stresses in turn give strength problems but, above all,
      sealing problems. If the press is to operate with high press forces, which
      accordingly is equivalent to the use of a big and heavy hydraulic
      cylinder, the location of the cylinder at the upper yoke further leads to
      an increase of the height of the press gap which, in turn, on the one hand
      increases the total height of the machine and, on the other, results in
      stability problems. The latter are accentuated by the requirement for the
      hydraulic cylinder to be displaceable and by the just-mentioned risks of
      eccentric loads.
PAR  The main object of the invention is to provide a portal press in which the
      limitations and disadvantages above discussed have been extensively
      eliminated. More particularly, the main object of the invention is
      simultaneously to realize the apparently incompatible requirements for, on
      the one hand, a stationary location of the cylinders of the hydraulic
      equipment relatively to the press frame work and, on the other, a
      possibility for the press tools to reach the workpiece along all of the
      press gap.
PAR  The just-mentioned and other objects of the invention have, according to
      its main characteristic, been realized by location of the hydraulic
      equipment controlling the relative movements of the press tools on a
      stationary part of the press frame work in such a way that the two yokes
      are movable relatively to each other.
PAR  According to a preferred embodiment of the invention the hydraulic
      equipment is located at or inside the lower yoke, the portal formed by the
      two columns and by the upper yoke being in its entirety movable in
      relation to the lower yoke.
PAR  In accordance with a further characteristic of the invention at least one
      of the yokes carries a press tool movable in the longitudinal direction of
      the yoke, i.e. crosswise through the press gap.
DRWD
PAR  The invention will now be described in greater detail, reference being made
      to the accompanying drawing illustrating a few embodiments thereof.
PAR  FIG. 1 is a perspective view of a press according to a first embodiment.
PAR  FIG. 2 is a part-sectional front view of the press shown in FIG. 1.
PAR  FIG. 3 shows a section taken along line III--III in FIG. 2.
PAR  FIG. 4 refers to an embodiment according to which the upper yoke is movable
      relatively to the remaining part of the framework.
PAR  FIGS. 5 and 6 illustrate different tool arrangements.
PAR  FIG. 7 shows a press framework comprising two pairs of twin columns the one
      pair of which is tiltable.
DETD
PAR  The press illustrated on the drawing consists of a lower yoke 1 and an
      upper yoke 2, which together with two pairs of columns 3, 4 and 5, 6,
      respectively, form the frame of the press. At each end of the frame there
      are consequently two columns, joined at their bottom and top ends by
      cross-pieces 7, 8 and 9, 10, respectively, so that each column pair forms
      a circumferentially closed frame unit. That unit is preferably, in a
      manner known per se, provided with a reinforcement winding consisting of
      tension-biassed steel wires. FIG. 2 illustrates that each of yokes 1 and 2
      is of tubular, or boxshaped, cross section. It is, however, most important
      to note that top yoke 2 together with columns 3-6 forms a portal, which is
      movable in vertical direction relatively to the bottom yoke 1. The
      corresponding movement is effected by means of a hydraulic equipment the
      components and operation of which will be described below. It should also
      be noted that the portal just referred to is composed by rigidly
      interconnected portions.
PAR  The bottom yoke 1 encloses a hydraulic pressure accumulator 11 with the aid
      of which the portal can be rapidly reciprocated between its passive
      position and its working position. The pressure-generating parts of the
      hydraulic system relied upon for effecting the working stroke proper
      consist of two hydraulic pumps 12 and 13, which, according to the
      embodiment here illustrated, are mounted outside the press frame and
      connected to the hydraulic system of the press over pressure pipe 14.
      Reference numerals 15 and 16 refer to two double-acting hydraulic
      cylinders, which can be connected to the hydraulic pumps 12, 13 -- either
      directly or via the pressure accumulator. The corresponding switching may
      be carried out by means of a two-way valve 29. Numeral 30 designates a
      second two-way valve for switching between upward and downward movement of
      the portal. The pressure accumulator is relied upon for rapid movement of
      the portal, both from its upper resting position down to the position in
      which the pressing operation proper is initiated and for the return of the
      portal to the just-mentioned resting position. Accordingly, the hydraulic
      cylinders can be utilized for causing a relative movement between the
      portal 2-6 and yoke 1, which is equivalent to a relative movement between
      the tool holders, or press tables, 17 and 18 carried by yokes 1 and 2
      respectively. For the purpose of accommodating the downward movement of
      the columns all of the press frame is mounted on an elevated base 19,
      which in turn is at a lower level than the floor 20 of the locality in
      which the press is installed. The upper surface of yoke 1 should
      preferably be substantially level with the floor as has been indicated in
      FIG. 1. The necessary synchronization of the hydraulic cylinders can be
      carried out in the conventional manner, i.e. by means of position signal
      transmitters 21, 22 the output signals of which are compared, suitably by
      means of an electrical circuit. When that circuit generates a differential
      signal, the latter is fed back to the hydraulic system for the purpose of
      compensating for the position difference as called for.
PAR  Each of the two tool holders 17, 18, which can be provided with different
      tools, is displaceable in the longitudinal direction of their respective
      yokes by being mounted in guides 23 and 24 -- cf. FIG. 3. It is
      accordingly seen that the hydraulic system of the press here described
      does not comprise any hoses or other flexible connections.
PAR  It should be apparent from the above description of the construction of the
      press and from the drawing that the invention provides an optimized
      solution of the problems discussed in the introduction of the
      specification. Thus, the difficulty in handling the workpiece has been
      reduced to only a requirement for longitudinal displacement of the
      workpiece through the portal, a task which is relatively simple in the
      context, especially since the need for coordinate control has been
      eliminated. This makes it feasible to use a handling device which is much
      simpler and much less voluminous. Further, for a given width of the
      workpiece, the length of the press has been reduced to about half the
      value necessary in prior art presses. This has been made possible thanks
      to the fact that the distance, as messured in the longitudinal direction
      of the yokes, between the inner sides of the columns does not any more
      have to equal the double width of the workpiece but can, in principle, be
      equal to that width. Finally, if a comparison is made with such prior art
      presses, which have a completely rigid frame and working cylinder
      displaceable inside that frame, it can be established that the limitations
      and drawbacks have been eliminated which stem from a low hydraulic flow
      capacity, from risk of eccentric loads on the hydraulic cylinders, from
      sealing problems at the cylinders, and from the need of a high framework.
PAR  In summing up, the inventive concept can be defined as calling for a
      combination of two factors. The first factor is the use of mutually
      movable yokes the relative movement of which corresponds to the working
      stroke of the press. The second factor is the presence of tools, or tool
      holders, which are longitudinally displaceable along the yokes and which
      remain in unaltered position relatively to the yokes carrying them. This
      is, as far as horizontal movement is concerned, true at least during each
      working cycle and, as far as vertical movements are concerned, also in the
      intervals between such working cycles. It follows from that definition
      that the invention can be modified in terms of great deviations from the
      examples illustrated in FIGS. 1 and 2.
PAR  FIG. 4 illustrates an embodiment, according to which the hydraulic system
      is located at the top ends of the columns. However, the hydraulic system
      is stationary also in this case. When a working stroke is to be carried
      out the upper yoke is, by the hydraulic cylinders forced downwards whereas
      the other parts of the frame remain stationary. It is also possible to
      mount the hydraulic cylinders in diagonal positions, i.e. to place one of
      them at the one end of the upper yoke and the other at the opposite end of
      the lower yoke. Such a mounting increases the stiffness of the frame and
      facilitates the shifting of tools. The frame of a press according to that
      embodiment can accordingly be looked upon as being composed by two
      L-shaped halves instead of comprising one U-shaped and one I-shaped
      portion.
PAR  The press shown in FIG. 6 comprises tools 25, 26 extending along the full
      length of the yokes. According to the embodiment of FIG. 5 tools 27 and 28
      project beyond the yokes. Thanks to the special configuration of the
      columns -- cf. e.g. FIGS. 1 and 3 -- it is very convenient to mount and
      demount the tools by passing them between the two legs of the column unit
      i question. The purpose of having the tool ends projecting outwards as
      shown in FIG. 5 is to make it possible alternatively to use the press as a
      gap press, naturally at reduced press forces. It is, however, possible to
      reinforce the projecting tool ends by letting the yokes proper support
      them also outside the columns.
PAR  Another advantage of the use of frame-shaped column units is illustrated in
      FIG. 7. As shown therein, one of the frame units is arranged to be tilted
      outwards and downwardly. In this way it becomes feasable to use the press
      also on workpieces having a circumferentially closed, e.g. annular,
      configuration. Before the pressing operation is initiated the column unit
      must naturally be swung back into its normal upright position.
PAR  In addition to the advantages of the invention above already discussed it
      is worth mentioning that thanks to the location of the hydraulic system
      spaced from tools and tool tables, namely inside or close to one of the
      yokes, the hydraulic cylinders are effectively protected from
      contamination and also from being heated by the workpiece, primarily
      through radiation but also through conduction. Another advantage of this
      location is that service work on the cylinders is facilitated and also
      that they are protected from mechanical damages.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An hydraulic press for heavy workpieces, comprising:
PA1  a frame including two spaced yokes (1, 2); and frame units, each frame unit
      including a pair of columns (3, 4 and 5, 6) disposed at the ends of the
      yoke and spacing the yokes apart, said pairs of columns (3, 4 and 5, 6)
      straddling the ends of the yokes (1, 2); and upper and lower cross-beams
      (7-10) interconnecting the columns of a pair of columns; and
PA1  hydraulic cylinders (15, 16) carried by the frame and operatively coupled
      to at least one of the yokes (1, 2) to effect a working stroke of the
      press by relatively moving the yokes (1, 2) towards and away from each
      other;
PA1  at least one of the yokes (2) being provided with tool carrying means to
      carry a tool which is displaceable beyond the yoke in the longitudinal
      direction of the at least one yoke (2) so that said press is usable as a
      gap press.
NUM  2.
PAR  2. A press according to claim 1 wherein said frame units each further
      comprise tension-biassed steel wire windings wound therearound.
NUM  3.
PAR  3. A press according to claim 1 wherein said frame units have openings
      between the respective columns thereof, and wherein said tool means is
      adapted to carry a tool which is movable through the openings defined by
      said columns of said frame units.
NUM  4.
PAR  4. A press according to claim 1 wherein at least one of said frame units
      (3, 4 and 7, 8) is detachable from the remaining portion of the press
      frame to facilitate operating on large annular workpieces.
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ABST
PAL  This invention relates to the measurement of the driving force used for
      pile driving and, more specifically, to the use of coils for sensing
      magnetostrictive effects within the pile which develop when the pile is
      struck or driven into the ground.
PARN
PAR  This is a Continuation, of application Ser. No. 233,651, filed March 10,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As a pile is driven, the operator of the pile driver must be careful to
      control the force of the blows applied to the pile so as not to exceed the
      elastic limit of the pile material in order to minimize costly tip damage.
      Those who are familiar with pile driving are well acquainted with the
      condition known in the art as "overdriving" and the ultimate damage that
      results therefrom. To minimize such damage, drive caps are fitted over the
      head of the pile to evenly transmit the hammer blows to the pile, while at
      the same time maintaining the head of the pile in alignment with the
      hammer by guiding the head parallel to the leads frame and retaining the
      pile in a straight predetermined path.
PAR  Though this helps to mitigate some of the damage, the burden in most cases
      falls largely upon the experience of the operator to determine the driving
      force required. For a given set of conditions, tests may be made to help
      the judgment of the operator and further, strain gauges may be used to
      determine the force of the blow and the dynamic forces within the pile.
      Strain gauges, however, must be cemented or otherwise attached to the
      beam, and it is a relatively time consuming and costly process to mount
      them properly. The strain gauge is also a very fragile device and its
      reliability under the repetitive dynamic shock loading to which the pile
      is subjected is, to say the least, questionable.
PAR  After a pile is driven to the proper depth, there remains a need for
      measurement of the static bearing load which the pile will support, which
      is usually done by loading a test pile with weight until it moves. This is
      called a dead load bearing test and is also a time consuming and expensive
      process. By accurate measurement of the dynamic forces below which the
      pile will not move, the bearing capacity may be reasonably estimated thus
      saving considerable time and expenses.
PAR  The invention disclosed herein, as well as the method by which it is
      achieved, provides a novel means for utilizing magnetostrictive principles
      for accurately and quickly determining the driving force applied to the
      end of the pile, the visual indication of which can be displayed directly
      to the operator of the pile driver for proper adjustment and accurate
      control of the driving force. The principles of this invention can be
      further used to provide a means for determining the equivalent static
      bearing capacity of the pile after it is driven to a position where it
      should have attained its bearing capacity. Magnetostriction can be
      described as the deformation of a material causing the generation of an
      electric current which influences a magnetic field, or vice versa, i.e.,
      deforming a ferrous material under the influence of the magnetic field and
      inducing a current which accordingly changes the magnetic field. Further,
      the change in the magnetic field is proportional to the deformation within
      the elastic limit, thus such deformation may be determined by the
      magnitude of the change. Normally, this effect is small and noticeable
      under most conditions, however, the tremendous driving force used in
      driving a pile gives rise to usable signals which can be sensed with
      instruments of normal sensitivity and be used to determine the force with
      which the pile was struck.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is the principal object of the invention to provide a
      transducer that is not directly connected to the pile or drive cap that
      will measure the force from the hammer that is applied to the pile with
      extreme accuracy to thereby prevent damage to the tip of the pile.
PAR  It is also an object of this invention to provide a transducer that will
      accurately measure the maximum threshold force from the pile driving
      hammer that can be applied to the pile without causing permanent
      penetration of the pile into the ground. Thus, the maximum bearing
      capacity of the pile can be determined immediately and thus eliminates the
      need for a costly dead load bearing test.
PAR  A still further object of this invention is to provide a transducer which
      can be quickly made available for operation to measure the force from the
      pile driving hammer as it is applied to the pile, such an arrangement thus
      facilitating the driving of piles more economically.
PAR  Still another object of this invention is to provide a transducer that will
      measure the force from the pile driving hammer and display the magnitude
      of the force thereof by means of a simple portable visual indicator that
      is positioned in such a manner that the operator of the pile driver can
      adjust the hammer he is controlling during the pile driving operation.
PAR  Yet a further object of this invention is to provide a transducer that can
      be positioned adjacent to ground level to measure the force from the pile
      driving hammer thereby eliminating the requirement of long cables which
      would extend to the top of the pile.
PAR  An additional object of the present invention is to provide a method of
      determining the static load bearing capacity of a pile which avoids the
      need of statically loading the pile.
PAR  The foregoing method object is accomplished in accordance with the present
      invention by driving the pile into the ground by a series of blows,
      adjusting the force of the blows to the maximum threshold impact that can
      be applied to the pile without causing permanent penetration or set of the
      pile, sensing the force of the threshold impact, indicating the sensed
      force to an attendant and determining the static load bearing capacity
      from the indication.
PAR  In a preferred aspect, the method according to the present invention
      includes indicating the force in terms of the static load bearing capacity
      of the pile.
PAR  In a further preferred development of the method the sensing step is
      effected by means associated with the pile, this means preferably being a
      transducer.
DRWD
PAR  Further objects and advantages will become more apparent from a reading of
      the following specification taken in conjunction with the drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a perspective view of a mobile pile driver mounted on a crane
      with the relative positions of the transducer and readout units;
PAR  FIG. 2 shows a schematic view of the transducer and readout system using an
      impedance matching transformer;
PAR  FIG. 3 shows a schematic view of the transducer utilizing bifilar windings
      and a transformerless readout system; and
PAR  FIG. 4 shows a schematic view of the transducer utilizing a single winding
      and a capacitive coupled transformerless readout system.
DETD
PAC  DESCRIPTION OF THE EMBODIMENTS
PAR  Turning now to FIG. 1, there is shown a view of the customary mobile pile
      driving crane 10 on which is mounted a boom 11, which is swivelly mounted
      at its upper end by hammer leads 12, and at its lower end by a bottom
      brace 13. For a better understanding of the function of the bottom brace,
      reference is made at this time to my earlier filed patent application Ser.
      No. 142,182, filed on May 11, 1971 now U.S. Pat. No. 3,817,091 granted
      June 18, 1974. The pile 14 which is shown in position preparatory to be
      driven into the earth is supported at its lower end by the ground at the
      point generally denoted as 15, and at its upper end by the drive cap 16
      which is slidably associated with the leads 12 so that the cap maintains
      the pile 14 in alignment with the leads at all times, the drive cap
      arranged to slide down as the pile is driven into the ground. Supported
      adjacent to the top of the leads and above the drive cap is a pile driving
      hammer 17, which is slidably associated with the leads and thereby
      arranged to follow the drive cap 16 and pile 14 as it is driven into the
      ground as indicated. Loosely fitted adjacent to the bottom of pile 14
      without any physical or direct contact there is the transducer 18.
      Electrically connected to the transducer 18, as generally shown at 19, is
      a cable 20 which may lie on the ground or be arranged to be carried along
      the longitudinal extent of the bottom brace 13 and into the cab 21 where
      it is attached to the visual readout unit 22 positioned in front of the
      operator so that he can maintain a constant surveillance of the progress
      of the pile while he controls the operation of the pile driver hammer 17.
PAR  It is believed to be apparent that since the transducer is positioned
      substantially at ground level, it is easily situated prior to erecting the
      pile into place, but must be lifted up over the top of the pile after the
      driving operation is completed and therefore the cable 20 should be
      sufficiently long enough to accomplish this purpose or the cable must be
      provided with some type of disconnect means, not shown.
PAR  Referring now to FIG. 2, there is shown a pile 14 which has been partially
      driven into the earth 23 by means of the pile driving hammer 17 shown
      supported above it. Loosely wound around pile 14 is the transducer 18
      which comprises a single conductor 24, both ends of which terminate in a
      connector means 25. Extending from the connector means 25 and electrically
      connected to the transducer 18 is a pair of conductor cables 20 with one
      wire 20' being connected to ground at point 26. Also connected to ground
      at point 26 by a wire 22 is the negative terminal of battery 28 with the
      positive terminal connected by wire 29 to one end of the primary winding
      30 of impedance matching transformer 31. Connected in parallel with
      battery 28 is capacitor 32, one end being connected to the negative
      terminal and the other end connected to the positive terminal, so that AC
      signals bypass the battery. The second wire 20" of cable 20 is connected
      from the connector means 25 to the other end of primary winding 30 of
      impedance matching transformer 31.
PAR  One end of the secondary winding 33 of impedance matching transformer 30 is
      connected to ground as at 34, the other end connected by wire 35 to the
      input terminal 36 of oscilloscope 37. The second terminal 38 of
      oscilloscope 37 is connected by wire 39 to ground as at 40.
PAR  It will be clear to those skilled in the art that a signal is induced into
      the transducer 18 by the magnetic field produced in the steel pile when it
      is struck and that this signal bypasses the battery through the capacitor
      32 and is then amplified by the transformer action in the impedance
      matching transformer 31 to a usable voltage level to drive the
      oscilloscope 37. The signal level is proportional to the force with which
      the pile is struck and therefore the amplitude of the signal displayed on
      the oscilloscope is also proportional to the force. The battery 28 is used
      to establish a magnetic field level in the pile which changes when the
      pile is struck, but does not affect the actual signal that is induced into
      the transducer 18.
PAR  It is also believed to be apparent to those skilled in the art that the
      signal level induced into the transducer 18 is also governed by the number
      of turns and the gauge of the wire, and the same principles apply as when
      designing transformers, i.e. for high frequencies, a generally low
      impedance winding is required, whereas the input to the oscilloscope
      requires a high impedance to prevent loading.
PAR  Other methods of isolating the energizing voltage of the transducer 18 from
      the oscilloscope can be used.
PAR  Referring now to FIG. 3, there is also shown a transducer 18' as a bifilar
      winding and in which a pair of insulated conductors 41-46 are wound into a
      coil and the four ends terminate in a connector 25'. Electrically
      connected to conductor 41 of transducer 18' at connector 25' is wire 42,
      which in turn is connected at its opposite end to the input terminal 36 of
      the oscilloscope 37. Electrically connected to the other end of winding 41
      of transducer 18' at connector 25' is a wire 43 which is connected at its
      opposite end to the grounding terminal 38 of oscilloscope 37 with this
      terminal also being grounded as at 44 by wire 45. The second conductor 46
      is electrically connected at one end at connector 25' then to wire 47
      which is in turn connected at its opposite end to the negative terminal 48
      of the energizing battery 28. This negative terminal is also grounded as
      at 49 by a wire 50. Electrically connected to the other end of the
      conductor 46 at connector 25' is the wire 51 which is connected at its
      opposite end to the positive terminal 52 of the battery 28. Connected in
      parallel with battery 28 and extending across its terminals 48 and 52 is a
      bypass capacitor 32 which serves as previously stated to bypass the
      induced high frequency signal past the battery in a manner well known to
      the art.
PAR  It will be apparent to those skilled in the art that this construction
      isolates the oscilloscope circuit from the battery circuit, while the
      intimacy of the two conductors of the bifilar-wound transducer 18 closely
      couples the sensing winding 41 into the magnetic field produced by the
      energizing winding 46. Other components of the system which are shown but
      not presently described function in the manner previously described.
PAR  A further method of isolating the energizing voltage of transducer 18" from
      the oscilloscope by use of a blocking capacitor is shown in FIG. 4,
      wherein the transducer 18" is wound with a single conductor 24, its ends
      terminating at connector 25 as clearly described in FIG. 1. Electrically
      connected to one end of the winding conductor 24 at connector 25" is one
      conductor 20' of cable 20 which is connected to the negative terminal 48
      of battery 28 and also grounded as at 49, as hereinbefore described.
PAR  Conductor 20" of the cable 20 is electrically connected at connector 25 to
      the other end of the transducer conductor 24 and connects to the positive
      terminal 52 of the battery 28, thus the transducer 18" is energized by
      battery 28 as explained earlier herein. Connected to positive terminal 52
      of the battery 28 is a blocking capacitor 53 which is connected at its
      other end to the input terminal 36 of oscilloscope 37, and a lead 54 is
      arranged to be connected from the negative terminal 48 of battery 28 to
      the ground terminal 38 of the oscilloscope 37. It is believed to be clear
      from the foregoing that the battery voltage is effectively isolated from
      the oscilloscope and, further that the blocking capacitor 53 must have a
      low impedance at the signal frequency produced by the hammer blow, thus
      allowing the magnetostrictive signal to be passed into the oscilloscope.
PAR  It will also be clear that an oscillograph tape recorder or other recording
      means may be substituted for the oscilloscope if permanent recordation is
      desirable.
PAR  Although this description has been directed only toward a condition where a
      steel pipe pile or an H-beam is used, it is to be understood that this
      concept will function equally as well with any pile which either has a
      content of magnetic material or is a reinforced concrete pile which
      contains steel-reinforcing rods. Moreover, if desirable, by addition of a
      partial steel jacket suitably attached at its upper and lower ends to the
      pile near the drive cap and moving the transducer to the top of the pile,
      the utility of this invention may thus encompass even piles of nonmagnetic
      materials.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a pile driving apparatus having a hammer for driving a pile formed at
      least in part of magnetostrictive material, the improvement comprising:
      sensing means positioned in close proximity to said pile, proximate said
      magnetostrictive material, supported independently of said pile and spaced
      therefrom for sensing magnetostrictive effect in said pile as a measure of
      the force of longitudinal blows applied to the top of said pile; and means
      coupled to said sensing means for receiving a signal therefrom and for
      indicating the force of said blows to said pile.
NUM  2.
PAR  2. An arrangement as claimed in claim 1, wherein said sensing means for
      sensing the magnetostrictive effect as a measure of the force of the blows
      includes a coil means positioned about said pile for sensing the
      magnetostrictive effect in said pile produced by the blows delivered
      thereto.
NUM  3.
PAR  3. An arrangement as claimed in claim 1, wherein said means for receiving a
      signal from said sensing means includes indicating means for indicating
      dynamic forces applied to the top of said pile, said indicating means
      being of a peak-indicating type.
NUM  4.
PAR  4. An arrangement as claimed in claim 1, wherein said sensing means
      includes coil means positioned about said pile, and further comprising DC
      supply means, said coil means being connected to said DC supply means for
      establishing a magnetic field level in said pile.
NUM  5.
PAR  5. In a pile driving apparatus having a hammer for driving a pile, formed
      at least in part of magnetostrictive material, the improvement comprising:
      sensing means including coil means positioned in close proximity to said
      pile, proximate said magnetostrictive material and spaced therefrom for
      sensing magnetostrictive effect in said pile as a measure of the force of
      blows to said pile, and means for receiving a signal from said coil means
      for indicating the force of said blows to said pile, and wherein said coil
      means is positionable about said pile on the ground into which it is to be
      driven.
NUM  6.
PAR  6. In a pile driving apparatus having a hammer for driving a pile, formed
      at least in part of magnetostrictive material, the improvement comprising:
      sensing means including coil means positioned in close proximity to said
      pile, proximate said magnetostrictive material and spaced therefrom for
      sensing magnetostrictive effect in said pile as a measure of the force of
      blows to said pile, and means for receiving a signal therefrom and for
      indicating the force of said blows to said pile, and wherein said coil
      means includes a bifilar winding, and further comprising DC supply means,
      one winding of said bifilar winding being connected to said DC supply
      means for establishing a magnetic field level in said pile.
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ABST
PAL  A ramp current method of sensitivity testing allows a dynamic record to be
     btained of the current, voltage, and energy, as well as resistance and
      instantaneous power necessary to fire electroexplosive devices. This
      method is most valuable in that useful information is gained from each
      firing and thus only minimum sampling is utilized. The ramp method also
      allows a defective item to be detected rather than recorded as a less
      sensitive device and therefore as an erroneous data point, contributing to
      more accurate firing data.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Presently used methods of determining the stimulus necessary to activate a
      go, no-go device such as an electroexplosive device requires the
      destructive testing of a large number of the devices. Previously used
      techniques for evaluating the sensitivity of electroexplosive devices
      (EED) have incorporated a form of the well established Bruceton test by
      applying a known fixed value of voltage, current, or energy in the form of
      a step function to the EED and observing the results (go or no-go
      testing). This type of sensitivity testing is characterized in that the
      item will respond or will not respond to the stimulus (go, no-go). In
      effect the output is a binary or step function of the input as opposed to
      a proportional relationship. The test is destructive. If the device does
      function, it is mechanically destroyed by the explosive output. If the EED
      does not function, its characteristics are altered, which eliminates
      application of a higher stimulus level to that device as meaningful data
      in determining its response level.
PAR  The probability of response of an EED increases with the level of the
      stimulus. The functioning characteristics of an EED are determined by
      sensitivity testing. The type of electrical stimulus used is dependent
      upon the parameters of interest and the intended application of the
      device. The most common types of stimuli are constant voltage, constant
      current, and capacitive discharge. Constant voltage stimulus is typified
      by a lead acid car battery. An ideal power source of this type is capable
      of supplying infinite current with no source voltage drop. A constant
      current source provides a fixed current at whatever voltage the electrical
      load requires. It can be approximated by a voltage source having an
      extremely large series resistance compared to the load resistance. In many
      EED applications a capacitor is used to function a particular EED. The
      purpose of this type stimuli is to apply a known, predetermined amount of
      energy to the device. The energy may be calculated by the equation E =
      1/2CV.sup.2, where V is the voltage that the capacitor is charged to and C
      is the value of capacitance.
PAR  The desired sensitivity test is selected on the basis of the particular
      parameters of interest (voltage, current, energy) and the stimulus is then
      determined. The objective of the test is to determine the device
      characteristics with respect to the particular parameter. A sample lot of
      the device which is representative of the entire device population is then
      obtained and tested. From these results a prediction is obtained as to how
      a device selected at random from the entire population should respond.
PAR  The most commonly accepted technique for sensitivity testing presently
      incorporates the well known Bruceton method, which is discussed in the
      "Ordnance Engineering Design Handbook," ORDP 20-11, page 10-22. Given a
      sample lot, this technique consists of increasing the stimulus level, in
      predetermined increments, to the point where the particular EED fires. The
      stimulus is then decreased by an increment, usually the amount of
      previously advanced increment if it is known, and another EED is tested.
      If this device does not function, the stimulus level is again increased by
      the fixed increment and applied to yet another item. This process is
      repeated with successive EED's having only one level of stimulus applied
      thereto until a unit or device fires. The stimulus level is then
      sequentially decreased with respective EED's until a unit does not fire.
      The Bruceton method also contains a procedure for obtaining the mean
      firing current or stimulus and its deviation. The analysis is based on the
      assumption that deviation of the firing current distribution is a normal
      or Gaussian type. If it is not the case, the data must be made Gaussian by
      the introduction of a normalizing factor. In testing EED sensitivity, the
      data is made to appear Gaussian by using the logarithm of the stimulus.
      This testing method has the advantage of concentrating the testing about
      the fifty percent probability firing point. It is noted that these
      sensitivity testing methods will not reveal the presence of a defective
      sample, such as a unit with a missing bridgewire. They merely indicate
      that an EED did not fire, leading to the possibly erroneous presumption
      that only a higher level of stimulus was required to fire the device.
PAC  SUMMARY OF THE INVENTION
PAR  A ramp current method of sensitivity testing utilizes a ramp input signal
      to an electroexplosive device to provide an accurate determination of when
      the device fires and the potential at which it fires. This provides an
      accurate means of determining the mean firing range for EED's picked at
      random for sampling. Since a ramp current is utilized which can provide an
      ultimate stimulus substantially higher than the firing stimulus range, it
      readily distinguishes between those EED's which merely have a slightly
      higher firing point from those which are defective and will not fire.
      Thus, the data respecting the sensitivity of electroexplosive devices is
      upgraded, appropriately allowing defective EED's to be recorded as such
      and not grouped categorically as less sensitive devices.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified diagrammatic view of a preferred embodiment of the
      ramp current testing circuit with extraneous circuit components omitted.
PAR  FIG. 2 is a schematic block diagram of the ramp stimulus generator of FIG.
      1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The ramp current method of sensitivity testing for electroexplosive devices
      utilizes a preferred method in that accomplished by the circuit embodiment
      of FIG. 1. A ramp stimulus generating circuit 10 provides the stimulus to
      electroexplosive device 12, and activates suitable recording instruments
      -- oscilloscope 14, voltmeter 16, and counter 18. The particular
      electronic circuitry contained in the ramp stimulus generator produces a
      current that increases linearly with time. This current is applied from
      the ramp stimulus output terminals 20 to the EED 12 being destructively
      tested. The EED is enclosed in a suitable protective firing chamber 24,
      which also provides environmental conditioning. A light sensor 26 detects
      the flash produced when EED 12 fires and produces an output pulse to a
      "stop" input of counter 18. Associated with the linearly increasing output
      current, the ramp stimulus generating circuitry also produces electrical
      signals proportional to the related output voltage v(t), output current
      function Ki(t), and output energy applied to the EED. These proportional
      time varying parameters are applied to the respective recording devices
      14, 16, and 18. Outputs v(t) and Ki(t) are coupled to cathode ray
      oscilloscope 14 to obtain an x-y plot of the current as a function of
      voltage. The digital voltmeter 16 is coupled to the energy output of
      generator 10, for providing a voltage reading proportional to energy used
      by the electroexplosive device. The counter 18 is coupled to the function
      of current Ki(t) for recording the functioning or operating time of the
      EED. The EED 12 within chamber 24 is connected to binding posts 28 whereby
      the electrical signal stimulus from generator 10 is coupled thereto.
PAR  A schematic diagram of the ramp stimulus generating circuitry 10 is as
      shown in FIG. 2. A voltage source E.sub.r supplies an adjustable potential
      to an operational amplifier 30 through a series resistor 32 and a series
      switch 34. A feedback capacitor 36 is strapped across amplifier 30 in
      parallel with a normally open reset switch 38. A linearly increasing
      voltage ramp is produced by the operational amplifier 30 in conjunction
      with the input resistor 32 and the feedback capacitor 36 forming an analog
      integrator. The adjustable constant reference voltage E.sub.r is applied
      to the input of the operational integrator upon closing switch 34. The
      output of the integrator is thus a linearly increasing ramp with time.
      Varying E.sub.r makes it possible to change the slope of the ramp by
      changing the magnitude of E.sub.r for any given test. Switch 38 is
      provided to reset the integrator before the start of each test. The
      integrator output 40 is applied to the input of a power amplifier 42. The
      output of the power amplifier 42 is linearly increasing current coupled to
      output terminals 20 to provide sufficient current to initiate the EED 12.
      This output is also sampled and used to provide the output voltage as a
      function of time, v(t).
PAR  A current probe 50 is coupled around an related output lead 44 from
      amplifier 42 to terminal 20 and is used to sense the higher frequency
      current function which flows through EED 12 without altering the stimulus
      waveform. The output of probe 50 is coupled to signal conditioning
      amplifier 52. The current probe output signal from amplifier 52 is a
      voltage Ki(t) which is directly proportional to the current being
      measured. For very low frequencies of operation, a current sampling
      resistance of low resistance in the output line 44 could replace probe 50
      and provide the same function. These parameters, V(t) and Ki(t), are then
      applied to the input of an analog multiplier 54. An output from multiplier
      54 is applied to the input of an analog integrator consisting of an input
      resistor 56 and an operational amplifier 58 in parallel with feedback
      capacitor 60. A reset switch 62 allows reset of this system after each
      operation. The integrator output is thus proportional to the energy
      applied to the EED as a function of time. These time varying parameters,
      v(t), Ki(t), and energy, are then applied to the recording devices 14, 16,
      and 18.
PAR  In operation, switch 34 of the ramp generator 10 is closed, applying
      E.sub.r to amplifier 30. This results in the increasing ramp current being
      coupled across EED 12 and the simultaneously coupling of the ramp voltage
      v(t), current function Ki(t), and energy to the recording circuitry.
PAR  Counter 18 starts timing when the signal Ki(t) is coupled thereto. When EED
      12 fires the flash from the exploding bridgewire is sensed by photocell 26
      and counter 18 is stopped by an output signal from the photocell,
      indicating the lapsed time from start or application of the stimulus to
      firing of the EED. Since the EED bridgewire is broken during firing, no
      more current flows through the EED, and signals applied to the voltmeter
      are terminated, leaving a digital record of the firing voltage. Switches
      38 and 62 are then momentarily closed to reset amplifiers 30 and 58 and
      terminate the voltage applied to the oscilloscope. Switch 34 is opened to
      remove E.sub.r from amplifier 30. Obviously these switches can be operated
      separately or ganged such that switches 38 and 62 are opened when switch
      34 is closed and are closed when switch 34 is opened.
PAR  If the EED is defective and fails to fire within the normally acceptable
      time, the ramp current continues to increase. A predetermined limit or
      maximum time for current application is established, for example - 30
      seconds. If the EED does not fire after this time, the test is terminated.
      No flash would occur to stop the counter; however, in terminating the
      tests, switches 34, 38, and 62 are operated which interrupts the input
      energy applied to the load and to the recording devices. The maximum
      voltage and current coupled to the recording devices indicate the
      magnitude required to function the device or, if the device does not fire,
      the ultimate magnitude of the signals coupled thereto. Typically, for an
      established "no-fire" condition, the energy supplied to the EED may
      increase by an order of 10 or more over the nominal firing energy,
      indicating a defective device.
PAR  A working model of the circuit for providing the ramp stimulus testing can
      be constructed utilizing operational amplifiers as well as the following
      components or equivalents thereto:
TBL  Oscilloscope 14                                                           

                    Tektronic Model 549 Storage                                

                     Oscilloscope                                              

     Voltmeter 16   Hewlett-Packard Model 3450B                                

     Counter 18     Hewlett-Packard Model 5300A                                

     Amplifier 42   Hewlett-Packard Model 6824A                                

     Current Probe 50                                                          

                    Hewlett-Packard Model 456A                                 

     Amplifier 52   Bell & Howell Model 8-115                                  

     Multiplier 54  Analog Device Company Model 429.                           

PAR  The ramp current stimulus apparatus for sensitivity testing may be used
      wherever there is a need to evaluate the ignition parameters and
      characteristics of any electroexplosive device. In the ramp stimulus
      method of EED testing, each device tested will function at some point
      along the input ramp voltage if it is not defective. Thus, meaningful data
      concerning the firing current, voltage, or energy of a squib or other EED
      can be obtained from only one firing with the ramp stimulus method.
PAR  The voltage, current, resistance, and energy is observed as a function of
      time which is particularly useful in analyzing new electro-explosive
      devices. The instantaneous power delivered to the device and the total
      energy delivered from the time of initial application of the given
      stimulus is also available as a function of time. This information alone
      can be used to calculate the firing parameters for other forms of
      stimulus. Thus, it is possible to infer the device response to a unit step
      function stimulus from the unit ramp response since the unit step is the
      time integral of the unit ramp.
PAR  This method allows the sensitivity of the device to the rate of energy
      application to be readily evaluated. This information is useful in
      obtaining the thermal properties of the device and lends itself equally as
      well with a voltage source or a current source as the ramp stimulus, the
      energy being readily available in either case.
PAR  Obviously many modifications and variations of the present invention are
      possible. It is to be understood therefore that within the scope of the
      appended claims the invention may be practiced otherwise than as
      specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for sensitivity testing electroexplosive devices, comprising:
      a ramp stimulus generator for providing a variable ramp current output for
      coupling to said electroexplosive device; an oscilloscope coupled to said
      ramp stimulus generator and responsive to the voltage and current coupled
      to said electroexplosive device to provide an x-y plot thereof; a counter
      coupled to said ramp stimulus generator for activation when current is
      applied to said electroexplosive device and for indicating the time in
      which current is supplied to said electroexplosive device; and a light
      sensor adjacent said electroexplosive device having an output coupled to
      said counter for stopping said counter when said electroexplosive fires.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 wherein said ramp stimulus generator
      comprises a variable voltage source; an output power amplifier; an
      integrating operational amplifier coupled between said voltage source and
      said power amplifier for providing a linear ramp voltage to said power
      amplifier, the output of said power amplifier being coupled across said
      electroexplosive device and being further coupled to provide output
      voltage to said oscilloscope; a signal conditioning amplifier for
      providing a current function output signal to said oscilloscope and said
      counter, said signal being proportional to current through said
      electroexplosive device; and current sensing means coupled to the output
      of said power amplifier for sensing current flow through said
      electroexplosive device, said current sensing means being connected as an
      input to said signal conditioning amplifier.
NUM  3.
PAR  3. Apparatus as set forth in claim 2 wherein said ramp stimulus generator
      further comprises an analog multiplier having an output and first and
      second inputs; said inputs being coupled respectively to said power
      amplifier output voltage and to said signal conditioning amplifier output
      function of current; and an integrating operational amplifier having an
      input coupled to the output of said multiplier and an output for providing
      an output signal proportional to the energy expended in said
      electroexplosive device.
NUM  4.
PAR  4. Apparatus as set forth in claim 3 and further comprising a voltmeter
      coupled to said energy output for providing a voltage reading proportional
      to energy expended in said electroexplosive device.
NUM  5.
PAR  5. A method of sensitivity testing individual electroexplosive devices,
      comprising the steps of:
PA1  applying an increasing ramp current stimulus to the device;
PA1  monitoring the time from which current is initially applied to the device
      until it is interrupted;
PA1  plotting an oscilloscope trace of the voltage versus a function of the
      current applied to the device; and
PA1  recording a digital record of the increasing voltage applied to the device
      until it is interrupted by firing of the device or termination of the
      input ramp current stimulus.
NUM  6.
PAR  6. A method of sensitivity testing individual electroexplosive devices as
      set forth in claim 5 wherein said recording of a digital record further
      comprises the steps of:
PA1  sampling the ramp voltage coupled to said device;
PA1  sampling a function of the current coupled through said device;
PA1  processing the sampled ramp voltage and current function through an analog
      multiplier and integrating operational amplifier to obtain the energy
      coupled to the device; and
PA1  recording the energy stimulus to obtain said digital record of voltage
      applied to the device.
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ABST
PAL  A comparison-type flux meter for works such as nozzles or the like has an
      output elimination circuit in co-operation with a DC amplifier receiving
      output of a differential pressure transducer inserted in the main pipe
      line. Measurement error is minimized and reading of deviation of works to
      standards is accurate and rapid.
BSUM
PAR  This invention relates to comparison-type flux meters for the measurement
      of flux rates of nozzles under constant hydraulic pressures, or for the
      examination of fluid-tight containers such as watch cases or the like.
PAR  It is an object of this invention to provide means to make the
      above-mentioned measurement or the examination accurate and rapid.
PAR  It is another and more specified object of this invention to provide means
      to minimize measurement errors due to unexpected change in piping element
      constants in the measurement apparatuses.
PAR  It is a further object of this invention to provide means to make
      zero-adjustment of indicators easy in the measurement operations.
DRWD
PAR  Still further objects and merits of this invention will become apparent
      from the following description taken in connection with the accompanied
      sole drawing in which:
PAR  The sole FIGURE is shown in a schematic connection diagram of an embodiment
      of this invention.
DETD
PAR  In the FIGURE, S is a hydraulic pressure source such as an air compressor
      or a vacuum apparatus supplying substantially constant pressure or vacuum.
      An end of main pipe line LS which has an orifice valve V0 inserted therein
      is connected to said hydraulic pressure source S. SV0 is an
      electromagnetic valve for opening and closing hydraulic pressure sources
      to main pipe line LS. Another end of main pipe line LS branches off to a
      first branch line LN and a second branch line LW. First branch line LN
      extends through a first electromagnetic valve SV1 to an end NH to which
      end is to be connected a standard. Second branch line LW extends through a
      second electromagnetic valve SV2 to an end WH to which end is connected a
      work to be tested. At the inlet and outlet sides of orifice valve V0, main
      pipe line LS branches off respectively to an inlet and another inlet of a
      differential pressure transducer T. The output terminal of transducer T is
      connected to the input terminal of DC amplifier OP1. The chain line
      enclosure shown at CE is an output elimination circuit for eliminating
      output of amplifier OP1 in co-operation therewith.
PAR  Said circuit CE in an embodiment shown in the FIGURE is designed such as
      follows: Upon switch SW2 being turned on, an amplifier OP2 is activated.
      The output of amplifier OP2 which is of a polarity opposite to that of the
      output of amplifier OP1 is fed back to the input terminal of amplifier
      OP1. This results in elimination of output anticipated normally of
      amplifier OP1. Consequently, a zero-output is detected at the first and
      second output terminals OUT-1 and OUT-2 which are output terminals of
      amplifier OP1.
PAR  The output elimination circuit CE in this embodiment of the present
      invention is a so-called reset circuit. However, an output elimination
      circuit defined in this invention is not limited to said reset circuit,
      but may be any known circuit by means of which, in co-operation with an
      amplifier OP1 receiving as input direct current output of transducer T so
      that an output of said amplifier can finally be eliminated. For example, a
      circuit composed of a differential circuit and an integral circuit
      connected in series, said differential circuit input terminal being
      connected to said amplifier output circuit and the output of said integral
      circuit being supplied for detection purpose can similarly be used.
PAR  Terminals OUT-1 and OUT-2 are respectively the first and second output
      terminals of amplifier OP1. An output of amplifier OP1, upon opening of
      switch SW2 as shown in the FIGURE is divided suitably by means of
      resistors R1 and R2, and a relatively large output value is supplied at
      terminal OUT-1 and a relatively small output value is supplied at terminal
      OUT-2. It would be apparent that for means for supplying different values
      of output of amplifier OP1 at the first and second output terminals OUT-1
      and OUT-2, various alternatives to one such as shown in the FIGURE can be
      designed.
PAR  According to this invention, there is provided a change-over switch SW1.
      Said switch is for switching connection of the input terminal of indicator
      I over said first and second output terminals OUT-1 and OUT-2. Indicator I
      has a reading scale for from a negative value through a zero point to a
      positive value.
PAR  Hereunder will be stated fully use of a flux meter according to this
      invention by taking an air leakage test of an air-tight watch case for an
      example.
PAR  At first, a preliminary adjustment of the flux meter is effected. In the
      first stage of said preliminary adjustment, the input terminal of
      indicator I is connected to the second output terminal OUT-2 by means of
      change-over switch SW1, and switch SW2 is opened so that output
      elimination circuit CE will be inactivated. Also, gain of amplifier OP1 is
      adjusted so that the indicator I needle will point a full scale upon a
      differential pressure of 10 mm water column being given to transducer T.
      The full scale value of indicator I in this example is 0.3 volts.
PAR  In the second stage of said preliminary adjustment, change-over switch SW1
      is turned to first output terminal OUT-1, and values of resistors R1 and
      R2 are adjusted so that indicator I will point the full scale of 0.3 volts
      upon a differential pressure of 100 mm water column being given to said
      transducer T. To the above-noted 100 mm water column, given to transducer
      T, an output value of 3.0 volts which value is ten times the value of
      output at the first output terminal OUT-1 is to be obtained at the second
      output terminal OUT-2.
PAR  Thus, upon finishing adjustment of output of amplifier OP1 at output
      terminals OUT-1 and OUT-2, the third stage of said preliminary adjustment
      is effected. In said third stage of preliminary adjustment, a standard is
      connected to standard connection end NH and a pressure of a predetermined
      value which is to be used in the following test of works is supplied
      thereto from pressure source S. The value of leakage of said standard
      which has been connected to the connection end NH, that is the value of
      flux which is to be discharged through said standard under the
      above-mentioned predetermined pressure value is herein assumed to be 1,000
      cc/min.. The input terminal of indicator I is kept connected to terminal
      OUT-1 when said pressure of predetermined value is given to the standard.
      And, orifice value V0 is adjusted so that indicator I will point a full
      scale which corresponds to 0.3 volts. Hereupon, the second output terminal
      OUT-2 is to be anticipated to give a value of output of 3.0 volts. The
      preliminary adjustment has thus been finished.
PAR  Upon testing works, a work to be tested is connected to work connection end
      WH. If a considerable length of time has passed since the foregoing
      preliminary adjustment was effected, it requires a confirmation of
      correctness of the foregoing adjustment with respect to the standard.
      Accordingly, as the first stage of the work test operation, a measurement
      on flux in the standard is to be effected. In this measurement, the input
      terminal of indicator I is connected by means of switch SW1 to the first
      output terminal OUT-1, and it is to be confirmed that indicator I points a
      full scale under said predetermined pressure value. In this stage of
      operation, switch SW2 is kept open as shown in the FIGURE so that output
      elimination circuit CE is kept inactivated.
PAR  Subsequently, as the second stage of the work test operation, switch SW2 is
      closed so that said circuit CE is connected to amplifier OP1, as well as
      switch SW1 is turned to connect indicator I to second output terminal
      OUT-2. Hereupon, an output of amplifier OP1 eliminated by circuit CE, that
      is a zero-output, is observed at indicator I.
PAR  Then, as the third stage of the measurement operation, first
      electromagnetic valve SV1 is closed and second electromagnetic valve SV2
      is opened so as to change over the pressure supplied by pressure source S
      from the standard to the work to be tested. If the value of flux in the
      work tested is equal to the value of flux in the standard, that is both
      are of a value of 1,000 cc/min., indicator I will point zero. And, if the
      value of flux in the work tested is of a value of 1,100 cc/min., that is
      larger by 10 % than the value of flux in the standard, indicator I will be
      observed at a full scale which corresponds to 0.3 volts. The reason is,
      because the flux in the work tested is in proportion to the differential
      pressure given to transducer T, and the output of amplifier OP1 is also in
      proportion to the same differential pressure, the output of amplifier OP1
      results in proportion to the flux in the work tested. And, if without
      co-operation of circuit CE, an output of a value of 3.3 volts would be
      supplied to said terminal OUT-2 against the foregoing flux value of 1,100
      cc/min. at the foregoing third stage of said preliminary adjustment.
      Actually however, on account of a co-operation of said circuit CE, an
      output value of 3.0 volts which corresponds to a flux value of 1,000
      cc/min. is eliminated. As the result, an output of 0.3 volts which
      corresponds to a flux of 100 cc/min. and which is the difference of 1,100
      cc/min. and 1,000 cc/min. is supplied to said second output terminal
      OUT-2.
PAR  On the other hand, if a flux in the work tested is of a value of 900
      cc/min., that is a value less than the flux in the standard by 10 %, the
      output which would be supplied to terminal OUT-2 without co-operation of
      circuit CE would be of a value of 2.7 volts. Actually however, due to the
      co-operation of said circuit CE, an output of a value of 3.0 volts which
      corresponds to a value of flux of 1,000 cc/min. is eliminated.
      Accordingly, an output of a value of -0.3 volts is supplied to said
      terminal OUT-2, and this negative output makes indicator I point a
      negative full scale.
PAR  The foregoing values of fluxes in standards and works tested as well as the
      foregoing values of scales of the indicator in relation to said values of
      fluxes have been assumed by way of explanation. And, said values may
      naturally be changed freely in actual flux measurement and work test
      operations. However, it would be most convenient to fix a difference
      between output values at first and second output terminals OUT-1 and OUT-2
      by means of adjusting the output circuit of amplifier OP1 so that an
      indicator I, upon being connected to second output terminal OUT-2 may
      point a full scale when there is provided a value of deviation of about 10
      % between fluxes in a standard and a work tested. Further, in accordance
      with this invention, a meter relay connected to an alarm may be inserted
      in the input circuit of said indicator so as to operate said alarm at a
      desired input value of said indicator, which operation of said alarm may
      give notice to operators participating flux measurement and work test
      operations at a value of flux over an allowable value of flux deviation in
      works tested.
PAR  According to this invention, a measurement error caused by obstacles such
      as oil and fat or dusts sticking to a portion in the pipe lines which
      would result in change in pressure supply will not occur, because in a
      flux meter according to this invention, measured values relate only to
      comparison of fluxes in said standard and said work to be tested. Also,
      according to this invention, there is provided a circuit for the
      elimination of output of an amplifier receiving output of a differential
      pressure transducer as well as a change-over switch supplying output of
      said amplifier in different gains to an indicator. Accordingly, as stated
      in the foregoing, zero point adjustment of the indicator with respect to
      standards is easy, and reading of values of deviation between fluxes in
      standards and works tested is quite correct due to magnified scale reading
      of said deviation. Also, in accordance with this invention, it would be
      apparent that an automatic grading apparatus on works such as nozzles or
      air-tight containers can easily be provided by using input of said
      indicator through the medium of a meter relay as stated in the foregoing
      so as to operate an apparatus effecting change of works for the testing
      and grading, control valves in the pipe lines by introducing an
      appropriate sequence circuit, and control amplifiers and other circuit
      elements by the same sequence circuit.
CLMS
STM  Having thus described by invention, what I claim for Letters Patent is:
NUM  1.
PAR  1. A flux meter which comprises a main pipe line having an end connected to
      a hydraulic pressure source and extending through an orifice valve,
      another end of said main pipe line branching off to a first branch line
      extending through a first electromagnetic valve and having an end for
      connecting to a work to be tested, a differential pressure transducer
      having two inlets for connecting to differential pressure means, a said
      inlet of said transducer being connected to said main pipe line orifice
      valve inlet side and another inlet of said transducer being connected to
      said main line orifice valve outlet side, a DC amplifier, an input
      terminal of said DC amplifier being connected to said differential
      pressure transducer output terminal, an output elimination circuit
      connected to said DC amplifier for the elimination of said DC amplifier
      outputs, a first output terminal for supplying a relatively large value
      with respect to said DC amplifier output, a second output terminal for
      supplying a relatively small value with respect to said DC amplifier
      output, said last-mentioned output being of a value equal to said
      first-mentioned output, an indicator having a scale indicating from a
      negative to a positive value, and a change-over switch for changing said
      indicator input terminal over from said first and second output terminals.
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ABST
PAL  A hand held tool for testing the sharpness of edges to determine the
      presence or absence of a safety hazard in which a rotatable mandrel is
      driven by a torque spring at a specified velocity for a single rotation,
      the mandrel carrying a covering of testing material which is engaged with
      an edge to be tested, and having means for automatically driving the
      mandrel in the presence of predetermined contact force or pressure between
      the test material and the test edge. Means are also included for
      adjustably regulating the mandrel speed of rotation and the contacting
      pressure requisite to effect its testing operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent times there has been an ever increasing social awareness of the
      need to protect the consuming public against hazardous substances and
      products. In response to this demand, the Federal Government has
      instituted appropriate agencies to promote product safety having
      regulatory powers to require the manufacture of a wide range of products
      under specified safety regulations and standards. Prominent among such
      regulated products are those normally used by children. Toys and bicycles,
      for example, are now subject to certain manufacturing and performance
      standards designed to promote the safety and welfare of the user. Among
      these is a prohibition against metal edges or other sharp parts on a
      bicycle or its components and attachments that are or may be exposed to
      hands or legs. A sharp edge is generally defined under the current rules
      as any edge that will cut through a single layer of test tape supported on
      a cylindrical surface of specified diameter and held in contact with the
      edge to be measured with a particular contacting force while the tape is
      moved over the edge at a specified velocity for a limited time. In view of
      these rules and regulations, the need has arisen for a simple testing tool
      capable of measuring the sharpness of an edge within the above parameters
      and it is to such a tool that the present invention is directed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates generally to hand tools and more specifically
      to apparatus for testing the sharpness of edges. In brief, the improved
      tool of this invention comprises a hand supported cradle which pivotally
      carries a spindle rotatably driven by motor means. the spindle has a
      mandrel portion for supporting a length of the test tape. Manually
      engageable means are provided for energizing the motor and limiting its
      rotational driving of the spindle. Latching means serve to lock the
      spindle in a loaded or "cocked" condition until selective release thereof
      is effected by the application of predetermined engagement force or
      pressure between the mandrel mounted test tape and an edge to be tested.
      Such predetermined contact pressure is regulated by spring means
      determinative of the force required to release the latch means, and
      additional means are provided for regulating the rotational velocity of
      the test tape over the edge to be tested.
PAR  It is a major object of this invention to provide an improved testing tool
      for determining the presence of sharp edges detrimental to the health,
      safety and welfare of a human.
PAR  Another object of this invention is to provide an improved testing tool, as
      aforesaid, which includes means for rotatably driving a length of testing
      material over a test edge under predetermined engagement pressure and
      velocity.
PAR  A still further object of this invention is to provide such a test tool
      having means for regulating the engagement pressure between the testing
      material and a sharp edge as well as the speed of movement of the testing
      material over such edge.
PAR  Having thus described the present invention, the above and further objects,
      features and advantages thereof will be recognized by those familiar with
      the art from the following description of a preferred embodiment thereof
      illustrated in the accompanying drawings and representing the best form
      presently contemplated so as to enable those familiar with the art to make
      and practice this invention.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a side elevational view of the improved testing tool of this
      invention;
PAR  FIG. 2 is a top plan view thereof;
PAR  FIG. 3 is a cross sectional view taken substantially along section line
      3--3 of FIG. 2 and looking in the direction of the arrows thereon;
PAR  FIG. 4 is another sectional view taken substantially along vantage line
      4--4 of FIG. 3 and looking in the direction of the arrows thereon; and
PAR  FIG. 5 is an additional cross sectional view taken substantially along
      vantage line 5--5 of FIG. 3 and looking in the direction of the arrows
      thereon.
DETD
PAR  Turning now to the particulars of the preferred embodiment of this
      invention illustrated in the accompanying drawings, initial reference is
      made to FIG. 1 whereat the testing tool is designated generally at 10. As
      there shown, tool 10 comprises cradle means 11, having plural manually
      engageable handle means 12 and 13 detachably joined thereto. A body member
      14 is pivotally supported on the cradle means 11 and rotatably carries
      barrel means 15 having a spindle 16 extending outwardly at one end
      thereof. Latch means 17 cooperates between the cradle and barrel means to
      effectively release the latter for limited rotation under the driving
      force supplied by a motor means 18 (see FIG. 4) when predetermined
      engagement pressures occur between test material 19, mounted about the
      outer end of the spindle, and an object 20 to be tested.
PAR  With particular reference now to FIGS. 1 through 4 of the drawings,
      features of the cradle means 11 will be described. Shown best in FIG. 1,
      the cradle means comprises a unitary metal member having an elongated base
      body portion 22 distinguished by elongated central opening 23 therethrough
      (see FIGS. 2 and 3). The outer or right hand end of the body portion 22 is
      integral with a crosshead portion 24 (see FIG. 4) having a central opening
      25 and two larger openings 26, 26 laterally, outward of central opening
      25, for purposes which will appear presently.
PAR  The opposite or rear end of body portion 22 is formed integraly with a rear
      wall portion 27 provided with a pair of threaded openings 28 and 29 (see
      FIG. 3); each receptive of a cylindrical handle member 13 having a
      threaded stud portion 30 at one end thereof for engagement with one of the
      openings 28 or 29 as selected. In similar fashion the crosshead portion 24
      of the cradle is provided with an angularly aligned threaded bore 31 (see
      FIG. 3) which is normally receptive of a second manual engageable handle
      means 12 which is also fittable into either of two auxiliary bored
      openings 32 formed through the spaced side wall portions 33 of the cradle
      body portion 22 formed by the central opening 23 (see FIGS. 1 and 2).
      Between the auxiliary openings 32 and the rear wall portion 27 and
      substantially central of the side wall portions 33, 33 are a pair of
      coaxially aligned transverse pivot openings 34 receptive of a central
      pivot or trunnion pin 35 whereby the cradle is pivotally attached to the
      body member 14 in assembly. It will be recognized and understood, of
      course, that the positioning of the handle members 12 and 13 is optional
      at the selection of the operator for his convenience in manually gripping
      and holding the tool in operating position.
PAR  Body member 14, best shown in FIGS. 1, 2 and 3, is, as previously noted,
      pivotally supported by the cradle means 11, and more specifically on the
      trunnion pivot pin 35. As shown best in FIGS. 1 and 2, the body member 14
      comprises a generally T-shaped unitary metal member having an elongated
      barrel portion 40 integral with a transversely related crosshead portion
      41 at its outer end; portion 41 being dimensioned to conform in plan view
      with the crosshead portion 24 of the cradle which it is adapted to
      superimpose in assembly. Depending centrally from beneath the elongate
      barrel portion 40 is a single trunnion portion 42 (see FIG. 3) having a
      suitable opening therethrough for coaxial alignment with the trunnion pin
      35 between the two wall portions 33 of the cradle to pivotally
      interconnect those two elements. In this respect it will be noted that the
      central elongated opening 23 of the cradle receives the elongated trunnion
      support portion 42 with considerable lengthwise clearance but with
      relatively close fitting lateral clearance (see FIG. 2).
PAR  Body member 14 is formed with a central axially extending bore forming a
      barrel chamber 43, as best shown in FIG. 3 of the drawings, which is
      receptive of the barrel means 15 in assembly. In addition to the central
      axial opening 43, the body member also is provided with a cylindrical
      opening 44, transversely communicating with opening 43 and receptive of a
      threaded plug member 45, for reasons which will be amplified in greater
      detail hereinafter.
PAR  At its rearward end, the body member 14 is formed with a blind bore socket
      46 receptive of a stop pin 47 which cooperates with barrel means 15 to
      limit its rotation as will be described hereinafter (see FIG. 3).
PAR  Extending through the crosshead portion 41 and symmetrically outwardly of a
      central vertical plan through the body member 14, as oriented in the
      illustrated case, are a pair of cylindrical openings 48, 48 (FIG. 4) which
      coaxially align with the openings 26, 26 of the cradle cross end portion
      24 in assembly of the tool elements. Such openings, as best shown in FIG.
      4, receive spring means 50, 50, one on each side of the barrel means 15,
      as illustrated. The lower end of each of the spring elements 50 is
      fastened to a lower tap screw 51 or like fastening means, extending across
      openings 26, 26 of the cradle crosshead portion, while the upper ends of
      such spring elements are optionally fixed to an upper tap screw 52, one
      extending across the upper end of each opening 48 (illustrated in the
      right hand side of FIG. 4) or preferably to adjustment means 55 for
      regulating the tension of the spring elements 50.
PAR  With specific reference now to FIGS. 2 and 4, the adjustment means 55 will
      better be understood as comprising a knurled, manually engageable knob
      having pin means 57 extending diametrically therethrough for interfering
      engagegement with spaced pin means 58 protruding outwardly of the upper
      wall or face 59 of the crosshead portion 41 on opposite sides of each
      opening 48. A semicylindrical groove 60 (see FIG. 2) is formed inwardly of
      the upper wall 59 for receiving the pin means 57 at the selective
      rotational positioning of the knob member 56. Extending coaxially beneath
      the outer knurled end of the knob member 56 is a spring retaining
      projection comprising a cylindrical ear portion 61 (see FIG. 4) having an
      opening through which the upper end of the spring 50 is attached. By this
      expedient, it will be readily appreciated that positioning of the
      adjusting knob 56 so as to engage the crosshead upper face 59 and
      projecting pin elements 58, as illustrated in FIG. 4, effects increased
      tension loading of the spring element 50 associated therewith.
      Alternatively, rotating the knob 56 so that pin 57 thereon enters the
      groove 60, diminishes the tension load on the spring element therebeneath.
      In this manner regulation of the force of reaction exerted by springs 50
      to pivotal separation of the body member 14 relatively to the cradle 11 or
      vice versa, as the case may be, is achieved. It will be understood that if
      the fixed spring retaining screws 52, 52 (as shown in the alternate
      version of the right hand side of FIG. 4 are employed) the adjustable
      regulatory tensioning of the spring elements 50 is unavailable except by
      the selection of spring size and characteristics.
PAR  The two springs 50, 50 serve to resiliently hold the body member 14 tightly
      against the crosshead portion 24 of the cradle in the manner illustrated
      in FIGS. 1 and 3. Pivotal movement of the body member relative to the
      cradle, on the other hand, requires further tensioning of the spring
      elements 50 requisite of the predetermined force which is utilized in the
      operation of the test tool of this invention to determine the force of
      engagement between the test material 19 and a test edge of an object to be
      tested.
PAR  Turning now to the features of the barrel means 15, reference is made to
      FIGS. 3, 4 and 5 of the drawings. As there shown, means 15 comprises an
      elongated cylindrical barrel body 65, coaxially mountable within the
      barrel chamber 43 of the body member 14. The muzzle or outer end of the
      barrel body 65 is bored axially inwardly to provide a cylindrical socket
      66 receptive of the cylindrical shank 67 of the spindle 16; the inner end
      of which is slotted as at 68 to connect with a pin 69 extending across the
      inner end of socket 66. The outer end of the barrel body 65 is externally
      threaded at 70 to receive an internally threaded cap 71 carrying a
      compression ring 72 adapted to receive shank 67 of the spindle means
      therethrough. Tightening of the cap 71 on the threads 70 serves to press
      the ring 72 against the side walls of the spindle shank 67 and
      frictionally lock the same to the barrel body with the pin connection 69
      serving to rotatably drive the spindle with the barrel body in operation.
PAR  The breach or rear end of the barrel body 65 is formed integrally with or
      affixed to a cylindrical cocking wheel 75 positioned immediately adjacent
      the rear end of the body member 14. As best shown in FIG. 5 of the
      drawings, wheel 75 is formed with a cam track 76 in the form of a
      discontinuous groove of generally circular formation on the inner face of
      the wheel member 75, such groove being receptive of the stop pin 47 in
      assembly. Engagement of the pin 47 and the ends of groove 76 serves to
      limit the rotational movement of the wheel 75 and thus the attached barrel
      body 65.
PAR  In order to rotatably support the barrel 65 within the barrel chamber 43, a
      cylindrical liner member 77 is pressed into the forward end of the barrel
      chamber 43 to provide bearing support for the barrel body 65. The rear or
      breach end of the liner 77 is slotted with opening 78, normally aligned in
      assembly with a cylindrical opening 79 in the wheel 75. Openings 78 and 79
      receive opposite end portions 80 and 81, respectively, of a torsion spring
      82 comprising, in the particular embodiment shown, the drive motor means
      18. From this arrangement it will be understood that rotational movement
      of the wheel 75 serves to load the spring means 82 by carrying end portion
      81 of such spring while the opposite end portion 80 thereof remains fixed
      to the liner member 77.
PAR  In order to load the torsion spring member for selected driving of the
      barrel body as previously noted, latch means 17 is provided, comprising a
      cylindrical latching stud member 85 having a reduced cylindrical portion
      86 at one end press fitted into the central opening 25 in the cradle
      crosshead portion 24 as best seen in FIG. 4. The opposite ends of the
      latching stud is likewise formed with a reduced cylindrical latch
      projection 87 which extends upwardly through latch chamber 88 formed in
      the crosshead portion 41 of the barrel member and through a registered
      opening 89 in the liner member 77 to engage a latch opening 90 in barrel
      body 65. Positioning of opening 90 in the barrel body is such that latch
      portion 87 of the latch stud enters opening 90 when the stop pin 47 is
      engaged with end 95 of the cam track 76 (see FIGS. 3 and 4). By this
      arrangement, predetermined torsion loading of spring member 82 is required
      to effect substantially one revolution of the barrel body in order for the
      latch opening 90 to be aligned for engagement with the latch portion 87 of
      the latch stud. Conversely, release of the latch stud, as by withdrawing
      the same from the latch opening 90, permits reverse driving rotational
      movement of the barrel body under the influence of the drive motor means
      comprising the torsion spring 82. The released condition of the latch stud
      is indicated in dotted lines in FIG. 3 of the drawings.
PAR  Rotational driving of the barrel body 65 serves to rotatably drive the
      spindle means 16 because of the latter's connection with the pin 69 in the
      barrel chamber 66. In order to effectively utilize this driving rotational
      movement of the spindle means to the test functioning of the tool of this
      invention, the outer end of the spindle is formed with an enlarged mandrel
      portion 96 of cylindrical formation and of specified diameter to support a
      single layer of test material 19, such as Teflon tape having an adhesive
      backing, for engagement with the sharp edge 97 of the test object 20 as
      illustrated in FIG. 3. It will thus be recognized that depending on the
      driving force exerted by the drive motor 18, the velocity of rotation for
      the mandrel portion 96 and thus the tape 19 is effectively determined,
      while the number of revolutions thereof is determined by the length of the
      cam track 76 and the engaging stop pin 47. In order to effectively release
      the barrel end spindle for rotational testing movement in the presence of
      predetermined engagement forces between the tap and edge 97, the operator
      presses the mandrel portion with the test tape 19 thereon against the test
      edge with a downward force. This loads the springs 50, 50 which
      resiliently intertie the cradle and body member 14 and resist their
      relative pivotal movement. In the presence of sufficient downward pressure
      the resulting pivotal relative motion between the cradle and the body
      member 14 withdraws the latch portion 87 from the latch opening 90 and
      releases the barrel body 65. Upon full withdrawal of the latch stud, the
      barrel body is released for rotational driving action in response to the
      forces supplied by the torsion spring 82; such release for rotation taking
      place upon the occurrence of predetermined force of engagement between
      test tape 19 and the sharp edge 97 on the test object 20. Regulation of
      such engagement force between the test tape and the edge to be tested is
      effectively adjusted by the positioning of the spring adjusting means 55
      as previously described. If the fixed mounting arrangement as provided by
      the spaced studs 51, 52 of the alternate arrangement illustrated in FIG. 4
      of the drawings is employed, then such force may be regulated by the
      judicious selection of the size and characteristics for springs 50. It
      will thus be recognized that the tool as described to this point
      effectively provides a means for rotatably driving a test tape over a test
      edge at a predetermined velocity and under predetermined regulated
      engagement pressure for a selected number of revolutions (in this case a
      single revolution or substantially so) in accordance with the test
      requirements set forth heretfore. Briefly, if the tape is ruptured or cut
      through, an unsafe edge exceeding a predetermined maximum sharpness value
      is present. Conversely, failure to cut through the tape signifies a safe
      edge having a sharpness at or below the predetermined maximum safe value.
PAR  In addition to the basic characteristics of the tool as thus far described,
      it has been found desirable to provide means for regulating the rotational
      velocity of the barrel means 65 and thus the test tape 19. In order to
      effectuate this, adjustable brake means are provided and will now be
      described, referring to FIG. 3 of the drawings. It will be recalled that
      the body member 14 is equipped with a threaded plug 45 which fits into
      opening or bore 44 (see FIG. 3). Plug 45 has a hollow interior chamber 100
      in which a compression spring 101 is carried between a cylindrical plug
      102 and brake shoe 103; the latter extending through an opening 104 in the
      bearing sleeve member 77 to engage the external surface of the barrel body
      65. A threaded cap 105 receives a hub portion 106 of the upper plug member
      102 so that the cap may rotate on the external threads of the plug member
      45 relative thereto, with the threaded positioning of the cap serving to
      regulate the braking force of engagement between the shoe 103 and the
      exterior of the barrel body 65. In this fashion, depending on the dragging
      effect of the brake shoe, the rotational velocity or speed of the barrel
      member in response to the spring motor means may be regulated and adjusted
      to accordingly regulate the velocity of the test tape over the sharp edge.
PAR  Having thus described in the preferred embodiment of this invention
      illustrated in the accompanying drawings, it will be appreciated that the
      objectives of this invention have been carried out thereby and that the
      same is susceptible to variations, change or substitutions of equivalents
      without necessarily departing from its teachings and concepts defined in
      the hereinafter appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A tool for testing edge sharpness by moving standard test material over
      a test edge under predetermined velocity and engagement forces comprising:
      rotatably supported barrel means, means driven by said barrel means having
      a portion for supporting the test material in engagement with the test
      edge, motor means for driving said barrel and driven means at
      predetermined velocity, latch means holding said barrel means against
      rotation, and means operably responsive to predetermined engagement force
      between the test material and test edge for automatically operating said
      latch means to release said barrel means to the driving action of said
      motor means whereby cutting of said test material by said test edge
      establishes the presence of edge sharpness exceeding a predetermined safe
      value.
NUM  2.
PAR  2. The combination of claim 1 and cradle means pivotally supporting said
      barrel means, wherein said means for operating said latch means comprises
      tension spring means connected to said barrel and cradle means to
      yieldably oppose pivotal relative movement thereof, and said latch means
      extends between said cradle and barrel means and is releasably operable
      with and upon predetemined relative movement between said cradle and
      barrel means.
NUM  3.
PAR  3. The combination of claim 1 wherein said motor means comprises a torsion
      spring operable to rotate said barrel means, and means for loading said
      torsion spring with predetermined torque to drive said barrel means at
      predetermined velocity.
NUM  4.
PAR  4. The combination of claim 3 and means for limiting the rotation of said
      barrel means.
NUM  5.
PAR  5. The combination of claim 1 and means for adjustably regulating the
      rotational velocity of said barrel means.
NUM  6.
PAR  6. A hand tool for determining the presence or absence of a safe edge
      having predetermined maximum sharpness comprising: cradle means having
      manually engageable handle means thereon, a body member pivotally
      supported on said cradle means, a barrel means rotatably supported by said
      body member and carrying elongated spindle means having a portion for
      supporting a layer of standard test material to engage a test edge, said
      spindle means being rotatably driven by said barrel means, motor means for
      rotatably driving said barrel and spindle means at a predetermined
      velocity, latch means restraining the barrel means against the driving
      force of said motor means, and means responsive to predetermined pivotal
      movement of said body member for operating said latch means to release
      said barrel means for driving rotation thereof by said motor means whereby
      cutting of said test material determines the presence of edge sharpness
      exceeding a predetermined safe value.
NUM  7.
PAR  7. The combination of claim 6 and spring means providing force opposing
      pivotal movement of said body member and serving to hold said latch means
      engaged with said barrel means, said spring means permitting the release
      of said latch means upon predetermined force of engagement between the
      test material and test edge.
NUM  8.
PAR  8. The combination of claim 7 and means for adjustably regulating the
      opposing force of said spring means.
NUM  9.
PAR  9. The combination of claim 6 and means limiting the rotation of said
      barrel means.
NUM  10.
PAR  10. The combination of claim 6 and means for adjustably regulating the
      rotational velocity of said barrel means comprising friction brake means
      engaged therewith.
NUM  11.
PAR  11. The combination of claim 6 in which said motor means comprises a
      torsion spring anchored to and between said body member and barrel means
      and operable to effect rotation of said barrel means.
NUM  12.
PAR  12. The combination of claim 11 and means for energizing said motor means
      comprising wheel means for rotating said barrel means in a direction
      appropriate to torque load and torsion spring.
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PAL  Process and apparatus for inspection penetrant detection of surface flaws
      in test parts in which the parts are sequentially process by the steps of
      (1) applying a dyed liquid penetrant to the test parts, (2) stripper-wash
      removal of surface penetrant, (3) interim-drying of the test parts, (4)
      finish-wash depletion of surface micro-entrapments of penetrant, aided by
      an emulsifier where applicable, (5) drying, and (6) inspection for flaw
      entrapment indications. The novel step of interim drying acts to alter the
      interaction of the finish-wash with penetrant entrapments, causing an
      acceleration of wash removal of the flaw entrapments and a more rapid
      removal of unwanted entrapments in surface porosities and micro-flaws.
BSUM
PAC  RELATED PATENTS AND PATENT APPLICATIONS
PA1  U.s. pat. No. 3,282,843 -- "EMULSIFIER COMPOSITIONS".
PA1  U.s. pat. No. 3,422,670 -- "CLEANING PROCESS AND COMPOSITIONS FOR
      POST-EMULSIFIER INSPECTION PENETRANTS".
PA1  Application Ser. No. 431,236, filed Jan. 7, 1974, for "WATER-WASHABLE
      INSPECTION PENETRANT EMPLOYING MINERAL SOLVENT AND A FATTY ACID SOLUBILITY
      PROMOTER".
PA1  Application Ser. No. 482,465, filed June 24, 1974, for "ENHANCED STABILITY
      WATER-WASHABLE PENETRANT COMPOSITIONS AND PROCESS", continuation-in-part
      of Ser. No. 327,306, filed Jan. 29, 1973, Same Title.
PA1  Application Ser. No. 513,084, filed Oct. 8, 1974, for "WATER-WASHABLE
      INSPECTION PENETRANT EMPLOYING TRIGLYCERIDES AND POLYGLYCERIDES OF FATTY
      ACIDS".
PA1  Application Ser. No. 513,104, filed Oct. 8, 1974, for "AN OPEN-LOOP
      WATER-WASHABLE INSPECTION PENETRANT PROCESS".
PA1  Application Ser. No. 540,418, filed Jan. 13, 1975, for "AN INHIBITED
      PRE-WASH STRIPPER COMPOSITION FOR WATER-WASHABLE INSPECTION PENETRANTS".
PA1  Application Ser. No. 540,549, filed Jan. 13, 1975, for "METHOD AND MEANS OF
      RECOVERING AND RE-CYCLING WATER-WASHABLE INSPECTION PENETRANTS".
PAR  This invention relates to the inspection pentrant process. It is applicable
      to any penetrant process in which water is utilized to remove penetrant
      from test surfaces, but it is especially beneficial in certain
      water-washable penetrant processes employing the so-called
      "slow-solubility" water-washable penetrants to be hereinafter described.
PAR  The inspection penetrant process is employed extensively for the
      nondestructive testing and inspection of critical aircraft parts, such as
      jet engine turbine blades for example, for the presence of potential
      failure flaws in the nature of cracks, pinholes, inter-granular corrosion
      effects, and other defects or discontinuities which are open to the
      surface. As the process is normally carried out, a dyed liquid penetrant
      is applied to the parts to be tested. Application of the penetrant to test
      parts may be by dipping in a tank of the dyed liquid, by brushing, by
      pressure spray, or by electrostatic spray. The indicator dye in the liquid
      penetrant may be either visible-color, fluorescent, or both, in accordance
      with known practices.
PAR  Following application of penetrant, the test parts are allowed to stand for
      a few moments or a few minutes, as desired, to permit the penetrant to
      enter any surface defects which may be present. Then, surface penetrant is
      removed by a process of washing, or emulsification and washing, depending
      on the nature of the penetrant liquid. Entrapments of penetrant which
      remain in surface cracks at the completion of the wash operation are then
      detected by a step of inspection under white light or black light,
      depending on the type of indicator dye which is utilized. Usually, a step
      of development is employed, although this step is often considered to be a
      part of the inspection step.
PAR  In its simplest terms, therefore, the inspection penetrant process may be
      thought of as including the several steps: (1) penetrant application, (2)
      surface penetrant removal, and (3) inspection for residual flaw
      entrapments. However, this description of the process is a gross
      over-simplification, as will be seen from the description which follows.
PAR  For a proper understanding of the mechanisms which are involved in the
      inspection penetrant process, it is necessary to dissect and examine each
      step of the process, and to break each step down into its component
      elements. The basic penetrant process involves at least six steps, and
      sometimes seven, depending on the nature of the penetrant and whether or
      not a separate emulsifier is utilized.
PAR  Taking the water-washable penetrant process as a first example, the
      penetrant may be a self-emulisifiable composition, a water-soluble
      composition, or a slow-solubility composition of the type disclosed and
      claimed in my copending applications Ser. Nos. 431,236, 482,465, and
      513,084. When a penetrant of this kind is employed, the several process
      steps which actually occur may be enumerated as follows: (1) penetrant
      application, (2) initial wash removal of surface penetrant (3) finish-wash
      depletion of micro-entrapments in surface porosities, (4), drying, (5)
      development, and (6) inspection.
PAR  It is important to note that the step of wash-removal of penetrant actually
      consists of two steps. Parts to which penetrant has been applied have a
      more-or-less thick layer of penetrant liquid on the test surfaces. When
      the parts are subjected to washing, the wash-removal takes place in two
      distinct stages. First, the bulk of the penetrant layer is removed,
      leaving a surface layer of porosity entrapments. This first stage has
      sometimes been referred to as "incubation of washing", since this
      incubation period must be completed before true finish-washing can take
      place.
PAR  Once the surface layer of penetrant has been removed, then the wash
      operation can act on micro-entrapments in surface porosities or
      micro-cracks. Naturally, some test parts have smooth surfaces which do not
      contain surface porosities or micro-cracks, but if such porosity
      conditions exist, and the process must be adapted to the existence of such
      surface flaws, then the washing step must be prolonged into a second stage
      during which micro-entrapments are depleted into the wash water.
PAR  It is essential that this second stage of washing, or finish-washing, shall
      be carried out to an appropriate degree, otherwise the entrapments of
      penetrant in surface porosities will cause an excessive background which
      will tend to obscure actual crack indications. The problem of unwanted
      background indications becomes increasingly important as the
      dye-performance sensitivity of the penetrant is increased, and in cases
      where extremely small crack indications are sought in the presence of a
      severe porosity condition of the test surface.
PAR  The post-emulsifier penetrant process may be considered as a second
      example. This process is very similar to the water-washable penetrant
      process, except that the penetrant is normally water-insoluble and is
      rendered emulsifiable by contact with a separate emulsifier composition.
      In modern post-emulsifier processes, the bulk of the surface penetrant is
      removed and recovered for re-use by means of a stripper pre-wash, thus the
      various steps of the process may be enumerated as follows: (1) application
      of penetrant, (2) initial wash-removal of penetrant (stripper pre-wash),
      (3) application of emulsifier to solubilize micro-entrapments, (4)
      finish-wash removal of emulsified penetrant, (5) drying, (6) development,
      and (7) inspection.
PAR  Accordingly, it is seen that the inspection penetrant process consists of a
      series of steps which closely follow one another in an appropriate
      sequence. Some of the steps may occur almost simultaneously, as for
      example in the water-washable penetrant process, the initial-wash and
      finish-wash steps normally follow one another in immediate sequence, and
      under the same continuing spray-wash. Also, when parts are dried,
      self-development begins immediately, and entrapments of penetrant begin to
      exude from cracks to produce visible or fluorescent indications. In some
      cases, a developer consisting of a dry powder or a liquid slurry of powder
      is applied to the test parts so as to augment the development action.
PAR  For the purpose of a proper understanding of the present invention, it is
      important to recognize the fact that in the inspection penetrant process,
      as normally used, test parts are at all times kept wet with the liquid
      processing materials, from the time when penetrant is first applied, up to
      the time when the parts are dried prior to development and inspecton. By
      this it is meant that the test parts are transferred from one processing
      bath to another, and without any drying inbetween.
PAR  It is of course possible that an inadvertant drying of parts between
      process steps might have occurred from time to time in the past when parts
      were being processed, but such drying has always been contra-indicated in
      the interest of rapid completion of the penetrant process.
PAR  In connection with apparatus for use in the inspection penetrant process,
      this normally consists of a series of process stations, which may be
      tanks, conveyors, drying ovens, and booths for handling or inspecting
      parts. Such process stations are usually arranged so that parts may be
      transferred from one station to the next, in sequence, with a minimum
      amount of delay between stations.
PAR  It will be understood, therefore, that the processing equipment, as
      normally used for the water-washable penetrant process consists of
      processing stations as follows: (1) pentrant application station, (2)
      initial wash station, (3) finish-wash station, (4) drying station, (5)
      developing station, and (6) inspection station. In the above arrangement,
      the initial-wash station and the finish-wash station are contained in the
      same wash tank, and parts are processed through these two stations without
      removing them from the tank. This tank may be a dip tank with agitated
      water or a tank or room having spray nozzles for washing and flushing the
      test parts. Likewise, the drying station, the developer station, and the
      inspection station may all be included in a single table or booth where
      the three process steps are carried out in immediate sequence.
PAR  In a like manner, processing equipment for carrying out the post-emulsifier
      process consists of process stations as follows: (1) penetrant application
      station, (2) pre-wash stripper station, (3) emulsifier station, (4)
      finish-wash station, (5) drying station, (6) developer station, and (7)
      inspection station. In some cases, the pre-wash stripper station and the
      applicable step of pre-wash stripping are omitted. The only difficulty
      which results from this omission is that there is a greater carry-over of
      penetrant into the emulsifier, and the emulsifier soon becomes
      contaminated and inoperative, and must be replaced.
PAR  The conventional inspection penetrant processes, as described above,
      exhibit the drawback that an excessive amount of background indications
      may be found in test parts having porous surfaces. In such test parts, it
      is often extremely difficult to distinguish indications of actual cracks
      against a background of porosity indications. I have found it possible to
      modify the process in such a way that background indications are
      selectively suppressed or removed, thereby increasing the see-ability
      contrast between actual crack indications and background indications. In
      addition, I have discovered that it is possible to improve and accelerate
      the wash-removal of residues of low-solubility materials from the surfaces
      of parts. This washing technique of the invention may be particularly
      advantageous in cleaning and rinsing parts which are intended to be used
      in contact with liquid oxygen (LOX), and which must be perfectly clean
      with an absolute minimum of residue material.
PAR  The principal object of the invention, therefore, is to provide a process
      and apparatus which will produce an acceleration of wash-removal of
      emulsifiable or slowly-soluble materials from the surface of parts being
      processed.
PAR  Another object of the invention is to provide an improvement in the
      conventional inspection penetrant process, whereby unwanted background
      indications are selectively removed.
PAR  These and other objects of the invention will in part be obvious and will
      in part become apparent from the following specification.
PAR  I have discovered that the introduction into the inspection penetrant
      process of a step of interim drying, following the initial-wash step and
      prior to the finish-wash step, acts to alter the interaction between the
      wash water (or emulsifier and wash water in the case of the
      post-emulsifier process), such that wash-removal is accelerated, this
      acceleration of washing being distinctly more pronounced in the case of
      minute penetrant entrapments in surface porosities or micro-cracks than
      for entrapments in actual cracks.
PAR  My novel step of interim drying may be employed in various ways, and more
      than once if desired, in a given process sequence. The essential
      consideration is that following the initial contact with wash water, as in
      a stripper initial wash, the sequence of processing must be interrupted in
      such a way that the test parts are dried completely before processing is
      resumed.
PAR  In the conventional water-washable penetrant process, parts which have been
      treated with penetrant are washed with water so as to first remove surface
      penetrant and second to deplete porosity entrapments to a degree
      sufficient to minimize unwanted background indications. In cases where the
      test parts have porous surfaces, such as are found in heat-resistant
      coatings on jet engine turbine blades, it is often found that depletion of
      the porosity background does not occur rapidly enough, and, when prolonged
      washing is employed, the depletion of crack entrapments takes place
      rapidly so that crack indications are lost by the time background
      indications are depleted to an acceptable level.
PAR  A similar condition results in the post-emulsifier process, where the
      action of prolonged contact with an emulsifier may serve to deplete
      porosity background indications, but at the same actual crack indications
      are depleted more rapidly and become lost. I have discovered that in
      either case, when the process sequence is interrupted by a step of
      interim-drying, wash removability (or emulsifier action) is accelerated.
      More important, this acceleration is considerably more pronounced with
      respect to background porosity entrapments than to actual crack
      entrapments. The result is that unwanted background indications are
      selectively removed, while actual crack indications are relatively
      unaffected.
PAR  The effect of interim-drying may vary in different penetrant processes,
      depending on the particular type of penetrant which is employed. For
      example, in the post-emulsifier process employing an emulsifier, the
      interim-drying step of the invention may be introduced following an
      initial stripper-wash step which is employed to remove and recover surface
      penetrant from test parts. Then, when an emulsifier is applied to the test
      parts, it is found that the emulsifier action in removing indications is
      more rapid than would be the case if the test parts were transferred
      directly from the stripper-wash to the emulsifier.
PAR  Likewise, in the conventional water-washable penetrant process, the
      penetrant-treated parts may be processed with an initial-wash to carry the
      wash removal beyond the so-called "incubation" stage. Thereafter, the
      washing operation may be interrupted at any point by the introduction of
      at least one interim-drying step of the invention, after which washing may
      be resumed. When this is done, it is found that wash-removel is
      accelerated so that the extent of background depletion is greater for a
      given wash-water contact time than is the case when washing is continuous,
      without interruption, and it is found that the see-ability of crack
      indications is enhanced.
PAR  The effects of wash-removal acceleration and selective background removal
      are especially evident when the step of interim-drying is introduced in a
      water-washable penetrant process employing the so-called slow-solubility
      water-washable penetrants. Penetrants of this kind have been disclosed and
      claimed in my above-mentioned U.S. patent application Ser. Nos. 431,236,
      482,465, and 513,084. In general, these penetrant compositions are
      formulated using liquid vehicles which are only slightly soluble in water,
      with the result that wash-removal by diffusion-depletion from crack
      entrapments proceeds slowly.
PAR  When using a slow-solubility type penetrant in the process of the
      invention, the penetrant is applied to test parts in the conventional
      manner. Then, the parts are subjected to a pre-wash stripper operation in
      accordance with the teachings of my copending application Ser. Nos.
      540,418 and 540,549. This stripper spray-wash removes the surface
      penetrant from the test parts within a few seconds, leaving any porosities
      or micro-crack defects filled with penetrant.
PAR  The test parts are then withdrawn from the stripper spray-wash stage, and
      are dried completely. An air-knife drier may be used for this purpose, and
      since the pre-wash stripper is preferably operated at an elevated
      temperature, in the range of 100.degree. to 140.degree. F. or more, the
      parts dry rapidly. Drying is carried to completion, and the drying
      interval may be as little as a few seconds, or it may be several minutes.
      Numerous tests have indicated that a drying time of about 2 minutes is
      desirable, and is sufficient to establish any condition of interfacial
      equillibrium which may be entailed in the step of drying.
PAR  At this point in the process, it is sometimes found to be advantageous to
      inspect the test parts for the presence of gross cracks. Although surface
      porosities are filled with penetrant, yielding a pronounced background,
      indications of gross cracks may often be visible against the strong
      background. Inspection for such indications may be helpful in making
      judgements with regard to the relative magnitudes of surface defects.
PAR  The test parts are then transferred to a finish-wash station where washing
      is resumed. The wash-water contact time is controlled in this finish-wash
      step so as to produce a desired degree of entrapment depletion. This
      wash-water contact time may vary from a few seconds up to several minutes,
      depending on the chemistry of the slow-solubility penetrant and on its
      dye-performance sensitivity. For preferred penetrant compositions, the
      finish-wash operation may be completed in about one minute.
PAR  Finally, the test parts are removed from the finish-wash station and are
      transferred to a drying station. A preferred method of drying is to
      quickly blow off excess wash water with an air-knife or compressed-air
      jet. The test parts may then be developed and inspected. Self-development
      will occur by allowing the test parts to stand for a few minutes,
      whereupon entrapments in any cracks will exude to the surface of the part
      where they can be seen. Development may be enhanced by using a wet, dry,
      nonaqueous, or plastic-film developer in accordance with known practices.
DETD
PAR  The following examples illustrate how the interim-drying step of the
      invention may be introduced into various kinds of fluorescent inspection
      penetrant processes. For the purpose of evaluating the performance
      capabilities of the various processes, a jet engine turbine blade was
      selected which had a severe porosity condition in its heat-resistant
      coating. A faint pattern of craze-cracks was present in this coating, the
      magnitude of the craze-cracks being only slightly greater than the
      effective magnitude of the porosities in the surface. This particular
      turbine blade is exemplary of test parts which are extremely difficult to
      inspect, by virtue of the excessive amount of background porosity
      indications which are formed.
PAR  In each of the examples given below, the turbine blade was first processed
      in the normal manner, without interim-drying, and using the stated total
      wash-water contact time or emulsifier contact time. In every case, the
      background indications which were produced were so severe, even with
      self-development, that the craze-crack indications were almost completely
      obscured. When an additional developer was used, such as a conventional
      nonaqueous developer, the background indications developed to an intense
      fluorescence which completely obscured the craze-crack indications, making
      it quite impossible to see them at all.
PAC  EXAMPLE I
PAR  A post-emulsifier penetrant process was carried out using a fluorescent
      penetrant which was formulated on a water-insoluble oil vehicle, and which
      had a dye-performance sensitivity equivalent to Group V, as set forth in
      applicable Military (Air Force) penetrant material specifications. In this
      process, a low-energy emulsifier was utilized, this emulsifier being of
      the "Spray-Scrubber" type, as disclosed and claimed in my now-issued U.S.
      Pat. No. 3,422,670, for "CLEANING PROCESS AND COMPOSITIONS FOR
      POST-EMULSIFIER INSPECTION PENETRANTSP. The process steps were as follows:
PA1  1. Apply penetrant to the test blade.
PA1  2. Wash the blade in a pre-wash stripper, using a cold water spray wash.
PA1  3. Interim-dry the blade by means of compressed air, and let stand for 30
      seconds to establish drying equillibrium.
PA1  4. Immerse the blade in the low-energy emulsifier for 30 seconds, then
      drain the test blade for 90 seconds. (Total emulsifier contact time is 2
      minutes).
PA1  5. Apply a finish-rinse to remove emulsified penetrant, by spraying the
      blade for 30 seconds with tap water.
PA1  6. Dry the blade using compressed air.
PA1  7. Let the blade stand to self-develop for 10 minutes.
PA1  8. Inspect the blade under black light.
PAR  It was found that the introduction of the interim-drying step (step 3)
      resulted in an acceleration of emulsifier action and a selective removal
      of unwanted background indications. Inspection of the test blade under
      black light revealed a clearly discernible pattern of craze cracks and a
      relatively low level of background indications. The craze-crack pattern
      was found to be easily photographed, and a subsequent application of a
      fine spray of a conventional nonaqueous developer produced brilliant
      indications of the craze cracks, and these indications had good brightness
      contrast in comparison with the background indications.
PAC  EXAMPLE II
PAR  A water-washable penetrant process was carried out using a fluorescent
      penetrant of the gel-forming type, such as disclosed and claimed in my
      now-issued U.S. Pat. No. 3,282,843. This type penetrant, known
      commercially as P-136 or P-137A, is used extensively in industry for
      nondestructive testing of critical aerospace parts. It has a
      dye-performance sensitivity equivalent to Group VI of the applicable
      Military penetrant material specification. The process steps were as
      follows.
PA1  1. Apply penetrant to the test blade.
PA1  2. Wash the blade in a spray of room-temperature water for 30 seconds.
PA1  3. Interim dry the test blade by means of compressed air. Total
      interim-drying time, 60 seconds.
PA1  4. Finish-wash the blade in a spray of room temperature water for 60
      seconds. Total wash-water contact time, 90 seconds.
PA1  5. Dry the test blade by means of compressed air.
PA1  6. Let the blade stand and self-develop for 10 minutes.
PA1  7. Inspect the blade under black light.
PAR  The process of this example was found to produce indications of the craze
      cracks about equivalent to the results of Example I.
PAC  EXAMPLE III
PAR  The same test blade was processed using a slow-solubility water-washable
      fluorescent penetrant of the type disclosed and claimed in my copending
      Application Ser. No. 482,465. The dye-performance sensitivity of this
      penetrant was about equivalent to Group VI of the applicable
      MIL-Specification. The sequence of process steps was as follows:
PA1  1. Apply the penetrant to the test blade.
PA1  2. Place the blade in a pre-wash stripper spray consisting of hot water (at
      130.degree. F.) saturated with dissolved penetrant, in accordance with the
      teachings of my copending Application Ser. No. 540,418, for "AN INHIBITED
      PRE-WASH STRIPPER COMPOSITION FOR WATER-WASHABLE INSPECTION PENETRANTS".
      Spraying time, 1 minute.
PA1  3. Interim-dry the blade, using compressed air to blow off surface liquid.
      Drying time, 2 minutes.
PA1  4. Apply a finish-wash using a spray of clean water at 110.degree. F. for a
      total finish-wash water contact time of 1 minute.
PA1  5. Dry the blade using compressed air.
PA1  6. Let the blade stand and self-develop for 10 minutes.
PA1  7. Inspect the blade under black light.
PAR  In the process of this example, the pre-wash stripper consists of a hot
      saturated solution (in water) of the slow-solubility penetrant. This
      pre-wash solution cannot dissolve and deplete penetrant entrapments since
      it is already saturated with penetrant, but it can and does remove surface
      penetrant by the mechanical scrubbing action of the spray droplets
      impinging on the test surface. The hot pre-rinse also acts to heat the
      test part so that the part dries very rapidly during the step of interim
      drying. The flaw detection results obtained by use of the foregoing
      process was considerably superior to the results obtained in the tests of
      Examples I and II. The craze-crack indications were sharp and clear, and
      easily photographed. Background indications were reduced to a negligable
      amount.
PAC  EXAMPLE IV
PAR  In this example, the test penetrant used was a slow-solubility type similar
      to that used in Example III, except that its solubility was somewhat
      lower, so that its depletion time constant was somewhat greater, resulting
      in slower depletion-removal of crack entrapments. Dye-performance
      sensitivity was the same as in Examples II and III above. The step of
      interim-drying was conducted in multiple stages in this example, so as to
      illustrate the method and the results obtainable with more than one
      interim-drying operation. The sequence of process steps was as follows:
PA1  1. Apply the penetrant to the test blade.
PA1  2. Apply a pre-wash stripper consisting of a spray of hot (130.degree. F.)
      saturated solution of the penetrant. Spray-wash for 1 minute.
PA1  3. Interim-dry for 2 minutes.
PA1  4. Wash in clean hot water for 1 minute (110.degree. F.).
PA1  5. interim-dry for 2 minutes.
PA1  6. Wash in clean hot water for 1 minute.
PA1  7. Interim-dry for 2 minutes.
PA1  8. Wash in clean hot water for 1 minute.
PA1  9. Interim-dry for 2 minutes.
PA1  10. Wash in clean hot water for 1 minute. Total wash time, 4 minutes.
PA1  11. Dry the blade with compressed air.
PA1  12. Let stand to delf-develop for 10 minutes.
PA1  13. Inspect under black light.
PAR  The flaw detection results obtained by use of the process of this example
      was about the same as was obtained in Example III above.
PAR  In all cases where the step of interim-drying was introduced, it was found
      that a substantial improvement was obtained in the flaw detection
      capability of the penetrant in the presence of a background porosity
      condition. For most penetrant materials, a single step of interim-drying
      is sufficient to produce the desired reduction of background indications.
      However, the invention is not limited to the use of a single step of
      interim-drying, and several interruptions of the washing operation by
      interim-drying may be employed to obtain an increasing degree of
      entrapment removal for a given wash-water contact time.
PAR  In Example III above, a further test was made, keeping the wash-water
      contact time constant at 90 seconds, but introducing an interim-drying
      step at each 30 second interval, a total of 3 interim-drying operations.
      Under such conditions, it was found that the wash-removal of crack
      entrapments from the blade was excessive. For the particular penetrant
      used in this example, a single application of interim-drying was found to
      be sufficient.
PAR  On the other hand, in Example IV above, the penetrant used is so slow in
      its solubility that a continuous wash (without interim-drying), even as
      long as ten minutes, fails to deplete background entrapments to a
      satisfactory degree, and several applications of interim-drying are
      necessary to produce a reduction of the background indications within a
      reasonable processing interval.
PAR  It will be understood that under certain circumstances, the various
      processing steps of the invention may all be carried out at the same
      physical location, and the "apparatus" used may be a single processing
      "station" consisting of a tank, a trough, or even a large room. For
      example, large aircraft wing spars may be processed in a large trough,
      while complete wing structures or large engine shrouds may be suspended
      from a chain hoist and processed in a large room having a sloping floor
      and a drain for collection and removal of processing liquids.
PAR  When such conditions pertain, the processing apparatus consists of a single
      station with respect to physical location of the test object, but the
      processing station is changed at each step in the process in accordance
      with the processing material which is utilized and the spray nozzles,
      air-knife apparatus, or air-gun equipment which may be brought into play.
      Thus, for fluorescent penetrant processing of large objects suspended in a
      processing room, it is merely necessary to spray on the penetrant (step
      1), pre-wash strip with an inhibited hot water spray (step 2), interim-dry
      with compressed air or a hot-air gun (step 3), finish-wash spray with hot
      clean water (step 4), final-dry with an air-knife, compressed air, or a
      hot-air gun (step 5), let the test part hang to self-develop (step 6), and
      inspect under black light (step 7). All of the above operations may be
      carried out without moving the test part.
PAR  It will be understood that the apparatus utilized for introducing the step
      of interim-drying into an inspection penetrant process is preferably an
      air-knife or an arrangement of compressed air jets, although ovens or
      simple tables for air drying may be employed. It will also be understood
      that this interim-drying apparatus may be positioned at any convenient
      location near the stripper washing station and the finish washing station.
      A simple procedure for introducing the interim-drying step in automated
      processing systems is to arrange an air-knife or hot air blower above the
      pre-wash tank in such a way that as racks or baskets of parts are lifted
      out of the pre-wash, they pass through the air-knife and are quickly
      dried. It will be further understood that parts being processed may be
      subjected to interim-drying at least once or several times, that is for
      the purpose of this invention.
PAR  Finally, it will be understood that I make no restrictions on the duration
      of the period of interim-drying which is introduced into the penetrant
      process sequence. In many cases, it may be sufficient to dry the test
      parts completely, and to then immediately transfer the parts to the finish
      wash operation. However, I have found that when a test part is dried by
      the interim-drying step of the invention, washability or emulsifiability
      of the penetrant residues on the part undergoes a change which appears to
      approach an equillibrium condition on an exponential curve. Thus, for a
      given penetrant, the change toward interim-drying equillibrium may be 80
      percent complete after 1 minute drying, 90 percent complete after 2
      minutes, 95 percent complete after 5 minutes, and so on. Accordingly,
      where an extremely low level of residual background indications is wanted,
      as in cases where it is desired to use a nonaqueous developer, it may be
      found desirable to employ an interim-drying time interval of 5 minutes, 10
      minutes, or even 30 minutes or longer. In a like manner, I make no
      restrictions on the operating temperatures, duration of washing, or other
      operational details of the penetrant process, since these are features
      which may be matters of preference or they may be varied in accordance
      with the character of parts being processed and the flaw detection results
      which are desired.
PAR  Although the invention has been described with reference to particular
      embodiments thereof, it will be understood that various changes may be
      made therein without departing from the spirit of the invention or the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an inspection penetrant process including the steps of (1) applying a
      dyed liquid water-removable penetrant to test parts so as to allow said
      penetrant liquid to penetrate into any surface flaws which are present,
      (2) washing said test parts in an initial wash to remove surface
      penetrant, (3) continuing the washing operation in a finish wash to
      deplete penetrant entrapments in surface micro-flaws, (4) drying said test
      parts, (5) developing indications of penetrant entrapments in surface
      flaws, and (6) inspecting said test parts for visual indications of dyed
      penetrant entrapments, the improvement consisting of the introduction of
      at least one step of interim-drying of said test parts following said
      initial wash and prior to said finish wash.
NUM  2.
PAR  2. An inspection penetrant process in accordance with claim 1, in which
      said dyed liquid penetrant is a water-insoluble emulsifiable composition,
      and a step of emulsifier application is introduced following said
      improvement-step of interim-drying and prior to said finish-washing step.
NUM  3.
PAR  3. An inspection penetrant process in accordance with claim 1, in which
      said dyed liquid penetrant is a slow-solubility composition composition
      having a solubility in water within the range of from about 0.001 to about
      3 percent.
NUM  4.
PAR  4. In an apparatus sequentially employed as enumerated, for treating test
      parts by the inspection penetrant process, including (1) apparatus for
      penetrant application, (2) apparatus for stripper-wash removal of surface
      penetrant, (3) apparatus for finish-wash depletion of entrapments of
      penetrant in surface micro-flaws, (4) apparatus for final drying of said
      test parts, (5) apparatus for development of indications, and (6)
      apparatus for inspecting and examining said test parts for the presence of
      flaw indications, the improvement consisting of apparatus for
      interim-drying of said test parts, said interim-drying apparatus being
      introduced into the said sequentially-employed apparatus following said
      apparatus for stripper-wash removal of surface penetrant, and ahead of
      said apparatus for finish-wash depletion of entrapments of penetrant in
      surface micro-flaws.
NUM  5.
PAR  5. Apparatus in accordance with claim 4, in which apparatus for emulsifier
      application is introduced into said sequentially-employed apparatus
      following said improvement interim-drying apparatus, and ahead of said
      apparatus for finish-wash depletion of entrapments of penetrant in surface
      micro-flaws.
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ABST
PAL  A parachute canopy testing apparatus for aiding in the investigation of the
      dynamic behavior of parachute canopies includes a pair of splitter plates
      arranged parallel to an air flow created within a test housing in a
      preferred embodiment and at least one gore of a parachute canopy
      positioned between the plates in sealing relationship to the side walls
      thereof. The plates preferably form two V-shaped passages and opposed
      gores are respectively located in the passages. One of the plates
      preferably includes an array of apertures therein through which smoke is
      released to provide visual indication of the air flow patterns.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to parachute testing and more particularly to
      a parachute canopy testing apparatus for investigating the dynamic
      behavior of parachute canopies under various conditions.
PAC  BACKGROUND OF THE INVENTION
PAR  Although substantial advances have been done in parachute technology over
      the past three decades, parachute design is still largely based on a
      combination of analysis and empirical observation. This is particularly
      true of work done in an attempt to analyze the time-varying behavior of a
      parachute during inflation or partial collapse. The lack of any suitable
      testing apparatus for determining the internal and external flow fields
      associated with filling and collapse would appear to be a major reason for
      the lack of comprehensive studies in this area.
PAR  Prior art parachute testing devices and systems include wind tunnel testing
      of parachute canopies and the use of water flow table models to simulate
      the flows thought to be involved. The former technique suffers a number of
      disadvantages including confusion of the airstream lines due to the three
      dimensional flow propagation of the smoke particles used in determining
      the flow fields, the "blanking" of internal flow by the "near side"
      (observer's side) of the canopy cloth, and the inability of the flow
      velocity and pressure sensing devices to occupy the volume of space
      through which the canopy must extend. In fact, water table models were
      used because of the many problems associated with wind tunnel testing of
      actual or scale model canopies. However, such models simply do not provide
      accurate simulation of the phenomena in question. In particular, the
      liquid velocities and mass relationships in such testing arrangements are
      so unlike those actually encountered with actual parachute canopies that
      new problems were created regarding relating mass, velocity, viscosity,
      and scale relationships to actual conditions.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a parachute canopy test apparatus for
      simulating parachute canopy flight shapes and flow patterns is provided
      which includes at least parachute sector or gore segment and pair of
      splitter plates between which the at least one parachute gore is located
      such that the edges of the gore act as seal against the sidewalls of the
      plates. With the suspension lines of the gore fixed at a suitable location
      at the forward end of a test tunnel and an air flow directed generally
      parallel to the longitudinal axes of the splitter plates the gore shapes
      produced compare well with those observed during free flight of a
      parachute. The testing apparatus is particularly suitable for
      investigating phenomena associated with dynamic expansion of a parachute
      canopy, as well as post expansion phenomena, and can be utilized to
      provide realistic flow pattern, velocity and pressure information.
      Further, the apparatus enables the dynamic action of parachute flow fields
      to be observed and recorded under both variable and steady state
      conditions.
PAR  Although single gores can be used, it is preferred to use opposed gores
      located between a pair of splitter plates each in the shape of a shallow V
      and located with their vertices adjacent one another, so that the first
      gore is located between the sidewalls of the upper halves of the plates
      and the second gore is located between the sidewalls of the lower halves
      of the plates. Other splitter plate shapes can be used and, in particular,
      the combinations of one V-plate and one flat plate, and two flat plates,
      both have advantages.
PAR  In accordance with a further important feature of the invention, a "smoke"
      generator arrangement is provided for simulating the air flow lines around
      the canopy so that the flow pattern or field can be investigated. The
      smoke generator includes a perforate plate which is positioned adjacent
      the canopy gore and which has an array of apertures therein through which
      a smoke is released. The perforate plate is preferably formed by one of
      the splitter plates and under normal conditions issues a plurality of
      smoke "pencils" which simulate air flow lines and are displaced by the
      canopy during filling thereof.
PAR  Other features and advantages of the invention will be set forth in, or
      apparent from, the detailed description of preferred embodiments found
      hereinbelow.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a highly schematic plan view of a parachute canopy used for
      illustrative purposes;
PAR  FIG. 2 is a perspective view of a simplified form of one embodiment of the
      test assembly of the invention;
PAR  FIG. 3 is a perspective view of a practical testing apparatus incorporating
      the invention, illustrating a further embodiment of the test assembly;
PAR  FIG. 4 is a perspective view of a detail of the apparatus of FIG. 3;
PAR  FIG. 5 is a perspective view of a further detail of the apparatus of FIG.
      3;
PAR  FIG. 6 is a highly schematic side view of the detail shown in FIG. 5
      illustrating the flow patterns produced; and
PAR  FIGS. 7 and 8 are perspective views similar to FIG. 2 illustrating two
      further embodiments of the test assembly of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a highly schematic plan view of a parachute canopy,
      generally denoted 10, is shown in dashed lines, opposed parachute sectors
      or gores 12 and 14 being shown in solid lines between solid V-shaped lines
      16 and 18. According to the embodiment of the invention as shown in FIG.
      2, opposed gores 20 and 22, corresponding to gores 12 and 14 of FIG. 1,
      are located between V-shaped splitter plates 24 and 26 which, in cross
      section, correspond to lines 16 and 18 of FIG. 1. As discussed
      hereinabove, it has been found that with parachute gores 20 and 22 located
      between splitter plates 24 and 26 so that side edges of the former are in
      sealing relationship with sidewalls of the latter as illustrated and with
      the suspension lines 28 fixed at a suitable point 30, as indicated, an air
      flow directed thereon such as indicated at 32 in FIG. 2 cause the gores
      20, 22 to accurately simulate phenomena associated with the dynamic
      expansion of, or post expansion steady state conditions of, a complete
      parachute canopy.
PAR  Referring to FIG. 3, a practical embodiment of a testing apparatus
      incorporating the invention is shown. While the apparatus of FIG. 3 is
      adapted to test a single gore, the apparatus can also be used to test
      opposed gores such as shown in FIG. 2. The apparatus includes a wind
      tunnel 40 including a test section 40a of generally rectangular shape and
      a flared entrance portion 42 into which air is drawn by a fan 44 located
      at the aft end of the tunnel 40. In an exemplary embodiment, the fan 44 is
      V-belt driven in incremental steps up to 3000 rpm. and is capable of
      delivery flow velocities up to 40 feet per second, although present
      limitations on photographic equipment place the practical upper limit on
      test velocities in the neighborhood of 30 feet per second. A flow screen
      46 located in the entrance opening serves to smooth the entering air flow.
      In the exemplary embodiment referred to, the screen 46 is of a 1/2-inch
      square, one-inch deep honeycomb construction.
PAR  The parachute canopy gore to be tested is denoted 48 and is mounted between
      the sidewalls of a V-shaped splitter assembly generally denoted 50.
      Assembly 50 is supported within the test section 40a of tunnel 40 on
      supports 52. A miniature ball bearing trolley, indicated at 54 and shown
      in more detail in FIG. 4, which is connected to gore 38 through gore vent
      lines 56 and which rides along an I-beam monorail 58 (a portion of which
      is also shown in FIG. 4) located at the apex of the V assembly 50,
      provides axial freedom of movement of the inboard end of the gore 48. In
      this regard, it might be noted here that one advantage of the double or
      opposed gore arrangement of FIG. 2 is that the trolley and monorail
      arrangement described above can be dispensed. Gore 48 is connected by
      suspension lines 60 to a mount 62 which fixes the lines 60 at a suitable
      forward location in tunnel test section 40a.
PAR  The front panel 50a of V-assembly 50 is constructed of glass while the back
      panel 50b is of a hollow construction described in more detail in
      connection with FIG. 5. The angle of the V formed by panels 50a and 50b
      can be adjusted, this adjustment being provided to enable a separation
      angle to be determined which ensures that the gore 48 acts as a seal
      against the sidewalls of the panels 50a, 50b. In tests conducted using the
      specific embodiment described and a 54-inch diameter gore model, a V angle
      of 7.5.degree. stabilized the gore with a minimum of pressure contact.
      Extensions (not shown) of the V-assembly can be provided both fore and aft
      to respectively provide more realistic flow patterns ahead of the gore and
      to reduce the interference between the bypass air and the parachute gore
      wake. Boundary-layer effects can be minimized by bleed slots (not shown)
      in both panels of the V-assembly 50 at the rear of the forward extensions
      referred to above.
PAR  Referring to FIG. 5, the back panel 50b of the V-assembly 50 is shown in
      more detail. The panel 50b is, as stated above, of the hollow construction
      with the hollow interior divided into three manifold sections 64, 66 and
      68. The largest of these, manifold section 64, covers the area which is
      generally exterior to the profile of the gore 48 while the two smaller
      manifold sections 66 and 68 are intended to provide coverage of the flow
      interior to the gore profile during the transient stages of gore
      inflation. In accordance with an important feature thereof, the front wall
      70 of panel 50b includes an array of apertures or orifices 72 therein so
      that each manifold section has an associated array or grid of orifices.
      Each of the manifold sections 64, 66 and 68 is connected to a
      corresponding smoke inlet line 64a, 66a and 68a. The smoke issues from the
      manifold sections through the orifices 70 in panel 50b to form a plurality
      of pencil-like flow lines which can be used to investigate the behavior of
      the flow pattern under various conditions. The flow lines so produced have
      decided advantages as compared with prior systems and, in particular, the
      flow line generator system of the invention permits the use of flow rates
      substantially higher than those that can be used in prior art systems.
PAR  Referring again to FIG. 4, the flow line generator system of the invention
      further comprises a smoke generator 74 which feeds lines 64a, 66a and 68a
      though a common line 76. Corresponding control valves 64b, 66b and 68b are
      included in lines 64a, 66a and 68a. Smoke generator 74 is a ram air
      pressurized generator of conventional construction, with the ram air being
      supplied from fan 44 through line 78 in the embodiment illustrated. In the
      specific embodiment under discussion, titanium tetrachloride smoke is used
      although the high acid content thereof is of concern. It will be
      understood that other "smokes" can be used as well as air mixed particles
      such as chalk, dust, talcum, microballoons and the like, and hence the
      term "smoke" as used herein is not limited to suspensions normally
      regarded as smokes. Further, it is noted that the smoke generator system
      described is not limited to the particular gore test apparatus discussed
      above and may be used with apparatus using a single back plate against
      which semi-span models and airfoils can be viewed.
PAR  The operation of the apparatus of FIGS. 3 to 5 should be evident from the
      foregoing. Air drawn into test section 40a by fan 44 will inflate canopy
      gore 48 and with smoke generator 74 actuated the smoke released through
      orifices 72 in the back wall 50b of splitter assembly 50 will provide a
      two-dimensional indication of the air flow patterns associated with gore
      48 during various stages. The wall of test section 40 adjacent plate 50a
      can also be made of glass or clear plastic so as to be transparent, hence
      enabling direct observation. Preferably, a photographic camera (or
      cameras) is used for observation and a sleeve (not shown) which initially
      fits over the gore is employed to restrain the test gore from premature
      inflation during the beginning stages of operation. The sleeve can be
      released automatically or manually and abrupt changes in flow velocity can
      be produced using "bat wing" screen doors (not shown) located in front of
      entrance portion 42 of tunnel 40. With suitable instrumentation other
      phenomena such as flow velocity and direction, pressures and the like, may
      be sampled and recorded. Further, modification may be made to accept
      Schleren optical systems. It should be noted that the testing apparatus of
      the invention is not limited to an adapter assembly within a conventional
      tunnel shape and ideally the tunnel cross section would take the shape of
      the adapter assembly to provide maximum efficiency and realistic flow
      distribution. Further, the orientation of the tunnel and air flow
      direction is not limited to horizontal but may be vertical (with an up and
      down flow) or at angle.
PAR  Referring to FIG. 6, the flow lines 80 associated with the canopy gore 48
      just at full inflation are shown, illustrating the vortex activity within
      the affected air mass. The showing in FIG. 6 is, of course, an idealized
      one but the "smoke" issuing through apertures 72 does provide a realistic
      approximation of the actual flow pattern.
PAR  Referring to FIGS. 7 and 8, two further embodiments of the splitter plate
      assemblies of FIGS. 2 and 3 is shown. In the embodiment of FIG. 7 a flat
      plate 90 and a V-shaped plate 92 are employed with two opposed gores 94
      located therebetween. In the embodiment of FIG. 8, twwo flat plates 100
      and 102 are employed and a flat sided two opposed rectangular gores 104 is
      located therebetween. The latter embodiment is of particular advantage in
      studying cross flow phenomena.
PAR  Although the invention has been described relative to exemplary embodiments
      thereof it will be appreciated that variations and modifications may be
      effected in these embodiments without departing from the scope and spirit
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A parachute canopy testing apparatus for investigating the dynamic
      behavior of parachute canopies comprising at least one parachute gore,
      means for directing a fluid flow past said gore, means comprising first
      and second spaced splitter plates, positioned parallel to said flow and
      between which said flow passes, for receiving said gore therebetween, and
      means for suspending said gore between said plates so that said gore can
      be filled by said fluid flow, the spacing between said plates being such
      that the edges of said gore form a seal with the sidewalls of the plates.
NUM  2.
PAR  2. A testing apparatus as claimed in claim 1 wherein said plates each are
      of a shallow V-shape with the vertices of the plates lying adjacent one
      another so as to form first and second V-shaped passageways, first and
      second gores being respectively received in said passageways.
NUM  3.
PAR  3. A testing apparatus as claimed in claim 1 wherein one of said plates
      comprises a shallow V-shaped plate and the other of said plates comprises
      a flat plate, said plates being positioned adjacent each other to form two
      flow passages and first and second gores being respectively located in
      said passages.
NUM  4.
PAR  4. A testing apparatus as claimed in claim 1 wherein said splitter plates
      each comprise a flat plate and a pair of rectangular gores are received
      between said plates.
NUM  5.
PAR  5. A testing apparatus as claimed in claim 1 further comprising means for
      generating lines of smoke in the area of said gore so that the fluid flow
      pattern in the area of said gore can be determined, said smoke generating
      means including a perforate plate having an array of apertures therein
      through which said smoke issues.
NUM  6.
PAR  6. A testing apparatus as claimed in claim 5 wherein said perforate plate
      is formed by one of said splitter plates.
NUM  7.
PAR  7. A testing apparatus as claimed in claim 6 wherein said smoke generating
      means includes a chamber located behind said perforate plate, means for
      dividing said chamber into a plurality of compartments so that each
      compartment is associated with a corresponding section of the array of
      apertures, connecting lines for connecting said compartments to said smoke
      source, and control means located in each of said connecting lines for
      controlling the smoke input to the corresponding compartment.
NUM  8.
PAR  8. A testing apparatus as claimed in claim 5 further comprising a housing
      in which said splitter plates are located, said suspending means includes
      suspension lines affixed to said housing at a position forward of said at
      least one gore, and said flow directing means comprises a fan located in
      said housing at a position aft of said at least one gore.
NUM  9.
PAR  9. A testing apparatus as claimed in claim 8 wherein said smoke generating
      means includes a air ram operated smoke generator which receives ram air
      from said fan.
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ABST
PAL  New and improved methods and apparatus exemplifying the present invention
      are disclosed herein for measuring the changes in total elongation of a
      drill string due to variations in the tensional forces acting thereon
      during a typical well drilling operation on a floating platform, measuring
      the changes in the total length of the drill string as it is moved into
      and out of the borehole from the platform, and measuring the changes in
      the position of the platform in relation to the upper end of the drill
      string which are caused by wave motion. Thereafter, these measurments are
      uniquely combined for producing an output signal which is representative
      of the changes in the borehole depth. The combined measurements are also
      converted for producing another output signal which is representative of
      the actual rate of penetration of a drill bit coupled to the drill string.
BSUM
PAR  As described in U.S. Pat. No. 3,777,560, it is of considerable importance
      to know the actual rate at which the drill bit is penetrating earth
      formations during a typical drilling operation. However, as discussed
      there, prior proposals utilizing surface measurements for determining the
      rate of penetration of the drill bit have been largely unsatisfactory
      since the drill string is constantly changing in length during the course
      of a typical drilling operation. Thus, the unique system disclosed in that
      patent has been found to be quite successful in providing reliable
      measurements of both depth and the actual rate of drill bit penetration
      since that system accurately accounts for the elongation and contraction
      of the drill string.
PAR  It will, of course, be recognized that the new and improved methods and
      apparatus described in the aforementioned patent are specifically limited
      to drilling operations on land-based drilling rigs or stationary drilling
      platforms. Thus, where a drilling operation is being conducted from either
      a drilling ship or else a semi-submersible or floating platform, the
      measurements provided by those new and improved methods and apparatus
      could not properly account for the rise and fall of the drilling equipment
      and platform caused by wave movements or tidal action.
PAR  Accordingly, it is an object of the present invention to provide new and
      improved methods for readily determining from surface measurements the
      true depth and actual rate of penetration of a drill bit while drilling a
      borehole from a floating drilling platform.
PAR  It is a further object of the present invention to provide new and improved
      apparatus for measuring the instantaneous drilling rate of a borehole
      after correcting for movements of the drill string which are caused by
      wave or tidal action on a floating drilling platform.
PAR  These and other objects of the present invention are attained by providing
      new and improved methods and apparatus for measuring the changes in the
      elongation of a drill string in a borehole and suspended from a floating
      platform; measuring the incremental changes in the length of the drill
      string in the borehole; measuring the changes in the vertical position of
      the platform in relation to the earth's surface; and, after correlating
      these measurements, converting them for deriving information which is
      representative of the true depth and actual rate of penetration of the
      drill bit during a drilling operation from the floating platform.
DRWD
PAR  The novel features of the present invention are set forth with
      particularity in the appended claims. The invention, together with further
      objects and advantages thereof, may be best understood by way of the
      following description of exemplary apparatus and methods employing the
      principles of the invention as illustrated in the accompanying drawings,
      in which:
PAR  FIG. 1 shows a typical floating drilling rig including new and improved
      instrumentation arranged in accordance with the invention;
PAR  FIG. 2 is a block diagram of a preferred embodiment of the measuring
      instrumentation of the present invention which is especially adapted for
      practicing the methods of the invention; and
PAR  FIGS. 3 and 4 depict various portions of the new and improved
      instrumentation shown in FIG. 2.
DETD
PAR  Referring to FIG. 1, new and improved instrumentation 10 of the present
      invention is schematically depicted on a typical drilling vessel or
      floating platform 11 which is in position for drilling into sub-sea
      formations. As is customary, a rotary drilling rig 12 arranged on the
      platform 11 includes a crown block 13 over which runs a hoisting cable 14
      driven by a draw works 15 adapted for operatively controlling the upward
      and downward movements of a traveling block 16 carried by the cable. The
      traveling block 16 carries a typical heave or wave-motion compensator 17
      such as shown, for example, on pages 4,539-42 of the 1972-73 Composite
      Catalog of Oil Field Equipment & Services. The compensator 17 is, in turn,
      coupled to a conventional rotary swivel 18 which supports a drill string
      19 comprised of a number of tandemly-coupled joints of drill pipe and
      drill collars. As is customary, the drill string 19 carries a drill bit 20
      at its lower end and is dependently supported at its upper end by a kelly
      joint 21 which is rotatively driven by a selectively-powered rotary table
      22 on the drilling rig 12.
PAR  It will, of course, be appreciated that the downward movements of the drill
      bit 20 which will result in further excavation of the borehole being
      drilled are primarily accomplished by lowering the traveling block 16.
      Accordingly, in keeping with the objects of the present invention, the new
      and improved instrumentation 10 is cooperatively arranged for measuring at
      the surface the successive changes in length of the drill string 19 which
      occur upon operation of the draw works 15 and producing a series of first
      electrical signals which are representative of the direction of travel as
      well as the incremental distances traveled by the surface end of the drill
      string. Although these measurements can, of course, be determined in
      different ways without departing from the scope of the present invention,
      the preferred embodiment of the new and improved instrumentation 10
      depicted in FIG. 2 includes displacement-responsive means such as an
      optical coding device 23 (such as disclosed at "24" in the aforementioned
      U.S. Pat. No. 3,777,560) which is operatively associated with one of the
      pulleys in the crown block 13 for providing these first electrical
      signals. As described in that patent, the optical coder 23 includes a
      rotatable slotted disc which is cooperatively arranged to periodically
      interrupt a pair of light beams directed toward a pair of photodiodes for
      simultaneously producing first and second trains of phase-shifted
      electrical pulses at a frequency or pulse rate representative of the
      rotational speed of the slotted disc. In this manner, by operatively
      coupling the optical coder 23 to the crown block 13 as by a
      rotatably-driven shaft 24, the pulse rate of these output pulses will be
      representative of rotational speed of the crown block and the phase
      relationship between the two pulse trains will be indicative of its
      direction of rotation.
PAR  The outputs of the optical coder 23 are linked via a cable 25 to a typical
      directional logic circuit 26 which may include a shaping input circuit and
      is cooperatively arranged for generating a series of positive pulses,
      +V.sub.s, when the crown block 13 rotates in on selected direction and a
      series of negative pulses, -V.sub.s, when the crown block rotates in the
      other direction. Thus, as a matter of choice, the logic circuit 26 is
      arranged so that a downward movement of the drill string 19 occurring upon
      lowering of the traveling block 16 will produce a corresponding series of
      positive pulses, +V.sub.s, and an upward movement of the string upon
      raising of the traveling block will conversely produce a corresponding
      series of negative pulses, -V.sub.s, with each pulse being representative
      of a selected increment of length. It will be seen, therefore, that the
      signals, +V.sub.s, and -V.sub.s, are alternative output signals from the
      logic circuit 26, with the number of these pulses being representative of
      the distance traveled by the upper portion of the drill string 19 upon
      movements of the traveling block 16 and that the frequency or pulse rate
      of these pulses will be respectively proportional to the rate of travel or
      vertical displacement of the upper end of the drill string caused by
      operation of the draw works 15. The polarity of these pulses will, of
      course, indicate the direction of travel.
PAR  Those skilled in the art will, of course, appreciate that when the heave
      compensator 17 is in operation, the movements of the crown block 13 and
      the traveling block 16 are measured by the displacement-responsive
      transducer means 23 will not always fully represent the total displacement
      of the upper end of the drill string 19. Accordingly, in keeping with the
      objects of the present invention, relative longitudinal movements between
      the traveling block 16 and the swivel 17 are also measured by arranging
      displacement-responsive transducer means, as at 27, on the heave
      compensator 17 for providing a series of second electrical signals
      representative of the extent and direction of the independent movements of
      the drill string 19 which are caused by operation of the heave
      compensator.
PAR  Although other types of position-monitoring devices could be used within
      the spirit of the present invention, the transducer means 27 preferably
      include an optical coding device similar or identical to the optical coder
      23 and which is cooperatively arranged on the heave compensator 17 as best
      seen in FIG. 3. Thus, as seen there, the coder 27 is mounted in an
      inverted position on top of an upright elongated tubular guard 28 which is
      secured to one end of the upper frame 29 of the compensator 17 and
      coaxially disposed around a smaller tube 30 secured to the lower frame 31.
      The rotatable shaft of the coder 27 is coupled to an elongated threaded
      shaft 32 that is coaxially disposed in the tubular guard 28 and carries a
      threaded nut 33 which is fixed to the smaller tube 30 for operatively
      rotating the threaded shaft 32 in accordance with the upward and downward
      relative movements between the upper and lower frames 29 and 31 of the
      heave compensator 17 during the operation of the drilling rig 12.
PAR  Referring again to FIG. 2, the outputs of the optical coder 27 are coupled
      by an electrical cable 34 to a directional logic circuit 35 which is
      similar or identical to the logic circuit 26 and is cooperatively arranged
      for generating a series of positive pulses, +V.sub.h, when the compensator
      frames 29 and 31 move apart and for generating a series of negative
      pulses, -V.sub.h, when the heave compensator 17 is contracted. Each of
      these alternative pulses, +V.sub.h and -V.sub.h, are selected to be
      representative of a selected increment of length corresponding to that
      chosen for the pulses, +V.sub.s and -V.sub.s, from the other logic circuit
      26. Thus, as in the case of the logic circuit 26, the frequency or pulse
      rate of these second signals, +V.sub.h and -V.sub.h, produced by the logic
      circuit 35 will be representative of the linear displacements of the upper
      end of the drill string 19 caused by operation of the heave compensator 17
      and the polarity of these pulses will be indicative of the direction of
      these displacements.
PAR  As discussed at length in the aforementioned U.S. Pat. No. 3,777,560, the
      drill string 19 is constantly subjected to significant tensional forces
      which continuously vary during the course of a drilling operation. Thus,
      since the drill string 19 is typically of considerable length, the
      accurate determination of the depth of the borehole and the actual rate of
      penetration of the drill bit 20 will also require that the variations in
      the overall length of the drill string caused by its elongation and
      contraction under these changing tensional forces be taken into account
      during the practice of the present invention.
PAR  Accordingly, in the preferred embodiment of the new and improved
      instrumentation 10 shown in FIG. 2, elongation-responsive means such as a
      force-responsive transducer 36 coupled between the swivel 18 and the kelly
      21 are operatively arranged for successively producing a series of third
      electrical signals which are representative of incremental elongational
      changes in the length of the drill string 19. As fully disclosed at "27"
      in U.S. Pat. No. 3,777,560, the force-responsive transducer 36 preferably
      includes a thermally-compensated strain gage bridge connected to the input
      of an amplifier (neither of which are shown here) for accurately measuring
      small variations in the tensional forces acting on the drill string 19.
      The output signal, W, from the force-responsive transducer 36 is coupled
      by a cable 37 to a weighting circuit comprised, for example, of a variable
      resistor 38 for multiplying the output signal, W, of the transducer by a
      selected coefficient, K, which is a function of the elasticity of the
      drill pipe in the drill string 19.
PAR  By virtue of Hooke's Law, it will be recognized that the coefficient, K, is
      determined by dividing the total length of the several joints of drill
      pipe in the drill string 19 by the product of the transverse
      cross-sectional metal area and the modulus of elasticity of this
      particular type of drill pipe. Thus, by multiplying the force, W, sensed
      by the transducer 36 by the coefficient, K, the resulting signal, KW, will
      be representative of the changes in the elongation of the drill string 19
      which are produced by variations in the tension force, W. It will, of
      course, be realized that should different types or grades of drill pipe be
      coupled into the drill string 19, the coefficient, K, can be determined by
      simply adding the individual coefficients calculated for each type of
      drill pipe included in the string so as to provide an overall or a
      composite value for the coefficient, K, for accurately producing the
      signal, KW. It should also be noted that since only a minor portion of the
      overall length of the drill collars in the drill string 19 will be in
      tension and since these drill collars are also relatively stiff in
      relation to the drill pipe in the string, the coefficient, K, may
      ordinarily be safely determined without considering the drill collars.
PAR  The potentiometer 38 is, of course, selected to provide the maximum
      anticipated value of the coefficient, K, when the movable contract is at
      the ungrounded end of the resistance element. Thus, for lesser values of
      K, the movable contact will be selectively set at an appropriate
      intermediate position on the resistance element of the potentiometer 38.
      Although the potentiometer 38 theoretically requires repositioning each
      time an additional joint of drill pipe is coupled into the string 19, it
      has been found that, as a practical matter, sufficientlyaccurate
      measurements are obtained in the practice of the present invention by
      readjusting the potentiometer at only infrequent interval. For example,
      when the drill bit 20 is drilling in hard formations, adjustments of the
      potentiometer 38 may be made only once or twice a day since drilling
      speeds are typically so low in such formations that the overall length of
      the drill string 19 is not significantly increased in such a time
      interval.
PAR  The output of the potentiometer 38 is coupled to the input of a quantized
      differentiating circuit 39 (such as shown in FIG. 3 in U.S. Pat. No.
      3,777,560) for producing a series of output signals which are proportional
      to the incremental changes in the overall length of the drill string 19
      caused by its elongation and contraction. As fully described in the
      aforementioned patent, this is accomplished by comparing the signals, KW,
      with two comparison signals, +S and -S, of opposite polarity and
      respectively having a selected magnitude of an equal value. The magnitude
      of these comparison signals is selected so that the differentiating
      circuit 39 will produce alternative series of output pulses, +V.sub.a or
      -V.sub.a, having a pulse rate or frequency which is representative of the
      rate of change in elongation of the drill string, with each pulse being
      representative of a selected incremental unit of change in length of the
      drill string 19. In this manner, the positive output pulses, +V.sub.a,
      from the differentiating circuit 39 will be successively produced in
      response to incremental elongations of the drill string 19 and the
      negative output pulses, +V.sub.a, will be successively produced in
      response to incremental contractions of the drill string.
PAR  Accordingly, as described to this point, it will be appreciated that the
      new and improved instrumentation 10 of the present invention includes
      displacement-responsive means (as exemplified by the transducers 23 and 27
      and their respective logic circuits 26 and 35) which are operatively
      arranged for independently producing first and second series of output
      pulses (either +V.sub.s or -V.sub.s or +V.sub.h or -V.sub.h) which are
      respectively related to a selected incremental length of the drill string
      19 which has been moved either downwardly or upwardly in relation to the
      platform 11. The frequency or pulse rate of the first and second series of
      pulses, +V.sub.s and -V.sub.s as well as +V.sub.h and -V.sub.h, will be
      proportional to the rate of travel of the drill string 19 and the polarity
      of these pulses will indicate the direction of the movement. Moreover, the
      elongation-responsive means of the instrumentation 10 (as exemplified by
      the circuit 39) are adapted for producing third series of output pulses,
      either +V.sub.a or -V.sub.a, which are respectively related to incremental
      elongational changes in the overall length of the drill string 19. The
      frequency or pulse rate of these third pulses will be proportional to the
      rate of the change of the overall length of the drill string 19; and their
      polarity will indicate whether the overall length of the string has been
      increased or decreased.
PAR  It will be recognized that the drill bit 20 will be penetrating an earth
      formation only upon downward movements of the drill bit whether these
      movements are caused by further elongation of the drill string 19, actual
      downward movement or displacement of the drill string by operation of the
      draw works 15, or a movement caused by the heave compensator 17, or any
      combination of these three movements. Moreover, it should be appreciated
      that the actual displacement movements of the drill string 19 are
      independent of the elongational changes of the drill string. For example,
      as previously explained, the usual drilling practice is to periodically
      retain the upper end of the drill string 19 at a selected position in
      relation to the platform 11 and allow it to further elongate as the drill
      bit 20 continues to deepen the borehole. Conversely, as the drill string
      19 is periodically lowered to increase the weight imposed on the drill bit
      20, the drill string will be contracted as the tensional forces acting
      thereon are correspondingly reduced. In this latter situation, it will be
      recognized that the downward travel of the drill string 19 will be
      partially offset by the attendant relaxation of the drill string so that
      during this time the actual rate of penetration of the drill bit 20 will
      be correspondingly less than the instant rate of downward travel of the
      surface end of the drill string. Similarly, the operation of the heave,
      compensator 17 will be independently effective for changing the position
      of the upper end of the drill string 19 in relation to the platform 11.
      For instance, in addition to the typically minute changes in position
      caused by the usual automatic operation of the have compensator 17, those
      skilled in the art will also recognize that it is not unusual for the
      heave compensator to be deliberately controlled manually for lowering the
      upper end of the drill string 19 as far as is permitted by the available
      stroke of the compensator pistons. In any case, various independent
      movements of the upper end of the drill string 19 attributed to the
      operation of the heave compensator 17 will also be accurately measured by
      the transducer means 27.
PAR  It will, of course, be appreciated that since the output measurements
      provided by the new and improved instrumentation 10 as disclosed so far
      are all based on some arbitrary reference point such as the floor of the
      platform 11, appropriate corrections must also be made for the
      wave-induced motion of the platform.
PAR  Accordingly, as schematically depicted in FIGS. 1 and 4, the new and
      improved instrumentation 10 further includes wavemotion transducer means
      such as a third optical coder 40 which is mounted on the platform 11 and
      cooperatively arranged for providing a series of fourth electrical signals
      which are representative of the wave or tidal movements of the platform.
      Although other arrangements of a similar nature can, of course, be
      employed without departing from the principles of the present invention,
      it is preferred to couple the driving shaft of the wave-motion coder 40 to
      a rotatable pulley 41 which is mounted at a convenient location on the
      platform 11. As illustrated, the pulley 41 carries a looped wire rope or
      cable 42 which has one end connected to a counterweight 43 and its other
      end secured to an anchor or massive weight 44 that is stationed on the sea
      floor below the platform 11. In this manner, it will be recognized that
      the upward and downward movements of the floating platform 11 will be
      responsively accompanied by a corresponding back-and-forth movement of the
      pulley 41 at a speed representative of that of the wave action and through
      an arc of travel proportional to the height of the waves.
PAR  The outputs of the optical coder 40 are coupled by an electrical cable 45
      to a directional logic circuit 46 which, as with the circuits 26 and 35,
      is cooperatively arranged for alternatively producing a series of output
      pulses, +V.sub.w, when the platform 11 is moved downwardly by wave or
      tidal action and a series of output pulses, -V.sub.w, when the platform
      moves upwardly. Similarly, these alternative pulses, +V.sub.w and
      -V.sub.w, are selected to correspond to the same incremental distance as
      previously chosen for the outputs of the several transducer circuits 26,
      35 and 39; and the frequency and polarity of these pulses will also
      respectively indicate the vertical distance traveled by the platform 11
      and the direction in which it is moving.
PAR  In keeping with the objects of the present invention, therefore, the new
      and improved instrumentation 10 depicted in FIG. 2 is further arranged for
      operatively combining all of the aforementioned four signals and then
      processing the combined signals as required for providing accurate
      indications at the surface which are representative of the actual rate of
      penetration of the drill bit 20 as well as its actual depth. To best
      accomplish this, the positive signal outputs of the
      displacement-responsive means 23 and 27 as well as the
      elongation-responsive means 36 are respectively coupled to the inputs of
      an OR gate 47 for producing a series of positive output pulses, +V.sub.d,
      in response to the generation of either positive displacement pulses,
      +V.sub.s or +V.sub.h, or positive elongation pulses, +V.sub.a, or any two
      or all three types of these positive pulses. Similarly, the negative
      signal outputs of the displacement-responsive means 23 and 27 as well as
      of the elongation-responsive means 36 are respectively coupled to the
      inputs of an OR gate 48 for producing a corresponding series of negative
      output pulses, -V.sub.d, in response to the generation of any one, two or
      three types of the negative pulses -V.sub.s, -V.sub.h and -V.sub.a.
      Although the wave-motion transducer means 40 could be similarly coupled to
      the OR gates 47 and 48, this is preferably not done for reasons which will
      subsequently be explained.
PAR  To prevent the displacement-responsive pulses, V.sub.s or V.sub.h, from
      being masked by the elongation-responsive pulses, V.sub.a, the circuits 26
      and 35 supplying these pulses to the gates 47 and 48 are respectively
      designed to generate very short pulses thereby reducing the probability
      that two of these pulses will appear simultaneously at the inputs of the
      gates 47 and 48. Thus, in the preferred embodiment of the new and improved
      instrumentation 10, shaping circuits such as monostable multivibrators or
      oneshots 49-52 are coupled to the outputs of the logic circuits 26 and 35
      to minimize the duration of the pulses, V.sub.s and V.sub.h. It will also
      be noted that instead of being alternative signals as are the signals,
      +V.sub.s and -V.sub.s or +V.sub.a and -V.sub.a or +V.sub.h and -V.sub.h,
      the combined signals, +V.sub.d and -V.sub.d, may simultaneously appear at
      the outputs of the OR gates 47 and 48.
PAR  As previously mentioned, the actual rate of penetration of the drill bit 20
      is decreased by contractions of the drill string 19 in response to
      decreases of the tensional forces acting thereon as well as by any upward
      movements of the drill string. Conversely, the actual rate of penetration
      of the drill bit 20 is increased both by downward movements as well as by
      further elongations of the drill string 19. It will be recognized,
      however, that when another joint of pipe is added to the drill string 19,
      the kelly 21 is temporarily disconnected and the drill string is suspended
      by slips placed in the rotary table 22. Various extraneous movements of
      the traveling block 16 are, of course, then required for adding another
      joint of pipe to the drill string 19.
PAR  Accordingly, to temporarily discontinue the processing of the output
      signals from the displacement-responsive means 23 and 27 as well as the
      elongation-responsive means 36 while the drill string 19 is being
      lengthened or shortened, the outputs of the OR gates 47 and 48 are
      respectively coupled to one of the inputs of two AND gates 53 and 54
      which, ordinarily, are operatively enabled so that the output signals,
      V.sub.d, will be processed so long as a drilling operation is actually
      progressing. To control the operation of the two AND gates 53 and 54, a
      comparator 55 is coupled to the other inputs of the AND gates 53 and 54
      and the inputs of the comparator are respectively connected to a reference
      voltage source 56 and to the output of the load transducer 36. In this
      manner, when the weight sensed by the elongation-responsive means 36 is
      less than a predetermined value, the comparator 55 then functions to
      temporarily inhibit the AND gates 53 and 54. The reference voltage is
      preferably chosen so that this occurs only when reduced force measurements
      by the transducer 36 indicate that the drill string 19 has been placed on
      the slips. When the drill string 19 is again suspended from the traveling
      block 16, the AND gates 53 and 54 are reenabled by operation of the
      comparator 55 and, as will subsequently be explained, processing of the
      output signals, V.sub.d, will be resumed. Thus, in the subsequent
      description of the operation of the new and improved instrumentation 10,
      it should be assumed that the AND gates 53 and 54 are enabled at all
      times.
PAR  It will, of course, be appreciated that the output signals, +V.sub.d and
      -V.sub.d, are representative only of the movements and the position of the
      drill bit 20 in relation to the moving platform 11. Accordingly, to
      establish the actual movements and absolute position of the drill bit 20
      in relation to a fixed datum such as the sea bed, the positive and
      negative outputs of the wave-motion logic circuit 46 are respectively
      coupled by way of one-shots 57 and 58 to one input of two OR gates 59 and
      60 which, in turn, have their other inputs respectively coupled to the
      outputs of the normally enabled AND gates 53 and 54. It will be
      appreciated, therefore, that the output signals, +V.sub.t and -V.sub.t,
      from the OR gates 59 and 60 represent the combination of the several
      incremental measurements respectively provided by the force-responsive
      transducer 36 and the displacement-responsive transducer means 23 and 27
      as well as the wave-motion transducer means 40.
PAR  Since only downward displacements or elongations of the drill string 19
      will actually result in further deepening of the borehole being drilled by
      the drilling rig 12, it will be appreciated that the output signals,
      V.sub.t, from the OR gates 59 and 60 must be appropriately processed so as
      to provide indications of further penetration of the drill bit 20.
      Accordingly, the outputs of the OR gates 59 and 60 are respectively
      coupled to the inputs of signal-processing means 61 cooperatively arranged
      for providing an output signal, V.sub.p, only when the drill bit 20 is on
      the bottom of the borehole and the drill string is actually moving
      downwardly to deepen the borehole. In the preferred embodiment of the
      signal-processing means 61, this is accomplished by supplying the output
      signals, -V.sub.t, to the subtraction input of a typical reversible
      counter 62 (such as shown at "46" in U.S. Pat. No. 3,777,560). The other
      output signals, +V.sub.t, are, in turn, supplied to one input of each of
      two alternatively-enabled AND gates 63 and 64 which are selectively
      controlled by the counter 62 for producing the output signals, V.sub.p,
      only so long as the counter is in a "0" state.
PAR  Accordingly, as illustrated in FIG. 2, the +V.sub.t signals from the OR
      gate 59 are simultaneously supplied to one input of the AND gate 64 which
      has its output coupled to the addition input of the counter 62 as well as
      to one input of the AND gate 63. The output stages of the reversible
      counter 62 are connected to an OR gate 65 whose output is connected, on
      the one hand, to the other input of the AND gate 64 and, on the other
      hand, to an inverter 66. The output of the inverter 66 is connected to the
      second input of the AND gate 63. Accordingly, when the counter 62 is in a
      "0" state, the output signal of the OR gate 65 is a zero signal which
      inhibits the AND gate 64 and, by virtue of the inverter 66, enables the
      AND gate 63. For all other states of the counter 62, the AND gate 63 is
      inhibited, the pulses +V.sub.t then being applied to the input of the
      counter for summation by way of the gate 64.
PAR  It will be seen, therefore, that the signal-processing circuit 61 including
      the counter 62, the operatively-arranged gates 63-65, the inverter 66 are
      mutually responsive to the displacement signals, +V.sub.t and -V.sub.t,
      for providing the output signals, V.sub.p, only when there is a downward
      advancement of the drill bit 20 during a drilling operation as a result of
      either an actual downward displacement of the drill string 19 at the
      surface or an elongation or increase in the overall length of the drill
      string. On the other hand, the signal-processing circuit 61 is
      cooperatively arranged so that an actual upward displacement of the drill
      string 19 will discontinue the production of further output pulses,
      V.sub.p, until the drill bit 20 is again at its previous lowermost depth
      to continue further excavation of the borehole.
PAR  The effects of wave and tidal motion on the platform 11 are also
      compensated for by the operation of the signal-processing circuit 61.
      Disregarding this compensatory action for the moment, however, it will be
      appreciated that each time there is either an incremental upward movement
      of the drill string 19 at the surface (-V.sub.s) or an incremental
      shortening of the drill string (-V.sub.a), the OR gates 48 and 60 will
      always supply a negative pulse, -V.sub.t, directly to the subtraction
      input of the counter 62. Similarly, each time the OR gates 47 and 59
      supply a positive pulse, +V.sub.t, representative of either an incremental
      downward movement or an incremental lengthening of the drill string 19,
      the OR gate 65 is selectively responsive to the present state of the
      counter 62 for either directing the positive pulse to the addition input
      of the counter or for producing a pulse, V.sub.p, at the output of the
      gate 63. For example, assume that with no wave action, the drill bit 20
      has been steadily moving downwardly so that the output of the OR gate 65
      is a zero signal signifying that the counter 62 is in a "0" state. The OR
      gate 65 will, therefore, inhibit the AND gate 64 and enable the AND gate
      63 so that each positive pulse, +V.sub.t, at the input of the
      signal-processing circuit 61 will simultaneously produce an output pulse,
      V.sub.p, at the output of that circuit. Under this situation, a
      continuation of positive input pulses, +V.sub.t, will produce a
      corresponding series of output pulses, V.sub.p, having the same pulse
      rate.
PAR  A single negative input pulse, -V.sub.t, signifying either a shortening of
      the drill string 19 or an upward movement of the drill string at the
      surface will, however, be applied to the subtraction input of the counter
      62 to immediately produce an output signal from the OR gate 65 which is
      representative of the counter being in a negative or "non-0" state. The OR
      gate 65 then inhibits the AND gate 63 to discontinue further production of
      the output signals, V.sub.p, until the counter 62 is again in a "0" state
      and concurrently enables the AND gate 64 to direct subsequent positive
      input pulses, +V.sub.d, to the adding input of the counter.
PAR  It will be appreciated, therefore, that the continuation of negative input
      pulses, -V.sub.t, will maintain this condition of the signal-processing
      circuit 61 and no output signals, V.sub.p, will be produced which is, of
      course, representative of no advancement of the drill bit 20 and a zero
      rate of penetration. On the other hand, assume that this situation was in
      response to either a momentary elevation of the drill string 19 at the
      surface or a brief reduction in the tension load sensed by the transducer
      36 causing the drill string to shorten, once either a downward movement or
      a lengthening of the drill string occurs to produce a positive input
      pulses, +V.sub.t, this positive pulse will be directed to the counter 62
      to place it into a less-negative state. Thus, once the number of positive
      pulses, +V.sub.t, which are subsequently directed by the AND gate 64 to
      the counter 62 equals the number of negative pulses, -V.sub.t, previously
      stored in the counter, the counter is again placed in a "0" state and the
      AND gates 64 and 63 are again respectively inhibited and enabled by the
      resumption of the zero output signal of the OR gate 65. It should be noted
      that the brief delay inherent with this circuitry will prevent the final
      positive pulse, +V.sub.t, which re-enables the AND gate 63 from producing
      an extraneous output pulse, V.sub.p. However, once the counter 62 is
      restored to its "0" state, the output pulses, V.sub.p, will again be
      produced by the circuit 61 in response to subsequent input pulses,
      +V.sub.t.
PAR  It should be noted also that the counter 62 needs only to have a sufficient
      number of stages for storing displacement pulses representative of the
      vertical distance over which the traveling block 16 is capable of moving
      in relation to the floor of the platform 11 since it is not necessary to
      totalize movements of the drill string 19 over any greater distance above
      the bottom of the borehole. A manual reset 67 is, therefore, provided for
      resetting the counter 62 when drilling is to be resumed such as, for
      example, after a trip for changing the drill bit 20 or when the new and
      improved instrumentation system 10 is to be energized.
PAR  In addition to the several responses discussed above, it will, of course,
      be realized that the effects of tidal action on the platform 11 will also
      be taken into account by the signal-processing circuit 61. However, since
      tidal action is ordinarily relatively slow and will cause the platform 11
      to move in only one direction over a prolonged time, it will be readily
      appreciated that the resulting signals, +V.sub.w or -V.sub.w, will be
      quickly assimilated by the signal-processing circuit 61 as they
      periodically produce a corresponding output signal, +V.sub.t or -V.sub.t.
PAR  Wave action on the platform 11 is, of course, ordinarily at fairly-frequent
      intervals so that there will be a continuous alternative output of first
      the -V.sub.w signals and then the +V.sub.w signals which are respectively
      representative of the upward and downward movements of the platform. It
      will, however, be recognized that usually these pulses will simply offset
      one another since the rise of the platform 11 above a given datum such as
      the sea floor will ordinarily equal the subsequent fall of the platform
      toward this datum. Thus, over any appreciable length of time, the
      cummulative total of +V.sub.w signals will equal the cummulative total of
      -V.sub.w signals.
PAR  It should be realized, however, that the signal-processing circuit 61 will
      still consider any actual downward movements of the drill bit 20 caused by
      either downward displacement of the drill string 19 (+V.sub.s) or
      elongation of the drill string (+V.sub.a) occurring while the counter 62
      is in a non-zero state as a result of a series of -V.sub.w pulses. For
      example, assume that the present wave action on the platform 11 is
      alternately producing one thousand +V.sub.w pulses and one thousand
      -V.sub.w pulses. In this situation, if there is no advance of the drill
      bit 20 during a given time interval, the counter 62 will remain in its
      non-zero state until all one thousand +V.sub.w pulses have been supplied
      to its addition input. On the other hand, if there is an actual
      advancement of the drill bit 20 (as represented, for example, by a series
      of either one hundred +V.sub.s pulses or one hundred +V.sub.a pulses)
      during this time interval, the counter 62 will be restored to its zero
      state proportionally sooner so that the latter portion of the wave action
      which is producing the last one hundred +V.sub.w pulses will then cause
      the production of one hundred V.sub.p pulses corresponding accurately to
      the 100 +V.sub.s pulses or +V.sub.a pulses that had been previously
      supplied to the addition input of the counter. Thus, the net result will
      be to produce a V.sub.p signal which accurately reflects the true
      advancement of the drill bit 20.
PAR  A similar response is realized from the transducer means 27 on the heave
      compensator 17. Any cyclic production of +V.sub.h and -V.sub.h pulses will
      be treated in a similar fashion by the processing circuitry 61 so that the
      overall net result will also be to produce a corresponding number of
      V.sub.p pulses which are representative only of an actual advancement of
      the drill bit 20. On the other hand, any operation of the heave
      compensator 17 which actually causes further advancement of the drill bit
      20 will, of course, quickly result in the production of a correct number
      of V.sub.p pulses to accurately reflect the true advancement of the drill
      bit. Conversely, any net independent upward movement of the drill string
      19 by operation of the heave compensator 17 will produce a corresponding
      number of -V.sub.h pulses which will place the counter 62 in a
      more-negative state so that there must be a sufficient number of either
      +V.sub.s pulses or +V.sub.a pulses to restore the counter to its zero
      state before additional V.sub.p pulses can be produced by the
      signal-processing circuit 61.
PAR  Inasmuch as the frequency or pulse rate of the pulses, V.sub.p, is
      proportional to the actual rate of penetration, the new and improved
      instrumentation 10 further includes means for converting the frequency of
      these pulses to an indication or record of the rate of penetration of the
      drill bit 20 during the course of a drilling operation. In the preferred
      manner of accomplishing this, the instrumentation 10 includes a
      frequency-to-voltage converter 68 which is comprised of a monostable or
      one-shot circuit 69 followed by a low-pass filter 70 designed to cover the
      anticipated frequency or pulse rate output range of the pulses, V.sub.p.
      It will, of course, be appreciated that the low-pass filter 70 will
      cooperate to provide an output signal which is the average of the
      instantaneous drilling speed. Thus, for providing a record of the rate of
      penetration of the drill bit 20 as a function of time, the output of the
      frequency-to-voltage converter 68 is coupled to a time recorder 71. To
      provide a record of total depth as a function of time, the output pulses,
      V.sub.p, are also coupled to the time recorder 71 by means such as a pulse
      divider 72 for printing a mark on the recording medium each time the drill
      bit 20 has drilled an incremental depth corresponding to the predetermined
      distance assigned to each pulse.
PAR  It will also be recognized that the summation of the number of output
      pulses, V.sub.p, is also representative of the total depth of the borehole
      as drilled at that time. Accordingly, to provide visual indications or a
      continuous record of the rate of penetration versus depth during the
      course of a drilling operation with the drilling rig 12, the output
      pulses, V.sub.p, are also employed for operating a stepping motor 73 which
      drives a recorder 74 to which the output of the converter 68 is coupled.
      If a rate-of-penetration indicator, as at 75, is desired, it can also be
      coupled to the output of the converter 68 for providing an instantaneous
      indication at some convenient location on the surface of the present
      penetration rate of the drill bit 20.
PAR  Accordingly, it will be appreciated that the present invention has provided
      new and improved methods and apparatus for providing surface measurements
      of the actual rate of penetration of a drilling bit during the course of a
      drilling operation from a floating platform. As previously described,
      these new and improved methods and apparatus are uniquely arranged for
      accurately determining the distance travelled downwardly by the drill
      string and the increases in its overall length. By combining and then
      converting the combined measurements, instantaneous indications are
      provided at the surface which are representative of the true rate of
      penetration of the drill bit.
PAR  While only a particular embodiment of the present invention and one mode of
      practicing the invention have been shown and described, it is apparent
      that changes and modifications may be made without departing from this
      invention in its broader aspects; and, therefore, the aim in the appended
      claims is to cover all such changes and modifications as fall within the
      true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for determining at least one function representative of the
      penetration into earth formations of a drill bit suspended from a drill
      string carried by a floating platform and disposed in a borehole,
      comprising the steps of:
PA1  successively determining the incremental lengths of said drill string moved
      into said borehole from said platform while said drill bit is drilling
      into said earth formations for deriving a first signal proportional to
      successive increases in the overall length of said drill string in
      relation to said platform;
PA1  successively determining the incremental changes in the overall length of
      said drill string due to variations in tensional forces acting thereon for
      alternatively deriving either a second signal or a third signal
      respectively proportional to successive elongational increases or
      contractional decreases in said overall drill string length;
PA1  successively determining the positional changes of said platform in
      relation to the earth for alternatively deriving either a fourth signal or
      a fifth signal respectively representative of incremental upward and
      downward movements of said platform; and
PA1  alternatively combining said first, second and fifth signals with one
      another for deriving an output signal representative of overall increases
      in said overall drill string length upon further advancement of said drill
      bit into said earth formations and combining said first, second and fifth
      signals with said third and fourth signals upon each occurrence of either
      said third signals or said fourth signals for selectively discontinuing
      further transmission of said output signal and then algebraically summing
      said combined signals only so long as the summation of further length
      increases respectively represented by subsequently occurring first, second
      and fifth signals is less than the summation of further length decreases
      represented by subsequently-occurring third and fourth signals.
NUM  2.
PAR  2. The method of claim 1 wherein said incremental length changes are
      determined by measuring incremental changes in tensional forces imposed on
      said drill string, and multiplying said incremental force changes by a
      coefficient representative of the rate of elongation and said overall
      drill string length.
NUM  3.
PAR  3. The method of claim 1 further including the step of:
PA1  averaging said output signal over a selected time interval for determining
      the actual rate of penetration of said drill bit during said selected time
      interval.
NUM  4.
PAR  4. The method of claim 1 further including the step of:
PA1  totalizing said output signal over a selected time interval for determining
      the total downward advancement of said drill bit in relation to the earth
      during said selected time interval.
NUM  5.
PAR  5. A method for determining at least one function representative of the
      penetration into earth formations by a drill bit suspended from a drill
      string carried by a floating platform and disposed in a borehole,
      comprising the steps of:
PA1  successively determining the incremental lengths of said drill string moved
      into said borehole from said platform while said drill bit is drilling
      into said earth formations for deriving a first signal proportional to
      successive increases in the overall length of said drill string in
      relation to said platform;
PA1  successively determining the incremental changes in the overall length of
      said drill string due to variations in tensional forces acting thereon for
      alternatively deriving either a second signal or a third signal
      respectively proportional to successive elongational increases or
      contractional decreases in said overall drill string length;
PA1  successively determining the positional changes of said platform in
      relation to the earth for alternatively deriving either a fourth signal or
      a fifth signal respectively representative of incremental upward and
      downward movements of said platform;
PA1  successively determining the positional changes of the upper end of said
      drill string in relation to said platform caused by operation of a heave
      compensator supporting said drill string for alternatively deriving either
      a sixth signal or a seventh signal respectively representative of
      incremental upward or downward movements of said upper end of said drill
      string caused by said heave compensator; and
PA1  alternatively combining said first, second fifth and seventh signals with
      one another for deriving an output signal representative of overall
      increases in said overall drill string length upon further advancement of
      said drill bit into said earth formations and combining said first,
      second, fifth and seventh signals upon each occurrence of said third,
      fourth and sixth signals for selectively discontinuing further
      transmission of said output signal and then algebraically summing said
      combined signals only so long as the summation of further length increases
      respectively represented by subsequently occurring first, second, fifth or
      seventh signals is less than the summation of further length decreases
      represented by subsequently-occurring third, fourth or sixth signals.
NUM  6.
PAR  6. The method of claim 5 wherein said incremental length changes are
      determined by measuring incremental changes in tensional forces imposed on
      said drill string, and multiplying said incremental force changes by a
      coefficient representative of the rate of elongation and said overall
      drill string length.
NUM  7.
PAR  7. The method of claim 5 further including the step of:
PA1  averaging said output signal over a selected time interval for determining
      the actual rate of penetration of said drill bit during said selected time
      interval.
NUM  8.
PAR  8. The method of claim 5 further including the step of:
PA1  totalizing said output signal over a selected time interval for determining
      the total downward advancement of said drill bit in relation to the earth
      during said selected time interval.
NUM  9.
PAR  9. A method for determining the rate of penetration into earth formations
      by a drill bit suspended from a drill string carried by a floating
      platform and disposed in a borehole, comprising the steps of:
PA1  successively determining the incremental lengths of said drill string moved
      into and out of said borehole from said platform during a selected time
      interval while said drill bit is drilling into said earth formations for
      alternatively deriving either a first signal or a second signal
      respectively proportional to successive increases or decreases in the
      overall length of said drill string with respect to said platform during
      said selected time interval;
PA1  successively determining the incremental changes in the overall length of
      said drill string due to variations in tensional forces acting thereon
      during said selected time interval for alternatively deriving either a
      third signal or a fourth signal respectively proportional to successive
      elongational increases or contractional decreases in the overall length of
      said drill string in said borehole during said selected time interval;
PA1  successively determining the incremental changes in the position of said
      platform with respect to a fixed datum for alternatively deriving either a
      fifth signal or a sixth signal respectively proportional to successive
      movements of said platform toward or away from said fixed datum during
      said selected time interval;
PA1  alternatively combining said first, third and fifth signals with one
      another for deriving an output signal representative of overall increases
      in the length of said drill string upon further advancement of said drill
      bit into said earth formations during said selected time interval and
      combining said first, third and fifth signals with said second, fourth and
      sixth signals upon each occurrence of either of said second, fourth or
      sixth signals for selectively discontinuing transmission of said output
      signal and then algebraically summing said combined signals only so long
      as the summation of further length increases respectively represented by
      subsequently-occurring first, third or fifth signals is less than the
      summation of further length decreases represented by
      subsequently-occurring second, fourth or sixth signals; and
PA1  averaging said output signal over said selected time interval for
      determining the actual rate of penetration of said drill bit in relation
      to said fixed datum during said selected time interval.
NUM  10.
PAR  10. The method of claim 9 wherein said fixed datum is the surface of the
      earth.
NUM  11.
PAR  11. The method of claim 9 further including the step of:
PA1  totalizing said output signal over said selected time interval for
      determining the total downward advancement of said drill bit in relation
      to said fixed datum during said selected time interval.
NUM  12.
PAR  12. The method of claim 11 wherein said fixed datum is the surface of the
      earth.
NUM  13.
PAR  13. The method of claim 9 wherein said drill string is coupled to said
      platform by way of a heave compensator adapted to expand and contract for
      moving the upper end of said drill string independently of the movements
      of said platform and further including the steps of:
PA1  successively determining the incremental changes in the position of said
      upper end of said drill string with relation to said platform due to
      movement of said heave compensator during said selected time interval for
      alternatively deriving either a seventh signal or an eighth signal
      respectively proportional to successive expansions or contractions of said
      heave compensator; and
PA1  alternatively combining said seventh and eighth signals with said output
      signal and said combined signals respectively for correspondingly
      modifying said output signal and said combined signals to produce a
      more-accurate determination of said actual rate of penetration upon
      averaging of said modified output signal.
NUM  14.
PAR  14. The method of claim 13 further including the step of:
PA1  totalizing said output pulses for providing an indication of the actual
      depth of said drill bit in said borehole.
NUM  15.
PAR  15. Apparatus adapted for determining the rate of penetration into earth
      formations by a drill bit suspended from a drill string carried by a
      floating platform and disposed in a borehole penetrating such formations
      and comprising:
PA1  first displacement-responsive means adapted for producing a series of first
      electrical pulses respectively corresponding to a downward movement in
      relation to such a platform of an incremental length of a drill string
      into a borehole during a drilling operation from such a platform;
PA1  elongation-responsive means adapted for alternatively producing either a
      series of second electrical pulses or a series of third electrical pulses
      respectively corresponding to incremental elongational and contractional
      changes in the overall length of a drill string in a borehole during a
      drilling operation from such a platform;
PA1  second displacement-responsive means adapted for alternatively producing
      either a series of fourth electrical pulses or a series of fifth
      electrical pulses respectively corresponding to incremental upward and
      downward movements of such a platform during a drilling operation
      therefrom;
PA1  processing means operatively coupled to said displacement-responsive means
      and to said elongation-responsive means and adapted to respond to said
      electrical pulses produced thereby for providing a series of electrical
      output pulses respectively corresponding to a net incremental increase in
      the overall length of a drill string in relation to the surface of the
      earth during a drilling operation so long as the total number of said
      first, second and fifth electrical pulses produced during a selected time
      interval exceeds the total number of said third and fourth electrical
      pulses produced during said selected time interval; and
PA1  converting means operatively coupled to said processing means and adapted
      to respond to said output pulses for providing an output signal
      representative of the actual rate of penetration into earth formations by
      a drill bit while drilling a borehole from such a platform during said
      selected time interval.
NUM  16.
PAR  16. The apparatus of claim 15 wherein said processing means provides said
      output pulses by directing said first, second and fifth electrical pulses
      to said converting means whenever the total number of said first, second
      and fifth electrical pulses produced during said selected time interval
      exceeds the total number of said third and fourth electrical pulses
      produced during said selected time interval.
NUM  17.
PAR  17. The apparatus of claim 15 further including:
PA1  totalizing means operatively coupled to said processing means and adapted
      to respond to said output pulses for providing a signal representative of
      the actual depth of such a drill bit in a borehole during said selected
      time interval.
NUM  18.
PAR  18. The apparatus of claim 15 wherein said processing means include:
PA1  reversible pulse-counting means having an addition input, a subtraction
      input, and an output and operatively arranged for alternatively providing
      a first gate-control signal at said output whenever no pulses are received
      by one of said inputs and providing a second gate-control signal at said
      output so long as the number of pulses received by said one input exceeds
      the number of pulses received by the other of said inputs, means adapted
      for coupling said third and fourth electrical pulses to said one
      pulse-counting means input, and gating means adapted to receive said
      first, second and fifth electrical pulses and having a first output for
      directing said first, second and fifth electrical pulses as said output
      pulses to said converting means in response to said first gate-control
      signal and a second output for directing said first, second and fifth
      electrical pulses to said other pulse-counting means input in response to
      said second gate-control signal.
NUM  19.
PAR  19. The apparatus of claim 15 wherein said processing means include:
PA1  reversible pulse-counting means having an addition input, a subtraction
      input, and an output and operatively arranged for alternatively providing
      a first gate-control signal at said output for a predetermined state of
      said pulse-counting means and providing a second gate-control signal at
      said output for another predetermined state of said pulse-counting means,
      means adapted for coupling said third and fourth electrical pulses to one
      of said inputs of said pulse-counting means, and gating means adapted to
      receive said first, second and fifth electrical pulses and having a first
      output for directing said first, second and fifth electrical pulses as
      said output pulses to said converting means in response to said first
      gate-control signal and second output for directing said first, second and
      fifth electrical pulses to the other of said inputs of said pulse-counting
      means in response to said second gate-control signal.
NUM  20.
PAR  20. The apparatus of claim 15 wherein said converting means include circuit
      means adapted for determining the frequency of said output pulses during
      said selected time interval to provide said output signal.
NUM  21.
PAR  21. The apparatus of claim 15 wherein said first displacement-responsive
      means are further adapted for alternatively producing a series of sixth
      electrical pulses respectively corresponding to an incremental decrease in
      the overall length of a drill string in a borehole during a drilling
      operation; and said processing means are adapted for providing said output
      pulses so long as the total number of said first, second and fifth
      electrical pulses produced during said selected time interval exceeds the
      total number of said third, fourth and sixth electrical pulses produced
      during said selected time interval.
NUM  22.
PAR  22. The apparatus of claim 15 wherein said elongation-responsive means
      include:
PA1  tension-responsive means adapted to be coupled to a drill string and
      responsive to tension variations therein for producing electrical signals
      representative of increases and decreases of the overall length of such a
      drill string; and
PA1  signal-differentiating means coupled to said tension-responsive means and
      adapted to receive said electrical signals as well as first and second
      comparison signals of selected equal magnitude for alternatively producing
      said second electrical pulses only so long as the magnitude of said
      electrical signals is greater than the magnitude of said first comparison
      signal and producing said third electrical pulses only so long as the
      magnitude of said electrical signals is less than the magnitude of said
      second comparison signal.
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ABST
PAL  An improved fluid flow sensor configuration comprises a thin membrane of a
      low thermally conductive material having one surface in thermal contact
      with the heating and temperature sensitive elements of a fluid flow sensor
      and the other surface in thermal contact with a fluid whose flow rate is
      measured by the fluid flow sensor.
BSUM
PAR  This invention relates to an improved fluid flow sensor configuration
      having the heating and temperature sensitive elements of a fluid flow
      sensor separated from a fluid by a thin membrane of a low thermally
      conductive material.
PAR  Fluid flow sensors having their heating and temperature sensitive elements
      in a heat transfer relationship with a flowing fluid and positioned
      outside the flow cross-sectional area of a conduit through which the fluid
      flows are known. The conduit for such sensors usually comprises a pipe or
      cylinder of a high thermally conductive material which allows good heat
      transfer between the fluid in thermal contact with the internal surface of
      the conduit and the heating and temperature sensitive elements of the
      sensor which are in thermal contact with the exterior surface of the
      conduit. This arrangement protects the electrical elements of the sensor
      from direct contact with the fluid which might otherwise cause corrosion,
      contamination or explosion, and also enables the fluid flow to be sensed
      without actually inserting a probe into a flow channel of the conduit,
      which would disturb the flowing fluid by causing turbulence and thereby
      change the heat transfer characteristics of the sensor, making it
      difficult to calibrate and sometimes erratic.
PAR  The pipe or cylinder used as the fluid conduit is usually constructed of a
      high thermal conductivity material in order to provide a sensitive flow
      sensor which is thermally coupled to the fluid in the conduit. However,
      the use of such a material achieves good heat transfer not only between
      the fluid and the electrical elements of the sensor but also extensive
      lateral transfer of heat tangentially throughout the thermally conductive
      conduit, which is undesirable in those systems which utilize semiconductor
      devices for their heating and temperature sensitive elements.
DRWD
PAR  IN THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view showing the components of a typical
      embodiment of the present improved fluid flow sensor configuration in the
      order of their assembly.
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1.
DETD
PAR  Referring to FIG. 1 of the drawings, there is shown a body 10, constructed,
      for example, of a die-cast metal, which forms a portion of the boundary of
      a first channel 12 of a conduit 14, containing a flowing fluid 16, shown
      by directional flow arrow 18. The body 10 also forms a portion of the
      boundary of a second channel 20 of the conduit 14 containing fluid 16
      which is substantially stationary, commonly called a "dead" flow channel
      and used frequently in fluid flow measuring systems to obtain reference
      readings under conditions of substantially no fluid flow. The dead flow
      channel 20 is connected to the "live" flow channel 12 by two narrow
      chamber ducts (not shown) which restrict the flow of fluid 16 through the
      dead flow channel 20 but still allow enough flow to maintain the
      temperature of the fluid 16 therein the same as the ambient temperature of
      the fluid 16 entering the conduit 14. The body 10 has a recess 22 therein
      which intersects the channels 12 and 20 to provide openings 24 and 26 in
      the live flow channel 12 and dead flow channel 20 respectively.
PAR  A sealing gasket 28 made of, for example, rubber acts as a seal between a
      fluid flow sensor 30 and the portions of the body 10 adjacent the openings
      24 and 26. The gasket 28 has two holes 32 and 34 therein which enable the
      fluid 16 in the live flow channel 12 and the dead flow channel 20
      respectively to come into direct contact with the fluid flow sensor 30.
PAR  The fluid flow sensor 30 comprises a thin membrane 36 of a low thermally
      conductive material, such as, for example, Hastelloy C or stainless steel
      type 304, which has a first surface 38 thereof in thermal contact with
      first and second electrical elements 40 and 42 of the fluid flow sensor
      30, and a second surface 44 thereof which is disposed adjacent to and
      covers the openings 24 and 26 thereby forming portions of the boundaries
      of the first and second channels 12 and 20. As shown in FIG. 2, the first
      and second electrical elements 40 and 42 are affixed in suitable apertures
      in an insulating substrate 46 by means such as an epoxy resin 48 which
      fills the space between the electrical elements 40 and 42 and the
      substrate 46. The epoxy resin 48 maintains first and second surfaces 50
      and 52 of the first and second electrical elements 40 and 42,
      respectively, continuous and flush with a first surface 54 of the
      insulating substrate 46. The first surface 38 of the membrane 36 is
      disposed adjacent to the first surface 54 of the insulating substrate 46,
      thereby thermally coupling the first surface 38 of the membrane 36 to the
      first and second surfaces 50 and 52 of the first and second electrical
      elements 40 and 42, respectively, which are adjacent thereto. The
      substrate 46 may be constructed of an insulating material such as, for
      example, alumina which has thick or thin film circuitry disposed thereon,
      or may take the form of a printed circuit board which has circuitry 56
      disposed on a second surface 58 thereof and bonded by wires 60, as shown
      in FIG. 2, to the first and second electrical elements 40 and 42. The
      circuitry 56 which, for example, may be gold-plated copper, interconnects
      the first and second electrical elements 40 and 42 and also provides
      contacts for connection to a fluid flow measuring system.
PAR  The thin membrane 36 may comprise a thin foil which is bonded to the first
      surface 54 of the substrate 46, or the thin membrane 36 may be formed by
      electroplating, vapor depositing, or sputtering the material onto the
      first surface 54 of the substrate 46 using a known conventional technique.
      The material used for the membrane should have a low thermal conductivity
      similar to that of Hastelloy or stainless steel. Hastelloy C and stainless
      steel type 304 are commercially available metallic alloys whose thermal
      conductivities are approximately 0.04 and 0.08 cal/sec--cm.degree.C
      respectively and which are particularly desirable because of their
      resistance to corrosion. The membrane 36 should be extremely thin, having
      a thickness of approximately 250 micrometers or less.
PAR  The first and second electrical elements 40 and 42 are typically
      semiconductor chips which comprise heating and temperature sensitive
      elements of a fluid flow measuring system such as disclosed in my
      copending application, Ser. No. 484093, filed concurrently herewith. The
      first semiconductor chip 40 may be a long and thin integrated circuit chip
      40 which has the portions of its surface 50 adjacent to the membrane 36 at
      its two ends in thermal contact with the sections of the membrane 36 which
      form portions of the boundaries of the first and second channels 12 and
      20, respectively. By using this configuration different heating and
      temperature sensitive elements of a fluid flow measuring system may be
      thermally coupled to the fluid 16 in the different flow channels 12 and 20
      and still be part of the same integrated circuit chip 40, since the heat
      being conducted between a particular element and the fluid 16 will not be
      readily conducted laterally along the membrane 36 to affect other elements
      in thermal contact with the membrane 36.
PAR  A spacer 62 of insulating material is disposed between the second surface
      58 of the substrate 46 and a cover 64 which protects the fluid flow sensor
      30. The parts are assembled in the order shown and secured together by
      means of, for example, bolts 66 extending through suitable openings in the
      cover 64, the spacer 62, the sensor 30, and the gasket 28 into tapped
      holes in the body 10.
PAR  Although this novel sensor configuration has been embodied as part of a
      fluid flow sensor 30 which has heating and temperature elements combined,
      it may be incorporated in any device to be thermally coupled to a fluid,
      including separate heating or temperature sensitive elements.
PAR  The thin membrane 36 of low thermally conductive material not only protects
      the electrical elements 40 and 42 of the fluid flow sensor 30 from direct
      contact with the fluid 16 and achieves efficient heat transfer between the
      electrical elements 40 and 42 and the fluid 16 due to its extreme
      thinness, but also reduces to a minimum the lateral transfer of heat
      tangentially throughout the membrane 36, due to its low thermal
      conductivity. This reduction in the lateral transfer of heat not only
      improves the sensitivity and response time of the fluid flow sensor 30
      while lowering its power consumption, but also provides a practical and
      economical way of utilizing semiconductor chips for the electrical
      elements 40 and 42 of the sensor 30. Since the lateral heat conduction is
      minimized, several heating and temperature sensitive elements may be
      thermally coupled to the same protective membrane 36 which forms portions
      of the boundaries of different flow channels 12 and 20, thereby achieving
      uniformities and economies in production.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid flow sensor configuration comprising:
PA1  a conduit adapted to contain a fluid, said conduit including a live-flow
      channel and a dead-flow channel,
PA1  a first electrical element and a second electrical element positioned to be
      adjacent to and in thermal contact with said fluid respectively in said
      dead-flow channel and said live-flow channel of said conduit, said first
      and said second electrical elements, in combination with additional
      circuitry, adapted to sense the flow of said fluid in said live-flow
      channel,
PA1  a thin membrane of thermally conductive material positioned to be between
      said fluid and said electrical elements and having a first surface thereof
      adjacent to and in thermal contact with both of said electrical elements,
      said membrane having a thickness of approximately 250 micrometers or less
      and a thermal conductivity of approximately 0.08 cal/cm--sec.degree.C or
      less in order to minimize the lateral transfer of heat throughout said
      membrane while keeping said electrical elements thermally coupled to said
      fluid, and
PA1  means for supporting a second surface of said membrane adjacent to and as a
      portion of the boundary of said conduit whereby said membrane is disposed
      between said fluid and said electrical elements.
NUM  2.
PAR  2. The fluid flow sensor configuration as defined in claim 1 wherein said
      first and said second electrical elements are semiconductor chips.
NUM  3.
PAR  3. The fluid flow sensor configuration as defined in claim 2 wherein said
      first semiconductor chip comprises an integrated circuit chip having the
      two ends thereof positioned to be in thermal contact with said fluid in
      said live-flow and said dead-flow channels respectively.
NUM  4.
PAR  4. The fluid flow sensor configuration as defined in claim 2 wherein said
      means comprises a means for mounting said membrane adjacent to an opening
      in each of said live-flow and said dead-flow channels, separate portions
      of said second surface of said membrane completely covering each of said
      openings respectively whereby said separate portions of said second
      surface contact said fluid in said conduit.
NUM  5.
PAR  5. The fluid flow sensor configuration as defined in claim 4 further
      comprising a substrate of insulating material to which said first and said
      second semiconductor chips are affixed, said substrate having a first
      surface thereof disposed adjacent to said first surface of said membrane
      and having circuitry connected to said first and said second chips and
      disposed on a second surface thereof whereby said membrane is insulated
      from said circuitry.
NUM  6.
PAR  6. The fluid flow sensor configuration as defined in claim 5 wherein said
      mounting means comprises:
PA1  a sealing gasket disposed between said membrane and said conduit and having
      two holes therein, said holes exposing said portions of said second
      surface of said membrane to said fluid, and
PA1  a cover positioned adjacent to a layer of insulating material and attached
      by fastening means to said conduit, said layer of insulating material
      being disposed between said second surface of said substrate and said
      cover whereby said first and said second semiconductor chips are
      electrically insulated from said cover.
NUM  7.
PAR  7. The fluid flow sensor configuration as defined in claim 5 wherein said
      substrate is a printed circuit board.
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PAL  A flow transmitter for monitoring pulsating liquid flow rates, such as
      intermittent or cyclic impulsion produced by reciprocating pumps, employs
      a short stroke, variable area flowmeter having an armature core mounted in
      the flowmeter stem. As the stem rises and falls with flow, the armature
      moves within a linear variable differential transformer coil to produce an
      A. C. voltage following core deflection. This A. C. deflection signal is
      converted to a milliampere D. C. signal by means of a demodulator which
      through a long-time constant RC filter network averages the pulsed flow
      variations to provide a continuous non-inferential measurement
      proportional to flow.
BSUM
PAR  This invention relates to flow transmitters which convert liquid flow rates
      into an electrical signal proportional to the rate of flow. More
      particularly this invention relates to a metering pump throughput
      transmitter for sensing pulsed liquid flows, such as cyclic or
      intermettent pulsations effected by reciprocating pumps, and delivering an
      electrical output signal to an indicator, recorder or controller as a
      continuous non-inferential measurement of actual flow.
PAR  As is well known, simple diaphragm, plunger and reciprocating pumps force
      liquid through interconnecting piping on an intermittent or discontinuous
      basis. That is, the pulsating liquid flow produced by the pump's
      reciprocatory action is zero approximately 50 percent of the time and then
      during the remaining fifty percent of a complete stroking cycle typically
      varies in velocity as a half cycle of a sine wave. The maximum flow is
      characteristically three or four times the average flow, such condition
      existing in both the suction and discharge lines although on an
      alternating basis. Pumps with two or more heads produce a smoother flow
      but still a very uneven resultant effect. Accumulators, which moderate the
      pulsations and even out flow to some extent, add cost and other
      complications to pumping systems.
PAR  The present invention is a throughput transmitter which provides an
      electrical output signal that is directly proportional to liquid flow rate
      regardless of its intermittent, cyclic or pulsating nature. The sensing
      system comprises a variable area flowmeter having a housing which is
      coupled to the liquid line and includes a conical inlet orifice,
      constituting a tapered seat, and a stem with a cylindrical plug or float
      at the bottom. The weight of the stem along with the orifice diameter and
      taper determine capacity. The position of the stem as it is displaced by
      the liquid flow is detected by a linear variable differential transformer
      (LVDT) whose core is an armature at the top of the stem. The LVDT primary
      is powered by a closely regulated oscillator. As the stem moves up and
      down with the pump actuating stroke, the core rises and falls within the
      transformer windings to produce an AC voltage. which is continuously and
      instantaneously proportional to flow rate. The AC output voltage from the
      LVDT is sensed by a demodulator which includes an AC amplifier stage and a
      rectifier stage for converting the AC signals into a pulsed D.C. output.
      An RC filter network with a large-time constant (5 to 10 times larger than
      the slowest pulse rate) electronically averages the flow variations caused
      by the reciprocating action of the pump, whereupon the deflection signal
      is converted to a flow-proportional milliampere signal that can be
      transmitted to an indicator, recorder or controller as a continuous
      non-inferential measurement of actual flow through the pump.
PAR  It is therefore an object of this invention to provide a flow transmitter
      developing a D.C. output signal which is a continuous noninferential
      measurement of actual flow through a metering pump.
PAR  Another object of this invention is to provide a flow transmitter which
      will deliver a milliampere DC output signal proportional to liquid flow
      rate.
PAR  Still another object of this invention is to provide a throughput
      transmitter which is especially adapted to handle intermittent pulsating
      and cyclic flow rates effected by reciprocating pumps.
PAR  Yet another object of this invention is to provide a flow transmitter for
      use in water or waste treatment, chemical processing, refining or in any
      liquid process employing a metering pump output.
PAR  Yet still another object of this invention is to provide a flow transmitter
      which delivers a flow-proportional signal for indicating, recording,
      controlling, totalizing, monitoring and for closed loop control in
      continuous proportioning or blending.
PAR  A further object of this invention is to provide a flow transmitter which
      will monitor pump performance and give a direct indication of trouble,
      such as valve failure or fall-off in pump efficiency.
PAR  Yet a further object of this invention is to provide a flow transmitter
      which will give a direct indication of actual delivery each time the feed
      rate is changed.
PAR  Other objects of this invention are to provide an improved device of the
      character described which is easily and economically produced, sturdy in
      construction and highly efficient in operation.
DRWD
PAR  With the above and related objects in view, this invention consists of the
      details of construction and combination of parts as will be more fully
      understood from the following detailed description when read in
      conjunction with the accompanying drawing in which:
PAR  FIG. 1 is a diagramatic view of a flow transmitter embodying this
      invention.
PAR  FIG. 2 is a side elevational view of the flow transmitter.
PAR  FIG. 3 is a side sectional view thereof to show a variable area flowmeter
      coupled to an electronic sensor embodied in the instant invention.
PAR  FIG. 4 is a sectional view taken along lines 4--4 of FIG. 3.
PAR  FIG. 5 is a sectional view taken along lines 5--5 of FIG. 2.
PAR  FIG. 6 is simplified block diagram representation showing the electrical
      sensing elements in combination with an electronic demodulator section
      embodied in the present invention.
PAR  FIG. 7 is a graphical representation of the wave forms appearing
      respectively at the output of the A.C. amplifier, rectifier and filter
      sections of the electronic demodulator.
PAR  FIG. 8 is a wiring diagram of the electronic circuitry embodied in the flow
      transmitter.
PAR  FIG. 9 is a fragmentary sectional view of a modified form of the variable
      area flowmeter.
DETD
PAR  Referring now in greater detail to the drawings in which similar reference
      characters refer to similar parts, we show a pulsating liquid flow
      transmitter embodying the present invention. The flow transmitter
      comprises a sensor, generally designated as A, which includes a variable
      area flow meter A1 whose position is detected by a linear variable
      differential transformer A2, and an electronic demodulator circuit,
      generally designated as B which converts the A.C. output from the sensor
      into a D.C. milliampere signal proportional to actual liquid flow.
PAR  The sensor A consists of a housing 12 having ports 14 and 16 adapted to be
      coupled to single head or dual head pumps (not shown), such as
      conventional reciprocating diaphragm metering pumps. For purposes of
      simplicity, port 16 is illustrated as being closed by a stopper 17 such
      that only the discharge port 14 is connected to the suction side of the
      reciprocating pump. However, it is understood that port 16 could just as
      well be connected to a pump alone or in combination with port 14. An inlet
      18 at the bottom of the housing 12 is connected to piping conduit 19 or
      leg leading to a liquid supply container or tank 20.
PAR  The variable area flowmeter A1 includes a conically-tapered tubular portion
      22 adjacent the inlet 18 at the bottom of housing 12. Within the
      conically-tapered portion 22 is carried a cylindrical plug or float 24
      which moves up and down in response to liquid flow. A stem 26 extends
      upwardly from the float plug 24 and thereafter into the chamber of housing
      12. A guide 28 has a cloverleaf-shaped opening disposed about a bore in
      which the plug 26 axially slides. A large cylindrical member 30 concentric
      with the stem 26 is adapted to rest upon the guide 28 when there is no
      positive liquid flow through the housing such that a clearance always
      exists between the tapered seat portion 22 and the lower periphery of the
      float 24 to preclude wedging of said float plug.
PAR  Because of the clearance between the float 24 and the tapered tubular
      orifice 22, backflow can occur when the float is in its lowermost position
      at rest. In order to prevent such backflow (which cannot be averaged with
      forward flow through the sensor A), a check valve 32 is incorporated
      within the inlet line 19. That is, due to the momentum of the column of
      water in the inlet line 19, an overpressure is produced in the line
      between the sensor A and the pump when the latter ceases to induct liquid.
      Such overpressure within the housing chamber tends to be relieved through
      the clearance of the variable area flowmeter A1 back to the supply tank 20
      if a check valve is not included to prevent the backflow. Therefore,
      without such an upstream check valve 32 (or similar means to prevent
      backflow), some of the net flow would be sensed twice and result in
      incorrect averaging with consequent errors in flow measurement.
PAR  At the upper portion of the housing 12 is a ceiling 34 which acts as a
      barrier to prevent liquid from coming into contact with the electrical
      elements of the linear differential transformer A2. Press fit within a
      central aperature in the ceiling 34 and upwardly extending therefrom is a
      tubular member 36. The upper portion of the stem 26 is slidably engaged by
      the bore of tubular member 36 which acts as an upper guide for the stem. A
      soft iron armature 38 is inserted with a recess at the top of stem 26 and
      functions as a core for the linear differential transformer A2. The
      primary and secondary windings for the linear differential transformer are
      contained within a generally doughnut-shaped case 40 which is inserted
      about the tubular member 36 and rests on the upper surface of ceiling 34.
      A helical spring 42 compressed between the upper cylindrical wall of the
      case 40 and a pin 44 transversely extending through the top of tubular
      member 36 resiliently retains the case 40, and hence its windings, against
      a predetermined reference position. A cap 46 threadedly engaging screws at
      the top of the housing 12 encapsulates the casing 40 so that only the
      leads to the primary and secondary coil windings project therethrough.
PAR  The primary of the linear differential transformer A2 is coupled to an
      oscillator V which, as shown in FIG. 8, constitutes a free running
      multivibrator having an output frequency of 1,800 cycles per second. The
      output of the linear variable differential transformer A2 is an A.C.
      voltage which varies from zero, when the armature 38 is centered with
      respect to the secondary coils, to a predetermined value proportional to
      the displacement of the armature from center. The position-detected A.C.
      output voltage from the transformer secondary is applied to the input of
      an A.C. operational amplifier by way of a coarse span adjust potentiometer
      R1 and fine adjust potentiometer R2 in series therewith. The output wave
      form from the operational amplifier B1 is shown in FIG. 7A. This amplified
      A.C. voltage is applied to the input of operational amplifier and
      rectifier circuit B2. The output of the rectifier B2 is applied to an RC
      filter network B3 comprising 100K resistor R3, 0.47 microfarad capacitor
      C1 and 180 microfarad capacitor C2, the latter being incorporated into the
      filter network when switch S1 is closed. Switch S1 is included to permit,
      when open, zero adjustment of the armature 38 with respect to coil
      windings 40 without requiring the operator to wait up to 50 seconds to
      pick up the rectified signal voltage at test point 50. That is, with
      switch S1 closed, the time constant of the RC filter network B3 is from 5
      to 10 times larger than the period of the slowest pulse rate through the
      sensor A. The wave form at test point 50, with the switch S1 open, is
      shown in FIG. 7B while the wave form under normal operation with switch S1
      closed is shown in FIG. 7C.
PAR  The pulsed D.C. output from the filter network B3 is passed to a D.C.
      amplifier B4 by way of a high impedance resistor R4. The high impedance of
      resistor R4 (550K) prevents the filter network B3 from being loaded down
      by the D.C. amplifier B4. The ratio of resistor R4 to resistor R5 (449K)
      sets the gain (nominally 1) to the negative input terminal of D.C.
      amplifier B4. Resistor R6 (449K) samples the feedback across range
      resistor R.sub.x and passes this feedback to the positive input terminal
      of D.C. amplifier B4, the ratio of R7 (550K) to R6 being identical to that
      of R4 to R5 and setting the gain of nominally 1 to the positive feedback
      terminal of said amplifier B4. Hence, the D.C. amplifier B4 serves as an
      error detector in a D.c. feedback circuit.
PAR  Potentiometer R8 functions as a zero adjust wherein typically 4 mA flow is
      a minimum for establishing a live zero for process control. The range
      resistor R.sub.x is incorporated to suit customer requirements, such range
      resistor being 100 ohms for a 1 to 5 milliampere range, 25 ohms for a 4 to
      20 milliampere range, and 10 ohms for a 10 to 50 milliampere range.
PAR  The error between the current through resistor R4 and the feedback from the
      output circuit gives a proportional voltage which is delivered to a
      Darlington pair Q1 and resistor R9 which function as a conventional
      voltage-to-current converter B5 that regulates output signal current
      proportional to flow. A light emitting diode D in series with an IN457 or
      other conventional diode at the base of the Darlington pair serves to
      limit the Darlington voltage and thereby the output current so as to
      prevent the output signal from exceeding 65 milliamperes, which is the
      maximum load for the instrumentation.
PAR  Regulator U1 furnishes a .+-.12 volt D.C. regulated supply from the
      secondary of the power supply transformer T1 through a full wave bridge
      rectifier CR1 for the oscillator V. Regulator U2 furnishes a .+-.15 volt
      regulated supply from bridge rectifier CR2 for the A.C. amplifier B1, the
      rectifier B2, the zero offset potentiometer R8 and the D.C. amplifier B4.
      Jumpers J1 and J2 in the primary of the transformer T1 are used in
      connection with a 115 VAC operation while Jumper J3 is employed when the
      supply is 230 VAC. A varistor R10 in transformer T1 secondary breaks down
      at higher than normal voltages to prevent power surges from damaging
      components.
PAR  As is apparent from the foregoing description, the instant invention
      utilizes the combination of electrical and hydraulic design to establish a
      metering transmitting system for pulsed flow at rates as low as 12 strokes
      per minute. The LVDT armature 38 which rises and falls with the float 24
      in variable tapered tube 22 is detected by the secondary of the linear
      variable differential transformer. The stroke of the variable area meter
      A1 is quite short (nominally 0.25 inch total stroke) and can be made
      sufficiently small and light to respond to low flow rates, for example,
      0.01 gpm average. The clover disk 28 enables the stem of the float 24 to
      be readily guided. The housing 12 provides an air volume at its top to
      contribute to smoothing of the liquid flow through the sensor A. The check
      valve 32 in combination with the clearance for the float 24 at rest
      results in an average float position that is proportional to widely
      varying cyclic flows over 10:1 flow ranges. A strainer 48 at the bottom of
      the inlet leg 19 prevents foreign particles from clogging the check valve
      32 or the variable area flowmeter A1 itself.
PAR  The LVDT armature and stem has a mass and velocity profile such that its
      position in the flow is continuously and instantaneously proportional to
      flow rate. The A.C. amplifier B1 and the active rectifier stage are
      designed with adequate dynamic range whereby the pulsed float positions
      are faithfully transferred with their relative magnitudes intact upon
      entering the RC filter network B3. The RC filter network B3 has a time
      constant which is 5 to 10 times larger than the period of the slowest
      pulse rates in contradistinction to conventional LVDT demodulators which
      are designed to filter out only LVDT excitation frequencies.
PAR  In FIG. 9, there is shown a modification of the check valve configuration
      wherein a tapered orifice 22a at the bottom of the housing 12 includes an
      annular seat 23. At rest position, the float 24a lays on the annular seat
      23 and seals off the backward flow through the orifice.
PAR  Although this invention has been described in considerable detail, such
      description is intended as being illustrative rather than limiting since
      the invention may be variously embodied without departing from the spirit
      thereof, and the scope of the invention is to be determined as claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pulsating liquid flow transmitter comprising:
PA1  a. a housing for coupling to a line through which liquid is pumped, said
      housing including a tapered tubular orifice therein and a float axially
      displaceable in said tapered orifice in response to the rate of flow of
      liquid therethrough;
PA1  b. sensing means for monitoring the displacement of said float and
      electrically delivering an A.C. output signal proportional to the
      displacement, said sensing means comprising a linear variable differential
      transformer having an armature moveable with said float and having a
      primary winding thereof coupled to an oscillator;
PA1  c. means for demodulating said A.C. output signal and having a D.C.
      milliampere output which can be transmitted as a continuous
      non-inferential measurement proportional to flow, said means for
      demodulating said A.C. output signal further comprising:
PA2  i. an A.C. amplifier;
PA2  ii. a rectifier for providing a pulsed D.C. output;
PA2  iii. a large time constant RC network for averaging out the pulsed
      response; and
PA2  iv. a voltage to current converter including a Darlington circuit and a
      current sensing resistor; and
PA1  d. a light emitting diode in the base of said Darlington circuit for
      simultaneously preventing the output signal from exceeding the flow
      proportional capacity of any chosen output loop instrumentation and
      providing local indication of overload conditions from light emitted by
      the diode;
PAL  wherein said current sensing resistor is an emitter resistor.
NUM  2.
PAR  2. A metering pump throughput transmitter for sensing pulsed liquid flows
      and delivering an electrical output signal as a continuous non-inferential
      measurement of actual flow, comprising:
PA1  a. a variable area flowmeter, said variable area flow meter further
      comprising:
PA2  i. a housing;
PA2  ii. a conical inlet orifice in said housing having a tapered seat for the
      support of a float during a zero flow condition;
PA2  iii. a float of generally cylindrical configuration, said float cylindrical
      configuration having the general configuration of two abutting coaxial
      cylinders, an upper cylinder having a diameter larger than the lower
      cylinder said float being suitably disposed for vertical movement in said
      housing in response to liquid flow through said housing;
PA2  iv. a stem of generally rod-like configuration, having attached thereto, at
      its lower end, said upper cylinder of said float, said attachment being in
      such a manner that said two abutting coaxial cylinders are coaxial with an
      axis of rotation of said stem, said stem having a soft iron insert therein
      at an upper extremity thereof;
PA2  v. a hollow tubular member extending upwards from a top surface or ceiling
      of said housing, said hollow tubular member having the hole therein
      coincidental with a central aperture in said top surface of said housing;
PA1  b. linear differential transformer primary and secondary windings contained
      in a generally doughnut-shaped case surrounding said tubular member and
      being supported on an upper surface of said housing;
PA1  c. a free running, multivibrater oscillator having an output frequency of
      1,800 hertz;
PA1  d. a first A.C. operational amplifier;
PA1  e. a second A.C. operational amplifier;
PA1  f. a rectifier circuit;
PA1  g. an RC filter network;
PA1  h. a high impedance resistor;
PA1  j. a D.C. amplifier;
PA1  k. a D.C. feedback circuit;
PA1  l. a pair of transistors arranged in Darlington pair configuration with one
      another;
PA1  m. diode means connected to the base of said first transistor of said pair
      of transistors arranged in Darlington pair configuration, said diode means
      comprising a light emitting diode in series with a conventional diode;
PA1  n. a range resistor;
PA1  o. a power supply transformer for transforming an input line voltage to an
      appropriate voltage for said Darlington pair and said range resistor;
PAL  wherein said stem extends upwards away from said float and has a constant
      diameter, said stem extending through a central aperature in a ceiling of
      said housing and further extending upward within said hollow cylindrical
      tubular member which also extends upward from said central aperture the
      inner diameter of said tubular member being slightly larger than the outer
      diameter of said stem such that there is no contact therebetween and a
      portion of said stem extending into said tubular member can move freely
      within said tubular member, along the length thereof in response to
      movement of said float; wherein the output of said free running
      multivibrator oscillator is connected to the primary windings; wherein
      said primary and secondary windings together with said soft iron insert in
      said stem together comprise a linear differential transformer; wherein the
      output of said first A.C. operational amplifier is connected to the input
      of said second A.C. operational amplifier; wherein the input to said
      rectifier circuit is the output from said second A.C. operational
      amplifier; wherein the output of said rectifier circuit is connected to
      the input of said RC filter circuit; wherein the output of said RC filter
      circuit is connected through said high impedance resistor to the input of
      said D.C. amplifier; wherein said D.C. feedback circuit samples a voltage
      across said range resistor with respect to ground and feeds a portion
      thereof back as an input to said D.C. amplifier; wherein said output of
      said D.C. amplifier is also connected as input to the base of a first one
      of said transistor connected in said Darlington pair configuration;
      wherein said diode means is connected to allow current to pass from the
      base of said first transistor of said pair of transistors arranged in
      Darlington pair configuration to a regulated power supply; wherein an
      output from an emitter of said Darlington pair is connected to a common or
      ground point of said circuit; wherein an output from a collector of said
      Darlington pair is connected to a portion of a secondary winding of said
      power supply transformer; wherein said range resistor is connected between
      a second portion of a secondary winding of said power supply transformer
      and an input to said D.C. amplifier thereby comprising a portion of said
      D.C. feedback circuit.
NUM  3.
PAR  3. The metering pump throughput transmitter for sensing pulsed liquid flows
      and delivering an electrical output signal as a continuous non-inferential
      measurement of actual flow, of claim 2, further comprising:
PA1  a. a switch and a capacitor both connected in series with the capacitor of
      said RC filter network, to optionally, selectably allow changes in the
      time constant of said RC filter network by an operator opening or closing
      said switch.
NUM  4.
PAR  4. The metering pump throughput transmitter for sensing pulsed liquid flows
      and delivering an electrical output signal as a continuous non-inferential
      measurement of actual flow, of claim 3, further comprising:
PA1  a. jumper switches located in the primary windings of said power supply
      transformer to optionally selectably permit the transformer and hence the
      metering pump throughput transmitter to be used with an input power supply
      of 115 volts or 230 volts.
NUM  5.
PAR  5. The metering pump throughput transmitter for sensing pulsed liquid flows
      and delivering an electrical output signal as a continuous noninferential
      measurement of actual flow, of claim 4, further comprising:
PA1  a. potentiometer means for zero adjustment of an output voltage measured
      across said range resistor; wherein said potentiometer means outputs are
      connected as power supply inputs to said first and second A.C. amplifiers
      and said input to said potentiometer means is connected to said output of
      said diode means.
NUM  6.
PAR  6. The metering pump throughput transmitter for sensing pulsed liquid flows
      and delivering an electrical output signal as a continuous noninferential
      measurement of actual flow, of claim 5, wherein said conical inlet orifice
      of said transmitter has a first, cylindrical portion through which
      incoming flow first must pass, has a second, conical portion having the
      general configuration of a truncated cone through which flow must then
      pass and has a third, cloverleaf-shaped guide portion with a bore in the
      center thereof in which the bottom, smaller cylindrical portion of said
      float can slide vertically up and down, said cloverleaf-shaped guide being
      of such a size with respect to said upper, larger cylindrical portion of
      said float that said upper, larger cylindrical portion of said float
      cannot pass therethrough but can rest thereon, said diameter of said
      upper, larger cylindrical portion of said float being smaller than a
      circle which, if drawn, would have a center coincidental with the center
      of said cloverleaf-shaped guide and with the axes of rotation of said two
      cylindrical portions of said float, and would be tangent to the outer
      extremities of the three "leaves" of the cloverleaf-shaped guide, whereby
      a small amount of flow can pass through said cloverleafshaped guide when
      said upper cylindrical portion of said float is resting thereon, and
      wherein when said upper, large cylindrical portion of said float is
      resting on said cloverleaf-shaped guide, said lower, smaller cylindrical
      portion of said float extends downward into said second, conical shaped
      portion of said inlet orifice but does not contact the walls thereof.
NUM  7.
PAR  7. The metering pump throughput transmitter for sensing pulsed liquid flows
      and delivering an electrical output signal as a continuous noninferential
      measurement of actual flow, of claim 6, wherein said lower, smaller
      cylindrical portion is of sufficiently short length that it does not
      extend downwards into said first, cylindrical portion of said inlet
      orifice of said transmitter when said upper, large cylindrical portion of
      said float is resting on said cloverleaf-shaped guide.
NUM  8.
PAR  8. The metering pump throughput transmitter for sensing pulsed liquid flows
      and delivering an electrical output signal as a continuous noninferential
      measurement of actual flow, of claim 7, further comprising:
PA1  a. a ball check valve, located in a piping conduit connected to said
      conical inlet orifice, for preventing flow out of said throughput
      transmitter through said inlet orifice.
NUM  9.
PAR  9. The metering pump throughput transmitter for sensing pulsed liquid flows
      and delivering an electrical output signal as a continuous noninferential
      measurement of actual flow, of claim 8, wherein said stem is disposed at
      its upper extremity so as to limit the vertical travel of said float, at
      the extreme, to a length no greater than the diameter of the smaller of
      said two cylindrical portions of said float means.
NUM  10.
PAR  10. The metering pump throughput transmitter for sensing pulsed liquid
      flows and delivering an electrical output signal as a continuous
      noninferential measurement of actual flow, of claim 8, further comprising:
PA1  a. a pin transversely extending through the top of said hollow tubular
      member;
PA1  b. a helical spring surrounding a portion of said hollow tubular member and
      being compressed said pin and said doughnut shaped case for retaining said
      case in a predetermined position;
PAL  wherein said hollow tubular member has the upper end thereof closed thereby
      limiting travel of said rod in said tubular member.
NUM  11.
PAR  11. The metering pump throughput transmitter for sensing pulsed liquid
      flows and delivering an electrical output signal as a continuous
      noninferential measurement of actual flow, of claim 10, wherein when said
      upper, larger cylindrical portion of said float is resting on said
      cloverleaf-shaped guide, the distance between the upper extremity of said
      rod and said closed, upper end of said tubular member is no greater than
      the diameter of said lower, smaller cylindrical portion of said float,
      thereby limiting the vertical travel of said float, at a maximum, to a
      distance the same as said diameter of said lower, smaller cylindrical
      portion of said float.
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ABST
PAL  Pressurized operating fluid, such as oil for hydrostatic fluid bearings, is
      directed into a chamber against a plunger urging the plunger into a first
      position. A monitoring pressure force slightly less than the force of the
      operating fluid when the operating fluid is at a minimum working pressure
      is exerted against the plunger tending to move the plunger from this first
      to a second position. Thus, when the pressure of the operating fluid drops
      below the minimum working pressure, the plunger is moved to its second
      position and such movement is sensed, thereby sensing the malfunction.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a division of our co-pending application Ser. No.
      397,613, filed Sept. 17, 1973, and entitled FLUID PRESSURE MONITORING
      DEVICE FOR MECHANISMS SUCH AS HYDROSTATIC FLUID BEARINGS.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fluid pressure monitoring device for mechanisms
      such as hydrostatic fluid bearings and more particularly, to a fluid
      pressure monitoring device for use in conjunction with pressurized fluid
      lines which monitoring devices constantly monitors the pressure of the
      fluid in the line and senses any decrease in such pressure below a
      predetermined minimum level. Furthermore, the device is adaptable for
      various forms of sensing arrangements, such as mechanically actuated
      switches, proximity sensors and auxiliary fluid flow detectors, any of
      which may be arranged to interrupt the operation of a machine when the
      decrease in fluid pressure to a vital component is sensed or detected
      therein. Still further, due to the unique arrangement of the fluid
      pressure monitoring device of the present invention, the same may also be
      adapted for mounting portions thereof on moving machine parts operating in
      coordination with portions thereof on stationary machine parts while still
      maintaining an efficient and positive fluid pressure monitoring operation.
PAR  There are many instances in modern, high speed, production and other types
      of machines wherein many of the vital working components and/or control
      components thereof are actuated and operably maintained functional by
      pressurized fluid, whether liquid fluids such as oil fluids such as air.
      In many cases, a supply of the pressurized fluid is absolutely required to
      a vital component of the machine in order for that component to perform
      its intended function and if such pressurized fluid supply is even
      momentarily interrupted, that particular component requiring such supply
      can be severely damaged or, at least, will malfunction so as to effect
      overall operation of the machine resulting in a major machine malfunction.
      Although, upon minor consideration, this may appear to be a relatively
      inconsequential problem, it is pointed out that with the extremely high
      speeds of modern machinery and the multiplicity of uses of fluid pressure
      for functional operation and controls, it can be seen that a relatively
      remote fluid pressure failure which may not be immediately easily detected
      can be the cause of expensive repairs and a serious loss of production
      time.
PAR  Prime instances of just such possible serious malfunctioning situations
      from an interruption of fluid pressure are clearly illustrated in U.S.
      Pat. No. 3,735,629, dated May 29, 1973 and entitled "Apparatus For Forming
      One-Piece Metallic Can Bodies." Briefly, the apparatus disclosed in said
      patent includes a horizontally reciprocal ram which successively engages
      each of a series of shallow drawn aluminum or tin plate cups forcing the
      same through a series of dies to ultimately produce relatively deep, final
      one-piece can bodies used as containers for merchandising various forms of
      liquids for human consumption. The speed of operation of the apparatus is
      extremely high, in the order of 150 to 175 reciprocal strokes of the ram
      per minute.
PAR  More important to the principles of the present invention, the high-spped
      reciprocal movements of the ram in such apparatus are produced by securing
      the ram to a reciprocal carriage which is, in turn, movably supported on
      the particular machine by a multiplicity of hydrostatic oil bearings. Each
      of the multiplicity of carriage oil bearings is comprised of a preferably
      circular oil bearing pad on the movable carriage acting against a
      stationary flat surface on slides of the machine with constantly
      pressurized and constantly flowing oil being emitted from the oil bearing
      pad against the slide surface creating a constantly flowing oil thickness
      between each pad and the flat slide surfaces.
PAR  Oil bearing pad and slide surfaces are positioned so that the ram carriage
      is stabilized in all directions as well as horizontally movable. It can be
      seen that such stabilizing for counteracting a multiplicity of forces is
      quite important, particularly in view of the fact that the ram is secured
      to the carriage in cantilever fashion so that the oil bearings are
      required to not only support the carriage and the ram during the
      high-speed movement, but also to counteract the varying forces resulting
      from this ram cantilever mounting during such movement, all of which must
      be maintained with extreme accuracy. Furthermore, with the carriage and
      ram constantly moving in the required reciprocal strokes and the fact that
      the hydrostatic oil bearings each require a constantly flowing supply of
      oil thereto for functioning, the constantly flowing oil supplies to the
      individual carriage oil bearing pads must be through flexible conduits
      even further increasing the overall possibility of difficulties from
      pressurized oil supply malfunctions.
PAR  Despite all of the foregoing, however, it can be seen that the failure of
      functioning of any one of the many carriage hydrostatic oil bearings can
      result in serious consequences. Whether the particular hydrostatic oil
      bearing is for purposes of support or for purposes of stabilization and
      alignment, failure of the pressurized oil supply thereto can immediately
      not only cause misalignments in the carriage and ram movements, but can
      permit direct contact between the moving carriage oil bearing pads and the
      stationary slides involving serious injury to the respective parts and the
      expense of replacement thereof. It is vital, therefore, that the
      pressurized oil supplies to the moving carriage oil bearing pads be
      constantly monitored and upon the initial failure of any one of these
      pressurized oil supplies, the machine be quickly stopped before serious
      damages can occur.
PAR  In addition to the above described support for the moving ram of the
      machine, a hydrostatic oil bearing sleeve is provided forwardly of the ram
      carriage path of movement and within which a portion of the moving ram is
      always supported. This hydrostatic oil bearing sleeve mounted stationary
      on the machine includes four axial slots radially therethrough spaced
      circumferentially equidistant about the ram periphery. Again, pressurized
      oil is directed through these sleeve slots and against the ram periphery
      creating constantly flowing hydrostatic oil thicknesses between the ram
      and sleeve.
PAR  The hydrostatic oil bearing sleeve, therefore, in effect comprises four
      peripherally acting hydrostatic oil bearings and by proper pressurized oil
      supply to each of these bearings, the moving ram may be supported
      intermediate its length and maintained in proper desired alignment
      necessary for proper machine functioning. Furthermore, failure of the
      proper pressurized oil supply to any one of these oil bearings can again
      very quickly cause misalignments of the ram and possible serious damages.
      For these reasons, constant monitoring of the pressurized oil supplies to
      the hydrostatic oil bearing sleeve is highly desirable so that the machine
      can be immediately stopped in the event of a detected malfunction.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a fluid pressure
      monitoring device for mechanisms such as hydrostatic fluid bearings
      wherein the monitoring device is actuated to directly and constantly
      compare the pressure force of a main working fluid to a predetermined
      minimum permissible pressure force, and when the pressure force of the
      main working fluid drops below the predetermined minimum permissible
      pressure force, to automatically sense or detect such condition. In this
      manner, the mechanism or machine may be constantly guarded against
      malfunctions resulting from the lack of a required fluid pressure and
      thereby guarded against possible serious damage which can result from such
      malfunctioning, as well as the possiblility of the manufacture of
      improperly formed production parts. Thus, as an example, in the case of
      mechanisms or machines making use of hydrostatic fluid bearings, the
      pressurized oil flow to and required by such hydrostatic fluid bearings
      may be constantly monitored and in the event of a flow failure being
      detected, the machine may be quickly automatically stopped, in most cases,
      prior to any appreciable machine damage or improperly manufactured
      production parts.
PAR  It is a further object of this invention to provide a fluid pressure
      monitoring device for mechanisms such as hydrostatic fluid bearings of the
      foregoing type which is adaptable for making use of any one of a plurality
      of sensing systems for the detection of the failure of the fluid pressure
      in a fluid pressure line while still making use of the same basic fluid
      pressure monitoring mechanism. According to the principles of the present
      invention, all forms of the fluid pressure monitoring device preferably
      make use of a monitoring mechanism including a reciprocal plunger which is
      normally urged to and maintained at a first position as a result of
      contact by properly pressurized fluid at a pressure above a predetermined
      minimum permissible pressure, but which plunger is, at the same time,
      constantly urged toward a second position by a monitoring pressure force
      of a magnitude which results in the plunger moving toward its second
      position when the pressure of the pressurized fluid drops below its
      minimum permissible pressure. Thus, the sensing function is one of sensing
      or detecting the plunger movement from its first to its second position
      and this can be accomplished by arranging the plunger for direct contact
      in such movement against a mechanically actuated switch, or by sensing
      such plunger movement by a usual proximity sensor, or by sensing such
      plunger movement through auxiliary fluid flow detectors, all of which will
      be hereinafter discussed more in detail.
PAR  It is still a further object of this invention to provide a fluid pressure
      monitoring device for mechanisms such as hydrostatic fluid bearings of the
      foregoing type and presenting the previously discussed advantageous
      features which is further adaptable for fluid pressure monitoring
      applications wherein the fluid pressure monitoring and sensing components
      thereof may be mounted either both stationary or one movable relative to
      the other. For maximum effectiveness of the fluid pressure monitoring
      device, it is obvious that the same should be mounted as closely as
      possible to the particular machine element ultimately receiving the
      pressurized fluid and it is particularly vital where the machine element
      is a moving machine element that the fluid pressure monitoring portion of
      the monitoring device will be movable therewith in view of the high
      incidence of failure of fluid pressure supplying lines to such moving
      machine elements which can result in a failure of pressurized fluid
      supply. With the fluid pressure monitoring device of the present
      invention, it is a simple matter to mount the monitoring portion thereof
      directly on the moving machine element being supplied with the pressurized
      fluid and to mount the sensing or detecting portion thereof at a
      stationary location adjacent the path of movement of the monitoring
      portion during the machine element movement. Thus, every time that the
      monitoring portion of the device passes the sensing portion thereof, any
      loss of fluid pressure being monitored may be quickly detected.
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PAC  BRIEF DESCRIPTION OF THE DRAWING:
PAR  FIG. 1 is a perspective view of a metallic can body former incorporating
      therein fluid pressure monitoring devices according to the principles of
      the present invention;
PAR  FIG. 2 is a schematic view of the metallic can body former of FIG. 1 for
      ease of description and understanding;
PAR  FIG. 3 is an enlarged, fragmentary, horizontal sectional view looking in
      the direction of the arrows 3--3 in FIG. 2 and illustrating a series of
      the fluid pressure monitoring devices of the present invention constructed
      according to one of the preferred forms thereof;
PAR  FIG. 4 is a fragmentary, vertical sectional view looking in the direction
      of the arrows 4--4 in FIG. 3;
PAR  FIG. 5 is a reduced, fragmentary, vertical sectional view looking in the
      direction of the arrows 5--5 in FIG. 4;
PAR  FIG. 6 is a fragmentary, vertical sectional view of an alternate form of a
      fluid pressure monitoring device according to certain of the principles of
      the present invention, the device being shown in normal pressurized fluid
      monitoring condition;
PAR  FIG. 7 is a view similar to FIG. 6 and showing the fluid pressure
      monitoring device in pressure failure sensing or detecting condition;
PAR  FIG. 8 is a fragmentary, vertical sectional view of another alternate form
      of fluid pressure monitoring device according to certain of the principles
      of the present invention, the device being shown in normal pressure fluid
      monitoring condition; and,
PAR  FIG. 9 is a view similar to FIG. 8 and with the fluid pressure monitoring
      device in pressure failure sensing or detecting condition.
DETD
PAC  DESCRIPTION OF THE BEST EMBODIMENTS CONTEMPLATED:
PAR  The principles of the fluid pressure monitoring device for mechanisms of
      the present invention are applicable to many uses where fluid pressure
      monitoring and consequent immediate sensing or detection of fluid pressure
      failure, and in some cases failure of fluid flow, is of importance.
      Through the immediate sensing and detection of fluid pressure failure
      and/or fluid flow failure, it is possible to prevent many of the usual
      results of machine malfunctions by immediately stopping the operation
      thereof and the correction of the particular malfunction. As illustrated
      and described herein, one vital application of the principles of the fluid
      pressure monitoring device of the present invention is in conjunction with
      the oil flow to hydrostatic fluid bearings in certain forms of metallic
      can making machinery.
PAR  Referring to FIGS. 1 and 2 of the drawings, a metallic can bodymaker is
      shown basically of a form illustrated and described in U.S. Pat. No.
      3,735,629, issued May 29, 1973 and entitled "Apparatus For Forming
      One-Piece Metallic Can Bodies." Briefly, this bodymaker includes an
      elongated, generally cylindrical, horizontally reciprocally driven ram
      (not shown) which is secured in cantilever fashion extending horizontally
      from a ram carriage generally indicated at 10 which is reciprocally driven
      by drive mechanism generally indicated at 12 to move the ram forwardly
      through a feed station generally indicated at 14 followed by a die pack
      generally indicated at 16 and back to its starting position. During the
      movement of the ram through the feed station 14, the ram engages the
      leading of a series of shallow drawn metallic cups 18 received from a feed
      track 20 and forces the cup through the die pack 16 during which the cup
      is formed into a final one-piece metallic can body to be later used as a
      container for liquids and the like.
PAR  More important to the principles of the present invention, the ram carriage
      10 and the ram reciprocate at at extremely high speeds, in the order of
      150 to 175 reciprocations per minute, and the ram carriage is horizontally
      movably supported by a series of hydrostatic oil bearings giving the
      carriage and ram both horizontal and vertical stability while maintaining
      necessary alignment under these high speed conditions. As partially shown
      in FIG. 2 and fully described and illustrated in said patent, the various
      hydrostatic oil bearings for the ram carriage 10 are comprised of oil
      bearing pads (not shown) acting against surfaces of stationary oil bearing
      slides 22, the moving carriage pads each having a constant flow of
      pressurized oil from a central portion thereof against the slides so as to
      produce a constantly flowing layer of oil movably supporting the carriage
      on the slides.
PAR  In addition, spaced forwardly of the path of travel of the ram carriage 10
      and adjacent the feed station 14, the ram is horizontally reciprocally
      received through a stationary hydrostatic oil bearing sleeve assembly
      generally indicated at 24, shown more in detail in FIGS. 4 and 5. The
      general purpose of the hydrostatic oil bearing sleeve assembly 24 is to
      additionally support the elongated ram as closely as possible to the feed
      staion 14 and the die pack 16 in view of the fact that the ram is
      extending in cantilever fashion from the ram carriage 10 and requires
      further support in order to maintain proper alignment with the feed
      station and die pack. Although the fluid pressure monitoring device
      principles of the present invention have ready application as to oil
      pressure flow monitoring at the ram carriage 10 as will be hereinafter
      further described, for simplicity purposes, the fluid pressure monitoring
      device principles of the present invention are described and shown in
      conjunction with the hydrostatic oil bearing sleeve assembly 24 embodied
      in a fluid pressure monitoring assembly generally indicated at 26
      overlying and secured to the hydrostatic oil bearing sleeve assembly 24 as
      shown generally in FIGS. 1 and 2 and in detail in FIGS. 3 through 5.
PAR  The hydrostatic oil bearing sleeve assembly 24 is comprised of an annular
      outer mounting sleeve 28 telescoping an annular oil distribution sleeve 30
      which, in turn, telescopes and mounts an annular bearing sleeve 32, as
      well as an annular wiper sleeve assembly generally indicated at 34
      forwardly axially adjacent the bearing sleeve. The bearing sleeve 32 is
      formed with four equally circumferentially spaced and axially extending
      oil bearing slots 36 extending totally radially therethrough. Each of the
      oil bearing slots 36 is separately supplied with pressurized oil from
      outwardly thereof by a separate one of a series of four oil inlets 38
      radially through the oil distribution sleeve 30 and each outwardly
      communicating with a separate one of a series of four annular oil
      distribution channels 40 axially spaced in the periphery of the oil
      distribution sleeve.
PAR  The oil distribution channels 40 are radially outwardly closed by the
      mounting sleeve 28 and are separated by seals 42 to prevent pressurized
      oil leakage along the periphery of the oil distribution sleeve 30. Each of
      the oil distribution channels 40 is, in turn, supplied with oil by a
      separate one of a series of four oil inlets 44, one of which is shown in
      FIGS. 4 and 5. All of the oil inlets 44 communicate outwardly at spaced
      locations through the mounting sleeve 28 and through the periphery thereof
      thereby each supplying its respective oil distribution channel 40.
PAR  As shown in FIGS. 3 and 4, the fluid pressure monitoring assembly 26
      includes a housing member 46 secured downwardly on the periphery of the
      mounting sleeve 28 and this housing member 46 forms the individual housing
      members for a series of four generally identical fluid pressure monitoring
      devices generally indicated at 48. Each of the fluid pressure monitoring
      devices 48 is comprised of the housing member 46 having a stepped main
      fluid chamber 50 formed therein, a reciprocal plunger 52 being received in
      the main fluid chamber 50. In this particular form of the fluid pressure
      monitoring devices 48, each of the plungers 52 is formed with a piston 54
      spaced from the plunger right end as viewed and terminates at the left end
      in an enlarged head 56, the plunger being guided intermediate the piston
      and head by a guide sleeve 58 secured in the main fluid chamber 50.
PAR  Still as viewed in FIGS. 3 and 4, the right ends of the main fluid chambers
      50 are each connected through monitoring pressure means in the form of
      individual system pressure inlets 60, each communicating with a common
      system pressure header 62. The right ends of the plungers 52 are received
      reciprocal within their respective system pressure inlets 60 so that
      system pressurized fluid, which may be either pressurized oil or air,
      received from the system pressure header tends to urge the plungers from
      their first positions to the right of the main fluid chambers 50 toward
      second positions to the left thereof. Furthermore, a series of four
      sensing switches 64 are secured spaced from the housing member 46, one
      generally axially aligned with each of the plungers 52, the sensing
      switches being spaced from the plunger heads 56 when the plungers are in
      their first positions to the right and the sensing switches being engaged
      by and actuated by being depressed by the plunger heads when the plungers
      are moved from their first positions toward and to their second positions.
PAR  As best seen in FIG. 4, a bearing oil supply header 66 is formed in the
      housing member 46 communicating with a series of four spaced bearing oil
      inlets 68, one to each of the monitoring device main fluid chambers 50
      communicating into these chambers through the left of the plunger pistons
      54. Individual bearing oil outlets 70 are formed in the housing member 46
      communicating into the respective monitoring device main fluid chambers 50
      to the left of the plunger pistons 54 and communicating downwardly through
      the periphery of the housing member 46, one aligned with an opening into
      each of the separate oil inlets 44 of the mounting sleeve 28. Appropriate
      seals are provided for the various fluid pressure monitoring devices 48 to
      isolate the pressurized fluids of the system pressure header 62 and the
      bearing oil supply header 66 during monitoring and during reciprocation of
      the various plungers 52.
PAR  In overall assembly, therefore, each of the four oil bearing slots 36
      making up a separate hydrostatic oil bearing of the oil bearing sleeve 32
      is normally supplied with properly pressurized oil above a predetermined
      minimum operating pressure through one of the fluid pressure monitoring
      devices 48 and as long as this constantly flowing bearing oil through each
      of the fluid pressure monitoring devices is at or above this predetermined
      minimum operating pressure it will exert at least a minimum total pressure
      force against each of the monitoring device plungers 52 urging and
      retaining these plungers in their first positions, to the right as shown
      in FIGS. 3 and 4. Furthermore, during this normal operation, a constant
      system pressure, which may be pressurized oil or air taken from the main
      machine fluid system, is directed against each of the monitoring device
      plungers 52 within the system pressure inlets 60 exerting total pressure
      forces against each of the plungers tending to move them to the left from
      their normal operating positions and this system total pressure force
      against the monitoring device plungers is predetermined so as to be
      slightly below the minimum total pressure force exerted by the pressurized
      bearing oil. The result is that one of the fluid pressure monitoring
      devices 48 is constantly monitoring the pressure of the pressurized
      bearing oil constantly flowing to each of the hydrostatic oil bearings
      formed by the oil bearing slots 36 of the oil bearing sleeve 32 and as
      long as the pressurized oil to each of these hydrostatic oil bearings is
      retained at a pressure above a predetermined minimum operating pressure,
      the monitoring device plungers 52 will be retained to the right as shown.
      When, however, this pressurized bearing oil to any one of the hydrostatic
      oil bearings drops below the predetermined minimum operating pressure, the
      constantly monitoring system fluid at constant system fluid pressure will
      urge that particular monitoring device plunger 52 from its first position
      to the right toward its second position to the left causing that plunger
      head 56 to engage and actuate its respective sensing switch 64 which is
      electrically connected to the main machine operating electrical system and
      whill shut down operation of the machine.
PAR  As viewed in FIG. 3, three of the fluid pressure monitoring devices 48 have
      the plungers 52 thereof in their first positions indicating that the
      pressurized bearing oil to three of the hydrostatic fluid bearings was at
      a proper operating pressure above the predetermined minimum operating
      pressure. The plunger 52 of the fourth fluid pressure monitoring device,
      however, has been moved from its first position to its second position by
      the constantly monitoring system pressurized fluid indicating that the
      pressurized oil to that particular hydrostatic oil bearing had dropped
      below the predetermined minimum operating pressure causing a malfunction
      and the plunger head 56 contacting and depressing the particular sensing
      switch 64 has shut down the machine. In FIG. 4, the monitoring device
      plunger 52 is shown in its first position in full lines and its second
      position in phantom lines.
PAR  An alternate form of fluid pressure monitoring device generally indicated
      at 72 is shown in FIG. 6 and includes a housing member 74 forming a main
      fluid chamber 76 within which is reciprocally mounted a plunger 78
      comprised of a piston 80 and a head 82. Pressurized operating fluid is
      admitted into the main fluid chamber 76 acting against the plunger piston
      80 through a fluid inlet 84 and exits from the main fluid chamber through
      a fluid outlet 86. The monitoring pressure against the plunger 78 is
      applied by a compression spring 88 closely precalculated to serve the
      function hereinbefore described. The sensing means is in the form of a
      well-known proximity sensor 90 which will not sense the plunger head 82
      when the plunger 78 is in its first position as shown in FIG. 6, but will
      sense the plunger head when the plunger is moved to its second position as
      shown in FIG. 7, the proximity sensor 90 being electrically connected in
      usual manner for performing a designated function such as shutting down a
      machine when the plunger head is sensed.
PAR  Thus, as in the first form, this second or alternate form of fluid pressure
      monitoring device 72 will constantly monitor the pressure of pressurized
      fluid, such as the pressurized bearing oil, constantly flowing through the
      main fluid chamber 76 and if the pressure thereof drops below a
      predetermined minimum operating pressure, the compression spring 88 will
      overcome the pressurized fluid force against the plunger 78 causing the
      plunger to move from its normal first position shown in FIG. 6 to its
      second position shown in FIG. 7 which plunger movement will be sensed by
      the proximity sensor 90 and this detection of malfunction may be
      appropriately used. In this alternate form of FIGS. 6 and 7, however, an
      additional element is added in the form of a by-pass channel 92 adjacent
      the plunger 78 through the housing member 74 from the main chamber 76. As
      can be seen from FIGS. 6 and 7, the by-pass channel 92 is normally
      retained closed by the plunger head 82 as long as the plunger 78 remains
      in its normal first position, but as soon as the plunger 78 begins
      movement from its normal first position as shown in FIG. 6 to its second
      position shown in FIG. 7, the by-pass channel 92 is opened permitting the
      further exhaust of pressurized operating fluid from the main fluid chamber
      76 and thereby further reducing the pressure therein. This by-pass channel
      92, therefore, as soon as a low pressure operating fluid malfunction is
      begun to be detected by the fluid pressure monitoring device 72, drops the
      pressure of the operating fluid within the main fluid chamber 76 even
      further so as to prevent repeatedly reversing reciprocating movement of
      the plunger 78 or "hunting" by the plunger which could disturb a positive
      sensing of malfunction by the device.
PAR  With the provision of the by-pass channel 92 in this particular alternate
      form, however, with the monitoring pressure being applied by the spring 88
      and always tending to urge the plunger 78 toward the second position or to
      the left as shown, mere admission of operating fluid into the main fluid
      chamber 76 against the plunger piston 80 may not move the plunger 78 to
      its first position or to the right even at full operating pressure since
      the by-pass channel 92 is open. To start in such event, it is merely
      necessary to manually position the plunger 78 into its first position upon
      the operating fluid being admitted, thereby closing the by-pass channel 92
      and maintaining full operating fluid pressure against the plunger 78.
PAR  A still further alternate construction in the form of a fluid pressure
      monitoring device 94 is shown in FIGS. 8 and 9 similarly including a
      housing member 96 forming a main fluid chamber 98 within which is mounted
      a plunger 100 comprised of a piston 102 and a head 104. Pressurized
      working fluid is admitted into the main fluid chamber 98 through a fluid
      inlet 106 and exits therefrom through a fluid outlet 108. Furthermore, as
      in the alternate form of FIGS. 6 and 7, this fluid pressure monitoring
      device 94 includes a by-pass channel 110 functioning in the same manner
      previously described for more accurate and positive sensing of a low
      pressure condition.
PAR  This fluid pressure monitoring device 94 additionally includes a
      compression spring 112 acting against the plunger 100 tending to urge the
      plunger toward its normal first position so that the normal total pressure
      force acting against the plunger for retaining it in its first position as
      shown in FIG. 8 is made up partially of the pressure exerted by the
      pressurized operating fluid constantly flowing through the main fluid
      chamber 98 and partially by the spring 112. Still further, the monitoring
      pressure means of this form is made up by a monitoring fluid inlet 114
      communicating through the housing member 96 into the main fluid chamber 98
      against the plunger piston 102 tending to force the plunger 100 toward its
      second position and a monitoring fluid outlet 116 outwardly through the
      housing member from the main fluid chamber adjacent the monitoring fluid
      inlet. When the plunger 100 is in its normal first position, it seals off
      the monitoring fluid inlet 114 into the main fluid chamber 98 so that
      constant pressure fluid directed into the monitoring fluid inlet 114 will
      accomplish the monitoring function, but upon the plunger 100 moving toward
      its second position from the position of FIG. 8 to the position of FIG. 9,
      the constant pressure monitoring fluid will flow through the main fluid
      chamber 98 from the monitoring fluid inlet 114 through the monitoring
      fluid outlet 116 and can be sensed by a usual fluid flow sensing device.
PAR  Either of these latter two fluid pressure monitoring devices 72 and 94
      could be readily adapted for identical use to that of the first described
      fluid pressure monitoring devices 48. Any one of the three, however, could
      be likewise adapted for use in monitoring pressurized oil flow to each of
      the hydrostatic oil bearings for the ram carriage 10 described above. In
      the case of the ram carriage 10, however, it would be preferred to mount
      the housing members with their reciprocal pistons directly on the
      reciprocally moving ram carriage so that the sensing means in the forms of
      the sensing switches 64 of FIGS. 3 and 4 or the proximity sensors 90 of
      FIGS. 6 and 7 would be mounted stationary adjacent the path of movement of
      the plunger heads and be capable of sensing function only during momentary
      approximate alignment.
PAR  The principles of the present invention may likewise be adapted for fluid
      pressure monitoring of various other types which would require little
      modification to the various fluid pressure monitoring devices 48, 72 or 94
      above described. For instance, all of these fluid pressure monitoring
      devices described monitor the pressure of fluid constantly flowing through
      the housing members thereof and any one of these devices would equally
      effectively monitor the pressure of fluids which are merely directed into
      the housing members thereof without constant flow therethrough. The
      principles would be generally the same and the monitoring would be equally
      effective as is obvious to those skilled in the art.
PAR  According to the principles of the present invention, therefore, fluid
      pressure monitoring devices have been herein disclosed which are capable
      of constantly monitoring the pressure of a fluid in a line and sensing any
      decrease in such pressure below a predetermined minimum level, a function
      clearly advantageously usable where the maintenance of pressurized fluid
      above a predetermined minimum pressure is essential. Furthermore, the
      basic principles of the fluid pressure monitoring devices herein disclosed
      have been illustrated as readily adaptable for various forms of sensing
      arrangements including mechanically actuated switches, proximity sensors
      and auxiliary fluid flow detectors, any of which may provide sensing
      signals for performing auxiliary functions. At the same time, as clearly
      described, the fluid pressure monitoring principles of the present
      invention may be readily applied to both stationary and moving pressure
      monitoring situations and will function in effective and positive manners.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a fluid pressure monitoring device for monitoring pressure of
      operating fluid of a machine and the like, the combination of: a housing;
      a main fluid chamber formed in said housing; a plunger in said main fluid
      chamber reciprocal between frist and second positions; operating fluid
      supply means communicating into said main fluid chamber and directing
      operating fluid against said plunger tending to urge said plunger toward
      said first position, said operating fluid normally being under a pressure
      above a predetermined minimum operating pressure exerting at least a part
      of a minimum total pressure force against said plunger retaining said
      plunger in said first position; monitoring pressure means operably
      connected into said housing and to said plunger exerting a monitoring
      total pressure force against said plunger slightly less than said minimum
      total pressure force tending to urge said plunger toward said second
      position, said monitoring pressure means moving said plunger toward said
      second position when said pressure of said operating fluid drops below
      said predetermined minimum operating pressure; said monitoring pressure
      means including monitoring fluid under pressure operably connected into
      said housing exerting a certain part of said monitoring total pressure
      force against said plunger tending to urge said plunger toward said second
      position, a monitoring fluid outlet sealed off by said plunger when said
      plunger is in said first position and opened into communication with said
      monitoring fluid during movement of said plunger from said first toward
      said second position, said monitoring fluid outlet when opened permitting
      flow of monitoring fluid therethrough; sensing means for sensing said
      plunger movement from said first toward said second position including
      detecting means operably connected to said monitoring fluid and detecting
      opening of said monitoring fluid outlet; by-pass means operably connected
      to said main fluid chamber for directing a certain portion of said
      operating fluid from said main fluid chamber when open, said by-pass means
      being closed when said plunger is in said first position and being opened
      during movement of said plunger from said first position toward said
      second position.
NUM  2.
PAR  2. In a fluid pressure monitoring device as defined in claim 1 in which
      said plunger includes a plunger part extending through a housing wall of
      said main fluid chamber movable to a retracted position when said plunger
      is in said first position and an extended position when said plunger is in
      said second position; in which said by-pass means is formed through said
      housing main fluid chamber wall adjacent said plunger part for exhausting
      a certain part of said operating fluid from said main fluid chamber when
      opened; and in which sealing means is operably connected to said plunger
      part closing off said by-pass means when said plunger part is in said
      retracted position and opening said by-pass means when said plunger part
      is moved from said retracted position toward said extended position.
NUM  3.
PAR  3. In a fluid pressure monitoring device as defined in claim 1 in which
      said operating fluid of said operating fluid supply means and said
      monitoring fluid of said monitoring pressure means are both liquids such
      as oil; in which said plunger in said housing includes a plunger part
      extending through a housing wall of said main fluid chamber movable to a
      retracted position when said plunger is in said first position and an
      extended position when said plunger is in said second position; in which
      said by-pass means is formed through said housing main fluid chamber wall
      adjacent said plunger part for exhausting a certain part of said operating
      liquid from said main fluid chamber when opened; and in which sealing
      means is operably connected to said plunger part closing off said by-pass
      means when said plunger part is in said retracted position and opening
      said by-pass means when said plunger part is moved from said retracted
      toward said extended position.
NUM  4.
PAR  4. In fluid pressure monitoring devices for monitoring pressure of
      operating fluid to a multiplicity of mechanisms of a machine requiring
      pressurized operating fluid for operation, the combination of: a
      multiplicity of housings; a main fluid chamber formed in each of said
      housings; a plunger in each of said main fluid chambers each reciprocal
      between first and second positions; a separate operating fluid supply
      means operably connected supplying operating fluid to each of said machine
      mechanisms and communicating into a separate one of said main fluid
      chambers directing operating fluid against said plunger of that chamber
      tending to urge said plunger toward said first position, said operating
      fluid of each said operating fluid supply means normally being under a
      pressure above a predetermined minimum operating pressure exerting at
      least a part of a minimum total pressure force against its plunger
      retaining its plunger in said first position; monitoring pressure means in
      each of said housings and against each of said plungers exerting a
      monitoring total pressure force against each of said plungers slightly
      less than said minimum total pressure force tending to urge that plunger
      toward its second position, said monitoring pressure means moving any of
      said plungers toward its second position when said pressure of that
      housing and plunger's operating fluid drops below said predetermined
      minimum operating pressure; said monitoring pressure means including a
      common supply of monitoring fluid under pressure simultaneously operably
      connected into each of said housings exerting a certain part of said
      monitoring total pressure force against said plunger of that housing
      tending to urge each of said plungers toward said second position, a
      monitoring fluid outlet in each of said housings sealed off by said
      plunger of that housing when said plunger is in said first position and
      opened into communication with said common supply of monitoring fluid into
      that housing during movement of said plunger from said first toward said
      second position, each of said monitoring fluid outlets when opened
      permitting flow of said common supply of monitoring fluid therethrough;
      sensing means for sensing any of said plunger movements from said first
      toward said second position including detecting means operably connected
      to said common supply of monitoring fluid and detecting opening of any of
      said monitoring fluid outlets of any of said housings and flow through any
      of said monitoring fluid outlets.
NUM  5.
PAR  5. In fluid pressure monitoring devices as defined in claim 4 in which a
      separate by-pass means is operably connected to each of said main fluid
      chambers of each of said housings for directing a certain portion of said
      operating fluid of that housing from said main fluid chamber when open,
      said by-pass means being closed when said plunger of that housing is in
      said first position and being opened during movement of said plunger from
      said first position toward said second position.
NUM  6.
PAR  6. In fluid pressure monitoring devices as defined in claim 4 in which said
      multiplicity of machine mechanisms are hydrostatic oil bearings each
      requiring a proper constant flow of pressurized operating oil for proper
      operation thereof; in which said operating fluid is said pressurized
      operating oil; and in which said detecting means upon detecting said
      opening of any of said monitoring fluid outlets of any of said housings
      detect a lack of said proper pressurized oil to at least one of said
      hydrostatic oil bearings.
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ABST
PAL  The invention relates to a negative pressure or depression detector
      characterized in that it includes a floating element which forms at once a
      detecting element and the movable disc or plate of an air capacitor.
PAL  The floating element is placed inside a chamber having its lower end vented
      and its upper end communicating with the depression source, the fixed
      plate of the capacitor being located at the lower end of the chamber
      without interfering with the venting.
BSUM
PAR  Already known are negative pressure of depression detectors in which the
      detecting element consists for instance of a deformable element such as an
      elastic membrane whose movements are translated into electrical signals.
PAR  Particularly well-known is the kind of pressure detector in which sensitive
      membrane displaces the movable disc or plate of a capacitor that delivers
      a voltage proportional to the deflection of the membrane, which deflection
      in turn depends on the pressure to which the mebrane is subjected.
PAR  The present invention relates to a negative pressure of depression detector
      characterized in that it includes a floating element which forms at once a
      detecting element and the movable disc or plate of an air capacitor.
PAR  The floating element is placed inside a chamber having its lower end vented
      and its upper end communicating with the depression source, the fixed
      plate of the capacitor being located at the lower end of the chamber
      without interfering with the venting.
PAR  In one form of embodiment, the chamber is vertical and, with the leakage
      rate constant, the detector functions in the on-off control mode.
PAR  In an alternative embodiment, the chamber tapers downwardly, thereby
      providing a variable leakage section between the floating element and the
      chamber wall and causing a voltage proportional to the position of the
      floating element to be delivered.
PAR  In one form of embodiment, the floating element is devoid of any connection
      with other components of the detector and of any electrical connections,
      the two capacitor conductors being provided on the fixed capacitor plate,
      and a movable capacitor plate associated to the floating element being
      coated with an insulating film which contacts the fixed plate when the
      floating element is in its inoperative position.
PAR  The description which follows with reference to the accompanying
      non-limitative exemplary drawing will give a clear understanding of how
      the invention can be carried into practise.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a vertical sectional view of a depression detector according to
      the invention.
PAR  FIG. 2 is a horizontal section taken through the lower end of the
      depression detector; and
PAR  FIG. 3 is a vertical section taken through an alternative embodiment.
DETD
PAR  In the form of embodiment illustrated in FIGS. 1 and 2, a depression
      detector according to this invention includes a case 1 and, inside the
      same, a chamber 2 open at its lower end and having its upper end
      communicating with a depression or negative-pressure generating source via
      a duct 3.
PAR  A floating element 4 is so arranged within chamber 2 as to cause it, when
      at rest, to bear against a plate 5 which is itself restrained by a base 6
      having the lower chamber opening 7 formed therein. The dimensions of plate
      5 are such that a vent is provided between the contour of the plate and
      that of the opening.
PAR  Floating element 4 is formed by a piston made of a light material. Its
      bottom face is metallized and then coated with an insulating film 8.
PAR  Plate 5 is a printed-circuit board having two separate conductor elements 9
      and 10.
PAR  The conductors 9 and 10 are connected by leads 12 and 13 to a conventional
      circuit C which measures capacitance.
PAR  Since the float 4 will tend to strike plate 5 it is therefore desirable to
      provide float 4 with the insulating coating 8.
PAR  Displacement of the float 4 toward the stationary plate 5 will cause a
      change in the capacitance between the conductors 9 and 10. Therefore
      measurement of the capacitance will provide a measurement of the negative
      pressure.
PAR  When a negative pressure (depression) prevails, floating element 4 is
      sucked upwardly and abuts against an internal shoulder 11 formed in
      chamber 2, whereby the capacitance of the air capacitor consisting of
      floating element 4 and plate 5 changes. Such detector operates in the
      on-off mode, the leakage rate between the floating element and the
      vertical chamber being constant.
PAR  In the alternative embodiment shown in FIG. 5, the chamber tapers
      downwardly (as in the case of a frusto-conical chamber) whereby the
      leakage section between floating element 4 and the chamber wall varies
      with the upward or downward displacement of the floating element. The
      capacitor accordingly delivers a voltage proportional to the position of
      the floating element, which in turn depends on the depression.
PAR  The output signal can be used either directly or through the agency of a
      transducer.
PAR  It goes without saying that changes and substitutions may be made in the
      preferred exemplary embodiment described herein without departing from the
      scope of the invention as set forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A negative detector comprising an element floating in air which forms at
      the same time a detection element and the moving plate or disc of an air
      capacitor, a chamber having its lower end vented and its upper end
      communicating with a negative pressure source, a fixed disc or plate of
      said capacitor being located at the lower end of said chamber and said
      floating element being contained in said chamber and providing a leakage
      section between said floating element and a chamber wall.
NUM  2.
PAR  2. A detector according to claim 1, characterized in that the chamber is
      vertical and the vented leakage rate constant, whereby said detector
      operates in the on-off mode.
NUM  3.
PAR  3. A detector according to claim 1, characterized in that the chamber
      tapers downwardly, thereby to provide a variable leakage section between
      the floating element and the chamber wall and delivery of a voltage
      proportional to the position of said floating element.
NUM  4.
PAR  4. A detector according to claim 1, characterized in that the floating
      element is devoid of any connection with other components of the detector
      and of any electrical connections, the two electrical conductors of the
      capacitor being provided on the fixed plate or disc thereof and the
      movable capacitor disc or plate associated to said floating element being
      coated with an insulating film which contacts the fixed capacitor or plate
      when the floating element is at rest.
NUM  5.
PAR  5. A detector according to claim 1, characterized in that the floating
      element is made of a light material and its bottom face is metallized and
      then coated with an insulating film.
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ABST
PAL  An apparatus for sampling and collecting floating particulate matter on the
      surface of a body of water has parallel, laterally-spaced, longitudinal
      tracking floats supporting a rigid tubular frame. Secured to the frame are
      two parallel, horizontal hydrofoil bodies spaced apart from each other to
      form an intake opening. A funnel-shaped net with its wide end secured to
      the intake opening and its narrow end terminating in a collecting screen
      collects surface particulate matter which is caused to flow into the
      intake opening as the apparatus is towed on a body of water. The lower
      hydrofoil body maintains the intake opening at a predetermined depth below
      the water surface, while the upper hydrofoil body enables the apparatus to
      ride over swells. In an alternative embodiment, a canvas sail is disposed
      above said net to form an air capturing pouch which provides a lifting
      force to lift and maintain the net in an attitude generally parallel to
      the water surface. This attitude maintenance permits the skimming of a
      relatively thin layer of surface water and floating matter from the bulk
      water below.
PARN
PAC  REFERENCE TO PREVIOUS APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 302,215, filed Oct. 30, 1972, now U.S. Pat. No. 3,811,325 for an
      APPARATUS FOR COLLECTING SURFACE PARTICLES ON BODY OF WATER.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The recent interest in water quality which has been generated by the
      growing concern for the ecology of the earth has resulted in the
      surprising discovery that little is known about what constitues clean
      water and what compounds found in bodies of water should be labelled
      pollutants. Furthermore, the methods and techniques employed in sampling
      water to ascertain its quality vary greatly, the results varying as the
      method employed. One approach to ascertaining the extent and significance
      of surface pollution of large bodies of water is to collect and evaluate
      the surface floatage on the water. This floatage may include substances
      varying in size from large floating particulates such as feathers and
      insects to fine microparticulates, bacteria, surface plankton, and
      surface-active molecules. Prior art devices, which are generally oriented
      toward removing oil slicks or collecting other specific floatage, cannot
      collect all of the floatage in the described range of size. Further, much
      of the surface floatage material has the property of sinking mementarily
      when encountering any water turbulence. Thus, an effective sampler of
      surface floatage must skim the surface water without creating any leading
      turbulence. Prior art devices avoid this problem by scooping the water
      below the surface as well to ensure catching any sinking floatage. These
      devices, however, collect submerged as well as surface floatage.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed toward a water quality sampling device
      for collecting surface floatage on a body of water. the sampling device
      which is towed on the surface of the water is supported by two parallel,
      laterally-spaced tracking floats. Secured between said floats is a rigid
      tubular framework with two horizontal hydrofoil bodies transverse to the
      floats secured to the framework within the profile of the floats. The
      vertically stacked hydrofoil bodies defined an intake opening, with the
      lower hydrofoil maintaining the intake opening at a predetermined depth
      below the water without causing disruptive turbulence, while the upper
      hydrofoil causes the sampling device to ride over swells and waves. The
      towing motion causes surface water to flow into the intake opening, where
      the surface floatage is collecting by a funnel-shaped net which has its
      wide end secured to the intake opening. The net, with the narrow end
      terminated by a collecting screen, lies partially submerged between the
      floats.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a plan view of the present invention;
PAR  FIG. 2 is a side view of an embodiment of the present invention;
PAR  FIG. 3 is a front end view of the present invention;
PAR  FIG. 4 is a detail side view of the present invention;
PAR  FIG. 5 is a side view of an alternative embodiment of the present
      invention;
PAR  FIG. 6 is a plan view of the alternative embodiment of FIG. 5;
PAR  FIG. 7 is a side view of the alternative embodiment of FIG. 5;
PAR  FIG. 8 is a front end view of the alternative embodiment of FIG. 5;
PAR  FIG. 9 is a detail side sectional view of the screen-sampler portion of the
      alternative embodiment of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, the present invention includes two
      substantially-cylindrical, parallel tracking floats 5 and 6 fabricated of
      metal, fibreglas, or the like. The floats are each secured at one end to
      the arched rear tubular frame member 7, and at the other end to fixed arms
      8 and 9, thus rigidly maintaining the floats in a fixed spaced-apart
      relationship. The arms 8 and 9 are secured to the rectangular intake
      opening 10. The intake opening is formed by hydrofoil bodies 12 and 13 and
      vertical panels 14 and 15, shown in FIG. 3. Protruding forward of the
      intake opening are towing eyes 17 and 18, to which a towing bridle 19 is
      secured. A fabric collar 21 of canvas or similar material attached to the
      intake opening secures the collecting travel net 22 to the intake. The
      collecting net, which is typically fabricated of nylon or fibreglass
      cloth, allows water from the intake to pass through its 500 .mu. pore
      mesh, while capturing any particulates larger than that size. The narrow
      end of the travel net is closed by a screen sampler 23 secured to the net
      by collar 24. The screen sampler is a fine mesh cloth of inert material
      such as fibreglas or nylon, which captures fine microsize particulates and
      organisms. The travel collecting net and the screen sampler cooperate to
      trap all large particulate floatage within the net, while the collating
      screen prevents any microparticulates from escaping collecting.
PAR  In use the present invention is towed from the boom of a boat in a
      predetermined direction in the undisturbed water adjacent said boat. The
      tracking floats stabilize the intake opening against yaw action, and serve
      a rudder function in maintaining the towed assembly oriented in said
      predetermined direction. The velocity of the towing boat is monitored and,
      together with data concerning the length of time of a sampling run and the
      width of the intake opening, the area covered by a sampling run can be
      determined. A typical embodiment of the present invention may have an
      intake opening approximately 1.0 meter wide, and is towed at a velocity of
      approximately 1.5 knots. After a sampling run is made, the screen sampler
      33 is removed and stored for laboratory analysis, a new screen is
      inserted, and the surface water quality sampling device is ready for
      another run.
PAR  As shown in FIG. 2, the travel net lies partially submerged between the
      floats, while the screen sampler is completely submerged to ensure that
      the collected floatage remains in its natural state. The hydrofoil body
      13, which rides just below the surface of the water, is shaped to prevent
      any bow wave turbulence which might cause the surface floatage to sink.
      Also, the body 13 may be adjusted to control the depth of water sampled,
      typically from a minimum depth of 2 mm. to a maximum of 2 cm. As shown in
      FIG. 4, the body 13 skims just below the water surface, directing the
      surface floatage into the intake opening while avoiding any suspended
      particulate matter. The upper hydrofoil body 12, shown in FIG. 4, is
      spaced above body 13 by approximately 20 cm. It is designed to ride up and
      over any swells or waves, preventing any damage both to the sampling
      device and to the collected floatage within.
PAR  It should be noted that although the lower hydrofoil body is necessary to
      control sampling of a minimum depth of surface water, the upper hydrofoil
      body may not be necessary in embodiments of the present invention which
      are intended for use only in calm water conditions.
PAR  While the aforediscussed embodiment performs its collecting function well
      in extremely calm sea conditions at very low trawling speeds, difficulties
      are encountered in stabilizing the net in slightly turbulent sea
      conditions and at slightly higher trawling speeds because the floats tend
      to cause the entire leading surface of the apparatus to "porpoise," i.e.,
      alternately to dive below and rise above the water surface. To overcome
      this drawback, an alternative embodiment is illustrated in FIGS. 5 through
      9. This alternative embodiment is particularly well suited to sample a
      relatively broad surface area of water in a relatively thin but constant
      layer of the water surface.
PAR  As is best seen in FIGS. 5 and 6, the major elements of the instant
      apparatus are retained, i.e, screen sampler 23, net 24 and lower hydrofoil
      body 13 are retained. However, the two external floats, the float frame,
      and the upper hydrofoil body are eliminated; a top canvas strip 54 is
      provided to mechanically connect the net 24 to the upper hydrofoil body
      12; and two side vertical tracking foils 56 and 58 are added, said foils
      being connected by a transverse support rod 60.
PAR  Details of these components of this alternative embodiment are best seen in
      FIGS. 7 and 8. Lower hydrofoil 13 is provided with a cavity therein,
      wherein is disposed a low-density solid material 17 to provide a buoyant
      effect when submerged. This bouyant effect prevents the entire apparatus
      from sinking when first placed into the water and when dead in the water
      under no traveling headway. And, as may be appreciated from FIG. 5, this
      bouyant effect, coupled with the downward drag of the net 22, causes the
      leading edge of the hydrofoil body 13 to be placed in a slightly upward
      attitude so that said hydrofoil body immediately begins to rise in the
      water when the slightest trawing headway is applied. Each of the side
      vertical foils 56 and 58 is provided with a plurality of towing eyes 70 to
      which the towing bridle 19 may be attached. Thus, by considered selection
      of particular towing eyes, the angle of attack of the hydrofoil body 13
      can be varied for differing sampling depths and trawling speeds.
PAR  The net 22 is secured to a canvas sail 54 which is disposed generally above
      said net, and which itself is attached to a multiflapped canvas skirt 64
      whose two side flaps 74 and 76 are secured to vertical foils 56 and 58,
      respectively; whose top flap 78 is secured by clamps 62 to transverse
      support rod 60 by a sewn loop 66; and whose bottom flap 80 is secured to
      hydrofoil body 13 by rivets 68. The aft portions of both net 22 and sail
      54 are secured by stitching to a funnellike canvas collar 46 which is
      itself secured to the screen sampler 23, as discussed below. Thus, as may
      be appreciated from FIGS. 7 and 8, when so secured, skirt 64 forms with
      sail 54 and net 22 a pouchlike envelope 72. Hence, when the apparatus is
      trawled, envelope 72 will scoop and capture passing air, this action
      providing a lifting force to lift the net 22 and screen sampler 23 and
      hold both in an attitude generally parallel to the water surface, as shown
      in FIG. 6. This attitude then permits skimming of a relatively thin layer
      of surface water and floating matter from the bulk water below.
PAR  The detail of the screen sampler 23 of this alternative embodiment is best
      seen in FIG. 9. The basic structural member of sampler 23 is a generally
      cylindrical barrel member 26 whose major cylindrical axis lies parallel to
      the direction of water flow through said sampler. Affixed to the aft
      terminal extremity of barrel member 26 is a generally cylindrical
      retaining ring 28 with a circular retaining flange 30. Generally normally
      disposed to the flow of water within barrel member 26 is a generally rigid
      coarse-mesh backing screen 32, and a collector screen 34 comprising the
      aforediscussed fine-mesh cloth. The collector screen 34 is supported by
      said backing screen 32, said collector screen 34 also being disposed
      generally normally to the flow of water within barrel member 26. Backing
      screen 32 is retained in place within barrel member 26 by being
      compressively engaged with annular gasket 36 which forms a watertight
      barrier at the point of engagement. Thus, it may be seen that water
      flowing within barrel member 26 from fore to aft (i.e., from left to right
      in FIG. 5), must pass through the apertures in both screens 32 and 34 and
      exhaust via generally circular opening 38 in barrel member 26.
PAR  Retaining ring 28 is retained in position with respect to barrel member 26
      in the following fashion. Spaced about the outer periphery of the aft
      extremity of ring 28 and attached thereto are a plurality of lugs 40, each
      said lug having a bore hole therein for the passage of cable 42.
      Encircling the forward extremity of barrel member 26 is a circular clamp
      44, of the type generally known as a hose clamp, provided with an
      adjustment screw 47 for tightening or loosening said clamp. As is seen in
      FIG. 9, the funnel-like canvas collar 46 which, as previously discussed,
      is stitched to both net 22 and canvas sail 54, is inserted between said
      clamp and said barrel-member outer periphery. Said clamp is then tightened
      by said screw 47 thereby securing said clamp in stationary fashion with
      respect to said barrel member. Spaced about the periphery of clamp 44 and
      attached thereto are a plurality of lugs 48, each said lug having a bore
      hole therein for the passage of cables 42. Thus it may be seen that, when
      terminal beads 50 affixed to cables 42 are drawn up snuggly against lugs
      48 by tightening wing nuts 52 on threaded portions 53 of said cables
      adjacent lugs 40, retaining ring 28 is compressed into stationary position
      with respect to barrel member 26. And, as is also seen FIG. 9, compression
      of said ring serves to lock the backing screen 32 into place against
      gasket 36.
PAR  It may be appreciated that many additional embodiments are conceivable
      within the scope of the present invention. For example, if it is desired
      to take water samples in extremely turbulent seas, the transverse support
      rod may be replaced with an upper hydrofoil to provide additional lift
      when the apparatus is forced under the water surface by large waves.
      Further, this upper hydrofoil body may be positioned so that its leading
      edge extends forward beyond the leading edge of lower hydrofoil body 13,
      so as to capture surface water and floating matter which are thrown
      upwardly by the lower hydrofoil body in turbulent seas. And, should
      additional rigidity of the net be desired, a canvas sheet can be disposed
      subjacent said net between the rivets 68 on lower hydrofoil body 13 and
      the canvas collar 46.
PAR  Thus it may be seen that the present invention provides a unique means and
      method for sampling and collecting surface floatage. Moreover, the present
      invention provides a long-sought means of standardizing the sampling of
      surface water quality, thereby allowing tests of water quality conducted
      at different times and locations to be analyzed and compared productively.
CLMS
STM  I claim:
NUM  1.
PAR  1. A water-quality sampling device for collecting surface floatage from a
      body of water comprising:
PA1  towing means for moving said device on said body of water in a
      predetermined direction;
PA1  laterally-spaced tracking means for maintaining said device in alignment in
      said predetermined direction; and
PA1  collecting means for removing said surface floatage from said surface
      water, said collecting means comprising intake opening means opening
      toward said predetermined direction for receiving oncoming surface water
      and a net having a forward opening extending for substantially the width
      of said device and disposed between said tracking means and having a
      smaller rear opening terminating in a sampler means, said sampler means
      being disposed rearwardly of said tracking means.
NUM  2.
PAR  2. The device of claim 1 further comprising a first hydrofoil means secured
      to said intake opening means for controlling the depth of surface water
      received by said intake opening means.
NUM  3.
PAR  3. The device of claim 1 wherein said forward opening is secured to said
      intake opening means, said intake opening means directing said oncoming
      surface water into said forward end of said net.
NUM  4.
PAR  4. The device of claim 1 wherein said sampler means comprises at least one
      fine-mesh collector screen.
NUM  5.
PAR  5. The device of claim 1 wherein said tracking means comprises buoyancy
      means for maintaining said device on the surface of said body of water.
NUM  6.
PAR  6. The device of claim 5 wherein said buoyancy means comprises elongated
      float means with longitudinal axes aligned parallel to said predetermined
      direction.
NUM  7.
PAR  7. The device of claim 6 wherein said float means comprises two
      laterally-spaced elongated floats secured to rigid frame means to maintain
      said floats in a spaced relationship generally normal to said
      predetermined direction of travel.
NUM  8.
PAR  8. The device of claim 6 wherein said intake opening means is generally
      normal to said floats and secured therebetween and directs said oncoming
      surface water into said net front opening.
NUM  9.
PAR  9. The device of claim 2 further comprising second hydrofoil means secured
      generally above and spaced from said first hydrofoil means to ride up and
      over any turbulence in said oncoming water.
NUM  10.
PAR  10. The device of claim 9 wherein a leading edge of said second hydrofoil
      extends beyond the leading edge of said first hydrofoil in said
      predetermined direction.
NUM  11.
PAR  11. The device of claim 1 wherein said tracking means comprises
      laterally-spaced vertical foils with longitudinal axes parallel to said
      predetermined direction.
NUM  12.
PAR  12. The device of claim 1 further comprising buoyancy means for maintaining
      said device on the surface of said body of water.
NUM  13.
PAR  13. The device of claim 12 wherein said buoyancy means comprises a hollow
      hydrofoil means having a low-density material contained therein.
NUM  14.
PAR  14. The device of claim 11 further including a hydrofoil means disposed
      between said foils, the longitudinal axis of said hydrofoil means being
      generally normal to said predetermined direction.
NUM  15.
PAR  15. The device of claim 1 further comprising a sail means disposed
      generally above said net.
NUM  16.
PAR  16. The device of claim 15 wherein a leading distal extremity of said sail
      means is disposed generally adjacent and above said intake opening means.
NUM  17.
PAR  17. The device of claim 15 wherein a rearward distal extremity of said sail
      means is disposed generally adjacent and forward of said sampler means,
      and operatively connected thereto.
NUM  18.
PAR  18. The device of claim 15 wherein an air-capturing pouch is formed between
      said sail means and an upper surface of said net.
NUM  19.
PAR  19. The device of claim 4 wherein said sampler means further comprises a
      generally-cylindrical barrel member whose major cylindrical axis lies
      parallel to said predetermined direction, and a coarse-mesh backing
      screen, the major axes of said backing screen and said collector screen
      being disposed generally normal to said predetermined direction.
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ABST
PAL  Absolute, determinable, engraved, leveling instrument noting exact
      measurements for liquid measure begins to describe this MEDI-SPOON; but
      more specifically, one of it's main purposes, is for measuring liquid
      medicine from small dose to large dose in one utensil comprised of a bowl
      and a handle. Bowl of the measuring spoon is narrow and elongated with
      engraved concentric lines that appropriately mark each measurement and
      bear the following inscribed indicia: one-fourth tea; one-half tea; 1 tea;
      1 Tablespoon, to indicate and achieve accurate measurements. The safety
      zone, the space between the edge of the spoon to the limiting line of the
      tablespoon, prevents overflow and permits the full measure of the
      tablespoon to be poured without running over the brim. Obiter dicta: the
      bowl and the handle is a hinged stem connecting the two; the leveling
      handle of the spoon is a hollow elongated member whose shape may be
      circular, rectangular, trapezoidal or any other adaptable shape, with a
      removable screw cap at the outer end whose length and circumference is
      large enough to contain a vial or vials of liquid medicine; unfolded, the
      handle has the ability of leveling; the handle also folds over the bowl
      for storage or convenient carrying. Enhancement of the Medi-Spoon in
      silver or gold would be desirable, but it can be manufactured in tin,
      stainless steel, or plastic, or any other suitable material. A clear vial
      with marked measures is housed in the hollow screw cap handle of each
      MEDI-SPOON.
BSUM
PAR  The object of my invention is for the MEDI-SPOON to be "the be-all and the
      end-all" of liquid medicine measuring spoons, in performance, accuracy of
      measurement, simpliciity and beauty of design, easy to use and convenient
      for use at home or away from home.
PAR  This invention relates to a unique and novel item. In observing the bowl,
      we see first, the shape of the bowl is narrow and elongated with a modern,
      sleek, new look, an object of the invention.
PAR  Then, inside the bowl there are four impressed concentric lines to indicate
      each measurement -- one quarter teaspoon, one half teaspoon, one teaspoon
      and one table-spoon to achieve accurate measurements for each measurement,
      an object of the invention. While it has been shown as a tablespoon, it
      may be any other convenient measure or fraction thereof, for instance, a
      teaspoon for children.
PAR  And, then, beyond the perimeter of the impressed limiting line of the
      tablespoon measure, to the edge of the spoon, there is a margin,
      distinguished by the name of "Safety Zone," room to spare, that permits
      the full measure of the tablespoon to be poured without running over the
      brim, a safety spill feature to prevent overflow and an important object
      of the invention. This is achieved without extra embellishment.
PAR  The sleek modern design of the narrow shaped bowl is not only beautiful in
      appearance but its shape fits the mouth more naturally and cuts down on
      the need to stretch out the mouth and tense up the muscles, an object of
      this invention. Especially if the medicine is bad tasting, a distortion of
      the mouth together with the hard to take medicine could cause one to
      choke.
PAR  The bowl of the spoon is free of the handle in order to achieve the truly
      safety spill feature to prevent overflow. There is a complete border of
      space around and above the entire limiting line of the tablespoon measure,
      right to the very smooth edge of the MEDI-SPOON, in a self-contained bowl
      with an interdependent handle. The bowl of the spoon is dependent on its
      counterpart, the handle, for its complete function and performance for it
      is the connection of the handle that achieves level measurements in the
      bowl, an object of this invention.
PAR  Between the bowl and the handle there is a cylinder-like stem that connects
      the two with a snug, tight fitting friction hinge that allows the handle
      to fold over the spoon but in its open condition, when it is flat, it
      provides a horizontal level condition for the bowl, an object of this
      invention.
PAR  The handle is a hollow elongated member whose shape is optional, including
      circular, rectangular, trapezoidal, square, or any polygon shape or other
      adaptable shape, with a removable screw cap at the outer end, making it a
      container that could be used for several conveniences, an object of this
      invention.
PAR  The handle of the MEDI-SPOON is not just a handle. Besides being a handle,
      it has the ability of leveling, it is a container, and it folds -- all
      objects of this invention.
PAR  A clear vial marked with measures is enclosed in the hollow handle. In the
      event that medication needs to be taken away from home, dosages can be
      readily available, since it can be carried in the vial housed in the
      handle of the MEDI-SPOON, an object of this invention.
PAR  The MEDI-SPOON in addition to its being a precise liquid medicine measure,
      provides a modern, unique, compact, useful means of conserving medicine by
      preventing over-flow and loss of even the merest particle whose loss would
      interfere with the proper remedial effects. Not only does the MEDI-SPOON
      provide for specific dosages, but it also insures no wastage of costly and
      precious medicine. Especially for the aged, indigent and Medicare
      patients, and in cases where an individual may be in a weakened state and
      alone, the MEDI-SPOON may be placed on a flat surface and since its unique
      handle makes for level balance, it is unnecessary to hold both the
      medicine bottle and the MEDI-SPOON in the hands simultaneously.
PAR  Not only is it distressing, costly and dangerous to lose medicine through
      spillage, but it is also costly and aggravating to replace or clean
      objects marked, stained or ruined by spillage. Ease of administration is
      guaranteed and the experience of taking medicine becomes less traumatic
      when the fear of spillage is removed.
PAR  Sanitary administration of medicine is of utmost importance. In hospitals,
      disposable plastic ones could be used for each patient to insure sanitary
      conditions. For home use, one's name could be engraved on the handle
      making it very personal.
DRWD
PAR  The drawing is not the limit, merely an illustration of the preferred
      embodiment:
PAR  FIG. 1 Side elevational view
PAR  FIG. 2 Top plan view
PAR  FIG. 3 Is a cross sectional view taken along line 3--3 in FIG. 1
PAR  FIG. 4 Is a side elevational view of the invention in a closed position
PAR  FIG. 5 Is a cross sectional view taken along line 5--5 in FIG. 2
PAR  FIG. 6 Is a fragmentary view of the handle with the cap removed
PAR  FIG. 7 Is an inside view of the hollow handle container housing a
      removeable, clear, measuring vial
DETD
PAR  The following information refers to and describes the Figures in the
      drawing:
PAR  FIG. 1 is comprised of a bowl 4 adjoined to a leveling handle 1 consisting
      of a hollow elongated member, the first end of which includes a tight
      fitting friction hinge 6 that fastens to the stem means to connect to the
      bowl 4 of said spoon and a second open end, a closure with screw cap 3,
      means the outer end of said container handle 1 and said handle 1 when in
      an open state lying in a plane, provides a horizontal level condition for
      said bowl 4 and indicating lines of said bowl 4.
PAR  FIG. 2 illustrates the sleek, narrow, elongated bowl 4 as shown from a top
      view is comprised of a measuring portion divided into fractions by
      impressed indicating lines concentric to each other with inscribed indicia
      to indicate accurate measurements for one-fourth tea, one-half tea, 1 tea,
      and 1 tablespoon; wherein the maximum measure indicating line is slightly
      within the edge 7-8 of said bowl 4 and is created by sizing said spoon
      slightly larger than the average tablespoon without the addition of extra
      embellishment and that the marginal space between the tablespoon marking 7
      and the edge 8 of said spoon means said safety-zone between 7-8 prevents
      overflow and inhibits the spillage of the full tablespoon measure.
PAR  FIG. 3 shows a cross section of the hollow handle 1 and said hollow handle
      1 as illustrated is shaped round 3 means that said hollow handle 1 may be
      optionally shaped to include rectangular, trapezoidal, square or any
      polygon or other adaptable shape.
PAR  FIG. 4 shows that the friction hinge 6 fastened to the stem of said spoon
      permits the hollow handle 1 to fold over the bowl 4 means said hollow
      handle 1 can be put in a folded condition.
PAR  FIG. 5 shows bowl 4 has impressed measurements (one-fourth tea, one-half
      tea, 1 tea, 1 tablespoon) with a marginal space that creates a safety-zone
      rim 7-8 means that a complete border of marginal space encircles said bowl
      4 and that the safety-zone rim 7-8 is free from the stem that is connected
      to said bowl 4.
PAR  FIG. 6 illustration shows hollow handle 1 with screw cap 3 removed means
      said hollow handle 1 with removeable screw cap 3 provides an opening to
      space within said hollow handle 1 making said hollow handle 1 a container.
PAR  FIG. 7 shows housed in the hollow container handle 1 with removeable screw
      cap 3 a removeable vial 2 containing indicia means said vial container
      could be used for carrying measured liquid or medicine, or could be used
      for carrying other items such as pills, lozenges, tablets, etc.
PAR  The preceeding information, verbal and graphic describes this invention. It
      is the intention of the inventor to append the following claims which fall
      within the domain of said invention in order to protect whatever changes
      and modifications may be deemed necessary in the course of the present and
      future production and use of this MEDI-SPOON.  The improvements of this
      Combined Measuring Spoon and Receptacle are unique, novel, useful and
      convenient. For all the reasons stated, I believe the device to be the
      absolute accurate medicine or liquid measurer and a necessary and welcome
      invention.
CLMS
STM  What is claimed as unique in this modern, accurate, sanitary, convenient,
      useful, and compact all-in-one implement is:
NUM  1.
PAR  1. An accurate liquid measuring spoon device for medicine dosing and the
      like comprising a bowl and a handle, said bowl being narrow and elongated
      and said bowl comprises a spoon having a measuring portion impressed with
      indicating lines substantially concentric to each other, said measuring
      portion delimiting the quantity of a medicine dose at one fourth teaspoon,
      one-half teaspoon, 1 teaspoon and 1 tablespoon, an additional margin is
      provided between the tablespoon indicating line and the terminal edge of
      the bowl, to function as a safety zone to prevent spillage,
PA1  said bowl of said spoon connected to said handle by a stem at the end
      opposite the closure end of said handle, said handle consisting of a
      hollow elongated member having the same depth as said bowl, the bottom
      center portions of the bowl and handle of said spoon being polished to
      prevent rocking, said hollow handle serving as a horizontal leveling
      device for said bowl of said spoon when lying in a plane on a flat surface
      in an open condition, the closure end of said handle openable by means of
      a screw cap permitting access to said hollow member,
PA1  a tight fitting friction hinge fastened to said stem of said spoon
      connecting said bowl and said handle to permit said handle to fold over;
PA1  said bowl for carrying, thereby providing a compact unit, that can be
      easily stored and transported,
PA1  said hollow container handle and said screw cap serving to enclose a
      permanently made, removeable, transparent, graduated measuring vial
      therein, or which alternatively could be used, selectively contain
      liquids, medicated or otherwise, or such items as capsules, pills,
      lozenges, thermometer and any other suitable item for storage, for
      carrying or both.
PATN
WKU  039317420
SRC  5
APN  3876918
APT  1
ART  342
APD  19730813
TTL  Gyroscope
ISD  19760113
NCL  21
ECL  1
EXP  Antonakas; Manuel A.
NDR  2
NFG  6
INVT
NAM  Shirley; Orie W.
CTY  Estacada
STA  OR
ASSG
NAM  Datron Systems, Inc.
CTY  Thomaston
STA  CT
COD  02
CLAS
OCL   74  57
XCL   74785
XCL  185 37
EDF  2
ICL  G01C 1926
FSC   74
FSS  785;5.7;5.1;5.12
FSC  185
FSS  37;39
UREF
PNO  1325005
ISD  19191200
NAM  Dean
OCL   74785
UREF
PNO  1325010
ISD  19191200
NAM  Evans
OCL   74785
UREF
PNO  1888274
ISD  19321100
NAM  Kuhn
OCL   74785
UREF
PNO  2536395
ISD  19510100
NAM  Saunders, Jr.
XCL  185 37
UREF
PNO  2911832
ISD  19591100
NAM  Thierman
OCL   74  5.7
UREF
PNO  2918869
ISD  19591200
NAM  Cumming et al.
UCL   74  5.7
UREF
PNO  3323379
ISD  19670600
NAM  Brastow et al.
XCL   74  5.7
UREF
PNO  3393771
ISD  19680700
NAM  Lohr et al.
OCL  185 37
UREF
PNO  3508447
ISD  19700400
NAM  Shirley
OCL   74  5.1
LREP
FRM  Klarquist, Sparkman, Campbell, Leigh, Hall & Whinston
ABST
PAL  A gyroscope rotor is rotated to a very high speed when a pawl is moved to
      release a ratchet coupled to a coil spring drive and keyed to a drive
      shaft. The coil spring drive then drives the rotor at a multiplied rate of
      speed through an arbor, planetary pinions revolved by the arbor and
      meshing with a fixed ring gear, a sun gear keyed to a drive shaft, the
      drive shaft, and hooking claw clutch teeth on the drive shaft and the
      rotor. When the spring reaches an unwound condition, the rotor overruns
      the drive shaft, the clutch teeth on the rotor cam the drive shaft axially
      away from the rotor, and a compression spring moves the drive shaft and a
      pilot pin thereon to retracted positions completely out of engagement with
      the rotor. A keeper bar on the pawl normally overhangs the ratchet to hold
      the drive shaft in clutching engagement with the rotor, and, when the pawl
      is released, it moves the keeper bar to a retracted position permitting
      axial movement of the drive shaft. Gimbal means mounting the rotor are of
      a tough nylon fiberglass material.
BSUM
PAC  DESCRIPTION
PAR  This invention relates to an improved gyroscope, and more particularly to a
      speed multiplying drive for a gyroscope rotor.
PAR  An object of the invention is to provide a speed multiplying spring drive
      for a gyroscope rotor so that the rotor is driven at a very high speed and
      may be correspondingly small in size and weight.
PAR  Another object of the invention is to provide a spring drive for a
      gyroscope rotor wherein a coil spring drives the rotor through step-up
      gearing until unwound and then the rotor cams a drive shaft of the drive
      completely out of engagement with the rotor to free the rotor for movement
      in any direction.
PAR  A further object of the invention is to provide a gyroscope in which a coil
      spring drives a rotor through planetary gearing to rotate the rotor at a
      speed multiplied over the speed of unwinding of the spring whereby the
      rotor derives a greater proportion of the energy available in the spring.
PAR  Another object of the invention is to provide a gyroscope drive wherein a
      drive shaft and a rotor have a claw clutch coupling having hooking teeth
      which hold themselves in clutching engagement until the rotor overruns the
      drive shaft.
PAR  Another object of the invention is to provide a gyroscope having very tough
      gimbals.
PAR  Another object of the invention is to provide gyroscope gimbals composed of
      fiberglass reinforced nylon.
PAR  Another object of the invention is to provide a gyroscope drive in which a
      pawl normally engaging a ratchet keyed to a drive shaft is releasable to
      permit a spring to drive the shaft and in which a keeper bar on the pawl
      is moved by the pawl to release the shaft for axial movement out of
      engagement with the rotor.
DRWD
     In the drawings:
PAR  FIG. 1 is a partially sectional side view of an improved gyroscope forming
      one embodiment of the invention;
PAR  FIG. 2 is a vertical sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a horizontal sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a vertical sectional view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is a fragmentary, enlarged perspective view of a portion of the
      gyroscope of FIG. 1; and
PAR  FIG. 6 is a fragmentary, enlarged perspective view of a portion of the
      gyroscope of FIG. 1.
DETD
PAR  Referring now in detail to the drawings, there is shown therein an improved
      gyroscope forming one specific embodiment of the invention and including a
      multiplier spring drive 20, which when triggered serves to bring a rotor
      22 up to a very high rotational speed within a very short period of time
      not much greater than the time constant of a coil spring 24, "time
      constant" being used herein to designate the time in which the spring
      would unwind due to its own hysteresis and/or conventional loading. The
      drive brings the rotor up to an r.p.m. several times the r.p.m. of
      rotation of the drive and of the spring in so unwinding, and then the
      spring drive is automatically completely disengaged from the rotor 22 to
      permit free rotation of the rotor and free gyroscopic movement of the
      rotor and its mounting gimbal system 26. The multiplier spring drive 20
      includes a multiplier mechanism or planetary step-up gearing 28 driving a
      driver shaft 30 at 3.1 times the unwinding rate of the spring.
PAR  The step-up gearing increases the load on the spring but not enough to
      decrease appreciably the unwinding rate of the spring. Improved "impedance
      matching" is achieved between the spring and rotor, making it possible to
      impart the same angular momentum to a small rotor as has heretofore been
      possible only with a larger rotor. The multiplier effect enables the rotor
      to have a mass much smaller than would be required if it were driven
      directly from a spring at an unmultiplied speed, and the smaller mass
      makes the gyroscope less vulnerable to damage from vibration and shock.
      The rotor in the particular embodiment has a diameter of about 11/8
      inches.
PAR  Another feature of the present invention is that the gimbal system 26
      includes a very tough outer gimbal 40 and a very tough inner gimbal 42,
      both formed or injection molded nylon filled with short fibers of
      fiberglass, the relative proportions by weight preferably being 40% nylon
      and 60% fiberglass. The gimbal 40 mounts antifriction bearings 44
      journalling ends 46 of the gimbal 42, and the gimbal 42 mounts
      antifriction bearings 48 journalling rotor shaft 52 on which are keyed
      rotor halves 54. Trunnions 56 and 58 are journalled in antifriction
      bearings 60 and 62 and the end 58 abuts a thrust bearing ball 64. The
      bearing 60 is mounted in a potentiometer bracket 66 also of nylon and
      fiberglass, and the bearing 62 and ball 64 are mounted in a boss 68 of
      platform base 70. The bracket 66 is detachably mounted by screws on
      platform upright 72 and carries potentiometer 74 having a contacting brush
      76 keyed to trunnion 56. The output of the potentiometer is suitably
      connected by insulated wires to the usual sensing circuitry (not shown).
PAR  The platform upright 72 has a bore 80 journalling a spring arbor 82
      journalled at its other end in a very tough nylon-fiberglass ring gear
      plate 84 secured by screws 86 to the upright and closing spring chamber or
      counterbore 88 formed in the upright. The outer end of the spring 24 is
      fixed to a pin 90 rigidly carried by the upright 72 and the inner end of
      the spring is formed in a hook 92 for engaging an upraised edge on arbor
      82 when the spring is in tension, so the drive will release without damage
      to the arbor at the end of the activation time.
PAR  The arbor has a disc 100 integral therewith and carrying rotatably two
      planetary pinions 102 and 104. The pinions mesh with a ring gear 106
      formed in the ring gear plate 84. The arbor 82 rotatably and axially
      slidably mounts the driver shaft 30 which is biased toward disengagement
      from coupling end portion 108 of the rotor shaft 52 by a compression
      spring 110 bearing against collar portion 112 of the driver shaft 30 and
      the bottom of counterbore 114 in the arbor 82. A sun gear 116 integral
      with the driver shaft meshes with the pinions 102 and 104.
PAR  A latching pawl 120 (FIG. 1) is pivotally mounted by a screw 122 on the
      ring gear plate 84 and is held by the screw against any movement outwardly
      from the ring gear plate. A tension spring 124 biases the pawl into
      latching engagement with an adjacent one of ratchet teeth 126 integral
      with the sun gear 116 to keep the spring 24 wound up. When the pawl is in
      its latching position, a keeper bar 128 integral with the pawl overhangs
      the tip end of the adjacent ratchet tooth 126 to hold, against the action
      of the compression spring 110, the driver shaft 30 in coupled engagement
      with the end portion 108 of the rotor shaft 52.
PAR  A trigger mechanism 130 mounted in guide 132 on the plate 84, when
      actuated, pushes the pawl 120 against the bias of spring 124 to a position
      out of engagement with the ratchet teeth 126, retracting the keeper bar
      128 to free the driver shaft 30 for movement by the spring 110 completely
      out of engagement with the rotor shaft 52. However, overrunning clutch
      teeth 134 of the driver shaft and complementary overrunning clutch teeth
      136 of the rotor shaft are hookingly inclined from 9.degree. to 11.degree.
      to prevent axial movement of the driver shaft by the spring 114 until the
      spring 24 has unwound and the shaft 52 overruns the driver shaft 30. When
      this occurs, camming portions 138 on the rotor shaft push the driver shaft
      out of hooking engagement with the rotor shaft, and the spring 114 moves
      the driver shaft farther to a completely retracted position in which the
      ratchet end of the shaft engages cup-like cover 140.
PAR  The driver shaft 30 has a hexagonal or allen head screw socket 142 therein
      for receiving a hexagonal driver (not shown) for winding up the coil
      spring 24. The hexagonal driver, in the winding, is bottomed in the socket
      142 and is pushed axially to keep the spring 114 from moving the driver
      shaft 30 out of coupled engagement with the rotor shaft 52, the ratchet
      teeth 126 clearing the keeper bar 4 times each revolution of the driver
      shaft. A pilot pin 146 on the driver shaft 30 enters a complementary bore
      148 in the rotor shaft 52 to keep the rotor aligned with the driver shaft
      prior to the driving of the rotor shaft up to operating speed of, for
      example, 27,000 r.p.m.
PAR  According to the present invention there is provided a gyroscope which is
      very compact in size and which may employ a fairly small rotor achieving
      the angular momentum of a larger rotor by means of a multiplication of
      speed between the spring drive and the rotor shaft. The multiplier gearing
      brings about an "impedance match" between spring and rotor whereby greater
      energy is coupled to the rotor than would be possible in the case of the
      usual, prior-art straight connection. The smaller rotor and resulting
      smaller gimbal system achieves resistance against G stresses adapting the
      same for advantageous utilization in an aircraft, missile or the like.
PAR  While I have shown and described a preferred embodiment of my invention, it
      will be apparent to those skilled in the art that many changes and
      modifications may be made without departing from my invention in its
      broader aspects. I therefore intend the appended claims to cover all such
      changes and modifications as fall within the true spirit and scope of my
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a gyroscope,
PA1  gyroscopic rotor means of a predetermined light weight,
PA1  gimbal means mounting the rotor means for rotational movement,
PA1  spring motor drive means including a spring adapted to be wound,
PA1  and coupling means for releasably coupling said spring motor drive means in
      driving relation to said rotor means for bringing said rotor means up to a
      desired speed,
PA1  said coupling means including step-up gearing means for rotating said rotor
      means at a speed greater than the unwinding speed of said spring so that
      the rotor means has a high angular momentum despite its lightness in
      weight, the weight of said rotor means being lighter than would be
      required to attain a given angular momentum without said step-up gearing.
NUM  2.
PAR  2. The gyroscope of claim 1 wherein said coupling means comprises a rigid
      ring gear, planetary pinions driven by said spring, and a sun gear
      releasably coupled to said rotor means.
NUM  3.
PAR  3. In a gyroscope,
PA1  gyroscopic rotor means,
PA1  gimbal means mounting the rotor means for rotational movement,
PA1  spring motor drive means including a spring adapted to be wound,
PA1  step-up gearing means drivingly connected to the drive means,
PA1  overrunning clutch means normally coupling the gearing means to the rotor
      means and completely disengaging the rotor means from the gearing means
      when overrunning of the rotor means relative to the gearing means occurs,
PA1  and releasable means normally holding the drive means in a fully wound
      condition and releasable to permit the spring to unwind.
NUM  4.
PAR  4. The gyroscope of claim 3 wherein the overrunning clutch means includes a
      driving shaft splined to the step-up gearing means, interengageable claw
      clutch means on the rotor means and the shaft adapted to cam apart and cam
      the shaft toward a retracted position when such overrunning occurs, and
      holdout means for holding the shaft in its retracted position to permit
      free rotation and gyroscopic movement of the rotor means.
NUM  5.
PAR  5. The gyroscope of claim 4 wherein the holdout means comprises a spring.
NUM  6.
PAR  6. The gyroscope of claim 3 wherein the overrunning clutch means includes a
      claw type clutch having teeth which hook together when the gearing means
      is driving the rotor means, and disengaging means for moving the teeth
      apart when such overrunning occurs.
NUM  7.
PAR  7. The gyroscope of claim 6 wherein the disengaging means comprises camming
      portions on the teeth.
NUM  8.
PAR  8. The gyroscope of claim 7 wherein the disengaging means also includes a
      spring adapted to hold the teeth apart.
NUM  9.
PAR  9. The gyroscope of claim 6 wherein the disengaging means includes a spring
      of a strength insufficient to move the teeth apart while the teeth are
      hooked together and sufficient to move the teeth apart when there is no
      hooking.
NUM  10.
PAR  10. In combination,
PA1  a rotary driven member,
PA1  a rotary driving member,
PA1  means mounting the driving member in alignment with the driven member and
      movable axially toward and away from the driving member,
PA1  the members having overrunning clutch portions on the ends thereof,
PA1  means biasing the driving member away from engagement with the driven
      member to a retracted position out of engagement with the driven member,
PA1  a windable spring drive,
PA1  ratchet means for locking the spring drive in wound condition,
PA1  step-up gearing means coupling the spring drive to the driving member,
PA1  releasable latch means for holding the driving member in engagement with
      the driven member against the action of the biasing means,
PA1  means for releasing the ratchet means,
PA1  and means for releasing the releasable latch means to permit the biasing
      means to move the driving member to its retracted position.
NUM  11.
PAR  11. The combination of claim 10 wherein the overrunning clutch means has
      teeth which hook while the driving member is driving the driven member and
      which unhook when overrunning of the driven member starts, the biasing
      means serving to move the teeth apart when unhooking occurs.
NUM  12.
PAR  12. The combination of claim 11 wherein the latch releasing means operates
      at the same time as the ratchet releasing means.
NUM  13.
PAR  13. The combination of claim 12 wherein the ratchet means includes a pawl
      and a ratchet, the releasable latch means including a keeper member
      carried by the pawl and movable therewith.
NUM  14.
PAR  14. In a gyroscope,
PA1  gimbal means,
PA1  a rotor mounted rotatably by the gimbal means and including a rotor shaft
      having overrunning clutch teeth on one end thereof,
PA1  a drive shaft having overrunning clutch teeth on one end thereof,
PA1  a ratchet fixed to the drive shaft,
PA1  platform means mounting the gimbal means and also mounting the drive shaft
      for rotary movement and for axial movement between a drive position in
      which the clutch teeth of the shafts are in driving engagement and a
      retracted position in which the drive shaft is completely disengaged from
      the rotor shaft,
PA1  a compression spring engaging the platform means and the drive shaft and
      urging the drive shaft toward its retracted position,
PA1  a windable coil spring mounted by the platform means,
PA1  coupling means connecting the drive end of the coil spring to the shaft,
PA1  releasable pawl and ratchet means normally holding the coil spring against
      unwinding,
PA1  means for releasing the pawl and ratchet means to permit the coil spring to
      unwind and drive the shafts,
PA1  keeper means normally holding the drive shaft in its drive position,
PA1  and means for actuating the keeper means to release the drive shaft to
      permit the compression spring to move the drive shaft out of engagement
      with the rotor shaft when the coil spring is unwound.
NUM  15.
PAR  15. The gyroscope of claim 14 wherein the clutch teeth are claw clutch
      teeth having hooking portions and the means for actuating the keeper means
      to release the drive shaft releases the drive shaft when the pawl and
      ratchet means is released.
NUM  16.
PAR  16. The gyroscope of claim 15 wherein the pawl and ratchet means includes a
      ratchet keyed to the drive shaft and a pawl and the keeper means is a
      keeper member carried by the pawl between a position overhanging the
      ratchet and a position clearing the ratchet.
NUM  17.
PAR  17. The gyroscope of claim 16 wherein the coupling means comprises a ring
      gear rigid on the platform means, planetary pinions driven by the spring,
      and a sun gear keyed to the drive shaft.
NUM  18.
PAR  18. The gyroscope of claim 14 wherein the coupling means comprises a ring
      gear fixed to the platform, a sun gear keyed to the drive shaft and
      planetary pinions revolved by the coil spring and meshing with the ring
      gear and the sun gear.
NUM  19.
PAR  19. The gyroscope of claim 14 wherein the shafts have a pilot pin and pilot
      bore to facilitate clutching engagement between the shafts.
NUM  20.
PAR  20. The gyroscope according to claim 14 wherein said gimbal means are
      formed of fiberglass and nylon.
NUM  21.
PAR  21. In a gyroscope,
PA1  gyroscope rotor means,
PA1  gimbal means mounting the rotor means of rotational movement,
PA1  spring motor drive means including a spring adapted to be wound,
PA1  and overrunning clutch means normally coupling the spring motor drive means
      to the rotor means and completely disengaging the rotor means when
      overrunning of the rotor means relative to the drive means occurs,
PA1  said overrunning clutch means including a claw type clutch having teeth
      which hook together when the spring motor drive means is driving the rotor
      means, and including disengaging means for moving the teeth apart when
      such overrunning occurs.
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ABST
PAL  A compact speed reduction mechanism for driving a tuning indicator dial of
      a UHF television tuner or the like includes a harmonic drive unit having a
      rigid fixed spline and a movable flexible spline member. The indicator
      dial is mechanically coupled to the flexible spline member and a wave
      generator is attached to the selector shaft. The number of teeth on each
      spline is selected to give approximately a 7:1 reduction ratio between the
      selector shaft and the indicator dial. More teeth are provided on the
      flexible spline than the rigid spline to prevent binding between the
      splines which normally occurs when reduction ratios of less than
      approximately 20:1 are used.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to speed reduction systems and, more
      particularly, to compact speed reduction systems usable for driving the
      tuning indicator dial of a UHF tuner.
PAR  2. Description of the Prior Art
PAR  Modern UHF television tuners generally employ a continuously variable
      tuning mechanism driven by a multiple turn detented selector shaft. The
      selector shaft of modern UHF tuners is generally rotatable over a range of
      approximately 7 revolutions to cover the seventy UHF channels, each
      revolution of the selector shaft covering 10 of the 70 channels. One form
      of tuning indicator which is used with UHF tuners of this type is
      rotatable over only 1 revolution, thereby requiring a speed reduction
      mechanism between the selector shaft and the tuning indicator dial.
PAR  Several speed reduction mechanisms for driving an indicator dial are known.
      These mechanisms generally employ a plurality of gears to achieve the
      desired speed reduction. Although these mechanisms provide a way to
      realize the necessary speed reduction, gear mechanisms are generally
      expensive and difficult to fabricate, tend to be bulky, and the play
      normally occurring between the gears can result in an erroneous indication
      by the indicator dial. The bulk of gear mechanisms is particularly
      objectionable in compact portable television sets where space is at a
      premium, thereby making it difficult to fabricate a satisfactory dial
      drive mechanism.
PAR  Flexible spline speed reduction mechanisms provide a compact speed
      reduction mechanism that avoids the problems of most other drive systems.
      For this reason, they have been used as speed reduction mechanisms for
      fine tuning UHF television tuners. However, flexible spline speed
      reduction mechanisms tend to bind with reduction ratios of much less than
      approximately 20-to-1 (the ratio used in fine tuning systems) are
      employed, and have been considered unsuitable for dial drive mechanisms
      where a 7-to-1 ratio is required.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a novel,
      compact drive mechanism for a tuning indicator dial for a UHF tuner.
PAR  It is another object of the present invention to provide a flexible spline
      speed reduction mechanism that does not bind at low speed reduction ratios
      on the order of 7-to-1.
PAR  It is a further object of the present invention to provide a tuning
      indicator dial assembly for a UHF television set that may be readily
      adjusted for tracking from outside of the set.
PAR  In accordance with the preferred embodiment of the invention, a rigid
      spline having a plurality of teeth is fixedly attached to the tuner
      housing. A rotatable flexible spline member having finer teeth than the
      rigid fixed spline is urged into engagement with the fixed spline by a
      rotatable wave generator. The wave generator is coupled to the selector
      shaft, and the rotatable spline is mechanically coupled to the tuning
      indicator dial. Rotation of the selector shaft causes the wave generator
      to impart wave motion to the flexible spline, thereby causing the
      indicator dial to rotate at a lower speed determined by the difference in
      the number of teeth in the rigid and flexible splines. By utilizing finer
      teeth in the flexible spline, the teeth of the flexible spline are
      deformed by the wave generator to match the coarser teeth of the fixed
      spline, thereby eliminating the binding that normally occurs when low
      reduction ratios are used.
DRWD
PAR  The invention, both as to its organization and method of operation,
      together with further objects and advantages thereof, will best be
      understood by reference to the following specification taken in connection
      with the accompanying drawing in which:
PAR  FIG. 1 is a side elevational view of a UHF television tuner utilizing the
      dial drive mechanism according to the invention;
PAR  FIG. 2 is a side cross-sectional view of the dial drive mechanism according
      to the invention shown on a somewhat larger scale and showing the selector
      shaft and the indicator dial;
PAR  FIG. 3 is a front cross-sectional view of the dial drive mechanism
      according to the invention taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a detailed side view of the rigid and flexible splines shown in
      FIGS. 2 and 3 illustrating the relative position of the teeth of the rigid
      and flexible splines with the flexible spline undeformed; and
PAR  FIG. 5 shows the relative position of the teeth of the rigid and flexible
      splines when the flexible spline is deformed by the wave generator.
DETD
PAR  Referring now to the drawing, there is shown a detented UHF tuning system
      generally designated as 10 employing the dial drive mechanism 12 according
      to the invention. The detented tuning mechanism 10 comprises a standard
      UHF television tuner 14 having a continuously variable tuning shaft 16
      coupled to a 70 position detented tuner driving mechanism 18. The detented
      tuner driving mechanism 18 is more fully described in the Valdettaro U.S.
      Pat. No. 3,774,459 assigned to the same assignee as the assignee of the
      present invention and incorporated herein by reference.
PAR  The dial driving mechanism 12 includes a housing 20 that is affixed to the
      front housing 22 of the tuner driving mechanism 18 by means of a pair of
      screws 24 and 26. The housing 20 is mounted concentrically with a selector
      shaft 28 and a fine tuning shaft 30 extending from the tuner driving
      mechanism 18. A selector knob 32 and a fine tuning knob 34 are affixed to
      the selector shaft 28 and the fine shaft 30, respectively.
PAR  A rigid annular spline portion 32, having a plurality of rearwardly facing
      radially extending teeth 32a, is molded in the inner surface of the
      housing 20 in coaxial relationship with the fine tuning shaft 30 and the
      selector shaft 28. A flexible annular spline member 34 is positioned
      opposite the rigid spline 32 by an indicator dial driving collar 36 which
      is concentrically mounted with the fine tuning shaft 30. The flexible
      spline member 34 is provided with an annular series of radially extending
      forwardly facing teeth 34a (FIG. 4) opposite the teeth 32a. An indicator
      dial 38 is affixed to the dial driving collar 36 for rotation therewith,
      and a spline 40 molded into the collar 36 engages a spline 42 formed into
      the flexible spline member 34 to prevent relative rotation between the
      collar 36 and the flexible spline member 34.
PAR  A wave generator 44 is disposed about the selector shaft 28, and rotory
      motion is transferred from the selector shaft 28 to the wave generator 44
      by means of a driving spline 46 affixed to the selector shaft 28. The
      driving spline 46 has a pair of forwardly extending members 46a which
      engage a pair of recesses 46b in the wave generator 44. The members 46a
      and recesses 46b are shown in a disengaged condition for purposes of
      clarity in FIG. 2; however, in an operative system, the screw 24 would be
      tightened sufficiently to bring the housing 20 into physical contact with
      the front housing 22, thereby bringing the members 46a  into engagement
      with the recesses 46b. A curved annular biasing spring 48 is employed to
      resiliently bias the wave generator 44 against the flexible spline member
      34 to maintain the flexible spline member 34 in engagement with the rigid
      spline 32 at two diametrically opposed points beneath a pair of triangular
      forwardly facing members 50 and 52 formed on the wave generator 44.
PAR  The indicator dial 38 is provided with a plurality of numbers in the
      annular dial area 39 thereof corresponding to the UHF channel numbers
      14-83. The fine tuning knob 34 is fabricated from a clear plastic or the
      like to permit the viewing of the channel numbers therethrough. A pointer
      or other reference mark (not shown) is disposed on the television cabinet
      adjacent to the indicator dial to provide an indication of the channel
      being received. Alternatively, the numbers can be disposed on the
      television cabinet and the reference mark can be affixed to the indicator
      dial. The channel numbers are generally disposed about 360.degree., or
      less, of the dial, and the indicator dial is incrementally advanced each
      time the selector knob 32 is moved one detent position. As a result, an
      indication of each of the channels in the UHF band is provided over a
      range of rotation of less than one revolution of the indicator dial 38.
PAR  In order to provide an accurate indication of the channel being received,
      the indicator dial 38 must be accurately positioned with respect to a
      stationary reference mark. To provide for the adjustment of the indicator
      dial 38 with respect to the stationary reference mark, a series of
      castellations 56 are formed in the end of the collar 36. These
      castellations are engageable by a special tool having similar
      castellations. Adjustment of the indicator dial is done by holding the
      collar 36 in place with the special tool while rotating the indicator dial
      38 to the desired position. The special tool prevents the adjusting torque
      applied to the indicator dial 38 from possibly damaging the reduction
      mechanism 12 or causing slippage between the splines 32 and 34.
PAR  The collar 36 and the dial 38 may be provided with a pair of mating splines
      37 (FIG. 2), or one or both of the mating surfaces may be smooth. In the
      event that the mating spline 37 is used, the splines must be fine enough
      to provide the necessary accuracy of adjustment. If these splines 37 are
      too coarse, the incremental rotation of the dial as the spline 37 slips
      from one tooth to the next will be too large to provide an accurate
      adjustment of the dial 38. For this reason, slippage within the reduction
      mechanism 12 is not used to provide the vernier adjustment of the dial. If
      the teeth 32a and 34a of the splines 32 and 34, respectively, are made
      fine enough to provide the necessary accuracy of adjustment, it is
      possible that undesired slippage between the two splines will occur during
      normal tuning of the set. If the teeth are made coarser, the incremental
      rotation of the dial 38 during slippage is too great to provide the
      accurate adjustment. For this reason, the splines 32 and 34 are provided
      with relatively coarse teeth 32a and 34a, respectively, to prevent
      slippage and the vernier adjustment of the tuning knob 38 is accomplished
      by relative rotation between the collar 36 and the dial 38.
PAR  The selector shaft 28 has a range of rotation of approximately seven turns
      to cover the entire UHF television band whereas the indicator dial 38
      requires less than one turn to cover this band. The speed reduction
      mechanism 12 provides the necessary speed reduction between the selector
      knob 32 and the indicator dial 38 as follows. Rotation of the selector
      shaft 28 causes a corresponding rotation of the wave generator 44. The
      members 50 and 52, which are disposed about the periphery of the wave
      generator 44 at 180.degree. intervals, engage the back side of the
      flexible spline member 34 to bring opposed points thereon into engagement
      with the rigid spline 32 in the regions beneath the members 50 and 52. As
      the wave generator 44 is rotated, the members 50 and 52 slide along the
      rear surface 34b (FIG. 5) of the spline member 34 and successively bring
      each of the teeth 34a of the flexible spline member 34 into engagement
      with a corresponding valley between the teeth 32a in the rigid spline 32.
      Because spline members 32 and 34 contain unequal numbers of teeth, the
      pitch of the teeth in the two spline members is unequal, and the
      engagement of successive teeth requires the repositioning of the two
      splines by an amount equal to the difference in pitch of the teeth of the
      two splines. As a result, the flexible spline member 34 gradually rotates
      with respect to the fixed rigid spline 32 as the selector knob 32 is
      rotated. The number of teeth 34a in the flexible spline member 34 is
      greater than the number of teeth 32a in the fixed rigid spline 32. As a
      result, the flexible spline 34 rotates in the same direction as the
      selector knob 32.
PAR  The rotation of the flexible spline member 34 is imparted to the collar 36
      by means of the splines 40 and 42 interconnecting the flexible spline
      member 34 and the collar 36. The indicator dial 38 is affixed to the
      collar 36 by means of retaining spring 54 and rotates with the collar 36
      as the selector knob 32 is rotated.
PAR  In accordance with an important feature of the present invention, the
      flexible spline member 34 is provided with relatively more teeth than the
      rigid spline 32 to prevent jamming of the speed reduction mechanism when
      relatively low reduction ratios are used. For example, in the embodiment
      shown in the Figures, the rigid spline 32 is provided with 40 teeth 32a
      and the flexible spline member 34 is provided with 46 teeth 34a to provide
      a reduction ratio of approximately 7-to-1. The absolute number of teeth
      provided may be varied to suit the particular application, and in general,
      in order to provide a 7-to-1 reduction ratio, the number of teeth in the
      flexible spline member 34 should exceed the number of teeth in the rigid
      spline 32 by approximately one-seventh of the number of teeth in the rigid
      spline 32.
PAR  The reason for the improved performance is best illustrated in FIGS. 4 and
      5. In flexible spline drive systems, relative motion between the two
      splines is achieved by providing a different number of teeth in each of
      the splines. As a result, the pitch of spacing between the peaks or
      valleys of the teeth of the two splines is unequal. For example, in the
      embodiment shown in FIG. 4, the rigid spline 32 has a pitch equal to P1
      and the flexible spline member 34 has a pitch P2 that is shorter than the
      pitch P1. The difference between the pitches P1 and P2 is dependent upon
      the relative number of teeth in each of the spline members 32 and 34, and
      hence on the reduction ratio of the spline drive unit.
PAR  Most spline drive reduction mechanisms presently being produced have a
      relatively high reduction ratio on the order of 20-to-1 or more. As a
      result, the pitches of the rigid and flexible splines are only slightly
      different. However, when the reduction ratio is reduced substantially
      below 20-to-1, the pitches of the rigid and flexible splines become
      unequal to cause jamming of the reduction mechanism.
PAR  In a spline drive mechanism, the relative motion of the two spline members
      is caused by a gradual slipping of the splines with respect to each other
      as a wave generator successively forces the peaks of adjacent teeth of one
      spline into corresponding valleys in the other spline. Because of the
      difference in the pitch of the two splines, a realignment of the splines
      must occur each time a successive peak is forced into a respective valley
      of the opposite spline.
PAR  However, when the difference between the two pitches is excessive, a
      situation can arise wherein the direction of relative motion is not
      uniquely defined and jamming of the splines can result. For example, if
      pressure is applied to force the splines 32 and 34 together near point A
      (FIG. 4), the resulting force will cause the spline 34 to slide to the
      right with respect to the spline 32. Conversely, if a force is applied to
      the two splines to bring them into engagement near point B, the spline 34
      will slide to the left with respect to the spline 32. As a result, the
      direction of motion is determined by the point at which the engaging
      pressure is applied rather than the relative pitch of the two splines.
      Furthermore, because the engaging members of practical wave generators
      have a finite width, and because the distance between the points A and B
      is relatively close for low ratio reduction mechanisms, some force will be
      applied to both points A and B thereby resulting in a jamming of the
      reduction mechanism unless special precautions are taken.
PAR  The jamming problems described in the foregoing can be largely eliminated
      if the larger number of teeth is provided on the flexible spline and if
      means are provided for preventing the engagement of teeth remotely
      positioned from the point of engagement of the two splines. The latter
      function is provided by making the teeth of both of the splines relatively
      fine or by making one of the splines sufficiently flexible to permit the
      teeth thereof to clear the teeth of the rigid spline except at the point
      of engagement of the two splines. This is best illustrated in FIG. 5 which
      shows the splines 32 and 34 near the region of contact therebetween. As
      the flexible spline 34 is forced into engagement with the rigid spline 32
      by the portion 50 of the wave generator 44, the flexible spline 34 is bent
      in the region of contact so that the peaks of the teeth of the flexible
      spline 34 are spread apart to make the pitch P2 appear to be substantially
      equal to the pitch P1. This prevents the overlapping of teeth such as that
      occurring at points A and B of FIG. 4, and prevents jamming when low
      reduction ratios are used. Furthermore, the flexible spline 34 is made of
      relatively flexible material so as to bring the splines 32 and 34 out of
      engagement as soon as possible in the area away from the point of contact.
      As a result, a sufficiently low reduction ratio to make a flexible spline
      drive mechanism usable for driving an indicator dial for a UHF television
      tuner can be achieved.
PAR  While certain preferred embodiments of the invention have been described by
      way of illustration, many modifications will occur to those skilled in the
      art; it will be understood, of course, that it is not desired that the
      invention be limited thereto, since modifications may be made, and it is,
      therefore, contemplated by the appended claims to cover any such
      modifications as fall within the true scope and spirit of the invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A tuning system comprising:
PA1  a tuner having a selector shaft, rotation of which is effective to tune
      said tuner over a predetermined band of frequencies, a plurality of
      revolutions of said selector shaft being required to tune said tuner over
      said predetermined band;
PA1  a rotatable tuning indicator;
PA1  means interconnecting said selector shaft and said tuning indicator, said
      interconnecting means including
PA1  a circular rigid spline member fixedly attached to said tuner, said rigid
      spline member having a first plurality of teeth circularly disposed on a
      radially extending surface of said rigid spline member,
PA1  a circular flexible spline member having a second plurality of teeth
      greater in number than said first plurality of teeth circularly disposed
      on a radially extending surface of said flexible spline member and
      opposing said first plurality of teeth,
PA1  a wave generating member engaging said flexible spline member, said wave
      generating member being biased to urge at least one of said second
      plurality of teeth into engagement with one of said first plurality of
      teeth, said wave generating member being affixed to said selector shaft
      for rotation therewith to thereby successively bring different ones of
      said first and second pluralities of teeth into engagement thereby causing
      said flexible spline member to rotate at a predetermined rate slower than
      the rotation of said selector shaft, and
PA1  means mechanically coupling said flexible spline member to said tuning
      indicator dial for causing said tuning indicator dial to rotate in
      synchronism with said flexible spline member.
NUM  2.
PAR  2. A system as recited in claim 1 wherein said rigid spline member has
      defined therein an aperture concentric with said first plurality of
      circularly disposed teeth, and said selector shaft and said coupling means
      extend through said aperture in coaxial relation thereto.
NUM  3.
PAR  3. A system as recited in claim 2 wherein said rigid spline member is
      interposed between said flexible spline and said tuning indicator.
NUM  4.
PAR  4. A system as recited in claim 3 wherein the number of teeth in each of
      said first and second plurality of teeth is in the range of approximately
      40 to 50.
NUM  5.
PAR  5. A system as recited in claim 4 wherein the number of teeth comprising
      said first plurality of teeth is approximately 40 and the number of teeth
      comprising said second plurality of teeth is approximately 46.
NUM  6.
PAR  6. A system as recited in claim 3 wherein the number of teeth comprising
      said first plurality of teeth is an integer N and the number of teeth
      comprising said second plurality of teeth is a second integer M, where M
      is an integer that exceeds the integer N by an integer approximately equal
      to one-seventh of the value of the integer N.
NUM  7.
PAR  7. A system as recited in claim 3 wherein said tuning indicator dial is
      mounted coaxially on said selector shaft.
NUM  8.
PAR  8. A system as recited in claim 7 wherein said coupling means includes a
      collar engaging said flexible spline member and said tuning indicator,
      said collar being mounted in coaxial relationship with said selector
      shaft, said flexible spline member and said tuning indicator dial.
NUM  9.
PAR  9. A system as recited in claim 8 wherein the number of teeth in each of
      said first and second plurality of teeth is selected to provide
      approximately a 7-to-1 speed reduction ratio drive to said tuning
      indicator dial.
NUM  10.
PAR  10. A system as recited in claim 9 wherein the number of teeth in each of
      said first and second plurality of teeth is selected to cause the tuning
      indicator dial to rotate in the same direction as the selector shaft.
NUM  11.
PAR  11. A system as recited in claim 8 wherein said collar includes a plurality
      of externally engageable castellations and said indicator dial is
      rotatable with respect to said collar when said collar is restrained by
      said castellations.
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ABST
PAL  An axially reciprocable rotary spindle is mounted in the housing, and a
      first biasing arrangement urges the spindle in one axial direction
      outwardly of the housing. An impact member is mounted on this spindle for
      rotation with but limited axial displacement relative to the same and has
      an outer circumferential surface provided with cams inclined axially and
      circumferentially of the spindle and formed with one interruption per cam.
      A second biasing arrangement urges the impact member also in the
      aforementioned axial direction, and a fixedly mounted guide ring surrounds
      the impact member and forms a race for roller bodies corresponding in
      number to the interruptions and which roll in contact with the
      circumferential surface and the cam.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a drill, and in particular to a
      hammer drill.
PAR  Hammer drills are already known in the art. The are power-operated tools in
      which the drill bit can either be only rotated, or in which it can have
      axially acting blows superimposed upon its rotational movement. In some
      instances, these tools can also be switched so that only blows can be
      transmitted to the drill bit, that is the rotary motion can be switched
      off. In order to obtain the hammering action in these tools, it is known
      to mount the drive shaft which transmits motion to the drill bit for axial
      reciprocation, and to surround it with an impact member that is fixedly
      connected with the drive shaft and formed at one axial end with a
      plurality of circumferentially spaced projections. Adjacent this axial end
      is a stationary member which is fixedly mounted in the housing and which
      is formed with a further plurality of projections extending towards the
      impact member. The latter is urged by biasing means against the stationary
      component so that its projections will alternatively snap between those of
      the stationary component and be urged out from between them by the torque
      that is transmitted to the impact member. This transmits blows to the
      drive shaft which in turn transmits them to the drill bit.
PAR  It is evident that the projections of the stationary component and of the
      impact member will slide upon one another as they move into and out of
      interengagement. This sliding, in turn, causes friction which
      disadvantageously influences the effectiveness of these devices, aside
      from the undesired development of heat resulting from this friction. Added
      to these disadvantages of the prior-art constructions is a further one,
      namely the fact that relatively complicated mechanisms are necessary for
      moving their components to and from the hammer-drilling position.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the invention to provide an improved
      hammer drill of the type outlined earlier, which is simpler in its
      construction than the prior-art machines.
PAR  An additional object of the invention is to provide such an improved hammer
      drill which has an improved degree of efficiency in operation.
PAR  A further object of the invention is to provide such an improved hammer
      drill which is less expensive to construct than the prior-art machines.
PAR  Still a further object of the invention is to provide such a hammer drill
      in which vibrations caused by the operation of the impact member are not
      transmitted to the housing and therefore are not felt objectionably by a
      user.
PAR  In keeping with the above objects, and with others which will become
      apparent hereafter, one feature of the invention resides in a hammer drill
      which, briefly stated, comprises a housing, an axially reciprocable rotary
      spindle mounted in the housing, and first biasing means urging the spindle
      in one axial direction outwardly of the housing. An impact member is
      mounted on the spindle for rotation with but limited axial displacement
      relative to the same; the impact member has an outer circumferential
      surface provided with cam means which is inclined axially and
      circumferentially of the spindle and formed with one interruption per cam
      of the cam means. Second biasing means urges the impact member also in the
      aforementioned one axial direction, and a fixedly mounted guide ring
      surrounds the impact member and forms a race for roller bodies which
      correspond in number to the number of interruptions and which roll in
      contact with the circumferential surface and with the cam means.
PAR  This construction thus replaces the sliding friction between the
      projections of the prior-art devices with a rolling contact between the
      flanks of the screw flight means and the rolling bodies, which
      substantially reduces the losses due to friction and thus increases the
      mechanical efficiency of the device, in addition to which the development
      of friction-generated heat is significantly reduced.
PAR  The cam means may be provided with one or more cams, and it may be of the
      left-hand or the right-hand type. It may project from the surface of the
      impact member, or it may be recessed into the circumferential surface
      thereof. While the rolling bodies are advantageously spherical members,
      they could also be constructed as cylindrical rollers or the like.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary longitudinal section through a hammer drill
      embodying the invention;
PAR  FIG. 2 is a side view illustrating the impact member of the embodiment in
      FIG. 1;
PAR  FIG. 3 is a partly sectioned end view of the impact member shown in FIG. 2;
      and
PAR  FIG. 4 is a view analogous to FIG. 1, but showing a different embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring firstly to the embodiment shown in FIGS. 1-3, it will be seen
      that here the tool is provided with a housing 10 which is assembled of a
      plurality of elements and in which it should be understood that there is
      provided an electromotor (not shown). The housing will ordinarily also be
      provided with a handle portion which, however, is not illustrated because
      it is conventional. A jack shaft 11 is mounted in the housing and is to be
      driven by the motor; the shaft 11 in turn drives a shaft 12 via a pinion
      11'. The end portion of the shaft 12 which faces towards the chuck of the
      tool, is formed with an annulus of teeth 13 which is engaged by the teeth
      of a gear 14 that is mounted fixedly on a spindle 15. The length of the
      teeth 13 is approximately twice as great as the length of the teeth on the
      gear 14.
PAR  The housing is provided with two slide bearings 16 and 17 in which the
      spindle 15 is journalled for rotation; a biasing spring 18 permanently
      tends to shift the spindle 15 towards the left in FIG. 1. A bolt 20 is
      provided by means of which the bearing 17 can be displaced; the bolt 20 is
      non-rotatably connected with a knob 21 and is of eccentric construction.
      In other words: the bolt has an approximately centrally located portion 22
      of quadratic configuration and an eccentrically projecting cam portion 23.
      When the knob 21 is turned, and thereby the bolt 20 is similarly turned,
      the spindle 15 can be axially displaced between its two positions
      corresponding to pure drilling and to hammer drilling; for this purpose,
      the bearing 17 is displaced in a bore 24 of the housing 10 wherein it is
      slidably received. The end portion 19 of the spindle 15 is located
      slightly ahead of the end of the bearing 17 and is therefore displaced by
      the bearing and a radial bearing 25 which in turn contacts the bearing 17
      on the one hand and a shoulder 15' of the spindle 15 on the other hand.
      The spring 18 bears upon the radial bearing 25. In the region of the end
      facing the chuck the spindle 15 is provided with a shoulder 26 which,
      however, is still located within the confines of the housing 10. An impact
      member 28 is urged into engagement with the shoulder 26 by a spring 27
      which bears at one end on a spring disc 29 which in turn contacts a
      shoulder 30 of the impact member 28, and which bears with its other end
      upon the gear 14. As the drawing clearly shows, the impact member 28
      cannot rotate with reference to the spindle 15, but it can become axially
      displaced relative thereto, for which purpose a pin 31 is provided which
      is mounted in the spindle 15 and extends into two longitudinal slots 32
      which are formed at the right-hand end portion of the impact member 28 and
      into which the opposite outer axial ends of the pin 31 extend.
PAR  In accordance with the invention the outer circumferential surface of the
      impact member 28 is provided near its end portion facing the chuck with
      cam means 33 which is of the left-hand type in the illustrated embodiment
      and which has three cams 34-36. Each of these extends over a portion of
      arc that is smaller than 120.degree., and between circumferentially
      adjacent ones of the cams 34-36 there are forced openings or cutouts 37,
      38 and 39, respectively. The width of the cutouts and their depth is such
      that a roller body 40, 41 or 42 can readily pass through the respective
      cutout. In the illustrated embodiment the roller bodies 40-42 are
      spherical members which are in part received in an annular groove 43 of a
      ring 44 that is fixedly mounted in the housing 10 and forms a race for
      them, and which in part are in rolling engagement with the outer
      circumferential surface of the impact member 28.
PAR  It will be appreciated that the ring 44 prevents displacement of the roller
      bodies 40-42 in axial direction, so that they can perform only a
      circumferential movement. The inner diameter of the cutouts 37-39 equals
      the inner diameter of the cam means 33; in other words, it is equal to the
      outer diameter of the impact member 28 beyond which the cams 34-36 extend
      outwardly. The width of the cutouts 37-39 in circumferential direction
      depends not only upon the diameter of the roller bodies 40-42, but also
      upon other considerations, such as the number of rotations of the screw
      spindle per unit of time, and the force of the spring 27. Whether the cam
      means is of the left-hand type or of the right-hand type depends upon the
      direction in which the spindle 15 must reciprocate to impart blows to the
      tool. These features can be readily determined without undue
      experimentation by those having ordinary skill in the art.
PAR  The bodies 40-42 are spaced at uniform circumferential distances, and are
      maintained at this spacing by a guide ring 45 which is located between the
      ring 44 and the impact member 28. In other words, there is a 120.degree.
      spacing between circumferentially adjacent ones of the bodies 40-42. The
      ring 45 resembles a cage such as is used for the balls of a ball bearing,
      and it is thus entirely conventional. That flank of each of the cams 34-36
      which faces towards the drive motor, that is towards the right in FIG. 1,
      is contoured to the form of the roller bodies 40-42, that is in this case
      it is part-spherical as evident from FIG. 2. The ring 44 itself may be the
      conventional outer race of a ball bearing.
PAR  If the machine of FIGS. 1-3 is to be used for drilling only, the knob 21 is
      so turned that the cam 23 shifts the bearing 17 and the bearing 25, and
      thereby the spindle 15, in left-hand direction in FIG. 1, as evidenced by
      the lower half of this spindle which is shown displaced towards the left
      with respect to the upper half. When this is done, the spindle is
      supported via the shoulder 15', the bearing 25 and the bearing 17 against
      the cam 23. Since the gear 14 is fixedly mounted on the spindle 15, the
      impact member 28 is also displaced towards the left by the spring 27 and
      is in contact with the shoulder 26 of the spindle 15. In this position,
      the roller bodies 40-42 contact the impact member 28 in the region facing
      towards the shoulder 30 and therefore do not engage the cams 34-36 so that
      the screw spindle 15 can now rotate without transmitting any axial impacts
      to its chuck.
PAR  If the machine is to be used for hammer drilling, that is if the chuck and
      the tool are to be both rotated and have axial impacts imparted to them,
      then the knob 21 is so turned that the cam 23 faces towards the motor
      (i.e., towards the right in FIG. 2). However, the spindle 15 continues to
      be urged to its left end position by the spring 18, so that the spindle 15
      will still turn when energized, but will not have any impact transmitted
      to it. The spindle is supported on a shoulder 10' of the housing via its
      shoulder 15' at the radial bearing 25, at the roller body 40-42 assume the
      same position relative to the impact member 28 as in the pure drilling
      position, that is they do not contact the cams 34-36.
PAR  Impacts will be transmitted to the spindle 15 only when the tool engaged in
      the chuck is displaced towards the right, thereby causing a similar
      displacement of the spindle 15. This occurs when the housing is pushed
      towards the left in FIG. 1, in order to press the tool in the chuck
      against the workpiece (the tool and the chuck have been omitted as not
      essential for an understanding of the invention). When this is done, and
      the spindle 15 moves towards the right against the force of the spring 18,
      the roller bodies 40-42 now can travel through the cutouts 37-39 into the
      part of the impact member 28 which is formed with the cams. Since the ring
      44 with the cage ring 45 and the roller bodies 40-42 cannot be axially
      displaced, the pressure of the spring 27 causes a frictional contact
      between the roller bodies 40-42, the ring 44 and those flanks of the cams
      34-36 which face towards the right in FIG. 1, so that, since the impact
      member 28 is connected with the screw spindle 15 against rotation relative
      to the same but with freedom of axial displacement relative to it, the
      impact member 28 is axially displaced towards the right against the force
      of the spring 27 (which thereby becomes further tensioned) by the extent
      to which the cams are actually inclined relative to the impact member 28.
      During the continual rotation of the spindle 15 the roller bodies come
      opposite the respective cutouts 37-39, thus suddenly freeing the impact
      member 28 for axial displacement, with the result that the impact member
      is instantaneously displaced towards the left by the force of the spring
      27, into engagement with the shoulder 26 of the spindle 15, whereby it
      transmits to the spindle 15 an axial blow in direction towards the chuck.
      This blow is not transmitted to the housing, so that the latter operates
      without the unpleasant transmission of vibrations or shock to a person
      holding the housing.
PAR  As the spindle 15 continues to rotate, the roller bodies 40-42 again come
      in contact with the axially right-hand flanks of the cams 34-36, and the
      previously described sequence of events is repeated. This continues until
      the urging of the machine towards the left in FIG. 1 (i.e., towards the
      workpiece) is terminated, thus permitting the spring 18 to shift the
      spindle 15 towards the left again and causing disengagement of the roller
      bodies from the flanks of the cams, so that the spindle now merely rotates
      but receives no further axial blows.
PAR  The embodiment in FIG. 4 is analogous to that of FIGS. 1-3 and like
      reference numerals identify like components. FIG. 4 shows that the cam
      means can have only a single cam, just as it can have more than the three
      which are shown in FIGS. 1-3. However, if the cam means has a single cam,
      then it will also have a single cutout. Correspondingly, it will have a
      single roller body associated with it, it being understood that the number
      of roller bodies always corresponds to the number of cutouts, and that the
      latter number corresponds to the number of cams. The cam means is here
      identified with reference numeral 33' and it is additionally shown that,
      unlike FIGS. 1-3, the cam means does not project beyond the outer
      circumferential surface of the impact member 28, but instead is recessed
      into it. The cutouts in this case are longitudinal grooves 37' (only one
      visible) which are also formed in the outer circumferential surface of the
      impact member 28 and which extend axially of the same. The bottom wall of
      each of these grooves 37' then corresponds to the smallest diameter of the
      cam means 33', and the cage 45' is radially supported on the
      circumferential surface of the impact member. As in the preceding
      embodiment, the number of cams, the pitch thereof and whether or not the
      cams are of the right-hand or left-hand type, is determined in dependence
      upon the same considerations as outlined earlier.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      hammer drill, it is not intended to be limited to the details shown, since
      various modifications and structural changes may be made without departing
      in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that
      from the standpoint of prior art fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A hammer drill, comprising a housing; a spindle mounted in said housing
      for rotation and axial reciprocation with respect thereto; first biasing
      means urging said spindle in one axial direction outwardly of said
      housing; an impact member mounted on said spindle for rotation with and
      limited axial displacement relative to the same and having an outer
      circumferential surface coaxial with said spindle; second biasing means
      urging said impact member also in said one axial direction; cam means
      connected to said impact member and projecting outwardly from said
      circumferential surface thereof, and including a plurality of cams which
      are inclined axially and circumferentially of said impact member and
      separated from one another in the circumferential direction by
      interruptions extending all the way to said circumferential surface of
      said impact member; a fixedly mounted guide ring surrounding said impact
      member and having a race; a number of roller bodies which corresponds to
      the number of said cams and each in rolling contact with said race, said
      circumferential surface and a respective of said cams; and a cage for
      maintaining said roller bodies at equi-angular distances about said
      circumferential surface.
NUM  2.
PAR  2. A hammer-drill as defined in claim 1, wherein said cam means comprises
      three cams each of which surrounds said circumferential surface over a
      portion of arc that is smaller than 120.degree. by the circumferential
      width of its associated interruption.
NUM  3.
PAR  3. A hammer-drill as defined in claim 1, wherein said roller bodies are
      spherical.
NUM  4.
PAR  4. A hammer-drill as defined in claim 1, wherein said guide ring has an
      inner side facing said impact member and provided with a circumferential
      groove which constitutes said race.
NUM  5.
PAR  5. A hammer-drill as defined in claim 1, said impact member having a
      shoulder; further comprising a gear mounted on said spindle and spaced
      from said shoulder in the direction opposite said one direction; and
      wherein said second biasing means comprises a biasing spring which bears
      upon said gear and said shoulder, respectively.
NUM  6.
PAR  6. A hammer-drill as defined in claim 1, wherein said impact member is
      provided with a pair of diametrally opposite axial slots; and further
      comprising a pin extending transversely through said spindle and having
      respective end portions each of which is received with clearance in one of
      said slots.
NUM  7.
PAR  7. A hammer drill comprising a housing; a spindle mounted in said housing
      for reciprocation and for rotation at an angular speed with respect to
      said housing and having an abutment; an impact member mounted on said
      spindle for rotation therewith at said angular speed and for limited axial
      displacement relative to the same and having an outer circumferential
      surface coaxial with said spindle; biasing means urging said impact member
      into contact with said abutment of said spindle; cam means on said impact
      member at said circumferential surface and having a plurality of cam
      surfaces which are inclined axially and circumferentially of said impact
      member and have end portions that are offset from one another in the axial
      direction of said impact member; a guide ring stationarily mounted in said
      housing and having an annular race coaxially surrounding said impact
      member; and a number of roller bodies which corresponds to the number of
      said cam surfaces and each in rolling contact with said race and a
      respective of said cam surfaces so that said impact member is displaced
      against the action of said biasing means away from said abutment during
      the rotation of said spindle and is suddenly displaced by said biasing
      means into contact with said abutment when the respective roller bodies
      reach said axially offset end portions of the respective cam surfaces.
NUM  8.
PAR  8. A hammer-drill as defined in claim 7, wherein said cam means projects
      outwardly from said circumferential surface.
NUM  9.
PAR  9. A hammer-drill as defined in claim 7, wherein said race is provided with
      a cage maintaining a corresponding plurality of said roller bodies spaced
      at equi-angular distances about said circumferential surface.
NUM  10.
PAR  10. A hammer-drill as defined in claim 7, wherein said cam means is
      recessed in said circumferential surface; and comprising axial grooves
      formed in said circumferential surface to a depth which at least equals
      the recessing of said cams.
NUM  11.
PAR  11. A hammer-drill as defined in claim 7, and further comprising a cage for
      said rolling bodies, accommodated within and radially supported by said
      guide ring.
NUM  12.
PAR  12. A hammer-drill as defined in claim 7, and further comprising a cage for
      said rolling bodies, accommodated within said guide ring and radially
      supported by said circumferential surface of said impact member.
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ABST
PAL  A drive chain trained about a drive and driven sprockets of different
      diameters is kept in proper tension by a tensioning device comprising a
      tensioning member located between the sprockets and extending transversely
      to the line of centers passing through the axes of rotation of the
      sprockets. The tensioning member is in the form of a rectangular block
      defining an opening through which the drive chain passes, opposite sides
      of the opening being bounded by inwardly facing abutment surfaces
      respectively engaging the opposite runs of the chain. The tensioning
      member is biased towards the larger of the sprockets and against the chain
      through means of a coil compression spring mounted on a guide rod which
      passes through an opening in the tensioning member and is pivotally
      mounted on and for swinging movement to the opposite sides of the line of
      centers of the sprockets at a location between the tensioning member and
      the smaller of the sprockets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for maintaining proper tension in
      flexible drive elements, such as chains or belts and the like, employed in
      machines or mechanisms of any kind for the purpose of transmitting a
      driving effort between drive and driven sprockets or pulleys and the like.
      More specifically, the present invention relates to a tensioning device
      which is particularly adapted for use with drives wherein the drive and
      driven members are of different diameters.
PAR  The present invention concerns a tensioning means intended for use with a
      flexible drive element in which each of the two runs or sides thereof is
      liable to be alternatively tensioned and relaxed, one run being tensioned
      and the other being slack during normal driving in one direction during
      acceleration, but said first-named run becoming slack and the other
      becoming tensioned in the event of overrun occurring in the mechanism or
      in the event of the drive being reversed.
PAR  Heretofore, it has been the practice in the art to provide tensioning means
      of the type described which either incorporated some sort of manually
      adjustable means, which required relatively frequent adjustment in order
      to compensate for wear in the drive components (see, for example, U.S.
      Pat. No. 3,060,760 granted to Minnis on 30 Oct. 1962), or incorporated a
      spring or other mechanical or hydraulic biasing means to maintain proper
      tension without manual adjustment (see, for example, U.S. Pat. No.
      3,673,884 granted to Southiere on 4 July 1972). Of course, relatively
      frequent manual adjustment is bothersome and not desirable and a
      tensioning means incorporating biasing means are relatively complicated,
      somewhat unreliable due to spring failure and/or are relatively expensive.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a novel tensioning
      device for maintaining the opposite runs of a flexible drive element
      trained about drive and driven members of different diameters in proper
      tension regardless of which run is tensioned and relaxed during operation
      of the machine or mechanism in which the drive element is embodied.
PAR  A broad object of the invention is to provide a tensioning device of
      reliable, relatively simple construction which requires no manual
      adjustment to compensate for wear endured by drive components.
PAR  Another object of the invention is to provide a tensioning device including
      a tensioning member which, when embodied in drive wherein the larger of
      the drive and driven members is substantially vertically above the other,
      has its weight completely supported by the opposite runs of a flexible
      drive element.
PAR  A further object of the invention is to provide a tensioning device
      including a tensioning member urged toward the larger of the drive and
      driven elements into engagement with the opposite runs of the flexible
      drive element by a single biasing means, the flexible drive element and
      the biasing means forming the sole support for the tensioning member.
PAR  Still a more specific object of the invention is to provide a tensioning
      member which has a generally rectangular box shape and includes an opening
      therethrough in which is received the flexible drive element, the opening
      being bounded at opposite sides by abutment surfaces which engage the
      opposite runs of the drive element.
PAR  These and other objects will become apparent from reading the ensuing
      description in conjunction with the appended drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a left side elevational view of a snowmobile having parts broken
      away to expose a schematically depicted drive embodying a tensioning
      device constructed according to the present invention.
PAR  FIG. 2 is a left side view of the tensioning member shown in FIG. 1, but
      with the member rotated clockwise from its FIG. 1 position.
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  While the present invention has a wide range of application, it is shown
      here embodied in a snowmobile designated in its entirety by the reference
      numeral 10. The snowmobile 10 is of a conventional type supported at its
      front end by a pair of skis 12 (only one shown) and at its middle and rear
      portions by a ground-engaging flexible track 16. The weight of the
      snowmobile is here shown supported on a slide rail suspension comprising a
      plurality of links 18 connected between left and right depending frame
      walls 20 and 22 and a pair of slide rails 24 (only one shown) engaging the
      inside of the track 16. The track 16 is driven in a conventional manner by
      one or more sprocket wheels 26 mounted on a transverse shaft 28 and
      engaged with the inside of the track 16.
PAR  An engine (not shown) disposed within a hood 30 is drivingly connected,
      through means of a conventional variable speed transmission shown
      partially at 32, to a transverse shaft 34 having a drive sprocket 36
      mounted thereon for rotation therewith. Mounted on the transverse shaft 28
      beside the track drive sprocket wheel 26 is a driven sprocket 38; and
      trained about the drive and driven sprockets 36 and 38 is a flexible drive
      element in the form of a chain 40 having opposite runs 42 and 44
      respectively located forwardly and rearwardly of a line of centers X
      passing through the axes of rotation of the sprockets 36 and 38. Thus, it
      will be appreciated that torque developed by the engine will be
      transmitted to the track 16 via the transmission 32, shaft 34, drive
      sprocket 36, chain 40, driven sprocket 38, transverse shaft 28 and
      sprocket wheel 26. Due to normal wear of itself and other drive
      components, the chain 40 tends to slacken. The slack of the chain 40 is
      more or less evenly distributed in the opposite runs 42 and 44, as
      illustrated in FIG. 1, when the snowmobile 10 is at rest, but tends to be
      wholly present on one side or the other depending on the operation of the
      snowmobile drive. For example, when the drive is operated to accelerate
      the snowmobile in the forward direction, the chain 40 will be rotated
      counterclockwise and the run 44 thereof will thus be tensioned while the
      run 42 is slack. On the other hand, when the snowmobile is decelerating
      and the track 16 overruns the engine, the run 42 will be tensioned while
      the run 44 becomes slack.
PAR  To ensure that the slack of the chain 40 is always taken up such that the
      chain 40 is properly tensioned so as to prevent it from jumping off the
      sprockets 36 and 38, a tensioning device 46 is provided. The tensioning
      device 46 includes a one-piece tensioning member 48 which preferably is
      made of a wear-resistant, low-friction material such as an acetal resin or
      the like. One known material of the desired type is sold by DuPont under
      the trademark, Delrin. The tensioning member 48 has a generally
      rectangular box-like shape bounded by left and right sides 50 and 52,
      respectively, and front and rear sides 54 and 56, respectively, as view in
      FIG. 1. Extending centrally through the member 48 between the front and
      rear sides 54 and 56 is an opening 58 which is substantially rectangular
      in transverse cross section. The front and rear sides 54 and 56,
      respectively, of the member 48 define inwardly facing arcuate abutment
      surfaces 60 and 62, respectively, which border the front and rear sides of
      the opening 58. The front abutment surface 60 is engaged with the front
      run 42 of the chain 40 while the abutment surface 62 is similarly engaged
      with the run 44 of the chain 40. It is herenoted that the driven sprocket
      38 is larger than the drive sprocket 36 and that the opening 58 is
      dimensioned such that the distance between the abutment surfaces 60 and 62
      is considerably smaller than the diameter of the driven sprocket 38 so
      that the tensioning member 48 is supported entirely on the chain 40.
PAR  In drives such as that illustrated in FIG. 1, wherein drive and driven
      members of different diameters are located one substantially vertically
      above the other with the larger of the two below the other, the weight of
      the tensioning member 48 would normally be sufficient to keep it
      positioned on the flexible drive element so as to operate to effectively
      keep the latter properly tensioned during the operation thereof. However,
      to ensure that the member 48 is always properly positioned regardless of
      the relative locations of the drive and driven members, biasing means are
      provided for urging the tension member 48 toward the larger of the drive
      and driven members and against the flexible drive element. Specifically,
      with reference to FIGS. 1-3, the biasing means comprises a spring guide
      rod 64 which is slidably mounted in an aperture provided in a tab 66
      formed integrally with the side 52 of the member 48 and projecting toward
      the opposite side 50. A clearance space 67 is thus defined between the tab
      66 and the side 50 so that the chain 40 can be passed through the opening
      58 without taking the chain apart. Encircling the rod 64 and compressed
      between a washer-like abutment 68 carried by the rod 64 and the cross
      piece 66 is a coil compression spring, shown schematically at 70. The
      upper end of the rod 64, as viewed in FIG. 1, is bent rightwardly and is
      pivotally mounted on a chain case or housing 72 such that the rod 64 may
      swing in pendulum fashion about its upper end.
PAR  It is here to be noted that a tension spring may be used in lieu of the
      compression spring 70, however, tension springs normally have hooked ends
      to effect their mounting and such hooked ends are prone to fatigue.
      Therefore, a coil compression spring such as the spring 70 is preferred.
PAR  The operation of the tensioning device is as follows. Assuming that the
      snowmobile 10 is accelerating in the forward direction, the run 44 of the
      chain 40 will become taut and as it does so it will urge the tensioning
      member 48 rearwardly (as viewed in FIG. 1) so as to cause the slack in the
      run 42 to be taken up. As the chain 40 stretches or otherwise becomes
      slacker because of wear of the drive components, the member 48 will shift
      downwardly to automatically take up the slack.
PAR  It is to be understood that while the present invention has been described
      as used in conjunction with a chain drive, it would be equally as
      applicable to a belt drive or any other drive where a flexible drive
      element is used to transmit torque between rotatably driven generally
      cylindrical members of different diameters.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a drive of a type including a support on which
      generally cylindrical drive and driven members of different diameters are
      mounted for rotation about parallel axes and a flexible drive element
      trained over the drive and driven members so as to form first and second
      runs located at opposite sides of a line of centers passing through said
      axes, a tensioning device comprising: a tensioning member located between
      said drive and driven members and including a center portion located
      between the first and second runs and joining first and second abutment
      surface means, which are respectively engaged with outer periphery
      locations of said first and second runs of the flexible drive element;
      said first and second abutment surface means being spaced apart by a
      distance no greater than the diameter of the larger of said drive and
      driven members and biasing means operatively connected to said support and
      said tensioning member and biasing said tensioning member toward the
      larger of said drive and driven members and against said flexible drive
      element.
NUM  2.
PAR  2. The combination defined in claim 1 wherein said biasing means and said
      flexible drive element form the sole means supporting said tensioning
      member.
NUM  3.
PAR  3. The combination defined in claim 1 wherein said tensioning member has a
      generally rectangular opening extending therethrough; said first and
      second abutment surface means respectively forming opposite walls of said
      opening; and said flexible element extending through said opening.
NUM  4.
PAR  4. The combination defined in claim 3 wherein said biasing means includes a
      coil compression spring compressed between a spring mounting means,
      connected to said support, and said tensioning member.
NUM  5.
PAR  5. The combination defined in claim 4 wherein said spring mounting means
      comprises a rod extending centrally between the first and second abutment
      surface means and slidably received in an apertured portion of said
      tensioning member; said rod being pivotally mounted on said support for
      pendulum-like swinging movement about an axis located on said line of
      centers; and said coil compression spring having one end engaged with an
      abutment carried by said rod.
NUM  6.
PAR  6. In combination with a drive of a type including a support on which
      generally cylindrical drive and driven members of different diameters are
      mounted for rotation about parallel axes located one above the other with
      the larger of the drive and driven members being located below the other,
      and a flexible drive element trained over the drive and driven members so
      as to form first and second upwardly converging runs, a tensioning device
      comprising: a tensioning member located between said drive and driven
      members and including first and second abutment surface means respectively
      engaged with outer periphery locations of said first and second runs of
      the flexible drive element; said first and second abutment surface means
      being spaced apart by a distance no greater than the diameter of the
      lowermost of said drive and driven members, and said flexible element
      supporting the entire weight of said tensioning member.
PATN
WKU  039317463
SRC  5
APN  4253159
APT  1
ART  345
APD  19731217
TTL  Cable actuated clutch control
ISD  19760113
NCL  10
ECL  1
EXA  McKenzie, Jr.; Frank H.
EXP  Scott; Samuel
NDR  2
NFG  3
INVT
NAM  Hansen; Kenneth N.
CTY  Waukesha
STA  WI
ASSG
NAM  Allis-Chalmers Corporation
CTY  Milwaukee
STA  WI
COD  02
CLAS
OCL   74501R
XCL  180 89R
EDF  2
ICL  F16C  110
FSC   74
FSS  501 R
FSC  180
FSS  77 R;35;89 R
FSC  280
FSS  106.5 R
FSC  251
FSS  294;295;78;80
FSC  403
FSS  229;166
UREF
PNO  3700080
ISD  19721000
NAM  Delorean
XCL  251294
UREF
PNO  3732941
ISD  19730500
NAM  Davis et al.
OCL  180 89R
LREP
FR2  Nelson; Arthur L.
ABST
PAL  A cable actuated control on a vehicle with a resilient overload link in the
      cable actuator. The cable actuated control is used on a tractor having a
      resiliently mounted operator station carrying a control lever which
      operates through the cable to control a device rigidly mounted on the
      chassis.
BSUM
PAR  This invention relates to a control mechanism on a vehicle and more
      particularly to a resilient overload link in a cable operator for
      operating between a control lever and a hydraulic valve for a hydraulic
      actuator.
PAR  Conventional draft vehicles such as farm tractors are ordinarily supported
      on a chassis which is unsprung on the wheels of the vehicle. The operator
      platform is mounted on the chassis in a manner to rigidly support the
      operator station on the chassis. This type of a vehicle does not provide
      any resilience for softness of ride for the operator of the vehicle. More
      recently tractors have included a resiliently mounted operator station
      supported on the vehicle through resilient rubber isolators. An
      illustration of a resilient supporting of the operator station on the
      chassis is shown in the Davis et al U.S. pat. No. 3,732,941, Vehicle
      Chassis Resiliently Supported on the Main Frame. This type of a support
      for the operator station on the chassis, however, does present a problem
      in connecting a control lever at the operator station to the
      servomechanism on the vehicle chassis. The relative movement between the
      operator station and the chassis may tend to operate the servomechanism
      even though the control lever is not moved, if a solid link is used as a
      connecting member between the control lever and the servomechanism. The
      reverse situation may happen since the relative movement between the
      operator station and the chassis may tend to prevent operation of the
      servomechanism although movement of the control lever is made by the
      operator. This may produce a poor response to the vehicle controls.
      Accordingly, to overcome this problem a flexible transmitting link must be
      used between the control lever and the servomechanism. A sheathed cable is
      used to transmit the operating force from the control lever to the
      servomechanism. In order to reduce the size of the sheathed cable an
      overload link can be placed in the cable to absorb peak loads which may be
      transmitted from the control lever to the servomechanism. Such an overload
      link will absorb shock loading and prevent failure of the cable if the
      force transmitted through the cable becomes excessive.
PAR  It is an object of this invention to provide a resilient overload link in
      the cable operator for a vehicle control mechanism.
PAR  It is another object of this invention to provide a cable-operated control
      mechanism having a resilient overload link to absorb excessive loads.
PAR  It is a further object of this invention to provide an actuating mechanism
      for use on a vehicle having a resiliently mounted operator station
      carrying a lever operating through a cable and an overload link to operate
      a control device on the vehicle chassis.
PAR  The objects of this invention are accomplished by providing a draft vehicle
      with a chassis mounted unsprung on the vehicle wheels. The operator
      station including the platform, the control console and the operator seat
      are mounted resiliently on the chassis in a manner whereby substantial
      relative movement between the chassis and the operator station is
      permitted. Accordingly, a flexible connecting linkage is required between
      the control lever on the control console and a servomechanism of the
      chassis. To prevent overloading of the flexible connecting linkage a
      resilient overload link is positioned in the flexible linkage as a safety
      precaution and also to permit use of a smaller force transmitting
      mechanism than would ordinarily be used.
DRWD
PAR  Referring to the drawings a preferred embodiment of this invention is
      illustrated.
PAR  FIG. 1 illustrates the cable actuating mechanism on a vehicle.
PAR  FIG. 2 illustrates an enlarged view of the cable actuating mechanism
      operating a hydraulic valve.
PAR  FIG. 3 is a cross section view taken on line III-III of FIG. 2.
DETD
PAR  Referring to the drawings, FIG. 1 illustrates a tractor 1 having a chassis
      2 mounted unsprung on the wheels 3 and 4. The chassis 2 resiliently
      supports the operator station 5 which consists essentially of a platform 6
      supporting the seat 7 and a control console 8. The operator station is
      integral with the frame 9 which extends forwardly and is supported on
      resilient elements 10. The operator station also extends rearwardly where
      it is supported on a plurality of springs 11 and shock absorbers 12. A
      plurality of pivoting links 13 are pivotally connected between the joint
      14 on the platform 6 and the connection 15 on the bracket 16 of the
      chassis 2. Accordingly, the operator station is permitted to move
      substantially relative to the chassis 2. The control console 8 carries a
      bracket 17 which pivotally supports a pedal 18 on the pin 19. The pedal 18
      is normally retracted to its return position by the spring 20. A hydraulic
      valve 21 is mounted on the chassis 2 and operated through the overload
      linkage 22 in response to an actuating force transmitted through the cable
      23.
PAR  FIGS. 2 and 3 are enlarged views of the force transmitting mechanism. The
      bracket 17 carries the pin 19 which pivotally supports the lever 18. The
      upper end of the lever 18 forms a rest surface 24 which forms a stop for
      the lever as it rests on the abutment 25 carried on the bracket 17. The
      return spring 20 normally returns the lever to its retracted position as
      shown in FIG. 2.
PAR  The lever 18 carries a connecting pin 26 which is connected to clevis 27 of
      the cable 23. The cable 23 extends into the sheath 29. The sheath 29 is
      locked by the U-bolt 30 into the cable support 31 carried in the control
      console 8.
PAR  The sheathed cable 32 extends from the control console 8 to the cable
      mounting 33 on the chassis 2. The cable mount 33 also carries a U-bolt 34
      which fastens the sheath to the chassis. The U-bolt 34 is mounted in slots
      134 and permits slidably adjusting the sheathed cable 32 to adjust the
      overload linkage 22 with reference to the spool 54. The cable 23 is
      connected on its lower end by the clevis 35 to the cross bolt 36 of the
      link 37. The link 37 is pivotally supported by the pin 38 on the bracket
      39. The arm 40 is also pivotally mounted on the pin 38. The bolt 41 is
      connected to the arm 40 which in turn is carried on the link 37. The bolt
      41 is biased in the left-hand direction by the compression spring 43 which
      is compressively positioned between the flange 44 of link 37 and a washer
      45 positioned on the bolt 41 between the nuts 46 and 47. The arm 40, in
      the position shown, operates the hydraulic control valve 21 which is
      mounted on the vehicle chassis 2. The hydraulic control valve 21 defines
      an inlet passage 49 adapted for connection to a pump. The annular chamber
      50 is adapted for connection to the clutch 51 while the chamber 52 is
      adapted for connection to the brake 53.
PAR  The spool 54 is normally biased in the left-hand direction by the spring 55
      operating against the plate 56. The spring 55 overcomes the force of the
      spring 57 which is positioned between the washer 58 and the plate 56.
PAR  The clutch pedal 18 is normally returned to the position shown in FIG. 2
      while the spool 54 is normally returned to the position as shown in FIG. 2
      when the device is in its normally retracted position.
PAR  The operation of this device will be described in the following paragraphs.
PAR  The pedal 18 is normally retracted to the position shown in FIG. 2 by the
      retraction spring 20. The cable 23 is positioned as shown which allows the
      spring 55 to position the linkage 22 for operating the hydraulic valve 21
      from the position as shown. The spring 55 in the valve 21 biases the spool
      54 in the left-hand position as shown against spring 57.
PAR  As the pedal 18 is depressed, the cable portion connected to the clevis 27
      moves in the right-hand direction to extend from the cable sheath 29.
      This, in turn, draws the clevis in the right-hand direction and the cable
      23 from the sheath 29. The link 37 and arm 40 pivot on the pin 38. The
      compressive force on the spring 43 from link 37 causes the arm 40 to pivot
      in the counterclockwise direction forcing the plate 56 on spool 54 in a
      right-hand direction. Accordingly, the force actuating the spool 54 is
      transmitted through the spring 43. If the operator suddenly operates the
      pedal 18 the impact load transmitted through the cable 23 is cushioned by
      the cushioning force of the spring 43 and the spool moves in a right-hand
      direction, but the loading on the cable is kept below a certain peak
      value. Continued movement in this direction will disengage the clutch 51
      and engage the brake 53. The continued movement will cause the snapring
      100 to engage the flange 101 in the valve housing 102. If the arresting of
      movement of the valve spool is sudden at the end of its stroke, it will
      not place an excessive load on the cable 23, since the overload mechanism
      22 will allow compression of the spring 43 and the impact load normally
      inherent with this type of movement will be substantially reduced.
PAR  The pivoting movement of the right arm 40 compresses spring 55 and moves
      the spool 54 in the right-hand direction to disengage the clutch and
      actuate the brake.
PAR  When pedal 18 is released, spring 55 will bias spool 54 in a left-hand
      direction causing a clockwise pivoting movement of the arm 40 and link 37.
      This, in turn, will cause the cable 23 to extend from the sheath 29 and
      the valve spool 54 will close the brake valve and open the clutch valve
      and engage the hydraulic clutch 51. The pedal 18 returns to its normally
      retracted position as shown in FIG. 2.
PAR  It can be seen that the cable operator mechanism provides a means for
      operating a valve on the chassis through a flexible cable 32. This device
      is well adapted to use with cabs mounted on the vehicles where the
      oscillation or chatter which is caused by the movement of the cab relative
      to the chassis is compensated for by a flexible cable as shown. It also
      overcomes the danger of failure during a panic stop when the operator
      suddenly depresses the clutch pedal 18 with excessive force. The force is
      not transmitted to the spool since the overload arrangement will provide a
      cushioning of the force to reduce the impact on the overload mechanism and
      prevent the valve from failing. It also avoids subjecting the cable 23 to
      excessive force, because the force is dampened in spring 43.
PAR  The spring 43 in this device, which is a heavy spring, can be easily
      assembled. Not only can this linkage be assembled, but there is provision
      for adjusting the tension of spring 43 by adjusting the nuts 46 and 47 on
      the bolt 41. This is necessary since a certain tension is required on the
      linkage for actuating the spool valve 54. Normally the spool valve 54 is
      operated against the force of spring 55 and the valve should normally be
      in its position, shown retracted, so that the hydraulic clutch is engaged.
      The spring 43, also should have an adequate compression force to overcome
      the force of spring 55 when the clutch pedal is retracted.
CLMS
STM  The embodiments of the invention in which an enclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A cable actuated control mechanism on a vehicle including, a vehicle
      chassis, an operator control station including a platform and control
      console resiliently mounted on said chassis permitting relative movement
      between said operator station and said chassis, a control lever mounted on
      said control console, a servomechanism mounted on said vehicle chassis, a
      resilient overload linkage connected to said servomechanism, a flexible
      control mechanism to accommodate relative movement between said operator
      station and said chassis, including a sheathed cable comprising a sheath
      and means connecting one end of said sheath to said control console and
      means connecting the other end of said sheath to said chassis, a cable
      connected between said control lever and said resilient overload linkage
      to operate said servomechanism, said resilient overload linkage including
      resilient force transmitting means for limiting the peak load transmitted
      from said cable to said servomechanism when said control lever is
      actuated.
NUM  2.
PAR  2. A cable actuated control mechanism on a vehicle as set forth in claim 1
      wherein said flexible control mechanism includes said sheathed cable
      including means connecting the sheath of said cable to said control
      console, means connecting the opposite end of the sheath to said chassis.
NUM  3.
PAR  3. The cable actuated control mechanism on a vehicle as set forth in claim
      1 wherein said resilient force transmitting means includes a spring for
      transmitting the force for actuating said servomechanism.
NUM  4.
PAR  4. A cable actuated control mechanism on a vehicle as set forth in claim 1,
      wherein said lever includes a clutch pedal.
NUM  5.
PAR  5. A cable actuated control mechanism on a vehicle as set forth in claim 1
      wherein said servomechanism includes a hydraulic control valve.
NUM  6.
PAR  6. A cable actuated control mechanism on a vehicle as set forth in claim 1
      wherein said resilient overload linkage includes a pair of levers
      pivotally mounted on said chassis, a spring compressively positioned
      between said levers defining said resilient force transmitting means for
      transmitting the force from said cable to said servomechanism.
NUM  7.
PAR  7. A cable actuated control mechanism as set forth in claim 1, wherein said
      sheathed cable includes a cable, a sheath on said cable, means connecting
      one end of said sheath to said control console, means adjustably
      connecting the other end of said sheath to said chassis for adjustably
      positioning said resilient overload linkage relative to said cable.
NUM  8.
PAR  8. A cable actuated control mechanism on a vehicle as set forth in claim 1
      wherein said resilient force transmitting means includes a spring, a cable
      in said sheathed cable connected between said lever and said resilient
      force transmitting means for transmitting the force transmitted through
      said spring, said spring thereby limiting the peak load on said
      servomechanism.
NUM  9.
PAR  9. A cable actuated control mechanism as set forth in claim 1, wherein said
      flexible control mechanism includes a sheath and a cable, means connecting
      the sheath of said cable to said control console, means connecting the
      opposite end of said sheath to said chassis, said lever thereby sliding
      said cable through said sheath to operate said servomechanism through said
      resilient overload linkage.
NUM  10.
PAR  10. A cable actuated control mechanism on a vehicle as set forth in claim
      1, wherein said servomechanism defines a stop to limit cable movement,
      said flexible resilient force transmitting means includes a spring whereby
      said spring is compressed when said servomechanism reaches the stop
      position to thereby prevent overloading of said cable.
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ABST
PAL  A gyroscopic stable reference system for navigable craft is provided that
      provides heading, pitch, and roll outputs substantially free of errors at
      all aircraft attitudes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The invention pertains to precision gyroscopic stable platforms for
      providing attitude information about three mutually perpendicular
      reference axes with respect to an aircraft; the invention provides a
      control arrangement for momentarily disabling the outer roll gimbal servo
      and for preventing unstable operation of the apparatus in particular
      flight circumstances.
PAR  2. Description of the Prior Art:
PAR  The present invention is an improvement useful in stable gyroscopic
      platforms of the type described in the Charles B. Reed U.S. Pat. No.
      3,648,525 for a "Gyroscopic Stable Reference Apparatus", issued Mar. 14,
      1972, and assigned to the Sperry Rand Corporation.
PAR  The invention of the Reed patent was devised to utilize a relatively simple
      construction having five gyroscopically stabilized gimbals and only one
      servoed gimbal, thereby rendering the stable platform relatively
      inexpensive, simple to manufacture, and more reliable in operation. The
      gimballing arrangement of the Reed device provides an all-attitude
      capability at the same time additionally providing accurate attitude
      information with respect to the three orthogonal axes of the craft on
      which it is mounted. By stabilizing the directional gyroscope in both
      pitch and roll, heading information is provided generally free from the
      gimbal errors of a conventionally mounted directional gyroscope. However,
      one difficulty remains indentifiable in the Reed device, since under
      certain conditions of operation in an aircraft, the outer roll servo loop
      of the instrument can become unstable and the outer roll gimbal may
      thereupon oscillate or even spin about its axis, destroying the validity
      of the navigation output information of the instrument.
PAC  SUMMARY OF THE INVENTION
PAR  Like the Reed device, the present invention employs a configuration having
      five gyroscopic gimbals and a single servo system, a configuration that is
      relatively easy to manufacture, relatively inexpensive, and reliable. The
      gimbal arrangement again provides an all-attitude capability and precise
      roll, pitch, and heading attitude data about three mutually perpendicular
      axes. Heading data free of the effects of gimbal errors is generated. The
      invention provides an arrangment for momentarily disabling the outer roll
      gimbal servo for preventing unstable operation of the instrument in
      particular flight attitudes of the aircraft and thereby provides an
      accurate, full freedom platform without output signal discontinuities at
      extreme attitudes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 of the drawings discloses a schematic isometric view of a gyroscopic
      stable reference system constructed in accordance with the present
      invention.
PAR  FIG. 2 is an alternative form of the control circuit of FIG. 1.
PAR  FIGS. 3, 4, and 5 show details of circuits suitable for use in FIGS. 1 and
      2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a three axis gyroscopic stable platform 10 is
      disclosed mounted for rotation with respect to a support 11 that is fixed
      on a base 12 such as an aircraft, for example. The outer roll gimbal 13 of
      the stable platform 10 is mounted for rotation about an axis 14 preferably
      coincident with the fore-aft or roll axis about which craft 12 rolls. The
      outer roll gimbal 13 is pivotally mounted to rotate about the axis 14 by
      means of spaced bearings 15 and 16. The pitch gimbal 20 of the stable
      platform 10 is mounted on the outer roll gimbal 13 by means of spaced
      bearings 21 and 22 for rotation about an axis 23 perpendicular to roll
      axis 14. The axis 23 is normally parallel with the athwartship axis about
      which the craft 12 pitches.
PAR  The pitch gimbal 20 cooperates with a vertical gyroscope 24 which has its
      inner gimbal 25 pivotally mounted to rotate with respect to the pitch
      gimbal 20 by means of spaced bearings 26 and 27 around an inner roll axis
      28 that is normally parallel to the axis 14. The rotor assembly 30 of the
      vertical gyroscope 24 is, in turn, rotatably mounted by means of spaced
      bearings 32 and 33 to spin about a normally vertical spin axis 31 within
      the inner gimbal 25.
PAR  A directional gyroscope 35 is also mounted within the pitch gimbal 20 to
      provide azimuthal reference information. The directional gyroscope 35 is
      mounted on the portion of the pitch gimbal 20 which extends beyond the
      axis 23 and preferably below the vertical gyroscope 24 in order that the
      directional gyroscope 35 is not subject to temperature variations which
      would otherwise be caused by the presence of the vertical gyroscope 24.
      The outer or azimuth gimbal 36 of the directional gyroscope 35 is
      pivotally mounted for rotation about an azimuth axis 37 by means of spaced
      bearings 38 and 39. The azimuth axis 37 is normally maintained coincident
      with the vertical spin axis 31 of the vertical gyroscope rotor 30 in a
      manner further to be explained. The inner gimbal 46 is pivotally mounted
      within the outer gimbal 36 by means of spaced bearings 43 and 44 for
      rotation about an axis 45. The rotor assembly of the directional gyroscope
      35 is, in turn, mounted to spin about a normally horizontal axis 47 within
      the inner gimbal 42 by means of spaced bearings 48 and 49.
PAR  Preferably, the respective pitch and roll accelerometers 50 and 51 are
      mounted on the pitch gimbal 20 to sense tilt of gimbal 20 from the gravity
      vertical position. The pitch and roll accelerometers 50 and 51 may, for
      example, be of the annular type disclosed in U.S. Pat. No. 3,604,275
      entitled "Torodial Electrolytic Sensor" to T. S. Fox and G. W. Driskill,
      issued Sept. 15, 1971, and assigned to the Sperry Rand Corporation. The
      output of the pitch accelerometer 50 is coupled to a conventional pitch
      erection control amplifier 52 which, in turn, provides a signal to the
      pitch precession torque motor 53 for erecting the rotor assembly 30 to
      maintain the spin axis 31 of the latter vertical. Similarly, the output of
      the roll accelerometer 51 is coupled via a roll erection control amplifier
      54 to a roll precision torque motor 55 for maintaining the spin axis 31 of
      rotor assembly 30 vertical. An inner roll gimbal pick off 60 is mounted to
      sense rotation of the inner gimbal 25 with respect to the pitch gimbal 20
      and it thus provides a signal via switch 105 from roll followup servo
      amplifier 61 to a direct current servo motor 62 which is mounted to rotate
      the outer roll gimbal 13 about the axis 14. The spin axis 47 of the
      directional gyroscope 35 is maintained at right angles to its outer gimbal
      rotation axis 37 by means of a pick off 59 which provides a signal to a
      levelling torque motor 63 for precessing the directional gyro rotor
      assembly within gimbal 46 in a conventional manner. Pitch and roll
      attitude reference signals are provided at leads 72 and 73 by pitch and
      roll output resolvers 64 and 65 mounted on the outer roll gimbal 13 with
      respect to axes 23 and 14, respectively. An azimuthal reference signal is
      provided by an azimuth output resolver 66 mounted on the pitch gimbal 20
      that is responsive to the movement of the azimuth gimbal 36 with respect
      to the azimuth axis 37.
PAR  In operation during unaccelerated aircraft flight, for example, the spin
      axis 31 of the vertical gyroscope 24 is maintained in a vertical position
      by the independent pitch and roll erection systems. Tilt about the pitch
      axis 23 is sensed by the pitch accelerometer 50 which provides a signal
      representative of the magnitude and sense of the tilt for amplification in
      the pitch erection control amplifier 52 and then for application to the
      pitch precession torque motor 53, thereby causing precession of the
      vertical gyroscope rotor assembly 30 in a direction to maintain the spin
      axis 31 thereof vertical. In a similar manner, tilt about the roll axis 14
      is sensed by the roll accelerometer 51 which provides a roll signal that
      is amplified in the amplifier 54 and applied to the roll precession torque
      motor 55 in a sense to maintain the spin axis 31 of gyroscope 24 vertical.
      In a conventional manner, when the craft acceleration exceeds a
      predetermined value, the responsive annular pitch or roll accelerometer 50
      or 51 provides a signal which is used to disable the respective erection
      amplifier for that axis to avoid erecting the vertical axis 31 to a false
      vertical. The normal erection procedure is again provided upon resumption
      of unaccelerated flight. Fast erection of the vertical gyroscope 24 may be
      provided during start up of the platform 10 by increasing the voltages
      applied to the pitch and roll precession torque motors 53 and 55, for
      example. Preferably, the pitch and roll accelerometers 50 and 51 are
      mounted on the stabilized pitch gimbal 20 in order to isolate their
      outputs from the influence of all pitch and roll attitudes of the craft
      12.
PAR  One of the features of the platform is that the directional gyroscope 35 is
      mounted on the stabilized pitch gimbal 20 of the vertical gyroscope 24. By
      maintaining the outer gimbal axis 37 in a vertical orientation; i.e., by
      pitch and roll stabilization, improved free gyroscope drift performance
      and elimination of directional gyroscope gimballing errors are achieved.
      The vertical gyroscope 24 preferably has an angular momentum substantially
      greater than that of the directional gyroscope 35. With the directional
      gyroscope 35 mounted on the pitch gimbal 20 of the vertical gyroscope 24,
      the former is physically stabilized in pitch because of the high angular
      rotor momentum of the vertical gyroscope 24 with respect to that of the
      directional gyroscope 35. In the configuration of the present inventions,
      the roll drift uncertainty is reduced through use of the high angular
      momentum rotor vertical gyroscope stabilizing the relatively low angular
      momentum rotor directional gyroscope. Further, the configuration
      eliminates pitch drift uncertainty by servo positioning the directional
      gyroscope 35 about the roll axis 14 by means of a single roll follow-up
      servo system comprising the pick off 60, roll follow-up servo motor 61,
      and the direct current motor 62. Thus, by stabilizing the directional
      gyroscope 35 in pitch and roll, a heading or azimuthal output is provided
      on output 71 free from the intercardinal gimbal errors of a conventional
      directional gyroscope.
PAR  The gyroscopic system may also be viewed from another aspect in which the
      vertical gyroscope 24 is considered to be a three-gimbal device obtained
      by transforming a conventional two-gimbal vertical gyroscope by rotation
      90.degree. in azimuth, adding an outer or redundant servoed gimbal 13. The
      problems of mass shift normally associated with the pitch axis of a
      two-gimbal vertical gyroscope manifest themselves as roll drift
      uncertainties in the three-gimbal vertical configuration. As a result, the
      three-gimbal gyroscope has a significantly reduced susceptibility to
      lateral in-flight (turning) accelerations, but possesses higher
      sensitivity to fore-aft accelerations. However, a total over-all
      performance advantage is obtained with the three-gimbal gyroscope
      configuration.
PAR  The vertical gyroscope inner roll gimbal 25 serves as the housing for the
      rotor 30 and is stabilized about the inner roll axis 28 by the angular
      momentum of the gyroscope rotor 30. The pitch gimbal 20, in turn, is
      stabilized by the gyroscope rotor angular momentum about the pitch axis 23
      and by the servo loop about the inner roll axis 28. Since the directional
      gyroscope 35 is located on the pitch gimbal 20, it is stabilized in the
      same manner; this arrangement prevents the gimbal mass uncertainty torques
      of the directional gyroscope 35 from affecting the vertical gyro drift
      rate about the pitch axis 23. An additional feature of the configuration
      lies in the elimination of the directional gyroscope slaving (precession)
      motor and consequently the reaction torque it would have on the vertical
      gyroscope 24 as described in the aforementioned Reed Pat. No. 3,648,525.
      Such is achieved through the use of the high angular momentum rotor for
      vertical gyroscope 24, which feature overcomes unwanted drift-producing
      torques that result from gimbal mass uncertainties.
PAR  The directional gyroscope 35 has full freedom about its azimuth output axis
      37 with the azimuth output signal being provided by the precision resolver
      66 on output 71. The respective pitch and roll outputs 72 and 73 of the
      platform 10 are provided by pitch and roll output resolvers 64 and 65,
      thereby providing in conjunction with the resolver 62 attitude information
      with respect to the craft 12 about three mutually perpendicular reference
      axes. As in the aforementioned Reed Pat. 3,648,525, undesirable reaction
      torques of slaving elements are avoided. The need for such a torquing
      device is eliminated, along with its additional weight and stringent
      performance requirements by instead providing the directional gyroscope
      precession compensation externally of the platform 10 through introducing
      compensating electronic signals in the external electronic control system
      70. This arrangement further improves the directional gyroscope drift
      performance by eliminating residual torquer uncertainties and reduces
      power consumption requirements within the platform 10.
PAR  The gyroscopic stable platform 10 as described in the aforementioned Reed
      patent suffers from a particular defect under some conditions of operation
      in an aircraft. Because of this problem, the outer roll servo loop, which
      includes the inner roll gimbal pick-off 60, the roll follow up servo
      amplifier 61, the d.c. roll servo motor 62, and the mechanical coupling
      between the outer and inner roll motions via the platform gimbals, can
      become unstable at the pitch zenith angle. Although satisfactorily
      operating at pitch angles up to substantially 89.degree.  45',  the
      overall gain of the outer roll servo loop becomes insufficient at higher
      angles and this event may cause the outer roll gimbal 13 to oscillate or
      actually to spin in one direction.
PAR  This problem presents itself in part because the mechanical gain between
      the outer roll gimbal 13 and the inner roll gimbal 25 is proportional to
      the cosine of the pitch angle. Thus, when the pitch zenith angle is
      approached, this mechanical gain becomes very much smaller than the gain
      when the pitch angle is near zero. As a consequence, for a pitch angle of
      90 degrees, there is no mechanical coupling from the outer roll gimbal 13
      to the inner roll gimbal 25 and the outer roll servo (including elements
      60, 61, and 62) becomes effectively an open loop circuit. If integration
      is present in the outer roll servo, there are inherently present
      integrator capacitors which require considerable time for discharging.
      Generally, the discharge time will be so great that the roll motor 62 will
      be driven hard in one direction and can even reach a spinning rotation
      rate approaching 600 revolutions per minute.
PAR  Even when rotating at relatively low pitch rates, the outer roll gimbal 13
      may spin until the pitch angle is reduced to less than about 80 to
      85.degree.. When this point is reached, the gyroscopic system will often
      demonstrate one of two possible types of instability. Although the
      platform may actually stop spinning and resume normal operation, it may
      gyrate violently and possibly destructively, or it may continue to
      oscillate until the pitch angle is less than 80.degree., thereupon
      returning to normal operation.
PAR  To prevent the above described abnormal operation, it is arranged according
      to the present invention to automatically open switch 105 which is coupled
      between the inner roll gimbal pick-off 60 and the d.c. servo roll motor
      62. The output of roll amplifier 61 is then disconnected from terminal 110
      and switch blade 108 is moved from terminal 110 to the grounded terminal
      109 through the action of mechanical linkage 107. For this purpose,
      linkage 107 is controlled in a conventional manner by a switch control 106
      which may then be the solenoid of a relay. Switch control 106 is operative
      to ground the input of d.c. servo motor 62 upon the occurrence of an
      output from AND circuit 104. To produce an energizing output, three inputs
      must be simultaneously present for coupling into AND circuit 104.
PAR  The three signals desired simultaneously for operating AND circuit 104 are
      supplied by the pitch level detector 101, the pitch rate detector 102, and
      the inner roll angle detector 103. The inner roll pick off 60 serves to
      supply unidirectional signals to the inner roll angle detector 103, the
      amplitude of this signal being a function of the amplitude of the roll
      angle about axis 28. When the amplitude of the output of pick off 60 is
      equal to or less than about 1 angular degree, a finite signal is passed by
      the threshold level circuit comprising inner roll angle detector 103, thus
      providing one of the desired inputs to AND circuit 104. The second and
      third control elements 101 and 102 both employ an input signal found on
      pitch output lead 72 derived in the cosine winding of pitch resolver 64
      operating about the pitch axis 23 of the outer gimbal 13. This signal is
      applied directly to the pitch level detector 101 and to the pitch rate
      detector 102. If the input signal to the elements 101 and 102 is of a
      predetermined magnitude, second and third inputs for AND circuit 104
      become available for grounding the input to d.c. motor 62, thus preventing
      motor 62 from attempting to drive gimbal 13 when the unstable condition
      exists.
PAR  The pitch level detector 101 senses the fact that platform 10 is
      approaching the pitch zenith position, while the pitch rate detector 102
      supplies an output if platform 10 will be at the pitch zenith position for
      a time long enough to allow the unstable condition to demonstrate its
      presence. The inner roll angle detector 103 senses the fact that the input
      to roll servo amplifier 61 is near zero or is zero. Only when these three
      conditions exists simultaneously is there a danger that the stable
      platform will become unstable. Therefore, by removing the output of
      amplifier 61 from controlling the d.c. servo motor 62 at that time, the
      undesirable movement of the outer roll loop is prevented.
PAR  In a typical example, the input to d.c. servo motor 62 is grounded when the
      pitch angle is greater than 89.degree.  45'  and when the inner roll angle
      is less than 1.degree.. The interruption in the outer roll gimbal servo is
      initiated when pitch rates are five degrees per second or less.
PAR  Operation of the system while passing through the critical orientation is
      further benefited, as in FIG. 2, by permitting the switch control 106 of
      FIG. 1 to operate switch 105, as before, and also to determine the
      position of a second switch 120 and its blade 117 relative to terminals
      115 and 116. In normal operation, the blade 117 is contacting the dummy
      terminal 115, but when the three control signals are present at the input
      of AND circuit 104, switch blade 117 is caused by mechanical linkage 107,
      107b to contact terminal 116, thus rapidly discharging condenser 119
      through resistor 118. Condenser 119 will be understood by those skilled in
      the art to represent any condenser in the outer gimbal servo loop which
      may tend undesirably to store or to integrate charge in the critical
      condition of the outer servo loop. Those skilled in the art will also
      understand that switches 105 and 120 have been illustrated, merely as a
      matter of convenience, as solenoid operated mechanical switches, but that
      known fully-electronic switching circuits or elements may be substituted
      for the mechanical switches.
PAR  FIGS. 3, 4, and 5 present analog circuits suitable for employment
      respectively as the pitch level detector 101, the pitch rate detector 102,
      and the inner roll angle detector 103. While the functions of these
      control elements may be performed in different ways within the scope of
      the invention, the illustrated analog circuits are representative
      satisfactory and inexpensive arrangements for use in the invention.
PAR  Referring now particularly to FIG. 3, a suitable form of the pitch level
      detector 101 is illustrated that derives its input at terminal 150 from
      the cosine winding of pitch resolver 64. As schematically illustrated,
      pitch level detector 101 monitors the amplitude of the input cosine of
      pitch angle signal and generates a positive unidirectional output at
      terminal 151 for pitch angles greater than 89.degree. 45' and a negative
      unidirectional output for pitch angles less than 89.degree. 45'. Amplifier
      152, poled as illustrated in the drawing, and its associated circuit 153
      operate in a conventional manner to convert the alternating signal
      appearing at terminal 150 into an appropriately scaled unidirectional
      signal appearing at output terminal 151. In turn, amplifier 154 and its
      associated circuit 155 operate in a conventional manner to compare the
      output of amplifier 152 appearing at junction 156 with a unidirectional
      electrical reference signal supplied at terminal 157 by a suitable
      conventional reference source (not shown). For a unidirectional signal
      level at the output 156 of amplifier 152 which is less than the level of
      the reference signal at terminal 157, the output at terminal 151 of
      amplifier 154 is the desired positive voltage, For an output of amplifier
      152 which is greater than the reference level, the output of amplifier 154
      on terminal 151 is the desired negative unidirectional voltage.
PAR  With respect to the pitch rate detector 102 of FIG. 4, its input is
      likewise derived from the pitch resolver 64. Pitch rate detector 102
      monitors the amplitude of the cosine of pitch angle signal applied to its
      input terminal 160. A positive unidirectional output signal is generated
      at the output terminal 161 of monitor 102 if the pitch angle is greater
      than 89.degree. 45' for a time period of 100 milliseconds or greater. Such
      a time period may correspond, for example, to a pitch rate of 5.degree.
      per second. If the pitch angle does not remain greater than 89.degree. 45'
      for at least 100 milliseconds, the output of the pitch rate detector 102
      is a negative voltage. Amplifier 162 is analogous to amplifier 152 of FIG.
      3, as amplifier 162 and its associated circuit 163 operate in a
      conventional manner to convert the alternating signal appearing at
      terminal 160 into an appropriately scaled unidirectional electrical
      signal. Amplifier 164, like amplifier 154, and its associated circuit 165
      operate in a conventional way to compare the output of amplifier 162
      appearing at junction 166 with a unidirectional reference signal supplied
      at terminal 167 by a suitable reference source (not shown). When the
      parameters of the conventional R-C network comprising resister 170 and
      capacitor 171 ar properly chosen, the output at the terminal 161 of
      amplifier 169 is a positive voltage only when the output of amplifier 164
      at junction 172 has been positive for at least 100 milliseconds. Thus, the
      output at terminal 161 is positive for pitch rates less than 5.degree. per
      second, and is negative for pitch rates greater than 5.degree. per second.
PAR  With respect to the inner roll angle detector 103 of FIG. 5, it is supplied
      at terminal 180 with the output of the inner roll pick off 60, and
      generates a zero amplitude output signal at terminal 181 for inner roll
      angles greater than one degree. For inner roll angles less than one degree
      in magnitude, the output of detector 103 is positive. For this purpose,
      the conventional amplifier 182 generates an alternating voltage at its
      output terminal 185 only when the input voltage on terminal 180 exceeds
      the unidirectional reference voltage supplied at terminal 183 by a
      suitable reference voltage source (not shown). The alternating signal at
      terminal 185 is rectified by diode 186 and tends to charge capacitor 188
      positively. This positive signal turns transistor 189 on, yielding a zero
      level output at terminal 181. In the absence of the alternating signal at
      terminal 185, transistor 189 is off and the signal at output terminal 181
      is the desired positive unidirectional voltage in view of the voltage
      supplied at terminal 190.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than of limitation and changes within the purview of
      the appended claims may be made without departure from the true scope and
      spirit of the invention in its broader aspects.
CLMS
STM  I claim:
NUM  1.
PAR  1. A three axis gyroscopic stable reference apparatus for navigable craft
      comprising:
PA1  first gimbal means pivotally mounted for rotation about a roll axis,
PA1  second gimbal means pivotally mounted on said first gimbal means for
      rotation about a pitch axis,
PA1  vertical gyroscope means for which said second gimbal means forms the outer
      gimbal means and further having inner gimbal means pivotally mounted on
      said second gimbal means for rotation about an inner roll axis,
PA1  directional gyroscope means pivotally mounted on said second gimbal means
      for providing an azimuthal reference,
PA1  control means including accelerometer means for providing signals
      representative of tilt in pitch and roll to maintain the spin axis of said
      vertical gyroscope means aligned with the gravity vertical,
PA1  inner gimbal pick off means responsive to said rotation of said inner
      gimbal means about said inner roll axis,
PA1  servo means responsive to said gimbal pick off means for rotating said
      first gimbal means to maintain said pitch axis perpendicular to said
      vertical gyroscope means spin axis,
PA1  pitch, roll, and azimuth pick off means coupled to said stable reference
      apparatus for providing attitude information about mutually perpendicular
      reference axes, and
PA1  circuit means for disabling said servo means jointly responsive to said
      pitch pick-off means and to said inner gimbal pick-off means for
      preventing unstable operation of said servo means.
NUM  2.
PAR  2. A three axis gyroscopic stable reference apparatus for navigable craft
      comprising:
PA1  first gimbal means pivotally mounted for rotation about a roll axis,
PA1  second gimbal means pivotally mounted on said first gimbal means for
      rotation about a pitch axis,
PA1  vertical gyroscope means for which said second gimbal means forms the outer
      gimbal means and further having inner gimbal means pivotally mounted on
      said second gimbal means for rotation about an inner roll axis,
PA1  directional gyroscope means pivotally mounted on said second gimbal means
      for providing an azimuthal reference,
PA1  control means including accelerometer means for providing signals
      representative of tilt in pitch and roll to maintain the spin axis of said
      vertical gyroscope means aligned with the gravity vertical,
PA1  inner gimbal pick-off means responsive to said rotation of said inner
      gimbal means about said inner roll axis,
PA1  servo means responsive to said gimbal pick-off means for rotating said
      first gimbal means to maintain said pitch axis perpendicular to said
      vertical gyroscope means spin axis,
PA1  pitch, roll, and azimuth pick-off means coupled to said stable reference
      apparatus for providing attitude information about mutually perpendicular
      reference axes, and
PA1  circuit means for disabling said servo means jointly responsive to said
      pitch pick-off means and to said inner gimbal pick-off means for
      preventing unstable operation of said servo means, said circuit means
      including time coincidence circuit means for disabling said servo means.
NUM  3.
PAR  3. Apparatus as described in claim 2 wherein said coincidence circuit means
      is responsive to:
PA1  pitch level detector means responsive to said pitch pick-off means, and
PA1  pitch time rate of change detector means responsive to said pitch pick-off
      means.
NUM  4.
PAR  4. Apparatus as described in claim 3 wherein said pitch level detector
      means produces an output in response to said pitch pick-off means at a
      first predetermined value of said pitch angle.
NUM  5.
PAR  5. Apparatus as described in claim 4 wherein said pitch time rate of change
      detector means produces an output in response to said pitch pick-off means
      for a predetermined value of pitch time rate of change.
NUM  6.
PAR  6. Apparatus as described in claim 5 wherein said coincidence circuit means
      is responsive to said inner gimbal pick-off means for output signals
      therefrom of a third predetermined magnitude.
NUM  7.
PAR  7. Apparatus as described in claim 2 wherein said servo means includes
      capacitor storage means and switch means adapted to discharge said
      capacitor storage means simultaneously with the disabling of said servo
      means.
NUM  8.
PAR  8. Apparatus as described in claim 7 wherein said vertical gyroscope means
      has a normally vertical spin axis and a substantially greater angular
      momentum than said directional gyroscope means for directly stabilizing
      said directional gyroscope means.
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ABST
PAL  A portable material treating device having conventional power, supporting,
      and treating means is provided with a novel sealed enclosure for the
      gearing unit between the power source and the driven treating device. The
      sealed enclosure for the gearing unit may be constructed to accommodate
      various horsepower sizes of gas or electric power sources with two
      embodiments being disclosed and provides for alignment and backlash
      adjustment between the gears of the gearing unit by adjustment of the
      enclosure. A lubricant fitting may be provided whereby the bottom of the
      sealed enclosure acts as a lubricant sump.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The Jaeger (No. 1,708,947, issued Apr. 16, 1929) patent discloses "ordinary
      gearing in a case 24". The Graham (No.1,780,973, issued Nov. 11, 1930) and
      Wineman (No. 1,924,582, issued Aug. 29, 1933) patents disclose internal
      and external gearing and shafting. The Short patent (No. 2,214,485, issued
      Sept. 10, 1940) discloses a lubricant recirculated by a gaseous spray
      arrangement. In the Bade patent (No. 2,952,165, issued Sept. 13, 1960) a
      one-piece housing is disclosed as constructed to allow "substituting other
      gears and/or shafts without removing the gear reducer from the driven
      machine". Coutant (No. 3,133,452, issued May 19, 1964) discloses a
      special, internally mounted, key locking arrangement.
PAC  SUMMARY OF THE INVENTION
PAR  Among the objects and advantages of our invention are the following:
PAR  1. To provide an enclosure for a sealed gearing arrangement wherein part of
      the enclosure for the sealed gears may be moved sideways to obtain proper
      gear alignment and gear backlash.
PAR  2. To further provide a sealable and removble panel having an exterior
      grease fitting and a cap mounted on said panel to provide the dual
      function of providing access for the proper alignment we have noted in
      (1), above, and to connect with further lubrication means on the interior
      side of said removable panel.
PAR  3. In furtherance of the above, solid and stable connecting means are
      provided to secure all parts together, other than the sideways shifting
      parts to insure proper alignment of the entire device.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmental perspective view of the portable mixer, with parts
      broken away and illustrating the position of the gear enclosure.
PAR  FIG. 2 is a sectional view, on an enlarged scale, taken approximately along
      the line 2--2 of FIG. 1.
PAR  FIG. 3 is a perspective view of a modified sealed gear unit, for use with a
      belt drive means powered by an electric motor.
PAR  FIG. 4 is a partial, broken-away, perspective view of an interior portion
      of the gear enclosure.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the drawings, a portable mortar or plaster mixer is disclosed and
      includes a wheeled support generally referred to by reference numeral 12.
      The power source, which may be gas or electric, is denoted by 14, and 16
      indicates part of the underlying supporting framework supported by wheel
      means (only one being partially illustrated) at 18. The material mixing
      chamber 20 of the device includes a mixing paddle (not shown) drivingly
      connected to said power source 14 by a sealed gearing unit 22.
PAR  Unit 22 includes an enclosure or housing 30 which has generally
      horizontally arranged top and bottom walls 24 and 26 with vertically
      arranged front, rear, and side walls 32, 42 and 28 completing the sealed
      enclosure or housing 30 with the lower portions of the vertical walls
      combining with the bottom wall 26 to provide a sump 48 for lubricant.
PAR  Front wall 32 has a removable panel 34 sealed (by coating and/or sealing
      strips) and fastened to wall 32 by a plurality of fastening bolts 36.
PAR  Panel 34 which covers an opening constituting approximately one-half of the
      square area of wall 32 has in an upper portion thereof a grease or
      lubrication fitting (with a cover-cap, or a self-sealing nipple, as
      desired) 38, which connects, when panel 34 is in sealing position on wall
      32, with an interiorly located lubricating conduit means 40. Thus, when
      grease or other lubricant is inserted into 38, the lubricant will flow
      over the gearing and shafting enclosed within housing 30 and collect in
      sump 48.
PAR  Apertured angle plates 44, having elongated slots 45 for adjustment, are
      welded or otherwise affixed to walls 28 so that the housing 30 may be
      adjustably but rigidly attached to framework 16 by bolts 46 or similar
      fastening means.
PAR  In FIG. 4, 51 indicates an elongated slot to receive the inner end of
      paddle shaft 62, centrally of wall 42. Four apertures 75 surround slot 51
      to receive means to fasten seal unit 64 to wall 42.
PAR  The drive train includes an input or pinion shaft 52 driven by belt drive
      from power source 14 (not shown in FIG. 2) and extends through a front
      sealed bearing unit 54 of the flange mounted type. The shaft 52 extends
      through spacer 56 and is keyed to pinion gear 58 and then extends into
      rear bearing unit 54 on wall 42. Bull gear 60 is aligned and meshes with
      pinion gear 58. Bull gear 60 is suitably fastened to the end of output
      shaft 62 which is the paddle shaft of the mixer and extends through slot
      51 in wall 42 and a seal and bearing unit 64 having paired seals 71-72,
      and grease fitting 73. Output shaft 62 passes on to the mixing paddle in
      the treating chamber 20 (not shown in FIG. 2) in a conventional manner.
      The slots 45 in 44, 74 in 64 (mating with holes 75 in wall 42), and slot
      51 in 42, permit the housing 30, bull gear 60 and pinion gear 58 to be
      adjusted to maintain proper alignment and backlash.
PAR  In the FIG. 3 belt drive modification, the input or pinion shaft 66 passes
      into unit 22 in the lower left hand corner in the same manner as shaft 52
      is associated with the lower right hand corner in FIG. 2. An idler shaft
      68 is supported at the lower right hand corner and is drivingly connected
      to pinion shaft 66 by a double V-belt drive 67. The idler shaft 68 is
      driven from electric motor output shaft 70 by a similar V-belt drive 69.
      The reduction provided by the belt drive in FIG. 3 enables the output
      speed of an electric motor which is about three times that of a gasoline
      engine to be reduced.
PAR  In use, clutch 76 is depressed, power source 14 is started, and once
      running smoothly, clutch 76 is released allowing the power to flow from 14
      to input shaft 52 by belt or chain drive, through sealed gear unit 22,
      output shaft 62 to the mixer paddle in the treating chamber 20. Daily
      lubrication is recommended via fitting 38. Should the gearing or shafting
      interiorly of 22 need attention, removable panel 34 provides ready access.
      To stop the device, clutch 76 is again depressed and the power source 14
      shut down. When an electric motor is used, power is transmitted through
      the belt drives and pulleys shown in FIG. 3 to the pinion shaft 66.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In a portable mixing device including a wheeled support frame, a mixing
      chamber supported from said frame and having a horizontally disposed
      paddle shaft projecting therefrom with a bull gear connected thereto, a
      power device supported from said frame and having a drive shaft drivingly
      connected thereto, said drive shaft having a drive pinion gear thereon in
      meshing engagement with the bull gear for driving the paddle shaft from
      the power device, that improvement comprising an enclosure for said pinion
      gear and bull gear comprising a pair of vertical, spaced front and rear
      walls rigidly interconnected by vertical side walls and horizontal top and
      bottom walls with the front wall disposed adjacent the power device, a
      bearing assembly mounted on each of said front and rear walls adjacent
      their juncture with the bottom wall and one of the side walls, said drive
      shaft extending through and being journaled by said bearing units with the
      pinion gear disposed between the front and rear walls, said bearing units
      being fixedly, non-adjustably and detachably mounted on the front and rear
      walls, a spacer on said drive shaft between the pinion gear and one of
      said bearing units to orient the pinion gear between the front and rear
      walls, said rear wall having a centrally disposed slot receiving said
      paddle shaft, a seal unit encircling said paddle shaft, said seal unit
      including slot means therein for adjustable mounting of the seal means on
      the rear wall to enable the enclosure to be shifted laterally of the
      rotational axis of the paddle shaft, said enclosure including laterally
      extending slotted mounting brackets receiving fastening members for
      mounting the enclosure on the frame for lateral adjustment thereby
      enabling the rotational axis of the drive shaft, the pinion gear mounted
      thereon and the enclosure which journals the drive shaft to be laterally
      adjusted in relation to the stationary axis of the paddle shaft and bull
      gear thereon to provide alignment and backlash adjustment between the
      gears.
NUM  2.
PAR  2. The structure as defined in claim 1 wherein said front wall is provided
      with a removably mounted inspection and access plate of a size to enable
      removal of the bull gear when detached from the paddle shaft, and a
      lubrication fitting mounted on said removable plate and including a
      conduit for discharging lubricant on the bull gear.
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ABST
PAL  A ratcheting wrench for a hexagonal member, the wrench having a body
      portion with a first and second jaws extending therefrom, the jaws being
      spaced apart from each other and providing a member receiving area
      therebetween, and a handle extending from the body, the first jaw having
      an inner peripheral surface facing the member receiving area having four
      contiguous torqueing surfaces configured to receive a hexagonal member,
      each of these torqueing surfaces being at an angle of 120.degree. relative
      to any adjacent torqueing surface, and the second jaw having an inner
      peripheral surface facing the member receiving area having four contiguous
      torqueing surfaces configured to receive a hexagonal member, each of the
      torqueing surfaces being at an angle of 120.degree. relative to any
      adjacent torqueing surface, the first jaw torqueing surfaces and the
      second jaw torqueing surfaces each being adaptable to separately contact
      four peripheral surfaces of a hexagonal member.
PARN
PAR  This is a division of application Ser. No. 351,254, filed Apr. 16, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND, SUMMARY AND OBJECTS OF THE INVENTION
PAR  Submitted to the U.S. Patent Office concurrently herewith is an application
      entitled "Self-Retaining Ratcheting Wrench" Ser. No. 351,253, filed Apr.
      16, 1973, now Pat. No. 3,875,828. The present invention is an extension of
      and further application of the principles set forth in the
      above-identified copending application and includes concepts,
      arrangements, usages and configurations not disclosed in the
      above-identified copending application. In the copending application there
      is provided a wrench for engaging hexagonal members. The present invention
      is directed towards the concept of a wrench having at one end of a handle
      means for engaging a hexagonal member in a relationship wherein the
      hexagonal member may be rotated in either direction and in which the
      wrench ratchets upon the hexagonal member.
PAR  It is therefore an object of this invention to provide an improved wrench
      for rotating hexagonal members.
PAR  More particularly, an object of this invention is to provide an improved
      wrench for hexagonal members, including means for the ratchet rotation of
      a hexagonal member in either direction without the necessity of turning
      the wrench over or otherwise disengaging it from the hexagonal member
      being rotated.
PAR  Another object of this invention is to provide a wrench for the ratchet
      rotation of hexagonal members in which the wrench may be employed to
      rotate, at the same end thereof, and without adjustable components, two
      hexagonal members of different dimensions.
PAR  Another object of this invention is to provide a wrench for the ratchet
      rotation of two different size hexagonal members in either direction by
      the use of the wrench without turning the wrench over and without
      disengaging the wrench from the hexagonal member being rotated.
PAR  Another object of this invention is to provide a wrench for the ratchet
      rotation of hexagonal members including means for the ratcheting rotation
      of four different size hexagonal members.
PAR  Another object of this invention is to provide a ratcheting wrench for
      hexagonal members including improved means for increasing the wear
      resistance of the wrench.
PAR  Another object of this invention is to provide an open end wrench in which
      the wrench may be utilized for ratcheting eight different sized hexagonal
      members, the wrench having no moving parts.
PAR  Another object of this invention is to provide a ratcheting wrench of the
      box end type including means wherein a hexagonal member may be ratcheted
      in either direction without removing engagement of the box end wrench from
      the member being rotated.
PAR  These general objects, as well as other and more specific objects of the
      invention will be fulfilled in the following description and claims, taken
      in conjunction with the attached drawings.
DRWD
PAC  DESCRIPTION OF THE VIEWS
PAR  FIG. 1 is a plan view of a wrench embodying the invention, the wrench being
      usable for use in the ratchet rotation of a hexagonal member in either
      direction without removing the wrench from the hexagonal member being
      rotated.
PAR  FIG. 2 is a plan view of the wrench shown in FIG. 1 but showing the wrench
      dimensioned for the ratchet rotation of two different size hexagonal
      members.
PAR  FIG. 3 shows a wrench for the ratchet rotation of two different size
      hexagonal members as in FIG. 2, but showing a different orientation of the
      handle portion.
PAR  FIG. 4 shows a wrench of the box end configuration, that is, wherein the
      enclosure which receives the hexagonal member to be rotated fully
      encompasses the hexagonal member wherein the hexagonal member may be
      rotated in either direction without removing the wrench from engagement
      with the hexagonal member.
PAR  FIG. 5 is a plan view of a wrench embodying this invention. The wrench is
      shown with a handle having a wrench configuration at each end, each of the
      configurations employing the invention. In the embodiment of FIG. 1 each
      end of the wrench is dimensioned to ratchet rotate two different sizes of
      hexagonal members.
PAR  FIG. 6 is a plan view of an alternate arrangement of the invention wherein
      the hexagonal member engaging surfaces are divided into two levels, that
      is, an upper level and a lower level, and wherein the wrench may be
      utilized to ratchet rotate four different sizes of hexagonal members.
PAR  FIG. 7 is a cross sectional view taken along the line 7--7 of FIG. 6.
PAR  FIG. 8 is an alternate arrangement in which in the left hand portion of the
      wrench hard material inserts are employed to increase the wear resistance
      of the wrench. The right hand portion of the wrench shows an improved
      configuration by which the hexagonal member to be ratchet rotated is more
      easily received by the torqueing surfaces.
PAR  FIG. 9 is an alternate arrangement wherein the wrench is configured to
      ratchet rotate two different size hexagonal members in either direction
      without removing the wrench from the hexagonal members being rotated.
PAR  FIG. 10 shows an embodiment in which the wrench may be employed for the
      ratchet rotation of four different sizes of hexagonal members.
PAR  FIG. 11 shows an embodiment of the invention wherein the wrench torqueing
      surfaces include an upper layer and a lower layer and in which each layer
      of surfaces is dimensioned to engage four different size hexagonal members
      so that the wrench of FIG. 11 may be employed to ratchet rotate eight
      different sizes of hexagonal members.
PAR  FIG. 12 is a cross sectional view taken along the line 12--12 of FIG. 11.
PAR  FIG. 13 shows an embodiment wherein the wrench may be encompassed in a tool
      generally termed a "crow foot" design in which the handle for the rotation
      of the tool is removable.
PAR  FIG. 14 is a plan view of a hexagonal member showing representative
      dimensions of the member.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIG. 14, a representative hexagonal member is shown. The
      hexagonal member has a distance between opposed sides of X, a distance
      between opposite corners of Y, and length along one side of Z.
PAR  FIG. 1 shows a simple embodiment of the invention. The wrench includes a
      body portion 18 having an integral first jaw 20 and second jaw 22. The
      jaws 20 and 22 are spaced apart from each other and provide a member
      receiving area 24 therebetween. A handle portion 26 extends from the body
      by which the wrench is rotated.
PAR  The first jaw 20 has an inner peripheral surface facing the member
      receiving area 24 having four contiguous torqueing surfaces configured to
      receive a hexagonal member. Each of the four torqueing surfaces are at an
      angle of 120.degree. relative to any adjacent torqueing surface. The first
      torqueing surface 28 is at the outer end of the first jaw and has a length
      less than one-half Z, that is, less that one-half of the length along a
      side of the hexagonal member to which the wrench is dimensioned. The
      second torqueing surface 30 is contiguous to the first and at a length
      substantially equal to and just slightly greater than Z. The third
      torqueing surface 32 is contiguous to the second surface 30 at the end
      thereof opposite the first surface 28, the length of the third torqueing
      surface 32 being substantially equal to and just slightly greater than Z.
      The fourth torqueing surface 34 is contiguous to the third surface 32 at
      the end thererof opposite the second surface 30, the length of the fourth
      torqueing surface 34 being greater than Z, the fourth torqueing surface 34
      being parallel to the first torqueing surface 28 and spaced from it a
      distance substantially equal to and just slightly greater than X.
PAR  The inner peripheral surface of the first jaw 20 made up of torqueing
      surfaces 28, 30, 32 and 34 is dimensioned to snugly receive a portion of
      the external periphery of a hexagonal member, such as bolts or nuts. The
      outline of a hexagonal member 16A is shown positioned against the
      torqueing surfaces of jaw 20 and when the wrench is rotated in the
      clockwise direction indicated by the rightmost arrow the hexagonal member
      16A is rotated in the clockwise direction indicated by the arrow 16
      therein. When the wrench is rotated in the opposite direction, that is,
      counterclockwise, the wrench slides upon the peripheral surfaces of the
      hexagonal member 16A until a new position is reached in which the
      direction of rotation can be again returned to clockwise. Thus the wrench
      jaw 20 ratchets on hexagonal member 16A to rotate in a clockwise
      direction.
PAR  The second jaw 22 has an inner peripheral surface facing the member
      receiving area 24 configured to receive four surfaces of a hexagonal
      member. The four torqueing surfaces of the second jaw 22 are: a first
      torqueing surface 36 having a length less than one-half Z; a second
      torqueing surface 38 having a length substantially equal to and just
      slightly greater than Z; a third torqueing surface 40 having a length
      substantially equal to and just slightly greater than Z; and a fourth
      torqueing surface 42 having a length greater than Z. The torqueing
      surfaces 36, 38, 40 and 42 are all at an angle of 120.degree. relative to
      any adjacent torqueing surface. The fourth torqueing surface 42 is
      parallel and spaced from the first torqueing surface 36 at a distance
      substantially equal to and slightly greater than X.
PAR  A hexagonal member 16B is shown in dotted outline positioned in engagement
      with the torqueing surfaces of second jaw 22. When the wrench handle is
      rotated in the counterclockwise direction as indicated by the left arrow,
      the torqueing surfaces engage the hexagonal member 16B and rotate it in
      the counterclockwise direction indicated by the arrow 16C therein. When
      the wrench handle is moved in the clockwise direction the wrench surface
      slides upon the peripheral surfaces of the hexagonal member 16B until a
      position is reached wherein upon rotation of the wrench in the opposite
      direction, that is, the counterclockwise direction, the surfaces engage
      the hexagonal peripheral surfaces of the member 16B and cause it to rotate
      in the counterclockwise direction. Thus by reciprocation of the wrench
      with jaw 22 in engagement with the member 16B it is ratchet rotated in the
      counterclockwise direction.
PAR  It can thus be seen that the wrench of FIG. 1 may be used to ratchet rotate
      a hexagonal member in either direction without removing contact of the
      wrench from the member, that is, the member does not leave the member
      receiving area 24.
PAR  FIG. 2 shows an alternate arrangement of the invention having the same
      surfaces as FIG. 1 except that in FIG. 2 the surfaces of jaw 20 are
      dimensioned to receive and ratchet rotate a hexagonal member larger than
      the surfaces of jaw 22. Thus the arrangement of FIG. 2 will not be
      utilized for rotating the same hexagonal member in opposite directions,
      but the arrangement of FIG. 2 enables the wrench to be employed to rotate
      two different sizes of hexagonal members. In using the wrench of the
      arrangement of FIG. 2, the requirement for reversing the direction of
      rotation of a hexagonal member is that the wrench be turned over.
PAR  FIG. 3 shows a wrench of the embodiment as shown in FIG. 2 but wherein the
      relationship of the torqueing surfaces to the longitudinal axis of the
      handle is different. In the arrangement of FIG. 1 the plane of the fourth
      torqueing surfaces for each jaw is perpendicular the longitudinal axis of
      handle 26 whereas in FIG. 3 the plane of the fourth torqueing surfaces in
      substantially parallel to the longitudinal axis of handle 26. Obviously
      the relationship of the surfaces relative to the handle may vary between
      these extremes or even beyond the extreme of FIG. 3.
PAR  FIG. 4 shows an additional alternate arrangement in which the member
      receiving area 24 is completely encompassed by the wrench. The outer ends
      of the first and second jaws 20 and 22 are connected by an integral
      portion 44 which has an inner arcuate surface 46 facing the member
      receiving area 24. The distance indicated by A between the arcuate surface
      46 and the opposed fourth torqueing surfaces 34 and 42 is greater than Y,
      that is, greater than the distance between opposing corners of a hexagonal
      member. Hexagonal members 16A and 16B are shown positioned within the
      member receiving area 24 to show how a hexagonal member may be rotated in
      opposite directions without removing the wrench from the member.
PAR  In FIGS. 1, 2, 3 and 4, the fourth torqueing surfaces 34 and 42 of each of
      the jaws 20 and 22 is coplanar, that is, in the same plane. FIG. 5 shows
      an embodiment of the invention in which the fourth torqueing surfaces 34
      and 42 intersect each other at an angle greater than 180.degree.. The
      wrench of FIG. 5 is shown with a wrench portion at each end in which each
      of the wrench portions is configured to engage separate size hexagonal
      members. Thus the wrench of FIG. 5 is designed to engage and ratchet
      rotate four different sizes of hexagonal members.
PAR  FIGS. 6 and 7 show another alternate arrangement. In this embodiment the
      torqueing surfaces are divided into an upper layer and a lower layer. The
      torqueing surfaces of the upper layer of jaw 20 are 28A and 30A, 32A and
      34. The torqueing surfaces of the lower layer are 28B, 30B, 32B and 34.
      The upper and lower sets of torqueing surfaces are configured in the same
      arrangement except for dimensions and in the illustrated arrangement the
      upper set of torqueing surfaces 28A, 30A, 32A and 34 ratchet rotate a
      hexagonal member of larger dimensions than the lower torqueing surfaces
      28B, 30B, 32B and 34. The fourth torqueing surface 34 serves both the
      upper and lower sets of torqueing surfaces. The second jaw 22 is shown
      also with upper and lower sets of torqueing surfaces to receive two
      different sizes of hexagonal members. Thus the wrench of FIG. 6 will
      ratchet rotate four different sizes of hexagonal members. If the wrench is
      provided with a similar arrangement on the opposite end of handle 26 it
      can be seen that the wrench using the arrangement of FIGS. 6 and 7 may be
      designed to ratchet rotate eight different sizes of hexagonal members.
PAR  FIG. 9 shows till an additional alternate embodiment in which each of the
      jaws 20 and 22 include six torqueing surfaces. Thus as in FIG. 9 jaw 20 is
      configured to engage a larger and a smaller hexagonal member. The
      torqueing surfaces of jaw 20 in FIG. 9 are as follows: first torqueing
      surface 48 having a length less than one-half the length along a side of
      the larger hexagonal member to which the wrench is sized, second torqueing
      surfaces 50, a third torqueing surface 52 having a length less than
      one-half the length along a side of the smaller hexagonal member, a fourth
      torqueing surface 54, a fifth torqueing surface 56 and a sixth torqueing
      surface 58. Each of the surfaces are 120.degree. relative to adjacent
      surfaces. The first surface 48 and third surface 52 are each parallel to
      the sixth torqueing surface 58. The spacing between the sixth torqueing
      surface 58 and torqueing surface 52 is substantially equal to and just
      slightly greater than the width X of the smaller hexagonal member to be
      received by the wrench and the first torqueing surface 48 parallel to and
      spaced from the sixth torqueing surface 58 is substantially equal to and
      just slightly greater than the width of the larger of the hexagonal
      members to be received by jaw 20.
PAR  Jaw 22 has torqueing surfaces complimentary to those of jaw 20. The larger
      of the hexagonal members to be ratchet rotated is engaged by surfaces 48,
      50 and 58, and the smaller hexagonal member to be ratchet rotated by the
      wrench of FIG. 9 is engaged by surfaces 52, 54, 56 and 58. In the
      arrangement of FIG. 9 it can be seen that two different size hexagonal
      members may be ratchet rotated in either direction without removing the
      wrench from engagement with the hexagonal member being rotated.
PAR  FIG. 10 shows the embodiment as in FIG. 9 but wherein jaw 20 is dimensioned
      to engage two different size members and jaw 22 is configured to engage
      two other different size members so that the wrench of FIG. 10 may be
      employed to ratchet rotate four different size members. It can be seen,
      however, that in the arrangement of FIG. 10 the wrench cannot be used to
      rotate the members in the opposite direction without turning the wrench
      over.
PAR  FIG. 8 shows a wrench design with some alternate arrangements. In the right
      end of FIG. 8 the wrench jaw 20 includes in the outer end thereof a small
      hard metallic insert 60 such as tungsten carbide, which forms a part of
      the first torqueing surface 28. This increases the wear life of the
      wrench. In addition, if desired, the metallic inserts 60 may have an inner
      end sharpened in a tooth arrangement which protrudes slightly beyond the
      surface 28 so as to engage and grip into a hexagonal member. The jaw 22
      also shows a hard metal insert 60.
PAR  In the left hand side of FIG. 8, each of the four torqueing surfaces 34 and
      42 are provided with recesses 62 therein adjacent the corresponding third
      torqueing surfaces 32 and 40 respectively. The recesses 62 help the wrench
      torqueing surfaces to slide into position easily relative to a hexagonal
      member to be gripped. In addition, the recesses 62 are in areas which do
      not impart torque to a member being rotated so that the torque imparting
      ability of the wrench is not diminished.
PAR  FIG. 8 at the left hand side shows smaller semicircular cutout 64 at the
      intersection of first torqueing surfaces 30 and 32 of first jaw 20 and
      correspondingly at the intersection of second surface 38 and third surface
      40 of jaw 22. The semicircular recess allows the hexagonal member to
      firmly engage the torqueing surfaces and compensates for defects in the
      symmetry of the hexagonal surfaces of members to be rotated.
PAR  FIG. 11 shows an additional alternate arrangement of the invention,
      including concepts embodied in portions of previously described
      embodiments represented by FIGS. 6 and 9. FIG. 11 shows the arrangement
      wherein both jaw 20 and jaw 22 include six torqueing surfaces in both an
      upper and lower level. For instance, as to jaw 22 the six upper torqueing
      surfaces are 48A, 50A, 52A, 54A, 56A and 58A. The lower torqueing surfaces
      of jaw 22 are 48B, 50B, 52B, 54B, 56B and 58B. Thus the jaw 22 is
      configured to engage two different size hexagonal members on the lower
      layer of surfaces. If jaws 20 and 22 are each configured to engage
      different size hexagonal members it can be seen that in the arrangement of
      FIGS. 11 and 12 the wrench at one end may engage eight different sizes of
      hexagonal members. By combining the wrench with a similar arrangement at
      the opposite end one wrench without moving parts may be employed to
      ratchet rotate 16 different sizes of hexagonal members.
PAR  FIG. 13 shows the arrangement of the invention in the form of a type
      commonly called a crow foot. The wrench body does not have a handle but
      includes a recess 66 which may receive a handle, or the handle may be
      inserted longitudinally into recess 68.
PAR  While the invention has been described with a certain degree of
      particularity it is manifest that many changes may be made in the details
      of construction and the arrangement of components without departing from
      the spirit and scope of this disclosure. It is understood that the
      invention is not limited to the embodiment set forth herein for purposes
      of exemplification, but is limited only by the scope of the attached claim
      or claims, including the full range of equivalency to which each element
      or step thereof is entitled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ratcheting wrench for ratcheting four hexagonal members in which the
      distance between opposite sides is X.sub.1, X.sub.2, X.sub.3 and X.sub.4
      and the length along a side is Z.sub.1, Z.sub.2, Z.sub.3 and Z.sub.4,
      respectively, the wrench comprising:
PA1  a body portion having a first jaw and a second jaw extending therefrom, the
      jaws being spaced apart from each other and providing a member receiving
      area therebetween, and a handle extending from said body;
PA1  the first jaw having an inner peripheral surface facing said member
      receiving area having six torqueing surfaces configured to engage a
      portion of the peripheral surface of the first and second hexagonal
      member, the first hexagonal member being larger than the second, the first
      surface being at the outer end of said first jaw and having a length less
      than one-half Z.sub.1 the second surface intersecting the first surface at
      an angle of 120.degree., the third surface being contiguous to the second
      surface at the end thereof opposite the end intersected by the first
      surface, the length of the third surface being less than one-half Z.sub.2,
      a fourth surface intersecting the third surface at an angle of
      120.degree., a fifth surface intersecting the fourth surface at an angle
      of 120.degree., the length of the fourth and fifth surfaces each being at
      least equal to Z.sub.2, and a sixth surface intersecting the fifth surface
      at an angle of 120.degree., the length of the sixth surface being greater
      than Z.sub.1, the first surface being parallel to the sixth surface and
      spaced from it a distance at least equal to X.sub.1 the third surface
      being parallel to the sixth surface and spaced from it a distance at least
      equal to X.sub.2, the first, second and sixth surfaces snugly receiving
      and engaging three sides of the first hexagonal member, the third, fourth,
      fifth and sixth surfaces snugly receiving and engaging four sides of the
      second hexagonal member;
PA1  the second jaw having an inner peripheral surface facing said member
      receiving area having six torqueing surfaces configured to engage a
      portion of the peripheral surfaces of the third and fourth hexagonal
      member, the third hexagonal member being larger than the fourth, the first
      surface being at the outer end of said second surface intersecting the
      first surface at an angle of 120.degree., the third surface intersecting
      the second surface at an angle of 240.degree. at the end thereof opposite
      the end intersected by the first surface, the length less than one-half
      Z.sub.4, a fourth surface intersecting the third surface at an angle of
      120.degree., a fifth surface intersecting the fourth surface at an angle
      of 120.degree., the length of the fourth and fifth surfaces each being at
      least equal to Z.sub.4, and a sixth surface intersecting the fifth at an
      angle of 120.degree., the length of the sixth surface being greater than
      Z.sub.3, the first surface being parallel to the sixth surface and spaced
      from it a distance at least equal to X.sub.3, the third surface being
      parallel to the sixth surface and spaced from it a distance at least equal
      to X.sub.4, the first, second and sixth surfaces snugly receiving and
      engaging three sides of the third hexagonal member, the third, fourth,
      fifth and sixth surfaces snugly receiving and engaging four sides of the
      fourth hexagonal member.
NUM  2.
PAR  2. A ratcheting wrench according to claim 1 wherein the first and third
      hexagonal members are the same size and the second and fourth hexagonal
      members are the same size, and wherein the torqueing surfaces of said
      first jaw are dimensioned the same as the torqueing surfaces of said
      second jaw, wherein two different sized hexagonal members may be ratchet
      rotated in one direction by engagement with the torqueing surfaces of said
      first jaw and ratchet rotated in the opposite direction by engagement with
      the torqueing surfaces of said jaw.
NUM  3.
PAR  3. A ratcheting wrench according to claim 1 wherein said first jaw sixth
      surface is coplanar with said second jaw sixth surface.
NUM  4.
PAR  4. A ratcheting wrench according to claim 1 wherein said first jaw sixth
      surface intersects said second jaw sixth surface at an angle.
NUM  5.
PAR  5. A ratcheting wrench according to claim 1 wherein said sixth surface of
      each of said jaws has a recess area therein adjacent the intersecting
      fifth surface, the space between said recess area and said opposing first
      and third surfaces being thereby slightly increased, facilitating the
      positioning of hexagonal members into contact with the torqueing surfaces.
NUM  6.
PAR  6. A ratcheting wrench according to claim 1 wherein said torqueing surfaces
      of said first and second jaws are each divided into an upper level and a
      lower level, each level of each jaw having a set of torqueing surfaces of
      said first jaw upper level dimensioned to engage two different sizes of
      hexagonal members, the set of torqueing surfaces of said second jaw upper
      portion dimensioned to engage two different hexagonal members, the wrench
      being thereby dimensioned to ratchet rotate eight different size hexagonal
      members.
NUM  7.
PAR  7. A ratcheting wrench according to claim 6 wherein the four sets of
      ratcheting surfaces of said first jaw are dimensioned the same as said
      four sets of ratcheting surfaces of said second jaw whereby the wrench may
      be used to ratchet rotate four different dimensioned hexagonal members in
      opposite directions.
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ABST
PAL  Helical shear blade cutter cooperable with a straight-edge bed plate for
      trimming fibers projecting from an article, including a shaft, and a blade
      in the form of a helical band wound edgewise on and about the shaft, the
      helical blade having a free edge forming a cutting edge from which a
      cutting face of the blade extends inwardly toward the shaft, the cutting
      face being formed with a serration to limit lateral yielding of the fibers
      as the fibers are being sheared by the cutting edge and the straight edge
      of the bed plate, the serration including saw-like teeth, respectively,
      having a short and a long flank, the long flank, in a condition wherein
      the shaft is disposed parallel to the straight-edge bed plate, forming a
      first angle with respect to the straight edge of the bed plate that is
      equal to the difference between a second angle formed by the cutting face
      of a blade without serrations formed therein and the straight edge of the
      bed plate and a third angle formed by the long flank and the cutting face
      of the blade without serrations formed therein.
BSUM
PAR  The invention relates to a helical shear blade cutter which, cooperatively
      with the straight edge of a fixed bed plate serves to shear fibers
      projecting from such articles as textile fabrics, skins, furs, brushes and
      like materials, the cutter having a blade formed, in substance, of a
      helical, edgewise-wound band, with the axis of the helix extending
      parallel to the edge of the bed plate, the edge of the blade at the
      outside of the helix forming a cutting edge and the inwardly directed face
      adjoining the cutting edge being the cutting face of the helical shear
      blade.
PAR  Several of such helical shear blades are usually assembled on a common
      shaft and together form a multiple helix or so-called shearing cylinder.
      The cutting edges of the helical shear blades are inclined to the cutting
      edge of the bed plate at an angle hereinafter referred to as the cutting
      angle. This cutting angle depends upon the pitch of the helix defined by
      the blade.
PAR  A large cutting angle is produced when the helical pitch is short. This has
      the advantage that a single helix i.e. a single helical shear blade, will
      simultaneously cut at several locations thereof because of the very large
      number of turns or windings thereof about the shaft. Since the number of
      helical shear blades that can be mounted on a single shaft is limited,
      when there is a large cutting angle overall, a larger number of
      simultaneously cutting points are provided than if the cutting angle were
      small. Another advantage of a large cutting angle is that for a very large
      number of helical turns for an individual helical shear blade, the latter
      can be more readily secured reliably to the shaft than would be possible
      if the pitch of the helix were steep. On the other hand, a large cutting
      angle has the disadvantage that the fibers tend to slip sidewise during
      the shearing cut. This results in an irregular pile or trim which reduces
      the value of the product.
PAR  A small cutting angle is produced when the pitch of the helix is steep. It
      is an advantage of a small cutting angle that, during the shearing cut,
      fibers have less of a tendency to yield sidewise so that the resultant
      fiber pile is more uniform. On the other hand, the small cutting angle has
      the disadvantage that the individual helical shear blade has fewer helical
      turns or windings, and, therefore, fewer simultaneous cutting points are
      provided for the individual helical shear blade and also for the entire
      shearing cylinder. Moreover, a steeply pitched helix is less readily
      securable to a central shaft because of the more limited winding or
      encirclement thereof about the shaft than a helix which has more helical
      turns around the shaft.
PAR  A compromise solution has therefore been adopted which takes into account
      the advantages and disadvantages in each particular case. However, this
      has not been found to be satisfactory.
PAR  Thus, it has therefore been proposed heretofore to provide the cutting face
      of the helical shear blade with a saw-tooth or wedge-shaped serration
      resembling the teeth of a file in order to prevent the fibers from
      slipping sidewise during the shearing cut. This wedge-shaped serration is
      so formed that the wedge-shaped surfaces of the saw teeth define a cutting
      angle with respect to the edge of the bed plate, that is larger, by the
      angle at which the flank of the saw teeth is cut into the cutting face of
      the blade, than the cutting angle which the cutting edge of a blade
      without serrations makes with the edge of the bed plate. This prevents the
      fibers from completely avoiding the shearing cut since they cannot slip
      farther along the cutting edge than up to the next wedge-shaped corner of
      the serration where they are always intercepted. Due to the increase in
      the size of the cutting angle by the size of the angle at which the flank
      of the saw teeth is cut into the cutting face of the shear blade, the
      lateral sliding of the fibers along the cutting edge and within the
      limited range is increased. The fibers are therefore not evenly cut on the
      cutting edges of the saw-tooth serration, but rather, are bunched together
      in the wedge-shaped corner and then cut off in bunches or tufts. The
      trimmed fiber pile thereby receives undesirable patterning or texture
      markings. Moreover, wear along the cutting edges of the saw-tooth
      serration is relatively low because the fibers, on the whole, merely slide
      and are not cut there. On the other hand, wear in the wedge-shaped corners
      is excessive, because the cutting or cropping of the fibers bunched
      therein requires relatively high cutting forces.
PAR  A compromise solution was therefore also sought in the case of helical
      shear blades having cutting faces with saw-tooth serration incised
      therein. This compromise resulted also in this case in the use of fairly
      steep helices to minimize the tendency of the fibers to slide along the
      cutting edge on the wedge-shaped surfaces of the saw teeth into the
      wedge-shaped corners of the serration. Basically, the pitch of the helix,
      in this case, ought to have been made even steeper than for a smooth
      cutting face lacking a serration, in order, at least partly, to compensate
      for the increase in size of the cutting angle. However, this would have
      gone beyond the limits of sound structural design and the drawbacks that
      were described hereinbefore had to be taken into consideration and usually
      accepted as unavoidable.
PAR  It is accordingly an object of the invention of the instant application to
      provide a helical shear blade having a saw-tooth serration or to provide
      the serration per se of such construction that the fibers will not tend to
      avoid the cut by sliding along the cutting edge on the wedge-shaped
      surface of the saw teeth when the shearing cut is being made, and that the
      fibers will, in fact, be uniformly cut along the entire length of the
      respective cutting edge.
PAR  With the foregoing and other objects in view, there is provided, in
      accordance with the invention, a helical shear blade cutter cooperable
      with a straight-edge bed plate for trimming fibers projecting from an
      article, comprising a shaft and a blade in the form of a helical band
      wound edgewise on and about the shaft, the helical blade having a free
      edge forming a cutting edge from which a cutting face of the blade extends
      inwardly toward the shaft, the cutting face being formed with a serration
      to limit lateral yielding of the fibers as the fibers are being sheared by
      the cutting edge and the straight edge of the bed plate, the serration
      comprising saw-like teeth, respectively, having a short and a long flank,
      the long flank, in a condition wherein the shaft is disposed parallel to
      the straight-edge bed plate, forming a first angle with respect to the
      straight edge of the bed plate that is equal to the difference between a
      second angle formed by the cutting face of a blade without serrations
      formed therein and the straight edge of the bed plate and a third angle
      formed by the long flank and the cutting face of the blade without
      serrations found therein.
PAR  In view of the fact that the first or cutting angle of the serrated blade
      according to the invention is smaller than the second or cutting angle of
      a corresponding smooth or plain blade formed without serrations by a third
      angle, namely the angle the longer saw-tooth flank of the serration makes
      with the cutting face, the helix in a helical blade according to the
      invention can have a relatively short pitch and the corresponding plain
      edge may form a relatively large cutting or second angle; the cutting or
      first angle of the serrated blade can nevertheless be so small that the
      fibers will not slip along the wedge-shaped surfaces of the serrations,
      but will be cut off cleanly. The cutting edges of the blade and the bed
      plate wear uniformly along the entire length thereof. The helix can have
      relatively numerous turns or windings about the shaft and the number of
      cutting locations will therefore be large. The blades are affixed to the
      shaft securely and stably.
PAR  In addition to a secure mounting of the blades, the helical shear blade
      cutter of the invention assures the production of a trouble-free clean cut
      with a high shearing performance coupled with a long life of the blade or
      cutter.
PAR  In accordance with another feature of the invention, the third angle,
      namely the angle formed by the long flank of the serration teeth and the
      cutting face of the blade without serrations, is of a given size between
      that of an angle smaller than and an angle larger than the second angle,
      namely the angle formed by the cutting face of the blade without
      serrations and the straight edge of the bed plate, so that the absolute
      value of the first angle, namely the angle formed by the long flank of the
      serration teeth and the straight edge of the bed plate, is at most as
      large as the angle of friction between the fibers that are being trimmed
      and the cutting edge of the blade and the straight edge of the bed plate.
PAR  The angle of friction of the fibers that are to be trimmed and the cutting
      edges of the bed plate and helical blade is the parameter which determines
      whether or not the fibers, during the trimming operation, will slide along
      the cutting edges or remain in position so as to be cleanly cut off. If
      the cutting angle is at most as large as the limiting angle of friction
      the shear cut will be clean and there will be no yielding by lateral
      sliding. Although the limiting angle of friction has a different value for
      different fibrous materials, nevertheless, the cutting angle for
      satisfactory shearing can be a standard angle. It must simply not exceed
      the limiting angle of friction of the particular fibrous material which
      has the smallest limiting angle of friction. Reference is made to an
      absolute value or magnitude of the cutting angle, because, with the size
      of the cutting angle with respect to the angle of friction, it does not
      matter whether the cutting angle is positive or negative in relation to
      the straight or cutting edge of the bed plate.
PAR  In accordance with a further feature of the invention, the third angle,
      namely the angle of the longer flank of the saw-tooth serration
      substantially equals the second angle, namely the cutting angle of the
      corresponding plain edge of the bed plate.
PAR  With the last-mentioned feature, the resultant cutting angle i.e. the first
      angle, will be zero, and the cutting edges of the serration along the edge
      of the helical blade will form a zero angle with the edge of the bed
      plate. Thus, the edges of the longer flanks of the serration will be
      parallel to the cutting or straight edge of the bed plate. This has the
      advantage that even very smooth fibers which have a very small limiting
      angle of friction will not avoid the cut by sliding along the cutting
      edges but will rather be evenly cut. The first angle, namely the cutting
      angle of the serrated cutting edge, need not be exactly zero but may be
      approximate thereto. Consequently, the production of such a shear blade
      cutter requires no additional expense.
PAR  In accordance with an additional feature of the invention, the saw teeth of
      the serration are undercut. This provides the advantage that the fibers
      which are to be trimmed are kept away from the wedge-shaped corners of the
      saw-teeth and will only come into the vicinity of the cutting edges
      proper. Irregularities in the trimming of a pile are thereby avoided.
PAR  In accordance with yet another feature of the shear blade cutter of the
      invention wherein the cutter is rotatable with the shaft, the serration is
      formed with a cut inclined to the radial direction so that, during
      rotation of the cutter, the radially outer parts of the serration in the
      helix lead the remaining parts of the serration. Through this feature, the
      effect of the undercut is reinforced.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as embodied in a
      helical shear blade cutter, it is nevertheless not intended to be limited
      to the details shown, since various modifications and structural changes
      may be made therein without departing from the spirit of the invention and
      the scope and range of equivalents of the claims.
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PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of specific embodiments when
      read in connection with the accompanying drawings, in which:
PAR  FIG. 1 is an axial view of a shearing cylinder or cutter having a plurality
      of helical shear blades according to the invention, which, in combination,
      form a multiple helix;
PAR  FIG. 2 is an enlarged view of a portion of a shear blade having a plain
      cutting face;
PAR  FIG. 3 is an enlarged fragmentary view of FIG. 1 showing a portion of a
      shear blade having a saw-tooth serration on the cutting face thereof;
PAR  FIG. 4 is a longitudinal view, at a slightly smaller scale than that of
      FIGS. 2 and 3, of two serrated helical shear blades of which the balde at
      the left-hand side of the figure is less steeply pitched than the blade at
      the right-hand side;
PAR  FIG. 5 is a diagrammatic cross-sectional view, at a slightly larger scale
      than that of FIGS. 2 and 3, of a complete shearing cylinder or cutter,
      together with a bed plate, a shearing table and a material to be trimmed
      that is being drawn across the shearing table.
PAR  FIG. 6 is a much-enlarged fragmentary view of FIG. 5.
PAR  FIG. 7 is a fragmentary view of FIG. 6 at the same scale as that of FIG. 6
      showing a modified form of shearing table for shearing the pile of heavy
      textile materials, such as carpets, for example;
PAR  FIGS. 8 to 11 are horizontal part sections on an even larger scale taken on
      the line A -- A in FIG. 6 but viewed from above, more particularly, FIG. 8
      is a fragmentary view of a helical shear blade provided with a saw-tooth
      serration according to the state of the art; the view being even larger
      than that of FIG. 6 and being taken along the line A -- A in FIG. 6, but
      rotated through 90.degree.;
PAR  FIG. 9 is another view like that of FIG. 8 of a helical shear blade
      provided with a saw-tooth serration according to the invention and having
      a positive cutting angle between the wedge surfaces or edges of the
      serration and the plain or cutting edge of the bed plate;
PAR  FIG. 10 is a further view like those of FIGS. 8 and 9, of a helical shear
      blade according to the invention which is similar to that in FIG. 9,
      except that the cutting angle is negative; and
PAR  FIG. 11 is yet another view like those of FIGS. 8, 9 and 10, of a helical
      shear blade according to the invention which is similar to those of FIGS.
      9 and 10, except that the cutting angle is zero.
DETD
PAR  Referring now to the drawing, it is noted that FIGS. 1 to 7, in principle,
      also apply to conventional forms of construction of a helical shear blade
      cutter. These figures serve primarily to assist in providing an
      understanding of the problem contemplated by the invention. FIG. 8 is
      illustrative of the prior art, whereas FIGS. 9 to 11 show different
      embodiments of the invention of the instant application.
PAR  As shown in FIG. 1, helical shear blades 2 are secured to a shaft 1 of a
      shearing cylinder or cutter. In general, the blades 2 are formed with
      serrations 3. For a clearer representation thereof, reference may be made
      to FIG. 3 which is distinguished from the construction of FIG. 2 wherein
      the helical blade 2 does not have a serration. As shown in FIG. 4, the
      helix defined by the cutter blades may have a short pitch (left-hand side)
      or a long pitch (right-hand side). When the pitch is short, the cutting
      angle formed by the cutter blade with the straight edge of the bed plate
      will be relatively larger, whereas it will be relatively smaller when the
      pitch is long.
PAR  As shown in FIG. 5, the shearing cylinder or cutter with the shaft 1 and
      the helical shear blades 2 thereof revolves in direction of an arrow 9
      over a stationary bed plate 4. Material 6 which is to be cropped or
      trimmed travels over a shearing table 5, in a direction represented by an
      arrow 10. Prior to being sheared, the material 6 has projecting relatively
      long, irregular fibers 7 and, after shearing, cropped relatively short,
      uniform fibers 8. In this regard, reference is also made to FIGS. 6 and 7.
      In FIG. 7, a shearing table 5' of special configuration is shown.
PAR  FIG. 8 illustrates helical shear blade 2 according to the prior art, and a
      fixed bed plate 4. As shown in FIG. 8, a non-serrated or plain helical
      blade has an angular pitch 11 and a cutting angle 12. The helical blade 2
      travels in a direction as indicated by the arrow 9 relative to the fixed
      bed plate 4. The longer tooth flank 15 of the serration forms an angle 13
      with the cutting face of a blade having no serrations, the angle 13
      together with the cutting angle 12 of a plain or non-serrated blade,
      equaling the cutting angle 14 of the serrated blade. Owing to the
      magnitude of angle 14, the fibers 7 which are to be trimmed slide along
      the edges 15 of the serrations without being cut. They are thus forced
      into corners 16 where they are cut off in tufts or bunches. Undesirable
      patterned or structure markings are consequently imparted to the fiber
      pile.
PAR  Referring now to FIG. 9, there is illustrated therein an embodiment of a
      helical cutter 21 according to the present invention, shown cooperating
      with a fixed bed plate 4. The blade 2' travels across the bed plate 4 in
      direction indicated by the arrow 9. The cutting angle 12 of a plain or
      non-serrated shear blade is shown again in FIG. 9. The cutting angle 14'
      of the serrated blade equals the difference between the cutting angle 12
      of a corresponding non-serrated blade and the angle 13' of the lower tooth
      flanks of the serration. The angle 14' can be so small that it is less
      than the limiting angle of friction of the fibers 7 with respect to the
      cutting edges 15' of the helical shear blade 2' and the cooperating
      cutting or plain edges of the bed plate 4. The fibers 7 in the space 17
      will not therefore slide away towards one side but will instead be cut off
      cleanly.
PAR  In the embodiment of the blade 2" according to the invention, as shown in
      FIG. 10, the angle 13 of the longer tooth flanks of the serrations exceeds
      the cutting angle 12 of the plain or non-serrated helical blade, and the
      cutting angle 14 of the serrated blade is therefore a negative angle. In
      the space 18 which forms at each cut, the fibers 7 are also unable to
      yield or slide laterally but are rather cleanly cropped or trimmed.
PAR  In the embodiment 2'" of the invention shown in FIG. 11, the angle 13 of
      the longer tooth flanks is equal to the cutting angle 12 of the
      corresponding plain or non-serrated cutter blade. The cutting angle 14 of
      the serrated cutter blade is therefore zero. The fibers in the space 19
      are therefore cut off cleanly without slipping sideways.
PAR  As is readily apparent from FIGS. 8 to 11, the saw-tooth serration of the
      embodiments of the invention shown in FIGS. 9 to 11 have a mirror-image
      symmetry with that of the heretofore known helical serrated shear blade
      shown in FIG. 8.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. Helical shear blade cutter cooperable with a straight-edge bed plate for
      trimming fibers projecting from an article, comprising a shaft, and a
      blade in the form of a helical band wound edgewise on and about said
      shaft, said helical blade having a free edge forming a cutting edge from
      which a cutting face of said blade extends inwardly toward said shaft,
      said cutting face being formed with a serration to limit lateral yielding
      of the fibers as the fibers are being sheared by said cutting edge and the
      straight edge of the bed plate, said serration comprising saw-like teeth,
      respectively, having a short and a long flank, said long flank, in a
      condition wherein said shaft is disposed parallel to the straight-edge bed
      plate, forming a first angle with respect to the straight edge of the bed
      plate that is equal to the difference between a second angle formed by the
      cutting face of a blade without serrations formed therein and the straight
      edge of the bed plate and a third angle formed by said long flank and the
      cutting face of the blade without serrations formed therein.
NUM  2.
PAR  2. Helical shear blade cutter according to claim 1 wherein said third angle
      is of a given size between that of an angle smaller than and an angle
      larger than said second angle so that the absolute value of said first
      angle is at most as large as the angle of friction between the fibers that
      are being trimmed and said cutting edge of said blade and the straight
      edge of the bed plate.
NUM  3.
PAR  3. Helical shear blade cutter according to claim 1 wherein said third angle
      is substantially as large as said second angle.
NUM  4.
PAR  4. Helical shear blade cutter according to claim 1 wherein the saw teeth of
      said serration are formed by respective undercuts in said cutting face.
NUM  5.
PAR  5. Helical shear blade cutter according to claim 1 wherein the cutter is
      rotatable about said shaft thereof, said serration being formed with a cut
      inclined to the radial direction so that, during rotation of the cutter,
      the radially outer parts of said serration in the helix lead the remaining
      parts of said serration.
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ABST
PAL  Herein is disclosed a portable and collapsible mounting for numerous types
      of power saw units, which comprises a table-like device having an open
      frame top with adjustable hanger brackets for rigidly securing the base of
      a power saw unit thereto. Said frame top is supported by forward and
      rearward pairs of legs rigidly braced in use, but pivotally connected at
      their upper ends with the frame for swinging inwardly against the said top
      frame to compact the assembly of saw unit and mounting. In the compact or
      collapsed position the assembly may be readily rolled from place-to-place
      or pushed upon a transportation vehicle through the medium of special
      enlarged wheels which are mounted on bolsters depending from the rear
      portion of the table top construction. At each end of the table top frame
      of the mounting a pair of roller-supporting rails are slidably and
      adjustably mounted in the longitudinal sides of the top frame. The outer
      ends of said pairs of rails are rigidly interconnected by a transverse
      crosspiece which in turn adjustably carries upstanding roller support rods
      which in turn, at their upper ends, carry a shaft and self-aligning roller
      bearings upon which a central roller is mounted. The said roller may thus
      be adjusted by set screws working against said rods for various horizontal
      positioning for horizontal alignment with the upper or work surface of the
      power saw unit or for positioning above or below such surface. Upon such
      rollers, where the roller rails are extended beyond the sides of the
      frame, elongate and relatively wide workpieces such as wall paneling,
      plywood, elongate planks and the like may be accommodated and guided as
      indicated in dotted lines in FIG. 2 and as shown in full lines in FIG. 3.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Complete power saw units as conventionally manufactured and sold today
      include large heavy housings wherein are mounted electrical motor, a disc
      or jig saw, saw-tilting mechanism and in most instances mechanism for
      raising and lowering the saw in its slot relative to the top work surface
      of the unit. Such units are considered bench tools and, for convenient
      use, must be mounted upon a heavy bench or other support.
PAR  The prior art known to applicant and his attorney, while showing some
      table-type collapsible structures for receiving portable saw structures,
      fails to show strong, rigid collapsible devices for receiving and mounting
      a complete power saw unit and which may be moved from place-to-place to a
      shop or building or wheeled on wheels provided in collapsed position with
      the saw unit attached for portability and for transporting the saw to a
      truck or other transport device. Such prior art as is known to applicant
      fails to show any type of mounting for a power saw unit which inherently
      contained readily extensible and longitudinally adjustable
      roller-supporting devices or other guide means which enable wide somewhat
      flexible building material, such as wall paneling, plywood and elongate
      and wide lumber, to be accommodated.
PAR  It is a main object of my invention to provide a strong, durable, rigid
      mounting which will accommodate and secure complete power saw units of
      numerous different makes and in use will support the same at a bench or
      table height for convenient use, but which may be collapsed with
      supporting leg structures swung inwardly against the base of the power
      unit and top frame structure and will further, in such collapsed position,
      provide wheels making the assembly portable by lifting one end of the top
      frame and wheeling the assembled device upon a pair of wheels attached to
      the forward legs of the support.
PAR  It is a further object to provide longitudinally adjustable roller-carrying
      means mounting on rails which slidably engage the longitudinal members of
      a table-like frame for collapsing flush against the forward ends of the
      general mounting and which, in extended position, carry rollers or
      pluralities of rollers for supporting end portions of very elongate and
      wide material such as plywood and wall paneling.
DRWD
PAC  DETAILED DESCRIPTION OF AN EMBODIMENT
PAR  From the following description, made in conjunction with the accompanying
      drawings, the structure, combinative relation of parts and operation of my
      invention will be fully apparent.
PAR  In the accompanying drawings:
PAR  FIG. 1 is a side elevation of an embodiment of the invention positioned
      with the guide roller extensions being employed and with a wide building
      material, such as plywood, being supported jointly by the guide rollers
      and the top or working surface of the power saw unit;
PAR  FIG. 2 is a top elevation of the same, dotted lines indicating overall
      dimensions of the plywood panel supported for longitudinal cutting on the
      roller extensions;
PAR  FIG. 3 is an end elevation of the same showing the guide rollers employed
      in outwardly extended position; and
PAR  FIG. 4 is a side elevation of the mounting and saw unit with the mounting
      collapsed for storage or portability.
DETD
PAR  Referring now to the details of my portable mounting and the power saw unit
      affixed thereto, a conventional power saw unit, indicated as an entirety
      by the letter U, is employed having an upstanding rectangular housing H
      wherein (not shown) a suitable electric motor is housed as well as
      mechanism (not shown) for raising and lowering the protruding position of
      the circular saw S as well as mechanism for variably inclining the plane
      of the saw S with reference to its accommodating slot A. In FIG. 3,
      showing the forward end of the saw unit, knurled control wheel W is
      illustrated for varying the set elevational position of the saw and a
      lever L is shown for angling variably the saw blade through its relatively
      wide slot A.
PAR  My mounting structure comprises a table-like device having an openwork
      frame for the top thereof consisting in longitudinal rails 6, preferably
      constructed of rigid square tubes, interconnected near the ends thereof by
      transverse cross rails 7. The internal cross sectional structure of the
      rails 6 are unobstructed for slidable relation, as will later be
      described, of longitudinally extensible support beams or rails for
      auxiliary guiding means.
PAR  For adjustable mounting of power saw units varying in dimensions, rigid
      hanger brackets 8 are employed having slidable relation with the
      longitudinal rails 6 and having underlying rigid horizontal projections 8a
      for support of and securance to the underlying base portion of the saw
      unit U. Obviously the hanger brackets 8 may be adjustably disposed
      relative to rails 6, and in any event support the power saw unit U with
      the top or work surface thereof X being disposed high above the rails 6.
PAR  The rigid openwork frame comprising the rails 6 and the rigidly secured
      crosspieces 7 is supported in operation upon two pairs of rigid legs 9 and
      10. The upper ends of forward legs 9 are interconnected by a rigid cross
      rod 11 having its terminal portions affixed to said legs by inner and
      outer clamping nuts 12a and 12b. The cross rod 11 serves also, in addition
      to bracing the upper ends of legs 9, an trunnions for pivoting said legs
      upon depending heavy mounting brackets 9a which may be welded or otherwise
      secured to the outer faces of the longitudinal rails 6. Similarly the rear
      legs 10 are reinforced and interconnected at their upper ends by rigid
      cross shaft 13 having the terminal portions thereof clamped by inner and
      outer nuts 14a and 14b to the legs.
PAR  With such pivotal connections the two sets of legs 9 and 10 may, for
      compactness and portability of the mounting, be swung inwardly upon the
      respective mountings 9a and 10a and, in collapsed position, will abut
      against the underside of the housing of the saw unit or against cross
      portions of the top frame structure.
PAR  Rigid bracing media disposed at the sides of the table-like mounting is
      provided in the form of toggle structure 15, such toggle structure being
      provided for each of the forward and each of the rearwad legs. The links
      of the toggle are suitably pivoted through the longitudinal sides of rail
      6 and in operation extend diagonally with the lower links thereof pivoted
      on pivots 15d to appropriate intermediate portions of the respective legs
      9 and 10. The links of the toggle structure, as shown, are swingably
      connected on a common removable pin 15a which, as shown in each instance,
      is connected by a chain 15b with the appropriate pivots 15d. Abutments 15c
      for dead center engagement with the upper toggle links are provided at the
      inner ends of the lower toggle links.
PAR  For further bracing and connection of the two pairs of legs 9 and 10 an
      elongate horizontal removable link 17 is centrally provided for connecting
      cross rods 9a and 10a respectively. The elongate longitudinal rod 17 has
      hooked ends 17a which snugly fit the cross rods 9b and 10b, respectively,
      the retaining clips 17b, may be provided on the respective cross rods for
      retaining the hooks 17a against lateral displacement.
PAR  From the foregoing description it will be seen that with the efficient
      bracing of the legs through upper cross rods 11 and 13, intermediate cross
      rods 9b and 10b, toggle structures 15 and elongate center rod 17, a very
      rigid overall mounting is provided for the relatively heavy power saw unit
      U.
PAR  For convenient portability of the assembled unit in collapsed position as
      shown in FIG. 4, I provide rigid depending bolsters 19 rigidly secured, as
      by welding, to the rear corners of the upper table frame. Bolsters 19 are
      preferably tubular and carry caster wheels 19a  which, in the collapsed
      position of the assembly, as shown in FIG. 4, engage the floor or ground
      and serve as means for wheeling the entire assembly when the same is
      slightly lifted at the forward end as by a suitable handle 5 (see FIG. 4).
PAR  As shown, the forward legs 9 of my mounting are supported on stationary
      shoes 20 having vertical shanks which are adjustably secured to the bottom
      of legs 9 by set screws 20a. To permit portability of the entire assembly
      in erect condition I prefer to provide caster wheels 21 swivelly connected
      with the lower ends of the two rear legs 10 and having shanks, not shown,
      adjustably securable by set screws 21a. Flanged eccentric braking devices
      22 are mounted on the caster brackets for snubbing the caster wheels 21
      when the assembly is positioned for work.
PAR  An important feature of my invention is the provision of extensibly
      adjustable mechanism for supporting and guiding elongate and wide board
      pieces such as plywood and panels and elongate planks for sawing. As
      illustrated and preferably at front and rear ends of the table-like
      mounting structure, square rigid rods 26 are provided conveniently
      slidably accommodated in the open-ended longitudinal rails 6 of the top
      frame. The outer ends of each of said pair of slidable beams 26 are
      interconnected by a rigid crosspiece 27 (see FIGS. 3 and 4). Crossbars 27
      adjacent the ends thereof are provided with vertical bores for adjustably
      receiving upstanding roller support arms 28 which have affixed to the
      upper ends thereof rigid brackets 28a for receiving a tubular roller shaft
      29 upon which a transverse horizontal roller 30 is mounted for free
      rotation. Self-aligning bearings 31 are provided for the roller and its
      trunnion ends 30a. To adjust the height of the roller-supporting vertical
      rods 28, set screws 32 are provided associated with the bores of the
      crosspiece of head 27 which interconnect the outer ends of the extensible
      beams 26.
PAR  As an optional feature of my invention provision for width extension of
      supporting and guiding means may be employed. To this end the tubular
      roller shafts 29 may slidably receive rigid extension rods 33 adjustably
      secured by set screws 33a. The outer ends of the extension rods 33 have
      revolubly mounted thereon narrow auxiliary rollers 34. Such additional
      structure provides width adjustment roller support beyond the capacity of
      the large central rollers 30 when extremely wide worksheets are to be
      processed. Said extension structure is removed from my mounting as shown
      in FIG. 1.
PAR  From the foregoing description it will be seen that a compact, rugged
      mounting has been provided for conventional power saws of practically all
      variations and makes. The mounting structure may be collapsed as shown in
      FIG. 4 into very compact form and when so collapsed with the power saw
      unit mounted thereon may be wheeled from place-to-place.
PAR  While the table-mounting structure involves relatively few parts, it is
      rigid and sturdy in operative position as shown in FIGS. 1 to 3.
      Ordinarily the additional extension rollers 34 with their supporting
      shafts 33 are not required, but this optional feature provides simplified
      medium for supporting extremely wide workpieces.
PAR  In the operation of the saw, the work material, such as lumber, boards,
      plywood and wall panels, smoothly rolls towards the saw through the
      guiding means of the operator.
PAR  It will of course be understood that numerous minor changes and uses of
      equivalent elements may be made in the overall combination without
      departing from applicant's invention.
PAR  The table top frame with the square tubular rails 6 accomplishes
      multi-functions, serving as guideways and supports for the collapsible
      beams 26 which carry the roller mountings and serving also to rigidify
      with its connected braces the entire framework as well as support through
      the hanger brackets 8 the relatively heavy power saw unit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable and collapsible mounting for conventional power saw units
      having in combination:
PA1  a rectangular rigid table top having front and rear ends and longitudinal
      sides,
PA1  means adjustably secured to said table top for supporting a power saw unit
      with its planar, material-supporting surface disposed above said table
      top,
PA1  a plurality of legs connected at their upper ends for rigid relation with
      said table top, said legs being collapsible for compactness and
      portability of said assembly,
PA1  bracing means between said table top and said legs and also between said
      legs for rigidifing said structure in use,
PA1  horizontal support means slidably mounted in said table top and extensible
      longitudinally of said top,
PA1  said support means near the outer end thereof carrying upstanding elements
      upon which are mounted support and guide means for slidably supporting
      work material at an elevation substantially aligned with the
      work-supporting surface of said saw unit.
NUM  2.
PAR  2. The structure and combination defined in claim 1 wherein:
PA1  said legs are swingably mounted at their upper ends upon said table top for
      inward collapsing against the same, and
PA1  wheel means secured to the longitudinal marginal portion of said top
      disposed below the collapsed position of said legs and adjacent the rear
      end of said table top for enabling the mounting and power saw assembly to
      be wheeled from place-to-place.
NUM  3.
PAR  3. The structure and combination set forth in claim 1 wherein:
PA1  said extensible structure includes a pair of parallel horizontal beams
      slidably mounted in longitudinal marginal portions of said table top and
      interconnected rigidly at their outer ends,
PA1  vertically adjustable upstanding roller support means secured to and
      supported from the outer end of said support beams,
PA1  a horizontal workpiece-guiding roller mounted for free rotation on said
      last-mentioned means for cooperating with the work-receiving surface of
      said saw unit to support and guide relatively elongate and wide workpieces
      such as plywood and wall panels.
NUM  4.
PAR  4. The structure and combination set forth in claim 1 wherein:
PA1  said rectangular table top comprises a pair of parallel spaced longitudinal
      tubes with means rigidly interconnecting the terminal portions of said
      tubes,
PA1  said horizontal support means constituting rigid beams telescoped within
      and slidable within said longitudinal rails.
NUM  5.
PAR  5. The structure and combination set forth in claim 3 further characterized
      by:
PA1  readily connectible extension roller devices comprising extension rods with
      means for connection to the outer end of said roller support means and in
      alignment therewith, and
PA1  narrow rollers rotatably mounted on the ends of said extension rods.
NUM  6.
PAR  6. The structure and combination defined in claim 1 wherein:
PA1  said rectangular table top is in the form of a rigid frame having tubular
      longitudinal support rails and rigid interconnections between the
      respective ends of said rails,
PA1  hanger brackets adjustably securable to said rails for constituting the
      supporting means of said power saw unit,
PA1  horizontally adjustable extensible structure for roller, workpiece-support
      and guiding means employing a pair of horizontal beam members slidably
      telescoped with said longitudinal rails at one end of said frame, said
      beams being interconnected at their outer ends by a rigid bar,
PA1  means adjacent the ends of said bar for adjustably receiving upstanding
      roller-support arms, and
PA1  a central elongate roller rotatably mounted from the upper ends of said
      upstanding support arms.
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ABST
PAL  An electric piano, using only one string per note and no soundboard,
      employs special mechanical and electrical means capable of controlling all
      of its various characteristics in order to duplicate the sound and other
      characteristics of a conventional piano. A floating bridge, floating on
      the strings and supported solely thereby, is used not for the pickup or
      transfer of string vibrations to any other device, but to control the
      characteristics of the string vibrations. Magnetic pickups consisting of a
      series of coils with adjustable permanent-magnet cores are arranged in
      special positions along the active lengths of corresponding strings and,
      in conjunction with frequency responsive capacitor circuitry, convert the
      vibration of each string into an electrical signal, shape the signal, and
      provide a composite signal output containing all the tone characteristics
      needed to produce a true piano sound. One end of each string is attached
      by a slip proof connection to an independent tuning bar mechanism
      employing a rocker bar on a fulcrum, the bar position being precisely
      controlled for both coarse and fine tuning.
BSUM
PAR  This invention relates to novel mechanical and electrical apparatus used in
      conjunction with the strings, harp, hammers, action and keyboard of an
      electric piano to derive from the strings a vibration which is, in turn,
      converted to an electrical signal that contains all the tone, attack and
      decay, touch  response, and sustain characteristics of a conventional
      piano. Through the use of only one string per note and no soundboard, the
      harp, frame, case and thus the entire piano is but a fraction of the size
      and weight of a conventional piano.
PAR  In an attempt to construct an electric piano of small size and weight which
      has the true sound, touch response, attack and decay, and sustain
      characteristics of a conventional piano, many problems and failures have
      resulted. Whether employing strings, reeds or electronic devices,
      difficulties have been encountered due to the complex wave characteristics
      of the piano sound as every note has its own unique and complex wave form.
      String pianos have had the wrong mixture of fundamental and harmonic
      frequencies and an incorrect amplitude balance of all the notes in the
      spectrum due to the string generating the incorrect wave form and the
      prior practice of sensing of vibrations at the speaking end of the string.
      Reed pianos suffer from the disadvantage that reeds contain few if any
      harmonics and have improper attack and decay characteristics. A pure
      electronic piano without hammers or vibratory members does not have the
      proper attack and decay, and has no touch and response qualities
      whatsoever.
PAR  The disadvantage of the conventional piano is its size and weight, which is
      largely attributed to the massive harp that is required to support the
      double and triple strings employed for each note over the major portion of
      the keyboard spectrum. Besides size and weight, a conventional piano is
      also difficult to tune and is subject to changes in temperature,
      atmospheric pressure and humidity. Constant retuning is required for the
      discriminating artist. A major cause of this sensitivity is the wooden
      soundboard to which the bridge is glued, as the soundboard may expand or
      contract with temperature changes or swell with humidity, thereby changing
      the pressure placed on the strings that are drawn over the bridge.
      Furthermore, skill is required in tuning the piano due to the use of the
      double and triple strings which are tied to tuning pins that must be
      rotated by hand to adjust the tension.
PAR  It is, therefore, an important object of the present invention to provide
      an electric piano of relatively light weight and small size which is
      capable of producing a sound of true piano quality.
PAR  As a corollary to the foregoing object, it is an important aim of this
      invention to provide an electric piano as aforesaid that is capable of
      producing the true tone, attack and decay, touch response, and sustain
      characteristics of a conventional piano which, because of the use of
      multiple strings per note and a soundboard, requires a massive, large and
      heavy harp, frame and case.
PAR  Another important object of this invention is to provide an electric piano
      as aforesaid employing a floating bridge to both impart a piano-like
      vibratory motion to each string with desired harmonic, attack and decay,
      touch response, and sustain characteristics, and render the tuning of the
      piano insensitive to temperature, atmospheric pressure and humidity
      changes.
PAR  Still another important object of the invention is to provide electrical
      apparatus utilized in conjunction with the floating bridge arrangement to
      control the harmonic characteristics of the tones produced. To this end,
      it is a specific aim of the invention to provide wave shaping through the
      employment of pickup devices particularly positioned along the active
      lengths of the piano strings for sensing vibration thereof, and variable
      harmonic suppression of the signals produced by such pickups in order that
      the signals, when amplified, provide a musical sound
PAR  Furthermore, it is an important object of the present invention to provide
      an adjustment mechanism for precisely setting the tension in each of the
      strings of a piano, wherein such mechanism makes a slip proof connection
      with the string and is capable of making a fine adjustment using a simple
      tool such as an Allen wrench.
PAR  Additionally, it is an important object to provide an adjustment mechanism
      as aforesaid which is also capable of making rough as well as fine
      adjustments, these objectives being implemented by the employment of a
      tuning bar in the nature of a rocker which is precisely positioned on its
      fulcrum to control the string tension.
DRWD
     In the drawings:
PAR  FIG. 1 is a front perspective view of the piano;
PAR  FIG. 2 is a rear elevational view of the piano with the rear panel of the
      case being broken away to reveal the interior construction, and with the
      bass strings also broken away for clarity;
PAR  FIG. 3 is an enlarged, fragmentary, top plan view of the piano of FIG. 2
      with the cover broken away; FIG. 4 is a greatly enlarged, fragmentary,
      cross-sectional view taken along line 4--4 of FIG. 2 and showing the
      overstrung string arrangement, associated pickups and the floating bridge;
PAR  FIG. 5 is a rear perspective view, on a smaller scale, of the floating
      bridge per se;
PAR  FIG. 6 is a fragmentary, enlarged, elevational view taken along line 6--6
      of FIG. 4;
PAR  FIG. 7 is a cross-sectional view taken along line 7--7 of FIG. 6, a portion
      of the bridge being broken away to reveal two of the upper pins in detail;
PAR  FIG. 8 is a fragmentary, top plan view of the bank of tuning bars for
      adjusting the tension of the strings, on a larger scale than FIG. 3;
PAR  FIG. 9 is a vertical sectional view taken along line 9--9 of FIG. 8,
      revealing one of the tuning bar mechanisms and associated string;
PAR  FIG. 10 is an enlarged, fragmentary, cross-sectional view taken along line
      10--10 of FIG. 2 and illustrates the adjustable mount for one of the
      brackets that carries the pickups;
PAR  FIG. 11 is a fragmentary, rear elevational and cross-sectional view taken
      along line 11--11 of FIG. 10;
PAR  FIG. 12 is a further enlarged, fragmentary, cross-sectional view taken
      along line 12--12 of FIG. 11, a portion of the pickup being broken away to
      reveal details of construction;
PAR  FIG. 13 is an electrical schematic diagram showing the coils of the
      magnetic pickups connected in the input circuitry of the audio amplifier,
      and the arrangement of bypass capacitors for harmonic suppression;
PAR  FIG. 14 is a fragmentary, top plan view similar to FIG. 8, but showing a
      modified form of tuning bar mechanism; and
PAR  FIG. 15 is a vertical sectional view taken along line 15--15 of FIG. 14,
      revealing one of the modified tuning bar mechanisms and associated string.
DETD
PAC  THE PIANO STRUCTURE
PAR  Referring initially to FIGS. 1-7, the piano of the present invention is
      broadly denoted by the numeral 20 and has the usual case 22, keyboard 24,
      and sustain and soft pedals 26 and 28 respectively (FIG. 1). The
      embodiment herein is designed with portability being a primary factor;
      thus a shortened keyboard with 64 keys is employed. The piano employs a
      conventional audio amplifier without special preamplification, and other
      electrical apparatus to be subsequently described. A control panel 30 for
      the amplifier and a speaker opening 32 in the cover 34 of the case 22 are
      visible in FIG. 1; an external amplifier may be used instead if desired.
PAR  In FIG. 2 the rear panel 36 of the case 22 is broken away to reveal a bank
      of 64 piano strings 38 and a floating bridge 40. Each string 38 is of the
      usual steel wire construction and is in engagement with the bridge 40 as
      best illustrated in FIG. 4. It should be noted that one string 38 is
      provided for each key of the keyboard 24 or each note of the piano 20. The
      bank of strings 38 is overstrung in that the group of 23 bass strings 42
      overlaps the group of 41 treble and mid-range strings 44. As a matter of
      reference, the middle C string is the 28th string from the bass end and is
      noted by the reference numeral 38a.
PAR  The strings 38 are supported at their ends by a metal harp or frame 46 of
      light weight but otherwise similar to a type used in conventional piano
      construction. The harp 46 has a generally horizontal top member 48
      supporting the upper ends of all of the strings 38 (to be described), an
      intermediate, diagonal member 50 to which the lower ends of the treble and
      mid-range strings are secured, and a relatively short bottom member 52 to
      which the lower ends of the bass strings are secured. The diagonal member
      50 and the bottom member 52 may be seen in FIG. 4 (in cross section) as
      well as FIG. 2. FIG. 4 clearly reveals the overlapping relationship of the
      bass string group 42 and the treble and mid-range string group 44, two
      strings 38 of the respective groups being illustrated. Pins 54 of brass or
      the like are secured in mating openings in the harp members 50 and 52 by
      an interference fit, and are disposed at an angle as illustrated to serve
      as binding posts for attachment of the lower ends of the strings 38.
PAR  Referring particularly to FIGS. 2 and 5, the floating bridge 40 has an
      elongated, upper, primary span 56 disposed slightly above and in general
      parallelism with the diagonal harp member 50. A shorter, secondary span 58
      is spaced below the primary span 56 and is generally parallel thereto, the
      two spans 56 and 58 being rigidly interconnected by a pair of cross
      members 60. As best seen in FIG. 4, each of the spans 56 and 58 is of
      laminated, wooden construction. Three layers are employed, the outer two
      layers (away from the strings 38) being composed of particle board and the
      inner layer being a suitable hardwood such as maple. Each layer is
      approximately one inch in thickness with the maple lamination being
      somewhat less than and somewhat greater than one inch for the primary and
      secondary spans 56 and 58 respectively, in order to accommodate the
      overstrung arrangement and space the bass string group 42 inwardly from
      the adjacent strings of the treble and mid-range group 44. The cross
      members 60 may also be composed of particle board and the entire bridge
      assembly is held together as a rigid structure glue or cement.
PAR  The bridge 40 floats in that it exerts no external lateral forces on the
      strings 38, is solely supported thereby, and does not touch the harp or
      other components of the piano construction. The strings 38 are under great
      tension and engage the respective bridge span at the inner facing formed
      by the maple lamination. With reference to FIGS. 4, 6, and 7, a pair of
      bridge pins 62 serve to secure each string 38 to the respective bridge
      span 56 or 58; these pins 62 are set at angles to form a V-shaped passage
      for each string as viewed in FIG. 7. In FIG. 6 it may be seen that the
      pins 62 of each pair are aligned as they emerge from the surface of the
      bridge (one pair is shown in cross section at the plane of the bridge
      surface), but that the opposite angular positions of the pins cause the
      string 38 to be drawn around the pins in order to hold the string in tight
      engagement with the bridge surface. The group of bass strings 42 are
      secured exclusively to the secondary bridge span 58, and the group 44 of
      treble and mid-range strings are secured exclusively to the primary span
      56.
PAR  Referring to FIG. 3, the upper ends of all of the strings 38 are attached
      to a bank of tuning bars 64. As will be discussed, individual tuning bar
      mechanisms are provided for the strings 38 for the purpose of controlling
      the tension of the strings in order to set the fundamental frequency of
      vibration of each. A bank of felt covered hammers 66 oppose corresponding
      strings 38 adjacent their upper ends at the appropriate point as in
      conventional piano design, each of the hammers 66 being part of a
      conventional piano hammer and damper action (not shown). The individual
      hammers 66 are operated by corresponding keys of the keyboard 24 in the
      usual manner via conventional operating levers and linkages of the action
      shown fragmentarily at 68. Rather than the hammers of standard thickness
      illustrated, a thin hammer on the order of one-third the thickness and
      with reduced striking force may be employed to avoid grooving the felt to
      the point that the hammer is destroyed.
PAC  TUNING BAR MECHANISMS
PAR  Referring particularly to FIGS. 8 and 9, each tuning bar 64 is in the
      nature of a rocker supported on the head of a threaded component 70,
      preferably a socket head cap screw as illustrated. A through hole 72 in
      the bar 64 is located intermediate the ends thereof and is counter-bored
      at its lower end to receive the head of the screw 70, such head providing
      a fulcrum for the rocker bar 64. The top member 48 of the harp 46 serves
      as a base for the bank of tuning bars 64, and tapped openings in the
      member 48 receive the various screws 70 as is clear in FIG. 9. The
      individual tuning bar mechanisms are identical and operate independently.
      One of the mechanisms is shown in detail in the cross-sectional
      illustration provided by FIG. 9, where it may be seen that the upper end
      74 of the associated string 38 is received within a slot 76 in the top of
      the adjacent end of the tuning bar 64. A cap screw 78 is threaded into the
      bar 64 at the inner end of the slot 76 to provide a post around which the
      wire string is wrapped. The cap screw 78 is tightened to capture the
      string end 74 securely within the slot 76 in a cavity formed under the
      head of screw 78 in the recess 79 which partially receives the head.
PAR  The opposite end of the tuning bar 64 is provided with an opening 80
      therethrough which loosely receives the shank of a threaded element 82,
      preferably a socket head cap screw of the same type as screw 70. The screw
      82 is threaded into a tapped opening provided in the top member 48; the
      diameter of the upper portion of the opening 80 is reduced so that the bar
      64 is retained beneath the head of the screw 82.
PAR  The top member 48 is formed with a shoulder 84 over which the end 74 of the
      string 38 is drawn. A pair of guide pins 86 in the shoulder 84 serve to
      both guide the string thereover and insure positive engagement of the
      string with the surface of the shoulder; these pins 86 are set at an angle
      in opposite directions to form a V as viewed in FIG. 8, much in the same
      manner as the guide pins 62 employed to secure the strings to the floating
      bridge 40. The active or speaking length of each of the strings 38 is
      defined, at the lower end, by the zone of engagement of the string with
      the bridge span 56 and 58 and, at the upper end, by the supported end 74
      of the string as it passes over and engages the shoulder 84. Accordingly,
      from an acoustical standpoint, the length of each string 38 is that
      portion thereof between the bridge span 56 or 58 and the shoulder 84
      thereabove.
PAR  In the embodiment of the tuning bar mechanism illustrated in FIGS. 8 and 9,
      the center cap screw 70 serves as a rough adjustment and the end screw 82
      provides a fine adjustment of string tension. In the modified form of
      tuning bar mechanism shown in FIGS. 14 and 15, the center screw 70 is
      replaced by a fixed fulcrum in the form of an upstanding, integral ridge
      88 received within an inverted, shallow, V-shaped recess 90 in the
      underside of the tuning bar 64a. As is clear in FIG. 15, the ridge 88 is
      of inverted, V-shaped configuration but the V is sharper than the recess
      90 to permit free rocking movement of the bar 64a on the fulcrum thus
      presented. The components of the modified mechanism are otherwise
      identical to the embodiment of FIGS. 8 and 9, like components being
      identified by the same reference numerals with the addition of the a
      notation.
PAR  It should be understood that, for clarity of illustration, only one pair of
      guide pins 86 is shown in FIGS. 8 and 14. As described above, a pair of
      such pins 86 in the shoulder 84 is employed with each of the strings 38.
PAC  ELECTRICAL APPARATUS
PAR  Referring first to FIGS. 2 and 4, an elongated bracket 92 carries a series
      of twenty magnetic pickups 94 and is mounted at it ends on frame members
      96 and 98 of the harp 46. A second elongated bracket 100 carries a series
      of 21 pickups 94 and is mounted at its ends on frame member 96 and the
      upper left-hand corner of the harp structure (hidden from view in FIG. 2
      by the panel 36). The 41 pickups carried by the two brackets 92 and 100
      are disposed along the active length of the corresponding strings 38 of
      the treble and mid-range group 44, these pickups 94 being spaced above the
      primary bridge span 56 by the brackets 92 and 100.
PAR  The brackets 92 and 100 are of like construction except as to length, and
      it may be seen in FIG. 4 that the same are of channel-shaped configuration
      as viewed in transverse cross-section. FIG. 4 also reveals a third bracket
      102 hidden from view in FIG. 2 by the diagonal harp member 50; this
      bracket 102 is likewise mounted at its ends on the harp structure and
      carries a series of twenty-three pickups 94 corresponding to the 23
      strings of the bass group 42.
PAR  The manner of mounting the pickup brackets on the harp is illustrated in
      FIGS. 10 and 11 where one end of the bracket 92 is shown in detail. A cap
      screw 104 is threaded into the frame member 98 and has a collar 106
      retained under the head of the screw 104 on an unthreaded portion of the
      screw shank. The end of the bracket 92 is provided with a hole 108 through
      which the screw 104 extends, the end of the bracket being secured to the
      collar 106 by solder or a weld. The shank of the screw 104 turns within
      the collar 106 but the latter is retained under the head; thus the bracket
      92 and accompanying pickups 94 move toward and away from respective
      strings 38 as the screw 104 is threaded into the frame member 98 or
      withdrawn therefrom. The same adjustable mount is provided at the opposite
      end of bracket 92 and at the ends of the other brackets 100 and 102, with
      a common mounting screw 104a being used for the right and left end of
      brackets 100 and 92, respectively, as viewed in FIG. 2.
PAR  One of the magnetic pickups 94 is shown in detail in FIG. 12. An insulated
      tube 110 provides a form for a coil 112 that surrounds a permanent magnet
      core 114. The tube 110 is provided with internal threads that receive
      mating external threads on the core 114, the latter having a hexagonal
      center passage 116 for receiving a wrench (not shown) so that the location
      of the core 114 along the axis of the coil 112 may be adjusted. The closer
      the outer end of the core 114 is spaced from the string 38, the greater
      the sensitivity of the pickup to the vibratory motion imparted to the
      string when it is struck by the corresponding hammer 66. The pickup may be
      secured to the bracket by any suitable means, such as the press-fit cap
      118 received within a mating opening in the bracket and provided with an
      alignment lug 120 retained within a properly positioned hole 122 in the
      bracket.
PAR  In order to assist the piano of the present invention in the production of
      tones of true piano quality with the characteristic harmonic mixture and
      content, it should be understood that the pickups 94 are particularly
      positioned along the active lengths of the respective strings 38. For the
      lowest bass string the associated pickup 94 is located at approximately
      the 1/8 point from the proximal edge of the bridge span 58 engaged by the
      string, meaning that the pickup 94 is disposed sense the vibratory motion
      of the string occurring at approximately one-eighth the distance along its
      active length from the bridge span 58 to the upper supported end of the
      string, which terminates acoustically at the shoulder 84. At the highest
      string 38, however, the associated pickup 94 is positioned to sense the
      string at approximately the mid point of its active length. The 62
      intermediate pickups 94 are positioned progressively more toward the mid
      point from the low end to the high end of the spectrum at uniform
      intervals expressed as an incrementally increasing fraction of active
      string length, i.e. increasing with each higher string by an amount equal
      to the difference between the high end and the low end positions (1/2 -
      1/8 = 3/8) divided by 62. Accordingly, the pickups associated with the
      group 42 of bass strings are disposed at points beginning at the 1/8 point
      for the lowest string and progressing to somewhat greater spacing from the
      bridge span 58 relative to the active lengths of the strings, and this
      continues throughout the group 44 of middle and treble range strings until
      the highest string is reached where, as discussed above, the associated
      pickup 94 is at the mid point.
PAR  Referring to FIG. 13, the coils 112 of six of the magnetic pickups 94 are
      shown schematically, the remainder of the coils being included in the
      broken line notation. All of the coils 112 are connected in a series
      circuit across the input of an audio amplifier. The first stage of the
      amplifier is shown at 124; an input lead 126 extends from a coupling
      capacitor 128 to the first coil 112, which is the coil of the pickup 94
      associated with the lowest bass string 38. The series circuit continues to
      common ground as indicated by the ground symbol connected to the right
      (plus) end of the bottom coil 112, this being the pickup coil associated
      with the highest treble string 38. The plus and minus designations at the
      ends of the coils 112 illustrate that successive pairs of coils are
      oppositely wound so as to be 180.degree. out of phase for AC hum
      cancellation. The amplifier stage 124 is shown as a PNP transistor
      amplifier having a collector output lead 130 which extends to subsequent
      stages (not shown). Although also not illustrated, it is to be understood
      that the amplifier would drive a suitable speaker system preferably
      mounted beneath the cover 34 in alignment with the speaker opening 32
      provided therein (FIG. 1).
PAR  A bypass capacitor 132 is associated with each of the coils 112 except the
      top coil 112 of FIG. 13 which is the pickup coil of the lowest bass note.
      A value of 0.01 mfd is suitable for each of the capacitors 132. Their
      function is to shape the signals from the coils 112 through suppression of
      undesired harmonics, the suppression being effected to a progressively
      greater extent with increasing fundamental frequency of the pickup coil
      signal. The highest fundamental frequency or pitch will be characteristic
      of the signal produced by the pickup coil 112 associated with the highest
      treble string; this signal is subject to the greatest harmonic suppression
      since all of the capacitors 132 are effective. Although in FIG. 13 the
      bypass capacitors 132 begin with the coil 112 associated with the next to
      the lowest bass string, it may in practice be desired to omit the
      capacitors 132 until several notes higher on the keyboard.
PAC  OPERATION
PAR  The piano is conveniently tuned through the use of the tuning bar
      mechanisms illustrated in FIGS. 8 and 9. The pitch of each string 38 will
      be heard from the speakers driven by the audio amplifier, as will be
      discussed. With a wrench (such as an Allen wrench) sized to fit the heads
      of the socket head screws 70 and 82, the screw 70 is first adjusted if
      coarse tuning is required. Rotating the screw 70 has the effect of raising
      or lowering the fulcrum of the tuning bar or rocker 64. The screw 82
      should be loosened during the coarse adjustment procedure but should not
      allow the tuning bar to move significantly out of the level position
      illustrated. Once the screw 70 is properly set, then a very fine
      adjustment of string tension is accomplished by rotating the end screw 82.
      In this manner, the precise pitch is readily obtained. Using the modified
      form of tuning bar mechanism shown in FIGS. 14 and 15, tuning proceeds as
      just described except that the fulcrum is fixed and the sole adjustment
      must be accomplished with the end screw 82a.
PAR  The slot 76 or 76a in conjunction with the cap screw 78 or 78a and recess
      79 or 79a facilitates the installation and anchoring of the heavy wire
      strings encountered in pianos, particularly in the bass range. Since a
      piano string is highly stiff spring steel, it can only swing out and
      around a pin or screw to work loose. The combination of a right angle bend
      at the groove 76, then a wrap around the cap screw 78, and being held by
      the screw head in a cavity formed by recess 79 where the string cannot
      swing out and around, makes it impossible for the string to slip or become
      loose. Furthermore, it is easy to install a string. It can be hooked on at
      the bottom of the harp, and with no openings in the support structure to
      go under or through, the string is wrapped around the cap screw 78 on
      tuning bar 64, the screw 78 tightened, and the wire is cut from the supply
      reel with no waste.
PAR  Once tuned, the composite pickup output should be adjusted so as to give
      proper response over the keyboard spectrum. The sensitivity of the
      individual pickups 94 is controlled by their movable permanent magnet
      cores 114 (FIG. 12). These cores 114 are adjusted to set the relative
      amplitudes of the signals emanating from the piano strings via the pickup
      coils 112.
PAR  Furthermore, with a key held depressed in order to maintain the damper away
      from the corresponding string 38, the tone produced by the string when
      struck by the hammer has a characteristic attack amplitude and decay. The
      adjustable brackets 92, 100 and 102 provide a means of uniformly changing
      the attack amplitude and accompanying decay amplitude for all strings 38.
      Accordingly, once the individual string volumes have been set by adjusting
      the pickup cores 114, the pickups 94 may be shifted as a unit toward or
      away from the strings by adjusting the mounting screws 104 and 104a and
      the other mounting screws for the brackets 100 and 102 described
      hereinabove but not illustrated. Core positions closer to the strings will
      emphasize the attack amplitude relative to the decay amplitude but the
      period of the decay will be unaffected.
PAR  Once the piano is aligned for operation, the audio amplifier is operated in
      the usual manner by the controls provided on panel 30. In particular, the
      gain would be adjusted to accommodate the size of the room in which the
      piano is to be played.
PAR  When the piano is played, each of the strings (when struck) is caused to
      vibrate in a manner similar to the corresponding note string of a
      conventional piano that employs a soundboard. This involves vibration at
      the fundamental frequency of the string (the pitch of the musical note)
      and the generation of harmonic frequencies or overtones appropriate for
      that particular note on the piano, plus attack and decay characteristics
      and the sustain feature of the piano instrument (the sympathetic vibration
      of unstruck strings when the sustain pedal 26 is depressed to hold all of
      the dampers away from the strings). This is accomplished in the present
      invention through the use of the floating bridge 40 which is connected to
      the floats on the strings 38. It is not connected to any structure other
      than the strings and does not transfer vibrational energy or sound to any
      other electrical or mechanical device. It is employed for the purpose of
      placing the speaking end of each string 38 at the bridge span 56 or 58 in
      the proper mechanical environment in order to allow the strings to react
      and deliver the proper wave form when each is struck by the hammer.
      Characteristics concerning attack levels, decay time, and harmonic and
      fundamental frequency mixing can be controlled by the size, weight,
      density, stiffness, rigidity, bulk and position of the bridge in
      relationship to the harp and strings. Since there is no pressure applied
      to force the floating bridge against the strings and the bridge is under
      no tension or compression, temperature, barometric pressure and humidity
      have no effect on it and thus no effect on the string tuning. The bridge
      is held in a predetermined position since it is only in such position that
      all of the bridge pins 62 line up with all of the strings 38. For the
      bridge to move, it would have to move certain strings one direction
      sideways and other strings in the opposite direction sideways due to their
      nonparallel arrangement (see FIG. 2), which would be difficult since all
      the strings are stretched to a very high tension.
PAR  The bridge 40 is held in engagement with the strings 38 and is solely
      supported thereby, and is not otherwise held nor connected to any other
      structure as discussed above. Accordingly, only those forces are applied
      to the strings 38 resulting from the tensioning of the strings and their
      engagement with the maple facings of the bridge spans 56 and 58. Although
      there is no transfer of vibrational energy from the bridge 40, there is
      the desired energy transfer within the bridge from one string to other
      strings when a key is depressed and the sustain pedal 26 is used. Although
      not recommended, auxiliary supports for the bridge in the nature of straps
      or brackets might be used in some instances, and could be employed so long
      as the bridge remains in a floating state in order that its vibrational
      characteristics are not impaired nor significant vibrational energy lost
      by being grounded to external structure.
PAR  The harmonic richness and mixture of the tones of the piano are controlled
      by the fact that the pickups 94 are located at selected points along the
      active lengths of the respective strings. A conventional piano has a rich
      supply of harmonics in the bass section, but due to string and soundboard
      properties, gradually loses harmonics going up note by note to the treble
      end where there are few if any harmonics whatsoever. To duplicate this
      characteristic, special wave shaping is employed in the present invention.
      Initial shaping is accomplished by the positions of the pickups 94 which
      emphasize, according to position, certain harmonics particularly in the
      lower strings. Final shaping is accomplished by the capacitors 132, the
      impedance of each pick-up coil being purposely maintained sufficiently low
      (on the order of 100 ohms DC resistance) that a given coil 112 is affected
      only by the total number of capacitors between such coil and the amplifier
      input lead 126. Accordingly, the capacitors 132 (FIG. 13) have a
      cumulative effect with increasing fundamental frequency. For example, for
      the highest string, all of the capacitors 132 are effectively in parallel
      and connected between the left end (minus sign) of the coil 112 and
      ground. The other coils 112 merely serve as a low impedance path to
      connect all of the capacitors 132 in parallel. The higher the capacitance
      (effectively between input lead 126 and ground), the greater the harmonic
      suppression.
PAR  On the other hand, looking at the coil 112 associated with the lowest bass
      string, there is no harmonic supression at all since its right end (plus
      sign) is directly connected to the input lead 126. Now the remaining coils
      112 serve as a low impedance shunt to ground and the capacitors 132 play
      no part in the circuit. Accordingly, as fundamental frequency increases
      from string to string, an additional capacitor 132 is added one step at a
      time until all of the capacitors 132 are effective in the circuit for the
      highest string as discussed above.
PAR  An oscillatory electrical signal is generated by a given coil 112 in
      response to vibration of its associated string 38. The string is in the
      magnetic field of the permanent magnet core 114 around which the coil 112
      is disposed. The change in the lines of flux of the magnetic field caused
      by movement of the string induces a corresponding signal in the coil 112,
      and such signal is combined with similar signals from the coils 112 of
      other strings that are being played at that time. Accordingly, a composite
      signal is derived from the shaping circuitry preceding amplifier stage 124
      and appears on the input lead 126. This composite signal contains the
      fundamental and harmonic frequencies being generated by the cooperative
      action of the strings and floating bridge, as modified by the positions of
      the pickups 94 and the suppressor capacitors 132, plus the other
      characteristics discussed above required to produce a true piano sound.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by Letters Patent is:
NUM  1.
PAR  1. In a piano:
PA1  frame means;
PA1  a bank of strings supported by said frame means under tension and having
      predetermined frequencies of vibration;
PA1  means for striking the strings as the piano is played;
PA1  a floating bridge in engagement with said strings and spanning the latter
      for placing the strings in a mechanical environment which causes the
      strings to react and deliver the proper piano wave form when each is
      struck, each string having an active length defined by said bridge and a
      supported end of the string;
PA1  means securing said bridge exclusively to said strings in said engagement
      therewith for support thereby, whereby the bridge is supported solely by
      the strings and transfer of vibrational energy from the bridge is
      precluded;
PA1  a plurality of pickup devices adjacent corresponding strings for sensing
      vibration thereof and converting detected vibration into electrical
      signals;
PA1  means mounting said devices at positions along the active lengths of the
      corresponding strings, said positions being selected to control the
      harmonic characteristics of said signals; and
PA1  electrical means coupled with said devices and responsive to said signals
      therefrom for producing an audible output characteristic of piano tones.
NUM  2.
PAR  2. In the piano as claimed in claim 1, wherein said bank of strings has a
      single string for each note of the piano, there being one of said devices
      associated with each string for sensing its vibration and converting
      detected vibration into a corresponding one of said signals.
NUM  3.
PAR  3. In the piano as claimed in claim 2, wherein said bank of strings
      presents the bass, middle and treble ranges of the piano, the pickup
      device associated with the lowest bass string being disposed to sense the
      string at approximately the point along its active length one-eighth the
      distance from said bridge to said supported end, the pickup device
      associated with the highest treble string being disposed to sense the
      string at approximately the mid point of its active length, and wherein
      said mounting means progressively positions the intermediate pickup
      devices between the corresponding 1/8 point and midpoint of their
      associated strings.
NUM  4.
PAR  4. In the piano as claimed in claim 2, wherein said mounting means
      positions said devices between locations adjacent said bridge and
      locations at approximately the midpoints of said active lengths, and in
      proportionally greater spaced relationship to said bridge relative to the
      active lengths of the respective strings as the latter increase in
      frequency.
NUM  5.
PAR  5. In the piano as claimed in claim 4, wherein said electrical means
      includes means for at least partially suppressing harmonic frequencies in
      the signals from the respective pickup devices associated with the strings
      of said bank of higher fundamental frequency, and for effecting such
      suppression to a progressively greater extent with increasing fundamental
      frequency.
NUM  6.
PAR  6. In the piano as claimed in claim 5, wherein said strings are composed of
      a magnetic material, each of said devices including a coil in which the
      signal from the device is induced by vibration of the corresponding
      string, and wherein said electrical means further includes an amplifier
      and circuitry connected with said coils for delivering said signals
      therefrom to the input of said amplifier.
NUM  7.
PAR  7. In the piano as claimed in claim 6, wherein said circuitry interconnects
      the coils of said devices in series relationship, said suppressing means
      including bypass capacitors connected with respective coils associated
      with the strings of higher fundamental frequency.
NUM  8.
PAR  8. In the piano as claimed in claim 1, wherein said electrical means
      includes means for at least partially suppressing harmonic frequencies in
      the signals from the respective pickup devices associated with the strings
      of said bank of higher fundamental frequency, and for effecting such
      suppression to a progressively greater extent with increasing fundamental
      frequency, said positions of the devices and said suppressing means
      constituting means for shaping said signals to impart true piano
      characteristics thereto.
NUM  9.
PAR  9. In the piano as claimed in claim 8, wherein said strings are composed of
      a magnetic material, each of said devices including a coil in which the
      signal from the device is induced by vibration of the corresponding
      string, and wherein said electrical means further includes an amplifier
      and circuitry connected with said coils for delivering said signals
      therefrom to the input of said amplifier.
NUM  10.
PAR  10. In the piano as claimed in claim 9, wherein said circuitry
      interconnects the coils of said devices in series relationship, said
      suppressing means includes bypass capacitors connected with respective
      coils associated with the strings of higher fundamental frequency.
NUM  11.
PAR  11. In the piano as claimed in claim 1, wherein said strings are composed
      of a magnetic material, each of said devices including a coil in which the
      signal from the device is induced by vibration of the corresponding
      string, and wherein said electrical means includes an amplifier and
      circuitry connected with said coils for delivering said signals therefrom
      to the input of said amplifier, there being means mounting said devices
      for movement in unison toward and away from corresponding strings to
      uniformly control the amplitude of said signals delivered to said
      amplifier.
NUM  12.
PAR  12. In the piano as claimed in claim 11, wherein each of said devices has
      means for adjusting its sensitivity to set the relative amplitudes of said
      signals.
NUM  13.
PAR  13. In the piano as claimed in claim 1, wherein at least certain of said
      strings extend in nonparallel relationship to one another, said strings
      cooperating with said securing means to fix said bridge at a predetermined
      position on the strings.
NUM  14.
PAR  14. In the piano as claimed in claim 1, wherein said bridge includes a pair
      of spaced spans and structure rigidly interconnecting said spans, said
      frame means supporting said bank of strings under tension in two
      overlapping groups thereof engaging corresponding spans.
NUM  15.
PAR  15. In the piano as claimed in claim 1, wherein said bridge includes
      primary and secondary, spaced, generally parallel spans and structure
      rigidly interconnecting said spans, said bank of strings presenting the
      bass, middle and treble ranges of the piano, said frame means supporting
      said bank of strings under tension with the treble and mid-range strings
      engaging said primary span and the bass strings engaging said secondary
      span and disposed in overlapping relationship with said treble and
      mid-range strings.
NUM  16.
PAR  16. In the piano as claimed in claim 1, wherein said frame means is
      provided with a bank of tuning bars, means attaching said supported end of
      each string to a corresponding bar, structure mounting each bar for
      rocking movement in directions to respectively decrease and increase the
      tension on the corresponding string, and selectively adjustable elements
      engaging respective bars for independently holding each bar against
      movement under the force of the attached string and permitting adjustment
      of the bar to a position that will set the string at the predetermined
      fundamental frequency.
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ABST
PAL  A stringed musical instrument is disclosed having a resonating diaphragm
      mounted within the instrument body and carrying a bridge assembly which
      supports the strings so that the diaphragm vibrates in accordance with
      string motion to produce an improved tone. The diaphragm is mounted within
      the instrument in a novel and improved manner to facilitate construction
      of the instrument, and an improved bridge assembly structure is disclosed.
      Means are provided to adjust the pressure of the strings on the bridge
      assembly to prevent damage to the diaphragm and to obtain an improved tone
      quality. The improved diaphragm support structure, bridge assembly and
      string pressure regulating means are adaptable to a variety of instrument
      types and shapes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates, in general, to musical instruments of novel
      design and construction, and more particularly to a new and improved
      instrument such as a guitar, banjo, mandolin, or the like.
PAR  Guitars and other stringed instruments of the ampliphonic or resophonic
      type, wherein the instrument's bridge is mounted on a shaped diaphragm
      located within the body of the instrument whereby the bridge causes the
      diaphragm to vibrate to provide increased amplitude, are well known and
      are disclosed, for example, in Pat. Nos. 2,045,265 and 3,435,721 issued to
      the inventor herein. As pointed out in those patents, the resonant
      diaphragm for such instruments generally is mounted within the instrument
      body on a supporting tone chamber which is secured to the housing, with
      the shape, size and material of the diaphragm and its mounting, the
      construction of the bridge assembly on which the strings rest, and the
      connection between the bridge and the diaphragm being critical factors in
      producing the proper and desired tone. The sound producing diaphragm in
      such instruments normally is protected by a cover secured to the top
      thereof, over which pass the strings and through which extends the bridge.
      The motion of the strings when the instrument is played is transmitted
      through the bridge to the diaphragm, which then vibrates to produce the
      desired tone.
PAR  Because of the criticality of the arrangement of parts in an ampliphonic
      instrument, it has been a difficult task to construct such an instrument
      and to secure the various parts in a relationship which insures that the
      desired tone can be produced in each instrument and maintained over a
      period of time. The mounting of the diaphragm in the instrument body has
      been accomplished in a number of ways in the past, but a delicate balance
      must be maintained between securing the diaphragm sufficiently to insure
      that it will not move, while yet permitting it to vibrate to produce the
      desired tone. Further, adjustment of string tension, and thus the pressure
      on the bridge, to insure maximum transfer of vibratory motion to the
      diaphragm has been a delicate task since tightening and loosening of the
      strings to tune the instrument varies the pressure on the bridge and
      changes this relationship. Thus, tuning of the instrument while retaining
      the desired sound has been difficult. The mounting of the bridge assembly
      on the diaphragm has also presented problems in that a firm contact must
      be maintained between the bridge and the diaphragm without dampening the
      vibrations transferred to the diaphragm, so that a clear sound is
      obtained.
PAC  SUMMARY OF THE INVENTION
PAR  Although prior instruments have performed well, it is nevertheless an
      object of the present invention to provide an improved structure and a
      method of assembling the resonant structure of an ampliphonic stringed
      instrument to provide a truer tone, better control of the tone, and an
      improved construction that provides a more positive assembly to insure a
      continuous tone quality.
PAR  It is a further object of the present invention to provide an improved
      musical instrument having a pleasing and novel appearance with an improved
      sound, wherein the sides of the instrument are removed and replaced by
      spaced support members to expose the resonant structure.
PAR  It is a further object of the present invention to provide an improved
      musical instrument construction and an improved method of effecting
      contact between the instrument bridge assembly and the resonant structure
      thereof to provide an improved tone quality.
PAR  It is a further object of the invention to provide an improved mounting
      structure for a bridge assembly whereby the transfer of sound vibrations
      from the strings of an instrument to a resonator mounted within the
      instrument is enhanced.
PAR  It is another object of the invention to provide better control of the
      quality and amplitude of sound from an ampliphonic string instrument by
      the provision of a pressure adjustment mechanism whereby the pressure of
      the strings against the bridge assembly may be accurately controlled.
PAR  Briefly, the present invention is directed to a stringed musical instrument
      such as a guitar, banjo, mandolin, or the like. The instrument of the
      invention is of the ampliphonic type having a resonator, or diaphragm, on
      which the strings rest by means of a suitable bridge arrangement to
      produce an amplified sound. In one form of the invention exemplified in
      the drawings, the diaphragm is mounted on a resonant cylinder, and the
      instrument body is substantially open-sided, exposing the cylinder.
      Suitable means are provided for securing the cylinder between the top and
      bottom of the instrument, with the resonant diaphragm fitting within the
      body portion and forming a closed top for the cylinder. Resting on
      suitable ridges formed in the diaphragm is a bridge assembly which
      includes a bridge support that may be in the form of an eight-armed
      "spider". The support carries at its upper portion a bridge insert which
      in the nature of a fret on which the strings of the instrument rest.
      Vibration of the strings as the instrument is played is transferred
      through the insert and through the spider to the diaphragm, which radiates
      the sound produced thereby.
PAR  In order to provide a better contact between the bridge assembly spider and
      the diaphragm, an improved construction is provided. The spider is formed
      with eight arms, in the usual fashion, but the tips of the arms are
      enlarged to provide a greater area of contact between the spider and the
      diaphragm, whereby the pressure is more evenly distributed, vibrations are
      better transferred, and the assembly is more resistant to damage that can
      be caused by excessive pressure on the strings or bridge.
PAR  In another form of the invention, such as may be exemplified by an
      ampliphonic type guitar having the usual closed sides, the diaphragm may
      be supported by a cylinder or in the alternative, by a suitable bracket
      secured to the top of the instrument. The bridge assembly may be a disk
      secured to the diaphragm and carrying a bridge insert which supports the
      strings.
PAR  Since the transfer of vibratory energy to the resonator is dependent upon
      the pressure of the strings on the bridge insert, means are provided to
      adjust this pressure. In one embodiment, this is accomplished by providing
      means for adjusting the string holder at the end of the instrument toward
      or away from the top board, thereby increasing or decreasing the pressure
      of the strings. In another form, this may be accomplished by means of a
      string lifter mounted adjacent the bridge insert. The lifter may be
      mounted on a string guard and located between the insert and the end of
      the instrument body.
PAR  As a result of the use of a string lifter, the bridge insert may be formed
      with a straight upper edge, thereby allowing a freer vibration of the
      strings than is possible with inserts that are notched to locate the
      strings. With the present arrangement, the lifter provides the proper
      string positioning, allowing the strings to freely vibrate on the bridge
      insert and thereby produce a better instrument tone.
PAR  In order to faciliate the assembly of ampliphonic instruments, the
      diaphragm of the present invention is provided with a flange arrangement
      around its periphery. This flange forms a downwardly facing peripheral
      channel which is adapted to engage a corresponding upwardly extending edge
      which may be formed either by a supporting resonant cylinder or by a
      suitable hanger or hangers secured to the instrument body. The cooperation
      between the downwardly turned flange on the diaphragm and the
      corresponding upwardly facing edge permits a positive engagement of the
      diaphragm which prevents it from shifting out of position and insures a
      true tone, as well as making assembly of the instrument simpler and more
      reliable. The improved method of mounting the diaphragm disclosed herein
      may be applied to variously shaped diaphragms for use in a variety of
      instruments.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and additional objects, features, and advantages of the
      present invention will become apparent from a consideration of the
      following description of preferred embodiments thereof, taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a top plan view of a new and novel stringed musical instrument
      incorporating the features of the present invention;
PAR  FIG. 2 is a side elevation view of the instrument of FIG. 1, illustrating
      the novel configuration of the instrument body;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 1 and
      illustrating a preferred construction for that instrument;
PAR  FIG. 4 is a cross-sectional view of a modified form of the instrument of
      FIG. 3;
PAR  FIG. 5 is a top plan view of another form of a stringed musical instrument
      utilizing the features of the present invention;
PAR  FIG. 6 is a cross-sectional view taken along line 6--6 of FIG. 5 and
      illustrating a modified form of the instrument construction;
PAR  FIG. 6A is a partial cross-sectional view of a modified form of the
      diaphragm structure of FIG. 6;
PAR  FIG. 7 is a top plan view of the bridge structure of FIGS. 5 and 6;
PAR  FIG. 8 is a view of a modified form of the bridge structure of the
      instrument of FIG. 5, illustrating a string lifter arrangement;
PAR  FIG. 9 is a side view of the modified string lifter, taken along lines 9--9
      of FIG. 8;
PAR  FIG. 10 is a top plan view of the string lifter of FIGS. 8 and 9; and
PAR  FIG. 11 is a partial top plan view of a modified bridge support for use in
      the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Turning now to a consideration of the drawings, there is illustrated in
      FIG. 1 a top plan view of a preferred form of the musical instrument of
      the stringed musical instrument of the present invention. This instrument,
      generally indicated at 10, has a body portion 12 which is generally
      circular in shape, in the manner of a banjo, but modified in accordance
      with the present invention to utilize a resonator arrangement of the
      general type known in ampliphonic instruments. The instrument is provided
      with a neck portion 14 having a fingerboard 15 carrying a plurality of
      frets 16 over which pass a plurality of strings such as the three strings
      18, 19 and 20. At the free end of the neck the strings pass over a notched
      "nut" 22, which holds the strings in substantially parallel relationship
      and spaced from the fingerboard 15 by the desired distance, and are
      secured to corresponding capstans 24, 25 and 26 which permit the strings
      to be adjustably tightened to provide the proper tone, in accordance with
      the string weight, length and tension. The strings extend along the length
      of fingerboard 15, in known manner, and are supported by a bridge 28, to
      be described, which cooperates with the nut to space the strings the
      proper distance above the fingerboard. The ends of the strings are
      attached to a string holder 30, secured on the body portion 12, as will be
      described.
PAR  In a preferred embodiment of the invention, a bridge guard 32 is secured to
      the upper surface of the instrument body and arches over, or spans, the
      bridge 28 and the strings to prevent the instrument player's hands from
      resting on the bridge and muting or altering the tone of the instrument.
      As is known in ampliphonic stringed instruments, the resonator portion of
      the instrument is located within the body portion, and is covered and
      protected by a cover member 34 made of sheet material and secured to the
      upper surface of the instrument by suitable means such as screws. The
      cover member preferably is perforated, as indicated at 36, not only to
      improve the sound quality of the instrument, but to provide a decorative
      appearance.
PAR  Although the body portion 12 of the instrument 10 may be formed in
      conventional manner with continuous sidewalls and top and bottom boards
      enclosing the resonator device, the present invention contemplates a
      modification wherein the sidewalls are replaced by a plurality of
      decorative pillars 38, illustrated in FIG. 2 and shown in phantom in FIG.
      1. As shown in these figures, the instrument incorporates a plurality of
      the pillars 38 spaced around the periphery thereof and secured between an
      upper board 40 and a lower board 42. The pillars 38 may take any desired
      shape in accordance with the decorative effect to be produced by the
      instrument, with the drawings illustrating a simple columnar design. The
      pillars are secured to the upper and lower boards by a suitable adhesive,
      by means of screws 43 countersunk in the top board, or by some other
      suitable securing means that will provide a strong, rigid construction.
      The holes in which the screws 43 are sunk may be filled with a suitable
      decorative material to form a part of the overall attractive appearance of
      the instrument. The neck portion 14 is secured to the body portion 12 of
      the instrument in conventional manner as by means of screws or other
      fasteners passing through a block 44 secured between the upper and lower
      boards 40 and 42. A support bar 45 extends across and is secured to the
      bottom board to provide reinforcement.
PAR  It will be noted that the FIG. 2 illustration does not include the bridge
      guard 32 in order to provide a clearer view of the manner in which the
      bridge 28 supports the strings 18-20.
PAR  As is conventional in ampliphonic musical stringed instruments of the type
      illustrated, for example, in U.S. Pat. No. 3,435,721, the instrument of
      FIGS. 1 and 2 incorporates a resonant cylinder 46 to provide a unique and
      desirable sound quality. This cylinder, which is preferably of extruded
      metal such as 10 or 12 guage aluminum formed into a hollow cylindrical
      shape, has an open bottom, carries on its upper, open end a vibratory
      diaphragm to be described, and is mounted in the instrument body in the
      manner illustrated in FIGS. 3 and 4. Although prior ampliphonic
      instruments have utilized resonant cylinders, the present invention
      incorporates a substantially open sidewall construction utilizing the
      pillars 38, which enable the cylinder to be visible, and thus to be a part
      of the attractive appearance of the instrument. To this end, the cylinder
      may be anodized to have various colors.
PAR  As illustrated in FIG. 3, cylinder 46 may be supported on the bottom board
      42 of the instrument 10 by means of a plurality of triangular blocks
      illustrated at 47, 48 and 49, which may be made of a suitable material
      such as wood or aluminum. Three support blocks spaced around the
      circumference of cylinder 46 are preferred, and these may be secured to
      the bottom board by screws, bolts, adhesives or other suitable fasteners.
      The bottom edge of the cylinder is formed with triangular notches at the
      locations of the blocks, as illustrated at 51 in FIG. 3, each notch
      fitting over and resting on the upper apex of its corresponding triangular
      block, whereby the cylinder is properly positioned on the bottom board.
      The bottom edge of the cylinder is also notched at diametrically opposed
      points to accomodate the support bar 45, the cylinder fitting over the bar
      as illustrated in FIG. 3. The pressure of the instrument strings on the
      bridge assembly holds the cylinder down against the support blocks and
      prevents displacement of the cylinder.
PAR  The top of cylinder 46 is closed by means of an imperforate diaphragm 50
      having a peripheral flange 52 shaped to form a downwardly opening channel
      54 adapted to receive the upper peripheral edge 56 of cylinder 46. Channel
      54 is shaped to have a width only slightly larger than the thickness of
      the wall of the cylinder so that engagement of the channel and cylinder
      edge will securely hold the diaphragm and cylinder in assembled
      relationship, without the need for other fasteners. If desired, the
      channel may be crimped onto the edge of the cylinder, or a suitable
      adhesive, rivets, screws, or other fasteners may be used to insure that
      the edge of the diaphragm will be held securely on the cylinder and that
      the instrument will maintain a true tone.
PAR  The diaphragm illustrated in FIG. 3 is formed with a convex, generally
      conical central portion 58 surrounded by a curved concave portion 60. The
      concave portion of the diaphragm terminates in a peripheral ridge 62,
      which is connected to the flange 52 by means of a thin, flexible flex roll
      portion 64. As described in the said Pat. No. 3,435,721, the diaphragm is
      relatively thick and rigid at its center, and tapers in a radial direction
      to the thin flex roll portion.
PAR  The bridge assembly 28 rests on and is supported by the diaphragm and
      serves to transfer vibrational energy from the instrument strings to the
      diaphragm. The assembly 28 consists of a bridge support member 66 which
      carries a thin rigid bridge insert 67. In a preferred form, the support
      member 66 is a modified version of the conventional spider, which may be
      of cast aluminum or similar material. The spider 66 includes a central hub
      68 and a plurality of radially extending legs 70 (see FIG. 11) which
      terminate at enlarged pads 72. These pads are adapted to rest on, and
      provide improved contact with, the diaphragm ridge 62, the width of the
      pads serving to distribute the downward force of the spider to prevent
      crushing of the diaphragm ridge under the pressure created by the strings
      and by the player of the instrument. The spider includes a plurality of
      connector bars 74 which are spaced from the hub portion and which
      interconnect the radial arms 70 to provide rigidity to the spider, and
      thereby insure proper transfer of vibrations from the bridge insert to the
      diaphragm. The bridge insert 67 may be mounted on the spider by means of a
      groove 75 cast in the hub 68, by means of suitable adhesives, or both.
PAR  The bridge assembly 28 is secured to the resonator diaphragm by means of a
      bolt 76 which passes through a centrally located aperture 78 in hub
      portion 68 of the spider, and through a corresponding central aperture at
      the apex of the convex portion 58 of the diaphragm. The bolt is secured by
      a nut which is tightened sufficiently to hold the spider in firm contact
      with the diaphragm, without crushing the ridge portion 62.
PAR  It will be understood that the strings 18-20 of the instrument rest on the
      upper surface or crown of bridge insert 67, and that vibrations of the
      strings are transferred by the bridge insert to the spider and thence to
      the resonant diaphragm to transduce the mechanical vibrations of the
      strings into sound energy to provide the unique sound of an ampliphonic
      stringed instrument. The thickness and material of the diaphragm, as well
      as its exact shape, may be varied in accordance with the sound quality
      desired, as is known in this art, and as described in U.S. Pat. No.
      3,435,721.
PAR  In the present invention, the bridge insert may be simply and easily
      constructed from a thin, flat, elongated member, such as that illustrated
      at 67, and may be metal, hardwood, plastic, bone, or other suitable rigid
      material. In one form of the invention, the insert may be provided with
      spaced, string-receiving notches along its upper surface, or crown, but in
      a preferred embodiment the crown is smooth, and spacing of the strings is
      accomplished by means of the string holder 30. By eliminating the usual
      notches in the bridge, the strings may move more freely to provide a
      freer, cleaner sound of a type that is particularly desirable in an
      ampliphonic type of instrument.
PAR  The string holder 30 allows the bridge member 28 to be securely fastened to
      the spider, while still providing the desired instrumental sound, since
      holder 30 is adjustable to permit control of the string pressure on the
      bridge. Although string pressure adjustments have in the past been made by
      adjusting the height of the string holder, this was accomplished by
      wedging shims of various thicknesses under the holder. Such a procedure
      was not only time-consuming, but was not a satisfactory way to adjust
      string pressure. In the present invention, the holder comprises a
      generally L-shaped lifter plate 80 made of a spring metal such as a hard
      brass. One leg of the plate is secured to the body portion 12 of the
      instrument, as by screws 82, either to one of the pillars 38 or to a rear
      block, or lifter support post 84, illustrated in FIG. 3 as being secured
      between the top and bottom boards 40, 42. The angle in the lifter plate is
      located at the edge of the body portion of the instrument so that the
      remaining leg of the plate extends toward bridge assemblies 28 and is
      generally parallel to the top board.
PAR  The forward end 86 of plate 80 is curved downwardly and provided with
      spaced slots or apertures (not shown) to receive and hold the ends of the
      strings so that the strings may be loosened or tightened by the
      corresponding capstans to adjust the tone of the instrument. The string
      holder plate is provided with an aperture spaced back from the forward end
      86 and threaded to receive an adjustment screw 88, which passes through
      the holder plate. The end of the screw is rounded and abuts against the
      cover plate 34 or against the top board 40 to space the lifter plate from
      the top board. By advancing the screw into the lifter plate 80, the top
      leg thereof is moved away from the body 12, lifting the strings which are
      connected to it, and reducing the pressure of the strings on the bridge
      insert 67. Similarly, by retracting the screw out of plate 80, the spring
      action of the plate causes it to move back toward the body of the
      instrument, thereby increasing the pressure of the strings on the bridge.
      In this manner, the pressure of all of the strings may easily be adjusted
      at the same time by simply turning a single screw one way or the other to
      move the strings toward or away from the instrument body. This eliminates
      the problems and time consuming difficulty of prior art string pressure
      adjustments. Although not illustrated for purposes of clarity, the screw
      may be provided with a locking nut, such as a wing nut, which may be
      tightened against the upper surface of lifter plate 80 to prevent
      inadvertent movement of the screw.
PAR  A modified form of the instrument of FIGS. 1-3 is illustrated in FIG. 4,
      wherein elements corresponding to elements of FIGS. 1-3 are similarly
      numbered. The modified version of FIG. 4 is substantially identical to the
      version of the prior figures, and thus is shown only partially, and in
      cross-section, again along line 3--3 of FIG. 1. As may be seen, the
      modified instrument body portion 12 includes a top board 40, a cover 34, a
      cylinder 46, and a diaphragm 50 supporting a spider 66. However, in this
      version the resonant cylinder is supported from the top board 40 of the
      instrument, rather than being supported by the bottom board, to provide a
      different sound. The top board 40 is provided with an aperture 90,
      preferably circular, the inner periphery of which is shaped to form two or
      more insets or shoulders 92, 92' which are spaced around the aperture and
      adapted to receive two or more corresponding support brackets or hangers
      94, 94'. The brackets may be of steel, brass, or other suitable material,
      are shaped to depend downwardly through the aperature 90, and each
      incorporates an outwardly flared flange 95, 95', which rests on a
      corresponding shoulder 92, 92' to hold the brackets in the aperture. The
      brackets may be screwed, riveted, or otherwise secured to the top board to
      hold them firmly in place. The cover plate 34 fits over the flange
      portions of brackets 94 and 94', and both the cover and the brackets may
      be held in place on the top board by the same fasteners (not shown).
PAR  The cylinder 46 is supported from each of the spaced brackets 94, 94' by
      means of fasteners such as rivets 96, 96', each of which passes through
      its corresponding bracket 94, 94', a corresponding spacer washer 97, 97',
      and the side wall of cylinder 46. The rivets or other fasteners provide a
      firm support for the cylinder and suspend it so that it hangs freely
      within the instrument body, spaced from the top, side, and bottom walls
      thereof. The cylinder is open at the bottom, with the bottom edge of the
      cylinder being spaced about one-fourth inch from the bottom board 42 and
      from the support bar 45, while the diaphragm 50 rests on, and is secured
      to, the upper peripheral edge 56 of the cylinder. As with the embodiment
      of FIGS. 1-3, the upper edge of the cylinder receives the channel-shaped
      peripheral flange 52 of the diaphragm, with a suitable adhesive or other
      fastener holding the diaphragm securely in place if desired. It will be
      noted that the diaphragm of FIG. 4 is shaped slightly differently than
      that of FIG. 3, illustrating the variations possible in instruments of
      this type to obtain different sounds.
PAR  Although the features of the invention are illustrated in combination with
      a generally circular instrument in FIGS. 1-4, it will be seen that these
      features are equally applicable to other ampliphonic instruments, such as
      the guitar illustrated at 100 in FIG. 5. In this embodiment, the
      instrument does not incorporate a resonant cylinder, but does utilize a
      diaphragm supported by the top board of the instrument and protected by a
      decorative cover plate.
PAR  Referring now to FIGS. 5 and 6, it will be seen that the instrument 100
      includes a body portion 102 and a neck portion 104 having a fingerboard
      105 and a plurality of spaced frets 106. The instrument carries a
      plurality of strings 108-113 which are secured at one end to corresponding
      capstans and at the other end to a string holder 116. The body portion of
      the instrument is formed from a top board 118, a bottom board 120, and a
      continuous side wall 122, and may be made of wood, with the joints being
      glued to form a strong structural unit. It will be understood that various
      other shapes may be provided, and that various suitable materials may be
      used.
PAR  The resonant diaphragm for the present embodiment is illustrated at 124 in
      the cross-sectional view of FIG. 6, with its outline being indicated in
      FIG. 5 by a dotted line. As seen, the resonator includes a central convex
      portion 126 having a flattened apex 128 defined by a circular ridge 130.
      Surrounding the conical central portion 126 and connected at its
      peripheral edge 132 is a flexible portion 134 which is generally convex
      and extends to a peripheral flange 136 which defines a downwardly facing
      channel 137 adjacent the outer edge of the resonator. As seen in FIG. 5,
      this outer edge of flange 136 generally follows the contours of the
      instrument, and in the illustrated form is generally in the shape of a
      guitar, although various other shapes may be provided in accordance with
      the particular instrument for which it is provided.
PAR  The resonator diaphragm is supported in the top board 118 of the instrument
      by means of a generally annular hanger, or bracket 138 which, in plan view
      as seen in phantom in FIG. 5, extends around the periphery of the
      diaphragm. The top board 118 of the guitar is formed with an aperture 140
      which generally follows the outline of the instrument, and which is
      adapted to receive the resonator 124. The upper surface of the top board
      adjacent the aperture 140 is formed to provide a shoulder portion 142
      which receives a flared flange portion 144 of the bracket 138 to thereby
      support the bracket. The bracket 138 follows the shape of the aperture
      140, and extends downwardly through the aperture 140, as seen in FIG. 6.
      An upwardly turned lip 146 on the bracket defines an upwardly opening
      hanger channel 148 which also follows the shape of aperture 140. This
      channel is adapted to receive the outer flange portion 136 of the
      diaphragm 124, with the downwardly facing channel 137 formed at the
      periphery of the diaphragm snugly engaging the lip portion 146 of the
      hanger 138 to secure the diaphragm quickly, easily, and firmly to the
      instrument. If desired, the diaphragm may be further secured to the hanger
      by means of a suitable adhesive, by crimping the channel 137 onto the lip
      146, or by other suitable fastening means. In some instrument
      configurations, it may be difficult to shape the bracket to include the
      lip portion 146. In such cases, the simplified bracket 138' shown in FIG.
      6A may be used, with the outer edge 136 of the diaphragm being flat and
      resting on an inwardly projecting shoulder 145, as illustrated. The
      diaphragm may be secured to the bracket in any suitable manner.
PAR  The hanger and the diaphragm assembly are protected by a cover member 150
      which preferably is of metal, and which also provides a decorative top
      surface for the instrument. The cover is secured to the top board by means
      of screws 152 or other fasteners which may be countersunk in the cover,
      and which pass through the flange portion 144 of the hanger 138 to also
      secure the hanger. The cover includes a central opening 154 (FIG. 6)
      through which a bridge insert 156 extends to receive and support the
      strings. The bridge is protected by an arched guard 158 secured to the top
      board 118 by means of fasteners 159. As with the prior embodiment of the
      invention, the guard protects the strings and the bridge by providing a
      place for the user of the instrument to rest his hand, thereby preventing
      excessive pressure on the bridge assembly and the resonant structure,
      preventing damage to the resonant structure, and insuring that a true
      sound is produced.
PAR  As explained above, the diaphragm is formed in known manner to provide the
      desired ampliphonic sound from the instrument. Typically, the diaphragm
      may be of plastic or metal, and formed with a relatively thick center
      portion and a decreasing thickness radially toward the outer edges. If the
      material used is a metal such as aluminum, the central portion may be 12
      gauge, with the edges hammered or coined down to a thickness of about
      0.012 inch at the flex roll portion (134 in FIG. 6) to provide the desired
      vibrational characteristics. The outer edge or flange portion of the
      diaphragm preferably is relatively thick to provide a solid base for
      securing the diaphragm to its hanger.
PAR  The length of the hangers 138, that is, the distance which they extend
      below the top board 118, depends upon the exact shape of the diaphragm. As
      noted above, the diaphragm may take many configurations, and the length of
      the hanger must be such that the bridge insert 156 extends above the
      surface of cover 150 sufficiently far to provide support for the strings.
PAR  The diaphragm illustrated in FIG. 6 is of a shape which does not require
      the use of the spider type bridge support member illustrated in the
      embodiment of FIGS. 1-4 and 11. Instead, the transfer of vibrations from
      the strings to the diaphragm is accomplished by means of a bridge assembly
      which includes a flat, thin, metal support disk, or "cookie" 160,
      illustrated in top plan view in FIG. 7. The cookie rests on the ridge 130
      of the diaphragm, and supports the bridge insert 156. In the form
      illustrated, the bridge insert 156 is secured on the bridge support disk
      160 by means of a plurality of tabs or flaps 162-165 cut out of the disk
      and folded upwardly to form an insert-receiving channel. The bridge insert
      fits between the upstanding tabs, as shown in FIG. 7, and the tabs are
      crimped against the opposed sides thereof to secure the insert.
PAR  The disk 160 is affixed to the ridge 130 of the diaphragm by means of
      fasteners such as pop rivets or screws which are inserted through holes
      167 and 168 in the disk, by an adhesive such as an epoxy glue, or by other
      suitable means to insure that the bridge and disk assembly provide a true
      path for transferring string vibrations to the diaphragm.
PAR  The construction of the diaphragm and bridge assembly combination may be
      greatly simplified, in accordance with a modified form of the invention as
      shown in FIG. 6A. In this embodiment, the shape of diaphragm 124' has been
      modified to eliminate the annular ridge 130 shown in FIG. 6, and to
      provide a flat upper surface 128' on the convex portion 126'. This flat
      surface is provided with cutout tab portions, two of which are shown at
      162' and 163', which are folded upwardly to form a bridge-receiving
      channel in the manner described above with respect to the bridge support
      disk 160. The tabs so formed receive bridge insert 156 and may be crimped
      against it to secure it in place. This arrangement eliminates the need for
      disk 160, allows the bridge insert to be directly supported on the
      diaphragm to provide a direct transfer of sound vibrations from the
      strings to the diaphragm, and provides a simplified, and thus more
      economical, construction.
PAR  Although the crown of the bridge 156 is illustrated in FIGS. 6 and 6A as
      being slightly curved and as having spaced notches for receiving and
      positioning the strings, it will be apparent that the flat, smooth bridge
      crown structure illustrated in FIGS. 3 and 4 may be used, particularly
      where the adjustable string holder of those Figures also is used to
      provide the appropriate spacing and pressure of the strings. If desired,
      however, an alternate form of the string lifter may be used to regulate
      the pressure of the strings on the bridge assembly. This alternate form is
      illustrated in FIGS. 8, 9 and 10, to which reference is now made.
PAR  In the form of the invention illustrated in FIGS. 8, 9 and 10, the pressure
      and spacing of the strings is controlled by means of an adjustable string
      lifter 170, which comprises a generally rectangular base 172 carrying an
      upstanding string guide 174. Guide 174 extends diagonally across the base
      172, as seen in FIG. 10, and is provided with a plurality of spaced
      string-receiving notches 176 for holding the instrument strings in
      parallel relationship, and in the proper location on the instrument bridge
      assembly. As seen in FIGS. 8 and 9, the lifter 170 may be used in
      conjunction with a bridge insert 178 having a smooth, flat crown 180,
      whereby the strings may move freely on the bridge to provide an improved
      and sharper tone from the instrument. Bridge insert 178 may be secured in
      the disk 160 illustrated in FIGS. 6 and 7.
PAR  The adjustable string lifter 170 may be mounted, as in the preferred form
      illustrated in FIGS. 8 and 9, on the bridge guard 158 by means of a pair
      of adjustment screws 182 and 184. These screws are located in and turn
      freely in a pair of spaced apertures through the guard 158 and through a
      reinforcing block 186 secured as by soldering to the undersurface of the
      guard. The screws are received by and extend through a pair of
      corresponding threaded apertures 188 and 190, whereby rotation of the
      screws adjusts the spacing between the lifter 170 and the guard 158.
      Accordingly, when the instrument strings pass over the bridge and rest on
      the lifter, rotation of the screws 182 and 184 to raise or lower the
      lifter permits easy adjustment of string pressure on the bridge, thereby
      permitting optimum transfer of string vibration to the diaphragm.
PAR  Although the crown 180 of bridge insert 178 is shown as being flat, it will
      be understood that the particular shape will be determined by the type of
      instrument with which it is used. The flat bridge and corresponding flat
      lifter may be preferred for a Hawaiian type of guitar, whereas the crown
      may be curved as shown in FIG. 6 for use in a Spanish style guitar, which
      has a similarly curved fingerboard, in which case the string lifter would
      also be curved.
PAR  Thus there has been described a new and novel construction for stringed
      instruments such as guitars, banjos, and the like, particulary of the
      ampliphonic or resiphonic type utilizing a vibratory or resonant diaphragm
      within the instrument body. As has been described, the improvements in
      this type of instrument include the provision of a diaphragm having a
      downwardly facing channel formed at its peripheral edge by which the
      diaphragm can be firmly, yet easily, mounted within the instrument, and
      whereby the desired sharp, true tone qualities are retained in the
      instrument. The peripheral channel construction disclosed herein enables
      the diaphragm to be mounted within the instrument by means of a resonant
      cylinder which may be supported on the top or bottom board of the
      instrument as shown in FIGS. 3 and 4, respectively, or by means of hangers
      of the type illustrated in FIGS. 4 and 6.
PAR  Other features of the invention include the provision of new bridge
      assemblies which provide improved transfer of sound vibrations from the
      instrument strings to the resonant diaphragm. These new assemblies include
      an improved spider construction wherein the radial legs which contact the
      diaphragm are provided with enlarged pads which distribute the pressure
      exerted by the instrument strings, and thus prevent damage. The spider
      also may include a groove for receiving the bridge member, thereby
      providing improved transfer of sound. For diaphragms utilizing a cone
      construction, as illustrated in FIGS. 6 and 6A, modified assemblies may be
      used, wherein the bridge is mounted on a disk that does not utilize the
      radially extending legs of the spider construction or is mounted directly
      on the diaphragm. Where a disk is utilized, it is affixed to the diaphragm
      and in both cases means such as a plurality of upstanding tabs are
      provided to receive and secure the bridge member.
PAR  Additional features of the invention include means for easily and
      conveniently regulating the pressure of the strings against the bridge
      assembly to prevent excessive force on the diaphragm. In one embodiment,
      this regulation is provided by an adjustable string holder secured to the
      body of the instrument, and in another embodiment is provided by an
      adjustable lifter mounted on the transverse bridge guard. Although these
      various features have been described and illustrated in specific form in
      conjunction with specific instruments such as the novel balalaika, which
      is constructed without the conventional side walls, it will be apparent
      that numerous variations and modifications can be made in these features
      and in the instruments in which they are employed, without departing from
      the true spirit and scope of the invention as defined in the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stringed muscial instrument of the ampliphonic type which includes:
PA1  a body portion having a top board and a bottom board, said top board having
      a central opening;
PA1  a neck portion attached to and extending from said body portion;
PA1  a string holder mounted on said body portion;
PA1  a plurality of strings each adjustably secured at one end to said neck,
      extending therealong and across said body portion, and affixed at the
      other end to said string holder;
PA1  an imperforate resonant diaphragm having a central vibratory portion and an
      edge portion incorporating a flange which defines a downwardly facing
      peripheral channel;
PA1  mounting means secured to said body portion for mounting said diaphragm
      within said body, said mounting means including a resonant cylinder having
      an upper edge adapted to engage said peripheral channel whereby said
      diaphragm is held firmly in place with said central portion being free to
      vibrate, the upper end of said cylinder being closed by said diaphragm and
      the lower end of said cylinder being open and spaced from said bottom
      board; and
PA1  a bridge assembly mounted on said central portion of said diaphragm, said
      bridge assembly extending through said central opening in said top board
      and engaging said strings, whereby said strings rest on said bridge
      assembly to transfer sound vibrations to said diaphragm.
NUM  2.
PAR  2. The ampliphonic musical instrument of claim 1, further including means
      for regulating the pressure of said strings on said bridge assembly.
NUM  3.
PAR  3. The ampliphonic musical instrument of claim 2, wherein said means for
      regulating the pressure of said strings on said bridge assembly comprises
      an adjustable means for said string holder.
NUM  4.
PAR  4. The ampliphonic musical instrument of claim 3, wherein said adjustable
      means for said string holder comprises a generally L-shaped lifter plate
      of spring metal secured to said body portion, extending toward said bridge
      assembly, and angled for urging said strings against said bridge assembly,
      and a threaded adjustment screw mounted in said lifter plate and
      adjustable to oppose the spring angle of said lifter plate for selectively
      reducing the pressure of said strings on said bridge assembly.
NUM  5.
PAR  5. The ampliphonic musical instrument of claim 2, wherein said means for
      regulating the pressure of said strings on said bridge assembly comprises
      an adjustable string lifter mounted on said body portion and located
      adjacent said bridge.
NUM  6.
PAR  6. The ampliphonic musical instrument of claim 5, wherein said string
      lifter comprises a string guide adapted to engage said strings and
      adjustment means for selectively raising and lowering said string guide to
      raise or lower said strings.
NUM  7.
PAR  7. The ampliphonic musical instrument of claim 6, further including bridge
      guard means spanning said bridge assembly, and wherein said string guide
      is mounted by means of said adjustment means to said bridge guard.
NUM  8.
PAR  8. The ampliphonic musical instrument of claim 1, wherein said body portion
      is formed with substantially open sides, whereby said cylinder is exposed.
NUM  9.
PAR  9. The ampliphonic musical instrument of claim 8, wherein the sides of said
      body portion are formed by spaced pillars secured between said top and
      bottom boards.
NUM  10.
PAR  10. The ampliphonic musical instrument of claim 1, wherein said bridge
      assembly comprises a bridge support, means for securing said bridge
      support to said diaphragm, and a bridge insert secured to said bridge
      support and having a crown portion engaging said strings, said bridge
      support comprising a spider having a plurality of radially extending legs
      each terminating in a pad, said pads being adapted to rest on said
      diaphragm.
NUM  11.
PAR  11. The ampliphonic musical instrument of claim 10, further including
      string lifter means for regulating the pressure of said strings on said
      bridge assembly.
NUM  12.
PAR  12. The ampliphonic musical instrument of claim 1, wherein said bridge
      assembly comprises a bridge support, means for securing said bridge
      support to said diaphragm, and a bridge insert secured to said bridge
      support and having a smooth crown portion engaging said strings whereby
      said strings are free to vibrate on said bridge insert, said instrument
      further including adjustable string lifter means for regulating the
      pressure of said strings on said bridge assembly, cover means for said
      central opening, and bridge guard means spanning said bridge assembly.
NUM  13.
PAR  13. The ampliphonic musical instrument of claim 1, further including cover
      means for said central opening having an aperture through which said
      bridge assembly extends, and arched guard means spanning said bridge
      assembly and secured to said top board to protect said strings and bridge
      assembly.
NUM  14.
PAR  14. The ampliphonic musical instrument of claim 1, further including means
      for supporting said cylinder for free vibration within said housing to
      produce a resonant sound.
NUM  15.
PAR  15. The ampliphonic musical instrument of claim 14, wherein said means for
      supporting said cylinder comprises a plurality of spaced mounting blocks
      secured to said bottom board, each block having an apex contacting the
      lower edge of said cylinder to support said cylinder while allowing free
      vibration thereof.
NUM  16.
PAR  16. The ampliphonic musical instrument of claim 14, wherein said means for
      supporting said cylinder comprises a plurality of spaced hangers secured
      between said top board and the top of said cylinder to support said
      cylinder while allowing free vibration thereof.
NUM  17.
PAR  17. The ampliphonic musical instrument of claim 1, wherein said bridge
      assembly comprises tab means formed in said central portion of said
      diaphragm, and a bridge insert secured directly in contact with said
      diaphragm by said tab means, said bridge insert having a crown portion
      engaging said strings.
NUM  18.
PAR  18. The ampliphonic musical instrument of claim 1, wherein said bridge
      assembly comprises a thin flat metallic disk secured to and in contact
      with said central portion of said diaphragm; a plurality of upstanding
      tabs formed in said disk; and a bridge insert secured in contact with said
      disk by said tab means, said bridge insert having a crown portion engaging
      said strings.
NUM  19.
PAR  19. A stringed musical instrument of the ampliphonic type which incudes:
PA1  a body portion having a top board and a bottom board, said top board having
      a central opening;
PA1  a neck portion attached to and extending from said body portion;
PA1  a string holder mounted on said body portion;
PA1  a plurality of strings each adjustably secured at one end of said neck,
      extending therealong and across said body portion, and affixed at the
      other end to said string holder;
PA1  an imperforate resonant diaphragm having a central vibratory portion and an
      edge portion incorporating a flange which defines a downwardly facing
      peripheral channel;
PA1  mounting means secured to said body portion for mounting said diaphrgam
      within said body, said mounting means including means for engaging said
      peripheral channel whereby said diaphragm is held firmly in place with
      said central portion being free to vibrate,
PA1  a bridge assembly mounted on said central portion of said diaphragm, said
      bridge assembly extending through said central opening in said top board
      and engaging said strings, whereby said strings rest on said bridge
      assembly to transfer sound vibrations to said diaphragm; and
PA1  adjustable string lifter means mounted on said body portion adjacent said
      bridge assembly for regulating the pressure of said strings on said bridge
      assembly.
NUM  20.
PAR  20. The ampliphonic musical instrument of claim 19, wherein said mounting
      means comprises hanger means having an upper, outwardly extending flange
      engaging said top board, said hanger means extending downwardly through
      said central opening and having at its lower end an inwardly and upwardly
      extending lip portion adapted to engage said peripheral diaphragm channel.
NUM  21.
PAR  21. The ampliphonic musical instrument of claim 20, wherein said central
      opening and said hanger means generally conform to the shape of said
      instrument, and said instrument further includes cover means for said
      central opening.
NUM  22.
PAR  22. The ampliphonic musical instrument of claim 20, wherein said body
      portion, central opening, and diaphragm means are generally in the shape
      of a guitar.
NUM  23.
PAR  23. The ampliphonic musical instrument of claim 19, wherein said bridge
      assembly comprises a bridge support, means for securing said bridge
      support to said diaphragm, and a bridge insert secured to said bridge
      support and having a crown portion engaging said strings, said bridge
      support comprising a thin flat disk adapted to rest on said diaphragm,
      said disk including a plurality of upstanding tabs for receiving and
      securing said bridge insert.
NUM  24.
PAR  24. The ampliphonic musical instrument of claim 19, wherein said bridge
      assembly comprises a bridge insert secured to the top surface of said
      central portion of said diaphragm, said insert having a crown portion
      engaging said strings, and wherein said central portion of said diaphragm
      is flat and includes a plurality of upstanding tabs for receiving and
      securing said insert.
NUM  25.
PAR  25. The ampliphonic musical instrument of claim 19, wherein said string
      lifter comprises a string guide adapted to engage said strings, and
      adjustment means for selectively raising and lowering said string guide to
      raise or lower said strings.
NUM  26.
PAR  26. The ampliphonic musical instrument of claim 25, further including
      bridge guard means spanning said bridge assembly, and wherein said string
      guide is mounted by means of said adjustment means to said bridge guard.
NUM  27.
PAR  27. The ampliphonic musical instrument of claim 19, wherein said bridge
      assembly includes a bridge support, means for securing said bridge support
      to said diaphragm, and a bridge insert secured to said bridge support,
      said bridge support comprising a spider having a plurality of radially
      extending legs each terminating in a pad, said pads being adapted to rest
      on said diaphragm.
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ABST
PAL  A skiving cutter device for use in cutting an internal spur gear having
      rough and finish skiving cutters with cutter blades mounted in vertical
      arrangement on a spindle and spacers adapted to compensate respective
      distances between the cutters and a reference plane on the spindle.
      Respective cutter blades of the cutters are located in the same phase and
      each tooth profile thereof is designed such that the contacting point
      between each cutter blade of the cutters and each gear tooth of an
      internal spur gear to be obtained is located within a contacting or acting
      rejion therebetween. The device is further provided with spiral key ways
      respectively formed in the cutters and pin keys set up on the spindle and
      engaged with the key ways, respectively.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to a skiving cutter device for use in cutting an
      internal spur gear.
PAR  2. Description of the Prior Art:
PAR  In usual gear skiving processes for manufacturing an internal spur gear, a
      skiving cutter having cutter blades, each formed in the shape of a gear
      tooth along a staggered axis, has been used as a fly cutter rotated within
      a vacant space for skiving or cutting a work piece to be cut to form an
      internal spur gear.
PAR  This working process is highly efficient as compared with other usual
      cutting processes. However, since it has inevitably caused the staggered
      contact between the cutter and the work piece to be cut, analyzing design
      procedures thereof has been troublesome. Therefore, the analysis thereof
      was insufficient and unsatisfactory. For this reason, in order to effect,
      in turn, rough skiving and finish skiving, it has been necessary to
      interchangingly mount on a spindle of the cutter device a cutter selected
      from at least two cutters different from each other, that is, one is used
      for rough skiving and the other is used for finish skiving, thereby
      lowering the working efficiency in this respect.
PAR  Lately, such a gear skiving process has been theoretically analyzed at
      last. As a result, an interference diagram (which is described afterwards
      in detail) has been obtained on several theoretically ananlyzed values. By
      the diagram, it has been understood that a contacting or acting region
      between each cutter blade of the skiving cutter and each gear tooth of an
      internal spur gear to be obtained by skiving or cutting a work piece with
      the cutter is the portion on the diagram encompassed by respective
      interference lines at the root and bottom of the tooth formed on the work
      piece to be skived or cut and an interference line at the addendum of each
      blade of the cutter. Therefore, it has been understood that if each blade
      profile of the skiving cutter is designed such that the contacting point
      between each cutter blade of the skiving cutter and each gear tooth of an
      internal spur gear to be obtained by skiving or cutting a work piece is
      located within the contacting or acting region, a plurality of cutter
      gears can be mounted on the same spindle because the cutters can be set
      thereon in a predetermined vertical alignment.
PAR  This invention has been made in consideration of the above described view
      point.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a skiving cutter device
      for use in cutting an internal spur gear which can apply, in turn, rough
      and finish cuttings to a work piece to be cut in one working cycle,
      thereby remarkably improving the working efficiency.
PAR  It is another object of the present invention to provide a skiving cutter
      device for use in cutting an internal spur gear which enables the device
      to use a finish skiving cutter made of super hard tool material having a
      high wear-resisting property.
PAR  It is still another object of the present invention to provide a skiving
      cutter device for use in cutting an internal spur gear which can easily
      and accurately adjust both phases of respective cutter blades of rough and
      finish skiving cutters with each other and with their respective initial
      phases.
PAR  In accordance with a first aspect of the present invention, there is
      provided a skiving cutter device for use in cutting an internal spur gear
      which comprises rough and finish skiving cutters mounted in vertical
      alignment on a spindle of the device and spacers adapted to compensate
      respective distances between the cutters and a reference plane on the
      spindle, wherein respective cutter blades of the cutters are located in
      the same phase and each cutter blade profile of the cutters is designed
      such that the contacting point between each cutter blade of the cutters
      and each gear tooth formed on a work piece to be cut is located within a
      contacting or acting region encompassed by respective interference lines
      at the root and bottom of the gear tooth formed on the work piece and an
      interference line at addendum of each cutter blade of the cutters.
PAR  In accordance with a second aspect of the present invention, there is
      provided a skiving cutter device for use in cutting an internal spur gear
      which further comprises spiral key ways, each formed at the inner
      peripheral surface of the boss portion of each skiving cutter and having
      the same conversion pitch as that on the pitch circle of each cutter, and
      pin keys set up on the spindle and engaged with the spiral key ways,
      respectively, whereby both phases of the respective cutter blades of the
      rough and finish skiving cutters are easily and accurately adjusted with
      each other and with their respective initial phases.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, features and advantages of the present invention
      will become apparent from the following detailed description taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a diagram in which interference lines of respective addendams,
      roots, bottoms, etc., of each cutter blade of rough and finish skiving
      cutters and each gear tooth formed on a work piece to be cut;
PAR  FIG. 2 is a vertical front view of a skiving apparatus equipped with a
      skiving cutter device according to one embodiment of the present
      invention;
PAR  FIG. 3 is a longitudinal sectional view of the device taken along the line
      III--III in FIG. 2;
PAR  FIG. 4 is an explanatory view of the operation in the device shown in FIG.
      3;
PAR  FIG. 5 is a fragmental vertical front view of a skiving cutter device
      according to another embodiment of the present invention;
PAR  FIG. 6 is a partially cross sectional half view of the device taken along
      the line VI--VI in FIG. 5; and
PAR  FIG. 7 is a vertically sectional view of a skiving cutter taken along the
      line VII--VII in FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  First of all, for better understanding of the present invention, an
      interference diagram between repective cutter blades of rough and finish
      skiving cutters and each gear tooth of an internal spur gear to be
      obtained by cutting a work piece with cutters will be described below with
      reference to FIG. 1.
PAR  In FIG. 1, reference characters C.sub.1d and C.sub.1r represent respective
      interference lines at the root and bottom of each gear tooth formed on the
      work piece to be cut and reference character C.sub.2k denotes an
      interference line at the addendum of one of the skiving cutters. The part
      encompassed by the interference lines C.sub.1d, C.sub.1r and C.sub.2k,
      namely, the region L indicated by oblique lines, is defined as a
      contacting or acting region between the respective cutter blades of the
      skiving cutters and each gear tooth of an internal spur gear to be
      obtained.
PAR  Thus, it has been understood that if respective cutter blade profile of the
      skiving cutters is designed such that the contacting point between
      respective cutter blades of the skiving cutters and each gear tooth of an
      internal spur gear to be obtained is located within the contacting or
      acting region, a plurality of skiving cutters can be mounted on the same
      spindle because the cutters can be set in vertical alignment thereon.
PAR  Referring to FIGS. 2 to 4, one embodied skiving cutter device of the
      present invention will now be described hereinafter in detail.
PAR  Reference numeral 1 represents a spindle mounted on a cutter head 2 of the
      device. The spindle 1 is provided with a finish skiving cutter 4 and a
      rough skiving cutter 5 which are mounted in vertical alignment with each
      other through spacers 6 and 7, respectively, at a fitting shaft part 3 of
      the spindle 1. Threadably engaged with a threaded part 8 of the spindle 1
      is a nut 9 which urges through a collar 10 the rough skiving cutter 5 in
      the direction of the cutter head 2 so that both the cutters 4 and 5 are
      rigidly secured to the spindle 1. The finish and rough cutters 4 and 5,
      the spacers 6 and 7 and the collar 10 are all fixedly secured to the
      fitting shaft part 3 of the spindle 1 by means of a key 11a and key ways
      11b. For the purpose of locating the contacting point between respective
      cutter blades 40 and 50 of the skiving cutters 4 and 5 and each gear tooth
      of an internal spur gear to be obtained by cutting a work piece C with
      cutters within the contacting or acting region L shown in FIG. 1, it is an
      important matter to maintain respective distances between the respective
      cutter blades 40 and 50 and the shoulder portion of the spindle, that is,
      a reference plane 1a at predetermined values, respectively, thereby
      obtaining accurate shape of each gear tooth formed on the work piece C to
      be cut.
PAR  Hence, each thickness of the spacers 6 and 7 may be changed in accordance
      with the change in each thickness of the cutters 4 and 5 caused by
      regrinding them to compensate the respective distances Y.sub.1 and Y.sub.2
      between the respective cutter blades 40 and 50 in their original states
      and the reference plane 1a on the spindle 1.
PAR  In operation, the work piece C to be cut is fixedly secured on a setting
      jig 12 as shown in FIG. 2 and is rotated in the direction as indicated by
      the arrow in FIG. 4, whilst the spindle 1 is rotated in the same direction
      as that of the work piece C and then the spindle is moved upwards or
      downwards for applying rough cutting and finish cutting to the work piece
      C by the rough skiving cutter 5 and the finishing skiving cutter 4,
      respectively, to form an internal spur gear from the work piece C.
PAR  Referring to FIGS. 5 to 7, another embodiment of the present invention will
      now be described hereinafter.
PAR  As shown in FIGS. 5 to 7, this embodiment is further provided with spiral
      key ways 13a and 13b formed at the respective peripheral surfaces of
      engaging holes 4b and 5b formed at the respective boss parts 4a and 5a of
      the cutters 4 and 5 and is provided with pin keys 14a and 14b set up on
      the fitting shaft part 3 of the spindle 1 so that the pin keys 14a and 14b
      are engaged with the spiral key ways 13a and 13b, respectively, when the
      cutters 4 and 5 are positively mounted on the spindle 1. In addition,
      since a conversion pitch of both the spiral key ways 13a and 13b is
      accorded with that on the respective pitch circles of the cutters 4 and 5,
      both phases of the respective cutter blades of the rough and finish
      skiving cutters 4 and 5 are easily and accurately adjusted with each other
      and with their respective initial phases at any time when the cutters 4
      and 5 are positively mounted on the fitting shaft part of the spindle 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A skiving cutter device for use in cutting an internal spur gear
      comprising a spindle mounted on a cutter head, finish and rough skiving
      cutters having thereon cutter blades, each formed in a gear tooth, and
      mounted in vertical alignment on the spindle of said device and spacers
      adapted to compensate respective distances between said cutters and a
      reference plane on said spindle, wherein respective cutter blades of said
      cutters are located in the same phase and each cutter blade profile of
      said cutters is designed such that the contacting point between the
      respective cutter blades and each gear tooth formed on a workpiece to be
      cut is located within a contacting or acting region encompassed by
      respective interference lines at the root and bottom of the tooth formed
      on said workpiece to be cut and an interference line at the addendum of
      each cutter blade of said cutters, a key way located at least partially
      longitudinally of said spindle, wherein the cutters are adapted to operate
      upon said workpiece while mounted upon a receiving means and the
      longitudinal axis of said receiving means is offset from that of the
      spindle.
NUM  2.
PAR  2. A skiving cutter device as set forth in claim 1, wherein the key way is
      a spiral key way, formed at the inner peripheral surface of the boss
      portion of each skiving cutter and having the same conversion pitch as
      that on the pitch circle of each cutter, with pin keys set up on the
      spindle and engaged with the spiral key ways, respectively, when said
      finish and rough skiving cutters are positively mounted on the spindle,
      whereby both phases of the respective cutter blades of the rough and
      finish skiving cutters are easily and accurately adjusted with respect to
      each other and with their respective initial phases at any time when the
      cutters are positively mounted on said spindle.
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ABST
PAL  A pump having a piston tip member which fits a cylinder bore sufficiently
      loosely that abrasive particles in fluid being pumped do not excessively
      wear away the cylinder walls and piston tip member, the fit being
      sufficiently close, however, as to provide substantial and effective pump
      pressure, the liquid that by-passes the tip member being retained by a
      sealing assembly surrounding the piston rod for assuring that
      substantially all of it returns to the forward side of the piston during a
      return stroke.
PAL  A paint spraying assembly using the pump described.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention is in the field of pumps and also in the field of paint
      spraying equipment.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The oldest conventional way of spraying paint was by sucking it up into a
      passing air stream and blowing the air and paint together toward the work,
      with the disadvantage that a large part of the paint flies around in the
      air, not even reaching the work.
PAR  The flying paint is not only a health hazard to a workman, but has the more
      immediate economic disadvantage that it wastes costly paint.
PAR  The reason such prior art admixed air spraying systems have so much waste
      is because they require high pressure, even 1600 pounds per square inch.
      This great pressure causes paint to drift off in waste, contaminating the
      air, sometimes large quantities of it drying in the air, and never
      reaching the work.
PAR  Diaphragm-type paint pumps have been proposed. However, these have the
      disadvantage that it has not been possible to find a material that will
      not rupture.
PAR  Ruptured diaphragms are a major cause of "down time" during which a
      diaphragm pump is out of use while needing or receiving replacement of its
      diaphragm. A diaphragm pump will pump paint that is not admixed with air
      as would be extremely important if it could be achieved in a pump that
      would not be subject to such frequent breakdowns.
PAR  Conventional spraying equipment of the type described requires giant air
      compressors sometimes for achieving 600 pounds per square inch of
      pressure; such compressors are expensive and bulky, requiring for their
      hauling a truck up to 3-ton rating.
PAR  Attempts made to pump paint without a diaphragm, without compressed air,
      and in a common piston-type pump have failed in the prior art because the
      metal in the paint particles tends to wear away the cylinder walls and the
      outer surfaces of the piston assembly so fast as to promote breakdown. And
      so piston pumps of the orthodox type have not been practical for pumping
      abrasive paint.
PAR  Prior art attempts to use gear pumps to gain even flow has also shown the
      wear to be excessive when pumping abrasive paint.
PAR  Prior art compressed air paint spraying equipment has had the problem of
      frequent clogging in conventional equipment which is caused by paint
      drying in the equipment.
PAR  Heretofore in order to pump thinner through a conventional spraying machine
      in order to clean it, it has been necessary to shift bulky parts from a
      can of paint to the top of a can of cleaning solution. The laziness and
      inertia of workers to carry out this operation has resulted in the drying
      of paint in a machine, which can begin within minutes after the paint
      sprayer has been shut down, whereby air can enter it.
PAR  It has been necessary with conventional sprayers of the air compressor type
      to transfer paint from containers in which it is delivered over into a
      container of a special size adapted to receive on its top portions of the
      spraying equipment, as is time consuming.
PAC  SUMMARY OF THE INVENTION
PAR  A pump having a particular unorthodox special piston fit sufficiently loose
      as to result in long pump life without breakdown from wear due to abrasive
      particles in the liquid being pumped, the unorthodox piston fit being
      sufficiently close, however, as to provide substantial and effective pump
      pressure, the unorthodox fit resulting further in a by-passing of the tip
      member by material being pumped, and effective sealing means surrounding
      the piston rod and sealing well enough to assure the return on a return
      stroke of substantially all paint which is behind the piston to the
      forward end of the piston, all making practical the commercial pumping of
      materials containg abrasive matter without excessive wear, making it
      possible to provide a paint spraying assembly utilizing the pump, such
      assembly being so small that it can be carried in less than one-half of
      the volume of a trunk of a common passenger car even though having as high
      or higher a rate of paint delivery in terms of gallons per minute as a
      paint spraying assembly requiring a hauling truck up to 3-ton, the pump
      giving a substantially even rate of paint flow without excessive
      pulsation.
PAR  A paint spraying assembly using the pump described, the size of a spray gun
      of the assembly and of all parts of the assembly being coordinated with
      the number of piston strokes per minute, the length of the piston strokes,
      and the size of the parts of the pump, so as to deliver paint in a
      practical amount and with sufficient pulsation for effective paint
      spraying.
PAR  The pump achieving an even rate of flow through the unique combination of
      an unusually short piston stroke and multiple synchronized cylinder
      assemblies, partially due, I believe, to the high frictional resistance
      involved in pushing quantities of paint at high speed through the pump and
      lines which characterizes conventional paint pumps. It is an object to
      reduce the piston stroke drastically and to utilize multiple intermittent
      piston strokes in quick succession, whereby each stroke pushes at high
      speed only a minimum quantity of paint, whereby the area of frictional
      contact between the paint directly in front of the piston and moved
      speedily, is lesser than the greater frictional area of contact of the
      much greater amount of fast moved paint which is disposed in front of a
      conventional pump piston having long stroke.
PAR  The pump making possible a spraying assembly with increased service life of
      spraying equipment by eliminating costly maintenance of air compressors,
      air tanks, air sealed paint buckets, and other interconnecting parts by
      eliminating wear on these elements.
PAR  It is, therefore, an object of this invention to provide a sprayer which
      can be made in the total weight of approximately 70 pounds and yet able to
      accomplish the same rate of spraying done by an assembly of equipment that
      is three to five times as heavy, when such conventional assemblies include
      air compressor, air hose, and pump.
PAR  The pump described having short, quick strokes so that it does not require
      a bulky pressure accumulator or air chamber to absorb pulsations in order
      to even the flow, whereby this further piece of bulky equipment is
      eliminated.
PAR  Another object is to provide a paint sprayer which is easily maintained
      because of a greater ease in the pumping of thinner through it for
      cleaning, for eliminating the frequent clogging in the prior art.
PAR  Another object is to provide a machine that can be cleaned by simply
      shifting an intake hose from a paint bucket to a cleaner bucket with such
      ease as to induce workers to clean the machine.
PAR  Still another object is to provide a spraying machine which is small and so
      can be easily moved up and down stairs so as to eliminate the extremely
      long hoses necessary with conventional machines of equivalent paint
      out-put rating.
PAR  It is an object of this invention to provide a new sprayer which can use
      the paint directly out of the original delivery container by the simple
      introduction of a hose, saving time.
PAR  The piston sealing means comprising a counterbore in the outer end of the
      piston rod receiving bore, a plurality of annular sealing members disposed
      around the piston rod and receiving support from an annular shoulder
      formed by the counterbore, annular plug means in the outer end of the
      counterbore receiving the piston rod therethrough, at least some of the
      sealing members being V-shaped on any side whereby pressure from the plug
      toward the shoulder compresses the V-shaped sealing members for causing
      them to press against the wall of the counterbore and against the piston
      rod for gaining an effective sealing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevation of the pump of this invention shown as mounted
      on a paint sprayer.
PAR  FIG. 2 is a top plan view of the sprayer.
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 3.
PAR  FIG. 5 is a top plan detailed view of the pump filter chamber, and release
      valve area of the invention, with parts shown in dotted lines.
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 5.
PAR  FIG. 7 is a detail showing a top plan view of an adjustment wrench for a
      bushing of the pump.
PAR  FIG. 8 is a view of the wrench in FIG. 7 as seen from the left-hand side in
      FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings for a more particular description, and first to
      FIG. 1, we see there a cart 10 on which the invention is adapted to be
      carried.
PAR  On the top of the cart the paint the paint sprayer is mounted and is
      generally indicated at 12 and comprises a motor 10' disposed in driving
      relation with the shaft 16 of a pump 20 by means of a belt and pulley
      assembly 30.
PAR  The pump 20, as best seen in FIG. 3, has a housing generally indicated at
      24 which itself is formed of an upper housing or valve block 30 and a
      lower housing or valve block 32. The valve blocks 30 and 32 are held
      together by bolts 34 and 36 which are shown in dotted lines in FIGS. 3 and
      4 and in full lines in FIG. 5.
PAR  I had always been told that the piston of a pump must have good fit and
      close tolerance with the cylinder walls. All texts explain that this is to
      prevent material being pumped from going past the piston and causing a
      pressure resisting the return stroke of the piston. Such unwanted pressure
      being called "back pressure". Such back pressure becomes great when air
      behind a cylinder is compressed to the maximum, then the piston is locked
      and parts break or else belt drive slips. At the least, such a pump would
      be inoperable.
PAR  It is a new concept of my pump to provide a piston that loosely fits the
      cylinder wall whereby, although paint can pass freely around the piston,
      yet during a return stroke the paint is equally free to pass around the
      piston for avoiding back pressure and become locked.
PAR  Still another object is to provide an arrangement of seals tightly fitting
      the reciprocating piston rod with a much closer fit because of packing by
      a threaded plug, than the loose fit of the piston itself, whereby there is
      no leakage and the only fluid passage from behind the piston that is
      possible is thereby in the direction of flowing harmlessly past the piston
      - not in leakage past the packing.
PAR  A further object of the invention is to provide a new piston cylinder and
      rod packing assembly capable of eliminating the back pressure and piston
      lock problems.
PAR  The valve blocks 30 and 32 are held apart by spacers 48, best seen in FIG.
      4, and received in the bolts 34 and 36 whereby between the valve blocks 30
      and 32 a space exists at 50, which is for the purpose of keeping upper
      plugs 58 apart from certain lower plugs 60 in order to keep any paint from
      the upper plugs 58 from mixing with oil from around the oil plugs 60 and
      vise versa, whereby the pump is divided into two complete separate upper
      and lower sections A and B. The section A being for handling paint and
      section B being oil-lubricated for paint transfer whereby the paint and
      oil are never mixed.
PAR  The shaft 16 enters the lower block 32 in which it is received in bearings
      68 which are themselves maintained in position by an insert 74 receiving
      the bearings and openings 76.
PAR  The insert 74 has a cylindrical outer surface 78 and has a cylindrical
      inner surface 80 and has a hollow interior 84 which receives oil
      diagrammatically indicated at 90 for lubrication.
PAR  The shaft 16 is keyed by key 88 to two eccentric cams 96 which are
      themselves maintained in spaced apart position along the shaft 16 by means
      of a central spacer 94.
PAR  Around each eccentric cam 96 is a cylindrical yoke 98 to each of which a
      piston rod connector 100 is fixed, the connectors 100 being pivotally
      attached by pins 110 in the bifurcated lower end portions of piston rods
      120.
PAR  Lower plugs 60 earlier mentioned are threaded on their exterior for fitting
      into threaded openings 150 in a top 160, which latter is a part of the
      insert 74 and the top 160 has a horizontal outwardly extending flange 190
      extending outwardly above the lower block 32 and between it and the
      spacers 48, whereby pressure from the bolts 34 and 36 is adapted to press
      the top flange 190 into sealing relation with the bottom block 32.
PAR  The upper block 30 is provided with cylinder chambers 200 which latter are
      preferably cylindrical and receive therein cylindrical piston tips 202
      which latter are fixed to the piston rods 120 by bolts 240.
PAR  Each piston tip 202 is formed of material of the type commonly called
      "self-lubricating"; an example of this type of material has the commercial
      brand name of "Teflon" and is manufactured by duPont, E. I. deNemours &
      Co., Inc., Wilmington, Delaware.
PAR  A self-lubricating plastic has a characteristic as compared with steel that
      resists corrosion, does not expand as readily under heat as metal, will
      not gald in sliding contact with metals as is common when two metals are
      in sliding contact.
PAR  It is a particular importance of such material that it does not expand as
      extensively under heat as does metal. This is important because the heat
      from friction of a piston has a considerable space with respect to the
      cylinder wall, because the metal paint pigment tends to maintain a
      frictional heat effect between a loose piston tip of my concept and the
      piston wall.
PAR  The high pressure under which a piston tip operates in a pump of this kind
      is itself a cause of high heat.
PAR  Because a self-lubricating piston does not expand as much as metal, it is,
      therefore, adapted to wear against the wall of the piston to a lesser
      extent.
PAR  It will be seen that if a metal tip were used for the part 202 then if the
      fit were loose enough there would be no contact between the tip and the
      cylinder wall and it would seem at first glance that for that reason there
      would be no friction and a metal tip would work. However, the friction
      resultant from the metal in the paint pigment would produce friction
      anyway, and the making of a metal piston tip to be of such loose tolerance
      that heat expansion would not effect it materially as regards friction
      would be less practical because the tolerance would then be so loose that
      the pumping power would be lessened.
PAR  A still more important reason for the piston tip 202 to be formed of a
      self-lubricated plastic as described is because such a material resists
      abrasion. It is my supposition that this resistance is due to a greater
      resiliency of the material than would be found in a soft or hard metal
      such as brass or iron. This is particularly important in a paint pump
      because the metallic paint pigment particles tend to abrade the piston
      tip.
PAR  Of all factors regarding the piston tip 202, the most important, however,
      is loose tolerance. I have found that a spacing of the piston tip with
      respect to the cylinder wall of approximately five-thousandths inch (.005)
      achieves a loose tolerance, that is loose enough to permit paint to bypass
      the piston tip 202 into the annular area 300 behind the piston during
      forward pumping strokes. This by-passing being harmless because of a
      sealing system later described, and this loose tolerance being desirable
      so that the abrading effect on the piston tip 202 by the metallic paint
      pigment particles is minimized so that the tip 202 can have a long life.
PAR  In my opinion, the closer the tolerance is between the tip 202 and the
      cylinder wall, the greater the wear which will come from the paint pigment
      metal particles. Therefore, it is my concept that a loose tolerance be
      used to minimize this wear.
PAR  Without deep thought, it would seem obvious that a loose tolerance would
      cause leakage past the piston tip 202 and would, therefore, result in loss
      of pumping pressure and an ineffective pump. However, on deeper thought,
      and through experimenting, I have discovered that it is possible to seal
      the cylinder around each piston 120 in a way that retains this pressure
      for providing an effective pump. The sealing is accomplished by a sealing
      assembly of my invention generally indicated at 310.
PAR  Such sealing assembly comprises a counterbore 330 into the upper valve
      block 30 for providing an annular shoulder 332 each of which is disposed
      in a plane at a right angle to the longitudinal axis of the respective
      piston 120.
PAR  Each sealing assembly further comprises an inner washer 338, having an
      inner opening 340 loosely fitting the respective piston 120. The washer
      338 is preferably made of relatively stiff material.
PAR  A threaded plug 350 is received against threads 354 in the lower end of the
      counterbore 330 and each plug 350 is adapted to press against an outer
      washer 360 similar to the washer 338.
PAR  Between the washers 338 and 360 are a plurality of concave-convex sealing
      washers 380 which latter have in cross sections at each of their sides
      concave and preferably V-shaped surfaces 382, which latter are
      complementary shaped with respect to certain convex and preferably
      V-shaped outer surfaces 384 of each side of each washer 380, whereby the
      convex part of each washer is adapted to be vertical against the concave
      part of an adjacent washer.
PAR  After the plug is screwed into the counterbore 330, the concave-convex
      sealing washers 380 are pressed against each other and compressed between
      the washers 338 and 360, whereby their outer walls 380 and their inner
      walls 400 are spread apart respectively so as to press the washers 380
      firmly against the piston rod 120.
PAR  I prefer that the washers 380 be made of material of the type called
      self-lubricating which is of greater resiliency than metal and of greater
      abrasion resistency than metal, the material preferred being "Teflon",
      whereby the brading effect on the piston 120 and on the sealing washers
      380 by the metal pigment particles in the paint is minimized.
PAR  Teflon is often called a "self-lubricating material" and it wears long and
      well in minimizing the abrading effect on the piston 120 and seal washers
      380 caused by metal pigment particles in paints. The washers 380, being
      V-shaped on each side, can be defined as annular washers, each of
      concavo-convex shape on any side thereof as seen in cross-section taken in
      a plane at a right angle to the axis of the reciprocation piston of the
      rod 120, which latter can be defined as the center axis extending
      longitudinally of the cylindrical rod 120.
PAR  As best seen in FIG. 4, the undersurface of each of the plugs 58 as well as
      the upper surface of each of the plugs 60 are provided with diametrically
      opposed wrenching recesses 500 which are adapted to receive wrenching tips
      502 which project from one side of a wrench 504, best shown in FIG. 7, for
      adjustment of the plugs 58 and of the pressure of the sealing washers 380
      against the pistons 120. Periodical tightening of the plugs 58 to increase
      this pressure can be made as wear proceeds.
PAR  Referring to FIG. 3, it will be seen that paint enters each pumping
      cylinder 200 through passages 600 and 602 which latter are interconnected
      by a ball check valve assembly, generally indicated at 650. A second ball
      check valve assembly 660 interconnects a passage 670 and a passage 672.
PAR  With the passages 600 and 672 forming inlet and outlet connections by
      communication with the inner end of the cylinder 200, and with the
      passages 602 and 672 connected respectively to inlet hose 680 and outlet
      pipe 684, it will be seen that paint can be pumped from a paint reservoir
      690 through the inlet hose 680 through the pump and out the outlet pipe
      684 to a passage 694 in the bottom of the filter housing 698, the passage
      694 leading to an opening 700 through a plug 702 plugging the bottom end
      of a filter chamber 708 in which a cylindrical filter 710 is provided.
PAR  The cylindrical filter is perforated, having openings as shown at 712 and
      paint flows through the passage 694, through the openings 700, into the
      interior of the filter 710 and out its sides into the filter chamber 708
      and passes from the latter out an outlet pipe 720 as seen in FIG. 3, which
      latter, as seen in FIG. 1, is coupled at 724 to a flexible hose 726
      leading to a spray nozzle assembly 730.
PAR  As best seen in FIG. 5, the filter housing 698 has a by-pass outlet 740
      leading from its filter chamber 708 to a pressure control relief valve
      assembly 750, which latter is connected at its other side to a by-pass
      hose 754 which leads back to the paint receptacle 690 for the return of
      by-passed paint to the paint receptacle 690.
PAR  As best seen in FIG. 6, it will be seen that the pressure control relief
      valve assembly 750 has a valve block 755 provided with an inlet opening
      760, which latter is connected by the pipe 740 with the filter assembly
      housing 698 for communication therethrough with the filter chamber 708.
PAR  The pressure control relief valve assembly 750 has a passage 780 leading
      from its opening 760 into a valve chamber 782 from which it is at times
      shut off by aa valve ball 784 held in place by a spring 786, the pressure
      of which is regulated by being pressed by a threaded control stem 788
      received through a threaded opening 790 in the valve block 755, an outer
      end of the stem 788 having thereon a control handle 792 whereby pressure
      on the ball 784 can be varied for gaining a by-pass of selected amounts of
      paint, such by-pass being accomplished by a valve outlet opening 802 to
      which the hose 754 is interconnected by means of couplings 810, the latter
      best seen in FIG. 5.
PAR  The ball check valve assembly 650 above-described and associated passage
      ways 600 and 602 serve one of the cylinders 200. It will be seen that the
      other one of the cylinders 200 has a like passageway 600', a like ball
      check valve assembly generally indicated in dotted lines in FIG. 5 at 650'
      and has an outlet passageway 602' disposed in communication with the
      passageway 620 previously described.
PAR  Referring to FIGS. 3 and 5 it will be seen that the ball check valve 600
      with its inlet passageway 670 and outlet passageway 672 serves one of the
      cylinders 600. A similar ball check valve assembly 660' with inlet
      passageway 670' and outlet passageway 672' are provided for the other
      cylinder 200.
PAR  The outlet passageway 670 and 672' are connected to a common outlet
      passageway 902 and the common outlet openings 902 are connected to a
      common outlet passageway 900 as best seen in FIG. 5.
PAR  It is the common outlet passageway 900 which is connected to the outlet
      pipe 684, as best seen in FIG. 5, each of the ball check valves 650 and
      650', 660 and 660' are provided with plugs 910 which project outwardly
      from the valve block 30.
PAR  The common outlet opening 902 is made by a bore 912, best seen in FIG. 5,
      which is closed by a plug 914.
PAR  At times when catalyst materials are being used, it is desired to introduce
      a different component into each of the cylinders 200 and, as best seen in
      FIG. 5, this is accomplished by the provision of an auxiliary entrance
      passageway 1002 similar to the passageway 602 and leading through the
      valve block 30 forming its outer side to the inlet side of one of the
      check valve assemblies 650', the passageway 1002 having a relationship
      similar to the passageway 602 with respect to its valve check assembly
      650.
PAR  The passageway 1002 opens onto the entrance passage 602' of valve 650'.
PAR  For applying catalystic materials a plug 1020 is inserted through the valve
      block 30 in position for blocking off that part of the passageway 602'
      which leads over to passageway 602, whereby the two cylinders 200 instead
      of receiving supply through the same hose 680 then receive separate
      supplies of two different materials, one through the hose 680 and the
      other through a hose 1030 affixed by couplings 1032 to the passageway
      1002.
PAR  As thus described, the hose 680 can lead to a catalytic setting material
      which has no catalyst in it and the hose 630 can lead to a material that
      has a catalyst in it.
PAR  The outlets from each of the cylinders must be conducted in this fashion,
      then, as shown in FIG. 5, where instead of using a common outlet 902 of
      the passageway 900, is plugged by a plug that plugs off the passageway 902
      wherein the outlet passageways 670 and 670' must then lead through means,
      not shown, to spray filter chambers 698, not shown, and to a separate
      pressure control relief valve assembly 650, not shown.
PAR  Referring to the platform 10, once more it will be seen that this has a
      handle 1200 having an upper portion 1202 which can be removed for
      facilitating the placing of the assembly in a car truck inasmuch as the
      remainder of the assembly is of a size adapted to fit into a car trunk.
PAR  A bracket 1210 on the upper portion of the handle 1202 and another bracket
      1214 on the lower portion 1200 of the handle are intended for winding up a
      cord 1220 leading to a switch box 1224 of the model 10, for storing the
      cord. As such cords are very long, this storage facility is very handy in
      use.
PAR  In one experience in which the tolerance was substantially below
      one-thousandths (.001), I found that the piston tip stuck from heat
      expansion and needed to be replaced after only about thirty minutes of
      pumping.
PAR  The tolerance can vary with the viscosity of the material and have the same
      net result. However, materials with lacquer, for example, flow more
      readily than most paints, but for paints a tolerance of at least
      approximately one-thousandths is necessary to prevent sticking. For
      lacquers a tolerance of less than one-thousandths might work.
PAR  Common paint has more coarse pigment; whereas the pigment in lacquer is
      very finely ground. For exterior paint which is a heavy lead and oil
      paint, the viscosity is heavier and a tolerance of at least
      five-thousandths is needed for good results. This is why for a general
      principle machine, I prefer a tolerance of five-thousandths in order to
      attain the required loose fit which makes possible the by-passing effect
      earlier described which reduces wear from the friction of the metallic
      abrasion of paint pigment particles.
PAR  In operation, it will be seen that whenever one of the pistons 120 is on a
      forward pumping stroke the opposite pistion 120 will be on a return stroke
      whereby the pistons are synchronized for alternate pumping strokes. This
      has the effect of handling paint in a sufficient even flow for practical
      operation whereby an air compressor is unnecessary.
PAR  A partial paint flow evening effect is attained by providing the outlet
      pipe 730 of the filter chamber 698 in a position substantially below a
      certain top plug 2000 of the filter chamber, which latter is held in place
      by a top cap 2021 which latter is threadedly attached to the filter
      chamber housing 698, as best seen in FIG. 3.
PAR  In operation, a particular advantage will be found to come from the unique
      losse by-pass tolerance at the piston tip 202 for gaining long life
      without that excessive wearing of the piston tip which is characterized by
      the failure in the use of paint spraying machines of the prior art.
PAR  In operation, a further advantage will also be found to come from the use
      of the combination of sealing rings 310 held in compression against piston
      rods 120 by the plugs 58 for attaining a sealing without reliance upon a
      sealed effect at the piston tip 202 itself for providing a durable pump of
      long life.
PAR  It will be seen that piston tips 202 are removable being held on by bolts
      240 having heads 2100 which extend through each piston tip 202 and are
      threadedly received in a respective piston rod 120.
PAR  Each piston rod 120 has a square upwardly projecting boss 2012 on its upper
      end, as best seen in FIG. 4, which is received in a square recess 2014 on
      the underside of each piston rod tip 202 whereby the tips 202 are held in
      alignment and prevented from rotation.
PAR  The pressure control release valve 750 has a particular importance when the
      valve of the spray gun 730 is shut off because it is then that line
      pressure under continued pumping would lead to line rupture. By-passing
      into the paint can 790 through the release valve 750 and hose 754
      ordinarily does not occur during painting because of the strong spring 786
      and the preferred fitting of the control 792.
PAR  Particular attention is drawn to the length of the stroke. The length of
      the stroke in my unit is substantially shorter than in units of the prior
      art now in conventional useage. For example, in conventional pumps an
      approximate 4-inch piston stroke is common. The piston stroke I prefer is
      three-fourths of an inch pumping stroke and three-fourths of an inch
      return stroke. Although a 1 inch stroke is almost equally satisfactory,
      yet dimension advantages would be experienced, I believe, as the stroke
      increases on up to a 3 inch stroke and very, very sharp dimension
      advantages on up to the 4 inch conventional stroke. I use the word
      "advantages" in this paragraph to distinguish from pumping volume. Pumping
      volume itself varies with r.p.m., revolutions per minute.
PAR  It will be seen that the pumping stroke could be further reduced in
      accordance with the principles of this invention to substantially below
      three-fourths inch stroke, for instance, one-half or one-fourth inch
      stroke. I have found, however, that with a three-fourths inch stroke a
      sufficient elimination of pulsation at the gun is achieved without a
      pressure accumulator between the pump and line and without a surge chamber
      between the pump and the line.
PAR  It is my belief that with long strokes, a greater amount of fluid is
      attempted to be suddenly rammed through the lines. This sudden ramming is
      no more sudden than the ramming in my pump, however, because I prefer to
      operate at 500 r.p.m. with a three-fourths of an inch stroke for each
      piston, with two pistons, and with a cylinder wall of fifteen-sixteenths
      of an inch diameter. Since conventional pumps of the compressed air-driven
      type with an approximate 4 inch stroke operate at approximately 180
      r.p.m., it will be seen that with the greater stroke speed of my pump, the
      suddenness of the ramming of fluid into the line with each stroke would
      seem not to be lesser or even greater. However, apart from the suddenness
      is the question of volume per stroke. The volume from a 4 inch stroke
      would seem to be greater and it is my belief that the effect of this
      greater volume suddenly rammed into the line causes a frictional reistance
      with the walls of the line for a substantial distance ahead of the piston,
      this frictional resistance being substantially greater because of the
      greater volume per stroke.
PAR  In my pump, I prefer that the strokes be of much lesser length for causing
      a much lesser volume of suddenly rammed fluid to enter the lines per
      stroke, whereby a lesser quantity of fluid is suddenly accumulated, hence
      less frictional resistance per quantity of fluid pumped, since it is
      wellknown that turbulence and resistance increases greatly with greater
      amounts of fluid being suddenly moved.
PAR  I recognize that the hose 726 is resilient and yielding and that it
      functions to some extent as a pressure accumulator to the end that each
      pumping stroke does not cause an exactly proportional pulsation out at the
      spray gun 730 because of the yielding or expansion of the hose 726.
PAR  Of particular interest is the fact that in conventional pumps, a maximum
      effort is made to gain a tight sealing at the piston tip. This has
      resulted in long piston tips to provide support for a large area of
      sealing material surrounding the piston tip of conventional pumps.
PAR  In contrast, it is my intention to provide the piston tip with a looseness
      of fit so that the piston tip itself will last longer because of lesser
      abrasion as above described.
PAR  I avoid the use of an elongated constricted passageway through the piston
      as is characteristic of the conventional pumps that are designed to pump
      and fill the chamber on the forward stroke and pump and fill a chamber on
      the rearward stroke. My pump pumps only on the forward stroke and fills
      the chamber only on the rearward stroke, and therefore, will function with
      a piston tip as I have described without an elongated constricted
      passageway through it, as is made possible by the elimination of a long
      piston tip, the latter being made possible by the presence of large piston
      sealing areas.
PAR  It might be said that my pump operates "by giving a little". In each
      pumping stroke there is a fluid by-passing of the piston tip and this in
      turn leads to the elimination of a long constricted passageway through a
      piston tip as makes for a large resistance in the prior art pumps and
      reduces pumping efficiency.
PAR  As will be seen in FIG. 3 and FIG. 4, the outlet passages 670 and 670' of
      the outlet valves 660 and 660' are not substantially smaller than the
      inlet passages 600 and 600' of the inlet valves 650 and 650' of the
      respective cylinders, and that the passages 600 and 600' and the passages
      670 and 670' substantially represent the most constricted parts of the
      lines incoming and outgoing to and from the respective cylinders, whereby
      the new pump has an efficiency from restrictions, made possible because of
      its general design.
PAR  It will be seen that my filter chamber 708 could function as a pressure
      accumulator because of air under pressure in it. However, this effect is
      at a minimum, and almost absent, because of its small size and because of
      the preferred fitting of the pressure release valve 750.
PAR  I have found, however, that there is substantially no visible surge or
      pulsation in the flow out through the pipe 684 when the filter assembly
      and the hose 726 are entirely removed during pumping.
PAR  In operation, a further effect of the loose fit of the piston tip 202 will
      be found, namely, that during a return or filling stroke, there will be a
      lesser resistance to liquid disposed behind the piston tip to pass by the
      piston tip once more and into the area closer to the outlet opening 670
      than to press past the sealing washers 380 because there will be a greater
      looseness at the piston tip than at the sealing washers 380. This is in
      contrast to the sealing principle of the prior art for in that principle
      there is a greater pressure on the seals which are equivalent to the
      sealing washers 380 whereby such a sealing area becomes filled with
      abrasive paint pigment leading to early leakage from wear and need for
      shut-down of a pump for seal replacement.
PAR  In operation, my pump as described, is able to deliver three and one-half
      gallons per minute of free-flow with the filter assembly 698 and hose 726
      disconnected.
PAR  In the prior art pumps of the type which pump during both forward and
      return strokes, seals which are equivalent to the sealing washers 380 in
      FIG. 4 are under high pressure because a tight fitting piston tip rams
      fluid directly against them during both forward and return strokes.
      However, in my pump the sealing washers 380 are behind the piston during
      its pumping stroke where they are portected from such pumping pressure.
      Although they are subjected to some pressure during the return stroke of
      my piston, yet the loose fit permits dissipation of the pressure behind
      the piston without forcing paint deeply into the sealing assembly 310.
PAR  It will be seen that more than two cylinders can be used within the
      principles of this invention, to the end that one of the chief
      characteristics of my pump is that it uses multiple cylinders.
PAR  It will be seen that although a minimum tolerance of one-thousandths of an
      inch is recommended for pumping thinner liquids, yet a tolerance of a
      fiftieth of one-thousandths of an inch will gain very substantial
      improvement in comparison therewith as measured by the durability of
      piston tip under abrasion from pigment.
CLMS
STM  I claim:
NUM  1.
PAR  1. A paint spraying assembly comprising: a paint spraying gun having an
      outlet orifice of a size for causing a paint flow to spread out into a
      spray, a pump having an inlet and an outlet, a conduit means
      interconnecting said gun and said pump outlet, a source of paint
      containing abrasive particles, conduit means connecting said source of
      paint with said pump inlet, a block having a pumping chamber therein
      having a chamber wall having a piston rod opening therethrough, an
      elongated piston rod means partly disposed in said chamber and extending
      through said piston rod opening and reciprocating along an axis, a teflon
      sealing assembly substantially sealing and filling the area between the
      walls of said piston rod opening and said piston rod means, that portion
      of said rod means which lies inwardly of said sealing assembly having a
      portion of maximum cross-sectional area as taken transversely of said
      piston rod means, said rod means portion having a sufficiently loose fit
      with respect to adjacent portions of said chamber wall as to substantially
      prolong the life of said portion of said rod means by reducing the
      abrasion of the rod means portion by abrasive particles disposed between
      said rod means portion and said chamber wall, said looseness of fit
      between said rod means portion and said chamber wall resulting in a
      by-passing of said rod means portion by paint, said fit being sufficiently
      close, however, as to provide substantial and effective pump pressure,
      said looseness of fit assuring a long working life before abrasion of said
      rod means portion causes need for its replacement, whereby said pump is
      free of any means therein allowing lubricating fluid to mix with paint
      therein in quantities such that said paint when it leaves said pump is
      substantially damaged in its drying characteristics.
NUM  2.
PAR  2. The paint spraying assembly of claim 1 in which said sealing means
      comprises a plurality of annular washers each of a concavo-convex shape on
      any side thereof as seen in cross-section taken in a plane at a right
      angle to said axis of reciprocation of said rod means.
NUM  3.
PAR  3. The paint spraying assembly of claim 1 in which the tolerance of said
      loose fit between said piston rod means portion and said chamber wall is
      of sufficiently close fit to gain a practical amount of pumping rate and
      is defined as being such that all sides of said piston rod means portion
      are spaced from said chamber wall at least one-fiftieth of one-thousandths
      of an inch.
NUM  4.
PAR  4. The paint spraying assembly of claim 1 in which said sealing means
      comprises a plurality of annular washers each of a concavo-convex shape on
      any side thereof as seen in cross-section taken in a plane at a right
      angle to said axis of reciprocation of said rod means, said sealing means
      being annular, and said sealing means comprising means for compressing
      said annular means to cause it to tightly engage said rod means, and in
      which the tolerance of said loose fit between said piston rod means
      portion and said chamber wall is of sufficiently close fit to gain a
      practical amount of pumping rate and is defined as being such that all
      sides of said piston rod means portion are spaced from said chamber wall
      at least one-fiftieth of one-thousandths of an inch.
NUM  5.
PAR  5. The paint spraying assembly of claim 1 in which said sealing means
      comprises a plurality of annular washers each of a concavo-convex shape on
      any side thereof as seen in cross-section taken in a plane at a right
      angle to said axis of reciprocation of said rod means, said sealing means
      being annular, and said sealing means comprising means for compressing
      said annular means to cause it to tightly engage said rod means, and in
      which the tolerance of said loose fit between said piston rod means
      portion and said chamber wall is of sufficiently close fit to gain a
      practical amount of pumping rate and is defined as being such that all
      sides of said piston rod means portion are spaced from said chamber wall
      at least approximately one-thousandths of an inch.
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ABST
PAL  Drip coffee makers now available cannot brew good quality coffee infusions
      in a smaller quantity than the nominal capacity for which the coffee maker
      was designed. This application discloses a selectively utilized filter
      area limiting device disposed within the brewing chamber of a drip coffee
      maker with micropore filter which permits brewing an optimum aqueous
      coffee infusion in lesser quantity than the nominal capacity of the drip
      coffee maker. This is accomplished by sealing off a portion of the outlet
      filter and, thus limiting its effective usable area. By limiting the
      liquid flow through the filter to a pre-selected level, it becomes
      possible to maintain the total time of flow within the desired limits of
      an optimum coffee brewing cycle regardless of the number of cups desired.
PARN
PAC  CROSS REFERENCES
PAR  This application is a continuation-in-part of co-pending patent application
      Ser. No. 286,098, filed Sept. 5, 1972 now abandoned for "Coffee Maker",
      which is a continuation-in-part of then co-pending patent application Ser.
      No. 48,028, filed June 2, 1970 for "Drip Coffee Maker", now U.S. Pat. No.
      3,695,168.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is directed to a selectively utilized filter area limiting
      device for drip coffee makers with a micro-pore filter. The limiting
      device seals off and, thus, limits the effective usable area of the outlet
      filter.
PAR  2. Description of the Prior Art
PAR  The two most popular home coffee-making methods in general use today are
      the coffee percolation method and the drip coffee method. The
      conventional, prior art with respect to both of these methods is discussed
      in detail in U.S. Pat. No. 3,695,168 identified in the cross reference
      above.
PAC  SUMMARY OF THE INVENTION
PAR  In order to aid in the understanding of this invention, it can be stated in
      essentially summary form that it is directed to a filter area limiting
      device for sealing off and, thus, limiting the effective usable area of a
      drip coffee maker outlet filter which is selectively useful to permit the
      coffee maker to brew good quality coffee infusion in a smaller quantity
      than the nominal capacity for which the coffee maker was designed. The
      coffee makers in general use today, with all their faults, only approach
      producing an acceptable coffee infusion when brewing the full nominal
      capacity of the coffee maker. Making smaller amounts results in weak,
      inferior brew. By contrast, the coffee maker of the referenced patent can,
      by employing selectively utilizable filter area limiting devices of
      various sizes in accordance with the present invention, brew the full
      capacity of the coffee maker or any designated lesser amount for the same
      total brewing time. As an example, six cups of coffee infusion can be
      brewed in a total of three minutes with the use of a properly sized
      limiting device just the same as the full eight cup capacity can be brewed
      in three minutes without the use of the limiting device.
PAR  Accordingly, it is an object of this invention to provide a selectively
      utilizable filter area limiting device for drip coffee makers to permit
      brewing optimum coffee infusions in quantities less than the nominal total
      capacity of the coffee maker. Another object of this invention is for the
      filter area limiting device to provide, by virtue of the specific design
      configurations and shapes herein described, an effective seal-off of a
      section of the filter area preventing the passage of coffee brew through
      the sealed-off filter area, thus providing the control of coffee brew flow
      time required in an optimum quality coffee brewing method. It is a further
      object that the limiting device be simple and inexpensive, and of a design
      permitting its fabrication from injection-moldable polymer composition
      material resistant to coffee acids. Another object is that the device in
      some of the possible design configurations can contain a weight to augment
      the sealing effect and prevent undesired movement or displacement of the
      device in the coffee brewing chamber.
PAR  The features of the present invention which are believed to be novel are
      set forthwith particularity in the appended claims. The present invention,
      both as to its organization and manner of operation, together with further
      objects and advantages thereof, may be understood best by reference to the
      following description, taken in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational side view, with parts broken away and parts
      shown in section, of a drip coffee maker employing a filter area-limiting
      device in accordance with this invention.
PAR  FIG. 2 is a partial plan view on reduced scale taken generally along the
      line 2--2 of FIG. 1, with parts broken away and other parts shown in
      section.
PAR  FIG. 3 is a side elevational view, with parts broken away, of the form of
      filter area-limiting device in accordance with this invention as shown in
      FIGS. 1 and 2.
PAR  FIGS. 4 to 8, inclusive, are side elevational view, partly broken away and
      sectioned, of modified forms of a filter area-limiting device in
      accordance with this invention.
PAR  FIG. 9 is a top plan view of the form shown in FIG. 8, as seen generally
      along the line 9--9 of FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The criticality of providing the correct inlet of water into a
      coffee-brewing chamber, and the correct outlet infusion in a drip coffee
      maker utilizing a micropore filter, is discussed in detail in the
      above-identified cross referenced patent, the entire disclosure of which
      is incorporated herein by this reference. That disclosure of a coffee
      maker discusses the manner in which the control of flow of liquid into and
      out of the coffee-brewing chamber provides the control of the drip coffee
      maker. The control of flow, particularly the turbulence of hot water inlet
      into the coffee-brewing chamber and the flow from the outlet filter, are
      discussed. A coffee maker of particular design has a particular nominal
      capacity, at which it makes the optimum flavored brew. The coffee maker of
      the referenced patent can be sized equally well to provide a one-cup or
      eight-cup nominal capacity, or any other chosen capacity.
PAR  Referring to FIG. 1 herein, a large capacity version of the coffee maker of
      the referenced patent is generally indicated at 10. Coffee maker 10 has an
      open-topped upper chamber 12 which serves as the water chamber into which
      hot water is poured. It is from the upper water chamber 12 that the water
      moves into the brewing chamber. The upper chamber 12 is formed with a
      substantial top opening so that water can easily poured therein.
PAR  Internally formed with upper chamber 12 is downwardly-extending tube 14,
      which is of slightly smaller diameter than the lower portion of the upper
      chamber 12 to define shoulder 16. Coffee-brewing chamber 18 is located
      within tube 14. The water inlet flow controller 20 rests on shoulder 16
      and has four slots 22 cut in the edge to permit water to pass from the
      upper chamber 12 into coffee-brewing chamber 18. Conveniently, flow
      controller 20 has a weight 24 built therein to prevent the flow controller
      from floating or lifting out of position, although this function could
      also be accomplished by a friction fit of the flange of flow controller
      20, by the use of latching mechanism, or other suitable holding devices.
PAR  At its lower end, tube 14 is turned in at inwardly-directed flange 26.
      Downwardly-directed skirt 28 depends from flange 26. Micropore filter 30
      is secured on flange 26 and defines the bottom of coffee-brewing chamber
      18. Coffee grounds 32 rest against the micropore filter 30. Each of these
      elements finds its counterpart in the referenced patent, and attention is
      called thereto for the critical details and related functions.
PAR  In the operation of a coffee maker, it is a distinct advantage to be able
      to make less cups of coffee than the full, or nominal, capacity of the
      coffee maker, and yet have the water in contact with the coffee grounds
      the optimum amount of time for providing good, full-bodied coffee brew.
      Brewing time is critical. This invention is directed to a limiting device
      for sealing off a portion of the effective usable area of the outlet
      filter so that the reduced filter area remaining effective is exactly
      correct for producing a reduced amount of coffee brew in the proper period
      of brewing time. For example, with the coffee maker 10 designed to produce
      a nominal eight cups of optimum coffee, the installation of one size of
      limiting device on the micropore filter 30 for reduction of the working
      area thereof permits the nominal eight-cup coffee maker to make only six
      cups of coffee in the same total elapsed time as for the full nominal
      capacity. Larger limiting device can be provided to further limit the
      available usable filter area so that five cups, four cups or any other
      desired number of cups can be made within the same time required for the
      full proper brewing cycle.
PAR  The first form of the limiting device of this invention, for use with a
      coffee maker 10, is generally indicated at 34 in FIGS. 1, 2, and 3. In its
      preferred form, it comprises a weight 35, preferably of metal, surrounded
      by a protective and decorative layer 36, preferably of injection-moldable
      polymer composition material. Limiting device 34 has a concave bottom 37
      and upright outer surface 38. The edges of the concave bottom 37 extend
      outwardly beyond the outer walls of the protective cover to form an
      annular seal edge 40 slightly beyond the outer circumference of the main
      body of the device 34. Device 34 is shown in place in FIGS. 1 and 2,
      wherein it is placed directly upon micropore filter 30 and effectively
      seals off the covered portion from both coffee grinds and water so that
      only the uncovered portion of the micropore filter is available for
      passing the coffee infusion, thus limiting the filter area to just the
      uncovered portion. In accomplishing the sealing function, it should be
      noted that the seal edge 40 provides force concentration for an improved
      sealing effect in that the sealing pressure is greatly enhanced. The
      unobvious advantages of the increased or enhanced edge sealing pressure
      effect will be appreciated more readily when it is understood that
      micropore filter material is rarely perfectly flat and has a normal
      tendency to deflect slightly under stress, so that the edge seal of the
      device of this invention assures the effectivity of the filter area
      limiting function. It can be understood that all the shapes shown for the
      filter area limiters can be fabricated by machining, casting, or molding,
      and utilizing any suitable material.
PAR  FIG. 4 shows a second embodiment 42 of the limiting device. Again, in its
      preferred form, it is a weight with a protective layer and upright outer
      surface, but this time there is an annular seal edge 44 at the periphery
      of the bottom of the device 42. The annular seal edge 44 has a rounded,
      exposed edge, shaped like an O-ring, for sealing against the micropore
      filter 30.
PAR  FIG. 5 illustrates the third embodiment 46 of the limiting device. Again,
      in its preferred form, the device 46 is a weight 35 covered with a
      protective layer and having an upright outer surface. This time, the
      weight and the protective layer offer a flat bottom 48 which, when resting
      on the micorpore filter, creates an edge seal effect due to the slight
      bowing deflection of the filter under stress.
PAR  FIGS. 6 and 7, respectively, illustrate fourth and fifth embodiments 52 and
      54 of the limiting device. Again, in their preferred form these devices
      are weights covered with protective layers and having upright outer
      surfaces. In these cases, downwardly-extending sharp annular seal edges 56
      and 58 are respectively provided.
PAR  FIGS. 8 and 9 illustrate another embodiment 60 of the limiting device
      especially useful when a limiter for brewing one single cup of coffee is
      desired. The embodiment 60 is, in its preferred form, an annular weight
      62, again covered on all sides with a protective and decorative layer and
      having upright outer surfaces. Inner and outer concentric annular seal
      edges 64 and 66 of flat, rounded, concave or sharp edged configuration are
      engagable with the filter 30 to seal thereagainst.
PAR  In use, a limiting device of appropriate size is selected, in accordance
      with the nominal capacity of the coffee maker 10, and in view of the
      desired number of cups of coffee brew desired. The limiting device is
      placed upon the filter, and the coffee is poured therearound, and therein
      if an annular device 60 is used. Thereupon, the water inlet flow
      controller is placed in position, and water is poured into the upper
      chamber 12. The appropriate number of cups is brewed.
PAR  A generously sized, easily handled filter-area limiting device is preferred
      which has enough inherent weight to augment sealing and to prevent
      undesirable movement or displacement of the limiting device in the coffee
      crewing chamber. On the other hand, the use of sealing weight may be
      eliminated if desired by shaping the limiting device in a different manner
      and adapting it to be held down on the filter by other means.
PAR  While particular embodiments of the present invention have been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from this invention in its
      broader aspects, and, therefore, the aim in the appended claims is to
      cover all such changes and modifications as fall within the true spirit
      and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drip coffee maker for the brewing of a coffee infusion in quantity
      less than the nominal capacity of the drip coffee maker from coffee ground
      to at least as fine as drip grind coffee standards comprising:
PA1  a coffee-brewing chamber for the containment of coffee ground to at least
      as drip grind coffee standards;
PA1  an opening in the bottom of said coffee-brewing chamber, said opening being
      closed by an unsupported flexible micropore outlet filter, said filter
      having outlet openings of about 25 microns so as to substantially prevent
      passage of visible coffee sediment from said brewing chamber but to permit
      the passage of water-extracted coffee infusion therethrough;
PA1  water inlet flow control means in the top of said chamber, said flow
      control means having a plurlaity of inlet opening of such size and
      quantity as both to direct and control the inflow of water into said
      brewing chamber so that the water flow to the grounds in said chamber is
      controlled to prevent turbulent lifting of all the grounds from said
      outlet filter, thus preventing fine sediment from settling on and plugging
      the micropore outlet openings as the coffee infusion passes through the
      filter so that the length of coffee-brewing time is consistent and
      uniform.
PA1  said flow control means being so positioned relative to the grounds in said
      chamber, and said inlet openings being of said size and quantity, also to
      control the upward venting outflow of gases therethrough in such a manner
      as to limit inflow of water until the coffee grounds are wetted and then
      to prevent entrapment of gases by freely venting such gases therethrough
      to ensure steady inflow of water into said brewing chamber with respect to
      the outflow of water-extracted coffee infusion through said micropore
      outlet filter during brewing; and
PA1  a filter area limiting device selectively positionable on said micropore
      filter to seal off a portion of said filter so as to limit the effective
      usable area of said filter so that the remaining area of said micropore
      filter exposed in said coffee-brewing chamber is appropriate for brewing a
      lesser amount of the coffee infusion than the nominal capacity of the drip
      coffee maker in the same total time of liquid flow.
NUM  2.
PAR  2. The drip coffee maker of claim 1 wherein
PA1  said filter area limiting device has a bottom surface shaped to provide
      force concentration along the peripheral edge of said bottom surface
      against said micropore filter to provide an edge seal on said filter.
NUM  3.
PAR  3. The drip coffee maker of claim 2 wherein
PA1  said limiting device includes a weight portion to increase such force
      concentration.
NUM  4.
PAR  4. The drip coffee maker of claim 3 wherein
PA1  said edge seal against said filter is annular.
NUM  5.
PAR  5. The drip coffee maker of claim 4 wherein
PA1  said limiting device has concave bottom surface.
NUM  6.
PAR  6. The drip coffee maker of claim 3 wherein
PA1  said bottom surface of said limiting device forms concentric annular edge
      seals against said filter.
NUM  7.
PAR  7. The drip coffee maker of claim 2 wherein
PA1  said peripheral edge of said bottom surface is downturned.
NUM  8.
PAR  8. The drip coffee maker of claim 7 wherein
PA1  said downturned edge is a rounded bead in section.
NUM  9.
PAR  9. The drip coffee maker of claim 7 wherein
PA1  said downturned edge is tapered to a sharp annular ridge.
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ABST
PAL  A dry-process corn popper or like heat-expansion device for cereal grains,
      of the kind comprising a horizontally oriented metal mesh expansion
      cylinder which is charged with grain; the cylinder is rotated in one
      direction while being heated to expand the grain, the grain being
      discharged upon expansion, and the cylinder is subsequently rotated in the
      opposite direction to discharge incompletely expanded grain and other
      waste from the bottom of the cylinder. An electrically-powered heat
      source, producing radiant heat energy, is positioned near the side of the
      cylinder, away from the waste discharge location; a reflector directs the
      radiant heat onto and into the rotating cylinder to heat the grain and
      expand it.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The interior of a popcorn kernel consists primarily of a hard, corneous
      starch. When this hard material is heated, the starch becomes plastic;
      however, due to the almost spherical shape of the kernel and its strong
      hull, the grain of popcorn retains its shape when heated until internal
      pressure caused by vaporization of moisture in the grain exceeds the
      strength of the hull. At this stage, the hull explodes or "pops" and the
      plasticized starch expands. This expansion has a refrigerating effect
      which cools the plastic material almost instantaneously and "freezes" it
      in the well-known blossom shape of popped corn.
PAR  For effective expansion of popcorn or other cereal grains, the rate of
      heating of the grain is critical. For popcorn, the heating rate should be
      sufficient to bring the grain to popping temperature in a period of 1.5 to
      2.5 minutes. If the grain is heated too rapidly, the temperature at the
      center of the grain remains too low for popping and only the outer portion
      of the grain is expanded, producing a small popped grain with a gritty and
      incompletely popped center. Conversely, if the grain is heated too slowly,
      the moisture within the grain may be driven out before the grain is hot
      enough to expand, resulting in small, tough, popped grain.
PAR  Two heating techniques are commonly used for popping the corn. In one
      method, the grain is exposed to a bath of hot popping oil which surrounds
      the grain and provides a rapid heat transfer to the grain. This "wet"
      popping method, although thermally efficient and relatively simple, coats
      the popped grain with the oil, changing its flavor. An extremely stable
      and indigestible oil must be used to withstand the high temperatures
      (400.degree.-500.degree.F.) necessary to this process. Only about half of
      the expensive oil is delivered with the corn; the rest is lost by
      vaporization or sticks to the pan and to unpopped waste corn. Where the
      popped corn is to be coated with a flavoring, such as butter or caramel,
      the oil may interfere with the coating process.
PAR  In the second method, known as "dry" popping, each grain is heated in the
      optimum period of time while the grain is tumbled in a rotary cylinder to
      insure even heating. When the kernel pops, it is promptly conveyed away
      from the source of heat. All imperfectly popped corn is subsequently
      delivered to a waste bin. This dry popping method eliminates both the cost
      and the taste of the oil used in "wet" popping and produces consistently
      larger kernels.
PAR  Previously known dry poppers have usually utilized a gas flame as the heat
      source. The necessity for rapid heating of the popcorn or other grain has
      dictated the positioning of the heat source directly below the expansion
      chamber or cylinder containing the corn, for reasons of efficiency and
      economic practicality, the corn being heated primarily by convection. For
      the same reasons, the dry popping process has required the direct
      application of heat to the corn or other grain; to this end an expansion
      chamber of perforated metal or of small mesh wire screen, in which the
      corn can be agitated during the popping process, has been utilized.
PAR  A primary problem encountered in conventional dry popping apparatus is the
      fire hazard that is created while the corn is being simultaneously
      agitated and heated, and the related possibility that popped kernels of
      corn may ignite during the short time interval in which they are exposed
      to the flame beneath the popping chamber. Bits of chaff accompanying the
      corn and tiny tips of the corn which break off during agitation fall
      through the perforations in the expansion chamber, burning as they pass
      through the flame or onto the heater. These burning particles also produce
      an additional minor possibility of fire in the waste receptacle, which is
      located below the heater and which also contains partially popped kernels
      of corn dumped into the receptacle following previous popping operations.
PAR  Conventional electrical resistance heaters could be substituted for the gas
      heaters customarily used in dry popping equipment. If this is done,
      however, the plastic nature of the falling waste, when exposed to high
      heat, causes a build-up of material on the resistance heating elements. As
      a consequence, the electrical heaters rapidly lose efficiency or burn out
      prematurely. If heat lamps are employed, instead of resistance heaters,
      the burning waste coats the lamps, with resultant loss in efficiency, or
      may even cause them to break. Thus, electrical heating elements, when
      substituted for conventional gas heaters, are neither efficient or
      economically practical. Furthermore, conventional heat lamps of the
      required high heat capacity are excessively expensive and the replacement
      costs are prohibitive if used in this manner. At present, gas-fired dry
      popping apparatus cannot be used in many locations because of fire
      protection codes. For example, fire codes have precluded the use of dry
      poppers in theaters for many years. The same prohibition apply in many
      large shopping centers. Thus, wet popping has continued in use in many
      applications despite the improved product and increased efficiency that
      can be achieved with the dry popping process.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention, therefore, to provide a
      new and improved electrically heated corn popper or like grain expander,
      for dry expansion of cereal grain, that effectively and inherently
      eliminates or minimizes the problems of previously known apparatus as
      discussed above.
PAR  A particular object of the invention is to provide a new and improved dry
      corn popper or like grain expander that utilizes an electrical heat source
      in a manner which effectively precludes coating of the heating element
      with burning or partially burnt waste products that escape from the
      expansion chamber during the popping process, yet which affords an
      efficient and effective heating operation.
PAR  A particular object of the invention is to provide a new and improved
      electrically heated corn popper or like grain expander for dry expansion
      of cereal grain that presents little or no fire hazard and that can be
      acceptable for use in crowded public locations such as theater lobbies and
      the like.
PAR  A principal feature of the invention is the provision of an electrically
      powered radiant heat source in a dry process corn popper or like grain
      expander, that can operate efficiently even though spaced a substantial
      distance from the grain expansion chamber, substantially completely out of
      the path of any waste which escapes from the expansion chamber.
PAR  A specific object of the invention is to provide a new and improved
      electrically heated corn popper or like grain expander for dry expansion
      of cereal grain that is simple and economical in construction and that
      requires a minimum of maintenance over a long operational life.
PAR  Accordingly, the invention relates to an electrically heated corn popper or
      like grain expander for dry expansion of cereal grain. The grain expander
      comprises a multi-perforate expansion chamber for receiving and retaining
      a supply of cereal grain for expansion, the expansion chamber having a
      main outlet for expanded grain and an auxiliary outlet for unexpanded
      grain and other waste. Agitation means are provided for agitating the
      contents of the expansion chamber, together with discharge means for
      initiating a discharge of unexpanded grain and other waste at a given
      location relative to the expansion chamber. An electrically powered source
      of radiant heat energy is positioned adjacent to but spaced from the
      expansion chamber at a heater position displaced from the waste discharge
      location. Reflector means, located at the heater position, direct radiant
      heat energy from the heat source into the expansion chamber to heat the
      chamber and its contents and to expand the supply of cereal grain
      contained therein.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side perspective view of an electrically heated dry corn popper
      constructed in accordance with one embodiment of the present invention;
PAR  FIG. 2 is a front perspective view of the corn popper;
PAR  FIG. 3 is a sectional view of the expansion cylinder for the corn popper of
      FIGS. 1 and 2, taken approximately along line 3--3 in FIG. 2;
PAR  FIG. 4 is a sectional view of the expansion cylinder taken approximately
      along line 4-4 in FIG. 3;
PAR  FIG. 5 is a sectional elevation view, drawn to an enlarged scale, of the
      electrical heater for the corn popper, taken approximately along the line
      5--5 in FIG. 1;
PAR  FIG. 6 is a detail sectional plan view of the electrical heater taken
      approximately along line 6--6 in FIG. 5; and
PAR  FIG. 7 is a detail perspective view of the interior of the corn popper
      housing, with the expansion cylinder removed, showing the relationship of
      the heat source to the expansion cylinder.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 afford a general illustration of an electrically heated corn
      popper 10 or like grain expander for dry expansion of cereal grain
      constructed in accordance with the present invention. Corn popper 10, as
      shown in FIGS. 1 and 2, is mounted upon a stand or base 11 that includes a
      forward projection 12 supporting a container 13 for receiving and
      temporarily storing the popped corn.
PAR  The electrically heated corn popper 10 includes a rotatable grain expansion
      chamber 21 (FIG. 2) mounted in the upper portion of a housing 22. The
      grain expansion chamber 21 is a cylinder that is mounted upon a cantilever
      shaft 23. At the rear side 24 of popper 10 (FIG. 1), the cylinder shaft is
      connected to a belt drive 25 that is in turn connected to a reversible
      electric motor for rotating the cylinder. The drive for cylinder 21 is not
      critical to the present invention and hence has not been illustrated in
      detail in the drawings.
PAR  The rotary grain expansion cylinder 21 is of convoluted construction,
      formed of metal mesh or other multi-perforate metal, as shown in some
      detail in FIGS. 3 and 4. The peripheral portion 30 of cylinder 21 is
      constructed of a relatively small wire mesh or of perforated metal, and
      extends between two end plates 31 and 32 that are affixed to the cylinder
      shaft 23. The openings in the peripheral member 30 must be small enough so
      that unexpanded grain cannot pass through; No. 8 wire mesh is suitable. As
      best shown in FIG. 4, the outer wire mesh portion 30 of cylinder 21
      extends for slightly more than 360.degree., with overlapping ends
      separated by a waste discharge aperture 33. The inner end of the wire mesh
      30 is connected to one end of a slotted separator plate 34 which extends
      for the full axial length of the popping cylinder 21 but spans only a
      small arcuate portion of the interior peripheral area in cylinder 21. A
      larger wire mesh member 35 is joined to the inner end of separator plate
      34. This inner mesh member 35 is wound in a continuous spiral comprising
      turns 35A and 35B, forming a cone 36, the conical configuration being best
      illustrated in FIG. 3. The openings in member 35 should be large enough to
      pass unexpanded grain, but small enough so that popped grain will not pass
      through the mesh openings or perforations; No. 2 mesh is suitable.
PAR  The internal cone 36 formed by member 35 in expansion cylinder 21 has a
      small end 37 adjacent the rear plate 31 of the cylinder. This cone
      gradually expands forwardly of the cylinder, terminating in a wide front
      end 38. A part of the wide end 38 for the mesh cone is covered by the
      front plate 32 of expansion cylinder 21, leaving an opening 39 in the
      front of popper 10 (FIGS. 1 and 4), through which raw corn is introduced
      and popped corn is discharged. A trim ring 41 encloses the popped corn
      discharge opening 39 and serves as a support for the wide end of mesh 35.
      The cover plates 31 and 32 of cylinder 21 are joined by a series of tie
      rods 43 and the spacing between the cover plates is maintained by a
      plurality of tubular spacers 44 (FIGS. 3 and 4), the spacers 44 being
      mounted on the tie rods 43. The cover plates 31 and 32 are appropriately
      keyed to shaft 23 so that cylinder 21 is rotated when shaft 23 is driven.
PAR  The corn popper or like grain expander 10, as thus far described, is
      substantially conventional in construction and operation, being
      essentially similar to the manually controlled rotary corn poppers
      marketed by Dunbar Manufacturing Co. Inc. as Model Nos. 12, 15, 17 and
      3600. A similar popper, with automated control and corn feed, is disclosed
      and claimed in Goode U.S. Pat. No. 3,450,539, to which the present
      invention may also be applied.
PAR  At the outset, in a corn popping operation, the drive 25 for expansion
      cylinder 21 is energized, rotating the expansion cylinder in the direction
      indicated by arrows A in FIGS. 2 and 4. The heat source for the corn
      popper, which has not yet been described, is then energized and the popper
      is allowed to run for a short period of time to stabilize thermal
      conditions in the popper. With the expansion cylinder 21 heated and
      rotating, the operator charges the popper cylinder with a supply of corn,
      throwing the popcorn into the front or main opening 39 of the cylinder
      when the main opening is just above center in the position generally
      indicated in FIG. 2. In charging popper 10, the operator throws the corn
      toward the right-hand side of cylinder 21.
PAR  With a properly adjusted popper, the corn in cylinder 21, to which heat is
      still applied, begins popping in a period of about two minutes or slightly
      less. In subsequent batches, the initial popping will occur after a
      somewhat shorter interval, usually about 1.5 to 1.8 minutes. When the
      supply of cereal grain, such as corn, is first thrown into the front
      opening 39, it quickly passes through the relatively large openings in the
      internal mesh member 35, coming to rest in the periphery of cylinder 21,
      where it is held by the outer mesh member 30. Throughout the popping
      period, the unpopped corn remains in the peripheral portion of expansion
      cylinder 21, supported by mesh 30, where it is rapidly heated by the
      external heat source. The rotational movement of cylinder 21, which
      rotates continuously during popping, agitates the grain and thus prevents
      localized overheating and consequent burning. Each time the unpopped grain
      tries to move from the external mesh 30 into the conical section of the
      cylinder formed by mesh 35, it passes through mesh 35 and returns to mesh
      30.
PAR  As the kernels of corn pop, however, they expand greatly in size so that
      they are larger than the openings in member 35 and can no longer pass
      through the mesh. As a consequence, the popped corn is carried into the
      conical portion 36 of the expansion chamber, formed by member 35, by the
      rotational movement of cylinder 21. As the popped corn is rotated within
      the conical part 36 of cylinder 21, it is brought into the part of the
      cone aligned with opening 39 and is discharged from the front of cylinder
      21 into the receptacle 13 (FIG. 2).
PAR  The time interval required for popping a supply of corn in expansion
      cylinder 21 is about two minutes. The completion of a popping operation is
      indicated when the sound of the popping corn diminishes to an occasional
      "pop". When the popped corn is completely discharged from the cylinder, as
      described above, the operator can stop the rotation of cylinder 21 and can
      then actuate its reversible drive 25 (FIG. 1) to rotate cylinder 21 in the
      reverse direction indicated in FIG. 4 by arrow B. With cylinder 21
      rotating in the reverse direction, any remaining unpopped kernels and
      partially popped kernels, are discharged from cylinder 21, through opening
      33, into a waste receptacle 47 positioned below drum 21 as generally
      indicated in FIG. 4. Actually, the waste receptacle 47 would be positioned
      at a lower elevation relative to the cylinder. Ordinarily, one or two
      revolutions in the reverse direction will clear cylinder 21 of any waste,
      at which point the popping operation is complete and cylinder 21 can be
      stopped. If further popping is desired, the foregoing sequence of
      operations is repeated.
PAR  In a conventional gas-heated dry popper, the heat source is a gas-fired
      heater located below drum 21 in close proximity to the drum, as generally
      indicated by the dash outline H in FIG. 4. Popper 10, however,
      incorporates a completely different electrical heat source 50 that is
      mounted at the side of the popper shown in FIGS. 1 and 2. Heat source 50
      includes an external housing 51 mounted on popper housing 22 in
      encompassing relation to a large opening 53 in the side wall 52 of the
      popper housing, as best shown in FIGS. 5 and 6. Heat source 50 further
      comprises an internal housing 54, positioned within the main heater
      housing 51, that is also disposed in encompassing relation to the wall
      opening 53 in popper housing 22.
PAR  A reflector 55 is mounted in the open end of the internal housing 54,
      closing off the opening 53 in the popper housing wall. Reflector 55 has a
      back wall 56, two side walls 57 and 58, a top wall 59, and a bottom wall
      61, the top and bottom walls converging toward back wall 56 as shown in
      FIG. 5.
PAR  Three porcelain lamp holders 62 are mounted on one side of the internal
      heat source housing 54, projecting into the space 63 enclosed by the
      internal housing 54 and reflector 55, as shown in FIGS. 5 and 6. At the
      opposite side of heat source 50, three similar lamp holders 64 are mounted
      on housing 54 and project into space 63 (FIG. 6). Each of the lamp holders
      62 and 64 has a capacity of three lamps and each projects beyond one of
      the side walls 57 and 58 of reflector 55. Nine infra-red quartz heat lamps
      65 are mounted in the lamp holders 62 and 64, each lamp 65 projecting
      through the two side walls 57 and 58 of reflector 55, so that all of the
      lamps extend across the interior of reflector 55 (FIGS. 6 and 7).
PAR  The lamps 65 are electrically connected, through their lamp holders 62 and
      64, to three lamp control switches 66 mounted on the outside housing 51 of
      heat source 50; three lamps are connected to each switch. It is not
      essential that three separate switches be used; a single switch can be
      provided for all of the heat lamps 65, but this usually requires an
      excessively expensive high-current switch. As shown in FIG. 1, the
      switches 66 are readily accessible to the operator of corn popper 10.
      Preferably, they are mounted immediately adjacent a suitable reversing
      switch 67 that controls the drive 25 for the popper cylinder 21, so that
      the basic controls for the popper are all accessible at a common location.
PAR  A small centrifugal air blower 68 is mounted on the upper portion of the
      outer housing 51 of heat source 50 (FIG. 1). The outlet of blower 68 is
      connected to an opening 69 in the top of the outer housing 51. The bottom
      wall 71 of housing 51 is provided with a plurality of openings 72 for the
      escape of air blown into housing 51 through opening 69. Air access and
      egress openings 73 and 74 are also provided in the top and bottom walls,
      respectively, of the internal housing 54, to provide for air circulation
      through the space 63 between housing 54 and reflector 55.
PAR  As most clearly shown in FIG. 5, reflector 55 and lamps 65 are positioned
      somewhat below and to one side of expansion cylinder 21, in a position
      displaced from the location at which waste is discharged from cylinder 21.
      This relationship is also illustrated in FIG. 7, in which it is apparent
      that the heat lamps 65 extend for the full length of the housing in which
      cylinder 21 is mounted. An internal reflector 75 is mounted within the
      upper housing 22, in alignment with reflector 55, and serves as a
      continuation of reflector 55, extending to a point closely adjacent the
      periphery of expansion cylinder 21. The upper portion 76 of reflector 75
      is of V-shaped configuration, this construction being employed to afford
      adequate strength for the reflector. The lower wall 77 of reflector 75
      forms a chute having a bottom opening 78 for the discharge of chaff and
      other fine particles that may pass through the mesh 35 at the outer wall
      of cylinder 21 as the cylinder rotates past heat source 50.
PAR  In operation, with cylinder 21 rotating as described above, switches 66 are
      actuated to energize the infra-red heat lamps 65. Lamps 65 produce
      substantial quantities of heat, primarily in the infra-red range.
      Virtually all of this heat is reflected, by reflectors 55 and 75, to
      impinge upon the raw grain 81 in the limited portion of cylinder 21
      instantaneously aligned with the open end of reflector 75. The action of
      the reflectors, in effectively focusing the radiant heat on cylinder 21,
      is generally indicated in FIG. 5 by the arrows C.
PAR  The radiant heat from lamps 65 rapidly heats the popcorn kernels or other
      grain 81. Adequate heat is provided for expanding the grain within the
      limited time period necessary to achieve effective full popping. Any chaff
      or other small-particle waste that passes through the cylinder mesh 30
      cascades down the chute defined by the lower wall 77 of reflector 75. This
      waste does not come into contact with lamps 65, with reflector 55, or with
      reflector element 76. Consequently, reflector 55 and the upper portion 76
      of reflector 75 remain quite clean and require little or no maintenance.
      Occasional cleaning, on an extended time basis (i.e., every six months),
      is adequate to maintain these parts of the reflector structure bright and
      efficient in operation.
PAR  The inner reflective surface of the lower wall 77 of reflector 75 may tend
      to collect some materials discharged from popping cylinder 21, so that
      more frequent maintenance is necessary. Alternatively, the inner surface
      of reflector wall 75 may be covered with aluminum foil 79, oriented with
      the bright side of the foil facing inwardly of the reflector structure. It
      is then a simple matter, when cleaning is required, to replace the used
      foil with a new, clean sheet of foil, promptly restoring the full
      efficiency of the reflector for further operations.
PAR  The electrical circuits for the heat lamps 65 are interlocked with the
      energizing circuit for blower 68 (FIG. 1) so that blower 68 is operated
      continuously whenever the heat lamps are energized. Thus, whenever the
      heat lamps are on, air is blown into housing 51 from opening 69 and passes
      through the housing and out openings 72. This effectively cools the
      electrical components comprising the switches 66 and the outer portions of
      the lamp holders 62 and 64. The air from blower 68 also enters the space
      63, within the internal housing 54, through the top openings 73 (FIG. 5)
      and passes out of space 63 through the bottom openings 74 (FIGS. 5 and 6).
      In this manner, reflector 55 is continuously cooled and the inner portions
      of lamp holders 62 and 64 are also cooled.
PAR  As described and illustrated, heater 50 includes nine infra-red quartz
      lamps, and the heating of the raw corn 81 (FIG. 5) is accomplished by
      radiant heat energy primarily in the infra-red range. Other forms of
      electrically energized radiant heat sources may be employed, particularly
      heat lamps having the capacity for heating the corn rapidly enough to
      achieve popping within a limited time interval as specified above. On the
      other hand, it may be desirable to employ other forms of radiant heat that
      can be effectively directed to impinge upon the corn in a limited band of
      the expansion cylinder 21. Thus, a microwave source with appropriate wave
      guide structure could be employed, although this is likely to be more
      expensive than the infra-red lamps 65.
PAR  On the other hand, convection heaters are not suitable for the grain popper
      of the present invention. A gas heater positioned as shown in FIGS. 5-7,
      for example, would be inherently inefficient and would still present some
      fire hazard, so that the corn popper would not be suitable for use in
      crowded public facilities such as theater lobbies. By the same token,
      conventional electrical resistance heaters are not acceptable for use in
      connection with the invention; most of the heat from heaters of this kind
      is transferred to the encompassing atmosphere by conduction and must reach
      the corn or other grain by convection, an arrangement that is not suited
      to the invention and that retains many of the disadvantages of previously
      known poppers as discussed in detail above.
PAR  The electrically heated corn popper of the present invention provides a dry
      expansion popping operation from which fire hazard is essentially
      eliminated. The popper of the invention is quite suited for use in theater
      lobbies and other crowded public locations. The electrical heating system
      employed is efficient and affords long sustained life with a minimum of
      maintenance. The heat source itself is completely out of the path of any
      waste discharge from the expansion chamber of the popper, so that there
      can be no substantial deposit of burnt or unburnt waste on the heat source
      at any time. Despite the high temperatures achieved in the popping area,
      the outer portion of the heating apparatus, including the lamp holders and
      the back of the reflector structure as well as the external housing for
      the heater itself, are held at a suitable low temperature so that there is
      no danger to the operator of the popper.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrically heated corn popper or like grain expander for dry
      expansion of cereal grain, comprising:
PA1  a multi-perforate expansion chamber for receiving and retaining a supply of
      cereal grain for expansion, the expansion chamber having a main outlet for
      expanded grain and an auxiliary outlet for unexpanded grain and other
      waste;
PA1  agitation means for agitating the contents of the expansion chamber;
PA1  discharge means for initiating a discharge of unexpanded grain and other
      waste at a given location relative to the expansion chamber;
PA1  an electrically powered source of radiant heat energy, positioned adjacent
      to but spaced from the expansion chamber at a heater position displaced
      from the waste discharge location;
PA1  reflector means, at the heater position, for directing radiant heat energy
      from the heat source into the expansion chamber to heat the chamber and
      expand a supply of cereal grain contained therein;
PA1  a popper housing enclosing the expansion chamber, the popper housing having
      a radiant heat admission aperture aligned with the heater position;
PA1  a heater housing, enclosing the radiant heat source and heater position;
PA1  and forced air cooling means for cooling the heat source without
      appreciable cooling of the expansion chamber.
NUM  2.
PAR  2. An electrically heated grain expander, according to claim 1, in which
      the heat source comprises a plurality of infra-red heat lamps.
NUM  3.
PAR  3. An electrically heated grain expander, according to claim 1, in which
      the expansion chamber is a convoluted metal mesh cylinder having a
      horizontal axis, in which the agitation means comprises means for rotating
      the cylinder in a given direction about its axis, and in which the waste
      discharge location is at the bottom of the cylinder and the heater
      position is at one side of the cylinder.
NUM  4.
PAR  4. An electrically heated grain expander, according to claim 2, in which
      the reflector means includes an integral auxiliary waste chute for
      receiving chaff and other minute waste materials passing through the
      cylinder mesh, as the cylinder rotates, and for diverting such waste
      materials past the heater position.
NUM  5.
PAR  5. An electrically heated grain expander, according to claim 3, in which
      the base surface of the auxiliary waste chute is covered with removable
      metal foil to facilitate maintenance of a bright reflective surface.
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ABST
PAL  Different heads containing various arrangements of elongated prongs upon
      which food may be impaled are detachably securable to the end of a handle
      constructed of a plurality of elongated tubular telescopic sections. The
      prongs are parallel to the axis of the handle when the head is attached to
      the handle, and a wire mesh member is detachably securable to the prongs
      in such a manner as to form a perforated grill.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed towards improvements in spits used to cook such
      foods as frankfurters and hamburgers over fires at barbeques and picnics.
PAR  To this end, a handle is constructed of a plurality of elongated tubular
      telescopic sections, which nest inside each other and form an elongated,
      tapered rod when in their fully extended state. One of a plurality of
      heads may be attached to the thinner end of this handle when the handle is
      extended, by utilizing attachment means. The heads all have elongated
      prongs upon which food may be impaled, with different heads having
      different arrangements of prongs for different culinary purposes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a drawing of the handle in its telescoped state;
PAR  FIG. 2 is a drawing of the handle in its extended state;
PAR  FIGS. 3, 4, 5 and 6 show different heads usable in combination with the
      handle of the invention;
PAR  FIG. 7 shows a grill attachment for use with the head depicted in FIG. 3;
      and
PAR  FIG. 8 shows a view taken along the line 8 -- 8 in FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, in which like elements are denoted by the
      same identification numbers in all the figures, a handle such as is shown
      in FIGS. 1 and 2 is constructed of a plurality of elongated telescopic
      tubular sections 10 which nest together to form a compact stack in a
      telescoped state such as is shown in FIG. 1 or a tapered elongated rod in
      an extended state such as is shown in FIG. 2.
PAR  A threaded bolt 20 is disposed at the end of the thinnest handle section,
      as is shown in FIG. 1. On this bolt may be threaded a head such as is
      shown in each of the FIGS. 3 through 6. The bolt is threaded into a tapped
      hole 30 in a ring to which a plurality of elongated prongs 40 are welded.
      Each prong has a sharpened tip 50 at its extremity, and the prongs are all
      bent so as to extend perpendicularly in the same direction out of the
      plane of the ring, in a manner that the exes of all the prongs on a given
      head are parallel to the axis of the handle when the head is attached
      thereto by threading the bolt into the tapped hole. As is shown in FIGS. 3
      through 6, the prongs may be arranged in straight lines, or at the
      vertices of an equilateral triangle or a square.
PAR  A rectangular sheet of wire mesh 60 has a lip 70 around three sides. The
      lip is bent over and extends inwardly beneath the screen as is shown in
      FIG. 8. When the screen is slid over the prongs of the heads shown in
      FIGS. 3 and 4, the outer prongs engage the lip and a flat perforated grill
      is formed.
PAR  While the invention has been described with detailed reference to the
      drawings, the protection sought is to be limited only by the terms of the
      claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A spit, comprising:
PA1  A handle constructed from a plurality of elongated tubular telescopic
      sections;
PA1  a threaded bolt located at an end of the handle;
PA1  a head having a tapped hole and a plurality of elongated prongs upon which
      frankfurters and other foods may be impaled, the prongs being located at
      regular intervals along a straight line so as to be parallel to the axis
      of the handle when the bolt is threaded into the tapped hole and the head
      is thereby detachably secured to the handle; and
PA1  a rectangular wire mesh member having a turned in bent over peripheral lip
      around three adjacent sides, including two long sides, said member being
      detachably secured to the outer prongs by sliding the long sides of the
      member thereover, said outer prongs engaging the lip of said long sides,
      thus forming a flat perforated grill.
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ABST
PAL  An automatic device for the final proofing of dough materials, provided
      with a housing; a number of trays for carrying dough materials, said trays
      being attached to a pair of chains therebetween, and arranged always to
      maintain a substantially horizontal position and to incline in the same
      single direction when left unsupported, said chains being positioned
      within the housing and arranged to move horizontally and make a U-turn to
      a higher level at each end of the horizontal path and, upon completion of
      the movement at the highest level, return to the starting position; a
      number of vertically arranged openings with valves for the supply of
      heated gas and/or wet gas, adapted to free adjustment as to the optimum
      space within the housing for fermentation, thereby enabling the optimum
      fermentation of the dough materials at any given length of time.
PARN
PAR  This application is a continuation-in-part application based upon the
      earlier filed application Ser. No. 137,397, filed Apr. 26, 1971, having
      the title "Automatic Device and Process for Final Proofing", abandoned.
BSUM
PAR  The present invention relates to an automatic device for the final proofing
      of dough materials and the mechanism as to the movement of trays within
      the device.
PAR  More particularly, the present invention relates to an automatic final
      proofer for dough materials such as bread dough, wherein the temperature
      and humidity are freely adjusted and, especially, to an automatic final
      proofer, which permits free adjustment of the proportion within the
      housing of the space at the optimum temperature and humidity, which is
      positioned on the uppermost levels.
PAR  Conventionally, the final proofing process has consisted of keeping in a
      housing commonly called a final proofer dough material divided into pieces
      and preformed for a certain length of time at the optimum temperature,
      i.e., commonly 40.degree.-45.degree.C, and the optimum humidity, i.e.,
      commonly 70-90%, and taking out the dough materials when sufficient gas
      has been formed therein by the action of yeast fungi.
PAR  The optimum temperature and humidity within the final proofer and the
      optimum length of time for proofing, however, differ depending upon the
      kind of material. On some occasions, the length of time for proofing often
      varies depending upon the temperature of the material to be fed into the
      proofer, even if the composition of the materials is the same.
PAR  The automatic final proofer in the past has been made to adapt to these
      various conditions by varying the residence times of materials within the
      proofer. In the present-day baking industry, where the final proofing
      process is a process linked in a series of automatic processes, wherein
      bread dough is divided and formed by a machine at a predetermined speed
      and the baking process after the final proofing process is also conducted
      at a predetermined speed, it is very disadvantageous that the length of
      time for final proofing varies from occasion to occasion. It has been
      impossible to prepare different kinds of bread requiring widely different
      lengths of time for fermentation on the same single production line.
PAR  The present invention eliminates these disadvantages and provides a device
      which enables an automatic final proofing process far more efficient than
      that provided by the conventional devices.
PAR  According to the present invention, an automatic final proofer is provided
      which comprises a conveyor arranged to move upwards in a housing having in
      its wall a plurality of vertically distributed adjustable openings for the
      supply of heated gas and/or humid gas. More particularly, the device
      according to the present invention comprises a housing and a pair of
      chain-belts, which chain-belts are arranged to move within the housing
      carrying preformed dough materials; characterized by a number of
      vertically distributed openings on the wall of the housing for the supply
      of heated gas and/or humid gas, thereby permitting to determine freely the
      proportion within the entire housing of the space to be at optimum
      temperature and humidity which space is positioned on the uppermost
      levels. Again, the present invention provides a method for the final
      proofing of preformed dough materials for any given length of residence
      time of the dough materials, comprising moving the dough materials fed
      into the housing gradually upwards and supplying adjustable heated gas
      and/or humid gas into the housing from a plurality of vertically
      distributed openings.
PAR  The present invention also provides a mechanism for the movement of trays
      connected to said chain-belts for carrying dough materials, said trays
      being arranged to move without losing equilibrium in their horizontal
      movements and movements to upper levels through the entire passage within
      the housing.
PAR  More particularly, the mechanism in the present invention comprises trays,
      each of which is supported on its opposite sides by a pair of pins each
      projecting from a joint of each of a pair of chain-belts, the trays being
      thereby adapted to move by the movement of the chain-belts, each said tray
      being rotatable with the pins as the axes of rotation and said tray being
      weighted differently between the forward and rearward ends so as to make
      said tray incline in a fixed direction when hung on the pins; a sprocket
      for each of said chain-belts at each end of any of the horizontal paths of
      said chain-belts for the upward turns of the chain-belts; lever means,
      positioned at one end of said horizontal path, for supporting the weighted
      end of the tray; means, positioned at the other end of said horizontal
      path, to hold down the lighter end of the tray; and a horizontal support
      rail or rails laid along the substantial length of each of said horizontal
      paths to support said trays.
PAR  In a preferred embodiment of the present invention, the device has at a
      lower portion of the forward end of the housing an intake for dough
      materials placed on a plate carried forward to a place adjacent to the
      intake by a conveyor belt. The housing contains a pair of chain-belts
      positioned parallel to each other, which belts move horizontally from the
      intake to the rear of the housing, where said belts make a U-turn at a
      pair of sprockets to the second horizontal path higher than the first path
      by substantially the length of the diameter of the sprockets. The
      chain-belts make another turn at the end of the second path to a higher
      horizontal path and repeat the same process to the uppermost portion of
      the interior of the housing. After covering the uppermost path, the
      chain-belts turn at a pair of sprockets for a downward movement, passing
      through a take-out for the fermented dough materials on the plate and
      after arriving at the lowermost portion of the housing, return to the
      intake portion. The chain-belts are arranged to continue an endless
      circulation movement.
PAR  At each pair of sprockets to which the weighted end of the tray approaches
      in the movement of the tray towards the sprockets, there is a lever,
      positioned adjacent to one or both sprockets of each pair, the upper end
      of which lever is connected swingably to a fulcrum positioned upwardly and
      outwardly of a chain-belt and the other end of which is provided at a
      level slightly lower than the bottom of the tray with a hook projecting
      horizontally. When a pin of the chain-belt connected to the tray contacts
      the lower surface of the lever, along with the semi-circular upward motion
      of the pin of the chain-belt caused by the turn of the sprocket, the lever
      is caused to swing upwards and the hook catches the forward portion of the
      lower surface of the tray where the tray is weighted, and thereby prevents
      the lowering of the weighted end of the tray which is leaving the support
      rails when the chain-belts make a turn.
PAR  Adjacent to each pair of sprockets to which the lighter end of the tray
      approaches, there is a balancer means in the form of a plate for instance,
      which holds down the lighter portion of the tray which tends to be lifted
      up when it leaves the support rails along with the upward semi-circular
      motion of the pin connected to the tray.
PAR  Where the chain-belts turn for the downward movement there is provided a
      guide chain-belt which comes in contact with the lighter end of the tray
      at the portion of the belt which is sloped so as to prevent the tray from
      losing balance when the tray turns at right angles around the sprockets.
      The said guide chain-belt may be provided in duplicate to hold the tray at
      two places.
PAR  A further chain-belt is provided vertically along substantially the entire
      distance of the downward movement of the tray adjacent to the path of the
      lighter end of the tray. The said chain-belt moves at the same speed as
      the downward movement of the tray and is provided, at certain intervals
      which correspond to the position of the trays, with hooks, which, while
      the chain-belt is in motion, are positioned in such a manner that each of
      the hooks holds down the lighter end of each tray. The said vertical
      chain-belt may be in duplicate. At a certain position in the zone for the
      downward movement of the trays there is provided a take-out belt, whose
      inward end catches the plate laid with dough materials at the recess
      formed in the tray and conveys the plate forward to a further processing
      station.
PAR  At the lowermost place in the housing where the tray turns its direction
      from the downward movement to a horizontal movement, the weighted end of
      the tray will be slidably placed upon the support rails before the lighter
      end leaves the hook of the vertical chain-belt.
PAR  Outside the housing, there is provided means to supply heated gas and/or
      humid gas to the interior of the housing. The streams of gas are arranged
      to be fed into the housing through a number of openings distributed
      vertically along the side of the housing. It is further arranged that the
      openings can be freely selected for the feeding of the required gas for
      desirable lengths of time.
PAR  The device for the feeding of heated and/or humid gas may be of any
      conventional form. According to a preferred embodiment, heated steam from
      a boiler is conveyed through a pipe to a radiator for lowering the
      temperature of the steam and increasing the humidity to 100%. Dry air from
      a blower is made to pass a heater for heating. Each of the two lines for
      the humid steam and the heated dry air respectively is connected to a
      manifold being connected to the openings. Each of the openings may receive
      both the heated air and the humid steam, or independent opening may be
      provided for each of the streams of gas at adjacent places.
PAR  A motor-operated valve is provided for each of the heated air lines and the
      humid steam lines near the opening for each line. Also provided are a
      humidity detector and a temperature detector near each of the openings
      inside the housing so as to adjust the temperature and humidity of gas fed
      into the housing appropriately. These detectors detect respectively the
      temperature and humidity at certain levels of the interior of the housing.
      A temperature regulator and a humidity regulator provided with respect to
      each of the openings, compare the detected temperature and humidity with
      those indicated by the regulators, and transmit signals to the
      motor-operated valves, which, pursuant to the signals, open or close or
      otherwise control the lines.
PAR  In this manner, depending upon the requirements for fermentation, the
      optimum temperature and humidity zone may be formed in the upper most
      portion of the proofer by merely adjusting the automatic temperature and
      humidity regulators, and the optimum zone may be extended towards the
      lower levels of the proofer as the case may be. It is desirable that the
      optimum zone should be formed from the uppermost level of the proofer
      downwards. This prevents convection within the proofer. Since also the
      chain-belts move upwards, there is no counterflow of the air within the
      proofer which would take place, in case the chain-belts move downwards,
      because of the downward motions of the trays when they make turns for
      lower positions or otherwise.
PAR  Since, in the present invention, the length of time for proofing is
      determined by the proportion of the optimum temperature and humidity zone
      within the proofer, the length of the residence time for dough materials
      in the proofer need not be changed depending upon the requirements of
      fermentation contrary to the conventional devices. Also, the residence
      time of dough materials can be determined in conformity with the velocity
      of operations preceding and subsequent to the proofing process, because
      the temperature and humidity conditions within the proofer can be freely
      regulated. The present invention, thus, will bring about substantially
      complete automatic production lines of baking plants.
PAR  The present invention has also been successful in providing an improvement
      in the fermentation of dough materials. According to the present
      invention, temperatures within the proofer can be adjusted so as to
      increase the temperature gradually from the bottom to the uppermost level
      of the interior of the housing and this enables the exposure of the dough
      materials entering the proofer at a lower level to gradually higher
      temperatures along with the movement of the tray and along with the lapse
      of time. By this manner, the volume of a dough material substantially
      increases as compared the conventional fermentation process, wherein a
      dough material is merely placed in an atmosphere set at a uniform
      temperature and humidity. An experimentation conducted by the inventor on
      pieces of bread dough indicated an increase of 10%.
PAR  Another advantage of the present invention is that it has solved the
      problem as to how to maintain in equilibrium the horizontally spread out
      trays hung from a pair of chain-belts not only during the horizontal
      movement but also during turning motions by a combination of weighting on
      one end of the tray and counterbalancing means when the tray leaves the
      support rails.
PAR  An object of the present invention is to provide a device for the automatic
      final proofing of dough materials.
PAR  Another object of the present invention is to provide a device for the
      automatic final proofing which enables the obtaining of desired
      fermentation by adjusting fermentation conditions under a given residence
      time for dough materials.
PAR  A further object of the present invention is to provide a device for the
      automatic final proofing which enables the imparting of the optimum
      fermentation to dough materials by maximizing the length of movement of
      trays carrying dough materials within the proofer per given residence time
      and by forming the optimum temperature and humidity zone in the desired
      proportion as against the entire space within the proofer.
PAR  A still further object of the present invention is to provide a device for
      the automatic final proofing which enables uninterrupted feeding of dough
      materials and uninterrupted taking out of the proofed dough materials in a
      baking production line.
PAR  It is also an object of the present invention to provide a mechanism which
      enables the safe and smooth movement of trays within the proofer to meet
      the above objects.
DRWD
PAR  The above, and other objects, features and advantages of the invention will
      be apparent in the following detailed description of illustrative
      embodiments thereof which is to be read in connection with the
      accompanying drawing wherein:
PAR  FIG. 1 is a partially broken away, schematic, front view of an embodiment
      of the present invention showing the interior of the housing of a final
      proofer and the arrangement of the pipes for the supply of heated and/or
      humid streams of gas;
PAR  FIG. 2 is a schematic cross-sectional side view of the heated and humid gas
      supply device and the final proofer;
PAR  FIG. 3 is a schematic view showing the mechanism for the regulation of
      heated and/or humid streams of gas;
PAR  FIG. 4 is a front view of an operation panel showing the arrangement of the
      temperature and humidity indicators;
PAR  FIG. 5 is a perspective view showing the construction of the tray and its
      relationship with the chain-belts;
PAR  FIG. 6 shows the mechanism of the intake;
PAR  FIGS. 7, 8 and 9 show the mechanism to support the weighted end of the tray
      at its upward turn;
PAR  FIG. 10 shows the mechanism to support the lighter end of the tray at its
      upward turn;
PAR  FIG. 11 shows the mechanism of the take-out; and
PAR  FIG. 12 is a cross-sectional rear view of an embodiment of the present
      invention focusing on the movement of trays.
DETD
PAR  Referring to FIG. 1, the housing 1 is made of a heat insulating material. A
      pair of parallel chain-belts 2, of which the front belt is seen in the
      drawing, runs within the housing 1. The chain-belts 2 runs in the drawing
      from right to left on the second path from the bottom of the housing
      separated by a horizontal wall from the lowest path. The chain-belts 2,
      then, turn upwards at the left side of the housing 1 near the heat
      insulating wall 10 around a sprocket 5 in the direction of an arrow, and,
      after a number of horizontal movements and upward turns, downward movement
      and a final horizontal movement through the lowermost path, return to the
      starting position. A number of trays 3 are hung from the chain-belts. The
      trays 3 take up divided and preformed dough materials 4 placed on plates
      34 at the intake 8 from the feedin conveyor belt 6, and transport them
      through the entire paths within the housing, and feed them out at the
      take-out 9 onto a take-out conveyor 7 after completion of the fermentation
      of the dough materials. The conveyor 7 takes up the dough materials
      together with the plate 34 on which the dough materials are placed. The
      path adjacent to the intake 8 is separated from the immediately upper path
      by a heat insulating wall 11.
PAR  The pipes 12 supply heated and/or humid gas into the housing, and are
      arranged vertically. Depending upon the length of the proofer, the pipes
      12 may be provided in plural vertical arrangements. The arrangement of the
      pipes 12 need not be in a vertical line. So long as the pipes are
      distributed in the vertical direction, a staggered arrangement or
      otherwise may also be satisfactory.
PAR  Referring to FIG. 2, the boiler 13 ordinarily supplies steam at the
      temperature of 120.degree.C. The pipe connected to the boiler 13 conveys
      steam to a radiator 16, which lowers the temperature of the steam and
      raises the humidity to 100% and then feeds the humid steam to the humid
      steam supply pipe 14. Dry air fed from a blower 47 passes through a heater
      17, which commonly set at 200.degree.C and heightens the temperature of
      the air, thereby forming a stream of heated and dried gas. The gas then
      flows through the heated air supply pipe 15. The pipes 14 and 15
      respectively branch off at manifolds to form as many lines as the number
      of openings and are eventually connected to the corresponding openings. On
      each of the pipes 14 and 15 is provided near the housing a motor-operated
      valve 18 and 21 respectively. The drawing indicates an embodiment wherein
      each pipe 14 and each corresponding pipe 15 are combined to form a single
      pipe 12 immediately before the corresponding opening. The two pipes,
      though, may have individual openings without being combined to form a
      single pipe 12.
PAR  The humidity detector 20 positioned inside the outer wall of the housing,
      as seen in FIG. 3, detects the humidity within the proofer, and sends a
      signal to the humidity regulator 19 through a humidity signal line 48. The
      humidity regulator 19 compares the detected humidity with the desired
      humidity indicated by the regulator. In case there is a difference between
      the detected humidity and the desired humidity, the humidity detector 19
      sends an instruction signal, through a motor-operated valve instruction
      line 49, to the motor-operated valve 18, which controls the pipe 14. A
      similar function is achieved by a combination of the temperature detector
      23 inside the outer wall of the housing, a temperature signal line 50, the
      humidity regulator 22, a motor-operated valve instruction line 51 and the
      motor-operated valve 21 so as to control the pipe 15.
PAR  There is a set of a temperature regulator and a humidity regulator and also
      a set of a temperature detector and a humidity detector for each pipe 12.
      Whereas each set of detectors 20 and 23 should be positioned adjacent to
      each pipe 12 in the same positional relationship, so as to be able to
      detect the effect of the heated and/or humid streams of gas precisely, the
      regulators 19 and 22 may be arranged systematically and in a compact
      manner on the operation panel 24.
PAR  The operation panel board 24 in FIG. 4 is divided horizontally into six
      sections 25, 26, 27, 28, 29 and 30, each horizontal section corresponding
      to each of the vertically arranged pipes 12. The uppermost section 25
      controls the uppermost level of the interior of the proofer, which is fed
      with the gas coming through the uppermost pipe 12. The second highest
      section 26 corresponds to the second highest level of the proofer and so
      forth.
PAR  The substantial portion of the panel board 24 is vertically divided into
      six sections, which from left to right in the drawing, are for the
      proofing time indicators, the pilot lamps, the temperature regulators, the
      detected temperature indicators, the humidity regulators and the detected
      humidity indicators. The proofing time indicator indicates the specific
      horizontal sections required for an operation of the proofer to complete
      the proofing of a certain number of dough materials at a given length of
      time. In case 3,000 pieces of dough material are to be processed in ten
      minutes, the horizontal section 25 is to be chosen. In case the same
      number of dough materials are to be processed in 20 minutes, the
      horizontal sections 25 and 26 are to be selected. In case 6,000 pieces of
      dough material are to be processed in ten minutes both sections 25 and 26
      are to be operated. When the two sections 25 and 26 are used, pilot lamps
      for these sections are lit during operation. The other four vertical
      sections are self-explanatory. The lower portion of the panel board 24
      provides a proofer velocity regulator which controls the velocity of the
      chain-belts.
PAR  Referring to FIG. 5, the tray 3 is rotatably held on two sides by pins 31,
      31' fixed in joints on each of the chain-belts 2, 2'. The tray 3 has a
      weight 32 as also seen in FIG. 11. The weight 32 imparts to the tray an
      imbalance as to the weight of the forward and rearward portions of the
      tray. In an embodiment of the present invention, the weight 32 is affixed
      to the end of the tray closer to the intake 8 along with the entire length
      of the end.
PAR  The tray has a wide flat surface for carrying dough materials, and
      therefore, if the tray was not equipped with the weight 32 and was hung
      from the pins 31, 31' without any other support, not only would it be
      impossible to keep the tray always horizontal but also the tray would be
      inclined in either direction in various degrees depending upon the
      frictional resistance of the pins of the chain-belts supporting the tray
      and the individual location of the dough materials on the tray and so
      forth. If such is the case, the tray cannot make any steady turn at the
      sprockets 5 without losing equilibrium after leaving the support rails.
      The present invention has solved the problem by making the tray incline
      always in the same direction by providing it with the weight 32 and
      counterbalancing the tray when it leaves the support rails by means such
      as levers and hold plates.
PAR  The tray 3 is supported on its horizontal path by a pair of support rails
      33, 33'. One of the support rails may be omitted and a single rail may be
      positioned in the middle of the horizontal path depending upon the design.
      The support rails 33, 33' not only support the tray 3 horizontally during
      its horizontal movement, but also prevent the chain-belts 2, 2' from being
      bent by the weight of the tray. This enables the design of a proofer with
      long horizontal paths. The rails 33, 33' can be replaced by roller
      conveyors.
PAR  The dough materials 4 laid on the plate 34 are carried forward by the
      conveyor 6 to the intake 8 of the proofer and placed on a receiver 35 as
      shown in FIG. 6 and FIG. 12. The tray coming upwards from below the
      receiver 35 along with the turn of the chain-belts 2, 2' takes up the
      plate 34 for final proofing. In order to facilitate the operation, the
      tray 3 has a recess 46 narrower in width than the plate 34 but wider in
      width than the receiver 35 and in such a form that, when the tray 3 makes
      an upward motion, it moves past the receiver 35 in such a positional
      relationship that the receiver 35 is surrounded by the recess 46 on three
      sides when the tray 3 comes into the same level as the receiver 35. Since
      the plate 34 is wider than the recess 46, it is picked up by the tray 3
      for further processing.
PAR  Referring to FIGS. 6 through 9, a lever 36 is positioned near a sprocket 5
      adjacent to the intake. A lever may be provided for each of the pair of
      chain-belts. The lever 36 is supported swingably at the fulcrum 37 fixed
      to a wall of the housing at a position upwardly and outwardly from a
      chain-belt 2. At the other lower end of the lever 36 there is a hook 38
      projecting horizontally and inwardly from the lever 36. The hook 38 is
      ordinarily positioned slightly lower than the upper surface of the support
      rail 33. A slot may be provided in the support rail to receive the hook
      38.
PAR  The lever 36 functions to hold up the weighted end of the tray 3 when it
      leaves the support rails 33, 33' as it takes an upward turn and to convey
      the tray to the support rails of the horizontal path immediately above the
      path from which the tray leaves.
PAR  As a tray approaches the end of the horizontal path carried by the pins 31
      of the chain-belts, a pin touches a portion of the bottom surface of the
      lever, and lifts the lever when the pin turns upwards by the circular
      motion of the sprocket 5. When the lever 36 turns upwards around the
      fulcrum 37, the hook 38 touches a portion of the bottom surface of the
      tray on the side of the end where a weight 32 is affixed. A portion of the
      bottom surface constitutes a cam surface 39. It modifies the uneven rate
      of elevation of the hook 38 caused by the changes in the rate of elevation
      of the pin 31, which follows in its upward movement the semi-circular
      curve the sprocket delineates, and thus keeps the tray substantially
      horizontal all the way through its U-turn movement.
PAR  When the upward turn of the tray is completed, the lever 36 falls down to
      take its original position, losing the support of the pin 31. A hold plate
      40 holds the lighter end of the upper surface of the tray on either side
      thereof to keep the equilibrium of the tray after the hook 38 of the lever
      leaves the bottom surface of the tray. Similar devices can be provided at
      each of the sprockets 5 to which the weighted end of the tray approaches.
PAR  On the other end of the second horizontal path, there is a balancer plate
      41, which can also be plural. The mechanism of the balancer plate is
      illustrated in FIG. 10. The bottom surface of the plate 41 is sloped so
      that its end adjacent to the end of the horizontal path is lower than the
      other end, in such a degree as to keep the tray leaving the support rails
      as horizontal as possible. The lower surface of said plate 41 constitutes
      an inclination connecting a point which the lighter end of the tray
      contacts when the tray makes an upward turn around the sprocket before the
      tray inclines to such a degree that the safety of transportation becomes
      disturbed and a point from which the lighter end of the tray disengages
      the contact after the upward turn of the tray and when the weighted end
      thereof lands on the support rails of the upper horizontal path at angles
      such that the tray does not incline so as to disturb the safety of
      transportation.
PAR  When the chain-belts 2, 2' make an upward U-turn around the sprocket 5, the
      weighted end of the tray 3 remains on the support rails and the lighter
      end swings up. The balancer plate 41 minimizes the upward motion of the
      lighter end of the tray to secure the safe transportation of the dough
      materials. By the coaction between the semi-circular motion of the
      sprocket 5 and the slope of the balancer plate 41, the tray can maintain
      substantially horizontal positions, or at least safe positions for the
      holding in place of the dough materials, during the entire semi-circular
      movement and before the weighted end lands on the support rails on the one
      level higher horizontal path. The inclination of the bottom surface of the
      balancer plate 41 may either be straight or curved or otherwise so long as
      the plate 41 satisfies the above function.
PAR  It seems impossible to avoid a little inclination of the tray during its
      turning movement with its lighter end engaging the balancer plate 41. The
      following formula, however, may minimize the inclination .alpha.:
EQU  a + b &gt; r
PAL  wherein "a" is a distance between the weighted end of the tray and the
      point of the tray immediately below the pin 31; "b" is a distance between
      the lighter end of the tray and the point of the tray immediately below
      the pin 31; and "r" is the diameter of the sprocket 5. Further, the
      greater the difference between "a + b" and "r", the smaller the
      inclination of the tray. There is no requirement as to the relationship
      between the lengths of "A" and "B" as far as the above turning motion is
      concerned. Incidentally, in case of the turn at the intake, it is
      desirable that "a" is larger than "b" when "a + b" is fixed because it
      minimizes the initial inclination of the tray.
PAR  According to an example of the present invention, the maximum inclination
      .alpha. at the turn by the balancer plate 41 was 7.degree. in a tray 3
      carrying a rectangular plate 34 of 750 mm .times. 520 mm with its longer
      sides aligned with the direction of the movement of the tray, when "a" was
      400 mm, "b" was 400 mm, "c" (the distance between the center of the pin
      and the bottom of the tray immediately below the pin) was 25 mm, and "r"
      was 160 mm. Also, in the case of the turn by the lever 36, there was
      momentarily an inclination of 6.degree. at the initial stage of the turn
      under the same conditions as above, and there was no inclination at all
      during the entire remaining turning motion. The inclinations to the extent
      above do not impart any inconvenience to the transportation of dough
      materials. An experiment has confirmed that the tray can be inclined up to
      15.degree..
PAR  The guide chain 42 is provided at the corner of the housing 1 where the
      tray 3 makes a turn from a horizontal movement to a downward movement. The
      chain 42 is designed to hold down the lighter end of the tray to keep it
      horizontal when the weighted end of the tray leaves the support rails and
      the tray completes its turning motion. The lower surface of the chain
      where the lighter end of the tray 3 contacts has an inclination connecting
      a point which the lighter end of the tray contacts before the weighted end
      of the tray leaves the support rails of the uppermost horizontal path and
      a point which the lighter end of the tray contacts when the tray is about
      to start its downward movement.
PAR  A vertical chain-belt 43 is driven by sprockets 45 and 45' adjacent to the
      vertical path of the tray for its downward movement. The chain-belt 43
      moves down at the same velocity as the chain-belts 2, 2' and is provided
      with hooks 44 at certain intervals. The hook 44 holds the lighter end of
      the tray and keeps the tray horizontal during its downward movement.
PAR  At a certain point of the downward path of the tray, the tray passes the
      take-out section 9 as illustrated in FIG. 11. The inward end of the
      take-out conveyor 7 picks up the plate 34 from the tray. The conveyor 7 is
      located in a vertically overlapping positional relationship with the tray.
      The takeout operation is facilitated by the recess of the tray provided in
      such a space that the tray may freely pass the conveyor 7 when the tray
      moves past the conveyor, thereby enabling the conveyor to pick up the
      material carrying plate 34 from the tray.
PAR  The chain-belts 2, 2', at the lowest position of the downward path, make
      the tray turn from its downward movement to a horizontal movement around a
      sprocket, to return to the intake section, as illustrated in FIG. 12. Upon
      the weighted end of the tray being placed upon the support rails 33, the
      lighter end of the tray leaves the hook 44, caused by the conveyance of
      the tray away from the hook 44 by the turning of the sprocket.
PAR  Although the embodiments have been described in detail herein, it is to be
      understood that the present invention is not limited to the above and that
      various changes and modifications may be effected therein without
      departing from the spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for the automatic proofing of preformed dough materials placed
      on a conveyor in a housing, said conveyor being arranged to move upwards,
      comprising a plurality of vertically distributed adjustable openings in
      the wall of the housing for the supply of gas, and, associated with each
      of a plurality of the openings, a temperature detector, a first group of
      motor operated valves, and a temperature regulator, wherein the first
      motor operated valves are controlled by the said temperature regulators;
      and associated with each of a plurality of the openings, a humidity
      detector, a second group of motor valves, and a humidity regulator,
      wherein the second motor operated valves are controlled by the said
      humidity regulators, a separate means to supply heated gas and separate
      means to supply humid gas, first means to convey said heated gas to a
      plurality of said openings, second means to convey said humid gas to a
      plurality of said openings, wherein said motor-operated valves are in each
      of said first and second conveyance means, each said temperature regulator
      associated with each of the first conveyance means, each said humidity
      regulator associated with each of the second conveyance means, and means
      to compare the humidity and temperature detected by said detectors at each
      opening with the humidity and temperature selected by said regulators and
      to transmit signals to the motor-operated valves to adjust the said
      openings.
NUM  2.
PAR  2. A device for the automatic proofing of preformed dough materials, said
      device comprising a housing having a side wall, means to convey said
      preformed dough materials into said housing and upward within said housing
      and out of said housing, a gas supply, a plurality of vertically
      distributed openings in said side wall, a plurality of gas passage means
      each connecting at least one of said openings to the supply of gas, a
      plurality of temperature detectors to detect the gas temperature at
      different levels within the housing and each temperature detector
      producing signals, a plurality of humidity detectors within the the
      housing to detect the humidity at different levels within the housing and
      each producing signals, a plurality of motor operated valves each located
      in a gas passage means to control the supply of gas to an opening, said
      motor operated valves being operated by the signals transmitted from one
      or more of the said detectors, whereby the preformed dough materials are
      conveyed upwards within the housing through stratified and adjustable
      zones of controlled temperature and humidity so that fermentation may be
      completed near the top zone within the housing.
NUM  3.
PAR  3. A device as in claim 2 and further comprising a predeterminable
      temperature regulator in which the temperature may be predetermined, a
      predeterminable humidity regulator in which the humidity may be
      predetermined, and means to compare the humidity and temperature detected
      by said detectors with the humidity and temperature predetermined by said
      regulators and to transmit signals to the said motor-operated valves.
NUM  4.
PAR  4. A device for the automatic proofing of preformed dough materials, said
      device comprising a housing having a side wall, means to convey said
      preformed dough materials into said housing and upward within said housing
      and out of said housing, a humid gas supply, a heated gas supply, a
      plurality of vertically distributed adjustable openings in said side wall,
      a first plurality of gas passage means each connecting a plurality of said
      openings to the supply of heated gas, a second plurality of gas passage
      means each connecting a plurality of said openings to the supply of humid
      gas, and means to control said two gas supplies, whereby the preformed
      dough materials are conveyed upwards within the housing through stratified
      and adjustable zones of controlled temperature and humidity so that
      fermentation may be completed near the top zone within the housing.
NUM  5.
PAR  5. A device for the automatic proofing of preformed dough materials, said
      device comprising a housing having a side wall, means to convey said
      preformed dough materials into said housing and upward within said housing
      and out of said housing, a first and a second gas supply, a plurality of
      vertically distributed adjustable openings in said side wall, a plurality
      of gas passage means each connecting one of said openings to both supplies
      of gas, a plurality of temperature detectors within the housing to detect
      the temperature of the gas within the housing at different levels and each
      temperature detector producing signals, a plurality of humidity detectors
      within the housing each producing signals to detect the humidity at
      different levels within the housing, a plurality of motor operated valves
      each located in a gas passage means to control the supply of each gas to
      an opening, said motor operated valves being operated by the signals
      transmitted from one or more of the said detectors, whereby the preformed
      dough materials are conveyed upwards within the housing through stratified
      and adjustable zones of controlled temperature and humidity so that
      fermentation may be completed near the top zone within the housing.
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ABST
PAL  A bale tying mechanism is driven through a clutch that is controlled by a
      trip mechanism that actuates the clutch when the bale reaches a certain
      size. The trip mechanism includes a trip arm that swings between a stop
      position, that is established by an adjustable stop on the trip arm, and
      an upward, trip position, wherein it causes engagement of the clutch and
      the actuation of the tying mechanism. The arm drops from its trip position
      to its stop position after engagement of the clutch and is swung upwardly
      from the stop position to the trip position for engagement by a wheel that
      is rotated in response to increasing length of a bale, the wheel
      disengaging the arm initially after the trip arm causes the actuation of
      the clutch to permit the arm to drop against the stop. A latching device
      is provided between the wheel and the stop to prevent the arm from
      bouncing off the stop until it is engaged by the wheel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an agricultural harvesting machine for baling hay
      or the like, and more particularly to a control mechanism for actuating a
      bale tying mechanism and controling the length of the bale.
PAR  An agricultural baler conventionally includes a mechanism for tying a bale
      with either twine or wire after the bale has reached a predetermined
      length, after which the bale is discharged from the baler. The tying
      mechanism is conventionally driven at appropriate intervals through aa
      single revolution clutch, that is engaged by actuation of a tripping
      device responsive to the length of the bale. Most current balers utilize
      similar tripping devices that measure the length of the bale and actuate
      the clutch when the bale reaches the predetermined size, the original
      tripping mechanism of this type being developed in Germany and being
      widely used because of its simplicity. U.S. Pat. No. 2,988,115 shows a
      bale tying mechanism and tripping device of the above general type, and
      U.S. Pat. No. 3,371,596 also discloses a tripping mechanism of the above
      type.
PAR  Generally said tripping devices utilize a vertically swingable trip arm
      that is swung upwardly by engagement with a wheel that is driven by a bale
      measuring wheel that rotates as the bale increases in length. When the arm
      reaches its tripping position, it permits the actuation of a clutch, that
      in turn actuates the tying mechanism. After the clutch is actuated, means
      are provided for moving the wheel out of engagement with the arm, which
      permits the trip arm to fall until a stop on the trip arm engages the
      wheel, following which the wheel again engages the arm to raise the arm
      and repeat the cycle for another bale. Conventionally the stop on the arm
      is adjustable to vary the distance that the trip arm has to be swung
      before it again actuates the clutch and to consequently vary the length of
      the bale.
PAR  One problem with the above devices resides in the fact that as the trip arm
      falls against the stop, the natural resilience of the parts causes the arm
      to bounce, and if the wheel again engages the arm while the arm has
      bounced off the wheel, the next bale will be shorter in length since the
      arm will not have to travel so far before it again reaches the trip
      position. Also, the fields in which the balers are operated are generally
      relatively rough, and the roughness is compounded by the increasing speed
      at which the balers are operated, so that the entire machine is frequently
      bouncing, which causes the trip arm to bounce on the stop when it is free
      of the wheel. Thus, if the baler strikes a substantial hole or a bump
      while the trip arm is free of the wheel, it is possible that the wheel
      will engage the arm a substantial distance away from the stop, again
      causing the next bale to be substantially shorter. The resulting irregular
      bale lengths has presented more of a problem recently with the increasing
      use of automatic bale handling machines, which require a relatively
      uniform bale size.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided an improved trip
      mechanism for controlling the length of a bale on an agricultural
      harvesting machine. More specifically, there is provided an improved
      tripping mechanism of the above general type, the improvement residing in
      the provision of means for eliminating the bouncing of the trip arm when
      the arm is free of the drive wheel.
PAR  Still more specifically, a latching device is provided for releaseably
      holding the trip arm in its lowermost or stop position when the trip arm
      is free of the drive wheel, so that the arm does not bounce away from its
      stop position.
PAR  An important feature of the invention resides in the durability and
      simplicity of the anti-bounce device and in the adaptability of the
      anti-bounce device to present bale tying control systems.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the left side of a baler at the rearward
      end of the bale case showing the clutch for actuating the tying mechanism
      and the tripping mechanism for controling the clutch.
PAR  FIG. 2 is an enlarged vertical section looking rearwardly along the baler
      and showing the adjustable stop on the tripping mechanism and the
      anti-bounce mechanism for the trip arm.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is embodied in an agricultural baler having a fore and aft
      bale case 10, only a portion of which is shown in FIG. 1. The bale case
      has an upright side wall 12 and a horizontal top 14. As is well known, the
      bale case has a rectangular cross section, and a bale is formed in the
      bale case by a reciprocating plunger which compresses successive charges
      of hay or the like into a bale, which moves rearwardly in the bale case as
      it is being formed. Upon completion of the bale, it is tied by means of a
      tying mechanism, which ties a knot in strands of twine that are wrapped
      around the bale in a twine type baler, or twist the ends of wires together
      that are wrapped around the bale in a wire type baler. A tying mechanism
      of the latter type is disclosed in U.S. Pat. No. 2,988,115, which is also
      assigned to the assignee herein, while a twine type tying mechanism is
      shown in U.S. Pat. No. 2,926,599, also assigned to the assignee herein.
      The tying mechanism is conventionally mounted above the bale case 10
      inwardly of a vertical wall 16 which extends upwardly from the side wall
      12 of the bale case.
PAR  The tying mechanism is actuated when the bale reaches a predetermined size
      and is conventionally driven at the appropriate intervals through an
      intermittently actuated clutch 18. The clutch 18 includes a drive member
      20 and a driven member 22 having a transverse shaft 23. The operation of
      such a clutch is described in greater detail in U.S. Pat. No. 3,303,913
      also assigned to the assignee herein, and, as is well known, the shaft 23,
      which is connected to the tying mechanism, is driven through a single
      revolution when the clutch is engaged. The clutch is automatically
      disengaged after the single revolution is completed, the single revolution
      of the drive shaft 23 driving the tying mechanism through its entire tying
      cycle. As is well known, the drive member 20 is constantly driven through
      some type of a driving arrangement on its outer periphery, such as a gear
      train or a chain drive (not shown) and is engaged when a pawl 24, which is
      pivotally mounted on the driven member 22, is allowed to swing into
      engagement with the drive member 20, a trip dog 26 swinging away from the
      pawl to allow a roller 27 on the pawl to engage a projection or lug (not
      shown) on the drive member 20. The trip dog 26 is swingable on a
      transverse rockshaft 28, that is partially obscured behind a lift link 30
      connected to a crank arm 31, which in turn is driven by the driven member
      22, the lift link being connected to a needle frame (not shown) that is
      also part of the tying mechanism as is well known. The trip dog is rigid
      with the rockshaft 28, and also rigid with the rockshaft 28 is a release
      lever 32, that is actuated by a cam surface 33 on the outer periphery of
      the driven member 22.
PAR  The trip dog is biased downwardly by a spring 34, and the position of the
      trip dog is controlled by a trip mechanism, indicated in its entirety by
      the numeral 36. The trip mechanism includes a trip lever 38 that is also
      rigid with the rockshaft 28, and the clutch is actuated by
      counterclockwise movement of the lever 38, which swings the trip dog 26
      downwardly so that the pawl 24 is free to swing into engagement with the
      drive member 20. As the driven member 22 then rotates, the cam surface 33
      engages the release lever 32 to rotate the rockshaft 28 in a clockwise
      direction, moving the trip dog 26 upwardly into the position shown in FIG.
      1, where it again engages the pawl to swing the pawl out of engagement
      with the drive member.
PAR  The above movement of the trip lever 38 is controlled by a trip arm, which
      is indicated in its entirety by the numeral 40 and is pivotally connected
      to the lever 38 by a transverse pivot 42. The trip arm 40 is in the form
      of a segment of a circle and has a pair of arms or members 44 extending
      radially from the pivot 42, the outer ends of the members 44 being
      connected to the top and bottom of an arcuate track 46 that is concentric
      with the pivot 42. The track 46 has a notch 48 on its inner surface
      adjacent to the lower end of the track.
PAR  A star type wheel 50 is mounted on a transverse shaft 52, that is journaled
      in a pair of support brackets 54 attached to the bale case top 14 adjacent
      the opposite sides of the bale case, the lower portion of the star wheel
      50 extending into the bale chamber and engaging a bale moving rearwardly
      in the bale case, so that rearward movement of the bale causes rotation of
      the shaft 52. Mounted on the outer end of the shaft 52 exteriorally of the
      left hand bracket 54 and in general fore and aft alignment with the trip
      arm 40, is a wheel 56 that is provided with an aggressive outer surface.
      The wheel is mounted adjacent to a sleeve 58 on the shaft 52, and an
      annular outer disk 60 is mounted on the shaft 52 on the exterior side of
      the wheel 56, while an annular inner disk 62 is mounted on the sleeve 58
      on the inner side of the wheel 56. The sleeve 58, the wheel 56, and the
      outer disk 60 are clamped onto the shaft 52 by means of a nut 64
      threadable on the end of the shaft. The inner disk 62 is axially shiftable
      on the sleeve 58 and is biased against the wheel 56 by a compression
      spring 66 mounted around the sleeve 58 between the inner disk and an
      adjustable abutment 68, that is threadable on the sleeve 58 to adjust the
      force exerted by the spring 66 on the inner disk 62. As is apparent, the
      wheel 56 has substantially the same thickness as the track 46 and is
      engageable with the inside of the track with the opposite disks 60 and 62
      disposed on opposite sides of the track.
PAR  An adjustable stop 70 is mounted on the track 46, the stop being provided
      with a slotted opening conforming to the cross section of the track and
      being slidable along the track. A set screw 72 is threadable through the
      stop 70 to lock the stop at the selected position along the track. The
      stop is provided with a downwardly extending tang or projection 74 that is
      aligned with the track and wheel 56 and is insertable between the opposite
      disks 60 and 62 when the outer periphery of the disks engage the stop 70,
      as shown in FIG. 2. The tang 74 has a somewhat trapezoidal cross section
      and is slightly wider at the bottom, as is apparent from FIG. 2, and
      before the disks engage the stop, the tang 74 is inserted between the
      opposite disk, the inner disk 62 deflecting against the bias of the spring
      66 to permit the entry of the tang. As is apparent, the spring loaded disk
      62 acts as a releasable latch to hold the stop against the wheel disk 60
      and 62 until a sufficient separating force is supplied between the stop
      and the wheel disk to cause the inner disk to deflect the spring a
      sufficient amount for the removal of the tang 74. A spring 76 can be
      provided between the trip arm 40 and a mounting bracket on the side of the
      bale case to bias the trip arm 40 downwardly.
PAR  In operation, the aggressive wheel 56 normally engages the inside of the
      track 46, and as the bale is being formed in the bale case and moves
      rearwardly therein, the star wheel 50 rotates, which rotates the wheel 56
      and drives the trip arm 40 upwardly about its pivot 42. When the trip arm
      40 rotates upwardly to a point where the notch 48 is opposite the wheel
      56, the entire trip arm 40 swings forwardly (to the left in FIG. 1), the
      lever 38 also swinging forwardly in a counterclockwise direction about the
      rockshaft 28, which causes the trip dog 26 to swing downwardly. The spring
      34 exerts a downward force on the trip dog 26 that causes the forward
      movement of the trip arm 40, and, as previously described, when the trip
      dog 26 clears the pawl 24, the clutch 18 engages.
PAR  As the driven member 22 rotates, the cam surface 33 engages the release
      lever 32 to rock the release lever 32 and the rockshaft 28 in a clockwise
      direction. The clockwise rocking of the rockshaft 28 also rocks the lever
      38 to shift the trip arm 40 rearwardly, so that the track 46 separates
      from the wheel 56. Whereupon, the weight of the trip arm 40 causes the arm
      to drop until the stop 70 engages the wheel disks 60 and 62. The spring 76
      is an optional attachment to assist the dropping of the trip arm once it
      is released from the wheel. As the trip arm drops, the tang 74 moves
      between the wheel disks 60 and 62, which separate and clamp the tang
      between the opposite disk as previously described. The spring 66 is
      provided with sufficient compression to securely clamp or latch the tang
      74 and thereby prevents the lift arm from bouncing off the wheel disk once
      the stop 70 engages the wheel disk.
PAR  As the driven member 22 of the clutch rotates further, the cam surface 33
      clears the release lever 32, which permits the spring 34 to pull the
      clutch dog 26 downwardly. The consequent counterclockwise rotation of the
      rockshaft 28 swings the lever 38 forwardly, and consequently pulls the
      trip arm 40 forwardly, so that the inner surface of the track 46 again
      engages the wheel 56. The wheel 56 then drives the trip arm 40 upwardly
      about the pivot 42 in response to rotation of the star wheel 50, which, of
      course, is rotated by the rearward movement of the bale as it is being
      formed in the bale case.
PAR  The distance between the stop 70 and the notch 48 controls how long the
      star wheel will rotate before the trip arm is again tripped to actuate the
      clutch 18 and consequently controls the length of the bale, and, as is
      apparent, adjustment of the stop 70 along the track 46 varies the length
      of the bale. The latching device provided by the clamping of the tang 74
      between the two wheel disks 60 and 62 prevents the trip arm from bouncing
      away from the wheel disk until the drive wheel 56 positively drives the
      trip arm upwardly to separate the tang 74 from the wheel disk. Thus, the
      wheel 56 begins its engagement with the track 46 only when the stop 70 is
      in engagement with the wheel disk and not when the stop is off the wheel
      disk as a result of vertical bouncing of the trip arm 40, so that the star
      wheel must travel the same distance between each cycle to provide a
      uniform bale length.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a baler having a tying mechanism actuated by a trip device that
      includes a rotary bale engaging element adapted to rotate a shaft in
      response to increasing bale length, a trip arm swingable between a lower
      stop position and an upper trip position wherein it actuates the tying
      mechanism, and including an arcuate track, having a stop mounted thereon
      to establish the stop position, and a wheel means operatively connected to
      the shaft and rotated thereby and engageable with the track to swing the
      trip arm upwardly to its trip position and disengagable therefrom to
      permit the trip arm to drop to its stop position, the improvement
      comprising: latching means operatively associated with the arm for
      releasable holding the arm in its stop position until the wheel engages
      the track to prevent the arm from bouncing away from its stop position
      when the arm initially drops to said position.
NUM  2.
PAR  2. The invention defined in claim 1 wherein the latching means includes a
      pair of disks overlapping the opposite sides of the track, the stop
      engaging the periphery of the disks to establish said stop position.
NUM  3.
PAR  3. The invention defined in claim 2 wherein one of the disks is mounted on
      the wheel shaft for axial shifting relative to the opposite disk and the
      latching means includes a spring means biasing the shiftable disk toward
      the opposite disk and a tang mounted on the stop and movable between the
      opposite disks when the arm drops to its stop position to separate the
      disk against the bias of the spring means, the tang being clamped between
      the opposite disks to hold the arm in its stop position and being
      releasable therefrom when the upward driving force in the arm exceeds a
      predetermined amount.
NUM  4.
PAR  4. The invention defined in claim 3 and including adjusting means
      operatively associated with the spring means for selectively adjusting the
      biasing force on the shiftable disks.
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PAL  A process and printer are described for the rapid printing of documents,
      wherein the paper is continuously moved in front of static pinpoint
      printing heads covering the entire section of the printing surface,
      transverse to the direction of movement of the paper, and the printing
      heads are controlled by coded pulses. The printed document is legible by
      the naked eye and at the same time directly assimilable by machine.
      Certain characters may be selected, and simultaneously printed on the
      documents. Printing may be done by electric-spark perforation of an opaque
      conductive support tape, and thereafter examined by observation in
      transparency of the illuminated perforations.
PARN
PAR  The present application is a continuation-in-part of U.S. patent
      application Ser. No. 186,676 filed Oct. 5, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a high-speed printing machine for use in
      electronic booking, reservation, or wager transaction systems comprising a
      plurality of vending stations at different locations for collecting and
      reproducing the particulars of booking or wager informations and, more
      particularly, it relates to a high-speed printing machine adapted to
      operate in a totalisator system such as used in connection with
      horse-racing, team competitions and the like.
PAR  Totalisators as presently known in the art operate with a great number of
      ticket printing and issuing machines or ticket validating machines
      comprising means for sensing the significance of perforation marks or
      notches to be initially formed by the bettor in a blank card and
      corresponding to the particulars of a selected bet, and means for printing
      said particulars on a ticket to provide the bettor with a record of the
      registered bet. However, the known ticket printing and issuing machines as
      well as the known ticket validating machines do not offer an entirely
      satisfactory protection against counterfeiting, and the handling of wagers
      on such complex bet combinations and formulae as a bet on the first three
      horses of the race, or a bet on a combination of four horses calls for the
      uttermost speed and reliability of the totalisator system.
PAR  One object of this invention is to provide an automatic high-speed printing
      machine for use in electronic booking or wager transaction systems.
PAR  It is another object of the invention to provide automatic recognition of
      ticket identity and of informations printed thereon to allow automatic
      payment of winning bets.
PAR  It is also an object of this invention to provide an automatic high-speed
      ticket printing and issuing machine for use in an electronic totalisator
      system and capable of reproducing any encoded wager informations in a
      legible and non falsifiable form.
PAR  It is a further object of this invention to provide two associated
      high-speed printing machines for use in connection with an electronic
      totalisator system, one of said machines being designed for printing and
      issuing betting tickets, and the other machine being designed for
      recording and displaying the amount of money to be paid for winning
      tickets.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the invention will become more apparent
      from the following specification, appended claims and accompanying
      drawings wherein:
PAR  FIGS. 1 and 2 are schematic diagrams of an electronic totalisator system
      comprising a plurality of ticket vending stations at different locations;
PAR  FIGS. 3 and 4 illustrate different forms of dot matrix;
PAR  FIG. 5 illustrates different selective character sizes;
PAR  FIG. 6 is an elevational view of the ticket printing and issuing machine;
PAR  FIGS. 7 and 8 show details of a printing head;
PAR  FIG. 9 shows another convenient form of printing head;
PAR  FIG. 10 shows a typical printed betting ticket;
PAR  FIGS. 11 and 12 show details of parts of the ticket printing and issuing
      machine shown generally in FIG. 6;
PAR  FIG. 13 is a perspective view of the cash printing, recording and
      displaying machine;
PAR  FIG. 14 is a plan view of the machine shown generally in FIG. 13;
PAR  FIG. 15 is a sectional view taken along line XIV--XIV of FIG. 14;
PAR  FIG. 16 is a sectional view taken along line XV--XV of FIG. 15; and
PAR  FIG. 17 is a sectional view taken along line XVI--XVI of FIG. 14.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The high-speed ticket printing and issuing machine which forms one of the
      primary features of the invention is contemplated for use in booking,
      reservations, and more particularly in betting ticket vending stations at
      different locations and operates by means of electronic components
      designed for collecting and processing coded booking, reservation, or
      betting instructions under the control of a programmable processor within
      the ticket vending station and/or the central computer station which
      checks and evaluates the coded instructions received from the vending
      stations.
PAR  FIG. 1 shows the invention as applied to an electronic totalisator system
      comprising a central computer station 303, and any suitable number of
      ticket vending stations such as indicated at A, B and C. Since the
      character transmission from a reader or a keyboard encoder to a recorder
      is known in the art, only those parts of the system are disclosed in the
      drawings which are required for a clear understanding of the invention.
PAR  Each ticket vending station such as A comprises input means such as, for
      example, an alphanumeric keyboard 300, a memory 301 for storing the
      selected keyboard characters, a data processor 302 for processing the
      keyboard characters taken from the memory 301, and a ticket printing and
      issuing machine 1. For each keyboard character selected by the operator
      and stored in the memory 301, the processor 302 transmits electrical
      signals representing the selected character to the computer station 303 in
      which said signals are automatically checked and recorded, and from which
      the processor is instructed to pass the checked and recorded signals to
      the ticket printing and issuing machine 1 which converts said signals into
      a legible printed character corresponding to the selected keyboard
      character. More specifically, the processor 302 produces electrical
      signals corresponding to the digits in a coded representation of each
      selected character, and the ticket printing and issuing machine 1 operates
      as a matrix printer which prints the transmitted characters in the form of
      a dot raster, the processing means including a storage matrix having a
      number of cores equal to the number of possible dots in the raster and
      arranged in columns or scanning lines and in rows or sweep lines such as
      disclosed in the IBM Technical Disclosure Bulletin, February 1965, Vol. 7,
      N.degree. 9, pages 815-816. In accordance with conventional electronic
      circuitry also shown in said Bulletin, each column is threaded by separate
      column or scan conductors connected to read drivers, and each row is
      threaded by separate row or sweep conductors connected through And's to
      individual operators of print wires connected to printing electrodes
      assembled in the print head of the machine 1 which prints the individual
      scan lines of the dot raster in succession on an electrosensitive tape
      caused to advance relative to said electrodes, as will be later described
      in more detail. In order to permit a selective printing of characters
      having different sizes, a reduced number of sweep conductors are also
      connected to a second set of And's through a corresponding number of Or's,
      to a correspondingly reduced number of said print wire operators. For
      reproducing a character, certain cores are threaded by a write winding
      connected to a write driver having an input from a decoder clock, and for
      writing a character in the matrix, said writing winding is pulsed by a
      write driver as said scan conductors are addressed and pulsed by the read
      drivers under the control of another clock. For readout, the scan
      conductors are pulsed by the read drivers under control of said decoder
      clock in synchronism with the movement of said tape as the same is fed
      past said printing electrodes of machine 1. For printing large size
      characters, a matrix select pulse is applied to a conductor connected to
      the And's, and as the read drivers scan the column conductors, pulses in
      the sweep line conductors are supplied through the And's directly or
      through the Or's to said print wire operators. If it is desired to print
      characters of reduced size, the read drivers pulse only an odd series of
      scan line conductors in synchronism with the incremental advance of the
      tape to thereby reduce the width of the characters, and the matrix select
      pulse may be applied at the same time to a conductor connected to said
      second set of And's so that only said reduced number of sweep line
      conductors supply pulses through said Or's to said reduced number of
      operators to thereby reduce the height of the characters.
PAR  FIG. 3 shows a matrix operating in the above described manner, and in which
      the cores required to reproduce, for example, the number 2 are
      switched-on. This matrix comprises nine sweep lines such as 35, 36 in the
      direction of printing indicated by arrow 37, and seven scanning lines,
      such as 38, 39, perpendicular to the sweep lines. In such a matrix, the
      last scanning line 38 serves to space successive characters, and has no
      cores.
PAR  In binary code with such a matrix, the numeral 2 is thus read in the
      direction of the arrow 37 and in binary code the various cross-over points
      of the sweep and scan lines are energised in the following manner:
TBL  0    1    1    1    1    0    0                                           

     1    0    0    0    0    1    0                                           

     1    0    0    0    0    1    0                                           

     0    0    0    1    0    0    0                                           

     0    0    1    0    0    0    0                                           

     0    1    0    0    0    0    0                                           

     1    0    0    0    0    0    0                                           

     1    1    1     1    1    1    0                                          

PAR  FIG. 4 shows a double matrix similar to that in FIG. 3 and representing the
      numeral 28. It should be noted, that on this matrix, the numeral 2 has not
      the same configuration as on the matrix in FIG. 3. Such an arrangement
      enables numerals printed singly to be differentiated from numerals printed
      in pairs, and this can have the advantage of avoiding frauds on documents
      since a forger cannot change the number 2 into 28.
PAR  The different sizes of a printed character obtainable by means of the above
      described selective operation of the print wires effected through the
      matrix are illustrated in FIG. 5, according to which the same character
      may have a normal size as shown at 7a, or a reduced width as shown at 7b,
      or a reduced height as shown at 7c, or preferably a reduced width and a
      reduced height as shown at 7d. It is also possible to connect to each
      print wire operator two print wires in parallel so as to obtain printed
      characters composed of double dots as shown at 7e in FIG. 5.
PAR  The totalisator system further comprises arrangements by means of which the
      transmission of data relative to the particulars of a selected bet is
      preceded by an automatic transmission of system data including the number
      of the race, the special code of the day, the number pertaining to the
      vending station, and the serial number of the ticket, said data being
      reproduced in the form of legible characters and simultaneously in the
      form of marginal bits which could reproduce some selected informations
      printed in clear.
PAR  The totalisator system of FIG. 1 may also comprise facilities for
      preventing errors due to a false input signal, and the processor may
      include a display arrangement such as, for example, a display equipment
      which can energize a cathode ray tube 304 to display the selected
      characters on its screen in a legible form.
PAR  As shown in FIG. 6, the ticket printing and issuing machine 1 comprises an
      electric motor for driving a tape feed roller 3 through a reduction gear
      10, a transmission belt 11, an electromagnetically operable clutch device
      12, and a second transmission belt 15 which also passes over the roller of
      an electromagnetically operable braking device 16. A third transmission
      belt 13 provides a drive connection between the clutch device 12 and the
      rotatable disc 14 of a tachometric synchronizing device.
PAR  For printing out the coded informations in the form of legible characters,
      the printing head of the ticket printing and issuing machine 1 comprises a
      bench 5 of resilient and selectively energisable printing electrodes or
      styli, at least one for each sweep line of the previously described
      matrix. The roller 3 is adapted to draw an electrosensitive tape 4 from a
      storage reel 2 over a tensioning roller 17, a tape detector roller 18, a
      guide roller 19, and a roller 6 serving as a counter-electrode, the tape
      detector device 18 being designed for actuating a warning signal when tape
      4 is completely unreeled. The tape 4 comprises an insulating carrier
      having a metallic coating thereon which forms a return path. The styli are
      disposed above the roller 3 in a straight line across the direction of the
      tape feed so as to lightly engage the metallised side of the tape under a
      pressure which may be adjusted by means of a shiftable weight 21, and the
      voltage applied to the stili in response to the electrical signals
      obtained from the matrix is such that the metallic layer at the point of
      contact of an energized stylus is vaporised by the current flowing
      therethrough.
PAR  FIG. 7 shows a bank of fifteen parallel printing styli of which nine
      adjacent styli are disposed for printing the coded representation of each
      input character in a legible form, and of which three styli such as shown
      at 25 and 26 are disposed at each side of said nine styli for printing
      directly transmitted ticket identifying code dots along two marginal
      portions of the tape. All the styli are mounted on a support fixed in
      position by means of screws 29 and 30, and are provided with printed
      circuits for connecting each stylus to a terminal such as 27 or 28 which,
      in turn, is connectable to a corresponding printing wire leading to the
      matrix.
PAR  An alternative construction of a styli support is shown in FIG. 8 in which
      the styli such as 26, 26' are carried by two plates 31 and 31' secured by
      means of screws 33 to a V-shaped support 34, and are connected to
      terminals such as 27, 27' for the printing wires such as 32 and 32'. This
      construction permits a more precise alignment and more spacing of the
      styli heads.
PAR  The printing head 101 shown in FIG. 9 is particularly suitable for printing
      a ticket such as the betting ticket 109 shown in FIG. 10. The printing
      head 101 comprises 13 adjacent pairs of printing styli 106 which may be
      energized through the printing wire operators of a selective type size
      matrix 111 having 13 sweep lines such as shown at 35, 36 in FIG. 3, to
      print the large characters indicated at 107 and the small characters
      indicated at 108 and 108' (FIG. 10). The printing head 101 also includes
      two pairs of printing styli 102 and 103 one pair at each side of the group
      formed by the styli 106. The styli 102 and 103 are energizable through a
      pulse generator 100 included in the processor 302 and adapted to provide
      with a simple binary code, a set of identifying pulses corresponding to
      the legible characters printed by the styli 106 and reproduced by the
      styli 102 and 103 in the form of two marginal rows of bits 104 and 105.
      The brackets represented in FIG. 10 below the ticket 109 indicate the
      group of four bits 104 and 105 corresponding to the legible characters
      successively printed on the ticket 109. Thus, the first group of
      identification bits corresponds to the number 1.
PAR  The first group of bits corresponds to the numeral 1, which is the first
      from the left on the ticket 109. This number 1 is represented in binary
      code by 1,0,0,0 on row 104, while the group of corresponding bits of row
      105 is complementarily coded 0,1,1,1. The second and third groups of bits
      of row 104 correspond to the numbers 3 and 9 which are the last of the
      first group of small characters selected from the left on ticket 109. They
      are translated respectively into binary by 1,1,0,0 and 1,0,0,1. To these
      bits there corresponds on row 105 the code 0,0,1,1 and 0,1,1,0.
PAR  The same is true for the following numbers of the row of bits 104, for
      example, 0,4,1,1,9,1,3. The last number 1 to the right on the row of bits
      104 is a translation into code of the letter G of document 109.
PAR  Thus the sum of the number of bits taken from row 104 added to the sum of
      the number of bits taken from row 105 must be the multiple by 4 of the
      number of the coded numeral on the marginal row, for example, 44 in this
      example.
PAR  The legible characters printed on the 109 represent from left to right the
      following informations: 1 is the race number; 3339 is the code for the
      day; 04 is the number of the vending station or ticket selling booth,
      11913 is the serial number of the ticket; G is the denomination of the bet
      (for example win pool); 10 is the competitor's number; 20 is the number of
      money transaction units involved; 5 is the unitary value of the
      transaction; and 100 is the total amount of the transaction or stake.
PAR  FIG. 11 shows the clutch device 12 of FIG. 6 as comprising a support plate
      12a for a rotatably mounted shaft 12i provided with a driven clutch member
      in the shape of a wheel 12b having a beveled peripheral face adapted to be
      engaged by the correspondingly shaped inner side of a driving clutch
      member also in the shape of a wheel 12c mounted to turn loosely and to
      slide longitudinally on shaft 12i. The wheel 12c is pressed on its outer
      face by a spring 12e coiled on the hub of wheel 12c and abutting on a
      washer 12k mounted on the shaft. Thus the spring 12e serves to hold the
      driving clutch member 12c in frictional contact with the peripheral face
      of the driven clutch member 12b. Two further wheels 12f and 12g are
      secured to shaft 12i for rotation therewith and these wheels as well as
      wheel 12c are made in the form of a pulley permitting to connect the
      reduction gear 10 to wheel 12 through belt 11, to connect wheel 12g
      through belt 13 to disc 14 of the synchronising device, and to connect
      wheel 12f through belt 15 to the tape feed roller 3 (FIG. 6). In order to
      move the driving clutch member 12c out of frictional engagement with the
      driven clutch member 12b, a friction-roller 12h adapted to engage the
      inner side of member 12c is journaled on the free end of a pivotally
      mounted arm linked to an electromagnet 12d the energization of which
      causes the friction-roller 12h to move into engagement with the driving
      clutch member 12c to shift the latter out of frictional contact with the
      driven clutch member 12b and thereby interrupt the drive transmission from
      motor 9 to roller 3 and disc 14.
PAR  The FIG. 12 shows the braking device of FIG. 6 as comprising a support 16a
      for a rotatable shaft 16b having a pulley shaped roller 16c mounted
      thereon. The transmission belt 15 (FIG. 6) is trained over the roller 16c
      the upper annular face of which is adapted to be engaged by a brake shoe
      provided with a facing 16f of suitable frictional material. The brake shoe
      is mounted on one end of an arm 16e which is pivotally connected at its
      other end to a support 16d. A spring 16g attached at one end to arm 16e
      normally retains the brake shoe in spaced position from the upper annular
      face of roller 16c, and the arm 16e is connected through a linkage to an
      electromagnet 16h which is effective, when energized, to move the brake
      shoe against the action of spring 16g into engagement with the roller 16c
      to retard the revolution thereof and thereby cause the roller to apply
      resistance to the motion of transmission belt 15.
PAR  For severing each completely printed ticket from tape 4, the ticket
      printing and issuing machine 1 disclosed in FIG. 6 further comprises a
      cutting device 20 including a movable cutter member 7 arranged to
      cooperate with a stationary cutter member 7' disposed between the tape
      feed roller 3 and a tape outlet 8 of the machine. The movable cutter
      member 7 is connected to an electromagnet 24 which, when energized, moves
      the movable cutter member 7 in the cutting direction thereof, and the tape
      4 is arranged over the roller 3 so as to move between the cutter members 7
      and 7' towards and through the outlet 8 of the machine.
PAR  The disc 14 of the synchronising device is provided with circumferentially
      spaced scanning apertures designed to operate as a component of a
      conventional pulse generator arrangement (not shown) having the scanning
      apertures of disc 14 disposed between a light sensitive device such as a
      photo-electric cell and an exciter lamp suitably positioned with respect
      to a screen provided with a light slit for projecting a thin beam of light
      through the scanning apertures to the photo-electric cell. It will be
      understood that by this arrangement sharply defined synchronising pulses
      may be produced at a frequency of succession corresponding to the
      rotational speed of motor 9 and hence to the advance speed of tape 4, and
      that such pulses may be used for synchronising the scanning control of the
      previously described matrix and consequently the frequency of succession
      of the scan lines 39 (FIG. 3) with the advance speed of tape 4.
PAR  It will be understood that the electromagnet clutch device 12, the
      electromagnetic brake device 16, the electromagnetic cutting device 20,
      and the synchronising pulse generator 14 particularly disclosed herein are
      of illustrative character only and that other types of clutching
      mechanism, braking mechanism, cutting mechanism, and synchronising pulse
      generator arrangements may be employed.
PAR  The operating circuit for the motor 9 may be supplied with energy from a
      suitable source so as to run continuously while the machine is in use, the
      speed of motor 9 being adjustable by means of a rheostat 23. For operating
      the machine in continuous successive cycles of printing operation, the
      energizing circuits for the electromagnetic clutch 12, for the
      electromagnetic brake 16, and for the electromagnetic cutting device 20
      may be supplied withe energy from said source through a control switch
      included in each of said three energizing circuits, the control switch for
      clutch 12 being normally closed so as to maintain the clutch between two
      successive cycles of printing operation in the disengaged position
      thereof, whereas the control switches for the brake 16 and for the cutting
      device 20 are normally open between two successive cycles of printing
      operation so as to maintain the brake 16 and the cutting device 20 in the
      operative position thereof. For initiating each cycle of printing
      operation, the data processor 302 (FIG. 1) is provided with electronic
      circuitry means adapted to produce upon a start impulsion received from
      the computer station 303 three successive electric signals the first of
      which is a cutter blade release signal applied to a first relay adapted to
      open the control switch for the cutting device 20 in response to said
      first signal to thereby separate the movable cutter blade 7 from the
      stationary cutter blade 7', the second signal being a brake release signal
      applied to a second relay adapted to close the control switch for the
      brake device 16 in response to said second signal whereby to release the
      brake, and the third signal being a clutch engaging signal applied to a
      third relay adapted to open the control switch for the clutch 12 in
      response to said third signal to thereby cause the driving clutch member
      12c to engage the driven clutch member 12b. In order to operate the clutch
      device 12, the brake device 16, and the cutting device 20 in properly
      timed sequence, the duration of the third signal is slightly longer than
      the time required for printing all the successive characters corresponding
      to the particulars of a selected bet and may vary in accordance with the
      variable number of said characters so that the clutch device 12 is caused
      to transmit the drive from motor 9 to the tape feed roller 3 slightly
      before the printing of the first character, and to interrupt said drive
      transmission slightly after the printing of the last character. The
      duration of the second signal is slightly longer than that of the first
      signal so as to render the brake device 16 inoperative before the clutch
      device 12 becomes operative and to render the brake device 16 operative
      only after the clutch device 12 has become inoperative, and the duration
      of the first signal is slightly longer than that of the second signal so
      as to cause the movable cutter member 7 of the cutting device 20 to move
      out of the path of tape 4 before the brake device 16 becomes inoperative,
      and to move into the path of the tape 4 only after the brake device 16 has
      been rendered operative.
PAR  The above described ticket printing and issuing machine is capable of
      issuing at least three printed tickets of same or different length per
      second, and the issued tickets cannot be forged or falsified.
PAR  Since the binary coded data printed on the ticket is also readable by a
      conventional tape punch reader, the invention further contemplates to
      associate the ticket printing and issuing machine 1 with a high-speed
      printing machine arranged for recording and displaying the dividend to be
      distributed among the holders of winning tickets issued by the ticket
      printing and issuing machine 1.
PAR  Therefore, and as shown in FIG. 2, each ticket vending station such as A in
      FIG. 1 may further comprise a conventional tape punch reader 305 adapted
      to read the binary coded data printed on the tickets issued by the ticket
      printing and issuing machine 1. The output from reader 305 is applied to a
      binary store 301a, and a processor 302a transmits the date taken from
      store 301a to the central computer station 303, which compares the data
      received from the processor 302a with the corresponding particulars of the
      already registered bet, which calculates the cash amount to be paid on the
      thus checked winning ticket, and which produces coded output signals
      corresponding to the successive characters of the calculated cash amount.
      Finally, the processor 302a transmits said coded output signals from the
      central computer station 303 through a matrix to a high-speed printing
      machine 202 adapted to print and to display the coded signals in the form
      of legible characters.
PAR  The cash printing, recording and displaying machine 202 is shown in FIGS.
      13 to 17 as comprising a fixed part 201 enclosed in a cover 203 and a
      removable cassette 204. On the front of the apparatus, the printed tape
      205' appears in a window.
PAR  The cassette 204 comprises a platen 206 having a grasping and handling edge
      207 on its rear portion. Onto a shaft 208 perpendicular to the platen 206
      there is passed, in a freely-rotating manner, a supply reel 209 of
      electrosensitive tape 205'. The reel 209 carries a take-up reel 211 for
      the printed tape 205'. The hub 212 of the supply reel 209 has on its upper
      portion a conical part 213 fitting frictionally inside a conical cavity
      214 in the hub 215 of the take-up reel 211. A resilient washer 216,
      clamped by a nut 217 on the shaft 208, resiliently biasses one reel while
      a washer 210 interposed between the hub 212 of the supply reel 209 and the
      platen 206 permits free rotation of the reels on the shaft 208. The tape
      205' passes from supply reel 209 over a conductive printing drum 218 and
      past a total-reflection prism 219 which is arranged above an opening 220
      exposed to the light produced by a series of lamps 221 disposed in the
      fixed part 201, to a drum on a free-wheeling capstan 222, and then over
      guide pins 223, 224, 225 to the take-up reel 211.
PAR  In front of the prism 219 there is arranged a magnifying lens 226, a
      passage of sufficient width being provided between the lens 226 and the
      prism 229 to allow the tape 205' to pass without rubbing. On the other
      side of the edge 207, the platen 206 has a frontal part 227 and two
      tappings 228 and 229 for admitting the motor unit of the capstan 222 and
      printing stations 239, respectively.
PAR  Cassette 204 is guided in the fixed part by two lateral slides 230 and 231
      and bears against an alentment 232 formed on the fixed part 201 which
      encloses a motor 233 for driving a capstan roller 234. The motor-roller
      assembly is pivotally mounted on an axis 235, and a spring 236 resiliently
      applies the roller 234 on the capstan drum 222 in the cassette 204.
      Another spring 237 fixed on the same pin 238 as spring 236 resiliently
      applies a printing head 239 against the tape 205' passing over the
      printing drum 218 mounted on platen 202. The printing head 239 is made up
      of nine printing electrodes 240 insulated from one another and arranged on
      a support which is pivotable about an axis 242. The electrodes 240 are
      connected independently of one another by printing wires (not shown) to
      operators 243 having an input from a dot matrix such as shown in FIG. 3.
PAR  The lamps 221 for illuminating the prism 219 are arranged below an opening
      244 in the frame 245 of the fixed part 201, opposite the opening 220 in
      the platen of the cassette 202.
PAR  The tape to be printed 205, stored on the reel 209, is driven by the
      capstans 234, 222 at a constant speed and tension in front of the luminous
      strip lit by the bulbs 221. The printed tape is then guided by pins 223,
      224, 225 towards the take-up reel 211. The diameter of reel 209 is always
      smaller even when full than the diameter of the empty take-up reel 21l.
      The tape 205 thus rotates the hub 212 of the reel 209 which itself
      frictionally drives hub 215 of the take-up reel 211. By virtue of the
      difference in diameter between the reels 209 and 211, the peripheral speed
      of the reel 211 is greater than that of the reel 209. Thus, for the same
      angle of rotation of both reels 209 and 211, the reel 209 delivers a
      quantity of tape 205 which is less than the reel 211 can take up. There is
      therefore a slippage between the hubs 212 and 215 of the reels 209 and
      211, and the tape is kept constantly under tension. When the tape 205
      moves past the printing head 239, it is marked by the electrodes 240 in
      accordance with the pulses received from the operators 243. The thus
      marked tape passes along the prism 219 which, illuminated from below by
      lamps 221, forms a luminous strip and the image of the printed tape 205'
      is magnified by the lens 239 and is thus easily readable by an observer in
      front of the printer.
PAR  The cassette 204 may be replaced at any moment by another, similar one and
      such cassettes are easy to make at low cost, and they are easily stored.
      The fixed part 201 of such a printer is also easy to make in a robust form
      and it encloses all the heavy units of such a printer.
PAR  The just described cash printing, recording and displaying machine may be
      provided with any suitable pulse generator arrangement such as described
      with reference to FIG. 6 for producing synchronising pulses at a frequency
      of succession corresponding to the rotational speed of motor 233, such
      pulses being used for synchronising the matrix scanning control
      incorporated in the processor 302a with the advance speed of the tape 205.
PAR  While the invention has been particularly shown and described with
      reference to some preferred embodiments thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
PAR  Thus, the cash amount displaying means of the cash printing machine 202 may
      comprise a display arrangement which can energize a cathode ray tube to
      display the cash amount corresponding to each successively processed
      winning ticket on its screen in a legible form. The ticket printing and
      issuing machine as well as the cash printing and displaying machine may
      comprise two identical sets of components for alternately advancing and
      printing two separate tapes, and automatically actuated switch means for
      interrupting the operation of one set and rendering the other set
      operative when the tape printed by said one set is completely unreeled.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In an electronic system which handles input data representing the
      particulars of transactions such as wager transactions according to a
      corresponding transaction program and which is of the type comprising a
      plurality of ticket vending stations at different locations with each of
      the vending stations storing the input data, processing the input data in
      the form of coded characters, and printing and issuing a ticket under
      control of a computer provided at a central station which incorporates the
      program and receives the coded characters from the vending stations, the
      improvement wherein: processor means are provided at each vending station
      for writing said coded characters in a dot matrix having a predetermined
      number of writing elements arranged in mutually perpendicular scan and
      sweep lines; and wherein each vending station is further provided with a
      controllable means for feeding electrosensitive tape in a continuous
      manner past a printing head through each successive cycle of printing
      operation, the duration of each cycle of printing operation and the length
      of the electrosensitive tape so fed being dependent upon the number of
      coded characters to be printed and thus the complexity of a transaction;
      an assembly of printing electrodes representing said sweep lines of said
      matrix and being disposed at the printing head across the direction of
      feed of said tape, said electrodes being operable through said matrix as
      the tape is fed past the printing head to print the successive matrix
      characters on the tape in the form of legible characters representative of
      the particular transaction; and means operable at the end of each printing
      cycle for severing that length portion of the tape which has been printed
      from the unprinted part thereof to thereby provide a printed ticket
      serving as a valid voucher for a properly registered transaction.
NUM  2.
PAR  2. The system according to claim 1, wherein said means for severing the
      printed tape length at the end of each cycle of printing operation
      comprises a movable cutter blade and electromagnet effective when
      energized to move said cutter blade into the path of the tape, and wherein
      said means for feeding the electrosensitive tape past said printing head
      in a continuous manner through successive cycles of printing operation
      comprises a motor, a tape feed roller, an electromagnetic clutch operative
      to transmit the rotary motion of said motor to said roller and effective,
      when energized, to interrupt the drive transmission from said motor to
      said roller, and an electromagnetic brake operative to produce a braking
      action for said tape feed roller and effective, when energized, to release
      said braking action, and wherein each vending machine includes circuit
      means operable to produce upon a start impulse received from the computer
      station three successive electric signals causing respectively said cutter
      blade actuating electromagnet, said electromagnetic clutch, and said
      electromagnetic brake to operate in properly timed sequence at the
      beginning as well as towards the end of each complete printing cycle.
NUM  3.
PAR  3. The system according to claim 1, wherein each ticket vending station is
      further provided with an electronic ticket reader adapted to read the data
      printed on a ticket issued by the ticket printing and issuing machine in
      any ticket vending station, a computer controlled processor means for
      processing and checking the read data in the form of coded characters, for
      producing coded output signals corresponding to the successive characters
      of the cash amount to be paid on each winning ticket presented to said
      reader, and for writing said signals in the form of coded characters in a
      dot matrix having said predetermined number of writing elements arranged
      in mutually perpendicular scan and sweep lines, and a cash printing
      recording and displaying machine having controllable means for feeding
      electrosensitive recording tape in a continuous manner past a printing
      head through each successive cycle of printing operation, and an assembly
      of printing electrodes representing the sweep lines of said matrix and
      disposed at the printing head across the direction of feed of said tape,
      said electrodes being operable through said matrix as the tape is fed past
      the printing head to print the successive matrix characters on the tape in
      the form of legible characters.
NUM  4.
PAR  4. The system according to claim 3, in which said cash printing recording
      and displaying machine incorporates a casset containing a rotatable supply
      spool for said electrosensitive recording tape, and a rotatable take-up
      member mounted in co-axial relationship to said recording tape supply
      spool and having a diameter greater than that of said recording tape
      spool, a frictional drive connection between said recording tape spool and
      said take-up member, means for guiding the recording tape from said spool
      to said take-up member, said guide means including a pair of cooperating
      rollers adapted to resiliently clamp said recording tape therebetween, a
      motor, a drive connection between said motor and one of said cooperating
      rollers, said one roller being effective when rotated by said motor to
      draw the recording tape from said supply spool and thereby cause the
      latter to rotate said take-up member through said frictional drive
      connection, and wherein the casset includes a transparent portion such as
      to render the characters printed by said electrodes on the tape visible
      from the outside of said casset.
NUM  5.
PAR  5. The system as defined in claim 1, wherein said printing head further
      includes electrodes disposed at a location adjacent the margin of said
      electrosensitive tape so as to additionally print coded information along
      the margin of said tape which bears a representative relationship to the
      legible printed characters.
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ABST
PAL  When a thermoplastic resin sheet such as polyethylene, polypropylene,
      polystyrene, ABS or polyvinyl chloride resin sheet which contains 0 - 80 %
      by weight of an inorganic filler and has a foaming ratio (a) of 1 or 1 &lt; a
      .ltoreq. 4 and which satisfies the relation 130 .gtoreq. 20a + b .gtoreq.
      30 (wherein "a" is the foaming ratio and "b" is amount of the inorganic
      filler) is pressed onto a matrix in such a manner that the thickness of
      said resin sheet before pressing is larger than the thickness of the
      convex portions of the resultant resin relief plate, thus obtained relief
      plate has excellent printability.
BSUM
PAR  The present invention relates to a method for producing a relief plate for
      printing.
PAR  Conventionally, in the field of newspaper printing, a relief plate for
      printing has been produced by the method which comprises putting a paper
      upon a composition or an etched metal relief plate, compressing them to
      obtain a paper matrix and casting lead into said matrix to obtain a lead
      printing plate (relief plate). However, lead is troublesomely handled
      because it injures human body and moreover it has a high specific gravity.
      As a substitution therefor, there has been developed a method which
      comprises putting a heated polycarbonate sheet upon a composition or an
      etched metal relief plate, compressing them to obtain a matrix and casting
      a molten polypropylene into the matrix to obtain a polypropylene plate.
      According to this method, different from the production of lead plate,
      human body is not injured and moreover the polypropylene has a low
      specific gravity. However, there is the defect that it requires a long
      production cycle. Furthermore, there has been a method which comprises
      putting a heated polypropylene sheet upon a paper matrix and compressing
      them to obtain a polypropylene plate, but since this method requires a
      heating furnace, it is necessary to broaden the operating area. In
      addition, fibers of paper which are peeled off stick to polypropylene
      plate to extremely damage the printing effect.
PAR  The inventors have made an extensive research in an attempt to overcome
      said defects to find that a synthetic resin sheet which does not undergo
      permanent deformation under a low load and undergoes permanent deformation
      only under a high load is put on a matrix and they are compressed in a
      solid state to obtain a printing relief plate having excellent
      printability.
DRWD
PAR  FIG. 1 shows compressional stress-displacement curves of various synthetic
      resin sheets and
PAR  FIG. 2 shows a range of synthetic resin sheet used in the present invention
     .
DETD
PAR  In FIG. 1, point P.sub.1 - point P.sub.4 shows displacement under printing
      pressure, point P'.sub.1 - point P'.sub.4 shows displacement corresponding
      to point P.sub.1 - point P.sub.4 after removal of stress, point Q.sub.1 -
      point Q.sub.4 shows a stress required for displacement necessary for plate
      making and point Q'.sub.1 - point Q'.sub.4 shows displacement
      corresponding to point Q.sub.1 - point Q.sub.4 after removal of stress.
      The properties to be possessed by materials used as a relief plate for
      printing are that displacement under printing pressure is small and the
      displacement becomes 0 due to elastic recovery after removal of stress and
      that under a high stress at plate making step a high displacement is
      caused to result in buckling and after removal of stress the elastic
      recovery is slight or 0 as shown by point Q.sub.1 - point Q'.sub.1 in
      curve A in FIG. 1.
PAR  It has been found that a thermoplastic resin sheet which contains 0 - 80 %
      by weight of an inorganic filler and in which foaming ratio (a) is 1
      (no-foaming) or 1 &lt; a.ltoreq.4 (foaming) and amount of the inorganic
      filler (b) (% by weight) and the foaming ratio (a) satisfy the formula
      130.gtoreq.20 a + b.gtoreq.30 is suitable as the material having the
      properties as mentioned above.
PAR  In the above formula, the foaming ratio (a) was calculated as follows:
PAR  Foaming ratio (a) = (Volume of sheet measured) .times. (Specific gravity of
      the sheet in unfoamed state)/(Apparent weight of the sheet measured)
PAR  The specific gravity in unfoamed state was theoretically determined from
      specific gravities of resin and filler and blending ratio thereof.
PAR  Suitable synthetic resins used in the present invention are thermoplastic
      resins, among which olefinic resins such as polyethylene, polypropylene
      and the like, styrene resins such as polystyrenes, ABS resin and the like,
      vinyl chloride resins which have a high stress at initial micro
      displacement are preferred.
PAR  The ranges of the amount of the filler and the foaming ratio employed in
      the present invention are shown in A in FIG. 2. In said formula, the upper
      limit 130 and the lower limit 30 were experimentally determined from
      applicability, as printing plate, of foamed sheets and unfoamed sheets of
      various resins containing the fillers. These were able to be used as
      printing plate within the area A in FIG. 2. However, because of
      brittleness of the printing plate, formula 100.gtoreq.20a + b.gtoreq.30 is
      preferred for practical rotary printing. Furthermore, in view of
      smoothness of surface, 1.ltoreq.a.ltoreq.3 is desired for obtaining more
      beautiful printing effect. In case of range B where the foaming ratio and
      the amount of the filler are lower than those in the range A, the
      properties at printing step are nearly satisfied as shown by point P.sub.2
      .fwdarw.point P'.sub.2, but the elastic recovery after removal of stress
      at plate making step is conspicuous as shown by point Q.sub.2
      .fwdarw.point Q'.sub.2 in curve B in FIG. 1. Thus, when this sheet is
      pressed together with a matrix, a relief plate having convex portions of
      the desired height cannot be formed. On the other hand, in case of range C
      where the foaming ratio is higher than that of the present invention and
      the amount of the filler is relatively small, as shown by point P.sub.3
      .fwdarw.point P'.sub.3 and point Q.sub.3 .fwdarw.point Q'.sub.3 in curve C
      in FIG. 1, plate making ability is relatively good, but relatively high
      displacement and permanant deformation are caused even under printing
      pressure and therefore ink is applied not only to convex portions, but
      also to the whole surface and all of thus applied ink is transferred to
      paper at printing to make it impossible to read the printed matter.
      Furthermore, in case of range D where the amount of the filler is larger
      than that of the present invention, as shown by point P.sub.4
      .fwdarw.point P'.sub.4 and point Q.sub.4 .fwdarw.point Q'.sub.4 in curve D
      in FIG. 1, the plate making ability is good, but since it becomes
      impossible to read the printed matter as in the range C and moreover the
      sheet is extremely brittle, such sheet cannot be used for printing relief
      plate. On the other hand, in case of the range A specified in the present
      invention, as shown by point P.sub.1 .fwdarw.point P.sub.1 ' and point
      Q.sub.1 .fwdarw.point Q'.sub.1 in curve A in FIG. 1, the sheet has a low
      foaming ratio and is not buckled under printing pressure because a
      suitable amount of the filler is contained therein and it is buckled and
      has small elastic recovery under plate making pressure. Therefore, the
      height of convex portions is sufficient and reproducibility of the shape
      of types is high. Thus, both plate making ability and printability are
      satisfactory.
PAR  Examples of the inorganic fillers used in the present invention are calcium
      carbonate, barium sulfate, aluminum hydroxide, titanium oxide, iron oxide,
      iron powders, nickel powders, .gamma.-ferric oxide, etc. However, the
      present invention is not limited to use of only these fillers.
PAR  In the present invention, a sheet of thermo-plastic resin which is not
      foamed or is foamed at the ratio of 4 times or less is used. The foaming
      of the sheet may be attained by blending a blowing agent of thermal
      decomposition type, by impregnating the sheet with a volatile solvent, or
      by pumping a volatile solvent or a gas into the kneading portion of an
      extruder. Examples of said thermally decomposiing blowing agent are
      azobisisobutyronitrile, azodicarbonamide, oxybisbenzenesulfonylhydrazine,
      etc., those of the volatile solvent are n-hexane, n-pentane,
      1,2-dichlorofluoroethane, etc. and those of the gas are nitrogen, etc.
PAR  According to the present invention, suitable matrix plate and said
      synthetic resin sheet are allowed to lie one upon another and they are
      pressed and a plate type pressing machine and a roll pressing machine are
      suitable as the pressing machine. Furthermore, it is also possible that
      only the surface layer of said synthetic resin sheet is heated immediately
      before pressing, then this sheet is allowed to lie on a matrix and they
      are pressed.
PAR  As the matrix plate used in the present invention, resin matrix produced,
      for example, by pressing polycarbonate, nylon, polysulfone, ABS resin,
      polypropylene, etc. onto a type matter or an etched metal relief plate at
      a high temperature, no-backing paper matrix, concave type matter, etched
      metal intaglio plate, paper matrix hardenable with resin, etc. may be
      used, but these must be optionally chosen depending upon the kind of the
      synthetic resin sheet used in the present invention. In short, such matrix
      as standing the pressing pressure at plate making may be chosen.
PAR  In the present invention, it is necessary to carry out the compression so
      that the relation--thickness of the synthetic resin sheet before pressing
      &gt; thickness of projections of the convex portion of synthetic resin relief
      plate -- is attained.
PAR  That is, in case of the thickness of synthetic resin sheet before pressing
      being equal to the thickness of the projections of the convex portion of
      synthetic resin relief plate, the synthetic resin sheet is not
      sufficiently pressed into the matrix and the height of projections of the
      convex portion of the relief plate obtained is low. Thus, good printing
      cannot be accomplished. On the other hand, within the limited range of the
      present invention, not only the convex portions of the relief plate, but
      also the concave portions undergo compressive power and are buckled and
      deformed, whereby the convex portions which can sufficiently stand the
      printing pressure are formed and thus a relief plate having a high
      printing resistance can be produced.
PAR  When a foamed sheet is used in the present invention, preferably at least
      the surface of the plate to be convexed should be non-foamed layer to
      improve transferability of ink plate and oil resistance. Resin to be used
      as the non-foamed layer is preferably the same as the resin of the foamed
      layer, but in case of using bonding agent between the two layers, other
      thermoplastic resins may be used. For forming the non-foamed layer, the
      following methods may be employed: immediately after extrusion of foamable
      sheet, the surface of the sheet is cooled and solidified to prevent the
      foaming (to form a non-foamed layer); only the surface of a foamed sheet
      is softened and then compressed to crush the foamed layer; foamed layer
      and non-foamed layer are simultaneously extruded; non-foamed resin is
      extrusion coated on a foamed sheet; a non-foamed film is dry-laminated on
      a foamed sheet; and foamed sheet and un-foamed film are bonded by
      supplying a molten resin capable of bonding the two. Furthermore, fillers
      may be added to the non-foamed layer. Moreover, a synthetic resin solution
      can be applied or sprayed onto a relief plate of foamed sheet to coat the
      surface of the relief plate with a smooth resin to further improve
      printability.
PAR  In the present invention, said magnetizing fillers may be incorporated into
      the synthetic resin sheet to make it possible to easily load the synthetic
      resin sheet in a printing machine loaded with a magnetizing saddle. When
      the magnetizing fillers are not contained, a laminate of the synthetic
      resin sheet with a iron plate or nickel plate as a magnetizing back sheet
      or with a synthetic resin sheet containing iron powders, nickel powders or
      .gamma.-ferric oxide may be used.
PAR  The present invention is illustrated more specifically in the following
      examples which, however, are not to be construed as imposing any
      particular limitation thereon.
PAC  EXAMPLE 1
PAR  An ABS resin foamed sheet having a foaming ratio of 1.8 times and a
      thickness of 1 mm was put upon a polycarbonate resin matrix having a
      maximum dent depth of 0.6 mm and a thickness of 2 mm. These were pressed
      by a plate type press until the distance between the plates became 2.3 mm
      at room temperature and they were allowed to stand for 5 seconds. The
      height of convex portions of thus obtained ABS resin relief plate was 0.55
      mm and thickness of the convex portions was 0.98 mm. Rotary press printing
      was carried out using thus obtained relief plate to obtain a printed
      matter having an excellent resolving power and printing resistance.
PAC  REFERENTIAL EXAMPLE 1
PAR  Example 1 was repeated except that an ABS resin foamed sheet having a
      foaming ratio of 8 times and a thickness of 1 mm was used. The height of
      the convex portions of thus obtained ABS resin relief plate was 0.6 mm and
      thickness of the convex portions was 1 mm. When rotary press printing was
      carried out using said relief plate, ink was transferred onto the whole
      surface of the plate and the printed matter could not utterly be read
      because the convex portions were displaced under a low stress.
      Furthermore, after one printing, the relief plate was changed to nearly
      plane plate and the printing resistance was also low.
PAC  REFERENTIAL EXAMPLE 2
PAR  Example 1 was repeated except that a non-foamed ABS resin sheet having a
      thickness of 1 mm was used. At this time, the distance between the plates
      was 2.7 mm. Height of convex portions of thus obtained ABS resin relief
      plate was 0.17 mm and thickness of the convex portions was 1 mm. When
      rotary press printing was carried out using said plate, since the height
      of the convex portions was low, ink was also transferred to the portions
      other than the convex portions and printability was not good.
PAC  EXAMPLE 2
PAR  Example 1 was repeated except that a low density polyethylene resin sheet
      containing 50 % by weight of calcium carbonate and having a thickness of 1
      mm was used. Height of convex portions of thus obtained polyethylene
      relief plate was 0.4 mm and thickness of the convex portions was 0.99 mm.
      This relief plate had the same printability as that of Example 1.
PAC  REFERENTIAL EXAMPLE 3
PAR  Example 1 was repeated except that a low density polyethylene resin sheet
      containing 90 % by weight of calcium carbonate and having a thickness of 1
      mm was used. Height of convex portions of thus obtained polyethylene
      relief plate was 0.53 mm and thickness of the convex portions was 0.94 mm.
      The convex portions of this relief plate were very brittle and printing
      resistance was extremely low.
PAC  EXAMPLE 3
PAR  A mixture of 100 parts of polypropylene resin, 2 parts of azodicarbonamide
      (corresponding to a foaming ratio of 2 times) and 50 parts of barium
      sulfate was extruded from a slit die into a sheet of 1 mm in thickness to
      obtain a foamed sheet containing filler. This sheet was pressed in the
      same manner as in Example 1. Height of convex portions of thus obtained
      polypropylene relief plate was 0.58 and thickness of the convex portions
      was 0.92 mm. This relief plate had more excellent printability than that
      of the plate obtained in Example 1.
PAC  EXAMPLE 4
PAR  A polystyrene containing 1.5 % by weight of n-pentane and heated to
      170.degree.C and a mixture of 100 parts of polystyrene and 40 parts of
      calcium carbonate heated to 190.degree.C were simultaneously extruded from
      a slit die at 170.degree.C to produce a two-layer sheet comprising a layer
      containing the filler having a thickness of 0.1 mm and a foamed layer
      (foaming ratio 2 times) having a thickness of 0.9 mm. The layer containing
      the filler was allowed to be in contact with the resin matrix and the
      sheet and the matrix were pressed in the same manner as in Example 1.
      Height of convex portions of thus obtained polystyrene relief plate was
      0.55 mm and thickness of the convex portions was 0.97 mm. This relief
      plate was excellent in ink transferability because the convex portions
      were smooth and had a printability superior to that of the plate obtained
      in Example 1.
PAC  EXAMPLE 5
PAR  A sheet of laminate comprising the synthetic resin sheet used in Example 3
      and a polypropylene film containing 10 % by weight of .gamma.-ferric oxide
      and having a thickness of 50 .mu. was pressed in the same manner as in
      Example 1. Thus obtained polypropylene relief plate could easily be loaded
      in a printing machine having a magnetic saddle and moreover had an
      excellent printability.
PAC  EXAMPLE 6
PAR  One face of HIPS resin foamed sheet of 2 mm in thickness having a foaming
      ratio of 1.5 time and containing 40 % by weight of titanium oxide was
      heated with an infrared heater to soften only the surface layer.
      Immediately thereafter said heated face was pressed onto polycarbonate
      resin matrix by a rolling machine. Height of convex portions of thus
      obtained relief plate was 0.58 mm and thickness of the convex portions was
      1.98 mm. Printability of this relief plate was nearly the same as that of
      Example 1.
PAC  EXAMPLE 7
PAR  Only the surface of a low density polyethylene sheet containing 60 % by
      weight of aluminum hydroxide and having a foaming ratio of 3 times was
      softened and the sheet was passed through a heating rolls to obtain a
      sheet of 1.5 mm in thickness having a smooth surface. This sheet was
      pressed until the distance between the plates became 2.8 mm in the same
      manner as in Example 1. Height of convex portions of thus obtained
      polyethylene relief plate was 0.45 mm and thickness of convex portion was
      1.3 mm. Printability of this relief plate was good.
PAC  REFERENTIAL EXAMPLE 4
PAR  A low density polyethylene sheet containing 70 % by weight of aluminum
      hydroxide and having a foaming ratio of 4 times and a thickness of 1.5 mm
      was pressed in the same manner as in Example 7. Height of convex portions
      of thus obtained relief plate was 0.50 mm and thickness of the convex
      portions was 1.3 mm. Rotary printing was carried out using this relief
      plate. Printing effect was rough and was further decreased with increase
      in printing numbers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for producing synthetic resin relief plate by pressing a
      synthetic resin sheet onto a matrix, the improvement which comprises
      putting on the matrix a thermoplastic synthetic resin sheet which contains
      0 - 80% by weight of inorganic filler and has a foaming ratio of 1 or 1 &lt;
      a.ltoreq.4 and in which the amount of the inorganic filler (% by weight)
      and the foaming ratio satisfy the formula 130.gtoreq.20a + b.gtoreq.30
      wherein a represents a foaming ratio and b represents the amount of the
      inorganic filler and then pressing the sheet in solid state and the matrix
      so that the thickness of the synthetic resin sheet before being pressed is
      larger than the thickness of the convex portions of the synthetic resin
      relief plate.
NUM  2.
PAR  2. A method according to claim 1, wherein after only surface layer of the
      synthetic resin sheet which contacts with the matrix is softened, the
      sheet is put on the matrix and these are pressed.
NUM  3.
PAR  3. A method according to claim 1, wherein at least one side of the
      synthetic resin foamed sheet is non-foamed layer.
NUM  4.
PAR  4. A method according to claim 3, wherein a resin containing a foaming
      agent and a resin containing no foaming agent are simultaneously extruded
      from one die slit to obtain a synthetic resin sheet at least one side of
      which is non-foamed layer.
NUM  5.
PAR  5. A method according to claim 3, wherein the foamed sheet and the
      non-foamed film are bonded by supplying a molten resin capable of bonding
      these sheets therebetween.
NUM  6.
PAR  6. A method according to claim 1, wherein a synthetic thermoplastic resin
      selected from the group consisting of polyethylene, polypropylene,
      polystyrene, ABS and polyvinyl chloride is used.
NUM  7.
PAR  7. A method according to claim 1, wherein the said inorganic filler is
      selected from the group consisting of calcium carbonate, barium sulfate,
      aluminum hydroxide, clay, titanium oxide, iron oxide, iron powders, nickel
      powders or .gamma.-ferric oxide.
NUM  8.
PAR  8. A method according to claim 1, wherein a blowing agent selected from the
      group consisting of azobisisobutyronitrile, azodicarbonamide or
      oxybisbenzenesulfonyl hydrazine.
NUM  9.
PAR  9. A method according to claim 1, wherein a volatile solvent selected from
      the group consisting of n-hexane, n-pentane or 1,2-dichlorofluoroethane is
      used as a blowing agent.
NUM  10.
PAR  10. A method according to claim 1, wherein the thermoplastic synthetic
      resin is put on the matrix and these are pressed by a plate pressing
      machine.
NUM  11.
PAR  11. A method according to claim 1, wherein the thermoplastic synthetic
      resin is put on the matrix and these are pressed by a roll pressing
      machine.
NUM  12.
PAR  12. A method according to claim 1 claims, wherein a laminate of magnetizing
      sheets is used as the synthetic resin sheet.
NUM  13.
PAR  13. A printing relief plate produced by the method according to claim 1.
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ABST
PAL  A priming device for initiating explosive compositions. The device includes
      an elongated shell preferably formed of a synthetic plastic material which
      has a compartment closed off at one end for housing a sensitive explosive
      material which is more sensitive than the usual bulk explosive charges to
      be detonated. Also included in the primer unit is a passageway which is
      open at both ends of the shell for receiving and housing an electric
      blasting cap. This channel has an inwardly extending shoulder which
      reduces the inner diameter thereof but still permits the passage of a
      blasting cap therethrough. However when the cap and its leg wires are both
      laced through and lodged in the passageway the cap becomes wedged at the
      shoulder to hold it firmly in position within the device with the base
      charge end of the cap adjacent to the compartment containing the sensitive
      explosive material.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The development of sensitized water based explosives and techniques for
      loading ANFO in small diameter holes was prompted by the industry's desire
      to eventually eliminate nitroglycerine from their product lines. However,
      the sensitized water based explosives and ANFO generally lack the degree
      of sensitivity that is intrinsic to nitroglycerine based compositions.
      Both ANFO and the water based explosives are less sensitive to initiation
      and in the case of the water based explosives they have a tendency to
      become less sensitive at low temperatures. When initiated under
      border-line energy conditions, ANFO and the water based explosives are
      prone to detonate inefficiently and in some cases to fail. With most
      nitroglycerine sensitized explosives, the standard practice is to initiate
      with a No. 6 blasting cap. ANFO cannot be initiated reliably in this
      manner. Although some water based compositions are sensitive to a No. 6
      blasting cap and are sometimes used in this fashion, the industry
      recognizes the need for a small primer with substantially greater power
      output for application with most non-nitroglycerine explosives.
PAR  A variety of explosive packages for use as primers is known in the art as
      disclosed, for instance, in U.S. Pat. Nos. 3,037,452; 3,212,438;
      3,276,372; 3,371,606; 3,401,632; 3,431,849; 3,431,851; 3,614,928;
      3,604,353 and 3,747,527.
PAR  The industry has developed and is marketing miniature plastic explosive
      primers for the intended use. The weight of these units varies up to 20
      grams. The units are designed to fit snugly over a blasting cap. Some
      units are closed at one end, to prevent extending the base of the cap
      completely through the plastic explosive. If the base of the cap is
      extended through and beyond the plastic explosive, the cap will fail to
      initiate the primer. Other units are open at both ends for use with
      detonating cord or with a cap providing that the leg wires of the cap are
      threaded through the primer to hold the cap in place. However, the latter
      does not assure that the base of the longer caps cannot be extended beyond
      the primer.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention involves the design of a small primer that can be
      initiated with a blasting cap or detonating cord. It is intended for use
      in detonating explosives that are not reliably sensitive to a blasting cap
      or a knot of detonating cord.
PAR  The unique feature of the invention involves the package and its use with
      electric blasting caps. As previously stated, a primer containing an
      enclosed passageway to accommodate a cap can be used in such a manner that
      the base charge of the cap can be inserted through and beyond the primer
      and result in failure of the primer. This problem can be solved by closing
      one end of the passageway in the primer. However, in this case the
      passageway dimensions would be critical; the diameter would have to be
      chosen to accommodate various size (diameter) caps and provisions would
      have to be made to give a lock snug fit with all caps. This would be
      necessary to prevent the accidental removal of the cap from the primer in
      the field. In addition, closure of the cap passageway would limit the use
      of the primer to caps and prevent its use with detonating cord.
PAR  It is therefore an object of this invention to provide a priming explosive
      package of such configuration, whereby, when assembled with the priming
      charge and the blasting cap, with its wires, the cap is locked firmly in
      position within the shell with the base charge of the cap being located
      immediately adjacent the priming explosive.
PAR  Another object of the invention is to provide a primer explosive assembly
      device consisting of a shell, a priming explosive, a blasting cap and
      blasting cap wires wherein the cap and wires cooperate with the shell
      configuration in such a manner as to firmly wedge the cap in place within
      the shell with the base charge end of the cap lying immediately adjacent
      the explosive priming charge.
PAR  An additional object of the invention is to provide a primer device which
      will accommodate electric caps which vary slightly in diameter.
PAR  Still another object of the invention is to provide primer explosive charge
      assembly of the above objects wherein the blasting cap cannot
      inadvertently fall out or become displaced from the primer shell but is
      locked in place within the primer device.
PAR  It is another object of the invention to provide a primary explosive
      package which can be used with a detonating cord.
DRWD
PAR  Other objects and advantages of the invention will become more apparent
      from a study of the following drawings and description wherein:
PAR  FIG. 1 is a perspective of the primer shell;
PAR  FIG. 2 is an enlarged bottom view of the shell of FIG. 1;
PAR  FIG. 3 is an enlarged top view of the shell of FIGS. 1 and 2;
PAR  FIG. 4 is a side elevational view of the shell partially broken away
      showing the blasting cap and cap wires supported in place with one type of
      lacing pattern for the cap and wires;
PAR  FIG. 5 is a top view of the shell assembly shown in FIG. 4; and
PAR  FIG. 6 is a side elevational view partially broken away showing the
      assembled shell cap and cap wires with the cap and wires assuming a lacing
      pattern different than that of FIGS. 4 and 5.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  As shown in the drawings, the primer shell is preferably circular in shape.
      The shell 1 includes an elongated compartment 3 having an end wall 5. The
      compartment 3 is filled with a sensitive explosive material 7 such as
      Pentolite. Included in the shell 1 but walled off from the compartment 3
      is channel or passageway 9 which is open at both ends of the shell. The
      bottom end of the passageway 9 has an inwardly extending shoulder 11
      whereby the inner diameter of the passageway 9 is slightly reduced.
PAR  The primer shell 1 is used with electric blasting caps 13 which are smaller
      in diameter than the reduced inner diameter 11 of the passageway 9 at the
      bottom end thereof. The caps 13 can slide easily and completely through
      the passageway 11. However, when the cap 13 and its wires or leads 15 are
      laced through the passage in a manner to be explained, the combined
      effective diameter of the cap with the wires is greater than the reduced
      diameter 11 of the passageway 9 whereby the cap is wedged or locked in
      place within the passageway with the base charge of the cap abuting the
      inwardly extending lip 11 of the passageway 9.
PAR  FIGS. 4 and 5 illustrate one assembled form of the primer shell, priming
      explosive, blasting cap and cap wires or leads while FIG. 6 illustrates
      still another assembled form or arrangement. In FIGS. 4 and 5 the wires 15
      extend from the end of the cap 13 to which they are attached directly down
      through passageway 9 to exit through the passageway opening 11 at the
      bottom of the passage. The base charge end of the cap seats upon the
      shoulder 11 and is jammed or locked in place against the wires 15 which
      further reduce the effective inner diameter of the passageway opening to
      such a dimension that the cap 13 cannot pass therethrough.
PAR  To achieve this arrangement (FIG. 4) the free end of the cap 13 is inserted
      into the bottom end of the passageway 9 and pulled upwardly out through
      the top end of the passageway 9. Its position is then reversed and the
      free end of the cap is inserted in the top end of the passageway 9 and
      pushed down until it abuts the inwardly extending shoulder 11 at the
      bottom end of the passageway where it is jammed or wedged against the
      wires to hold the cap in locked position.
PAR  As for the embodiment shown in FIG. 6, the free end of the cap 13 is
      inserted through the top end of the passageway 9 after which it is drawn
      through and out of passageway 9. It is then looped around and reintroduced
      into the same end of the passageway 9. Again since the wires are now laced
      through the passageway 9, the end of the cap abuts the reduced diameter 11
      portion of the passageway 9 to become wedged or locked in place with the
      base charge end of the cap lying adjacent to the explosive charge 7.
PAR  Preferably the shells are made of a rigid form retaining synthetic plastic
      material such as cellulose acetate, cellulose acetate butyrate, cellulose
      propionate, cellulose acetate propionate, cellulose butyrate, polyvinyl
      chloride, polyethylene, polypropylene, polyamides, polyvinyl butyral,
      polystyrene, polyacrylonitrile, copolymers of vinyl chloride and other
      polymerizable monomers, such as vinylidene chloride and vinyl acetate,
      polymethymethacrylate, polyesters and thermoplastic synthetic rubbers. The
      shell may be formed through common molding processes such as injection
      molding, transfer molding, and the like.
PAR  The primer shells of the invention can be filled with any type of sensitive
      explosive, such as Pentolite (a mixture of pentaerythritol tetranitrate
      (PETN) and trinitrotoluene), ammonium dynamite, nitroglycerine dynamite,
      semi-gelatin and gelatin dynamites, gelled nitromethane, composition B,
      RDX (Cyclonite or cyclotrimethylenetrinitramine), Tetyl, Beta-HMX and
      pentacrythritol tetranitrate, ammonium perchlorate, as well as others
      known in the trade.
PAR  It is normally preferable to employ a cast priming charge, which is filled
      into the container while molten and allowed to harden in the container.
PAR  If desired, a detonating fuse cord such as Primacord (such as 50grain/ft.)
      can be used instead of a cap. The cord is threaded through the passageway
      9 from either end and then knotted at the free end. The knot positioned
      externally of the passageway opening is formed large enough to prevent it
      from entering the passageway and thus prevents the primer package from
      slipping off the knotted end of the detonating cord.
PAR  In the drawings, the passageway 9 is shown off-center, however, it could be
      concentric. Also, the inwardly extending shoulder 11 is shown at the end
      of the cartridge. It can be located at either end or at any location along
      the well. The reduced diameter of the passageway 9 is based upon the best
      compromise of cap and leg wire diameters. Also, the package could have an
      external size or shape other than that shown in the drawings and described
      above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A primer unit for explosive materials comprising an elongated shell
      having a top and a bottom end, a compartment within said shell for housing
      explosive material, said compartment being walled off at the bottom end of
      the shell, a walled passageway which accommodates therein a No. 6 electric
      blasting cap and its lead wires when threaded through said passageway,
      said passageway extending completely through the shell structure endwise
      thereof, and an inwardly extending shoulder within the passageway which
      reduces the inner diameter of the passageway to a dimension which will
      allow said No. 6 cap by itself to pass through the reduced diameter
      opening but which prohibits the cap from passing through when the cap and
      its lead wires threaded completely through the passageway occupy the
      passageway.
NUM  2.
PAR  2. The primer unit of claim 1 wherein the shoulder is positioned at one end
      of the passageway.
NUM  3.
PAR  3. The primer unit of claim 1 wherein the shoulder is positioned inwardly
      of one end of the passageway.
NUM  4.
PAR  4. An explosive primer device assembly comprising an elongated shell having
      a top and bottom end, a compartment within such shell, said compartment
      being walled off at the bottom end of the shell, an explosive material
      housed in said compartment, a walled passageway extending completely
      through the shell being open at both ends of the shell, an inwardly
      extending shoulder in said passageway, a blasting cap having lead wires
      attached to one end thereof positioned within said passageway, said lead
      wires also being threaded through said passageway, the reduced diameter
      portion of said passageway being large enough for the blasting cap to pass
      therethrough by itself but prohibited from such passage when the lead
      wires are also threaded through the passageway whereby the blasting cap is
      wedged at the reduced diameter portion of the passageway to lock the cap
      in position in the shell.
NUM  5.
PAR  5. The assembly of claim 4 wherein the shoulder is positioned at one end of
      said passageway.
NUM  6.
PAR  6. The assembly of claim 4 wherein the explosive material within the
      compartment is solidified Pentolite.
NUM  7.
PAR  7. The assembly of claim 4 wherein the shoulder is positioned inwardly of
      one end of the passageway.
NUM  8.
PAR  8. The assembly of claim 4 wherein the end of the cap to which the lead
      wires are attached extends above the top end of the shell, and the cap
      lead wires extend directly into the top end of and downwardly through the
      passageway.
NUM  9.
PAR  9. The assembly of claim 4 wherein the end of the cap to which the lead
      wires are attached extends above the top end of the shell, and the cap
      lead wires extend directly into the bottom end of and upwardly through the
      passageway.
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ABST
PAL  In an acceleration switch, such as used for actuating an impact detonator
      in a projectile, a ball is held between a support surface and a lever
      member which forms a part of a toggle lever assembly. On impact, the ball
      causes the lever to pivot and displace another lever member to which it is
      pivotally connected. When displaced, the toggle lever assembly passes
      through a dead center position and a portion of its another lever is moved
      out of the path of a light source and light detector for closing the
      ignition circuit of the impact detonator. A releasable safety device is
      provided to prevent premature movement of the lever assembly which would
      close the ignition circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is directed to an acceleration switch of the type used for
      actuating an impact detonator by closing its ignition circuit, and, more
      particularly, it is directed to the arrangement of a lever assembly which
      is displaceable between a first position and a second position so that in
      its second position it actuates the ignition circuit.
PAR  In U.S. Pat. No. 2,952,208 an impact detonator is disclosed which employs a
      ball, serving as an inertia body and held on a conical seat to assure
      release, even when a projectile impacts against a surface at an acute
      angle. Normally, the ball is held in the rest position by a spring-loaded
      actuating bar. When an acceleration force causes the ball to move off its
      seat, the actuating bar is displaced against the force of the spring and a
      number of spring contacts in an ignition circuit are closed.
PAR  In such an arrangement, the ball and the spring-loaded actuating bar form
      an oscillatory system in which even minor oscillations can amplify the
      system and lead to an accidental discharge of the ignition condenser or
      even to an accidental release of the detonator. However, small or
      relatively brief duration accelerations which occur, for example, when
      piercing thin-walled targets, when grazing a target, or when striking
      against a surface at an acute impact angle, are insufficient to close all
      of the contacts of the ignition system.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is the primary object of the present invention to provide an
      acceleration switch which is insensitive to oscillation and which responds
      even to accelerations of brief duration so that the switching action can
      take place in a very short period and, at the same time, the switch
      operates reliably.
PAR  Starting with the acceleration switch of the general type described above,
      the problems experienced in the past are overcome by use of a lever
      assembly with one of its levers in contact with the ball and with the
      lever assembly arranged so that it can be displaced between two defined
      switching positions. Further, another lever in the assembly which is not
      in contact with the ball forms a barrier or diaphragm in the path of light
      rays so that displacement of the diaphragm closes an ignition circuit for
      actuating the impact detonator. Another feature of the invention is the
      arrangement of the lever assembly as a toggle lever consisting of a pair
      of two-arm levers, with one lever contacting the ball and the other lever
      forming the diaphragm acting as a barrier for the path of rays. The lever
      contacting the ball is a rectilinear member while the other lever has its
      arms disposed angularly to one another and a spring plate acts against the
      other lever providing a biasing force against its displacement between its
      two positions.
PAR  As mentioned above, the acceleration switch is operated by displacing the
      lever assembly from a first position to a second position so that a
      portion of the lever assembly affording a diaphragm in the path of light
      rays passing from a source to a detector in the first position is
      displaced permitting the light rays to impinge on the detector and close
      an gnition circuit which, in turn, actuates the impact detonator. In
      passing between its two end positions the toggle lever formed by the lever
      assembly passes through a dead center position and the lever is held in
      its end positions by a spring support plate.
PAR  Further, the member of the lever assembly which contacts the ball and is
      formed as a rectilinear member, contains an opening through which a hub is
      passed for use in assembling the switch. The hub is part of a frame body
      which supports the ball, the lever assembly and the spring support plate.
PAR  In another feature of the invention, the lever assembly is held in the
      first position by a safety element consisting of a leaf spring
      displaceable into the path of the lever assembly and a fuse wire holding
      the leaf spring so that it blocks the movement of the lever assembly from
      the first into the second position. The fuse wire extends between a pair
      of contact pins mounted on a base plate of the switch and the fuse wire
      can be melted by passing current through it by means of the contact pins.
PAR  Still another feature of the invention is the use of an external
      photo-effect and a photo-detector as the source and detector of the light
      rays used in actuating the ignition circuit.
PAR  A particular advantage of the inventive arrangement is that, after the
      switching movement has been commenced by the ball, the lever assembly
      effects the immediate release of the switch. This characteristic is
      provided by the use of a toggle lever arrangement for the lever assembly
      which passes through its dead center position after a slight rotation from
      the first position and, due to the an elastic biasing action on the toggle
      lever moves beyond the dead center into the second position without any
      additional external force being required. As a result, the ignition
      circuit is actuated even though the releasing acceleration has
      discontinued. Another advantageous feature is that, independent of the
      course of operation, the barrier blocking the paths of the light rays is
      displaced and an immediate closure of the ignition circuit is achieved.
      Prior to displacement of the lever assembly into its second position, a
      simple lock is provided preventing the movement of the diaphragm from the
      path of the light rays by means of a leaf spring held in the locking
      position by a fuse wire.
PAR  In the locked position of the acceleration switch, though an acceleration
      force acts on the ball, for example, when a projectile is released, it can
      have no influence on the lever assembly. No mechanical intervention in the
      acceleration switch is necessary for releasing the safety device which is
      effected by melting the fuse wire, which step is carried out when a
      sharply defined command is given. The switch can be easily installed at
      any point in the war head of any projectile or missile, even subsequently,
      as a completely enclosed small part provided with a few connecting
      contacts and can then be tested.
DRWD
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there is illustrated and described a preferred embodiment of the
      invention.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a side elevational view, partly in section, of an acceleration
      switch, embodying the present invention, in its secured or locked
      position;
PAR  FIG. 2 is a top view of the acceleration switch illustrated in FIG. 1;
PAR  FIG. 3 is a sectional view taken along the lines III--III;
PAR  FIG. 4 is a partial side elevational view of the acceleration switch after
      it has been displaced from its locked position;
PAR  FIG. 5 is a diagram of release accelerations based on target-impact angles
      for a projectile equipped with the acceleration switch of the present
      invention;
PAR  FIG. 5a is a simpified illustration of a portion of the acceleration switch
      illustrating the supporting angles set forth in FIG. 5; and
PAR  FIG. 5b is a schematic view of a projectile striking a target for
      illustrating the impact angle employed in the diagram of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The acceleration switch shown in the drawing includes a base plate 1 and a
      frame body 2 secured together by adhesive foils 3. Electrical contacts for
      the acceleration switch are mounted on the base plate 1 in the form of
      five electrical plug pins 4, 5, 6, 7 and 8, connected into the ignition
      circuit of an impact detonator, not shown, and for providing a source of
      current.
PAR  Plug pin 4 serves as a ground connection and is fitted into an assembly
      yoke 9 on which a radiation source 10 and a radiation receiver or detector
      11 are mounted. The radiation source and detector form a path of light
      rays and are connected into the ignition circuit. Plug pins 5, 6 provide a
      supply of current for the radiation source 10 and the radiation detector
      11. Plug pins 7, 8 are connected together over a fuse wire 12. As shown in
      FIGS. 1 and 3, the fuse wire holds the leaf spring 13 in a lifted
      position.
PAR  The frame body 2 includes a L-shaped bearing part 21 located in the left
      hand part of the body, as viewed in FIGS. 1 and 2. A bore 22 is formed in
      the bearing part 21 and holds a supporting part 30 having an inner
      frusto-conically shaped surface which serves to support a ball 31. To the
      right of the ball, the bearing part provides a pair of vertically
      extending side plates 23 into which screws 32 are threaded and serve as
      bearing axles on the opposite sides of a two-arm lever 33. In FIGS. 1 and
      2, the lever is in its secured or locked position with its shorter arm 33a
      extending to the left from the bearing axle into surface contact with the
      ball 31. The longer arm 33b of the lever 33 extends to the right of the
      bearing axle and it contains an opening 34, note FIG. 2. The right hand
      end of the level arm 33b contains a pair of spaced lugs 35 into which
      screws 36 are threaded on both sides of the lever 33. On one side, the
      screws 36 secure a tongue 37 to the lever while on the other side they
      secure an angle lever 38. The angle lever 38 consists of a first arm 38a
      disposed at a slight angle to the lever 33 and a second arm 38b extending
      downwardly approximately at right angles to the first arm. At the opposite
      end of the first arm 38a from the screw 36, the angle lever 38 is
      pivotally mounted on a screw 39a which is threaded into one side of a
      U-shaped bearing block 40, note the shape of the bearing block as
      illustrated in FIG. 2. On the opposite side of the bearing block 40,
      another screw 39b rotatably mounts the opposite end of the tongue 37 from
      the end attached to the lever 33. Below the fulcrum of the angle lever 38
      formed by the screws 36, the second arm 38b has an offset portion forming
      a vertically extending barrier or diaphragm 41 which, in the locked
      position of the acceleration switch, is located in the path of light rays
      directed from the radiation source 10 toward the radiation detector 11,
      note FIG. 2, so that the diaphragm in this position interrupts the path of
      light rays directed toward the detector. At the right end surface of the
      bearing block 40, rivets 42 and a reinforcing plate 43 secure a spring
      support plate 44 to the bearing block.
PAR  The spring plate extends downwardly from the bearing block and is secured
      by rivets 45 to a guide piece 46 supported on the base plate 1. The guide
      piece 46 is positioned within a groove 24 in a receiving part 25 of the
      frame body 2 and is secured in place by the screw 47 extending downwardly
      into the guide piece. The bearing part 21 on the left end of the base
      plate and the receiving part 25 at its right end are connected together by
      an intermediate part 26 to which a hub is secured and passes through the
      opening 34 in the longer or second arm 33b of the lever 33. The hub also
      has an upwardly extending bore which passes downwardly through the base
      plate. The hub 27 assists in the assembly of the acceleration switch.
PAR  The following is a description of the manner in which the acceleration
      switch operates.
PAR  In combination with the tongue 37 and the angle lever 38, the lever 33
      forms a toggle lever assembly with the screws 36 acting as a fulcrum. As
      mentioned above, the lever assembly, as shown in FIGS. 1, 2 and 3, is in
      the locked or secured position. Movement of the toggle lever assembly
      about the fulcrum 36 in the direction of arrow 48, note FIG. 1, is made
      possible by the pivotal support of the lever 33 on the screws 32 fitted
      into the side plate 23 and by the elastic articulation of the bearing
      block, which mounts the angle lever, on the spring support plate 44. In
      the locked position of the lever assembly, the first arm 33a of the lever
      33 bears downwardly on the ball 31, and due to the spring support plate,
      the fulcrum of the toggle lever is pushed upwardly and the diaphragm 41 on
      the second arm 38b of the angle lever is positioned in the path of the
      light rays passing from the source 10 to the detector 11. This locked
      position of the lever assembly is provided by the leaf spring 13 held in
      the blocking position by fuse wire 12, note FIGS. 1 and 3, for preventing
      displacement of the diaphragm 41 from the paths of the light rays.
PAR  To activate the acceleration switch, a flow of current is passed through
      the two pin plugs 7, 8 for melting the fuse wire 12 and releasing the leaf
      spring 13 so that it moves downwardly toward base plate 1 and no longer
      locks the diaphragm 41 in the blocking position. The flow of current for
      melting the fuse wire can be effected, for example, when a projectile or
      missile equipped with the acceleration switch is released. When the
      projectile strikes against a surface, the ball 31, due to the acceleration
      inertia developed in its path of trajectory, is forced against the first
      lever arm 33a and the toggle lever asssembly undergoes a rotational
      movement about its fulcrum 36 in the direction of the arrow 48. As
      mentioned above, in the locked position there is a slight angle between
      the lever 33 and the first arm 38a of the angle lever 38, however, as the
      lever assembly moves in the direction of the arrow 48, the lever 33 and
      the first arm 38a are arranged in a straight line and the toggle lever
      assembly passes over a dead center position and the spring support plate
      44 biases the bearing block 40 so that the lever assembly continues to
      move to its second or released position. Accordingly, it is only necessary
      to lift the ball slightly by an acceleration force to displace the toggle
      lever assembly through its dead center position and thus afford full
      movement of the entire lever assembly. In the dead center position of the
      lever assembly, the path of the light rays between the source 10 and the
      detector 11 is opened by the lateral movement of the diaphragm 41 so that
      the detonation of an explosive charge can be commenced without delay.
PAR  The release accelerations g plotted in FIG. 5 are at least necessary for
      activating the acceleration switch with a ball mass of 2.1 g.
PAR  In FIG. 5a a simplified arrangement of the supporting surface 30, the ball
      31 and the lever 33 is illustrated for exhibiting the supporting angle
      .beta. which is defined by the angle formed between the frusto-conically
      shaped surfaces of the supporting part 30. FIG. 5b illustrates the impact
      angle .alpha., that is, the angle of impact of a projectile 50 striking
      against a target surface 51. In the diagram it is shown that with an
      impact angle .alpha. of 0.degree., a release acceleration of 50 g is
      required. It can be seen that the dependence of the release acceleration g
      on the supporting angle .beta. is not great and that a release of the
      acceleration switch is possible even with impact angles of over 90.degree.
      up to a maximum of 110.degree.. Due to the small release path of the ball,
      which in the illustrated example is only 0.25 mm, and due to the small
      pivotal movement executed by the lever assembly, release times of only
      about 1.0 msec are required for a release acceleration of 100 g.
PAR  It is within the framework of the invention to vary the supporting angle
      .beta. of the supporting part 30 between 0.degree., that is, guidance of
      the ball in a cylinder, and approximately 180.degree., that is, with the
      ball bearing on a planar plate, depending on the requirements which the
      acceleration switch must meet. In addition, the bearing surface of the
      supporting part can also be curved, both convex and concave, instead of
      being straight, to provide certain release characteristics.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Acceleration switch, particularly for use in actuating an impact
      detonator having an ignition circuit, comprising a ball, a member forming
      a support surface for said ball, a switch actuating member positioned in
      contact with said ball so that said ball is held between the support
      surface of said member and said switch actuating member, wherein the
      improvement comprises a lever assembly displaceable between a first
      position preventing actuation of the impact detonator and a second
      position affording actuation of the impact detonator, said lever assembly
      comprises said switch actuating member and a second member pivotally
      connected to said switch actuating member at a position spaced from the
      position on said switch actuating member in contact with said ball, said
      second member forming a diaphragm at a position spaced from its point of
      pivotal connection to said switch actuating member, means forming a path
      of light rays arranged in the ignition circuit for effecting the closure
      of the ignition circuit, said diaphragm arranged to interrupt the path of
      the light rays when said lever assembly is in the first position and to be
      spaced from the path of the light rays when said lever assembly is in the
      second position so that the ignition circuit can be closed.
NUM  2.
PAR  2. Acceleration switch, as set forth in claim 1, wherein said switch
      actuating member comprises a substantially rectilinear first lever member,
      means for pivotally supporting said first lever member intermediate its
      end so that it forms a two-arm lever pivotally connected at one end to
      said second member and in surface contact with said ball at its other end,
      said second member comprises a second lever member having a first arm
      pivotally connected to said first lever member and a second arm extending
      angularly from said first arm, said second arm including said diaphragm
      which is located at a position spaced from said first arm, means pivotally
      supporting said first arm of said second lever member at a position spaced
      from the pivotal connection to said first lever member and a spring
      support plate in contact with said means pivotally supporting said first
      arm for providing a biasing action for securing the position of the second
      lever member relative to said first lever member.
NUM  3.
PAR  3. Acceleration switch, as set forth in claim 2, wherein said diaphragm
      extends laterally from said second arm of said second lever.
NUM  4.
PAR  4. Acceleration switch, as set forth in claim 2, wherein said lever
      assembly forms a toggle lever with said first lever member and the first
      arm of said second lever member assuming a straight line alignment in
      moving between the first and second positions and when said lever member
      and the first arm of said second lever member are in the straight line
      alignment said toggle lever is in its dead center position spaced from the
      first and second positions, and in the first position the first arm of
      said second lever extends at a slight angle from one side of said first
      lever member while in the second position said first arm pivots relative
      to said second lever member so that it extends at a slight angle from the
      opposite side of said first lever member.
NUM  5.
PAR  5. Acceleration switch, as set forth in claim 4 including a frame body
      forming a support for said member forming the support surface for said
      ball for said switch actuating member and for said spring support plate,
      said frame body including a hub, said first lever member having an opening
      therethrough located between its point of pivotal connection on said means
      and its point of pivotal connection to said second lever member.
NUM  6.
PAR  6. Acceleration switch, as set forth in claim 4, including a safety element
      blocking the path of movement of said second lever member from the first
      position into the second position.
NUM  7.
PAR  7. Acceleration switch, as set forth in claim 6, wherein said safety
      element comprises a leaf spring attached to said frame body and
      displaceable into the path of said second lever member for blocking
      passage thereof between the first and second positions, a fuse wire
      supported on said frame body and arranged to hold said leaf spring in
      position for blocking the movement of the said second lever member between
      its first and second positions, contact pins mounted on said frame body
      and said fuse wire connected to said contact pins so that current can be
      passed through the fuse wire for melting it and releasing said leaf
      spring.
NUM  8.
PAR  8. Acceleration switch, as set forth in claim 2, wherein said means for
      forming a path of light rays includes a source of light rays positioned on
      one side of said diaphragm when it is in the first position and a source
      for detecting light rays located on the opposite side of said diaphragm
      when it is in the first position so that said diaphragm serves as a
      barrier for preventing light rays emanating from said source from
      impinging on said detector.
NUM  9.
PAR  9. Acceleration switch, as set forth in claim 1, wherein said member for
      supporting said ball is arranged so that its support surface contacting
      the ball can be disposed in the range from 0.degree. to 180.degree..
NUM  10.
PAR  10. Acceleration switch, as set forth in claim 1, wherein said member for
      supporting said ball has frustoconically shaped diverging upwardly toward
      said ball.
NUM  11.
PAR  11. Acceleration switch, as set forth in claim 2, wherein said means
      pivotally supporting the first arm of said second lever member comprises a
      U-shaped block, and said spring support plate in contact with said
      U-shaped block and extending downwardly therefrom, a frame body forming a
      support for said member forming the support surface for said ball and for
      said switch actuating member, said spring support plate extending
      downwardly into contact with said frame body and means securing said
      spring support plate to said frame body.
NUM  12.
PAR  12. Acceleration switch, as set forth in claim 11, wherein said lever
      assembly comprises a tongue extending in laterally spaced relationship to
      the first arm of said second lever member and being pivotally connected to
      one end to the second arm of said first lever member and at its opposite
      end to said U-shaped block.
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ABST
PAL  A solid cylindrical centripetally burning propellant element having an
      instantaneous combustion surface of substantially constant magnitude
      exhibits rotational symmetry of order n (2 .ltoreq. n .ltoreq. 15) about a
      longitudinal axis. The cross- section of the element presents n convolute
      branches, each terminating in a semi-circular arc of radius equal to the
      combustion thickness e, the cross-section being the envelope generated by
      a circle of radius e which rolls on a n-symmetrical base-line comprising a
      polygon having n concave sides forming n similar cusps extended by
      respective curved arms. The contour of the polygon generatrix defines the
      outer limit of the single combustion residue of the element, by which the
      element may be secured in the combustion chamber of a rocket engine.
BSUM
PAR  The present invention relates to a solid propellant element which is
      designed to burn from the outside or centripetally and to the use of such
      an element in a rocket engine or other motor. The element is particularly
      useful in a light or medium rocket.
PAR  It is generally desirable that a propellant element should produce the most
      constant possible thrust while firing. This condition would be realised
      ideally if the surface area of combustion of a solid propellant element
      were arranged to remain substantially constant during combustion.
PAR  It is possible to arrange for the combustion surface to include both convex
      and concave portions. During combustion the areas of the convex portions
      decrease, while the areas of the concave portions increase. In practice
      satisfactory (although incomplete) compensation of the overall decrease in
      combustion area can be achieved in this way. However, the design of such
      an element may be complicated by various considerations. For Example:
PA1  The number of combustion residues left (the result of fragmentation of the
      element at a certain stage of the combustion) should not be high.
PA1  The ratio of the volume of these residues to the initial total volume of
      the element should not be high, since this represents a waste of
      propellant,
PA1  It would be desirable to be able to change continuously during design the
      relative combustion thickness e/R (e being the combustion thickness of the
      element before extinction of any part of the combustion surface leaves the
      combustion residues and R being the radius of the cylinder circumscribing
      the element) rather than changing it discontinuously by changing the
      number of lobes,
PA1  It would be desirable to be able to design elements of low relative
      combustion thicknesses e/R without increasing the number of lobes, which
      would simultaneously increase the fragility of the elements and the size
      and number of residues, and a large filling coefficient (ratio of the
      volume of the element to the volume of the circumscribing cylinder) is
      desirable.
PAR  One aspect of the present invention provides a solid cylindrical propellant
      element for centripetal combustion, the cross-section of the combustion
      surface of the element exhibiting rotational symmetry of order n about a
      longitudinal axis of the element, where n is an integer greater than or
      equal to 2, the element presenting n similar convolute limbs extending
      from a common centre and terminating in respective semicircular arcs of
      radius e where e is the combustion thickness of the element, one end of
      each of said semicircular arcs being tangential to a right circular
      cylinder circumscribing the element, and the element having a single
      combustion residue disposed centrally in the element.
PAR  Preferably, the thickness of combustion e of the block is substantially
      such that: R/10 &lt; e &lt; 2 R/3 and preferentially 0.2 R &lt; e &lt; 0.4 R.
PAR  The shape of the blocks is, in fact, equally compatible with thicknesses of
      combustion as low as R/10 and with thicknesses as high as 2 R/3.
PAR  In use, the solid propellant element is preferably fixed against the front
      of the combustion chamber in a propulsion device by means of an anchoring
      rod, which penetrates into the location of the combustion residue in the
      element so that the useful volume of propellant is not limited by the
      means of the attachment.
PAR  Preferably, an arc of a circle of radius greater than or equal to 2e
      extends the semi-circle of radius e and is tangential simultaneously to
      the cylinder of radius R and to the semi-circle of radius e.
PAR  Another aspect of the invention provides a solid cylindrical propellant
      element for centripetal combustion, the cross-section of the combustion
      surface of the element exhibiting rotational symmetry of order n about a
      longitudinal axis of the element, where n is an integer greater than or
      equal to 2, the cross-section being in the shape of an envelope generated
      by a circle of radius e (where e is the combustion thickness of the
      element) whose centre describes a generatrix also having rotational
      symmetry of order n about said axis, said generatrix comprising n cusps
      each of which is extended by a respective curved arm, so that said element
      has a single combustion residue in the shape of said generatrix.
PAR  Preferably, the combustion thickness e of the element is such that
EQU  0.05 R .ltoreq. e .ltoreq. 0.31R
PAR  The shape of the blocks is, in fact compatible with combustion thickness as
      low as 0.05 R and with thicknesses as high as R/3. Moreover, the shape of
      the blocks makes it possible to obtain low thicknesses of combustion,
      without increasing the number n of branches too much, which would
      considerably complicate their manufacture or even make it impossible. An
      element having a ratio of e/R equal to 0.31 can satisfactorily be obtained
      with three branches.
DRWD
PAR  Embodiments of the invention will now be described by way of example with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic view in transverse cross-section of a solid
      propellant element in accordance with the invention,
PAR  FIGS. 2 to 4 are diagrammatic views in partial transverse cross-section of
      other solid propellant elements in accordance with the invention,
PAR  FIG. 5 is a view in longitudinal cross-section of a propulsion device in
      accordance with the invention.
PAR  FIG. 6 is a sectional view along the line VI--VI of FIG. 5, and
PAR  FIG. 7 is a view in partial longitudinal cross-section of another
      propulsion device in accordance with the invention.
DETD
PAR  The solid propellant elements shown in the drawings are centripetally
      burning cylindrical elements of convoluted combustion surfaces, which are
      illustrated by their uniform cross-sections in FIGS. 1 to 4 of the
      drawings.
PAR  In the element illustrated in FIG. 1, the transverse cross-section of the
      combustion surface is a surface possessing five branches 1, 2, 3, 4 and 5,
      the axis which is perpendicular to the plane of the figure and which
      passes through O being an axis of symmetry of order 5.
PAR  The part of the branches 1, 2, 3, 4 and 5 farthest from 0 is curved along
      an arched contour comprising a semi-circle A.sub.1 B.sub.1, A.sub.2
      B.sub.2, . . . or A.sub.5 B.sub.5, the end A.sub.1, A.sub.2 or A.sub.5 of
      which corresponds to the point of tangential contact of the semi-circle
      with the circumscribing circle 6 of radius R. The semi-circle A.sub.1
      B.sub.1, A.sub.2 B.sub.2 or A.sub.5 B.sub.5 has a radius e equal to the
      thickness of combustion of the block.
PAR  The above mentioned semi-circle are connected to one another by arcs
      A.sub.1 C.sub.1, A.sub.2 C.sub.2 . . . or A.sub.5 C.sub.5 simultaneously
      tangential to the semi-circles and to the circumscribing circle 6 and
      centred respectively at B.sub.1, B.sub.2 . . . or B.sub.5 and by arcs
      C.sub.1 B.sub.2, C.sub.2 B.sub.3 . . . or C.sub.5 B.sub.1 centred
      respectively at C.sub.2, C.sub.3 . . . or C.sub.1.
PAR  The position of the single combustion residue 7 has also been denoted in
      this figure by a central cross-hatched area, the external contour of the
      latter being situated at a distance e from the external contour of each
      branch.
PAR  It can also be seen in this FIG. 1 that the external contour 8 of the solid
      propellant element is the envelope generated by a circle of radius e, the
      centre of which describes a generatrix comprising closed curve also having
      rotational symmetry of order n, equal to 5 in the case of the figure, and
      consisting of the external contour 9 of the residue 7. The above mentioned
      closed curve also comprises curved arms 9a, 9b . . . or 9e which extend
      each cusp of the residue 7 and project as far as the points M.sub.1,
      M.sub.2 . . . or M.sub.5 situated at a distance (R-e) from O.
PAR  In the embodiment represented in FIG. 1, each arm consists essentially of a
      doube arc with centres B.sub.1, B.sub.2 . . . B.sub.5 connected by double
      straight lines to the cusps of the residual 7.
PAR  The propellant element functions as follows after igniting the external
      surface 8 of the propellant element the combustion surface (or flame
      front) travels towards the inside of the element. This combustion surface
      always remains parallel to the external surface 8 which is the original
      combustion surface until the entire combustion thickness e is consumed, as
      is shown, for example, by the combustion surface 8a produced when the
      thickness e/2 has been consumed.
PAR  The change in the surface area of combustion 8 is a progressively
      decreasing linear function of the thickness of propellant consumed.
PAR  When the entire combustion thickness e has been consumed, the combustion
      surface produced is identical to the external surface 9 of the residual.
      Beyond this limit, part of the combustion surface is extinguished and the
      area of combustion decreases very rapidly as the combustion residue burns.
PAR  Various examples of solid propellant elements will now be described in more
      detail.
PAR  For simplicity, only the transverse cross-section of one branch of each
      element will be described; the others can be deduced therefrom by a
      rotation of 2 .pi. /n about the axis of the block, n being the order of
      symmetry of this axis.
PAR  In all these examples, the external contour of the branch F.sub.1 F.sub.2
      comprises a semi-circle C.sub.1 B.sub.1 of radius e,  tangential at
      C.sub.1 to the circumscribing circle of radius R. One of the ends of this
      semi-circle is extended by an arc of a circle which is tangential to it,
      and then, in certain cases, by a segment of a tangential straight line,
      the other end being extended by another tangential arc or by an arc and a
      segment of a straight line tangential to the arc, depending on the
      relative thickness of combustion (e/R) desired.
PAC  EXAMPLE I (see FIG. 2)
PAR  In this embodiment, the external contour of the branch F.sub.1 F.sub.2
      consists of a semi-circle C.sub.1 B.sub.1 of radius e and centre M.sub.1
      tangential at C.sub.1 to the circumscribing circle of radius R and centre
      0. The end C.sub.1 of the semi-circle C.sub.1 B.sub.1 is extended by an
      arc of a circle C.sub.1 F.sub.1 of radius 2e and centre B.sub.1.
PAR  The end B.sub.1 of the semi-circle C.sub.1 B.sub.1 is extended by an arc of
      a circle B.sub.1 F.sub.2 of radius 2e and centre F.sub.1, the point
      F.sub.1 being the intersection of the arc of a circle C.sub.1 F.sub.1 with
      the homologous arc of a circle B.sub.1 F.sub.2 (not shown) of the adjacent
      branch.
PAR  The angle a between OF.sub.1 and OF.sub.2 is equal to 2 .pi./n, n being
      equal to the number of branches of the block.
PAR  This embodiment, which is particularly simple, is suitable for relatively
      high thicknesses of combustion, substantially such that:
EQU  0.23 R .ltoreq. e .ltoreq. 0.31 R,
PAL  the number n of branches being between 2 and 5.
PAR  The ratio of initial to final combustion areas in this embodiment is quite
      close to unity, and the element has a high filling factor and a low
      combustion residue volume.
PAR  The distance d between the arc C.sub.1 B.sub.1 and the arc F.sub.2 C.sub.2
      (homologue of F.sub.1 C.sub.1) is preferably such that:
EQU  0.03R &lt; d &lt; 0.06R
PAL  the lower limit 0.03 R being fixed by the feasibility of manufacturing the
      block and the upper limit 0.06 R being imposed in order to have a suitable
      filling factor.
PAR  If, by graphical construction of a block having a given value of e/R and a
      number of branches n, it is found that the distance d would be less than
      the chosen lower limit, it is necessary to repeat the graphical
      construction with a number of branches (n+1). If, on graphical
      construction, d is higher than the chosen upper limit, it is useful to
      repeat the graphical construction with a number of branches (n-1) or to
      produce the block in accordance with examples II and III below.
PAC  EXAMPLE II (see FIG. 3)
PAR  In this embodiment, the external contour of the branch F.sub.1 F.sub.2
      consists of a semi-circle C.sub.1 B.sub.1 of radius e and centre M.sub.1,
      tangential at C.sub.1 to the circumscribing circle of radius R and centre
      O. The end C.sub.1 of the semi-circle C.sub.1 B.sub.1 is extended by an
      arc of a circle C.sub.1 F.sub.1 having its centre at N.sub.1 situated on
      the segment B.sub.1 O and having as its radius the maximum permissible
      value with the distance d chosen in accordance with the criteria described
      above. The end B.sub.1 of the semi-circle C.sub.1 B.sub.1 is extended by
      an arc of a circle B.sub.1 F.sub.2 tangential at B.sub.1 to the
      semi-circle C.sub.1 B.sub.1 and having its centre at N.sub.1.
PAR  The angle a between N.sub.1 F.sub.2 and F.sub.2 N.sub.2, N.sub.2 being the
      homologue of N.sub.1, is less than 2 .pi. /n, n being equal to the number
      of branches.
PAR  This embodiment is suitable for thicknesses of combustion e less than those
      of the preceding example and substantially such that:
EQU  0.15 R .ltoreq. e .ltoreq. 0.23R
PAL  it being possible for the number n of branches to be between 5 and 8.
PAR  This element also has a ratio of initial to final combustion areas close to
      unity, a good filling factor and a low combustion residue e volume
      although the latter is greater than that obtained according to the
      preceding example.
PAC  EXAMPLE III (see FIG. 4)
PAR  In this embodiment, the external contour of the branch F.sub.1 F.sub.2
      consists of a semi-circle C.sub.1 B.sub.1 of radius e and centre M.sub.1
      tangential at C.sub.1 to the circle of radius R and centre O. The end
      C.sub.1 of the semi-circle C.sub.1 B.sub.1 is extended by an arc of a
      circle C.sub.1 D.sub.1 having its centre at N.sub.1 situated on the
      segment B.sub.1 O and having as its radius the maximum permissible value
      with the distance d chosen in accordance with the criteria described
      above. The end B.sub.1 of the semi-circle C.sub.1 B.sub.1 is extended by
      an arc of a circle B.sub.1 A.sub.1 tangential at B.sub.1 to the
      semi-circle C.sub.1 B.sub.1 and having its centre at N.sub.1. The arc of a
      circle B.sub.1 A.sub.1 is extended by a segment A.sub.1 F.sub.2 tangential
      at A.sub.1 to the arcs B.sub.1 A.sub.1 and parallel to the segment
      OH.sub.1 which is tangential at H.sub.1 to the arc M.sub.1 H.sub.1
      equidistant from the arcs B.sub.1 A.sub.1 and C.sub.1 D.sub.1. The arcs of
      a circle C.sub.1 D.sub.1 is extended by a segment D.sub.1 F.sub.1
      tangential at D.sub.1 to the arc C.sub.1 D.sub.1 and parallel to the
      segment OH.sub.1, F'.sub.2 being respectively the intersections of the
      extension of the arcs B.sub.1 A.sub.1 and C.sub.2 D.sub.2 and of the arcs
      B.sub.2 A.sub.2 and C.sub.3 D.sub.3, and F'.sub.2  being respectively the
      intersections of the extension of the arcs B.sub.1 A.sub.1 and C.sub.2
      D.sub.2 and of the arcs B.sub.2 A.sub.2 and C.sub.3 D.sub.3, and F'.sub.3
      being the homologue of F'.sub.2 for the adjacent branch F.sub.2 F.sub.3 ;
      the angle a between N.sub.1 F'.sub.2 and F'.sub.2 N.sub.2 is greater than
      2 .pi. /n, n being equal to the number of branches.
PAR  This embodiment is suitable for very low thicknesses of combustion e,
      substantially such that:
EQU  0.05 R .ltoreq. e .ltoreq. 0.15 R
PAL  the number n of branches being preferably between 7 and 15.
PAR  The external contours of the embodiments described in Examples I to III can
      also be characterised according to the variant indicated with reference to
      FIG. 5.
PAR  For example, the external contour F.sub.1 F.sub.2 of the embodiment
      represented in FIG. 4 can be characterised by the envelope described by a
      circle of radius e, the centre of which describes the contour of the
      residuel (cross-hatched area), the cusps of which are extended by double
      straight line segments and by double arcs of a circle having M.sub.1 as
      the end and N.sub.1 as the centre.
PAR  The elements described above have a surface area of combustion which is
      adequately constant, a good filling factor and a combustion residue which
      is usually less than 10% which is acceptable; moreover, the proportion of
      wasted propellant can be further reduced by a corresponding amount by an
      attachment rod of sufficient external diameter projecting into the
      combustion residue.
PAR  The relative combustion thicknesses can vary continuously between very wide
      limits, by changing the geometry of the branches and optionally by
      changing their number.
PAR  For example, for thicknesses of combustion as low as 0.10 R the number of
      branches is equal to 11, which is not very high, and consequently does not
      present any difficulty in production.
PAR  The following table gives some combustion characteristics of the solid
      propellant elements according to the above mentioned examples.
PAR  In this table, k denotes the ratio of the initial combustion perimeter
      Po(perimeter of the transvers cross-section of the block) to the perimeter
      of the cross-section of the circumscribing cylinder of radius R.
PAR  Pf denotes the final combustion perimeter of the block, when the thickness
      e has been consumed.
PAR  Pm denotes the combustion perimeter when the thickness e/2 has been
      consumed.
PAR  It can be shown that:
PA1  Po/Pf is equal to k/(k-e/R)
PAL  and
PA1  Po/Pm is equal to k/(k-e/2R)
PA1  p% denotes the effective filling factor of the block: it is equal to 100
      times the ratio of the volume of the block less the volume of the
      combustion residue to the volume of the circumscribing cylinder.
PA1  p is also equal to 100 (2 k e/R - e.sup.2 /R.sup.2)%.
TBL  Number of                                                                 

     example                                                                   

           I     II   I    II   I    II   II II III                            

                                                   III  III  III               

                                                                III            

     __________________________________________________________________________

     e/R   0.31  0.275     0.25      0.21 0.20     0.15      0.10              

     n     3     3    4    4    5    5    5  6  6  7    8    10 11             

     k     1.26  1.35 1.42 1.56 1.59 1.85 1.9                                  

                                             1.85                              

                                                1.9                            

                                                   2.35 2.40 3.2               

                                                                3.28           

     Po/Pf 1.327 1.24 1.24 1.18 1.18 1.13 1.12                                 

                                             1.12                              

                                                1.12                           

                                                   1.07 1.07 1.03              

                                                                1.03           

     Po/Pm 1.14  1.10 1.10 1.08 1.08 1.06 1.06                                 

                                             1.06                              

                                                1.06                           

                                                   1.03 1.03 1.02              

                                                                1.02           

     p     68.9  66.7 70.5 71.7 73.5 73.3 72 70 72 68.2 69.7 63 64.6           

     % of                                                                      

     residual                                                                  

           0.7   2.8  3.2  2.5  5.5  4    3.5                                  

                                             9.8                               

                                                6.7                            

                                                   6.6  9.1  9.2               

                                                                10.3           

     number                                                                    

     of res-                                                                   

           1     1    1    1    1    1    1  1  1  1    1    1  1              

     iduals                                                                    

     __________________________________________________________________________

PAR  It will be seen that the ratios Po/Pf and Po/Pm are very close to 1. The
      values indicated for p show that, in every case, the filling coefficient
      is suitable, being greater than 63%. Moreover, the proportions of residue
      remains very low for relative combustion thicknesses between 0.31 and 0.20
      and is less than or equal to 10% for low thicknesses of combustion between
      0.20 and 0.10.
PAR  The elements shown in the drawings can be manufactured without difficulty
      by suitable processes of moulding and extrusion from suitable compositions
      of propellants moulding being used in the case of thick blocks and
      extrusion in the case of thin blocks.
PAR  The motor 10 shown in FIGS. 5 to 7 of the attached drawings comprises a
      head 11 and a body 12 inside which a solid propellant element 13 in
      accordance with the invention is located.
PAR  The body 12 of the propulsion device comprises a front base 14 which
      separates it from the head. The element 13 is fixed to the front base 14
      of the body 12 of the propulsion device by means of an anchoring rod 15
      which penetrates into the central combustion residue 16 (represented by
      broken lines).
PAR  This arrangement makes it possible firmly to fix the block of propulsive
      fuel 13 inside the body 12 of the propulsion device, without in any way
      decreasing the useful volume of propellant in the element.
PAR  In order that combustion takes place perpendicularly to the axis of the
      element, the bases of the latter are optionally coated with a combustion
      inhibitor 17.
PAR  Moreover, it is preferable for the anchoring rod itself to be insulated
      from the propulsive fuel by an inhibiting coating 18.
PAR  Certain applications require that the propellant element be wedged inside
      the body 12 of the propulsion device. This wedging can be achieved by
      means of a refractory coating 19 which adheres to the body and is in
      contact with the block 13.
PAR  Various modifications to the elements described will occur to those skilled
      in the art. For example the transverse cross-section of the blocks can be
      changed. The arcs C.sub.1 B.sub.1, C.sub.1 F.sub.1, B.sub.1 F.sub.2 or
      C.sub.1 D.sub.1 or B.sub.1 A.sub.1 can be arcs of other than arcs of a
      circle, but preferably approaching the latter rather closely and having a
      mean radius of curvature equal to that indicated or described in the above
      mentioned description.
CLMS
STM  I claim:
NUM  1.
PAR  1. A solid cylindrical externally burning propellant element adapted to be
      fixed in a propulsion device, having substantially constant burning
      surface, said element having a cross section such that it may be inscribed
      in a cylinder of radius R, and longitudinal axis O, the cross section of
      said element exhibiting rotational symmetry of order n about said
      longitudinal axis of the element, wherein n is an integer number greater
      than or equal to 2, the cross section of the element having a contour
      consisting of identical and convoluted lobes, wherein n is as defined
      hereinabove, each of said lobes being connected to its adjacent lobes, the
      portions of the lobes which are the farthest from the axis O of said
      cylinder of radius R being curved and consisting of semicircular arcs of
      radius e, wherein e is the combustion thickness of the element, each of
      said semicircular arcs being tangential to said cylinder of radius R at a
      point which coincides with one end of the said semi-circular arcs, each of
      said semicircular arcs being extended by a convex arc of a circle of
      radius at least equal to 2e, each of said convex arcs being tangential to
      said cylinder of radius R, at the same point at which each of said
      semicircular arcs is tangential to said cylinder of radius R, said
      propellant element giving a single residue of polygonal shape, on
      combustion, said element being anchored in said propulsion device through
      attachment means set in the location of said residue, the external contour
      of said residue being situated at a distance e from the external contour
      of each lobe, e being as defined hereinabove.
NUM  2.
PAR  2. A propellant element as claimed in claim 1 wherein the combustion
      thickness e of the element is such that 0.05R .ltoreq.  e .ltoreq. 0.3 R.
NUM  3.
PAR  3. A propellant element as claimed in claim 1 wherein, each lobe has two
      adjacent lobes, said semi-circular arc of each lobe is spaced from each
      adjacent lobe by a distance d such that 0.03R .ltoreq. d .ltoreq.0.06R, d
      being the minimum distance between each semicircular arc and the convex
      arc of the adjacent lobe.
NUM  4.
PAR  4. A solid cylindrical propellant element as claimed in claim 1 wherein n
      is less than 16.
NUM  5.
PAR  5. A propellant element according to claim 1 wherein the combustion
      thickness e is such that 0.23 R .ltoreq. e .ltoreq.0.31 R and each of said
      semicircular arcs of radius e has center M.sub.1 and has one end C.sub.1
      extended by each of said convex arcs C.sub.1 F.sub.1 of radius 2e and
      center B.sub.1, B.sub.1 being the other end of said semicircular arc, said
      semicircular arcs being extended from said end B.sub.1 by an arc of a
      circle B.sub.1 F.sub.2 of said radius 2e and center F.sub.1, F.sub.1 being
      the intersection of said arc C.sub.1 F.sub.1 of a circle with the
      homologous arc of a circle of the adjacent lobe.
NUM  6.
PAR  6. A propellant element according to claim 1 wherein the combustion
      thickness e is 0.15 R .ltoreq. e .ltoreq.0.23R, each lobe F.sub.1 F.sub.2
      consists of a semicircular arc C.sub.1 B.sub.1 of center M.sub.1, one end
      C.sub.1 which is tangential to said circle of radius R extends in first
      arc C.sub.1 F.sub.1 having its center at N.sub.1, which is situated on the
      segment B.sub.1 O, 0 being the axis of the cylinder, the other end of said
      semicircular arc B.sub.1 is extended by a second arc B.sub.1 F.sub.2 which
      is tangential at B.sub.1 to said semicircle B.sub.1 C.sub.1, said arc
      B.sub.1 F.sub.2 having center at N.sub.1.
NUM  7.
PAR  7. A propellant element according to claim 6, wherein the combustion
      thickness e is at the most equal to 0.15 R, said first arc C.sub.1 D.sub.1
      and second arc B.sub.1 A.sub.1 are respectively extended in respective
      straight line portions parallel to the segment OH.sub.1 intersecting said
      axis O, said segment OH.sub.1 is tangential at H.sub.1 to the arc M.sub.1
      H.sub.1 equidistant from the arcs B.sub.1 A.sub.1 and C.sub.1 D.sub.1.
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ABST
PAL  The invention relates to the terminal of an overhead cable transporter in
      which the cable return sheave is suspended from a tensioning carriage
      moving on runways formed by two bracing girders fixed to two piers forming
      an inverted V.
BSUM
PAR  The invention relates to a terminal of an overhead transporter with a
      continuously moving cable, in particular a chairlift, comprising a cable
      return sheave with vertical axle carried by a steel framework.
PAR  A known terminal of the type mentioned includes a column installed in the
      centerline of the chairlift which hinders the access of the skiers to the
      departure point, under the return sheave.
PAR  The object of the present invention is to remedy this disadvantage and
      permit the realization of a particularly simple terminal, freeing a large
      area on the ground underneath the return sheave carried by a mobile
      carriage.
PAR  The steel framework of the terminal according to the invention has two
      piers in the form of an inverted V which permits a wide spacing of the
      footings whilst conserving a relatively small span of the parts from which
      is suspended the return sheave. This feature is appreciable in the case of
      a return sheave fixed to a carriage which moves in the axis of the line
      and which is subjected to the action of a device tensioning the cable of
      the installation. Bracing and support girders are then arranged as runways
      for the rollers of the carriage, which moves under the action of jacks or
      a counterweight in a manner well-known in itself. The carriage may also
      carry the driving device when the terminal is the drive terminal.
PAR  It is a further object of the invention to provide a terminal comprising
      extensions of the girders or runways in the form of projections to permit
      on the one hand the fixing of the portal at the exit from the terminal and
      on the other hand to provide an extension of the carriage runway.
DRWD
PAR  Other advantages and features of the invention will become evident more
      clearly from the following description of a mode of application of the
      invention, given as a non-restrictive example and represented in the
      attached drawings, in which:
PAR  FIG. 1 is a schematic view in perspective of a chairlift terminal, the
      cable and protective hood not being shown;
PAR  FIG. 2 is a view in elevation of the terminal shown in FIG. 1;
PAR  FIG. 3 is a view from the left of FIG. 2;
PAR  FIG. 4 is a view in plan, partly cut away and showing the access gangways.
DETD
PAR  In these Figures, a cable 10 of a monocable aerial transporter, in
      particular a chairlift, passes through a terminal, in particular a
      departure terminal with the general reference 12 over a terminal return
      sheave 14 of the cable 10. The return sheave 14 has an axle 16 which is
      appreciably vertical, and is fixed under a carriage 18.
PAR  Terminal 12 has a steel framework comprising two piers 20, 22 spaced in the
      line of the chairlift. The two piers are identical and each has two legs
      respectively, 24, 26, 28, 30 assembled in the form of an inverted V. The
      bases of legs 24 to 30 are fixed to footings 32, 34, 36, 38 consisting of
      concrete blocks. Piers 20, 22 are braced by means of two girders 40, 42
      stretching parallel with the line of the chairlift and fixed to legs 24,
      28 and 26, 30 by assembly joints 44, 46, 48, 50.
PAR  Bracing girders 40, 42 extend beyond the piers 20, 22 with projections 52,
      54 pointing away from the direction of the line and 56, 58 pointing in the
      direction of the line. Struts 60, 62; 64, 66 connect respectively ends 52,
      54, 56, 58 to footings 32, 34; 36, 38. Ties 68, 70 are stretched between
      joints 48, 50 and footings 32, 34 to reinforce the steel framework formed
      by piers 20, 22, bracing girders 40, 42 and struts 60 to 66. The framework
      may include other reinforcing components, in particular braces 72, 74
      decreasing the buckling stresses exerted on legs 24 to 30. The projections
      52, 54 are connected at their ends by a bar 76 and projections 56, 58 have
      fixed to their ends a beam 78 on which are fixed sheave-trains 80, 82
      supporting cable 10. The assembly of beam 78 -- sheave-trains 80, 82 forms
      the portal of terminal 12.
PAR  Before describing in more details the terminal 12, it is advisable to
      specify the mode of assembling the sections. The legs 24 to 30 are H
      sections, the webs of which are in the plane of the piers 20, 22
      respectively. The main bracing and support-girders 40, 42 are also H
      sections, the treads of which are fixed at joints 44 to 50 flat against
      the treads of the leg sections 24 to 30. The webs of sections 40, 42 are
      thus inclined parallel with the associated legs.
PAR  The webs of the H sections forming struts 60 to 66 are in the plane of the
      web of the associated girder 40, 42. It is easily seen that the assemblies
      are simplified and may be realized by means of simple plates or
      angle-irons, bolted or welded to the parts to be assembled. The
      arrangement in the same plane of the bracing girder 40, 42 and the
      associated struts 60, 64, 62, 66 respectively permits the use of the same
      footings for the legs and the struts and the realization of simplified
      joints 44 to 50.
PAR  The bracing girders 40, 42 carrying portal 78 form runways for carriage 18
      from which is suspended return sheave 14. For this purpose, the carriage
      18 is equipped with two pairs of rollers 84, 86, the treads of which act
      in conjunction with the lower flanges 88, 90 respectively, of girders 40,
      42, which form runways (see FIG. 3). The spindles of the rollers 84, 86
      are inclined and parallel with the runway 88, 90, in order to obtain a
      self-centring of the carriage.
PAR  Carriage 18 is equipped with guide rollers, of which one only 92 is shown
      in FIG. 4, opposing a pivoting of the carriage under the effect of drive
      torque. Carriage 18 is subjected to the action of two take-up jacks 94, 96
      extending parallel with girders 40, 42, and bearing upon fixed points 98
      on projections 52, 54 of girders 40, 42 (see FIG. 2). The take-up jacks
      94, 96 exert pressure on the carriage 18 in the direction opposite to that
      of the chairlift-line, in such manner as to strain cable 10. Jacks 94, 96
      may obviously be replaced by a usual counterweight system. In the case of
      a drive terminal, a main drive motor 100 and possibly a stand-by engine
      102 are installed on the carriage 18 and are arranged to rotate the return
      sheave 14. Auxiliary components for control or protection, such as a hood
      104, or for access, such as gangways 106, can also be provided on the
      carriage or on the frame.
PAR  It is unnecessary to describe the functioning of the terminal which is
      evident from the above account and it suffices to recall that this
      terminal may be, without importance, either a downhill terminal or an
      uphill terminal. In the example illustrated by the figures, the terminal
      is a drive terminal which at the same time provides the cable tension. It
      is clear that the steel structure may be used to the same advantage while
      carrying out only one of the functions mentioned above, that is the
      tensioning of the cable or the driving of the cable. The inverted V
      structure of piers 20, 22 provides a small spacing of runways 88, 90,
      restricting the span of carriage 18, in spite of the wide spacing of
      footings 32 to 38.
CLMS
STM  I claim:
NUM  1.
PAR  1. Terminal of an aerial cable transporter with a continuously moving
      cable, comprising:
PA1  a cable return sheave with vertical axle,
PA1  two triangular piers, each with legs in steel sections assembled in the
      form of an inverted V, with fixed bases, the piers standing in two spaced
      transversal planes perpendicular to the cable,
PA1  two bracing and supporting girders symmetrically arranged on each side of
      the said cable and which rigidly interconnect the legs of the said piers
      and extend beyond at least one of the said piers to form a pair of
      projections,
PA1  one train of compression sheaves carried by each of the said projections,
PA1  and a means of suspension of the said return sheave from the said girders.
NUM  2.
PAR  2. A terminal according to claim 1, comprising a carriage from which is
      suspended the return sheave and able to run on the said girders.
NUM  3.
PAR  3. A terminal according to claim 2, in which the said legs are formed of H
      sections with the webs in the said transversal planes, and in which the
      said girders are in H sections fixed to the said legs, the said carriage
      running on the said girder sections.
NUM  4.
PAR  4. A terminal according to claim 1, with, associated with each girder, a
      strut connecting the said projection with the base of the associated leg.
NUM  5.
PAR  5. A terminal according to claim 1, comprising a second pair of
      projections.
NUM  6.
PAR  6. A terminal according to claim 2, comprising two take-up jacks each
      associated with one of the said girders and acting on the said carriage.
NUM  7.
PAR  7. A terminal according to claim 2, with components carried by the said
      carriage for driving the said sheave.
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PAL  In the magnetic suspension railway disclosed, electrically-controlled
      carrier magnets, located on opposite sides under a railway car and coupled
      to two stationary magnetic carrier rails levitate the car. Electrically
      controlled, guide magnets, fixed under the car on both sides, guide the
      car between magnetic guide rails. The carrier and guide magnets for each
      side of the car are mounted on two mounts extending longitudinally
      underneath the car and facing the support and guide rails. Guiding the car
      onto one path or the other through a switch area at a fork is accomplished
      by deactivating only the guide magnets on one side of the car. At the
      switch area fixed support magnets in one of two rows between the rails
      appear above the one of an auxiliary rail projecting from the mount
      holding the deactivated guide magnet. The auxiliary rail is displaced from
      the vertical relative to the electromagnetic row into a magnetically
      asymmetrical position. This produces a lateral force counteracting the
      excess force produced by the still activated guide magnet.
BSUM
PAC  REFERENCE TO COPENDING APPLICATIONS
PAR  This application is related to U.S. application Ser. No. 206,091, filed
      Dec. 8. 1971, and assigned to the same assignee, and now U.S. Pat. No.
      3,820,470.
PAR  This invention relates to railroads and particularly to magnetic suspension
      railways.
PAR  In such railways, electrically-controlled carrier magnets on two sides
      underneath a railway car suspend the car relative to two magnetic support
      rails. Electrically controlled, guide magnets fixed under both sides of
      the car guide the car along magnetic guide rails. The carrier and guide
      magnets for each side of a car appear on two mounts extending
      longitudinally underneath the car and facing the carrier and guide rails.
      Guiding or passing a car through a switch is accomplished by deactivating
      the guide magnets on one side of the car.
PAR  Such railway systems introduce a number of problems in controlling the car
      as it passes through a switch area. German Pat. publication OS 2,021,834
      and German Pat. No. 707,032 attempt to deal with these problems.
PAR  A substantial disadvantage of the above and other known systems arises
      because, within the switch area, the maximum force that a given current
      can achieve is less than would be available at other places along the
      track. This creates the risk that forces produced by sudden air gusts
      acting on the car be sufficient to decouple the carrier magnets
      magnetically from the carrier rail. At the least, considerable disturbance
      of the carrier system, and thus the guidance of the car, can be expected.
      Strengthening the carrier magnets to an extent greater than that necessary
      for levitating the car outside the switch area, that is along the free
      track, undesirably increases the net weight of the cars. For well-known
      reasons, it is necessary narrowly to limit the deflection of carrier
      magnets in known guidance systems relative to their supports, so that only
      small lateral forces can be produced with these support magnets.
PAR  According to a feature of the invention, each mount carries a support or
      auxiliary magnetic rail on its elongated side remote from the carrier and
      guide rails. Within a switch area the auxiliary rail, on the mount whose
      guide magnets are deactivated, passes by a row of electromagnetic support
      magnets which uphold the auxiliary rail and that side of the car. The
      activated guide magnets and the positions of the elements offset the
      auxiliary from the vertical and produce a magnetic asymmetry which
      generates a lateral force that centers the car.
PAR  In such an arrangement, a force counteracting the attraction of the
      respective energized guide magnets is produced by means of support rails
      in the car and stationary support magnets, hence by means of those magnets
      which conserve the double function of support and guidance, without
      changing the net weight of the cars. Accordingly, the magnetically
      asymmetrical displacement, that is, the deflection of the rails of the
      cars relative to the corresponding row of stationary support magnets can
      be relatively greater. This makes possible a considerable increase in the
      gradient of the lateral forces produced by the support magnets as compared
      to known systems.
PAR  According to another feature of the invention, the support magnets in the
      switch area are displaced laterally to the outside relative to the nearby
      carrier or guide rail into a magnetically asymmetric position so that the
      magnets opposing each other in pairs are arranged symmetrically relative
      to the longitudinal car axis.
PAR  This furnishes an increase of the gradient of the lateral forces while
      maintaining a relatively small deflection of the rails of the cars with
      respect to the row of stationary support magnets. In this case, the force
      counteracting the attraction of the respective energized guide magnet is a
      summation force of the lateral force of the stationary support magnets and
      the lateral force of the respective support magnets of the car.
      Accordingly the deflection of the support magnets of the car with respect
      to the stationary supporting rail, if such a deflection is to be provided,
      can be substantially smaller than in known arrangements.
PAR  By virtue of the invention, a force counteracting the attraction of the
      respective energized guide magnets can be produced in the switch range of
      a magnetic suspension railway of the above-described type by means
      provided primarily for the support of the cars, without having to make the
      support magnets of the car stronger. The gradient of this force is
      selected to be much greater than is possible, for example, with known
      guidance systems.
DRWD
PAR  These and other features of the invention are pointed out in the claims.
      Other objects and advantages of the invention will become evident from the
      following detailed description when read in light of the accompanying
      drawings.
PAR  FIG. 1 is a plan view of an arrangement of carrier and guide rails as well
      as of rows of support magnets in connection with respective girders in the
      range of a switch forming a system embodying features of the invention.
PAR  FIG. 2 shows an enlarged scale of a section through the switch arrangement
      along the line II--II of FIG. 1 as well as the supporting guide elements
      of a car passing through this point according to one embodiment of the
      invention.
PAR  FIGS. 3 to 5, like FIG. 2, show additional switch arrangements which differ
      from that of FIG. 1 and constitute still other embodiments of the
      invention.
DETD
PAR  In FIG. 1, a unilaterally tapering support beam 1 of a switch of a
      car-straddling magnetic suspension railway, lies between two rail holders
      2 and 3. The latter extend over the entire switch range and hold magnetic
      (magnetically conductive) carrier and guide rails 4 and 5. The latter
      serve as armatures for carrier and guide magnets 8 and 9 respectively
      arranged on mounts 6 of a car 7 as shown in FIG. 2. The support beam 1
      starts at the head of the switch and projects into the heart of the switch
      defined by the phantom circle 10. The straight flank or portion 11 of the
      support beam 1 extends parallel to the straight holder 2 associated with
      the continuous or straight roadway. The curved portion or flank 12 of the
      support beam 1 extends parallel to the holder 3 of the branch roadway. The
      holder 3 follows the curvature of the switch. A row of support magnets 13
      are mounted on each flank 11 and 12 of the support beam 1. Magnetic rails
      14 arranged on the mount 6 of the car 7 serve as armatures for the support
      magnets 13.
PAR  The distance between the straight holder 2 and the straight flank 11 of the
      support beam 1 is such that straight travel of the car 7 within the switch
      area causes the rail 14 on the right mount 6 to lie under the support
      magnet 13 of the straight flank of the right mount's carrier and guide
      magnets 8 and 9 opposite the corresponding carrier and guide rails 4 and 5
      of the curved holder 3 are in an inoperative position. As shown in FIG. 2,
      only the carrier and guide magnets 8 and 9 of the car 7 on the left mount
      6 can exert an attractive force upon the corresponding carrier and guide
      rails 4 and 5 on the straight holder 2.
PAR  In order to maintain the suspension of the car 7 on the right side as well,
      and at the same time to guide the car laterally, the right mount's rail 14
      has its operating position displaced into a magnetically unsymmetrical
      position relative to the support magnet 13 of the straight flank 11 of the
      support beam 1. This asymmetry is in the direction of the straight holder
      2. The stationary support magnets 13 thus exert not only car-supporting
      vertical attractive forces on the rail 14, but also lateral restoring
      forces which attempt to displace the car to the right against the action
      of the left mount's 6 guide magnets 9. These restoring forces maintain a
      nominal distance between the magnets 9 of the left mount 6 and the
      corresponding guide rail 5 of the straight girder 2. Conventional control
      circuits regulate the excitation of the support and magnets 8 and 9 of the
      car 7, as well as the stationary support magnets 13 to maintain these
      magnets a nominal distance from their respective rails. Preferably, only
      the guide magnets 9 regulate the lateral guidance of the car 7.
PAR  The position shown in FIG. 2 for the car 7 concerns only that assumed by
      the car while it is riding without change of direction. The support and
      guidance system of the car 7 changes the direction of the car along the
      curved track in the same manner. In this case, the respective carrier and
      guide magnets 8 and 9 of the right mount 6 move toward the carrier and
      guide rail 4 and 5 of the curved holder 3. The stationary support magnets
      13 of the curved flank 12 on the support beam 1 coact with the rail 14 on
      the left mount 6.
PAR  As can be seen from FIG. 1, when the cars proceed along a straight track,
      the carrier and guide magnets 8 and 9 of the right mount 6 briefly enter
      into the action at the end of the support beam in the heart 10 of the
      switch, where rows of the support magnets 13 must necessarily be
      interrupted, opposite respective carrier and guide rails 15 and 16
      extending parallel to the straight flank 11 of the support beam 1. During
      movement along the curved track, the support and guide magnets 8 and 9 of
      the left mount 6 briefly enter into the action at the end of the support
      beam 1 in the heart 10 of the switch opposite carrier and guide rails 15
      and 16 extending parallel to the curved flank 12 of the support beam 1.
      After it passes the carrier and guide rails 15 and 16, the rail 14 of the
      right or left mount 6 again passes under a row of stationary support
      magnets 17. At the end of these support magnets 17, which are aligned with
      the corresponding magnets of the support beam 1, passage of the car
      through the switch is finally completed. Thus, the carrier and guide
      magnets 8 and 9 of both mounts 6 on both car sides can resume their
      support and guidance function in connection with the carrier and guide
      rails 4 and 5.
PAR  According to another embodiment of the invention, the carrier magnets 8 of
      the mounts 6 are displaced laterally relative to a carrier rail 18 to
      increase the gradient of the lateral restoring forces counteracting the
      guide magnets 9 in the switch arrangement of the above-described type. The
      lateral displacement corresponds to the increase. In contrast to the
      arrangement in FIG. 2, the support rails 18 are U-shaped, so that the
      magnetic force is concentrated in the region of their poles. This
      embodiment is shown in FIG. 3.
PAR  In the switch arrangement of FIGS. 1 to 3, U-shaped rails are provided for
      the mounts 6 of the car 7. In contrast, the mounts 6 of the car 7 of FIG.
      4 each have a rail 20 in the form of an angle section, hence have only one
      pole. Stationary support magnets 22 likewise have only one pole 23 and one
      core 24 in the form of an angle section. The pole 23 carries a magnet coil
      25. Two other sides 26 and 27 of the rails 20 and the cores 24 of the
      respective stationary support magnets 22 are arranged parallel to each
      other. In this embodiment, the magnetic flux of the rails 20 and support
      magnets 22 is concentrated at the two poles 21 and 23. This results in an
      increase in the gradient of the restoring forces.
PAR  According to another embodiment the mounts 6 of the car 7 have a flat rail
      28 as shown in FIG. 5. In a corresponding stationary support magnet 29, a
      magnet back 30 carries a magnetic coil 31.
PAR  According to an embodiment of the invention, a linear motor, preferably one
      with two translators arranged on both sides of the car, and having stators
      secured on the holders 2 and 3, drives the car 7. Suitable third rails
      arranged, if necessary, on the holders 2 and 3 supply power to the car 7.
PAR  For purposes of convenience and clarity, the switch in FIG. 1 has been
      shown to have a substantially smaller length than is actually the case.
PAR  In operation a power control circuit 50 on the car 1 energizes the magnets
      8 and 9 and controls the current passed to them. A regulator 52 mounted on
      or near the beam 1 energizes the coils of magnet 13 in FIG. 3 and the
      coils 25 and 31 in FIGS. 4 and 5. The energization is established to
      provide the lifting and guiding forces for these magnets and coils.
PAR  While embodiments of the invention have been described in detail and will
      be evident to those skilled in the art that the invention may be embodied
      otherwise without departing from its spirit and scope.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A magnetic suspension railway, comprising a car having a horizontal
      longitudinal axis, a plurality of electrically controlled car carrier
      magnets, a plurality of electrically-controlled car guide magnets, a
      plurality of fixed magnetizable track rails, holding means mounted under
      the car and spaced interiorly of the track rails relative to the axis for
      holding said car carrier magnets in a suspended position vertically
      relative to the rails and holding the guide magnets in positions laterally
      between the rails, said rails branching into two paths at a branch
      section, said car guide magnets being distributed on opposite sides of the
      axis, circuit means in the car coupled to said magnets for energizing the
      magnets to suspend the car and guide the car over the rails and for
      deenergizing the guide magnets on one side of the car relative to the
      guide magnets on the other side of the car within the switch section so as
      to guide the car in the switch section onto one path and away from the
      other, two switch rails mounted on said holding means at a portion away
      from the track rails and in the direction of the axis and on opposite
      sides of the axis, two rows of electrically controlled switch magnets
      stationarily mounted in the switch area, one of said rows following one of
      the paths and the other of said rows following the other of the paths,
      said switch rails and said rows being positioned so that when the car
      passes through the switch section one of said switch rails and said switch
      magnets in one row are magnetically coupled sufficiently to support
      magnetically at least one side of the car while the carrier-magnets on
      that side are disengaged from the track rails in the switch area, said one
      switch rail and said one row being sufficiently offset horizontally from a
      magnetic symmetry so that said switch magnets impart a lateral force upon
      the switch rail to compensate for the magnetic disengagement of the
      carrier magnets on the one side of the car from the track rail on the one
      side of the car.
NUM  2.
PAR  2. A railway as in claim 1, wherein the one of the rows of switch magnets
      is horizontally displaced from a vertical relationship with the one switch
      rail.
NUM  3.
PAR  3. A railway as in claim 2, wherein the one switch rail is located beneath
      the one of the row of switch magnets.
NUM  4.
PAR  4. A railway as in claim 3, wherein when the car passes through the switch
      section and the carrier magnets on the other side of the axis are normally
      positioned in magnetic engagement with one of the track rails the carrier
      magnet is magnetically offset from the one of the track rails in the same
      direction as the switch rail is from the switch magnet.
NUM  5.
PAR  5. A railway as in claim 1, wherein said track rails are spaced to allow
      passage of the carrier magnets on both sides of the car between them, said
      holding means including a pair of members depending from the car in spaced
      relationship parallel to the axis of the car, each of the members carrying
      outwardly facing guide magnets and upwardly facing carrier magnets, said
      switch rails extending longitudinally along the members facing upwardly
      and positioned to be closer to the car axis than the carrier magnets, said
      switch magnets being positioned above said switch rails when the car
      passes through the switch section.
NUM  6.
PAR  6. A railway as in claim 5, wherein the car passes through the switch
      section and the guide magnets on one side of the axis are normally
      positioned in magnetic engagement with one of the track, the carrier
      magnet is magnetically offset from the last mentioned track rail toward
      the same direction as the switch rail away from the axis, the carrier
      magnets of both members being arranged opposite each other in pairs and
      symmetrically with regard to the car axis.
NUM  7.
PAR  7. A railway as in claim 5, wherein each switch magnet includes a right
      angle shaped core having one arm facing downwardly to form a pole opposite
      the switch rail and having another arm extending horizontally parallel to
      the switch rail.
NUM  8.
PAR  8. A railway as in claim 7, wherein the switch rails are formed in the
      shape of an angle having a vertical arm extending upwardly toward the
      switch magnets when the car passes through the switch section and having a
      second arm extending horizontally.
NUM  9.
PAR  9. A railway as in claim 5, wherein the switch rails are formed in the
      shape of an angle having a vertical arm extending upwardly toward the
      switch magnets when the car passes through the switch section and having a
      second arm extending horizontally.
NUM  10.
PAR  10. An apparatus as in claim 5, wherein the switch rails include a flat
      narrow plate and the switch magnets include an extended longitudinal
      inverted U-shape.
NUM  11.
PAR  11. A railway as in claim 5, wherein said switch rails include U-shaped
      rail members and wherein said switch magnets include longitudinally
      extending inverted U-shaped cores.
NUM  12.
PAR  12. A railway as in claim 5, wherein each of said track rails includes an
      inverted T-shaped longitudinally extending rail having an upright portion
      for magnetically coupling with said car guiding travel magnets and
      horizontal portion for magnetically coupling with said carrier magnets.
NUM  13.
PAR  13. A railway as in claim 1, wherein said switch rails each have a
      longitudinal direction and are, transverse to their longitudinal
      direction, longer horizontally than vertically.
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PAL  A novel hopper vehicle, illustratively a freight hopper car, has a floor
      with two longitudinal hoppers and a pair of side-opening doors on opposite
      sides of the center line of the vehicle. Each door provides a part of one
      of the hoppers and is pivotally mounted on a side sill of the vehicle.
      Preferably each door is a wrap-around door to provide also a lower part of
      a side of the body of the vehicle and its pivotal mounting is on an
      intermediate side sill that extends between the sloping end walls of the
      body of the vehicle at an intermediate elevation. The body of the vehicle
      has fixed side walls. For the central portion of the floor of the car body
      there is a longitudinally-extending, inverted V-shaped panel that is
      mounted above the intermediate portion of the center sill of the car and
      that provides by its sloping walls the other part of the hoppers. In the
      construction with wrap-around doors the fixed side walls form only a part
      of the sides of the body. Each of the two opposed doors is connected to a
      novel door-operating, power-operated mechanism that functions also, as
      soon as the door is closed, to provide a positive locking, preferably a
      three-point locking, of the door. Each of the door-operating mechanisms is
      preferably a compound latching mechanism including a lever pivotally
      mounted at its bottom end on the bottom margin of the door and having its
      distal end portion pivotally connected to power means mounted on the
      supporting structure of the vehicle for movement of the lever between a
      first position abutting the inside of the door when it is unlocked and a
      second position spaced from the inside of the door when it is closed and
      the compound mechanism locks the closed door. The compound latching
      mechanism, as the preferred door-operating mechanism, further includes a
      latching lever also mounted, preferably pivotally mounted, on the bottom
      margin of the door, and spring means mounted on the first lever and
      connected to the latching lever to provide a downward force on the
      latching lever, when the door is closed, for a locking engagement with
      locking means mounted on the supporting structure. Preferably the
      mechanism further includes means operatively connected to the first lever
      to provide against that lever, when it is in its first position, a
      sufficient force to prevent movement of that lever from the first position
      when the power means is closing the door.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a bottom-opening hopper vehicle, especially a
      freight hopper car. The invention especially relates to side-opening,
      wrap-around hopper doors on opposite sides of the vehicle and
      door-operating, power-operated mechanisms for each of these doors to move
      them between open and closed positions.
PAR  2. Description of the Prior Art
PAR  The most pertinent prior art is the hopper vehicle disclosed and claimed in
      copending U.S. patent application Ser. No. 443,217, now U.S. Pat. No.
      3,868,913, entitled "Hopper Vehicle" filed on Feb. 19, 1974, by us and
      Peter W. Becker and Carl E. Becker. That patent application is now allowed
      and its disclosure is hereby incorporated by reference in this patent
      applciation.
PAR  With respect to other prior art, reference is made to the description of
      the prior art appearing in that patent application in which there is
      specific reference to a book and patents. During the prosecution of that
      copending application other U.S. patents were called to the attention of
      the examiner. In addition there were four other U.S. patents cited by the
      examiner but none was deemed by him to affect the patentability of the
      claims of that copending patent application.
PAR  The hopper vehicle of the invention of said copending patent application
      has a construction that in many respects is the same as the construction
      of the hopper vehicle of the present invention. As is seen by a comparison
      of the summary of the invention of that patent application and by the
      detailed description of a preferred embodiment of the vehicle of that
      invention, incorporated herein by reference as mentioned above, with the
      summary of the invention and the detailed description of preferred
      embodiments, there is a difference between the hopper vehicle of the
      invention of that copending patent application and the hopper vehicle of
      the present invention. This difference in the preferred embodiment of the
      present invention resides primarily in the construction of the
      door-operating mechanism for each of the door assemblies of the vehicle.
PAR  Each door-operating mechanism of the hopper vehicle of that copending
      patent application includes a lever pivotally mounted at its bottom end on
      the bottom margin of said door assembly and having adjacent to its bottom
      end an extension that extends downwardly and toward the central plane of
      the vehicle and that is constructed to provide a latching lug. The lever
      is movable between a first position abutting the inside of said door
      assembly when the door is unlocked and a second position, when the door is
      closed, at which said extension is at its latching position to lock the
      closed door assembly. Each door-operating mechanism also includes power
      means mounted on support means of the supporting structure of the vehicle
      and operatively connected to said lever to provide a force on said lever
      in one direction for movement of said lever from said second position to
      said first position to unlock the door assembly (and subsequently in one
      preferred embodiment through said lever to provide part of the outer
      opening movement of said door assembly) and to provide a force in the
      opposite direction on said lever for return movement of said door assembly
      to its closed position and subsequent movement of said lever from said
      first position to said second position.
PAR  The door-operating mechanism of the vehicle of said copending patent
      application also has means operatively connected to said lever to provide
      against said lever, when in its first position, a sufficient force to
      prevent movement of said lever from said first position when the power
      means provides a force in said opposite direction greater than the force
      of gravity operating on the door assembly for movement of said door
      assembly to its closed position.
PAR  The hopper vehicle also has two locking means, preferably lugs, mounted on
      said supporting structure in alignment with said levers, each to be
      engaged by one of said latching lugs provided by said extensions of said
      levers after said door assemblies are closed and said levers have been
      moved to their second positions. The locking means and the latching lugs
      are constructed so that, when each of said levers is in its said first
      position and the door assembly on which it is mounted is being moved to
      said closed position, said latching lug clears said locking means with
      which it is engaged when said lever is moved to its second position after
      the door is closed.
PAR  A second embodiment of the present invention has the door-operating
      mechanism described above as the construction for the invention of said
      copending patent application, but the locking lug on each side of the
      vehicle is mounted on the supporting structure in a manner that it can be
      moved inwardly from its normal locking position, to which it is biased, in
      a direction toward the vertical longitudinal central plane of the vehicle
      in the event that the latching lug provided by the extension of the lever
      abuts the inclined surface of the locking lug as the door assembly is
      being closed. This striking of the locking lug by the latching lug could
      occur if the means connected to said lever to maintain it at its first
      position while the door is being closed becomes inoperative. In the event
      of that inoperativeness the lever would be pivoted away from its first
      position by the power means, when it is providing the force to close the
      door, so that the latching lug would no longer be in a position to clear
      the locking lug. This undesirable movement of the lever from its first
      position at that time does not prevent a closing of the door in this
      embodiment of the present invention because of this movable mounting of
      the locking lug whereby, due to its movement inwardly, the latching lug,
      as the extension of the lever, slides along the inclined outer surface of
      the inwardly-moved locking lug until the latching lug is beyond the
      locking lug. Then the locking lug returns to its normal position to which
      it is biased by means, such as spring means, constituting a part of its
      mounting means on the supporting structure.
PAR  As seen in the disclosure of said copending patent application,
      incorporated by reference as mentioned above, the vehicle of that
      invention has preferably an opening in alignment with the top portion of
      the lever of the door-operating mechanism through which passes an angular
      extension of the top portion of the lever for the purpose described in
      that copending application. Furthermore, the preferred construction
      provides for three-point locking of each door assembly. The lever of each
      door-operating mechanism is fixedly mounted on torsion means that is
      rotatively mounted on the bottom margin of the door assembly and
      horizontally extends from one end of the door assembly to the other end.
      At the ends of the torsion means that extends from one end of the door
      assembly to the other end there are mounted latching arms that pivot with
      the pivotal movement of said lever and when the latter is in its second
      position these latching arms at the ends of the torsion means engage
      keepers, i.e., locking lugs mounted on the supporting structure of the
      vehicle.
PAR  A preferred construction of each door-operating mechanism is a construction
      in which the lever of the door-operating mechanism is a first lever of a
      toggle assembly. The second lever of the toggle assembly is pivotally
      connected at one end to the end of the first lever that is not pivotally
      mounted on the door assembly. The other end of the second lever is
      pivotally mounted on support means fixedly mounted on the top margin of
      the door assembly. That support means is constructed to permit axial
      movement of the second lever. Spring means is mounted on the second lever
      between that support means and an intermediate portion of the second lever
      to bias the second lever in a direction away from the pivotal axis of
      mounting of the second lever on that support means. The spring means
      thereby constitutes the means operatively connected to the top portion of
      the first lever to provide the sufficient force against the first lever
      when it is in its first position to prevent movement of that lever from
      that position while the power means is moving the door assembly to the
      closed position. When the first lever is at its first position, the toggle
      assembly is in a nonlocking overcenter condition that is one side of the
      plane at which all three pivot axes of the toggle assembly are centered,
      i.e., in alignment. When the first lever is at its second position, the
      toggle assembly is in a locking overcenter condition on the other side of
      that plane. The first overcenter condition is the more important one for
      utilization of the spring bias action as the spring has sufficent force to
      maintain the first lever at its first position until the power means
      through the first lever has completed the pulling of the door assembly
      toward the closed position.
PAR  The first lever of each toggle assembly is pivotally connected to the
      respective rod of air cylinders constituting the preferred power means for
      each door assembly. The toggle assembly is also constructed so that it is
      in the nonlocking overcenter condition until the piston rod is retracted
      sufficiently to close the door and is then moved to its locking overcenter
      condition as the piston rod is further retracted. The spring means is
      always compressed to some extent. The lower portion of the first lever of
      the toggle assembly is constructed with an extension providing an integral
      latching lug that, when the door is closed and the piston rod is further
      retracted, engages a locking lug mounted on the supporting structure of
      the vehicle, as described earlier.
PAR  When the first lever of the toggle assembly is fixedly mounted on a torsion
      bar linkage that is rotatably supported by the bottom margin of the door
      and that extends longitudinally in opposite directions, there are latching
      arms fixedly mounted on the free ends of the torsion bar linkage. Keepers,
      i.e., locking lugs, are mounted on the supporting structure of the car to
      be engaged by those latching arms when the door is closed. The overall
      construction provides an overcenter latching at the ends of the doors when
      the torsion bar linkage turns the latching arms to engage the
      corresponding keepers due to the movement of the toggle assembly to its
      second overcenter condition by the last part of the retraction of the
      piston rod.
PAC  Summary of the Invention.
PAR  The preferred construction of the hopper vehicle of the present invention
      differs from the hopper vehicle of said copending patent application
      primarily in the construction of the door-operating mechanism for each
      door assembly of the vehicle. In another construction, the difference is
      primarily in the use of spring means for the mounting of the locking lug
      that is engaged by the latching lug of the door-operating mechanism.
PAR  The improved construction of the door-operating mechanism or of the
      mounting means for the locking lug of the present invention makes it
      possible to close and lock the door assembly even though, during service
      use of the vehicle, the means, that is operatively connected to the lever
      to provide the sufficient force that prevents movement of that lever from
      its first position abutting the inside of the door assembly when the power
      means provides a force to close the door assembly, may become inoperative.
      For example, the preferred construction of that means connected to the
      lever to provide such sufficient force constitutes spring means and the
      spring may be broken after repeated opening and closing of the door
      assembly. In that case, the lever, which is the first lever of the toggle
      assembly of that preferred construction, is pivoted away from its abutment
      against the inside of the door assembly prior to the power means moving
      the door assembly toward the closed position. This pivotal movement of the
      lever of the door-actuating mechanism of said copending patent application
      places its extension, that constitutes the latching lug, in a position so
      that it abuts the fixed locking lug when the door assembly is moved toward
      closed position. As a result, the door cannot be completely closed and, of
      course, not locked. The door-operating mechanism or the movably-mounted
      locking lug of the present invention avoids this undesirable result if and
      when such spring means becomes inoperative during service use.
PAR  The rest of this summary of the invention and the detailed description and
      drawings are directed to the construction in which there is the novel
      door-operating mechanism.
PAR  As seen from the summary of invention and from the detailed description of
      the preferred embodiment that follow, it is possible to have a
      door-operating mechanism that does not include means connected to the
      lever that prevents the movement of that lever from the first position
      when the door is being closed. However, it is preferred that such means be
      a component of the door-operating mechanism. It is especially preferred
      that such means, as a component of the door-operating mechanism,
      constitutes spring means operative on said lever in a construction in
      which that lever is a part of a toggle assembly. This construction with
      the spring means is especially preferred because the toggle assembly is in
      one of its overcenter conditions when the door is open.
PAR  The hopper vehicle of the present invention has a pair of bottom hoppers
      extending lengthwise of the vehicle on opposite sides of the vertical
      central plane of the vehicle. The vehicle comprises a supporting structure
      and a body structure. The supporting structure includes support means
      extending from about one end of the vehicle to about the other end of the
      vehicle and located at the bottom portion of the vehicle for mounting on
      wheeled assemblies of the vehicle. The body structure includes end walls;
      side walls; an inverted generally V-shaped panel extending lengthwise of
      the vehicle and mounted on said support means to provide a part of two
      hoppers of said vehicle; and a door assembly (sometimes herein referred to
      simply as a door) hingedly mounted at its upper margin on each of said
      side walls to swing outwardly and constructed to provide the balance of
      one of said two hoppers of the vehicle.
PAR  The hopper vehicle further includes a door-operating mechanism for each of
      said door assemblies and located intermediate the length of the door
      assembly. Each of said door-operating mechanisms includes a latch assembly
      and power means that is mounted on said support means. The latch assembly
      comprises a lever, a latching arm and spring means mounted on said lever
      and connected to said latching arm provide a biasing force in a direction
      that resiliently urges the distal end portion of the latching arm in a
      direction away from the said lever. The lever and the latching arm are
      constructed to limit this movement of the distal end portion of the
      latching arm due to the bias force of the spring means. The lever of said
      latch assembly is pivotally mounted at its bottom end on the bottom margin
      of said door assembly for movement between a first position abutting the
      inside of said door assembly when the door is unlocked and a second
      position spaced from inside of said door assembly when the door is closed.
      The latching arm is also pivotally mounted at its other end on the bottom
      margin of said door assembly in a manner to pivot relative to said lever
      but this relative movement in the direction away from said lever is
      limited by the construction of said lever and said latching arm, as
      mentioned above. That construction also is such that whan said lever is
      pivotally moved from said second position, said lever pivotally moves said
      latching arm in the same direction.
PAR  The distal end portion of the latching arm of each of said door-operating
      mechanisms has a lateral extension toward the vertical central plane of
      the vehicle. Thus the latching arm with this lateral extension is a hook
      arm. These extensions of the arms engage two locking means, preferably
      lugs, mounted on said supporting structure in alignment with said arms.
      Each of these latching arms has its extension engaging one of said locking
      lugs after said door assemblies are closed and the associated one of said
      levers has been moved to its said second position.
PAR  By virtue of the foregoing construction of each of said latch assemblies,
      said latching arm is in locking position engaging the associated locking
      lug when the door is closed and said lever is at its said second position.
      Said spring means helps to maintain this locking engagement of said
      latching arm with said locking lug even if said power means becomes
      inoperative to maintain said lever at said second position.
PAR  When said power means moves said lever from said second position for the
      purpose of unlocking said door assembly, this pivotal movement of said
      lever, in view of its construction and that of said latching arm, provides
      a pivotal movement in the same direction of said latching arm to move it
      from locking engagement with said locking lug so that said door assembly
      swings open due to its weight and the weight of any load of material in
      the hopper vehicle. The construction of said latch assembly is such that
      this unlocking movement of said latching arm of said latch assembly and of
      said end latching arms occurs by the time that said lever has been
      pivotally moved by said power means to said first position of said lever
      at which that lever abuts the inside of said door.
PAR  The power means of each door-operating mechanism is operatively connected
      to said lever of said latch assembly to provide a force on that lever in
      one direction for movement of said lever from said second position to said
      first position to unlock the door assembly, as described above, and
      subsequently in one embodiment to provide through said lever part of the
      outer opening movement of said door assembly. The power means is thus
      operatively connected to said lever to provide also a force in the
      opposite direction on said lever for return movement of said door assembly
      to its closed position.
PAR  In the event that said latch assembly is constructed in the preferred
      manner, as described later, to include certain additional components, the
      force provided by said power means to close the door will not move said
      lever from said first position until the said door assembly is completely
      closed. In that case, with said lever thus maintained at said first
      position by the presence of these additional components, said lever
      prevents movement of said latching arm of said latch assembly, otherwise
      provided by force of said spring means of said latch assembly, from the
      preferred position relative to said door assembly such that the latching
      arm of said latch assembly clears said locking lug, with which it is
      associated, until said door assembly is completely closed. After the
      closing of said door assembly, said power means in that preferred
      construction pivotally moves said lever from said first position to said
      second position and said lever moves said spring means mounted on said
      lever and connected to said latching arm of said latch assembly resulting
      in a pivotal movement of that latching arm to a locking position at which
      it engages said locking lug. That spring means helps to maintain that
      latching arm in the locking position.
PAR  The additional components that provide, in this preferred construction, the
      maintenance of said lever at said first position during the closing of the
      door comprise means operatively connected to said lever to provide against
      said lever, when in its first position, a sufficient force to prevent
      movement of said lever from said first position when said power means
      moves said door assembly to its closed position by providing a force that
      is greater than the force of gravity acting on said door assembly. In its
      broadest aspect the door-operating mechanism of the present invention does
      not require such means to prevent movement of said lever from said first
      position during the closing of the door by said power means, because said
      latch assembly is a combination of a lever, a latching arm and a spring
      means mounted on said lever and connected to the latching arm with a
      particular structural arrangement of these components. In this case, there
      is freedom for movement in the opposite direction of arm of said latching
      assembly when said lever is pivotally moved in a direction from its first
      position to its second position during the closing of said door assembly.
      This freedom for movement permits the distal end portion of said latching
      lever to ride over the associated locking lug and thereby permits the
      completion of the closing of said door assembly by the closing force
      applied by said power means to said door assembly through said latch
      assembly. This ability to close said door assembly, due to the
      construction of said latch assembly without the additional components,
      that would maintain said lever at its first position during the closing of
      the door, is useful in the preferred construction because said additional
      components during service use of the vehicle may become inoperative and in
      such event said door assembly can still be closed and locked.
PAR  For each door-operating mechanism the vehicle includes stop means to limit
      the movement of said lever from the first position during the closing of
      the door assembly so that said lever is not pivoted beyond a position at
      which the latch assembly would interfere with the closing of the door. In
      the preferred construction said stop means is mounted on said door
      assembly. In this case the top portion of said lever has an angular
      extension that is directed toward and through an opening in said door
      assembly. That opening is, of course, in alignment with said top portion
      of said lever of said door-operating mechanism. This angular extension is
      preferably present also for the purpose of moving said lever from said
      second position to said first position to unlock the door assembly from a
      position outside the vehicle. That movement disengages the latching arm of
      the latch assembly from the locking lug. To this extent the construction
      of the extension of said lever is that shown in the preferred embodiment
      of construction of the hopper vehicle of said copending patent
      application.
PAR  In this preferred aspect of the hopper vehicle of the present invention in
      which said stop means is present, the distal end portion of said angular
      extension of said lever has a lateral extension that abuts said stop means
      when said lever is pivotally moved to said second position during the
      closing by force applied by said power means to said lever, in the event
      said additional components that would prevent at that time this pivotal
      movement of said lever, are absent or those components, when present, have
      become inoperative. As a result of said lever abutting said stop means,
      said latching arm of said latch assembly cannot be pivotally moved by said
      spring means mounted on said lever to a position that would prevent that
      latching arm from riding over said locking lug during the closing of said
      door assembly.
PAR  This application of closing force against said stop means mounted on said
      door assembly is especially important in the preferred illustrative
      construction described later for a three-point locking of said door
      assembly. This is because, in the preferred construction of said latch
      assembly, said lever is pivotally mounted in a straddling manner on
      torsion bar means on which said latching arm is fixedly mounted. The
      torsion bar means is rotatably mounted on the bottom margin of said door
      assembly. In that case the presence of said stop means and said lateral
      extension of said angular extension of said lever prevents a movement of
      said lever from its straddling position on said torsion bar means that
      could prevent pivotal movement of said latching arm as required to ride up
      and over said locking lug during the final closing of said door assembly.
PAR  In the preferred construction that provides for three-point locking of each
      door assembly, the latching arm of each door-operating mechanism is
      fixedly mounted on torsion means that is rotatably mounted on the bottom
      margin of the door assembly and extends horizontally from one end of the
      door assembly to the other end. As seen below in the description of the
      preferred embodiment of the vehicle as a freight hopper car, this torsion
      means can be formed of three components connected to one another with the
      intermediate component being a connecting tube, on which the latching arm
      of said latch assembly is fixedly mounted, and the other two components
      are torsion bars fixedly mounted on the end portions of that connecting
      tube. At the ends of the torsion means that extends from one end of the
      door assembly to the other end there are fixedly mounted latching arms
      that pivot with the pivotal movement of said lever and thus said latching
      arm of said latch assembly, and when said lever is at its second position
      these latching arms at the ends of the torsion means engage keepers, i.e.,
      locking lugs, mounted on the supporting structure of the vehicle. The
      lever of said latch assembly is pivotally mounted on said torsion means.
PAR  In this preferred construction the torsion means, i.e., torsion bar
      linkage, which interconnects the end latching arms with the latching arm
      of said latch assembly and thus to said power means, is within a
      horizontal reinforcing member or chord mounted on the bottom margin of the
      door panel of the door assembly to provide support for the torsion bar
      linkage that provides pivotal movement of said end latching arms in
      concert with the pivotal movement of said latching arm of said latch
      assembly.
PAR  The preferred construction of the hopper vehicle of the present invention
      has the additional components, mentioned above, of said latch assembly to
      provide means that maintains a sufficient force against said lever, when
      it is in its first position, to prevent movement of that lever from that
      position while said power means is moving said door assembly to the closed
      position. These additional components include a second lever and second
      spring means. In this construction said lever connected to said power
      means is a first lever of a toggle assembly and said second lever is the
      other lever of said toggle assembly. The second lever is pivotally
      connected at one end to the distal end portion of said first lever, that
      is, the end portion that is not pivotally mounted on said door assembly.
      The other end portion of said second lever is pivotally mounted on support
      means fixedly mounted on the top margin of said door assembly. The support
      means and that end portion of said second lever are constructed to permit
      axial movement of said second lever. The second spring means is mounted on
      said second lever between said support means and intermediate portion of
      said second lever to bias said second lever in a direction away from the
      pivotal axis of mounting of said second lever on said support means. The
      spring means thereby constitutes said means operatively connected to the
      top portion, i.e., distal end portion of said first lever to provide the
      sufficient force against said first lever when it is in its first position
      to prevent movement of that lever from that position while said power
      means is moving said door assembly to the closed position.
PAR  When the first lever is at its first position, the toggle assembly is in a
      nonlocking overcenter condition that is one side of the plane at which all
      three pivot axes of the toggle are centered, i.e., in alignment. When the
      first lever is at its second position, the toggle assembly is in a locking
      over-center condition on the other side of that plane. The first
      overcenter condition is the more important one for utilization of the
      spring bias action as the second spring means has sufficient force to
      maintain the first lever at its first position until the power means
      through the first lever has completed the pulling of the door assembly
      toward the closed position.
PAR  In the preferred embodiment of the door-operating means the power means
      comprises a pair of power cylinders, e.g., air cylinders, extending in
      opposite directions in a transverse plane and pivotally mounted on the
      longitudinal support means. The first lever of each toggle assembly is
      pivotally connected to the respective rod of the cylinders. The toggle
      assembly is also constructed so that it is in the nonlocking overcenter
      condition until the piston rod is retracted sufficiently to close the door
      and is then moved to its locking overcenter condition as the piston rod is
      further retracted. The spring of said second spring means is always
      compressed to some extent, as is the case for said spring means mounted on
      said first lever and connected to said latching arm of said latch
      assembly. On the lower portion of the first lever of the toggle assembly
      is mounted said first spring means that is connected to said latching arm
      as described earlier, so that, when the door is closed and the piston rod
      is further retracted, said latching arm engages said associated locking
      lug mounted on the fixed body structure, as described earlier.
PAR  When the first lever of the toggle assembly is fixedly mounted on a torsion
      bar linkage that is rotatably supported by the bottom margin of the door
      and that extends longitudinally in opposite directions, there are latching
      arms fixedly mounted on the free ends of the torsion bar linkage. Keepers,
      i.e., locking lugs, are mounted on the body structure of the car to be
      engaged by those latching arms when the door is closed. The overall
      construction provides an overcenter latching at the ends of the doors when
      the torsion bar linkage turns the end latching arms to engage the
      corresponding keepers due to the movement of the toggle assembly to its
      second overcenter condition by the last part of the retraction of the
      piston rod.
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PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a side view of a freight hopper car that is the preferred
      embodiment of the hopper vehicle of the invention and represents a side
      view of two especially preferred embodiments of the freight hopper car.
PAR  FIG. 2 is a fragmentary cross section taken along line 2--2 of FIG. 8.
PAR  FIG. 3 is a fragmentary cross section of the car shown in FIG. 1 taken at
      one end of the door opening of the car to show the construction and
      mounting of one of the end locking lugs and showing in phantom the
      corresponding end latching arm and one of the torsion bars of the torsion
      means rotatively mounted on the bottom margin of the door on that side of
      the car.
PAR  FIG. 4 is a fragmentary end view of the side-opening door assembly shown in
      FIG. 1.
PAR  FIG. 5 is a fragmentary cross section of the car taken along line 5--5 of
      FIG. 1, showing one of the especially preferred embodiments of the
      construction of the freight hopper car and showing in phantom the fully
      open position of the door assembly.
PAR  FIG. 6 is a fragmentary view taken along line 6--6 of FIG. 5.
PAR  FIG. 7 is a fragmentary cross section that is like FIG. 5 except that it
      illustrates, while the door assembly is being closed, the operation of the
      latch assembly after the spring mounted on the second lever of the toggle
      assembly has broken and thus has become incapable of maintaining the first
      lever of the toggle assembly, connected to the air cylinders, at its first
      position abutting the inside of the door assembly.
PAR  FIG. 8 is a fragmentary cross section of the freight car, like FIG. 5,
      showing another especially preferred embodiment of the freight hopper car
      shown in FIG. 1, and showing in phantom the fully open position of the
      door assembly.
PAR  FIG. 9 is an enlarged view, partially broken away, of the latch assembly of
      the invention showing in phantom the position of the latching arm of that
      assembly when it is pivoted by the associated latching lug as the arm
      rides over it, as shown in FIG. 7, to permit completion of the closure of
      the door.
PAR  FIG. 10 is a view of the latch assembly as seen from the right of FIG. 9
      and shows in phantom the torsion bars that extend to the ends of the door
      assembly.
PAR  FIG. 11 is a view taken along line 11--11 of FIG. 9.
PAR  FIG. 12 is a view taken along line 12--12 of FIG. 9.
DETD
PAC  DETAILED DESCRIPTION
PAR  The freight hopper car shown in FIG. 1 has for its supporting structure and
      body structure the components in the freight hopper car disclosed in said
      copending patent application that has been expressly incorporated in this
      patent application. For this reason, generally most of these components
      will not be described below, except some in connection with the
      door-operating mechanism and the door assembly.
PAR  The hopper car to the extent shown in FIG. 1 differs from that shown in
      FIG. 1 of said copending application by a showing of stop means generally
      indicated at 15 that includes horizontal angle iron 16 mounted on a panel
      17 of a hopper door assembly generally indicated at 18 that extends
      lengthwise of the car. The angle iron 16 is secured at its ends to door
      stiffeners 19 of door assembly 18. The panel 17 has a central opening 20
      (FIGS. 5, 7 and 8). In the embodiment of FIG. 5, angle iron 16 is just
      below opening 20 and rigidly supports a notched stop block 16' of stop
      means 15 at the bottom margin of opening 20. In the embodiment of FIG. 8,
      angle iron 16 without block 16' is stop means 16. It is mounted at the top
      edge of opening 20 and is strengthened by gussets 16". As in the
      construction of the car of said copending application, door assembly 18
      has additional door stiffeners (not numbered). Of course, each side of the
      car has door assembly 18 and an associated door-operating mechanism, as
      described below for one side of the car.
PAR  As in the case of the car of said copending patent application, the car of
      each of the two especially preferred embodiments has on each side of the
      car an upper intermediate side sill 23. The hopper door assembly 18 at its
      upper portion forms a part of that side of the car. This is apparent from
      FIG. 8 that shows one of the especially preferred embodiments in which the
      upper portion of panel 17 is vertical and essentially in alignment with
      side panel 25 that constitutes a fixed side wall of the body structure of
      the car. The side panel 25 and the upper portion of door panel 17 thus
      constitute one side of the car. The construction of door assembly 18 shown
      in FIG. 8 has a wrap-around configuration with the bottom portion directed
      downwardly and inwardly toward the vertical central plane of the car. Thus
      the bottom portion of door assembly 18, as in the case of the door
      assembly in the car that is disclosed in said copending patent
      application, provides one part of a hopper on that side of the car. In use
      door assembly 18, when fully opened to provide a large opening for
      discharge of material from the hopper car is outside of the longitudinal
      vertical plane at which side panel 25 is located. This construction for a
      wide opening of door assemblies 18 on both sides of the car is preferred
      to insure a discharge of material from the car beyond the rails on which
      the car rides instead of between the rails as is the case with
      constructions of hopper cars prior to the construction of the hopper car
      of said copending patent application and that of the present invention.
      Such construction of the present invention requires adequate clearance
      between the hopper car and adjacent construction, such as a building
      alongside the track, at the location where the car is unloaded.
PAR  At some unloading locations there is insufficient clearance between the
      hopper car and fixed structure alongside of the track. Because of this,
      the present invention includes a hopper car in which door assembly 18 has
      a modified construction that is shown in FIG. 5. In that case, door
      assembly 18 although also having a wrap-around configuration is mounted
      and constructed in cooperation with the other component, that forms the
      other part of the two hoppers of the car, so that the top portion of door
      assembly 18 provides a lower part of the side of the car that extends
      downwardly and inwardly from the bottom end of side panel 25. As in the
      construction of FIG. 8 the bottom portion of door assembly 18 provides one
      part of the hopper on that side of the car. In this construction (FIG. 5),
      when door assembly 18 is opened to the position at which the top portion
      of door assembly 18 is in vertical alignment with side panel 25, there is
      a substantial opening of the hopper and yet there is practically no
      requirement for clearance alongside the car while it is being unloaded.
PAR  As in the case of the hopper car of said copending patent application, the
      hopper car, being described for the two especially preferred embodiments,
      has a supporting structure including support means extending from about
      one end of the vehicle to about the other end of the vehicle and located
      at the bottom portion of the vehicle for mounting on wheeled assemblies of
      the vehicle. The car also has a body structure including end walls and
      side walls comprising side panels 25 and door assemblies 18 on each side
      of the car. Each of door assemblies 18 on the two sides of the car
      provides one side of one of the two hoppers.
PAR  Each door hopper assembly 18 is pivotally mounted on an upper intermediate
      side sill 23 on a side of the car by a number of hinge assemblies 28 shown
      somewhat schematically in FIG. 1. Each of hinge assemblies 28 includes a
      number of hinge lugs mounted on side sill 23 and others mounted on the
      upper chord 29 of door assembly 18. Through each of these two sets of lugs
      is passed a hinge pin 30 (FIGS. 5 and 8) that is held in place with a
      cotter key (not shown). For each side of the car, pins 30 are in alignment
      and provide the pivotal axis for movement of door assembly 18.
PAR  In view of the foregoing description, it is apparent that door assemblies
      18 provide part of the floor of the body of the car. The balance of the
      floor is provided by two inverted V-shaped panels 36 that extend, in
      alignment with each other, lengthwise of the car from sloping end panels
      (not numbered) of the end walls of the car. The panels 36 are supported on
      the center sill (not numbered) of the car. The ends of V-shaped panels 36
      are suitably shaped to abut the sloping end panels to which they are
      connected. The other ends of panels 36 extend to and are connected to a
      shield (not numbered) that is at central transfer zone of the car. The
      shield has the construction disclosed in detail in the incorporated
      disclosure from said copending patent application. That shield prevents
      ingress of material, loaded in the car, into the zone containing the
      door-operating mechanism. As seen in FIGS. 5 and 8, when door assemblies
      18 are closed the bottom portions of these doors provide with V-shaped
      panels 36 at least part of the floor of the car. Thus the floor has two
      lengthwise hoppers that are on opposite sides of the central axis of the
      car.
PAR  The panels 36 in the embodiment of FIG. 5 have a smaller included angle
      than in the construction shown in FIG. 8 so that door assembly 18 in the
      embodiment in FIG. 5 when closed has its distal end closer to the
      longitudinal axis of the car than in the construction in FIG. 8. This
      construction is for the purpose of permitting the door to be opened to an
      adequate extent without requiring substantial clearance between the car
      and structure alongside the track at an unloading station.
PAR  The body structure of the car on each side of the center sill includes a
      number of reinforcing members 37 (FIGS. 5, 7 and 8) that are supported by
      the center sill at various longitudinally spaced locations. The
      reinforcing members 37 extend downwardly and outwardly toward one or the
      other side of the car. The ends of V-shaped panels 36 are supported by the
      sloping end panels mentioned above. The panels 36 are stiffened by
      reinforcing members 37 that are below panels 36.
PAR  On each side of the car there is a Z-shaped bar 38 that is mounted on the
      bottom ends of reinforcing members 37 on that side of the center sill.
      Each bar 38 extends the length of door assembly 18 and serves as a bottom
      stop for door assembly 18. The structure of the car also includes, for
      each side, a pair of members (not shown) that are abutted by the ends of
      door assembly 18 when it is closed. Each of these pair of members is
      mounted on a supporting structure that includes a plate (not shown) at the
      bottom of which there is also mounted a plate 41 that supports a locking
      lug assembly generally indicated at 42. For the construction of the pair
      of members and the plate that are not shown, reference is made to the
      incorporated drawings of said copending patent application. The assembly
      42 includes a locking lug base plate (not shown) mounted on plate 41.
      Adjustably mounted on said locking lug base is a keeper or locking lug 44
      that has an extension with a cam surface to be engaged by a latching lug
      or arm 45 fixedly mounted on a torsion bar 46 of door assembly 18.
PAR  Each door assembly 18 includes door panel 17 that extends the full length
      of the door. The upper chord 29 of door assembly 18 is mounted on the
      outside surface of the top margin of panel 17. A lower chord 51 extends
      the length of panel 17 and is mounted on the bottom margin of panel 17.
      Each door assembly 18 has a pair of torsion bars 46 that are shown as
      tubes. The bars 46 extend in opposite directions from a central zone of
      the door. Each torsion bar 46 is rotatably mounted within bottom chord 51.
      Each torsion bar 46 is supported adjacent its ends by a bearing plate 52
      mounted on lower chord 51 by means not shown. Each torsion bar 46 extends
      beyond the corresponding end of bottom chord 51 and latching arm or lug 45
      is fixedly mounted on that end portion, as seen in FIG. 4.
PAR  As seen in FIG. 2, the other end of each torsion bar 46 is fixedly mounted
      on an end portion of a connecting tube 53 by bolts 54 and nuts (not
      shown). The rotation of connecting tube 53 causes rotation of both torsion
      bars 46. The connecting tube 53 extends through a hole at one end portion
      of a latching arm 55 that is fixedly mounted on tube 53 for pivotal
      mounting of arm 55. When arm 55 is pivoted, tube 53 and thus bars 46 are
      turned about their common axis.
PAR  Two spaced plates 56 of a first lever of a toggle assembly generally
      indicated at 57 are mounted at one of their ends on tube 53 for pivotal
      movement relative to tube 53 and thus relative to latching arm 55. The
      pair of plates 56 are on opposite sides and spaced from latching arm 55.
      The other or distal end portions of the pair of spaced plates 56 are
      fixedly connected to one side of a square tube 56'. The distal end portion
      of each of the pair of spaced plates 56 has a lateral extension that is
      also fixedly connected to that side of tube 56' as a continuation of the
      connection of plates 56 to tube 56'. These spaced lateral extensions of
      plates 56 are on opposite sides of and fixedly connected to a plate 56"
      that has at one end a notched portion with an edge that is coplanar with
      the edges of the lateral extensions of plates 56. The plate 56" at that
      edge is also connected to that side of tube 56'. The tube 56' is closed at
      its end remote from latching arm 55 and that closed end is connected to
      plates 56 and to plate 56" at the other edge of its notched portion.
PAR  The opening 20 at the center of door panel 17 is at the transverse plane of
      the car passing through plate 56". An angular extension 59 of plate 56"
      passes through opening 20. This extension 59 is at the other end portion
      of plate 56". The pair of spaced plates 56, tube 56' and plate 56"
      constitute one lever of toggle assembly 57.
PAR  The end of plate 56", that has the angular extension, is connected by a pin
      60 to the clevis end of the other lever 61 of toggle assembly 57. Except
      for the clevis end of lever 61, the rest of its length is a cylindrical
      rod that has a longitudinal slot adjacent its distal end. A spring
      retainer block 62 has a central hole through which passes the distal end
      portion of lever 61. The block 62 has a transverse hole through which
      passes a pin 63 that passes also through the longitudinal slot at the
      distal end portion of lever 61. The ends of pin 63 are mounted on a pair
      of spaced brackets 65 that is mounted on a support plate 66 bolted through
      door panel 17 to upper chord 29, so that bracket 65 extends inwardly of
      the car from the top margin of panel 17. By this construction lever 61 of
      toggle assembly 57 is mounted on the top marginal portion of door assembly
      18 for pivotal movement and for axial movement. There are two springs 67
      mounted on lever 61 between its clevis end and spring retainer block 62. A
      wearplate 68 is mounted on lever 61 between springs 67.
PAR  The other end portion of plate 56" of said first lever of toggle assembly
      57 that is pivotally connected to lever 61 has another hole in which is
      mounted a pin 69. The end portions of pin 69 are in holes of a clevis 70
      mounted on the free end of a piston rod 71 of an air cylinder 72 that
      extends transversely of the car and is pivotally mounted at its other end
      by its clevis 73 through which extends a pin 74 on a support bracket 75
      that is mounted above the center sill of the car. By this construction air
      cylinder 72 can pivot at the axis of the pin 74 that is parallel to the
      longitudinal axis of the car so that axial movement of piston rod 71 will
      provide pivotal movement of plate 56" of the first lever of toggle
      assembly 57. This provides arcuate movement of tube 56' and provides
      pivotal and axial movement of lever 61.
PAR  The lever 61 is pivotally connected to the top margin of door assembly 18.
      The first lever, that comprises plates 56, tube 56' and plate 56", is
      pivotally connected to the bottom margin of door assembly 18 by virtue of
      plates 56 pivotally straddling connecting tube 53. Thus the two levers
      constitute toggle assembly 57 that is pivoted at pin 60 when there is
      relative pivotal movement.
PAR  The latching arm 55 has, at its distal end portion, an angular extension 76
      that constitutes an integral latching lug of arm 55. This angular
      extension is toward the vertical central plane of the car. Thus latching
      arm 55 with its angular extension 76 is a hook arm. A locking lug 77 for
      each door assembly 18 is adjustably bolted on a plate 78 that is fixedly
      mounted on a slope sheet 78' mounted on the supporting structure of the
      car. When door assembly 18 is fully closed and piston rod 71 is
      sufficiently retracted, angular extension 76, as a latching lug, of arm 55
      engages locking lug 77 to provide a locking of door assembly 18. At that
      time, toggle assembly 57 is at its locked overcenter condition, i.e.,
      overcenter to the right as viewed in FIG. 5 and FIG. 8. The arm 55 is
      maintained in this position by a spring 80 while toggle assembly 57 is in
      this locked overcenter condition in a manner described later.
PAR  When door assembly 18 is fully closed and locked, it is not necessary to
      maintain the retraction force on piston rod 71 to maintain the locking of
      door assembly 18. Air cylinder 72, and thus its piston rod 71, and springs
      67 could fail simultaneously and yet door assembly 18 would remain closed
      and locked. This is because the geometry of the bearing surfaces of
      latching extension 76 of arm 55 and locking lug 77 is such that when they
      are engaged, they will maintain door assembly 18 in a closed position. The
      same is true for the geometry of the bearing surfaces of latching arms 45,
      at the ends of door assembly 18, and locking lugs 44. This geometry of
      these bearing surfaces is such that the load in the car that acts on door
      assembly 18 does not tend to unlock these engaged bearing surfaces. Of
      course, this locked overcenter condition of toggle assembly 57 is assured
      by springs 67 on lever 61 that inhibit the pivotal movement of the first
      lever, i.e., plate 56", tube 56' and plates 56, of toggle assembly 57.
PAR  It is seen that there is a three-point locking. The locked overcenter
      condition of toggle assembly 57 assists in retaining latching arms 45 and
      latching arm 55 in their locked positions by proper positioning of the
      first lever and thus spring 80 to maintain arm 55 in its locked position.
PAR  The door panel 17 has a bottom opening 79 midway its length. The arm 55
      that is fixedly mounted on connecting tube 53 extends through this
      opening. The spaced plates 56 pivotally mounted on tube 53 also extend
      through opening 79. The extension 76, that serves as a latching lug for
      arm 55, is inwardly of door panel 17 so that it can engage locking lug 77.
      The lug 77 can be adjusted upwardly or downwardly on slope sheet 78' to
      insure a satisfactory locking engagement between latching arm 55 and
      locking lug 77 when piston rod 71 is sufficiently retracted.
PAR  The lateral extension 59 of plate 56" has at its distal end portion outside
      door panel 17 a hole 81. In the event that it is desired to manually
      operate toggle 57 for unlocking door assembly 18, a rod (not shown) can be
      inserted in hole 81 and that rod would be manually pulled. Alternatively,
      extension 59 can be grasped and pulled by a power-operating device.
PAR  On the side of square tube 56' opposite to that to which plates 56 are
      connected there is mounted a pair of generally L-shaped lifter plates 82.
      The plates 82 are parallel to the pair of plates 56. Extending from the
      bottom of these two sides of square tube 56' are longitudinal slots 83 and
      84 that are parallel to and between plates 56 and between lifter plates
      82, respectively. The latching arm 55 extends through slots 83 and 84 so
      that the distal end of arm 55 and its angular extension 76 are beyond
      lifer plates 82. The slot 84 is longer than slot 83 to permit adequate
      clearance in the slots of tube 56'  when arm 55 is pivoted relative to the
      first lever, i.e., plates 56, plate 56" and tube 56'. The distal end
      portion of latching arm 55 has a hole in which is fixedly mounted a
      cylindrical bar 85. Each L-shaped lifter plate 82 has a leg that abuts
      cylindrical bar 85 on arm 55 when the first lever is pivoted
      counterclockwise (as viewed in FIGS. 5 and 8) by extension of piston rod
      71 of air cylinder 72 for the purpose of unlocking door assembly 18. This
      pivotal movement is a movement of the first lever from its second position
      at which it is spaced from door panel 17 of door assembly 18 to the first
      position, shown in phantom in FIGS. 5 and 8, at which the first lever is
      at its first position abutting panel 17.
PAR  The portion of arm 55 within square tube 56' has a hole in which is mounted
      a cylindrical bar 86. The end portions of cylindrical bar 86 are in holes
      of two spaced plates 87 that are connected to a square plate 88 that is
      inside tube 56' and that abuts spring 80. The plates 87 and plate 88
      provide a spring seat assembly having a clevis construction. Thus spring
      80 is retained in tube 56' between its closed end and the spring seat
      assembly. The spring 80 is substantially compressed, illustratively in
      excess of 870 pounds, when cylindrical bar 86 is in place extending
      through plates 87 and arm 55 and when arm 55 has been moved to a position
      relative to lifter plates 82 to permit the insertion of cylindrical bar 85
      so that it will be engaged by lifter plates 82 for the lifting action on
      arm 55 when the first lever is pivotally moved from its second position.
PAR  The sequence of assembly of first lever and arm 55 with its connecting tube
      53 is as follows: The integral assembly of plates 56, square tube 56' and
      plate 56" is placed in an upside down position. The spring 80 is inserted
      in tube 56'. Of course, one end of spring 80 abuts the closed end of tube
      56'. The spring seat assembly and locking arm 55 with its integral
      connecting tube 53 are joined by placing bar 86 into the holes of plates
      87 and in arm 55 between these plates. This combination of arm 55, the
      spring seat assembly and bar 86 is positioned on the first lever so that
      arm 55 is between plates 56 with plates 56 pivotally straddling connecting
      tube 53 on opposite sides of arm 55 and so that the spring seat assembly
      is inside the open end portion of tube 56'. The arm 55 is pivotally moved
      relative to plates 56 of the first lever so as to compress spring 80
      sufficiently to insert bar 85 within the included angle of lifter plates
      82, i.e., the position described above. Then bar 85 is inserted in arm 55
      and fixed in position by welding or the like. Instead of the straddle
      mounting of plates 56 on tube 53, small plates (not shown), each with an
      intermediate curved recess facing tube 53, can be welded to plates 56 to
      complete holes in the lever through which tube 53 passes for the mounting
      of the lever on tube 53 with pivotal movement of the lever relative to
      tube 53.
PAR  When door assembly 18 is closed and fully locked, as seen in full lines in
      FIGS. 5 and 8, piston rod 71 is at its retracted home position. In that
      case the first lever is at its second position in which plate 56" is
      spaced from door panel 17. At that time, the angular disposition of the
      first lever and thus the location of lifter plates 82 is such that bar 85
      is spaced from each of the outwardly extending legs of L-shaped plates 82.
      The angular extension 76 that serves as the latching lug of latching arm
      55 engages locking lug 77 to maintain door assembly 18 in the locked
      condition. Because rod 85 on arm 55 is spaced from the outwardly extending
      legs of lifter plates 82 of the first lever when it is in its second
      position, compressed spring 80 provides a force on arm 55 to maintain it
      in this locked position.
PAR  The outer edge surface of the other leg of each lifter plate 82 is
      contoured so that it will not interfere with the relative movement of rod
      85 and the lifting leg of each lifter plate 82 as occurs when arm 55 is
      pivoted, without movement of the first lever, if one or both of springs 67
      are broken and door assembly 18 is being closed, as described later.
PAR  In view of the difference in the construction of the inverted V-shaped
      panel 36 with respect to the included angle and the difference in the
      mounting and configuration of door assembly 18 for the two especially
      preferred embodiments shown in FIGS. 5 and 8, the door assemblies for
      these embodiments are opened to a different extent and they can be
      referred to as a "short" stroke design and a "long" stroke design,
      respectively.
PAR  As seen in FIG. 1, the hopper car of the especially preferred embodiments
      of the invention has an air pressure tank 94 that is provided with
      pressurized air. The tank 94 is connected with suitable piping and valves
      (both not shown) to air cylinders 72. The operation of these valves
      determines the simultaneous operation of air cylinders 72. Such valves can
      be operated manually but it is preferred that they be tripped
      automatically by means alongside the track so that each air cylinder 72
      will extend its piston rod 71 while such cars are in motion. After the
      cars have passed the unloading station the valve mechanism can be operated
      manually or automatically to close and lock the doors through retraction
      of piston rods 71.
PAR  For an opening of the two hopper door assemblies 18 the two door-operating
      mechanisms are operated simultaneously by energizing air cylinders 72.
      Each door-operating mechanism then has an outer movement of piston rod 71
      that initially further compresses springs 67 until the pivot axes of pin
      63, pin 60 and tube 53 are in alignment.
PAR  During this outer movement of piston rod 71 the first lever is pivoted
      about the axis of connecting tube 53 without pivotal movement of arm 55.
      As a result, lifter plates 82 are moved into abutment with rod 85 on arm
      55. Depending upon the location of pin 85 and lifter plates 82 and other
      factors of a particular design, either lifter plates 82 can start the
      pivotal movement of arm 55 before the completion of pivotal movement of
      the first lever that places the pivot axes mentioned above in alignment,
      or this movement of arm 55 can be initiated after those axes are in
      alignment. In any event, pivotal movement of the first lever, by continued
      outer movement of distal rod 71, causes sufficient pivotal movement of
      latching arm 55 to clear locking lug 77. When latching arm 55 is being
      pivoted in this manner, torsion bars 46 are rotated to move latching arms
      45 so that they clear locking lugs 44. As soon as angular extension 76,
      that is, the latching lug of arm 55, and latching lugs 45 are clear of
      their corresponding locking lugs, plate 56" of the first lever of toggle
      assembly 57 bears against door panel 17 below opening 20. The further
      extension of piston rod 71 continues to allow or to allow and provide an
      opening of door assembly 18 until it is completely open, as shown in
      phantom in FIGS. 5 and 8. During part of this movement of door assembly
      18, the door is opening due partly to the weight of the load of material
      in the car.
PAR  When it is desired to close and lock each door assembly 18 of either
      especially preferred embodiments, each air cylinder 72 is energized to
      retract its piston rod 71. In the case of the "long" stroke design of the
      construction of the car that is shown in FIG. 8, door assembly 18 when
      fully open has its center of gravity outwardly of the vertical
      longitudinal plane passing through hinge pins 30, whereas normally for the
      "short" stroke design shown in FIG. 5 the center of gravity of door
      assembly 18 is inwardly of that vertical plane passing through hinge pins
      30. In the "long" stroke design the air cylinder 72 through its piston rod
      71 connected to pin 60 controls the falling of door assembly 18 until its
      center of gravity is below hinge pins 30. From this position of door
      assembly 18 further retraction of piston rod 71, in the case of
      construction of FIG. 8, or from the fully open position of door assembly
      18, in the case of construction of FIG. 5, the retraction of piston rod 71
      from its inception produces a pulling force on pin 69 and thus through the
      first lever to bring door assembly 18 back up to its closed position. The
      springs 67 are sufficiently strong, so that while door assembly 18 is
      being closed, there is no pivotal movement of the first lever, i.e.,
      plates 56 and 56" and tube 56' about the pivot axis of arm 55.
      Accordingly, lifter plates 82 of the first lever are maintained in the
      same position relative to door assembly 18. Because of the continued
      abutment of these lifter plates against rod bar 85, spring 80 cannot pivot
      latching arm 55 about the axis of connecting tube 53. Thus clearance is
      maintained between the angular extension 76 of latching arm 55 and locking
      lug 77 until door assembly 18 is completely closed.
PAR  Upon further retraction of piston rod 71 the pulling force by retracting
      rod 71 turns the first lever about the pivot axis of tube 53. Until the
      axes of pin 63, pin 60 and tube 53 are in alignment, lever 61 is moved
      upwardly through block 62 and this causes further compression of springs
      67. After these axes are brought into alignment further retraction of rod
      71 moves lever 61 and the first lever of toggle assembly 57 about their
      pivot axes and the compression is partially reduced in springs 67. This
      pivotal movement of the first lever pivots its lifter plates 82 and tube
      56' about the axis of tube 53 to pivot arm 55 about the axis of tube 53.
      This pivotal movement of arm 55 turns tube 53 and this rotates torsion
      bars 46 to pivot latching arms 45. The latching arm 55, at the completion
      of the retraction of piston rod 71, is brought into locking engagement
      with locking lug 77 and latching arms 45 are also brought into locking
      engagement with their associated locking lugs 44. The toggle assembly 57
      is now at its locked overcenter condition. The position of the first
      lever, after door assembly 18 is closed and locked, is such that arm 55
      fully engages lug 77 and the outwardly directed legs of lifter plates 82
      are spaced from rod 85.
PAR  The prime function of spring 67 is to prevent movement of toggle assembly
      57 from its unlocked overcenter condition in which plate 56" of the first
      lever bears against panel 17 of door assembly 18 until door assembly 18 is
      closed. In the event that, during service use, at least one of springs 67
      is broken as seen in FIG. 7, toggle assembly 57 will not remain in its
      unlocked overcenter condition when piston rod 71 is being retracted to
      close door assembly 18. As piston rod 71 is being retracted, the first
      lever is pivoted clockwise (as viewed in FIG. 7) until a lateral extension
      95 of angular extension 59 of plate 56" strikes stop means 15 that is
      mounted on door assembly 18 as described earlier. This limits the pivotal
      movement of the first lever, by the retraction of rod 71, to its second
      position at which the angular extension 76 of latching arm 55 is located
      to abut the inclined surface of locking lug 77 rather than striking the
      front edge of locking lug 77 that would prevent closing of the door. Thus
      during continued retraction of rod 71 to close the door, extension 76 of
      arm 55 slides along the inclined surface of lug 77. This is possible
      because arm 55 can move relative to the first lever by independently
      pivoting about the axis of tube 53. This pivotal movement of arm 55
      results in bar 85 moving away from the outwardly extending legs of
      L-shaped plates 82 and results in a further compression of spring 80. When
      door assembly 18 is completely closed, extension 76 of arm 55 is located
      beyond lug 77. The spring 80 then forces a pivotal movement of arm 55 in
      the opposite direction to place extension 76 of arm 55 in locking
      engagement with lug 77.
PAR  It is seen from the foregoing that the first lever of toggle assembly 57
      can function alone, i.e., without lever 61 and spring 67, to open and
      close door assembly 18. This is because the first lever, namely, the fixed
      assembly of plates 56, tube 56', plate 56" and lifter plates 82 are
      combined with spring 80, the spring seat assembly, arm 55, and rods 85 and
      86 in a manner to provide pivotal movement of arm 55 relative to plates 56
      and to provide for pivotal movement of arm 55 in the other direction with
      the pivotal movement of plates 56. This combination constitutes a compound
      latching mechanism that is not required to have the first lever abutting
      door panel 17, while the door is being closed, to avoid striking the front
      edge of locking lug 77. The compound latching mechanism permits arm 55 to
      contact and then ride up the inclined top surface of latching lug 77 to
      permit complete closing of the door and wherein upon closing of the door
      the compound latching mechanism through spring 80 biases pivot arm 55 into
      locking position.
PAR  The locking lugs 44 are mounted so that arms 45 do not abut them before arm
      55 starts to pivot while riding up the inclined surface of lug 77. As a
      result arms 45 clear lugs 42 due to the rotation of torsion bars 46 when
      arm 55 is being pivoted. As soon as arm 55 has its extension 76 beyond lug
      77 the pivoting of arm 55 in the reverse direction for locking engagement
      with lug 77 results in the reverse rotation of torsion bars 46 to move
      arms 45 into locking engagement with lugs 44. This completes the
      three-point locking. This proper location of lugs 44 and the pivotal
      movement of arms 45, due to the pivotal movement of arm 55 rather than
      that of the first lever, avoids the necessity to use at the ends of the
      door the compound latching mechanism used at the center of the door.
PAR  The preferred embodiments of one construction of the hopper vehicle of the
      present invention have been presented above in the detailed description
      and have been shown in the drawings. In those embodiments the latching lug
      is an integral part of a latching arm that constitutes a latching means
      and it is mounted on the door assembly for pivotal movement to unlock the
      door and, if necessary, for pivotal movement to permit the latching lug to
      ride along the locking lug while the door is being closed. In that case,
      the latching means is a part of a compound latching mechanism that
      includes the lever that, in the illustrated embodiments, is one lever of a
      toggle assembly. Instead of this type of compound latching mechanism, this
      construction in an alternative embodiment can be one in which the latching
      mechanism includes a latching lug that is movable in a rectilinear manner
      rather than being pivoted by a lever connected to the power means when the
      lever is moved from its second position to its first position. In this
      modification, the latching means is mounted on the door assembly and is
      constructed in a manner such that its latching lug moves rectilinearly. In
      this case the latching means includes spring means to bias the latching
      lug so that when the door is closed the latching lug is biased at a
      position that provides a locking relationship with the locking lug. When
      this construction of the latching means is used, the vehicle will include
      means, preferably mounted on the door, to limit the movement due to the
      spring means so that the latching lug will not be moved to a position that
      will prevent the closing of the door assembly. In that embodiment, the
      latching lug cannot be moved by the spring means beyond the position at
      which it will suitably abut the locking lug, while the door is being
      closed, so that the latching lug can ride past the locking lug to permit
      closing of the door. Then the limit means is inoperative so that the
      spring means moves the latching lug to a position for locking engagement
      with the locking lug.
PAR  In the alternative embodiment of this construction of the hopper vehicle of
      the invention, it will be apparent that, when it is constructed to provide
      a three-point locking of the door assembly, the lever, that is pivotally
      mounted on the bottom portion of the door and that is operated by the
      power means, will be rigidly connected to a tube that will be connected to
      torsion bars 46. This is because the latching means will not be in the
      form of a latching arm pivotally mounted at the bottom portion of the door
      by being rigidly connected to such connecting tube, namely, tube 53.
PAR  In the construction of the hopper vehicle, described above as preferred
      embodiments and the alternative embodiment, the latching lug is movable,
      if required, during the closing of the door. In an alternative
      construction of the hopper vehicle of the present invention, the locking
      lug is a component of locking means that further includes means to bias
      the locking lug in its normal locking position but permits movement of the
      locking lug away from the latching lug, when necessary, to permit the
      latching lug to ride past the locking lug during the closing of the door.
      The details of such construction of such locking means will be apparent
      from the foregoing description. Of course, in this construction a lever,
      that is pivotally mounted on the bottom portion of the door, that is
      operatively connected at its distal end portion to the power means, and
      that has an angular extension functioning as a latching lug, such as
      disclosed in said copending patent application, can be used in this
      alternative construction of the hopper vehicle of the present invention.
PAR  The foregoing detailed description of preferred embodiments and a
      description of an alternative embodiment of one construction and a
      description of an alternative construction of a freight hopper car have
      been presented only for the purpose of illustration of the hopper vehicle
      of the invention. The present invention is limited only by the claims that
      follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hopper vehicle having a pair of bottom hoppers extending lengthwise of
      the vehicle on opposite sides of the vertical central plane of the
      vehicle, which comprises:
PA1  a supporting structure including support means extending from about one end
      of the vehicle to about the other end of the vehicle and located at the
      bottom portion of the vehicle for mounting on wheeled assemblies of the
      vehicle;
PA1  a body structure including: end walls; side walls;
PA2  an inverted generally V-shaped panel mounted on said support means and
      extending lengthwise of the vehicle and providing a part of said hoppers;
      and
PA2  a door assembly hingedly mounted at its upper margin on each of said side
      walls to swing outwardly and constructed to provide one side of one of
      said two hoppers of the vehicle;
PA1  a door-operating mechanism for each of said door assemblies and located
      intermediate the length of the door assembly, each of said door-operating
      mechanisms including:
PA2  a lever pivotally mounted at its bottom end on the bottom margin of said
      door assembly and movable between a first position abutting the inside of
      said door assembly when the door is unlocked and a second position spaced
      from the inside of said door assembly when the door is closed and locked;
PA2  latching means mounted on said door assembly and including a latching lug,
      said latching means and said lever being constructed and arranged to
      provide movement of said latching lug of said latching means when said
      lever is pivotally moved from said second position to said first position;
      and
PA2  power means mounted on said support means and operatively connected to said
      lever to provide a force in one direction for movement of said lever from
      said second position to said first position and to provide a force in the
      opposite direction on said lever for return movement of said door assembly
      to its closed position and movement of said lever from said first position
      to said second position;
PA1  locking means, including a locking lug, mounted on said supporting
      structure in alignment with each of said latching lugs of said latching
      means to have said locking lugs engaged in a locking manner by said
      latching lugs after said door assemblies are closed and said levers have
      been moved to their second positions; and
PA1  one of said latching means and of said locking means, for each side of said
      hopper vehicle, has a construction, including spring means that engages
      said lug of that one means having said spring means, so that this engaged
      lug is movable in the event that said latching means abuts said locking
      means during a closing of said door assembly and is returned by said
      spring means to its normal position when the door assembly is closed.
NUM  2.
PAR  2. A hopper vehicle having a pair of bottom hoppers extending lengthwise of
      the vehicle on opposite sides of the vertical central plane of the
      vehicle, which comprises:
PA1  a supporting structure including support means extending from about one end
      of the vehicle to about the other end of the vehicle and located at the
      bottom portion of the vehicle for mounting on wheeled assemblies of the
      vehicle;
PA1  a body structure including:
PA2  end walls;
PA2  side walls;
PA2  an inverted generally V-shaped panel mounted on said support means and
      extending lengthwise of the vehicle and providing a part of said hoppers;
      and
PA2  a door assembly hingedly mounted at its upper margin on each of said side
      walls to swing outwardly and constructed to provide one side of one of
      said two hoppers of the vehicle;
PA1  a door-operating mechanism for each of said door assemblies and located
      intermediate the length of the door assembly, each of said door-operating
      mechanisms including:
PA2  latching means mounted on said door assembly and including a downwardly
      directed portion that is constructed to function as a latching lug;
PA2  a lever pivotally mounted at its bottom end on the bottom margin of said
      door assembly and movable between a first position abutting the inside of
      said door assembly when the door is unlocked and a second position spaced
      from the inside of said door assembly when the door is closed and locked,
      said lever and said latching means being constructed and arranged so that
      said lever moves said latching lug of said latching means upwardly when
      said lever is pivotally moved from said second position to said first
      position;
PA2  means mounted on said lever to bias said latching lug of said latching
      means in the direction opposite to that provided by the pivotal movement
      of said lever from said second position to said first position;
PA2  means mounted on said door assembly to limit said movement of said latching
      lug provided by said lugbiasing means; and
PA2  power means mounted on said support means and operatively connected to said
      lever to provide a force in one direction for movement of said lever from
      said second position to said first position and to provide a force in the
      opposite direction on said lever for return movement of said door assembly
      to its closed position and movement of said lever from said first position
      to said second position; and
PA1  locking means mounted on said supporting structure in alignment with each
      of said latching means to be engaged in a locking manner by said latching
      lugs provided by said downwardly directed portion of said latching means
      after said door assemblies are closed and said levers have been moved to
      their second positions.
NUM  3.
PAR  3. A hopper vehicle having a pair of bottom hoppers extending lengthwise of
      the vehicle on opposite sides of the vertical central plane of the
      vehicle, which comprises:
PA1  a supporting structure including support means extending from about one end
      of the vehicle to about the other end of the vehicle and located at the
      bottom portion of the vehicle for mounting on wheeled assemblies of the
      vehicle;
PA1  a body structure including:
PA2  end walls;
PA2  side walls;
PA2  an inverted generally V-shaped panel mounted on said support means and
      extending lengthwise of the vehicle and providing a part of said hoppers;
      and a door assembly hingedly mounted at its upper margin on each of said
      side walls to swing outwardly and constructed to provide one side of one
      of said two hoppers of the vehicle;
PA1  a door-operating mechanism for each of said door assemblies and located
      intermediate the length of the door assembly, each of said door-operating
      mechanisms including:
PA2  a latching arm pivotally mounted at its bottom end on the bottom margin of
      said door assembly and its distal end portion having an inwardly directed
      extension that is constructed to function as a latching lug;
PA2  a lever pivotally mounted at its bottom end on the bottom margin of said
      door assembly and movable between a first position abutting the inside of
      said door assembly when the door is unlocked and a second position spaced
      from the inside of said door assembly when the door is closed and locked,
      said lever being constructed to engage and pivotally move said latching
      arm with said lever when it is pivotally moved from said second position
      to said first position;
PA2  means mounted on said lever to bias said latching arm for pivotal movement
      in the direction opposite to that provided by the pivotal movement of said
      lever from said second position to said first position, said pivotal
      movement of said latching arm by said arm-biasing means being limited by
      said construction of said lever that provides a movement of said latching
      arm with said lever when said lever is moved from said second position to
      said first position; and
PA2  power means mounted on said support means and operatively connected to said
      lever to provide a force in one direction for movement of said lever from
      said second position to said first position and to provide a force in the
      opposite direction on said lever for return movement of said door assembly
      to its closed position and movement of said lever from said first position
      to said second position; and
PA1  locking means mounted on said supporting structure in alignment with each
      of said latching arms to be engaged in a locking manner by said latching
      lugs provided by said extensions of said latching arms after said door
      assemblies are closed and said levers have been moved to their second
      positions.
NUM  4.
PAR  4. The hopper vehicle of claim 3 wherein:
PA1  said latching arm and said lever have a common pivot axis; and
PA2  said arm-biasing means comprises spring means mounted on said lever and
      operatively connected at one end to said latching arm adjacent to its
      distal end.
NUM  5.
PAR  5. The hopper vehicle of claim 4 wherein each of said power means includes
      a power cylinder pivotally mounted on one end of said support means about
      an axis parallel to the longitudinal axis of the vehicle and a piston rod
      directed to that door assembly operated by said power means and
      operatively connected to said lever.
NUM  6.
PAR  6. The hopper vehicle of claim 4 wherein:
PA1  the bottom portion of said lever is bifurcated in the form of two spaced
      plates;
PA1  said lever includes as an integral part of its construction a tube
      operatively closed at its upper end and having an open bottom end facing
      downwardly and inwardly, said tube having at its bottom portion a pair of
      slots at a plane parallel to and between said spaced plates of the
      bifurcated portion of said lever;
PA1  said latching arm is pivotally mounted on said door assembly between said
      pair of spaced plates of said lever and extends through said pair of
      longitudinal slots in said tube of said lever so that the distal end of
      said latching arm is on the side of said tube opposite said pivotal axis
      of said latching arm;
PA1  said spring means includes a spring mounted in said tube and a spring seat
      assembly mounted in said tube and abutting one end of said spring adjacent
      to open end of said tube, said spring seat assembly having a bottom
      portion comprising a pair of spaced plates between which said latching arm
      passes and to which said latching arm is connected to provide a bias on
      said arm in a direction downwardly and inwardly toward the vertical
      longitudinal plane of the vehicle; and
PA1  said lever includes lifter means mounted on said tube to engage and
      pivotally move said latching arm away from said locking lug when said
      lever is moved from said second position to said first position and to
      limit the pivotal movement of said arm in the opposite direction.
NUM  7.
PAR  7. The hopper vehicle of claim 6 wherein each of said power means includes
      a power cylinder pivotally mounted on one end of said support means about
      an axis parallel to the longitudinal axis of the vehicle and a piston rod
      directed to that door assembly operated by said power means and
      operatively connected to said lever, said vehicle further including stop
      means mounted on said door assembly to prevent movement of said lever
      beyond said second position when it is moved from said first position to
      said second position by said power means.
NUM  8.
PAR  8. The hopper vehicle of claim 7 wherein:
PA1  each door assembly has an opening in alignment with a top portion of said
      lever of said door-operating mechanism for that door assembly;
PA1  each of said levers has at its top portion an angular extension that is
      outwardly directed through said opening in said door assembly when open
      and closed; and
PA1  said stop means is mounted on said door assembly for engagement by said
      angular extension of said lever to prevent movement of said lever by said
      power means beyond said second position when moved from said first
      position.
NUM  9.
PAR  9. The hopper vehicle of claim 5 and further including for each
      door-operating mechanism, means operatively connected to said lever to
      provide against said lever, when in its first position, a sufficient force
      to prevent movement of said lever from said first position when said power
      means provides a force in said opposite direction greater than the force
      of gravity acting on door assembly for movement of said door assembly to
      its closed position.
NUM  10.
PAR  10. The hopper vehicle of claim 9 wherein said means operatively connected
      to said lever to provide a sufficient force against said lever to maintain
      it in said first position during movement of said door assembly to its
      closed position comprises spring means mounted on said door assembly and
      connected to said lever.
NUM  11.
PAR  11. The hopper vehicle of claim 9 wherein each of said means operatively
      connected to said lever to provide a sufficient force against said lever
      to maintain it in said first position during movement of said door
      assembly to its closed position comprises:
PA1  a second lever pivotally connected at one end to the top of said first
      lever to constitute, with said first lever, a toggle assembly;
PA1  means pivotally mounting the other end of said second lever of each toggle
      assembly on the top portion of said door assembly and constructed to
      permit movement of said second lever along its longitudinal axis; and
PA1  second spring bias means to provide said sufficient force on said first
      lever through said second lever to maintain said first lever in said first
      position during movement of said door assembly to its closed position by
      said power cylinder through said first lever,
PA2  said toggle assembly being in one overcenter condition when said first
      lever is at its first position and being at a second overcenter condition
      when said first lever is at its said second position, said overcenter
      conditions being on the opposite sides of the plane passing through the
      three pivotal axes of said toggle assembly when they are in alignment.
NUM  12.
PAR  12. The hopper vehicle of claim 11 wherein:
PA1  said second lever has a longitudinal slot at its top portion;
PA1  said means pivotally mounting said other end of said second lever while
      permitting movement of said second lever along its axis comprises:
PA2  a pair of spaced plates that extend inwardly from said door assembly and
      that have aligned holes;
PA2  a spring retainer block having a central opening mounted on the upper
      portion of said second lever and having a transverse hole; and
PA2  a pin passing through said holes of said pair of spaced plates of said
      pivotal mounting means, said transverse hole in said block and through
      said longitudinal slot in said second lever;
PA2  said second lever has a clevis construction at its said one end for
      pivotally connecting said second lever to said first lever and said second
      lever is constructed generally for the rest of its length in the form of a
      cylindrical rod extending through said central opening of said spring
      retainer block; and
PA2  said second spring bias means on said second lever is mounted on said
      cylindrical rod portion of said second lever between and abutting said
      spring retainer block and said clevis construction of said second lever.
NUM  13.
PAR  13. The hopper vehicle of claim 12 wherein each of said power means
      includes a power cylinder pivotally mounted on one end of said support
      means about an axis parallel to the longitudinal axis of the vehicle and a
      piston rod directed to that door assembly operated by said power means and
      operatively connected to said lever.
NUM  14.
PAR  14. The hopper vehicle of claim 13 wherein:
PA1  the bottom portion of said lever is bifurcated in the form of two spaced
      plates;
PA1  said lever includes as an integral part of its construction a tube
      operatively closed at its upper end and having an open bottom end facing
      downwardly and inwardly, said tube having at its bottom portion a pair of
      slots at a plane parallel to and between said spaced plates of the
      bifurcated portion of said lever;
PA1  said latching arm is pivotally mounted on said door assembly between said
      pair of spaced plates of said lever and extends through said pair of
      longitudinal slots in said tube of said lever so that the distal end of
      said latching arm is on the side of said tube opposite said pivotal axis
      of said latching arm;
PA1  said spring means includes a spring mounted in said tube and a spring seat
      assembly mounted in said tube and abutting one end of said spring adjacent
      to the open end of said tube, said spring seat assembly having a bottom
      portion comprising a pair of spaced plates between which said latching arm
      passes and to which said latching arm is connected to provide a bias on
      said arm in a direction downwardly and inwardly toward the vertical
      longitudinal plane of the vehicle; and
PA1  said lever includes lifter means mounted on said tube to engage and
      pivotally move said latching arm away from said locking lug when said
      lever is moved from said second position to said first position and to
      limit the pivotal movement of said arm in the opposite direction.
NUM  15.
PAR  15. The hopper vehicle of claim 14 and further including:
PA1  a connecting stub tube mounted on the bottom margin of each door assembly
      for rotatable movement about a horizontal axis, said latching arm being
      fixedly mounted on said stub tube for pivotal mounting of said arm on the
      bottom margin of said door assembly, and said first lever of said toggle
      assembly being mounted on said stub tube for pivotal movement of said
      first lever on the bottom margin of said door assembly relative to said
      stub tube;
PA1  a pair of locking means mounted on said supporting structure adjacent the
      ends of the bottom margin of each door assembly;
PA1  a pair of torsion bars fixedly mounted on the ends of each of said
      connecting stub tubes for rotation with it and extending toward the ends
      of said door assembly, said other end of each said torsion bar having
      fixedly mounted on it an arm constructed at its free end to constitute a
      latching lug, said arms being located at the transverse plane of said pair
      of locking means, adjacent the ends of the bottom margin of said door
      assembly, to provide a locking of said door assembly adjacent the ends
      with the locking of the door assembly by locking of said latching lug
      extension of said latching arm on said stub tube with said locking means
      mounted on said supporting structure in alignment with that latching arm.
NUM  16.
PAR  16. The hopper vehicle of claim 3 wherein:
PA1  the bottom portion of said lever is bifurcated in the form of two spaced
      plates;
PA1  said lever includes as an integral part of its construction a tube
      operatively closed at its upper end and having an open bottom end facing
      downwardly and inwardly, said tube having at its bottom portion a pair of
      slots at a plane parallel to and between said spaced plates of the
      bifurcated portion of said lever;
PA1  said latching arm is pivotally mounted on said door assembly between said
      pair of spaced plates of said lever and extends through said pair of
      longitudinal slots in said tube of said lever so that the distal end of
      said latching arm is on the side of said tube opposite said pivotal axis
      of said latching arm;
PA1  said spring means includes a spring mounted in said tube and a spring seat
      assembly mounted in said tube and abutting one end of said spring adjacent
      to the open end of said tube, said spring seat assembly having a bottom
      portion comprising a pair of spaced plates between which said latching arm
      passes and to which said latching arm is connected to provide a bias on
      said arm in a direction downwardly and inwardly toward the vertical
      longitudinal plane of the vehicle; and
PA1  said lever includes lifter means mounted on said tube to engage and
      pivotally move said latching arm away from said second position to said
      first position and to limit the pivotal movement of said arm in the
      opposite direction,
PA1  and further including:
PA2  a connecting stub tube mounted on the bottom margin of each door assembly
      for rotatable movement about a horizontal axis, said latching arm being
      fixedly mounted on said stub tube for pivotal mounting of said arm on the
      bottom margin of said door assembly, and said first lever of said toggle
      assembly being mounted on said stub tube for pivotal movement of said
      first lever on the bottom margin of said door assembly relative to said
      stub tube;
PA2  a pair of locking means mounted on said supporting structure adjacent the
      ends of the bottom margin of each door assembly;
PA2  a pair of torsion bars fixedly mounted on the ends of each of said
      connecting stub tubes for rotation with it and extending toward the ends
      of said door assembly, said other end of each said torsion bar having
      fixedly mounted on it an arm constructed at its free end to constitute a
      latching lug, said arms being located at the transverse plane of said pair
      of locking means, adjacent the ends of the bottom margin of said door
      assembly, to provide a locking of said door assembly adjacent the ends
      with the locking of the door assembly by locking of said latching lug
      extension of said latching arm on said stub tube with said locking means
      mounted on said supporting structure in alignment with that latching arm.
NUM  17.
PAR  17. The hopper vehicle of claim 16 wherein each of said power means
      includes a power cylinder pivotally mounted on one end of said support
      means about an axis parallel to the longitudinal axis of the vehicle and a
      piston rod directed to that door assembly operated by said power means and
      operatively connected to said lever, said vehicle further including stop
      means mounted on said door assembly to prevent movement of said lever
      beyond said second position when it is moved from said first position to
      said second position by said power means.
NUM  18.
PAR  18. The hopper vehicle of claim 17 wherein:
PA1  each door assembly has an opening in alignment with a top portion of said
      lever of said door-operating mechanism for that door assembly;
PA1  each of said levers has at its top portion an angular extension that is
      outwardly directed through said opening in said door assembly when open
      and closed; and
PA1  said stop means is mounted on said door assembly for engagement by said
      angular extension of said lever to prevent movement of said lever by said
      power means beyond said second position when moved from said first
      position.
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ABST
PAL  This cabin gondola or car for ropeway, intended for transporting passengers
      between two stations on a rope driving a plurality of disconnectable
      cabins or cars, has an automatic door opening and closing mechanism and
      the two doors are slidably mounted on the same side of the two-shell cabin
      housing for closing corresponding apertures somewhat spaced so as to leave
      a solid wall section therebetween, the mechanism actuating said doors
      causing same to be superposed to each other against said solid wall
      portion, a pair of bench-forming seats being disposed transversely and
      back-to-back, very close to each other, in the tranverse space extending
      normally to said solid wall portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to rodeways of the type designed for
      transporting passengers between two stations by means of a cable or rope
      driving a plurality of cabins, cars or gondolas adapted to be disconnected
      by clutch means from the cable at said stations and to transport only a
      few persons. More particularly, this invention relates to a cabin of this
      general character, which is provided with means for automatically opening
      and closing the doors thereof.
PAR  2. Description of the Prior Art
PAR  In a prior U.S. Pat. No. 3,556,016 in the name of the same Applicants, it
      has already been proposed to construct the housing or envelope of the
      cabin in the form of a shell actually consisting of a pair of moulded
      plastic shells assembled along a vertical transverse joint or median
      plane, these shells being pivoted to each other on one side about a
      vertical axis so as to open along the joint plane on the opposite side so
      as to clear a lateral passage centrally of this last-mentioned cabin side.
PAR  In a cabin of this type with the exit and access located in the middle of
      one side, the seats supported by the carrier frame structure are disposed
      transversely, in face-to-face relationship, on either side of the vertical
      transverse plane of symmetry of the cabin, so that the passengers are
      supported near the two ends of the cabin, in the front and rear portions
      thereof, and face each other, therefore without having a complete forward
      or rearward visibility.
PAR  The passenger capacity of the ropeway is obviously limited by the number of
      cabins, the capacity of each of them, i.e. their number of seats, and also
      by the stopping time required at both stations for the disconnected cabins
      for enabling the passengers to step in and out. In many cases, it would be
      desirable to reduce stopping times by accelerating the stepping in and out
      of the passengers. It may also be desirable to increase the number of
      seats per cabin and this increased number of seats requires an easier and
      more rapid ingress and egress of the passengers.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the essential object of this invention to permit
      considerably faster passenger ingress and egress through a novel
      arrangement of the automatic opening and closing cabin, which is also
      characterised by complementary features and advantages to be set forth
      more in detail presently.
PAR  According to this invention, the shell constituting the cabin housing also
      comprises two half-shells (to be designated hereinafter by the term
      "shells") assembled in a vertical transverse median plane but remaining
      constantly fixed in relation to each other. This cabin is further
      characterised by the presence of two lateral apertures disposed on the
      same side of the cabin, on either side of said joint plane, and having a
      relative spacing such that sliding doors associated with these two
      apertures can be opened by moving same to a position in which they
      register with each other against the inner side of the solid wall portion
      extending between the aforesaid apertures.
PAR  Within the cabin, two bench-like seats are disposed transversely and in
      back-to-back relationship on either side of the aforesaid joint plane and
      in close vicinity of each other with this arrangement, a relatively wide
      windshield consisting of a curved transparent sheet can be provided in
      front of each seat, thus offering to the passengers an ample, free
      panoramic view in the direction of travel of the cable railway, forwards
      for the passengers of the front seat and backwards for the passengers of
      the rear seat.
PAR  From the foregoing it is obvious that the two exit and access apertures
      across the lower limbs of the passengers sitting in the cabin permit an
      easier and faster passenger ingress and egress; futhermore, with this
      arrangement it is possible, without unduly increasing the cabin stopping
      time at the stations, to use cabins having a greater passenger capacity,
      i.e. a greater number of seats, if desired, for instance six-seater cabins
      comprising each two three-seat benches or seats. The cable railway cabin
      structure contemplated herein is also advantageous in that the loads are
      located very close to the actual center of gravity of the assembly, since
      the seats are disposed back-to-back and very close to each other, and the
      fact that loads are positioned near the center of gravity, in combination
      with the compactness and streamlined shape of the cabin, constitutes an
      additional safety factor in that it reduces pendular oscillations due to
      the wind pressure.
PAR  The door opening and closing movements are advantageously controlled
      automatically by a same cabin mechanism adapted to be actuated by opening
      and closing ramps provided at the end stations. Since the movements of the
      two doors, both in the opening and closing directions, take place in
      opposite directions, these movements of the pair of doors are similar to
      those of the opening edges of the pair of shells described in the
      above-mentioned U.S. Pat. No. 3,556,016, except that in the present
      invention the doors are moved towards each other for opening and away from
      each other for closing, in contrast to the opening shells of U.S. Pat. No.
      3,556,016 (the shells moving away from each other for opening, and toward
      each other for closing). The similitude of these movements thus permits of
      utilizing a control mechanism operating on the same principle and having a
      substantially similar structure as those described in said U.S. Pat. No.
      3,556,016. This mechanism comprises spring means providing the same action
      as described in said Patent. The control mechanism is adapted to lock the
      doors in the closed position and means may be provided for releasing this
      door locking mechanism from the inside of the cabin in case of emergency.
      This control mechanism is advantageously so constructed that the locking
      thereof in the closed position cannot prevent a partial manual opening of
      the doors for ventilating the interior.
PAR  A complementary and important feature characterising this invention lies in
      the fact that the two sliding doors are guided along their upper edge end
      along their lower edge by guideways engaged by rollers carried by said
      doors, and that these doors have from top to bottom a curved contour of
      which the inherent resiliency tending to approach a rectilinear contour
      causes the aforesaid rollers to be urged against the bottom of their
      guideways, thus centering said rollers automatically in said guideways and
      preventing the jamming thereof.
PAR  Another important complementary feature of the invention lies in the fact
      that the solid wall portion extending between the two access apertures is
      provided externally at its base with a ski-holder or ski-buckets of same
      width, adapted to carry in a vertical position a number of pairs of skis
      equal to the number of passengers that can be accomodated in the cabin.
PAR  In order to afford a clearer understanding of this invention a typical form
      of embodiment thereof will now be described in detail with reference to
      the attached drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic plane view from above of the cabin with its
      automatic door control mechanism;
PAR  FIG. 2 is a corresponding perspective view of the cabin as seen from the
      side provided with the sliding doors;
PAR  FIG. 3 is a perspective view of the frame structure supporting the cabin;
PAR  FIG. 4 is a vertical section showing a sliding door;
PAR  FIG. 5 is a perspective view showing more in detail the means for
      suspending and guiding a sliding door, and
PAR  FIG. 6 is a vertical cross-section showing two juxtaposed guideways for the
      pair of sliding doors.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary form of embodiment illustrated in FIGS. 1 to 3 of the
      drawings, the carrier frame structure of the cabin according to this
      invention comprises essentially a pair of vertical metal uprights or
      columns 1 rigid with an upper cross member 2 adapted to be suspended
      externally of said cabin from the suspension carrier of any suitable and
      known type by means of a strap 3. These uprights 1 are spaced from each
      other in the vertical median transverse plane of the cabin and carry at
      their bottom brackets 4 extending from, and on either side of, said
      transverse plane, for supporting the floor of the cabin. The carrier frame
      structure also supports the metal frames of a pair of seats 5 (FIG. 1)
      disposed back to back, the back-rests 6 thereof being carried by clamps 7
      secured to the uprights 1 of the frame structure which are thus braced by
      said back-rests 6. The carrier frame structure further comprises a pair of
      metal bows 8 disposed in said median vertical transverse plane and
      constituting together a ring-like structure receiving on either side the
      external shells 9 and 10 of the cabin. Preferably, these shells 9 and 10
      consist of a suitable rigid plastic material. The carrier frame structure
      also supports at its upper and lower portions the rail means for guiding
      the sliding doors, as shown generally by the reference numeral 11 in FIG.
      3 in the case of the upper rails.
PAR  On the cabin side in which the lateral aperture are formed the shells 9, 10
      are provided with a solid outer wall portion 12 disposed on either side of
      said vertical joint plane of the two shells, and this solid wall portion
      12 consiting of two sections each pertaining to one shell has a width
      approximating that of the aforesaid lareral apertures 13 and 14 formed on
      the same side of the cabin in said shells, on either side of said solid
      wall portion 12. The aperture 13, 14 are adapted to be closed by sliding
      doors 15, 16 having an adequate curvature, notably in the vertical
      direction, to provide the desired contour in the closed position. These
      doors 15, 16 are guided along their upper and lower edges so as to uncover
      the corresponding apertures by sliding toward each other, that is, in
      opposite directions, against the inner face of the solid wall 12 having a
      curved shape matching that of said doors. An internal partition
      substantially parallel to said wall portion 12 and disposed at a
      relatively short spacing therefrom is adapted to constitute a double wall
      providing, between said partition and the wall portion 12, a recess
      adapted to receive the sliding doors 15, 16 in their open position, i.e.
      when these doors register or are coincident with each other. Each door may
      consist of tranparent or translucent plastic material such as P.V.C.,
      preferably with a metal lining in their lower portions to protect them
      against shocks and kicks. The opposite side of the cabin may
      advantageously comprise similar transparent areas 17 to provide an
      adequate lateral visibility. Moreover, the cabin comprises at its front
      and rear upper portions two relatively wide windshields 18 consisting of
      transparent sheets registering and facing with each seat 5, thus offering
      to the passengers a free panoramic view toward both the front rear of the
      vehicle.
PAR  Each door 15, 16 carries on its upper and lower edges a set of supporting
      and guiding rollers adapted to travel for each edge along a pair of fixed
      rails of arcuate contour as shown at 19, 20 in FIG. 6 for the upper rails
      rigid with the carrier frame structure and each provided for one of the
      two doors. Each one of these two rails consists for example of a
      box-sectioned metal member having formed in its base side a median
      longitudinal slot between a pair of side wings 21, 22 (FIG. 5) permitting
      the passage of the guiding means for the corresponding door. Each guide
      means may comprise a metal plate 23 secured to the upper edge of the door
      and formed with a vertical extension 24 carrying by means of a horizontal
      pin a pair of suspension rollers 25 on either side of the portion of plate
      24 of which the base overlying the door travels in the slot formed between
      said wings 21 and 22. The aforesaid plate portion 24 may also carry a
      strap 26 in which a roller 27 having a vertical axis is rotatably mounted
      for guiding the door along one or the other vertical sides of rail 19 or
      20.
PAR  Each door 15, 16 carries along its base another guide means exactly similar
      to that described hereinabove but inverted to guide the doors by sliding
      engagement in rails similar to the rails 19, 20 but disposed in opposition
      thereto beneath the floor level of the cabin.
PAR  At its base the solid wall 12 carries on its outer face a ski-holder or
      ski-buckets 28 which, as shown by way of example in the drawings, is
      adapted to hold six pairs of skis for a six-seater cabin, said ski-holder
      or ski-buckets 28 being carried by the brackets 29 carried in turn by the
      frame structure.
PAR  In order to ensure a reliable guiding of the sliding doors, that is,
      without any possibility of jamming or wedging same, the inherent
      resiliency of the vertically curved contour of said doors may be utilized
      as shown in FIG. 4, in the case of the door 15 of which the metal
      protection lining is designated by the reference numeral 30. In this
      example shown diagrammatically in FIG. 4 the door 5 manufactured from a
      substantially flat panel and provided along its upper and lower edges with
      roller means designated diagrammatically by the reference numerals 31 and
      32 for guiding the door in rails 33 and 34, is cold-bent with a convexity
      directed externally of the cabin between the two guide rails, whereby the
      inherent resiliency of the door tends naturally to straighten the door and
      exerts on these means opposite vertical forces tending to press them
      against the bottom of the guideways 33 and 34 as shown by the arrows in
      FIG. 4. This resiliency may be utilized efficiently for centering the
      rollers in their guideways between the curved sections interconnecting the
      wings of the guideways while avoiding any jamming thereof. With this
      arrangement, the vertical axis rollers 27 of FIG. 5 may be dispensed with.
PAR  As already mentioned hereinabove the automatic door control mechanism of
      this invention is much similar to the mechanism described in the aforesaid
      U.S. Pat. 3,556,016 and consequently only a brief description thereof will
      be given herein with reference to the diagram of FIGS. 1 and 2. Ths
      opposite ends of the upper edges of the pair of doors 15, 16 carry a
      connecting pin 35, 36 pivoted to one end of a link 37, 38 extending
      substantially longitudinally, the other end of this link 37, 38 being
      pivotally connected to a control rod 39, 40. The opposite end of this
      control rod 39, 40 carries a stud 41, 42 engaging an elongated slot 43, 44
      formed in a fixed, straight longitudinal section member 45 rigidly
      connected to the frame structure, said pair of studs 41, 42 being
      interconnected by a traction spring 46, as shown. The pair of links 37, 38
      are connected through a pair of rods 47, 48 and ball-and-socket joints to
      a control lever 49 having a substantially vertical mean direction and
      pivoted to a fixed horizontal longitudinal shaft 50 so as to oscillate in
      a transverse plane in relation to the cabin. This lever 49 carries at its
      upper end a roller 51 adapted to be actuated by the automatic control
      ramps provided at the two terminal stations of the ropeway (not shown); in
      the closed position an effort exerted on the door in the opening direction
      tends to keep the lever 49 against a stop, thus providing the necessary
      locking action. It will be seen that the above-described mechanism
      utilizes component elements similar to those described in the
      above-mentioned U.S. Pat. No. 3,556,016. However, the specific arrangement
      described hereinabove should not be construed as limiting the scope of the
      present invention and it will readily occur to those conversant with the
      art that equivalent means could be contemplated for the pratical actuation
      of the invention without departing from the basic principles thereof.
PAR  In FIG. 1, there is shown in thick lines the automatic door control
      mechanism in its closed-door position, the dash-and-dot lines illustrating
      this mechanism in its open-door position. In FIG. 2, the dash-and-dot
      lines show in the case of the right-hand door 16 a partially open position
      obtained for ventilating purposes wherein, due to the loose connection via
      elongated hole 44 for said control rod 40 with fixed member 45, said
      control rod 40 can be moved slightly as permitted by the length of slot
      44, against the force of return spring 46, without modifying the position
      of the pivot point of connecting rod 48, i.e. without moving the control
      lever 49 normally in abutment in its closed position. Thus, the door can
      be kept ajar, against the force of spring 46, by using a pivoted sash-bolt
      or the like provided on the inner surface of the door, along the door edge
      disposed adjacent the corresponding cabin end, whereby releasing this
      sashbolt or like member by pivoting same will free the control rod and
      permit a complete closing of said door. Ventilating the interior through a
      long and narrow vertical aperture is particularly efficient.
PAR  Finally, the means holding the door locked in its closed position may also
      be controlled in case of need from the inside by means of an emergency
      handle connected to the lower portion of control lever 49 above its
      pivotal mounting 50, as already described and illustrated in said U.S.
      Pat. No. 3,556,016.
PAR  Though a single form of embodiment of the invention has been described and
      illustrated herein, it will readily occur to those skilled in the art that
      various modifications and changes may be brought thereto without departing
      from the basic principles of the invention as set forth in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Cabin with automatic door opening and closing mechanism, for ropeways,
      comprising a carrier frame structure, a cabin housing supported by said
      carrier frame structure, said cabin housing comprising a pair of shells of
      plastic material and assembled together along a transverse vertical median
      joint plane, two lateral apertures provided on a same side of cabin
      housing, on either side of said joint plane and spaced the one from the
      other by a solid wall portion, a sliding door associated with each one of
      said two apertures, said sliding doors being adapted to pass from a closed
      position to an open position by moving towards each other against an inner
      face of said solid wall portion, and a pair of bench-forming seats
      disposed transversely and back to back, very close to each other, in a
      transverse space extending normally to said solid wall portion whereby
      transverse spaces extending normally to said apertures remain
      substantially unobstructed.
NUM  2.
PAR  2. Cabin as claimed in claim 1, wherein each shell has a wide windshield
      registering with the seat disposed in the corresponding cabin half, which
      gives to passengers sitting on said seat a free panoramic view in the
      direction of travel of the cabin, both forward and rearward.
NUM  3.
PAR  3. Cabin as claimed in claim 2, wherein said solid wall portion of said
      cabin housing disposed between said apertures carries at its base and on
      its outer side a ski-holder adapted to receive, in vertical position, a
      number of pairs of skis equal to the number of passenger seats in the
      cabin.
NUM  4.
PAR  4. Cabin as claimed in claim 1, wherein said carrier frame structure
      comprises uprights, an upper suspension cross member rigid with said
      uprights and disposed between said two seats, in the amidship transverse
      plane of said cabin, said carrier frame structure supporting directly said
      seats, a floor supported by said carrier frame, suspension and guiding
      rails supported said carrier frame for said sliding doors and the pair of
      shells forming said cabin housing.
NUM  5.
PAR  5. Cabin as claimed in claim 1, which includes means for automatically
      controlling the opening and closing movements of said doors, said means
      including a control lever adapted to be actuated by conventional door
      opening and closing ramps provided at terminal stations of the ropeway,
      and a pair of connecting rods connected to said control lever and with
      said doors and capable, in relation with suitable movements of said
      control lever, to move either towards each other for opening said sliding
      doors or away from each other to ensure the closing of said doors.
NUM  6.
PAR  6. Cabin as claimed in claim 5, including a control rod pivotally connected
      to said control lever, said connecting rods associated with said sliding
      doors are each pivoted on the one hand to a bearing point and on the other
      hand to said control rod, a return traction spring connects said
      connecting rods, the pivotal connections at said bearing points includes
      elongated holes which permit a slight displacement of said bearing points
      whereby said doors can be kept ajar against the action of said return
      traction spring, for a dual purpose of protecting the passengers and of
      permitting a proper ventilation of the cabin space, even in the
      locked-door position.
NUM  7.
PAR  7. Cabin as claimed in claim 6, including roller means on the upper and
      lower edges of each of said sliding doors, guideways connected to said
      carrier frame structure having said roller means therein, said sliding
      doors each being cold-bent from top to bottom from a plastic or compound,
      substantially flat initial panel, whereby the inherent resiliency of each
      said door has an elastic bending prestress constantly tending to press
      said roller means against the bottoms of the relevant one of said
      guideways while centering said rollers means automatically and permitting
      their rolling movements without any risk of jamming or wedging.
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ABST
PAL  A hand assist rail for a transit vehicle comprises an aluminum extrusion of
      Y cross sectional shape with a bulbous, preferably laterally offset,
      bottom portion shaped for gripping by hand of a passenger standing in the
      aisle of such vehicle. A resilient cushion of conforming shape comprises
      the under side of the bulbous hand grip bottom portion, and a web portion
      of the rail which comprises the stem of the Y preferably is reversely
      curved to permit the thumb and fingers of a hand grasping the bulbous
      bottom portion to overlap.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the past it has been common practice in transit vehicles such as buses
      and urban and interurban rail cars to provide some sort of assist means
      for use by passengers standing on or walking along the aisle of the
      vehicle. Such prior means have included well known strap loops depending
      from the ceiling of the vehicle, rails such as those shown in U.S. Pat.
      No. 1,274,063, and individual grips such as those shown in U.S. Pat. No.
      1,350,657. The prior strap loops and individual grips, not being
      continuous, are of limited help to a person walking down the aisle of a
      vehicle in which they are installed, while the prior types of rails
      usually have been mounted on spaced standards which require a passenger to
      release his grip on the rail and pass his hand around these standards as
      he comes to them. All of these prior types of assists are difficult to
      secure properly to the light ceiling structures of modern transit
      vehicles, and may require the provision of reinforcing mounting means for
      their attachment.
PAC  SUMMARY OF THE INVENTION
PAR  The hand assist rail of the present invention is light, rigid, and
      continuous, the upper portion thereof comprising diverging web portions
      with means for attaching the upper edges of these web portions in
      conforming, substantially sealed relation to the vehicle ceiling to
      provide a duct for the conduction of heating and cooling air. Outlet
      openings are provided at selected spaced intervals along the duct thus
      formed to distribute such air to both seated and standing passengers. A
      third integral web portion depends from the junction of the diverging web
      portions, and preferably is in the form of a reverse curve. A bulbous hand
      grip portion, preferably cushioned on its under side extends along the
      lower edge of the depending web portion, and, preferably is offset
      laterally from the lower edge of the web portion, which feature, together
      with the reverse curvature of the depending web protion, allows the thumb
      and fingers of a hand grasping the rail to overlap.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objectives and advantages of the invention will be apparent from the
      following description and the accompanying drawings, wherein:
PAR  FIG. 1 is a transverse, sectional view of a preferred form of the invention
      as it appears when mounted along the ceiling of a transit vehicle.
PAR  FIGS. 2 and 3 are generally similar views in reduced scale of modified
      forms of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In the presently preferred form of the invention shown in FIG. 1, a
      passenger assist hand rail A embodying the invention is of generally Y
      cross-sectional shape and consists of an aluminum extrusion B and a
      tubular elastomeric cushion C. The upper portion of the extrusion A
      comprises two upwardly diverging web portions 10 and 11 intersecting along
      their lower edges with laterally extending mounting flanges 12 and 13
      along their respective upper edges. A ceiling liner retaining lip 14 is
      formed externally along the web portion 10 and is spaced from the mounting
      flange 12 to provide a recess to receive and support a side edge of a
      ceiling liner 15 therein. As illustrated, the ceiling liner 15 is of
      carpeting material. Screw holes are provided at selected spaced intervals
      along the flanges 12 and 13, preferably by means of conventional line
      pierce dies, to receive screws 17 for mounting the assist rail A to the
      vehicle ceiling 18. The latter, as illustrated, comprises a urethane
      structural foam sandwich with thim aluminum top and bottom sheets, only
      the bottom sheet 19 being shown. The assist rail A and ceiling 18 are
      mutually shaped to provide substantially sealed joints between the
      mounting flanges 12 and 13 and the ceiling. If desired a suitable sealant,
      for example, a butyl rubber compound, may be applied to the flanges to
      insure a complete seal.
PAR  A web portion 20 depends from the intersection of the diverging flanges 10
      and 11 and comprises the stem of the Y shaped extrusion B. This depending
      web portion 20 defines a reverse curve, the upper portion 20a of which
      curves to the left, as shown in FIG. 1, to permit the thumb 21 of a user's
      hand 22 to extend upwardly thereon and overlap the user's fingers 23,
      which extend onto a shelf-like surface provided by the sharply reversely
      curved lower portion 20b of the web 20. This latter portion is part of a
      bulbous hand grip bottom portion 24 of the hand assist rail A.
PAR  A short web portion 25 completes the upper part of the bulbous hand grip
      bottom portion 24, and a pair of inwardly extending locking lips 27 and 28
      are provided along the lower edges of the web portions 20b and 25,
      respectively, to have interlocking, supporting relation with a pair of
      side grooves provided in the generally hemicylindrical, tubular cushion C,
      which comprises the complementary lower portion of the bulbous hand grip
      bottom portion 24. The cushion C preferably is a tubular extrusion of
      suitable elastomeric material, such as rubber or resilient plastic
      material, and may be assembled with the supporting extrusion B by being
      drawn relatively endwise into its illustrated position, preferably after
      both parts have been cut to required length for installation in the
      vehicle in which the assist rail A is to be installed.
PAR  A plurality of air discharge openings 26 of selected size, and at selected
      spaced, intervals, are provided in either or both of the diverging web
      portions 10 and 11 for discharging into the vehicle heating or cooling
      ventilating air from the duct provided between the diverging web portions
      and the bus ceiling 18.
PAC  OPERATION OF THE FORM OF THE INVENTION SHOWN IN FIG. 1
PAR  With the extrusions B and C cut to length and assembled as shown in FIG. 1,
      the mounting flanges 12 and 13 are placed in conforming position against
      the vehicle ceiling 18 and are secured thereto in sealing, or
      substantially sealing, relation by the mounting screws 17. The ceiling
      liner 15 is then installed with its edge fitted into the recess between
      the mounting flange 12 and lip 14. The triangular duct provided by the
      flanges 10 and 11 and the ceiling 18 is then connected in a suitable or
      well known manner to the usual heating or air conditioning mechanism of
      the vehicle in which the assist rail A is installed.
PAR  One of the assist rails A is installed preferably along each side of the
      vehicle ceiling so as to provide a convenient assist for either hand of a
      passenger standing in the aisle of the vehicle. As shown in FIG. 1,
      assuming that the rail A is mounted along the right hand side of the
      vehicle ceiling, the other or left hand rail preferably is reversed
      end-for-end. Either rail can be grasped by a passenger facing either
      forwardly or rearwardly in the bus, and the thumb and fingers of a hand
      grasping the rail can overlap to provide a firm grasp of the rail. It is
      obvious when the rail is grasped by a person facing the opposite way in
      the bus, the position of the thumb and fingers on the rail are reversed
      from their position shown in FIG. 1.
PAC  MODIFIED FORMS OF THE INVENTION SHOWN IN FIGS. 2 AND 3
PAR  The differences between the forms of the invention shown in FIGS. 2 and 3
      and that shown in FIG. 1 reside in the shape of the depending web portion,
      which in FIG. 1 is designated 20, and the relative location thereon of the
      bulbous lower portion.
PAR  Since the various parts of the forms of the invention shown in FIGS. 2 and
      3 correspond generally to those of FIG. 1, the same reference numerals are
      employed to designate corresponding parts thereof, with the exception that
      in FIG. 2 a prime (') is added, and in FIG. 3 a double prime (").
PAR  In FIG. 2 the depending web portion 20' is flat and upright, and the
      bulbous lower portion C' is centered thereon, while in FIG. 3 the bulbous
      lower portion C" is offset laterally from a flat depending web portion
      20".
PAR  The operation of the forms of the invention shown in FIGS. 2 and 3 will be
      obvious to one familiar with the operation of the form of the invention
      shown in FIG. 1 as described previously herein.
PAR  A slight decrease in cost may result from the use of either of the forms
      shown in FIGS. 2 and 3, but neither of the latter forms permits the
      desirable overlap of the thumb and fingers achieved by that shown in FIG.
      1.
PAR  The invention provides a sturdy, good looking, and inexpensive hand assist
      rail for transit vehicles, and one which, without additional expense,
      provides a concealing support for the edge of the ceiling liner and a duct
      for the conduction and dispersion of heating and cooling air for the
      vehicle. The rail is cushioned along its under side to prevent injury to
      the head of a passenger who might bump it upon arising from a seat in the
      vehicle. The smooth continuous nature of the rail permits the hand of a
      user to slide freely therealong without necessitating release of the grip
      in passing along its entire length, and is free of screw heads or other
      elements which might scratch or otherwise cause injury to a passenger.
PAR  Having thus described by invention, what is claimed as new and useful and
      desired to be secured by U.S. Letters Patent is:
CLMS
STM  I claim:
NUM  1.
PAR  1. An elongate hand assist rail secured to, and extending lengthwise along
      an upper portion of a transportation vehicle having a floor, side walls
      and ceiling, said rail being of substantially uniform cross sectional size
      and shape throughout its length, and comprising:
PA1  a pair of diverging web portions intersecting and joined along their
      converging edges;
PA1  means for mounting the free edges of the diverging web portions to such
      upper portion of the vehicle;
PA1  a third web portion extending from the intersection of the diverging web
      portions; and
PA1  a hand grip portion of bulbous cross sectional shape substantially integral
      with, and extending along, the free edge of the third web portion.
NUM  2.
PAR  2. A hand assist rail as claimed in claim 1, wherein the under side of the
      bulbous hand grip bottom portion is cushioned.
NUM  3.
PAR  3. A hand assist rail as claimed in claim 1, wherein the bulbous hand grip
      portion comprises an upper, generally hemi-cylindrical portion integral
      with the depending web portion, and a lower, cushion portion of generally
      hemi-cylindrical shape attached to, and complementary with, said upper
      portion.
NUM  4.
PAR  4. A hand assist rail as claimed in claim 1, wherein the upper edges of the
      diverging web portions are fitted in substantially sealing relation to the
      vehicle ceiling to form a duct between the ceiling and the diverging web
      portions for the conduction of heating and cooling air, at least one of
      the diverging web portions having a plurality of air discharging openings
      therein spaced at selected distances therealong.
NUM  5.
PAR  5. A hand assist rail as claimed in claim 1, wherein a laterally extending
      attaching flange is provided along the upper edge of each of the diverging
      web portions, and attaching means secure the attaching flanges to the
      ceiling.
NUM  6.
PAR  6. A hand assist rail as claimed in claim 5, wherein a recess is provided
      along the junction of at least one of the diverging web portions and its
      attaching flange, the material defining the recess being shaped to receive
      therein an edge portion of selected covering material applied to the
      vehicle ceiling.
NUM  7.
PAR  7. A hand assist rail as defined in claim 6 wherein the bulbous hand grip
      bottom portion is offset laterally from its supporting, depending web
      portion.
NUM  8.
PAR  8. A hand assist rail as claimed in claim 7 wherein the depending web
      portion is reversely curved, and the bulbous hand grip bottom portion is
      offset substantially its full width from the lower edge of the reversely
      curved portion, whereby the thumb and fingers of a hand grasping the
      bulbous hand grip lower portion may overlap.
NUM  9.
PAR  9. A hand assist rail as claimed in claim 8 wherein the diverging web
      portions, the depending web portion, and the upper portion of the bulbous
      hand grip lower portion comprise an integral extrusion of rigid, strong
      material, and at least the lower portion of the bulbous hand grip lower
      portion is of resilient cushioning material.
NUM  10.
PAR  10. A hand assist rail as claimed in claim 9 wherein the reversely curved
      depending web portion comprises an upper portion which curves sharply in
      one direction to provide support for the thumb or fingers of a person's
      hand grasping the bulbous hand grip bottom portion, and then curves
      sharply in the reverse direction to substantially horizontal porition to
      provide support for the fingers or thumb of a hand grasping the bulbous
      hand grip bottom portion, whereby the thumb and fingers of such hand may
      overlap.
NUM  11.
PAR  11. A hand assist rail as claimed in claim 10 wherein a short web portion
      extends downwardly from an initial portion of the reversely curved
      portion, to form, with the reversely curved portion, substantially the
      upper half of the bulbous lower hand grip portion, and the cushion is
      attached to the lower edges of the web portions defining such
      substantially upper half of the bulbous lower hand grip portion.
NUM  12.
PAR  12. A hand assist rail as claimed in claim 1 wherein the hand rail
      comprises a continuous length of extruded aluminum.
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ABST
PAL  A carrel-like module which, in one configuration, accommodates a single
      user, and in an expanded configuration, accommodates two or more users.
      The carrel module includes an arcuate shaped writing panel, preferably
      having a concavely shaped rear edge opposite from a seated user and a
      convexly shaped near edge presented adjacent the seated user, with two end
      edges, respectively, connecting the rear and near edges. The end edges and
      the rear edge are bounded by upright panels, the panels extending
      generally above the writing panel to the head level of the seated user.
      The two panels presented adjacent the respective end edges are rotatably
      connected to leg-like support members located at corners of the writing
      panel formed by the intersection of the rear edge and the end edges,
      respectively, of the writing panel. The end panels are removably secured
      to the writing panel, such that they may be conveniently disengaged
      therefrom, and rotated about their associated leg members by the user. The
      associated leg members include integral stop elements arranged therewith
      to prevent further rotation of the end panels when they are coplanar with
      the nearest panel presented adjacent the rear edge. Hinged to the
      respective end edges of the writing panel are writing panel extensions,
      which extensions are held against the undersurface of the writing panel in
      the closed position. When the end panels are rotated to be coplanar with
      their adjacent rear edge panels, the writing panel extensions may be
      rotated from their closed position about the respective writing panel
      edges to an extended position coplanar with the writing panel, so as to
      extend the surface of the writing panel adjacent the rotated end panels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to modular structures and more
      specifically to carrel-like modules.
PAR  The concept of a partially enclosed unit with a writing surface for
      individual instruction or study is well-known in the art, and there are
      many variations of such structures, referred to as carrels, in existence.
      Typically, however, they all include a writing surface member which is
      held in a generally horizontal position at a height convenient for use by
      a seated student. Additionally, a substantial portion of the writing
      surface is typically bounded by upright panels, the panels extending
      sufficiently high to provide a certain amount of privacy for the user. A
      top or cover for the carrel may sometimes be provided.
PAR  Typically, such carrels are configured and adapted for use by a single
      individual. Frequently, however, it is preferable for two or more students
      to study or to receive the instruction available in specialized carrels in
      concert, for purposes of cross-testing and reinforcement. Because the
      carrels of the prior art are unable to accommodate two or more users, such
      educational flexibility is not possible. Furthermore, expensive
      educational aids, such as closed circuit television, slide projectors, and
      tape recorders are not used efficiently with one-user carrels, and thus
      may be unavailable because of cost in a number of circumstances where they
      could otherwise provide significant educational benefit at a reasonable
      expense for small groups of students.
PAR  Accordingly, it is a general object of the present invention to overcome
      the disadvantages of carrel modules known in the prior art.
PAR  It is another object of the present invention to provide a carrel module
      which in one operating position is suitable for use by one student alone.
PAR  It is a further object of the present invention to provide a carrel module
      which in another operating position may accommodate two or more students.
PAR  It is a still further object of the present invention to provide a carrel
      module having a writing surface which may be extended in at least one
      direction.
PAR  It is another object of the present invention to provide a carrel module
      wherein selected panels adjacent the carrel writing surface may be
      conveniently moved to enlarge the carrel.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention includes a horizontally disposed writing
      panel having a near edge, a rear edge, and two end edges connecting the
      near and rear edges, the writing panel being connected to and supported by
      supporting means. Vertical panels are positioned adjacent the end edges
      and the rear edge of the writing panel and extend above it a given
      distance, thereby providing a partially enclosed space about the writing
      panel. Support means are provided along a vertical line which passes
      through the intersection point of the rear writing panel and one of its
      end edges, to which is connected for movably positioning one end panel
      relative to its adjacent writing panel end edge.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of a carrel module wherein one end panel is
      permanently secured to the writing panel and the other end panel is
      rotatable away from the writing panel.
PAR  FIG. 2 is a plan view of a carrel module showing the open and closed
      positions of both the respective rotatable end panels and the
      corresponding writing panel extensions.
PAR  FIG. 3 is a partial cross-sectional view of the top and bottom hinge
      configuration for connection of end panels to leg members.
PAR  FIG. 4 is a partial isometric view of top and bottom hinge configuration of
      FIG. 3.
PAR  FIG. 5 is a top plan view of the top hinge of FIGS. 3 and 4, showing closed
      and open positions thereof.
PAR  FIG. 6 is a bottom plan view of the bottom hinge of FIGS. 3 and 4, showing
      closed and open positions thereof.
PAR  FIG. 7 is an elevational view of the support structure for the writing
      panel extensions.
PAR  FIG. 8 is a top plan view of one configuration of clustered modules.
PAR  FIG. 9 is an exploded isometric view of the top hinge construction for the
      rotatable end panels when two end panels are common to a single leg
      member.
PAR  FIG. 10 is a top plan view showing a portion of two clustered modules
      having respective end panels common to a single leg member.
PAR  FIG. 11 is a partial elevation view showing the top and bottom hinge
      construction of two end panels common to a single leg member.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 show a carrel module which illustrates the module extending
      concept of the present invention. A similar educational module which is
      adapted for the use of a single student is more fully described in patent
      application Ser. No. 287,842, entitled "CLUSTERABLE LEARNING MODULE", by
      Edward J. Kramer, the present inventor. Generally, the carrel module
      described in that application, which is suitable generally for use with
      the present invention, includes an arcuate shaped writing panel 12 and a
      plurality of leg-like support members 14, 16, 18 and 20, which are secured
      to, and in turn support, the writing panel 12 in a generally horizontal
      position. Upright panels 22, 24 and 26 extend between and are connected to
      successive leg members, and are presented adjacent to but not contacting
      successive edge portions 28, 30 and 32 of the writing panel 12. The panels
      22, 24 and 26 typically extend from slightly below the writing panel 12 to
      the head level of a seated user, for purposes of privacy. Selected leg
      members 16 and 18 preferably include horizontally disposed brackets 34 and
      36 welded thereto, which support the writing panel 12 on the undersurface
      38 thereof. Typically, bolts or similar attaching means are provided to
      secure the metal brackets 34 and 36 to the writing panel 12.
PAR  The upright panels 22, 24 and 26 may be removably securable to their
      associated leg members, so that selected panels may be removed without
      disturbing the rest of the assembled structure. Specialized panels
      containing instruction equipment such as closed circuit television, tape
      recorders or the like or other panels having specialized surfaces such as
      cork or blackboard may thus be substituted at will for the existing
      panels. Such a specialized panel is shown as panel 24 in FIGS. 1 and 2.
      Although the panels may be made removable in many ways, a clip and pin
      configuration is typically used, wherein each panel edge adjacent a leg
      member is grooved and cut out to accommodate a spring clip, the spring
      clips capable of receiving pin-like projections located on the face of the
      leg members. Thus, by moving the upright panels vertically to release the
      pins from their respective clips, and then transversely when the pins are
      coincident with cutout portions 40--40, an individual panel may be easily
      and conveniently removed, without disturbing the structural integrity of
      the remainder of the carrel.
PAR  The carrel disclosed in the above-identified application preferably
      includes end panels positioned adjacent to but not contacting writing
      panel edges 46 and 48 and nonremovably secured to the writing panel 12 by
      metal brackets or similar structure. End panel 42 and leg member 43
      (dotted lines) of FIG. 1 illustrate this configuration. Such a
      configuration provides a study carrel which results in a substantial
      amount of privacy for study and instruction, an efficient and comfortable
      use of available writing panel space, and permits the user to comfortably
      utilize the instructional possibilities of all three back panels 22, 24
      and 26, if desired. Such a carrel is, however, limited to use by a single
      student.
PAR  Referring to FIG. 1 and especially FIG. 2, the carrel extending structure
      of the present invention is illustrated in the context of the carrel
      disclosed in application Ser. No. 287,842, and briefly explained above.
      The invention should not be considered limited, however, to such a
      configuration. End panels 42a and 44 are made rotatably connected to leg
      members 14 and 20, and removably secured to writing panel 12, so that the
      end panels 42a and 44 may be rotated about leg members 14 and 20 from a
      closed position adjacent to but not contacting the writing panel end edges
      46 and 48, respectively, (illustrated by the solid line position of panels
      42a, 44 in FIG. 2) to an open or extended position coplanar with
      respective adjacent upright panels 22 and 26 (illustrated by dashed line
      position in FIG. 2). In the closed position end panels 42a and 44 extend
      slightly beyond the near edge 58 of the writing panel 12 adjacent the end
      panels into the region partially bounded by the edge 58, and provided for
      a seated user. Extension of edges 46 and 48 thereof, is provided by two
      extension panels 50 and 52, which are hinged to the respective end edges
      of writing panel 12. The two extension panels are normally held in a
      closed position adjacent the undersurface 38 of writing panel 12 by a
      spring snap (not shown) or other suitable means. After the two movable end
      panels 42a and 44 are rotated away from the respective end edges of the
      writing panel, the extending panels 50 and 52 may be rotated from their
      closed position to an open (extended) position coplanar with the writing
      panel 12, resulting in an arcuate writing panel extended at the respective
      end edges thereof.
PAR  Referring to FIGS. 3-6, suitable means for rotatably connecting one end
      panel to its associated leg member is shown. Panel 44 is shown with leg
      member 20 and adjacent panel 26 by way of example. FIGS. 3-6 illustrate
      rotatable connecting means suitable for use with a carrel which is to be
      used alone. Modified connecting structure, such as shown in FIGS. 9-11, is
      necessary if the carrels are to be clustered together, as illustrated in
      the application of Edward J. Kramer noted above.
PAR  Referring in detail to FIGS. 3-6, top and bottom hinge members 60 and 62,
      respectively, are provided to connect rotatable panel 44 to its associated
      leg member 20. The bottom hinge member 62 comprises a hollow cylinder
      portion 64 configured to fit over the associated leg member and an
      elongated bracket portion 66 permanently attached to the cylinder portion
      64, and extending radially outward therefrom. The bracket portion 66 has
      openings 66a-b defined therein for preferable attachment of the bottom
      hinge member 62 to the bottom edge 68 of panel 44 by suitable securing
      means such as screws, nails or the like. A bushing 69 may be provided
      within the cylinder portion 64, fitted between the interior surface of the
      hollow cylinder portion 64 and the circumferential surface 20a of leg
      member 20 so that the bottom hinge member 62 and hence panel 44 may be
      easily rotated about the leg member.
PAR  A top hinge member 60 attaches to the upper edge 70 of the panel 44 in
      substantially the same manner as the bottom hinge member 62 attaches to
      the bottom panel edge 68. The top hinge member 60 comprises a
      mushroom-shaped portion 72 and an elongated bracket portion 74 extending
      radially outwardly therefrom, the elongated bracket 74 having openings
      74a-b therein for attachment to the panel 44 in the manner described
      above. The mushroom-shaped portion 72 includes a stem segment 76,
      configured to rotatably mate with opening 78a in a top cap 78. The top cap
      78 includes a sleeve portion 79, which mates with the interior surface 83
      of leg member 20, and a shoulder portion 81, which rests upon the top edge
      of the leg member.
PAR  The rotatable mating of stem segment 76 with top cap opening 78a, and the
      mating of bushing 69 with circumferential surface 20a provide sufficient
      rotational resistance such that the panel 44 is prevented from rotating on
      its own once a desired rotational position has been achieved by a user.
PAR  Referring to FIGS. 1, 2 and 7, the writing panel extension 50 and 52 are
      shown to be rotatably connected to writing panel end edges 46 and 48,
      respectively by hinges (not shown) or other suitable connecting means. The
      extensions 50 and 52 may be connected in other ways to the writing panel,
      or to other portions of the module, such as the interior surfaces of the
      respective end panels. In the closed position, the extensions 50 and 52
      swing out of the way so that they are substantially hidden from view, and
      so that the end panels 50 and 52 may be rotated adjacent the end edges 46
      and 48. In the open position the extensions are held coplanar with the
      writing panel 12 by a supporting mechanism to be more fully explained in
      following paragraphs. The extensions are substantially quadrilateral, with
      the extension edges 52, 55 adjacent the end edges and the panel,
      respectively, being coextensive with the end edge and the width of the end
      panel. The extension edges opposite edges 52, 55 are substantially
      parallel therewith, and the extension defined thereby is a harmonious
      continuation of the original writing panel 12.
PAR  Each extension is held in place by means shown in FIG. 7. A bracket 90 is
      secured to the undersurface of extensions 50 and 52. Pivotally connected
      to the bracket 90 is an elongated bar 91 having a lip 92 extending from
      the free end thereof. The bar has a length sufficient that when the bar 91
      is pivoted toward the open end panel in a position adjacent the
      undersurface of the extension, the lip 92 fits in a receptacle 94 secured
      to the interior surface 93 of the end panel. The receptacle 94 holds the
      bar 91, and hence the extension, in the desired position coplanar with the
      writing panel 12. When the extension is to be in a closed position, the
      bar is rotated 180.degree. away from the end panel and again positioned
      adjacent the undersurface of the extensions and is held there by a spring
      snap (not shown) or similar means.
PAR  The circumferential surface of each leg member (e.g., leg member 20) is
      provided with an outwardly projecting stop member 80, which runs
      longitudinally with the leg member 20 and is positioned such that the end
      panels abut the stop 80 when they are coplanar with the adjacent panel, or
      other desired rotational position. The stop is approximately one-eighth
      inch wide and extends outwardly approximately 11/4 inches from the surface
      of its associated leg member. The stop 80 extends from substantially the
      top edge of the leg member to a point slightly above the position of the
      bottom hinge member. The length of the stop provides a substantial element
      for effectively terminating the rotation of the end panels.
PAR  When end panels 42a and 44 are in their respective closed positions
      adjacent the end edges 46 and 48, respectively, of writing panel 12, they
      are held there by means of magnetic catches 84--84, or other suitable
      holding means. In this configuration, the carrel module is suitable for
      use by one student. When the end panels 42a and 44 are rotated from the
      closed position (solid lines in FIG. 2) to an open position (dashed
      lines), coplanar with adjacent upright panels 22 and 26, respectively, the
      carrel module may be used by two or more users simultaneously. In
      addition, the rotation of the extension panels 50 and 52 from a closed
      position (dotted lines in FIG. 2) to an open position (dashed lines)
      provides an increased writing area for the users.
PAR  For convenience in the rotation of end panels 42a and 44, there are no leg
      members provided at the vertical edges 54 and 56 of the respective end
      panels. Adequate support of end panels 42a and 44 is provided by its
      respective top and bottom hinge members, which are rotatably secured to
      adjacent leg members, as explained above. Writing panel 12 is adequately
      supported by providing leg members 14 and 20 with horizontally disposed
      brackets 86 and 88, similar to those provided with leg members 16 and 18.
      Brackets 86 and 88 are permanently secured to the leg members 14 and 20,
      respectively, and include openings for attachment thereof to the
      undersurface 38 of writing panel 12 in a similar fashion to that of
      brackets 34 and 36, described above. Typically, the brakets 86 and 88 are
      approximately three inches square but other size brackets may, of course,
      conveniently be used. The brackets 34, 36, 86 and 88, secured to leg
      members 14, 16, 18 and 20, which are in turn arranged around the concave
      rear edge of arcuate shaped writing panel 12 provide a strong, stable,
      carrel module.
PAR  In certain carrel configurations, the rotation of the end panels to the
      extended or open position may cause the carrel module to be slightly
      unstable. The addition of a foot member 96 (FIG. 1), extending from the
      base of leg members 14 and 20 and resting on the supporting floor surface
      will assist in stabilizing the unit.
PAR  Heretofore, the extendable module concept of the present invention has been
      described in the context of a single carrel module. Some modules, however,
      may be clusterable, with certain leg members and panel members being
      common to two modules to form different joined combinations of two or more
      modules. Such clusterability is more fully illustrated and explained in
      application Ser. No. 287,842, referenced above. FIG. 8 illustrates one
      possible clustered configuration using the carrel of FIGS. 1 and 2. The
      clustering of carrel modules, however, necessitates the use of specially
      adapted hinge members. For instance, if two modules were to be clustered
      together in a manner so that panel 22, and leg members 14 and 16 were
      common to two adjacent modules (FIG. 8), the hinge members joining the
      respective adjacent end panels of the two modules to leg member 14 would
      be adapted so that each end panel could be rotated to be parallel with
      each other and common panel 22.
PAR  Referring to FIG. 9, end panels 101 and 102 are illustrated as the
      respective end panels of adjoining carrel modules. When the two panels are
      common to a single leg member 103, the top hinges 104 of panel 102, and
      105 of panel 101 nest inside each other to form a hinge unit. Typically,
      each module alone will have a top hinge similar to hinge 104 on one side
      and a top hinge similar to hinge 105 on the other side. Thus, when two
      modules are joined together, a combination of hinges 104 and 105 will be
      present. The hinge unit includes a shoulder sleeve bearing 106, a portion
      of which fits down inside the leg member 103, and the shoulder of which
      rests on the upper leg edge 107. An extended ring portion 108 of hinge 104
      fits inside the sleeve bearing 106, with another sleeve bearing 109
      fitting inside of and resting on the hinge 104. A stem portion 110 of
      hinge 105 is then fitted within the bearing 109. Hinges 104 and 105 are
      thus both rotatable in bearings 106 and 109, respectively, relative to leg
      member 103. The hinge 105 has a slight bend 111 in its elongated bracket
      portion attaching to panel 101 to maintain the vertical alignment of
      panels 101 and 102.
PAR  Hinge 105 is also provided with an additional sleeve bearing (not shown)
      which correctly mates sleeve 109, or the stem portion 110, with the leg
      member 103 when hinge 105 is to be used alone with a given leg member.
      Hinge 108 may also be provided with a cap (not shown) to cover its opening
      in the event hinge 108 is to be used alone. When hinge members 104 and 105
      are to be combined, however, the additional sleeve bearing and cap are not
      used.
PAR  The bracket portions of each hinge are slightly offset relative to the
      hinge portion surrounding the leg member, as illustrated in FIGS. 9 and
      10. The writing panels 114, 115 of adjacent modules are shown with a
      common panel 116 and common leg member 103. Panels 101 and 102 (FIG. 10)
      are shown by the solid lines in their closed positions. Bracket portions
      117 and 118 are offset relative to the center of leg member 103 so that
      upon rotation of the panels 101 and 102 to the open position shown by the
      dotted lines, panels 101 and 102 are presented adjacent to and parallel
      with each other and parallel with panel 116. The respective bottom hinges
      of panels 101 and 102 are likewise offset in a manner similar to that of
      hinges 104 and 105 to permit such panel rotation.
PAR  Although an exemplary embodiment of the invention has been disclosed herein
      for purposes of illustration, it will be understood that various changes,
      modifications and substitutions may be incorporated in such embodiment
      without departing from the spirit of the invention as defined by the
      claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An educational module comprising:
PA1  a generally horizontally positioned writing panel having a near edge
      presented adjacent a seated user, a rear edge, and two end edges
      connecting said near and rear edges, wherein intersections of said two end
      edges and said rear edge define first and second writing panel corners;
PA1  supporting means for said module, including at least two upright support
      members which extend from a support surface to a point above said writing
      panel, said two support members being positioned adjacent said first and
      second writing panel corners;
PA1  vertical panel means partially enclosing said writing panel, said vertical
      panel means being supported adjacent said end edges and said rear edge of
      said writing panel, said vertical panel means extending from a point below
      said writing panel to a point above said writing panel at least to head
      level of the seated user, said vertical panel means including two end
      panels supported adjacent said end edges, at least one of said two end
      panels being movable between two spaced operative positions without
      disturbing the structural integrity of the module, one of said two spaced
      positions being adjacent one end edge of said writing panel, the other of
      said two spaced positions being relatively away from said one end edge of
      said writing panel; and
PA1  means securing said vertical panel means to said supporting means,
      inlcuding first means movably securing said one end panel to one of said
      two support members, permitting movement of said one end panel between
      said two spaced positions.
NUM  2.
PAR  2. The module of claim 1, wherein the other of said two end panels is
      movable between two spaced operative positions from adjacent said other
      end edge of said writing panel to relatively away from said other end edge
      without disturbing the structural integrity of the module, and wherein
      said securing means includes second means movably securing said other end
      panel to the other of said two support members, permitting movement of
      said other end panel between its two spaced operative positions.
NUM  3.
PAR  3. The module of claim 2, wherein said first and second means movably
      securing said end panels include means positioned at said first and second
      writing panel corners for rotatably supporting said one and said other end
      panels.
NUM  4.
PAR  4. The module of claim 1, wherein the near edge of said writing panel is
      concavely shaped, the rear edge is convexly shaped, wherein the end edges
      of said writing panel intersect the rear edge thereof at substantially a
      90.degree. angle and converge toward the near edge thereof and each other
      at substantially a 90.degree. angle, and wherein said supporting means are
      positioned only along said rear edge of said writing panel.
NUM  5.
PAR  5. The module of claim 1, including horizontal bracing members secured to
      each of said two support members positioned adjacent said first and second
      writing panel corners, said horizontal bracing members, respectively,
      being secured to said two support members in the vicinity of, and such
      that they rest upon, said support surface when the module is in an
      operative position, thereby providing additional stability to the module.
NUM  6.
PAR  6. The module of claim 1, including a stop means for stopping said one end
      panel in said other spaced position.
NUM  7.
PAR  7. The module of claim 6, including means for holding said one end panel in
      said other spaced position.
NUM  8.
PAR  8. The module of claim 6, wherein said one end panel is substantially
      coplanar with an adjacent vertical panel in said vertical panel means when
      said one end panel is in said other spaced position.
NUM  9.
PAR  9. The module of claim 1, including at least one writing panel extension
      movable between first and second spaced positions and means mounted on
      said module for permitting movement of said writing panel extension
      between said first and second spaced positions, said first spaced position
      being substantially coplanar with said writing panel and adjacent said one
      end panel when said one end panel is in its other spaced operative
      position relatively away from said writing panel, said second spaced
      position of said writing panel extension being relatively away from said
      first spaced position thereof such that said one end panel is permitted to
      assume its one spaced operative position adjacent said writing panel when
      said writing panel extension is in its said second spaced position, said
      module further including means supporting said writing panel extension in
      said first spaced position.
NUM  10.
PAR  10. The module of claim 9, wherein said writing panel includes a top
      surface exposed to the seated user and an opposing bottom surface, wherein
      said second spaced position of said writing panel extension is adjacent to
      and parallel with said bottom surface, and wherein said module further
      includes means supporting said writing panel extension in said second
      spaced position.
NUM  11.
PAR  11. An apparatus of claim 10, wherein said means for permitting movement of
      said writing panel extension between said first and second spaced
      positions includes means mounted on said one end edge of said writing
      panel pivotally connecting said writing panel extension to said writing
      panel.
NUM  12.
PAR  12. A generally horizontal writing panel having a near edge presented
      adjacent a seated user, a rear edge, and two end edges connecting the near
      and rear edges, respectively, wherein intersections of said end edges and
      said rear edge define first and second writing panel corners;
PA1  means supporting said writing panel, including upright, leg-like support
      members which extend from a support surface to a point above said writing
      panel and which are connected to said writing panel at said first and
      second writing panel corners;
PA1  vertical panel means, including first and second end panels, partially
      enclosing said writing panel, said vertical panel means being positioned
      adjacent the end edges and the rear edge of said writing panel and
      extending above and below the writing panel;
PA1  means positioned along vertical lines passing through said first and second
      writing panel corners, respectively, for permitting positioning movable of
      said first and second end panels relative to their associated end edges,
      including means rotatably connecting said first and second end panels,
      respectively, to their associated leg-like support members at said first
      and second writing panel corners respectively; and,
PA1  at least one writing panel extension movably secured to said module, and
      positionable in a first position adjacent a first end edge and its
      associated first end panel when said first end panel is extended away from
      said first end edge, with said writing panel extension in said first
      position being coplanar with said writing panel, and further positionable
      in a second position when said first end panel is adjacent its associated
      first end edge.
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PAL  An article of furniture in which a metallic structure is substantially
      surrounded by stone in the form of marble or onyx. An epoxy resin fills
      the space between the metallic skeleton structure and the stone covering.
      The epoxy resin may be poured or injected around the metallic structure
      and within the exterior covering stone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to furniture construction and especially
      to furniture in which a reinforcing skeleton structure is embedded within
      an exterior structure having stone as the surface covering. While
      furniture with reinforcing structures have taken various forms, such
      furniture has not combined, in the past, strength with substantially light
      weight in the construction of stone furniture. Furniture made of marble or
      onyx, for example, was heretofore massive and could not be readily moved
      about or changed in position within a residence, for example, to be
      practical. Also, a light and airy appearance was not possible. Such
      massive stone furniture, furthermore, was readily subject to cracking,
      while in use, due to the relatively low tensile strength properties of
      such materials.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, furniture is provided
      in which the exterior surface is made of stone. Typical stone used for
      such purposes in the construction of furniture articles, may be in the
      form of marble or onyx. To avoid the massiveness of furniture constructed
      from solid stone, the stone is hollowed out and applied over a metallic
      structure which may be in the form of structural steel elements, for
      example. The space between the reinforcing structure and the stone serving
      as the exterior material for the furniture, is filled with an epoxy resin.
      The epoxy may be either poured or injected into the space or cavity left
      between the interior hollowed out surface of the stone, and the external
      surface of the reinforcing metallic structure. The stone structure may be
      in the form of one integral piece, or be applied in several parts
      assembled to the reinforcing metallic structure. At the same time, the
      skeleton metallic structure may be first assembled in place and then
      covered with the stone, or the stone structure may be first generated or
      assembled and the steel elements may then be inserted into the hollowed
      out portions of the stone. The structural reinforcing elements may,
      thereafter, be linked together by welding, for example, or they may be
      left within the stone portions detached from each other.
PAR  Accordingly, it is an object of this invention to provide articles of
      furniture in which stone is used as the exterior surface material.
PAR  Another object of the invention is to provide furniture constructed of
      stone, while avoiding the heavy weight and massiveness inherent in stone
      constructions.
PAR  A further object of the present invention is to provide furniture
      constructed of stone which is relatively low in weight and has substantial
      tensile strength to avoid cracking of the stone while in use.
PAR  Still another object of the invention is to provide furniture constructed
      of stone in which economical-shaped stone elements are assembled to a
      metallic reinforcing structure.
PAR  A still further object of the invention is to provide an improved method of
      manufacturing furniture constructed of stone.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  It will thus be seen that the objects set forth above, among those apparent
      from the preceding description, are efficiently attained and, since
      certain changes may be made in carrying out the above method and in the
      article set forth without departing from the spirit and scope of the
      invention, it is intended that all matter contained in the above
      description and shown in the accompanying drawing shall be interpreted as
      illustrative and not in a limiting sense.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawing,
      in which:
PAR  FIG. 1 is a perspective view of the metallic reinforcing structure used in
      the construction of an article of stone furniture, in accordance with the
      present invention;
PAR  FIG. 2 is a perspective view and shows the external appearance of a stone
      table when completed using the reinforcing structure of FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2; and
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, a table indicated generally at 11 has legs
      12 and connecting horizontal side members 13 made of hollow stone
      material. The legs 12 may be constructed, for example, by boring or
      milling out a stone slab or structural member, so as to leave a
      substantial cavity within the stone member. The hollowing out or removal
      of the interior part of the stone member causes the latter to be
      relatively light in weight. At the same time, however, the cavity left
      within the hollow stone member reduces the original tensile strength of
      the solid stone member. Solid stone such as marble or onyx while being
      substantially hard, are inherently brittle as a result of their
      significant hardness properties. The brittleness lowers resistance of the
      stone structure to cracking or chipping resulting from shocks and
      exceeding the tensile strength properties of the material. Consequently,
      while stone has inherently low tensile strength compared to its relatively
      high compressive strength, hardness and accompanying brittleness, the
      resistance of the stone structure to cracking is further reduced as a
      result of the hollowing out process of the stone members to achieve
      lightness in weight.
PAR  To impart strength to the stone structure after hollowing out and
      generating a substantial cavity within the stone for purposes of reducing
      the weight thereof, reinforcing metallic elements 14 are inserted within
      the cavity left in the stone member 12. The metallic element 14, when in
      the form of steel, for example, will provide the necessary tensile
      strength to resist cracking of the furniture as a result of applied loads
      or temperature changes, for example. Thus, when left outdoors throughout
      the year, for example, the table frame 11 undergoes wide temperature
      changes when in the northerly part of the globe. Such wide changes in
      temperature may cause considerable cracking of the stone. Such cracking,
      however, is substantially resisted and prevented by the structural steel
      members 14 which apply the necessary added strength to the stone
      structure.
PAR  Surrounding the steel member 14 and within the cavity left within the stone
      leg 12, is an epoxy resin. This epoxy serves to mechanically link the
      reinforcing element 14 to the stone structure 12 while, at the same time,
      firmly embedding the element 14 within the cavity of the leg 12. This
      epoxy 15 may be either poured into the cavity or it may be injected
      thereinto.
PAR  Whereas the table legs 12 may be in the form in which solid stone members
      are hollowed out to receive the reinforcing elements 14, the side
      connecting members 13 may be U-shaped as shown in FIG. 4. As disclosed by
      the sectional view of this FIG. 4, the underside of this connecting member
      13 is not externally covered by stone. Instead, this underside has a
      substantial epoxy surface. Leaving the underside of the connecting member
      13 exposed, in this manner, is of no consequence, since this underside is
      not normally seen by the user of the furniture when in sitting or standing
      positions. At the same time, the construction of the U-shaped design of
      FIG. 4 may be substantially simpler than the hollowed out structure of
      FIG. 3. Thus, the milling process is simplified when the depth to be
      milled is substantially shallow. Assuming the mill to be introduced from
      the exposed underside of the member 13, the depth to be milled for this
      member 13 is substantially less than the depth to be milled in the leg 13
      where the milling cutter is introduced from one end of the leg and must
      penetrate through the entire length of the leg.
PAR  In lieu of the milling or hollowing out processes applied to result in
      relatively low weight of the stone structure, the leg 12 may be formed of,
      for example, four rectangular-shaped stone elements cut from a slab or
      sheet of stone. These four rectangular-shaped sections for the leg 12 may
      then be assembled together about the epoxy 15 which retains the
      reinforcing member 14 within its interior. With such design, the leg 12 is
      made of a plurality of stone elements assembled together rather than of a
      single integral piece of stone which requires hollowing out. The same
      principle of assembling separate rectangular-shaped stone elements to
      epoxy in which structural steel is embedded, for example, may also be
      applied to the side connecting member 13.
PAR  The structural reinforcing member 14 may be in form of the square-shaped
      tubular element shown in the sectional view of FIG. 3, or it may be in the
      form of a structural angle shape, or any one of the numerous other
      conventional structural steel shapes. Such structural shapes have been
      widely standardized in the form of angles, H sections, I sections, L
      sections, and a variety of different flanges, for example. The reinforcing
      member 14, furthermore, may be made of steel, aluminum, or other metallic
      or reinforcing material.
PAR  In the construction of the table frame 11, the leg reinforcing members 14
      may first be assembled to the connecting side panel reinforcing members
      16. Such assembly of the members 14 and 16 may be achieved by welding,
      brazing, or any one of the other conventional fastening means. Upon
      assembly of the members 14 and 16, in this manner, the structure shown in
      FIG. 1 is obtained. This skeleton reinforcing of FIG. 1 may now be
      surrounded with the marble or onyx, and the epoxy may be poured or
      injected within the space left between the skeleton structure of FIG. 1
      and the surrounding stone. Alternatively, it is possible to first assemble
      the hollowed out stone structure, and then to insert reinforcing members
      14 and 16 within this stone structure. The reinforcing members 14 and 16
      may, thereafter, be mechanically linked as by welding, for example, or
      they may be left detached within the stone structure. The tensile strength
      at any cross section of the leg 12 or side panel 13 will not be impaired
      or reduced, for example, as a result of leaving the members 14 detached
      from the members 16. Thus, the reinforcing members 14 and 16 contribute or
      add to the strength of the stone structure even when not directly
      mechanically fastened together.
PAR  Whereas marble and onyx were referred to as the stone materials which may
      be used in the construction of the table frame 11, other stone materials
      are equally applicable. With the foregoing construction and fabricating
      techniques, a limitless range of designs is now possible because long
      spans and thin sections are now possible. The invention overcomes the
      prior limitations caused by the low tensile strength and brittleness of
      stone materials.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in carrying out the above method and in
      the article set forth without departing from the spirit and scope of the
      invention, it is intended that all matter contained in the above
      description and shown in the accompanying drawing shall be interpreted as
      illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention, which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stone covered article of furniture comprising in combination
      substantially elongated stone members, each of said substantially
      elongated stone members defining a part of said article of furniture, each
      said substantially elongated part having a cavity therein, each said
      cavity having a substantially elongated reinforcing member therein which
      is spaced from the interior wall thereof; and epoxy means within the space
      between each said reinforcing member and the associated interior wall of
      each said stone member defining each said cavity, said reinforcing member
      being completely surrounded by said epoxy means.
NUM  2.
PAR  2. The article of furniture as defined in claim 1 wherein said
      substantially elongated stone member parts form the legs of a table; and
      at least one substantially elongated horizontal stone member part
      connected to said legs for forming a table frame, each of said horizontal
      elongated stone members having a cavity retaining said reinforcing member
      and said epoxy means.
NUM  3.
PAR  3. The article of furniture as defined in claim 1 wherein said stone is
      marble.
NUM  4.
PAR  4. The article of furniture as defined in claim 1 wherein said stone is
      onyx.
NUM  5.
PAR  5. The article of furniture as defined in claim 1 wherein said reinforcing
      member comprises structural steel.
NUM  6.
PAR  6. The article of furniture as defined in claim 1 wherein said reinforcing
      member is a tubular member having a substantially rectangular cross
      section.
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ABST
PAL  An improved ash removal apparatus for coal-dust firing equipment which
      includes a firebox and a scraper-chain type conveyor including a water
      trough which is disposed below the ash outlet of the equipment firebox. A
      protective hood is coupled to and is communicative with the firebox
      outlet, and in addition, is positioned over the conveyor trough and
      extends thereinto. A plurality of floatable members which are rotatable
      about their own longitudinal axes, are disposed within the hood and float
      on the surface of the water contained in the conveyor trough so as to
      catch ashes falling from the firebox outlet on the surfaces thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to coal-dust firing equipment, and in
      particular to an improved ash removal apparatus for such equipment.
PAR  2. Description of the Prior Art
PAR  In the known prior art ash removal apparatus for coal-dust firing equipment
      (see, for example, German published text DAS 2,002,674), a scraper-chain
      conveyor is disposed below the firebox of the equipment and a protective
      hood, which is coupled to the firebox outlet, extends into the water
      trough of the conveyor in order to prevent the flow of air into the
      firebox outlet. The upper length of the scraper chain of the conveyor in
      such prior art apparatus usually moves above a stationary table provided
      with slots in the surface thereof which is disposed below the firebox ash
      outlet. The disadvantage of this apparatus, however, is that some of the
      ashes falling from the firebox outlet can pass through the slots
      unhindered into the water trough and cause explosions therein.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide an improved ash
      removal apparatus for coal-dust firing equipment which overcomes the
      aforementioned disadvantage of heretofore known apparatus and which
      prevents an immediate immersion of large quantities of hot ashes in the
      quenching water contained in the conveyor trough of the apparatus before
      the cooling thereof.
PAR  These and other objects are achieved in the invention in an ash removal
      apparatus for coal-dust firing equipment which includes a firebox by the
      provision of a scraper-chain type conveyor including a water trough which
      is disposed below the ash outlet of the equipment firebox. A protective
      hood is coupled to and is communicative with the firebox outlet, and is
      disposed over and extends into the conveyor trough. A plurality of
      spaced-apart floatable members are disposed within the hood and are
      rotatable about their own longitudinal axes. The members float on the
      surface of the water contained in the trough and catch ashes which fall
      from the firebox outlet on the surfaces thereof. The weight of the falling
      ashes turns the members and causes the ashes on the surface thereof to be
      slowly immersed in the quenching water.
PAR  These and other features of the inventive apparatus will be discussed in
      further detail in the following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of an improved ash removal
      apparatus constructed according to the invention;
PAR  FIG. 2 is a top plan view of the inventive apparatus; and
PAR  FIG. 3 is an enlarged, cross-sectional view of the apparatus taken along
      section A--A of FIG. 1.
DETD
PAC  DETAILED DESCRIPTON
PAR  Referring now to the drawings, there is shown an ash removal apparatus
      constructed according to the invention in which a scraper-chain conveyor
      1, which includes a water trough 3, is disposed below the ash outlet 5 of
      the lower end of the ash funnel of the firebox (not shown) of the
      coal-dust firing equipment. A protective hood 2, which includes pivotable
      flaps which enable ash outlet 5 to be closed, is coupled to and is
      communicative with outlet 5 and is disposed over and extends into water
      trough 3. This extension of the hood into the trough water prevents the
      flow of air into the firebox of the equipment through outlet 5. A
      plurality of floatable members, illustrated as water-tight cylinders 4,
      are disposed within hood 2 in a spaced-apart arrangement and are rotatable
      about their own longitudinal axes. The cylinders float on the surface of
      the water in the trough within the hood and catch ashes which fall from
      outlet 5 on the surfaces thereof.
PAR  A carrying chain 6 is pivotably coupled to one end of each of cylinders 4,
      and has the ends thereof coupled to one of the walls of the water trough
      3. This arrangement assures that the spaced-apart arrangement of the
      cylinders is maintained and also enables the spacing between the cylinders
      to be specified to suit the maximum amount of ash falling from outlet 5.
      The length of chain 6 which is disposed within hood 2 is preferably
      greater than the length of the hood, since this enables the cylinders to
      adapt their spacing to larger fragments of ash and avoids the need for
      comminution of such fragments. Cylinders 4 are also preferably disposed
      within hood 2 so that the longitudinal axes thereof are directed
      perpendicular to the direction of conveyance of conveyor 1. This assures
      that the falling ashes will be distributed over the surfaces of several of
      the cylinders so that the amount of ash falling into the quenching water
      at one time is small. The danger of explosion is thereby eliminated.
PAR  In the foregoing specification, the invention has been described with
      reference to specific exemplary embodiments thereof. It will, however, be
      evident that various modifications and changes may be made thereunto
      without departing from the broader spirit and scope of the invention as
      set forth in the appended claims. The specification and drawings are,
      accordingly, to be regarded in an illustrative rather than in a
      restrictive sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved ash removal apparatus for coal-dust firing equipment
      including a firebox having an ash outlet, comprising:
PA1  a scraper-chain conveyor including a water trough disposed below an said
      ash outlet of said firebox;
PA1  a hood, coupled to and communicative with said firebox outlet, disposed
      over and extending into said conveyor trough; and
PA1  a plurality of spaced apart floatable members, disposed within said hood
      and rotatable about their own longitudinal axes, for floating on the
      surface of the water contained in said trough within said hood and
      catching ashes falling from said firebox outlet on the surfaces thereof.
NUM  2.
PAR  2. The apparatus recited in claim 1, wherein said floatable members each
      comprise a hollow, water-tight cylinder.
NUM  3.
PAR  3. The apparatus recited in claim 2, wherein said floatable members are
      disposed within said hood so that the longitudinal axes thereof are
      disposed perpendicular to the direction of conveyance of said conveyor.
NUM  4.
PAR  4. The apparatus recited in claim 3, wherein said floatable members are
      coupled to a wall of said scraper-chain conveyor trough.
NUM  5.
PAR  5. The apparatus recited in claim 3, wherein said floatable members further
      comprise at least one carrying chain coupled to at least one end thereof
      and to at least one wall of said conveyor trough.
NUM  6.
PAR  6. The apparatus recited in claim 5, wherein a portion of said carrying
      chain is disposed within said hood and the length of said portion
      therewithin is greater than the length of said hood.
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ABST
PAL  This invention provides a planting apparatus which includes a mobile frame
      mounted on wheels or the like and adapted to be towed over the ground. An
      arm is swingably mounted to the frame and extends rearwardly from the
      mounting location. The arm carries a dibble on its moveable end, which is
      adapted to cut into the ground during forward travel of the mobile frame.
      A planter is carried by the arm rearwardly of the dibble and is adapted to
      support a seedling for planting in the cut made by the dibble. Means is
      provided to dislodge the seedling from the planter into the cut. Detection
      means is provided for detecting when the dibble has cut to a predetermined
      depth into the ground, and for activating the dislodging means whenever
      that depth is reached. The arm is swung regularly toward and away from the
      ground, such that the dislodging means fails to operate if the dibble
      achieves less than the pre-determined depth due to an obstacle. Thus
      seedlings are planted only where no obstacles are located.
BSUM
PAR  This invention relates to apparatus for the selective planting of small
      trees, known as seedlings, in any kind of terrain, and particularly in
      non-uniform terrain such as that in which boulders and rocks occur at or
      just under the surface.
PAR  In reforestation and similar projects it is desirable to utilize a mobile
      planting unit which may be trailed behind a tractor or other towing
      vehicle, and which may be operated by one man. Conventional seedling
      planting machines usually include a coulter (a plowing disc adapted to cut
      an initial slice into the ground), and a planting shoe closely following
      the coulter, the planting shoe having a leading knife edge and a
      bifurcated following portion which defines a slot immediately following
      the cutting edge, into which slot the operator can drop a seedling. The
      planting shoe spreads the earth that has already been sliced by the
      coulter to a sufficient degree to permit the roots of the seedling to be
      received into the ground. Positioned immediately behind the planting shoe
      in the direction of travel, the machine includes some sort of tamping
      means to pack the earth in around the seedling, and one common tamping
      means includes two tamping wheels, one on either side of the furrow in
      which the seedlings are planted.
PAR  In the conventional planting machine as described above, it is usually the
      weight of the entire planting portion of the apparatus which bears
      downwardly on the coulter and the planting shoe to keep them cutting into
      the earth. If the coulter hits a rock or other buried hard item, it often
      causes the entire planting machine to rise up into the air, and can often
      become damaged itself in the process. This results in a very rough ride
      for the operator on any terrain where buried obstacles such as rocks and
      boulders are present.
PAR  In addition to the foregoing disadvantage, the conventional planting
      machine also generally lacks any provision for automatically dispensing
      seedlings at regulated intervals into the furrow. If such a provision were
      made, it would relieve the operator of this task.
PAR  In view of the foregoing, it is among the objects of this invention to
      provide a planting apparatus capable of detecting the presence of an
      obstacle on or below the surface of the ground in a line along which
      seedlings are being planted.
PAR  A further object of this invention is to provide a planting apparatus
      capable of regularly dispensing seedlings into an intermittent cut slit,
      and further capable of arresting the dispensing and cutting steps whenever
      an obstacle on or below the surface is detected.
PAR  A further object of this invention is to provide a planting apparatus which
      gives an easy ride to the operator on difficult terrain.
PAR  It is yet a further object of this invention to provide a planting
      apparatus in which both the pressure of the packing means and the
      pressures of both furrow-cutting and seedling-dispensing means are
      adjustable.
PAR  Accordingly, this invention provides a planting apparatus, comprising a
      mobile frame adapted to travel forwardly over the ground, an arm swingably
      mounted to the frame and extending generally rearwardly from the mounting
      location, dibble means carried by the arm remote from said mounting
      location and adapted to cut into the ground when the arm swings toward the
      ground during forward travel of the frame, planter means carried by the
      arm rearwardly of said dibble means and adapted to support a seedling for
      planting in the cut made by said dibble means, dislodging means adapted
      selectively to dislodge a seedling from said planter means into said cut,
      detection means for detecting when the dibble means has cut to a
      pre-determine depth into the ground and for activating said dislodging
      means whenever such pre-determined depth is reached, and means for
      regularly swinging the arm toward and away from the ground, whereby said
      dislodging means fails to operate if the dibble means fails to achieve
      said pre-determined depth due to an obstacle.
DRWD
PAR  One embodiment of this invention is shown on the accompanying drawings, in
      which like numerals denote like parts throughout the several views, and in
      which:
PAR  FIG. 1 is a simplified elevational view of the essential components of the
      planting apparatus of this invention;
PAR  FIGS. 2 and 3 are partial elevational views of the digger arm of this
      invention, showing the arm in two phases of its operation immediately
      previous to the phase shown in FIG. 1;
PAR  FIG. 4 is a slightly enlarged, essentially schematic view of the digger arm
      of the apparatus of this invention;
PAR  FIG. 5 is a partly broken-away perspective view of the digger and planter
      portion of this invention;
PAR  FIG. 6 is an elevational view of one component of the mechanism shown in
      FIG. 5; and
PAR  FIG. 7 is an elevational view of the digger and planter portion shown in
      FIG. 5.
DETD
PAR  Attention is first directed to FIG. 1, in which an apparatus shown
      generally at 10 is seen to include a horizontal frame 12 having a forward
      end 14 supporting a towing tongue 16. The frame 12 rides on two large
      air-filled wheels of which one is seen at 18.
PAR  A superstructure 20 is provided, to serve a purpose later to be explained.
PAR  The view of FIG. 1 is somewhat schematic, in that it is intended to
      illustrate the essential components of the apparatus without the
      unnecessary complication that would result from the drawing of a complete
      and accurate sectional view. Generally, FIG. 1 is to be considered a view
      of one-half of the apparatus, as would be seen by taking a central,
      longitudinal section vertically of the apparatus, but many components are
      simplified as compared to what a true section would show.
PAR  One primary purpose of the FIG. 1 drawing is to show the geometrical
      relationship between the different essential components of the apparatus,
      this relationship being shown in a central, longitudinal, vertical plane.
PAR  Several of the components shown in FIG. 1 are pivotally related to one
      another, and where not otherwise specified, the pivot axes for these
      different components are to be taken as perpendicular to the plane of the
      drawing paper.
PAR  The primary pivot axis is shown at 22, and this point defines an axis fixed
      with respect to the plane 12, about which a digger arm 23, a sensing arm
      24 and a packing arm 26 are all pivotally mounted. The specific
      inter-relationship of these arms in the direction normal to the paper is
      such that there will be no mechanical interference as the different arms
      pivot past one another. Although FIG. 1 does not make clear this
      geometrical inter-relationship, it will be understood that a person
      skilled in the art could readily devise structure to accomplish this
      arrangement using standard, conventional components.
PAR  A hydraulic cylinder 28 has its one end 29 pivotally secured to the
      superstructure 20, and has its other end 30 pivotally secured to the
      digger arm 23 by way of an upstanding projection 32. Extension and
      retraction of the hydraulic cylinder 28 causes the digger arm 23 to pivot
      about the axis 22.
PAR  A further hydraulic cylinder 34 has its upper end attached to a frame
      member 36 fixed with respect to the superstructure 20, and has its lower
      end pivoted at 38 to an arm 40 which in turn is pivoted at 41 to the
      packing arm 26 at an intermediate location thereof. Extension and
      retraction of the hydraulic cylinder 34 causes the packing arm 26 to pivot
      about the pivot axis 22.
PAR  The packing arm 26 is one of two such arms, each pivotally mounted about
      the axis 22, and each carrying a downwardly and inwardly canted packing
      wheel 42 mounted for free rotation on a downwardly extending bracket 44.
PAR  Preferably, the two packing arms 26 (only one seen in FIG. 1) are both
      connected to the link arm 40 and to the hydraulic cylinder 34. Also, the
      two packing wheels 42 are preferably arranged in such a way that they may
      contact the ground 45 immediately adjacent, and on either side of, a
      planting furrow cut by the apparatus 10, so that the spread-apart earth on
      either side of the furrow is forced back inwardly and is tamped around and
      against the planted seedling.
PAR  The digger arm 23 carries at its end remote from the pivot axis 22 a digger
      assembly 46 which includes a dibble 48 and a planting shoe 50. In FIG. 1,
      the dibble 48 and the planting shoe 50 are buried to the maximum cutting
      depth in the ground. Attention is now directed to FIGS. 5, 6 and 7, which
      illustrate the digger assembly 46 in greater detail and to a larger scale.
PAR  In FIGS. 5 and 7, the planting shoe 50 is seen to include an upper portion
      52 and a lower portion 53. The upper portion 52 is of greater width than
      the lower portion 53 and includes two parallel side walls 54 and a forward
      wall 56. These walls are preferably of heavy gauge steel plate, and are
      appropriately welded together.
PAR  The lower portion 53 of the planting shoe 50 includes two parallel side
      walls 58 each joined to its corresponding upper side wall 54 by virtue of
      a downwardly and inwardly sloping connecting wall 60 (only one visible in
      FIG. 5). The forward wall 56 is also welded to the two side walls 58 and
      is shaped to follow the general configuration of the planting shoe as it
      narrows from the upper portion 52 to the lower portion 53. The forward
      wall 56 can be seen in FIG. 5 in the lower portion 53 as well. The side
      walls 58 are open at the bottom as can be seen in FIG. 5.
PAR  The dibble 48 can be seen in FIGS. 5 and 7 to include a cutting member 62
      which tapers at 64 to a cutting edge 66 which has a rectilinear portion at
      the top and a curved portion 68 at the bottom.
PAR  The rectilinear portion 67 of the cutting edge 66 constitutes the leading
      or forward edge of the dibble 48. The rearward limit of the dibble 48
      closely follows but is spaced from the edge of the adjacent lower portion
      53. Thus, as best seen in FIG. 7, the rearward limit of the dibble 48
      includes a substantially vertical edge 70 and a downwardly and rearwardly
      sloping edge 72. The cutting member 62, in the particular embodiment
      shown, has a peaked or wedge-shape profile along the edges 70 and 72, and
      this is best seen at the bottom in FIG. 5. Welded to the cutting member 62
      adjacent the edges 70 and 72 are two side plates 74 (only one visible in
      FIG. 7, but both visible in FIG. 5). The two side plates 74 are spaced by
      substantially the same distance as the side walls 58 of the planting shoe
      50.
PAR  The upper end of the dibble 48 is welded to a bracket 76 which can be
      secured to the end of the digger arm 23.
PAR  Extending rearwardly through a rectangular opening 78 in the forward wall
      56 adjacent the upper portion 52 of the planting shoe 50 are two
      spaced-apart fingers 80 which are capable of resilient movement toward and
      away from each other by virtue of their resilience. Preferably, the
      fingers 80 are made of light-gauge spring steel. Glued or otherwise
      adhered to the inside face of each finger 80 is a hollow elastomeric tube
      82, the tubes 82 being of such a size that they are substantially in
      contact when the fingers 80 are in their at-rest position. If desired, the
      fingers 80 can have a slight outward divergence at their rearward end, as
      shown in FIG. 5, although this is not essential. If the divergence is
      provided, then the tubes 82 will not be in contact at the rearward end of
      the fingers 80.
PAR  An ejector plate 84 is provided to fit with a close tolerance within the
      upper portion 52 and a part of the lower portion 53 of the planting shoe
      50. FIG. 6 shows the shape of the ejector plate 84, and further shows the
      presence of a rectangular window 85. As can be seen in FIG. 6, the upper
      portion of the ejector plate 84 is substantially rectangular, but the
      lower portion is cut to conform to the inner surface of the planting shoe
      50 at the transition between the upper portion 52 and the lower portion 53
      thereof.
PAR  As shown in FIG. 5, the ejector plate 84 is positioned with the two fingers
      80 passing through the window 85, and the ejector plate 84 is intended to
      reciprocate longitudinally of the fingers 80. It is intended that the
      ejector plate 84 be moved back and forth along the fingers 80 by virtue of
      a push arm (not shown in FIG. 5 but seen in FIG. 4 to consist of two
      spaced components 86 and 87), which passes through a further opening 88 in
      the forward wall 56.
PAR  In operation, the digger arm 23 raises the digger assembly 46 to a position
      where it is accessible to the operator (who is riding on a appropriate
      seating arrangement positioned on the frame 12 just rearwardly of the
      wheels 18), so that he can position a seedling 90 between the fingers 80
      such that it is gripped and held between the elastomeric tubes 82. The
      hydraulic cylinder 28 then extends, rotating the digger arm 23 clockwise
      about the pivot point 22 and forcing the digger assembly 46 into the
      ground to the position shown in FIG. 1. By a mechanism shortly to be
      described, the entry of the digger assembly 46 into the ground to the
      extent shown in FIG. 1 triggers a hydraulic cylinder shown at 92 in FIG.
      4, which moves the components 86 and 87 of the push arm to the right and
      causes the ejector plate 84 to move rearwardly with respect to the fingers
      80, thus ejecting the seedling 90 from between the fingers 80 and into the
      furrow being simultaneously cut by the digger assembly 46.
PAR  The triggering operation for the hydraulic cylinder 92 will now be
      described. Reference is made to FIG. 4, in which the digger arm 23 is
      shown schematically to include a number of components. FIG. 4 is not
      intended to be either an elevational or a sectional drawing of the digger
      arm 23, but is rather intended to show the geometric inter-relationship of
      the main components in the digger arm 23. In FIG. 4, a first valve body 93
      and a second valve body 94 are mounted in fixed relationship to the digger
      arm 23, as shown by the open hatch lines (the conventional symbol). A
      valve shaft with a follower wheel 95 extends rightwardly from the first
      valve body 93, while a valve shaft with a follower wheel 97 extends
      rightwardly from the second valve body 94.
PAR  A first cam plate 99 is pivoted about an axis 100 which is fixed with
      respect to the digger arm 23, and a second cam plate 102 is pivoted about
      an axis 104 also fixed with respect to the digger arm 23. The second cam
      plate 102 has an extension 106. When the first cam plate 99 pivots in the
      counter-clockwise direction as seen in FIG. 4, it pushes the follower
      wheel 95 to the left, and when the second cam plate 102 pivots in the
      counter-clockwise direction as seen in FIG. 4, it moves the follower wheel
      97 to the left. Both valve shafts and follower wheels are spring-biased to
      the right, so that when either cam plate moves in the clockwise direction,
      the respective valve shaft moves to its furthest rightward position.
PAR  The first cam plate 99 has fixed to it a pin 108 which is trapped within an
      elongated slot 109 at the lower end of a pull-arm 110. The other end of
      the pull-arm 110 is connected to a cross-shaft 112 which is fixed with
      respect to a bracket 114 secured not to the digger arm 23 but rather to
      the sensing arm 24 as seen in FIGS. 1, 2 and 3. Because the digger arm 23
      and the sensing arm 24 can pivot independently of one another, the bracket
      114 is capable of arcuate movement with respect to the digger arm 23 about
      the pivot axis 22.
PAR  In FIG. 4, the bracket 114 is shown at its uppermost position, and it will
      be seen that the pin 108 is at the lowest part of the slot 109. This means
      that whenever the bracket 114 is in its uppermost position with respect to
      the digger arm 23, the cam plate 99 is forced to move in the clockwise
      direction thus permitting the follower wheel 95 to move to the right with
      respect to the first valve body 93. Conversely, when the bracket 114 moves
      downwardly to the digger arm 23, the pin 108 is eventually contacted by
      the upper end of the slot 109, and as a result the cam plate 99 is rotated
      in the counter-clockwise direction, thus driving the follower wheel 95
      leftwardly with respect to the valve body 93. This represents the two
      operating positions for the valve body 93. Whenever the follower wheel 95
      is at its rightward limit with respect to the valve body 93 (the position
      shown in FIG. 4), the cylinder 92 is activated to extend itself. The
      cylinder 92 has its leftward end fixed with respect to the digger arm 23,
      and has its rightward end attached to a bracket 116 which is in turn fixed
      to the component 86 of the push arm which operates the ejector plate 84.
      The push arm and the ejector plate 84 have been hatched in FIG. 4, not
      because they are shown in section but rather to distinguish them visually
      from the other components shown in FIG. 4.
PAR  The lower component 87 of the push arm in FIG. 4 has, at its leftward end,
      a catch pin 117 which is intended to strike the extension 106 of the
      second cam plate 102 just as the push arm is reaching its furthest
      rightward position at the end of the extension stroke of the cylinder 92.
      As the catch pin 117 strikes the extension 106, it causes the second cam
      plate 102 to rotate in the counter-clockwise direction from the position
      shown in FIG. 4, thus driving the follower wheel 97 leftwardly toward the
      second valve body 94. Leftward movement of the follower wheel 97 changes
      the valve body 94 to its other operative position, which causes retraction
      of the hydraulic cylinder 92. A further catch pin 119 can also be provided
      on the lowermost component 87 of the push arm, such that the catch pin 119
      can strike the extension 106 from the right-hand side upon the return
      movement of the push arm, thereby to rotate the second cam plate 102 in
      the clockwise direction, and to permit the resilient biassing means
      incorporated into the second valve body 94 to return the follower wheel 97
      to its furthest rightward position, which in effect is its "off" position.
PAR  A simple hydraulic circuit may be provided (not shown) by which the
      actuation of the second valve body 94 (follower wheel 97 to the left)
      renders inactive the operation of the first valve body 93. It is also a
      simple matter to provide hydraulic circuitry which permits the second
      valve body 94, when activated by leftward movement of the follower wheel
      97, to cause the hydraulic cylinders 34 to pivot the packing arms 26
      downwardly and carry the packing wheels 42 down against the ground to pack
      the earth in around a planted seedling.
PAR  Attention is now directed to FIGS. 2 and 3, which precede in order the
      planting phase shown in FIG. 1, and which also illustrate the response of
      the apparatus of this invention to subterranean obstacles such as boulders
      and rocks.
PAR  FIG. 2 shows the dibble 48 riding over a buried rock 120 which is located
      just below the surface. The dibble 48 has penetrated only a short distance
      into the ground and has come into contact with the rock 120.
PAR  The sensing arm 24 is freely pivoted with respect to the digger arm 23, but
      detent means are provided to limit the extent of the arc through which the
      sensing arm 24 may move with respect to the digger arm 23. In FIG. 2 the
      sensing arm 24 is shown at its lowermost position with respect to the
      digger arm 23. The detent means which establish this lowermost position
      may be incorporated into the structure of the bracket 114, or
      alternatively any number of mechanical stop or detent means may be
      provided. While suitable detent means to limit the movement of the sensing
      arm 24 in the other direction with respect to the digger arm 23 may be
      provided, this is not essential because gravity will tend to make the
      sensing arm 24 seek its furthest clockwise position with respect to the
      digger arm 23.
PAR  FIG. 2 can be looked at in two ways. If the rock 120 were not present, then
      FIG. 2 could be considered to illustrate the initial bite of the dibble 48
      into the ground at the beginning of a planting stroke. The digger arm 23
      is descending under the urging of the hydraulic cylinder 28, after having
      been raised to an upper position in which the operator has inserted a
      seedling between the fingers 80. Now, where a rock such as the rock 120 is
      present, it is obvious that the planting stroke will be arrested at the
      position shown in FIG. 2, until the apparatus moves beyond the rock 120.
PAR  If it is now supposed that the rock is somewhat larger, and dips down
      further under the surface of the ground, such as does the boulder 122 in
      FIG. 3, it will be understood that the dibble 48 will be able to penetrate
      into the earth as far as is permitted by the boulder 122. In the position
      shown in FIG. 3, the sensing arm 24 is still in its furthest clockwise
      position with respect to the digger arm 23. The sensing arm 24 has, at its
      free end, a sensing shoe 124 which in FIG. 3 is just resting lightly
      against the surface of the ground. The sensing shoe 124 is displaced to
      the side of the dibble 48, and therefore does not enter the furrow being
      cut by the dibble 48.
PAR  By ignoring the presence of the boulder 122, FIG. 3 can also be considered
      to be an intermediate phase in the planting stroke of the digger arm 23,
      in which the dibble 48 has entered part-way into the earth.
PAR  The final phase of the planting stroke is shown in FIG. 1, in which the
      digger arm 23 has continued to move in the clockwise direction, while the
      sensing arm 24 has remained in the same orientation as is shown in FIG. 3.
      This causes the sensing arm 24 and the digger arm 23 to rotate with
      respect to each other, and the net result of this mutual rotation is that
      the bracket 114 moves upwardly with respect to the digger arm 23, and as
      explained with respect to FIG. 4, this causes the initiation of the
      ejection stroke of the cylinder 92.
PAR  It will thus be appreciated that, where the apparatus 10 moves across
      terrain which is such as to prevent the dibble 48 from fully entering the
      earth, the sensing arm 24 and the digger arm 23 will not reach the mutual
      position shown in FIG. 1, and the seedling ejection will not take place.
PAR  It will be appreciated that conventional hydraulic circuitry may be
      provided such that, on terrain without any obstacles, the digger arm 23
      could be raised and lowered in a regularly repeating cycle, and that under
      normal operation the packing arms 26 would move up and down in
      coordination with the digger arm 23 to pack earth around the sequentially
      planted seedlings. Whenever the dibble 48 meets some obstacle which
      prevents the full penetration of the dibble 48 into the earth, the
      seedling-ejection will not take place, nor will the packing arm 26 be
      actuated to bring the packing wheels 42 down into contact with the earth.
PAR  It will also be understood that it is possible to regulate the force with
      which the two hydraulic cylinders 34 and 28 function, and thereby to
      regulate the force with which the dibble 48 is driven into the ground and
      the force with which the packing wheels 42 bear against the earth.
PAR  It will also be understood that it is possible to provide for manual
      operation of the different hydraulic cylinders as an over-ride precaution
      against failure of the automatic equipment.
PAR  It will also be understood that, while the several arms 23, 24 and 26 are
      shown to be pivoted about the same axis 22, this construction is certainly
      not essential to the invention.
PAR  The apparatus 10 shown in FIG. 1 of the accompanying drawings also
      illustrates a chain-drag clearing means 126 which includes a plurality of
      link members 128 (only two shown in complete outline), and a rotating arm
      member 130 which is capable of rotating about the point 132 in the
      clockwise direction, and thereby lifting the chain clear of the ground.
      The purpose of the clearing means 126 is to scrape light debris, slash and
      surface obstructions away from the path of the dibble 48.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. Planting apparatus, comprising:
PA1  a mobile frame adapted to travel forwardly over the ground,
PA1  an arm swingably mounted to the frame and extending generally rearwardly
      from the mounting location,
PA1  dibble means carried by the arm remote from said mounting location and
      adapted to cut into the ground when the arm swings toward the ground
      during forward travel of the frame,
PA1  planter means carried by the arm rearwardly of said dibble means and
      adapted to support a seedling for planting in the cut made by said dibble
      means,
PA1  dislodging means adapted selectively to dislodge a seedling from said
      planter means into said cut,
PA1  detection means for detecting when the dibble means has cut to a
      pre-determined depth into the ground and for activating said dislodging
      means whenever such pre-determined depth is reached,
PA1  and means for regularly swinging the arm toward and away from the ground,
PA1  whereby said dislodging means fails to operate if the dibble means fails to
      achieve said pre-determined depth due to an obstacle.
NUM  2.
PAR  2. The invention claimed in claim 1, in which said detection means includes
      a further swingably mounted arm extending rearwardly from its mounting
      location in general alignment with said first-mentioned arm, but capable
      of limited downward swinging movement away from the first-mentioned arm
      under gravitational influence; said further arm contacting the ground as
      the first-mentioned arm swings downward, whereby the latter moves closer
      into alignment with said further arm as the dibble means enters the
      ground; and switch means between the two arms adapted to activate said
      dislodging means when the arms come together upon penetration of said
      dibble means to said pre-determined depth.
NUM  3.
PAR  3. The invention claimed in claim 2, in which both arms are pivoted to said
      mobile frame about the same axis.
NUM  4.
PAR  4. The invention claimed in claim 1, further comprising tamping means
      mounted to said mobile frame rearwardly of said planter means, for tamping
      the earth around a planted seedling.
NUM  5.
PAR  5. The invention claimed in claim 4, in which said tamping means includes
      tamping arm means pivoted to said mobile frame and extending rearwardly
      from the pivot, the tamping arm means supporting two downwardly and
      inwardly canted tamping wheels adapted to press downwardly in rolling
      engagement with the earth on either side of said cut, and means for urging
      said tamping arm means and tamping wheels downwardly to achieve said
      engagement.
NUM  6.
PAR  6. The invention claimed in claim 1, in which said planter means includes
      two rearwardly extending horizontally adjacent fingers with friction means
      to enable them resiliently to grip and hold a seedling placed between
      them, and in which said detection means includes pusher means mounted for
      reciprocation lengthwise of the fingers and capable of dislodging a
      seedling from between the fingers.
NUM  7.
PAR  7. A method of sequentially planting seedlings in the earth, comprising the
      steps:
PA1  alternatingly lowering a dibble into the earth and retracting it from the
      earth as the dibble moves forwardly in a line with respect to the earth,
      thereby to cut an intermittent furrow into the earth,
PA1  feeding seedlings sequentially to a location rearwardly of the dibble prior
      to each sequential entry of the latter into the earth, and holding the
      seedlings at said location until the dibble enters the earth,
PA1  detecting the presence in the earth of any obstacle which prevents the
      entry of the dibble into the earth to a pre-determined depth, and
PA1  releasing the respective seedling into the furrow only when no such
      obstacle is detected.
NUM  8.
PAR  8. The method claimed in claim 7, which further includes the final step of
      tamping the cut furrow in around each dislodged seedling.
NUM  9.
PAR  9. The method claimed in claim 7, in which the step of detecting is carried
      out by a movable member adapted to move down toward the ground along with
      the dibble and to contact the ground before the dibble cuts to said
      pre-determined depth, whereby the ground arrests the downward movement of
      said movable member while the dibble is penetrating into the earth and
      moving closer to the arrested member, and by registering whether the
      dibble and the movable member reach that propinquity corresponding to
      entry of the dibble to said pre-determined depth into the earth, whereby
      unless said propinquity is attained release of a seedling fails to occur.
NUM  10.
PAR  10. Planting apparatus, comprising:
PA1  a mobile frame adapted to travel forwardly over the ground,
PA1  a first arm swingably mounted to the frame and extending generally
      rearwardly from the mounting location,
PA1  dibble means carried by the first arm remote from said mounting location
      and adapted to cut into the ground when the first arm swings toward the
      ground during forward travel of the frame,
PA1  planter means carried by the first arm rearwardly of said dibble means and
      adapted to support a seedling for planting in the cut made by said dibble
      means,
PA1  dislodging means adapted selectively to dislodge a seedling from said
      planter means into said cut,
PA1  means for regularly swinging the first arm toward and away from the ground,
PA1  detection means for detecting when the dibble means has cut to a
      pre-determined depth into the ground and for activating said dislodging
      means whenever such pre-determined depth is reached, said detection means
      including a second swingably mounted arm extending rearwardly from its
      mounting location in general alignment with said first arm, said second
      arm being adapted to contact the ground as the first arm swings downward,
      whereby the first and second arms approach and achieve a particular mutual
      orientation whenever the dibble means has penetrated the ground to a
      pre-determined depth, and switch means between the two arms adapted to
      activate said dislodging means whenever the arms achieve said particular
      mutual orientation;
PA1  whereby said dislodging means fails to operate if the dibble means fails to
      achieve said pre-determined depth due to an obstacle.
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ABST
PAL  An automatic button feeder is provided which comprises an orientation
      station for receiving buttons in sequence, a sewing station at which a
      button is sewn and an injecting arm for moving the button from the
      orientation station to the sewing station. The arm includes alignment pins
      at the end thereof which are used in combination with orientation means
      which align the openings of the buttons with the alignment pins. The
      feeder also includes pneumatic means for moving the arm which draws the
      arm under the orientation station. The button openings are aligned with
      the pins by the orientation means. The arm remains stationary after the
      button has been aligned until a button at the sewing station has been
      removed therefrom.
BSUM
PAR  This invention relates generally to automatic button feeders and more
      particularly to an automatic button feeder which is primarily designed for
      use with an automatic garment indexer, but which also has application with
      a sewing machine in which the garment is manually positioned.
PAR  Prior automatic button feeders have primarily been designed for use where
      garments are manually fed underneath the head of a sewing machine.
      Accordingly, when placed in the environment of an automatic indexing
      machine which automatically moves a garment to predetermined positions,
      the prior automatic button feeders have failed to be satisfactory.
PAR  The prior devices have typically used solenoid valves for movement of the
      buttons from a feeder system to the sewing station. This means that the
      tolerances of the devices must be extremely fine in order to enable the
      solenoid to operate the injecting portion of the prior feeding system.
PAR  The prior automatic button feeders have also suffered from the fact the
      orientation means for aligning the button holes with the sewing portion of
      an automatic button hole sewing machine have been extremely complicated,
      require extremely fine tolerances and more often than not scratch and
      sometimes break the buttons being used. That is, the orientation means
      have typically utilized metal pins which are lowered or urged into the
      openings of the button to rotate the button to a specific orientation. The
      pins, when lowered onto the button, are not always aligned with the
      openings of the button and thereby scratch and mar the top surface of the
      button which is normally supported by a hard non-resilient surface.
PAR  Still another problem with prior button feeders is the lack of an adequate
      sensing means to determine when a button has not been adequately secured
      to a garment in order to stop the operation of the garment indexing
      machine. Moreover, in these prior button feeders when the thread is broken
      the button feeder continues to feed buttons until the indexing operation
      of the machine is stopped thereby causing buttons to be ejected onto the
      floor and thereby lost. Also, the garments are ejected without all of the
      buttons sewn thereon. This is not only expensive but is also very wasteful
      and can considerably increase the costs of an automatic button sewing
      operation.
PAR  It is therefore an object of this invention to overcome the aforementioned
      disadvantages.
PAR  Another object of this invention is to provide a new and improved automatic
      button feeder which has relatively few parts and is moved simply through
      pneumatic means.
PAR  Still another object of the invention is to provide a new and improved
      automatic button feeder which provides positive delivery of buttons
      despite the irregularities in thickness and diameter thereof.
PAR  Still another object of the invention is to provide buttons at a sewing
      station which are positively aligned with the holes of the needle.
PAR  Still another object of the invention is to provide a new and improved
      garment fastener sensing means which enables the sensing of whether a
      garment fastener has been suitably affixed to a garment prior to removal
      of the garment from the sewing station.
PAR  Yet another object of the invention is to provide a new and improved
      automatic button feeder which includes orientation means which prevent
      scarring and scratching of a button oriented thereby.
PAR  Still another object of the invention is to provide a new and improved
      automatic button feeder which includes sensing means for automatically
      stopping the operation of the device when the thread of the sewing machine
      has broken or a button has failed to be sewn to the garment.
PAR  These and other objects of the invention are achieved by providing an
      automatic button feeder which comprises an orientation station for
      receiving buttons in sequence, a sewing station at which a button is sewn,
      an injecting arm for moving the buttons from the orientation station to
      the sewing station, alignment means and means for moving the arm. The arm
      includes at least one upwardly extending pin. The alignment means aligns
      the openings of the buttons with the pins and means for moving the arm is
      provided for moving the arm under the orientation station whereby the
      button openings are aligned with the pins by the alignment means. The
      means for moving is stationary until a button at the sewing station is
      removed from the sewing station.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of a preferred automatic button feeder
      embodying the invention for use with an automatic garment indexing
      machine;
PAR  FIG. 2 is a top plan view thereof;
PAR  FIG. 3 is an enlarged sectional view taken along the line 3--3 in FIG. 2;
PAR  FIG. 4 is an enlarged front elevational view of the automatic button
      feeder;
PAR  FIG. 5 is an enlarged top plan view of orientation and sewing stations of
      the automatic button feeder embodying the invention;
PAR  FIG. 6 is an enlarged section view taken along the line 6--6 in FIG. 5;
PAR  FIG. 7 is an enlarged sectional view taken along the line 7--7 in FIG. 2;
PAR  FIG. 8A is an enlarged exploded perspective view of a four hole button and
      the end of a injecting arm having a plurality of pins for aligning a four
      hole button;
PAR  FIG. 8B is an enlarged exploded perspective view of a two hole button and
      the end of the injecting arm having a pair of pins for aligning a two hole
      button;
PAR  FIG. 9 is a schematic block diagram of the fluid control system of the
      automatic button feeder embodying the invention;
PAR  FIG. 10 is a side elevational view of an alternate button feeder embodying
      the invention for use with a manual placement of garments with an
      automatic button hole sewing machine;
PAR  FIG. 11 is an enlarged top plan view of the alternate automatic button
      feeder embodying the invention;
PAR  FIG. 12 is an enlarged sectional view taken along the line 12--12 in FIG.
      11;
PAR  FIG. 13 is an enlarged front elevational view taken along the line 13--13
      in FIG. 10;
PAR  FIG. 14 is an enlarged top plan view of the sewing station of the alternate
      button feeder;
PAR  FIG. 15 is an enlarged fragmentary sectional view taken along the line
      15--15 in FIG. 14; and
PAR  FIG. 16 is a schematic block diagram of the fluid control system for the
      alternate button feeder.
DETD
PAR  Referring now in greater detail to the various figures of the drawings
      wherein like reference numerals refer to like parts, an automatic button
      feeder embodying the invention is shown generally at 20 in FIG. 1.
PAR  Referring to FIGS. 1 and 2, it can be seen that the automatic button feeder
      20 basically comprises a sewing station 22, an orientation station 24, an
      injection arm 26, an orientation cylinder 28, an injection cylinder 30, a
      thread sensing cylinder 32, a thread sensor 34 and a main clamp bracket
      36.
PAR  The various elements 22 through 34 are supported by the main clamp bracket
      36. The main clamp bracket 36 is pivotably secured to the sewing machine
      table 38 by a bracket 40 and a bracket 42 which are pivotally secured
      together by a pin 44 to form a hinge. Main clamp bracket 36 is suitably
      secured to the bridging portion of bracket 42 by a pair of threaded
      fasteners 45 which extend through slotted openings in bracket 36 and are
      threadedly secured to bracket 42. The legs of bracket 42 each have an
      opening which are aligned with respect to each other and through which the
      pin 44 extends and is pivotally secured in an opening in bracket 40 which
      is suitably secured to the table 38 of the sewing machine.
PAR  An L-shaped bracket 46 is secured to the top surface of the main clamp
      bracket 36 via threaded fasteners 48. The bracket 46 includes a threaded
      opening through which a stem 52 having a threaded end is stationarily
      affixed by a nut 52 which is threadedly secured thereto.
PAR  The sewing machine head 54 includes a clamp hook 56 which depends from the
      sewing machine head and is L-shaped and hooks about the stem 50. The clamp
      hook 56 is movable vertically and supports one end of the automatic button
      feeding assembly with the rear end of the automatic button feeder
      pivotable about an supported by pin 44.
PAR  It should be understood that the sewing machine 54 is an automatic button
      sewing machine which includes a spring clamp (not shown) which is
      connected to the main clamp bracket 36 at opening 57 and biases the main
      clamp bracket 36 downwardly so that a button held in the sewing station 22
      is pressed against the top of a garment when the button is sewn thereto.
      After a button sewing operation has been completed, the sewing machine
      clamp 56 is lifted and thereby causes the entire assembly to be moved off
      of the garment so that the garment can be pulled out of the sewing machine
      or, as in the instant case wherein a garment indexing system is used, the
      button can then be moved by the indexing apparatus. A typical sewing
      machine including these features is a Singer 114-37 and an indexing
      mechanism for moving a garment that is preferred in this system is the
      TEXTOMATIC indexer made by Textol Systems, Inc.
PAR  The orientation station 24 is located adjacent a track 58 which is in turn
      connected to a vibrating button feeder. A preferred vibrating button
      feeder is made by Syntron and the feeder utilizes a spiral bowl which is
      constantly vibrated to cause a sequence of buttons to be fed to the track
      58. The buttons that are upside down are automatically caused to drop to
      the bottom of the spiral bowl prior to being inserted into the track 58
      and provided to the automatic button feeder. Such a vibrating device is
      well known and forms no part of the instant invention.
PAR  A typical vibrating button feeder which may also be used is shown in the
      patent to W. B. Hopkins U.S. Pat. No. 3,494,311 issued on Feb. 10, 1970.
PAR  Basically, buttons are provided via track 58 to the orientation station 24.
      The injection arm 26 moves a button from the orientation station 24 to the
      sewing station 22 when it is moved by the injection cylinder 30. When the
      arm 24 returns to the orientation station 24, cylinder 28 causes the
      rotation of the button until it is aligned with pins provided in the arm
      26 so that the button will be in the proper orientation when it is
      provided to the sewing station 22.
PAR  The sewing station and orientation station 24 are best seen in FIGS. 4 and
      5. The sewing station 22 and orientation station 24 are provided on a
      mounting plate 60. Mounting plate 60 includes an elongated slot 62 which
      extends from the leftmost end as seen in FIG. 4 to a point adjacent the
      rightmost end of the plate 60. Slot 62 is widest at the leftmost end
      thereof and is narrow through the remaining portion thereof. A pair of
      cover plates 64 and 66 are secured to the mounting plate 60 but spaced
      therefrom by a pair of spacer plates 68 and 70, as best seen in FIG. 3. It
      should be noted that the spacer plates 68 and 70 are also spaced laterally
      from each other and thereby form a track 72 within which a button 74 is
      guided to the sewing station.
PAR  As best seen in FIG. 5, the track 72 is flared at 73 to a maximum width at
      75 to receive wire track 58, which is in turn connected to the vibratory
      feeder. The wire track 58 is held by a press fit within the widened
      portion 75 of track 72.
PAR  As best seen in FIG. 5, the cover plate 66 includes a semi-circular notch
      76 which is disposed at the sewing station 22. Mounted adjacent the cover
      plate 64 is a button clamp 78 which comprises a pivotable plate 80 which
      is pivotably secured about post 82 and, as seen in FIG. 6, has secured
      thereto a button holding block 84. The button holding block 84 is secured
      to the pivotable plate 80 by a pair of threaded fasteners 86 which extend
      through a strap washer 88 provided on the top surface of plate 80. The
      button holding block 84 includes a V-shaped notch 90 in which the button
      is ultimately secured when placed in the sewing station. The V-shaped
      notch 90 is provided below a semi-circular notch 92 in the plate 80 which
      provides with notch 76 an opening through which the needle 94 of the
      sewing machine passes in order to sew a button to a garment. The plate 80
      also includes a pair of elongated slots 96 through which the threaded
      fasteners pass for securing the block 84 to plate 80.
PAR  As best seen in FIG. 4, post 82 depends from the main clamp bracket 86 and
      is secured thereto by a threaded fastener 98. A sleeve 100 is provided at
      the top of post 82 and includes a knurled annular flange 102 which is
      provided to enable adjustment of the tension of a spring 104 which is
      mounted about the post between the sleeve 100 and the top of plate 80. The
      sleeve 100 tightly embraces the post 82 and is rotated with respect
      thereto to adjust the tension of spring 104. The spring 104 has a first
      end loop 106 secured in an opening in the flange 102 and the other end is
      looped about the plate 80 to urge the plate 80 towards cover plate 66. The
      button clamp 78 is thus pivotably secured about post 82 and is spring
      loaded to be urged towards the cover plate 66. The button holding block 84
      extends slightly into the button track 72, but is moved thereout when a
      button 74 is moved by the injection arm to the sewing station within the
      opening provided by notches 76 and 90. When the button is located directly
      below the opening provided by notches 76 and 90, the button holding block
      is urged against the button and maintains the button 74 between the spacer
      plate 70 and the V-shaped notch in the button holding block 84. As will
      hereinafter be seen, the tension of the spring 104 is adjusted to assure
      that the pressure holding the button between the button holding block 84
      and spacer plate 70 is great enough to enable the injection arm to be
      released from the button and then returned to the orientation station.
PAR  The orientation station 24 is defined by a circular opening in the cover
      plate 64 and 66 which are formed by a pair of semi-circular notches 108
      and 110 which are provided in cover plates 64 and 66, respectively.
PAR  The opening provided by semi-circular notches 108 and 110 are provided
      directly below an orientation device 112. The orientation device 112
      includes a circular pad 114, a pad holder 115, a pinion 116, a threaded
      sleeve 118 and a rotatable shaft 120. The orientation device is pivotably
      secured to the main clamp bracket 36 by the threaded sleeve 118 which has
      a nut 119 threadedly engaged to the outermost surface thereof. The shaft
      120 extends through the sleeve 118 and is rotatable therein but is fixedly
      secured by a knurled portion 122 which is press fit within the pinion 116
      and the pad holder 115. The pad 114 is preferably comprised of a resilient
      compressible material such as rubber or a soft thermoplastic and is
      preferably adhesively secured within pad 115. The shaft 120 includes an
      annular groove 124 adjacent its uppermost end in which a split spring 126
      is provided to prevent the shaft 120 from slipping downwardly in the
      sleeve 118.
PAR  The orientation device 112 is rotatable about shaft 120 thereby causing the
      pad 114 to rotate the button 74 disposed therebeneath. The orientation
      device is linked via a gear 128, post 130 and link 132 to the piston rod
      134 of the orientation cylinder 28.
PAR  As best seen in FIG. 2, the piston rod 134 has a connector 136 at the end
      thereof which, as best seen in FIG. 3, has an opening for receiving a
      collar 138 having an arcuate convex outer surface. The collar 138 is
      rotatable within the complementary concave opening in connector 136 and is
      provided about the shank of a threaded connector 140. The threaded
      connector 140 extends through an opening in link 132 and is secured
      thereto by a nut 142. Thus, there is provided a pivotable linkage between
      the connector 136 and link 132. Link 132 includes a split end with an
      opening passing transversely therethrough for the receipt of a threaded
      fastener 144 to enable tightening of the opening through which post 130
      passes to secure post 130 to the link 132. The post 130 is press fit to
      the gear 128 at its knurled end 146. The teeth of gear 128 engage the
      teeth of pinion 116. The ratio of teeth of gear 128 to pinion 116 is 4:1.
      Thus, the 90.degree. rotation of gear 128 by the stroke of rod 134 causes
      a complete revolution of pinion 116 and pad 114 rotated thereby.
PAR  The post 130 extends through a threaded sleeve 148 which extends vertically
      through and is threadedly secured to bracket 36 and is tightened thereto
      via a nut 150. The threaded sleeve 148 includes an annular flange 152
      which acts to space the gear 128 from the bracket 36. The shaft 130 is
      thus rotatable within the sleeve 148 to rotate gear 128 which in turn
      rotates pinion 116 since the teeth of gear 128 and pinion 116 are
      enmeshed. Thus, referring to FIG. 2, when the rod 134 of cylinder 28 is
      drawn within or pushed outwardly of the cylinder 28 it causes rotation of
      the pad holder 115 via the linkage comprising the link 132, rod 130, gear
      128, pinion 116 and pad holder 115. As set forth above, the pad 114
      extends within the opening formed by notches 108 and 110 and bears upon
      the top surface of a button 74.
PAR  The button 74 is thus contacted on its uppermost and thus visible surface
      by a soft pad which is used for rotating the button.
PAR  As best seen in FIG. 3, the injection arm 26 is provided below the mounting
      plate 60.
PAR  The injection arm is best seen in FIGS. 8A and 8B wherein alternate ends
      are shown for use with either four hole or two hole buttons. That is, in
      FIG. 8A, an injection arm 26 includes a boss 152 which includes four pins
      156 which are positioned to enable the alignment of the button holes with
      the sewing needle when the button is disposed within the sewing station
      during a button sewing operation. A button 154 having openings 157 is
      provided above the boss 152 in FIG. 8A to a show the alignment of the
      button openings with the pin when the button is properly oriented by the
      pad 114. An alternate embodiment of the end of arm 26 is shown in FIG. 8B
      wherein a boss 158 is provided with a pair of pins 160 which are used for
      a two hole button 162. It should be understood, however, that an arm such
      as that shown in FIG. 8B may be used not only for two hole buttons, but
      also for four hole buttons. However, the boss 158 must be aligned
      differently for two and four hole buttons. A bead is provided on the
      bottom surface of the boss which interfits with one of a pair of recesses
      in the top surface of arm 26. Each recess aligns the pins for either two
      or four hole buttons.
PAR  The injection arm 26 shown in FIG. 3 is preferably of the type shown in
      FIG. 8B having a pair of pins 160 which are secured to boss 158 which is
      in turn secured to the arm 26 via threaded fastener 159. The boss 158
      extends up through the slot 62 provided in the mounting plate 60 and the
      pins connected thereto abut the bottom of button 74. When the button 74 is
      rotated by the pad 114, the button holes are aligned with the pins 160
      whereupon the button drops to the top surface of boss 158 and thereby
      prevents any further spinning of the button 74. As will hereinafter be
      seen, the injection arm 26 is urged upwardly at the orientation station 24
      so that the pins 160 bear against the bottom surface of the button 74 so
      that the pins are injected into the openings as soon as there is alignment
      between the openings and the pins.
PAR  The orientation station further includes a spring loaded stopping means
      161. The stop means is provided in track 72 which receives a sequence of
      buttons from wire track 58. The stop means comprises a stop plate 163
      having an L-shaped tab 164 and a spring 166. The spring 166 is secured at
      one end to a threaded fastener 168 which is secured to the L-shaped tab
      164 of stop plate 163. The other end of spring 166 is connected to a
      threaded fastener 170 which is secured in turn to the lateral edge of
      spacer plate 68. The stop plate 163 further includes a laterally extending
      finger 172, the end of which extends into the track 72 for the buttons 74.
PAR  The stop plate 163 is pivotably secured about the shaft of a threaded
      fastener 174 which is threadedly secured in the cover plate 64 and the
      mounting plate 60. Fastener 174 with fastener 175 act to secure the cover
      plates 64 and 66 to the mounting plage 60. The stop plate is spring loaded
      by spring 166 to cause the finger 172 to extend in the track 72 to stop
      the buttons fed via the track 58 from the vibrating feeder. When the
      injection arm draws the button 74 to the sewing station, the finger 172 is
      urged out of the way and snaps back to prevent the next button from
      following until it is moved by the injection arm during the next button
      feed.
PAR  As best seen in FIGS. 5 and 6, the mounting plate 60 includes a cylindrical
      recess 176 in the lowermost surface thereof. As seen in FIG. 4, the sewing
      machine table 38 has mounted directly below the needle of the sewing
      machine head a sewing plate having a frusto-conical projection 180 which
      fits within the cylindrical recess 176 in the lowermost surface of the
      mounting plate 60 of the automatic button feeder 20. The garment that is
      used by the machine operator is placed between the sewing plate 178 and
      the bottom of the mounting plate 60. The entire automatic button feeding
      assembly 20 is then lowered so that recess 176 is pressed over the
      projection 180 and the button is then sewn to the garment. When the button
      is completely sewn to the garment the entire assembly 20 is lifted up by
      the clamp lifting hook 56 of the sewing machine.
PAR  The injection arm 26 is best seen in FIG. 3. Basically the injection arm
      comprises an L-shaped member having a flat horizontally disposed leg 182
      and a thicker upstanding integral leg 184. As set forth above, a boss
      having a pair of pins 160 is connected at the other end of leg 182. Leg
      184 of the injection arm 26 is connected via a threaded fastener 186 to an
      arm bracket 188 which is in turn secured to a pivot holder 190. The arm
      bracket 188 is pivotably secured to the pivot holder 190 about a
      horizontally disposed pin 192. The arm bracket 188 includes a vertically
      extending cylindrical recess 194 in its lowermost surface in which a
      spring 196 is mounted. The spring is maintained in place via a
      horizontally disposed plate 198 which is secured by a threaded fastener
      200 to the bottom of the pivot holder 190. As best seen in FIG. 3, the
      pivot holder 190 includes a vertically disposed slot 202 in which the arm
      bracket 188 is pivotably mounted.
PAR  A lift pin 204 is provided which has a reduced portion 206 which fits
      within a vertically extending opening provided therefor in the arm bracket
      188. The reduced portion 206 of the lift pin 204 includes a recess 208
      within which the end of fastener 186 is inserted to prevent removal of the
      lift pin 204.
PAR  The pivot holder 190 is generally cylindrical and includes a reduced
      cylindrical portion 210 which extends through opening 212 of the main
      clamp bracket 36. Integral with and projecting upwardly from reduced
      portion 210 is a still further reduced portion 214. Reduced portion 214
      extends through an opening 216 in a lift disc 218. The reduced portion 214
      further includes a threaded portion 220 which has threadedly secured
      thereto a nut 222. Provided between nut 222 and lift disc 218 is an
      annular spring washer 224 which is telescoped over portion 214 of the
      pivot holder 190.
PAR  As best seen in FIG. 2, the pin 204 extends up through an arcuate slot 226
      in bracket 36. Slot 226 is concentric with the opening 216 through which
      portion 210 of the pivot holder extends. It should be understood that the
      pivot holder 190 rotates within opening 212 of bracket 36. The extent of
      movement of the pivot holder 190 about its vertical axis is limited by the
      length of slot 226.
PAR  That is, as shown in FIG. 2, the pin 204 is abutting end wall 228 of slot
      226. In this position, the pivot holder 190 is at a first limit with the
      arm 26 extending directly below the orientation station 24. When the pivot
      holder 190 is rotated to the position that pin 204 abuts end wall 230 of
      slot 226, arm 26 is moved to a position directly below the sewing station
      22.
PAR  As best seen in FIG. 2, the lift disc 218 is generally circular with a
      portion of its periphery removed to form a shoulder 232. The lift disc 218
      also extends laterally at 234. The lateral extension 234 of lift disc 218
      is pivotally secured to the connector 236 of a rod 238 of the injection
      cylinder via a threaded fastener 240 which has a collar 242 similar to
      collar 138 which is rotatably mounted in connector 236 and which is
      telescoped over the shank of fastener 240.
PAR  Flange 244 is secured to rod 238 adjacent the connector 236. The flange 244
      is best seen in FIG. 2 and extends vertically upward and is aligned with
      and adapted to abut the stem 246 of a valve 248 which is mounted on
      injection cylinder 30. When the rod 238 of injection cylinder 30 moves
      inwardly or outwardly of the cylinder 30, it causes rotation of the lift
      disc 218.
PAR  When the rod 238 is moved inwardly of cylinder 30 it causes disc 218 to
      rotate clock-wise around its vertical axis, as seen in FIG. 2, which
      thereby causes shoulder 232 to abut pin 204 and thereby rotate pivot
      holder 190 until the injection arm 26 is moved directly below the sewing
      station of the automatic button feeder.
PAR  The arm 26 stops at the sewing station when pin 204 abuts wall 230 of slot
      226. As best seen in FIG. 7, shoulder 232 of the lift disc 218 includes a
      chamfered portion 250 which extends up to the hemispherical top surface
      252 of the pin 204. Thus, when pin 204 abuts the end wall 230 of slot 226,
      the lift disc 218 rides over the top surface 252 of the lift pin 204
      thereby forcing downwardly the pin 204 and thereby causing the arm bracket
      188 to be pivoted about the pin 192 and thereby lowering the arm 26.
PAR  Arm 26 has a button engaged on pins 160 when it is disposed in the
      orientation station. When the button is moved to the sewing station, the
      button is clamped in place by the button clamp. At the sewing station the
      arm 22 is then removed from the button when it is lowered by the action of
      the lift disc passing over the pin 204. At the end of the movement of the
      rod 238 within the injection cylinder 30, the flange 244 abuts the stem
      246 of valve 248 which, as will hereinafter be seen, causes the rod 238 to
      be ejected from the cylinder and thereby cause a counter clock-wise
      rotation of the lift disc 218 about its vertical axis.
PAR  As seen in FIG. 7, the lowermost surface of the lift disc 218 includes a
      recess 254 which is aligned with the pin 204. After the lift disc 218
      rides over pin 204 the top surface 252 of pin 204 lodges in recess 254.
      When the lift disc 218 is roatated counter clock-wise as seen in FIG. 2,
      the pin 204 moves with the disc 218 and thereby rotates the pivot holder
      190 counter clock-wise about its vertical axis and thereby causes the
      injection arm 26 to be moved back to the orientation station. As soon as
      the orientation station is reached, the pin 204 abuts the end wall 228 of
      the slot 226 and thereby causes the pivot holder 190 to stop rotating.
PAR  The lift disc 218, however, continues to rotate counter clock-wise and
      thereby slips off the top surface of pin 206. The pin 204 is caused to
      rise in view of the fact that the spring 196 biases upwardly the bracket
      188 about pin 192. This also causes the arm 26 which is connected to
      bracket 188 to rise and thereby causes the pins 160 to abut the lowermost
      surface of the next button. At the same time, the pad 114 is started
      rotating by the orientation cylinder which causes the button holes to be
      aligned with pins 160 and thereby enables the arm to be moved to its
      uppermost extent engaging the button.
PAR  As best seen in FIGS. 1 and 2, the injection cylinder 30 is supported by an
      L-shaped bracket 256 which is pivotably secured to a U-shaped bracket 258.
      U-shaped bracket 258 is secured to a cross bar 259 via a threaded fastener
      260 which also extends through a leg of an L-shaped bracket 262 which
      supports orientation cylinder 28. The other leg of L-shaped bracket 262 is
      connected to the cylinder 28 via a suitable fastener 264.
PAR  Cross bar 259 is supported by and secured to the main clamp bracket by a
      pair of threaded fasteners 265. The fasteners extend through openings in
      the bracket and the bar to secure them together.
PAR  The leg of L-shaped bracket 256 is connected between the leg of a second
      L-shaped bracket 266 and cylinder 30 by fastener 268 to the injection
      cylinder 30. The other leg of L-shaped bracket 266 is connected to another
      L-shaped bracket 270 via a threaded fastener 272. Leg 274 of bracket 270
      includes a pair of U-shaped slots through which a pair of elongated
      threaded rods 278 extend.
PAR  As best seen in FIG. 2, the rods 278 are connected to a flange 280 of valve
      282. Valve 282 is connected via manifold 284 to thread sensing cylinder
      32. Thread sensing cylinder 32 includes a rod 286 which includes a flat
      end 288 having an opening therein for receipt of the reduced portion 290
      of a linking rod 292. The reduced portion 290 of the rod 292 includes an
      annular recess in which a split spring 294 is provided to prevent removal
      of the rod 286 from the top of rod 292.
PAR  As best seen in FIG. 4, the linking rod 292 is connected to a lever 296 of
      the thread sensor 34. Lever 296 has an opening at the center thereof and
      it is rotatably mounted about a shaft 298 which extends vertically between
      the main clamp bracket 36 and the support plate 60. A pair of spacing
      collars 300 are provided about the lever 296 to space it appropriately
      from the clamp bracket 36 and the supporting plate 60. The shaft 298
      extending through lever 296 is secured at each end by fasteners 302 and
      304, respectively. The lever member 296 is fixedly connected via a linking
      rod 306 to a finger 308. The rod 306 is secured to lever 296 by a fastener
      310 and to the finger 308 by fastener 312.
PAR  When lever 296 is rotated counter clock-wise as shown in FIG. 2, the finger
      308 is passed between the mounting plate 60 and the pivotable plate 80. If
      a button has been sewn to the garment, the finger 308 abuts the threads
      and thereby prevents further counter clock-wise movement of lever 296. If
      thread is not abutted, which indicates that either the thread has been
      broken or another malfunction of the machine has prevented securement of
      the button to the garment, the finger 308 continues to move past the
      position of the button.
PAR  When a button has been properly sewn, it is sensed by a stem 314 of valve
      282. That is, mounted on a leg of L-shaped bracket 274 is a screw 316
      which extends through the leg 274 in alignment with the sensor 34. When it
      is determined whether a button has been sewn properly, a pulse of air is
      provided via manifold 284 to the cylinder 32 which causes the emission of
      the rod 286 thereof. The emission of rod 286 causes the rotation of lever
      296 and thereby the movement of finger 308 beneath the button at the
      sewing station.
PAR  If no thread is provided between the button and the garment, the finger 308
      continues to move and pass by and the rod 286 of the cylinder 32 continues
      to its outermost extent. When a button is properly sewn to a garment, the
      finger 308 abuts the thread between the button and the garment which
      causes the lever 296 to stop rotating which in turn causes the cylinder 32
      to back up as the air pressure builds up within the cylinder and thus
      causes the cylinder to move off rod 286 and causes flange 280 to approach
      bracket 274 and thereby causes the stem 314 of valve 282 to abut the screw
      316. As will hereinafter be seen, the depression of stem 314 within valve
      282 causes the detection of a properly sewn button which enables the next
      button to be moved from the orientation station to the sewing station of
      the automatic button feeder.
PAR  As seen in FIG. 2, the angle between the axis of rod 286 and the
      longitudinal axis of lever 296 is substantially greater than 90.degree..
      Thus, there is a large mechanical advantage as the finger 308 abuts the
      thread between the garment and the button to enable the backing off of
      hydraulic cylinder 32. The resistance to rotation of the lever is, of
      course, very small when no thread is abutted by the finger 308 and
      therefor the cylinder is not moved rearwardly unless a button is properly
      sewn.
PAR  It should be noted that the sensor 34 has general application to forms of
      garment fasteners other than buttons such as snap fasteners. The sensor 34
      can thus be used to determine whether snaps have been affixed to garments
      where a garment indexer is utilized to automate affixing of a plurality of
      snaps to a garment.
PAR  The control system for the automatic button feeder is shown in schematic
      block diagram form in FIG. 9. The control system is comprised of a fluid
      logic system which includes, in addition to orientation cylinder 28,
      injection cylinder 30, thread sensing cylinder 32, valve 248 and valve
      282, a four way double pilot valve 320, a bleeder valve 322, valve 324,
      air cylinder 330, a valve 324, a pulse valve 332 and a value 334. Valve
      334 is supported by an L-shaped bracket 336 which is mounted adjacent a
      bracket 338 which is controlled by a cam 340 which is responsive to the
      sewing machine cycle. The cam 340 is mounted adjacent a cam follower 342
      which is pivotably connected about pin 344. Bracket 348 is secured to the
      cam follower 342. Each time the cam follower 342 follows a depression in
      the periphery of cam 340, the bracket 338 depresses stem 346 of valve 334
      and thereby enables the passage of air through valve 334.
PAR  A supporting bracket 326 is provided which supports the valve 324 and
      cylinder 330. Valve 340 includes a stem 348 which is aligned with rod 350
      of cylinder 330. When the rod 350 is completely extended it depresses the
      stem 348 causing the flow of fluid through valve 324. A microswitch 328 is
      also secured to bracket 326. When rod 350 moves out of cylinder 330 it
      causes the arm 352 of microswitch 328 to be depressed and thereby closes a
      circuit which is provided to the garment indexing apparatus, which as will
      hereinafter be seen, enables the garment to be moved to its next position
      for sewing the buttons. The rod 350 of cylinder 330 is spring based to
      return to its inner position within cylinder 330 after pulse of air
      pressure to cylinder 330 is terminated.
PAR  The four way double pilot valve 320 has a pair of exit ports A and B and a
      pair of pilots C and D. In its normal operation the four way double pilot
      valve has air flowing into its inlet port (IN) from the air supply and out
      port B. As soon as air pressure is provided to pilot C, the flow of air
      goes from the inlet port of valve 320 out port A. In addition to the four
      way pilot valve, the air supply is connected to bleeder valve 322 which
      acts as a thread blower to blow the thread off the garment. The bleeder
      valve 322 is best seen in FIG. 4 wherein it is connected to a hollow stem
      360 which causes a steady stream of air to be blown at the thread to keep
      it off the garment.
PAR  The air supply is provided from the indexing apparatus. The pressure of the
      air supply is preferably 60 psi.
PAR  The air supply is thus connected via fluid lines to the inlet port of valve
      320, to bleeder valve 322, and also to the R valve 248, the G valve 334
      and valve 324. The output of valve 248 is connected via a fluid line to
      the input of the pilot D of valve 320. The valve 248 conducts fluid from
      the air supply to pilot D of valve 320 when the valve stem 246 thereof is
      depressed. Similarly, valve 324 conducts fluid therethrough when valve
      stem 348 is depressed and the output is connected to pilot C of four way
      valve 320. The input of cylinder 330 is connected to the output of the S
      valve 282. The output of valve 334 is connected to the pulse valve 332.
      The output of pulse valve 332 is connected to the manifold input of
      cylinder 32. Port A of the four way pilot valve 320 is connected to the A
      input of injection cylinder 30 and the A input of the orientation cylinder
      28. The B port of the four way pilot valve 320 is connected to the B port
      of the injection cylinder 30 and to the orientation cylinder 28 via flow
      regulator 354.
PAR  In operation, the flow of air through the four way pilot valve is normally
      out the B port and thereby causes the rods of injection cylinder 30 and
      orientation cylinder 28 to be at their outermost point. When the sewing
      cycle of an automatic sewing machine is completed, the cam follower 342
      falls into the depression in the surface of cam 340 and thereby causes the
      depression of stem 346 within valve 334. Valve 334 thereby conducts air
      pressure to pulse valve 332 which causes a pulse of air to be provided to
      the thread sensing cylinder 32.
PAR  When the thread sensing cylinder emits the rod 286 and a thread is sensed
      between a button and a garment, the stem of valve 282 is despressed as set
      forth above, causing the remaining pulse of air to be provided from the
      output of the S valve to the input of cylinder 330. When cylinder 330
      receives the air pulse, the rod 350 is urged towards stem 348 and
      depresses stem 348. As the rod 350 passes the microswitch 328, a closed
      circuit is provided to the indexing apparatus which causes the indexer to
      move the garment with the previous button attached thereto.
PAR  The depression of stem 348 causes the valve 324 to conduit air pressure to
      the pilot C of valve 320 thereby causing the A port thereof to conduct air
      to the A inputs of the injection cylinder and the orientation cylinder.
PAR  The rod of injection cylinder 30 is moved into the cylinder 30 by pressure
      at inlet Port A and causes the injection arm to move the next button into
      the sewing station 22 where it is clamped inplace below the sewing needle.
      The rod of the orientation cylinder is also moved inwardly by the air
      pressure at port A.
PAR  When the rod 238 completes its movement into cylinder 30, the flange 234
      abuts the stem 246 of valve 248, thereby causing conduction of the air
      supply via valve 248 to the pilot D of valve 320 and thereby shifts the
      flow of the air supply to port B again. The shifting of the air supply to
      port B causes the rods of injection cylinders 30 and 28 to be emitted from
      the cylinders.
PAR  The injection arm 26 is returned to the orientation station and is pressed
      up against the next button in the button track. The emission of the rod
      134 of the orientation cylinder 28 causes the rotation of pad 114
      thereabove, and thereby orients the button with respect to the pins
      provided on the injection arm. It should be noted that the flow regulator
      354 causes a delay of the movement of the rod in orientation cylinder 28
      with respect to the rod of injection cylinder 30. The movement of the
      injection arm to the orientation station is therefore completed before the
      rotation of the pad 114 is completed.
PAR  The automatic sewing apparatus then sews the button in the sewing station
      to the garment whereupon the completion of the sewing cycle causes the
      stem 346 of valve 334 to be again depressed and the logic sequence
      repeated. The indexing system is provided with a cut-off which prevents
      further movement of the indexer after a predetermined number of buttons
      are sewn to the garment.
PAR  An alternate embodiment of the automatic button feeder is shown in FIGS. 10
      through 16. The automatic button feeder is shown generally at 400 in FIGS.
      10 and 11 and it should be noted that a substantial portion of the
      elements comprising automatic button feeder 20 are utilized in automatic
      button feeder 400.
PAR  As seen in FIGS. 10 and 11 the automatic button feeder 400 includes a
      sewing station 22, an orientation station 24, an injection arm 26, an
      orientation cylinder 28, an injection cylinder 30 and a main clamp bracket
      36. The main clamp bracket 36 is similarly secured to the sewing machine
      table 38 via a pivotable connection comprised of bracket 40 and 42, as
      best seen in FIG. 10. Similarly, an L-shaped bracket 46 is provided for
      support of the other end of the automatic button feeder by the clamp hook
      56 which depends from sewing machine head 54.
PAR  It should be noted that a thread sensing cylinder is not required in the
      automatic button feeder 400. Rather, the automatic button feeder 400
      includes a thread sensing mechanism 402.
PAR  The thread sensing mechanism 402 is best seen in FIGS. 11 and 12 and
      basically comprises a thread sensing arm 404, which is L-shaped and
      includes an upwardly projecting leg 406 which extends vertically through
      an opening 408 in plate 198, a cylindrical vertically extending opening
      410 of the arm bracket 188 and the cylindrical bore 412 of the pivot
      holder 190. Leg 406 is secured at its uppermost end in the opening of a
      link bar 414. The link bar 414 includes a split end having a threaded
      fastener 416 extending transversely therethrough for tightening the
      opening about leg 406 so that the rotation of leg 406 causes rotation of
      the link bar 414 about the vertical axis through leg 406.
PAR  The link bar 414 as best seen in FIG. 13 extends at an angle upwardly and
      has a horizontally disposed end 417 which is pivotally connected to a
      connecting bar 418 by fastener 420. It should be noted that the end of the
      connecting bar 418 includes a button 422 which is suitably secured to the
      connecting bar 418 and, as will hereinafter be seen, enables an operator
      to cause a button to be placed in the sewing station.
PAR  As best seen in FIG. 11, the end of the connecting bar 418 is connected to
      the stem 314 of valve 282 via a connecter 424 which is secured to the stem
      314 and includes a pivotable connection to the linking bar 418 by a pin
      426 which extends through a slot which causes a split end in the connecter
      424.
PAR  It should be noted that the valve 282 in the automatic button feeder 400 is
      mounted adjacent the valve 248 on the orientation cylinder 40. It will be
      remembered that the valve 282 is provided on the thread sensing cylinder
      in the automatic button feeder 20 of FIGS. 1 through 9. The valve 248 is
      mounted along with valve 282 on cylinder 30 by a suitable bracket 428
      which is best seen in FIG. 10. The stem of valve 248 is similarly abutted
      by flange 244 which is connected to the rod 238 of the injection cylinder
      30. The flange, however, is mounted at an angular disposition with respect
      to the location of the flange in the automatic button feeder 20 so that it
      is aligned with the stem 246 of valve which is mounted slightly spaced
      from its position on cylinder 30 in the automatic button feeder 20.
PAR  As best seen in FIGS. 13, 14 and 15, arm 404 is substantially flat at its
      end and extends below and adjacent the mounting plate 60 laterally
      adjacent to sewing station 22.
PAR  It should be remembered that the clamping bracket 78 acts to hold a button
      between the button holding block 84 and the spacer plate 70. The button is
      then directly beneath the opening provided by notches 66 and 92 in plates
      66 and 80, respectively. Thus, as seen in FIG. 15, the needle 94 extends
      through the opening to sew a button which is disposed between the cover
      plate 66 and the mounting plate 60 to a garment disposed beneath the
      mounting plate 60. When the button is sewn to the garment, the operator
      moves the garment with the button sewed thereto to the left as seen in
      FIG. 14 and thereby causes the arm 404 to be rotated in the direction of
      arrow 432. Because the arm 404 is closely disposed below the mounting
      plate 60, there is little likelihood that the button and garment are moved
      out of the slot 62 which is formed in the plate 60, without moving the arm
      404 in the direction of arrow 432. That is, the button rides on the top
      surface of the mounting plate 60 and thus the thread sewing the button to
      the garment abuts the arm 404 in order to remove the button and the
      garment from the sewing station 22.
PAR  Each time that the arm 404 is rotated in the direction of arrow 432 as
      shown in FIG. 14, the linking bar 414 is rotated clock-wise about leg 406
      as shown in FIG. 11 thereby causing the connecting bar 418 to depress stem
      314 of valve 282. As will hereinafter be seen, the depression of stem 314
      causes the injection arm 26 to be moved from the orientation station to
      the sewing station and provide the next button for the next sewing
      operation.
PAR  The control system is shown in FIG. 16 for the automatic button feeder 400.
      The control system of feeder 400 is also of the fluid logic type and
      includes a filter 434 which receives the air supply which is preferably at
      75 psi or higher. The output of filter 434 is applied to a regulator 436.
      The output of the regulator 436 is connected to a lubricator 438.
PAR  The air filter, the regulator and the lubricator are provided for the
      automatic button feeder 400 because it is not used in combination with an
      indexing system as is feeder 20. In the TEXTOMATIC indexer referred to
      above, the air pressure is provided by the indexer and is already
      purified, contains an oil mist and is at the proper pressure. The filter
      434 is provided to remove dirt and moisture from the air supply and
      therefore purify the air which enters the fluid logic system. The
      regulator 436 regulates the pressure of the air so that the air entering
      the system is provided at 60 psi. The lubricator 438 is provided in order
      to lubricate the entire system by providing an oil mist within the air.
PAR  The output of the lubricator 438 is connected to the input of the four way
      double pilot valve 320. The output of the lubricator is also connected to
      the bleeder valve 322 and to the R valve 248. In addition, the output of
      the lubricator is connected to the input of the S valve 282. The output of
      the bleeder valve 322 is utilized to separate the thread from the garment.
      The output of the R valve 248 is connected to pilot D of valve 320. The
      output of S valve 282 is connected to pilot C of valve 320.
PAR  Port A of valve 320 is connected to the A input of the injection cylinder
      and to the A input of the orientation cylinder 28. In addition, the A
      output of valve 320 is connected to the B input of a start cylinder 440.
PAR  The start cylinder 440 includes a rod 442 which is connected to a start
      button on the automatic sewing machine which starts the sewing operation
      each time the rod 442 is moved into the start cylinder port 40. Port B of
      the valve 320 is connected to the B input of the injection cylinder 30 and
      an input to valve 444 and to the B input of orientation cylinder 28 via a
      flow regulator 449. The valve 444 includes stem 446 and is mounted so that
      it is actuated by a foot pedal 448 which is shown in phantom in FIG. 16.
      The output of valve 444 is connected to the A input of the start cylinder
      440.
PAR  In operation, the four way double pilot valve 320 normally has the air
      flowing from the input to the B port output. The four way double pilot
      valve follows the injection cylinder 30 and thus the injection cylinder
      which controls the injection arm causes the pilot valve 320 to be in its
      position with the B port open whenever the injection arm is at the
      orientation station. The start valve 444 receives air only when the input
      to the four way double pilot valve 320 is exited via the port. B. Thus, if
      an operator intends to push the foot pedal 448 to cause a sewing of the
      button while the injection arm is not at the orientation station, no air
      is supplied to the valve 444. Therefore, no air pressure can be applied to
      the A input of the start cylinder 440 by the opening of valve 444. When
      the injection arm is beneath the orientation station, the sewing machine
      can be started by pressing the foot pedal 448 which causes the depression
      of the stem 446 to valve 444 and causes an opening of the flow of air
      through valve 444 and thereby causes the rod 442 to be moved within start
      cylinder 440.
PAR  After the sewing operation of the machine has been completed, the operator
      then moves the garment with the sewn button out of the sewing station and
      thereby causes the thread sensing arm 404 to be rotated which causes the
      depression of stem 314 of valve 282. When the valve stem 314 is depressed,
      valve 282 is opened, thereby causing pressure to be applied to pilot C of
      valve 320 and thereby causing the air to be rerouted to port A of valve
      320 and causing the injection cylinder 30 to move the rod 236 inwardly
      thereof.
PAR  The injection arm is moved to the sewing station and thereby deposits a
      button at the sewing station whereupon the injection arm is lowered out of
      the button after it reaches the sewing station. That is, as the rod 238,
      as seen in FIG. 11, is drawn into the injection cylinder 30, the lift disc
      218 is rotated clock-wise thereby causing pin 204 to be moved against wall
      230 of slot 226. When pin 204 reaches wall 230 the lift pin 204 is stopped
      insofar as its lateral traverse is concerned and thereby leaves the
      injection arm 26 directly at the sewing station 22.
PAR  As the rod 238 continues its movement into cylinder 30, the disc 218
      continues to rotate and thereby rides over the top surface of pin 204 and
      causes the pin 204 to be lowered and thereby causes the injection arm 26
      as seen in FIG. 12 to be lowered. Rod 442 of the start cylinder 440 was
      returned to its original position when the A port of valve 320 was opened.
      As soon as the flange 244 on the rod 238 reaches the stem 246 of valve 248
      and depresses the same, the R valve 248 is opened thereby causing air to
      be supplied to pilot D of valve 320.
PAR  The air flow is shifted to port B of valve 320 thereby providing air
      pressure to the B port of both the injection cylinder 30 and the
      orientation cylinder 28. The rod 238 is moved out of the injection
      cylinder and thereby causes a counter clock-wise rotation of lift disc 218
      as shown in FIG. 11. The counter clock-wise rotation of the lift disc 218
      causes the rotation of pin 204 which is lodged thereunder and causes the
      injection arm 26 to be returned to the position below the orientation
      station. As the lift disc 218 continues to rotate, the bottom surface of
      the lift disc 218 rises off of the pin 204 thereby allowing the injection
      arm 26 to rise as shown in FIG. 12 thereby causing the pins 160 to be
      urged against the bottom surface of button 162.
PAR  It should be noted that at the same time that the injection cylinder
      receives air at input B, the orientation cylinder 28 receives the air at
      input B via flow regulator 449 thereby causing the emitting of rod 134 of
      the orientation cylinder 28. The emitting of rod 134 causes the rotation
      of link 132 which causes the rotation of post 130 which in turn causes the
      rotation of gear 128. The 90.degree. rotation of gear 128 causes a
      complete rotation of the pinion 116 which rotates the pad 114 and thereby
      causes the button 162 to rotate as the pins 160 urge the button 162 to
      rotate as the pins 160 urge the button against the pad. As soon as the
      openings in the button 162 align with pins 160, the button drops on the
      pin and thereby prevents any further rotation of the button.
PAR  The injection cylinder 30 is thus in the rest position with the injection
      arm 26 located at the orientation station with the orientation cylinder
      also at its rest position. The pilot valve remains open to the B port and
      thereby enables the starting valve 444 to be opened to pass air to the
      start cylinder 440 upon the next depression of the foot pedal 448. As soon
      as the foot pedal 448 is pressed, thereby depressing the stem 446, the
      valve 444 starts the operation of the sewing machine which fastens the
      next button to the garment. When the garment is moved again by an operator
      and the sensing arm 404 is rotated about leg 406 thereof, the cycle is
      repeated.
PAR  The button 422 enables the operator to inject a button to the sewing
      station by pressing button 422. This causes stem 314 of S valve 282 to be
      depressed which also starts a logic sequence resulting in moving a button
      from the orientation station to the sewing station.
PAR  It should be noted that except as otherwise stated the button feeder 400
      includes parts like those of the button feeder 20. The removal of thread
      sensor 34 and substitution of sensor 402 in feeder 400 also requires a
      post 451 (FIG. 13) which extends between the main clamp bracket 36 and
      mounting plate 60.
PAR  It should be noted that both the automatic button feeder 20 and the
      automatic button feeder 400 have been shown for use in combination with a
      sewing machine of the automatic type wherein a spring is provided which
      causes the main clamp bracket to be moved downwardly so that the button is
      pressed against the top of a garment. After the sewing operation has been
      completed by the machine, the clamp lifting hook, which is also provided
      with the automatic sewing machine, causes the main clamp bracket to be
      lifted and thereby causes the entire assembly to be moved off the garment
      so that the garment can be moved out of the sewing machine or into the
      case of the automatic garment indexer, the garment can be moved by the
      indexing apparatus for the next sewing operation.
PAR  It is contemplated that a sewing machine which is not automatic can be
      adapted for use with the automatic button feeders 20 and 400 by the use of
      appropriate fluid logic and mechanical linkage for lifting the main clamp
      bracket 36 of the automatic button feeders at the end of the sewing cycle
      and lowering the main clamp bracket at the beginning of a sewing cycle.
PAR  The main clamp bracket 36 is dimensioned so that a single button size can
      be fed thereby, however, it should be noted that the automatic button
      feeder embodying the invention enables different sizes of buttons to be
      automatically fed to a sewing machine by a simple replacement of the main
      clamp bracket. That is, in automatic button feeder 20, the entire main
      clamp bracket 36 and the assemblies attached thereto are removable from
      the pneumatic control system by merely removing fasteners 45 from the
      hinge formed of brackets 42 and 40, fastener 138 and fastener 240 and
      split spring 294. The fasteners 138 and 240 when removed disconnect the
      connectors of cylinders 28 and 30 from the orientation means and the
      injections means, respectively. Removal of rod 286 from linking rod 292 is
      enabled by the removal of the split spring 294.
PAR  When each of these fasteners is removed, the main clamp bracket is removed
      and a main clamp bracket of similar construction, but being suitably
      dimensioned for a different size button is replaced therefor. This enables
      an entire assembly to be connected to the pneumatic control and movement
      system by replacement of the aforesaid fasteners. The necessity of making
      adjustments to the track size and the clamping means of the new clamp
      bracket assembly until the system operates correctly with the new size
      button is eliminated. The simple disconnection of one clamp bracket and
      the connection of another is all that is necessary to accomplish this
      result.
PAR  With the respect to automatic button feeder 400, it is necessary only that
      fasteners 45 to the hinge be removed along with the fasteners 138 and 240
      for the connectors of cylinders 28 and 20 and the threaded fastener (not
      seen) for securing connectors 424 to stem 314 of valve 282. By removing
      these fasteners, the entire assembly connected to the clamp bracket 36 is
      removed and a similar assembly which is different only in the dimension of
      the clamp bracket is replaced therefor with the same results as in the
      automatic button feeder 20.
PAR  In both automatic button feeder 20 and 400, the securement of the new clamp
      bracket 36 with the orientation station of the new clamp bracket 36 with
      the orientation station and securing station provided therein prevents
      undue wear on any one part and thereby prolongs the life of each clamp
      bracket and the assembly secured thereto.
PAR  It can therefore be seen that the clamp bracket 36 and the assembly secured
      thereto are removable from the control portion of the automatic feeder 20
      and 400. That is, the clamp bracket is removable from the pneumatic
      cylinders 28, 30 and 32 in feeder 20 and from the pneumatic cylinder 28,
      pneumatic cylinder 30 and the stem of valve 282 in automatic button feeder
      400.
PAR  It can therefore be seen that a new and improved automatic button feeder
      embodying the invention has been provided. It should be recognized that
      various features have general application, such as the automatic thread
      sensor which can be used for sensing the affixing or placement of other
      garment fasteners such as snaps which can also be placed automatically or
      garments by an indexing machine. In addition, the injecting mechanism can
      also be utilized for feeding fasteners other than buttons where alignment
      of the fastener is required.
PAR  The automatic button feeder embodying the invention provides positive
      delivery of buttons despite the irregularities of buttons as to their
      thickness and diameter. The means for alignment of the buttons with
      respect to the sewing machine prevents scratching of the buttons by use of
      a cushion contact with the uppermost surface for orienting the button with
      respect to an injection arm which delivers the button with respect to an
      injection arm which delivers the button to the sewing station in the
      proper orientation.
PAR  The automatic button feeder also utilizes efficiency of pneumatic
      components which are compatible with fluid logic control of the system.
PAR  It should be noted that the automatic button feeder 20 prevents
      considerable waste when using an automatic indexing operation for the
      sewing of buttons to a garment. That is, the sensing means utilized
      therein prevents the indexer from moving a garment unless a button has
      been sewn properly to a garment. In prior systems, where a thread has
      broken and the button has not been sewn properly to the garment, the
      garment is continuously moved along with the buttons moved out of the
      sewing station and falling off the garment.
PAR  Not only does the garment have to be repaired by the replacement of buttons
      through a non-automatic operation, but also, the buttons are lost
      requiring a replacement thereof. In the instant system the automatic
      indexing is immediately stopped by the failure of the thread sensor to
      contact thread between the button and the garment after the sewing cycle
      for a button has been completed.
PAR  In the automatic button feeder 400, where the garment is moved by an
      operator after each button has been sewn, if the thread in the sewing
      machine has broken, the button cannot be removed from the button clamp at
      the sewing station until it has been sewn to a garment. Thus, buttons are
      not lost as the garment is removed from the sewing station since the
      button is tightly held in the clamp until it has been secured to a
      garment. Moreover, the button cannot be moved out by the insertion of the
      next button into the sewing station because of the fact that the sensor
      finger has not been activated and it therefore prevents the injection of
      the next button.
PAR  Without further elaboration, the foregoing will so fully illustrate my
      invention that others may, be applying current or future knowledge,
      readily adapt the same for use under various conditions of service.
CLMS
STM  What is claimed as the invention is:
NUM  1.
PAR  1. An automatic button feeder comprising a first station for receiving
      buttons in sequence and including orientation means, a second station at
      which a button is sewn and an injection member for moving the button from
      said orientation station to the sewing station, said injection member
      including alignment pins which are used in combination with orientation
      means which align the openings of the buttons with the alignment pins,
      said feeder also including means for moving the injection member which
      draws the pins of the member under said first station, the openings of
      said button are aligned with the pins by said orientation means, said
      member remains stationary after the button has been aligned until a button
      at said second station has been removed therefrom.
NUM  2.
PAR  2. The automatic button feeder of claim 1 wherein said second station
      includes clamp means for holding said button until said button is secured
      to said garment and said garment is removed from said station.
NUM  3.
PAR  3. The automatic button feeder of claim 1 wherein a button at said first
      station is moved to said second station by the pins of said injection
      member in said openings in said button, said injection member having its
      lateral movement stopped at said second station whereupon said injection
      member is lowered so that said pins are removed from said button.
NUM  4.
PAR  4. The automatic button feeder of claim 3 wherein said injection member is
      moved from said second station to said first station in said lowered
      position and the movement of said member is terminated with said member
      directly below said first station, said member spring urged upwardly
      against a button at said first station which was provided thereat while
      said previous button was moved to said second station.
NUM  5.
PAR  5. The automatic button feeder of claim 4 wherein said orientation means
      includes a rotatable cushion, said rotatable cushion causing said button
      to rotate until said openings of said button are aligned with said pins of
      said injection member so that said button is properly oriented for
      placement in said second station for automatic sewing of said button to
      said garment.
NUM  6.
PAR  6. The automatic button feeder of claim 1 wherein said injection member
      comprises an elongated arm which is rotatable about one end thereof and
      having said pins located at the other end thereof.
NUM  7.
PAR  7. The automatic button feeder of claim 1 wherein said means for moving
      said injection means comprises an hydraulic cylinder.
NUM  8.
PAR  8. The automatic button feeder of claim 7 wherein the rod of said hydraulic
      cylinder is connected to a rotatable disc and said arm is pivoted by said
      disc.
NUM  9.
PAR  9. The automatic button feeder of claim 8 wherein said arm is pivotably
      supported by a holder about a horizontal axis, said holder including means
      for spring urging said arm upwardly and further including a pin which
      extends through an arcuate slot in a fixed bracket, the ends of said slot
      fixing the limits of lateral travel of said pin for controlling the extent
      of movement of said arm.
NUM  10.
PAR  10. The automatic button feeder of claim 9 wherein said disc includes a
      shoulder for engaging said pin for moving said arm from said first station
      to said second station, said disc overriding said pin when said pin abuts
      the end of said slot thereby lowering said pin and thereby causing said
      arm to be lowered by pivoting about said horizontally disposed axis.
NUM  11.
PAR  11. The automatic button feeder of claim 10 wherein said disc includes a
      detent in its lowermost surface for engaging said pin after it rides over
      said pin, said disc being rotated by said hydraulic member in the opposite
      direction for returning said arm to said first station by drawing said pin
      as said disc rotates in the opposite direction, said disc riding off the
      end of said pin when said pin abuts the other end of said slot, thereby
      allowing the pin and the arm connected thereto to rise and thereby be
      spring urged against said button at said first station.
NUM  12.
PAR  12. The automatic button feeder of claim 5 wherein said cushion is rotated
      by a second hydraulic cylinder, the rod of which is connected to a
      rotatable member connected to said cushion.
NUM  13.
PAR  13. The automatic button feeder of claim 1 and further including sensing
      means adjacent said second station for determining whether said button has
      been sewn to said garment, said sensing means including an elongated
      finger and means for moving said finger, said finger being disposed
      immediately below said button and said means for moving causing said
      finger to be directed beneath said button after a sewing cycle has been
      completed and means responsive to said finger for indicating whether said
      button has been sewn if the movement of said finger below said button is
      interrupted by the thread securing said button to said garment.
NUM  14.
PAR  14. The automatic button feeder of claim 1 and further including sensing
      means adjacent said second station for determining whether said button has
      been sewn to said garment, said sensing means including an elongated
      finger, said second station being disposed at the end of a track within
      which a button travels from said first station to said second station,
      said finger preventing the removal of said button from said track without
      abutting said finger when said button is sewn to said garment, and means
      responsive to movement of said finger for causing said injection member to
      move a button from said first station to said second station.
NUM  15.
PAR  15. For use with an automatic garment indexer, means for affixing a garment
      fastener to a garment, sensing means adjacent the location that said
      garment fastener is affixed to said garment for determining whether said
      garment fastener has been affixed to said garment, said sensing means
      including an elongated finger and means for moving said finger, said
      finger being disposed immediately below said fastener and said means for
      moving causing said finger to be directed beneath said fastener after said
      means for affixing has completed an affixation cycle, and means responsive
      to said finger for indicating that said garment fastener has been affixed
      if the movement of said finger is interrupted by the securement of said
      garment fastener to said garment.
NUM  16.
PAR  16. The sensing means of claim 15 wherein said means for moving comprises
      an hydraulic cylinder.
NUM  17.
PAR  17. The sensing means of claim 16 wherein said finger is connected to the
      rod of said hydraulic cylinder so that movement of said rod causes
      movement of said elongated finger.
NUM  18.
PAR  18. The sensing means of claim 17 wherein said finger is secured to a lever
      which is pivotable centrally about a vertical axis, said lever being
      pivotally connected at one end to the rod of said cylinder and at its
      other end is fixedly secured to said finger.
NUM  19.
PAR  19. The sensing means of claim 18 wherein the rod of said cylinder is
      normally in its innermost position with respect to the cylinder and said
      rod is emitted when said finger is directed towards said garment fastener,
      the longitudinal axis of said rod with respect to the longitudinal axis of
      said lever being substantially greater than 90.degree..
NUM  20.
PAR  20. The sensing means of claim 19 wherein said cylinder is mounted so that
      it is movable along its longitudinal axis and includes a switching means
      at the end thereof opposite that of the rod, said switching means
      including a pressure responsive member which is abutted when said finger
      is interrupted by a secured garment fastener.
NUM  21.
PAR  21. The sensing means of claim 20 wherein said switching means comprises a
      valve and said pressure responsive member comprises a stem which opens
      said valve when depressed by abutment.
NUM  22.
PAR  22. The sensing means of claim 15 wherein said fastener is a button and
      said finger senses the thread which secures said button to a garment when
      said button is properly secured thereto.
NUM  23.
PAR  23. An automatic button feeder comprising a main bracket having a first
      station for receiving buttons in sequence and a sewing station at which a
      button is sewn and an injection member for moving the button from the
      first station to the said sewing station, said automatic button feeder
      further including control means for moving said injection member, said
      control means being removably secured to said bracket with said main
      bracket being removable as a single unit, said main bracket being
      dimensioned to receive a single size of buttons so that a different
      bracket of similar construction which is suitably dimensioned for a
      different size of buttons can be substituted for said first named main
      bracket by connecting the same to said control means after said first
      named main bracket is removed.
NUM  24.
PAR  24. The automatic button feeder of claim 23 wherein said control means
      includes a pneumatic cylinder for moving said injection member, said
      cylinder being secured to said injection member by a removable fastener.
NUM  25.
PAR  25. The automatic button feeder of claim 24 wherein said first station
      includes orientation means and said control means includes a pneumatic
      cylinder for moving said orientation means, said pneumatic cylinder being
      secured to said orientation means by a removable fastener.
NUM  26.
PAR  26. An automatic button feeder comprising a main bracket having a first
      station for receiving buttons in sequence and a sewing station at which a
      button is sewn and an injection member for moving the button from the
      first station to the said sewing station, said automatic button feeder
      further including control means for moving said injection member, said
      control means being removably secured to said bracket, said main bracket
      being dimensioned to receive a single size of buttons so that a different
      bracket of similar construction which is suitably dimensioned for a
      different size of buttons can be substituted for said first named main
      bracket by connecting the same to said control means after said first
      named main bracket is removed, said brackets each including a member for
      sensing the securement by a fastener to a garment and said control means
      includes means responsive to said sensing means, said means responsive
      being secured to said sensing means by a removable fastener.
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ABST
PAL  A method of making a double-walled tubular container by winding plastic
      sheet material into a sleeve on a cylindrical mandrel with a pair of
      opposed longitudinal edges of the plastic sheet overlapping. A container
      top having a skirt is inserted into the plastic sleeve and simultaneously
      the overlapping edges of the plastic sleeve are heat-sealed and the sleeve
      is heat-sealed to the skirt of the container top. A thin metal sheet is
      cut and wound over the sleeve and skirt and is heat-sealed thereto. An
      ejection outlet stopper is fitted to the container top and the tube is
      then removed from the mandrel.
BSUM
PAR  The present invention relates to a method of making a tubular container or
      simply a tube, having at least a double wall. The tubular container made
      according to the method of the present invention is formed by a relatively
      rigid plastic material top part or container cap having a skirt to which
      there are heat-sealed, without interposition of any element and by fusion
      of their proper materials or substances, a thin and flexible plastic
      material sheet sleeve, formed by heat-sealing and fusion of its overlapped
      longitudinal edge zones. The sleeve and said skirt of the top part are
      covered by a thin metal sheet or sheath, preferably aluminum, pure or
      alloyed, printed or in a natural condition, which by heat-sealing of its
      longitudinal edge zones there-between comprises, with its included parts,
      a tubular container or simply a tube having firm, although relatively
      malleable and collapsible walls. The container is capable of hermetically
      containing any type of substance, of any nature and density, especially
      paints and pasty, creamy or adhesive materials, which may suffer
      transformations or damage through contact with varnishes and any other
      tegument or substance foreign to the innocuous plastic material containing
      them.
DRWD
PAR  In order to make the object of the invention more understandable, a
      description thereof will be given hereinbelow, with reference to the three
      schematic figures of the drawings attached, which are to be taken as
      illustrative examples only, in which:
PAR  FIG. 1 is an elevational view of a container according to the invention;
PAR  FIG. 2 is a detailed view, in half section and half view, in an enlarged
      scale, of the top part of the container of FIG. 1; and
PAR  FIG. 3 is a section view taken along line A-A in FIG. 2.
DETD
PAR  As shown by the drawings, said tubular container or "tube" is obtained by
      processing a top part 1, of a thermoplastic substance, having a threaded
      portion 2, and a skirt 3 forming a chamber 4 which ends in an outlet
      passage 5, eventually closed or open. The skirt carries on its wall 6 a
      sleeve 7 heat-sealed thereto, made of a thin sheet plastic material and
      having its overlapping longitudinal edge portions 8 heat-sealed by fusion
      of said overlapping materials. The sleeve 7, and wall 9, of the skirt 3
      are heat-sealed to a sheath 10 made of a metal sheet, preferably aluminum,
      printed or in a natural condition and having its edge portions heat-sealed
      to form a permanent seam. All of these elements thus comprise a unified
      assembly so that the container will offer the requisite conditions of
      plasticity, collapsibility, resistance to breakage and eventual
      puncturing, and at the same time satisfy the requisite innocuity relative
      to the substances to be contained.
PAR  The above shown the construction of the tube-shaped container, which is
      obtained through the successive steps of the following process:
PAR  (a) On a cylindrical mandrel suitable to the purpose, the piece of sheet
      plastic material 7 is wound, overlapping its longitudinal edges 8, and in
      the corresponding thermic machine the top portion 1 is coupled to the
      wound plastic sheet 7, and at the same time simultaneously heat-sealing,
      by fusion of the overlapping materials, the seam of both edges 8, thus
      forming sleeve 7. (b) The thin metal sheet, printed or in a natural
      condition, preferably aluminum, pure or alloyed, of sheath 10 is cut to
      size; and (c) said sheet comprising sheath 10 is wound over sleeve 7,
      overlapping its longitudinal edges 11. (d) The sheath 10 is heat-sealed to
      the plastic sleeve and edges are heat-sealed 11; (e) the tube is cut to
      the corresponding size; (f) the top portion ejection outlet stopper is
      fitted; and (g) the tube is withdrawn from the mandrel. The tube-shaped
      container is ready for receiving subsequent filling with the substance to
      be packaged, and for final closing of the bottom end, in a manner already
      known. It is to be noted that all this is carried out in a continuous
      production machine, designed for the purpose.
PAR  As shown in FIG. 3 the seams 8 and 11 may be positioned so as not to
      overlap. Consequently, the stresses developed in the seams are at two
      different circumferential positions along the tube resulting in a strong
      structure able to withstand internal pressure.
PAR  It is quite evident that in practice the container made according to the
      method of invention may vary in forms, dimensions, thicknesses, top shape,
      stoppers, printing, etc., but all such variations shall not deviate from
      the fundamental principles of the invention as defined in the attached
      claims.
PAR  Having thus described and specified the nature and scope of the invention,
      and the way of carrying it into practice, we claim exclusive right and
      ownership to:
CLMS
NUM  1.
PAR  1.  A method of making a double-walled tubular container, comprising:
PA1  a. providing a container top having an outlet passage and a skirt portion
      extending longitudinally of the container top, a plastic sheet having a
      pair of opposed longitudinal edges, and a metallic sheet having a pair of
      opposed longitudinal edges;
PA1  b. winding said plastic sheet on a cylindrical mandrel to form a tubular
      plastic sleeve with said pair of opposed longitudinal edges of said
      plastic sleeve overlapping to define a longitudinally extending seam of
      the tubular plastic sleeve;
PA1  c. inserting said container top skirt within said tubular plastic sleeve;
PA1  d. heating said tubular plastic sleeve to simultaneously seal said tubular
      plastic sleeve to said container top skirt and seal the longitudinally
      extending seam of said tubular plastic sleeve;
PA1  e. winding said metallic sheet on said tubular plastic sleeve to form a
      tubular metallic sheath overlying said tubular plastic sleeve with said
      pair of opposed longitudinal edges of said metallic sheet overlapping to
      define a longitudinally extending seam of the tubular metallic sheath,
      said metallic sheath overlying a portion of said tubular plastic sleeve
      sealed to said container top skirt; and
PA1  f. heating said tubular metallic sheath to simultaneously seal said tubular
      metallic sheath to said tubular plastic sleeve and seal the longitudinally
      extending seam of said tubular metallic sheath.
NUM  2.
PAR  2. A method of making a double-walled tubular container, according to claim
      1, wherein said winding said metallic sheet on said tubular plastic sleeve
      comprises winding said metallic sheet so that the longitudinally extending
      seam of said tubular metallic sheath does not overlie the longitudinally
      extending seam of said tubular plastic sleeve.
NUM  3.
PAR  3. A method of making a double-walled tubular container, according to claim
      1, further comprising fitting an outlet passage stopper to said container
      top, and removing the tube from the mandrel.
PATN
WKU  039317773
SRC  5
APN  5575087
APT  1
ART  315
APD  19750312
TTL  Aqua sled
ISD  19760113
NCL  3
ECL  1
EXA  Sotelo; Jesus D.
EXP  Halvosa; George E. A.
NDR  1
NFG  2
INVT
NAM  Colgan; William B.
CTY  Shalimar
STA  FL
ASSG
NAM  The Raymond Lee Organization, Inc.
CTY  New York
STA  NY
COD  02
ITX  A part interest
CLAS
OCL  114 16A
XCL    9310B
EDF  2
ICL  A63C 1500
FSC    9
FSS  310 R;310 B;310 E;310 F;310 H;310 J
FSC  114
FSS  16 A;16 F
FSC  272
FSS  13
FSC  115
FSS  6;6.1;70
FSC  D12
FSS  6;11
UREF
PNO  2843860
ISD  19580700
NAM  Grootveld
OCL  114 16A
UREF
PNO  2936466
ISD  19600500
NAM  Szymczyk et al.
OCL    9310B
UREF
PNO  3255723
ISD  19660600
NAM  Teetor
OCL  114 16A
FREF
PNO  2,050,890
ISD  19720400
CNT  DT
OCL    9310B
LREP
FR2  Tick; Daniel Jay
ABST
PAL  An aqua sled for carrying people on and under water comprises a frame of
      aluminum tubing having a rigid planar section of transparent material to
      enable users to see beneath the sled and buoyant material affixed thereto
      to float the sled. A pair of sheets of rigid transparent material are
      affixed to the front of the frame and form a dihedral of approximately
      90.degree. with each other. Each of the sheets extends at an angle of
      approximately 45.degree. with a corresponding side of the planar section
      of transparent material. A control device is affixed to the frame and is
      manually controllable to control the movement of the sled.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to an aqua sled. More particularly, the
      invention relates to an aqua sled for carrying people on and under water.
PAR  Objects of the invention are to provide an aqua sled of simple structure,
      which is inexpensive in manufacture, operated by anyone, skilled or
      unskilled, and functions efficiently, effectively and reliably on the
      surface of a body of water and under water.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a side view of an embodiment of the aqua sled of the invention;
      and
PAR  FIG. 2 is a top plan view of FIG. 1.
DETD
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
PAR  The aqua sled of the invention carries people on and under water and
      comprises a frame 1 of aluminum tubing has a substantially rigid
      substantially planar section of transparent material 2 to enable users to
      see beneath the sled. Buoyant material 3, 4 and 5 of any suitable type
      such as, for example, plastic foam, wood, or the like, is affixed to the
      frame 1 to float the sled. The frame 1 has a front 6, a back 7 and sides 8
      and 9.
PAR  A pair of sheets 10 and 11 of substantially rigid transparent material such
      as, for example, clear plastic, are affixed to the front of the frame and
      form a dihedral of approximately 90.degree. with each other. Each of the
      sheets 10 and 11 extends at an angle of approximately 45.degree. with a
      corresponding side of the planar section of transparent material 2.
PAR  A control device is affixed to the frame 1 and is manually controllable to
      control the movement of the sled. The control device comprises a pair of
      independently rotatable rod-like members 12a and 12b affixed to the frame
      1 and extending beyond both sides 8 and 9 of the frame. Each of a pair of
      plate-like members 13 and 14 is movably mounted on a corresponding
      outboard end 15 and 16, respectively, of the members 12a and 12b,
      respectively. The plate-like members 13 and 14 are positioned in spaced
      relation with the frame 1 for free rotation about the axis 17 of the
      rod-like members 12a and 12b.
PAR  Handles 18 and 19 are provided on the inboard ends of the rod-like members
      12a and 12b, respectively, of the control device for facilitating manual
      rotation of the members 13 and 14 to control the depth, pitch and roll of
      the sled.
PAR  The control handles 18 and 19 are rectangular in shape at their tops and
      are close enough to grasp with one hand. The handles are moved fore and
      aft for pitch or elevation and diving or surfacing and are twisted for
      rolling and/or turning. The handles 18 and 19 are removably affixed to the
      rod-like members 12a and 12b, respectively, for easy removal in
      transporting the sled.
PAR  The buoyant material makes it easy to board and use the sled of the
      invention and provide operational safety. The control of the sled is
      stable, simple and easy, due to the waterscreen and control arrangements.
      The waterscreens and controls are installable and removable with facility,
      convenience and rapidity for ease and convenience in transporting the sled
      and for reducing chances of damage. There is no need for attaching straps
      for the user or operator. The sled is very simple, manufactured very
      inexpensively, and easy to use. The sled provides fun, recreation and has
      many other functions, uses and advantages.
PAR  All the material above and below the frame is of flotation type and may be
      of one or two piece construction.  There is sufficient space provided
      between the control handles 18 and 19 and the top flotation and
      waterscreen mounting material for the operator's hands at full down
      deflection of the controls.
PAR  A tow line 20 is swivelly affixed to the front of the sled to permit
      rolling of the sled. A skeg 21 is included.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An aqua sled for carrying people on and under water, comprising
PA1  a frame of aluminum tubing having a substantially rigid substantially
      planar section of transparent material to enable users to see beneath the
      sled and buoyant material affixed thereto to float the sled, the frame
      having a front, a back and sides;
PA1  a pair of sheets of substantially rigid transparent material affixed to the
      front of the frame and forming a dihedral of approximately 90.degree. with
      each other, each extending at an angle of approximately 45.degree. with a
      corresponding side of the planar section of transparent material; and
PA1  control means affixed to the frame and manually controllable to control the
      movement of the sled.
NUM  2.
PAR  2. An aqua sled as claimed in claim 1, wherein the control means comprises
      a rod-like member affixed to the frame and extending beyond both sides of
      the frame and a pair of plate-like members each movably mounted on a
      corresponding end of the rod-like member in spaced relation with the frame
      for free rotation about the axis of the rod-like member.
NUM  3.
PAR  3. An aqua sled as claimed in claim 2, further comprising handle means on
      the plate-like members of the control means for facilitating manual
      rotation of the plate-like members to control the depth, pitch and roll of
      the sled.
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ABST
PAL  A machinery supporting arrangement suitable for use in maintenance and
      repair of dam walls comprising a barge with a liftable platform for
      carrying the machinery. The platform extends out over the top of a dam
      wall when the barge is moored alongside it so that the machinery becomes
      supported in part by the dam wall and in part by the barge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to temporary supporting arrangements and more
      particularly it concerns the stable positioning of heavy structures on or
      near a water retaining wall, such as a dam wall.
PAR  The invention is particularly suited for use in dam reinforcement
      operations wherein heavy machinery, such as drilling rigs and the like,
      must be maintained accurately positioned atop a rather narrow dam wall. In
      dam reinforcement operations holes are drilled down through the entire
      height of the dam wall and down into the underlying bedrock. Anchor rods
      are then placed into the bedrock and secured thereto. These anchor rods
      extend up through the top of the dam wall; and threaded nuts or equivalent
      means are provided to pull up on the anchor rods to place them in tension
      while pressing down on the top of the dam wall to place it in compression
      and to hold it solidly in place. In some cases grout is forced down into
      the drilled holes.
PAR  2. Description of the Prior Art
PAR  In the past, dam drilling operations were carried out either by mounting
      the drilling machinery on the dam wall itself or by mounting the drilling
      machinery on a barge anchored or moored next to the dam wall. Neither of
      these two arrangements was satisfactory, however. In the case where the
      drilling machinery was mounted on the dam wall itself, a problem of
      stability existed. This occured because the dam wall was usually not of
      sufficient width to allow the machinery to rest on it without extensive
      framework support. In the case where the drilling machinery was mounted on
      a barge it was difficult, due to water movements and changes in water
      level, to maintain accurate positioning at all times of the drilling
      machinery with respect to the dam wall during a drilling operation. Steady
      and accurate positioning of the drilling machinery is necessary to keep
      the drilled hole straight and plumb and to prevent binding and possible
      loss of the drilling tool.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention the above described problems of the
      prior art are avoided by means of novel arrangements which permit heavy
      drilling machinery to be maintained accurately in position over a dam wall
      during a repair and maintenance or reinforcement operation. Moreover the
      arrangements employed in carrying out the present invention are relatively
      inexpensive and are easy to execute.
PAR  In one aspect the present invention involves a barge having means for
      mooring it so that one edge lies adjacent a dam wall. The barge carries a
      platform having a projecting portion which extends out beyond the one edge
      of the barge, and means are provided on the barge to lift the platform up
      from the upper surface of the barge. Drilling or other machinery to be
      used in dam repair of reinforcing work is carried on the platform.
PAR  When the barge is brought alongside the dam wall the platform is raised so
      that its projecting portion is higher than and extends over the dam wall.
      After the barge is moored in place the platform is lowered until its
      extended out portion rests on top of the dam wall. At this point the
      platform is supported in part by the barge and in part by the dam itself.
      The machinery then may be brought into operation on the dam wall; and
      during this movement and subsequent operation of the machinery it is
      stably supported without imposing undue stress on the dam wall and without
      affecting the buoyant stability of the barge.
PAR  There has thus been outlined rather broadly the more important features of
      the invention in order that the detailed description thereof that follows
      may be better understood, and in order that the present contribution to
      the art may be better appreciated. There are, of course, additional
      features of the invention that will be described hereinafter and which
      will form the subject of the claims appended hereto. Those skilled in the
      art will appreciate that the conception upon which this disclosure is
      based may readily be utilized as a basis for the designing of other
      structures or methods for carrying out the several purposes of the
      invention. It is important, therefore, that the claims be regarded as
      including such equivalent constructions and methods as do not depart from
      the spirit and scope of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  One embodiment of the invention has been chosen for purposes of
      illustration and description, and is shown in the accompanying drawings
      forming a part of the specification, wherein:
PAR  FIG. 1 is a perspective view showing a dam reinforcement barge system, in
      which the present invention is embodied, in position alongside a dam wall;
PAR  FIG. 2 is a side elevational view, partially in section, of the barge
      system of FIG. 1;
PAR  FIG. 3 is an enlarged view taken along line 3--3 of FIG. 1;
PAR  FIGS. 4-8 are outline views in side elevation showing, respectively, the
      positioning of the barge system of FIG. 1, at a loading dock, the loading
      of equipment onto the barge, the transport of the barge to a dam for
      repair and the positioning and securing of the barge for operation on a
      dam wall; and
PAR  FIG. 9 is a top plan view of the barge system of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In the perspective view of FIG. 1 a barge system 10 is positioned alongside
      a dam wall 12. The dam wall holds back a body of water 14 in which the
      barge system floats.
PAR  The barge system 10 comprises a hull 16 on which is supported a
      horizontally extending vertically moveable equipment platform 18. As
      shown, the platform 18 has an extension 18a which projects out beyond the
      edge of the hull which lies adjacent the dam wall 12. During a repair
      operation, the extension 18a rests on top of the dam wall 12.
PAR  The equipment platform 18 extends between and is supported by a pair of a
      pair of rear lift and support assemblies 20 and a pair of forward lift and
      support assemblies 22. These lift and support assemblies each comprise a
      vertical column 24 and a pair of elongated tilted batter braces 26. The
      associated braces and vertical column of each assembly are spaced apart
      from each other on the hull 16 and they are secured together at their
      upper ends by a connector element 28. A pair of upper horizontal braces 29
      interconnect the forward and rearward connector element of each assembly.
      The equipment platform 18 is connected to the vertical columns 24 by means
      of hydraulic lift assemblies 30 described more fully hereinafter.
PAR  As can be seen in FIGS. 1 and 2, a truck 32 is carried on the equipment
      platform 18. The truck 32 in turn carries drilling equipment including a
      drilling tower 34 for use in drilling holes down through the dam wall 12.
      The truck may be driven back and forth on the equipment platform to
      position the drilling tower 34 accurately over the location of each hole
      to be drilled. As can be seen in FIG. 2, a drill 36 supported by the
      drilling tower drills straight down through the dam wall; and if
      necessary, it may continue down to the underlying bedrock. By varying the
      angle of the drill mast, it is also possible to drill holes in any
      desirable batter position. A pair of quardrails 38 on the sides of the
      platform 18 are provided for safety.
PAR  The barge hull 16, as shown in FIG. 2 abuts against the dam wall 12 and is
      cushioned thereagainst by means of a bumper 40.
PAR  The hydraulic lift assemblies 30 as shown in FIG. 3 each include an upper
      sleeve 42 and a lower sleeve 46, both slideable up and down the vertical
      column 24. The lower sleeve 46 is pivotly connected to the equipment
      platform 18. A double acting hydraulic piston and cylinder assembly 48 is
      provided with one end connected to the upper sleeve 42 and the other end
      connected to the lower sleeve 46. The hydraulic piston and cylinder
      assemblies are operated in unison by means of a hydraulic circuit (not
      shown) to raise and lower the equipment platform. The level condition of
      the platform can, of course, be controlled by selective adjustment of one
      or two of the hydraulic lift assemblies.
PAR  As can be seen in FIG. 3 there are provided a number of holes 50 spaced
      apart along the length of the the vertical columns 24. As the hydraulic
      piston and cylinder assemblies 48 are extended, the upper sleeves 42 are
      pushed up along the vertical columns 24. The pins 44 are then slipped into
      the holes 50 just under the upper sleeves 42 to prevent the upper sleeves
      from sliding down.
PAR  By now retracting the hydraulic piston and cylinder assemblies 48 with the
      upper sleeves 42 pinned, the platform 18 is raised through the distance of
      the cylinder stroke. After now pinning the lower sleeves 46 with pins 52,
      the lower sleeves are prevented from sliding down; and by extending the
      piston and cylinder assemblies once again, the upper sleeves slide up
      columns 24 another increment equal to the distance of the cylinder stroke.
      By repeating the described steps, the platform can be raised in increments
      of the cylinder stroke from its lowest to its highest position and lowered
      by the same steps in reversed order.
PAR  For fine adjustments, the cylinder and piston assemblies are retracted
      partially only and the pins 52 are inserted in holes 50 under sleeves 46
      near the desired elevation of platform 18. After these pins are placed,
      the hydraulic piston and cylinder assembly 48 may be adjusted to allow the
      lower sleeves to rest on the pins. This permits solid support for the
      platform 18 to the particular height to which it has been raised and at
      the same time it relieves stress from the hydraulic piston and cylinder
      assembly.
PAR  Reverting now to FIG. 2 it will be seen that in the operative position of
      the barge system 10 adjacent the dam wall 12, the pins 52 are present only
      at the lower sleeves 46 on the rearward vertical columns 24. All pins on
      the forward verticial columns 24 are removed allowing free movement of the
      hydraulic lift assemblies along this column. Through this arrangement one
      end of the equipment platform 18 is supported by the pins 52 on the
      rearward vertical column 24 only while the opposite end of the platform is
      supported by the dam wall 12 itself. Hence, no load can be transferred
      through the forward vertical columns 24, it must be transmitted through
      platform 18 and the rearward vertical columns into the barge hull 16 its
      center of flotation. With this support arrangement the platform 18 is held
      quite stably; and the truck 32 may be moved without imposing undue
      stresses on the dam wall and without tilting the barge.
PAR  FIGS. 4-8 illustrate how the above described barge system is utilized to
      transport dam repair equipment and to position it for operation on a dam
      wall. As can be seen in FIG. 4 the barge system 32 is moored alongside a
      dock 56 and the equipment platform 18 is raised, as above described, to
      the height of the dock. The truck 32 and any other equipment needed for
      dam repair operations is then driven onto the barge system as shown in
      FIG. 5. Preferably the heavier portions of this equipment for example the
      truck 32 is positioned centrally between the rear and forward lift and
      support assemblies 20 and 22 so that the stresses imposed on them will be
      equalized. Also the positioning of the equipment should coincide with the
      buoyancy characteristics of the barge hull 16 so that it will float level
      in the water. In some cases it may be advisable to lower the equipment
      platform part way or all the way to the hull 16 to promote stability.
      Thereafter, as shown in FIG. 6 the barge system, with the repair equipment
      aboard, is floated to the dam wall 12.
PAR  When the barge sytem approached the dam wall 12 the hydraulic piston and
      cylinder assemblies are actuated to raise the equipment platform 18 so
      that its extension 18a is slightly higher than the top of the dam wall 12.
      The barge is then moved in toward the dam wall so that the platform
      extension projects over the wall as shown in FIG. 7. The barge is then
      moored to the wall, the pins 52 and 44 are removed from the vertical
      columns 24 of the forward lift and support assemblies 22 and the platform
      is lowered until the extension 18a comes to rest on top of the wall. At
      this point the platform 18 is supported at one end of the rear support and
      lift assembly 20 and at the other end by the dam wall 12 itself. The truck
      32 may then be driven back into position for work on the dam wall as shown
      in FIG. 8. Since the lower sleeves 46 are pivotly connected to the
      platform 18, the whole barge system 10 can undergo certain changes due to
      water level fluctuations without causing twisting or binding of the
      sleeves and columns 24.
PAR  FIG. 9 illustrates the manner of mooring the barge system to the dam wall
      12. As can be seen, there are provided mooring cables 60 which extend from
      cleats 62 on opposite sides of the barge to anchors 64 on the dam wall.
PAR  It will be apprciated that if during a repair operation, the water level
      should begin to change to a greater amount than can be compensated by the
      pivoting ability of the sleeves 46 at the platform 18, such change may be
      compensated by adjustment of the hydraulic piston and cylinder assemblies.
PAR  Having thus described the invention with particular reference to the
      preferred forms thereof, it will be obvious to those skilled in the art to
      which the invention pertains, after understanding the invention, that
      various changes and modifications may be made therein without departing
      from the spirit and scope of the invention as defined by the claims
      appended hereto.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A device for use in the repair of dam walls, said device comprising a
      barge, means for mooring said barge with one edge lying adjacent a dam
      wall, a platform carried by said barge, said platform having a portion
      thereof extending but from said barge past said one edge, forward and
      rearward platform lifting means positioned on said barge near to and back
      from said edge respectively, said platform lifting means being arranged to
      lift said platform off from the upper surface of said barge and above the
      dam wall prior to mooring and to lower the platform down onto said dam
      wall after mooring, means for engaging and disengaging said forward
      platform lifting means with the platform after the platform is so lowered
      and means pivotally interconnecting said platform to said rear lifting
      means to permit pivoting of said platform with respect to said barge,
      whereby after said platform is lowered onto the dam wall, the detachable
      engaging and disengaging means is disengaged so that the weight of the
      platform is carried by the dam wall and the rearward lifting means and
      wherein minor fluctuations in water level are compensated for by the
      pivotal connection.
NUM  2.
PAR  2. A device according to claim 1 wherein said lifting means each include
      hydraulic piston and cylinder assemblies for lifting and lowering said
      platform and locking means for maintaining said platform at a given level
      independently of the hydraulic piston and cylinder assemblies.
NUM  3.
PAR  3. A device according to claim 1 wherein said lifting means each comprise a
      vertical column extending upwardly from said barge, an upper and lower
      sleeve on said column and interconnected by a hydraulic piston and
      cylinder assembly, at least one of the sleeves being slideable along the
      column, said sleeve being secured to the platform.
NUM  4.
PAR  4. A device according to claim 3 wherein both said sleeves are slideable
      along said column and wherein said sleeves are adapted to be secured to
      different locations along the length of said column.
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ABST
PAL  A boat having a mainsail and a conventional rudder. The mainsail is
      supported by a mast and a pivotally mounted boom. A blade is pivotally
      mounted toward the free end of the boom about an axis that is
      substantially parallel to the mast. The blade acts as an auxiliary rudder
      for steering the boom and setting the angle of the sail. Though the boom
      pivots, the blade may be held parallel to a pre-set direction, so that the
      leeway component of the force of the wind on the sail is held
      substantially constant.
BSUM
PAR  The invention relates to sailing boats, and is more particularly concerned
      with sailing boats having a mainsail supported by a mast and a pivotally
      mounted boom.
PAR  Sailing "close hauled" against the wind is a maneuver requiring a great
      deal of skill, since the mainsail must be trimmed to an angle with the
      wind to obtain the maximum driving force, whilst the leeway force must be
      balanced, as far as possible, by the crew leaning overboard in order to
      try and keep the boat on an even keel.
PAR  It is an aim of the invention to provide a sailing boat in which the
      operation of setting or trimming the mainsail when sailing close hauled
      can be carried out rapidly and simply.
PAR  According to the invention, a sailing boat comprises a mainsail supported
      by a mast and a pivotally mounted boom, a blade pivotally mounted on the
      boom towards the free end thereof about an axis substantially parallel to
      the mast, said blade being able to protrude downwardly below the waterline
      of the boat at least when the boat has a certain list so as to form a
      rudder for steering the boom, and means for setting the angular position
      of the blade about said axis.
PAR  When sailing, the blade dips into the water and acts as a rudder steering
      the boom, so that by setting the angular position of the blade it is
      possible to set the boom and therefore the mainsail at a desired angle.
PAR  The boat advantageously comprises means acting on the angular position of
      the blade to steer the boom under variations of the wind to keep the
      leeway component of the force of the wind on the mainsail at a pre-set
      substantially constant value.
PAR  By this means, changes in the wind are counteracted by movement of the
      mainsail and the boat holds the same list without displacement of the
      crew, whereas in conventional boats in which rapid adjustment of the
      mainsail is difficult such changes in the wind cause rolling which can
      only be counteracted by displacement of the crew. Resilient means are
      preferably provided for acting on the blade to tend to hold the blade in
      alignment with the boom.
DRWD
PAR  One embodiment of the invention will now be described, by way of example,
      with reference to the accompanying schematic drawings, in which:
PAR  FIG. 1 is a side elevation of a drop-keel sailing boat;
PAR  FIG. 2 is a plan view of the boat of FIG. 1 during close hauled sailing;
PAR  FIG. 3 is an explicative diagram.
DETD
PAR  The drop-keel boat shown in FIGS. 1 and 2 comprises a hull 30, a mast 31
      mounted substantially perpendicular to the direction of elongation of the
      hull 30 in the median longitudinal plane of symmetry thereof, a
      conventional adjustable keel 32 under the hull 30, and a rudder 33
      pivotally mounted at the stern of hull 30.
PAR  A boom 35 is pivotally mounted about the base of mast 31 with a mainsail 34
      supported in conventional manner by the mast 31 and boom 35, the boom
      being attached to and extending the foot of the mainsail. The boom 35
      extends from the mast 31 to a free end protruding beyond the stern and a
      blade 36 is pivotally mounted at this free end about an axis substantially
      parallel to the mast. The blade 36 protrudes downwardly below the
      waterline of the boat so as to form a rudder for steering the boom 35.
PAR  Control of the main rudder 33 is ensured, when the helmsman is suspended in
      a trapeze 20 and harness 21 as shown in FIG. 2, by means of a control rod
      41 interconnected with a bar 42 and two cords 43 passing about a system of
      pulleys 44.
PAR  Control of the angular position of the auxiliary rudder blade 36 is
      effected by means of a flexible cable 37 secured at one end to a tiller 38
      fixed to the rudder blade 36. The cable 37 is threadably secured to the
      mast 31 adjacent to the point of fixture of the trapeze cable having means
      for securing a harness at its other end. The trapeze also includes means
      for adjustably securing the free end of the cable 37 in selected positions
      relative to the harness, so that the angle of the rudder blade 36 may be
      set relative to the boom 35.
PAR  In one form, the cable 37 is substantially non-extensible, so that setting
      of the rudder blade 36 relative to the boom 35 is carried out at will, and
      can be modified depending upon the conditions to set the boom 35 and the
      mainsail 34 at a desired angle to the wind.
PAR  In another form, explained in connection with FIG. 3, the cable 37 has an
      elastically extensible portion E. The characteristics of this portion are
      selected as a function, inter alia, of the dimensions and dispositions of
      the blade 36 and mainsail (not shown) such that upon variation of the wind
      the boom is steered to keep the leeway component of the force of the wind
      on the mainsail at a pre-set substantially constant value.
PAR  The explanatory diagram of FIG. 3 shows a displacement of the boom 35 and
      the mainsail upon an increase in the force of the wind, this displacement
      being greatly exaggerated for the purposes of explanation. The apparent
      direction of the wind, which is supposed to remain unchanged, is indicated
      in broken lines. In the first position, the useful component F.sub.1 of
      the wind acting on the effective centre of the mainsail produces a driving
      force P.sub.1 and a leeway force D.sub.1. The effect of the leeway force
      D.sub.1 tending to make the boom 35 pivot about the mast 31 is
      counterbalanced by the resistance of water against the rudder blade 36
      whilst the effect of the leeway force D.sub.1 tending to make the boat
      list is counterbalanced by the helmsman placing his weight to keep the
      boat on an even keel. When the force of the wind increases, for example,
      the mainsail and boom 35 are displaced to a second equilibrium position in
      which the useful component F.sub.2 of the wind produces a driving force
      P.sub.2 and a leeway force D.sub.2. This is accompanied by an elongation
      of the elastic portion E of cable 37 apt to keep D.sub.2 substantially
      equal to D.sub.1 which is equivalent, for an unchanged speed of the boat,
      to holding the rudder blade 36 in a substantially constant alignment
      relative to the boat. Consequently, the boat does not tend to list, but
      keeps on an even keel without need for the helmsman to displace his
      weight.
PAR  Various modifications may be made to the described embodiments. In
      particular, the device acting on the sail-steering rudder blade could rely
      on other means than an elastically extensible section of a cable. This
      means for setting the angular position of the rudder blade could also act
      on the afterpiece thereof.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A boat comprising:
PA1  a. a hull having a direction of elongation and a waterline,
PA1  b. a mast mounted on said hull,
PA1  c. a boom pivotally mounted on said mast,
PA1  d. a mainsail supported by said mast and said boom, said boom attached to
      and extending the foot of the mainsail,
PA1  e. a blade mounted on the free end of said boom and pivotal about an axis
      perpendicular to the direction of elongation of said hull,
PA1  f. said blade protruding downward below the waterline of said hull so as to
      act as a rudder for steering said boom when said boat is moving through a
      body of water, and
PA1  g. means for setting the angular position of said blade about said pivotal
      axis.
NUM  2.
PAR  2. A boat according to claim 1, comprising means for acting on the angular
      position of the blade to steer the boom under variations of the wind to
      keep the leeway component of the force of the wind on the mainsail at a
      substantially constant value.
NUM  3.
PAR  3. A boat according to claim 1, comprising resilient means for acting on
      the blade to tend to hold the blade in alignment with the boom.
NUM  4.
PAR  4. A boat according to claim 1, in which said means for setting the blade
      are adapted to hold the blade in substantially constant pre-set angular
      position relative to the boat as the boom pivots.
NUM  5.
PAR  5. A boat according to claim 4, in which said setting means includes a
      cable secured to a tiller bar of the blade, said cable including an
      elastically extensible section.
NUM  6.
PAR  6. A boat according to claim 1, in which said blade is pivotally mounted on
      a member secured to the boom but having a fixed angular alignment in
      relation to the boat.
NUM  7.
PAR  7. A boat according to claim 1, in which said setting means include a
      flexible cable secured at one end to means for acting on the angular
      position of the blade, said cable being threadably secured to the mast
      adjacent to the point of fixture of a trapeze, said trapeze including a
      harness and a substantially non-extensible filament fixed at one end to
      the mast and having means for fixing the harness at the other end, and
      means for adjustably securing the free end of said cable in selected
      positions relative to the harness.
NUM  8.
PAR  8. A sailing boat comprising: at least one floating body having a direction
      of elongation, a longitudinal plane of symmetry, and a waterline, a mast
      supported by said body and extending in a direction substantially
      perpendicular to said direction of elongation and lying in a plane
      parallel to said plane of symmetry, a boom extending from said mast to a
      free end, said boom being pivotally mounted away from its free end about
      an axis in said plane of symmetry and substantially parallel to said mast,
      a mainsail supported on said mast and said boom, said boom attached to and
      extending the foot of the mainsail, a blade pivotally mounted on the free
      end of said boom about an axis substantially parallel to said mast, said
      blade protruding downwardly below said waterline so as to form a rudder
      for steering said boom, and means for setting the angular position of the
      blade about its pivoting axis.
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ABST
PAL  An icebreaker vessel having a forecastle of a pontoon-shaped configuration
      and of a greater width than the width of the ship's hull wherein an upper
      portion of the lower surface of the forecastle is substantially planar and
      inclined upwardly, and a lower portion gradually merges into a
      wedge-shaped portion with a central keel. The forecastle may be equipped
      with heat generating and/or heat transfer devices, with ice cutting
      devices and/or with water discharge orifices. The icebreaker vessel may
      include a trimming apparatus.
BSUM
PAR  The present invention relates to an icebreaker vessel of a specific
      forecastle design.
PAR  In recent years, the development of ships designed for passing through
      thick ice has led to more and more powerful engine outputs, and these in
      turn render the economy of operation of such ships questionable, due to
      the rather high costs of the machinery.
PAR  In the course of this development, the already long ago introduced shape of
      a pointed bow or forecastle in icebreaker vessels has generally been
      retained but for minor modifications, although this configuration entails
      various drawbacks, especially for the passage through continuous ice
      sheets. Although the inclined stem of an approximately wedge-shaped
      cross-section will be pushed onto the ice sheet by means of the propeller
      thrust and subsequently the stem fractures the ice sheet by its weight,
      this fracturing is essentially confined to a central region only. The
      channel thus formed has subsequently to be widened to conform to the width
      of the ship, and this widening is accompanied by the so-called "shoulder
      effect" which is very wasteful in terms of the energy required for
      overcoming this effect. Another drawback is that floes may become jammed
      in the narrow channel between the ship's side wall and the rigid ice
      sheet, and produce high frictional resistance forces.
PAR  Although there are known apparatus for cutting the ice in front of the
      forecastle such apparatus in combination with the ship result in
      mechanisms that appear as being rather fragile when considering the
      excessive display of forces involved in icebreaking operations.
PAR  There have likewise been tested with good results, in continuous ice
      sheets, some forecastle configurations of a greater width. These
      heretofore known configurations, however, do not push aside the floes of
      drift ice and packice. When varying ice formations such as drift ice and
      pack-ice must be expected, the known ship configurations are unsuitable.
PAR  It is now an object of the present invention to provide a novel and
      improved icebreaker vessel.
PAR  It is another object of the present invention to provide an icebreaker
      vessel that is suitable for the most varied ice conditions, that may be
      operated more economically than heretofore known icebreaker vessels and
      wherein the drawbacks pointed out above are eliminated.
PAR  It is still another object of the present invention to provide an
      icebreaker vessel having a forecastle of an unique configuration
      facilitating a lateral removal of broken floes underneath a laterally
      disposed stationary ice sheet.
PAR  In accordance with the present invention, there is now proposed an
      icebreaker vessel in which the forecastle of the ship's hull above the
      water line is of a pontoon shaped configuration, this pontoon shaped
      forecastle including parallel spaced side walls and a front surface
      extending across the whole width of the ship, a lower portion of the front
      surface being substantially planar and inclined upwardly, in including an
      acute angle with a horizontal plane, a portion of the front surface below
      the water line gradually merging into a wedge-shaped portion with a
      central keel.
PAR  In accordance with another feature of the present invention the vessel is
      provided with a trimming apparatus of a type well known in the art for
      lifting the forecastle until the wedge-shaped portion emerges above the
      water line, or for lowering the forecastle until the lower edge of the
      front surface lies approximately at the level of the lower surface of an
      ice sheet.
PAR  For further improving the icebreaking properties of the vessel, the
      forecastle may be provided, on either side and in the region of its
      largest width with a sharp-edged bilge mounting downwardly directed teeth.
      Moreover, heat generating devices may be provided in the vicinity of the
      front surface and of the bilges.
PAR  In accordance with another embodiment of the present icebreaker vessel, one
      or a plurality of discharge orifices for discharging sea water may be
      provided at either side of the forecastle in the ship's body within the
      bilge region and below the water line, and these discharge orifices are
      connected by an intake manifold with an in-line pump to an inlet port in
      the ship's bottom.
PAR  Although it is known in the prior art to draw sea water up from the ship's
      bottom for utilization to break the ice and to bring it to a very high
      pressure in order to cut the ice with the water jet acting upon the ice
      through air, in the present invention the ice is not cut by a water jet.
      Instead, the broken ice floes under the ice breaker vessel are laterally
      accelerated by the current produced beneath the vessel such that the
      broken floes cannot enter the gap between the hull and the solid ice cover
     .
DRWD
PAR  In the following, an illustrative embodiment of the icebreaker vessel of
      the present invention will be described more in detail with reference to
      the appended drawings wherein
PAR  FIG. 1 is a perspective bottom view of the forecastle of an icebreaker
      vessel in accordance with the present invention;
PAR  FIG. 1A is a side elevation of the forecastle of the invention;
PAR  FIG. 1B is a schematic front view of the forecastle;
PAR  FIG. 2 is a schematical top view for explaining the operation of an
      icebreaker vessel having a forecastle of a conventional configuration;
PAR  FIG. 3 is a schematical top view for explaining the operation of an
      icebreaker vessel of a forecastle configuration as shown in FIG. 1, in
      accordance with the present invention;
PAR  FIG. 4 is a front elevational view for explaining the operation of an
      icebreaker vessel as shown in FIG. 3;
PAR  FIG. 5 is a schematic view showing flat heating tanks utilized with the
      present invention; and
PAR  FIG. 6 is a schematic front view of the invention illustrating movement of
      the broken ice floes.
DETD
PAR  Referring to FIG. 1, the forecastle 10 of the ship's hull of an icebreaker
      vessel is of what may be termed a pontoon configuration, and the front
      portion thereof includes an upwardly and forwardly inclined front surface
      defined by the corners 11, 12, 13 and 14. Above the water line, this front
      surface is approximately planar. The lateral edges of the front surface
      are sharp-edged. The effect of these sharp-edged sides may be enhanced by
      saw teeth 16.
PAR  At some distance below the water line, the forwardly inclined front surface
      of the forecastle merges gradually into a wedge-shaped portion with a
      central keel 15. The width of the forecastle 10 from the forward end up to
      the points 17 and 18 is about the same or even somewhat larger than the
      width of the remaining part of the ship's hull. Behind these points 17, 18
      the width of the forecastle 10 markedly decreases, in forming an inclined
      shoulder 17a, 18a.
PAR  The shape and design of the forecastle shown in FIG. 1 are further
      illustrated in FIGS. 1A and 1B. In FIG. 1A, sections of the forecastle are
      denoted by schematic representations of frame members A, B, C and D. The
      frame members A--A, B--B, C--C and D--D shown in FIG. 1A are also depicted
      in FIG. 1B with the frames A, B, C and D shown in FIG. 1B corresponding to
      the sections A--A, B--B, C--C, and D--D shown in FIG. 1A.
PAR  Adjacent the front surface and in the vicinity of the water line there are
      provided flat tanks 60, 61 shown in FIG. 5 which serve as an internal
      heating device for heating the ship's skin by cooling water heated up in
      the ship's engine.
PAR  As will be seen from FIG. 1, the forwardly inclined planar surface of the
      forecastle blends gradually into a wedge-shaped form with the center keel
      15 under the water line. The width of the forecastle 10 from the front
      part thereof up to the points 17 and 18 is about equal or even greater
      than the width of the balance of the vessel. After points 17, 18, the
      width of the forecastle diminishes in a clear break 17a, 18a. In the range
      of the front face close to the water line, the narrow tanks 60 and 61
      shown in FIG. 5 are provided in order to heat the ship's skin from cooling
      water obtained during operation of the engines. The tanks 60, 61 are
      designed as rectangular thickwalled pipes so that they can withstand great
      forces of the ice upon the hull. The tanks 60, 61 are connected in a
      closed cooling water cycle including the engine plant 100 at the front top
      by feed pipes 62 and 63 and at the rear bottom by feed pipes 64 and 65.
PAR  One or several orifices 37, 38 and 39 may be provided in the region of the
      bilges in the ship's wall below the water line 36. These orifices 37-39
      are connected by an intake manifold 48 with an in-line pump 40 to an inlet
      port 41 at the ship's bottom. Sea water is drawn in through the inlet port
      41 by the pump 40 and is discharged through the orifices 37-39 (see FIG.
      1).
PAR  The method of operation of the inventive icebreaker vessel depends upon the
      ice conditions and differs for a continuous, uninterrupted ice sheet from
      the method of operation in ice fields with open water patches. The effect
      of the icebreaker vessel is likewise different under both conditions.
PAR  In a continuous uninterrupted ice sheet the effect is as follows: The
      forecastle of the advancing ship loads the unbroken ice sheet
      substantially on both sides, i.e. along the port side between the corners
      11 and 14, and along the starboard side between the corners 12 and 13.
      Under the gradually increasing pressure of the vessel moving onto the ice
      sheet the latter finally becomes fractured, and this fracturing occurs
      along an approximately straight line parallel to the ship's side, at
      either side thereof. These fracturing lines define a channel of a greater
      width than the ship's hull. In very hard ice, this fracturing may be
      facilitated by the saw teeth 16 which penetrate into the ice during
      advancement of the ship.
PAR  Referring now to FIG. 1A, with a closed ice cover, the forecastle 10
      approaches an ice cover 43 which floats on the water surface 51 moving
      from left to right as seen in FIG. 1A. The upper edge 50 of the ice cover
      43 is somewhat higher than a lower edge 52 thereof which is much lower
      than the water surface 51. At the point 53, the forecastle engages the ice
      after a short run and following an additional run the forecastle 10 rises
      while the ice cover 43 drops. The contact point, which is initially shown
      at 53, moves approximately up to the point 13 where the breaking limit for
      breaking an ice floe is reached. The floe corresponding to the width of
      the ship now glides deeper on the line 15 until it reaches a position
      shown in FIG. 4, or slightly below this position. With a continued run of
      the ice breaker vessel, this cycle continues. The successively broken
      floes are all generally rectangular. Thus, behind the ice breaker vessel
      there is formed a channel which is somewhat wider than the width of the
      vessel.
PAR  The wide forecastle portion overlying the still unfractured ice sheet
      provides the additional advantage that this forecastle is much more
      suitable than ship's bodies of conventional configuration for mounting the
      well-known devices or tools for cutting the ice.
PAR  For explaining the ice breaking effect of the novel icebreaker vessel,
      FIGS. 2 and 3 illustrate the fracturing of an ice sheet with a prior art
      icebreaker having a conventional forecastle configuration and with the
      inventive icebreaker having the forecastle configuration 10 as shown in
      FIG. 1 respectively.
PAR  FIG. 2 shows the pattern of fracture lines for a conventional vessel. The
      radial fracture lines 29 and the arcuate fracture lines 30 result in a
      squeezing action at 31 (shoulder effect), and in cutting of a narrow
      channel 32. In contrast thereto, the forecastle configuration 10 produces
      the fracture lines shown in FIG. 3. Although these fracture lines likewise
      extend radially and arcuately, these fracture lines do not result in any
      squeezing action. The channel 24 is wider than the channel 32 of FIG. 2.
      In the broad central region there will be cut substantially larger floes
      23 than in the case of FIG. 2. These larger floes slip underneath the
      vessel as shown in the cross-section of FIG. 4. Underneath the
      wedge-shaped portion of the forecastle the floes will be brought into an
      unstable position, due to their buoyancy, and consequently tilt to the one
      or to the other side. The succeeding cross-sections of the ship's
      forecastle which conform more and more to the shape of the main frame
      element of cross-section, the floes are pushed sidewards underneath the
      continuous ice sheet. This operation is facilitated especially in the case
      of smaller floes 23a,  23b shown in FIG. 6 that may more readily be pushed
      into the gap 42 between the ship's body 10 and the rigid ice sheet 43, by
      the sea water discharged through the orifices 37, 38 and 39.
PAR  For the economy of energy consumption, some of these orifices 37-39 may be
      blocked by means of respective gate valves 44, 45 and 46. Some of these
      orifices 37-39 may be blocked if these orifices have a reduced
      effectiveness under certain ice conditions. Any desired number of orifices
      37-39 may be provided (see FIG. 1).
PAR  The aforedescribed method of icebreaking provides furthermore the advantage
      that a substantially ice-free channel may be formed behind the vessel,
      unless current or wind influences move the ice such as a continuous ice
      sheet.
PAR  Since the forecastle configuration 10 shown in FIG. 1 engages the ice sheet
      across the whole width of the forecastle, this action is accompanied by
      increased friction forces, in comparison to pointed bows of conventional
      icebreaker vessels, and concentrates these forces along the edges 12-18
      and 11-17. With this novel forecastle configuration 10 it is therefore
      particularly advantageous to employ the known method of heating the ship's
      skin for reducing the friction thereof against the ice. This heating may
      be performed in a most economical manner by the flat tanks 60, 61 shown in
      FIG. 5 which extend along the lines 12-18 and 11-17 where the major
      portion of the vertical ice pressure on the hull is absorbed. Such flat
      tanks are heated by means of cooling water discharged from the ship's
      engine. The heating is thus limited to a very small part of the hull and
      is performed in an economical manner for this reason.
PAR  When the icebreaker vessel passes through an ice sheet that is interrupted
      by patches of open sea, or through pack-ice, the vessel must be trimmed to
      be down by the stern so that the water line will be shifted into a new
      position 36. The method of operation will then be as follows: The
      forecastle will be lifted upwardly to such an extent that the planar
      portion of the front surface ahead of a line connecting the corners 13 and
      14 does no longer engage or substantially does not engage the ice and the
      V-shaped portion behind the line connecting the corners 13 and 14 will be
      pushed onto the ice that is to be fractured or intended to be removed from
      underneath the vessel in a lateral direction. In this manner, the ice will
      be pushed away in a laterally and downwardly extending direction.
PAR  The two above explained different conditions under which an icebreaker
      vessel must operate in ice therefore require different trim positions of
      the vessel, for optimum operation. The additionally required technical
      apparatus are worth while since apparatus for modifying the trim position
      of a vessel may also be used for freeing the vessel when this should
      become stuck in impenetrable ice. The down-by-the-bow trim position will
      be used in continuous uninterrupted and approximately even ice sheets
      whereas the down-by-the-stern trim position will be used in open seas, in
      drift ice or in pack-ice.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ice breaker vessel including a ship's hull having a forecastle
      comprising:
PA1  a bow of said vessel extending in a generally linear configuration across
      said forecastle from port to starboard substantially at the upper most
      portion of said forecastle;
PA1  a substantially planar section extending downwardly and astern of said bow
      in a generally quadrilateral configuration contiguously with said bow and
      substantially across said entire vessel from port to starboard; and
PA1  a keel portion having an acuminated configuration directed forwardly of
      said vessel located astern of said planar section and having a
      configuration extending contiguously therewith.
NUM  2.
PAR  2. A vessel according to claim 1 including heat generating means provided
      interiorly of said forecastle adjacent said planar section on opposite
      sides thereof.
NUM  3.
PAR  3. A vessel according to claim 2 wherein said heat generating means
      comprise a pair of elongated tubular tanks extending fore-to-aft of said
      vessel adjacent said planar section on opposite sides thereof.
NUM  4.
PAR  4. A vessel according to claim 1 wherein said planar section comprises a
      width dimension extending across said vessel from port to starboard and
      wherein said width dimension of said planar section progressively
      decreases taken in a direction astern of said vessel from said bow.
NUM  5.
PAR  5. A vessel according to claim 1 having a bilge region and a water line and
      including a plurality of discharge orifices for discharging sea water,
      said orifices being provided at either side of the forecastle in the body
      of said vessel within said bilge region and below said water line, said
      discharge orifices being connected by an intake manifold with an in-line
      pump to an inlet port of the ships hull.
NUM  6.
PAR  6. A vessel according to claim 5 wherein each of said discharge orifices
      includes gate valve means for opening and closing said orifices.
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ABST
PAL  Stabilizer or anti-roll structure for marine vessels. The structure
      comprises a plurality of fins which are joined together as a unit, and the
      unit is adapted to be positioned at the side of a vessel below the water
      line and attached to a rotative or pivotal shaft which extends from the
      vessel.
BSUM
PAC  RELATED APPLICATIONS
PAR  The subject matter of this application is related to the subject matter of
      U.S. Pat. Nos. 3,687,100, 3,842,777, and 3,818,959, owned by the Applicant
      herein.
PAC  BACKGROUND OF THE INVENTION
PAR  In the past, various types of marine vessel stabilizers or anti-roll
      devices of the fin type have been created. Fin structure has been employed
      in which a pair of fins extend from a marine vessel so that one fin is
      positioned on each side of the vessel and is attached to a rotary shaft
      for angular movement of the fin. However, in order to provide proper
      stabilization or anti-roll action in regard to such structure it has been
      necessary to employ a fin which has considerable area and which extends a
      considerable distance from the side of the vessel. Thus, the structure
      having one fin positioned at each side of the vessel is objectionable,
      particularly in situations in which space requirements are critical.
      Furthermore, fin members which have large area frequently are damaged by
      striking objects or by being struck by underwater objects.
PAR  It is an object of this invention to provide marine vessel stabilizer or
      anti-roll structure of the fin type in which the fin structure is capable
      of effective control of the vessel but in which the fin structure extends
      a very minimum distance from the vessel at the sides thereof.
PAR  It is another object of this invention to provide a stabilizer unit which
      is capable of more effective anti-roll control than can be obtained with a
      single fin.
PAR  It is another object of this invention to provide such stabilizer or
      anti-roll structure which can be constructed in any one of many shapes and
      configurations.
PAR  It is another object of this invention to provide such stabilizer or
      anti-roll structure which may include any suitable number of fin elements.
PAR  Another object is to provide such stabilizer or anti-roll structure which
      can be constructed at relatively low costs and which is long lived.
PAR  Other objects and advantages of this invention reside in the construction
      of parts, the combination thereof, the method of manufacture, and the mode
      of operation, as will become more apparent from the following description.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises marine vessel stabilizer or anti-roll structure
      which is adapted to be attached to a rotary shaft which extends laterally
      from the vessel below the water line. The stabilizer or anti-roll
      structure includes a unit provided with a plurality of fin elements which
      are spaced apart and substantially parallel. The plurality of fin elements
      provides greater surface area and greater control than a single fin
      element and thus each fin element may be smaller in surface area than the
      surface area of a single fin to accomplish the stabilizing effects of a
      single fin. Thus, the fin unit of this invention does not need to extend
      so far from the marine vessel to which it is joined.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic perspective view showing a marine vessel provided
      with a pair of stabilizer or anti-roll units of this invention.
PAR  FIG. 2 is a perspective view of a stabilizer or anti-roll unit of this
      invention, drawn on a much larger scale than FIG. 1.
PAR  FIG. 3 is a sectional view taken substantially on line 3--3 of FIG. 2.
PAR  FIG. 4 is a sectional view, taken substantially on line 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A stabilizer or anti-roll unit 10 of this invention, as illustrated in FIG.
      1, is adapted to be joined to a pivotal or rotative shaft 12 which extends
      laterally from a marine vessel 16. As shown, a shaft 12 extends from each
      of the sides of the vessel 16, below the waterline. Each shaft 12 has a
      portion within the vessel 16 and is joined to suitable motor means (not
      shown) for pivotal or rotative movement thereof, and the motor means may
      be joined to any suitable control means (not shown).
PAR  Herein, one of the stabilizer units 10 and its respective shaft 12 are
      discussed. A bracket 20 is secured to the shaft 12 for rotative or pivotal
      movement therewith. Fin elements 30, 32, and 34 are joined to the bracket
      20 in any suitable manner. As best shown in FIG. 3, a pair of generally
      C-shape connector members 38 are attached to the bracket 20 and to the fin
      elements 30, 32, and 34. A pair of generally U-shape connector members 40
      join together adjacent fin elements 30, 32, and 34. Thus, the fin elements
      30, 32, and 34 are attached to the shaft 12 and are maintained in
      substantially parallel relationship.
PAR  To provide stabilization or anti-roll action to the vessel 16 during travel
      thereof the shafts 12 are adapted to pivotally or rotatively move. Thus,
      with pivotal movement of the shafts 12, the stabilizer or anti-roll units
      10 are angularly moved. With angular movement of the stabilizer or
      anti-roll units 10, forces are created to urge stable movement of the
      vessel. Water flows in engagement with the surfaces of the fin elements
      30, 32, and 34 and between the fin elements 30 and 32, and between the fin
      elements 32 and 34. Thus, each stabilizer or anti-roll unit 10 effectively
      presents a relatively large surface area at any angle determined by the
      pivotal position of the shaft 12 for creating anti-roll forces upon the
      vessel 16.
PAR  Herein the central fin element 32 is shown as being larger than the fin
      elements 30 and 34. However, all of the fin elements in a stabilizer or
      anti-roll unit of this invention may be the same size and surface area, or
      each of the fin elements may have a size and surface area different from
      that of any of the other fin elements in the stabilizer or anti-roll unit.
      Also, any number of fin elements, such as two, four, five, etc. may
      comprise a stabilizer or anti-roll unit of this invention.
PAR  Although the preferred embodiment of the device has been described, it will
      be understood that within the purview of this invention various changes
      may be made in the form, details, proportion and arrangement of parts, the
      combination thereof, and mode of operation, which generally stated consist
      in a device capable of carrying out the objects set forth, as disclosed
      and defined in the appended claims.
CLMS
STM  The invention having thus been described, the following is claimed:
NUM  1.
PAR  1. Anti-roll structure for a marine vessel of the type having a pivotal
      shaft extending from the hull thereof, comprising:
PA1  a bracket for attachment to the end of the shaft for pivotal movement
      therewith,
PA1  a main fin element adjacent the bracket and extending axially from the
      shaft,
PA1  a pair of auxiliary fin elements, there being an auxiliary fin element
      spaced laterally from the main fin element at each side thereof,
PA1  a pair of generally C-shape connector members attached to the bracket,
      there being a C-shape connector member at each side of the main fin
      element attached to the main fin element and to one of the auxiliary fin
      elements,
PA1  the fin elements thus being pivotally movable with pivotal movement of the
      shaft.
NUM  2.
PAR  2. The anti-roll structure of claim 1 which includes a pair of generally
      U-shape connector members, there being a U-shape connector member at each
      side of the main fin element attached to the main fin element and to one
      of the auxiliary fin elements.
NUM  3.
PAR  3. An anti-roll stabilizer for a marine vessel having a rotatable shaft
      with an outer end portion projecting outwardly from the hull of the
      vessel, comprising:
PA1  a plurality of fin elements disposed in substantially parallel spaced
      relation with each set of adjacent fin elements defining a fluid channel
      therebetween,
PA1  means for rigidly connecting said fin elements to maintain said parallel
      spaced relation and to form a rigid multiple-fin stabilizing unit, and
PA1  means for rigidly securing generally the center portion of said
      multiple-fin stabilizing unit to said outer end portion of said shaft with
      said fins extending substantially parallel to said shaft and to effect
      rotation of said unit on the axis of said shaft.
NUM  4.
PAR  4. The stabilizer structure of claim 3 in which there are three fin
      elements, there being a middle fin element between two other fin elements,
      the middle fin element having a different surface area from the area of
      other two fin elements.
NUM  5.
PAR  5. The stabilizer structure of claim 3 in which one of the fin elements has
      a larger surface area than any other of the fin elements.
NUM  6.
PAR  6. An anti-roll stabilizer for a marine vessel having a rotatable shaft
      with an outer end portion projecting outwardly from the hull of the
      vessel, comprising:
PA1  a plurality of fin elements disposed in substantially parallel spaced
      relation with each set of adjacent fin elements defining a fluid channel
      therebetween,
PA1  said fin elements including a main fin element and a pair of auxiliary fin
      elements spaced with said main fin element therebetween,
PA1  means for rigidly connecting said fin elements to maintain said parallel
      spaced relation and to form a rigid multiple-fin stabilizing unit, and
PA1  means for rigidly securing generally the center portion of said
      multiple-fin stabilizing unit to said outer end portion of said shaft with
      said fins extending substantially parallel to said shaft and to effect
      rotation of said unit on the axis of said shaft.
NUM  7.
PAR  7. An anti-roll stabilizer for a marine vessel having a rotatable shaft
      with an outer end portion projecting outwardly from the hull of the
      vessel, comprising:
PA1  a plurality of fin elements disposed in substantially parallel spaced
      relation with each set of adjacent fin elements defining a fluid channel
      therebetween,
PA1  means for rigidly connecting said fin elements to maintain said parallel
      spaced relation and to form a rigid multiple-fin stabilizing unit,
PA1  means for rigidly securing generally the center portion of said
      multiple-fin stabilizing unit to said outer end portion of said shaft with
      said fins extending substantially parallel to said shaft and to effect
      rotation of said unit on the axis of said shaft, and
PA1  said securing means including a set of bracket members, some of which also
      form said means for rigidly connecting said fin elements.
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ABST
PAL  This invention relates to a mooring method and system and includes a
      process of deploying and retrieving anchors, each anchor being attached by
      a long mooring line to a floating moored structure.
PAL  For deploying an anchor at the end of a very long mooring line, a work boat
      reels out its service line. A remote release hook is attached to the end
      of the service line. A short pendant line preferably couples the hook to
      the anchor. A small buoy is desirably attached to the pendant line to
      maintain it erect. After deploying the mooring line and setting the
      anchor, the hook is remote released to thereby free the service line from
      the short pendant line.
PAL  For retrieving an anchor, a submerged remote-operated catch hook is towed
      at the end of the service line in a direction intersecting the mooring
      line. The catch normally closes the hook. When the hook's movable catch
      engages the mooring line, the catch moves away from its normally-closed
      position, thereby allowing the hook to capture the mooring line. After the
      hook slides down sufficiently on the mooring line, a pull is exerted on
      the service line to unseat the anchor. The catch is then remote operated
      to thereby free the mooring line from the hook.
BSUM
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to application Ser. No. 509,573, filed on Sept.
      26, 1974, assigned to the same assignee, which describes a remote-operated
      catch hook that can be used in the retrieval phase of this invention. This
      application is also related to application Ser. No. 522,395, filed on Nov.
      11, 1974, also assigned to the same assignee, which describes a non-remote
      operated catch hook which could also, but less desirably, be used in the
      retrieval phase of this invention.
PAC  BACKGROUND OF THE INVENTION
PAR  Marine structures are frequently moored to the sea bottom by anchors
      connected to the structure by a spread of mooring lines. Drilling rigs are
      illustrative of such marine structures for which the mooring system is
      both critical and very expensive. With the greater emphasis on offshore
      exploration, drilling rigs will now be required to operate within water
      depths of up to and beyond 3,000 feet and in very severe environments. The
      mooring system is designed to maintain the rig within certain horizontal
      limits from the center line of the well. Dynamic anchors are presently
      employed because they increase their holding power with horizontal pull
      provided by the rig, and because such anchors become deeply buried in soft
      bottoms.
PAR  To prevent an uplifting force from becoming exerted on and unseating the
      anchor, a sufficient length of mooring line must be deployed, considerably
      greater than the water depth. Maximum holding power is obtained when the
      fluke angle is set at approximately 30.degree. for sandy bottoms and
      50.degree. for muddy bottoms.
PAR  Mooring lines consisting of wire rope, chain, or a suitable combination of
      rope and chain have been successfully used in proportions depending on
      several factors which include: expected mooring line loads, water depth,
      handling equipment, storage facilities on board the drilling rig, and
      types of working boats available for assisting the rig during the
      deployment and retrieval of the mooring system.
PAR  The location of each anchor in a mooring system is marked by a surface or
      marker buoy connected to the anchor by an anchor cable, known as a pendant
      line. A submerged assist or spring buoy can also be connected to the
      pendant line to provide thereto additional buoyancy and protection. In
      practice, a portion of the pendant line drags over the sea bottom,
      especially when the surface buoy becomes subjected to strong winds.
      Abrasion resulting from such dragging can cause a pendant line to
      prematurely fail.
PAR  Various shackles are used to join sections of pendant lines, to attach
      chain to wire rope, and to attach chain or wire rope to anchors. When long
      pendant lines are reeled in, the various connecting devices have a
      tendency to squash and crush the wire rope. After considerable use, such
      chain links and/or wire rope will rupture, resulting in the loss of one or
      more pendant lines. The work boat must "chase" the mooring line attached
      to the anchor whose pendant line fails in order to first locate and then
      retrieve the lost anchor.
PAR  Each pendant line is constructed in a manner similar to a mooring line,
      above described. A typical pendant cable for very deep water operation,
      usually will consist of wire rope with a diameter of over 13/4 inches. To
      hold such a cable erect may require in excess of 20,000 lbs. of net
      buoyancy.
PAR  For a water depth of about 1500 feet, the pendant line may have a length of
      more than 1800 feet while the subsurface spring buoy may have a structural
      weight on the order of 13,000 lbs. and a cross-sectional area of about 80
      square feet. The marker surface buoy for this particular pendant line is
      of comparable size to the subsurface spring buoy. For 3,000 feet of water
      depth, the numerical values would be nearly double of the corresponding
      numbers given for the 1500 feet water depth. It will be appreciated
      therefore that the pendant cables and their associated buoys consume a
      great amount of steel and rig storage space, as well as constitute one
      additional variable load.
PAR  Also, in order to move from one water depth to another, there is a need to
      make adjustments in the lengths of the pendant lines, all of which is time
      consuming and expensive. Frequent manipulations of the pendant lines by
      the crews of the rig and of the work boat contribute to their rapid
      deterioration. Thus in the Gulf of Mexico, the average life of a pendant
      line is about three years, while in the North Sea it is considerably less.
PAR  It is a primary object of the present invention to eliminate the need (1)
      for long pendant lines and their associated buoys, thereby considerably
      reducing the overall cost of rig construction, the cost of anchor
      deployment, and at the same time increasing the safety of operations,
      especially in severe environments; (2) for surface and spring buoys; and
      (3) for making adjustments in the lengths of the pendant lines. It is
      another object to provide a mooring method which is particularly adapted
      for severe environments and which reduces the time and difficulty in
      running mooring lines and anchors.
PAC  SUMMARY OF THE INVENTION
PAR  Each anchor is deployed using a work boat's service line to the end of
      which is attached a remote-operated release hook. The anchor is attached
      to the end of a mooring line. The hook has a catch. The hook portion
      engages the anchor or a short anchor cable. A small buoy may be attached
      near the hook to maintain it erect underwater and to subsequently assist
      in bolstering the anchor on the rig. After deploying the mooring line and
      setting the anchor, the catch is remotely operated thereby freeing the
      service line from the short anchor line. The service line is then reeled
      in and the work boat moved to deploy in a similar manner another mooring
      line and associated anchor.
PAR  The anchor is retrieved by towing a remote-operated catch hook at the end
      of the service line, in a direction intersecting the mooring line at a
      point remote from the moored structure. The hook has a catch with a remote
      releasable lock thereon. When the hook engages the mooring line at a point
      considerably below the water surface, the catch automatically opens to
      allow the hook to capture the mooring line. The service line is then moved
      in the direction of the mooring line and toward the anchor. When the hook
      slides down to or near the buried anchor, the service line is raised
      thereby unseating the buried dynamic anchor. When the anchor is already
      close to being bolstered, the catch is remotely opened. The catch hook is
      allowed to fall off from the mooring line by slackening the service line.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an anchor being deployed on a work boat's service line;
PAR  FIG. 2 shows the remote operation of the release hook just prior to
      separating from the anchor;
PAR  FIG. 3 is similar to FIG. 2 showing the position of the short anchor cable
      after decoupling;
PAR  FIG. 4 is a detail view of the release hook;
PAR  FIG. 5 illustrates the work boat's movements during anchor retrieval;
PAR  FIG. 6 is an enlarged detail view of the catch hook illustrating the three
      catch positions;
PAR  FIG. 7 is a view taken on line 7--7 in FIG. 6;
PAR  FIG. 8 illustrates the anchor retrieval process; and
PAR  FIG. 9 illustrates the decoupling of the release hook.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Throughout the drawings the same numerals are used to designate the same or
      similar parts.
PAR  A floating structure 10, such as a submersible ship, or barge-shaped
      drilling rig 11, has a chain locker 12 or winch in the case of wire rope,
      which stores a very long mooring line 14 which may consist of wire, chain
      or a combination of both. The mooring line is considerably longer than the
      depth of the body of water to allow for a nearly horizontal pull on the
      mooring line by the rig which will cause the anchor 16 to bite deep into
      the sea bottom 18. In the case of chain, mooring line 14 is paid out over
      a wildcat 19 which is mounted at an elevated position relative to chain
      locker 12. The mooring line extends below a bottom swivel fairlead 20
      positioned at a considerable distance, say 50 feet, below wildcat 19. The
      crown 21 of anchor 16 is preferably attached to a short (say 100 to 200
      feet) anchor line 22 which is coupled to a small buoy 23. Buoy 23 supports
      the weight of line 22 and assists in bolstering and unbolstering the
      anchor on and from the rig bolster.
PAR  There is provided a remote operated release hook 40 (FIG. 4) which can
      assume various geometric configurations. The preferred embodiment consists
      of an L-shaped portion 41, a semi-annular portion 42 followed by a lip
      portion 43. Portions 41 and 42 pivot about a pin 51. Hook 40 grapples a
      loop 45 (FIG. 4) on a coupling line 22A (FIG. 1) connected to the short
      anchor line 22. The dimensions and weight of hook 40 are such that it will
      retain its structural integrity under maximum pulling load. A service line
      34 of a work boat 28 can be connected by a suitable shackle 34' (FIG. 4)
      to hook 40. The service line 34 can be reeled in and out through a stern
      roller 36' by winch 36 on the deck of work boat 28.
PAR  The release hook 40 is adapted for remote acoustic operation by an acoustic
      release mechanism, generally designated as 50 (FIG. 4). An explosive bolt
      52 or similar such device, serves as a catch and prevents hook portion 42
      from rotating clockwise to its open-hook position 42A. The bolt is fired
      by a coded acoustic signal. A control unit 54 forms part of the release
      mechanism 50 and consists of an acoustic detector such as a hydrophone,
      receive and decode electronics, and a battery. Control unit 54 is housed
      in a pressure case 55. A pair of wires 57 connect control unit 54 with
      explosive bolt 52.
PAR  A surface command unit 60 (FIG. 9), which could be suspended from boat 28,
      generates an acoustic telemetry signal having a predetermined length and
      being frequency modulated with an address and fire code. This acoustic
      signal travels through the water to become detected by the hydrophone in
      control unit 54. The hydrophone generates an electric signal which is
      decoded by the receive electronics. If this signal contains the proper
      code, the decode electronics, also in unit 54, will generate a release
      signal which will result in the firing of explosive bolt 52, thus enabling
      the hook portion 42 to rotate clockwise on pin 51 to its open position
      42A.
PAR  Underwater acoustic operated explosive bolts 52, the control unit 54, and
      the command unit 60 are commercially available, for example from the
      Honeywell Marine Systems Division of Seattle, Wash., and in and by
      themselves form no part of this invention. It will be appreciated that the
      remote-operated control unit 54 functions without vulnerable electric
      cables or other connections, and that the coding permits positive
      identification of one specific beacon or signal among several such signals
      in the same area.
PAR  The catch hook 70 can assume various geometric configurations. The
      preferred embodiment is described in detail in said patent application
      Ser. No. 502,573, and essentially consists of a straight portion 71, an
      annular portion 72 which is followed by a lip portion 73. The gap or mouth
      74 between portions 71 and 73 has a width sufficient to allow hook 70 to
      grapple any section of mooring line 14. The annular portion 72 is provided
      with a reinforcing rib 75, conveniently having a rectangular
      cross-sectional area while the hook itself can have a circular
      cross-section. The dimensions and weight of hook 70 are such that it will
      retain its structural integrity under maximum pulling load. Service line
      34 can be connected by its suitable shackle 34' to the straight portion
      71.
PAR  The catch hook 70 is also adapted for remote acoustic operation by an
      acoustic release mechanism, generally designated as 50' similar to unit 50
      previously described. A catch 53 is mounted on a pivot pin 80 in lip 73. A
      spring 56 biases catch 53 to assume an open hook position 53C. A stop
      plate 58 locks catch 53 into its close-hook position 53A without
      preventing catch 53 from rotating counter-clockwise, as viewed in FIG. 6,
      into a forced open-hook position 53B when the mooring line exerts a
      downward force on catch 53. After the mooring line 14 becomes captured by
      hook 70, spring 56 will cause catch 53 to return to its close-hook
      position 53A. Thus, the mooring line 14 by itself can move through but not
      out of mouth 74 of hook 70.
PAR  A suitable explosive bolt 52', or similar such device, secures stop plate
      58 to the hook's straight portion 71 and prevents catch 53 from rotating
      clockwise. The bolt 52' is again fired by a coded acoustic signal. A
      control unit 54' (FIG. 7), similar to control unit 54 of release hook 40
      (FIG. 4), forms part of the release mechanism 50' and may (not shown) also
      consist of an acoustic detector such as a hydrophone, receive and decode
      electronics, and a battery. Control unit 54' is housed in a pressure case
      55'. A pair of wires 57 connect the output from control unit 54' with the
      input to explosive bolt 52'.
PAR  The surface command unit 60 (FIG. 2), previously described will generate an
      acoustic telemetry signal which is coded with an address and fire code.
      This acoustic signal will also travel through the water to become detected
      by the hydrophone in control unit 54'. The hydrophone generates an
      electric signal which is decoded by the control unit's receive
      electronics. If this signal contains the proper code, the decode
      electronics forming part of control unit 54' will generate a release
      signal which will result in the firing of the explosive bolt 52. Stop
      plate 58 will now free catch 53 to rotate on its pin 80 and assume its
      forced or biased open-hook position 53C.
PAR  In the anchor deployment operation (FIGS. 1-3), the release hook 40 on the
      service line 34 is attached to the coupling 22A connected to buoy 23
      coupled to short anchor line 22. The anchor is then lowered from the
      service boat 28 (FIG. 1). After the anchor touches bottom 18 (FIG. 2), the
      service line 34 is released from the short coupling line 22A by remote
      operation of release hook 40 with command unit 60. The service line is
      then reeled in (FIG. 3) and the work boat 28 moved for deployment of
      another anchor 16, in a similar manner.
PAR  In the retrieval operation (FIGS. 5 and 8), hook 70 is towed by the work
      boat's service line 34 in a direction 82 that intersects or is
      substantially perpendicular to the vertical plane containing mooring line
      14. While being towed at the end of service line 34, hook 70 is submerged
      at a considerable distance below the water surface, say more than 200
      feet. After hook 70 catches the mooring line at point 83, the work boat
      will swerve toward the general direction of the mooring line as indicated
      by the dotted line trajactory 84. As the work boat approaches buried
      anchor 16, it will move in a direction 85 substantially parallel to the
      mooring line, causing hook 70 to slide down on mooring line 14 until it
      stops at or near anchor 16. Then the service line is gradually reeled in
      by winch 36 on work boat 28 (FIG. 8) to thereby exert an uplift force F on
      the anchor's crown 21 which unseats the anchor from the sea bottom 18.
PAR  Thereafter the work boat carries the anchor on its service line 34 toward
      rig 11 and assists the drilling rig in the retrieval process of the
      mooring line and of the anchor. To disconnect hook 70 (FIG. 6) from the
      mooring line, bolt 52 is remotely exploded, as previously described,
      thereby allowing catch 53 to rotate about its pivot 80 into its biased
      open-hook position 53C. Service line 34 is then slackened and hook 70 will
      fall off by itself from the mooring line.
PAR  Hook 70 is particularly adapted for very deep waters, say up to and over
      3,000 feet, since it will continuously remain on the mooring line while it
      slides to the bottom 18.
PAR  The optional buoy 23 which has to be lowered to about 3,000 feet below the
      water surface has to be structurally sound to withstand the environmental
      pressures.
PAR  By maintaining erect the short anchor line 22, the release hook 40 will not
      be dragging on or becoming buried in the sea bottom, else the acoustic
      signals may fail to operate the explosive bolt 52. Also, the crew can
      retrieve the end of the sharp coupling line 22A more easily, once the
      anchor is bolstered.
PAR  The advantage of using the embodiment of the release hook such as 40 (FIG.
      4) is that conventional hooks can be easily adapted and converted for use
      with the method of this invention. Thus, a relatively small force produced
      by explosive bolt 52 enables hook 40 to control very large loads.
PAR  With the method of this invention, instead of using a pendant line of
      approximately 3,000, a short anchor line 22 between 100 and 200 feet can
      now be employed. In a conventionally moored rig, the total weigth of the
      pendant lines may be in excess of 200 long tons. Just the handling and
      storage of such a great load constitute great wastes of time, money and
      materials.
PAR  Also, with this invention the large surface and spring buoys have been
      eliminated thereby increasing the above mentioned savings. There will no
      longer be a need to be concerned, as in the North Sea, that buoys and
      pendant lines will be lost. When hook 40 is released, the small buoy 23
      arrives to the surface and the retrieval of the anchor is facilitated.
PAR  Other advantages and modifications will readily suggest themeslves to those
      skilled in the art and all such are desired to be covered by the claims
      attached hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of employing a service ship having anchor-deploying equipment
      for assisting in the mooring to the seabottom of a structure floating in a
      body of water,
PA1  said structure having mooring means including a mooring line attached to an
      anchor,
PA1  said ship being on the surface of said body of water and having a service
      line,
PA1  a hook attached to the service line,
PA1  said method being characterized by utilizing the following steps:
PA1  moving the service ship near said structure,
PA1  coupling the hook to said mooring means;
PA1  progressively releasing the mooring means from the structure into the body
      of water;
PA1  supporting the mooring means with the service line;
PA1  moving the ship away from said structure to a desired location;
PA1  progressively lowering the service line through the body of water;
PA1  burying the anchor in the seabottom;
PA1  detaching the hook from the mooring means;
PA1  taking in the service line onto the ship; and
PA1  mooring said structure to said mooring means.
NUM  2.
PAR  2. The method of claim 1 and employing the service ship to assist in the
      retrieving of said mooring means by:
PA1  moving the service ship near the structure,
PA1  submerging the hook and a portion of the service line into the body of
      water;
PA1  towing the submerged hook in a direction intersecting the mooring line
      until the hook catches the mooring line;
PA1  gradually swerving the service line in the direction of the mooring line
      toward the buried anchor;
PA1  progressively lowering the service line as the ship moves away from said
      structure toward said desired location and the hook slides down on the
      mooring line toward the anchor;
PA1  uplifting the hook to unseat the anchor from the seabottom;
PA1  progressively taking in the mooring line into the structure;
PA1  progressively taking in the service line into the ship while supporting the
      mooring means with the service line;
PA1  moving the ship toward the structure; and
PA1  releasing the hook from the mooring line.
NUM  3.
PAR  3. The method of claim 1 wherein said hook is remote operated by an
      acoustic transmitter on said ship and said hook comprises means responsive
      to a received acoustic signal for opening a catch of the hook, and wherein
      the step of detaching the hook includes transmitting an acoustic signal
      from said transmitter to release the catch on the hook.
NUM  4.
PAR  4. The method of claim 2 wherein said mooring means includes a short
      pendant line, compared to the depth of the body of water, coupled to the
      anchor and a submerged buoy attached to the pendant line for maintaining
      the pendant line erect, and
PA1  the step of coupling the hook to the mooring means includes attaching the
      hook to said short pendant line.
NUM  5.
PAR  5. The method of employing a service ship and anchor-deploying and
      retrieving equipment for mooring and unmooring to and from the sea bottom
      a structure floating in a body of water,
PA1  said structure having mooring means including a mooring line attached to an
      anchor,
PA1  said ship being on the surface of said body of water and having a service
      line,
PA1  a remote-operated hook attached to the service line, and
PA1  a control unit on the ship for controlling the operation of the hook;
PA1  said method being characterized by utilizing the following steps:
PA1  with the service ship near said structure, coupling the hook to said
      mooring means;
PA1  progressively releasing the mooring means from the structure into the body
      of water;
PA1  supporting the mooring means with the service line;
PA1  moving the ship away from said structure to a desired location;
PA1  progressively lowering the service line through the body of water;
PA1  when the anchor reaches the vicinity of said desired location, actuating
      said control unit to remotely open the hook;
PA1  detaching the hook from the mooring means;
PA1  burying the anchor in the sea bottom thereby mooring the structure to the
      mooring means;
PA1  taking in the service line onto the ship;
PA1  moving the ship near the structure;
PA1  submerging the hook and a portion of the service line into the body of
      water;
PA1  towing the submerged hook in a direction intersecting the mooring line
      until the mooring line is caught inside the hook;
PA1  gradually swerving the service line in the direction of the mooring line
      toward the buried anchor;
PA1  progressively releasing the service line as the ship moves toward said
      desired location and the hook slides down on the mooring line toward the
      anchor;
PA1  uplifting the hook to unseat the anchor from the sea bottom;
PA1  progressively taking in the service line into the ship, while supporting
      the mooring means with the service line;
PA1  releasing the hook from the mooring line; and
PA1  bolstering the anchor on the structure.
NUM  6.
PAR  6. The method of claim 5 wherein said control unit is an acoustic
      transmitter and said hook comprises means responsive to a received
      acoustic signal for opening a catch on the hook, and wherein the step of
      actuating the control unit includes transmitting an acoustic signal from
      said transmitter to release the catch on the hook.
NUM  7.
PAR  7. The method of claim 6 wherein said mooring means further includes a
      short pendant line, compared to the depth of the body of water, coupled to
      the anchor, and a submerged buoy for maintaining the pendant line erect,
      and
PA1  the step of coupling the hook to the mooring means includes attaching the
      hook to said short pendant line.
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ABST
PAL  A marine propulsion drive mounted to a boat transom includes a vertical
      drive shaft and a horizontal propeller shaft coupled by a pair of bevel
      gears in an oil filled lower housing unit. The vertical shaft is supported
      in vertically spaced bearings, one of which is immediately adjacent the
      upper wall of the bevel gear and the other of which is spaced upwardly
      therefrom. A shift member is selectably positioned through a shift linkage
      including a vertically extending shift rod which projects upwardly through
      an appropriate opening in the housing. A lateral passageway is provided
      immediately adjacent the upper bearing which extends laterally and
      downwardly to the shift passageway. An oil circulating passageway is
      formed having an inlet end in the upper wall of the lower housing adjacent
      to the upper face of the drive bevel gear and an outlet end terminating
      between the bearings. The inlet of the circulating passageway is laterally
      offset from the common plane through the vertical drive shaft and the
      propeller shaft and therefore offset with respect to the full mating
      position of the gear teeth of the corresponding set of bevel gears. The
      passageway inlet is particularly located overlying the outer peripheral
      portion of one of the drive gears on the vertical shaft and to the
      upwardly moving side thereof. The inlet is further located also generally
      overlying the outermost edge of the mating driven bevel gear on the
      propeller shaft. Oil flows continuously upwardly through and over the ball
      bearing unit and returns downwardly through the shift rod opening in the
      lower unit housing to the lower portion of the gear casing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an oil circulating system for marine propulsion
      apparatus including a lower gear case unit housing interconnecting drive
      shaft and propeller shaft gearing, and in particularly to an outboard
      motor including a bevel gear coupling in the lower unit.
PAR  Relatively small boats such as recreational power boats widely employ an
      outboard motor secured to the transom for driving of the boat. More
      recently inboard-outboard assemblies have been employed for driving of
      propeller to provide similar propulsion. Generally, in such propeller
      driven marine propulsion drive systems, a detachable lower unit forms a
      part of the driving housing of the propulsion apparatus, said unit
      including a housing closely fitting around a horizontally directed
      propeller shaft coupled to a vertical drive shaft through suitable
      coupling gears, generally in the form of bevel gears fixed respectively to
      the propeller shaft and to the drive shaft. A direct reversing drive can
      be readily provided by providing a pair of bevel gears rotatably mounted
      on the propeller shaft and mating with opposite sides of a pinion bevel
      gear mounted to the lower end of the drive shaft. The opposing faces of
      the propeller shaft mounted bevel gears are selectively engaged by a drive
      member fixed to rotate with the propeller shaft. The bevel gears rotate in
      opposite directions and thus provide a direct reversing drive by selective
      positioning of the engaging drive member on the propeller shaft.
PAR  Generally, the drive shaft is secured within a vertical housing forming a
      part of the lower unit and most generally integrally formed as a part of
      the lower gear housing. The shaft is suitably supported by vertically
      spaced bearings mounted in an opening or chamber in the lower unit
      housing, which bearings support the drive shaft in driving relationship to
      the propeller shaft.
PAR  It is important to maintain proper lubrication of the gears and the shaft
      bearing. It is general practice to maintain the gear case totally filled
      with a suitable lubricating oil to assure adequate lubrication and
      minimize any entry of water. Further, the lower units are usually formed
      with some interconnecting passageway between the gear casing portion
      immediately adjacent the coupling gears and the chamber housing the
      bearing supports for the drive shaft.
PAR  For example, expired U.S. Pat. No. 2,549,477 shows an early lubrication
      system wherein an inlet oil passage was located adjacent the periphery of
      the bevel gear on the vertical drive shaft with the centrifugal forces
      thereof throwing the oil into the passage and thereby causing it to move
      upwardly and through an interconnecting passageway into the chamber
      housing the drive shaft bearings. More recently, the inlet passageway has
      been located immediately above the meshing gears on the common plane
      through the centers of the vertical shaft and the propeller shaft, relying
      on the meshing or collapsing of the mating gear teeth to force the oil
      upwardly through the inlet passageway to the drive shaft chamber, with a
      suitable return provided to the gear chamber.
PAR  Although such systems have provided satisfactory operation, they generally
      require complete filling of the gear case unit with oil. Further, it has
      been found desirable to increase the circulation of the oil upwardly
      through the bearing supports for the drive shaft to maintain optimum
      lubrication thereof.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is particularly directed to a marine propulsion drive
      apparatus including a highly improved liquid lubricant circulating means
      for continuously circulating the lubricant throughout the gear and bearing
      portions of the drive system.
PAR  Generally, in accordance with the present invention, the drive shaft and
      the propeller shaft are angularly oriented and coupled by a gear system
      including gears having beveled mating teeth. The inlet to the circulating
      passageway is located adjacent such mating surfaces but is particularly
      offset to the engaging side of the precise common plane through the gear
      shafts and therefore offset from the position of maximum or full
      engagement of the gear teeth. Applicant has found that this results in
      significantly improved circulation of the oil or other lubricant. With the
      chambers totally filled, as employed in general practice, improved oil
      circulation is obtained to maintain more efficient and improved operation.
      However, Applicant has found that even with an oil level as low as the
      center line of the propeller shaft of such a drive system, sufficient oil
      circulation may be maintained to properly lubricate all components. All
      such pumping action, particularly with a filled housing, results in some
      absorption of the horsepower output of the engine, with an overall slight
      reduction in the driving horsepower of the motor. With the invention
      however, the operator may obtain maximum horsepower output without
      destruction of the lower unit by utilizing a lesser amount of oil, thereby
      reducing such churning losses. The danger of water entering the lower gear
      unit would, of course, exist when the unit is not full of oil and special
      consideration should be given thereto by the operator.
PAR  More particularly, in accordance with a preferred construction of the
      present invention, the drive shaft bevel gear is mounted for rotation
      generally about a vertical axis on the lower end of the drive shaft. The
      lower unit includes the horizontally disposed propeller shaft with the
      spaced bevel gears and the coupling member slidably mounted on the
      propeller shaft, all enclosed in a housing of minimum size which closely
      surrounds these elements. The shift member is selectably positioned
      through a shift linkage including a vertically extending shift rod which
      projects upwardly through an opening in the housing. The spaced bevel
      gears are mounted in relatively fixed axial relationship and are in
      continuous mating with the opposite sides of a drive bevel gear. The drive
      shaft extends upwardly through the housing and a pair of vertically spaced
      bearings, one of which is immediately adjacent the upper wall of the bevel
      gear and the other of which is spaced upwardly therefrom. The spacing
      between the bearings defines a chamber within the vertical portion of the
      housing.
PAR  The oil circulating path includes a passageway extending from immediately
      adjacent the upper bearing laterally and downwardly through the shift rod
      opening. The inlet end of the oil circulating passageway is positioned at
      a point in the upper wall of the lower unit housing adjacent to the upper
      face of the drive bevel gear, and is laterally offset from the common
      plane through the drive shaft and the propeller shaft and therefore offset
      with respect to the full mating position of the gear teeth of the
      corresponding set of bevel gears. The inlet is particularly located
      overlying the outer peripheral portion of the drive gear on the vertical
      shaft. The inlet is further located over the pocket formed between the
      engaging drive surfaces of the gear teeth and the point of nearest
      engagement of the coasting surfaces of the meshing teeth as the teeth
      moves into mesh. The passageway extends upwardly from the inlet
      terminating in the wall of the drive shaft chamber immediately adjacent
      the upper end of the lower drive shaft bearing. The oil is forced as the
      aforementioned pocket closes, filling the chamber and overflowing through
      the top drive shaft bearing. The oil flows continuously upwardly through
      and over the ball bearing unit and returns downwardly through the shift
      rod opening to the lower portion of the gear casing. Some of the oil will
      also flow downwardly through the lower drive shaft bearing.
PAR  Applicant has found that even if the oil level should drop below the center
      line of the propeller shaft, the rotation of the driven bevel gear carries
      the oil upwardly into the area of the drive bevel gear. This centrifugal
      action and the meshing pumping action described interact, particularly in
      the offset location, to provide a flow of oil upwardly through the inlet
      and into the drive shaft bearing chamber. This sysstem thus provides
      optimum oil circulation primarily as a result of the combination of these
      two pumping actions.
PAR  The present invention provides an improved oil circulation system which can
      be readily applied to a practical construction similar to that heretofore
      employed.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings furnished herewith illustrate the preferred construction of
      the present invention in which the above advantages and features are
      clearly disclosed as well as others which will be readily understood from
      the following description of the illustrated embodiments of the invention.
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of an outboard motor mounted on a boat
      transom;
PAR  FIG. 2 is an enlarged vertical section through the lower unit of the motor
      drive assembly generally in the plane of the interconnected drive and
      propeller shafts;
PAR  FIG. 3 is a cutaway fragmentary enlarged vertical section taken generally
      on line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary horizontal section taken generally on line 4--4 of
      FIG. 2; and
PAR  FIG. 5 is a sectional view taken generally on line 5--5 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to the drawing and particularly to FIG. 1, an outboard motor 1 is
      illustrated mounted on the transom 2 of a boat, not otherwise shown,
      through a conventional, well-known clamp and swivel bracket 3. The
      outboard motor 1 includes an upper power head assembly 4 within which the
      conventional engine 5 is housed. The power head is mounted on the top of a
      drive shaft housing 6 with a lower unit or gear housing 7 secured to the
      lower end thereof and carrying a propeller 8. Thus, the engine 5 in
      accordance with wellknown construction is connectd by a vertical drive
      shaft 9 which projects downwardly through the drive shaft housing 6. As
      most clearly shown in FIG. 2, the lower end of shaft 9 terminates within
      the gear housing 7 and is coupled to the propeller shaft 10, which is
      mounted essentially normal to the end of the drive shaft, by a suitable
      bevel gear system 11.
PAR  More particularly, the gear housing 7 includes a generally centrally
      located lower portion 12 which is torpedo shaped and defines a gear
      chamber within which the propeller shaft 10 and the gear unit 11 are
      mounted. A depending skeg 13 is provided to protect the propeller against
      weeds and the like as with conventional construction. The gear housing 7
      further includes a streamlined upper body portion 14 which is of a
      sufficient lateral thickness to accommodate a cored shaft opening 15
      through which the vertical drive shaft 9 projects. An upper roller ball
      bearing 16 and a bottom needle bearing 17 are located to the opposite ends
      of chamber 15 and rotatably support the lower end of drive shaft 9. The
      opening 15 is larger than the diameter of the shaft 9 to freely
      accommodate the shaft and the illustrated bearings. The lower end of the
      shaft 9 projects into the gear chamber 12 with a bevel gear 18 splined and
      bolted as by a clamping bolt 19 to the lowermost end of the shaft. The
      illustrated bevel gear 18 generally has a plurality of bevel teeth formed
      in the lower half thereof and with the upper half including an oppositely
      tapered top wall 20. A corresponding recess 21 in the adjaent wall of the
      chamber 12 lies closely adjacent the top 20 of the bevel gear 18.
PAR  The bevel gear 18 meshes with a pair of oppositely located bevel gears 22
      and 23 which are rotatably mounted on the propeller shaft 10 within the
      gear chamber 12. The bevel gears 22 and 23 are essentially correspondingly
      constructed, with the bevel gear 23 rotatably mounted on shaft 10 to one
      side of bevel gear 18 by a suitable ball bearing unit 24 and bevel gear 22
      rotatably mounted to the forward end of the housing, and to the opposite
      side of bevel gear 18 by a needle bearing unit 25. Bevel gear 22 is
      further mounted within the housing by a suitable tapered type bearing unit
      26 to support the inner end of shaft 10. The propeller shaft mounted bevel
      bears 22 and 23 are maintained in constant mesh with the drive bevel gear
      18 and rotate in opposite directions. The opposed end faces of bevel gears
      22 and 23 are adjapted to be selectively engaged by a drive member 27
      which is slidably mounted on the propeller shaft 10 between such gears.
      Member 27 is rotatably locked to shaft 10 by a locking pin 28 extending
      through an elongated slot 29 in the propeller shaft 10. The locking pin 28
      includes a central portion aligned with a shift pin 30 which is slidably
      mounted within a central axial recess in shaft 10. A spring 31 within the
      inner end of the recess urges the pin 28 to a first drive position with
      pin 30 extended outwardly of the recess and with the outer end thereof
      slidably engaging a shift cam 32 secured to the lower end of a shift rod
      33. Rotation of the shift rod 33 effects corresponding positioning of the
      pin 30 and shift pin 28 against the bias of the spring 31 for selective
      positioning of the drive member 27 between a centrally located neutral
      position and oppositely located drive positions, selectively engaging the
      corresponding faces of the bevel gears 22 and 23.
PAR  The shift rod 33 projects outwardly through a cored opening or chamber 34
      in the upper body portion 14, generally parallel to and in lateral
      alignment with the drive shaft chamber 15. The several chambers 12, 15 and
      34 are preferably filled with a liquid lubricant 35 such as a suitable
      lubricating oil to maintain lubrication of the moving parts and to prevent
      entrance of water and the like. Further, the walls of chamber 12 are
      formed to closely conform to the shape of the bevel gears and, in
      particular, the upper conical or tapered wall 20 merges with a horizontal
      wall 36 which extends parallel to the adjacent surface of the bevel gear
      22 with a small gap therebetween.
PAR  The present invention is particularly directed to producing a flow of such
      oil 35 through the chamber 12 and particularly upwardly through the drive
      shaft chamber 15, the ball bearing unit 16 and then downwardly through
      opening 34 returning to the gear chamber 12.
PAR  Generally, an inlet passageway 37 is located in the vertical wall of the
      chamber 15 extending between the upper surface of the bevel gear 22 and
      the lower portion of the drive shaft chamber 15. A return passageway 38
      extends from the upper wall portion immediately adjacent the upper end
      assembly of the ball bearing unit 16 and downwardly to the upper end of
      the shift rod opening 34. The latter opening 34 extends downwardly and
      provides direct communication to the lower end of the gear chamber 12. In
      accordance with the present invention, the inlet passageway 37 is
      especially located with respect to the mating bevel gears 18 and 22 to
      produce an optimum pumping action and thereby establishing a highly
      improved oil circulation, as follows.
PAR  The inlet passageway 37 is shown as a generally rectilinear passageway of
      cylindrical cross-section. The inlet end 39 is located in the juncture of
      walls 20 and 36 immediately adjacent to the bevel gears 18 and 22.
      Furthermore, and more importantly, as shown in FIGS. 3 and 4, the inlet 39
      of passageway 37 is laterally offset from a common vertical plane 40
      through the axis of bevel pinion gears 18 and the propeller drive bevel
      gear 22. The inlet opening is thus located in spaced relation to the full
      or maximum engagement between the teeth of such gears 18 and 22. The
      amount of offset depends upon the radius of the gears and the coarseness
      of the gear teeth. The pumping pocket between the teeth forms as the
      trailing top edge of a drive tooth reaches its point of closest approach
      to the coasting side of its adjacent driven tooth. Where this occurs with
      respect to the plane of the drive and propeller gears will depend on the
      radius of the gears and the size and number of teeth employed. Thus the
      offset may conceivably vary between 2.degree. and 15.degree., and should
      be such that the inlet 39 is located at the point where it will receive
      the effect of maximum ejection of the oil by the squeezing and centrifugal
      action of the gears. Speed of rotation of the gears where maximum
      circulation is desired should also be considered when locating the oil
      inlet as it will influence the velocity of the oil as it leaves the teeth.
PAR  The inlet 39 is further located with respect to the driven gear 22 to the
      incoming side thereof such that the oil in the lower portion of the
      chamber 12 which is picked up by the gear 22 is carried upwardly toward
      the inlet opening. It thus provides a centrifugal action tending to move
      the oil upwardly of the chamber and thus into the passageway. At this
      location, the gears 18 and 22 are engaging and force the oil trapped
      therebetween outwardly by a squeezing action as the teeth move into mesh.
PAR  As a result of this offset position, Applicant has found that greater flow
      results when compared to location of the inlet over the point of maximum
      engagement of the gears. The action of forcing of the oil from between the
      gear teeth as well as the centrifugal forces acting on the oil produces
      the increased pumping action.
PAR  The location of the return passageway 38 from immediately above the ball
      bearing 16 maintains a continuous flow through the bearing 16 with the oil
      returning, as the result of gravity and pressurization in the drive shaft
      chamber 15, through the shift shaft opening 34 to the gear chamber 12. The
      oil within the chamber 15 will also flow as a result of the pressure and
      gravity directly downwardly through the supporting needle bearing unit 17
      located in the lower end of the chamber 15.
PAR  Generally, the several chambers of the lower unit 7 will be maintained
      filled with the lubricating oil 35 to provide oil circulation and to
      ensure against the entrance of water or the like in accordance with
      conventional practice. The lubricating effect with the present invention,
      however, is such that even in the event a significant amount of oil is
      lost, adequate lubrication will be maintained. Thus, the oil level may
      drop below the axis of the propeller shaft 10, however, the movement of
      the remaining oil 35 will maintain sufficient oil circulation to produce
      the necessary lubrication of the gears and drive shaft bearings 16 and 17.
PAR  Further, under this condition of reduced oil level, the amount of power
      required to transfer the oil is less than that required in the
      illustration with the chambers completely filled. Thus, it might be
      desirable under certain cases where speed is considered a prime importance
      to operate the unit with the reduced amount of oil. Special care must, of
      course, be taken to prevent the entrance of water which can result in
      rapid deterioration of the drive system.
PAR  Thus, the present invention provides a highly improved and reliable method
      of circulating oil throughout the lower gear unit of a marine propulsion
      drive apparatus.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims, particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a marine propulsion drive apparatus adapted to be secured to a boat
      with a pendant submerged drive unit including a generally horizontal
      driven propeller shaft means and an offset generally vertical drive shaft
      means coupled by relatively fixed drive positioned rotating bevel gear
      meshes within said unit, said bevel gear means including a pair of meshing
      bevel gears defining a pocket at the engaging surfaces of the gears, said
      unit being essentially liquid tight and containing a liquid lubricant,
      said bevel gear means being in essentially open communication with said
      liquid lubricant in said unit, an improved lubricant circulating means
      comprising a circulation passageway means having an inlet means located
      immediately adjacent the bevel gear means to pick-up forced lubricant from
      the periphery of the rotating gear means, said inlet means being limited
      to alignment with said pocket and adjacent to the periphery and offset
      from the position of maximum bevel gear engagement and located in close
      spaced relation to the engaging side of the bevel gear means, and a return
      flow path located in a low pressure area for return flow of the forced
      lubricant within said unit.
NUM  2.
PAR  2. The marine propulsion drive apparatus of claim 1 wherein a drive shaft
      means is rotatably journaled in a shaft chamber means by an upper and a
      lower bearing means and coupled at the lower end to said propeller drive
      shaft means by said bevel gear means immediately adjacent the lower
      bearing means, said passageway means extending upwardly and inwardly to
      said drive shaft chamber means as an essentially unobstructed passageway,
      said inlet means being located in alignment with the top portion of said
      bevel gears and laterally offset from the common axial plane through the
      bevel gears to the upwardly moving side of the bevel gears on said
      propeller shaft means, said return passageway means extending from the
      upper bearing means downwardly for gravity return of the forced lubricant
      to the bevel gear means.
NUM  3.
PAR  3. The drive apparatus of claim 2 wherein a pair of spaced oppositely
      facing driven bevel gears are rotatably mounted on the propeller shaft
      means and said drive shaft means has a drive bevel gear mating with and
      oppositely and continuously rotating said driven bevel gears, shift means
      selectively coupling said propeller shaft means to said driven gears, and
      said inlet opening means being located adjacent one of the driven gears
      and the drive gear.
NUM  4.
PAR  4. The drive apparatus of claim 1 wherein said drive unit includes a lower
      gear housing with said propeller shaft rotatably mounted therein and
      having an integral drive shaft housing extending perpendicularly
      therefrom, said drive shaft extending through said drive shaft housing and
      having a pair of spaced bearing units, said bevel gears including a drive
      bevel gear secured to said drive shaft and a driven bevel gear secured to
      said propeller shaft, said passageway inlet means being formed in said
      drive shaft housing wall immediately above the drive bevel gear and the
      driven bevel gear to the leading side of the driven bevel gear and
      extending upwardly and inwardly to said drive shaft chamber between said
      spaced bearing units.
NUM  5.
PAR  5. The drive apparatus of claim 4 wherein said gear housing and said shaft
      housing are sealed to retain the lubricant and prevent entrance of water.
NUM  6.
PAR  6. The drive apparatus of claim 4 wherein said drive shaft housing includes
      a return passageway means from the upper bearing means downwardly to the
      lower gear housing for return of the forced lubricant.
NUM  7.
PAR  7. The drive apparatus of claim 6 wherein a pair of spaced oppositely
      facing driven bevel gears are rotatably mounted on the propeller shaft
      within said gear housing, said drive bevel gear on said drive shaft mates
      with and oppositely rotates said driven bevel gears, shift means
      selectively couples said propeller shaft to said driven gears, said shift
      means including an operator projecting upwardly through the return
      passageway means from said upper bearing means.
NUM  8.
PAR  8. The drive apparatus of claim 5 wherein said inlet means extends upwardly
      and inwardly to said drive shaft chamber as an essentially straight
      unobstructed passageway.
NUM  9.
PAR  9. The drive apparatus of claim 1 wherein said driven unit includes a
      generally L-shaped housing including a lower gear chamber means and an
      upwardly extending drive shaft chamber means, said propeller shaft means
      being rotatably mounted in said gear chamber and having a pair of spaced
      oppositely facing driven bevel gears rotatably mounted on the shaft, said
      drive shaft being journaled in the drive shaft chamber and having a drive
      bevel gear mating with and oppositely rotating said driven bevel gears,
      said housing having a shift operator opening extending parallel to the
      drive shaft chamber, shift means extending through said operator opening
      selectively coupling said propeller shaft means to said driven gears, said
      gear chamber having an inner wall essentially conforming to the bevel
      gears and slightly spaced therefrom, said inlet means being an inlet
      passageway extending from the upper wall of the gear chamber through the
      wall of said drive shaft chamber as an essentially straight unobstructed
      passageway, said inlet passageway having an opening located in alignment
      with one of said driven bevel gears and the drive gear laterally offset
      from the common axial plane through the bevel gears and generally
      overlying the upwardly moving face of the driven gear, a return passageway
      means immediately above the upper bearing means to operator opening for
      gravity return of the forced lubricant downwardly to below the level of
      the propeller shaft.
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PAL  Disclosed herein is a marine propulsion device including a gauge for
      indicating the vertical position of a propulsion unit relative to a boat
      hull attachment device and including an indicator movable in response to
      variation in electrical current, a circuit for supplying the gauge with
      electrical current, and a circular rack physically connected to one of the
      propulsion unit and the attachment device co-axially with the axis of
      vertical swinging of the propulsion unit, and a pinion in mesh with the
      rack and connected to the other of the propulsion unit and the attachment
      device and to the wiper of a potentiometer which is electrically connected
      to the gauge and to the current supplying circuit and which is operative
      to vary the electrical current supplied to the gauge in response to
      vertical swinging movement of the propulsion unit.
PARN
PAR  This application is a division of my application Ser. No. 321,049, filed
      Jan. 4, 1973, now U.S. Pat. No. 3,844,247.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Marine propulsion devices, such as outboard motors and stern drive units,
      have, for many years, included propulsion units which are vertically
      swingable relative to the supporting boat hull. Various arrangements have
      been provided for trimming and tilting such propulsion units relative to
      the boat hull in order to optimize propulsion efficiency and in order to
      remove the propeller mounted at the lower end of the propulsion unit from
      the water.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a means for remotely indicating the position of a
      vertically swingable propulsion unit comprising a gauge including an
      indicator movable in response to variation in electrical current, and
      means physically connected between the propulsion unit and a boat hull
      attachment means and electrically connected to the gauge for varying the
      electrical current supply to the gauge in response to and in accordance
      with vertical swinging movement of the propulsion unit.
PAR  Such means, in accordance with the disclosed constructions, includes a
      variable resistance electrically connected to the gauge and to the current
      source and including a resistance winding or coil mounted on one of the
      propulsion unit and boat hull attachment means and a wiper mounted on the
      other of the propulsion unit and boat hull attachment means and movably
      electrically connected to the resistance coil for varying the current flow
      to the gauge in response to relative movement between the propulsion unit
      and the attachment means.
PAR  More specifically, the means for varying the electrical current supplied to
      the gauge also includes a first member physically connected to one of the
      propulsion unit and the attachment means, together with a second member
      physically connected to the other of the attachment means and the
      propulsion unit and connected to the first member for relative movement
      therebetween in response to and in accordance with vertical swinging
      movement of the propulsion unit relative to the attachment means. The
      resistance coil is mounted on one of the members and the wiper is mounted
      on the other of the members.
PAR  In one embodiment in accordance with the invention, the relatively movable
      members comprise the cylinder of a hydraulic cylinder-piston assembly and
      the piston movable in the hydraulic cylinder. In another embodiment in
      accordance with the invention, the members comprise a circular rack
      stationarily fixed to a swivel bracket and a wiper shaft which is
      rotatably mounted about a fixed axis to the boat hull attachment means,
      which wiper shaft supports a pinion in engagement with the circular rack
      whereby vertical swinging movement of the swivel bracket relative to the
      boat hull attachment means results in movement of the wiper shaft and
      consequent variation in the associated resistance coil.
PAR  Also, in accordance with the invention, a slip clutch is provided between
      the pinion and the wiper shaft in order to automatically afford proper
      alignment between the pinion and the wiper.
PAR  One of the principal objects of the invention is the provision of a means
      for informing the operator at a point remote from the propulsion device of
      the angular position, or the tilt or trim position, of the propulsion unit
      relative to the boat hull attachment means.
PAR  Another of the principal objects of the invention is the provision of a
      trim indicating means including an electrically operated meter and a
      resistance which is varied in accordance with vertical swinging movement
      of the propulsion unit relative to the boat hull attachment means.
PAR  Another of the principal objects of the invention is the provision of a
      trim and/or tilt indicating means associated with a hydraulic
      cylinder-piston assembly which is pivotally connected between the boat
      hull attachment means and the swivel bracket of a marine propulsion
      device.
PAR  Still another of the objects of the invention is the provision of a trim
      and/or tilt indicating means including a rack and pinion arrangement which
      is mounted between the swivel bracket and the boat hull attachment means
      or transom bracket and which is operable to rotate a wiper so as to vary a
      resistance in accordance with vertical swinging movement of the swivel
      bracket relative to the boat hull attachment means.
PAR  Other objects and advantages of the invention will become known by
      reference to the following description, claims, and accompanying drawings.
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PAC  THE DRAWINGS
PAR  FIG. 1 is a partially broken away side elevational view of a marine
      propulsion device incorporating various of the features of the invention.
PAR  FIG. 2 is partially sectioned and partially schematic view of various of
      the components incorporated in the marine propulsion device shown in FIG.
      1.
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a perspective view of still another arrangement for generating an
      electrical output in response to vertical swinging movement of a
      propulsion unit, which electrical output can be employed in the circuit
      shown schematically in FIG. 2 to advise the operator of the trim or tilt
      position of the propulsion unit.
DETD
PAR  Before explaining the invention in detail, it is to be understood that the
      invention is not limited in its application to the details of construction
      and arrangement of parts set forth in the following general description or
      illustrated in the accompanying drawings, since the invention is capable
      of other embodiments and of being practiced or carried out in various
      ways. Also it is to be understood that the phraseology or terminology
      employed herein is for the purpose of description and not of limitation.
PAC  General Description
PAR  Shown in the drawings is a marine propulsion device in the form of an
      outboard motor 11 including attachment means in the form of a transom
      bracket 13 for connecting the motor 11 to a boat hull, together with a
      swivel bracket 15 connected to the transom bracket 13 for vertical
      swinging movement of the swivel bracket 15 relative to the transom bracket
      13 about a tilt pin 17, and a propulsion unit 19 pivotally connected to
      the swivel bracket 15 about a king pin 21 for steering movement of the
      propulsion unit 19 relative to the swivel bracket 15 about an axis
      perpendicular to the tilt pin 17 and for vertical swinging movement of the
      propulsion unit 19 in common with the swivel bracket 15 relative to the
      attachment means or transom bracket 13. Carried by the propulsion unit 19
      is a propeller 23 which, under the normal operating conditions, is
      submerged in water. As thus far disclosed, the construction is entirely
      conventional. While the propulsion device is illustrated as an outboard
      motor, the invention is equally applicable to stern drive units.
PAR  In accordance with the invention, there is provided means for remotely
      indicating the vertical position of the propulsion unit 19 or swivel
      bracket 15 relative to the attachment means 13 or boat hull. In further
      accordance with the invention, such means comprises a gauge 25 including
      an indicator or pointer 27 movable in response to variation in electrical
      current, a source of electrical current, and means for varying the current
      applied to the gauge 25 in accordance with and in response to vertical
      swinging movement of the propulsion unit 19.
PAR  Various gauges can be employed. The gauge 25 shown in FIG. 2 is in the form
      of a commercially available resistance driven meter including a face plate
      having indicia 29 indicative of the permissible angular range of the
      propulsion unit, together with the indicator or pointer 27 which is
      movable relative to the indicia 29 in proportion to the current supplied
      to the gauge 25.
PAR  Various electrical sources can be employed. It is preferred that the
      electrical current source provide direct current which is substantially of
      uniform potential. Accordingly, in the illustrated construction as shown
      in FIG. 2, a direct current battery 31 is electrically connected to the
      gauge 25.
PAR  The means for varying the electrical current supplied to the gauge 25 in
      response to vertical swinging movement of the propulsion unit 19 can take
      various forms, and includes a variable resistance 32 which is electrically
      connected in series with the gauge 25 and the battery 31. The variable
      resistance 32 includes a resistance coil 33 and a wiper 35 which is
      movably electrically connected to the resistance coil 33 to vary the
      effective resistance of the coil 33 in accordance with the position of the
      propulsion unit 19.
PAR  Various coils and wipers can be employed in various arrangements for
      varying the resistance of the coil in accordance with the position of the
      propulsion unit 19. In the construction shown in FIG. 2, the variable
      resistance 32 is associated with a hydraulic cylinder-piston assembly or
      means 41 which can take various forms and which, in the disclosed
      construction, corresponds to the trim cylinder-piston assembly disclosed
      in the United States Borst et al. U.S. Pat. No. 3,885,517, issued May 27,
      1975, which patent is incorporated herein by reference.
PAR  More specifically, the hydraulic cylinder means 41 comprises a first member
      or cylinder 43 which is pivotally connected to one of the transom bracket
      13 and swivel bracket 15 and a second member in the form of a piston
      assembly 45 including a piston 47 and an operably connected piston rod 49
      which is pivotally connected to the other of the transom bracket 13 and
      swivel bracket 15. The piston assembly 45 is telescopically received in
      the cylinder 43 and is movable therein relative to the cylinder 43 in
      accordance with the vertical swinging movement of the propulsion unit 19.
      Extending from the piston 47 in the construction shown in FIG. 2 is a
      sleeve 51 which carries thereon the resistance coil 33 which is in the
      form of an annular winding wound around an insulating bobbin 53 and which
      is retained on the sleeve 51 in fixed position relative to the piston 47
      by a snap ring 55.
PAR  The wiper 35 is mounted on the cylinder 43 and is in the form of a ball
      contact which is retained in electrical engagement with the coil 33 by a
      retainer 59 which, in turn, is held in place by a holding member 61 of
      insulating material. As illustrated, the retainer 59 has an inwardly open
      bore 63 which receives the ball contact or wiper 35 and which houses a
      spring 65 biasing the ball contact or wiper 35 into engagement with the
      coil 33. Accordingly, movement of the piston 47 within the cylinder 43
      causes variation in the effective resistance of the coil 33.
PAR  As shown in FIG. 2, the coil 33 is grounded at one end and thereby
      electrically connected to the battery 31 in series with the gauge 25.
PAR  More specifically, in the specifically illustrated construction, the end of
      the coil 33 adjacent to the piston 47 is electrically connected to the
      sleeve 51 which, at its other end, is fixed to a guide 67 having an
      annular groove 69. Located in the groove 69, as shown in FIG. 3, is a
      slider or contact 71 which electrically couples the end of the coil 33
      adjacent to the piston 47 to the cylinder 43 and thereby to the outboard
      motor 11 which also serves as a ground for the battery 31.
PAR  Assuming fixed connection of the piston rod 49 to the piston 47, it is
      evident that the effective resistance would vary in proportion to the
      amount of extension and contraction of the hydraulic cylinder means 41
      through the full range of permissible propulsion unit vertical swinging
      movement. However, in the disclosed construction and as particularly
      disclosed in the before-mentioned U.S. Pat. No. 3885517, the piston rod 49
      is movable relative to the piston 47, and the piston 47 is movable in
      accordance with propulsion unit movement only through the trim range or
      lower part of the permissible tilling or swinging movement of the
      propulsion unit. Thus, in the construction disclosed in FIG. 2, the gauge
      25 is limited to portraying or indicating the angular position of the
      propulsion unit 19 relative to the attachment means 13 or boat hull solely
      within the trim range.
PAR  The hydraulic fluid in the hydraulic cylinder means 41 is retained in the
      cylinder 43 solely to the right of the piston 47 and the coil 33 and ball
      contact or wiper 35 are located in a non-hydraulic fluid environment.
PAR  Any suitable series electrical connection between the gauge 25, variable
      resistance 32 and battery 31 can be employed. Also included in the circuit
      shown in FIG. 2 is a series connected, key operated ignition switch 73
      which closes when the associated engine is operated and which opens when
      the associated engine is not operating.
PAR  Shown in FIG. 4 is another arrangement for providing a variable resistance
      or means which is variable in accordance with the position of the
      propulsion unit 19. More specifically, in the construction shown in FIG.
      4, there is provided a first member which is in the form of a circular
      rack 81 and which is fixedly attached to the swivel bracket 15 by any
      suitable means, with the axis of the circular rack 81 coinciding with the
      axis of vertical swinging movement of the propulsion unit 19. Thus, the
      rack 81 has common pivotal movement with the swivel bracket 15 and
      propulsion unit 19.
PAR  Fixed to the transom bracket 13 is a stationarily located variable
      resistance coil 33A housed in a bracket 83 which is suitably fixed to the
      tilt pin 17 stationarily located relative to the transom bracket 13 or
      which can be suitably fixed directly to the transom bracket. The
      resistance coil 33A is electrically connected to a wiper 35A which is
      supported by the bracket 83 for rotation about the tilt axis and which is
      connected to a pinion 85 engaged with the rack 81. Thus, vertical swinging
      movement of the swivel bracket 15 and connected propulsion unit 19
      relative to the attachment means or transom bracket 13 causes variation in
      the resistance of the coil 33A.
PAR  The wiper 35A and coil 33A are connected in series with the battery 31 and
      gauge 25 in the same manner as connection of the coil 33 and wiper 35 in
      FIG. 2, so that the electrical current applied to the gauge 25 varies in
      accordance with the resistance of the coil 33A.
PAR  In further accordance with the invention, a friction slip clutch is
      provided between the wiper 35A and the pinion 85, so that upon initial
      full travel of the propulsion unit 19 to to either its fully raised or
      fully lowered position, the wiper 35A will be automatically properly
      angularly located in relation to the pinion 85. In this regard, the wiper
      35A has associated therewith one or more stops (not shown) which are
      located so as to prevent movement of the wiper 35A beyond positions
      corresponding to fully elevated or fully lowered positions of the
      propulsion unit 19. Thus, regardless of the initial angular relationship
      between the pinion 85 and the wiper 35, when the propulsion unit 19 is
      vertically moved toward one of its fully raised or fully lowered
      positions, the wiper 35A will engage one of the stops and the pinion 85
      will initially slip until the fully raised or fully lowered position is
      obtained. Thereafter, the movement of the pinion 85 will cause
      corresponding movement of the wiper 35A in accordance with the position of
      the propulsion unit 19. If desired, only one such stop can be employed.
PAR  Although other arrangements can be employed, in the specifically disclosed
      construction, the wiper 35A is carried by a shaft 86 and the clutch takes
      the form of an annular ring 87 which, for practical purposes, is fixed to
      one of the wiper shaft 86 and the interior bore of the pinion 85 and which
      has projections therein in frictional engagement with the other of the
      wiper shaft 86 and the interior bore of the pinion 85. Thus, when the
      wiper 35A engages a stop prior to full travel of the propulsion unit,
      relative movement between the wiper shaft 86 and the pinion 85 is
      permitted. However, thereafter, the pinion 85 and wiper shaft 86 and
      connected wiper 35A move in unison.
PAR  In the construction shown in FIG. 4, the indicator is operable over the
      full range of permissible propulsion unit vertical tilting movement.
PAR  Various of the features of the invention are set forth in the following
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A marine propulsion device comprising means for attachment to the hull
      of a boat, a propulsion unit pivotally connected to said attachment means
      about a tilt axis for vertical swinging movement of said propulsion unit
      relative to said attachment means, and means for indicating the position
      of said propulsion unit relative to said attachment means comprising a
      gauge including an indicator movable in response to variation in
      electrical current, and means physically connected between said propulsion
      unit and said attachment means and electrically connected to said gauge
      for varying the electrical current supplied to said gauge in response to
      vertical swinging movement of said propulsion unit, said means for varying
      said electrical current comprising a circular rack physically connected to
      one of said propulsion unit and said attachment means and including a
      plurality of teeth extending in an arcuate series at a uniform distance
      from said tilt axis with said teeth individually extending parallel to
      said tilt axis, a rotatably mounted pinion physically connected to the
      other of said attachment means and said propulsion unit and enmeshed with
      said rack for rotation of said pinion in response to vertical swinging
      movement of said propulsion unit relative to said attachment means, and a
      variable resistance electrically connected in series to said gauge and
      including a resistance coil mounted on one of said propulsion unit and
      said attachment means and a wiper movably electrically connected to said
      coil for varying the current flow to said gauge in response to relative
      movement between said wiper and said coil, said wiper also being connected
      to said pinion for rotation of said wiper in response to rotation of said
      pinion incident to vertical swinging movement of said propulsion unit.
NUM  2.
PAR  2. A marine propulsion device in accordance with claim 1 and further
      including frictional slip-clutch means between said pinion and said wiper.
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PAL  This device comprises an audible alarm member arranged to be sounded by
      spring operated clapper means which is normally held inoperative by
      temperature responsive devices all in a perforated housing suitable for
      installation in a room. The temperature responsive devices include a body
      of wax like material disposed between two cup shaped members of good heat
      conductive material and holding said members apart at all ordinary room
      temperatures. If the temperature surrounding the device is raised to a
      predetermined limit, as by a fire in the room, the wax body will soften or
      melt and this will permit the cup shaped members to be moved and cause the
      alarm to be sounded.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to automatic fire alarm devices of a type adapted to
      be used in a room to sound an alarm if the temperature in that room
      exceeds a predetermined limit and particularly it relates to heat
      responsive means used to control the operation of such devices.
PAR  Persons asleep in rooms frequently suffer serious and sometimes fatal
      injury before or without waking up if a fire is started in the room. An
      object of this invention is to provide a simple and efficient fire alarm
      device for use in a room and adapted to sound an alarm if the temperature
      in the room rises above a predetermined maximum, said device being
      provided with simple and inexpensive heat responsive means which is
      rugged, durable and not easily damaged in handling, said heat responsive
      means comprising a body or ball of wax like material disposed between two
      opposed cup shaped members of good heat conductive material. Said body
      being firm at ordinary room temperatures and normally holding said two cup
      shaped members apart, one of the cup shaped members being rigidly secured
      to a frame and the other cup shaped member being secured to a movable
      clapper arm which is adapted to be moved and sound the alarm when it is
      released for movement by the softening or melting of the heat responsive
      body.
PAR  Another object is to provide automatic fire alarm means of this type in
      which all of the parts are completely housed within a perforated housing
      of heat conductive material so they cannot be easily damaged by handling
      the device or tampering with it and will always be maintained at the
      temperature of the room in which they are disposed.
PAR  Other objects of the invention will be apparent from the following
      description and accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view partly in elevation and partly in section, taken
      substantially on line 1--1 of FIG. 2, showing a fire alarm device
      embodying our invention.
PAR  FIG. 2 is an elevational view, with parts in section, taken on line 2--2 of
      FIG. 1.
PAR  FIG. 3 is a fragmentary sectional view, with parts in elevation, taken on
      line 3--3 of FIG. 2.
PAR  FIG. 4 is a perspective view showing the exterior of the device.
DETD
PAR  Like reference numerals refer to like parts throughout the drawings.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The fire alarm device herein illustrated comprises a housing preferably
      formed of a deeper part 5 and a shallower end or cover part 6. The end
      part 6 has a flange 7 adapted to fit snugly within the housing part 5 and
      to be secured thereto by screws 8. Enough perforations 9 are provided, in
      either the housing part 5 or the end part 6, or in both of said parts, to
      insure that, when parts 5 and 6 are in assembled relation, the air in the
      room in which the housing is disposed will circulate freely through the
      housing and always keep the temperature in the housing approximately the
      same as it is in the room. Preferably the alarm mechanism is assembled in
      or on one of the housing parts, in this instance the end part 6, and the
      other housing part 5 is adapted to be secured to a wall or a ceiling of
      the room in which the alarm device is installed.
PAR  The alarm mechanism comprises a frame preferably formed of two frame plates
      10 and 11 supported by spacer members 12 in relatively rigid, spaced
      apart, parallel relation. Screws 13 can be used to secure one frame plate
      10 to the housing part 6.
PAR  A bell 14 is supported by the frame and a clapper arm 15 is mounted on the
      frame by a pivot member 16 and carries a striker member 17 positioned to
      ring the bell 14 when the clapper arm 15 is oscillated. Also said clapper
      arm 15 has a part 18 which extends beyond its pivot 16 and said clapper
      arm 15 is provided at opposite sides of its pivot 16 with two spaced apart
      escapement members 19 and 20 which are shaped and positioned for operative
      engagement with triangularly shaped teeth on an escapement wheel 21. The
      clapper arm 15 is normally held immovable but if it is released and free
      to move it can be oscillated and caused to ring the bell 14 by imparting
      rotation to the escapement wheel 21.
PAR  The escapement wheel 21 is rigidly secured to a shaft 22 which also has a
      gear pinion 23 rigidly secured to it and pinion 23 meshes with a gearwheel
      24 that is rotatively supported on a shaft 25. The gear wheel 24 is
      connected by a pawl 26 with a ratchet wheel 27 which is rigidly secured to
      the shaft 25. A spirally wound spring 28 of the type commonly used as a
      mainspring in clocks has its outermost end attached to the frame and its
      innermost end attached to the shaft 25. An end of the shaft 25 is
      accessable from the exterior of the housing for wind-up purposes. When
      clapper arm 15 is held immovable with its tooth like part 19 seated
      between two adjacent teeth of the escapement wheel 21 the gears 23 and 24,
      pawl 26 and ratchet wheel 27 allow the spring 28 to be wound up by
      applying a winding member 29 to the shaft 25.
PAR  Temperature responsive means is provided for holding the clapper arm 15
      immovable at all temperatures below a predetermined maximum. This means
      comprises a cup shaped member 30 rigidly attached to the frame part 12 by
      a bracket 31 and a second cup shaped member 32 rigidly attached to an
      extension arm 33 of the clapper arm 15. Cup members 30 and 32 are
      preferably formed of metal having good heat conductive characteristics and
      they are positioned with their concave sides in opposed relation and are
      normally held a short distance apart by a body 34 of heat responsive
      material which is interposed between them and fits snugly within them and
      has close heat conductive contact with them so air temperatures around the
      cup members will always be transmitted instantly to the body 34.
PAR  Normal room temperature is usually below 100 degrees Fahrenhiet. The
      melting temperature of the body 34 is between 130 and 140.degree. F and
      preferably about 135.degree.. Applicants find that if body 34 is composed
      of a wax made from petroleum, similar to the wax from which ordinary
      candles are made, it will remain firm and fairly solid and will not soften
      objectionably as long as the surrounding temperature remains below
      130.degree., but will soften and release the clapper arm 15 and cause the
      sounding of the alarm at a temperature of about 135.degree.. One wax found
      satisfactory for use in forming body 34 is made by Standard Chevron
      Company of California and is available on the market under the name
      "STANDARD CHEVRON WAX".
PAR  Preferably this fire alarm is secured to a wall near the ceiling or to the
      ceiling of a room where it is out of the way and not liable to be tampered
      with, and where temperature is usually the highest in the room. If a fire
      occurs in the room and raises the temperature around the fire alarm device
      high enough to melt or greatly soften the body 34 the arm 15 will be
      released and the spring 28 will operate to sound the alarm.
CLMS
STM  We claim:
NUM  1.
PAR  1. In fire alarm means, a frame; a sound producing device; a pivotally
      mounted arm capable, when oscillated, of sounding said sound producing
      device; spring actuated arm oscillating means connected with said arm; a
      cup shaped member rigidly supported from said frame; another cup shaped
      member rigidly supported by said arm, said two cup shaped members being
      formed of material having good heat conducting characteristics and being
      positioned close together with their concave sides in opposed relation;
      and a body of heat responsive material which is firm at normal room
      temperatures and has a melting temperature substantially in excess of
      normal room temperature, interposed between and filling said cup shaped
      members, said body holding said cup shaped members apart at normal room
      temperatures and softening and bringing about oscillation of said arm and
      sounding of said sound producing devices when subjected to a temperature
      substantially in excess of normal room temperature.
NUM  2.
PAR  2. The fire alarm device as claimed in claim 1 in which the melting
      temperature of the heat responsive body is between 130.degree. and
      140.degree.F.
NUM  3.
PAR  3. The fire alarm device as claimed in claim 1 in which the melting
      temperature of the heat responsive body is about 135.degree.F.
NUM  4.
PAR  4. The fire alarm device as claimed in claim 1 in which the heat responsive
      body is composed of wax derived from petroleum.
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ABST
PAL  Method and apparatus for evenly coating a moving web of material with a
      predetermined amount of a liquid and characterized by simplicity of
      design, uniformity of application of the liquid and accurate control of
      the amount of the liquid applied, as follows. Mechanisms are provided for
      supplying and feeding a web of material in a longitudinal path of travel
      at a predetermined speed. A coating roll is positioned for transverse
      rotating contact with one surface of the traveling web of material and
      includes a covering of soft, uniformly and highly absorbent material for
      receiving and uniformly absorbing the coating liquid and for transferring
      and uniformly coating the traveling web with the liquid. An open top pan
      is provided for continuously receiving the coating liquid therein. The
      coating roll rotates within the pan for contacting and continuously
      absorbing all of the coating liquid within the pan above the level of the
      coating roll. Mechanisms are provided for continuously metering coating
      liquid to the pan in a predetermined amount related to the speed of travel
      of the web of material and the amount of liquid to be coated thereon for
      continuous absorption by the coating roll and continuous coating of the
      web with all of the predetermined amount of metered liquid.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to method and apparatus for applying and evenly
      coating a moving web of material with a predetermined amount of a liquid
      and characterized by simplicity of design of the apparatus, uniformity of
      application of the liquid and accurate control of the amount of liquid
      applied.
PAR  In many manufacturing operations, it is necessary to treat a continuous web
      or sheet of material with a liquid for various purposes in the
      manufacturing operation. In this type of manufacturing operation, roll
      coating processes are among the most frequently used and involve the use
      of a kiss roll principal with a hard roll rotating in a bath of coating
      liquid and in contact with one surface of the web or sheet of material to
      be coated for applying the coating liquid to the surface of the web or
      sheet of material. The amount of liquid coated onto the web of material in
      this roll coating or kiss roll process is controlled by a doctor blade or
      other pick-up devices contacting the surface of the roll. These methods
      and apparatuses produce difficulty in controlling the amount of coating
      liquid applied to the web of material and obtaining a uniform coating on
      the web of material.
PAR  The above problems are particularly acute when the web or sheet of material
      being coated is of a relatively unflexible or stiff construction and the
      material of the web or sheet is very absorbent. With non-flexible or stiff
      material, the web or sheet will not evenly contact the hard kiss roll
      utilized in conventional roll coating processes and, therefore, a spotty
      or non-uniform application of the coating liquid will result. Also, with a
      very absorbent material, a uniform application of the coating liquid by a
      hard kiss roll is difficult to obtain since the coating liquid is not
      usually uniformly distributed along the hard kiss roll and the absorbent
      material will quickly absorb the coating liquid without allowing the
      coating liquid to be spread out or evenly distributed on the surface of
      the web of material.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the object of this invention to overcome the above
      problems and provide method and apparatus for applying and evenly coating
      a moving web of material, including a relatively stiff and absorbent
      material, with a predetermined amount of a liquid, which method and
      apparatus is simple in design, provides uniformity of application of the
      liquid and accurate control of the amount of the liquid applied and which
      greatly improves upon the heretofore conventional roll coating processes
      and apparatus utilizing the principal of a hard kiss roll rotating in a
      bath of coating liquid.
PAR  By this invention, it has been found that the above objects may be
      accomplished by providing method and apparatus, as follows.
PAR  There is provided means for supplying the web of material to be coated and
      means for feeding the web of material from the supply means in a
      longitudinal path of travel at a predetermined speed. Elongate, driven,
      rotating coating roll means is positioned in the path of travel in the web
      of material and extends generally transversely of the web for rotating
      contact with one surface of the traveling web. The coating roll means
      includes a covering of soft, uniformly and highly absorbent material
      disposed around the circumference thereof for receiving and uniformly
      absorbing the coating liquid and for transferring and uniformly coating
      the traveling web with the liquid. Elongate, open top pan means for
      continuously receiving the coating liquid therein extends transversely of
      the traveling web and is positioned relative to the coating roll means so
      that a portion of the coating roll means not in contact with the traveling
      web rotates within the pan through the open top thereof for contacting and
      continuously absorbing all of the coating liquid within the pan above the
      level of the roll means. And, means are provided for continuously metering
      coating liquid to the pan in a predetermined amount related to the speed
      of travel of the web of material and the amount of liquid to be coated
      thereon for continuous absorption by the coating roll means and continuous
      coating of the web with all of the predetermined amount of metered liquid.
PAR  Thus, the above objects have been accomplished in this invention by the
      novel and unique principal of metering continuously a predetermined amount
      of coating liquid to a coating roll mechanism which will continuously
      absorb all of the metered coating liquid evenly and uniformly and will
      evenly and uniformly transfer and coat the traveling web of material with
      all of the metered coating liquid by a soft and uniformly absorbing outer
      covering on the coating roll which uniformly contacts the moving web of
      material regardless of its stiff or unflexible characteristics and
      uniformly distributes the coating liquid to the web of material because
      the liquid is uniformly distributed on the coating roll.
PAR  Preferably, the means for feeding the web of material comprises
      surface-driven, take-up roll means for feeding and taking-up the web of
      material being coated at a constant predetermined speed.
PAR  Preferably, the coating roll means is positioned for contacting the bottom
      surface of the traveling web of material and includes drive means for
      rotating the roll in the opposite direction to the direction of travel of
      the web of material being coated to obtain a uniform application of the
      coating liquid and a uniform coating on the web of material.
PAR  Preferably, the apparatus of this invention includes tension roll means
      positioned in the path of travel of the web of material on each side of
      the coating roll means and extending generally transversely of the web for
      contacting the upper surface of the web and tensioning the web into
      engagement with the coating roll means. The tension roll means are
      preferably rotatably mounted and include drive means for rotating the
      tension roll means in the opposite direction to the direction of travel to
      the web of material being coated to enhance the tensioning action thereof.
PAR  Preferably, the coating roll means includes a length greater than the
      transverse width of the web of material being coated for coating the
      entire one surface of the web of material. The coating roll covering
      material preferably comprises a textile pile fabric which is uniformly and
      highly absorbent; although, this covering material may include any uniform
      and highly absorbent material, such as open celled foam material, etc.,
      which is also soft and will provide an even contact with a relatively
      stiff web of material.
PAR  The pan means of the apparatus of this invention preferably has a generally
      V-shaped, transverse, cross-sectional shape and includes a partition
      extending across the bottom thereof to define a coating liquid receiving
      chamber in the bottom of the pan to which the metering means is connected.
      The partition includes a plurality of apertures therein spaced therealong
      for allowing an even flow of the metered coating liquid from the receiving
      chamber into the upper portion of the pan means to insure an even liquid
      level in the pan means for even absorption by the coating roll means along
      the length thereof and an even coating of the liquid on the web of
      material.
PAR  The coating roll means is preferably positioned in the pan means such that
      the rotating coating roll means and the covering thereon lightly contacts
      a side of the pan means during its upward rotational movement and after it
      has contacted and absorbed the coating liquid and immediately prior to
      contacting and transferring the coating liquid to the web of material for
      removing any excess coating liquid on the coating roll means.
PAR  The metering means preferably comprises a source of coating liquid, a
      conduit extending from the source of the pan means, and a variably driven
      meter pump disposed in the conduit for pumping coating liquid from the
      supply to the pan in predetermined proportion and in a predetermined
      amount related to the speed of travel of the web of material and the
      amount of liquid to be coated thereon.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Some of the objects and advantages of this invention having been stated,
      other objects and advantages will appear as the description proceeds when
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic perspective view of the apparatus of this invention;
PAR  FIG. 2 is a schematic elevational view of the apparatus of this invention;
PAR  FIG. 3 is an enlarged perspective view of the coating roll utilized in the
      apparatus of this invention;
PAR  FIG. 4 is an enlarged sectional view of a portion of the apparatus of this
      invention;
PAR  FIG. 5 is a sectional view, taken generally along the line 5--5 of FIG. 4;
      and
PAR  FIG. 6 is a top plan view, partly in section, of the roll coating and pan
      mechanism of the apparatus of this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the apparatus for applying and evenly
      coating a continuous, moving web of material M with a predetermined amount
      of a coating liquid C is illustrated schematically in FIG. 1 and
      designated generally by the reference numeral 10. While the apparatus 10
      of this invention is suitable for coating any material M with a liquid
      coating C, it is particularly adaptable for coating of a relatively stiff
      and absorbent material M.
PAR  The apparatus 10 includes a means for supplying a continuous web of
      material M. This supply means may be in the form of a conventional supply
      roll 12 suitably rotatably mounted (not shown) for allowing the web of
      material M to be pulled therefrom for the coating operation. The supply
      roll 12 may be suitably tensioned by a conventional strap tensioning
      device 13 so as to maintain a desired tension in the continuous web of
      material M as it is fed from the supply roll 12.
PAR  The continuous web of material M is fed from the supply roll 12 in a
      longitudinal path of travel at a predetermined, preferably constant,
      speed. In the preferred embodiment of this invention, as illustrated in
      the drawings, this feeding of the web of material M in the longitudinal
      path of travel at a predetermined speed is accomplished by a surface
      driven take-up roll mechanism which comprises a take-up roll 16 around
      which the web of material M is wound after being coated. This take-up roll
      16 is suitably, conventionally mounted for vertical upward movement as the
      roll of material M increases in diameter on the take-up roll 16.
PAR  For rotating the roll of material M on the take-up roll 16, there is
      provided a pair of driven rolls 17 and 18 which are positioned parallel to
      each other and adjacent to each other and are driven in the direction of
      the arrows shown in the drawings for forming a nip on the upper surfaces
      threof for receiving the roll of coated material M being wound on the
      take-up roll 16 and for rotating this roll of material M on the take-up
      roll 16 in the direction of the arrows, shown in FIGS. 1 and 2, and thus
      taking-up the coated continuous web of material M and pulling the
      continuous web of material M from the supply roll 12 and feeding it in a
      longitudinal path of travel. The speed of travel of the continuous web of
      material M from the supply roll 12 through its longitudinal path of travel
      to the take-up roll 16 will be constant since the driven rotating rolls 17
      and 18 contact the outside surface of the roll of material M as it is
      wound on the take-up roll 16 and thus maintains the speed of travel of the
      web M constant regardless of the size of the roll of material on the
      take-up roll 16.
PAR  The driven rotating rolls 17 and 18 are suitably rotatably mounted on the
      machine frame (not shown) by shafts 20 and 21, respectively. The shaft 20
      includes a gear 23 on one end thereof which meshes with a gear 24 which in
      turn meshes with a gear 25 carried on one end of shaft 21, so that
      rotation of the roll 18 will drive and rotate the roll 17 through the
      meshing of the gears 23, 24, and 25. The shaft 21 of the roll 18 is
      connected with and driven by a gear reduction unit 27 which in turn is
      driven by a pulley and belt mechanism 28 from a motor 29. The motor 29 is
      any suitable variable speed motor which can be set to drive the rolls 17
      and 18 at any desired, predetermined, constant speed so as to feed the
      continuous web of material M from the supply roll 12 to the take-up roll
      16 at a predetermined constant speed.
PAR  For coating of the continuous web of material M as it passes from the
      supply roll 12 to the take-up roll 16 in its longitudinal path of travel
      at a predetermined speed, there is provided an elongate, driven, rotating
      coating roll 30 positioned in the path of travel of the web of material M
      and extending generally transversely of the web of material M for rotating
      contact with the bottom surface of the traveling web of material M.
PAR  The coating roll 30 comprises a generally cylindrical body portion 31
      mounted on a shaft 32 extending from each end of the body portion 31 and
      which is suitably rotatably mounted on a frame portion (not shown) of the
      machine. The coating roll 30 further includes a covering 33 around the
      circumference of the body portion 31 of the roll 30, of soft, uniformly
      and highly absorbent material. This covering 33 is preferably a textile
      pile fabric which provides these characteristics. However, other
      coverings, such as open cell foam material, etc. which is both soft and
      highly and uniformly absorbent may be employed as the covering material.
PAR  The shaft 32 of the coating roll 30 includes a sprocket gear 34 on one end
      thereof which is rotated by an endless chain 35 which also passes around a
      sprocket gear 36 carried on the end of a stub shaft 37 which includes a
      sprocket gear 38 on the other end thereof which is driven by an endless
      chain 39 which passes around a sprocket gear 40 on the shaft 21 to be
      driven by the shaft 21. The above arrangement of sprocket gears and chains
      are positioned for rotating of the coating roll 30 in the direction of the
      arrows shown in FIGS. 1, 2 and 4 and in a direction opposite to the
      direction of travel of the continuous web of material M for engaging the
      bottom surface of the continuous web of material M and rotating
      thereagainst for applying and evenly coating the liquid coating material C
      thereon.
PAR  Associated with the coating roller 30 is an elongate, open top, pan 45 for
      continuously receiving the coating liquid C therein and extending
      transversely of the traveling web of material M and being positioned
      relative to the coating roll 30 so that a portion of the coating roll 30,
      not in contact with the traveling web, rotates within the pan 45 through
      the open top thereof for contacting and continuously absorbing all of the
      coating liquid within the pan 45 above the level of the coating roll 30.
      The pan 45 comprises a generally V-shaped, transverse cross-sectional
      shape having longitudinal side portions 46 and 47 and end portions 48 so
      as to form an enclosed open top pan. The pan 45 is suitably stationarily
      mounted on a frame portion F (see FIG. 4) of the machine. The pan 45
      further includes a partition 50 extending generally horizontally across
      the bottom portion of the pan 45 for defining a coating liquid receiving
      chamber 51 in the lower portion thereof for receiving coating liquid
      therein. The partition 50 includes a plurality of apertures 52 spaced
      therealong for allowing an even flow of the coating liquid C from the
      receiving chamber 51 into the main portion of the pan 45 for contact and
      absorption by the coating roll 30 and to insure an even liquid level in
      the pan 45.
PAR  For supplying the coating liquid C to the pan 45, there is provided a
      metering device for continuously metering the coating liquid C to the pan
      45 in a predetermined amount related to the speed of travel of the web of
      material M and the amount of coating liquid C to be coated thereon for
      continuous absorption by the coating roll 30 and continuous coating of the
      web of material M with all of the predetermined amount of metered coating
      liquid C.
PAR  This metering mechanism comprises any suitable source of coating liquid C,
      shown in the drawings as a reservoir 60, a conduit 61 extending from the
      source 60 and connected with the bottom of the pan 45 for supplying
      coating liquid C from the source 60 to the coating liquid receiving
      chamber 51 in the pan 45. A variably driven meter pump 64 is disposed in
      the conduit 61 for pumping the coating liquid C from the supply 60 to the
      pan 45 in predetermined proportion and in a predetermined amount related
      to the speed of travel of the web of material M and the amount of coating
      liquid C to be coated thereon. The meter pump 64 may be of any
      conventional construction and is driven at a predetermined speed by a
      sprocket gear 65 which receives a chain 66 which also passes around a
      sprocket gear 67 carried on the end of stub shaft 68 which also carries a
      sprocket gear 69 which receives a chain 70 which passes around a sprocket
      gear 71 carried on the end of the shaft 37. Thus, the pump 64 is driven by
      the motor 29 and gear reduction unit 27 which also drives the rolls 17 and
      18 and the pump 64 may be driven proportional to the speed of travel of
      the web of material M.
PAR  The coating roll 30 and the pan 45 preferably have a length greater than
      the transverse width of the web of material M being coated for coating the
      entire bottom surface of the traveling web of material M as it passes the
      coating roll 30. The coating roll 30 is positioned in the pan 45, as shown
      particularly in FIG. 4, such that the rotating coating roll 30 lightly
      contacts a longitudinal side 47 of the pan 45 during its upward rotational
      movement and after it has contacted and absorbed the coating liquid C, and
      immediately prior to contacting and transferring the coating liquid C to
      the web of material M for purposes of doctoring and removing any excess
      coating liquid C on the coating roll 30.
PAR  The apparatus 10 further includes tension rolls 80 and 81 positioned
      transversely across and in the path of the traveling web of material M on
      each side of the coating roll 30, respectively, for contacting the upper
      surface of the web of material M and tensioning the web into engagement
      with the coating roll 30. Preferably, the tensioning rolls 80 and 81 are
      rotatably driven in an opposite direction to the direction of travel of
      the web of material M being coated to enhance the tensioning action
      thereof. For this purpose, the coating roll 80 includes a shaft 82 having
      a sprocket gear 83 on the end thereof which receives and is driven by the
      chain 35. The roll 81 includes a shaft 85 which carries a sprocket gear 86
      which also receives the chain 35 and is driven thereby.
PAR  Thus, it may be seen that the above described take-up mechanism, coating
      roll mechanism, tension roll mechanisms, and coating liquid metering
      mechanisms are all driven by chain and sprocket drives from a common gear
      reduction unit and variable drive motor so that the speeds of all these
      mechanisms may be coordinated with each other for evenly and uniformly
      coating the web of material with a predetermined amount of coating liquid
      determined by the speed of travel of the web of material and the amount of
      coating liquid desired to be applied thereto.
PAR  With the above described apparatus 10, it may be seen that the web of
      material M is fed from supply roll 12 in a longitudinal path of travel at
      a predetermined constant speed by the rotation of driven rolls 17 and 18
      contacting the surface of the roll of coated material M on the take-up
      roll 16. As the web of material M is fed in such longitudinal path of
      travel, the bottom surface thereof comes in contact with the soft, highly
      and uniformly absorbent covering 33 on coating roll 30 and is held in
      engagement therewith by the driven counter-rotating tension rolls 80, 81.
PAR  Coating liquid C is constantly fed from supply 60 through conduit 61 by a
      metering pump 64 so that a predetermined metered amount of coating liquid
      is constantly supplied to the coating liquid receiving chamber 51 of the
      open top pan 45 to be evenly distributed through the apertures 52 in
      partition 50 to form an evenly distributed coating liquid level in the pan
      45. The coating roll 30 rotates partially within the pan 45 and all of the
      predetermined metered amount of coating liquid C being continuously fed to
      the pan 45, causing the liquid level to rise above the lower level of the
      rotating coating roll 30 therein, is absorbed by the soft, uniform and
      highly absorbent covering 33, on the coating roll 30. The coating roll 30
      lightly engages one of the longitudinal sides 47 of the pan 45 to wipe off
      or doctor off any excess coating liquid C thereon and is counterrotated
      into engagement with the bottom surface of the traveling web of material
      M. Due to the soft surface of the covering 33 on the coating roll 30, the
      relatively stiff web of material M is evenly contacted along the length of
      the coating roll 30 and along the transverse width of the web of material
      M so that all of the predetermined metered amount of coating liquid C,
      continuously fed to the pan 45 and absorbed by the coating roll 30, will
      be transferred and evenly coated onto the bottom surface of the traveling
      web of material M.
PAR  A very accurate control of the amount of coating liquid C transferred to
      and coated on the web of material M is thus maintained since all of the
      predetermined amount of coating liquid C continuously metered to the pan
      45 is absorbed by the uniformly and highly absorbent covering 33 on the
      coating roll 30 and is uniformly transferred by the soft surface of this
      covering 33 of the coating roll 30 to the traveling web of material M.
PAR  Thus, it may be seen, that a method and apparatus for applying and evenly
      coating a moving web of material with a predetermined amount of a coating
      liquid is provided which is simple in design, has uniformity of
      application of the coating liquid and accurate control of the amount of
      coating liquid applied.
PAR  In the drawings and specification there has been set forth a preferred
      embodiment of this invention and, although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for continuously applying and evenly coating a moving web of
      material with a predetermined amount of a liquid and characterized by
      simplicity of design, uniformity of application of the liquid and accurate
      control of the amount of liquid applied; said apparatus comprising:
PA1  driven means for feeding the web of material in a longitudinal path of
      travel at a predetermined constant speed;
PA1  elongate, open top, pan means for continuously receiving the coating liquid
      therein and extending transversely of the traveling web;
PA1  driven means for continuously metering coating liquid to said pan means in
      the predetermined amount to be continuously applied to the moving web of
      material;
PA1  driven, elongate, rotating coating roll means positioned in the path of
      travel of the web of material and extending generally transversely of the
      web for rotating contact with one surface of the moving web at a
      predetermined constant speed and including a covering of soft, uniformly
      and highly absorbent material disposed around the circumference thereof
      and having a capacity for receiving and continuously uniformly absorbing
      the predetermined amount of coating liquid being continuously metered and
      for transferring and uniformly coating the traveling web with the liquid,
      said coating roll means being positioned partially within said pan so that
      a portion thereof not in contact with the web rotates within said pan
      through the open top thereof for contacting and continuously absorbing an
      amount of the coating liquid within said pan above the level of said roll
      means corresponding to the amount being metered into said pan by said
      metering means; and
PA1  means operatively connected with said web feeding means, said metering
      means and said coating roll means for continuously driving same in
      predetermined relation to each other for applying and evenly coating the
      moving web of material with a predetermined amount of the liquid.
NUM  2.
PAR  2. Apparatus, as set forth in claim 1, in which said means feeding the web
      of material comprises surface-driven, take-up roll means for feeding and
      taking-up the web of material being coated at a constant predetermined
      speed.
NUM  3.
PAR  3. Apparatus, as set forth in claim 1, in which said coating roll means is
      positioned for contacting the bottom surface of the traveling web of
      material and said drive means rotates said roll in an opposite direction
      to the direction of travel of the web of material being coated to obtain a
      uniform application of the coating liquid and a uniform coating on the web
      of material.
NUM  4.
PAR  4. Apparatus, as set forth in claim 3, in which said apparatus further
      includes tension roll means positioned in the path of travel of the web of
      material on each side of said coating roll means and extending generally
      transversely of the web for contacting the upper surface of the web and
      tensioning the web into engagement with said coating roll means.
NUM  5.
PAR  5. Apparatus, as set forth in claim 4, in which said tension roll means are
      rotatably mounted and include drive means for rotating said tension roll
      means in an opposite direction to the direction of travel of the web of
      material being coated to enhance the tensioning action thereof.
NUM  6.
PAR  6. Apparatus, as set forth in claim 1, in which said coating roll means
      includes a length greater than the transverse width of the web of material
      being coated for coating the entire one surface of the web of material.
NUM  7.
PAR  7. Apparatus, as set forth in claim 1, in which said coating roll covering
      material comprises a textile pile fabric.
NUM  8.
PAR  8. Apparatus, as set forth in claim 1, in which said pan means comprises a
      generally V-shaped, transverse, cross-sectional shape and includes a
      partition extending across the bottom thereof to define a coating liquid
      receiving chamber in the bottom of said pan means to which said metering
      means is connected, said partition including a plurality of apertures
      therein spaced therealong for allowing an even flow of the metered coating
      liquid from said receiving chamber into the upper portion of said pan
      means to ensure an even liquid level in said pan means for even absorption
      by said coating roll means along the length thereof and an even coating of
      the liquid on the web of material.
NUM  9.
PAR  9. Apparatus, as set forth in claim 1, in which said coating roll means is
      positioned in said pan means such that said rotating coating roll means
      lightly contacts a side of said pan means during its upward rotational
      movement and after it has contacted and absorbed the coating liquid and
      immediately prior to contacting and transferring the coating liquid to the
      web of material for removing any excess coating liquid on said coating
      roll means.
NUM  10.
PAR  10. Apparatus, as set forth in claim 1, in which said metering means
      comprises a source of coating liquid, a conduit extending from said source
      to said pan means, and a variable drive meter pump disposed in said
      conduit for pumping coating liquid from said supply to said pan in
      predetermined proportion and in a predetermined amount related to the
      speed of travel of the web of material and the amount of liquid to be
      coated thereon.
NUM  11.
PAR  11. Apparatus for continuously applying and evenly coating a moving web of
      material with a predetermined amount of a liquid and characterized by
      simplicity of design, uniformity of application of the liquid and accurate
      control of the amount of liquid applied; said apparatus comprising:
PA1  means for supplying the web of material to be coated;
PA1  surface driven, take-up roll means for feeding the web of material from
      said supply means in a longitudinal path of travel at a constant
      predetermined speed and for taking up the coated web of material;
PA1  elongate, open top, pan means for continuously receiving the coating liquid
      therein and extending transversely of the traveling web, said pan means
      comprises a generally V-shaped, transverse, cross-sectional shape and
      includes a partition extending across the bottom thereof to define a
      coating liquid receiving chamber in the bottom of said pan means, said
      partition including a plurality of apertures therein spaced therealong for
      allowing an even flow of the coating liquid from said receiving chamber
      into the upper portion of said pan means to insure maintaining an even
      liquid level in said pan means;
PA1  metering means comprising a source of coating liquid, a conduit extending
      from said source to said receiving chamber in said pan means, a driven
      meter pump disposed in said conduit for pumping coating liquid from said
      supply to said pan continuously in the predetermined amount to be
      continuously applied to the moving web of material;
PA1  driven, elongate, rotating coating roll means positioned in the path of
      travel of the web of material and extending generally transversely of the
      web for rotating contact with the bottom surface of the traveling web in
      the opposite direction to the direction of travel of the web, said coating
      roll means including a covering of soft, uniformly and highly absorbent
      material disposed around the circumference thereof for receiving and
      uniformly absorbing the coating liquid and for transferring and uniformly
      coating the traveling web with the liquid, said coating roll means being
      partially positioned within said pan so that a portion thereof not in
      contact with the web rotates within said pan through the open top thereof
      for contacting and continuously absorbing an amount of the coating liquid
      within said pan above the level of said roll means corresponding to the
      amount being metered into said pan by said metering means;
PA1  tension means positioned in the path of travel of the web of material on
      each side of said coating roll means for contacting the upper surface of
      the web and tensioning the web of material into engagement with said
      coating roll means;
PA1  means operatively connected with said take-up roll means, said meter pump
      and said coating roll means for constantly driving same in predetermined
      relation to each other for applying and evenly coating the moving web of
      material with a predetermined amount of the liquid.
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ABST
PAL  A system is disclosed for supplying particle material along a length of
      strip material which is then closed into a tube to provide welding wire or
      electrode. The strip material is moved longitudinally (while its flow rate
      is measured) and as it moves through a junction location, particle
      material is metered onto the strip, the flow rate of the particle material
      also being measured. The system compares the flow rates of the strip
      material and the particle material with a predetermined ratio to provide a
      control signal which controls the flow rate of the particle material
      accordingly. The strip material carrying the particle material is then
      closed to a tubular configuration to produce welding wire of improved
      consistency along its length. As disclosed, the system incorporates
      effective structures for measuring the flow of the strip material and for
      precisely metering the particle material.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The need sometimes arises for a system to provide a relatively precise
      quantity of solid, particle material along a length of solid strip
      material. For example, in the manufacture of welding electrode or wire,
      processes are well known in which solid particles, e.g., granular alloys
      or flux particles are deposited on a moving metallic strip, e.g., mild
      steel, after which the strip is tightly closed into a tubular
      configuration containing the particle material. This method for producing
      fabricated wire has been recognized to possess certain inherent advantages
      and is well known in the art.
PAR  With regard to welding wires generally, i.e., both fabricated and solid
      wires, current technology has resulted in a demand for products of greater
      uniformity. Of course, material deviations along a length of welding wire
      result in similar deviations in the resulting deposit. In many
      applications, such material variations are undesirable or even
      intolerable. Consequently, a need exists for an improved system for
      producing welding wire that is more uniform along its length, e.g.,
      material content ratios are substantially constant from one section to
      another.
PAR  In the formation of solid welding wire, several manufacturing steps are
      generally involved with the result that material consistency is difficult
      to maintain both with respect to a single length of wire and lengths of
      wire produced from different billets. In the production of fabricated
      wires, several factors influence material consistency. The present
      invention relates to the recognition of such factors and the development
      of a system for controlling those factors to produce a relatively uniform
      fabricated welding wire.
PAR  Generally, the present invention is directed to a system for monitoring the
      flow of solid strip into a junction (at which particle material is to be
      received) and depositing a controlled amount of particle material on the
      strip to attain the desired material ratio relationship. Controlling the
      flow of the particle material accordingly involves apparatus for measuring
      flows of strip and particles, then precisely controlling the relationship
      between such flows. In accordance with the system, as disclosed herein,
      the section of the strip is monitored along with its speed of movement to
      develop the flow rate. Such data, along with information on the desired
      ratio, is processed to provide data indicative of the desired quantity of
      particle material. Flow of the particle material is then accordingly
      controlled and that flow is monitored to attain stability and improved
      accuracy by feedback techniques.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, which constitute a part of this specification, exemplary
      embodiments exhibiting various objectives and features hereof are set
      forth, specifically:
PAR  FIG. 1 is a schematic diagram of a system constructed in accordance with
      the present invention;
PAR  FIG. 2 is a sectional view taken centrally through a portion of the
      structure incorporated in the system of FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a side elevation of a component element of the structure of FIG.
      2;
PAR  FIG. 5 shows sectional views taken along line 5--5 of FIG. 4; and
PAR  FIG. 6 is a block diagram of a component portion of the system of FIG. 1.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENT
PAR  As required, a detailed illustrative embodiment of the invention is
      disclosed herein. The embodiment merely exemplifies the invention which
      may be constructed in various other forms, some of which may be quite
      different from the disclosed illustrative embodiment. However, specific
      structural and functional details disclosed herein are merely
      representative and in that regard provide a basis for the claims herein
      which define the scope of the invention.
PAR  Referring initially to FIG. 1, a strip S (lower right) is indicated moving
      through a junction J at which particle material A is received. Generally,
      the present invention is directed to preserving an improved consistency or
      uniformity in the material ratio between the strip S and the particle
      material A along the length of the resulting fabricated wire.
PAR  Upon leaving the junction J, the strip S, which is preformed before the
      junction J (carrying the particle material A) passes to an
      electrode-forming apparatus 10 as generally well known in the prior art,
      which completes the formation of the strip S into a tubular form enclosing
      the particle material A to provide welding electrode. By employing this
      technique, a wide variety of different electrodes or welding wires can be
      fabricated; for example, using a strip S of mild steel and certain
      alloying metals (in granular or pulverized form), wires can provide a
      variety of different alloys. The particle materials may include substances
      other than alloying metals, for example, fluxes and slag formers.
PAR  Generally, in accordance herewith, the system functions to improve the
      consistency of the ratio R between the weight of the strip S and that of
      the particle material A, section by section along the length of the
      fabricated electrode. Generally, in accordance with convention, the ratio
      R as employed herein is related to material weight. In the dynamic
      formation of welding electrode, the desired ratio R involves flow rates
      rather than mass quantities. That is, if the flow rates of the strip S and
      the particle material A to the junction J are maintained consistently at
      the desired ratio R, the resulting electrode will possess the desired
      uniform material ratio R. Maintaining the flow rates to closely
      approximate the desired ratio R is generally somewhat characteristic of
      the present invention. The individual parameters of control in the
      illustrative embodiment include the desired ratio R, the flow rate Fs of
      the strip S, and the flow rate Fa of the particle material A. Of course,
      as indicated above, the ratio R is equivalent to Fa/Fs as the time
      quantities cancel. The relationship Fa/Fs = R translates into: Fa - RFs =
      0, which is the expression involved in the implementation in the
      illustrative system of FIG. 1.
PAR  The density of commercial forms of the strip S has been determined to be
      quite consistent. Accordingly, in the disclosed embodiment, density is
      assumed constant while concern is directed to other variables, i.e., the
      varying cross section of the strip S and its varying speed. Generally, the
      cross sectional variation is primarily accounted for by thickness
      variations in the strip S. For example, in one form of strip, variations
      of .+-.7.5 percent are not uncommon. The thickness of the strip S is
      sensed by a thickness transducer 12 (lower center) which provides an
      electrical signal that is indicative of deviations from a nominal
      thickness. For example, assuming a strip of 0.010 inch thickness, the
      transducer 12 provides signals indicative of deviations from that nominal
      thickness. Such transducers are well known in the materials-processing art
      and are readily available commercially.
PAR  An output analog signal .DELTA.T from the thickness transducer 12 is
      applied to an accumulator or analog adder 14 (upper left) which registers
      the nominal thickness of the strip S and algebraically combines that value
      with deviations represented by the signal .DELTA.T. The adder 14 provides
      a signal ST (indicative of the strip thickness) to a multiplier 16 which
      registers the width of the strip S in process and multiplies such a value
      by the strip thickness (signal ST) to provide an output signal CS, that is
      indicative of the cross section of the strip at a location immediately
      before (upstream) of the junction J. The signal CS is applied to a
      multiplier 18 which also receives a signal SS (indicative of the speed of
      the strip S) from a tachometer 20 (bottom central). The analog multiplier
      18 combines the signals CS and SS as factors to provide an output signal
      Fs which indicates the flow rate of the strip S into the junction J.
PAR  The tachometer 20 which provides the signal SS is coupled to a drive wheel
      21, as indicated by a dashed line 23. A variety of drive arrangements are
      well known and are used in the commercial production of fabricated wire.
      As a result, the drive wheel 21, with a motor 25, is somewhat symbolic in
      representing a form of well known structure to actuate the strip S in a
      direction along its length. It is also perhaps noteworthy that some
      preliminary forming by an apparatus, as represented by the
      electrode-forming apparatus 10, may occur prior to the junction J. Again,
      various techniques are known and used.
PAR  The flow rate of the strip S, as represented by the signal Fs, is applied
      from the multiplier 18 to a multiplier 22 which registers signals
      representative of the desired ratio R. Consequently, the output signal FsR
      from the multiplier 22 is representative of the product of the flow rate
      Fs and the ratio R. Thus, the term FsR of the equation FsR - Fa = 0 is
      developed as a representative signal. The signal FsR from the multiplier
      22 is applied to a summing junction 24 along with a signal Fa which is
      representative of the flow rate of the alloy or particle material A. The
      signal Fa is applied in a negative or opposed relationship to the signal
      FsR with the result that the summing junction 24 provides a zero-level
      output when the flow rates are at the desired ratio relationship.
      Deviation from that condition results in a signal which is applied
      through: an operational amplifier 26, a log converter 27, an internal-loop
      summing junction 30, and an operation amplifier 32 to control a pneumatic
      valve 34 which in turn acts to vary the flow rate of the particle material
      A by means of a valve 36.
PAR  Considering these elements somewhat more specifically, the operational
      amplifier 26 functions as an integrator or null detector to provide a
      stabilized control signal FC that is indicative of the first approximation
      of necessary correction in the flow rate as represented by the signal Fa.
      The correction signal FC undergoes a logarithmic conversion by the
      converter 28 in view of the fact that the valve 36 is exponentially
      responsive. The valve 36 as utilized in the disclosed embodiment will be
      considered in detail below; however, to appreciate the function of the
      logarithmic converter 28, it should be understood that the response curve
      of the valve 36 is exponential.
PAR  The output from the converter 28 is applied to the summing junction 30 with
      a pressure-indicating signal PI provided from a transducer 38 and
      indicative of the pressure applied to the valve 36 under control of the
      pneumatic valve 34. Thus, a feedback loop is provided from the transducer
      38 to the summing junction 30 with the result that a stable correction
      signal CR is supplied from the operational amplifier 32 to the pneumatic
      valve 34. Thus, the actual correction signal CR from the amplifier 32 is
      stable and is logarithmically corrected to provide linear response by the
      valve 36. The signal CR applied to the pneumatic valve 34 varies the
      pressure actuating the valve 36 by varying the flow from a pressure source
      40 to the valve 36, the pneumatic system including an exhaust orifice as
      well known.
PAR  The valve 36 (described in greater detail below) is connected to a
      gravity-flow duct 42 from a hopper 44 which is borne on load cells 46 that
      are electrically connected to load cell circuits 48. The load cells 46
      sense the load of the hopper 44 and provide a signal through the circuits
      48 that is indicative of the contents of the hopper 44. The
      weight-indicating signal from the circuits 48 is applied to a flow meter
      50, which senses the flow of particle material A to provide the
      representative signal Fa as introduced above. The structural details of
      the flow meter are considered below.
PAR  Prior to considering the operation of the system, a general comment is
      pertinent. For adequate control, the system must respond rapidly to
      variable parameters, e.g., the thickness of the strip S. In that regard,
      in one embodiment of the present invention, the strip S moves at a linear
      rate of some 300 feet per minute so that response time must be relatively
      short. As a consequence, the solid-particle valve 36 and the flow meter 50
      must have relatively fast response times. Essentially, each of these
      structures constitute a subsystem as described in detail below. However,
      in considering the operation of the system of FIG. 1, it is to be
      understood that structural elements embodied therein possess some rather
      special characteristics in relation to conventional devices.
PAR  In using the system of the illustrative embodiment, certain adjustments or
      set-up operations are to be performed preliminarily. Specifically, the
      value of the nominal thickness of the strip S is registered in the adder
      14 which, as suggested above, may comprise an analog accumulator. The
      width of the strip that is to be employed is registered in the multiplier
      16 as an analog that is multiplied by the signal ST from the adder 14.
      Another setting involves the desired ratio R which is registered in the
      multiplier 22. Thus, the selected strip size and ratio are set into the
      system prior to operation.
PAR  Next, the strip is threaded into the system, e.g., over the drive wheel 21,
      through the thickness transducer 12, past the junction J and into the
      electrode-forming apparatus 10 which, as indicated above, may include a
      variety of structures including additional drive rollers. Upon completion
      of these preliminary operations, the system is energized to actuate the
      drive wheel 21 (as well as any other drive wheels) to begin moving the
      strip S through the junction J. It is to be appreciated that some small
      loss of material may occur during the start-up operations, prior to the
      time that the system has accomplished stable control.
PAR  After a very brief interval of operation that is required for the strip S
      to attain speed, the valve 36 is actuated (manually or otherwise) with the
      result that subsequent control is automatic. Thereafter, the flow through
      the valve 36 is sensed by the flow meter 50 to provide a representative
      signal Fa that is applied to the summing junction 24. As indicated above,
      the flow rate of the strip S and the desired ratio R are formulated as a
      representative composite electrical signal FsR which is applied to the
      summing junction 24 in opposition to the signal Fa. The resulting signal,
      as indicated above, is integrated by the operational amplifier 26 and
      logarithmically converted by the converter 28. The summing junction 30
      receives the output from the converter 28 along with a monitoring pressure
      signal PI to servo the system to the desired pressure. Of course, these
      signals are applied in opposition at the summing junction 30 with the
      result that the difference between the signals is acted upon by the
      operational amplifier 32 to provide the actual control signal CR which
      drives the pneumatic valve 34. Consequently, the valve 36 attains the
      desired flow of air to produce a pressure in the valve 36 for responsively
      controlling the flow of particle material A to the junction J. The system
      then responds to maintain the flow appropriate to preserve the desired
      ratio R. As the flow rates are controlled to maintain the desired ratio,
      the resulting wire, viewed along its length, has a substantially uniform
      material content. Thus, the desired wire is produced.
PAR  Pursuing the detailed explanation of the system, reference will now be made
      to FIG. 2 for an explanation of the electromechanical apparatus embodied
      in the valve 36 and the flow meter 50. In FIG. 2, the duct 42 is
      fragmentarily represented as a tube extending upwardly from the valve 36.
      Immediately below the valve 36 are the components affixed together as the
      flow meter 50. That is, particle material passes from the duct 42 through
      the valve 36 and the flow meter 50 to pass freely from an inverted conical
      housing 56. The solid-particle valve 36 and the solid-particle flow meter
      50 will now be individually treated.
PAR  The particle valve 36 incorporates a cylindrical metal housing 60 which
      defines internal annular grooves 61 to matingly receive flanges of a
      somewhat cylindrical resiliently-deformable valve member 62. The housing
      60 also defines a central, internal annular groove 63, which with the
      member 62 defines an annular space 64. The space 64 receives air through a
      port 66 which threadably receives a line 68. Thus, the pressure developed
      in the space 64 varies as the pressure in the line 68 which in turn varies
      as the state of the valve 34 (FIG. 1).
PAR  The resiliently-deformable member 62 is fixed in the housing 60 by inserts
      65 which extend over the flanges 68. As a result, pressures developed in
      the space 64 are applied about the exterior of the resiliently-deformable
      member 62 to variously deform or inflate the exposed portions.
PAR  The resiliently-deformable member 62 indicated above to be of a generally
      cylindrical configuration is in detail a rather special shape. The wall
      thickness of the somewhat cylindrical member 62 (FIG. 4) between the
      flanges 70 and 72 is generally uniform. However, that cylindrical portion
      is interrupted by an annular arrangement of uniformly-spaced
      internally-extending radial segments 74. As a consequence, the open space
      73 (FIG. 5) through the member 62 is defined somewhat as a star (FIG. 5).
      In one operating embodiment, six radial segments 74 define a six-pointed
      star, of varying size, depending upon the degree to which the segments 74
      are inflated. The valve member 62 is illustrated fully open in FIG. 5A and
      somewhat closed in FIG. 5B. It appears to be somewhat critical to
      operation that the segments 74 possess a somewhat triangular or sectorial
      shape so that upon inflation the facing sides 75 of adjacent members 74
      become abuttingly engaged (FIG. 5B) in sealing relationship. Accordingly,
      as indicated in FIG. 3, the segments 74 resemble segments of an
      edge-tapered disk backed by open spaces 77. It has been determined that an
      improved form of operation is attendant an integral member 62 consisting
      substantially entirely of natural rubber.
PAR  In the operation of the valve 36 to control the flow of solid particle
      material, certain other characteristics are perhaps noteworthy.
      Specifically, as indicated above, the response of the valve tends to be
      logarithmically related to the pressure applied in the space 64. As a
      related consideration, the valve has been determined to have considerably
      better control characteristics as it approaches a closed state (FIG. 5B)
      than when approaching an open state (FIG. 5A). As a consequence, in
      certain applications, it may be desirable to use a plurality of the valves
      36 in a parallel or shunt relationship so that more stable operation tends
      to occur with the valves somewhat closed.
PAR  As a somewhat unexpected feature of the valve 36, preliminary testing
      suggests that the member 62 tends to resist abrasion although the particle
      material may be substantially abrasive. This fact may suggest that
      particles tend either to fall freely through the opening 73 defined by the
      member 62 or move relatively little when adjacent to it. In any event, an
      effective and durable valve for solid particle material is provided in the
      system.
PAR  Particles passing through the member 62 in the valve 36 (FIG. 2) enter a
      passage 80 from which they fall upon a rotating wheel 82. The wheel 82
      might be analogized to a rotary compressor wheel in that, as it revolves,
      it receives the particle material A, dispersing it centrifugally. As the
      particle material passes from the wheel 82, work is imparted and a
      reactive force is developed on the wheel 82. Generally, the solid-particle
      flow meter 50, as disclosed herein, utilizes that reactive force to
      develop the electrical signal Fa, that is indicative of mass flow.
PAR  The wheel 82 includes a thin solid disk 83 on the bottom side concentric
      with the shaft 88, and carries integral vanes 85 extending from a hub 87.
      The revolving shaft 88 is supported by bearings 90 and 92 in telescopic
      relationship with a rotary sleeve 94. The free space of the shaft 88,
      between the sleeve 94 and the wheel 82, receives a light-mask disk 96,
      defining slits 98 (FIG. 4) and affixed to the shaft 88 at a hub 97. The
      disk 96 functions as a light gate to indicate angular positions of the
      shaft 88. In that regard, a light source 100 is affixed on the upper side
      of the disk 96, aligned in opposing relationship to a light sensor 102 on
      the lower side of the disk 96.
PAR  The shaft 88 terminates above the bearing 92 at an end 104 which receives a
      torsion spring 106. Specifically, the torsion spring 106 is clamped into
      engagement with the shaft 88 by structure including a bolt 108 with spring
      wire thru locked in place. The upper end of the torsion spring 106 is
      similarly received in a mounting fixture or collet 110 which is locked to
      the sleeve 94 by set screws 112 extending through a coaxial shaft 113. The
      sleeve 94 also receives a set screw 115 to further lock the shaft 113 in
      position. Support for the shaft is provided by a stationary cylindrical
      mount 114 carrying bearings 116 and 118 positioned adjacent the ends of
      the mount 114. Consequently, the shaft 88 may be rotated in relation to
      the sleeve 94 (by placing the spring 106 in torsion), however, the shaft
      88 along with the sleeve 94 is revolved on the bearings 116 and 118 within
      the cylindrical mount 114.
PAR  The upper end of the shaft 113 extends from the sleeve 94 and the
      cylindrical mount 114 to carry a disk 120 and afford connection to a
      source of rotary power. Specifically, above the mount 114, the shaft 110
      carries a light disk 120 (similar to disk 96) and is terminated at a
      pulley 122 which is connected by a belt 124 to a drive motor 126. At
      locations adjacent the disk 120, the rigid frame 131 of the system
      supports a light source 128 and a light sensor 130 on opposed sides of the
      disk 120.
PAR  Considering the operation of the electro-mechanical portion of the flow
      meter as described above with reference to FIG. 2, as particle material
      flows through the passage 80, it falls on the wheel 82 to be thrown off
      centrifugally as in an impeller action. The reaction to propelling the
      particle material is a force on the wheel 82 which displaces the shaft 88
      from the sleeve 94 by stressing the torsion spring 106. The angular offset
      between the shaft 88 and the sleeve 94 is thus indicative of the developed
      reaction force, and is manifest at the light sensors 102 and 128.
PAR  When no angular offset exists between the similar disks 96 and 120, the
      slits in the disk 96 align with the slits in the disk 120. Consequently,
      the light pulses sensed at the sensors 102 and 130 are coincident and
      indicate no reactive force. However, as flow occurs, an angular offset
      develops, and there is a displacement between the slits in the disks 96
      and 120. Specifically, the disk 120 provides a reference in the sense that
      when the slit of the disk 120 passes between the source 128 and the sensor
      130, an electrical reference pulse is generated. Assuming that some
      angular offset exists, a brief interval later, the slit in the disk 96
      passes between the light source 100 and the sensor 102. Accordingly, an
      information pulse is generated. The space between the two pulses
      (reference and information) is indicative of the angular offset of the
      shaft 88 from a reference position. As a consequence, the two spaced-apart
      pulses may be employed as described below to generate a single pulse, the
      width of which is modulated to indicate the flow through the duct 80.
PAR  Considering the system for processing the signal pulses provided by the
      light sensors 102 and 130, reference will now be made to FIG. 6 in which
      the sensors are represented (upper left) as blocks. The output pulses from
      the sensors 130 and 102 are applied to a pulsewidth modulator 134 which
      produces a regular pulse, the duration of which is indicative of the time
      between received pulses. Various forms of satisfactory pulsewidth
      modulators are well known in the prior art and may comprise simply a
      bistable multivibrator, or flip flop, with differentiating input circuits.
PAR  The output from the modulator 134, consists of pulses having a time
      duration that is indicative of flow. These are applied to a ramp generator
      136 which is synchronized in accordance with the speed of rotation of the
      shaft 113 as well known in the art to attain an analog amplitude
      equivalent the duration of the received pulse. The analog signal is
      applied to a sample-and-hold circuit 138 as well known in the prior art.
      Essentially, the ramp generator 136 converts the pulsewidth information
      into amplitude representative information or an analog signal, which is
      employed to repeatedly set the sample-and-hold circuit 138 in order to
      provide a continual analog output that is indicative of mass flow.
      Consequently, the output from the sample-and-hold circuit 138 is an analog
      signal that represents the flow rate of the particle material.
PAR  In some instances, the analog signal from the sample-and-hold circuit 138
      may be adequate; however, to provide improved accuracy, a calibration
      circuit 140 is introduced to scale the signal repeatedly in accordance
      with another measurement. Generally, the calibration circuit 140 scales
      the signal from the sample-and-hold circuit in accordance with a signal
      derived from the rate at which the hopper 44 (FIG. 1) dispenses material.
      Specifically, the hopper 44 is carried on load cells 46 which drive a load
      cell circuit 48 to indicate the weight of the hopper and its contents. The
      load cell circuit 48 is indicated in FIG. 6 (lower left). Accordingly,
      signals indicative of the weight of the hopper and its contents are
      provided from the load cell circuit 48 through an amplifier 150 to a
      differentiator 152. The differentiator 152 is actuated by a control switch
      154 whereby operation of the differentiator 152 is limited to intervals
      when particle material is flowing from the hopper. Control may be manual
      or automatic.
PAR  Functionally, the differentiator 152 provides an output signal that
      represents the rate-of-change in the weight of the hopper and the contents
      of the hopper. Consequently, the differentiator provides a signal
      indicative of the mass flow rate of material from the hopper. That signal
      is applied to a summing junction 156 along with a signal from the
      calibration unit 140 which is passed through a low-pass filter 158. The
      output of the summing junction 156 is applied to an operational amplifier
      160 which drives a voltage-controlled oscillator 162. An "up-down" counter
      164 is connected to be driven by the voltage-controlled oscillator 162,
      the sense of the count being determined by a signal supplied through a
      conductor 166 from the operational amplifier 160. A switch 168 couples the
      voltage-controlled oscillator 162 to the counter 164 and is controlled by
      a lock-out circuit 170 so that the counter is altered only during
      intervals of detectable flow to a digital-analog converter 174 to provide
      an analog signal serving to regulate the calibration circuit 140. Such
      control may be manual or automatic. Thus, the system functions to provide
      a stable signal from the calibration circuit 140 which accurately reflects
      the flow of the particle material.
PAR  In view of the above considerations, it may be seen that the system hereof
      may be embodied in a form to accurately control and maintain a ratio of
      particle and linear material. Recapitulating, with reference to FIG. 1, it
      may be seen that the closely controlled flow rates of the strip S and the
      particle material A provided at the junction J enables a welding electrode
      having good consistency in the ratio.
PAR  The system, integrating the accurate flow meter, e.g., as described above,
      and an effective particle-substance valve in the total system as described
      herein may be seen to provide a truly improved machine for producing
      welding wire that could not be produced using conventional production
      methods.
PAR  It is to be noted that although a single junction J is indicated at which a
      single quantity of particle material A is received, several junctions
      could be provided. That is, it may be advisable to employ several streams
      of particle material onto the strip S to obtain a desired material
      configuration prior to closing the strip S to define the wire. Of course,
      various other modifications and embodiments will be readily apparent to
      those skilled in the art. Accordingly, the scope hereof should be
      interpreted in accordance with the claims as set forth below.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for joining solid particle material with solid strip material
      at a junction, in accordance with a predetermined weight ratio,
      comprising:
PA1  means for moving said strip material to flow relative to said junction;
PA1  means for indicating the flow rate of said strip material relative to said
      junction in terms of weight per unit of time;
PA1  means for flowing said solid particle material onto said strip material at
      said junction;
PA1  means for sensing the flow rate of said particle material in terms of
      weight per unit of time and including an impeller for forcefully
      propelling said material and means for sensing the reactive force on said
      impeller as an indication of said flow rate of said particle material;
PA1  means for comparing the flow rates of said strip material and said particle
      material with said predetermined weight ratio to provide a control signal;
      and
PA1  means for controlling the relationship between said means for moving and
      said means for flowing in accordance with said control signal.
NUM  2.
PAR  2. A system according to claim 1 wherein said means for indicating the flow
      rate of said strip material includes means for sensing the thickness of
      said strip material to provide a thickness signal; means for sensing the
      moving speed of said strip material to provide a speed signal; and means
      for combining said thickness and speed signals.
NUM  3.
PAR  3. A system according to claim 1 wherein said means for sensing the
      reactive force comprises a rotary structure affixed to said impeller means
      and including a torsion spring for yielding with said reactive force, and
      means for sensing the yield of said torsion spring.
NUM  4.
PAR  4. A system according to claim 1 wherein said means for controlling the
      relationship between said means for moving said means for flowing includes
      a particle material flow regulator for passing a variable flow of solid
      particle.
NUM  5.
PAR  5. A system according to claim 4 wherein said particle material flow
      regulator comprises a resiliently-deformable passage member defining
      inward radial extensions and signal-controlled means for pressurizing the
      exterior of said passage member to inflate said radial extensions.
NUM  6.
PAR  6. A system according to claim 5 further including a logarithmic converter
      connected to receive said control signal and to actuate said
      signal-controlled means.
NUM  7.
PAR  7. A system according to claim 1 wherein said means for sensing the flow
      rate of said particle material includes a hopper from which said particle
      material flows; means for providing weight signals indicative of the
      weight carried by said hopper; differentiating means for differentiating
      said weight signals to provide differentiated weight signals; and means
      for calibrating said means for sensing the flow rate of said particle
      material in accordance with said differentiated weight signals.
NUM  8.
PAR  8. A system according to claim 1 wherein said means for comparing includes
      means for summing signals representative of said flow rates in opposition
      to provide a control signal.
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ABST
PAL  A shoe machine having nozzles for applying adhesive progressively to the
      margin of a shoe bottom, in which the nozzles are moved heightwise to
      engage a guide of the nozzle with the edge of the shoe bottom maneuvered
      by an arrangement of piston and cylinder members, and a sensing device
      associated with a stop mechanism for control and guidance to enable the
      nozzles to follow the marginal contour of the shoe bottom to apply
      adhesive thereto, and thence to return the nozzles to their start position
      to begin another cycle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is concerned with shoe manufacturing machines or with
      improvements in or relating to shoe upper conforming machines, that is, to
      machines for conforming portions of shoe uppers to the shapes of
      corresponding portions of appropriate lasts. The word shoe is used herein
      generically as indicating outer footwear generally, whether complete or
      during the course of manufacture.
PAR  2. Description of the Prior Art
PAR  Shoe upper conforming machines for performing lasting operations on side
      portions of shoes have been arranged to wipe marginal portions of the
      upper at opposite sides of a shoe assembly which comprises an upper and an
      insole mounted on a last or form. The shoe assembly may be wiped inwardly
      simultaneously at opposite sides of the shoe assembly across corresponding
      marginal portions of the insole so that the marginal portions of the upper
      and insole may become secured together by adhesive applying means with
      which the machine may be provided. Various arrangements have been proposed
      for wiping marginal portions of the upper, including band arrangements
      which wrap around the upper to wrap marginal portions of the upper over
      the insole, or wipers comprising a series of fingers movable widthwise
      with respect to the shoe assembly. Other arrangements include rotatable
      rolls which urge the marginal portions of the upper inwardly with respect
      to the marginal portions of the insole due to the action of helically
      disposed rib portions on the roll peripheries.
PAR  Various forms of adhesive applying devices have been proposed, including a
      pair of nozzle members which are adapted to apply adhesive simultaneously
      along marginal portions of the shoe bottom at opposite sides of the shoe
      assembly, the nozzle members being displaced widthwise, to follow the
      widthwise curvature of the side portions of the shoe bottom as determined
      by engagement of portions of the nozzle members with upstanding lasting
      marginal portions of the upper, by engagement with edges of the insole as
      shown in U.S. Pat. No. 3,399,411 and assigned to the assignee of the
      present invention, or by the engagement of template followers associated
      with the nozzle members with appropriately shaped templates supported in
      the machine.
PAR  Nozzles being guided by an upstanding upper margin present a problem in
      that the upper margin must be adequately supported against the outward
      forces applied by the nozzles. Such support often requires undue
      complexity of machine design and timing, is not particularly suited for
      progressive lasting, and requires a relatively long "open" time before the
      applied adhesive sets. A problem concerned with the use of templates is
      the requirement for selection and/or adjustment required for varying sizes
      and styles of shoes being lasted.
PAR  A copending U.S. patent application, Ser. No. 509,541, filed Sept. 26,
      1974, discloses a nozzle guiding arrangement in which the nozzles follow
      the outline shape of the insole by engagement of guides, (which are
      associated with the nozzles), with the insoles. Sensors associated with
      each nozzle control excessive movement of the guides and maintain correct
      contact between the guides and the insole. Further lasting arrangements
      are shown in U.S. Pat. Nos. 3,359,536 and 3,758,904.
PAR  Accordingly, it is generally an object of the invention to improve upon the
      prior art with a relatively simple nozzle mounting means which is
      selfadjusting for a wide variety of shoe sizes and styles.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides, in accordance with one of its several features,
      means for applying adhesive prior to the operation of lasting
      instrumentalities. The adhesive applying means comprises a pair of nozzle
      members and means for bringing about relative movement, in a direction
      extending relatively lengthwise of the shoe assembly being operated upon,
      between the shoe supporting means and the nozzle members so that the
      nozzle members may apply adhesive along said marginal portions of the shoe
      bottom, the nozzle members being displaced (widthwise of the shoe
      assembly) during said relative movement in accordance with the width of
      successive portions of the shoe bottom. The nozzle members are initially
      caused to occupy inoperative positions close together but spaced
      heightwise away from the shoe bottom, means being provided for bringing
      about movement of the nozzle members from their inoperative positions
      heightwise toward the shoe bottom and outwardly away from each other to a
      limit determined by the operation of a stop means. The nozzle members are
      sufficiently spaced widthwise of the shoe assembly for guide portions
      associated with the nozzle members to move heightwise into positions to
      engage said opposite edge portions of the shoe bottom. The nozzle members
      are biased inwardly toward each other to maintain engagement between the
      guide portions of the nozzle members and said opposite edge portions of
      the shoe bottom during the relative movement between the nozzle members
      and the shoe support.
PAR  According to a further feature of the invention, there is provided a
      pneumatically operated piston and cylinder device which is arranged to
      move the nozzle members from their closely adjacent positions to their
      separated positions and a sensing device which is associated with said
      stop means for rendering said piston and cylinder device ineffective so
      that the nozzle members may be biased inwardly (by the action of suitable
      counterweights) to urge the guide portions of the nozzle members into
      engagement with said opposite edge portions of the shoe bottom. After
      engagement of the guide portions with the edge portions of the shoe
      bottom, the stop means is removed so as not to restrain the nozzle members
      against further separation as they operate along wider portions of the
      insole during the relative movement between the nozzle members and the
      shoe bottom.
PAR  Adhesive may be fed, in the form of solid rods, to melting devices
      associated with the nozzle members whereby molten adhesive is driven
      through outlet openings associated with the nozzle members. The nozzle
      members are also provided with needle valve arrangements for minimizing
      any tendency for drooling to occur between successive cycles of operation
      of the machine.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and advantages of the present invention will become more
      apparent when viewed with the accompanying drawings, in which:
PAR  FIG. 1 is a right hand side elevational view of one of a pair of nozzle
      members, and of supporting means therefor, constructed in accordance with
      the present invention;
PAR  FIG. 2 is a view looking in the direction of the lines II II in FIG. 1 but
      showing the nozzle located on the left-hand side;
PAR  FIG. 3 is a detail view, in plan, of parts seen in FIG. 1; and
PAR  FIG. 4 is a detail view, as seen from the side of one of the nozzle
      members, showing the relationship between the operative end portion of the
      nozzle member and the shoe bottom during operation of the machine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention may be embodied in a shoe upper conforming machine
      such as that shown in U.S. application Ser. No. 459,693, filed Apr. 10,
      1974. The machine described therein is adapted for simultaneously lasting
      opposite side portions of shoes which comprises an arrangement of shoe
      supporting means, shoe length sensing means, shoe positioning and clamping
      means, and a pair of lasting rolls.
PAR  The shoe supporting means comprises a jack post 10, only a portion of which
      is shown in FIG. 1, which carries a last pin 8 upstanding from a block 9
      supported (with capacity for some movement extending transversely in the
      machine) upon a head portion of the jack post 10. The jack post 10 is
      mounted for swinging movement about a transverse axis upon a carriage and
      also for rising and falling movements relatively to the carriage, the
      carriage not being shown. The carriage is movable, in a direction
      extending lengthwise of a shoe assembly mounted upon the shoe supporting
      means, relatively to an arrangement of lasting rolls, one of which is
      shown in FIG. 4, and to an arrangement of nozzle members having adhesive
      applying means. The machine also has means for swinging the jack post
      about said transversely extending axis and for raising and lowering the
      jack post, to move the jack post from a shoe loading position to an
      operative position in which a heel seat portion of the shoe is located
      against a hold-down member 12 carried by the carriage.
PAR  The adhesive applying means of the illustrative machine comprises a pair of
      nozzle members 20 each for operating at opposite sides of the shoe
      assembly and extending from lower end portions of a pair of nozzle
      carriers 22. Upper end portions of each of the nozzle carriers 22 are
      pivoted on studs 24 extending from forward end portions of a pair of
      nozzle supporting arms 26, only one being shown. The nozzle supporting
      arms 26 are substantially L-shaped, as shown in FIG. 1. The nozzle
      supporting arms 26 are pivoted for swinging movements about a cross shaft
      28 which is carried by frame portions of the machine.
PAR  Pivotal movement of the nozzle supporting arms 26 about the cross shaft 28
      permits the nozzle members 20 to rise and fall heightwise with respect to
      the general plane of the bottom of a shoe carried by the shoe support,
      while pivotal movement of the nozzle carriers 22 about the axes of the
      studs 24 permits the nozzle members 20 to move widthwise with respect to
      the shoe bottom. Because of the remoteness of the nozzle members 20 from
      the axis of the cross shaft 28, the rising and falling movements of the
      outlet end portions of the nozzle members 20 take place on generally
      linear heightwise paths. Similarly, because of the length of the nozzle
      carriers 22, pivotal movement about the pivot studs 24 also permits
      generally linear widthwise movement of the outlet end portions of the
      nozzle members 20. The arrangement just described also permits each of the
      nozzle members 20 to be suspended above the shoe assembly being operated
      upon and moved between the retracted, inoperative positions and operative
      positions without interfering with other operative portions of the
      machine.
PAR  Each nozzle supporting arm 26 is acted upon by a first piston and cylinder
      arrangement 30 for imparting rising and falling movements of the nozzle
      members 20, and for largely counterbalancing the weight of the nozzle
      members 20 and associated parts while the nozzle members 20 are operating
      to apply adhesive along the marginal portions of the shoe bottom. Each
      piston and cylinder arrangement 30 (one for each arm 26) comprises a
      cylinder 32 as shown in FIG. 1, supported by a frame portion 34 of the
      machine. The cylinder 32 contains a slidably mounted piston 36 from which
      extends a piston rod 38. A rearward end of the piston rod 38 bears against
      a hardened plate 40 on the associated nozzle supporting arm 26.
PAR  Each nozzle supporting arm 26 has an upstanding bracket 50, as shown in
      FIGS. 1 and 3, on which a second piston and cylinder arrangement 52 is
      mounted for imparting movements to the nozzle member 20 outwardly
      widthwise of the shoe assembly. The piston and cylinder 52 comprises a
      cylinder 54 in which is slidably mounted a piston (not shown) from which
      extends a piston rod 58. A head portion 60 of the piston rod 58 is
      arranged to abut against a pin 62 extending between lugs of a bifurcated
      outer end portion of one arm 64 of a bell crank lever 65. A second arm 66
      which extends forwardly, is shown in FIGS. 1 and 3. The bell crank lever
      arms, 64, 66, are pivoted on studs 68 upstanding from each of the nozzle
      supporting arms 26.
PAR  Each of the nozzle carriers 22 has a pin 70 extending from a boss 72, as
      shown in FIGS. 1 and 2, and is coupled with the forwardly extending arm 66
      of the associated bell crank lever 65 by a connecting pin 78 slidable in
      the arm 66 supported within a bracket 80. When air under pressure is
      admitted to rearward end portions of the cylinders 54, each of the piston
      rods 58 are moved forwardly to cause the head portions 60 to abut against
      the pins 62 and swing the bell crank lever arms 64, 66, in directions to
      swing the nozzle carriers 22 in such directions as to move the outlet end
      portions of the nozzle members 20 outwardly away from each other. Air
      pressure applied to the opposite ends of the cylinders 54 will urge the
      head portions 60 away from the pins 62 so that frictional forces in the
      piston and cylinder arrangement 52 do not impose additional loads on each
      of the nozzle members 20 during their shoe bottom edge following
      movements.
PAR  Each nozzle carrier 22 is provided with a counterweight 150, as shown in
      FIG. 2, for biasing their respective nozzle members 22 inwardly, about
      pivot studs 24, during the adhesive applying operation. The counterweight
      150 being on the left, as shown in FIG. 2, would cause a counterclockwise
      direction of rotation by nozzle 20 about stud 24. This direction is also
      toward the center of the shoe, as shown in the drawing. When pressurized
      air is supplied to the forward end portions of the cylinders 32 the
      pistons 36 will travel rearwardly (as seen in FIG. 1) to swing the nozzle
      supporting arms 26 clockwise about the cross shaft 28 (as seen in FIG. 1)
      to raise the nozzle members 20 from their operative positions to
      inoperative positions. When it is desired to move the nozzle members 20 to
      operative positions the air pressure acting in the cylinders 32 is reduced
      sufficiently to allow the weight of the parts to swing the nozzle
      supporting arms 26 in a counterclockwise direction about the cross shaft
      28. The pressure of air admitted to the cylinders 32 under this condition
      will be sufficient to counterbalance the greater part of the weight of the
      nozzle members 20 and the associated parts so that the outlet end portions
      of each of the nozzle members 20 bear little pressure against the shoe
      bottom.
PAR  Each pin 70 disposed on the nozzle carriers 22 is received within a
      generally oval shaped bore 74, as shown in FIG. 1. The bore 74 extends
      transversely through a central portion 76 of a connecting pin 78. The
      connecting pin 78 is rotatably mounted (with capacity for endwise
      movement) in aligned bores in the associated arm 66 and in an L-shaped
      bracket 80 which is secured to that arm 66, again as shown in FIG. 1. This
      arrangement permits a floating connection between the arm 66 and the
      associated pin 70 to allow for the swinging movements of the arms 66 and
      64 in one plane and the swinging movement of the pin 70 in another plane
      substantially at right angles thereto.
PAR  Each nozzle member 20 is generally tubular in form, an upper end of the
      nozzle 20 being secured in a nozzle block 82 and a lower end being
      provided with a shoe bottom margin engaging surface 106 and a guide
      portion 86 depending at an outer side of the surface 106. Each nozzle
      block 82 is supported by a pair of pins 88 extending from a block 90 of
      heat insulating material secured, by screws 91, to a depending portion 92
      of the associated nozzle carrier 22. The nozzle block 82 is heated in
      order to maintain a thermoplastic adhesive fed to the nozzle member 20 in
      molten condition. Each nozzle block 82 provides a melting device 94
      through which extends a spirally disposed passageway 95 leading from an
      inlet connection 96, shown in FIG. 1, to a passageway 93, shown in FIG. 2,
      through the nozzle block 82 to the nozzle member 20. The melting device 94
      is provided with an electrically heated cartridge 97, as shown in FIG. 2,
      for maintaining the melting device at such a temperature that adhesive in
      the form of rod fed by any convenient means into the inlet connection and
      may be melted and, as further solid rod is fed into the inlet connection,
      molten adhesive is extruded through an outlet opening 98 provided in the
      nozzle member 20. Liquid adhesive, however, may be substituted for the
      thermoplastic solid type of adhesive.
PAR  To avoid drooling of adhesive from each of the nozzle members 20 between
      successive cycles of operation of the machine, there is provided, for each
      nozzle member 20, a needle valve 100, as shown in FIG. 2, which extends
      through a bore in the associated nozzle block 82 to seat against a seat
      101, as shown in FIG. 4, in the nozzle member 20 at a locality close to
      the outlet opening 98. Each needle valve 100 is connected with a plunger
      102 of a piston and cylinder device 104 which acts to retract the needle
      valve 100 from its seat 101 during the time when it is desired to apply
      adhesive to the margin of the bottom of the shoe. Each piston and cylinder
      device 104 is secured to the associated nozzle carrier 22.
PAR  A second bracket 130, as shown in FIGS. 1 and 3, is secured to each bracket
      80 which supports a cylinder 132 of a third piston and cylinder
      arrangement 134. A piston rod 136 of piston and cylinder arrangement 134
      extends widthwise of the machine as shown in FIG. 3. A head portion 138 is
      adjustably threaded upon the piston rod 136, which is arranged to abut
      against a plunger 140 of a valve 142 secured to a plate 144. The plate 144
      is upstanding from, and secured to, the associated supporting arm 26. The
      piston and cylinder arrangement 134 and its associated parts provide stop
      means, as detailed below, for adjustably limiting the widthwise separating
      movement of the nozzle members 20 under the action of the piston and
      cylinder arrangements 52.
PAR  During the cycle of operations of the present invention, a shoe assembly,
      shown in FIG. 4, comprising an upper U and an insole I mounted on a last L
      will be placed upon the jack post 10 with the last pin 8 engaged in the
      usual thimble hole of the last L on which the shoe assembly is mounted
      while the jack post 10 is in its loading position, as shown in FIG. 1. The
      jack post 10 will then be swung heelwardly and raised to position the heel
      seat portion of the insole I against the hold-down member 12 by means
      fully disclosed in said copending application. A toe engaging member, not
      shown, by engagement with the toe end portion of the shoe assembly,
      automatically sets the position of a stop rod, not shown, relative to the
      carriage in a position in accordance with the length of the shoe to be
      operated upon. The shoe clamping means comprising heel band and side
      clamping assemblies, indicated by the letter H in FIG. 1, will be applied
      to the shoe assembly to hold it firmly in position with the shank portion
      at least approximately centralized widthwise in the machine. A toe pad 172
      supported by the shoe carrier will also be raised into shoe supporting
      position. The carriage for the shoe supporting means is moved rearwardly
      and forwardly by means of a pneumatic piston and cylinder arrangement
      under the control of a hydraulic dash-pot arrangement, not shown. When the
      jack post 10 is in its loading position the carriage occupies a loading
      position which is intermediate its fully forward and fully rearward
      positions. At this time the nozzle members 20 are in their raised,
      inoperative positions, the pistons 36 being urged to the right, as seen in
      FIG. 1, by air pressure applied in the cylinders 32. The nozzle members 20
      are also held in their innermost positions, closely adjacent to each
      other, as a result of the action of the counterweights 150 urging the
      nozzle carriers 22 in opposite directions about the pivot studs 24. When
      the shoe supporting carriage is in its loading position, the nozzle
      members 20 are located above a portion of the insole in the relatively
      narrow shank region. At this time, a signal is developed in the control
      circuit of the machine which brings about a reduction in the pressure of
      air supplied to the cylinders 32 to allow the nozzle supporting arms 26 to
      swing downwardly to cause the nozzle members 20 to approach the shoe
      bottom or insole I. Simultaneously, air under pressure is applied to the
      rearward end portions of the cylinders 52 to cause the piston rods 58 to
      outstroke and, through the action of the levers 64, 66 and associated
      parts, to swing the nozzle carrier outwardly against the action of the
      counterweights 150. At this time, air under pressure is applied to the
      cylinders 132 to extend the piston rods 136 into the positions shown in
      FIG. 3. Outward swinging movement of the nozzle carriers 22 under the
      action of the piston and cylinder arrangements 134 is limited by
      engagement of the head portions 138 with sleeves 143 in which the plungers
      140 of the valves 142 slide. As the head portions 138 move into engagement
      with the sleeves 143, the plungers 140 are actuated to operate the valves
      142. This removes the air pressure applied to the cylinders 54 to allow
      springs therein to withdraw the piston rods 58 and hence to remove the
      head portions 60 from abutting relationship with the pins 62, so that the
      counterweights 150 may again be effective to bias the nozzle members 20
      inwardly toward the shoe bottom edges. The operation of the valves 142
      also acts to remove air pressure supplied to the cylinders 132.
PAR  Engagement of the head portions 138 with the sleeves 143 is arranged to
      arrest outward movement of the nozzle members 20 when the guide portions
      86 have moved outwardly sufficiently far to clear the edges of the shoe
      bottom in the comparatively narrow shank region. As may be seen in FIG. 2,
      shoe bottom margin engaging surfaces 106 of the nozzle members 20 are
      arranged to extend widthwise of the machine to such an extent,
      conveniently some 8 mm., that the stop means provided by the head portions
      138 and the sleeves 143 does not require adjustment to ensure that, when
      the outward movement of the nozzle members 20 is arrested, the guide
      portions 86 are beyond the opposite edges of the insole but the insole
      shoe bottom engaging surfaces 106 extend, at least in part, over marginal
      portions of the shoe bottom so as to prevent the nozzle members 20
      dropping completely off the edges of the insole over at least a
      considerable range of sizes of insole. With the guide portions 86 over the
      opposite edges of the insole, the nozzle members 20 rest with their insole
      or shoe bottom engaging surfaces 106 in contact with marginal portions of
      the insole and the guide portions 86 are biased inwardly, by action of the
      counterweights 150, into engagement with the opposite edges of the insole.
PAR  The air pressure admitted to the cylinders 32 is sufficient to
      counterbalance the major portion of the weight of the nozzle members 20
      and their associated parts so that the nozzle members 20 rest with but
      light pressure upon the insole I. Similarly, the counterweights 150 are
      selected so that the guide portions 86 rest only lightly against the edges
      of the shoe bottom so as not to be likely to break those edges down even
      in relatively thin portions of the insole I.
PAR  The nozzles 20 having been moved into proper engagement with the insole I,
      the carriage is then moved rearwardly to a position determined by
      engagement of a rear end portion of the previously mentioned stop rod with
      an abutment member of the machine. During such movement of the carriage,
      the shoe bottom is moved lengthwise relative to the nozzle members 20
      while the guide portions 86 are maintained in engagement with the opposite
      edges of the insole. The exhaustion of air from the cylinders 132 renders
      the stop means provided by the head portions 138 and the sleeves 143
      ineffective so that the nozzle members may move outwardly to the desired
      extent as the wider portions of the insole I are traversed. When rearward
      or heelward movement of the carriage is arrested, the shoe assembly will
      be positioned in the desired position for a typical arrangement of lasting
      rolls, as indicated by R in FIG. 4, to commence the side lasting
      operation, adjacent the previously lasted toe portion.
PAR  At the time when rearward movement of the carriage is arrested, a valve
      device in the control circuit arrangement is actuated to initiate the
      feeding of adhesive through outlet openings 98 of the nozzle members as
      shown in FIGS. 2 and 4. The openings are positioned to permit adhesive to
      flow under the lasting marginal portions of the upper U as they curl over
      the insole I toward the previously lasted toe portion. The lasting rolls R
      are then lowered into operative positions in engagement with the lasting
      marginal portions of the insole, and forward movement of the carriage is
      initiated to carry the shoe assembly forwardly to cause the nozzle members
      20 to extrude adhesive along the marginal portions of the insole I as they
      are maintained with the guide portions 86 in engagement with the opposite
      edges of the insole I, and the lasting rolls R, to wipe marginal portions
      of the upper U inwardly across the applied adhesive. The lasting operation
      thus progresses continuously and simultaneously along opposite side
      portions of the shoe assembly from the previously lasted toe portion to a
      region in the vicinity of the breast line. Movement of the carriage is
      then arrested and the nozzle members 20 and the lasting rolls R are
      returned to their inoperative positions. Air under pressure is then
      readmitted to the cylinders 132 to reset the stop means provided by the
      head portions 138 of the piston rods 136 and the sleeves 143.
PAR  The adhesive applying operation may be terminated by any known manner such
      as a signal derived from the carriage reaching a predetermined position.
      This signal also causes the upward withdrawal of the nozzle members 20,
      resulting from an increase in pressure of the air supplied to the
      cylinders 32, the nozzle members 20 being urged inwardly to their initial
      positions by the action of the counterweights 150. The signal also acts to
      terminate the feeding of adhesive to the nozzle members 20 and the closing
      of the needle valves 100. The signal also automatically causes the raising
      of the lasting rolls R at the end of the lasting operation, and the shoe
      supporting jack post 10 being swung to its initial loading position, while
      the carriage is moved rearwardly or heelwardly to its loading position.
PAR  The outlet openings 98 of the nozzle members are directed toward the front
      of the machine so that they are trailing in the sense of the direction of
      movement of the shoe assembly past the nozzle members 20, the shoe
      assembly moving in the direction of the arrow shown in FIG. 4. As seen in
      FIG. 4, the toe end of the shoe points in the direction of movement and
      the forepart of the bottom of the last L is often inclined (to an extent
      depending on the style of shoe and heel height) to the horizontal. The
      insole engaging surface 106 of the nozzle members 20 is therefore also
      inclined to the horizontal at a considerable angle so as to enable the
      nozzle members 20 to seat on forepart portions of the shoe bottoms of
      various styles of shoe assembly and maintain the outlet openings 98 of the
      nozzle members 20 in close proximity to the insoles I. This inclination of
      the insole engaging surfaces 106 also tends to ensure that when the nozzle
      members 20, during their outward movement, reach the opposite edge
      portions of the insole I, the guide portions 86 drop over the opposite
      edges of the insole I and may be moved into contact therewith. In FIG. 4
      there is also shown in chain dotted lines the positions which a nozzle
      member 20 occupies with respect to the insole I at progressively later
      stages in the movement of the shoe assembly past the nozzle member 20.
PAR  It is to be understood that the foregoing embodiment is stated as
      descriptive and exemplary only, and not to be interpreted as limiting the
      scope of the invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A machine for manufacturing shoes, said machine having a shoe support,
      and lasting elements which are relatively movable generally lengthwise
      with respect to a shoe on said support, for securing a shoe upper to a
      shoe bottom, including:
PA1  means for applying adhesive progressively to the margin of said shoe
      bottom, said means comprising at least one nozzle through which adhesive
      is extruded;
PA1  means for moving said nozzle from an inoperative position outwardly
      widthwise of the shoe to a location limited by an adjustable stop means,
      said nozzle having a shoe bottom engaging portion and a heightwise
      extending guide portion adapted to engage the peripheral edge of the shoe
      bottom;
PA1  means for biasing said nozzle inwardly toward the middle of said shoe
      bottom to maintain engagement between said guide portion of said nozzle
      and the edge of said shoe bottom during the relative movement
      therebetween, said stop means being ineffective during said relative
      movement to permit said guide portion to follow the peripheral contour of
      the shoe bottom.
NUM  2.
PAR  2. A machine for manufacturing shoes, as recited in claim 1, wherein said
      biasing means comprises a counterweight arranged so as to cause a pivoting
      about a pivot arrangement wherein said nozzle and associated guide portion
      is maintained in engagement with said edge of said shoe bottom.
NUM  3.
PAR  3. A machine for manufacturing shoes as recited in claim 1, wherein said
      means for applying adhesive comprises two generally widthwise adjacent
      nozzles, each providing adhesive to its respective side of a shoe bottom
      simultaneously.
NUM  4.
PAR  4. A machine for manufacturing shoes, as recited in claim 1, wherein said
      means for moving said nozzle from the inoperative position into a shoe
      bottom engaging position comprises an arrangement of first and second
      piston and cylinder devices.
NUM  5.
PAR  5. A machine for manufacturing shoes as recited in claim 4, wherein a
      sensing device is associated with said adjustable stop means, comprising a
      valve arrangement for rendering said second piston and cylinder device
      ineffective so that each of said nozzle members may be biased inwardly by
      said counterweights to urge said guide portions of said nozzle members
      into engagement with said edge portions of said shoe bottom.
NUM  6.
PAR  6. A machine for manufacturing shoes as recited in claim 5, wherein said
      adjustable stop means comprises a third piston and cylinder device
      including a retractably biased piston rod having an extendably adjustable
      head portion thereon, said head portion coming into contact with said
      valve when said nozzles are moved to a predetermined limit, said contact
      with said valve causing a reduction in pressure in said second piston and
      cylinder arrangement to arrest further extension thereof.
NUM  7.
PAR  7. A machine for manufacturing shoes as recited in claim 5, wherein said
      valve also causes a reduction of pressure in said third piston and
      cylinder arrangement, causing retraction thereof to permit slight movement
      of said nozzle as it engages the edges of said shoe bottom.
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ABST
PAL  An apparatus for continuously processing articles includes a pre-heating
      chamber for confining a vacuum therein provided with four openings by
      which an entrance chamber, two depositing chamber and an exit chamber
      communicate therewith individually. Each of the openings is provided with
      a gate valve mounted therein for covering the openings, and particularly
      the entrance and exit chambers serving to maintain the vacuum in the
      pre-heating chamber at a predetermined level while feeding unprocessed
      articles to and removing the processed articles from the pre-heating
      chamber in such a manner that the vacuum is not affected by the ambient
      atmosphere. The pre-heating chamber comprises a cylindrical housing in
      which a water-wheel-like conveyor having means for receiving and holding
      vacuum deposition jigs carrying articles such as optical elements is
      intermittently rotated to advance the vacuum deposition jigs through the
      pre-heating chamber. This feature of the invention facilitates reduction
      in the heating time per jig. In addition, the automatic inversion of the
      jig in half revolution of the conveyor serves to facilitate successive
      applications of a thin film coating on the opposite surfaces of the
      articles without breaking the vacuum in the processing chambers while
      insuring that each of the articles is treated identically to produce
      uniform properties of the thin film coating.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an apparatus capable of continuous
      processing of articles, and more particularly it relates to a pre-heating
      chamber adapted for use in an apparatus for continuously processing a
      great number of optical elements such as lenses and mirrors at one time
      for successive application of a thin film coating on the opposite surfaces
      thereof which the apparatus is extremely reduced in dimensions by the
      provision of such pre-heating chamber.
PAR  One of the most common vacuum depositing techniques utilizes a bell jar of
      high vacuum in which a batch of substrates to be coated are simultaneously
      exposed to the vapor of material to be deposited as a thin film on the
      substrates. Since the bell jar must be opened after each depositing
      operation is completed in order to remove the processed substrates and
      replace them with a new batch of unprocessed substrates, the bell jar
      method is extremely time-consuming.
PAR  Continuous processing of substrates has been developed in the prior art to
      overcome the above-mentioned disadvantage of the bell jar method. For
      example, one method of continuous processing employs an entrance chamber,
      a pre-heating chamber, a depositing chamber, a cooling down chamber and an
      exit chamber connected in series by pass-ways having internal sealing
      means mounted therein through which substrates are advanced to coat the
      substrates with a layer of material. The substrates are mounted on
      individual work carriers, or vacuum deposition jig (hereinafter simply
      referred to as "jig") as illustrated in FIG. 1 wherein a number of optical
      elements 11 to be coated are mounted on a jig 10. After the jig is
      positioned in the entrance chamber, a vacuum source connected thereto is
      operated to evacuate the chamber. When the pressure in the chamber has
      reached a vacuum level of as high as 3 .times. 10.sup.-.sup.5 torrs at
      which the interiors of the other chambers, i.e., pre-heating chamber,
      depositing chamber and cooling down chamber also maintained, the jig is
      transferred from the entrance chamber to the pre-heating chamber in which
      the optical elements are heated by a radient energy heater to a
      predetermined temperature, e.g., approximately 200.degree.-300.degree.C
      for a period of time, e.g., approximately 20-40 minutes, these conditions
      being dependent upon the material of optical elements to be coated. The
      pre-heating of the substrates drives off adsorbing gases and volatile
      surface contaminates to clean the substrate surfaces and render them
      suitable for receiving the deposition coating strongly adherent thereto,
      thus being essential in the vacuum deposition coating processes. From the
      pre-heating chamber, the jig is transferred into the depositing chamber to
      apply a coating of a predetermined thickness on either of the surfaces of
      each of the elements while rotating the jig usually in a horizontal plane
      to effect uniformity of thin film characteristics. Upon completion of
      vacuum depositing operation, the jig is advanced past the cooling down
      chamber to the exit chamber from which it is removed to outside.
PAR  In such a process, the depositing operation requires about 1-2 minutes for
      application of a monolayer coating and about 4-5 minutes per layer for
      application of a multilayer coating, while the pre-heating treatment
      requires 20-40 minutes, occupying a large proportion of the period of time
      necessary for one cycle of processing operation, or the time interval
      between the feeding of a jig and the removing of the processed jig,
      thereby the efficiency of the apparatus is extremely reduced. To effect an
      increase in the efficiency, the depositing chamber may be provided with a
      necessary number of additional pre-heating and cooling chambers connected
      in parallel thereto. But this complexity makes the resulting apparatus
      quite bulky.
PAR  For successive applications of a coating on the opposite surfaces of a
      substrate, after the substrate is processed in a processing chamber to
      apply a coating on either of the surfaces thereof, the once processed
      substrate is removed from the processing chamber into the ambient
      atmosphere where the substrate is inverted, and then the inverted
      substrate is inserted in the same processing chamber in which an identical
      processing operation is repeated to apply a coating on the opposite
      surface thereof. Such a double processing procedure also requires a
      considerably long processing time. In addition, a drawback encountered by
      the necessity of inverting the once processed substrate in the ambient
      atmosphere is such that since the substrate as well as the processing
      chamber are susceptible to contamination by the surrounding atmosphere and
      from the fragments of coating material adhering to the jig framework,
      impurities may accumulate on the substrate surface to be coated
      subsequently. Therefore it is necessary to incorporate into an operating
      cycle for the double processing an additional pre-cleaning treatment prior
      to the second depositing treatment, or otherwise it is difficult to
      control the properties of the deposited film produced by different
      depositing operations in the same apparatus.
PAR  One conventional double processing method utilizes a bell jar in which a
      jig is placed in a vertically disposed position between two boards
      containing a material to be deposited, from which the vapor of the
      material is allowed to deposit on the opposite surfaces of the substrate
      simultaneously. Since application of a coating is made on the opposite
      surfaces of the substrate in one time, the processing time is
      comparatively short. However, in order to make the thickness of the
      coating deposited on the substrate uniform, it is more desirable to set
      the jig in the horizontally disposed position during the depositing
      operation.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an apparatus capable of
      continuous processing of articles which apparatus is of extremely reduced
      dimensions.
PAR  Another object of the present invention is to provide an apparatus for
      continuously processing articles having a pre-heating chamber provided
      with a mechanism for transporting articles therethrough which permits a
      reduction in the pre-heating time per article to facilitate a highly
      efficient processing operation.
PAR  A further object of the present invention is to provide an apparatus for
      continuously processing article having a pre-heating chamber provided with
      a mechanism for transporting articles therethrough which permits
      successive applications of a thin film coating on the opposite surfaces of
      an article without using any other complicated mechanism.
PAR  To achieve the above-mentioned objects, the present invention contemplates
      the use of a novel substrate-transporting device which is, in a preferred
      form, a rotary conveyor having a number of pairs of an upper and lower
      grooved rails fixedly mounted therein in parallel to the rotary axis and
      radially spaced from each other by a distance sufficient to hold a jig
      therebetween and which is operated within the vacuum tightly sealed
      housing of the pre-heating chamber. A radient energy heater such as
      nichrome wire or an infra-red radient source is provided on each side of
      the jig. If all of the jig holders of the rotary conveyor receive jigs,
      the resultant shape of the conveyor resembles to a water-wheel. It is to
      be understood from the radial arrangement of jigs that a great number of
      jigs may be processed at one time within the housing of small dimension.
      As far as minimization of dimension of the apparatus is concerned, the
      jig-transporting device may be formed by a pair of endless chains
      supported by two sprockets spaced apart by a distance and having means for
      receiving and holding jigs in positions perpendicular to the chains. But
      facilities for power supply and vacuum-tight seal of the housing are made
      considerably complicated.
PAR  Another advantage of the rotary conveyor of the invention is that when it
      is installed with the shaft parallel to the installation ground, each of
      the jigs radially arranged in the conveyor is automatically inverted half
      revolution as the conveyor is rotated about the shaft. In other words,
      when a jig is advanced from a position to that symmetrical thereto with
      respect to the rotary shaft, the automatical inversion of the jig is
      effected. Therefore, a pair of depositing chambers may be preferably
      arranged in the positions symmetrical to each other with respect to the
      rotary shaft so that sequential double processing of a substrate can be
      carried out without manual inverting operation or any particular mechanism
      therefor. In the case of a rotary conveyor with the vertically disposed
      shaft to the installation ground, where the jigs are vertically arranged
      at all the angular positions of the conveyor, it is necessary to provide a
      mechanism for transferring a jig from the jig holder to the depositing
      chamber and placing the transferred jig horizontally. Even in this case,
      the mechanism may be of a simpler structure than that of the mechanism for
      inverting the jig. Of course, the provision of only one depositing chamber
      for continuous but single processing of substrate is included in the scope
      of the present invention. With the conveyor constructed in accordance with
      the invention it is possible to control the pre-heating time per jig in an
      appropriate proportion to the processing time by various ways to be
      described later in detail. In the apparatus of the present invention, the
      jig once inserted into the pre-heating chamber is not exposed to the
      ambient atmosphere until the double processing thereof is completed,
      thereby the possibility of impurities accumulating on the surfaces of the
      substrates from the ambient atmosphere is substantially reduced to produce
      uniform characteristics in the deposited layer. Further the exclusion of
      the second pre-cleaning operation from the double processing operation
      increases the efficiency of the apparatus of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a jig having a number of lenses rigidly
      secured therein.
PAR  FIG. 2 is a top plan view of one form of the apparatus of the present
      invention with portions of the housing thereof broken away.
PAR  FIG. 3 is a sectional view, partly in perspective with portions broken
      away, taken on the line III--III of FIG. 2.
PAR  FIG. 4 is a sectional view taken on the line IV-- IV of FIG. 2.
PAR  FIG. 5 is a sectional view similar to FIG. 4 schematically illustrating the
      apparatus of the present invention utilizing another embodiment of the
      rotary conveyor constructed in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 2, 3 and 4, a vacuum deposition apparatus in accordance
      with a preferred embodiment of the present invention comprises an entrance
      air lock chamber 115, a pair of depositing chambers 131 and 142, an exit
      air lock chamber 127, each connected to a pre-heating chamber 102. The
      pre-heating chamber 102 comprises a cylindrical housing 103 in which a
      rotary conveyor formed by a drive shaft 106 in combination with a pair of
      disks 104 and 104' fixedly mounted thereon at the centers of the disks is
      located. Fixedly mounted on the peripherals of the disks 104 and 104', an
      odd number of, in this instance twenty-one, members for receiving and
      holding jigs, each of the members being constructed in the form of a pair
      of an upper grooved rail 105 and a lower grooved rail 105' spaced apart by
      a distance sufficient to receive and hold a jig 100. Each of the jigs 100
      carries a number of substrates such as lens elements to be coated rigidly
      secured therein in a manner known in the art. The drive shaft 106 is
      supported by means such as anti-friction bearings 107, 107' in bearing
      cases 108 and 108' mounted in the front and rear walls of the pre-heating
      chamber as viewed from the front (entrance) side of the apparatus
      respectively. The jigs are positioned as surrounded by nichrome wires 110
      for heating the substrates which are connected in parallel or in series to
      a pair of conductors 111 and 111' terminating at the slip rings 112 and
      112' contacted with sliders 113 and 113' respectively. The rotary conveyor
      is driven into rotation through a gear 114 fixedly mounted on the drive
      shaft 106. In addition to the driving of the shaft 106 in a controlled
      speed by engagement with a gear of a speed regulator not shown, the gear
      114 performs the function of setting the rotary conveyor in predetermined
      positions for intermittent advancement of jigs.
PAR  The entrance air lock chamber 115 comprising a housing 116 having an
      entrance gate 117 is connected to the front wall of the pre-heating
      chamber 103 at a lower position by an interior sealing device 123a, in
      this instance, a gate valve having a door 124a as shown in FIG. 3. An
      entrance transfer mechanism fixedly mounted to the front side of the
      chamber 115 includes an air cylinder 118a having a piston rod 120a with a
      slider 119. Pressurized air is supplied to the air cylinder 118a through a
      port 121a to impart movement to the piston rod 120a. The housing 116 is
      provided with a pair of guide rails 122 and 122' mounted therein between
      which a jig is loaded and along which the jig is transferred from the
      entrance chamber 115 to the pre-heating chamber by the movement of the
      piston rod 120a. The interior of the entrance chamber 117a is maintained
      at a vacuum source acting through a pipe 126a.
PAR  The exit air lock chamber 127 comprising a housing having an exit gate 128
      is connected by a gate valve 120b to the rear wall of the pre-heating
      chamber 103 at a lower position as shown in FIG. 2. An exit transfer
      mechanism is provided on the front wall of the pre-heating chamber 103 at
      a position opposite to the exit air lock chamber 127. The exit transfer
      mechanism includes an air cylinder 118b having a piston rod not shown and
      a port 121b through which pressurized air is supplied to impart movement
      to the piston rod to transfer the processed jig from the pre-heating
      chamber to the exit air lock chamber. The interior of the exit chamber 127
      is maintained at the vacuum source acting through a pipe 126b.
PAR  The first depositing chamber 131 is located on the left rear side of the
      pre-heating chamber and is connected by a gate valve 129a at a middle
      position. As shown in FIG. 3, the depositing chamber 131 comprises a bell
      jar 132 having a cap 133 and provided with a jig-supporting device located
      therein which comprises means for receiving and holding a jig 134 fixedly
      mounted on a rotatable ring 135. The ring 135 is placed on a number of
      anti-friction bearings 136 movably mounted on the integral annular flange
      137 projecting from the inside wall of the bell jar 132 and is driven to
      rotation by a motor not shown. On the bottom of the bell jar 132, there is
      a resistance-heating board 138 containing a material to be deposited. Over
      the jig-supporting device, there is a heater 140 for controlling the
      temperature of atmosphere of the bell jar. The bell jar is pumped down to
      the desired vacuum through a duct 141a connected to a vacuum pump not
      shown. Mounted on the cap 133 is a sensor for measuring the thickness of
      the coating during the depositing operation. A first internal transfer
      mechanism, which is located on the front side of the pre-heating chamber
      opposite to the depositing chamber 131, is identical in structure to the
      entrance or exit transfer mechanism, but is somewhat different in
      performance therefrom. While the entrance or exit transfer mechanism is
      operated to move a jig in only one direction, the first internal transfer
      mechanism is operated to move a jig in either directions, so that the
      opposite end of the piston rod must have a gripping means such as a hook.
PAR  The second depositing chamber 142, which is located on the right rear side
      of the pre-heating chamber, is identical to the first depositing chamber
      131. Also a second internal transfer mechanism provided for the second
      depositing chamber 142 is identical to the first internal transfer
      mechanism.
PAR  With such an apparatus, it is possible to control the pre-heating time in
      conformance with the time required for performing a depositing operation
      by a suitable combination of the number of jig-holders of the rotary
      conveyor with the number of steps in one advancement. Further it is
      possible to reduce the pre-heating time per jig to a substantially
      negligible level compared with the processing time as the number of
      jig-holders of the conveyor is increased. For example, the rotary conveyor
      according to one embodiment of the present invention shown in FIG. 4
      carries an odd number of jig holders, in this instance, twenty-one jig
      holders, and is rotated for two step advance of jig-holders within the
      housing of the pre-heating chamber with which the entrance air lock
      chamber 115 communicates by an opening indicated at A, the first
      depositing chamber 131 communicates by an opening indicated at B, the
      second depositing chamber 142 communicates by an opening indicated at C,
      and the exit air lock chamber 127 communicates by an opening indicated at
      D. As the rotary conveyor is rotated in the direction of arrow R for
      two-step advance of jig-holders, a jig received in a jig-holder at
      position A moves past positions B, C and D in the first one revolution of
      the conveyor, but in the second one revolution, the jig stops at positions
      B, C and D, although it moves past position A. When the jig arrives the
      position B, the first internal transfer mechanism is operated to transfer
      the jig from the pre-heating chamber to the first depositing chamber 131
      in which a depositing operation is performed for application of a coating
      on the one surfaces of the substrates carried on the jig. During the
      depositing procedure, the rotary conveyor is not permitted to rotate, so
      that upon completion of the depositing operation, the once-processed jig
      is moved to the same jig-holder. Next, the once processed jig stops at
      position C and is transferred to the second depositing chamber in which a
      depositing operation is performed for application of a coating on the
      opposite surfaces of the substrates. Upon completion of the depositing
      operation, the double processed jig is moved to the same jig holder again.
      Next, the double processed jig stops at position D and is transferred to
      the exit chamber, thereupon the jig-holder is prepared to receive an
      unprocessed jig at position A.
PAR  In FIG. 5, another example of the rotary conveyor constructed in accordance
      with the present invention is schematically illustrated as carrying an
      even number of jig-holders, in this instance, twelve jig-holders. In this
      case, the conveyor is rotated for one-step advance of jig-holders so that
      a jig received in a jig-holder at position A arrives position B in one
      revolution of the conveyor in a time interval too short for pre-heating
      treatment. Therefore, the initial one revolution of the conveyor is
      adapted only for the purpose of pre-heating the received jigs. In the next
      one revolution of the conveyor, successive two depositing operations are
      carried out in a manner similar to that described above, and the double
      processed jig arriving at position D is transferred to the exit chamber,
      thereupon the jig holder is prepared to receive an unprocessed jig in the
      third one revolution of the conveyor.
PAR  The operation of the apparatus is as follows. The pre-heating chamber in
      the entirely sealed position is pumped down to the desired vacuum. The
      entrance gate 117 is opened through which a jig carrying lenses rigidly
      secured therein is transported into and positioned between the guide rails
      122 and 122' within the entrance air lock chamber 115. After the entrance
      gate is closed, the entrance chamber 115 is evacuated by a vacuum pumping
      system to reduce the pressure to a value almost equal to the pressure
      maintained in the pre-heating chamber. Then the internal sealing device in
      the form of a gate valve 123a is opened and the entrance transfer
      mechanism is operated to transfer the jig from the load position to a
      jig-holder in the form of a pair of an upper and lower grooved rails 105"
      and 105'" within the pre-heating chamber. After the projected piston rod
      120a is retarded to the initial position by applying pressurized air to
      the air cylinder 118a through a port 121a', the gate valve 123a is closed
      and the conveyor is rotated to advance the jig by two steps. In similar
      fashion, jigs are fed to the pre-heating chamber in sequence. As the
      conveyor is rotated, the jigs received in the jig-holders advance through
      the pre-heating chamber, thereby the lenses are heated during about one
      and quarter revolutions of the conveyor. When the first jig has arrived a
      position B, the closed gate valve 129a mounted in an opening B for
      communication with the first depositing chamber 131 of which the interior
      is maintained at a vacuum source acting through the duct 141a is opened,
      and then the first internal transfer mechanism is operated to move the jig
      to the jig-supporting devices 134 and 134'. After the projected piston rod
      is retarded to the initial position, the gate valve 129a is closed.
PAR  Next, the temperature and pressure in the first depositing chamber are
      controlled by the energized heater 140 and a vacuum pumping system acting
      through the duct 141a in order to provide a controlled atmosphere for
      application of a coating on the one surfaces of the lenses carried on the
      jig, while rotating the rotatable ring 136 of the jig-supporting device.
      When the thickness of the coating reaches a predetermined level, the
      atmosphere in the chamber is removed to terminate the depositing
      procedure. The gate valve 129a is opened again and pressurized air is
      supplied to the air cylinder 118d first through port 121d to project the
      piston rod to the jig supported on the jig-supporting device set at an
      initial load position, and then through port 121d' to move the jig to the
      same jig-holder of the conveyor, thereupon the gate valve 129a is closed.
PAR  In similar fashion, the opposite surfaces of the once processed lenses are
      coated by vacuum deposition in the second depositing chamber 142. When the
      double processed jig reaches the position D, the gate valve 120b mounted
      in the opening D is opened and then the exit transfer mechanism is
      operated to move the jig to the guide rails within the exit chamber of
      which the interior is maintained at a pressure almost equal to the
      pressure in the pre-heating chamber. After the gate valve 120b is closed,
      the exit gate is opened to remove the first jig from the guide rails
      within the exit chamber. Thus an operating cycle for the first jig comes
      to the end. It is preferred to employ a control circuit for the apparatus
      of the present invention. However, it is possible for the machine operator
      to control the intermittent advancement of jig-holders and operate the
      various transfer mechanism in succession while viewing the inside of the
      pre-heating chamber from outside.
PAR  It will be seen from the foregoing description that the number of work
      carriers carrying articles such as optical elements which may be processed
      at one time is increased by provision of a rotary conveyor constructed in
      accordance with the present invention within the pre-heating chamber.
      Further, the rotation of the conveyor causes each of the work carriers
      which the conveyor is transporting through the pre-heating chamber to be
      inverted automatically in half revolution, so that it is made possible to
      perform the double processing of articles for successive applications of a
      thin film coating on the opposite surfaces of the article without
      permitting the articles to be exposed to the ambient atmosphere during
      processing by provision of two identical depositing chambers arranged in
      the symmetrical relation to each other with respect to the shaft of
      conveyor within the pre-heating chamber. Because the pre-heating chamber
      is completely sealed from the ambient atmosphere, it is not necessary to
      provide additional facilities for pre-cleaning the once processed articles
      before they are subjected to the second depositing operation. For the
      continuous processing of articles through the vacuum depositing apparatus
      of the invention, a rotary conveyor provided with an odd number of holder
      for receiving and holding work carriers carrying articles rigidly secured
      therein may be employed and rotated for two-step advance. Since certain
      changes may be made in the above apparatus without departing from the
      scope of the invention herein involved, it is intended that all matters
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A vacuum deposition apparatus for treating articles comprising an
      annular chamber including means for heating said articles, article holder
      means rotatably mounted within the chamber for orbiting said articles
      within said annular chamber, sealable chamber means for passing articles
      into and out of said annular chamber including means for continuously
      maintaining said annular chamber sealed from its external environment,
      deposition chamber means for treating articles disposed therein, means
      defining sealable path means through which said articles may be
      transferred in both directions between said annular chamber and said
      deposition chamber means, and means to effect said transfer.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said sealable chamber means
      comprise an entrance chamber for introducing articles into said annular
      chamber, an exit chamber for removing articles from said annular chamber,
      sealable path means for enabling transfer of articles between each of said
      entrance and exit chambers and said annular chamber, portal means for
      enabling introduction of articles into said entrance chamber from the
      exterior of said apparatus and for enabling removal of articles from said
      exit chamber to the exterior of said apparatus, means for normally
      maintaining said portal means sealed and for unsealing said portal means
      to permit passage of articles therethrough, and means for maintaining said
      sealable path means sealed when said portal means are unsealed.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said deposition chamber means
      comprise a pair of deposition chambers oppositely disposed relative to
      said annular chamber and located to receive, respectively, said articles
      in opposed positions.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said means for orbiting said
      articles comprise a rotatable conveyer rotatably mounted relative to said
      annular chamber and including a plurality of holders for receiving and
      releasably holding said articles.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said articles comprise a
      generally planar configuration and wherein said rotatable conveyer
      includes a central drive shaft with said holders being arranged relative
      thereto to receive and hold said articles within a plane including the
      axis of said drive shaft.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said rotatable conveyer is
      disposed with said drive shaft arranged in a substantially horizontal
      plane.
NUM  7.
PAR  7. Apparatus according to claim 5 wherein said rotatable conveyer comprises
      an odd number of said holders.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein said sealable chamber means
      include an entrance chamber for introducing articles into said annular
      chamber and an exit chamber for receiving articles therefrom, wherein said
      deposition chamber means include a pair of deposition chambers oppositely
      disposed relative to said annular chamber, and wherein said entrance
      chamber, said exit chamber and each of said deposition chambers are spaced
      apart circumferentially about said annular chamber at different locations
      along the path of rotation of said articles within said annular chamber.
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PAL  A reciprocating crossfire set of rinsing means rinses the surface of a
      glass sheet while maintaining a uniform thickness of rinsing medium in an
      area on the glass surface where a subsequent spraying operation is to be
      carried out. The rinsing means are angled obliquely downward, rearward and
      outward, and rinse water or other medium is supplied at a rate sufficient
      to force excess rinsing medium off the side and the trailing edge of the
      sheet, rather than being delivered into the spray area or accumulated
      along its trailing edge portion. The uniform thickness of rinsing medium
      prepares the substrate for receiving a more uniform transparent
      metal-boron coating in the spraying operation that follows.
PARN
PAR  This is a division of application Ser. No. 159,746, filed July 6, 1971, now
      U.S. Pat. No. 3,793,054.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is related to U.S. patent application Ser. No. 829,705,
      filed in the names of Richard G. Miller et al. on June 2, 1969, and
      entitled "Electroless Process for Forming Thin Metal Films" now U.S. Pat.
      No. 3,671,291. This application is also related to U.S. patent application
      Ser. No. 829,755, filed on June 2, 1969, in the name of Richard G. Miller,
      and entitled "Electroless Process for Forming Thin Metal Films" now U.S.
      Pat. No. 3,672,939. This application is also related to U.S. patent
      applications Ser. Nos. 57,451, and 57,754, filed on July 23, 1970, in the
      name of Richard G. Miller, and entitled "Wet Chemical Method for Producing
      Transparent Metal Films" and "Solution for Depositing Transparent Metal
      Films" now U.S. Pat. Nos. 3,723,158 and 3,674,517, respectively. This
      application is also related to U.S. patent application Ser. No. 57,575
      filed on July 23, 1970, in the name of Richard E. Miller and entitled
      "Transparent Metal-Boron Coated Glass Articles" which application has
      since been abandoned. This application is also related to U.S. patent
      application Ser. No. 57,527 of Charles B. Greenberg et al., filed on July
      23, 1970, for "Wet Chemical Method for Producing Transparent Metal Films"
      now U.S. Pat. No. 3,723,155. This application is also related to U.S.
      patent application Ser. No. 111,904, filed on Feb. 2, 1971, in the name of
      Helmut Franz et al. and entitled "Chemical Filming Solution and Process
      for Plating Therewith". This application is also related to U.S. patent
      application Ser. No. 130,468, filed on Apr. 1, 1971, in the name of Helmut
      Franz, and entitled "Removal of Metal Containing Deposits from
      Non-Metallic Substrates" now U.S. Pat. No. 3,738,867.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and an apparatus for providing
      non-conductive transparent substrates with transparent coatings having
      optical properties of good uniformity, and particularly relates to a glass
      rinsing operation that avoids sources of non-uniformity of said optical
      properties.
PAR  2. Description of the Prior Art
PAR  In the past, transparent metal coated glass articles have been produced by
      various vapor deposition techniques which generally involve the
      deposition, from the vapor phase, of substantially pure metals, such as
      nickel or chromium on a prepared glass substrate. However, while such
      techniques are generally capable of providing metal films of acceptably
      uniform thickness and specified visual transparency, commercial films of
      this type have been observed to possess an undesirably high number of
      visible pin-holes. Further, this process is expensive and complex. Metal
      coated metallic and non-metallic articles have been produced by various
      well-known electroless or chemical plating techniques. These techniques
      generally involve the immersion of a metallic article or a sensitized
      non-metallic article into a suitable electroless plating bath comprising
      an aqueous medium having dissolved therein a metal salt and an appropriate
      reducing agent, whereupon a metal film is deposited upon the immersed
      article by an autocatalytic mechanism.
PAR  The electroless process is an old and established one. For example, Brenner
      and Riddell disclosed in 1944 that an opaque coating of nickel could be
      autocatalytically deposited upon metallic substrates by immersing the
      substrates into a nickel salt solution containing sodium hypophosphite.
      U.S. Pat. Nos. 2,532,283 and 2,532,284 were issued to Brenner and Riddell
      upon their discoveries. The use of sodium hypophosphite as the reducing
      agent results in deposits which are not pure metal, but which contain
      about 2 to 10 percent elemental phosphorus by weight. In this connection,
      it is known that the presence of phosphorous in a deposited nickel film
      affects certain of the film characteristics, including its dominant wave
      lengths, infrared absorption characteristics, excitation purity and
      electroconductivity. In addition, and for reasons not wholly understood,
      it has been found that the uniformity of deposited nickel-phosphorous
      films generally decreases rapidly with increased thickness when the
      thickness of the coated glass substrates is greater than about
      three-sixteenth of an inch.
PAR  Other electroless immersion plating processes involve the use of
      boron-containing reducing agents which are effective at room temperature.
      U.S. Pat. Nos. 2,968,578, 3,140,188, 3,096,182 and 3,045,334 are
      representative of improved electroless plating processes of this type.
      U.S. Pat. No. 2,956,600, issued to Carlson et al., describes a spraying
      process wherein two separate solutions are sprayed upon substrates to form
      nickel coatings. This process uses sodium hydrosulfite and sodium
      hypophosphite as a reducing agent.
PAR  To a large extent the prior art has been concerned with production of
      opaque coatings by electroless coating, although it is understood that the
      assignee of U.S. Pat. No. 2,702,253 produces a glass plate having a
      transparent nickel coating possibly by the process therein disclosed. The
      problem of producing transparent glass or like articles is much more
      difficult because relatively minute variations in thickness are readily
      visible to the naked eye as unsightly defects. Other variations in such
      coatings can provide streaks with a glass region appearing almost opaque
      due to reflection of light in an otherwise transparent glass plate.
PAR  Many solutions suggested by the prior art develop a coating of gradually
      increasing thickness well beyond thicknesses which are opaque. The
      production of uniform transparent films with such solutions is especially
      difficult.
PAR  U.S. application Ser. No. 57,451, filed on July 23, 1970, in the name of
      Richard G. Miller, teaches a method whereby transparent substrates such as
      glass are provided with a uniform transparent coating by contacting the
      glass simultaneously with a mixture of a reducible metal salt in a
      solution and a reducing agent, which mixture becomes rapidly depleted of
      its film forming capacity before the resulting coating becomes opaque.
      This produces a uniform coating at a rate which is relatively rapid and
      then relatively slower and which effectively ceases to produce coating
      while the coating remains transparent. According to said application, it
      has been found that by using such mixtures and discontinuing the contact
      therewith after the rate of deposition of coating has reached the slower
      rate, transparent films of improved uniformity with few pin-holes can be
      achieved. The application further states that coatings of the best
      uniformity may be obtained even with large plates having four or more
      square feet of surface when the coating is applied by separately spraying
      a solution of reducing agent and a solution of the reducible metal salt on
      the glass plate preferably while the major surfaces thereof are in a
      horizontal or substantially horizontal plane. The process has been found
      to be effective over a broad temperature range for coating any of the
      so-called catalytic metal substrates or non-catalytic substrates
      sensitized in a conventional manner to promote deposition of continuous,
      adherent transparent metal films. An advantage of the process is that it
      will deposit highly uniform transparent films when performed at about room
      temperature, i.e., from about 20.degree. Centigrade to about 30.degree.
      Centigrade. The application further states that in order to insure that
      each of a plurality of substrates is provided with a coating that exhibits
      substantially the same physical and chemical characteristics, it is
      advantageous that the process temperature be held constant to within about
      .+-. 1.degree. Centigrade, for example, over 100 substrates or over 1000
      square feet of substrates, or the like. Best uniformity and appearance of
      transparent films is achieved when films are deposited to a thickness
      having a luminous transmission of about 35 to 40 percent or less, and when
      the films comprise nickel-boron, cobalt-boron, iron-boron, and the like.
      Films comprising mixtures of boron and nickel, cobalt and/or iron may also
      be provided. In all such films, the boron is present in a minor amount
      (rarely exceeding about 15 percent by weight and normally between about 2
      and 7 percent by weight) while the metal (nickel, cobalt and/or iron) is
      present in preponderant amounts (rarely less than 85 percent by weight and
      normally between about 93 and 98 percent by weight).
PAR  The transparent substrates obtained in accordance with the last-mentioned
      process may be employed, for example, as transparent windows or outside
      walls in a building such as a skyscraper or other multistory structure.
      These substrates may be especially advantageously employed as one of the
      plates which make up multiglazed units as described in the previously
      mentioned U.S. patent application Ser. No. 57,575. It will be understood
      that uniformity of coating in such uses is especially important because
      otherwise the reflected color portions of the building differs sharply
      from that of other portions, thus distracting from its appearance.
PAR  To generalize, the prior art teaches a process whereby glass plates are
      conveyed along an article movement path through a sequence of rinse and
      spray stations. After a plate leaves a rinse station, it is normally
      covered with a layer of water. When the plate enters a spray station, this
      layer of water is normally pushed toward the trailing edge of the plate
      and tends to accumulate toward the trailing edge. As more water
      accumulates at the trailing edge, the water tends to flow back into the
      spray zone. The problem is especially severe at the trailing edge where
      water is retained by the edge of the plate. After reaching equilibrium
      thickness at the trailing edge, some of the water flows back into the
      spraying zone so that the glass plate is sprayed while it is covered with
      one or more puddles of water of non-uniform thickness. As a result, there
      is an uneven dilution of the sprayed-on solutions in the sensitizing and
      coating stations, and this causes the coating on the plate to vary in
      thickness, in absorption and in reflectance. This is extremely pronounced
      adjacent to the trailing edge of the plate. In addition, a finger-like
      front of the sprayed-on solution forms between each spray station and each
      rinse station which manifests itself in streaks in the direction of travel
      of the plate. In addition, splashing in the sensitized area causes streaks
      and mottle in the coating. The prior art recognized the existance of the
      problem of non-uniformity of coating, but failed to associate its relation
      to an inferior rinsing technique.
PAR  In U.S. patent application Ser. No. 159,747, filed on July 6, 1971, in the
      name of the present inventor now U.S. Pat. No. 3,761,305, there is
      disclosed a solution to this problem. In the said mentioned application,
      there is suggested the use of a squeegee/shield combination ahead of the
      spray station to insure that there are no puddles or finger-like fronts of
      rinse water at a spray station. The squeegee is made of soft rubber or
      plastic, and it prevents the formation of finger-like fronts and also
      protects the glass surface from splashing and defects associated with
      splashing. While this is an advance over the prior art, the squeegee is
      not an ideal solution to the problem in that there is always a chance of
      damaging the sensitization and activation layers when solid particles that
      may become trapped between the glass and the squeegee or in the squeegee
      material itself abrade said layers.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, the abovementioned problems are solved
      by installing reciprocating angled crossfire rinse sets at the rinse
      stations downstream of the spray stations. The angled crossfire rinse sets
      have pipes with nozzles that are obliquely angled to impart rinsing medium
      at an oblique angle both with respect to an article movement path and a
      reciprocating path of said rinse sets to provide a component of motion
      parallel to the upper glass surface of sufficient magnitude to avoid
      puddling or other non-uniform thickness variations in the rinse medium on
      the glass surface. The rinse sets may be mounted on the same boom as the
      spray guns to reciprocate in unison, according to the preferred
      embodiment.
PAR  As used in this application, the phrase "article movement path" refers to
      the path formed by the relative movement of a work piece with respect to a
      rinse set and/or a spray set. The phrase includes both the situation where
      the rinse set is stationary relative to said path and the work piece moves
      past the rinse set, and where the work piece is stationary relative to
      said path and the rinse set moves past the work piece. The direction of
      the article movement path is such that the trailing edge of the glass
      sheet is the last increment of glass to be rinsed. The article movement
      path is defined in a manner independent of the presence or absence of any
      reciprocating movement of the rinse set.
PAR  The direction of reciprocating movement of the rinse set as it traverses
      the work piece is referred to in this application as the "reciprocating
      path" or the "rinse set reciprocating path". This latter path is
      transverse to and is defined in a manner independent of the presence or
      absence of the article movement path.
PAR  The term "nozzle axis", as used in this application, refers to the
      direction in which the rinse set nozzles extend. This direction is defined
      in a manner independent of the presence or absence of either or both the
      article movement path and the rinse set reciprocating path.
PAR  It is important to note that the relative movement of the glass sheet with
      respect to any particular rinse nozzle is very complex, insofar as
      direction is concerned, in that the glass sheet travels in a first
      direction along an article movement path in one plane while the rinse
      nozzle travels in a transverse direction along a reciprocating path in
      another plane. It is for this reason that this application describes each
      movement independently.
PAR  The glass sheet moves along the article movement path in a given plane,
      usually horizontal for the preferred embodiment. The crossfire rinse set
      travels along the reciprocating axis in a plane that is parallel to the
      given plane but spaced therefrom in the preferred embodiment.
PAR  In a preferred embodiment, each rinse set contains two pipes and each pipe
      contains a plurality of nozzles. Each nozzle emits a fan-like spray having
      an apex angle of about 50.degree. to about 75.degree., and preferably
      about 60.degree.. The pipes are positioned so that an angle formed between
      the pipes of each set is between about 15.degree. and about 100.degree.,
      and preferably between about 30.degree. and about 60.degree.. Nozzles
      extend perpendicularly from each pipe in such an arrangement that there is
      preferably an angle ranging from about 105.degree. to about 120.degree.
      formed between an axis subtended by each nozzle axis in the plane of the
      article movement path and the axis of the article movement path. If the
      angle between the nozzle axis and the article movement path is smaller
      than the preferred range, too much rinse water is delivered into the spray
      area. If the nozzle angle is larger than the preferred range, a heavy
      build-up of liquids at the trailing edge of the plate results. The present
      invention associates this heavy buildup with non-uniform coating.
      Therefore, it proposes to avoid this build-up by sweeping the water or
      spent solution over the side of the plate.
PAR  The crossfire rinse nozzles should be installed so that they are offset
      from the vertical axis by about 35.degree. to about 50.degree.. If this
      angle is less than about 35.degree., it is possible to damage a previous
      sensitization layer or a previous metal-boron coating due to the stronger
      impact of the rinse. In addition, smaller angles also provide a minimized
      sweeping action and this is undesirable. If this angle is greater than
      about 50.degree., the rinse becomes more superficial and less effective.
PAR  Broadly, the invention includes moving a transparent substrate along an
      article movement path in a given plane, usually horizontal, while a rinse
      set is moved along a reciprocating axis transverse to the article movement
      path in a plane parallel to the given plane and spaced therefrom. Each
      nozzle axis extends downwardly, rearwardly and outwardly so that it forms
      an obligue angle with the article movement path, the reciprocating axis
      and an axis perpendicular to the given plane (a vertical axis if the given
      plane is horizontal). According to the present invention, the presence of
      excessive or uneven amounts of rinsing medium in the spray area is avoided
      while the main rinsing action still acts to move the water layer or the
      spent solution together with splashed material over the side and the
      trailing edge of the plate. This prevents the formation of fingerlike
      fronts ahead of the sprays.
PAR  The distance between an angled crossfire rinse set and a subsequent spray
      gun depends upon the shape of the spray. Ideally, the edge of the rinse
      fan should just touch the edge of the spray fan. Since it is impractical
      to work with this precision, the edge of the spray fan is normally
      adjusted so that it slightly overlaps the edge of the rinse fan. This does
      not harm the quality of the coating produced.
PAR  Coated glass, made in accordance with the present invention, is capable of
      inhibiting transfer of radiant heat such as that from the sun's rays by
      the light reflectance and absorption of the film and the fact that it
      permits transmittance of less than 35 to 40 percent of visible light from
      sunlight. Panels having light transmittance of 5 to 25 percent are
      especially useful in warm to temperate climates such as the United States.
      In other climates such as Northern Europe, panels of greater transmittance
      are preferred.
PAR  The color of the panels is dependent upon the metal which is reduced.
      Especially attractive nickel-boron and like metal-boron coatings which
      have a neutral color reflecting and passing essentially white light are
      provided according to this invention. Cobalt coatings are blue while iron
      coatings are brown. Other colors can be obtained by producing mixtures of
      these coatings.
PAR  The nickel boron and metal boron compounds herein contemplated are usually
      electroconductive. Thus, these films may be used as heating elements. For
      example, in the double-glazed panel comprising two-spaced glass panels
      enclosed by a glass, metal or organic sealing around the edge of the
      panel, one such panel may be coated on its interior side by the process of
      this invention. By applying an electromotive force across this coating,
      heat may be generated in the panel, thus minimizing or preventing
      substantial heat loss from the interior of the building in which such
      panels are mounted.
PAR  Coatings having one or more of the desirable properties set forth above are
      effectively produced according to this invention by spraying, as
      hereinafter disclosed in greater detail. Such a process is especially
      valuable in producing uniform coatings on large articles such as plates of
      glass or other substrates having one dimension in excess of 3 feet, with
      the other being in excess of 1.5 feet, for example, panels of 3 feet by 6
      feet or larger.
PAR  Immersion processes have serious disadvantages. These disadvantages are
      especially acute where transparent coatings are desired since, for
      example, the composition of the plating bath changes during use, thereby
      requiring frequent chemical analysis and addition of materials to maintain
      a constant bath composition. If a constant bath composition is not
      maintained the metal films formed thereon will not be uniform. In this
      latter connection it should be appreciated that contamination of a bath
      composition, which may be caused, for example, by an inadvertent admixture
      therewith of the solutions employed to activate the glass being coated, or
      necessitate a complete shut down of the process and a renewal of the bath.
      Furthermore, immersion processes are not especially adaptable to forming
      transparent films inasmuch as the rate of deposition is difficult to
      control. Thus, it is relatively common for a heavier coating to be
      deposited on that portion of the substrate which is first to enter and
      last to leave the plating bath.
PAR  Spraying a coating avoided the tapered coating thickness associated with
      dip coating in a plating bath. However, prior to the present invention,
      the non-uniformity of appearance of transparent coatings in some frequency
      made it necessary to improve the coating operation.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  A complete understanding of the invention may be obtained from the
      foregoing recital of the prior art and following description of an
      illustrative embodiment of the present invention, taken together with the
      appended drawings, in which:
PAR  FIG. 1 is a diagrammatic top plan view, with portions removed for the sake
      of clarity, of an apparatus suitable for carrying out the process of the
      present invention on a continual basis;
PAR  FIG. 2 is a diagrammatic front elevation of the apparatus of FIG. 1;
PAR  FIG. 3 is a diagrammatic parallel perspective view of a glass loading and
      cleaning section of the apparatus of FIG. 1;
PAR  FIG. 4 is a diagrammatic partial perspective view of a sensitizing and
      activating section of the apparatus of FIG. 1;
PAR  FIG. 5 is a diagrammatic partial perspective view of a metal-boron
      deposition section of the apparatus of FIG. 1;
PAR  FIG. 6 is a diagrammatic partial perspective view of a drying section in
      the apparatus of FIG. 1;
PAR  FIG. 7 is a diagrammatic partial perspective view of a film density
      measuring and unloading section included in the apparatus of FIG. 1;
PAR  FIG. 8 is a diagrammatic top plane view of a metal solution-reducing
      solution dispensing spray gun set of a metal-boron deposition coating
      section of the apparatus of FIG. 1, illustrating the disposition of spray
      guns in said set relative to each other and to an advancing glass
      substrate, and illustrating a fan-shaped pattern assumed by the respective
      solutions being sprayed;
PAR  FIG. 9 is a diagrammatic side elevational view of the coating apparatus
      illustrated in FIG. 8;
PAR  FIG. 10 is a diagrammatic front elevational view of the apparatus
      illustrated in FIG. 8;
PAR  FIG. 11 is a perspective view showing the details of an angled crossfire
      rinse gun set and a metal-boron spray gun set;
PAR  FIG. 12 is a top plan view with portions removed for the sake of clarity of
      the rinse gun set of FIG. 11; and
PAR  FIG. 13 is an end elevational view with portions removed for the sake of
      clarity of the rinse gun set illustrated in FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings there is shown one embodiment of an apparatus
      suitable for coating a monolithic substrate, such as a glass plate with a
      transparent metal and boron containing film of superior uniformity of film
      appearance in accordance with the present invention. As shown, the
      apparatus comprises five basic units or sections which are designated a
      glass loading and cleaning section (section 100), a glass sensitizing and
      activating section (section 200), a metal-boron coating composition
      deposition section (section 300), a glass drying section (section 400) and
      a film density measuring and glass unloading section (section 500). The
      apparatus also comprises a conveyor means including a plurality of belts 1
      in section 100 and rollers 2 in sections 200, 300, 400 and 500 for
      carrying and advancing glass plates 3 (FIGS. 1 to 7) past the various
      sections 100 to 500 in the directions illustrated by the arrows Y. As
      explained below, the belts 1 and the rollers 2 are rotated by conventional
      means (not shown) so as to advance the plates 3 at a rate of from about
      0.5 to about 7 feet per minute and preferably from about 3 to about 6 feet
      per minute.
PAR  During continuous operation a plurality of glass plates 3 are loaded onto
      the belts 1, so that the belts advance the plates into and through section
      100 of the apparatus. Referring to FIGS. 1, 2 and 3, a plurality of
      rotating discs or blocks 101 gently abrade the uppermost surface of each
      plate, preferably with a mixture of cerium oxide or red rouge and water,
      to loosen and remove any dirt therefrom. This blocking operation is
      preferably carried out with cattle hair felt blocks having a diameter of
      from about 4 to about 12 inches. Each of the blocks is mounted on a shaft
      102 which is rotated by a suitable motor 103 and gear means (not shown) at
      a rate of from about 200 to about 600 revolutions per minute. In the
      preferred embodiment, the blocks are rotated at about 300 to about 500
      revolutions per minute and are oscillated, for example, a distance of
      about 2 to 4 inches in a direction transverse to the direction Y of the
      advancing plate to insure that the entire uppermost surface of the plate
      is blocked. While still in section 100, each plate advances beneath a
      plurality of rotary cup brushes 104 that wash the surface of the plate
      with tap water. The brushes 104, which may have nylon bristles or the
      like, are generally rotated at the same rate as the blockers 101, and are
      preferably oscillated in the same manner as well. Each plate finally
      advances beneath a rotary cylinder brush 105 disposed across the advancing
      plate. The brush 105 may comprise nylon bristles or the like which contact
      the plate and complete the cleaning thereof. The brush is generally
      rotated at about 300 to about 400 revolutions per minute. Both the rotary
      cup brushes 104 and the rotary cylinder brush 105 may be driven by
      conventional means such as motors (not shown) that may be similar to the
      motor 103.
PAR  Each plate 3 then enters into and passes through section 200 of the
      apparatus, wherein the surface thereof is sensitized and then activated.
      As illustrated in FIGS. 1 and 2, and more particularly in FIG. 4, the
      plate is rinsed, preferably with demineralized water, as it enters section
      200 to remove any traces of cerium oxide, red rouge, tap water or any
      other undesirable matter carried over from section 100. In the past, the
      rinse has been performed by one of several available means. For example,
      U.S. application Ser. No. 57,451 suggests that the plate may be rinsed by
      reciprocating a water spray gun transversely of the advancing plate.
PAR  According to the present invention, the rinse is performed by an angled
      crossfire technique. As illustrated schematically in FIGS. 1, 2 and 4, an
      angled crossfire rinse set 201 comprises a mutually opposed pair of pipes
      201A and 201B supported from a carriage 203. The latter reciprocates
      transversely of the plate 3 on transversely extending, horizontal tracks
      204 on the rinse set reciprocating axis X at a rate of between about 25
      and 70 single passes per minute, and preferably between about 45 and 60
      single passes per minute. The carriage 203 is driven by a chain or belt
      205 that runs over a pair of pulleys 206 and 207 arranged at the opposite
      ends of the track 204. A motor 208 drives the chain 205 while a connection
      205A between the chain and the carriage slides up and down in a vertical
      groove 205B on the carriage as the connection moves around the pulleys.
      The drive construction is similar to that shown in Bramsen et al., U.S.
      Pat. No. 2,246,502. During the reciprocating motion of the carriage 203,
      demineralized water is fed alternately to the pipes 201A and 201B in such
      a program that water is sprayed only from nozzles 201A', 201A" and 201A'"
      when the carriage is moving from left to right in FIG. 4, and only from
      nozzles 201B', 201B" and 201B'" when the carriage is moving in the
      opposite direction. The pipes 201A and 201B may be supplied with water
      through lines 209 and 210, respectively, by any suitable means. The pipes
      are advantageously operated at pressures between about 25 and 80 pounds
      per square inch, preferably between about 25 and 45 pounds per square
      inch, and at flow rates of about 500 to about 600 milliliters per minute
      per pipe.
PAR  Referring to FIG. 11, there is shown a perspective view showing the details
      of the angled crossfire rinse apparatus according to the present
      invention. FIG. 11 shows a rinse set 301 comprising pipes 301A and 301B
      with nozzles 301A', 301A" and 301A'", and 301B', 301B" and 301B'",
      respectively, and a spray gun set 302, comprising a nozzle 302A for
      dispensing a metal-containing solution and an opposed nozzle 302B for
      simultaneously dispensing a reducing solution. Rinse set 301 is identical
      to all of the other rinse sets disclosed herein, including set 201. Rinse
      water is applied to the glass surface, first by the nozzles 301A', 301A"
      and 301A'" as the rinse set 301 reciprocates along the rinse set
      reciprocating path X toward a first side of the glass piece (shown in FIG.
      11), and then, by nozzles 301B', 301B" and 301B'" as rinse set 301 travels
      along the rinse set reciprocating axis X toward the other side of the
      glass piece (not shown). In each case, the nozzles discharge rinse water
      obliquely downward, rearward and outward, and rinse water is swept off of
      the side and the trailing edge of the sheet, rather than being delivered
      into the spray area or accumulated along its trailing edge portion. This
      leaves a uniform water film beneath spray gun set 302 and this is most
      desirable in order to obtain a uniform metal-boron coating.
PAR  There are many commercially available control means to alternate the flow
      between pipe 301A and pipe 301B. Valves V.sub.1 and V.sub.2 are
      illustrated as an example of suitable control means, either automatic or
      manual, that become apparent to one skilled in the art.
PAR  FIG. 12 is a top view of the rinse set of FIG. 11 illustrating an important
      feature of the preferred embodiment of the present invention. The
      fan-shaped spray W from each rinse nozzle, as viewed in the top view,
      extends for an angle S of about 50.degree. to about 75.degree., and
      preferably about 60.degree.. The pipes 301A and 301B are positioned
      symmetrically about article movement path Y so that the angle formed
      between the pipes of each set is between about 15.degree. and about
      100.degree., and preferably between about 30.degree. and about 60.degree..
      The nozzles extend perpendicularly from each pipe so that there is
      preferably an angle A ranging from about 105.degree. to about 120.degree.
      formed between the axis of the article movement path Y in the direction of
      article movement and each centroidal nozzle axis N in the direction of
      water flow subtended on the horizontal plane of the article movement path
      axis Y. If angle A is larger than the preferred range and spray-fan angle
      S remains constant, there is insufficient rearward component of water flow
       toward the trailing edge of the glass and a heavy build-up of liquids at
      the trailing edge of the plate results. In any case, it is important to
      note that the size of angle A should be directly related to the size of
      angle S. For example, if angle A is 120.degree. and angle S is 60.degree.,
      there will be no component of motion of the spray from spray-fan W
      extending in the positive Y direction of glass movement toward spray-fan
      M, (see FIG. 11). This orientation eliminates puddles of rinse water in
      the spraying area. However, if one increases angle S, angle A must also be
      increased to insure that little, and preferably no component of motion of
      the spray from spray-fan W is directed towards spray-fan M. To state it
      another way, angle A must be at least 90.degree. plus approximately
      one-half of angle S to insure that any flow of rinsing medium directed
      toward the spray gun set is minimized and preferably eliminated.
PAR  The intensity of spray W is generally not as great at the edges as it is at
      the center of the spray. This possibly explains why the final coating is
      not damaged when approximately 10.degree. or 15.degree. of spray W is
      directed toward spray M.
PAR  It is also noted that the nozzles in each set dispense rinse water
      simultaneously in paths parallel to one another from origins disposed
      obliquely rearward and at a greater distance from the side edge approached
      by the pipe during the portion of its reciprocation cycle that it
      dispenses rinse water. This arrangement enables each successive obliquely
      rearward nozzle to reinforce the sweeping action of the rinse water both
      in a sideward and a rearward direction. This feature reduces the
      likelihood of stagnant pools of excess water remaining on the upper
      surface of the treated articles.
PAR  Referring to FIG. 13, there is shown a partial end view of the rinse set,
      illustrating nozzles 301A' and 301B'. This figure points out another
      important feature of the preferred embodiment of the present invention.
      The rinse nozzles should be installed so that they are offset from the
      vertical axis by about 35.degree. to about 50.degree.. If the rinse nozzle
      is orientated at an angle less than 35.degree., it is possible to damage a
      previously applied sensitization layer or activation layer, or even a
      coating layer, due to the stronger impact of the rinse. In addition, if
      the rinse nozzle is orientated at an angle less than 35.degree. with the
      vertical, the desired sweeping action is minimized. If this angle becomes
      too large (greater than about 50.degree.), the rinse becomes more
      superficial and less effective.
PAR  After undergoing an initial rinse with demineralized water, the plate
      advances beneath a reciprocating gun 211, (see FIG. 4) which sprays a
      dilute solution of stannous chloride on the clean surface. The stannous
      chloride solution may comprise any of the formulations known in the art as
      being capable of sensitizing non-conductive substrates to metal
      deposition. However, a preferred formulation comprises from about 0.02 to
      about 1.0 gram of stannous chloride per liter of solution, together with a
      small amount of hydrochloric acid. Such a solution may be prepared, for
      example, by mixing about 20 grams of stannous chloride and 2 to 3
      milliliters of concentrated hydrochloric acid (12 N) in enough
      demineralized water to form 1 gallon of stock concentrate, and then
      diluting each part of the concentrate with about 19 parts of demineralized
      water. In a preferred embodiment, about one part of the above-described
      concentrate is injected into a stream comprising about 19 parts of
      demineralized water, whereafter the combined stream is mixed with air at
      about 60 to about 80 pounds per square inch, and sprayed through the gun
      211 in a highly atomized state at a rate of about 500 to about 700
      milliliters per minute.
PAR  As illustrated in FIG. 4, the stannous choride composition dispensing spray
      gun 211 is supported from the same reciprocating carriage 203 that
      supports the initial rinse set 201. In addition, an intermediate rinse set
      212 comprising pipes 212A and 212B and a palladium chloride composition
      dispensing spray gun 214 may also be supported from carriage 203.
PAR  As the plate 3 continues to advance, it passes under the intermediate or
      second angled crossfire rinse set 212 having pipes 212A and 212B with
      nozzles that operate similarly to those described above in connection with
      gun set 201.
PAR  The sheet 3 then passes under the gun 214 which sprays an atomized mixture
      of air and dilute palladium chloride on the now sensitized surface so as
      to activate (or super-sensitize) the surface for the ensuing metal-boron
      deposition. As is the case with the stannous chloride solution, the
      palladium chloride may comprise any of the well-known formulations that
      are suitable for activating a previously sensitized substrate. However, a
      formulation comprising from about 0.005 to about 1.0 gram of palladium
      chloride per liter of solution, together with a small amount of
      hydrochloric acid, is preferred. One such formulation may be prepared by
      mixing about 2 grams of palladium chloride and 2 to 3 milliliters of
      concentrated hydrochloric acid with a sufficient amount of demineralized
      water to form 1 gallon of concentrated stock solution, and then diluting
      each part of the stock solution with 19 parts of demineralized water. As
      is the case with the stannous chloride solution, the diluted palladium
      chloride is preferably mixed with air at a pressure of about 60 to 80
      pounds per square inch and sprayed onto the glass at a rate of about 500
      to 700 milliliters per minute.
PAR  The spacing between a spray gun and a subsequent rinse set in section 200
      may vary within wide limits depending, for example, upon the rate at which
      the plate is advancing, the dimensions of the fan-shaped spray pattern
      generated by each nozzle, the rate of traverse of each gun, and the like.
      However, it is preferable to arrange the various rinse sets and guns in
      section 200 such that the time required for the leading edge of a given
      plate 3 to advance from each spray gun to the next successive rinse gun
      set is from about 10 to about 90 seconds. In addition, as described more
      fully below, it is preferred that each angled crossfire spray rinse set be
      spaced from its respective spray gun so that the edges of the spray from
      the rinse set slightly overlap the edges of the spray from the spray gun.
PAR  As illustrated, the plate then passes from section 200 of the apparatus to
      section 300 thereof, wherein a metal and boron-containing coating,
      preferably nickel-boron, cobalt-boron, iron-boron or a mixture of at least
      two of said metal-boron coatings is deposited on the now activated surface
      thereof. The deposition is preferably accomplished by simultaneously
      spraying and intermixing a metal-containing solution and a
      boron-containing reducing solution onto the activated surface such that
      the metal ions present in the contemplated metal solution become reduced
      to a transparent boron-containing metal film which tenaciously adheres to
      the activated surface.
PAR  It will be appreciated that the number, disposition, and the spacing of the
      guns which spray the metal solution and the boron-containing reducing
      solution, and the rate at which they are reciprocated, are determined
      generally by the rate at which the plate advances, the temperature, pH,
      and concentration of the intermixed film forming composition and the like,
      and primarily by the time required for the film forming composition to be
      substantially depleted in its film forming capacity, and the desired
      thickness and transparency of the deposited film. The importance of these
      latter two parameters will become more apparent in view of the
      illustrative example set forth below.
PAR  For the sake of illustration, section 300 is shown in FIGS. 1, 2 and 5 as
      having two spray gun sets 302 and 304, each comprising a first nozzle for
      dispensing a metal-containing solution, 302A and 304A, respectively, and
      an opposed second nozzle, 302B and 304B, respectively, for dispensing a
      reducing solution. Section 300 also includes three identical angled
      crossfire rinse sets 301, 303 and 305, as described hereinabove. As shown,
      the spray gun sets 302 and 304 are supported for transverse reciprocating
      movement, for example, in the manner described for reciprocating spray
      guns 211 and 214 in connection with FIG. 4. However, it should be noted
      that the gun sets in section 300 must reciprocate much faster than those
      in section 200 or than those employed in conventional spray techniques for
      depositing silver, for example. In this connection, it has been found that
      uniformly and controllably transparent metal-boron coatings can best be
      made in accordance with the present invention only when the gun sets in
      section 300 are reciprocated at a rate of at least about 60 to 65 single
      passes per minute, and preferably from about 72 to about 76 single passes
      per minute, when the plates being coated are about four feet wide and are
      advanced at a rate of from about 3 to about 6 feet per minute. Thus, for a
      4-foot wide plate advanced at a rate of 31/2 feet per minute, i.e., 42
      inches per minute, a gun set recipirocating at 74 single passes per minute
      will complete about 1.75 single passes over each inch segment of the
      advancing plate. Accordingly, if the width of the applied spray in a
      direction of travel of the plate is from 10 to 12 inches, each inch
      segment of the plate will receive from about 17.5 to about 21.1
      applications of solution per gun set. Of course, the required number of
      passes per minute will vary somewhat in accordance with changes in
      magnitude of the various parameters discussed herein. For example, the
      required number of passes would increase when the plates being coated are
      advanced more rapidly than about 3 to about 6 feet per minute.
PAR  The spray guns of each set 302 and 304 are connected through respective
      supply lines (not shown) to air under pressure at about 20 to about 60
      pounds per square inch. In turn, the respective supply lines are in fluid
      communication with prepared metal and reducing solutions stored in
      separate solution tanks or containers (not shown), preferably of such size
      to hold a reasonable supply of fluid, such that when the prepared
      solutions are injected into the supply lines by any conventional means
      (not shown), the solutions are fed through the lines and sprayed from the
      guns in a fan-shaped pattern. It will be appreciated that the magnitude of
      air pressure required for a satisfactory spraying varies considerably with
      the design of the guns and the various parameters of the solutions
      employed. In this connection, satisfactory results have been obtained with
      pressures as low as about 20 pounds per square inch and as high as about
      55 pounds per square inch. Pressures in the range of about 25 to about 40
      pounds per square inch are preferred. The rates at which the respective
      prepared solutions are sprayed from each gun may vary, but it is preferred
      that the rates of flow be maintained at about 300 to about 2000
      milliliters per minute per gun.
PAR  As illustrated in FIGS. 8, 9 and 10, each of the guns 302A and 302B in the
      metal depositing spray gun set 302 is preferably designed to provide a
      substantially fan-shaped stream which opens only a few degrees in the
      direction transverse to the advancing plate, and which opens in the
      direction of travel of the plate such that the stream contacts the
      advancing plate in an elliptical pattern having a major diameter of from
      about 8 inches to about 14 inches, and preferably from about 10 inches to
      about 12 inches in length (FIG. 8). Spray gun set 304 functions in the
      same manner.
PAR  The guns in each metal salt-reducing solution set are arranged to have an
      included angle of from about 80 to about 120.degree. between the stream of
      composition they dispense. To accomplish this end, each of the metal salt
      solution dispensing guns is inclined obliquely from the vertical about
      40.degree. to about 60.degree. toward a mutually opposed reducing solution
      dispensing gun, and vice versa in a vertical plane common to the
      dispensing guns of the set (FIG. 10). This arrangement is desirable so
      that the metal and reducing solutions are effectively and thoroughly mixed
      as they approach and strike the surface of the activated glass plate.
PAR  Referring again to FIG. 11, there is shown a detailed perspective view of
      the angled crossfire rinse set 301 and the spray gun set 302. FIG. 11
      shows another important feature of the preferred embodiment of the present
      invention, i.e., the spray M from spray gun set 302 overlaps the spray W
      from the last nozzle of the angled crossfire rinse set 301 by about
      one-eighth or about one-fourth of an inch at the upper glass surface.
      Ideally, the edge of spray M should just touch the edge of spray W to
      prevent backflow and therefore puddling of the rinsing medium beneath
      spray M, but since it is not practical to adjust the extent of sprays M
      and W with precision, and, since it is detrimental for the sprays to be
      spaced (for reasons stated below), they are slightly overlapped.
PAR  In the past, spray rinses have been used to keep the glass surface clean
      prior to either a sensitization spray or a coating spray. The angled
      crossfire rinse set of the present invention performs this function at
      least as well as any prior-art rinse apparatus. In addition, the angled
      crossfire rinse set serves to insure that there is a uniform water film on
      the glass surface, immediately upstream of the rinse set, where it is
      sprayed with either a sensitizing composition or a coating composition. In
      practice, the water thickness should be maintained at about 0.05 inch, and
      preferably between about 0.03 inch and about 0.10 inch, for the
      metal-boron coating to adhere tenaciously to the glass surface. It is most
      important, however, that the water film be uniform in thickness, and the
      angled crossfire rinse set of the present invention insures that a uniform
      thickness is obtained.
PAR  If the rinse set spray W is spaced from the metal-boron spray M (or from
      the sensitizer spray), the water from the rinse set circles back to the
      metal-boron spraying area (or to the sensitizer spray area) and an uneven
      coating can result. If the spray from the rinse set overlaps the spray
      from the metal-boron gun by more than about one-fourth of an inch, a
      non-uniform coating can result due to the fact that a considerable portion
      of the spraying area is agitated while it is being sprayed.
PAR  As the plate advances beyond each spray gun set 302 and 304, the intermixed
      film forming composition which is uniformly distributed on the surface of
      the plate is permitted to rest relatively quietly. This quiescent period
      or period of minimum turbulence is highly desirable since it enables the
      film forming composition to deposit a transparent coating which is
      substantially free from visual defects normally attributed to turbulence
      or agitating of the filming composition during deposition. In addition, it
      is during this quiescent period that the intermixed filming compositions
      contemplated herein undergo a change in their capacity for depositing a
      film such that the rate of film deposition, which is initially relatively
      rapid, decreases and then effectively completely ceases while the
      deposited film is still transparent. While the time required for this
      change in filming capacity to occur will vary considerably depending upon
      the chemistry of the actual filming composition employed, a filming
      composition comprising equal amounts of the nickel acetate solution and
      borohydride reducing solution, illustrated respectively in Tables I and II
      of U.S. patent application Serial No. 57,451, will normally undergo a
      substantial decrease in its filming capacity within from about 10 seconds
      to a few minutes, e.g. 5 minutes. In this regard, a glass plate that is
      coated with a metal and boron-containing film at room temperature by a
      single 15-second spray application of the above illustrated intermixing
      filming composition will normally have a luminous transmission of from
      about 30 to about 40 percent when the filming capacity of the composition
      has depleted and filming has effectively ceased.
PAR  Referring once again to FIGS. 1 and 5, it will be appreciated that once the
      film forming composition has become dead, i.e., depleted of its filming
      capacity, it may be removed from the plate by any convenient means without
      affecting the thickness, and thus the transparency of the film. It will
      also be appreciated that the lowest degree of transparency obtainable will
      depend primarily upon the amount of film that will deposit from a given
      film forming composition before it becomes dead, the number of gun sets in
      section 300, and the distance between each gun set. The effect of these
      variables on the thickness, uniformity and transparency of metal-boron
      films formed in accordance with this invention will be more fully
      appreciated in light of the example recited hereinbelow.
PAR  After undergoing the quiescent period after its exposure to the mixed
      composition dispensed by spray gun set 304, the plate has a luminous
      transmittance of about 15 to 25 percent. If a third spray gun set is used
      (not illustrated), a luminous transmittance of about 10 percent is
      obtained. Each additional gun provides a quiescent period designed to
      allow the partially formed metal-boron film to increase in thickness
      uniformly in the substantial absence of adverse effects caused by
      turbulence. Even more important, however, this period is designed to allow
      sufficient time for the film forming composition on the surface of the
      plate to become substantially depleted of its film-forming capacity so
      that the rate of deposition of the metal-boron film will have materially
      slowed down, and preferably effectively ceased, before the plate is rinsed
      under set 305. In this latter connection, it will be appreciated that the
      necessary distance between the rinse set 305 and the last metal depositing
      gun set 304 is related to the rate at which the plate is advanced. Thus,
      when maintaining all of the various parameters within the bounds described
      herein, the distance between the final rinse set 305 and the last spray
      gun 304 should be at least about 30 inches, and preferably at least about
      35 to 40 inches to provide a final film thickness corresponding to a
      luminous transmittance of about 20 percent.
PAR  After undergoing a final water rinse under set 305, the plate advances into
      section 400 of the coating apparatus where it is dried by means of a
      suitable air knife 401 (FIG. 6). The air knife 401 may comprise any
      conventional blow-off device, but it is preferred to employ a high
      volume-low pressure knife to avoid disturbing the quality of the
      metal-boron film. For example, it is desirable to employ a knife that
      operates at a pressure of about 3 to 7 ounces per square inch, while
      forcing from about 300 to about 400 cubic feet of air per minute against
      the metal-boron coated glass plate.
PAR  After passing beneath the air knife, the coated plate passes into section
      500 where the thickness of the deposited film is measured by a
      conventional measuring device 501. Thereafter, the transparent glass plate
      is removed from the rollers 2 and is ready for use.
PAR  The present invention is applicable in forming transparent metal-boron
      films on clear plastic (e.g. polymethyl methacrylate) and glasses,
      especially soda-limesilica glasses, but can be used to film a wide variety
      of glass, ceramic, glass-ceramic, siliceous and calcareous based
      compositions. For example, this invention can be used to provide
      metal-boron and particularly nickel-boron films on the following types of
      glasses: soda-lime-silica glasses, alkali-alumina-silica glasses, such as
      those containing lithia as a component alkali; alkali-zirconia-silica
      glasses; alkali-alumina-zirconia-silica glasses; borosilicate glasses,
      etc. Bearing this in mind, the present invention is described hereinbelow
      with specific reference to soda-lime-silica glass.
PAR  The soda-lime-silica glass to be treated can be a clear glass or it can be
      a colored glass tinted by the introduction of various conventional
      materials into the glass forming batch. These latter glasses are often
      referred to as heat absorbing glasses especially when they contain iron
      oxide. Representative soda-lime-silica glass bases which can be treated in
      accordance with this invention usually contain 65 to 75 percent by weight
      SiO.sub.2 10 to 18 percent by weight Na.sub.2 O, 5 to 15 percent by weight
      CaO, 1 to 5 percent by weight MgO, 0 to 1.0 percent by weight Na.sub.2
      SO.sub.4, 0 to 5 percent by weight aluminum oxide (Al.sub.2 O.sub.3), 0 to
      8 percent by weight K.sub.2 O, 0 to 8 percent by weight B.sub.2 O.sub.3, 0
      to 1 percent by weight iron oxide (Fe.sub.2 O.sub.3), and 0 to 0.7 percent
      by weight of NaCl, SO.sub.3 , As.sub.2 O.sub.5, BaO, NiO, CoO and Se and
      combinations thereof.
PAR  A representative range of composition for soda-lime-silica glasses is
      listed as follows (wherein the given amounts of metals listed are
      determined as their oxides, except as otherwise noted):
     Component          Percent by Weight                                      

     ______________________________________                                    

     SiO.sub.2          68 - 73.5                                              

     Na.sub.2 O         12 - 17                                                

     CaO                7 - 12                                                 

     MgO                2 - 4                                                  

     Na.sub.2 SO.sub.4  0 - 0.8                                                

     NaCl               0 - 0.3                                                

     Fe.sub.2 O.sub.3   0.05 - 0.09                                            

     Al.sub.2 O.sub.3   0 - 3.5                                                

     B.sub.2 O.sub.3    0 - 6                                                  

     K.sub.2 O          0 - 1.5                                                

     As.sub.2 O.sub.5   0 - 0.5                                                

     BaO                0 - 0.7                                                

     NiO                0 - 0.1                                                

     CoO                0 - 0.1                                                

     SO.sub.3           0 - 0.5                                                

     Se                 0 - 0.1                                                

     ______________________________________                                    

PAR  This invention will be further understood from the specific example which
      follows. It should be noted, however, that the present invention is not
      necessarily limited to specific materials, temperatures, contact times and
      pH values noted in the below example.
PAC  EXAMPLE
PAR  A 40 inch .times. 40 inch .times. 1/4 inch commercial soda-lime-silica
      glass plate is coated with a nickel-boron film with the apparatus
      illustrated schematically in FIG. 1. Four blockers are used, each
      comprising a 3-inch thick cattle hair felt disc of 8-inch diameter. The
      blockers are arranged at 12-inch centers in the direction parallel to the
      rollers, hereafter referred to as the transverse direction, and are
      rotated at about 350 revolutions per minute. The blockers are oscillated
      about 4 inches in the transverse direction at a frequency of about 15
      cycles per minute. Four 6-inch diameter rotary cup brushes are arranged at
      12-inch centers in a transverse direction such that the longitudinal
      distance between the blockers and the rotary cup brushes is about 9
      inches. The rotary cup brushes are equipped with number 12 nylon bristles
      and are rotated at about 350 revolutions per minute. The brushes are also
      oscillated about 4 inches in the transverse direction at a frequency of 15
      cycles per minute. During operation, the blockers are supplied with a
      mixture of cerium oxide and tap water, while a spray of tap water is
      applied beneath the rotary cup brushes. The rotary cylinder brush has a
      6-inch diameter, comprising number 12 nylon bristles, and has its axis
      disposed 8 inches from the rotary cup brushes. The first and second angled
      crossfire rinse sets, as well as the tin composition dispensing gun and
      the palladium composition dispensing gun, i.e., all of the rinse sets and
      the guns in section 200, are mounted from a single boom that reciprocates
      in a transverse direction at a rate of about 45 single passes per minute.
      Each of the rinse nozzles comprises a single UniJet-T8002 spray nozzle
      (manufactured by Spraying Systems Company, Dellwood, Ill.) and is operated
      at a pressure of about 40 pounds per square inch, at an average flow rate
      of about 0.2 gallon of demineralized water per minute. Each of the tin and
      palladium composition dispensing guns comprises a single, type C, spray
      gun equipped with a Paasche U2, F2-8 nozzle, manufactured by Paasche Air
      Brush Company, Chicago, Illinois, and operated at an air pressure of about
      70 pounds per square inch and a flow rate of about 500 milliliters of the
      solution described below per minute. The distance between the rotary
      cylinder brush and the first crossfire rinse set 201 is about 30 feet,
      while the distance from each gun to the next respective gun is about 5
      feet.
PAR  Angled crossfire rinse set 301 in section 300 is approximately 7 inches
      from spray gun 302. In addition, gun set 302 is spaced approximately 63
      inches from gun set 304. The distance between the tip of the nickel
      solution dispensing gun and the tip of the reducing solution dispensing
      gun is about 10 inches. All of the spray guns in section 300 employ
      Paasche U2, F2-8 nozzles, which are arranged so that the tip of each
      nozzle is about 7 inches above the surface of the glass being coated, and
      so that each respective gun set generates a fan-shaped stream of
      intermixed film forming solution that contacts the glass surface in a
      generally elliptical pattern having a major diameter of 11 inches
      extending in the longitudinal direction. All of the rinse sets and the
      guns in section 300 are mounted from a single boom that reciprocates in
      the transverse direction at a rate of about 72 passes per minute which is
      equal to 36 round trips per minute. During operation, each of the metal
      deposition gun sets in section 300 is maintained at a pressure of about 40
      pounds per square inch and a flow rate of about 800 milliliters of
      solution per minute, while the final crossfire rinse gun 305 is operated
      at a pressure of about 40 pounds per square inch at an average flow rate
      of about 0.2 gallon of demineralized water per minute per nozzle. The
      distance between set 305 and the last metal depositing gun set 304 is
      about 70 inches.
PAR  The air knife 401 comprises an elongated metal housing having a 0.002-inch
      wide delivery slot extending along the length of its bottom wall. The
      knife 401 is disposed at a 45.degree. angle relative to the advancing
      plate and had its centermost portion spaced about 8 feet from the final
      rinse set 305. The air knife is operated at about 5 ounces per square inch
      and at a flow rate of about 350 cubic feet per minute. The ambient air
      temperature is about 82.degree. Fahrenheit, while the temperature of the
      demineralized and tap water used throughout this example is about
      63.degree. Fahrenheit. The glass plate is advanced at a rate of about 5
      feet per minute, while the slot opening of the air knife is spaced about
      one-half inch from the plate. On the basis of a liter of solution, each of
      the prepared aqueous solutions employed has the following composition:
     Nickel Solution                                                           

     ______________________________________                                    

     Nickelous acetate     5 grams                                             

     Boric acid           2.5 grams                                            

     Sodium gluconate     9.0 grams                                            

     Hydrazine sulfate    0.5 gram                                             

     Water                Added to 1 liter                                     

     Ammonium hydroxide   Added to pH 7.4                                      

     Ethomeen C-20*       0.06 gram                                            

     *Ethomeen C-20 (trademark of Armour and Company) is a cocoamine having an 

     average molecular weight of 645 and the following generalized formula:    

               (CH.sub.2 CH.sub.2 O).sub.x H                                   

               R--N.angle.                                                     

               (CH.sub.2 CH.sub.2 O).sub.y H                                   

     wherein R is derived from a cocoamine and x + y = 10.                     

     Reducing Solution                                                         

     ______________________________________                                    

     Sodium borohydride   0.5 gram                                             

     Water                Added to 1 liter                                     

     Sodium hydroxide     Added to pH 11.6                                     

     Ethomeen C-20        0.30 gram                                            

     Tin Solution                                                              

     ______________________________________                                    

     Stannous chloride    0.2 gram                                             

     Hydrochloric acid (12 N)                                                  

                          0.04 milliliter                                      

     Water                Added to 1 liter                                     

     Palladium Solution                                                        

     ______________________________________                                    

     Palladious chloride  0.02 gram                                            

     Hydrochloric acid (12 N)                                                  

                          0.04 milliliter                                      

     Water                Added to 1 liter                                     

     ______________________________________                                    

PAL  The temperature of each of these solutions is about 70.degree. Fahrenheit.
      The pH of the intermixed nickel and borohydride solutions is about 7.7. A
      nickel film is formed which contains about 5 to 10 percent by weight boron
      and the resulting coated plate has a luminous transmission of about 22
      percent. The film is very adherent to the glass plate and is very uniform
      in appearance. It has an initial resistivity of 300 ohms per square.
PAR  The procedure is utilized to prepare several examples. The results were
      very reproducible. Uniform films of a desired light transmission can be
      produced in continuous fashion.
PAR  The invention disclosed and illustrated shows an angled crossfire rinse set
      immediately before each spray gun set, but it should be understood that
      this has been done for illustrative purposes only and, in actuality,
      improved results are obtained when an angled crossfire rinse set, as
      described, is used preceding any of the spray operations. It is most
      important that the angled crossfire rinse gun set be used before the
      metal-boron spray because the uniformity of the thickness of the coating
      provided by this spray is most critical to the uniformity of the
      transparency of the finished product.
PAR  While the invention has been described for use in the application of a
      metal-boron coating on a glass substrate, its use should not be limited to
      such. The angled crossfire rinse set may be used wherever there is a need
      to provide a rinsing function on a surface which requires a uniformly
      thick film of rinsing medium such as water. Each angled crossfire rinse
      set has been illustrated with six nozzles, but one skilled in the art will
      appreciate that this number may vary or the number of nozzles to be used
      may be less than the number provided, depending on the amount of matter to
      be rinsed from the glass surface and the rate of flow of rinsing medium
      permitted by the sensitivity of the surface to be rinsed.
PAR  The particular arrangement described above including ranges of oblique
      angles of orienting the rinse nozzles, the rinse pipes and spray guns with
      respect to the article movement path have been selected to provide maximum
      effectiveness of the rinse to avoid either the formation of puddles or
      circling back of rinse water at a rate of application sufficient to drive
      off excess water from the trailing and side edges of the work piece
      without harmful effects on the previous coating. It is understood that
      stronger rinses may be used to rinse less sensitive films without
      departing from the principles enunciated in the claimed subject matter
      that follows.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In the combination of a crossfire rinse set and a spray gun means for
      coating the surface of an article wherein the combination is of the type
      having means for moving the article in a downstream direction along an
      article movement path lying in a generally horizontal plane and the
      crossfire rinse set is of the type having a first rinse pipe means; a
      second rinse pipe means, means for mounting the first and second rinse
      pipe means in spaced relation above the article movement path and upstream
      of the spray gun means so that the article moves past the crossfire rinse
      set and thereafter past the spray gun means; at least one nozzle mounted
      on each of the first and second rinse pipe means wherein each of the at
      least one nozzle directs a spray of rinsing medium downward toward the
      article movement path; and means for providing relative motion between the
      crossfire rinse set and the article moving means, the improvement
      comprising:
PA1  first means for mounting the at least one nozzle on the first rinse pipe
      means to apply the spray of rinsing medium (1) as a fan-shaped spray
      having an apex angle S and a centroidal axis, (2) at a first oblique angle
      to a first imaginary plane that is perpendicular to and transverse to the
      horizontal plane of the article movement path to define a first angle A
      that is measured between the first imaginary plane and the centroidal axis
      of the spray of the at least one nozzle mounted on the first rinse pipe
      means and is 90.degree. plus one-half of the apex angle S of the spray of
      the at least one nozzle mounted on the first rinse pipe means to direct
      the rinsing medium away from the spray gun means in a generally upstream
      direction, and (3) at a second oblique angle measured between the
      centroidal axis of the spray of the at least one nozzle mounted on the
      first rinse pipe means and a second imaginary plane that is perpendicular
      to the first imaginary plane and parallel to the horizontal plane of the
      article movement path to direct the rinsing medium spray toward a first
      side of the article movement path; and
PA1  second means for mounting the at least one nozzle on the second rinse pipe
      means to apply the spray of rinsing medium (1) as a fanshaped spray having
      an apex angle S and a centroidal axis, (2) at a third oblique angle to the
      first imaginary plane to define a second angle A that is measured between
      the first imaginary plane and the centroidal axis of the spray of the at
      least one nozzle mounted on the second rinse pipe means and is 90.degree.
      plus one-half of the apex angle S of the spray of the at least one nozzle
      mounted on the second rinse pipe means to direct the rinsing medium away
      from the spray gun means in a generally upstream direction, and (3) at a
      fourth oblique angle measured between the centroidal axis of the spray of
      the at least one nozzle mounted on the second rinse pipe means and the
      second imaginary plane to direct the rinsing medium spray toward a second
      side of the article movement path opposite to the first side.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein the second and fourth
      oblique angles are each about 35.degree. to about 50.degree..
NUM  3.
PAR  3. The combination as set forth in claim 1 further including:
PA1  means for reciprocating the crossfire rinse set along a rinse set
      reciprocating axis that is transverse to and spaced from the article
      movement path.
NUM  4.
PAR  4. The combination as set forth in claim 3 further including:
PA1  means for discharging a rinsing medium through the at least one nozzle on
      the first rinse pipe means as said reciprocating means moves in a first
      direction toward the first side of the article movement path and through
      the at least one nozzle on the second rinse pipe means toward the second
      side of the article movement path as said reciprocating means moves in a
      second direction opposite to the first direction.
NUM  5.
PAR  5. The combination as set forth in claim 1 wherein the spray gun means
      directs a coating spray toward the surface of the article wherein the
      spray from the at least one nozzle on the first rinse pipe means and from
      the at least one nozzle on the second rinse pipe means each overlap the
      spray of the spray gun means at the surface of the article by an amount
      sufficient to insure that the spray from the rinse set does not puddle
      beneath the spray from the spray gun means.
NUM  6.
PAR  6. The combination as set forth in claim 5 wherein the rinse set is
      positioned with respect to the spray gun means so that the sprays from the
      rinse set overlaps the spray from the spray gun means by about one-eighth
      to about one-fourth inch.
NUM  7.
PAR  7. The combination as set forth in claim 1 wherein the first angle A and
      the second angle A are each between about 105.degree. to 120.degree..
NUM  8.
PAR  8. The combination as set forth in claim 1 wherein the first angle A and
      the second angle A are equal.
NUM  9.
PAR  9. The combination as set forth in claim 1 wherein the second oblique angle
      and the fourth oblique angles are equal.
NUM  10.
PAR  10. The combination as set forth in claim 1 wherein an imaginary line drawn
      through the first and second rinse pipe means toward the spray gun means
      intercepts and subtends an angle of between about 15.degree. to
      100.degree..
NUM  11.
PAR  11. The combination as set forth in claim 10 wherein the angle subtended is
      between about 30.degree. to 60.degree..
NUM  12.
PAR  12. The combination as set forth in claim 1 wherein the article is a glass
      sheet.
NUM  13.
PAR  13. In the combination of a crossfire rinse set and a spray gun means for
      coating the surface of an article wherein the combination is of the type
      having means for moving the article in a generally horizontal plane in a
      downstream direction along an article movement path; a first rinse pipe
      means; a second rinse pipe means; at least one nozzle mounted on each of
      the first and second rinse pipe means wherein each of the at least one
      nozzles directs a spray of rinsing medium downward toward the horizontal
      plane; means for mounting the first and second rinse pipe means in spaced
      relation above the horizontal plane; means for mounting the spray gun
      means downstream of the crossfire rinse so that the article moves past the
      crossfire rinse set and thereafter past the spray gun means, the
      improvement comprising:
PA1  first means for mounting the at least one nozzle on the first rinse pipe
      means to apply the spray of rinsing medium (1) as a fan-shaped spray
      having an apex angle S and a centroidal axis, (2) at a first oblique angle
      to a first imaginary plane that is perpendicular to and transverse to the
      horizontal plane of the article movement path to define a first angle A
      wherein the first angle A (a) is measured between the first imaginary
      plane and the centroidal axis of the spray of the at least one nozzle on
      the first rinse pipe means, (b) is 90.degree. plus one-half of the apex
      angle S of the spray of the at least one nozzle on the first rinse pipe
      means and (c) is between about 105.degree. to about 120.degree. to direct
      the rinsing medium away from the spray gun means in a generally upstream
      direction, and (3) at a second oblique angle to a second imaginary plane
      that is perpendicular to the first imaginary plane and parallel to the
      horizontal plane of the article movement path wherein the second oblique
      angle (a) is measured between the second imaginary plane and the
      centroidal axis of the spray of the at least one nozzle on the first rinse
      pipe means and (b) is between about 35.degree. to about 50.degree. to
      direct the rinsing medium toward one side of the article;
PA1  second means for mounting the at least one nozzle on the second rinse pipe
      means to apply the spray of rinsing medium (1) as a fan-shaped spray
      having an apex angle S and a centroidal axis, (2) at a third oblique angle
      to the first imaginary plane to define a second angle A wherein the second
      angle A (a) is measured between the first imaginary plane and the
      centroidal axis of the spray of the at least one nozzle on the second
      rinse pipe means, (b) is 90.degree. plus one-half of the apex angle S of
      the spray of the at least one nozzle on the first rinse pipe means and (c)
      is between about 105.degree. to about 120.degree. to direct the rinsing
      medium away from the spray gun means in a generally upstream direction,
      and (3) at a fourth oblique angle to the second imaginary plane wherein
      the fourth oblique angle (a) is measured between the second imaginary
      plane and the centroidal axis of the spray of the at least one nozzle on
      the second rinse pipe means and (b) is between about 35.degree. to about
      50.degree. to direct the rinsing medium toward an opposite side of the
      article;
PA1  means operating on the mounting means for providing reciprocal movement to
      the crossfire rinse set and the spray gun means along a reciprocating
      axis;
PA1  means acting on the first rinse pipe means as the crossfire rinse set moves
      in a first direction along the reciprocating axis to (1) actuate the at
      least one nozzle on the first rinse pipe means and deactivate the at least
      one nozzle on the second rinse pipe means and (2) deactivate the at least
      one nozzle on the first rinse pipe means and activate the at least one
      nozzle on the second rinse pipe means as the crossfire rinse set moves in
      a second direction opposite to the first direction along the reciprocating
      axis; and
PA1  means for mounting the spray gun means relative to the spray of the nozzles
      such that sprays from the spray gun means and sprays from the crossfire
      rinse overlap at the surface of the article by about one-eighth to
      one-fourth inch.
NUM  14.
PAR  14. The combination as set forth in claim 13 wherein the article is a glass
      sheet.
PATN
WKU  039317919
SRC  5
APN  5034752
APT  1
ART  352
APD  19740905
TTL  Mechanism for applying lacquers and the like on a printing press
ISD  19760113
NCL  5
ECL  1
EXP  McIntosh; John P.
NDR  1
NFG  4
INVT
NAM  Preuss; Friedrich
CTY  Sprendlingen
CNT  DT
INVT
NAM  Difflipp; Kurt
CTY  Dietzenbach
CNT  DT
ASSG
NAM  Roland Offsetmaschinenfabrik Faber & Schleicher AG
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730907
APN  2345183
CLAS
OCL  118236
XCL  118249
XCL  118262
EDF  2
ICL  B05C  102
FSC  118
FSS  262;46;236;239;231;249;250
FSC  101
FSS  350
UREF
PNO  510630
ISD  18931200
NAM  Dean
OCL  118231
UREF
PNO  2278563
ISD  19420400
NAM  Recht
XCL  118262
UREF
PNO  2724362
ISD  19551100
NAM  Burke et al.
XCL  118 60
UREF
PNO  2754753
ISD  19560700
NAM  Chase
OCL  101350
LREP
FRM  Wolfe, Hubbard, Leydig, Voit & Osann, Ltd.
ABST
PAL  Sheet coating means for a printing press including a back-up cylinder and
      form cylinder having an associated fountain, the fountain having a
      fountain roller rotating adjacent the form cylinder. Also rotating
      adjacent the form cylinder is a first form roller which is coupled to the
      fountain roller via a dosing roller. The fountain and its associated
      rollers are mounted upon a subframe having provision for (a) shifting the
      fountain roller into liquid transmitting contact with the form cylinder
      and (b) shifting the first form roller into liquid transmitting contact
      with the form cylinder thereby, selectively, to change the length of the
      liquid transference path from the fountain to a sheet carried by the
      back-up cylinder in accordance with the drying speed of the coating
      material. In a preferred embodiment the fountain assembly includes a
      second form roller rotating adjacent the back-up cylinder for transmitting
      coating material directly from the fountain roller to the sheet thereby
      bypassing the form cylinder, extending the capability to use with coating
      materials of a viscous nature. Also in a preferred embodiment the fountain
      roller is driven by means separate from the press drive thereby to control
      the rate of application.
BSUM
PAR  In a sheet fed printing press, particularly of the lithographic type, it is
      frequently desired to coat a sheet with a liquid coating material, such as
      a lacquer, after the sheet has been printed and just prior to depositing
      the sheet on a delivery pile. It is, of course, desirable that the coating
      material be evenly distributed and applied while it is still in liquid
      form, before it dries on the rolls. Conventional coating assemblies have
      been capable of applying relatively slow drying materials, but when
      employed with fast drying materials the operation has not been successful
      since the material tends to dry before reaching the sheet. Nor are
      conventional coaters capable of handling coating materials having a wide
      range of drying time or wide range of viscosity.
PAR  It is, accordingly, an object of the present invention to provide a coating
      arrangement for use in connection with a lithograph printing press which
      overcomes the disadvantages of prior coaters and which is highly flexible,
      being capable of coating with a wide variety of materials having different
      drying times and different viscosities but which is, nonetheless, simple
      and economical in construction.
DRWD
PAR  Other objects and advantages of the invention will become apparent upon
      reading the attached detailed description and upon reference to the
      drawings in which:
PAR  FIG. 1 shows the delivery end of a lithographic printing press including a
      coating mechanism in accordance with the present invention;
PAR  FIG. 1a is a fragmentary diagram showing the fluid path in FIG. 1;
PAR  FIG. 2 is a diagram showing the arrangement of FIG. 1 in an alternate mode.
PAR  FIG. 3 is a similar diagram showing a still further operating mode.
DETD
PAR  While the invention has been described in connection with a preferred
      embodiment, it will be understood that we do not intend to be limited to
      the embodiment shown but intend, on the contrary, to cover the various
      alternative and equivalent constructions included within the spirit and
      scope of the appended claims.
PAR  Turning now to FIG. 1 there is shown the delivery end of a printing press
      having a frame 10 and to which sheets are individually delivered upon a
      chain type conveyor 11 in which the chains are trained about a pulley 12.
      From the conveyor 11 sheets are individually passed to a back-up cylinder
      15 and thence to a final chain type conveyor 16 having pulleys 17, 18.
      From the conveyor 16 sheets are deposited in a pile 20. The conveyor 11,
      cylinder 15 and conveyor 16 have, for simplicity, been shown in
      diagrammatic form. It will be understood that each of these includes
      grippers, generally indicated at 21 (FIG. 2) for engaging the leading edge
      of a printed sheet together with means for synchronously operating the
      grippers to effect transfer of the sheet from conveyor 11 to cylinder 15,
      and from cylinder 15 to conveyor 16, from which the sheet is dropped onto
      the pile. Also for the sake of simplicity the press drive 25 and drive
      train 26 have been shown diagrammatically, with the understanding that
      both driving and sheet transfer, from conveyor to cylinder and vice versa,
      are well understood to those skilled in the art, cross reference being
      made to the patent literature for the details of construction.
PAR  For the purpose of coating a sheet (a typical sheet being indicated at S in
      FIG. 2) as it is transported on the back-up cylinder 15, a fountain
      assembly 30 is provided including a subframe 31. Mounted on the subframe
      is a fountain 32 having a body of liquid coating material 33. Journaled in
      the subframe, for example, in side plates outlined at 31a, and with its
      lower surface projecting into the body of coating material, is a fountain
      roller 34 (see especially FIG. 2). For receiving a film of the coating
      material from the fountain roller and for transmitting it to a sheet
      conveyed by the back-up cylinder 15, a form cylinder is provided. Such
      form cylinder, indicated at 35, is journaled in the press frame 10 and
      synchronously driven via the drive train 26.
PAR  In accordance with the present invention the fountain roller 34 is equipped
      with a dosing roller and form roller which is engageable with the form
      cylinder to provide an alternate and longer path of liquid application.
      Thus we provide, in a position adjacent the form cylinder 35, a form
      roller 40. Interposed between the form roller 40 and the fountain roller
      34, to provide communication between them, is a dosing roller 41. The form
      roller 40 and dosing roller 41 are both journaled for rotation in the
      subframe 31 and the subframe is so mounted and constructed, for shifting
      movement, that the fountain roller 34 and form roller 40 may be
      selectively engaged with the form cylinder 35. To permit movement of the
      subframe 31 it is floatingly mounted with respect to the main frame 10,
      with its position being determined by adjustable shifting means. In the
      illustrated embodiment shifting of the subframe 31 in the vertical
      direction is accomplished by an adjusting screw 45 while shifting in the
      horizontal direction is brought about by an adjusting screw 46, both
      adjusting screws being threadedly related to the main frame 10. It will be
      apparent that by unscrewing the adjusting screw 45 the level of the
      subframe 31 may be dropped to disengage the fountain roller 34 from the
      surface of the form cylinder 35.
PAR  In carrying out the present invention the shifting means preferably
      includes means for shifting the form roller 40 toward and away from the
      surface of the form cylinder 35, that is, in the direction of the arrows
      shown in FIG. 1. To this end the subframe includes a pair of arms 47 (only
      one of which is shown) which may be pivoted about the axis of the dosing
      roller 41 and with suitable means (not shown) for holding the arms in a
      desired operating position.
PAR  By manipulation of the shifting means, alternate paths are provided for the
      costing liquid proportioned in accordance with drying time. Thus referring
      to FIGS. 1 and 1a, the form roller 40 is advanced into liquid transmitting
      contact with the surface of the form cylinder 35, while the fountain
      roller 34 is retracted therefrom, to produce a liquid transference path
      P1. Such path is lengthy and suited to coating liquids having a relatively
      long drying time. Indeed, the path is sufficiently long so that volatile
      elements in the coating material are permitted to escape during the time
      that the coating material is formed into a smooth film by the action of
      the rollers 34, 41, 40 and cylinder 35, against one another. Thus when the
      coating material is transferred onto the sheet at the end of the path P1
      it is still in liquid form but it is nonetheless preconditioned for drying
      after it is deposited upon the surface of the sheet so that the sheets do
      not stick together upon being deposited on the pile 20.
PAR  Alternatively, the supporting arms 47 (FIG. 2) may be swung away from the
      form cylinder 35 to retract the form roller 40 from contact, and the
      adjusting screw 45 may be screwed in to raise the subframe 31 to engage
      the fountain roller 34 with the surface of the form cylinder thereby to
      create a short transference path indicated at P2. The path is sufficiently
      short so that the coating liquid from the fountain is almost immediately
      applied to the sheet on the back-up cylinder without opportunity for
      drying to take place on the form cylinder. The mode illustrated in FIG. 2
      is, therefore, ideally suited for use with coating liquids having a short
      drying time.
PAR  It will be noted that the rollers, and cylinder 35, are compatible in both
      of the modes of operation. Assuming that the form cylinder 35 is
      resiliently surfaced, the form roller 34 may be hard surfaced and in
      slightly indenting relation to insure that a smooth film is transferred
      along the path P2. Further, the dosing roller 41 is resiliently surfaced,
      and the form roller 40, unlike most conventional form rollers, is hard
      surfaced, indenting both the dosing roller and form cylinder so that a
      similar film, in even thickness, is transferred along the path P1.
      Moreover, it will be noted that the directions of the rollers are, in both
      modes, completely compatible, with the dosing roller 41 not only
      preserving the "hard-soft" order of the rollers but causing movement of
      the form roller surfaace 40 to be in the same direction as the surface of
      fountain roller 34 as required for alternate engagement. Thus it is a
      feature of the invention that the direction of the fountain roller is
      preserved in all operating modes.
PAR  In accordance with the preferred embodiment of the present invention an
      auxiliary, or second, form roller 48 is provided mounted on the subframe
      31, interposed between the fountain roller and the back-up cylinder, and
      selectively engageable with the surface of the latter, so that the coating
      material from the fountain may be applied directly to the sheet on the
      back-up cylinder, thus bypassing the surface of the form cylinder 35. Such
      mode of operation, illustrated in FIG. 3, is especially suited for use
      with coating materials of a viscous nature, for example, certain viscous
      varnishes. To achieve the mode of operation shown in FIG. 3 the adjusting
      screw 45 and arms 47 are retracted, and adjusting screw 46 is advanced to
      shift the fountain subframe 31 horizontally to bring roller 48 against the
      surface of the back-up cylinder 15. This provides a transference path P3
      which may, depending upon the diameter of the roller 48, be somewhat
      shorter than the path P2 previously mentioned.
PAR  It may be noted that while the assembly of rollers and cylinders discussed
      above provides three distinct, alternative modes of operation, all of the
      components in the system are, nevertheless, at all times active. Thus in
      the mode illustrated in FIG. 1, in which transference occurs via rollers
      41, 40, the roller 48, by its continued rotation, performs a smoothing
      function, and this is also true of the mode shown in FIG. 2. Similarly,
      while rollers 40 and 41 are inactive in the modes of FIGS. 2 and 3 as far
      as liquid transference is concerned, such rollers, by their continuous
      rotation, continue to provide a smoothing function, insuring that the film
      which is transferred along paths P2, P3 is of an even and consistent
      nature. Thus the coating means, in addition to accommodating different
      drying times and different viscosities, is eminently usable with liquids
      that are difficult to spread, in an even film, in coating devices of more
      conventional design.
PAR  In the above discussion it has been assumed that the fountain roller and
      associated rollers are rotated either as the result of surface friction or
      by providing a suitable and synchronized drive connection with drive train
      26. However, it is one of the features of the present invention that the
      fountain roller 34 is provided with separate driving means
      diagrammatically indicated at 50 in FIG. 1 and which includes a fountain
      drive train 51 with the speed of the drive being capable of separate
      manual adjustment by means of an adjusting knob 52, reference being made
      to the art relating to controlled speed drives for the details of
      construction. By separate control of the speed of rotation of the fountain
      roller 34, the rate at which the coating liquid is drawn from the fountain
      and hence the thickness of application to the sheet is under the precise
      control of the operator, with the difference in surface speed being
      accommodated by slippage, for example, by slippage at the surface of the
      fountain roller.
PAR  In the exemplary embodiment it will be noted that two separate means have
      been discloosed for achieving movement of the rollers. Thus the rollers
      may be mounted for bodily shifting movement with a subframe, such as
      subframe 31, as in the case of roller 34, or the rollers may be mounted
      for individual shifting, or swinging movement, as in the case of the roll
      40 which is swingable on arms 47. If desired, the second form roller 48
      may be swingably mounted in the same way as roller 40 for individual
      movement into and out of engagement with the back-up cylinder. Also if
      desired the form roller 34 may be individually mounted for movement
      vertically from the directly transferring position shown in FIG. 2
      downwardly, accompanied by deeper submergence into the fountain, into the
      position shown in FIG. 3. The term "means for shifting the subframe" as
      used herein therefore includes the relative shifting of rollers with
      respect to the subframe. Selection of length of path "in accordance with
      drying speed" shall mean that a long path corresponds to a relatively slow
      drying speed and vice-versa.
PAR  While adjusting screws have been shown simply to illustrate the principle
      of operation, one skilled in the art will appreciate that in practice
      throw-over cams or eccentrics may be substituted to simplify shifting
      between precise alternate positions. The term fountain includes generally
      means for furnishing liquid to a fountain roller.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use with a sheet-fed printing press, means for applying a liquid
      coating material to a sheet following the printing thereof which comprises
      a main frame, a back-up cylinder journaled in the main frame, means
      including grippers for transferring a sheet to the back-up cylinder for
      transport thereon and for removing the sheet therefrom for delivery, a
      form cylinder journaled in the main frame in rolling engagement with the
      back-up cylinder, means for driving the cylinders and gripper means in
      unison, a fountain assembly including a fountain for the coating material,
      a fountain roller rotating therein adjacent the form cylinder, a first
      form roller adjacent the form cylinder, a dosing roller communicatingly
      interposed between the fountain roller and the first form roller, and a
      second form roller interposed between the fountain roller and the back-up
      cylinder, and means for selectively shifting the fountain roller and form
      rollers with respect to the main frame to (a) bring the fountain roller
      into exclusive liquid transmitting contact with the form cylinder, to (b)
      bring the first form roller into exclusive liquid transmitting contact
      with the form cylinder and to (c) bring the second form roller into
      exclusive liquid transmitting contact with the back-up cylinder thereby to
      change the length of the liquid transference path from the fountain to the
      sheet in accordance with the drying speed of the coating material and to
      insure evenly distributed liquid application of the coating material to
      the sheet.
NUM  2.
PAR  2. For use with a sheet-fed printing press, means for applying a liquid
      coating material to a sheet following the printing thereof which comprises
      a main frame, a back-up cylinder journaled in the main frame, means
      including grippers for transferring a sheet to the back-up cylinder for
      transport thereon and for removing a sheet therefrom for delivery, a form
      cylinder journaled in the main frame in rolling engagement with the
      back-up cylinder, means for driving the cylinders and gripper means in
      unison, a fountain assembly having a subframe mounted on the main frame
      and shiftable with respect to it, the fountain assembly including a
      fountain for the coating material, a fountain roller rotating therein
      adjacent the form cylinder, a form roller adjacent the form cylinder, a
      dosing roller communicatingly interposed between the fountain roller and
      the form roller, and means for selectively shifting the subframe with
      respect to the main frame into alternative conditions to (a) bring the
      fountain roller into exclusive liquid transmitting contact with the form
      cylinder and to (b) bring the form roller into exclusive liquid
      transmitting contact with the form cylinder thereby to change the length
      of the liquid transference path from the fountain to the sheet in
      accordance with the drying speed of the coating material to insure evenly
      distributed liquid application of the coating material to the sheet.
NUM  3.
PAR  3. The combination as claimed in claim 2 in which a separate drive
      independent of the press drive is provided for the fountain roller.
NUM  4.
PAR  4. The combination as claimed in claim 3 in which the drive is provided
      with speed adjusting means permitting a surface speed lower than press
      speed for controlling the rate at which the liquid coating material is fed
      from the fountain.
NUM  5.
PAR  5. For use with a sheet-fed printing press, means for applying a liquid
      coating material to a sheet following the printing thereof which comprises
      a main frame, a back-up cylinder journaled in the main frame, means
      including grippers for transferring a sheet to the back-up cylinder for
      transport thereon and for removing the sheet therefrom for delivery, a
      form cylinder journaled in the main frame in rolling engagement with the
      back-up cylinder, means for driving the cylinders and gripper means in
      unison, a fountain assembly including a fountain for the coating material,
      a fountain roller rotating therein adjacent the form cylinder, a first
      form roller adjacent the form cylinder, a dosing roller communicatingly
      interposed between the fountain roller and the first form roller, and a
      secoond form roller interposed between the fountain roller and the back-up
      cylinder, and means for selectively shifting the fountain roller and form
      rollers with respect to the main frame to (a) bring the fountain roller
      into exclusive liquid transmitting contact with the form cylinder, to (b)
      bring the first form roller into exclusive liquid transmitting contact
      with the form cylinder and to (c) bring the second form roller into
      exclusive liquid transmitting contact with the back-up cylinder thereby to
      change the length of the liquid transference path from the fountain to the
      sheet in accordance with the drying speed of the coating material and to
      insure evenly distributed liquid application of the coating material to
      the sheet, the rollers being surfaced to produce an alternating hard-soft
      liquid transfer sequence and the cylinders being driven without reversal
      of direction during all three exclusive liquid transmitting modes.
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ABST
PAL  A apparatus for developing electrostatic latent images is given whereby
      there is provided a means for bringing pigmented particles into contact
      with a coarse surface, means for collecting said pigmented particles,
      means for supplying an insulating liquid to the pigmented particles, and
      means to contact said pigmented particles in insulating liquid to the
      surface of an electrostatic latent image.
BSUM
PAR  This invention relates to development of electrostatic latent images. More
      particularly this invention relates to a unique apparatus for
      accomplishing development of electrostatic latent images.
PAR  Many development systems and apparatus configurations are known for making
      visible images formed by electrostatic means.
PAR  The formation and development of images on the surface of photoconductive
      materials by electrostatic means is well known. The basic
      electrostatographic process, as taught by Carlson in U.S. Pat. No.
      2,297,691, involves placing a uniform electrostatic charge on a
      photoconductive insulating layer, exposing the layer to a light and shadow
      image to dissipate the charge on the areas of the layer exposed to the
      light, and developing the remaining electrostatic latent image by
      depositing on the image a finely divided electroscopic marking material
      sometimes called "toner." Toner will normally be attracted to those areas
      of the layer which retain a charge, thereby forming a toner image
      corresponding to the electrostatic latent image. This powder image may
      then be transferred to a support surface such as paper. Such a transferred
      image may subsequently be permanently affixed. It is well known that a
      latent image may be formed on an appropriate surface by direct charging in
      image configuration. Likewise, one may develop and fix an image to a
      latent image holding substrate.
PAR  Development of an electrostatic latent image may also be achieved with
      liquid rather than dry developer materials. In liquid development commonly
      referred to as electrophoretic development, an insulating liquid vehicle
      having finely divided solid marking material dispersed therein contacts
      the latent image bearing surface in both charged and uncharged areas.
      Under the influence of the electric field associated with the charged
      image pattern, these suspended particles migrate toward the charged
      protions of the imaging surface thus separating out of the insulating
      liquid.
PAR  This invention relates closely to liquid development. The technique
      outlined above requires close monitoring of the toner concentration and is
      difficult to use in low volume copying devices since developer dries on
      the developing apparatus during long periods of inactivity. Moreover,
      because relatively large volumes of liquid are employed, there is always
      the danger of leakage and spilling of the developer.
PAR  It is an object of this invention to provide for a developing device that
      is portable, small, convenient and not affected by the above
      disadvantages. Other objects and advantages will become apparent from a
      full understanding of the specification.
PAR  The present invention accomplishes these objects and others by providing a
      unique apparatus for developing electrostatic latent images. In accordance
      with this invention a means is provided for bringing pigmented particles
      or toner into contact with a coarse or abraiding surface, following which
      is a means for collecting the toner and contacting the same with a means
      for providing a insulating liquid to form the developer in small amounts
      which is then contacted with means to develop an electrostatic latent
      image with the developer. This invention eliminates all of the
      above-mentioned disadvantages and provides for a small, portable
      developing apparatus being capable of home, office, or other use with
      little or no maintenance.
DRWD
PAR  This invention will be further described with respect to the drawings which
      represents a few of the many embodiments of the invention.
PAR  FIG. 1 is a schematic sectional view of an optical latent image forming and
      developing device or facsimile receiver cooperating with the developing
      apparatus of this invention.
PAR  FIGS. 2, 3, 4, 5, 6, 9, 10 and 11 are longitudinal sectional views of
      illustrative embodiments of the present invention.
PAR  FIGS. 7 and 8 are schematic longitudinal sectional views of some components
      of the above embodiments.
DETD
PAR  In the drawings, the numerals represent and designate elements according to
      the invention as follows in part: pin-tube or optical latent images
      forming device 10, pin matrix or light transmission device 11,
      electrostatic recording paper supply 12, developing apparatus 14, solid
      pigment material 20, coarse roller 21, insulating liquid absorbing roller
      22, solid material support 23, tension spring 24, threaded rod 25, housing
      26, porous layer of roller 27, pinch roller 29, intermediate roller 30,
      porous pad 40, roller 41, solid material roller 60, porous material 70,
      tank 71, fibrous material 72, and fibrous structure 80.
PAR  FIG. 1 is a schematic sectional view of a facsimile receiver cooperating
      with the developing apparatus in accordance with the present invention. 10
      shows a pin-tube including a pin-matrix 11. 12 shows an electrostatic
      recording paper supply roll and 13 an electrostatic recording paper. Onto
      the surface of the paper an electrostatic latent image may be formed and
      then developed during passing through a developing apparatus 14 which is
      indicated with a dashed line. A pin-tube, an electrostatic recording
      paper, and a system employing these are well known in the art.
PAR  Alternatively FIG. 1 represents a schematic sectional view of an optical
      device for forming and developing latent images. The paper 13 carries a
      photoconductive insulating layer which is charged by a corotron (not
      shown) before it passes by the optical device 10. A shadow and light image
      11 is exposed onto the photoconductive receiving substrate by the optical
      device 10 and then the image is developed at developer apparatus 14.
      Systems for creating such electrostatic latent images are well known. One
      such system is described in U.S. Pat. No. 2,297,691 which is herein
      incorporated by reference.
PAR  FIG. 2 is a schematic sectional view of a apparatus according to the
      present invention, and designates the developing apparatus 14 shown with
      the dashed line in FIG. 1. 20 shows a solid material including the
      pigmented toner particles of the present invention. This toner which is in
      bulk form is abraided by roller 21 which holds the so abraided toner. The
      thin layer of toner formed on the surface of roller 21 comprises finely
      divided toner and the bulk material in which the toner was held in solid
      material 20. As will be seen, it is preferred that the bulk material be
      soluble in the carrier liquid as hereinafter described. The toner
      particles may be of any convenient size, but it is preferred that they be
      from about 0.05 to about 0.5 mm.
PAR  The surface of roller 21 should be coarse or abrasive in nature so that a
      thin layer of toner is easily scraped from 20 and carried by roller 21.
PAR  The solid material 20 is fixed to the solid material support 23 biased to
      the roller 21 by a spring 24. 25 shows a threaded rod which adjusts a
      tension of the spring, and be attached to a housing 26. 22 shows a roller
      for supplying an insulating or dielectric liquid, which structure includes
      a liquid absorbing or porous layer 27. Material which may be used here
      include paper, cloth, felt, sponge, and many others.
PAR  As the rollers are rotated in the direction shown by arrow 28, the thin
      toner layer is transferred from roller 21 to roller 22 carrying the liquid
      carrier thus forming a layer of liquid developer on the surface of roller
      22. The bulk material present on roller 21 is also transferred and
      disolves in the liquid carrier. The developer containing finely divided
      toner particles suspended in the insulating carrier liquid are then
      brought into contact with the recording paper 13 which is carrying an
      electrostatic latent image. The toner particles deposit onto the latent
      image forming a visible image.
PAR  Pinch roller 29 causes the latent image surface to be biased to the
      developer carrying surface of roller 22.
PAR  It should be noted that an amount of developer is not transferred to sheet
      13 and thus remains for subsequent development of other images. Roller 21
      acts to replenish the developer on roller 22 and thus image density can be
      controlled by varying the amount of toner abraided from the solid material
      20 by coarse roller 21 by varying the tension on spring 24 by thread rod
      25.
PAR  Solid material 20 is at least a two component mixture of toner and bulk.
      The toner may be pigment, graft pigment, resin, or a resin containing
      pigment. The bulk may be a polymer or other material, preferably one which
      is soluble in the carrier liquid. The solid material may be formed in any
      convenient fashion. One of many recognized and known techniques is to mix
      pigment with a resin soluble in the carrier liquid, partially dry the
      mixture, and compress the remaining solids into a cake. Alternatively the
      mixed pigment and polymer may be further dispersed in pitch or asphalt or
      the like, and then compressed. The solid material 20 may contain from
      about 1 to almost 100 percent pigment.
PAR  The surface of roller should be relatively hard when comparing the same
      with the solid material to be abraided, and it should be course. Any
      material may be employed. For example, a metallic or other hard surface
      may have the surface characteristics of a file or grinding wheel. A brush
      roller may also be used. When solid material 21 is relatively soft, roller
      21 may be of softer materials such as spongy felt, cloth, paper, and so
      on. A magnetic brush as is well known in electrophotography is also
      useful.
PAR  Insulating liquids usable in the present invention include cyclohexane,
      benzene, pentane, heptane, decalin, and many other nonpolar materials,
      petroleum, carbon tetrachloride, trichloroethylene,
      chlorofluoride-ethylene, toluene, xylene, and mixtures thereof, and many
      other insulating liquids.
PAR  FIG. 3 is an improvement of the embodiment shown in FIG. 2. A feature of
      this improved apparatus includes a transfer roller 30. In the embodiment
      shown in FIG. 2, the suspension of toner particles formed at the roller
      surface 22 is immediately brought into contact with the latent image
      surface, however an unbalanced distribution of pigment in the developed
      images may be obtained corresponding to areas of prior development. Also,
      in some cases small masses of toner particles may be brought into contact
      with the latent image before the toner particles have had time to be
      suspended; thus, the toner may adhere to the latent images in a mass shape
      so that clear images cannot be obtained. By transferring the toner
      suspension from the surface of roller 22 to transfer roller 30, the size
      and concentration of toner particles included in the suspension layer at
      the surface of roller 30 can be kept uniform. Additional transfer rollers
      can be employed as desired. Yet another and further reason for using a
      transfer roll is that the roller 29 and 22 are not brought into contact
      with each other directly during absence of the recording paper. When the
      roller 29 contacts immediately with the roller 22, a quantity of toner
      adheres onto the surface of 29 and tends to contaminate the back side of
      the recording paper. It is desirable that the surface of transfer roller
      30 be coarsed or capable of maintaining a liquid layer on its surface.
PAR  FIG. 4 is a schematic sectional view of yet another embodiment of the
      present invention. In the embodiments shown in FIGS. 2 and 3, roller 22 is
      covered with a porous material for supplying an insulating liquid. In the
      embodiment shown in FIG. 4 a porous pad 40 which carries the liquid is
      employed. A further feature is that the thin layer including toner
      particles formed at the surface of the roller 21 is transferred to the
      transfer roller 41 and then coated with an insulating liquid by the pad
      40. Accordingly, the supply of insulating liquid is achieved simply, and
      that more importantly the solid material 20 is prevented from being wetted
      by liquid adhered to the surface of roller 21. When the solid material 20
      is wetted by the insulating liquid adhered to the surface of roller 21,
      that material tends to become fixed to the roller 21 during stopping of
      apparatus operation for a long period of time. Also, liquid drops tend to
      result at the end of solid material 20 depending on the amount of
      insulating liquid carried by the surface of roller 21.
PAR  FIG. 5 is a modification of the embodiment shown in FIG. 4. A feature of
      the embodiment shown in FIG. 5 is in the fact that the solid material 20
      is just above the roller 21 so that the solid material 20 is prevented
      from wetting by the insulating liquid formed onto the surface of roller
      21, and the apparatus may begin to operate with reliability after a long
      stopping period.
PAR  FIG. 6 is a schematic sectional view of another embodiment according to the
      present invention.
PAR  A feature of the embodiment shown in FIG. 6 is instead of the solid
      material 20 as shown in the above described embodiments a molding solid
      material is shaped to a roller 60. When the surface of the roller 21 is
      scratched, in the embodiments shown in FIGS. 2, 3, 4 and 5, the obtained
      images are striped ones, but in this embodiment this does not
      substantially occur.
PAR  In the above described embodiments, an endless belt is available instead of
      the roller 21. Also the end of the solid material is prevented from
      wetting by liquids by means of automatic separation of the solid material
      and the roller 21 accompanying with stopping of the apparatus in the
      present invention.
PAR  FIGS. 7 and 8 are sectional views for supplying an insulating liquid to a
      thin layer of toner particles. As seen in FIG. 7, an apparatus for
      supplying a liquid to roller 22 having a porous layer 27 is shown. 70 is a
      porous material. 71 is a tank in which a fibrous material is loaded and in
      which an insulating liquid is contained. The fibrous material 72 may be a
      thread, wool, glass fiber, and the like. The liquid absorbed in the
      fibrous material 72 is transmitted through the porous material 70 by means
      of capillary action and then absorbed into porous layer 27 of roller 22.
      According to the structure of FIG. 7, an insulating liquid cannot be
      easily spilled from a fallen tank 71.
PAR  As seen in FIG. 8, 80 is a fibrous structure absorbing an insulating liquid
      by means of capillary action. 81 is an insulating liquid loaded in the
      tank 71. One end of the structure 80 is in the liquid so that the liquid
      is transmitted through the structure to its other end. The one end of
      structure 80 corresponds to the pad 40 in the embodiment of FIG. 4. The
      structure of FIG. 8 also is safe that the liquid cannot be easily spilled
      from the tank. Both structures of FIGS. 7 and 8 can maintain the wetness
      of pad 40 or the porous layer 27 of roller 22.
PAR  FIG. 9 is a sectional view of another embodiment of the apparatus in the
      present invention. The rollers 21 and 22 are apart from each other in the
      direction of top and bottom, and both are disposed in such relation that
      the powders 31 which included the toner particles scraped from the solid
      material 20 fall onto the surface of roller 22. This operation also can be
      in such manner that the powders which include the toner particles formed
      at the surface roller 21, are scraped onto the surface of roller 22 by a
      blade. The remaining constructions are the same as described in FIG. 3.
PAR  FIGS. 10 and 11 are modifications of the apparatus shown in FIGS. 4 and 6,
      and both scrapes the solid material and collect the same to suspend them
      in the insulating liquid. In each embodiment shown in FIGS. 9, 10 and 11,
      the powders or bulk material and toner particles formed at the surface of
      roller 21, fall by gravity to the roller 22 or 41.
PAR  The apparatus of the present invention is similar to that of Japanese
      published Patent No. 38-11095 from the view point of using the solid
      material. However, the apparatus of the above published patent is entirely
      different from that of the present invention because there the solid
      material is directly disolved by the carrier liqued. This results in a
      difference in the ability to make and hold adequate toner concentration
      which is being provided.
PAR  In order to more fully describe this invention the following examples are
      presented. However, these examples are non-limitive of the invention which
      should only be interpreted in the light of the claims. All parts and
      percentages are by weight unless otherwise stated.
PAC  EXAMPLE I
PAR  The apparatus of FIG. 4 was constructed. The solid material was `Straight
      Asphalt` formed in 20 .times. 60 .times. 200 mm (Kokonoe Electric Co.,
      Ltd.). The roller 21 was a hollow brass roller, 50 mm diameter, of which
      the surface was etched in a net pattern. The size of net was 200 mesh and
      the depth approximately 50 microns. The force biasing the solid material
      to the roller 21 was 50 gram/cm. The roller 41 was a hollow roller of 40
      mm diameter including the brass 2 mm thickness overcoated with urethane
      rubber having 5 mm thickness. The surface of the urethane rubber was
      coarse having fine irregularities. Pad 40 was a felt having 20 mm
      thickness and 200 mm width, one end of which, as the fibrous structure
      shown in FIG. 8, was immersed in the insulating liquid filled in a tank.
      The insulating liquid was an isoparaffinic hydrocarbon, Isopar H (Esso
      Standard Oil Inc.). Each of rollers was rotated at a drum speed of 4
      cm/sec in the direction of arrow in FIG. 4. The latent image imposed
      negative charge was formed onto the recording paper by a recording needle.
      The recording paper was a high quality paper having 80 microns thickness,
      on which a insulating layer was coated. Developed toner images were fixed
      by natural drying. The images obtained were sharp and clear without
      fogging. The images were colored in sepia. The pinch roller was a
      stainless steel roller having a 10 mm diameter coated with a urethane
      rubber of 4 mm thickness. The recording paper immediately after the
      development was almost dried.
PAC  EXAMPLE II
PAR  The solid material was formed as follows:
PAR  One part of ethylcellulose was dissolved in 9 parts of tetrachloroethane,
      and 1 part of carbon black powder was added thereto. This mixture was
      agitated and mixed for 4 hours on a ball/mill and dried to form flakes.
      Next, 1 part of this flake was mixed and agitated with coumaronindene
      resin dissolved in 5 parts of toluene by weight and dried. This material
      was used in the apparatus shown in FIG. 3, molded in the shape shown, the
      same as the above described Example I. A suitable insulating liquid was
      made from a mixture of kerosine and 2 percent toluene. The insulating
      liquid of this example was supplied according to the provisions of FIG. 1.
      The pad absorbed the liquid which was then brought into contact with the
      porous layered roller wetting the same. The roller 22 was a stainless
      roller of 10 mm diameter, the outer surface of which was overcoated with a
      felt of 10 mm thickness. The transfer roller was brass having 20 mm
      diameter, the outer surface of which was overcoated with a metallic net of
       200 meshe, and the retaining roller 29 was the same as that used in
      Example I. The obtained images were clear and of good quality.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A developing apparatus for making visible electrostatic latent images
      comprising a means for bringing a solid material comprising toner
      particles into contact with a coarse surface member, means for abrading
      said solid material, means for collecting said toner particles on the
      surface of a roller, means for contacting said surface with a carrier
      liquid, and means for bringing said carrier liquid containing toner
      particles into contact with a latent image bearing surface.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means for bringing the solid
      material into contact with a coarse surface member comprises a spring
      loaded surface of solid material in contact with a roller having an
      abrasive rotating surface.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said solid material is a bar of solid
      material.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said coarse member carries said toner
      particles away from the solid material.
NUM  5.
PAR  5. The apparatus of claim 1 wherein the carrier liquid is substantially
      carried on the surface of the collecting roller.
NUM  6.
PAR  6. The apparatus of claim 1 wherein the carrier liquid is supplied to the
      surface of the collecting roller by contacting the surface with a pad
      containing said carrier liquid.
NUM  7.
PAR  7. The apparatus of claim 1 wherein the dispersed toner in a carrier liquid
      is transferred to a transfer roller to contact the latent image bearing
      surface.
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ABST
PAL  Electrostatic toner powder images on copy sheets are fixed by the
      application of pressure alone, using sets of mating rollers so arranged
      that each set nips and treats a narrow track on the sheet, and also so
      arranged that the treated tracks have slightly overlapping margins whereby
      the full area of the sheet is treated in the process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fixing of toner powder images on copy sheets,
      such as those created by electrostatic copying techniques, and especially
      to he fixing of such images by pressure application without applied heat.
PAR  The fixing by pressure alone of electrostatically held toner images on
      narrow strips by using hard metal, usually steel, rollers has been
      described in an article by Bolton and Goetz in Photographic Engineering,
      1956, Vol. 7 Nos. 3 and 4, pages 137 to 146, esp. page 143, and an
      improved form adaptable for use with wider sheets, such as normal letter
      size sheets, has been described in British Pat. specification No.
      1,226,200.
PAC  OUTLINE OF THE PRESENT INVENTION
PAR  Experience with pressure fixing devices as shown in the British Pat.
      specification No. 1,226,200 has demonstrated that in order to successfully
      fix toner powder images on strips or sheets of substantial width, the
      pressure rollers must be built with great rigidity to minimize bowing
      effects under the loadings involved. In addition, since each roll has only
      two bearings these must be of massive construction to withstand the
      loading which is, of course, half the force applied to the entire roll.
      While this type of construction is feasible and provides adequate and
      effective equipment, the present invention makes possible equivalent
      results without the necessity for such high strength, massive
      construction.
PAR  For the purposes of this specification, "substantial width" means sheets of
      5" width or more, and includes sheets of "letter size," i.e. sheets of
      81/2 to 9 inches in width as well as wider sheets.
PAR  In particular the present invention provides for fully fixing the image on
      a sheet of substantial width by passing the sheet into an array of roller
      segments, each much shorter than the sheet width, but so arranged that the
      roller pairs will nip portions of the sheet only. The portions or paths
      thus treated are slightly overlapping so that the entire sheet, or at
      least a broad continuous area thereof, can be fixed on a single pass.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is an end elevation of a pressure fixing device according to the
      present invention;
PAR  FIG. 2 is a left side elevation of a portion of the device shown in FIG. 1
      with parts broken away to illustrate the mounting of one of the upper
      rolls;
PAR  FIG. 3 is a perspective view of the device of FIGS. 1 and 2 with parts
      omitted for clarity, illustrating the manner of use and including the
      other stations of an electrostatic copying machine shown in schematic or
      block diagram form; and
PAR  FIG. 4 is a diagramatic plan illustrating an alternative way of arranging
      the roller segments to achieve the benefits of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, there is provided a base casting 10 which
      supports the lower roller of each set. The casting is preferably provided
      with integral upstanding side flanges 101 and 102, and with integral
      posts, which carry the bearings for supporting the rollers. For example
      the first lower roller 12 includes a shaft 121 which extends the full
      width of the machine. The shaft 121 is rotatably supported in bearings of
      customary type mounted in the flanges 101 and 102 and the integral post
      122. Post 122 and flange 101 embrace the roller 12 closely and provide its
      primary support. One end of shaft 121 carries a gear 124 which receives
      the power input (not shown) to provide rotation to the roller 12. The
      other end of shaft 121 carries a gear 126 whose purpose will presently
      appear.
PAR  A second lower roller 14 is arranged similarly in some respects to roller
      12 and its shaft 141 is rotatably supported by bearings in the flange 102
      and integral posts 142 and 144, the latter two embracing and supporting
      the roller. Shaft 141 carries at its left hand end (FIG. 3) a gear 146. A
      third lower roller 16 on shaft 161 is similarly mounted, but in this
      instance requires only the flange 102 and integral post 162 for support,
      the shaft carrying a gear 166 at its left end.
PAR  As clearly seen in FIGS. 1 to 3, the rollers 12, 14 and 16 are so arranged
      that their ends are slightly overlapping when viewed in a direction normal
      to the axis, and the base is completed by a housing or guide plate 18
      which is provided with closely fitting openings 182, 184, and 186 allowing
      the rollers 12, 14 and 16 respectively to project just above the surface
      of plate 18.
PAR  Idler gear 136 meshes with gear 126 and 146, and idler gear 156 with gears
      146 and 166, so that all shafts 121, 141, 161 and their corresponding
      rollers will be driven in the same direction at the same speed whenever
      the input gear 124 is driven.
PAR  Matching the rollers 12, 14 and 16 respectively are upper rollers 22, 24
      and 26, which have shafts 221, 241, and 261 rotatably supported by
      conventional bearings in the arms of yokes 222, 242, and 262 respectively.
      Since the yokes are all similar, the yoke 242 and its mounting will be
      described in detail, with the understanding that a corresponding
      description and an analogous numeral identification applies to each of the
      others.
PAR  Overlying the base casting 10 is a structural member 30, shown in the form
      of a plate, which is immovably anchored by suitable means, not
      specifically shown, to the frame of the machine. The plate 30 is provided
      with two openings 304 which are internally threaded, and which receive
      therein threaded bushings 244. The bushings 244 receive, with a sliding
      fit, a pair of posts 243 which are integrally attached to the yoke 242,
      and each post is surrounded by a compression spring 245 which is in
      contact with the top of the yoke 242 at its lower end, and at its upper
      end is in contact with the bottom of the threaded bushing. The springs 245
      urge the yoke 242 and its roller 24 into pressure contact with the
      underlying roller 14, and the loading may be adjusted to the desired value
      by means of the threaded bushings 244.
PAR  FIG. 3 helps to illustrate the use of the device. Assuming that the proper
      loading has been set on the rollers and that they have been set in
      rotation, a copy sheet 40 having thereon a powder image (not actually
      shown, but of the kind which is normally deposited in an electrostatic
      copier) is passed from the position shown towards the left between the
      roller pairs so that its surface is subjected to the squeezing action of
      the rollers. The roller pair 12, 22 will treat the sheet in a path
      designated A, the roller pair 41, 24 in a path designated B, and the
      roller pair 16, 26 in a path designated C. As can be seen, these paths are
      overlapping so that the entire sheet area will be pressure treated and the
      image on its surface thereby caused to be fixed.
PAR  In addition to the fact that the short rollers shown are not affected by
      the severe bowing tendencies to which longer rollers are subject, it can
      be demonstrated that their individual loading values will be greatly
      reduced. For example, if we assume that the total span of the sheet is 9
      inches and each roller therefore treats approximately 3 inches of sheet
      width, then the calculated loadings would be as follows.
PAR  Assuming for purpose of illustration, one fairly common value of roller
      loading for pressure fixing, namely 300 pounds per lineal inch (pli), a
      roll of full sheet width would have to receive a force of 9 .times. 300 =
      2700 pounds and each bearing would thus sustain a loading of 1350 pounds.
      However, when constructed according to the invention, each 3-inch roller
      pair would need to apply 3 .times. 300 pli = 900 pounds, so that the
      individual load at any one bearing would be only 450 pounds.
PAR  As a consequence of the above factors all members, namely rollers, shafts
      and bearings, can be much reduced in diameter and bulk without impairing
      the effectiveness of the equipment.
PAR  FIG. 3 includes the various aspects of conventional electrostatic copier
      equipment illustrated in schematic or block diagram form, and helps to
      illustrate the use of the device of FIGS. 1 and 2. The process of forming
      the powder image may be carried out in the usual manner wherein a member
      or sheet carrying a photoconductive layer is automatically fed past a
      charger 3 to receive a uniform static charge on its surface, is then
      automatically fed to an exposure station 4 where it is exposed to a light
      and shadow pattern corresponding to the desired image, then is
      automatically fed to developer equipment 5 where the latent image is
      developed with a toner powder according to known procedures and finally
      fed directly (as by path 6) to a fixing station 9 where it is processed as
      previously described. In the alternative, a latent electrostatic image
      similarly formed on the photoconductive layer of a member or sheet may be
      developed with toner, and the toner image thus formed transferred
      therefrom to another sheet or substrate as both are fed automatically (as
      by alternate path 7) through a transfer station 8. In any event, the
      resulting product is a flexible sheet or substrate 11 with a loosely held
      image 13 defined by toner powder on its surface, being automatically fed
      to the fixing station 9 where it is processed as previously described.
PAR  In addition to the typical processes above described, it will be readily
      appreciated that other techniques for depositing toner particles on a
      substrate under the control of an electrostatic image pattern have been
      developed, and any of these are usable in conjunction with the fixing
      technique herein described.
PAR  While the foregoing description is based on the use of three roller pairs,
      each approximately three inches in length, it will be understood that more
      rollers may be used and that the rollers may be made even shorter if
      desired with corresponding reduction in the need to sustain heavy loadings
      and a consequent reduction in part size. In most applications, it is
      practical and feasible to use rollers up to a limit of about three inches
      in length. Above that value the benefits are reduced and tend to be more
      than offset by the additional complexity of the structure, and rollers of
      shorter length, in the neighborhood of 1 inch, are preferable.
PAR  With the shorter rollers which characterize this invention it is now
      possible to use hard metal rollers in the fixing of images on broad
      letter-size sheets if desired. However, it is still deemed preferable to
      use rollers of material having a modulus of elasticity in compression in
      the range of 100,000 p.s.i. to 2,000,000 p.s.i. as set forth in said
      British specification 1,226,200.
PAR  In situations where machine dimensions in the direction of sheet travel are
      restricted, it may be desirable to use a slightly different roller
      arrangement as illustrated diagrammatically in FIG. 4. In this arrangement
      there are used two long bottom rollers 52 and 54. Cooperating with roller
      52 is a series of upper roller segments 62a, 62b, 62c, 62d and 62e spaced
      apart slightly less than the length of one roller segment. Cooperating
      with rollers 54 is a series of upper roller segments 64a, 64b, 64c and 64d
      spaced similarly to the segments 62a-e, but interspersed between them so
      as to provide a slight overlap of treatment area at each end.
PAR  With the arrangement just described the entire fixing treatment can take
      place within a length of two roller diameters in the direction of sheet
      feed. The fact that the lower rolls are continuous does not seriously
      affect the beneficial aspect of the invention because the rolls may be
      allowed to take a fairly significant bow without detriment inasmuch as
      they will be faithfully followed by the roller segments of the upper row.
      In any case, however, it is entirely feasible to maintain the axes of the
      lower rolls straight by placing back-up bearing rolls or bearings at
      locations between those occupied by the cooperating upper rollers, so that
      a low rigidity design and minimum dimensions for the lower roller are
      still readily attainable.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for providing a permanent image on a substrate of substantial
      width, wherein the image is a fixed powder image of electroscopic toner
      powder, comprising means for fixing the toner powder image to said
      substrate, which means consists essentially of means establishing a feed
      path for the workpiece, a plurality of pairs of unheated pressure rollers
      disposed on parallel axes along said feed path and each having a contact
      nip, in which the contact nip of each pair of rollers is no more than
      about three inches in length, and thereby establishes a treatment track of
      its own width substantially narrower than the width of a workpiece to be
      treated, in which each roller pair is individually loaded, in which the
      pairs are offset and so disposed as to produce overlap between the
      treatment tracks of the roller pairs, and in which the pairs are
      sufficient in number and so arranged as to produce a complete
      uninterrupted pressure treatment area of the desired width as the
      workpiece is fed between the rollers.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 in which at least one roller of each
      pair is of a material having a modulus of elasticity in compression of
      between 100,000 psi. and 2,000,000 psi.
NUM  3.
PAR  3. Apparatus as set forth in claim 1 in which there are two sets of
      rollers, each set comprising a long common roller cooperating with a
      plurality of spaced coaxial roller segments, and in which the plurality of
      segments cooperating with one of said common rollers is arranged to span
      the gaps between the segments cooperating with the other of said common
      rollers.
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ABST
PAL  Pressure controlled milk termination means wherein the top of a diaphragm
      is connected with the milk line by a vacuum communication conduit and the
      bottom of the diaphragm with the air line, but the bottom of the diaphragm
      having an air bleed aperture leading thereinto so that there is a constant
      differential of pressure acting on the diaphragm and of sufficient
      magnitude to bias the diaphragm upwardly. The diaphragm has coupled to it
      a valve member which is effective in closing the air bleed aperture, and
      the arrangement is such that when the air bleed aperture is closed, vacuum
      is supplied to a cylinder containing a piston which, when it lifts, lifts
      the claw away from the cow which has just been milked, and at the same
      time closes the vacuum communication conduit leading from the claw to the
      milk line.
BSUM
PAR  This invention relates to means for the control of milking termination, and
      is intended for use in conjunction with a milking machine of the most
      usual kind, that is a machine having a vacuum pump which is coupled to
      both a vacuum air line and a vacuum milk line, and wherein a claw is
      coupled to the milk line by a flexible hose. Such machines are in common
      use for the milking of dairy cows.
PAC  BACKGROUND OF THE INVENTION
PAR  One of the difficulties which is encountered in the milking of dairy cows
      is difficulty of accurately sensing when a machine should be removed from
      a cow. It has been found that timers are unsatisfactory since a cow might
      vary from day to day, and the period of time required to finish milking
      different cows varies widely within a single herd.
PAR  Efforts have been made to automatically release the teats of a claw from a
      cow upon termination of milking, and while these efforts have been
      successful as far as mechanical removal of the claw is concerned, they
      have not been completely successful as far as sensing the termination of
      milking cycle is concerned. For example if a milk flow sensor device is
      used, unless it is of a very elaborate and expensive electronic type, it
      is liable to contamination and requires tedious cleaning operations.
      Furthermore it is subject to failure under certain conditions.
PAR  The main object of this invention is to provide milking termination means
      which is pressure controlled, that is, which responds to the slight
      decrease in pressure (that is, increase in vacuum) which occurs at the end
      of milking.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly the invention may be summarised as including a diaphragm, the top
      of the diaphragm being in communication with the milk line and the bottom
      of the diaphragm with the air line, but the bottom of the diaphragm having
      an air bleed aperture leading thereinto so that there is a constant
      differential of pressure acting on the diaphragm and of sufficient
      magnitude to bias the diaphragm upwardly. The diaphragm has coupled to it
      a valve member which is effective in closing the air bleed aperture, and
      the arrangement is such that when the air bleed aperture is closed, vacuum
      is supplied to a cylinder containing a piston which, when it lifts, lifts
      the claw away from the cow which has just been milked, and at the same
      time closes the vacuum communication conduit leading from the claw to the
      milk line.
PAR  It has been found that by sensing the pressure with a diaphragm of
      relatively large dimension (preferably about seven inches diameter), the
      device can be very sensitive to minute variations of pressure, even less
      than 0.1 inches of mercury, while at the same time the device may have an
      inbuilt hysteresis which prevents inadvertent actuation upon unexpected
      peaks of vacuum occurring.
PAR  More specifically, the invention consists of pressure controlled milking
      termination means comprising a diaphragm housing containing a diaphragm
      sealably secured around its periphery to the housing, a milk line vacuum
      communication conduit coupled to the milk line and terminating in the
      housing on one side of the diaphragm, an air line conduit coupled to the
      air line and terminating in the housing on the other side of the
      diaphragm, an air bleed aperture opening to atmosphere in air flow
      communication with said other side of the diaphragm, the aperture being of
      sufficient dimension to reduce the vacuum effective on said other side, a
      piston and cylinder assembly, a vacuum conduit extending between the
      piston and cylinder assembly and the diaphragm housing, and a flexible
      line depending from the piston coupled to the claw so that actuation of
      the piston within the cylinder lifts the claw, and a diaphragm operated
      valve coupled to the diaphragm and operable to place said vacuum conduit
      into air flow communication with one of the said vacuum lines upon
      reduction of air pressure on said one side of the diaphragm thereby
      effecting said actuation of the piston within the cylinder.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention is described hereunder in some detail with
      reference to and is illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a pressure/time diagram illustrating the fluctuation of pressure
      during a typical milking cycle,
PAR  FIG. 2 is a diagrammatic representation of the invention and
PAR  FIG. 3 is an enlarged section of the diaphragm housing, diaphragm and valve
      arrangement used.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the ordinate represents inches of vacuum and the abscissa
      represents time, there being shown a differential of 2 inches of vacuum
      and a period of about 12 minutes which is an average milking period. The
      figure designated 10 is a typical graph as plotted by a conventional slow
      speed recorder showing the pressure existing at the claw, the lines 11
      designating the upper and lower excursions of pressure during the milking
      period. The upper dotted line 12 represents the vacuum drawn by a vacuum
      pump of a milking machine (not shown) the vacuum being shown as fifteen
      inches of vacuum. The lower dotted line 13 represents the reference
      pressure which, as described below, exists on the under side of a
      diaphragm. It should be noted that the shapes of the graphs 10 vary widely
      in both degrees of difference of vacuum and in time for different animals,
      but one characteristic is common to all graphs 10, that at the termination
      of milking there is a slight increase in vacuum. It is unusual for this
      increase in vacuum to be less than 0.1 inches of vacuum, and it is usually
      in the order of 0.3 inches of vacuum. It is this difference in pressure
      which is utilised in this invention to control the milking termination. It
      is of course important that milking should be terminated as the pressure
      drops, since it is believed that much of the veterinary difficulty
      encountered with cows is due to either over or under milking.
PAR  In FIG. 2 there is shown a diagrammatic representation of the milking
      termination means. A diaphragm housing is designated 18 and contains a
      diaphragm 19 which is sealably secured within the housing around its
      periphery 20. A milk line vacuum communication conduit is designated 21,
      and this connects the housing on the upper side of the diaphragm 19 to a
      flexible hose 22 coupled to a claw 23 at one end and coupled to a vacuum
      milk line 24 at the other. The connection is through a T-piece designated
      25 to which is attached a lifting loop 26, the T-piece being adjacent the
      claw 23 and being so arranged that when lifted by the lifting loop 26, the
      claw 23 kinks the hose 22 as shown in FIG. 2 and thereby terminates any
      flow of fluid through the hose 22 into the vacuum milk line 24.
PAR  The under side of the housing has a needle valve 28 therein and this is
      coupled to a vacuum air line 29.
PAR  An air bleed aperture 32 opens to atmosphere in the bottom of the housing
      18, but extends through the housing wall to communicate with the space
      beneath the diaphragm 19. The air bleed aperture is of such dimension and
      the needle valve 28 is so adjusted that the difference between the
      pressures on the upper and lower sides of the diaphragm 19 is about 0.5
      inches of vacuum, illustrated by the lines 12 and 13 on FIG. 1.
PAR  A piston and cylinder assembly designated generally 35 comprises a cylinder
      36 which is mounted vertically and within which a piston 37 is slidable. A
      flexible line 38 couples the piston 37 to the lifting loop 26, and the
      arrangement is such that when the piston 37 is actuated to move upwardly
      within the cylinder 36, the flexible hose 22 is kinked as shown in FIG. 2
      and as described above.
PAR  A vacuum conduit 40 extends between the cylinder 36 and the housing 18, and
      is normally in communication with the atmosphere.
PAR  The diaphragm 19 has a central stem 41 depending therefrom, the stem 41
      terminating at its lower end in a discoid shape valve member 42 which is
      formed from rubber, and intermediate the ends of the central stem there is
      disposed a U-cup 43 slidable within a bore 44. When the vacuum slightly
      increases at the end of the milking period, the diaphragm rises, the valve
      member 42 seals against the valve seat 144 which is constituted by the
      lower end of the housing 18, and the air bleed aperture 32 is no longer
      open to atmosphere. The vacuum air line 29 then draws air from the
      cylinder 36, through the vacuum conduit 40, and through the air bleed
      aperture 32, thus reducing the pressure within the cylinder 36 and causing
      the piston to rise. It will be seen however that a temporary rise in
      vacuum followed by a return to normal will cause little or no movement in
      the piston 37, so that the device may be regarded as having in-built
      hysteresis which is valuable in preventing premature termination of
      milking.
PAR  One of the difficulties encountered with certain herds of cattle is that
      some cattle have a hiatus after initial milking, but it has been noted
      that this hiatus seldom if ever exceeds 3 minutes. To prevent termination
      of milking during the hiatus, the housing 18 is provided with a depending
      bracket 48 in carrying on its lower end a spring return timer 49 of known
      type. Many types of timers are available, but in this embodiment the type
      which is used is a readily available proprietary line wherein a dash-pot
      or diaphragm member is moved by spring actuation against air pressure.
      When the handle 50 is pulled downwardly, its cord 51 coupled to the
      cranked lever 52 lifts a second valve member constituted by a suction cup
      53 from a secondary air bleed aperture 54. However after three minutes
      have elapsed (or whatever other time the timer is set for) the timer urges
      the cup 53 to seal the aperture 54. It will be clear that if either one of
      the two apertures 54 or 32 are open to atmosphere, the piston 37 will not
      be actuated to rise within the cylinder 36.
PAR  A series of tests have indicated that a device constructed in accordance
      with the above embodiment is successful in terminating the milking period
      of animals having widely different characteristics. It is found that the
      device requires little maintenance, and is not distressing to the cows
      since the air bleed conduit existent in the claw 23 quickly allows release
      of suction of the cups on the cow's teats. Use may be made if desired of a
      secondary air bleed aperture in the milk line conduit 21, but the aperture
      will require protection with a short length or sleeve of gauze since it
      may be easily blocked by insects. However these and other minor variations
      will be seen to lie within the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Pressure controlled milking termination means for use in conjunction
      with a milking machine of the kind having a vacuum pump coupled to both a
      vacuum air line and a vacuum milk line and a claw coupled to the milk
      line, by a flexible hose, comprising:
PA1  a diaphragm housing containing a diaphram sealably secured around its
      periphery to the housing,
PA1  a milk line vacuum communication conduit coupled to the milk line and
      terminating in the housing on one side of the diaphragm,
PA1  an air line conduit coupled to the air line and terminating in the housing
      on the other side of the diaphragm,
PA1  an air bleed aperture opening to atmosphere and in air flow communication
      with said other side of the diaphragm, the aperture being of sufficient
      dimension to reduce the vacuum effective on said other side,
PA1  a piston and cylinder assembly, a vacuum conduit extending between the
      cylinder and the diaphragm housing, and a flexible line depending from the
      piston coupled to the claw so that actuation of the piston within the
      cylinder lifts the claw,
PA1  and a diaphragm operated valve coupled to the diaphragm and operable to
      place said vacuum conduit into air flow communication with one of said
      vacuum lines upon reduction of air pressure on said one side of the
      diaphragm thereby effecting said actuation of the piston within the
      cylinder.
NUM  2.
PAR  2. Pressure controlled milking termination means according to claim 1
      wherein said milk line comprises two lengths of flexible hose one of which
      is longer than the other, the means further comprising a tubular T-piece
      interconnecting the milk line vacuum communication conduit and contiguous
      ends of the flexible hose, the other end of the shorter length of flexible
      hose engaging an outlet conduit on the claw, and a lifting loop on the
      T-piece, said flexible line being secured at its lower end to the lifting
      loop and thereby to said claw through the shorter length of flexible hose,
      the length of which is such that it kinks upon lifting of the claw by the
      flexible line, thereby closing the hose.
NUM  3.
PAR  3. Pressure controlled milking termination means according to claim 1
      wherein said diaphragm operated valve comprises a valve member, means
      coupling the valve member to the diaphragm, and a valve seat on said
      housing cooperable with said valve member, so constructed and arranged
      that when the valve is open there is free passage of atmospheric air
      through the vacuum conduit to said cylinder but upon closure of the valve
      both said air bleed aperture and said passage are isolated from
      atmospheric air by the valve member, and the cylinder is placed into air
      flow communication with the vacuum air line through the air bleed
      aperture.
NUM  4.
PAR  4. Pressure controlled milking termination means according to claim 1
      further comprising a second air bleed aperture through the housing in air
      flow communication with the vacuum conduit, a timer secured to the
      housing, the timer having a plunger projecting therefrom, a second valve
      member on the lever arm co-operable with a surface of the housing to open
      or close the second air bleed aperture, so constructed and arranged that,
      at the commencement of a milking cycle, if the lever arm is rotated about
      its hinge, it engages and depends the plunger on the timer and also moves
      the second valve member away from the housing surface to open the second
      air bleed aperture, but upon release is urged by the timer to again close
      the second air bleed aperture after a period of time has elapsed but
      before said first valve member closes.
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ABST
PAL  A teat cup has a shell and an inner flexible inflation that hermetically
      seals each end of the shell, preferably leaving an elliptical space
      between the outer surface of the inflation and the inner surface of the
      shell. An aperture or opening in the shell communicates air to relieve the
      vacuum in the space when a valve in the aperture is moved by the
      collapsing and flattened inflation. The valve can be moved by the
      inflation located in the space or the valve can be pivoted by the
      flattened inflation to expose or register with a vacuum source or ambient
      atmosphere. The inflation is pulsed by a constant source of vacuum
      connected to an entrance that also leads to the space. The entrance can be
      valved shut by the inflation and a projection on same that is closely
      adjacent to the entrance. Also, a pair of inflations have their valved
      apertures interconnected to one another by a first conduit and a source of
      constant vacuum in communication with the entrances of the shells
      connected to one another by a second conduit so that the tandem pulsation
      of the inflations moves air back and forth through the first conduit.
BSUM
PAR  This invention relates to "self pulsating" teat cups, or more accurately,
      teat cups that are connected to a constant source of vacuum and are valved
      to periodically contract and expand their inflations; i.e. the central
      portions of the inflations alternately collapse from a generally round
      shape to a flat condition in which the inflation is expanded in one
      direction and contracted in another direction.
PAR  The usual milking claw systems use pulsators to cycle air withdrawal from
      the space between a teat cup's outer shell and inner inflation. In
      general, the pulsators are connected to the teat cups by hoses and
      remotely located from the teat cups being pulsed so that a large volume of
      air is moved during each pulse and upon release, the cycle is repeated.
      Also the conventional systems using pulsators have electrical connectors,
      wires and pneumatic connections that are subject to malfunction and other
      disadvantages.
DRWD
PAR  It is an object of the present invention to provide a teat cup system with
      a valving system that elminiates the conventional pulsator and reduces the
      many disadvantages of using the same. These and other objects will be
      apparent from the below description and appended drawings in which:
PAR  FIG. 1 is an elevation with parts broken away of a teat cup in relaxed
      condition;
PAR  FIG. 2 is an elevation of the FIG. 1 teat cup in expanded condition;
PAR  FIG. 3 is an enlarged fragmentary view of the valve in the teat cup shell;
PAR  FIG. 4 is a front elevation in part of a modified teat cup;
PAR  FIG. 5 is a side elevation in part of the FIG. 4 teat cup;
PAR  FIG. 6 is a perspective view of a pair of teat cups interconnected to one
      another;
PAR  FIG. 7 is an elevation with parts broken away of another teat cup;
PAR  FIG. 8 is an elevation with parts broken away of still another teat cup;
PAR  FIG. 9 is a section of the FIG. 8 teat cup taken along the lines of IX --
      IX;
PAR  FIG. 10 is a view similar to that of FIG. 9 with the inflation collapsed;
PAR  FIG. 11 is an enlarged top section of the valve member shown in FIGS. 8 and
      9;
PAR  FIG. 12 is a front elevation of the FIG. 11 valve member;
PAR  FIG. 13 is a perspective view of a modified valve member;
PAR  FIG. 14 is a perspective view of still another valve member;
PAR  FIGS. 15 and 16 are top sectional views of a teat cup with a further
      modified valve member illustrating expanded and contracted states of the
      inflation;
PAR  FIG. 17 is a perspective view of the valve member shown in FIGS. 15 and 16;
PAR  FIG. 18 is a section in part of another teat cup with a still further valve
      member;
PAR  FIG. 19 is a side sectional view of the FIG. 18 teat cup and valve;
PAR  FIG. 20 is a front elevation of a teat cup having an elliptical insert;
PAR  FIG. 21 is a side elevation of the FIG. 20 teat cup; and
PAR  FIG. 22 is a plan view of the insert.
DETD
PAR  In FIGS. 1 - 3, a teat cup including an outer rigid shell 11 and an inner
      flexible inflation 3 of resilient rubber or equivalent is shown with the
      top 7 of the inflation having corrugations 9 and a flap 10 folded over the
      shell 11 to provide an air tight seal. The bottom portion of the inflation
      3 has a groove 12 which accepts the bottom of the shell in another
      hermetic seal so that applying a vacuum through an entrance such as nipple
      13 will cause the inflation 3 to expand within the shell 11.
PAR  A resilient leaf spring 5 of spring steel or comparable material is bowed
      inwardly towards inflation 3 and the lower end 5a of spring 5 is free to
      operate as a flap and seal the nipple 13 entrance when the spring 5 is in
      an unbiased condition (FIG. 1). The other end of spring 5 can be adhered
      to the inner surface of the shell. Valve 6 is fitted so that its stem
      passes through an aperture 10 through the shell wall. The shell 11 is
      oblong in section being the same as the FIG. 10 shell in this respect.
PAR  In the FIGS. 1 - 3 teat cup, there can be one or two sources of vacuum, but
      in either case the vacuum source that communicates to the interior of the
      inflation can be constant and the same or a second source of constant
      vacuum that communicates through nipple 13 to the space between inflation
      3 and shell 11 can also be constant.
PAR  In its normal relaxed condition, inflation 3 (FIG. 1 does not bias the
      spring 5 or valve 6, but once a cow's teat is inserted within the
      inflation 3 to establish a reduced pressure within the inflation, the
      latter collapses and flattens (FIG. 2) to push spring 5 and valve 6
      outwardly. The spring is snapped or "cricketed" upon substantial total
      collapse of inflation 3 and the valve 6 vents the interior of the shell 11
      to the atmosphere. Also, flap 5a is then snapped open whereupon the
      inflation 3 is allowed to assume the FIG. 1 condition.
PAR  As seen in FIG. 3, the aperture 10 is slightly enlarged to permit the entry
      of atmospheric air around the stem when valve 6 is urged outwardly by the
      flattened inflation 3 and spring 5. Thus, air is admitted to equalize the
      pressure within the space between shell 11 and inflation 3 when the latter
      is substantially completely flattened by vacuum, whereupon it contacts the
      bow of spring 5 and pushes same towards the shell's aperture 10. At that
      time, the end 5a pivots to open the entrance to nipple 13 and the vacuum
      source. The outer cap of valve 6 seals aperture 10 when the valve is in
      normal position as shown in FIG. 1.
PAR  When the vacuum is applied constantly through nipple 13 and within the
      inflation 3, in the order of about 10 - 18 inches of mercury, the
      inflation 3 is periodically contracted and released so that spring end 5a
      is first closed and valve 6 is briefly pushed outwardly admitting air
      through aperture 10. Then inflation 3 collapses to open flap 5a whereupon
      the inflation returns to a generally round configuration, and the vacuum
      within inflation 3 is unrelieved, allowing spring 5 to assume a bowed
      position as shown in FIG. 1. The periodic contraction and release of the
      inflation 3 simulates the function of a pulsator, so that when the teat
      cup 1 is attached to an animal and vacuum applied to the interior of the
      inflation, milking takes place.
PAR  In FIGS. 4 and 5, a modified teat cup is shown in which the entire shell 21
      is flattened when viewed from the side (FIG. 5) and the space within the
      shell elliptical when viewed in section so that, when the inflation 23 is
      collapsed within the shell 21, the inflation 23 itself flattens to conform
      to the inner dimensions of shell 21. The inflation 23 shown in FIGS. 4 and
      5 can be similar to that shown in FIGS. 1 - 3 except that the nipple 25
      enters the shell 21 opposite a button projection 27 which can be integral
      with the inflation. When the inflation is being flattened, the projection
      27 of inflation 23 need only move a very small distance to unseat and open
      the entrance of nipple 25 to the vacuum source allowing the resilient
      inflation to return to a round shape.
PAR  Then, a valve 26 having its stem passing through an enlarged aperture 30
      and affixed to the inflation, is urged outwardly, upon full collapse of
      inflation 23. When ambient pressure is admitted by the movement of valve
      26 outwardly, air enters the shell through aperture 30 to the space
      between the shell and inflation until the inflation 23 flattens
      sufficiently to again expose the entrance of nipple 25, and a vacuum is
      established within the interior of shell 21. With the inflation 23 thus
      expanding and contracting, the teat cup is pulsed in the same manner as if
      accomplished by a pulsator. The vacuum applied to nipple 25, however, is
      constant and of the order of about 10 - 18 inches of mercury.
PAR  The aperture 30 and nipple entrance can be located in a cylindrical lower
      necked down portion of shell 21 and preferably about 90.degree. removed
      from one another. Again, it will be appreciated that the reduced pressure
      within inflation 23 remains unrelieved and contributes to the collapse and
      flattening of the inflation 23. In the flattened state, the inflation is
      expanded in one direction but collapsed in another.
PAR  In FIG. 6, two teat cups 101a and 101b similar to the FIGS. 4 and 5 teat
      cup are shown connected to one another to alternately cycle and pulse with
      one inflation 123 contracting while the other inflation 123 expands. The
      shells 121 are the same as shell 21 of FIGS. 4 and 5 with entrances 130
      and nipples 125 having openings that are interconnected via hose conduit
      103. However, the entrances 103 are not closed by valves, but directly
      communicate with one another by a second conduit 105 and to a source of
      constant vacuum.
PAR  Inherently, one inflation will collapse before the other inflation so that
      if the inflation in the teat cup 101a shown in FIG. 6 collapses first,
      some air is shunted to the other teat cup 101b via hose 103 until a valve
      127 in the form of a button or projection shuts off the opening in nipple
      125. The constant vacuum in communication with shells 121 of teat cups
      101a and 101b, ensures that the inflations can collapse in tandem. After
      collapse, the inflation of teat cup 101b expands so that air is shifted
      back to teat cup 101a. It must be remembered that vacuum is applied to the
      bores or interiors of each teat cup and that the cow's teats seal the
      inflations.
PAR  The normal leakage that takes place in the teat cups is more than
      compensated for by the source of constant vacuum and the teat cups 101a
      and 101b pulse in tandem with one another.
PAR  Thus, in one arrangement, a claw with two pairs of such teat cups can have
      their forward teat cups interconnected to one another and the rear two
      teat cups connected to pulse in tandem.
PAR  In FIG. 7, a teat cup 201 including shell 211 and inner inflation 203 with
      flap 210 folded over shell 211, has a valve 206 fitted in aperture 210,
      and the valve 206 biased by a spring 205 in a manner similar to the FIG. 1
      - 2 arrangement. Again, the shell 211 has a pulsation nipple 213 and the
      spring 205 has a lower closure end 205A that periodically closes the
      entrance of vacuum influence via nipple 213 to the space between shell 211
      and inflation 203 when the latter flattens. The teat cup 201 is thus
      pulsated much the same as teat cup 1 in FIGS. 1 and 2, but instead of the
      nipple leading as a separate pulsation line to a vacuum source, the nipple
      213 is connected in open communication with the lower end of inflation 203
      below the groove 212 fitting with shell 211.
PAR  The FIG. 7 arrangement results in an improved and simplified system in that
      milk is quickly flushed from teat cup 201 which cannot flood. Also, the
      pulsation vacuum cannot be greater than the milking vacuum within the
      inflation 203 itself. In conventional systems wherein there are separate
      sources of vacuum to pulsate and to withdraw milk from the teat cup,
      flooding of the teat cup can temporarily occur. Such flooding occurs
      unless the milk conduit from the teat cup is large enough to admit
      displacing air to the cup during the milking of a fast milking cow.
      Otherwise, leakage around the teat and inflation seal is the means of
      displacing the milk and allowing same to pass to the receiver and bulk
      tank.
PAR  In FIG. 7, the connection of nipple 213 to the hose portion 203A, the air
      within nipple 213 allows milk to flush out of the portion 203A. Also, the
      timing is such that air enters the portion 203A from nipple 213 as the
      spring valve closure 205A opens so that the air between shell 211 and
      inflation 203 is evacuated.
PAR  In FIG. 8, a modified teat cup 301 is shown which is similar to the FIG. 1
      teat cup but has a thickened shell 311. A nipple 313 leads through the
      wall of the thickened shell 311 which has an enlarged and generally
      circular space 320 that houses a turnable ball valve 325 having a passage
      326 horizontally oriented. The space between inflation 303 and shell 311
      leads to the atmosphere through a duct 315 and to a vacuum source via
      nipple 313 and entrance 317. The valve 325 is fastened to a semi circular
      support 330 with arc segments to each side of the valve 325 which segments
      are bent on a smaller radius than the interior of the shell 311.
PAR  The cross section of the interior of shell 311 is oblong or elliptical as
      seen in plan view so when the inflation flattens during collapse (FIG. 9)
      it bears on one segment of support 330 and valve 325 is turned so that
      passage 325 is moved in register with entrance 317. Upon return to normal
      shape, inflation 303 urges the other segment of support 330 in the
      opposite direction to rotate valve 325 and move same to place duct 315 in
      register with passage 326. The final result is that vacuum via nipple 313
      is established and the inflation is released to its full normal shape as
      seen in FIG. 10. In FIG. 10 the inflation has filled out to lightly bear
      on each segment of support 330. Thereafter, valve 325 is rotated until
      passage 326 is turned in register with duct 315 leading to ambient
      pressure. It will be appreciated that the inflation described herein do
      not "balloon," but rather collapse and flatten, then return to normal
      generally round shape upon release.
PAR  In FIG. 13, a valve 344 is shown with support 330 similar to that seen in
      FIGS. 8 - 12 except that the valve body 345 is shaped in the general
      configuration of a cone having a passage 346 that alternatively registers
      with entrance 317 and duct 315 the same as ball valve 325. The space
      corresponding to space 320 in FIG. 10 can be configured to the shape of
      the cone valve 345. Otherwise, the parts and operation are the same as set
      forth in connection with FIGS. 8 - 12.
PAR  FIG. 14 shows a modified valve 354 having a support 330 and a body 355 in
      cylinder shape with passage 356. The disclosure given above in connection
      with FIG. 13 is repeated.
PAR  In FIGS. 15 - 19 a modified valve 450 in the general shape of a hinge pin
      is shown pivoted to the shell 411. The thickened shell 411 is configured
      much the same as shell 311 except space 320 is omitted, but an entrance
      417 leads to nipple 413 normally under a vacuum and a duct 415
      communicates with the ambient atmosphere. The valve 450 has arms 451 and
      455 connected by pin portion 453. The arm 451 has a straight portion 452
      adjacent portion 453 and an outer hook-shaped and 458 that interfits with
      the inner shell wall 411A opposite the end of the collapsed inflation as
      seen in FIG. 16. The opposite arm 455 is bent outwardly at its end 460 and
      has a straight portion 461 near its juncture with hinge portion 453.
PAR  In operation, the hinge portion 453 is pivoted and retained within a groove
      449 in the inner wall of shell 411, between entrance 417 and duct 415 so
      that the valve 450 can alternatively open and close same.
PAR  The operation of the valve 450 is shown in FIGS. 15 and 16 which correspond
      generally to FIGS. 9 and 10 except that duct 415 is lined with a magnet
      sleeve 420 that holds the valve 450, the latter preferably being stainless
      steel.
PAR  In FIGS. 18 and 19 a modified hinge pin valve is shown that is the same as
      the FIGS. 15 - 17 valve except that the hinge portion 453 has a disc 480
      with an aperture 481 that is housed within a recess 478 of shell 500. As
      seen in FIG. 18, the aperture 481 of disc 480 is in communication with
      atmospheric opening 500.
PAR  The inflations of the various teat cups described herein are shown with a
      conventional fit at the top of their corresponding shells. In copending
      application Ser. No. 449,009 filed Mar. 7, 1974, a stretch teat cup is
      disclosed having a spring member fitted at the upper "bell" portion of the
      inflations. Such spring members can be used in the present invention and
      when made in oval or oblong configuration, the inflations are encouraged
      to assume a flattened state by such spring members. Thus, the inflations
      will invariably collapse and flatten in one direction only.
PAR  In FIGS. 20 and 21, a teat cup 600 has an elliptical shell 610 and a
      conventional inflation 603 mounted therein to leave a sealed space 604
      within the shell 610. The inflation 603 is essentially the same as that
      shown in FIGS. 1 - 2 and 4 - 5 with an outer flap 609 that seals the upper
      part of space 604 when folded down over the shell 610 as shown. The nipple
      and valve of the FIG. 4 - 5 teat cup is identical to those shown in FIGS.
      20 - 21 so that the actual numbers have been omitted.
PAR  The upper rim of the shell 610 is elliptical in configuration to receive an
      insert 601 which is in effect a space ring having a shoulder 606 that
      rests on the shell rim. The inner perimeter 613 of the insert 601 is
      rounded to snugly bear on the upper bell portion of inflation 603 and
      conform the inflation at this point. The interior of the shell is
      substantially elliptical so that the inflation, upon collapse, expands
      outwardly in line with the longest axis of the shell 610 and insert 601.
PAR  The insert 601 can be made of washable plastic or rubber with through holes
      615 to allow drainage when the teat cup 600 is cleaned in place. The
      insert 601 supports and shapes the bell portion of inflation 603 adjacent
      the pulsating area.
PAR  The inflations in the various embodiments are all flexible or resilient and
      thus responsive to the degree of vacuum in the space between the shells
      and inflations. The inflations are also responsive to the reduced pressure
      within the inflations which, in effect, is initially responsible for the
      collapse of the inflations during the pulsation cycles.
PAR  Numerous modifications have been described, but the scope of the invention
      is not intended to be limited except as set forth in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A teat cup comprising an outer substantially rigid shell of hollow
      construction and an inner resilient inflation, said inflation extending
      through said shell and the interior of said inflation being adapted to
      communicate with a source of reduced pressure, said shell being
      hermetically sealable at each end with respect to said inflation, said
      inflation being housed within the shell in spaced apart relationship,
      entrance means leading through said shell to the space between the shell
      and said inflation, said entrance means being connectable to a constant
      source of vacuum to reduce the pressure in said space, an aperture in said
      shell leading to a source of air and movable valve means within said space
      being associated with said inflation, said valve means being movable in
      one direction by the inflation in its flattened and collapsing condition
      to admit air through the aperture to said space, and said valve means
      being movable in a second direction to expose said entrance means whereby
      vacuum is established within said space permitting said inflation to
      return generally round shape and close said aperture, said valve means
      being periodically movable to vary the degree of vacuum within said space.
NUM  2.
PAR  2. A teat cup according to claim 1, wherein said valve means comprises a
      cap on a stem, said cap being located outside of the shell and said stem
      extending loosely through said aperture, whereby air passes through the
      aperture and around the stem when said valve is moved outwardly.
NUM  3.
PAR  3. A teat cup according to claim 2, wherein a leaf spring is positioned in
      said space and bowed inwardly to normally bias said inflation to an
      unexpanded condition.
NUM  4.
PAR  4. A teat cup according to claim 3, wherein said spring is interposed
      between the valve and said inflation with at least one end of the spring
      being free to move, whereby the spring bends outwardly to contact said
      valve and move same to an unseated condition when said inflation is
      flattened.
NUM  5.
PAR  5. A teat cup according to claim 2, wherein the stem of said valve is
      attached to said inflation.
NUM  6.
PAR  6. A teat cup according to claim 5, wherein said inflation has a projection
      opposite and adjacent the entrance of said shell, whereby the entrance and
      vacuum source is valved shut by the pulsated inflation.
NUM  7.
PAR  7. A teat cup according to claim 1, wherein a central portion of said shell
      is generally elliptical in configuration when viewed in cross section.
NUM  8.
PAR  8. A teat cup according to claim 7, wherein said entrance is located in a
      lower reduced portion of said shell and about 90.degree. removed from said
      aperture.
NUM  9.
PAR  9. A teat cup according to claim 1, wherein said valve means is positioned
      to open and close said entrance.
NUM  10.
PAR  10. A teat cup comprising an outer substantially rigid shell of hollow
      construction and an inner flexible inflation, said inflation extending
      through said shell and said shell being hermetically sealed at each end by
      said inflation, a space being defined between the inner surfaces of the
      shell and the outer surfaces of the inflation, the inner surfaces of said
      shell being configured to a general elliptical shape, when viewed in plan,
      and an entrance leading into said space, said entrance being connectable
      to a source of constant vacuum to reduce the pressure in said space and
      periodically flatten said inflation to conform to the elliptical shape of
      the shell, whereby said inflation is pulsed, a valved aperture leading
      from a source of air through said shell to said space, a movable valve on
      said cup and said valve being associated with said inflation, said valve
      being movable by the pulsations of the inflation to open and close said
      aperture and said space to the entry of air thereby allowing periodic
      pressure changes within said space.
NUM  11.
PAR  11. A teat cup according to claim 10, wherein said valve is turnably
      mounted within said shell and movable by said inflation to open said
      entrance while closing said aperture and vice versa.
NUM  12.
PAR  12. A teat cup according to claim 11, wherein said valve has a central
      turnable portion and a curved arm segment on either side of said central
      portion.
NUM  13.
PAR  13. A teat cup according to claim 12, wherein said aperture and said
      entrance are located on opposite sides of said central portion.
NUM  14.
PAR  14. A teat cup according to claim 12, wherein said central portion has a
      passageway that is alternatively placed in register with said entrance and
      said aperture when said valve is turned.
NUM  15.
PAR  15. A teat cup according to claim 14, wherein said central portion is a
      pivoted disc and said shell has a recess to receive said disc, said
      entrance and said aperture each having a vertical portion that is
      registrable with said passageway and an integral horizontal portion that
      is open to ambient pressure.
NUM  16.
PAR  16. A teat cup according to claim 12, wherein said central portion is a
      sphere with a passageway that is alternately registrable with said
      entrance and said aperture.
NUM  17.
PAR  17. A teat cup comprising an outer substantially rigid shell of hollow
      construction and an inner resilient inflation, said inflation extending
      through said shell and the interior of said inflation being adapted to
      communicate with a source of reduced pressure, said shell being
      hermetically sealable at each end with respect to said inflation, said
      inflation being housed within the shell in spaced apart relationship,
      entrance means leading through said shell to the space between the shell
      and inflation and said entrance means being directly connected to the
      interior of a lower portion of said inflation below said shell, a valved
      aperture in said shell leading to a source of air and means for
      periodically exposing and closing said aperture to vary the degree of
      reduced pressure established within said space and pulsate said inflation.
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ABST
PAL  A fully vehicle mounted hydraulic-actuated cow catch-carrier having a frame
      mountable cantilever fashion on a vehicle and including a back wall
      arrangeable adjacent and transverse to the vehicle and spaced,
      substantially side walls extending substantially perpendicularly from
      transverse ends of the back wall. A pair of gates are pivotally mounted
      each on a respective one of the side walls at points thereon spaced from
      the back wall and arranged for being independently swung by,
      advantageously, hydraulic motors into planes substantially parallel to the
      back wall for forming an enclosure in conjunction with the back and side
      walls. The frame is preferably provided with a floor arranged for
      receiving an animal gathered by the gates with the floor being arranged
      forming a bottom to the aforementioned enclosure. The floor is
      advantageously movable relative to the frame for being lowered to ground
      level in order to facilitate loading of an animal onto the floor, or
      platform, by means of the hydraulically powered gates. This movable floor
      also serves as a jack for facilitating attachment of the frame to and
      removal from the front end of a pickup truck, or similar vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a device for gathering and carrying an
      animal for the purpose of transporting sick or troubled animals, and
      particularly to a fully vehicle mounted hydraulic-actuated animal
      catch-carrier.
PAR  2. Description of the Prior Art
PAR  It is frequently desirable to catch cattle and similar livestock, such as
      sheep, when the animals are out on range land and to transport the animals
      to a pertinent site. This is particularly the case when animals are
      discovered to be sick or injured, or the like, and must be given
      veterinary treatment. Toward this end, it has been proposed to provide
      animal catching devices such as shown in U.S. Pat. No. 3,095,858, issued
      July 2, 1963 to Oscar E. Bauer. This known device, which is pivotally
      mounted to the front end of a motor vehicle and partially supported by
      self-contained wheels, surrounds and encloses suitable range animals while
      the animals remain in standing or running position on the ground. Thus,
      while this known device is capable of surrounding and enclosing animals,
      it does not provide for subsequently transporting the captured animals.
PAR  Other prior patents believed pertinent to the present invention are as
      follows:
TBL  1,298,996        Apr. 1, 1919                                             

     2,729,196        Jan. 3, 1956                                             

     3,785,349        Jan. 15, 1974                                            

PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an animal catching
      device that permits subsequent transport of animals caught.
PAR  It is another object of the present invention to provide an animal catching
      and carrying device that is simple, yet rugged in construction, quiet in
      operation, and easy to manipulate and operate.
PAR  It is still another object of the present invention to provide an animal
      catching and carrying device that has power-operated elements controllable
      by a driver of a vehicle with which the catching and carrying device is
      associated.
PAR  These and other objects are achieved according to the present invention by
      providing a fully vehicle mounted hydraulic-actuated animal catch-carrier
      having: a frame mountable on a vehicle, the frame including a back wall
      arrangeable adjacent to and transverse of the vehicle and spaced,
      substantially parallel side walls extending substantially perpendicularly
      from transverse ends of the back wall; a pair of gates pivotally mounted
      each on a respective one of the side walls at points thereon spaced from
      the back wall, the gates arranged for swinging into substantially parallel
      planes themselves substantially parallel to the back wall for forming an
      enclosure in conjunction with the side walls and back wall; and preferably
      hydraulic motors mounted on the frame and connected to the gates for
      selectively and independently swinging the gates into and out of the
      substantially parallel planes.
PAR  The frame is preferably provided with a floor, or platform, arranged for
      receiving an animal gathered by the gates, with the floor being arranged
      forming a bottom to the aforementioned enclosure. The frame further
      advantageously includes one or more sleeves disposed parallel to the side
      and back walls and perpendicular to the floor. Each sleeve thus provided
      is furnished with a longitudinally extending member, such as a rod,
      slidably arranged in the sleeve and connected to the floor for supporting
      same. The end of the longitudinally extending member spaced from the end
      affixed to the floor is advantageously connected to an actuator
      arrangement which permits selective sliding of the longitudinally
      extending member relative to its associated sleeve and moving the floor
      toward and away from the sleeve. In this manner, the longitudinally
      extending member may be arranged for lowering the floor to ground level in
      order to facilitate loading and unloading of an animal caught by the
      aforementioned gates on the floor and within the enclosure before and
      after transporting the captured animal. Further, the floor may be employed
      for jacking up the frame by engagement of the floor with the ground or
      other supporting surface.
PAR  According to an advantageous feature of the present invention, a head gate
      is pivotally mounted on one of the gates at the outermost, or free, end
      thereof, and is arranged for swinging toward and away from the associated
      one of the gates for facilitating gathering and holding of an animal.
      Further, one of the frame side walls is advantageously in the form of a
      normally-closed further head gate arranged for selectively opening and
      permitting an animal previously captured to leave the enclosure formed by
      the frame, gate, and floor.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary, schematic, top plan view showing an animal
      catch-carrier according to the present invention mounted on a motor
      vehicle and in the initial stages of catching an animal.
PAR  FIG. 2 is a fragmentary, schematic, top plan view, similar to FIG. 1, but
      showing the animal catch-carrier according to the present invention in the
      process of loading a captured animal for transport by the device.
PAR  FIG. 3 is a fragmentary, schematic, top plan view, similar to FIGS. 1 and
      2, but showing a captured animal loaded on the carrier portion of the
      present invention for transport to a predetermined location.
PAR  FIG. 4 is a fragmentary, schematic, side elevational view showing the
      present invention subsequent to the catching of an animal, but prior to
      loading of the animal for transport.
PAR  FIG. 5 is a schematic, front elevational view, showing the present
      invention as seen in FIG. 3 of the drawings, but with the animal removed
      for clarity.
PAR  FIG. 6 is a sectional view taken generally along the line 6--6 of FIG. 3,
      but drawn to a larger scale than FIG. 3.
PAR  FIG. 7 is a sectional view similar to FIG. 6, but showing certain elements
      in a different position than shown in FIG. 6.
PAR  FIG. 8 is a front elevational, detail view showing an animal self-catch
      head gate according to the present invention.
PAR  FIG. 9 is a front elevational, detail view similar to FIG. 8, but showing
      yet another head gate according to the present invention.
PAR  FIG. 10 is a fragmentary, schematic, sectional view taken generally along
      the line 10--10 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now more particularly to FIGS. 1 through 5 of the drawings, an
      animal catch-carrier 10 according to the present invention has a frame 12
      mountable cantilever-fashion on a vehicle 14 in a manner to be described
      in greater detail below. Frame 12 includes a back wall 16 arrangeable
      adjacent to and transverse of the, for example, front end of a suitable
      vehicle 14 such as a conventional pickup truck, and the like. Spaced,
      substantially parallel side walls 18 and 20 extend substantially
      perpendicularly from transverse ends 22 and 24 of back wall 16 to form in
      conjunction with back wall 16 three walls of an enclosure.
PAR  A pair of gates 26 and 28 are pivotally mounted each on a respective one of
      the side walls 18 and 20 at points thereof spaced from back wall 16. Gates
      26, 28 are arranged for swinging about, for example, conventional hinges
      30 and 32, respectively, into planes substantially parallel to the plane
      of back wall 16 for forming in conjunction with back wall 16 and side
      walls 18 and 20 the aforementioned enclosure. Conventional linear fluid
      motors 34 and 36, which are preferably hydraulic motors, are
      advantageously pivotally mounted to suitable portions of frame 12 in a
      conventional manner and pivotally connected to gates 26 and 28,
      respectively, at points thereof spaced from hinges 30 and 32,
      respectively, for selectively and independently swinging the gates 26, 28
      into and out of the aforementioned positions substantially parallel to
      back wall 16.
PAR  Frame 12 is advantageously provided with a floor, or platform, 38 arranged
      for receiving an animal, such as the steer designated C, gathered by gates
      26 in a manner to be described below. As perhaps can best be seen from
      FIG. 3 of the drawings, floor 38 is also arranged forming a bottom to the
      aforementioned enclosure formed by gates 26 and 28 and walls 16, 18, and
      20.
PAR  Referring now in particular to FIGS. 6 and 7 of the drawings, frame 12
      further includes at least one, and preferably the illustrated plurality,
      of sleeves 40 disposed parallel to walls 16, 18, and 20 and perpendicular
      to floor 38. It has been found convenient to provide frame 12 with the
      illustrated four sleeves 40, one sleeve 40 arranged at each corner of the
      substantially rectangular frame 12. Longitudinally extending members,
      advantageously in the form of rods 42, are slidably arranged in respective
      sleeves 40 and connected, or affixed in a conventional manner, to floor 38
      for supporting floor 38. The ends of rods 42 spaced longitudinally from
      those ends of rods 42 affixed to floor 38 are advantageously connected to
      an actuator arrangement 44 which permits selective sliding of rods 42
      relative to sleeves 40 in order to move floor 38 toward and away from the
      sleeves 40. In this manner, rods 42 may be positioned relative to sleeves
      40 for causing floor 38 to engage the ground G, or other supporting
      surface, as shown in FIG. 6 in order to facilitate loading and unloading
      of animal C onto and off of floor 38, as well as to facilitate attachment
      and disattachment of frame 12 from the associated vehicle 14 by using
      floor 38 as a jack in a manner to be described in greater detail below.
PAR  Arrangement 44 advantageously includes a rocker 46 pivotally mounted on
      frame 12 as by pins 48 and having a one crank 50 connected to rod 42.
      Arrangement 44 further includes a conventional linear fluid motor 52,
      which is advantageously a hydraulic motor similar to motors 34 and 36,
      pivotally connected in a conventional manner to frame 12 and to the other
      crank 54 of rocker 46 for selectively pivoting rocker 46 and moving rods
      42 relative to sleeves 40. Connection of crank 54 to rods 42 is
      advantageously effected by a pair of transversely oriented bars 55 (FIG.
      2) connected directly to an associated pair of rods 42 and connected
      together as by the cross member 56 and the T-element 57. Crank 54 is
      pivotally connected at the free end thereof to the lower, or downward, end
      of the stem of element 57. As will be readily appreciated from FIGS. 6 and
      7 of the drawings, movement of rocker 46 about pin 48 will cause rods 42
      to be raised and lowered within their associated sleeves 40.
PAR  FIG. 8 shows in detail a head gate 58 which is advantageously mounted on
      one of the gates 26, 28 so as to extend perpendicularly therefrom. As
      illustrated, said gate 58 is affixed to the outermost, or free, end of
      gate 26. This arrangement of head gate 58 facilitates gathering and
      holding of an animal C, and includes a gate frame 60, a gate element 62
      pivotally mounted on gate frame 60, and a ratchet catch 64 affixed to gate
      element 62 for selectively retaining gate element 62 in a position within
      gate frame 60. A panel 65 is mounted within frame 60 spaced from gate
      element 62 for forming a stanchion-like gate assembly. Further, gate
      element 62 is spring-loaded by the provision of a, for example,
      conventional coiled tension spring 66 mounted between a lug provided on
      gate element 62 and an off-center point on frame 60. Ratchet catch 64
      includes a conventional ratchet plate 68 affixed to gate element 62 as by
      brace arms 69. A detent 70 provided on the outer end of a pivotally
      mounted crank 72 is arrangeable engaging ratchet plate 68 in a known
      manner to provide the desired ratchet action. The arm 74 of crank 72
      permits the crank to be rotated in order to engage and disengage detent 70
      from the ratchet plate 68, and this arm 74 is advantageously swung from
      engaged to disengaged positions, for example, by means of a cable 76 which
      is connected to arm 74 preferably adjacent the outermost end thereof and
      is extended back along gate 26 and frame 12 to the cab area of vehicle 14
      where the cable may be pulled by an operator (not shown) of vehicle 14.
      Advantageously, a stop 77 is provided on frame 60 for limiting movement of
      gate element 62 in the direction of the bias exerted on gate element 62 by
      spring 66. The arrangement of stop 77 is such that gate element 62 will be
      stopped from swinging away from frame 12; that is, gate element 62, which
      is advantageously formed from a sheet, or panel, arranged within a hinged
      frame, will pivot towards an animal surrounded by gates 26 and 28.
PAR  FIG. 9 of the drawings shows a normally-closed further head gate
      advantageously arranged forming the side wall 18 of frame 12, that being
      the left hand side of frame 12 as the device is viewed in top plan, for
      selectively opening and permitting an animal to leave the enclosure formed
      by the various walls of the frame and the gates 26 and 28. This head gate
      78 includes a framework 80, a pair of cooperating gate parts 82 and 83
      pivotally mounted on framework 80 as by suitable hinges, release a ratchet
      stop 84 mounted on one of the gate parts, part 83 being illustrated as so
      provided, for selectively retaining gate part 83 within framework 80.
      Ratchet stop 84 advantageously includes a conventional ratchet plate 86
      mounted on gate part 83 as by a brace arm 88. A catch 90 provided on one
      end of a crank 92 is arranged for selectively engaging ratchet plate 86
      and forming a ratchet mechanism therewith. Handle 94 of crank 92 may be
      moved as by hand to selectively release the aforementioned ratchet
      mechanism and permit gate part 83 to open and release a, for example,
      animal C from within the enclosure formed by the walls of frame 12 in
      conjunction with the gates 26 and 28. A suitable latch 95 may be employed
      to lock gate part 82 within framework 80 -- that is, in the plane of
      framework 80 -- so that gate parts 82 and 83 may cooperate to form a
      stanchion-like head gate. The unidirectional movement permitted to gate
      part 83 by ratchet stop 84 will permit the animal C to engage the head
      thereof between the gate parts 82 and 83, which latter parts are
      advantageously constructed in a manner similar to gate element 62 of head
      gate 58. It will be appreciated that head gate 58 functions in a manner
      similar to head gate 78, with the exception that panel 65 of head gate 58
      is not hinged to its associated frame in a like manner as gate part 82,
      since it is not intended that head gate 58 be opened in order to permit an
      animal C to pass through head gate 58 as is the intention of head gate 78.
PAR  Frame 12 is advantageously mounted on the front end of a pickup truck, and
      the like, as by a truss 96, perhaps best seen in FIG. 4, guyed to the bed
      of the truck, or vehicle 14, by cables 98 and connected to the upper
      portion of back wall 16 of frame 12 as by a pair of cables 100. As is best
      seen in FIG. 10 of the drawings, a pair of guides 102 are cantilever
      mounted at the bottom portion of frame 12 for receiving mating brackets
      104 mounted adjacent the bumper of vehicle 14. It will be readily
      appreciated from the drawings that this arrangement will quickly and
      rigidly attach frame 12 to the vehicle 14. Further, lowering of floor 38
      to the position shown in FIGS. 4 and 5 of the drawings will cause floor 38
      and the rods 42 supporting same to be used in the manner of a jack which
      facilitates attachment and disattachment of frame 12 to vehicle 14.
PAR  Reference numerals 106 and 108 represent a pair of spaced, substantially
      parallel cables stretched between opposed portions of the framework
      forming gate 26 for assisting in closing gate 26 to prevent an animal C
      from getting through the gate while permitting an operator (not shown) of
      vehicle 14 to see ahead of the vehicle when gate 26 is in its closed, FIG.
      3, position. Further, a bar 110 may be used to reinforce gate 26 and
      support in part a sheet 112 forming the bottom half of gate 26. In this
      manner, an advantageous construction of gate 26 is achieved wherein the
      driver of vehicle 14 has vision sufficient for operation of the vehicle
      while gate 26 effectively retains an animal C within the enclosure
      partially formed by gate 26.
PAR  Referring again to fluid motors 34 and 36, it will be readily appreciated
      from, for example, FIGS. 1 through 3 of the drawings, that motor 34 is
      pivotally connected to gate 26 at a point thereof spaced from hinges 30
      and pivotally mounted on an appropriate portion of frame 12, while motor
      36 is pivotally connected to both gate 28 and frame 12. Each of the motors
      34 and 36 is arranged for operation independently from the other fluid
      motor 36, 34. Suitable hoses 114 and 116 are advantageously connected to
      motors 34 and 36, respectively, and to a conventional pump 118, FIG. 4,
      which supplies a suitable working fluid, such as a conventional hydraulic
      fluid, under pressure to the motors 34 and 36. In a similar manner, a hose
      120 is connected to motor 52 and pump 118. Since the specific connections
      of the various hoses connecting a fluid pump and conventional fluid motors
      is well known to those skilled in the pertinent art, the connection of the
      various hoses between pump 118 and motors 34, 36, and 52, will not be
      described in greater detail herein.
PAR  As can be appreciated from the above description and from the drawings,
      gates 26 and 28 will be positioned by an operator of vehicle 14 as shown
      in FIG. 1 and vehicle 14 maneuvered so that gates 26 and 28 will encompass
      an animal C to be caught. It will be appreciated that at this stage gate
      element 62 of head gate 58 will be locked in a position slightly out of
      the plane of frame 60 so that once caught within gates 26 and 28, the
      position shown in FIG. 4 of the drawings, the vehicle operator will be
      able to release gate element 62 by pulling on cable 76 and permit animal C
      to withdraw its head from between gate element 62 and panel 65. It will be
      appreciated that animal C would cause itself to be retained between the
      two aforementioned elements by means of the unidirectional movement
      permitted by bracket catch 64 against the bias of spring 66. Once the
      animal C is released from head gate 58, gates 26 and 28 may be closed as
      shown in FIG. 2, by means of appropriate actuation of motors 34 and 36, so
      as to force animal C onto floor 38. Of course, once animal C has been
      caught between gates 26 and 28, vehicle 14 will be brought to a stop and
      floor 38 will be lowered to the position shown in FIG. 4 of the drawings
      by appropriate actuation of motor 52 from the cab of vehicle 14. Thus,
      animal C will be easily forced onto floor 38 as gates 26 and 28 close to
      the position shown in FIG. 3 of the drawings. Now floor 38 may be raised,
      again by appropriate actuation of motor 52, to the position of floor 38
      shown in FIG. 7 of the drawings. Animal C is now safely loaded into the
      enclosure formed by the walls of frame 12, floor 38, and gates 26 and 28
      for transport to a desired location. The device according to the invention
      now functions as a carrier, whereas it previously functioned as a catching
      device. It is the cooperation of the same set of elements, however, that
      permits these dual functions to be performed in their appropriate sequence
      by the same basic set of structural elements.
PAR  Once animal C has been transported to whatever location desired, vehicle 14
      will once again be brought to a stop, floor 38 lowered to the position
      shown in FIG. 4, and crank 92 rotated by manual manipulation, for example,
      of handle 94 to release the ratchet stop 84 while simultaneously unlocking
      latch 95 in order to open head gate 78 and permit animal C, who previously
      may have engaged its head between gate parts 82 and 83, to walk out of the
      previously mentioned enclosure.
PAR  It will also be appreciated that by arrangement of the head gates 58 and 78
      on the same side of catch-carrier 10, it will be reasonably assured that
      the head of an animal C being caught and carried will be oriented in the
      proper direction relative to frame 12. That is, once the head of animal C
      is engaged by head gate 58, the animal will be retained in, for example,
      leftward orientation (FIG. 2) and will be brought onto floor 38 so as to
      face head gate 78 (FIG. 3).
PAR  It is desirable that left side wall 18, or more specifically head gate 78,
      be mounted on the remainder of frame 12, or more specifically back wall
      16, as by suitable, known ball hitches, not shown in detail, in order to
      facilitate mounting and dismounting of head gate 78. It is also desirable
      to employ the runner-type transverse section to floor 38 in order to
      enhance use of floor 38 as a jack. As can best be seen from FIG. 3, head
      gate 58 will come across the right side wall 20 when gate 26 is folded
      across frame 12 for completing the enclosure formed in conjunction with
      frame 12 so as to assure that an animal C cannot back out of the enclosure
      through side wall 20.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. An animal catch-carrier, comprising, in combination:
PA1  a. a frame mountable on a vehicle, the frame including a back wall
      arrangeable adjacent to and transverse of the vehicle and spaced,
      substantially parallel side walls extending substantially perpendicularly
      from transverse ends of the back wall;
PA1  b. a pair of gates pivotally mounted each on a respective one of the side
      walls at points thereof spaced from the back wall, the gates arranged for
      swinging into planes substantially parallel to one another and to the back
      wall for forming an enclosure with the side walls and back wall; and
PA1  c. motor means mounted on the frame and connected to the gates for
      selectively swinging the gates into and out of the substantially parallel
      planes.
NUM  2.
PAR  2. A structure as defined in claim 1, wherein the frame is provided with a
      floor arranged for receiving an animal gathered by the gates, the floor
      being also arranged forming a bottom to the enclosure.
NUM  3.
PAR  3. A structure as defined in claim 2, wherein the frame further includes a
      sleeve disposed parallel to the walls of the frame and perpendicular to
      the floor, a longitudinally extending member slidably arranged in the
      sleeve and connected to the floor for supporting same, and actuator means
      connected to the longitudinally extending member for selectively sliding
      the longitudinally extending member relative to the sleeve and moving the
      floor toward and away from the sleeve, the longitudinally extending member
      thus being arrangeable for jacking up the frame by engagement of the floor
      with a support surface.
NUM  4.
PAR  4. A structure as defined in claim 3, wherein the actuator means includes a
      rocker pivotally mounted on the frame and having one crank connected to
      the longitudinally extending member, and further including a linear fluid
      motor pivotally connected to the frame and to the other crank of the
      rocker for selectively pivoting the rocker and moving the longitudinally
      extending member relative to the sleeve.
NUM  5.
PAR  5. A structure as defined in claim 4, wherein a head gate is mounted on one
      of the gates and arranged for facilitating gathering and holding of an
      animal.
NUM  6.
PAR  6. A structure as defined in claim 5, wherein the head gate includes a gate
      frame, a gate element pivotally mounted on the gate frame, and a ratchet
      catch means mounted on the gate element and the gate frame for selectively
      limiting movement of the gate element in a predetermined single direction.
NUM  7.
PAR  7. A structure as defined in claim 6, wherein one of the side walls is a
      normally-closed further head gate arranged for selectively opening and
      permitting an animal to leave the enclosure.
NUM  8.
PAR  8. A structure as defined in claim 7, wherein the further head gate
      includes a framework, a pair of cooperating, spaced gate parts pivotally
      mounted on the framework, and a ratchet stop means mounted on one of the
      gate parts for selectively, and normally, limiting swinging movement of
      the associated gate part in a single, predetermined direction.
NUM  9.
PAR  9. A structure as defined in claim 8, wherein the motor means includes a
      pair of separate fluid motors both pivotally mounted on the frame, one of
      the fluid motors connected to a respective one of the gates and the other
      of the fluid motors connected to the other of the gates, each of the fluid
      motors arranged for operation independently from the other of the fluid
      motors.
NUM  10.
PAR  10. A structure as defined in claim 1, wherein a head gate is mounted on
      one of the gates and arranged for facilitating gathering and holding of an
      animal.
NUM  11.
PAR  11. A structure as defined in claim 10, wherein the head gate includes a
      gate frame, a gate element pivotally mounted on the gate frame, and a
      ratchet catch means mounted on the gate element and the gate frame for
      selectively limiting movement of the gate element in a predetermined
      single direction.
NUM  12.
PAR  12. A structure as defined in claim 11, wherein one of the side walls is a
      normally-closed further head gate arranged for selectively opening and
      permitting an animal to leave the enclosure.
NUM  13.
PAR  13. A structure as defined in claim 12, wherein the further head gate
      includes a framework, a pair of cooperating, spaced gate parts pivotally
      mounted on the framework, and a ratchet stop means mounted on one of the
      gate parts for selectively, and normally, limiting swinging movement of
      the associated gate part in a single, predetermined direction.
NUM  14.
PAR  14. A structure as defined in claim 1, wherein one of the side walls is a
      normally-closed head gate arranged for selectively opening and permitting
      an animal to leave the enclosure.
NUM  15.
PAR  15. A structure as defined in claim 14, wherein the head gate includes a
      framework, a pair of cooperating, spaced gate parts pivotally mounted on
      the framework, and a ratchet stop means mounted on one of the gate parts
      for selectively, and normally, limiting swinging movement of the
      associated gate part in a single, predetermined direction.
NUM  16.
PAR  16. A structure as defined in claim 1, wherein the motor means includes a
      pair of separate fluid motors both pivotally mounted on the frame, one of
      the fluid motors connected to a respective one of the gates and the other
      of the fluid motors connected to the other of the gates, each of the fluid
      motors arranged for operation independently from the other of the fluid
      motors.
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ABST
PAL  An improved automobile engine carburetor in which a portion of the fresh
      air flowing into a carburetor main housing is bypassed through an
      auxiliary housing encasing a coiled bimetallic strip for controlling the
      position of a choke valve, so that the interior of the auxiliary housing
      may be maintained below a temperature at or above which the bimetallic
      strip may be heated to an unduly high temperature resulting in an earlier
      malfunction or failure. The improvement essentially comprises a first air
      passageway for letting fresh air into the auxiliary housing through an
      inlet provided upstream of a venturi throat in the main housing, a second
      air passageway for letting the air out of the auxiliary housing back into
      the main housing through an outlet provided downstream of the inlet of the
      first air passageway and a valve provided in the auxiliary housing to
      close one of the first and second air passageways to stop the flow of
      fresh air into the auxiliary housing when the temperature of the air in
      the auxiliary housing is below a predetermined level, while opening the
      first or second air passageway to allow it to resume the flow of fresh air
      through the auxiliary housing upon elevation of the auxiliary housing
      temperature to the predetermined level.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in an automobile engine carburetor,
      and particularly, to an improved electrically heated automatic choke for
      an automobile engine carburetor.
PAR  There is known an automobile engine carburetor including an electrically
      heated automatic choke essentially comprising a choke valve positioned in
      a carburetor air passage, an electric heater made, for example, of a
      nichrome wire, a coiled bimetallic strip operationally associated with the
      choke valve and heated by the electric heater to actuate the choke valve,
      and a housing in which the bimetallic strip and the electric heater are
      encased. The heater is turned on when the engine operation is started, and
      heats and deforms the bimetallic strip to thereby actuate the chock valve.
      The heater, however, continues to generate heat throughout the operation
      of the engine, and the temperature of the housing becomes very high.
      Accordingly, the bimetallic strip always remains exposed to a high
      temperature and fails in a short time.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved automobile engine
      carburetor in which a coiled bimetallic strip can maintain its proper
      function for a long time without being heated to an unduly high
      temperature. According to this invention, there is provided an improved
      automobile engine carburetor essentially including a circuit for bypassing
      a portion of the air introduced into the carburetor, through a housing
      encasing a coiled bimetallic strip to prevent the strip from being heated
      to an unduly high temperature, and a valve adapted to open and close the
      bypassing circuit in response to variation in the temperature of the air
      in the housing to thereby maintain the temperature of the bimetallic strip
      at a suitable level.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of the carburetor according to a
      preferred embodiment of this invention;
PAR  FIG. 2 is a sectional view taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a sectional view taken along the line III--III of FIG. 1;
PAR  FIG. 4 is a view similar to FIG. 1 showing another embodiment of this
      invention; and
PAR  FIG. 5 is a view similar to FIGS. 1 and 4 showing a further embodiment of
      this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 of the drawings, an automobile engine carburetor 1
      according to a preferred embodiment of this invention includes a generally
      cylindrical main housing 2 having an inner wall 2b and an outer wall 2c.
      The main housing 2 includes intermediate the upper and lower ends thereof
      a portion of a reduced inner diameter defining a venturi throat 2a. In the
      upper portion of the housing 2, the inner wall 2b defines an air stream
      passage 25 leading to the venturi throat 2a. A disc-shaped choke valve 3
      is provided in the air stream passage 25 to cooperate with the inner wall
      2b in opening or closing the air stream passage 25. The choke valve 3 is
      supported on a shaft 7 extending across the main housing 2 along a line
      parallel to the choke valve 3 but deviating from the center thereof. The
      shaft 7 is rotatably supported on the inner wall 2b at one end to permit
      rotation of the choke valve 3 about the shaft 7. The other end of the
      shaft 7 extends outwardly through the inner and outer walls 2b and 2c
      adjacent to a substantially diametrically opposite position of the choke
      valve 3 from the one end of the shaft 7. A disc-shaped throttle valve 4 is
      provided in a mixing chamber 26 downstream of the venturi throat 2a and
      supported on a rotatable shaft 4a. The throttle valve 4 is operationally
      associated with an accelerator pedal not shown. The air stream passage 25
      communicates with an air cleaner not shown, and the mixing chamber 26
      leads to an intake manifold also not shown. The choke valve 3 and the
      throttle valve 4 are operationally connected with each other by a fast
      idle device not shown.
PAR  The main housing 2 is formed on its outer wall 2c with an elongate
      increased thickness portion 2d extending along a substantial portion of
      its length. The upper portion of the increased thickness portion 2d
      includes a circular recess 2e formed at right angles to the outer wall 2c.
      The other end of the shaft 7 extends into the recess 2e. A relatively
      short cylindrical projection 2f is integrally formed with the increased
      thickness portion 2d and encircles the circular recess 2e at the outer
      edge thereof. The cylindrical projection 2f has a somewhat larger inner
      diameter than the diameter of the recess 2e and while the uppermost inner
      edge of the cylindrical projection 2f coincides with the uppermost edge of
      the recess 2e, the lowermost inner edge of the projection 2f is spaced
      below the lowermost edge of the recess 2e as best shown in FIG. 2.
PAR  A cylindrical wall structure 5a is connected to the free end of the
      cylindrical projection 2f in a gas-tight manner and is closed by an end
      wall 5b to form a substantially closed, generally cylindrical auxiliary
      housing 5 with the circular recess 2e and the cylindrical projection 2f as
      shown in FIG. 1. The cylindrical wall 5a is perpendicular to the increased
      thickness portion 2d of the main housing 2 and is coaxial with the
      cylindrical projection 2f, while it is eccentric relative to the circular
      recess 2e. A shaft 27 extends horizontally from the center of the inner
      surface of the end wall 5b and terminates in a free end adjacent to the
      joint between the cylindrical projection 2f and the cylindrical wall 5a.
      The shaft 27 is coaxial with the cylindrical wall 5a and supports a coiled
      bimetallic strip 6 on the free end thereof as shown in FIG. 2. The coiled
      bimetallic strip 6 is fastened to the shaft 27 at its inner end 6a. The
      outer end 6b of the strip 6 is fastened to one end of a crank 8 and the
      other end of the crank 8 is integrally connected to the other end of the
      shaft 7 supporting the choke valve 3. Although no detailed description
      might be required for anyone of ordinary skill in the art with respect to
      the structure of the bimetallic strip 6, the strip 6 may be of such nature
      that when the temperature of the air in the auxiliary housing 5 remains
      reasonably low, the strip 6 will maintain the crank 8 in the position
      where the crank 8, through the shaft 7, maintains the choke valve 3 in its
      closed position to keep the air stream passage 25 closed, while with an
      increase in the housing temperature the strip 6 is deformed to rotate the
      crank 8 in a reverse direction to permit the choke valve 3 to open. An
      electric heater 9 is interposed between the end wall 5b of the housing 5
      and the bimetallic strip 6 and may, for example, be made of a coiled
      nichrome wire. One end of the heater 9 is connected to a battery 10 and
      the other end thereof to an ignition switch 11 in an engine starting
      circuit, as schematically shown in FIG. 1, so that the heater 9 may be
      turned on when the operation of the engine not shown is started.
PAR  According to a specific feature of this invention, a first air passageway
      12 is formed transversely through the inner and outer walls 2b and 2c in
      the upper portion of the main housing 2 and defines an air inlet for the
      auxiliary housing 5. The passageway 12 has an inlet 12a formed on the
      inner wall 2b of the main housing 2 in a position spaced above the choke
      valve 3. The passageway 12 extends into the uppermost end of the increased
      thickness portion 2d and turns downwardly to terminate in an outlet 12b
      which opens into the circular recess 2e at the uppermost edge thereof. The
      passageway 12 serves to bypass a portion of the air from the main housing
      2 into the auxiliary housing 5, as indicated by an arrow in the drawings.
      While the passageway 12 is herein shown and described as provided upstream
      of the chike valve 3, it will readily be understood that it may equally be
      provided in any other convenient location. For example, the passageway 12
      may be provided in a position between the choke valve 3 and the venturi
      throat 2a to produce as satisfactory a result as when it is positioned as
      shown and described.
PAR  A second air passageway 13 extends downwardly through the increased
      thickness portion 2d along a substantial portion of the length thereof.
      The second air passageway 13 is located in a substantially diametrically
      opposite position of the circular recess 2e from the first air passageway
      12 and defines an air outlet from the auxiliary housing 5. The passageway
      13 is parallel to the main housing 2 along the greater part of the length
      thereof and has at its upper end an inlet 13a which opens into the housing
      5 at the lowermost edge of the recess 2e. The passageway 13 is bent at the
      lower end thereof and extends horizontally through the wall of the main
      housing 2 until it terminates in an outlet 13b which opens into the mixing
      chamber 26 in a position spaced below the throttle valve 4. Thus, the
      first and second air passageways 12 and 13 define an air bypassing circuit
      through the auxiliary housing 5. The air introduced into the auxiliary
      housing 5 through the first air passageway 12 returns into the main
      housing 2 through the second air passageway 13. The second air passageway
      13 is reduced in diameter approximately in the middle of the vertically
      extending portion thereof to form a throat 14 to regulate the flow of the
      air through the passageway 13.
PAR  A valve 15 is provided adjacent to the inlet 13a of the second air
      passageway 13 to regulate the flow of air into the auxiliary housing 5.
      The valve 25 comprises a supporting member 16 of a bimetallic structure
      secured at one end to the lowermost edge of the circular recess 2e, and a
      valve member 17 secured to the other end of the supporting member 16. The
      bimetallic structure of the supporting member 16 is such that with an
      increase in the temperature of the air in the housing 5, the supporting
      member 16 is bent upwardly to move the valve member 17 away from the inlet
      13a of the passageway 13, while it returns to its lower position to allow
      the valve member 17 to close the inlet 13a with a decrease in the
      temperature of the air in the housing 5.
PAR  For some time after the engine operation is started with the ignition
      switch 11 turned on, the force of the air acting upon the choke valve 3 to
      rotate it open is counterbalanced by the elastic force of the bimetallic
      strip 6 acting upon the crank 8, so that the choke valve 3 is maintained
      in its horizontal position and keeps the air stream passage 25 closed
      relative to the venturi throat 2a. The battery 10 supplies an electric
      current to the heater 9 and the heater 9 heats the interior of the housing
      5, thereby heating the bimetallic strip 6. As the bimetallic strip 6 is
      heated to a higher temperature, the outer end 6b of the strip 6 is
      deflected outwardly to rotate the crank 8 in the direction which allows
      the choke valve 3 to open, whereby the air introduced into the carburetor
      1 is allowed to flow past the choke valve 3 into the venturi throat 2a.
      The air flowing past the choke valve 3 creates a force to open the choke
      valve 3 to a further degree until the force of the air is offset by the
      elastic force of the bimetallic strip 6. Thus, the bimetallic strip 6
      which is at a low temperature during the initial stage of the engine
      operation maintains the choke valve 3 in its closed position, whereby a
      low air pressure is maintained in the venturi throat 2a. Accordingly, a
      rich fuel-air mixture is obtained in the mixing chamber 26 and facilitates
      the engine operation during the initial stage thereof. After the engine is
      brought into steady operation, however, the bimetallic strip 6 is heated
      to a higher temperature and causes the choke valve 3 to gradually open,
      whereby a greater quantity of air is allowed to flow into the venturi
      throat 2a to produce a less rich fuel-air mixture which is sufficient to
      maintain the normal engine operation.
PAR  Attention is now directed to the salient features of the operation of the
      carburetor according to this invention. Insofar as the heater 9 continues
      to generate heat throughout the duration of the engine operation, there
      would be a continual increase in the temperature of the air in the
      auxiliary housing 5 if there were no provision for keeping the temperature
      from going up unduly high, and the natural consequence would be an earlier
      failure of the bimetallic strip 6. According to this invention, when the
      temperature of the air in the housing 5 is about to rise to a point which
      will be detrimental to the bimetallic strip 6, the bimetallic supporting
      member 16 of the valve 15 responds to an increased temperature and is
      deflected upwardly to move the valve member 17 away from the inlet 13a,
      whereby an air bypassing circuit is established by the first and second
      air passageways 12 and 13 to introduce an additional flow of air into the
      housing 5 to eventually cool the bimetallic strip 6. As long as the valve
      member 17 is in its raised position, the air bypassed through the first
      air passageway 12 into the housing 5 leaves the housing 5 through the
      second air passageway 13 and a fresh flow of air is admitted into the
      housing 5 continuously through the first air passageway 12, so that a
      continuous flow of cool air is maintained through the housing 5. The
      throat 14 formed in the second air passageway 13 prevents air circulation
      through the housing 5 from taking place at too fast a rate which may cause
      the valve 15 to close the inlet 13a too early while the bimetallic strip 6
      is still at a temperature which may require additional cooling.
PAR  The temperature of the air in the housing 5 is thus lowered to a level
      below a predetermined temperature, which is a temperature in the range in
      which the bimetallic strip 6 maintains the choke valve 3 open to a
      sufficient degree to allow an adequate flow of air through the carburetor
      1 throughout the engine operation. The bimetallic valve supporting member
      16 is brought back to its lowered position and the valve member 17 rests
      over the inlet 13a to close the second air passageway 13, whereby air
      ceases to flow into the housing 5 through the first air passageway 12 and
      the temperature of the air in the housing 5 starts to increase again. The
      valve 15 opens or closes the second air passageway 13 in quick response to
      variation in the temperature of the air in the housing 5. This ensures
      that departure of the housing temperature from a predetermined level be
      maintained at a minimum throughout the engine operation, so that the
      temperature of the bimetallic strip 6 may be maintained within a
      predetermined range without rising to an unduly high level which would be
      detrimental to the satisfactory function of the strip 6 over a prolonged
      period of time.
PAR  FIG. 4 shows a modified form of the apparatus shown in FIG. 1. In the form
      shown in FIG. 4, the vertically extending portion of the second air
      passageway 13 is considerably shortened and the passageway 13 is bent
      horizontally in the mid-portion of the main housing 2 to position its
      outlet 13b at the venturi throat 2a. This is the only difference between
      the apparatus of FIG. 4 and that of FIG. 1, except that as the natural
      consequence of the shortened passageway 13 and merely because thereof, the
      throat 14 formed therein is in a higher position relative to the main
      housing 2 than its equivalent shown in FIG. 1. No further description
      would be necessary in respect of either the construction or operation of
      the apparatus shown in FIG. 4, in which like numerals are used to indicate
      like parts as they are used in FIG. 1.
PAR  The apparatus shown in FIG. 5 is a modified combination of the apparatus
      shown in FIGS. 1 and 4. The apparatus shown in FIG. 5 includes a second
      air passageway 130 which defines an air bypassing circuit through the
      auxiliary housing 5 with the first air passageway 12 which is identical in
      construction to that shown in FIGS. 1 or 4. The auxiliary housing 5 shown
      in FIG. 5 is identical in construction to that shown in FIG. 1 or 4. The
      second air passageway 130 is openable or closable by the valve 15 exactly
      in the same fashion as hereinabove described in connection with the
      apparatus of FIG. 1.
PAR  According to a specific feature of the apparatus shown in FIG. 5, the
      second air passageway 130 comprises a main line 131 and a branch line 21
      which is perpendicular to the main line 131. The main line 131 has an
      inlet 131a in the same position as the inlet 13a of the second air
      passageway 13 shown in FIG. 1 and the inlet 131a may be opened or closed
      by the valve 15. The main line 131 extends vertically and is bent
      horizontally adjacent to the lower end of the increased thickness portion
      2d to terminate in an outlet 131b which opens into the main housing 2
      downstream of the throttle valve 4, as is the case with the second air
      passageway 13 shown in FIG. 1. The main line 131 is enlarged in diameter
      in its mid-portion to define a valve housing 18 which is coaxial with the
      main line 131. The enlarged diameter defines an upper shoulder 18a on the
      inlet side of the valve housing 18 and a lower shoulder 18b on the outlet
      side thereof. The valve housing 18 accommodates a coiled spring 20 in a
      coaxial relation therewith and the spring 20 is attached at one end to the
      lower shoulder 18b of the valve housing 18. The other end of the spring 20
      carries a disc-shaped check valve member 19 which is coaxial with the main
      line 131. The valve member 19 is somewhat larger in diameter than the main
      line 131 and is adapted to rest on the upper shoulder 18a by the action of
      the spring 20 when the inlet 131a of the main line 131 remains closed by
      the valve 15, so that the valve member 19 may prevent any back flow of a
      portion of the fuel-air mixture from the mixing chamber 26 into the upper
      portion of the main line 131 above the valve housing 18. The main line 131
      further includes a throat 140 which is identical in configuration,
      location and function to the throat 14 shown in FIG. 4.
PAR  The branch line 21 extends horizontally from the main line 131 in a
      position spaced above the valve housing 18, but below the throat 140. The
      branch line 21 is located in the same position relative to the main
      housing 2 as the horizontally extending portion of the second air
      passageway 13 shown in FIG. 4, and terminates in an outlet 21b which opens
      into the venturi throat 2a. The branch line 21 is also enlarged in
      diameter in its mid-portion to define a valve housing 22 which is coaxial
      with the branch line 21. The enlarged diameter defines an inlet side
      shoulder 22a on the right-hand side of the valve housing 22 in FIG. 5 and
      an outlet side shoulder 22b on the left-hand side thereof. The valve
      housing 22 accommodates a coiled spring 24 which is horizontally disposed
      in a coaxial relation with the valve housing 22. The spring 24 is attached
      at one end to the left-hand shoulder 22b of the valve housing 22. The
      other end of the spring 24 carries a disc-shaped chack valve member 23
      which is vertically disposed in a coaxial relation with the branch line 21
      and the spring 24. The valve member 23 is somewhat larger in diameter than
      the branch line 21 and is adapted to rest on the right-hand shoulder 22a
      of the valve housing 22 by the action of the spring 24 when the inlet 131a
      of the main line 131 remains closed by the valve 15, so that the valve
      member 23 may prevent any back flow through the branch line 21, i.e., the
      flow of a portion of air from the venturi throat 2a into the main line
      131, then through the valve housing 18 into the fuel-air mixture in the
      mixing chamber 26 downstream of the throttle valve 4.
PAR  When the valve 15 in the auxiliary housing 5 is in its raised position, air
      flows into the housing 5 and then out into the main line 131. The air
      flows down past the throat 140 through the main line 131 and also flows
      into the branch line 21. The air reaches the check valves 19 and 23 and
      forces them open against the force of the springs 20 and 24, respectively.
      Thus, the air flows through the main line 131 and the branch line 21 back
      into the main housing 2. Whether the air leaving the auxiliary housing 5
      or the greater part thereof flows through the main line 131 into the main
      housing 2 downstream of the throttle valve 4 or through the branch line 21
      into the venturi throat 2a, depends upon the relative level of the
      negative pressure existing in the downstream of the throttle valve 4 or in
      the venturi throat 2a. It will be noted that the check valve 19 in the
      main line 131 is provided to prevent a portion of the fuel-air mixture
      from flowing into the venturi throat 2a through the branch line 21 when
      the valve 15 in the auxiliary housing 5 is closed, while the check valve
      23 in the branch line 21 is provided to prevent a portion of air from
      flowing into the downstream of the throttle valve 4 through the main line
      131 when the valve 15 is closed.
PAR  While the invention has been described with reference to some embodiments
      thereof, it is to be understood that further variations or modifications
      may easily be made by those of ordinary skill in the art without departing
      from the scope of the invention which is defined by the appended claims.
      For instance, the valve 15 in the auxiliary housing 5 may be provided at
      the outlet 12b of the first air passageway 12 with equally satisfactory
      results, instead of being provided at the inlet 13a or 131a of the second
      air passageway 13 or 130 as described. The valve 15 may be of any other
      type. In the embodiments hereinabove described, the valve supporting
      member 16 is of the bimetallic construction and detects variation in the
      temperature of the air in the auxiliary housing 5, in response to which
      the valve 15 opens or closes the second air passageway 13 or 130. Such
      temperature variation may be detected by any other means and the valve 15
      may be actuated in response to the temperature variation detected by such
      detecting means. The diameter of the throat 14 in the second air
      passageway 13 (or the throat 140 in the second air passageway 130) may
      vary to obtain an optimum bypass air flow through the auxiliary housing 5.
      The valve 15 may be adapted to respond to a variable range of
      predetermined temperatures to establish a bypass flow of air in a most
      timely manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an automobile engine carburetor comprising,
PA1  a main housing,
PA1  a choke valve provided in said main housing,
PA1  a venturi throat formed in said main housing and spaced below said choke
      valve,
PA1  a throttle valve provided in said main housing and spaced below said
      venturi throat,
PA1  an auxiliary housing connected to said main housing adjacent to said choke
      valve,
PA1  a coiled bimetallic strip provided in said auxiliary housing and associated
      with said choke valve to control the position of said choke valve
      automatically in response to variation in the temperature of the air in
      said auxiliary housing, and
PA1  means provided in said auxiliary housing for electrically heating said
      bimetallic strip,
PA1  the improvement which comprises,
PA1  a first air passageway having an inlet open into said main housing upstream
      of said venturi throat and an outlet open into said auxiliary housing,
PA1  a second air passageway having an inlet open into said auxiliary housing
      and an outlet open into said main housing downstream of said inlet of said
      first air passageway, the static pressure of said main housing being lower
      at said outlet of said second air passageway than at said inlet of said
      first air passageway, and
PA1  valve means provided in said auxiliary housing and adapted to close one of
      said first and second air passageways to stop the flow of fresh air into
      said auxiliary housing when said temperature is below a predetermined
      level, while opening said one air passageway upon elevation of said
      temperature to said predetermined level to resume said flow of fresh air
      through said auxiliary housing.
NUM  2.
PAR  2. The invention of claim 1 wherein said inlet of said first air passageway
      is positioned upstream of said choke valve.
NUM  3.
PAR  3. The invention of claim 1 wherein said outlet of said second air
      passageway is positioned downstream of said throttle valve and includes a
      throat intermediate the ends thereof.
NUM  4.
PAR  4. The invention of claim 1 wherein said outlet of said second air
      passageway is open into said venturi throat, and includes a throat
      intermediate the ends thereof.
NUM  5.
PAR  5. The invention of claim 1 wherein said valve means comprises:
PA1  a supporting member of the bimetallic structure attached at one end to the
      inner wall of said auxiliary housing, and
PA1  a valve member supported on the other end of said supporting member and
      adapted to close said one air passageway when said temperature is below
      said predetermined level, said supporting member being deflectable with
      said elevation of said temperature to move said valve member away from
      said one air passageway.
NUM  6.
PAR  6. The invention of claim 5 wherein said valve member is positioned
      adjacent to said inlet of said second air passageway and adapted to close
      said second air passageway.
NUM  7.
PAR  7. The invention of claim 5 wherein said valve member is positioned
      adjacent to said outlet of said first air passageway and adapted to close
      said first air passageway.
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PAL  The invention relates to a control device for a multiple cylinder-piston
      motor for operation with a gaseous fuel, said control device being
      connected to the gas conduit, leading from the throat of the venturi-tube
      in the air suction conduit to the evaporator pressure regulator, as well
      as to the vacuum conduit, leading from downstream the throttle in said air
      suction conduit to said evaporator-pressure regulator, said control device
      comprising a control valve provided with a control mechanism, said control
      valve being incorporated in said gas conduit and said control mechanism
      being incorporated in said vacuum conduit, the arrangement, on operation
      of said throttle from its closed position towards its open position, and
      reverse, allowing the said control valve to be automatically brought from
      a position for small gas passage to a position for considerable gas
      pressure, and reverse.
BSUM
PAR  The present invention relates to a control device for a multiple
      cylinder-piston motor, in which, for the operation with gaseous fuel, both
      the gas conduit, connected to the throat of the venturi-tube in the
      air-suction conduit towards the motor cylinders and the vacuum conduit,
      connected to the air suction conduit downstream of the throttle, are
      connected with the evaporator-pressure regulator in the usual way.
PAR  Such a gas carburation system is more and more used for vehicle motors
      nowadays, in view of air pollution, to limit as much as possible the
      percentage of harmful components of the exhaust gases, which is determined
      to a high extent by the ratio of the quantity of available combustion air
      and the quantity of fuel, here gaseous fuel.
PAR  In this respect the attention was first substantially directed to the
      quantity of carbon monoxide in the exhaust gases, however, in addition
      thereto also the quantity of non-combusted hydrocarbons and nitrogen
      oxides in the exhaust gases are considered to be of importance nowadays.
PAR  The object of the invention is to provide a multiple cylinder-piston motor,
      as described above, with a control device which is adapted to considerably
      decrease the quantities of harmful components in the exhaust gases, also
      in case these components strongly vary under various conditions of
      operation. For this purpose the control device according to the present
      invention comprises a control valve provided with a control mechanism, the
      control valve being incorporated in the gas conduit and the control
      mechanism being incorporated in the vacuum conduit, the said arrangement
      being effected in such a way, that in case of operation of the throttle
      from the closed position (partial load) towards the open position
      (full-load), and reverse, the control valve, with the aid of the control
      mechanism, will automatically be brought from a position for small gas
      passage to a position for considerable gas passage, and reverse.
PAR  According to the present invention it is tried, when operating the throttle
      from the closed position towards the open position, so when switching from
      operation at partial load to full-load, to obtain poor fuel mixtures at
      partial load, and in case of full-load, to use as much as possible the
      complete combustion of the component parts, occuring at the stoechiometric
      combustion of the gaseous fuel.
PAR  In the control device according to the present invention the airfuel ratio,
      with respect to the stoechiometric ratio of air-fuel in the poosition of
      the control valve for small and considerable gas passage respectively, is
      preferably 1.2 and 1 respectively.
PAR  The present invention also comprises an embodiment of the control device,
      characterized by two bowl portions facing each other with their open ends,
      between the edges of which a diaphragm of high flexibility has been
      clamped and the housing of the control valve has been fixed to the bottom
      of the one bowl portion, at the side facing away from the diaphragm, while
      leaving in said bottom of said one bowl portion a central opening, through
      which opening a rod portion of the valve body being extended beyond the
      valve opening communicating with the passage of the valve housing, said
      valve body being movable in a longitudinal bore intersecting said passage,
      extends with play towards the diaphragm to which it has been fixed and a
      portion of the valve body, facing away from the diaphragm, and being
      extended beyond the valve opening to close the said passage, being
      constrained by a compression spring in the direction of opening, the gas
      conduit being connected with said passage and the vacuum conduit being
      connected with the other bowl portion, a suction conduit, being connected
      to the venturi-tube upstream with respect to the gas conduit, further
      being connected to a passage in the bottom of the said one bowl portion.
PAR  In a further embodiment of the control device according to the present
      invention, the passage in the bottom of the one bowl portion is
      advantageously adjustable with the aid of an adjustment screw. By means of
      said screw the effect of the negative pressure active on the diaphragm and
      transmitted via the suction conduit to the bowl portion connected the
      control valve, can be controlled.
PAR  The present invention furthermore comprises a second embodiment of the
      control device, which is characterized by two bowl portions facing each
      other with their open ends, between the edges of which a diaphragm of high
      flexibility has been clamped and the housing of the control valve has been
      fixed to the bottom of the one bowl portion at the side facing away from
      said diaphragm, while leaving in said bottom of said one bowl portion a
      central opening through which a (second) portion of the valve body, being
      extended beyond the valve opening communicating with the passage of the
      valve housing for closing the said passage and being movable in a
      longitudinal bore intersecting said passage, extends with play towards the
      diaphragm to which it has been fixed, said (second) portion of the valve
      body having a bore extending through the diaphragm and comprising a
      compression spring, the end of which facing towards the bore opening being
      limitedly movable, a portion of the valve body facing away from the
      diaphragm, being extended beyond the valve opening for closing the passage
      and in the direction of opening being controlled by a compression spring,
      the gas conduit being connected with said passage and the vacuum conduit
      being connected with said other bowl portion.
PAR  In the control device according to the present invention the movement of
      the valve body at its end facing to the diaphragm is preferably limited by
      means of an adjustable abutment arranged at the bottom of the other bowl
      portion, with the aid of which the maximum value of the air-fuel ratio is
      adjustable.
PAR  The present invention also comprises a multiple cylinder - piston motor,
      provided with a control device according to the invention.
DRWD
PAR  The present invention will now be elucidated on basis of two embodiments,
      schematically shown in the drawing.
PAR  FIG. 1 shows several graphs, from which appear the influence of the
      air-combustion ratio on the exhaust issues.
PAR  FIG. 2 shows an embodiment of the control device, shown in vertical
      cross-section, applied to a multiple cylinder - piston motor with
      components, adapted to gas operation.
PAR  FIG. 3 shows a second embodiment of the control device.
DETD
PAR  Graphs a, b and c, shown in FIG. 1, indicate for carbon monoxide (CO),
      hydrocarbons (HC), nitrogen oxides (NOx) respectively the issue
      concentrations (along the vertical axis) as a function of the air-fuel
      ratio with respect to a stoechiometric air-fuel ratio (along the
      horizontal axis). The theoretical, chemically correct ratio 1 for complete
      combustion has been indicated with a dotted line in FIG. 1, at the left
      are the rich, at the right poor fuel mixtures. According to FIG. 1 a rich
      fuel mixture, for instance with the ratio 0.8, provides a high quantity of
      carbon monoxide (graph a) and also a considerably high quantity of
      hydrocarbons (graph b), whereas a poor-fuel mixture, for instance with a
      ratio of 1.2, provides considerably low quantities of carbon monoxides
      (graph a), hydrocarbons (graph b) as well as of nitrogen oxides (graph c).
PAR  In order to obtain optimal conditions in a multiple cylinder - piston motor
      with gas carburation system, it has to be considered that 1.degree.: an
      optimum power is obtained with a mixture of air-fuel ratio with respect to
      the stoechiometric ratio of approx. 1, indeed resulting in a low quantity
      of carbon monoxide, however, the quantity of nitrogen oxide will be high
      and 2.degree.: an optimum issue of exhaust gas is obtained with a mixture
      of air-fuel ratio with respect to the stoechiometric ratio of approx. 1.2.
      Such a poor mixture would, however, cause a considerable loss of power
      under full-load conditions.
PAR  From this results that when a motor, intended for particularly application,
      is allowed to lose a considerable quantity of power, an optimum issue of
      exhaust gas is possible, in all load circumstances (full-load, partial
      load and stationary run). In practice, however, a high loss of power will
      be inadmissible.
PAR  With the aid of the control device according to the present invention,
      applied to a multiple cylinder - piston motor with gas operation, the
      air-fuel ratio, with respect to the stoechiometric ratio, can be
      favourably influenced under various load circumstances. Then it is
      possible to feed to the motor, in the complete range of partial load, a
      mixture with an air-fuel ratio with respect to the stoechiometric ratio,
      of preferably 1.2, which value can be varied in the full-load range to a
      mixture with an air-fuel ratio with respect to the stoechiometric ratio of
      preferalby 1. Small deviations from the indicated values provided however
      acceptable results.
PAR  In this respect has in particular been in mind motors of fork lift trucks
      and of vehicles in city traffic, where the motor is substantially
      operating with partial-load.
PAR  In the embodiment of the control device according to the present invention,
      shown in FIG. 2, and generally indicated by 1, the suction conduit 2 for
      the combustion air, leading to the motor cylinders (not shown) --
      including the usual venturi-tube 3 and, seen in the direction of movement
      of the air (arrow A), downstream of said venturi-tube, the throttle 4 --
      has been shown at the left, and the usual evaporator pressure regulator,
      generally indicated by 5, has been shown at the right of the control
      device 1. The evaporator pressure regulator may be of the type shown in
      U.S. Pat. No. 2,988,078 issued on June 13, 1961.
PAR  The said control device comprises two bowl portions 6, 7, facing each other
      with their open ends, between the edges 8, 9 of which a diaphragm 10 of
      flexible material, for instance a synthetic material, has been clamped
      sealingly. A control valve, the valve housing of which consisting of a
      solid cylindrical portion 11, which constitutes a unit with the bowl
      portion 7, and consisting of a hooded part 13, connected with said
      cylindrical portion 11 by means of a screw thread connection 12, has been
      provided with a passage 14 and a longitudinal bore 15, intersecting said
      passage, in which longitudinal bore a valve body having a portion 16 for
      closing the passage 14, is longitudinally movable. At the end of the
      portion 16 facing to the bowl portion 7, the valve body, for forming the
      valve opening, has been extended by a thin rod portion 18, extending
      upwardly with a certain play through a central opening in the bottom of
      the bowl portion 7, said thin rod portion being centrally fixed to the
      diaphragm 10 by means of a thickened end as at 19.
PAR  At the end of the portion 16, facing away from the bowl portion 7, the
      valve body has been provided with a narrowed cylindrical portion 20, which
      has been provided at its periphery with a screw thread 21, with which
      cooperates an adjusting nut 22. Between the bottom face of the solid
      portion 11 of the valve housing and the adjusting nut 22 a compression
      spring 23 has been clamped, said spring urging the portion 16 of the valve
      body towards the open position. Connection nipples 24, 25, provided with a
      longitudinal bore, have been screwed at opposite sides in the wall of the
      bowl portion 6. A nipple 26, provided with a longitudinal bore as well as
      a transverse bore connecting therewith, has furthermore been screwed in a
      passage 26 of the bottom of the bowl portion 7. The opening of the
      longitudinal bore in the nipple 26 can be closed with the aid of an
      adjusting screw 27.
PAR  The inlet and outlet of the passage 14 in the portion 11 of the valve
      housing are incorporated in the gas conduit 29, leading from the
      evaporator-pressure regulator 5 towards a nipple 28 in the throat of the
      venturi-tube 3.
PAR  The space above the diaphragm 10 in the bowl portion 6 of the control
      device has been incorporated via nipples 24, 25 in the vacuum conduit 30
      applied in the known way for the control signal; said vacuum conduit, for
      controlling the quantity of fuel on starting a stationary running motor,
      being connected at the one hand to the vapour tension regulator 5 and, at
      the other hand, being connected via a nipple 31 to the air suction conduit
      2, downstream of the throttle valve 4. Finally a suction conduit 32 has
      been connected, at the one hand, via a nipple 33 to the venturi-tube 3
      upstream of the gas conduit 29 and at the other hand, via the transverse
      bore in the nipple 26, being connected to the space below the diaphragm 10
      in the bowl portion 7.
PAR  The action of the above described device is as follows. In the partial-load
      range of the motor, the throttle 4 being partially closed, the motor
      vacuum, transmitted via the vacuum conduit 30 to the space above the
      diaphragm 10, is very high. As the compressive force of the spring 23,
      acting in the direction of opening of the valve body 16, is adjusted at a
      rather low value via the adjustment nut 22, the diaphragm moves upwardly
      against an abutment 34, which limits the deflection and has been screwed
      in the bottom of the bowl portion 6, while bringing the valve body 16 to
      the closed position, against the action of the spring 23. Thus the passage
      in the gas conduit 29 is narrowed, due to which a poor fuel mixture
      appears with an air-fuel ratio with respect to the stoechiometric ratio of
      approx. 1.2.
PAR  Furthermore, in the partial-load range, due to the throttling action of the
      throttle 4, the quantity of air suck via the venturi-tube 3 being
      relatively small, a considerably low vacuum is transmitted via the suction
      conduit 32 to the space below the diaphragm 10. In the full-load range,
      however, the vacuum in the suction conduit 32 obtains a higher value, so
      that the larger suction force acting at the bottom side of the diaphragm
      10, together with the action of the compression spring 23, have the
      disphragm, and consequently the valve body 16, moves toward the opening
      position, because of which a mixture arises with an air-fuel ratio with
      respect to the stoechiometric ratio of approx. 1. It has to be borne in
      mind, however, that by the indication "high" vacuum, a pressure is meant
      lying between 260 and 720 mm mercury pressure abs. and by "low " vacuum is
      meant a pressure lying between 720 and 760 mm mercury pressure abs.
PAR  The maximum value of the air-fuel ratio is adjustable with the aid of the
      abutment 34. With the aid of the adjusting screw 27, controlling the
      passage 26a in the bottom of the bowl portion 7, the effect of the vacuum,
      being transmitted via the vacuum conduit 32 to the space below the
      diaphragm, can be varied, the play between the rod portion 18 of the valve
      body and the bore 17 in the bowl portion 7 cooperating therewith for this
      purpose. For, in case the adjusting screw 27 of the nipple 26 closes the
      passage 26a completely, and the vacuum in the air suction conduit 2 is not
      transmitted to the bottom side of the diaphragm via the conduit 32, said
      space can take the pressure prevailing in the space of the portion 11 of
      the valve housing, near above the portion 16 of the valve body. When
      however, the adjusting screw 27 has completely been screwed out, the
      passage of the nipple 26 being completely free, the suction force in the
      conduit 32 somewhat weakened by a leak via the play in the bore 17 will
      dominate.
PAR  The application of the suction conduit 32 with the adjusting screw 27
      constitutes an additional aid. The vacuum in the conduit 30 and the spring
      pressure of the spring 23 together would already provide a satisfactory
      control, having as disadvantage, however, that the portion 16 of the valve
      body would be opened too easy, in case of acceleration from a low number
      of motor revolutions. By using also the suction force in the venturi-tube,
      transmitted via the suction conduit 32 to the space below the diaphragm is
      obtained that the portion 16 of the valve-body opens at somewhat higher
      loads and numbers of revolution.
PAR  In the embodiment of the control device, shown in FIG. 3, a similar control
      is obtained, whereby in the partial-load range a poor-fuel mixture is
      added, but also without application of the suction conduit 32 and the
      adjustment screw 27, in the full-load range, corrections in the mixture
      with an air-fuel ratio with respect to the stoechiometric ratio to a value
      of approx. 1 being possible.
PAR  In case of motors having a small number of cylinders (less than four)
      strong pulsations occur in the suction system, said pulsations often
      having a disturbing influence on the air-fuel ratio and this in such a
      way, that the fuel mixture in the full-load, low range of revolutions, can
      become too rich. This can be avoided in the embodiment of the control
      device to be described, in which components, corresponding to those of the
      first described embodiment, have been indicated with the same reference
      numerals.
PAR  The flexible diaphargm 10, being clamped between the bowl portion 6, 7, has
      again been connected with the portion 16 of the valve body, which is urged
      towards the open position by the compression spring 23. The solid portion
      11 of the valve housing, constituting a unit with the bowl portion 7,
      being connected with the hooded portion 13 by means of the screw thread
      connection 12, has the passage 14 and the longitudinal bore 15,
      intersecting said passage 14, in which bore the valve body, with the
      portion 16 is longitudinally movable for closing the transverse bore 14.
      At the end of portion 16, facing to the bowl portion 7, the valve body has
      been extended with a thin rod portion 18, which has been connected at 19
      with the diaphragm 10 by means of a thickened end, extending with a
      certain play upwardly through the central opening 17 of the bowl portion
      7.
PAR  Departing from the first described embodiment, the thickened end at the rod
      portion 18 has a periphery having a size which is equal to that of the
      portion 16 of the valve body, thereby constituting in fact a second
      portion 37 of the valve body, which -- as can be seen in the drawing -- is
      also adapted for closing the passage 14 when the diaphragm moves
      downwardly. The second portion 36 has furthermore been provided with a
      longitudinal bore 37 to receive a compression spring 38, supporting at the
      one hand against the bottom of the bore 37 and at the other hand against a
      closing plate 39, which is axially slidable in the bore, and which
      normally is pressed by the spring 38 against a radially inwardly flanged
      edge 40.
PAR  The inlet and outlet of the passage 14 -- which has been shown in FIG. 3 as
      turned over an angle of 90.degree. in comparsion with the embodiment shown
      in FIG. 2 -- in the portion 11 of the valve housing have been connected to
      the gas conduit 20, whereas the space above the diaphragm in the bowl
      portion 6, has been connected via the nipples 24, 25, with the vacuum
      conduit 30, leading from the nipple 31 downstream of the throttle 4 in the
      air suction conduit 2 to the evaporator-pressure regulator 5.
PAR  The device operates as follows. In case of partial-load, the vacuum
      downstream of the thottle 4, being transmitted to the space above the
      diaphragm via the vacuum conduit 30, is considerably high, because of
      which the portion 16 of the valve body, is drawn upwardly in the passage
      14, against the action of the spring 23 and to decrease the gas passage,
      due to which first the closing plate 39 abuts against the abutment 34 and
      then the spring 38, the resiliency of which is for instance somewhat
      larger than that of the spring 23, is compressed. Then the fuel mixture
      will be made poorer until the air-fuel ratio with respect to the
      stoechiometric ratio, will be approx. 1.2.
PAR  In the full-load range, in which the throttle 4 is opened, the motor vacuum
      being rather low and being transmitted to the space above the diaphragm
      via the conduit 30, will move downwardly, and consequently the valve
      system, under the influence of the action of the compression spring 23, in
      order to enrich the fuel mixture, until the air-fuel ratio, with respect
      to the stoechiometric ratio, will be approx. 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control device for controlling the amount of gaseous fuel delivered
      from a source of fuel to an air suction conduit wherein said fuel is mixed
      with air, said conduit having a venturi tube and a throttle plate therein,
      comprising:
PA1  a. a housing, having a passage therethrough, said passage having one end
      connected to said source of fuel and the other end connected to said air
      suction conduit;
PA1  b. valve means disposed in said housing so as to selectively block said
      passage;
PA1  c. a flexible diaphragm affixed to and located with said housing so as to
      define a first chamber on one side of said diaphragm and a second chamber
      on an opposite side of said diaphragm;
PA1  d. means connecting said diaphragm to said valve means such that movement
      of said diaphragm causes said valve to open and close said passage;
PA1  e. first means connecting said first chamber to said air suction conduit
      downstream of said throttle plate such that when said throttle plate is
      closed or partially opened, a vacuum in said first vacuum chamber causes
      said valve means to partially close said passage so as to restrict the
      flow of fluel therethrough; and
PA1  f. second means connected to said housing to cause said valve means to open
      said passage when said throttle plate is fully opened.
NUM  2.
PAR  2. The control device of claim 1 wherein said second means comprises:
PA1  a. a second conduit connected to said suction conduit; and
PA1  b. means connecting said second conduit to said second vacuum chamber.
NUM  3.
PAR  3. The control device of claim 2 further comprising means for manually
      adjusting the area of a connecting opening between said second chamber and
      said means connecting said second conduit to said second chamber.
NUM  4.
PAR  4. The control device of claim 3 wherein said means for manually adjusting
      said area comprises a needle valve.
NUM  5.
PAR  5. The control device of claim 2 wherein said second conduit is connected
      to the venturi tube of said suction conduit.
NUM  6.
PAR  6. The control device of claim 1 wherein said housing comprises:
PA1  a. a first bowl shaped portion;
PA1  b. a second bowl shaped portion having its periphery attached to the
      periphery of said first bowl shaped portion; and
PA1  c. a cylindrical extension attached to said second bowl shaped portion and
      extending therefrom, said extension having a first passage therethrough to
      allow passage of said gaseous fuel and a second passage oriented
      perpendicular to said first passage and along the longitudinal axis of
      said cylindrical extension wherein said valve means is disposed in said
      second passage.
NUM  7.
PAR  7. The control device of claim 6 wherein said flexible diaphragm has its
      periphery attached to said housing at the joint of said first and second
      bowl - shaped portions.
NUM  8.
PAR  8. The control device of claim 6 further comprising spring means interposed
      between said valve means and said cylindrical extension to bias said valve
      means in an open position.
NUM  9.
PAR  9. The control device of claim 6 further comprising manually adjustable
      stop means through said first bowl shaped portion to adjust the maximum
      deflection of said flexible diaphragm.
NUM  10.
PAR  10. The control device of claim 1 wherein said second means to cause said
      valve means to open said passage is a spring connected between said
      housing and said valve means to bias said valve means in an open position
      when the vacuum in said first chamber drops below a predetermined valve.
NUM  11.
PAR  11. The control device of claim 9 wherein second spring means are provided
      between said valve means and said manually adjustable stop means.
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ABST
PAL  An intake and exhaust pipe construction for an internal combustion engine
      of the type having a main combustion chamber supplied with a lean mixture
      and an auxiliary combustion chamber supplied with a rich mixture. A spark
      plug ignites the rich mixture in the auxiliary chamber and the resulting
      torch flame passes through a torch nozzle to ignite the lean mixture in
      the main chamber. The auxiliary intake passage which supplies the
      auxiliary combustion chamber with the rich air fuel mixture is integrally
      formed with the exhaust passage such that a common wall extends there
      between. A shell is disposed about the intake and exhaust passages and
      spaced therefrom to form an air gap between the shell and passages.
      Openings are provided in the shell for allowing air flow to and from the
      air gap. The air flowing from the gap is directed by a conduit to the
      inlet opening of the intake system.
BSUM
PAR  This invention relates to an intake and exhaust pipe configuration for
      internal combustion engines of the type having a main combustion chamber,
      an auxiliary combustion chamber and a torch nozzle connecting the two
      chambers. A spark plug ignites a rich mixture in the auxiliary chamber and
      the torch flame passes through the torch nozzle to ignite and burn the
      lean mixture in the main chamber. When an engine of this type is started
      in a cold condition the rich mixture is cooled in the auxiliary intake
      passage as well as in the auxiliary combustion chamber, and the fuel in
      the mixture tends to separate therefrom and adhere to the wall surfaces.
      As a result, poor combustion occurs within the auxiliary combustion
      chamber resulting in a loss of fuel economy and an increase in unburned
      hydrocarbons which are then exhausted and become a major contributor to
      air pollution. To minimize the unburned hydrocarbons, it is necessary to
      obtain more complete combustion within the auxiliary combustion chamber
      which can be achieved through improved fuel vaporization.
PAR  In accordance with this invention, an intake and exhaust pipe configuration
      is employed which utilizes the heat in the exhaust passage to improve the
      vaporization of fuel mixture. Specifically, the auxiliary intake passage
      is integrally formed with the exhaust passage such that a thin partition
      separates the two passageways through which heat can flow from the exhaust
      gases in the exhaust passage to the incoming fuel mixture in the intake
      passage. Such heating vastly improves the vaporization of the mixture and
      thereby reduces the unburned hydrocarbons emitted to the atmosphere.
      However, a problem may arise with respect to overheating. While it is
      desirable to obtain rapid heat transfer from the exhaust passage to the
      intake passage, precautions must be taken to prevent excessive heat
      build-up and subsequent damage to the integral intake and exhaust conduit
      while concurrently insulating the conduit to retain heat therein. A shell
      is provided about the auxiliary intake and exhaust passages which forms an
      insulating air gap there between to aid in retaining the heat generated by
      the exhaust gases within the conduit. To prevent the excessive heat
      build-up, which might result from such insulation, air entry and exit
      apertures are provided within the shell to allow air to continually pass
      therethrough and thereby maintain the integral intake and exhaust conduit
      in a controlled temperature state. The heated air exiting the air gap is
      directed to the air cleaner of the engine thereby accelerating the heating
      of the main and auxiliary intake air and eliminating any need for
      preheating thereof.
PAR  The object of the present invention is to provide an integral intake and
      exhaust conduit for internal combustion engines of the type having a main
      and auxiliary combustion chamber which utilizes the heat from the exhaust
      gases to improve the vaporization of the incoming rich mixture in the
      auxiliary intake passage while preventing excessive heat build-up therein.
PAR  It is another object of this invention to provide an integral intake and
      exhaust conduit for an internal combustion engine of the type of having a
      main and auxiliary combustion chamber which utilizes the heat from the
      exhaust gases in the exhaust passage to accelerate the heating of the main
      and auxiliary intake air.
DRWD
PAR  These and other objects and advantages of the present invention will become
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings.
PAR  FIG. 1 is a sectional side view of a portion of an internal combustion
      engine incorporating the intake and exhaust conduit.
DETD
PAR  Referring now in detail to the drawings, the internal combustion engine is
      seen to have a main combustion chamber 2, a main intake passage 6
      communicating therewith, an auxiliary combustion chamber 5, and an
      auxiliary intake passage 7 communicating with the auxiliary combustion
      chamber. A lean air fuel mixture is supplied to the main combustion
      chamber 2 through intake passage 6 and a rich air fuel mixture is supplied
      to the auxiliary combustion chamber 5 through the auxiliary intake passage
      7. The auxiliary combustion chamber is in combination with the main
      combustion chamber through a torch nozzle 3. A spark plug 4 is provided in
      the auxiliary chamber to ignite the rich mixture therein. Flame produced
      thereby is injected through the torch nozzle 3 into the main combustion
      chamber to ignite the rich lean mixture therein. The main combustion
      chamber 2 is provided with a main intake valve 9 and the auxiliary
      combustion chamber 5 communicates with an auxiliary intake passage 7
      through an auxiliary intake valve 10. An exhaust valve 11 is shown
      disposed across the main combustion chamber from the main intake valve 9.
      The exhaust valve communicates the main combustion chamber with the
      exhaust passage 8. The exhaust passage in turn communicates with an
      exhaust pipe 18 and similarly the auxiliary intake passage 7 communicates
      with an auxiliary intake pipe 17. The main intake passage 6 communicates
      with the main intake pipe 16. The intake pipe and exhaust pipes are
      disposed on the same side of the engine body 12 and form an integral
      intake and exhaust structure 24 having a partition wall 25 which extends
      between the auxiliary intake and exhaust pipes 17 and 18.
PAR  When the internal combustion engine above described is started from a cold
      condition, the heat of the exhaust gas travelling through the exhaust
      passage and exhaust pipe is transmitted through the partiton 25 to the
      rich mixture passing through the auxiliary intake pipe 17 which is
      immediately heated and vaporized for complete combustion. A shell 21 is
      disposed about the auxiliary intake and exhaust pipes to reinforce the
      structure and prevent loss of heat generated by the exhaust gases to the
      atmosphere. The shell is so disposed, as seen in the drawings, to provide
      an air gap "S" between the shell and the exhaust and auxiliary intake
      pipes thereby providing additional insulating air about the integral
      intake and exhaust conduit. To prevent excessive heat build-up, however,
      an opening 22 is provided in the shell 21 below the exhaust pipe 18
      through which external air can pass into gap "S". An outlet 26 is
      similarly provided in shell 21 so that external air may pass into and out
      of the gap "S" between the shell and exhaust and auxiliary intake pipes 18
      and 17 thereby maintaining the integral conduit 24 in a controlled
      temperature state and preventing the possibility of excessive heat
      build-up within the structure while preserving the heat retention
      properties of the integral conduit necessary for the rapid heat transfer
      to the incoming mixture. A conduit 23 communicates with outlet 26 and
      directs the air from gap "S" to the air cleaner 13 through inlet opening
      13.sub.1 ; thereby utilizing the air warmed by the heat exchange within
      the gap "S" to accelerate the heating of the main and auxiliary intake air
      within the air cleaner 13. The air fuel mixture can then be further heated
      by the addition of an acceleration chamber 20 which is disposed directly
      over the exhaust manifold and transfers the heat received therefrom to the
      fuel mixture which flows into the chamber from carburetors 14 and 15. It
      should also be noted that even if the fuel mixture were to leak from the
      auxiliary intake pipe 17, the leakage would be returned to the intake
      system via conduit 23 and not exhausted to the atmosphere, thereby further
      reducing the polluting aspects of the exhaust gas.
PAR  In the preferred embodiment of the invention, the auxiliary intake pipe 17
      and the exhaust pipe 18 are made of a low heat capacity material, for
      example, a thin sheet of metal while the shell 21 is made from a cast
      pipe. Changes and modifications may be made in carrying out the instant
      invention without departing from the scope and spirit thereof. Insofar as
      these changes and modifications are within the purview of the appended
      claims they are to be considered as part of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an integral intake and exhaust conduit for an internal combustion
      engine of the type having a main and auxiliary combustion chamber, which
      conduit contains an intake passage and an exhaust passage wherein a
      portion of said exhaust passage is integrally formed with a portion of
      said intake passage to define a partition therebetween, an improvement
      comprising: a shell disposed about said intake passage and said exhaust
      passage forming an air gap between said shell and said intake and exhaust
      passages, said shell having a first and second aperture therein, said
      first aperture communicating with said air gap to allow air flow therein
      and said second aperture communicating with said air gap to allow air flow
      therefrom whereby air is continually drawn into said air gap over said
      exhaust and intake passages and out said second aperture thereby
      maintaining said integral conduit in a controlled temperature state as
      heat is transferred from said exhaust passage to said intake passage, said
      first aperture being disposed within said shell below said exhaust passage
      and said second aperture being disposed within said shell above said
      intake passage and a conduit communicating said second aperture with the
      air intake of the internal combustion engine thereby accelerating the
      heating of the air entering said engine.
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ABST
PAL  A system to convert liquid fuel for an internal combustion engine to a
      gaseous state for injection while in the gaseous state into the internal
      combustion engine which includes a heater in heat exchanging relation with
      the exhaust of an engine and a fuel pump to supply fuel to the heater
      means, whereby the preheated fluid is in the gaseous state when injected
      into the engine for more complete combustion.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to internal combustion engines and, more
      particularly, to a preheating device to preheat gasoline so that it enters
      the internal combustion engine at an elevated temperature and gaseous
      state for more complete combustion.
PAC  BACKGROUND OF THE INVENTION
PAR  As is perhaps well known, gases burn more completely when injected into an
      internal combustion engine chamber than do liquid fuels. This invention
      provides a means for preheating the gasoline to elevate its temperature
      preferably to a gaseous state prior to injection into the internal
      combustion engine and which preheats the gasoline by utilizing the exhaust
      heat of the engine.
PAR  It is, accordingly, an object of this invention to provide a preheater
      means in the fluid supply line to an internal combustion engine which
      includes a heater means which is arranged in close heat-exchanging
      relation to the heated exhaust parts of the engine and which may include a
      secondary heating means to heat the gasoline for a predetermined time
      prior to the time at which the engine has developed its operating engine
      heat.
PAR  It is a general object of this invention to provide an improved system for
      increasing efficiency of gasoline fuel and other combustible materials and
      to preheat the gas prior to injection of the same into an internal
      combustion engine which is simple and inexpensive to install and is
      adapted to increase engine utilization of available energy from a fuel.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The drawing describes in schematic form a system in accordance with this
      invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to the drawings the device is there shown. It is a system for use
      in preheating a fuel to convert it to a gaseous state prior to injection
      into the combustion chamber of an engine. A fuel reservoir or tank as is
      conventional is designated by the numeral 1. It includes an inlet 11 and
      an outlet 12; and it is connected through a conduit 14 to a surge tank 4
      having an inlet and outlet, 16 and 18. In fluid communication in the
      conduit means 14 a fuel pump 2 is provided. To control the operation of
      the pump 2, electronic control means 20 are provided to control the liquid
      level in the surge tank.
PAR  Signal means are provided to sense the liquid level in the surge tank to
      signal the control means to operate the fuel pump. The signal means may
      comprise a float 5 in the surge tank constrained by structure to vertical
      movement in a predetermined path only. This may be by reason of the
      configuration of the surge tank and a companionate configuration for the
      float. The float is adapted to engage a member 22 which is pivotally
      connected to the check valve operator and extends into the path of
      movement of the float so as to be responsive to the liquid level of the
      surge tank to open a check valve 3 when the float is below a certain level
      and to close the check valve when at a predetermined level and to
      correspondingly operate the fuel pump when the liquid level is below the
      predetermined normal fuel level desired in the tank. Any suitable operator
      means may be provided to operate the fuel pump to maintain a normal
      predetermined level in the surge tank.
PAR  A conduit circuit generally designated by the numeral 40 extends from the
      outlet 18 of the surge tank to the combustion chamber on which the device
      is installed. The conduit circuit includes a first heater means 6 to
      convert the liquid fuel to a gas, which heater means comprises a heat
      exchanging member in heat exchanging relation closely adjacent the exhaust
      of a combustion chamber, not shown. The conduit circuit 40 also includes a
      storage tank 10 with an inlet 42 and a first outlet 44 and a second outlet
      46 which is elevated with respect to the level of the tank so as to
      collect gaseous vapors only. The conduit circuit also includes a normally
      closed gate valve 8 intermediate the first heater means and the inlet 42
      of the storage tank 10. This is controlled by a temperature responsive
      switching means 7 which is provided to sense the temperature in the
      conduit circuit intermediate the first heater means and the storage tank.
      This latter switching means, designated by the numeral 7 is effective to
      permit fluid to enter the tank 10 while it is in a gaseous state only. It
      is electrically connected and operates the gate valve 8. This is so the
      storage tank will at all times contain a supply of fuel for metering with
      a conventional metering means (not shown) to the combustion chamber of a
      vehicle (not shown), and the switch means 7 only is open when the heat
      exchange takes place, i.e., the engine is operating.
PAR  Second heater means 47 may be provided in the storage tank 10 to operate
      until the switch 7 has been open, that is until the engine has started and
      built up heat so that the heat exchanging operation is taking place at the
      first heater means and the second heater means changes any gas that has
      cooled into the liquid state in the tank 10 back into a gas for an initial
      engine start period.
PAR  A safety valve means generally designated by the numeral 49 may be provided
      which includes a line connected to the combustion chamber reservoir 10 at
      44 and to the outlet 18 and to open the safety valve 49 in the event of a
      predetermined dangerous pressure built up. An electric time delay circuit
      means, not shown, may be provided to energize the second heater means and
      to hold the valve 8 closed for a period after the ignition has been turned
      on and until the engine heat is developed. The time delay circuit means
      are set for a predetermined period of time, so as to cause the second
      heater to operate until such time as the heat exchanger of the first
      heater means is functioning in a normal manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel preheating system to convert liquid fuel to a gaseous state prior
      to injection into a combustion chamber comprising,
PA1  a fuel reservoir with an inlet and an outlet,
PA1  a surge tank with an inlet and an outlet,
PA1  first conduit means interconnecting the outlet of the fuel reservoir and
      the inlet of the surge tank,
PA1  a fuel pump in said first conduit means,
PA1  said surge tank including a one-way, normally closed check valve means to
      control the liquid level therein,
PA1  operator means for the check valve and fuel pump comprising,
PA2  a float in the surge tank constrained to vertical movement in a
      predetermined path, and
PA2  a member in said path of movement of the float responsive to the liquid
      level in the surge tank to open and close the valve means,
PA1  signal means interconnecting the check valve and the fuel pump to limit the
      amount of fuel in said tank;
PA1  operator means to operate the fuel pump to maintain a normal predetermined
      liquid level in said surge tank,
PA1  a conduit circuit interconnecting the surge tank and the combustion
      chamber, and including, in series,
PA2  a first heater means to convert the liquid fuel to a gas, said first heater
      means being in heat exchanging relation adjacent the exhaust of the
      combustion chamber,
PA2  a storage tank with an inlet and an outlet,
PA2  a normally closed gate valve intermediate the first heater means and the
      inlet of the storage tank, and
PA1  temperature responsive operator means to operate the gate valve, said
      temperature responsive operator means being affixed to said first heater
      means to sense the temperature at said first heater means.
NUM  2.
PAR  2. The system of claim 1 including a pressure regulating means comprising a
      line in open communication with the interior of the surge tank and said
      storage tank and including a pressure regulating valve intermediate the
      length thereof effective to limit pressure equalization between the
      storage tank and the surge tank so that the relative pressure in the surge
      tank is at all times the same as or less than the pressure in said storage
      tank.
NUM  3.
PAR  3. The system as set forth in claim 1 wherein a second heater means is
      provided in said storage tank and normally not energized for operation
      only upon initiation of combustion in the combustion chamber for a
      predetermined interval of time to convert fuel in a liquid state in the
      storage tank to a gaseous state upon initiation of combustion in the
      combustion chamber.
NUM  4.
PAR  4. The system as set forth in claim 1 wherein safety valve means are
      provided including a first line connected to the storage tank and a safety
      valve in said line and means to open the safety valve which are pressure
      responsive.
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ABST
PAL  Exhaust gases in an internal combustion engine are circulated into a
      chamber containing liquid fuel, the exhaust gases bubbling through the
      fuel to heat and vaporize the fuel prior to passing the fuel for mixing
      with air at the entrance to the intake manifold.
BSUM
PAR  This invention relates generally to internal combustion engines and more
      particularly to an improved fuel vaporizer and control system for
      improving the burning efficiency in internal combustion engines.
PAC  BACKGROUND OF THE INVENTION
PAR  Present day automobile engines utilize a mixture of liquid fuel (gasoline)
      and air in the carburetor for burning in the engine. The basic problems
      associated with this approach include the following:
PAR  1. The liquid droplets mixed with the air tend to collect on the manifold
      walls whenever a change in direction occurs resulting in uneven
      distribution of the fuel to the cylinder. The uneven fuel distribution
      makes it necessary to enrich the mixture to ensure that the leanest
      cylinder receives a sufficient charge of fuel. The droplet collection
      tendency is further increased under increasing load and speed conditions
      which make it necessary to further enrich the mixture to compensate for
      the droplet collection in addition to the necessary enrichment for
      increasing load and speed. Such fuel enrichment results in decreased
      thermal efficiency and an increase in unburned hydrocarbons and carbon
      monoxide emitted in the exhaust gas.
PAR  2. Leaning the mixture to minimize the hydrocarbon and carbon monoxide
      emission results in a drastic loss of power compounded by the uneven
      distribution of fuel. Further, an increase in oxides of nitrogen emitted
      due to an increase in the average combustion chamber temperature results.
      Finally, there is a tendency to burn exhaust valves caused by the higher
      temperature of the exhaust gas passing the exhaust valve which results
      from the lower flame speed caused by the lean mixture.
PAR  The foregoing problem can be alleviated if fuel could be pre-vaporized
      rather than introduced in the form of a liquid or liquid droplets. U.S.
      Pat. No. 3,667,436 issued June 6, 1972 to Robert Reichhelm discloses a
      fuel gassification system for internal combustion engines. Essentially,
      Reichhelm feeds back part of the exhaust gases to heat and aid in
      vaporizing liquid fuel.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention involves the provision of a fuel vaporizer and
      control system which utilizes the heat and pressure available in the
      exhaust gas to atomize and vaporize the liquid fuel by intimate mixing
      thereof. In a broad sense, the present invention is similar in principle
      to the teachings of the Reichhelm patent, referred to heretofore. On the
      other hand, the present invention provides a greatly improved structural
      arrangement for effecting a far more efficient vaporizing of the fuel than
      has been possible heretofore.
PAR  Briefly, the invention contemplates the provision of a pipe section
      arranged to be inserted between the air intake and input manifold of an
      internal combustion engine. This pipe section includes a butterfly valve
      and a fuel vapor inlet below the valve. A vaporizer unit in turn comprises
      a closed chamber having a liquid fuel inlet connected to receive liquid
      fuel for the engine, an exhaust gas inlet and a fuel vapor outlet.
PAR  Exhaust branch pipe means including a one-way check valve connect to pass
      exhaust gases from the engine to the exhaust gas inlet in the chamber. A
      liquid fuel reservoir is provided in the lower portion of the chamber
      together with a float valve control to maintain the level of liquid fuel
      in the chamber at a desired given level, this fuel being received from the
      usual fuel pump.
PAR  Within the chamber there is provided an exhaust pipe connecting means
      passing from the exhaust inlet through the upper portion of the chamber
      and thence extending downwardly into the liquid fuel to terminate beneath
      the surface of the liquid fuel. The terminal end of this connecting means
      beneath the liquid level includes a plurality of outlet ports so that
      exhaust gases can only escape into the chamber by bubbling up through the
      liquid fuel, thereby vaporizing the fuel.
PAR  Further vaporization is accomplished by a baffle means along the exterior
      portion of the pipe connecting means in the upper portion of the chamber,
      the baffle means and exterior pipe portion being heated by the exhaust
      gases. The fuel vapor outlet passes from the chamber at a point adjacent
      to the exhaust gas inlet and connects into the fuel vapor inlet in the
      pipe section.
PAR  Hot exhaust gases passing through the exhaust pipe connecting means and
      bubbling through the liquid fuel vaporize the same and the vaporized fuel
      passing along the exhaust pipe connecting means and baffle means in the
      upper portion of the chamber is thereby further vaporized so that
      substantially only vaporized fuel passes into the fuel inlet in the pipe
      section to then mix with air and provide an explosive mixture for the
      engine.
PAR  An additional feature of the invention includes means for introducing water
      into the pipe section above the butterfly valve. The introduction of this
      water is by way of a water tank connected to also receive exhaust gases,
      the pressure thereof contributing to the rate of water introduction into
      the pipe section.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the invention will be had by now referring to a
      preferred embodiment thereof as illustrated in the accompanying drawings
      in which:
PAR  FIG. 1 is a diagramatic showing only of an internal combustion engine in
      which the fuel vaporizer and control system of this invention has been
      incorporated;
PAR  FIG. 2 is a cross section taken in the direction of the arrows 2--2 of FIG.
      1;
PAR  FIG. 3 is a fragmentary perspective view broken away to illustrate a
      portion of the structure looking in the direction of the arrow 3 of FIG.
      2;
PAR  FIG. 4 is a fragmentary cross section taken in the direction of the arrows
      4--4 of FIG. 2; and
PAR  FIG. 5 is a fragmentary view partly broken away taken in the direction of
      the arrows 5--5 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, there is shown a pipe section 10 arranged to be
      inserted between the air intake 11 and input manifold 12 of an internal
      combustion engine designated by the block 13. The engine 13 may constitute
      an automobile engine, a stationary internal combustion engine, or any
      equivalent engine. Regardless of the particular engine involved, there is
      normally provided a fuel line as indicated to the right at 14 and an
      exhaust line for exhaust gases as indicated at 15.
PAR  In accord with the present invention, the pipe section 10 incorporates an
      air inlet valve means in the form of a butterfly valve 16 and a fuel vapor
      inlet 17 below the butterfly valve. Also provided in accord with a
      preferred embodiment is a water inlet 18 disposed above the butterfly
      valve. A tank 19 of water 20 is shown connected to the water inlet 18 for
      passing water into the pipe section 10 through a venturi portion 18'.
PAR  Referring now to the structure below the water tank there is shown a fuel
      vaporizer unit 21 comprising a closed chamber having a liquid fuel inlet
      22 connected to receive liquid fuel for the engine in line 14. Also
      provided is an exhaust gas inlet 23 and a fuel vapor outlet 24.
PAR  An exhaust branch pipe means shown at 25 includes a one-way check valve 26
      and is connected to pass exhaust gases from the exhaust line 15 to the
      exhaust gas inlet 23. An auxiliary exhaust pipe branch 27 connects to the
      exhaust branch pipe means 25 after the check valve 26 to the upper portion
      of the water tank 19 to provide pressure on the water 20 and thus urge it
      into the water inlet opening in the pipe section 10.
PAR  Referring now to the cross section of FIG. 2, corresponding components
      described in FIG. 1 are designated by the same numerals. As shown, liquid
      fuel received in the liquid fuel inlet 22 forms in the lower portion of
      the chamber 21 and its level is in turn controlled by a float valve 29.
PAR  In the upper portion of the chamber there is provided an exhaust pipe
      connecting means 30 passing from the exhaust inlet 23 along the upper
      portion and thence turning downwardly as at 31 to pass into the liquid
      fuel 28 and terminate below the surface of this liquid fuel. In the
      embodiment illustrated, the termination takes the form of a cross pipe 32
      provided with a plurality of ports 33 so that exhaust gases can only
      escape into the chamber by bubbling up through the liquid fuel. Baffle or
      separating means 34 are provided in the upper portion.
PAR  Also included in the upper portion of the chamber 21 is a plate 35
      extending from one wall in the chamber beneath the baffle means and above
      the liquid fuel level. As shown, this plate slopes downwardly to terminate
      in a free end 36 short of the opposite wall of the chamber. The plate
      itself may include enlongated slot openings 37 adjacent alternate baffles,
      the arrangement being such that any droplets of fuel not completely
      vaporized on passing about the baffle means are collected by the plate and
      returned to the liquid fuel in the lower portion of the chamber.
PAR  FIG. 3 illustrates more clearly the arrangement of the baffle plate 34 and
      the connecting exhaust pipe 30 passing therethrough from the exhaust gas
      inlet 23. These plates 34 are heated by the passing exhaust gases in the
      pipe 30 by conduction from the surface of the pipe. Moreover, this surface
      of the pipe is itself quite hot so that when vaporized fuel traverses
      about the baffles as indicated by the arrows, any fuel not completely
      vaporized will be substantially completely vaporized by the time it
      reaches the fuel vapor outlet line 24. Thus, the vaporized fuel is in a
      saturated condition when it reaches the fuel vapor outlet line 24 since
      all droplets entrained in the fuel which would result in super saturation
      have been removed by the baffles.
PAR  With respect to the foregoing, it will be noted that the fuel vapor outlet
      24 is disposed adjacent the exhaust gas inlet 23 so that the baffle means
      must be traversed by the vaporized fuel prior to passing from the chamber
      21.
PAR  FIG. 4 illustrates the termination cross pipe 32 for the exhaust connecting
      line portion 31 wherein the plurality of ports 33 are shown for releasing
      gas so that it can bubble up through the liquid fuel.
PAR  In FIG. 5, it will be noted that the fuel vapor outlet 24 includes a
      throttle valve 38. As indicated by the dashed lines, this throttle valve
      and the butterfly valve 16 are both controlled by a control box 39 which
      functions to control the position of the throttle valve relative to the
      butterfly valve in accord with a desired ratio of fuel vapor to air
      mixture. In other words, the fuel flow per unit time is controlled by the
      valve 38 while the air flow per unit time is controlled by butterfly valve
      16. By controlling simultaneously the position of one valve in response to
      changes in the position of the other by the control box 39, a desired
      fuel-to-air mixture ratio can be continuously maintained.
PAC  OPERATION
PAR  The operation of the improved fuel vaporizer and control system will be
      evident from the foregoing. Essentially, the structure of the fuel
      vaporizer chamber incorporating the combination of the liquid level float
      valve, disposition of the exhaust line connecting means to cause exhaust
      gases to exit below the level of the liquid fuel, and the baffle
      arrangement assure substantially complete vaporization of the fuel prior
      to any mixing with air.
PAR  In addition to the foregoing, water from the tank 19 can be fed into the
      pipe section 10 as described in FIG. 1 at a rate controlled by the
      pressure of the exhaust gases passed to the tank through the auxiliary
      exhaust pipe branch 27 and by the venturi effect of 18'.
PAR  As a result of complete fuel vaporization, the heretofore described
      problems associated with droplets of fuel are completely avoided with the
      result that greater thermal efficiency is realized.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel vaporizer and control system comprising, in combination:
PA1  a. a pipe section arranged to be inserted between the air intake and input
      manifold of an internal combustion engine, said pipe section including an
      air inlet valve means for controlling inlet air flow and a fuel vapor
      inlet;
PA1  b. a vaporizer unit including a closed chamber having a liquid fuel inlet
      connected to receive liquid fuel for said engine, an exhaust gas inlet and
      a fuel vapor outlet;
PA1  c. exhaust branch pipe means connected to pass exhaust gases from said
      engine to said exhaust gas inlet;
PA1  d. a liquid fuel reservoir in said chamber;
PA1  e. control means within said chamber to maintain the level of liquid fuel
      in said chamber at a given level;
PA1  f. exhaust pipe connecting means passing from said exhaust gas inlet
      through a portion of said chamber and thence extending into said liquid
      fuel to terminate beneath the surface of said liquid fuel, the terminal
      end of said connecting means beneath said liquid level including outlet
      means so that exhaust gases can only escape into said chamber by bubbling
      up through said liquid fuel;
PA1  g. separating means in said chamber, said fuel vapor outlet passing from
      said chamber at a point following the separating means and connecting into
      said fuel vapor inlet in said pipe section;
PA1  h. a throttle valve for controlling the flow of vaporized fuel into said
      fuel vapor inlet; and
PA1  i. control means connected to said throttle valve and air inlet valve means
      for controlling the flow of fuel and air respectively therethrough to
      provide a desired ratio of fuel vapor to air whereby hot exhaust gases
      pass through said exhaust pipe connecting means and bubble through said
      liquid fuel to vaporize the same, the vaporized fuel passing through the
      separating means to thereby remove any liquid droplets not vaporized so
      that substantially only vaporized fuel passes through said throttle valve
      into said fuel in said pipe section to then mix with air passing through
      said air inlet valve means and provide an explosive fuel and air mixture
      at said desired ratio for said engine.
NUM  2.
PAR  2. A system according to claim 1, in which said pipe section is provided
      with a water inlet above said valve means; a tank of water; and an
      auxiliary exhaust pipe branch connecting to said exhaust branch pipe means
      and to said tank to provide pressure on the water therein and force water
      into said pipe section.
NUM  3.
PAR  3. A system according to claim 1, including a plate in said chamber
      extending beneath said separating means and above said liquid fuel level
      and sloping downwardly from one wall to terminate short of the opposite
      wall of the chamber whereby any droplets of fuel not completely vaporized
      on passing through said separating means are collected by said plate and
      returned to said liquid fuel in the chamber.
NUM  4.
PAR  4. A system according to claim 1, in which said separating means comprising
      baffle means extends along said exterior portion of said pipe connecting
      means to thereby become heated by exhaust gases passing through the pipe
      connecting means.
NUM  5.
PAR  5. A system according to claim 1, in which said point at which said fuel
      vapor outlet passes from said chamber is adjacent to the exhaust gas
      inlet.
NUM  6.
PAR  6. A system according to claim 1, in which said exhaust branch pipe means
      includes a check valve to block reverse flow of exhaust gases from said
      chamber.
NUM  7.
PAR  7. A system according to claim 2 in which said water inlet terminates in a
      venturi so that incoming air aids in drawing water through said inlet.
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ABST
PAL  A fuel injection system for regulating fuel flow so as to maintain a
      desired fuel-air mixture in a mixture compressing, externally ignited
      internal combustion engine includes the air intake suction tube of the
      internal combustion engine. A measuring device is provided for measuring
      the quantity of air passing through the air intake suction tube. A
      pressure control device, responsive to output from the measuring device
      produces, as its output, a variable fluid pressure head. At least one fuel
      metering valve is responsive to the output from the pressure control
      device. This fuel metering valve has a movable member, preferably a slide
      valve piston, which is actuated in two control directions. The fuel
      metering valve functions to meter out fuel, in desired proportion, into
      the quantity of air streaming through the suction tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates, in particular, to a fuel metering and injection
      system for mixture compressing, externally ignited internal combustion
      engines. The system includes a fuel line and a metering valve in the fuel
      line, the valve having a movable valve member which, especially when the
      movable valve member is embodied as a slide valve piston, meters out to
      the air quantity streaming through a suction tube a quantity of fuel in a
      desired proportion. The movable valve member (slide valve piston) can be
      actuated by a fluid of changeable pressure to influence the metering
      process. It is the purpose of such fuel metering and injection systems to
      create automatically a favorable fuel-air mixture for an internal
      combustion engine, in order to burn the fuel as completely as possible
      and, therefore, to avoid or to reduce greatly the formation of toxic
      exhaust gases, while maintaining the highest possible performance or the
      lowest possible fuel consumption of the internal combustion engine. For
      this purpose, the desired ratio between air quantity and fuel quantity
      must be changeable in dependence on engine parameters, such as rpm, load,
      temperature and exhaust gas composition. Such an adjustment should be
      possible by the simplest means, i.e., by a simple intercession in the
      control loop mechanism of the fuel injection system.
PAR  In a known fuel injection system of the abovedescribed kind, the slide
      valve piston is actuated by a mechanical air measuring element via a lever
      against a nominally constant return force (pressure fluid).
PAR  While this known prior art installation has the advantage that, by the use
      of a liquid pressure medium, it is relatively simple to produce a constant
      return force, which is easily changeable, there results the disadvantage
      of a mechanical transmission of the measured air value to the slide valve
      piston. Because of this fact, supplementary limits are placed on the
      regulation with respect to intercession in the control loop of the system.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a fuel metering and injection
      system of the kind described above, taking into account the
      above-mentioned requirements to be made on such a fuel injection system.
PAR  The foregoing object, as well as others which are to be made clear from the
      text below, is achieved, according to the present invention, by providing
      a fuel metering and injection system which includes the air intake suction
      tube of an internal combustion engine of the mixture compressing,
      externally ignited type. A measuring device is provided for measuring the
      quantity of air passing through the air intake suction tube. A pressure
      control device is operatively arranged to respond, at least mediately, to
      output from the measuring device. The pressure control device generates,
      as its output, a variable fluid pressure head. At least one fuel metering
      valve is responsive to output from the pressure control device. The fuel
      metering valve has a movable member (slide valve piston) which is actuated
      in two control directions.
PAR  The structural components of the fuel injection system, according to the
      present invention, should, furthermore, be able to serve as modules
      (building blocks) of fuel injection systems composed of several
      sub-systems, for example, a combination including an air-quantity meter
      operating with either electrical means or mechanical means. This task is
      solved, according to the present invention, in that the movable valve
      member (slide valve piston) is actuated in both directions by the pressure
      control means which produces the variable pressure head and is controlled
      by an element whose set value is determined, at least medially, by an air
      quantity measurement instrument disposed in the suction tube. That which
      determines the adjustment of the movable valve member is, in each case,
      the pressure difference of the fluid on either side of the movable valve
      member. This pressure difference can occur for short time durations and
      alternately by intermittent supply of the fluid. It can also be effected
      solely as a pure fluid pressure control. Thus, according to an
      advantageous embodiment of the present invention, the control medium can
      be alternately supplied to move the movable valve member in one or the
      other control direction, and the pressure and quantity of the control
      fluid can be adjustable for each control direction in dependence on engine
      operating parameters.
PAR  In the injection system according to the invention, special use is made of
      the advantage provided by using a fluid as the control medium. This is
      possible because it is relatively simple to maintain a constant force and
      subsequently to alter the magnitude of this constant force, depending on
      the demand, by a change in the fluid pressure level.
PAR  According to an advantageous embodiment of the invention, the element for
      influencing the control medium is a magnetic solenoid valve, which,
      preferably, is operatively associated with a membrane, as the movable
      valve member, and which is structurally integrated with the fuel metering
      and quantity distribution valve.
PAR  The movable valve member of the fuel metering and distribution valve is
      preferably a sliding valve piston which is part of a metering valve
      structure forming part of the distribution system, in which fuel is
      delivered by a fuel pump through an annular groove of the slide valve
      piston to each of several control valves, the flow aperture across section
      of a control valve being variable by means of a resilient member
      (membrane) which separates two chambers and where, in the first chamber,
      the pressure prevailing downstream from the metering valve seat acts on
      the resilient member in the sense of opening the control valve; whereas,
      the second chamber contains the pressure prevailing upstream from the
      metering valve seat, and where the flow aperture cross section of the
      metering valve is changeable linearly by the axial sliding of the slide
      valve piston. The axial sliding of the slide valve piston uncovers,
      depending on its axial position, smaller or larger portions of, in
      particular, metering slits assigned to each injection valve and disposed
      in a guide bushing arranged parallel to the axis of the slide valve
      piston.
PAR  According to a supplementary advantageous embodiment of the invention, the
      air quantity measuring instrument in the suction tube is operatively
      associated with an electrical circuit which produces an electrical signal,
      as a result of circuit parameter set, corresponding to the air quantity.
      This electrical signal is used to determine the control level for the
      pressure control valve.
PAR  An exemplary embodiment of the present invention, as well as several
      variants thereof, is illustrated, in simplified form, in the accompanying
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic illustration of an exemplary embodiment of a fuel
      metering and injection system according to the present invention.
PAR  FIGS. 2-4 show variants of the magnetic solenoid valve which may be used in
      a system constructed according to the present invention.
DETD
PAC  DESCRIPTION AND OPERATION OF THE EMBODIMENTS
PAR  Referring to FIG. 1, the illustrated fuel metering and injection system,
      according to the present invention, includes a conventional air intake
      suction tube 1. Inside the suction tube 1 there is disposed an air
      measuring element 2, associated with an electrical circuit, and followed
      by a throttle flap 3 positioned downstream from the air measuring element
      2. The air measuring element 2 produces, in its associated electrical
      circuit, a variable magnitude electrical output signal which is compared,
      in an electrical control unit 4, with the magnitude of an electrical
      output signal from a further electrical circuit operatively associated
      with a fuel measuring element 5. This further electrical circuit operates
      in conjuction with a fuel metering and distribution unit, generally
      designated by the numeral 6. The comparison within the electrical control
      unit 4 results in the formation of an electrical control signal for a
      magnetic solenoid valve 7 which, by means of a fuel metering and
      distribution unit 6, causes a change in the quantity of fuel injected.
PAR  The details of the electrical control unit 4 are not necessary for purposes
      of the present invention, although it may be stated that the circuit
      disclosed in U.S. Pat. No. 3,796,199 issued to Heinrich Knapp and assigned
      to the assignee of the present application could be adapted for use as the
      control unit 4. It would only be necessary to utilize the potentiometer 9
      of the air measuring element 2 in place of the temperature sensing means
      in the intake tube 43, and the fuel measuring element 5 for the
      temperature sensing means in the chamber 17. The operational amplifier 67
      would then compare the signals from the potentiometer 9 and the fuel
      measuring chamber 5 and adjust the magnetic solenoid valve 7 accordingly.
PAR  The air measuring element 2 includes an air flap 8, hinged at one of its
      edges, which actuates a potentiometer 9 and pivots in opposition to the
      force of a weak return spring 10.
PAR  The fuel measuring element 5, the fuel metering and distribution unit 6 and
      the magnetic solenoid valve 7 are integrated into a single setting
      mechanism. The setting mechanism includes three housing members 11, 12 and
      13. The housing members 11 and 12 together house the metering and
      distribution unit 6, and the housing member 13 houses the magnetic
      solenoid valve 7 and the fuel measuring element 5. A membrane 14 is
      tensioned between the housing members 11 and 12 and separates two chambers
      15 and 16 from one another. Within the distribution unit 6, there are
      disposed, preferably symmetrically with respect to the contral axis, as
      many pairs of chambers 15 or 16 as there are injection nozzles in the
      internal combustion engine (in FIG. 1 only two each such chambers are
      shown). In a bore 17 traversing the housing members 11, 12 and 13, there
      are disposed, on the same axis, a bushing 18 and an insert 19 for an
      inductive position indicator. Within the bushing 18 slides an axially
      slidable slide valve piston 20 having an annular groove 21 in its
      circumference. One front edge of the annular groove 21 cooperates with
      slits 22 disposed within the bushing 18, the slits 22 communicating
      through bores 23 with the chambers 15. The motions of the slide valve
      piston 20 are also carried out by an associated slider 24, which serves as
      the movable part of the inductive position indicator. The slider 24 is
      pressed against the slide valve piston 20 by a weak spring 25 and
      cooperates with an inductive coil 26. The inductive coil 26 is connected,
      through an electrical line 27, to the electrical control unit 4. The slide
      valve piston 20 is loaded by a spring 28 on the face turned away from the
      inductive position indicator. This spring 28 pushes the slide valve piston
      during non-operation of the injection system, into a position in which the
      communication between the annular groove 21 and the control slits 22 is
      interrupted (zero supply when the electrical control unit 4 is disabled).
PAR  Fuel is pumped from a container 29 by an electric supply pump 30 and is
      provided through a line 31 to the fuel metering and distribution unit 6.
      Branching off from the line 31 is a line 32 which leads back to the
      container 29, a pressure sustaining valve 33 being disposed in line 32.
      From the line 31, fuel reaches one of the chambers 16 which are connected
      sequentially in a manner not further shown so that fuel streams from the
      last chamber 16 in the sequence through a line to the magnetic solenoid
      valve 7. When the fuel streams through the chambers 16, any air bubbles
      which may have collected on the membrane 14 are flushed away. From the
      chambers 16 radiate a plurality of connections 35 which run within the
      housing member 12 as well as in bushing 18 to the annular groove 21 with
      which they are in constant communication.
PAR  From the mutually separate chambers 15, fuel flows through lines 36 to the
      fuel injection valves (not shown). The lines 36 extend into the chambers
      15 and, together with the membrane 14, they each make up a valve unit to
      which, additionally, is operatively associated a spring 37 by means of
      which the valve unit is held normally open and whose action is a parameter
      which combines with the valve seat cross section and the stiffness of the
      membrane 14 to control a constant pressure drop. The membrane stiffness
      and the force of the springs 37 are selected so that during a change of
      the predetermined pressure-drop existing between associated chambers 15
      and 16, the throughput aperture between the membrane 14 and the line 36 is
      changed for as long as necessary until the predetermined pressure drop has
      been again attained.
PAR  The magnetic solenoid valve 7 controls the motion of the slide valve piston
      20 in that the fluid streaming through bore 34 to the magnetic solenoid
      valve 7 is delivered through the lines 38 and 39 to confined spaces
      (volumes) 40 and 41 lying, respectively, at the two ends of the slide
      valve piston 20. If the pressure in space 40 is higher than the pressure
      in the space 41, then after the force of the spring 28 has been overcome,
      the slide valve piston 20 is pushed into a position corresponding to a
      larger injection quantity; if the pressure in the space 40 is less, it is
      pushed in the opposite direction. The spaces 40 and 41 communicate,
      through respective throttles 42 and 43, with pressure relief, to a line 44
      which is connected to a line 45 and hence to the fuel container 29.
PAR  The magnetic solenoid valve 7 shown in FIG. 1 operates with a membrane 46
      consisting of magnetizable steel and is actuated by magnets 47. The
      magnets 47 are connected by lines 48 with the control unit 4. The membrane
      46 controls the orifices of the lines 38 and 39, each of which forms, in
      cooperation with the membrane 46, a valve. When in quiescent condition,
      the membrane 46 is disposed between the two orifices of the lines 38, 39
      in such a way that both valves are open with no current. The membrane 46
      includes openings 48' through which fuel streaming from the bore 34 can
      distribute itself in the two volumes on either side of the membrane 46.
      The membrane 46 itself is tensioned to the housing member 13 by a housing
      element 49. Depending on the type of control chosen, determined in the
      first instance by the type of control unit 4, the fuel distribution to the
      two faces of the control slide valve piston 20 can be effected by
      actuating the membrane 46 either intermittently between the valve seats or
      between one valve seat and the median position, or else by varying
      excitation of the magnets 47 which move the membrane 46; intermediate
      positions can be produced in which the orifices of the line 38 and 39 are
      throttled to a greater or lesser degree and in the opposite sense.
      Depending on whether the control is intermittent or occurs through a slow
      displacement, respectively an integral or proportional behavior of the
      control is achieved.
PAR  The operation of the fuel metering and injection system illustrated in FIG.
      1 should be clearly evident from the above detailed description. By way of
      summary, the signal produced by the potentiometer 9 due to the deflection
      of the air flap 8 is compared with the signal produced by the inductive
      position indicator of the fuel measuring element 5 due to the axial
      movement of the slide valve piston 20. The result is a signal to the
      magnetic solenoid valve 7 and specifically to either of the two magnets 47
      on each side of the membrane 46 to thereby attract the membrane 46 toward
      the valve seat associated with the respective one of the magnets 47
      thereby changing the pressure in the lines 38 and 39 and consequently the
      pressure in spaces 40 and 41. As a result, the slide valve piston 20 is
      displaced toward the right or left when viewing FIG. 1. For example, the
      greater the deflection of the air flap 8 the greater should be the
      displacement of the slide valve piston 20 to the left when viewing FIG. 1
      to thereby produce a greater fuel quantity. To achieve this, the upper
      magnet 47 attracts the membrane 46 toward its associated valve seat in
      order to increase the pressure in the line 38 and consequently in space
      40.
PAR  FIGS. 2-4 show different kinds of magnetic solenoid valves of the type that
      may be used, for example, for the actuation of the slide valve piston 20
      which is shown in FIG. 1 in a very simplified form. In each of the three
      examples, respectively shown in FIGS. 2-4, two membranes 50, 51 are
      controlled within the respective magnetic solenoid valves which, according
      to FIGS. 2 and 3, each regulate one valve seat, and in the example of FIG.
      4, they each regulate two valve seats.
PAR  According to FIG. 2, the membranes 50 and 51 are actuated by a magnetic
      system having a common core 52 and two exciter coils 53.
PAR  FIG. 3 shows a magnetic system as described in FIG. 2 which controls the
      reflux from the working spaces 40 and 41 on both sides of the slide valve
      piston 20. The fluid stream direction is exactly opposite from that in the
      examples of FIGS. 1, 2 and 4. The chambers on both sides of membranes 50
      and 51 are separated from one another, whereas channels 54 and 55
      controlled by the membrane are connected to one another and terminate in a
      relief line 45.
PAR  In the example according to FIG. 4, the two membranes 50 and 51 each
      controls two valve seats. Each valve seat 56 is formed by termination of
      the channels 54 and 55, which are brought together and terminate in the
      relief line 45. On the opposite side of the membranes lie valve seats 57
      through which fuel, brought by the metering and distribution unit through
      the bore 34, is admitted. The membrane chambers 58 and 59, in turn, are
      connected to the spaces 40,41 of the slide valve piston 20. In the
      quiescent position, i.e., when the magnet 53 is switched off, the
      membranes close off the lines 54 and 55. Depending on the strength of
      excitation of the magnets 53, the membranes are lifted from the seats 56
      and pulled in the direction of the seats 57, by which means the admitted
      fuel is throttled and the drainage throttling is reduced.
PAR  In addition to the shown examples, variety of variations of the control is
      conceivable, all having the common characteristic that the slide valve
      piston 20 is hydraulically affected on both sides and is displaced
      depending on the difference in the fluid pressure, where the control can
      occur with integral or proportional character.
PAR  It is to be appreciated that the above-described and illustrated exemplary
      embodiments of fuel metering and injection systems constructed in
      accordance with the present invention have been provided as non-limiting
      examples. Numerous changes may be made in the illustrated embodiments and
      other embodiments constructed without departing from the spirit and scope
      of the invention, as defined in the appended claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A fuel metering and injection system for regulating fuel flow so as to
      maintain a desired fuel-air mixture in a mixture compressing, externally
      ignited internal combustion engine, the system comprising, in combination;
PA1  a. an air intake suction tube of the internal combustion engine;
PA1  b. electro-mechanical means for measuring the quantity of air passing
      through said air intake suction tube;
PA1  c. pressure control means, responsive at least mediately to output from
      said electro-mechanical means for measuring, for generating as its output
      a variable fluid pressure head;
PA1  d. at least one fuel metering valve responsive to output from said pressure
      control means and having a movable member for metering out fuel, in
      desired proportion, to the quantity of air streaming through said suction
      tube in desired proportion, said movable member being actuated in two
      control directions.
NUM  2.
PAR  2. A system according to claim 1, including means for delivering the
      control fluid alternately to said movable member to effect movement in
      either of said control directions.
NUM  3.
PAR  3. A system according to claim 1, including means responsive to at least
      one engine operating parameter for changing the pressure head and quantity
      of the control fluid for each of said control directions.
NUM  4.
PAR  4. A system according to claim 1, wherein said control means include a
      magnetic solenoid valve means for influencing the control fluid, said
      magnetic solenoid valve means including a further movable member
      comprising a membrane.
NUM  5.
PAR  5. A system according to claim 4, wherein said magnetic solenoid valve
      means includes first and second throughput apertures for passing the
      control fluid, said first throughput aperture is increased for one control
      direction said second throughput aperture for the opposing control
      direction is correspondingly diminished.
NUM  6.
PAR  6. A system according to claim 4, wherein said magnetic solenoid valve
      means includes a magnet excitable intermittently, whereby at least one
      fluid stream may be intermittently interrupted to effect movement in one
      of the two control directions.
NUM  7.
PAR  7. A system according to claim 4, further comprising a spring, and wherein
      said magnetic solenoid valve means includes a magnet having a linear
      characteristic curve, said membrane being actuated, against force of said
      spring, by said magnet.
NUM  8.
PAR  8. A system according to claim 4, including two valve seats, and wherein
      said membrane is disposed between said two valve seats as a movable valve
      member cooperating therewith.
NUM  9.
PAR  9. A system according to claim 8, including at least two of said further
      movable members, each being provided with two valve seats which guide
      selectively a delivered control fluid stream in either one control
      direction or into a low pressure chamber.
NUM  10.
PAR  10. A system according to claim 8, wherein said magnetic solenoid valve
      means includes a magnet disposed on each side of said membrane for
      actuation thereof.
NUM  11.
PAR  11. A system according to claim 4, including a plurality of independently
      controllable valves for influencing fluid streams for each of said two
      control directions.
NUM  12.
PAR  12. A system according to claim 10, including a magnetic block, and wherein
      said further movable member is constituted by a pair of membranes which
      are disposed on two sides of said magnetic block, these membranes
      controlling said valve seats on that side of the respective membranes
      turned away from said magnetic block.
NUM  13.
PAR  13. A system according to claim 4, wherein said fuel metering valve and
      said magnetic solenoid valve means are contained within one structural
      unit.
NUM  14.
PAR  14. A system according to claim 1, further comprising a guide bushing, a
      supply pump, a plurality of control valves having throughput apertures and
      two chambers separated by a resilient member, and wherein said movable
      member is provided with an annular groove and is a slide valve piston
      which is part of a metering valve and distribution unit in which fuel from
      said supply pump is passed through said annular groove and is further
      delivered to each control valve of said plurality of control valves whose
      said throughput aperture is changeable by said resilient member separating
      said two chambers, the first chamber of said two chambers being provided
      with pressure prevailing downstream of said movable valve member, which
      pressure acts on the resilient member in the sense of opening said member,
      whereas the second chamber of said two chambers is provided with pressure
      prevailing upstream of said movable valve member, the throughput aperture
      of said metering valve being linearly changeable by axial displacement of
      said slide valve piston in that the slide valve piston uncovers, depending
      on its axial position, smaller or larger portions of metering slits
      assigned to each injection valve and disposed in said guide bushing, said
      bushing being positioned parallel to the axis of said slide valve piston.
NUM  15.
PAR  15. A system according to claim 14, wherein at least part of fuel,
      delivered by said pump, continuously and sequentially streams through one
      of said chambers forming part of each control valve, these chambers being
      secondary chambers.
NUM  16.
PAR  16. A system according to claim 1, wherein the control fluid is fuel which
      is derived from the actual fuel line.
NUM  17.
PAR  17. A system according to claim 1, wherein said electro-mechanical means
      for measuring the quantity of air in said suction tube operates an
      electrical circuit which produces an electrical signal, the magnitude of
      which corresponds to air quantity, this signal determining control level
      of said pressure control means.
NUM  18.
PAR  18. A system according to claim 17, including a signal comparator, and
      additional electrical circuit means for metering fuel quantity to develop
      a further electrical signal, this further electrical signal and the
      electrical signal produces by said circuit associated with said
      electro-mechanical means for measuring the quantity of air being compared
      in said signal comparator to produce a control signal from the comparison
      difference, said pressure control means being responsive to the control
      signal.
NUM  19.
PAR  19. A system according to claim 18, including inductive means for measuring
      the position of said movable member of said fuel metering valve.
NUM  20.
PAR  20. A system according to claim 1, further including a spring, and wherein
      said movable valve member is additionally loaded by said spring with a
      weak force which displaces said movable valve member during non-operation
      into a terminal position for zero fuel injection quantity.
NUM  21.
PAR  21. A system according to claim 15, including throttles, a magnetic
      solenoid valve, a pair of working chambers, and a low pressure space, and
      wherein fuel, after streaming through said secondary chambers, is
      delivered to said magnetic solenoid valve and drains from said working
      chambers for the purpose of displacing said movable member and drainage
      occurs through said throttles into said low pressure space.
NUM  22.
PAR  22. A system according to claim 15, including throttles, magnetic solenoid
      valve, two working chambers and a low pressure space, and wherein fuel
      streams through said secondary chambers and afterward is delivered through
      said throttles to said two working chambers which communicate, through one
      line each, with said magnetic solenoid valve means which controls drainage
      of fuel into said low pressure space.
PATN
WKU  039318036
SRC  5
APN  5419204
APT  1
ART  342
APD  19750117
TTL  Fuel quantity manifold for multi-cylinder internal combustion engines
ISD  19760113
NCL  11
ECL  1
EXA  Cranson, Jr.; James W.
EXP  Burns; Wendell E.
NDR  1
NFG  3
INVT
NAM  Chattopadhayay; Asoke
STR  Ulmenallee 134
CTY  4041 Norf
CNT  DT
INVT
NAM  Muller; Wolfgang
STR  4044 Kaarst
CTY  4044 Kaarst
CNT  DT
PRIR
CNT  DT
APD  19740118
APN  2363726
CLAS
OCL  123139AW
XCL  123 39AB
XCL  123139R
XCL  13762546
EDF  2
ICL  F02M 6900
FSC  123
FSS  139 AB;139 AW;139 R
FSC  137
FSS  625.46
UREF
PNO  1328142
ISD  19200100
NAM  Fekete
OCL  123139AW
UREF
PNO  2869526
ISD  19590100
NAM  Dolza
OCL  123139AW
UREF
PNO  2884006
ISD  19590400
NAM  Hoback
OCL  123139AW
UREF
PNO  3057300
ISD  19621000
NAM  Ulbing
OCL  123139BC
UREF
PNO  3085594
ISD  19630400
NAM  Spragens
OCL  137625.46
UREF
PNO  3628515
ISD  19711200
NAM  Knapp
OCL  123139AW
UREF
PNO  3730155
ISD  19730500
NAM  Knapp
OCL  123139AW
UREF
PNO  3868970
ISD  19750300
NAM  Ayers et al.
OCL  137625.46
UREF
PNO  3892259
ISD  19750700
NAM  McClocklin
OCL  137625.46
FREF
PNO  912,480
ISD  19581200
CNT  UK
OCL  123139AW
FREF
PNO  900,631
ISD  19531200
CNT  DT
OCL  123139AW
LREP
FRM  Haseltine, Lake & Waters
ABST
PAL  A fuel quantity manifold for a multiple-cylinder internal combustion engine
      with two cylindrical dosing elements supported within a
      cylindrically-bored housing in mutually end surface contacting and in
      relative to each other rotatable relationship, and which are provided with
      metering passageways, wherein the end surface edges of the metering
      passageways overlap each other so as to release or open a more or less
      large flow passage cross-section.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a fuel quantity distributor or manifold
      for a multiple-cylinder internal combustion engine with two cylindrical
      dosing elements supported within a cylindrically-bored housing in mutually
      end surface contacting and in relative to each other rotatable
      relationship, and which are provided with metering passageways, wherein
      the end surface edges of the metering passageways overlap each other so as
      to release or open a more or less large flow passage cross-section.
PAC  DISCUSSION OF THE PRIOR ART
PAR  Heretofore, bores or slits have been utilized as metering passageways. The
      overlapping bores, at a small opening, form a rhomboid-shaped slit which
      becomes increasingly wider so as to assume a circular shape at full
      opening. The overlapping or rectangularly cross-sectioned slits which are
      controlled by the dimension of the covering, primarily or exclusively vary
      in only one dimension.
PAR  Those types of fuel quantity manifolds can only be precisely adjusted for
      predetermined fuel temperature within the range of idle operating
      condition until part-load operating condition, in which there is opened
      one-third of the maximum flow passage cross-section. For other fuel
      temperatures and, consequently, different fuel viscosities, there occur
      unequal control deviations, which have their origin that, in the plane of
      the flow passage cross-section, there is an appreciable variation in the
      ratio of the moistened or wetted periphery with respect to the inscribed
      circle within the indicated control range. For a smaller opening, in
      essence, meaning at the idle operating condition, the then present
      slit-shaped flow passage cross-section is particularly unsatisfactory at
      viscosity changes.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the invention to avoid the above-mentioned
      disadvantages encountered in the art, and in which the fuel quantity
      distribution to the individual combustion chambers of the internal
      combustion engine is substantially maintained free from the
      disadvantageous influences of varied fuel viscosities.
PAR  Inventively, this object is attained in that, in the plane of the flow
      passage cross-section, the ratio of the moistened or wetted periphery to
      the diameter of the inscribed circle is maintained approximately constant
      from the idle operating condition until at least the part-load condition,
      in which a third of the maximum flow passage cross-section is opened, and
      thereby does not exceed the value of 6.0.
PAR  The foregoing affords that already within the critical range of the idle
      operating condition there is afforded an opening cross-section which does
      not excessively deviate from the circular shape which is recognized as
      particularly advantageous.
PAR  Suitably, the metering passageways are radially outwardly thereof defined
      by the cylinder cover surface of the housing, and interiorly,
      respectively, sidewise, by one or more straight or curved surfaces of the
      dosing elements. This construction of the metering passageway is quite
      desirable as viewed from a manufacturing standpoint. Thus, it affords a
      simple and concurrent material-removing machining of both dosing elements
      in a single work operation and, consequently, a correlated contouring at
      the overlap location.
PAR  Advantageously, the tangent at the side surface of a metering passageway in
      conjunction with the tangent at the cylinder surface of the dosing
      element, as measured in cross-section at the contact line, subtends or
      encompasses an angle of not less than 40.degree. and not more than
      80.degree., preferably 60.degree.. In the limiting instance, namely, when
      the side wall surface of the metering passageway is a plane or flat
      surface, the tangent is then located within the plane of the surface.
PAR  In a further embodiment of the invention, the metering passageways, at the
      cylindrical surface of the dosing elements, form channels which are
      triangular, trapezoidal, cylindrically-segmented, cylindrically-cutout
      like, or which are combined from these shapes. The above-mentioned shapes
      may be particularly simply manufactured, and with the thus formed channels
      the previously above referred to metering control requirement may be
      fulfilled.
PAR  The advantages of the invention lie in that also within the dosing or
      metering ranges in which there are present only small opening
      cross-sections, these open cross-sections have a form which is not too
      remote from a circular configuration so that, up to the part-load
      condition in which one-third of the maximum flow passage cross-section is
      opened, these cross-sectional shapes do not appreciably vary whereby no
      disturbing unbalanced control deviations, respectively, fuel metering
      deviations, occur at various fuel viscosities.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference may now be had to the following detailed description of a
      preferred embodiment of the invention, taken in conjunction with the
      accompanying drawing; in which:
PAR  FIG. 1 shows a longitudinal sectional view through a fuel quantity manifold
      constructed according to the present invention;
PAR  FIG. 2 shows a top plan view of a dosing element, about the periphery of
      which there may be recognized four different metering passageways which
      are constructed pursuant to the invention; and
PAR  FIG. 3 shows an enlarged detail of a metering passageway with an inscribed
      circle.
DETD
PAC  DETAILED DESCRIPTION
PAR  A cylindrically bored housing 11 includes a fuel inlet aperture 12, and
      four fuel outlet apertures of which there may be ascertained only the fuel
      outlet apertures 13 and 14.
PAR  A dosing element 15, which is pressed into the central bore of the housing
      11, includes four recesses equally distributed about the periphery
      thereof, of which there are visible only the recesses 16 and 17. The
      recesses are each respectively connected with an associated metering
      passageway. Only the metering passageways 18 and 19 are ascertainable in
      FIG. 1 of the drawing.
PAR  At the end surfaces thereof, the dosing element 15 is provided with planar
      parallel polished surfaces. A second dosing element 20 which is similarly
      provided with planar parallel polished end surfaces, is rotatably
      supported within the central bore of the housing 11. The second dosing
      element is rigidly fastened to a shaft 21. By means of the coupling 22
      which is similarly rigidly connected with the shaft 21, the dosing element
      20 is fixed so that, upon rotation of the shaft 21, its lower end surface
      slides along the upper end surface of the dosing element 15.
PAR  The dosing element 20 also possesses four metering passageways which are
      uniformly spaced abouts its periphery, of which there are visible only the
      metering passageways 23 and 24. The various metering passageways singly
      have one of the cross-sectional shapes shown in FIG. 2.
PAR  Since the metering passageways for the mutually superimposed dosing
      elements 15 and 20 are concurrently manufactured in a paired
      material-removing sequence, they are provided pairwise, in the contact
      plane thereof with completely exactly equal cross-sectional shapes and
      angular locations.
PAR  FIG. 2 illustrates the dosing element 20 in a top plan view thereof. For
      illustration of the possible various cross-sectional shapes, in a
      deviation from an actual practical construction, there are shown different
      cross-sectional shapes for the metering passageways and, namely, at the
      left a triangular, at the top a trapezoidal, at the right a cylindrically
      segmented, and at the bottom a combination or composite form.
PAR  At the left, shown in dash lines at the triangular cross-sectional shape,
      there is illustrated as to how the flow passage cross-section changes
      through displacement of the dosing elements relative to each other. For
      this purpose, in FIG. 3 there is illustrated the wetted periphery 25 and
      the inscribed circle 26 which is present in the plane of the flow passage
      cross-section.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a fuel quantity manifold for multi-cylinder internal combustion
      engines, a cylindrically bored housing; two cylindrical dosing elements
      supported within said housing, said dosing elements each having end
      surfaces thereof in superimposed and mutual relative rotatable
      relationship; and metering passageways formed in each of said dosing
      elements having the end surfaced edges thereof in overlapping positions so
      as to provide a more or less large flow passage cross-section, the
      improvement comprising: said metering passageways each having, in the
      plane of the flow passage cross-section between said dosing elements, an
      approximately constant ratio of the wetted periphery to the diameter of an
      inscribed circle within the idling operating condition to at least the
      part-load operating condition of the engines in which one-third of the
      maximum flow passage cross-section is opened, said ratio being within the
      value of 6.0.
NUM  2.
PAR  2. Fuel quantity manifold as claimed in claim 1, said metering passageways
      each being defined radially outwardly of the cylindrical wall surface of
      the central bore of the housing and sidewise inwardly by at least one
      surface of each of said dosing elements.
NUM  3.
PAR  3. Fuel quantity manifold as claimed in claim 2, said dosing element
      surface being a planar surface.
NUM  4.
PAR  4. Fuel quantity manifold as claimed in claim 2, said dosing element
      surface being a curved surface.
NUM  5.
PAR  5. Fuel quantity manifold as claimed in claim 1, the side surface of a
      metering passageway having tangents thereto in conjunction with tangents
      to the cylindrical surfaces of said dosing elements, as measured along
      their contact line in cross-section, subtend an angle in the range of
      about 40.degree. to 80.degree. .
NUM  6.
PAR  6. Fuel quantity manifold as claimed in claim 5, said angle comprising
      60.degree. .
NUM  7.
PAR  7. Fuel quantity manifold as claimed in claim 2, said metering passageways
      providing a channel at the cylindrical surface of said dosing elements
      having a triangular configuration.
NUM  8.
PAR  8. Fuel quantity manifold as claimed in claim 2, said metering passageways
      providing a channel at the cylindrical surface of said dosing elements
      having a trapezoidal configuration.
NUM  9.
PAR  9. Fuel quantity manifold as claimed in claim 2, said metering passageways
      providing a channel at the cylindrical surface of said dosing elements
      having a cylindrically-segmented configuration.
NUM  10.
PAR  10. Fuel quantity manifold as claimed in claim 2, said metering passageways
      providing a channel at the cylindrical surface of said dosing elements
      having a cylindrically-cutout configuration.
NUM  11.
PAR  11. Fuel quantity manifold as claimed in claim 2, said metering passageways
      providing a channel at the cylindrical surface of said dosing elements
      having a composite configuration.
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ABST
PAL  A photo-electronic internal combustion ignition system in which a shutter
      rotated by the distributor shaft of the engine alternately supplies and
      cuts light from a photodiode to a photo-electric pickup. The circuit is
      devised to produce an exceedingly rapid cut-off of current to the engine
      induction coil, and for this purpose an amplifier following the pickup has
      a connection to the photo-diode which as soon as the pickup receives a
      predetermined minimum amount of light via the shutter, momentarily pulses
      the photo-diode so that the latter produces a short flash of high
      intensity light. Induction coil cut-off occurs when the photo-diode
      receives this light flash.
BSUM
PAR  Prior application: In Great Britain dated 22nd June 1972 and numbered
      29223/72.
PAR  The present invention relates to an internal combustion engine ignition
      system and has for its object the elimination of the metal interrupter
      contacts normally included in such a system.
PAR  It is known to provide an induction coil in series with these metal
      interrupter contacts and a battery, for engine ignition. When the contacts
      are periodically broken by the engine mechanism, the current in the
      primary of the induction coil falls rapidly and momentarily produces a
      high voltage in the secondary of the induction coil. However, an inductive
      surge occurs in the primary which causes sparking at the contacts. Even
      though these contacts may be composed of hard metal such as tungsten, this
      sparking causes the contacts to wear unevenly over a period of time, and
      this impairs the efficiency of the circuit, since the timing of the high
      voltage to ignite the fuel-air mixture in the cylinders of the engine with
      respect to the position of the pistons in the cylinders must be accurately
      predeterminable for good engine performance. Worn contacts and mechanical
      wear of the interrupter cam can both contribute to impair engine
      efficiency by altering the ignition timing.
PAR  According to the present invention there is therefore provided an internal
      combustion engine ignition system comprising a light source, a
      photo-electric pickup, a shutter moved at a rate proportional to the
      engine speed to periodically pass and interrupt light from the source to
      the pickup, amplifier means actuated by the pickup, means connecting the
      amplifier output to an ignition coil, and a pulse-producing stage in the
      amplifier so connected to the light source as to momentarily increase the
      light output thereof to many times greater than normal each time light
      commences to fall on the pickup and means for interrupting the amplifier
      output during said momentary light increase.
DRWD
PAR  Reference should now be made to the accompanying drawings, in which:
PAR  FIG. 1 is a part section of a distributor head incorporating the invention;
      and
PAR  FIG. 2 is an associated ignition system and switching amplifier circuit.
DETD
PAR  Referring to FIG. 1 it will be seen that the distributor consists of a body
      1, a cover 2 and a rotor arm 3 all of which may be already fitted on
      existing automobiles. A gapped shutter 4 is provided and is placed on the
      distributor cam shaft 5 which is rotated by the engine at an appropriate
      speed. The shutter is located by the cam with respect to shaft 5 so that
      it is always in the correct position as regards the firing of the engine.
PAR  On one side of the shutter there is a light emitting diode (LED) 6 and a
      photo-diode or photo-transistor 7 on the other side, both mounted on a
      common block 8 located inside the distributor. A convenient space for this
      block is the space normally occupied by the condenser used in an ordinary
      ignition system. Connections from the block are then taken via a cable 9
      to the amplifier in FIG. 2. Timing of the operation of the device with
      respect to the pistons is effected by rotating the distributor with regard
      to its support, or by using a screw adjuster. The block 8 is carried on a
      part of the distributor which is itself rotatable with the head so that
      adjustment of the timing of the device is effected similarly to that of a
      normal contact breaker.
PAR  From FIG. 2 it will be seen that the apparatus surrounded by the dotted
      line is located in the distributor itself and consists of the LED, the
      photo-diode and the shutter only. The LED normally carries a small current
      limited by resistor R1, so that its light output is normally low, though
      adequate. The photo-diode output is connected to a Darlington pair
      amplifier T1, T1A. When the shutter intervenes between the LED and
      photo-diode, there is no output from the T1A emitter, T2 transistor is
      made fully conducting by R9, and current from T2 via R13 causes the power
      Darlington pair T5, T5A to conduct also. Transistor T5A is capable of
      carrying and interrupting several amperes and is connected to one end of
      the primary 10 of the ignition coil. If this ignition coil is wound for
      the voltage supplied by the battery of the car, then the other end of the
      primary is connected direct to the battery. If not, then a dropper
      resistor 11 is inserted in series with the coil, this resistor being
      shorted out by a switch 12 during starting so as to give maximum output
      from the coil secondary (cold start facility). The output of the coil is
      taken via lead 13 to the rotor arm 3 in the distributor as shown in FIG.
      1.
PAR  In FIG. 2 the car battery is shown as having an earthed negative. If
      however, the car uses a positive earthed battery, then the dotted
      connections shown are alternatively followed. The switch 12 or 14 is the
      ignition switch.
PAR  When the photo-diode 7 is progressively subjected by the shutter to the
      light from the LED 6, its resistance falls and the T1, T1A combination
      starts to turn on. As previously stated, T2 is fully conducting, and its
      base voltage reverse biasses diode D. As T1A emitter voltage rises above
      on volt, thyristor S strikes via R5 and applies a positive pulse of very
      short duration from the potential divider R7, R8 to T3 base via capacitor
      C. This momentarily shunts resistor R1 with a low value resistor R2,
      pulsing the LED to produce many times its normal light output for a few
      microseconds. The resultant positive light feedback avalanches T1, T1A to
      the fully conducting state and hence turns off T2. As soon as the
      reference potential on T4 base derived from potential divider R11, R12 is
      exceeded by the potential on its emitter which occurs during the said few
      microseconds, this double emitter-follower stage switches to T2 off, T4
      on, so that T5 and T5A switch to the off stage. T5A very rapidly
      interrupts the current through the primary to the ignition coil, and
      causes a high voltage surge to appear on the lead 13.
PAR  When the light from the LED to the photo-diode PT is cut off once more by
      the shutter, the circuit returns to its previous condition wherein T5 and
      T5A conduct, the latter causing current to build up once more in the
      primary of the induction coil, ready for the next spark-producing action.
PAR  Although it has been said that the shutter 4 is provided with gaps and that
      these allow light from the light source LED to fall on the photo-diode PT
      as the shutter moves, it should be realised that the shutter may include
      reflecting and non-reflecting areas, whereby the light from the LED is
      either reflected back from parts of the shutter onto the photocell PT, or
      absorbed. This arrangement would have the advantage of presenting a
      non-gapped surface, and also would allow both the photocell and the light
      producing device to be included within the screen, thus protecting the
      light source and the photo-diode from dust, dirt or oil fumes.
PAR  Again, the thyristor may be replaced by any other suitable
      rapid-change-over device such as a mono- or bi-stable circuit.
CLMS
STM  We claim:
NUM  1.
PAR  1. An internal combustion engine ignition system comprising a light source,
      a photo-electric pickup, a shutter moved at a rate proportional to the
      engine speed to periodically pass and interrupt light from said source to
      said pickup, amplifier means actuated by said pickup, means connecting
      said amplifier output to an ignition coil, a pulse-producing stage in said
      amplifier connected to said light source so as to momentarily increase the
      light output thereof to at least two times greater than normal each time
      light commences to fall on said pickup, and means for interrupting the
      amplifier output during said momentary light increase to thereby switch
      ignition coil current off with increasing light output.
NUM  2.
PAR  2. An ignition system as recited in claim 1, wherein said shutter defines a
      plurality of gaps interspersed with light-blocking portions, said light
      source is located on one side of said shutter and said photo-electric
      pickup is located on the other side of said shutter.
NUM  3.
PAR  3. An ignition system as recited in claim 1, wherein said shutter is
      provided with a plurality of areas which are alternately reflecting and
      non-reflecting, and said light source and said pickup are located on the
      same side of said shutter.
NUM  4.
PAR  4. An ignition system as recited in claim 1, wherein said light source is a
      light emitting diode and said pickup is a photo-diode.
NUM  5.
PAR  5. An ignition system as recited in claim 1, wherein said pulse-producing
      stage includes a thyristor connected to conduct as soon as the light
      falling on said pickup reaches a predetermined value, a transistor pulsed
      to a conducting condition when said thyristor conducts, and a connection
      from said transistor to said light source to cause said source to
      momentarily increase the current through said source and hence the light
      output of said source.
NUM  6.
PAR  6. An ignition system as recited in claim 1, including an emitter-follower
      in said amplifier, the output of which changes rapidly from one conductive
      condition to another when said pickup is illuminated, and a power output
      transistor following said emitter-follower and controlled thereby, also to
      change its conductive condition rapidly.
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ABST
PAL  A gas fueled barbeque grill comprising a housing, means within the housing
      for supporting food to be cooked, a burner assembly disposed below the
      food supporting means, the assembly including a plurality of spaced apart
      burner elements each including a portion which when supplied with an
      appropriate ignited mixture of a gaseous fuel and air provides a flameless
      incandescent heating area, with the burner elements being spaced apart a
      sufficient degree to provide cooking heat for substantially the entire
      area of the food supporting grate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is heretofore been the practice in gaseous fueled barbeque grills of the
      type using, for example, natural or LP gas, to incorporate Bunsen-type
      burners below the food supporting grills or grates within the grill
      housings. Such Bunsen-type burners have been found to operate
      satisfactory; however, because such large quantites of excess air is
      required for combustion in Bunsen-type burners, considerable fuel is
      consummed in heating barbeque grills that utilize the same.
PAR  In order to provide a gas fired or fueled barbeque grill which operates
      more efficiently than those employing Bunsen burners, it has heretofore
      been proposed to utilize an infra-red or flameless incandescent burner
      unit within the grill, Such infra-red burner appliances have been found to
      use significantly less gas in producing the same effective heat output as
      conventional Bunsen-type burner appliances. Infra-red burner units have
      the additional advantage that objects can be heated relatively fast;
      however, the infra-red burner units heretofore known and used have been
      objectionable from the standpoint that they do not provide for uniform
      heating over an entire cooking grill or grate and that they have been
      located above, as opposed to below the food supporting grate. The latter
      mentioned objection is considered to be serious in that the food drippings
      do not get burned to provide the smoke that flavors the food being cooked
      when the burner unit is located above the food. With regard to the former
      objection, infra-red burner units to date, while providing a greater
      amount of heat than the comparable Bunsen-type burners, such heat is
      concentrated in a relatively small area, and accordingly, when a large
      barbeque grate is to be heated, it is necessary to use two or more
      complete burners, with each burner having its own gas supply and ancillary
      control valve.
PAR  The present invention is intended to provide a new and improved barbeque
      grill of the above described type which overcomes the various
      objectionable characteristics of both Bunsen and infra-red type burner
      units that have been utilized in the past. More particularly, the present
      invention provides a novel barbeque grill assembly featuring an improved
      infra-red burner unit which is intended to provide a large heating area
      below the food supporting grate and yet minimize fuel consumption to the
      extreme. The burner unit incorporated in the barbeque grill of the present
      invention consists of a plurality of spaced apart burner elements, each of
      which when provided with an ignited mixture of gaseous fuel and air
      provides a flameless incandescent heating area, with the areas being so
      located as to provide a large cooking area. An optional layer of a
      rock-like material may be disposed between the plurality of burner
      elements and the food supporting grate, which material becomes heated and
      causes combustion of any food drippings so as to produce smoke for
      flavoring the food being cooked.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates generally to barbeque grills and, more particularly,
      to a new and improved gas fueled infra-red barbeque grill.
PAR  It is accordingly a general object of the present invention to provide a
      new and improved barbeque grill assembly.
PAR  It is a more particular object of the present invention to provide a new
      and improved gas fueled barbeque grill which features the efficiency of
      infra-red type burner units with the burner location of conventional
      Bunsen-type burners.
PAR  It is another object of the present invention to provide a new and improved
      barbeque grill which provides a large heating area below the food
      supporting grate.
PAR  It is still another object of the present invention to  provide a new and
      improved barbeque grill which enables objects heated thereby to have a
      relatively fast "warm-up" time.
PAR  It is still a further object of the present invention to provide a new and
      improved barbeque grill of the above character which allows complete
      control and/or elimination of "flare-up" of grease drippings from food
      being cooked therewithin.
PAR  It is another object of the present invention to provide a new and improved
      barbeque grill unit of a relatively simple design, that is economical to
      manufacture and which will have a long and effective operational life.
PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description taken in conjunction with the
      accompany drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevated perspective view, partially broken away, of the
      barbeque grill assembly in accordance with the principles of the present
      invention;
PAR  FIG. 2 is an exploded assembly view of certain of the interior components
      of the barbeque grill assembly shown in FIG. 1;
PAR  FIG. 3 is a transverse cross-sectional view of a portion of the barbeque
      grill assembly shown in FIG. 1; and
PAR  FIG. 4 is an enlarged fragmentary cross-sectional view of the structure
      shown within the circle 4 of FIG. 3.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now in detail to the drawings and in particular to FIG. 1
      thereof, a gas fueled barbeque grill, generally designated by the numeral
      10, in accordance with one preferred embodiment of the present invention,
      is shown as generally comprising an external housing 12 which is
      preferably, although not necessarily, fabricated of a lightweight metal,
      such as cast aluminum or the like, and is operatively supported upon a
      generally vertically disposed hollow pedestal or support column 14. As is
      conventional in the art, a gas supply line extends upwardly within the
      interior of the pedestal 14 and is adapted to be connected to a suitable
      source of gas fuel, such as natural or LP gas, as is commonly available.
PAR  The housing 12 generally comprises a lower housing section or base 16
      including a bottom portion 18 which is formed with a central opening 20.
      Disposed interiorly of the sides of the bottom section 16 is a plurality
      of inwardly projecting shoulders or fins, generally designated by the
      numeral 22. The fins 22 define generally horizontally disposed support
      surfaces 24 which function in a manner hereinafter to be described. The
      lower housing section 16 is formed with a generally step-shaped peripheral
      upper edge 26 that is cooperable with an upper housing section or cover,
      generally designated by the numeral 28. The cover 28 is hingedly connected
      by suitable hinge means, representatively designated by the numeral 30, to
      the lower housing section 16 and is adapted to be moved between an open
      position shown in FIG. 1 and a closed position enclosing the interior of
      the housing 12. A suitable handle 32 is provided on the forward side of
      the cover 28 to facilitate opening and closing the same, and the lower
      peripheral edge 34 of the cover 28 is complementary in shape to the upper
      edge 26 of the lower housing section 16 so that when the cover 28 is
      closed, a cooking chamber 36 is provided which is substantially enclosed
      except for a small vent opening that is located at the rearward side of
      the housing 12 that permits the exhaust of smoke and similar products of
      combustion.
PAR  Disposed adjacent the upper portion of the lower housing section 16 is a
      generally horizontally disposed grate 38 which is adapted to operatively
      supported food that is being cooked within the housing 12. Suitable
      support means, such as support brackets or the like (not shown), are
      provided interiorly of the housing section 16 for operatively supporting
      the grate 38, with such support means, if desired, permitting selective
      vertical adjustment of the grate 38, as is conventional in the art.
      Disposed within the interior of the lower housing section 16 is a burner
      assembly, generally designated by the numeral 40, which is adapted to
      provide cooking heat below the food supporting grate 38, which burner
      assembly 40 is constructed in accordance with the principles of the
      present invention and will hereinafter be described in detail.
PAR  Referring now in detail to the construction and operation of the burner
      assembly 40, as best seen in FIGS. 2-4, the assembly is shown as
      comprising a burner enclosure, generally designated by the numeral 42,
      which includes a bottom portion 44 formed with a central opening 46, and
      integrally connected upstanding, generally step-shaped side portions 48.
      The enclosure 42 is generally rectangular in shape and the side portions
      48 thereof are formed with generally horizonal shoulder 50 directly below
      a generally outwardly extending horizontal flange portion 52. As best seen
      in FIG. 3, when the enclosure 42 is mounted within the housing section 16,
      the flange portion 52 is adapted to bear upon and be supported by the
      horizontal support surfaces 24 defined by the fins 22. Disposed interiorly
      of the burner enclosure 42 is an infra-red burner unit, generally
      designated by the numeral 54, that is coextensive of the burner enclosure
      42 and is adapted to be supported upon the horizontal shoulder 50. The
      burner unit 54 includes a generally rectangular-shaped burner plate which
      may be fabricated, for example, of stainless steel or other suitable
      material, and which is formed with a plurality of spaced apart openings,
      generally designated by the numeral 58. The openings 58 may be arranged in
      any suitable fashion provided they are spaced in an appropriate pattern so
      as to provide for even heat distribution to the food supporting grate 38
      located thereabove and yet are spaced close enough together to allow flame
      propagation from one opening 58 to another thereof upon ignition of the
      gas-air mixture supplied to the housing 12. Disposed within each of the
      openings 58 is a generally inverted dome-shaped burner element, one of
      which is shown in detail in FIG. 4 and all of which are generally
      designated by the numeral 60. Each of the elements 60 includes a central
      upwardly concave section 62 which extends upwardly through the associated
      of the openings 58, and with a generally peripheral outwardly projecting
      flange portion 64 which is adapted to be secured, as by spot welding or
      the like, as seen at 65 in FIG. 4, to the lower side of the burner plate
      56. The elements 60 are fabricated of a wire screen-like material suitable
      for the high temperature involved, one satisfactory construction of which
      consists of a number 10 wire mesh fabricated of 0.023 diameter stainless
      304 or Inconel wire. Disposed below and extending generally coextensively
      of the burner plate 56 is a layer of a wire screen, as best seen in FIGS.
      3 and 4 and generally designated by the numeral 66. The wire screen is
      preferably fabricated of a finer wire mesh than the wire screen from which
      the elements 60 are fabricated, for example, of a number 40 wire mesh
      constructed of 0.010 diameter wire. In a preferred construction of the
      present invention, the peripheral edges of the burner plate 56 and wire
      screen 66 are crimped together or otherwise suitably connected and sealed
      so as to prevent "flashback" around the periphery of the burner unit 54.
PAR  Disposed below the burner enclosure 42 is a generally vertically disposed
      inlet tube, generally designated by the numeral 68 which is arranged
      coaxially of the interior of the pedestal 14 and the lower end of which
      terminates adjacent the upper end of a gas nozzle 70 located within the
      pedestal 14 and which is communicable with a suitable gas supply line in a
      manner well known in the art. Means in the form of a suitable manually
      adjustable gas valve or cock, generally designated by the numeral 72 (see
      FIG. 1) is provided for controlling the quantity or volume of gas supplied
      to the nozzle 70. The upper end of the inlet tube 68 is formed with a
      generally radially outwardly extending flange portion 74 which is secured
      as by spot welding or the like to an upwardly and outwardly flared
      connecting member 76. The upper end of the member 76 is in turn formed
      with a generally outwardly extending flange portion 78 which is adapted to
      be secured as by spot welding or the like to the bottom 44 of the burner
      enclosure 42. A baffle member, best seen in FIG. 3 and designated by the
      numeral 80, extends over the opening 46 in the bottom section 44 of the
      enclosure 42 and is preferably, although not necessarily, fabricated of
      expanded metal or the like or is otherwise perforated so as to cause
      adequate dispersion of the gas-air mixture which travels upwardly within
      the inlet tube 68 toward the underside of the burner elements 60 in a
      manner hereinafter to be described.
PAR  As best seen in FIG. 3, the entire barbeque housing 12 is supported upon
      the upper end of the pedestal 14 and is secured thereto by any suitable
      connecting means, such as by a bracket or the like representatively
      designated by the numeral 82. When the burner enclosure 42 is supported
      within the lower housing section 16 in the position shown in FIG. 3, an
      air passage is provided between the periphery of the opening 20 and the
      exterior of the connecting member 76 and burner enclosure 42, which air
      passage permits a very small amount of air to travel upwardly between the
      interior of the lower end of the housing section 16 and the exterior of
      the burner enclosure 42, which air may then pass interiorly of the
      enclosure 42 through a plurality of air ports, generally designated by the
      numeral 86, that are formed in the side sections 48 of the enclosure 40 at
      a position directly above the horizontal shoulder 50. The air which is
      communicated through the ports 86 serves as a secondary air supply means
      to assure for complete combustion of any of the air-fuel mixture which is
      communicated to the burner elements 60.
PAR  Disposed directly above the burner enclosure 42 and supported upon the
      flange 52 thereof is an optional generally horizontally disposed grate 88.
      The grate 88 functions to operatively support an optional layer of a
      suitable lava-like rock, generally designated by the numeral 90 which
      becomes heated upon ignition of the air-fuel mixture supplied to the
      burner assembly 40. If desired, an optional splatter screen fabricated of
      a suitable wire mesh, is interposed between the underside of the layer of
      rocks 90 and the upper side of the grate 88, such a screen being shown in
      the drawings and generally designated by the numeral 92.
PAR  Referring now in detail to the overall operation of the barbeque grill of
      the present invention, at such time as it is desired to prepare food on
      the barbeque grill 10 of the present invention, the gas valve 72 is turned
      from an off position to an on position, whereupon gas will be communicated
      to the nozzle 70. Such gas will be discharged from the nozzle 70 and will
      combine with air within the inlet tube 68, with this air-fuel mixture
      being communicated upwardly through the interior of the inlet tube 68 to
      the baffle 80. The air-fuel mixture will then be dispersed as it passes
      upwardly through the baffle 80 so that it is evenly distributed to all of
      the burner elements 60. The operator can then introduce a suitable burning
      element, such as a match or the like through a suitable access opening
      (not shown) in the housing section 16. When the burning element is
      disposed in proximity to one of the burner elements 60, the air-fuel
      mixture will be ignited, which ignition will propagate from one burner
      element 60 to another thereof until ignition of the air-fuel mixture
      occurs at each of the elements 60. Instead of burning with a flame as is
      the case with conventional Bunsen-type burners, the ignited air-fuel
      mixture will burn with a flamless incandescence at each of the burner
      elements 60. The heat thus produced by the elements 60 will be distributed
      evenly under the entire area of the rock layer 90 which will in turn
      become heated to provide even distribution of heat beneath the food
      supported on the grate 38. The layer of rock 90 will function to catch any
      excess food drippings which may occur during cooking and in the event any
      drippings do reach the radiant upper surface of the burner elements 60,
      such drippings will be burned instantly, thus keeping each of the burner
      elements 60 clean so that they will continue to function properly.
      Efficient combustion is assured through the addition of secondary air
      which is communicated through the passage 70 and into the ports 86 of the
      burner enclosure 42, with the fine screen 66 along with the sealed
      peripheral edge of the burner plate 56 serving to positively resist
      flashbacks of the air-fuel mixture. Due to the fact that the burner
      elements 60 can operate without any excess air, there is not enough air to
      support a flame from food drippings when the barbeque grill is used in a
      closed kettle-type operation, i.e., when the cover 28 is closed.
      Accordingly, unwanted "flare-up" from grease and the like may be
      eliminated by closing the cover 28 without any sacrifice in the efficiency
      of operation. It is to be noted that some people desire a certain amount
      of flare-up for purposes of searing meat and the like. While such searing
      can be achieved in the grill 10 merely by opening the cover 28, it is
      contemplated that a controllable air vent (not shown) be provided on the
      housing 12, preferably on the bottom section 16 thereof. Such an air vent
      would normally be closed, but if a person wanted to sear the food being
      cooked, he would merely open the vent to cause flaring of the air-fuel
      mixture until the desired searing was completed. Thereafter, the vent can
      be closed to extinguish the flames, with the result that the desired
      searing is accomplished without having to open the cover 28 and losing
      significant quantities of heat within the chamber 36.
PAR  While it will be apparent that the preferred embodiment illustrated herein
      is well calculated to fulfill the objects above stated, it will be
      appreciated that the present invention is susceptible to modification,
      variation and change without departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pedestal mounted gas fueled barbeque grill comprising,
PA1  an open upper-ended housing having means defined by a first imaginary
      horizontal plane for supporting a cooking grate,
PA1  a burner enclosure disposed within said housing,
PA1  said enclosure including a bottom wall portion and a peripheral side wall
PA1  means within said housing defined in part by a second imaginary horizontal
      plane spaced vertically below said first mentioned plane engageable with
      said enclosure for supporting said enclosure within said housing,
PA1  said burner enclosure being provided with support means defined by a third
      imaginary horizontal plane spaced vertically below said second mentioned
      plane,
PA1  a burner assembly supported upon said support means,
PA1  means defining a fuel-air mixture inlet opening in said bottom wall portion
      of said burner enclosure and baffle means interposed between said opening
      and said burner assembly, whereby an air-fuel mixture supplied through a
      pedestal supporting said grill and introduced through said opening will be
      dispersed in a uniform manner towards the underside of said burner
      assembly,
PA1  said burner assembly comprising a generally horizontally disposed partition
      supported at said third mentioned imaginary plane by said support means,
PA1  said partition being formed with a plurality of spaced apart openings,
PA1  a plurality of open lower sided, generally cup-shaped burner units
      associated one with each of said openings,
PA1  said units being fabricated of a porous screen material and being
      complementary in shape to said openings and extending upwardly
      therethrough from the underside of said partition,
PA1  each of said burner units including a peripheral flange portion engaged
      with and secured to the underside of said partition around the periphery
      of the associated of said openings,
PA1  a layer of a porous wire screen of a smaller mesh size than said burner
      units disposed below said partition and being generally co-extensive
      therewith between said support means, and
PA1  a support grate supported in a position generally coplanar of said second
      mentioned imaginary plane and having a layer of rock-like material
      supported thereon for catching any excess food drippings or the like which
      may be produced when food is being cooked on said first mentioned grate
      and thereby minimize the transfer of such drippings toward said burner
      assembly.
NUM  2.
PAR  2. A gas fueled barbeque grill as set forth in claim 1 wherein said housing
      is fabricated of a cast metal and wherein said support means defined in
      part by said second imaginary plane comprises inwardly projecting shoulder
      means formed integrally of said housing.
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ABST
PAL  A heating system has means for directing heat only to a portion of a medium
      for storing heat which portion is at a temperature below that to which
      heating means then heats the medium. The system then functions to store
      heat in the medium during periods of less-than-maximum heating of the
      medium without degrading the temperature of a higher-temperature portion
      of the medium. The system has particular utility with a solar heat
      collector from which the available heat varies with the intensity of the
      solar energy. Heat is then collected in the portion of the medium during
      periods of marginal solar energy intensity without degrading the higher
      temperature of another portion of the medium heated to a higher
      temperature during a prior period of greater solar energy intensity. In a
      specific embodiment the system has three compartments for separating a
      fluid heat-storing medium into portions, a pump supplying the fluid to a
      solar heat collector, and a pump supplying the fluid to a heat exchanger
      for heating a house. The means for directing heat to a portion of the
      medium then direct fluid heated in the collector to a compartment of fluid
      at a temperature nearest below that to which the solar heat collector then
      heats the fluid. The pump supplying fluid to the collector withdraws fluid
      from a compartment at a lowest temperature to maximize the thermal
      efficiency of the collector and exchanger.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a heating system having means for storing heat.
      The system has particular and preferred utility in a heating system using
      solar energy as a source of heat.
PAR  Several factors related to the production of heat for structural space
      heating systems, hot water heatins systems and other heating systems have
      recently coalesced to encourage new technologies for producing heat in
      such heating systems. Specifically, the cost of heat energy has continued
      to rise. In addition, the vast consumption of heating energy, particularly
      in urban areas, has provided substantial problems of pollution, and, most
      recently, a shortage of traditional hydrocarbon fuels has developed. Each
      of these factors has contributed to recently increased interest in sources
      of heat energy alternative to those traditionally employed and more
      efficient utilization of heat energy produced from all sources. One such
      alternative energy source is energy radiated from the sun.
PAR  Solar energy has, of course, long been known but has not been significantly
      exploited for two principal reasons. The first reason is the relatively
      low density of the energy per unit area of a surface collecting the
      energy. The low energy density requires both substantial surface areas and
      relatively long times for the collection of a required quantity of heat
      energy. The second reason is the uncontrollable availability of energy
      from the sun to times which may not coincide with the desired times of
      energy utilization. Specifically, solar energy is only available during
      daylight hours and even during daylight hours varies in available
      intensity with the angle of incidence of the energy which, of course,
      depends upon the time of day, and varies with the degree of cloud cover.
PAR  Both of these problems may be mitigated by means for the storage of heat
      energy accumulated during times of excess availability for later
      distribution. Such heat storage means may also have utility with heating
      systems employing traditional energy sources by permitting consumption of
      the energy during convenient times such as off-peak hours in the
      availability of electric energy or hours of relatively low pollution.
PAR  One system for the storage of heat energy, particularly heat energy from a
      solar collector, is disclosed in U.S. Pat. No. 3,369,541 issued Feb. 20,
      1968 in the name of Thomason. This patent discloses two embodiments of a
      heat storage device each having a tank containing a heat-storing, fluid
      medium. A pump circulates the fluid from the tank to a solar-energy heat
      collector and returns the heated fluid from the collector to the tank for
      storage. Heat exchange passages adjacent the tank receive a flow of air
      which is heated in the passages and discharged into a structure as space
      heat. In only one embodiment a collection of stones or other heat storage
      and heat exchanger material surrounds the tank in thermal communication
      with the tank for the storage of heat brought to the tank by the fluid and
      in heat exchanging relation with the air to be heated by pumping the air
      through interstices between the stones or other material.
PAR  In both embodiments disclosed in the patent the tank for storing the heated
      fluid medium is internally entirely open to permit uninhibited mixing of
      portions of the fluid heated to different temperatures, for example, fluid
      heated at times of different solar energy intensity. Moreover, inlet and
      outlet passageways for conveying the fluid to and from the solar heat
      collector are disposed in diagonally opposite corners of the tank; this
      arrangement would appear to promote a generally rotary, mixing circulation
      of the fluid in the tank as caused by the jet action of the fluid
      withdrawn from the tank for heating in the collector and returned to the
      tank for storage. Mixing differently heated portions of the fluid will
      degrade the higher temperature of fluid portion heated to the temperature
      toward the lower temperature of other fluid portions of the tank.
PAR  In the patent, water is suggested as the fluid. In the embodiment having
      stones for the storage of heat, it is believed that the stones, although
      21/2 times heavier than water, have a specific heat of only 1/4, to
      provide a thermal heat storage efficiency only 60% of that of a system
      utilizing only water for the storage of heat.
PAR  Systems for heating hot water with solar energy have been commercially
      available for a number of years. However, it is believed that these
      systems have only a heat collector and a tank for the storage of water
      heated in the collector. A discharge pipe then distributes the heated
      water to hot water outlets as well known in plumbing systems distributing
      hot water from water heaters using more conventional energy sources. As
      with conventional water heaters, it is believed that the tanks storing
      solar heated water rely on convection currents of the water, with or
      without an internal pipe structure for directing the convection flow of
      the water, to maintain a uniform temperature of heated water in the tank.
      The uniform temperature of the water in such water heaters is considered
      desirable to provide the maximum quantity of water heated to a desired
      temperature, usually a temperature preset with a thermostat connected to
      the water heater.
PAR  The relatively low energy density and variable availability of solar energy
      additionally present another problem. Specifically, a medium heated by a
      solar heat collector is often heated to a temperature only slightly above
      that at which it was introduced into the solar heat collector. It is then
      quite possible that for a large part of a day the solar heat collector
      could heat the medium to a temperature warmer that that at which it was
      supplied to the collector but cooler than the warmest temperature to which
      a portion of the medium was earlier heated. Operation of a system under
      such conditions will degrade the maximum temperature of the heat storing
      medium even though additional heat was supplied to the entire system
      during the heat collecting operation.
PAR  This problem is not ordinarily encountered in heating systems utilizing
      traditional sources of heat energy because these sources of heat energy
      are selected to provide heating temperatures which are substantially in
      excess of those required in the system. Moreover, the traditional sources
      of heat energy usually provide substantially constant heating
      temperatures. For example natural gas flames at a substantially constant
      temperature of about 3800.degree. F., a constant temperature substantially
      in excess of that required from systems for heating structures or hot
      water.
PAR  It is also well-known that the thermal efficiency of heat exchange devices
      both for the collection and utilization of heat is greatest with the
      greatest disparity of temperatures between the media between which heat is
      to be exchanged. It is therefore desirable in a system having means for
      heating a medium to introduce the medium into the heating means at the
      lowest possible temperature. Similarly, it is desirable to introduce a
      medium into means for utilizing the heat of the medium at the highest
      possible temperature.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the invention to provide a heating system
      having a medium for storing heat and means for heating the medium without
      degrading a higher temperature of a previously heated portion of the
      medium.
PAR  It is a further object of the invention to provide a heating system having
      a medium for storing heat and means for withdrawing heat from a highest
      temperature portion of the medium to provide the greatest thermal
      efficiency to the heat withdrawing means.
PAR  It is still a further object of the invention to provide a heating system
      having means for heating a lowest temperature portion of the medium to
      provide the greatest thermal efficiency to the heating means.
PAR  It is still further object of the invention to provide each of the
      foregoing objects in a system using solar energy as means for heating the
      medium.
PAR  To these ends the invention provides in a heating system having a medium
      for storing heat, means for heating the medium and means for withdrawing
      heat from the medium for use, a method and apparatus for storing heat in
      the medium between a time at which the medium is heated and a time at
      which the heat is withdrawn for use.
PAR  The method comprises at least partially dividing the medium for separating
      portions of the medium potentially at different temperatures and directing
      heat from the heating means only to a portion of the medium at a
      temperature below the temperature to which the heating means then heats
      the medium. By directing the heat only to a portion of the medium at a
      temperature below that to which the medium is then being heated, the
      method functions to store heat in the medium during periods in which the
      heating means heats the medium only to a temperature below that to which
      another portion of the medium was previously heated without degrading the
      higher temperature of the other portion of the medium.
PAR  In a particular embodiment, the means for heating the medium is a solar
      heat collector, the available heat from which varies with the variable
      intensity of the solar energy. The method then functions to permit the
      system to store heat in the medium during periods of marginal or
      less-than-maximum solar heat energy intensity without degrading the
      maximum temperature of a portion of the medium previously heated to a
      higher temperature during a prior period of greater solar heat-energy
      intensity.
PAR  In another embodiment the method additionally comprises withdrawing the
      heat only from a highest temperature portion of the medium to permit the
      greatest thermal efficiency of the means withdrawing the heat for use. In
      still another embodiment, the medium is a fluid which is supplied to the
      means for heating the medium. In this embodiment the method additionally
      comprises supplying a lowest temperature portion of the medium to the
      heating means to permit the greatest thermal efficiency of the means
      heating the medium.
PAR  The apparatus comprises means at least partially dividing the medium for
      providing portions of the medium at potentially different temperatures and
      means directing heat from the heating means only to a portion of the
      medium at a temperature below the temperature to which the heating means
      then heats the medium for storing heat in the medium when the heating
      means heats the medium only to a temperature below that to which another
      portion of the medium was previously heated without degrading the maximum
      temperature of the previously higher-temperature-heated portion of the
      medium. In the particular preferred embodiment wherein the means for
      heating the medium is a solar heat collector, the apparatus aso provides
      means for storing heat in the medium during periods of marginal or
      less-thann-maximum solar heating of the medium without degrading the
      temperature of the highest temperature portion of the medium.
PAR  Another embodiment has means withdrawing heat from a highest temperature
      portion of the medium for permitting the greatest thermal efficiency of
      the means withdrawing the heat. In still another embodiment, the medium is
      a fluid supplied to the heating means and the embodiment additionally
      comprises means supplying the medium to the heating means from a lowest
      temperature portion of the medium for permitting the greatest thermal
      efficiency of the heating means.
PAR  In this description of the invention the term "heat" is used in the sense
      of adding energy such as to tend to increase the temperature of the medium
      to which the heat is supplied. However, it is specifically intended that
      the invention shall also include within its scope heating in the sense
      that energy is withdrawn so as to tend to reduce the temperature of a
      medium, that is, to cool the medium. When the system of the invention is
      so used as a cooling system, it will be additionally understood that the
      terms above and below the temperature of another portion of the medium are
      reversed from their ordinary meaning to indicate temperatures below and
      above, respectively, the temperatures of the other portions of the medium.
DETD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment which is intended to illustrate and not limit the
      invention will now be described with reference to drawings, in which:
PAR  FIG. 1 is a schematic illustration of one preferred embodiment;
PAR  FIG. 2 is a schematic illustration of another but also preferred
      embodiment;
PAR  FIG. 3 is a more detailed illustration of a portion of the embodiments
      shown in FIGS. 1 and 2;
PAR  FIG. 4 is a more detailed sectional illustration of another portion of the
      embodiments shown in FIGS. 1 and 2; and
PAR  FIG. 5 is a view of a portion of that portion of the embodiments shown in
      FIG. 4.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows as a preferred embodiment a system for space heating a
      structure with heat from solar energy. The system has a solar heat
      collector 10 for heating a fluid medium supplied to the collector through
      a pipe 12 from a fluid storage means at 14. The solar heat collector 10
      may, for example, be of the type disclosed in U.S. Pat. No. 3,387,602
      issued June 11, 1968, in the name of Thomason. A pipe 16 carries heated
      fluid from the heat collector 10 to means 17 directing the heated fluid to
      the storage means 14. The fluid storage means 14 then stores the heated
      fluid for later use.
PAR  To use the heat stored in the fluid, a pump 18 withdraws heated fluid from
      the storage means and supplies the heated fluid to a heat exchanger 20 for
      heating air passed through the heat exchanger by a blower 22. Air heated
      in the exchanger is then advanced into a structure, house 24, for space
      heating the house. Fluid from the heat exchanger is mixed with that
      returned to the fluid storage means from the solar heat collector by the
      pipe 16.
PAR  The fluid storage means 14 is a tank partially divided into three
      compartments or separate tanks 26, 28 and 30. In the embodiment shown in
      FIG. 1 the pump 11 withdraws fluid for heating in the collector 10 from
      the compartment 30 while the pump 18 withdraws fluid for heating the house
      24 from the compartment 26.
PAR  The means directing the fluid from the pipe 16 to the storage compartments
      26, 28 and 30 comprises pipes 32, 34 and 36, each positioned to carry the
      fluid to the respective compartments as controlled by a distribution valve
      38 selectively connecting each pipe 32, 34, 36 to the fluid return pipe
      16. An actuator 40 moves the valve 38 to direct fluid to one of the pipes
      32, 34, 36 as directed by a decision device 42.
PAR  The decision device is connected to sensors 44, 46, 48 for sensing the
      temperature of the fluid in each of the compartments 26, 28 and 30,
      respectively, and to sensor 50 for sensing the temperature of the fluid in
      the pipe 16 and other, later described functions. The decision device 42
      compares the sensed temperature of the fluid in each compartment with the
      temperature of the heated fluid being returned from the heat collector 10
      in the pipe 16 to signal the actuator to move the valve to direct the
      fluid through one of the pipes 32, 34, 36 to a compartment holding fluid
      at a temperature lower than that of the fluid then passing through pipe 16
      from the heat collector 10.
PAR  The operating scheme for the system is to direct heated fluid to a
      comparment containing fluid at a nearest temperature lower than the
      collector 10 heated fluid, to supply the heat collector 10 with fluid from
      a compartment containing the lowest temperature fluid and to supply the
      heat exchanger 20 with fluid from a compartment containing the highest
      temperature fluid. Therefore, the decision device 42 is designed to cause
      the actuator to direct the fluid through the pipe 32 supplying the
      compartment 26 if the temperature of the fluid in the pipe 16 exceeds the
      temperature of the fluid in each of the compartments, to direct the fluid
      through pipe 34 to compartment 28 if the temperature of the fluid in the
      pipe 16 exceeds that of the fluid in only compartments 28 and 30 and to
      direct the fluid through pipe 36 to compartment 30 if the temperature of
      the fluid in pipe 16 exceeds that of the fluid in only compartment 30. The
      compartments thus order the fluid into strata of different fluid
      temperatures with the compartment 26 at a higher or equal temperature to
      the temperature of the fluid in each of the other compartments and the
      temperature of the fluid in the compartment 30 at a lower or equal
      temperature to the fluid in each of the other compartments. The decision
      device 42 additionally has means connected to the pump 11 for cutting off
      the flow of fluid to the heat collector if the temperature of the fluid
      from the heat collector in the pipe 16 is lower than that of the
      temperature in the lowest temperature fluid compartment 30.
PAR  The tanks are additionally interconnected by overflow devices 52 and 54.
      When fluid is supplied to one of the compartments 26 or 28 other than the
      lowest temperature compartment 30 from which the pump 11 always withdraws
      the fluid, excess fluid supplied to the compartments 26 or 28 will
      overflow toward the compartment 30. On the other hand, when fluid is
      supplied to one of the compartments 28, 30 other than the highest
      temperature compartment 26 from which the pump 18 withdraws fluid, excess
      fluid supplied to the compartments 28 or 30 will overflow toward the
      compartment 26. The overflow device 52 comprises a pipe extending from an
      upper portion of the tank 28 to a lower portion of the tank 26, all of the
      tanks accomodating fluid to a like level. Overflow device 54 comprises a
      pipe similarly extending between compartments 28 and 30.
PAR  FIG. 2 shows another preferred embodiment similar to that shown in FIG. 1
      except in the fluid storage means 14'. As illustrated in FIG. 2, the fluid
      storage means 14' comprise a single tank substantially divided into
      compartments 26', 28' and 30' by separators 60 forming vertically disposed
      strata or portions of the fluid in the tanks. The strata separators 60
      each have openings 62 interconnecting strata of the tank to form overflow
      passages from one stratum to the next. The openings 60 thus function
      similarly to the overflow devices 52 and 54 shown in FIG. 1. Each strata
      of the tank receives fluid from a pipe 32', 34' and 36' as directed by a
      switching valve 38 moved by an actuator 40 under the direction of a
      decision element 42 which is responsive to temperature sensors 44- 50 in
      similar arrangement with that described with reference to FIG. 1.
PAR  The decision element 42 is again biased to cause the valve 38 to direct
      fluid hotter than that in any strata to the stratum or compartment 26', to
      direct fluid hotter than that in only strata 28' or 30' to stratum 28',
      and fluid hotter than only that in stratum 30' to stratum 30'. The stratum
      26' will thus be at a temperature equal to or higher than that of any of
      the other strata while the strata 30' will be at a temperature equal to or
      lower than that of the temperature of the fluid in any of the other
      strata. As before, the pump 18 withdraws heated fluid from stratum 26' to
      a heat exchanger 20 for heating the house 24 while the pump 11 withdrawn
      fluid from stratum 30' for heating in the heat collector 10.
PAR  FIG. 3 is a schematic of the decision device 42 and temperature sensors
      44-50. Each of the temperature sensors 44-50 is a thermistor connected
      across DC power supply busses 70 and in potential-dividing series
      connection with a resistor.
PAR  The thermistor temperature sensor 44 in fluid compartment 26 (FIG. 1) is
      connected at one end to one DC power supply bus 70 and at the other to
      potential dividing resistor 72 and to an input lead 74 to an operational
      amplifier 76. Another input lead to the operational amplifier 76 is
      similarly connected between an NTC thermistor forming the temperature
      sensor 50 and a potential dividing resistor 80, the thermistor-resistor
      also being connected across the DC power supply. The operational amplifier
      76 is connected as a potential comparitor for comparing the potentials on
      the leads 74 and 78 connected to the operational amplifier. In such
      well-known connections of operational amplifiers, the amplifier provides
      an output potential saturated to a positive or negative value depending
      upon the relative polarity of the potentials applied to the input leads 74
      and 78 to the operational amplifier.
PAR  Then, if the fluid in the return pipe 16 is warmer than the fluid in the
      compartment 26, the thermistor temperature sensor 50 sensing the
      temperature of the fluid in the return pipe will have a lower resistance
      than the thermistor temperature sensor 44 sensing the temperature of the
      fluid in the compartment 26. This condition applies a higher potential to
      the lead 74 than to the lead 78. The lead 74 is a non-inverting input to
      the potential comparitor operational amplifier 76 to trigger a
      non-inverted saturated positive potential from the operational amplifier
      76. This positive potential is applied to the base of a transistor 82 to
      trigger conduction of the transistor 82. The potential from conducting
      transistor 82 is applied to the gate of an SCR 84 to then trigger
      conduction of the SCR 84. The SCR 84 is connected in series with a coil of
      a solenoid 86 forming part of the actuator 40 (FIG. 1) and across a power
      supply transformer 89. Conduction through SCR 84 then energizes the
      solenoid 86 to move the valve 38 to direct fluid from the pipe 16 to the
      compartment 26.
PAR  If the temperature of the return fluid as sensed by the thermistor sensor
      50 is cooler than the temperature of the fluid in the compartment 28 (FIG.
      1) as sensed by the thermistor sensor 46, the thermistor sensor 46 will be
      of lower resistance than the thermistor sensor 50. A non-output-inverting
      input lead 88 of an operational amplifier 90, connected as a potential
      comparitor in similarity with the operational amplifier 76, is connected
      to the thermistor 50 while an output-inverting lead 92 is connected to the
      thermistor 46. Under the conditions in which the returning fluid in the
      pipe 16 (FIG. 1) is cooler than the fluid in the compartment 28, the lead
      88 will be positive with respect to the lead 92 and the operational
      amplifier 90 will provide a positive output to the base of a transistor 94
      to trigger conduction of the transistor. Conduction of transistor 94
      triggers conduction of an SCR 96 which, like SCR 84, is connected in
      series with an actuating coil of a solenoid 98. The solenoid 98 then
      controls the valve 38 to direct the returning fluid to the compartment 30.
PAR  If the returning fluid in pipe 16 (FIG. 1) is warmer than that in
      compartments 28 and 30 but cooler than that in the compartment 26 the
      relative resistances of thermistor-sensors 44 and 50 and sensors 46 and 50
      is reversed from that just described to reverse the relative polarity of
      the potentials on input lead pairs 74 and 78 and 88 and 92 connected to
      the thermistor-sensors. Both operational amplifiers 76 and 90 then provide
      an output potential saturated to a negative potential value. This low
      potential will not trigger conduction of the transistors 82 or 94
      connected to the operational amplifiers. Neither SCR 84 or 96 then
      conducts and neither solenoid 86 or 98 is then energized. The switching
      valve 38 (FIG. 1) then moves to a stable condition supplying fluid to the
      compartment 28.
PAR  Although the system as so far described is operative, it is desirable to
      additionally provide the thermistor 48 for sensing the temperature of the
      fluid portion in compartment 30. The thermistor-sensor 48 in compartment
      30 (FIG. 1) is also connected across the power supply busses 70 with
      series resistor 100. The thermistor-sensor 48 has a higher resistance than
      the thermistor-sensor 50 if the temperature of the fluid in the
      compartment 30 is lower than that of the heated fluid returning from the
      collector through the pipe 16 compartment 30. The potential from the
      thermistor 48 is supplied to an operational amplifier 102 on a lead 104
      while the potential from the thermistor 50 is applied to the operational
      amplifier 102 over a lead 106. The operational amplifier 102 is again
      connected as a potential comparitor for comparing the potentials on the
      leads 104, 106. The lower potential on the lead 104 compared to that on
      the lead 106 then triggers a positive output of the operational amplifier
      102. As with the output from the other operational amplifiers, the
      positive potential triggers conduction of a connected transistor 110 to
      trigger conduction of an SCR 112 which is connected in series with an
      actuating coil of a solenoid 114. The solenoid 114 then actuates a switch
      (not shown) to turn on the pump 11 to circulate fluid through the solar
      heat collector 10.
PAR  However, should the temperature of the fluid in the compartment 30 be above
      that of the fluid supplied from the heat collector 10, the relative
      resistances of the thermistor-sensors 48 and 50 will be reversed to
      reverse the relative potentials on the leads 104 and 106. The output from
      the operational amplifier 102 will then be a low potential which will not
      trigger conduction of transistor 110 or SCR 112 to energize the solenoid
      114. The pump 11 will then be shut off.
PAR  As shown in FIGS. 1 and 2, the sensor 50 is positioned in the heat
      collector 10 at the junction of the heat collector with the fluid return
      pipe 16. Specifically, the sensor is shown in the Figures as mounted in a
      trough 51 which funnels heated fluid from a heat collecting surface 53 of
      heat collector 10 to the fluid return pipe 16. The sensor 50 is mounted
      for good thermal contact with the heat collecting surface 53 and, when
      fluid flows through the collector, for good thermal contact with the
      fluid. For example, the sensor 50 may be secured to the heat collecting
      surface 53 for good thermal contact the surface in a position, such as
      trough 51, which is in or near the flow of fluid heating in the collector
      10 for good thermal contact with the fluid. The sensor 50 then senses the
      temperature of the heat collecting surface 53 when no fluid flows over the
      surface and the temperature of the fluid when it does flow over the
      surface.
PAR  This mounting arrangement of sensor 50 permits the sensor to perform two
      functions. When the temperature of the fluid heated in the collector falls
      below that of the fluid in the coolest compartment 30, the sensor 30
      senses this temperature of the fluid entering pipe 16 while the sensor 48
      senses the temperature of the fluid in compartment 30 to provide relative
      potentials to leads 104, 106 (FIG. 3) such that current to solenoid 114
      (FIG. 3) is cut-off to stop the fluid pump 11 (FIGS. 1,2), as before
      described. The temperature of the fluid in compartment 30 is then not
      degraded during periods of such low solar heat energy intensity as do not
      heat the fluid in the collector 10 to a temperature above that of the
      fluid in compartment 30. The sensor 50 then functions to sense the
      temperature of the heat collecting surface 53. When the solar energy
      intensity increases to a level at which the temperature of the surface 53
      rises above that of the fluid in compartment 30, sensors 48, 50 then
      provide relative potentials to leads 104, 106 (FIG. 3) such that solenoid
      114 turns on pump 11 (FIGS. 1,2) to again supply fluid to the collector 10
      for heating. When the temperature of the fluid then sensed by sensor 50
      again falls below that of the fluid in compartment 30 as from a subsequent
      reduction of the solar heat intensity, sensors 48, 50 again cut off pump
      11. Sensor 50 thus serves both to regulate the heating of fluid, including
      the earlier described regulation of the compartment to which the heated
      fluid is directed, and to regulate pump 11 to provide fluid to the heat
      collector 10 only during times when the fluid can be heated to a
      temperature above that of the coolest compartment.
PAR  An alternative embodiment is shown in FIG. 3 to include a device 116 which
      is connected by the load 104 to the operational amplifier 102 to apply a
      lower potential to the lead 104 than the potential on the lead 106 to
      restart the pump 11. For this purpose the device 116 may be a solar energy
      sensor such as a photo-electric device reponsive only to solar energy of
      an intensity predetermined to provide a known minimum temperature to fluid
      circulated through the heat collector 10. The device 116 will then restart
      the pump 11 to provide the minimum heat level to fluid circulated through
      the collector 10. A timer in the device 116 additionally applies the low
      potential to the lead 104 periodically and for a time duration
      predetermined to circulate fluid from the compartment 30 to the sensor 50
      in the pipe 16. The device 116 is then cut off. Once fluid newly passed
      through the collector 10 has arrived at the sensor 50, the temperature
      comparison function of the thermistor-sensors 48 and 50 determines if the
      solar heat collector 10 is supplying heat to the fluid. If the fluid then
      reaching the sensor 50 is of a higher temperature than that in the
      compartment 30 as sensed by the thermistor 48, the lead 106 will be
      positive with respect to the lead 104 to maintain a positive output from
      the operational amplifier 104 thus holding pump 11 on.
PAR  FIG. 4 illustrates in section the valve 38. Fluid entering the valve
      through the pipe 16 reaches a butterfly-type diverting member 120 pivoted
      on a shaft 124 centrally in the pipe. With the diverting member in the
      position shown the fluid is directed away from the pipe 36. The fluid then
      flows toward another butterfly-type diverting member 122, like member 120,
      shown in a position for diverting the fluid toward the pipe 34 carrying
      the fluid to the compartment 28 (FIG. 1). This position of the diverting
      members 120 and 122 corresponds to the condition in which neither solenoid
      86 or 98 is energized, as described with reference to FIG. 3.
PAR  If the temperature of the fluid in the pipe 16 should exceed only that of
      the fluid in the compartment 30, the solenoid 98 is energized as earlier
      described with reference to FIG. 3. This solenoid is connected to shaft
      124 forming the pivot for the diverting member 120 and operates to rotate
      the diverting member in the direction indicated by the arrow. The
      diverting member 120 then diverts the fluid from the pipe 16 to the pipe
      36 thereby providing the fluid to the compartment 30 (FIG. 1). When the
      solenoid 98 is not energized, means (not shown), such as a spring-loading
      in the solenoid, return the diverting member 120 to the illustrated
      position.
PAR  Similarly, when the temperature of the fluid in the pipe 16 exceeds that of
      the fluid in the compartment 26 (FIG. 1), solenoid 86 connected to a shaft
      126 forming the pivot for the diverting member 122 rotates the diverting
      member 122 in the arrow-indicated direction to divert the fluid into the
      pipe 32 supplying the fluid to the compartment 26. In similarity to the
      solenoid 98, means, such as spring-loading in the solenoid 86, returns the
      diverting member to the illustrated position when the solenoid 86 is not
      energized.
PAR  FIG. 5 illustrates the connection of the solenoid 98 to the diverting
      member 120. The shaft 124 is seen to extend from the diverting member
      through a wall 130 of the valve 38 to the solenoid 98 for actuating the
      diverting member with the solenoid. The solenoid 98 and the similar
      solenoid 86 may, for example, be a rotary type commercially designated
      Ledex 3.
CLMS
STM  Having thus described my invention what I claim is:
NUM  1.
PAR  1. In a heating system having a medium for storing heat, a solar heat
      collector for variably heating the medium with the variable intensity of
      solar energy, and a heat exchanger for withdrawing heat from the heated
      medium, a method of storing heat in the medium comprising storing
      different portions of the medium at different temperatures, supplying
      medium from the portion of the medium stored at the lowest temperature to
      the collector for heating the medium with the greatest thermal efficiency
      of the collector, combining the heated medium from the collector with one
      of the portions of the stored medium, and supplying medium from the
      portion of the medium stored at the highest temperature to the heat
      exchanger for providing the greatest thermal efficiency for the heat
      exchanger.
NUM  2.
PAR  2. A method as set forth in claim 1 which includes sensing the temperatures
      of the portions of the medium and of the medium heated by the collector
      and directing the heated medium to a first portion of the medium which is
      at a temperature nearest below the temperature of the heated medium to
      permit heating of at least certain portions of the medium during periods
      of less than maximum solar energy intensity while preventing the
      degradation of the temperature of at least a certain other portion of the
      medium which was previously heated during a period of greater solar
      intensity to a temperature higher than the temperature of the heated
      medium.
NUM  3.
PAR  3. In a heating system having a fluid medium for storing heat and a solar
      heat collector for variably heating the fluid with the variable intensity
      of solar energy, a method of storing heat in the fluid comprising storing
      different portions of the fluid in at least first and second compartments
      at different temperatures, sensing the temperatures of the portions of the
      fluid stored in each compartment, supplying fluid from the compartment
      which stores fluid at the lowest temperature to the collector to permit
      heating of the fluid with the greatest thermal efficiency of the
      collector, storing the heated fluid in the first compartment when the
      fluid stored therein is at a temperature nearest below the temperature of
      the heated fluid, and causing the heated fluid to be stored in the second
      compartment when the fluid stored therein is at a temperature nearest
      below the temperature of the heated fluid.
NUM  4.
PAR  4. A method as claimed in claim 3 which includes inhibiting the supplying
      of the fluid to the collector whenever the temperature of the heated fluid
      is less than the temperature of the coolest portion of the fluid.
NUM  5.
PAR  5. A method as claimed in claim 3 wherein the heating system additionally
      has means for using heat withdrawn from the fluid, said method further
      comprising withdrawing heat from a portion of the fluid stored at a
      highest temperature for providing the greatest thermal efficiency for the
      means using the heat.
NUM  6.
PAR  6. In a heating system having a medium for storing heat, a solar heat
      collector for variably heating the medium with the variable intensity of
      solar energy, and a heat exchanger for withdrawing heat from the heated
      medium, an apparatus for storing the heated medium comprising storage
      means having a plurality of compartments for storing different portions of
      the medium at different temperatures, means for supplying the medium to
      the collector from the compartment in which the stored medium is at the
      coolest temperature for heating the medium with the greatest thermal
      efficiency of the collector, control means for returning the heated medium
      from the collector to one of the compartments, and means for supplying
      medium to the heat exchanger from the compartment in which the stored
      medium is at the highest temperature to provide the greatest thermal
      efficiency for the heat exchanger.
NUM  7.
PAR  7. A system as claimed in claim 6 wherein said control means includes means
      for sensing the temperatures of the portions of the medium in each
      compartment and of the medium heated by the collector, and means for
      directing the heated medium to the compartment in which the stored medium
      is at a temperature nearest below the temperature of the heated medium.
NUM  8.
PAR  8. In a heating system having a fluid medium for storing heat, a solar heat
      collector for variably heating the fluid with the variable intensity of
      solar energy, apparatus for storing the fluid comprising storage means
      partially divided into a at least first and second compartments for
      enabling different portions of the fluid to be stored in different
      compartments at different temperatures, means for sensing the temperature
      of the fluid stored in each compartment, means for supplying fluid to the
      collector from the compartment in which the stored fluid is at the lowest
      temperature to permit heating of the fluid by the collector, means for
      sensing the temperature of the fluid heated by the collector, and means
      for directing the heated fluid from the collector to the first compartment
      for storage therein whenever the fluid stored in said first compartment is
      at a temperature nearest below the temperature of the heated fluid, and
      for directing the heated fluid from the collector to the second
      compartment for storage therein whenever the fluid stored in said second
      compartment is at a temperature nearest below the temperature of the
      heated fluid.
NUM  9.
PAR  9. A system as claimed in claim 8 additionally having means for using heat
      withdrawn from the fluid, said apparatus further comprising means for
      withdrawing heat from a portion of the fluid stored by said storage means
      which is at the highest temperature for providing the greatest thermal
      efficiency of the means using the heat.
NUM  10.
PAR  10. A system as claimed in claim 8 in which said storage means includes
      overflow means interconnecting said compartments to permit the fluid
      stored in one of said compartments to flow into the other one of said
      compartments whenever the level of the fluid in said one compartment
      reaches a predetermined value.
NUM  11.
PAR  11. A system as claimed in claim 8 which includes heat exchanger means for
      withdrawing heat from the fluid for heating a structure, said apparatus
      further comprising means for supplying fluid to the heat wxchanger means
      from the compartment in which the fluid is at the highest temperature.
NUM  12.
PAR  12. A sytem as claimed in claim 1 which includes means for disabling said
      means for supplying fluid to said collector whenever the temperature of
      the heated fluid is less than the lowest temperature of the fluid stored
      in said compartments.
NUM  13.
PAR  13. In a heating system having a fluid medium for storing heat, a solar
      collector for variably heating the fluid with the variable intensity of
      solar energy, apparatus for storing the fluid comprising storage tank
      means having a plurality of compartments for permitting different portions
      of the fluid to be stored in different compartments at different
      temperatures, temperature sensing means including an individual
      temperature sensor associated with each of said compartments for sensing
      the temperature of the portion of the fluid stored therein, pump means
      connected to an outlet of one of said compartments for normally supplying
      fluid from said one compartment to said collector for heating thereby,
      said temperature sensing means including a further temperature sensor for
      sensing the temperature of the fluid heated by the collector, and control
      means responsive to the temperature sensing means for directing the heated
      fluid to one of the compartments for storage therein when the fluid stored
      in said one compartment is at a temperature that is nearest below the
      temperature of the heated fluid, and for directing the heated fluid to a
      further one of the compartments for storage therein when the fluid stored
      in said further compartment is at a temperature that is nearest below the
      temperature of the heated fluid.
NUM  14.
PAR  14. A system as claimed in claim 13 wherein said storage tank means has
      first, second and third compartments, and wherein the heated fluid is
      normally directed to said first compartment, said control means including
      first means for causing the heated fluid to be directed to said second
      compartment for storage therein whenever the temperature of the fluid in
      the first compartment exceeds the temperature of the heated fluid, and a
      second means for causing the heated fluid to be directed to the third
      compartment for storage therein whenever the temperature of the fluid in
      the second compartment exceeds the temperature of the heated fluid.
NUM  15.
PAR  15. A system as claimed in claim 14 wherein said control means includes
      third means for disabling said pump means whenever the temperature of the
      fluid in the third compartment exceeds the temperature of the heated
      fluid.
NUM  16.
PAR  16. A system as claimed in claim 14 additionally having heat exchanger
      means for using heat withdrawn from the fluid, which includes further pump
      means connected to an outlet of said first compartment for supplying fluid
      from said first compartment to said heat exchanger means.
NUM  17.
PAR  17. In a heating system having a medium for storing heat and heating means
      for heating the medium, a method of storing heat in the medium comprising
      storing portions of the medium at different temperatures to permit heating
      of the portions independently of one another, supplying medium stored at
      the lowest temperature to said heating means for heating the medium,
      sensing the temperatures of the portions of the stored medium and the
      heated medium, causing the heated medium to be stored with a first portion
      of the medium which is stored at the highest temperature whenever the
      temperature of the first portion of the medium is nearest below the
      temperature of the heated medium, and causing the heated medium to be
      stored with a second portion of the medium which is stored at a lower
      temperature whenever the temperature of the second portion of the medium
      is nearest below the temperature of the heated medium.
NUM  18.
PAR  18. In a heating system having a medium for storing heat and heating means
      for heating the medium, apparatus for storing the medium comprising
      storage means having a plurality of compartments for permitting different
      portions of the medium to be stored in different compartments at different
      temperatures, temperature sensing means for sensing the temperatures of
      the medium stored in each compartment and the heated medium, and control
      means responsive to the temperature sensing means for directing the heated
      medium from the heating means to one of the compartments for storage
      therein when the medium stored in said one compartment is at a temperature
      that is nearest below the temperature of the heated medium, said control
      means directing the heated medium to a further one of the compartments for
      storage therein when the medium stored in said further compartment is at a
      temperature nearest below the temperature of the heated medium.
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PAL  An improved rotary internal combustion engine utilizing a new and improved
      cycle of operation which includes six phases: intake, compression,
      combustion, after burn, adiabatic expansion, and exhaust. The purpose of
      both the after burn phase and the adiabatic expansion phase is to increase
      the thermodynamic efficiency of the engine and also to reduce the
      pollution products of the exhaust. The after burn phase achieves this
      purpose by injecting jets of hot compressed air into the hot combustion
      phase products at the end of the combustion phase and thus promotes more
      complete combustion. The adiabatic expansion phase serves to increase the
      engine efficiency by substantially allowing the combustion products to
      expand inside the engine thus converting the heat energy into useful
      mechanical energy.
BSUM
PAR  The invention provides a rotary internal combustion engine in which the
      force of combustion is applied directly to a rotating cam called the
      rotor. Also provided is a stator in which the rotor rotates, and a
      plurality of cam riders called sliding abutments. These sliding abutments
      divide the space between the rotor and stator into a plurality of working
      chambers. The rotation of the rotor is designed to vary the volume of the
      working chambers between a predetermined minimum and a predetermined
      maximum as it rotates.
PAR  The object of the invention is to provide an improved rotary internal
      combustion engine utilizing a new and improved cycle of operation.
      Conventional engines, whether piston or rotary, generally utilize a
      four-phase cycle including intake, compression, combustion, and exhaust
      phases. There is provided herein a six-phase cycle which includes intake,
      compression, combustion, after burn, adiabatic expansion, and exhaust
      phases.
PAR  To accomplish this with a conventional piston engine or rotary engine would
      probably be impossible. However, with the rotary engine herein described,
      the use of the six-phase cycle not only becomes possible but is relatively
      simple and inexpensive to manufacture.
DRWD
PAR  One form of the invention is illustrated in the accompanying drawings.
PAR  FIG. 1 is a cross-sectional view showing the relationship of stator 10,
      rotor 20, and sliding abutments 30.
PAR  FIG. 2 is a sectional view taken along line 2--2.
PAR  FIG. 3 is a cross-sectional view illustrating the details of sliding
      abutments 30 and the associated hold-release mechanisms 40.
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is a perspective view of the ratchet assembly.
PAR  FIG. 6 shows details of construction of rotor 20.
PAR  FIG. 7 shows a section of rotor 20.
PAR  FIGS. 8 and 9 show details of construction of stator 10.
PAR  FIG. 10 shows a typical check valve.
PAR  FIGS. 11 through 18 show the phases of the six-phase cycle diagramatically
      and are explained below.
DETD
PAR  No methods of cooling or lubrication are shown, nor is the ignition circuit
      shown, as these will depend upon the particular use and application of the
      individual engine, and are well known in the art.
PAR  Stator 10 includes circumferential blocks 10a, 10b, 10c, and 10d; slotted
      inner liner plates 12a, 12b; outer plates 12c, 12d; gaskets 14a, 14b;
      pressure equalizing slots 16 formed in 10a, 10b, and 10c; and rotor shaft
      bushings 18a, 18b.
PAR  Rotor 20 includes rotor shaft 22, set screw plate 24, key 26, and set screw
      28.
PAR  Sliding abutments 30 include first sliding abutment 32, second sliding
      abutment 34, third sliding abutment 36, and fourth sliding abutment 38. A
      hold-release mechanism 40 is associated with only sliding abutments 34,
      36, and 38, as abutment 32 continuously engages rotor 20.
PAR  Also provided are a carburetor 70, a spark plug 72, an exhaust port 74, and
      intake ports with check valves 76a, 76b, and 76c.
PAR  The rotor 20 is a cam designed, as shown in FIGS. 6 and 7, to vary the
      volume of the working chambers between a predetermined minimum and a
      predetermined maximum as the rotor rotates. In order to obtain high
      efficiency, it is necessary to machine the outer rotor surface as well as
      the sides of the rotor with precision to provide a smooth finish. In order
      to facilitate the machining, the surface of the rotor consists of four
      segments in the form of arcs O, P, Q, and R. The center of each arc is
      located so that the machining of each arc will not interfere with the
      surfaces of the other arcs. As shown in FIG. 6, arc O is machined from a
      center O', arc P from a center P', arc Q from a center Q', and arc R from
      a center R'. The center O' is offset from the center lines in order to
      give arc O the slope SO. It is this slope that provides the motion that
      actuates the hold-release mechanisms 40.
PAR  The space 80 between rotor 20 and stator 10 is divided into a plurality of
      working chambers by the spring-loaded, sliding abutments 32, 34, 36, and
      38. The working chambers are noted as 82, 84, 86, and 88. As rotor 20
      rotates relative to stator 10, the working chambers will vary in volume
      between a predetermined minimum and a predetermined maximum. The clearance
      or space 80 between rotor 20 and stator 10 should be as small as possible.
      In order to allow the pressure in working chambers 82, 84, and 86 to
      equalize, the blocks 10a, 10b, and 10c include pressure equalizing slots
      16. These slots are omitted in block 10d.
PAR  In order to obtain the desired six-phase cycle, a hold-release mechanism 40
      is associated with each of the sliding abutments 34, 36, and 38. As shown
      in FIGS. 3, 4, and 5, hold-release mechanism 40 includes the following:
      sliding abutment 42; a sliding abutment operating chamber or pod composed
      of top block 44; end guides 46 and side plates 48; a notched push rod 50;
      a push rod T head 50a; a lever 52; a lever link 54; a ratchet assembly 56
      including a four-tooth ratchet wheel 56a; pawl 56b; associated lever 56c
      and a spring 56d; a shaft 58; a rectangular-shaped cam 60; a holding pin
      assembly 62 including a holding pin 62a, block 62b, and a spring 62c; and
      a main loading spring and retainer 64.
PAR  Sliding abutments 34, 36, and 38 are identical. Sliding abutment 32 is
      similar in every respect except hold-release mechanism 40 is eliminated as
      sliding abutment 32 is adapted to be in continuous sealing engagement with
      the rotor 20.
PAR  Each hold-release mechanism 40 functions as follows: When sliding abutment
      42 and associated notched push rod 50 approach top of stroke, push rod T
      head 50a actuates successively lever 52, lever link 54 and ratchet
      assembly 56. This results in a 90.degree. rotation of shaft 58 and
      rectangular cam 60. As cam 60 rotates between its short axis and its long
      axis, holding pin 62a moves out of or into the notch in push rod 50, thus
      providing the alternate hold-release action. In the "hold" position, the
      sliding abutment is held out of engagement with rotor 20 on alternate
      revolutions of rotor 20; and in the "release" position, the sliding
      abutment is held in engagement with rotor 20 on alternate revolutions of
      rotor 20.
PAR  Referring to FIGS. 11 to 18, following is an explanation of the six-stroke
      cycle as applied herein, said cycle including intake, compression,
      combustion, after burn, adiabatic expansion, and exhaust phases. In order
      to achieve the six-phase cycle, it is necessary for the rotor to make two
      full revolutions in each cycle. The proper position of each sliding
      abutment 34, 36, and 38 is achieved by means of the associated
      hold-release mechanisms 40. Each mechanism 40 alternately holds its
      respective sliding abutment in the hold position and on the next
      revolution of rotor 20, the sliding abutment is released to its release
      position so that it engages the rotor 20.
PAC  FIRST REVOLUTION OF ROTOR 20 (FIGS. 11 TO 14)
PAR  All working chambers 82, 84, 86, and 88 are in intake phase as follows:
PAR  FIG. 11: As rotor 20 sweeps through chamber 82, a charge of fuel and air is
      drawn into chamber 82 from carburetor 70 through intake port 76a.
PAR  FIG. 12: As rotor sweeps through chamber 84, sliding abutment 34 is in
      "hold" position. In effect, chambers 82, 84 become one so that chamber 84
      receives the charge of fuel and air from chamber 82. Sliding abutments 36
      and 38 are in their "hold" positions.
PAR  FIG. 13: As rotor sweeps through chamber 86, a charge of air is drawn into
      chamber 86 through intake port 76b.
PAR  FIG. 14: As rotor sweeps through chamber 88, a charge of air is drawn into
      chamber 88 through intake port 76c.
PAR  Thus, chambers 82, 84 now contain a charge of fuel and air, and chambers
      86, 88 now contain a charge of air.
PAC  SECOND REVOLUTION OF ROTOR 20 (FIGS. 15 TO 18)
PAR  FIG. 15: As rotor sweeps through chamber 82, the fuel and air charge is
      forced into chamber 84.
PAR  FIG. 16: Sliding abutment 34 is in "release" position, and chamber 84 is
      now sealed off. As soon as rotor is in the position shown, the engine
      enters the compression phase. A spark is produced by spark plug 72, and
      this results in the combustion phase and power as the rotor sweeps through
      chamber 84.
PAR  FIG. 17: Sliding abutment 36 is now in "hold" position. As rotor 20 sweeps
      through chamber 86, the air in chamber 86 combines with the hot contents
      of chamber 84 providing the after burn phase.
PAR  FIG. 18: Sliding abutment 38 is now in "hold" position. As rotor sweeps
      through chamber 88, chambers 84, 86, and 88 are in effect one chamber.
      Consequently, the contents of chambers 84, 86 expand into chamber 88. This
      results in the adiabatic expansion phase of the cycle. As the rotor
      completes its sweep through chamber 88, exhaust port 74 is cleared and the
      exhaust phase takes place.
PAR  Thus, the six-phase cycle will repeat with each succeeding two revolutions
      of rotor 20.
PAR  In the form of the invention herein illustrated, one rotor and associated
      mechanism is shown. In order to obtain more power and flexibility, a
      plurality of rotors and associated mechanisms can be operated in unison.
PAR  A latitude of modification, change and substitution is intended in the
      foregoing disclosure and, in some instances, some features of the
      invention will be employed without a corresponding use of other features.
      Accordingly, it is appropriate that the appended claims be construed
      broadly and in a manner consistent with the spirit and scope of the
      invention herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary internal combustion engine designed to operate on a six-phase
      cycle which includes intake, compression, combustion, after burn,
      adiabatic expansion, and exhaust phases; said engine comprising a stator,
      a rotor mounted for rotation within said stator and defining a space
      therebetween, said rotor having a substantially semi-elliptical cross
      section, a shaft on which said rotor is mounted for rotation of said rotor
      relative to said stator, said shaft being mounted for concentric rotation
      relative to said stator, four spring-loaded, sliding abutments dividing
      said space into four working chambers, the volume of said four working
      chambers varying between a predetermined minimum and a predetermined
      maximum as said rotor rotates, said four working chambers including:
PA1  a. a first working chamber serving as an intake chamber and including a
      fuel-air mixture intake port and an associated check valve, a first one of
      said spring-loaded, sliding abutments mounted for continuous sealing
      engagement with said rotor and being located at the leading end of said
      first working chamber;
PA1  b. a second working chamber serving as a combustion chamber and including
      an opening adapted to receive a spark plug, a second one of said
      spring-loaded, sliding abutments being arranged to separate said first and
      second working chambers;
PA1  c. a third working chamber serving as an after burn chamber and including
      an air-intake port and an associated check valve, a third one of said
      spring-loaded, sliding abutments being arranged to separate said second
      and third working chambers;
PA1  d. a fourth working chamber serving as an adiabatic expansion chamber and
      including an air-intake port and an associated check valve, and an exhaust
      port adapted to act as a common exhaust port for said second, third and
      fourth chambers, a fourth one of said spring-loaded, sliding abutments
      arranged to separate said third and fourth working chambers;
PA1  e. said second, third and fourth spring-loaded, sliding abutments each
      having associated therewith an automatic hold-release mechanism operative
      to automatically hold the associated sliding abutment in a hold position
      out of engagement with said rotor on alternate revolutions of said rotor
      and to automatically release the associated sliding abutment into a
      release position in sealing engagement with said rotor on alternate
      revolutions of said rotor, said second sliding abutment arranged to be in
      said hold position when said third and fourth sliding abutments are in
      said release position during one revolution of said rotor, and said second
      sliding abutment arranged to be in said release position when said third
      and fourth sliding abutments are in said hold position during the next
      revolution of said rotor.
NUM  2.
PAR  2. An engine in accordance with claim 1 wherein said rotor surface includes
      four segments each defined as first, second, third, and fourth circular
      arcs.
NUM  3.
PAR  3. An engine in accordance with claim 2 wherein the centers of said first
      and third circular arcs are located on an imaginary line extending
      radially through the center of said rotor shaft, the center of said third
      arc being located approximately three-quarters of the distance from the
      center of said shaft to said first circular arc and the center of said
      first arc being located approximately three-quarters of the distance from
      the center of said shaft to said third circular arc.
NUM  4.
PAR  4. An engine in accordance with claim 2 wherein the center of said second
      circular arc is located on an imaginary line drawn radially through the
      center of said rotor shaft at a point that is approximately one-third the
      distance from said shaft center to said second circular arc.
NUM  5.
PAR  5. An engine in accordance with claim 2 wherein the center of said fourth
      circular arc is located on an imaginary line drawn radially through the
      center of said shaft at a distance from said shaft center slightly greater
      than the radius of said shaft.
NUM  6.
PAR  6. An engine in accordance with claim 1 wherein said stator includes inner
      and outer plates and a plurality of circumferentially-shaped blocks
      including said ports, said inner and outer plates forming the side walls
      of said stator and said circumferentially-shaped blocks forming the outer
      circular surface of said stator, said blocks being arranged so that the
      distance between said inner plates is substantially equal to the lateral
      dimension of said rotor.
NUM  7.
PAR  7. An engine in accordance with claim 1 wherein each of said hold-release
      mechanisms includes a spring-loaded pin, a rectangular-shaped cam arranged
      to engage said pin, a ratchet mechanism arranged to rotate said cam, a
      notched push rod operatively connected to said pin, and said push rod
      being connected to said sliding abutment, said ratchet mechanism and said
      rectangular-shaped cam operative to actuate said spring-loaded pin into or
      out of engagement with said notched push rod on alternate revolutions of
      said rotor to alternately hold and release said sliding abutment.
NUM  8.
PAR  8. An engine in accordance with claim 1 wherein each of said hold-release
      mechanisms includes a spring-loaded push rod and a T-shaped head, said
      T-shaped head being mounted in a T-shaped notch in said sliding abutment
      to allow easy movement therebetween.
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PAL  In a fuel injection system for an internal combustion engine the opening
      time of the injectors is proportional to the amount of fuel supplied. In
      the system having an exhaust gas sensor closing the control loop, the
      sensor compensates for both barometric and altitude changes; however,
      until the sensor is sufficiently warmed up or for a predetermined period
      of time the herein disclosed altitude compensation system provides control
      information for injector timing to account for changes due to barometric
      and altitude changes.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In most fuel injection systems for spark ignition internal combustion
      engines, the most favored method of control is closed loop control. Many
      different methods of closed loop control may be used each utilizing a
      different type of component sensing, measuring or responding to a
      different characteristic of the engine. Speed, temperature, air flow and
      fuel flow are but a few of the characteristics used. One particular
      component used to close the control loop is an exhaust gas sensor such as
      an oxygen gas sensor.
PAR  The oxygen gas sensor is positioned in the exhaust system of the engine and
      generates a voltage signal having a first voltage level indicating the
      absence of oxygen in the exhaust gas indicating a rich fuel mixture and a
      second voltage level signal indicating the presence of oxygen in the
      exhaust gas indicating a lean fuel mixture. This switching point of the
      oxygen gas sensor is at the stoichiometric point in the composition of the
      exhaust gas. In the preferred embodiment the oxygen gas sensor is
      fabricated from zirconium oxide which responds to oxygen gas when the
      sensor is at elevated temperatures. In the exhaust gas sensor of the motor
      vehicle the exhaust gas provides the source of heat to heat the sensor to
      its operating temperature. When a vehicle is initially started the sensor
      is well below its operating temperature and a period of time must pass
      before the sensor has been raised to its operating temperature. When the
      sensor is at its operating temperature it automatically compensates by its
      own operation for barometric or altitude changes. However, during the
      warm-up periods of the engine when the vehicle is programmed to operate
      with a lean mixture, barometric and altitude changes can drastically
      effect both emissions and driveability.
PAR  This invention relates to a system permitting the warm-up profile in an
      exhaust gas sensor closed loop control vehicle to be compensated for
      barometric and altitude changes. In the preferred embodiment the system is
      applied to a fuel injection system for an internal combustion engine.
      However, this system is also applicable to a standard carburetor fuel
      controlled vehicle.
PAR  The altitude compensation system comprises an ignition switch which is used
      to initiate the starting of the internal combustion engine and also
      substantially simultaneously applies electrical power to the fuel
      injection system. An air pressure sensor which typically has as its main
      function to sense absolute manifold pressure is responsive to the ambient
      air pressure and the ignition switch means to generate an electrical
      signal having a voltage magnitude which is proportional to the ambient air
      pressure. A sample and hold circuit is responsive to said signal and the
      ignition switch for storing the magnitude of electrical signal from the
      air pressure sensing means when the ignition switch is activated and
      before the engine begins cranking, thus sensing true ambient pressure. An
      amplifier is electrically connected in circuit with the sample and hold
      circuit for receiving electrical signals therefrom and for generating a
      current signal proportional to the magnitude of the air pressure signal.
      The output of the amplifier means is electrically coupled to a fuel
      enrichment means for controlling the amount of fuel supplied to the engine
      by controlling or providing information to control the operating time of
      the injector. A temperature sensor responsive to the coolant temperature
      of the engine, is operative to provide a time reference sufficient to
      allow the exhaust gas sensor to become operative and to supply the
      compensation for barometric and altitude changes and to deactivate the
      effect of the altitude compensation system.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  In the drawings
PAR  FIG. 1 is a block diagram schematic of the amplitude compensation system;
PAR  FIG. 2 is a circuit schematic of the system of FIG. 1;
PAR  FIG. 3 is a profile graph illustrating the relationship between the pulse
      width of the injector and the coolant temperature at two different
      altitudes for engine starting and warm-up enrichment;
PAR  FIG. 4 is a timing diagram of the waveshapes of the circuit of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the Figs. by the characters of reference there is illustrated
      in FIG. 1 a block diagram of the altitude compensation system of the
      present invention. In the preferred embodiment the altitude compensation
      system is applied to a fuel injection system for controlling or providing
      additional control information to control the pulse width of the signal
      supplied to the injectors 10 of the system. The injectors 10 as
      illustrated in FIG. 1 are merely one form of utilization devices for the
      altitude compensation inasmuch as the system may be applied to any fuel
      management system. A utilization device is a device which relates to or
      controls the fuel applied to the engine. Another such device could be a
      carburetor.
PAR  The system as illustrated in FIG. 1 comprises an ignition switch 12, an
      ambient pressure sensor 14, a sample and hold circuit 16, a temperature
      sensor 18, a warm-up enrichment circuit 20, an electronic computing unit
      22, and the utilization device 10.
PAR  The ignition switch 12 serves as its main function to supply power from the
      power supply 24 to initiate the starting of the internal combustion
      engine. In addition the ignition switch 12 operates to supply electric
      power to the several electrical systems operatively coupled to the engine.
      In the preferred embodiment when the ignition switch 12 is activated to
      its start or running positions, electrical power is supplied to the
      altitude compensation system.
PAR  The ambient pressure sensor 14 in the preferred embodiment is the absolute
      manifold pressure sensor 26 typically found in the manifold portion of a
      fuel injection controlled engine. In this application, the manifold
      absolute pressure or MAP sensor 26 is time shared between the altitude
      compensation system and the fuel injection circuit. In the alternative, an
      additional ambient pressure sensor may be used for the altitude
      compensation circuit. However, when a vehicle ignition switch 12 is
      initially turned on, the MAP sensor 26 senses ambient pressure inasmuch as
      no vacuum is drawn in the manifold until the starter motor is engaged and
      the engine begins to crank. The MAP sensor 26 is a transducer responding
      to the pressure and generating a voltage signal representing the pressure
      sensed.
PAR  The temperature sensor 18 illustrated in FIG. 1 is, in the preferred
      embodiment, the engine coolant temperature sensor, and it is basically a
      thermistor 28 having a positive temperature coefficient wherein the
      resistance of the thermistor 28 increases as the temperature of the
      coolant increases. In the preferred embodiment this component is normally
      one of the components found in the fuel management system. However, as in
      the case of the pressure sensor 14, a particular and special sensor may be
      used for accurately sensing the operating temperature of the motor vehicle
      or an exhaust gas sensor may also be used inasmuch as they are primarily
      responsive to temperature for operation.
PAR  The warm-up enrichment circuit 20 is a circuit in the ECU 22 which is
      necessary in all fuel management systems to provide fuel enrichment
      control during a cold start of the engine or when the engine is not up to
      proper temperature. It is primarily a function of the warm-up enrichment
      circuit 20 to increase the fuel flow rate to the engine during the warm up
      periods of the engine.
PAR  The sample and hold circuitry 16 responds to the signals from ignition
      switch 12 and the ambient pressure sensor 14 to initially sample the
      output of the ambient pressure sensor 14 when the ignition switch 12 is
      actuated and to hold or store that voltage level for later use. The output
      of the sample and hold circuit 16 is supplied to the warm-up enrichment
      circuit 20 to provide additional electrical control information for
      supplying fuel to the engine.
PAR  An electronic computing unit or ECU 22 receives all of the several sensed
      signals from the engine and in the preferred embodiment programs the
      operation of the fuel injectors 10 in response to the sensed signals. In
      particular, the altitude compensation system provides additional
      information to control the pulse width of the signal to the injectors 10
      thereby controlling the amount of fuel to the engine.
PAR  The injectors 10 represent the utilization device for the altitude
      compensation system as has been previously stated.
PAR  Referring to FIG. 2 there is illustrated both in schematic form and block
      diagrammatic form, the system of FIG. 1. The sample and hold circuit 16
      comprises a pair of field effect transistors 30 and 31 or FETs, a
      multivibrator 32 and a pair of capacitors 34 and 35. The output of the
      sample and hold circuit 16 is supplied through an operational amplifier 38
      to the warm-up enrichment circuit 20 and of the ECU 22 for controlling the
      injectors 10.
PAR  The ignition switch 12 controls the multivibrator 32 whose output is
      electrically connected to the gate lead 40 of the first transistor 30 of
      the sample and hold circuit 16. The multivibrator 32 in the preferred
      embodiment is a monostable multivibrator in that it generates upon its
      activation by a signal from the ignition switch 12, a single pulse having
      predetermined time width. This pulse identified as V.sub.os in FIG. 4 is
      electrically coupled to the gate 40 of the first transistor 30. A voltage
      signal on this gate 40 drives the transistor 30 into conduction and when
      the signal is removed the transistor 30 is driven out of conduction.
PAR  The first transistor 30 with its gate lead 40 electrically coupled to the
      multivibrator 32 has its input lead 42 electrically connected to the first
      capacitor 34 and also to the output of pressure sensor 26. The output lead
      44 of the first transistor 30 is electrically connected to one plate of
      the second capacitor 35, the gate lead 46 of the second transistor 31, and
      the input lead 48 of a discharge transistor 50. In particular, the FET
      transistor has a characteristic of extremely low leakage from one of its
      electrodes to another one of its electrodes.
PAR  The output lead 52 of the second transistor 31 is electrically connected to
      the inverting input 54 of the operational amplifier 38 from which a
      current signal is generated having a magnitude inversely proportional to
      the magnitude of the pressure signal. The output of the operational
      amplifier 38 is electrically connected to the base lead 56 of a third
      transistor 58 having its collector lead 60 connected to the temperature
      sensor 28, a voltage divider circuit comprising two resistors 61 and 62,
      and to the ECU 22.
PAR  The discharge transistor 15 is normally nonconducting and is responsive to
      a signal from the ECU 22 to discharge the second capacitor 35. This signal
      from the ECU 22 may be generated after the warm-up period or some other
      time to condition the second capacitor 35 for receiving a signal from the
      first capacitor 34 at the next ignition switch 12 activation as controlled
      by the multivibrator 32.
PAR  When the ignition switch 12 is turned on, the pressure sensor 26 senses the
      ambient pressure in the manifold and its voltage signal, V.sub.map, is
      supplied to the first capacitor 34. When the multivibrator 32 is turned on
      the first transistor 30 transfers the voltage from the first capacitor 34
      to the second capacitor 35 for storing. The voltage magnitude on the
      second capacitor 35 will maintain second transistor 31 in conduction state
      representing the pressure sensed by the pressure sensor 26. The first
      capacitor 34 is electrically connected to the pressure sensor 26 and its
      charge will follow the voltage level generated by the sensor 26. Thus, at
      all times the charge on the first capacitor 34 is representative of the
      pressure sensed by the pressure sensor 26.
PAR  A voltage divider circuit comprising two resistors 64 and 65 supplies a
      voltage level to the noninverting input 66 of the output operational
      amplifier to represent the ambient pressure at sea level conditions. This
      is the threshold control signal for the altitude compensation system.
PAR  The temperature sensor 28 is electrically coupled to the collector 60 of
      the third transistor 58. As previously indicated, this is a thermistor 28
      and as the temperature of the engine coolant increases, its resistance
      increases thereby changing the signal applied to the injector control
      circuit. Electrically the thermistor 28 provides a variable impedance sink
      to the output signal of the third transistor 58.
PAR  Referring to FIG. 3 there is illustrated a graph of the profile of the
      pulse width in milliseconds of the signal applied to the injectors
      relevant to the coolant temperature of the engine at two altitude
      conditions corresponding to sea level and 10,000 feet. The upper pair of
      curves 67 and 68 represent the engine starting enrichment conditions at
      both altitude conditions. The lower pair of curves 70 and 71 represent the
      warm-up enrichment conditions at both altitude conditions. When the
      vehicle is being started, it is on one of the upper curves 67 or 68 until
      when it becomes started and the ECU 22 switches the logic from the start
      enrichment curve to the corresponding altitude warm-up enrichment curve.
      In this case, the operation of the ECU 22 effectively moves along the dash
      line 74 from the first curve 68 to the second curve 71. This dash line 24
      in FIG. 3 represents enrichment time decay after starting. The straight
      line 76 parallel through the base line or X axis represents a normal hot
      engine pulse width for a given engine condition.
PAR  Referring to FIG. 4 there is illustrated sample waveshapes taken at several
      locations in the circuit of FIG. 2. Waveshape A represents the normal
      battery voltage in the motor vehicle and the effects on the battery
      voltage during the cranking conditions of starting occurring at T1 and
      ending at time T2. It is assumed that at T2 the engine is running and the
      battery is recharging at a nominal level.
PAR  Waveshape B represents the voltage output of the MAP sensor 26 and prior to
      the time T1, the sensor will have reached a voltage level representing the
      ambient pressure. At T1 when the engine is cranking, a vacuum is beginning
      to be formed in the manifold and the output voltage of the sensor begins
      to decrease as the pressure decreases.
PAR  Waveshape C of FIG. 4 represents a pulse time of the multivibrator 32. The
      multivibrator 32 is timed so that its pulse output width 78 will be less
      than time T1. It is important that the pulse width 78 be long enough to
      mask the rise time of the voltage pulse from the pressure sensor 26 but
      not long enough to extend into the cranking time.
PAR  Waveshape D of FIG. 4 illustrates the voltage level on the second capacitor
      35 as the result of the conduction of the first transistor 30. The voltage
      magnitude of the Waveshape D will increase as the altitude approaches sea
      level.
PAR  Referring to FIGS. 2, 3, and 4, the operation of the altitude compensation
      system will be explained. Assume for the purposes of discussion that the
      internal combustion engine is cold and at sea level. Referring to FIG. 3
      with the coolant temperature being cold and thereby substantially at the
      left of the graph, the ECU will be operating along the upper solid curve
      68 until some point when the ECU transfers to the lower solid curve 71
      along the dash line 74. Eventually after the engine is warmed up and the
      coolant temperature increases, the ECU 22 is generating a pulse width
      consistent with the lower solid curve 71 which eventually intercepts the
      standard hot engine operating curve 76.
PAR  When the engine is about to be started, the ignition switch 12 is closed
      supplying electrical power to all the electrical circuits including the
      MAP sensor 26. In addition when the ignition switch 12 is initially
      closed, a signal is generated to the input of the multivibrator 32
      generating the output pulse V.sub.os as illustrated in FIG. 4 Waveshape C.
      Additionally, when the power is applied as indicated in Waveshape B of
      FIG. 4, the pressure sensor 26 begins to generate a voltage output signal
      V.sub.map which is substantially that illustrated in FIG. 4B. These
      operations all begin at time T0 as shown in FIG. 4A. In the preferred
      embodiment the time length of the multivibrator is 20 milliseconds which
      is much less than the time period from T0 to T1. Any noise or high
      frequency voltage signals generated by the pressure sensor are filtered by
      the first capacitor 34 and the main voltage signal of FIG. 4B is
      transferred by the first transistor 30 from its input to its output
      circuit to charge the second capacitor 35 as illustrated in FIG. 4D.
PAR  At the end of the multivibrator timing, the first transistor 30 is driven
      out of conduction and both capacitors 34 and 35 are charged up to the
      voltage V.sub.map. The second transistor 31 is then driven into conduction
      due to the voltage charge on the second capacitor 35 and current flows
      from the input lead to the output lead 52 of the second transistor 31. The
      output lead 52 of the second transistor is connected through a resistor 80
      to the inverting input 54 of the operational amplifier 38 and is also
      connected through a resistor 82 to the return of the power supply 24. The
      resistor 80 between the output lead 52 of the second transistor 31 and the
      inverting input 54 of the operational amplifier 38 functions to limit the
      current input to the amplifier 38. As previously indicated, the
      noninverting input 66 of the operational amplifier 38 is biased at a
      voltage level representing a reference altitude such as sea level. Since
      for the purposes of explanation, the circuit is at sea level, the output
      of the operational amplifier 38 which is connected to the base lead 56 of
      the third transistor 58 is at a nominal or normal voltage such as that at
      the noninverting input 66 of the operational amplifier. This causes the
      third transistor 58 to be driven into conduction supplying additional
      current to the ECU 22 controlling the utilization device. The output of
      the third transistor 58 is also connected to the coolant temperature
      thermistor 28 so that as the coolant warms up the resistance of the
      thermistor increases and in effect acting as a current sink to the third
      transistor 58 in reducing the current input to the ECU 22.
PAR  After the engine is started as previously indicated, the ECU 22 effectively
      travels along the interconnecting line 74 from the starting enrichment
      curve 68 to the warm-up enrichment curve 71 of FIG. 3. This will then
      correct the pulse width to correspond to the desired width for warm-up
      enrichment.
PAR  When at an elevated temperature and the engine is to be started, the MAP
      sensor 26 or pressure sensor 14 is responsive to the ambient pressure of
      the vehicle. When the ignition switch 12 is turned on and the voltage is
      supplied to the pressure sensor 14 a voltage level is built up reflecting
      the ambient pressure.
PAR  This voltage level as previously indicated is less than the voltage level
      pressure sensor 14 would generate at sea level. At an elevated amplitude
      it is necessary that the amount of fuel supplied to the engine be greater,
      therefore, as illustrated in FIG. 3, the ECU 22 is following the locus of
      the upper curves 67 and 70 of each pair of curves. In a manner similar to
      sea level operation, the ECU 22 begins on the uppermost curve 67 until the
      engine becomes turned on and then transfers to the lower curve 70.
PAR  There has thus been shown and described an altitude compensation system for
      a fuel injection system to provide the necessary information to the
      injectors until the exhaust gas sensor is brought up to its operation
      conditions.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a fuel management system for an internal combustion engine an
      altitude compensation system for adjusting the amount of fuel supplied to
      the engine for a period of time dependent upon engine temperature, said
      altitude compensation system comprises:
PA1  ignition switch means for initiating the starting of the engine;
PA1  a temperature sensing means for sensing the operating temperature of the
      engine and generating an electrical signal in response thereto;
PA1  air pressure sensing means responsive to the ambient air pressure of the
      engine and responsive to said ignition switch means for generating an
      electrical signal representing the ambient air pressure when said switch
      means is actuated;
PA1  fuel enrichment means responsive to said electrical signal from said
      temperature sensing means for increasing the amount of fuel supplied to
      the engine until said engine temperature reaches a predetermined value;
      and
PA1  control circuit means responsive to said ignition switch means for
      receiving and storing said electrical pressure signal from said air
      pressure sensing means and operative to apply said electrical pressure
      signal to said fuel enrichment means for modifying the amount of fuel
      supplied to said engine in accordance with ambient air pressure until said
      engine temperature reaches a predetermined value.
NUM  2.
PAR  2. In the altitude compensation system according to claim 1 wherein said
      air pressure sensing means is a manifold pressure sensor means responsive
      to the air pressure in the manifold of the internal combustion engine and
      generates an electrical signal in response thereto.
NUM  3.
PAR  3. In the altitude compensation system according to claim 1 wherein said
      control circuit means comprises:
PA1  a first transistor having an input, an output, and a gate electrode wherein
      said input electrode is electrically coupled to receive said electrical
      signal from said air pressure sensing means;
PA1  a second transistor having an input, an output, and a gate electrode, said
      output electrode electrically connected in circuit to said fuel enrichment
      means and said gate electrode is electrically connected to the output
      electrode of said first transistor;
PA1  a voltage storage means electrically connected to the output of said first
      transistor and adapted to store said electrical signal thereon, and
PA1  a monostable multivibrator responsive to said ignition switch means for
      generating an output signal of a predetermined time length, said output
      signal being coupled to the gate electrode of said first transistor for
      controlling the conduction thereof and transferring the electrical signal
      from the input thereof to said voltage storage means.
NUM  4.
PAR  4. In the altitude compensation system according to claim 3 wherein said
      first and second transistors are field effect transistors.
NUM  5.
PAR  5. In the altitude compensation system according to claim 3 wherein the
      pulse width of the output signal of said multivibrator does not overlap
      the initiation of the cranking of the internal combustion engine.
NUM  6.
PAR  6. In a fuel injection system for an internal combustion engine an altitude
      compensation system controlling the warm-up enrichment circuit in the
      injector control unit, said altitude compensation system comprising:
PA1  ignition switch means for initiating the starting of an internal combustion
      engine and substantially simultaneously applying electrical power to the
      fuel injection system;
PA1  air pressure sensing means responsive to the ambient air pressure and said
      ignition switch means and operative to generate an electrical signal
      having a voltage magnitude proportional to the ambient air pressure;
PA1  sample and hold circuit means responsive to said ignition switch means and
      the electrical signal generated by said air pressure sensing means and
      operative to sample and store the magnitude of said electrical signal;
PA1  timing generating means responsive to the initiation of the activation of
      said ignition switch means and electrically coupled to said sample and
      hold circuit for controlling the sampling time of said electrical signal;
PA1  operational amplifier means electrically connected in circuit with and
      responsive to said sample and hold circuit means for generating a current
      signal inversely proportional to the magnitude of said signal;
PA1  temperature sensing means responsive to the coolant temperature of the
      internal combustion engine and operative to vary its impedance in response
      thereto for modifying the magnitude of the said current signal in response
      to the change in coolant temperature; and
PA1  fuel enrichment circuit responsive to said modified current signal for
      controlling the amount of fuel supplied to the engine in an inverse
      relationship to the magnitude of the coolant temperature.
NUM  7.
PAR  7. In the altitude compensation system according to claim 6 wherein said
      air pressure sensing means is a manifold pressure sensor means responsive
      to the air pressure in the manifold of the internal combustion engine and
      generates an electrical signal in response thereto.
NUM  8.
PAR  8. In the altitude compensation system according to claim 6 wherein said
      sample and hold circuit comprises:
PA1  a first transistor having an input, an output, and a gate electrode wherein
      said input electrode is electrically coupled to receive said electrical
      signal from said air pressure sensing means;
PA1  a second transistor having an input, an output, and a gate electrode, said
      output electrode electrically connected in circuit to said fuel enrichment
      means and said gate electrode is electrically connected to the output
      electrode of said first transistor; and
PA1  a voltage storage means electrically connected to the output electrode of
      said first transistor and adapted to store said electrical signal thereon.
NUM  9.
PAR  9. In the altitude compensation system according to claim 8 wherein said
      timing generating means comprises a monostable multivibrator responsive to
      said ignition switch means for generating an output signal of a
      predetermined time length, said output signal being coupled to the gate
      electrode of said first transistor for controlling the conduction thereof
      and transferring the electrical signal from the input electrode thereof to
      said voltage storage means.
NUM  10.
PAR  10. In the altitude compensation system according to claim 8 wherein said
      first and second transistors are field effect transistors.
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ABST
PAL  The claimed improved drive means for a rotary internal combustion engine
      includes means for connecting the piston drive rod to the output drive
      shaft of the engine which defines a moment arm of variable length for
      rotating the output drive shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a rotary internal combustion
      engine, and more particularly, to an improved drive means for an engine
      having a rotating block with pistons and cylinders.
PAR  Rotary internal combustion engines have been the subject of study for years
      and recently interest has been generated as a result of concern for the
      environment. It is generally known, for example, that the rotary engine is
      a simple and efficient engine, as compared to the conventional internal
      combustion engine having a crankshaft. Nonetheless, no single design for a
      rotary engine has heretofore demonstrated sufficient superiority to
      replace the conventional internal combustion engine.
PAR  There are basically two types of rotary engines. One is the Wankel-type
      rotary engine. The second is a connected internal combustion engine, for
      example, of the type generally shown in the Barnes patent, U.S. Pat. No.
      1,018,953.
PAR  Despite the lack of expensive parts, such as a crankshaft, connecting rods,
      pistons, and valves which are essential in the conventional internal
      combustion engine, the Wankel-type rotary engine has technical problems,
      both in operation and construction. These problems include the following:
      (1) difficulty in closing the complex chambers; (2) lack of proper
      lubrication to the moving parts which, in many cases, are virtually
      inaccessible; and (3) excessive friction between moving parts, which
      results in premature failure and a decrease in power.
PAR  The rotary internal combustion engine has similar shortcomings. For
      example, lubrication of moving parts presents a problem. Intake and
      exhaust mechanisms are also not reliable and often complex. Most
      significantly, however, the presently known rotary internal combustion
      engines include complicated drive means. That is, the presently known
      rotary internal combustion engines generally drive a shaft in a manner
      similar to the conventional internal combustion engine. Thus, these
      engines have the problems and shortcomings associated with the drive means
      of the conventional internal combustion engine.
PAC  SUMMARY OF THE INVENTION
PAR  In a principal aspect, the present invention comprises means for connecting
      the drive rod of the piston to the drive shaft of the engine, whereby the
      connecting means defines moment arm means of variable length for rotating
      the drive shaft. The length of the moment arm means is greatest during the
      power stroke of the piston.
PAR  It is, therefore, an object of the present invention to provide a rotary
      engine which substantially avoids the problems and shortcomings of the
      presently known rotary engines.
PAR  It is also an object of the present invention to provide an improved rotary
      internal combustion engine. seven
PAR  It is a further object of the present invention to provide an improved
      drive means for a rotary internal combustion engine.
PAR  It is also an object of the present invention to provide an efficient and
      reliable drive means for a rotary engine which includes relatively simple
      parts.
PAR  It is another object of the present invention to provide an improved drive
      means for a rotary engine which may be inexpensively manufactured and
      constructed.
PAR  Other objects of the present invention will become apparent in the detailed
      description which follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be described in detail with reference to the
      drawings wherein:
PAR  FIG. 1 is a cross-sectional view of a preferred embodiment of the present
      invention, the section being taken perpendicular to the drive shaft and
      through the cylinders;
PAR  FIG. 2 is a cross-sectional view of the preferred embodiment shown in FIG.
      1 taken along II -- II;
PAR  FIG. 3 is similar to FIG. 1, except that the engine block is rotated
      approximately 45.degree.;
PAR  FIG. 4 is a partial cross-sectional rear view of the preferred embodiment
      shown in FIG. 1, the section being taken along the rotary valve and
      perpendicular to the drive shaft;
PAR  FIG. 5 is a cross-sectional view of a second preferred embodiment of the
      present invention, the section being taken perpendicular to the drive
      shaft and through the cylinders.
PAR  FIG. 6 is a cross-sectional view of the preferred embodiment shown in FIG.
      5, taken along VI -- VI; and
PAR  FIG. 7 is similar to FIG. 5, except that the engine block is rotated
      approximately 45.degree..
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the various figures, the same or equivalent parts are similarly
      designated.
PAR  Referring to FIGS. 1 and 2, a preferred embodiment of the present invention
      is shown as a rotary internal combustion engine, generally designated 100.
      The engine 100 includes an enclosure or shroud d and a block a. The
      enclosure d includes a bearing sleeve b and ignition means 23 including an
      ignition plate 22. The block a is rotatably mounted on the bearing sleeve
      b by means of bearings 15. The bearing sleeve b and the bearings 15 are
      sealed by sealing means 14.
PAR  The block a includes a series of cylinders 1, 1', 2, 2', heads 3, 2 4, 4',
      pistons 6, 6', 7, 7', and drive rods 8, 8', 9, 9'push-button As shown, the
      engine 100 is a four cylinder engine. It is to be understood, however,
      that only one cylinder is necessary and the embodiment shown is only an
      illustration. The cylinders 1, 1', are opposed, as are the cylinders 2,
      2'. Each head 3, 3', 4, 4', includes a spark plug 5. Each cylinder 1, 1',
      2, 2', also includes an intake and exhaust port 19, as well as a bypass
      port 27.
PAR  The cylinders 1, 1', 2, 2', are mounted on an output shaft housing c. The
      housing c has four walls, 101, 102, 103, 104 and has a substantially
      square cross-section, as shown in FIG. 1. The housing c also includes a
      series of openings, shown generally at 106, 108, 110, 112, which serve as
      passageways for the drive rods 8, 8', 9, 9'.
PAR  A pair of yoke members 10, 10' are located within the housing c. The yoke
      member 10 slidably engages opposed housing walls 102, 104, and yoke member
      10', slidably engages opposed housing walls 101, 103. The yoke members 10,
      10' slide in tracks, generally designated 114, on the walls 101, 102, 103,
      104 of housing c.
PAR  The yoke member 10 includes a keyed slot 116 which of substantially
      rectangular cross-section, the long side of the rectangle being
      substantially parallel to the longitudinal axis of the yoke 10. The yoke
      10' includes a similar keyed slot 118.
PAR  The drive rods 8, 8' of the opposed cylinders 1, 1', respectively, are
      attached to opposite ends of the yoke member 10, through the openings 106,
      110 in the internal housing c. The drive rods 9, 9', are similarly secured
      at opposite ends of the yoke member 10' through the openings 108, 112. The
      openings 106, 108, 110, 112 are sealed by sealing means, generally
      designated 14".
PAR  The engine 100 also includes an output drive shaft 12. The drive shaft 12
      is rotatably mounted in the bearing sleeve b of the enclosure d. As shown
      in FIGS. 1 and 2, the drive shaft 12 has a pair of keying members 11, 11'.
      The keying members 11, 11' are of substantially rectangular cross-section
      and are substantially perpendicular to the rotational axis of the drive
      shaft 12. The longitudinal axis of the keying member 11 is also
      substantially perpendicular to the longitudinal axis of the keying member
      11'.
PAR  Referring to FIG. 1, the keying members 11, 11' slidably engage the yoke
      members 10, 10', respectively. That is, the keying member 11 slides within
      the keyed slot 116 of the yoke member 10, and the keying member 11' slides
      within the keyed slot 118 of the yoke member 10'.
PAR  From the geometry of FIG. 1, it will be noted that the rotational center or
      axis of the block a is displaced or shifted with respect to the rotational
      axis of the drive shaft 12. In other words, the rotational axis of the
      block a and the drive shaft 12 are eccentric.
PAR  Referring now switches FIG. 4, the intake and exhaust system of the engine
      100 is shown as rotary valve means 120. The rotary valve means 120
      includes a first valve member 16 and a second valve member 17. The first
      valve member 16 is secured to and rotates with the block a. First valve
      member 16 includes a series of ports 18, which align with the ports 19 in
      the cylinders 1, 1', 2, 2'. The second valve member 17 has an intake port
      20 and an exhaust port 21. The intake port 20 is connected to a carburetor
      (not shown). The exhaust port 21 is connected to an exhaust system and
      muffler (not shown).
PAR  The enclosure d prevents the second valve member 17 from rotating, although
      the second valve member 17 is not rigidly secured to the enclosure d.
      Rather, the second valve member 17 floats between the enclosure d and the
      first valve member 16, being maintained against the first valve member 16
      by means of tension springs (not shown).
PAR  Referring again to FIG. 1, the engine 100 includes lubricating means,
      generally designated 122. For the sake of clarity, lubricating means 122
      has only been shown in the cylinder 2, piston 7 combination. It is to be
      understood, however, that each piston 6, 6', 7, 7', is similarly designed.
PAR  The lubricating means 122 includes an oil duct 10". The duct 10" extends
      from the housing c through the drive rod 9 to the edge of the piston 7.
PAR  Referring to FIGS. 5, 6, and 7, a second embodiment of the present
      invention is shown and generally designated as a rotary internal
      combustion engine 200. The engine 200 is a two cylinder engine, and thus,
      the engine 200 has a combinational yoke member 10. This is again only an
      illustration and any number of cylinders may be used.
PAR  The engine 200 includes a drive shaft 24. As shown in FIG. 6, the drive
      shaft 24 is rigidly secured to a back wall 124 of the housing c. The
      energy of the block a is, therefore, transmitted directly to the drive
      shaft 24.
PAR  The yoke member 10 rotates about a pin 25 which includes a bearing 26. The
      pin 25 is rigidly mounted on the bearing sleeve b of the enclosure d. The
      axis of the pin 25 and bearing 26 is displaced with respect to the
      rotational axis of the block a.
PAR  Referring now to FIGS. 1 and 3, the operation of the engine 100 will be
      described. In FIG. 1, the cylinder 1 and piston 6 are shown at the
      completion of the compression stroke. The spark plug 5 associated with
      cylinder 1 is in contact with the ignition plate 22, and ignition means 23
      carries an ignition potential.
PAR  With combustion, the expansion force of the ignited gases operates on the
      piston 6 and the drive rod 8 exerts a driving force on the yoke member 10.
      The drive rod 8, the yoke member 10, and the keying member 11 cooperate to
      define drive means, generally designated 126.
PAR  A comparison of FIGS. 1 and 3 shows the drive means 126 is, in effect,
      moment arm means for rotating the drive shaft 12. Due to the eccentricity
      of the block a and the drive shaft 12, the length of the moment arm means
      varies as the block a rotates. The engine 100 is designed such that the
      moment arm means is of maximum length during the power delivery stroke of
      the pistons 8, 8', 9, 9', resulting in maximum power.
PAR  The force exerted by the piston 8 on the yoke member 10 causes the block a
      to rotate. The rotation of the block a effects the rotation or driving of
      the drive shaft 12. The block a makes two revolutions per piston cycle.
      That is, two revolutions of the block a are required for the intake,
      compression, power and exhaust steps.
PAR  The intake and exhaust operations are shown in FIGS. 1 and 4. As the piston
      6 of the cylinder 1 completes the compression stroke, a partial vacuum is
      created in the lower portion of the cylinder 1, i.e., the portion of the
      cylinder 1 between the piston 6 of the housing c.
PAR  At the completion of the compression stroke, the intake port 20 of the
      second valve member 17 aligns with the port 18 of the first valve member
      16. Thus, the partial vacuum is filled with a combustible air-gas mixture
      from the carburetor (not shown).
PAR  As the block a rotates and the cylinder 1 completes its power stroke (i.e.,
      the cylinder 1 is in the position of cylinder 1' shown in FIG. 1), the
      port 19 of the cylinder 1 comes into alignment with the exhaust port 21 of
      the second valve member 17. Simultaneously, the bypass port 27 is opened
      and the air-gas mixture, now compressed in the lower portion of the
      cylinder 1, rushes into the upper portion of the cylinder 1, thereby
      forcing the burnt gases through the exhaust port 21.
PAR  Referring again to FIG. 1, the operation of the lubricating means 122 will
      be described. In the embodiment shown, the housing c acts as a lubricant
      reservior. Centrifugal force created by the rotation of the block a moves
      the lubricant (not shown), in suitable quantity, through the duct 10" to
      the cylinder-piston interface.
PAR  Several advantages are derived from the present invention. First, the
      engines 100 and 200 have fewer component parts than the conventional
      internal combustion engine. More specifically, the expensive crankshaft
      and its related parts have been eliminated.
PAR  Although operating on a rotary theory, the present invention substantially
      avoids the chamber sealing problems experienced in the Wankel-type rotary
      engine. This is a result of the conventional cylinders and pistons used in
      the present invention.
PAR  Lubrication problems are substantially avoided because the housing c is the
      lubricant reservoir. Thus, the parts of the present invention which
      require substantial lubrication, i.e., the yoke members 10, 10', and the
      keying members 11, 11', are continually bathed in lubricant. The cylinders
      1, 1', 2, 2' as described above, are inherently lubricated by means of the
      centrifugal force developed with rotation of the block a.
PAR  The present invention has been described with particular reference to
      preferred embodiments thereof. It should be understood that the detailed
      description is illustrative only and various changes and modifications may
      be made without departing from the true spirit and scope of the present
      invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a rotary internal combustion engine of the type which includes a
      fixed engine frame, a block rotatable about a block axis, an output shaft
      rotatable about a shaft axis, said shaft axis being offset from said block
      axis to define an eccentricity, at least one cylinder means including a
      cylinder housing, a piston and a drive rod, said piston having an edge
      surface slidably engaging said cylinder housing, said drive rod being
      connected to said piston, said cylinder means having a cycle including a
      power stroke, means for supplying a combustible mixture to said cylinder
      means, and ignition means for igniting said combustible mixture in said
      cylinder means, an improved means for driving said output shaft
      comprising, in combination:
PA1  a housing within said block and rotatable about said one block axis, said
      housing having at least a pair of opposing walls and substantially
      enclosing said output shaft, said housing defining a lubricant reservoir
      for said rotary engine;
PA1  a key member rigidly secured to said output shaft;
PA1  a yoke member slidably engaging said opposing walls of said housing, said
      key member slidably engaging said yoke member, said yoke member being
      rotatable substantially about said shaft axis; and
PA1  means for connecting said drive rod and said yoke member to define a
      connection point, said connection point being radially offset from said
      block axis throughout said cycle of said cylinder means;
PA1  said housing, yoke member, key member, connecting means and eccentricity
      cooperatively defining variable moment arm means for rotating said block
      and output shaft in response to said cylinder means, said variable moment
      arm means having a predetermined length at initiation of said power stroke
      and a maximum length during said power stroke.
NUM  2.
PAR  2. An improved driving means as claimed in claim 1 wherein said yoke member
      defines a slot extending substantially between said walls of said housing.
NUM  3.
PAR  3. An improved driving means as claimed in claim 2 wherein said key member
      slidably engages said slot.
NUM  4.
PAR  4. An improved driving means as claimed in claim 1 wherein said piston and
      drive rod define a duct, said lubricant reservoir communicating with said
      edge surface of said piston through said duct, whereby said cylinder means
      is lubricated.
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ABST
PAL  A rotary-piston internal combustion engine having one or any number of
      rotary pistons, mounted in a cylindrical cylinder block, the cylinder
      block being mounted for rotation in an elliptical casing, on a central hub
      associated with said casing. A central drive shaft is connected to the
      cylinder block for rotation therewith, and each cylinder provides one
      power stroke per revolution of the cylinder block. Each cylinder is
      provided with a push rod, adapted to be restrained against the interior of
      the cylindrical wall of the engine casing. The engine is self-lubricating,
      and eliminates the need for a crankshaft, has a minimum of moving parts
      and thus friction points are minimal provides a hugh power-to-weight ratio
      and minimizes exhaust emissions. Ignition may be either by spark means, or
      by dieseling.
BSUM
PAR  The art relating to internal combustion engines is going through a phase of
      rapid transition, with a great deal of emphasis and public attention being
      directed to the rotary engine, as opposed to the well established
      reciprocating piston engine.
PAR  The internal combustion engine which will be described and claimed herein
      has been created with a view to taking advantage of the best features of
      traditional piston engines, and the newer rotary engines, while
      eliminating the disadvantages of both.
PAR  As will become evident in the light of the following disclosure, the
      rotary-piston internal combustion engine which has now been invented makes
      available a high horsepower-to-weight ratio, as well as high
      horsepower-to-revolutions per minute ratio; is extremely compact, and has
      an absolute minimum of moving parts and friction points.
PAR  Further, the subject engine may be of either two or four cycles, and lends
      itself to a multitude of applications. All moving parts are
      self-lubricated in both the two and our cycle versions by an oil reservoir
      located in the lower portion of the assembly housing.
PAR  Cooling can be accomplished and controlled by liquid coolants, oil, air, or
      any combination thereof.
PAR  The subject engine has been designed to provide one or more power strokes
      to every revolution of the cylinder block, and hence the power take-off
      shaft. Thus, as the number of pistons is increased in the cylinder block
      the number of power strokes per revolution will increase proportionately.
      The engine is designed so that it may be mounted either vertically or
      horizontally, and in any event with a power take-off shaft available on
      both sides of the installation. The design of this engine eliminates the
      need for a crankshaft, valves, cam shafts, wrist pins, gears, eccentric
      shafts, connecting rods and so on.
PAR  Equally important, the engine hereof has been designed to facilitate
      emission controls, inasmuch as all of the functions of the engine occur
      within an enclosed sealed compartment, excepting only the necessary
      breather vents.
PAR  Another primary concern in designing the engine has been to facilitate
      manufacture, including assembly; as well, maintenance is simplified
      inasmuch as there are a minimum of moving parts, and disassembly is
      relatively simple, in order to gain access to all such moving parts.
PAR  A high torque ratio is also provided by the engine, and thus an excellent
      horsepower ratio per unit of fuel is also achieved.
PAR  The engine is further designed so that one or a plurality of spark plugs
      may be provided in the single combustion chamber area. Further, this
      engine may be operated as a diesel.
PAR  Moreover, the engine herewith permits ready multiple in-line installation,
      as may be required in certain commercial applications.
PAR  A wide tolerance of ignition timing is also permitted, and fuel and air may
      be fed to the cylinder cavity of this engine, by way of suction,
      atmospheric pressure, supercharger, fuel injection, or the like, as is
      well known in the art.
PAR  Moreover, the need for an oil pump for lubricating is eliminated, but if
      desired, an oil pump may be embodied for the purpose of forcing oil
      through an oil-filtering apparatus.
PAR  Another important feature of the engine is that manufacturing with a single
      exterior housing assembly may be modified to accommodate a cylinder block
      having any desired number of cylinders. In other words, a common exterior
      housing assembly may be used for engines according to the invention having
      one or any desired number of pistons that the cylinder block will
      conveniently accommodate. Further, the physical characteristics of the
      engine housing lend themselves to various reinforcing and mounting
      structures, to greatly facilitate subsequent installation of the engine in
      the locale for which it is destined.
PAR  A still further object is to provide a rotary-piston internal combustion
      engine comprising: an elliptical engine casing having a central,
      cylindrical hub; a circular cylinder block centrally mounted within said
      casing for rotation therein and around said hub, and having at least one
      radial cylinder adapted to receive a piston for reciprocation therein;
      said piston having an associated push rod projecting therefrom radially
      toward said casing, said push rod terminating in a bearing adapted to be
      restrained against the inner wall of said casing; igniting means provided
      in said hub in radial alignment at or near the shortest radius of said
      elliptical casing; a fuel intake port and an exhaust port provided in said
      hub opposite said igniting means; and central drive shaft means within
      said hub on which said cylinder block is mounted, for rotation therewith.
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PAR  The engine will now be described with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a central sectional view through the engine casing and piston
      assembly;
PAR  FIG. 2 is a sectional view taken along 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary perspective view of an engine casing according to
      the invention;
PAR  FIG. 4 is a fragmentary perspective view of a cylinder block according to
      the invention, and of a piston push rod projecting therethrough;
PAR  FIG. 5 is a top plan view of a sealing vane;
PAR  FIG. 6 is a side plan view of the sealing vane according to FIG. 5;
PAR  FIG. 7 is a side plan view of an alternative structure for the sealing vane
      of FIG. 6;
PAR  FIG. 8 is a sectional view of an alternative push rod bearing assembly and
      structure, on an enlarged scale;
PAR  FIG. 9 is an enlarged sectional view of a push rod bearing restraining
      track;
PAR  FIG. 10 is a central sectional view of a cylinder block and piston
      assembly, of a four-cylinder engine according to the invention;
PAR  FIG. 11 is a fragmentary sectional view of an engine assembly illustrating
      fuel vapour suction means; and
PAR  FIG. 12 is a diagrammatic section through a two-cylinder engine according
      to the invention.
DETD
PAR  Detailed reference will now be made to the drawings, wherein like reference
      numerals will identify like parts.
PAR  Referring now in detail to the drawings, in FIG. 1 an elliptical housing 14
      contains a cylindrical cylinder block 50, adapted for rotation therein in
      the direction of arrow 50a. Cylinder block 50 includes a plurality of
      cylinders, in this instance six, in which are mounted for reciprocal
      movement a plurality of pistons, 52, 54, 56, 58, 60 and 62, respectively,
      each having a piston push rod which terminates in a bearing, indicated at
      52a, 54a, 56a, 58a, 60a and 62a, respectively. Each of the piston push rod
      bearings is contained within a piston push rod track 64, which will be
      described in more detail hereinafter. Mounted within cylinder block 50,
      between each cylinder, is a sealing vane 66, each of which is spring urged
      toward a cylindrical hub 68 of the engine casing 14. Drive shaft 74 is
      located at the center of hub 68, and rides on a suitable bearing assembly
      72.
PAR  Referring to piston 56b of FIG. 1, it will be seen that push rod 56 is
      threadably engaged within piston 56b, and is restrained therein by lock
      nut 56d. It will be appreciated therefore that the compression ratio of
      piston 56b may be simply adjusted by effectively extending or decreasing
      the length of push rod 56 by screwing into or out of piston 56b.
PAR  As is well known in internal combustion piston engines, suitable piston
      rings are employed.
PAR  Referring now to FIG. 2, piston 52 and its associated push rod, terminating
      in bearing 52a is clearly illustrated, bearing 52a being contained within
      piston push rod track and bearing 64. It will be seen that the piston push
      rod bearing comprises a pair of bearings 52a, which are illustrated in the
      form of rollers axially mounted at the end of the piston rod remote from
      the piston head, which rollers are contained within piston push rod track
      64. Thus it will be appreciated that each piston push rod and its
      associated piston is restrained from relative movement away from the
      elliptical wall 14 of the engine casing while cylinder block 50 is rotated
      under power. Track 64 will be described in more detail hereinafter in
      connection with FIG. 9. Referring momentarily to both FIGS. 1 and 2, a
      fuel intake port is indicated at 76. Sealing vane 66 is adjacent one side
      of fuel intake port 76, and it will be seen that vane 66 is spring urged
      toward inner hub 68, by means of corrugated spring 66a (see FIG. 2),
      contained within cylinder block 50, (or by means of a coil spring -- see
      FIG. 7). Also illustrated in FIG. 2 is an oil level drip stick 78 and
      spark plug 80. Spark plug 80 is also illustrated in FIG. 1, but it should
      be mentioned that the engine herein is adaptable to function as a diesel,
      and thus spark plug 80 is not an essential component.
PAR  One or more pairs of sealing rings 32 are mounted in the wall of cylinder
      block 50, sealing rings 32 serving to eliminate any escape of combustion
      gases, and to eliminate loss of compression. Only one such pair is
      illustrated in FIG. 2. Sealing rings 32 are spring urged against engine
      casing wall 22, and extend between sealing vanes 66. It is believed that
      this structure will become evident in the light of the following
      description of sealing vanes 66. Suitable spring means are provided within
      cylinder block 50, and spring means such as illustrated in FIGS. 6 and 7
      may be employed, although it will be evident that other suitable spring
      arrangements will be apparent to those skilled in the art.
PAR  Referring now to FIG. 3, push rod track 64 is illustrated more clearly.
      Track 64 comprises two walls, 64a and 64c, each having an inwardly
      extending lip, which together form a track to receive push rod bearings
      52, and track 64 is suitable affixed to the inner side of engine casing
      14. Walls 64a and 64c have an outer bearing surface 64d. The track
      assembly is most conveniently constructed of two segments which may be
      united by bolting or the like, in order to facilitate insertion of push
      rod bearings 52a. As seen in FIG. 9 such push rod restraining track 64
      comprises an L-shaped portion 64a affixed by a plurality of bolts, one of
      which is illustrated at 64b, to a cooperating track portion 64c, to create
      the desired T-shaped restraining track, having bearing surface 64d on
      which the push rod bearings will ride, and in which such bearings will be
      restrained.
PAR  With reference to FIG. 4, push rod 52, and its associated bearing 52a are
      seen projecting through a suitable bearing 52b mounted by bolts 52c to the
      exterior of cylinder block 50. Bearing 52 is provided with suitable
      venting openings 52d, to facilitate reciprocation of the piston associated
      with push rod 52, as well as to facilitate lubrication of the piston
      within the cylinder as will be evident to those skilled in the art.
PAR  FIGS. 5 and 6 illustrate a sealing vane 66, and in FIG. 5 vane 66 is shown
      in transverse section, and is seen to comprise a pair of cooperating
      sections 38 and 40, interlocked by means of tongue 40a on section 40,
      which projects into groove 38a in section 38. A corrugated spring 66c
      which is visible in FIG. 6 urges sections 38 and 40 apart, to ensure
      sealing engagement with elliptical wall 22 of engine casing 14, and
      retainer ring 88 which is bolted to the opposite side of the engine
      housing by means of bolts 88b (as illustrated in FIG. 2). The bearing edge
      66b of sealing vane 66 is urged by corrugated spring 66a toward the
      interior circular hub 68 of engine casing 14.
PAR  FIG. 7 illustrates an alternative sealing vane arrangement utilizing coil
      springs 66d and 66e, as an alternative to corrugated springs 66a and 66c,
      respectively.
PAR  Referring back to FIG. 2, cylinder block seal and sealing vane retainer
      ring 88 is mounted by means of bolts 88b to wall 14a of hub 68, and thus,
      retainer ring 88 remains stationary, and serves as a bearing surface, for
      vanes 66 as well as for sealing ring 32a. Similarly sealing ring 32b is
      urged against wall 22 of casing 14.
PAR  An alternative push rod restraining mechanism is illustrated in FIG. 8.
      Push rod 52 of FIG. 8 is provided with a bearing, 52a, as already
      described with reference to FIG. 4. A stop member 52e is fixed to push rod
      52, and a coil spring 52f abuts stop 52e at its outer end, and push rod
      bearing assembly 52b at its opposite end. Thus, push rod 52 is normally
      urged against engine casing 14, which is provided with a suitable bearing
      surface on which push rod bearing 52a will travel.
PAR  Referring now to FIG. 10, a four-cylinder cylinder block and piston
      assembly is illustrated, and it will be seen that cylinder block 50 is of
      substantially the same structure as illustrated in FIG. 1. Similarly, the
      piston and push rod assemblies are identical, aside from the fact that
      only four are present.
PAR  Between each pair of cylinders, a pair of sealing vanes 66 are provided,
      sealing vanes 66 being structurally identical to the sealing vanes already
      described above. In a four cylinder embodiment it will be appreciated that
      there is a relatively greater distance between cylinders, and that there
      is therefore a longer circumferential space between the interior of
      cylinder block 50 and hub 68 between adjacent cylinders. Even though the
      tolerance between the interior cylinder block 50 and hub 68 is kept to a
      minimum, there is nevertheless an unavoidable accumulation of fuel vapour
      in this space. To prevent such accumulation a pair of sealing vanes 66 are
      provided relatively close to each cylinder, on each side thereof, serving
      to seal the space between cylinder block 50 and hub 68 as closely as
      possible. Further, such minimal accumulation of fuel vapour as is
      unavoidable may be extracted and returned to the intake manifold by means
      of a vent cavity 90, one of which is provided in cylinder block 50
      centrally between each pair of vanes, communicating with the space between
      cylinder block 50 and hub 68, and with an exteriorly mounted tube,
      communicating with the intake manifold (not illustrated).
PAR  To further ensure adequate sealing, a pair of sealing rings 92 and 94 are
      provided on each side of the opening of suction tube 90, illustrated in
      broken lines in FIG. 10. Rings 92 and 94 are also illustrated in FIG. 11
      in sectional view. It will thus be appreciated that suction vents 90, are
      under constant suction from one or more tubes 96' connected with the
      intake manifold.
PAR  Aside from the modifications described immediately above, the function of a
      four cycle engine according to the invention will be identical with the
      function already described in connection with the six cylinder embodiment,
      above. That is, there are four power strokes per revolution with the four
      cylinder embodiment of FIG. 10 as opposed to six power strokes per
      revolution with the embodiment of FIGS. 1 and 2. As has already been
      stated, the engine according to the invention may be usefully employed
      with one or more pistons.
PAR  With reference to FIG. 12 an engine casing adapted for two cycle operation
      is illustrated, and rather than an elliptical casing 14, a casing which is
      elliptical only through 180 degrees and circular through the remaining
      180.degree. is employed. As seen in FIG. 12 the bottom half of casing 14
      is circular, while the top half is elliptical. Thus, in a two cycle
      application, there will be a longer dwell period as each cylinder passes
      over the exhaust port and the fuel intake port, with fuel intake being
      facilitated by supercharger or other means, in a manner similar to
      traditional two cycle engines.
PAR  The operation of the engine according to the invention will now be
      described.
PAR  A starting motor has not been illustrated, but it will be obvious to one
      skilled in the art that a starter may be conveniently associated either
      with the drive shaft 74, or perhaps preferably, with a gear wheel provided
      on flange 74b of cylinder block 50, with the starter drive means
      projecting through wall 82 of the engine casing.
PAR  Referring firstly to FIG. 1, a piston 52b is at full compression, and
      ignition is about to occur either by means of spark plug 80, or any other
      suitable means; piston 54b is part way through its power stroke; piston
      56b is nearing the end of its exhaust stroke; piston 58b has completed its
      exhaust stroke; piston 60b is nearing completion of fuel intake; and
      piston 62b is approximately half way through its compression stroke. It
      will be seen that piston 56b is exhausting through exhaust port 96, while
      piston 60b is receiving fuel through intake port 76. As cylinder block 50
      rotates, and with reference to FIG. 2, it will be seen that drive shaft 74
      is also rotated, inasmuch as drive shaft 74 is connected with drive shaft
      flange 74b, which in turn is affixed by bolts 74a to cylinder block 50.
PAR  As cylinder block 50 rotates within casing 14, it will be appreciated that
      oil within casing 14 will be suitably circulated within the casing, to
      ensure adequate lubrication of all bearing surfaces, as well as of the
      pistons, within the cylinders. In this connection, suitable seals 74d are
      provided at drive shaft 74, to prevent oil leakage at these points.
PAR  With reference to FIG. 1, channels for coolants are provided in casing 14,
      at 14a , as is well known in the art.
PAR  During operation, vanes 66 and sealing rings 32 a and 32b prevent leakage
      of gases from the cylinders and also prevent lubricating oil from entering
      into the combustion areas.
PAR  As spark plug 80 is fired, ignition of compressed fuel within cylinder 52c
      forces piston 52b and its associated push rod 52 outwardly against
      elliptical push rod roller track 64, and cylinder block 50 is thus forced
      to rotate in the direction of arrow 50a within casing 14. When cylinder
      52c has reached the position shown in FIG. 1 as being occupied by cylinder
      54c, piston 62b will have reached the position illustrated in FIG. 1 as
      being occupied by piston 52b, and will be under full compression, and
      ready for ignition. Simultaneously, exhausting will commence as soon as
      the vane in advance of each dylinder reaches exhaust port 96. Again,
      simultaneously, fuel commences to be drawn into each cylinder as the vane
      in advance thereof passes over fuel intake port 76. Thus, it can be
      readily appreciated that each cylinder provides one power stroke per
      revolution of cylinder block 50, and in view of the relative compactness
      and light weight of the engine, it will be further appreciated that a very
      high horsepower to weight ratio is obtained.
PAR  It will be further self evident that any desired numbers of cylinders may
      be employed, from one upwardly, depending only on the size of each
      cylinder assembly and the size of the block.
PAR  It will be further appreciated, for example, with reference to FIG. 2, that
      engine maintenance is very simple, inasmuch as all components including
      the spark plugs, are readily available for servicing. While ancilliary
      parts such as carburetor and the like have not been illustrated, it is not
      believed necessary to teach one skilled in the art these well known
      functions. Moreover, ignition timing is greatly simplified inasmuch as a
      single spark plug (or a number of plugs firing substantially
      simultaneously) are all that is required. In other words, spark plug 80 of
      FIGS. 1 and 2 may represent a plurality of plugs firing in concert, and
      the ignition timing pre-requisites of traditional reciprocating piston
      engines are completely eliminated. A timing cam, for example, may be
      mounted conveniently on drive shaft 74 eliminating the need for any other
      timing mechanism such as gears, or the previously essential distributor
      mechanism.
PAR  It will be further appreciated that this invention eliminates most of the
      disadvantages of known piston engines: a crankshaft is not required;
      moving parts are at a mininum; friction points are far fewer than in known
      piston and rotary engines; power to weight ratio is at a maximum; exhaust
      emissions are minimal and control thereof is simplified because of low
      r.p.m. and high torque leverage ratios.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary-piston internal combustion engine comprising:
PA1  an elliptical engine casing having an inner wall and a central, cylindrical
      hub;
PA1  a retaining ring affixed to said hub;
PA1  a circular block centrally mounted within said casing for rotation therein
      and around said hub, and having at least one radial cylinder adapted to
      receive a piston for reciprocation therein;
PA1  at least one sealing vane on each side of said cylinder;
PA1  first spring means abutting each of said sealing vanes for urging each of
      said sealing vanes towards said hub to ride thereon;
PA1  second spring means within each of said sealing means for urging each of
      said sealing vanes towards said retaining ring to ride thereon;
PA1  a first pair of sealing rings mounted in said block adjacent to each of
      said vanes, each pair of sealing rings being spring urged to ride against
      said retainer ring and the wall of said elliptical casing respectively,
      said vanes and sealing rings preventing leakage of fuel vapor and
      combustion gases from said cylinder;
PA1  a vent in said cylinder block between said cylinders communicating at one
      end with the space between adjacent sealing vanes and at its other end
      with means connected to an intake manifold associated with said engine;
PA1  a second pair of sealing rings on each side of said port, mounted in said
      block and being spring urged against the wall of the elliptical casing;
PA1  a piston, disposed within said radial cylinder, having an associated push
      rod projecting therefrom toward said casing, said push rod terminating in
      a bearing adapted to be restrained against the inner wall of said casing;
PA1  an igniting means provided in said hub in radial alignment at or near the
      conjugate axis of said elliptical casing;
PA1  a fuel intake port and an exhaust port provided in said hub substantially
      opposite said igniting means, said fuel intake port and said exhaust port
      being approximately equidistant from the conjugate axis of said elliptical
      casing; and
PA1  central drive shaft means within said hub on which said cylinder block is
      mounted, for rotation therewith.
NUM  2.
PAR  2. A rotary-piston internal combustion engine according to claim 1 further
      including:
PA1  a bearing track affixed to the inner wall of of said elliptical casing; and
PA1  wherein said push rod bearings comprise at least one roller bearing which
      is restrained in said bearing track for rotary travel therein.
NUM  3.
PAR  3. A rotary-piston internal combustion engine according to claim 1, further
      including:
PA1  third spring means encircling siad push rod for urging said push rod
      bearing away from said cylinder block wherein said push rod bearings are
      in constant engagement with the interior elliptical wall of said engine
      casing.
NUM  4.
PAR  4. A rotary-piston internal combustion engine according to claim 1, said
      cylinder block having a plurality of equally radially spaced cylinders.
NUM  5.
PAR  5. A rotary-piston internal combustion engine according to claim 1, wherein
      said igniting means includes dieseling.
NUM  6.
PAR  6. A rotary-piston internal combustion engine according to claim 1, wherein
      said igniting means comprises at least one spark plug.
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PAL  The plenum of an independent runner manifold is oriented at an angle to the
      longitudinal center line of the manifold such that each carburetor throat
      of a four barrel carburetor sees the entire entrance of two adjacent
      runners of different runner pairs. Each of four runner pairs has two
      runners leading from the plenum to side-by-side inlet ports. The wall
      lengths within a runner are made at least nearly equal to each other. A
      sudden enlargement, in the form of a step, is provided proximate the
      entrance of each runner of a manifold to the ports of an engine along the
      outer wall thereof where mixture velocity is relatively low with respect
      to mixture velocity elsewhere in the same velocity profile. The
      enlargements control reverse mixture flow and increase the amount of
      mixture entering the engine's cylinders. It is believed that this increase
      in flow is partially due to a reduction or elimination of boundary layer
      separation in the inlet port. The geometry of the runners is such as to
      promote relatively high mixture velocity. Specifically, the
      cross-sectional area of each runner progressively diminishes downstream
      from the entrance to the runner at the manifold's plenum.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part application of U.S. patent application Ser.
      No. 130,329 now U.S. Pat. No. 3,744,463, filed Apr. 2, 1971 and which is a
      division of application Ser. No. 280,295, now abandoned, filed Aug. 14,
      1972.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to intake manifolds for internal
      combustion engines. More in particular, the present invention relates to
      intake manifolds of the high performance type.
PAR  A carburetor internal combustion engine employs an inlet manifold to
      distribute a fuel-air mixture produced by the carburetor into the
      cylinders of the engine. The mixture is drawn into the combustion chambers
      of the engine by a vacuum created there by piston movement during the
      "suction stroke" of each cylinder. The amount of work done by the engine
      to produce the vacuum and draw the fuel-air mixture into the combustion
      chambers forms a part of the engine's "pumping-friction" work.
PAR  In a V-8 engine there are typically eight inlet ports for the passage of
      the fuel-air mixture into the eight combustion chambers of the engine. An
      inlet manifold for a V-8 engine communicates the carburetor with the
      engine's inlet ports through "runners". A runner is a duct or passageway.
      When two of these "ducts" are side-by-side the combination of the two is
      often called "a runner" with each duct called "a leg." Usage also permits
      that each of the side-by-side ducts be called a runner and this meaning
      will be employed throughout this specification. In any event, individual
      runners between each of an engine's inlet ports and a plenum of the
      manifold located immediately below the carburetor are known.
PAR  The induction of fuel-air mixtures into an internal combustion engine is an
      extremely complicated phenomenon and has given rise to several conflicting
      problems.
PAR  One of the most important problems is pumping-friction work. As previously
      mentioned, a fuel-air mixture is inducted into an internal combustion
      engine through the manifold. The engine acts as a pump when it produces
      the vacuum responsible for the pressure drop through the manifold between
      atmosphere and the combustion chambers, which pressure drop constitutes
      the driving force acting on the fuel-air mixture. Obviously this pumping
      requires power. Power lost to flow losses of the mixture through the
      manifold reduces the engine's output and its efficiency. As a consequence
      of this, one aspect of good manifold design is to provide minimum losses
      because of flow phenomena.
PAR  Another problem in manifold design is the effect of the pressure history of
      individual cylinders on other cylinders. Pressure pulses, both positive
      and negative with respect to atmosphere, travel up and down the runners of
      a manifold and are generated from such constantly recurring events as
      inlet valve openings. While a pressure pulse phenomenon can sometimes be
      used to advantage in augmenting the driving force acting on the mixture
      during its induction into the cylinders, the phenomenon can actually
      reduce the driving force unless the phase relationship of the pressure
      pulses is just right. Pressure pulses can also lead to a problem known in
      this art as "standoff." Standoff is a condition where fuel-air mixture is
      forced back through a manifold and carburetor to atmosphere because of a
      pressure condition existing in the manifold. Standoff occurs at
      well-defined engine speeds for a particular engine-manifold-carburetor
      combination. Standoff manifests itself as a cloud of gasoline vapor and
      droplets over the carburetor.
PAR  Another problem in good manifold design is to provide a uniform fuel-to-air
      mixture in each of the cylinders it supplies. Carbureted fuel is a mixture
      of vaporized fuel, atomized fuel and liquid fuel. Liquid fuel travels
      along the walls of a runner towards an inlet port under the influence of
      the gaseous mixture passing through the runner above it and gravity. In
      practice, this liquid component of the fuel charge has made it extremely
      difficult to keep fuel-to-air ratios uniform to each of the cylinders of
      an engine. Atomized fuel is not truly a vapor but is instead very fine
      particles of liquid. Atomized fuel is carried in suspension by the air
      stream between the carburetor and the cylinders. Because the particles of
      atomized fuel are heavier than their carrying air stream there is a
      tendency for them to come out of suspension when the fuel-air mixture
      turns a corner. This is because the vapor has a tendency to go straight
      while the gas wants to turn the corner. When the atomized fuel comes out
      of suspension, the problem of keeping the fuel-air ratio the same for all
      cylinders is, of course, aggravated.
PAR  In an effort to maintain atomized fuel in suspension in the mixture stream,
      it has been the practice to increase the kinetic energy of the atomized
      fuel by increasing the velocity of the mixture through the runners. The
      velocity of the mixture is increased by reducing the cross-sectional area
      of the runners. But the approach of increasing atomized fuel kinetic
      energy obviously runs into problems when corners or bends in the runners
      are required, for the fuel particles will strike the outside wall of the
      bend and come out of suspension.
PAR  One of the most popular manifolds produced in this country is the so-called
      two-plane, over and under, 180.degree. manifold. This manifold has been a
      standard for most American production V-8 engines for use with a single,
      standard four-barrel carburetor for some time. The manifold has runners
      disposed in a relatively complex pattern. The design of the manifold
      attempts to minimize the problems of efficient fuel distribution, the
      adverse effects of pressure interference of one cylinder on another
      cylinder, and standoff. But the two-plane, 180.degree. manifold is a
      compromise. It uses a twisting, tortuous path in each of the runners which
      results in excellent control of inter-cylinder interference and standoff
      but produces poor air-to-fuel ratio uniformity between cylinders and high
      "pumping-friction" work because of high flow losses. Another problem with
      the tortuous paths of the runners in the two-plane manifold is that
      inter-cylinder fuel-to-air ratios vary over a wide range resulting in a
      compromise in carbureting an engine which produces less than optimum
      emissions and performance.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a manifold which improves the quantity of
      fuel and air delivered to an internal combustion engine for a given amount
      of engine pumping. Stated in other words, the manifold of the present
      invention is capable of passing fuel-air mixture from a carburetor to an
      engine in a highly efficient manner and therefore reduces engine
      pumping-friction work. It has also been observed that the manifold results
      in good emission performance for the oxides of nitrogen, carbon monoxide,
      and unburned hydrocarbons.
PAR  The present invention provides an independent runner manifold having a
      single plenum for a standard four-barrel carburetor. Preferably there are
      eight runners comprised of four pairs of side-by-side runners. Each runner
      communicates the plenum and carburetor with a single inlet port of a V-8
      internal combustion engine. The plenum is oriented to an angle to the
      longitudinal centerline of the manifold to present to each of the four
      throats of the carburetor two of the runners from different pairs of
      runners. More explicitly, the plenum chamber has a generally rectangular
      entrance oriented at an acute angle to a bisecting plane through the
      longitudinal centerline of the manifold and with the sides of the entrance
      at an acute angle to the bisecting plane so that adjacent non-paired
      runners share an unobstructed single throat of a four-barrel carburetor
      mounted on the plenum body in register with the plenum entrance.
PAR  Each runner is rectangular in cross section and the four walls thereof are
      made as nearly equal in length to each other as practical. To make intra
      runner wall lengths sensibly equal, the outer of each pair of runners has
      an inner wall which effectively begins further down the runner than the
      wall of the inner runner of the pair, the two runners sharing the same
      wall after the beginning of the inner wall of the outer runner.
PAR  The entrance of each runner is laid over slightly such that fuel and air
      lean into the curve of the runner in the manner of a bicyclist going
      around a corner. Stated in different words, the roof of each runner is
      further from the bisecting plane than the floor along the laid over
      portion.
PAR  The manifold of the present invention is adapted to have its runners along
      a line-of-sight path to the inlet ports from the plenum to reduce flow
      losses and the opportunity for fuel to come out of suspension. One
      consequence of this is that inter-cylinder fuel-to-air ratios are confined
      to a narrow range.
PAR  With each runner seeing a full carburetor throat, the runners are not
      obstructed by the walls of other runners and therefore the mixture paths
      from the throats through the runners are not obstructed. By making wall
      lengths within each runner sensibly equal, more uniform and less free flow
      of the fuel-air mixture results.
PAR  Preferably, the present invention provides a sudden enlargement in the flow
      path of each runner-inlet port combination. The enlargement is generally
      in the vicinity of the junction between an inlet port and a runner in the
      area of the flow path where mixture velocity is low in comparison to the
      velocity elsewhere in the same velocity profile. Typically, in a runner
      which provides "line-of-sight" communication between an inlet port and the
      entrance to a runner from a manifold plenum, mixture velocity in a
      velocity profile will be highest in the vicinity of the line-of-sight.
PAR  In the manifold specifically described in this specification, the step of
      each runner is located at the interface between each runner and a
      cooperating inlet port of an engine along the outer wall of the runner.
PAR  Normally the sudden enlargement is in the form of a step between a manifold
      runner and an associated inlet port at the junction between the two, and
      with the step facing the inlet port. However, the step need not be at the
      interface between a port and a runner, depending on manifold and engine
      type, but should be in the general vicinity of the inlet port. It is
      believed that the step improves manifold efficiency by reducing or
      eliminating standoff problems through some sort of capture of reverse
      flowing fuel and air mixture and, possibly, by reducing or eliminating
      boundary layer separation in the inlet port just upstream from the inlet
      valve. It is also believed that the step forms a barrier or dampener
      against pressure pulses traveling from the inlet port to the manifold's
      plenum to reduce the problem of inter-cylinder pressure interference.
PAR  More specifically, it is believed that the step which, again, faces its
      inlet port, provides a positive barrier or dampener to prevent pressure
      waves from traveling upstream in a runner to carry with them fuel and air,
      and to prevent or attenuate inter-cylinder interference because of these
      waves. It is not known if the step actually absorbs pressure energy, but
      the step seems to isolate the inevitable pressure pulses which occur in
      the induction system acting in opposition to desired stream flow.
      Secondly, it is believed that the step could result in the energization of
      the boundary layer in the inlet port to prevent boundary layer separation.
      Any prevention of boundary layer separation increases the amount of fuel
      and air which reaches the cylinders for a given amount of engine pumping.
PAR  What is believed to be a significant aspect of the present invention is the
      ability of providing a continuous reduction in cross-sectional area in
      each runner as it approaches its inlet port. This reduction in
      cross-sectional area results in ever-increasing stream velocity as the
      ports of an engine are approached, and a positive velocity gradient which
      reduces any tendency for boundary layer separation within the runner. The
      ability to provide for this diminution in cross-sectional area in each of
      the runners is believed to result from the provision of the discontinuity
      or step which ensures against boundary layer separation normally
      associated with rapidly moving streams flowing around corners.
PAR  These and other features, aspects and advantages of the present invention
      will become more apparent from the following description, appended claims
      and drawings.
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PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a plan view illustrating a preferred embodiment of the manifold
      of the present invention;
PAR  FIG. 2 is a frontal elevational view of the manifold illustrated in FIG. 1;
PAR  FIG. 3 is a rear elevational view of the manifold illustrated in FIG. 1;
PAR  FIG. 4 is a schematic illustrating the mismatch between cylinder head ports
      and the manifold illustrated in the first three Figures, as seen looking
      down on an engine typified by the so-called 427 big block Chevrolet
      engine;
PAR  FIG. 5 is a top plan view of a sand core for the inner runners on one side
      of the manifold of FIGS. 1 through 3;
PAR  FIG. 6 is a side elevational view of the sand core shown in FIG. 5 taken in
      the plane 6--6 of FIG. 5;
PAR  FIG. 7 is a frontal elevational view of the sand core shown in FIG. 5 taken
      in the plane 5--5 of FIG. 5;
PAR  FIG. 8 is a fragmentary view showing the steps which produce the mismatch
      between the runners and the inlet ports of the illustrated manifold;
PAR  FIG. 9 is a top plan view of a sand core for the outer runners of one side
      of the manifold of FIGS. 1 through 3;
PAR  FIG. 10 is a side elevational view of the same core shown in FIG. 9 taken
      in the plane 10--10 of FIG. 9; and
PAR  FIG. 11 is a frontal view of the sand core shown in FIG. 9 taken in the
      plane 11--11 of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to FIGS. 1 through 3, an improved manifold 10 in accordance
      with the preferred embodiment of the present invention is illustrated.
      This manifold is adapted for use with a V-8 engine and a single
      four-barrel carburetor. In general, the manifold comprises a base 12, a
      plenum body 14, a plenum 16 defined by the plenum body, and four runner
      pairs 18, 20, 22 and 24. Each runner pair includes individual runners,
      sometimes referred to as legs. These individual runners are indicated by
      even-numbered reference numerals 26 through 40 for runner pairs 18 through
      24, respectively. Each of the runners is adapted to communicate with an
      associated inlet port of an internal combustion engine and direct fuel and
      air from plenum 16 into the inlet ports.
PAR  Base 12 of manifold 10 has a plurality of holes 42 for attaching the
      manifold to the engine it is used with in a conventional manner, as
      through bolts. Engine coolant crossover passage 44 is provided to
      communicate the coolant jackets of the heads of the engine used with the
      manifold. A neck 46 is to communicate the coolant jackets with a radiator.
      A distributor mounting hole 48 at the opposite end of base 12 is to
      receive a distributor. The base along its longitudinal sides, indicated by
      reference numerals 50 and 52, is angled to conform to the angle in the
      valley between the banks of cylinders of the engine and for proper seating
      of the manifold on the heads of the engine.
PAR  Plenum body 14 has an upper surface 54 which is adapted for the mounting of
      a single four-barrel carburetor. As is clearly evident from FIG. 1, plenum
      16 is in free and open communication with the entrance to each of the
      runners.
PAR  Each of the runners has a configuration to effect, as closely as possible,
      line-of-sight communication between plenum 16 and the inlet port of the
      runner's corresponding inlet port.
PAR  As is seen, each of the runner pairs has a partition between them. These
      partitions are indicated by even-numbered reference numerals 56 through 62
      for runner pairs 18 through 24 respectively.
PAR  Each runner progressively diminishes in cross section from plenum 16 to its
      exit into its associated inlet port. This feature provides for a positive
      velocity gradient which controls boundary layer separation within the
      runners and also serves to increase the velocity of the fuel-air mixture
      passing through the runners. It is believed that this increase in velocity
      in the particular runner configuration illustrated prevents separation of
      atomized fuel from the air stream and results in more fuel and air
      reaching the cylinders as charges.
PAR  Manifold 10 is adapted to cooperate with the heads of an internal
      combustion engine to develop a mismatch between the heads and the manifold
      at the exits of the runners into the inlet ports of the heads. In other
      words, there is a mismatch between each runner at its exit and its
      associated inlet port at the latter's inlet. This mismatch defines a step
      or sudden enlargement in the flow path of fuel-air mixture passing through
      the runner and into the inlet port for ultimate passage into the inlet
      port's cylinder. This step is located in the vicinity of the entrance to
      the inlet port in an area or zone where the velocity of the fuel-air
      stream is low relative to the velocity of the stream elsewhere in the same
      velocity profile. As a general rule this area or zone of low stream
      activity is away from the most direct, or line-of-sight path between the
      cylinder and the plenum of a manifold. Another way of finding the zone
      where the step should be, in general, is along the outer wall of a runner,
      the wall presenting a concave surface to the fuel and air mixture.
PAR  For the particular manifold illustrated in the first three Figures, the
      mismatch, or steps, which produce the sudden enlargement in the flow
      stream for each runner is illustrated schematically in FIG. 4, as they
      would appear looking down on top of an engine. The steps are shown to be
      on the outside wall of each runner and are indicated by the stipple.
      Specifically the steps are shown by even-numbered reference numerals 64
      through 78 for runners 26 through 40 respectively.
PAR  The steps provided by the manifold of the present invention provide a
      sudden enlargement in a cross-sectional area of each of the runners in the
      vicinity of its associated inlet port. For the manifold illustrated in
      FIGS. 1 through 3 this enlargement may be viewed as a calculated mismatch
      where a runner meets the head or a step in the runner proper. Again for
      the illustrated manifold, the mismatches or steps are on the outside of
      the port-manifold interface in the area of each runner where stream
      velocity is relatively low in comparison with the stream velocity along
      the opposite inside wall.
PAR  With reference to FIG. 8, the steps are shown for runners 38 and 40 looking
      towards them from within a pair of inlet ports of an engine in a head 79
      thereof.
PAR  It is not known with certainty why the provision of a step in this area of
      relatively low stream activity, in a velocity sense, is effective in
      manifold design, but it is. It is clear that the step itself could provide
      for some capture of pressure pulses emanating from within the engine and
      traveling towards the manifold plenum. It is also possible that the step
      could cause the energizing of a boundary layer in the inlet port and
      either prevent or reduce the amount of boundary layer separation there. It
      is expected that any boundary layer separation in the inlet ports of an
      engine will result in significant reduction in the amount of fuel and air
      reaching a cylinder, and a corresponding loss of power. The provision of a
      step also decreases the cross-sectional area in a runner and as a
      consequence increases stream velocity. This increase in stream velocity
      may also account, at least in part, for improved manifold performance.
PAR  With reference again to FIG. 1, plenum body 14 is disposed at an angle to
      the longitudinal centerline of the manifold. The generally rectangular
      entrance into plenum chamber 16 is also angularly offset from the
      centerline. More specifically, the plenum chamber is at an acute angle to
      a bisecting plane through the longitudinal centerline of the manifold and
      with the sides of the entrance at an acute angle to the bisecting vertical
      plane. A standard four-barrel carburetor having four throats mounted on
      mounting base 54 of the plenum body and secured in register with the
      entrance to the body, as by fasteners in mounting bosses 90, will present
      each of its four throats to two runners of different runner pairs. Thus, a
      carburetor throat will be presented to runners 28 and 30, a second
      carburetor throat will be presented to runners 32 and 34, a third
      carburetor throat will be presented to runners 36 and 38, and finally a
      fourth carburetor throat will be presented to runners 40 and 26. The
      location of the carburetor throats and the entrance to each of the runners
      are such that the runners see a complete carburetor throat without being
      obstructed by other structure of the manifold. Stated in different words,
      each of the runners has an entrance indicated by even-numbered reference
      numerals 92 through 106 for runners 26 through 40, respectively. The
      plenum chamber is oriented such that the four throats of a standard
      four-barrel carburetor will open directly into the entrances of the
      runners. Thus, for a throat oriented in the upper right-hand quadrant
      above the plenum body and over the plenum itself will open directly into
      entrances 94 and 96 of runners 28 and 30.
PAR  Within limits, every attempt is made to make the intra-runner wall lengths
      nearly equal. Each runner has a generally quadrilateral cross section
      presented to the flow of a mixture of fuel and air. The walls are roof and
      floor walls, and side walls. The four walls of the runner defining the
      quadrilateral cross section for fuel and air mixture flow are, then, made
      as sensibly equal as possible. It has been found in so doing that the
      fuel-air mixture flow characteristics are more uniform throughout the
      cross section and throughout the length of the runner, resulting in less
      flow losses and better fuel retention in the air. In terms of entrances to
      each of the runners, the equalization of wall lengths presents an entrance
      cross-sectional area wherein the mixture velocity and pressure profiles
      are substantially uniform. This means that there will be no areas in the
      entrance cross section where mixture velocity will be significantly higher
      than in other areas in the same cross section, and, as a consequence,
      friction losses are relatively low. This uniformity in entrance velocity
      and pressure profiles is particularly important in avoiding excessively
      high velocity profiles along a wall of a runner or close to runner
      entrance obstructions. In sum, runner entrance geometry is preferably
      adjusted to eliminate as much as possible high velocity mixture at a wall
      or against a wall's leading edge.
PAR  It has been found in an effort to make the intra-runner wall lengths as
      nearly equal as possible that the provision of a step in the common wall
      between the outside and inside runners of a runner pair with the step
      being presented to mixture in the outside runner that the wall lengths for
      the outside runners are made sensibly equal. With reference to FIG. 1,
      steps 108 and 110 for outside runners 28 and 36 are shown disposed
      inwardly of the leading edges of walls 56 and 60, walls 56 and 60 also
      defining one side of inside runners 26 and 36, respectively.
PAR  It will be noted that the floor of each of the runners extends further into
      the plenum than the roof of the runner. This again is for providing
      sensibly equal wall lengths. With reference to FIGS. 2 and 3, the reason
      for this extension is seen. Runners 36 and 38 turn down to meet and exit
      through sides 50 and 52, respectively, to meet the inlet ports. The angle
      of the sides requires extension of the floor into the plenum.
PAR  The entrance flow cross section into each runner is laid over from the
      upright, as viewed looking directly into the entrance of the runner from
      the plenum. For runner entrances 92 and 100 the layover is
      counterclockwise as viewed from the plenum, that is, the side walls of
      each runner lean from the runner floor to the left. The opposite holds
      true for runners 30 and 32. Here the side walls of the runners lean to the
      right. The side walls of runners 34 and 36, diametrically opposite runners
      28 and 26 as viewed from inside the plenum, again lean to the left, and
      runners 38 and 40, diametrically opposite runners 32 and 30, viewed from
      the same position, lean to the right. The laid over entrances result in
      more nearly equal wall lengths, more nearly uniform flow velocity and
      pressure characteristics through the runners, and line-of-sight
      communication between the plenum and the inlet ports of an engine. The
      runner layover continues along the runner lengths until the runners
      approach their outlets where the side walls of the runners fall in
      vertical planes. One way of viewing the layover orientation is that in any
      flow cross section in the laid over portion of a runner, the roof of the
      runner is further from the longitudinal centerline of the manifold than
      the floor of the runner.
PAR  Continuing with the description of the entrances to the runners, the inner
      walls of the runners on each side of the longitudinal centerline of the
      manifold meet. The meeting defines a line disposed at an angle to the
      vertical, leaning laterally from floor to roof away from the longitudinal
      centerline of the manifold. For inner walls 112 and 114 of inside runners
      26 and 40 there is a meeting at 116. Similarly, for inside runners 32 and
      34, their inner walls 118 and 120 meet at 122.
PAR  It is evident that diametrically opposed runner pairs present to each other
      crossed entrances. This is readily seen by looking from within one runner
      pair to the diametrically opposite pair. The result of this is a barrier
      against reversion flow from one runner pair effecting the diametrically
      opposite pair.
PAR  The geometry of the flow passages in the runners is most clearly presented
      in FIGS. 5, 6 and 7, and FIGS. 9, 10 and 11. These figures are of sand
      cores used in casting the manifold to define the flow passages of the
      runners and the interior bounding walls of the plenum. They are drawn to
      scale. FIGS. 7 and 11 show runner cross-sectional configurations taken in
      the planes corresponding to the indicated dimensions, which are in inches.
      As can be seen for the short runners or legs of FIG. 5, the cores define
      essentially line-of-sight communication from the inside of the plenum
      through the exit from the runners. Similarly, with reference to FIG. 9, it
      is clear that essentially line-of-sight communication throughout the
      length of the long runner or legs is also effected.
PAR  More specifically, in FIG. 5 a sand core 130 has two legs 132 and 134 to
      define the flow passages in runners 26 and 40, respectively, and 34 and
      32, respectively. In FIG. 6 leg 134 is shown. FIG. 7 shows the flow cross
      sections along the lengths of the runners (legs) in parallel planes which
      are perpendicular to the plane of the drawing and parallel to the
      longitudinal centerline of the manifold. The solid portion of the core
      between legs defines a portion of the plenum. Similarly, for FIGS. 9, 10
      and 11, a sand core 136 has two legs 138 and 140 which define the flow
      passages of outside runners 38 and 28, respectively, and 30 and 36,
      respectively. FIG. 10 is a side elevation of leg 138. The solid portion
      between legs defines a portion of the plenum. The flow cross section of
      the runners (legs) shown in FIG. 10 are in parallel planes vertical to the
      plane of FIGS. 9 and 10 and parallel to the longitudinal centerline of the
      manifold.
PAR  When two sets of cores 130 and 136 are assembled, the plenum and flow
      passages of the runners are completely defined.
PAR  The present invention has been described with reference to a certain
      preferred embodiment. The spirit and scope of the appended claims should
      not, however, necessarily be limited to the foregoing description.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improvement in an independent runner manifold for a carbureted
      internal combustion V-8 engine, the improved manifold comprising:
PA1  a. a plenum body defining a plenum chamber with a generally rectangular
      entrance, the plenum chamber being oriented at an acute angle to a
      bisecting vertical plane through the longitudinal centerline of the
      manifold and with the sides of the entrance at an acute angle to the
      bisecting vertical plane;
PA1  b. a runner for each cylinder of the engine having a flow passage beginning
      at the plenum chamber, an exit disposed for communication with an
      associated inlet port of the engine, and line-of-sight communication
      between the plenum chamber and the exit;
PA1  c. the entrances to the runners being disposed such that pairs of entrances
      share a single throat of a four-barrel carburetor mounted on the plenum
      body in register with the plenum chamber entrance and each runner sees a
      complete carburetor throat unobstructed by other manifold structure;
PA1  d. the runners being in runner pairs with each pair of runners having,
      relative to an imaginary line at right angles to the longitudinal
      centerline of the manifold and through the center of the plenum, an inner
      and an outer runner sharing a common wall; and
PA1  e. the outer of each runner in each runner pair having a generally vertical
      step in the shared wall inwardly of the beginning of the shared wall at
      the plenum chamber to sensibly equalize the wall lengths within each outer
      runner.
NUM  2.
PAR  2. The improvement claimed in claim 1 wherein:
PA1  a. the cross section of each runner is quadrilateral and each runner has
      four bounding walls; and
PA1  b. the lengths of the walls of each runner are at least about equal.
NUM  3.
PAR  3. The improvement claimed in claim 1 wherein the plenum chamber is above
      the exits of the runners.
NUM  4.
PAR  4. The improvement claimed in claim 3 wherein each runner is laid over from
      the entrance thereof along a length thereof with the roof of the runner
      farther from the longitudinal bisecting plane than the floor in any flow
      cross section in the laid over portion of the runner.
NUM  5.
PAR  5. The improvement claimed in claim 4 wherein the walls of each runner
      include an outer wall relative to the imaginary line, and each runner
      provides a sudden enlargement in the flow path it defines in the vicinity
      of its exit into the inlet port of the engine and along the outer wall of
      the runner.
NUM  6.
PAR  6. An improvement in a manifold for use in a carbureted internal combustion
      engine, the improved manifold comprising:
PA1  a. a base;
PA1  b. a plenum body above the base defining a plenum chamber with a generally
      rectangular entrance, the plenum chamber being oriented at an acute angle
      to a bisecting plane through the longitudinal centerline of the manifold
      and with the sides of the entrance at an acute angle to the bisecting
      vertical plane; and
PA1  c. independent runners leading from the plenum chamber to exits from the
      runners in the base disposed for communicating the runners with the inlet
      ports of the engine, each runner having a quadrilateral flow cross
      section, and each runner being laid over from its entrance and along a
      length thereof with the roof of the runner further from the bisecting
      plane than the floor in any flow cross section in the laid over portion of
      the runner.
NUM  7.
PAR  7. The improved manifold claimed in claim 6 wherein: the entrances to the
      runner being disposed such that pairs of entrances share a single throat
      of a four-barrel carburetor mounted on the plenum body in register with
      the plenum entrance and each runner sees a complete carburetor throat
      unobstructed by other manifold structure.
NUM  8.
PAR  8. The improved manifold claimed in claim 6 wherein the wall lengths of
      each runner are at least about equal.
NUM  9.
PAR  9. The improved manifold claimed in claim 8 wherein:
PA1  a. the runners are oriented in runner pairs, with each runner pair sharing
      a common wall, each runner pair having an inner and an outer runner
      relative to an imaginary line at right angles to the bisecting plane and
      through the middle of the plenum chamber; and
PA1  b. the outer of each runner pair having a step inwardly of the beginning of
      the common wall at the plenum chamber to sensibly equalize the wall
      lengths within the outer runner.
NUM  10.
PAR  10. The improved manifold claimed in claim 9 wherein each runner defines
      line-of-sight communication between the plenum chamber and the exit from
      the runner.
NUM  11.
PAR  11. The manifold claimed in claim 9 wherein the walls of each runner
      include an outer wall relative to the imaginary line, and each runner
      provides a sudden enlargement in the flow path it defines in the vicinity
      of its exit and along the outer wall thereof.
NUM  12.
PAR  12. The improved manifold claimed in claim 10 wherein the flow
      cross-sectional area of each of the runners progressively diminishes in
      the direction of the runner's exit.
NUM  13.
PAR  13. The improved manifold claimed in claim 12 wherein the enlargement of
      each runner is defined at the runner's exit by the outer wall of the
      runner presenting, when installed on an internal combustion engine, a step
      at the interface between the runner and its associated inlet port.
NUM  14.
PAR  14. The improved manifold claimed in claim 13 in combination with an
      internal combustion engine.
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ABST
PAL  A multi-cylinder 2-stroke fuel injection engine of the crankcase
      compression type has a separate crank chamber associated with each
      cylinder and inlet, transfer and exhaust ports in each cylinder. The
      exhaust ports of the engine communicate with an exhaust manifold which
      communicates with the turbine of an exhaust gas driven scavenge
      compressor, and the impeller of the compressor communicates with an inlet
      manifold which communicates with the inlet ports of the engine so as to
      pressure charge each crank chamber and thus increase the mass of air
      subsequently pumped to the associated cylinder by way of its transfer
      port.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The invention relates to internal combustion engines, and more particularly
      to engines operating on the 2-stroke cycle with fuel injection.
PAR  It has hitherto been accepted that an exhaust gas driven scavenge
      compressor was not practicable for use with 2-stroke engines in general,
      as such a compressor cannot provide scavenge air for starting or for
      running at low or varying load levels.
PAC  SUMMARY OF INVENTION
PAR  According to the invention, a multi-cylinder 2-stroke fuel injection engine
      of the crankcase compression type with inlet, transfer and exhaust ports
      in each cylinder has the turbine of a scavenge compressor driven by its
      exhaust and the impeller of said compressor discharging to its inlet.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  A preferred embodiment of the invention will now be described, by way of
      example only, with reference to the accompanying drawings of which:
PAR  FIG. 1 is a transverse section through an internal combustion engine; and
PAR  FIG. 2 is a sectional side elevation of the crankshaft and sump of said
      engine.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, a 2-stroke 3-cylinder diesel engine has a
      crankcase 10 in which there is rotatably mounted a crankshaft 11 having
      crankpins 12, and cylinders 13 in each of which there is reciprocable a
      piston 14 carrying a gudgeon pin 15 connected to the associated crankpin
      12 by a connecting rod 16. The engine is of the crankcase compression
      type, necessitating separate crank chambers 17. Each cylinder 13 has an
      inlet port 18 which is exposed by the skirt 19 of the piston 14 slidable
      in said cylinder so as to communicate with the associated crank chamber 17
      when the crankpin 12 therein is in the vicinity of top dead centre, a
      transfer port 20 which communicates with said crank chamber and is exposed
      by the crown 21 of said piston when said crankpin is in the vicinity of
      bottom dead centre, and an exhaust port 22 diametrically opposite the
      transfer port 20 and so arranged that it commences to be exposed by the
      piston crown 21 slightly before the transfer port 20 commences to be
      exposed thereby as said crankpin moves towards bottom dead centre. The
      exhaust ports 22 of the engine communicate with an exhaust manifold 23
      which communicates with the turbine 24 of an exhaust gas driven scavenge
      compressor, the impeller 25 of the latter being secured to the same shaft
      26 as the turbine 24 and arrange to communicate with an inlet manifold 27
      which communicates with the inlet ports 18 of the engine so that said
      impeller discharges air to said ports.
PAR  The engine has a pressurised lubrication system including a sump 28 having
      a filler cap 29 and a dipstick (not shown) which are adapted to prevent
      the egress of oil while the engine is running, and each crank chamber 17
      has a cylindrical extension 30 at its lower end which projects below the
      level 31 of oil in the sump 28. Each extension 30 communicates with the
      sump 28 below the level 31 of oil therein by way of an orifice 32 of
      restricted size. The purpose of these orifices 32 is to permit oil
      draining from the upper part of the engine to return to the sump 28 whilst
      minimising surging of oil due to the out-of-phase pressure variations
      occurring in the crank chambers 17. An additional measure to minimise such
      surging comprises a pressure balance pipe 33 connecting an air space 34
      above the oil in the sump 28 to the inlet manifold 27 on the discharge
      side of the impeller 25.
PAR  To avoid excessive lubricating oil consumption and the danger of the engine
      speed becoming out of control, an oil mist filter 35 is disposed in a
      vertical transfer passage 36 leading to each transfer port 20 to remove
      from the air lubricating oil atomised by motion, pressure and heat within
      the engine. The entry to the lower end of each passage 36 from the
      associated crank chamber 17 is surrounded by an annular trough 37 into
      which oil drains from the filter 35, and the trough 37 is connected by an
      oil return pipe 38 to the associated cylindrical extension 30 below the
      level 31 of oil in the sump 28 to prevent loss of scavenge air pressure
      from the crank chamber 17.
PAR  In operation, sufficient scavenge air for starting and for running at low
      or varying load levels is provided by the compression of air in each crank
      chamber 17 as the crankpin 12 therein moves towards bottom dead centre
      culminating in the pumping of some of said air to the associated cylinder
      13 by way of its transfer port 20. When the engine is running at the
      higher load levels demanded by normal operations, the flow rate of its
      exhaust gases is ample to drive the turbine 24 of the scavenge compressor
      the impeller 25 of which then acts to pressure charge each crank chamber
      17 while the associated inlet port 18 is open and thereby substantially
      increase the mass of air subsequently pumped to the associated cylinder 13
      by way of its transfer port 20.
PAR  In a modification, each cylindrical extension 30 communicates with the sump
      28 below the level 31 of oil therein by way of a non-return valve opening
      towards the sump 28, instead of by way of an orifice 32 of restricted
      size. In another modification, the engine is a petrol injection engine
      instead of a diesel engine.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A multi-cylinder 2-stroke injection engine of the crankcase compression
      type comprising inlet, transfer and exhaust ports in each cyliner; a
      scavenge compressor including a turbine connected to the engine's exhaust
      ports and an impeller connected to the engine's inlet ports; a pressurized
      lubrication system including a sump containing oil under a pressure
      greater than atmospheric for forcing oil from the sump to lubricate the
      moving parts of the engine; means defining a separate crank chamber for
      each cylinder projecting below the level of oil in the sump; a transfer
      passage connecting each crank chamber to the transfer port in the
      associated cylinder; and means on each chamber defining means providing an
      opening communicating each of said chambers with said sump for permitting
      oil to return from each crank chamber to the sump below said level.
NUM  2.
PAR  2. An engine according to claim 1, wherein each crank chamber communicates
      with the sump by way of an orifice of restricted size.
NUM  3.
PAR  3. An engine according to claim 1, further comprising means defining an air
      space above the level of oil in the sump, and a pressure balance pipe
      connecting said air space to the connection between the impeller and the
      engine's inlet ports.
NUM  4.
PAR  4. An engine according to claim 1, wherein each transfer passage contains
      an oil mist filter.
NUM  5.
PAR  5. An engine according to claim 4, wherein the filter is connected by drain
      means to the associated crank chamber below the level of oil in the sump.
NUM  6.
PAR  6. An engine according to claim 5, wherein the drain means comprise a
      trough below the filter and an oil return pipe connecting said trough to
      the associated crank chamber.
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PAL  An orifice and a valve to maintain the ratio of recirculated exhaust gas to
      engine intake air at an optimum level.
BSUM
PAR  The invention relates to an exhaust gas recirculation system for an
      internal combustion engine, and more particularly to a device for
      maintaining the ratio of recirculation of exhaust gas to engine intake air
      at an optimum value under all operating conditions of the engine. Various
      prior art methods have been employed in an attempt to reduce the level of
      noxious nitrogen oxides emitted from an engine in response to an increase
      in the severity of environmental pollution laws. These methods include
      electronic control of fuel introduction and ignition, catalytic exhaust
      cleaning methods, etc. However, these approaches have proved prohibitively
      expensive. The cost of total redesign of the vehicle combustion chamber in
      order to improve the combustion efficiency thereof has prevented the
      application of this approach.
PAR  This invention is concerned with a much cheaper and effective method of
      reducing the level of nitrogen oxides contained in exhaust gases, which
      involves recirculating exhaust gas from an engine exhaust pipe back to an
      engine intake manifold. This method has been accompanied in the past with
      the unsolved problem of maintaining the ratio of recirculated exhaust gas
      to engine intake air at an optimum value throughout the widely varying
      operating conditions of the engine.
PAR  It is thus an object of the invention to provide a control device for an
      exhaust gas recirculation system which overcomes the disadvantages of the
      prior art by effectively maintaining the ratio of recirculated exhaust
      gases at an optimum value throughout all operating conditions of an
      internal combustion engine, and is economical and easy to manufacture.
DRWD
PAR  This and other objects and advantages of the invention will become clear
      with reference to the following description and the accompanying drawings
      in which:
PAR  FIG. 1 shows the relationship between the exhaust gas pressure, exhaust gas
      recirculation ratio, engine speed, and intake manifold vacuum for a
      typical internal combustion engine;
PAR  FIG. 2 shows the relationship between the exhaust gas pressure and an ideal
      exhaust gas recirculation ratio based on the conditions of engine
      operation shown in FIG. 1;
PAR  FIG. 3 is a longitudinal sectional view of an embodiment of an exhaust gas
      recirculation control device of the invention;
PAR  FIG. 4 is a longitudinal sectional view of a major portion of an exhaust
      gas recirculation system of an internal combustion engine and another
      embodiment of an exhaust gas recirculation control device of the invention
      employed therein;
PAR  FIG. 5 is similar to FIG. 4 but shows a third embodiment of the invention;
PAR  FIG. 6 is a longitudinal cross sectional view of a modification of the
      embodiment of the control device shown in FIG. 5;
PAR  FIG. 7 shows the exhaust gas recirculation characteristics of the device
      shown in FIG. 3 and;
PAR  FIG. 8 shows the recirculation characteristics of the devices shown in
      FIGS. 4 through 6.
DETD
PAR  Referring now to FIG. 1, there is shown the experimentally determined
      relationship between the engine speed and intake manifold vacuum of a
      typical internal combustion engine. Two families of curves are plotted on
      the graph; the family shown in solid line indicates the variation of
      intake manifold vacuum at various constant values of exhaust gas
      recirculation ratio, and the family shown in broken line the variation
      thereof for various constant values of exhaust gas pressure.
PAR  FIG. 1 also includes 3 areas, A, B and C, as shown by closed curves, which
      indicate low, medium, and high load engine operation respectively.
      Although the recirculation ratio of exhaust gas must be varied
      continuously to provide an optimum value as the load on the engine
      changes, for the sake of simplicity of explanation, engine operation in
      the areas A, B and C will generally be discussed discretely.
PAR  FIG. 2 is based on FIG. 1, and shows in a simplified manner the ideal
      volumetric recirculation ratio of exhaust gas as a function of exhaust gas
      pressure. It is understood that in FIG. 2 the exhaust gas pressure is a
      complex function of engine speed and intake manifold vacuum, and is
      therefore indicative of these conditions. In FIG. 2, the areas A, B and C
      of FIG. 1 are also shown. Under low engine load conditions as shown in the
      region A (low engine speed and high intake manifold vacuum), the
      recirculation ratio should be maintained close to zero, because the level
      of nitrogen oxides contained in exhaust gas under this condition is very
      low, and introduction of exhaust gas into the intake manifold would reduce
      the performance of the engine. In the region C, which represents high load
      engine operation (high engine speed and low intake manifold vacuum), the
      recirculation ratio should be maintained at a constant level to optimize
      the high speed operating performance of the engine. In the region B, which
      indicates medium load engine operation (intermediate engine speed and
      intake manifold vacuum), the ideal recirculation ratio rises from zero to
      the constant value based on the actual prevailing conditions. Thus, a
      device to maintain the recirculation ratio at an optimum value throughout
      all engine operating conditions must satisfy the conditions shown in FIGS.
      1 and 2.
PAR  FIG. 3 shows an embodiment of an exhaust gas recirculation control device
      of the invention which fulfills these conditions, and which comprises in
      combination an orifice or a restrictor and a pressure sensitive valve, in
      which;
PAR  Pe is the pressure in the exhaust pipe of an engine (exhaust gas pressure)
      upstream of the control device.
PAR  P is the pressure existing between the orifice and valve of the embodiment
      of the invention.
PAR  Pb is the intake manifold vacuum.
PAR  qe is the volumetric flow rate of exhaust gas through a recirculation pipe
      1 connected between the exhaust pipe and the intake manifold of an engine
      (not shown) such that exhaust gas flows from the exhaust pipe therethrough
      into the intake manifold in a direction as shown by the arrows.
PAR  Qa is the volumetric flow rate of intake air from the atmosphere into the
      intake manifold, and
PAR  C.sub.1 and C.sub.2 are constants.
PAR  Based on these definitions, it is possible to further define a volumetric
      ratio (r) of recirculated exhaust gas (qe) to engine intake air (Qa ) (the
      exhaust gas recirculation ratio mentioned before) as
EQU  r = qe/Qa                                                  (1)
PAR  Since an ideal value of r depends on the flow rate qe, is also a function
      of the exhaust gas pressure Pe which is in turn a function of the intake
      manifold vacuum and other complex engine operating conditions as mentioned
      above, it is possible to adjust r to an optimum value by modulating the
      flow rate qe.
PAR  The prevailing flow rate qe is sensed at an orifice or restrictor 2 located
      upstream of a valve 3 which is controlled in accordance with the sensed
      flow rate qe. For ease of explanation, the flow rate qe may expressed in a
      simplified manner as follows:
EQU  qe = A.sup.. C.sub.1 .sqroot. Pe - P
PAL  where A is the cross sectional area of the orifice 2. The flow rate Qa may
      be expressed as:
EQU  Qa = C.sub.2 .sqroot.Pe
PAL  Thus, the recirculation ratio r may be re-expressed as:
      ##EQU1##
      As is understood by those skilled in the art, if the ratio of the cross
      sectional area of the pipe 1 to that of the orifice 2 is relatively high,
      P &lt; Pe, and equ. (2) may be reduced to
      ##EQU2##
      Thus, the recirculation ratio r under unrestricted flow conditions is
      proportional to the cross section A.
PAR  The operation of the control device of FIG. 3 will now be described with
      relation to FIG. 2 and the above equations. Exhaust gas entering the pipe
      1 passes through the orifice 2 and the valve 3 and is recirculated back to
      the intake manifold. A pipe 7 is connected at one end to the pipe 1
      downstream of the orifice 2 to sense the pressure P, and at the other end
      to a chamber 8 of a valve housing 4. A diaphragm or membrane 5 divides the
      housing 4 into the chamber 8 and another chamber (no numeral) in which is
      received a spring 6. The lower chamber may be vented to the atmosphere. An
      upper end of the valve 3 is attached to the diaphragm 5. The spring 6
      biases the diaphragm 5 upwards as shown, and thus biases the valve 3 to a
      closed position.
PAR  If the valve 3 is closed, the pressure P will equal the exhaust pressure Pe
      since the flow rate qe through the pipe 1 is zero. Thus, the valve 3 will
      remain closed and the flow rate qe zero until the exhaust pressure Pe
      reaches a value high enough that its action on the diaphragm 5 is
      sufficient to overcome the force of the spring 6. At that point, the valve
      3 will begin to open. The spring 6 has a stiffness such that it will yield
      when the exhaust pressure Pe reaches a value Pe' as shown in FIG. 2. Thus,
      the recirculation ratio r will be maintained at zero within the region A
      as desired.
PAR  If the exhaust pressure Pe reaches the value Pe" as shown in FIG. 2, the
      valve 3 will be completely opened, and the flow rate qe will be
      substantially uninfluenced thereby. However, since the area A of the
      orifice 2 is a desired small value, as is understood by those skilled in
      the art, the phenomenon of choked flow through the pipe 1 will result.
      Thus, the recirculation ratio r will be held in dependence on the value of
      A at a substantially constant value in the region C as desired.
PAR  Since the pressure rise in the chamber 8 continuous as the exhaust pressure
      Pe increases as shown in FIG. 2, the valve 3 will open in a continuous
      manner to provide the desired performance in the region B, varying from
      zero from the region A to the substantially constant value in the region
      C. Thus, the exhaust recirculation control device of FIG. 3 is capable of
      effectively maintaining the recirculation ratio r at an optimum value
      under all varying engine operating conditions as shown in FIG. 2.
PAR  In actual application of the device of FIG. 3, it has been determined that
      the intake manifold vacuum Pb in the pipe 1 downstream of the valve 3
      exerts a force on the downstream face of the valve 3 thus biasing it
      toward an open position against the force of the spring 6. Since this is
      an undesirable secondary effect, another diaphragm 9 is attached to the
      bottom of the valve 3 such that external atmospheric pressure acting on
      the bottom of the diaphragm 9 against the vacuum acting on its top biases
      the valve 3 upwards against the vacuum force acting on the downstream face
      of the valve 3. The stiffness of the diaphragm 9 is selected so that the
      upward force it exerts on the valve 3 is equal to the downward force
      exerted on the valve 3 by Pb.
PAR  The embodiment of the invention shown in FIG. 4 utilizes another method of
      compensating for the vacuum Pb in the downstream section of the pipe 1.
      Like reference numerals designate like parts, although the FIG. 3 assembly
      of a pressure responsive unit comprising numerals 4, 5, 6 and 8 now
      becomes a vacuum responsive unit. As shown, exhaust gas passes through an
      exhaust pipe 17 in the direction of an arrow 18. A portion of it enters
      the pipe 1 in the direction of an arrow 19. Another diaphragm or membrane
      14 which is attached to a valve 13 is biased downwards as shown by a
      spring 15 so as to bias the valve 13 to a closed position. The bottom of
      the diaphragm 14 communicates with the pipe 1 downstream of the orifice 2.
      The valve 13 controls communication between a first and a second chamber
      27 and 29 respectively of a housing 30. The second chamber 29 is connected
      to an intake manifold 10 of an engine through a pipe 11. The first chamber
      27 is vented to the atmosphere through a hole 16, and is also connected
      through a pipe 12 to the chamber 8 of the housing 4.
PAR  In this embodiment, the valve 3 is a butterfly valve, and is thus
      uninfluenced by vacuum Pb in the downstream section of the pipe 1. In
      operation, until the pressure Pe reaches the level Pe', the valve 13 is
      biased closed by the spring 15 and the valve 3 is biased closed by the
      spring 6. As the value of Pe exceeds Pe', the valve 13 is opened by the
      pressure P acting on the diaphragm 14 and vacuum Pb communicates with the
      first chamber 27 through the valve 13. When the valve 13 is opened to an
      extent that the flow rate of atmospheric air through the valve 13 exceeds
      that through the hole 16, the pressure in the first chamber 27 will drop
      below atmospheric, and this vacuum will act on the diaphragm 5 to open the
      valve 3. Operation is otherwise the same as that of the embodiment of FIG.
      3 except that when the valve 13 is closed, the pressure in the first
      chamber 27 is returned to atmospheric by air entering therein through the
      hole 16.
PAR  In actual operation of a device of the invention, it has been observed that
      there occur under certain conditions pulsations of considerable magnitude
      in the value of Pb, which tend to produce unstable operation of the
      device. This effect is most prevalant with engines having a small number
      of cylinders and at high values of Pb. The embodiment shown in FIG. 5 is
      similar to that of FIG. 4 and like numerals indicate like elements, but
      the embodiment of FIG. 5 contains an additional feature which eliminates
      the effects of pulsations in Pb.
PAR  In FIG. 5, an additional diaphragm or membrane 20 is provided within the
      first chamber 27, which has a hole 25 formed through it. Also, a filter 26
      is provided for the hole 16. The diaphragm 20 divides the first chamber 27
      into a atmospheric chamber 27a which communicates through the hole 16 with
      the atmosphere and a vacuum chamber 27b which communicates through the
      pipe 12 with the chamber 8 of the valve housing 4. Communication between
      the first chamber 27 and the atmosphere is established through the holes
      20 and 16. The bottom of the diaphragm 20 engages with the top of the
      valve 13, and the diaphragm 20 and the valve 13 are biased downward as
      shown to a closed position of the valve 13 by a spring 21, which replaces
      the spring 15 of FIG. 4. The effective force of the spring 21 may be
      adjusted by means of an adjusting screw 24, and lock nut 23 which
      vertically set the position of a seat 22 for the spring 21.
PAR  In operation, intake manifold vacuum Pb is introduced into the second
      chamber 29 through the pipe 11. If the valve 13 is closed, vacuum Pb is
      prevented from communicating with the first chamber 27 and thus the
      chamber 8, and pulsations in Pb have no effect on the operation of the
      valve 3, which is closed. In the embodiment of FIG. 4, if the valve 13 is
      open, Pb is communicable with the chamber 8 to actuate the valve 3, and
      pulsations in Pb may produce undesirable oscillation of the valve 3.
      However, in the embodiment of FIG. 5, atmospheric air enters the first
      chamber 27 through the holes 16 and 25. Since a constant flow is set up, a
      vacuum Pc prevails in the first chamber 27 which is lower in value than
      the intake manifold vacuum Pb. It can be seen that due to this flow and
      the effect of the diaphragm 20, pulsations in Pb, are not directly
      transmitted to the chamber 8, but are reflected in gradual variations in
      the value of Pc. Thus, the diaphragm 20 produces a dampening or dashpot
      effect, and pulsations in Pb, especially of high frequency and at high
      values of Pb, are prevented from being transmitted to the chamber 8 to
      produce oscillation of the valve 3.
PAR  Adjustment of the effective force of the spring 21 and consequently the
      preset opening load of the valve 13 can be made using the adjusting screw
      24. Adjustment of the damping effect of the diaphragm 20 can be
      accomplished by varying the cross-sectional areas of the diaphragms 14 and
      20 and the holes 16 and 25. If the force exerted on the diaphragm 14 by
      the pressure P (a function of the pressure Pe as described before) is
EQU  S.sub.A.sup.. P
PAL  where S.sub.A is the area of the diaphragm 14, and the force exerted on the
      diaphragm 20 by the vacuum Pb is
EQU  S.sub.B.sup.. Pb
PAL  where S.sub.B is the area of the diaphragm 20, under equilibrium conditions
EQU  S.sub.A.sup.. P = S.sub.B.sup.. Pb                         (4)
PAL  and
      ##EQU3##
      Thus, the value of Pc in terms of P and thus the damping performance of
      the diaphragm 20 is reflected in the ratio S.sub.A /Sb.
PAR  If it is desired to maximize the damping effect of the diaphragm 20, it may
      be reduced in diameter to substantially the diameter of the valve 13, as
      shown in the embodiment of FIG. 6, in accordance with the ratio S.sub.A
      /S.sub.B. Here, the hole 25 is formed in the housing 30 as shown, rather
      in the diaphragm 20, and the spring 21 engages with a retainer 28 secured
      to the valve 13.
PAR  FIGS. 7 and 8 are experimental graphs of the recirculation ratios provided
      by the embodiment of FIG. 3 and the embodiments of FIGS. 4 to 6
      respectively. They are included for reference to demonstrate that an
      exhaust gas recirculation control device of the invention is capable of
      recirculating exhaust gas from an engine exhaust pipe back to an intake
      manifold at an ideal ratio throughout all engine operating conditions in
      order to minimize the emission of noxious nitrogen oxides from an engine
      without impairing its performance.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An exhaust gas recirculation control device for use in an internal
      combustion engine having an intake manifold, an exhaust pipe and an
      exhaust gas recirculation pipe connecting said intake manifold to said
      exhaust pipe, said control device being operatively connected to said
      recirculation pipe and comprising:
PA1  an exhaust gas flow restrictor in said recirculation pipe;
PA1  an exhaust gas flow control valve mounted downstream of said restrictor;
PA1  a pressure responsive membrane arranged to communicate with said
      recirculation pipe between said restrictor and said flow control valve to
      respond to pressure generated therebetween;
PA1  a housing divides into a first chamber having an air bleed hole and a
      second chamber by a wall having a valve seat;
PA1  a valve normally seated on said valve seat to block communication between
      the first and second chambers, and fixedly connected to said pressure
      responsive membrane, said valve being biased by a spring, the stiffness of
      said spring being selected such that when a predetermined pressure is
      reached to act on said pressure responsive membrane, said spring yields
      and said valve begins to open, and when the pressure acting on said
      pressure responsive membrane gradually increases above and beyond said
      predetermined pressure, the degree of opening of said valve is gradually
      increased;
PA1  a diaphragm having a hole, disposed within the first chamber and dividing
      the first chamber into an atmospheric chamber communicating with the
      atmosphere through the air bleed hole and a vacuum chamber communicating
      with said atmospheric chamber through the hole, said diaphragm being
      engaged with said valve, said diaphragm preventing transmission of
      oscillations in the level of intake manifold vacuum to a vacuum responsive
      membrane and said flow control valve by dampening said oscillations;
PA1  a said vacuum responsive membrane communicated with said vacuum chamber of
      said first chamber and linked with said flow control valve;
PA1  the arrangement being such that when said predetermined pressure and
      pressures above and beyond said predetermined pressure act on said
      pressure responsive membrane, said valve leaves said valve seat causing
      intake manifold vacuum to communicate through said valve with said vacuum
      chamber of said first chamber and said air bleed hole and when air sucked
      through said air bleed hole reaches a predetermined maximum flow level,
      said intake manifold vacuum acts on said vacuum responsive membrane to
      open said flow control valve in dependence on the pressure level acting on
      said pressure responsive membrane.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein said air bleed hole is provided
      with an air filter.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein said second recited valve is
      mounted between said pressure responsive membrane and said vacuum
      responsive membrane.
NUM  4.
PAR  4. A device as claimed in claim 1, wherein said spring is disposed in said
      atmospheric chamber of said first chamber and mounted between said
      diaphragm and a seat connected to an adjusting screw.
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PAL  Electronic-control carburetor adapted to emulsify a metered amount of fuel
      in synchronism with the induction phases of the cylinders of an internal
      combustion engine, which comprises a double sonic venturi system providing
      a low loss of pressure and supplied under the control of an
      electromagnetic valve in synchronism with the induction phases of the
      cylinders.
BSUM
PAR  The present invention relates to an electronically controlled carburetor
      wherein a metered amount of fuel is emulsified in synchronism with the
      induction of the engine cylinders, the fuel feed being discontinued
      outside the induction phases.
PAR  Electronic-controlled carburetor are already known wherein the fuel
      penetrating into a constant-level cistern or float chamber is sucked
      through an emulsion tube together with a stream of primary air, the fuel
      output from the float chamber being adjusted by a needle valve responsive
      to an electronic device as a function of the engine speed. This
      arrangement, notwithstanding the increased sensitivity and quickness of
      response inherent to electronic control system, cannot eliminate the
      inconveniences characterizing the operation of the carburetor proper, such
      as lack of homogeneity and the risk of unpriming due to fuel vapour lock.
      Besides, in these known systems the problems arising in connection with
      the idling adjustments remain unsolved, notably as far as the homogeneity
      of the air/fuel mixture is concerned.
PAR  On the other hand, an injection fuel-feed system is known through the U.S.
      patent application Ser. No. 235.154 of Mar. 16, 1972, wherein an
      arrangement is disclosed for injecting fuel under electronic control means
      into each cylinder through a twin sonic nozzle imparting a high degree of
      homogeneity to the mixture due to the high suction speed of the gaseous
      flow. This solution is intended more particularly for racing engines and
      is inherently expensive in more popular applications, due to the use of
      electronic technical devices.
PAR  It is the essential object of the present invention to provide a carburetor
      of the type comprising electronic means for controlling the fuel feed from
      the carburetor and having in a more economical form all the advantageous
      features of the above-mentioned electronic injection device.
PAR  The carburetor according to this invention comprises in a manner known per
      se a constant-level float chamber or cistern delivering fuel to an
      emulsion tube receiving primary air from the air intake, said emulsion
      tube opening in turn into the neck of at least one central venturi of a
      double venturi or choke carburetor body. It is characterized in that the
      inlet of the emulsion tube is controlled by means of at least one
      electromagnetically operated valve embedded in the bottom of the float
      chamber and that the carburetor body consists of a sonic-type, low
      pressure-loss type, double-venturi choke, said electromagnetic valve being
      responsive to an electronic device whereby the fuel is fed in synchronism
      with the induction of the engine cylinders.
PAR  This feed system is conducive to a particularly simple carburetor
      construction. In comparison with conventional carburetors, the direct
      metering of fuel eliminates any priming problems and troubles, as well as
      the problems of progressiveness in the fuel vaporization. It is free of
      any auxiliary idling feed circuit. In comparison with injection systems,
      the system of the present invention ensures a better atomization due to
      the provision of the twin sonic chokes, on the one hand, and to the supply
      of fuel in phase with the cylinder induction, thus providing a simple yet
      efficient solution to the problems of distributing the air/fuel mixture to
      said cylinders.
DRWD
PAR  In the attached drawing:
PAR  FIG. 1 illustrates in axial section a carburetor according to this
      invention;
PAR  FIG. 2 is a diagram plotting the curve of the mass output of air sucked by
      each cylinder in succession, in the case of a four-cylindered engine; and
PAR  FIG. 3 illustrates a modified form of embodiment comprising a multiple
      choke-tube arrangement.
DETD
PAR  Referring first to FIG. 1, it will be seen that the body 9 of the
      carburetor is mounted to the induction manifold 2 and encloses the sonic
      choke or venturi tube 1 and a central diffuser venturi 3 fitted in the
      supporting socket 6 connected to the venturi carrier tube 10 by means of a
      pair of radial arms 7, so that the concentric outer groove 14 of said
      central venturi, which acts as a feed channel, is coincident with the
      radial feed passage 5. The primary mixture from the emulsion tube 15
      supplied with air through an oblique air inlet hole 16 penetrates into the
      diffuser venturi 3 through radial holes 12.
PAR  The fuel from the fuel tank (not shown) flows through a feed pipe 17 into
      the constant-level or float chamber 18 in which an electromagnetic valve
      19 controls the fuel suction towards the emulsion tube 15. The opening
      time and frequency of this valve are controlled by an electronic computer
      20 in synchronism with the induction phases of the engine cylinders, as
      shown in the diagram of FIG. 2, wherein the curve denoting the mass output
      of air sucked by each cylinder in succession is shown in the case of
      four-cylindered engine (1, 2, 3, 4) in the firing order 1, 3, 4, 2 which
      of course is also the induction phase order.
PAR  In FIG. 2 the lower abscissa line denotes the amounts of fuel sucked during
      the opening periods of valve 19 : t.sub.2 - t.sub.1 = .DELTA. t. These
      periods are shorter than, or at the most equal to the induction phase T of
      an engine cylinder and they are regulated by said computer 20 in a
      conventional manner, as a function of the various parameters governing the
      engine operation, such as the pressure in the induction manifold or pipe,
      the mass output of induction air Q, the air water and/or oil temperatures,
      the engine speed, etc. . . . controlled by the air/fuel proportion.
PAR  The electronic computer 20 can thus control the ratio of this air/fuel
      proportion as a function of the engine load.
PAR  This computer 20 may be of the very simplified type currently utilized in
      the field of electronic fuel injection systems, and controls only the
      valve 19. For example, the computer may be of the type disclosed in U.S.
      Pat. No. 3,788,285. That computer, instead of operating the injectors
      disclosed therein, would actuate the electromagnetic valve 19. The absence
      of fuel feed pressure, as in injection systems, facilitates the operation
      of this valve and improves the precision of its adjustment, notably for
      the quickness of the valve opening and closing movements, the induction
      facilitating the closing movement while the suction effect interferes
      somewhat with the opening, due to the moderate cross-sectional area of the
      valve seat, which is that of passage 5.
PAR  The air output is controlled as usual by means of a butterfly valve 21
      located upstream of the venturis.
PAR  The very short and direct path for the fuel through the single perforated
      emulsion tube 15, in the absence of any siphon means, ensures a rapid and
      accurate fuel metering, free of any priming problems. Moreover, the fact
      that the valve 19 remains closed outside the suction phases eliminates any
      fuel feed irregularities. Since this valve 19 opens only during the
      suction or induction phases, the fuel atomization under idling or low-load
      operating conditions is improved considerably.
PAR  The air supply passage 16 is sufficient for delivering idling air, i.e.
      when the butterfly valve 21 is closed.
PAR  The emulsion tube 15 associated with this direct primary air orifice 16
      constitutes a chamber capable of efficiently damping out any pressure
      variations in the manifold 2 at the level of needle valve 19 responsive to
      electromagnetic control means, so that the necessary corrections of the
      fuel output by means of the computer 20 are greatly simplified.
PAR  According to the fuel output to be supplied, and preferably, a plurality of
      such valves 19 may be used in lieu of a single, larger valve giving slower
      response times, these valves having in this case smaller dimensions so
      that they can easily be accomodated in the float chamber.
PAR  The modified form of embodiment illustrated in FIG. 3 is a
      multiple-choke-tube construction comprising one choke tube per cylinder,
      wherein the pipes 5' supplying fuel to the central venturis 3' are
      connected to a common chamber or header 22 at the outlet of the emulsion
      tube 16. In this example, the vacuum produced in the cylinder performing
      its induction phase is stronger than that of the other cylinders and
      causes the mixture to be sucked from chamber 22 into the induction-phase
      cylinder. The length of these pipes 5' shall be kept as short as possible,
      as well as the relative spacing of the venturis 10.
PAR  This arrangement is characterized not only by a substantial simplification
      and a satisfactory atomization of the air/fuel mixture distribution, but
      also by a suitable proportioning of this mixture, thus affording better
      engine performances.
PAR  The device is adaptable to induction manifolds of the type utilized in
      fuel-injection systems, of which it combines the advantageous features
      with a greater simplicity and the lower cost of carburetor systems.
PAR  Although a specific form of embodiment of this invention has been described
      herein and illustrated in the accompanying drawings, it will readily occur
      to those skilled in the art that various modifications and changes may be
      brought thereto without departing from the scope of the invention as set
      forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electronically controlled carburetor for supplying fuel to cylinders
      of an internal combustion engine, said carburetor comprising:
PA1  a float chamber having a single outlet passage,
PA1  a doubled venturi including a central venturi having a neck,
PA1  an electromagnetic valve, disposed within the float chamber, for
      selectively opening and closing the outlet passage,
PA1  an emulsion tube defining a passage fluidly connecting said outlet passage
      to the neck of said central venturi,
PA1  a passage for air connected to said emulsion tube passage, and
PA1  an electronic computer for opening said electromagnetic valve in
      synchronism with the induction phase of the cylinders of an internal
      combustion engine.
NUM  2.
PAR  2. An electronically controlled carburetor as claimed in claim 1, wherein:
PA1  said air passage is the sole means through which the necessary air is
      supplied for engine idling operation.
NUM  3.
PAR  3. An electronically controlled carburetor for supplying fuel to cylinders
      of an internal combustion engine, said carburetor comprising:
PA1  a float chamber having a single outlet passage,
PA1  a double venturi including a central venturi having a neck,
PA1  an electromagnetic valve, disposed within the float chamber, for
      selectively opening and closing the outlet passage,
PA1  an emulsion tube defining a passage fluidly connecting said outlet passage
      with the neck of the central venturi, and
PA1  means for opening said electromagnetic valve in synchronism with the
      induction phase of the cylinders of an internal combustion engine.
NUM  4.
PAR  4. An electronically controlled carburetor as claimed in claim 3, wherein:
PA1  said means comprises an electronic computer.
NUM  5.
PAR  5. An electronically controlled carburetor as claimed in claim 3, further
      comprising:
PA1  a passage for air connected to said emulsion tube passage, said passage
      being the sole means through which the necessary air is supplied for
      engine idling operation.
NUM  6.
PAR  6. An electronically controlled carburetor as claimed in claim 3, further
      comprising:
PA1  means defining an annular groove in the exterior surface of the neck of the
      central venturi,
PA1  means defining a plurality of holes connecting said groove with the
      interior of the neck of the central venturi, and
PA1  said emulsion tube passage is fluidly connected to said groove so that fuel
      from said emulsion tube passage enters said groove and is transmitted to
      the interior of the neck of the central venturi through said holes.
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ABST
PAL  An assembly comprising a holder having one open end, a double ended needle
      fixed to a closed end of the holder and an adapter detachably insertible
      into the holder, the use of the adapter of the same or varying size
      permitting an exchange of one fluid sample container or medicament
      container for another with the needle pierced into the blood vessel of the
      human body for injection or blood collection.
PARN
PAR  This is a continuation, of application Ser. No. 392,565, filed Aug. 29,
      1973, now abandoned.
BSUM
PAR  This invention relates to an assembly comprising a holder having one open
      end, a double-ended needle fixed to a closed end of the holder and an
      adapter detachably insertible into the holder.
PAR  A variety of assemblies for injection or blood collection which consist of
      a holder and a needle have been proposed up to this date. A representative
      example is an assembly consisting of a holder and a double-ended needle.
      The use of a holder and a double-ended needle permits an exchange of one
      fluid sample container or medicament container for another with the needle
      pierced into the blood vessel of the human body. As a result, blood
      collection and injection can be effected at the same time.
PAR  However, the blood fluid sample container or medicament container is not
      always of the same size. Recently, a simultaneous blood collection has
      been effected in an attempt to examine a blood cell count, blood sugar,
      sedimentation rate of erythrocyte, coagulation of blood etc. The amount of
      blood to be collected, as well as the medicaments sealed into the
      container, is varied dependent upon the kind of examinations.
PAR  There is often required the simultaneous use of containers conforming to
      the inner diameter of the holder and containers smaller in size than the
      inner diameter of the holder. In the case of the conventional holder,
      difficulty is presented in piercing the center of the container with a
      needle and a certain amount of skill is required. As a result, blood
      collection may be unsuccessful.
PAR  Repetition of a blood collection can be painful to a patient and require
      additional expense and time. These problems can be overcome using an
      assembly according to this invention.
PAR  According to the invention, an assembly comprises a holder having an open
      end and closed end, a double-ended needle fitted to the closed end of the
      holder through a hub and having one end projected into the holder and the
      other end projected outside the holder, an elastic sheath enveloping the
      needle projected into the holder, and an adapter having an open end and a
      closed end and adapted to be detachably inserted into the holder, said
      adapter having at its closed end a bore through which the needle enveloped
      with the elastic sheath is freely insertible and at its open end a flange,
      wherein where the adapter is inserted into the holder a clearance is
      created between the closed end of the holder and the closed end of the
      adapter to such an extend that, when a container is inserted into the
      adapter, said one end of the needle can pierce through the container for
      communication therewith and the bunching or collapse of the elastic sheath
      as encountered during the piercing is sufficiently allowed.
DRWD
PAR  This invention will be more fully described with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a syringe assembly including a holder with a double ended needle;
PAR  FIG. 2 is an end view of the syringe assembly of FIG. 1;
PAR  FIG. 3 is a cross sectional view through a line III--III of FIG. 2;
PAR  FIG. 4 is an assembly including an adapter and a holder with a double ended
      needle;
PAR  FIG. 5 is an end view of the assembly of FIG. 4;
PAR  FIG. 6 is a cross sectional view through a line VI--VI of FIG. 4;
PAR  FIG. 7 is a partially cross sectional view showing another structure of an
      elastic sheath of FIG. 1; and
PAR  FIG. 8 is a cross sectional view showing another embodiment of FIG. 1.
DETD
PAR  In FIG. 1 a reference numeral 1 is a holder made of a transparent synthetic
      resin and having a bottomed cylindrical configuration. At the central
      portion of the bottom of the holder is provided a holder projection. A
      needle 4 is detachably mounted through a needle base 3. That is, the
      needle is fixed to the needle base and the needle base 3 is inserted into
      the hole of the projection 2. The needle is sharp-pointed at both ends.
      One end of the needle extends outwardly and the other end of the needle
      extends into the interior of the holder 1. At one end of the needle base a
      flange 5 is provided. To the outer end of the flange is mounted a mounting
      section 7 over which needle cover 6 is fitted. The needle cover is
      gradually tapered to provide a cylindrical configuration. The
      large-diametered open end of the needle cover is fitted over the mounting
      section 7. Into the small-diametered open end of the needle cover is fixed
      a blocking member 9 having a screw threaded engaging section 8. The
      engaging section 8 may be screw threaded into a piston 16 of a container
      12 so that the needle cover is later used as a plunger.
PAR  An open-ended container is slidably inserted into the holder 1. The
      container 12 is used as a fluid sample container or a medicament container
      as will later be described. The container 12 has a projecting mouth 13
      smaller in diameter than the body thereof. An elastic film 14 covers the
      small-diametered mouth 13. The outer pheriphery of the elastic film 14 is
      pressed onto the outer periphery of the mouth 13 by a heat shrinkable film
      15.
PAR  A piston 16 is intimately fitted into the interior of the container 12. The
      piston can be freely moved in an airtight manner within the container.
      Into the outer end of the piston 16 is provided an engaging hole 17 into
      which the screw engaging section 8 of the needle cover is screw threaded.
      When the needle cover is screw-threaded into the piston 16, then the
      piston 16 can be slidably moved.
PAR  To prevent rotation of the piston in mounting the needle cover 6 to the
      piston 16, a groove 18 is provided in an axial direction of the container
      12 to permit it to be engaged with a groove 19 provided on the inner
      surface of the holder 1. That is, the container 12 is movable in the axial
      direction, but it is prevented from rotation since the streak is engaged
      with the groove provided lengthwise of the container 12. A groove may be
      provided on the container and in this case a groove is provided in the
      holder 1. A stopper projection 20 is provided on the inner surface of the
      holder 1 to prevent the container 12 from being pushed into the holder to
      a more than necessary extent such that the elastic film 14 is prematurely
      pierced by the needle. Therefore, the container is not further pushed into
      the holder until a certain amount of force is applied. When the container
      is further forced into the holder to cause the needle to pierce the
      elastic film 14, then the projection stopper 20 is engaged with a groove
      21 provided around the container 12 to impart a shock to the user, thus
      being stopped. The user then knows that piercing is attained.
PAR  Since the holder is made of a synthetic resin, the container 12 can be
      forced into the holder 1 to cause the projecting stopper 20 to be engaged
      with the groove 21. The piston 16 is more intimately fitted into the
      container than the other parts. The presence of a projection 22 provided
      on the open end portion of the container prevents the piston 16 from being
      withdrawn from the container 12. Such an arrangement prevents the piston
      16 from being withdrawn from the container due to an injection pressure of
      a medicament, even when the container is used as a medicament container.
PAR  The end of the needle 4 projecting within the holder 1 is entirely covered
      with an elastic sheath 23. That is, the needle 4 is pierced first through
      the elastic sheath 23 and then through the elastic film 14. Since the end
      of the needle 4 is covered with the elastic sheath until piercing is
      attained, the needle is sanitarily protected from contamination. When the
      needle 4 is withdrawn from the elastic film 14 in an attempt to collect
      blood, then an elastic sheath 23 again covers the needle and prevents
      blood from being flowed out. Reference numerals 24 and 25 are flanges
      respectively provided, for convenience of operation, at the end of the
      holder and at the end of the container 12.
PAR  When the assembly is used as a syringe, a fluid medicament is preliminarily
      introduced into the container 12 . . . called as a cartridge type method,
      or a fluid medicament is suctioned into the container at the time it is
      used. In the former cartridge type method, a number of fluid medicaments
      are stocked within the medicament containers 12 at a factory etc. and
      prepared as cartridges. In practical application, the container 12 is
      inserted into the holder 1 to cause the needle 4 to be pierced through the
      elastic film 14. In this case, the projecting stopper 20 is fitted into
      the groove 21 of the container 12. Then, the needle cover 6 is connected
      to the piston 16 so that the piston can be operated through the needle
      cover 6. The needle 4 is pierced into the flesh of the human body using a
      conventional method. The piston 16 is pushed into the container through
      the needle cover 6 to permit the fluid medicament to be injected.
PAR  In the latter method, a fluid medicament is suctioned into the container
      12. When the piston 16 is moved in a withdrawing direction, a negative
      pressure is created within the container 12 to permit a fluid medicament
      to be suctioned through the needle 4. The next procedures are the same as
      a cartridge type method.
PAR  When the assembly is used as a fluid collection device, the needle 4 is
      pierced through the elastic film 14 and the needle cover 6 is connected to
      the piston 16 and the piston is deeply pushed forward. Then, the needle is
      pierced into the blood vessel of the human body by holding a holder 1.
      When the piston 16 is withdrawn through the needle cover 6, a negative
      pressure is created within the container 12 to permit blood to be
      suctioned. When a blood collection is terminated the container is
      withdrawn from the holder 1 and the needle 4 is withdrawn from the elastic
      film. The hole created in the elastic film is automatically flocked by its
      own resiliency and no leakage is involved.
PAR  Explanation is now made of an embodiment of FIG. 4 in which an adapter is
      used in association with a holder having no groove. Where the outer
      diameter of the container, or what is called a fluid sample container or a
      medicament container, is smaller than the inner diameter of the holder 10,
      an adapter 32 as shown in FIG. 4 is used. The adapter is formed in the
      tubular form. In the inserting end of the adapter 32 is provided a through
      bore for passing the needle therethrough. The adapter has a flange 34 at
      the outer end. Within the adapter 32 a fluid sample container 35 or a
      medicament container (not shown) is inserted. The container 35 is plugged
      by an elastic stopper 36 with a vacuum left. A needle 4 can pierce through
      the elastic stopper 36. Since the needle is covered by an elastic sheath
      23 any number of containers may be replaced.
PAR  The adapter 32 has at one end a through hole 33 through which the elastic
      sheath covered needle can be freely inserted. At the open end of the
      adapter 32 are provided the flanges partly flared out beyond a flange 11
      of the holder as shown in FIG. 5. The adapter has a cross section as shown
      in FIG. 6. The ribbed surface of the adapter is freely slidable within the
      holder. The adapter has a tubular hole circular in cross section into
      which a fluid sample container or a medicament container is slidably
      inserted. The adapter has the following advantages. That is, when blood is
      collected several times from the same person, it is possible to accurately
      pierce the center of the stopper 36 fitted at one end of the container.
      The fluid sample container is required to have its inside kept at vacuum.
      To facilitate the piercing of the needle, the shape as shown at 36 is
      adapted as an elastic stopper structure. Though it is not impossible to
      pierce the central thin portion of the stopper without using the adapter,
      a certain amount of skill is required. If the piercing is inadvertently
      effected in a manner to be deviated from the center of the stopper, then
      blood collection fails, giving pains to the human body. Secondly, the
      flange of the adapter is fared out beyond the flange 11 of the holder.
      When a small-dimensioned fluid sample container as shown by dotted lines
      in FIG. 4 is used, it is possible to easily withdraw the adapter with the
      container from the needle after blood collection. Difficulty is presented
      in removing the small-diametered container from the holder without using
      the adapter. Thirdly, when the adapter is inserted into the holder a
      clearance is created between the closed end of the holder and the closed
      end of the adapter to such an extent that when a container is inserted
      into the adapter the elastic sheath covered needle can pierce through the
      container for communication and the bunching of the elastic sheath as
      encountered during the piercing is sufficiently allowed. The adapter is
      ring-like in cross section and may take any other outer configuration.
PAR  The adapter is required to be transparent or translucent and is desirably
      made of the same material as that of the holder. For example,
      polypropylene is preferably used for such a purpose.
PAR  Blood collection can be reliably effected using the assembly including the
      adapter and the holder with the double-ended needle. That is, blood
      collection is smoothly carried out without giving any unpleasant feeling
      to the human body by merely exchanging one container for another, or
      exchanging one adapter for another so that any size of fluid sample
      containers or medicament containers may be used. According to this
      invention, therefore, replacement of the adapter can be effected with the
      needle pierced into the blood vessel of the human body.
PAR  Though a single projecting stopper 20 is used as shown in FIG. 1 as being
      engaged with the groove 21, a plurality of projecting stoppers may be
      used. The arrangement of the projecting stoppers may be such that the
      needle is pierced through the elastic film 14 when the second stopper, or
      any subsequent stopper, is engaged with the groove 21. The arrangement of
      such stoppers prevents the container 12 from being jolted within the
      holder.
PAR  The needle cover 6 may be bayoneted into the piston 16 or the connection of
      the needle cover to the piston may be effected through any other engaging
      means.
PAR  Though an elastic film is used as means for sealing one open end of the
      container 12, an elastic stopper 26 as shown in FIG. 7 may be used as
      such. That is, the elastic stopper 26 has a collar 27 in contact with a
      flange 28 provided at the mouth of the container. Over the outer
      peripheral surfaces of the collar 27 and the flange 28 a heat shrinkable
      film 29 is fitted. The thick elastic stopper 26 has a guide hole 30
      through which the needle is guided to a certain depth.
PAR  Since it is difficult to manufacture a holder and a container in a manner
      that the container is intimately moved relative to the holder, they are
      usually manufactured with a certain allowance left. In an attempt to avoid
      any jolt, a plurality of ribs or projections 31 may be provided.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiple sampling assembly comprising:
PA1  a tubular container having a closed end and an open end to which a stopper
      is sealingly attached;
PA1  a tubular container holder having an open end receiving said container, and
      a closed end to which a double-ended needle is fitted, one end of the
      needle being projected into the interior of the holder for piercing
      through the stopper into the interior of the container and the other end
      projected outside the holder;
PA1  a self-recoverable elastic sheath enveloping said one end of the needle and
      serving as a seal against the passage of a liquid from a vein, but being
      pierceable by the one end of the needle when the container is positioned
      for injection or sampling; and
PA1  a substantially cylindrical adapter detachably and slidably inserted in the
      holder receiving and keeping said tubular container substantially coaxial
      with said holder, said adapter having open and restricted ends, a
      plurality of circumferentially spaced ribs on the outer periphery thereof,
      an opening extending centrally through said restricted end and dimensioned
      to freely receive said one end of the needle and the elastic sheath
      therethrough, and means limiting the insertion of the adapter into the
      holder to a predetermined position relative to the holder, whereby to
      ensure between the closed end of the holder and the restricted end of the
      adapter a clearance sufficient to allow collapsing of the elastic sheath
      on piercing of said container by said one end of the needle, the inner
      diameter of the adapter being slightly larger than the outer diameter of
      the tubular container and the outer diameter of the adapter being slightly
      smaller than the inner diameter of the holder thereby to ensure the
      insertion of the tubular container into the holder in a position
      substantially coaxial with the holder, said adapter and container being
      removable from said holder to permit the holder to receive another tubular
      container of larger diameter.
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ABST
PAL  An adjustable antiptosis corset for human beings, to support viscera in
      general and to correct falling stomachs and the like in particular,
      comprising a resilient fabric to cover part of the rear and sides of the
      trunk of the bearer; the portion covering the rear is resilient in a
      vertical direction and the portions covering the sides are resilient in a
      horizontal direction, and a non-resilient ventral pocket member having a
      top access opening, said pocket member being connectable through
      adjustable self-fastening tapes to said side portions and which pocket
      member is provided with spaced-apart upstanding diverging whale-bone-like
      reinforcing members and separate parallel whale-bone-like reinforcing
      members, crossing said diverging whale-bone-like reinforcing members, and
      an unwrinkable, tapered cushion member having a thicker base portion,
      insertable in such pocket member, with said thicker base portion located
      on the bottom of said pocket member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates to an adjustable antiptosis corset to support
      viscera in general, to compensate distention, lowering, as well as
      slackness of muscles, tendons and ligaments supporting the stomach,
      intestine, kidney, womb and the like organs of the human being, in order
      to correct fallen stomachs and the like.
PAR  2. Description of the Prior Art.
PAR  Corsets as well as girdles for supporting viscera are already well known in
      the art, but most of the embodiments so far suggested have to be
      individually made, to obtain a proper adjustment and support to the
      viscera, in accordance with the size and other details of the patient.
      Frequently these corsets were unsatisfactory because upon the patient's
      physical condition changing (increasing or decreasing of weight), the
      corset did not provide proper support. Most of these corsets covered a
      portion of the body above the navel and thereby the pressure to be applied
      by the corset was not properly distributed. In view of the foregoing it is
      apparent that so far no proper garment of this type has been conceived
      which can be produced in standard sizes, to be adjusted for the first time
      by the physician or orthopedic, teaching thereby the wearer how to use the
      garment.
PAR  Thus the wearer can then carry out his or her own adjustments in accordance
      with physical variations, to which the human body may be subject.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided an adjustable
      antiptosis corset to support viscera in general, to compensate distention,
      lowering, as well as slackness of muscles, tendons and ligaments
      supporting the stomach, intestine, kidney, womb and the like organs of the
      human being, in order to correct fallen stomach and the like, comprising a
      resilient fabric member to cover the rear and sides of part of the trunk
      of the wearer, and having a central portion and two side portions, said
      central portion being resilient in a generally vertical direction and said
      side portions being resilient in a generally horizontal direction with
      regard to the longitudinal axis of the human being, upon the corset being
      worn by the wearer, each side portion defining an outer substantial
      vertical edge, parallel clasp tape members projecting away at right angles
      from said outer edges, said central portion having a horizontal lower edge
      substantially perpendicular to said outer edges, a substantially
      trapezoidal ventral pocket member, having parallel larger and smaller
      edges, said pocket member including an outer non-resilient fabric wall
      member and an inner non-resilient fabric wall member linked together by
      their edges with the exception of the smaller adges which define a top
      access opening to the pocket formed by said fabric wall members, the said
      outer fabric wall member having an outer face provided with clasp linking
      means for said clasp tapes, and an inner face on which a pair of spaced
      apart, from bottom to top diverging whale-bone-like reinforcing members
      are mounted, said whale-bone-like reinforcing members diverging towards
      said top access opening, said inner non-resilient fabric wall member
      having parallel, whale-bone-like reinforcing members which are parallel to
      said parallel edges.
PAR  The corset of the present invention provides a particular arrangement of
      the above cited first resilient fabric member. More particularly, the
      central portion is larger towards its lower edge, whereby the side
      portions which are horizontally resilient can generate on the pocket
      member an inward pressure which decreases from the bottom of the pocket
      towards the access opening thereof. The particular resiliency of the
      central portion with regard to the side portions cooperates in achieving
      this purpose and at the same time assures that upon the wearer carrying
      out certain movements, such as bending the central portion, due to its
      resiliency in the vertical direction, follows such movement, whereas the
      side portions which are not resilient in the vertical direction, maintain
      on the pocket member the necessary inwardly directed supporting pressure
      on the pertinent organs.
PAR  The arrangement of the clasp tape members with the clasp linking means,
      which are of the self-fastening type, are preferably made of tapes, one
      series of which has on one side a fuzz-like nap, while the other series,
      i.e. the clasp linking means include hook-line projections. Thus upon
      pressing one tape of one series onto one tape of the other series, they
      become fastened. This type of self-fastening arrangement is known in the
      market under the trade-name "VELCRO" , and may be easily adjusted by the
      wearer.
PAR  In addition, the pocket member may likewise be linked by its lower or
      bottom edge portion through such an adjustable self-fastening-type
      arrangement to a non-resilient crotch fabric member, further attached to
      the lower edge of the central portion of said first resilient fabric
      member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying
      drawings, in which:
PAR  FIG. 1 is a perspective view, from the front, of the adjustable antiptosis
      corset, in accordance with the present invention.
PAR  FIG. 2, is a side elevation of the corset shown in FIG. 1.
PAR  FIG. 3, is a longitudinal section through the corset, as shown in FIG. 2.
PAR  FIG. 4, is a layout in plan view, showing the inside side of the first
      resilient fabric member, crotch fabric member and clasp tapes.
PAR  FIG. 5, is a plan view of the outside side of the pocket member.
PAR  FIG. 6, is a plan view of the inside side of the pocket member.
PAR  FIG. 7, is a cross-section along line VII--VII of FIG. 5
PAR  FIG. 8, is a longitudinal section, along line VIII--VIII of FIG. 6.
PAR  FIG. 9, is a plan view of the cushion member.
PAR  FIG. 10, is a cross-section along line X--X of FIG. 9.
PAR  FIG. 11, is a detail, in perspective view, showing an other embodiment of
      the corset in accordance with the present invention, to be preferably used
      by males.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The adjustable antiptosis corset 20 of the present invention, as shown in
      FIG. 1, comprises a resilient fabric member 22, best shown in FIG. 4,
      having a central portion 24 and two side portions 26 and 28. The corset 20
      as shown in FIG. 1 defines a longitudinal axis 30, which corresponds to
      such axis of the human being or wearer, who will use the corset 20, which
      in FIG. 1 is shown in its assembled position.
PAR  For convenience of explanation, the longitudinal axis 30 is likewise shown
      in FIG. 4. The central portion 24 is resilient in a general vertical
      direction, i.e. in a direction corresponding to axis 30. The central
      portion 24 has a horizontal lower edge 32, i.e. perpendicular to axis 30
      and horizontal upper edge 34, which is smaller in length than the said
      lower horizontal edge 32. The side edges 36 and 38 define with said lower
      and upper edges 32, 34 a trapezoide. The side portions 26 and 28 have
      likewise an approximate trapezoidal shape, but the outer edges 40 and 42
      are the parallel sides of the trapezoide with the side edges 36 and 38.
      The lower edges 44 and 46 are slightly curved and continue into the lower
      horizontal edge 32, by means of pertinent hems. The side portions 26 and
      28 are resilient in a generally horizontal direction or in other words
      perpendicular to the longitudinal axis 30.
PAR  The fabric loop members 52, 54 are stitched to the hems 48, 50 for hooking
      in pertinent suspenders (not shown). Conveniently sheathed whale-bone
      arrangements 56 project downwardly from the horizontal upper edge 34 and
      are stitched on to the central portion 24 in the upper zone thereof, to
      avoid wrinkling of said zone. Conveniently the top portion of each
      whale-bone arrangement is covered with a soft cushion-like fabric.
      Similarly, the upper edges 60 and 62, of the side portions 26, 28 are
      provided with similar sheathed whale-bone arrangements 56', but which are
      smaller in length than the whale-bone arrangement 56 and likewise
      partially covered with cushion-like fabrics 58', for the same purpose.
      Three parallel clasp tape members 64, and 64' project away at right angles
      from each of said outer edges 40, 42.
PAR  The series of the clasp tape members 64, 64', have their inner faces
      covered with a fuzz-like nap and form part of a self-fastening
      arrangement, as will be explained later on. A non-resilient crotch fabric
      member 66, is attached to the lower edge 32 in the embodiment
      corresponding to FIGS. 1 to 4. The said non-resilient crotch fabric member
      66 has likewise an approximate trapezoidal shape and the free edge 68 is
      covered on the inside side with a clasp-tape member 70, the purpose of
      which will be later explained.
PAR  A substantially trapezoidal ventral pocket member 72, which has parallel
      larger and smaller edges 74 and 76, 76' consists of an outer non-resilient
      fabric wall-member 78 and an inner non-resilient fabric wall member 80,
      linked together through stitching by the side edges 82, 84 and the larger
      edge 74, which thereby defines the bottom of the pocket member 72. Thus
      the smaller edge 76, 76' of the fabric wall member 78 and 80 define a top
      access opening of the pocket. The larger edge 74 comprises a tongue-like
      projection 86 at the central portion and adjacent thereto a pair of fabric
      loop-members 88 and 90 provided for the same purpose as loop members
      52-54.
PAR  On the outer non-resilient wall member 78, and on the outside face thereof,
      clasp linking means are provided, consisting of three parallel tapes 92,
      each having projecting loops which define hook-like projections. These
      tapes 92 are stitched to member 78 and extend from side edge 82 to side
      edge 84.
PAR  A smaller clasp-linking tape 94 (FIG. 5) is stitched on the tongue-like
      projection 86, adjacent to the lower-most tape 92, whereby the free end
      portion of the tongue projection projects beyond the tape 94.
PAR  A pair, from bottom 74 to top 76 spaced-apart diverging whale-bone-like
      reiforcing members 96, 98 are mounted on the inner face of the outer
      non-resilient fabric wall member 78. Said whale-bone-like reiforcing
      members diverge towards said top access opening of the pocket. More
      particularly, these reinforcing members 96 and 98 have their lower end
      portions adjacent the side edges of the tongue-like projection 86 (see
      FIG. 5).
PAR  As best seen in FIGS. 3, 6 and 8, there are three parallel whale-bone-like
      reinforcing members 100, which are parallel to the edges 74 and 76', and
      attached to the inner non-resilient fabric wall member on the side remote
      from the pocket.
PAR  Finally, a cushion member 102, having a resilient filling 104 within a
      fabric casing 106 and being tapered from the bottom 108 towards the top
      110, is insertable into the pocket with the bottom 108 to be arranged
      adjacent to the larger edge 74.
PAR  In order to avoid wrinkling of the said cushion member, a plate 112 is
      inserted in the cushion member and attached to the main side surface 114
      thereof. The corset may be used with or without said cushion member 102.
PAR  When the patient uses the corset for the first time, the physician or
      orthopedic has to lay down the patient on a table with knees raised, in
      order that the lower portion of the abdomen becomes slightly raised with
      regard to the rest of the body.
PAR  The resilient fabric member 22 is of course to be placed firstly on the
      table so that the central portion 24 thereof becomes located below the
      lower portion of the back of the patient. Thereafter, the non-resilient
      crotch fabric member is inserted between the legs so that the free edge 68
      becomes located on the pubis and then the pocket member 72 through its
      clasp-linking tape 94 and the clasp tape member 70 are pressed-fitted
      together. The combination of tapes 94 and 70 is known on the market under
      the trade-name "VELCRO". Thus, the pocket member 72 can be located on the
      belly with the upper edges 76, 76' below the navel of the patient.
      Thereafter, the clasp tape member 64, 64' are pressfitted on the clasp
      linking tapes 92 and thereafter pressure is applied on the clasp tape
      members 64, 64' to link them together. A suitable inwardly and upwardly
      directed pressure is thus exerted by the pocket-member 72 onto the
      abdomen. The pressure can be regulated by varying the position of the
      clasp tape members 64, 64' thereby slackening or tightening the assembly.
      The whale-bone-like reinforcing member 96, 98, 100 assure that no
      wrinkling takes place at the pocket member 72.
PAR  The lower-most clasp tape members 64 and 64' are under the influence, as
      far as the stress is concerned, of a larger zone of the side portions 26,
      28 and central portion 24, namely the zone defined by the theoretical line
      116 (FIG. 4), and the lower edges 44, 32, 46 than the remaining clasp tape
      member 64. The result is, that the pocket member will exert a greater
      pressure on the belly in the zone corresponding to the bottom of the
      pocket than in the zone corresponding to the top access opening of said
      pocket; still more specific, the pressure is decreasing from the bottom of
      the pocket-towards the access opening of the pocket.
PAR  Depending on the specific diseases the patient is suffering, in some cases
      it may be advisable to insert in the pocket member the cushion member 102.
PAR  The fact that the central portion 24 is resilient in a generally vertical
      direction, assures that this portion of the corset can expand upon the
      wearer carrying out certain movements, such as bending and yet the cushion
      member will always be maintained in the same correct position, because the
      side portions 26, 28 are not resilient in the vertical direction, but only
      in the horizontal direction, thus maintaining the corset in the same
      position on the weaarer. In addition horizontally expandable side portions
      assure that the patient's diaphragm will not be hindered in its proper
      functioning during breathing.
PAR  Turning now to FIG. 11, the structural features of this embodiment are
      substantially the same as those previously described and the portion of
      the corset 120, there shown, differs from the corset 20 in that it has no
      crotch-fabric member.
PAR  Conveniently, the lower edges, which in the previous embodiment are
      identified by reference numerals 44, 46, form in this embodiment part of
      pertinent elastic ring members 122 to be fitted around the thighs of the
      wearer.
PAR  Although several embodiments of the invention have been described and
      illustrated in detail, it is to be expressly understood that the invention
      is not limited thereto. Various changes can be made in the design and
      arrangement of the parts, without departing from the spirit and scope of
      the invention, as the same will now be understood by those skilled in the
      art.
CLMS
STM  I claim:
NUM  1.
PAR  1. An adjustable antiptosis corset to support viscera in general, to
      compensate distention, lowering, as well as slackness of muscles, tendons
      and ligaments supporting the stomach, intestine, kidney, womb and the like
      organs of the human being, in order to correct fallen stomachs and the
      like, comprising a resilient fabric member to cover the rear and sides of
      part of the trunk of the wearer, and having a central portion and two side
      portions, said central portion being resilient in a generally vertical
      direction and said side portions being resilient in a generally horizontal
      direction with regard to the longitudinal axis of the human being, upon
      the corset being worn by the wearer, each side portion defining an outer
      substantial vertical edge, parallel clasp tape members projecting away at
      right angles from said outer edges, said central portion having a
      horizontal lower edge substantially perpendicular to said outer edges, a
      substantially trapezoidal ventral pocket member, having parallel larger
      and smaller edges, said pocket member including an outer non-resilient
      fabric wall member and an inner non-resilient fabric wall member linked
      together by their edges with the exception of the smaller edges which
      define top access opening to the pocket formed by said fabric wall
      members, the said outer fabric wall member having an outer face provided
      with clasp linking means for said clasp tapes, and an inner face on which
      a pair of spaced apart, from bottom to top diverging whale-bone-like
      reinforcing members are mounted, said whale-bone-like reinforcing members
      diverging towards said top access opening, said inner non-resilient fabric
      wall member having parallel whale-bone-like reinforcing members which are
      parallel to said parallel edges.
NUM  2.
PAR  2. The corset of claim 1, wherein a non-resilient crotch fabric member is
      attached to said lower edge and is of a substantially trapezoidal shape,
      said fabric member having an edge remote from said lower adge, and which
      is removably connected to said larger edge of said trapezoidal ventral
      pocket member.
NUM  3.
PAR  3. The corset of claim 1, wherein said lower edges of said side portions
      are each stitched to an elastic ring member.
NUM  4.
PAR  4. The corset of claim 1, wherein said parallel clasp tape members are
      covered on one side with a fuzz-like nap and said clasp linking means
      include hook-like projections, the fuzz-like naps being pressure fittable
      to said hook like projections.
NUM  5.
PAR  5. The corset of claim 1, and further comprising a tapered cushion member
      insertable in said pocket member, said cushion member including a plate
      adapted to avoid wrinking of said cushion member.
NUM  6.
PAR  6. The corset of claim 1, wherein said central portion is of a trapezoidal
      shape, said lower edge of said central portion, being parallel to the
      upper edge thereof, and said side portions being of trapezoidal shape and
      the respective outer edges being parallel to the side edge of said central
      portion and attached thereto.
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PAL  A pediatric device to control, within selected limits, the extent that a
      child can twist his feet. As an advance over known, generally similar
      devices, the traverse-limits are embodied on components which have
      intermeshing teeth. As a consequence, the teeth not only hold the
      components in relative positions, but very minute and accurate position
      adjustments can be made therebetween, by merely changing the teeth that
      establish the engagement. If desired, the positional change can be as
      small as the pitch of a single tooth.
BSUM
PAR  The present invention relates to movement-restraining pediatric devices,
      and more particularly to an improved pediatric device which, despite its
      simple construction, is sturdy and capable of a wide range of adjustment.
PAR  It is already well known in the patent literature, as exemplified by U.S.
      Pat. No. 3,109,424, how to use and construct a pediatric device to correct
      for abnormal toeing-in, i.e. internal tibial torsion, or toeing-out, i.e.
      external tibial torsion. This is also a primary use and objective of the
      within pediatric device. However, unlike known devices, the movement
      limits are not established merely by the abutment of a pin or the like
      against a stationary surface. This prior art technique, which
      characterizes presently known pediatric movement-restraining devices, is
      vulnerable to malfunction due to shearing of the stop pin, and also is not
      readily capable of minute adjustments. As to the latter, the stop pin is
      usually threadably disposed in a selected one, of a circumferential
      arrangement, of openings, and thus the smallest possible adjustment is
      limited to the smallest distance that can be left between adjacent
      openings.
PAR  Broadly, it is an object of the present invention to provide a pediatric
      corrective device with improved structural features overcoming the
      foregoing and other shortcomings of the prior art. Specifically, it is an
      object to distribute the force resisting movement by the patient beyond
      specified limits over the cumulative surface area of intermeshing teeth,
      thereby obviating any possibility of failure by shearing. Simultaneously,
      the intermeshing teeth permit minute and accurate adjustments in position,
      by as little as the pitch of a single tooth, if desired.
PAR  A construction in a pediatric corrective device demonstrating objects and
      advantages of the present invention includes a bar having an operative
      position connected in spanning relation between the patient's shoes. Said
      bar has adjacent each end an opening therein with a stop projection on a
      wall bounding said opening. There are also provided a plate for attachment
      to each said shoe, a threaded member extending perpendicularly of each
      said plate defining the axis for said permissible twisting traverses of
      said shoe, each said threaded member having an operative position
      projected centrally through one said end opening of said bar, a circular
      member fixedly mounted to each said plate at the base of said threaded
      member having teeth along its perimeter in encircling relation about said
      threaded member, and ring-like traverse-limiting members having inner and
      outer wall surfaces positionable in the clearance between each said
      circular member and said wall bounding said bar end opening. Each
      traverse-limiting member is provided with a traversing slot of a selected
      length in its outer wall surface for receiving the bar stop in projected
      position therein to thereby allow traversing movement until abutment by
      the bar stop with the opposite end walls bounding said traversing slot.
      Also, each traverse-limiting member has teeth along its inner wall surface
      to provide meshing engagement with the peripheral teeth of said circular
      member, whereby said meshing engagement holds the traversing slot in any
      selected traverse-limiting relation to the bar stop, and the same also
      enables the adjustments in relative positions of the slot and stop
      projection merely by changing the teeth that establish the meshing
      engagement.
DRWD
PAR  The above brief description, as well as further objects, features and
      advantages of the present invention, will be more fully appreciated by
      reference to the following detailed description of a presently preferred,
      but nonetheless illustrative embodiment in accordance with the present
      invention, when taken in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is an end elevational view of a prior art pediatric corrective
      device;
PAR  FIG. 2 is an end elevational view, on an enlarged scale, of the pediatric
      corrective device according to the present invention; and
PAR  FIG. 3 is a perspective view showing the assembly of the connection of the
      pediatric device to the patient's shoe, and also further details of the
      structural features of said pediatric device.
DETD
PAR  Reference is now made to the drawings wherein the pediatric corrective
      device, generally designated 10, is illustrated in FIGS. 2 and 3. While
      there are devices available which generally achieve the same medical
      effect or objective as device 10, as exemplified by the prior art device
      12 illustrated in FIG. 1, device 10 has many significant and noteworthy
      structural features that are not part of, or contemplated by, the prior
      art device 12. To better understand these differing features, it is
      helpful to understand the construction and mode of operation of device 12.
      Said device includes two shoe plates 14, 16 which are attached to the
      soles of the shoes of the patient. There is also included a bar 18
      connected to each of the shoe plates, as at 20, 22, said connections
      functioning as axes for limited rotation of the shoe plates. That is, as
      already noted, assuming that a patient has internal tibial torsion or
      abnormally inwardly bent feet, device 12 is useful in holding his feet in
      an outwardly diverging relation as illustrated in FIG. 1, and also in
      permitting exercise movements in the corrective directions 24 and 26.
PAR  In the construction of the prior art device 12, however, and constituting
      specific aspects of the same which the device 10 hereof constitutes an
      improvement thereover, certain structural features are utilized to
      restrain the shoe plates 14 and 16 from permitting inturning of the
      patient's foot. These features include on each shoe plate a
      circumferential arrangement 28 of threaded openings, and the use of
      threaded pins or studs 30 as stops limiting the rotation of the shoe
      plates 14, 16. That is, as should be readily obvious from FIG. 1, to
      prevent turning of the shoe plates 14 and 16 towards each other and thus
      out of their outwardly diverging relation, the studs 30 are threaded into
      a cooperating opening 28 and prevent rotation of the shoe plates 14, 16
      about the axes 20, 22 when they abut against the edge 32 of the bar 18.
      Among other shortcomings, this traverse-limiting means is not capable of
      minute adjustments since the spacing between the openings 28 cannot be
      reduced, for all practical purposes, to less than 1/4 of an inch or the
      like. Also, the prohibited rotational traverses of the shoe plates 14 and
      16, as achieved by the studs 30, result in extensive shear forces being
      placed on the studs 30, and thus over a period of time can ultimately
      result in shearing of one or both of these studs.
PAR  The improved pediatric corrective device 10, constructed as illustrated in
      FIGS. 2, 3, has significant operational advantages, one of which is that
      it is capable of very fine or minute adjustment. Device 10 similarly
      includes a pair of shoe plates 40 and 42 which in practice, as illustrated
      in FIG. 3, is attached to the soles of the child's shoes 44, using screws,
      rivets or the like at appropriate locations 46. Adapted to be connected in
      spanning relation between the shoe plates 40 and 42 is a correction bar
      48. At each end of the bar 48, as best illustrated in FIG. 3, there is a
      generally circular opening 50 which has at least one, and could have, as
      illustrated, two opposing inwardly extending stop projections 52, the
      functioning of which will soon be apparent.
PAR  Referring now to FIG. 3, each shoe plate, as exemplified by shoe plate 42,
      includes a perpendicularly oriented threaded member 54 appropriately
      connected to the plate, as by welding or the like. Each threaded member 54
      has a stationary circular base 56 which has teeth 58 appropriately
      machined in its peripheral end wall or surface. Thus, as best illustrated
      in FIG. 2, each member 56 thus presents circumferentially arranged teeth
      58 in encircling relation about each of the threaded members 54.
PAR  Connection of the bar 48 in spanning relation between the shoe plates 40
      and 42 contemplates assembling the bar openings 50 about each of the
      threaded members 54. Specifically, each of the openings 50 are placed
      about the smaller diameter member 56. This leaves clearance between the
      teeth 58 of member 56 and the wall which bounds the opening 50. In
      accordance with the present invention, positionable in this clearance is a
      ring-like traverse-limiting member 60. The ring-like body of each member
      60 provides it with an outer surface 62 and an inner surface 64.
PAR  As may best be appreciated by reference specifically to shoe plate 42 in
      FIG. 2, there is provided in the outer surface 62 of each member 60 at
      least one, and possibly two, machined traversing slots 66. In the set-up
      illustrated in FIG. 2, it should be readily appreciated that shoe plate 42
      can be rotated through a clockwise traverse 68 until there is abutment of
      an end wall bounding the traversing slot 66 with the stop 52, as at the
      reference location 70. Thus location 70 represents the holding position at
      which no further inward bending or twisting can occur for a patient
      suffering from tibial torsion.
PAR  Limited exercise movement in a counter-clockwise direction is possible
      during use of the device 10. Specifically, a counter-clockwise traverse 72
      is possible until the opposite end wall of traversing slot 66 abuts
      against the opposite side of the stop 52, as at reference location 74. In
      the illustrated embodiment, the total traverse, i.e. the addition of the
      traverses 68 and 72, is approximately 30 degrees.
PAR  What has been described is capable of being achieved using the prior art
      corrective device 12. However, what cannot be achieved using device 12 is
      the minute adjustments that can be made in the reference locations 70 and
      74 which limit the in-turning or out-turning of the patient's feet. To
      this end, each traverse-limiting member 60 has teeth 76 along its inner
      wall or surface 64 which matches in size and pitch that of the teeth 58 of
      the base member 56. Thus, when each member 60 is positioned in encircling
      relation about the base member 56, the cooperating teeth 76 and 58 achieve
      a meshing relationship. This meshing relationship, in an obvious manner,
      holds each member 60 in a position that prevents its rotative movement
      when there is abutment of the stop 52 against the end walls bounding the
      traversing slot 66. Also, adjustment at which abutment occurs, as
      exemplified by the locations 70 and 74, may be readily changed by
      advancing member 60 either clockwise or counter-clockwise relative to the
      stationary base member 56. This advancement can, of course, be made by as
      little as one tooth at a time if desired, although as a practical matter
      this small an adjustment is usually not required during treatment of the
      patient. An adjustment by two or three teeth is, however, often necessary
      and, of course readily made using the device 10.
PAR  Completing the construction of the assembled connection for the ends of the
      bar 48 and the shoe plates 40 and 42 is a nut 78 which threadably engages
      the upper portion of threaded member 54 which is exposed after assembly of
      member 60 and the end of bar 48 about the base member 56. Each nut 78
      includes a disk 80 which serves as a closure for the opening 50 in that it
      is of sufficient diameter to extend in covering relation over the member
      60 and thereby maintains this member in place. Washer 82 prevents rubbing
      contact between the shoe plates 42 and 40 with the bar 48 during pivotal
      traverses of the patient's feet. Similarly, washer 84 prevents rubbing
      contact between the closure disk 80 and the upper surface of the bar 48.
PAR  In the illustrated construction of the device 10, openings 50 were provided
      with two opposing stops 52 and the traverse-limiting member 60 with two
      cooperating opposing traversing slots 66. The use of these structural
      features in pairs makes it easier to complete and assemble the connection
      for the bar 48 with each of the shoe plates since the traversing slot is
      available for use whether the member 60 is in a "heads" or "tails"
      position. However, the within invention can be practiced without this
      convenience, in which instance only one stop 52 and only one traversing
      slot 66 would be provided.
PAR  A latitude of modification, change and substitution is intended in the
      foregoing disclosure, and in some instances some features of the invention
      will be employed without a corresponding use of other features.
      Accordingly, it is appropriate that the appended claims be construed
      broadly and in a manner consistent with the spirit and scope of the
      invention herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pediatric corrective device adapted to be attached to the soles of a
      patient's shoes so as to confine twisting traverses of said patient's legs
      to within selected limits, said device comprising a bar having an
      operative position connected in spanning relation between said shoes and
      having adjacent each end an opening therein with a stop projection on a
      wall bounding each said opening, a plate for attachment to each said shoe,
      a threaded member extending perpendicularly of each said plate defining
      the axis for said permissible twisting traverses of said shoe, each said
      threaded member having an operative position projected centrally through
      one of said end openings, respectively of said bar, a circular member
      fixedly mounted to each said plate at the base of said threaded member
      having teeth along its perimeter in encircling relation about said
      threaded member, and ring-like traverse-limiting members having inner and
      outer wall surfaces positionable in the clearance between each said
      circular member and said wall bounding said bar end opening, each of said
      traverse-limiting members having at least one traversing slot of a
      selected length in said outer wall surface for receiving said stop
      projection in projected position therein to thereby allow traversing
      movement until abutment by said bar stop with the opposite end walls
      bounding said traversing slot, and teeth along said inner wall surface of
      said traverse-limiting member to provide meshing engagement with said
      peripheral teeth of said circular member, whereby said meshing engagement
      holds said traversing slot in any selected traverse-limiting relation to
      said bar stop and enables adjustments therein merely by changing said
      teeth that establish said meshing engagement.
NUM  2.
PAR  2. A pediatric corrective device as claimed in claim 1 including a closure
      member adapted to threadably engage an exposed end of each said threaded
      member and of a circumferential size to extend in covering relation over
      said traverse-limiting member, to thereby hold each said traverse-limiting
      member in position.
NUM  3.
PAR  3. A pediatric corrective device as claimed in claim 2 including a pair of
      traversing slots in each said traverse-limiting member in opposing
      relation to each other, and a cooperating pair of stop projections on said
      bar also in opposing relation to each other, to thereby facilitate the
      assembled connection of said bar with said plates.
NUM  4.
PAR  4. A pediatric corrective device as claimed in claim 3 wherein the length
      of each said traversing slot is of an extent allowing a twisting traverse
      of approximately 30 degrees.
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ABST
PAL  A liquid administration apparatus includes a closed fluid system enabled by
      a double bore metering tube which leads from an intermediate sump fed by a
      supply container to a flow controlling float chamber. The supply container
      can either be of the flexible bag type or the bottle type, both commonly
      used for infusing physiological fluids into the circulatory system of a
      patient. The float chamber is movably mounted on a flow indicating scale
      to set calibrated rates of flow. The sump is divided into a reservoir
      portion and an over-flow portion by a dam and an air inlet tube projects
      above the dam. A liquid inlet means leads from the reservoir portion
      through a metering tube to the float chamber. The float chamber includes a
      float which is buoyed by liquid entering the float chamber and centered by
      splines projecting inwardly of the float chamber. The float in the float
      chamber functions as a valve to selectively open and close a port leading
      to the infusion needle of the apparatus. In one alternative embodiment the
      float chamber is made transparent since drops of physiological fluid are
      formed in that chamber. In the preferred embodiment, drops are formed only
      in the sump and the sump is therefore made transparent for observation of
      the functioning of the apparatus. Specifically, a closed system is
      presented whereby a pressure equalizing air tube connects the sump and the
      float chamber, neither of which is vented to the outside atmosphere. This
      makes the system self-compensating in maintaining a constant head for the
      fluid between the sump and the float chamber.
BSUM
PAR  This invention relates primarily to liquid administration apparatus and
      more particularly to such apparatus wherein flow rate is maintained at a
      constant value without regard to the amount of liquid remaining in the
      supply container.
PAR  Physiological fluids are normally infused into a patient with a parenteral
      administration set. The administration set is utilized to provide a fluid
      passage between a physiological fluid in a supply container, e.g., a
      parenteral solution of sterile water or a saline or glucose water
      solution, etc., carried in a glass bottle or in a flexible plastic bag for
      intravenous or arterial administration. Infusion of the parenteral
      solution has been achieved by suspending an inverted bag above the patient
      and interconnecting a length of tubing forming a part of the
      administration set to the bag by piercing a membrane stopper at the mouth
      of the bag with a penetrant. The tubing included a drip chamber connected
      in series therewith and through which the rate of solution flow could be
      observed. A constriction pinch valve was provided to restrict the fluid
      flow through the tubing to levels meeting the prescribed requirements of
      the patient. The free end of the tube was connected to a hollow bore
      needle which was inserted into a blood vessel, e.g., a vein, of the
      patient.
PAR  When the supply container was a vented bottle or a collapsable bag, it
      suffered from the disadvantage that the flow rate changed as the bottle
      emptied and the fluid head reduced.
PAR  A major disadvantage encountered with either supply container, rigid,
      vented bottle or collapsable plastic bag, is the variation that took place
      relative to rate of solution flow. The flow rate changes could be
      compensated for by a technician observing the drip rate and accordingly
      adjusting the aforementioned construction pinch valve. Furthermore, flow
      rate changes could be caused not only by depletion of the liquid supply in
      the supply container, but also when the patient voluntarily or
      involuntarily raised or lowered his infusion arm. Also, changes in blood
      pressure, partial clogging of the infusion needle or partial clogging at
      another part of the administration set could cause changes in the flow
      rate. Although recent advances have been made relative to elimination of
      particulate matter infused into the patient by the use of filters at the
      infusion needle, clogging can still occur without use of the present
      invention at the constriction pinch valve, which clogging is not
      alleviated by an infusion needle filter.
PAR  The constant and gradual changes in flow rate necessitated the constant
      checking and adjustment of administration sets by overburdened nurses.
      Furthermore, flow rate stability has been insufficient for pediatric and
      cardiac patients where expensive infusion devices must be used.
PAR  Accordingly, a primary object of the present invention is to provide a
      liquid administration apparatus for providing constant flow without regard
      to the level of the infusion arm, clogging problems, the amount of fluid
      remaining in the supply container or the patient's blood pressure.
PAR  A further object of the present invention is to provide liquid
      administration apparatus which can be used with a flexible plastic bag
      liquid supply container or a vented, rigid supply container.
PAR  These and other objects of the present invention are accomplished in
      accordance with one illustrative embodiment of the present invention which
      features an administration set for the infusion of a supply liquid in a
      supply container into the circulatory system of a patient. The
      administration set includes a sump and a float chamber connected by a
      double bore metering tube for carrying air and liquid between the sump and
      the float chamber. The supply container can either be of the flexible bag
      type or the rigid, bottle type, both commonly used for storing
      physiological fluids. The float chamber is movably mounted on a flow
      indicating scale and includes a float which is buoyed by liquid entering
      the float chamber from the sump. Projecting inwardly from the float
      chamber shell are splines for the purpose of centering the float, which
      acts as a normally closed valve relative to liquid flowing from the float
      chamber through the infusion needle of the apparatus. In one embodiment
      the float chamber is made transparent since drops of the liquid are formed
      in that chamber, but in the preferred embodiment, drops are formed in the
      sump and the sump is made transparent for observation of drop formation.
PAR  The sump is divided into a reservoir portion and an over-flow portion by a
      dam construction, with the reservoir portion supplying the liquid bore of
      the metering tube, and an air inlet tube projects above the dam
      construction.
PAR  In one alternative embodiment a vented nozzle leads from the metering tube
      to the float chamber whereby drops are made to form in the float chamber.
DRWD
PAR  The above brief description, as well as further objects, features and
      advantages of the present invention, will be more fully appreciated by
      reference to the following, detailed description of the preferred, but
      nonetheless illustrative embodiment, when taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a front perspective view of an administration set apparatus
      according to the present invention, showing particularly the physiological
      fluid bag and the infusion needle with which said administration set is
      connected for operation;
PAR  FIG. 1A is a side, partially sectioned view of the physiological fluid bag;
PAR  FIG. 2 is a top sectional view of the sump apparatus of the administration
      set, the section being taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a front, partial section view taken along the line 3--3 of FIG. 2
      and showing particularly the dam construction dividing the portions of the
      sump;
PAR  FIG. 3A is a front, partial, sectional view of an alternative sump inlet
      means useful in the system of FIG. 1;
PAR  FIG. 4 is a top, sectional view of the float chamber of the administration
      set, taken along the line 4--4 of FIG. 1;
PAR  FIG. 5 is a front, sectional view of the float chamber with float therein
      taken along the line 5--5 of FIG. 4;
PAR  FIG. 5A is a partial top view taken along the line 5A--5A of FIG. 5;
PAR  FIG. 5B is a front, partial, sectional view of the float chamber inlet
      means taken along the line 5B--5B of FIG. 5;
PAR  FIG. 5C is a front, sectional view of an alternative inlet means useful in
      connection with the float chamber of FIGS. 5 and 5B when the sump of FIG.
      3A is used; and
PAR  FIG. 6 is a partial side view showing the float chamber and scale of FIG. 1
      and particularly the construction for moving the float chamber with a
      ratchet and pawl type mechanism.
DETD
PAR  Referring to the drawings, a liquid administration apparatus is shown for
      use with either a rigid fluid bottle (not shown) or a collapsable,
      plastic, physiological fluid bag 10. Depending from the fluid bag 10 is a
      flexible neck 12 for attachment of the fluid bag to the administration set
      generally designated 14, of the present invention.
PAR  The administration set 14 is generally divided into three main portions: a
      sump apparatus, generally designated 16, a float chamber generally
      designated 18 and a metering tube generally designated 20.
PAR  The metering tube is primarily for the purpose of providing a fluid conduit
      from the sump apparatus to the float chamber, the sump apparatus 16
      providing an intermediate fluid storage capability and the float chamber
      18 providing a valve capability for the administration set 14. The fluid
      is conducted in a controlled flow from the float chamber to infusion
      needle 22 commonly found in most administration sets. Infusion needle 22
      is connected to infusion tube 90 which fits into opening 92 defined by the
      lower surface of float chamber 18.
PAR  Referring particularly to FIGS. 1 and 1A, the flexible, physiological fluid
      bag 10 is preferred for use with the administration set 14 of the present
      invention primarily since contaminating outside air does not enter the
      system as it does in vented bottles. Sump level variation in the
      administration apparatus using the administration set 14 of the present
      invention is purely a function of the relative sizes of sump container 24
      of the sump apparatus (e.g. 1 inch D), the diameter of float 26 (e.g. 3/4
      inch D) of float chamber 18 (see FIG. 5), flow clearance between float 26
      and shell 28 (e.g. 1/64 inch) of the float chamber (see FIG. 5), and other
      fixed physical properties of the administration apparatus, which can be
      designed so that sump level variation and flow rate changes are minimal as
      the bag or bottle empties.
PAR  Furthermore, shaking or squeezing of the bag 10 has a minimal effect on
      system performance since the administration set of the present invention
      is designed as a closed system (without venting) which automatically
      self-compensates, stabilizing the fluid level.
PAR  Of course, as an alternative supply, a tube type vented bottle can be used
      with an administration set 14 according to the present invention. The
      ambient vented air displaces the supply fluid in the supply container just
      as does the collapsing flexible bag recommended for use with the present
      invention.
PAR  Sump apparatus 16 is constructed to include a flexible plastic sump
      container 24, which has therewithin a reservoir portion 30 and an
      over-flow portion 32 (see FIGS. 1, 2 and 3). Reservoir portion 30 is
      defined by a semicircular wall 34 and is separated from over-flow portion
      32 by a dam wall 36. Dam wall 36 includes a central, circular air inlet
      tube 38 which extends upwardly from the bottom wall of sump container 24
      by an amount greater than the upstanding extent of semicircular wall 34,
      which in turn extends upwardly by a greater extent than dam wall 36.
PAR  Sump inlet tube 39 is constructed to function preferably as a drip nozzle
      to supply fluid from fluid bag 10 to reservoir portion 30. Furthermore,
      liquid inlet tube 40 provides an exit for the fluid from sump apparatus 16
      to metering tube 20. Thus, liquid inlet tube 40 (approx. 1/32 inch D)
      either extends beside air tube 44 to form the metering tube 20 or it
      extends within air tube 44 for purposes of providing more compact
      construction.
PAR  Accordingly, sump apparatus 16 functions by the operator squeezing flexible
      sump container 24 to force air into fluid bag 10 by means of sump inlet
      tube 39 being placed within flexible neck 12. The air thus forced into
      fluid bag 10 causes fluid to flow down through sump inlet tube 39 into
      reservoir portion 30 of sump apparatus 16. The height of dam wall 36 fixes
      the level of fluid in reservoir portion 30 with any excess fluid
      overflowing into over-flow portion 32. All or part of sump container 24 is
      made transparent so that dripping from sump inlet tube 39 into reservoir
      portion 30 is readily observable by the operator.
PAR  In an alternative embodiment, sump inlet tube 39, shown in FIG. 3, is
      located in the sump with a downward extent great enough so that the fluid
      from fluid bag 10 rises to the lowermost level of tube 39 when the
      flexible sump is squeezed. In this way, when the sump level becomes well
      defined (reaching tube 39 by the expelling of air), no drops are formed
      and observation of dripping is provided instead by the use of a nozzle in
      a transparent float shell. In this alternative embodiment, air inlet tube
      38 is located above the fluid level.
PAR  Sump apparatus 16 also includes a bottom cap 42 through which metering tube
      20 leads, bottom cap 42 being molded integrally with scale 46. A web may
      be extended from the metering tube sockets to stiffen and support the
      scale.
PAR  In another alternative embodiment shown in FIG. 3A, a self-filling sump
      includes a penetrant 39' having two ports 50,52. The advantage of this
      embodiment is that the sump level automatically stabilizes at the bottom
      of air port 50 when the bag is initially inverted. It is therefore not
      necessary to squeeze the sump, as in the preferred embodiment, and the
      sump may therefore be constructed entirely of either flexible or rigid
      material. More specifically, FIG. 3A shows sump inlet tube 39' including
      air port 50 and fluid port 52 for extending into the flexible neck 12 of
      the fluid bag 10. This alternative embodiment has the advantage that the
      sump is self-filling and need not be squeezed. Fluid port 52 is located
      substantially below the small diameter air port 50. The pressure
      differential formed when initially inverting the bag causes fluid to go
      down fluid port 52 and further causes sump air to rise into the bag via
      air port 50. When the fluid level rises to the lowermost extent of air
      port 50, it stops at the well-defined location, which is substantially the
      same level as the level determined by dam wall 36 in the preferred
      embodiment of FIG. 3. The diameter of sump inlet tube 39' at its lowermost
      extent is sufficiently enlarged over the lesser diameter of the upper part
      of sump inlet tube 39' so that initial flow separates at the tapered
      junction and the lowermost part of sump inlet tube 39' does not fill with
      fluid. Air then can freely pass up through air port 50 due to the buoyancy
      thus achieved. The sump container in this embodiment may be made of rigid
      plastic, which need not be transparent since drops are formed only in a
      transparent float chamber using a nozzle such as that shown and to be
      described with reference to FIG. 5C. When the alternative embodiment of
      FIG. 3A is used, a transparent float chamber 18 having transparent shell
      28 would provide an observation capability for the operator of the
      administration apparatus. It may be seen from FIG. 3A that no drip space
      is provided between the bottom of sump inlet tube 39' to the expected
      fluid level in the sump.
PAR  As is shown most clearly in FIG. 3, the preferable construction of metering
      tube 20 is such that liquid inlet tube 40 is located within and generally
      concentric to air tube 44. Metering tube 20 leads from sump apparatus 16
      to float chamber 18 terminating at a point within shell enclosure 28 of
      the float chamber. Within float chamber 18 is a thin-walled float 26
      depending from which is float valve stem 54. Shell 28 defines at its
      lowermost point or supports at its lowermost point rubber valve seat
      opening 56 leading to infusion needle 22.
PAR  As shown in FIG. 5A, spring 58 is fixedly supported or positioned by float
      chamber shell 28 such that it downwardly biases float 26 to provide a
      normally closed valve system. Spring 58 contacts float 26 by resting on
      concavity 60 as defined by the top of float 26. Thus, when fluid flows
      from fluid bag 10 through reservoir portion 30 of sump apparatus 16 and
      then through liquid inlet tube 40 of metering tube 20 into float chamber
      18, fluid collecting at the bottom of float chamber 18 causes float 26 to
      rise and thereby opens the valve system by removing valve stem 54 from
      valve opening 56. Of course, to provide such functioning, float 26 is
      constructed with thin walls and hollow construction as shown most clearly
      in FIG. 4.
PAR  Also shown in FIG. 4 are a plurality of splines 62 whose function it is to
      center float 26 within float chamber 18. Thus, the disadvantages of a
      tilting float 26 or an uneven distribution of fluid within float chamber
      18 are avoided which would otherwise cause unbalanced surface tension
      forces impeding the motion of the float. Alternatively, a plurality of
      splines or tabs can extend outwardly around the periphery of float 26 to
      provide the centering function without the necessity for inwardly directed
      splines extending from float chamber shell 28.
PAR  Float chamber inlet means, generally designated 70, is shown in FIG. 5B
      wherein float chamber air inlet port 72 is adjacent float chamber fluid
      inlet port 74, the latter of which extends into float chamber 18 to a
      greater extent than does the former. Fluid entering float chamber fluid
      inlet port 74 is accordingly not provided, as shown in FIG. 5B, with
      sufficient drip space relative to float 26. On the other hand, fluid
      coalesces directly with float 26 from float chamber fluid inlet port 74
      and flows down the sides of float 26 to the bottom of float chamber 18.
      This eliminates back pressure variations associated with forming drops.
      Consequently small heads of fluid may be used with reliable operation,
      thus providing the administration set with a very large flow rate range
      typically in excess of forty to one.
PAR  Float chamber 18 is movably connected by means of a T-slide to scale 46 as
      shown in FIG. 4. Of course, a dovetail cross-sectional construction mating
      float chamber 18 with scale 46 would also function properly, but the
      preferred design shown in FIGS. 4, 5 and 6 is much easier to mold and
      requires less plastic. Ratchet teeth means 76 are provided along the scale
      for selective engagement with a pawl 78 extending from lever 80. Bearings
      82 are integrally molded with float chamber 18 and lever 80 so that when
      lever 80 is depressed (FIG. 6), pawl 78 lifts from a ratchet slot (defined
      by teeth means 76), and float chamber 18 can be raised or lowered to any
      other ratchet slot position. Downward pulling on float chamber shell 28
      tends to tighten the engagement because of the moments of force involved.
      This makes downward slippage impossible.
PAR  A small button (not shown) is molded at the bottom of the scale to keep
      float chamber 18 from coming off the scale. A similar but smaller button
      (e.g., in the form of a flexible tab) (not shown) is used at the upper
      part of the scale (molded thereon) to enable the float chamber to be
      installed onto the scale, but not removed. With this arrangement and
      construction, the float chamber 18 is allowed complete freedom of vertical
      movement (but with a bottom and upper limit) in a smooth and efficient
      manner. A slot spacing of 1/8 inch gives a flow rate resolution of 21/2
      percent for a 5 inch long scale which is more than adequate for medical
      applications. Variations on the scale and motion design are contemplated
      and within the limits of the invention detailed herein.
PAR  As an alternative design for the float chamber inlet means, a vented nozzle
      84 is shown in FIG. 5C in order to provide drop formation without
      significant drop formation pressure feedback. Vented nozzle 84 defines
      vent opening 86 such that fluid entering from metering tube 20 causes
      fluid to trickle down the inside of vented nozzle 84 to thereby isolate
      the level variation that is caused by the forming drops 88. In other
      words, the end of liquid inlet tube 40 of metering tube 20 only "sees" the
      air pressure in the float chamber 18. For the embodiment of FIG. 5C, the
      nozzle exit D is chosen for the desired drop size. The smaller D is, the
      larger h.sub.1 will be (the maximum height of fluid before drop 88 falls).
      With a large h.sub.1, the nozzle will be longer. Accordingly, with a drop
      size of 20 drops per cubic centimeter, length h.sub.1 is on the order of
      1/4 inch, making for a compact design. With this alternative embodiment
      including a vented nozzle 84, no pressure variation can affect the
      metering tube.
PAR  In order to provide a more complete description of the present invention, a
      series of operational steps will now be described with reference to an
      administration set 14 according to the present invention.
PAR  Upon detecting the requirement for physiological fluid, the operator
      inserts pointed sump inlet tube 39 into flexible neck 12 of a flexible
      fluid bag 10, thus puncturing the membrane. With the lower end of sump
      inlet tube 39 functioning as a drip nozzle in a transparent sump container
      24, the flow of the system is then begun by squeezing flexible sump
      container 24 which pushes air up through sump inlet tube 39 to the space
      above the fluid in flexible bag 10. Fluid then flows into reservoir
      portion 30 until the level of the top of dam wall 36 is exceeded, so that
      any over-flow goes into over-flow portion 32. An equilibrium of pressure
      is always present between float chamber 18 and the inside of sump
      container 24 by means of the connecting air tube 44. Shaking or squeezing
      of fluid bag 10 has minimal effect on fluid levels since it is a closed
      system. Any increase in air pressure as would momentarily occur when
      squeezing fluid bag 10 is equalized on each end of air tube 44, so that no
      flow rate change occurs. As soon as the fluid bag 10 is released after
      squeezing, the collapsing or lowering of the fluid in the bag allows the
      level of fluid in reservoir portion 30 to revert to its normal level.
PAR  Furthermore, if the patient raises his infusion arm above the sump
      apparatus, even to a point slightly below the fluid level in fluid bag 10,
      flow rate will remain constant because of the pressurized drip and float
      chambers provided by the sump apparatus as shown and air tube 44 of
      metering tube 20.
PAR  As fluid flows through liquid inlet tube 40 as supplied by fluid in
      reservoir portion 30, it coalesces with float 26 upon entering float
      chamber 18. It should be noticed at this point, in FIG. 5B, that float
      chamber fluid inlet port 74 extends lower than float chamber air inlet
      port 72 in order to keep the air tube or port from getting wet. In case
      the float chamber is inadvertently inverted or a new bag is installed,
      fluid in those cases would merely fill annulus space 71.
PAR  As fluid flows into float chamber 18, the clearance around float 26 begins
      to fill up at the same time as the fluid level within the much larger
      cross-sectional fluid area of sump container 24 is going down. If the
      valve system in float chamber 18 at this point were to remain closed, no
      fluid would come out of fluid bag 10, since the sump apparatus and float
      chamber form a closed system by means of air tube connection 44. However,
      as the float 26 attains buoyancy and lifts (opening the valve), fluid
      leaves the system through infusion tube 90. Because of the closed system,
      an equal amount of fluid as has left through infusion tube 90 comes out of
      fluid bag 10 and into reservoir portion 30 to replenish it. This process
      continues with the level of fluid in reservoir portion 30 remaining
      constant as fluid is infused. Any tendency of the level of fluid in
      reservoir portion 30 to go down will cause a partial vacuum in the air
      space above the fluid within sump container 24 creating a differential
      pressure across sump inlet tube 39, thus forcing fluid out of the bag and
      into reservoir portion 30. This same pressure differential forms drops on
      tube 39 without causing back pressure across tube 44. This theory of
      operation insures constant flow in the event of the infusion arm being
      lifted as previously described. Any lifting of the infusion arm will cause
      the fluid level to rise in float chamber 18, thus lifting the float
      slightly. This decreases the closed system's air volume, which in turn
      results in the sump level lowering slightly. However, with a large enough
      sump apparatus container 24 (in cross-sectional area) such a sump level
      change will be minimal and will be inconsequential to the accuracy of the
      infusion rate.
PAR  When an infusion arm is lowered, thus reducing the infusion back pressure,
      float 26 lowers, constricting the valve slightly, and the system's air
      volume tends to increase very slightly. Accordingly, the fluid level in
      reservoir portion 30 will rise very slightly, but a constant flow rate
      through liquid inlet tube 40 can be maintained indefinitely.
PAR  As the fluid level reduces in fluid bag 10, air pressure decreases in the
      sump and float chamber; but obviously, flow rate through the liquid inlet
      tube 40 remains the same by means of the pressure equalization function
      provided by air tube 44. The fluid level drops slightly on the order of a
      few thousandths of an inch within sump container 24, causing a decrease in
      system air pressure, which automatically matches the reduced head from the
      fluid bag with no effect on flow rate.
PAR  Any minor adjustments that are desired for changing flow rate are made by
      means of scale 46 providing on its face numerical indicia. The indicia are
      consecutively numbered and uniformly spaced to provide a flow adjustment
      capability in terms of cubic centimeters per hour, as an example. An
      indicator reference such as an arrow 19 positioned on the outside surface
      of float chamber 18 enables such adjustments. Thus, an effective head of
      the system can be varied by means of raising or lowering the float
      chamber, as is explained in U.S. Pat. No. 3,756,233, inventor -- Michael
      Goldowsky, entitled Liquid Administration Apparatus, issued Sept. 4, 1973.
      Adjustment of the float chamber to cause an indicating arrow to point to
      the "off" line or above of scale 46 terminates flow in the system by
      bringing the float chamber fluid inlet port 74 to the same elevation as
      the fluid in the sump reservoir 30.
PAR  The flow rate accuracy of the scale reading is not in error for fluids of
      the viscosity chosen for its calibration. Since the percent glucose
      content of the intravenous fluid is the overwhelming constituent
      determining viscosity, a conventional intravenous set may be calibrated
      for use with 5 percent glucose solutions, the most often used solutions.
      For solutions containing no glucose, the rate of flow is a convenient 10
      percent faster and likewise 10 percent slower for the 10 percent glucose
      solutions. These changes are easily compensated for, if desired, when
      setting the flow rate. In all cases, however, the rate of flow can always
      be determined, checked or altered by the conventional method of counting
      drip rate in the drip chamber.
PAR  With intravenous sets for special applications such as hyperalimentation,
      where 50 percent glucose may be used, the metering tube liquid bore is
      made slightly larger and the administration set precalibrated for the
      nominal 50 percent glucose solution.
PAR  The extruded accuracy of the metering tube bore is not critical because
      flow calibration of the device is only determined by the metering tube
      flow resistance, which in turn depends upon its length. On an individual
      tube to tube basis, a length of tube is first cut off a spool. An
      automatic machine then passes air through the tube at a fixed pressure
      differential and cuts the tube length until a set flow rate of air is
      observed. Thus, in a matter of seconds, flow rate calibration is effected
      to very high accuracy. For example, a 6 inch long metering tube need only
      be cut off within plus or minus 1/16 of an inch of its true length for
      plus or minus 1 percent flow rate accuracy of the scale.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An administration set for the infusion of a supply liquid in a supply
      container into a separate liquid system comprising means for forming an
      access for liquid flow from the container, sump means having an air space
      and for providing an intermediate reservoir and flow of liquid, float
      chamber means for controlling liquid flow from said sump means, metering
      flow means for providing a conduit for said liquid from said sump means to
      said float chamber means and moveable support means for said float chamber
      means for maintaining a substantially constant head of fluid between said
      sump means and said float chamber means, infusion tubing for conducting
      liquid from said float chamber means to said separate liquid system, said
      metering flow means including first and second fluid passages for
      simultaneous liquid and air flow respectively at an air pressure other
      than atmospheric to eliminate substantial pressure differentials between
      said sump means and said float chamber means during delivery of said
      liquid to said separate liquid system and said second fluid passage
      extending into said sump means in communication with said air space,
      whereby as said supply container empties, the flow rate through said
      metering flow means remains substantially constant.
NUM  2.
PAR  2. The invention according to claim 1 wherein said float chamber means
      includes a float and a float chamber outer shell, a chamber defined by
      said float chamber outer shell for containing liquid to buoy said float, a
      float valve stem projecting downwardly from said float, said float chamber
      outer shell defining a valve seat opening constructed to receive said stem
      and one of said float chamber shell and float including a plurality of
      centering splines for centering said float, said centering splines being
      constructed and arranged to provide a smooth motion for said float by
      evenly distributing said liquid about said float.
NUM  3.
PAR  3. The invention according to claim 2 wherein a limiting spring is included
      within and positioned by said float chamber outer shell for downwardly
      biasing said float.
NUM  4.
PAR  4. The invention according to claim 2 wherein said float chamber outer
      shell is transparent and said sump means includes a top cover and a sump
      inlet tube extending downwardly into said sump means to a first point low
      enough to reach said liquid in said sump means and an air inlet tube
      spaced from said top cover sufficiently to avoid wetting thereof upon
      inversion of said sump means and connected to said second fluid passage
      extending upwardly to a second point higher than said first point to
      contact the air above said liquid.
NUM  5.
PAR  5. The invention according to claim 1 wherein said float chamber means
      includes a transparent float chamber outer shell and said access forming
      means includes adjacent liquid and air ports providing liquid and air
      connection between said supply container and said reservoir for
      automatically filling said reservoir to a predetermined level.
NUM  6.
PAR  6. The invention according to claim 1 wherein said float chamber means
      includes a float, a float chamber outer shell defining a float chamber,
      and a float chamber inlet means, and said movable support means includes a
      pawl mechanism and a flow indicating scale attached to said sump means,
      said float chamber outer shell being attached to said pawl mechanism and
      said flow indicating scale defining ratchet means for selectively engaging
      said pawl mechanism and said float chamber inlet means being for
      depositing liquid into said float chamber.
NUM  7.
PAR  7. The invention according to claim 6 wherein said float chamber inlet
      means are included with said float chamber in sufficient proximity to said
      float such that liquid flowing through said float chamber inlet means does
      not form drops.
NUM  8.
PAR  8. An administration set for the infusion of a supply liquid in a supply
      container into a separate liquid system comprising means for forming an
      access for liquid flow from the container, sump means for providing an
      intermediate reservoir and flow of liquid, float chamber means for
      controlling liquid flow from said sump means, metering flow means for
      providing a conduit for said liquid from said sump means to said float
      chamber means and movable support means for said float chamber means for
      maintaining a substantially constant head of fluid between said sump means
      and said float chamber means, infusion tubing for conducting liquid from
      said float chamber means to said separate liquid system, said metering
      flow means including first and second fluid passages for liquid and air
      flow to eliminate substantial pressure differentials between said sump
      means and said float chamber means, whereby as said supply container
      empties, the flow rate through said metering flow means remains
      substantially constant, said sump means comprising a drip nozzle leading
      from said supply container, a reservoir portion, an over-flow portion, a
      dam means separating said portions and for maintaining a predetermined
      level of liquid in said reservoir portion, said dam means including an air
      inlet tube leading to said metering flow means and liquid inlet means for
      enabling flow of liquid in said reservoir portion to said metering flow
      means and said drip nozzle being adapted and arranged to supply liquid to
      said reservoir portion.
NUM  9.
PAR  9. The invention according to claim 8 wherein said sump means includes an
      outer sump shell which is transparent for at least part of its surface
      area enabling observation of the liquid supply from said drip nozzle.
NUM  10.
PAR  10. An administration set for the infusion of a supply liquid in a supply
      container into a separate liquid system comprising means for forming an
      access for liquid flow from the container, sump means for providing an
      intermediate reservoir and flow of liquid, float chamber means for
      controlling liquid flow from said sump means, metering flow means for
      providing a conduit for said liquid from said sump means to said float
      chamber means and movable support means for said float chamber means for
      maintaining a substantially constant head of fluid between said sump means
      and said float chamber means, infusion tubing for conducting liquid from
      said float chamber means to said separate liquid system, said metering
      flow means including first and second fluid passages for liquid and air
      flow to eliminate substantial pressure differentials between said sump
      means and said float chamber means, whereby as said supply container
      empties, the flow rate through said metering flow means remains
      substantially constant, said float chamber means including a float and a
      float chamber outer shell, a chamber defined by said float chamber outer
      shell for containing liquid to buoy said float, a float valve stem
      projecting downwardly from said float, said float chamber outer shell
      defining a valve seat opening constructed to receive said stem and one of
      said float chamber shell and float including a plurality of centering
      splines for centering said float, said float chamber outer shell being
      attached to a pawl mechanism, a flow indicating scale being attached to
      said sump means, said flow indicating scale defining ratchet means for
      selectively engaging said pawl mechanism and float chamber inlet means
      being included with said float chamber means to deposit liquid into said
      float chamber.
NUM  11.
PAR  11. The invention according to claim 10 wherein said float chamber inlet
      means is a vented nozzle connected to said metering flow means and
      defining a vent hole to the chamber defined by said float chamber outer
      shell, said vented nozzle including an exit port located sufficiently
      below said vent hole so that back pressure level variations are not
      transmitted to the metering flow means and whose exit port is sufficiently
      separated from said float so that drops of liquid are formed to drop onto
      said float.
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PAL  The disclosure is directed to a drainage bag for the human body especially
      usable for patients who have undergone a colostomy, ileostomy, urostomy or
      the like. The bag has a cloth backing, a special contour to fit the body
      and enable it to be supported by standard type of underwear having elastic
      leg bands, and an unobstructed reclosable opening for easy draining.
PARN
PAR  This is a continuation of application Ser. No. 398,382, filed Sept. 18,
      1973 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved drainage bag for the human
      body of the type referred to as urostomy drainage bags, ileostomy drainage
      bags, colostomy drainage bags, and the like. The bag is designed to
      enhance the comfort of its wearer, to permit the use of the bag for
      greater periods of time, to permit the bags to be more easily worn and
      more flexible in their use, and to permit their use in a more convenient
      manner.
PAR  A drainage bag for the human body is necessary for persons who have
      undergone surgery such as a colostomy, ileostomy, urostomy or the like.
      Such surgical procedures often involve the diversion of the intestines or
      other parts of the human body through the person's abdominal wall to form
      a stoma which permits the discharge and drainage from the human body of
      waste products such as fecal matter or urine. This drainage through the
      stoma is with little or no control by the person having the operation and
      it is necessary to provide a container such as a drainage bag affixed to
      the body over the stoma to receive such drainage.
PAR  Presently the most widely used bags are of a disposable plastic nature
      which hang down from the front of the body and are removed and thrown away
      as such becomes necessary. The bag adjacent the skin of the body is of a
      plastic and impermeable nature which is uncomfortable to wear when hot and
      frequently is irritating to the skin. Usually this type of bag is
      supported at the top which lacks convenience and comfort and the bag
      usually lays in a manner that is to the front, making it uncomfortable and
      protrudes in an objectional manner during normal usage.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the drainage bag is made from an
      impermeable plastic heat sealed around its periphery with a cloth backing
      laminated to that surface of the bag which is to lie adjacent the skin.
      This cloth backing extends over the full surface of the bag except for the
      portion surrounding the opening which fits over the stoma. This enables a
      mounting pad to be sealed by a liquid tight seal directly to the
      impermeable plastic layer forming the body side of the bag without the
      intermediary cloth backing.
PAR  The bag has a specially curved design that fits the contour of the body to
      extend outward and partly around the side of the body with the bottom
      portion and contents being supported in a major way by the elastic leg
      band of a standard type of underwear. The drain opening is unobstructed
      for easy draining when opened and is reclosable by either a removable plug
      or an integral plastic zipper opening located near the top portion of the
      bag.
PAR  An adhesive disc affixes the bag to the surface of the human body
      surrounding the stoma and is adapted to be reusable by utilization of a
      double-sided adhesive disc removably applied to the mounting pad of the
      bag.
PAR  The bag provides a maximum of security for all normal activities as well as
      during sleep and is more desirable during wear and social activities,
      including sexual intercourse, since the design goes to the side rather
      than the front part of the body.
PAR  Because of the nature of the opening of the drainage bags fewer accidents
      will occur due to leakage, and a longer time period permitted before the
      emptying of the bag.
PAR  Many other advantages and a better understanding of the nature of the bag
      of the present invention will become apparent from the following
      description taken in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a drainage bag of this invention especially
      adapted as a urostomy drainage bag or pouch.
PAR  FIG. 2 is a back view of the drainage bag of FIG. 1.
PAR  FIG. 3 is a transverse sectional view taken on Section 3--3 of FIG. 1
      (thicknesses are exaggerated and not to scale).
PAR  FIG. 4 is a partial sectional view taken on Section 4--4 of FIG. 1 and
      showing the assembled drainage plug.
PAR  FIG. 5 is a partial bottom view of the drainage opening of FIG. 4 with the
      plug removed.
PAR  FIG. 6 is a perspective view of the drainage plug after it has been
      removed.
PAR  FIG. 7 is a second embodiment of the invention especially adapted tas a
      ileostomy or colostomy bag.
PAR  FIG. 8 is a partial sectional view taken on Section 8--8 of FIG. 7 and
      showing the integral locking zipper for closing the opening thereof.
PAR  FIG. 9 shows the bag of the invention being worn under a standard type of
      undergarment having an elastic leg band which supports the bottom of the
      bag and causes it to lay adjacent the body in the front and as it curves
      around to the side.
PAR  FIG. 10 is a view of the bag of FIG. 7 and showing the foot portion folded
      over onto itself in a manner to permit drainage of the bag while it is
      still in place.
PAR  FIG. 11 is a variation of the view of FIG. 3 showing the use of a throw
      away adhesive disc having adhesive on both sides to permit reuse of the
      drainage bag.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  With reference to FIGS. 1, 2 and 3, there is shown a drainage bag
      especially adaptable for use as a urostomy drainage bag. It has a front
      plastic layer 21 preferably made of transparent polyethylene which is of a
      flexible impermeable nature and which may be readily sealed to another
      layer of it or similar material. The drainage bag 20 also has a back
      plastic layer 22 which peripherally is cut to the same dimensions of the
      front plastic layer and is made of the same plastic material such as
      polyethylene or at least a material having the same characteristics and
      which is readily sealable to the front plastic layer. It is not essential
      that this layer be transparent as is required of the front layer.
      Laminated to the entire back plastic layer 22 and having the same
      peripheral dimensions is a soft layer 23 preferably made of a soft flannel
      cloth but which may be of any soft material such as a soft porous
      synthetic fiber paper or a soft non-woven cloth and so forth. It must be
      of a sanitary material which is laminatible to the back plastic layer 22
      and which is comfortable when adjacent the skin of the wearer so as not to
      cause heat buildup or irritation to the skin to the extent an impermeable
      plastic layer would cause.
PAR  A circular sealing washer 24 made of a flexible impermeable plastic
      material and sealable preferrably by heat to the back plastic layer is
      provided at the rear of the drainage bag and has adjacent thereto an
      adhesive layer 25 which is of a material which will cause the bag to
      adhere to the surface skin of its wearer in a non-irritating manner and
      prevent the seepage of the drainage from the human body from attacking it
      but instead directing such drainage into the bag for handling, shipping,
      storage and the like. The adhesive layer is protected until use by a
      peel-off paper 26 having a cut line 56 permitting a portion of the
      peel-off paper to be removed before the remainder is moved for the easily
      handling prior to placing the adhesive layer around the stoma and onto the
      surface skin.
PAR  In FIG. 11 there is shown a preferred modification of the first embodiment
      as shown in FIG. 3. Rather than having the sealing washer with an adhesive
      layer and a peel-off paper, an adhesive carrier layer made of a plastic
      disc 27 which has a first adhesive layer 25 for mounting to the sealing
      washer 24 and a second adhesive layer 28 for mounting and being compatible
      with the skin of the wearer is provided. This disc is a disposable item
      and would have a peel-off paper 26 on one side and a second peel-off paper
      (not shown) similar to peel-off paper 26 on the other side.
PAR  When the drainage bag 20 is to be readied for use, it is first cleaned and
      dried, if necessary, and especially in the exposed surface of the sealing
      washer 24. Then the plastic disc has its peel-off paper protective layers
      removed and one adhesive layer applied to the sealing washer and the other
      adhesive layer applied to the skin of the wearer in the vicinity
      surrounding the stoma. The front plastic layer 25 must be transparent in
      the vicinity of the opening in the back plastic layer 31 so that the stoma
      can be viewed through this transparent window when the bag is being
      positioned in place. If desired, the remainder of the front plastic layer
      21 may be opaque by some form of treatment or otherwise as long as the
      transparent window is provided. The adhesive layers must be provided on
      the plastic disc 27 so they will at all times adhere preferentially to the
      plastic disc so that once the bag is used and is desired to be reused the
      plastic disc can be peeled off of the sealing washer 24 bringing with it
      most, if not all, of the adhesive layer so as to eliminate the necessity
      of cleaning much, if any, adhesive off of the sealing washer.
PAR  As seen in FIG. 1, the front plastic layer 21 is adhered to the back
      plastic layer 22 about its entire periphery by its peripheral seal 29.
      This is preferably a heat seal of the type widely practiced in sealing the
      edges of two plastic sheets of polyethylene or similar plastics together.
      This peripheral seal extends and bridges over the drain 37 which will be
      more fully described hereinafter.
PAR  While it was stated earlier that the soft layer 23 was laminated over the
      entire surface of the back plastic layer 22, this is not always truly
      correct since there is an annular area surrounding the opening in the back
      plastic layer 31 which is not laminated because the soft layer 23 has a
      larger opening 30 which surrounds this opening 31. The annular area
      between opening 31 and the larger opening 32 gives an exposed region to
      the back plastic layer 22 permitting to be sealed directly in an
      impermeable fashion to the sealing washer 24 which has an opening similar
      in size to the back plastic layer 31. This is important because if the
      soft layer extended into this region a liquid tight seal could not be
      provided as conveniently and could not be provided at all without special
      treatment such as impregnation of the soft layer with a relatively thick
      layer of adhesive or special choice of material such as a thermoplastic
      soft layer which is sealed by a thermal melting or fusion thereof.
PAR  Preferably the sealing washer 24 is adhered to the back plastic layer 21 in
      this annular region to provide a seal 32 as best seen in FIGS. 1, 3 and
      11. Of course, if the soft layer 23 is made of a material having a
      thermoplastic nature the three can be heat sealed together in one
      operation which would cause a fusion of the soft layer in the vicinity of
      the sealing so as to provide a liquid tight fusion zone and an annular
      seal between the sealing washer 24 and the back plastic layer 22. While
      this would limit the choice of materials for the soft layer, it has the
      advantage that the back plastic layer and the soft layer can be laminated
      in roll form on high production machinery prior to being cut and assembled
      into a drainage bag.
PAR  Until now little has been said about a most important aspect of the
      invention which is the special shape of the drainage bag as is best seen
      in FIGS. 1 and 9. The drainage bag is shaped like an ankle-foot with the
      ankle portion 33 being of a width approximately the size of the circular
      sealing washer and extending vertically from the main body of the drainage
      bag so as to be the portion which surrounds the stoma to accept the
      drainage therefrom. The foot portion 34 is divided into a heel portion 35
      and a toe portion 36. The heel portion directly beneath the ankle portion
      33 receives the drainage which accumulates along the bottom of the foot
      portion 34 which is prevented from escaping through the reclosable drain
      37 located in the toe portion at its bottom by drain plug 38. Thus, the
      drainage from the stoma collects in the bottom and toe portion of the foot
      portion of the drainage bag.
PAR  The foot portion extends outwardly and to the side of its wearer as seen in
      FIG. 9, where there is shown a human torso 51 wearing a standard type of
      elastic underwear or underpants 52 which are readily available and
      commonly worn by people who have no post-surgical problems. The
      undershorts or underpants have elastic leg bands 53 or a tight fitting
      band thereabout and an elastic waistband 51. Such shorts are usually made
      of a knitted material with some degree of stretchability of the cloth from
      which it is made.
PAR  When the bag is mounted on the human body as shown in FIG. 9, it hangs a
      distance downward so that the bottom of the foot portion of the bag rests
      on the tight fitting elastic leg band with a toe portion extended
      outwardly and to the side closely adjacent to the human skin to be held in
      place by the cloth of the undershorts with the majority of the weight
      being supported by the elastic band 53 so that little or no weight of the
      drainage is placed on the ankle portion of the drainage bag to pull on the
      adhesive layer holding the bag to the skin of the body. Thus all the
      adhesive layer is required to do is to hold the bag close to the body with
      little or no need to support the weight of the drainage. Also the bag is
      closely fitting to the body with the soft layer adjacent the skin making
      it more comfortable and less irritating especially in hot weather than
      would be the case of the bags principally used at the time of this
      invention. Still further, the bag is held in a manner that is relatively
      safe from embarrassment and permits greater activity, both physically and
      socially, by its wearer.
PAR  The drain 37 located in the toe portion of the embodiments of FIG. 1 and as
      best seen in FIGS. 4, 5 and 6 has two drain locking dimple recesses 39 to
      drain undercuts 40 having two drain undercut stop portions 41, and two
      drain undercut entrance portions 42 all for receiving the bayonet locking
      arrangement of the drain plug 38. The drain has an opening 43 which in
      normal use is stoppered by drain plug stopper portion 47 which closely
      mates therein.
PAR  The drain plug 38 has a turning handle 44 and two drain plug locking
      dimples 45 and two drain plug bayonet lugs 46. It is to be noted from
      FIGS. 4 and 5 that the drain 37 is of a relatively flat nature and
      preferably made from an easily moldable thermoplastic such as polyethylene
      which lends itself to being readily sealed between the front plastic layer
      21 and the back plastic layer 22 preferably by a thermal seal. The flat
      nature of the drain permits being readily sealing to the bag and is more
      comfortable to the wearer and lies closer to the body with less of a
      protrusion through the clothes or to catch on some obstruction.
PAR  The drain plug is also shaped in a mating fashion having a complimentary
      relatively flat handle which is used to first insert the drain plug 47
      into the opening 43 with the bayonet lugs 46 entering into the entrance
      portion of the undercut 42. This is done with the flat portion of the plug
      at a 90.degree. angle to the flat portion of the drain. When the bayonet
      lugs in the stopper portion are received fully into the drain the handle
      is rotated in a clockwise direction, when viewed looking into the opening
      43, with the bayonet lugs entering into the undercut until the rotation of
      the drain plug 38 is stopped by the bayonet lugs contacting stop portions
      41. Just prior to the stopping of the rotation the drain plug locking
      dimples 45 ride up on the body of the drain 37 and then drop into the
      drain locking dimple recesses 39 when the drain plugs turning is stopped.
      In order for the recesses and dimples to mate there requires a slight
      flexing of the parts to overcome the fact that the drain undercuts and
      bayonet lugs cause the plug to be inserted fully into the drain until the
      handle of the plug is stopped by the main body of the drain. Thus, the
      dimples and recesses until they mate with one another, cause the plane
      between the handle and the bottom of the drain to be forced out of line
      and provide a flexing of the parts until the turning is complete. This
      increases the resistance to the rotation of the plug and prevents it being
      accidentally rotated out of its alignment with the drain during normal
      wear.
PAR  When it is desired to empty the bag while still on the wearer, the
      underpants are lowered and the bag brought around so that the drain
      overlies a receptacle into which it is to be drained. The plug is rotated
      now in a counter-clockwise direction, first against the resistance of the
      dimples riding out of the recesses causing a flexing of the parts, and
      when the plug is rotated 90.degree. the bayonet lugs leave the undercuts
      in the vicinity of the undercut entrance portions where they are no longer
      held by the undercuts tightly against the drain. At that time the plug
      including the stopper portion can be withdrawn permitting the contents of
      the bag to be drained into a receptacle and the end wiped off or cleaned
      as necessary prior to reinserting the plug, placing the bag back into
      position and raising the shorts to hold it in such position for continued
      use. None of the above operations requiring that the bag adhesive layer be
      removed from the skin.
PAR  The above description was made in connection with the embodiments shown in
      FIG. 1 which is primarily for a urostomy bag where the liquid is highly
      fluid with no solid content. However, in the case of an ileostomy or
      colostomy bag a different opening which is recloseable in the toe is
      provided such as shown in FIGS. 7, 8 and 10. Here an integral zipper 48
      having integral ridges 49 mating in a friction fit with integral zipper
      valleys 50 are provided. Generally, these zippers are made up in a
      separate flat manner to be heat sealed into the body of the bag but they
      may be integrally molded with the bag as an alternative. At any rate, each
      layer has complementary ridges and valleys with the ridges having a
      greater width at their outermost portion than at their base portion which
      mate as shown in FIG. 8 with the valleys so that the knob or wider width
      of the outer portion of the ridge causes a stretching apart of the valleys
      until they accommodate at the base of the bag to provide a type of
      integral plastic zipper that is generally known in the art as plastic bags
      for storing items in the kitchen and so forth.
PAR  It is to be noted that the recloseable drain opening is at the top portion
      of the toe and not at the bottom portion as shown in the first embodiment.
      This is so that in normal usage the less fluid drainage resulting from an
      ileostomy or colostomy will collect at the bottom of the bag without any
      danger of it draining through an imperfect seal. It is necessary in these
      bags to provide a larger opening which is the reason for the different
      seal to prevent it from plugging up during drainage. When it is desired to
      drain this bag, the undershorts are lowered and the bag folded on top of
      itself generally in the vicinity of fold line 55 as best shown in FIG. 10
      to a downward position overlying a suitable receptacle. The position shown
      in FIG. 10 plus a simultaneous bending of the body causes the drain to be
      located below the normal bottom portion of the bag and, at the lowermost
      regions of the bag for ready emptying. The integral plastic zipper is
      opened and the contents of the drain bag worked out and emptied into the
      receptacle. To the extent necessary the bag is washed, rezippered and
      placed back in its normal position as shown in FIG. 9 without the
      necessity of removing the bag and its adhesive layer from the body.
PAR  Generally, when it is necessary to completely remove the bag from the body
      of its wearer, it is carefully removed from the vicinity of the stoma and
      carefully cleaned and set aside to dry for reuse especially when using the
      plastic disc with double side adhesive layers as shown in FIG. 11.
PAR  The bag permits a number of reuses. Because of its layer adjacent to human
      skin and the special shape bringing the bag drainage first downward and
      then the main body of the receptacle outward around the side of the human
      body to have its weight supported by standard type of elastic or tight
      fitting leg band undershorts, it is vastly more comfortable and convenient
      to use and to wear than the bags presently available.
PAR  When it is desired to place the bag in position, the peel-off paper is
      removed from the adhesive layers and in the case of a double sided
      adhesive carrying plastic disc, the side to be applied to the sealing
      washer is first so applied, then the remaining side carefully located
      through the transparent window of the front plastic layer over the stoma
      and around its edges and caused to adhere into place with the heel portion
      of the drainage bag directly below the stoma and with the bottom and toe
      portion extending outwardly to the side of the body in a manner that the
      bottom portion rests on the tight fitting or elastic leg bands of the
      undershorts which support the weight of any material drained into the bag
      with the body of the undershorts holding the drainage bag flat against the
      front and side of the body.
PAR  The bag is drained as necessary until it becomes time to again remove the
      bag and clean it and dry it.
PAR  While the invention has been specifically described above, it will be
      appreciated that the invention may be embodied in numerous other forms
      without departing from the spirit or central characteristics of the
      invention herein. The present embodiments are therefore to be considered
      in all respects as illustrative and not restrictive, the scope of the
      invention being indicated by the appended claims. rather than by the
      foregoing description and all changes which come within the meaning and
      range of the equivalency of the claims are therefore intended to be
      embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drainage bag for attaching around a drainage opening in the human body
      and to be worn adjacent the skin comprising:
PA1  a soft layer of the peripheral dimensions of the drainage bag and having an
      opening therein,
PA1  a back plastic layer of the peripheral dimensions of the drainage bag and
      having an opening therein affixed to said soft layer to be coextensive
      therewith and having its opening coaxial with said soft layer opening,
PA1  a front plastic layer of the peripheral dimensions of the drainage bag and
      sealed about its periphery to said back plastic layer on the side of said
      back plastic layer not laminated to said soft layer,
PA1  a sealing washer on the back side of said drainage bag having an opening
      therein, and
PA1  a seal between the area surrounding said seal washer opening and the area
      surrounding said back plastic layer opening.
NUM  2.
PAR  2. The drainage bag of claim 1 wherein said sealing washer has an adhesive
      layer means applied thereto for affixing said bag to the human body and
      wherein said adhesive layer means is protected until use by a peel-off
      layer which may be readily peeled from the adhesive layer means without
      any substantial amount of adhesive coming with it.
NUM  3.
PAR  3. The drainage bag of claim 2 wherein said adhesive layer means includes
      an adhesive carrier layer which has a layer of adhesive on each side
      thereof with one layer of adhesive mounted to said sealing washer and the
      other adhesive layer adapted for adhering to the skin.
NUM  4.
PAR  4. The drainage bag of claim 1 wherein said bag has a foot and ankle shape
      with the ankle area containing the opening to fit over a stoma and a foot
      portion containing the drainage holding area, a heel portion, a bottom
      portion and a toe portion, located in said foot portion, with said heel
      portion located substantially directly below said ankle portion and said
      bottom portion and toe portion extending in a direction that when the
      drainage bag is worn, they extend to the side of the wearer and away from
      the center of the wearer's torso with the bottom portion being supportable
      by a tight leg band of common underpants, and a recloseable opening
      located in said toe portion for periodic draining of said bag for reuse
      without removing said bag from the wearer.
NUM  5.
PAR  5. The drainage bag of claim 4 wherein said recloseable opening is located
      at the bottom of said toe portion and includes a flat female unobstructed
      drain sealed to said bag and a removable male plug for stoppering said
      drain.
NUM  6.
PAR  6. The drainage bag of claim 5 wherein said removable male plug has a flat
      turning handle portion, bayonet lugs and locking dimples and said female
      drain has complementary bayonet lug receiving means and dimple receiving
      recesses whereby said plug may be inserted into said drain and rotated and
      locked in place.
NUM  7.
PAR  7. The drainage bag of claim 4 wherein said recloseable opening is located
      at the top of said toe portion whereby no leaking will occur in normal use
      in event of an imperfect seal of said opening and whereby said bag may be
      emptied of its contents without being removed from the wearer by folding
      down along a diagonal fold so the opening is in a lowered position below
      the normal position of said bottom portion of said bag.
NUM  8.
PAR  8. The drainage bag of claim 7 wherein said recloseable opening is sealed
      by a plastic zipper.
NUM  9.
PAR  9. The drainage bag of claim 4 wherein said sealing washer has an adhesive
      layer means applied thereto for affixing said bag to the human body and
      wherein said adhesive layer means is protected until use by a peel-off
      layer which may be readily peeled from the adhesive layer means without
      any substantial amount of adhesive coming with it.
NUM  10.
PAR  10. The drainage bag of claim 9 wherein said adhesive layer means includes
      an adhesive carrier layer which has a layer of adhesive on each side
      thereof with one layer of adhesive adhering to said sealing washer and the
      other adhesive layer adapted for adhering to the skin.
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ABST
PAL  A reamer, particularly for removing mucosa from the lumen of a tubular body
      organ. The reamer has an elongated reaming portion to one end of which a
      handle is fixed. The reaming portion is hollow and of polygonal cross
      section so that it is made up of a plurality of walls distributed about an
      axis of the reaming portion. At locations where these walls would normally
      intersect, the reaming portion is formed with slots, the edges of which
      form reaming edges.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 359,429, filed May 11, 1973, now U.S. Pat. No. 3,815,578, issued June
      11, 1974, and entitled "Method of Inserting An Implant Into a Portion of a
      Tubular Organ Whose Mucous Lining has Been Partially Removed".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to reamers.
PAR  In particular, the present invention relates to reamers designed for the
      special purpose of removing mucosa from the lumen of a tubular body organ.
PAR  As is well known, when an implant is introduced into a tubular body organ,
      it is desirable to cause the tissue of the tubular body organ to grow into
      the pores of an ingrowth means carried by the implant at the exterior
      thereof. The growth of tissue into the ingrowth means is enhanced by
      removing mucosa at least from that part of the inner surface of the
      tubular body organ which engages the ingrowth means.
PAR  A reamer of this type must meet certain requirements. Thus, a simple
      elongated body having a roughened surface will indeed suffice to remove
      mucosa, but the roughened surface rapidly becomes plugged with the mucosa
      and an efficient removal of the mucosa cannot be achieved with such a
      reamer. In other words, provision must be made for receiving the removed
      mucosa in such a way that it will not interfere with the operation of the
      reamer, while at the same time assuring a reaming action which will
      cleanly and quickly remove the mucosa without undesirably damaging the
      body tissue from which the mucosa is removed.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      reamer which will fulfill these requirements.
PAR  Thus, it is an object of the present invention to provide a reamer capable
      of quickly and effectively removing mucosa from a desired area while at
      the same time preventing inefficient reamer operation by the mucosa
      itself.
PAR  The reamer of the invention includes an elongated hollow reaming portion of
      polygonal cross section having a plurality of walls distributed about an
      axis of the reaming portion, this reaming portion being formed with slots
      at locations where the walls otherwise would intersect. The edges of these
      slots perform the reaming action with the removed mucosa entering through
      the slots into the hollow interior of the reamer. A handle means is fixed
      to the reaming portion at one end region thereof.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a side elevation of one embodiment of a reamer according to the
      invention;
PAR  FIG. 2 and 3 are respectively transverse sections of the structure of FIG.
      1 taken respectively along lines 2--2 and 3--3 of FIG. 1 in the direction
      of the arrows;
PAR  FIG. 4 is a fragmentary schematic sectional elevation of a grinding wheel
      which may be used in the manufacture of a reamer of the invention;
PAR  FIG. 5 is a side elevation of another embodiment of a reamer according to
      the invention;
PAR  FIG. 6 shows in elevation a mandrel which may be used in the method of
      manufacture of the reamer of FIG. 1 or the reamer of FIG. 5;
PAR  FIG. 7 schematically illustrates how a coating is deposited on the mandrel
      of FIG. 6;
PAR  FIG. 8 shows in cross section part of the mandrel with the coating thereon;
PAR  FIG. 9 shows the structure of FIG. 8 after the corners have been removed;
      and
PAR  FIG. 10 is a partly sectional illustration of another embodiment of a
      reamer according to the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1-3, the reamer 20 which is illustrated therein
      has an elongated reaming portion 22 to an end of which a handle means 24
      is fixed, this handle means being curved in the illustrated example. The
      entire reamer 20 in the example of FIG. 1 is made of a suitable metal such
      as nickel. The elongated reaming portion 22 as well as the handle means 24
      are hollow and integrally formed of a one-piece body. The hollow elongated
      metal body is of a polygonal cross section. In the illustrated example
      this cross section is of a square configuration, as is apparent from FIG.
      3. However, at its left end region, as viewed in FIG. 1, the reaming
      portion 22 tapers so as to have a pointed end region 26 facilitating
      introduction of the reamer into a tubular body organ. This hollow pointed
      portion 26 is of a circular cross section, as is apparent from FIG. 2.
PAR  As may be seen from FIG. 3, the elongated central axis of the reamer
      portion 22 is surrounded by a plurality of walls 28, and slots 30 are
      formed at the locations along the reaming portion 22 where the walls 28
      otherwise would intersect.
PAR  The edges which form the slots 30 form at the outer surfaces of the walls
      28 reaming or cutting edges 32 while the inner edges 34 define the
      elongated openings or slots through which removed mucosa can enter into
      the hollow interior of the reaming portion 22. Thus in the illustrated
      example where the reamer is of a square cross section there are eight
      cutting edges 32 several of which will become operative during rotary
      movement of the reamer, and the removed mucosa will readily enter through
      the spaces between the edges 34 of the slots 30 into the hollow interior
      of the reamer. After use the removed mucosa can readily be washed out
      through the slots.
PAR  In order to use the reamer, after an incision is made to give axis to the
      lumen of the tubular body organ, the reamer is introduced with the pointed
      end 26 facilitating introduction of the reamer. The reamer may be
      introduced until the shoulder 36 (FIG. 1) engages an end of the tubular
      organ where the incision has been formed, and the length of the slots 30
      is such that upon removal of mucosa that part of the surface of the
      tubular organ in the interior thereof which will engage an ingrowth means
      will have the mucosa removed therefrom. After the mucosa is quickly and
      easily removed with this reamer 20 of the invention, the reamer is removed
      and the implant is introduced.
PAR  In the illustrated example the slots 30 are formed by grinding away corners
      of the hollow reamer portion 22 with a grinding wheel having a grinding
      surface forming part of a simple right cylinder, thus providing the
      straight slots 30. However, it is also possible to use for this purpose,
      as shown in FIG. 4, a grinding wheel 38 having a wavy grinding surface 40.
      In this way a reamer 42 is provided as illustrated in FIG. 5. This reamer
      42 is identical with the reamer 20 except that the edges 44 of the several
      slots 46 have the illustrated wavy configuration, thus achieving a "steak
      knife" effect. These wavy reaming edges 44 which define the slots 46
      provide an even more effective reaming action. Thus these wavy edges serve
      to remove mucosa as a result of axial as well as rotary movement of the
      reamer.
PAR  FIGS. 6-9 illustrate the method of manufacturing the reamer. Thus, as may
      be seen from FIG. 6 initially a mandrel 48 is provided. This mandrel is
      solid and has a configuration conforming to that of the finished reamer.
      The mandrel 48 may be made of a material such as aluminum. This mandrel
      has a coating 50 deposited thereon. This coating 50 is shown in cross
      section on the mandrel 48 in FIG. 8. As is indicated in FIG. 7, the
      coating may be deposited in a number of different ways. Thus the coating
      may be provided by vapor deposition in a suitable evacuated atmosphere,
      provided in the interior of a suitable enclosure 52 as schematically
      illustrated in FIG. 7. However, it is equally possible to provide the
      nickel coating on the aluminum mandrel by electrolytic deposition. Other
      types of metal deposition may be used. It is only required that the
      deposited coating build up to a desired thickness on the mandrel and that
      the material used for the coating have a melting point which is
      substantially higher than the melting point of the mandrel. These
      requirements are met by depositing nickel on aluminum, but of course it is
      also possible to deposit other coating materials on mandrels made of other
      materials which are of a lower melting point. For example, may metals can
      be deposited on a plastic mandrel which will have a melting point lower
      than that of the deposited metal. In order to provide for electrolytic
      deposition with such materials, the plastic mandrel can be coated with
      graphite, for example, so that its exterior surface is rendered
      electrically conductive to enable the electrolytic deposition to take
      place.
PAR  With the coating 50 thus deposited on the mandrel 48, as shown in FIG. 8,
      corners of the deposited coating are removed to provide the structure
      shown in section in FIG. 9. Thus, it will be seen from FIG. 9 that the
      separate walls 28 are still situated around the mandrel 48, but the
      corners 54 have been removed along the reaming portion behind the pointed
      end thereof through a sufficient length along the reaming portion and to
      an extent sufficient to form the slots 30.
PAR  At this time the mandrel 40 with the coating thereon is exposed to a
      temperature sufficiently high to melt the mandrel but insufficiently high
      to soften the deposited coating. For this purpose the structure may be
      located in a suitable oven with a suitable dish or other receptacle
      situated beneath the coated mandrel, which is supported on a suitable
      hanger, so as to catch the molten mandrel material which upon melting will
      flow out through one or more of the slots 30, the structure being
      supported in such a way that one of the slots 30 is situated at an
      elevation low enough to permit the entire mandrel to flow out through at
      least this one slot. Upon removal of the structure from an oven or the
      like in which the melting of the mandrel has taken place, the remaining
      coating which forms the reamer can be tilted to enable any residual molten
      mandrel material to flow out through one or more of the slots.
PAR  In this simple way it is possible to provide either the mandrel of FIG. 1
      or the mandrel of FIG. 5.
PAR  However, it is not essential to have a curved handle means 24. As may be
      seen from FIG. 10, the reamer 60 has an elongated straight reaming portion
      62 which may be identical with the straight reaming portion of the reamer
      42 of FIG. 5. However, in this case the mandrel is straight and is coated
      so as to provide an elongated hollow extension 64 of square cross section
      extending beyond the reaming portion 62. A simple plastic handle 66 is
      provided with a bore of square cross section to receive the extension 64
      as shown in FIG. 10. This extension 64 is situated in the plastic handle
      66 with a suitably tight friction fit, for example, so that in this simple
      way the reamer 10 can readily be manufactured. With this construction of
      FIG. 10 the inner end surface 68 of the handle 66 serves as a guide for
      determining the distance through which the reamer is introduced into the
      tubular body organ, so that this surface 68 performs a function similar to
      the shoulder 36 of FIG. 1.
PAR  It is to be emphasized that the structure is shown in the drawings at a
      scale which is far greater than its actual size. The reamer of the
      invention may be introduced into the interior of a tubular organ such as a
      vas deferens, and the cross section of the reamer is extremely small so
      that it can conveniently be received in the interior of such a tubular
      organ for effectively removing the mucosa therefrom. In spite of these
      extremely small dimensions, as a result of the method of manufacture it
      becomes possible to produce the reamer of the invention both inexpensively
      as well as with a precise construction which will achieve the desired
      results in a highly effective manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reamer, particularly for removing mucosa from the lumen of a tubular
      body organ, comprising an elongated hollow, substantially rigid reaming
      portion and handle means fixed to and extending from said reaming portion
      at a rear end region thereof, said reaming portion having a free front end
      region distant from said rear end region thereof, having a central axis,
      being of a polygonal cross section, and including a plurality of
      substantially rigid, flat walls distributed about and extending parallel
      to said axis, said walls being stationary with respect to each other and
      being integral with said front free end portion, said reaming portion
      being formed with a plurality of slots extending parallel to said axis
      rearwardly of said front free end portion at locations where said walls
      would intersect if said slots were not present, and said walls having at
      said slots reaming edges which remove a material such as mucosa with the
      material entering through the slots into the interior of the reaming
      portion.
NUM  2.
PAR  2. The combination of claim 1 and wherein said reaming portion is made of
      metal.
NUM  3.
PAR  3. The combination of claim 2 and wherein said slots have straight edges.
NUM  4.
PAR  4. The combination of claim 2 and wherein said slots have wavy edges.
NUM  5.
PAR  5. The combination of claim 1 and wherein said reaming portion has a
      pointed configuration at its front end region distant from said handle
      means.
NUM  6.
PAR  6. The combination of claim 1 and wherein said handle means forms an
      extension of said reaming portion.
NUM  7.
PAR  7. The combination of claim 1 and wherein said handle means includes a body
      formed with a bore, said reaming portion carrying at the end region where
      said handle means is located an elongated extension received in said bore
      for fixing said body to said reaming portion.
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ABST
PAL  The disclosure is directed to a surgical bridge for supporting incision
      sutures under continuous tension. The bridge is elongated in shape,
      including two feet which engage the surface of a patient's skin on
      opposite sides of an incision, and which are connected by a bridge portion
      that overlies the incision. The bridge further includes a pair of
      resiliently flexible cantilevered arms each of which defines a suture
      support point elevated from the skin surface to preclude cutting or
      slicing of the patient's skin by the suture. In one embodiment, the suture
      bridge is made from two interlocking pieces, which enables the
      advantageous usage of two materials having different resilience, and also
      simplifies manufacture of the device. Improved structure is also disclosed
      in conjunction with the suture bridge for effecting tying or securing of a
      suture end to the bridge quickly and easily.
PARN
PAR  This is a continuation-in-part of our copending application entitled
      "Suture Bridges" which was filed on Nov. 24, 1972 under Ser. No. 309,466,
      which issued as U.S. Pat. No. 3,831,608 on Aug. 27, 1974.
BSUM
PAR  The invention relates to surgical bridges for supporting incision sutures
      under continuous tension.
PAR  Surgical devices of this general type have existed for some time in a
      number of different forms. For example, see the devices disclosed in U.S.
      Pat. No. 815,264 issued to Joseph E. Chambers on Mar. 13, 1906; U.S. Pat.
      No. 1,852,098 issued to Alfred W. Anderson on Apr. 5, 1932; and U.S. Pat.
      No. 3,014,483, which issued on Dec. 26, 1961 to Horace F. McCarthy. With
      such devices, an incision closing surgical stitch is formed by inserting
      the suture through the incision under the skin with a surgical needle in
      the known manner, placing the bridge over the incision relative to the
      suture, bringing the suture ends around the respective bridge ends and
      tying them at the middle under the requisite tension.
PAR  One problem that has accompanied the formation of surgical stitches with
      existing devices is cutting or slicing of the patient's skin by the suture
      itself as swelling of the incision occurs during the healing process. Such
      swelling tends to force the bridge outwardly, which increases suture
      tension until the adjacent skin gives way and is cut or slit. The same end
      effect is also caused by pressured movement of the bridge (as by swelling,
      for example) which carries the suture laterally with it until the skin
      gives way. No matter how they occur, skin cuts or slits are a source of
      major irritation to the patient, and they increase the possibility of
      infection before the wound has healed completely which can result in the
      formation of scars.
PAR  Our inventive surgical bridge alleviates the problems of excessive suture
      tension and resulting skin cuts through the regulation of suture tension
      and suspension of the suture relative to its point of entry into the skin.
      More specifically, our improved suture bridge comprises an elongated
      bridge member having end or foot portions joined by a bridge or connecting
      portion. The foot portions are constructed to engage the surface of a
      patient's skin on opposite sides of an incision, and the connecting
      portion is constructed to bridge the incision and directly or indirectly
      support a suture over the incision. The improved bridge further comprises
      a resiliently flexible cantilevered arm for each of the foot portions,
      each arm defining an elevated suture support point which causes the suture
      to be suspended over the point of entry into the patient's skin. This
      suture suspension, coupled with appropriately sized openings or slots in
      the foot portions below through which the suture passes, insures that the
      patient's skin will not be sliced or cut throughout the incision healing
      process, notwithstanding the degree of swelling or accidental movement of
      the bridge relative to the incision and suture.
PAR  In one embodiment, the suture bridge is constructed in two pieces: a lower
      bridge member which includes the foot portions joined by a bridge portion,
      and an upper bridge member consisting of the cantilevered arms joined by a
      connecting portion. The connecting portion of the upper bridge member
      mateably engages the bridge portion of the lower bridge member. Depending
      on the application, the upper and lower bridge members may be constructed
      to separably interlock, or they may be permanently fused or bonded
      together. This two piece construction is particularly advantageous in the
      manufacture of the cantilever arm-type suture bridge, since the upper and
      lower bridge members are individually simple to fabricate.
PAR  Constructing the upper and lower bridge members for interlockable
      separation gives rise to a number of advantages. For example, the upper
      bridge member can be made of a different material than that of the lower
      bridge member, thus permitting the cantilevered arms to be more resilient
      and thereby better compensate for swelling during the incision healing
      process, whereas the foot portions can be somewhat less resilient to
      provide better support for the suture stitch. The separable construction
      also enables the lower bridge member to be made of material which is
      compatible with skin tissue, whereas this requirement is not necessary for
      the upper bridge member which does not contact the patient's skin.
      Further, the separable construction permits replaceability of either of
      the bridge components relative to the other.
PAR  Another improvement in our suture bridge resides in the inclusion of
      structure which permits the free end of a suture to be tied to the bridge
      quickly and easily. Tying a knot with the free suture ends has long
      represented a problem to surgeons in the incision suturing procedure.
      Although this is not ordinarily a major problem to the surgeon, it is
      quite time consuming; and an improperly tied suture can not only result in
      discomfort to the patient but can also have an adverse effect on proper
      healing of the incision. To this end, we incorporate in one or both
      cantilevered arms of our suture bridge structure which permits the surgeon
      to tie-off the suture extremely quickly and to complete each suture stitch
      in a uniform manner. This is accomplished by forming a longitudinal
      bifurcating slot in the cantilevered arm, extending from the arm end to an
      inner point within the arm to define a pair of leg members which are
      resiliently movable relative to each other. Preferably, the cross
      sectional size of the suture approximates the width of the bifurcating
      slot, permitting simple entry of the suture into the slot. The bifurcating
      slot is enlarged at its extreme inner point to a size which is larger than
      the suture. The leg members are notched or reduced in laterial dimension
      between the slot enlargement and the extreme end of the cantilevered arm.
      As such, the suture can be brought through the bifurcating slot to the
      enlarged region or aperture, and then wrapped tightly around the resilient
      legs to squeeze them together and close at least a portion of the
      bifurcating slot. The end or tail of the suture is then introduced into
      the slot from the end until it frictionally engages the inside surface of
      the legs where they are squeezed together, thus securing the suture in
      place.
PAR  We further contemplate the provision of an individual precut suture and
      needle for each surgical bridge which may be integrally formed therewith,
      to eliminate needless repetition in taking surgical stitches and to insure
      maximum convenience and simplicity to the physician in carrying out his
      surgical duties.
PAR  Other structural features and advantages of our inventive surgical bridges
      will become apparent from the description below in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the surgical bridge for supporting incision
      sutures under proper tension;
PAR  FIG. 2 is an enlarged sectional view of the suture bridge of FIG. 1 over an
      incision with a suture in place, taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged perspective view of one end of the suture bridge of
      FIG. 1, showing structure for accomplishing suture tie-off;
PAR  FIGS. 4-6 are views similar to that of FIG. 3 showing three different
      embodiments of improved structure for securing the free end of a suture or
      the like;
PAR  FIG. 7 is an enlarged fragmentary view in top plan of the suture securing
      structure of FIG. 4;
PAR  FIG. 8 is an exploded perspective view of a suture bridge constructed from
      two interlocking pieces;
PAR  FIG. 9 is an enlarged view in side elevation of the suture bridge of FIG. 8
      with the interlocking pieces mateably engaged, portions thereof shown in
      section;
PAR  FIG. 10 is an enlarged fragmentary sectional view taken along the line
      10--10 of FIG. 9; and
PAR  FIG. 11 is a perspective view of an alternative embodiment of the upper
      suture bridge piece of FIG. 8 with a suture and needle integrally formed
      therewith.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1-3 disclose a suture bridge 11 which is elongated in shape and
      broadly comprises end or foot portions 12 joined by a bridge or connecting
      portion 13. The foot portions are adapted to engage a patient's skin on
      opposite sides of an incision, and each specifically comprises a pair of
      longitudinally extending projections 14 spaced apart to define an
      elongated slot 15 therebetween. In this particular embodiment, each of the
      slots 15 is formed by punching out a supporting tab 16 which bends
      upwardly and away from the bridge portion 13 in cantilever fashion. The
      extreme end of each tab 16 has a friction slit 17 formed therein which is
      sized to receive and frictionally retain any portion of a suture 18. As
      described, the tabs 16 and slits 17 define elevated support points for the
      suture 18 which overlie slots 15, and the slots 15 extend endwardly beyond
      these support points to preclude engagement of the suture 18 at its point
      of entry into the skin.
PAR  Connecting portion 13 is formed with a gentle curvature in this particular
      embodiment permitting it to arch incision 19 (FIG. 2), which extends
      through a patient's skin 20 and layers 21 and 22 of deeper tissue. As used
      herein, "incision" is intended to encompass wounds, lacerations and the
      like which disrupt normal tissue integrity, as well as openings made for
      surgical purposes.
PAR  Bridge 11 may be made from any material suitable for surgical accessories
      of this type, examples of which are stainless steel, nylon and teflon. Of
      primary importance to the construction of the bridge 11, whatever material
      from which it is made, is its ability to flex under varying degrees of
      suture tension, which is caused by swelling of the tissues surrounding
      incision 19 during the healing process. The flexibility of suture bridge
      11 permits it to resiliently bend in a manner which compensates for such
      swelling, thereby precluding suture tension from becoming excessive to the
      point of cutting or otherwise damaging the skin. This significant feature
      of the suture bridge 11 also works conversely; i.e., as the swelling of
      the skin surrounding incision 18 decreases, any loosening within the
      suture is automatically tightened by resilient flexibility of the bridge
      11 so that proper suture tension is maintained and the surgical stitch
      continues to carry out its intended purpose.
PAR  Formation of a surgical stitch to close an incision 19 is accomplished by
      introducing the suture 18 through the skin 20 and tissues layers 21, 22,
      utilizing the bridge 11 so that the suture 18 is suspended between the
      aforementioned elevated support point and the skin 20. Because each of the
      elevated suture support points directly overlies its associated slot 15,
      the suture 18 is disposed essentially normal to the skin at the point of
      entry and is not engaged by any portion of the bridge 11. This
      significantly reduces the likelihood of skin tears or cuts, even if
      swelling of the tissue surrounding incision 19 is appreciable, or if the
      bridge 11 is accidentally moved.
PAR  Tying of the surgical stitch may be in the manner shown in FIG. 1; i.e., by
      tying the suture 18 at the top of bridge or connecting portion 13 after
      bringing the suture ends around and through slits 17 of tabs 16.
      Preferably, tabs 16 are constructed to resiliently flex and bend
      downwardly with increasing suture tension as swelling occurs, in the
      manner described above. Alternatively, and with reference to FIGS. 2 and
      3, suture 18 may simply be wrapped around the tab 16 and ultimately
      through slit 17 so that the surgical stitch is held in place without
      tying. It will be apparent that the surgeon may simply release the
      surgical stitch for removal or adjustment purposes simply by grasping the
      free end of suture 18 and removing it from the tab 16.
PAR  FIGS. 4 and 7 depict improved structure for accomplishing the securing or
      tying of the suture end. In the enlarged fragmentary perspective view of
      FIG. 4, the suture bridge has identical projections 14 for engaging the
      patient's skin in support of the bridge. With this improved tying
      structure, however, the cantilevered tab or arm is modified significantly,
      and bears the general reference numeral 31. More specifically, the
      cantilevered arm 31 has a bifurcating slot 32 formed therein which extends
      longitudinally from the extreme end of the arm 31 to an inner point
      therein to define a pair of leg members 33. Preferably, the width or
      lateral dimension of bifurcating slot 32 approximates the cross sectional
      dimension of the suture 18 with which it is used.
PAR  It is of importance that the legs 33 be resiliently movable relative to
      each other. This can be accomplished through a desired choice of material
      from which the cantilevered arm 31 is made, length of the slot 32 and
      dimensional parameters of the legs 33 themselves. As will become apparent
      below, the objective in making the leg members resiliently moveable is to
      permit them to be squeezed together without undue difficulty.
PAR  An aperture 34 is formed through the cantilevered arm 31 at the extreme end
      of bifurcating slot 32. In this particular embodiment, aperture 34
      specifically comprises a round bore. However, as used herein, the term
      "aperture" is intended to encompass openings of various shapes which
      extend through the cantilevered arm 31, as well as a simple enlargement of
      the bifurcating slot 32 at its extreme inner point. In this regard, the
      important structural relationship is for the aperture to have a lateral
      dimension (with respect to the longitudinal dimension of the cantilevered
      arm 31 and bifurcating slot 32) which is greater than the smallest lateral
      dimension (width) of the bifurcating slot 32. As such, the aperture 34
      remains open even with the legs 33 squeezed together, thus preventing the
      aperture 34 from frictionally engaging or binding that portion of a suture
      18 passing therethrough.
PAR  As is shown in FIG. 7, the legs 33 are squeezed together by wrapping the
      suture 18 around the legs in a region between the aperture 34 and the end
      of the cantilevered arm 31. To facilitate this wrapping of suture, and to
      hold it in place, the leg members 33 define a region of laterally reduced
      outer dimension, which is represented by the numeral 35 in FIG. 7. In the
      embodiment of FIGS. 4 and 7, such region of reduced outer dimension is
      defined simply by the gentle curvature of the outside surface of each of
      the legs 33. Stated otherwise, the longitudinal side of each leg 33 which
      is disposed opposite the bifurcating slot is generally concave in shape.
PAR  To facilitate entry of the suture 18 into the bifurcating slot 32, the
      lateral dimension or width of the slot 32 increases as the slot approaches
      the extreme end of the cantilevered arm 31, as particularly shown in FIG.
      7. This can be accomplished by cutting the slot in such manner, or by
      causing the leg members 33 to diverge at their extreme end, as is the case
      in this embodiment. It is also desirable for the extreme end of leg
      members 33 to be rounded, as at 36, which reduces the likelihood of
      snagging or unwanted movement of the suture bridge. In this embodiment,
      the extreme ends 36 of leg members 33 are bulbous in shape.
PAR  In use, the surgeon grasps the free suture end, either by hand or
      instrument and brings it through the bifurcating slot 32 to the aperture
      34, retaining a length adequate for wrapping. As shown in FIG. 7, the
      suture end is then wrapped around the leg members 33 in the region 35,
      thus causing the leg members 33 to be squeezed together and reducing the
      width of bifurcating slot 32 or entirely closing a portion of it. The
      "tail" of the suture 18 is then introduced into the slot 32, where it is
      frictionally engaged by the inner surfaces of the leg members 33 where
      they are squeezed together.
PAR  As is apparent, tying or securing the suture in this manner completely
      obviates the necessity of tying a knot with the free suture ends, and is
      substantially simpler, quicker and more secure than knot tying. The use of
      this suture tying structure also provides the additional significant
      advantage of being able to quickly release the suture 18, either for
      purposes of removal or tension adjustment.
PAR  The significance of the aperture, and its size relationship to that of the
      bifurcating slot, resides in the fact that the portion of the suture which
      is initially introduced into the slot does not cause the leg members to
      separate due to its thickness. In other words, in the absence of an
      aperture which is larger in cross sectional size than that of the suture
      used, the suture itself separates the leg members and precludes them from
      frictionally retaining the suture "tail" when it is brought into the slot.
PAR  Depending on the degree of resilience of the leg members 33 and the overall
      size of the aperture 34, sutures of various sizes can be successfully
      used.
PAR  FIG. 5 shows an alternative embodiment of the improved suture tying
      structure shown in FIGS. 4 and 7, with like components bearing like
      reference numerals with addition of the letter a. In the embodiment of
      FIG. 5, the cantilevered arm 31a is generally similar in size and shape to
      the tab 16 of bridge 11 (see FIG. 3 in particular). Cantilevered arm 31a
      has a bifurcating slot 32a, which defines leg members 33a, and terminates
      in an aperture 34a. In this embodiment, the bifurcating slot 32a increases
      in lateral dimension as it approaches the extreme end of the cantilevered
      arm 31a to facilitate entry of the suture.
PAR  The outer side of each leg 33a (i.e., the side disposed opposite the
      bifurcating slot 32) is essentially straight. The outer side of each leg
      33a is therefore notched, as at 37a, to define the region 35a of reduced
      lateral dimension; and accordingly, the suture is wrapped around and into
      these notches 37a. The extreme ends 36a of the legs 33a are rounded.
PAR  In the embodiment of FIG. 6, the cantilevered arm 31b is essentially the
      same as cantilevered arm 31a, with the exception of the aperture 34b. In
      this embodiment, the aperture 34b is recessed laterally and longitudinally
      toward the end of the cantilevered arm 31b, relative to the point of
      communication of slot 32b and aperture 34b, and on opposite sides of the
      slot 32. In the specific form of this embodiment, the aperture 34b is
      heart-shaped. These recessed areas on opposite sides of the slot 34b
      advantageously prevent the suture from being accidentally removed from the
      aperture 34b once it has been introduced.
PAR  The respective embodiments of FIGS. 5 and 6 also point out the desirability
      of controlling the angles of the cantilevered arm relative to the
      supporting foot portion and skin. For example, the cantilevered arm 31a
      defines an angle A with its associated foot portion, and cantilevered arm
      31b defines a smaller angle B with its associated foot portion. The
      selection of a suture bridge having a particular angle between the arm and
      foot portion is in accordance with the application; i.e., the size and
      nature of the incision, its location, etc.
PAR  FIGS. 8-10 depict a suture bridge of two-piece construction. More
      specifically, the disclosed suture bridge comprises a lower bridge member
      41 and an upper bridge member 51. Lower bridge member 41 consists of foot
      portions 42 interconnected by a bridge portion 46. Each of the foot
      portions in turn consists of a pair of longitudinally oriented foot
      members 43 each of which is essentially flat except for its extreme outer
      end 44, which is turned up slightly and rounded to preclude patient
      discomfort in the event of substantial suture pressure. Each of the foot
      members 43 is relatively wide, defining a substantial cross sectional area
      on its undersurface to better distribute pressure arising from suture
      tension. A longitudinal slot or opening 45 extends longitudinally inwardly
      between the foot members 43, the slot 45 being similar to and having the
      same purpose of the slot 15 of bridge 11.
PAR  As particularly shown in FIG. 9, the bridge portion 46 is angular as
      distinguished from curved, consisting of converging walls 47
      interconnected by a flat top section 48. A dovetailed recess 49 is formed
      on the top side of bridge portion 46, extending longitudinally through
      both converging walls 47 and the top section 48.
PAR  Upper bridge member 51 consists of cantilevered arms 52 joined together by
      a connecting portion 53. Each of the cantilevered arms 52 is identical to
      the cantilevered arm 31 of FIG. 4 insofar that the suture tying structure
      is concerned. The connecting portion 53 conforms generally in shape to the
      bridge portion 46, consisting of converging side walls 54 and a flat top
      section 55. With specific reference to the sectional view of FIG. 10, the
      thickness of connecting portion 53 generally corresponds to the depth of
      dovetailed recess 49. The width of connecting portion 53 is chosen for
      interlocking engagement with the recess 49; i.e., its width lies between
      the largest and smallest lateral dimensions of the recess. The edges of
      connecting portion 53 are rounded to facilitate its entry into the
      dovetailed recess.
PAR  As described, it will be appreciated that the lower and upper bridge
      members 41, 51 mateably engage in an interlocking relationship. The
      converging side walls 54 of upper bridge member 51 are somewhat shorter
      than the corresponding side walls 47 of lower bridge member 41, so that
      the cantilevered arms 52 are spaced above the associated foot portions 42
      and define a desired angle therewith. The interlocking or mateable
      construction is particularly advantageous since it permits materials of
      different resiliency to be used for the respective upper and lower bridge
      members 41, 51. For example, it may be desirable for the cantilevered arms
      52 to be quite flexible in a particular applicaton, whereas the foot
      portions 42 should be more rigid to provide the necessary bridge support.
      Different materials for the upper and lower bridge members may also be
      necessary where the lower bridge member to be compatible with skin tissue.
      The two-piece construction also lends itself to replaceability of either
      of the bridge members. In addition, the bridge members 41, 51 are more
      easily fabricated individually than is the equivalent one piece device.
PAR  FIG. 11 is an alternative embodiment of the upper bridge member 51. The
      modified bridge member which bears the general reference numeral 61,
      includes dissimilar cantilevered arms 62, 63 joined by a connecting
      portion 64 which is essentially the same as the connecting portion 53.
PAR  Rather than defining suture tying structure, cantilevered arm 62 is
      integrally connected with the suture 65, thus eliminating one of the two
      suture securing steps. The suture 65 is in turn integrally connected with
      a needle 66. In this embodiment, the blunt end of the needle 66 is hollow
      and the free end of the suture is inserted and connected by crimping or
      swaging. Alternatively, the modified upper bridge member 61, the suture 65
      and needle 66 can be integrally formed with a single material.
PAR  Cantilevered arm 63 includes suture securing structure similar to that of
      the embodiment of FIGS. 4 and 7. The structure includes a bifurcating slot
      67 terminating in an aperture 68, and which defines leg members 69. The
      concavity of the outer side of the legs 69 is somewhat more extreme than
      that of the leg members 33. The leg members 69 terminate in essentially
      spherical tips 70 which themselves define the increasing lateral dimension
      of the slot 67 at the point of suture entry.
PAR  It will be appreciated that the modified upper bridge member 61 enables the
      surgeon to form a surgical stitch with a single tie-off procedure as
      described in connection with FIGS. 4-7. The needle 66 is snipped off or
      otherwise removed after the stitch has been taken. The bridge member 61 is
      particularly suited to single use, disposable construction. The companion
      lower bridge member can also be fabricated for a single use, or
      constructed for more permanent use with replaceable upper bridge members.
CLMS
STM  We claim:
NUM  1.
PAR  1. A surgical bridge for supporting incision sutures under tension
      comprising:
PA1  a. an elongated lower bridge member having first and second foot portions
      joined by a bridge portion constructed to bridge an incision, the foot
      portions being constructed to engage the surface of a patient's skin on
      opposite sides of the incision;
PA1  b. an elongated upper bridge member having first and second arm portions
      joined by a connecting portion;
PA1  c. and means associated with at least one of said lower and upper bridge
      members for mateably interlocking the upper bridge member with the lower
      bridge member;
PA1  d. each of said arm members extending from the connecting portion in
      cantilever fashion with the extreme end of the arm members defining an
      elevated suture support point which overlies and is spaced from said
      opening in the associated foot portion.
NUM  2.
PAR  2. The device defined by claim 1, wherein said means mateably interlocks
      the connecting portion of the upper bridge member with the bridge portion
      of the lower bridge member.
NUM  3.
PAR  3. The device defined by claim 1, wherein said mateable interlocking means
      comprises:
PA1  a. a dove-tailed recess on the top of said bridge portion and extending
      longitudinally thereof;
PA1  b. said connecting portion having a width and depth chosen for interlocking
      engagement within said dove-tailed recess.
NUM  4.
PAR  4. The device defined by claim 3, wherein the width of said connecting
      portion lies between the largest and smallest lateral dimensions of the
      dove-tailed recess.
NUM  5.
PAR  5. The device defined by claim 3, wherein the edges of said connecting
      portion are rounded to facilitate entry thereof into the dove-tailed
      recess.
NUM  6.
PAR  6. The device defined by claim 1, wherein at least one of said arm members
      defines a suture tying device comprising:
PA1  a. a bifurcating slot extending longitudinally from the end of the arm
      member to an inner point thereof to define a pair of leg members, the leg
      members being resiliently movable relative to each other and capable of
      being squeezed together;
PA1  b. an aperture formed through the arm member at said inner point and
      communicating with the bifurcating slot, the aperture having a lateral
      dimension greater than the smallest lateral dimension of the slot, whereby
      the aperture remains open with the resilient leg members squeezed
      together;
PA1  c. and said leg members defining a region of laterally reduced outer
      dimension between said inner point and said end, whereby said suture
      length can be wrapped around the leg members at said reduced area to
      squeeze the leg members together.
NUM  7.
PAR  7. The device defined by claim 6, wherein the lateral dimension of the slot
      increases at said end to facilitate entry of the suture into the slot.
NUM  8.
PAR  8. The device defined by claim 6, wherein the leg members diverge at said
      end to facilitate entry of the suture into the slot.
NUM  9.
PAR  9. The device defined by claim 6, wherein the extreme ends of the leg
      members are bulbous in shape.
NUM  10.
PAR  10. The device defined by claim 6, wherein the longitudinal side of each
      leg member which is disposed opposite the bifurcating slot is generally
      concave in shape to define said region of laterally reduced outer
      dimension.
NUM  11.
PAR  11. The device defined by claim 6, wherein the aperture is circular in
      shape.
NUM  12.
PAR  12. The device defined by claim 6, wherein each of said arm members defines
      said suture tying device.
NUM  13.
PAR  13. The device defined by claim 6, wherein the other of said arm members is
      integrally connected with a suture.
NUM  14.
PAR  14. A surgical bridge for supporting incision sutures under tension
      comprising:
PA1  a. an elongated bridge member having first and second foot portions joined
      by a bridge portion constructed to bridge an incision, the foot portions
      being constructed to engage the surface of a patient's skin on opposite
      sides of the incision;
PA1  b. each of said foot portions having an opening through which a suture may
      pass;
PA1  c. first and second arm members for the first and second foot portions,
      respectively, each arm member extending longitudinally from the bridge
      portion in cantilever fashion with its extreme end defining an elevated
      suture support point which overlies and is spaced from said opening in the
      associated foot portion;
PA1  d. at least one of said arm members defining a suture tying device,
      comprising
PA2  1. a bifurcating slot extending longitudinally from the end of the arm
      member to an inner point thereof to define a pair of leg members, the leg
      members being resiliently movable relative to each other and capable of
      being squeezed together;
PA2  2. an aperture formed through the arm member at said inner point and
      communicating with the bifurcating slot, the aperture having a lateral
      dimension greater than the smallest lateral dimension of the slot, whereby
      the aperture remains open with the resilient leg members squeezed
      together;
PA2  3. and said leg members defining a region of laterally reduced outer
      dimension between said inner point and said end, whereby said suture
      length can be wrapped around the leg members as said reduced area to
      squeeze the leg members together.
NUM  15.
PAR  15. The device defined by claim 14, wherein each of said arm members
      defines said suture tying device.
NUM  16.
PAR  16. The device defined by claim 14, wherein the other of said arm members
      is integrally connected with a suture.
NUM  17.
PAR  17. The device defined by claim 14, wherein the lateral dimension of the
      slot increases at said end to facilitate entry of the suture into the
      slot.
NUM  18.
PAR  18. The device defined by claim 14, wherein the leg members diverge at said
      end to facilitate entry of the suture into the slot.
NUM  19.
PAR  19. The device defined by claim 14, wherein the extreme ends of the leg
      members are bulbous in shape.
NUM  20.
PAR  20. The device defined by claim 14, wherein the longitudinal side of each
      leg member which is disposed opposite the bifurcating slot is generally
      concave in shape to define said region of laterally reduced outer
      dimension.
NUM  21.
PAR  21. The device defined by claim 14, wherein the side of each leg member
      disposed opposite the bifurcating slot is notched to define said region of
      laterally reduced outer dimension.
NUM  22.
PAR  22. The device defined by claim 14, wherein the aperture is circular in
      shape.
NUM  23.
PAR  23. The device defined by claim 14, wherein the aperture is recessed
      laterally and longitudinally toward said end relative to the slot-aperture
      point of communication on opposite sides of the slot.
NUM  24.
PAR  24. The device defined by claim 23, wherein said aperture is heart-shaped.
PATN
WKU  039318222
SRC  5
APN  446057&
APT  1
ART  335
APD  19740226
TTL  Automatic alternating cuff endo tracheal tube inflator
ISD  19760113
NCL  11
ECL  1
EXP  Pace; Channing L.
NDR  2
NFG  4
INVT
NAM  Marici; Frank N.
STR  2 Mineola Ave.
CTY  Roslyn
STA  NY
ZIP  11576
CLAS
OCL  128351
XCL  128349BV
EDF  2
ICL  A61M 1600
FSC  128
FSS  208;349 B;349 BV;351
UREF
PNO  3529596
ISD  19680900
NAM  Garner
XCL  128351
UREF
PNO  3794026
ISD  19740200
NAM  Jacobs
XCL  128351
OREF
PAL  crosby, W. M., "Automatic Intermittent Inflation of Tracheostomy-Tube
      Cuff", In the Lancet, No. 7358, Vol. II for 1964, p. 509, Sept. 5, 1964.
PAL  Salpekar, P. D., "New Apparatus for Chest Units", IN Brit. Med. J.,  1966,
      Vol. 1, 296, Jan. 29, 1966.
LREP
FRM  Pollock, Philpitt & Vande Sande
ABST
PAL  A multi-cuff endo-tracheal tube which minimizes the irritation to the
      trachea by alternately inflating one or the other of two cuffs. A short
      period of time after one cuff is inflated the previously inflated cuff is
      deflated. This removes the possible source of irritation on the trachea at
      the point of contact with the second cuff. After the first cuff has been
      in operation for a predetermined period of time, the second cuff is
      inflated and after another short interval, the first cuff is deflated. A
      control system alternately and sequentially inflates and deflates the
      cuffs in the proper sequence, automatically. The control system is
      fail-safe in that, in the event of cuff rupture, overpressurization, or
      electrical failure, one or the other of the cuffs remains inflated to seal
      the endo-tracheal tube and the control system alerts attendant personnel.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to medical and surgical devices and more
      particularly to a sealing device for use with a specialized endo-tracheal
      tube.
PAC  BACKGROUND OF THE INVENTION
PAR  For some time there has existed a need for extended controlled ventilation
      in patients with severe lung ailments. In one procedure which has been
      devised to meet this need, endo-tracheal intubation has been devised which
      comprises inserting a tube through the upper airways (trachea) of the
      patient. The tube is then used to connect the respiratory apparatus of the
      patient to a mechanical ventilating device or respirator.
PAR  For a number of reasons it is usually necessary to form a seal between the
      endo-tracheal tube and the inside of the tracheal wall of the patient. The
      extended controlled ventilation requires intermittent pressurization of
      the patient's respiratory apparatus, and the seal is necessary if a
      pressure above atmospheric is to be maintained within the patient's
      respiratory system. To obtain this seal, the endo-tracheal tube is
      provided with a cuff which is capable of being inflated once in place.
      Since the patient may require the use of the endo-tracheal tube for
      several days or weeks, it is common for the trachea to become irritated at
      the point where the cuff engages the tracheal wall, leading to necrosis,
      scarring, and possibly stenosis, (see Intratracheal Cuff: Performance
      Characteristics, By Carroll, Hedden and Safar, in Anesthesiology,
      September 1969, pages 275-281).
PAR  At least some of the causes of the difficulties with prior art cuffs can be
      traced to the fact that the pressure of the cuff, acting against the
      trachea, can be great enough to cut off the blood circulation in the
      trachea thus causing damage. The prior art has recognized that, in the
      period between inhalation and exhalation, the pressure in the cuff can be
      decreased to allow blood circulation to flow in the tracheal walls, (see,
      for instance, U.S. Pat. No. 3,481,339).
PAR  The prior art (see for example, U.S. Pat. No. 3,481,339) has also suggested
      that tubes with successive cuffs could be used, so that successive
      compression can be carried out with different parts or portions
      corresponding to each cuff. However, while the prior art teaches a cuff
      which is capable of automatically decompressing between inhalation and
      exhalation, U.S. Pat. No. 3,481,339 states that successive cuffs were
      disadvantageous since the assistance of an expert was required.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises an automatic alternating cuff endo-tracheal
      tube. In the illustrated embodiment, two cuffs are provided which are
      inflated and deflated sequentially for short periods of time so that the
      tracheal mucosa can recover during the periods of time when the adjacent
      cuff is deflated. Furthermore, the pressure in an inflated cuff varies
      continuously during the breathing cycle in accordance with the variation
      in pressure supplied to the trachea by the tube connected to a respirator.
      In particular, the cuff pressure is just slightly higher than the pressure
      in the trachea to maintain the seal and minimize the irritation. The
      sequence of operation is to inflate the second cuff, before the first cuff
      is deflated and maintain both inflated for a short, predetermined period
      of time, the first cuff may be then inflated and both cuffs maintained
      inflated for a short predetermined period of time, after which the second
      cuff can be deflated. In this manner, a positive seal is maintained at all
      times.
PAR  To control the inflation and deflation of the cuffs sequentially, the
      control system must provide the following functions:
PAR  1. The system must inflate and deflate the cuffs in the proper sequence and
      with the proper time overlap as described above.
PAR  2. The system must be simple to operate so as not to require a skilled
      expert to be standing by at all times when the system is in operation. It
      is expected that during extended periods of time, only semi-skilled
      personnel will be available to monitor the patient's progress.
PAR  3. The control system must be fail-safe. The tube must remain sealed at all
      times even subsequent to a malfunction and, in the case of a malfunction,
      the attendant personnel must be alerted. The control system is capable of
      responding to the following malfunctions: cuff rupture, overpressurization
      of the patient due to accumulation of mucus causing atelectasis and
      electrical failure in the control system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  As an aid to describing the illustrated embodiment of the invention,
      reference will be made to the several figures of drawings in which like
      reference characters refer to identical apparatus and in which:
PAR  FIG. 1 is a schematic showing of the alternating cuff endo-tracheal tube
      inserted in a trachea;
PAR  FIG. 2 is a schematic diagram illustrating the pneumatic components of the
      system and their interconnection;
PAR  FIG. 3 is a detail showing of a portion of the pneumatic components of the
      system related to one of the two cuff;
PAR  FIG. 4 is an electrical schematic showing the electrical portions of the
      control system.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the alternating cuff endo-tracheal tube in place in the
      trachea. In particular, the endo-tracheal tube 4 is inserted in the
      trachea 3. A conventional respirator supplies air to the endo-tracheal
      tube 4 which is then supplied to the trachea. To effect a seal between the
      trachea and atmospheric pressure, a pair of cuffs, 1 and 2, surrounds the
      tube at two different locations. Each of the cuffs 1 and 2 is inflatable
      and therefore air-tight. A control unit 5 senses and controls the pressure
      in cuffs 1 and 2 through communicating lines 6 and 8, respectively. The
      pressure in the endo-tracheal tube 4 is sensed by the control unit 5 via
      pressure line 7.
PAR  FIG. 2 shows the pneumatic portion of the control unit 5 in its relation to
      the endo-tracheal tube 4 and the cuffs 1 and 2. The control unit includes
      a pressure gauge 25 which is responsive to the pressure in endo-tracheal
      tube 4. In addition, pressure sensing gauges 21 and 23 are provided to
      sense, respectively, the pressure in cuffs 1 and 2 via the communicating
      lines 6 and 8. Pressure-actuated electrical switches 22, 24, and 26 each
      are provided to open or close an electric circuit in response to the
      pressure in cuff 1, cuff 2, or tube 4, respectively. The remaining
      portions of the control unit 5 include a pneumatic sensing and controlling
      device for each of cuffs 1 and 2. This portion of the control unit 5 is
      shown in more detail in FIG. 3 for that pneumatic control sensing unit
      associated with cuff 1.
PAR  FIG. 3 repeats the showing of endo-tracheal tube 4 and cuff 1. These are,
      respectively, connected to a bellows or transducers (hereinafter the term
      "bellows" will be used even though such devices, are transducers) 13 and
      12 through pneumatic lines 7 and 6, respectively. The upper end of bellows
      12 and the lower end of bellows 13 are connected to a common lever arm 9
      which pivots about a pivot point 10. A weight 11 is placed on lever arm 9
      to tend to depress the bellows 12. A solenoid 15, acting through its arm
      16, which is connected to the lever arm 9 and pin 17, is capable of
      rotating lever arm 9 about its pivot point 10. A unidirectional valve 14
      is connected to line 6 communicating with cuff 1 and the bellows 12. The
      valve 14 allows atmospheric air to enter the communicating line 6 and
      through the line 6 to the cuff 1 and the bellows 12 when the bellows 12 is
      expanded. However, when the bellows 12 contracts, valve 14 prevents air
      leakage to the atmosphere and thus the pressure in cuff 1 and bellows 12
      rises.
PAR  Although not illustrated in FIG. 3, a similar unit to the one shown in FIG.
      3 is associated with cuff 2. This is shown schematically in FIG. 2.
PAR  In operation, the cuff 1, shown in FIG. 3, is inflated by compression of
      bellows 12. When the solenoid 15 is energized, arm 16 retracts causing the
      lever arm 9 to pivot in a clockwise direction about pivot point 10 to
      expand the bellows 12 and deflate the cuff. When the solenoid 15 is
      deenergized, lever arm 9 rotates in a counterclockwise direction, allowing
      weight 11 to compress the bellows 12. This increase in pressure is
      transmitted to the cuff 1, thereby inflating it. Bellows unit 13,
      communicating with the pressure in tracheal tube 4, expands and contracts
      in response to the pressure variations in the tracheal tube. As the
      pressure in the tracheal tube 4 increases, the bellows 13 expands and,
      correspondingly, as the pressure in tracheal tube 4 decreases, the bellows
      13 contracts.
PAR  Assuming cuff 1 is to be inflated, solenoid 15 is deenergized allowing the
      weight 11 to compress the bellows 12. The steady downward force on the
      lever arm 9 caused by the weight 11 compresses the bellows 12 to inflate
      the cuff 1. As the respirator, which supplies air to the tracheal tube 4,
      forces air into the tube, the tracheal pressure increases. This causes
      bellows unit 13 to expand to increase the force exerted on the bellows
      unit 12. Thus, the pressure in cuff 1 will increase to a value greater
      than the steady pressure caused by the weight 11. If the bellows 12 is
      positioned directly beneath the bellows 13, the cuff pressure will
      theoretically equal the pressure caused by the weight plus the tracheal
      pressure. By varying the weight 11, one may chose any initial pressure
      desired. Bellows 13 is not necessarily located directly above bellows 12.
      If it is positioned farther from pivot point 10 of the lever arm 9 than is
      bellows 12, a mechanical advantage results and a greater increase in cuff
      pressure will result from a given increase in tracheal pressure. This may
      be desirable to counteract the friction in the moving parts, pressure
      drops in lines, and back pressure caused by the stiffness of the cuff.
      With a correct choice of initial pressure and mechanical advantage in the
      lever arm it is possible to maintain just enough pressure in the cuff to
      maintain an effective seal throughout the entire breathing cycle and, at
      the same time, not overpressurize the cuffs so as to irritate the mucosa.
      When it is desired to deflate cuff 1, the solenoid 15 is energized. This
      causes clockwise rotation of lever arm 9 about pivot 10, raising weight
      11, expanding bellows 12, and deflating the cuff 1.
PAR  It should be noted, at this point, that electrical energy is not required
      to inflate either cuff 1 or cuff 2. The energy for inflation of the cuffs
      is provided by the respirator. As the respirator increases the pressure in
      the endo-tracheal tube 4, this causes the associated bellows unit (i.e.
      either 13 or 18, see FIG. 2) to expand to cause a corresponding
      contraction of bellows unit 12 or 17. The contraction of the bellows units
      12 or 17 increases the pressure in the corresponding one of the cuffs 1 or
      2. Electrical energization of the solenoid, either solenoid 15 or solenoid
      20, merely provides for deflation of the respective cuff.
PAR  FIG. 4 shows the electrical portion of control unit 5. As noted above,
      electrical energy is not required for the inflation of either cuff 1 or
      cuff 2. However, electrical energy is required to cycle the cuffs, that
      is, to cause the selective deflation of one or the other of the cuffs in
      the proper sequence. Furthermore, the electrical portion of control unit 5
      can respond to a variety of faults in a fail-safe manner including cuff
      rupture, overpressurization of the patient, or electrical failure. In any
      of these cases, appropriate warning indicators are energized to alert
      attendant personnel. Furthermore, indicating lights are energized to
      indicate the condition of the apparatus.
PAR  FIG. 4 shows the solenoids 15 and 20 which are respectively energized over
      switches 27a and 27b. These switches are controlled by timer 27, which
      also controls timer switch 27c. These switches are so arranged that during
      normal operation, one switch, for instance 27a, is closed for a
      predetermined period of time, such as 20 minutes. During that same
      interval of time, switches 27b and 27c are open. For purposes of this
      description, switches 27a and 27b are considered open when they are in
      their lower position and closed when in their upper position. Switch 27c
      is closed when in its lower position. After the timer 27 has timed out the
      predetermined period of time, the associated closed switch opens and
      switch 27c closes for a short period of time, such as 30 seconds. At the
      expiration of this short period of time, switch 27c again opens and the
      other switch, for instance, 27b, closes.
PAR  Relays 30, 31 and 34, respectively, control contacts 30a, 30b; 31a, 31b;
      and 34a, 34b and 34c. When the respective relay is energized the contacts
      are raised and when the relay is deenergized the contacts correspondingly
      fall. Relays 30 and 31 can be energized respectively via either closed
      switches 22a, 29a and 24a, 29b, respectively. The switches 22a and 24a are
      the contacts of the pressure switches 22 and 24 shown in FIG. 2. When the
      pressure in lines 6 or 8, corresponding to the pressure in cuffs 1 or 2,
      rises sufficiently to indicate that the cuff is inflated, then the
      switches 22a or 24a are closed. Correspondingly, when the cuffs are
      deflated, these switches are opened.
PAR  In the event of a slow leak in the air supply line to either cuff 1 or 2,
      the decrease in pressure may be so slight as not to trip the respective
      pressure switch 22 or 24. However, as the lever arm cycles in response to
      pressure variations in a tracheal tube 4, slow leak either in a cuff or in
      the air supply line leading from a bellows 12 or 17 to the associated cuff
      will cause the corresponding lever arm to rotate further in the
      counterclockwise direction because of the lower counter pressure. A limit
      switch (not shown in FIG. 2) is positioned so as to be closed in response
      to the greater amount of travel of such lever. Limit switch 29a in FIG. 4
      is associated with cuff 1 and limit switch 29b is associated with cuff 2.
      These limit switches are normally open and become closed in response to
      the detection of lever arm travel which exceeds a predetermined limit.
PAR  Indicator lights 44a and 44b, when energized, indicate that the respective
      cuff, cuff 1 or cuff 2, is inflated.
PAR  Pressure switch 26 operates to one of two positions depending upon whether
      or not the pressure in the tracheal tube 4 exceeds a predetermined limit
      corresponding to overpressurizing the patient. The transfer contact 26a
      (in FIG. 4) is thus operated to the right, making contact with 26b when
      the pressure is normal, and is operated to the left, to make contact with
      26c, when the pressure increases above the threshold.
PAR  Indicator light 42 is a red warning light, and is energized at any time
      other that an apparatus malfunction occurs. Indicator light 43 is
      energized when power is applied to the system, and green indicator light
      45 is energized when the system is operating properly.
PAR  An audible alarm 35 is provided which is energized when the system is not
      operating properly. The alarm is energized via a nickel cadmium battery 36
      which has an associated recharger which is shown connected to the power
      lines.
PAR  Jacks 41a, 41b and 41c are allowed for convenient connections for remote
      indication purposes. On-off switches 37a and 37b are provided along with
      switches 38a and 38b which may be opened by an operator to disable the
      audible alarm. A reset switch 28 is provided to initiate the operation of
      the system and deflate switch 33 is provided which, when thrown to its
      left-most position, contacting 33a, will cause the cuffs to deflate.
PAC  OPERATION
PAR  In order to explain the operation of the control system, the functions that
      are performed in a normal cycle will be explained and this will be
      followed by a description of the manner in which the apparatus responds to
      various types of malfunction.
PAR  When the system is first energized, both relays 30 and 31 will be energized
      via the power line through switch 37a and the closed pressure switches 22a
      and 24a. Relay 34, however, will be deenergized and thus power will be
      applied through switch 37a, and back contacts of 34b and 27b to energize
      solenoid 20, thus ensuring that cuff 2 remains deflated. Solenoid 15 is
      deenergized, but cuff 1 is also deflated since lever arm 9 is initially in
      its extreme counterclockwise position and bellows 12 is compressed. The
      power indicator 43 will be energized also over contact 34b. Also, a red
      warning light 42 will be energized and the audible alarm 35 will be
      activated. The sounding of the alarm can be discontinued by opening switch
      38a and b, if desired. In order to initiate operations, the reset switch
      28 is closed. This will energize timer motor 27 and relay 34 through
      switch 33 and switch 26a in contact with 26b.
PAR  Closing the reset switch 28 will also provide a source of power over
      contact 28 to solenoid 15 to energize solenoid 15. At the same time,
      however, the picking up of relays 34 opens the energization circuit for
      solenoid 20 at open contact 34b and thus solenoid 20 will be deenergized
      to allow inflation of cuff 2. At the same time, the red warning light 42
      will be deenergized. As the pressure builds up in cuff 2, pressure switch
      24a will open, thus deenergizing relay 31. This will energize indicator
      44b over the back contact of relay contact 31a, indicating that cuff 2 is
      inflated. Energization of relay 34 deenergizes the red indicator 42 and
      also opens the circuit for the audible alarm 35 at relay contact 34c. If
      switches 38a and 38b are now closed, the green indicator 45 will be
      energized indicating normal operation.
PAR  In general, normal operation is indicated by relay 34 being energized. This
      will only occur if one or the other of relays 30 and 31 is deenergized.
PAR  After the predetermined sequencing period (such as 20 minutes) has been
      timed out by motor 27, contact 27a will open to thus deenergize solenoid
      15. At this time, solenoid 20 is already deenergized, and thus, in
      response, both cuffs 1 and 2 will become inflated. At the same time that
      contact 27a opens, 27c will close. If cuff 1 inflates, pressure switch 22a
      will open and thus relay 30 will become deenergized. Now both indicators
      44a and 44b are energized, indicating that both cuffs are inflated.
      However, relay 34 remains energized. After a short predetermined period of
      time (such as 30 seconds), the timer 27 causes switch 27c to open and 27b
      to close, that is, to assume its upper position. This will cause solenoid
      20 to be energized over the back contact of either 30b or 31b and through
      the front contact of 34a to the closed switch 27b. This will cause cuff 2
      to deflate and thus cause switch 24a to close again, energizing relay 31.
      This will cause indicator 44b to be extinguished, but indicator 44a
      remains energized, indicating that cuff 1 is still inflated.
PAR  In this manner, the control unit cycles cuffs 1 and 2, with cuff 1 inflated
      for a predetermined period of time (such as 20 minutes), after which both
      cuffs 1 and 2 are inflated for a short predetermined period of time (such
      as 30 seconds), after which cuff 1 is deflated and cuff 2 becomes inflated
      for a similar predetermined period of time (such as 20 minutes). This
      normal sequence of operation continues as long as no failures are
      detected.
PAR  The actual pressure source to cause the cuffs to become inflated is the
      respirator, over the apparatus shown in FIG. 2. If, after the machine has
      been in operation, it is desired to deflate both cuffs 1 and 2, for
      instance, for repositioning the endo-tracheal tube 4, or for removing it,
      switch 33 may be operated to its lefthand position to make contact 33a.
      Since relay 34 is normally energized through switch 33 in its righthand
      position, actuation of the switch to its lefthand position will cause
      deenergization of relay 34. This will supply power to the normally open
      contact for switch 27a or 27b, depending on the condition of the timer 27.
      This power will cause energization of either solenoid 15 or 20. In
      addition, when switch 33 makes contact 33a power will be supplied to the
      normally closed side or either switch 27a or 27b. Thus, the other solenoid
      will also be energized. This will cause deflation of both cuffs, and at
      the same time energize red warning indicator 42 and audible alarm 35.
PAR  Loss of power in the electrical portion of the control system 5 will cause
      all relays and solenoids to become deenergized. The audible alarm 35 will
      be energized, however, by reason of a nickel-cadmium battery 36. At the
      same time, it should be noted that both cuffs will be inflated, thus
      protecting the patient in case of electrical power failure.
PAR  Another potential failure situation which the control system must handle
      properly is that of cuff rupture or a rupture of the lines 6 or 8 feeding
      the cuffs. For purposes of this explanation, it will be assumed that cuff
      1 is deflated, that is solenoid 15 is energized, and that solenoid 20 is
      deenergized and therefore cuff 2 is inflated. This will mean that the
      timer switches 27a and 27b will be in the position shown in FIG. 4.
      Pressure switch 22a will be closed and 24a will be open indicating
      pressure in cuff 2. Relay 30 will be energized through the closed switch
      22a, and relay 31 will be deenergized since both the pressure switch 24 is
      open and the limit switch 29b is open. Relay 34 will be energized,
      indicating normal operation. At the time cuff 2 ruptures, pressure switch
      24a will be closed due to the decrease in pressure. This will energize
      relay 31. Since relay 34 had been energized over the back contact of 31b,
      energization of relay 31 removes the energy from relay 34 and it becomes
      deenergized, energizing the red warning lamp 42 and sounding the audible
      alarm 35. In addition, the timer motor 27 will stop since it, too, was
      supplied with energy over the back contact of 31b. The energy for
      energizing solenoid 15 had been supplied over the same back contact of
      31b. When relay 31 was energized, this energy path opened and thus
      solenoid 15 was deenergized. The deenergization of solenoid 15 allows cuff
      1 to become inflated and, at the same time, energy is supplied over back
      contact 34b to energize solenoid 20 to cause cuff 2 to become deflated if
      it has not already done so. When cuff 1 inflates, pressure switch 22a
      opens, thus dropping relay 30. This will cause indicator 44a to become
      energized over the back contact of 30a. Thus, in response to the rupture
      of air inflated cuff, the faulty cuff has been deflated and the other cuff
      inflated. The system indicates a failure mode by sounding the alarm and
      energizing red indicator 42 so that the attendants may be informed and
      take proper action. With indicator 44a energized, this indicates that cuff
      1 is inflated and therefore the problem lies in cuff 2. In case cuff 1
      ruptures, similar operation will ensure that cuff 2 becomes inflated.
PAR  A further possible failure mode is a slow leak in one of the cuffs which
      does not depressurize the system enough to close the associated pressure
      switch. Instead, one of the lever arms will gradually move lower until it
      trips either limit switch 29a or 29b. Assume that cuff 2 has been inflated
      and cuff 1 deflated. This will cause relays 30 and 34 to be energized and
      relay 31 to be deenergized. If the slow leak is associated with cuff 2,
      limit switch 29b will close, thus energizing relay 31. When contact 31b
      moves up, it opens the energization path for relay 34 and thus this relay
      becomes deenergized. This will activate the red warning lamp 42 and
      initiate the audible alarm 35. As in the previous example, when relay 31
      is energized, it also opens the energy path for energizing solenoid 15 and
      thus this solenoid becomes deenergized allowing cuff 1 to inflate. At the
      same time, when relay 34 is deenergized, the back contact at 34b provides
      an energy supply for energizing solenoid 20, thus causing cuff 2 to
      deflate. This same action causes the lever arm to move up and opens limit
      switch 29b. However, pressure switch 29a will close due to the drop in
      pressure and thus maintain relay 31 energized. As cuff 1 inflates,
      pressure switch 22a will open, thus deenergizing relay 30 and providing a
      current path for energizing indicator 44a over the back contact at 30a. At
      the same time that the relay 34 became deenergized, timer motor 27 also
      became deenergized to stop the normal sequencing of cuffs 1 and 2.
PAR  Thus, the slow leak in cuff 2 had been handled properly, by causing cuff 1
      to inflate, deflating cuff 2, and indicating a failure mode. The
      energization of lamp 44a and the corresponding deenergization of lamp 44b
      will indicate to the attendant that the problem lies with cuff 2 and not
      cuff 1.
PAR  A third failure mode can occur if a restriction occurs in the breathing
      passages of a patient. The continued operation of the respirator raises a
      danger of overpressurizing the patient. However, pressure sensing switch
      26 will sense the pressure in tracheal tube 4 rising above some
      predetermined threshold and cause the switch 26a (in FIG. 4) to make
      contact 26c, instead of contact 26b. When this occurs, regardless of the
      positioning of the timer switches 27a and 27b, both solenoids will be
      energized. One will be energized from the power line through contacts 26c,
      switch 26d, and switch 33. When switch 26a moved to its lefthand position
      it opened the circuit for relay 34 and timer motor 27. When relay 34
      becomes deenergized, power is supplied via the back contact at 34b to the
      other of solenoids 15 and 20. As both cuffs become deflated, pressure
      switches 22a and 24a close and thus both relays 30 and 31 become
      energized. Since both cuffs are deflated now, there is no danger of
      overpressurization as the endo-tracheal tube is no longer sealed off from
      the atmosphere. As the respirator moves through its normal cycle, the
      pressure it supplies endo-tracheal tube 4 will decrease, and when it
      decreases sufficiently so that switch 26a makes its righthand contact 26b,
      the energization path for solenoid 15 will be opened and thus this
      solenoid will become deenergized allowing cuff 1 to inflate. Note that the
      relay 34 and the timer motor 27 are deenergized; therefore, the the
      contacts 27a, 27b and 27c will no longer change their position with time
      and the red warning indicator 42 and audible alarm 35 are energized. As
      the respirator goes through its cycle, switch 26a will flip back and forth
      between contacts 26b and 26c. When in the lefthand position in response to
      a high pressure condition, both cuffs will be deflated to protect the
      patient. When switch 26a is in its righthand position, cuff 1 will be
      inflated providing a seal for the respirator system. However, during this
      entire period of time, the red warning light 42 and the audible alarm 35
      are energized to indicate a failure condition. They system will maintain
      this state until reset switch 28 is closed to resume normal operation.
PAR  From the foregoing description of the pneumatic and electrical control
      system, the operation of the cuffs should be apparent. Referring to FIG.
      1, we will assume that cuff 1 is inflated and cuff 2 is deflated. During
      this time, as the respirator increases and decreases the pressure in
      tracheal tube 4, the pressure in cuff 1 will change in a like manner.
      Reference to FIG. 3 shows that as the pressure in tracheal tube 4
      increases, the expansion of bellows 13 causes a corresponding contraction
      of bellows 12 to correspondingly increase the pressure in the cuff 1.
      Similarly, as the pressure in the endo-tracheal tube 4 decreases, the
      contraction of bellows unit 13, responsive thereto, allows bellows unit 12
      to expand, thus also decreasing the pressure in cuff 1. After cuff 1 has
      operated in this manner for a predetermined period of time, (20 minutes
      has been suggested) the electrical control system will cause cuff 2 to
      become inflated, as well. After a short period of time, such as 30
      seconds, during which time both cuffs are inflated, cuff 1 will be
      deflated. Thereafter, cuff 2 will operate in the same manner as cuff 1 had
      operated until the control system again causes cuff 1 to be inflated.
PAR  Thus, an alternating cuff endo-tracheal tube has been provided in which the
      cuffs are automatically controlled. Furthermore, the system is fail-safe,
      in that an electrical failure or a rupture in one or the other of the
      cuffs will not result in any danger to the patient. In case of an
      electrical failure, both cuffs become inflated and the control system
      signals the attendant. If one or the other of the cuffs ruptures, the
      other cuff becomes inflated and again the control system signals an
      attendant. In addition, as has been explained, the system prevents
      overpressurization be deflating the seal when the pressure in the tracheal
      tube 4 exceeds a predetermined threshold which corresponds to
      overpressurization. Furthermore, the seal is only deflated during the
      period of time when overpressurization may occur. That is, as the
      respirator goes through its cycle, the seal will only be deflated during
      that portion of the cycle where overpressurization of the patient may
      occur.
PAR  The automatic multi-cuff endo-tracheal tube disclosed above has been
      tested, to date, on four patients for a total of 271 hours of operation.
      During this time, the unit performed flawlessly. The table below shows the
      number of hours used for each of the patients involved.
TBL  ______________________________________                                    

     Patient         Hours of Use                                              

     ______________________________________                                    

      I              13                                                        

     II              47                                                        

     III             188                                                       

     IV              23                                                        

     ______________________________________                                    

PAR  The embodiment of the device utilized with respect to patients I and III
      developed leaks. However, these leaks were safely and properly handled by
      the control system. On the first patient, the two cuffs developed a leak
      so that when cuff number 1 was inflated, air would leak into cuff number 2
      and vice versa. This problem was solved by deenergizing the control unit,
      causing both cuffs to become inflated.
PAR  The third patient's number 2 cuff developed a leak (on the third day of
      operation) where it was bonded to the endo-tracheal tube. The automatic
      alternating cuff endo-tracheal tube corrected this problem and maintained
      an endo-tracheal seal by keeping cuff number 1 inflated.
PAR  As a result of the possibility of leaks, such as occurred in testing the
      apparatus referred to above, the control system must be designed to
      respond to such situations without endangering the patient. The manner in
      which the tested apparatus responded shows that the instant invention
      meets this requirement.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An alternating cuff endo-tracheal tube including,
PA1  an endo-tracheal tube,
PA1  at least two cuffs surrounding said endo-tracheal tube,
PA1  each of said cuffs capable of forming an air tight seal against the trachea
      when inflated, and
PA1  a control unit sensing pressure in each of said cuffs and in said
      endo-tracheal tube and controlling the pressure in both said cuffs, said
      control unit including, for each of said cuffs,
PA1  a moveable member urged in one direction to pressurize the associated cuff,
PA1  means responsive to pressurization of said endo-tracheal tube to further
      urge said moveable member in said one direction to increase pressure in
      said associated cuff,
PA1  and deflating means, when energized, to urge said moveable member in said
      other direction to deflate said associate cuff, and
PA1  timing means, when activated to energize and deenergize both said deflating
      means alternately and in sequence.
NUM  2.
PAR  2. A pressure controlling device for controlling the pressure of a cuff on
      an endo-tracheal tube in accordance with pressure variations in said tube
      comprising,
PA1  a movable member normally urged in one direction,
PA1  first transducing means connected to said cuff and to said movable member
      to pressurize said cuff in response to movement in said one direction by
      said movable member,
PA1  and second transducing means connected to said tube and to said movable
      member to move said movable member in said one direction in response to
      pressure increases in said tube to thereby increase the pressure in said
      cuff and, to move said movable member in said other direction in response
      to pressure decreases in said tube to thereby decrease the pressure in
      said cuff.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said control means further includes,
PA1  means responsive to the pressure in a cuff being below a predetermined
      value when said associated deflating means is deenergized to deactivate
      said timing means to to deenergize the deflating means associated with
      said other cuff.
NUM  4.
PAR  4. The apparatus of claim 3 which further includes a pressure responsive
      device sensing pressure in said tube,
PA1  said pressure responsive device causing energization of both said deflating
      means in response to pressure in said tube above a predetermined amount.
NUM  5.
PAR  5. The apparatus of claim 3 which further includes means responsive to
      movement of said movable member in said one direction beyond a
      predetermined point to deactivate said timing means and to energize the
      deflating means associated with the cuff associated with said movable
      member and to deenergize the other deflating means.
NUM  6.
PAR  6. A cuff inflating device for an endo-tracheal tube having a cuff,
      operated by a respirator supplying said tube, comprising
PA1  a movable member normally urged in one direction,
PA1  first transducing means connected to said cuff and to said movable member
      to pressurize said cuff in response to movement of said movable member in
      said one direction,
PA1  and second transducing means connected to said tube and to said movable
      member to urge said movable member in said one direction in response to
      increases in pressure in said tube.
NUM  7.
PAR  7. The device of claim 6 which further includes deflating means to move
      said movable member in said other direction to deflate said cuff, when
      said deflating means is energized.
NUM  8.
PAR  8. The device of claim 5 which further includes a unidirectional valve to
      admit air into said first transducing means but to prevent air from
      escaping from said transducing means.
NUM  9.
PAR  9. The apparatus of claim 2 in which said moveable member includes a lever
      arm pivoted about a fulcrum.
NUM  10.
PAR  10. The apparatus of claim 2 in which said first and second transducers
      comprise first and second bellows.
NUM  11.
PAR  11. The apparatus of claim 2 in which a weight is supported by said
      moveable member to normally urge said moveable member in said one
      direction.
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ABST
PAL  A cane separator for removing cane from the intersection of first and
      second conveyors of a harvesting machine, including a toothed chain
      mounted in the path of travel of the first conveyor for guiding cane
      leaving said first conveyor across said second conveyor, a rotating shaft
      for driving said toothed chain, said shaft being located on the opposite
      side of said second conveyor from said first conveyor for engaging cane
      which may extend beyond said second conveyor and thus pulling cane from
      said second conveyor, and a wobble wheel keyed to said shaft and extending
      transversely to the path of travel of said second conveyor to engage cane
      and lift it from said second conveyor.
BSUM
PAR  The present invention relates to a device for removing undesired cane from
      the conveyors of a harvesting machine.
PAR  By way of background, in certain types of harvesting machines, such as
      grape harvesters, conveyors are located in intersecting relationship to
      each other. These conveyors not only carry the harvested fruit, but also
      carry debris such as cane and leaves which were removed from the plants
      during the harvesting operation. In the past, long pieces of cane could
      not negotiate the intersection of the conveyors and became stuck at the
      intersection. This, in turn caused the remainder of the material carried
      by the conveyors to become jammed at the intersection. The various
      remedies for such jamming were inefficient and uneconomical. One remedy
      was to utilize extra personnel who walked behind the harvesting machine
      and cleared the jams manually. Another remedy was for the operator of the
      harvester to periodically stop the harvester and remove the jammed
      material. With both of the foregoing remedies extra labor was required and
      in addition there was a waste of fruit which was discarded along with the
      cane and leaves. It is with overcoming the foregoing deficiencies of prior
      harvesters that the present invention is concerned.
PAR  It is accordingly the primary object of the present invention to provide a
      cane separator for use at the junction of two intersecting conveyors which
      efficiently removes cane from this intersection so as to prevent jamming.
      A related object of the present invention is to provide a cane separator
      which operates efficiently so as to obviate the necessity for any manual
      labor for removing the cane which may cause jamming. A further related
      object of the present invention is to provide a cane separator for the
      junction of two intersecting conveyors of a harvesting machine which will
      remove the cane but leave the fruit so as not to waste such fruit. Other
      objects and attendant advantages of the present invention will readily be
      perceived hereafter.
PAR  The cane separator of the present invention is associated with a harvesting
      machine having a first conveyor having a first path of travel and a second
      conveyor having a second path of travel extending in intersecting
      relationship to said first path of travel, said cane separator comprising
      cane engaging means located beyond said first conveyor and above said
      second conveyor and positioned in said first path of travel and driving
      means for driving said cane engaging means to direct cane leaving said
      first conveyor across said second conveyor.
DRWD
PAR  The cane separator also includes second cane engaging means mounted
      alongside said second conveyor on the opposite side thereof from said
      first conveyor for engaging cane extending beyond said second conveyor and
      removing said cane therefrom. In addition, the cane separator includes
      third cane engaging means mounted transversely to said second path of
      travel of said second conveyor for engaging cane passing along said second
      conveyor and removing it therefrom. The various aspects of the present
      invention will be more fully understood when the following portions of the
      specification are read in conjunction with the accompanying drawings
      wherein:
PAR  FIG. 1 is a fragmentary side elevation view of the rear end of a grape
      harvester;
PAR  FIG. 2 is a fragmentary perspective view, taken from the right of FIG. 1,
      of the cane separator structure mounted on the grape harvester;
PAR  FIG. 3 is a fragmentary plan view taken substantially in the direction of
      line 3--3 of FIG. 1, and showing the various components of the cane
      separator in relation to the conveyors;
PAR  FIG. 4 is a fragmentary cross sectional view taken substantially along line
      4--4 of FIG. 3; and
PAR  FIG. 5 is a fragmentary cross sectional view taken substantially along line
      5--5 of FIG. 3.
DETD
PAR  By way of brief preview, the cane separator 10 of the present invention
      essentially includes a toothed endless chain 11, a rotating shaft 12
      mounted proximate slide plate 13, and a toothed wheel 14 keyed to shaft 12
      and mounted obliquely thereto to provide a wobble effect.
PAR  The cane separator 10 is shown as being mounted proximate the junction of
      the collecting conveyor 15 and the first elevator conveyor of a grape
      harvester. Conveyor 15 receives grapes and debris, such as cane and
      leaves, from flexible shutter-like leaves 16 on which these items drop as
      a result of being shaken from the grapevines by suitable shaker mechanism
      (not shown) mounted on harvesting machine 17. Briefly by way of
      background, the harvesting machine 17 travels along the rows of grapevines
      and the leaves or shutters 16 and 16' of the machine yield and separate
      away from their junction 17' as they encounter the grapevine trunks and
      the posts which support the grapevines. However, leaves 16 and 16'
      normally occupy the closed position shown in FIG. 2 wherein they provide a
      continuous surface for receiving material shaken from the plants, and such
      material moves from leaves 16 onto conveyor 15. While the ensuing
      description is directed to a grape harvester, it will be appreciated that
      the cane separator can be used equally well in a harvester for other types
      of plants where cane or branches may cause jamming.
PAR  The material received by conveyor 15 travels along the horizontal run 18
      thereof and thereafter travels upwardly along the inclined portion 19 at
      the end thereof and thereafter drops onto the first elevating conveyor 20
      which carries it to second elevating conveyor 21 which lifts it to a
      sufficient elevation to permit it to be loaded into suitable containers by
      suitable mechanism not shown. The material received by conveyor 15
      comprises bunches of grapes, single grapes, leaves, long cane up to 6 feet
      long, short cane as short as a few inches long, and cane having leaves and
      bunches of grapes attached. The cane may be of a diameter of approximately
      one-fourth to one-half inch. The foregoing materials may be carried by
      conveyor 15 to a depth of up to 5 inches, considering that the grape
      harvester 17 travels along the rows of grapevines at a speed of up to four
      miles per hour and the conveyor 15 carries up to ten tons of grapes per
      hour, in addition to the debris consisting of leaves and canes. At this
      point it is to be noted that there is another conveyor (not shown) such as
      15 and parallel to and located to the right of conveyor 15 adjacent leaves
      or shutters 16', so that the machine can actually harvest up to 20 tons of
      grapes per hour.
PAR  As a result of the large mass of material being transferred from conveyor
      15 onto conveyor 20, which is oriented substantially perpendicularly to
      conveyor 15, in the past there was a tendency for frequent jamming to
      occur proximate the junction of conveyors 15 and 20, primarily because
      long pieces of cane could not negotiate the right angle turn between
      conveyors 15 and 20 and became stuck there. This in turn caused the
      remainder of the materials including the leaves, grapes, and short pieces
      of cane to form a jam at the intersection. The jamming was further
      compounded by the fact that conveyor 20 passed into the relatively narrow
      entrance of duct 22 leading to fan housing 23. In this respect, if more
      than a certain amount of material accumulated on conveyor 20 at the
      entrance of duct 22, this narrow entrance became clogged, and this
      resulted in total jamming. Duct 22 is necessary to limit the air flow
      above conveyor 20 leading to fan 24 which sucks leaves and other debris
      upwardly from the mass of grapes falling from first elevator conveyor 20
      onto second elevator conveyor 21 and blows such debris out of chute 25 so
      as to cause it to drop on the ground behind the machine 17.
PAR  The jamming at the junction of conveyors 15 and 20 occured primarily in
      areas where grapevines characteristically had heavy lush growth because
      the harvesting mechanism in stripping the grapes from the vines also broke
      off a large amount of cane and leaves which caused the jamming. As a
      result of such jamming, the expense of harvesting increased greatly
      because a number of expensive remedies were previously employed before the
      separator 10 of the present invention was devised. These remedies included
      having two men walk behind the machine, one man at the junction of each
      set of conveyors 15 and 20 and these men reached into the conveyors to
      remove cane and other debris, as necessary. Many times this procedure was
      wasteful in that the men discarded cane with bunches of grapes thereon.
      Another remedy was to stop the machine frequently as jamming occurred and
      the driver of the machine had to get off of his perch, approximately
      twelve feet above the ground, and unclog the machine by hand which
      frequently took ten minutes for both sides. Not only did the rate of
      harvesting decrease because of the necessity of stopping the machine, but
      in addition there was waste because as the space above conveyor 20 filled
      up with cane, leaves and grapes, grapes leaving conveyor 15 were guided
      over conveyor 20 and dropped onto the ground and were wasted. Thus prior
      remedies to overcome jamming were wasteful of both labor and harvested
      fruit.
PAR  The cane separator 10 of the present invention eliminates jamming at the
      junction of the conveyors 15 and 20 by cane and therefore overcomes the
      above discussed shortcomings. More specifically, cane separator 10
      includes an endless chain 11 having teeth 26 spacedly mounted thereon,
      chain 11 running about plate 27' located within housing 27. Teeth 26 are
      shown as being of inverted U-shaped configuration but they may be more in
      the shape of an inverted V if desired. Chain 11 is mounted on housing 17
      secured, as by welding, to wall 28 of the machine. A sprocket 29 within
      housing 27 drives chain 11 in the direction of arrow 30, chain 11 passing
      around sprocket 29 and idler sprocket 31. Long pieces of cane following
      the path of travel of collecting conveyor 15 and being engaged by teeth 26
      of chain 11 will be carried rearwardly beyond rear wall 32 of conveyor 20
      and will be dropped to the rear of machine 17. A stripper mechanism
      consisting of spaced fingers 33 is secured to housing 27, as by welding,
      and tends to prevent undesired debris from passing into housing 27 along
      with chain 11. It will be appreciated that any clumps of grapes on the
      cane which is engaged by chain 11 will drop down onto first elevating
      conveyor 20 as chain 11 moves the cane rearwardly and these grapes will
      tend to be detached from the cane because the conveyor will tend to move
      the clumps of grapes in a first direction while chain 11 tends to move the
      cane in another direction. Chain 11, which pulls cane rearwardly will also
      cause certain clumps of grapes thereon to be moved against the vertical
      wall 34 which supports upwardly inclined slide plate 13 at its upper end,
      thereby pressing the clumps of grapes against vertical wall 34 so as to
      cause them to be stripped therefrom.
PAR  Conveyor 20 is driven by motor 35' coupled to shaft 37' which mounts roller
      36'. Sprocket 29, which drives chain 11, is driven from idler roller 36 on
      which the conveyor belt of conveyor 20 is mounted. In this respect, roller
      36 drives shaft 37 which drives shaft extension 38 which is coupled to
      right angle gear box 39 which drives shaft 12 which is coupled to sprocket
      29 through universal 42 supported above frame 41 by bracket 35. It will
      readily be appreciated that shaft 12 and chain 11 will be driven at a
      speed which is proportional to the speed of travel of conveyor 20 to
      thereby provide automatic synchronization of these elements with the speed
      of the conveyor.
PAR  As can be seen from FIGS. 2 and 4, shaft 12 is positioned adjacent the
      trailing edge 43 of slide plate 13. Shaft 12 rotates in the direction of
      arrow 44 and the surface of shaft 12 is preferably roughened, as by slight
      knurling, so that it can frictionally engage cane and leaves extending
      beyond conveyor 20 and pressing downwardly on shaft 12 so as to work the
      cane rearwardly across slide plate 13. This working is a gradual process
      which maintains a rearward force on the cane so that clumps of grapes
      hanging downwardly along wall 34 will tend to be stripped therefrom. Chain
      11 and shaft 12 thus work on cane which extends sufficiently above first
      elevating conveyor 20 so as to be engaged by these portions of the
      separator.
PAR  However, it will be appreciated that the ends of some long pieces of cane
      may drop downwardly so as to abut walls 28 or 34. Such pieces of cane
      cannot be acted on by chain 11 or shaft 12. These pieces of cane will tend
      to be carried upwardly with conveyor 20 in the direction of arrow 46 (FIG.
      3) until such time as they are engaged by toothed wobble wheel or disc 14
      which is mounted at an angle of approximately 10 degrees to the axis of
      shaft 12. It is to be noted that teeth 47 of wheel 14 point forwardly so
      that they will not dig into anything they engage but will tend to slide
      out under such subject matter, thereby applying a gentle gripping action
      to the cane and the leaves but not a hooking engagement therewith.
      However, if a more aggressive engagement with the cane is desired, wheel
      14 may be reversed. Since one side of wheel 14 intersects wall 34 through
      slot 48 in said wall, any cane, leaves or other debris moved upwardly
      along wall 34 by conveyor 20 will be engaged by the outer periphery of
      toothed wobble wheel 14 and carried upwardly along wall 34 and over slide
      plate 13. Wheel 14 wobbles back and forth in slot 48, and this wobbling
      motion produces a self-cleaning action of slot 48. It is to be noted that
      there is a rounded junction 34' between walls 28 and 34 so as to guide the
      ends of the cane from wall 28 upwardly along wall 34.
PAR  At this point it is to be noted that slide plate 13 includes a short
      extension 13' on the opposite side of wheel 14 from main slide plate
      section 13. The entrance end of duct 22 has a rolled edge 51 to eliminate
      any sharp edges or a sharp corner at 49 which could act as a focal point
      for the accumulation of debris. It is further to be noted that the upper
      edge 51 of duct 22 is inclined as shown in FIG. 3 relative to the
      direction of travel of conveyor 20 so as to further minimize the tendency
      for cane or leaves to get caught in duct 22. In other words, all of the
      long cane should have been eliminated by the cane separator prior to the
      time that it reaches duct 22.
PAR  By way of further illustration and not of limitation, shaft 12 is
      approximately 3/4 inches in diameter and it rotates at a speed of
      approximately 200 revolutions per minute. Wobble wheel 14 is approximately
      9 inches in diameter and chain 11 travels at a linear speed of
      approximately 130 feet per minute as a result of sprocket 29 being 2.5
      inches in diameter.
PAR  It can thus be seen that the cane separator of the present invention is
      manifestly capable of achieving the above enumerated objects. It will
      further be appreciated that while the cane separator has been described
      with respect to the harvesting of grapes, it can be used with equal
      advantage on harvesters having intersecting runs of conveyors which are
      used for harvesting other types of berries and fruits which are separated
      from plants by means of a shaking action which causes cane and leaves to
      be removed from the plant along with the fruit.
PAR  While a preferred embodiment of the present invention has been disclosed it
      will be appreciated that the present invention is not limited thereto but
      may be otherwise embodied within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cane separator for a grape harvesting machine comprising a first
      conveyor for receiving harvested material including grapes and cane, said
      first conveyor having first and second opposite sides, a second conveyor
      oriented transversely to said first conveyor to provide a junction
      therewith, said second conveyor having third and fourth opposite sides,
      said first conveyor terminating proximate said third side and being above
      said second conveyor at said junction so as to cause said second conveyor
      to receive grapes dropped on it from said first conveyor, and cane
      removing means positioned beyond said junction and above said second
      conveyor for engaging and removing cane which passes beyond said junction,
      said cane removing means including first and second cane engaging means,
      said first cane engaging means being located proximate said fourth side,
      and said second cane engaging means extending across said second conveyor
      and being oriented substantially lengthwise of said second side, said
      second side being located upstream of said first side in relation to the
      direction of movement of said second conveyor, and driving means for
      driving said cane engaging means.
NUM  2.
PAR  2. A cane separator for a harvesting machine as set forth in claim 1
      wherein said second cane-engaging means is oriented in intersecting
      relationship with an extension of said second side, and wherein said
      driving means drives said second cane-engaging means in generally the same
      direction as said direction of movement of said first conveyor.
NUM  3.
PAR  3. A cane separator for a harvesting machine as set forth in claim 1
      wherein said second cane-engaging means comprises an endless chain having
      spaced teeth thereon.
NUM  4.
PAR  4. A cane separator for a grape harvesting machine having a first conveyor
      with a first path of travel for receiving grapes and cane and a second
      conveyor defining a junction with said first conveyor and having a second
      path of travel extending in intersecting relationship to said first path
      of travel to receive grapes from first conveyor at said junction
      comprising cane removing means for removing cane from said junction, said
      cane removing means including a first cane-engaging means located beyond
      said junction and beyond said first conveyor and above said second
      conveyor and positioned across an extension of said first path of travel
      for removing cane which engages said cane-engaging means from the area of
      said junction, driving means for driving said first cane-engaging means,
      said cane removing means including a second cane-engaging means mounted
      alongside of said second conveyor on the opposite side thereof from said
      first conveyor for engaging cane extending beyond said second conveyor and
      removing said cane therefrom, said second cane-engaging means comprising
      an elongated shaft located lengthwise of said second conveyor, and means
      for rotating said elongated shaft.
NUM  5.
PAR  5. A cane separator for a harvesting machine as set forth in claim 4
      including a slide plate interposed between said second conveyor and said
      rotating shaft for guiding said cane to said rotating shaft.
NUM  6.
PAR  6. A cane separator for a grape harvesting machine having a first conveyor
      with a first path of travel for receiving grapes and cane and a second
      conveyor defining a junction with said first conveyor and having a second
      path of travel extending in intersecting relationship to said first path
      of travel to receive grapes from said first conveyor at said junction
      comprising cane removing means for removing cane from said junction, said
      cane removing means including a first cane-engaging means located beyond
      said junction and beyond said first conveyor and above said second
      conveyor and positioned across an extension of said first path of travel
      for removing cane which engages said cane-engaging means from the area of
      said junction, driving means for driving said first cane-engaging means,
      said cane removing means including a second cane-engaging means mounted
      alongside of said second conveyor on the opposite side thereof from said
      first conveyor for engaging cane extending beyond said second conveyor and
      removing said cane therefrom, said cane removing means including a third
      cane-engaging means mounted in intersecting relationship with said second
      path of travel of said second conveyor for engaging cane passing along
      said second conveyor and removing it therefrom.
NUM  7.
PAR  7. A cane separator for a harvesting machine as set forth in claim 6
      wherein said third cane-engaging means comprises a toothed wheel mounted
      proximate said slide plate.
NUM  8.
PAR  8. A cane separator for a harvesting machine as set forth in claim 7
      wherein said toothed wheel is mounted on said rotating shaft.
NUM  9.
PAR  9. A cane separator for a harvesting machine as set forth in claim 8
      wherein said toothed wheel is mounted oblique to said rotating shaft to
      create a wobble motion, and a widened slot in said slide plate through
      which said toothed wheel extends.
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ABST
PAL  A synthetic material adapted for use in smoking products which, upon
      combustion, yields a lower amount of smokestream components which may be
      deleterious to the smoker than does tobacco, while having an acceptable
      smouldering rate and taste is prepared by the combination of a combustible
      material, such as carboxymethyl cellulose with a portion of a filler
      material.
PARN
PAR  The present application is a continuation of Ser. No. 395,500, filed Sept.
      10, 1973, now abandoned, which, in turn, is a continuation of Ser. No.
      52,725, filed July 6, 1970, now abandoned, which, in turn, is a
      continuation-in-part of Ser. No. 774,834, filed Nov. 1, 1968, now
      abandoned which in turn, is a continuation-in-part of Ser. No. 696,699,
      filed Jan. 10, 1968, now abandoned entitled "Smoking Materials".
PAR  The present invention relates generally to smoking products and more
      specifically to synthetic materials suitable as tobacco substitutes.
PAR  It is well known that tobacco smoking, while a widespread practice, may
      tend to have undesirable effects on the smoker's health. These effects are
      believed to be attributable to the presence in the tobacco smoke of
      various components, which if inspired in significant amounts over a period
      of time may yield harmful effects. For a considerable number of years,
      attempts have been made to reduce amounts of these components in tobacco
      smoke. Recent emphasis by governmental agencies has resulted in increased
      activity in this area.
PAR  Essentially, two approaches have been taken in attempting to find a
      solution to this problem. First, attempts have been made to remove certain
      components by filtration of the smoke through a material such as paper or
      cellulose acetate filaments.
PAR  To date, the most significant gains in overcoming the aforesaid problem
      have been achieved by this technique.
PAR  A second approach to solving this problem is to substitute for all or a
      portion of the tobacco a meterial which yields a smoke containing a lower
      amount of undesirable components than the amount of components in a
      comparable quantity of tobacco smoke. In addition to exhibiting a reduced
      delivery of undesirable smokestream components, an effective tobacco
      substitute must also have a smouldering rate comparable to tobacco. In
      addition, the smoke from the synthetic material must not have an
      undesirable taste.
PAR  Earlier substitutes have fallen into two categories. In the first group are
      materials having an acceptable smouldering rate, but which fail to give
      any significant reduction in undesirable components. In the second group
      are materials which give some degree of reduction of harmful components
      when blended with tobacco in small percentages, but which have an
      undesirable taste and/or do not burn satisfactorily when used alone or in
      significant percentages in tobacco blends.
PAR  It is an object of the present invention to provide a smoking material
      which yields a smoke having a substantially lower amount of undesirable
      components than tobacco smoke, while at the same time having an acceptable
      taste and smouldering rate.
PAR  It is another object of the present invention to provide a process for
      preparing a smoking material of the aforesaid nature.
PAR  It is yet another object of the present invention to provide a cigarette
      containing entirely or in significant percentages, a synthetic smoking
      material exhibiting the aforesaid properties.
PAR  Another object is to provide a synthetic material adapted for incorporation
      in a smoking composition as a substitute for less desirable materials such
      as tobacco.
PAR  Other objects of the present invention if not specifically set forth
      herein, will be obvious to one skilled in the art from a reading of the
      present specification.
PAR  In general, it has been discovered that a composition comprising an
      intimate mixture of a combustible material of the type hereinbelow defined
      and a particular filler in amounts specified herein fulfills the aforesaid
      requirements.
PAR  More specifically, the combustible materials employed in the present
      invention are selected from the group consisting of starch, and starch and
      cellulose derivatives including salts thereof containing the recurring
      anhydroglucose unit
      ##EQU1##
      wherein at least one R is selected from the group consisting of lower
      alkyl, hydroxy lower alkyl, carboxy alkyl groups, and mixtures thereof,
      and the remaining R's are hydrogen atoms. Preferably, R, is selected from
      the group consisting of CH.sub.2 COOM, CH.sub.2 CH.sub.2 OH and CH.sub.3 ;
      in which M is a non-toxic cation or hydrogen, and preferably is selected
      from the group consisting of alkali metal and alkaline earth metals,
      aluminum, iron, and hydrogen. Compounds of the above nature ordinarily
      have an average degree of substitution for hydrogens of from about 0.2 to
      about 3.0 R groups per unit, and preferably have from about 0.4 to about
      1.2 groups per unit. Mixtures of these compounds are also suitable in the
      present invention.
PAR  Combustible materials particularly suited for the purposes of the present
      invention are carboxymethyl cellulose, carboxy ethyl cellulose,
      hydroxyethyl cellulose, carboyxmethyl hydroxyethyl cellulose, methyl
      cellulose, carboxymethylated starch, analogous compounds such as ethyl
      cellulose, hydroxypropyl cellulose, carboxy ethyl starch and the like.
PAR  The combustible material may be cross-linked to improve its processability
      characteristics and reduced solubility through reaction of some or all
      residual hydroxyl groups with a cross-linking agent. Cross-linking agents
      such as dimethylol ureaformaldehyde resins, melamine formaldehyde resins;
      Kymene 557, a polyamide epichlorohydrin manufacatured by Hercules;
      glyoxal; and dialdehyde starch are particularly useful for this purpose.
      Up to about 5% and preferably about 0.001% to about 0.5% based on the
      total weight of the composition is suitable for this purpose. Also,
      cross-linking may be obtained through the use of organic salts or halides
      having a divalent or trivalent ion such as iron or aluminum. Also, the
      material may exist in finished form in a modified state as a result of
      interaction with metallic ions in tobacco pectins or the like, or even
      conventional tobacco additives such as humectants, reconstituted
      materials, etc.
PAR  The filler material employed in the present compositions are non-toxic
      particulate materials, preferably having an average minimum dimension of
      from about 0.2 microns to about 1.0 millimeter. Even more preferably, the
      particles will have an average minimum dimension of from about 0.05
      millimeters. It is also preferred that the particulate materials have a
      maximum dimension of about 0.25 mm, and more preferably, about 0.10 mm.
      Suitable materials can be selected from organic compounds, inorganic
      compounds and the elements, so long as the material selected is non-toxic,
      i.e., pharmacologically inactive in the sense of significant adverse
      effects in a causative relationship upon oral ingestion of the substance
      itself or its combustion products. However, a reduced delivery of
      undesirable components is more readily observed when the particulate
      material comprises an inorganic compound, an element or a mixture thereof.
PAR  While not wishing to be held to any particular theory, it is believed that
      the rate of combustion of the present compositions is related to the
      thermal conductivity coefficient of the filler material employed. That is,
      a material having a relatively high thermal conductivity coefficient will
      tend to transfer heat to adjacent particles, thus maintaining smouldering
      of the combustible material. Of course, the density of particles will
      determine to a degree the preferred thermal conductivity coefficient of
      the final smoking product. An increased particle density will tend to
      promote combustion until there is no longer sufficient combustible
      material to support smouldering. Generally, however, filler materials
      having an equivalent thermal conductivity coefficient of the dense,
      particulate filler at 800.degree.C of greater than 6.times.10.sup.-.sup.3
      calories cm/sec .sup.0 C cm.sup.2 are preferred in the present invention.
      It should be mentioned, however, that this factor may not be entirely
      applicable to decomposable salts, although those salts may have
      independently desireable characteristics, as noted herein below. Thermal
      conductivity coefficients are readily obtainable by passing heat through a
      thin bed of the material to be tested and measuring the rise in the
      temperature of the bed. This technique is more completely described by W.
      J. Kingery et al. in the Journal of the American Ceramic Society, 37:107
      (1954). Also, specific thermal conductivity coefficients are readily
      available from the literature. Exemplary coefficients are:
      8.2.times.10.sup.-.sup.3 calories cm/sec .sup.0 C cm.sup.2 for titanium
      dioxide, 22.1.times.10.sup.-.sup.3 calories cm/sec .sup.0 C cm.sup.2 for
      magnesium oxide, 7.5.times.10.sup.-.sup.3 calories cm/sec .sup.0 C
      cm.sup.2 for fused silica, and 5.1.times.10.sup.-.sup.3 calories cm/sec
      .sup.0 C cm.sup.2 for zirconium dioxide.
PAR  Inorganic compounds which may be used as filler may be comprised of a
      cation selected from Column (A) and an anion selected from Column (B).
TBL  ______________________________________                                    

     (A)                      (B)                                              

     ______________________________________                                    

     Lithium   Manganese Silicon   Oxides                                      

     Sodium    Aluminum  Palladium Hydrated Oxides                             

     Potassium Cerium    Tin       Hydroxides                                  

     Cesium    Cobalt    Zinc      Carbonates                                  

     Magnesium Iron      Titanium  Phosphates                                  

     Calcium   Molybdenum                                                      

                         Zirconium Aluminates                                  

     Strontium Nickel    Copper    Stannates                                   

     Barium    Rubidium            Zincates                                    

                                   Silicates                                   

                                   Carbides                                    

     ______________________________________                                    

PAR  Preferably, the cations employed will be selected from the group consisting
      of zinc, titanium, magnesium, calcium, aluminum, and iron. Desirably,
      these cations are in the form of the carbonates, oxides, hydroxides,
      sulfates, phosphates, aluminates, silicates and alumino silicates. The
      oxides, carbonates and hydroxides are particularly desirable since these
      anions decompose to carbon, hydrogen and oxygen upon combustion. Inorganic
      compounds in their natural occurring states, such as dolomite,
      diatomaceous earth, perlite, magnesite, vermiculite, etc. are also
      suitable.
PAR  As previously noted, elements may also be used as filler materials.
      Preferred elements include carbon, zinc, magnesium, titanium, aluminum,
      and iron.
PAR  While the filler materials are generally granular in nature, they may also
      be in fibrous form. Materials readily useable in fibrous form are
      fiberglass, mica, asbestos, metal, metal oxide, and metal carbide
      whiskers. For the purposes of the present invention, thin metal strips
      such as aluminum shaving are considered to be fibrous. Preferably the
      fibrous materials will have an average length of from about 0.1 mm. to
      about 5 mm., and an average minimum dimension of the magnitude previously
      noted.
PAR  In order to obtain a smouldering rate comparable to tobacco, the aforesaid
      ingredients are generally combined in a ratio of from about 85:15 to about
      15:85, and preferably, in a ratio of from about 25:75 to about 75:25.
      Combination of these materials and these ratios generally yields a
      material having a smouldering rate comparable to tobacco when smoked under
      analogous conditions; that is, about 3-10mm/minute in conventional
      cigarette form. A smouldering rate of this magnitude corresponds to a puff
      count of about 12-5 in a cigarette smoked on a 60 second cycle. It is to
      be expected, however, that specific compositions will have different
      combustion rates, particularly when filler materials having different
      thermal conductivity coefficients are used.
PAR  It is also within the scope of the present invention to employ combinations
      of particulate fillers in order to obtain the ultimate smouldering rate
      desired. Fillers found to be particularly suitable in controlling
      smouldering rates include titanium dioxide, carbon, magnesium oxide,
      zeolite, silica gel, magnesium silicate, and diatomaceous earth.
PAR  The compositions of the present invention are suitable in the form of an
      intimately mixed state, in the form of a film, or in some physical state
      between these two extremes. It is preferred from the standpoint of
      processing and convenience of smoking that the compositions be in film
      form when the smokable product consists of solely the present smoking
      material. When the present compositions are blended with tobacco, or with
      a suitable support medium as later defined, however, mixtures are equally
      preferred. As an example of the above intermediate state of the
      composition, it is possible to use the defined combustible material as a
      bonding agent and bond the filler particles to the surfaces of the tobacco
      or other support medium.
PAR  Films are generally prepared by adding all of the desired ingredients to
      water, intimately mixing the materials and casting the mixture onto a
      suitable surface. The mixture at the time of casting will ordinarily
      contain about 65 to about 95% water. Percentages of water outside of this
      range are possible, but increased processing difficulties result.
      Generally, the film will be cast to a dried thickness of from about 2 to
      about 20 mils, preferably from abut 3 to about 10 mils, and even more
      preferably to about 5 mils. Such films are generally cut to a width of
      about 16-60 cuts per inch prior to use. Instead of water, organic solvents
      such as alcohols may also be used in some instances.
PAR  As earlier noted, the present materials in addition to being used alone,
      may also be blended with tobacco. Suitable smoking products can be
      prepared from any combination of tobacco and synthetic material. However,
      tobacco to synthetic material ratios of from about 95:5 to about 25:75
      will generally be employed. The primary criterion, of course, is that
      sufficient synthetic material is present in the mixture to obtain a
      significant decrease in the amount of components delivered. Ordinarily,
      the synthetic material will be in the form of a film or a dry mixture, and
      will be tumbled with tobacco until a homogeneous mixture is obtained.
      However, it is possible to add an aqueous dispersion of the materials to
      tobacco, and tumble and dry the mixture to obtain filler particles adhered
      to tobacco with the combustible material acting as a bonding agent.
      Similarly, the present synthetic material may be combined in all
      proportions with other synthetic smoking materials.
PAR  When the present material is in film form, desirable products can also be
      produced by uniformly incorporating into the film minor amounts of a
      second combustible material. Such materials include tobacco dust; sodium
      gluconate; pectins; natural gums, e.g., guar gum; cellulose and oxidized
      cellulose. To preserve film integrity and maintain filling power of the
      film, this optional second combustible material may be used in an amount
      of from zero to 40% of the total product with up to 30% being preferred.
PAR  Combinations of the present materials within the specified ratios will
      generally produce a smoking material yielding an ash comparable to that of
      tobacco. If desired, however, the type of ash formation and appearance
      thereof can be readily modified by the addition of various substances as
      fiberglass, potassium salts, organic fibers, or phosphates, and non-toxic
      hydrated metal salts generally.
PAR  The materials of the preceeding nature produce a smoke which in itself is
      relatively odorless and tasteless. This property permits a wide range of
      modification of taste and odor by incorporating into the material a
      variety of flavorants. Exemplary materials which have been found to be
      desirable in modifying the taste and odor properties of the present
      smoking material include tobacco extracts, fruit extracts, synthetic
      flavorants, natural gums, resins, and sugars. Nicotine and other
      alkaloids, while not essential ingredients in the present compositions,
      may also be added in controlled amounts.
PAR  From an aesthetic standpoint, addition of various coloring agents to the
      smoking material may be desirable. For example, one may obtain a material
      having a color similar to natural tobacco by the addition of materials
      such as carbon, iron oxide, food dyes, tobacco extracts, organic
      colorants, and inorganic pigments, or mixtures thereof to the basic
      smoking materials. Of course, contrary to natural tobacco, one may make
      the present material any color desired. Generally, up to about 5.0% of
      coloring agent based on the total composition can be employed. Preferably,
      about 0.1 to about 2.0% of coloring agent is utilized.
PAR  When the present compositions are prepared in film form, incorporation of a
      plasticizer into the film in order to increase the flexibility thereof is
      often desirable. Plasticizers which have been found to be suitable for
      this purpose include water, butylene glycol, glycerol, and propylene
      glycol. From about 1 to about 30% and preferably, from about 2 to about
      25% of plasticizer based on the total weight of the composition is
      ordinarily used.
PAR  Film formation may also be improved by adding a wetting agent such as Tween
      20, a polyoxyethylene (20) sorbitan monolaurate manufactured by Atlas
      Chemical Industries, Inc.; Tergitol, TMN, a polyglycol ether of trimethyl
      nonanol manufactured by Union Carbide; or Germ-i-tol, an alkyl dimethyl
      (C.sub.12 -C.sub.18) benzyl ammonium chloride manufactured by Fine
      Organics, Inc.; to the composition prior to preparation of the film.
      Preferably, about 0.05 to about 1.0% of wetting agent is employed, with up
      to 10% being suitable.
PAR  The smouldering rate of the present films is not only felt to be
      attributable to the thermal conductivity coefficient of the filler
      material employed, as earlier described, but also to the thermal
      conductivity of the film itself. Generally, it has been found that the
      films having the most desirable smouldering have a thermal conductivity of
      from about 3.7.times.10.sup.-.sup.3 .degree.C cm/sec. to about
      5.0.times.10.sup.-.sup.3 .degree.C cm/sec. In testing the films of the
      present invention, data was obtained by placing a film of 12 mils in
      thickness between two aluminum blocks, maintaining one block at
      117.degree.C, and measuring the increase in temperature of the second
      block. Standardization was obtained by using in all instances a heat
      source which would increase the temperature of the second block at the
      rate of 0.19.degree.C/sec when the blocks were placed in contact without
      the presence of an interposed film.
PAR  The following examples are presented as illustrative of the present
      invention and should not be construed as in limitation thereof.
DETD
PAC  EXAMPLE I
PAR  One hundred-forty ml. deionized water at 80.degree.C was transferred to a
      high shear blender along with 12.6 g rutile, heavy grade titanium dioxide.
      The titanium dioxide was completely dispersed before 8.4 g medium
      molecular weight, 0.7 D.S., sodium carboxymethyl cellulose was slowly
      added to the vortex of the vigorously agitated water. After the CMC was
      completely dispersed (5-10 minutes; ca. 65.degree.C), a film was cast on a
      Teflon coated fabric at 35 mils and dried in a circulating air oven at
      125.degree.C. After drying and conditioning (74.degree.F/60%RH), the film
      is ready for shredding. The film was then shredded to an average width of
      0.9 mm and an average length of 1.0 cm. Shredded films of the composition
      given below were formed into cigarettes of 8 mm in diameter and 85 mm in
      length by wrapping in cigarette paper on a hand roller.
PAR  Cigarettes thus prepared were smoked on an apparatus which took 35 ml.
      puffs over a 2 second interval on a 60 second cycle. Pressure drop, i.e.,
      the flow resistance occurring when air was drawn through the column at the
      rate of 1050 ml/min. was determined. Tar weight was obtained by drawing
      the smoke from the cigarette through a Cambridge filter pad which removed
      at least 98% of the solid particulate matter and weighing the pad before
      and after smoking. Puff count is defined as the number of puffs required
      to smoke the cigarette to a 30 mm butt.
PAR  Table I sets forth the data obtained in comparison with analogous data
      obtained by smoking tobacco under the same conditions.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

                Shred Weight                                                   

                        Pressure                                               

                             Puff Wet Tar                                      

                                        Dry Tar                                

     % TiO.sub.2                                                               

           % CMC                                                               

                (grams) Drop Count                                             

                                  (mg/cigt)                                    

                                        (mg/cigt)                              

     __________________________________________________________________________

     30    70   --      --   DNB* --    --                                     

     35    65   1.10    10   11.1 3.2   2.9                                    

     60    40   1.10    7    5.4  2.3   2.0                                    

     80    20   2.50    7    9.9  1.4   1.1                                    

     85    15   --      --   DNB  --    --                                     

      (Tobacco) 1.10    70   10.0 28.7  24.7                                   

     __________________________________________________________________________

      *Did Not Burn                                                            

PAR  From the above data, it is apparent that a substantially reduced amount of
      tars is obtained when the present materials are substituted for tobacco.
PAC  EXAMPLE II
PAR  Films were prepared and tested in the manner of Example I with the
      exception that carboxymethyl hydroxyethyl cellulose and diatomaceous earth
      were used as the ingredients. The data obtained is set forth in Table 2.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     % Diatomaceous                                                            

                   Shred                                                       

                       Pressure                                                

                            Puff Wet Tar                                       

                                       Dry Tar                                 

     Earth   % CMHEC                                                           

                   Wgt.g                                                       

                       Drop Count                                              

                                 (mg/cigt)                                     

                                       (mg/cigt)                               

     __________________________________________________________________________

     20      80    1.10                                                        

                       15   *N.B.                                              

                                 --    --                                      

     25      75    1.10                                                        

                       15   9    15.6  13.4                                    

     75      25    1.10                                                        

                       15   5    2.25  1.4                                     

     89      11    1.25                                                        

                       90   8    0.9   0.0                                     

     90      10    1.40                                                        

                       500   N.B.                                              

                                 --    --                                      

      All Tobacco  1.10                                                        

                       70    10.0                                              

                                 28.7  24.7                                    

     __________________________________________________________________________

      *Non-Burnable                                                            

PAC  EXAMPLE III
PAR  As noted earlier, in some systems it is desirable to utilize two or more
      fillers to bring the smouldering rate of the system to an optimum value.
      In the present example, the smouldering rate of a carboxymethyl
      cellulose-dolomitic limestone system was modified by the inclusion of a
      second particulate filler, titanium dioxide. The three components were
      formed into a film and converted into cigarettes as described in Example
      I. The results set forth in Table 3 were obtained upon smoking the
      cigarettes in the manner previously described.
TBL                TABLE 3                                                     

     ______________________________________                                    

     % CMC     % DOLOMITE  % TiO.sub.2                                         

                                    PUFF COUNT                                 

     ______________________________________                                    

     40        60          --       Did Not Burn                               

     40        40          20       9                                          

     ______________________________________                                    

PAC  EXAMPLE IV
PAR  Data on the amount of organic components in the gas phase was determined by
      gas chromatography for a synthetic material consisting of a film comprised
      of 37 carboxymethyl cellulose, 37% dolomitic limestone, 10% carbon, and
      16% wetting agent, plasticizer and colorants; for a 50-50 blend of tobacco
      and the film; for a 50-50 blend of tobacco and the synthetic material in
      dry admixture. Table 4 contains the results obtained in .mu.g/puff.
TBL                                    TABLE 4                                 

     __________________________________________________________________________

              All Tobacco                                                      

                      50/50   50/50  100%                                      

              Control Film Formed                                              

                              Dry Mixed                                        

                                     Film Formed                               

     __________________________________________________________________________

     Methanol 12.8    5.7     5.9    0.0                                       

     Acetaldehyde                                                              

              47.8    46.7    34.9   39.5                                      

     Acetonitrile                                                              

              16.6    8.6     6.1    0.2                                       

     Acrolein 5.8     4.3     3.8    1.8                                       

     Furan    3.1     1.9     1.45   0.7                                       

     Propionaldehyde                                                           

              4.1     5.6     2.0    4.2                                       

     Acetone  28.2    22.4    15.8   7.1                                       

     Propionitrile                                                             

              2.7     1.1     0.8     0.01                                     

     Isobutylaldehyde                                                          

              2.2     1.3     1.0    0.3                                       

     Benzene  7.1     4.8     2.7    1.3                                       

     __________________________________________________________________________

PAR  The hydrogen cyanide, phenol, carbon monoxide, and benzpyrene values for
      the above synthetic films were also determined utilizing conventional
      techniques. The data obtained is contained in Table 4 (a).
TBL                                    TABLE 4(a)                              

     __________________________________________________________________________

                 Cyanide                                                       

                      Phenol                                                   

                           Carbon Monoxide                                     

                                     Benzpyrene                                

     Sample      ug/cig.                                                       

                      ug/cig.                                                  

                           (vol.%)   (ug/100 cig)                              

     __________________________________________________________________________

     100% Synthetic Film                                                       

                 5     3   1.7       1.1                                       

     50% Film + 50%                                                            

     Tobacco Shred                                                             

                 83   39   3.1       2.4                                       

     All Tobacco 225  63   3.8       2.4                                       

     __________________________________________________________________________

PAR  As noted above, the carbon monoxide level was only 1.7 volume percent for
      the 100% synthetic film. Generally, the present compositions, and
      particularly those compositions containing dolomite or similar fillers,
      will deliver less than 2 volume percent of carbon monoxide. While not
      wishing to be held to any particular theory, it is believed that this
      reduction is at least partially attributable to the fact that these
      compositions have a lower peak temperature upon combustion that does
      tobacco. Notably, the carbonates undergo an endothermic decomposition in
      the region of smoking temperatures and thus may be preferred for this
      purpose.
PAC  EXAMPLE V
PAR  In order to demonstrate the effect upon organic gas phase and tar values
      when using the components of the present material alone and in
      combination, the following compositions were prepared in conventional
      cigarette form.
TBL  __________________________________________________________________________

              % Carboxymethyl                                                  

                       % Dolomitic                                             

                              Form of Synthetic                                

     Sample                                                                    

         %Tobacco                                                              

              cellulose                                                        

                       limestone                                               

                               Material                                        

     __________________________________________________________________________

     A   50   25       25     Dry Mixture                                      

     B   67   33       --     Dry Mixture                                      

     C   67   --       33     Dry Mixture                                      

     D   100  --       --                                                      

     E   50   25       25     CMC and Dolomite in                              

                              film mixed with to-                              

                              bacco shred                                      

     F   50   25       25     All ingredients in                               

                              film (reconstituted                              

                              type materials)                                  

     __________________________________________________________________________

PAR  Wet and dry tar values were determined by the procedure described in
      earlier examples. The results obtained are set forth in Table 5.
TBL                                    TABLE 5                                 

     __________________________________________________________________________

                 Pressure Drop                                                 

                          Puff                                                 

                              Wet Tar                                          

                                    Dry Tar                                    

     Sample                                                                    

         Shred Wgt. g                                                          

                 mm H.sub.2 O                                                  

                          Count                                                

                              mg/cig.                                          

                                    mg/cig.                                    

     __________________________________________________________________________

     A   1.10    40       11.8                                                 

                              15.4  13.7                                       

     B   1.10    50       14.4                                                 

                              19.2  17.6                                       

     C   1.10    66        8.0                                                 

                              21.5  16.8                                       

     D   1.10    70       10.0                                                 

                              28.7  24.8                                       

     E   1.10    36       10.9                                                 

                              16.5  12.0                                       

     F   1.10    25        7.6                                                 

                              22.5  19.7                                       

     __________________________________________________________________________

PAR  The data on the organic gas phase components in .mu.g/puff is set forth in
      Table 5 (a).
TBL                TABLE 5 (a)                                                 

     ______________________________________                                    

              (A)   (B)     (C)     (D)   (E)  (F)                             

     ______________________________________                                    

     Acetaldehyde                                                              

                27.2    34.2    53.4  47.8  35.1 40.5                          

     Acetonitrile                                                              

                5.0     6.9     18.5  16.6  7.5  6.5                           

     Acrolein   2.5     2.7     7.5   5.8   4.0  3.5                           

     Furan      1.1     1.5     3.4   3.1   1.7  1.6                           

     Propionaldehyde                                                           

                1.8     3.1     4.8   4.1   2.7  3.3                           

     Acetone    15.6    21.4    28.9  28.2  20.3 19.3                          

     Propionitrile                                                             

                0.9     1.3     2.9   2.7   1.2  1.4                           

     Isobutyaldehyde                                                           

                0.8     1.2     3.6   2.2   1.3  1.3                           

     Benzene    3.4     4.1     7.5   7.1   3.5  3.5                           

     ______________________________________                                    

PAR  Three facts are readily apparent from the above date. First, the values
      obtained with the blends comprising a combination of the two components of
      the present invention with tobacco are noticeably lower than the values
      from tobacco alone. Second, use of the combustible material and the filler
      material in combination yields lower values than those obtained when using
      these materials separately in tobacco blends. In fact, it will be noted
      from the above data that the use of the filler material alone produces
      generally higher organic gas phase values. Third, the data in Table 5
      indicates that lower tar values are obtained by using the film and tobacco
      shred in physical admixture (E) than are obtained when the tobacco is
      incorporated into the film (F).
PAC  EXAMPLE VI
PAR  A synthetic composition similar to that described in Example V was prepared
      by combining 14 parts of carboxymethyl cellulose (0.7 D. S.) with 14 parts
      of dolomitic limestone and 10 parts of magnesium oxide. The composition
      exhibited very desirable smouldering properties and yielded amounts of
      components comparable to those shown for the synthetic composition of
      Example V.
PAC  EXAMPLE VII
PAR  Other suitable formulations were prepared by incorporating tobacco extract
      in a film made by combining the following ingredients:
TBL  0.2             guar gum                                                  

     2.5g            CMC                                                       

     3.0g            Magnesium Oxide                                           

     1.0g            RA Grade High Alpha                                       

                     cellulose pulp                                            

      5 drops        Germitol (wetting agent)                                  

PAR  The tobacco extract used was an alcoholic extract of burley leaves.
      Utilizing 3.0g of extract, the material in 100% cigarette form had a puff
      count of 8 on a 60 second cycle and yielded a smoke of very satisfactory
      taste and aroma. When only 1.5g of extract were used, the puff count was
      increased to 9.5 on a 60 second cycle. Satisfactory products were also
      obtained when these formulations were blended with an equal amount of
      tobacco.
PAC  EXAMPLE VIII
PAR  A suitable substitute was prepared by forming a film of the following
      ingredients in the manner previously described:
TBL  MATERIAL            PARTS    % ADDED                                      

     ______________________________________                                    

     Carboxymethyl Cellulose                                                   

                         12       33                                           

     Dolomitic Limestone 12       33                                           

     Diatomaceous Earth  10       28                                           

     Carbon              0.4      1.1                                          

     Wetting Agent       0.6      1.7                                          

     Glycerine           0.6      1.7                                          

     Wet Strength Resin  1.2      3.3                                          

     Food Colors         0.18     0.50                                         

     ______________________________________                                    

PAR  Data were compiled in the manner also previously described and the
      following results were obtained:
TBL                    100%       100%                                         

                       SYNTHETIC MATERIAL                                      

                                  TOBACCO                                      

     __________________________________________________________________________

     Selected cigarette weight grams                                           

                       1.20.+-.0.3                                             

                                  1.20.+-.0.3                                  

     Average cigarette pressure drop                                           

     mm water (range)  41 (38-45) 63 (54-72)                                   

     Puff Count        7.3        9.6                                          

     Wet Particulate Matter mg/cig.                                            

                       2.8        28.0                                         

     Dry Particulate Matter mg/cig.                                            

                       1.7        24.7                                         

     Nicotine Delivery mg/cig.                                                 

                       &lt;0.01      1.52                                         

     Cyanide Delivery, as .mu.g                                                

     HCN/cig.          1.4        216                                          

     Benzo (a) pyrene delivery                                                 

     .mu.g/100 cig.    1.2        2.8                                          

     Phenol Delivery, .mu.g/cig.                                               

                       &lt;4         98                                           

     Carbon Monoxide in smoke, Vol.%                                           

                       1.5        3.6                                          

     Methyl Alcohol, .mu.g/puff                                                

                       1.4        22                                           

     Acetaldehyde, .mu.g/puff                                                  

                       41.5       52.8                                         

     Acetonitrile, .mu.g/puff                                                  

                       0.7        15.0                                         

     Acrolein, .mu.g/puff                                                      

                       3.2        4.9                                          

     Furan, .mu.g/puff 0.7        1.9                                          

     Propionaldehyde, .mu.g/puff                                               

                       2.9        4.2                                          

     Acetone, .mu.g/puff                                                       

                       14.3       28.0                                         

     Propionitrile, .mu.g/puff                                                 

                       0.0        2.8                                          

     Isobutyraldehyde, .mu.g/puff                                              

                       0.4        2.6                                          

     Benzene, .mu.g/puff                                                       

                       1.5        5.6                                          

     __________________________________________________________________________

PAC  EXAMPLE IX
PAR  A formulation was prepared by combining 6 g of high viscosity potassium
      carboxymethylcellulose with 8 g of dolomite and 11 g of diatomaceous earth
      in water. Minor amounts of carbon, dyes, a humectant and a cross-linking
      agent were added and a film was prepared. This film was then shredded and
      cigarettes formed therefrom. These cigarettes were smoked on an apparatus
      that took 35 ml. puffs over a 2-second interval on a 60-second cycle. Tar
      weight was obtained by drawing the smoke from the cigarettes through a
      Cambridge filter pad and weighing the pad before and after smoking. Puff
      count is defined as the number of puffs required to smoke the cigarette to
      a 30 mm butt length. The following results were obtained.
TBL  ______________________________________                                    

                Puff Count                                                     

                         Wet Tar  Dry Tar                                      

     ______________________________________                                    

     KCMC         5.8        3.2        2.5                                    

     Tobacco      10         28.7      24.7                                    

     ______________________________________                                    

PAC  EXAMPLE X
PAR  12 g of sodium carboxymethyl cellulose was combined in 120 ml of water with
      11 g of dolomite and 13 g of diatomaceous earth. The sodium carboxymethyl
      cellulose was then reacted with 0.22 g of aluminum chloride hexahydrate
      (AlCl.sub.3.6H.sub.2 O) to produce aluminum carboxymethylcellulose. The
      mixture was cast to form a film. This film was shredded and formed into
      cigarettes and tested in the manner of Example X. The following results
      were obtained.
TBL  ______________________________________                                    

                  Puff Count Wet Tar   Dry Tar                                 

     ALCMC         8.8        9.6       7.8                                    

     Tobacco      10.0       28.7      24.7                                    

     ______________________________________                                    

PAC  EXAMPLE XI
PAR  A film similar to that described in Example IX was prepared substituting
      calcium carboxymethyl cellulose for the potassium carboxymethyl cellulose.
      This film when smoked in cigarette form yielded the following data.
TBL  ______________________________________                                    

                  Puff Count Wet Tar   Dry Tar                                 

     CaCMC         7.5       11.6       9.0                                    

     Tobacco      10.0       28.7      24.7                                    

     ______________________________________                                    

PAC  EXAMPLE XII
PAR  A film similar to that described in Example IX was prepared by combining
      7.0 g of ferric carboxymethylcellulose with 8 g dolomite and 8 g
      diatomaceous earth along with minor amounts of a humectant, carbon and
      colorants. The following results were obtained upon smoking.
TBL  ______________________________________                                    

                  Puff Count Wet Tar   Dry Tar                                 

     FeCMC         7.4        9.3       7.4                                    

     Tobacco      10.0       28.7      24.7                                    

     ______________________________________                                    

PAC  EXAMPLE XII
PAR  A film similar to that of Example XIII was prepared by employing 8 g of
      magnesium carboxymethylcellulose with 12 g of dolomite and 11 g of
      diatomaceous earth. The film was shredded and combined with a shredded
      film comprised of 12 g of sodium carboxymethylcellulose, 12 g dolomite and
      13 g diatomaceous earth. The mixture yielded the following data upon
      smoking.
PAC  EXAMPLE XIV
PAR  24 G hydroxyethyl (potato) starch was combined with 24 g dolomite, 22 g
      diatomaceous earth, and minor amounts of glycerine, food colors, and wet
      strength resin. A film was prepared therefrom and was smoked and the
      following data obtained.
TBL  ______________________________________                                    

                    Puff Count Wet Tar   Dry Tar                               

     Superlose 500   7.1       17.7      14.6                                  

     Tobacco        10.0       28.7      24.7                                  

     ______________________________________                                    

PAC  EXAMPLE XV
PAR  6 G of potato starch was combined with 12 g of sodium
      carboxymethylcellulose, 12 g dolomite, 11 g diatomaceous earth, and minor
      amounts of a humectant, carbon, and food colors. Smoking of cigarettes
      prepared from the shredded film produced the following data.
TBL  ______________________________________                                    

                    Puff Count Wet Tar   Dry Tar                               

     Superlose 810   8.4        9.6       7.8                                  

     Tobacco        10.0       28.7      24.7                                  

     ______________________________________                                    

PAC  EXAMPLE XVI
PAR  A formulation similar to that of Example XV was prepared eliminating the
      potato starch and substituting perlite, a potassium sodium aluminum
      silicate, for the dolomite. The following data was obtained upon smoking
      of the shredded film.
TBL  ______________________________________                                    

                  Puff Count Wet Tar  Dry Tar                                  

     Perlite       6.2        8.0      6.1                                     

     Tobacco      10.0       28.7     24.7                                     

     ______________________________________                                    

PAC  EXAMPLE XVII
PAR  A film similar to that of Example XVI was prepared substituting 6 g of
      sodium silicate for the perlite and the diatomaceous earth content was
      increased to 15 g. The following data was obtained.
TBL  ______________________________________                                    

                   Puff Count Wet Tar   Dry Tar                                

     Sodium Silicate                                                           

                    8.6       10.1       8.0                                   

     Tobacco       10.0       28.7      24.7                                   

     ______________________________________                                    

PAC  EXAMPLE XVIII
PAR  8 G of sodium carboxymethylcellulose was combined with 4 g of sodium
      alginate, 11 g dolomite, 13 g diatomaceous earth, and minor amounts of a
      humectant, a wet strength resin, carbon, and food colors in 145 ml water
      and a film was cast therefrom. This film, when shredded and smoked in
      cigarette form yielded the following data.
TBL  ______________________________________                                    

                    Puff Count Wet Tar   Dry Tar                               

     Sodium alginate                                                           

                    10.8        5.3       4.1                                  

     Tobacco        10.0       28.7      24.7                                  

     ______________________________________                                    

PAC  EXAMPLE XIX
PAR  12 G of methyl cellulose was combined with 12 g dolomitic limestone and 15
      g diatomaceous earth along with minor amounts of a humectant and coloring.
      A film was cast and cigarettes prepared from shredded film. These
      cigarettes produced 20.2 mg wet tar/cigarette or 16.9 mg dry tar/cigarette
      upon smoking.
PAC  EXAMPLE XX
PAR  Films were prepared in the manner of Example XIX except that carboxymethyl
      hydroxyethyl was substituted for the methyl cellulose. These cigarettes
      yielded 6.3 mg wet tar/cigarette or 4.9 mg dry tar/cigarette.
PAC  EXAMPLE XXI
PAR  A shredded film was prepared in the manner of Example XXI except that
      hydroxyethyl cellulose was substituted for the methyl cellulose.
      Cigarettes prepared yielded 7.8 mg wet tar/cigarette or 6.7 mg dry
      tar/cigarette.
PAC  EXAMPLE XXII
PAR  12.0 G of sodium carboxymethyl cellulose was combined with 12.0 g of zinc
      oxide and 15 g diatomaceous earth along with minor amounts of a humectant,
      a cross-linking agent and colorants. These cigarettes yielded 8.5 mg wet
      tar/cigarette or 6.6 dry tar/cigarette upon smoking.
PAC  EXAMPLE XXII-XXVII
PAR  Formulations were prepared by combining 6 g low molecular weight sodium
      carboxymethyl cellulose, 2 g high molecular weight sodium carboxymethyl
      cellulose, 12 g dolomite, 11 g diatomaceous earth, and minor amounts of
      coloring agents and a humectant with the hereinbelow specified percentages
      of tobacco dust by intimately mixing in water and then casting the mixture
      to produce a film. These films are shredded and formed into cigarettes
      which were tested for tar delivery, and also the delivery of organic
      components in the gas phase, the latter being performed by gas
      chromatography. The data given below was obtained. Tar values are in
      mg/cigarette. Gas phase values are in .mu./cigarette.
TBL  EXAMPLE          XXIV XXV  XXVI XXVII                                     

     % Tobacco Dust   0    5    15   25    35                                  

     __________________________________________________________________________

     Cigarette Weight                                                          

                (grams)                                                        

                      1.2  1.2  1.2  1.6   1.6                                 

     Puff Count       6.5  6.3  6.1  8.3   8.8                                 

     Wet Tar    (mg/cigt.)                                                     

                      4.3  8.0  11.3 13.8  17.3                                

     Dry Tar    (mg/cigt.)                                                     

                      3.2  --   9.3  11.8  15.0                                

     Methanol   (.mu.g/puff)                                                   

                      0.2  1.3  2.2  3.5   7.3                                 

     Acetaldehyde                                                              

                (")   29.6 42.7 45.4 46.7  45.9                                

     Acetonitrile                                                              

                (")   0.3  1.5  3.1  5.0   6.4                                 

     Acrolein   (")   1.3  2.2  3.0  3.7   3.8                                 

     Furan      (")   1.3  2.6  2.8  2.4   2.0                                 

     Propionaldehyde                                                           

                (")   1.2  2.4  2.8  3,2   3.1                                 

     Acetone    (")   11.9 17.7 19.9 21.9  22.3                                

     Propionitrile                                                             

                (")   &lt;0.3 &lt;0.8 &lt;1.6 &lt;2.3  &lt;2.6                                

     Iso-butraldehyde                                                          

                (")   0.2  0.5  0.9  1.3   1.5                                 

     Benzene    (")   2.7  3.8  4.5  5.4   5.3                                 

     2,5-dimethyl furan                                                        

                (")   &lt;1.4 &lt;3.2 &lt;6.8 &lt;12.0 &lt;20.7                               

     2-pentanone                                                               

                (")   &lt;0.8 &lt;1.8 &lt;3.8 &lt;6.8  &lt;11.6                               

     Toluene    (")   3.8  7.6  12.1 16.1  15.9                                

     __________________________________________________________________________

PAC  EXAMPLES XXVIII-XXXVIII
PAR  Additional formulations were prepared by intimately mixing in water the
      materials given below in the percentages noted. In some instances these
      percentages are slightly less than 100% due to the presence of minor
      amounts of a humectant, cross-linking agents and/or coloring agents. These
      materials were also cast as a film and was shredded and formed into
      cigarettes. The cigarettes were tested for tar delivery and puff count.
      These values are given in the following table.
TBL  __________________________________________________________________________

     EXAMPLE   XXVIII                                                          

                    XXIX                                                       

                        XXX XXXI                                               

                                XXXII                                          

                                     XXXIII                                    

                                          XXXIV                                

                                               XXXV                            

                                                   XXXVI                       

                                                        XXXVII                 

                                                             XXXVIII           

     __________________________________________________________________________

     Sodium Carboxy-                                                           

               33.4 30.4                                                       

                        43.5                                                   

                            35.5                                               

                                39.8 33.4 33.4     62.5                        

     Methyl Cellulose                                                          

     Carboxymethyl                             25.0     50.0                   

     Hydroxyethyl                                                              

     Cellulose                                                                 

     Hydroxyethyl                                            50.0              

     Cellulose                                                                 

     Dolomite       30.4                                                       

                        43.5                                                   

                            35.5                                               

                                39.8                                           

     Diatomaceous                                                              

               27.8 25.3             27.8 27.8 75.0          50.0              

     Earth                                                                     

     Calcium                25.3                                               

     Aluminate                                                                 

     Silica                     11.4                                           

     Alumina                                                                   

     Aluminum  33.4                                                            

     Oxide                                                                     

     Ferric Oxide   9.07                                                       

     Magnesium          9.30                       12.5                        

     Oxide                                                                     

     Titanium                                           50.0                   

     Dioxide                                                                   

     Calcium                              33.4     25.0                        

     Carbonate                                                                 

     Wet Tar   2.7  2.6 11.5                                                   

                            11.7                                               

                                15.9 2.1  3.8  2.3  2.5 9.3  11.7              

     Dry Tar   1.9  1.5 NT* NT  NT   0.8  2.0  1.4 NT   NT   NT                

     Puff Count                                                                

               10.9 6.5 10.8                                                   

                            9.3  9.8 6.7  7.5  5.0 12.6 5.6                    

     __________________________________________________________________________

                                                             4.2               

      *Not Tested                                                              

PAR  Interestingly, it is observed in testing of the materials in the present
      invention that the peak particle size in the smoke aerosol obtained by
      combustion of these materials ranges from about 0.1 to 0.2 microns. In
      comparison, the peak particle size in tobacco smoke is from about 0.2 to
      0.3 microns. In view of the difference in particle size of the present
      material, optimum filtration may be attained utilizing a filter adapted to
      remove smoke stream particles having the above specified peak particle
      size. It has also been noted that the smoke obtained upon combustion of
      the presently claimed material contains only about 100 million
      particles/cc as compared to about 1 billion particles/cc in tobacco smoke.
PAR  The materials and composite structure described hereinabove in smoking
      composition form have been shown to exhibit particular advantages residing
      in the reduction of the delivery of selected known or suspected
      deleterious matter in cigarette smoke, when tested in cigarette form as
      detailed hereinabove. While some studies, notably the Surgeon General's
      Report, Public Health Service Publication No. 1103, would indicate the
      desirability of these results as a possible means to reduce the incidence
      of certain forms of cancer which may be related to cigarette smoking, it
      should be emphasized that there is no similar degree of evidence linking
      such performance to the incidence of other diseases possibly related to
      cigarette smoking such as emphysema, heart disease, etc.
PAR  While the synthetic materials of the present invention have been described
      primarily as used in cigarette form, it will be obvious that they are also
      readily usable in cigars, pipe tobacco, etc. Also the compositions may be
      processed by paper making procedures and used for cigarette papers, etc.
      It will also be apparent that a portion of the combustible material herein
      defined may be substituted with other known combustible materials to
      obtain a smokable product.
PAR  Obviously, many modifications and variations of the invention as
      hereinbefore set forth may be made without departing from the spirit and
      scope thereof, and therefore, only such limitations should be imposed as
      are indicated in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A smoking material comprising a combustible organic ingredient and a
      particulate inorganic filler, the major proportion of said combustible
      organic ingredient being a material selected from the group consisting of
      film-forming cellulose derivatives, their salts and mixtures thereof
      having the recurring anhydroglucose unit:
      ##EQU2##
      wherein at least one R is selected from the group consisting of lower
      alkyl, carboxy lower alkyl, hydroxy lower alkyl groups and mixtures
      thereof; and the remaining Rs are hydrogen and the average degree of
      substitution is from about 0.2 to 3.0; said major portion of said
      combustible organic ingredient and said particulate inorganic filler being
      present in a weight to weight ration of about 15:85 to 85:15.
NUM  2.
PAR  2. The smoking material of claim 1 wherein said major proportion of said
      combustible organic ingredient is selected from the group consisting of
      carboxymethyl cellulose, carboxymethyl cellulose salts, carboxyethyl
      cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, carboxymethyl
      hydroxyethyl cellulose and mixtures thereof and said particulate inorganic
      filler is selected from the group consisting of titanium dioxide,
      magnesium oxide, silica gel, sodium silicate, sodium alginate, zinc oxide,
      aluminum oxide, ferric oxide, calcium aluminate, silica aluminate, calcium
      carbonate, diatomaceous earth, dolomite, carbon, perlite, magnesite,
      zeolite, vermiculite and mixtures thereof.
NUM  3.
PAR  3. The smoking material of claim 2 wherein said major proportion of said
      combustible organic ingredient is selected from the group consisting of
      carboxymethyl cellulose, carboxymethyl cellulose salts, and mixtures
      thereof.
NUM  4.
PAR  4. The smoking material of claim 3 wherein said particulate inorganic
      filler comprises perlite.
NUM  5.
PAR  5. The smoking material of claim 3 wherein said particulate inorganic
      filler comprises dolomite.
NUM  6.
PAR  6. The smoking material of claim 2 wherein said particulate inorganic
      filler is selected from the group consisting of dolomite, perlite,
      diatomaceous earth, carbon and mixtures thereof.
NUM  7.
PAR  7. The smoking material of claim 6 wherein said major proportion of said
      combustible organic ingredient is sodium carboxymethyl cellulose.
NUM  8.
PAR  8. A smoking material comprising a combustible organic ingredient wherein
      the major proportion of said combustible organic ingredient is sodium
      carboxymethyl cellulose and a particulate inorganic filler comprising
      perlite and dolomite said sodium carboxymethyl cellulose and said
      particulate filler being present in a weight to weight ratio of from about
      85:15 to 15:85.
NUM  9.
PAR  9. The smoking material of claim 1 in film form.
NUM  10.
PAR  10. A smoking material comprising a combustible organic material and a
      particulate inorganic filler, said combustible organic material consisting
      essentially of one or more cellulose derivatives, their salts and mixtures
      thereof having the recurring anhydroglucose unit:
      ##EQU3##
      wherein at least one R is selected from the group consisting of lower
      alkyl, carboxy lower alkyl, hydroxy lower alkyl groups and mixtures
      thereof; and the remaining Rs are hydrogen and the average degree of
      substitution is from about 0.2 to 3.0; said combustible organic material
      and said particulate inorganic filler being present in a weight to weight
      ratio of from about 85:15 to about 15:85.
NUM  11.
PAR  11. The smoking material of claim 10 wherein said combustible organic
      material is selected from the group consisting of carboxymethyl cellulose,
      carboxymethyl cellulose salts, carboxyethyl cellulose, hydroxyethyl
      cellulose, methyl cellulose, ethyl cellulose, hydroxypropyl cellulose,
      carboxymethyl hydroxyethyl cellulose and mixtures thereof and said
      particulate inorganic filler is selected from the group consisting of
      titanium dioxide, magnesium oxide, silica gel, sodium silicate, sodium
      alginate, zinc oxide, aluminum oxide, ferric oxide, calcium aluminate,
      silica aluminate, calcium carbonate, diatomaceous earth, dolomite, carbon,
      perlite, magnesite, zeolite, vermiculite and mixtures thereof.
NUM  12.
PAR  12. The smoking material of claim 10 wherein said combustible organic
      material is selected from the group consisting of carboxymethyl cellulose,
      carboxymethyl cellulose salts, and mixtures thereof.
NUM  13.
PAR  13. The smoking material of claim 12 wherein said particulate inorganic
      filler comprises perlite.
NUM  14.
PAR  14. The smoking material of claim 12 wherein said particulate inorganic
      filler comprises dolomite.
NUM  15.
PAR  15. The smoking material of claim 11 wherein said particulate inorganic
      filler is selected from the group consisting of dolomite, perlite,
      diatomaceous earth, carbon and mixtures thereof.
NUM  16.
PAR  16. The smoking material of claim 15 wherein said combustible organic
      material is sodium carboxymethyl cellulose.
NUM  17.
PAR  17. The smoking material of claim 10 in film form.
NUM  18.
PAR  18. A smoking material comprising a combustible organic material and a
      particulate inorganic filler wherein said combustible organic material
      consists essentially of sodium carboxymethyl cellulose; said particulate
      inorganic filler comprises dolomite and perlite; and said combustible
      organic material and said particulate inorganic filler are present in a
      weight to weight ration of from about 85:15 to about 15:85.
NUM  19.
PAR  19. A smokable product comprising a film in shred form comprising a
      combustible organic material and a particulate inorganic filler, said
      combustible organic material consisting essentially of one or more
      cellulose derivatives, their salts and mixtures thereof having the
      recurring anhydroglucose unit:
      ##EQU4##
      wherein at least one R is selected from the group consisting of lower
      alkyl, carboxy lower alkyl, hydroxy lower alkyl groups and mixtures
      thereof; and the remaining Rs are hydrogen and the average degree of
      substitution is from about 0.2 to 3.0; said organic material and said
      particulate inorganic filler being present in a weight to weight ration of
      about 15:85 to 85:15.
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ABST
PAL  An apparatus and method for moistening tobacco in which the
      non-condensibles in a mass of dry, compressed tobacco are substantially
      entirely eliminated by subjection to a very low absolute pressure,
      preferably below 1 in. Hg, followed by a first steaming to a
      pre-determined temperature under the influence of a maximum pressure
      differential, holding, re-evacuation, during which a loosening occurs, and
      a final steaming.
BSUM
PAR  This invention relates to a method for quickly and efficiently conditioning
      tobacco which has been stored in bales, boxes, hogsheads, or other
      containers in a compressed condition. Tobacco which has been so packed and
      stored is invariably too stiff and dry to be further processed without
      excessive and unacceptable loss of product.
PAR  Prior methods of conditioning tobacco have one or more disadvantages which
      have prevented their universal acceptance by the trade. The following are
      given by way of example.
PAR  In the sweat room method of moistening tobacco the tobacco is stored for
      several weeks under air conditioning of about 90.degree.F and 90% relative
      humidity. The disadvantages of this method include the large space
      requirement and the uneveness of moistening, since generally a high
      moisture gain is experienced on the outside of the tobacco and almost no
      gain on the inside.
PAR  In the high vacuum process tobacco is placed into a strong chamber which is
      completely sealed. The air is evacuated from the chamber and the tobacco,
      and when a very low absolute pressure is reached a mixture of steam and
      water is introduced into the chamber. This mixture penetrates the
      compressed tobacco adding warmth and moisture to it. The cycle is repeated
      several times until the desired degree of moistening is obtained at which
      time the chamber is vented to atmosphere and the tobacco removed. The
      primary disadvantage of this method is the great length of time required
      since the steaming and soaking part of the cycle may be less than half the
      full cycle time.
PAR  In the steam conditioning method perforated tubes connected to a steam line
      under a pressure of about 20 psi are inserted into a mass of tobacco and
      steam under pressure is forced through the tobacco in a radially outward
      direction. A disadvantage of this method is that the temperature of the
      steam must be above 212.degree.F for it is not possible to have steam at
      less than this temperature at atmospheric pressures. Therefore, moistening
      tobacco by this method requires raising the temperature of at least some
      of the tobacco to 230.degree.F which is considered highly objectionable by
      most tobacco manufacturers. Furthermore it is impossible to obtain exactly
      the desired moisture gain throughout the product, since uniform
      conditioning can only be obtained by allowing all the tobacco to reach the
      same temperature.
PAR  In the circulating air process tobacco to be moistened is placed inside a
      vented air-tight chamber and a perforated tube inserted in the body of
      tobacco. The tube is connected to the intake side of a fan, and the air in
      the chamber is connected to the discharge side of the fan. The slight
      suction created by the fan causes air from the chamber to flow radially
      through the tobacco into the perforated tube, where it passes through the
      conditioning mechanism in which warmth and humidity are added to restore
      the air to the correct chamber conditions, and the air is re-circulated. A
      substantial disadvantage of this method is the great length of time
      required and the fact that steam penetration of the individual leaves is
      not especially efficient, since there is no removal of non-condensibles
      from the tobacco leaves prior to or at any time during contact with the
      moisture laden air blown into the chamber.
PAR  In the Vacuum Flow process, which to date has come closest to universal
      acceptance, a perforated probe is inserted into a mass of tobacco to be
      moistened which is placed in a vacuum chamber, a vacuum drawn on the probe
      in the chamber until an absolute pressure in the range of 2 - 3 inches of
      Hg absolute is reached, steam is admitted to the chamber while the probe
      is connected to vacuum, the pressure is permitted to rise to about 6
      inches Hg and maintained at that level for a period of time prior to
      breaking vacuum.
PAR  However, even this process has some drawbacks since it represents, in some
      respects, a compromise between conflicting factors.
PAR  Thus, for example, the pressure differential over which the steaming occurs
      has been rather modest, due, in part at least, to the need to break vacuum
      at a tobacco temperature which is non-deleterious to the tobacco and
      suitable for further processing. Further, non-condensibles in the tobacco
      are not as completely removed as is often desired before steam penetration
      begins, and the driving force of the steam may not be as powerful as
      desired.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention the tobacco to be moistened is placed in a vacuum
      chamber and an evacuation probe is inserted into the mass of dried
      tobacco. Preferably the probe and chamber are connected by suitable
      valving to a first stage steam ejector which discharges into a condenser,
      the condenser in turn discharging into additional steam ejector means,
      such as sequentially arranged second stage and third stage steam ejectors,
      often referred to as a "piggy-back" ejector system.
PAR  In operation, evacuation to an absolute pressure below the flash point, and
      preferably to a level of less than 1 inch Hg absolute, is carried out to
      remove all, or nearly all, of the non-condensibles and thoroughly
      condition the tobacco for subsequent steaming. This is followed by
      simultaneous admission of steam into the chamber and evacuation through
      the probe which results in a radially inward flow of steam and a gradual
      pressure rise from the exceedingly low starting absolute pressure. The
      pressure rise is followed by a pressure holding period at a pressure
      corresponding to a pre-determined maximum temperature which may, for
      example, be a temperature which will ensure total bug kill. Thereafter the
      tobacco is re-evacuated and a second steaming operation, preferably at a
      temperature lower than the first steaming operation, is carried out to
      conclude the process.
PAR  Accordingly, it will be seen that the primary object of the invention is to
      provide a method and apparatus for quickly and efficiently moistening
      stored tobacco whereby it may be suitably conditioned for further
      processing.
PAR  A further object is to condition stored tobacco by a process in which only
      a near irreducible minimum of non-condensibles are present in the tobacco
      prior to subjection to steaming, whereby the effectiveness of steam
      penetration into each piece of tobacco is maximized.
PAR  Another object is to provide a method of moistening tobacco in which a near
      maximum pressure differential is provided between the initial entering
      steaming temperature and the maximum steaming temperature so that maximum
      conditioning is obtained from the initial steaming operation, and the
      tobacco, after a subsequent evacuation, has been extremely effectively
      pre-conditioned for a subsequent steaming operation.
PAR  Another object is to provide a method in which loosening of the tobacco is
      maximized, this loosening resulting in an increase in volume of the
      tobacco which facilitates subsequent handling.
PAR  Another object is to provide a method for moistening tobacco in which cold
      spots are virtually eliminated. This latter advantage is coming into
      increasing prominence with the change in tobacco processing methods from
      laid leaf to intermixed; with intermixed tobacco cold spots which remain
      after conditioning are particularly disruptive of the subsequent tobacco
      manufacturing process.
PAR  Other objects and advantages of the invention will be apparent from an
      understanding of a drawing and subsequent description.
DRWD
PAC  DESCRIPTION OF DRAWING
PAR  The invention is illustrated more or less diagrammatically in the
      accompanying figures wherein:
PAR  FIG. 1 is a schematic diagram of one embodiment of an apparatus suitable
      for practicing the present invention; and
PAR  FIG. 2 is a cycle diagram illustrating a typical cycle of the present
      invention.
DETD
PAR  Referring first to FIG. 1 a vacuum chamber is indicated generally at 10. A
      quantity of tobacco which may, for example, be a hogshead of tobacco from
      which the cover has been removed and the side slats removed or loosened,
      is indicated at 11 resting on a moveable dolly or platform 12. For
      convenience the platform may be rail mounted for ease of admission and
      removal of the tobacco from the chamber. It will be understood that the
      capacity of the chamber may be varied within wide limits in that chambers
      may be of a size sufficient to handle anywhere from one small box of
      tobacco to six, eight or even a larger number of hogsheads.
PAR  An atmosphere venting conduit is indicated at 13, the conduit having a
      vacuum break valve 14, preferably of the butterfly type, therein. A
      chamber steam admission line is indicated at 15 and a chamber steaming
      valve at 16. It will be understood that a hinged or vertically rising door
      may be provided at one or both ends of the chamber for moving tobacco into
      and out of the chamber, the door having appropriate vacuum tught seal
      means, the provision of which is within the skill of the art.
PAR  An evacuation probe is indicated generally at 18, the probe passing through
      suitable vacuum tight sealing means indicated at 19 in the cover or top of
      the vacuum chamber. Suitable mechanism for moving the probe between a
      retracted position, in which it is elevated and out of contact with the
      tobacco in the chamber, and an extended position in which it has been
      inserted into the central zone of a mass of tobacco is indicated at 20.
      The probe passes through a false ceiling 21 in the vacuum chamber, the
      purpose of which is to intercept condensation which forms on the roof of
      the chamber and deflect it away from the tobacco being conditioned.
PAR  The probe includes a calculated number of orifices, which may be circular
      or elongated holes, indicated generally at 22, and is preferably of a
      length sufficient to extend completely to the bottom of the mass of
      tobacco in the extended position as shown. It will be noted that the probe
      terminates about 1/2 inch to one inch above the bottom of the tobacco, and
      no probe holes are present in the upper portion of the probe above the top
      of the mass of tobacco to be conditioned.
PAR  An exterior extension of the probe is connected to a first vacuum conduit
      24, the conduit discharging into a condenser 25. A condenser isolating
      valve is indicated at 26 in the first vacuum conduit.
PAR  A second vacuum conduit is indicated at 27, said second vacuum conduit
      having its intake end opening directly into the chamber. Said second
      vacuum conduit connects to condenser 25 and a first stage steam ejector
      indicated generally at 30. A chamber isolating valve is indicated at 31.
PAR  A third vacuum conduit is indicated at 32, said third vacuum conduit having
      one end in communication with the first vacuum conduit 24 between the
      probe and the condenser isolating valve 26, and the other end opening into
      the second vacuum conduit 27 between the chamber isolating valve 31 and
      the first stage steam ejector 30. A probe isolation valve 33 is located in
      the third vacuum conduit.
PAR  The evacuation system further includes second evacuation means which, in
      this instance, consists of a second stage steam ejector 35 and a third
      stage steam ejector 36, the second stage steam ejector discharging
      directly into the third stage ejector and having its intake opening into
      condenser 25. The third stage steam ejector discharges to atmosphere. It
      will thus be seen that the first stage runs condensing, and the second and
      third stages, often called "piggy-back" ejectors, run non-condensing.
PAR  The condensation system includes, in addition to the condenser chamber, a
      discharge line whose intake is beneath the water level in the condenser,
      and whose outlet discharges into a suitable water dispersion mechanism 39
      in cooling tower 40. A suitable pump means is indicated at 41. Cooled
      water from cooling tower 40 is transferred by line 42 into the condenser
      chamber where it is admitted in a finely divided spray 43 positioned in
      the fluid path between the openings of vacuum conduits 24 and 27 on the
      one hand, and the inlet to second stage ejector 35 on the other hand.
      Arrows in lines 38 and 42 indicate the direction of flow of the cooling
      fluid.
PAR  The use and operation of the invention are as follows.
PAR  In operation, tobacco in a compressed condition and which is too dry and
      brittle for entry into the tobacco manufacturing process is placed on
      wheeled dolly 12 and rolled into vacuum chamber 10, the probe 18 being
      retracted by mechanism 20 to permit entry of the tobacco. Once in position
      the door is closed, the chamber sealed, and the mechanism 20 operated to
      extend the probe 18 downwardly to the illustrated FIG. 1 position. The
      probe is located in the central zone, and preferably along the vertical
      central axis, of the mass of tobacco 11 to be moistened. Once the probe is
      in position in which it extends substantially the full vertical height of
      the mass of tobacco with all perforations 22 opening only into the mass of
      tobacco 11 the steam ejector system is operated to create a vacuum within
      the chamber and within the mass of tobacco. The cycle will become clear
      from a reference at this point to FIG. 2 and the following Valve Diagram.
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PAR  Referring now to FIG. 2, which is a typical cycle diagram described in
      terms of absolute pressure and corresponding saturation temperature along
      the vertical axis, and time along the horizontal axis, the following
      operations occur.
PAC  INITIAL EVACUATION
PAR  At zero minutes evacuation of the chamber through vacuum conduits 24 and 27
      by means of the second and third stage steam ejectors 35 and 36 begins.
PAR  In this condition the vacuum break valve 14 and chamber steaming valve 16
      are closed, the vacuum break valve remaining closed until the very end of
      the cycle.
PAR  Chamber isolation valve 31, probe isolation valve 33 and condenser
      isolation valve 26 are open. Rapid evacuation of the chamber and the
      tobacco occurs, as will be noted from the steep slope of that portion of
      the curve which begins at point A and extends toward point B.
PAR  It will be understood that at point A the chamber temperature is ambient
      and the tobacco temperature may be any temperature within a range of, for
      example, 33.degree.F to 95.degree.F depending upon the temperature of the
      storage location of the tobacco prior to placement in vacuum chamber 10
      for moistening.
PAR  It should also be understood that in a typical installation the second and
      third stage steam ejectors are effective down to an absolute pressure of
      about 1 inch Hg absolute, and a first stage steam ejector may be effective
      in the range of from about 2-3 inch Hg absolute down to about 0.2 inches
      Hg absolute.
PAR  Accordingly, shortly before the lower effective limit of the second and
      third stage ejectors is reached and, concurrently, after the effective
      working range of the first stage ejector is reached, the first stage
      ejector is brought on stream. Thus, for example, the first stage jet 30
      may be cut in when the absolute pressure in the chamber reaches about 2
      in. Hg.
PAR  At the cut in point of the first stage jet 30 the condenser isolating valve
      26 is closed.
PAC  FLASH POINT
PAR  At some point near the end of the first evacuation, step A-B, a condition
      will be attained in which the chamber temperature and the tobacco
      temperature are identical, which condition is hereafter referred to as the
      flash point. For purposes of illustration the flash point is indicated at
      point A.sub.1 in FIG. 2 although it will be understood it may vary widely;
      indeed, it may occur at any point in the first evacuation period
      corresponding to a pressure of about 3/10ths to 1.5 inches Hg absolute.
PAC  PULL-DOWN POINT
PAR  Evacuation is continued to an absolute pressure in the range of about
      0.3-0.5 inches Hg absolute, indicated at point B.
PAR  At this point all, or virtually all, of the non-condensibles have been
      removed from the chamber, the space between the leaves in the chamber, and
      from within the individual tobacco leaves.
PAR  When this point is reached both the chamber and the tobacco temperature
      will be substantially the same, and may, for example, be in the range of
      from about 33.degree.F to 85.degree.F.
PAC  FIRST STEAMING
PAR  At this point the chamber steaming valve 16 is opened, the chamber
      isolation valve 31 closed. The probe isolation valve 33 remains open and
      the condenser isolating valve 26 remains closed.
PAR  In this condition steam enters the chamber via line 15 and is pulled
      radially inwardly through the tobacco toward the probe, from whence unused
      steam and non-condensables are evacuated via lines 32, 27 and first stage
      steam ejector 30 to condenser 25, the second and third jets, and thence to
      atmosphere.
PAR  As the steam moves radially inwardly it enters the pores of the tobacco,
      from which non-condensibles have been earlier removed, and moistens and
      heats the individual pieces of tobacco.
PAR  Shortly before the upper absolute pressure limit of the first stage ejector
      is reached, probe isolation valve 33 is closed and condensor isolation
      valve 26 is opened to permit the vacuum to be controlled by the second and
      third stage jets.
PAR  During this portion of the cycle, which may for example extend from about
      the 7 minute mark to the 14 minute mark, steam is being admitted through
      line 15 slightly faster than it can be condensed or evacuated through
      probe 18 with the result that the pressure and temperature both increase
      until point C is reached. Point C represents a pre-determined maximum
      temperature which may be, for example, in the range of about 152.degree.F
      to 160.degree.F. At point C the chamber temperature will be at the
      pre-determined maximum, but the temperature of at least portions of the
      tobacco will be something less than the pre-determined maximum because of
      the temperature lag experienced during the conditioning process.
PAR  It may, for example, be desired to terminate the pressure rise portion of
      the first steaming step when the pressure is in the range of about 9-11
      inches Hg absolute, but in any event less than about 160.degree.F, which
      is the temperature above which the tobacco may be deleteriously affected.
      Or it may, for example, be sufficient to raise the temperature only to
      about 140.degree.F since experience has shown that good penetration of the
      tobacco occurs at this temperature and pressure and insect life is
      effectively killed. However the individual operator may wish to carry the
      temperature higher, as for example to 152.degree.F, which for many years
      was thought to be the minimum temperature necessary to ensure total insect
      kill.
PAR  It will also be understood that shortly after the lower effective operating
      limit of the second and third stage steam ejectors was reached during the
      pressure rise, the first stage ejector was shut down.
PAC  FIRST HOLDING
PAR  When point C is reached at about 14 minutes chamber steaming valve 16 is
      throttled so that a balance is established between steam admitted and
      steam removed by the vacuum system.
PAR  The length of the first holding period may be varied within several
      minutes. In the illustrated cycle a period of time of about 2 minutes is
      shown. Preferably the total time of the first and second holding periods
      is about 6 minutes, and accordingly the first holding period may be
      shortened or lengthened as desired, at least within this range.
PAR  The primary function of the first holding period is to ensure that all
      portions of the tobacco reach the desired temperature which, as mentioned
      above, may be in the range of about 152.degree.F to about 160.degree.F.
PAR  It will be understood that during this first holding period the steam and
      any non-condensibles entering the chamber via line 15 will be continually
      pulled radially inwardly through the tobacco and unused steam or
      non-condensibles discharged through evacuation probe 18.
PAC  RE-EVACUATION
PAR  At the end of the first holding period, that is, when point D in the cycle
      has been reached, the chamber steaming valve 16 is closed, the chamber
      isolation valve 31 is slowly opened, and the probe isolation valve 33 is
      opened while the chamber isolating valve 26 remains open.
PAR  As a result the pressure in the chamber and in the tobacco drops into the
      range of about 3.5-6.5 inches Hg absolute, which corresponds to a chamber
      temperature of about 120.degree.F-140.degree.F.
PAR  Because of the higher specific gravity of the tobacco, however, the
      temperature of the tobacco will lag the temperature in the chamber; a
      typical range of temperature for the tobacco at this time may be
      130.degree.F-145.degree.F.
PAR  It is at this point in the cycle that a loosening action of the tobacco
      will occur. The loosening action is controlled by the re-evacuation rate
      and can be seen by visual observation through a porthole in the chamber.
      The volume of the mass of tobacco actually expands an inch or more in
      height and/or diameter.
PAC  SECOND HOLDING PERIOD
PAR  At point E on the cycle chamber isolation valve 31 and probe isolation
      valve 33 are closed, chamber steaming valve 16 is opened slowly, and steam
      is again admitted to the chamber.
PAR  Preferably the steam is admitted at the same rate it is condensed and
      exhausted through the vacuum system, so the the pressure remains
      substantially constant during the second steaming step. The condenser
      isolating valve 26 remains open so that creation of vacuum is under
      control of the second and third stage jets.
PAR  The length of the second steaming step E-F may be varied within limits. In
      the representative cycle a period of four minutes has been shown,
      although, as mentioned earlier, this may be increased or decreased. It is
      preferred, however, that the length of the two holding periods C-D and E-F
      total about 6 minutes.
PAR  In any event the holding period is long enough so that all the tobacco
      reaches the chamber temperature. In the illustrated example a chamber and
      tobacco temperature of 130.degree.F, which corresponds to an absolute
      pressure of 4.5 inches Hg, has been illustrated.
PAC  BREAK-OUT AND CYCLE END
PAR  At the end of the second steaming step, point F, the chamber steaming valve
      16 and the condenser isolating valve 26 are closed (chamber isolating
      valve 31 and probe isolation valve 33 remain closed) and vacuum break
      valve 14 is opened to admit atmospheric pressure to the interior of the
      chamber.
PAR  Preferably the break vacuum valve 14 is opened slowly so that pressure
      equalizes gradually inside and outside the tobacco.
PAR  At the end of the cycle the temperature in the chamber will of course rise
      to ambient and the pressure to 29.92 inches Hg absolute. The temperature
      of the tobacco will remain at the last holding temperature, in this
      instance preferably about 130.degree.F .+-. 20.degree.. At this
      temperature, however, it is suitable for further processing.
PAC  REMOVAL
PAR  The probe control mechanism 20 is then operated to retract probe 18 and the
      tobacco is removed from the chamber and transferred to the next processing
      station. The vacuum break valve 14 is then closed and the chamber is in
      condition to receive another load of tobacco to be processed.
PAR  At the conclusion of the process, which required only about 23 minutes for
      a conventional sized hogshead, the tobacco is in a loosened condition with
      no cold spots.
PAR  For further amplification of the temperatures and pressures which may exist
      in the system during a typical cycle, refer to the following Table.
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     TEMPERATURE/PRESSURE CONDITION TABLE                                      
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                           33.degree.-95.degree.                               

                                  30                                           

     Flash Point A.sub.1                                                       

                    33.degree.-95.degree.                                      

                           33.degree.-95.degree.                               

                                  .3-1.5                                       

     Pull Down Point                                                           

                 B   33.degree.                                                

                           33.degree.-85.degree.                               

                                  .2                                           

     First Holding                                                             

                 C  160.degree.                                                

                           less than                                           

                                  10.0                                         

                           160.degree.                                         

     Re-Evacuation                                                             

                 D  160.degree.                                                

                           152.degree.-160.degree.                             

                                  10.0                                         

     Second Holding                                                            

                 E  120.degree.-140.degree.                                    

                           130.degree.-145.degree.                             

                                  3.5-6.5                                      

                    130.degree.                                                
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PAR  One of the desirable attributes of the invention is that non-condensibles
      are almost totally removed from the tobacco leaf prior to initial
      admission of steam. This facilitates steam penetration into the individual
      tobacco leaves during the initial steaming. Experience has shown that the
      penetration of the steam into the tobacco leaf during the second steaming
      is substantially superior to second time penetration in other processes,
      and this uniformity and ease of penetration is believed to be
      attributable, at least in substantial part, to the substantially complete
      removal of non-condensibles prior to the first steaming step. It will be
      understood, of course, that steam itself carries non-condensibles, the
      elimination of which is not possible; however, by removing a maximum
      amount of non-condensibles prior to the initial steaming, a maximum amount
      of steam is admitted to the tobacco leaves.
PAR  Further, the steaming is especially efficient because a maximum driving
      force has been provided for adding steam to the individual tobacco leaves.
      That is, the absolute pressure is in the neighborhood of 0.3-0.5 inches Hg
      absolute at the start of the initial steaming step, and the pressure may
      rise to as high as 9-10 inches Hg absolute. This should be contrasted with
      other cycles, such as the Vacuum Flow cycle in which the pressure
      differential may only be on the order of about 4 inches Hg absolute.
PAR  It will at once be apparent to those skilled in the art that other
      modifications may be made within the spirit and scope of the invention.
      Accordingly, it is intended that the scope of the invention be limited not
      by the scope of the foregoing description, but solely by the scope of the
      hereafter appended claims when interpreted in light of the pertinent prior
      art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of moistening compressed tobacco the steps of:
PA1  subjecting compressed tobacco containing substantial quantities of
      non-condensibles to an absolute pressure below the flash point of the
      non-condensibles,
PA1  therafter, and commencing at a time when said tobacco is subjected to a
      first low absolute pressure, passing steam generally radially inwardly
      only through the tobacco throughout substantially the entire height of the
      tobacco and simultaneously withdrawing unused steam and non-condensibles
      from the central zone of said tobacco,
PA1  controlling the steam flow to the tobacco in such fashion that the
      temperature of the tobacco does not exceed a pre-determined maximum, the
      tobacco being maintained at a substantially constant pressure for a period
      of time at the end portion of the aforesaid controlled steam flow,
PA1  terminating the steam flow after substantially the entire mass of tobacco
      has attained the pre-determined maximum temperature and the absolute
      pressure of the system has increased to a level substantially
      corresponding to said temperature but below atmospheric,
PA1  lowering the absolute pressure from the pressure existing while the mass of
      tobacco was subjected to the pre-determined maximum temperature to an
      absolute pressure above the initial low absolute pressure,
PA1  subjecting the tobacco at the last mentioned pressure to steam which is
      passed generally radially inwardly only through the tobacco throughout
      substantially the entire height thereof and simultaneously withdrawing
      unused steam and non-condensibles from the central zone of said tobacco,
      the tobacco being maintained at a substantially constant pressure for a
      period of time near the end portion of the last mentioned subjection to
      steam, and, upon conclusion of the subjection of the tobacco to the last
      mentioned steaming,
PA1  thereafter raising the pressure to which the interior and exterior of the
      mass of tobacco is subjected to atmospheric pressure.
NUM  2.
PAR  2. The method of moistening tobacco of claim 1 further characterized in
      that:
PA1  the absolute pressure to which the tobacco is initially subjected is in the
      range of about 0.3 to 0.5 inch Hg absolute.
NUM  3.
PAR  3. The method of claim 2 further characterized in that:
PA1  the pre-determined maximum temperature to which the tobacco is subjected
      following subjection to the initial low absolute pressure below the flash
      point is in the range of about 152.degree.F to 160.degree.F.
NUM  4.
PAR  4. The method of claim 3, further characterized in that:
PA1  the temperature to which the tobacco is subjected during the last steaming
      is in the range of about 130.degree.F to 145.degree.F.
NUM  5.
PAR  5. The method of claim 4 further characterized in that:
PA1  the total time at which the tobacco is subjected to steam treatment at
      substantially constant pressures following the initial and subsequent
      evacuation is approximately 6 minutes.
NUM  6.
PAR  6. In a method of moistening tobacco the steps of inserting an evacuating
      probe into the vertical central zone of a mass of tobacco to be moistened
      in a gas-tight chamber,
PA1  evacuating the interior of the tobacco through the probe, and the chamber,
      until a first vacuum level is reached which is below the flash point of
      the non-condensibles in the tobacco,
PA1  thereafter admitting steam into the chamber while simultaneously drawing a
      vacuum on the probe to cause said steam to pass radially inwardly only
      towards the probe and unused steam out of the system,
PA1  continuing the simultaneous admission of steam to the chamber and
      evacuation through the probe until a pressure in the chamber is attained
      which corresponds to a temperature in the range of about 152.degree.F to
      160.degree.F,
PA1  holding the tobacco at substantially constant pressure in the presence of
      steam in the aforesaid range until substantially the entire mass is at a
      temperature in the aforesaid range,
PA1  re-evacuating the interior of the tobacco through the probe, and the
      chamber, until a vacuum level is reached corresponding to a chamber
      temperature of about 130.degree.F-145.degree.F, said vacuum level being a
      higher absolute vacuum than the aforesaid first vacuum level,
PA1  holding the tobacco at substantially constant pressure in the presence of
      steam admitted into the chamber only in the aforesaid range while
      continuing to evacuate through the probe, and, upon conclusion of
      subjection of the tobacco to the last mentioned steaming treatment,
PA1  raising the pressure to which the interior and exterior of the mass of
      tobacco is subjected to atmospheric pressure.
NUM  7.
PAR  7. The method of moistening tobacco of claim 6 further characterized in
      that:
PA1  the absolute pressure to which the tobacco is initially subjected is in the
      range of about 0.3 to 0.5 inch Hg.
NUM  8.
PAR  8. The method of moistening tobacco of claim 7 further characterized in
      that:
PA1  the temperature to which the tobacco is subjected during the second period
      of low absolute pressure treatment is in the range of about 130.degree.F
      to 145.degree.F.
NUM  9.
PAR  9. The method of moistening tobacco of claim 8 further characterized in
      that:
PA1  the total time to which the tobacco is subjected to steam treatment at
      substantially constant pressures following the initial and subsequent
      evacuations is approximately 6 minutes.
PATN
WKU  039318265
SRC  5
APN  4922344
APT  1
ART  333
APD  19740726
TTL  Brush and methods for manufacturing same
ISD  19760113
NCL  19
ECL  1
EXP  McNeill; G. E.
NDR  1
NFG  9
INVT
NAM  Moon; Howard R.
CTY  Fort Atkinson
STA  WI
ASSG
NAM  Wahl Clipper Corporation
CTY  Sterling
STA  IL
COD  02
CLAS
OCL  132  9
XCL  132 85
EDF  2
ICL  A45D  100
FSC  132
FSS  9;85;11
FSC   15
FSS  187
UREF
PNO  1375681
ISD  19210400
NAM  Dennin
OCL  132 85
UREF
PNO  2741786
ISD  19560400
NAM  Bressler
OCL  132 85
UREF
PNO  3651532
ISD  19720300
NAM  Wettburg
OCL  132 85
UREF
PNO  3721250
ISD  19730300
NAM  Walter
OCL  132 11
UREF
PNO  3739419
ISD  19730600
NAM  Natman
OCL   15187
LREP
FR2  Batz; Carl C.
ABST
PAL  A brush which has been molded in a substantially flat form but which is
      bent to form a roll with an arcuate cross section and with side flaps
      which are brought together and fastened to form a handle portion or which
      may be utilized to mount the brush in a styler/dryer device. Also methods
      by which such a brush are manufactured.
BSUM
PAR  This invention relates to a brush and to methods of forming the same. More
      particularly the invention pertains to a brush which can be molded in one
      piece and then bent into a desired shape.
PAC  BACKGROUND
PAR  During the past several years many manufacturers have made and sold devices
      for grooming the hair. Some of these devices are designed to supply heated
      air to dry the hair after it is washed and many of the devices have combs
      or brushes used to manipulate the hair so as to produce a desired grooming
      effect. Such combs or brushes have outwardly extending bristles or teeth
      which are pulled or in some way moved through the hair to untangle it or
      to put it into a desired orientation. The bristles may be natural fibers,
      but more recently have been made principally of synthetic or plastic
      materials. A common method of manufacture is to prepare a plastic piece,
      drill holes into the side of the piece at various angles and insert the
      teeth or bristles into the holes.
PAR  For convenience I use the term "teeth" to designate the bristles or
      toothlike projections however fine or coarse they may be.
PAR  It would be very desirable if methods were available to manufacture the
      brushes in a way which would be more effective and less costly than
      methods heretofore available, particularly methods for making brushes
      which have teeth extending at divergent angles from each other. It would
      be desirable to have a brush which has its teeth molded integrally with
      the base piece and would be especially desirable to have such a brush in
      which the teeth extend at desired divergent angles.
PAR  Accordingly, I have set myself to the provision of such brushes and have
      sought effective ways for their manufacture.
PAC  SUMMARY
PAR  I have discovered that a substantially flat piece may be molded having
      teeth extending from its outside and which may be bent to form a roll
      structure having a hollow arcuate cross section with the teeth extending
      at divergent angles, and further that the side portions of such a piece
      may be turned inwardly and fastened to hold the piece in its bent form.
      Further these side portions when so brought together may also serve as a
      handle for the brush or to engage a separate handle or styler device.
DRWD
PAC  DETAILED DESCRIPTION
PAR  One embodiment of my improved device is illustrated in the accompanying
      drawings in which:
PAR  FIG. 1 is a perspective view of a molded piece having teeth extending
      downwardly from its outside;
PAR  FIG. 2 is an end elevational view of the structure shown in FIG. 1;
PAR  FIG. 3 is a perspective view like FIG. 1, but with the teeth inverted;
PAR  FIG. 4 is a perspective view of the piece as shown in FIGS. 1 to 3, but
      bent into its new shape;
PAR  FIG. 5 is an end view of the structure like that of FIG. 4, but showing
      seven rows of teeth;
PAR  FIG. 6 is a view like FIG. 5, but showing a modification in which the rows
      of teeth diverge by an angle of over 180.degree.;
PAR  FIG. 7 is a perspective view of a hair dryer/styler;
PAR  FIG. 8 is a perspective view like FIG. 7, but showing the improved brush in
      place; and
PAR  FIG. 9 is a sectional view taken along 9--9 of FIG. 7 and showing the
      resilient latch for fastening the brush element.
DETD
PAR  The improved brush element A may be prepared preferably by molding and may
      have the appearance illustrated in FIGS. 1 to 3 of the drawing.
PAR  As shown, this brush element A is substantially flat and has the teeth 10
      extending from the outside (the bottom side is shown in FIG. 1) of the
      central section 11. As shown, there are seven longitudinal rows of teeth
      with ten teeth in a row. The brush will have a plurality of teeth, but may
      have any number of rows and any number of teeth in a row, or the teeth may
      not even be in rows at all. In the piece as it is molded, the teeth may
      preferably extend straight out from the section 11 in parallel fashion
      substantially normal to the plane of section 11.
PAR  The inside of section 11 (the top side as seen in FIG. 1) preferably has
      two or more spaced grooves 13 extending longitudinally of the section. As
      will later be understood more clearly these grooves aid in the bending of
      this section into a desired form. As shown more clearly in FIG. 2 the
      grooves 13 are each disposed opposite the space between the rows of teeth
      so that the grooves aid in the bending of the material between the rows.
PAR  On the inside of section 11 near the left side edge thereof is a
      longitudinal ridge 14 (FIGS. 1 and 2) having a groove 14a in its top, and
      near the right-hand side edge is a second longitudinal ridge 15 having a
      tongue 15a in its top. As will later be explained more fully the tops of
      these ridges come into engagement when the element is bent into its new
      form.
PAR  At the left-hand side of section 11 (as seen in FIG. 1) is a flap 16 and at
      the right-hand side is a flap 17. The flap 17 is longer than flap 16 and
      has a thickened portion 17a at its outer edge, and this is extended at the
      center to form the tongue 17b. The portion 17a has an inward edge 17c
      which is adapted to abut the outer edge of the flap 16 when the section is
      bent to its new form.
PAR  Referring now to the outside of the element (the top side as shown in FIG.
      3), a pair of ridges 18, 19 is provided, ridge 18 being at the side edge
      of section 11 and ridge 19 being on the flap 17. These ridges provide
      between them a weakened line of material which serves as a hinge for flap
      17. Further, these ridges come into side abutment with each other when the
      element is bent to its new form, thus to support the flap portion of the
      structure against turning to one side. A similar pair of ridges 20, 21 is
      provided at the other side edge of section 11 and these provide between
      them a hinge for flap 16 and also support for the flap.
PAR  In the illustrated embodiment flap 16 and 17 are provided with registering
      holes 22 for receiving rivets therethrough to fasten the flaps together.
PAR  A first step in the manufacture of my improved brush is the molding of the
      brush element A. It may be noted that especially with teeth 10 extending
      substantially normal to section 11 and without expansions or protrusions
      on any upwardly or downwardly extending parts, this element may be easily
      molded without difficulty in a simple straight opening mold without side
      pulls. The element may be made of any suitable moldable material which
      will take some degree of deformation. I prefer to use a polymeric amide
      such as nylon.
PAR  We may note also that when larger coarser teeth are desired, or when finer
      teeth are desired, this may be accomplished simply by changing the teeth
      portion of the mold rather than the whole mold.
PAR  Preparatory to bending the element into its new form I prefer to heat it by
      placing it in warm water to assist in the bending action. To bend the
      element the side edges of section 11 are pressed upwardly and inwardly
      (FIGS. 1 and 2) finally bringing flap 16 and 17 flatly together with the
      outer edge of flap 16 abutting the edge 17c of the thickened portion 17a.
      During this movement the ridges 14 and 15 will come into abutment with
      groove 14a serving to guide the ridges into abutting relation. Also during
      this movement the ridge 14 will come into side abutting relation with
      ridge 15 and the ridge 20 will come into side abutting relation with ridge
      21 to hold the flaps against side movement. Note also that the inside of
      thickened portion 17a is flush with the outside of the flap 16 to provide
      a smooth surface for the handle portion provided by flaps 16 and 17.
PAR  To secure the flap 16 and 17 together I prefer to use rivets extending
      through the holes 22 in the flaps, but these flaps may be attached
      together by adhesive or other suitable means.
PAR  As the bending of section 17 takes place the grooves 13 on the inside
      surface of the section will close and the section will come to have an
      arcuate cross section, and the teeth 10 will extend outwardly at angles
      from each other. As shown in FIGS. 4 and 5, the arc of section 11 extends
      for about 180.degree. and the tooth 10a extends outwardly in a direction
      180.degree. from tooth 10b. The arc over which the teeth are spread may
      extend, for example, about 90.degree. or 270.degree. or more, as may be
      desired.
PAR  The brush element in its new form may be used by grasping the handle
      portion provided by the attachments of the flaps, or this portion of the
      brush element may be inserted through the opening 30 in a styler/dryer.
      The tongue 17b may be inserted between the spring-pressed prongs 31 until
      there is contact between the knob 32 on flap 17 and the prongs 31. When
      the operator wishes to use a brush with a different size or tooth
      configuration, he may simply remove the one brush element and replace it
      with another one having the desired form.
PAR  While I have shown in the drawings and described in detail only one
      embodiment of the invention with some few variations, it should be
      understood that wide variation is possible and many changes may be made
      all within the spirit of the invention and within the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A brush element comprising a center section having an arcuate cross
      section, a plurality of spaced teeth extending from the outside of said
      section, and means for holding the side edges of said section together to
      maintain said section in arcuate form.
NUM  2.
PAR  2. A brush element as set forth in claim 1 wherein said section has a
      plurality of spaced straight parallel grooves on its inside to facilitate
      the bending of said section into arcuate form.
NUM  3.
PAR  3. A brush element as set forth in claim 1 wherein said means includes a
      flap connected to one side edge of said section and a flap connected to
      the other side edge of said section, and means for attaching said flaps
      together.
NUM  4.
PAR  4. A brush element as set forth in claim 1 including a pair of spaced
      parallel ribs extending inwardly from the inside of section, the tops of
      said ribs being in abutting relation so as to support said section in its
      arcuate form.
NUM  5.
PAR  5. A brush element as set forth in claim 3 wherein said means includes a
      rivet extendable through each of said flaps.
NUM  6.
PAR  6. A brush element as set forth in claim 3 wherein one of said flaps has an
      abutment against which an edge of the other of said flaps may be received
      to position one flap with respect to the other.
NUM  7.
PAR  7. A brush element as set forth in claim 3 including parallel ribs, one of
      which extends along one of said side edges of said outside of said
      section, said ridges providing between them a hinge for one of said flaps
      and a pair of parallel ribs, one of which extends along the other side
      edge of the outside of said section, said last mentioned ridges providing
      between them a hinge for the other of said flaps.
NUM  8.
PAR  8. A brush element as set forth in claim 7 in which each of said ridges is
      in side abutting relationship with the other ridge of the pair when said
      flaps are in position with one flap flat against the other.
NUM  9.
PAR  9. A brush element as set forth in claim 3 wherein said section has on its
      outside at one side edge a ridge and the flap which is connected to said
      side edge has a ridge, said ridges providing between them a hinge for the
      flap, said ridges being in side abutting relationship when said flaps are
      attached by said last mentioned means to thereby anchor said flap against
      movement to one side about said hinge.
NUM  10.
PAR  10. In combination, a brush element as set forth in claim 3 wherein one of
      said flaps has a tongue extending outwardly of said flap, and a handle
      member, said handle member having means for engaging said tongue for
      holding said brush element to said handle, said means being releasable to
      permit separating of said element from said handle member.
NUM  11.
PAR  11. A brush element as set forth in claim 3 wherein one of said flaps is
      longer than the other and wherein said one flap has a thickened portion at
      its outer end, said thickened portion having its inside flush with the
      outside of the other of said flaps to provide a smooth surface.
NUM  12.
PAR  12. A brush element as set forth in claim 3 in which said flap when
      fastened by said means forms a handle adapted for insertion into a dryer
      device.
NUM  13.
PAR  13. A brush element as set forth in claim 12 which includes a projection on
      said handle and a dryer device having a casing containing an opening
      therein, and a latching device within said casing, said latching device
      being arranged to engage said projection when said projection is inserted
      through said opening, to hold said brush and said dryer device together.
NUM  14.
PAR  14. In a method for forming a brush element the steps of molding a plastic
      piece having a plurality of teeth extending from its outside, bending said
      piece into a form in which it has an arcuate cross section, and securing
      the side edges of said piece in engaging contact with each other to
      maintain said piece in said form.
NUM  15.
PAR  15. A method of forming a brush element as set forth in claim 14 wherein
      grooves are molded into the inside of said piece and wherein said grooves
      are closed as said piece is bent into said form.
NUM  16.
PAR  16. A method as set forth in claim 14 wherein a pair of ridges is molded on
      the outside of said piece inward of one side edge thereof to provide a
      side flap hinged along a line between said ridges and wherein a second
      pair of ridges is molded on the outside of said piece inward of the other
      side of said piece to provide a second side flap hinged along a line
      between said last mentioned pair of ridges, and bringing said flaps
      together to bring one ridge of each pair into abutting relationship with
      the other ridge of its pair to thereby anchor said flaps against side
      movement.
NUM  17.
PAR  17. A method as set forth in claim 15 wherein a ridge is molded on each
      side of said groove, and wherein the tops of said ridges are moved into
      abutting relationship as said piece is bent into arcuate form.
NUM  18.
PAR  18. In a brush element, a substantially flat section having an outside and
      an inside, a plurality of teeth extending from said outside in a direction
      substantially normal to the plane of said section, said section being
      bendable to bring its side edges inward toward each other and to bring
      said section into hollow arcuate form in which said teeth extend from said
      section in divergent angular directions, said section having a pair of
      ridges on said inside which are spaced so that their tops abut each other
      when said section is bent into arcuate form.
NUM  19.
PAR  19. A brush element as set forth in claim 18 in which one of said ridges
      has a tongue and the other has a groove, said tongue and groove being in
      engagement when said ridges are in abutting relationship.
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ABST
PAL  This invention relates to a method and apparatus for styling synthetic wigs
      utilizing steam to soften the fibers and refrigeration to harden and set
      the fibers. A comb having steam emission openings located around the teeth
      of the comb applies steam to the wig as it is stroked through the fibers
      of the wig. A sealable container into which the wig may be placed and
      steam introduced allows the wig after it has been styled to be permeated
      with steam. A sealable container in which the wig may be placed, and the
      interior reduced in temperature, cools the wig to set the hair strands in
      the new style.
BSUM
PAR  This invention relates to a method and apparatus for styling synthetic
      wigs.
PAR  In the past, there have been no practicable devices on the market with
      which synthetic wigs could be easily and economically styled in the
      convenience of either the home or the beauty salon. Generally, the style
      of a synthetic wig is set by the manufacturer so that common commercial
      treatments for styling and setting hair are ineffective. Over a period of
      time, however, a synthetic wig may become limp and lose its shape
      requiring restyling. Consequently, the owner's only recourse is to return
      the synthetic wig to the manufacturer or purchase a new wig.
PAR  The need for such a device is further manifested in the rapidly changing
      hair styles and in the growing number of fashion conscious individuals. As
      a result, the style of a synthetic wig quickly becomes unfashionable to
      wear, placing the owner in the unhappy situation of either appearing
      unfashionable or purchasing another wig. This problem has restrained the
      popular acceptance of synthetic wigs in favor of hair wigs which are
      easily restyled using common home and beauty salon treatments.
PAR  It has been an objective of the invention to provide a simple method and
      compact device with which a synthetic wig may be easily styled in the
      convenience of either the home or the beauty salon. More specifically it
      has been an objective of the invention to provide a method of styling
      synthetic wigs including the steps of putting up the strands into the
      desired style, steaming the styled wig to relax the strands and remove
      their "memory" of the prior set, and thereafter to refrigerate the strands
      to effect the setting of the new style.
PAR  It has been a further objective of the invention to provide simple
      apparatus for performing the method described above.
PAR  It has been another objective of the invention to provide a comb having
      steam emission openings adjacent the teeth of the comb, the comb being
      employed to soften and straighten the fibers of a previously styled wig
      prior to setting the new style.
DRWD
     The objectives of the invention will become more readily apparent from the
      following detailed description taken in conjunction with the accompanying
      drawing which is a diagrammatic perspective view illustrating the
      invention.
DETD
PAR  The apparatus of the invention includes an enclosure 10 which contains a
      steam chamber 11 and a refrigeration chamber 12. A steam outlet line 13
      conducts the steam from a steam generator 14 into a bi-directional valve
      15. A steam chamber inlet 16 conducts the steam into the steam chamber 11.
      A steam comb inlet 17 conducts the steam through a flexible tube 18 into a
      steam comb 19. A refrigeration unit 20 cools the inside of the
      refrigeration chamber 12.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the preferred embodiment, the enclosure 10 has an open top and is
      divided transversely into two compartments. Water supplied through the
      water inlet 21 flows into the steam generator 14 located in the first
      compartment. The steam generated therein at approximately 212.degree. F.
      flows into the bidirectional valve 15. This valve may be selectively
      adjusted to conduct the steam into either the steam comb inlet 17 or the
      steam chamber inlet 16. The steam comb 19 is a sawtooth, hollow element
      having steam emission openings 22 located around the teeth of the comb. By
      adjusting the bi-directional valve 15 to conduct the steam into the steam
      comb inlet 17, steam flows through the flexible tube 18 into the steam
      comb 19 and escapes through the steam emission openings 22. By manually
      stroking the comb through the fibers of the synthetic wig, The fibers are
      thereby partially softened, allowing the strands to more easily be placed
      on rollers and the like during styling.
PAR  The steam chamber 11 is located in the first compartment of the enclosure.
      This is a hollow container 24 which may be cylincrical and of sufficient
      size to hold the entire wig. It is mounted so that the upper surface of
      the container is even with the upper surface of the enclosure. A removable
      cover 23 may be used to seal the container when steam is being applied
      inside the container. A wig block 25 is located inside the container 24 on
      which the wig may be placed after it has been styled on rollers and the
      like. Steam is conducted into the container 24 when the bi-directional
      valve 15 is adjusted to conduct the steam into the steam chamber inlet 16.
      Steam enters through the lowest portion of the container 24 thereby
      permitting the entire wig to be permeated with steam. The wig is allowed
      to be steamed for approximately five minutes after which it is removed
      from the container 24. This process allows the steam to soften the
      synthetic fibers and relax or dissipate any memory of a prior set.
PAR  The refrigeration chamber 12 is located in the second compartment of the
      enclosure. It includes a hollow and insulated container 26 of sufficient
      size to hold the entire synthetic wig when styled. It is mounted so that
      the upper surface of the container 26 is even with the upper surface of
      the enclosure, thereby permitting the remainder of the refrigeration unit
      20 to be mounted in the unused portion of the second compartment. A
      removable cover 27 is used to seal the container during the cooling
      process. A wig block is located inside the container on which the wig is
      placed after it has been removed from the steam chamber 11. The synthetic
      wig is cooled at approximately 32.degree. F. for five minutues. This
      process hardens the fibers of the wig and gives it a permanent set.
PAR  In the operation of the invention, the generator 14 is energized to create
      a supply of steam. The bidirectional valve 15 is operated to connect the
      steam generator to the steam comb 19. The comb is passed through the
      strands of a prevously styled wig to soften and straighten the fibers so
      that they are in a condition to be restyled. The fibers are then put up
      using rollers, hairpins, and the like as is well known in the art. The
      thus treated wig is placed into the container 24 and the valve 15 is
      changed to direct steam into the steam chamber. After a suitable time, for
      example five minutes, the wig is removed from the steam chamber and placed
      in the refrigeration container 26. The cover 27 is placed over the
      container and the chamber is cooled to approximately 32.degree. F. for
      another suitable period of time, for example 5 minutes. Thereafter the wig
      is removed. When the wig returns to room temperature, the rollers,
      hairpins, and the like are removed and the wig is combed out to the new
      style.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A method of styling synthetic wigs having synthetic fibers, the method
      comprising the steps of:
PA1  steaming and stroking said wig fibers and thereby disentangling the fibers,
      straightening and softening said fibers and relaxing fiber memory of any
      prior set,
PA1  putting the wig fibers up into the desired style,
PA1  subjecting the put up fibers to steam to further relax fiber memory of any
      prior set, and
PA1  thereafter cooling said fibers by subjecting the fibers to a temperature of
      approximately 32.degree.F. for approximately 5 minutes, while the fibers
      are put up, in order to set them in the put up style.
NUM  2.
PAR  2. Apparatus for treating synthetic wigs by steaming and stroking the
      fibers to straighten and disentangle them, by heating the fibers, while
      they are put up into a desired style, to relax fiber memory of previous
      sets, and by cooling the fibers to set them into the desired style, said
      apparatus comprising:
PA1  a steam generator,
PA1  a hair stroking implement having steam emission openings to direct steam
      onto said fibers when the implement strokes the fibers,
PA1  means connecting said steam generator to said openings,
PA1  a steam chamber,
PA1  means connecting said steam generator to said chamber so that steam can be
      introduced into said chamber to treat said fibers and to relax fiber
      memory of a prior fiber set,
PA1  a cooling chamber and means to cool the chamber to approximately 32 F.
      sufficient to set the synthetic fibers in the new set in which they are
      put up, and
PA1  said means connecting the steam generator respectively to the openings in
      the stroking implement and to the steam chamber including a bidirectional
      valve selectively adjustable to conduct steam either into the stroking
      implement and through said openings, or into the steam chamber.
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PAL  A self-gripping flushing accessory quickly attachable over the water inlet
      of an outboard motor without need for fasteners while flushing the engine
      cooling passages from a garden hose or the like source of water. The
      accessory straddles and resiliently grips the opposite sides of the engine
      drive shaft housing in the area surrounding the usual water intake
      opening.
BSUM
PAR  This invention relates to a simply constructed water flushing accessory
      readily attachable without tools over the water inlet openings of an
      outboard motor.
PAR  Outboard marine engines are typically provided with water cooling passages
      having an inlet located along the submerged portions of the propeller
      drive shaft housing and which passages discharge rearwardly adjacent the
      propeller. Oftentimes it is desirable to operate the engine on land for
      tuning or adjusting purposes and it is also desirable to flush the cooling
      passages with fresh water after use of the engine in open water. These
      needs commonly have been met by mounting the engine along the inner rim of
      a barrel filled with water, a practice which has obvious disadvantages
      including cost, inconvenience and creating storage problems when not in
      use. In attempts to circumvent these disadvantages a flushing expedient
      has been proposed comprising a pair of separate plates adapted to be
      clamped astride the drive shaft housing by means of two pairs of bolts and
      includes provision for connecting a hose to its water inlet. This device
      is cumbersome, excessively large, costly and requires tools for its
      attachment and detachment.
PAR  By this invention there is provided an improved, inexpensive, rugged
      flushing assessory which is instantly attachable to and removable from the
      drive shaft housing merely by pushing it astride this housing. The device
      has a generally rigid but resilient main body the legs of which can be
      expanded to straddle the drive shaft housing and includes a pair of
      self-gripping, resilient fittings which press frictionally against the
      opposite sides of the housing to seal against and grip these surfaces. One
      of the resilient fittings is provided with a coupling for attaching a
      garden hose to the accessory to flood the intake openings and the water
      pump intake. The engine may then be operated in the normal manner to flush
      the cooling passages with clean water or to supply cooling fluid while the
      engine is being operated on land. After use, the device is simply
      withdrawn and stored until needed.
PAR  Accordingly, a primary object of the invention is the provision of a
      simple, rugged, self-gripping flushing accessory for supplying the cooling
      passages of an outboard motor with water from a garden hose.
PAR  Another object of the invention is the provision of a unitary,
      self-gripping flushing accessory attachable over the water inlets of an
      outboard motor without need for tools or fasteners.
PAR  Another object of the invention is the provision of a flushing accessory
      for outboard marine engines having a unitary U-shaped main body supporting
      resilient self-gripping sealing members facing toward one another from the
      free ends of its legs and effective to grip and hold the accessory
      frictionally assembled to the engine drive shaft housing and including a
      coupling for attaching a water supply hose to the accessory.
PAR  These and other more specific objects will appear upon reading the
      following specification and claims and upon considering in connection
      therewith the attached drawing to which they relate.
DRWD
PAR  Referring now to the drawing in which a preferred embodiment of the
      invention is illustrated:
PAR  FIG. 1 is a side elevational view of a typical outboard marine engine;
PAR  FIG. 2 is a fragmentary enlarged view of one side of the engine drive shaft
      housing showing the flushing accessory in operating position over the
      cooling water inlets;
PAR  FIG. 3 is a fragmentary cross-sectional view on a still larger scale taken
      along line 3--3 on FIG. 2;
PAR  FIG. 4 is a fragmentary cross-sectional view of the water inlet side of the
      flushing accessory taken along line 4--4 on FIG. 2; and
PAR  FIG. 5 is a fragmentary cross-sectional view taken along line 5--5 on FIG.
      3.
DETD
PAR  Referring more particularly to FIG. 1, there is shown a typical outboard
      engine 10 provided with clamping means 11 for securing the engine to a
      boat transom with the propeller drive shaft housing 12 located rearwardly
      of the transom. The opposite flattened sides of housing 12 are customarily
      provided with grill-protected water inlets 13 along the opposite faces
      thereof. Inlets 13 and a clear showing of the contour of adjacent portion
      of the drive shaft housing is best shown in FIG. 3.
PAR  An illustrative embodiment of the invention flushing accessory, designated
      generally 15, is shown in FIGS. 2 and 3. Preferably, the accessory has a
      one-piece U-shaped mainbody 16 formed from any suitable material as, for
      example, rigid resilient rod stock. The spacing between the legs is
      somewhat greater than the transverse thickness of housing 12. The free
      ends of the legs of member 16 are formed with an eyelet 18 best shown in
      FIG. 5. Each eyelet snugly grips and retains in place therein a separate
      resilient gripping and sealing member 19,20. These members are made of
      supple tough elastomeric material and, as here shown by way of example,
      have a generally cup-shaped main body formed with an integral circular
      boss 21,22. These bosses extend through a respective one of the eyelets 18
      with a sufficient interference fit to retain them firmly assembled to the
      associated one of eyelets 18. Boss 21 is solid but boss 22 is tubular to
      receive one end half of a hose coupling 23 which is held clamped in place
      in boss 22 by a clamp 24. The hose coupling includes a typical threaded
      clamping ring 25 engageable with the threads of the other coupling half
      secured to the end of a garden hose 26.
PAR  As is clearly shown in FIGS. 2, 3 and 4, the resilient sealing and gripping
      members 19 and 20 have relatively thin flexible rims 27 normally occupying
      the relaxed positions represented in dot and dash lines in FIG. 3.
      However, when the sealing members are forced to expand as they are piloted
      over the converging lateral edge of the drive shaft housing 12, these
      members are expanded to the shape illustrated in full lines in FIG. 3,
      this expansion and spreading occurring as these members approach the fully
      assembled position over water inlets 13.
PAR  It will be noted that the body of the central area of sealing members 19,20
      is substantially thicker to stiffen and reinforce these members in the
      area surrounding bosses 21,22 to avoid any possibility of the sealing
      members collapsing or tending to invert. Thus, referring to FIG. 4 it will
      be noted that each member includes a low height large diameter boss 29
      having its outer end surface bearing directly against eyelet 18. This boss
      extends radially over a substantial area of sealing member 20.
PAR  In use and with the engine suitably supported out of water and in an
      upright position, the flushing device 15 with its attached hose 26 is
      installed simply by shifting the open end of the U-shaped main body 16
      horizontally astride drive shaft housing 12 from the right hand lateral
      edge thereof as shown in FIG. 1. The device is advanced until the sealing
      and gripping members 19,20 embrace and enclose the water inlets 13. Water
      is now supplied through hose 26 and the engine may be started and its
      cooling passages thoroughly flushed with clean water or the engine may be
      safely operated for as long as desired. As soon as the flushing operation
      has been completed the user merely withdraws the flushing accessory and
      stores it until again needed.
PAR  While the particular flushing accessory for outboard motors herein shown
      and disclosed in detail is fully capable of attaining the objects and
      providing the advantages hereinbefore stated, it is to be understood that
      it is merely illustrative of the presently preferred embodiment of the
      invention and that no limitations are intended to the detail of
      construction or design herein shown other than as defined in the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A self-gripping flushing accessory quickly attachable to and detachable
      from the cooling water intake openings of an outboard marine engine
      without need for tools or fasteners while flushing the engine cooling
      passages, said accessory having a U-shaped main body equipped between the
      free ends of the legs thereof with resilient sealing means facing toward
      one another, at least one of said resilient sealing means being provided
      with a water flow passage readily connectable to a source of water, said
      U-shaped main body being sized to straddle the engine drive shaft housing
      with the legs of said main body holding said resilient sealing means
      seated over a respective one of said cooling water inlets with a snug
      substantially water-tight self-gripping fit whereby the engine water
      circulating pump is operable to circulate cooling and flushing water
      through the engine cooling passages without need for submerging said
      engine cooling water inlets in a body of water.
NUM  2.
PAR  2. An engine flushing accessory as defined in claim 1 characterized in that
      said U-shaped main body is formed in one piece from rigid resilient
      material with the legs thereof generally parallel to one another.
NUM  3.
PAR  3. An engine flushing accessory as defined in claim 1 characterized in that
      said resilient sealing means provided with said water flow passage
      includes one part of a two-part separable hose coupling to facilitate
      connecting the water passage of said accessory to a source of water via a
      hose or the like.
NUM  4.
PAR  4. An engine flushing accessory as defined in claim 1 characterized in that
      said U-shaped main body is resilient and shaped to hold said resilient
      sealing means firmly pressed against the opposite surfaces of the engine
      propeller shaft housing and adjacent the portions thereof surrounding the
      adjacent one of said cooling water inlets.
NUM  5.
PAR  5. An engine flushing accessory installable without need for tools or
      fasteners over the dual cooling water inlets of an outboard motor and
      adapted to be held temporarily and frictionally assembled thereto while
      the engine is being operated out of the water, said accessory comprising a
      U-shaped main body of rigid material, sealing means of elastomeric
      material mounted between the free ends of the legs of said main body and
      cooperable therewith to hold said accessory frictionally and firmly
      assembled astride the engine propeller shaft housing with said sealing
      means covering a respective one of said water inlets and firmly gripping
      the juxtaposed surface of said housing, and one of said sealing means
      including a water flow passage connectable to a source of water thereby to
      supply water to the engine while being operated out of the water.
NUM  6.
PAR  6. An accessory as defined in claim 5 characterized in that said sealing
      means with a water flow passage is cup-shaped with the concavity thereof
      facing toward the adjacent surface of the other one of said sealing means.
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PAL  A valved serviced outlet for oxygen having a number of improved features
      including an improved guiding and locking means, an improved door,
      improved valving means and an improved valve body.
PARN
PAR  This is a continuation of application Ser. No. 375,302, filed June 29,
      1973, now abandoned.
BSUM
PAR  This is an improvement upon the valved service outlet set forth in U.S.
      Pat. No. 2,742,052 issued to A. E. McKee on Apr. 17, 1956 and the entire
      disclosure of that patent is incorporated herein by reference. Since our
      invention is merely an improvement upon the device shown in U.S. Pat. No.
      2,742,052 the purposes, advantages and basic operation of this general
      type of valve will not be repeated here. The descriptive portion of this
      application will be confined to an explanation as to how our improved
      service outlet device differs from the construction set forth in U.S. Pat.
      No. 2,742,052.
DRWD
PAR  Referring to the attached drawings:
PAR  FIG. 1 is an exterior view of our novel camplate;
PAR  FIG. 2 is an interior view of our novel camplate;
PAR  FIGS. 3a and 3b are cross sectional views illustrating the way in which the
      hemispherical cam surfaces are mounted on the camplate and their proximity
      to stop members;
PAR  FIG. 4 is a plan view of the door attached to the backside of our cam
      plate;
PAR  FIG. 5 is a side view of the door shown in FIG. 4;
PAR  FIG. 6a is a cross sectional view of a camplate service outlet in
      accordance with our invention and FIG. 6b is an exploded view of this same
      outlet; and
PAR  FIG. 7 is an end view of the valve shown in FIG. 6.
PAR  In FIGS. 3, 4, 6 and 7 of U.S. Pat. No. 2,742,052 it will be seen that cam
      surfaces 50, which gradually rise until they meet grooves 51, are provided
      on the backside of the cover plate 45 so that when the tube 60 having pins
      61 is inserted through the keyhole opening 48, and the tube 60 is rotated,
      the pins 61 will ride up the cam surfaces 50 and then drop into the
      grooves 51. A problem with this construction is that the inclined cam
      surface (which was molded die cast of relatively soft metal) will
      eventually wear down to such an extent that the cam surface becomes level
      (i.e. has no rise), which means that it will then not be possible for the
      pins 61 to drop into a groove so as to hold the pins against rotation.
      When this happens, the situation can only be remedied by taking off the
      entire cover plate (or camplate) and replacing it with a new cover plate
      (or camplate) that has a cam surface that is properly inclined upwardly
      toward a locking groove. However, as a practical matter in busy hospitals,
      nurses will sometimes be inclined to "make do" with an improperly
      operating camplate either because they do not know that the improperly
      operating outlet could be remedied or because the hospital maintenance men
      are too busy with other matters.
PAR  One of the improvements that we have made upon the arrangement of U.S. Pat.
      No. 2,742,052 is illustrated in FIGS. 1 and 2. FIG. 1 is a view of the
      front side of a camplate member 45 having screw holes 46a, a generally
      circular keyhole opening 48 and radially extending slots 49a. FIG. 2 is a
      view of the backside of this same camplate showing the screw holes 46a,
      hemispherical cam surfaces 50a and 50b (each of which is preferably a
      rivet, pin or drive-screw of very hard metal, such as a "Driv-lok" rivet,
      pin or drive-screw composed of hardened stainless steel with a zinc
      chromate surface finish). The pins 61 of tube 60 will ride up and over
      these very hard hemispherical surfaces without wearing them down. The pins
      61 will then rest in the notch or groove (52a or 52b) that exists between
      each hemispherical surface (50a, 50b) and an upstanding abutment member or
      stop (51a and 51b respectively) located closely adjacent thereto, but
      spaced a short distance therefrom (see FIGS. 2, 3a and 3b). FIGS. 1, 2, 4
      and 5 illustrate another of our improvements over U.S. Pat. No. 2,742,052,
      namely a one-piece spring biased door member 45a-45b-45c. This door has a
      first section 45a which is shaped to cover the opening 48a in the cam
      member, a second section 45b which is designed to be anchored to the cam
      plate (e.g. by peening) and a third section 45c which interconnects said
      first and second sections. This third section 45c has a generally
      corrugated (or undulating) construction so that it acts as a resilient
      hinge or spring hinge which permits the first section 45a to move
      backwardly (in the direction of arrow A) from the opening 48a under the
      entering force of a tube (e.g. such as 60), but which will immediately
      return to cover the opening 48a because of the biasing action of said
      third section 45c. Door member 45a is preferably made of beryllium-copper
      metal that has been age-hardened (e.g. Berylco 25).
PAR  Another very worthwhile feature of our improved valved service outlet is
      that it does not permit gas to leak back behind the wall structure on
      which the outlet is mounted. It is very desirable to avoid such leakage
      because when oxygen does leak at a point behind a wall surface it can
      accumulate behind the wall into pockets of high concentration, which is a
      definite fire hazard (particularly in the case of oxygen). Referring now
      to FIGS. 6a and 6b it will be seen that the main body 114 is composed of a
      single unthreaded unit which can be easily connected to an oxygen supply
      pipe 115 by welding. The main body houses inline valves 108 and 112 that
      are biased to the position shown in FIG. 6a by springs 109 and 113. Valves
      108 and 112 are designed to work in sequence and are seated against washer
      107 and "O"-ring 111, which are in turn maintained in the desired position
      by seat retainer bushing 106 and check valve retainer bushing 110. With
      this arrangement both valves 108 and 112 must leak in order for there to
      be a leak through the entire unit. The leakage of only one valve would
      still result in no leakage of gas.
PAR  FIGS. 6a and 6b further illustrate the positional relationship of the
      previously described camplate 45 (see FIGS. 1 and 2) in relation to the
      remaining components of our improved service outlet. FIG. 6b shows that
      the camplate 45 is separate from the cover plate 102, which is a distinct
      improvement over U.S. Pat. No. 2,742,052. With our new arrangement shown
      in FIG. 6b spacers 103 and 104 may be positioned between the cover plate
      102 and the camplate 45 so as to compensate for any irregularities or
      uneveness that may result in the course of mounting the outlet on a wall.
PAR  FIG. 7 is an end view of valve 108, and it will be seen that the crossed
      slots 200 located in the inlet end of this valve will facilitate ample
      flow of gas past this valve once the valve has been moved to the right
      against the pressure of spring 109.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In the known type of valved service outlet for oxygen administration and
      the like comprising:
PA1  a. a valve body having a longitudinal passage open at one end, closed at
      the other and having a transverse supply port extending outwardly from the
      closed end of said passage,
PA1  b. longitudinally displaceable valve means located intermediate the ends of
      said longitudinal passageway, which valve means in one position is adapted
      to permit gas flow through said longitudinal passageway and in the other
      position block gas flow through said passageway,
PA1  c. a cover plate secured to the valve body and overlying the open end of
      the passageway and having an opening for insertion of a connecting tube
      which is adapted to engage said valve means and to move it longitudinally
      from one position to another,
PA1  d. guiding and locking means interiorly of the cover plate for guiding and
      locking a connecting tube into an inserted position, and
PA1  e. a door interiorly of the cover plate and overlying the opening therein
      and swingable inwardly therefrom upon insertion of said connecting tube,
PAL  the improvement which comprises:
PA1  said guiding and locking means comprising at least one hemispherical cam
      surface composed of very hard metal.
NUM  2.
PAR  2. A valved service outlet according to claim 1, wherein said hemispherical
      cam is the head of a rivet.
NUM  3.
PAR  3. In the known type of valved service outlet for oxygen administration and
      the like comprising:
PA1  a. a valve body having a longitudinal passage open at one end, closed at
      the other and having a transverse supply port extending outwardly from the
      closed end of said passage,
PA1  b. longitudinally displaceable valve means located intermediate the ends of
      said longitudinal passageway, which valve means in one position is adapted
      to permit gas flow through said longitudinal passageway and in the other
      position block gas flow through said passageway,
PA1  c. a cover plate secured to the valve body and overlying the open end of
      the passageway and having an opening for insertion of a connecting tube
      which is adapted to engage said valve means and to move it longitudinally
      from one position to another,
PA1  d. guiding and locking means interiorly of the cover plate for guiding and
      locking a connecting tube into an inserted position, and
PA1  e. a door interiorly of the cover plate and overlying the opening therein
      and swingable inwardly therefrom upon insertion of said connecting tube,
PAL  the improvement which comprises:
PA1  said door is composed of a single piece of metal having a first section
      shaped to cover the open end of said passageway, a second section which is
      designed to be anchored to a supporting plate, and a third section
      interconnecting said first and second sections, said third section having
      a generally corrugated construction so that it acts as a resilient hinge
      which permits the first section to move backwardly under the entering
      force of a connecting tube but which will immediately return upon
      withdrawal of the connecting tube.
NUM  4.
PAR  4. In the known type of valved service outlet for oxygen administration and
      the like comprising:
PA1  a. a valve body having a longitudinal passage open at one end, closed at
      the other and having a transverse supply port extending outwardly from the
      closed end of said passage,
PA1  b. longitudinally displaceable valve means located intermediate the ends of
      said longitudinal passageway, which valve means in one position is adapted
      to permit gas flow through said longitudinal passageway and in the other
      position block gas flow through said passageway,
PA1  c. a cover plate secured to the valve body and overlying the open end of
      the passageway and having an opening for insertion of a connecting tube
      which is adapted to engage said valve means and to move it longitudinally
      from one position to another,
PA1  d. guiding and locking means interiorly of the cover plate for guiding and
      locking a connecting tube into an inserted position, and
PA1  e. a door interiorly of the cover plate and overlying the opening therein
      and swingable inwardly therefrom upon insertion of said connecting tube,
PAL  the improvement which comprises:
PA1  said valve means comprises a linear sequence of two spring loaded valve
      units that are each designed to press against sealing washers, whereby if
      one valve unit or washer becomes defective and permits leakage the
      remaining valve unit will remain operative to prevent undesired leakage.
NUM  5.
PAR  5. In the known type of valved service outlet for oxygen administration and
      the like comprising:
PA1  a. a valve body having a longitudinal passage open at one end, closed at
      the other and having a transverse supply port extending outwardly from the
      closed end of said passage,
PA1  b. longitudinally displaceable valve means located intermediate the ends of
      said longitudinal passageway, which valve means in one position is adapted
      to permit gas flow through said longitudinal passageway and in the other
      position block gas flow through said passageway,
PA1  c. a cover plate secured to the valve body and overlying the open end of
      the passageway and having an opening for insertion of a connecting tube
      which is adapted to engage said valve means and to move it longitudinally
      from one position to another,
PA1  d. guiding and locking means interiorly of the cover plate for guiding and
      locking a connecting tube into an inserted position, and
PA1  e. a door interiorly of the cover plate and overlying the opening therein
      and swingable inwardly therefrom upon insertion of said connecting tube,
PAL  the improvement which comprises:
PA1  said valve body is of unitary construction so as to prevent leakage of gas
      at any point intermediate its ends.
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PAL  A system for pumping of liquid under pressure, in which a pressure switch
      is adapted to control the starting and stopping of the pump within a safe
      pressure range, and in the event of malfunction of the pressure switch,
      the service line and associated plumbing is isolated from the pump to
      protect against development of pressures in the serviceline which might
      damage the plumbing.
PARN
PAR  This is a division of application Ser. No. 327,955, filed Jan. 30, 1973.
      now U.S. Pat. No. 3,814,543.
BSUM
PAR  My invention relates to systems for pumping of liquid under pressure and
      more particularly to water pressure systems.
PAR  While the system of the present invention can be employed in general to the
      pumping of liquids under pressure, it is more specifically adapted to
      water pressure systems and will be described with respect to its
      application of such a system.
PAR  In water pressure systems of the type to which the present invention
      relates, a pump supplies one or more branch service lines, each
      terminating in a service valve. A pressure switch normally exposed to
      pressures within a service line, is adjusted to energize the pump drive
      motor when the pressure in the service line drops to a predetermined low
      value, say of the order of twenty or thirty pounds per square inch, and
      de-energize the pump drive motor should the pressure in the service line
      reach a predetermined high value of the order of say fifty pounds per
      square inch.
PAR  Where the system involves a number of branch service lines or, in some
      cases, where the pump is not matched to the system which it is to supply,
      the pump may be capable of developing pressures far in excess of the
      shut-down value setting of the pressure switch and such pressures, if
      permitted to develop in the service line can wreck havoc with the plumbing
      associated with this portion of the system. This kind of a disruptive
      situation can develop should the pressure swith for example, fail to
      function to de-energize the pump motor when the service demand ceases,
      thus allowing the pump to continue functioning despite the fact that there
      is no demand for service. Under the circumstances, there will be a build
      up of pressure in the service line, to the capability of the pump, and
      this could be destructive of plumbing associated with the service line.
PAR  Among the objects of my invention are:
PAR  1. To provide a novel and improved pump system for supplying liquid under
      pressure within a safe range and which will preclude a rise in pressure in
      the service line to values dangerous to existing plumbing should the pump
      fail to shut down when the demand for service ceases.
PAR  2. To provide a novel and improved pump system having automatic pump start
      and stop control, wherein upon failure of the stop control to shut down a
      pump, the service line of the system is isolated from the pump.
DRWD
PAR  Additional objects of my invention will be brought out in the following
      description of a preferred embodiment of the same, taken in conjunction
      with the accompanying drawings wherein;
PAR  FIG. 1 is a view depicting one type of water system and the application of
      the present invention hereto;
PAR  FIG. 2 is a view in perspective of a control assembly in such system and
      which embodies the present invention;
PAR  FIG. 3 is a view in section taken through pressure regulator valve assembly
      constituting an important component of the control assembly of FIG. 2;
PAR  FIGS. 4a, 4b, and 4c are related views depicting the manner of operation of
      a valve involved in the pressure regulator valve assembly of FIG. 3;
PAR  FIG. 5 involves comparative curves depicting a typical pump performance
      curve for a pump of the submersible type illustrated in the system of FIG.
      1, and a curve depicting the corresponding pressures which would exist in
      the service line of the system with the present invention incorporated
      therein.
DETD
PAR  Refering to the drawings for details of my invention in its preferred form,
      I have illustrated the invention in FIG. 1 as embodied in a system of the
      submersible pump type which involves a submersible pump 1 and drive motor
      2, both submerged below water level in a well casing 3 from which the pump
      discharges through a line 5 to a control assembly 7 such as depicted in
      the enlarged view in FIG. 2, and from which a main service line 9 extends.
      The service line may couple to a plurality of branch service lines, each
      terminating in a service valve (not illustratted but which may be of any
      conventional type).
PAR  To control assembly 7 includes a novel and improved pressure regulating
      valve assembly 11 constituting the heart of the present invention.
PAR  This pressure regulating valve assembly involves a housing 12 having a
      threaded inlet opening 13 at one end for connection of the pump discharge
      line 5, to receive liquid at the prevailing pump pressure, and a threaded
      outlet opening 15 at the opposite end for connection of the service line
      9.
PAR  The inlet opening is blocked off by the partition 17 having a threaded
      opening 19 therethrough substantially at right angles to the axis of the
      inlet opening, and into which a threaded fitting 21 is installed to
      provide a valve seat 23.
PAR  In axial alignment with such valve seat, is a valve 25 supported by a
      bracket 27 from a diaphram 29 spanning an opening in the housing and
      retained in such position by a spring housing 31 threadedly installed in
      such opening.
PAR  In the spring housing is a compression spring 33 seating at one end against
      the diaphragm and at its other end, engaging the end of an adjusting screw
      35 installed through the end of the spring housing, leaving the screw head
      37 exposed for adjustment purposes. The adjustment of the spring
      determines the value of the regulated pressure at the outlet opening 15 of
      the valve assembly in accordance with conventional practice.
PAR  A screen 41 in the flow path between the inlet opening 13 and the partition
      opening 19, will serve to screen out any debris in the water coming from
      the pump.
PAR  As thus far described, the pressure regulating valve assembly receives
      liquid under pressure through the inlet opening from the pump, when
      running, such liquid passing through the valve and, depending on
      conditions beyond the outlet opening, will build up a back pressure
      against the diaphragm in opposition to the compression spring, and when
      such back pressure overcomes the pressure setting of the spring, the
      diaphragm will begin to move toward and compress the spring, in the course
      of which, it will carry the valve in the direction of sealing. During such
      movement of the valve, a resulting increase in pressure drop across the
      valve will result in a tendency for the diaphragm to be restored to its
      original position. As a result, the valve will hover about a position
      which will enable the pressure at the outlet opening to be maintained at
      substantially a value corresponding to the setting of the spring, despite
      the pump pressure at the inlet end of the valve assembly.
PAR  Threadedly coupled to the housing of the pressure regulator valve assembly
      and exposed to the pressure on the outlet side of the valve, is a pressure
      switch 43, which, by reason of such coupling, is exposed to the pressure
      revailing in the service line of this sytem. This pressure switch is
      connected in the conventional manner, in circuit with the motor 2 which
      drives the pump 1 and is adjusted to connect the pump motor in circuit
      when the pressure in the service line drops to a predetermined low value,
      say of the order of 20 or 30 pounds per square inch, and disconnect such
      pump motor when the pressure in the service line raises to a higher
      predetermined value, which is still safe for the plumbing associated with
      the service line.
PAR  In conjunction with the pressure regulator valve assembly and the pressure
      switch, is a small expandable cell assembly 45 or pressure device whose
      function is to maintain pressure in the service line during quiescent
      conditions of the system, and upon opening of a service line, to quickly
      drop the pressure to the low pressure setting of the pressure switch to
      start the pump motor, while at other times delaying the start up of the
      pump motor in the event of small leaks in the system. Such assembly
      comprises a rubber bladder 46 in a receptacle 47 which limits permissible
      expansion of the bladder to a limited volume or capacity of the order of
      12 ounces of water.
PAR  This pressure device is preferable threadedly installed in a passageway 48
      in the pressure regulator housing on the low pressure side, the passageway
      preferably being in alignment with the valve 25.
PAR  With such pressure maintaining device coupled into the system, then during
      closing off of demand for service, the pressure device will be charged to
      the pressure prevailing in the service line at the time of shut off. Upon
      subsequently opening of a service valve the pressure device will promptly
      discharge to the pressure value at which the pressure switch will start
      the pump motor and cause the pump to function.
PAR  Though the pump may conceivably, at times, build up to pressures which if
      permitted to develop in the service line, would likely damage plumbing
      associated with the service line portion of the system, the pressure
      actually developed in the service line, while supplying service
      requirements, will, due to the functioning of the pressure regulator be
      considerably less and at a safe value, as determined by the setting of the
      pressure regulator spring.
PAR  It is, however, during that period in the operation of the system, when the
      damands from service are approaching cut-off, that pressure trouble in the
      service line can be expected, for, if, during this period of operation,
      high pressures are permitted to develop in the service line, such
      pressures will be maintained by the pressure device, and will continue to
      be maintained until the next service demand on the system. Thus the
      plumbing associated with the service line, under these conditions, might
      well be exposed to destructive pressure for extended periods of time and
      with probable resulting damage to such plumbing. It becomes imperative
      therefore, to prevent the development of such destructive pressures during
      the closing of a service valve in terminating demands for service.
PAR  This requirement will normally be met by satisfactory functioning of the
      pressure switch, which is set to shut down the pump while service line
      pressure is still at a safe value. However, should the pressure switch
      malfunction, the pump will continue running despite the closing of all
      service valves and under this condition, the pump, in a conventional
      system, would be free to develop its maximum capable pressure in the
      service line. The system of the present invention, in its preferred form,
      solves this latter problem through a simple modification of the structure
      of the pressure regulator valve assembly.
PAR  In accordance with such modification, the valve seat 23 is rendered
      imperfect by the provision of one or more small V notches 24 in the seat
      itself, and the valve component 25 is provided with a sealing disc 55 of
      rubber or equivalent material, preferably of neoprene rubber of 50-65
      durometer, held to a backing plug 57 of metal which is threaded into the
      supporting bracket 27. The metal backing plug, referably extends into the
      passageway 48 and is provided at its remote end with a screw driver slot.
      Thus, upon removal of the pressure device, the valve may be installed or
      removed by way of the passageway with the use of common tools.
PAR  The rotches may be of 60.degree. angle, to a depth of 0.032 inches across
      the valve seat, depending on characteristics of the sealing material.
PAR  Actual sealing material and notch dimensions may vary to satisfy varying
      conditions in different systems.
PAR  In maintaining a regulated pressure at the outlet side of the pressure
      regulator valve, the spacing of the valve from its valve seat will vary
      with service demands. As the demands become less, as during closing of a
      service valve, the valve will move toward its closing position.
      Ultimately, as the service line demand approaches zero, the valve will
      seat except for the notches which provide by-pass leak passages for a
      limited amount of flow. When such limited amount of flow exceeds the
      dwindling demand of service, a pressure build-up will be initiated in the
      service line, which, within a rise of the order of nine pounds, for
      example, depending on the character of the sealing disc material and size
      of notches, will compress the sealing disc into the notches and completely
      block off the service line from the pump, whereby, if in the mean time the
      pressure switch had malfunctioned and failed to shut down the pump motor,
      the continued operation of the pump could not effect prevailing pressure
      in the service line, as the service line would now be completely isolated
      or blocked off from the pump.
PAR  Thus, though the pump itself might be capable of developing excessively
      high pressures, which would be destructive to plumbing associated with the
      service line, the service line portion of the system would now be
      protected against the development of such excessively high pressures.
PAR  Through the use of notches to provide the by-pass paths around the valve,
      as distinguished from small holes or the like, clogging is avoided, as the
      notches become self cleaning during openings of the valve.
PAR  As an example of an installation embodying the present invention, reference
      will be made to the characteristic curves of FIG. 5 which relate to a
      typical submserible pump system such as illustrated in FIG. 1.
PAR  In this particular system, the pump preformance curve 61 indicates that at
      a discharge of 1/2 gallons per minute, the pump was capable of developing
      a maximum pressure exceeding 180 pounds per square inch, far in excess of
      what may be deemed a safe value for plumbing. The pressure regulating
      valve was capable of blocking off the service line from the pump at a safe
      pressure 63 in the service line, of the order of 59 psi, the pressure
      switch in this instance, being set to disconnect the pump motor at a lower
      value 65 of the order of 50 psi. Thus the actual shut-off, in the event of
      the pressure switch failure, is approximately 9 pounds higher than the
      cut-off pressure setting of the pressure switch, this difference being
      such as to adequately allow for tolerance in the operation of pressure
      switches and thus assure the pressure switch adequate opportunity to
      function before the pressure regulator could isolate the service line
      should the pressure switch malfunction and the pump continue to run.
PAR  Relative to such safe value pressure as indicated by the reference numeral
      63, the pressure regulator valve assembly is adjusted to deliver at
      pressure below such value along a curve 67, starting at the cut-in
      pressure 69 of the pressure switch, with the cut-off pressure setting of
      the pressure switch at the value designated by the reference numeral 65,
      all as clearly depicted in FIG. 5.
PAR  From the foregoing description of my invention in its preferred form as
      applied to a water system, it will be apparent that the same is applicable
      for the pumping of liquids in general and is subject to alteration and
      modification without departing from the underlying principles involved. I,
      accordingly, do not desire to be limited in my protection to the specific
      details illustrated and described, except as may be necessitated by the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pressure regulating valve assembly comprising a housing having an
      input opening for receiving liquid under pressure, an outlet opening for
      discharging such liquid at a reduced pressure, and a valve component and
      associated valve seat component intermediate said inlet and outlet
      openings and in the flow path between them, one of said components having
      a notch in a surface facing the other component, and said other component
      including a disc of compressible material and a solid backing for said
      disc to preclude flexing thereof while enabling compression of said disc
      upon closing of said valve component upon said seat component, said notch
      being of a depth such that upon closing of said valve upon said valve
      seat, said disc material will compress into and fill said notch to block
      flow therethrough.
NUM  2.
PAR  2. A pressure regulator valve assembly in accordance with claim 1,
      characterized by said notch being in said valve seat component and said
      disc being included in said valve component, means threadedly supporting
      said valve component for adjustment with respect to said valve seat
      component, said valve component having a plug or valve stem extending
      toward said outlet opening and provided with tool engaging means to permit
      threading of said valve component with respect to said supporting means by
      means of a tool inserted through said outlet opening.
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ABST
PAL  An elongated thin walled elastic member arcuately shaped and connected on
      the inside wall of a pipe section having a portion deformable under fluid
      pressure permitting fluid flow in one direction only.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Check valves used to stop the flow of fluid in one direction only and which
      automatically close when the direction of flow reverses are commonly made
      of metal and consist of a rigid gate which pivots about a point mounted in
      the valve housing. Generally such check valves automatically close using
      the gravity forces imposed upon the weighted pivotally mounted gate.
PAR  Such rigid, pivoting check valves must be periodically cleaned through
      "clean out" openings or they become inoperative due to the accumulation of
      solids carried in the fluid. Further, such metal valves corrode and
      require periodic maintenance to insure the proper operation of the
      bearings about which the gate pivots.
PAR  Even when properly maintained, a solid object carried by the fluid can
      become lodged between the gate and its seat thereby holding the valve open
      and permitting reverse flow of fluid. Metal check valves, in addition to
      being expensive, also can "chatter" if the fluid is subject to frequent
      reversals or surges in the fluid flow and cause a noise nuisance problem.
PAR  Standard check valves generally pass fluid proportional to the fluid
      pressure and thus in some applications will pass a steady flow and thus
      will not automatically flush but permit the buildup of solids carried by
      the fluid in and about the seat of the valve thereby interfering with the
      closing of the valve.
PAR  Metal rigid check valves are heavy and unless counterweighted, a relatively
      large pressure is required to permit the flow of fluid, especially in
      large diameter pipes. Standard check valves further require gravity for
      closure and therefore are not safely dependable in moving, tilting or
      inverted applications.
PAC  SUMMARY OF THE INVENTION
PAR  The gist of the present invention is the use of a flexible, elastic
      diaphragm member mounted in a pipe and having a portion with a first
      position in curved sealing engagement with the pipe and a second position
      in which the portion reverses its initial curvature to permit fluid flow
      through the pipe.
PAR  An object of the present invention is to provide a check valve having only
      a single non-metal movable member.
PAR  Another object is to provide a check valve which will remain closed until a
      slight positive pressure causes the elastic member to flex open in a
      snap-action providing a flushing type discharge of fluid and yet will only
      open sufficiently to pass the fluid and then will return to sealing
      position with a snap-action.
PAR  A further object is to provide straight line pipe flow, free of
      obstructions, changes of direction or rough surfaces met in standard
      metallic swing and lift check valves.
PAR  Still another object is to check backflow in trash-laden liquid wastes,
      sludges, silts, slurries and liquids containing stringy materials in a
      valve which has no projecting parts to catch rags, weeds or other debris.
PAR  Another object is to provide a check valve which has no metallic parts to
      corrode or rust and which can be used in such diverse applications as
      chemical processing plants, beverage production facilities, marine
      installations, flow process equipment, petroleum refineries, foot valves
      in pumping systems, sewage backwater valves, sewage lift stations, septic
      tank dosing chambers and corrosive liquid handling piping systems.
PAR  A further object is to provide a check valve which is less expensive than
      comparable metal check valves, requires less maintenance, operates without
      a sound, and will seal even though solid objects become lodged in the
      sealing area of the elastic member thereby preventing reverse flow of
      noxious gases and fluids.
PAR  An additional advantage of the present check valve is the fact that it is
      not dependent upon gravity to close the valve. The valve will close in any
      position. This feature is particularly important in marine applications
      where the check valve is used on bilge pumps. The valve automatically
      closes and thus there is no fear of losing a boat for failure of a check
      valve to close. Such a feature becomes of paramount importance in
      aeronautic or aerospace fluid-handling applications, where positive valve
      closure in inverted or gravity-free environments is required.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the elastomer diaphragm constructed in
      accordance with the present invention.
PAR  FIG. 2 is a cross section of the diaphragm taken generally along line 2--2
      of FIG. 1.
PAR  FIG. 3 is a cross section of the diaphragm taken along line 3--3 of FIG. 1.
PAR  FIG. 4 is a cross section of the diaphragm taken along line 4--4 of FIG. 1.
PAR  FIG. 5 is a cross section of the diaphragm taken along line 5--5 of FIG. 1.
PAR  FIG. 6 is a partial perspective view of a section of pipe formed with
      openings in preparation for the receipt of the diaphragm of FIG. 1.
PAR  FIG. 7 is a partial cross section of a portion of the pipe shown in FIG. 6
      taken along line 7--7.
PAR  FIG. 8 is a cross section of the pipe shown in FIG. 7--7 taken along line
      8--8.
PAR  FIG. 9 is a perspective view of the pipe shown in FIG. 6 with slots cut or
      formed in the pipe in further preparation for the receipt of the diaphragm
      of FIG. 1.
PAR  FIG. 10 is a cross section of the pipe shown if FIG. 9 taken along line
      10--10.
PAR  FIG. 11 is a cross section taken along line 11--11 of FIG. 10.
PAR  FIG. 12 is a cross section taken along line 12--12 of FIG. 10.
PAR  FIG. 13 is a perspective view of the diaphragm of FIG. 1 mounted in the
      pipe as prepared in FIGS. 6-12.
PAR  FIG. 14 is a cross section of the pipe of FIG. 13 taken along line 14--14.
PAR  FIG. 15 is a perspective view of another form of the invention showing the
      diaphragm of FIG 1 mounted in the pipe as prepared in FIGS. 6-12 and with
      a molded sleeve enveloping the pipe and holding the diaphragm in place.
      The diaphragm is shown in the "non-flow" position.
PAR  FIG. 15A is a perspective view of a portion of the assembly shown in FIG.
      15 showing the diaphragm in a partial "flow" position.
PAR  FIG. 16 is a cross section of the assembly of FIG. 15 taken along line
      16--16.
PAR  FIG. 17 is a cross section of the valve assembly of FIG. 15 taken along
      line 17--17. The diaphragm is shown in the approximate position it would
      assume just prior to opening under a selected head of fluid.
PAR  FIG. 18 is a cross section of the valve assembly of FIG. 15 taken along
      line 17--17. The diaphragm is shown in the approximate position it would
      assume when it is in the nearly fully "open" position and passing the flow
      of fluid.
PAR  FIG. 19 is a cross section of the valve assembly of FIG. 15 taken along
      line 17--17. The diaphragm is shown in the approximate position it would
      assume when it is in the slightly "open" position and passing a limited
      fluid flow.
PAR  FIG. 20 is a cross section of the valve assembly of FIG. 15 taken along
      line 17--17. The diaphragm is shown in the approximate position it would
      assume when it is in the fully closed position and it is withholding a
      "reverse" flow of fluid.
PAR  FIG. 21 is an end view of the valve assembly taken in the direction of line
      21--21 of FIG. 17.
PAR  FIG. 22 is an end view of the valve assembly taken in the direction of line
      22--22 of FIG. 18.
PAR  FIG. 23 is an end view of the valve assembly taken in the direction of line
      23--23 of FIG. 19.
PAR  FIG. 24 is an end view of a modified form of the invention.
PAR  FIG. 25 is another modified form of the invention.
PAR  FIG. 26 is a cross section taken along line 26--26 of FIG. 25.
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PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The key article of manufacture in the present invention is an elastic
      diaphragm indicated by the number 1 and shown in FIG. 1 as well as several
      other figures. The diaphragm is divided in two main parts; viz, a "foot"
      section delineated by the brackets "A" and a "bowsprit" section delineated
      by the brackets "B." The diaphragm may be constructed from any elastic
      material which has a "memory", i.e., it has a bias to return to its
      original shape after being flexed by an external force. Some suitable
      materials are natural rubber, ethylene propylene, Neoprene, Buna N, and
      Silicon Rubber. The diaphragm is cast in a suitable mold in the shape
      hereafter described.
PAR  The "foot" portion "A" is cast so that the outer surface will register and
      seal with the inner surface 2a of a fluid conduit. Typically, the fluid
      conduit will be a cylinder so that the shape of the "foot" is a half
      cylinder. The diameter and length of the foot varies depending upon the
      diameter of the conduit into which it is to be mounted. For a 4 inch
      inside diameter pipe, the outer diameter of the "foot" will be 4 inches
      and the length about 3 1/2 inches. The diaphragm wall thickness may vary
      but for the example set forth herein a suitable dimension is about 1/16
      inches. While not essential, it is preferable to reinforce the end of the
      foot with an added thickness of elastic material along an annular inner
      band 3 for added "spring" return which will be explained in detail later
      in the specification. In the example, the band 3 preferably has a
      thickness of about 1/8 inch and a length of about 7/8 inch.
PAR  Projecting from the sides of the "foot" portion at about the mid-plane and
      at the end are nubs 4 and 5 which are dimensioned to register with
      openings in the pipe. In the example, the nubs have a diameter of about
      3/16 inches and protrude about 5/8 inches beyond the outer wall of the
      "foot".
PAR  The bowsprit section "B" is so named because it generally has the shape of
      a round-bottom ship's bow. Actually, the bowsprit section "B" is that
      shape which results from the intersection of a right circular cylinder
      having the same diameter as the diameter of the "foot" section right
      circular cylinder at an angle 9 of about 17.degree.. The "bowsprit"
      section extends from a lower edge 24 which touches the lower inside face
      of the pipe to a point 12 which intersects the opposite or upper side of
      the inside surface of the pipe.
PAR  The diameter of the pipe and length of the "bowsprit" determine the angle,
      if any, between the axis of the foot portion and the upper edge of the
      "bowsprit" section. This angle is shown on FIG. 19 as angle 13 and in the
      example it measures between 10 and 13.degree..
PAR  Extending outwardly from the top surface of the "bowsprit" section is a
      flange section 14 which is dimensioned to register with the slot in the
      wall of the pipe to be described later. The "foot" section also has two
      similar flanges 16 and 17.
PAR  Formed on the upper side of the "bowsprit" flange is a bead 18 which is
      designed to lie along the outside wall of the pipe. The flanges of the
      "foot" portion are similarly formed with beads 19 and 20. An additional
      flange 21 lying in the same plane as flange 14 extends outwardly from the
      bead 18. This additional flange is dimensioned so as not to extend beyond
      the clamping means later to be explained.
PAR  A second set of nubs 22 and 23 extend at about a point corresponding with
      the intersection of flange 14 with flanges 16 and 17. The intersection of
      the "bowsprit" section and the foot section is indicated by curved line
      24.
PAR  As a further means of locking the diaphragm and a pipe, and as assembly
      aid, rectangular or otherwise shaped flanges extending in a generally
      vertically aligned plane are indicated by the numbers 26, 27, 28, and 29.
      It has been found that in order to seal the diaphragm and to help spring
      return of the member itself, it is desirable to extend the walls of the
      foot portion above the flanges a short distance forming extensions 7 and
      8.
PAR  One method of assembling the diaphragm in a section of pipe to form a check
      valve is shown in FIGS. 6 through 14.
PAR  The first step is to drill four holes 31, 32, 33, and 34 in a section of
      pipe 36; all in the same plane and on opposite sides of the pipe. Hole 33
      is dimensioned to receive nub 4, hole 34 receives nub 5, hole 31 receives
      nub 22 and hole 32 receives nub 23. Pipe 36 is commonly made from a
      plastic material such as polyvinyl chloride (pvc), but is may be made from
      any other rigid fluid-impermeable material.
PAR  The second step is illustrated in FIG. 9 in which a saw cut 37 is made in
      the pipe beginning at point 38 and ending at holes 31 and 32. The saw cut
      is made on the same plane and can be made with a band saw. The next step
      is to cut slots 39 and 40 running from openings 31 to 33 and from 32 to 34
      respectively. These cuts are in the same plane and can be made with a
      circular saw or any other appropriate means. The grooves and openings are
      well illustrated in FIG. 10.
PAR  The next step in the manufacture of the check valve is to place the
      diaphragm illustrated in FIG. 1 in the pipe 36.
PAR  The slot 37 is widened by prying upwardly on the flap section 42 of pipe 36
      and wedging the flap open at point 38. Nub 22 is placed through opening
      31; nub 4 is placed through opening 33; nub 23 is placed through opening
      32; and nub 5 is placed through opening 34. Flange 14 is placed in slot
      37; flange 16 in slot 39; and flange 17 in slot 40. As shown in FIGS. 13
      and 14, the beads 18, 19, and 20 are placed on the outside of pipe 36.
      Further, enlarged rectangular flanges 27, 26, 28, and 29 also lie on the
      outside of pipe 36.
PAR  When the diaphragm is in place, the wedge from point 38 is removed and a
      clamp is placed around pipe 36 to secure the flanges of the diaphragm in
      the slots. Clamps of various designs may be used; the simplest being a
      wire 43 placed tightly around the pipe 36.
PAR  A preferred means for holding the diaphragm in the pipe is illustrated in
      FIGS. 15 and 15A. In this form of the invention, a polyurethane sleeve 44
      is molded around the portion of the pipe containing the diaphragm. This
      step is accomplished by suspending the assembly shown in FIG. 13 in a mold
      and then pouring in a charge of urethane foam. The urethane foam
      encapsulates the pvc pipe and the flange and bead of the diaphragm is
      gripped by the urethane sleeve which contracts after it has cured. Because
      of the expansion characteristic of the urethane as it cures, the inside of
      the pvc pipe must be restrained from buckling inwardly as with a mandrel,
      or a packing of sand 70. The urethane adheres to the rubber so that there
      is a bond as well as a mechanical lock formed therewith. The urethane
      sleeve is a closed cell type and thus waterproofs the entire assembly.
PAR  The operation of the check valve of the present invention is shown in FIGS.
      17 through 23.
PAR  Referring first to FIG. 17, assume that the normal flow of fluid is in the
      direction of arrow 46. The water moves against the diaphragm "B" and is
      stopped. Portion "A" is in sealing engagement with the bottom half of the
      pipe. A unique feature of the present invention is the fact that when the
      valve is placed on a gently sloping angle to the horizontal such as when
      it is used in a sanitary sewer, the fluid builds up behind the diaphragm
      to a level 47 as shown in FIG. 17. Tests have shown that neoprene rubber
      diaphragms will hold back a head of about 7 inches water pressure. When
      pressure has been build up, the diaphragm portion "B" will assume a
      slightly upwardly curved form as shown in FIG. 17. Suddenly, with a
      "snap-type" motion, the foot portion "A" of the diaphragm reverses its
      curvature as shown in FIG. 22 and permits the water to pass with a surge
      which flushes the portion 36a of the pipe downstream of the diaphragm.
      Given sufficient pressure of fluid, the reverse fold of the diaphragm can
      be equal to about 90 percent of the cross sectional area of the connecting
      pipe. Referring to FIG. 22, it may be seen that the sections 47 and 48 of
      the diaphragm 1 immediately adjacent the inside wall of the pipe 36 remain
      in their initial positions, concentric to the curvature of the wall.
      Immediately adjacent to sections 7 and 8, however, the diaphragm reverses
      curvature in a small radius at portions 49 and 50. Portions 49 and 50 in
      effect become a type of "spring" which, because of the elasticity of the
      member, attempt to return the diaphragm to the original shape shown in
      FIG. 21. The portion of the diaphragm shown by bracket 52 remains in an
      approximate sine curve, partly touching the upper wall of the pipe until
      the water level and pressure recedes. The foot of the diaphragm tends to
      snap back into the original sealed position shown in FIG. 21 and quickly
      cuts off the flow of fluid just prior to a complete drainage of the pipe
      when the material is neoprene. It should also be noted that the diaphragm
      does not stay in the fully open position while the flow is decreasing, but
      rather tends to move back to the sealing position. Moreover, the shape of
      the diaphragm tends to maintain a close contact with the fluid so that
      there is no escape of gases in a direction counter to the flow of the
      fluid.
PAR  The action of the diaphragm is somewhat dependent upon the material used in
      its construction. While as stated above, neoprene tends to cause the
      diaphragm to act with a "snap-action", Buna N tends to open and close more
      slowly and more in proportion to the rate of flow of fluid. FIGS. 19 and
      23 illustrate the use of Buna N material. If, for example, there is a
      relatively small flow of fluid, the foot will only open a small amount as
      shown by the reversal in curvature of portion 53. There is less
      "snap-action" involved when the diaphragm is made from ethylene propylene.
PAR  FIG. 20 illustrates a backflow surge of fluid in the direction shown by
      arrow 54. Note that the fluid level is nearly to the top of the pipe as
      shown by number 56. While there could be some buildup of fluid to the left
      of the diaphragm as shown in FIG. 20, for purposes of illustration there
      is none. Note that the diaphragm B will curve downwardly as shown in FIG.
      20.
PAR  Another unique feature of the check valve of the present invention is shown
      in FIG. 20. If one or more solid pieces of matter 57 and 58 do not clear
      the foot area "A," the flexible foot will merely seal around and over the
      solid pieces by deformations 59 and 60. Thus no fluid will be permitted to
      flow in a reverse direction.
PAR  The ability of the valve to seal even when solids become trapped below the
      foot also holds true when the direction of flow is in the normal direction
      as shown by arrow 46 of FIG. 17.
PAR  Because of the unique construction of the diaphragm, the sealing becomes
      even greater as the backwater pressure builds up. As shown in FIG. 20, the
      area of sealing will be increased with pressure and a portion of part "B"
      as shown by bracket 62 will be pressed against the inside wall of the
      pipe. One valve of the present invention has been tested and found to
      withstand a back flow pressure of 20 feet of water head.
PAR  The ability of the valve of the present invention to remain unclogged after
      severe usage in sanitary sewers has a major advantage of the valve. Since
      it is very difficult for any material to stick to rubber, no buildup of
      material has been noted even after long usage. Moreover, since the
      diaphragm flexes each time it opens and closes, the undulating motion
      tends to break off any material clinging to the rubber.
PAR  Very slight pressure differential is required to allow the free-acting
      elastomer diaphragm to flex open or closed. The diaphragm can be made to
      snap back more readily by adding more thickness to the end of the
      diaphragm as shown in FIGS. 1 and 5 at built-up end 3.
PAR  Because there is no build-up valve seat protruding from the wall of the
      pipe as in regular check valves, the flow is smooth, straight or
      continuous. This tends to prevent any accumulation of debris in the check
      valve which would hamper its operation and also keeps solids in solution
      much better.
PAR  It has been found that one simple means for retarding the opening of the
      valve opening to accommodate higher head pressures is to construct the
      diaphragm member with an inner layer of woven reinforcement such as a
      nylon or other woven filament. The reinforcement may be inserted into the
      mold used to form the diaphragm. This modified form of the invention is
      similar in all respects to the previously described diaphragm and
      therefore only one section as shown in FIG. 24 is used to illustrate the
      addition of the reinforcement 63.
PAR  The introduction of reinforcement material in the diaphragm member also is
      a means for strengthening the valve diaphragm so as to accommodate higher
      backwater pressures.
PAR  Still another form of the invention is illustrated in FIGS. 25 and 26. The
      operation of this form of the invention is identical to the previously
      described check valves. The main difference is that instead of the
      diaphragm being a separate element and connected at its edges to a rigid
      plastic pipe, the diaphragm is an integral part of a rubber, Neoprene,
      Buna N, silicone rubber or ethylene propylene sleeve. Specifically,
      diaphragm A' is integrally connected to sleeve 36' which is inserted into
      a metal or plastic pipe 66. The foot portion B' is free to reverse its
      curvature to permit passage of fluid and is hinged to the "bowsprit"
      section B' along the line of intersection 24' between the "bowsprit"
      section and the foot section. The foot is hingedly joined to the sleeve
      36' along lines 16' and 17' which correspond to the approximate locations
      of the flanges 16 and 17 in the form of the invention shown in FIG. 2.
PAR  The "bowsprit" section B' is joined to the sleeve member 36' along line
      12'.
PAR  The sleeve and diaphragm member is positioned in a pipe 66 by first
      drilling or forming four openings in the side wall of the pipe. Nubs 22'
      23', 4', and 5' are then inserted through the openings. The entire sleeve
      is then adhered to the inside wall of the pipe 66' by a suitable adhesive
      or by vulcanization. In most applications, however, it is necessary to
      mechanically connect the sleeve to the pipe. This may be accomplished by
      forming the sleeve with a length longer than the pipe section and turning
      the sleeve back over the outside of the pipe in "cuff" fashion. The sleeve
      is then secured to the pipe by any suitable clamping means. This method is
      only examplary and other mechanical fastening methods may be used.
CLMS
STM  I claim:
NUM  1.
PAR  1. An article of manufacture for a check valve in an enclosed curvilinear
      conduit comprising:
PA1  a. an elastic, flexible semi-circular elongated "foot" portion of
      curvilinear cross section dimensioned for non-sealing and registered
      sealing engagement with approximately one half the cross sectional surface
      of an elongated portion of said matching curvilinear conduit and having an
      upstream end and a downstream end;
PA1  b. said foot portion having means for attaching its upper edges to the side
      walls of said conduit;
PA1  c. an elastic, flexible elongated "bowsprit" portion having that shape
      resulting from a curvilinear tube intersecting said conduit at an angle
      wherein said "bowsprit" is that portion of said curvilinear tube lying
      below the intersection line of said curvilinear tube and said conduit;
PA1  d. said "bowsprit" portion having a width at its downstream end
      substantially equal to the inside diameter of said conduit and said "foot"
      portion and tapering to a blunt circular point at its upstream end;
PA1  e. said downstream end of said "bowsprit" portion is connected to said
      upstream end of said "foot" portion;
PA1  f. said "bowsprit" portion having edges which lie in a substantially flat
      plane corresponding to said intersection line of said curvilinear tube and
      said conduit;
PA1  g. said "bowsprit" portion having means adapted for attachment of said
      edges to the side walls of said conduit wherein said edges are adapted for
      attachment to said conduit along a line lying in a single flat plane which
      extends from a point on the top edge of said conduit to points lying on
      approximately the mid point of said conduit; and
PA1  h. said "foot" portion and said "bowsprit" portion are capable of flexing
      in a reverse curved direction upon application of external pressure and
      have a "memory" for automatically returning to their original curvatures
      upon the removal of such external pressure.
NUM  2.
PAR  2. A check valve as described in claim 1 comprising:
PA1  a. said conduit is a right circular cylinder; and
PA1  said "foot" and "bowsprit" sections are formed from right circular
      cylinders wherein said curvilinear tube generating said "bowsprit" is a
      right circular cylinder.
NUM  3.
PAR  3. A check valve comprising:
PA1  a. an elongated conduit;
PA1  b. a diaphragm consisting of the following:
PA2  1 an elastic, flexible elongated "foot" portion of curvilinear cross
      section dimensioned for registered sealing engagement with the surface of
      a portion of said matching curvilinear conduit;
PA2  2 said foot portion having means for attaching its upper edges to the side
      walls of said conduit;
PA2  3 an elastic, flexible elongated "bowsprit" formed from a portion of said
      curvilinear conduit intersecting and joining said foot portion at an
      angle;
PA2  4 said "bowsprit" portion tapering upwardly and having its upstream edge
      adapted for connection to the upper side of said conduit;
PA2  5 said "bowsprit portion having means adapted for attachment of its edges
      to the side walls of said conduit; and
PA2  6 said "foot" portion being capable of flexing in a reverse curved
      direction upon application of external pressure and having a "memory" for
      automatically returning to its original curvature upon the removal of such
      external pressure;
PA1  c. said conduit and said diaphragm are formed from the same material and
      are integrally connected; and
PA1  d. said conduit is dimensioned for receipt within a second conduit and is
      connected thereto.
NUM  4.
PAR  4. A check valve comprising:
PA1  a. an elongated conduit;
PA1  b. a diaphragm consisting of the following:
PA2  1 an elastic, flexible elongated "foot" portion of curvilinear cross
      section dimensioned for registered sealing engagement with the surface of
      a portion of said matching curvilinear conduit;
PA2  2 said foot portion having means for attaching its upper edges to the side
      walls of said conduit;
PA2  3 an elastic, flexible elongated "bowsprit" formed from a portion of said
      curvilinear conduit intersecting and joining said foot portion at an
      angle;
PA2  4 said "bowsprit" portion tapering upwardly and having its upstream edge
      adapted for connection with the upper side of said conduit;
PA2  5 said "bowsprit" portion having means adapted for attachment of its edges
      to the side walls of said conduit; and
PA2  6 said "foot" portion being capable of flexing in a reverse curved
      direction upon application of external pressure and having a "memory" for
      automatically returning to its original curvature upon removal of such
      external pressure;
PA1  c. said "bowsprit" means consisting of an integral flange extending
      outwardly from said "bowsprit" and said flange having a raised bead
      adapted for positioning on the outside of said conduit;
PA1  d. said "foot" means consisting of an integral flange extending outwardly
      from said "foot" portion and said flange having a raised bead adapted for
      positioning on the outside of said conduit;
PA1  e. said conduit being formed with a pair of slots lying in the same plane
      and beginning at a point in the upstream end and upper wall of said
      conduit and extending in an ever diverging relationship downwardly toward
      the downstream end to approximately the midportion of the wall of said
      conduit; thence in a direction approximately parallel to the longitudinal
      axis of said conduit in a downstream direction; and
PA1  f. clamp means pressing the edges of said slots together and thereby
      frictionally engaging said "bowsprit" and "foot" flanges in fluid sealing
      engagement.
NUM  5.
PAR  5. A check valve as described in claim 4 comprising:
PA1  a. said clamp means consists of a cast, continuous annular elongated member
      tightly engaging the walls of said conduit in a manner which mechanically
      locks the edges of said diaphragm between the edges of said slots.
NUM  6.
PAR  6. A check valve as described in claim 4 comprising:
PA1  a. said clamp means consists of casting a quantity of closed cell urethane
      foam in close fitting annular relationship around said conduit.
NUM  7.
PAR  7. An article of manufacture as described in claim 4 comprising:
PA1  a. said "foot" portion being formed with a thickened circumferential edge
      band for increasing the spring return ability of said foot to the sealing
      position.
NUM  8.
PAR  8. An article of manufacture as described in claim 4 comprising:
PA1  a. said diaphragm being formed with a woven reinforcing member formed
      within said elastic material for strengthening said diaphragm and
      increasing the resistance to opening of said diaphragm.
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ABST
PAL  This invention relates to pneumatic control systems, particularly to a
      timing device for the same, wherein a control device is maintained at a
      constant speed by means of a balance wheel or flywheel, whose kinetic
      energy furnishes a pneumatic signal and which mechanically shifts a valve
      to pass on the pneumatic signal. The shifting of the valve is adjustable.
PARN
PAR  This is a continuation, of application Ser. No. 344,064, filed Mar. 23,
      1973, now abandoned which application was itself a continuation of
      application SN 112,596, filed Feb. 4, 1971, now abandoned which was in
      turn a continuation-in-part of application SN 774,824 filed Nov. 12, 1968,
      now abandoned the priority of which applications is hereby claimed.
BSUM
PAR  In pneumatic control systems, the problem often arises that a pneumatic
      signal for initiating an operation of any desired kind, for example, for
      actuating a valve, is not to be effective in operating the valve
      immediately upon receipt of the signal but only after a certain period of
      time providing a delay. In most cases, the delay time must, moreover, be
      adjustable. Conversely, there is also the problem of allowing a pneumatic
      signal to exist only for a predetermined time.
PAR  In certain known timing devices for pneumatic control systems, the time
      control is effected by incorporating a throttling non-return valve into
      the control mechanism. In this way, the pressure can only build up slowly
      according to the amount of throttling and a pneumatically actuated device
      arranged to be fed therethrough receives the pressure required to trigger
      it in delayed manner. With this arrangement, only short delay times can be
      obtained. For longer delay times, a storing device is incorporated behind
      the throttle, by which means delay times of up to about 2 minutes may be
      obtained. The consistency of the reproducibility of the delay time which
      can be obtained with such arrangements is, however, not high, especially
      when it is a question of relatively long times.
PAR  In order to obtain a more exact observance of the time delay in known
      devices, a high-pressure relief valve is therefore also built-in between
      the storing device and the device to be controlled. The effect of the
      differing friction ratios of distributing slide valves embodied in the
      valve is thereby overcome, but here, too, the consistency of the
      reproducibility is limited.
PAR  Delays may also be obtained with cylinder type timers. In this case, a
      cylinder member moving outwardly in a delayed manner directly actuates the
      device to be controlled. If a single-acting cylinder is used with spring
      release, the speed of the induction air is regulated. In the case of
      double-acting cylinders, the speed can be regulated by the exhaust air or
      the induction air, if operation is carried out with an adjustable
      counterpressure. The greatest accuracy may be obtained if operation is
      carried out with a hydraulic condenser, that is to say, a dash-pot of the
      operating cylinder. Here, too, there are limitations with respect to delay
      time and the consistency in the reproducibility thereof.
PAR  If longer and more exact delay times are more especially required,
      operation can no longer be effected with the known systems described
      above. One course which is then sometimes employed is to initiate the
      delay by means of electrical timing mechanisms. The incoming pneumatic
      signal is passed by an electric switch which switches the electrically
      operating timing mechanism on and after a certain time has passed actuates
      an electromagnetic valve. However, such a timing control is very
      expensive.
PAR  In another device which is on the market and is very expensive, pneumatic
      pulses of constant frequency are generated which effect a pneumatic
      pre-selection counter, which counts backwards from a pre-selected number
      and actuates a valve when it reaches the zero position. The pneumatic
      pulses are sent through a mechanical oscillation system (balance wheel),
      which has a deflector plate for pulse control and which is driven directly
      by an outflowing air stream.
PAR  It is an object of the invention to avoid or minimise the disadvantages of
      the known pneumatically operating timers employing a storing device or
      speed-regulated operating cylinders, and to provide a simpler construction
      than in the case of timers with electrical time control or control by
      means of pneumatic pulses.
PAR  The invention consists in a timing device for pneumatic control systems,
      wherein a control device is moved at a constant speed under the control of
      a balance wheel or flywheel, whose kinetic energy is furnished by a
      pneumatic signal and wherein the amount of a movement of the control
      device is adjustable to adjust the time delay between the receipt of the
      pneumatic signal and the passing on of said pneumatic signal by the
      operation of a valve.
PAR  According to one aspect of the present invention there is provided a timing
      device for a pneumatic control system, comprising a control element
      movable over a predetermined path, means operable by a pneumatic signal to
      move the said control element over the path from a first position to a
      second position, the energy for moving the control element being obtained
      from the pneumatic signal, a return spring against which the pneumatic
      signal operated means operates, a balance wheel coupled to the control
      element to maintain the said movement of the control element at a constant
      speed, a valve associated with the control element and communicating with
      a conduit for the passage of the pneumatic signal, and a connection
      between the valve and the control element such that the valve is actuated,
      for the passage of the signal, by the control element when the latter has
      moved from the first position to the second position.
PAR  According to another aspect of the present invention there is provided a
      timing device for a pneumatic control system, comprising a control element
      movable over a predetermined path, pneumatic drive means operable by a
      pneumatic signal and coupled to the control element to prevent movement of
      the said control element when deactuated and to permit a predetermined
      amount of movement of said control element when actuated by said pneumatic
      signal, a return spring against which the said drive means operates to
      effect movement thereof to the deactuated position, a balance wheel
      coupled to the control element to maintain the said movement of the
      control element at a constant speed, and a valve associated with the
      control element and communicating with a conduit for the passage of the
      pneumatic signal, a connection between the valve and the control element
      such that the valve is actuated for the passage of the signal by the
      control element when the latter has moved from a first position to a
      predetermined position.
PAR  Since a device according to the invention requires no external energy
      source other than the signal to be transmitted, a very simple construction
      is possible having a high accuracy in the time delay which may be adjusted
      within wide limits. In order to render the driving force for the balance
      wheel independent of the pressure of the pneumatic signal, the control
      element is driven, in one embodiment of the invention, by a
      spring-operated mechanism which stores energy supplied by the pneumatic
      signal and whose effect on the control element is triggered by the
      pneumatic signal. Where such a refinement is not required it is possible
      to drive the control device directly by a piston operated by the pneumatic
      signal.
PAR  In a particular construction, the control element is mounted on a disc
      which has a cut-out portion in which a stop pin runs. This latter is moved
      by a piston the movement of which is controlled by the pneumatic signal.
      Furthermore, the control element is a baffle which actuates a valve when
      the control disc, which has been released by the stop pin, has been
      rotated to a predetermined position. The actuation of the valve effects
      the transmission of the pneumatic signal. The position of the actuating
      device of the valve is adjustable with respect to the baffle. The
      actuation of the valve is advantageously effected pneumatically, and the
      acting pressure is furnished by the pneumatic input signal in that it is
      conveyed via a throttle to a nozzle which is closed in the actuating
      position by the baffle which is in the form of a plate. The pressure
      outlet for the valve actuation is reduced between the throttle and the
      nozzle.
PAR  Advantageously, the spring is loaded in such a device by the piston for the
      movement of the stop pin of the control disc operating against spring
      tension which moves it and consequently the control disc back into the
      original position after the pneumatic signal has ceased, the return
      movement simultaneously winding up the spring of the timing mechanism. In
      this way, each time that the pneumatic signal ceases, the spring of the
      timer is automatically wound up and is then ready for operation for the
      next signal.
PAR  It is not essential that the control element be a disc, it may, for
      example, be a linearly movable member.
DRWD
PAR  In order that the invention may be more clearly understood, embodiments
      thereof will now be described by way of example with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 shows a schematic view of the arrangement to illustrate the
      principles thereof,
PAR  FIG. 2 shows a side view of the arrangement in practice,
PAR  FIG. 3 shows a plan view of the device of FIG. 2,
PAR  FIG. 4 shows a section along the line A--A of FIG. 2
PAR  FIG. 5 shows a section along the line B--B of FIG. 2 and
PAR  FIG. 6 shows a side view of an alternative embodiment.
DETD
PAR  Referring now to the drawings, in FIG. 1, the control element is in the
      form of a plate on a control disc 1. This control disc is rotated in one
      direction by a spring mechanism (not shown in FIG. 1), as will be
      explained in greater detail later, and is maintained at a constant speed
      of rotation in this direction by a balance wheel also now shown in FIG. 1.
      In the rest position, i.e., before pneumatic input signal occurs, the
      control disc 1 is arrested by a pin 3, located on a lever 4 freely
      rotatable about the axis of the control disc 1, which abuts a shoulder of
      a cut-out portion 2 of the disc and thus the latter, which tends to move
      under the influence of the spring mechanism in the direction of the arrow
      in an anti-clockwise direction, is held stationary. The lever 4 is held in
      its clockwise rotated position by an appropriately dimensioned spring 5
      which pushes a piston 7, sliding in a cylinder 6, towards the right of the
      drawing and pulls the lever 4 towards the right by means of a rod 8. If
      the pneumatic signal, which can vary in pressure between 2 and 8
      atmospheres, is now fed in at the input 9, it acts on the piston 7 in the
      cylinder 6 and the rod 8 is moved to the left, moving the lever 4 and the
      pin 3 in an anticlockwise direction and allowing the control disc 1 to
      rotate in an anticlockwise direction under the influence of the spring
      mechanism (not shown).
PAR  The input pressure fed in at 9 is also taken to a valve 10 and, via a
      throttle 11, to a nozzle 12. A pneumatic actuating device 13 for the valve
      10 is connected between the throttle 11 and the nozzle 12 in the
      interconnecting conduit. As long as the nozzle 12 is open, the pressure on
      the pneumatic device 13 actuating the valve 10 is so low that it remains
      in a position which prevents the input signal fed in at 9 from being
      transmitted, an input conduit 14 of the valve thereby remaining closed.
      There is, furthermore, located on the control disc a plate 15 which is now
      brought near to the nozzle 12 by the movement of the control disc 1 which
      forms a part of the timing mechanism and, acts as a baffle plate for the
      nozzle, i.e., after a certain period of time has expired, the plate 15
      closes the nozzle 12 and the pressure in the device 15 consequently rises
      so that the valve 10 is switched over and the passage from the conduit 14
      to an output conduit 16, through which the pneumatic signal is to be
      forwarded, is opened.
PAR  The delay in the transmission of the signal is adjustable and may be
      altered by changing the distance between the nozzle 12 and the initial
      position of the plate 15, either by the plate 15 being movably arranged on
      the control disc or by the nozzle 12 being displaced over a circular path
      with respect to the plate 15, the conduit to which the nozzle 12 is
      connected also being flexibly arranged to allow for this movement.
PAR  As soon as the input signal fed in at 9 is removed, the valve 10 switches
      back by means of a built-in spring 17, and the output signal is removed
      from the conduit 16. The spring 5 pushes the piston 7 back and in this way
      the pin 3 which lies against the right hand stop formed by the cut-out
      portion 2 of the control disc 1 restores the control disc against the
      spring mechanism (not shown). This restoration action simultaneously
      causes the tensioning or winding up of the spring mechanism for rotating
      the control disc 1 in the anti-clockwise direction.
PAR  It is also possible for the valve 10 to be actuated purely mechanically,
      the plate 15 being constructed as an actuating member for this purpose.
      Pneumatic actuation offers, however, various advantages. It is also
      possible, to wind up the spring mechanism for rotating the disc 1, not by
      the return movement of the piston 7, but by a separate valve controlled,
      together with the valve 10, by a separate piston. However, with regard to
      cost, the embodiment illustrated offers advantages.
PAR  The valve 10 can be so adjusted that it switches from "open" to "closed" a
      certain time after the removal of the pneumatic signal.
PAR  FIGS. 2, 3, 4 and 5 show the construction of a practical timer according to
      the invention, and the reference numerals of FIG. 1 are used to designate
      the same components in these FIGS. The top right hand part of FIG. 4 shows
      the control disc 1, in the cut-out part 2 of which the pin 3 may be moved.
      It is not carried by the lever 4, as illustrated in FIG. 1, but directly
      by the rod 8 which is moved by the piston 7 sliding in the cylinder 6. The
      return spring 5 for the piston 7 is located on the outside of the upper
      plate or cover member (FIG. 3) and engages on the pin 3 which passes
      through a slot 18 therein. A stationary pin 19 (FIG. 4) slides relatively
      to a further arcuate cut-out portion 20 in the control disc 1 and serves
      to limit the movement of said control disc 1 which furthermore carries the
      deflector plate 15 for obturation of the nozzle 12.
PAR  In order to set the desired delay time, the nozzle 12 is made displaceable
      with respect to the deflector plate 15. To this end, it is secured to a
      toothed segment 21 (FIG. 3), rotatable by a pinion 22, by rotating a
      preset knob 23 located above the cover plate of the apparatus. The delay
      time set may be read from a scale attached to the knob. The spring
      mechanism for rotating the control disc 1 in the clockwise direction as
      seen in FIGS. 4 and 5 is a tensioned spring 26 whose free end engages on
      the control disc 1. The control disc 1 acts on a balance wheel or flywheel
      25 via a segment 28 arranged on a pin, and a gear train 29. In order to
      effect winding of the spring, a freewheel coupling 27 is interposed
      between the toothed segment 28 and the gear train 29. This freewheel
      coupling connects the segment to the balance wheel 25 after the spring 26
      for returning the deflector plate 15 onto the nozzle 12 has been
      tensioned.
PAR  The spindle which carries the control disc 1 is extended beyond the upper
      plate and a disc 38 provided with a scale is secured thereto (FIG. 3).
      Moreover, an indicator 39 which projects through a sector-shaped cut-out
      portion in the upper plate up to the height of the disc 38, is secured to
      the toothed segment 21 which carries the nozzle 12. In this way, the scale
      on the disc 38 indicates the position of the nozzle 12 with respect to the
      deflector plate 15 and consequently the time which has passed or the time
      up to the switching over of the pneumatic signal.
PAR  The valve 10 (FIG. 4), which effects the control of the pneumatic signal,
      contains a control piston 30 acting against the spring 17, and this piston
      carries out all control functions at the same time. To this end, the
      pneumatic input 9 of the device is firstly connected via a bore 31 to an
      annular conduit 32 formed in the piston. Said annular conduit is connected
      to a bore 33 inside the piston 30, via the nozzle 11 which represents the
      throttle between the input 9 and the deflector nozzle 12 (FIG. 1), said
      bore being connected through an opening 34 to the nozzle 12. By closing
      the nozzle 12, the total pressure of the pneumatic signal is effective
      inside the bore 33 and thus the piston 30 moves towards the right against
      the effect of the spring 17. The annular conduit 32 arrives in such a
      position that now the input signal is transmitted via the bore 35 to the
      output 16. In the position shown in FIG. 4, wherein there is no connection
      to the output, said output is connected to the atmosphere via a bore 36
      and an annular conduit 37 in the piston 30.
PAR  Finally, the mode of operation of the device will once again be explained
      with reference to the embodiment according to FIGS. 2 to 5. These Figs.
      show the state when there is no signal at the input 9. The spring 5 has
      moved the piston 7 in the cylinder 6 towards the left of the drawing into
      the original position, through the cooperation of the pin 3 and the rod 8.
      In this way, the control disc 1 has also been brought into its original
      position and it has thereby tensioned the spring 26 which is of
      appropriate strength in comparison with the spring 5. This tensioning
      movement is made possible by the freewheel coupling 27 permitting the
      control disc 1 to rotate in the tensioning direction, without repercussion
      on the gear train 29 and the balance wheel 25 connected in series
      therewith. The valve 10 is located in such a position that the output 16
      is connected to the atmosphere via the bore 36 and the throttle 11 is
      interposed between the input 9 and the nozzle 12. If a pneumatic signal 9
      is now fed into the timer, this signal will firstly act on the piston 7
      which moves the rod 8 and the transverse pin 3 towards the right of the
      drawing. The control disc 1 is released and moves in a clockwise direction
      under the action of the spring 26. The speed of this movement is governed
      by the balance wheel 25 which is driven via the freewheel coupling 27 and
      the gear train 29. The valve 10 remains in the position shown because the
      air entering via the throttle 11 into the bore 33 of the valve piston can
      flow through the nozzle 12 unhindered. After a period of time which is
      prescribed by the position of the nozzle in relation to the deflector
      plate 15 on the control disc 1 and which may be adjusted by rotating the
      knob 23, the deflector plate 15 closes the nozzle 12. Pressure now builds
      up in the chamber 33 by the inflowing air, which pressure shifts the
      piston towards the right of the drawing against the action of the spring
      17. In this way, the annular conduit 32 forms a connection between bore 31
      and bore 35 and the signal fed in at 9 is transmitted to the output 16
      after a period of time set by the preset knob 23. In this way, the
      position of the nozzle 12 with respect to the deflector plate 15 may be
      read from a scale located on the disc 38 which is securely connected to
      the control disc 1 and the indicator 39 which is connected to the toothed
      segment 21 on which the nozzle 12 is located.
PAR  When the input pulse 9 has been removed, it is not only the piston 7 of the
      cylinder 6 which is moved back into the original position by the spring 5
      but also the piston 30 of the valve 10 by the spring 17. The output 16 is
      thus connected to atmosphere via the bore 36 and the annular conduit 37
      and the control disc 1 is rotated back into its original position. In this
      way, the spring 26 which is of suitable strength in relation to that of
      the spring 5, is tensioned. This winding up movement is made free from
      influence by the balance wheel 25 and the free wheel coupling 27. The
      apparatus is then ready for the next operation.
PAR  It may thus be seen that the supply of power to the mechanism to provide
      the delay between the time when the signal at the input 9 appears at the
      output 16 is obtained entirely from the signal itself, since energy from
      the pneumatic signal at 9 is first stored in the spring 5, and then
      transferred to and stored in the spring 26, which is brought into tension
      upon the release of the spring 5 from compression, by the removal of the
      pneumatic signal. The energy stored in the spring 26 under tension is
      released under the control of the balance wheel 25 via the flywheel
      coupling 27 and the gear train 29 when the pneumatic signal is again
      applied.
PAR  Referring to FIG. 6, where the same reference numerals are used for similar
      parts to those already described with reference to FIGS. 1 to 5, the
      control disc 1 is shown with radially extending fingers 40 and 41 between
      which a pin 42 carried by the rod 8 passes. The balance wheel 25 is driven
      from the spindle of the disc 1 via a freewheel coupling 27 and two gear
      wheels 29. The freewheel coupling is so designed that the return movement
      of the disc 1 in the clockwise direction can take place without hinderance
      by the balance wheel 25.
PAR  In operation, the receipt of an input pneumatic signal at the terminal 9,
      results in the leftward movement of the piston 7 and the rod 8 and the
      compression of the spring 5. The pin 42 on the rod 8 rides in the space
      between the fingers 40 and 41 and causes the control disc 1 to be rotated
      in an anti-clockwise direction resulting in the plate 15 baffling the
      nozzle 12 in the way previously described and the operation of the valve
      10. The speed of rotation of the disc 1 is maintained at a constant value
      by means of the balance wheel 25, so that the time taken by the plate 15
      to close the nozzle 12 is determined by the distance over which it
      travels, as in the embodiment of FIGS. 1 - 5.
PAR  Upon the removal of the pneumatic signal from the input 9, the spring 5
      restores the piston 7 and the rightward movement of the rod 8 and the pin
      42 sliding in the slot between the fingers 40 and 41 causes the disc 1 to
      be rotated in a clockwise direction and restored to the position shown,
      the freewheel coupling 27 permits the disc 1 to be restored without
      affecting the balance wheel 25.
PAR  It may thus be seen that in this embodiment also the power for the
      operation of the delay mechanism is obtained from the pneumatic signal to
      be delayed.
PAR  Of course, other constructions and modifications of the arrangements
      described herein may be made within the scope of the present invention.
PAR  For example, although in the embodiments described the control element is a
      plate mounted on a disc whose rotational movement is maintained at a
      substantially constant speed by being coupled to a balance wheel, the
      control element can be mounted on a linearly movable member whose movement
      is maintained at a substantially constant speed by being coupled to a
      balance wheel.
CLMS
STM  We claim:
NUM  1.
PAR  1. A timing device for a pneumatic control system of the type comprising a
      conduit (9) for the passage of successive pneumatic signals said signals
      being constituted by changes in pneumatic pressure in said conduit, and a
      valve (10) controlling the passage of said signals through said conduit,
      said timing device comprising,
PA1  a control element (15) movable over a predetermined path,
PA1  a control spring (26) coupled to said control element for moving said
      control element over said path from a first position to a second position,
PA1  a housing (6) connected to said conduit, said housing containing
      pressure-responsive means (7) movable in response to pneumatic pressure,
PA1  coupling means (1, 3) coupling said pressure-responsive means to said
      control element so that when said pressure-responsive means is supplied
      with energy by a signal received through said conduit, energy is stored in
      said control spring,
PA1  a return spring (5) against which said pressure-responsive means operates,
PA1  a balance wheel (25) coupled to said control element to maintain the
      movement of said control element at a constant speed,
PA1  means (12) connected between said valve and control element and through
      which said valve is actuated by said control element to permit passage of
      the signal, when said control element is moved from the first position to
      the second position, said coupling means comprising a locking member (3)
      for releasing or locking said control element in response to the pneumatic
      signal received through said conduit.
NUM  2.
PAR  2. A timing device for a pneumatic control system of the type comprising a
      conduit (9) for the passage of successive pneumatic signals said signals
      being constituted by changes in pneumatic pressure in said conduit, and a
      valve (10) controlling the passage of said signals through said conduit,
      said timing device comprising,
PA1  a control element (15) movable over a predetermined path,
PA1  a control spring (26) coupled to said control element for moving said
      control element over said path from a first position to a second position,
PA1  a housing (6) connected to said conduit, said housing containing
      pressure-responsive means (7) movable in response to pneumatic pressure,
PA1  coupling means (1,3) coupling said pressure-responsive means to said
      control element,
PA1  a return spring (5) against which said pressure-responsive means operates,
PA1  a balance wheel (25) coupled to said control element to maintain the
      movement of said control element at a constant speed,
PA1  means (12) connected between said valve and control element and through
      which said valve is actuated by said control element to permit passage of
      the signal, when said control element is moved from the first position to
      the second position, said coupling means comprising a locking member (3)
      moved by said pressure-responsive means (7) for releasing or locking said
      control element in response to the pneumatic signal received through said
      conduit, said locking member coupling the pressure-responsive means (7) to
      said control element for moving said control element (15) and said control
      spring (26) coupled to the control element back from the second position
      to the first position when said pressure-responsive means is moved by its
      return spring (5).
NUM  3.
PAR  3. A timing device according to claim 2 in which said coupling means
      comprises a rotatable control disc, said control disc defining a cut-out
      portion, said pressure-responsive means comprises a movable piston, and
      said locking member comprises a stop pin coupled to said piston, movable
      in response to movement thereof and positioned to move in the said cut-out
      portion, said valve actuating means comprising a valve actuating member
      adjustably positioned relative to said control element and so arranged
      that said valve is actuable by said control element via said actuating
      member upon rotation of said control disc by a predetermined amount when
      released by said stop pin upon the said movement of said piston, thereby
      permitting onward transmission of the pneumatic signal.
NUM  4.
PAR  4. A timing device according to claim 3, wherein said valve actuating
      member comprises a nozzle, said control element is constituted by a baffle
      plate, which is moved toward and away from said nozzle by rotation of said
      disc, said valve is pressure actuated through a pneumatic connection
      between said nozzle and said valve, and the pneumatic signal received
      through the conduit is supplied to said nozzle through a throttle, so that
      the pressure acting on said valve depends on the position of said baffle
      plate relative to said nozzle.
NUM  5.
PAR  5. A timing device according to claim 4, in which said control spring is
      coupled to said control disc for operating said control element, wherein
      the piston is arranged to act against said return spring and wherein said
      return spring is connected to return said control element to its first
      position in the absence of a pneumatic signal, the said return movement
      storing energy in the said spring for operating said control element.
NUM  6.
PAR  6. A timing device according to claim 5, including a freewheel coupled
      between said balance wheel and said control disc and control spring
      whereby during said return movement the control disc and control spring
      are free of the said balance wheel.
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PAL  A fluidic device comprising a housing having operate and release
      compartments separated by a passage is arranged with a pressure source for
      forcing a deformable moving element from either compartment into a
      deformation chamber connecting to the release compartment. The moving
      element is deformed to increase its potential energy by an amount which is
      sufficient to effect the element's movement from the deformation chamber
      to the operate compartment upon termination of the pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is a fluidic device which is more particularly described as a
      fluid pressure operated switching device adapted to perform logical
      functions.
PAR  Fluidic devices are typically of two types -- the so-called pure fluid
      devices having no moving elements, and devices having moving elements.
      Fluidic devices utilizing moving elements such as drops of mercury, pills
      and deformable rings are well known in the prior art and have been used as
      binary counters, on-off switches, and memory devices.
PAR  In one example of the prior art, shown in U.S. Pat. No. 3,583,420, issued
      to P. J. Campbell, a fluidic device includes two compartments connected by
      a passage and a globule of mercury disposed in one of the compartments. To
      move the globule from one compartment to the other, a pressure pulse is
      introduced via a pressure input path into the compartment to be vacated by
      the globule. Fluidic devices such as the one described above require
      pressure inputs to each compartment and are not capable of performing any
      logical functions without either coupling several of such devices into a
      large complex structure or intercoupling such devices with a fluidic
      device which has no moving elements and which requires an additional
      constant power source.
PAR  Therefore, it is an object of the invention to provide a simple, fluid
      pressure operated device.
PAR  Another object of the invention is to provide a simple, deformable moving
      element, fluid pressure operated device capable of performing various
      logical functions.
PAR  These and other objects of the invention are realized in an illustrative
      embodiment thereof in which a fluidic device consists of a housing having
      operate and release compartments separated by a passage. The operate
      compartment connects to a pressure source for forcing a deformable moving
      element from either compartment into a deformation chamber connected to
      the release compartment. The element is deformed to increase its potential
      energy by an amount which is sufficient to effect the element's movement
      from the deformation chamber to the operate compartment upon termination
      of the pressure.
PAR  A feature of the invention is a pressure means for forcing the deformable
      moving element into the deformation chamber to increase the element's
      energy by an amount which is sufficient to effect the element's movement
      from the deformation chamber to the operate compartment upon termination
      of the pressure.
PAR  Another feature of the invention is that the pressure means consists of
      only one input port and only one vent port.
PAR  Another feature of the invention is that a deformable moving element, fluid
      pressure operated device can perform plural logical functions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A better understanding of the invention may be derived from the detailed
      description following as that description is considered with respect to
      the attached drawings in which:
PAR  FIG. 1 shows an illustrative embodiment of a two-state fluid pressure
      operated switching device in accordance with the invention;
PAR  FIGS. 1A and 1B show a deformable moving element of the fluid pressure
      operated device depicted in FIG. 1 in various steps of deformation; and
PAR  FIG. 2 shows an alternative embodiment of a two-state fluid pressure
      operated switching device in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Fluidic devices may be constructed from any rigid, nonporous material
      including glass, ceramic, plastic and metal. Materials, used in the
      construction of fluidic devices having moving elements, have to be
      selected considering a design parameter which is not important in the
      design of devices without moving elements, that is the possibility of a
      moving element sticking to a material as for instance a globule of mercury
      has a tendency to stick to a plastic material.
PAR  Fluidic devices generally comprise a housing including a base and a cover.
      The base contains the required passages and compartments and the cover,
      when secured to the base, provides a fluid tight seal. For ease of
      illustration, the drawings of FIGS. 1 and 2 depict a device having a glass
      cover. This was done to permit the interior of the device to be shown
      without the confusing presence of cross section lines.
PAR  Referring now to FIG. 1 there is shown a two-state fluidic switching device
      which includes a housing 100, a cylindrical operate compartment 101, a
      cylindrical release compartment 103, and a passage 102 interconnecting the
      two compartments. A pressure port 106 connects to the operate compartment
      101, and a vent port 107 and a tapered deformation chamber 104 connect to
      the release compartment 103. The operate compartment 101 contains a
      deformable moving element 105. The moving element 105, for the purpose of
      the detailed description, will be assumed to be made up of a globule of
      electrically conductive material such as mercury, the globule being of
      sufficient quantity and of sufficiently high surface tension to prevent
      free movement of the globule 105 through the passage 102. In the operate
      compartment 101, the globule 105 assumes a substantially cylindrical shape
      since it corresponds to the lowest potential energy level the globule can
      assume within the cylindrical operate compartment 101. The globule's
      potential energy at rest, E.sub.R, can be expressed by the following
PAC  E.sub.R = .gamma. (2A.sub.B101 + A.sub.S101)               (1)
PAC  where .gamma. =  surface tension of the liquid (lbs/in)
PAC  A.sub.B101 = base area of the cylindrical operate compartment 101
      (in.sup.2)
PAC  A.sub.S101 = side surface area of the cylindrical operate compartment 101
      (in.sup.2).
PAR  A fluid pressure source, not shown, supplies pressure to the device via the
      pressure port 106. Increasing the pressure in the operate compartment 101
      forces the globule 105 to move into passage 102 toward the release
      compartment 103.
PAR  As shown in FIG. 1A, when the globule moves into the passage, the globule
      is deformed. In the deformed state a pressure differential is created
      within the globule. Surface tension of globule 105 produces a higher
      internal pressure within the globule at region 108, which has a relatively
      small radius "r," than the pressure at region 109, which has a relatively
      large radius "R." This pressure differential within the globule results in
      an internal force directed toward the operate compartment 101. Until more
      than half of the globule 105 passes through passage 102, this internal
      force counteracts a force developed by the fluid pressure which is pushing
      the globule 105 towards the release compartment 103.
PAR  Once more than half of the globule 105 is pushed through passage 102, the
      pressure differential within the globule 105 produces an internal force
      which continues to move the globule into the release compartment 103,
      aiding the pressure signal.
PAR  Energy E.sub.P required to move the first half of the globule 105 through
      the passage 102 can be calculated from the following:
      ##EQU1##
      where P = pressure applied to the input port 106 (lbs/in.sup.2)
EQU  V.sub.101 = volume of globule 105 (in.sup.3).
PAR  In accordance with the invention, to return the globule 105 from the
      release compartment 103 to the operate compartment 101, a further fluid
      pressure signal is introduced into the release compartment 103 via the
      pressure port 106, operate compartment 101, and passage 102 to exert
      pressure upon the globule 105. For proper operation of the fluidic device
      the vent port 107 should be one-half or less than one half of the size of
      the input port 106, and the pressure signal should be of sufficient
      strength and duration to move the globule 105 into the deformation chamber
      104.
PAR  As shown in FIG. 1B, the pressure signal moves the globule 105 into the
      deformation chamber 104 forcing the globule to assume a shape
      substantially similar to the one shown. Although the deformation chamber
      104 is large where connected to the release compartment 103, the opposite
      end of the deformation chamber is small and closed. By deforming the
      globule 105, the globule's potential energy is increased from its low
      energy state, E.sub.R, by an amount which is sufficient to effect the
      movement of the globule 105 through passage 102 back to operate
      compartment 101, upon termination of the pressure signal.
PAR  The globule's potential energy in the deformed state:
EQU  E.sub.D = .gamma. (2A.sub.B104 + A.sub.S104)               (3)
PAL  where
PA1  A.sub.b104 = base area of the deformed globule 105 (in.sup.2)
PA1  A.sub.s104 = side surface area of the deformed globule 105 (in.sup.2).
PAL  The amount of potential energy gained by the globule 105 by deformation is
      available to be converted to kinetic energy, E.sub.K, which energy will
      effect movement of the globule 105 from its deformed state in the
      deformation chamber 104 back to its rest state in the operate compartment
      101.
PA1  E.sub.k = [energy of the globule 105 in the deformed state] (4)
PA1  -[energy of the globule 105 at rest]
PA1  = E.sub.D - E.sub.R
PA1  = .gamma. [(2a.sub.b104 + a.sub.s104) - (2a.sub.b101 +a.sub.s101)].
PAR  since the volume of the globule is a constant and the height of each
      compartment and of the deformation chamber are equal, the base areas of
      the globule when at rest and when in the deformed state are also equal.
      Thus, the base areas can be dropped from Equation (4) resulting in the
      following expression:
EQU  E.sub.K = .gamma. (A.sub.S104 - A.sub.S101).               (5)
PAL  neglecting energy losses caused by friction between the globule and walls
      of the compartments and the passage, the globule will possess sufficient
      energy to move itself through passage 102 into compartment 101 when the
      amount of energy gained by deformation is equal to or greater than the
      amount of energy required to move the globule 105 through passage 102 or:
EQU  E.sub.K .gtoreq. E.sub.P                                   (6)
PAL  substitution of expressions for E.sub.K and E.sub.P from Equations (2) and
      (5), respectively, into Equation (6) results in the following equation:
      ##EQU2##
PAR  Referring once again to FIG. 1 there is shown a sensing apparatus disposed
      in both compartments 101 and 103 providing an output signal indicating the
      position of globule 105. For example, since the globule 105 is of
      electrically conductive material, the sensing apparatus comprises a pair
      of electrical contacts 110 disposed in compartment 101 and a pair of
      electrical contacts 112 disposed in compartment 103. Each pair of contacts
      110 and 112 is connected in a separate series circuit with its own
      indicator lamp across a power source. The lamp connected in series with
      the contacts 110 will light when the globule 105 bridges the contacts 110,
      and the lamp connected in series with the contacts 112 will light when the
      globule 105 bridges the contacts 112.
PAR  Referring now to FIG. 2 there is shown an alternative embodiment of the
      invention depicting a fluidic device within a housing 200, which device is
      particularly adapted to perform, in response to pressure signals, logical
      functions.
PAR  The fluidic device is substantially the same device as the one shown in
      FIG. 1 except that it has two pressure ports 206 and 207 connected to an
      operate compartment 201 and two vent ports 208 and 209 connected to a
      release compartment 203. For proper operation of the fluidic device, the
      overall size of the vent ports should be one-half or less than one-half of
      the overall size of the input ports.
PAR  Pressure inputs to ports 206 and 207 are adjusted so that a pressure signal
      appearing in either port 206 or 207 will cause a globule 205 to move from
      compartment 201 to the release compartment 203. If the globule 205 is
      already in compartment 203, the pressure signal from one of the ports will
      move the globule 205 towards a deformation chamber 204 until the vent
      ports 208 and 209 are exposed permitting venting of the pressure signal.
      Upon termination of the pressure signal the globule 205 moves itself back
      into the release compartment 203.
PAR  Pressure signals appearing simultaneously in both ports 206 and 207 will
      cause the globule 205 to move into the deformation chamber 204 whereby the
      globule gains sufficient potential energy to move itself to the operate
      compartment 201, upon termination of the pressure signals.
PAR  Thus, appearance of a single pressure signal in input port 206 or 207
      always positions the globule in the release compartment 203. Simultaneous
      appearance of pressure signals in input ports 206 and 207 always positions
      the globule in the operate compartment 201.
PAR  Location of the globule 205 can be detected using contacts 210 and 212 and
      sensing apparatus similar to that described in the discussion of the
      arrangement shown in FIG. 1.
PAR  Although the embodiments of the drawing have depicted the operate and
      release chambers as comprising a substantially hourglass figure positioned
      in line with a deformation chamber which has a shape of a truncated cone,
      it will be apparent that other shapes may be employed with equal facility.
      Other types of moving elements may also be used. It is to be understood,
      therefore, that the above described arrangements are but illustrative of
      the application of the principles of the applicant's invention. Numerous
      other arrangements may be devised by those skilled in the art without
      departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluidic device comprising:
PA1  a housing having operate and release compartments separated by an
      interconnecting restrictive passage having a cross-sectional area smaller
      than the cross-sectional area of either compartment, the release
      compartment having a deformation chamber connecting thereto;
PA1  a deformable moving element disposed in the housing, the element having
      sufficient size with respect to the cross-section of the passage and
      sufficiently high surface tension to prevent free movement of the element
      through the passage; and
PA1  pressure means connecting with the operate and release compartments for
      forcing the element into the deformation chamber and increasing potential
      energy of the element by an amount which is sufficient to effect the
      element's movement from the deformation chamber through the restrictive
      passage to the operate compartment upon termination of the pressure.
NUM  2.
PAR  2. A fluidic device in accordance with claim 1 wherein said deformation
      chamber has a large end which is connected to the release compartment and
      a small end which is completely closed.
NUM  3.
PAR  3. A fluidic device in accordance with claim 2 wherein the element can
      reside at rest in either compartment and wherein said pressure means
      includes only a pressure input port connected to the operate compartment
      and a vent port connected to the release compartment.
NUM  4.
PAR  4. A fluidic device in accordance with claim 3 wherein the restrictive
      passage prevents free movement of the deformable element in either
      direction and where the amount of potential energy gained by the
      deformable moving element by deformation in the deformation chamber is
      equal to or greater than the amount of energy required to move the element
      through the passage.
NUM  5.
PAR  5. A fluidic device in accordance with claim 2 where the deformation
      chamber is shaped so that the deformable moving element when forced into
      the chamber gains sufficient potential energy to move itself through the
      passage.
NUM  6.
PAR  6. A fluidic logic device comprising:
PA1  a housing having operate and release compartments separated by an
      interconnecting restrictive passage having a cross-sectional area smaller
      than the cross-sectional area of either compartment, the release
      compartment having a deformation chamber connected thereto;
PA1  a globule of electrically conductive material disposed in the housing, the
      globule having sufficient size with respect to the cross-section of the
      passage and sufficiently high surface tension to prevent free movement of
      the globule through the passage;
PA1  electrically conductive contacts disposed in the operate and release
      compartments;
PA1  pressure means connecting to the compartments, the pressure means having
      first and second pressure input ports associated with the operate
      compartment and first and second vent ports associated with the release
      compartment;
PA1  where a single pressure pulse applied through a pressure input port moves
      the globule towards the deformation chamber until the vent ports in the
      release compartment are exposed permitting venting of the pressure signal
      and stopping further movement of the globule into the deformation chamber,
      which globule upon termination of the pressure pulse moves back into the
      release compartment bridging the contacts disposed in the release
      compartment; and
PA1  where pressure pulses applied simultaneously to both pressure input ports
      force the globule into the deformation chamber increasing the globule's
      potential energy by an amount which upon termination of the pressure
      pulses is sufficient to effect the globule's movement through the
      restrictive passage to the operate compartment where the globule bridges
      the contacts disposed in the operate compartment.
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ABST
PAL  An expansion tank is divided into two non-communicating chambers by a
      flexible elastomeric diaphragm having a peripheral outward projecting,
      sidewall engaging protrusion that is held in compressed and sealing
      engagement with the tank walls by a backup ring. The diaphragm-ring
      assembly facilitates insertion of the diaphragm, provides a positive seal,
      and prevents the assembly from being forced out of position by extreme
      pressure differentials.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to closed water systems and more specifically to an
      improved diaphragm assembly as used in an expansion tank forming a part of
      the system.
PAR  Expansion tanks, as used in domestic water systems, provide an air surge
      chamber that accounts for variations in pressure within the system. Tanks
      of this type are divided into chambers by a flexible diaphragm wherein gas
      under pressure is contained in one chamber while system water is contained
      in the other. The water chamber is connected to the system and changes in
      pressure are created by the increase and decrease associated with water
      volume usage in the normal cyclic operation of the system. Expansion tanks
      of this general type are described in U.S. Pat. Nos. 2,695,753 and
      3,035,614 to C H Kirk, Jr., and 2,815,152 to L E Mills.
PAR  Recent improvements in tank design include glass or plastic liners that
      makes assembly of the tanks as taught by the prior art, more difficult,
      especially as it relates to positioning and sealing of a flexible
      diaphragm within the tank and closure of the tank without damaging the
      diaphragm seal and/or liner.
PAR  Therefore, it is a primary object of this invention to provide a diaphragm
      assembly that is easily installed, facilitates tank assembly, and provides
      a positive seal in either lined or unlined expansion tanks.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, the beforementioned and related objects are
      accomplished in an assembly comprising a flexible elastomeric diaphragm
      having a laterally projecting peripheral protrusion, said diaphragm
      positioned within an expansion tank such that the protrusion deforms in
      sealing engagement with the tank wall, and a continuous backup ring
      positioned on the inner surface of the diaphragm in the area of the
      protrusion having a diameter such that the diaphragm elastomer is in
      compression when the assembly is installed in the tank.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The features of the invention may best be understood from a consideration
      of the following description taken in conjunction with the accompanying
      drawing, in the several figures of which like reference numerals identify
      like elements, and in which:
PAR  FIG. 1 is an elevational view, in section, showing the features embodying
      the invention;
PAR  FIG. 2 is an enlarged section through the peripheral edge of the
      diaphragm/ring assembly;
PAR  FIG. 3 is an enlarged section through the tank and diaphragm/ring assembly
      showing the sealing relationship therebetween; and
PAR  FIG. 4 is an enlarged section through the peripheral edge of a second
      embodiment of the assembly showing its sealing relationship with the tank
      wall and liner.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the drawing, FIG. 1 illustrates a conventional expansion tank generally
      indicated by reference numeral 10. Tank 10 includes a substantially
      cylindrical body 12 and end walls 14 and 16, each of which contain
      connections 18 and 20 therein for communication to sources of air and
      water (not shown) respectively.
PAR  A cylindrical liner 22 is shown installed in the tank, however, its use is
      incidental and not a requirement in the application of the present
      invention. This will become clear as the description proceeds.
PAR  Installed within the tank 10 is an assembly generally indicated by numeral
      30 which comprises a substantially flexible elastomeric diaphragm 32 and a
      rigid backing ring 34. The diaphragm 32 divides the tank 10 into two
      non-communicating chambers generally indicated by reference numerals 36
      and 38, the sizes of which may be determined by the axial dimensions of
      the diaphragm. Obviously, a shallow diaphragm will restrict the size of
      chamber 36 while a deeper diaphragm will allow for an enlarged chamber
      area 36. In either case, the amount of water in the chamber 38 will be a
      determining factor on the axial excursion of the diaphragm 32.
PAR  FIGS. 2 and 3 more clearly illustrate the features of one embodiment of the
      invention as it relates to the diaphragm/backing-ring assembly. The bead
      or peripheral portion 32a of the diaphragm 32 comprises annular outward
      projecting wedge-shaped fins 40a and 40b having concave surfaces 42a and
      42b and straight-tapered surfaces 44a and 44b. The relaxed diameter of the
      inside peripheral surface of the diaphragm is slightly less than the
      outside diameter of the backing ring 34 such that it must be stretched
      over the ring until it abuts an outwardly protruding flange 34a. The
      greatest diameter of the diaphragm is reached in its mounted position on
      the ring 34 and is located at the outward projection of the fins 40a or
      40b. This diameter is slightly greater than the inside diameter of the
      tank walls 12.
PAR  Mounting of the diaphragm-ring assembly 30 into the tank 12 is accomplished
      by inserting the closed end of the diaphragm into the tank and applying
      force to the ring flange 34a at various locations around its periphery and
      in the direction of arrow A shown in FIG. 3. As the open end of the
      diaphragm enters the tank, the fins 40a-b are deformed in the direction of
      their concave surfaces and tend to follow the inside surface contour of
      the tank walls. In this condition, the fins provide positive sealing
      engagement with the tank walls and also maintain seating of the diaphragm
      by virtue of the resistance to movement in a direction opposing arrow A.
      When a glass or plastic liner 22 is installed in the tank, the fins deform
      to the inner diameter of both tank wall and liner, thus providing a
      leakproof seal for both surfaces and installation may be made without
      thought of breaking or chipping the liner. For extremely heavy gauge
      liners fin 40b may be of a lesser diameter than fin 40a. In this
      arrangement the movement of the assembly in the easy direction of arrow A
      is checked by the extreme compression of fin 40a when moved into the liner
      area, and in the opposite direction by the resistance of the fins to flip
      over toward their straight tapered surfaces. Various additional features
      may be added to the basic concept that provide ease of locating and
      positive seating of the assembly 30 within the tank. For example, as
      illustrated in FIG. 2, the backing ring 34 may include one or more
      outwardly projecting depressions 34b. These may be in the form of annular
      ribs or else multiple dimples formed in the ring 34. Their purpose is to
      restrict movement of the diaphragm in the easy direction of arrow A such
      that separation of the diaphragm and backing ring does not occur.
PAR  An alternate embodiment may further provide inwardly projecting depressions
      12a in the tank walls as illustrated in FIG. 3. The depth of these inward
      projecting ribs or dimples 12a will be such to preclude further excursion
      of the diaphragm in the direction of arrow A by the fin 40a. Obviously,
      such depressions will also increase the difficulty of movement in the
      opposite direction. In some conventional tanks inwardly projecting ribs
      are formed by reason of the manner of fabricating the tank. In these, the
      tank is formed of two or more sections that have overlapping flanges which
      are welded to form a leakproof seam. The inward flange then acts in the
      stead of depressions 12a. An advantage of the present diaphragm assembly
      to this type tank is readily apparent. Because the diaphragm seals at the
      fins, these may be spaced apart such that the diaphragm bridges the area
      to be welded and the heat from the welding operation will have less
      deleterious effect on the elastomer.
PAR  A further embodiment of the present invention is shown in FIG. 4, wherein
      the peripheral outward facing protrusion on the diaphragm 32 comprises
      laterally projecting circular-section rings 46a and 46b. The rings are
      molded on the outer peripheral edge of the diaphragm 32 in a similar
      manner as the fins 40a-b and will effect an O-ring type sealing engagement
      with the tank walls. However, in this embodiment, movement of the
      diaphragm in either direction may be caused by extreme pressure
      differentials and restraining ribs 12a in the tank wall and 34b in the
      backup ring may be required to establish a permanent location within the
      tank to maintain required chamber volume for air and water. In all other
      respects, the embodiment of FIG. 4 exhibits the advantages as described
      for the fins of FIGS. 2 and 3.
PAR  The invention offers marked advantages over the prior art in fabricating
      the expansion tank. First, swaging, crimping, cold-forming, or other
      specialized operations are not necessary to complete installation of the
      diaphragm. This not only results in a savings in manufacturing costs but
      also eliminates breakage problems involved with tanks having glass or
      plastic liners. Secondly, tolerances do not pose problems since the
      ring/diaphragm dimensions are not critical as long as the peripheral
      protrusions are sufficiently deformed by the backup ring to effect a
      sealing relationship with the tank walls. And third, more flexibility is
      offered in tailoring the diaphragm/ring assembly to the tank rather than
      visa versa.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with an expansion tank as used in pressurized water
      systems wherein one portion of the tank is occupied by water while the
      other portion is occupied by a gas, said tank having a liner mounted
      within the tank covering the walls of the tank that are in contact with
      the water, an assembly for separating the two portions of the tank at the
      wall/ liner interface into non-communicating chambers comprising:
PA1  a a substantially flexible elastomeric diaphragm mounted within the tank at
      the wall/liner interface, said diaphragm having at least two annular,
      outward projecting, wedge-shaped fins positioned around the outward facing
      peripheral surface thereof such that one of the fins is in contact with
      the tank wall at the interface while the other of said fins is in contact
      with the liner, and
PA1  b a continuous and substantially rigid backup ring positioned on the inward
      facing peripheral surface of the diaphragm and having a diameter less than
      the diameter of the liner but greater than the relaxed diameter of the
      diaphragm such that the fins are in compression and in sealing engagement
      with said tank and liner respectively when the assembly is inserted into
      the tank.
NUM  2.
PAR  2. The assembly as set forth in claim 1, wherein the wedge shape of the
      fins is formed by the juncture of a concave surface and a straight tapered
      surface.
NUM  3.
PAR  3. The assembly as set forth in claim 2, wherein the backup ring has an
      outward projecting flange that abuts the peripheral edge of the diaphragm.
NUM  4.
PAR  4. The assembly as set forth in claim 3, wherein the backup ring further
      comprises at least one annular outward projecting depression, said flange
      and depression combining to limit relative movement between the diaphragm
      and backup ring.
NUM  5.
PAR  5. The assembly as set forth in claim 1, wherein the diameter of the
      diaphragm at the apex of the fin contacting the liner is less than the
      diameter at the apex of the fin contacting the tank.
NUM  6.
PAR  6. The assembly as set forth in claim 1, wherein the fins deform in the
      direction of the concave surface when the diaphragm is inserted into the
      tank.
NUM  7.
PAR  7. In combination with an expansion tank as used in pressurized fluid
      systems wherein one portion of the tank is occupied by a fluid while the
      other portion of the tank is occupied by a gas, said fluid portion having
      a liner covering the walls of the tank occupied by fluid, an assembly for
      separating the tank into two non-communicating chambers at the wall/liner
      interface comprising:
PA1  a a substantially flexible elastomeric diaphragm having at least two
      annular protrusions around the outer peripheral surface thereof, one of
      the protrusions having a diameter to effect sealing engagement with the
      tank wall at the interface while the other has a diameter to effect
      sealing engagement with the liner; and
PA1  b a continuous and substantially rigid backup ring positioned on the inner
      peripheral surface of the diaphragm in the area of the protrusions, said
      ring having a diameter less than the diameter of the tank but greater than
      the relaxed diameter of the diaphragm prior to insertion into the tank
      such that stretching of the peripheral portion of the diaphragm over the
      ring increases the diameter of the protrusions to a dimension greater than
      the tank or the liner, said ring effecting compression of the protrusion
      upon insertion into the tank.
NUM  8.
PAR  8. The assembly as set forth in claim 7 wherein the protrusions are
      laterally projecting wedge-shaped fins with a concave surface and a
      straight-tapered surface meeting to form the apex of the wedge, said wedge
      bending toward the concave surface when the diaphragm is inserted into the
      tank.
NUM  9.
PAR  9. The assembly as set forth in claim 7 wherein the diameter of the
      diaphragm at the apex of the fin in sealing engagement with the tank wall
      is greater than the diameter at the apex of the fin in sealing engagement
      with the liner.
NUM  10.
PAR  10. The assembly as set forth in claim 7, wherein the protrusions comprise
      at least two circular-section rings, one of said rings in sealing
      engagement with said tank wall while the other is in sealing engagement
      with said liner, the sealing engagement effected by the compressive force
      of the backup ring.
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ABST
PAL  A vent structure for reliable long term operation at high temperatures is
      fabricated by annealing a tubing of predetermined length and size, filling
      the tubing with fine alumina particles, flattening and coiling and
      pressing an upper portion of the tubing at predetermined pressures,
      annealing the formed tubing, and installing a particulate filter in the
      undeformed lower portion of the tubing. For use in venting helium
      generating reactor control pins located under hot molten sodium, a vent
      assembly including the vent structure and providing an air lock between
      the outer molten sodium and the vent is affixed to the upper end of each
      control pin.
PARN
PAR  This is a division, of application Ser. No. 296,680 filed Oct. 11, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  My present invention pertains generally to venting devices. More
      particularly, the invention relates to a very effective and practical vent
      structure for use in the control pins of a liquid metal fast breeder
      reactor (LMFBR), for example, and to a novel method of fabricating the
      vent structure.
PAR  As is well known, helium (He) is generated in the LMFBR control pins as the
      result of a neutron, alpha (n, .alpha.) reaction on boron (B). This helium
      is generated in each pin up to the rate of 3 cc/hr or 72 cc/day volume at
      standard temperature and pressure (STP). In all of this generated gas is
      released from the boron carbide (B.sub.6 C) matrix of a control pin, the
      resulting 26 liters per year poses a serious containment and pressure
      problem using closed control pins, especially since sudden onsets of
      extreme pressure could develop during the reactor power cycles.
      Conversely, the use of open control pins allows the boron carbide to come
      into direct contact with the high temperature sodium (Na) liquid metal
      coolant with the resulting attack thereon and likelihood of boron
      contamination of the coolant.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, and in general terms, my invention is preferably accomplished by
      providing a vent structure, including a ductile and relatively thin wall
      tubing having an undeformed normally lower portion and a flattened and
      folded (doubly coiled and pressed) normally upper portion, in a molten
      sodium coolant reactor gas generating control pin, for example, to release
      its generated gas normally at a relatively low flow rate such that the
      control pin (gas container) is maintained in a slightly pressurized state
      to prevent backflow of molten sodium or vapor and consequential
      contamination thereof. The formed (flattened and folded) upper portion of
      the vent structure preferably includes a thin film or layer of fine
      alumina particles between the flattened opposing faces inside the tubing,
      to prevent the vent from sintering together due to grain growth across the
      faces occurring at high temperatures and long term operation. The vent
      structure preferably further includes a particulate filter in the
      undeformed lower portion of the vent tubing.
PAR  The method of fabricating the vent structure includes the steps, among
      others, of annealing a metal tubing of predetermined length and size at a
      predetermined temperature for a predetermined period, uniformly filling
      the tubing with fine alumina particles, flattening an upper portion of the
      tubing and then coiling and pressing such upper portion at predetermined
      pressures, and again annealing the tubing at a predetermined temperature
      for a predetermined period. Finally, a porous metal particulate filter can
      be press-fitted into the undeformed lower portion of the tubing. The
      resultant vent structure is structurally stable and can operate reliably
      in a high temperature environment over a long term, and gas flow thereof
      is substantially a linear function of the applied gas pressure
      differential up to the point where the elastic limit of the metal tubing
      is reached.
PAR  For use in venting helium generating reactor control pins located under a
      corrosive and reactive liquid environment such as molten sodium, a vent
      assembly including the vent structure and providing an air lock between
      the outer molten sodium and vent structure is attached to each pin to
      ensure that liquid sodium does not directly contact the vent. The vent
      assembly includes an adapter plug mounting the lower end of the vent
      structure, cover structure attached to the plug and forming an air lock
      chamber housing the part of the vent structure above the plug, and a
      baffle made of porous metal provided in the chamber space between the
      upper portion of the vent structure and a number of small bleed holes in
      the cover structure. The adapter plug is shaped to be suitably attached to
      the upper end of a control pin, and the baffle allows free passage of gas
      while preventing the passage of particulate matter and impeding the
      passage of molten sodium. The possibility of sodium backflow is virtually
      eliminated by use of the air lock and the anti-splash porous metal baffle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  My invention will be more fully understood, and other advantages and
      features thereof will become apparent, from the following description of
      an exemplary embodiment and method of the invention. The description is to
      be taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is an elevational view, shown in section, of a vent assembly which
      is to be affixed to the normally upper end of a reactor control pin;
PAR  FIG. 2 is a fragmentary elevational view, shown in section and enlarged, of
      a vent structure constructed according to this invention;
PAR  FIG. 3 is a graph showing a plot of helium pressure versus helium flow rate
      of the vent structure;
PAR  FIG. 4 is a graph showing plots of vent temperature versus helium flow rate
      of two vent structures having nominally different helium release rates;
PAR  FIG. 5 is a graph showing plots of thermal cycles versus helium flow rate
      at the low and high temperature limits of the thermal cycles;
PAR  FIGS. 6A, 6B, 6C, 6D and 6E illustrate certain main steps in a method of
      fabricating the vent structure; and
PAR  FIG. 7 is a flow chart illustrating a process of producing the vent
      assembly.
DETD
PAC  DESCRIPTION OF THE PRESENT EMBODIMENT AND METHOD
PAR  In the following description and accompanying drawings of an illustrative
      embodiment and method of my invention, some specific dimensions and types
      of materials are disclosed. It is to be understood, of course, that such
      dimensions and types of materials are given as examples only and are not
      intended to limit the scope of this invention in any manner.
PAR  FIG. 1 is an elevational view, shown in section, of the upper vent assembly
      10 of a control pin 12 which is used, for example, in a liquid metal
      (sodium) cooled fast breeder nuclear reactor (not shown). The control pin
      12 and its upper vent assembly 10 are normally fully immersed deeply in
      (under approximately 8 feet of) the molten sodium reactor coolant
      operating at temperatures of about 900.degree. to 1,100.degree.F. Each
      control pin 12 contains a series of boron carbide pellets (not shown) and
      is a source of generated helium. The vent assembly 10 is, of course,
      hermetically attached to the upper end of the control pin 12 and generally
      includes a vent adapter plug 14, baffle 16, air lock tube 18, air lock cap
      20, and vent structure 22.
PAR  The vent plug 14, air lock tube 18, and air lock cap 20 are preferably made
      of a material similar to that of the control pin 12 structural material
      such as Type 316 stainless steel, which is compatible with a hot sodium
      (liquid and vapor) environment. Baffle 16 is made of a porous metal which
      is resistant to attack by hot sodium. A felt or foam metal can be used
      and, in the exemplary vent assembly 10, a Type F-315 nickel felt metal
      produced by Huyck Metals Corporation was used. This material is about 20
      percent dense and allows free passage of gas while preventing the passage
      of particulate matter and impeding any passage of molten sodium.
PAR  The air lock tube 18 has, for example, four vent or bleed holes 24 which
      can be 0.0135 inch in diameter equiangularly spaced 90 degrees about the
      air lock tube at a predetermined distance above the lower end thereof. The
      vent plug 14 has an axially drilled central hole 26 and the baffle 16 also
      has an axially punched central hole 28. The punched baffle 16 is packed on
      the vent structure 22 against the upper surface 30 of vent plug 14 which
      is joined at its lower end 32 to the lower end of the vent structure by a
      standing lip electron-beam weld for maximum cleanliness and minimal
      disturbance of the surrounding metal.
PAR  When the lower end of the air lock tube 18 is welded to flange 34 of the
      vent plug 14, the vent holes 24 are located slightly above the upper
      surface 30 of the vent plug and directly adjacent to the lower side
      surface of the baffle 16. Welding of the air lock cap 20 to the upper end
      of the air lock tube 18 forms an air lock chamber 36 containing cover gas
      which provides an "air lock" effect over the vent structure 22 such that
      liquid sodium does not directly or normally contact the upper vent end 38.
      The possibility of sodium backflow is virtually eliminated by use of the
      air lock chamber 36 and the anti-splash porous metal baffle 16 in the vent
      assembly 10 of control pin 12.
PAR  The air lock chamber 36 is a plenum chamber which is made large enough to
      provide a sufficient reservoir of gas that prevents liquid sodium which
      might enter the lower bleed holes 24 and into the baffle 16, as in the
      event of any sudden fluctuation (loss) in gas pressure due to a temporary
      reactor temperature change (drop), from ever reaching the vent opening in
      the upper vent end 38; and of the vent structure 22. Of course, the sodium
      is subsequently forced out of the chamber 36 following the temperature
      change as the gas pressure therein builds up to equalize with the
      environmental (8 feet of liquid sodium) pressure.
PAR  The bleed holes 24 are made adequately small so that they will not admit
      the surge of liquid sodium into the air lock chamber 36, which surge can
      occur when the control pin 12 is first immersed in the sodium. On the
      other hand, the bleed holes 24 are made adequately large mainly for
      convenience of drilling very small holes in stainless steel with the
      presently available drills and methods. In any event, the combined size of
      the bleed holes 24 must be about equal or (and are vastly) larger than the
      effective size of the vent discharge opening in the upper vent end 38 of
      the vent structure 22, and allows gas to escape from the chamber 36 at
      about the rate that it is being released from the vent structure.
PAR  The vent assembly 10 has general overall dimensions of length A, diameter
      B, and an approximate gas space length C (connected through vent holes 24
      to the exterior). Illustrative values for these dimensions are A of 1.80
      inches, B of 0.435 inch maximum), and C of 0.95 inch, for example. This
      vent assembly 10 is, of course, to be welded to the upper end of the
      stainless steel tube (control pin 12) having a 0.395 inch inside diameter
      which accommodates the lower portion of vent plug 14. Other dimensions of
      the vent assembly 10 can be proportionately estimated adequately from the
      elevational view of FIG. 1 and, while approximate, will suffice for most
      purposes. The vent has a gas flow rate sufficient to maintain pressure in
      the air lock chamber 36 and in control pin 12 to prevent backflow of
      sodium and any possibly contaminating outside cover gas, respectively.
PAR  FIG. 2 is a fragmentary elevational view, shown somewhat enlarged in
      section, of the vent structure 22. The vent structure 22 includes a thin
      wall tubing 40 having an undeformed lower portion 42, and a flattened and
      folded (coiled or rolled and pressed) upper portion 44. The flattened
      upper portion 44 is preferably folded at least twice, as shown. A
      particulate filter 46 is provided in the lower portion 42 of the tubing
      40, and a film or layer 48 of fine particles or powder is provided between
      the pressed opposing surfaces inside the upper portion 44. The tubing 40
      can be made of any material sufficiently ductile to survive the
      flattening, coiling and pressing operations without cracking, and there
      are appropriate materials readily available for operation or use under a
      very wide range of environmental and temperature conditions.
PAR  In the interests of compatibility and uniformity, the tubing 40 can be made
      of the same material as the control pin 12 structural material. Thus, the
      tubing 40 can be made of Type 316 stainless steel having an inside
      diameter D and an outside diameter E as indicated in FIG. 2. Likewise, the
      particulate filter 46 can be made of Type F-315 nickel felt metal similar
      to that of baffle 16 (FIG. 1) and having a length F. The cylindrically
      shaped filter 46 can be installed in the lower portion 42 by press-fitting
      it into the tubing 40 to a position approximately as illustrated.
      Exemplary dimensions for the inside diameter D, outside diameter E, and
      length F are respectively 0.093, 0.125, and 0.250 inch, for example.
PAR  The formed upper portion 44 of the exemplary vent structure 22 has a length
      G and a thickness H as indicated in FIG. 2. The film or layer 48 can
      consist essentially of, for example, compacted 0.3 micron diameter
      aluminum oxide (Al.sub.2 O.sub.3) particles. This particle size could be
      increased to as large as 1 micron or reduced to as small as 0.05 micron
      for satisfactory operation. A particle size larger than 1 micron would
      provide individual support points during forming (flattening and pressing)
      of the upper portion 44 and which may prevent the attainment of low gas
      flow rates. Of course, a particle size smaller than 0.05 micron may not
      prevent eventual grain growth across the proximate faces of a flattened
      tube at high temperatures. Thus, in regular long term and high temperature
      operation, it is possible for the formed upper portion 44 of the vent
      structure to sinter together. Note that the formed vent structure 22, with
      or without the layer 48 of alumina particles, can be used independently as
      a gas flow metering device in various applications following suitable flow
      calibration thereof.
PAR  Illustrative dimensions for the length G and thickness H are respectively
      about 0.350 and 0.092 inch, for example. The thickness of the film or
      layer 48 can be approximately 0.005 inch, when pressed, although the layer
      thickness in the exemplary vent structure 22 can be generally between
      0.003 and 0.007 inch for satisfactory operation. Exact pressing parameters
      and anneal conditions are functions of the particular size and wall
      thickness of the tubing 40 used and the desired gas flow rate. The method
      of fabricating the vent structure 22 will be described later, following a
      discussion of certain test results thereof.
PAR  FIGS. 3, 4 and 5 are graphs showing respective plots of helium pressure
      versus helium flow rate of the vent structure 22, vent temperature versus
      helium flow rate at one atmosphere pressure differential, and thermal
      cycles versus helium flow rate wherein the cycle period was two minutes
      from high temperature to low temperature. The curve 50 of FIG. 3
      illustrates that a substantially linear relationship exists in the
      response in helium flow rate of the vent structure 22 to change in helium
      pressure. As indicated in FIG. 3, helium flow rate drops linearly as the
      driving pressure decreases.
PAR  In testing the vent structure 22, it was thermally cycled 60 times between
      375.degree. and 1130.degree.F wherein the cycle period was two minutes
      from high temperature to low temperature and 2 minutes back to high
      temperature. Curve 52 of FIG. 4 illustrates helium release rates of the
      vent structure 22 as a function of its temperature while maintaining a
      pressure differential of one atmosphere for the vent structure. Flow rate
      is, of course, lower at the higher temperatures since there are less gas
      molecules in a fixed volume at such temperatures with the maintained
      pressure differential. Curve 54 of FIG. 4 illustrates helium release rates
      of another vent structure as a function of its temperature at a pressure
      differential of one atmosphere, the vent structure being similar to vent
      structure 22 but formed to provide a nominally higher flow rate.
PAR  The effect of thermal cycling between 375.degree. and 1130.degree.F of the
      vent structure 22 is illustrated by the curves 56 and 58 of FIG. 5. Curve
      56 depicts the helium flow rate at the low temperature of 375.degree.F and
      curve 58 depicts such flow rate at the high temperature of 1130.degree.F.
      After the vent structure 22 has been thermally cycled 60 times between
      these temperatures, it can be seen that there are slight but not
      functionally significant changes in performance thereof.
PAR  With the helium generation rate per control pin 12 (FIG. 1) at
      approximately 3 cc/hr, the vent structure 22 provides an average helium
      diffusion rate of about 0.61 cc/hr at one atmosphere pressure differential
      after 60 thermal cycles (FIG. 5). This allows a helium pressure of
      approximately 4 atmospheres inside the control pin 12 to provide a
      two-fold advantage. First, pressurized helium has a higher thermal
      conductivity to dissinate radiation heating in the control pin and,
      second, the pressure minimizes any possibility of back diffusion of either
      sodium vapor or cover gas into the control pin. The positive helium
      pressure maintained in the control pin 12 by the vent structure 22 can
      drop by a factor of about 2 without compromising the sodium seal provided.
PAR  FIGS. 6A through 6E illustrate certain main steps in the method of
      fabricating the vent structure 22. In FIG. 6A, following ultrasonic
      inspection of a Type 316 stainless steel tubing 40 of 0.125 O.D. and 0.016
      inch wall, the tubing is cut to a predetermined length and vacuum annealed
      15 minutes at 1900.degree.F, for example. Austenitic stainless steel is
      virtually unaffected by pure hot sodium at temperatures below
      1000.degree.F. In the region between 1,000.degree. and 1500.degree.F,
      however, there is evidence of some measurable attack, particularly at the
      grain boundaries. Based on this constraint, the vent tubing 40 wall
      thickness was selected to be 0.016 inch to provide a safety factor of at
      least 3 over the deepest sodium penetration observed at 1500.degree.F. The
      annealed tubing 40 is then uniformly filled loosely with alumina particles
      of a generally predetermined size as, for example, 0.3 micron diameter.
      Tamping is unnecessary and it is not critical that the tubing 40 be very
      uniformly filled. A light shaking of the tubing 40 during filling
      ordinarily suffices. In fact, one way to fill the tubing 40 is simply to
      push it into a jar of alumina.
PAR  A predetermined length of the filled tubing 40 is then flattened in, for
      example, a Carver hydraulic press at a predetermined flattening pressure.
      The flattened tubing 40 is illustrated in FIG. 6B. The flattened portion
      of tubing 40 is next formed by rolling it into a two-bend spiral as shown
      in FIG. 6C, and a final pressing operation is performed thereon at a
      predetermined pressing pressure. This produces the configuration
      illustrated in FIGS. 6D and 6E and which creates a flat tortuous path for
      the escaping gas. The compacted alumina throughout the vent wall interface
      eliminates the operational sintering tendency due to grain growth across
      the faces of the flattened tubing 40 at high temperatures. The formed
      tubing 40 is then preferably vacuum annealed 15 minutes at 1900.degree.F
      again. A particulate filter 46 is finally press-fitted into the formed
      tubing 40 as indicated in FIG. 6E to complete the vent structure 22. The
      formed tubing 40 is preferably annealed particularly where the vent
      structure 22 is used in high temperature (600.degree.C or 1112.degree.F)
      operation because flow rate doubles in the vent structure going from a
      stressed to annealed condition and operating at the high temperature of
      600.degree.C, the vent will self-anneal over a period of 3 weeks.
PAR  The alumina or aluminum oxide powder is compatible with any vent tubing
      material and is uniquely suited for operation in the presence of hot
      sodium vapor. It is an extremely stable oxide and is the only commonly
      processed oxide resistant to attack by hot sodium and sodium vapor. As
      mentioned previously, however, exact pressing parameters (and anneal
      conditions) are a function of the particular size and wall thickness of
      the vent tubing used and the desired gas flow rate. In the flattening and
      pressing operations required on the particular vent tubing 40 of 0.125
      inch O.D. and 0.016 inch wall, air flow rate at 15 psi differential
      pressure is illustratively varied according to flattening and pressing
      pressures as indicated below.
TBL  ______________________________________                                    

     Flattening Pres-                                                          

                  Pressing Pres-                                               

                                Air Flow Rate                                  

     sure (psi)   sure (psi)    (at 15 psi .DELTA.P)                           

     ______________________________________                                    

     2000         2000          6       cc/hr                                  

     2500         2500          3       cc/hr                                  

     4000         4000          1       cc/hr                                  

     5000         5000          0.5     cc/hr                                  

     ______________________________________                                    

PAR  It is noted that gas flow rate through the vent structure 22 is also
      dependent upon the nature of the gas. As vents are made for lower and
      lower flow rates, this difference becomes more significant as indicated
      below.
TBL  ______________________________________                                    

     Air Flow Rate    Helium Flow Rate                                         

     (cc/hr)          (cc/hr)                                                  

     ______________________________________                                    

     6                9                                                        

     3                6                                                        

     1                2.5                                                      

     0.5              1.5                                                      

     0.1              0.4                                                      

     ______________________________________                                    

PAR  By changes in pressing pressures and techniques, the vent structure 22 can
      be fabricated for any required flow down to, for example, 0.0036 cc/hr
      helium at one atmosphere pressure differential. Also, flow through the
      vent structure 22 can increase greatly in case of a sudden increase in
      helium pressure within the control pin 12. Thus, the vent structure 22
      effectively acts to relieve pressure transients in the control pin 12 to
      prevent any possible ruptures thereof and then returns by natural
      springback to normal operation if the elastic limit of the formed tubing
      40 has not been exceeded. The illustrative vent structure 22 has been
      tested and found good to over 3500 psi, for example. While the doubly
      folded, formed tubing 40 does not actually unroll in order to relieve high
      increases in pressure, it tends to do so. This was substantiated in
      testing a vent structure 22 with increasing pressure until it burst at a
      very high pressure, when the formed tubing 40 did unroll to some extent.
PAR  FIG. 7 is a flow chart illustrating a process of producing the vent
      assembly 10 (FIG. 1). In the process, the Type 316 stainless steel tubing
      40 is provided in a step 60, for example. The tubing 40 is checked for
      proper dimensional tolerances and ultrasonically inspected in step 62, so
      that it can be certified free from flaws. The tubing 40 is cut to length
      and ultrasonically cleaned in Freon, for example, in step 64. The cut
      tubing 40 is next vacuum annealed 15 minutes at 1900.degree.F in step 66.
      The annealed tubing 40 is formed in step 68 according to the method shown
      and described above with respect to FIGS. 6A through 6E. The formed tubing
      40 is preferably vacuum annealed 15 minutes at 1900.degree.F as indicated
      in step 70 and calibrated for flow in the next step 72. Each formed vent
      is tested and individually characterized for helium flow in standard cc
      per hour by measuring actual pressure rise in a vacuum system of
      calibrated volume with helium on the inlet side provided at 760 torr.
      These tests also serve as the flow acceptance test for each vent.
PAR  Because of the production of lithium as a result of the (neutron, alpha)
      reaction on boron carbide and the possibility of boron carbide
      disintegration under irradiation, the unpressed section (lower portion 42
      in FIG. 2) of tubing 40 can include the particulate filter 46 which allows
      free passage of gas. To produce the particulate filter 46, nickel felt
      metal can be used as indicated in step 74. Of course, a foamed instead of
      felt metal can be used and the metal can be stainless steel instead of
      nickel, for example, since such materials are resistant to attack by hot
      sodium and allow free passage of gas. Following the material inspection
      step 76, a filter disc or discs of appropriate size can be punched out
      from the nickel felt metal in step 78 and the disc filter inspected in
      step 80.
PAR  Baffle 16 can be fabricated from stainless steel foam metal as indicated in
      step 82. This baffle material can, of course, be nickel instead of
      stainless steel and felt instead of foam metal. indeed, it is usually
      convenient and preferable that the baffle 16 and filter 46 be made of the
      same identical material. Following material inspection step 84, the foam
      metal is punched or otherwise shaped to size and configuration in step 86.
      The shaped baffle 16 is inspected in step 88. In similar manner, the vent
      adapter plug 14, air lock tube 18 and air lock cap 20 can be shaped from a
      Type 316 stainless steel rod provided in step 90 and inspected in step 92.
      The plug 14, tube 18 and cap 20 can be machined to size and shape in step
      94 from the stainless steel rod, and the finished products inspected in
      step 96. It is, of course, apparent that the formed tubing 40, filter 46,
      baffle 16, adapter plug 14, air lock tube 18 and air lock cap 20 can be
      fabricated in any elected sequence or all concurrently.
PAR  The particulate filter 46 is packed into the formed tubing 40 to complete
      vent structure 22 and the baffle 16 is packed onto the formed tubing in
      step 98. The adapter plug 14 is installed on the vent structure 22 against
      the lower surface of the baffle 16 and is joined at its lower end 32 to
      the lower end of the vent structure by a standing lip electron-beam weld
      in step 100. A helium leak check is made of the electron-beam weld in step
      102, and the air lock cap 20 is tungsten-inert-gas (TIG) or electron-beam
      welded to the air lock tube 18 with its vent holes 24 (FIG. 1) located at
      the opposite end away from the cap in step 104. The air lock tube 18 is
      then TIG welded to the adapter plug 14 in step 106 to complete vent
      assembly 10, and acceptance tests are performed thereon in step 108.
      Completed assemblies can be packaged in plastic bags and sealed for
      delivery.
PAR  While an exemplary embodiment and method of this invention have been
      described above and shown in the accompanying drawings, it is to be
      understood that such embodiment and method are merely illustrative of, and
      not restrictive on, the broad invention and that I do not desire to be
      limited in my invention to the specific constructions or arrangements or
      steps shown and described, for various obvious modifications may occur to
      persons having ordinary skill in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vent structure comprising:
PA1  a tubing of predetermined length and size, said tubing including an
      undeformed normally lower portion and a formed normally upper portion, and
      said upper portion being flattened and folded against itself; and
PA1  means provided in said upper tubing portion for separating its opposing
      proximate faces to prevent sintering and similar closures thereof whereby
      proper venting of fluid flow can be maintained through said vent structure
      to produce a reliable, long term operation, vent structure.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said upper tubing portion is
      folded at least twice in a generally spiral configuration.
NUM  3.
PAR  3. The invention as defined in claim 1 wherein said means provided in said
      upper tubing portion includes a fluid-transmissive layer of material for
      separating said opposing proximate faces to prevent sintering and similar
      closures thereof.
NUM  4.
PAR  4. A vent structure comprising:
PA1  a tubing of predetermined length and size, said tubing including an
      undeformed normally lower portion and a formed normally upper portion, and
      said upper tubing portion being flattened and folded against itself; and
PA1  a relatively thin layer of small sized particles in said upper tubing
      portion separating its opposing proximate faces and preventing them from
      sintering together.
NUM  5.
PAR  5. The invention as defined in claim 4 wherein said upper tubing portion is
      folded at least twice in a generally spiral configuration.
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ABST
PAL  A process is provided for bonding otherwise incompatible resin systems to
      form laminated resinous articles. A first resin layer is coated with a
      solvated coating which forms a surface solution with the surface of the
      first layer. Thereafter, a second resin layer is bonded to the coating.
      The coating contains a butadiene resin, a portion of the resin used in the
      second layer, and curing agent for the resin. The process is particularly
      adapted to bonding polyvinyl chloride pipe cores to epoxy-impregnated
      glass fiber overwrap to form improved laminated plastic pipe.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a Continuation-In-Part of application Ser. No. 225,662,
      filed on Feb. 11, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to the bonding of two dissimilar polymeric resin
      composition surfaces. In a particular embodiment, the invention relates to
      a process for bonding an epoxy resin matrix reinforced with glass fibers
      to the surface of polyvinyl chloride pipe whereby the pipe is reinforced
      and withstands high pressures without rupture of the interface bond
      between the epoxy resin and the polyvinyl chloride surface.
PAR  For some time plastic pipe made of one or more layers each of polyvinyl
      chloride and epoxy-impregnated glass fibers has been widely used in the
      construction and plumbing industries. Light weight and resistance to
      corrosion have been among the desirable properties of this type of pipe.
      This pipe conventionally consists of an inner hollow cylinder of polyvinyl
      chloride overlaid with a wrapping of epoxy-impregnated glass fibers. In
      some cases only a single layer of each material is used; in other cases,
      however, the first layer of epoxy-impregnated glass fibers is overlaid
      with a second polyvinyl chloride layer, which is itself then overlaid with
      a second layer of epoxy-impregnated glass fiber. Any number of such
      multiple alternating layers may be thus built up.
PAR  Bonding between each pair of dissimilar surfaces of the alternating layers
      of epoxy-impregnated glass fiber and polyvinyl chloride has, however, been
      a serious problem, often reaching critical dimensions where the pipe
      consists solely of a relatively thin polyvinyl chloride inner cylinder
      overlaid with only one or two layers of an epoxy-impregnated glass fiber
      wrapping. Since polyvinyl chloride and epoxy do not substantially
      chemically bond with each other, mechanical forces were depended upon to
      maintain the integrity between the layers of the pipe. However, these
      mechanical forces were insufficient to withstand the countervailing forces
      produced by the fluid pressure within the pipe, and the layers of the pipe
      would become separated. This was particularly aggravated whenever it was
      necessary to cut into the pipe, as with a conventional pipe joint, thereby
      exposing the interface in the cut cross-section of the pipe to the full
      line pressure carried within the pipe.
PAC  Description of the Prior Art
PAR  Pipe manufacturers have for some time attempted to overcome the
      above-mentioned problem by seeking various means for creating a strong
      bond between the alternating layers of polyvinyl chloride and
      epoxy-impregnated glass fiber. These attempts have been substantially
      hindered, however, by the characteristic inertness and chemical resistance
      of polyvinyl chloride and related resins. The chemical reactions of these
      materials are generally substantially confined to those of degradation in
      heat or strong radioactive environments. Conventional attempts to achieve
      chemical bonds of epoxy resins, directly or indirectly, to polyvinyl
      chloride or related resins have been substantially ineffective and have
      failed to overcome the problems noted.
PAR  Typical of the conventional and/or prior adhesives and surface treatments
      which have heretofore proven to be unsatisfactory are those described in
      U.S. Pat. Nos. 2,815,043; 3,002,534; and 3,447,572; as well as British
      Pat. No. 907,763.
PAR  Recently in U.S. Pat. No. 3,628,991 a process was described in which an
      acrylonitrile-butadinestypene (ABS) copolymer dissolved in a mutual
      solvent for polyvinyl chloride and ABS was applied to the surface of the
      polyvinyl chloride pipe to form a surface solution. The epoxy-impregnated
      glass fiber layer was then overwrapped in contact with this ABS-containing
      surface solution and bonded to the ABS. This approach achieved a notable
      measure of success in creating a satisfactory bond between the polyvinyl
      chloride inner cylinder and the epoxy-impregnated glass fiber overwrap.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention herein is an improvement in a process for bonding together a
      first resinous layer containing a major component a first polymeric resin
      and a second resinous layer containing as a major component a second
      polymeric resin, the second polymeric resin being thermosetting,
      dissimilar to and substantially chemically unbondable directly to the
      first polymeric resin; the process comprising forming a surface solution,
      on the surface of the first resinous layer, of the first polymeric resin
      and a coating comprising a third polymeric resin and a mutual solvent for
      the first and third polymeric resins, where the third polymeric resin is
      substantially curable to the second polymeric resin and substantially
      chemically unbondable directly to and substantially imcompatible with the
      first polymeric resin other than in a solvated state; at least partially
      fusing the surface solution; applying to the coating the second resinous
      layer containing the second polymeric resin in a substantially uncured
      form; and curing the second polymeric resin and simultaneously bonding the
      second resinous layer to the coating. The improvement herein comprises
      incorporating into the coating the second polymeric resin and a curing
      agent for the second polymeric resin, and during the curing step bonding
      the second polymeric resin in the coating to the second polymeric resin in
      the second resinous layer.
PAR  In a preferred embodiment, the invention comprises an improvement in a
      process for bonding together a polyvinyl chloride layer and an
      epoxy-impregnated fiber glass layer, the process comprising forming a
      surface solution, on the surface of the polyvinyl chloride layer, of
      polyvinyl chloride and a coating containing a butadiene resin and a mutual
      solvent for the polyvinyl chloride and the butadiene resin; at least
      partially fusing the surface solution; applying to the coating the
      epoxy-impregnated fiber glass layer containing the epoxy resin in a
      substantially uncured form; and curing the epoxy resin and simultaneously
      bonding the epoxy-impregnated fiber glass layer to the coating. The
      improvement of this preferred embodiment comprises incorporating epoxy
      resin and a curing agent therefor into the coating and during the curing
      step bonding the epoxy resin in the coating to the epoxy resin in the
      epoxy-impregnated fiber glass layer.
PAR  The invention also contemplates an improved laminated article, particularly
      a multilayer pipe, produced and bonded in the manner discribed herein.
      Consequently the invention also encompasses a laminated article having
      improved bonding between the laminae comprising a first resinous layer
      containing as a major component a first polymeric resin and a second
      resinous layer containing as a major component a second polymeric resin,
      the second polymeric resin being a thermosetting resin which is dissimilar
      to and substantially chemically unbondable directly to the first polymeric
      resin; the first and second polymeric resins being bonded into a laminate
      by a coating therebetween and in intimate contact therewith, the coating
      initially comprising 1) a third polymeric resin, which is thermoplastic,
      substantially curable to the second polymeric resin and substantially
      chemically unbondable directly to and substantially incompatible with the
      first polymeric resin other than in a solvated state; 2) the second
      polymeric resin; 3) a mutual solvent for at least the first and third
      polymeric resins; and 4) a curing agent for the second polymeric resin;
      the coating and the first polymeric resin forming a fused surface solution
      on the surface of the first resinous layer and the coating and the second
      resinous layer being chemically bonded.
PAR  In a preferred embodiment, the invention also encompasses a laminated
      article, having a superior bond between the laminae, which consists
      essentially of a polyvinyl chloride layer and an epoxy resin impregnated
      fiber glass layer, the layers being bonded into a laminate by a coating
      therebetween and in intimate contact therewith, the coating initially
      comprising: 1) an acrylonitrile-butadiene-styrene resin; 2) epoxy resin;
      3) a mutual solvent for at least the polyvinyl chloride and the
      acrylonitrile-butadiene-styrene resin; and 4) a curing agent for the epoxy
      resin; with the coating and the polyvinyl chloride forming a surface
      solution on the surface of the polyvinyl chloride layer and the coating
      and the epoxy-impregnated fiber glass layer being chemically bonded. In a
      particularly preferred embodiment, the laminated article having the
      improved bond between the laminae comprises a polyvinyl chloride hollow
      inner cylinder, an outer layer thereupon of an epoxy resin matrix
      reinforced with glass fibers, and a coating bonding the inner cylinder and
      the outer layer which initially comprises acrylonitrile-butadiene-styrene
      resin, epoxy resin, methyl ethyl ketone, and an equimolar complex of
      diacetoneacrylamide and diethylenetriamine.
DETD
PAC  DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS
PAR  This invention is a novel method of bonding two dissimilar and otherwise
      unbondable resinous compositions. While the process of this invention is
      widely applicable to bonding any two such materials in any field of
      application, the process finds a particularly important use in the bonding
      of alternate layers of polyvinyl chloride and related resins to layers of
      epoxy and related polymeric materials. An important specific application
      of this process lies in a method for producing plastic pipe composed of
      alternating layers of polyvinyl chloride resin and epoxy-impregnated glass
      fibers.
PAR  The process of this invention enables strong bonds to be formed between
      layers of dissimilar and otherwise generally unbondable resinous
      compositions. Pipe produced by the method described herein has good
      integrity and substantial resistance to separation at the interfaces
      within the pipe wall. Further, where it is necessary to cut into or
      through the pipe wall and expose one or more of the interfaces, the method
      of this invention can be used quite effectively to seal the cut surface
      and prevent exposure of the interface to the line pressure within the
      pipe, thereby preventing separation of the pipe wall at that interface.
PAR  The "first polymeric resin," as defined herein, may be any of a wide
      variety of substantially chemically inert polymeric resins which can form
      surface solutions with the coatings described herein. Typical of the first
      polymeric resins suitable for use in this invention are poly(vinyl
      acetate), poly(methyl methacrylate), polystyrene, polybutene, poly(vinyl
      butyral), and the polymeric olefinic chlorides, notably poly(vinylidine
      chloride), poly(vinyl chloride) and copolymers thereof. The polymeric
      olefinic chlorides (which are referred to herein collectively as
      "polyvinyl chloride") are the preferred "first polymeric resin."
PAR  The "second polymeric resin" is a thermosetting resin selected from the
      group consisting of epoxy resins, polyester resins and phenolic resins. Of
      these, the epoxy resins are preferred. These are reaction products of
      epoxide compounds with compounds having available hydrogen atoms linked to
      carbon atoms by oxygen atoms. Examples of the latter are the polyhydric
      phenols and the polyhydric alcohols. A typical epoxy resin useful in this
      invention is the reaction product of epichlorohydrin and a polyhydric
      phenol such as bisphenol-A. Other illustrative epoxy resins typically
      include reaction products of epihalohydrins and polyhydric alcohols such
      as ethylene glycol, propylene glycol, trimethylene glycol, and the like.
      Also quite satisfactory in the process of this invention are the epoxy
      silanes; these are often used as the binding matrix for glass fibers as
      described, for instance, in U.S. Pat. No. 3,391,052.
PAR  Other suitable epoxy resins include the epoxy novalak resins such as the
      epoxy phenol novalak resins. These are basically novalak resins whose
      phenolic hydroxyl groups have been converted to glycidyl ethers. Other
      suitable epoxy resin types include p-amine phenol epoxies, as well as
      cycloaliphatics in which the epoxide group are directly attached to the
      cycloaliphatic ring and epoxy ethers.
PAR  The phenolic resins include those produced by reacting phenol with an
      aldehyde. The commercial phenols used are phenol, cresols, xylenols,
      p-tert.-butylphenol, p-phenyl-phenol, bisphenols and resorcinol. The most
      important aldehydes are formaldehyde and furfural. Preferred among the
      phenolic resins are those formed by the reaction of phenol and
      formaldehyde. The phenolic resin may be formed by either addition or
      condensation reactions in the presence of either acid or base.
PAR  The polyester resins are formed by the reaction of polyfunctional acids or
      anhydrides and alcohols. A typical polyester resin is prepared by reacting
      phthalic anhydride, maleic anhydride, and propylene glycol.
PAR  The "third polymeric resin" used in the process of this invention must be a
      butadiene resin. This may include polybutadiene itself or any of a variety
      of copolymers or terpolymers such as butadiene-styrene resin,
      acrylonitrile-butadiene resin, acrylonitrile-butadiene-styrene resin
      (ABS), mixtures thereof and the like. In the process of this invention it
      is required that the third polymeric resin be a butadiene resin; other
      materials have found not to be equivalent.
PAR  Preparation methods for all the resins mentioned in the preceding
      paragraphs are well known and amply described in the art. Any of the known
      preparation methods are suitable to prepare the resins for use in this
      invention.
PAR  The particular solvent used in process of this invention will depend upon
      the nature of the three polymeric resins which are being used. The
      particular solvent chosen must be one in which the first and the third
      polymeric resins are mutually soluble and preferably one in which all
      three resin components are soluble. Those solvents in which the second
      resin component is not readily soluble should still be such that the
      resinous material may be dispersed in the solvent in comminuted form.
      Typical solvents include tetrahydrofuran, methyl ethyl ketone,
      cyclohexanone, methylene chloride, acetone, ethyl acetate, isophorone, and
      the like. When the first polymeric resin is a polyvinyl chloride and the
      third is ABS, the preferred solvents are tetrahydrofuran and methyl ethyl
      ketone.
PAR  The curing agents for the epoxy resins are commonly the aliphatic and
      aromatic polyamines or anhydrides. Typical of these are
      diethylenetriamine, triethylenetetramine, m-phenylenediamine, methylene
      dianiline or mixtures thereof; the principal anhydrides are phthalic,
      tetrahydrophthalic, hexahydrophthalic, "Nadic Methyl," and trimellitic.
      Other curing agents such as amides (e.g., diacetoneacrylamide) are also
      known.
PAR  The exact composition and concentration of the components in the first and
      the second resinous layers are not critical. Each component will be
      selected primarily because of the particular properties desired in the
      finished material. Thus, in a typical pipe composition the inner polyvinyl
      chloride cylinder will be composed essentially all (i.e., usually about 90
      percent or greater) of polyvinyl chloride with a small amount of
      conventional additive material such as stabilizers, anti-oxidants,
      colorants, etc. Similarly, the layer of epoxy-impregnated glass fiber will
      consist of a range of concentrations of continuous filament glass fibers
      in an epoxy matrix and may also include materials such as colorants,
      anti-oxidants, stabilizers, curing agents, etc. in small amounts. The
      various concentrations of epoxy and glass will depend on the properties
      desired in the finished pipe. In these cases as in all others involving
      the various materials which may be in the first and/or second resinous
      layer, there is much prior art describing the various materials and their
      properties. Those skilled in the art will find no difficulty in selecting
      suitable compositions from the prior art for use in the process of this
      invention.
PAR  For the purposes of this invention, therefore, first and second resinous
      layers are considered suitable if they are not generally bondable to each
      other (for if they are, they may be bonded by means other than the process
      of this invention) and if they each contain the respective first and
      second polymeric resins as principal components. "Principal component" as
      used herein is defined to mean a component which is present in sufficient
      quantity so as to contribute substantially to the bonding process of this
      invention. Generally this will mean that the particular components will
      comprise 40 to 50 percent or more, up to 100 percent, of the particular
      polymeric composition being considered. Such a component may, however, be
      present in a smaller concentration if the other components are relatively
      inert and/or the component in question provides a major part of the
      bonding function. Thus, for instance, in an epoxy-impregnated glass fiber
      layer, the epoxy resin may vary over a wide range of concentration and yet
      be considered a principal component, for the other important component in
      the system, glass fiber, is inert and does not participate in the bonding
      process. It is, of course, important that a "principal component" be
      present in sufficient amount to materially participate in the bonding
      function; small or trace amounts of a component which provide only a small
      amount of bonding are not considered to be within the scope of this
      invention.
PAR  The novel coating layer initially consists essentially of four components:
      the same resinous component which is found in the second polymeric resin
      composition, i.e., the second polymeric resin which is the epoxy,
      polyester or phenolic resin; the third (butadiene) polymeric resin; a
      curing agent for the second polymeric resin; and a solvent which is a
      mutual solvent for both the first and third polymeric resins and
      preferably also a solvent for the second polymeric resin. All components
      are dissolved in or dispersed in this solvent in the coating layer. During
      the process herein the solvent will evaporate. Consequently, the final
      laminae will be bound by a three-component coating containing the two
      resins and the curing agent.
PAR  The second and third polymeric resins should be present in the coating in a
      weight ratio of from 1:10 to 5:1, preferably 1:6 to 3:1. The overall
      concentration of both resins will total from 5 to 60 weight percent of the
      total coating composition, preferably 10-50 weight percent. The
      concentration of the solvent will range from 40 to 95 weight percent,
      preferably 60-85 weight percent. The curing agent will be present as from
      5 to 35, preferably 11-25 phr (parts by weight per 100 parts by weight of
      second polymeric resin in the coating composition).
PAR  While the theory by which the novel coating herein operates to produce the
      superior bonding properties has not been experimentally proved, it is
      believed that the curing agent present may be in effect less than the
      stoichiometric amount required to completely cure the second resin
      component of the coating. There thus may be some uncured resin available
      to bond with the second resin in the second layer and be cocured therewith
      in the final curing step. By "in effect less than stoichiometric" is meant
      that whatever amount of curing agent is added, there may still be
      incomplete reaction with the second resin; i.e., the stoichiometric
      reaction may not have occurred. On the other hand, since the degree of
      cure of the resin cannot be readily measured, the above theory is not
      intended to be limiting. It is recognized that there may be a complete
      curing of the second resin in the coating and then subsequent bonding of
      the second resin components of the coating and the second layer by one or
      more other mechanisms.
PAR  The coating will be placed on the underlying first resinous layer (e.g.,
      the polyvinyl chloride resin) in a quantity sufficient to dissolve the
      outer surface portion of the first resinous layer and to form a surface
      solution of that portion with the coating. Care should be taken, however,
      that the quantity of coating used is not so great as to dissolve a major
      portion of the first resinous layer and thereby to weaken or materially
      change the properties of that composition. Those skilled in the art of
      adhesion and bonding will be well aware of the proper amount of coating to
      be used on a particular resin composition substrate to achieve a good bond
      without seriously diminishing the desirable properties of that substrate.
      The quantity of coating is such as to normally penetrate the surface of
      the first polymeric resin composition to a depth of about 0.5 to about 3
      mils and to form a surface coating thickness of up to about 7 mils.
PAR  In the practice of the process of this invention the underlying first
      resinous substrate is first cleaned of any foreign matter which might
      detrimentally affect the formation of a good bond. The coating composition
      containing the second and third polymeric resins and curing agent (all
      dissolved and dispersed in the solvent) is wiped, painted, sprayed or
      otherwise placed on the cleaned surface of the first polymeric resin
      composition substrate, and generally then worked into the surface to form
      a relatively homogeneous surface solution having the characteristics
      described above.
PAR  The coated first layer is then heated to a temperature of
      100.degree.-200.degree.F, preferably 100.degree.-150.degree.F, and held
      for 1-10 hours. This heating serves to precondition the first layer and
      the coating for the final curing step. In addition, the surface solution
      is at least partially fused at this time. Some degree of curing of the
      second resin in the coating is also believed to take place simultaneously.
PAR  Thereafter a second layer which consists of a second polymeric resin
      composition is applied to and placed in contact with the surface of the
      coating. The second polymeric resin in the second polymeric resin
      composition will be in a substantially uncured state. It is believed that
      this uncured resin subsequently cocures with any uncured portion of second
      polymeric resin present in the first coating, or otherwise bonds with
      cured portions of the coating resin. The concentration of the second
      polymeric resin in the layer may, as noted above, vary over quite a wide
      range, particularly where the layer also contains inert materials such as
      glass fibers. The layer may be sprayed, painted, wiped or otherwise
      applied to the surface solution, preferably in a wet form. In a preferred
      embodiment the layer is in the form of a tape or wrapping which is laid or
      wrapped on or around the substrate and surface solution. This, when pipe
      is to be formed by the process of this invention, the inner cylinder
      (e.g., polyvinyl chloride) is first coated on its outer surface with the
      solvated coating, thus dissolving a small amount of that outer surface.
      Thereafter, following heating of the surface solution, coating and inner
      cylinder, an epoxy-impregnated fiberglass-containing tape is wrapped
      continuously and tightly around the cylinder bringing the tape into
      intimate contact with surface solution.
PAR  Following the application of the outer layer the second polymeric resin is
      cured by conventional curing means. Generally this involves heating the
      entire assemblage so as to thermally cure the second polymeric resin. At
      the same time any uncured portion of the second polymeric resin in the
      surface solution is cured. The heat applied will, of course, be kept
      sufficiently low such that the other polymeric resins in the entire
      assemblage as well as any fillers or additives or other materials which
      may be present will be not detrimentally affected. Such curing techniques
      are well known to those skilled in the art and need not be exemplified
      here. I have found that for the compositions exemplified below, cure
      temperatures of about 130.degree.-180.degree.F for 1-10 hours produce
      entirely satisfactory bonds.
PAR  Although the details above have been described in terms of a single layer
      of each of the two polymeric resin compositions, it is evident that the
      process of this invention is also fully applicable to multiple layer
      compositions in which the first and second resinous layers alternate.
PAR  The following examples will illustrate the process of this invention. In
      each case the first polymeric composition was a 4 in. O.D. polyvinyl
      chloride hollow cylindrical pipe core. Each core was brushcoated with the
      particular experimental coating solution, heated about 6 hours at
      145.degree.F, and then overwrapped with 1/2-inch fiberglass cloth tape
      saturated with an epichlorohydrin-Bisphenol A type solid epoxy resin
      (commercially available from Shell Chemical Company under the name "Epon
      Resin 1001"). The glass tape was applied in a single layer. The final
      assemblage was then cured for about 8 hours at 150.degree.F. Curing
      agents, solvents and the like are as described below.
PAR  Coatings were prepared containing a mixture of ABS resin (commercially
      available from Marbon Chemical Company as "Marbon E-1000 ABS") and "Epon
      Resin 1001" epoxy dissolved in methyl ethyl ketone. The curing agent was
      an equimolar complex of diacetoneacrylamide and diethylenetriamine
      (commercially available from the Lubrizol Corporation as "Lubrizol
      CA-21"). The methyl ethyl ketone solvent was generally present as
      approximately 50 to 80 weight percent of the coating; the curing agent was
      present in a concentration of approximately 12-14 phr.
PAR  In the table below the results of various experiments performed to measure
      the adhesion of the different bonding systems are recorded. The degree of
      adhesion was measured by bonding the two surfaces in accordance with this
      invention and then simply pulling them apart. The relative degree of
      difficulty of separation of the bonded materials was rated (in part
      subjectively) on a scale of 0 to 4. A rating of 0 indicates that no
      significant bond was formed. A rating of 4 indicates that an excellent
      bond was formed, i.e., that the bonded materials were separated only with
      extreme difficulty and that it was the bonding coating itself which
      separated cohesively; its adhesive bond to either of the polyvinyl
      chloride or the epoxy-impregnated glass fibers did not separate. Since the
      tensile strength of the bonding coating is on the order of 2,000 psi, a
      bond rated 4 will have an adhesive strength of at least that value. The
      bonds rated 1, 2, and 3 represent intermediate degrees of adhesion of the
      coating. A bond rated 1 was one which could be separated with fairly
      little difficulty; a bond rated 2 was one which could be separated only
      with some difficulty; a bond rated 3 was one which could be separated only
      with considerable difficulty. Quantitative values were not assigned to
      these three ratings.
TBL                TABLE                                                       

     ______________________________________                                    

     Example  Epoxy: ABS   Curing Agent Adhesion                               

     No.      Weight Ratio Conc., phr   Rating                                 

     ______________________________________                                    

     1        0 (no epoxy) 0            0                                      

     2        0.05         12           0                                      

     3        0.10         12           1                                      

     4        0.175        12           2-3                                    

     5        0.25         12           2-4                                    

     6        0.25         13.8         3                                      

     7        0.33         12           3-4                                    

     8        0.35         13.8         3-4                                    

     9        0.43         12           3                                      

     10       0.45         13.8         3-4                                    

     11       0.55         13.8         3                                      

     12       0.65         12           3                                      

     13       0.65         13.8         2                                      

     14       0.70         12           3                                      

     15       0.75         13.8         1-2                                    

     16       4.0          12           1                                      

     ______________________________________                                    

PAR  It will be seen from these data that the process of this invention permits
      formation of strong bonds between otherwise incompatible resin systems.
      This in turn permits the production of laminated resinous materials, such
      as pipe, which have a heretofore unattainably high degree of integrity. It
      will also be seen that this invention produces a product with a bond
      significantly better than products with only the ABS and solvent in the
      coating, as are disclosed in aforesaid U.S. Pat. No. 3,628,991.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for bonding together a first resinous layer containing as a
      major component a first polymeric resin, said first polymeric resin being
      selected from the group consisting of poly(vinyl acetate), poly(methyl
      methacrylate), polystyrene, polybutene, poly(vinyl butyral) and the
      polymeric olefinic chlorides, and a second resinous layer containing as a
      major component a second polymeric resin, said second polymeric resin
      being thermosetting, dissimilar to and substantially chemically unbondable
      directly to said first polymeric resin and selected from the group
      consisting of epoxy resins, polyester resins and phenolic resins; which
      process comprises forming a surface solution, on the surface of said first
      resinous layer, of said first polymeric resin and a coating comprising a
      butadiene resin and a mutual solvent for said first polymeric resin and
      said butadiene resin, where said butadiene resin is substantially curable
      to said second polymeric resin and substantially chemically unbondable
      directly to and substantially incompatible with said first polymeric resin
      other than in a solvated state; at least partially fusing said surface
      solution; applying to said coating said second resinous layer containing
      said second polymeric resin in a substantially uncured form; and curing
      said second polymeric resin and simultaneously bonding said second
      resinous layer to said coating:
PA1  the improvement which comprises incorporating into said coating said second
      polymeric resin and a curing agent for said second polymeric resin, and
      during the curing step bonding said second polymeric resin in said coating
      to said second polymeric resin in said second resinous layer.
NUM  2.
PAR  2. The improved process of claim 1 wherein said first polymeric resin is a
      polymeric olefinic chloride selected from the group consisting of
      polyvinylidine chloride), poly(vinyl chloride) and copolymers thereof.
NUM  3.
PAR  3. The improved process of claim 1 wherein said second polymeric resin is
      an epoxy resin.
NUM  4.
PAR  4. The improved process of claim 1 wherein said butadiene resin is selected
      from the group consisting of polybutadiene, butadiene-styrene resin,
      acrylonitrile-butadiene resin, acrylonitrile-butadiene-styrene resin, and
      mixtures thereof.
NUM  5.
PAR  5. The improved process of claim 1 wherein said mutual solvent for said
      first polymeric resin and said butadiene resin is a solvent in which said
      second polymeric resin is also soluble.
NUM  6.
PAR  6. In a process for bonding together a poly(vinyl chloride) layer and an
      epoxy-impregnated fiber glass layer, said process comprising forming a
      surface solution, on the surface of the poly(vinyl chloride) layer, a
      poly(vinyl chloride) and a coating containing a butadiene resin and a
      mutual solvent for said poly(vinyl chloride) and said butadiene resin; at
      least partially fusing said surface solution; applying to said coating
      said epoxy-impregnated fiber glass layer containing said epoxy resin in a
      substantially uncured form; and curing said epoxy resin and simultaneously
      bonding said epoxy-impregnated fiber glass layer to said coating:
PA1  the improvement which comprises incorporating said epoxy resin and a curing
      agent therefor into said coating and during the curing step bonding said
      epoxy resin in said coating to said epoxy resin in said epoxyimpregnated
      fiber glass layer.
NUM  7.
PAR  7. The improved process of claim 6 wherein said butadiene resin is an
      acrylonitrile-butadienestyrene resin.
NUM  8.
PAR  8. The improved process of claim 7 wherein said mutual solvent is selected
      from the group consisting of tetrahydrofuran and methyl ethyl ketone.
NUM  9.
PAR  9. The improved process of claim 1 wherein said second polymeric resin is
      present in said coating in an amount of 0.1 to 5 parts by weight per part
      of said butadiene resin.
NUM  10.
PAR  10. The improved process of claim 9 wherein said second polymeric resin is
      present in said coating in an amount of from 1/6 to 3 parts of weight per
      part by weight of said butadiene resin.
NUM  11.
PAR  11. The improved process of claim 1 wherein said curing agent is present in
      said coating in an amount of from 5 to 35 parts by weight per 100 parts by
      weight of said second polymeric resin in said coating.
NUM  12.
PAR  12. The improved process of claim 11 wherein said curing agent is present
      in the coating composition as 11 to 25 parts by weight per 100 parts by
      weight of said second polymeric resin in said coating.
NUM  13.
PAR  13. A laminated article having improved bonding between the laminae
      comprising a first resinous layer containing as the principal component a
      polymeric olefinic chloride resin selected from the group consisting of
      polyvinyl chloride and copolymers of vinyl chloride and vinylidene
      chloride, and a second resinous layer containing as the principal
      component an epoxy resin, said first and second polymeric resins being
      bonded into a laminate by a coating therebetween and in intimate contact
      therewith, said coating initially comprising:
PA1  a a butadiene resin, which is thermoplastic, substantially curable to said
      epoxy resin and substantially chemically unbondable directly to and
      substantially incompatible with said polymeric olefinic chloride resin
      other than in a solvated state:
PA1  b said epoxy polymeric resin:
PA1  c a mutual solvent for at least said polymeric olefinic chloride resin and
      said butadiene resin: and
PA1  d a curing agent for said epoxy resin;
PA2  said coating and said polymeric olefinic chloride resin forming a fused
      surface solution on the surface of said first resinous layer and said
      coating and said second resinous layer being chemically bonded; and
PA2  said epoxy resin and said butadiene resin being present in said coating in
      a weight ratio of epoxy resin to butadiene resin in the range of 0.175:1
      to 0.70:1.
NUM  14.
PAR  14. The laminated article of Claim 13 wherein said second resinous layer
      comprises an epoxy resin matrix containing glass fiber reinforcement.
NUM  15.
PAR  15. The laminated article of claim 13 wherein said butadiene resin is
      selected from the group consisting of polybutadiene, butadiene-styrene
      resin, acrylonitrile-butadine resin, acrylonitrile-butadienestyrene resin
      and mixtures thereof.
NUM  16.
PAR  16. A laminated article having improved bonding between the laminae, which
      consists essentially of a poly(vinyl chloride) layer and an epoxy resin
      impregnated fiber glass layer, said layers being bonded into a laminate by
      a coating there-between and in intimate contact therewith, said coating
      initially comprising:
PA1  a. an acrylonitrile-butadiene-styrene resin:
PA1  b. epoxy resin:
PA1  c. a mutual solvent for at least said poly(vinyl chloride) and said
      acrylonitrile-butadiene-styrene resins; and
PA1  d. a curing agent for said epoxy resin; with said coating and said
      poly(vinyl chloride) forming a surface solution of said poly(vinyl
      chloride) layer and said coating and said epoxy resin impregnated fiber
      glass layer being chemically bonded, and said epoxy resin and said
      acrylonitrile-butadienestyrene resin being present in said coating in a
      weight ratio of epoxy resin to acrylonitrile-butadiene-styrene resin in
      the range of 0.175:1 to 0.70:1.
NUM  17.
PAR  17. The laminated article of claim 16 wherein said mutual solvent is
      selected from the group consisting of tetrahydrofuran and methyl ethyl
      ketone.
NUM  18.
PAR  18. The laminated article of claim 16 wherein said laminae comprise a
      poly(vinyl chloride) hollow inner cylinder and an outer layer thereupon of
      epoxy resin matrix reinforced with glass fiber, and said coating bonding
      said inner cylinder and said outer layer comprises
      acrylonitrile-butadienestyrene resin, epoxy resin, methyl ethyl ketone,
      and a curing agent comprising an equimolar complex of diacetoneacrylamide
      and diethylenetriamine.
NUM  19.
PAR  19. The improved laminated article of claim 13 wherein said curing agent is
      present in said coating in an amount of from 5 to 35 parts by weight per
      100 parts by weight of said epoxy resin in said coating.
NUM  20.
PAR  20. The improved laminated article of claim 19 wherein said curing agent is
      present in the coating composition as 11 to 25 parts by weight per 100
      parts by weight of said epoxy resin in said coating.
NUM  21.
PAR  21. The laminated article of claim 13 comprising a pipe.
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ABST
PAL  An improved carrier for use on a shuttleless loom of the type in which yarn
      is inserted into the warp shed from a stationary source located outside of
      the warp and in which a free end of the previously cut warp is gripped by
      the inserter carrier between biased gripper finger and a yarn guide finger
      to carry the end to approximately the mid point between the two sides of
      the loom, in which the improved inserter carrier has a yarn gripping
      element whose axis of rotation can be spatially varied to assure accurate
      and uniform contact between the gripping surfaces of the pivotable gripper
      element and the yarn guide element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In shuttleless looms, that is, those looms in which weft yarn is supplied
      from a stationary source location outside the lateral limits of the warp
      yarns, it is customary to insert each pick of weft by means of a
      reciprocating inserter or inserters. In the most common shuttleless loom
      operation a supply of weft is located adjacent the right hand side of the
      loom and each pick of weft is drawn from the source and inserted into the
      shed formed between the warp yarns. The insertion itself is effected by
      means of an inserter carrier which is moved into and from the shed by
      means of a reciprocating inserter. In this usual form the inserter carrier
      is met at approximately the center of the warp shed by an extending
      carrier which grasps the weft being inserted and draws it to the other
      side of the loom. The extending carrier is moved into and out of the shed
      by means of a reciprocating inserter in the same manner in which the
      inserter carrier is moved.
PAR  There are two basic weft insertion methods that are used in connection with
      looms of the type mentioned above. These weft insertion methods are the
      Gabler and Dewas methods and are frequently referred to as the "hair pin"
      and "gripper" methods respectively. In the Gabler insertion method a weft
      yarn end is held clamped outside of the selvedge after cutting and the
      inserting carrier then pulls a quantity of yarn from the yarn package so
      that a loop of yarn is initially formed in the warp shed. After a
      predetermined length of time, the clamped end is releasaed so that the
      extending carrier can continue to draw the looped yarn to the other side
      of the loom. By way of contrast the Dewas system utilizes inserting and
      extending carriers in which the end of the yarn is gripped by the
      inserting carrier and then this same gripped end is transferred to the
      extending carrier and drawn on to the other side of the warp.
PAR  In the gripper system for inserting weft yarns it is often necessary, or
      desirable, to be able to insert yarns of different qualities and
      thicknesses, as it is in the hair pin system. However in the gripper
      method it is extremely vital that the clamping elements be brought into
      very accurate, aligned contact so that yarn ends are not lost during a
      pick and thus result in interruption of loom operation. For example if a
      loom is working with both a coarse and a fine yarn, that is with yarns of
      grossly different diameters, it is obvious that a gripper inserter must be
      able to accommodate and positively grip the yarn of lesser diameter as
      well as the yarn of larger diameter. Thus it is necessary to result to
      complex, time consuming and, therefore, expensive machining or other
      costly manufacturing methods for insuring that extremely close tolerances
      are obtained between the clamping elements.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  It is a present object of this invention to provide an improved gripper
      inserter element which can accommodate, conveniently, yarns of different
      characteristics and sizes.
PAR  Another object of this invention is to provide an improved gripper inserter
      element in which one of the yarn gripping elements can have its axis of
      rotation spatially adjusted to insure evenness of contact between the
      inserter gripper surfaces.
PAR  An additional object of this invention is to provide an improved yarn
      gripping inserter which provides a novel means for adjusting the gripping
      tension.
PAR  A further object of this invention is to provide an improved gripper
      inserter apparatus in which the tensioning means for varying gripping
      tension has greater life and flexibility of operation.
DRWD
PAR  Other objects and advantages of this invention will be in part explained by
      reference to the accompanying specification and drawings in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of an improved gripper weft inserter
      according to this invention;
PAR  FIG. 2 is a side elevation of an improved gripper looking toward the front
      wall thereof;
PAR  FIG. 3 is a top elevation of the improved gripper showing the positioning
      of a gripped yarn.
PAR  FIG. 4 is a side elevational similar to FIG. 2 with the carrier moved into
      the position where the gripping surfaces are opened;
PAR  FIG. 5 is a somewhat enlarged fragmentary side elevation showing the
      gripper adjusting cam in the position that causes alignment between
      gripping surfaces;
PAR  FIG. 6 is a view similar to FIG. 5 showing the cam in a position causing
      disalignment between gripping surfaces; and
PAR  FIG. 7 is an enlarged perspective view of the gripper cam.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As was previously mentioned it is extremely important in the gripper type
      of shuttleless loom that the gripping surfaces by accurately aligned so
      that yarns of various sizes can be gripped positively to avoid shutdown of
      the loom. Heretofore, to achieve accuracy of the type that is delivered by
      the apparatus of this invention it would have been necessary to result to
      time consuming and expensive machining operations. In order to better
      understand the construction and method of operation by which the
      shortcomings of the prior art are obviated, reference is made to the
      drawings, and specifically to FIG. 1. In this Figure numeral 10 indicates
      the general carrier assembly which is attached to the leading end of a
      reciprocating inserter 11. In this case reciprocating inserter 11 is shown
      as a flat flexible tape which can be wound and unwound about a tape wheel
      located outside of the warp shed, all in a well known manner. Other type
      of reciprocating inserters may also be used since the particular
      reciprocating inserter used is not relevent the present invention.
PAR  The improved gripper carrier 10 is comprised of a main body portion 12,
      which in turn includes a shank portion 12 that can be attached to the
      forward end of tape 11 by any suitable means, such as silver soldering,
      braising, etc. Main body portion 12 also includes a back wall 14 which
      extends outwardly from shank portion 13, at substantially right angles
      with respect to the upper surface of the shank portion 13. It can also be
      seen that back wall 14 includes means which define a yarn guide 15 that is
      in the form of a rearwardly sloped slot. Specifically the upper wall 16
      and lower wall 17 define the limits of the yarn guide 15. This particular
      type of guide is normally used when it is desired to operate a loom when
      using yarn from a plurality of sources, as opposed to a single source.
      These type of yarn guides are also well known in the prior art.
PAR  A further part of main body portion 12 is an upper wall 20 that begins at
      the uppermost limit of back wall 14 and extends forwardly in a
      substantially horizontal plane from the back wall 14. This upper wall 20
      is also located outwardly from the shank portion 13 and is substantially
      parallel with the upper surface of the shank portion. Upper wall 20
      terminates in a front wall 25 that extends downwardly from the forwardmost
      limit of upper wall 20.
PAR  From wall 25 extends downwardly from upper wall 20 a distance less that the
      height of back wall 14, as best seen in FIGS. 2 and 4 of the drawings. The
      lower terminus of front wall 25 defines a yarn gripping surface 26. That
      is, the bottom surface 26 defines a surface which combines with a gripper
      element, to be subsequently described, to engage the yarn and hold it
      firmly during the inserting operation.
PAR  As clearly shown in FIG. 1 of the drawings there is provided a yarn guide
      finger 30 that is secured at one end to the shank portion 13. Yarn guide
      finger 30 is attached to shank portion 13 by means of the Allen Reed
      screws 31 that extend through holes 32 in the yarn guide finger and on
      into the interiorly threaded openings 33 in the side of shank portion 13.
      The yarn guide finger 30 also includes a generally rectangularly shaped
      opening 34 in the upper surface of that portion which extends outwardly
      from shank portion 13 in the same direction as front wall 20. When
      assembled into position, the finger 30, and consequently the opening 34,
      are located in underlying relationship with respect to the gripping
      surface 26 of front wall 25.
PAR  An element essential to the yarn gripping functioning of the present
      improved carrier is identified in the figures by the numeral 35. This
      element 35 is the yarn gripper finger which has a gripper surface 36 that
      is adapted to cooperate with the lower yarn gripping surface 26 of front
      wall 25. It is these two surfaces that must be placed in accurate
      cooperating relationship throughout the lengths thereof if the carrier is
      to be capable of operating simultaneously with different varieties and
      sizes of yarns.
PAR  To achieve the necessary relationship between gripping surfaces 26 and 36,
      the gripper finger 35 is assembled onto the front wall 25 and provision is
      made for the finger 35 to pivot about an effective pivot axis which can be
      adjusted to be located in various spatial locations. As shown in the
      drawings this mounting means comprises a pivot shaft 40 that is inserted
      into a hole 41 in front wall 20 of main carrier body 12 and also through a
      larger opening 42 which extends through gripper finger 35. The location of
      the gripper finger 35 with respect to the front wall 25 is such that the
      openings 41 and 42 are in communication to permit pivot shaft 40 to extend
      through each of the openings. An additional element included as part of
      this overall mounting means is a cam 45 which is made up of a main body 46
      and an outwardly extending finger 47. The main body 46 of cam 45 includes
      a shoulder 48 (FIG. 7) that is so proportioned as to be rotatably received
      into the opening 42 of the gripper finger 35. It also includes means
      defining an opening 49 that is located on an axis generally parallel to
      the axis of rotation of cam 45, but which is not concentric therewith. The
      final element of the assembly mechanism is a fastening member 50, which is
      here shown as a nut that is assembled on the threaded outer end of a pivot
      shaft 40.
PAR  In order that the gripper finger 35 will be biased in a direction that
      causes gripper surface 36 to be urged against gripper surface 26, there is
      provided adjacent that end of the gripper finger 35 nearest to shank
      portion 13 a biasing means that is operatively connected to the gripper
      finger. The biasing means has been indicated generally by the numeral 55
      and comprises a biasing element which is here shown as a coil spring 56,
      the coil spring having one end secured to the back wall 14 by inserting it
      into the opening 58. The other end, 59, of spring 56 is secured to the
      gripper finger 35 by inserting it into the opening 60.
PAR  The pressure that is present to urge the gripping surface 36 of gripper
      finger 35 toward the yarn gripping surface 26 of front wall 25 can be
      varied by means of an arrangement whereby tension in the coil spring 56
      can be altered. Referring to the drawings there is provided a clamp 65
      which has a rounded or generally arcuately shaped portion that receives a
      portion of the body of spring 56. Clamp 65 is held in position on the
      shank portion 13 of main body 12 by means of a bolt 66 that extends
      upwardly through an opening 67 in the shank portion 13. The upper end of
      bolt 66 extends through the slotted opening 68 in clamp 65 so that the nut
      70 can be threaded thereon. Thus after spring 56 is secured to the back
      wall 14 and to the gripper finger 35 the clamp 65 is drawn down to exert
      more or less pressure against the coiled body portion of the spring, as
      desired. This pressure exerted against the body varies the tension exerted
      against it and thus, in turn results in a change in the amount of pressure
      that finger 35 can exert against the gripping surface of front wall 25.
PAR  To explain the general functioning or operation of the present invention, a
      gripper carrier is assembled in accordance with the preceeding discussion.
      The tension exerted against spring 56 can be roughly approximated from
      knowledge of the type of weft yarn that is to be inserted into the warp
      shed. Obviously this tension can be adjusted to be either greater or
      smaller circumstances require. The operator then determines whether or not
      there is continuous, unbroken contact between the surface 36 and 26 (as
      for example shown in FIG. 5) or whether there exists a gap, as indicated
      by the numeral 75 in FIG. 6. If these surfaces are not completely mating
      then the operator loosens the fastener 50 on pivot shaft 40 and rotates
      the cam 45 in the direction necessary to bring surfaces 26 and 36 into the
      mating engagement illustrated in FIG. 5. Since the axis of pivot shaft 40
      is parallel to the axis of rotation of cam 45, but is not concentric
      therewith, rotation of the cam will cause a spatial relocation of the axis
      of rotation of the gripper finger 35. It is this change of location of the
      pivot axis of gripper finger 35 that makes possible the relative alignment
      between gripping surfaces 26 and 36. After alignment of the gripping
      surface has been accomplished the carrier is ready for use.
PAR  Although the present invention has been described in connection with
      preferred embodiments, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention as those skilled in the art will readily understand. Such
      modifications and variations are considered to be within the purview and
      scope of the invention and the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved carrier for inserting weft yarn into the shed formed between
      warp yarns on a loom of the type in which the weft yarn is supplied from a
      source located outside of the warp and is inserted into the shed by a
      carrier which is attached to a reciprocating inserter, said improved
      carrier, comprising:
PA1  1. a main body portion which includes:
PA2  a. a shank portion for attachment to the reciprocating inserter,
PA2  b. a back wall extending outwardly from said shank portion, said back wall
      including means defining a yarn guide,
PA1  c. a top wall extending forwardly from said back wall,
PA2  d. a front wall extending downwardly from said top wall a distance less
      than the height of said back wall, and
PA2  e. a yarn gripping surface on the bottom surface of said front wall,
PA1  2.
NUM  2.
PAR  2. a yarn guide finger secured at one end to said shank portion and
      extending outwardly therefrom in the same direction as said front wall and
      located in underlying relationship with respect to said gripping surface
      thereon;
PA1  3. a gripper finger having a gripping surface for cooperation with said
      yarn gripping surface on said front wall,
PA1  4. means mounting said gripper finger on said front wall for rotation about
      a pivot axis wherein said means provides for variation in the spatial
      location of the pivot axis, and
PA1  5. a biasing means for urging said gripper finger into gripping contact
PAR   with said yarn gripping surface. 2. An improved carrier as defined in
      claim 1 wherein said biasing means is a coil spring having one end
      attached to said back wall and one end connected to said gripper finger.
NUM  3.
PAR  3. An improved carrier as defined in claim 1 wherein said biasing means can
      be adjusted to change the force urging the gripping surface of said
      gripper finger toward the yarn gripping surface of said front wall.
NUM  4.
PAR  4. An improved carrier as defined in claim 2 wherein means is provided to
      compress said spring in a direction substantially parallel to the radii of
      the coils thereof.
NUM  5.
PAR  5. An improved carrier as defined in claim 4 wherein said spring
      compressing means comprises a claim member that is adjustable attached to
      said shank portion of said main body member.
NUM  6.
PAR  6. An improved carrier as defined in claim 1 wherein said front wall and
      said gripper finger have means defining openings therethrough which are so
      located as to communicate, a pivot shaft extending through said openings,
      cam means mounted within said opening in said gripper finger for rotation
      about an axis parallel to but not coaxial with the axis of rotation of
      said pivot shaft and having means defining an opening to receive said
      shaft of rotation whereby rotation of said cam means will vary the spatial
      location of the axis of said pivot shaft.
NUM  7.
PAR  7. An improved carrier as defined in claim 1 wherein said means mounting
      said gripper finger for rotation includes:
PA1  1. a pivot shaft extending outwardly from said front wall,
PA2  2. means including a cam having an opening for receiving said pivot shaft,
      said cam being mounted within said gripper finger for rotation about an
      axis parallel to but not concentric with the axis of said pivot shaft.
NUM  8.
PAR  8. An improved carrier as defined in claim 7 wherein said cam has:
PA1  1. a main body and
PA1  2. an adjusting finger extending outwardly therefrom.
NUM  9.
PAR  9. As improved carrier as defined in claim 7 wherein means are provided for
      locking said cam in a preselected position.
NUM  10.
PAR  10. An improved carrier as defined in claim 7 wherein said biasing means is
      a coil spring having one end to said back wall and one end attached to
      said gripper finger.
NUM  11.
PAR  11. An improved carrier as defined in claim 10 wherein the tension in said
      coil spring can be adjusted.
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ABST
PAL  A tool adapted to receive the free end of a self-locking bundle tie formed
      of stainless steel or the like which has a loop disposed about a bundle of
      articles such as electrical wires or cables. The tool is provided with a
      handle which is manually reciprocated to operate the tool. In operation
      the tool will initially tighten the loop about the bundle of articles by
      applying tension to the free end of the bundle tie. After the desired
      tension is achieved within the loop, continued operation of the tool will
      cause the tension applied to the free end of the bundle tie to be relaxed,
      the free end of the bundle tie to be subsequently cut adjacent the loop.
      The tool is a compact hand tool designed to cut stainless steel bundle
      ties with a minimum of force.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to hand tools or the like designed
      for tightening a bundle tie about a plurality of articles to a
      predetermined value and to subsequently cut the free end of the bundle tie
      which extends away from the loop disposed about the articles.
PAC  BACKGROUND OF THE INVENTION
PAR  Tools are well-known for tightening the loop of a bundle tie around a
      plurality of wires and other similar articles and for subsequently
      severing the excess strap. Examples of such tools are shown in U.S. Pat.
      Nos. 3,610,296, 3,830,263 and Re26,492. All of the above patented tools
      receive the free end of a bundle tie which has a loop disposed about a
      plurality of articles such as electrical wires or cables, tighten the loop
      about the articles by applying tension to the free end of the bundle tie,
      and subsequently cut the free end of the bundle tie closely adjacent to
      the loop which has been tensioned about the bundle of articles. None of
      the above patents are particularly suitable for tightening loops of bundle
      ties which are made of stainless steel or the like. For example, Re26,492
      maintains tension upon the free end of the strap during the severing of
      the strap. This results in requiring additional force to cut the strap and
      may also cause the strap to tear during cutting. U.S. Pat. Nos. 3,610,296
      and 3,830,263 both disclose tools which release the tension on the free
      end of the bundle tie after the desired tension has been received within
      the loop and which subsequently cut the free end of the bundle tie.
      However, in both of these designs, the tensioning takes place during a
      first portion of the movement of the handle of the tool and the cutting
      takes place only during a second portion of the movement of the handle.
      While these tools will perform in a satisfactory manner, it should be
      observed that a greater force may be required on the handle to cut the
      strap than with the tool of the present invention. Thus, only a small
      portion of the movement of the handle is utilized to cut the free end of
      the strap in the prior art patents, while a significantly greater
      proportion of the movement of the handle of the present invention may be
      utilized to cut the strap. Also, the prior art tools do not utilize the
      full stroke of the handle to tighten the strap, while the tool of the
      present invention may utilize the full stroke of the handle to tighten the
      strap. Furthermore, the designs of these tools do not lend themselves to
      the compact design of the present tool.
PAC  OBJECTS AND SUMMARY OF THIS INVENTION
PAR  It is a principal object of the present invention to provide a compact hand
      tool suitable for tensioning a loop of a bundle tie about a bundle of
      articles and for subsequently cutting the free end portion of the loop.
PAR  More particularly, it is an object of the present invention to provide a
      hand tool for tensioning a self-locking stainless steel bundle tie or the
      like about a bundle of articles such as electrical wires and cables and to
      subsequently sever the free end of the strap with minimum force
      requirements.
PAR  It is another object of the present invention to provide a hand operated
      tool adapted to tension the loop of a self-locking stainless steel bundle
      tie about a plurality of articles wherein a substantially full movement of
      the handle may be utilized to tension the loop, the tool being adapted to
      cut the free end of a bundle tie after the desired tension has been
      achieved through a similar corresponding movement of the handle of the
      tool.
PAR  The above objects, and further objects and advantages, are attained by
      providing a tool having a longitudinally extending frame with one end
      adapted to be disposed adjacent the bundle which has the loop portion of a
      self-locking bundle tie disposed about the bundle, the other end of the
      longitudinally extending frame carrying a handle. The free end of the
      self-locking bundle tie is inserted into an aperture in the tool between
      plate means and tensioning means. The tensioning means include a bell
      crank lever strap engaging mechanism which carries pawl means and the
      plate means, mounting means for mounting the bell crank lever mechanism
      for reciprocal movement and also for swinging movement between a first
      tension applying position and a second position, reciprocal means
      interconnected with the mounting means and operable to reciprocate the
      mounting means and the bell crank lever mechanism to cause the bell crank
      lever mechanism to exert tension on the free end of the bundle tie during
      reciprocation in one direction when the bell crank lever mechanism is in
      its first tension applying position, and force applying means normally
      operable to maintain the bell crank lever mechanism in its first position.
      The tool further includes cutting means operable to cut the free end of
      the bundle tie only after the ball crank lever mechanism has been shifted
      to its second position, the cutting means being caused to be operated by
      structure which interconnects the reciprocal means with the cutting means,
      and actuator means which includes a manually engagable reciprocal handle.
DRWD
PAR  The objects set forth above and other objects and advantages in this
      invention will be apparent to those skilled in the art after a
      consideration of the following detailed description, taken in conjunction
      with the accompanying drawings in which a preferred form of this invention
      is illustrated.
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the tool of this invention disposed
      adjacent a plurality of articles about which the loop of a self-locking
      bundle tie has been disposed, the tool being shown with the free end of
      the bundle tie extending through an aperture within the tool.
PAR  FIG. 2 is an enlarged perspective view showing a portion of the
      self-locking bundle tie shown in FIG. 1.
PAR  FIG. 3 is a side view of the tool shown in FIG. 1 with portions being
      sectioned.
PAR  FIG. 4 is a section taken generally along the lines 4--4 in FIG. 3.
PAR  FIG. 5 is an enlarged sectional view of the end of the tool which is
      adapted to be disposed adjacent the bundle, the parts being shown in their
      initial position.
PAR  FIG. 6 is a view similar to FIG. 5 showing the disposition of the parts of
      the tool as tension is initially being applied to the free end of the
      bundle tie to cause the loop of the bundle tie to be tightened about a
      plurality of articles.
PAR  FIG. 7 is a view similar to FIG. 6 showing the disposition of the parts as
      a predetermined tension is achieved within the loop and immediately prior
      to the actuation of the cutting mechanism.
PAR  FIG. 8 is a view similar to FIG. 7 showing the manner in which the free end
      of the bundle tie is cut.
PAR  FIG. 9 is a section taken generally along the line 9--9 in FIG. 5.
PAR  FIG. 10 is a sectional view taken generally along the line 10--10 in FIG.
      5.
PAR  FIG. 11 is an enlarged view showing the disposition of various parts of the
      tool the instant before the desired tension within the loop is achieved.
PAR  FIG. 12 is a view similar to FIG. 11 showing the disposition of various
      parts of the tool the instant before the free end of the strap is severed.
PAR  FIG. 13 is a section taken generally along the line 13--13 in FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 1, 2, 11 and 12, the tool of this invention, which
      is indicated generally at 10, is adapted to tighten or tension the loop
      portion 12 of a self-locking bundle tie about a plurality of articles 14,
      which may be electrical wires or cables, and to subsequently cut the free
      end portion 16, of the bundle tie, which is indicated generally at 18,
      after the desired tension has been achieved within the loop. The bundle
      tie 18 is preferably formed of stainless steel or the like and is of the
      type shown in U.S. Pat. application Ser. No. 399,644 filed Sept. 21, 1973.
      The bundle tie includes a clip portion 20 which is secured by spot welding
      or the like to one end 22 of the bundle tie strap in the manner indicated
      in FIG. 2, the clip portion having an overlying portion which includes a
      resilient spring element 24. When securing the bundle tie 18 about a
      plurality of articles, the free end portion 16 of the bundle tie is
      inserted within the clip portion from a left to right direction as viewed
      in FIG. 2 to form a loop which is disposed about the articles, and the
      free end portion is then pulled to the right to initially tension the loop
      of the bundle tie about the bundle to hand tightness. The bundle tie
      strap, which is preferably formed of stainless steel, is provided with a
      plurality of upwardly extending vanes 26 spaced inwardly of peripheral
      edge portions 28. The vanes of the one end 22 of the bundle strap will
      interengage with the corresponding vanes of that portion of the strap
      which is disposed above them to form a self-locking structure so that the
      portion of the strap which is disposed above the one end of the bundle tie
      strap 22 cannot be moved in a left-hand direction as viewed in FIG. 2. In
      this regard, the resilient spring element 24 will bear against the upper
      strap to cause it to become interengaged with the lower strap.
PAR  The tool of this invention includes a main frame portion, indicated
      generally at 30, which is adapted to have one end, indicated generally at
      32, disposed adjacent the bundle of articles, the other end, indicated
      generally at 34, being interconnected with actuator means 36. The one end
      32 of the tool is provided with an aperture or channel through which the
      free end portion 16 of the bundle tie can be received in the manner
      indicated in FIG. 5. The main frame portion 30 has a generally inverted
      U-shape and includes an upper generally horizontal portion 38 and opposed
      depending side portions 40, 42 which are integral with the upper portion
      38. The lower edges of an intermediate section the side portions 40, 42
      are interconnected to a longitudinally extending member 44 by fasteners
      46, a pivot block 48 is disposed between the side portions 40, 42 adjacent
      the other end 34 of the tool and is secured in place by fasteners 50, and
      similarly, a mounting block 52 is secured adjacent the one end of the
      frame portion between the side portions 40, 42 by fasteners 54. Various
      operative components of the tool are mounted within the frame on the
      longitudinally extending member 44, the pivot block 48 and the mounting
      block 52. These operative components include plate means indicated
      generally at 56, tensioning means indicated generally at 58, cutting means
      indicated generally at 60, a back latch mechanism indicated generally at
      62 (FIG. 6), and the actuator means 36.
PAR  The plate means 56 is slidably mounted on the mounting block 52 within the
      frame for reciprocal movement between a left-hand position such as that
      shown in FIG. 5 and a right-hand position such as that shown in FIG. 6.
      The plate means includes a first portion 64 and a second portion 66. The
      second portion 66 has a width less than the width of the mounting block as
      can best be seen from FIGS. 9 and 13 and is provided with an aperture 68
      open to the right-hand side for the reception of one end of a compression
      spring 70. The other end of the compression spring 70 is received within
      an aligned aperture 72 of the left-hand end of the longitudinally
      extending member 44. The compression spring will normally bias the plate
      means 56 to its left-hand position shown in FIG. 3.
PAR  The first portion 64 of the plate means has a width only slightly less than
      the spacing between the side portions 40, 42 of the frame throughout most
      of its length as can best be seen from FIG. 13. However, the first portion
      does have a reduced width section 74 which extends into a portion of the
      cutting means, the reduced width portion being provided with a notch 75
      through which a portion of the back latch mechanism may extend. As can be
      seen from FIG. 5, for example, the depth of the first portion 64 is not as
      great as the depth of the second portion 66, and thus only the portion 66
      is in contact with the mounting block 52. The first portion is provided
      with first and second upper surfaces 76, 78 which are disposed at an
      obtuse angle relative to each other, the second surface being disposed
      parallel to the movement of the plate means 56. The function of the plate
      means will be brought out in the discussion of the operation of the tool.
PAR  The tensioning means 58 includes a strap engaging bell crank lever
      mechanism 80, mounting means for mounting the strap engaging mechanism
      within the frame for the either reciprocal movement or for swinging
      movement between first and second positions, the mounting means being
      indicated generally at 82, reciprocal means which are operable to
      reciprocate the mounting means and the bell crank lever mechanism towards
      and away from the bundle tie, the reciprocal means being indicated
      generally at 84, and force applying means indicated generally at 86. The
      tensioning means 58 is caused to be operably reciprocated in one direction
      by the actuator means 36, the actuator means being interconnected to the
      reciprocal means 84.
PAR  The actuator means 36 includes a handle 88 which is interconnected withh a
      force multiplying linkage assembly which is indicated generally at 90. The
      force multiplying linkage assembly includes a pair of bell crank plates 92
      which have an end portion pivotally secured to an intermediate portion of
      the handle 88 by a pivot pin 94. An end of the handle 88 is also
      interconnected with the pivot block 48 by means of a pivot pin 96 which is
      received in a cylindrical aperture in the end of the handle and an
      elongated aperture 98 in the pivot block. An intermediate portion of each
      of the bell crank plates 92 is pivotally secured to the pivot block 48 by
      pivot pins 100. The other end of the bell crank plates 92 is provided with
      an elongated slot 102 which is adapted to receive a transversely extending
      pivot pin 104 carried by a portion of the reciprocal means.
PAR  The reciprocal means includes a reciprocal draw bar 106 which has a portion
      received within a longitudinally extending bore of a spacer 108 which is
      in turn rigidly secured to the longitudinally extending member 44 by a
      fastener 110. The right-hand end of the draw bar 106 is received within an
      aligned aperture 112 of a slide block 114 and is rigidly secured thereto
      by means of a roll pin 116 or the like. The slide block 114 is also
      provided with a transversely extending aperture which receives the
      transversely extending pin 104 of the actuator means 36. The left-hand end
      of the draw bar 106 is similarly received within an aperture 118 of
      another slide block 120 and is secured thereto by a roll pin or the like
      122. A compression spring 124 is disposed about the draw bar 106 with one
      end bearing against the fixed spacer 108 and the other end bearing against
      the slide block 122. The compression spring will act to bias the slide
      block 120 in the left-hand direction, as can be appreciated from an
      inspection of the drawings.
PAR  The mounting means 82 includes a pair of guide plates or slides 126, 128,
      the right-hand ends of the guide plates being secured to opposite sides of
      the slide block 120 by fasteners 130, and the left-hand end of the slides
      126, 128 being interconnected to each other by a spacer 132, which is
      secured in place by fasteners 134. To the right of the spacer 132 the
      slides 126, 128 are provided with a pair of elongated slots 136 which
      receive opposed ends of a pivot pin 138. An intermediate portion of the
      strap engaging bell crank lever mechanism 80 is supported by the pivot pin
      138 for swinging movement about the pivot pin 138 as the ends of the pivot
      pin move upwardly and downwardly within the slots 136, the strap engaging
      bell crank lever mechanism being shiftable between a first operative
      position shown in FIGS. 5 and 6 to a second position shown in FIGS. 7 and
      8.
PAR  The strap engaging bell crank lever mechanism 80 includes a pair of spaced
      apart plates 140, 142 (FIGS. 4 and 9), an intermediate portion of the
      plates being interconnected to each other by a spacer 144, the spacer
      being interconnected with the plates by fastener means not shown. The
      left-hand end of the plates 140, 142 are apertured and receive the pivot
      pin 138. Pawl means 146 are journalled about the pin 138 between the
      plates 140, 142, the pawl means being provided with a channel (no number)
      between two spaced apart pawl projections 148, 150 (FIGS. 11 and 12). The
      pawl projections 148, 150 are adapted to engage the peripheral edge
      portions 28 of the strap 16 to either side of the vanes, the vanes passing
      through the channel. The pawl means 146 can pivot about the pin 138
      between the position shown in FIG. 5 and the position in FIG. 6. In this
      connection it should be noted that the pawl means is provided with an
      upper surface 152 which is adapted to abut the left-hand surface of the
      spacer 144 when in the position shown in FIG. 6. Furthermore, compression
      spring means 154 are provided which normally bias the pawl means into the
      position shown in FIG. 6, one end of the compression spring means bearing
      against the left-hand surface of the spacer 144, and the other end of the
      compression spring means bearing against the bottom of a recess provided
      in the pawl means 146.
PAR  The force applying means 86 is mounted between the slide block 120 of the
      reciprocal means and the right-hand end of the bell crank lever mechanism,
      and the force applying means is also disposed between the slides 126, 128.
      The force applying means will normally bias the strap engaging means in a
      counter-clockwise direction as viewed in the FIGS. about the pivot pin 138
      to dispose the mechanism 80 in its first position. However, the tensioning
      of the strap will impart a clockwise force to the bell crank lever
      mechanism, and when the clockwise force equals or exceeds the force
      imparted to the bell crank lever mechanism by the force applying means the
      bell crank lever mechanism will then rotate in a clockwise direction as
      the ends of the pivot pin move upwardly within the slots until the bell
      crank lever mechanism attains the second position shown in FIGS. 7 and 8.
      The force applying means 86 includes a spring holder 158 which is provided
      with a bore which receives a plurality of Belleville washers 160 which act
      as compression spring means to normally bias the spring holder away from
      the slide block 120. The right-hand end of the bore in the spring holder
      receives a cylindrical spacer 162. Adjustable means are provided to vary
      the force exerted by the force applying means, and to this end the
      left-hand end of the slide block 120 is provided with upper and lower
      extensions 163 and 164 and a cam 166 is received within the extensions.
      The cam is secured to a vertically extending shaft 168 which is journalled
      for rotation within bores of the upper and lower extensions 163 and 164,
      and the upper end of the shaft is slotted as at 169, the cam being secured
      to the shaft by means of a fastener 170. The cam is provided with a
      plurality of faces 171 spaced varying distances from the axis of rotation
      of the shaft 140. By turning the cam the force exerted by the force
      applying means may be varied which will in turn vary the tension applied
      to the strap in a manner which is more fully set forth below. The
      left-hand end 172 of the spring holder is of a reduced width and extends
      between the plates 154, 156, the reduced width portion being provided with
      an upwardly inclined surface 175 which is utilized to guide the end of the
      free end portion 16 through the apertue within the left-hand end of the
      tool as it is being initially inserted into the tool. The full width
      portion of the spring holder 158 abuts against the right-hand end of each
      of the plates 140, 142.
PAR  The strap engaging mechanism is provided with means to engage the cutting
      means only when the strap engaging means is in its second position. To
      this end each of the slides 126, 128 is provided with a vertically
      extending channel portion open to the side of the spaced apart plates 140,
      142. A slide 174 is received within each of these channels, and each of
      the slides 174 is in turn provided with a vertically extending channel
      closed at both ends, the vertically extending channel 176 receiving a
      plate 178 which is in turn interconnected to the right-hand end of each of
      the plates 140, 142 by a pivot pin 180 which is received within an
      elongated aperture 182 of each of the plates 178. A compression spring 184
      is disposed between the lower end of each of the plates 178 and the bottom
      of the associated vertically extending channel 176 to cause the slide 174
      to be normally biased to a lower position.
PAR  The cutting means includes a stationary shear blade 186 and a movable shear
      blade 188. The stationary shear blade is interconnected with the mounting
      block 52 by means of a cutter guide plate 190, a lower plate 192 and
      fasteners 193. The movable shear blade is in turn interconnected to a
      movable mounting member 194 by a fastener 196. The movable mounting member
      194, the fastener 196 and the movable shear blade 188 are mounted within a
      channel defined by spaced apart portions of the mounting block 52 and the
      lower plate 192. The movable mounting member is in turn interconnected to
      one end of a pair of spaced apart links 198 by pivot pin means 200, and
      the other end of the pair of spaced apart links are in turn interconnected
      to an end of a pair of spaced apart bell crank levers 202 by further pivot
      means 204. An intermediate portion of each of the bell crank levers 204,
      which are disposed on opposite sides of the mounting block 52, is
      pivotally secured to the mounting block 52 by pivot means 206. The other
      end of each of the bell crank levers 202 carries a pivot member 208 which
      is received within a vertically extending slot 210 of a slide 212, there
      being two slides, one disposed to either side of the second portion 66 of
      the plate means 56.
PAR  The back latch mechanism includes a back latch holder 214 which is secured
      to the mounting block 52 by a fastener 216 and a back latch member 218
      which is in turn secured to the back latch holder 214 by a fastener 220,
      the back latch member being provided with an upwardly projecting portion
      222.
PAC  OPERATION
PAR  After the loop portion 12 of a bundle tie 16 has been formed around a
      plurality of articles, the free end portion 16 of the bundle tie is fed
      through the left-hand end of the tool, the free end of the bundle tie
      being disposed between the pawl means 146 and an upper surface 76 of the
      first portion 64 of the plate means 56 with an end portion of the free end
      strap portion extending through an aperture 224 in the upper surface 38 of
      the main frame. Initially the free end portion is pulled through the tool
      as far as possible and the tool is moved to the left to dispose its
      left-hand end adjacent the clip portion 20, as can best be seen from FIG.
      5.
PAR  To tighten the loop about the plurality of articles the tensioning means is
      reciprocated from the left to the right in the direction of the arrow 226
      until the desired tension is attained within the loop portion, during
      which movement the free end of the strap is caused to be tensioned as the
      bell crank mechanism is moving in the direction of the arrow 226 in FIG.
      6. During tensioning movement the pawl projections 148, 150 will engage
      peripheral portions 28 of the free end of the strap to either side of the
      vanes 26 and hold the strap tightly against the inclined upper surface 76
      of the plate means 56. During reciprocation of the tensioning means in a
      direction opposite to the arrow 226 the free end of the strap 16 will bow
      down slightly and the upwardly projecting portion 222 of the back latch
      mechanism will pass between two of the vanes 26 of the strap to hold the
      strap under tension. The tensioning means is caused to be moved in the
      direction of the arrow 226 by engaging the handle 88 and swinging it in
      the direction of the arrow 228. As the handle 88 is moved in the direction
      of the arrow 228 the force multiplying linkage assembly will engage the
      reciprocal means 84 to move it and the other parts of the tensioning means
      away from the bundle tie. If the handle is released, the compression
      spring 124 will in turn cause the reciprocal means to move in an opposite
      direction to cause the other parts of the tensioning means to move towards
      the bundle tie. It should be noted that before the handle is reciprocated,
      the desired tension which is to be attained within the loop is adjusted by
      turning the slotted end 169 of the shaft 168 with a screwdriver or the
      like to dispose one of the surfaces 175 of the cam 166 in contact with the
      spacer 162. In this connection it should be noted that another aperture
      232 is provided in the upper surface 38 of the frame above the shaft 168
      for this purpose. In one model of this invention the desired tension can
      be varied within a range of 20 to 80 pounds. However, other ranges of
      tension can be provided for by varying the Belleville washers.
PAR  As it has been brought out above, the strap engaging bell crank lever
      mechanism 80 is swingably and shiftably mounted on the mounting means 82
      for movement between a first tension applying position, which is shown for
      example in FIGS. 6 and 11, and a second position, which is shown for
      example in FIGS. 7 and 12. When the bell crank lever mechanism is in its
      first position it will apply tension to the free end of the strap during
      movement of the tensioning means in the direction indicated by the arrow
      226. However, when the desired tension is achieved, further movement of
      the tensioning means in the direction of the arrow 226 will cause the bell
      crank lever mechanism to be shifted to its second position as the force
      applying means is compressed, the tension on the free end of the strap now
      being relaxed. As the strap engaging mechanism is shifted to its second
      position, the right-hand surface of the slide 174, which serves as
      abutment means, may contact the left-hand surface 234 of the slide 212 to
      cause the cutting means to be actuated during further movement in the
      direction of arrow 226.
PAR  The force applying means 86 will normally maintain the bell crank lever
      mechanism 80 in its first position as long as the opposed force imposed
      upon the bell crank lever mechanism by the tension force within the strap
      does not exceed the preselected force of the springs 160. Thus, the
      left-hand end 238 of the spring holder 158 is biased into engagement with
      the right-hand end of the spaced apart plates 140, 142 of the strap
      engaging mechanism 80. As the resulting force line 240 (FIG. 6) is spaced
      above the pivot pin 138, the bell crank lever mechanism will have a
      counter-clockwise rotational force imposed upon it. As long as the opposed
      force imparted to the strap engaging mechanism by the tension in the strap
      does not exceed the force of the force applying means during movement of
      the tensioning means in the direction of the arrow 226 the strap engaging
      mechanism 80 will be maintained in its first position. Thus, when the
      parts are moved in the direction of the arrow 226, the pawl projections
      148, 150 will engage the peripheral edge portions of the strap 16 to
      either side of the vanes 26 and hold these portions of the strap tightly
      against the sloping surface 76 of the plate means 56. During such
      movement, when the bell crank lever mechanism is maintained in its first
      position, the plate means will shift with the free end of the strap from
      the left-hand position shown in FIG. 5 to the right-hand position shown in
      FIG. 6 as the strap 16 is trapped between the pawl projections 148, 150
      and the inclined surface 76. The tensioning means, when moved in the
      direction of the arrow 226, will exert tension on the free end of the
      strap, and this tension force will react through the pawl projections 148,
      150 to tend to rotate the bell crank mechanism in a clockwise direction,
      indicated by the arrows 242, to its second position. When the opposed
      force imposed upon the bell crank lever mechanism by the tension within
      the free end of the strap 16 exceeds the pre-selected force of the force
      applying means, the force applying means will be compressed permitting the
      bell crank lever mechanism to shift from its first position to its second
      position with the pivot means 138 riding upwardly within the slots 136
      until the bell crank lever mechanism is in the position shown in FIG. 7.
      As the right-hand end of the bell crank lever mechanism has now been
      shifted downwardly, and as the pivot means has been shifted upwardly, the
      resulting force imposed by the force applying means will pass
      substantially closer to the pivot means 138. This will cause the tension
      within the strap to be relaxed. It should also be appreciated that as the
      bell crank lever mechanism rotates or swings to its second position, that
      the pawl projections will now slide along the peripheral edge portions of
      the strap which overlie the second surface of the plate means, the second
      surface 78 being parallel to the reciprocal movement imparted to the bell
      crank lever mechanism by the reciprocal means, and the strap may now slide
      between the pawl projections and the upper surface 78 in the direction
      indicated by the arrow 244. As can be seen from a comparison of FIGS. 11
      and 12, the free end portion 16 of the strap will be held under tension
      the instant before the tension within the strap equals the tension of the
      force applying means. However, when the bell crank lever means shifts to
      its second position the tension is released on the strap, and the free end
      of the strap will move in the direction of the arrow 244 until the vanes
      26 of the superimposed portions of the strap within the clip 20
      inter-engage with each other to lock the strap in its desired final
      position.
PAR  When the bell crank lever mechanism 80 shifts to its second position, the
      right-hand end of the mechanism 80 will be shifted downwardly, causing the
      abutment means or surface 236 of the slides 174 also to be shifted
      downwardly. If the abutment means is not overlying the upper surface of
      the slides 212 when this event occurs, further movement of the handle in
      the direction of the arrow 228 will cause the reciprocal shearing means to
      be moved upwardly and to the left in the direction indicated by the arrow
      246 in FIG. 8 to shear the free end 16 closely adjacent to the bundle tie.
      If the bell crank lever mechanism 80 were to be shifted to its second
      position when in the FIG. 6 position, the lower end of the slides 174
      could not move downwardly as they are overlying the top surface of slides
      212. In this situation, the springs 184 would be compressed and the slides
      174, which are normally disposed in an extended position as shown in the
      various Figures, would be shifted to their retracted position. If the
      handle 88 is now released, the spring 124 will shift the tensioning means
      in a direction opposite to the arrow 226, which will in turn cause the
      bell crank lever mechanism to be shifted to its first position until the
      tensioning means attains its forward position shown in FIG. 5. Then,
      further reciprocation of the tensioning means in the direction of the
      arrow 226 will initially cause the bell crank lever mechanism to swing to
      the position shown in FIG. 7, and further similar movement of the
      tensioning means will initially cause the abutment surfaces 236 to contact
      the left-hand surfaces 234 of the slides 212, and continued movement will
      then cause the cutting means to be actuated. At this time the strap is not
      being tensioned, and therefore less force is required to cut the strap
      than if it were necessary to apply tension to the strap 16.
PAR  The reciprocal shearing means is caused to be moved upwardly in the
      direction indicated by the arrow 246 by movement of the slides 212 in the
      direction of the arrow 248, this movement being imposed upon the slides
      212 by the action of the slides 174 when the actuator means causes
      tensioning means to move in the direction of the arrow 226. As the slides
      212 move in the direction of the arrow 248, they will cause the bell crank
      lever means 202 to rotate in the direction of the arrows 249 about the
      pivot pin 206. This will in turn cause the links 198, the movable mounting
      member 194, and the movable shear blade 188 to be moved in the direction
      of the arrow 246 to cause the free end of the strap to be sheared.
PAR  After the strap has been cut, the handle will be released and the
      tensioning means will be biased to the left by the action of the spring
      124. At the same time, the slides 212 will be moved in a direction
      opposite to the arrow 248 and the reciprocal shearing means will be biased
      in a direction opposite to the arrow 246 by the action of a tension spring
      250 which has one end interconnected with a projection 252 carried by the
      mounting block 52 and the other end interconnected to a projection 254
      carried by the bell crank member 202.
PAR  The tool of this invention requires less force to cut a strap as the cutter
      mechanism can only be actuated in response to the relaxation of the
      tension on the free end of the strap and thus, it is not necessary to
      additionally apply force to tension the strap during the cutting
      operation.
PAR  While a preferred structure in which the principles of the present
      invention have been incorporated is shown and described above, it is to be
      understood that the invention is not to be limited to the particular
      details, shown and described above, but that, in fact, widely differing
      means may be employed in the practice of the broader aspects of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tool adapted to receive the free end of a self-locking bundle tie
      which has a loop disposed about a bundle, to tighten said loop by applying
      tension to the free end of the bundle tie, to discontinue tightening said
      loop when the desired tension is achieved within the loop by relaxing the
      tension applied to the free end of the bundle tie, and to cut the free end
      of the bundle tie after the tension has been relaxed;  said tool
      comprising;
PA1  plate means;
PA1  tensioning means including
PA1  a bell crank lever mechanism having pawl means mounted on one end, said
      free end of the bundle tie extending between said pawl means and said
      plate means,
PA1  mounting means for mounting the bell crank lever mechanism for reciprocal
      movement and also for swinging shifting movement between a first tension
      applying position and a second position, and
PA1  reciprocal means interconnected with the mounting means and operable to
      reciprocate the mounting means and the bell crank lever mechanism, said
      tensioning means being operable when the bell crank lever mechanism is in
      its first position to exert tension on the free end of the bundle tie
      during reciprocation of the bell crank lever mechanism in one direction to
      tighten said loop disposed about said bundle, and, when the bell crank
      lever mechanism is in its second position being unable to tighten said
      loop about said bundle during reciprocation of the bell crank lever
      mechanism in said one direction; and
PA1  cutting means operable to cut the free end of the bundle tie during
      reciprocation of the bell crank lever mechanism in said one direction only
      after said bell crank lever mechanism has shifted to the second position.
NUM  2.
PAR  2. The tool set forth in claim 1 in which said mounting means includes
PA1  pivot means extending through an intermediate portion of said bell crank
      lever mechanism; and
PA1  a pair of spaced apart slides provided with aligned elongated slots, spaced
      apart end portions of said pivot means being received within said
      elongated slots;
PA1  the parts being so arranged and constructed that when the bell crank lever
      mechanism is in its first tension applying position the spaced apart end
      portions of said pivot means will be disposed in one end of the elongated
      slots, and when the bell crank lever mechanism is shifted to its second
      position the bell crank lever mechanism will pivot about the axis of the
      pivot means as the end portions of the pivot means shift away from said
      one end of the elongated slots.
NUM  3.
PAR  3. The tool set forth in claim 1 wherein the force exerted by the
      reciprocal means upon said bell crank lever mechanism when tensioning said
      free end tends to swing said bell crank lever mechanism towards its second
      position; and
PA1  force applying means operable to exert an opposing force upon said bell
      crank lever mechanism to maintain the bell crank lever mechanism in its
      first tension applying position until the bell crank lever mechanism is
      swung to its second position when the force exerted by the reciprocal
      means upon the bell crank lever mechanism during tensioning of the free
      end of the bundle tie exceeds the force exerted by the force applying
      means upon the bell crank lever mechanism.
NUM  4.
PAR  4. The tool set forth in claim 3, in which said reciprocal means includes
PA1  a reciprocal draw bar,
PA1  means engagable with one end of said draw bar to selectively move said draw
      bar in a first direction,
PA1  spring means interconnected with said draw bar and operable to bias said
      draw bar in a second direction, and
PA1  means interconnecting the other end of said draw bar with said mounting
      means.
NUM  5.
PAR  5. The tool set forth in claim 3 wherein said plate means has first and
      second surfaces disposed at an obtuse angle relative to each other, the
      second surface being generally parallel to the reciprocal movement
      imparted to the bell crank lever mechanism by said reciprocal means, said
      pawl means engaging the free end of the bundle tie at a location above the
      first surface during tensioning of said bundle tie, and the pawl means
      sliding along the surface of the free end of the bundle tie to a second
      location spaced above the second surface of the plate means after the
      desired tension has been achieved.
NUM  6.
PAR  6. The tool set forth in claim 5 wherein said plate means is mounted for
      reciprocal sliding movement.
NUM  7.
PAR  7. A tool adapted to receive the free end of a self-locking bundle tie
      which has a loop disposed about a bundle, to tighten said loop by applying
      tension to the free end, to discontinue tightening said loop when the
      desired tension is achieved within the loop by relaxing the tension
      applied to the free end of the bundle tie, and to cut the free end of the
      bundle tie after the tension has been relaxed; said tool comprising:
PA1  plate means;
PA1  tensioning means including
PA2  a bell crank lever mechanism having pawl means mounted on one end, said
      free end of the bundle tie extending between said pawl means and said
      plate means,
PA2  mounting means mounting the bell crank lever mechanism for reciprocal
      movement and also for shifting movement between a first tension applying
      position and a second position, said mounting means including
PA3  pivot means extending through an intermediate portion of said bell crank
      lever mechanism, and
PA3  a pair of spaced apart slides provided with aligned elongated slots, spaced
      apart end portions of said pivot means being received within said
      elongated slots,
PA2  reciprocal means interconnected with the mounting means and operable to
      reciprocate the mounting means and the bell crank lever mechanism to cause
      said bell crank lever mechanism to exert tension on said free end of the
      bundle tie during reciprocation in one direction when the bell crank lever
      mechanism is in its first tension applying position, the forces exerted
      upon said bell crank mechanism when tensioning said free end tending to
      swing said bell crank lever mechanism towards its second position; and
PA2  force applying means operable to exert force upon said bell crank lever
      mechanism to maintain the bell crank lever mechanism in its first tension
      applying position until the bell crank lever mechanism is swung to its
      second position, said bell crank lever mechanism being swung to its second
      position when the force exerted by the reciprocal means during tensioning
      of the free end of the bundle tie exceeds the force exerted by the force
      applying means upon the bell crank lever mechanism, the force applying
      means including
PA3  compression spring means having one end engagable with the end of the bell
      crank lever mechanism remote from said pawl means, the force exerted by
      said spring means extending in a line substantially to one side of the
      pivot means when the bell crank lever means is in its first tension
      applying position to thereby resist the swinging force initially applied
      on the bell crank lever mechanism by the reciprocal means when initially
      exerting tension on the free end of the bundle tie; and
PA1  cutting means operable to cut the free end of the bundle tie only after
      said bell crank lever mechanism has shifted to its second position.
NUM  8.
PAR  8. The tool set forth in claim 7 in which said force applying means further
      includes adjustable means to vary the force exerted by said compression
      spring means whereby the desired tension which may be applied to the free
      end of the bundle tie may be varied as the force of the compression spring
      means is varied.
NUM  9.
PAR  9. The tool set forth in claim 8 in which said adjustable means is a
      rotatable cam means having a plurality of faces spaced varying distances
      from the axis of rotation of the cam means, one of said faces being
      selectively engagable by the other end of said compression spring means.
NUM  10.
PAR  10. The tool set forth in claim 7 in which said compression spring means
      includes an apertured spring holder, a plurality of Belleville springs
      mounted within the aperture of the spring holder, and a cylindrical spacer
      mounted within the aperture, one end of the spring holder engaging one end
      of the bell crank lever mechanism, and the cam means engaging one end of
      the cylindrical spacer.
NUM  11.
PAR  11. A tool for tightening the loop of a self-locking bundle tie about a
      bundle and for subsequently cutting the free end of the bundle tie; a tool
      comprising:
PA1  a frame;
PA1  cutter means mounted within said frame and operable when actuated to cut
      the free end of the bundle tie;
PA1  a strap engaging mechanism;
PA1  mounting means for mounting said strap engaging mechanism within said frame
      for reciprocal movement and for swinging movement between a first
      tightening position and a second position where it is incapable of
      tightening the loop about a bundle, said strap engaging mechanism being
      operatively interconnectable with said cutter means only when in the
      second position; and
PA1  means operable to reciprocate said mounting means towards and away from
      said bundle;
PA1  the parts being so arranged and constructed that when the strap engaging
      mechanism is in its first tightening position and reciprocated away from
      said bundle it will cause the loop to be tightened about said bundle, and
      when the strap engaging mechanism is in the second position and
      reciprocated away from said bundle it will initially engage the cutter
      means and will subsequently cause the cutter means to cut the free end of
      the strap during continued movement of the strap engaging mechanism away
      from said bundle.
NUM  12.
PAR  12. The tool set forth in claim 11 in which said cutter means includes
      reciprocal shearing means, a slide mechanism, and lever means being
      interconnected at one end to said shearing means and being interconnected
      at its other end to said slide mechanism, the strap engaging mechanism
      engaging said slide mechanism when it is in its second position during
      reciprocation of the mounting means away from said bundle.
NUM  13.
PAR  13. The tool set forth in claim 11 in which the strap engaging mechanism
      includes abutment means, said abutment means being incapable of being
      operatively interconnected with said cutter means when the strap engaging
      mechanism is in the first tightening position, said abutment means
      engaging the cutter means when the strap engaging mechanism is in its
      second position to cause said cutter means to cut the free end of the
      bundle tie during reciprocation of the strap engaging mechanism away from
      said bundle.
NUM  14.
PAR  14. The tool set forth in claim 13 in which the cutter means includes a
      reciprocal slide member normally spring biased towards the bundle, said
      slide mechanism having a forward abutment surface, and the abutment means
      of the strap engaging mechanism being shiftable between extended and
      retracted positions and normally being spring biased towards an extended
      position and movable towards a retractable position should the strap
      engaging mechanism be shifted to its second position when the abutment
      means is disposed over said slide mechanism.
NUM  15.
PAR  15. The tool set forth in claim 14 in which said cutter means further
      includes reciprocal shearing means, spring means operable to normally bias
      the reciprocal shearing means away from the free end of the bundle tie,
      and lever means, an intermediate portion of the lever means being
      pivotally interconnected to said frame, and spaced apart end portions of
      the lever means being pivotally interconnected to the shearing means and
      the slide mechanism, respectively.
NUM  16.
PAR  16. A tool adapted to receive the free end of a self-locking bundle tie
      formed of stainless steel or the like, the bundle tie having a loop
      disposed about a bundle, said tool being adapted to tighten the loop about
      the bundle and to subsequently cut the free end of the bundle tie; said
      tool comprising:
PA1  a generally longitudinally extending frame having one end adapted to be
      disposed adjacent said bundle;
PA1  plate means mounted within said frame means adjacent said one end;
PA1  tensioning means including a strap engaging mechanism having pawl means
      mounted on one end, said free end of the bundle tie extending between said
      pawl means and said plate means;
PA1  cutter means mounted within said frame and operable to cut the free end of
      said strap only after the loop of the bundle tie has been tightened about
      a bundle;
PA1  actuator means operatively interconnected to said tensioning mens and
      operative during movement in one direction to either tighten the loop of
      the self-locking bundle tie about the bundle or to cut the free end of the
      bundle tie, said actuator means being mounted on the other end of the
      frame and including a handle and force multiplying means interconnecting
      said handle to the tensioning means; and
PA1  mounting means for mounting the strap engaging mechanism within the frame
      for swinging movement between a first tightening position and a second
      position where it is incapable of tightening the loop about the bundle,
      said strap engaging mechanism being operatively interconnected with said
      cutter means only when it is in its second position, and said actuator
      means being operatively interconnected to said cutter means through said
      strap engaging mechanism when said strap engaging mechanism is in its
      second position.
NUM  17.
PAR  17. The tool set forth in claim 16 wherein said mounting means includes:
PA1  pivot means extending through an intermediate portion of a strap engaging
      mechanism, and
PA1  a pair of spaced apart slides provided with aligned elongated slots, spaced
      apart end portions of the pivot means being received within said elongated
      slots, the parts being so arranged and constructed that when the strap
      engaging mechanism is in its first tightening position the spaced apart
      end portions of the pivot means will be disposed in one end of the
      elongated slots, and when the strap engaging mechanism is shifted to its
      second position the strap engaging mechanism will pivot about the axis of
      the pivot means as the end portions of the pivot means shift away from
      said one end of the elongated slots.
NUM  18.
PAR  18. A tool for tightening the loop of a self-locking bundle tie about a
      bundle and for subsequently cutting the free end of the bundle tie; said
      tool comprising:
PA1  a generally longitudinally extending frame having one end adapted to be
      disposed adjacent said bundle;
PA1  plate means mounted within said frame adjacent said one end;
PA1  cutter means mounted within said frame and operable when actuated to cut
      the free end of the bundle tie;
PA1  a strap engaging mechanism;
PA1  mounting means for mounting said strap engaging mechanism within said frame
      for reciprocal movement and for swinging movement between a first
      tightening position and a second position where it is incapable of
      tightening the loop about a bundle;
PA1  means operable to reciprocate said mounting means towards and away from
      said bundle; and
PA1  a back latch mechanism engagable with the free end of the bundle tie only
      when the mounting means is being reciprocated towards said bundle, said
      back latch mechanism including a stationary upwardly projecting portion
      mounted within the frame adjacent one end of the plate means and between
      the strap engaging mechanism and said one end of the frame.
PATN
WKU  039318397
SRC  5
APN  5552370
APT  1
ART  321
APD  19750304
TTL  Multiple bit wire wrap tool
ISD  19760113
NCL  19
ECL  1
EXA  Combs; E. M.
EXP  Lanham; C. W.
NDR  3
NFG  8
INVT
NAM  Burman; Per Aron
CTY  Temple City
STA  CA
ASSG
NAM  Burroughs Corporation
CTY  Detroit
STA  MI
COD  02
CLAS
OCL  140124
XCL  242  717
EDF  2
ICL  B21F  300
ICL  B65H 8106
FSC   29
FSS  33 F;203 D;203 DT;203 H;203 HM
FSC  140
FSS  115;122;124
FSC  242
FSS  7.06;7.17;7.18
UREF
PNO  3443606
ISD  19690500
NAM  Atkinson
OCL  242  7.17
UREF
PNO  3675861
ISD  19720700
NAM  Baker et al.
OCL  242  7.17
UREF
PNO  3717183
ISD  19730200
NAM  Coss
OCL  140124
UREF
PNO  R26791
ISD  19700200
NAM  Etchison et al.
OCL  140124
FREF
PNO  194,817
ISD  19650300
CNT  SW
OCL  140124
LREP
FR2  Penn; William B.
FR2  Cass; Nathan
FR2  Peterson; Kevin R.
ABST
PAL  A multiple bit wire wrap tool for simultaneously connecting a plurality of
      conductors to adjacent closely spaced electrical terminal pins by spirally
      wrapping the conductors around the terminal pins. The tool has a
      circumferentially rotatable swivel block connected to a motor driven
      eccentric shaft for circumferential rotation therewith. The multiple bits
      have eccentric portions mounted in the swivel block for producing axial
      rotation of the bits.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The extensive use of coaxial wire in contemporary computer systems has
      provided the need to develop an inexpensive wire wrap tool capable of
      accurately wrapping the conductors of coaxial wire around adjacent
      terminals in the back plane panels commonly employed in computers. System
      reliability and production efficiency require that each wrap comrpises a
      proper connection of conductor and terminal. Prior art devices are known
      that simultaneously wrap multiple conductors around adjacent terminals.
      These devices have been found to be cumbersome, inefficient, and
      unsuitable for use with terminals as closely spaced as those in back plane
      panels.
PAR  The prior art devices, as exemplified in U.S. Pat. No. 3,443,606, primarily
      employ drive shafts rotatably driven by electric or air motors which are
      interconnected to wrapping bits by means of gear assemblies. The bits of a
      multiple bit wire wrap tool must be closely spaced because of the close
      proximity of the terminal pins in the back plane panels employed in
      present day computers. The closer tolerances require that the gears
      employed in the gear assemblies of these tools must be of small
      dimensions. Inherent with the use of these small gears are several
      disadvantages which make prior art devices unsuitable for use with present
      day back plane panels. One disadvantage of prior art devices is that gears
      of small dimension and precise construction are expensive to manufacture
      and their inclusion in the wire wrap tool inflates the cost. Another
      disadvantage is that intermeshing the small gears with the rotatable
      driveshaft results in the wrapping bits being driven at an excessively
      high rpm, thereby increasing the possibility of broken conductors, cracked
      insulation and improper wraps resulting from overlapping the turns of the
      conductors.
PAR  The circumferentially rotatable swivel block employed in the present
      invention obviates the need for gear assemblies and achieves a one to one
      ratio between rotation of an eccentric driveshaft and rotation of the
      wrapping bits. This ratio is not obtainable with the gear assemblies of
      prior art devices.
PAR  Another feature of this invention is that upon completion of each wrap the
      bits are returned to a precise predetermined home position. This feature
      is important because uniform wraps of multiple conductors around adjacent
      terminals are obtainable only when the conductor receiving bores in the
      wrapping ends of the bits are adjacently aligned at the completion of the
      previous wrap. Prior art devices are not capable of automatically
      orienting the bits in precise home positions after each wrap because of
      the high frictional resistances inherent within their gear assemblies.
PAR  The present invention is designed to overcome the disadvantages of the
      prior art devices by providing novel features which accomplish desired
      advantages.
PAR  It is therefore an object of this invention to provide a simple and low
      cost multiple bit wire wrap tool capable of simultaneously wrapping the
      conductors of coaxial wire around adjacent terminals.
PAR  It is a further object of this invention to provide a multiple bit wire
      wrap tool wherein the need for gear assemblies is eliminated by providing
      a simple and efficient drive system to transfer rotation of a drive motor
      into rotation of wrapping bits. This drive system comprises an eccentric
      drive shaft cooperating with a circumferentially rotatable swivel block to
      achieve axial rotation of eccentric wrapping bits received thereon.
PAR  Another object of this invention is to provide a multiple wire wrap tool
      whereby the wrapping bits are returned to a home position upon completion
      of each wrap.
PAR  Still another object of this invention is to provide a multiple bit wire
      wrap tool whereby high production rates are achieved by reducing the
      possibility of damage to the conductors during the wrapping process.
PAR  It is yet another object of this invention to provide a multiple bit wire
      wrap tool with which precise and reliable connections will be imparted
      between the conductors and terminals.
PAC  SUMMARY OF THE INVENTION
PAR  The mulitple bit wire wrap tool of the present invention achieves these and
      other objects by providing a circumferentially rotatable swivel block in
      cooperation with a rotatable drive means and multiple wrapping bits.
      Circumferential rotation of the swiveling block is achieved by an
      eccentric driveshaft properly connected to and rotatably driven by a
      motor. Closely spaced, parallel spindles extend linearly from the swivel
      block and have eccentric portions received in apertures thereon. Rotation
      of the spindles is achieved through the cooperation of the eccentric
      portions of the spindles and the circumferentially rotatable swivel lock.
      The spindles extend coaxially through cylindrical wrapping sleeves and
      have two axial bores at their distal ends. One bore in each spindle
      receives a terminal pin and the other bore receives a conductor.
PAR  In accordance with a preferred embodiment the multiple bit wire wrap tool
      is hand held, requiring the operator to feed the conductors into their
      appropriate openings, position the bits around the proper terminals, and
      impart the wraps to the terminals by activating the drive motor while
      simultaneously drawing the bits axially along the terminal pins. A further
      embodiment of the invention includes a semi-automatic multiple bit wire
      wrap tool wherein the wrapping sleeves are retractable with respect to the
      bit spindles to allow easy insertion of the conductors into respective
      conductor receiving slots.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing objects, features and advantages of the invention, along with
      other objects and advantages which may be obtained by its use, will be
      apparent from the following detailed description when read in conjunction
      with the accompanying drawing wherein:
PAR  FIG. 1 is a top view of a preferred embodiment showing a hand held tool and
      the outer structural elements.
PAR  FIG. 2 is a view of portion of the tool shown in FIG. 1 and shows a cross
      sectional side view of the bit driving mechanism taken along the line 2--2
      in FIG. 1.
PAR  FIG. 3 is a side view of a second embodiment of the wire wrap tool showing
      the tool mounted on a carriage and pedestal assembly in relation to a back
      plane panel.
PAR  FIG. 4 is a top view showing the outer structural elements of the
      embodiment in FIG. 3.
PAR  FIG. 5 is a cross sectional side view of the embodiment shown in FIG. 3,
      taken along the line 5--5.
PAR  FIG. 6 shows a frontal view of the swivel block employed in the drive
      assembly of the tool.
PAR  FIG. 7 shows a frontal view of a wrapping bit face.
PAR  FIG. 8 displays a frontal view of the bit spindle locking plate of the FIG.
      3 embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings, the tool includes a body 11
      within which there is a rotary air or electric motor controllable by
      trigger 13 in the usual manner. Locking nut 15 secures drive housing 31 to
      the tool body 11. The bit assembly generally comprises cylindrical
      connecting sleeve 21, back plate 23, face plate 25 and wrapping sleeves
      27. The assembly is securely fastened to shaft housing 31 by tightening
      clamping nut 19 onto the threaded portion 29 of shaft housing 31. The
      inner lip of the clamping nut 19 which abuts the shoulder of the
      connecting sleeve 21 secures the connecting sleeve 21 against the shaft
      housing 31. Appropriate set screws generally indicated as 17 are provided
      to prevent vibrational forces from loosening the clamping nut 19 or the
      connecting sleeve 21.
PAR  As shown in FIG. 2, a drive sleeve 33 extends from the body of the tool 11.
      The connection of the drive sleeve 33 to the rotary motor by means of a
      clutch assembly is not shown. The indexing clutch assembly utilized is of
      a type well-known in the art. Depressing the trigger 13 actuates the
      rotary motor and engages the clutch assembly causing the drive sleeve 33
      to rotate. When trigger 13 is released the clutch is disengaged from the
      drive sleeve 33 in such a manner as to arrest the rotating drive sleeve 33
      in a predetermined rotary position. A representative clutch indexing
      mechanism suitable for use in this invention is disclosed in U.S. Pat. No.
      3,464,527 issued to William J. Baker on Sept. 2, 1969, entitled Clutch and
      Indexing Mechanism for Tool Spindle, which patent is hereby incorporated
      by reference in this disclosure.
PAR  Referring again to FIG. 2, rotatable drive sleeve 33 extends through shaft
      housing 31 and coaxially surrounds rotatable drive spindle 35. A needle
      bearing 37 journals rotatable drive sleeve 33. Notched end 36 of the drive
      spindle 35 engages a similarly notched end 39 of rotatable drive shaft 41
      resulting in rotation of drive shaft 41 upon rotation of drive spindle 35.
      An eccentric portion 43 of the drive shaft 41 rotates upon rotation of the
      drive shaft 41. The rotation of the eccentric portion 43 is about the axis
      of drive shaft 41 with the radius of the rotation dependent upon how
      offset the eccentric portion 43 is from the axis of drive shaft 41. A
      swivel block 47, in this case a planar member having opposite sides or any
      other suitable rigid member, is disposed for planar movement within a
      chamber 48 formed by back plate 23 and face plate 25. FIG. 6 shows a
      frontal view of this swivel block 47. An aperture 51 centrally formed in
      the swivel block 47 and extending to one surface of the swivel block 47
      receives the eccentric portion 43 of the rotatable drive shaft 41. This
      aperture 51 has a diameter which is somewhat larger than the diameter of
      the eccentric portion 43 of the rotatable drive shaft 41 to allow the
      eccentric portion 43 to rotate within the aperture 51 while remaining
      contiguous with the side of the aperture 51. The rotation of the eccentric
      portion 43 produces displacement of the swivel block 47 in planar
      directions that describes rotation about the axis of drive shaft 41, while
      the swivel block 47 maintains a predetermined, constant spatial
      orientation within the chamber 48. This may be considered circumferential
      rotation of the entire swivel block 47 about the axis of drive shaft 41
      with a radius of rotation equal to the offset distance of eccentric
      portion 43. This requires that the chamber 48 be of sufficient size to
      permit the swivel block 47 to be displaced in any X--Y direction within
      the chamber 48 a distance equal to the offset distance of eccentric
      portion 43 of drive shaft 41.
PAR  An aperture 49 formed in the lower portion of the swivel block 47 securely
      receives the eccentric portion 55 of rotatable stabilizer 57 for rotation
      therein. The eccentric portion 55 of the stabilizer 57 follows the
      aperture 49 as it rotates about the axis of the stabilizer 57. The
      stabilizer 57 restrains the swivel block 47 from tilting out of its plane
      of displacement. The eccentric portion 55 must be offset on the stabilizer
      57 a distance equal to the offset of eccentric portion 43 on drive shaft
      41 since both eccentric portions 43 and 55 are interacting with the swivel
      block 47. This factor also requires that the eccentric portions 43 and 55
      rotate in phase with each other. Stabilizer 57 rotates in bearing 59.
PAR  A plurality of apertures 53 are formed in the upper portion of swivel block
      47 and extend to the surface of the swivel block 47 opposite the one to
      which the central aperture 51 extends. Each of the apertures 53 receives
      an eccentric portion 61 of respective rotatable wrapping bit spindles 63
      for axial rotation therein. The eccentric portion 61 travel with their
      respective apertures 53 as the apertures 53 are displaced upon
      circumferential rotation of the swivel block 47. These movements of the
      eccentric portions 61 are circumferential about the axis of their
      respective spindles 63. The eccentric portions 61 are offset on the
      spindles 63 to the same extent as the eccentric portion 43 is offset on
      the drive shaft 41 because the eccentric portions 61 of the spindles 63
      and the eccentric portion 43 of the drive shaft 43 are all received in
      respective apertures formed on the circumferentially rotatable swivel
      block 47. The eccentric portion 43 of the drive shaft 41 is mounted in the
      swivel block 47 to produce a circumferential revolution of the swivel
      block 47 upon every axial revolution of the drive shaft 41. The eccentric
      portions 61 of the spindles 63 are mounted in the swivel block 47 such
      that every circumferential revolution of the swivel block 47 produces an
      axial revolution of each spindle 63.
PAR  To delineate further the operation of the drive system it will be clear
      that the drive shaft 41 is adapted for axial rotation. The rotation is
      translated by the eccentric portion 43 of drive shaft 41 into rotation
      about the axis of the driveshaft 41. The swivel block 47 is cooperable
      with the eccentric portion 43 of the rotatable drive shaft 41 to translate
      the rotation of the eccentric portion 43 of drive shaft 41 into
      circumferential rotation of the swivel block 47. The swivel block 47
      functions as a member wherein a plurality of elements can be mounted for
      circumferential rotation. These elements are the eccentric portions 61 of
      respective spindles 63. The eccentric portions 61 of the spindles 63
      translate the circumferential rotation of the swivel block 47 into axial
      rotation of the spindles 63.
PAR  The spindles 63 extend closely spaced and in parallel from swivel block 47
      and are coaxially surrounded by respective fixed wrapping sleeves 27. The
      spindles 63 terminate in bit faces 67. Bores 69 and 71 extend axially
      within the spindles 63 from the bit faces 67.
PAR  FIG. 7 provides a frontal view of a bit face 67, and its respective bores
      69 and 71. Bore 69 is centrally located on the bit face 67 and is of
      appropriate size to permit axial insertion of a terminal pin therein. A
      bore 71 is peripherally located on the bit face 67 and is adapted to
      receive the end of a conductor wire to be wrapped around the terminal pin
      received by central bore 69.
PAR  If the appropriate conductor wires and terminal pins have been inserted in
      their respective bores 69 and 71, the conductor wires will be wrapped
      around the terminal pins upon triggering the rotary motor in the tool body
      11. The desired spiral wraps are imparted when the operator manipulates
      the tool so that the bits 68 are axially drawn along the terminal pins
      simultaneously with rotation of the bits 68.
PAR  Employing the clutch indexing mechanism in cooperation with the relatively
      friction free swivel block drive mechanism ensures the alignment of the
      conductor receiving bores 71 in predetermined home positions after each
      wrap. This facilitates the following insertion of conductors into the
      conductor receiving bores 71 of the spindles 63 and thus results in
      precise and uniform wraps.
PAR  A second embodiment of this invention is shown in FIG. 3 in a
      semi-automatic wire wrapping system wherein the wire wrap tool 101 is
      adapted to be mounted on a carriage 103. The carriage 103 is displaceable
      along rails 105 mounted on fixed pedestal 107. The movement of the
      carriage 103 is constrained to be toward or away from terminal pins 109
      extending perpendicularly from back plane panel 111. The carriage and
      pedestal assembly is not to be considered part of the present invention.
PAR  The wire wrap tool itself as it appears in FIG. 4 includes an outer tool
      housing 75, connecting sleeve 21', wrapping sleeves 27', rotatable
      spindles 63 and conductor receiving slots 64.
PAR  Referring to FIG. 5 wherein parts of this embodiment are shown with greater
      particularity it will be understood that the components utilized to attain
      rotation of the spindles 63 are similar to those employed in the preferred
      embodiment with the following differences.
PAR  The wrapping sleeves 27'  are retractable with respect to the spindles 63.
      The wrapping sleeves 27' together with the face plate 25' and connecting
      sleeve 21' comprise a retractable assembly which is mounted on bearings
      generally indicated as 77 for linear extension with respect to outer tool
      housing 75, inner tool housing 76 and spindles 63. This linear extension
      is accomplished by introducing air under pressure into expandable air
      chamber 81 through inlet 83. The pressure in the chamber 81 opposes the
      resiliency of retracting spring 79 to displace the retractable assembly in
      the direction of the distal ends of spindles 63. The retractable assembly
      returns to its normal retracted position when the air supply entering
      expandable chamber 81 is cut off and air is permitted to escape from the
      chamber 81 through inlet 83. The resultant reduction of pressure in
      chamber 83 permits extension of retracting spring 79 thereby displacing
      connecting sleeve 21', face plate 25' and wrapping sleeve 27' to their
      retracted positions. The control of air flow through air inlet 83 may be
      accomplished through the utilization of any appropriate switch and valve
      assembly. This assembly is not part of the subject invention. The switch
      may be actuated by means known in the art which are responsive to
      displacement of the carriage 103.
PAR  When the wrapping sleeves 27' are in their retracted position, conductor
      receiving slots 64 are exposed proximate the wrapping ends of spindles 63.
      The slots 64 are axially disposed along the surface of spindles 63 and are
      adapted for insertion therein of a conductor prior to each wrap. The
      sleeves 27' are extendable to cover the slots 64 and secure the conductors
      therein. The slots 64 are adjacently aligned in home positions after each
      wrap by means of the complete revolution clutch and swivel block assembly
      previously explained.
PAR  In the second embodiment the spindles 63 are easily removed from the
      wrapping tool to allow access to a damaged part or broken conductor.
      Vertical locking plate 89 as also shown in a frontal view in FIG. 8 has
      keyhole shaped apertures 91 formed thereon through which the spindles 63
      extend. Biasing spring 93 resiliently positions the locking plate 89 such
      that the reduced diameter portions of the keyhole apertures 91 journal the
      spindles 63. To remove the spindles 63 from the tool, sleeve release 87 is
      depressed to permit wrappping sleeves 27' to be removed from the tool.
      Locking plate 89 must be vertically displaced against biasing spring 93 so
      that the enlarged diameter portions of keyhole apertures 91 journal the
      spindles 63. The spindles 63 are then removable from the tool.
PAR  It will be understood that the above description and accompanying drawings
      comprehend only a preferred and an alternate embodiment of the present
      invention and that various changes and alterations may be made by those
      skilled in the art without departing from the scope and spirit of the
      invention as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a multiple bit wire wrap tool:
PA1  an axially rotatable driveshaft;
PA1  a swivel block having opposite planar surfaces;
PA1  an eccentric means connecting said driveshaft to one planar surface of said
      swivel block for circumferentially rotating said swivel block about the
      axis of said rotatable driveshaft and for maintaining said swivel block in
      a predetermined, constant spatial orientation;
PA1  a plurality of eccentric members each connected at one end to the opposite
      planar surface of said swivel block for rotation of each of said one ends
      about the respective axis of each of said eccentric members upon
      circumferential rotation of said swivel block thereby effecting axial
      rotation of respective other ends of said eccentric members;
PA2  said respective other ends being adapted to receive respective ones of a
      plurality of wire wrapping bits for eccentric rotation therewith.
NUM  2.
PAR  2. The multiple bit wire wrap tool of claim 1 wherein said eccentric means
      comprises an eccentric portion formed on and extending axially from the
      end of said axially rotatable driveshaft.
NUM  3.
PAR  3. The multiple bit wire wrap tool of claim 2 wherein said swivel block
      comprises:
PA1  a rigid member adapted for planar displacement;
PA1  an aperture centrally formed in said rigid member and extending to one
      planar surface thereof, said aperture adapted to receive therein said
      eccentric portion for rotation contiguous with the side of said aperture
      to thereby circumferentially rotate said swivel block about the axis of
      said rotatable driveshaft and to maintain said swivel block in a
      predetermined, constant spatial orientation;
PA1  a plurality of apertures peripherally formed in said swivel block and
      extending to the opposite planar surface thereof.
NUM  4.
PAR  4. The multiple bit wire wrap tool of claim 3 wherein said eccentric
      members comprise rotatable shafts having an eccentric portion formed at
      each of said one ends, said eccentric portions adapted for insertion into
      respective ones of said plurality of apertures peripherally formed on said
      swivel block.
NUM  5.
PAR  5. The multiple bit wire wrap tool of claim 4 further including a plurality
      of wire-wrap bits wherein each of said wire wrap bits comprise:
PA1  a rotatable elongated member having respective proximate and distal ends,
      said proximate end being integrally formed on a respective other end of
      one of said plurality of eccentric members and extending axially
      therefrom;
PA1  a first bore centrally formed in said elongated member and extending
      axially from said distal end, said first bore adapted to coaxially receive
      a conductor inserted therein;
PA1  a second bore peripherally formed in said elongated member and extending
      axially from said distal end, said second bore adapted to coaxially
      receive a conductor inserted therein;
PA1  a non-rotatable sleeve coaxially surrounding said elongated member.
NUM  6.
PAR  6. The multiple bit wire wrap tool of claim 5 wherein said plurality of
      second bores are aligned in predetermined home positions upon termination
      of each wrap.
NUM  7.
PAR  7. The multiple bit wire wrap tool of claim 6 wherein said plurality of
      second bores extend axially along the surfaces of respective ones of said
      plurality of elongated members to form conductor receiving slots thereon.
NUM  8.
PAR  8. The multiple bit wire wrap tool of claim 7 wherein said plurality of
      non-rotatable sleeves coaxially surrounding said plurality of elongated
      members are axially displaceable along said plurality of elongated members
      to thereby cover or expose said plurality of conductor receiving slots.
NUM  9.
PAR  9. The wire wrap tool of claim 8 wherein said plurality of wire wrap bits
      are removeable from said multiple bit wire wrap tool.
NUM  10.
PAR  10. In a multiple bit wire wrap tool:
PA1  an axially rotatable driveshaft;
PA1  an eccentric portion formed at one end of said driveshaft;
PA1  a swivel block having opposite planar surfaces;
PA1  an aperture centrally formed in said swivel block and extending to one
      planar surface thereof, said aperture adapted to receive therein said
      eccentric portion for rotation thereof contiguous with the side of said
      aperture to thereby circumferentially rotate said swivel block about the
      axis of said driveshaft while maintaininng said swivel block in a
      predetermined, constant spatial orientation;
PA1  a plurality of apertures peripherally formed in said swivel block and
      extending to the opposite planar surface thereof, said plurality of
      apertures adapted to receive respective ends of a plurality of wire wrap
      bits.
NUM  11.
PAR  11. The wire wrap tool of claim 10 further including a plurality of wire
      wrap bits wherein each of said wire wrap bits comprises:
PA1  an elongated member having respective proximate and distal ends;
PA1  an eccentric portion formed on said proximate end, said eccentric portion
      adapted for insertion into a respective one of said plurality of apertures
      peripherally formed on said swivel block;
PA1  a first bore centrally formed in said elongated member and extending
      axially frm said distal end, said first bore adapted to coaxially receive
      a terminal pin inserted therein;
PA1  a second bore peripherally formed in said elongated member and extending
      axially from said distal end, said second bore adapted to receive a
      conductor wire inserted therein;
PA1  a non-rotatable sleeve coaxially surrounding said elongated member.
NUM  12.
PAR  12. The multiple bit wire wrap tool of claim 11 wherein said plurality of
      second bores are aligned in predetermined home positions upon termination
      of each wrap.
NUM  13.
PAR  13. The multiple bit wire wrap tool of claim 12 wherein said plurality of
      second bores extend axially along the surfaces of respective ones of said
      plurality of elongated members to form conductor receiving slots thereon.
NUM  14.
PAR  14. The multiple bit wire wrap tool of claim 13 wherein said plurality of
      sleeves coaxially surrounding said plurality of elongated members are
      axially displaceable along said plurality of elongated members to thereby
      cover or expose said plurality of conductor receiving slots.
NUM  15.
PAR  15. The multiple bit wire wrap tool of claim 14 wherein said plurality of
      wire wrap bits are removeable from said multiple bit wire wrap tool.
NUM  16.
PAR  16. In a multiple bit wire wrap tool: a driveshaft adapted for axial
      rotation;
PA1  eccentric means on said driveshaft for rotation about the axis of said
      driveshaft;
PA1  planar means having opposite surfaces;
PA2  one surface of said planar means formed to cooperate with said eccentric
      means for circumferential rotation of said planar means about the axis of
      said rotatable driveshaft upon rotation of said driveshaft;
PA1  a plurality of eccentric translation means attached to the opposite surface
      of said planar means for translating said circumferential rotation of said
      planar means into axial rotation of said plurality of eccentric
      translation means;
PA2  said plurality of eccentric translation means being adapted to receive a
      plurality of wire wrap bits for axial rotation therewith.
NUM  17.
PAR  17. The multiple bit wire wrap tool of claim 16 wherein said eccentric
      means comprises an eccentric portion integrally formed on one end of said
      driveshaft.
NUM  18.
PAR  18. The multiple bit wire wrap tool of claim 17 wherein said planar means
      comprises:
PA1  a rigid member;
PA1  an aperture centrally formed in said rigid member and extending to one
      planar surface of said rigid member, said aperture adapted to receive
      therein said eccentric portion for rotation contiguous with the side of
      said aperture to thereby circumferentially rotate said rigid member about
      the axis of said rotatable driveshaft and to maintain said rigid member in
      a predetermined, constant spatial orientation;
PA1  a plurality of apertures peripherally formed in said rigid member and
      extending to the opposite planar surface of said rigid member.
NUM  19.
PAR  19. The multiple bit wire wrap tool of claim 18 wherein said plurality of
      eccentric translation means comprise axially rotatable members each having
      an eccentric portion integrally formed at one end, said plurality of
      eccentric translation means being attached to said rigid member by
      insertion of said eccentric portions into respective ones of said
      plurality of apertures to thereby axially rotate respective other ends of
      said rotatable members upon circumferential rotation of said rigid member.
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ABST
PAL  An apparatus for filling lead-acid storage batteries with acid by immersion
      of a plurality of batteries into a tank of acid. A framework is provided
      over an acid tank for supporting a pivotable linkage carrying a support
      cradle for a number of batteries. The front and back portions of the
      linkage are supported by separate pairs of chains attached to a
      counterweight through a number of sprockets. The front support chains are
      driven by a motor to raise or lower the front portion of the linkage, and
      the back pair of chains are delayed during lowering of the linkage so that
      the linkage pivots to immerse and withdraw the batteries at an inclined
      angle into and out of the acid tank. The angle of incline of the cradle
      and batteries determines the level of acid which remains in the batteries
      after filling. The active lengths of the chain pairs are adjustable for
      selectively varying the angle of incline of the batteries during
      immersion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  During the manufacture of lead-acid storage batteries, it is often the
      practice to fill the assembled storage batteries with an acid solution for
      initially forming the battery plates. In a mass production facility, it is
      desirable to fill the batteries with acid in as short a time span as
      possible. After the filling and formation steps, the batteries may either
      be prepared for shipment with the acid retained, or the batteries may be
      spun "dry" as described in U.S. Pat. No. 3,738,490 issued June 12, 1973 to
      Tigerman and assigned to the assignee of the present invention.
PAR  One commonly used method of filling storage batteries with acid is the
      vacuum process. Basically, a vacuum manifold is placed over the battery
      filling ports and a vacuum created in the individual cell compartments.
      Acid is then drawn into the battery cells until a desired fill level is
      attained. A disadvantage of the vacuum fill process is that the cells do
      not always fill at a uniform rate whereby acid from the earlier filling
      cells is often drawn out and replaced with fresh acid while the slower
      filling cells receive acid. Since initial contact of the acid with the
      battery plates results in some dilution of the acid due to combination of
      sulfate ions with lead in the plates and release of water, the faster
      filling cells which receive fresh acid will have a higher specific gravity
      than the slower filling cells. Another disadvantage of the vacuum process
      arises in connection with the use of thin-walled battery containers such
      as described in U.S. Pat. No. 3,388,007 issued June 11, 1968  to Fiandt.
      In thin-walled batteries, the vacuum in the battery cells causes the end
      walls to be drawn in slightly thereby decreasing the end cell volume
      temporarily. Upon removal of the vacuum, the end walls will return to
      their original position and the cell volume increases whereby the acid
      level will drop.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an apparatus for filling
      storage batteries with acid with a minimal amount of filling time.
PAR  A further object of the invention is to provide an apparatus for
      expeditiously filling a plurality of storage batteries with acid to a
      substantially uniform predetermined level.
PAR  Other objects and advantages of the present invention will become apparent
      from the description of the preferred embodiment which follows.
PAR  The invention basically comprises an apparatus for immersing a plurality of
      storage batteries into a tank of acid, the batteries being immersed and
      withdrawn from the tank at an inclined angle selected to provide a
      predetermined level of acid within the batteries. Separate chains are
      provided for supporting opposite sides of a collapsible linkage which
      supports the batteries. The chains are driveable to provide for
      differentially lowering the front and back of the support linkage which is
      pivotable to permit inclination of the batteries prior to immersion. The
      chains are then simultaneously driven to immerse and withdraw the
      batteries from the acid at a constant angle of incline whereby a
      sufficient quantity of acid will enter the batteries to fill them to a
      substantially equal level of acid determined by the angle of inclination.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the apparatus according to the
      invention with portions broken away.
PAR  FIG. 2 is a view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a view taken along line 3--3 of FIG. 1.
PAR  FIG. 4 is a view similar to FIG. 1 showing the apparatus with the batteries
      immersed for filling.
PAR  FIG. 5 is an electrical schematic of the circuitry for the apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, the apparatus is seen to comprise an acid tank
      10, a framework 12 for supporting a suspended cradle assembly 14 above the
      acid tank 10. A flexible chain assembly 16 is provided for raising and
      lowering the cradle assembly 14 into and out of tank 10 under the
      influence of a drive assembly 18. A plurality of storage batteries 19 may
      be placed on the cradle assembly 14 with their filling ports open and
      facing upwardly for immersion into the tank 10.
PAR  As seen in FIGS. 1 and 2, the frame 12 is attached to the top of the acid
      tank 10. The tank 10 which contains sulfuric acid 20, has an open top and
      may be constructed of any acid resistant material such as fiberglass.
      Similarly, framework 12 may also be constructed of an acid resistant
      material such as stainless steel. The framework 12 generally comprises a
      pair of spaced upstanding end sections 21 and 22 attached to the top of
      tank 10 at its opposite ends by any conventional means such as bolts 23. A
      generally horizontally extending flange 24A may be formed around the top
      of tank 10 for supporting the frame members 21 and 22. Each frame member
      21 and 22 generally comprises a pair of upwardly extending support legs 24
      and 25 having one end attached to the top of the tank 10 and their upper
      ends joined by a generally horizontally extending cross-piece 26. A pair
      of converging inclined frame members 27 and 28 are attached to the tops of
      the support legs 24 and 25 and have generally horizontally extending
      bearings 30 at their apex. The bearings 30 are generally axially aligned
      with each other and rotatably journal a horizontally extending shaft 31
      which extends over the open portion of the tank 10. Frame member 22 may
      have a platform 33 affixed to its upper portion for supporting a
      reversible drive motor 34. Motor 34 has its drive shaft 35 extending
      generally parallel to shaft 31. The drive shaft of motor 34 may have a
      sprocket 36 attached thereto and a drive sprocket 37 is affixed to shaft
      31 in any suitable manner such as with a key or shear pin (not shown). A
      drive chain 39 may be provided between the sprocket 37 and sprocket 36 of
      the motor 34 whereby the shaft 31 may be driven. The motor 34 may be of
      any conventional construction and could be electrically or hydraulically
      powered as long as it is reversible. In the preferred embodiment the motor
      34 is an electric motor.
PAR  The cradle assembly 14 is best seen in FIGS. 1 and 2 to include a generally
      horizontally extending open topped receptacle 41 which extends
      substantially the length of tank 10 between the upstanding frame members
      21 and 22. The receptacle 41 may include a plurality of horizontally
      extending rollers 42 which extend generally transversly to the
      longitudinal axis of the receptacle 41. The rollers 42 may be freely
      supported on shafts 43 journaled in the sides of receptacle 41. The
      receptacle 41 may have open end portions so that the batteries 19 may be
      freely rolled into and out of position within receptacle 41 from any
      suitable conveyor means or other apparatus (not shown). Each end of the
      receptacle 41 may be supported by a plurality of pivoting linkage
      assemblies 45. The linkage assemblies 45 are designed to be freely
      pivotable relative to each other so that receptacle 41 may be tilted. The
      linkage assemblies 45 are identical at each end of the receptacle 41 so
      that only one need be described. A first bracket 47 may be attached to the
      bottom of receptacle 41 and extend outwardly from the back of the
      receptacle 41. A generally vertically extending link 48 may be pivotally
      attached at its lower end to the bracket 47 by a pivot pin 49. A similar
      bracket 50 extends upwardly along the front wall of receptacle 41 and
      protrudes above the top of the receptacle 41. A generally vertical link
      member 51 has its bottom end pivotally attached to bracket 50 by means of
      a pivot pin 52. A third link 53 is pivotally coupled to the upper ends of
      links 48 and 51 by pivot pins 55 and 56 respectively. Additionally, the
      extreme ends of members of 48 and 51 have short links 57 and 58 attached
      by pivot pins 59 and 60 respectively. It will thus be seen that if one of
      the short links 57 and 58 is raised or lowered with respect to the other
      links, link members 48, 51 and 53 will pivot relative to each other to
      permit the receptacle 41 to be inclined relative to horizontal as seen in
      FIG. 4.
PAR  The flexible chain assembly 16 as seen in FIGS. 1 and 2 is provided for
      suspending the cradle assembly 41 and for raising and lowering the cradle
      assembly into the acid tank 10. Chain assembly 16 includes a first pair of
      chains 65 coupled to links 58 at the front of cradle 41 and a second pair
      of chains 66 coupled to the links 57 at the rear of the cradle assembly
      41. The first chain pair 65 is directed upwardly over a pair of sprockets
      70 affixed to shaft 31 and passes over a pair of sprockets 72 rotatably
      journaled on an idler shaft 73. The idler shaft 73 extends generally
      parallel to shaft 31 and is affixed to brackets 75 attached to the upper
      portion of frame members 25. Chains 65 pass downwardly from the idler
      sprockets 72 and are attached to a counterweight shaft 77. The
      counterweight shaft 77 has a pair of counterweights 78 affixed thereto for
      counterbalancing the weight of the cradle assembly 14 and batteries 19.
      The ends of shaft 77 slidingly engage the backs of members 25. A pair of
      support brackets 80 are provided at the lower portions of members 25 for
      supporting the counterweight shaft 77 in a lowermost position. The second
      chain pair 66, coupled to link member 58 on one end, similarly pass over a
      sprocket pair 84 which are rotatably journaled on shaft 31. Chain pair 66
      then pass downwardly over a pair of idler sprockets 85 journaled on idler
      shaft 73. The ends of each chain of the chain pair 66 are also attached to
      counterweight shaft 77 at their other ends. A pair of limit switches 88
      are mounted on the mid portions of leg members 25 and are adapted to be
      actuated by shaft 77 as it is raised to their level. A second pair of
      limit switches 90 are attached to cross members 26 of the framework 21 and
      22 and are adapted to be actuated by link 58 in the cradle assembly 16
      when it is in its upper-most position. As seen in FIG. 1, the chain pair
      65 is provided with a slack portion 92 which extends downwardly between
      sprockets 70 and sprocket 72 on idler shaft 73. The purpose of the slack
      92 in chain pair 65 will be explained hereinafter. As seen in FIG. 3, the
      ends of chains 65, 66 are all coupled to threaded rods 95 which extend
      through counterweight shaft 77. Nuts 96 are provided on the rods 95 on
      each side of the counterweight shaft 77 to provide for varying the extent
      of protrusion of the rods 95 relative to the counterweight shaft 77. The
      position of the threaded rods 95 is adjusted by turning the nuts 96
      whereby the effective lengths of chain pairs 65 and 66 may be varied to
      change the angle of incline of the cradle assembly 14.
PAR  Having thus described the physical arrangement of parts and components of
      the battery filling apparatus, the operation of the device will be
      described with reference to FIGS. 1 through 4. With the cradle assembly 14
      in its upper-most position shown in FIG. 1, the receptacle 41 will be
      level and a plurality of batteries may be rolled into place and supported
      on rollers 42. In this position, links 58 will be contacting limit
      switches 90 signaling the controlling circuitry, to be described
      hereinafter, that the cradle is in its upper-most position. After the
      batteries 20 are positioned in the cradle assembly 14, motor 34 may be
      actuated to drive the shaft 31 counterclockwise as viewed in FIGS. 1 and
      2. As shaft 31 turns, sprockets 70 which are affixed to shaft 31 drive the
      chain pair 65 so as to start lowering the front portion of the cradle
      assembly 14 as the slack 92 in chain pair 65 is taken up. The chain pair
      66 prevents motion of the back portion of the cradle assembly 14 by virtue
      of the connection to the counterweight shaft 77. The sprockets 84 and 85,
      which are free to rotate on shafts 31 and 73, will remain angularly
      stationary. As the slack in the chain pair 65 is taken up, the cradle
      assembly 14 tilts through the link members 48, 51 and 53, to an inclined
      position as shown in FIG. 4, at which point the continued motion of chain
      pair 65 begins to raise counterweight shaft 77. The raising of
      counterweight shaft 77 results in the simultaneous lowering of the back
      portion of the linkage assembly 45 and the entire cradle assembly 14 is
      lowered into the acid tank 10 with the batteries 19 at an inclined angle
      as seen in FIG. 4. The motor 34 continues to lower the cradle assemby 14
      until counterweight shaft 77 is raised sufficiently to contact limit
      switches 88 which then deactivates motor 34. After sufficient time has
      elapsed to permit acid to enter the batteries 19, motor 34 is reversed to
      drive shaft 31 in a clockwise direction. It should be noted that the
      immersion time will affect the final specific gravity of the acid in the
      batteries. By allowing the batteries to remain submerged for longer
      periods, a higher final specific gravity will result. The immersion time
      necessary to obtain a desired final specific gravity is dependent upon the
      ratio of acid volume to plate volume in the cells and may vary from about
      18 seconds up to 120 seconds or more. Driving shaft 31 clockwise results
      in lowering of the counterweight shaft 77 under the influence of gravity
      which in turn draws chain pairs 66 and 65 upwardly to raise the cradle
      assembly 14 which is returned to its upward position. As the counterweight
      shaft is lowered to contact support brackets 80, further rotation of shaft
      31 results in raising only the front portion of the cradle assembly 14 by
      creating slack 92 in the chain pair 65. The raising of the front portion
      of cradle assembly 14 continues until link members 58 contact limit
      switches 90 which disengage motor 34.
PAR  From the forgoing, it will thus be appreciated that the apparatus provides
      for maintaining the cradle assembly 14 in a substantially level position
      for loading batteries 19. The initial motion of the chains will tilt the
      batteries to a predetermined inclined position after which the entire
      cradle assembly 14 will be lowered into the acid tank 10 for filling of
      the batteries 19. The batteries on cradle assembly 14 will be raised out
      of the tank while maintaining the same angle of incline thereby allowing
      any excess acid to drain out of the batteries 19. Naturally, the angle of
      incline of the batteries upon entry into and withdrawal from the acid tank
      10 determines the level of acid within the batteries when they are in a
      level position. The angle of incline may be changed by adjusting the
      lengths of chains 65 and 66 through the threaded rods 95 connecting the
      chains to the counterweight shaft 77. While the apparatus is of a simple
      construction, it permits the aforesaid operations to be speedily carried
      out through the use of a single drive motor 34.
PAR  FIG. 5 is an electrical schematic of the control system for the apparatus
      of the preferred embodiment. A main power switch 100 is provided for
      controlling power to the system. An indicator light 101 will indicate when
      power is on. A selector switch 102 is provided for selecting either a
      manual or automatic mode of operation. The switch 102 is shown in the
      automatic mode and indicator light 103 will be illuminated to indicate the
      automatic mode selection. Limit switches 88 are normally closed with the
      cradle in its up position whereby switch 105 may be engaged to start the
      motor 34 through the motor start relay 106. The motor will thus turn
      counterclockwise lowering the cradle assembly 14 until counterweight shaft
      77 opens limit switches 88 stopping the motor 34. When one or both of the
      limit switches 88 are opened, a second pole 88A will be energized thereby
      starting a selectively variable timer 107. At this point, all motion is
      haulted for a predetermined fill time. After timing, the timer 107 will
      energize motor starter 108 to drive the motor 34 in a clockwise position.
      The cradle assembly 14 will thus be raised until limit switches 90 are
      opened by the action of link 58 upon them. Opening of switches 90 in turn
      closes pole 90A which may be provided to illuminate a signal light 110 to
      indicate the completion of the cycle. The opening of the limit switches 90
      will also stop the motor 34. As seen in the FIG. 5 if the switch 102 is
      placed in the manual mode, switches 112 and 113 may be actuated manually
      to control the upward or downward motion of cradle assembly 14.
PAR  While one embodiment of the invention has thus been described, it will be
      appreciated by those skilled in the art that other variations may be
      possible. For example, a hydraulic drive motor could be substituted for
      electric motor 34. Additionally, conventional means, not shown, may be
      provided for maintaining the level of acid 20 within the tank 10 such as
      through the use of a demand type float valve. Accordingly, while a
      preferred embodiment has been described, the invention is not to be
      limited thereby but is to be taken solely by an interpretation of the
      claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for filling a plurality of storage batteries with acid,
      comprising:
PA1  an open topped tank for containing battery acid;
PA1  frame means mounted over said tank for supporting a receptacle for
      receiving a plurality of storage batteries;
PA1  immersion means for sequentially inclining said receptacle to a preselected
      angle of incline to determine the level of acid which remains in the
      batteries after filling while lowering said receptacle into said tank and
      raising said receptacle out of said tank after a predetermined filling
      time, and returning the receptacle to a substantially level position.
NUM  2.
PAR  2. Apparatus as recited in claim 1 including:
PA1  pivotable linkage means coupled to said receptacle for articulatingly
      supporting said receptacle; and
PA1  wherein said immersion means includes extensible chain means coupled at one
      end to said pivotable linkage means, a portion of said chain means
      extending between said frame means and said pivotable linkage means for
      raising and lowering said receptacle.
NUM  3.
PAR  3. Apparatus as recited in claim 2 wherein:
PA1  said pivotable linkage means comprises first link means pivotally coupled
      to one side of said receptacle, and second link means pivotally coupled to
      the other side of said receptacle;
PA1  said extensible chain means comprises first chain means coupled at one end
      to said first link means and second chain means coupled at one end to said
      second link means, said first and second chain means being extensible
      between a first position supporting said receptacle in a level condition
      above said tank and a second position supporting said receptacle in an
      inclined condition within said tank, said first chain means being
      extensible independently of said second chain means over a portion of the
      travel of said chains between said first and second positions whereby said
      receptacle may be inclined.
NUM  4.
PAR  4. Apparatus as recited in claim 3 including:
PA1  first shaft means rotatably journaled in said frame means and extending
      generally horizontally over said tank;
PA1  second shaft means having weights affixed thereto, said second shaft means
      being vertically movable between an upper and a lower position;
PA1  third shaft means mounted on said frame means intermediate said first and
      second shaft means; and
PA1  said first and second chain means extending over said first and third shaft
      means and having their other ends attached to said second shaft means.
NUM  5.
PAR  5. Apparatus as recited in claim 4 including:
PA1  first sprocket means affixed to said first shaft means for drivably
      engaging said first chain means, said first chain means having a slack
      portion between said first and third shaft means when said first chain
      means is in said first position;
PA1  second sprocket means rotatably journaled on said first shaft means and
      engaging said second chain means whereby the weight of said receptacle
      applies a tensile force to said second chain between said first receptacle
      and said second shaft means; and a reversible prime mover for driving said
      first shaft in a first direction to advance said first chain means and a
      second direction to retract said first chain means relative to said tank,
      whereby when said first chain is advanced sufficiently to take up said
      slack portion, said second shaft will be raised thereby simultaneously
      advancing said first and second chain means relative to said tank to lower
      said receptacle.
NUM  6.
PAR  6. Apparatus as recited in claim 5 including:
PA1  first means for detecting when said receptacle is in its upper-most
      position over said tank; and
PA1  second means for detecting when said receptacle is lowered into said tank.
NUM  7.
PAR  7. Apparatus as recited in claim 6 including:
PA1  support means for receiving said third shaft in said lower position; and
PA1  means for adjusting the working lengths of said first and second chain
      means between said pivotable linkage means and said second shaft means for
      varying the inclination of said receptacle.
NUM  8.
PAR  8. Apparatus as recited in claim 7 including:
PA1  at least two idler sprockets independently rotatably mounted on said third
      shaft means and separately engaging said first and second chain means.
NUM  9.
PAR  9. Apparatus as recited in claim 8 wherein:
PA1  said first chain means comprises a first pair of parallel chains; and
PA1  said second chain means comprises a second pair of parallel chains.
NUM  10.
PAR  10. Apparatus as recited in claim 9 wherein:
PA1  said receptacle having an open top and at least one open end, said end
      being on a side perpendicular to said first shaft means; and
PA1  roller means coupled to said receptacle for rollably supporting said
      batteries.
NUM  11.
PAR  11. Apparatus as recited in claim 4 including:
PA1  support means for receiving said third shaft in said lower position; and
PA1  means for adjusting the working lengths of said first and second chain
      means between said pivotable linkage means and said second shaft means for
      varying the inclination of said receptacle.
NUM  12.
PAR  12. Apparatus as recited in claim 3 wherein:
PA1  said first chain means comprises a first pair of parallel chains; and
PA1  said second chain means comprises a second pair of parallel chains.
NUM  13.
PAR  13. Apparatus as recited in claim 2 including:
PA1  first shaft means rotatably journaled in said frame means and extending
      generally horizontally over said tank;
PA1  second shaft means having weights affixed thereto, said second shaft means
      being vertically movable between an upper and a lower position;
PA1  third shaft means mounted on said frame means intermediate said first and
      second shaft means; and
PA1  said extensible chain means extending over said first and third shaft means
      and having their other ends attached to said second shaft means.
NUM  14.
PAR  14. Apparatus as recited in claim 1 including:
PA1  first means for detecting when said receptacle is in its upper-most
      position over said tank; and
PA1  second means for detecting when said receptacle is lowered into said tank.
NUM  15.
PAR  15. Apparatus as recited in claim 1 wherein:
PA1  said receptacle having an open top and at least one open end, said end
      being on a side perpendicular to said first shaft means; and
PA1  roller means coupled to said receptacle for rollably supporting said
      batteries.
NUM  16.
PAR  16. Apparatus as recited in claim 1 wherein said immersion means includes:
PA1  control means for controlling the sequence of operation of said immersion
      means; and
PA1  timer means for selectively varying the amount of time said receptacle is
      maintained in said tank after lowering.
NUM  17.
PAR  17. A method of simultaneously filling a plurality of storage batteries
      having filling ports with acid, comprising:
PA1  positioning said batteries over an open topped tank of acid with said
      filling ports facing upwardly;
PA1  inclining said batteries at a predetermined angle of inclination to
      determine the level of acid which remains in the batteries after filling;
PA1  immersing batteries into said tank for a preselected amount of time to fill
      said batteries with acid;
PA1  raising said batteries out of said tank while maintaining said batteries in
      an inclined position.
NUM  18.
PAR  18. The method as recited in claim 17 including:
PA1  varying the amount of time said batteries are immersed to vary the specific
      gravity of acid in said batteries.
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ABST
PAL  Method and apparatus for comminuting a tree stump in its entirety while
      still rooted in the ground, utilizing a large, heavy cylindrical roller or
      drum rotating at high speed and having cutters mounted on a peripherical
      surface thereof for engaging and comminuting the stump from the side
      thereof. The roller is journaled for rotation about a horizontal axis in a
      carrier attached to the front end of a heavy four-wheel vehicle which is
      driven hydraulically over the ground surface from a selfcontained power
      source such as an internal combustion engine. The hydraulic system which
      drives the vehicle also includes a hydraulic motor mounted on the carrier
      for rotating the roller. The roller, through the carrier, is mounted to
      the vehicle frame for swinging movement in a vertical plane relative to
      the ground and a hydraulic cylinder included in the hydraulic circuit is
      provided for effecting said vertical swinging movement. Controls for
      operating the cutting roller and the vehicle are provided in an operator's
      cab on the vehicle.
PARN
PAR  This application is a division of my copending application Ser. No. 313,067
      filed Dec. 7, 1972, now U.S. Pat. No. 3,868,980.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to an improved method and apparatus for comminuting
      tree stumps and buried roots while in the ground surface.
PAR  In one conventional land clearing operation, tree stumps remaining after
      felling trees are lifted out of the ground and moved to the side by means
      of tracked vehicles or other suitable apparatus where they are left to rot
      or be transported away to a dump or other disposal area. This procedure
      has considerable disadvantages. If the tree stumps remain at a collection
      point, they take up space which thus becomes unusable. Transporting the
      tree stumps away involves additional cost for labor and vehicles. If the
      stump is moved aside from its original, rooted position it causes
      simultaneous removal of valuable top soil which is necessary in situations
      where trees are to be replanted in the cleared area. In addition, when the
      hole caused by removal of the stump, is filled, top soil is moved deep
      into the ground where it is useless for new plantings, while conversely a
      larger quantity of uncultivated soil, such as clay and sand without humus,
      is brought to the surface. Uprooting of the tree stumps may also result in
      severe damage to the root system which is important in situations where
      the cleared land is to be replanted for growing new trees. The
      aforementioned conventional practice also places a greater load on waste
      disposal areas which are already severely overcrowded.
PAR  In another conventional practice of stump removal, the stumps are uprooted
      and burned on site.
PAR  This is not only costly and dangerous from the standpoint of fire
      prevention but furthermore, the products of combustion polute the air and
      add to the ecology problem which today is so very urgent. Already in some
      areas laws and regulations have been passed restricting burning operations
      in an effort to increase fire safety as well as to reduce air pollution.
      Such restricted burning conditions still do not entirely solve the
      pollution problem and in any event, make stump removal by burning a slow
      and expensive operation.
PAR  In an attempt to overcome these disadvantages, various methods and
      apparatus have been developed to comminute tree stumps rooted in the
      ground. For example U.S. Pat. No. 1,312,450 discloses a milling apparatus
      for cutting tree trunks employing a rotating milling roller lowered onto
      the top of the stump for milling the wood of the stump away. However, with
      this patented apparatus, the milling process can be conducted only to a
      limited extent below the ground surface and as a result, the entire stump
      cannot be removed. Moreover in order to mill below the surface with this
      patented device, a milling roller which is wider in diameter in the middle
      must be used such that it is not possible to touch the lateral roots.
      Thus, during subsequent new cultivation or re-plantings, the place where
      the stump stood, as well as its immediate surrounding area, cannot be
      planted. In situations where the cleared land is not to be used for
      re-planting trees, the method and apparatus disclosed in U.S. Pat. No.
      1,312,450 is still believed to be inadequate for commercial purposes
      because it involves cutting across the grain of the stump on the upper
      surface of the stump which requires excessive drum pressure and speed and
      moreover takes a relatively long time to cut through the entire stump. It
      also requires that the knives be sharpened very frequently. Furthermore it
      is doubted that the long knives used on this patented device would permit
      continuous rotation of the drum through the stump, but instead would cause
      periodic binding heaving or stoppage of the drum particularly when great
      pressure is exerted on the stump. Another serious deficiency with this
      patented device is that it cannot cut the stump below the ground surface
      because the drum bearing and pulley transmission system prevents it and
      would be subject to damage. Moreover soil would build up behind the knives
      preventing effective cutting action. Finally with respect to U.S. Pat. No.
      1,312,450 it is noted that it discloses a very complicated and cumbersome
      mechanism for pressing the drum on the stump as the cutting operation
      proceeds.
PAR  Other prior art cutting method and apparatus which attempt to comminute
      stumps by cutting across the grain on the top surface of the stump, are
      also disclosed in U.S. Pat. Nos. 3,044,509 and 3,389,726. Additionally,
      these patented devices also cannot remove the entire stump because the
      distance the cutting roller can move below the ground surface is limited
      by the drum bearings and drive transmission. Furthermore the great weight
      required to effectively comminute a stump, particularly when cutting
      across the grain by rotating across the top face of the stump, is believed
      to be lacking from these patented devices. Moreover it has been discovered
      by applicant that an exceedingly high drum speed is required for effective
      comminution which if applied to the belt drive system disclosed in these
      patents, would cause periodic damage thereto, particularly since a great
      deal of vibration is encountered in comminuting a tree stump. The
      possibility of damaging such a conventional drive transmission is
      increased if the drum is operated below the ground surface.
PAR  It has further been discovered by applicant herein that it is difficult to
      maintain the cutting roller properly positioned on a tree stump when using
      a conventional arrangement of knives on the drum such as disclosed in U.S.
      Pat. Nos. 3,389,726 and 3,044,509. Moreover the spiral arrangement of the
      roller knives disclosed in U.S. Pat. No. 3,389,726 would cause the drum to
      "walk" laterally off the stump to frustrate the cutting operation. It is
      further noted that the cutting rollers disclosed in U.S. Pat. Nos.
      3,044,509 and 3,389,726 are hitched to the rear of a vehicle so that any
      stumps or other obstacles encountered below the rear of the vehicle or
      under the hitch, could prevent proper contact of the drum with the stump
      to be removed. It would, of course, also hinder the manueverability of the
      vehicle and the drum.
PAR  Another known device for cutting tree stumps while rooted in the soil, is
      disclosed in German Pat. No. 1,945,388 (Gebrauchsmuster) and includes a
      milling disc equipped with cutting knives, with the axis of rotation of
      the disc extending in the same direction as the length of the vehicle. The
      disc is attached to the rear of a vehicle, and is lowered partially into
      the ground in front of the stump and then the disc is moved against the
      stump. However, the working depth and especially the height of tree stumps
      which can be attacked, are limited by the diameter of the milling disc.
      The milling disc engages the stump only in its lower reaches, so that
      considerable lateral forces are exerted upon the vehicle which tend to
      overturn the vehicle. The soil and wood are thrown off laterally, without
      filling the hole produced by the cutting operation. Since the cutting
      forces on the tree stump are primarily horizontal, the stump tends to move
      laterally away from the cutter disc. In the vicinity of the disc axis,
      where the largest quantity of wood must be broken up, the cutting speed is
      too slow for effective cutting of the wood. Applicant is familiar with
      this device being one of the coinventors named in said German Patent.
PAR  Another device employing cutter discs is shown in U.S. Pat. No. 3,625,267
      which also involves a relatively slow process of cutting stumps and
      suffers from some of the same draw-backs mentioned above in connection
      with the above-cited German Patent. This device must make numerous
      vertical cuts in the stump in order to entirely remove the stump.
      Moreover, the bearings for the cutter discs and the chain drive are prone
      to damage since they directly engage the stump. The damage is enhanced
      when operating below the ground surface.
PAR  In addition to the shortcomings of prior patented devices summarized above,
      applicant has discovered that the roller knives of the prior art
      particularly those employing extremely hard material, such as carbide
      material, are prone to chipping and breakage upon encountering the tough,
      hard material of the stump with great impact. Also, constant sharpening of
      the roller knives is required which considerably slows the overall stump
      removal operation. Furthermore applicant has discovered that in order to
      obtain a balanced cutter drum which will not wander or walk off the stump
      or heave or stop during operation when pressure is applied to the stump,
      it is important to position the knives in a certain manner here-to-fore
      lacking from the prior art.
PAR  In summary, applicant believes that none of the prior art devices are
      adequate for continuous commercial use over long periods in removing
      entire tree stumps.
PAC  OBJECTS OF INVENTION
PAR  It is an object of the present invention to provide an improved method and
      apparatus for quickly and efficiently comminuting entire tree stumps while
      rooted in the ground. Included herein is the provision of such method and
      apparatus suitable for use in continuous commercial land clearing
      operations so as to avoid stump burning or hauling the stump to a dump or
      disposal areas, in keeping with the current ecology drive. Further
      included herein is the provision of such a method and apparatus which are
      free of the disadvantages noted above in connection with prior art devices
      and methods.
PAR  A further object of the present invention is to provide such method and
      apparatus which may be controlled by a single person.
PAR  A further object of the present invention is to provide such a method and
      apparatus which utilizes a cylindrical cutter roller or drum with knives
      thereon. Included herein is the provision of a novel and improved cutter
      roller having a unique arrangement of knives which moreover are adjustable
      on the drum and may be easily removed and replaced if desired.
PAR  Another object of the present invention is to provide a novel knife
      assembly which may be incorporated on the cutter roller described above.
PAR  A still further object of the present invention is to provide a novel
      self-powered vehicle incorporating the aforesaid cutter roller. Included
      herein is the provision of an improved mechanism for mounting the cutter
      roller with respect to the front of the vehicle and an improved mechanism
      for driving the cutter drum at high speed.
PAC  SUMMARY OF INVENTION
PAR  In practicing the method of the invention, a heavy cutting or milling
      roller or drum, attached to the front end of a heavy vehicle is partly
      sunk into the ground in front of a stump. During or subsequent to the
      latter step, the vehicle is driven toward the stump to engage the side of
      the stump. Cutting knives, provided throughout the periphery of the
      milling roller engage and attack the stump while moving primarily from the
      top toward the bottom portions of the stump so as to cut or slice chips
      from the stump generally along the grain of the wood. During the wood
      chipping operation, the roller is rotated at high speed for example 200
      revolutions per minute and is advanced with great pressure against the
      stump laterally and downwardly thereof.
PAR  Advancement of the cutter roller against the stump as the comminuting
      progresses is achieved by driving the vehicle towards the stump
      simultaneously with operating the cutting roller. Additionally, and
      depending on the depth of the stump below the ground surface, the cutter
      roller may be lowered further into the ground as the cutting operation
      proceeds to ensure entire comminution of the stump and its immediate
      roots. Thus, the stump and roots immediately surrounding it, will be
      chipped to the desired depth which can be chosen in accordance with the
      depth of the respective re-plantings in cases where the cleared area is to
      be used for such.
PAR  After the stump is removed, there remains a loosened soil area primarily
      consisting of top soil and for a lesser part, wood chippings from the
      stump. The attack of the cutting knives from top to bottom in the
      direction of the wood fiber brings about an effective breaking up or
      chipping of the stump so that no excessively large wood pieces remain
      which might otherwise present an obstacle during a new planting or
      cultivation of the ground. In situations where the cleared land is to be
      used for building sites, the entire stump is removed by using the method
      of the present invention.
PAR  When comminuted by the method and apparatus of the present invention, the
      stump cannot avoid the attack of the knives by shifting sideways or
      laterally. Under the impact of knife attack from above, the stump presses
      with its roots against the soil, so that even hard types of wood such as
      oak can be broken up or comminuted in relatively loose or soft soil. The
      reaction forces created by the cutting act upon the vehicle vertically,
      and not horizontally, so that there is very little tendency, if any, for
      the vehicle to shift to either side of or away from the stump. The wood
      and soil picked up by the cutting knives are thrown downward and to the
      rear of the vehicle, and largely stay in the space vacated by the stump.
      Subsequent levelling work, if any is indeed required, can thus be limited
      to a minimum.
PAR  To avoid chipping or braking of the roller knives when encountering the
      tough stump material upon impact, spring steel is employed in forming the
      knives in accordance with the present invention. Such steel may also
      include a  certain amount of Selesium to increase its toughness. The
      knives are made of a sufficient size such as 2 and 3/8 inches wide and 5/8
      of an inch thick with bevel cutting edges. In order to achieve a balanced
      cutter roller which will not walk laterally off the stump or stop or heave
      during the cutting operation, the knives are placed on the drum in
      predetermined angular positions. Additionally the knives are arranged in a
      staggered pattern throughout the circumference of the drum to ensure that
      the stump will be cut throughout the entire axial length of the drum at
      least once upon each revolution of the drum.
PAR  To facilitate mounting and removal of the knives on the cutting drum, a
      novel holder assembly is provided for each of the knives in accordance
      with a preferred embodiment of the present invention. This assembly
      permits quick adjustment or removal and replacement of the knives.
PAR  The cutter roller is placed on a carrier pivotally mounted to the front of
      the vehicle and which can swing vertically under the driving force of an
      associated hydraulic cylinder. The carrier and cutting roller are so
      related such that a plane passing through the base of the carrier stands
      at an angle to a vertical axis passing through the center of the roller
      when the roller is in uppermost position. In other words, the carrier is
      located in the upper rear quadrant of the roller. With this relationship,
      a substantial portion of the front quadrants of the roller are exposed for
      contact with the stump.
PAR  In operation the cutting roller can be brought to the desired depth
      immediately in front of the tree stump, and after initial chipping of the
      tree stump, can be raised and then lowered against the tree stump to
      continue the comminuting operation as described. The drive motor for the
      cutting roller is placed on the carrier immediately above the roller and
      is connected to the roller by a variable speed-gear-unit. This eliminates
      the need for conventional driving connections since the roller and its
      drive motor are both mounted to the carrier.
PAR  In order to enable the roller to effectively comminute the stump below the
      ground surface, the ends of the cutting roller are recessed. The recesses
      house the roller bearings, and on one side, a portion of the gear
      transmission connected to the roller drive motor. Hence, the bearings and
      drive connections are protected and do not interfere with movement of the
      roller below the ground surface.
PAR  In accordance with another aspect of the present invention, the driving
      motor for the roller is a variable speed hydraulic motor which is driven
      by a pump suitably mounted to the frame of the vehicle. The hydraulic
      motor not only provides the requisite high cutter drum speed up to and
      over 200 revolutions per minute, but also it may be attached very simply
      and directly to the carrier for the drum because of its small dimension,
      low weight, and the use of flexible conduits, so that the required height
      mobility of the drum is not restricted.
PAR  The hydraulic control system for operating the hydraulic motor for the
      cutting drum and the hydraulic cylinder for raising and lowering the same,
      is included in a hydraulic system also used to drive the vehicle over the
      ground surface. In the preferred embodiment, the vehicle is steered
      through its rear wheels by means of a hydraulic cylinder included in the
      hydraulic system. The controls for operating the vehicle as well as the
      cutting roller are provided in an operators cab mounted on the frame of
      the vehicle.
DRWD
PAC  DRAWINGS
PAR  The above and other objects of the invention will become more apparent to
      those skilled in the art up on reference to the following detailed
      description in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of apparatus embodying the present
      invention including a cutting roller incorporated on the front end of a
      vehicle and shown in raised position;
PAR  FIG. 2 is a front elevational view of the cutting roller and its carrier in
      lowered position below the ground surface and with the roller being shown
      in cross-section;
PAR  FIG. 3 is a diagrammatic side elevational view of the cutting roller in
      operation against a tree stump;
PAR  FIG. 4 is a view similar to FIG. 3, but after the tree stump is entirely
      comminuted;
PAR  FIG. 5a is a cross-sectional view of one of the cutting knives on the
      roller as well as the mounting therefor;
PAR  FIG. 5b is a cross-sectional view taken generally along lines 5b--5b of
      FIG. 5a;
PAR  FIG. 6 is a diagrammatic view of a hydraulic circuit for driving the
      vehicle over the ground surface;
PAR  FIG. 7 is a diagrammatic view of the hydraulic circuit for driving the
      cutting roller in rotation;
PAR  FIG. 8 is a diagrammatic view of a hydraulic circuit for raising and
      lowering the cutting roller;
PAR  FIG. 9 is a diagrammatic plan view of a preferred embodiment of a cutter
      drum developed along its circumferential length to show the number,
      position and arrangement of knives thereon;
PAR  FIG. 10 is an end view of the preferred embodiment of the drum with
      portions of the drum removed and with a cutter-knife assembly shown in
      cross-section;
PAR  FIG. 11 is an exploded perspective view of parts of a knife- and holder
      assembly included in the preferred embodiment of the drum of FIGS. 9 and
      10; and
PAR  FIG. 12 is a perspective view of a knife- and holder assembly included in
      the preferred drum embodiment with only a portion of the drum being shown
      and with other knife- and holder assemblies omitted for clarity.
DETD
PAC  DETAILED DESCRIPTION
PAR  For illustrative purposes only, a wheeled vehicle embodying the present
      invention is shown in FIG. 1 as including a main frame 1 supporting an
      operator's cab 2 and a main drive motor 3 which may be a 220 horse power
      internal combustion engine for example. Frame 1 may have any suitable but
      strong construction formed by structional steel members but is important
      that is be capable of withstanding impact and vibration loads encountered
      during comminution of tree stumps as will be described. Close and across
      the front end of the vehicle, there is mounted a cylindrical milling or
      cutting roller or drum 4 journaled in an overlying framework 5 which may
      be termed a "carrier".
PAR  Carrier 5 is pivotally mounted to the vehicle at pivots 6a by means of a
      pair of parallel arms 6 (only one shown) which may take the form of steel
      plates. Carrier frame 5 is made from steel plate 1/2 to 3/4 of an inch
      thick, and preferably includes V shape reinforcement plate 5b upstanding
      therefrom to also provide a support for mounting motor 11 for the drum 4.
      Additionally, the carrier arms 6 are positioned and mounted such that when
      in the fully raised position the carrier is positioned over the upper rear
      quandrant of drum 4 thereby exposing a substantial forward portion of drum
      4.
PAR  The vehicle frame 5 is provided with large front and rear traction wheels 7
      and 8 in tandem; rear wheels 7 being steerable while front wheels 8 are
      journaled on a nonswingable axis. Prefereably all wheels of the vehicle
      are driven by a main drive motor 3 via a hydraulic motor 33 shown
      schematically in FIG. 6. For example, this may be a hydrostatic drive with
      an infinitely variable transmission. In addition, main motor 3 drives a
      hydrostatic pump 9, which drives hydraulic or hydromotor 11 via hydraulic
      conduits 10, see FIGS. 2 and 7. As described above motor 11 is mounted on
      carrier frame 5 for cutting roller 4, and arms 6 which mount carrier 5 to
      the frame, are pivoted about horizontal axis 6a by means of a hydraulic
      cylinder 12 secured to the front of the vehicle frame at one end and the
      arms 6 at the other end at 12a.
PAR  In operator's cab 2 are provided two levers for changing the transmission
      ratios of the hydraulic drive for cutting roller 4. Also as illustrated in
      FIG. 7, the direction of rotation of cutting roller 4 may be reversed.
      Control lever is provided in the operator's cab for operating hydraulic
      cylinder 12, which is supplied with hydraulic liquid by a pump driven by
      main drive motor 3. From his seat in the cab, the operator can raise and
      lower milling roller 4 and also change its rotational speed by employing
      the infinitely variable hydrostatic drive. The vehicle may be driven over
      a range of speeds with very high driving power particularly at low speeds.
      The operational lever shifted by the operator for the speed and direction
      of movement of the infinitely variable hydrostatic drive, is pivotable in
      first and second opposite directions. Pivoting in the first direction
      effects a forward movement of the vehicle while pivoting in the opposite
      direction effects a reverse movement of the vehicle. The magnitude of the
      pivotal movement of the lever which, for example, may be a foot lever,
      determines the driving speed in all directions. In this manner, the driver
      can direct the movement of the vehicle very accurately and quickly.
PAR  Hydraulic motor 11 for cutting roller 4 drives the latter via intermediate
      gear drives 25 which may, for example, be in the form of a spur gear
      drive. Motor 11 is rigidly mounted to the top surface of carrier 5 with
      its output shaft 11a extending to one end of carrier 5 in a horizontal
      plane where it is operatively connected to the spur gear drive assembly
      25. The spur gears are housed in a tough steel shallow pan-like housing
      secured to carrier 5 and a vertical steel strap 5a depending from carrier
      5. On one end of milling roller 4, intermediate drives 25 also form the
      support for shaft 13 of cutting roller 4 while on the other end, a bearing
      support 14 is provided. The latter is connected to carrier frame 5 by
      means of a steel strap 14a fixed to carrier 5 and steel bracket 14b fixed
      to the strap and bearing 14, as shown in FIG. 2 of the drawings. Rotation
      of shaft 13 is transmitted to roller 4 by means of collars 13b fixed to
      shaft 13 and also to plates 4a which extend from collars 13b to the wall
      of roller 4 where they are fixed thereto. In a preferred embodiment, the
      weight of carrier 5 with milling roller 4, drive 25 and motor 11 amounts
      to about 3,000 kg or in other units 3 tons, while the total weight of the
      vehicle including the roller and carrier is about 12.5 tons. The speed of
      cutting roller 4 is variable in the range of 0 to 200 revolutions per
      minute and more and in use cutting roller 4 is operated at about 200
      revolutions per minute.
PAR  In FIG. 2 it can be seen that the two end faces 15 of cutting roller 4 are
      disposed inwardly of the end edges of the cylindrical wall of the roller
      to define recessed areas at each end. These recesses house drive 25 and
      bearing 14 to prevent damage thereto while permitting the cutting roller
      to be sunk a substantial distance below the ground surface. Strap
      connectors 5a and 14a for these parts extend from the recesses toward the
      carrier 5 but in an area which is considerably above roller shaft 13. FIG.
      2 illustrates how the roller recesses permit the roller to be moved below
      the ground surface during a comminuting operation above the shaft 13.
PAR  FIG. 5a is a cross-sectional view of one embodiment of a knife assembly
      which may be used on cutting drum. It includes knives 16 adjustably
      secured to steel right angles 20, which are welded at along their
      extemities 20a to the peripheral surface of roller 4. A clamp in the form
      of a steel plate 21 is fastened by bolts 22 extending through bored holes
      in one side of angle 20, with a counter-clamp 23 having a threaded opening
      receiving bolt 22 to hold cutting knife 16 firmly as shown in FIG. 5b. To
      adjust or to exchange knives 16, bolts 22 are simply removed or loosened;
      it being understood that bolts 22 straddle the opposite sides of knife 16
      as shown in FIG. 5b. Knives 16 are made out of spring steel bars which may
      contain Selesium. The opposite ends of each knife 16 are formed into bevel
      cutting edges, so that the knife can be turned around after one edge
      becomes worn.
PAR  In FIG. 9 there is shown a developed view of a prefered cutting roller 4'
      having a width, W, measured along the rotational axis, of 47 inches and
      circumferential length, L, of approximately 123 inches. Cutting edges 16a
      of the knives are bevelled and extend in horizontal planes parallel to the
      axis of the drum. In this specific embodiment, fifty two cutting knives
      are employed. As is clearly illustrated in FIG. 9, knives 16 are arranged
      in a staggered overlapping pattern so that continuous cutting of the stump
      along the entire W or width dimension of the roller occurs during each
      revolution of roller 4. This avoids the need of long or excessive numbers
      of knives which would require much greater pressure against the stump
      causing the drum to periodically heave and stop rather than cutting
      smoothly and continuously.
PAR  In the preferred embodiment, knives 16 have a cutting edge 16a of
      approximately two and three eights of an inch wide and a thickness of
      approximately five eighths of an inch and are made from spring steel for
      toughness to avoid chipping or breakage when encountering the tough stump
      material. More specifically knives 16 are made from spring steel
      preferably containing Selesium. In the preferred embodiment shown, the
      number and arrangement of knives 16 throughout one half of the drum's
      circumference is identical to that in the other half. This may be noted
      upon viewing FIG. 9 wherein the lower half section contains the same
      number and arrangement of knives as the upper half section. It will also
      be noted from FIG. 9 that continuous cutting on the stump across the
      entire W dimension of the drum occurs twice for each revolution of the
      drum. In other words two continuous scores or cuts extending the length of
      the drum dimension W will be made for each revolution of the drum.
PAR  In accordance with another feature of the present invention, all the knives
      on left half section of the drum 4' extend outwardly at an angle of about
      30.degree.to a diametrical plane of the drum, one such plane being
      illustrated in FIG. 9 by CL, passing through the center of the drum. All
      the knives 16 on the right half section of the drum extend outwardly at
      the same but oppositely directed angle of 30.degree. as shown in FIG. 9.
      This ensures that the drum will be balanced and stay properly positioned
      at the center of the stump during a chipping operation. Moreover should,
      for example, only the right half section of the drum engage the stump, the
      angular orientation of knives 16 will produce a lateral force moving the
      drum to the right to position more of the drum on the stump. The same
      action will occur conversely should only the left hand side of the drum be
      positioned on the stump.
PAR  Referring now to FIGS. 10, 11 and 12, a preferred knifeholder assembly
      generally designated as 60 is illustrated for releasably securing knives
      16 on the cutter drum 4'. This assembly includes a holder formed by upper
      and lower outwardly converging walls 62 and 64 each in the form of a
      parallelogram, and opposite parallel side walls 66 and 68 extending at an
      angle of about 30.degree. to a diametrical plane of cutting roller 4' and
      having a generally trapezoidal configuration except for edge 67 which is
      curved to fit the cylindrical shape of roller 4'. Holder 60 is rigidly
      secured to the periphical surface of drum 4' in a position shown in FIGS.
      10 and 12 by welds extending along the edges of the upper and lower walls
      62 and 64 and edges 67 of side walls 66 and 68. The welds along upper
      walls 62, 64, are illustrated in FIG. 10, but omitted from FIG. 12 for
      clarity. Holder side walls 66 and 68 together with interior overlying
      walls 70 and 72 fixed to the side walls, define a passage of rectangular
      cross-section for receiving knife 16 against the lower interior wall 72,
      as shown in FIG. 10. Knife 16 projects from the holder at an angle of
      about 68.degree. to a line tangent to the drum at the inner edge of the
      knife 16. Additionally knife 16 projects from the holder a distance of
      approximately 1 1/2 inches, however, this may be varied. Lower interior
      wall 72 in the holder extends at an angle of about 22.degree. relative to
      the upper interior wall 70 to define what may be termed a tapered passage
      in the holder.
PAR  For securing knife 16 in the holder passage, a steel wedge block generally
      designated 80 is employed having parallel front and rear faces rectangular
      82 and 84, parallel side faces 84 and 86 having a parallelogram shape and
      extending 30.degree. to the front face 82. Bottom face 88 of wedge 80
      extends at an angle of about 22.degree. to top face 89. Wedge 80 thus
      matches the angular configuration of the holder passage such that when
      inserted therein above knife 16 and forced therein, it will wedge the
      knife firmly against lower interior wall 72 as shown in FIG. 10.
PAR  To releasably secure wedge 80 in the holder, an anchor member in the form
      of a rectangular steel bar 92 is inserted across the rear of the holder
      through slots 96 formed in holder side walls 66 and 68 as best shown in
      FIG. 12. Wedge block 80 is provided with a counter sunk passage 101
      extending between its front and rear faces 82 and 84 for receiving a
      threaded bolt 97 received in a threaded passage 102 formed in anchor block
      92. Bolt 97 has an enlarged head 98 of the "allen" head type recessed in
      the counter sunk portion of the passage through wedge 80. It will be seen
      that by tightening bolt 47 in anchor block 92, the wedge will firmly clamp
      knife 16 in the holder against movement, despite heavy impact forces
      imparted thereto when in use during a stump comminuting operation. To
      facilitate tightening and loosening of bolt 97 a hexagonal key may be
      placed into the hexagonally recessed head 98 of bolt 97 for turning the
      same.
PAR  Although FIGS. 10, 11 and 12 show a right-handed knife holder assembly, the
      left-hand holder assembly will be similarly formed, but with the holder
      side walls extending at an opposite 30.degree. angle toward the left end
      of the drum. Also in the preferred embodiment, the rear edge of knife 16
      opposite edge 16a is also provided with a bevel cutting edge so that
      either edge may be employed as the cutting edge. It should be understood
      that each of the 52 knives employed on the drum 4' will have its own
      holder similar to that described above.
PAR  In FIGS. 3 and 4 the method of comminuting a tree stump 17 with roots in
      the soil is illustrated. Milling or cutting roller 4 on cutting in a
      direction indicated by arrow 18 is partially driven below the soil or
      ground surface in front of tree stump 17 usually at least as deep as the
      planting depth for a new cultivation, for instance thirty cm. In this
      position the vehicle is driven against the side of the stump 17 so that
      the cutting knives 16 cut chips from the stump 17. Cutting knives 16
      attack and engage the stump at the front side of milling roller 4 while
      primarily moving from top to bottom portions of the stump, i.e., the wood
      is chipped or splintered primarily in the longitudinal direction of the
      fibers.
PAR  FIG. 4 shows cutting roller 4 in position after fully comminuting the
      stump. The path of cutting roller 4 during the cutting operation is
      indicated in FIGS. 3 and 4 by dotted line 19 which in FIG. 3 first extends
      at an angle and then extends generally horizontally. It will be noted that
      the roller although moving against the side of the stump also exerts a
      downward force on the stump which by virtue of the great weight of the
      drum and force of the vehicle substantially limits movement of the stump
      during the cutting operation.
PAR  As illustrated by the arrows in FIGS. 3 and 4, during operation the milling
      roller 4 is moved forward against the side of the stump as it is lowered
      into or towards the ground and continues to move forward. The roller is
      then raised and the above motion repeated throughout the course of an
      entire comminuting operation. The forward speed of the vehicle during the
      attack of the milling roller 4 on the stump can be adjusted downwardly to
      a complete stop, if necessary, in response to the load on the roller.
      However, during normal operation, the roller travels at the speed of
      approximately 200 revolutions per minute or more while being forced
      against the stump by the weight of the vehicle and the drum as well as the
      force of the vehicle moving against the stump.
PAR  The slices and chips of wood from the tree stump as well as the soil picked
      up by cutting knives 16 are thrown to the rear by the milling roller 4
      where most of it refills the depression in the ground made by the milling
      roller while, a lesser portion is thrown up. To prevent excessive throwing
      up of the soil and wood chips, it is possible to attach a baffle plate
      (not shown) to the front of the vehicle or the rear of the carrier 5 to
      deflect the soil and chips downwardly.
PAR  In actual practice of the method and apparatus of this invention, tree
      stumps have been entirely comminuted in quick succession without
      interruption in a matter of minutes, for example 2 to 5 minutes depending
      upon the stump size. Moreover in situations where the stumps are very
      small, for example 4 to 8 inches in diameter the method and apparatus of
      the present invention will successfully comminute the entire stump in less
      than a minute.
PAR  Hydraulic cylinder 12 supports the position of cutting roller 4 relative to
      the vehicle, so that the reaction forces acting upward seek to lift the
      vehicle at its front end. However these forces are overcome by the great
      weight of the roller and the vehicle at the front end so that the milling
      roller is pressed downward with maximum force against the stump.
      Additionally during operation, there are no significant horizontal or
      lateral force components inasmuch as the force exerted on the drum is in a
      vertical direction and the drum itself is balanced by virtue of the knife
      configuration described above. This ensures that the milling roller is
      maintained in proper position in engagement on the stump. Additionally any
      lateral forces tending to overturn the vehicle are avoided in contrast to
      devices of the prior art.
PAR  In FIG. 6 the structure of the hydrostatic drive for driving the wheels of
      the vehicle are diagrammatically illustrated. The main drive motor 3
      drives the axial piston pump 30, which can be adjusted continuously by
      means of a hydraulic cylinder or piston 31, in both directions of movement
      which can be easily controled with a pedal provided in the cab of the
      vehicle. Lines 32 connect the pump 30 with an axial piston fixed
      displacement motor 33, which drives wheels 7 and 8 of the vehicle. The
      waste oil from pump 30 and motor 33 flows back through lines 35 and 36
      into a container 37 where a pump 34 returns it to line system 32. In
      addition, the pump 34 supplies, via a control valve, the hydraulic
      cylinder or piston 31, which varies the output of the pump 30. Direction
      of the drive of the wheels in both turning directions takes place by
      adjustment of the valve 38.
PAR  The hydraulic circuit for driving the milling roller 4, represented
      diagrammatically in FIG. 7, is similar to the circuit shown in FIG. 6. The
      axial piston pump 9, which is driven by the main drive motor 3, is
      equipped for flow in both directions of movement. The output of the pump 9
      is varied by means of a hydraulic cylinder or piston 40. In this circuit,
      too, the filling pump 41 supplies the lines 10 with hydraulic liquid, to
      compensate for the waste oil losses of the pump 9 and the motor 11. The
      waste oil is returned to storage container 44 via lines 42 and 43. The
      filling pump at the same time also delivers the hydraulic liquid for
      activating the adjustment cylinder or piston 40 by means of a control
      valve 45. Thereby the rotational speed of the roller 4 can be adjusted in
      both turning directions on a continuous basis.
PAR  FIG. 8 shows diagrammatically the hydraulic system for lifting the milling
      roller 4 and the frame 5. A pump 50 similarly driven by the main drive
      motor 3 drives the hydraulic cylinder 12 via a multiple valve 51 acting as
      control valve. The control valve 51 has three positions: raising, lowering
      and stop.
PAR  In one of the lines leading to the hydraulic cylinder 12, there is an
      adjustable quantity control valve 53. In the line leading back from the
      control valve 51 to the container, there is a counter pressure valve 54,
      which keeps pressure on the low pressure side to a minimum. Instead of
      directly coupling the pump 50 with the main drive motor 3, it is also
      possible to provide a separate electrical drive motor for the pump, which
      runs at a constant speed thereby avoiding dependence of the lifting rate
      of the milling roller 4 on the rate of revolutions of the main drive motor
      3.
PAR  In a general manner, while there has been disclosed an effective and
      efficient embodiment of the invention, it should be well understood that
      the invention is not limited to such an embodiment as there might be
      changes made in the arrangement, disposition, and form of the parts
      without departing from the principle of the present invention as
      comprehended within the scope of the accompanying claims.
PAR  Moreover although shown in connection with comminuting tree stumps, the
      present invention may also be employed with or without modification, to
      chip or break other substance or articles, such as for example asphalt
      paving. The invention therefore need not be limited in every aspect to
      stump comminuting.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of comminuting a tree stump employing a heavy cylindical
      cutting roller having a plurality of spaced cutting knives projecting
      throughout its peripheral surface; the steps comprising, rotating the
      roller at high speed and moving it forwardly against the side of the stump
      with the knives moving from an upper portion of the stump to a lower
      portion of the stump to cut chips from the stump generally along the grain
      of the stump.
NUM  2.
PAR  2. The method defined in claim 1 further including the step of moving the
      roller towards the bottom of the stump and progressively moving the roller
      forwardly across the stump as the cutting proceeds and repeating the same
      until the stump is fully comminuted.
NUM  3.
PAR  3. The method defined in claim 2 wherein before initially engaging the
      stump, at least part of the roller is lowered below the ground surface.
NUM  4.
PAR  4. The method defined in claim 1 wherein before initially engaging the
      stump at least part of the roller is lowered below the ground surface.
NUM  5.
PAR  5. The method defined in claim 1 wherein the roller is rotated at a speed
      exceeding 150 revolutions per minute.
NUM  6.
PAR  6. The method defined in claim 5 wherein the roller is rotated at a speed
      of approximately 200 revolutions per minute.
NUM  7.
PAR  7. The method defined in claim 5 employing a cutting roller whose weight
      including accessory operating parts is in excess of 2 tons.
NUM  8.
PAR  8. The method defined in claim 2 wherein the cutting roller is moved
      forwardly against the stump in a direction at right angles to the axis of
      rotation of the roller.
NUM  9.
PAR  9. The method defined in claim 1 employing a cutting roller mounted in a
      carrier frame and rotating the roller through means of a hydraulic motor
      mounted on the carrier frame, and moving the roller vertically and
      horizontally by moving the carrier frame.
NUM  10.
PAR  10. The method defined in claim 7 wherein the roller is mounted to the
      front end of a vehicle weighing in excess of 7 tons and the roller is
      urged forwardly against the stump by moving the vehicle toward the stump.
NUM  11.
PAR  11. The method defined in claim 1 wherein the roller is mounted to the
      front of a vehicle and is advanced against the stump by moving the vehicle
      toward the stump.
NUM  12.
PAR  12. The method defined in claim 1 employing knives staggered on the roller
      with the knives in the right half section of the roller extending
      outwardly at an angle towards the adjacent end of the drum, and the knives
      on the left-hand section of the roller extending at the same but
      oppositely directed angle toward the adjacent end of the roller.
NUM  13.
PAR  13. The method defined in claim 8 wherein the axis of rotation of the
      roller lies in a horizontal plane.
NUM  14.
PAR  14. The method defined in claim 1 further including the step of moving the
      cutting roller downwardly as well as laterally and forwardly against the
      stump.
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ABST
PAL  A collar for a golf bag tube, comprising an annular member having axially
      directed inner and outer surfaces, and a plurality of axially spaced
      projections on said external surface.
BSUM
PAR  This invention relates to golf bag tubes.
PAR  Golf bag tubes are inserted in golf bags so that each golf club carried is
      located in its own tube in this way avoiding damage to the grip of the
      golf club due to interference between the grips at the bottom of the bag.
      Such tubes have, however, proved less popular than might have been
      imagined because it is all too easy, when withdrawing a club from the bag,
      to withdraw also the tube, making it difficult to remove the club from the
      tube and requiring the subsequent re-insertion of the tube into the bag.
PAR  It is an object of the present invention to obviate or mitigate these
      difficulties.
PAR  The present invention is a collar for a golf bag tube, comprising an
      annular member having axially directed inner and outer surfaces, and a
      plurality of axially spaced projections on said external surface.
PAR  Preferably said projections are circumferential flanges.
PAR  The collar may be a plastics moulding.
PAR  Said inner surface may comprise a first part and a second part of lesser
      diameter, a radially extending step being provided between said parts to
      engage the end of a tube.
PAR  The diameters of said first and second parts may be respectively greater
      than and less than 11/2 inches.
PAR  One end face may be formed as a bevelled lip leading into the collar.
PAR  The surfaces of said projections facing said one end face, may slope
      outwardly away from said one end face.
PAR  The present invention is also a golf bag tube having mounted at one end
      thereof a collar as defined in any of the last seven preceding paragraphs.
PAR  The present invention is further a golf bag tube having at one end a
      plurality of axially spaced projections on the external surface thereof.
PAR  An embodiment of the present invention will now be described, by way of
      example, with reference to the accompanying drawing, the single feature of
      which is axial cross-section through a collar according to the present
      invention.
DETD
PAR  Referring now to the drawing a collar 10 for a golf bag tube (indicated at
      11) is moulded from a plastics material and comprises an annular member 12
      having an outer axially directed surface 13 from which project a plurality
      of axially spaced projections. In this embodiment there are five such
      projections in the form of circumferential flanges 14, and it should be
      noted that the upper surfaces of the flanges slope outwardly away from the
      upper end of the collar.
PAR  Also, the upper end of the collar is provided with a bevelled lip 16
      leading into the collar.
PAR  The internal surface of the collar is divided into two parts 20 and 21 of
      different diameters by a radially extending step 22. The lower part 21 of
      the internal surface has the greater diameter and is dimentioned to be a
      sliding or a force fit on a standard golf bag tube which has a standard
      outer diameter of 11/2 inches. The step 22, in use, engages the end of a
      tube and the upper part 20 of the internal surface of the collar is then
      flush with the inner surface of the tube.
PAR  In use the collar is secured, as by glueing, onto the end of a golf bag
      tube and, when the tube is inserted into a bag the flanges 14 ride over
      and engage the flanges of adjacent tubes so that the nest of tubes in the
      bag is interlocked. Thus it becomes much more difficult to withdraw
      accidentally a tube from the bag.
PAR  The embodiment described may be modified as by varying the number of
      flanges though between four and six flanges is thought to be the optimum
      range. Furthermore, instead of being produced as a separate item, a collar
      according to the present invention could be formed integrally with a golf
      bag tube.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A collar for a golf bag tube comprising:
PA1  a plastic annular member having a first and second open end and including
      axially directed inner and outer surfaces;
PA1  said outer surface including a plurality of axially spaced projections
      thereon, said projections comprising circumferential flanges which slope
      away from said first open end of said plastic member; and,
PA1  said inner surface including a first part and a second part of lesser
      diameter, the first and second part including a radially extending step
      therebetween for engaging the end of said golf bag tube.
NUM  2.
PAR  2. A collar as claimed in claim 1, in which the diameters of the first and
      second parts is respectively greater than and less than 11/2 inches.
NUM  3.
PAR  3. A collar as claimed in claim 2, in which one end is formed as a bevelled
      lip leading into the collar.
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PAL  A tire and wheel assembly having a lubricant to enable it to be operated in
      a deflated condition without destructive heating in which one or more
      ingredients of the lubricant composition are enclosed in an enclosing
      means, the other ingredient or ingredients of the composition being placed
      in the inflation chamber of the assembly. The enclosing means release the
      first ingredient or ingredients into the inflation chamber, upon loss of
      inflation pressure, to form the composition.
PARN
PAR  This is a continuation of application Ser. No. 353,938, filed Apr. 24, 1973
      now abandoned.
BSUM
PAR  This invention relates to tires and also to assemblies of such tires with
      wheels.
PAR  The assignee's co-pending U.S. application Ser. No. 150,627 filed June 7,
      1971 disclosed a pneumatic tire and wheel assembly comprising an enclosing
      means for lubricating material for the interior surface of the tire, said
      lubricating material being releasable from the enclosing means into the
      inflation chamber defined by the tire and wheel upon substantial loss of
      inflation pressure or deflation of the tire.
PAR  The lubricating material may comprise a composition which contains several
      ingredients for various purposes and in some cases it may be better for
      storage purposes if all the ingredients are not brought together until
      they are to be used.
PAR  According to the present invention a method for the manufacture of a tire
      and wheel assembly includes the step of incorporating into said tire and
      wheel assembly enclosing means for at least one ingredient of a lubricant
      composition for lubricating the interior surfaces of the tire, and
      locating a further ingredient or ingredients of the lubricant composition
      in the inflation chamber of the tire and wheel assembly without any
      enclosing means therefor, said enclosing means for the first ingredient
      being adapted to release said first ingredient into the inflation chamber
      defined by the tire and wheel upon substantial loss of inflation pressure
      or deflation of the tire to form the composition.
PAR  According to the invention also a pneumatic tire and wheel assembly
      comprises enclosing means for at least one ingredient of a lubricant
      composition for lubricating the interior surfaces of the tire, a further
      ingredient or ingredients of the lubricant composition being carried on
      the interior surface of the inflation chamber of the tire and wheel
      assembly, said enclosing means being adapted to release said ingredient
      into the inflation chamber defined by the tire and wheel upon substantial
      loss of inflation pressure or deflation of the tire to form said
      composition.
PAR  One ingredient of the lubricant composition may be loose in the interior of
      the inflation chamber or may be applied to the interior of the tire, or to
      the wheel rim, or to both. Preferably, however, it is applied to the
      interior surface of the tire in a position in which it will rapidly come
      into contact with the other ingredient of the lubricant composition when
      that is released from the enclosing means.
PAR  The lubricant composition may suitably be based on a liquid lubricant e.g.
      as described in the assignee's U.S. Pat. No. 3,739,829 issued June 19,
      1973 but preferably contains one or more solid or highly viscous
      constituents which are suitable to be carried on the interior surface of
      the assembly e.g., on the interior surface of the tire.
PAR  The lubricant composition is used to lubricate the interior surfaces of the
      tire but may also be utilized to perform two other functions, namely to
      seal a puncture in the tire and to at least partially reinflate the tire.
PAR  A liquid lubricant may be selected from a wide range of classes of
      compounds which include lubricants for rubber to rubber interfaces, for
      example:
TBL  Water                                                                     

     Animal oils                                                               

     Vegetable oils            e.g. castor oil,                                

                               boiled linseed oils                             

     Alcohols, monohydric      e.g. n-octanol                                  

     dihydric (diols,          e.g. ethylene glycol                            

     glycols)                                                                  

     trihydric (triols)        e.g. glycerol                                   

     polyhydric (polyols)                                                      

     Esters                    e.g. methyl caprylate                           

     Silanes                                                                   

     Non-ionic surface active agents                                           

     Cationic surface active agents                                            

     Anionic surface active agents                                             

     Poly(oxyalkylene) glycols of                                              

                               e.g. poly(oxyethylene)                          

     generalized formula       glycols and poly(oxy-                           

     RO--CH.sub.2 --CH--O--R"  propylene) glycols of                           

     .vertline.                various molecular                               

     R'x                       weights and blends of                           

     or                        these.                                          

     poly(oxyalkylene) glycols                                                 

     containing copolymers of two or                                           

                               e.g. blends of                                  

     more different oxyalkylene                                                

                               copolymers of various                           

     components of generalized formula                                         

                               molecular weights con-                          

     ROCH.sub.2 --CH--O--CH.sub.2 --CH--O--. . . R"'                           

                               taining ethylene oxide                          

     .vertline..vertline.      and propyleneoxide units,                       

     R"m R"n                   for instance Ucon 50-HB-                        

                               2000 ex Union Carbide.                          

     In these generalized formulae                                             

     R, R', R" and R'" represent alkyl                                         

     groups or H and m, n and x are                                            

     integers.                                                                 

     Glycol ethers             e.g. hexyl cellosolve                           

                               (C.sub.6 H.sub.13 OCH.sub.2 CH.sub.2 OH) butyl  

                               carbitol (C.sub.4 H.sub.9 O(CH.sub. 2 CH.sub.2  

                               O).sub.2 H)                                     

                               methoxy triglycol (CH.sub.3 O                   

                               (CH.sub.2 CH.sub.2 O).sub.3 H)                  

     Dibasic acid esters                                                       

     Chlorofluorocarbon polymers                                               

     Silicones                 (organo-silicon                                 

                               oxide polymers)                                 

     Silicate esters                                                           

     Fluoroesters                                                              

     Neopentyl polyol esters                                                   

     Polyphenyl ethers                                                         

     Ferrocene derivatives                                                     

     Tetra-substituted urea derivatives                                        

     Heterocyclic derivatives                                                  

     Soaps                     e.g. sodium stearate                            

     Alkalis                   e.g. sodium carbonate                           

                               in aqueous solutions.                           

PAL  Blends of two or more such materials may be used.
PAR  It is useful if the lubricant composition will help to seal a puncture in
      the tire simply to prevent loss of lubricant but when the lubricant
      composition contains a volatile component it is most desirable that the
      composition should be capable of sealing the puncture. Thus the lubricant
      composition may have incorporated therein a separate puncture-sealing or
      reducing material, for example, chopped cotton wool, asbestos or synthetic
      fibers, e.g. of 0.0001 inch diameter and about 0.1 inch long which acts to
      form a better barrier over a puncture and is carried into position by
      escaping inflationary air and/or lubricant. Such materials preferably have
      a range of lengths and diameters. They can seal better if used in
      conjunction with other solid materials such as graphite, mica, crumb
      rubber, polyethylene flakes, etc.
PAR  A convenient method of obtaining a lubricant composition which will at
      least partially reinflate the tire after the puncture has been sealed is
      to use a lubricant composition containing a volatile component. Thus the
      lubricant composition may, with advantage, contain a volatile liquid,
      which may or may not in itself act as a lubricant for the rubber but which
      has a boiling point sufficiently low to appreciably volatilize at the
      temperature generated by running of the tire in a deflated or partly
      deflated condition. In this way the volatile liquid functions to partially
      re-inflate the tire and so reduce the high stresses generated in the
      sidewall and tire/wheel assembly generally, due to the deflated or
      substantially deflated condition.
PAR  Alternatively the lubricant composition may include two ingredients which
      react when brought together producing a gas to at least partially
      reinflate the tire.
PAR  When a lubricant composition which achieves partial reinflation is used
      heat build-up in the tire is lowered due to the reduced sidewall
      deflection the reduced contact pressure and hence reduced frictional
      forces between the interior tire surfaces. When a volatile liquid is used
      to achieve the reinflation the volatilizing of the volatile liquid also
      assists the dissipation of heat over the entire tire and rim surface. The
      volatile liquid may have a boiling point (or, if two or more volatile
      components are used, an initial boiling point) up to, for example,
      150.degree.C. but preferably not below, for example, 60.degree.C. in order
      that the liquid may be readily handled and not volatilized appreciably
      during normal running of the tire.
PAR  The volatile liquid may itself be used to form the basis of the lubricant,
      e.g. an aqueous gel, although it is then particularly preferable to
      include in the lubricant composition some puncture-sealing material in
      order to at least partly seal a puncture occurring in the tire to minimize
      the rate at which lubricant and vapour is lost from the tire.
PAR  Preferably the lubricant composition containing a volatile liquid comprises
      also a high boiling point lubricant, e.g. glycerol, to ensure continued
      lubrication in the event of loss of the volatile component by evaporation.
PAR  A preferred volatile liquid is water, which has lubricating properties on
      rubber to rubber contacting surfaces. Preferably the water contains a
      further volatile liquid such as an alcohol, e.g. ethyl alcohol, to enhance
      the volatility (lower the initial boiling point) and also reduce the
      freezing point of the water (if this has not been adequately reduced by
      the high boiling component). Various components already mentioned such as
      cellulose derivatives e.g. carboxy methyl cellulose, hydroxy-ethyl
      cellulose; surface active agents -- cationic, anionic and non-ionic; and
      soaps can be used to enhance the lubricity of the water.
PAR  In the case of liquid lubricants containing water as the volatile liquid
      viscosities at 20.degree.C., at low shear, in the range 10,000 to 200,000
      centistokes, and good lubricant properties can be achieved by the use of
      gelling agents such as those available under the Trade Names of Natrosol
      (ex Hercules Powder Company), and Carbopol (ex Goodrich Chemical Company).
      The viscosity of these gels reduces with increasing shear. Viscous liquid
      lubricants such as gelled lubricants have the added advantage that they
      assist in sealing small punctures at least against the usually low, e.g. 4
      p.s.i., pressures produced by vapour pressure inflation.
PAR  Examples of liquid lubricants containing water as the volatile component
      are solutions of detergents e.g. "Teepol" in water, aqueous gels
      containing e.g., hydroxy-ethyl cellulose with or without a high boiling
      component such as glycerol, and mixtures of polyglycols, poly(oxyalkylene)
      glycols or glycerol with water.
PAR  The liquid components of the lubricant composition are preferably miscible
      with water so that leakage from a tire and wheel assembly onto a road
      surface can be washed away, e.g., by rain water although water insoluble
      components can be used if desired. It is also desirable that the lubricant
      composition should not freeze at temperatures above -20.degree.C. so as to
      withstand cold weather and for extreme climates at temperatures above
      -50.degree.C. The liquid lubricant may have a boiling point of at least
      90.degree.C. and preferably, in order to withstand high temperatures
      without severe loss through volatilization a liquid component of the
      lubricant has a boiling point above 140.degree.C.
PAR  As well as being formulated to have a suitable viscosity for low rubber to
      rubber friction at the working temperature two other factors are
      preferably taken into account.
PAR  The lubricant composition advantageously has a viscosity which is as high
      as is practicable to minimize lubricant loss through a puncture and
      perhaps even assist in sealing a puncture. At the same time the
      composition should have a viscosity as low as practicable to enable it to
      flow readily into the portions of the tire interior requiring lubrication.
      The preferred viscosity range for the liquid lubricant in operation is 4
      to 2,500 centistokes at the temperatures generated in the nip between
      contacting surfaces when the tire is run without any inflation pressure.
      This temperature is estimated to be in the range 50.degree. to
      130.degree.C. In some formulations, however, the lubricant composition
      under pre-puncture conditions may be, for example, a gel having a much
      higher viscosity but whose viscosity may be reduced by shear or by the
      addition of an ingredient which dilates the gel.
PAR  The lubricant composition preferably has no deleterious affect on the tire
      although, if desired, compositions which normally swell or otherwise
      affect rubber could be used by the use of a special resistant inner liner
      in the tire. In the latter case an ingredient which swelled rubber could
      act to assist in sealing a puncture in the tire, since the puncture hole
      would permit the swelling agent to pass through the liner and swell the
      rubber in the walls of the puncture.
PAR  Further additives may also be used in the lubricant composition, for
      example, a lubricant composition based on an aqueous gel may contain, for
      example a freeze point lowering agent such as ethylene glycol or glycerol
      and agents to increase the lubricating power such as molybdenum
      disulphide, dispersible graphite powder and/or wetting agent or detergent
      such as "Teepol".
PAR  If, for example, a detergent is used in a lubricant containing water a
      defoaming agent may also be used in the lubricant composition to control
      the extent of foaming, or if desired, prevent foaming.
PAR  A dispersant may be used when fibers or other insoluble solids are
      incorporated in the composition.
PAR  In addition to the puncture sealing and other additives previously
      mentioned the lubricant composition may contain other substances such as
      antioxidant, to reduce the rate of oxidative attack on the lubricant,
      bactericide, wetting agent and viscosity index improver to broaden the
      range of temperatures at which the composition has a satisfactory
      viscosity, and corrosion inhibitor to protect the wheel rim, which will
      generally be of metal, from corrosion.
PAR  In order to minimize the weight of lubricant composition required and any
      detrimental effects on the balance of the wheel/tire assembly the
      lubricant composition preferably has a relatively low specific gravity
      e.g., a specific gravity less than 1.4.
PAR  In this invention a part of the lubricant composition is to be held
      enclosed in an enclosing means in the tire and wheel assembly and the
      remainder of the composition placed in the inflation chamber of the
      assembly. This has the effect of keeping apart the ingredients of the
      lubricant composition until tire deflation takes place and the composition
      is required.
PAR  There are several advantages to be gained by the invention:
PAR  When using a lubricant composition of the aqueous gel type, if the complete
      composition is enclosed ready mixed the viscosity of the composition may
      reduce with storage or the viscosity may be too high for easy flowability
      and thus delay its exit from the enclosing means when released.
PAR  When a volatile component such as water is present in a lubricant
      composition loss by evaporation and diffusion through the tire is a
      possible difficulty if this component is not enclosed. However, if the
      whole composition is enclosed there may be no lubricant in the tire in the
      first few moments after a tire bursts before the lubricant has had time to
      be dispersed in the tire. This difficulty can be avoided by enclosing the
      volatile part of the lubricant composition and placing the remainder of
      the composition in, or coating it on, the tire interior.
PAR  In a case where a lubricant composition is required to produce a vapour or
      gas to at least partially inflate the tire the two ingredients kept
      separate may be two substances which chemically react when brought
      together to produce a gas e.g. a solution of acid in the enclosing means
      and calcium carbonate on the interior surface. In this case the solution
      of acid may be enclosed separately from, or in admixture with other
      ingredients of a lubricant composition e.g. water, ethylene glycol. The
      gas generated in this case by mixing the ingredients would be carbon
      dioxide.
PAR  When the lubricant composition is to be an aqueous gel the ingredients of
      the part of the lubricant composition which is enclosed may for example be
      water, containing various additives dissolved or dispersed therein such as
      fine asbestos fibres, detergent, defoaming agent etc. A solid gelling
      agent such as hydroxyethyl cellulose, hydroxypropyl cellulose, sodium
      carboxymethyl cellulose, carboxymethyl hydroxymethyl cellulose and
      carboxyvinyl polymers, possibly with other soluble and insoluble
      ingredients, may simply be placed in the tire or may be applied to the
      interior of the tire or the surface of the wheel rim as a coating, with or
      without a suitable binder or carrier. A particularly suitable binder or
      carrier would be a highly viscous semi-solid lubricant for the
      rubber/rubber interfaces. The liquid water based ingredient is rapidly
      dispersed when released but on contact with the gelling agent coating
      becomes a composition of much higher viscosity which will help in sealing
      the puncture.
PAR  Where the lubricant composition comprises a poly(oxyalkylene) glycol or
      modified poly(oxyalkylene) glycol, as a non-volatile component, with or
      without one or more of the following: i) alcohols, ii) water, iii) glycol
      ethers, iv) silicones, v) silicate esters, vi) tetra-alkyl silanes, vii)
      soaps, viii) alkalis, ix) polymers containing functional groups, it is
      particularly useful to convert at least the non-volatile ingredients of
      the lubricant composition into a gel. The gel is thus coated on the
      interior of the tire while the volatile ingredients are enclosed in a
      suitable container to be released only when the tire deflates thereby
      ensuring that the volatile components are not lost or reduced by
      evaporation. It is convenient in this case to arrange that the volatile
      ingredients contain a dilatant for the gel so that the gel is broken down
      when the volatile ingredients are released into the tire.
PAR  For most purposes the gel is preferably of sufficiently high viscosity not
      to flow around inside the tire while the tire is stationary nor when the
      tire is rotating, otherwise unbalance may be caused. In some
      circumstances, however, this may not be necessary e.g., in large
      off-the-road tires where unbalance is not a problem, or where the amount
      of gel is very small. The gel must also be thermally stable at the normal
      running temperatures generated in the tire and at temperatures to which
      the tire is liable to be subjected e.g., over the range -20.degree.C. to
      90.degree.C. The vapour pressure of the gel at 140.degree.C. is preferably
      less than 50 mm of Hg.
PAR  The gel may be made by any suitable methods, for instance:
PAR  A. The addition of finely divided fillers, especially those with colloidal
      dimensions (200.degree.-500.degree.A) in the form of spheres, rods or
      platelets to the lubricant fluid. This causes a three-dimensional
      structure to be formed. The three dimensional network may be mechanically
      strengthened by the addition of additives (e.g., sodium carbonate, or
      hexamethylene diamine).
PAR  The inert filler may be organic or inorganic in kind and includes:
PAR  i. Silicates in the form of platelets (clays, micas, etc.) rods, fibres
      (asbestos), or spherical particles (silica - aerosil).
PAR  ii. Polar organic polymers such as cellulose and other polyamides (e.g.
      nylon) especially those polymers which may be obtained in a finely divided
      form.
PAR  iii. Crystalline polymers which will dissolve and crystallize and form a
      three-dimensional network.
PAR  In preparing these gels intensive mixing techniques may be used e.g.
      ultra-high speed mixers, paints mills, ultrasonic stirring.
PAR  B. The gelled compositions may be prepared from high and low molecular
      weight polymers containing functional groups such as hydroxyl tipped
      polyether or polyesters, or carboxyl or amine tipped polymers which may
      include the lubricant.
PAR  C. Cross-linking with isocyanates under controlled conditions or by the use
      of metal oxides (e.g., MgO, ZnO, Al.sub.2 O.sub.3).
PAR  As an alternative to process B the gel may be formed `in situ` by using the
      lubricant liquid as a solvent and adding monomers (e.g., acrylates and
      polymerizing to give a gel which imbibes the lubricant.
PAR  The viscosity of the gel is preferably high e.g., in a range up to
      5,000,000 centipoises at room temperature. Where the gel is
      shear-sensitive the viscosity is that measured at a shear rate of 0.3
      S.sup..sup.-1.
PAR  On addition of the volatile ingredients of the lubricant composition to the
      gel the gel is preferably broken down to a viscosity in the range 4 to
      20,000 centipoises at 38.degree.C. The breakdown of the gel is best
      achieved by inclusion with the volatile ingredients of a chemical reagent
      whose precise function depends on the type of cross-linkages present in
      the gel, these being usually either hydrogen-bonds or ionic bonds, or
      lattice forces or a combination of each.
PAR  For the breakdown of hydrogen-bonded gels suitable reagents may be selected
      from water, alcohols, acids and alkalies, aprotic solvents (e.g., dimethyl
      formamide, dimethyl sulphoxide, tetra-hydrofuran) or inorganic salts, of
      Group I, II, III and IV e.g., LiCl, CuSO.sub.4, Al(NO.sub.3).sub.3, and Ce
      (SO.sub.4).sub.2. Mixtures of these reagents may be used.
PAR  For the breakdown of ionic bonds suitable reagents are solvents of low
      dielectric constant, and in the case of the gels prepared using metal
      oxides, proton donors (e.g. acids etc.) are necessary.
PAR  In the case of gels involving weak chemical bonds (e.g., allophonates in
      polyurethane systems) phenols may be used as the breakdown reagent.
PAR  The amount of reagent used to cause breakdown of the gel, where a liquid
      reagent is used, may, for example, be in the range 1 to 65% by volume of
      the volume of gelled lubricant, although particularly when water and
      alcohol or solutions in these solvents are being used larger amounts of
      breakdown reagent may be used if desired.
PAR  Breakdown reagents may themselves be volatile ingredients of the lubricant
      composition, or give rise to gaseous products, or may be mixed with or
      dissolved in the volatile ingredients, which will at least partly
      reinflate a punctured tire.
PAR  A number of suitable enclosing means for use in this invention are
      described in U.S. Pat. application Ser. No. 150,627 filed June 7, 1971
      e.g. rupturable sachets attached to the interior of the tire, lubricant
      containers mounted on the wheel rim or built into the wheel rim, all of
      which may be used to enclose one ingredient to keep the two ingredients
      apart until required to be brought together. It will be appreciated that
      the enclosing means may be inside the inflation chamber of the tire and
      wheel assembly or may be carried on the wheel and connected to the
      inflation chamber by a suitable passage.
PAR  When the wheel rim being used is a split rim a particularly suitable
      arrangement consists of a plurality of containers mounted on a supporting
      band e.g. a metal band, which may simply be slid onto the rim when the two
      parts of the rim are separated.
PAR  The pneumatic tire is preferably a radial ply pneumatic tire of relatively
      low aspect ratio e.g. 50 per cent to 75 per cent and to ensure that, at
      least in a straight-ahead static position, the load from the rim flanges
      is carried by the tread of the tire, the tire preferably has a tread wider
      than the distance between the rim flanges when mounted on the rim in the
      tire/wheel assembly.
PAR  Preferably the tire is of the type described in U.S. Pat. application Ser.
      No. 290,814 filed Sept. 21, 1972 in which the stiffness of the tread and
      sidewall structure together with the width of the tread is such that when
      in use with the tire deflated or substantially deflated and subject to a
      substantial lateral force one of the said sidewalls will be placed under
      tension in the region of the contact patch to restrain the tread from
      lateral movement while the other sidewall will be disposed in a folded
      state in the said region so as to be capable of acting as a buffer between
      a flange on a wheel rim on which the tire is mounted and a road surface.
PAR  It will be appreciated that the present invention is concerned with a tire
      and wheel assembly which is to be capable of being used with the tire in a
      deflated or substantially under-inflated condition. This is not possible
      with a conventional tire/well-base rim assembly since when the tire
      becomes deflated the tire beads can move from their seats and, because of
      the well in the rim, lose contact with the rim so that controlled movement
      of the tire by the rim is lost.
PAR  In the use of the present invention steps therefore must be taken to ensure
      that the tire is not dislodged in this way. Thus either a rim without a
      well should be used, e.g., a split rim or a rim in which the well has been
      closed up by axial compression after the tire mounting has been
      facilitated, or restraining means should be provided to prevent either
      bead falling into a well. Many such restraining means have been previously
      proposed e.g., a bead spacer, spacer units, movable studs or projections
      on the wheel rim. A preferred means of restraining the laterally outer
      tire bead on a split or an axially compressed rim is to provide the tire
      bead with an extended toe portion in the form of an annulus which is
      inwardly directed and rests in the notch in the rim as described in the
      assignee's U.S. Pat. application Ser. No. 276,449 filed July 31, 1972. The
      annulus is compressed into the notch upon the tilting of the bead under
      the influence of lateral forces and the bead is thus restrained from axial
      movement.
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PAR  This invention will now be described in more detail in the following
      examples in which reference is made to the accompanying drawings of which:
PAR  FIG. 1 is a side view of a portion of a tire and wheel assembly from which
      a part of the tire and of the wheel rim has been cut away to reveal the
      interior;
PAR  FIG. 2 is a sectional side view of the wheel rim of FIG. 1 with containers
      attached;
PAR  FIG. 3 is a similar view to FIG. 2 but showing a split rim on which a wire
      band carrying a plurality of containers is mounted;
PAR  FIG. 4 is a perspective view of one of the containers of FIG. 3;
PAR  FIG. 5 is a cross-sectional view of a tire and wheel assembly containing
      the band and containers of FIG. 3;
PAR  FIG. 6 is a perspective view of the wire band shown in FIG. 3; and
PAR  FIG. 7 is a pair of diagrams illustrating the detail construction of the
      wire band.
DETD
PAC  EXAMPLE I
PAR  As illustrated in FIGS. 1 and 2 the pneumatic tire and wheel assembly
      consists of a radial ply tire 1 and wheel having a well base rim 3. Within
      the well 4 of the rim are located four containers 5 which contain one
      component A of a lubricant composition. The remainder B of the lubricant
      composition is carried in the interior of the tire and wheel assembly as
      loose solid particles.
PAR  Parts A and B of the lubricating composition each contain more than one
      ingredient and their compositions are given below in Tables I and II, the
      amounts being suitable for a tire of size 185-60-13.
TBL                TABLE I                                                     

     ______________________________________                                    

     Teepol S (anionic surface active agent                                    

          ex. Shell Chemicals Ltd.)                                            

                                15 ml.                                         

     Water                      285 ml.                                        

     2% Belloid T.D. dispersent (80% sodium                                    

     dinaphthylmethane disulphonate ex. Geigy)                                 

                                15 ml.                                         

     Defoamer CVP (ex. Cray Valley Products)                                   

                                3 ml.                                          

     ______________________________________                                    

     TABLE II                                                                  

     Asbestos fibers            6 g.                                           

     Natrosol 250 (hydroxymethyl cellulose                                     

     ex. Hercules Powder Co.)   3 g.                                           

     ______________________________________                                    

PAR  The containers 5 are of the type in which each consist of a rigid shell of
      plastics material and are secured in position in a hole in the wheel rim
      by means of a screwed hollow metal spigot positioned centrally in the base
      of the container shell. The radially outer portion of the shell is
      arranged to project beyond the well of the rim and is provided with a
      valve plunger projecting beyond the shell. When deflation of the tire
      occurs the plunger is depressed once per revolution by the interior of the
      crown of the tire. This plunger operates a valve within the shell which is
      arranged to release reagent from the shell only when the plunger is
      depressed.
PAR  This arrangement has the advantage that all the contents cannot be released
      from the shell by a single impact on the tire.
PAR  The two-part lubricant system described in the Example above avoids the
      difficulty that asbestos fibers, being a solid and a puncture blocking
      medium, may be difficult to release rapidly from an enclosing means.
PAR  Also, the Natrosol thickener is kept separate from the water so that the
      component A on the enclosing means is a low viscosity liquid which can be
      released rapidly from the enclosing means.
PAC  EXAMPLE II
PAR  a. Preparation of gelled compositions containing a poly(oxyalkylene) glycol
      as a non-volatile lubricant component.
PAC  PROCESS A
PAR  A variety of gelled compositions were obtained by dispersing finely divided
      fillers on a 3 roll paint mill into low molecular weight poly(oxyalkylene)
      glycol polymers.
PAC  TYPICAL RECIPE
TBL  Poly(oxyalkylene) glycol                                                  

                    (Ucon 50-HB 5100)                                          

                                   25 g.                                       

     Silica         (Aerosil 300 )  1.25 g.                                    

PAL  This mixture was passed 4 times through a 3 roll mill and gelled on
      standing at room temperature.
PAR  Mechanically stronger gels were formed by use of metal salt additives.
TBL  ______________________________________                                    

     Poly(oxyalkylene) glycol                                                  

                    (Ucon 50-HB 5100)                                          

                                   25 g.                                       

     Silica         (Aerosil 300 )  1.25 g.                                    

     Sodium Carbonate               0.25 g.                                    

     ______________________________________                                    

PAL  Again the mixture was passed 4 times through a 3 roll mill and this time it
      gelled on the mill.
PAR  A lubricant containing further ingredients was gelled in a like manner.
PAC  RECIPE
TBL  Poly(oxyalkylene) glycol (Ucon 50-HB 5100)                                

                                25 g.                                          

     Water                       5 g.                                          

     Methylated Spirits         2.5 g.                                         

     (5% by volume of methano, 95% by                                          

     volume G4 OP Ethyl Alcohol)                                               

     Silica (Aerosil 300)       1.63 g.                                        

     Na.sub.2 CO.sub.3          0.33 g.                                        

PAR  The following table contains examples of systems which have produced
      reasonably strong gels and which have undergone successful chemical
      breakdown. In all cases the poly(oxyalkylene) glycol UCON 50 HB 2000 was
      used with 5% by weight of Silica filler and a solid base (see below) and
      the final gel, prior to breakdown, contained 11% (by weight) of water:
TBL  Solid base added with                                                     

                         Breakdown agent (in                                   

     the silica filler   aqueous or aqueous                                    

                         ethanolic solution)                                   

     ______________________________________                                    

     Na.sub.2 CO.sub.3 -- 1.0g/                                                

                100g of final gel                                              

                             hydrochloric acid 10cc/                           

                             100cc of final solution                           

     Na.sub.2 CO.sub.3 -- 1.0                                                  

                do.          phosphoric acid 7.5cc/                            

                             100cc of final solution                           

     Na.sub.2 CO.sub.3 -- 0.5                                                  

                do.          Maleic acid 10 g/100 cc                           

                             of final solution                                 

     Na.sub.2 CO.sub.3 -- 0.25                                                 

                do.          Aluminium sulphate 10g/                           

                             100 of final solution                             

     Na.sub.2 CO.sub.3 /NaHCO.sub.3                                            

                0.25/0.25    Maleic acid 10g/100cc                             

                1.0g/        of final solution                                 

                100 of final gel                                               

     NaHCO.sub.3 -- 1.0                                                        

                do.          Aluminium sulphate 10g/                           

                             100cc of final solution                           

     Borax -- 1.0                                                              

                do.          Maleic acid 10g/100cc                             

                             of final solution                                 

     ______________________________________                                    

PAC  PROCESS B
PAR  A liquid poly(oxyalkylene) glycol (50g UCON 50 HB 5100) containing hydroxyl
      end groups was treated with 2:4, 2:6 toluene di-isocyanate (TDI) using
      Cobalt naphthenate as catalyst and the mixture heated in an oven for 30
      minutes at 115.degree.C. Various types of gels were obtained as the
      concentration of TDI was changed.
TBL  ______________________________________                                    

     TDI                 Description                                           

     ______________________________________                                    

     3.3 g               Stiff gel                                             

     2.2 g               Medium gel                                            

     1.6 g               Soft gel                                              

     ______________________________________                                    

PAR  The gels made by Process A or Process B above may be coated on the interior
      of a tire and may be broken down by the addition of a suitable reagent,
      e.g., for those gels made by Process A, hydrochloric acid in an amount of
      50% by volume of the volume of gel, which will also serve as, or may be
      incorporated in, the volatile ingredients of the lubricant composition
      which are contained until needed by the enclosing means.
PAR  b. Use of a gelled lubricant in the tire and wheel assemblies illustrated
      in FIGS. 3 to 7.
PAR  The following gel was produced using the method described in Example II -
      Process A
TBL  Ucon 50-HB-2000        90 gms                                             

     Sodium carbonate        1.0 gms                                           

     Aerosil 300             5.0 gms                                           

     Water                   4.0 gms                                           

PAL  180 gms of this gel was uniformly applied to the inside crown of a
      185/60-13 radial ply tire 20 as a coating 21 and 18 gms of rubber crumb
      ground to pass through a 10 mesh sieve (width of aperture 1.7 mm) was
      sprinkled onto the surface of the gel so that it adhered to it.
PAR  The tire was then fitted to a split rim 12, (as shown in FIG. 5) together
      with an assembly of six metal containers 10, on a wire band 11, as shown
      in FIGS. 3 and 4. Each of the six containers was filled with 19 cc of the
      following mixtures:
TBL  Water                   50 mls                                            

     Teepol solution          8 mls                                            

     Methylated Spirits      31 mls                                            

     Ucon 50-HB-2000         30 mls                                            

     Maleic acid             10 gms                                            

PAR  In FIG. 5 one such container is shown in section. The container is formed
      by pressing from an aluminum alloy in the conventional manner, the
      diameter was approximately 30 mm and the height approximately 34 mm. An 8
      mm diameter hole was pierced in the blind end of the container and the
      edge of the hole formed into a lip 13. The open end was closed by a
      conventional end 14, seamed 15, to the container. After filling the
      container through the 8 mm hole it was sealed with a polythene plug 16,
      which was standing proud of the container by approximately 3 mm.
PAR  The wire band is shown in detail in FIG. 6. In essence it was an endless
      band with equally spaced wire loops through which the containers could be
      pushed and retained by the bottom seam. The method used to fabricate the
      wire band is shown in FIG. 7 where one half of the loop was formed in the
      wire 17, and the other half in a separate piece 17a. The ends 18 of the
      piece 17a were bent over so that they could be hooked over the wire 17, to
      form a closed loop. To accommodate manufacturing tolerances in both the
      rim and the band, a small triangular crimp 19, with approximately 10 mm
      sides was formed in the wire at one point to act as a spring and allow a
      small expansion of the band. Thus, when the band and containers were
      fitted to the rim, the band fitted tightly around the rim holding the
      containers tight in place against the rim as shown in FIG. 5.
PAR  An alternative form of wire band which may conveniently be used (not
      illustrated) is a loop made up of a pair of wires closely twisted
      together, loops being left between the pair of wires at spaced intervals.
      The finished band is thus similar to that shown in FIG. 6 except that the
      portions between the loops are made of two wires twisted together instead
      of a single wire.
PAR  The tire and wheel was fitted to a car the aspect ratio of the tire in the
      assembly being 65% the tire tread width 152 mm and the rim width between
      flanges 90 mm. The tire was punctured in the crown, and on driving the car
      on the punctured and flat tire, the inside crown of the tire pushed the
      plugs into the containers and released the fluid into the tire enabling it
      to mix with the gel. The puncture sealed and as the tire continued to be
      run in the deflated state the water and alcohols vaporized and reinflated
      the tire to a pressure of 5 lbs/sq.in. When the tire was demounted from
      the rim it was found that the previously gelled Ucon was fully mobile and
      had performed its dual task of firstly lubricating the inner surfaces of
      the tire when running deflated and secondly carrying the rubber crumb
      around the tire to search out and seal the puncture.
CLMS
STM  Having now described our invention, what we claim is:
NUM  1.
PAR  1. A pneumatic tire and rim assembly capable of being run in a deflated
      condition comprising:
PA1  a. a pneumatic tire having an interior surface and mounted upon a rim to
      define an inflation chamber, said assembly having means to prevent the
      tire beads from becoming dislodged from the rim when operated in a
      deflated condition;
PA1  b. means at least for lubricating contacting interior surfaces of the tire
      when operated in a deflated condition comprising a composition having a
      plurality of ingredients at least one of said ingredients being a
      lubricating material;
PA1  c. said composition being carried in the assembly in at least two parts,
      said parts containing different ingredients or combination of ingredients;
PA1  d. enclosing means for enclosing at least one of said parts of the
      composition separately from the other;
PA1  e. the other part being carried on the interior surface of the assembly;
PA1  f. said enclosing means being adapted to release its part of the
      composition into said inflation chamber upon deflation or substantial loss
      of inflation pressure to permit the parts of the composition to mix to
      bring all the ingredients of the composition together.
NUM  2.
PAR  2. A pneumatic tire and wheel assembly according to claim 1 in which the
      composition includes an ingredient to seal a puncture in the tire.
NUM  3.
PAR  3. A pneumatic tire and wheel assembly according to claim 2 in which the
      composition has incorporated therein a separate puncture sealing material
      selected from chopped cotton wool, asbestos and synthetic fibers,
      graphite, mica, crumb rubber and polyethylene flakes.
NUM  4.
PAR  4. A pneumatic tire and wheel assembly according to claim 3 in which the
      puncture sealing material is incorporated in the parts of the composition
      carried on the interior surface of the assembly.
NUM  5.
PAR  5. A pneumatic tire and wheel assembly according to claim 1 in which the
      composition includes means to at least partially reinflate the tire.
NUM  6.
PAR  6. A pneumatic tire and wheel assembly according to claim 5 in which said
      means comprises a volatile liquid which has a boiling point sufficiently
      low to appreciably volatilize at the temperature generated by running of
      the tire in a deflated or partially deflated condition, and is included in
      the part of the composition in said enclosing means.
NUM  7.
PAR  7. A pneumatic tire and wheel assembly according to claim 5 in which one
      ingredient of the lubricant composition comprises a material which will
      react with another ingredient of the lubricant composition when said
      ingredients are brought together to produce a gas to at least partially
      reinflate the tire, one said ingredient being in the part of the
      composition enclosed in the enclosing means and the other ingredient being
      in the part of the composition carried on the interior surface of the
      inflation chamber.
NUM  8.
PAR  8. A pneumatic tire and wheel assembly according to claim 6 in which the
      lubricant composition containing the volatile liquid includes a high
      boiling point lubricant to ensure continued lubrication in the event of
      loss of the volatile component by evaporation.
NUM  9.
PAR  9. A pneumatic tire and wheel assembly according to claim 6 in which the
      volatile liquid is water.
NUM  10.
PAR  10. A pneumatic tire and wheel assembly according to claim 9 in which the
      water contains a further volatile liquid to enhance the volatility and
      also reduce the freezing point of the water.
NUM  11.
PAR  11. A pneumatic tire and wheel assembly according to claim 10 in which the
      further volatile liquid is an alcohol.
NUM  12.
PAR  12. A pneumatic tire and wheel assembly according to claim 6 in which the
      ingredients of the part of the lubricant composition which is enclosed are
      water and additives, a solid gelling agent for said water being included
      in the part of the composition carried on the interior surface of the
      inflation chamber.
NUM  13.
PAR  13. A pneumatic tire and wheel assembly according to claim 1 in which the
      wheel rim is a split rim having no well into which the tire bead can fall
      and the enclosing means comprises a plurality of containers mounted on a
      supporting band extending around the rim.
NUM  14.
PAR  14. A pneumatic tire and wheel assembly according to claim 1 in which the
      pneumatic tire is a radial ply pneumatic tire having an aspect ratio in
      the range 50 to 75%.
NUM  15.
PAR  15. A pneumatic tire and wheel assembly according to claim 1 in which the
      pneumatic tire has a tread which is wider than the width between the
      flanges of the rim on which the tire is mounted.
PATN
WKU  039318443
SRC  5
APN  3599361
APT  1
ART  311
APD  19730514
TTL  Cushioned tread tire
ISD  19760113
NCL  8
ECL  1
EXP  Hoffman; Drayton E.
NDR  1
NFG  3
INVT
NAM  Mirtain; Henri J.
CTY  Compiegne
CNT  FR
ASSG
NAM  Uniroyal, S.A.
CTY  Clairox
CNT  FR
COD  03
CLAS
OCL  152360
XCL  152354
XCL  152361R
EDF  2
ICL  B60C  918
FSC  152
FSS  209;361 R;361 FP;361 DM;360;374;353;354
UREF
PNO  1254884
ISD  19180100
NAM  Chinnock
OCL  152374
UREF
PNO  1769694
ISD  19300700
NAM  Jenkinson
OCL  152360
UREF
PNO  2445725
ISD  19480700
NAM  Walker
OCL  152374
UREF
PNO  3392774
ISD  19680700
NAM  Le Bosse
OCL  152361R
UREF
PNO  3512568
ISD  19700500
NAM  Delobelle
OCL  152361R
UREF
PNO  3612136
ISD  19711000
NAM  Gough
OCL  152361
FREF
PNO  1,290,231
ISD  19620300
CNT  FR
OCL  152361R
LREP
FR2  Stern; Herbert A.
ABST
PAL  A radial ply pneumatic tire, characterized by uniform tread wear and
      improved traction is disclosed. The tire includes a radial ply carcass,
      first and second sidewalls overlying the lateral portions of the carcass,
      a tread overlying the crown region of the carcass, a breaker positioned
      between the tread and the crown region of the carcass, and a cushion
      positioned between the breaker and the tread. The cushion is constituted
      by a rubber mixture which is softer than the rubber mixture constituting
      the tread and it extends symmetrically about the median equatorial plane
      of the tire, thereby providing a more pliable support in the central
      portion of the tread than in the shoulder region thereof. This abstract is
      not to be taken either as a complete exposition or as a limitation of the
      present invention, however, the full nature and extent of the invention
      being discernible only by reference to and from the entire disclosure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to radial ply pneumatic tires for vehicles and more
      particularly to such tires having inserts between the tread and carcass
      thereof.
PAR  The shoulders or lateral areas of tire treads presently known in the art
      tend to wear at a greater rate than the central portion of the tread. This
      necessitates the premature scrapping of such tires due to their total wear
      in the shoulder area although the central portion of the tread is still
      satisfactory for substantial additional service. The non-uniform
      distribution of tread wear is due in substantial measure to the severe
      conditions of service under which the tire mist operate. It is especially
      due to frequent sharp turns which cause complete wear in the shoulder area
      before comparable wear occurs in the central portion of the tread.
PAR  In an attempt to overcome the drawbacks in presently known tires it has
      been suggested, for example, that additional rubber be incorporated in the
      lateral area of the treads so that, notwithstanding the fact that this
      area of the tread wears more quickly than the central area thereof, both
      the central and lateral portions of the tread will wear out at
      approximately the same time. This solution however has undesirable side
      effects. For example, it causes an unwanted weight increase in the
      shoulder region which increases the heat build-up in the tire, thereby
      deleteriously affecting tire life. Further, increasing the quantity of
      material in the shoulder regions serves to increase the cost of
      manufacture of the tire. Another solution to the instant problem is
      disclosed in U.S. Pat. application Ser. No. 359,935 filed May 14,  1973,
      now U.S. Pat. No. 3,853,164 and assigned to the assignee of the instant
      invention. This application teaches the use of a cushion constituted by a
      material which is harder than the material from which the tread is
      constituted disposed between the tread and the breaker of the tire. The
      cushion extending to one or both of the lateral or outside walls of the
      tire. This solution also is not completely satisfactory because the use of
      such a hard cushion and has resulted in a ride quality which is
      substantially rougher than that of conventional tires. Further, it has
      been found that the use of such a hard cushion tends to reduce the
      traction of the tire, and is therefore potentially hazardous.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an important object of the present invention to provide
      an improved radial ply tire construction by means of which the aforesaid
      drawbacks and disadvantages may be most efficaciously avoided.
PAR  It is a further object of this invention to provide a radial ply pneumatic
      tire in which the rate of wear in the tread shoulder is substantially the
      same as the rate of wear in the central portion of the tread.
PAR  Generally speaking the objectives of the present invention are attained by
      the provision of a pneumatic vehicle tire comprising a radial ply carcass,
      first and second sidewalls, overlying the lateral portions of the carcass,
      a tread overlying the crown region of the carcass, a breaker interposed
      between the tread and the crown region of the carcass in circumferentially
      surrounding the relation to the latter, and a cushion interposed between
      the breaker and the tread extending symmetrically about the median
      equatorial plane of the tire, the cushion being constituted by a material
      softer than the tread material, thereby providing a more pliable support
      in the central portion of the tread than in the shoulder region thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects of the invention will be more clearly
      understood from the following detailed description thereof when read in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 illustrates a sectional axial view of a belted radial ply tire
      according to the invention; and
PAR  FIGS. 2 and 3 illustrate sectional axial views of two alternative
      embodiments of the cushion according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 there is illustrated a cross-sectional axial view
      of a tire 10 constructed according to the invention. The tire includes a
      carcass 1 of radial ply construction and two breakers or belts 2. Belts 2
      are superposed one on the another and both are positioned between the
      crown region of the carcass and a tread 3 for reinforcing the latter. The
      tread 3 is formed with a plurality of traction grooves 4, in a manner
      customary in the art. Sidewalls 5 overlie the lateral portions of carcass
      1 and tread 3 is joined to the sidewalls 5 in the region of the shoulder
      6. The tread 3 is separated from the carcass 1 over a substantial portion
      of the axial width of the tire 10 by a cushion 7. For purposes of examples
      only the cushion 7 has been illustrated as extending from a point
      generally beneath one shoulder 6 to a point generally beneath the
      laterally opposite shoulder 6. This, however is not necessary and equally
      satisfactory results may be obtained if the cushion 7 extends a lesser
      distance to each side of the median equatorial plane 8 of the tire 10. The
      cushion 7 is configured so that, when seen in axial cross-section, it
      approximates a triangle, the apexes of which are indicated at A, B, and C.
      The radial thickness of cushion 7 varies in such a manner that it is a
      maximum at apex A, which lies in the median equatorial plane 8 of the tire
      10, and it tapers to a minimum at apexes B and C.
PAR  Turning now to FIG. 2 where, as in FIG. 3 below, like numerals are utilized
      to indicate like portions of the inventive structure, there is illustrated
      an alternative embodiment of a cushion 7 which may be substituted for the
      cushion 7 illustrated in FIG. 1. Cushion 7 is here illustrated, in axial
      cross-section, as having a substantially trapezoidal configuration, the
      apexes of the trapezoid being indicated at B.sub.1, C.sub.1, A.sub.2 and
      A.sub.1. As was previously noted with regard to FIG. 1, here too the
      radially thickest portion of cushion 7, extending from apex A.sub.1, to
      Apex A.sub.2, lies in the median equatorial plane 8 of the tire and in
      this embodiment it extends a short distance to each side thereof. Further,
      the cushion 7 tapers to its minimal radial thickness at apexes B.sub.1 and
      C.sub.1 which correspond, in terms of both radial thickness and location
      relative to the lateral or outside walls of the tire, to apexes B and C in
      FIG. 1 respectively.
PAR  Turning now to FIG. 3 it will be seen there is illustrated another
      alternative embodiment of a cushion 7 which may be substituted for the
      cushion 7 illustrated in FIG. 1. Cushion 7 is here illustrated, in axial
      cross-section, as having a substantially crescent-like configuration, the
      apexes of the crescent being indicated at B.sub.2 and B.sub.3. Here too,
      as was previously noted with respect to both FIGS. 1 and 2, the region of
      maximum radial thickness of cushion 7 is located symmetrically about the
      median equatorial plane 8 of the tire 10, this region being indicated at
      A.sub.3. The cushion 7 tapers of its minimal radial thickness at the
      points indicated at B.sub.2 and B.sub.3 which correspond generally, in
      terms of both radial thickness and location relative to the lateral or
      outside walls of the tire, to apexes B and C of FIG. 1 respectively.
PAR  It is noted that each of three illustrated cushions 7 are contoured to have
      curvilinear base, the bases being indicated at B-C in FIG. 1, B.sub.1
      -C.sub.1 in FIG. 2 and B.sub.2 -C.sub.3 in FIG. 3. Further, each of the
      curvilinear bases are convex in a radially outward direction, i.e., toward
      the tire tread. The sides of the three cushions, these sides being
      indicated at A-B, and A-C in FIG. 1, A.sub.1 -B.sub.1 and A.sub.2 -C.sub.1
      in FIG. 2 and A.sub.3 -B.sub.2 and A.sub.3 -B.sub.3 in FIG. 3 may be
      either rectilinear or curvilinear, and, if curvilinear, may be either
      concave or convex in the radially outward direction.
PAR  As illustrated in FIGS. 1-3, cushion 7 provides a seat or base for tread 3
      and it is formed of a rubber compound which is substantially softer and
      more supple than the rubber constituting tread 3. Because the radially
      thickest portion of the cushion is located in or symmetrically about the
      median equatorial plane 8 of the tire 10, the central portion of the tread
      is less stiffly supported than the sidewall region thereof, and this tends
      to cause the shoulder regions of the tread and the central portion thereof
      to wear at generally equal rates. For purposes of illustrating the
      relative hardness of the tread with respect to the hardness of the
      cushion, it has been found advantageous to construct the tread from a
      rubber mixture containing approximately 90% natural rubber, 10% butadiene
      rubber, 90% carbon black and 5% sulphur thus providing a tread having a
      hardness of 85 to 88 Shore A units while the cushion is made from a rubber
      having a Shore A hardness of 58 to 62.
PAR  It has been discovered that the soft rubber cushion disclosed herein,
      positioned between the tread and breakers of the tire 10, results in
      improved traction of the tire while it is in service. This is believed to
      be due to the fact that the central portion of the tread has been provided
      with a relatively more supple or flexible seat than the shoulders of the
      tread, thereby causing the central portion of the tread to have a greater
      resilience. The configuration illustrated in FIG. 1 has also been
      discovered to provide improved traction in another manner. As is well
      known in the prior art, attempts have been made to overcome the transverse
      drift effected caused by a sudden loss of traction due to the effects of
      centrifugal force in sharp curves by articulating or hinging a tire in its
      median equatorial plane. This is customarily accomplished by forming a
      tread groove in the median equatorial plane of the tire and making the
      breakers of the tire in two equal annular portions, one portion placed on
      each side of the median equatorial plane. The same hinged effect has been
      here more simply and economically acheived solely by forming a tread
      groove, indicated at 4', in the plane 8, it being clear that the tire 10
      will be effectively articulated in its median equatorial plane 8 due to
      the influence of apex A of cushion 7 which lies in the plane 8 and near
      the bottom of groove 4'. Thus it is seen that the requirement that the
      tire breakers be formed by two equal annular portions has been obviated.
PAR  It will be understood that the foregoing description of the preferred
      embodiments of the invention is for purposes of illustration only, and
      that the various structural and operational features as herein disclosed
      are susceptible to a number of modifications and changes, none of which
      entail any departure from the spirit and scope of the present invention as
      defined by the hereto appended claims.
CLMS
STM  Having thus described the invention, what is claimed and desired to be
      protected by Letters Patent is:
NUM  1.
PAR  1. A pneumatic vehicle tire comprising:
PA1  a radial ply carcass;
PA1  first and second sidewalls overlying the lateral portions of said carcass;
PA1  a tread constituted by a rubber compound overlying the crown region of said
      carcass;
PA1  a breaker interposed between said tread and said crown region of said
      carcass in circumferentially surrounding relation to the latter; and
PA1  a cushion constituted by a rubber compoung interposed between said breaker
      and said tread and extending symmetrically about the median equatorial
      plane of the tire,
PA1  the radial thickness of said cushion being a maximum in the area of the
      median equatorial plane of the tire and tapering to a minimum in the
      shoulder region of said tread,
PA1  the rubber of said cushion being softer than the rubber of said tread
      material, thereby providing a more pliable support in the central portion
      of the tread than in the shoulder region thereof.
NUM  2.
PAR  2. A pneumatic vehicle tire according to claim 1, wherein said cushion is
      configured, in axial cross-section, as a triangle, one apex of which lies
      in the median equatorial plane of the tire and the two remaining apexes of
      which lie generally radially inwardly of the two shoulders of said tread.
NUM  3.
PAR  3. A pneumatic vehicle tire according to claim 2, wherein said one apex
      liess adjacent said tread and said two remaining apexes lie adjacent said
      breaker.
NUM  4.
PAR  4. A pneumatic vehicle tire according to claim 1, wherein said cushion is
      configured, in axial cross-section, as a trapezoid, the two apexes of the
      short side of said trapezoid being positioned symmetrically about said
      median equatorial plane and the two apexes of the long side of said
      trapezoid being positioned generally radially inwardly of the two
      shoulders of said tread.
NUM  5.
PAR  5. A pneumatic vehicle tire according to claim 4, wherein the two apexes of
      the short side lie adjacent said tread and the two apexes of the long side
      lie adjacent said breaker.
NUM  6.
PAR  6. A pneumatic vehicle tire according to claim 1, wherein said cushion is
      configured, in axial cross-section, as a crescent, the two apexes of which
      lie generally radially inwardly of the two shoulders of said tread.
NUM  7.
PAR  7. A pneumatic vehicle tire according to claim 6, wherein said two apexes
      are positioned adjacent to said breaker.
NUM  8.
PAR  8. A pneumatic vehicle tire according to claim 1, wherein the rubber
      compound constituted said tread has a hardness rating of between about 85
      and about 88 Shore A units and the rubber compounding constituting said
      cushion has a hardness rating of between about 58 and about 62 Shore A
      units.
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ABST
PAL  A device for removing from and replacing a tire, particularly a motorcycle
      tire, on a rim, comprising a placement member linked to one portion of a
      telescoping housing and an adjustably positionable tang linked to a
      further portion of said body.
BSUM
PAC  BACKGROUND OF THE PRIOR ART
PAR  Since the advent of wheeled vehicles, users have been faced with problems
      involving the replacement or repair of such wheels. Presently used
      vehicles normally include plurality of tires mounted on rims. While
      numerous devices have been developed for assisting in the removal of the
      tire from the rim, and replacement thereon, effective developments have
      been so bulky as to require a trip to a service station or other repair
      facility. Obviously, it would be helpful for a vehicle user to be able to
      remove and replace tires while in transit. This facility would be
      especially helpful for motorcycle users, who customarily do not carry a
      spare rim. Exemplary efforts made at developing utilitarian tools in this
      are shown in the following U.S. Pats. Nos. 643,528; 1,234,141; 1,480,371;
      1,587,634; 1,938,940; 2,547,976; 3,037,549; 3,050,110; 3,125,152;
      3,247,883; 3,771,581; 3,789,894.
PAC  SUMMARY OF THE INVENTION
PAR  Applicant provides a housing have telescoping segments. Both gross and fine
      adjustment means may be provided, for use with rims or tires of differing
      diameters. A positioning member is pivotally fixed to one segment, for
      insertion within the wheel or rim opening. Opposite from such positioning
      member, a tang is removably linked to another of the housing segments.
      Such tank, for insertion intermediate the tire and rim, may have its
      position reversed, depending on the specific use of the device, i.e., for
      removal or replacement of the tire.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical section through the extended device;
PAR  FIG. 2 is a sectional view taken along lines 2-2 of FIG. 1;
PAR  FIG. 3 is an elevation of the tang portion; and
PAR  FIG. 4 is partly schematic elevation of the device positioned on a rim, in
      operative position for replacing the tire thereon.
DETD
PAR  FIG. 1 generally illustrates the device of this invention by the numeral
      20. The housing is shown to be comprised of three telescoping sections 21,
      22, and 23. Square or rectangular shape is the preferred configuration of
      each section, as illustrated in FIG. 2, although other shapes are
      contemplated.
PAR  Means are provided to adjustably increase or decrease the overall length of
      the device. This accommodates utilization with tires of differing sizes,
      as well as permits compacting the device so that it may be easily stored
      and transported. Both gross and fine adjustment means are provided. Gross
      adjustment is provided as follows. Pin 31, having a head 32 which may be
      connected by chain 33 to housing section 22, is removably insertable
      through an aperture 34 in section 22, and through one of several spaced
      apertures 35 in section 23. Fine adjustment means is also provided. The
      example illustrated includes an axially extending slot 41 extending for a
      substantial distance through one wall of section 21. A bolt is shown
      having a head 42 fixed to a threaded shaft 43, said shaft extending
      through slot 41 of section 21. A wing nut 44 may then threadedly engage
      shaft 43, and be rotated so as to make a tight fit and secure sections 21
      and 22 in any desired relative position. Obviously, numerous modifications
      of such adjustment means are possible, such as by providing a threaded
      aperture through section 22 and threadedly engaging a threaded bolt
      through slot 41 and such aperture.
PAR  At one end of the device, a combination mounting and demounting member is
      provided for entry between the tire and rim. Such member includes a tang
      51 extending from the cap 52 of a square head 53. Extending from said
      head, opposite from cap 52, is threaded shaft 54. This shaft would extend
      through an aperture 55 in section 23 to be engaged and tightened by wing
      nut 56. Head 53 removably fits within an aperture 57 in section 23,
      opposite from 55, which aperture 57 is configured correlative to head 53.
      Obviously, applicant is not limited to a square configuration, merely to
      any which will secure, without slippage, head 53 to section 23. This is
      necessary to permit the 180 degree reversal of tang 51, as illustrated by
      the phantom lines of FIG. 1.
PAR  Moving now to the opposite end of FIG. 1, a fixing member is shown which
      comprises a bar or lever 61, which may be pivotally linked to a flange 62
      of section 21.
PAR  Consider now the operation of the device, as shown in FIG. 4. A wheel 80 is
      generally illustrated, having a central hub 81 and a peripheral rim 82.
      Normally, a tire 90 is annularly positioned outside of and around the rim
      82. As illustrated, the tire device 20 is positioned for replacing the
      tire 90 on the rim, i.e., with tang 51 facing radially inward of wheel 80.
      Member 61 would be pivoted so as to be approximately perpendicular to the
      housing sections and positioned substantially within an opening in hub 81.
      The sections 21, 22 and 23 would be properly adjusted so that tang 51
      would be so positioned as to extend intermediate tire 90 and rim 82. By
      rotating the device about supporting member 61, the tire may be
      expeditiously replaced on the rim in a known manner. When tire removal is
      desired, for repair purposes, tang 51 may have its position modified so as
      to face outwardly by removing wing nut 56, removing head 53 and turning
      the tang. The tang would then be reinserted between the tire and rim, and
      the entire device rotated, as known.
PAR  Upon completion of the operation, the sections 21, 22, 23 may be telescoped
      into their most compact position, and lever 61 pivoted so as to rest
      adjacent section 21. Such a compact arrangement permits the device to be
      comfortably carried in the minimum space, such as alongside the body of a
      motorcycle.
PAR  Although limited embodiments have been described, it should be obvious that
      numerous modifications would be possible by one skilled in the art without
      departing from the spirit of the invention, the scope of which is limited
      only by the following appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for removing and affixing a tire from and on a wheel rim,
      comprising:
PA1  A housing having a plurality of telescoping sections;
PA1  means for adjusting the overall length of said housing;
PA1  means connected to one of said sections for pivotally supporting said
      housing within said wheel; and
PA1  Combination mounting and demounting means movably linked to one of said
      sections, said combination means comprising;
PA2  a. tool having a tang portion adapted to be inserted intermediate said tire
      and rim,
PA2  b. means for permitting said tang to assume a plurality of positions
      relative to said linked section, such means comprising a male portion of
      said tool having a polygonal cross-section and an aperture in said linked
      section of a configuration correlative to said cross-section, and
PA2  c. means for releasably fixing said tank in any selective one of said
      positions.
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ABST
PAL  In a brake for the pull-cord of a blind in which the cord is fed between,
      and in engagement with, a braking surface and a freely movable clamping
      body which, in one direction of movement of the cord, serves to clamp the
      cord against the braking surface, the braking surface forms part of the
      tapered interior of a housing through which the cord is passed and the
      clamping body is a circular disc or sphere of a diameter which is smaller
      than the widest part and greater than the narrowest part of the tapered
      interior, less the thickness of the cord, and is prevented from falling
      out of the widest part by a stop member secured therein.
BSUM
PAR  The invention relates to a brake for a cord, provided with a movable
      clamping body and a braking surface, the cord being fed between the
      braking surface and the clamping body.
PAR  With such cord-brakes it is of great importance, if cord-wear is to be
      minimised, that no sharp edges or the like are used. Moreover it is
      necessary that the brake can, on the one hand, be reliably put into
      operation and on the other hand, released smoothly and without
      difficulties.
PAR  Furthermore, many of such brakes require to be of extremely small
      dimensions, e.g., when they have to be mounted on brackets for roller
      blinds, venetian blinds and the like.
PAR  Furthermore, it is of importance that such brakes are of such shape, that
      mass production is possible, without burrs occurring in those parts of the
      brake which engage the cord.
PAR  The invention provides a solution to the above mentioned problems which in
      practice has proved to be very efficacious, by making the braking surface
      part of a housing formed with an internal tapering portion, making the
      clamping body circular in section and of a diameter which is smaller than
      the widest part of the tapering portion of the housing and greater than
      the narrowest part of said portion, reduced by the thickness of the cord,
      and providing a stop member at the widest part of said tapering portion of
      the housing to prevent the clamping body from leaving.
PAR  In order to ensure that the clamping member cannot leave the housing at the
      narrowest part thereof when no cord is present, it is provided, according
      to a further feature of the invention, that the diameter of the circular
      section is greater than the width of the smallest part of the tapered
      portion of the housing.
PAR  In one embodiment of the invention which is particularly preferred when
      only one brake is required, the clamping member is a sphere and the
      housing is of frusto-conical shape.
PAR  In a further embodiment of the invention, the clamping member is a flat
      disc and the housing is provided with two parallel sides and two
      convergent sides.
PAR  The latter embodiment is particularly preferred when either the space
      available for the brake is relatively small, or a number of brakes have to
      be housed in a limited space.
DRWD
PAR  The invention is illustrated, merely by way of example, in the accompanying
      drawings, in which:
PAR  FIG. 1 shows one embodiment of the invention in section along the line I--I
      of FIG. 2;
PAR  FIG. 2 is a section along the line II--II of FIG. 1;
PAR  FIG. 3 shows the combination of a number of brakes of the type shown in
      FIGS. 1 and 2;
PAR  FIG. 4 shows a section through a further embodiment of the invention; and
PAR  FIG. 5 shows a section along the line V--V of FIG. 4.
DETD
PAR  The brake shown in FIGS 1 and 2 substantially comprises two housing
      portions 1 and 5, portion 1 of which is provided with raised sections 2
      and 3, the inner surfaces of said sections converging upwardly towards
      each other to define a tapering inner space 4. Portion 1 also carries
      three pins, 6, 7 and 8. The portion 5, in the form of a cover, ismounted
      on portion 1 and rests on the sections 2 and 3, said cover portion 5 being
      retained by the pins 6, 7 and 8. Furthermore, a loose circular disc 9 is
      provided between the sections 2 and 3, which disc 9 has a diameter
      somewhat larger than the smallest distance between the sections 2 and 3
      and smaller than the largest distance between said sections. Pin 8 is so
      mounted that disc 9 cannot fall out of the wider end of the space 4.
PAR  The pins can be mounted in any suitable manner, e.g., by means of screwing,
      glueing, upsetting and so on.
PAR  It is also possible to freely select the material of the parts already
      described and both metal and synthetic materials can be employed. As
      schematically indicated in FIGS. 1 and 2, the whole construction is
      mounted in a plate 10, e.g., by means of a clamping member 11. A pull cord
      is indicated at 12.
PAR  When, in the position shown, an upwardly directed pull is exerted on cord
      12 disc 9 rolls upwardly to press the cord 12 harder and harder against
      section 3 until the braking force exerted thereby is greater than the pull
      force exerted on the cord, and the brake is in the "on" position. If, on
      the other hand, a slight downard pull is exerted on the cord the latter
      moves a little to the right, disc 9 drops to the position indicated in
      dotted lines and the cord can be moved freely either up or down. To put
      the brake into operation again, the cord is moved temporarily to the left
      and allowed to run out a little during which period, it moves upward and
      disc 9 is taken along with it again until braking action is complete.
PAR  FIG. 3 shows an embodiment of the invention, in which, a number of brakes
      are mounted side by side and separated by partitions 13 which are
      well-supported by the sections 2 and 3 (vide FIG. 1) and can therefore, be
      relatively thin. It should be pointed out that in the drawing the brake is
      shown on a considerably enlarged scale and that in practice a total height
      of the order of 15 to 22 mms has proved to be entirely satisfactory.
PAR  In the embodiment shown in FIGS 4 and 5 the brake surface is formed by the
      inner wall of the frustum of a cone 14. Said cone is suitably mounted in a
      wall, which, in conformity with FIGS. 1-3 inclusive, is indicated by 10.
      The cone contains a sphere 15 having a diameter somewhat greater than the
      inner diameter of the upper end of the cone. A pin 16 is passed through
      the wider lower end of the cone and prevents the sphere from falling out.
PAR  If the pull cord, which is again indicated by 12, is kept in contact with
      the sphere and then allowed to run upward, a clamping action between the
      inner wall of the sphere and the cord occurs, by which said cord is
      prevented from moving further in the upward direction. If the cord is
      lowered for a very short period of time the sphere will drop until it
      reaches the position indicated in dotted lines in which the cord can
      freely be moved up and down. The brake can be re-applied by moving the
      cord a little to the left as looked at in FIG. 4, to engage the sphere and
      then letting the cord run upward.
PAR  The brake according to the invention has proved in practice, to be not only
      extremely simple, but also very efficacious. It is of importance that the
      cord need not be fed around guide rolls or passed over angled members but
      can be moved in a substantially straight line. However, it is within the
      scope of the invention to guide the cord over angled members if desired.
      Mounting the cord in the brake is extremely simple when disc 9 or sphere
      15 is in its lowermost position. A further advantage is that the various
      parts can be manufactured, e.g. by moulding, without burrs being formed on
      the surfaces which can contact the cord, which means that removing of
      burrs, which in practice, is still necessary with some known forms of
      brake, can be avoided.
CLMS
STM  I claim:
NUM  1.
PAR  1. A brake for a cord comprising a movable clamping body surface and a
      relatively fixed braking surface between which surfaces the cord is fed
      and selectively clamped, characterized in that the braking surface is the
      inner wall of an open ended housing of frusto-conical shape and the
      clamping body is a sphere that is loosely mounted within the housing and
      is of a diameter which is smaller than the widest part of the housing and
      greater than the narrowest part of said housing reduced by the thickness
      of the cord, and a stop member mounted in the widest part of said housing
      to prevent the sphere from leaving the housing.
NUM  2.
PAR  2. A brake according to claim 1, characterized in that the stop member is a
      pin traversing the widest part of the housing.
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ABST
PAL  In the manufacture of cast articles such as gas turbine blades and vanes
      from high temperature alloys or eutectics, the heating of the mold in
      readiness for pouring and the cooling of the mold after pouring are
      precisely controlled by mechanism responsive to thermocouples internal and
      external to the mold and moving with the mold and a thermocouple in fixed
      relation within the furnace. The mechanism is especially adapted for use
      with the withdrawal technique in which the mold when poured is withdrawn
      from within the heating furnace past a radiation baffle thereby
      maintaining a steep thermal gradient within the mold and moving relative
      to the mold to establish the rate of upward movement of the solidification
      front within the alloy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In heating the mold within a furnace or heating chamber in readiness for
      pouring, the temperature of the interior of the mold lags behind the outer
      surface of the mold by reason of the thermal characteristics of the
      ceramic of the mold. If the furnace is controlled to continue heating at a
      maximum rate until the interior of the mold reached pouring temperature,
      the furnace may become so hot as to cause damage to the exterior of the
      mold by the high temperature developed. Measurement of the interior of the
      mold has generally been difficult since positioning of a thermocouple at
      the inner surface of the mold without interfering with the casting has
      been difficult or impossible.
PAR  It is desirable both economically and for mold quality to use the shortest
      possible heating time. Degradation of the mold may occur during high
      temperature preheating of the mold in a vacuum especially if such
      preheating takes an excessive time. Prior to the present invention very
      long preheat times were required to be sure the mold was completely heated
      to the desired temperature, particularly the alloy contacting surfaces.
      This long term heating frequently damaged the mold resulting in inclusions
      in the castings which are a cause for rejection of the cast part.
PAR  In the withdrawal technique, the mold, when poured, is withdrawn from
      within the furnace past a heat control baffle at such a rate as to cause
      the solidification front to move upwardly within the alloy at the desired
      rate for making columnar grained articles at the same time maintaining a
      steep thermal gradient in the alloy at and directly above the
      solidification front. In the past, there has been no additional heating of
      the furnace to maintain this high thermal gradient during the mold
      withdrawal. There has also been no adequate measure of the rate of cooling
      of the alloy so that the rate of withdrawal during and after
      solidification of the alloy has been generally established by trial and
      error.
PAC  SUMMARY OF THE INVENTION
PAR  One feature of the invention is a control of the heating process for the
      mold, and a control of temperatures after pouring so that the process may
      be more precisely controlled than before. Another feature is an
      instrumentation of the mold and apparatus so as to determine accurately
      the several critical temperatures and control the casting process
      accordingly.
PAR  According to the invention, the mold is made with a thermocouple cavity
      extraneous to the article forming cavities in the mold so that the
      temperature of the interior of the mold may be measured particularly
      during the heating process. The mold has an accommodation for a second
      thermocouple to be located close to the exterior surface of the mold and
      to move with the mold during the mold withdrawal. A third thermocouple is
      located in fixed relation within the furnace and close to the mold surface
      when the mold is in the furnace so as to sense the furnace temperature to
      which the mold is exposed. These thermocouples supply temperature
      indications to a suitable recorder/controller that controls the furnace
      temperature during the casting process and the withdrawal of the mold at
      the completion of the casting process.
PAR  The foregoing and other objects, features, and advantages of the present
      invention will become more apparent in the light of the following detailed
      description of preferred embodiments thereof as illustrated in the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertical sectional view through a mold and casting apparatus.
PAR  FIG. 2 is a horizontal sectional view along line 2--2 of FIG. 1.
PAR  FIG. 3 is a sectional view along line 3--3 of FIG. 2.
PAR  FIG. 4 is a schematic drawing of a control.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is shown in casting apparatus utilizing the withdrawal
      technique in which a mold 10 positioned on a chill plate 12 is located
      within a suitable heating chamber 14 so that the mold may be heated prior
      to pouring at least to the melting point of the alloy being cast. After
      the alloy is poured the chill plate with the mold thereon is withdrawn
      from the chamber 14 past a heat control baffle 16 to cause unidirectional
      solidification of the alloy first by the effect of the chill plate and
      then by radiation of heat from the mold. When the alloy is vacuum cast,
      the apparatus is enclosed within a vacuum chamber, not shown, and when the
      mold is exposed below the heat control baffle 16, heat is radiated from
      the mold to the cooled walls of the chamber.
PAR  The heating chamber is shown as an induction heated chamber including a
      susceptor 18 forming the side wall of the chamber and resting on the
      baffle 16. The susceptor is surrounded by suitable insulation such as
      graphite felt 20 and the chamber is within the induction 22. A cover plate
      24 closes the top of the chamber and the chill plate located below the
      baffle closes the bottom of the chamber. This chill plate is mounted on a
      shaft 26 which may be electromechanically actuated and by which the chill
      plate, with the mold thereon, may be withdrawn at a selected rate from the
      chamber. The chill plate has coolant passages 27 therein. The cover plate
      24 has a central opening 28 for pouring the alloy in the mold, and this
      opening is closed by a movable plate 29 during preheating of the mold.
PAR  The mold 10 is shown as a multiple mold for casting several articles at one
      time, four in the arrangement shown. The mold shown by way of example is
      used in casting turbine blades, and each section 30 thereof includes an
      article cavity 32, a growth cavity 34 at the bottom open to the chill
      plate and a filler passage 36 at the top communicating with a common
      filler spout 38. A flange 40 at the base of the growth section provides
      for fastening the mold to the chill plate.
PAR  The mold shown is one made by the well known lost-wax process in which the
      shell of ceramic material is built up by several dip coats formed
      successively one after another by dipping the wax pattern assembly in a
      ceramic slurry, coating the wet pattern with a dry granular ceramic and
      then drying the coated pattern. After several successive coatings and
      dryings a shell of the necessary thickness is ready for firing to harden
      the successive coatings and for removal of the wax pattern.
PAR  The arrangement shown is particularly adapted for producing columnar
      grained articles as described in VerSnyder U.S. Pat No. 3,260,505, or the
      specific type of columnar grain, the single crystal article, of Piearcey
      U.S. Pat. No. 3,494,709, and has use in the casting of high temperature
      superalloys, examples of which are given in these two patents. The
      arrangement also has utility in the production of articles from eutectics
      as described in Lemkey U.S. Pat. No. 3,793,010. It is understood that the
      apparatus also may be utilized in production of equiaxed cast articles
      where high quality of cast material and dimension are requirements.
PAR  The mold has, in addition to the structure above described, a vertically
      extending hollow post 42, made at the same time as the remainder of the
      mold so as to have the same density, thermal conductive characteristics
      and thickness. It may be made by adding a rod of wax to the remainder of
      the wax pattern assembly prior to the formation of the mold thereon. This
      post thus has a vertical recess 44 therein terminating adjacent to the top
      end of the article cavities of the main mold and is arranged to receive a
      thermocouple 45 therein. This thermocouple includes the heat sensing
      contact bead 46 on the ends of the conductive wires 48 extending upwardly
      from the chill plate from and through a hole 49. These wires may be
      supported within the chill plate so as to hold the thermocouple in
      position as by a compression fitting 50 on the underside of the plate.
      This thermocouple senses the temperature within the mold cavities and will
      closely indicate when the alloy contacting surfaces of the article
      cavities have reached the desired temperature for pouring the mold, this
      temperature being generally a selected amount, for example 200.degree.F,
      above the melting temperature of the alloy.
PAR  Closely adjacent to the post 42 is a vertical opening 52 in the mold so
      arranged as to permit the positioning of a second thermocouple 54 with the
      heat sensing contact bead 56 external to the mold but close to the bead
      46. This thermocouple is exposed to the heat within the heating chamber 14
      and is used to establish the desired temperature outside of the mold
      during mold heating. This thermocouple limits the maximum temperature of
      the chamber thereby preventing overheating of the mold and limiting the
      thermal stresses within the mold material. This thermocouple has the bead
      56 supported in the location shown by the connecting wires 57 which extend
      upwardly from and are supported in the chill plate. The wires extend
      through a vertical hole 58 in the chill plate and are held in position as
      by a compression fitting 59.
PAR  A third thermocouple 60 is also supported within the heating chamber 14 and
      is also located so that the bead 62 is adjacent to the other thermocouple
      beads. The conductive wires 64 for this thermocouple are shown as
      extending downwardly from the cover 24 through a hole 65 and are supported
      therein as by a compression fitting 66 to hold the bead in the desired
      location. This thermocouple serves as the temperature sensor for the
      heater process control.
PAR  In operation, a mold having been placed in position on the chill plate, the
      latter is moved into the position shown within the chamber. This also
      places thermocouple 54 close to thermocouple 60 so that both these
      thermocouples may sense the temperature of the heating chamber or the
      radiant heat of the heater.
PAR  The chamber is heated by a supply of electricity to the induction coil 22
      from a source 67 through the heater power control 68 and leads 70. The
      temperature as sensed by thermocouple 60 is fed back through lead 71 to a
      recorder controller 72 and the temperatures as sensed by thermocouples 45
      and 54 are fed through leads 74 and 76, respectively, to the recorder
      controller.
PAR  With the mold in the heating chamber the heating is continued under the
      control of thermocouple 54. When this thermocouple indicates the desired
      mold heating temperature is reached, for example 2750.degree.F for certain
      nickel base superalloys, the recorder controller 72 adjusts the set point
      of the power control through lead 78 so that the chamber temperature will
      not go beyond this point.
PAR  At this time, the temperature within the mold has lagged considerably below
      the surface temperature. During the subsequent mold equilibrium soak
      period, the termperature difference between thermocouples 45 and 54
      decreases until both indicate the same temperature, for example
      2750.degree.F. The mold is then ready to pour. This equilibrium of
      thermocouples 45 and 54 is indicated by suitable recorders in the recorder
      controller 72.
PAR  Immediately before pouring, the set point of the recorder controller is
      matched to the temperature of thermocouple 60 and switched to
      automatically maintain the heater temperature, as measured by thermocouple
      60, at the desired point during the mold withdrawal process. It will be
      understood that, after pouring the mold, as solidification begins at the
      chill plate, the plate and mold thereon are withdrawn downwardly past the
      radiation baffle, to obtain the desired solidification rate in the molten
      alloy. During this withdrawal, the thermocouple 60 activates the control
      68 to increase energy to the heater thereby maintaining the necessary
      temperature within the chamber to provide the high thermal gradient in the
      mold at the level of the baffle.
PAR  In certain cases it becomes desirable to increase the heater temperature as
      measured by thermocouple 60, during mold withdrawal, according to a
      predetermined schedule in order that the most effective thermal gradient
      may be produced at the baffle. This may vary depending on the size, shape
      and height of the mold and the alloy to be cast. This schedule is
      established by the power control 68 and is under the control of
      thermocouple 60 which remains in position within the heater during mold
      withdrawal.
PAR  It will be noted, as shown in FIGS. 2 and 3 that the several thermocouples
      are all located substantially at equal distances from the wall of the
      heating chamber, and preferably at equal radii from the center of the
      chamber, these radii being equal approximately to the spacing of the mid
      point of the article cavity from the center of the chamber as clearly
      shown in FIG. 2.
PAR  It will be understood that the invention is equally applicable to a single
      article mold as well as a mold cluster shown, and that other forms of mold
      heating may be utilized. Essentially the arrangement described eliminates
      operator error by preventing excessive heater temperatures during mold
      heating and by indicating when the mold cavities have reached the desired
      casting temperature. By maintaining the highest desirable heating
      temperature, and by indicating the arrival of the mold cavities at the
      desired pouring temperature, the necessary time and temperature controls
      for best mold quality and best cast article quality are provided and such
      controls reduce the casting cycle time to a minimum.
PAR  When solidification is complete, as indicated by thermocouples 45 and 54,
      the mold is quickly withdrawn for removal from the chill plate. A new mold
      is then placed on the plate, moved up into heating chamber 14 and the
      process is repeated.
PAR  Although the invention has been shown and described with respect to a
      preferred embodiment thereof, it should be understood by those skilled in
      the art that other various changes and omissions in the form and detail
      thereof may be made therein without departing from the spirit and the
      scope of the invention.
CLMS
STM  Having thus described a typical embodiment of my invention, that which I
      claim as new and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. In the manufacture of columnar grained articles the steps of
PA1  providing a ceramic mold in which the article is to be cast, said mold
      including a mold cavity other than the article cavity to receive a
      thermocouple,
PA1  positioning the mold on a chill plate with the mold in a furnace,
PA1  positioning another thermocouple externally of the mold and adjacent to the
      thermocouple cavity of the mold,
PA1  placing a second thermocouple in said therocouple cavity,
PA1  providing a third thermocouple in said furnace for controlling the furnace
      temperature,
PA1  heating the furnace for heating the mold therein with the third
      thermocouple limiting the maximum temperature to a selected temperature,
PA1  continuing heating of the mold until the second thermocouple indicates that
      the interior of the mold has reached the desired temperature for pouring,
PA1  pouring the alloy in the mold,
PA1  withdrawing the mold slowly in a controlled manner from the furnace to
      cause an upward movement of a thermal gradient along the mold for
      solidifying the alloy,
PA1  maintaining the heat within the furnace under control of the third
      thermocouple, and
PA1  rapidly completing the mold withdrawal when the first thermocouple
      indicates a temperature below the melting point of the alloy.
NUM  2.
PAR  2. The process of claim 1 in which the cavity in the mold extends upward
      from the mold base in parallel relation to an article cavity in the mold.
NUM  3.
PAR  3. The process of claim 1 in which the first and second thermocouples
      extend upwardly from the chill plate.
NUM  4.
PAR  4. The process of claim 1 including the step of providing a baffle at the
      base of the furnace and extending inwardly substantially to the mold for
      establishing the desired steep thermal gradient.
NUM  5.
PAR  5. The process of claim 1 including the additional step of supporting the
      first and second thermocouples from the chill plate so that these
      thermocouples move with the chill plate and mold during mold withdrawal.
NUM  6.
PAR  6. A mold for use in casting columnar grained articles including
PA1  at least one article cavity in vertical position,
PA1  a filler opening for said cavity,
PA1  a growth cavity at the bottom of the article, said growth cavity being open
      at the base of the mold to be closed by a chill plate, and
PA1  a thermocouple cavity in parallel relation to said article cavity, said
      thermocouple cavity being open at the base of the mold to receive a
      thermocouple when the base of the mold is placed on a chill plate and the
      periphery of the base of the thermocouple cavity engaging the chill plate
      to keep the cavity free of metal when the mold is filled.
NUM  7.
PAR  7. A mold as in claim 6 in which the mold base has an opening therein to
      receive a second thermocouple, said opening permitting insertion of said
      second thermocouple when the mold is placed on a chill plate.
NUM  8.
PAR  8. A mold as in claim 6 in which the thermocouple cavity terminates at a
      height adjacent the top of the article cavity.
NUM  9.
PAR  9. A mold as in claim 6 in which the mold thickness for the thermocouple
      cavity is the same as the mold thickness for the article cavity.
NUM  10.
PAR  10. A mold as in claim 6 in which the thermocouple cavity is a vertical
      passage extending upwardly from the base and terminating at a point
      adjacent to the upper end of the article cavity.
NUM  11.
PAR  11. Apparatus for casting columnar grained articles including a chill
      plate, at least two thermocouples supported by said chill plate and
      extending upwardly therefrom, in combination with a mold having a base to
      rest on the chill plate, said mold having an article cavity open at the
      base to the chill plate, a thermocouple cavity independent of the article
      cavity and extending in a vertical direction from said mold base
      substantially parallel to the article cavity, said thermocouple cavity
      being open at the base of the mold to receive one of said thermocouples
      the base of the mold closely surrounding the end of the thermocouple
      cavity engaging the chill plate to keep this cavity free of molten metal
      when the article cavity is filled, and said mold base having another
      opening to extend around said other thermocouple when placed on the chill
      plate.
NUM  12.
PAR  12. Apparatus as in claim 11 in which the thermocouple cavity has a wall
      thickness comparable to the article cavity.
NUM  13.
PAR  13. Apparatus as in claim 11 in which the thermocouple cavity extends to a
      height substantially that of the article cavity.
NUM  14.
PAR  14. Apparatus as in claim 11 in which the thermocouple cavity is out of
      communication with the cavities of the mold that are filled with the
      alloy.
NUM  15.
PAR  15. Apparatus as in claim 11 in which the thermocouple cavity is of such a
      dimension as to receive the thermocouple slidably therein.
NUM  16.
PAR  16. Apparatus for casting columnar grained articles including
PA1  providing a mold having an article forming cavity therein and a second
      cavity open at the bottom of the mold and extending substantially in
      parallel spaced relation to the article cavity,
PA1  heating means for heating a mold including a chamber to receive the mold,
PA1  a chill plate closing the lower end of the chamber and on which the mold is
      positioned, said chill plate closing the bottom ends of the cavities and
      making them independent cavities so that molten metal in the article
      cavity does not enter the second cavity,
NUM  17.
PAR  17. Apparatus as in claim 16 including
PA1  means for withdrawing the chill plate with the mold thereon after the mold
      is poured to remove the mold from the chamber and
PA1  a third thermocouple located adjacent to said second thermocouple and
      externally of the mold to indicate when the alloy is solidified, said
      third thermocouple being carried by said chill plate and moving therewith.
NUM  18.
PAR  18. Apparatus as in claim 16 including
PA1  a baffle at the lower end of the chamber and extending over the chill plate
      almost into contact with the mold, and
PA1  means for withdrawing the chill plate with the mold thereon to remove the
      mold from the chamber.
NUM  19.
PAR  19. Apparatus as in claim 18 including a third thermocouple mounted on the
      chill plate adjacent to said second thermocouple and external to the mold
      for indicating when the alloy is solidified.
NUM  20.
PAR  20. Apparatus as in claim 19 including
PA1  heat control means responsive to said first thermocouple,
PA1  temperature indicating means responsive to said second thermocouple, and
PA1  temperature indicating means responsive to said third thermocouple.
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ABST
PAL  A method of cooling a strand cast in an oscillating mold during continuous
      casting, wherein the strand during passage through the mold is indirectly
      cooled in a first zone and guided at all sides and in a final or terminal
      zone is guided by substantially strip-shaped support surfaces extending
      essentially in the direction of travel of the strand as well as directly
      cooled by water guided in a substantially strip-shaped configuration along
      the strand. The strand, following such indirect cooling and prior to the
      strip-shaped direct cooling, is directly cooled in an intermediate zone by
      the application of sprayed water.
PAL  The mold arrangement used for the performance of the method comprises a
      first cooling device composed of cooled walls bounding the mold
      compartment or cavity and a terminal cooling device composed of
      strip-shaped arranged support surfaces disposed approximately parallel to
      the lengthwise axis of the strand and strip-shaped cooling water channels
      located between the support surfaces. The cooling water channels are
      equipped with water infeed means. Between the first and the terminal
      cooling devices there are arranged spray nozzles constituting an
      additional cooling device, the spray pattern of such spray nozzles
      impinging the hollow mold compartment which is open at all sides between
      the first cooling device and the last or terminal cooling device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved method of cooling a
      cast strand which is forming in an oscillating mold during the continuous
      casting of metals, typically steel, wherein the strand, during its passage
      through the mold, is indirectly cooled in a first zone as well as guided
      at all sides, and in a last zone the cast strand is guided by
      substantially strip-shaped support surfaces extending essentially in the
      direction of travel of the strand as well as directly cooled by water
      guided in a substantially strip-like configuration along the strand. The
      invention further pertains to an improved construction of continuous
      casting mold or mold arrangement for the performance of the aforesaid
      method.
PAR  During the continuous casting of steel, especially at high casting speeds,
      it is extremely important that there be produced as uniform and as thick
      as possible strand shell or skin upon departure of the cast strand or
      casting out of the mold.
PAR  Due to the contraction of the strand shell within the mold such lifts off
      of the mold walls or, depending upon the cross-section of the strand and
      the taper of the hollow mold compartment, produces an irregular contact of
      the strand with the walls of the mold viewed over the periphery of the
      strand. Due to this irregular contact of the strand with the mold walls
      there is formed, especially at the lower portion of the mold, a strand
      shell which is of varying thickness at the outlet end of the mold and
      possesses the well known drawbacks, such as for instance diamond profile,
      fissures, metal breakouts and so forth.
PAR  Hence, for the purpose of producing strands having a uniform thickness of
      the shell over the periphery of the strand at the outlet end of the mold
      it therefore was beneficial to use short molds equipped with a
      subsequently arranged spray cooling device. However, the thickness of the
      strand shell at such mold is thin at the time that the strand departs from
      the mold and thus severely prone to the metal breakout phenomena, so that
      even the slightest defects at the strand shell can precipitate metal
      breakout. Hence, from the standpoint of counteracting metal breakout long
      molds are preferred. Yet such long molds possess at the lower region
      thereof an extremely small cooling capacity or efficiency, and considered
      with regard to the periphery of the mold, an irregular cooling efficiency.
      Thus, such molds are not suitable for producing uniformly thick strand
      shells and equally not suitable for high-speed casting operations where
      there should prevail safeguards against metal breakout, especially when
      casting billet- and bloom-cross-sections.
PAR  There is further known to the art an oscillating mold which, viewed in the
      direction of travel of the strand, is equipped with two different
      successively arranged cooling devices i.e., cooling devices working
      according to different cooling techniques. The first cooling device
      consists of cooled walls which delimit the hollow mold compartment or mold
      cavity. These mold walls guide the strand and indirectly cool the same.
      Directly following such first cooling device is the second cooling device
      which guides the strand by means of strip-shaped guide surfaces arranged
      in the direction of strand travel and the strand is directly cooled be
      means of strip-shaped cooling water channels located between these guide
      surfaces. However, this prior art mold construction is associated with the
      drawback that the vapor which forms in the strip-shaped cooling water can
      ascend at the shrinkage gap between the mold walls and the strand at the
      indirectly cooled mold portion up to the level of the molten bath and thus
      can cause explosions.
PAR  Furthermore, there is also known to the art a mold equipped with an
      indirect cooling arrangement and a strip-shaped direct cooling arrangement
      which is located after the indirect cooling arrangement in the direction
      of strand travel. Strip-shaped guide surfaces are provided between cooling
      water channels. The lower portion of the mold, which is equipped with the
      direct cooling arrangement, consists of two oppositely situated pivotable
      cooling jaws, whereas both of the other sides form an extension of the
      indirect cooling arrangement. At a location above the cooling water
      channels both of the pivotable cooling jaws are equipped with two grooves
      which extend transversely with respect to the direction of travel of the
      strand, whereby, viewed in the direction of strand travel, the first
      groove serves to draw-off the water vapor and the second groove, which is
      in communication with the cooling water channels, serves for the
      introduction of air. Viewed over the periphery of the mold, this mold
      produces an irregular shell thickness at the strand because the cooling
      effect at walls which abut one another is markedly different. Furthermore,
      the pressed-in or introduced air causes pronounced scaling of the strand
      surface and all grooves extending transversely with respect to the
      direction of strand travel tend to rapidly clog with scale. The removal of
      water vapor by means of the thus provided grooves is no longer insured for
      and the water vapor ascends to the level of the bath and can cause
      explosions. With such molds it is therefore not possible to fulfill those
      requirements which prevail for continuous casting of steel at high casting
      speeds.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to provide an
      improved method of, and apparatus for, cooling a strand within an
      oscillating mold of a continuous casting plant during continuous casting
      in a manner not associated with the aforementioned drawbacks and
      limitations of the prior art proposals.
PAR  Another and more specific object of the present invention aims at the
      provision of a novel cooling technique and mold for the performance
      thereof, which at the lower region of such mold permits of a high and
      adjustable cooling output or efficiency, in order to be able to produce
      cast steel strands at high casting speeds with reduced risk of metal
      breakout and with good geometry of the cast strand.
PAR  Another object of the invention aims at an improved method of cooling a
      continuously cast strand in a manner preventing the danger of explosions
      through the rise of water or vapor to the region of the molten bath level
      within the casting mold.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      method aspects of this development contemplate that the strand, following
      the indirect cooling and prior to the substantially strip-shaped direct
      cooling, is directly cooled in an intermediate zone by sprayed water.
PAR  When using this technique it is possible to intensively cool the strand at
      the lower region of the mold and the accommodate the cooling to the
      required conditions, without the danger existing that explosions can occur
      due to vapor rising in the gap between the mold and the strand and
      penetrating into the region of the molten bath level within the mold. By
      direct cooling at the second and third zones there can be attained a
      sufficient shell thickness at the outlet of the mold, permitting greater
      casting speeds. The well known high percentage of metal breakouts
      occurring with smaller strand formats can be considerably prevented and
      there can be fabricated strands, especially billet- and bloom-formats,
      possessing good geometry of the strand.
PAR  Not only is the invention concerned with the aforementioned method aspects
      but also deals with an improved construction of mold for the performance
      of the method, said mold being manifested by the features that spray
      nozzles serving as additional cooling means are arranged between the first
      cooling device and the last cooling device, the spray patterns of the
      spray nozzles impinging the hollow mold compartment which is open at all
      sides between the first cooling device and the last cooling device.
PAR  The proportion of metal breakouts can be further reduced according to an
      additional aspect of the invention if the strand, following the spray
      cooling thereof and prior to the strip-shaped direct cooling thereof, is
      supported essentially at its entire periphery and additionally indirectly
      cooled. This enables attaining optimum conditions for repairing incipient
      breakouts.
PAR  During passage of the strand through the zones equipped with direct cooling
      oxide layers form at the surface of the strand. In order to obtain in the
      successively arranged cooling zones a uniform cooling which is not
      affected by scale and in order to simultaneously prevent wear of the
      subsequent zone due to scale, a further facet of the invention
      contemplates scraping away and removing scale and/or slag adhering to the
      strand, especially the flux powder slag, following the intermediate zone
      and prior to entry of the strand into the next following cooling section.
      This can be advantageously realized in that following the devices working
      with direct cooling there are provided support elements equipped with
      scraping or stripping edges and arranged transversely with respect to the
      direction of travel of the strand.
PAR  The scraped- or stripped-off scale or otherwise, according to a still
      further aspect of the invention, is removed by the spray water without any
      additional expenditure being required, if the scraping edges are equipped
      with surfaces which slopingly descend away from the strand. In this way
      there also can be avoided that scale or other undesirable materials
      deposit at the intermediate zone.
PAR  In order that the strand passing through the last or terminal zone is
      uniformly cooled, it is advantageous if its surface is successively guided
      at least once alternately in strip-like manner and cooled by the
      strip-shaped guided water.
PAR  According to a further feature of the invention the mold can be constructed
      such that the last or terminal cooling device thereof comprises at least
      two successive sections equipped with strip-shaped support surfaces and
      the cooling water channels in the next following section are offset with
      respect to those in the first or preceding section and between these
      sections the cooling water channels are provided with cooling water exit
      or discharge openings which open into the surroundings.
PAR  The dimensional accuracy of the strand with respect to its shape becoming
      rhomboid can be improved when dealing with billet- and bloom shapes
      according to a further aspect of the invention if following the arrival of
      the strand at the last zone the edge regions of the strand are cooled by
      the strip-shaped guided water. Due to the uniform direct cooling of the
      edge regions there is formed at the corners of the strand a desired
      skeleton which reinforces the strand shell and renders more difficult the
      formation of a rhomboid shape of the strand. In order to intensify such
      reinforcement it is additionally advantageous to arrange the spray nozzles
      at the extension of the diagonals of the strand cross-section. According
      to a still further aspect of the invention the reinforcement can be even
      further considerably intensified if the strand is additionally cooled by
      spray cooling at the edge regions in an extended intermediate zone.
PAR  The length of the intermediate zone which is open at all sides is
      determined as a function of the size or format of the strand to be cast,
      the quality of the steel and the casting speed. In order to provide
      optimum conditions it is recommended to select the mold hollow compartment
      open at all sides, as measured in the direction of travel of the strand,
      to be in the order of between 4 to 20 millimeters.
PAR  In order to be able to produce an effective and uniform cooling and to
      maintain the pressure of the cooling water or coolant acting upon the
      strand shell at a low or reduced value, still a further constructional
      manifestation of the invention contemplates arranging the infeed means to
      the cooling water channels at the end thereof.
PAR  If a metal breakout is repaired in the last cooling device equipped with
      substantially strip-shaped arranged support surfaces and strip-shaped
      cooling water channels, then the strand surface, as a general rule,
      possesses protruding irregularities. To insure that such irregularities of
      the strand surface, during passage of the strand through the last zone, do
      not bind or become sheared off, a further aspect of the invention
      contemplates diverging the width, or however both the width and depth, of
      the cooling water channels in the last cooling device, as viewed in the
      direction of travel of the strand. The taper or cone diverging in the
      width of the cooling water channels must at least be accommodated to the
      shrinkage of the strand shell transversely to the direction of strand
      travel. As a general rule, the taper is additionally somewhat enlarged for
      facilitating withdrawal of the strand. In the case of molds with
      arc-shaped or curved mold cavities or compartments it is additionally of
      advantage if the plates associated with both linear sides of the strand,
      of the last cooling device are equipped with cooling water channels which
      diverge in accordance with the circular arc of the mold. By virtue of
      these measures there can be positively prevented renewed rupture of the
      strand shell at the region of the repaired breakout locations, because
      each irregularity which forms in this zone in the event of a disturbance
      can be positively withdrawn.
PAR  The shrinkage of the strand is influenced as a function of the cooling
      efficiency prevailing at the different successively arranged cooling
      zones. In order to obtain optimum supporting conditions, it is
      advantageous if the last cooling device is equipped with a casting taper
      which differs from the first casting taper.
PAR  The cooling efficiency or capacity of the water introduced into the
      strip-shaped cooling water channels can be increased if, according to an
      advantageous constructional embodiment of the invention, the strip-shaped
      cooling water channels are equipped with baffles.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a vertical sectional view through a continuous casting mold
      designed according to the invention and used for carrying out the method
      aspects;
PAR  FIG. 2 is a cross-sectional view of the mold arrangement depicted in FIG.
      1, taken substantially along the line II--II thereof;
PAR  FIG. 3 is a vertical sectional view through another exemplary embodiment of
      the invention; and
PAR  FIG. 4 is a cross-sectional view of the arrangement depicted in FIG. 3,
      taken substantially along the line IV--IV thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, it is to be understood that only enough of the
      continuous casting installation has been depicted in the drawings in order
      to simplify the illustration thereof and still sufficient to enable those
      versed in the art to fully understand and appreciate the underlying
      concepts of the invention. Hence, in FIG. 1 reference numeral 1 designates
      a vertically arranged continuous casting mold having a straight or linear
      mold cavity or hollow mold compartment 1' for casting, for instance,
      square or quadratic billets or blooms. By means of any suitable and
      therefore simply schematically illustrated oscillating drive 2 the
      continuous casting mold 1 is oscillated in conventional manner. The mold 1
      is a multiple-part mold and consists of successively arranged cooling
      devices 3, 4, 5 and 6, each cooling device defining a predetermined
      cooling zone. The cooling device 3, viewed in the direction of strand
      travel, defines a first cooling zone and consists of water-cooled copper
      walls 9 limiting the hollow mold cavity or compartment 1'. These walls 9
      are advantageously conical i.e. tapered for example, so that the hollow
      mold compartment 1' narrows or tapers in accordance with the contraction
      or shrinkage of the cast strand.
PAR  The next cooling device 4 defines a relatively short cooling zone with the
      hollow mold compartment laterally open and direct cooling of the strand.
      It is equipped with spray nozzles 10, the spray patterns or spray fans 8
      of which spray the strand with a suitable coolant, typically water, along
      the length of such open hollow mold compartment, and wherein
      advantageously the edge regions are more intensely sprayed.
PAR  In the cooling device 5 the throughpassing strand is supported by support
      element 11 and indirectly cooled. This support element 11, which extends
      about the hollow mold compartment 1' transversely to the direction of
      strand travel, as conveniently indicated by reference character 13, is
      equipped with scraping or stripping edges 12. The surface 15 of each
      stripping edge 12 and which surface confronts the spray pattern 8 is
      inclined downwardly away from the strand, as shown.
PAR  The cooling device 6, as viewed in the direction of strand travel 13,
      constitutes the last or terminal cooling device of this multipart mold or
      mold arrangement 1. It consists of substantially strip-shaped arranged
      support surfaces 17 which extend approximately parallel to the lengthwise
      axis of the cast strand and intermediately arranged substantially
      strip-shaped cooling water channels 18 of approximately rectangular
      cross-section. These cooling water channels 18 are bounded by guide walls
      extending in the direction of strand travel and are provided with water
      infeed means 19. In the illustrated exemplary embodiment the cooling
      device 6 consists of two successively following sections 6', 6". The
      strip-shaped support surfaces 17 and the cooling water channels 18 of the
      section 6" are shown to be offset with respect to the same components of
      the preceding section 6'. Between the sections 6', 6", the cooling water
      channels 18 are equipped with exit or outlets openings 24 for the water
      vapor mixture, and which exit openings 24 open into the surroundings.
      Stripping edges 25 and surface 16 which are downwardly sloped or inclined
      away from the strand insure for the stripping and removal of the water and
      scale from the strand. After the cooling section 6" the cooling water
      leaves the cooling water channels 18 in the direction of strand travel 13.
PAR  By mounting baffle plates or baffles 26 at the cooling water channels 18
      the turbulence of the cooling water and thus the cooling output or
      efficiency can be increased at the cooling device 6. The cooling
      efficiency or capacity of the cooling device 6 is, however, also capable
      of being regulated by the depth 28 of the cooling water channels 18, so
      that with decreasing depth 28 the cooling efficiency becomes greater. As a
      general rule such channels are fabricated so as to possess up to about 4
      millimeters depth. The infeed means 19 for the cooling water into such
      channels are advantageously arranged at the end thereof in such a way that
      the cooling water flows along the strand in its direction of travel 13. It
      is however also possible to introduce the cooling water into the channels
      18 transversly or in a direction opposite to the direction of strand
      travel 13.
PAR  The hollow mold compartment open at all sides and following the first
      cooling device 3, measured in the direction of travel 13 of the strand,
      preferably is in the order of 4 to 20 millimeters. It can be desirable to
      additionally cool the strand at the edge regions by spray cooling at an
      extended intermediate zone. For this purpose it is necessary to provide
      openings 21 at the support elements 11 of the cooling device 5 at the
      region of the mold edges, as indicated by the phantom or broken lines 22.
      The edges of the openings 21 thus assume the function of the scraping or
      stripping edges. These openings 21 however also can extend along the
      section 6'. The nozzles 10 are adjusted such that the strand edges are
      intensively cooled. Additional nozzles can be arranged in or at the
      openings 21 for cooling such edges.
PAR  The cooling device 6 is connected through the agency of a support or
      carrier frame 23 with the cooling device 3. It is possible to adjust the
      casting taper of the cooling device 6 independently of the casting taper
      of the cooling device 3 by means of an adjustment mechanism, for instance
      screws 29 or any other similar or equivalent adjustment means. In order to
      be able to improve guiding of the strand at the cooling device 6 and to
      reduce the likelihood of wear of the cooling device 6 by virtue of the
      action of the strand, a not particularly illustrated rim of rollers is
      advantageously provided at the discharge end of such cooling device.
PAR  In FIG. 2 there are visible the spray nozzles 10 which are arranged at the
      extension of the diagonals of the strand cross-section. Other arrangements
      of the spray nozzles 10 are of course possible.
PAR  The total length of the decribed multiple-part mold, for instance in the
      case of a billet cross-section of 120 .times. 120 mm.sup.2 and for a
      casting speed of 4  meters per minute amounts to, for instance, 950
      millimeters.
PAR  The functioning of the cooling technique effective at the strand which is
      being formed in the continuous casting mold is as follows: In the first
      cooling zone 3 there begins to form a strand shell or skin. This cooling
      zone 3 corresponds to the known molds. Due to contraction of the cast
      strand the strand shell lifts off of the mold walls at the lower region of
      this cooling zone 3 and, as is well known, there is no longer insured for
      a uniform cooling of the strand over the periphery of such strand. This
      irregular strand cooling phenomena produces irregular thickness of the
      strand shell, especially at the edge regions, resulting in distortion of
      the shape of the strand from the desired shape, namely producing a
      diamond-like or rhombic strand section configuration. In order to correct
      as early as possible the effect of such irregular cooling, the strand is
      uniformly cooled in an intermediate zone over its entire periphery or with
      a suitable predetermined cooling intensity, by means of the spray nozzles
      10, this intermediate zone being defined by the cooling device 4. The
      length of this intermediate zone, measured in the direction of strand
      travel 13, as a general rule is chosen such that the time required for
      passage of the strand through this open intermediate zone amounts to less
      than one second. In the case of billet sections or shapes, in the order
      of, for instance, 120 .times. 120 mm.sup.2, and with a casting speed of 4
      meters per minute, the throughpassage time amounts to 0.18 seconds for a
      height of the intermediate zone amounting to 12 millimeters. In such short
      time intervals any possibly starting metal breakouts do not have
      sufficient time to develop into non-repairable breakouts. On the other
      hand, due to the intensive spray cooling action heat is intentionally
      withdrawn from the strand during this short time. Notwithstanding the
      intensive cooling action vapor pressure cannot form in this open zone and
      thus there is eliminated the rise of vapor into the first zone.
      Furthermore, any vapor-water mixture which possibly ascends from the
      cooling device 6 escapes out of the open zone, so that it cannot ascend in
      the first zone.
PAR  Prior to entry into the next following zone i.e. for instance cooling
      device 5, the scale and slag are removed from the strand surface due to
      the action of the stripping or scraping edges 12 and the cooling water.
      During casting with flux powder slag it is particularly advantageous to
      remove such from the mold prior to the next following cooling process. The
      inclined surfaces 15 insure for a faultless flowing away of the
      non-metallic substances removed from the strand together with the cooling
      water. Wear of the intermediate zone due to accumulation of scale and/or
      slag is thus rendered impossible. In the subsequent cooling device 5 the
      strand shell is preferably cooled by indirect cooling.
PAR  In the last or terminal zone i.e., in the cooling device 6, the length of
      which can amount to for instance 30 to 50% of the first zone, there is
      supported about 50 to 70% of the surface of the still thin strand shell.
      The unsupported strand surface is intensively cooled by an adjustable
      quantity of water. Due to the high flow velocity of the cooling water in
      the open cooling channels there is practically completely prevented a rise
      in pressure within the channels and in the case of a possibly damaged
      strand shell there is thus rendered impossible penetration of vapor and
      water into the strand. During passage of the strand through the last or
      terminal zone its surface can be successively and alternately guided at
      least once by the strip-like guide surfaces and cooled by the strip-shaped
      guided flowing water. In order to be able to directly cool the edge
      regions of the strand early enough also at the last zone, following entry
      of the strand into this zone, the edge regions of the strand are cooled in
      the first section 6' by substantially strip-shaped guided water.
PAR  FIGS. 3 and 4 illustrate in a simplified showing a multiple-part arcuate or
      curved mold. The cooling device 6 consists of substantially strip-shaped
      support and guide surfaces 17' arranged approximately parallel to the
      lengthwise axis of the strand and intermediately disposed cooling water
      channels 18' which have a rounded cross-section. These cooling water
      channels 18'to diverge in the direction of strand travel 13, both in their
      width 40 as well as also in their depth 41. The cooling water channels 18'
      which conically widen or divergingly taper in the direction of travel 13
      of the strand are preferably symmetrical with respect to their central
      axes 42 which extend essentially parallel to the direction of strand
      travel 13. The cone or taper amounts to about 1%. When equipping the last
      cooling device 6 with such diverging cooling water channels 18' it is
      possible to repair breakouts which begin at the cooling device 5 or the
      cooling device 6, and to remove the cast strand from the mold without
      damaging the strand skin or shell. Reference numeral 43 designates, in
      simplified illustration, connecting elements between the cooling device 3
      and the cooling devices 5 and 6. Oppositely situated plates 44 and
      oppositely situated plates 45 are associated with the curved and straight
      sides of the strand respectively. The limiting or boundary surfaces of the
      cooling water channels 18' in the depth 41 in the plates 44 and the
      limiting or boundary surfaces of the channels 18' in which the width 40 in
      the plates 45 can be accommodated to the mold radius.
PAR  The width 40 of such cooling water channels 18' and the width of the
      support surfaces 17' are selected to be in the order of between 5 to 50
      millimeters, depending upon the strand section or format. In the case of a
      billet shape having the dimensions 100 .times. 100 mm.sup.2 cooling water
      channels 18 of 10 millimeters width and support surfaces 17 of 10
      millimeters width have been found to be particularly useful.
PAR  The principles of the invention as concerns both the method aspects and the
      exemplary embodiments of apparatus, given herein purely by way of example
      and not limitation, also can be employed in conjunction with molds for
      casting round-, polygonal- or slab- sections or fomats.
PAR  While there is shown and described present preferred embodiments of the
      invention it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims. Accordingly,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of cooling a strand in an oscillating continuous casting mold
      during the continuous casting of metals, especially steel, comprising the
      steps of:
PA1  a. forming a cast strand in the continuous casting mold and which strand
      travels through the mold;
PA1  b. indirectly cooling the cast strand as well as guiding the cast strand at
      all sides in a first zone during passage of the strand through the mold;
PA1  c. after the indirect cooling of the strand of step (b) spraying water onto
      the cast strand to directly cool the cast strand in an intermediate zone
      which is open at all sides; and
PA1  d. in a last cooling zone guiding the strand by means of substantially
      strip-shaped support surfaces extending essentially in the direction of
      travel of the strand and between these support surfaces directly cooling
      the strand by water guided in substantially strip-shaped water channels in
      a substantially strip-shaped configuration along the strand.
NUM  2.
PAR  2. The method as defined in claim 1, including the step of supporting the
      cast strand essentially at its entire periphery and additionally
      indirectly cooling the cast strand after the spray cooling of step (c) and
      prior to subjecting the strand to the strip-shaped direct cooling of step
      (d).
NUM  3.
PAR  3. The method as defined in claim 1, including the step of stripping away
      at least part of any scale and slag adhering to the surface of the strand
      following passage of the strand through the intermediate zone and prior to
      entry of the strand into a next following zone.
NUM  4.
PAR  4. The method as defined in claim 1, further including the step of
      alternately subjecting the strand at least once in succession as it passes
      through the last cooling zone to a strip-shaped guiding of the strand and
      a cooling of such strand by means of strip-shaped guided water.
NUM  5.
PAR  5. The method as defined in claim 1, further including the step of cooling
      the edge regions of the cast strand by means of a prolonged spray cooling
      action in a cooling zone which immediately follows the intermediate zone.
NUM  6.
PAR  6. A mold arrangement for continuous casting of metals, comprising a mold,
      means for oscillating said mold, said mold being composed of a first
      cooling device formed of cooled walls bounding a hollow mold compartment
      of the mold through which travels a cast strand in a predetermined
      direction of travel, a last cooling device formed of substantially
      strip-shaped arranged support surfaces disposed approximately parallel to
      the lengthwise axis of the cast strand and equipped with intermediately
      situated strip-shaped cooling water channels, water infeed means provided
      for said cooling water channels, and an additional cooling device equipped
      with spray nozzles arranged between the first cooling device and the last
      cooling device, said hollow mold compartment being open at all sides at a
      location between the first cooling device and the last cooling device,
      said spray nozzles producing a spray pattern which impinges the hollow
      mold compartment which is open at all sides between the first cooling
      device and the last cooling device.
NUM  7.
PAR  7. The mold arrangement as defined in claim 6, further including support
      elements arranged after the additional cooling device transversely with
      respect to the direction of travel of the strand, said support elements
      being equipped with stripping edges.
NUM  8.
PAR  8. The mold arrangement as defined in claim 7, wherein said stripping edges
      are equipped with surfaces means which downwardly slope at an inclination
      away from the cast strand.
NUM  9.
PAR  9. The mold arrangement as defined in claim 6, wherein the length of the
      portion of the hollow mold compartment which is open at all sides is in
      the order of between 4 to 20 millimeters viewed in the direction of travel
      of the strand.
NUM  10.
PAR  10. The mold arrangement as defined in claim 6, wherein the last cooling
      device comprises at least two successively arranged sections each equipped
      with substantially strip-shaped support surfaces and substantially
      strip-shaped cooling channels, wherein the cooling water channels of one
      section are offset with respect to the cooling water channels of a
      preceding section and between said sections the cooling water channels are
      equipped with cooling water outlet openings which open into the
      surroundings.
NUM  11.
PAR  11. The mold arrangement as defined in claim 6, wherein the water infeed
      means are arranged at an end of each of the channels.
NUM  12.
PAR  12. The mold arrangement as defined in claim 6, wherein the cooling water
      channels are bounded by guide walls extending in the direction of travel
      of the strand and diverge in width in the direction of travel of the
      strand.
NUM  13.
PAR  13. The mold arrangement as defined in claim 12, wherein the cooling water
      channels diverge in depth in the direction of travel of the strand.
NUM  14.
PAR  14. The mold arrangement as defined in claim 12, wherein said mold defines
      an arcuate mold having a curved hollow mold compartment, and the last
      cooling device is equipped with plate members associated with both
      straight sides of the strand and said plate members having diverging
      cooling water channels which diverge in accordance with the arc of the
      mold.
NUM  15.
PAR  15. The mold arrangement as defined in claim 6, wherein the last cooling
      device is provided with a casting taper which differs from the casting
      taper of the first cooling device.
NUM  16.
PAR  16. The mold arrangement as defined in claim 6, wherein the substantially
      strip-shaped cooling water channels are equipped with baffle means.
NUM  17.
PAR  17. A mold arrangement for continuous strand casting of metals, comprising
      a curved mold composed of a first cooling device formed of cooled walls
      bounding a curved hollow mold compartment of the mold, a last cooling
      device formed of substantially strip-shaped arranged support surfaces
      disposed approximately parallel to the lengthwise axis of the cast strand
      and equipped with intermediately situated substantially strip-shaped
      cooling water channels, water infeed means provided for said cooling water
      channels, an additional cooling device equipped with spray nozzles
      arranged between the first cooling device and the last cooling device,
      said spray nozzles producing a spray pattern which impinges the hollow
      mold compartment which is open at all sides at a location intermediate the
      first cooling device and the last cooling device, the last cooling device
      being equipped with plate members associated with both straight sides of
      the strand, said plate members having cooling water channels which follow
      the curved arc of the mold and which diverge in the direction of strand
      movement.
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ABST
PAL  A method and mechanism for operating the locking means for the chill plate
      of a rigid starter bar in a continuous-casting machine. The mechanism
      enables the starter bar to remain in contact with its hoist throughout the
      operating cycle and assures that the leading end of a casting always is at
      the same level when the starter bar is disconnected, and also assures that
      the chill plate is properly locked to the starter bar when the latter is
      lifted into position to begin a cast.
BSUM
PAR  This invention relates to an improved method and mechanism for operating
      the locking means for the chill plate of a rigid starter bar in a
      continuous-casting machine.
PAR  In continuous-casting machines which utilize a rigid starter bar,
      conventional practice is to catch the descending bar in a basket hoist as
      it is disconnected from the leading end of the casting and lower it out of
      the way. Before the next cast begins, a detachable chill plate is
      installed on the upper end of the bar, and the hoist and bar are lifted to
      position the chill plate within the mold thereabove. When the starter bar
      subsequently is disconnected, the chill plate stays with the casting.
      Reference can be made to Gallucci U.S. Pat. No. 3,448,789 of common
      ownership for a showing of a rigid starter bar, disconnect means, and a
      basket hoist of the type to which the present invention relates and over
      which the present invention is an improvement.
PAR  In the known apparatus, such as the Gallucci patent shows, the locking
      means for the chill plate includes a rod which extends through a vertical
      passage in the body of the starter bar and which carries a plunger at its
      lower end. Soon after the beginning of a cast, as the descending starter
      bar reaches the basket hoist, the plunger contacts the bottom of the hoist
      and pushes the rod upwardly relative to the body of the bar. The upper end
      of the rod is connected to a linkage at the top of the body, which linkage
      acts to release the chill plate on such contact.
PAR  The known operating mechanism for the locking means has certain
      disadvantages. The starter bar does not remain in contact with the hoist
      throughout the operating cycle. When the starter bar is lifted at the
      beginning of a cast, it is picked up by power driven pinch rolls of the
      casting machine. The pinch rolls lift the bar off the hoist and propel it
      to its final position for beginning a cast. If for any reason the starter
      bar is allowed to drop, the parts may be damaged. Modern low head casting
      machines have only a single set of pinch rolls. If these are opened
      inadvertently, the bar of course drops. Another difficulty is that the
      hoist is not necessarily always at the same height when the descending
      starter bar contacts it. Hence the level of the leading end of the casting
      at the moment the starter bar is disconnected varies from cast to cast.
      This is of little consequence in some installations which have two or more
      sets of power driven pinch rolls engaging the starter bar at spaced-apart
      levels. In such installations it is necessary only that the leading end of
      the casting lies somewhere between the sets of pinch rolls at the moment
      of disconnect. Low-head installations have only a single set of pinch
      rolls and operate properly only if the leading end of the casting always
      is at the same level within the pinch rolls when the starter bar is
      disconnected.
PAR  An earlier invention described and claimed in Cuscino application Ser. No.
      494,244, filed Aug. 2, 1974, of common ownership, has overcome these
      difficulties. In the Cuscino invention a single fixed cam track is mounted
      adjacent the path of the basket hoist, and a cooperating actuating lever
      for the chill plate locking means is pivoted to the hoist. Hence it is
      unnecessary to lift the starter bar off the hoist to operate the locking
      means, and the bar can remain on the hoist throughout the operating cycle.
      When the hoist descends, the actuating lever engages the cam always at the
      same height, whereby the leading end of the casting always is at the same
      level when the starter bar is disconnected.
PAR  There is a further difficulty which the Cuscino invention does not
      overcome. In the known practice the chill plate merely rests on top of the
      starter bar through most of the ascent of the bar to begin a cast. The
      chill plate is not locked in place until the pinch rolls engage the
      starter bar and lift it off the hoist in the Gallucci patent, or until the
      actuating lever used in the Cuscino invention clears the cam track. Only
      then can the plunger and rod gravitate downwardly relative to the body of
      the bar and lock the chill plate to the bar. Hence the chill plate can be
      dislodged from the position in which the locking means can engage it and
      lock it in place.
PAR  An object of my invention is to provide an improved method and mechanism
      for operating the locking means for the chill plate of a rigid starter
      bar, in which I not only maintain the bar in contact with the hoist
      throughout the operating cycle and assure that the leading end of the
      casting is at the proper level when the starter bar is disconnected, but
      also I lock the chill plate to the bar almost as soon as the basket hoist
      commences to ascend to begin a cast.
PAR  A more specific object is to provide an improved method and mechanism for
      accomplishing the foregoing object in which I use upper and lower fixed
      cams and a specially designed cooperating actuating lever pivoted to the
      hoist, said lever acting to lock the chill plate to the starter bar when
      it clears the lower cam as the hoist ascends, and acting to disconnect the
      starter bar from the chill plate and casting when it engages the upper cam
      as the hoist descends.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a top plan view of a basket hoist and starter-bar equipped with
      an operating mechanism constructed in accordance with my invention;
PAR  FIG. 2 is a vertical sectional view on line II--II of FIG. 1 showing the
      position of parts as the hoist passes the upper cam during its descent;
PAR  FIG. 3 is a view similar to FIG. 2, but showing the position of parts as
      the hoist passes the upper cam during its ascent;
PAR  FIG. 4 is a diagrammatic side elevational view showing the relation of
      parts with the basket hoist fully lowered before a cast is to begin;
PAR  FIG. 5 is a view similar to FIG. 4 but showing the actuating lever clearing
      the lower cam;
PAR  FIG. 6 is another similar view showing the actuating lever engaging the
      upper cam during ascent of the hoist; and
PAR  FIG. 7 is another similar view showing the actuating lever engaging the
      upper cam during descent of the hoist.
DETD
PAR  FIG. 1 shows in plan a portion of a pit 10 which is located beneath a
      continuous-casting machine and receives a basket hoist 12 carrying a
      starter bar 13. The walls at two opposed faces of the pit carry guides 14.
      Rollers 15 are journaled to the hoist at its ends and ride against these
      guides. The upper face of hoist has eye bolts 16 or equivalent adjacent
      each end to which ropes 17 are attached for lifting and lowering the hoist
      and starter bar.
PAR  As shown in FIGS. 2 and 3, the starter bar 13 includes a body 19 which has
      a vertical passage 20. A rod 21, which forms part of the locking means, is
      housed for vertical movement within this passage. The body 19 carries a
      stop 22 within passage 20 and through which rod 21 extends. The rod
      carries a cooperating stop 23 situated above stop 22. The upper end of the
      starter bar has a linkage to which rod 21 is connected for locking a chill
      plate 24 (shown in the diagrammatic views of FIGS. 4 to 7) to the bar.
      Preferably the linkage is of similar construction to that shown in the
      aforementioned Gallucci patent; hence the showing is not repeated. When
      rod 21 is in a position such that stop 23 contacts stop 22 (FIG. 3), the
      chill plate 24 is locked to the starter bar. When the rod moves relatively
      upward from this position (FIG. 2), the chill plate is released and can be
      freely installed or removed.
PAR  In accordance with my invention, the wall at the broad face of pit 10
      carries upper and lower fixed cams 27 and 28, best shown in the
      diagrammatic views of FIGS. 4 to 7. The cams normally are stationary, but
      the position of at least the upper cam can be adjusted vertically. The
      hoist 12 has two fixed pivot pins 29 and 30, the axes of which lie in the
      same horizontal plane below the lower end of rod 21 (FIGS. 1, 2 and 3). An
      actuating lever 31 has arcuate slots 32 and 33 which receive the
      respective pins 29 and 30. A roller 34 is journaled to free end of lever
      31 and is cooperable with cams 27 and 28. Lever 31 has an integral
      depending counterweight 35 which balances the lever so that it normally
      assumes a horizontal or mid position. The upper edge of the lever has a
      rounded segment 36 against which the lower end of rod 21 bears.
PAR  As long as the starter bar is resting on the hoist and lever 31 is in its
      normal or mid position, rod 21 is in its lowermost position in which stop
      23 abuts stop 22. As FIG. 2 shows, when hoist 12 is descending and roller
      34 engages either cam 27 or 28, lever 31 pivots clockwise about pin 29
      from its mid position. Thus the lever raises rod 21 relative to the
      starter bar body 19. This action releases the locking means at the top of
      the bar, as already explained. As FIG. 3 shows, when hoist 12 is ascending
      and roller 34 engages the upper cam 27, lever 31 pivots counterclockwise
      about pin 30 from its mid position. This action enables the lever to clear
      the cam without moving rod 21 relative to the body 19.
PAR  As shown in the diagrammatic views of FIGS. 4 to 7, a pair of sheaves 39
      are journaled to a suitable support above pit 10. The ropes 17 of the
      hoist 12 extend over the sheaves and down to the basket. A chill-plate
      maintenance platform 40 is situated above pit 10 adjacent the position
      which the upper end of the starter bar 13 occupies when the bar is in its
      lowermost position in the pit. Above the platform are the various rolls 41
      of the casting machine, including power driven pinch rolls 42 and a switch
      section 43. Above the rolls is an open-ended mold 44. The casting machine
      itself can be conventional and hence is not shown in detail. FIGS. 4 to 7
      also illustrate my operating method.
PAR  FIG. 4 shows the hoist 12 and starter bar 13 in their lowermost position,
      which they occupy while a casting operation is taking place. Roller 34
      engages the lower cam 28, whereby lever 31 is rotated clockwise from its
      mid position and the locking mechanism at the upper end of the bar is
      released. An individual standing on platform 40 can install a chill plate
      24 on the bar.
PAR  FIG. 5 shows the hoist and starter bar ascending to start a cast. Roller 34
      has cleared the lower cam 28, whereby lever 31 has returned to its mid
      position. The locking mechanism has locked the chill plate 24 to the top
      of the bar. The chill plate still is visible to the individual standing on
      platform 40 and he can make certain that the chill plate has been locked
      properly to the bar. The switch section 43 is open to allow the starter
      bar to pass on its way to the mold 44.
PAR  FIG. 6 shows the hoist and starter bar continuing to ascend. Roller 34 has
      engaged the upper cam 27, whereby lever 31 has rotated counterclockwise
      from its mid position. As already explained, such rotation does not impart
      relative movement to rod 21, but enables the roller to clear the upper
      cam. As soon as the roller clears the cam, the lever returns to its mid
      position while the hoist and starter bar continue to ascend to their final
      positions for beginning the cast (not shown). In normal operation, the
      starter bar need not be lifted free of the hoist, but may remain in
      contact so that it does not drop and damage the parts if the pinch rolls
      42 are opened inadvertently.
PAR  FIG. 7 shows the hoist and starter bar descending. Roller 34 has engaged
      the upper cam 27, whereby lever 31 has rotated clockwise from its mid
      position. This disconnects the chill plate from the starter bar. Continued
      descent of the hoist returns the parts to the position shown in FIG. 4.
PAR  From the foregoing description, it is seen that my invention affords a
      simple method and mechanism for operating a rigid starter bar and
      overcoming problems encountered with previous arrangements. The invention
      not only assures that the starter bar remains in contact with the hoist
      throughout the operating cycle and that the leading end of the casting is
      at the proper level at the moment the starter bar is disconnected, but
      also assures that the chill plate is locked to the starter bar while the
      latter is lifted and cannot be dislodged unintentionally.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a combination which includes a rigid starter bar, a chill plate, a
      vertically movable hoist for carrying said bar, and means for receiving
      said hoist and bar when lowered, said bar having locking means for said
      plate movable between released and locked positions, an improved mechanism
      for operating said locking means, said mechanism comprising actuating
      means carried by said hoist and engaging said locking means, a first means
      on said receiving means cooperable with said actuating means for moving
      said locking means to its locked position when said bar and hoist ascend
      from their lowermost position, and a second means on said receiving means
      spaced above the first-named means thereon cooperable with said actuating
      means for moving said locking means to its released position when said
      hoist and said bar descend to disconnect said bar from said plate, said
      actuating means clearing the second-named means on said receiving means
      during ascent of said hoist without changing the position of said locking
      means.
NUM  2.
PAR  2. A combination as defined in claim 1 in which said actuating means
      includes a lever pivoted to said hoist and normally occupying a mid
      position, said lever operating said locking means when rotated in one
      direction from its mid position, but being rotatable in the other
      direction from its mid position without changing the position of said
      locking means.
NUM  3.
PAR  3. A combination as defined in claim 2 in which said first and second means
      on said receiving means includes upper and lower cams, and further
      comprising means on said lever engageable with said cams.
NUM  4.
PAR  4. A combination as defined in claim 3 in which said hoist carries a pair
      of horizontally spaced pivot pins and said lever has a pair of arcuate
      slots receiving the respective pins, said lever being balanced normally to
      move to its mid position, but rotating about one of said pins when the
      means on said lever engages either of said cams in ascending, and about
      the other pin in descending.
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ABST
PAL  Apparatus for feeding and distributing a steel melt into a continuous
      casting mould for slabs includes a pouring vessel with outlet apertures in
      its bottom wall. Immersion outlet elements depend from said vessel in
      registry with its outlet apertures, and extend down through the bath
      surface level in the mould and have lateral outlets. A pair of immersion
      outlets extend into said mould, and have an internal cross-section greater
      than the apertures in the pouring vessel, with their bottoms closed. Said
      immersion outlets each have a pair of lateral outlets of different
      cross-sectional area, on opposite sides thereof, longitudinally offset
      with respect to each other. One of the outlet apertures is larger in cross
      section than the other and is directed towards the center of the mould.
      Smaller outlet apertures are one-third to one-fifth of the cross-sectional
      area of the larger outlet apertures. Said outlet apertures are directed
      obliquely upward.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known to use outlet elements having a lateral outlet aperture for
      feeding melts in the production of continuous steel castings having an
      elongated rectangular form (Slabs). Usually, outlet elements of this kind
      are used in order on the one hand to improve the surface quality of the
      casting produced, and on the other hand to influence advantageously in
      addition the flow conditions of the steel flowing into the mould, in order
      to improve the degree of purity in the castings which are produced.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention has as its object to make a further improvement in
      the casting art when making liquid steel flow into a mould, with the aim
      of further reducing inclusions and at the same time improving the
      structure of the castings which are produced, more especially as regards
      reducing so-called internal cracks. In an apparatus for feeding and
      distributing a steel melt in a continuous casting mould for slabs,
      comprising a casting or pouring vessel with outlet apertures arranged in
      the bottom and immersion outlet element means arranged below these
      apertures and comprising lateral outflow apertures, therefore according to
      the invention it is proposed that below the outlet apertures of the
      pouring vessel two immersion outlet elements are provided for each slab
      mould, these preferably having a larger internal cross-section than the
      cross-section of the outlet apertures, the bottom ends of the said outlet
      elements being closed, that the immersion outlet elements comprise two
      outflow apertures of different cross-sectional size both of which are
      situated below the bath surface in the mould, that furthermore the outflow
      apertures are situated opposite one another in the walls of the immersion
      outlet elements but are arranged vertically offset relatively to one
      another, and the outflow apertures with the relatively large
      cross-sectional area form the lower outflow apertures and are directed
      towards the mould centre.
PAR  The direction of flow in the relatively large outflow apertures is directed
      obliquely upwards in a manner known per se.
PAR  According to a further feature of the invention the apparatus is
      characterised in that the cross-sectional area of the external relatively
      small outflow aperture amounts to one-third to one-fifth of the
      cross-sectional area of the internal outflow aperture. The direction of
      flow in the upper outflow apertures is preferably directed obliquely
      upwards, but may also be directed horizontally. This alignment is
      conveniently determined in accordance with practical requirements. It
      should be so selected that a slight movement of the bath surface is
      obtained. As regards the intended flow conditions it has been found that
      it is not particularly critical if the immersion outlet elements are
      arranged so that the longitudinal axes of these elements diverge
      relatively to the direction in which the continuous casting is drawn off.
      The angle between the casting draw-off direction and the axis of the
      immersion outlet elements can amount to 4.degree. to 8.degree.. With an
      inclined position of the immersion outlet elements, the axes of the outlet
      apertures of the distributing vessel and the axes of the immersion outlet
      elements also should not be in alignment with one another but should be
      offset so that the outlet aperture of the distributing vessel is situated
      between the axis of the immersion outlet element and that wall of the
      immersion outlet element which comprises the outflow aperture with the
      smaller cross-section.
PAR  According to a further feature of the invention the two immersion outlet
      elements for each mould are so arranged in the mould that the axes of the
      immersion outlet elements have a spacing of two-thirds of the mould width
      at the level of the upper edge of the mould.
PAR  In a further advantageous development of the invention it is proposed to
      arrange the outflow apertures with the relatively small cross-section in
      an eccentric situation in the immersion outlet, the outflow apertures
      being arranged relatively near to the centre point of curvature when using
      curved moulds.
PAR  The arrangement and construction of the two immersion outlet elements
      according to the invention achieve the result that the steel flowing out
      is made to change direction in a manner known per se at the casting
      surface. The horizontal components of the speed of flow of the two main
      streams, that is to say the streams issuing from the relatively large
      apertures, cancel one another out.
PAR  The bath surface in the edge region of the slabs between immersion outlet
      element and narrow mould side is moved and thus the formation of a top
      crust is obviated. The eccentric arrangement means that a vortex is
      produced on the casting surface. The small speed of flow is sufficient to
      avoid freezing and to obtain a generally central flow in the mould. In
      addition the steel of the secondary stream is drawn away from the edge at
      the lower end of the immersion outlet element, so that an additional
      separation of impurities is obtained which allows the degree of purity in
      this region to be improved.
PAR  The centre offset given to the feeding of the steel relatively to the
      longitudinal axis of the immersion outlet element influences the
      relationship of the mass flows of the main and secondary streams. The
      slightly inclined position of the immersion outlet elements is used for
      stabilising the flow conditions.
PAR  Converting the kinetic energy into a spinning movement makes it possible to
      annul it in a smaller space. The small flows produced in general in the
      mould region contribute to improving the structure, more particularly
      avoiding cracks.
PAR  The subject of the invention will be explained in detail with reference to
      a constructional example. In the drawings:
PAC  DETAILED DESCRIPTION
DRWD
PAR  FIG. 1 shows a side view of the apparatus according to the invention,
PAR  FIG. 2 shows a plan view taken on the section line A-B in FIG. 1,
PAR  FIG. 3 shows a side view on the section line C-D in FIG. 1.
DETD
PAR  According to FIG. 1 a distributing vessel 1 is provided with two immersion
      outlet elements 2 for a slab mould 3. As shown at the right-hand half of
      the illustration, the immersion outlet elements 2 can be flange-connected
      centrally below the outlet apertures 4 of the distributing vessel 1. But
      as is shown in the left-hand half they may also be arranged in an
      eccentric situation relatively to the outlet aperture 4a. Each immersion
      outlet element 2 comprises two outflow apertures 5, 6. The outflow
      apertures 5, 6 are of different cross-sectional size and are situated
      below the bath surface 7 in the mould 3. 8 designates a per se known
      covering material situated on the casting surface 7. The outflow apertures
      5 with relatively large cross-sectional areas are arranged close above the
      bottom of the immersion outlet elements 2. They are situated opposite one
      another within the general arrangement and are directed towards the centre
      of the mould. The outflow apertures 6 which have a relatively small
      cross-section are vertically offset relatively to the outflow apertures 5.
      The size of the said smaller-section outflow apertures amounts to
      one-third to one-fifth of the cross-sectional area of the outflow
      apertures 5. The spacing a of the axes 9 of the immersion outlet elements
      2 amounts to about two-thirds of the width of the mould 3.
PAR  In FIG. 2 and FIG. 3 like parts are designated with the same reference
      numerals as in FIG. 1. It can be seen that the immersion outlet elements 2
      within the curved mould 3 are arranged centrally relatively to the
      transverse axis 11 of the mould 3 at the level of the outlet apertures 5.
      The outflow apertures 6 with the realtively small cross-section are
      arranged eccentrically within the immersion outlet elements 2. These
      outflow apertures 6 are also situated at the side associated with the
      centre point 12 of the curvature of the curved mould.
PAR  Having described our invention, reference should now be had to the
      following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for feeding and distributing a steel melt in a continuous
      casting mould for slabs, comprising a pouring vessel with outlet apertures
      arranged in its bottom portion and with immersion outlet elements which
      are arranged below the said apertures and include lateral outflow
      apertures, characterized in that below the outlet apertures (4) of the
      pouring vessel (I) there are arranged for each slab mould (3) a pair of
      immersion outlet elements (2) with a larger internal cross-section than
      the cross-section of the outlet apertures, the bottom ends of the said
      outlet elements being closed, each of said immersion outlet elements (2)
      having a pair of outflow apertures (5, 6) of different cross-sectional
      size, both situated below the bath surface level (7) in the mould (3),
      said outflow apertures (5, 6) being located opposite one another in the
      walls of the immersion outlet elements (2) but are offset relatively to
      one another in the vertical sense, and the outflow apertures (5) having
      the larger cross-section form the lower outflow apertures and are directed
      towards the center of the mould.
NUM  2.
PAR  2. Apparatus according to claim 1, characterized in that the
      cross-sectional area of the external small outflow apertures (6) amounts
      to one-third to one-fifth of the cross-sectional area of the internal
      outflow apertures (5).
NUM  3.
PAR  3. Apparatus according to claim 1, characterized in that the direction of
      flow in the larger-section outflow apertures (5) is directed obliquely
      upwards.
NUM  4.
PAR  4. Apparatus according to claim 1, characterized in that the immersion
      outlet aperatures are so arranged that the longitudinal axes (9) thereof
      diverge relatively to the direction in which the casting is drawn off, at
      an angle ranging from 4.degree. to 8.degree..
NUM  5.
PAR  5. Apparatus according to claim 4, characterized in that the axes of the
      outlet apertures of the distributing vessel and the axes of the immersion
      outlet elements are out of alignment with one another and are offset in
      such a manner that the outlet aperture of the distributing vessel is
      situated between the axis of the immersion outlet element and that wall of
      the immersion outlet element which comprises the outflow aperture with the
      smaller cross-section.
NUM  6.
PAR  6. Apparatus according to claim 1, characterized in that the axes (4) of
      the immersion outlet elements (2) at the level of the upper edge (10) of
      the mould are spaced two-thirds of the mould width.
NUM  7.
PAR  7. Apparatus according to claim 1, said mould being curved, characterized
      in that the apertures of the immersion outlet elements (2) are arranged
      centrally in the mould (3) at the height of the outflow apertures (5).
NUM  8.
PAR  8. Apparatus according to claim 1, characterized in that the outflow
      apertures (6) with the relatively small cross-section are arranged
      eccentrically in the immersion outlet element (2).
NUM  9.
PAR  9. Apparatus according to claim 1, said mould being curved, characterized
      in that the outflow apertures (6) with the relatively small cross-section
      are arranged concentrically in the immersion outlet elements (2), towards
      the center of curvature (12).
NUM  10.
PAR  10. Apparatus according to claim 3, characterized in that the direction of
      flow in the smaller-section outflow apertures (6) is directed obliquely
      upwards.
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ABST
PAL  A liquid aquifer energy storage method by which hot water is collected and
      stored in underground aquifers during the summer months and made available
      for heating during winter months. The liquid aquifer energy storage method
      also allows for the storage of cold water during the winter months for use
      in cooling during the summer months. The liquid aquifer energy storage
      method includes heating water and hot and warm zones within the aquifer or
      aquifers for storage of hot and warm water, respectively. Additionally,
      the method includes cooling water and cold and cool zones in the aquifer
      or aquifers for storage of cold and cool water.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of solar energy to help solve the world's present energy crisis is
      appealing. There is a large quantity of such energy which is available for
      use without any accompanying adverse environmental impact. However, solar
      energy is diffuse, i.e., it is spread over a wide area and the amount of
      energy available per square foot is not very large. Additionally, if the
      solar energy is to be used effectively, it must be received while the sun
      is shining and stored for use on cloudy days and at nighttime.
PAR  The storage of heat from solar energy has presented difficulties in the
      past. Various proposals have been advanced including hot water which is
      stored in insulated tanks, molten salts which deliver their heat of fusion
      while crystallizing, and basements full of hot rocks which are warmed
      during the day for use in warming the air during the night. The general
      idea has centered around the provision of storage sufficient for a daily
      or a weekly cycle to meet the needs for one house or building. However,
      storage in this manner has been found to be expensive. When heat is most
      needed, i.e., winter, the least amount of energy is received from the sun.
      The same type of situation exists with respect to cooling efforts. When
      cooling is most needed, i.e., summer, the least amount of sources for
      coolness is available.
PAR  In addition to single-building energy requirements, the need exists for a
      year-round solar heating and cooling system for use by a city, town or
      other large-scale energy consumer. Little attention has been directed to
      such large-scale needs, the satisfaction of which offers significant
      potential not heretofore appreciated.
PAR  Applicant presently is aware of existing patents in the field of the art,
      including U.S. Pat. No. 3,620,206 (Harris, et al., 1971); U.S. Pat. No.
      3,339,629 (Hervey, 1967); U.S. Pat. No. 2,693,939 (Marchant, et al.,
      1954); U.S. Pat. No. 2,780,415 (Gay, 1957); U.S. Pat. No. 2,584,573 (Gay,
      1952); U.S. Pat. No. 2,007,406 (Miller, 1935); U.S. Pat. No. 2,637,531
      (Davidson, 1953); U.S. Pat. No. 3,262,493 (Hervey, 1966); and the
      reeferences cited therein. Applicant also is aware of the article by
      Charles F. Meyer and David K. Todd, entitled "Conserving Energy With Heat
      Storage Wells", in 7 Environmental Science & Technology 512 (1973).
PAC  SUMMARY OF THE INVENTION
PAR  The method of the present invention generally provides steps for collecting
      and storing hot and cold water in underground aquifers during summer and
      winter months, respectively, and making the same available for heating
      during winter months and cooling during summer months, respectively. The
      method includes heating or cooling water, passing the hot or cold water to
      an aquifer for storage, removing the hot or cold water from the aquifer as
      required, removing heat or cold from the water, and returing the warm or
      cool water to an aquifer.
PAR  The term "aquifer" is used herein in its commonly accepted sense, to-wit, a
      water-bearing bed or stratum of permeable rock, sand, or gravel capable of
      yielding considerable quantities of water to wells or springs.
PAR  It is, therefore, an object of the present invention to provide a liquid
      aquifer energy storage method for collecting and storing heat during the
      summer for use during the winter which includes heating water, passing the
      hot water to an aquifer for storage, removing the hot water from the
      aquifer as required, removing heat from the water, and returning the warm
      water to an aquifer.
PAR  Another object of the present invention is the provision of steps for
      partially reheating previously-used warm water prior to storage in the
      aquifer for warm water.
PAR  Still another object of the present invention is the provision of a liquid
      aquifer energy storage method for collecting and storing cold during the
      winter for use during the summer which includes cooling water, passing the
      cold water to an aquifer for storage, removing the cold water from the
      aquifer as required, removing cold from the water, and returning the cool
      water to an aquifer.
PAR  A further object of the present invention is the provision of a combined
      liquid aquifer energy storage method for collecting and storing heat and
      cold during the summer and winter, respectively, for use during the winter
      and summer, respectively.
PAR  Still other and further objects, features and advantages will be apparent
      from the following description of a presently preferred embodiment of the
      invention, given for the purpose of disclosure and taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings forming a part of the disclosure herein, like character
      references designate like parts throughout the several views, wherein,
PAR  FIG. 1 is a schematic view of a liquid aquifer energy storage method for
      collecting and storing cold during the winter for use during the summer
      which shows one aquifer that includes portions for the storage of cold and
      cool water, and
PAR  FIG. 2 is a schematic view of a liquid aquifer energy storage method for
      collecting and storing heat during the summer for use during the winter
      which shows one aquifer that includes portions for the storage of hot and
      warm water and indicates that the water may be partially reheated prior to
      storage in the warm water section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention provides a method which permits relatively low-cost
      heating and cooling storage on an annual basis, whereas prior efforts have
      been directed to the general concept of providing heating or cooling
      storage sufficient for a daily or weekly cycle to meet the needs of one
      house or building. In addition to providing heating or cooling storage on
      an annual basis, the efficiency of the present invention generally
      increases as the size of the project increases. Therefore, the present
      invention is directed toward use on a large-scale basis.
PAR  The present invention involves a method by which ambient energy collected
      from the sun or rejected to the atmosphere can be stored in large
      quantities and made available for heating and cooling when needed. This is
      accomplished by coupling a heat collection-rejection system with storage
      of the energy in the form of hot or cold water in an underground aquifer.
PAR  Hot water produced by a solar heater or cold water from a cooling pond is
      pumped into an underground porous formation. The hot or cold water which
      is pumped into the formation displaces any water which already exists in
      the formation until a large hot or cold zone is created. The first time
      this is done, a significant quantity of heat or cold will be used to
      change the temperature of the rock formation. In subsequent cycles, the
      amount of heat or cold lost to the heating or cooling of the surrounding
      core rock will be reduced significantly. In most instances, the operation
      of the system will require two zones in the water-bearing formations for
      both the heating and cooling portions of the system as will be discussed
      below.
PAR  Referring to FIG. 1, the operation of the cooling cycle will be considered.
      During the winter season, cold water is produced in a cooling pond, spray
      pond, cooling tower, etc. 1, by contact with the cold air as well as by
      nocturnal radiation. As the cold water is produced, it is pumped into the
      cold zone 2 through a pipeline 3. In the summer, as cooling is required,
      the cold water is withdrawn and distributed to the houses and buildings 4
      in pipelines 5, much as city water is presently delivered, except that the
      pipelines 5 are insulated for protection from heat gain. Within the
      buildings 4, the cold water flows through suitable heat exchangers (as may
      be selected by those skilled in the art) so that the building air is
      cooled and the water is warmed. If the water is warmed to a temperature
      which is still below the normal formation temperature, it may be delivered
      to the cool zone 6 for storage by means of pipelines 7. When the
      temperature of the water is being lowered during the winter, the water may
      be withdrawn from the cool zone 6, pumped to the chilling area, pond, etc.
      1, by means of pipeline 8 and finally pumped into the cold zone 2.
PAR  In the present invention, no net amount of water is withdrawn from the
      formation except for that which is evaporated during winter cooling. Even
      if the water is salty, or otherwise contaminated, it may be used since all
      of the water is returned to the formation.
PAR  If the system is located near a large body of water, such as a lake, that
      reaches temperatures in the winter months which are below the temperature
      to which the water is to be lowered, the water may be removed from the
      body of water during the winter and stored in the underground cold zone 2
      until summer. After being withdrawn and used for cooling, the water can be
      returned to the large body of water. Such procedure eliminates the need
      for a cool zone 6, reduces pumping requirements and eliminates the capital
      investment required for providing a cooling pond or similar equipment.
PAR  The hot water system, as shown in FIG. 2, is similar in operation to the
      cold water system. The hot and cold water may be distributed to the houses
      and buildings by either the same or parallel water distribution systems.
PAR  During the summer, hot water is produced by a solar heater 10 and pumped
      into the hot zone 11 of an aquifer by means of a pipeline 12. It is
      withdrawn in the winter and circulated through pipes 13 to buildings and
      houses 14 in which it is sent through a suitable heat exchange device for
      heat exchange with air of the building or house 14 and the water itself is
      cooled. The resulting warm water is returned to the warm zone 15 by means
      of pipeline 16, or if solar conditions are good, the warm water may be
      sent to the heater 10 by means of pipeline 17 for partially reheating
      before being returned to the warm zone 15 by means of pipeline 18. On
      sunny days, the water might be sufficiently reheated to recycle directly
      by piping 19 to the buildings 14 rather than using stored hot water.
      During the summer, the water in the warm zone 15 is sent, by means of
      pipeline 20, to the heater 10 for reheating and then is pumped into the
      hot zone 11. As in the case of the cooling system, no net withdrawal of
      water results in the heating system except for that which may be
      evaporated during summer heating.
PAR  The importance of having two zones of stored water for both heating and
      cooling should be emphasized. First, considering the zones associated with
      the heating system, the warm water which is returned to the aquifer
      probably is hotter than normal aquifer water. Thus, when the water is
      withdrawn for reheating, only the heat actually used for space heating in
      buildings and the like must be replaced.
PAR  A second important reason for having two zones of water is the fact that
      the cyclic flow of water into and out of each zone assures that each zone
      is surrounded by a partially heated, or cooled, buffer zone. This cyclic
      flow of water exchanges heat with the rock as it flows inward and also as
      it flows outward so that, after the first cycle, there is no net heat loss
      to the rock in the inner volume. Finally, the existence of the buffer zone
      reduces heat loss from or to the inner volume.
PAR  As indicated previously, the present invention is intended to be used on a
      large-scale basis. As one increases the size of a heated body, the stored
      heat varies with the volume while the loss varies with the outer area. The
      former is proportional to the diameter cubed, while the latter is
      proportional to the diameter squared. Such would be an exact description
      if the volume and the surroundings were both of uniform temperatures and
      if the volume were spherical. However, temperature gradients may exist
      which reduce the amount of heat loss.
PAR  In effect, the invention can be a local utility, adaptable to new
      developments, townhouses, apartment complexes, or even large cities.
      Centralized distribution of hot and chilled water in underground pipes
      already is well established for college campuses and similar complexes. If
      only 5 gallons per minute (3/4-inch pipeline) is delivered to each house,
      as much as 120,000 Btu per hour can be available for each house. This
      amount of heat is adequately sufficient for a very large home. On the
      other hand, 5 gallons per minute of cold water potentially can furnish 5
      tons of refrigeration per hour.
PAR  The system does require a suitable aquifer for storage. However, geological
      indications are that such aquifers lie beneath most areas of the country.
PAR  In summary, the method of the present invention generally provides steps
      for collecting and storing hot and cold water in underground aquifers
      during summer and winter months, respectively, and making the same
      available for heating during winter months and cooling during summer
      months, respectively. The method includes heating or cooling water,
      passing the hot or cold water to an aquifer for storage, removing the hot
      or cold water from the aquifer as required, removing heat or cold from the
      water, and returning the warm or cool water to an aquifer.
PAR  The present invention, therefore, is well adapted to carry out the objects
      and attain the ends and advantages mentioned as well as others therein.
      While a presently preferred embodiment of the invention has been given for
      the purpose of disclosure, numerous changes may be made without departing
      from the spirit and scope of the invention as hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid aquifer energy storage method for collecting and storing heat
      in the form of heated water during warm periods for use during cold
      periods including
PA1  a. heating the water,
PA1  b. passing the hot water to a first portion of an aquifer for storage of
      said water until needed,
PA1  c. removing the hot water from the first portion of the aquifer as
      required,
PA1  d. removing heat from the water, thereby rendering the water warm, and
PA1  e. passing the warm water to a second portion of the aquifer.
NUM  2.
PAR  2. The method of claim 1 wherein in step (e) the water is sent to a second
      aquifer for storage.
NUM  3.
PAR  3. The method of claim 2 wherein prior to step (e) the warm water is
      partially reheated.
NUM  4.
PAR  4. The method of claim 3 wherein the reheated water may be recycled
      directly to step (d).
NUM  5.
PAR  5. The method of claim 2 wherein the water in step (a) is heated by a solar
      heater.
NUM  6.
PAR  6. The method of claim 1 wherein prior to step (e) the warm water is
      partially reheated.
NUM  7.
PAR  7. The method of claim 6 wherein the reheated water may be recycled
      directly to step (d).
NUM  8.
PAR  8. The method of claim 1 wherein the water in step (a) is heated by a solar
      heater.
NUM  9.
PAR  9. A liquid aquifer energy storage method for collecting and storing of
      cold during cool periods for use during warm periods including
PA1  a. cooling the water,
PA1  b. passing the cold water to an aquifer for storage of said water until
      needed,
PA1  c. removing the cold water from the aquifer as required,
PA1  d. removing cold from the water, thereby rendering the water cool, and
PA1  e. returning the cool water to a second aquifer for storage.
NUM  10.
PAR  10. A liquid aquifer energy storage method for collecting and storing of
      cold in the form of cold water during cool periods for use during warm
      periods including
PA1  a. cooling the water,
PA1  b. passing the cold water to a first portion of an aquifer for storage of
      said water until needed,
PA1  c. removing the cold water from the aquifer as required,
PA1  d. removing cold from the water, thereby rendering the water cool, and
PA1  e. passing the cool water to a second portion of the aquifer.
NUM  11.
PAR  11. A liquid aquifer energy storage method for collecting and storing of
      heat in the form of heated water during warm periods for use during cool
      periods and of cold in the form of cold water during cool periods for use
      during warm periods including
PA1  a. heating the water,
PA1  b. passing the hot water to a first aquifer for storage of said water until
      needed,
PA1  c. removing the hot water from the aquifer as required,
PA1  d. removing heat from the water, thereby rendering the water warm,
PA1  e. passing the warm water to a second aquifer,
PA1  f. cooling the water,
PA1  g. passing the cold water to a third aquifer for storage of said water
      until needed,
PA1  h. removing the cold water from the aquifer as required,
PA1  i. removing cold from the water, thereby rendering the water cool, and
PA1  j. passing the cool water to a fourth aquifer.
NUM  12.
PAR  12. The invention of claim 11 wherein the first and second aquifers are
      combined, i.e., the hot water passing to a first portion of such aquifer
      for storage of said water while the warm water passes to a second portion
      of such aquifer for storage of said water, and wherein the third and
      fourth aquifers are combined, i.e., the cold water passing to a first
      portion of such aquifer for storage of said water while the cool water
      passes to a second portion of such aquifer for storage of said water.
NUM  13.
PAR  13. The method of claim 12 wherein the water in step (a) is heated by a
      solar heater.
NUM  14.
PAR  14. The method of claim 11 wherein the water in step (a) is heated by a
      solar heater.
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ABST
PAL  A seal system for a rotary regenerator with a circular ceramic regenerator
      core, the seal system including a peripheral portion sealingly engaged
      with the margin of the core and a cross arm portion extending generally
      diametrically across the surface of the core, the peripheral seal portions
      on the cross arm portion being located in seal recesses formed in the gas
      turbine housing during the casting of the housing thereby forming a
      portion of the housing assembly, the seal portions being made in segments
      whereby provision is made for reducing or eliminating seal breakage and
      maintenance cost.
BSUM
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  This invention is an improvement in gas turbine regenerator seals of the
      type disclosed in my U.S. Pat. No. 3,601,414 and in U.S. Pat. No.
      3,559,725, both of which are owned by the assignee of this inventon. It is
      an improvement also over gas turbine and generator seals of the type shown
      in U.S. Pat. Nos. 3,234,999 and 3,273,904.
PAR  My improved seal assembly is adapted to be used with a circular rotary
      regenerator for use in a gas turbine engine environment. It comprises an
      inner seal assembly and an outer seal assembly, the assemblies being
      situated on opposed sides of a cylindrical regenerator core that is
      adapted to rotate about its geometric axis. Like the seal assembly shown
      in each of the patents identified here, my present invention comprises an
      inner seal assembly having two generally semicircular peripheral portions
      and a crossarm portion which extends diametrically across the adjacent
      face of the rotary regenerator core. These seal portions define two gas
      flow passages, one of which accommodates the flow of compressed intake air
      delivered from the centrifugal compressor of the gas turbine engine and
      the other of which accommodates flow of high temperature exhaust gases
      delivered from the power turbine. The seal assembly on the inner side of
      the regenerator core effectively isolates the low pressure, relatively
      cool gas flow path from the relatively high temperature exhaust gases. A
      so-called D seal assembly, which corresponds in configuration generally to
      one half of the seal assembly on the inner surface of the regenerator
      core, is located on the opposite regenerator core surface. This includes a
      so-called crossarm portion extending diametrically across the outer
      surface of the regenerator core and a semicircular portion which
      cooperates with the crossarm portion to define a low pressure inlet air
      flow passage communicating with the gas turbine combustion chamber on its
      intake side. As the generator core rotates about its axis, the heated
      exhaust gases raise the temperature of the core in the region of the
      exhaust flow path. The stored energy in the regenerator core then is
      passed into the region of the high pressure intake air, thereby causing
      the intake air to be heated prior to entry into the combustion chamber. My
      improved seal assembly differs from the prior art constructions, however,
      by the provision of a monolithic seal portion that sealingly engages the
      moving surfaces of the regenerator core and the integral retainer for the
      monolithic seal portions which form a part of the engine bulkhead or a
      part of the regenerator cover assembly. Provision is made for eliminating
      undesirable bypassing of gases from one pressure zone to another across
      the seals by introducing an inert fibrous material in the seal cavity
      below the monolithic seal element. The seal element itself may be
      segmented so that if breakage does occur, the damaged portion may be
      removed and replaced without the necessity for removing the entire seal
      assembly.
PAR  In one embodiment of the invention the seal assembly is adapted to float in
      the seal cavities and in another embodiment the monolithic seal element is
      restrained from shifting movement.
PAR  The seal cavities may be formed as part of the gas turbine engine bulkhead
      casting or as part of the regenerator cover assembly. No special machining
      is required to form the seal cavities, which simplifies the manufacturing
      techniques and reduces cost substantially. No high tolerance machining is
      necessitated. The entire seal assemblies need not be replaced when seal
      failure occurs. This reduces maintenance cost and facilitates assembly
      because of the lack of a need for delicate handling of precision seal
      elements. Assembly of replacement parts also is simplified. Furthermore,
      mass production manufacturing techniques may be employed in the present
      design whereas such techniques would not be available with prior art
      designs.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWINGS
PAR  FIG. 1 shows an assembly view of an inner seal assembly embodying the
      features of my invention.
PAR  FIG. 2 is a cross sectional view taken along the plane of section line 2--2
      of FIG. 1.
PAR  FIG. 3 is a cross sectional view taken along the plane of section line 3--3
      of FIG. 1.
PAR  FIGS. 1, 2 and 3 show an integral peripheral seal with a floating crossarm
      and a standard or conventional outer seal system.
PAR  FIG. 4 is an assembly view similar to FIG. 1 but which shows a semifloating
      inner seal assembly embodying the features of my invention.
PAR  FIG. 5 is a cross sectional view taken along the plane of section line 5--5
      of FIG. 4.
PAR  FIG. 6 is a cross sectional view taken along the plane of section line 6--6
      of FIG. 4.
PAR  The embodiment shown in FIGS. 4, 5 and 6 include the features of my
      invention adapted to both the inner seal assembly and the outer seal
      assembly.
PAR  FIG. 7 shows another embodiment of my invention in which portions of the
      seal assembly embody the integral seal concept of FIG. 1 and the crossarm
      seal assembly embodies the semifloating seal concept of FIGS. 4, 5 and 6.
PAR  FIG. 8 is a cross sectional view of a crossarm seal assembly as seen from
      the plane of section line 8--8 of FIG. 7.
PAR  FIG. 9 is a cross sectional view of the peripheral seal portion of the
      assembly of FIG. 7 as seen from the plane of section line 9--9 of FIG. 7.
PAR  FIG. 9A is a view similar to FIG. 9 although it shows a peripheral seal
      element of the semifloating type rather than the integral type of FIG. 9.
PAR  FIG. 10 is a detailed view of an expanded joint where two seal segments are
      joined to form continuous portions of the peripheral seal element for the
      embodiment of FIG. 7 as well as the embodiment of FIGS. 1 and 4.
PAR  FIG. 11 is a partial cross sectional view showing an inner crossarm seal
      assembly located in a bulkhead recess. This is an enlarged view of the
      corresponding seal assembly pictured in FIG. 5.
PAR  FIG. 12 is an enlarged view of the inner peripheral seal element which is
      seen in the assembly view of FIG. 5.
PAR  FIG. 13 is an enlarged view of the outer crossarm seal assembly which is
      shown in the assembly view of FIG. 5.
PAR  FIG. 14 shows a crossarm seal assembly with the controlling springs which
      restrain and limit shifting movement of the seal assembly in its seal
      cavity.
PAR  FIG. 15 is a side view of the assembly of FIG. 14 showing the crossarm seal
      assembly with stabilizer springs situated to provide equalized load
      distribution on the cross arm seal element.
PAR  FIG. 16 is a view of a segmented seal construction.
DETD
PAC  PARTICULAR DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a first peripheral seal element 10 and a second peripheral
      seal element 12. These are assembled in generally end-to-end relationship
      to form a cylindrical configuration. A crossarm seal assembly 14 extends
      diametrically across the generally circular configuration of the
      peripheral seals.
PAR  A high pressure region 16 is defined by a peripheral seal element 12 and
      the crossarm seal element 14. This region is exposed to the discharged
      side of the gas turbine compressor and seals the high pressure gas from
      the low pressure region 18. This region is in communication with the hot
      exhaust flow gases passing from the outlet side of the power turbine
      wheel.
PAR  My improved seal construction does not include the usual diaphragm seal
      elements such as seal assemblies of the type described in U.S. Pat. Nos.
      3,273,904 and 3,234,999. Instead my seal assembly comprises a monolithic
      seal element for both the peripheral seal portion of the assembly and the
      crossarm portion. As seen in FIGS. 2 and 9, the peripheral seal element is
      identified by reference character 20. It is located in a cavity 22 of
      generally rectangular cross section. This cavity is formed in the bulkhead
      of the engine during the casting operation and it need not be finish
      machined. The cavity does not require extremely close tolerances and the
      casting can be fabricated with only a minimum amount of finish machining.
      The seal segments for the peripheral seal may be inserted into the
      C-shaped portion of the cavity by means of the so-called press fit
      technique. That is, the seal segments themselves may be machined so that
      they are slightly wider, perhaps by 0.002 inches, than the cooperating
      cavity. The segments then are cooled in dry ice to below -50.degree. and
      inserted into the cavity. The material of which the peripheral seal
      segments are formed has a slightly higher coefficient of thermal expansion
      than the housing material, which in the preferred embodiment of my
      invention would be nodular iron. Thus, a tight fit is maintained during
      operation of the engine at high temperatures. I have successfully used a
      seal material that comprises 70 percent copper, 15 percent sodium fluoride
      (NaF) and 15 percent lithium fluoride (LiF).
PAR  As best seen in FIG. 9, the cavity below the seal element itself is filled
      with an inert fibrous material, such as Fiberfrax or asbestos. This
      prevents leakage around the seal in the event that a clearance exists
      between the seal element and the walls of the surrounding cavity.
PAR  I have shown in FIG. 10 a typical expansion joint between two segments of
      the peripheral seal. One seal element is shown at 20' and a companion seal
      element is shown at 20". The ends of the segments 20' and 20" are arranged
      in abutting relationship, and each is formed with a flat surface 24 which
      sealingly engages a surface on the companion seal segment. Each seal has a
      second surface 26 formed in generally perpendicular disposition with
      respect to its surface 24. As one segment expands with respect to the
      other, the sealing is maintained with minimum leakage at the expansion
      joint.
PAR  I have shown in FIG. 8 a typical cross section for the seal assembly for
      the crossarm. In this particular embodiment, I have used a semifloating
      crossarm seal assembly which includes a ceramic block which serves as a
      monolithic seal element. This is identified by reference character 28. The
      sliding seal surface for the block 28 is shown at 30. It engages a
      companion side surface of a ceramic regenerator core 32. Core 32 has
      airflow passages to permit the passage of hot exhaust gases in one
      direction and relatively cool, high pressure inlet air in the opposite
      direction. The high airflow and the cool airflow each occurs in separate
      zones as explained previously. As in the case of the peripheral seal
      element, the crossarm seal element 28 is received in the seal cavity 34
      formed in the inner bulkhead during the casting of the bulkhead. The
      cavity is formed so that a clearance exists in the sides of the seal
      element 28 and the cavity walls. Locating springs 36 are situated on
      either side of seal element 28 so that the seal element 28 may be properly
      located within its cavity although the springs will accommodate a slight
      shifting movement thereby providing a semifloating characteristic for the
      seal element. Springs 36 are leaf-type springs which protect the crossarm
      assembly from breakage in case of severe bulkhead distortion or in case of
      shock loads.
PAR  Stabilizer leaf springs 38 are located between the base of the cavity 40
      for the seal element 28 and the adjacent surface of the seal element 28.
      These springs act as stabilizers that provide equalized load distribution.
      They also prevent breakage of the crossarm due to distortion of the
      bulkhead or due to occasional impact loading in the heat exchanger. These
      springs can be fabricated from high temperature alloys.
PAR  The seal construction and the springs are shown in better detail in FIG.
      14. Also shown in FIG. 14 is a diaphragm-type seal 42 which includes two
      leaf-type diaphragms 44 and 46 joined together at one margin by retainer
      means 48. In FIG. 8, the high pressure side of the seal system is the
      left-hand side. The seal 42 then becomes pressure loaded into sealing
      engagement with the base of the cavity and with inner sealing surface 50
      formed on the base of the seal element 28. This prevents cross flow of
      gases from the left-hand high pressure side to the right-hand low pressure
      side as seen in FIG. 8.
PAR  The joints between each end of the crossarm seal element and the adjacent
      ends of the peripheral seal element are indicated generally by reference
      characters 52 and 53 in FIG. 7. These can be sealed by using a suitable
      fibrous inert material located in the crossarm seal element recess and in
      the communicating portions of the peripheral seal element recesses.
PAR  In FIGS. 11, 12 and 13 I have shown in detail the construction of the
      semifloating inner and outer seal systems of FIG. 5. The semifloating seal
      concept is used on the peripheral seal elements as well as the crossarm
      seal elements and both the inner and outer sides of the regenerator core,
      the latter being identified by reference character 54. The bulkhead for
      the engine is shown at 56 and the so-called regenerator cover assembly is
      shown at 58. The cover assembly has a crossarm seal element recess 60
      which receives the monolithic seal element 62. The crossarm seal element
      for the inner seal assembly includes a monolithic seal element 64 received
      in the cavity 66 formed in the bulkhead portion 68 of the engine casting.
      The peripheral seal element for the high pressure side of the regenerator
      is shown in FIGS. 5 and 12 at 70. It is received in the seal cavity 72
      formed in bulkhead 56.
PAR  Located in each recess 72, 66 and 60 is a silicone sponge rubber material
      74. Located between the material 74 and the seal element 70 is a thermal
      fiber insulation layer 76. A high temperature alloy spring, which is
      curvilinear in cross section, is located in the base of cavity 72 to
      provide a seat for the sponge material. Each spring is identified by
      reference character 78. The seal constructions shown in FIGS. 11 and 13
      are similar to that described with reference to FIG. 12 and similar
      reference characters are used to identify the corresponding elements
      although prime and double prime notations are added. A bleed hole 80 is
      situated below the spring 78 within the cavity 72 for the purpose of
      allowing introduction of high pressure cooling air to the seal. This
      cooling air is bleed-off from the high pressure seal side of the
      regenerator through suitable internal passages formed in the engine
      bulkheads or in the cover assembly.
PAR  It is apparent from an examination of FIG. 2, that high pressure gases will
      surround the regenerators and occupy the space 82 defined by the engine
      housing of bulkhead 84 and by the regenerator cover 86. The outer sealing
      surface 88 of the regenerator core 90 shown in FIG. 2 is sealed by a
      conventional seal assembly indicated generally by reference character 92.
PAR  Shown in FIG. 9A is a semifloating peripheral seal element 96. It embodies
      features of the semifloating seal assembly described previously, but it is
      applied to the peripheral seal element rather than the crossarm seal
      element. It includes side loaded leaf springs 98 and 100 which are
      situated between the peripheral seal element 96 and the adjacent walls of
      the seal cavity 102. The cavity 102 is generally rectangular in form and
      is generally similar in shape to the shape of the seal element 96. The
      base of the cavity 102 receives a silicone sponge material 104, and
      metallic spring 106 contains sponge material 104 and provides an upward
      force on the element 96. The same is true for the spring 78 in the case of
      the FIG. 12 construction. The loading on the peripheral seals is
      controlled by controlling the rate of the springs 106. The loading of the
      crossarm seal elements is controlled by providing the proper spring rates
      for springs 78" in the FIG. 13 construction.
PAR  In addition to the spring loading, gas pressure loading of the outer seal
      assembly 92 is present in the FIG. 2 construction. The outer seal leaf
      springs or diaphragm seal elements can be stiffened if further sealing
      effort is desired to complement the air pressure forces acting on the heat
      exchanger. These forces tend to move the heat exchanger core inwardly
      against the sealing surface of the inner seal assembly. These forces also
      balance the forces produced by the high pressure gases on the inner seal
      assembly. The latter gas forces can be controlled by providing high
      pressure bleed passages in the bulkhead casting.
PAR  I have shown in FIG. 16 a segmented seal element for a crossarm seal
      assembly which is identified by reference character 28'. This would
      correspond to the crossarm seal element 28 as shown in the FIG. 7
      embodiment. The seal element 28' includes expansion joints which are
      designed to provide gas-tight surface-to-surface sealing preventing
      leakage. The sealing is accomplished by forming the abutting ends of the
      individual seal segments 110, 112 and 114 with sliding seal surfaces 116.
      Each segment has a second seal surface 118 situated in generally
      perpendicular disposition with respect to the sealing surface 116. As in
      the case of the peripheral seal element, one damaged segment may be
      removed and replaced with a fresh segment without the necessity for
      removing the other segments of the assembly.
CLMS
STM  Having described preferred embodiments of my invention, what I claim and
      desire to secure by U.S. Letters Patent is:
NUM  1.
PAR  1. A monolithic rubbing seal assembly for sealing a rotary regenerator in a
      gas turbine engine environment, said seal assembly having at least one
      generally semicircular, monolithic seal element, a crossarm seal element
      joining the ends of said semicircular seal element thereby defining a gas
      flow region, a housing base for said seal assembly with a general
      semicircular cavity and a cavity conforming generally in shape to the
      shape of said crossarm seal element, said cavities receiving said seal
      elements whereby said seal elements, together with said base, define an
      integral assembly, said seal elements being formed of ceramic material and
      each having a surface adapted to sealingy engage the adjacent surface of
      said regenerator, clearance between the transverse sides of said seal and
      the adjacent wall of said cavities and a heat resistant resilient material
      located between the seal elements and the base of the respective seal
      cavities, said resilient material engaging the transverse sides of said
      cavities and defining with said cavities a cooling air flow chamber in
      communication with a high pressure, low temperature gas region for
      accommodating air flow in the direction of the principal axis of said seal
      whereby said resilient material is cooled as said seal elements are urged
      pneumatically into sealing engagement with respect to said regenerator
      core.
NUM  2.
PAR  2. The combination set forth in claim 1 wherein at least one seal element
      is formed in segments, each segment being arranged in end-to-end
      relationship with respect to a companion segment, the registering ends of
      the segments having formed thereon sealing surfaces that slidably register
      to define a gas-tight expansion joint whereby the individual segments of
      said seal element may be assembled and replaced independently of the
      adjacent seal segments.
NUM  3.
PAR  3. The combination set forth in claim 1 wherein said seal assembly
      comprises two generally semicircular seal elements situated in end-to-end
      relationship thereby defining a generally circular seal configuration,
      said crossarm seal element being generally diametrically disposed with
      respect to said semicircular seal elements, said semicircular seal
      elements and said crossarm seal element defining separate gas flow zones,
      one zone being of high pressure and the other zone being of low pressure,
      said resilient material energizing the aforesaid transverse sides of said
      cavities in sealing relationship whereby said resilient material defines
      with said cavities the aforesaid cooling air flow chamber.
NUM  4.
PAR  4. The combination set forth in claim 2 wherein said seal assembly
      comprises two semicircular peripheral seal elements situated in end-to-end
      relationship thereby defining a generally circular seal configuration,
      said crossarm seal element being generally diametrically disposed in
      respect to said surface seal elements, said peripheral seal elements and
      said crossarm seal element defining separate gas flow zones, one zone
      being of high pressure and the other zone being of low pressure.
NUM  5.
PAR  5. The combination as set forth in Claim 1 wherein said seal cavities are
      slightly larger in cross sectional dimensions than the corresponding
      dimensions of the registering seal elements, and spring means situated
      between the sides of said seal elements and adjacent walls of the
      registering cavity whereby the seal elements are cushioned while
      protecting them from breakage due to thermal distortion and shock loads.
NUM  6.
PAR  6. The combination set forth in claim 2 wherein said seal cavities are
      slightly larger in cross sectional dimensions than the corresponding
      dimensions of the registering seal element, and spring means situated
      between the sides of said seal elements and adjacent walls of the
      registering cavity whereby the seal elements are cushioned while
      protecting them from breakage due to thermal distortion and shock loads.
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ABST
PAL  Device for the supply and discharge of cooling liquid in the worms of an
      extruder press, the worm or worms being situated at some distance from the
      housing, being provided with a stationary sleeve with a stationary
      centering ring near both ends thereof and rotatable adjusting rings on
      each of its sides. The sleeve is furnished with at least two circular
      chambers, which are delimited by sealing rings, these chambers being in
      open communication with cooling liquid channels in the worm shaft and
      which are each connected with an external supply and discharge pipe for
      the cooling liquid, while part of the sleeve comprises oil holes and
      overflow openings.
BSUM
PAC  DISCUSSION OF THE PRIOR ART
PAR  My invention relates to a device for the supply and discharge of cooling
      liquid in the worms of an extruder press. Known devices of this type
      suffer from the disadvantage that already after a short time, the cooling
      liquid starts leaking considerably.
PAR  A first reason for this is that small quantities of material from the
      press, leak along the worm and impair the sealing, while in twin worm
      extruders yet another reason can be indicated, viz. the slight movements
      of the two worms with respect to each other, which cannot be compensated
      without leakage by the known sealings, because the sealings for the two
      worms are disposed in a common supply- and discharge housing.
PAC  SUMMARY OF THE INVENTION
PAR  My invention aims to solve the leakage problem in such an extruder press
      and this is attained according to my invention, by the arrangement that
      each worm at some distance from the housing is provided with a stationary
      sleeve which is sealingly disposed around the worm shaft and which is
      provided with at least two circular chambers, delimited by sealing rings,
      which are in open communication with cooling liquid channels in the worm
      shaft and which are each connected with an external supply- and discharge
      pipe for the cooling liquid, while at the two ends of the sleeve, or each
      sleeve, centering and adjusting rings are disposed.
PAR  Due to this construction there is achieved that along the housing of the
      press means whereby leaking material can no longer damage the sealing,
      while moreover relative movement of the twin worm extruder's no longer
      influence the sealing.
PAR  Preferably a stationary centering ring is provided in the sleeve, or in
      each sleeve, in the proximity of the two ends thereof, while on either
      side of the sleeve(s) adjusting rings, rotating along, are mounted on the
      worm shaft. An additional sealing ring may be provided at each end of the
      sleeve between the centering ring and the adjusting ring. Hereby is
      achieved that the sealing rings are relieved in a radial direction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawing a section through the device is shown.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The device described is meant for a twin worm extruder press known in the
      art and is individually mounted on each worm shaft between the housing and
      the drive- and thrust bearing end of the worm shaft. Only a single worm
      shaft provided with a relative device is depicted and described
      hereinafter. The device can likewise be applied to a single worm extruder
      press.
PAR  At the end 1 of the worm shaft remote of the pressing side of the worm, on
      a part 2 of that shaft with a slightly reduced diameter, a sleeve is
      mounted with radial clearance. This sleeve is in axial direction enclosed
      by adjusting rings 4 and 5 at its ends. In the depicted embodiment, the
      adjusting rings 4 and 5 show on the side turned towards the sleeve, a
      portion with a reduced diameter, which engages the space between the
      sleeve 3 and the part 2 of the shaft. The adjusting rings 4 and 5 can be
      secured on the part 2 of the shaft by means of screws 6 and 7.
PAR  In the proximity of its centre length, sleeve 3 is provided with a part 8
      of reduced inner diameter. On either side of sleeve part 8 sealing rings 9
      and 10 are situated of substantially C-section. The sealing ring 9 is
      retained against the left-hand shoulder of part 8 by a lateral elongation
      11 of a centring ring 12, disposed in the space between sleeve 3 and the
      shaft 2. The centering ring 12 fits exactly between sleeve 3 and shaft 2
      and is fastened in sleeve 3 by means of a screw 13. In the space between
      the centering ring 12 and the lefthand adjusting ring 4 is disposed
      another sealing ring 14.
PAR  Rightwards from sealing ring 10, in the space between sleeve 3 and shaft 2,
      another sealing ring 15 is positioned which is held in spaced relationship
      from sealing ring 10 by a spacer ring 16, the inner diameter of which is
      about equal to the inner diameter of part 8 of sleeve 3. The rings 10, 16
      and 15 are pressed against the righthand shoulder of sleeve part 8 by
      means of a lateral projection of a centering ring 17 fitting exactly in
      the space between sleeve 3 and shaft 2 and which, rightwards from the
      sealing ring 15, is disposed in that space and fixed in the sleeve 3 by a
      screw 18. Between the centering ring 17 and the right-hand adjusting ring
      5 is yet another sealing ring 19.
PAR  The sealing rings 10 and 15 delimit laterally a chamber 20, situated within
      the ring 16. This chamber communicates via a radial bore 21 in the sleeve
      and the ring 16, with a non-depicted feed line for cooling liquid. In the
      radial plane containing the centre line of the bore 21, a radial bore 22
      is made in part 2 of the worm shaft opening into an axial bore 23 which
      extends through the worm shaft 1 and serves for the supply and discharge
      of the cooling liquid to and from the worm. The axial bore 23 is closed on
      the outer side of the worm shaft by a plug 24 which opposite the radial
      bore 22 is provided with a radial bore 25 which via a blind axial bore 26,
      opens at the left end of the plug 24. Leftwards from the radial bore 22
      the end of the plug 24 forms a sealing closure between the rightward part
      of the bore 23 and the continuation 23' of this bore which is situated
      leftwards from the plug. In the part 23' of the axial bore are situated
      two concentrical tubes 27 and 28, the tube 27 constituting a continuation
      of the channel 26 and serving for the supply of the cooling liquid to the
      worm. The space around the tube 27 and within the tube 28, situated
      concentrically around the former, serves for the discharge of the cooling
      liquid from the worm and communicates via holes 29 with the space 23'
      which via a radial bore 30 in part 2 of the worm shaft communicates again
      with the chamber 31 which is externally delimited by the narrowed part 8
      of the sleeve 3 and on either side is delimited by the sealing rings 9 and
      10. This chamber 31 communicates via a radial bore 32 in the sleeve 3, the
      centre line of which is in the same radial plane as the bore 30, with the
      non-depicted discharge pipe for the cooling liquid.
PAR  The outer tube 28 is only utilized when a part of the worm should not be
      cooled. In other cases it can be omitted; then the liquid can be simply
      returned around the inner tube 27 into the bore of the shaft.
PAR  The spaces 33 and 34 under the lateral elongations of the centring rings 12
      and 17 communicate on their upper side via radial bores 37 and 38 with the
      outer side of the sleeve 3, in order to permit lubricant being introduced
      into the spaces 33 and 34. These spaces 33 and 34 are provided at a minor
      height above their lower end with overflow bores 35 and 36 which likewise,
      via downwards inclined channels, are connected with the space outside the
      sleeve 3, so that they delimit the level to which the spaces 33 and 34 can
      be filled with lubricant.
PAR  The left-hand adjusting ring 4 is spaced from the housing 39 of the
      extruder, so that material escaping along the worm, which runs down along
      the housing 39 does not contact the above-described supply- and discharge
      device, see the arrow A.
PAR  On the worm shafts of the twin worm extrusion press is provided a supply-
      and discharge device in such a way that the sleeves 3 of the two devices
      are prevented from turning; yet the sleeves 3 of the two devices are
      capable of making minor movements of the worm shafts, both in axial and in
      circumferential direction. Each sleeve 3 thus has a fixed position with
      respect to the worm shaft rotatably accommodated therein, but the
      movements of the two worm shafts with respect to each other cannot
      influence the sealing.
PAR  The sealing rings 9, 10, 14, 15 and 19 are preferably constructed of a
      heat-resistant synthetic material like Viton with properties and design
      such, that as a consequence of a pressure difference between the high
      pressure -- and the low pressure side, they are sealingly pressed against
      the shaft. The sealing rings are preferably of substantially C-section,
      the open side of the C-section being directed to the side with the highest
      pressure.
PAR  The operation of the described device is as follows:
PAR  The cooling liquid is supplied in the direction of the arrow B and flows
      via the bore 21, the chamber 20 and the bores 22, 25 and 26 towards the
      inner tube 27 which transmits the cooling liquid towards the worm. Via the
      space between the inner tube 27 and the outer tube 28, the cooling liquid
      flows back via the holes 29, the bore 30, the chamber 31 and the bore 32
      in the direction of the arrow C to the discharge pipe for the cooling
      liquid. Consequently the pressure of the cooling liquid is lower in the
      chamber 31 than in the chamber 20. A proper effect of the sealing ring 10
      is therefore ensured. A proper effect of the sealing rings 9 and 15 is
      likewise ensured because these rings are exposed to the pressure in the
      chambers 31, 20, respectively, while the other side is in open
      communication with the atmosphere via the spaces 33 and 34. The bronze
      centering rings 12 and 17 absorb the radial forces, so that the sealing
      rings thereof are discharged and wear of these sealing rings is prevented.
      The abutting surface between the centering rings 12 and 17 and the worm
      shaft 2 can be lubricated at regular intervals by introducing lubricant
      into the spaces 33 and 34 via apertures 37 and 38. Since these spaces
      communicate with the atmosphere no pressure can build up therein, while
      moreover the overflow openings 35 and 36 limit the lubricant level in
      those spaces. The rotary adjusting rings 4 and 5 prevent the sleeve 3 from
      shifting in the longitudinal direction with respect to the worm shaft 2.
      The rings are lubricated by leaking oil from the spaces 33 and 34 which
      axially move outwards via the sealing rings 14 and 19. In opposite
      direction the rings 14 and 19 seal, so that oil fouled by dust from the
      surroundings is prevented from flowing back.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An assembly to circulating a cooling liquid in the shaft of an extruder
      press, comprising, in combination:
PA1  a shaft having an axial bore portion, radially extending, axially-spaced
      inlet and outlet passages communicating with the bore portion and the
      outer surface of the shaft;
PA1  conduit means in said bore portion, said conduit means comprising
      individual conduit portions respectively communicating with the inlet and
      outlet passage for conducting the liquid through the shaft;
PA1  three axially-spaced seals circumposed about the shaft in flanking relation
      to the inlet and outlet passages, an intermediate one of said seals
      cooperating with the respective remaining seals and defining annular
      liquid inlet and outlet chambers about said shaft, separated by said
      intermediate seal;
PA1  spacer means circumposed about said shaft and engaged with the seals for
      retaining them in axially-spaced relation on the shaft, said spacer means
      being spaced radially from the outer surface of said shaft and said seals
      having portions projecting radially inwardly beyond said spacer means and
      into engagement with the outer surface of the shaft;
PA1  a tubular sleeve circumposed about the outer periphery of said seals and
      spacer means and including openings communicating with the respective
      inlet and outlet chambers;
PA1  centering rings circumposed about said shaft, abutting the outermost of
      said seals for retaining the seals in a relative fixed relation;
PA1  means retaining the sleeve in fixed relation to said centering rings;
PA1  retention collar means circumposed about said shaft at opposite ends of the
      sleeve; and
PA1  means retaining the collar means in fixed relation on the shaft, said
      retention collar means comprising a ring member including an axial annulus
      projecting into the sleeve ends for orienting the sleeve on the shaft,
      said means retaining the collars comprising fasteners adjustably retaining
      the assembly on the shaft, annular lubricating chambers outwardly of the
      outermost annular seals and within said centering rings, and further
      annular seals circumposed about said shaft between said centering rings
      and retention collar means outwardly of said lubricating chambers.
NUM  2.
PAR  2. The assemby as claimed in claim 1 including lubricant overflow opening
      in said sleeve and communicating with the lubricating chambers outwardly
      of the fluid inlet and outlet chambers.
NUM  3.
PAR  3. The assembly as claimed in claim 1 in which said spacer means comprise
      annular collar members having an annular, axially-directed flange
      overlying the lubricating chambers and abuting the outermost seals at one
      side of the fluid inlet and outlet chambers.
NUM  4.
PAR  4. The assembly as claimed in claim 1, in which said spacer means comprise
      an annular collar circumposed about the fluid inlet chamber and defining
      the outer limits thereof, said sleeve having an inwardly projecting
      annulus overlying the outlet chamber and spacing the seals thereat.
NUM  5.
PAR  5. The assembly as claimed in claim 4 in which said seals comprising a
      heat-resistant synthetic material.
NUM  6.
PAR  6. The assembly as claimed in claim 4, in which said seals have a C-shaped
      cross section, the seals flanking the inlet chamber opening toward each
      other whereby fluid pressure reacts on the seals to urge them into sealing
      relation with the shaft and sleeve at respective inner and outer portions
      of the chamber.
NUM  7.
PAR  7. The assembly as claimed in claim 1 in which said conduit means comprises
      coaxial conduits, one conduit terminally communicating with one of the
      fluid inlet and outlet passages, another conduit being defined by the
      outer surface of said one conduit and communicating with the other of the
      fluid inlet and outlet passages.
NUM  8.
PAR  8. The assembly as claimed in claim 1 in which said spacer means include
      bronze bearing portions between said shaft and sleeve, said retention
      collar means being of a bronze material and being telescoped into said
      sleeve.
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ABST
PAL  A plate-type heat-exchange apparatus, wherein the heat-transfer media flow
      counter-current, in which a stack of spaced plates which are corrugated in
      the direction of the heat-transfer medium flows and joined together in
      pairs to form elements. The space inside the elements provides channels
      for the flow of one of the heat-transfer media, and the space between the
      elements provides channels for the flow of the other medium, said channels
      being of a corrugated form in the longitudinal section with respect to the
      direction of the medium flows and in the form of plane slots in the
      cross-section with respect to the same.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a plate-type heat-exchange apparatus in
      which heat-transfer media flow counter-current, and which apparatus can be
      used for preheating air in a gas turbine installation.
PAC  PRIOR ART
PAR  Known in the art are plate-type heat-exchangers comprising a stack of
      shaped plates which are so spaced and joined in pairs to form elements in
      which the space inside the elements forms channels for passing one of the
      heat-transfer media and the space between the elements forms channels for
      passing the other medium (see, e.g., Great Britain Pat. No. 827,063).
PAR  Each of the plates is made with projections and depressions so that plane
      and parallel channels periodically contracted in the streamwise section
      could be provided inside and between the elements which are stacked of two
      plates. At the ends opposing the medium flows, the plates have
      distributing zones designed, when joined together, to form channels. One
      of the sides of these channels is for communicating with the channels
      inside the elements and the channels between the elements, while the other
      side is designed for communicating with a distributor or a collector.
PAR  One of the media is conducted through the distributing zones to the
      channels inside the elements, with the other medium being conducted to the
      channels between the elements so that the heat-transfer media flows
      counter-current through the plate-type heat-exchanger. As the media flow,
      the heat in the plate-type heat-exchanger is transferred from a higher
      temperature medium to a lower temperature medium. The media are discharged
      from the heat-exchanger through the channels in the distributing zones at
      the opposite side of the heat-exchanger to a collector.
PAR  Due to a plane-parallel form of the channels, the known plate-type
      heat-exchange apparatus is unable to provide an effective destruction of
      wall-boundary medium layers and a reliable agitation of the hot and cold
      layers of the medium flowing through the heat-exchanger. Therefore, such
      apparatus has not proved to be satisfactory in providing a high thermal
      efficiency.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  The present invention has for its object an improved plate-type
      heat-exchange apparatus which provides a reliable destruction of the
      wall-boundary medium layers and an increased agitation of the hot and cold
      layers of the media flowing through the heat-exchange apparatus.
PAR  The above and other objects of the invention are obtained by providing a
      plate-type heat-exchange apparatus comprising a stack of shaped plates
      which are so spaced and joined together in pairs to define elements such
      that the space inside the elements forms channels for passing one of the
      heat-transfer media, and the space between the elements forms channels for
      passing the other medium, with said channels being equidistantly disposed
      and providing a counter-current flow of the heat-transfer media, at the
      two opposing ends with respect to the direction of the medium flows, each
      of said shaped plates having distributing zones which form channels when
      said plates are joined together, with one of the sides of the channels
      being for communicating with the corresponding channels inside said
      elements and between said elements, the other side of the channels being
      used for communicating with a distributor and a collector, in which
      according to the invention, said plates in the middle part between the
      distributing zones are corrugated in the same direction and so disposed
      that said channels for passing said media have a corrugated form in the
      longitudinal section with respect to the direction of the medium flows and
      a form of plane slots in the cross-section with respect to the direction
      of the medium flows, the corrugations of the plates being provided with
      means for a mutual support thereof and fixing a gap therebetween.
PAR  In order to mutually support the plates and fix the gap therebetween, every
      other corrugation of one of the plates in each of the elements may be
      provided with rows of projections outwardly extending from the junction of
      said plates and the other corrugations may be provided with rows of plane
      connection straps which are disposed within the junction plane of said
      plates, while every other corrugation of the other plate is provided with
      rows of projections outwardly extending from the junction of said plates
      so that the plane connection straps of one of the plates in an element
      adjoine the summits of the corrugations on the other plate of the element
      and the plates of the adjacent elements adjoin each other through the
      opposing projections.
PAR  It is of advantage to form the channels of the distributing zones of the
      plates by the corrugations on said plates extending in the same direction
      at an angle to said corrugations in the middle part of the plates.
PAR  A corrugated form of the channels makes it possible to intensify the
      destruction of the wall-boundary medium layers at the same power
      consumption for transporting the media and considerably improve the
      agitation of different temperature medium layers both in the channels
      inside the elements and the channels between the elements at the expense
      of providing an additional oscillating motion of the media. This
      improvement has resulted in a considerable increase of the efficiency of
      the plate-type heat-exchanger.
PAR  The present invention is further illustrated by the following examples of
      preferred embodiments with reference to the accompanying drawings, wherein
     :
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates a perspective view partly broken away of the plate-type
      heat-exchange apparatus according to the invention;
PAR  FIG. 2 is a partly broken away view of a heat-exchanger plate having plane
      connection straps and projections arranged in rows;
PAR  FIG. 3 is a partly broken away view of a heat-exchanger plate having
      projections arranged in rows;
PAR  FIG. 4 is a view in perspective, partly broken away and on an enlarged
      scale, of a heat-exchanger element made of two plates;
PAR  FIG. 5 is a cross-section of a stack of heat exchanger elements in the
      direction of medium flow;
PAR  FIG. 6 is a cross-section of a stack of heat exchanger elements taken along
      the line VI--VI of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a plate-type heat-exchange apparatus which comprises a stack
      of plates 1 and 2 corrugated in the middle part thereof in the
      longitudinal section and joined together in pairs to form elements 3, with
      each element involving corrugated channels 4 for one of the heat-transfer
      media and corrugated channels 5 between the adjacent elements 3 for the
      other medium, the channels 5 being equidistantly disposed from the
      channels 4. The form of the corrugations on the plates 1 and 2 may be
      different and is chosen depending on the operating conditions of the
      heat-exchanger and physical properties of the heat-transfer media. The
      corrugated plate 1 has corrugations 6 (FIG. 2) every other one of which is
      provided with plane connection straps 7 disposed within the junction plane
      of the plates 1 and 2 (FIG. 1), while summits 8 of the other corrugations
      6 are provided with rows of projections 9 in the form, e.g., of truncated
      pyramids outwardly extending from the junction of the plates 1 and 2 (FIG.
      1).
PAR  Corrugations 11 of the corrugated plate 2 have depressions 10 (FIG. 3)
      every other one of which is provided with a projection 12 outwardly
      extending from the junction of the plates 1 and 2 (FIG. 4). When the
      plates 1 and 2 are stacked together to form the elements 3, the plane
      connection straps 7 of the plate 1 adjoin summits 13 of the corrugations
      11 on the plate 2, and this results in the formation of a necessary gap
      between the plates 1 and 2 of the elements 3 and the formation of the
      corrugated channels 4 (FIG. 5) inside the elements 3. The adjacent
      elements 3 adjoin each other through the projections 9 of the plate 1 and
      the opposing projections 12 of the plate 2. This results in the formation
      of a necessary gap between the adjacent elements 3 and the formation of
      the corrugated channels 5 between the elements 3. The channels 4 and 5
      have a corrugated form in the longitudinal section and a form of plane
      slots in the cross-section, as it is shown in FIG. 6.
PAR  The form and arrangement of the projections providing the gaps between the
      plates 1 and 2 of the element 3 as well as the form and arrangement of the
      projections providing the gaps between the adjacent elements 3 may be
      different and are chosen to suit the heat-exchanger operating conditions
      and the heat-transfer medium physical properties.
PAR  At the two opposing ends with respect to the medium flows, the plates 1 and
      2 of the element 3 are provided with corrugated distributing zones 14 and
      15 (FIG. 1), whose corrugations 16 are disposed at an angle to the
      corrugations 6 (FIG. 2) and the corrugations 11 (FIG. 3) in the middle
      part of the plates 1 and 2 of the elements 3 and form channels 17 and 18
      (FIG. 1) connected through one of their sides to the distributor and the
      collector (not drawn in the figures) for the corresponding media and
      through the other side to the corresponding channels 4 and 5. The forms of
      the corrugations 16 in the distributing zones 14 and 15 of the plates 1
      and 2 may differ from one another as well as from those of the
      corrugations 6 and 11 in the middle part of the plates 1 and 2.
PAR  To provide a uniform medium distribution among the channels 4, the width of
      the distributing zones 14 and 15 at the ends of the plates 1 and 2
      increases in the direction of their connections with the collectors.
PAR  The plate-type heat-exchange apparatus operates as follows.
PAR  One of the heat-transfer media from the collector (not shown) is conducted
      to the corrugated channels 17 of the distributing zones 15 in the element
      3 to pass therethrough executing a linear oscillatory motion and to be
      distributed among the channels 4 inside each of the elements 3. Inside the
      channels 4 in the middle part of each of the elements 3 the medium also
      executes a linear oscillatory motion.
PAR  From the channels 4 in the middle part of the elements 3 the medium is
      withdrawn through the corugated channels 17 of the distributing zones 14,
      wherein the medium also executes a linear oscillatory motion.
PAR  The second medium flow from the collector (not shown) is conducted to the
      channels 18 of the end portions 14 between the adjacent elements to pass
      therethrough executing a linear oscillatory motion and to be distributed
      among the corrugated channels 5 between the middle parts of the adjacent
      elements 3.
PAR  In the corrugated channels 5, the medium flow executes a linear oscillatory
      motion in counter-current with respect to the direction of the medium flow
      in the corrugated channels 4.
PAR  From the corrugated channels 5 the medium is withdrawn through the channels
      18 of the distributing zones 15 wherein it executes a linear motion. In
      FIGS. 1 and 5 the solid lines correspond to the direction of one of the
      medium flows; while the direction of the other medium flow is shown by
      dotted lines.
PAR  As the heat-transfer media flow, the heat in the plate-type heat-exchanger
      is transferred from a higher temperature medium to a lower temperature
      medium.
PAR  The corrugated pattern of the channels for both heat-transfer mediums
      passing therethrough is responsible for a linear oscillatory motion
      thereof and provides a reliable destruction of wall-boundary medium layers
      and an increased agitation of the layers having different temperatures in
      the channels for each of the media, which leads to an intensified heat
      transfer from one of the media to the other at the same power consumption
      for pumping the media as in the heat-exchangers of the prior art. The
      plate-type counter-current heat-exchange apparatus provided with
      corrrugated channels for both media has shown a high thermal efficiency.
CLMS
STM  We claim:
NUM  1.
PAR  1. A plate-type heat-exchange apparatus in which two heat exchanging media
      flow counter-current, comprising a stack of rectangular plates which, when
      joined together in pairs, define an element having an internal channel for
      the flow of one heat-exchanging media and when a second similar element is
      joined together with the first element, the first and second elements
      coact to provide a channel therebetween for the other heat-exchanging
      media, each plate having end parts and a middle part therebetween, the
      middle part having alternate crests and troughs extending transversely
      thereof, every other crest of one plate having a plurality of plane
      surfaces at spaced intervals along said crest providing passageways across
      said crest leading to the troughs on each side of said crest, the crest on
      each side of said troughs having a row of spaced outwardly extending
      projections, every other trough of the other plate having a row of spaced
      outwardly extending projections, so that when said plates are stacked
      together to define the element, the plane surfaces of one plate adjoin the
      crests of the other plate to provide the internal channel with a
      corrugated shape in longitudinal section and a substantially slotted shape
      in cross-section, and upon said second similar element being positioned on
      the first element, the projections of said one plate of the first element
      adjoin the projections of said other plate to provide the channel
      therebetween of corrugated shape in longitudinal section and substantially
      slotted shape in cross-section, a distributing zone at each end part for
      the heat exchanging media, means providing communication between one
      distributing zone and one of the channels, and further means providing
      communication between the other distributing zone and the other channel.
NUM  2.
PAR  2. The plate-type heat-exchanger apparatus as claimed in claim 1 in which
      each of said distributing zones is provided with alternate crests and
      troughs extending in the same direction and being normal to the alternate
      crests and troughs of the middle part of the plates and defining channels
      which constitute the means providing communication between one
      distributing zone and one of the channels and further means providing
      communication between the other distributing zone and the other channel.
NUM  3.
PAR  3. The plate-type heat-exchange apparatus as claimed in claim 1, wherein
      said distributing zones of said plates ar provided with corrugations
      disposed in the same direction at an angle to said alternate crests and
      troughs in the middle part of said plates and forming said means providing
      communication and further means providing communication of the
      distributing zones when said plates are joined together.
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ABST
PAL  A packer actuated vent assembly comprising a packer device settable by
      reciprocal movement of a mandrel, a valve actuator in the form of a barrel
      attached to the packer body, and a mandrel extension having a valve means
      thereon attached to the packer mandrel. The valve means is engaged by a
      stop member located on the barrel and is moved to the venting position
      when the packer mandrel is properly manipulated to seat the packer.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This is a Continuation-in-Part of Patent Application Ser. No. 382,958,
      filed July 26, 1973, entitled "Packer Actuated Vent Assembly", now U.S.
      Pat. No. 3,871,448 issued Mar. 18, 1975.
PAC  BACKGROUND OF THE INVENTION
PAR  In completing a hydrocarbon producing formation in a deep well, various
      completion techniques require that a tubing string be attached to a
      retrievable packer so that a tool string can be suspended from a vent
      string with the vent string being supported from the retrievable packer.
      In perforating the hydrocarbon producing formation of a borehole, for
      example, it has heretofore been necessary to utilize a wireline in order
      to open the perforated nipple of the vent string so that flow from the
      completed formation can flow up the tubing annulus into the perforated
      nipple, and up the production string to the surface of the earth.
PAR  In addition to the trip which must be made into the hole with the wireline
      in order to operate the vent string, it is often necessary to additionally
      employ a blanking plug in order to enable various other manipulative
      operations to be safely carried out on the borehole prior to the act of
      completion. Installation and retrieval of the blanking plug calls for two
      additional round trips to be made with a wireline operated fishing tool.
PAR  Making a trip into a borehole with a wireline is costly as well as
      dangerous because anything put into the hole is a calculated risk inasmuch
      as there is always a danger of losing the apparatus and hence a costly
      fishing job.
PAR  Where a conventional wireline operated perforated nipple is employed, there
      is sometimes more than 12,000 psi pressure differential across the sliding
      sleeve thereof and for this reason difficulty is often experienced in
      forcing the sliding sleeve to move to the open position by a wireline
      operated fishing tool. Moreover, in some well completion techniques, it is
      often desirable to perforate simultaneously with the opening of the
      perforated nipple. This expedient is not possible where a wireline is used
      to manipulate the vent string because a considerable time delay is
      experienced while the wireline is being removed from the borehole and
      before the perforating gun can be safely fired.
PAR  For these and many other reasons peculiar to well completion and well
      work-over operations, it is desirable to be able to run a packer downhole
      with a vent assembly being disposed in underlying relationship respective
      to the packer, and with the vent assembly supporting various downhole
      equipment, such as a jet perforating gun. It is desirable that such a vent
      assembly be actuated by manipulation of the tubing string in a manner
      whereby the final act of setting the packer also actuates the vent
      assembly to the opened position thereby enabling a flow path to be
      immediately established between a production zone and a surface flow line
      upon perforation of the hydrocarbon bearing formation.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to downhole tools and specifically to a packer
      actuated vent string. The packer assembly is anchored downhole in a
      borehole and has a mandrel axially movable relative to the packer body for
      setting the packer gripping elements against the borehole wall by
      manipulation of the tubing string to which the mandrel of the packer is
      connected. The packer body and the packer mandrel each have an extension
      connected thereto and downwardly depending therefrom. A valve means is
      connected to provide flow into the mandrel extension. A valve actuating
      member is connected to the packer body extension for manipulating the
      valve means when the packer mandrel is moved relative to the packer body.
PAR  In the preferred embodiment of the present invention, a sliding valve
      assembly is sealingly received about a marginal length of the mandrel
      extension, while a valve actuator projects from the packer body extension,
      so that when the tubing string is set down, the mandrel telescopes in a
      downward direction thereby enabling the valve actuator to engage the valve
      means and move the valve into the flow permitting configuration.
PAR  In another form of the invention, biasing means are provided for rapidly
      opening the valve means to the fully-opened position whenever the tubing
      string is moved a sufficient amount.
PAR  A primary object of the present invention is the provision of a packer
      actuated vent assembly which can be moved to the flow conducting
      configuration by manipulation of apparatus associated with the packer.
PAR  Another object of the invention is to provide a packer actuated vent
      assembly comprised of a retrievable packer having the vent assembly
      disposed thereunder so that manipulation of the tubing string to which the
      packer is connected causes the vent assembly to be moved to the open
      position.
PAR  A further object of this invention is to disclose and provide a means by
      which a permanent completion well bore apparatus can be run downhole into
      the borehole while the tubing string of the apparatus is utilized to set a
      packer apparatus and at the same time to open a vent string underlying the
      packer means.
PAR  A still further object of this invention is to provide a new combination of
      elements comprised of a well bore packer and a tubing vent string
      connected together in a manner whereby manipulation of the tubing string
      in setting the packer also causes the vent string to be moved to the flow
      conducting configuration.
PAR  Another and still further object of this invention is to provide a method
      for completing a hydrocarbon bearing formation wherein the formation can
      be perforated immediately following setting of the packer and the act of
      setting the packer is utilized for opening the vent string.
PAR  An additional object of the present invention is to provide a method of
      opening a vent string located downhole in a borehole by utilizing the
      action of setting a packer to cause the valve to be rapidly moved to the
      fully opened position.
PAR  The above objects of the invention are attained by the provision of a
      combination of elements and a method for use with apparatus fabricated in
      a manner substantially as described in the above abstract and summary.
DRWD
PAR  These and various other objects and advantages of the invention will become
      readily apparent to those skilled in the art upon reading the following
      detailed description and claims and by referring to the accompanying
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagramatical representation of a cross-section of the earth
      disclosing a tool string located within a well bore with apparatus made in
      accordance with the present invention being connected into the tool
      string;
PAR  FIG. 2 is an enlarged, broken, side elevational view of part of the tool
      string disclosed in FIG. 1;
PAR  FIG. 3 is an enlarged, exploded view which discloses the components of the
      present invention;
PAR  FIG. 4 is an enlarged, part cross-sectional elevational view of the present
      invention;
PAR  FIGS. 5 and 6, respectfully, are cross-sectional views taken along line
      5--5 and line 6--6, respectfully, of FIG. 4;
PAR  FIG. 7 is a fragmentary, part cross-sectional view of a tool made in
      accordance with the foregoing figures, but with the tool being actuated
      into the opened position;
PAR  FIG. 8 is a cross-sectional view similar to FIG. 4, but showing a second
      embodiment of the invention;
PAR  FIG. 9 is a broken, part cross-sectional view which illustrates the tool of
      FIG. 8 while it is being manipulated into the opened position;
PAR  FIG. 10 is a fragmentary, part cross-section view of the tool of FIGS. 8
      and 9, but with the valve of the tool being in the opened configuration;
      and,
PAR  FIG. 11 discloses a modification of the tool seen in FIGS. 8-10.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 there is schematically disclosed a surface area of the ground 6
      having a wellhead 8 extending thereabove and connected to a cased borehole
      9. Within the borehole there is located a tubing string 10 from which a
      packer 12 is suspended. A packer actuated vent assembly 14, made in
      accordance with the present invention, is connected to the packer.
PAR  The packer can take on any number of different forms so long as it is
      provided with a hollow mandrel for flow conducting fluid axially
      therethrough, and so long as the mandrel is reciprocated relative to the
      packer body while the packer elements thereof are being set. As for
      example, a Baker Lok-Set retrievable casing packer, product No. 646-12
      page 498, Baker Oil Tool 1970-71 catalog, Baker Oil Tools, Los Angeles,
      California. Other packer apparatus which can be used with the present
      invention are exemplified by the patent to Brown, U.S. Pat. No. 2,893,492
      or Keithahn, U.S. Pat. No. 3,112,795.
PAR  As illustrated in FIG. 2, in conjunction with some of the remaining figures
      of the drawings, interface 16 defines a threaded connection effected by
      the lower threaded marginal terminal end of the packer body and the upper
      threaded marginal terminal end of the vent assembly. Sub 17 of FIG. 1 is
      attached to coupling member 18 of the mandrel of the packer so that the
      packer of FIG. 2 can be series connected and supported by the illustrated
      tubing string. The lower edge portion 19 of the mandrel coupling is
      movable toward the upper body portion 20 of the packer until the lower
      edge portion 19 abutingly engages an upper edge portion 21, as the packer
      rubbers 22 are set within the casing in the usual manner. Radially
      disposed slips 24 and 26 are forced in an outward direction either by
      rotation of the mandrel or by the initial downward movement of the
      mandrel, depending upon the details of design thereof, so as to anchor the
      packer device to the interior surface of the casing wall. Drag blocks 28
      discourage movement of the packer body relative to the casing so that the
      mandrel can be manipulated to set the slips and the packer element.
PAR  The vent assembly 14 of the present invention comprises a cylindrical
      barrel 30 having radially spaced apart apertures 61 and 62 formed
      intermediate the downwardly opening peripheral edge portion 34 and the
      interface 16. The lower marginal end of a mandrel extension 35 threadedly
      engages a sub or coupling 36 for connection of the vent assembly into a
      lower pipe string 37 so that a jet gun 38 or the like can be run downhole
      into the borehole and positioned adjacent to a hydrocarbon containing
      formation when it is desired to complete the well, as pointed out in U.S.
      Pat. No. 3,706,344, for example.
PAR  Looking now to the details of the embodiment of the invention disclosed in
      FIGS. 3 and 7, in conjunction with various ones of some of the remaining
      figures, the mandrel extension is seen to be provided with spaced parallel
      circumferentially extending o-ring receiving grooves 39 and 40 formed in a
      marginal exterior wall surface thereof. A flow port in the form of a
      plurality of radially spaced apart apertures 42 is formed through the wall
      of the mandrel at a location intermediate the spaced grooves.
PAR  The valve means includes a cylindrical sleeve which forms a sliding valve
      element 45. The valve element can be provided with a close tolerance
      inside peripheral surface 46 for sealingly and slidably engaging a
      marginal circumferentially extending length of the mandrel in proximity to
      the flow port. It is preferred, however, to employ spaced seal means in
      the form of o-rings 44 or Chevron seals which are placed within grooves 39
      and 40, rather than relying upon a close tolerance sliding seal.
PAR  As best seen in FIG. 4, the outer peripheral wall surface 48 of the sliding
      valve element is spaced inwardly from the interior surface 49 of the valve
      actuator a sufficient amount to form an annulus 50 therebetween. The
      lowermost marginal terminal end of the valve actuator is inwardly turned
      at 51 and spaced from the mandrel an amount indicated by the numeral 52 so
      that shoulder 54 of enlargement 55 of the sliding valve element will
      engage and be moved by a shoulder 56 of the valve actuator. The inturned
      portion 51 is of a size to be freely received within annulus 50 when the
      leading edge portion 53 of the sliding valve element is extended
      therethrough.
PAR  The enlargement 55 is provided with a series of longitudinally disposed
      cutouts 57 to preclude a substantial pressure drop being effected
      thereacross. Shear pin 58 releasably secures the valve element to the
      mandrel extension with sufficient force to preclude inadvertent relative
      movement therebetween, as well as providing a positive weight change
      indication upon shearing.
PAR  Interface 60 defines the abutting shoulders which are also illustrated in
      FIG. 3 as being formed at 60" on the valve element and at 60' on the
      mandrel so that the mandrel can be positively and properly positioned in
      sealed relation respective to flow ports 42.
PAR  Inspection ports 61 and 62 enable the interior of the vent assembly to be
      viewed, as well as assuring that unrestricted fluid flow occur within
      annulus 63.
PAR  The valve actuator preferably is comprised of two members 64 and 65 which
      threadedly engage one another at 66 so that the illustrated straight
      threaded surface can be utilized to adjust the relative distance between
      shoulders 54 and 56. The threaded marginal end 67 threadedly engages the
      lower threaded marginal end of the packer body as illustrated in various
      ones of the Figures.
PAR  Opposed marginal end portions 68 and 70 of the mandrel extension are
      threaded so that end 68 can be affixed to the packer mandrel by means of
      the sub 69 as seen illustrated in FIG. 2. The lower marginal end of the
      mandrel extension is threaded at 70 for threadedly engaging the coupling
      36. The marginal inside peripheral wall surface of the mandrel extension
      is reamed at 71 to provide for close tolerance sealing engagement with
      piston 72. Shear pin 73 prevents the piston from being inadvertently
      dislodged from its illustrated seat.
PAR  In FIG. 7 it will be noted that the mandrel extension has been moved in a
      downward direction as a result of relative movement imparted between the
      packer body and the packer mandrel so that shoulder 56 of lip 51 has
      engaged shoulder 54 of enlargement 55 of the sliding valve element,
      causing pin 58 to shear as a result of movement of the sliding valve
      element to the opened position. Hence, the valve in FIG. 7 is in the open
      position while the valve in FIG. 4 is in the closed position. Fluid now is
      free to flow into the flow port 42, into the interior of the hollow
      mandrel, and to the surface of the ground. It will further be noted in
      FIG. 7 that pin 73 has been sheared as a result of piston 72 being removed
      from the lower interior marginal end portion of the mandrel extension.
PAR  In the embodiment 110 of FIG. 8, biasing means 74, biases the sliding valve
      element 45 toward the packer body. The biasing means preferably is a fully
      collapsible coil spring which may be square or round in configuration and
      which preferably is placed with each free end portion thereof in abutting
      engagement with the in-turned lip 51 and shoulder 54. As seen in the
      drawings, end portion 75 of the spring abuttingly engages shoulder 54 of
      enlargment 55 while end portion 76 abuttingly engages shoulder 56 of
      in-turned lip 51.
PAR  As disclosed in FIG. 8, shear pin 58 prevents the action of spring 74 from
      moving the sliding valve element from the illustrated closed position of
      FIG. 8 to the illustrated opened position seen in FIG. 10.
PAR  In FIG. 9, spring 74 is fully compressed so that each convolution of the
      spring presses against itself with the opposed ends 75 and 76 of the
      spring being compressed between shoulders 54 and 56. As the relative
      movement between the packer body and mandrel imparts additional relative
      movement between the mandrel extension and the valve actuator, the pin 58
      will shear, thereby forcing enlargement 55 to move respective to lip 51
      into the illustrated position of FIG. 10 wherein the valve is shown in the
      fully opened position.
PAR  In the embodiment 210 disclosed in FIG. 11, the sliding valve element 145
      is provided with spaced enlargements 75 and 76 which define the length of
      the element. The sliding valve element cooperates with the mandrel in
      sealed relationship therewith as in the before described embodiments of
      the invention.
PAR  Heavy square coiled spring 77 is interposed between the lowermost edge
      portion 78 of the element 145 and the shoulder 56 formed on the in-turned
      lip 51 of the lowermost portion of the valve actuator.
PAR  Opposed ends 80 and 81 of the spring are spaced sufficiently far enough
      apart to impart adequate force into the sliding valve element so that when
      shear pin 58 releases the element, it will be moved toward the packer and
      uncover the flow port.
PAR  In the operation of the first embodiment, the packer actuated vent assembly
      is assembled by sliding element 45 over the mandrel extension 35 and
      thereafter securing it in sealed position with shear pin 58. Pin end 68 is
      threadedly engaged with the lower threaded marginal end portion of the
      packer mandrel by utilizing a coupling 69 of a proper length.
PAR  The valve actuator is threadedly engaged at 67 with the lower marginal
      outer surface area of the threaded packer body in the general area
      underlying the drag blocks thereof. It is necessary to form the recited
      threads on the packer body. Threads 66 are adjusted so that the
      enlargement 55 appears to be centered in window 62, thereby positioning
      all of the relatively moving parts so that the apparatus will function
      properly when manipulated by the upper tubing string.
PAR  The piston 72 is employed where it is desired to keep the interior of the
      tubing dry for one reason or another. Where the packer is run into the
      hole with apparatus 36-38 suspended therebelow, the piston 72 may be
      dispensed with if required.
PAR  The J is unlatched in the usual manner, the packer set down so that the
      anchors engage the casing wall, and as continued downward motion of the
      tubing string causes the packing elements to expand into sealed
      relationship respective to the casing wall, shoulder 54 will be moved by
      the mandrel extension into abutting engagement with shoulder 56 of lip 51,
      thereby slidably moving the sliding valve element from the illustrated
      position of FIG. 4 into the illustrated position of FIG. 7. The shear pin
      58 must part during this operation.
PAR  In the second embodiment of the invention, the length of the valve actuator
      must be extended a distance equal to the height of the fully collapsed
      spring 74 so that the previous operation will be applicable to this
      embodiment of the invention.
PAR  As the tubing string is set down to pack off the borehole, shoulder 56 of
      lip 51 engages the coiled spring 74 which in turn engages shoulder 54 of
      enlargement 55 thereby shearing pin 58 and springingly moving the sliding
      valve element in a biased manner into the opened position seen illustrated
      in FIG. 10.
PAR  Where deemed desirable the relationship of the valve actuator, sliding
      valve element, mandrel extension, and spring can be that as seen
      illustrated in FIG. 9. However, there is danger of shearing pin 58 should
      the adjustment provided at 66 be improper.
PAR  In the embodiment of FIG. 11, a fully collapsible spring 77, square in
      cross-sectional configuration, is interposed between the bottom-most edge
      portion 78 of the sliding valve element, with the remaining end 81 of the
      spring being abuttingly received against shoulder 56 of inturned lip 51 of
      the valve actuator. When the tubing string is set down to pack off the
      borehole, spring 77 fully collapses and shears pin 58, thereby moving the
      element into the open position respective of the flow ports.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a packer actuated vent assembly having a packer device which includes
      a body, a packer element, a hollow mandrel through which fluid can flow
      axially, and means by which the device can be anchored downhole in a well
      bore; said mandrel being movable relative to the packer body for setting
      the packer element to preclude fluid flow across the packer device; the
      improvement comprising:
PA1  a barrel attached to and extending from said body, a hollow mandrel
      extension spaced from and received within said barrel, said mandrel
      extension being attached to and extending from said hollow mandrel in
      series flow relationship therewith, a lateral flow port formed in said
      mandrel extension; an annular valve means slidably received about said
      mandrel extension and movable axially from a flow preventing to a flow
      permitting position for causing a fluid flow path to be formed through
      said port when said valve means is moved from a flow preventing to a flow
      permitting position;
PA1  a shoulder formed on said annular valve means, a shoulder formed on said
      barrel in underlying relationship respective to the first recited
      shoulder; and,
PA1  biasing means for moving said valve means from said flow preventing to said
      flow permitting position in response to relative movement between said
      barrel and mandrel extension.
NUM  2.
PAR  2. The packer actuated vent assembly of claim 1 wherein said valve means is
      received in sealed relationship about a marginal exterior length of said
      mandrel extension, said lateral flow port being a plurality of
      perforations formed in said mandrel extension, said perforations being
      misaligned with said valve means when said valve means is moved into the
      flow permitting position, said perforations being aligned in sealed
      relationship with said valve means when said valve means is in the flow
      preventing position.
NUM  3.
PAR  3. Improvements in oil well completion apparatus including a packer
      assembly adapted to be anchored downhole in a borehole; said packer
      assembly having a body, a hollow mandrel, anchor means, and a packer
      element, said mandrel being axially movable respective to said body for
      setting said packer element against the borehole wall, means by which said
      mandrel manipulates said anchor means to anchor said body downhole; said
      improvement comprising:
PA1  a hollow mandrel extension having a circumferentially extending wall and
      opposed ends, one said end having means by which it can be connected to
      the packer mandrel, means forming a lateral flow port in a marginal length
      of said wall of said mandrel extension; a body extension having means by
      which it can be connected to the packer body;
PA1  an annular sliding valve element sealingly engaging said marginal length of
      said mandrel extension in spaced relation to said body extension; said
      sliding valve element being movable from a first position which covers and
      therefore precludes flow through said flow port to a second position which
      uncovers and therefore enables flow to occur through said flow port;
PA1  a spring biasing means positioned between said mandrel extension and body
      extension, said biasing means being positioned to engage and move said
      sliding valve element when said mandrel extension is moved respective to
      said body extension; thereby causing said sliding valve element to be
      urged from said first to said second position, so that flow can occur
      through said lateral flow port.
NUM  4.
PAR  4. A well completion apparatus which includes a packer assembly having
      means by which it can be anchored downhole in a borehole, said assembly
      having a hollow mandrel axially arranged respective to a packer body for
      setting a packer element thereof against the borehole wall so that a
      tubing string can be connected to the mandrel for conducting fluid flow
      axially of the packer and the borehole, and to the surface of the ground,
      in combination:
PA1  a packer actuated vent assembly, said vent assembly having a hollow mandrel
      extension connected to said hollow mandrel and movable therewith, a
      sliding valve means telescopingly and sealingly received about said hollow
      mandrel extension; and means forming a valve actuator; means forming a
      lateral flow port in said mandrel extension for lateral flow of fluid
      therefrom;
PA1  said mandrel extension, sliding valve means, and valve actuator being
      concentrically arranged respective to one another, said sliding valve
      means being movable from a flow preventing into a flow permitting position
      respective to said means forming a lateral flow port;
PA1  said mandrel extension and valve actuator, respectively, having means by
      which they can be attached to the lower end of the packer mandrel and
      packer body, respectively;
PA1  spring biasing means received on said valve actuator for engaging and
      moving said sliding valve means from a flow preventing to a flow
      permitting position when said mandrel extension is moved relative to said
      valve actuator;
PA1  so that when the packer is set by moving the packer mandrel relative to the
      packer body, said mandrel extension is moved relative to said valve
      actuator, causing said spring biasing means of said valve actuator to move
      said sliding valve means to the flow permitting position.
NUM  5.
PAR  5. The packer actuated vent assembly of claim 4 wherein said valve means is
      a cylindrical sleeve slidably received in sealed relationship about a
      marginal exterior length of said mandrel extension, said port being a
      plurality of perforations formed in said mandrel extension, said
      perforations being misaligned with said sleeve when the sleeve is moved
      into the flow permitting position, said perforations being aligned with
      said sleeve when said sleeve is in the flow preventing position.
NUM  6.
PAR  6. The packer actuated vent assembly of claim 4 wherein said valve means is
      a cylindrical sleeve slidably received in sealed relationship about a
      marginal exterior length of said mandrel extension, said flow port being a
      plurality of perforations formed in said mandrel extension, said
      perforations being aligned with said sleeve when said sleeve is moved into
      the flow preventing position, said perforations being misaligned with said
      sleeve when said sleeve is in the flow permitting position;
PA1  the relative position of said sleeve, said valve actuator means, said flow
      port, and said biasing means being arranged whereby when said sleeve is
      aligned with said flow port said valve means is in the flow preventing
      position, and when said sleeve is moved to uncover said flow port, said
      valve means is in the flow permitting position;
PA1  said biasing means being interposed between said barrel and said sleeve so
      that movement of the hollow mandrel while setting the packer device
      imparts movement into the mandrel extension to thereby enable the biasing
      means to move the sleeve into the flow permitting position.
NUM  7.
PAR  7. The packer actuated vent assembly of claim 4 wherein said valve actuator
      is a mandrel extension having an abutment means located thereon, means
      forming a shoulder on said sliding valve means, said spring biasing means
      being a spring means interposed between said abutment and said shoulder,
      said spring, abutment, shoulder, sliding valve means, and lateral flow
      port being positioned relative to one another so that movement of the
      hollow mandrel while setting the packer device imparts movement into the
      mandrel extension and moves the sliding valve means so that the lateral
      flow port is uncovered to thereby move the combination into the flow
      permitting position.
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PAL  An improved method of recovering a fluid from a subterranean formation via
      heating by electrical conduction between a plurality of wells completed
      therein, the improvement comprising drilling and completing a satellite
      well open to the formation and adjacent an electrode well, injecting water
      containing dissolved electrolyte into the formation via the electrode well
      having an adjacent satellite well, establishing fluid communication
      between the electrode well and the satellite well, and circulating the
      water containing dissolved electrolyte between the electrode well and
      adjacent satellite well. This invention increases the electrical
      conductivity in the formation and about the wells where the current flux
      is greatest and makes possible larger current than would otherwise be
      possible with a given voltage differential. Also disclosed are specific
      embodiments.
BSUM
PAR  This invention relates to a method of producing fluids from a subterranean
      formation. More particularly, this invention relates to an improved method
      for recovering a fluid from a subterranean formation by heating.
PAR  A wide variety of fluids are recovered from subterranean formations. These
      fluids range from steam and hot water geothermal wells through molten
      sulfur to hydrocarbonaceous materials having greater or lesser viscosity.
      The hydrocarbonaceous materials include such diverse materials as
      petroleum, or oil; bitumen from tar sands; natural gas; and kerogen, a
      substance found in oil shales.
PAR  The most common and widely sought fluid to be produced from a subterranean
      formation is petroleum. The petroleum is usually produced from a well or
      wells drilled into a subterranean formation in which it is found. A well
      is producing when it is flowing fluids. The words "to produce" are used in
      oil field terminology to mean to vent, to withdraw, to flow, etc.,
      pertaining to the passage of fluids from the well.
PAR  There are many hydrocarbonaceous materials that cannot be produced directly
      through wells completed within the subterranean formation in which the
      fluids are found. Some supplemental operation is required for their
      production. At least three such materials are kerogen in oil shales,
      bitumen in tar sands, and highly viscous crude oil in oil-containing
      formations. The first two frequently involve special production problems
      and require special processing before a useful product can be obtained.
      These materials have at least on characteristic in common, however. That
      is, heat can bring about the necessary viscosity lowering, with or without
      conversion of the in situ product, to enable hydrocarbonaceous material to
      be produced from its environment.
PAR  Several processes supplying heat in situ have been developed in the past.
      These processes may employ so-called in situ combustion, or fire flood;
      steam flood; or similar related recovery projects in which at least one
      fluid containing or developing the heat is passed through the formation.
      Liquid blocking, or banking of a liquid, has created problems where
      injection of a fluid is necessary.
PAR  One way to avoid the difficulties with injection of a fluid into a
      subterranean formation is the use of electrical energy to heat the
      subterranean formation by electrical conduction. Such electrical
      conduction occurs primarily through the connate water envelopes
      surrounding the sand grains or the like in the subterranean formation.
      Yet, in many formations the connate water saturation is relatively low and
      the subterranean formation does not have a high electrical conductivity.
      In the portion of the formation having a large cross-sectional area
      through which the current can flow, this may pose little problem. This
      electrical resistivity becomes significant, though, in areas of high
      current density such as around the wells in which the electrodes are
      placed in electrical contact with the information.
PAR  Electrical conduction of energy to heat a subterranean formation is not
      without its problems. If the temperature in the electrode wellbore
      vicinity is not kept below the vaporization temperature of water, the
      resulting steam will effectively hinder the flow of current into the
      formation. Also, during heating of a formation, pressures tend to rise and
      thermal expansion takes place in the reservoir; if fluids are not produced
      to relieve this pressure, fracture of the reservoir may take place with a
      resulting loss of fluids contained therein to the overburden or
      underburden.
PAR  Thus, it can readily be seen that the methods of the prior art have not
      been totally satisfactory in heating a subterranean formation and the
      fluids therewithin. Particularly, the prior art methods have not
      alleviated the problems having to do with too high an electrical
      resistance in the formation and those associated with high temperatures in
      the electrode wellbore and vicinity and thermal expansion in the
      reservoir.
PAR  Accordingly, it is an object of the present invention to provide an
      improved method of heating a subterranean formation that alleviates the
      difficulties of the prior art.
PAR  Specifically, it is an object of this invention to provide an improved
      method of heating a subterranean formation by electrical conduction in
      which an area of high electrical conductivity is established in the region
      of greatest current density.
PAR  These and other objects will become apparent from reading the descriptive
      matter hereinafter and the appended claims.
PAR  In accordance with this invention, a subterranean formation intermediate a
      plurality of electrode wells completed therein is heated by electrical
      conduction and includes the steps of drilling and completing a satellite
      well in the formation and adjacent an electrode well, injecting water
      containing dissolved electrolyte into the formation via the electrode well
      having an adjacent satellite well, establishing fluid communication
      between the electrode well and the satellite well, and thereafter
      circulating the water between the electrode well and adjacent satellite
      well.
DRWD
PAR  FIGS. 1 and 2 each respectively diagrammatically illustrate a specific
      embodiment of the present invention. In both figures, similar items are
      numbered the same.
DETD
PAR  FIG. 1 illustrates an embodiment of the present invention wherein
      electrical current 16 is conducted between a pair of electrode systems
      comprising electrode wells 10 adjacent satellite wells 20 and water 14
      containing dissolved electrolyte circulating therebetween within each of
      said systems to provide an improved method of heating a subterranean
      formation.
PAR  FIG. 2 illustrates an embodiment of the present invention wherein
      electrical current 16 is conducted between a pair of electrode systems
      comprising electrode wells 10 adjacent satellite wells 20 and water 14
      containing dissolved electrolyte circulating therebetween within each of
      said systems to provide an improved method of heating a subterranean
      formation not shown. In each of the electrode systems, the satellite wells
      20 are positioned equidistance from electrode wells 10 and each other.
PAR  The in situ fluid and the formation are preheated, to mobilize the viscous
      oil in the formation, by heating with a predetermined electrical current
      for a predetermined time interval. Production of the mobilized oil
      intermediate the electrode and satellite well is effected through either
      the electrode well or satellite well to provide for fluid communication
      between same. The electrolyte solution circulation between the electrode
      and satellite well effectively increases the "size" of the electrode by
      providing a larger area of high electrical conductivity than is possible
      without the satellite well. With the "size" of the electrode increased,
      the area of heating is correspondingly increased between electrode wells
      which allows more power to be transmitted to the formation in the form of
      heat energy. Thereafter, for production, it may be necessary to inject a
      drive fluid such as steam or hot water into the formation via either the
      electrode or satellite wells.
PAR  In one embodiment, the circulation of the electrolyte solution is effected
      by withdrawing the solution from the satellite well and passing it through
      a heat exchanger on the surface and reinjecting the cooled solution down
      the electrode well past conductors (such as cables) therein and through
      the formation to the satellite well to complete the cycle. The circulation
      of solution past the conductors in the electrode well allows the current
      capacity to be increased several-fold by maximizing heat transfer.
      Corrosion inhibitors may be needed in the solution if cable is
      uninsulated. Contact between copper and steel should be avoided to prevent
      electrolytic corrosion.
PAR  In another embodiment, solution circulation may be effected by both
      injecting and withdrawing solution from the electrode wellbore to achieve
      heat transfer from the conductors and cooling around the wellbore
      vicinity.
PAR  It should be noted that in any solution circulation system contemplated
      hereunder the temperatures in the wellbore and the fluid temperature
      outside the electrode can be controlled to a reasonable extent by
      controlling the rate of circulation in conjunction with measuring
      instrumentation or estimations from surface fluid temperatures.
PAR  In the practice of the invention, a plurality of bore holes are drilled
      from the surface of the earth into the subterranean formation containing
      the in situ fluid to be produced. The bore holes are thereafter completed
      as either electrode or satellite wells. By completion as a well is meant
      the provision of a flow path for fluid to be injected into or produced
      from the formation in accordance with conventional oil field technology.
PAR  The electrical conductors, such as electrodes, are emplaced in the wells
      designated as electrodes. The electrodes are connected with the formation
      by suitable means. For example, they may be connected with a conductive
      tubing or casing having perforations therein; and the conductive tubing or
      casing, in turn, is connected with the formation. Even if special
      conductors are employed intermediate the casing or electrode and the
      formation, electrical conductivity will be substantially increased if
      water containing an electrolyte is introduced intermediate the electrodes
      and the formation for conducting the electrical current therebetween. This
      is especially so when a satellite well is utilized to have an effectively
      enlarged electrode via the circulation of electrolyte solution between an
      electrode well and a satellite well. This will establish electrical
      contact with the connate water envelopes surrounding the sand grains such
      that the formation will conduct electricity intermediate the wells when
      the electrode wells are connected with suitable voltage differential.
PAR  The electrodes are connected by suitable connectors, such as those of
      copper-based alloy where they will be subjected to well fluids, with
      suitable cable. The cable is then connected with surface equipment having
      necessary switches, rheostats and the like. The surface equipment affords
      means for interconnecting the electrical conductors with a source of
      voltage differential such as a generator, high voltage line or the like.
PAR  The satellite wells should be drilled adjacent electrode wells and be
      completed open to the subterranean formation in order to aid in the
      production of expansion fluid during the pre-heating period to minimize
      possible sand problems at the electrode wells and allow for thermal
      expansion of the reservoir, without fracturing taking place. Further, the
      electrode may be removed from the electrode well after heating the
      formation and the well used as a producer of the in situ fluid or as an
      injector of drive fluids. The farther away from the electrode well that
      the satellite well can be positioned and still provide fluid communication
      for circulation of solution between the two the better. This will
      effectively increase the size of the electrode to allow more power to the
      formation as heat energy through better conduction of electricity between
      electrode wells. A suitable distance between satellite and electrode wells
      is from about 10 to about 40 feet.
PAR  The current flowing from the formation may range from 100 to 1000 or more
      amperes. This current may require from 100 to 1000 or more volts between
      the electrode wells, regardless of whether the electrode wells are
      adjacent or diagonally opposite wells. If desired, the voltage may be
      increased commensurate with the distance between the wells.
PAR  The electrodes may be connected with suitable voltage differential between
      adjacent wells in a given pattern. On the other hand, the electrodes may
      be connected with the voltage differential between diagonally opposed
      wells in the pattern. Any other suitable patterning or configuration of
      the electrodes and the voltage differentials may be employed as desired.
PAR  Water containing dissolved electrolyte is injected into one or more
      electrode wells to establish and maintain a region of high electrical
      conductivity about each of the wells and to electrically connect the
      region of high electrical conductivity with the electrical conductors in
      the well and with the conductive phase in the subterranean formation. The
      electrode well should also be completed so as to enable the release of
      initial expansion caused by preheating. After the in situ fluid in the
      area between an electrode well and a satellite well becomes mobile through
      preheating, an electrolyte solution can be circulated between the
      satellite and electrode wells to increase substantially the area of high
      conductivity. Then viscous oil mobilized during preheating can be produced
      through the satellite wells to allow for thermal expansion of the
      reservoir without fracturing. Power output can also be increased without
      danger of reheating, when the entire area between satellite wells and
      electrode wells has been completely flushed with electrolyte solution.
      This circulation of solution will keep the temperature in the wellbore
      vicinity below the vaporization temperature of water, thereby preventing
      steam production. The amount of water containing dissolved electrolyte
      necessary will vary from one formation to the next but should be more than
      is necessary for establishing an electrical bridge, or an electrical
      connection between the electrode and the face of the formation, but less
      than the amount needed to flood through the formation.
PAR  The circulation of electrolyte solution also provides a medium for
      transferring heat from cable present in electrode wells achieving an
      increase in current capacity therein.
PAR  The water containing dissolved electrolyte should contain at least 2 to 3
      percent by weight of the dissolved electrolyte and should be substantially
      saturated with the dissolved electrolyte at the temperature at which it is
      injected into the formation. With sodium chloride, this may be as much as
      35 percent by weight. With calcium chloride, the solution may contain as
      much as 59 percent by weight. As the temperature increases in the tar sand
      formation, there will ordinarily be a decrease in the saturation of the
      dissolved electrolyte, the relative saturation may decrease dramatically
      with calcium chloride. Ordinarily, however, the decrease in relative
      saturation will not substantially alter the electrical conductivity. It is
      particularly appropriate to employ substantially saturated electrolytic
      solutions when the solutions will be diluted by the connate water, by
      condensed steam or otherwise.
PAR  The subterranean formation can be heated intermediate electrode wells by
      electrical conduction between the wells. The higher conductivity provided
      through the circulation of brine between electrode wells and adjacent
      satellite wells enables passing a higher current between the electrode
      wells than would otherwise be feasible with a given voltage differential.
PAR  After sufficient heating has taken place to render the viscous oil mobile,
      it is produced from the formation by conventional means by converting the
      electrode wells to injectors and producers via removal of the electrodes.
      The conventional means may include auxiliary pumping equipment in the
      production wells. More frequently, a fluid, such as steam, water miscible
      fluid, natural gas or a combination thereof, will be employed to force the
      viscous oil to production wells. When a fluid is to be injected, the
      pressure differential may be increased sufficiently to force the fluids
      out of production wells to the surface of the earth and obviate the need
      for auxiliary pumping equipment.
PAR  The drilling of the wells and the completion thereof is well-known and need
      not be described herein.
PAR  The emplacement of electrical conductors, such as the electrodes and the
      electrical connection with the subterranean formation and with suitable
      surface equipment having the source of voltage differential is also known
      and need not be described in detail herein. For example, one such
      electrical interconnection is described in co-pending application Ser. No.
      409,063, filed 10-24-74, by Loyd R. Kern, entitled "Method of Producing
      Bitumen from a Subterranean Tar Sand Formation" and assigned to the
      assignee of this invention; and the descriptive matter of that application
      is embodied herein by reference for the details that are omitted herefrom.
PAR  The source of voltage differential is preferably alternating current in
      order to avoid the electrolysis effects of direct current flow.
PAR  By water containing dissolved electrolyte is meant an aqueous solution of a
      strong electrolyte having high electrical conductivity, also referred to
      as an electrolytic solution. The term water is used herein to include
      dilute aqueous solutions, such as surface water, well water, rain water,
      city water, treated waste water and suitable oil field brine. By
      electrolyte is meant a strongly ionizing salt. A strong electrolyte is
      discussed and its requirements set forth at page 506 of OUTLINES OF
      PHYSICAL CHEMISTRY, Farrington Daniel, John Wylie and Sons, Inc., New
      York, 1948. Soluble inorganic salts are illustrative of salts which form
      strong electrolytes. The alkali metal halides typify such inorganic salts.
      Calcium chloride may be employed if desired. Illustrative of other
      inorganic salts which form strong electrolytes is
      tetrasodiumpyrophosphate. Mixtures of the salts may also be employed.
PAR  The following example illustrates applicability of this invention to effect
      the lowering of the electrical resistance of a formation.
TBL                Example                                                     

     ______________________________________                                    

     Formation thickness,     50 ft.                                           

     Formation porosity,      30%                                              

     Water saturation,        30%                                              

     Oil saturation,          70%                                              

     NaCl content of water,   1% by weight                                     

     Electrical resistivity of                                                 

      formation water at formation                                             

      temperature,            .3 ohm-meters                                    

     Electrical resistivity                                                    

      of formation,           140 ohm-meters                                   

     Oil viscosity,           100 cp                                           

     NaCl content of injected                                                  

      electrolyte solution,   5% by weight                                     

     Electrical resistivity of                                                 

      injected electrolyte solution                                            

      at formation temperature,                                                

                              .06 ohm-meters                                   

     Distance between satellite well                                           

      and electrode well,     30 ft.                                           

     ______________________________________                                    

PAR  A 421 bbl volume of the electrolyte solution is injected into the formation
      through the electrode bore hole. This injected volume of solution banks up
      and displaces the formation water which in turn displaces part of the oil,
      reducing its saturation from 70% to 50%. Initially, the injected
      electrolyte solution travels through the porous formation a distance of
      about 10 ft. from the center of the wellbore and occupies 50% of the pore
      space within this 10 ft. radius. In addition, in the interval space from
      10 ft. to 12.6 ft., the oil saturation is reduced from 70% to 50% by the
      banked up formation water. In this interval space, because formation water
      occupies 50% of the pore space, formation resistivity is reduced from 140
      ohm-meters to 63 ohm-meters. In the 10 ft. interval adjacent the wellbore,
      the resistivity is reduced another five-fold because the injected
      electrolyte solution has a resistivity one-fifth that of the formation
      water. Therefore, in the 10 ft. interval adjacent the wellbore, the
      formation resistivity is reduced from 140 ohm-meters to 12.6 ohm-meters.
PAR  The effect of the pressure differential created by the adjacent satellite
      causes the electrolyte solution to migrate toward the satellite well.
      Subsequently, after preheating and production of initial expansion, the
      electrolyte solution fills the region between the electrode and the
      satellite well reducing the formation resistivity to 12.6 ohm-meters,
      thereby obtaining an enlarged effective electrode area of high
      conductivity to improve electrical connection with other electrode wells
      completed in the formation. Upon establishment of communication between
      the electrode well and the satellite well, the electrolyte solution is
      continuously withdrawn from the formation through the satellite well,
      passed through a heat exchanger and reinjected through the electrode
      wellbore to complete the cycle of the circulation system.
PAR  The water containing the dissolved electrolyte may be injected concurrently
      or intermittently with the electrical conduction to establish and maintain
      the region of high electrical conductivity. When it is injected
      concurrently with heating, precaution should be taken to ensure that no
      electrically complete conductive path is established intermediate the high
      voltage electrodes and the injection conduits or otherwise pose hazards to
      operating personnel.
PAR  It is realized that there are hazards attendant to operating with high
      voltage and high current flows but, these hazards and safety precautions
      to alleviate the hazards are well-known and need not be described herein.
PAR  From the foregoing, it can be seen that this invention provides a method of
      heating a subterranean formation that accomplishes the objects delineated
      hereinbefore. Specifically, the method of this invention provides an
      enlarged region of high electrical conductivity about the respective
      wells, the region where there is greatest current densities and where the
      resistance is usually the highest. This high resistance region has,
      heretofore, wasted electrical energy without beneficial heating of the
      formation and the in situ fluid. Further, the invention provides a method
      for producing initial expansion fluids during heating and provides for
      cooling of the electrode wellbores to allow more power to reach the
      formation in the form of heat energy.
PAR  Having thus described the invention, it will be understood that such
      description has been given by way of illustration and example and not by
      way of limitation, reference for the latter purpose being had to the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of recovering an in situ fluid from a subterranean formation
      containing viscous oil via heating with electrical conduction between a
      plurality of electrode wells completed therein, in order to improve the
      conductivity between said electrode wells, the improvement comprises:
PA1  drilling and completing a satellite well in said formation and adjacent an
      electrode well,
PA1  injecting water containing dissolved electrolyte into said formation via an
      electrode well having an adjacent satellite well,
PA1  establishing fluid communication between said electrode well and said
      satellite well by repeated steps of heating and producing mobilized in
      situ fluid situated therebetween, and
PA1  circulating said water containing dissolved electrolyte between said
      electrode well and adjacent satellite well.
NUM  2.
PAR  2. The improvement of claim 1 wherein said circulation is provided by
      withdrawing said injected water from said formation through said satellite
      well and passing same through a heat exchanger at the surface and
      reinjecting same into said formation through said electrode well whereby
      same flows past conductors situated therein.
NUM  3.
PAR  3. The improvement of claim 1 wherein said circulation is provided by
      withdrawing said injected water from said formation through said electrode
      well and passing same through a heat exchanger at the surface and
      reinjecting same into said formation through said electrode well whereby
      same flows past conductors situated therein.
NUM  4.
PAR  4. The improvement of claim 1 wherein said electrode well has adjacent
      thereto three satellite wells positioned equidistance from said electrode
      well and each other.
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PAL  A conventional two row potato combine basic frame and conveyor structure
      having removably mounted thereon a four row potato digger apron supported
      by a removable outboard and inboard frame and support members and having
      removably mounted onto said frame structure a pair of spaced angularly
      disposed conveyors converging crop from said multi-row digger apron onto a
      single elevating conveyor of said basic frame structure.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  It is a common practice to use one and two row potato combines or
      harvesters but is not been practical to build a three or four row potato
      combine.
PAR  In the conventional construction of a potato combine, a machine of a size
      to dig three or four rows of potatoes at one time would be too large and
      bulky for transport over roads or for shipment. However, with the increase
      in the number of rows of potatoes which may be harvested at one time with
      a single machine, there is a substantial reduction in the unit cost of
      harvesting potatoes and from a digging or harvesting cost point of view,
      this is highly desirable.
PAR  Hence, it is an object of this invention to provide the option of the use
      of a two row potato combine as such or providing for its modification for
      use as a three or four row potato combine, as may be desired.
PAR  It is another object of this invention to make use of the conveyor
      structure of a two row potato combine and to provide for the modification
      of its basic frame to accommodate a three or four row potato digger apron.
PAR  It is a further object of this invention in connection with the basic frame
      and conveyor superstructure of a two row potato combine to provide at
      least a three row potato digger apron, a demountable outboard frame to
      each side of said frame structure including a support member and yielding
      suspension means supporting said digger apron, a pair of angularly
      disposed conveyors in converging relation with one another being
      positioned rearwardly at each side of said digger apron to receive the
      crop passed upwardly by said digger apron and converging the same onto the
      single adjacent elevating conveyor of said basic frame and driving means
      in connection with said pair of conveyors and said digger apron.
PAR  It is a more general object of this invention in utilizing a two row potato
      combine frame structure to accommodate a three or four row potato digger
      apron to provide readily mounting and demountable structure for
      modification of said two row potato combine frame structure.
DRWD
PAR  These and other objects and advantages of the invention will be set forth
      in the followiwng description made in connection with the accompanying
      drawings in which like reference characters refer to similar parts
      throughout the several views and in which:
PAR  FIGS. 1 and 2 are views in side elevation of each side of the apparatus
      herein and shown in oppositely facing directions with some portions being
      broken away;
PAR  FIG. 3 is a view in horizontal section taken on line 3--3 of FIG. 2 as
      indicated with portions thereof being broken away;
PAR  FIG. 4 is a view in horizontal section taken on line 4--4 of FIG. 1 as
      indicated, with portions thereof being broken away;
PAR  FIG. 5 is a broken top plan view showing a detail of structure; and
PAR  FIG. 6 is a diagrammatic exploded skeleton view in plan.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the FIGS. and especially to FIGS. 1, 2 and 6, a potato combine
      10 is shown of which the basic structure 12 is that of a two row potato
      combine as will be described and which is of a conventional design and
      only as much thereof is here shown and will be described as is considered
      necessary to support the subject matter comprising the invention herein.
PAR  The subject matter comprising the invention herein as will be further
      described consists of outboard structure and inboard support members
      demountably attached to the frame of said two row combine to removably
      support and drive a four row potato digger apron, the essential novelty
      dealing with the structure for a demountable conversion of a two row
      combine into a four row combine.
PAR  Said two row combine structure 12 as indicated in skeleton form in the
      dotted area A by the numeral 12 in FIG. 6 will be briefly described and
      the same includes a basic frame structure 13 comprising a pair of lower
      side frame members 14 and 15 which have a converging front end frame
      portion 17 suitable supported by a front end wheel assembly 20. The rear
      end portion of said frame structure is suitably supported by an axle 22
      extending between the rear wheels 24, 24a and 25, 25a.
PAR  Referring to FIGS. 1 and 2, inclined upwardly and rearwardly from the
      forward portions of said frame members 14 and 15 are frame members 27 and
      28 having rearwardly extending horizontal portions 27a and 28a supported
      as by vertical frame members 30 and 31 extending upwardly from said frame
      members 14 and 15.
PAR  Extending upwardly of said frame members 27 and 28 are a transversely
      spaced pair of frame members 33 and 34 and forwardly thereof extending
      upwardly of the forward portions of said frame members 14 and 15 are a
      spaced pair of frame members 36 and 37. Supported by said members 33, 34
      and 36, 37 is an engine housing 40 having an engine 41 forming a power
      source therein and a seating structure 43 therebehind.
PAR  Extending upwardly and rearwardly of aid frame portions 27a and 28a is a
      superstructure 45 comprising the upper conveyor system of said combine 12
      which does not form a part of the subject matter comprising the invention
      herein and the same will not be further described.
PAR  Mounted between said frame members 14 and 15 in a conventional manner is an
      upwardly inclined conveyor frame 47 having a linked rod conveyor 49
      mounted thereon and passing thereover and said conveyor 49 forms the
      elevating conveyor which first receives the crop passing upwardly of the
      digger apron as will be described.
PAR  Underlying the rear end portion of said engine housing is a main drive
      shaft 50 having junction bearing boxes 51 and 52 at each end thereof, the
      same being mounted onto and carried by stub frame support members 53 and
      54 upstanding from said frame members 27 and 28.
PAR  Referring particularly to FIGS. 3 and 6, the frame members 14 and 15
      indicate the width of said basic frame structure 12 as a two row potato
      combine. The outboard structure and inboard members removably attached to
      said basic frame structure, the four row potato digging apron, and a pair
      of angularly disposed converging conveyors as will all be described define
      the subject matter comprising the invention herein.
PAR  It will be noted that at this point, there is no potato digger apron
      carried by said frame work 12.
PAR  With general reference to the FIGS. except for FIG. 6, the rear wheels 24a
      and 25a will have stub shafts 56 and 57 extending outwardly thereof
      carrying sprockets 58 and 59 at their respective ends.
PAR  The drive shaft 50 has shaft extensions 60 and 61 extending outwardly of
      either end thereof respectively connected by junction bearing boxes 62 and
      63 to said bearing boxes 51 and 52. Said shaft extensions respectively
      carry drive sprockets 64 and 65 in alignment with said sprockets 58 and
      59.
PAR  Chains 66 and 67 respectively pass over sprockets 58, 64 and 59, 65.
      Tension rods 68 and 69 respectively extend between said pairs of sprockets
      secured to the respective shaft ends carrying said sprockets and being
      secured thereto in a known customary manner. Extending outwardly of either
      side of said basic frame structure and carried thereby are outboard or
      wing frame structures 75 and 76 which are identical in structure in
      opposite relation to one another.
PAR  Said outboard structure 76 comprises a longitudinal frame member 78 having
      a rearward upstanding frame member 79 which in turn has right angled
      inwardly extending vertically spaced frame members 80 and 81 to be bolted
      as with mating and connecting plate members 82 and 83 to the frame members
      28a and 15 respectively. An angled brace member 85 extends from the upper
      end of said frame member 79 to an intermediate point of said frame member
      78. A horizontal angled bracing member 87 is shown extending from the rear
      end of said frame member 78 to be bolted to said frame member 15 as
      indicated in FIG. 3 at 88.
PAR  A horizontal frame member 90 extends at a right angle from said frame
      member 78 to be bolted by mating plate members 92 to the forward portion
      of said frame member 15 as shown in FIG. 3.
PAR  Said frame member 78 has a forward inwardly right angled end frame portion
      94 secured to the frame member 90 by a frame member 96 which is parallel
      to said frame member 78 and an angled brace 97 extends from said member 96
      and an intermediate portion thereof to adjacent the inward end of said
      frame member 90.
PAR  The various portions of the outboard frame structure 75 bear like reference
      numerals with a prime added for like portions of said frame structure 76.
PAR  Removably secured between said frame members 78 and 78' spaced rearwardly
      of the shaft 50 is a digger apron pivot support shaft or tube 100 secured
      at its ends as by conventional pillow block support members 101 and 101'.
PAR  Upstanding from the forward portions of said frame members 14 and 15 and
      from aligned portions of said outboard frame members 78 and 78' are plate
      members 103-106 rigidly supporting a shaft 108 removably extending
      therethrough. Carried centrally of said shaft in spaced relation are a
      pair of downwardly angled suspension arms 110 and 111 of conventional
      structure to hold in suspension a potato digger apron and allow upward
      movement to accommodate an upward thrust of said apron as will be further
      described.
PAR  Carried adjacent each end of said shaft 108 are conventional hydraulic
      cylinders and arms 113 and 114 with said arms yieldingly suspending the
      front end portion of a potato digger apron as will be described.
PAR  Referring now to FIG. 5, a multi-row potato digger apron 125 is shown and
      in the present embodiment it is shown as a four row apron. It is the
      inventive concept herein that said digger apron be adapted for a greater
      number of rows that two and a four row apron is described for purpose of
      illustration and not for purpose of limitation.
PAR  Said digger apron also for purpose of illustration herein and not for
      purpose of limitation is indicated as being a rigid framework structure
      comprising side frame members 127 and 128 and intermediate parallel frame
      members 129, 130 and 131. Said parallel members are secured in spaced
      relation by spaced cross members 135 and 136 to form a unitary structure
      as by welding.
PAR  In a conventional manner, a drive shaft 137 extends through said frame
      members adjacent their rear end portions and said frame members are
      respectively provided with bearing housings 139 through which said drive
      shaft passes and by which it is supported. Said drive shaft carries a
      sprocket 159 at its end portion extending outwardly of said frame member
      78'.
PAR  Extending through the forward end protions of said frame members is an
      idler shaft 140 carried and supported by bearings 139 as indicated in
      connection with said shaft 137.
PAR  In a conventional manner, which it is believed requires no specific
      description herein, said shafts 137 and 140 between the respective pairs
      of parallel frame members of said digger apron are provided with spaced
      pairs of sprockets over which pass conveyor belts to form the conveyors
      150-153.
PAR  The forward end portion of said digger apron 125 is provided with shovels
      155 which are of conventional structure and which will be mounted in a
      conventional manner.
PAR  Referring to FIGS. 3 and 5, said angled suspension arm members 110 and 111
      will be removably secured as by bolting to the forward end portions of
      said frame members 129 and 131 as at 129a and 131a respectively, the same
      being indicated as being in the form of upstanding plate members. The
      hydraulic operated arms 113 and 114 will be removably secured in like
      manner to upstanding plate members or stud members 127a and 128a of frame
      members 127 and 128.
PAR  Said frame members 127-131 will each have an underlying open end notch or
      slot such as the notches 127b and 128b whereby said digger apron is
      pivotally rested on said shaft 100.
PAR  Referring to FIG. 4, extending rearwardly of said engine 41 is a driven
      shaft 160 running to a gear box 162 from which linkage 164 extends to a
      stub shaft 165 carrying a sprocket 166 and passing thereover and over
      sprocket 167 is a chain 169. Said sprocket 167 is carried by a shaft 171
      suitably frame mounted in a cnventional manner and extending outwardly of
      frame member 78' to carry a sprocket 173. Passing over sprockets 173 and
      159 is a sprocket chain 175 by means of which the drive shaft 137 of said
      digger apron 125 is driven.
PAR  With reference to FIGS. 3 and 4, it will be seen that with said two-row
      combine frame 13 having only one elevating conveyor 49 and that with the
      expansion of said frame by the addition of demountable outboard or wing
      structures 75 and 76 to accommodate a four row digger apron that means are
      required to converge the crop passing upwardly of the four conveyors of
      the digger apron onto the single elevating apron 49. For purpose of
      illustration herein, a pair of elevating conveyors 180 and 181 angularly
      upwardly inclined in converging directions toward one another are provided
      to converge the crop from the four conveyors of said digger apron onto the
      single elevating conveyor 49. Said conveyors 180 and 181 are of identical
      structure being oppositely disposed.
PAR  As indicated in FIGS. 1 and 4, the angularly disposed conveyor 180
      comprises a basic conventional type frame 183 equpped with a drive shaft
      184 at one end thereof and an idler shaft 185 at its other end, said
      shafts each having a pair of sprockets thereon not here shown and passing
      thereover is a conventional linked rod conveyor belt 186.
PAR  Said conveyor 180 underlies the rearward end of the adjacent portion of the
      digger apron 125 and has a shield 187 therealong at the side thereof
      remote from said digger apron. Said conveyor as indicated in FIG. 1 has
      its frame removably supported as by being bolted by a frame member 190
      upstanding frm said conveyor frame 47 at one end thereof and having its
      elevated end removably secured as by bolting by the depending strap member
      91 extending from the frame member 79'. Additional support members not
      here shown may be provided as needed and as will be well known in the art.
PAR  Referring to FIG. 4, a frame supported shaft 195 carries at its inner end a
      sprocket 196 over which passes a drive chain 197 passing also over a
      sprocket 198 carried by the shaft 165. Said shaft 195 carries at its outer
      end a sprocket 199 over which passes a chain 200, said chain also passing
      over a sprocket 202 carried on a shaft 204 which be linkage 205 is
      connected to and drives the shaft 184 and said conveyor 186.
PAR  Said conveyor 181 will have structure identical to that of the conveyor 180
      disposed in opposed relation thereto and will be driven simultaneously in
      like manner and it is believed that no particular additional description
      is required with respect to said conveyor 181 or its related driving
      means.
PAC  OPERATION
PAR  The diagrammatic view of FIG. 6 shows the essential skeleton frame
      structure of a basic conventional two row potato combine 12 with the
      outboard frame structures 75 and 76 to be mounted thereon being shown in
      exploded position. FIG. 5 shows the multi-row digger apron 125 which is
      removably mounted onto the basic frame structure as expanded by the
      addition of said outboard frame structures, said apron being here
      illustrated as a four row digger apron.
PAR  Except for the removal of the two row digger apron with which the basic
      combine structure 12 would be otherwise eqipped, the remainder of said
      combine structure is utilized including its elevating and overhead
      coveyors of which the conveyors 45 and 47 are a representative part.
PAR  The outboard frame structures 75 and 76 will be removably mounted onto the
      frame structure 13 as first above described. The rear wheels 24a and 25a
      may be added or may be included as regular equipment for a two row
      combine, as may be desired. The shaft 22 will be extended to carry the
      rear drive sprockets 58 and 59. The main drive shaft 50 will be extended
      as first above described to carry the sprockets 64 and 65. Drive chains 66
      and 67 respectively pass over said sprockets 58, 64 and 59, 65.
PAR  Hydraulic arm assemblies 113 and 114 will be mounted onto the forward
      portions of the outboard frame members 78 and 78' to yieldingly support in
      suspension the forward end portion of said digger apron 125 as shown
      providing vertical yielding movement about its supporting pivot shaft 100.
PAR  The pivot shaft 100 will be installed across the expanded frame 13 to
      pivotally support the digger apron somewhat rearwardly of its longitudinal
      center at its notched portions as indicated by the notches 127b and 128b
      shown in FIGS. 1 and 2.
PAR  The digger apron 125 is installed bodily onto frame 13 pivoted on said
      shaft 100 as above indicated and having its drive shaft 137 carried
      rearwardly thereof with said drive shaft having a sprocket 159 thereon
      extending outwardly of the frame member 78' to have the drive chain 175
      pass thereover.
PAR  The front end portion of said digger apron as above described is held in
      yielding suspension by the hydraulic arms 113 and 114 and by the
      intermediate arms 110 and 111. Thus, said digger apron 125 has what might
      be called a floating mounting upon said pivot shaft 100.
PAR  All of the conveyors of said digger apron 125 are driven by the drive chain
      175 with intermediate linkage running from the gear box 162 and the drive
      shaft 160 extending from the engine 41.
PAR  The angularly disposed converging conveyors 180 and 181 are readily mounted
      as first above described to converge the crop carried by the four
      conveyors of said digger apron 125 to pass the same onto the upper run of
      the single elevating conveyor or conveyor belt 49.
PAR  The entire four row digger assembly is readily demounted as will be
      understood from the description above given to convert the basic frame
      structure 12 to the reduced size of a two row combine or to reduce the
      frame size for transport of the apparatus and no further description or
      illustration as to demounting the apparatus is given.
PAR  The measurable savings in reduction of labor cost and in the relative
      increase in acreage dug in a given period of time over the performance of
      a two row combine makes the apparatus herein described one which provides
      significant economy of operation and makes very worthwhile the additional
      investment required in the apparatus.
PAR  It will be understood that the details and description omitted herein
      related to structure well known in the art.
PAR  It will of course be understood that various changes may be made in form,
      details, arrangement and proportions of the parts without departing from
      the scope of the invention herein which, generally stated, consists in an
      apparatus capable of carrying out the objects above set forth, in the
      parts and combinations of parts disclosed and defined in the appended
      claims.
CLMS
STM  What is claimed is
NUM  1.
PAR  1. a demountable multi-row potato combine, having in combination
PA1  a potato combine frame structure including power means and elevating and
      related conveyor supersturcture,
PA1  an outboard frame structure removably secured to each side of said frame
      structure,
PA1  a pivot support member removably carried by said frame structure,
PA1  yielding suspension means carried by said frame and outboard frame
      structures forwardly thereof,
PA1  a digger apron member mounted onto said pivot support member, said digger
      apron member having at least three endless conveyors thereon,
PA1  means connecting the forward portion of said digger apron member to said
      yielding means,
PA1  a drive shaft,
PA1  means operatively connecting said drive shaft and said digger apron member,
PA1  a pair of angularly disposed endless conveyors in converging relation with
      each other underlying and extending partially beyond the rearward side
      portions of said digger apron member,
PA1  means removably mounting said angularly disposed conveyors in operating
      position in connection with said frame and outboard structures, and
PA1  means driving said drive shaft and said angularly disposed conveyors.
NUM  2.
PAR  2. The structure set forth in claim 1, wherein
PA1  said pivot support member comprises a shaft removably extending across said
      combine frame and outboard frame structure.
NUM  3.
PAR  3. The structure set forth in claim 1, wherein
PA1  said potato combine frame structure is of a not more than a two row potato
      combine.
NUM  4.
PAR  4. The structure set forth in claim 1, wherein
PA1  said yielding support means comprises
PA1  a pair of arms having vertical movement, and
PA1  a pair of hydraulic cylinders,
PA1  whereby the front end portion of said digger apron is yieldingly suspended.
NUM  5.
PAR  5. The structure set forth in claim 1, wherein
PA1  said means connecting said drive shaft and said digger apron accommodating
      vertical movement of said digger apron.
NUM  6.
PAR  6. A demountable multi-row potato combine, comprising
PA1  a conventional two row combine frame structure including power means and an
      elevating and related conveyor superstructure,
PA1  an outboard frame structure removably secured to each side of said frame
      structure,
PA1  a digger apron member having mounted thereon at least three endless
      conveyors,
PA1  a supporting member for said digger apron member removably carried by said
      frame structure,
PA1  yielding supporting means carried forwardly of said frame structure,
PA1  means connecting the forward end portion of said digger apron member with
      said yielding supporting means,
PA1  a drive shaft,
PA1  means operatively connecting said drive shaft and said conveyors carried by
      said digger apron member,
PA1  a pair of conveyors in converging relation with each other underlying and
      extending partially beyond the rearward side portions of said digger apron
      member,
PA1  means removably mounting said last mentioned conveyors in operating
      position, and
PA1  means running from said power means driving said drive shaft and said last
      mentioned conveyors.
NUM  7.
PAR  7. A demountable multi-row potato combine, having in combination
PA1  a potato combine frame structure of not more than a two row potato combine
      including power means and an elevating and related conveyor superstructure
      mounted thereon,
PA1  an outboard frame structure removably secured to each side of said frame
      structure,
PA1  a removable pivot shaft extending across said frame and said outboard frame
      structure,
PA1  yielding supporting means carried by said frame and outboard frame
      structure forwardly thereof,
PA1  a potato digger apron member including at least three endless conveyors
      thereon pivotally mounted on said pivot shaft and means connecting the
      same to said yielding means,
PA1  a drive shaft in operative association with said digger apron member,
PA1  an angularly disposed conveyor partially underlying and extending beyond
      each rear end portion of said digger apron member,
PA1  means removably mounting said angularly disposed conveyors onto said frame
      and outboard frame structure,
PA1  said last mentioned conveyors being arranged and constructed to converge
      crop passing up the conveyors of said digger apron member onto said
      elevating conveyor, and
PA1  said power means driving said drive shaft and said last mentioned
      conveyors.
NUM  8.
PAR  8. A demountable multi-row potato combine, having in combination
PA1  a potato digger apron member including at least three endless conveyors
      thereon,
PA1  a potato combine frame structure including power means and an elevating and
      related conveyor superstructure,
PA1  an outboard frame structure removably secured to each side of said combine
      frame structure,
PA1  a pivot support member for said digger apron member removably carried by
      said frame structure,
PA1  yielding suspension means for the forward portion of said digger apron
      member carried by said frame and outboard frame structures,
PA1  a drive shaft in operative association with said digger apron member,
PA1  a pair of angularly disposed endless conveyors in converging relation with
      each other underlying and extending partially beyond the rearward side
      portions of said digger apron member,
PA1  means removably mounting said last mentioned conveyors in operating
      position in connection with said frame and outboard frame structures, and
PA1  means driving said drive shaft and said last mentioned conveyors.
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ABST
PAL  A tractor-mounted cultivator is combined with a frame on which fixed
      cultivating tools are mounted. The fixed tools extend behind the rotary
      cultivator to break up ground below the level of rotary cultivation. The
      frame is releasably attached to the rotary cultivator and the attachment
      means are such that the frame can be used independently by direct
      attachment to the tractor three-point linkage.
BSUM
PAR  This invention relates to a cultivating machine and particularly to a
      cultivating machine to be carried on a tractor during operation and drawn
      through the ground to break up the soil.
PAR  It has been proposed to fit fixed cultivating tines to rotary cultivators
      to help break up the ground and to cultivate the ground below the level at
      which the rotary cultivator tools are operated. Such tines have been
      fitted to a frame forming part of the rotary cultivator structure.
PAR  An object frame the invention is to provided a cultivating machine
      including a rotary cultivator and having fixed tines which can be readily
      fitted to and 45 from the rotary cultivator.
PAR  According to the invention a cultivating machine comprises a rotary
      cultivator arranged to be supported by a tractor three point linkage and
      including a rotor carrying cultivating tools and a rotor frame supporting
      said rotor, and combined with the rotary cultivator, a releasable frame
      carrying fixed cultivating tools, and attachment means for releasably
      attaching the releasable frame to the rotor frame so that the fixed tools
      extend to the rear of said rotor, and the attachment means being arranged
      for attaching said releasable frame direct to a tractor three point
      linkage when released from the rotor frame.
PAR  Preferably the machine comprises upper attachment means on the rotor frame
      for attaching the rotor frame to the upper link of the tractor three point
      linkage, the upper attachment means also serving to attach the releasable
      frame to the rotor frame.
DRWD
PAR  Further features of the invention appear from the following description of
      an embodiment of the invention given by way of example only and with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a sectional end elevation of a cultivating implement fitting to a
      rotary cultivator,
PAR  FIG. 2 is a rear elevation of the implement of FIG. 1,
PAR  FIG. 3 is a plan view of the implement of FIG. 1, and
PAR  FIG. 4 is a view of the cultivating implement of FIG. 1 fitted directly to
      a tractor three point linkage and with an auxiliary support bar in
      supporting position.
DETD
PAR  Referring to the drawings, a rotary cultivator comprises a transverse frame
      10 having a top shield 11 located over a rotor shaft 12 on which are
      carried rotary cultivating tools (not shown) of known form, the tips of
      which move along a circular path 13 during rotation of the shaft 12. The
      frame 10 also includes a top plate 14 and transverse frame members 15, and
      the frame 10 and shaft 12 extend generally horizontally in use and at a
      right angle to the direction of travel indicated by arrow A. The frame 10
      also includes side frame members 17 at each end of the frame and the
      members 17 support the ends of the shaft 12, and a tool bar 18 is secured
      at its ends to the side members 17.
PAR  A pair of spaced apart parallel bars 19 are secured to the upper side of
      the frame 10 and an A-frame 20 is secured to the bars 19 and extends
      upwardly to provide a forward support bracket 22 at its upper end for
      supporting the machine from the top link 21 of a conventional tractor
      three-point linkage. The A-frame 20 is additionally supported by bars 23
      and the whole constitutes the `top mast` of the rotary cultivator. The
      rotary cultivator also comprises transmission means (not shown) in known
      manner for transmitting drive from the tractor power take-off to the shaft
      12. The bottom links 24 of the tractor three point linkage are attached to
      the forward ends of the bars 19, also in known manner as through brackets
      19a.
PAR  A releasable cultivator frame is fitted to the rear of the rotary
      cultivator with respect to the direction of travel A and comprises a rigid
      frame including a transverse tool bar 25 in the form of a square-section
      tube. Securing brackets 26 are bolted at spaced intervals as desired along
      the tool bar 25 and the brackets 26 are each formed with lugs 27
      projecting downwardly and providing bores 28 for bolting the upper end of
      a fixed cultivating tine 29 thereto.
PAR  The tines 29 are each formed with a shank portion 30 which extends
      forwardly and downwardly and terminates in a tooth portion 32 which lies
      below the path of travel 13 of the cultivating tools of the rotary
      cultivator.
PAR  The tool bar 25 also carries two forwardly-extending spaced brackets 33
      each of which is formed with a series of vertically-spaced holes 34 for
      receiving a securing bolt (not shown) which passes through a selected one
      of said holes 34 and a hole formed on the rear end of the co-operating bar
      19 on the rotary cultivator. Thus, depending on the holes 34 used to
      secure the brackets 33 to the bars 19, the frame can be releasably mounted
      on the rotary cultivator at a variable height relative to the cultivator.
PAR  Upwardly converging plates 35 are secured to the tool bar 25 and a bar 37
      is secured between their upper ends. The bar 37 carries a pair of
      forwardly-extending brackets 38 each having a hole 39 through which is
      located a pin 40. An adjustable link 41 is pivotally mounted at one end on
      the pin 40 and at the other end to a pin 42 located through holes 43
      formed in the rearward end of the support bracket 22 on the top mast. On
      adjustment of the length of the link 41, the implement may be pivoted
      about the horizontally disposed bolts securing the brackets 33 to the bars
      19. This enables the disposition of the tines 29 to the vertical to be
      altered and the releasable frame to be secured in a selected pivoted
      position during operation.
PAR  It will be seen that the brackets 33 are supported on the brackets 26, and
      the plates 35 have holes for locating the bolts securing the brackets 33
      to the bars 19.
PAR  The releasable frome is provided with support bars 44 (FIG. 4) pivotally
      attached to the rear end of the brackets 33 and each having a plate 46 at
      their end remote from the respective brackets. The bars 44 have a length
      such that they can be pivoted downwardly until the plate engages the
      ground behind the frame. The frame can then be supported on the tines 29
      and the plates 45 when detached from the rotary cultivator by withdrawal
      of the bolts from the brackets 33 and 38. It will be appreciated that the
      implement may be mounted directly on the three point linkage of a tractor
      independently of the rotary cultivator as shown in FIG. 4, if desired
      because the attachment means on the releasable frame match the spacings
      and locations of the tractor three point linkage. This attachment is
      achieved by securing the lower links 24 of the three point linkage to the
      brackets 33 and the top link 21 to the brackets 38.
PAR  The invention provides a cultivator frame with fixed tines for use with a
      rotary cultivator, which can be readily attached to and detached from the
      rotary cultivator as desired and which can be used independently of the
      rotary cultivator.
CLMS
STM  What I claim as my invention and desire to secure by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A cultivating machine comprising, in combination:
PA1  a rotary cultivator including a rotor frame and a rotor on said frame which
      carries rotary cultivating tools;
PA1  first attachment means surmounting the rotor frame, said first attachment
      means including a first upper attachment device which attaches to the
      upper link of a tractor three point linkage, and first lower attachment
      devices which attach to the lower links of said three point linkage, said
      first lower attachment devices including fixed horizontal beams which
      extend rearwardly of the rotor frame;
PA1  a fixed cultivator which includes a tool frame and fixed cultivating tools
      supported on said tool frame;
PA1  and second attachment means mounted upon and extending forwardly from the
      tool frame, said second attachment means including a second upper
      attachment device which is detachably connected to said first upper
      attachment device in substantially the same horizontal plane as the
      latter, and said second attachment means also including second lower
      attachment devices which are detachably connected to the rear extremities
      of said horizontal beams in substantially the same horizontal plane as
      said first lower attachment devices;
PA1  said second lower attachment means including means by which they may be
      attached to the rear extremities of the beams at a plurality of selected
      heights relative to said beams.
NUM  2.
PAR  2. The combination of claim 1 in which the second lower support members
      comprise co-axial means about which the tool frame is pivotable, and which
      also includes a link of variable length detachably connected between the
      first and second upper attachment devices.
NUM  3.
PAR  3. The combination of claim 1 in which the tool frame includes a pivotable
      support bar which pivots so that, together with the fixed cultivating
      tools, the bar serves to support the tool frame on the ground when
      detached from the rotor frame.
NUM  4.
PAR  4. The combination of claim 1 in which the first upper attachment device
      has a forwardly extending portion and a rearwardly extending portion
      attachable, respectively, to the upper link of a tractor three point
      linkage and to said second attachment means, and which includes a link of
      variable length detachably connected to said rearwardly extending portion
      and to the upper attachment device of the second attachment means.
NUM  5.
PAR  5. A cultivating machine comprising, in combination:
PA1  a rotary cultivator including a rotor frame and a rotor on said frame which
      carries rotary cultivating tools;
PA1  first attachment means surmounting the rotor frame, said first attachment
      means including a first upper attachment device which attaches to the
      upper link of a tractor three point linkage, and first lower attachment
      devices which attach to the lower links of said three point linkage, said
      first lower attachment devices including fixed horizontal beams which
      extend rearwardly of the rotor frame;
PA1  a fixed cultivator which includes a tool frame and fixed cultivating tools
      supported on said tool frame;
PA1  and second attachment means mounted upon and extending forwardly from the
      tool frame, said second attachment means including a second upper
      attachment device which is detachably connected to said first upper
      attachment device in substantially the same horizontal plane as the
      latter;
PA1  said second upper attachment device including a forwardly extending
      detachable link of variable length which is detachably connected to the
      first upper attachment device.
NUM  6.
PAR  6. The combination of claim 5 in which the second lower attachment devices
      include means about which the tool frame is pivotable relative to the
      rotor frame.
NUM  7.
PAR  7. The combination of claim 5 in which the tool frame includes a pivotable
      support bar which pivots so that, together with the fixed cultivating
      tools, the bar serves to support the tool frame on the ground when
      detached from the rotor frame.
NUM  8.
PAR  8. The combination of claim 5 in which the first upper attachment device
      has a forwardly extending portion and a rearwardly extending portion
      attachable, respectively, to the upper link of a tractor three point
      linkage and to said link of variable length.
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PAL  An agricultural implement is convertible from a soil tilling cultivator
      having a row of detachable soil working members having rotatable supports
      by removing some or all of the soil working tools and attaching mowing or
      cutting tools having one or more horizontally extending blades, to only
      some of the rotatable supports, at spaced apart intervals along the row.
      The bladed tools have detachable carriers and each of the tools has at
      least one group of blades with leading edges that are rotated in circular
      paths which overlap the paths of those blades on adjacent tools. The
      rotary tools can have spaced apart groups of blades at different vertical
      levels and guide surfaces or further cutting or mowing elements mounted
      between adjacent tools. Also, the bladed tools can be fastened to
      alternate supports or every third support to rotate in the same or
      opposite directions from adjacent bladed tools.
BSUM
PAR  According to one aspect of the invention, there is provided a method for
      the conversion of a cultivating implement into a mowing/cutting machine,
      such implement comprising a plurality of tools arranged in side-by-side
      relationship so that each tool is rotatable about a corresponding upwardly
      extending axis in a direction opposite to that of the or each of its
      immediate neighbours with each tool having, or being capable of being
      provided with, at least one said working member, wherein the method
      comprises the steps of removing the working members from some or all of
      the tools and replacing at least some of the working members by a
      plurality of cutting or mowing members arranged to co-operate with each
      other or with further cutting or mowing members when the converted machine
      is in operation.
DRWD
PAR  For a better understanding of the invention, and to show how the same may
      be carried into effect, reference will now be made, by way of example, to
      the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a soil cultivating implement or rotary harrow
      converted to function as a mowing or cutting machine in accordance with
      the invention,
PAR  FIG. 2 is a section, to an enlarged scale, taken on the line II--II of FIG.
      1,
PAR  FIG. 3 is a section, to an enlarged scale, taken on the line III--III of
      FIG. 1,
PAR  FIG. 4 is a section taken on the line IV--IV of FIG. 3,
PAR  FIG. 5 is a scrap part sectional elevation illustrating an alternative
      arrangement to that shown sectionally near the left-hand side of FIG. 3,
PAR  FIG. 6 is a similar view to that of FIG. 3 but illustrates an alternative
      arrangement of mowing or cutting members,
PAR  FIG. 7 is a plan view corresponding to FIG. 1 but illustrates an
      alternative form of conversion of a soil cultivating implement or rotary
      harrow into a mowing or cutting machine,
PAR  FIG. 8 is a section, to an enlarged scale, taken on the line VIII--VIII of
      FIG. 7, and
PAR  FIG. 9 is a section taken on the line IX--IX of FIG. 8.
DETD
PAR  Referring to FIGS. 1 to 6 of the drawings, the implement which is
      illustrated is basically a soil cultivating implement or rotary harrow but
      is shown converted for use as a mowing or cutting machine in accordance
      with the invention. The implement or machine has a frame part 1 that
      extends substantially horizontally and normally perpendicular, but at
      least transverse, to the intended direction of operative travel of the
      implement or machine that is indicated by an arrow A in FIG. 1 of the
      drawings. The frame part 1 is in the form of a hollow beam which comprises
      a lower portion 2 that is of substantially channel-shaped cross-section
      having upwardly divergent limbs whose uppermost edges are bent over to
      form substantially horizontal rims that project forwardly and rearwardly,
      respectively, relative to the direction A. The rims which have just been
      mentioned are interconnected by a substantially flat cover plate 3, a
      plurality of small bolts, being employed to secure said cover plate 3 to
      the rims of the lower portion 2. If considered necessary, the single cover
      plate 3 may be replaced by two or more separate but adjoining cover
      plates. The opposite ends of the hollow beam which affords the frame part
      1 are closed by substantially vertical plates 4. Upwardly extending, and
      normally substantially vertical, shafts 5 are rotatably mounted in the
      frame part 1 at regular intervals therealong which are preferably such
      that said shafts are spaced apart from one another by distances of
      substantially 25 centimeters. There are twelve of the shafts 5 in the
      example which is being described and each shaft 5 is rotatably mounted in
      a corresponding lower bearing 7 carried by the lower portion 2 of the
      frame part 1 and a corresponding upper bearing 8 carried by the cover
      plate 3. Each shaft 5 projects downwardly beneath the corresponding lower
      bearing 7 and its lowermost end has a corresponding substantially
      horizontally extending support 9 rigidly secured to it. Central regions of
      the supports 9 are rigidly secured to the lowermost ends of the shafts 5
      and the opposite ends of said supports have substantially vertically
      extending sleeves rigidly secured to them to afford holders 10 for
      releasable portions of tools 6 such as soil working tines (not
      illustrated) or mowing or cutting members such as those that will be
      described below. The substantially vertical center lines or longitudinal
      axes of the sleeve-like holders 10 are parallel or substantially parallel
      to the axes of rotation that coincide with the longitudinal axes of the
      corresponding shafts 5. The holders 10 afford parts of fastening means by
      which the aforementioned releasable portions of twelve (in the example
      which is being described) tools 6 can quickly and easily be mounted on, or
      removed from, the remainder of the implement or machine.
PAR  When the implement or machine of FIGS. 1 to 6 of the drawings is arranged
      to function as a soil cultivating implement or rotary harrow, the
      releasable portions of the tools 6 will be afforded principally by pairs
      of tines (not shown) having fastening portions releasably fixed in the
      holders 10. Each shaft 5 is provided, inside the hollow frame part 1
      between the corresponding lower and upper bearings 7 and 8, with a
      straight- or spur-toothed pinion 32, the row of 12 pinions 32 having their
      teeth in successively intermeshing relationship so that, during operation,
      each of the 12 shafts 5 will rotate in a direction opposite to that of its
      neighbour or each of its neighbours. However, when the implement or harrow
      is converted for use as a mowing or cutting machine as illustrated in the
      drawings, all of the tines (not shown) are removed and every alternate
      pair of tines is replaced by a cutting or mowing member 11 which comprises
      blades 13 that project substantially horizontally and substantially
      radially with respect to the axis of rotation of the corresponding shaft
      5. Each of the shafts 5 that indirectly carries cutting or mowing members
      11 rotates in the same direction B (FIG. 4) during operation with the
      result that, in a region of overlap between the circles traced by the
      outermost free ends or tips of the blades 13 of neighbouring members 11,
      said blades move in opposite directions. This will be evident from an
      examination of FIG. 4 of the drawings. The leading edge of each blade 13
      with respect to the direction of rotation B is formed as a knife edge 14
      and thus, in the regions of overlap which have just been mentioned, said
      knife edges 14 will move in opposite directions in cutting and chopping
      co-operation. The knife edge 14 at the front of each blade 13 with respect
      to the direction B has its radially outermost end curved rearwardly
      through 90.degree. to merge into the rearmost (with respect to the same
      direction B) edge of the corresponding blade 13 that is not a sharpened
      edge.
PAR  Each cutting or mowing member 11 comprises a circular carrier disc 12 to
      which the corresponding blades 13, of which there are four, are secured in
      cruciform relationship by pairs of bolts 11A. It will be noted from FIG. 4
      of the drawings that each cutting or mowing member 11 is turned angularly
      through substantially 45.degree. around the corresponding axis of rotation
      as compared with its neighbour or both of its neighbours. Six of the 12
      tools 6 are provided with cutting or mowing members 11 and those six
      members 11 are of alternately different constructions. As can be seen best
      in FIG. 3 of the drawings, one member 11 has a single set of four blades
      13 while its neighbour, or each of its neighbours, has two vertically
      spaced apart sets of four blades 13 each. The blades 13 of the member 11
      having only a single set thereof are located at a horizontal level
      substantially midway between the levels corresponding to the sets of
      blades 13 of the or each neighbouring member 11 of that kind. Each cutting
      or mowing member 11 that has only a single set of four blades 13 has its
      single central carrier disc 12, whose diameter is substantially half that
      of the diameter of the circle traced by the tips of the corresponding set
      of blades 13 during rotation, fastened to the lower end of a stub shaft 15
      whose upper end, in turn, is welded or otherwise secured to a central
      region of a substantially horizontally extending strip-shaped support 16.
      Opposite end regions of each strip-shaped support 16 are formed with holes
      through which corresponding bolts 17 are entered, said bolts 17 also being
      passed axially upwards through the pair of holders 10 of the support 9 of
      the corresponding tool 6. Although not absolutely essential, it is
      preferred that each bolt 17 should be surrounded, between the upper
      surface of the corresponding strip-shaped support 16 and the lower end of
      the corresponding holder 10, by a clamping member 18 whose upper end
      tapers conically to match a conical taped formed internally of the lower
      end of the sleeve-like holder 10 in question. A screwthreaded portion at
      the free end of the shank of each bolt 17 receives a co-operating nut 19
      which is of a self-centering construction exhibiting a conical abutment
      face which co-operates with a matching conical abutment face of the mouth
      at the upper end of each holder 10. If desired, the nuts 19 may
      incorporate inserts designed to engage the conical surfaces of the holders
      10 frictionally so as to tend to prevent vibration during operation from
      working the nuts loose. Once the nuts 19 have been tightened, a rigid
      assembly is formed which is very resistant to loosening during operation
      but which can readily be disassembled and/or reassembled when required.
PAR  Each tool 6 whose releasable portions comprise a cutting or mowing member
      11 having two sets of blades 13 has two vertically spaced apart central
      carrier discs 12 that are welded or otherwise rigidly secured to opposite
      end regions of a corresponding stub shaft 20. In order that the lower
      carrier disc 12 shall not prevent installation and removal of the
      corresponding pair of bolts 17, that disc is formed at two locations which
      are diametrically opposite with respect to the corresponding axis of
      rotation with recesses 21 (FIG. 4). In this case, the upper carrier disc
      12 is directly engaged by the heads of the corresponding pair of bolts 17
      and is accordingly formed with a pair of holes corresponding to those at
      opposite end regions of the previously described strip-shaped support 16.
      The releasable co-operation with the fastening means afforded by the
      sleeve-like holders 10 is otherwise similar to that which has been
      described above for each member 11 having only a single set of blades 13.
      The vertical spacing between the two sets of blades 13 of each member 11
      of that kind should not be less than 2 centimeters and not more than 20
      centimeters, the preferred spacing being substantially 5 centimeters at
      which spacing the likelihood of jamming during operation is low while the
      co-operation between the blades 13 of neighbouring members 11 is very
      effective for cutting and chopping operations.
PAR  FIG. 5 of the drawings illustrates an alternative form of releasable
      connection between one of the strip-shaped supports 16 and a co-operating
      holder 10 or, as will be evident from what has been stated above, one of
      the carrier discs 12. In this modification, the support 16 or equivalent
      disc 12 has a fastening pin 23 rigidly secured to it, said pin 23
      projecting from the upper surface of the strip 16 or disc 12 for
      co-operation with the appointed holder 10. As can be seen in FIG. 5 of the
      drawings, the pin 23 is formed, immediately above the support 16 or disc
      12, with a shoulder 24 whose upper end is of frusto-conical configuration
      for co-operation with the internal matchingly shaped surface that is
      formed near the lower end of the bore through the holder 10. Above the
      shoulder 14, the pin 23 is successively formed with a plain shank portion
      25 and a final screw-threaded shank portion 26. The plain portion 25 has
      substantially the same diameter as the internal diameter of the holder 10
      and thus co-operates therewith to stiffen the final assembly, the length
      of said portion 25 not being less than half the axial length of the
      co-operating holder 10. The screwthreaded portion 26 receives a
      self-centring nut 27 which may be of a similar construction to the
      previously described nut 19.
PAR  FIG. 6 of the drawings illustrates a modification in which each of the
      previously described cutting or mowing members 11 is provided with an
      additional group or set of four blades 13 so that alternate members 11
      along the row of six thereof have two vertically spaced apart groups or
      sets of blades 13 and three vertically spaced apart groups or sets of
      blades 13 respectively. The additional groups or sets of blades 13 are
      secured by further bolts 11A to central circular carrier discs 30, those
      discs being secured, in turn, to the overlying carrier discs 12 by bolts
      28 entered through holes 28A (FIG. 4) in said discs 12 and 30. The
      required vertical spacing between the additional sets of blades 13 and
      those that are already provided is attained by surrounding the shanks of
      the bolts 28 by spacing sleeves 29, said spacing, as discussed above,
      preferably having a value of substantially 5 centimeters. It will be
      evident that, if required, one or more further additional sets of blades
      13 could be added to the assemblies thereof that are illustrated in FIG. 6
      in the manner that has been described with reference to that Figure.
PAR  Strip-shaped supports 30A that extend substantially parallel to the
      direction A are fastened to the top of the cover plate 3 by the same small
      bolts as connect that cover plate to the underlying lower portion 2 of the
      frame part 1. There are six of the supports 30A and, as can be seen in the
      drawings, those supports are arranged in substantially vertical register
      with the six shafts 5 whose tools 6 have their tines or other releasable
      portions removed when the soil working implement or rotary harrow is to be
      converted for use as a mowing or cutting machine. It will be noted that
      the small bolts by which the supports 30A are connected to the cover plate
      3 can quickly be removed to allow said supports to be taken off or
      replaced as required. The supports 30A project forwardly in the direction
      A in front of the frame part 1 and the forwardly projecting portion of
      each of them is provided with a corresponding downwardly depending crop
      guide 31 in the form of a flat rectangular plate whose plane is
      substantially parallel to the direction A and whose lowermost and leading
      corner with respect to that direction is of arcuately curved, rather than
      angular, configuration. As seen in plan view (FIG. 4), the rearmost
      extremities of the crop guides 31 with respect to the direction A are
      located behind leading regions of the circles that are traced by the tips
      of the blades 13 during rotation of the cutting or mowing members 11, said
      guides 31 being located, however, substantially in register with and
      closely adjacent to, the regions of overlap between the circles that have
      just been mentioned and that correspond to neighbouring members 11. The
      crop guides 31 between the operative tools 6 substantially prevent cut,
      mown or chopped crop or other material from being displaced too far by the
      rapidly rotating blades 13.
PAR  One of a central pair of the twelve shafts 5 of the single row thereof has
      an upward extension into a gear box 33 that is rigidly mounted on top of
      the frame part 1. The rear of the gear box 33 with respect to the
      direction carries a change-speed gear 34 whose construction it is not
      necessary to describe in detail but which, briefly, comprises
      alternatively employable pairs of toothed pinions, each pair giving a
      different transmission ratio between a rotary input shaft 35 of the gear
      box 33 and the aforementioned upward extension of one of the shafts 5.
      Thus, by employing the change-speed gear 34, different speeds of rotation
      of the shafts 5 can be attained in response to a single input speed of
      rotation applied to the shaft 35. The input shaft 35 projects forwardly
      from the front of the gear box 33 in substantially the direction A and is
      splined or otherwise keyed to enable it to be placed in driven connection
      with the power take-off of an operating agricultural tractor or other
      vehicle through the intermediary of a telescopic transmission shaft 36 of
      a construction that is known per se, having universal joints at its
      opposite ends, in the manner illustrated in outline in FIG. 1 of the
      drawings.
PAR  Leading regions of the end plates 4 of the frame part 1 have corresponding
      arms 37 connected to them by substantially horizontally aligned pivots.
      The plates 4 are sector-shaped and their rearmost ends with respect to the
      direction A are formed with curved rows of holes (FIG. 2) whose centers of
      curvature are coincident with the substantially horizontal pivotal axis
      that has just been mentioned. The arms 37 formed with holes that can be
      brought into register with chosen holes in the end plates 4 and horizontal
      locking pins 38 (FIG. 1) are provided for entry through the holes in the
      arms 37 and chosen holes in the end plates 4 to maintain said arms 37 in
      corresponding angular settings about the aligned pivots at the front of
      the frame part 1. The arms 37 project rearwardly beyond the end plates 4
      and their lowermost and rearmost free ends carry horizontal bearings 40
      between which a rotary supporting member in the form of a roller 41 is
      mounted with the aid of stub shafts 39 that are received in said bearings
      40. The implement or machine bears against the ground surface, during its
      operation, by way of the roller 41. The roller 41 has a central shaft 40A
      that extends between the stub shafts 39 at its opposite ends and said
      central shaft 40A is provided with a plurality, such as six, of vertical
      support plates 41A that are spaced apart from one another at regular
      intervals and whose planes are substantially parallel to the direction A
      and thus substantially perpendicular to the longitudinal axis of the
      central shaft 40A. Elongate elements which are not illustrated in the
      drawings extend between the peripheries of the support plates 41A and may
      be substantially parallel to the shaft 40A or may be wound helically
      around that shaft. A generally triangular coupling memeber or trestle 42
      is secured to the front of the frame part 1 at a location midway across
      the width of the implement or machine, upper portions of said coupling
      member or trestle 42 being rigidly connected to rear regions of the top of
      the frame part 1 by tie bars 43, said tie bars 43 extending rearwardly
      from the coupling member or trestle in steeply divergent relationship as
      seen in plan view (FIG. 1).
PAR  When the implement or machine that has been described is arranged for use
      as a cultivating implement or rotary harrow under which conditions all 24
      of the holders 10 will be provided with corresponding rigid soil-working
      tines (not shown), the soil working members that will then form parts of
      the tools 6 work individual strips of land that overlap one another to
      produce, in effect, a single broad strip of cultivated or harrowed soil.
      Such work is normally undertaken principally in connection with the
      preparation of soil for the sowing of seeds or young plants with the
      results that an implement or harrow is not convertible in accordance with
      the features of the present invention may have only one or two short
      periods of use each year. However, in accordance with the invention, the
      soil cultivating implement or rotary harrow can quickly and easily be
      converted for use as a mowing, cutting and/or chopping machine
      particularly, but not exclusively, suitable for dealing with stalks that
      are left standing in the field after the harvesting of various crops. The
      utility of the implement or machine is thus increased and the cost of a
      machine constructed only to undertake the work which has just been
      mentioned can, in many cases, be entirely avoided. The conversion is
      achieved by removing all of the soil-working tines and equipping alternate
      pairs of holders 10 with cutting or mowing members 11 throughout the
      whole, or only part, of the width of the machine. The soil-working tines
      must be removed from at least three of the tools 6 but it is possible, and
      convenient under some working conditions, to leave some of the tools 6
      still provided with their soil working tines, in contradistinction to what
      has been stated above, so that the implement of machine will be capable of
      mowing, chopping and/or cutting throughout part of its working width while
      still tilling the soil throughout a further part of that working width.
      The blades 13 of neighbouring and co-operating cutting or mowing members
      11 are located at different horizontal levels as illustrated in FIGS. 3
      and 6 of the drawings and it is noted that it is possible to provide each
      member 11 with only a single set of blades 13 of neighbouring members 11
      will be different. The regions of overlap of the circles traced by the
      tips of the blades 13 of neighbouring members 11 during rotation thereof
      are large enough to ensure cutting co-operation between the blades 13 over
      substantially the whole of the length of the knife edge 14 of each blade
      (see FIG. 4). In FIG. 4 of the drawings, the diameter of the circle that
      is traced by the free ends or tips of the blades 13 of each member 11 is
      indicated by the reference d, the distance d preferably having a value of
      substantially 50 centimeters. The extent of the overlap between each
      neighbouring pair of members 11 preferably complies with the formula d/D =
      0.85. As previously mentioned, the implement or machine, when in its
      converted condition, will often be used for the cutting and chopping of
      standing stalks in fields. Such stalks usually stand in rows and it is
      intended that the machine should be steered in such a way that said rows
      extend substantially midway between the axes of rotation of neighbouring
      members 11 and thus in register with the regions of overlap of the blades
      13 of those members. The crop guides 31 reduce lateral displacement of the
      cut and/or chopped stalks to a minimum, the cut and/or chopped stalks or
      other crop being conveyed mainly to the rear of the machine with respect
      to the direction A.
PAR  FIGS. 7, 8 and 9 of the drawings illustrate an embodiment in which, after
      the removal of the soil-working tines, only every third tool 6 of the row
      of twelve thereof is provided with a cutting or mowing member 11. Thus,
      there are two inoperative tools 6 between each pair of operative tools 6
      that is furnished with corresponding cutting or mowing members 11. It will
      be noted that, with this arrangement, there are four members 11 in the
      example illustrated in the accompanying drawings with said members 11
      being disposed in two co-operating pairs, the members 11 of each pair
      rotating in relatively opposite directions which are such that, in the
      regions of overlap between their blades 13, said blades 13 move rearwardly
      with respect to the direction A. In order to provide the required cutting
      effect with this arrangement, two further stationary cutting or mowing
      members 45 are provided for co-operation with the moving blades 13 at
      locations between the two members 11 of each co-operating pair but towards
      the front thereof with respect to the direction A. The further members 45
      are rigidly but releasably secured to a leading region of the frame part 1
      with respect to the direction A by corresponding support brackets 44. Each
      stationary cutting or mowing member 45 is in the form of a horizontally
      disposed triangular blade having the two edges thereof which both have a
      forwardly facing component with respect to the direction A formed as knife
      edges. The corner of the triangle that coincides with the junction between
      the two knife edges is directed fowardly with respect to the direction A
      and is at substantially the same point of progress in that direction as
      are the leading extremities of the circles traced by the tips of the
      blades 13 of the four rotary cutting or mowing members 11 (see FIG. 9).
      Each rotary cutting or mowing member 11 has two sets of blades 13 that are
      vertically spaced apart from one another along a corresponding stub shaft
      20 in the manner that has previously been described. The stationary
      cutting or mowing members 45 are located at horizontal levels midway
      between those of the two sets of blades 13 of each member 11 of each pair
      of such members and it is pointed out that, in this case, the upper sets
      of blades 13 of each pair of members 11 rotate at a single substantially
      horizontal level as do the lower sets of blades 13 of the same pair of
      members 11. As can be seen in FIG. 9 of the drawings, the members 11 in
      the co-operating pairs are angularly displaced from one another by
      substantially 45.degree. around the corresponding axes of rotation so
      that, during operation, the blades 13 intermesh in the regions of overlap
      between the members without fouling one another despite being at the same
      substantially horizontal levels. As in the preceding embodiment, the axes
      of rotation that correspond with the longitudinal axes of the shafts 5 are
      coincident with the longitidinal axes of the stub shafts 20 (and those of
      the stub shafts 15 in the preceding embodiment).
PAR  In the use of the machine when converted in the manner illustrated in FIGS.
      7 to 9 of the drawings, the moving blades 13 co-operate with the knife
      edges of the further stationary members 45 in cutting and chopping
      standing stalks and the like. The use of the construction which has been
      described with reference to FIGS. 7 to 9 of the drawings is particularly
      convenient for the cutting and chopping of the standing stalks of crops
      that are grown in rows with distances of, for example, substantially 75 to
      substantially 100 centimeters between the rows. Cotton, tobacco and maize
      are examples of crops that are usually grown in that manner and the
      converted machine is, accordingly, particularly but not exclusively
      suitable for post-harvest cutting and chopping operations with such crops.
      Crop guides equivalent to the previously described guides 31 are not
      required with the embodiment of FIG. 7 to 9 of the drawings because the
      blades 13 move constantly to the rear with respect to the direction A in
      their regions of co-operation with the members 45 at which cutting and/or
      chopping actually takes place so that automatic displacement of the cut
      and/or chopped stalks or other crop to the rear follows.
PAR  In both of the embodiments which have been described, the levels of the
      cutting or mowing members above the ground can be adjusted as required by
      raising or lowering the level of the axis of rotation of the roller 41
      with respect to the level of the frame part 1. The mowing, cutting and/or
      chopping machine that is produced when a conversion of the kind that has
      been described has been undertaken is capable of dealing with the stalks
      of crops of many kinds and particularly crops such as cabbages and other
      members of the brassica family, cotton, tobacco and maize. The cut-down
      and chopped stalks are brought to a condition in which they can easily be
      buried in the soil and in which they will then decay readily. The speed of
      rotation of the cutting or mowing members 11 can be adjusted for optimum
      efficiency having regard to the crop that is to be dealt with and the
      general operating conditions by employing an appropriate pair of
      co-operating pinions in the change-speed gear 34. When required, the
      cutting and/or chopping capacity of the machine can be increased by
      providing more blades 13 at additional levels as has been described with
      reference to FIG. 5 of the drawings.
PAR  Although various features of the machines or implements that have been
      described and that are illustrated in the accompanying drawings and
      various steps in the conversion of such implements or machines from one
      function to another will be set forth in the following claims as inventive
      features, it is emphasised that the invention is not necessarily limited
      to those features and that it includes within its scope every part of each
      implement or machine that has been described and/or illustrated in the
      accompanying drawings and every step in the methods of conversion that
      have been described and/or illustrated both individually and in various
      combinations.
CLMS
STM  What we claims is:
NUM  1.
PAR  1. A convertible agricultural implement comprising a frame movable over the
      ground and a plurality of substantially horizontal tool supports being
      positioned side-by-side in a row that extends transverse to the normal
      direction of travel, each of said supports being rotatable about a
      corresponding upwardly extending shaft and driving means connected to the
      shafts to rotate adjacent shafts in opposite directions, the opposite ends
      of each of said supports having sleeve-like holders that are releasably
      connectable to downwardly extending soil-working tools, horizontally
      extending cutting blades being secured to the holders of alternate ones of
      said supports to convert the implement from a soil-working implement with
      all supports having tools that work overlapping strips of soil to a
      cutting implement, at least one of said alternate supports having at least
      two sets of cutting blades that are vertically spaced apart from another
      so that the blades of one set project at different horizontal levels than
      the blades of a second set, the length of said cutting blades exceeding at
      least half the distance between those shafts about which said alternate
      supports are rotatable and the outer tips of said blades tracing circles
      that substantially overlap the circles traced by the outer tips of those
      blades on neighboring alternate supports, the blades on neighboring
      alternate supports being positioned to intersect and cooperate with one
      another during cutting operation.
NUM  2.
PAR  2. A convertible implement as claimed in claim 1, wherein a drive
      transmission to said supports includes a change-speed gear that imparts
      different speeds of rotation of said supports.
NUM  3.
PAR  3. A convertible implement as claimed in claim 1, wherein a rotary ground
      engaging supporting member is positioned to the rear of said supports with
      respect to the normal direction of travel, said supporting member being
      pivotably connected to said frame with arms and the positions of said arms
      being adjustable to govern the operative positions of said cutting blades.
NUM  4.
PAR  4. A convertible implement as claimed in claim 1, wherein said cutting
      blades have cutting edges that are rotatable through circular paths that
      overlap each other throughout substantially the whole lengths of said
      edges.
NUM  5.
PAR  5. A convertible implement as claimed in claim 1, wherein a second support
      of two neighboring alternate supports has a single set of blades that
      extends at a level between the two sets of blades that extend at different
      levels on said one support.
NUM  6.
PAR  6. A convertible implement as claimed in claim 1, wherein said one support
      has two sets of blades that extend at two spaced apart levels and are
      positioned to cooperate with three sets of blades that extend at three
      spaced apart levels and are secured to a neighboring alternate support.
NUM  7.
PAR  7. A convertible implement as claimed in claim 1, wherein said shafts are
      spaced apart from one another by about 25 centimeters and there are at
      least four of said supports.
NUM  8.
PAR  8. A convertible implement as claimed in claim 1, wherein further cutting
      elements are rigidly fixed in position on said frame and said further
      elements extending adjacent and between between neighboring cutting
      blades.
NUM  9.
PAR  9. A convertible implement as claimed in claim 8, wherein each further
      element has knife edges positioned between said neighboring cutting
      blades.
NUM  10.
PAR  10. A convertible implement as claimed in claim 8, wherein each further
      element is triangular in configuration when seen in plan view and the apex
      of said element is directed forwardly with respect to the normal direction
      of travel.
NUM  11.
PAR  11. A convertible implement as claimed in claim 1, wherein the leading edge
      of each cutting blade is a knife edge which terminates in and is curved
      adjacent an outer tip.
NUM  12.
PAR  12. A convertible implement as claimed in claim 11, wherein part of the
      knife edge of each blade extends rearwardly with respect to its normal
      direction of rotation.
NUM  13.
PAR  13. A convertible implement as claimed in claim 1, wherein there are four
      cutting blades in each set and the four blades extend in cruciform
      relationship when viewed in plan.
NUM  14.
PAR  14. A convertible implement as claimed in claim 13, wherein each set of
      cutting blades is mounted on a plate and the latter is connected to a
      corresponding shaft.
NUM  15.
PAR  15. A convertible implement as claimed in claim 14, wherein said one
      alternate support is connected to a plurality of plates and each plate has
      a set of four cutting blades.
NUM  16.
PAR  16. A convertible implement as claimed in claim 15, wherein each plate is
      connected by said fastening means to its corresponding support.
NUM  17.
PAR  17. A convertible implement as claimed in claim 16, wherein said fastening
      means includes tine holders at opposite ends of said supports and stub
      shafts are connected to said supports and retained in fixed positions
      relative to said holders by bolts and cooperating clamps.
NUM  18.
PAR  18. A convertible implement as claimed in claim 17, wherein each plate is
      directly secured to a cooperating holder by said bolts and said clamps.
NUM  19.
PAR  19. A convertible implement as claimed in claim 14, wherein each plate is
      circular in configuration and has a diameter about half that of a circle
      traced by said tips of the cutting blades.
NUM  20.
PAR  20. A convertible implement as claimed in claim 1, wherein guides for crop
      are supported on said frame and said guides extend in front of said blades
      with respect to the direction of travel, said guides having guide surfaces
      that extend substantially parallel to said direction.
NUM  21.
PAR  21. A convertible implement as claimed in claim 20, wherein said guides are
      located about midway between neighboring alternate supports.
NUM  22.
PAR  22. A convertible implement as claimed in claim 21, wherein said guides
      have rear ends that are located behind the forward extent of the rotary
      paths of said cutting blades during rotation thereof with respect to the
      normal direction of travel.
NUM  23.
PAR  23. A convertible implement as claimed in claim 22, wherein said rear ends
      are located adjacent the intersection of the circular paths of neighboring
      cutting blades when the implement is viewed in a direction parallel to the
      axes of rotation of said supports.
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ABST
PAL  A low-profile platform scale has a horizontal base, a lower primary
      U-shaped lever, an upper secondary U-shaped lever, a horizontal platform,
      and load cell means mounted on the base. The base has a unitary structure
      including a front pair and a rear pair of modified vertical angle irons
      connected to the ends of a horizontal shallow rectangular tubing and
      supporting short inverted channel irons each with one leg shorter than the
      other, to provide a pair of spaced upstanding portions of the base at the
      central part of the front and rear margins of the base with a portion of
      the short flanges and a portion of the long flanges of the pair of channel
      irons providing mounting means at upper and lower elevations as vertical
      flat surfaces facing the ends of the scale. These flat surfaces are at two
      transverse vertical planes. The lower and upper levers are constructed
      primarily of rectangular tubing connected in a unitary manner with the
      levers pivotally mounted by flexure plates on these vertical surfaces of
      the channel irons of the base with the pairs of lever arms of the levers
      extending in opposite directions to the corner portions of the scale. The
      primary lever has another rectangular tubing in its unitary construction
      as an intermediate arm extending opposite direction to its pair of levers.
      The secondary lever has a short intermediate extension in opposite
      direction to its pair of lever arms and above the intermediate arm of the
      primary lever. That extension is connected by a flexible cable to the
      intermediate arm of the primary lever. The distal end portion of the
      intermediate arm is connected by a flexible cable to the load cell. The
      platform has a unitary construction including a horizontal rectangular
      hollow ring having front and rear portions and end portions, downwardly
      extending vertical angle irons connected to the ring at its corners, front
      and rear rods between and connected to the bottom portions of the vertical
      angle irons, and a pair of tubes at the end portions of the platform
      between and connected to the bottom portions of the angle irons and
      extending below the distal portions of the lever arms of the primary and
      secondary levers. This pair of tubes are connected to the pairs of lever
      arms of the two levers by flexible cables.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This patent application is a continuation-in-part of my patent application
      Ser. No. 511,426, filed Oct. 2, 1974, now U.S. Pat. No. 3,895,595, and
      entitled Low-Profile Platform Scale.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a low-profile platform scale containing levers,
      flexure plates, flexible cables and a load cell.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,658,143 describes and claims the most pertinent scale of
      the prior art. The abstract of the patent states that it is a patent for a
      platform scale "having a simple lever system utilizing flexure plates and
      flexible cables to transmit forces from the platform to a hydraulic load
      cell to produce a hydraulic output signal having a pressure corresponding
      to the weight of an object placed on the platform."
PAR  The construction of the scale of that patent is adequately described in my
      copending patent application mentioned above.
PAC  SUMMARY OF THE INVENTION
PAR  The low-profile platform scale of the present invention has the basic
      construction of the scale claimed in my said copending patent application.
      It is a construction containing a horizontal base, a platform, a pair of
      U-shaped levers, flexure plates, flexible cables or the like, and a load
      cell. As thus broadly stated it is similar to the platform scale of the
      patent mentioned above but it has many differences that are described in
      my said copending patent application.
PAR  The scale of the present invention has the construction claimed in that
      copending patent application, i.e., a platform scale comprising: a
      horizontal base; a primary U-shaped lever; a secondary U-shaped lever; a
      horizontal platform; and load cell means. In the construction the primary
      U-shaped lever has in a unitary construction an elongated mounting member,
      a pair of lever arms extending horizontally from the same side of said
      mounting member adjacent its ends, and an intermediate arm extending
      horizontally from said mounting member in a direction that is normal to
      the longitudinal axis of said mounting member and from the side of said
      mounting member that is opposite to the side from which said pair of lever
      arms extend. The secondary U-shaped lever has in a unitary construction an
      elongated mounting member and a pair of lever arms extending horizontally
      from the same side of said mounting member adjacent its ends, said
      mounting member having an intermediate portion extending horizontally and
      normal to the longitudinal axis from the side of said mounting member that
      is opposite to the side from which said pair of lever arms of said
      secondary lever extend. The scale includes means connected to said base
      and to said mounting member of said primary lever to pivotally mount that
      mounting member at a horizontal axis that is at a lower elevation above
      the central transverse portion of said base, with the longitudinal axis of
      that mounting member at a vertical plane transverse to the longitudinal
      axis of said base and with the distal end portions of said pair of lever
      arms of said primary lever above the front and rear corner portions of one
      end of said base. The scale also includes means connected to said base and
      to said mounting member of said secondary lever to pivotally mount that
      mounting member at a horizontal axis that is at an upper elevation above
      the central transverse portion of said base, with the longitudinal axis of
      that mounting member at a vertical plane transverse to the longitudinal
      axis of said base and passing through said intermediate arm of said
      primary lever, with the said extension of said intermediate portion of
      said mounting member of said secondary lever directly above said
      intermediate arm of said primary lever, and with the distal end portions
      of said pair of lever arms of said secondary lever above the front and
      rear corner portions of the other end of said base. In addition there are
      as a part of the scale: force-transmitting means connected to the corner
      portions of said platform and to the distal end portions of said pairs of
      lever arms of said levers to support said platform above said lever arms;
      and force-transmitting means connected to said intermediate extension of
      said mounting arm of said secondary lever and to said intermediate arm of
      said primary lever. The load cell means are mounted on said base adjacent
      its said other end and below the distal end portion of said intermediate
      arm of said primary lever, and there are force-transmitting means
      connected to said distal end portion of said intermediate arm and to said
      load cell means to provide a stress in said load cell means when said
      intermediate arm is raised.
PAR  The foregoing construction of the platform scale of the invention of said
      copending patent application, that is hereby expressly incorporated in
      toto by reference as a part of the present application, is exemplified in
      that patent application by a specific embodiment of construction that was
      the preferred embodiment. That disclosed embodiment of construction had,
      as the means connected to said base and to said mounting members of said
      primary and secondary levers for the pivotal mounting of the levers, front
      and rear upstanding portions at the central part of the front and rear
      margins of the base. These upstanding portions have vertical flat surfaces
      at upper and lower elevations facing opposite ends of the scale. The
      mountings means further included a pair of flexure plates mounted on those
      vertical faces and connected to the primary and secondary levers for
      pivotal mounting. This horizontal base of the preferred embodiment
      disclosed in said copending patent application includes these front and
      rear upstanding portions as a cast and appropriately machined article of
      manufacture. To provide the required rigidity to these upstanding portions
      the horizontal base is required to have integral gussets from the
      upstanding portions to the horizontal portion of the base, i.e., grid
      members that are interconnected by a grid construction of the base as the
      horizontal portion of the base.
PAR  Similarly, the platform in that preferred embodiment is disclosed as having
      an unitary grid construction from which legs extend downwardly at the
      corners and these legs at their bottom have horizontal extensions to which
      the distal ends of the arms of the levers are connected by flexible
      cables. In addition the platform required gussets integral with the
      vertical portion of the feet and their horizontal extensions to provide
      structural rigidity.
PAR  It was contemplated in this preferred embodiment of construction of the
      scale of the invention of said copending patent application that the base
      and the platform as well as the primary and secondary levers would be made
      as cast articles that would be properly machined to provide the required
      flat surfaces. However, such specific construction is costly especially
      when it is desired to have a family of platform scales of the invention of
      said copending patent application.
PAR  In view of the foregoing disadvantages of the specific embodiment of
      construction of the scale disclosed and claimed in my said copending
      patent application the construction was modified to avoid a casting of
      components of the scale but still provide adequate rigidity and yet would
      be suitable to construct a family of low-profile scales having different
      ranges of weight capacity. The modified construction is the low-profile
      platform scale of the present invention that is described below.
PAR  The low-profile scale of the present invention has the construction
      described above as claimed in said copending patent application, in which
      some components are made from commercially available products,
      specifically tubes, channel irons and angle irons. As a result it is
      relatively easy to fabricate these components from the commercially
      available products for the family of platform scales by choosing from
      available products those having suitable dimensions.
PAR  For example, the base of the scale uses in its construction a shallow
      rectangular tubing and two pairs of angle irons that are united to the
      rectangular tubing at its ends to provide the upright portions of the
      base. In this construction each of the angle irons has an end portion of
      one of its flanges removed so that the end portion of one flange abuts one
      end of the shallow rectangular tubing while the other shorter flange
      extends inwardly above and upwardly from the top wall of the shallow
      rectangular tubing. These modified angle irons have their shorter flanges
      welded to the top surface of the shallow rectangular tubing and the
      unmodified flanges have their abutting end portions secured to the ends of
      the top and bottom walls of the shallow rectangular tubing, preferably
      also by welding for a simplified fabrication. When the shallow rectangular
      tubing is horizontal, as is the case when used in the scale, these pairs
      of angle irons extend vertically upward and the rectangular tubing is
      disposed so that its ends are at the front and rear portions of the scale.
      Thus one pair of the angle irons are at the front portion of the base and
      the other pair of angle irons are at the rear portion of the base. The
      rectangular tubing is easily cut, if necessary, to the proper length with
      its ends squared so that they are parallel to each other and thereby the
      vertical angle irons of each pair have their unmodified flanges parallel
      to each other to the other pair. The angle irons of each pair are spaced
      from each other for the reason described later, and they and the shallow
      rectangular tubing are at the central transverse portion of the base. A
      short inverted channel iron is mounted on the top of each pair of angle
      irons and secured to the top ends of the flanges of these angle irons by
      welding. Each channel iron has one leg shorter than the other. These legs
      are secured to the upper portion of the distal edge of the unmodified
      flange of the angle irons of the pair on which the channel iron is
      mounted. These legs have at least their bottom outer surface portions
      machined to provide vertical flat surfaces for the mounting of flexure
      plates on which are mounted the levers. The flat surfaces of the longer
      legs are coplanar. The flat surfaces of the shorter legs are coplanar. The
      base further includes horizontal elongated angle irons that are at the
      front and rear of the base and that are secured at these vertical flanges
      to the vertical angle irons secured to the ends of the shallow rectangular
      tubing. These horizontal angle irons extend beyond the shallow rectangular
      tubing to the four corner portions of the scale to provide by their
      horizontal flanges a mounting at those corner portions of adjustable
      screws for leveling of the scale.
PAR  The construction of the levers of the scale of the present invention also
      uses for each lever a number of commercially available products that are
      combined to form each lever. Most of these products are rectangular tubes
      as seen in the description that follows.
PAR  The primary U-shaped lever includes in its unitary construction a
      horizontal elongated rectangular tube as the mounting member, a pair of
      rectangular tubes as the pair of lever arms of the primary lever, and a
      rectangular tube as the intermediate arm of the primary lever. One of the
      ends of each of the pair of rectangular tubes abuts and is welded to the
      same side of the horizontal elongated rectangular tube to extend
      horizontally from that side of the elongated rectangular tube adjacent its
      ends. The intermediate rectangular tube abuts and is welded to the other
      side of the elongated rectangular tube and extends horizontally from it in
      a direction that is normal to the longitudinal axis of the elongated
      rectangular tube. The side of the elongated rectangular tube from which
      the pair of rectangular tubes extend has its ends machined to provide
      coplanar vertical flat surfaces and those ends are beyond the pair of
      rectangular tubes. These ends do not have the top wall and the top portion
      of the side walls of the rectangular tube. In the assembled scale those
      ends extend below the pair of inverted channel irons of the base and have
      their vertical flat surfaces below and coplanar with the vertical flat
      surfaces of the long legs of the two inverted channel irons of the base.
      On these vertical flat surfaces are mounted flexure plates that are also
      connected to the flat surface portions of these long legs of the inverted
      channel irons of the base. Thus the pivotal mounting of the primary lever
      is at the common fulcrum axis of these two flexure plates. This axis is at
      a lower elevation and is normal to the longitudinal vertical plane of the
      scale.
PAR  The secondary U-shaped lever includes in its unitary construction a
      horizontal elongated rectangular tube as a mounting member, a pair of
      rectangular tubes as the pair of lever arms of the secondary lever, and
      means extending horizontally from the intermediate portion of the
      elongated rectangular tube. One of the ends of each of the pair of
      rectangular tubes abuts and is welded to the same side of the horizontal
      elongated rectangular tube to extend horizontally from that side of the
      elongated rectangular tube adjacent its ends. The means extending from the
      intermediate portion of the rectangular tube abuts and is welded to the
      other side the elongated rectangular tube and that means extends
      horizontally from that tube in a direction that is normal to the
      longitudinal axis of the elongated rectangular tube.
PAR  For the secondary lever the side of the elongated rectangular tube from
      which the pair of rectangular tubes extend has its ends machined to
      provide coplanar vertical flat surfaces and those ends are beyond the pair
      of rectangular tubes. These ends do not have the top wall and the top
      portion of the side walls of the rectangular tube. In the assembled scale
      those ends extend below the pair of inverted channel irons of the base and
      have their vertical flat surfaces below and coplanar with the vertical
      flat surfaces of the short legs of the two inverted channel irons of the
      base. On these vertical flat surfaces are mounted flexure plates that are
      also connected to the flat surface portions of these short legs of the
      inverted channel irons of the base. Thus the pivotal mounting of the
      primary lever is at the common fulcrum axis of these two flexure plates.
      This axis is at an upper elevation and is normal to the longitudinal
      vertical plane of the scale. The means extending from the other side of
      the elongated rectangular tube is constructed to provide adjustable
      mounting of a ferrule to which one end of a flexible cable is secured
      while the other end of the cable is secured below to a ferrule mounted on
      the rectangular tube, that is the intermediate arm of the primary lever,
      at an intermediate position along its length.
PAR  The platform of the scale of the invention is still another one of the
      components of the scale, that is constructed from products that are
      commercially available with different dimensions. The platform includes a
      horizontal rectangular ring, preferably constructed from a length of a
      rectangular tube, a set of two pairs of vertical legs, each having at
      least two flanges normal to each, a pair of horizontal connecting rods,
      and a pair of horizontal members such as tubes, preferably rectangular
      tubes. This set of two pairs of vertical legs are welded at their top ends
      to the rectangular ring at its four corner portions and extend downwardly
      with one of the flanges of each of the four legs being parallel to the
      longitudinal axis and with the pair of horizontal tubes welded at their
      ends to those of these flanges that face each other. The connecting rods
      are connected at their ends to the second of these flanges of the legs so
      that one of the rods extends between the two front legs and the other
      extends between the two rear legs. The pair of horizontal members extend
      from and connect the front legs to the rear legs. One of the pair of
      horizontal members is at an upper elevation and the other one is at a
      lower elevation of the bottom portion of the legs.
PAR  The two horizontal members of the platform, that are connected at different
      elevations, are below the distal end portions of the lever arms of the
      primary and secondary levers. The horizontal member of this pair that is
      at the lower elevation is below the arms of the primary lever while the
      horizontal member at the upper elevation is below the arms of the
      secondary lever. On these distal end portions of the arms of the two
      levers are mounted an upper ferrule while a lower ferrule is mounted on
      the horizontal member directly below. Each of the sets of these two
      ferrules is part of an assembly with a flexible cable having its ends
      connected to an upper ferrule and to a lower ferrule so that a downward
      force by the platform is applied to the two arms of each of the levers
      through the two assemblies of the upper and lower ferrules and flexible
      cable. For each assembly the upper ferrule is mounted so that the position
      at which the cable extends downwardly from the upper ferrule is at the
      same horizontal plane as the fulcrum axis of the associated lever. Also
      each of the lower ferrules of the assemblies is mounted on the associated
      horizontal member connected to two legs of the platform in a manner such
      that with the elevation of that horizontal member the length, i.e., the
      pendulum length, of the flexible cable is the same for all four flexible
      cables.
PAR  The scale includes another assembly of two ferrules and flexible cable. The
      upper ferrule is adjustably mounted on means extending from the secondary
      lever and the lower ferrule is mounted on the intermediate arm of the
      primary lever, i.e., is mounted on its intermediate rectangular tube. The
      two end portions of the flexible cable of this assembly are connected to
      these ferrules. The lower ferrule is mounted so that the position at which
      the cable extends upwardly from that ferrule is at horizontal plane
      containing the fulcrum axis of the primary lever.
PAR  The load cell of the scale is supported by and within an inverted channel
      iron that is securely mounted on the shallow rectangular tubing of the
      base. The load cell is located below the intermediate arm of the primary
      lever. The two ends of the vertical flexible cable of another assembly of
      upper and lower ferrules and cable are connected to the two ferrules. The
      lower ferrule is secured to the load cell. The upper ferrule is mounted on
      the distal end portion of the intermediate rectangular tube of the primary
      lever so that the position at which the flexible cable extends downwardly
      from the upper ferrule is also at the horizontal plane containing the
      fulcrum axis of the primary lever.
PAR  In view of the construction of the scale of the invention the addition of a
      weight on the platform provides a downward force from the horizontal tubes
      connected to the legs of the platform through the flexible cables to the
      distal end portions of the pairs of lever arms. This downward force on the
      pair of lever arms of the primary lever produces an upward force on the
      end of the intermediate arm. The downward force on the pair of arms of the
      secondary lever provides an upward force on its intermediate extension.
      That force is transmitted by the flexible cable to the intermediate arm of
      the primary lever. The combination of these two components of upward force
      is transmitted by the distal end portion of the intermediate arm of the
      primary lever to the load cell producing an analog signal in the load cell
      that can be converted to the digital value by one of a number of
      analog-to-digital conversion systems. Such conversion systems are well
      known in the art.
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PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a front elevation of the preferred embodiment of the platform
      scale of the present invention, with the platform cover sheet partially
      broken away, with a part of the skirt around the sides of the scale shown
      in section, without the adjustable feet mounted on the base of the scale
      to support it in a level manner for use, and with a horizontal angle iron
      of the base broken away.
PAR  FIG. 2 is a longitudinal section of the scale without the skirt and the
      adjustable feet.
PAR  FIG. 3 is a cross section of the scale, partially broken away, taken along
      the line 3--3 of FIG. 1.
PAR  FIG. 3a is a cross section, taken along the line 3 a--3a of FIG. 3, of the
      front arm of the primary lever showing its connection by the assembly of
      the upper eccentric ferrule, the flexible cable and the lower ferrule to
      one end portion of one of the horizontal members of the platform.
PAR  FIG. 3b is a cross section, taken along the line 3 b--3b, of the rear arm
      of the primary lever showing its connection by the assembly of the upper
      centered ferrule, the flexible cable and the lower ferrule to the other
      end portion of the same horizontal member of the platform.
PAR  FIG. 4 is a cross section of the scale, partially broken away, taken along
      the line 4--4 of FIG. 1.
PAR  FIG. 5 is a cross section partially broken away, taken along the line 5--5
      of FIG. 1 without the skirt.
PAR  FIG. 6 is a fragmentary cross section, taken along the line 6--6 of FIG. 1
      showing one of the flexure plate mountings of the secondary lever to one
      of the front pair of vertical angle irons of the base.
PAR  FIG. 6a is a fragmentary cross section, taken along the line 6 a--6a of
      FIG. 6.
PAR  FIG. 7 is a fragmentary cross section, taken along the line 7--7 of FIG. 1,
      showing one of the flexure plate mountings of the primary lever to the
      other of the front pair of vertical angle irons of the base.
PAR  FIG. 7a is a fragmentary cross section, taken along the line 7 a--7a of
      FIG. 7.
PAR  FIG. 8 is a top plan of the scale showing only portions of the platform
      sheet and that is broken away to show the construction of the primary and
      secondary levers.
PAR  FIG. 8a is a fragmentary cross section, taken along the line 8 a--8a of
      FIG. 8, showing the connection of the intermediate arm of the primary
      lever to the load cell.
PAR  FIG. 8b is a fragmentary gross section, taken along the line 8 b--8b of
      FIG. 8, showing the connection of the secondary lever to the primary
      lever.
PAR  FIG. 9 is the bottom plan of the platform that is partially broken away.
PAR  FIG. 10 is a top plan of the primary lever of the scale.
PAR  FIG. 11 is a top plan of the secondary lever of the scale.
PAR  FIG. 12 is a top plan, partially broken away, of the base of the scale
      without the pair of horizontal angle irons.
PAR  FIG. 13 is a fragmentary cross section of the primary lever, taken along
      the line 13--13 of FIG. 11.
PAR  FIG. 14 is a fragmentary cross section of the primary lever, taken along
      the line 14--14 of FIG. 13.
DETD
PAC  DETAILED DESCRIPTION
PAR  As seen in FIG. 1, the preferred embodiment of the scale generally
      indicated at 16 includes a base generally indicated at 17, a lower primary
      U-shaped lever generally indicated at 18, an upper secondary U-shaped
      lever generally indicated at 19, a platform generally indicated at 20, a
      platform sheet 21, and a skirt 21'.
PAR  The base 17 has a unitary construction including, as seen in FIGS. 1, 5, 8
      and 12, a shallow rectangular tubing 22, a front pair of vertical angle
      irons 23 and 24, a rear pair of vertical angle irons 25 and 26, front and
      rear horizontal angle irons 27 and 28, a horizontal inverted channel iron
      29, and a pair of front and rear short inverted channel irons 30 and 31
      that are mounted on the front pair of angle irons 23 and 24 and on the
      rear pair of angle irons 25 and 26, respectively. The open ends of tubing
      22 are square at planes parallel to each other. One open end of tubing 22
      is at the front portion of base 17. The front pair of vertical angle irons
      23 and 24 are spaced from each other and are welded to the bottom and top
      walls of tubing 22 at its front end. The rear pair of angle irons 25 and
      26 are similarly spaced from each other and welded to the rear end of
      tubing 22. The angle irons 23 through 26 extend above tubing 22 to a
      horizontal plane that passes through the top portion of secondary lever
      19.
PAR  The load cell 33 (FIG. 2) is supported by screws (not shown) in holes 34 in
      the top wall of inverted channel iron 29 and load cell 33 is spaced from
      that wall by a mounting block 35. The top wall of shallow rectangular
      tubing 22 has a large top circular recess 36 adjacent the front end of
      tubing 22 (FIGS. 8 and 12). In recess 36 there is a number of threaded
      (not numbered) holes drilled in that area for mounting in recess 36 a
      level-indicating device (not shown).
PAR  The inverted channel iron 29 is welded at one end to one side of tubing 22
      and extends toward one end of scale 16. The front horizontal angle iron 27
      is welded to the front surface of the bottom portion of angle irons 23 and
      24 and extends beyond tubing 22 to the front corner portions of scale 16.
      The rear horizontal angle iron is similarly connected to angle irons 25
      and 26 and extends to the rear corner portions of scale 16. The angle iron
      27 has its horizontal flange extending forwardly while angle iron 28 has
      its horizontal flange extending rearwardly.
PAR  The web (not numbered) of short inverted channel iron 30 is mounted on and
      welded to the top of angle irons 23 and 24 and short inverted channel iron
      30 includes with the web a long flange and a short flange (both not
      numbered) that abut those flanges of angle irons 23 and 24 that abut the
      front end of tubing 22. As seen in FIG. 1 the bottom portion of the long
      flange of channel iron 30 is machined to provide a vertical flat surface
      46. That portion is shown as an offset due to the removal of material to
      provide flat surface 46. The short flange of channel iron 30 is similarly
      machined but its length is sufficiently short so that essentially the
      entire length of the outer surface is machined to provide a vertical flat
      surface 47. These vertical flat surfaces 46 and 47 are parallel to each
      other. The short inverted channel iron 31 is similarly constructed with
      vertical flat surfaces 48 and 49. The channel iron 31 is mounted and
      welded on the top of angle irons 25 and 26 with its long flange at
      transverse vertical plane containing the long flange of channel iron 30
      and with the short flange at the transverse vertical plane containing the
      short flange of channel iron 30. The vertical flat surfaces 46 and 48 of
      the long flanges of channel irons 30 and 31 are coplanar. The vertical
      flat surfaces 47 and 49 of the short flanges of channel irons 30 and 31
      are coplanar. The distal end of each of the long flanges is above and
      adjacent the fulcrum axis of the primary lever while the distal end of the
      short flanges is above and adjacent the fulcrum axis of the secondary
      lever.
PAR  The lower primary U-shaped lever 18 has, in a unitary construction, a pair
      of arms 72 and 73 that extend from the same side of an elongated member 74
      adjacent to its end portions 75 and 76, respectively. In this unitary
      construction lever 18 further includes an intermediate arm 77 that extends
      from the other side of elongated member 74 in a direction opposite to
      lever arms 72 and 73. The top horizontal surfaces of arms 72, 73 and 77
      and elongated member 74 have their top surfaces coplanar. In this
      preferred construction lever arms 72 and 73, elongated member 74, and
      inermediate arm 77 are rectangular tubes with one end of each of arms 72
      and 73 and arm 77 welded to the side walls of tube 74.
PAR  The end portion 76 of elongated member 74, that extends beyond lever arm
      72, is U-shaped. It does not have the top wall and upper portion of side
      walls of the tubular member 74 between the end portions. The channel walls
      have their top edges slightly below the midpoint of the height of tubular
      portion of elongated member 74 from lever arm 72 to lever arm 73, so that
      the fulcrum axis of lever 18 is slightly above this top surface of the
      channel shaped end portion. The surface of the side wall of end portion
      76, that faces in the same direction as lever arm 72, is a vertical flat
      surface 82 that is parallel to the vertical plane containing the
      longitudinal axis of elongated member 74. The end portion 75 is similarly
      constructed and has its vertical flat surface 83 coplanar with surface 82
      of end portion 76. The distal end portions of arms 72, 73 and 77 are
      provided with slightly countersunk vertical holes (not numbered).
PAR  The upper secondary U-shaped lever 19 has, also in a unitary construction,
      a pair of arms 84 and 85 extending horizontally in the same direction from
      an elongated member 85' adjacent its end portions 86 and 87, respectively.
      The lever 19 has a short intermediate extension instead of an intermediate
      arm like arm 77 of lever 18. This intermediate short extension comprises a
      U-shaped bracket 88 that is welded to the side wall of elongated member
      85' opposite to the side wall to which one end of lever arms 84 and 85 are
      welded. The lever arms 84 and 85 and elongated member 85' are rectangular
      tubes. The outside surfaces of top walls of lever arms 84 and 85 and
      elongated member 85'  are coplanar. The end portions 86 and 87 are
      constructed in the manner described above for end portions 75 and 76 of
      lever 18. Thus they have coplanar vertical flat surfaces 90 and 91
      parallel to the longitudinal axis of member 85' and facing the same
      direction as arms 84 and 85 extend. The distal end portions of lever arms
      84 and 85 are provided with slightly countersunk vertical holes (not
      numbered).
PAR  The primary lever 18 is mounted on the long flange of channel irons 30 and
      31 by a pair of flexure plates 94 and secondary lever 19 is mounted on the
      short flange of channel irons 30 and 31 by a pair of flexure plates 95 of
      the same construction as flexure plates 94. Illustratively for weighing a
      load of 25 pounds these flexure plates have a thickenss of 0.006 inch and
      use spring steel. Each of these four flexure plates has four holes located
      in a rectangular pattern so that there are two holes on each side of and
      equally spaced from the center longitudinal line of the flexure plate.
      Each of the four holes is an equal distance from the central transverse
      line at which are located smaller holes having for each a center at a line
      that passes through the centers of two of the larger holes and parallel to
      the central longitudinal axis that is the flexure axis, i.e., fulcrum
      axis, of primary lever 18 or secondary lever 19, as the case may be.
PAR  As best seen in FIGS. 6 and 7 for angle irons 23 and 24, each of these
      vertical angle irons and vertical angle irons 25 and 26 has one flange
      abutting an end of shallow rectangular tubing 22 while the other flange of
      each angle iron extends inwardly and has its bottom portion removed. This
      other flange of these angle irons rests on the top wall of tubing 22 and
      is welded to it while the top wall of these angle irons by both of their
      flanges support channel irons 30 and 31.
PAR  The vertical flat surfaces 46 through 49 of the long and short flanges of
      channel irons 30 and 31 and the vertical flat surfaces 82, 83, 90 and 91
      of end portions 75 and 76 of lever 18 and of end portions 86 and 87 of
      lever 19 are each provided with a pair of horizontal threaded holes and
      between them a smaller hole, with the three holes being in horizontal
      alignment and spaced from one another in the same manner as either of the
      three holes on opposite sides of the central line of each of the flexure
      plates. The top portion of each of the two plates 94 are mounted in
      abutment with flat surfaces 46 and 48 of the long flanges of inverted
      channel irons 30 and 31, while the bottom portion of each is mounted in
      abutment with flat surfaces 82 and 83 of end portions 76 and 75,
      respectively, of lever 18. The end portions 75 and 76 of lever 18 are
      spaced from and below the long flanges of channel irons 30 and 31. This
      mounting of flexure plates 94 is provided by screws 96 that pass through
      the larger holes in a pair of mounting clips 97 that abut the outer top
      portion of flexure plate 94 or the bottom portion of flexure plate 94 with
      the pair of mounting clips 97 spaced from the central line, i.e., flexure
      axis, of the flexure plate 94. Thus there are four mounting clips for
      mounting lever 18. Each of these clips 97 has these two larger holes on
      either side of the center line of the flexure plate and has an
      intermediate smaller hole positioned as in the case of either smaller hole
      of either flexure plate 94 for mounting end portion 75 or 76 of lever 18.
      By this construction flexure plates 94 are securely mounted on lever 18
      and on the long flanges of channel irons 30 and 31 of base 17 for pivotal
      mounting of lever 18 below and above the flexure lines of plates 94. These
      flexure lines are coaxial and horizontal.
PAR  The lever 19 is similarly mounted for pivotal movement by the pair of
      flexure plates 95 on the short flanges of channel irons 30 and 31 of base
      17 using four mounting clips 97 and eight screws 96.
PAR  The two smaller holes in each of flexure plates 94 and 95, the smaller hole
      in each of mounting clips 97, and those in end portions 75 and 76 of lever
      18 and in end portions 86 and 87 of lever 19, as well as those in the long
      and short flanges are present for the placement of pins 98 used when
      assembling the components of scale 16.
PAR  The platform 20 is a unitary construction that includes a horizontal
      rectangular ring generally indicated at 99 (FIG. 9) having a front portion
      100, a rear portion 101 and end portions 102 and 103. Between and spaced
      from portions 100 and 101 and on opposite sides of the longitudinal axis
      of platform 20 are elongated members 108 and 109 that are connected at
      their ends to end portions 102 and 103 of ring 99 to insure a rigid
      construction of this upper portion of platform 20. The platform 20 also
      has vertical legs 110 through 113 that extend downwardly. One pair of
      these legs, namely legs 110 and 111, depends from and are connected to the
      front corner portions of ring 99 while the other pair depends from and are
      connected to the rear corner portions of ring 99. The platform 20 has
      front and rear horizontal connecting rods 114 and 115 that are connected
      at their ends to the bottom portion of legs 110 and 111 and of legs 112
      and 113, respectively. In addition, at the end portions of platform 20,
      there are horizontal members 116 and 117. The member 116 is connected to
      the bottom portion of legs 110 and 112 while member 117 is connected to
      the bottom portion of legs 111 and 113.
PAR  The ring 99, elongated members 108 and 109, and members 116 and 117 are
      constructed in this preferred embodiment of rectangular tubing. The legs
      110 through 113 are constructed in the preferred embodiment of members
      having two flanges normal to each other, such as angle irons and channel
      irons. Angle irons are adequate to provide with connecting rods 114 and
      115 and members 116 and 117 a rigidity of the legs to maintain members 116
      and 117 at vertical planes transverse to and a fixed distance from the
      longitudinal axis of platform 20. One of these two flanges of each of legs
      110 through 113 is at a vertical plane transverse to the longitudinal axis
      of platform 20 while the other flange is parallel to that longitudinal
      axis. The connecting rod 114 is connected to the flange of each of front
      legs 110 and 111 that are at transverse planes while the flanges of front
      legs 110 and 111 and rear legs 112 and 113 that are parallel to the
      longitudinal axis of platform 20 and connected to them are the front and
      rear ends of horizontal members 116 and 117. The member 116 is at an upper
      elevation while the member 117 is at a lower elevation for the reason
      described below.
PAR  The legs 110 through 113 are located as a part of platform 20 so that
      members 116 and 117 are below the distal end portions of lever arms 84 and
      85 of secondary lever 19 and below lever arms 72 and 73 of primary lever
      18, respectively. The member 116, that is at the upper elevation, of
      members 116 and 117, is spaced below distal arms 84 and 85 the same
      distance that member 117, that is at the lower elevation, is spaced below
      arms 72 and 73.
PAR  The members 116 and 117 have vertical holes (not numbered) that are in
      vertical alignment with the vertical holes in brazed bushings (not
      numbered) mounted in the distal end portions of arms 72, 73, 84 and 85 as
      described later. The connecting rods 114 and 115 and members 116 and 117
      serve the function of gussets connected to the legs and to the upper part
      of the platform of the construction of the embodiment disclosed in said
      copending patent application. The members 116 and 117 provide the four
      feet in the structure of that embodiment. Each of members 116 and 117
      provides means of connecting platform 20 to the distal end portions of
      arms of one of the levers. Because of this construction other gussets used
      with the feet in the construction of the embodiment in said copending
      application are also unnecessary.
PAR  Through the distal end portion of intermediate arm 77 of lever 18 there is
      a slightly countersunk vertical hole (not numbered) in which is fixedly
      mounted, by brazing, a bushing (not numbered) having inserted in its
      vertical hole an adjust bushing (not numbered) having a threaded vertical
      hole and a central annular recess, i.e., a portion of reduced diameter,
      and a top portion of larger diameter that rests on the brazed bushing.
      Mounted in this threaded hole is one of five flexible cable ferrules 122
      (FIG. 2). The adjust bushing can be turned by loosening screws 123 that
      are in threaded holes in the central portion of smaller diameter of the
      brazed bushing so that a ferrule 122 can be adjusted up or down when it is
      necessary without turning flexible cable 124 that has its top end portion
      secured in the vertical hole of ferrule 122. This vertical adjustment of
      ferrule 122 without twisting of cable 124 occurs during the horizontal
      orientation of arm 77 as seen later. When that connection and adjustment
      is completed screws 123 are turned into abutment with the central recess
      portion of the adjust bushing so that it is fixed in position relative to
      the brazed bushing fixedly mounted on arm 77. A lock nut (not numbered),
      see FIG. 8a, secures ferrule 122 to the adjust bushing.
PAR  Each of lever arm 72 of lever 18 and lever arm 85 of lever 19 has mounted
      on their slightly countersunk vertical holes at the distal end portions a
      bushing (not numbered) that is brazed to the associated arm to be fixed in
      position. The top portion of this bushing has a larger diameter than the
      bottom portion. The top portion fits partially in the countersunk part of
      the vertical hole. The bottom portion extends below the top wall of the
      lever arm and its bottom end portion has radial threaded holes in which
      are located screws 123 that engage an annular recess portion of another
      ferrule 122 that extends through the brazed bushing and that has an upper
      portion with a sufficiently large diameter to abut the top of the brazed
      bushing in the arm of the lever. These ferrules are fixed in position by
      screws 123 engaging the annular recess portion of each ferrule 122.
PAR  In each of the slightly countersunk holes in arms 73 and 84 of lever 18 and
      19 are mounted bushings as described above for the bushings in arms 72 and
      85. These two bushings are also brazed to their associated arms. The
      ferrules 122 that are mounted in the bushings of arms 73 and 84 have
      centered holes from one end to the other. In each of these centered holes
      is secured the upper end portion of a flexible cable 124. Each of ferrules
      122 that are mounted in bushings on arms 72 and 85, have a hole that
      extends from one end to the other but it is offset from the longitudinal
      axis of ferrule 122 to provide an eccentric mounting of the upper portion
      end of flexible cables 124 for their connection to arms 72 and 85 of
      levers 18 and 19. With this construction of connecting the top ends of
      cables 124 to arms 72 and 85 the top ends of these cables 124 can be moved
      for adjustment by rotating ferrules 122 after loosening screws 123, that
      engage the annular recess portions of ferrule 122. This adjustment is made
      as a part of the adjustment of scale 16 in essentially the same manner as
      the scale of the embodiment described in said copending application. These
      constructions of centered and eccentric mounting of ferrules 122 on arms
      73 and 84 and on arms 72 and 85, respectively, are shown in FIGS. 3b and
      3a, respectively.
PAR  The U-shaped bracket 88 that is welded to one side wall of elongated member
      85'  of upper lever 19 is located above intermediate arm 77 of lower lever
      18. The bracket 88 has horizontal angular extensions from the distal
      portion of its vertical flanges and angular extensions have coplanar flat
      top surfaces that are preferably coplanar with the top surface of
      elongated member 85'. A mounting sled 128 has a bottom portion 128' that
      is U-shaped with its vertical flanges of lesser depth than those of
      bracket 88 so that the web of portion 128' of sled 128 is spaced above the
      web of bracket 88. The portion 128' of sled 128 has angular extensions
      from distal ends of its vertical flanges. These angular extensions rest on
      those of bracket 88. These horizontal angular extensions of portion 128'
      have elongated slots (not numbered) through which pass screws (not
      numbered) that extend into vertical threaded holes (not numbered) in the
      angular extensions of bracket 88 to prevent movement of sled 128 relative
      to bracket 88.
PAR  The sled 128 also has a plate 129 welded on these angular extensions of
      portion 128'. The plate 129 extends beyond portion 128' and beyond the
      distance that bracket 88 extends from member 85' (FIG. 8b). The plate 129
      has a vertical hole that is mostly beyond that end of bracket 88. The web
      of portion 128' has a downwardly turned extension at the end that is
      remote from member 85'. The vertical surface (an extension of the top
      surface of the web) of that downwardly turned portion of the web is at a
      vertical plane containing the center of the hole of plate 129 and in
      alignment with that center the surface of the downwardly turned extension
      of the web has a vertical notch. A pair of threaded horizontal holes (not
      numbered) are in this downwardly turned extension of the web of portion
      128' of sled 128 and these holes are on opposite sides of the vertical
      notch. The other end of the web of portion 128' has an upwardly turned
      extension that has a pair of spaced horizontal holes (not numbered) also
      on opposite sides of the longitudinal plane of sled 128. One of these
      holes is threaded. Screws 132 extend through these holes. The screw 132
      that extends through the threaded hole abuts the adjacent side wall of
      elongated member 85' while the other screw 132 is threaded into a hole in
      that side wall of member 85' as seen in FIG. 2.
PAR  A pair of screws 132' extend through holes in a clamp member 133 mounted on
      the downwardly turned extension of the web of portion 128' and screws 132'
      extend in threaded holes in that downwardly turned extension. The clamp
      member 133 has a vertical notch facing the vertical notch on the
      downwardly turned web extension of portion 128'. This pair of notches
      provides a vertical opening through which passes a cable 124. The top end
      portion of that cable is secured in a vertical hole of a cable ferrule 139
      that is threaded into a bushing (not numbered) that is mounted on plate
      129 and extends through its hole mentioned above. That bushing has a
      central annular recess and screws (not shown), in threaded horizontal
      holes of plate 129 that are 90.degree. from each other and are at the
      radii of that hole of plate 129, engage the bushing at that annular
      recess. After the scale has been adjusted, screws 132' have clamp member
      133 abutting the downwardly turned flange of the web of portion 128' of
      sled 128 to clamp cable 124 tightly in position. At this time the screws
      through the horizontal angular extensions of the flanges of portion 128'
      tightly engage these extensions against bracket 88 to prevent movement of
      sled 128 relative to bracket 88. At that time also one of screws 132 abuts
      member 85' and the other is adjustably threaded into member 85' so that
      sled 128 is accurately spaced from member 85' for the proper location of
      the top part of cable 124.
PAR  An adjustment bushing 137 having a top end of larger diameter and an
      intermediate annular recess is mounted on plate 129 at its vertical hole.
      The bushing 137 extends below plate 129. The annular recess of bushing 137
      is in alignment with horizontal threaded holes in plate 129 that extend to
      the vertical hole and screws (not numbered) engage bushing 137 at its
      annular recess.
PAR  The bottom end portions of each of cables 124, that are mounted on arm 73
      of lever 18 and arm 84 of lever 19 by ferrules 122 as described above, are
      secured in longitudinal holes drilled in ferrules 143. Each of ferrules
      143 (FIG. 3b) is a cylindrical rod with a center portion that is of larger
      diameter and that is externally threaded. The treaded portion of each
      ferrule 143 is in a vertical threaded hole in a boss 143'. Each of bosses
      143' has a bottom end portion of smaller diameter that extends through the
      top portion of the rear hole of the holes of each of members 116 and 117
      of platform 20. The boss 143' is welded to the assocaited member 116 or
      member 117. Outwardly movement of ferrules 143 is prevented by nuts (not
      numbered) mounted on top end portion of ferrules 143 and abutting bosses
      143'.
PAR  The bottom end portions of each of cables 124 that are mounted on arm 72 of
      lever 18 and arm 85 of lever 19 by ferrules 122 as described above, are in
      longitudinal holes in ferrules 143 and secured to these ferrules. Each
      ferrule 143 (FIG. 3a) is a cylindrical rod having an externally threaded
      central portion of larger diameter. Each ferrule 143 is in a vertical
      threaded hole in a boss assembly that includes an adjust sleeve 143" that
      has an enlarged diameter at its bottom end portion, and has an annular
      recess at its top end portion. The sleeve 143" is mounted in a
      longitudinal vertical hole of a boss 143'" so that the enlarged bottom end
      portion of sleeve 143" abuts the bottom end of boss 143'", the top end
      portion of sleeve 143" extends above the top end of boss 143'", and the
      annular recess of sleeve 143" is aligned with radial threaded holes in
      boss 143'". Screws 142 in these radial holes engage sleeve 143" at its
      annular recess. The top portion of the longitudinal hole in sleeve 143" is
      threaded while the bottom portion of that hole has a larger diameter. A
      nut (not numbered) is mounted on the top end of ferrule 143 and abuts the
      sleeve 143"  of the boss assembly. A nut (not numbered) is also mounted on
      each of ferrules 143 that are threaded in each boss 143'" mounted on
      members 116 and 117 below arms 73 and 84.
PAR  The top surface of channel iron 30 of base 17 has a pair of spaced coplanar
      horizontal flat surface portions (not shown) above angle irons 23 and 24.
      The top surface of the proximal portion of tubular arm 72 and the
      adjoining portion of the top surface of member 74 are coplanar horizontal
      flat surfaces (not shown). The top surface of the proximal portion of
      tubular arm 85 and the adjoining portion of the top surface of member 85'
      are coplanar horizontal flat surfaces. The top flat surfaces of bushings
      (not numbered), that are mounted and brazed on arms 72, 73, 84 and 85, are
      reference surfaces in the fabrication of the levers. The horizontal flat
      surface portions on arms 72 and 85 and adjoining portions of members 74
      and 85' of levers 18 and 19, those on the bushings mounted on arms 72 and
      85, and those on channel iron 30 are used as reference surfaces during the
      assembly of the scale in a manner that is essentially the same as
      described in said copending application for the assembly of the embodiment
      disclosed there.
PAR  By the foregoing construction of scale 16 each of the two lever arms of the
      two levers is connected and supports, through members 116 and 117, the
      four vertical legs 110 through 113. A weight placed on platform cover
      sheet 21 and thus on platform 20 provides a downward force on four
      flexible cables 124 attached to these lever arms and thereby provides a
      downward movement of these arms of the levers. The downward movement of
      lever 19 provides an upward movement of bracket 88 and sled 128 and thus
      an upward movement of flexible cable 124 connected by ferrule 139.
PAR  The machined flat surface on top of the bushings mounted on the distal end
      portions of arms 72, 73, 84 and 85 are also used when mounting the
      ferrules in these arms of levers 18 and 19 so that cables 124 at the
      bottom surface of ferrules 122 are slightly above the fulcrum axis of the
      lever having these bushings when there is no load on scale 16. Then, when
      there is a load on scale 16 that is the median weight of the weight
      capacity of the scale, that part of cables 124 at the bottom end of
      ferrules 122 are at the horizontal plane containing the fulcrum axis of
      the lever to which the particular cables 124 are connected.
PAR  In the assembled scale 16 a ferrule 144, that has a central threaded
      portion of larger diameter, is secured on the bottom end portion of that
      cable 124 secured on its top end to ferrule 122 threaded in the adjust
      bushing mounted on a bushing brazed on the distal end portion of arm 77 of
      lever 18. When assembling scale 16, the assembly of ferrule 144, flexible
      cable 124 and ferrule 122 is dropped in the hole of the distal end of arm
      77 until the bottom end of ferrule 144 is at a vertical threaded hole in a
      plate of load cell 33. The assembly of ferrule 144, cable 124 and ferrule
      122 is rotated about the vertical axis to thread ferrule 144 in that plate
      of load cell 33 to provide an adequate connection between load cell 33 and
      arm 77. Ferrules 122 and 144 and cable 124 are turned as a unit until the
      part of cable 124 at the bottom end of ferrule 122 is at the same
      horizontal plane containing the fulcrum axis of lever 18 when the bottom
      end of ferrules 122 on arms 72 and 73 are at that horizontal plane. When
      this adjustment has been completed screws 123 are turned to engage the
      adjust bushing. Also a nut 144' is threaded on the bottom end of the
      threaded central portion of ferrule 144 until it abuts the plate of load
      cell 33.
PAR  The bottom end portion of cable 124, that has its top end portion connected
      to ferrule 139, is secured in the longitudinal hole of a ferrule 145 that
      has an upper externally threaded central portion of larger diameter and a
      lower central portion of still larger diameter. The assembly of cable 124
      and ferrules 139 and 145 is inserted up into arm 77. The ferrule 145 is
      turned until it locks in arm 77. The adjust bushing is then used to orient
      lever 19 into the horizontal. Then the adjust bushing is locked by screws
      123. The bottom end of ferrule 145 is at the horizontal plane containing
      the fulcrum axis of lever 18 when the bottom end of ferrules 122 are
      mounted on arms 72 and 73 are at that horizontal plane.
PAR  After the assembly of scale 16 in the manner essentially described in said
      copending application a weight is placed on the four corners for any
      necessary adjustment at the interconnection of the two levers and then the
      two eccentric connections of arm 72 of lever 18 and arm 85 of lever 19 in
      the manner described in that application. The adjustment at the lever
      interconnection is made by loosening the screws passing through the
      angular extensions of U-shaped sled 128 and engaging the angular flanges
      of bracket 88 and a turning of screws 132 to shift ferrule 139 toward or
      away from member 85' of lever 19 by a movement of sled 128 until the
      weight displayed is satisfactory and finally the screws, that pass through
      the angular extensions of sled 128, are tightened to fix sled 128 at this
      new position.
PAR  On the central portion of the opposing side walls of the front and rear
      portions of ring 99 of platform 20 are mounted a pair of inwardly directed
      horizontal channel members 153 and 154, each of which has a vertical hole
      in the distal portion of its web. These vertical holes are in alignment
      with channel members 30 and 31 of base 17 on each of which is mounted by
      screws (not numbered) a mounting clip 155 having a central hole that is
      countersunk at its bottom portion. In this hole is mounted a bumper check
      165 that has an upper cylindrical portion having a slightly smaller
      diameter than the vertical hole in channel members 153 and 154 through
      which this upper portion of bumper checks 165 extend when platform 20 is
      mounted in position. These bumper checks 165 do not interfere with the
      vertical movement of platform 20 but limit lateral movement.
PAR  The horizontal flanges of angle irons 27 and 28 have vertical holes at
      their end portions on which are mounted leveling bolts 167 (FIGS. 3 and 4)
      that serve as adjustable legs for base 20. When bolts are adequately
      adjusted so that the level-indicating device (not shown) indicates base 20
      is level, nuts 168 on the threaded shank of bolts 167 are turned to abut
      the bottom surface of angle irons 27 and 28.
PAR  At spaced positions on the horizontal flange of angle irons 27 and 28 there
      are other holes in which are mounted locating pins 169 that extend through
      the horizontal flanges of clips 170 mounted on the bottom portion of
      rectangular shroud or skirt 21' to hold it in position when it is lowered.
      Of course, this is before platform sheet 21 is placed on platform 20.
PAR  As seen in FIG. 5 the side walls of shallow rectangular tubing 22 have, at
      their end portions, notches 172 to provide clearance for passage of
      connecting rods 114 and 115.
PAR  In the foregoing description of the preferred embodiment of scale of the
      invention various commercially available products in the form of
      rectangular tubes and angle irons are used to make the levers and the
      platform. It is within the scope of the invention that some of these can
      be replaced by other products, for example, plates in place of tubular
      members 116 and 117 and channel irons in place of angle irons 110 through
      113. However, the specific products used in the preferred embodiment
      provide adequate rigidity for accuracy of weighing while providing a scale
      with less weight.
PAR  The foregoing description has been presented solely for the purpose of
      illustration and not by way of limitation of the invention because the
      latter is limited only by the claims that follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A platform scale comprising
PA1  a horizontal base including in a unitary construction:
PA2  a horizontal shallow rectangular tubing at the central portion of the
      scale, said shallow tubing having its longitudinal axis transverse to the
      longitudinal axis of said scale and of said base with the ends of said
      shallow tubing being at the front and rear portions of the base;
PA2  a front spaced pair of vertical mounting members having for each a first
      vertical flange abutting and secured to the front end of said shallow
      tubing and a second flange normal to said first flange and having its
      bottom end abutting and secured to the front end portion of the top wall
      of said shallow tubing, said first and second flanges having their top
      ends at a horizontal plane;
PA2  a rear spaced pair of vertical mounting members having for each a first
      vertical flange abutting and secured to the rear end of said shallow
      tubing and a second flange normal to said first flange and having its
      bottom end abutting and secured to the rear end of portion of the top wall
      of said shallow tubing, said first and second flanges having their top
      ends at a horizontal plane and said second flanges of said second pair of
      said vertical mounting members being at the transverse vertical planes of
      the scale at which are located said second flanges of said first pair of
      said vertical mounting members;
PA2  a horizontal load cell mounting member secured to the central portion of
      one side wall of said shallow tubing and extending toward one end of said
      scale;
PA2  a front short inverted channel member fixedly mounted on the top ends of
      said flanges of said front pair of vertical mounting members having a
      short vertical flange with at least its bottom portion at an upper
      elevation having a flat vertical outer surface facing one end of said base
      at a vertical plane normal to the longitudinal axis of said base and a
      long flange with its bottom portion at a lower elevation having a vertical
      flat outer surface facing the other end of said base at a vertical plane
      normal to the longitudinal axis of said base; and
PA2  a rear short inverted channel member fixedly mounted on top ends of said
      flanges of said rear pair of vertical mounting members, said rear inverted
      channel member having a short vertical flange with at least its bottom
      portion at an upper elevation having a flat vertical outer surface facing
      said one end of said base at a vertical plane normal to the longitudinal
      axis of said base and a long flange with its bottom portion at a lower
      elevation having a vertical flat outer surface facing the other end of
      said base at a vertical plane normal to the longitudinal axis of said base
      and said vertical flat outer surfaces of said short and long flanges of
      said rear channel member being coplanar with and at the same elevations of
      said vertical flat surfaces of said short and rear flanges of said front
      channel member, respectively;
PA1  a primary U-shaped lever having in a unitary construction:
PA2  a horizontal mounting rectangular tube having at its end portions only the
      bottom wall and the bottom portion of the side walls of the tube;
PA2  a pair of rectangular tubes, as lever arms, spaced from each other and
      extending horizontally from the same one side wall of said mounting tube
      adjacent its end portions; and
PA2  an intermediate rectangular tube extending horizontally from said mounting
      tube in a direction that is normal to the longitudinal axis of said
      mounting tube and from the other side wall of said mounting tube, said end
      portions of said mounting tube of said primary lever extending axially
      beyond said pair of lever tubes and having coplanar vertical flat surface
      portions on their side walls facing in the general direction that said
      lever tubes extend;
PA1  a secondary U-shaped lever having in a unitary construction:
PA2  a horizontal mounting rectangular tube having at its end portions only the
      bottom wall and the bottom portion of the side walls of the tube;
PA2  a pair of rectangular tubes, as lever arms, spaced from each other and
      extending horizontally from the same one side wall of said mounting tube
      adjacent its end portions; and
PA2  a short member normal to the longitudinal axis of said mounting tube
      extending horizontally from an intermediate portion of its other side
      wall; said end portions of said mounting tube of said secondary lever
      extending axially beyond said pair of lever tubes and having coplanar
      vertical flat surface portions on their side walls facing in the general
      direction that said lever tubes extend;
PA1  means, including a first pair of flexure plates, pivotally mounting said
      primary lever on said long flanges of said front and rear inverted channel
      members of said base with said pair of lever tubes of said primary lever
      to positions above front and rear corner portions of said other end of
      said scale, said mounting means connecting said primary lever at its said
      coplanar vertical flat surface portions of said end portions of its said
      mounting tube to the lower horizontal marginal portions of said first pair
      of flexture plates and connecting said long flanges of said front and rear
      inverted channel members at their said vertical flat surfaces to said
      first pair of flexure plates at the upper marginal portions of said first
      pair of flexure plates to provide a common horizontal flexure axis
      transverse to the longitudinal axis of said scale and to provide the end
      portions of said mounting tube of said primary lever vertically spaced
      from said long flanges of said front and rear inverted channel members;
PA1  means, including a second pair of flexure plates, pivotally mounting said
      secondary lever on said short flanges of said front and rear inverted
      channel members of said base with said pair of lever tubes of said
      secondary lever to positions above front and rear corner portions of said
      one end of said scale, said mounting means connecting said secondary lever
      at its said coplanar vertical flat surface portions of said end portions
      of its said mounting tube to the lower horizontal marginal portions of
      said second pair of flexure plates and connecting said short flanges of
      said front and rear inverted channel members at their said vertical flat
      surfaces to said second pair of flexure plates at the upper marginal
      portions of said second pair of flexure plates to provide a common
      horizontal flexure axis transverse to the longitudinal axis of said scale
      and to provide the end portions of said mounting tube of said secondary
      lever vertically spaced from said short flanges of said front and rear
      inverted channel members;
PA1  a platform including in a unitary construction:
PA2  a horizontal rectangular ring having front and rear portions, a first end
      portion at said one end of said scale, and a second end portion at said
      other end of said scale, said ring having front and rear corner portions;
PA2  a first pair of downwardly extending vertical legs connected to said
      tubular ring at its front and rear corner portions at said one end of said
      scale;
PA2  a second pair of downwardly extending vertical legs connected to said
      tubular ring at its front and rear corner portions at said other end of
      said scale;
PA2  a front horizontal rod connecting the bottom end portions of said front
      legs of said pairs of legs;
PA2  a rear horizontal rod connecting said rear legs of said pairs of legs;
PA2  a first horizontal member connected at its ends to said front and rear legs
      of said pairs of legs at said one end of said scale, said connecting
      member being at an upper elevation below said pair of lever tubes of said
      secondary lever; and
PA2  a second horizontal member connected at its ends to said front and rear
      legs of said pairs of legs at said other end of said scale, said
      connecting member being at a lower elevation below said pair of lever
      tubes of said primary lever;
PA1  means connected to the distal end portions of said lever tubes of said
      primary lever to intermediate portions of said second horizontal member of
      said platform to provide a part of support of said platform by said lever
      arms;
PA1  means connected to the distal end portions of said lever tubes of said
      secondary lever to intermediate portions of said first horizontal member
      of said platform to provide a part of support of said platform by said
      lever arms;
PA1  means connected to said short member extending horizontally from said
      intermediate portion of said side wall of said mounting member of said
      secondary lever and to said intermediate tube of said primary lever at a
      location spaced from distal end portion of said intermediate tube and
      spaced from said mounting tube of said primary lever, said short member of
      said secondary lever and said intermediate tube of said primary lever
      being located on said lever so that said short member is directly above
      said intermediate tube;
PA1  load cell means mounted on said load cell mounting member of said base
      below the distal end portion of said intermediate tube of said primary
      lever; and
PA1  means connected to said distal end portion of said intermediate tube and to
      said load cell means to provide a stress in said load cell means when said
      intermediate tube is raised.
NUM  2.
PAR  2. The scale of claim 1 wherein:
PA1  each of said distal end portions of said pairs of lever tubes has a
      vertical hole through its top and bottom walls;
PA1  each of said first and second horizontal members of said platform has a
      pair of vertical holes located below said vertical holes in said distal
      portions of said pairs of lever tubes of said levers;
PA1  said means connecting distal end portions of said lever tubes of said
      primary lever to said second horizontal member of said platform and said
      means connecting said distal end portions of said lever tubes of said
      secondary lever to said first horizontal member of said platform comprises
      four flexible cable assemblies, each assembly including:
PA2  a vertical flexible cable;
PA2  a bottom ferrule mounted in one of said vertical holes of said first and
      second horizontal members of said platform, said bottom ferrule having a
      vertical hole in which the bottom end portion of said flexible cable is
      secured; and
PA2  a top ferrule mounted on one of said lever tubes in said hole at its distal
      end portion, said top ferrule having a vertical hole in which the top end
      portion of said flexible cable is secured;
PA1  said intermediate tube of said primary lever having a vertical hole through
      its top and bottom walls at a position at least adjacent a transverse
      vertical plane passing through said short member of said secondary lever;
PA1  said means connecting said short member of said secondary lever and said
      intermediate tube of said primary lever comprising:
PA2  means adjustably mounted on said short member of said secondary lever; and
PA2  a fifth flexible cable assembly having its top ferrule mounted on said
      adjustable means mounted on said short member of said secondary lever and
      having said bottom ferrule mounted on said intermediate tube of said
      primary lever;
PA1  said intermediate tube of said primary lever has at its distal end portion
      a vertical hole through its top and bottom walls; and
PA1  said means connecting said distal end portion of said intermediate tube
      comprises a sixth flexible cable assembly having its bottom ferrule
      connected to said load cell means and connected to the bottom portion of
      the flexible cable of that cable assembly, and having its top ferrule
      mounted in said vertical hole of said distal end portion of said
      intermediate tube of said primary lever with the top portion of that
      flexible cable connected to that top ferrule.
NUM  3.
PAR  3. The scale of claim 2 wherein:
PA1  the bottom end of the connection of said top ferrules to the top end
      portions of said cables of those cable assemblies mounted on the distal
      end portion of said pair of lever tubes of said primary lever are bottom
      ends substantially at the horizontal plane at which is located the flexure
      axis of the pivotal mounting of said primary lever;
PA1  the bottom end of the connection of said top ferrules of those cable
      assemblies mounted on the distal end portion of said pair of lever tubes
      of said secondary lever are substantially at the horizontal plane at which
      is located the flexure axis of the pivotal mounting of said secondary
      lever;
PA1  the top end of the connection of said bottom ferrule of the bottom end
      portion of said cable of said fifth cable assembly is substantially at the
      horizontal plane at which is located the flexure axis of pivotal mounting
      of said primary lever; and
PA1  the bottom end of the connection of said top ferrule to the top end portion
      of said cable of said sixth cable assembly is substantially at the
      horizontal plane at which is located the flexure axis of pivotal mounting
      of said primary lever.
NUM  4.
PAR  4. The scale of claim 3 wherein said first and second members of said
      platform are mounted at upper and lower elevations and said four flexible
      assemblies are mounted so that the distances between the connection of the
      bottom end and top end of the top and bottom ferrules, respectively, to
      the end portions of said cables are the same.
NUM  5.
PAR  5. The scale of claim 4 wherein:
PA1  said ring of said platform is tubular that is rectangular in cross section;
PA1  said pairs of legs of said platform are angular members with the first
      flange of each of the two pairs of legs being parallel to the longitudinal
      axis of said scale and the second flange of each of the pairs of legs
      being normal to the longitudinal axis of said scale;
PA1  said front and rear connecting rods of said platform are connected to said
      second flanges of said pairs of legs; and
PA1  said first and second horizontal members of said platform are rectangular
      tubes connected to said first flanges of said legs.
NUM  6.
PAR  6. The scale of claim 5 wherein:
PA1  said short member of said secondary lever is a horizontal short channel
      member having horizontal angular extensions from the distal ends of its
      flanges, each of said extensions having a vertical threaded hole; and
PA1  said adjustably mounted means mounted on said short member comprises:
PA2  a channel-shaped sled having horizontal angular extensions at the distal
      ends of the flanges, with a slot for each extension above the threaded
      holes in the angular extensions of said short member, having an upwardly
      turned extension of one end of its web facing said mounting member of said
      secondary lever, having a vertically notched downwardly turned extension
      of the other end of its web, and having a plate fixedly mounted on the
      horizontal angular extensions and extending horizontally beyond said
      downwardly turned extension of said web;
PA1  screw means through said upwardly turned web extension to adjustably move
      said sled along said short member;
PA1  screw means through said slots to secure said sled on said short member;
PA1  said top ferrule of said fifth cable assembly being mounted on said plate
      of said sled;
PA1  clamp means mounted on said downwardly turned extension of said web and
      having a vertical notch facing said notch on said downwardly turned web
      extension to secure said cable of said fifth cable assembly so that the
      plane at which the bottom portion of the mounting clip secures that cable
      is substantially at the horizontal plane at which is located the flexure
      axis of pivotal mounting of said secondary lever.
NUM  7.
PAR  7. The scale of claim 6 and further including:
PA1  means fixedly mounted on top the central portion of each of said front and
      rear short inverted channel members of said base, said means including an
      upstanding cylindrical member; and
PA1  inwardly directed channel members fixedly mounted on said front and rear
      portions of said ring of said platform at the transverse vertical plane of
      the assembled scale passing through said upstanding cylindrical members,
      each of said channel members having a vertical hole in its web slightly
      larger than the diameter of said upstanding cylindrical member and the
      length of said end portions of said ring of said platform is such that in
      the assembled scale said upstanding portions extend through said holes in
      said webs and limit lateral movement of said platform.
NUM  8.
PAR  8. The scale of claim 6 wherein:
PA1  said means connecting distal end portions of said lever tubes of said
      levers further includes for each:
PA2  a bushing, with a vertical hole, fixedly mounted on the top wall of the
      lever tube in its said hole and extending downwardly from that top wall;
      and
PA2  screws threadably mounted in said bushing and extending inward radially of
      said vertical hole of said bushing below said top wall of the lever tube;
      and
PA1  each of said top ferrules of said four flexible cable assemblies being
      mounted on said bushings in their vertical holes, each top ferrule having
      an intermediate portion of larger diameter than its end portions with an
      annular recess engaged by said screws in said bushing and the top ferrules
      of the two of said flexible cables mounted in the lever tubes of the
      levers of the front portion of the scale having their vertical holes
      eccentric to the longitudinal axis of those ferrules for adjustable
      positioning of the top portion of the cable by rotation of that top
      ferrule after loosening said screws.
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ABST
PAL  A snowmobile suspension system including a tread, a supporting frame for
      the tread, and front and rear suspension means suspending the frame
      beneath the body. The rear suspension means includes co-acting support
      arms and control levers permitting the relative movement between the frame
      and the body to exceed the movement between the support arm and frame,
      thus reducing the likelihood of the body striking, or "bottoming out",
      against the frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The tread of a snowmobile ordinarily is supported by a frame which in turn
      is connected to the snowmobile body by springs and levers in such a manner
      that the tread-supporting frame may move or "give" somewhat with respect
      to the body when the snowmobile traverses rough terrain. In general,
      spring-loaded connected levers are employed to join the frame of a
      snowmobile to the body, and the relative movement which is permitted
      between the frame and the body is limited by the distance the connecting
      levers may travel. For example, in U.S. Pat. No. 3,485,312, movement of
      the snowmobile frame with respect to the body is limited by the distance
      that upper ends of the connecting levers can travel between upper and
      lower longitudinal members of the frame. Similarly, in U.S. Pat. No.
      3,613,811, the movement of the frame upwardly towards the body is limited
      by the distance which the connecting levers may travel. A reliable
      suspension system which would permit greater relative movement between the
      frame and the body is much to be desired.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates to a suspension system for a snowmobile
      having a body, a tread, and a tread-supporting frame suspended beneath the
      body. The suspension system includes front and rear spring-loaded
      suspension means. The rear suspension means comprises, on either side of
      the snowmobile, a support arm pivotally mounted at its lower end to the
      tread-supporting frame, and a control lever having spaced connections
      pivotally connecting it to the upper end of the support arm and to the
      snowmobile body, respectively. Spring means are included to oppose
      downward movement of the body with respect to the frame. The relative
      orientation of the support arms and control levers, and the spacing
      between the connections of the control lever to the support arm and body,
      permit the snowmobile body to traverse a greater vertical distance with
      respect to the frame than the distance traversed by the upper end of the
      support arm when the tread-supporting frame of the snowmobile is forced
      upwardly by encounter with an obstacle or the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view of a snowmobile equipped with the suspension system
      of the present invention;
PAR  FIG. 2 is a plan view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a side view of the suspension system of FIG. 2;
PAR  FIG. 4 is an enlarged side view of the rearward portion of the suspension
      system of the invention, taken along line 4--4 of FIG. 2; and
PAR  FIG. 5 is an enlarged side view of the forward portion of the suspension
      system of the invention, taken along line 5--5 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawing, wherein like characters refer to the same or
      similar parts throughout the several views, a snowmobile 10 is provided
      with a pair of front skis 12 which are secured to the snowmobile body 14
      by a spring suspension system 16 and which are controlled or steered by
      handle bars 18. The snowmobile is powered in the usual fashion by an
      internal combustion engine carried within the forward portion of the
      snowmobile body, the engine delivering power through a chain drive
      mechanism or the like to a forward drive sprocket 20 having teeth meshing
      with an endless snowmobile tread 22 which is trained about a
      tread-supporting frame designated generally 24. The body of the snowmobile
      is reinforced by suitable structural supports where needed. The rear
      portion 26 of the snowmobile body is in the form of an inverted U in cross
      section. The rear portion of the body bears a cushion 32 on its upper
      surface and includes a pair of side panels 34 forming the legs of the
      inverted U, the side panels extending downwardly and terminating in
      outwardly extending foot rests 32.
PAR  The elongated tread-supporting frame 24 includes a pair of longitudinally
      extending, parallel frames 34, 36 which are rigidly secured to each other
      by fixed, hollow, tubular, transverse supports 38, 40, 42 and 44 (FIG. 2).
      The lower edges of the frames 34 and 36 form runners 46, 48 which in turn
      are provided with low-friction, synthetic resin shoes 46.1 secured to
      their lower surfaces.
PAR  The endless tread 22 is formed in the usual fashion from three flexible
      endless belt sections as shown in U.S. Pat. No. 3,485,312, the three
      sections being fitted together in spaced relationship to one another by
      transverse cleats 22.1 (FIG. 1) to provide the tread with a pair of
      endless, elongated slits running longitudinally of the tread. The slits
      are of sufficient width to allow the shoes 46.1 of the tread-supporting
      frame to extend into sliding contact with the cleats 22.1. In operation,
      the cleats slide easily on the shoes because of the low-friction plastic
      shoe material which is used, an example of which is a low-friction
      polyester resin such as "Hi-Fax 1900", a product of the Dayco Corp., Three
      Rivers, Michigan.
PAR  The forward drive sprockets 20 which are driven by the snowmobile engine
      are mounted on a shaft journaled into the body 14 of the snowmobile, the
      sprockets serving to drive the tread in a manner well known to the art.
      For example, the teeth of the sprocket may extend through the elongated
      endless slits in the snowmobile tread to engage the cleats 22.1. The
      sprockets serve to support the frontmost end of the tread.
PAR  At the rear of the tread-supporting frame, a transverse shaft 50 is
      slidably supported in opposed slots 50.1 in the elongated frames 34, 36,
      the shaft bearing at its ends free-wheeling, tread-supporting wheels 50.2,
      50.3. The shaft is adjustable forwardly and rearwardly in the slots 50.1
      by means of threaded, adjustable bolts 50.4 extending into the slots.
      Adjustment of the shaft 50 serves to vary the tension of the tread 22.
PAR  With reference particularly to FIGS. 2, 3 and 5, the front suspension means
      includes a shaft 38.1 which passes through and is rotatable within the
      forward tubular support 38. Tread-supporting wheels 39 may be rotatably
      carried at the end of the support 38. Control plates 52, 54 are rigidly
      mounted at their lower ends as by welding to the ends of the shaft 38.1.
      To the upper ends of the control plates are attached respective lower ends
      of a pair of control arms 52.1, 54.1, the latter in turn extending
      rearwardly and upwardly for pivotal attachment to projections 52.2, 54.2
      rigidly mounted as by welding to the respective ends of a tubular
      transverse support 56. A support shaft 56.1 about which the tubular
      support 56 may rotate extends through the tubular support 56 and is
      secured at its ends to the side panels 30 of the snowmobile body.
PAR  A pair of support arms 58, 60 are rigidly attached, as by welding, to
      respective ends of the tubular support 56 and extend downwardly and
      rearwardly for rigid attachment to the ends of a support shaft 40.1 which
      in turn is rotatably carried within the tubular support 40. Torsion
      springs 62, 64 have their helical central portions mounted respectively on
      outward extensions of the tubular support 40, as shown best in FIG. 2. The
      springs have forwardly extending ends 62.1, 64.1 which pass over and
      around the transverse tubular support 56, the spring ends being retained
      in position on the ends of the transverse support by pulley-shaped spring
      keepers 62.2, 64.2, respectively. The other ends 62.3, 64.3 of the torsion
      springs 62, 64 are hook-shaped and project upwardly slightly from the
      helically coiled bodies of the springs. The latter ends of the springs are
      attached to eye bolts 62.4, 64.4 which in turn are adjustably attached to
      brackets 62.5, 64.5 respectively mounted to the frames 36, 38. The lower
      ends of the support arms 58, 60 are thus pivotable with respect to the
      frames 34, 36; the transverse support 56 may rotate about its axis with
      respect to the snowmobile body; the control arms 52.1, 54.1 are pivotable
      with respect to the transverse support 56 and with respect to the control
      plates 52 and 54; and the control plates are pivotable with respect to the
      frames 34, 36. The torsion springs 62, 64 oppose downward movement of the
      body (acting through the support shaft 56.1) with respect to the
      tread-supporting frame. Upon encountering an obstacle, the front end of
      the frame and tread are forced upwardly and rearwardly with respect to the
      body of the snowmobile, the torsion springs 62, 64 are compressed, the
      support arms 58, 60 are pivoted downwardly, and the control plates 52, 54
      are pivoted forwardly with respect to the tubular support 38 to permit the
      front control arms 52.1, 54.1 to move downwardly and forwardly with
      respect to the frame. Resilient bumpers 34.1, 36.1, which may be of
      rubber, are mounted respectively to the upper surface of the frames 34, 36
      to cushion the impact which might occur if the transverse support 56 were
      to be moved into contact with the upwardly jolted frames 34, 36.
PAR  When the forward end of the tread and frame have passed the encountered
      obstacle, the torsion springs urge the frames back into their normal
      positions. To prevent the frames from thus recoiling downwardly away from
      the body more than the desired distance, the control arms 52.1, 54.1 are
      provided with means for limiting this movement. Each of these control arms
      is provided with parallel side panels 52.3, 54.3 which are joined at their
      forward ends by top walls 52.4, 54.4 to form inverted U shaped channels
      within which the control plates 52, 54 may ride, as shown best in FIGS. 3
      and 5. The top walls 52.4, 54.4 of the control arms are oriented with
      respect to the leading edges of the control plates 52, 54 so as to abut
      these leading edges when the frames 34, 36 have moved downwardly away from
      the body of the snowmobile a predetermined distance and to thereby prevent
      further movement of the frame away from the body.
PAR  The rear suspension means of the snowmobile includes a support shaft 44.1
      passing through and rotatably carried by the transverse tubular support 44
      near the rear of the snowmobile. A rear transverse tubular support 70,
      which is parallel to but normally above and forward of the tubular support
      44, is supported by rear support arms 66, 68, which respectively join the
      ends of the support shaft 44.1 to the corresponding ends of the tubular
      support 70. A rotatable shaft 70.1 passes through the tubular support 70.
      To the ends of the rotatable shaft 70.1 are rigidly attached rear control
      levers 72, 74, respectively. Each of the rear control levers include
      substantially vertical side panels 72.1, 74.1 having inwardly directed
      flanges at the top and rear edges thereof, respectively, the top flanges
      being identified as 72.2, 74.2, and the rear flanges being identified as
      72.3, 74.3. Bushings 72.4, 74.4 are provided in the respective side panels
      72.1, 74.1 of the rear control levers, the bushings being spaced forwardly
      of the connection of the control levers with the rear support arms. The
      bushings 72.4, 74.4 connect the rear suspension means to the body of the
      snowmobile by means of bolts or the like, and further serve as supporting
      spindles about which are carried pulley-shaped spring keepers 72.5, 74.5,
      of which more will be said below. The rear control levers 72 and 74
      preferably are shaped so that the top and rear inwardly directed flanges
      form an obtuse angle between them and so that the axis of rotation of the
      supporting shaft 70.1 is on an imaginary line approximately bisecting the
      angle formed by the top and rear flanges. The rear flanges overlie the
      rear edges of the rear support arms 66, 68, and resilient stops or bumpers
      72.6 are secured to the rear edges of the support arms to cushion any
      impact between the rear flanges and the support arms. Also, as in the case
      of the transverse support 56 in the forward support means, the transverse
      tubular support 70 could strike the upper surface of the frames 34, 36 as
      the frame is jolted upwardly in response to an encounter of the tread with
      an obstruction; a pair of resilient bumpers 34.2, 36.2 are secured to the
      upper surface of the frame in position to cushion the shock from the
      tubular support 70 should this occur.
PAR  A pair of rear torsion springs 76, 78 have their respective helical central
      portions mounted about outward extensions of the tubular support 42. The
      rearwardly extending ends 76.1, 78.1 of the rear torsion springs
      respectively pass beneath and are laterally retained by the spring keepers
      72.5, 74.5 mounted on the bushings 72.4, 74.4, respectively. The spring
      keepers preferably are of low-friction polyester material to permit
      longitudinal movement of the spring ends thereagainst. The other ends
      76.2, 78.2 of the springs 76, 78 extend upwardly slightly from the helical
      body of the springs and are hook-shaped to receive eye bolts 76.3, 78.3
      which in turn are adjustably secured to brackets 76.4, 78.4 mounted to the
      respective frames 36, 34.
PAR  Mounted between the transverse tubular supports 70 and 42 is a shock
      absorber 80 to dampen movements of the frame with respect to the body in a
      manner similar to that described in U.S. Pat. No. 3,690,394.
PAR  It will thus be understood that the rear support arms 66, 68 pivotally
      define a first pivot position with respect to the frames 34 and 36; the
      support shaft 70.1 and the rear control levers 72 and 74 pivotably define
      a second pivot position with respect to the tubular rear transverse
      support 70 and hence to the rear support arms 66 and 68; and the forward
      ends of the rear control levers 72 and 74 are pivotally mounted through
      the bushings 72.4, 74.4, to the body of the snowmobile to define a third
      pivot position. As in the case of the forward suspension means, the rear
      torsion springs 76, 78 oppose downward movement of the snowmobile body
      with respect to the frame. As the rear end of the tread and frame
      encounters an obstacle and is forced upwardly, the rear torsion springs
      76, 78 are compressed and the rear tubular support 70 moves downwardly
      toward the rubber bumpers 43.2, 36.2 mounted on the frames 34 and 36. If
      the encounter with the obstacle is sufficiently severe, the tubular
      support 70 will "bottom", that is, it will strike the bumpers 34.2, 36.2.
      In prior art suspension systems such as those discussed previously, the
      distance that the body of the snowmobile could travel with respect to the
      frame before "bottoming" would be essentially the distance which a
      transverse body supporting member could travel from its initial position
      to its "bottoming" position against the frame. In the instant invention,
      however, the arrangement of the rear control levers 72 and 74 permit the
      snowmobile body to travel a greater distance with respect to the frame
      than that distance traversed only by the transverse tubular support 70,
      for example. This is possible because the forward ends of the control
      levers 72, 74 are pivotally attached to the snowmobile body 26; as the
      frame travels towards the snowmobile body upon encountering an obstacle,
      the rear control levers pivot in a clockwise direction (as viewed in FIGS.
      3 and 4) about the shaft 70.1, and the tubular transverse support 70 will
      not "bottom" against the rubber bumpers until the connection of the
      bushings 72.4 to the snowmobile body are well below the upper edge of the
      frame. That is, as the rearward ends of the frame and tread are jarred
      upwardly by contact with an obstacle, both the rear support arms and the
      rear control levers may pivot in clockwise direction (about shafts 44.1
      and 70.1, respectively), and at such time as the rear tubular support 70
      comes into contact with the rubber bumpers 34.2, 36.2, the connection of
      the body through the bushings 72.4, 74.4 to the rear control levers is
      well below the upper edges of the frames 34, 36. It may be noted that the
      axes of the shaft 70.1 and the bushing 72.4 are normally spaced
      substantially horizontally as shown in FIG. 4, but when the frame is
      flexed fully upwardly towards the body (as when an obstacle is
      encountered), then the axis of the bushing 72.4 will be substantially
      vertically disposed beneath the axis of the shaft 70.1; hence, the
      distance which the rear end of the body can travel with respect to the
      frame is approximately equal to the length of travel permitted the rear
      tubular support 70 plus the distance separating the shaft 70 from the
      bushing 72.4, 74.4. Because of the increased travel thus permitted the
      body, "bottoming" will occur less frequently, and a smoother ride is
      provided.
PAR  After the obstacle encountered by the rear portion of the frame has been
      passed, the rear torsion springs 76 and 78 force the frames 36, 34 back
      towards their original position as shown in FIG. 4. To prevent the frames
      from moving downwardly beyond a predetermined distance from the the body,
      the rear flanges 73.3, 74.3 of the rear control levers 72, 74 come into
      contact with the rubber stops, or bumpers, 72.6, 74.6, thus limiting the
      counter clockwise rotation (as viewed in FIGS. 3 and 4) of the rear
      control levers. These flanges also serve as guides for the snowmobile
      tread 22, and prevent the tread from riding on the transverse tubular
      support 70.
PAR  While I have described a preferred embodiment of the present invention, it
      should be understood that various changes, adaptations, and modifications
      may be made therein without departing from the spirit of the invention and
      the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a snowmobile having a body, a tread, a tread supporting frame
      suspended beneath the body, and a suspension system for interconnecting
      said frame to said body for providing significant freedom of relative
      movement therebetween, said suspension system including laterally spaced
      first and second suspension means, an improved first suspension means
      comprising in combination, a rigid arm having first and second ends, said
      first end being pivotally interconnected to said frame at a first pivot
      position, a rigid lever having one end and another end, said one end being
      pivotally interconnected to said body at a second pivot position, said
      second pivot position being spaced above and laterally of said first pivot
      position, said second end of said arm being pivotally interconnected to
      said another end of said lever at a third pivot position moveable relative
      to both said first and second pivot positions, said first and second pivot
      positions being moveable between a first vertically spaced apart position
      and a second vertically spaced apart position less than said first
      vertically spaced position, said third pivot position being spaced
      substantially horizontally from said second pivot position at said first
      vertically spaced position, and being substantially vertically spaced
      below said second pivot position at said second vertically spaced
      position, and means for normally biasing said arm and said lever into said
      first vertically spaced position, whereby the snowmobile body traverses a
      greater distance with respect to said frame than the distance traversed by
      said second end of said arm when said frame is forced upwardly toward said
      body.
NUM  2.
PAR  2. The improvement of claim 1 including means for limiting movement of said
      first and second pivot positions between said vertically spaced position
      and said second vertically spaced position.
NUM  3.
PAR  3. The improvement of claim 1 wherein said lever includes a side panel and
      a flange extending inwardly from top and rear edges thereof, said flange
      being oriented for engaging and guiding said tread of said snowmobile.
NUM  4.
PAR  4. The improvement of claim 3 wherein the rear inwardly directed flange of
      said lever confronts a rearward edge of said arm, and wherein each arm
      includes, on its rear surface, a resilient bumper contactable by said rear
      flange of said lever when said frame and said body are at a predetermined
      distance apart.
NUM  5.
PAR  5. The improvement of claim 4 wherein said third pivot position has an axis
      of rotation on an imaginery line approximately bisecting the angle formed
      by said top and rear flanges.
NUM  6.
PAR  6. The improvement of claim 1 including two sides for said frame, and first
      and second sets of said arms and said levers operatively interconnected to
      said frame sides and said body.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said biasing means comprises torsion
      spring means having a helical portion mounted on said frame and including
      portions contacting said levers at a spaced position from said helical
      portion for normally biasing said lever and thereby said first and second
      pivot points to said first and second vertically spaced positions.
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ABST
PAL  A suspension and steering assembly for a ski of a snowmobile includes a
      coil spring and shock absorbing means including a shock absorbing piston
      and rod connected at one end thereto. The shock absorbing means and coil
      spring are arranged generally parallel with each other and telescoping
      strut members connect the ski to the snowmobile. A first strut member has
      a bottom end suitable for connection with the ski and a second strut
      member is slidingly connected to the first strut member and adapted to
      telescopically receive the latter member therein. Means are provided to
      permit the second strut member to rotate about a longitudinal axis thereof
      in order to steer the ski. The shock absorbing means is disposed within
      the strut members and one end of the coil spring resiliently supports the
      first strut member in such a manner that the first strut member is biased
      towards a position out of the second strut member. In the preferred
      embodiment, the shock absorbing means and coil spring are coaxial and the
      rod extends along the centre axis of the coil spring. Also means are
      provided for preventing relative rotation between the first and second
      strut members and for rotatably mounting the second strut member in the
      body of the snowmobile. The other end of the rod and the other end of the
      coil spring are rigidly connected to and are supported by the second strut
      member.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a combined suspension and steering
      assembly for a ski of a snowmobile, particularly a snowmobile having two
      skis mounted in the nose portion of the vehicle.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Up until the present invention, most snowmobiles have employed a leaf
      spring suspension assembly for the two front skis which are used to steer
      the machine. Such suspension systems suffer from a number of
      disadvantages, in particular a limited spring travel of from 3 to 4
      inches. Also, a certain amount of undesirable steering play is present in
      this setup. Sometimes, a shock absorber is also mounted on each ski to
      help dampen the spring action. This shock absorber is usually mounted at
      around 15.degree. to the horizontal, either over or alongside the leaf
      spring. In this position, the shock absorber cannot dampen the spring
      movements very effectively: in fact, a spring travel or 3 to 4 inches
      gives rise to a shock absorber travel of 2 inches at the most.
PAR  Presently used front suspensions also tend to give a rather hard and
      uncomfortable ride and have other undesirable characteristics. The harder
      the ride is, of course, the greater is the tendency of the rider to become
      fatigued, particularly on longer trips.
PAR  The present invention provides a greatly improved suspension and steering
      assembly for the front skis of a snowmobile which substantially overcomes
      the above-mentioned problems with previously used suspension and steering
      systems.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a suspension and
      steering assembly for a snowmobile ski, said assembly comprising
      telescoping strut members for connecting said ski to said body, said strut
      members including a first strut member having a bottom end suitable for
      connection with said ski and a second strut member slidingly connected to
      said first strut member and adapted to telescopically receive the latter
      member, means for preventing relative rotation between said first and
      second strut member, means for rotatably mounting said second strut member
      in a snowmobile, a coil spring, and shock absorbing means disposed within
      said strut members wherein one end of said coil spring resiliently engages
      said first strut member in such a manner that said first strut member is
      biased towards a position out of said second strut member. When mounted in
      the front of the snowmobile, the coil spring and shock absorber are in a
      generally upright position. Valuable space is saved by locating the shock
      absorber within the strut member.
PAR  The spring and shock absorber arrangement easily permits a suspension
      travel of six inches or more and this gives rise to a smooth ride. This
      travel can also be increased or decreased quite easily if necessary. The
      shock absorber is in a much better position (as compared to the old
      arrangement with the leaf springs) to function efficiently and it can
      provide excellent damping characteristics for a given spring/vehicle
      combination. For example, four inches of travel in the bottom strut member
      will result in four inches of travel in the shock absorber. Also steering
      play is reduced or eliminated and significant weight reductions can be
      achieved. With one particular snowmobile, the weight of the front
      suspension was reduced to 33 pounds from a previous 45 pounds. A
      significant reduction, up to 50% or more, in the number of front
      suspension components is also possible with the present apparatus.
      Assembly and disassembly of the suspension assembly is also made easier
      because only three nuts need be removed to dismantle a preferred
      embodiment of the present assembly. A smoother ride is provided partially
      due to the fact that the present arrangement permits the use of a lower
      spring or suspension rate.
PAR  In a preferred embodiment of the present invention, a compact suspension
      and steering apparatus is provided which avoids the need for the
      previously used support struts that take up much needed space in the nose
      of the vehicle. Because the steering arm attached to one of the strut
      members remains stationary in the direction of the longitudinal axis of
      the strut members, the direction of the ski is not affected by any up or
      down movement in the suspension apparatus. If the steering arm were
      arranged so as to move up and down with the strut members the steering arm
      would have the undesirable effect of rotating the ski a small amount every
      time it is moved up or down, because the tie rod connected to the end of
      the steering arm has a fixed length. Also with this latter arrangement
      more space must be provided in the front of the vehicle for the tie rods.
PAR  Because there is no direct connection between the non-sliding steering arm
      and the sliding strut member of the present invention, the steering
      mechanism does not become as worn or as loose with use as it would if
      there was such a direct connection.
PAR  In a preferred embodiment, the shock absorbing means and coil spring are
      co-axial and means are provided for rotatably mounting the second strut
      member in the body of the snowmobile.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other advantages and features of the present invention will become evident
      from the following detailed description of a preferred embodiment and from
      the accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of a snowmobile fitted with two suspension and
      steering assemblies of the present invention;
PAR  FIG. 2 (on second sheet of drawings) is a sectional elevation along the
      center axis of one of the two assemblies of FIG. 1 showing a portion of
      the ski and details of the combined suspension and steering apparatus;
PAR  FIG. 3 is a sectional elevation taken along the line III--III of FIG. 2;
PAR  FIG. 4 is a rear elevation of a rubber block which forms the joint between
      the ski and the steering and suspension assembly;
PAR  FIG. 5 is a section taken along the line V--V of FIG. 2 and showing the
      cross-section of the first strut member;
PAR  FIG. 6 is another sectional view, similar to FIG. 2, of the center portion
      of the suspension and steering assembly, but on an enlarged scale;
PAR  FIG. 7 is a top view of an end member which forms the top end of the first
      strut member;
PAR  FIG. 8 is a perspective view of a nylon block used to mount the second
      strut member in the nose portion of the snowmobile;
PAR  FIG. 9 is a sectional view taken along the line IX--IX of FIG. 2 and
      showing the cross-section of the second strut member;
PAR  FIG. 10 is a sectional view showing an alternative form of the upper end of
      the assembly shown in FIG. 2;
PAR  FIG. 11 is a view similar to FIG. 6 showing an alternative embodiment of
      the second strut member and the means of mounting the upper end of the
      first strut member therein; and
PAR  FIG. 12 is a sectional view taken along the line XII--XII of FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As can be seen from FIG. 1, a snowmobile 5 normally has two skis 10 mounted
      in the front or nose portion 6 of the vehicle. The two skis 10 are used to
      support the front portion of the vehicle and to steer the snowmobile by
      means of the handlebars 7 which can be manoeuvred by the operator of the
      vehicle. Each ski 10 is connected to the nose portion 6 by means of a
      combined suspension and steering assembly generally indicated at 12.
PAR  Turning now to FIG. 2, only the center portion of the ski 10 is shown along
      with means for connecting the ski to the bottom end of the assembly 12
      (see FIG. 3). The ski is formed with a central U-shaped recess 14 running
      the length of the ski. The width of this recess is approximately equal to
      the width of each edge surface 16 extending outwardly from the top edge of
      both sides of the recess. The depth of the recess is approximately
      one-half of its width.
PAR  In a central region of the ski 10, there are two, spaced apart angle
      members 18, each welded or fastened in some other suitable manner to one
      of the edge surfaces 16. Each angle member 18 has an upwardly projecting
      leg 20 and an outwardly projecting leg 22. The upwardly projecting leg 20
      may vary in height along its length as shown in FIG. 2, the central region
      24 of the leg being higher than the two end regions 26.
PAR  The two angle members 18 may be considerably shortened in length if desired
      so that they are the size shown in FIG. 1. In the latter case, the members
      18 are just large enough to support the two sides of a U-shaped rubber
      block 28 shown in detail in FIGS. 2 and 4.
PAR  The block 28 is positioned in the recess 14 of the ski between the angle
      members 18 of FIG. 2 and midway along their lengths. The block 28 is
      U-shaped when viewed from the side (as seen in FIG. 2), having two
      upwardly projecting supporting legs 29 and 30 and a connecting base
      portion 32. Leg 29 is at the front of the block and is higher than leg 30
      which is at the rear of the block. The front surface of the block 28 is
      steeply inclined while the rear surface is vertical. The legs 29 and 30
      and base portion 32 form a recess 34 which extends transversely across the
      centre of the top of the block 28. This recess 34 has a vertical front
      wall 36 and a semi-cylindrical bottom surface 40. The bottom portions of
      the left and right sides 41 and 42 (see FIG. 4) are vertical but the upper
      portions are steeply inclined. The top surfaces 43 and 44 of the legs 29
      and 30 respectively slope rearwardly and are located in the same plane.
PAR  A base plate 45 of generally rectangular shape forms the bottom of the
      first strut member 55. Extending transversely across the bottom of the
      base plate 45 and welded thereto is an open-ended cylinder 47 having a
      length which permits the cylinder to fit easily between the legs 20 of the
      angle members 18 with a small clearance at each end of the cylinder 45 as
      can be seen from FIG. 3. The outer diameter of the cylinder is equal to
      the diameter of the bottom surface 40 of recess 34 and is such that the
      base plate 45 rests on the top surfaces 43 and 44 when the cylinder rests
      in the recess 34.
PAR  Located immediately within and adjacent to cylinder 47, there are two nylon
      bushings 48 having end portions 49 which extend beyond each end of
      cylinder 47. Each end portion 49 has a radially outwardly projecting lip
      which projects at least partially over the adjacent end of the cylinder
      47. Each bushing 48 extends from one end of the cylinder 47 to
      approximately the centre of cylinder 47. There is a small gap between each
      end portion 49 and the leg 20 of the adjacent angle member.
PAR  Located immediately within and adjacent to the bushings 48 is a bearing
      sleeve 50 which can be constructed from suitable metal tubing. This sleeve
      50 fits snuggly between the inner surface of the two legs 20 and its bore
      51 extends between two aligned holes 52, each hole 52 being formed in one
      of the legs 20.
PAR  The bearing assembly is fastened to the angle members 18 by means of a
      threaded bolt 53 and nut 54. The bolt 53 is inserted through one of the
      holes 52 and then through bore 51 in cylinder 50 and finally through the
      other hole 52. The nut 54 is then threaded tightly onto the threaded end
      of the bolt.
PAR  The suspension and steering assembly includes two telescoping strut members
      for connecting the ski 10 to the body of the snowmobile 5, i.e. the nose
      portion 6. These strut members comprise the first strut member 55, whose
      bottom end includes the base plate 45 and the cylinder 47 already
      described and is connected with the ski 10, and a second strut member 91
      which is slidingly connected to the first strut member 55 and
      telescopically receives the latter member. The first strut member 55
      consists of a square tube, the bottom end of which is welded to the top of
      the base plate 45, as shown in FIGS. 1 and 2, so that two of its sides 77,
      which are located opposite each other, are parallel to the length of the
      ski 10. Alternatively, the strut member 55 can be welded so that one of
      its cross-sectional diagonals is parallel to the length of the ski if this
      is desired.
PAR  A feature of the present assembly is the shock absorbing means which
      include a shock absorbing piston 88 and a rod 87 connected at one end to
      the piston. The piston 88 and rod 87 act in cooperation with a shock
      absorbing chamber 63 formed by a cylindrical tube 56, the piston 88 being
      mounted for longitudinal sliding movement within this tube 56. The tube 56
      is rigidly mounted in the first strut member 55 and fits snuggly in the
      square passageway extending through member 55. The bottom end of tube 56
      fits on a circular platform 57, the top of which has a diameter equal to
      the inner diameter of circular tube 56. An annular shoulder 58 extends
      about the circumference of platform 57 at a point approximately midway
      between the bottom and top of the platform. The outer diameter of this
      shoulder is equal to the outer diameter of the tube 56 whose bottom end
      rests on this shoulder. The platform forms a cylindrical cavity 59 between
      the top end 60 of the platform and the base plate 45. The platform has a
      valve 61 fitted in its top end 60 and an opening 62 extending from the
      shock absorbing chamber 63 in tube 56 to the cavity 59. As shown, the
      valve 61 is a lightly spring loaded check valve which can be unseated to
      permit fluid flow from the cavity 59 into the tube 56. A second check
      valve (not shown) including a small bleed port, is provided in opening 62.
      The platform 57 sits in a shallow recess which is machined in base plate
      45 and serves to locate said platform within first strut member 55.
      Orifices 64 put cylindrical cavity 59 in communication with the space
      between circular tube 56 and the square first strut member 55.
PAR  Referring to FIG. 6 of the drawings, positioned at the upper end of the
      first strut member 55 is a square end member 66 having outer dimensions
      corresponding to those of member 55. End member 66 is shown by itself in
      FIG. 7 wherein the top side of the member can be seen. The outer corners
      of member 66 are preferably rounded and the same applies to the outer
      corners of strut member 55. As can be seen from FIG. 6, member 66 forms an
      extension of the strut member and is welded thereto. The end member 66 has
      a large circular bore 67 extending from top to bottom, having a diameter
      equal to the internal dimensions of the member 55. Fitted tightly in bore
      67 there is a circular cap 68 having an upwardly protruding bulge 69 in
      the center thereof and a flat annular rim 70 surrounding the bulge. The
      outer edge of the rim 70 rests on an annular seal 71 which in turn rests
      on a first spring seat 72. The upper half of the bore 67 is threaded to
      receive a threaded ring 73 which engages the top surface of rim 70. The
      ring 73 thus prevents the cap 68 from being displaced upwardly with
      respect to member 66.
PAR  Spring seat 72 is circular and fits snuggly in bore 67. The upper surface
      of seat 72 is recessed to form a circular recess 74 which surrounds a
      cylindrical bore 75 extending through the centre of spring seat 72 from
      top to bottom. The outer portion of the bottom of recess 74 is flat and
      receives the bottom end of a coil spring 76 while the inner portion
      surrounding bore 75 slopes radially upwardly towards the bore. The bottom
      half of seat 72 is cylindrical and has a diameter which is equal to the
      corner diameter of tube 56.
PAR  The bottom half of seat 72 projects into the upper end of chamber 63 of
      tube 56 a short distance so that the extreme upper end of the tube 56
      meets a downward facing annular shoulder 80 formed between the bottom and
      upper halves of seat 72. Also the spring seat 72 has an annular recess 81
      extending around the outer edge of the top of the seat to receive the seal
      71.
PAR  A seal 82 having the shape of a ring and a trapezoidal cross-section
      extends around the inner circumference of the bulge 69 in the cap 68. The
      bulge 69 has a circular hole 83 in its centre. Below the seal 82 is a
      second spring seat 84 which has a cylindrical lower portion 85 and an
      upwardly and radially outwardly extending annular rim 86 at the top edge
      of the cylindrical portion. The upper surface of annular ring 86 lies
      adjacent the bottom of seal 82. The hole in the cap 68, seal 82, and
      spring seats 84 and 72 are arranged to form a cylindrical passageway 88b
      for the rod 87. The spring 76 which is narrower at its top than at its
      bottom extends between spring seats 72 and 84.
PAR  The piston 88 sliding in the tube 56 is connected to the bottom end of the
      rod 87 and has a relatively broad base portion which fits snuggly in
      chamber 63, and a narrower, longer upper portion which is internally
      threaded to receive a threaded end portion of the rod 87. A washer 89
      surrounds the rod 87 and sits on the top surface of the piston 88.
      Although not shown in the drawings, the piston 88 includes the usual fluid
      flow ports to permit hydraulic fluid to flow at controlled rates from one
      side of the piston to the other and vice versa, in response to movements
      of the piston in the tube 56.
PAR  To avoid sliding contact between the metal surfaces of the first strut
      member 55 and the second strut member 91, non-metallic slide means or
      bushings 90 are interposed between these members. The slide means 90
      permit the first strut member 55 to slide easily and without undue wear
      into and out of the second strut member 91. The slide means 90 are
      preferably constructed of nylon and can take the form of two elongated
      slide members, each having a U-shaped cross-section and rigidly connected
      to the inner surfaces of a bottom portion of the second strut member 91.
      The second strut member 91 consists of a square metal tube having two
      holes 92 and 93 drilled in its front side and two holes 94 and 95 drilled
      in its rear side. Holes 92 and 94 are directly opposite from one another,
      (as are holes 93 and 95) and are located approximately midway along the
      length of the slide members 90. The holes 93 and 95 are located near the
      bottom of strut member 91. Each slide member 90 is fitted with short,
      circular protuberances having a diameter equal to that of holes 92 to 95
      and projecting outwardly through these holes to hold the slide members
      firmly in place.
PAR  As can be seen in FIG. 5 of the drawings, each slide member has a base
      portion 78 and two leg portions 79 projecting from either edge of the base
      portion 78. The leg portions are half the width of the base portion so
      that, when the two slide members are placed together with the leg portions
      of each extending towards and meeting the respective leg portions of the
      other, an unobstructed square passageway for the first strut member 55 is
      formed.
PAR  Immediately above holes 93 and 95, a flat ring 97 is welded to the second
      strut member 91. Resting on the upper surface of this ring are four
      identical nylon blocks 98, only two of which are shown in FIG. 2. One
      block 98 is placed adjacent each side of the strut member 91. Each block
      98 (see FIG. 8) has a curved outer surface 98a forming a portion of a
      cylindrical surface and a flat rectangular inner surface 98b adjacent the
      strut member 91. The bottom end of the outer surface of each block
      projects outwardly a short distance to form a flat outwardly facing
      shoulder 99.
PAR  A cylindrical metal tube, 100, is rigidly mounted to the nose portion 6, of
      the snowmobile receives strut member 91. The four blocks, 98, have a
      radius of curvature on their outer surface 98a corresponding to the inner
      diameter of tube 100; their opposite face, 98b, which is flat, bears
      against second strut member 91. Four blocks 101 which are identical to
      blocks 98 are inserted between the upper portion of tube 100 and the four
      sides of second strut member 91, so that said second strut member is
      adequately supported at longitudinally spaced locations. The right blocks,
      98, 101, create a bearing or wear surface between second strut member 91
      and tube 100 and permit second strut member 91 to rotate in tube 100.
PAR  FIG. 2 illustrates one possible arrangement for mounting the tube 100. A
      center portion of the tube 100 is connected to a rigid plate or frame 121
      in the nose portion so that the tube or sleeve 100 is held at a slight
      angle to the vertical. Braces 122 in the form of triangular plates are
      welded to the outside of tube 100 and to the top of the frame for
      additional strength. The blocks 98 and 101 and tube 100 thus form an
      assembly which permits rotation of the second strut member 91 in order to
      steer the snowmobile.
PAR  An end plate, 124, welded to the top of second strut member 91 rigidly
      supports the top end of the coil spring means 111 and the top end of the
      rod 87. The portion of second strut member 91 which projects above tube
      100 is covered with a closely fitting square tube member 102, said square
      tube member having its upper end closed by end plate 125. A cylindrical
      opening, 104, extends through the center of end plate 124 and end plate
      125. The upper end of rod 87 is threaded and is received in cylindrical
      opening 104. Nut 105, nut 106 and jam nut 107 secure rod 87 to end plate
      124 and to end plate 125; in this way, said nuts and said jam nut also
      secure second strut member 91 and square tube member 102 together. A
      steering arm or linkage 103 is rigidly connected to and extends
      transversely from the tube member 102 at the bottom end thereof. Also,
      tube member 102, by bearing against blocks 101 prevents second strut
      member 91 from sliding out of tube 100 and falling off the snowmobile.
PAR  In the modified embodiment of FIG. 10, both strut member 91 and tube member
      102 are closed at their top end with the same end plate member 126. End
      plate 126 is formed with a downwardly facing shoulder 127 which engages
      the upper edges of member 91 and 102. Holes are drilled in the sides of
      end plate 126 and these holes are threaded to receive the studs 128. The
      studs 128 on the sides of the end plate 126 can be used to rigidly connect
      the plate 126 to the upper ends of members 91 and 102. These studs 128 are
      inserted through holes formed near the top end of the members 91 and 102
      and in line with the holes formed in the end plate. The upper end of the
      rod 87 is connected to the end plate 126 in the same manner as that
      already described in connection with the embodiment of FIG. 2.
PAR  The steering arm or linkage 103 is constructed from a flat metal plate and
      is made with a large rounded end 108 with a square opening therein into
      which the bottom end of tube member 102 is inserted for welding. The sides
      of the linkage converge from this large rounded end to a small rounded end
      109 through which extends a small cylindrical hole 110. The linkage 103 is
      connected to a steering mechanism (not shown) by means of the hole 110.
PAR  The coil spring means 111 consists of a relatively large coil spring which
      extends from the top end of the first strut member 55 to the top end of
      the strut member 91 and has a diameter equal to the external dimensions of
      member 55. The coil spring urges the first strut member 55 downwardly so
      that the shock absorbing piston 88 is normally at or near the top of the
      shock absorbing chamber 63. When the snowmobile hits a bump however, the
      spring 111 contracts to cushion the impact as the first strut member is
      forced upwards. This upward movement of member 55 causes the piston 88 to
      move downwardly relative to the chamber 63, further cushioning the ride.
      The shock absorbing means 46 then acts to dampen the spring action.
PAR  To reduce the weight of the suspension and steering apparatus, at least the
      steering linkage 103 and the square tube member 102 may be constructed of
      aluminum or aluminum alloy.
PAR  An alternative construction of the second strut member and the means for
      supporting the upper end of the first strut member in the second strut
      member is illustrated in FIGS. 11 and 12 of the drawings. In this
      embodiment, the second strut member consists of a round metal tube 130.
      Rigidly connected to the bottom end of this tube 130 is a first strut
      guide 131 which is generally ring-shaped as can be seen from FIG. 12. A
      square hole 132 is formed in the center of the guide 131 and extends
      completely through this guide in order to receive the square first strut
      member 55. Clamped to each side of the hole 132 is a brass slider 133
      which is U-shaped in cross-section (see FIG. 11). The base portion 134 of
      each slider extends from the bottom to the top of its respective side of
      the hole 132 while one of the outwardly extending arms 135 of the slider
      133 extends a short distance along the bottom of the guide 131. The other
      arm 135 of this slider extends along the top surface of the guide 131
      inside of the bottom end of tube 130.
PAR  The end member 66 at the upper end of strut member 55 in this second
      embodiment is encased in a cylindrical nylon guide 136 which helps to
      guide the upper end of the first strut member as it moves up and down in
      the tube 130. The nylon guide 136 snuggly engages the interior surface of
      the tube 130 and has a center hole formed therein to receive the end
      member 66. The hole formed in the guide 136 extends completely through the
      guide so as to permit the rod 87 to extend through it. The hole in the
      guide 136 is formed with a downwardly facing shoulder 137 which engages
      the top of the end member 66. The top surface of the guide 136 is formed
      to receive the bottom end of the large coil spring which rests against
      this surface. This embodiment thus avoids the need for the slide means 90
      described in connection with the first embodiment shown in FIG. 6.
PAR  The top surface of the strut guide 131 is be formed with an annular recess
      138 into which the bottom end of the tube 130 is welded. Since the tube
      130 forming the second strut member is cylindrical, the tube member 102 at
      the top thereof will also have a cylindrical configuration. In this
      embodiment, relative rotation between the first and second strut members
      is prevented by the strut guide 131 rigidly connected to the bottom end of
      the second strut member.
PAR  Various other cross-sectional configurations of the first and second strut
      members are of course possible. For example, the first strut member 55 can
      have a triangular cross-section instead of a rectangular cross-section. In
      this case, the second strut member 91 and the tube member 102 will also
      have a triangular cross-section but the assembly would otherwise be
      constructed in generally the same manner as that already described in
      connection with the embodiment shown in FIG. 2. Another possible
      alternative is to form the first strut member 55 with a generally circular
      cross-section except that one side of the member would be flattened. This
      flat side would extend from the top to the bottom of the strut member.
      Also, in this case, the second strut member 91 and the tube member 102
      would be formed with a generally circular cross-section and would be
      flattened on one side. The flattened side of the first strut member would
      then co-operate with the flattened side of the second strut member to
      prevent relative rotation between the strut members.
PAR  A further alternative to the first and second strut members of FIG. 2
      consists of a first strut member 55 having a circular cross-section.
      Longitudinally extending splines can be formed on the exterior surface of
      the first strut member, these splines extending from the top to the bottom
      of the strut member and being distributed about the circumference of the
      member. There might for example be four splines, each located at an angle
      of 90.degree. from an adjacent spline on the strut member. These splines
      would engage co-operating recesses formed in the interior surface of the
      second strut member 91. The second strut member in this embodiment can be
      formed with a square exterior cross-section and a cylindrical hole
      extending from the top to the bottom of the strut member. The recess for
      each spline of the first strut member can be formed in the interior
      surfaces of this cylindrical hole at each of the four corners of the
      second strut member. Because of the engagement between the splines of the
      first strut member and the recesses in the second strut member, relative
      rotation between the strut members would of course be prevented.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A suspension and steering assembly for a snowmobile ski, said assembly
      comprising telescoping strut members for connecting said ski to said body,
      said strut members including a first strut member having a bottom end
      suitable for connection with said ski and a second strut member slidingly
      connected to said first strut member and adapted to telescopically receive
      the latter member, means for preventing relative rotation between said
      first and second strut member, means for rotatably mounting said second
      strut member in a snowmobile, a coil spring, and shock absorbing means
      disposed within said strut members wherein one end of said coil spring
      resiliently engages said first strut member in such a manner that said
      first strut member is biased towards a position out of said second strut
      member.
NUM  2.
PAR  2. A suspension and steering assembly according to claim 1 including means
      for rotating said second strut member, said rotating means including a
      steering arm rigidly connected to said second strut member.
NUM  3.
PAR  3. A suspension and steering assembly according to claim 1 wherein said
      means for preventing relative rotation between said first and second strut
      members are provided by forming each of said first and second strut
      members with co-operating flat sides extending the length of said strut
      members.
NUM  4.
PAR  4. A suspension and steering assembly according to claim 3 wherein said
      first and second strut members are both rectangular in cross-section.
NUM  5.
PAR  5. A suspension and steering assembly according to claim 1 wherein said
      second strut member supports the other end of said coil spring and one end
      of a rod, which is part of said shock absorbing means, said second strut
      member comprising a tube member having a closed top end.
NUM  6.
PAR  6. A suspension and steering assembly according to claim 5 wherein a
      steering arm is rigidly connected to and extends transversely from said
      tube member.
NUM  7.
PAR  7. A suspension and steering assembly according to claim 6 wherein said
      tube member has at least one flat side extending the length of said tube
      member.
NUM  8.
PAR  8. A suspension and steering assembly according to claim 1 wherein said
      shock absorbing means includes a shock absorber tube rigidly mounted in
      said first strut member, the interior of said shock absorber tube defining
      a shock absorbing chamber, and a piston mounted for sliding movement along
      the length of said shock absorber tube and comprising a main valve.
NUM  9.
PAR  9. A suspension and steering assembly according to claim 1 wherein said
      first and second strut members are metallic, and low friction nonmetallic
      slide means are interposed between said first and second strut members to
      permit said first strut member to slide easily and without undue wear into
      and out of said second member.
NUM  10.
PAR  10. A suspension and steering assembly according to claim 9 wherein said
      slide means are comprised of nylon.
NUM  11.
PAR  11. A suspension and steering assembly according to claim 9 wherein said
      slide means comprise two elongated members each having a U-shaped
      cross-section and rigidly connected to the inner surfaces of a bottom
      portion of said second strut member.
NUM  12.
PAR  12. A suspension and steering assembly according to claim 1, wherein said
      coil spring is completely enclosed in said second strut member.
NUM  13.
PAR  13. A suspension and steering assembly according to claim 4 wherein said
      shock absorbing means include a shock absorber tube rigidly mounted in
      said first strut member, the interior of said shock absorber tube defining
      a shock absorbing chamber, and a piston mounted for sliding movement along
      the length of said shock absorber tube and comprising a main valve.
NUM  14.
PAR  14. A suspension and steering assembly according to claim 13 wherein said
      first strut member is square in cross-section and said coil spring has an
      external diameter equal to the width of said first strut member.
NUM  15.
PAR  15. A suspension and steering assembly according to claim 14 wherein said
      piston is mounted to one end of a rod and said second strut member
      encloses said coil spring and said rod.
NUM  16.
PAR  16. A suspension and steering assembly according to claim 1, wherein said
      bottom end of said first strut member includes a plate support member
      extending perpendicularly to the length of said first strut member and a
      cylindrical tube member with one side connected to the bottom of said
      plate support member.
NUM  17.
PAR  17. A suspension and steering assembly for a snowmobile ski comprising
      telescoping strut members for connecting said ski to a snowmobile, said
      strut members including a first strut member and a second strut member
      slidingly connected to said first strut member and adapted to receive said
      latter member non-rotatably and telescopically therein, means constraining
      said strut members to rotate together about a common longitudinal axis
      thereof in order to steer said ski, a coil spring, shock absorbing means
      disposed within said strut members wherein one end of said coil spring
      resiliently engages said first strut member in such a manner that said
      first strut member is biased towards a position out of said second strut
      member.
NUM  18.
PAR  18. A snowmobile having a body with a nose portion, two front skis for
      supporting said nose portion and steering said snowmobile, and a
      suspension and steering assembly according to claim 1, for each front ski,
      the bottom end of said first strut member of each assembly being connected
      to its respective ski and each assembly being rotatably mounted in said
      nose portion.
NUM  19.
PAR  19. A suspension and steering assembly according to claim 17 wherein said
      shock absorbing means and coil spring are co-axial and said shock
      absorbing means includes a piston and a rod extending along the centre
      axis of said coil spring.
NUM  20.
PAR  20. A suspension and steering assembly according to claim 1 wherein said
      means for preventing relative rotation between said first and second strut
      members are provided by flat sides extending the length of the first strut
      member and by a strut guide rigidly attached to the bottom end of said
      second strut member and having flat sides which co-operate with the flat
      sides of said first strut member to prevent relative rotation.
NUM  21.
PAR  21. A suspension and steering assembly according to claim 20 wherein said
      first strut member is rectangular in cross-section and said strut guide
      has a rectangular hole formed therein.
NUM  22.
PAR  22. A suspension and steering assembly according to claim 17 wherein said
      shock absorbing means includes a shock absorbing piston and rod connected
      at one end thereto and is arranged generally parallel with said coil
      spring.
NUM  23.
PAR  23. A suspension and steering assembly according to claim 1 wherein said
      shock absorbing means comprises a shock absorbing chamber, a piston and a
      rod connected at one end to said piston and said shock absorbing chamber
      is coaxial with said rod which extends generally along the centre axis of
      said coil spring.
NUM  24.
PAR  24. A suspension and steering assembly according to claim 22 wherein said
      second strut member supports the other end of said coil spring and other
      end of said rod in said snowmobile which are rigidly connected to said
      second strut member.
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ABST
PAL  Noise reduction is achieved at the rear axle of an automotive vehicle by
      mounting a weight at the point on the rear axle housing at which a lateral
      control rod of the vehicle is connected. The lateral control rod extends
      between the body-frame attachment and a pin at which one end of the
      control rod is connected and the weight to reduce noise is mounted in the
      vicinity of the pin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to noise reduction devices for
      automotive vehicles and more particularly to a mechanism which may be
      utilized at the rear axle of the vehicle to reduce unpleasant noise which
      may occur in the vehicle passenger compartment. More specifically, the
      invention is directed to reducing or eliminating axle noise in a vehicle
      of the 4-link rear suspension type.
PAR  In vehicles of this type, the vibrations excited by the rear axle pinion
      and ring gears during operation of the vehicle are amplified by resonance
      occurring in such parts as the driveline or the rear axle housing of the
      vehicle. These vibrations is then transferred to the body-frame by such
      parts as the lower control arm, the upper control arm or the lateral
      control arm, thereby generating a disagreeable noise within the passenger
      compartment of the vehicle.
PAR  In order to reduce such noise, several methods have been proposed. An
      example of one such method involves changing the resonance point of the
      driveline of the vehicle or of the axle housing or other similar parts.
      Other proposals have included reducing the vibration level at the
      resonance point of the rear axle housing by a dynamic damper. However, it
      has been found that all such proposals do not sufficiently satisfy the
      noise reduction requirements.
PAR  The present invention is aimed toward providing a more effective means for
      reducing axle noise in the vehicle compartment.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention may be described as an axle noise reduction
      device for an automotive vehicle having a rear axle housing with a
      differential carrier, a mounting pin extending from said housing and a
      lateral control rod connected between the body-frame attachment and the
      pin. More specifically, the present invention involves the improvement
      wherein said noise reduction device comprises a weight fixedly mounted at
      the connection point between the lateral control rod and the pin.
PAR  The weight to reduce axle noise may be several hundred grams and,
      preferably, between about 120-200 grams and it may be attached to the pin
      in several different ways. For example, where the lateral control rod is
      attached to the pin by means of a nut, the weight may be welded directly
      upon a nut. In a case where the connection means include a nut and a
      rubber bushing, the weight may be mounted between the nut and the rubber
      bushing. Alternatively, the weight may be threadedly connected to a cap
      which is attached to the pin for connecting the lateral control rod
      thereto.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there are illustrated and described preferred embodiments of the invention
     .
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a prospective view illustrating a portion of the rear axle
      assembly of the vehicle at which the present invention is applied;
PAR  FIG. 2 is a graphic illustration depicting the mode shapes of the rear axle
      housing;
PAR  FIG. 3 is a schematic illustration depicting the vertical mode shapes of a
      lateral bracket and pin on the housing;
PAR  FIGS. 4a-c are side views showing three embodiments of the present
      invention; and
PAR  FIG. 5 is a graphical diagram showing the relationship between the front
      seat sound pressure level and the second harmonic gear mesh frequency.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, wherein like reference numerals are utilized
      to indicate similar parts throughout the various figures thereof, and more
      particularly to FIG. 1, the 4-link rear suspension type to which the
      present invention is applied includes a rear axle housing 2 containing the
      rear axle shafts (not shown) located within a differential carrier 1. In a
      lower portion of the housing 2 on both outer sides thereof there are
      mounted lower control arms 5 and 6, at one end thereof, with lower arm
      brackets 3 and 4 being provided. In an upper portion of the housing 2 on
      both inner sides thereof there are mounted upper control arms 9 and 10
      each including at one end thereof respectively, upper arm brackets 7 and
      8. Behind the brackets 4 and 8 both located on one side of the housing 2
      there is mounted one end of a lateral control rod 12 by means of a lateral
      bracket 11. The opposite ends of the arm 5, 6, 9 and 10 and of the rod 12
      are connected to the body-frame attachments of the vehicle (not shown).
PAR  As a result vibration excited by the rear axle pinion and ring gears is
      transmitted to the body of the vehicle after it is amplified by the rear
      axle housing thereby developing noise within the passenger compartment of
      the vehicle.
PAR  In examining the vibration mode in the longitudinal direction of the rear
      axle housing 2 it has been found that the verticle bending mode and the
      torsional mode are such as is depicted by the solid line and the broken
      line, respectively, set forth in FIG. 2. Under such conditions, the noise
      within the passenger enclosure of the vehicle is highest at a vehicle
      speed of about 100 kilometers per hour or a second harmonic gear mesh
      frequency (rpm of the drive shaft .times. the number of teeth of the drive
      pinion of the differential gear .times. 2) of about 1,000 Hz. For this
      reason, until the present time attention has been directed to such a
      vibration mode of the rear axle housing 2 and noise reduction attempts
      have involved expedients such as changing the resonant frequency or
      reducing the vibration level.
PAR  In the development of the present invention, consideration is directed to
      the fact that the vertical bending vibration level and the torsional
      vibration level are highest at the neighborhood of the lateral bracket 11
      in this vibration mode. Furthermore, the vibration mode of the mounting
      portion of the lateral control rod 12 becomes pertinent in this context.
PAR  The bracket 11 includes a pin 17 supporting the lateral control rod 12 at
      one end by means of a retainer, with a rubber bushing 14 being provided
      for absorbing shock and with a nut 16 having a cotter 15 being 15 arranged
      to hold the rod 12 in place. It has been found that the vertical vibration
      mode of the lateral bracket 11 is such as shown by the solid line of FIG.
      3. This vibration mode is synthesized with bending and torsional vibration
      components, and with its own elastic vibration component and at the
      initial condition the node appears in the rear axle housing 2 and a loop
      occurs in the vicinity of pin 17. It has been found that the higher
      vibration level developed in the vicinity of the pin 17 is the greatest
      factor to generate noise within the passenger compartment of the vehicle.
PAR  The present invention is directed toward varying the vibration mode of the
      lateral bracket 11 and of the pin 17 without damping. The basic concept of
      the invention involves the mounting of a weight 18, which may preferably
      be within a several hundred of grams, at or in the vicinity of the
      connection between the lateral rod 12 and the pin 17. The weight 18 may be
      welded directly to the nut 16, as shown in FIG. 4a. Alternatively, the
      weight 18 may be placed between the rubber bushing 14 and the nut 16 as
      shown in FIG. 4b. Furthermore, as shown in FIG. 4c, the weight may be
      threadedly attached directly upon a cap of the pin 17.
PAR  As a result of utilization of the weight 18 of the present invention, the
      pin 17 is adapted to derive a new source of vibration and as a result of
      interference by both the weight 18 and the rear axle housing 2, the
      vibration mode of the lateral bracket 11 and the pin 17 takes on a form
      which is depicted by the broken line of FIG. 3.
PAR  It will be noted that, as shown in FIG. 3, the node occurs in the pin 17
      and the vibration level reduces, thereby decreasing the vibration
      transmitted from the lateral control rod to the body of the vehicle.
PAR  In view of the result thus achieved, the effect developed according to the
      present invention may be examined by measuring the sound pressure level at
      the front seat of the vehicle. The result of such measurement is shown in
      FIG. 5 wherein data obtained from prior art sources are shown in solid
      line form with the data obtained from the present invention being shown in
      broken line. Noise is highest at the second harmonic gear mesh frequency
      in the neighborhood of 1000 Hz, then the axle noise level at about 1000 Hz
      decreases to a level equivalent to or less than levels occurring at other
      frequencies during operation of the vehicle.
PAR  As described in the foregoing, according to the present invention, the
      vibration level of the pin 17 mounting the lateral control rod 12 on the
      rear axle housing 2 is reduced and as a result noise generated in the
      vehicle passenger compartment is effectively reduced. The vibration level
      of the pin 17 is reduced by changing the vibration mode of the pin and of
      the lateral bracket 11.
PAR  Accordingly, it will be seen that the present invention provides a device
      which is quite simple in construction as compared with other devices in
      which damping is effected by a dynamic damper, with the noise reduction
      device of the present invention being easily mounted on existing parts to
      effectively reduce noise levels without introducing undue structural
      complexity.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a noise reduction device for an automotive vehicle having a
      body-frame, a rear axle housing with a differential carrier, a mounting
      pin extending from said housing and a lateral control rod connected
      between said body-frame and said pin, the improvement wherein said noise
      reduction device comprises a weight fixedly mounted at the connection
      point between said lateral control rod and said pin.
NUM  2.
PAR  2. The device according to claim 1 wherein said weight is between about
      120-200 grams.
NUM  3.
PAR  3. The device according to claim 1 wherein said rod is attached to said pin
      by means of a nut and wherein said weight is welded directly upon said
      nut.
NUM  4.
PAR  4. The device according to claim 1 wherein the means connecting said rod to
      said pin include a rubber bushing and a nut, and wherein said weight is
      mounted between said rubber bushing and said nut.
NUM  5.
PAR  5. The device according to claim 1 including a cap for mounting said rod to
      said pin wherein said weight is threadedly connected to said cap.
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PAL  A vehicle which is supported and propelled by pressurized air. A stream of
      pressurized air is directed from at least one nozzle means away from the
      bottom of the body of the vehicle. The stream is directed at an acute
      angle to the bottom of the vehicle. At least one deflecting surface is
      provided on the bottom of the body of the vehicle in a position, when the
      vehicle is operating, to receive the stream when it is deflected from the
      surface being traversed by the vehicle, and to deflect the stream back
      toward the traversed surface.
BSUM
PAR  This invention is directed toward a novel air supported and propelled
      vehicle.
PAR  Air supported vehicles, one of the type riding on a cushion of air, are
      quite well known. These vehicles have means for creating a cushion of
      pressurized air which cushion is maintained beneath the vehicle by
      suitable retaining means to lift and support the vehicle. These retaining
      means usually comprise a flexible skirt surrounding the vehicle.
      Propulsion means such as propellors, or jets of pressurized air directed
      laterally from the vehicle, propel the vehicle while supported on the air
      cushion. Vehicles of this type have the advantage of being able to travel
      over different surfaces such as water, land, ice, swamp, etc.
PAR  These vehicles do however have certain disadvantages. They are relatively
      unstable when in operation; are difficult to directionally control; are
      mechanically complicated; have a vulnerable skirt system for retaining the
      air cushion; and have low power utilization efficiency.
PAR  It is the purpose of the present invention to provide a novel air supported
      and propelled vehicle which retains the advantage of air cushion vehicles
      in their ability to travel over different surfaces while at the same time
      eliminating, or at least minimizing, their disadvantages.
PAR  The vehicle of the present invention has good stability; good directional
      control; requires no flexible skirt or their means for retaining an air
      cushion; is mechanically simple; and has a relatively high power
      utilization efficiency. In particular, the vehicle of the present
      invention as compared to an air cushion type vehicle, provides a greater
      lifting force for the vehicle from the same power output. A greater
      proportion of the power output of the vehicle is thereby available for
      thrust. Alternatively a smaller power output can be employed for a vehicle
      of the same gross weight as an air cushion vehicle.
PAR  The vehicle of the present invention directs at least one, and preferably a
      plurality, of streams of pressurized air down and away from the bottom of
      the vehicle at an angle to the vehicle bottom to support and propel the
      vehicle. At least one planar surface is provided on the bottom of the
      vehicle, for each stream, to receive the associated stream as it is
      deflected back from the surface travelled over by the vehicle and to
      redeflect it back to the surface. This feature of at least one
      redeflecting surface on the vehicle for each pressurized air stream,
      provides a greater lifting force for the vehicle to support it for a
      particular power output as compared to the lifting force provided in an
      air cushion vehicle having the same power output.
PAR  The invention is particularly directed toward a vehicle having a body and
      means carried by the body providing a source of pressurized air. At least
      one nozzle means is provided in the bottom of the vehicle body for
      directing a stream of the pressurized air from the body to support and
      propel the vehicle. The stream is directed from the body at an acute angle
      to the bottom. At least one deflecting surface is provided on the bottom
      of the body, located relative to the nozzle means to receive the stream
      when it is deflected off the surface being transversed by the vehicle, and
      to deflect it back toward the traversed surface.
DRWD
PAR  The invention will now be described in detail having reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a top perspective view of the vehicle of the present invention;
PAR  FIG. 2 is a bottom perspective view of the vehicle;
PAR  FIG. 3 is a side elevation view of the vehicle in partial cross-section;
PAR  FIG. 4 is a detail view of the nozzles in the vehicle;
PAR  FIG. 5 is a perspective view of a portion of the nozzles including their
      moving means;
PAR  FIGS. 6 and 7 are detail elevation views of the nozzles and their moving
      means, in two different positions;
PAR  FIG. 8 is a detail cross-sectional view showing one type of nozzle sealing
      means; and
PAR  FIG. 9 is a detail cross-sectional view showing another type of nozzle
      sealing means.
DETD
PAR  The vehicle 1 of the present invention, as shown in FIGS. 1, 2 and 3, has a
      hull or body 3. A cab 5 can be provided at the front of the body 3 for the
      vehicle operator and passengers. An open deck 9 can be provided at the
      rear of the body 3 for receiving cargo. Intermediate the front and rear of
      the body 3, an engine compartment 13 is provided housing an engine 15 and
      fan 17. The fan 17 draws in, and compresses, air to provide a source of
      pressurized air in a lower chamber 18 for supporting and propelling the
      vehicle as will be described. The upper walls 19 of the engine compartment
      13 have screens or slots through which outside air is drawn by the fan 17
      into the engine compartment 13.
PAR  The base 21 of the body 3 is preferably divided into two longitudinal
      extending parallel sections 21a, 21b by a central, longitudinal extending
      well 23. The sections 21a, 21b are symmetrical with the central
      longitudinal axis of the vehicle. The front portions 25a, 25b of base
      sections 21a, 21b curve upwardly toward the front of the body 3. Each base
      section 21a, 21b is provided with a plurality of longitudinally
      spaced-apart outlet ports 27. Each outlet port 27 is rectangular and
      extends transversely across the base section.
PAR  Each outlet port 27 has a nozzle means 29 associated with it for directing
      pressurized air from the vehicle to lift, support and propel the vehicle.
      Each nozzle means 29 includes a chamber 30 defined by a pair of side walls
      31, 33 which extend up from port 27, and more particularly the long side
      edges 35, 37 of the port, and which diverge away from each other. Chamber
      30 is in direct communication with lower chamber 18. A nozzle chamber 39
      is mounted in the chamber 30 between the side walls 31, 33. The nozzle
      member 39 is of triangular cross-section and has side walls 41, 43 which
      slope down toward each other to converge at a bottom edge 45 as shown in
      FIG. 7. The side walls 41, 43 of the nozzle member 39 each extend at an
      angle .alpha. to the horizontal as do the side walls 31, 33 of chamber 30.
      The nozzle member 39 is sized so that when it is in a first position, with
      its one wall 41 against wall 31 and its bottom edge 45 adjacent side edge
      35 of the outlet port 27, its other wall 43 is spaced from, but parallel
      to, other wall 33 of chamber 30, forming a channel 47. Channel 47
      communicates, at its top end, with the chamber 18 for directing
      pressurized air downwardly and rearwardly from port 27 to lift and propel
      the vehicle forwardly. The pressurized air stream 49 emerges from port 27
      at an angle .alpha. to strike the surface "S" over which the vehicle
      traverses.
PAR  It is essential to the present invention that a planar deflecting surface
      area 51 be provided behind each outlet port 27. The surface area 51 is
      substantially parallel to the surface "S" and must be located a distance
      rearwardly from the port 27 such that, when the vehicle is in operation
      and raised slightly from ground surface "S", the stream 49 emerging from
      port 27, is deflected at least once from ground surface "S" back onto
      planar surface area 51. The planar surface area 51 preferably comprises a
      portion of the plane surface 53 of base 21 between each pair of adjacent
      outlet ports 27. Preferably, the ports 27 are spaced apart a distance such
      that two deflecting surface areas, 51a, 51b are provided by surface 53
      between adjacent ports 27 so that each stream 49 emerging from each port
      27 is deflected from the ground "S" back to the vehicle base at least
      twice, when the vehicle is operating.
PAR  The streams of air 49 emerging downwardly and rearwardly from all the
      outlet ports 27 serve both to lift the vehicle, to support it and to
      propel it forwardly. The vehicle can also be propelled rearwardly by
      moving the nozzle member 39 in each chamber 30 forwardly to a second
      position so that the one wall 41 of member 39 is now spaced from, but
      parallel to, wall 31 of chamber 30 to form a channel 55, (shown being
      formed in FIG. 7) which extends downwardly and forwardly. Wall 43 of
      member 39 is now adjacent wall 33 of chamber 30 eliminating channel 47. A
      stream of air now emerges from each port to lift and propel the vehicle
      rearwardly. At least one, and preferably two surface areas are provided in
      front of each slot 27 to receive the stream from each slot as it is
      deflected back once or twice from the ground. These surface areas, except
      for the most forward slot, comprise the rearwardly positioned areas 51 of
      adjacent forward slots when the vehicle is moving forwardly.
PAR  Means are provided for moving the nozzle members 39 in each base section
      21a, 21b in unison between their first and second positions. These moving
      means for each base section include a pair of horizontal, parallel support
      bars 61 located on either side of the nozzle members 39 in each base
      section. Each bar 61 is connected to one end 63 of each nozzle member 39
      by a short connecting piece 65. Each bar 61 also carries a plurality of
      camming pins 67 projecting inwardly. End walls 69 join adjacent side walls
      31, 33 of adjacent chambers 30. Angular cam slots 71 are provided in these
      end walls with the two arms 73, 75 of each slot 71 extending up and away
      from each other, each at an angle .alpha. to the horizontal.
PAR  Each bar 61 is connected, via a bracket 77 and pin 79 to an actuating rod
      81 extending substantially parallel to, and above bar 61. The rod 81 is
      connected at its other end, as shown in FIG. 3 to a crank arm 83 which in
      turn is connected to a shaft 85 rotatable by suitable motive means 87.
PAR  In operation, to change from forward to reverse drive, the nozzle members
      39 in each base section 21a, 21b can be moved in unison from a first
      position, where rearwardly directed channels 47 are formed between walls
      33, 43, and where each cam pin 67 is at the top of arm 73 in slot 71
      adjacent the channel. The nozzle members 39 are moved down and forwardly
      by actuating motive means 87 to move bars 61 to which the nozzle members
      are attached. The movement continued until each nozzle member 39 abuts on
      both walls 31, 33 of chamber 30 and pin 67 is at the bottom of slot 71.
      The movement is continued to move the members up the other side to the
      second position to form channel 55 with pin 67 moving up to the end of arm
      75 of slot 71. FIG. 7 illustrates the nozzle members 39, in dotted lines,
      moving up to the second position. Side walls 31, 33 of chamber 30 limit
      movement of pin 67 in slot 71.
PAR  The pressurized air is maintained in lower chamber 18, and chambers 30, by
      side plates 87.
PAR  Means can be provided for vertically adjusting the nozzle means and
      deflecting surfaces relative to body 3 if desired. In one embodiment, as
      shown in FIG. 8, the walls 31, 33 forming the chambers 30 are attached,
      via their end walls 69, to longitudinal plates 81'. The plates 81' are
      retained in vertical slots 83 formed between side walls 85, 87 depending
      down from bottom wall 89 of chamber 18. The plates 81' are free to move a
      limited amount in the slots 83 to provide vertical adjustment for the
      nozzle means and deflecting surfaces. Alternatively, plates 81' can be
      attached to bottom wall 89 by flexible seal members 91 as shown in FIG. 9.
      In this embodiment, outer side wall 85 can be dispensed with.
PAR  To steer or turn the vehicle, the nozzle members in one base section 21a
      can be placed, in unison in the opposite position to the position of the
      nozzle members in the other base section 21b. This imparts turning forces
      about the vertical central axis of the vehicle, in either direction,
      depending on which set of nozzles are in which position.
PAR  In employing an arrangement whereby the air stream from each nozzle can be
      directed against the base of the vehicle at least once and preferably
      twice, by deflection off the ground surface, additional lift is provided
      for the vehicle without the use of additional power. With the present
      invention, the ideal total lift L obtained can be expressed (having
      reference to FIG. 4) by the formula:
      ##EQU1##
      where: L = Total lifting force
PA1  D = distance of the base above the ground surface "S"
PA1  P = effective length of base surface associated with each nozzle
PA1  .alpha. = Angle of exiting air stream with respect to base surface
PA1  M = total air mass flow through all nozzles; and
PA1  V = mean velocity of air stream exiting from each nozzle.
PAR  The ideal total thrust T imparted to the vehicle can be expressed by the
      formula:
EQU  T = cos .alpha. (MV)                                       2
PAR  In order for the present invention to operate, it is essential that the
      base surface be long enough to provide at least one reflecting surface.
      Thus,
EQU  P &gt;2D/tan .alpha.                                          3
PAR  Also, the base must be high enough off the ground to allow the air stream,
      having a thickness t, to reflect between the base and ground. Thus,
EQU  D &gt;t/cos .alpha.                                           4
PAR  The above formula is satisfied by supplying sufficient power at the outlet
      of the nozzles. From equations 1 and 4 it can be shown that the minimum
      power required can be expressed by the formula:
      ##EQU2##
      where L is equal to the gross weight of the vehicle.
PAR  The above formulas are for ideal conditions with the following assumptions:
PAR  A. The air stream emanating from each nozzle is non-viscous, perfectly
      elastic and unidirectional.
PAR  B. The ground surface traversed by the vehicle is uniformly smooth and
      parallel to the base surface of the vehicle.
PAR  C. The air stream has an initial zero velocity relative to the vehicle.
PAR  D. Each nozzle and reflecting base surface is identical.
PAR  These assumptions do not induce large errors and the theoretical results
      are fairly close to actual results as shown by laboratory testing. The
      testing indicates that the nozzle angle .alpha. should range between
      20.degree. and 40.degree. to provide optimum results. Only six to 24
      percent of the total power available is needed to provide the necessary
      lift depending on ground clearance and hillclimbing requirements.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle having a body, means carried by the body providing a source of
      pressurized air, at least one nozzle means in the bottom of the vehicle
      body for directing a stream of the pressurized air from the body to
      support and propel the vehicle, the stream directed from the body at an
      acute angle, to the bottom, and at least one deflecting surface on the
      bottom of the body, located relative to the nozzle means to receive the
      stream, when deflected off the surface being traversed by the vehicle, and
      to deflect it back toward the traversed surface.
NUM  2.
PAR  2. A vehicle as claimed in claim 1, having a plurality of nozzle means in
      the bottom of the vehicle body for directing streams of the pressurized
      air from the body to support and propel the vehicle, each nozzle means
      having an associated deflecting surface.
NUM  3.
PAR  3. A vehicle as claimed in claim 2, having another deflecting surface on
      the bottom of the body located relative to each nozzle means to receive
      the stream when deflected off the surface being traversed by the vehicle,
      and to deflect it back toward the traversed surface, the other deflecting
      surface of each nozzle means located on one side of the nozzle means
      opposite to the one deflecting surface, and means for selectively
      positioning the nozzle means, in unison, between one of two positions, the
      nozzles, in one position, directing the streams rearwardly of the body to
      deflect off the one surfaces to propel the vehicle forwardly; the nozzles,
      in the other position, directing the streams forwardly of the body to
      deflect off the other surfaces to propel the vehicle rearwardly.
NUM  4.
PAR  4. A vehicle as claimed in claim 2, wherein the nozzle means are arranged
      in two parallel rows extending longitudinally of the body, the rows
      symmetrical with respect to the longitudinal axis of the body.
NUM  5.
PAR  5. A vehicle as claimed in claim 4, having another deflecting surface on
      the bottom of the body located relative to each nozzle means to receive
      the stream when deflected off the surface being traversed by the vehicle,
      and to deflect it back toward the traversed surface, the other deflecting
      surfaces of each nozzle means located on one side of the nozzle means
      opposite to the one deflecting surface, and means for selectively
      positioning each row of nozzle means, in unison, between one of two
      positions, the nozzles, in one position, directing the streams rearwardly
      of the body to deflect off the one surfaces to tend to propel the vehicle
      forwardly; the nozzles, in the other position, directing the streams
      forwardly of the body to deflect off the other surfaces to tend to propel
      the vehicle rearwardly; the vehicle turned by positioning one row of
      nozzles in one position and the other row of nozzles in the other
      position.
NUM  6.
PAR  6. A vehicle as claimed in claim 3, wherein each nozzle means comprises a
      pair of fixed walls extending transversely of the body, the walls
      converging down toward each other to define a narrow transverse slot in
      the bottom, a member movably mounted in the space between the fixed walls,
      the member having two walls extending transversely of the body, the walls
      converging down toward each other at the same angle as the fixed walls,
      the selectively positioning means comprising means for moving the member
      between the fixed walls to have one of its walls abutting one of the fixed
      walls and the other of its walls spaced from the other fixed wall to
      define a channel leading to the slot.
NUM  7.
PAR  7. A vehicle as claimed in claim 6, wherein the moving means comprise a
      pair of bar members extending longitudinally of the body, one on each side
      of the nozzle members, and attached to each nozzle member on its sides,
      cam surfaces on the sides of the fixed walls, and cam followers on the bar
      members cooperating with the cam surfaces to guide the bar members, and
      the attached nozzle members down one fixed wall and up the other in moving
      between the two positions.
NUM  8.
PAR  8. A vehicle having a body with a bottom planar surface, means carried by
      the body for providing a source of pressurized air, a plurality of
      longitudinally spaced-apart, transverse extending slots in the bottom
      surface, nozzle means carried by the body at each slot for directing a
      stream of pressurized air from the body to lift, support and propel the
      vehicle, the stream directed from the body at an acute angle to the bottom
      surface, the slots spaced longitudinally apart at least a distance
      sufficient to have each stream deflect back from the surface traversed
      onto the bottom surface, and from the bottom surface back to the traversed
      surface, without interfering with streams from adjacent slots.
NUM  9.
PAR  9. A vehicle as claimed in claim 8, wherein the distance between adjacent
      slots satisfies the equation:
EQU  P &gt;2D/tan .alpha.
PA1  where
PA2  P = the distance between adjacent slots;
PA2  D = the distance the bottom surface is lifted from the traversed surface
      when the vehicle is being operated; and
PA2  .alpha. = the acute angle.
NUM  10.
PAR  10. A vehicle as claimed in claim 9, wherein the vehicle, issuing streams
      of air with a thickness "t", must be lifted a minimum distance "D" from
      the traversed surface which distance satisfies the equation:
EQU  D &gt;t/cos .alpha.
NUM  11.
PAR  11. A vehicle as claimed in claim 10, wherein the minimum power output of
      the vehicle required to have the vehicle lifted a minimum distance "D"
      from the traversed surface must satisfy the equation
      ##EQU3##
      where L is equal to the gross weight of the vehicle.
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PAL  An electronic mosquito repellant sonically or ultra-sonically attracts male
      mosquitos. The presence of the male mosquitos repels the pregnant female
      mosquitos. The female mosquitos, as distinguished from the male mosquitos,
      are equipped with mandibles capable of piercing the skin of human beings.
      As a matter of fact, though, it is only the pregnant female mosquitos that
      require blood for incubation of the fertilized eggs that bite. Thus, the
      electronic device repels the biting female mosquito and precludes being
      bitten by mosquitos in an area covered by the output of the device.
PARN
PAR  This is a continuation of application Ser. No. 291,747, filed on Sept. 25,
      1972.
BSUM
PAR  This invention relates to mosquito repellant apparatus and more
      particularly to electronic mosquito repellant apparatus which generates a
      signal found to attract male mosquitos and thereby repel the blood
      seeking, pregnant female mosquitos. Not only is the mosquito bite
      uncomfortable and always liable to infection, but very often mosquitos
      serve as carriers of diseases. Therefore, human beings have long sought
      for means of keeping mosquitos from biting them.
PAR  The most common presently used method of discouraging mosquitos from biting
      is the use of chemical repellants, either in salve, spray or liquid form.
      The difficulty with these types of repellants are multifold. Many people
      are allergic to the chemical repellants or are discomforted by the odors
      present in the repellant. Also, it is extremely difficult to adequately
      spray the exposed skin. Besides that, it is often necessary to spray
      clothes through which mosquitos can bite.
PAR  Another chemical method of repelling mosquitos is through the use of
      anti-insect bars which present an odor that is supposed to repel
      mosquitos. The difficulty with this type of repellant is that it must be
      used in an enclosure, because it does not perform adequately out-of-doors
      where the majority of the mosquitos are located.
PAR  It is also known in the art to use electronic devices to attract insects
      for entrapment purposes; however, such entrapment fails as an aid to an
      individual fisherman or group of fishermen located by a stream in the
      woods. The entrapment apparatus is sometimes used by a Municipality or
      other government agency for mosquito abatement purposes, rather than for
      repellant purposes.
PAR  Further electronic devices are known in the arts that are used for
      repelling rodents, for example. This is accomplished by recording the
      noises emitted by a frightened or agitated rodent and replaying the
      recording. The replay equipment, even if it is on a casette, is relatively
      unwieldy.
PAR  Accordingly, an object of the present invention is to proivde a unique
      electronic means for repelling insects.
PAR  A more particular object of the invention is to provide the small
      electronic sonic mosquito repellant.
PAR  Yet another object of the invention is to provide an ultrasonic generator
      which can be used to repel mosquitos within its effective range indoors or
      outdoors with equal facility.
PAR  Yet another object of the invention is to provide an electronic means for
      repelling mosquitos that bite; the electronic means is extremely small,
      portable and capable of being attached to the outside of one's clothing,
      to effectively prevent mosquitos from biting the transporter of the
      repelling means.
PAR  In accordance with a preferred embodiment of the present invention, the
      foregoing objects are accomplished by providing a small transistorized
      oscillator using an RC network to obtain the frequency required to drive a
      speaker and transmit a male mosquito attracting signal. The oscillator is
      powered by a standard small voltage battery. Fine frequency control is
      obtained through the use of a controllable, variable resistor in the RC
      network.
PAR  The transistorized oscillator and the speaker are encased in a plastic case
      such as is normally provided for small transistor radios. The case is
      equipped to be attached to the belt or other outside appurtenance of the
      transporter's clothing.
DRWD
PAR  These and other objects and features of the invention will now be explained
      in detail with the aid of the accompanying drawings, wherein:
PAR  FIG. 1 is a pictorial view of the electronic mosquito repellant, and
PAR  FIG. 2 is a schematic diagram of the electrical components included within
      the case shown in FIG. 1.
DETD
PAR  The equipment illustrated and described herein uniquely repels the blood
      sucking mosquitos in an area of approximately 8 feet of the source of the
      signal. Since these mosquitos avoid the area within the range of the
      repellant apparatus, the use of the apparatus is relatively free of the
      danger of being bitten.
PAR  For background information, entomologists know that it is only the female
      mosquito which have piercing mandibles and are capable of biting a human.
      It is further known that it is only pregnant females that actually do the
      biting, because the biting is done when the pregnant female requires the
      blood for fertilized egg incubation purposes prior to laying her eggs.
      Entomological studies have further shown that a certain frequency of
      signals in the audible range and in the ultrasonic range attracts the male
      species of mosquitos. It is also known that once a female mosquito is
      pregnant, she is repelled by the presence of the male. Consequently, by
      producing the specific signal that attracts the male, the pregnant female
      will be repelled; thus, the device described and shown herein is designed
      to attract the male mosquitos. It should be noted that since the apparatus
      attracts the male mosquitos, these in turn attract the unpregnant female
      mosquitos; however, neither the male mosquitos nor the unpregnant female
      mosquitos are of any concern since neither of these mosquitos will bite
      the human being.
PAR  As shown in FIG. 1, the electronic mosquito repellant 11 comprises an outer
      case 12 which may be made of plastic or the like, having openings 13
      therein to enable the output of a loud speaker to pass therethrough. The
      case 12 is further provided with means for attaching the electronic
      mosquito repellant to the clothing of the person using the device. The
      means shown are leather tong 14 attached to the case 12 through rivet 16.
PAR  Controls are provided for the operation of the electronic mosquito
      repellant. More particularly there is shown an on-off switch 17 and a
      variable resistor control 18.
PAR  The circuitry of the device is shown in FIG. 2. Means are provided for
      obtaining the frequency required. More particularly, a resistance
      capacitor network is provided comprising a variable resistor R1, a fixed
      resistor R2 and capacitor C1. This network operates in conjunction with
      unijunction transistor Q1 to provide a signal through loud speaker 21.
PAR  The circuitry is energized by any well known means, such as a battery 22
      which is grounded at point 23. The positive end of the battery is
      connected through bias resistor R3 to the base one element 24 of
      unijunction Q1. The emitter 26 of unijunction Q1 is coupled between the
      series connector resistance R2 and C1 to the base of the transistor Q1.
PAR  Control 18 on the variable resistor R1 is designed to vary the frequency
      below and above the normal optimum frequency positions. The optimum
      frequency position is at the midpoint of resistor R1.
PAR  The switch 17 couples the side of the speaker 21 that is not connected to
      the unijunction transistor Q1 to ground to complete the circuit through
      the transistor. In addition, also connected to ground is capacitor C1.
      Thus, when switch 17 is in its closed position, the circuitry is completed
      to operate the frequency generator and generate a signal which attracts
      the male mosquitos and thereby repels the pregnant female mosquitos.
PAR  An amplifier 28 may be provided as shown in dashed line form to increase
      the volume of the signal and thereby increase the range of the device.
PAR  Without the amplifier the effective range of the device, depending upon the
      strength of the battery, is up to 8 feet. A normal 9 volt transistor radio
      battery is found to last through 100 hours of use.
PAR  The optimum frequency has been found to be 2400 Hertz. It has also been
      found that the device operates over the 10,000 Hertz range; however, it is
      not found to be as desirable an operating point since, the ultrasonic
      frequency range often disturbs domestic pets.
PAR  In operation the on-off switch 17 is turned to its on position and variable
      control 18 of variable resistor R1 is turned to approximately the middle
      of the variable resistor. At that point, the frequency is designed to be
      approximately 2400 Hertz.
PAR  The frequency generator operates as a relaxation oscillator. More
      particularly, at the start of a cycle the emitter element 26 of
      unijunction Q1 is reverse biased and accordingly does not conduct. As the
      capacitor C1 charges through the series combination of resistors R1, R2
      the emitter 26 becomes forward biased and consequently conducts to
      discharge the capacitor through base two electrode 27 and loudspeaker 21
      to ground. The charging and discharging continues cyclically to provide a
      non-sinusoidal output wave.
PAR  The operation is checked by noticing mosquitos in the area. They will tend
      to collect at the outer limit of the effective range of the repellant
      frequency generator; thus, with a new battery in, the mosquitos will tend
      to mass approximately 8 feet from the emitting, turned on device.
PAR  Ocassionally it is necessary to slightly vary the resistor R1 to account
      for variations of values of the capacitor and the resistance due to
      atmospheric conditions, or to variations in the range of the variations in
      the effective signal reaching the mosquitos because of atmospheric
      conditions. Thus, if the user notices that the male mosquitos are not
      being attracted, he merely operates control 18 until he notices a slight
      massing of mosquitos. Then the user is relatively free from mosquito
      bites, even in the vicinity of multitudes of biting mosquitos, without the
      necessity of foul smelling chemical repellants.
PAR  In a preferred embodiment of the invention the following components are
      used:
PA1  R1 = 50 k ohms
PA1  R2 = 2.7 k ohms
PA1  R3 = 200 ohms
PA1  Cl = .005 uF
PA1  Q1 is a 2N4870 unijunctor
PA1  9 Volt dc battery is used
PAR  While the principals of the invention are described above in connection
      with the specific apparatus and applications, it is to be understood that
      this description is made only by way of example and not to the limitation
      of the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Electronic apparatus for repelling mosquitos that tend to bit humans,
PA1  said apparatus comprising:
PA1  attracting means not in conjunction with killing means for attracting male
      mosquitos, said attracting means comprising
PA1  relaxation oscillator means for generating a frequency signal;
PA1  non-directional means for broadcasting said generated frequency signal;
PA1  said frequency attracting male mosquitos;
PA1  resistor capacitor network means for varying said frequency by varying the
      resistance in said resistor capacitor network means to thereby obtain the
      optimum frequency for attracting male mosquitos;
PA1  battery means for energizing said oscillator means, whereby said apparatus
      is completely portable;
PA1  means for selectively connecting said oscillator means to said battery
      means;
PA1  plastic case means enclosing said apparatus; and
PA1  means for attaching said case to the clothing of the user; whereby the user
      has hands-free apparatus acting to repel mosquitos that tend to bite
      humans.
NUM  2.
PAR  2. The apparatus of claim 1 wherein
PA1  said non-directional means for broadcasting comprises loudspeaker means,
PA1  said relaxation oscillator means comprises a unijunction transistor,
PA1  means for connecting said battery means to said resistor capacitor network
      means,
PA1  said resistor capacitor network means comprises a series connected resistor
      means and capacitor means,
PA1  means for coupling the emitter of said unijunction transistor to the
      junction of said resistor means and said capacitor means, and
PA1  means for connecting the base one electrode of said unijunction transistor
      to the means for connecting said battery means to said resistor capacitor
      network means.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said attaching means comprises a thong
      connected to said case.
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ABST
PAL  A vehicle safety belt system includes a spring rewind belt retractor reel
      provided with a solenoid actuated brake and a network controlled by an
      inertia switch to brake the reel by the energization or deenergization of
      the solenoid and to maintain the reel in a braked condition an adjustable
      time interval following the deactuation of the inertia switch. The network
      includes a solid state Darlington switch having across its input a memory
      capacitor which is charged by the actuation of the inertia switch and a
      relay across its output which controls the brake solenoid.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 260,872 filed June
      8, 1972, now U.S. Pat. No. 3,825,205, which is a Continuation-in-Part of
      Application Ser. No. 157,562 filed June 28, 1971.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to improvements in vehicle safety
      or seat belt systems and it relates particularly to an improved automatic
      locking system for vehicle safety belt rewinding reels.
PAR  The conventional vehicle safety belt includes a suitably anchored reel
      about which the belt is wound and which is biased by a rewind spring to a
      belt retracted condition. In normal use the belt is withdrawn from the
      reel for its full length and the free end of the belt is coupled by a
      tongue and buckle arrangement to the opposite side of the seat to secure
      the occupant in a restrained condition to the seat. The belt is of
      adjustable length to accommodate occupants of different girths or sizes.
      The aforesaid conventional safety belt mechanism possesses numerous
      drawbacks. Among these is the requirement of manually adjusting the length
      of the seat belt to the size of the respective seat occupant. Another
      important disadvantage of the conventional seat belt mechanism is that it
      greatly restricts the movements of the restrained seat occupant during
      normal operation of the vehicle thereby interferring with the optimum and
      efficient control of the vehicle by the driver causing a high degree of
      discomfort.
PAR  In order to overcome the above drawbacks of the conventional reel retracted
      safety belt system, many types of retractor reel systems have been
      proposed from which the belt may be normally continuously withdrawn but is
      braked in response to an inertia type sensing mechanism. While these
      systems possess many advantages, they are frequently unreliable since the
      reel braking is either of too short duration or is maintained for an
      indefinite period and they otherwise leave much to be desired.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide an improved
      vehicle safety belt system.
PAR  Still another object of the present invention is to provide an improved
      safety belt rewinding system which permits the free movement of the seat
      occupant under normal driving conditions but automatically locks the belt
      against withdrawal to tightly restrain the occupant in the seat in the
      event that collision or accident conditions occur, such as a rapid
      acceleration or deceleration, or an excessive inclination or attitude of
      the vehicle which results from accidents such as roll over, upending or
      the like.
PAR  Still another object of the present invention is to provide an improved
      inertia responsive safety belt locking system in which an adequate braking
      interval is assured independently of the sequence of events following the
      braking actuation.
PAR  A further object of the present invention is to provide a device of the
      above nature characterized by its reliability, ruggedness, compactness,
      versatility, adaptability and ease of use and application.
PAR  The above and other objects of the present invention will become apparent
      from a reading of the following description taken in conjunction with the
      accompanying drawings which illustrate preferred embodiments thereof.
PAR  In a sense the present invention contemplates the provision of an automatic
      locking safety belt retraction mechanism comprising a safety belt movable
      between withdrawn and retracted positions, means normally urging the belt
      toward its retracted position, braking means for alternatively releasing
      or locking said safety belt against withdrawal, an inertia switch, means
      responsive to the actuation of the inertia switch for activating the
      braking means to a safety belt locking condition and timing means for
      maintaining the braking means in a locking condition a predetermined
      interval following the deactuation of the inertia switch.
PAR  In accordance with a preferred form of the improved system the timing means
      includes a high impedance input solid state switch such as a Darlington
      amplifier whose input signal is derived from a timing capacitor and whose
      output is connected to a relay solenoid. The actuation of the inertia
      switch effects the charging of the capacitor which closes the solid state
      switch to energize the relay solenoid which closes or opens relay contacts
      controlling the braking solenoid to actuate the brake. Upon deactuation of
      the inertia switch the capacitor locks its charge through a resistance
      across its terminals until the solid state switch opens to deenergize the
      relay solenoid and release the brake.
PAR  The improved system assures the maintenance of the safety belt reel brake
      in a closed condition until the dangerous conditions causing the actuation
      of the inertia switch have been alleviated even though the inertia switch
      is prematurely deactuated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of the inertia switch forming part of
      the improved system and shown in a deactuated condition:
PAR  FIG. 2 is a view similar to FIG. 1 with the switch shown in an actuated
      condition:
PAR  FIG. 3 is a perspective view of a braking reel employed in one embodiment
      of the present invention:
PAR  FIG. 4 is a schematic view of a network employed with the reel of FIG. 3:
PAR  FIG. 5 is a perspective view of another type of braking reel employed in
      another embodiment of the present invention; and
PAR  FIG. 6 is a schematic view of a network employed with the reel of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and particularly FIGS. 1 to 4 thereof which
      illustrate a preferred embodiment of the present invention, the reference
      numeral 10 generally designates a solenoid actuated braked retractor reel
      device which may be of the type described in U.S. Pat. application Ser.
      No. 161,682 filed July 12, 1971 in the name of Takezo Takada and comprises
      a U-shaped bracket 11 including a base plate 12 and a pair of upright side
      plates 13. A take up reel 14 extends between and is journalled between
      plates 13 and includes a drum upon which a safety belt 16 is wound, the
      reel 14 being biased by a spiral spring supported on a plate 13 to urge
      the reel 14 in a direction to retract and wind belt 16 thereon while
      permitting the withdrawal of the belt and the attendant loading of the
      spring.
PAR  A pair of ratchet wheels 17 are affixed to opposite ends of the reel drum
      adjacent plates 13 and are rotatable with the drum. Extending between
      plates 13 adjacent the lower forward edges of ratchet wheels 17 is a cross
      bar 18 which is rockable about its longitudinal axis. A pair of pawls 19
      project upwardly from the opposite ends of cross bar 18 and are movable
      with the counter clockwise and clockwise rocking of bar 18, as viewed in
      FIG. 3, into and out of locking engagement with ratchet wheels 13
      respectively braking and releasing the reel against and for withdrawal of
      belt 16. A leg 20 depends medially from bar 18 and is link connected to
      the armature of a brake releasing solenoid 21, the armature normally being
      spring advanced to swing pawls 19 into braking engagement with ratchet
      wheels 17 and being retracted upon energization of solenoid 21 to withdraw
      the pawls 19 from the ratchet wheels 17 and release the retractor reel 14.
PAR  Controlling the energization and deenergization of solenoid 21 is an
      inertia switch 22 which is actuated by an excessive positive or negative
      acceleration or change in inclination and is of the general construction
      described in the above identified copending application.
PAR  The inertia switch 22 comprises a housing 23 which is closed by a top cover
      plate 24 provided with an integrally formed centrally positioned upwardly
      directed open ended collar or cylinder 26. A seat defining inwardly
      directed peripheral lip is formed about the bottom edge of cylinder 26,
      the upper face of the lip being a spherical surface. A pendulum member 27
      includes a vertical rod 28 supporting at its bottom and a heavy weight 29
      and terminating at its top in a head 30 with spherical bottom face resting
      on the cylinder seat and a flat top face, the head 30 and the seat
      defining a ball and socket joint permitting the free swinging of pendulum
      27 in any direction. A flat bottomed piston member 32 slideably engages
      cylinder 26 for free vertical sliding therein and is provided with a
      centrally located upwardly directed boss 33.
PAR  A pair of vertically spaced upper and lower mutually insulated switch
      contact members 22a and 22b and an elongated switch arm 22c are mounted on
      cover plate 24, the switch arm having its free contact defining end
      between contacts 22a and 22b.  A spring element 34 resiliently urges
      switch arm 22c into normal engagement with lower contact 22b, upper
      contact 22a being normally in open position. A depending dimple 36 is
      formed in switch arm 22c in vertical alignment and normally a short
      distance above boss 33. When pendulum member 27 is swung a predetermined
      angle from its vertical, due to a rapid acceleration or deceleration of
      switch 11, as shown in FIG. 2 or when the casing 23 is tilted relative to
      pendulum 27, hemispherical member 30 swings in its socket so that its top
      flat cam surface, as seen in FIG. 2, bears on and raises piston 27 with
      boss 33 bearing on dimple 36 to raise switch arm 22c into closed contact
      with upper contact 22a and out of engagement with contact 22b and thereby
      close normally open switch 22.
PAR  The network responding to inertia switch 22 and controlling brake solenoid
      21 includes a pair of Darlington connected switch defining transistors T1
      and T2 the collectors of which are connected through line x to the
      positive terminal of a battery. The base of transistor T1 is connected to
      normally open switch contact 22a and the emitter is connected to the base
      of transistor T2 whose emitter is connected through a relay solenoid RS to
      the battery negative line y. A timing capacitor C shunted by a high
      resistance variable resistor R is connected between negative line y and
      the base of transistor T1.
PAR  The relay solenoid RS is shunted by a diode D1 and controls relay switch
      arm RS.sub.a which normally engages relay contact RS.sub.b and transfers
      to contact RS.sub.c with the energization of relay solenoid RS. Switch arm
      22c is connected to positive line x, switch contact 22b is connected to
      switch arm RS.sub.a and contact RS.sub.b is connected through solenoid 21
      to negative line y, solenoid 21 being shunted by a diode D2.
PAR  Considering now the operation of the system described above, under normal
      conditions with inertia switch 22 in the position shown in FIGS. 1 and 4,
      capacitor C is discharged through resistor B, transistor T2 is cut off,
      solenoid RS is deenergized and solenoid 21 is energized by connection
      through closed contacts RS.sub.a, RS.sub.b and 22b, 22c between lines x
      and y. The energized solenoid 21 retracts pawls 19 so as to permit the
      free withdrawal and retraction of belt 12.
PAR  Upon the actuation of inertia switch 22 due to an excessive positive or
      negative acceleration or inclination of the vehicle carrying the inertia
      switch, switch arm 22c is transferred to contact 22a connecting the base
      of transistor T1 and the terminal of the capacitor C connected thereto to
      positive line x to fully charge the capacitor C and apply a triggering
      signal to transistor T1. The transistor T2 is rendered conducting to
      energize relay solenoid RS which transfers switch arm RS.sub.a from
      contact RS.sub.b to open the circuit of and deenergized solenoid 21. The
      deenergization of solenoid 21 releases the armature which is spring urged
      to rock pawls 19 into engagement with ratchet wheels 17 and thereby brake
      the reel and prevent the withdrawal of belt 12.
PAR  Upon the return of inertia switch 22 to its normal condition with switch
      arm 22c transferring back to contact 22b a triggering or switch closing
      signal is still applied to the base of transistor T1 as a result of the
      charge on capacitor C to continue the energization of relay solenoid RS
      and the braking deenergization of solenoid 21. This braking condition
      continues until the capacitor C sufficiently discharges through resistor R
      to cut off transistor T2 and deenergize relay solenoid RS whereupon the
      pawls 19 are withdrawn from the ratchet wheels 17 to permit the free
      movement of belt 16. The interval of continued braking following the
      deactuation of switch 22 depends on the values of resistor R and capacitor
      C and may be varied by adjusting resisotor R.
PAR  The embodiment of the present invention illustrated in FIGS. 1, 2, 5 and 6
      differs from that first described primarily in that the braking is
      effected by the energization of a braking solenoid instead of the
      deenergization thereof.
PAR  The retractor reel 40 includes a bracket 41, a spring rewound reel 42 and
      end ratchet wheels 43 associated in the manner of and corresponding to
      bracket 11, reel 14 and ratchet wheels 17 of the first described
      embodiment. A cross-piece 44 is rockably supported between the side plates
      46 of bracket 41 and includes a pawl defining upper border which is
      movable into and out of braking engagement with ratchet wheels 43 with the
      counter clockwise and clockwise rocking respectively of cross piece 44.
PAR  A leaf spring 47 mounted on the base 48 of bracket 41 bears of the upper
      inside border of cross piece 44 to resiliently normally urge it clockwise
      to a ratchet wheel release position. An armature plate 49 of magnetic
      material is integrally formed and rockable with cross piece 44 and is
      positioned proximate the outside face of a bracket side wall 46. Mounted
      on side wall 46 is an electromagnet 50 having a core confronting armature
      49 so that energization of the electromagnet solenoid causes the
      attraction of armature 49 to swing cross piece 44 to a ratchet wheel
      engaging braking position and deenergization of the electromagnet solenoid
      releases the cross piece to be swung to a ratchet wheel release position
      by spring 47.
PAR  The system employing retractor reel 40 uses the inertia switch 22 described
      above and the network shown in FIG. 6 which differs from that first
      described and shown in FIG. 4 only in the connections of switches 22 and
      the relay contacts RS.sub.a, RS.sub.b  and arm RS.sub.c. Thus in the
      network of the present embodiment switch contact 22a is connected to the
      base of transistor T1, contact 22b is unconnected, switch arm 22c is
      connected to positive line x and relay switch arm RS.sub.a, relay switch
      contact RS.sub.c is connected through the solenoid of electromagnet 50 to
      negative line y and relay contact RS.sub.b is unconnected. In all other
      respects the networks of the two networks are similar.
PAR  In the operation of the system last described, in the normal condition of
      inertia switch 22, relay solenoid RS is deenergized since contact 22a is
      open and capacitor C discharged to thereby keep contact RS.sub.c open and
      electromagnet 50 deenergized and the reel braking pawls released. Upon
      actuation of switch 22, contact 22a is closed charging capacitor C and
      triggering the solid state switch to render transistor T2 conducting to
      energize relay solenoid RS thereby transferring relay arm RS.sub.a to
      contact RS.sub.c, energizing electromagnet 50 and swinging cross piece 44
      to brake the reel 42. As in the first embodiment, the braking will
      continue for an interval even after deactuation of switch 22 which opens
      contact 22a by reason of the charge on capacitor C, the interval being
      determined by the values of capacitor C and resistor R.
PAR  While there have been described and illustrated preferred embodiments of
      the present invention, it is apparent that numerous alterations, omissions
      and additions may be made without departing from the spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic locking safety belt mechanism comprising a safety belt
      movable between withdrawn and retracted positions, belt retraction means
      normally urging said belt toward its retracted position, braking means for
      alternatively releasing or locking said safety belt against withdrawal, an
      inertia switch, an RC timing circuit including a timing capacitor and a
      resistor, brake activating means including a braking solenoid operatively
      connected to said braking means and having a normal first position in
      which it deactivates said braking means for withdrawal of said safety
      belt, and a second position in which it activates said braking means to a
      safety belt locking position, a relay solenoid responsive to the voltage
      on said capacitor being within a predetermined range for bringing said
      braking solenoid to its second position, whereby to lock said safety belt
      through said braking means, and means responsive to the actuation of said
      inertia switch for imparting a voltage to said capacitor within said
      predetermined range, the charge on said capacitor changing through said
      resistor upon deactuation of said inertia switch to change said voltage to
      a value outside said predetermined range, said capacitor and resistor
      being operative to provide a selectively-controlled predetermined timing
      interval following the deactuation of said inertia switch and prior to
      deactivating of said braking means by said braking solenoid.
NUM  2.
PAR  2. The mechanism of claim 1 wherein said belt retraction means comprises a
      reel upon which said belt is wound and spring means urging said reel in a
      belt winding direction whereby to normally urge said belt to its retracted
      position, and said braking means comprises a ratchet rotatable with said
      reel and a pawl movable into and out of engagement with said ratchet, and
      wherein said braking solenoid has an armature coupled to said pawl.
NUM  3.
PAR  3. The mechanism of claim 2 wherein said pawl is normally urged toward
      disengagement with said ratchet and is movable to a ratchet engage
      position in response to the energization of said solenoid.
NUM  4.
PAR  4. The mechanism of claim 1 wherein said inertia switch comprises a
      pendulum and switch contacts movable between engage and disengage
      positions in response to the position of said pendulum.
NUM  5.
PAR  5. The mechanism of claim 1 wherein said brake activating mechanism
      comprises a source of current, a solid state switch, means responsive to
      the output of said solid state switch for connecting said braking solenoid
      across said source of current and means responsive to said capacitor
      voltage for applying a control signal to the input of said solid state
      switch.
NUM  6.
PAR  6. The mechanism of claim 5 wherein said timing capacitor is connected to
      the input of said solid state switch.
NUM  7.
PAR  7. The mechanism of claim 6 wherein said resistor comprises a variable
      resistor connected across said capacitor.
NUM  8.
PAR  8. The mechanism of claim 6 wherein said solid state switch comprises a
      Darlington connected transistor amplifier.
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ABST
PAL  In the speaker system disclosed herein, the magnet supporting basket of a
      downwardly-facing, acoustic-suspension woofer supports a bell-shaped
      diffuser which circumferentially disperses midrange acoustic components
      radiated from the back side of the speaker cone. A cylindrical array of
      tweeter elements are mounted on a rim on the diffuser, above its
      reflective surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to high fidelity loudspeaker systems and more
      particularly to a wide range speaker system having omnidirectional
      characteristics.
PAR  While various speaker systems have been proposed heretofore for the purpose
      of achieving omnidirectional characteristics, the configuration of the
      present invention is believed to provide a particularly advantageous
      arrangement whereby the various components of such a system may be
      advantageously assembled into a cohesive structure which provides
      exceptional fidelity of reproduction and truly omnidirectional radiation
      characteristics in the azimuth plane in a structure having an inherently
      pleasing and utilitarian appearance. Furthermore, the arrangement results
      in an inherently simple and direct method and sequence of assembly
      providing support for the various components.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a complete speaker system constructed in
      accordance with the present invention; and
PAR  FIG. 2 is a sectional view through the upper portion of the speaker system
      of FIG. 1 showing the construction and preferred assembly of the various
      components of the system.
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, it may be noted at the outset that the
      speaker system illustrated there employs a cone-type woofer 11 and a
      plurality of tweeters 13. The woofer 11 is operated in an acoustic
      suspension mode as described in greater detail hereinafter. The term
      woofer is used herein to distinguish from relatively high frequency
      radiating elements, such as tweeters, but is not intended to limit the
      speaker 11 to a radiator operating only in the lower audio ranges. Rather,
      the term is intended to include a conetype speaker which radiates
      relatively efficiently in what may be considered to be the mid-range of
      the audio spectrum.
PAR  As may be seen in FIG. 2, the woofer 11 is itself of essentially
      conventional construction, having a cone 15 to which is attached a
      cylindrical voice coil 17. Voice coil 17 operates in a radial magnetic
      polarizing field provided by a magnet structure which is designated
      generally by reference character 19. The magnetic structure 19 includes a
      ring magnet 21, a centrally apertured front plate 23 and a back plate 25.
      A central post 27 is mounted in the center of back plate 25 and extends
      into the central aperture of the front plate 23 so as to form therewith a
      cylindrical magnetic gap which accommodates the voice coil 17. The
      magnetic structure 19 is supported in relation to the cone 15 and voice
      coil 17 by means of a relatively open metal basket 31. The periphery of
      cone 15 is flexibly connected to the periphery of the basket by a rolling
      surround 33. A resilient spider 37 is also provided for keeping the voice
      coils 17 centered in the gap of the magnetic structure 19.
PAR  The woofer 11 is, as noted previously, operated in an acoustic suspension
      mode, i.e. the speaker is mounted in an opening in an acoustically sealed
      chamber so that the air within the chamber provides a substantial portion
      of the dynamic restoring force for the cone 15. As opposed to the usual
      arrangement, however, where the basket and cone extend into the chamber
      from the chamber opening, the arrangement of the present invention
      provides that the basket and cone extend outwardly from the opening.
      Further, the opening is on top of the acoustic suspension chamber, rather
      than extending through a sidewall thereof, and the chamber provides a base
      for the overall speaker system. In the embodiment illustrated, the chamber
      is formed by a box-like structure 39 which provides the support for most
      of the other components of the overall speaker system. As is conventional,
      the box-like structure 39 may be largely filled with acoustic fiberglass
      to provide suitable damping. For appearance purposes, a recessed base may
      be provided as indicated at 41.
PAR  As will be understood by those skilled in the art, movement of the cone 15
      at audio frequencies can cause radiation from both the front face and the
      back surface of the cone. As the dimensions of the speaker system will
      typically be small as compared with the wavelengths of acoustic waves over
      the lower audio frequency range, e.g. 20 to 200 cycles per second, the
      orientation of the mounted speaker cone makes virtually no difference over
      this range. Rather, this radiation is inherently omnidirectional. In order
      to provide circumferential distribution of mid-range acoustic energy
      radiated from the cone 15, however, the present invention provides a
      diffuser 45 which is supported above the speaker cone 15. In the preferred
      embodiment illustrated, the diffuser is mounted on the magnetic structure
      19 so as to be supported by the basket 31. The diffuser 45 comprises a
      reflecting surface 47 located above the cone 15 around the magnetic
      structure 19, which surface is generally in the form of an inverted bell
      curving radially outwardly as it rises. This shape forms a surface which
      will distribute mid-range acoustic energy radiated from the back side of
      the cone 15 in a relatively uniform horizontal distribution,
      circumferentially around the speaker system. In the drawing, the diameter
      of the bell has been compressed somewhat to fit the space. With a ten-inch
      speaker, a bell-shape opening out to about thirteen inches is appropriate.
PAR  In the preferred embodiment illustrated, the diffuser 45 is a vacuum molded
      plastic part which comprises, in addition to the reflecting surface 47, a
      cavity 49 which fits closely over the magnetic structure 19, and a
      multifaceted, generally cylindrical rim 51. Rim 51 extends vertically from
      the periphery of the reflecting surface 47 and serves as a mount or
      support for the tweeters 13. The tweeters 13 are arranged in a circular
      array and, in the preferred embodiment illustrated, are electrostatic
      radiators constructed generally as disclosed in my U.S. Pat. No.
      3,800,102. In order to provide a quite uniform omnidirectional
      distribution of high frequency energy, eight such tweeter elements are
      employed, these elements being disposed in a circular array around the rim
      51. Preferably, a top plate 55 of a plastic material matching the diffuser
      molding 45 is mounted, e.g. by being adhesively secured in place, across
      the open top of the vacuum formed plastic diffuser so as to provide a
      pleasing appearance. If a separate, upper midrange speaker is desired in
      addition to the midrange capability of the speaker 11, such an additional
      speaker may be mounted on the plate 55, preferably aimed upwardly.
PAR  The space within the diffuser molding may conveniently be used for
      electronic components such as the crossover network typically used to
      divide the audio output of a power amplifier between the woofer 11 and the
      tweeters 13 and/or a self-energizing circuit such as a voltage multiplier
      for polarizing the tweeter elements if they are of the preferred
      electrostatic type.
PAR  Summarizing, it can be seen that the configuration of the present invention
      not only provides for an effective omnidirectional distribution of
      acoustic energy in the various frequency ranges of interest, but also
      provides a structure in which the various operative components may be
      mounted one upon the other in an efficient sequence and in which the final
      assembly yields an overall pleasing appearance. Further, the assembly can
      be of relatively low cost, requiring very few special components or
      elements.
PAR  In view of the foregoing, it may be seen that several objects of the
      present invention are achieved and other advantageous results have been
      attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention, it should be understood that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A wide range speaker system comprising:
PA1  a base member defining an air chamber which is acoustically sealed except
      for an upwardly facing opening;
PA1  mounted over said opening, a cone type woofer having a downwardly facing
      cone with attached cylindrical voice coil, a magnetic structure forming a
      cylindrical magnetic gap providing a radial polarizing field for said
      voice coil and a relatively open basket structure extending upwardly from
      said opening for supporting said magnetic structure, said cone being
      flexibly connected to said basket structure around the periphery of said
      cone;
PA1  supported by said basket structure, diffuser means providing a reflecting
      surface for midrange acoustic components radiated from the back side of
      said cone, said surface being generally in the shape of an inverted cone
      which curves outwardly in radial section as it rises from said woofer; and
PA1  a circular array of outwardly facing tweeter elements mounted around the
      periphery of said diffuser just above said reflecting surface.
NUM  2.
PAR  2. A speaker system as set forth in claim 1 wherein said tweeter elements
      are electrostatic radiators.
NUM  3.
PAR  3. A speaker system as set forth in claim 1 wherein said base member is
      essentially box-like in configuration and contains acoustic fiberglass
      damping material.
NUM  4.
PAR  4. A speaker system as set forth in claim 1 wherein said diffuser means
      comprises a central cavity which fits closely over said magnet structure
      so that the diffuser means and said tweeter elements are supported by said
      basket structure through said magnetic structure.
NUM  5.
PAR  5. A speaker system as set forth in claim 4 wherein said diffuser means is
      a plastic part comprising, in addition to said reflecting surface, a
      central cavity for receiving the woofer magnetic structure and an annular
      rim around the periphery of said reflecting surface.
NUM  6.
PAR  6. A speaker system as set forth in claim 5 wherein said diffuser is a
      vacuum molded plastic part.
NUM  7.
PAR  7. A speaker system as set forth in claim 5 further including a flat
      disk-like cover bridging the diffuser across said rim.
NUM  8.
PAR  8. A wide range speaker system comprising:
PA1  a box-like base member defining an air chamber which is acoustically sealed
      except for an upwardly facing circular opening;
PA1  mounted over said opening, a cone type woofer having a downwardly facing
      cone with attached cylindrical voice coil, a generally cylindrical
      magnetic structure forming a circular magnetic gap providing a radial
      polarizing field for said voice coil and a relatively open basket
      structure extending upwardly from said opening for supporting said
      magnetic structure, said cone being flexibly connected to said basket
      structure around the periphery of said cone;
PA1  above said woofer, diffuser means providing a reflecting surface for
      midrange acoustic components radiated from the back side of said cone,
      said surface being generally in the shape of an inverted cone which curves
      outwardly in radial section as it rises from said woofer, said diffuser
      means comprising a vacuum molded plastic part providing, in addition to
      said reflecting surface, a central cavity for receiving said magnetic
      structure and a rim extending upwardly from the periphery of said
      reflecting surface; and
PA1  mounted in respective apertures in said rim, a circular array of outwardly
      facing electrostatic radiators mounted around the periphery of said
      diffuser.
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ABST
PAL  A helicopter supported gondola is provided with means for stabilizing the
      position of the gondola with respect to the exterior wall of a building so
      that people trapped within the building may be removed from it and safely
      lowered to the ground. Means are provided for stabilizing the gondola so
      that the downdraft from the helicopter can be used to control the position
      of the gondola, and other means are provided to hold the gondola firmly to
      the side of the building so that people may move from the building to the
      gondola.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The problem of safely removing people from burning or damaged buildings has
      long been of concern, and the requirement for the provision of fire
      escapes and many other safety features attests to the continuing need for
      such rescue devices. However, as the height of the buildings has
      increased, the difficulty of rescue has increased even faster. While the
      prevention of fire and its spread is important, and the actual extinction
      of the fire, once it has started, is also important, the actual physical
      removal of persons from such a building is probably the most important
      phase.
PAR  Historically, non-flammable fire escapes have been helpful in the removal
      of people from a burning building, but such fire escapes are of practical
      use only when the buildings are limited to heights of three or four
      floors. The problems of trying to evacuate a modern forty-story building,
      for example, by means of non-flammable fire escapes are monumental.
PAR  It has been suggested that cages be provided that can be hoisted to the top
      of the building from the ground so that people can get to them, and the
      cages are then let down to the ground so that the people may escape from
      the building. Such systems either require some form of pulley to be
      installed at the time the building is built, or the hoisting of a pulley,
      for example, on the end of a long ladder, so that the operation of a cage
      or car may be controlled from the ground.
PAR  The use of such cages is quite practical within the limits imposed, since
      it offers a means for quickly removing a large number of people. However,
      modern construction requires other provisions.
PAR  The present invention makes use of a container or gondola that is supported
      by a large helicopter, and is provided with control means that aid in
      maintaining the desired position and the stability of the gondola when it
      is taking on passengers, or when it is being maneuvered or maintained in a
      predetermined position with respect to the buildings. The stability of the
      gondola is particularly important when it is recalled that the downdraft
      from a helicopter can cause extreme turbulence that could move the gondola
      away from the desired position and into an undesired position. The present
      invention makes use of the downdraft from the helicopter to provide
      control of the gondola so that it can be more easily and accurately
      positioned, and its stability will be increased.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a helicopter-supported gondola of the type
      adapted to remove people trapped in buildings, the gondola having
      adjustable vanes that engage the downdraft from the helicopter and thus
      provide a horizontally directed force on the gondola. In addition, the
      gondola is provided with means to space it from the building while holding
      it firmly to the building.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view indicating the general method of operation,
      with the gondola being shown transported by helicopter toward a building
      from which a person is to be rescued;
PAR  FIG. 2 is a side elevational view, taken in the direction of the arrow 2 in
      FIG. 1;
PAR  FIG. 3 is a top plan view of the gondola to a reduced scale;
PAR  FIG. 4 is a fragmented sectional view of one end of the gondola, taken
      along the line 4--4 of FIG. 2 showing the location of positioning means
      for the vertically extending vanes;
PAR  FIG. 5 is a vertical cross-sectional view taken across the width of the
      gondola and showing the positioning of the various elements when the
      gondola is in a condition to receive persons from the building;
PAR  FIG. 5a is a fragmentary horizontal view of the end of an engaging means
      showing the method of engaging the portion of a building surrounding a
      window;
PAR  FIG. 6 is a schematic circuit showing the electrical and hydraulic circuits
      for controlling the extension of the suction cup devices; and
PAR  FIG. 7 is a view partially in section showing the construction and mounting
      of the building engaging means.
DETD
PAC  DESCRIPTION OF PREFERRED FORM
PAR  In the drawings, the numeral 10 indicates generally a gondola supported by
      cables 12 from a helicopter 14. Preferably, the cables 12 can be let out
      or retracted from the helicopter so that the distance between the
      helicopter 14 and the gondola 10 can easily be varied.
PAR  As indicated in FIG. 2, the gondola 10 is a generally rectangular housing
      having a floor 16, opposite sides 18 and 20 and ends 22 and 24. The
      gondola structure is preferably made of strong, light weight material,
      such as aluminum alloys, and with stronger sections such as steel, where
      needed. Windows 26 are provided in the sides and ends to permit the
      efficient operation of the gondola and to prevent the feeling of
      claustrophobia.
PAR  The cables 12 are connected by eyes 28 to appropriate parts of the
      framework, and a non-structural fairing 30 of a generally pyramidal shape
      extends over the top of the gondola 22 and acts to deflect the downdraft
      from the helicopter 14, so that the downdraft does not increase the
      apparent weight of the gondola 10. At the top peak of the fairing 30 is a
      vertically extending, adjustable vane 32, hereinafter described. As
      indicated, the ends 22 and 24 of the gondola are preferably extended
      slightly outwardly in the center so that the capacity of the gondola is
      increased and the gondola has, in fact, a hexagonal shape, as indicated in
      FIG. 3.
PAR  At each of the ends 22 and 24, there is a corresponding additional vane 34
      that is rotatable about a horizontal axis and at the outermost edges of
      the ends are vertically extending vanes 36 rotatable about a vertical
      axis. All of the vanes are adjustable by an operator within the gondola
      and are for the purpose of positioning the gondola so that its location
      and attitude may be adjusted and maintained for the most efficient and
      safest operation.
PAR  As best seen in FIGS. 2 and 5, a gondola 10 includes suitable frame
      members, indicated generally by the numeral 40, that form the basic shape
      of the structure, to which light weight sheet material 42 is applied to
      form the walls of the gondola. The sheet material 42 should be a
      relatively light weight material, such as an aluminum alloy, and as
      previously mentioned, windows 26 are formed in it.
PAR  For maximum convenience and efficiency, the gondola is preferably
      constructed so that people may enter the gondola through either side 18 or
      side 20, and to this end, each of the sides is provided with an entry 44.
      The entry is centrally located with respect to the sides 18 and 20, and
      includes a hinged panel 46 that acts as a gangplank, hinged at the floor
      level, and capable of being swung outwardly and downwardly to form a
      gangplank or to be moved upwardly to close the lower portion of the
      entrance 44. A hinged post 48 is located on each side of the panel 46 at
      the upper or outer end thereof, and a rail 50 is pivotally connected to
      the upper end of the post 48 and the frame surrounding the opening 44 to
      form a hand railing for people entering the gondola 10. If desired, a
      chain or cable 52 may be provided to limit the downward movement of the
      gangplank 46, as indicatd in FIG. 5. The upper portion of the opening 44
      may be closed by sliding panel construction of the general type used in
      roll doors, etc. The same construction is provided on both sides, and
      hence, the gondola can be lowered with either side adjacent the building
      from which people are to be rescued.
PAR  At its under surface and spaced from the floor 16, the gondola 10 is
      provided with skids 54 to stiffen and support the gondola when it rests
      upon the ground. There is thus a space between the floor 16 and the skids
      54 for the installation of mechanical equipment. It is very important that
      the floor of the gondola be plane, without any obstructions to trip over.
      It will be appreciated that most persons will enter the gondola under
      conditions of great stress, sometimes bordering on panic, and there should
      be no obstructions to cause tripping, slipping and falling. For this
      reason, the floor level is above the lower-most portion of the gondola 10
      so that various operating mechanisms to extend and retract the
      building-engaging means may be located below the level of the floor. Thus,
      as seen in FIG. 5, the gondola 10 is provided with at least a pair of
      wheels 58 on each side of the gondola, so that the gondola may be raised
      or lowered to align with a building window with a minimum of sliding
      friction. The wheels 58 are extended or retracted by piston means,
      hereinafter described, and are movable so that any necessary adjustments
      may be made, such as might be caused by the particular architecture of the
      building.
PAR  The wheels 58 provide a certain spacing of the gondola 10 from the
      building, and to hold the gondola 10 to the building, there are provided a
      plurality of suction cups 60 on each of the sides 18 and 20, the suction
      cups, like the wheels 58, being extendable and retractable by means of
      hydraulic cylinders. The function of the suction cups is to engage the
      face of the building and to create a seal to the building to hold the
      gondola 10 to the building and prevent undesired sudden movements of the
      gondola.
PAR  An example of means for extending and retracting the suction cups 60 is
      indicated in FIG. 6. In that drawing, there is shown a double acting
      hydrulic cylinder 62 having a piston 46 therein, the piston being mounted
      on a shaft 66 passing through the cylinder and extending beyond each end.
      The cylinder 62 is provided with fluid couplings 68 at each end and is
      connected through suitable hydraulic tubing to a valve 70 that distributes
      the hydraulic fluid from a pump 72 and reservoir 74, as desired by the
      operator. The valve 70 may be either manually or electrically operated, as
      illustrated, and is so connected that when a suction cup 60 is to be
      extended to the left as illustrated in FIG. 6, hydraulic fluid from the
      pump 72 is directed through the valve 70 to enter the right hand end of
      the hydraulic piston 62 through fluid coupling 68. This will urge the
      piston 64 to the left, thereby displacing fluid in the left hand end of
      the hydraulic cylinder 62, out through the fluid coupling 68 and through
      the suitable tubing and valve 70 back to the reservoir 74.
PAR  It will be appreciated that the operating diagram illustrated in FIG. 6 is
      exemplary only, and further, that it shows only the control and operating
      means for a single hydraulic cylinder. The other three hydraulic cylinders
      for the remaining suction cups are all connected as indicated, and it will
      be appreciated that similar controls and hydraulic cylinders may be
      provided for the extension and retraction of the wheels 58.
PAR  To anchor the gondola 10 to the guilding, hooks are provided that extend
      through the window openings and engage the frames or the portions of the
      building at the side of the window.
PAR  This construction is indicated generally in FIG. 7 where a tubular member
      76 is rotatably mounted on the side of the gondola adjacent the doorway
      44. As seen in that figure, a ball member 78 is attached to the tubular
      member 76, and the ball is retained in a socket member 80 that has a slot
      in it, so that the tube may be rotated upwardly to the position indicated
      in dotted outline for stowage purposes. The outer end of the tube 76
      carries a latch member 84 and the inner end of the tube carries handle
      members 86 and 88 that are used to position the latch 84.
PAR  While any suitable latching means may be used, the form shown is very
      satisfactory. In this form, the latch 84 is pivotally mounted in the end
      of the tube 76 and a spring 90 urges the latch to a position substantially
      aligned with the tube. The latch is pivoted against the urging of the
      spring 90 to the position indicated in solid outline in FIG. 7 by means of
      a cable 92 anchored to the latch on the side of the pivot opposite the
      point of attachment of the spring 90. The cable 92 is connected to the
      handle means 86 and 88 to pull the latch 84 to bear against the side of
      the window.
PAR  The form of handle shown makes use of a fixed handle member 86 and a
      pivoted handle member 88, to whose inner end the cable 92 is attached. As
      the handle 88 is pivoted toward the fixed handle 86, the cable 92 is
      tensioned and pulls the latch 84 toward a position perpendicular to the
      axis of the tube 76, so that the latch engages the side of the window
      opening, as shown in FIG. 5a. A suitable detent 94 holds the handle 88 in
      its desired position.
PAR  It will be appreciated that in use, the tube 76 will be removed from its
      stowed position, indicated in dotted outline in FIG. 7, by grasping the
      handles 86 and 88 and pulling them upwardly and inwardly, so that the tube
      76 is projecting substantially straight outwardly, where it may be
      extended through a window. The handles 86 and 88 may, of course, be
      rotated about the axis of the tube 76 to position the latch 84 in the
      desired direction, whereupon the handles may be squeezed to engage the
      latch against the wall of the building.
PAR  As previously mentioned, the vanes 32, 34 and 36 play an important part in
      contributing to the efficient operation of the rescue gondola 10. It is
      well known that the rotor blades of a helicopter create a large downdraft
      that can cause a variety of unexpected results in the proximity of a
      building. Thus, the downdraft is affected by the architectural shape of
      the building, such as set-backs, parapets, etc., and consequently, the
      vanes must be adjusted for each condition. Ideally, of course, the gondola
      would hang steady and square with the helicopter without any tendency to
      shift or turn. However, this ideal condition is seldom encountered, and
      hence, the vane 32 is provided at the top of the gondola 10 to cause the
      downdraft to move the gondola laterally from side to side. The position of
      the vane 32 can be adjusted by the operator within the gondola 10 by
      shifting a handle 96, shown in FIG. 5. The handle may be retained in its
      set position by a suitable detent means, such as a toothed rack 98. A
      similar handle 100 and detent 102 may be provided to adjust each of the
      vertical end vanes 36. The vertical end vanes 36 are generally used to
      cause a certain amount of rotation of the gondola 10 about a generally
      vertical axis.
PAR  The end vanes 34, each rotatable about a horizontal axis, are preferably
      controlled simultaneously by a linkage or chain mechanism extending
      between the two axes, and may be positioned by manual control means, such
      as those previously described, or by a motor. The end vanes 34 control and
      force directed on the gondola 10 tending to move it endwise.
PAR  While rescue devices have previously been proposed for use in the exterior
      of buildings, this requires that certain equipment be placed on the
      building well in advance of the emergency. Thus, only certain specific
      buildings could make use of such rescue devices. The present device is
      transportable to any fire or disaster and can be supported by helicopter,
      so that no special construction of the building is necessary. Furthermore,
      the use of the adjustable vanes and the various holding means that
      position and retain the gondola 10 with respect to the building provide a
      universally usable rescue system not heretofore available.
PAR  It should be realized that while the gondola 10 has been described as being
      particularly useful for the rescue of people, it can also be used to
      direct a stream of water onto a fire. Thus, if so desired, a hose 110 may
      be lowered from the helicopter and passed through a hole 112 in the roof
      of the gondola 10, so that a fire fighter may roll back the upper portion
      of the door and direct a stream of water onto the fire.
PAR  While a preferred form of the device has been shown that is fully capable
      of achieving the objects and securing the advantages heretofore set forth,
      it will be realized that modifications and changes may be made, and
      consequently, the protection afforded by this patent should not be limited
      to the particular form or arrangement of parts herein described and shown,
      except as limited by the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rescue gondola of the class described which includes:
PA1  a framework defining a passenger-carrying compartment capable of holding a
      plurality of people;
PA1  a covering for said framework;
PA1  means connected to said framework for suspending said compartment beneath
      an aircraft that directs a large flow of air downwardly; and
PA1  movable vanes mounted on said compartment to intercept said downwardly
      directed flow of air, said vanes being adjustable from inside said
      compartment to apply a horizontally directed force to said compartment,
      whereby said compartment may be aligned with an opening in a vertical wall
      of a building.
NUM  2.
PAR  2. A rescue gondola as defined in claim 1, having:
PA1  means adapted to engage the surface of a building to retain said
      compartment in fixed relation thereto.
NUM  3.
PAR  3. A rescue gondola as defined in claim 1 having:
PA1  wheel means adapted to bear against the surface of a building to permit
      movement along said surface.
NUM  4.
PAR  4. A rescue gondola as defined in claim 1 having:
PA1  hook means extendable to project inside a building and engage the inside
      surface of an outside wall of a building to hold said gondola to the
      building.
NUM  5.
PAR  5. A rescue gondola as defined in claim 1 having:
PA1  wheel means adapted to bear against the surface of a building to permit
      movement along said surface; and
PA1  hook means extendable to project inside a building and engage the inside
      surface of an outside wall of said building to hold said gondola to said
      building.
NUM  6.
PAR  6. A rescue gondola as defined in claim 1, in which said movable vanes
      include a longitudinally extending vane movable about a horizontal axis
      and extending generally upward from said axis, a pair of transversely
      extending vanes movable about horizontal axes and extending generally
      upward from said axes, and a pair of vanes movable about vertical axes and
      extending generally outward from each end of said gondola.
NUM  7.
PAR  7. A rescue gondola as defined in claim 6, having:
PA1  wheel means adapted to bear against the surface of a building to permit
      movement along said surface; and
PA1  hook means extendable to project inside a building and engage the inside
      surface of an outside wall of said building to hold said gondola to said
      building.
NUM  8.
PAR  8. A rescue gondola as defined in claim 7 having:
PA1  control means operable to move said vanes about their respective axes; and
PA1  means acting to retain said control means in their adjusted positions.
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PAL  Braking device for railroad bogie running at high speed, comprising a fixed
      part integrally connected to the frame of the bogie and a movable part
      suspended from the fixed part and adapted to be vertically displaced by
      suitable means towards a rail. The movable part is provided at its lower
      face with a series of electromagnets arranged above the rail. The series
      of electromagnets is flanked at each of its sides with a braking shoe
      adapted to be applied on the rail at the moment of braking in such a way
      that the electromagnets be placed at a relatively small distance from the
      rail. Means are provided for controlling the position of the braking shows
      as a function of the wearing of the shoe.
BSUM
PAR  The present invention relates to an electrical and mechanical braking
      device on a rail or tracks of a railroad bogie running at very high speed.
      Compared to the known systems, the bogie of the present invention presents
      particularly important advantages with respect to the weight of the
      braking electromagnets and the regularity of the operation.
PAR  In the known electrical braking devices on rail, it is indeed necessary to
      provide a substantially important space or clearance between the braking
      electromagnets and the rail in order to take into account on the one hand
      the suspension flexibility and on the other hand the wearing of the
      treading or padding of the tires. Therefore, it results a heavy and bulky
      construction of the electromagnets and a very high consumption of power.
PAR  According to the present invention, a relatively small clearance or air gap
      is provided only at the braking time, this clearance being determined by
      the provision of braking shoes on the rail, the clearance being maintained
      to an approximately constant value whatever will be the wearing degree of
      the braking shoes.
PAR  According to the invention, the braking device for railboard bogie running
      at a high speed is characterized in that it comprises a fixed part
      integrally connected to the frame of the bogie and a movable part
      suspended to the fixed part and being adapted to be vertically displaced
      towards the rail by suitable means, the movable part being provided on its
      lower face with a series of electromagnets arranged above the rail and
      flanked, at each of its sides, by a braking shoe adapted to contact the
      rail at the moment of braking, in such a way that the electromagnets be
      located at a relatively small distance from the rail, the device
      comprising detection means for compensating the wearing of the braking
      shoe to maintain the distance between the electromagnets and the rail at a
      constant value.
PAR  It should be noted that in general, at very high speeds, the Foucault or
      Eddy currents induced in the rail by the electromagnets are important
      whereas the magnetic attraction is small. On the contrary, at low speeds,
      it is the magnetic attraction which predominates and consequently the
      mechanical braking by the shoe. It results that it is possible to obtain
      an approximately constant braking at all speeds.
DRWD
PAR  Other objects and characteristics of the invention will appear during the
      description of the drawings given in a non-limitative way. In these
      drawings:
PAR  FIG. 1 shows an embodiment of the braking device according to the
      invention.
PAR  FIG. 2 shows a detail of the means utilized for compensating the wearing of
      the braking shoes.
PAR  Referring now to the drawings and more particularly to  FIG. 1, which is a
      partial perspective view, there is shown a rail 1 on which runs a bogie
      comprising a braking device of the bogie consisting of a fixed part 2
      integrally connected to the frame of the bogie and of a movable part 3
      which may be displaced towards rail 1, for instance under the action of
      pneumatic cylinders 20 carried by the fixed part 2. Movable part 3 is
      equipped, at its lower face, with a series of electromagnets 7 the
      windings of which are provided with wings or flanges for their cooling.
PAR  The series of electromagnets 7 is flanked at each of its sides by a braking
      shoe 8 which is symmetrical and chamfered at its both sides. The shoe is
      adapted to be applied, at the time of the braking, against rail 1, in such
      a way that the electromagnets 7 present with respect to rail 1 a
      relatively small clearance. Shoe 8 is articulated at its extremities, by
      means of axles 21 and 22, respectively, on the one hand, to the extremety
      of a pair of crank-arms such as 23, the other extremety of which pair may
      pivot around an axle 24 integrally connected to the movable part 3, and on
      the other hand to the extremity of a fork 25 controlling the position of
      the shoe as a function of the wearing of the shoe.
PAR  Fork 25 is integral with a rod longitudinally slideable in a cylindrical
      body 26, integrally connected to the movable part 3 and containing a screw
      mechanism which will be described later. The screw mechanism may, for
      instance, be controlled by a motor electrical brake 27 equipped with an
      outlet worm screw 28, which, via shaft 29, coupling sleeve 30 and
      universal joints 31 and 32, provides the rotation of a rod 33 extending
      inside the cylindrical body 26.
PAR  The axles 21 and 22 are in a plane parallel to the rail and the pair of
      small crank-arms such as 23 are inclined with respect to the cylindrical
      body 26 in such a way that, when the fork 25 is displaced, the shoe 8 is
      lowered towards rail 1 approximately parallel to itself.
PAR  By referring to FIG. 2, it is seen that the cylindrical body 26 co-operates
      on the one hand with the fork 25 and rod 33, controlled as above described
      by means of motor brake 27. Fork 25 is integrally provided with a rod 34
      which terminates inside the cylindrical body 26 by a threaded part 35. On
      the other hand, the rod 33 is integrally connected with a nut 36 which
      co-operates with the threaded part 35 of the rod 34. A lid 37 is screwed
      on the upper end of the cylindrical body 26 and tightening or insulating
      members 38 and 39 are provided around rod 33 and rod 34 respectively.
PAR  As it is seen in FIG. 2, the rotation of rod 33, and consequently of nut
      36, provides the displacement of the threaded part 35 of rod 34 and
      therefore of the fork 25 which produces a displacement of the articulation
      axle 22 and a subsequent lowering of the shoe 8.
PAR  In this way, whatever may be the wearing of the shoes, when they are
      applied on rail 1, the distance between the electromagnets 7 and the rail
      1, and consequently the air-gap clearance of the electrical part of the
      braking device remains constant.
PAR  The detection of the wearing of the braking shoe may be realized by a
      suitable means. For instance, a pneumatic system may be provided which
      comprises a fixed nozzle supplied with compressed air and which is
      disposed against the lateral face of the braking shoe, at the vicinity of
      the lower edge of the shoe. If the braking shoe has undergone a wearing
      too important for the normal operation of the device, the lower face of
      the shoe, during its return to its non braking position, uncovers the
      fixed nozzle means in a larger measure and the compressed air output
      variation may be detected and used for triggering the operation of the
      means for controlling the position of the braking shoe as a function of
      the wearing of the shoe.
PAR  Other detection devices than the pneumatic system above described may be
      used such, for instance, devices based on the variation of the magnetic
      reluctance or a variation of the value of the Hall effect in a circuit one
      element of which is constituted by the braking shoe. Purely mechanical
      devices may also be used.
PAR  The braking shoe may also serve as a parking brake when the movable part is
      lowered towards the rail whereas the electromagnets integrally connected
      to the movable part are not energized.
PAR  It should be noted that technological variations in the means employed in
      the different embodiments above described may be introduced without
      departing from the scope of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A braking device for a railroad bogie which supports a vehicle above a
      rail comprising:
PA1  a. a fixed part integrally connected with the bogie;
PA1   b. a movable part suspended from said fixed part, said movable part having
      a lower side;
PA1  c. a series of electromagnets suspended from said lower side of said
      movable part and being movable with said movable part;
PA1  d. a pair of friction brake shoes, one of said pair of friction brake shoes
      being disposed adjacent to one end of said series of electromagnets the
      other of said pair of friction brake shoes being disposed adjacent to the
      other end of said series of electromagnets, said friction brake shoes also
      being suspended from said lower side of said movable part and being
      movable therewith, said friction brake shoes extending a greater distance
      from said lower side and extending closer to the rail than said
      electromagnets;
PA1  e. means for moving said movable part from a position adjacent to said
      fixed part and spaced from the rail to a position spaced from said fixed
      part and adjacent said rail such that said friction brake shoes contact
      said rail but such that a small air gap exists between the electromagnets
      and the rail;
PA1  f. plural means on said movable part displaceably mounting said friction
      brake shoes for displacement relative to said movable part, each of said
      plural mounting means mounting one of said friction brake shoes;
PA1  g. motive means on said fixed part;
PA1  h. means for transmitting motive force from said motive means to said
      mounting means said transmitting means extending between said motive means
      and said mounting means;
PA1  i. whereby said motive means is actuated upon wear of the friction brake
      shoes to move said friction brake shoes in a direction toward the rail to
      maintain said small air gap regardless of wear on the friction brake
      shoes.
NUM  2.
PAR  2. The invention of claim 1 wherein said transmitting means includes an
      extensible screw mechanism, a rotatable shaft coupled therewith, and a
      straight rod which is movable telescopically with respect to said screw
      mechanism in response to rotation of said shaft and wherein each of said
      mounting means includes:
PA1  a. a first axle on its associated friction brake shoe said first axle being
      disposed adjacent that end of said associated shoe nearest said series of
      electromagnets;
PA1  b. a second axle on said movable part;
PA1  c. a pair of parallel crank arms extending between said first and second
      axles, said associated friction brake shoe being disposed between said
      crank arms;
PA1  d. a third axle on said associated friction brake shoe and adjacent the
      other end thereof;
PA1  e. said straight rod having a yoke on one end, said yoke being directly
      coupled to said third axle;
PA1  f. said first and third axles being disposed in a plane parallel to a lower
      face of said associated friction brake shoe and parallel to the rail;
PA1  g. wherein said straight rod and said crank arms are inclined with respect
      to said lower face of said associated friction brake shoe;
PA1  h. whereby said lower face of said associated friction brake shoe remains
      approximately parallel to the rail when the friction brake shoe is moved
      towards the rail to compensate for wear.
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PAL  A power train having an engine, a retarder and a transmission and controls
      to manually control the retarder and an engine overspeed responsive
      control operative to shorten a link in the manual control to move the
      retarder control valve to automatically apply the retarder in response to
      engine overspeed. An air cylinder in a link of the retarder apply linkage
      is actuated by vehicle air brake pressure controlled by a transmission
      input or engine speed governor to apply the retarder and prevent engine
      speed above a predetermined value and thus limit vehicle speed. When the
      retarder apply air cylinder shortens the link, the retarder apply pedal
      engages the brake off stop to provide the reaction to move the retarder
      valve.
BSUM
PAC  RELATED APPLICATIONS
PAR  The retarder and a manual retarder control is shown in the Fuehrer et al
      application Ser. No. 345,725, filed Mar. 28, 1973.
PAC  BRIEF DESCRIPTION OF INVENTION
PAR  This invention relates to power trains and particularly to retarders and
      controls therefor.
PAR  The power train has an engine, a transmission and a retarder. The engine
      has a maximum rated speed and preferably is governed at this rated speed.
      The engine or transmission input is connected to a speed governor to
      provide an engine overspeed signal when, due to downhill coasting of the
      vehicle, the engine speed is a predetermined speed above the maximum rated
      driving speed. The predetermined engine overspeed is selected, considering
      the braking capacity provided by the engine retarder and vehicle brakes,
      to begin automatic retarding at a proper overspeed for normal downhill
      overspeed control to prevent excessive speed braking operation. The speed
      governor has hysteresis to continue the overspeed signal and automatic
      retarding until the engine speed decreases to a small underspeed, a speed
      just below the maximum rated speed, to prevent hunting.
PAR  The hydrodynamic retarder has a bladed stator chamber formed in a
      stationary housing and a bladed rotor mounted for rotation with a shaft of
      the drive train. The control connects the fluid pressure supply through
      the cooler. The manual retarder control valve in the retarder on positions
      connects the cooler outlet to the inlet to the retarder chamber and has a
      varible exhaust to control the pressure and flow of fluid supplied to the
      retarder chamber to control the amount of brake torque. The retarder pumps
      the fluid through the retarder chamber to the retarder outlet which is
      connected by the control valve to the cooler inlet. In the retarder off
      position, the retarder control valve blocks flow to the retarder inlet and
      connects the retarder outlet to exhaust to empty the retarder chamber.
PAR  The manual retarder control valve is controlled by a control mechanism,
      including a manual actuator having a manual control member, such as a foot
      pedal, movable between a retarder off and a retarder on position. The
      pedal is connected by a linkage and automatic control to the retarder
      valve element to normally selectively move the valve element between the
      retarder off position and retarder on position. The manual retarding
      control functions normally to control the retarder as long as the engine
      and transmission input speed remains in the normal operating range or does
      not exceed the predetermined overspeed. When the engine is driven by the
      load, such as occurs during downhill vehicle operation, to cause the
      engine speed to increase to a predetermined overspeed value, the speed
      governor provides a governor overspeed signal until the speed is reduced
      to a small underspeed. The electric governor overspeed signal actuates a
      solenoid relay control valve to provide an air pressure overspeed signal
      from the vehicle brake air pressure source. The linkage mechanism has a
      motor operable in response to a pressure signal to change the relative
      position of a pair of linkage members to move the retarder valve element
      from the retarder off position to the retarder on position while the
      manual control member remains in the retarder off position. The motor,
      preferably an air cylinder, has a piston attached to one rod portion
      connected to the valve element, a cylinder attached to another rod portion
      connected to the pedal and biasing means, a spring, holding the piston
      relative to the cylinder in a retarder manual on off selecting position so
      that movement of the manual control member between retarder off and on
      positions provides like positions of the valve element. With regard to
      automatic speed controlled operation, this is the automatic retarder off
      position in which the springs in the air cylinder hold the linkage in the
      elongated position. An engine overspeed, the overspeed signal pressure
      acts in a motor chamber in the air cylinder to move the piston against the
      spring to an automatic retarder on position to shorten the linkage to
      position the valve element in the retarder on position while the manual
      control member or pedal remains in the retarder off position against a
      retarder off stop to provide the reaction for retarder valve movement.
PAR  The retarder valve has retarder on and off position stops limiting valve
      element movement in the on and off positions and secondarily limiting air
      cylinder and pedal movement. The pedal on and off position stops permit
      pedal movement to provide full valve movement notwithstanding tolerance
      variation of the linkage. The air cylinder on and off stops provide full
      valve movement notwithstanding their and the pedal off stop tolerance
      variation. The pedal return spring provides a sufficiently large
      intermediate force to insure return movement of the linkage to permit or
      assist return valve movement by the small force valve return spring and a
      normal resistance to manual retarder apply movement. The air cylinder
      return and valve return force transmitting spring provides a larger force
      to insure that it will transmit the pedal return spring force without
      compression to insure valve movement to the off position during manual
      brake release and also provides the automatic brake release force, which
      will be limited by the pedal return spring force to return the valve to
      off position. The pedal manual apply force is transmitted positively by
      the air cylinder piston engaging the cylinder, the automatic off position
      stop, to transmit full manual apply force required to move the valve
      against the valve return spring. The air pressure overspeed signal acting
      on the piston provides sufficient force to positively overcome the air
      cylinder return spring and automatically move the valve against its return
      spring as the pedal abuts its off stop to provide the reaction for the air
      force. The air apply force provides a reaction force at the pedal
      sufficiently larger than the required normal retarder apply force to
      inform the operator that the retarder has been automatically applied which
      the operator may overcome, moving the pedal causing movement of the air
      cylinder to the automatic off position but holding the valve in the
      retarder on position to provide continuous retarder operation as the speed
      decreases below the small underspeed.
PAR  These and other features will be apparent from the following description of
      a preferred embodiment and the drawing.
DRWD
PAR  The drawing schematically shows a power train including a retarder and
      manual and engine speed responsive retarder controls for the retarder.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, the drive train has an engine 10 and a
      transmission 11 including a torque converter 12 or other fluid drive, a
      retarder 14 and power shift transmission gear unit 16 arranged in series.
      The conventional engine 10 has an output shaft 17 driving the torque
      converter input member 18, a rotary housing. The conventional torque
      converter has a pump P mounted on the rotary housing, a turbine T
      connected by hub 19 to drive the intermediate and retarder shaft 21 and a
      stator S fixed or connected by a one-way device, not shown, to the
      stationary converter housing portion 22 of the transmission housing 23.
      When the engine drives the rotary housing and pump P, fluid is circulated
      through the turbine T and stator S to provide a torque multiplication
      drive to the intermediate shaft 21. The retarder 14 has a retarder stator
      housing 24, a portion of transmission housing 23, enclosing a rotor 26
      mounted for rotation with and on shaft 21 which is conventionally mounted
      in suitable rotary bearings not shown in the torque converter and power
      shift transmission 16 and may also have bearings in the retarder housing.
      The intermediate or retarder shaft 21 drives the conventional multiratio
      power shift transmission having controls 51 including a plurality of fluid
      operated drive engaging devices and shift valves to provide a plurality of
      ratio drives to the output or load member or shaft 25.
PAR  The retarder 14 is of the dual chamber type having a first or inlet
      toroidal chamber 27 and a second or downstream outlet toroidal chamber 28.
      The first chamber has a bladed stator cavity 29 formed by a stator shell
      in the rear wall of retarder housing 24 with radial blades therein and a
      bladed rotor cavity 31 formed by a rotor shell in the adjacent side of the
      rotor 26 with radial blades therein. The second chamber has a bladed
      stator cavity 32 formed by a stator shell in the front wall of housing 24
      with radial blades and a bladed rotor cavity 33 formed by a rotor shell
      with radial blades in the adjacent side of the rotor 26. Each toroidal
      chamber is formed by a stator shell and a rotor shell having, in a radial
      cross section in a plane containing the retarder axis, the straight radial
      portion of the blades facing and adjacent each other at a central
      transverse plane and the curved portions extending oppositely away from
      the central plane to provide a toroidal flow chamber having a circular
      cross section such as the radially elongated circular cross section shown
      in the drawing or other similar cross sections employed in hydrodynamic
      machines including a true circle and eliptical variations. In such
      toroidal flow chambers the rotation of the rotor pumps the fluid
      circumferentially and radially outwardly in the rotor chamber portion,
      axially and helically from the radially outer portion of the rotor chamber
      portion to the stator chamber portion and then radially inwardly in the
      stator chamber portion and then axially without a helical component at the
      radially inner part of the chamber to the rotor chamber portion, a
      toroidal flow path. The rotor and stator cavities form the chambers,
      extend annularly about the retarder axis and have the radially extending
      blades dividing the cavities into an annular series of a plurality of
      pockets.
PAR  The stator cavity 29 of inlet chamber 27 is modified to provide retarder
      inlet passage 34. The stator cavities 29 and 32 respectively of the inlet
      chamber 27 and downstream chamber 28 are both modified to provide an
      outlet passage as shown by the retarder outlet passage 36 in stator cavity
      32. The rotor 26 has a transfer passage provided by a plurality of
      transfer passages 37 extending from the inner portion of inlet rotor
      cavity 31 radially outward and axially to the rotor cavity 33 to transfer
      fluid from the inlet chamber to the downstream chamber. The inlet passage
      34, outlet passage 36 and transfer passage portions 37 are constructed to
      provide pumping action varying as a function of toroidal flow and thus
      retarding power.
PAR  The hydraulic control system is supplied with fluid by a three gear fluid
      supply pump 41, conventionally driven by the input driven gear 42 on the
      torque converter rotary housing 18 driving pump P. This fluid supply pump
      has one pump unit supplying fluid from the sump 43 and suction line 44 to
      the main line 46 and another pump unit supplying fluid from suction line
      branch 47 to the lubrication line 48. The main line 46 is connected to the
      main regulator valve 49, a conventional regulator valve, regulating main
      line pressure at a high value, i.e. 165 psi, to supply main line pressure
      to the transmission control valves 51. The main regulator valve 49
      delivers overage fluid from the main line to the torque converter inlet
      line 52 to supply fluid to the torque converter 12. The fluid fills the
      operating chamber of the torque converter and flows out of the torque
      converter operating chamber through torque converter outlet line 53. The
      lubrication supply line 48 is connected to the lubrication supply
      regulator valve 54 which regulates lubrication supply pressure at an
      intermediate pressure, i.e. 70 to 125 psi, and has a lubrication supply
      overage line 56 connected to the main regulator valve overage or converter
      inlet line 52. The lubrication supply regulator valve 54 provides a low
      pressure differential, i.e. 20 psi, between the higher pressure in the
      lubrication supply line 48 and the lower pressure in the main regulator
      valve overage or converter inlet line 52. The lubrication supply line 48
      is connected through a restriction 57 to the lubrication feed line 58
      which connects lubrication fluid to the lubrication system within the
      power shift transmission 16 having a lower pressure, i.e., 20 to 40 psi.
      The main regulator valve overage line 52 is also connected by a branch
      line 61 to the primary converter pressure regulator valve 62 and the
      overage is connected to the relief line 63 and provides a moderate
      pressure differential, i.e. 50 psi. The primary converter pressure
      regulator valve 62 is normally closed but limits converter inlet pressure
      to prevent abnormally high pressure due to high downstream restriction
      which may be caused by cold oil or fluid in the converter and cooler. The
      pressure relief line 63 is connected to the secondary converter regulator
      valve 64 which limits the pressure to a low value, i.e. 55 psi, and
      connects the overage through exhaust 66 to the sump.
PAR  The retarder control valve 71 has a valve body 72 actually secured and
      sealed to the face 38 of retarder housing 24 but shown diagrammatically
      for clarity. The retarder valve 71 has a valve element 73 having equal
      diameter lands a, b and c reciprocally mounted in a bore 74 in the valve
      body and is shown in the retarder full on position. The valve element 73
      is positioned in the retarder full on position shown by manual and
      automatic control means described below and biased by a spring 76 located
      in the enlarged spring chamber portion 77 of the bore and abuts a snap
      ring abutment 78 fixed on the end of stem 79 of the valve element and an
      abutment 80, a washer on a shoulder portion of the valve body at the
      inboard end of the spring chamber. The outboard end of the spring chamber
      is sealed by a plate 81 suitably secured to the valve body. The stem and
      plate provide movement limiting means stopping and limiting movement of
      the valve element in the retarder off position. The valve body has the
      following ports described in their order from the spring chamber end.
      Adjacent the spring chamber an exhaust port 82 is connected by port 84 to
      the spring chamber and both are connected to exhaust to sump by dump
      exhaust 86. The retarder outlet line 87 from outlet passage 36 is
      connected to the retarder outlet port 88 in the valve body which, in the
      retarder on position shown, is connected between lands a and b of valve
      element 73 to the torque converter outlet port 89. The torque converter
      outlet line 53 and cooler inlet line 91 for cooler 92 are connected to
      port 89. Next adjacent in the valve body is the retarder inlet port 93
      which is connected to the retarder inlet line 94 and inlet passage 34. The
      cooler outlet line 96, pressure relief line 63 and supplemental
      lubrication line 98 are connected to the cooler outlet port 97. The
      exhaust port 102 is connected to exhaust 103.
PAR  With valve element 73 in the retarder on position shown, converter outlet
      line 53 and retarder outlet line 87 are connected between lands a and b
      through ports 88 and 89 in parallel to the cooler inlet line 91 and cooler
      92. The cooler outlet line 96 is connected between the lands b and c to
      the cooler outlet port 97, the retarder in port 93 and line 94. The cooler
      outlet port 97 is also connected in parallel to relief line 63, so the
      secondary converter regulator valve 64 limits retarder inlet pressure to
      the low pressure and exhausts overage to sump. The cooler outlet line is
      also connected by a supplemental lubrication line 98 which has a
      restriction 99 therein to limit supplemental lubrication flow from the low
      pressure source and one-way check valve 101 permitting flow only from the
      cooler outlet port 97 to the lubrication feed line 58 and preventing
      return flow of lubricating oil from the lubrication feed line to the
      retarder system. In the retarder full on position the land c of valve
      element 73 has a complete full diameter portion 104 in the bore between
      cooler outlet port 97 and exhaust port 102 to prevent any flow to exhaust.
      The tapered exhaust recesses 106, or variably restricted exhaust passages,
      are within the exhaust port 102 and nonfunctional. The land c has a
      complete full diameter portion at both ends of recesses 106, one 104
      effective in retarder on as pointed out above, and one 107 effective in
      retarder off as pointed out below. A snap ring stop 108 in bore 74 engages
      land c as shown to limit valve element movement in the retarder on
      position. A seal 109 in the end of bore 74 sealingly engages handle stem
      111 of the valve element 73 to prevent leakage. The retarder valve 71 in
      the retarder on position connects the retarder 14 and cooler 92 in series,
      the cooler outlet 96 in parallel to the retarder inlet 94, the
      supplemental lubrication feed 98 and the low pressure regulator valve line
      63 and valve 64 which limit cooler outlet, retarder inlet and supplemental
      lubrication feed pressures to a low value, i.e. 55 psi. The overage supply
      in the converter inlet line 52 is connected in series through the
      converter 11 and joins retarder outlet line 87 so both flow through the
      cooler 92. Since retarder full on is a steady state condition in which the
      amount of fluid in the retarder chambers is not materially changed, the
      amount of flow from overage line 52, added to the retarder cooler series
      or loop circuit upstream of the cooler is exhausted to sump downstream of
      the cooler by low pressure relief valve 64.
PAR  If the operator relaxes the manual force or the automatic speed responsive
      control discontinues the force holding valve element 73 in the retarder
      full on position shown, the spring 76 will move the valve element to the
      normal retarder off position indicated by the dot-dash line. In the
      retarder off position the land a moves out of the bore between retarder
      outlet port 88 and exhaust port 82 providing a full flow connection from
      the retarder outlet line 87 and port 88 between lands a and b to the dump
      exhaust port 82 and exhaust 86. This is a low restriction or unrestricted
      flow path for fast damping of the retarder chambers. In the retarder off
      position the land b engages the bore at both sides of torque converter
      outlet port 89 so that torque converter outlet flow line 53 is connected
      only to cooler inlet line 91 and is disconnected from retarder outlet flow
      in the retarder outlet port 88.
PAR  In both the retarder off and the retarder on positions land b of valve
      element 73 is in the bore between converter outlet port 89 and retarder
      inlet port 93 so there is never any flow from the converter outlet or
      retarder outlet directly to retarder inlet but only through the cooler to
      retarder inlet or sump. Also the full diameter portion 104 of land c
      enters the bore between cooler outlet port 97 and retarder inlet port 93
      to prevent any supply flow from the cooler via the cooler outlet line 96
      and port 97 to the retarder inlet line 94. In the retarder off position
      the land c is positioned so that the full diameter portion 107 of land c
      is in bore 74 between cooler outlet port 97 and control exhaust port 102
      to prevent flow to exhaust 103 so the recesses 106 are nonfunctional. Thus
      the overage supply to the converter inlet line 52 is connected in series
      by the retarder valve 71 through the converter 12 and cooler 92 and then
      in parallel to the supplemental lubrication line 98 to supply supplemental
      lubrication and to the pressure relief line 63 and low pressure relief
      valve 64 to limit cooler out pressure at the low pressure, i.e., 55  psi,
      and return the remaining flow to sump. An atmospheric vent 112 is provided
      in the retarder housing portion near the axis where there is no fluid due
      to the centrifugal action during the retarder operation and is connected
      to atmosphere in the upper portion of the transmission housing so the
      retarder pumping action quickly dumps fluid from the retarder chambers in
      the retarder off position of the retarder valve.
PAR  On initial movement of the retarder valve element 73 from the retarder off
      position to a minimum retarding position, land a closes the connection
      from retarder outlet port 88 to exhaust port 82 and land b opens a
      connection from the retarder outlet port 88 to the converter outlet port
      89 so outlet flow joins any retarder outlet flow in converter outlet and
      cooler inlet port 89 for flow through the cooler inlet line 91, cooler 92
      and cooler outlet line 96 to the cooler outlet port 97. The cooler outlet
      port 97 is connected between lands b and c to the retarder inlet port 93
      and line 94. During initial movement retarder inlet pressure has a minimum
      low value, zero or almost zero, i.e. 2 psi, since the recesses 106 provide
      the largest opening or least restriction of flow to control exhaust 103
      and the retarder pumping action circulates flow through the retarder
      cooler series circuit. There is no supplemental lubrication flow as the
      lubrication pressure is higher and closes check valve 101. Regulator valve
      64 remains closed until retarder inlet pressure rises to the maximum low
      pressure value for full retarding, i.e., 55 psi. On initial movement from
      the retarder off position to the minimum retarding position the above
      change of connections are substantially simultaneous, but preferably the
      retarder outlet port 88 is blocked from exhaust 86 and connected to
      converter outlet port 89 and the recesses 106 positioned to provide the
      largest opening to exhaust 103 before the connection from cooler outlet
      port 97 to retarder inlet port 93 is open to insure proper initial minimum
      retarding.
PAR  As the valve element 73 is gradually moved from the minimum retardiing
      position to retarder full on position, the tapered recesses 106 gradually
      close the restriction between the cooler outlet port 97 and exhaust port
      102 so that more fluid at a higher pressure flows to the retarder to
      increase retarder fill pressure and power capacity. The restriction closes
      and increases retarder inlet pressure as an exponential function
      increasing with valve movement, relative to the directly exponential
      increase of power capacity with speed, so retarder power capacity varies
      as a straighter line function of valve movement. At the outlet passage 36,
      the stator cavity 32 has a circular dividing edge portion 35 extending for
      the short peripheral length of the outlet passage, about one tenth or one
      twelth of the perimeter, and has a smaller radius than the normal outer
      radius of the cavity shell. The dividing edge is substantially at the
      central plane. The axial toroidal flow from the rotor cavity 33 to the
      stator impinges on this edge which divides the toroidal flow so that a
      portion continues in the curved toroidal flow path in the reduced outer
      radius cavity portion or pockets and a portion is turned in the similarly
      curved faired outlet port 36 to provide retarding and enter the outlet
      line 87 converting toroidal flow velocity head to outlet flow pressure
      head without loss of brake capacity.
PAR  This structural arrangement provides outlet flow or pumping action
      essentially varying as a function of the velocity head of the toroidal
      flow in the chambers and the centrifugal pressure head of the fluid in the
      chambers is restrained from causing pumping. Thus outlet flow is
      substantially proportional to the power being absorbed by the retarder.
PAR  The retarder inlet passage 34 of stator cavity 29 extends circumferentially
      one tenth or twelth of the circumference and has the same inner and outer
      radius as the other pockets. The inlet passage 34 has a planar or flat
      radial transverse outer wall tangent to cavity 29 at its axially widest
      portion in the radially central region. The central radial transverse wall
      of the inlet passage 34 is intermediate the outer wall and the opposite
      edge of the cavity at the center of the chamber and curves and terminates
      in a radial portion entering the cavity 29 at a point within the outermost
      diameter so the mean inlet flow vector merges with the outer toroidal flow
      vector. The inlet flow thus enters the inlet passage 34 of the stator
      cavity 29 of the toroidal chamber 27 at a point within the outermost
      diameter of the shell so that the centrifugal pressure head is at an
      intermediate value and the toroidal flow in the chamber has changed from
      axial flow to have a substantial radially inward flow component to merge
      with the inlet flow. This inlet structure directs the outer high velocity
      toroidal flow along the central axis of the inlet flow in the inlet stator
      cavity to add the velocity pressure head of the toroidal flow to the inlet
      pressure head for efficient injection pumping action of the fluid into the
      retarder.
PAC  GOVERNOR OVERSPEED SIGNAL SYSTEM
PAR  The engine or transmission speed governor 116 is driven by a suitable
      engine speed governor drive 117 often provided on engines or a drive
      driven by accessory drive gear 42 on the torque converter rotary housing
      18 and provides an engine overspeed signal when engine speed exceeds the
      rated or governed maximum engine drive speed. Such overspeeds occur when
      the load or vehicle overruns or drives the engine and it is desirable to
      limit the amount of such overspeed to values that properly provide
      increased engine braking. On providing an overspeed signal, the governor
      has hysteresis so a reduction of engine speed to a speed sufficiently, a
      small amount, below the maximum rated or governed speed to prevent hunting
      discontinues the signal. A conventional electric speed governor 116 is
      shown. A grounded electric power source 118 is connected by conductor 119
      to the governor 116 which provides the overspeed electric signal in signal
      conductor 121.
PAR  The system includes an air brake system 122 having a source of air pressure
      123 conventionally including an air pump driven by gear 42 or other
      accessory drive and a pressure tank. The air source is connected by air
      supply line 124 to a solenoid valve 126. The solenoid valve 126 in the
      normal de-energized position blocks supply line 124 and connects actuator
      line 127 to exhaust 128. When the governor 116 provides an overspeed
      signal in conductor 121 connected to solenoid 129, the solenoid valve 126
      connects air supply line 124 to actuator line 127 providing an overspeed
      pressure signal and blocks exhaust 128.
PAC  RETARDER APPLY MECHANISM
PAR  The retarder apply mechanism has a linkage with a manual retarder apply
      member or pedal 131 mounted for pivotal movement by a pivot 132 on a
      stationary support 133 on the transmission housing 23 or vehicle frame. A
      return spring 136 grounded or mounted on a portion of support 133 biases
      pedal 131 to the retarder off position engaging the retarder off stop 137
      on the support. The pedal is moved to the retarder on position limited by
      the retarder on stop 138 on the support. The stops are preferably high
      durometer rubber stops. The pedal 131 is pivotally connected by pivot 141
      to apply rod portion 142 and on pedal movement between retarder off and
      retarder on positions, moves apply rod portion 142 a distance to move the
      valve element the distance between the valve retarder off and on
      positions. These distances are equal in the direct rod control illustrated
      but may be proportional if the linkage provides proportional movement.
PAR  The rod portion 142 is rigidly connected by the attachment device 143 to
      the open end wall 144 of air cylinder or actuator motor 146. The end wall
      144 is suitably secured by means, not shown, to the cylindrical portion
      147 which has at the opposite end a closed end wall 148. A piston 149,
      having a suitable seal 150, is sealed and slidably mounted in cylindrical
      portion 147. A piston rod or apply rod portion 151 is slidably mounted and
      sealed in bore 152 in the end wall 148 and thus defines a pressure apply
      chamber 153 between the piston 149 and closed end wall 148 in the
      cylinder. The chamber 153 is open to actuator line 127 in all piston
      positions. A return spring 154 seated on open end wall 144 engages and
      biases piston 149 to automatic off or manual on off control position in
      movement limiting stop engagement with the closed end wall 148. The spring
      chamber portion of cylinder 147 is vented by exhaust 156 which is
      restricted to control the rate of automatic retarder apply movement. The
      piston rod 151 is pivotally connected by pin 157 to the stem 111 of valve
      element 73. The actuator line 127 is flexible since actuator motor 146
      moves bodily with the rod assembly or linkage 139. When air pressure is
      supplied by flexible actuator line 127 to chamber 153, the piston 149 and
      piston rod 151 move relative to the cylinder 147 and cylinder rod or apply
      rod portion 142 to a retarder on position a distance limited by the valve
      and a stop pin 158 mounted on the piston 149 or end wall 144, equal to the
      valve element movement distance. The stop pin 158 has a high durometer
      rubber end portion to cushion and silence the stop operation.
PAC  OPERATION
PAR  During all phases of operation when the input housing 18 is being driven,
      the pump 41 provides main line pressure in main line 46 which is regulated
      at a high value, i.e., 165 psi, by the main regulator valve 49 and
      connected to the transmission control valves 51 for controlling the power
      shift transmission 16. Pump 41 also provides a second fluid pressure
      supply in the lubrication supply line 48 which is regulated at an
      intermediate pressure, i.e., 70 to 125 psi, by the lubrication regulator
      valve 54 which provides a low pressure differential, i.e., 20 psi. The
      lubrication supply line 48 is connected through restriction 57 to
      lubrication line 58 at a lower lubrication pressure, i.e., 20 to 40 psi.
      The main regulator valve overage and the lube regulator valve overage are
      connected to the converter inlet line 52 to supply fluid to the torque
      converter operating chamber in an intermediate pressure range, i.e., 60
      psi, depending on the pressure in the cooler outlet port 97 which
      increases during retarder operation with increasing retarder inlet
      pressure from a minimum low pressure, i.e., 2 psi to a maximum low
      pressure, i.e., 55 psi.
PAR  With the retarder valve 71 in the retarder off position, the converter
      inlet supply in converter inlet 52 flows in series through the converter
      operating chamber, converter outlet line 53, converter outlet port 89 of
      the retarder valve, cooler inlet line 91 and cooler 92. Full converter
      flow volume flows out of the cooler in cooler outlet line 96 to cooler out
      port 97 and in parallel to the supplemental lubrication line 98 and relief
      line 63 which is maintained at a low pressure, i.e., 55 psi, and exhausts
      the flow to sump. In retarder off, the secondary converter pressure
      regulator valve regulates the converter operating chamber pressure by a
      value, i.e., 112 psi, due to the system pressure drop, largely the
      pressure drop in the cooler 92. When the cooler outlet pressure is above
      the lubrication pressure as in normal retarder off operation there is
      supplemental lubrication flow in line 98.
PAR  During retarder off operation, the retarder out line 87 is connected
      through ports 88 and 82 to the retarder dump exhaust 86. Flow to the
      retarder in line 94 is blocked and atmospheric vent 122 admits air to the
      retarder chambers 27, 28 so that low pressure in the chambers does not
      slow dumping of the retarder chambers by the pumping action to outlet
      passage 87.
PAR  When there is an abnormal downstream restriction in the converter and
      cooler circuit due, for example, to cold oil in the converter and cooler
      causing the pressure to rise in the converter inlet line 52 the pressure
      is limited at an intermediate value, 52 to 105 psi, as the cooler outlet
      pressure varies from minimum to maximum i.e., 2 to 55 psi. The primary
      converter regulator valve 62 provides a differential pressure of an
      intermediate value, i.e., 50 psi, to the primary regulator valve overage
      and relief line 63 which is relieved at 55 psi by connecting the flow to
      sump. The normal converter cooler system pressure drop is less than the
      differential pressure of the primary converter regulator valve so it is
      normally closed in all retarder valve positions. The complete full
      diameter portion 107 of land c retarder valve element 103 closes the
      connection from cooler outlet port 97 to exhaust 103.
PAR  When the retarder valve 71 is moved a small initial distance from the
      retarder off position to the minimum retarder capacity position, the
      retarder outlet line 87 and its port 88 are disconnected from dump exhaust
      86 and are connected to converter outlet port 89 to join the converter
      outlet flow in converter outlet line 53 to the cooler inlet line 91 and
      cooler 92. At the same time, retarder valve 71 positions the largest
      portion of recess 106 to connect cooler out port 97 to control exhaust
      port 102 to provide minimum restriction flow to exhaust and thus the
      minimum cooler outlet and retarder inlet pressure and flow. When these
      conditions are established, the cooler outlet port 97 is connected to the
      retarder inlet port 93 and 94. The pressure reduction due to the variable
      restriction exhaust recesses 106 and induction pumping at the retarder
      inlet 34 induces the retarder inlet pressure in the cooler outlet line 96
      to a minimum low value, i.e., 2 psi to provide a larger pressure drop
      through the converter and cooler system increasing flow for rapid filling
      of the retarder chambers. Continued movement of the retarder control valve
      element 73 toward the retarder full on position moves the recesses 106
      relative to the cooler outlet port 97 and control exhaust port 102 to
      reduce the passage therebetween and thus increase restriction so the
      supply pressure from the cooler out line 96 to the retarder inlet line 94
      increases and accordingly increases filling speed and the power capacity
      of the retarder. During this partial retarder operating phase after the
      retarder operating chambers are partially filled, steady state partial
      retarding is established and the entire converter supply flow supplied via
      converter outlet line 53, the cooler and cooler outlet line 96 is
      exhausted through the recesses 106 to the control exhaust port 102 and
      line 103. When the restriction provided by the recesses 106 is reduced
      sufficiently or completely closed, by complete full diameter portion 104
      of land c entering the bore, full capacity retarder operation is provided.
      Then the pressure in cooler outlet port 97 which is supplied to the
      retarder is limited at a maximum low value, i.e., 55 psi, by the secondary
      converter pressure regulator valve 64 to limit capacity.
PAR  During partial and full retarding, the pumping action, varying as a
      function of toroidal flow, provides quick filling and dumping for quick
      control response and the necessary pressure differential and flow to
      provide sufficient flow through the cooler increasing as a function of the
      power being absorbed and thus the heat that must be dissipated by the
      cooler.
PAR  Under normal operating engine speed conditions which occur when the engine
      is driving a load or vehicle, the engine speed governor 116 de-energizes
      solenoid 129 so the normally closed or spring closed valve 126 connects
      chamber 153 and actuator line 127 to exhaust 128. Then the spring 154, the
      normal biasing means, moves or biases piston 149 into stop or movement
      limiting engagement the closed end wall 148, the automatic off or retarder
      manual on off control position of the piston 149 relative to the cylinder
      147, and thus of the actuator motor 146. Thus the apply mechanism linkage
      or rod assembly 139 including cylinder rod 142, actuator 145 and piston
      rod 152, is in an elongated condition. Then when the pedal 131 is biased
      by its return spring 136 to engage pedal off stop 137, the retarder off
      position, the valve element 73 will be positioned by the elongated rod
      assembly in the retarder off position under the bias of its return spring
      76. The air cylinder spring 154 provides a large force so it acts without
      compression to transmit the return spring force without compression. When
      the pedal 131 is moved from retarder off position against the bias force
      of return spring 136 to the retarder full on position, engaging pedal on
      stop 138, the elongated linkage assembly 139 moves valve element 73
      against the bias force of its return spring 76 to the full on position
      engaging valve retarder on stop 108. During this retarder apply movement,
      the apply force is positively mechanically transmitted from the pedal to
      the valve element since the spring 154 holds piston 149 in engagement with
      closed end wall 148 of the cylinder 147.
PAR  When the pedal 131 is manually permitted to be returned by its return
      spring 136 to the retarder off position engaging stop 137, the elongated
      rod assembly 139 transmits the return force through spring 154 to the
      piston 149 of actuator 146 to the valve element 73 to act with the valve
      element return spring 76 to return the valve element to the retarder off
      position.
PAR  When the engine or transmission input speed increases to a predetermined
      acceptable overspeed due to the load driving the engine, as occurs during
      downhill vehicle operation, the signal biasing means, the speed governor
      116, and control valve 126 provide an overspeed biasing signal. The speed
      governor 116 provides an electric overspeed signal in conductor 121. The
      electric overspeed signal actuates control valve 126 to connect an air
      pressure biasing signal to chamber 153 to move or bias piston 149 from the
      normal automatic off position against the bias of return spring 154 or the
      normal biasing means through a distance equal to the valve element
      movement distance, to the retarder on position shown to shorten the
      linkage to move the valve element from the retarder off against the bias
      of its return spring 76 to the retarder full on position shown. The pedal
      131 engages its off stop 137 to provide the reaction for the force
      provided by spring 154 to move the valve element 73 to the retarder on
      position. Valve element movement in the retarder full on position is
      limited by its movement limiting stop 108.
PAR  The air exhaust 156 is restricted to control the speed of movement of
      piston 149 and valve element 73 to a normal quick movement and to prevent
      excessive bumping or hammering on stop 108. The stop pin 158 with its high
      durometer rubber cushion is set to engage wall 144 just before full on
      position to snub movement of the piston and valve element engaging stop
      108 which is the controlling stop limiting valve and piston movement.
PAR  On reduction of engine speed through the hysteresis speed range to a speed
      just below the rated or governed speed, the speed governor 116
      discontinues the overspeed signal, providing a normal speed signal,
      de-energizing solenoid valve 126 to connect chamber 153 to exhaust 128 to
      permit spring 154 to return piston 149 to the normal position elongating
      actuator linkage or rod assembly 139 and thus returning valve element 73
      to the retarder off position limited by stem 79 engaging plate 81, the
      retarder off stop.
PAR  On automatic return of the actuator 146 to the normal position, the linkage
      is conditioned for manual retarder operation.
PAR  The pedal return spring 136 provides sufficient force to provide normal
      reaction force or feel during apply and release for proper manual
      operation. The manual apply force is large to overcontrol the valve and
      pedal return springs and valve and linkage friction. The pedal return
      spring 136 provides sufficient return force which when added to the force
      of valve return spring 76, will overcome valve and linkage friction and
      provide an excess of force to quickly return the complete linkage and
      valve element during manual operation. Since the actuator spring transmits
      the portion of the pedal spring return force required to move the valve
      and the linkage between the valve less the valve spring force which may be
      almost as large as the pedal spring return force if the valve is not
      moving, the actuator spring provides a larger force than the pedal spring
      to insure a rigid linkage connection without lost motion during manual
      return operation.
PAR  For automatic apply operation the air pressure on the piston provides a
      sufficient excess of force to overcome the friction of the valve and the
      linkage between the piston and the valve return spring to shorten the
      linkage to move the valve to full on position. During automatic return
      operation the actuator spring elongates the linkage and the pedal spring
      as in manual return operation returns the valve to off position. Thus the
      actuator, pedal and valve springs are respectively high, intermediate and
      low force springs. During automatic retarder on operation the pedal is in
      off position and pedal apply is resisted by the pedal return spring,
      linkage friction and the actuator air pressure force to provide increased
      resistance to manual apply movement to provide a feel signal to the
      operator which may be overcome by the operator for manual apply to insure
      continuous retarding as speed decreases below the small underspeed. The
      automatic retarder overspeed control will thus overcontrol the manual
      control to fully apply the retarder with the pedal in retarder off
      position or any manually held partial retarding position.
PAR  The examples of regulated pressures given above assume, except for the
      converter cooler system, that the line pressure drop is not significant,
      the preferred construction, but it will be appreciated that they may be
      modified to accommodate for line pressure drop. It will also be
      appreciated that this preferred embodiment of the invention may be
      modified.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. In a hydrodynamic retarder; a drive member; hydrodynamic retarder means
      having a stator and a rotor operatively connected to said drive member in
      a retarder chamber operative on the supply of fluid to said chamber to
      retard said rotor; control valve means having a valve member movable
      between a retarder off position and a retarder full on position operative
      respectively to empty said retarder chamber and to fill said retarder
      chamber; speed governor means operatively connected to said drive member
      operative in response to a predetermined overspeed to provide an overspeed
      signal; control means having a manual actuator member movable between a
      manual retarder off position and a manual retarder on position and linkage
      means connecting said manual actuator member to said valve member and
      including motor means having a pair of relatively movable motor members
      movable between an automatic retarder off position and an automatic
      retarder on position and having normal biasing means to normally apply a
      force to position said motor members in one of said automatic retarder on
      position and said automatic retarder off position and signal biasing means
      connected to said governor means for operation in response to said
      overspeed signal to move said motor members to the other of said automatic
      retarder on position and said automatic retarder off position with a force
      and positive stop means to limit movement of said motor members in said
      automatic retarder off position, one motor member connected to said manual
      actuator member for conjoint movement of said one motor member and said
      manual actuator, the other motor member connected to said valve member for
      conjoint movement of said other motor member and said valve member,
      linkage biasing means biasing said manual actuator member to said manual
      retarder off position with less force than the force moving said motor
      means to said automatic retarder off position and actuator stop means to
      limit movement of said manual actuator member in said manual retarder off
      position and said control means operative when said motor means is biased
      by one of said normal and signal biasing means to said automatic retarder
      off position, in response to manual force moving said manual actuator
      member from said manual retarder off position to said manual retarder on
      position against said linkage biasing means to act through said linkage
      means with said motor means positive stop means engaged to positively
      manually move said valve member from said retarder off position to said
      retarder full on position and on relaxation of said manual force to permit
      said linkage biasing means to return said manual actuator member from said
      retarder full on position to said retarder off position under the force of
      said linkage biasing means transmitted by said linkage means through one
      of said normal and signal biasing means to move said valve member to
      retarder off position and operative when said motor means is moved by one
      of said normal and signal biasing means in response to said overspeed
      signal to said automatic retarder on position to move said valve member to
      said retarder full on position against the reaction of said manual
      actuator member in its manual retarder off position against said actuator
      stop means or other manually held position to provide the reaction for the
      motor means to move said valve member from retarder off to the full
      retarder on position.
NUM  2.
PAR  2. In a hydrodynamic retarder; a drive member; hydrodynamic retarder means
      having a stator and a rotor operatively connected to said drive member in
      a retarder chamber with an inlet passage and an outlet passage operative
      on the supply of fluid to said inlet passage and chamber to retard said
      rotor; a source of fluid under pressure; control valve means having a
      valve member movable between a retarder off position and a retarder full
      on position and stop means to limit movement of the valve member beyond
      each position and being operative in said retarder off position to empty
      said retarder chamber and in said retarder full on position to connect
      said source to said retarder chamber to fill said retarder chamber; speed
      governor means operatively connected to said drive member operative in
      response to a predetermined overspeed to provide an overspeed pressure
      signal; control means having a manual actuator member movable between a
      manual retarder off position and a manual retarder on position and linkage
      means connecting said manual actuator member to said valve member and
      including motor means having a pair of relatively movable motor members
      movable between an automatic retarder off position and an automatic
      retarder on position and having motor biasing means to normally apply a
      force to position said motor members in said automatic retarder off
      position and connected to said governor means for operation in response to
      said overspeed pressure signal to move said motor members to said
      automatic on position and positive stop means to limit movement in said
      automatic retarder off position, a linkage means actuator portion
      connecting said manual actuator member to one motor member for conjoint
      movement of said manual actuator member and said one motor member and a
      linkage means valve portion connecting the other motor member to said
      valve member for conjoint movement of said other motor member and said
      valve member, linkage biasing means biasing said manual actuator member to
      said manual retarder off position with less force than said motor biasing
      means and actuator stop means to limit movement of said manual actuator
      member in said manual retarder off position and said control means
      operative, when said motor means is biased by said motor biasing means to
      said automatic retarder off position, in response to manual force moving
      said manual actuator member from said manual retarder off position to said
      manual retarder on position against said manual biasing means to act
      through said linkage means and said motor means and its positive stop
      means to positively manually move said valve member from said retarder off
      position to said retarder full on position and on relaxation of said
      manual force to permit said linkage biasing means to return said manual
      actuator member from said retarder full on position to said retarder off
      position under the force of said linkage biasing means transmitted by said
      linkage means and said motor means and said motor biasing means to move
      said valve member to retarder off position and operative when said motor
      means is moved by said overspeed pressure signal to said automatic
      retarder on position to move said valve member to said retarder full on
      position against the reaction of said manual actuator member in its manual
      retarder off position against said actuator stop means or any manually
      held partial retarding position to provide the reaction for the motor
      means to move said valve member from retarder off or any partial retarding
      position to the full retarder on position.
NUM  3.
PAR  3. In a power train; a housing; an input member for drive by an engine and
      an output member for driving a load; a hydrodynamic retarder having a
      stator providing a bladed stator chamber and a bladed rotor drive
      connected to said output member for retarding and rotatably mounted in
      said stator chamber for hydrodynamic retarding when fluid is supplied to
      said stator chamber; retarder control valve means having a movable valve
      element and return bias means to bias the valve element for limited
      distance movement from a retarder full on position to a retarder off
      position connected to respectively fill and empty said chamber; governor
      means operatively connected to one of said members operative to provide a
      pressure signal in response to a predetermined overspeed; retarder apply
      means having an actuator member mounted for limited movement between a
      retarder off position and a retarder full on position, a return spring
      biasing said actuator member to the retarder off position; fluid motor
      means having a pair of relatively movable walls forming a chamber
      therebetween, one wall being connected to said actuator member for
      conjoint movement with said actuator member, the other wall being mounted
      for limited relative movement with respect to said one wall through a
      distance between a retarder automatic on position and a retarder automatic
      off position and operatively connected to said valve element for conjoint
      movement with said valve element from retarder on position to retarder off
      position, a return and force transmitting spring biasing said walls to the
      retarder automatic off position and a motor chamber between said walls
      selectively pressurized to move one wall against said return and force
      transmitting spring to said retarder automatic on position relative to the
      other wall, said governor means operative in the absence of said governor
      signal to connect said motor chamber to exhaust to permit said return and
      force transmitting spring to position said motor means in said retarder
      automatic off position and said actuator member in the retarder on and off
      positions acting through said motor means to respectively position said
      retarder control valve means in retarder on and off positions and motor
      means having restricted opening means and being operative in response to
      said signal to move said motor means at a slow rate controlled by said
      restricted opening means to the retarder automatic on position to move
      said retarder control valve means at a controlled rate to said retarder
      full on position to automatically apply said retarder in response to
      overspeed.
NUM  4.
PAR  4. In a power train; a housing; an input for drive by an engine and an
      output member for driving a load; hydrodynamic retarder means having a
      retarder chamber with a bladed stator and a bladed rotor drive connected
      to said output member for retarding and having an inlet passage and an
      outlet passage for hydrodynamic retarding when fluid is supplied to said
      retarder chamber; a source of fluid under pressure; retarder control valve
      means having a movable valve element and return bias means to bias the
      valve element for limited distance movement from a retarder full on
      position to a retarder off position and connected to said source, chamber
      inlet and outlet passages operative with said valve element in said
      retarder off position to connect said chamber outlet passage to exhaust
      and to block said chamber inlet passage and operative on movement of said
      valve element to retarder full on position to connect said source to said
      chamber inlet passage for full retarding; governor means operatively
      connected to one of said members operative to provide a pressure overspeed
      signal in response to a predetermined overspeed; retarder apply means
      having a manual actuator member movable between a retarder off position
      and a retarder full on position, a return spring biasing said apply means
      to the retarder off position, first stop means limiting actuator member
      movement in the retarder off position, fluid motor means having a cylinder
      having an end closing wall at one end and an open wall at the other end
      and said cylinder operatively connected to said actuator member for bodily
      movement by said actuator member and conjoint movement of said cylinder
      and said actuator member, a piston in said cylinder mounted for movement
      relative to said cylinder between a retarder automatic on position and a
      normal retarder automatic off position and operatively connected to said
      valve element for conjoint movement of said piston and said valve element,
      a return and force transmitting spring seated on said cylinder biasing
      said piston to the normal retarder automatic off position, second stop
      means limiting piston movement in said normal retarder automatic off
      position and a cylinder chamber between said piston and closing wall
      connected to said governor means and operative in response to said
      pressure signal to more said piston against said return and force
      transmitting spring to said retarder automatic on position relative to
      said cylinder operative in the absence of said governor pressure signal to
      permit said return and force transmitting spring to position said piston
      in said retarder automatic off position relative to said cylinder and said
      retarder apply means in the retarder on and off positions acting to
      transmit force through and bodily move said fluid motor means, in the
      apply direction through said second stop means and in the release
      direction through said return and force transmitting spring, to
      respectively position said retarder control valve means in retarder on and
      off positions and operative in response to said pressure signal to move
      said piston against said return and force transmiting spring relative to
      said cylinder to the retarder automatic on position to move said retarder
      control valve means to said retarder full on position to automatically
      apply said retarder in response to overspeed against the reaction of said
      manually actuated member against said first stop means in retarder off
      position or any manually held position.
NUM  5.
PAR  5. In a power train; a housing; an input member for drive by an engine and
      an output member for driving a load; hydrodynamic retarder means having a
      bladed stator fixed on said housing and a bladed rotor rotatably mounted
      drive connected to said members for retarding and to form a retarder
      chamber having an inlet passage and an outlet passage for hydrodynamic
      retarding when fluid is supplied to said retarder chamber inlet passage
      and operative to pump fluid to said outlet passage; a cooler having an
      inlet passage and an outlet passage; a source of fluid under pressure
      connected to said cooler inlet passage; an exhaust; retarder control valve
      means having a movable valve element providing a variable restriction,
      return bias means to bias the valve element with a low force and valve
      stop means for limited distance movement from a retarder full on position
      to a retarder off position and connected to said retarder chamber inlet
      and outlet passages, said cooler inlet and outlet passages and said
      exhaust operative with said valve element in said retarder off position to
      connect said chamber outlet passage to exhaust to block said chamber inlet
      passage and to open said variable restriction and connect said cooler
      outlet through said open variable restriction to exhaust and operative on
      movement of said valve element to retarder full on position to connect
      said chamber outlet passage to said cooler inlet passage and said cooler
      outlet passage to said chamber inlet passage and progressively close said
      variable restriction for increasing flow to said chamber for increase to
      full retarding; governor means operatively connected to said input member
      operative to provide an overspeed signal in response to a predetermined
      input member speed at a predetermined engine overspeed above the governed
      speed and having hysteresis to maintain said overspeed signal down to a
      speed just below said governed speed; a source of air under pressure;
      retarder apply linkage means having a manual actuator member mounted for
      movement, actuator member stop means limiting movement to the same limited
      distance movement as said valve element between a retarder off position
      and a retarder full on position, a return spring biasing said linkage
      means with an intermediate force to the retarder off position; air
      cylinder motor means having a cylinder having an end closing wall at one
      end and an open spring seat wall with a restricted opening at the other
      end and connected to said actuator member for movement with said actuator
      member, a piston in said cylinder mounted for movement relative to said
      cylinder, piston cylinder stop means limiting movement to the same limited
      distance as said valve element between a retarder automatic on position
      and a normal retarder automatic off position and having a piston rod
      extending through said closing wall in slidable sealed relation and
      connected to said valve element, a return and force transmitting motor
      spring seated on said open spring seat wall and biasing said piston with a
      high force to the normal retarder automatic off position to shorten said
      linkage means and a cylinder chamber between said piston and closing wall
      selectively pressurized to move said piston against said return and force
      transmitting spring to said retarder automatic on position relative to
      said cylinder to elongate said linkage means and an air valve means having
      an exhaust and connected to said cylinder chamber, said air source and
      said governor means and operative in the absence of said governor
      overspeed signal to connect said cylinder chamber to exhaust to permit
      said return and force transmitting spring to position in said retarder
      automatic off position relative to said cylinder and said retarder apply
      linkage means in the retarder on and off positions acting through said air
      cylinder means, the positive stop means transmitting manual apply force
      and the high force motor spring transmitting the intermediate force from
      the return spring to respectively manually position said retarder control
      valve means in retarder on and off positions and operative in response to
      said overspeed signal to connect said air source to said cylinder chamber
      to move said piston against said return and force transmitting spring at a
      slow rate controlled by said restricted opening relative to said cylinder
      to the retarder automatic full on position to move said retarder control
      valve means at a controlled rate to said retarder full on position to
      automatically fully apply said retarder in response to overspeed with said
      apply member in the retarder off position or any manual held position
      providing the reaction.
NUM  6.
PAR  6. The invention defined in claim 5 and a vehicle air brake system supplied
      by said source of air under pressure.
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PAL  A disc brake construction adapted for use on front or rear wheels of
      motorcycles and the like. Annular steel discs are supported on opposite
      sides of the wheel hub. A pair of axially mounted face plates support
      hydraulically operated brake shoes having brake linings adapted to engage
      the disc. Spring returns cause the brake shoes to return to a disengaged
      position. A self-draining system and cooling manifold are integrally
      formed in the face plates.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of Ser. No. 297,347, filed Aug. 10,
      1972, now U.S. Pat. No. 3,825,179 which is a continuation of Ser. No.
      61,258, filed Aug. 5, 1970, which is a continuation-in-part of Ser. No.
      849,312, filed Aug. 12, 1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Disc brakes which have been designed for use in motorcycles and the like
      are ordinarily arranged with means for engaging bearing discs that are
      mounted radially with respect to the hub of the wheel on portions of the
      wheel to which the struts or spokes are secured. While such arrangements
      do not interfere with the mounting of disc brakes on the front wheel of
      motorcycles, substantial problems have been encountered when the prior art
      disc brake constructions have been adapted for the rear wheel. Generally,
      the rear wheels of motorcycles have drive sprockets and other attachments
      mounted on them. These devices occupy the space which interferes with the
      mounting of a conventional disc brake. For that reason, disc brakes on the
      rear wheel of a motorcycle have been generally confined to an arrangement
      in which the brake is secured to one side only of the hub. This necessary
      arrangement results in inefficient and occasionally dangerous operation
      because of the undesirable torques that are created on the application of
      braking forces to one side only on the wheel. In addition, where front and
      rear disc brakes are used, it has been conventional to use separate
      controls for each of the brakes in order to properly balance the braking
      action. Such separate controls are required because of the imbalances
      created with a rear disc brake that is applied to one side only of a
      wheel. Moreover, disc brakes heretofore used are not easy to adjust or
      maintain in a satisfactory operating condition. In addition, currently
      available disc brakes provide brake linings that have size limitations
      controlled by rear wheel mounting problems.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to overcome the deficiencies of
      the prior art disc brakes enumerated above. In the present invention there
      is provided a disc brake construction which is designed for use in either
      or both of the front and rear wheels of motorcycles and like vehicles. In
      this arrangement, a disc brake is provided that has a pair of brake shoes
      that are adapted to engage brake discs mounted on opposite surfaces of a
      wheel hub with the brake shoes hydraulically and synchronously actuated. A
      further object of the present invention is to provide a compact disc brake
      system in which brake shoes are adapted to engage a bearing disc mounted
      close to the axis of the wheel hub and well within its outer periphery
      providing an adequate space between the wheel hub and fork of the cycle
      for supporting ancillary equipment and necessary apparatus such, for
      example, as the drive sprocket.
PAR  A further object of the present invention is to provide an improved disc
      brake in which braking action occurs in parallel planes spaced closely to
      and on opposite sides of a center plane passing normally through the wheel
      axis. One further object of the present invention is to provide an
      improved disc brake means in which an improved braking action can be
      obtained simultaneously on the front and rear wheels of a two-wheeled
      vehicle.
PAR  A further object of the present invention is to provide an improved disc
      brake arrangement adapted for use on a motorcycle wheel or the like in
      which the disc brake assembly is provided with self-venting holes for
      draining fluid which might inadvertently leak into the system.
PAR  A further object of the present invention is to provide an improved disc
      brake arrangement having venting holes for continuous circulation of the
      air through the disc brake assembly and over the brake-bearing discs. A
      still further object of the present invention is to provide an improved
      disc brake assembly that is inherently easier to maintain, repair and
      adjust than those heretofore available.
PAR  A further object of the present invention is to provide a disc brake
      assembly which is enclosed and protected, and provides an improved means
      for preventing grease and other undesirable materials from becoming
      deposited on the bearing disc or brake lining.
PAR  In the present invention there is provided a brake assembly mounted
      symmetrically on opposite sides of an axially supported wheel hub and
      providing a pair of inwardly facing face plates on opposite sides of the
      hub. The hub supports a pair of outwardly facing, annular, brake-bearing
      discs on its opposite sides of a plane passing centrally of the axle and
      normal to it. The face plates support at their upper ends inwardly facing,
      hydraulically operated brake shoes with brake linings carried by the shoes
      each adapted to engage the upper portion of a disc. Fluid-venting means
      are provided at the lower ends of the face plates intermediate the wheel
      hub and the face plates, and cooling vents are also provided in the lower
      portions of the face plates.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects and advantages of the present invention will be more
      clearly understood when considered in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a side elevational view of the motorcycle front wheel and hub
      assembly illustrating a typical position in which the invention may be
      employed;
PAR  FIG. 2 is a plan elevational enlarged detail, in partially fragmented form
      of the motorcycle hub illustrated in FIG. 1 embodying a preferred form of
      the present invention;
PAR  FIG. 3 is a cross sectional view taken substantially along the line 3--3 of
      FIG. 2;
PAR  FIG. 4 is a cross sectional view taken along the line 4--4 of FIG. 2;
PAR  FIG. 5 is a cross sectional view taken along the line 5--5 of FIG. 4;
PAR  FIG. 6 is a fragmentary view taken along the line 5--5 of FIG. 4;
PAR  FIG. 7 is an elevational view of a detail of the present invention showing
      the wheel hub with the face plate removed;
PAR  FIG. 8 is an elevational view of the inside of the face plate;
PAR  FIG. 9 is a fragmentary cross sectional view of a detail of a modification
      of the invention taken along a line substantially similar to the line 4--4
      of FIG. 2;
PAR  FIG. 10 is a cross-sectional view taken along the line 10--10 of FIG. 9;
PAR  FIG. 11 is a fragmentary view taken substantially along the line 11--11 of
      FIG. 9;
PAR  FIG. 12 is a schematic illustration in partial cross-section of a modified
      form of the invention;
PAR  FIG. 13 is a fragmentary elevational view of the fork assembly useful in
      the embodiments described;
PAR  FIG. 14 is a fragmentary, cross-sectional detail showing a further
      modification of the embodiment illustrated in FIG. 9;
PAR  FIG. 15 is a side elevational view of the motorcycle rear wheel and hub
      assembly illustrating a typical position in which the invention may be
      employed;
PAR  FIG. 16 is a plan, elevational detail of the rear wheel and hub assembly
      with the sprocket removed;
PAR  FIG. 17 is a plan, elevational view in fragmentary detail of the interior
      of the hub;
PAR  FIG. 18 is a cross-section taken along the line 18--18 of FIG. 15;
PAR  FIG. 19 is a modification of the embodiment of FIG. 18 taken along a line
      substantially the same as 18--18 in FIG. 15;
PAR  FIG. 20 is a cross-sectional detail taken substantially along the line
      20--20 of FIG. 19; and
PAR  FIG. 21 is a modification of the embodiment illustrated in FIG. 18, and
      taken substantially along the line 18--18 of FIG. 15.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention is primarily designed to be used with motorbikes and
      the like, but may be adapted for use with other wheeled vehicles where the
      attachment of disc brakes are desired. In the present invention, a
      preferred embodiment will be illustrated in connection with the disc brake
      used on the front wheel of a motorcycle, as illustrated in FIGS. 1 to 14;
      and on a rear wheel, as illustrated in FIGS. 15 to 21.
PAR  As illustrated in FIG. 1, a motorbike ordinarily has a front fork 1 having
      parallel legs 2 and 3 (FIG. 3) at its lower end. These legs are integrally
      connected at their upper ends. Their lower ends are provided with journals
      4 which support the wheel axle 5. The wheel axle 5 may be supported in any
      conventional fashion. The journal 4 may comprise a split ring arrangement,
      as illustrated in FIG. 2, with the ring's lower half secured by detachable
      nuts or bolts 6. Conventionally supported on fixed shaft 5 is a wheel hub
      7. This wheel hub 7, best illustrated in FIGS. 2, 3 and 7, is provided
      with an axial hole 8 through which the shaft 5 extends. The hub 7 is
      supported in spaced relation to the shaft 5 for relative rotation thereto
      by the annular ball bearings 9 and 10. Conventional cooling ribs 12 may be
      provided about the periphery of the hub. Outwardly flared parallel annular
      flanges 13 and 14 having a series of openings 15 are provided on the hub 7
      to support the spokes 17 which are connected at one end to the flanges 13,
      14 and at the other to the rim 19 of the tire 20 (FIG. 1).
PAR  The wheel hub of the present invention is provided with a radially
      extending web 22 integral with a cylindrical center 23 at its center and
      outwardly flared flanges 24, 25 at its outer periphery which flanges 24,
      25 support the flanges 13 and 14. The web 22 is symmetrical with respect
      to the cylindrical center 23 and provides opposite flat annular surfaces
      28, 29. These surfaces are formed with annular recesses 30. Force fit in
      each of these recesses 30 is a steel bearing disc 31. These steel bearing
      discs 31 are each secured against rotation by a series of pins 32 (FIG. 7)
      which extend partially into the web 22 and partially across the plates 31.
      The outer surfaces 35 of these steel bearing discs 31 provide opposite
      annular surfaces against which the brake lining of a brake shoe may bear.
PAR  Brake shoes 40 are actuated by hydraulic cylinder means 50 supported on
      each of the face plates 60 (FIGS. 3 and 4). The pair of face plates 60 are
      each similar in configuration and are symmetrically arranged facing one
      another. These face plates 60 are secured and fixed to the shaft 5 on
      opposite sides of the hub 7. Each plate 60 has a radially extending web 61
      secured between the bearings 9 or 10 and a washer 62 (FIG. 9). Preferably,
      the face plates 60 have an outer configuration contoured to conform
      substantially with the mechanisms contained between the opposed face
      plates 60. The face plates terminate at peripheral lips 65 that are
      inwardly flared and terminate in close spaced relation with shoulders 66
      formed on the flanges 24, 25 of the hub 7; thus, providing a closure
      between the flanges 24, 25 and the shaft 5 while still providing means
      which permit rotation of the hub 5 relative to the face plates 60.
PAR  The face plates 60 are preferably locked to the legs 2 and 3 of the fork by
      lock means generally illustrated at 68. These lock means may comprise any
      suitable brackets secured one to each of the legs 2 and 3 and providing an
      interengaging lock with the outer surface of the face plates. If desired,
      vertical grooves 69 in the face plates 60 (FIG. 2) may be provided to
      interengage with corresponding ridges 70 in a brackets 70 secured one to
      each of the legs 2, 3 thereby preventing rotation of the face plates
      relative to the fork. The brackets 70 as will be noted from FIG. 3,
      provide a large interface area 73 between enlarged or projecting portions
      74 of each face plate and the aligned bracket 70 thereby providing means
      for taking up or receiving outwardly moving forces generated by the
      application of power to the hydraulic system for braking action.
PAR  Integrally formed within each of the face plates is a hydraulic cylinder
      means 50 best illustrated in FIG. 4. These means include a cylindrical
      opening 80 having a projected axial boss 81 at the closed end of the
      cylinder. The cylinder is lined with a steel sleeve 82. This steel sleeve
      82 should be used when the facing plates 60 are formed of aluminum to
      strengthen the structure. Contained within the sleeve 82 is a piston
      assembly generally illustrated at 85. This piston assembly 85 includes a
      seal element 86 preferably formed of a resilient material, such as
      plastic. One side of this seal member 86 is provided with a recess 87
      adapted to receive one end of the helical spring 88 which bears against a
      metal plate 89. The other end of spring 88 is located on the boss or
      projection 81. A metal piston 90 is positioned in facing relation to the
      surface of the seal element 86 and supports a flexible resilient diaphragm
      means 91 at its other end. This diaphragm means may comprise a head 92
      having a peripheral flange 93 which secures an annular, flexible resilient
      web 94 at its inner edge with the outer edge of the web 94 locked between
      and outwardly flared lip 96 of the sleeve 82 and the inner surface of the
      facing plate 60. The head 92 may be screwed to the piston 90 by a screw
      98. The insert or cap 91 has a shoulder 91A that sets into a corresponding
      recess in the outer surface of the metal piston 90. Conventional means not
      shown are provided for introduction and emission of hydraulic fluid into
      the chamber 80 between the boss or projection 81 and the scraper means 86.
      This means may comprise a conventional inlet and outlet port connected by
      suitably tubing to a hydraulic pump which may commonly actuate the two
      hydraulic cylinders shown in FIG. 4 simultaneously. The system may and
      preferably, should provide means for simultaneously actuating the
      hydraulic cylinders in each of the facing plates. Where a disc system, as
      described, is used in forward and rear wheels of a vehicle the hydraulic
      cylinders, preferably, should be provided with means for common actuation
      of all cylinders at the same time.
PAR  The head 92' is designed to engage the outer surface 99 of the brake shoe
      100. The brake shoe 100 is preferably arcuate in configuration as
      illustrated in FIG. 8 with the hydraulic cylinders means 50 symmetrically
      located as illustrated. Bonded to this arcuate brake shoe 100 is a brake
      lining 101 of conventional brake lining material. The brake shoe 100 and
      its attached lining 101 is secured and supported for movement on the inner
      surface of the facing plate 60 by guide pins 110. These guide pins 110 are
      symmetrically supported on the brake shoe at either end as illustrated in
      FIG. 8. Each pin 110 is provided with a head 111 (FIG. 4) that is secured
      by suitable means to the brake shoe. The body of the pin fits within a
      cavity 112 in the face plate 60. This cavity 112 may be lined with a steel
      sleeve 113. The end of the guide pin 110 screw the head 111 abuts an
      opening in the cavity 112. An adjusting screw 114 is threaded through this
      opening from the outer surface of the facing plate 60 and is adapted to be
      tightened or loosened for purposes of adjusting the position of the brake
      shoe as the lining wears. Since precise adjustment is important in these
      arrangements, the scres 114 is provided with micrometerlike reading means.
      In this arrangement the head 115 of the screw is formed with vertical
      calibrations 116. These vertical calibrations are adapted to be rotated
      selectively into alignment with markings 118 on the outer surface of the
      facing plate 60 (FIG. 6). In order to properly adjust and secure the
      screws 114 in a selective position, holes 119 are tapped at right angles
      to each other through the body of the screw 114 just underneath the head
      115. These holes 119 thus may be rotated 90.degree. into successive
      alignment with slot 120 which is formed in a shoulder of the facing plate
      60. Thus a cotter pin 121 may be inserted through the slot 120 to lock the
      adjusting screw 114 into the selected adjusted position. The brake shoe is
      provided with an eye 130 on its surface 99 with the eye 130 designed to
      engage a hooked end of spring 131 that is positioned in cavity 132 within
      the facing plate 60. The other end of spring 131 engages hook 134 which is
      inserted through a hole in the facing plate 60 into the cavity 132. This
      spring 131 provides a return means for returning fluid to the hydraulic
      fluid source when a suitable valve is opened to allow passage of the fluid
      from the cavities 80. In addition, spring 131 returns the brake shoe to
      its original position when the brake is in an off position. A hole 132A in
      the wall of cavity 132 permits access to spring 131 for removal.
PAR  The face plates 60 are each provided with a pair of cooling manifolds 140.
      These cooling manifolds are integrally formed with the face plates as
      enlarged arcuate segments at the lower half of the plate. Each manifold is
      provided with an outer wall 141 (FIG. 3) substantially normal to the shaft
      5 and preferably lying in a plane intermediate parallel planes passing
      through the hub portion 142 and the flange portions 14, 13 of the facing
      plate. The outer periphery of these cooling manifolds are continuous with
      the outer periphery of the facing plate 60 and cooperate to form a
      circular periphery. These outer peripheries are formed with walls radial
      to the shaft 5 and comprising arcuate perforated plates 145 through which
      air is adapted to pass. Air may thus circulate from the outside through
      holes in the plates 145 into the disc brake assembly between the two
      plates 60. The cooling manifolds 140 are preferably positioned below and
      symmetrical with respect to the disc brake shoe 40 (FIG. 8). The periphery
      of the facing plate 60 between these manifolds at the lower end of the
      assembly is formed devoid of the flange 65 (FIGS. 3 & 8). In this area 146
      (FIG. 8) there is thus provided a slight space best illustrated in FIG. 3
      which space 147 is designed to permit water or other dirt or foreign
      materials to pass under the influence of gravity from between the face
      plates 60. The inner surface of the flanges 24 and 25 are flared outwardly
      so as to guide such foreign materials towards the space 147 as the hub 7
      is rotated.
PAR  In FIG. 9 there is illustrated an embodiment, which is otherwise than as
      described similar to that shown in FIG. 4. In this arrangement, the piston
      191 is formed of metal and is positioned against the rubber seal 186. A
      rod 193 has one end engaged by piston 191 and has the brake shoe 194
      secured at its other end. A diaphragm 195 has an opening through which the
      rod 193 extends and to which the diaphragm 195 is axially secured. The
      periphery of diaphragm 195 is locked under or crimped between the flange
      196 of the steel sleeve 197 that lines the cavity 198. This arrangement is
      a one cylinder arrangement. In this arrangement the return springs
      generally illustrated at 200 are similar to the return springs 131.
PAR  Preferably, for symmetry two spring arrangements 200 are provided in the
      embodiment of FIGS. 9 and 10 with the spring arrangements symmetrically
      arranged on opposite sides of the hydraulic cylinder.
PAR  The arrangement of the hydraulic cylinder, the guide pins and the return
      spring may be varied as is schematically illustrated in FIG. 12. In this
      embodiment the hydraulic cylinder 210 which may for example be similar to
      the cylinder 198 is centrally arranged with respect to the guide pins 110
      and the return springs 200. The relative size of the components may also
      be varied depending upon the particular purpose for which the unit is
      designed.
PAR  In FIG. 14 a further modification of the hydraulic piston arrangement is
      shown. In this configuration the piston 220 is provided with an annular
      shoulder 221 that receives a plastic disc 222 in turn secured by a screw
      223 and a metal washer 224 to a center post 225 of the piston 220. An
      annular diaphragm 226 has an inner periphery 227 formed with a bead that
      is locked in an annular recess in the outer surface of the disc 222 by the
      inner surface of the metal washer 224. The outer periphery of the annular
      diaphragm 226 is locked between an outwardly extending flange 230 of the
      steel sleeve 231 and the inner surface 232 of the facing plate 60.
PAR  Referring now to FIGS. 15 through 18, there is illustrated an embodiment of
      the invention used on the rear wheel of a motorbike. The rear wheel 300 is
      supported on a swing fork 301 by a rear axle or shaft 302. The shaft 302
      extends through a hub 303 which has a radially extending web 304 (FIG.
      18). The hub is suitably supported on the shaft 302 by bearings 305 so
      that the web 304 may rotate relative to the fixed shaft 302. Extending
      radially from the hub 303 are a plurality of ribs 306 (FIG. 16). These
      ribs which may be six in number, extend from about halfway along the
      length of the web 304 to the hub 303, and thence to its outer, opposite
      ends. Each rib 306 is provided with a shoulder section 307, as illustrated
      in FIG. 18. A sprocket support 308 is positioned coaxial with the shaft
      302. This support 308 is cylindrical in configuration and is provided with
      a central opening having a series of recesses conforming to and facing the
      portions of the ribs 306 adjacent one end of the hub 303. Intermediate the
      inner surface of the sprocket support 308 and the shoulder portions 307 of
      the ribs 306 is a continuous rubber or plastic liner 309. The sprocket
      support 308 is provided with an outer shoulder 311 which receives the core
      of a conventional motorcycle rear wheel sprocket 312. The sprocket 312 is
      secured to the support 308 by a series of screws 313. The other end of the
      sprocket support 308 conforms to and is spaced in close but sliding
      relation with respect to the housing 314. If desired, this end may be
      provided with an offset section 315 to minimize passage of water between
      the sprocket support 308 and the housing 314.
PAR  The wheel hub is provided with a steel disc 320 on one side and 321 on the
      other side that are similar to the steel discs 31 shown in FIG. 3. Brake
      pad assemblies 322, brake shoes 323, face or backing plate 324 and other
      braking assemblies similar to that shown in FIG. 3 are provided on the
      housing for effecting braking action between plates 320 and 321 and the
      brake pads 322. Lock means 325 support the base plates 324. These lock
      means 325 may comprise angular members having one leg 326 secured to a leg
      of the swing fork 301 and another leg 327 suitably locked or secured to
      the base plate. The leg 327 may be extended and may be provided with a
      keyway 328 interlocking with a meshing keyway on a face plate 324. This
      will permit movement of the shaft 302 for purposes of tightening the drive
      chain without disengagement of the face plate from the lock means 325.
PAR  Referring to the modification of FIG. 19, there is shown a structure which
      is substantially the same as that shown in FIG. 18 except that a pair of
      hydraulic units on opposite sides of the web are not used. Rather, a
      single hydraulic unit generally illustrated at 330 is provided. The
      restraining means in this embodiment is effected by a rigid member rather
      than by utilizing a caliber type of action which is attained when two
      hydraulic systems are used in opposite relationship. In this embodiment
      the series of at least six ribs 331 provide a restraining means to
      minimize deflection of the web 332 when pressure of the brake shoe 333 and
      pad 334 is exerted by the hydraulic unit 330 against the steel disc 334'.
      The face plate 337 is secured against deflection in a manner as previously
      described by a locking means 338.
PAR  The steel disc 334' may, as illustrated, be provided in this and other
      embodiments including the embodiment used on the front wheels with a
      series of radially arranged dimples or bosses 339. These integrally cast
      bosses or dimples 339 fit into corresponding recesses in the web 332 to
      prevent rotation of the steel disc 334' relative to the web 332.
PAR  Referring to the FIG. 21, there is illustrated an arrangement in which a
      comparatively small hydraulic unit 350 having opposite hydraulic elements
      351 and 352 are commonly supported on a support means 353, which in turn
      may be supported on one leg of the swing fork 301. This arrangement is
      useful where it is desirable to support the braking mechanism from one
      side only of the swing fork. Preferably, the braking mechanism is
      supported from the side opposite to the sprocket 358. Other elements not
      specifically described are similar to those described in connection with
      FIG. 18. In this embodiment, however, there is only provided one face
      plate 360 since the hub 361 is used to provide an enclosed interior. The
      hub 361 in this embodiment is provided with a disc-like wall 362 suitably
      ribbed at closely spaced intervals, as illustrated at 365. These ribs
      provide cooling for the hub 361. The inner side of the hub 361 is
      integrally formed with a cylindrical bearing 366, which in turn bears
      against the roller bearings 368. The sprocket 358 is suitably secured to
      this hub, as illustrated. The hub 361 is integrally formed with flange 370
      that is concentric with shaft 371. Flange 370 is formed with annular
      cooling fins 372. A plurality of ribs 373 are formed on the inner surface
      of flange 370. The steel brake disc 375 is secured to the flange 370 by a
      series of screws 376 that pass through the disc 375 at its periphery into
      one each of the ribs 373. The steel disc 375 is annular in configuration
      and is provided with opposite surfaces 380 that are adapted to be engaged
      by the brake pads 381 of the hydraulic elements 351 and 352.
PAR  The hydraulic elements 351 and 352 function in the same fashion as those
      described in connection with FIG. 3 and may otherwise be similar in
      construction, are supported in the bracket 353. This bracket includes a
      web 390 that extends within the annular steel disc 375, and is supported
      at its base 391 by screws 392 to the leg 301 of the swing fork. The flange
      390 has two opposed pairs of depending tabs. The tabs within each pair 393
      and 394 are spaced apart so as to receive between the tabs in each pair
      respectively the hydraulic elements or systems 351 and 352. These elements
      may be suitably secured by screws 396.
PAR  Radially extending parallel flanges 397 integral with flange 370 provide
      conventional means for attachment of the spokes of the wheel, as
      illustrated in FIG. 15, and FIG. 17.
PAR  The steel disc 375 may, as illustrated in FIG. 17, be provided with slots
      or recesses 397 in its periphery to provide air circulation and cooling.
PAR  Referring to FIG. 17, the steel brake disc 375 is provided with a series of
      holes 397A. These openings have edges 397B the surfaces of which extend in
      non-perpendicular angles to the opposed faces of the steel brake disc 375.
      The surfaces 397B are angularly cut to cause air to move from the right
      side of the interior, illustrated in FIG. 21, towards the left side and
      through openings not shown in face plate 360. The air flow may be provided
      with a suitable manifold in the hub 361 and the face plate 360 thus
      rotation of the disc 375 causes a self-cooling effect of the braking
      system.
CLMS
STM  I claim:
NUM  1.
PAR  1. A disc brake and wheel assembly for a vehicle having a fork with legs
      interconnected at the free end by an axle comprising:
PA1  a wheel having a hub with an aperture for receiving the axle and
      positioning the hub intermediate the legs of the fork;
PA1  a radially extending annular rotatable web having a cylindrical center
      coaxial with said axle;
PA1  means supporting said web for rotation relative to said axle;
PA1  a pair of face plates having their outer periphery terminating adjacent and
      movable relative to the web, and defining an enclosed space with a part of
      the web;
PA1  said web having a flanged outer end including tire support means;
PA1  a pair of annular bearing surfaces within said space;
PA1  said web having opposite faces for supporting respective bearing surfaces
      normal to, radially and at a fixed distance from the axis of said wheel;
PA1  a pair of brake shoe means with associated brake pad means, each said brake
      shoe means disposed adjacent a respective bearing surface;
PA1  each said brake shoe means including at least one hydraulic means for
      moving said brake pad means to and from braking engagement with said
      bearing surface;
PA1  and biasing means for normally urging said brake pad means away from said
      bearing surface;
PA1  said pair of face plates each including restraining means for supporting
      each said brake shoe means against rotation with said web;
PA1  said brake shoe means and restraining means aligned with said bearing
      surface, said said brake shoe means positioned between said bearing
      surface and said restraining means.
NUM  2.
PAR  2. The assembly of claim 1 wherein a bottom segment of said face plate and
      the outer periphery of said wheel define a space for permitting passage of
      material therethrough.
NUM  3.
PAR  3. The assembly of claim 1 wherein said web is T-shaped.
NUM  4.
PAR  4. The assembly of claim 1 wherein said web has opposite faces defined by a
      section of the web that is thinner than said flanged outer end.
NUM  5.
PAR  5. The assembly of claim 1 wherein said web is disposed generally centrally
      of said fork.
NUM  6.
PAR  6. A disc brake and wheel assembly as set forth in claim 1 wherein said
      means for supporting said brake shoe means includes a hollowed out
      protruding section contacting the leg.
NUM  7.
PAR  7. A disc brake as set forth in claim 1 including a cooling manifold
      integrally formed in at least one of said face plates, said cooling
      manifold comprising a section of said face plate having air passage means
      formed therein.
NUM  8.
PAR  8. A disc brake as set forth in claim 7 wherein said cooling manifold is
      formed below said brake shoe means, and fluid passage means are provided
      intermediate said bearing surface and said face plate below said brake
      shoe means.
NUM  9.
PAR  9. A disc brake means as set forth in claim 1 wherein said hydraulic means
      each comprise at least one cylinder and a hydraulically operated piston,
      means operatively interengaging said brake pad and said piston for moving
      said brake pad toward said bearing surface.
NUM  10.
PAR  10. A disc brake means as set forth in claim 9 wherein said brake shoe
      means each comprise a brake shoe supporting said brake pad with said brake
      shoe supported at one end of a pair of pins and with the other end of said
      pins extending into a portion of said face plate.
NUM  11.
PAR  11. A disc brake as set forth in claim 10 wherein means are provided for
      adjustably limiting the movement of said brake shoe comprising micrometer
      means for adjusting the limit of movement of said other end of said pins
      in said portion of said face plate.
NUM  12.
PAR  12. A disc brake means as set forth in claim 9 wherein said means for
      moving said brake pad from said bearing surface comprises a spring secured
      to said brake shoe at one end and to said face plate at the other for
      returning said brake shoe and pad from engagement with said bearing
      surface.
NUM  13.
PAR  13. A disc brake as set forth in claim 12 wherein said cylinders each have
      a diaphragm closing one end with said diaphragm having a flexible
      periphery secured to said brake shoe means and means interpositioned
      between said piston and said diaphragm for displacing said diaphragm
      axially with respect to said cylinder.
NUM  14.
PAR  14. A disc brake means as set forth in claim 9 wherein said face plate is
      made of aluminum and said cylinders are lined with steel.
NUM  15.
PAR  15. A disc brake as set forth in claim 1 including means for supporting a
      sprocket in rotational engagement with said bearing surface.
NUM  16.
PAR  16. A disc brake and wheel assembly for a vehicle having a fork with legs
      interconnected at the free end by an axle, comprising:
PA1  a wheel having a hub with an aperture for receiving the axle and
      positioning the hub intermediate the legs of the fork;
PA1  a radially extending annular rotatable web having cylindrical center
      coaxial with said axle and tire support means;
PA1  means supporting said web for rotation relative to said axle;
PA1  a pair of face plates having their outer periphery movable relative to the
      web and defining an enclosed space with a part of the web;
PA1  at least one annular bearing surface within said space;
PA1  said web having a portion supporting said bearing surface normal to,
      radially and at a fixed distance from the axis of said wheel;
PA1  a brake shoe means within said space and having a brake pad means;
PA1  said brake shoe means adapted for moving said brake pad means to and from
      facing and braking engagement with said bearing surface;
PA1  at least one of said face plates having restraining means for supporting
      said brake shoe means against rotation with said web, said restraining
      means being positioned intermediate the legs of said fork so that the
      forces generated by said brake shoe means can be absorbed by said fork;
PA1  said brake shoe means and said restraining means aligned with said bearing
      surface, with said brake shoe means positioned between said bearing
      surface and said restraining means;
PA1  said brake shoe means comprising a cylinder, said cylinder having a
      hydraulically operated piston, a brake shoe extending normal to and across
      said cylinder axis, a pair of biasing means disposed adjacent said
      cylinder and coupled to said brake shoe, a pair of spaced guide pins
      engaged at one end to opposite ends of said brake shoe and extending
      parallel to said axis, means commonly supporting said cylinder, biasing
      means and guide pins with their axis parallel, said biasing means also
      being disposed intermediate said cylinder and respective guide pins.
NUM  17.
PAR  17. A disc brake and wheel assembly for a vehicle having a fork with legs
      interconnected at the free end by an axle comprising:
PA1  a support member including a center core defining an aperture for receiving
      the axle and positioning the support member intermediate the legs of the
      fork, a web integrally formed with the core and extending radially of the
      axle defining a plane substantially symmetrically disposed intermediate
      the legs, and an annular crown integrally formed with the web and
      coaxially arranged with respect to said core;
PA1  said web having a dimension in the direction of the axle that is smaller
      than the web's radial dimension, and said crown having a dimension in the
      direction of the axle that is greater than the dimension of the web in the
      direction of the axle so as to provide in part a space for the brake
      means;
PA1  a pair of annular discs each having a bearing surface;
PA1  means securing each disc on opposite axially outer sides of said web with
      said discs extending radially of said core;
PA1  and a pair of brake means one mounted adjacent each annular disc.
NUM  18.
PAR  18. The disc brake and wheel assembly as set forth in claim 17 including a
      pair of face plate assemblies each including support webs for supporting
      one of the brake means.
NUM  19.
PAR  19. The disc brake and wheel assembly as set forth in claim 18 wherein each
      face plate assembly includes a core portion and means for supporting said
      core portion for relative rotational movement with respect to the core of
      said support member.
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ABST
PAL  An improved reversible overrunning clutch is disclosed of the type
      including a central driver member that is axially shiftable by helical
      spline means between clutch engaged positions relative to axially spaced
      forward and reverse clutch members, respectively, mounted on an output
      shaft. Automatic shift control means operable in accordance with the
      direction of rotation of the rotary input drive means are provided for
      shifting the central driver member toward a readiness position immediately
      adjacent the appropriate clutch member, thereby insuring the correct
      directional operation of the unit. In order to maintain the central driver
      member in position, friction drag spring means are provided which afford
      rotational resistance between the central drive member and the output
      shaft. In accordance with a characterizing feature of the invention,
      anti-friction means are provided for reducing the axial component of
      friction between the friction drag spring means and the output shaft,
      whereby the deleterious effect of the friction drag spring means on the
      central drive member is alleviated.
BSUM
PAR  In the prior U.S. patent of Albert F. Myers, U.S. Pat. No. 3,651,907 of
      Mar. 28, 1972, an overrunning clutch for a transfer case transmission is
      disclosed in which a central driver member is axially shifted by helical
      spline means into clutching engagement with the appropriate one of spaced
      forward and reverse clutch members mounted on an output shaft. Holdout
      ring means are provided that are operable when the speed of rotation of a
      driven shaft is greater than that of a driving shaft for maintaining the
      central driver member in an intermediate disengaged position relative to
      said forward and reverse clutch members. Furthermore, it has been proposed
      in the prior U.S. patent of Ronald D. Bokovoy, U.S. Pat. No. 3,743,067, to
      increase the reliability and speed of operation of the prior overrunning
      clutch construction by causing the central driver member, when in an
      overrunning disengaged condition, to be axially shifted toward a readiness
      position immediately adjacent the appropriate clutch member. To this end,
      automatic shift control means are provided for displacing the central
      driver member axially toward a readiness position relative to the
      appropriate one of spaced forward and reverse clutch members.
      Consequently, during normal operation of the overrunning clutch means --
      when the front (or rear) drive axle of the motor vehicle overrruns the
      rear (or front) axle by a predetermined desired amount (on the order of 3%
      to 6%) -- the central driver member is shifted toward the appropriate
      readiness position in accordance with the direction of rotation of the
      rotary input drive means. consequently, when the rear (or front) wheels
      momentarily lose traction and it is desired to transfer drive torque to
      the overrunning front (or rear) axle, the thrust imparted to the central
      driver via the helical spline teeth that connects the driving and central
      driver members is sufficient to displace axially the central driver member
      from the readiness position to the immediately adjacent clutch engaged
      position. The automatic shift control means further includes an annular
      shift control cam member secured at one end to or part of the housing in
      which the output shaft of the clutch is journalled, and an annular shift
      control member arranged colinearly at the other end of said cam member,
      said cam and shift control members being resiliently biased together and
      provided at adjacent ends with cooperating overrunning cam teeth. Holdout
      ring means are provided for maintaining the shift control member in a
      first enabling position relative to one of said forward and reverse clutch
      members, said central driver member being connected with said shift
      control member for limited axial displacement between a retracted
      readiness position and an extended clutch engaging position. Upon rotation
      of the driving member in the opposite direction, the holdout ring means is
      released and the engagement of the cam teeth causes the shift control
      member to be axially displaced towards a second enabling position relative
      to the other clutch member. First friction drag spring means are provided
      for retarding the rotational movement of the central driver relative to
      the output shaft and also the axial displacement of the central driver
      during corresponding displacement of the shift control member, thereby
      assuring that the central driver is normally in the retracted readiness
      position relative to the shift central member and the appropriate clutch
      member. Second friction drag spring means are provided for retarding the
      rotational and axial displacement of the shift control member relative to
      the central driver member.
PAR  One problem experienced by this known reversible overrrunning clutch
      arrangment is that the restraining forces applied to the central driver
      member by the first and second friction drag spring means are so strong as
      to impede or otherwise interfere with the accurate axial shifting and
      positioning of the central driver member. In order to partially eliminate
      this problem, it has been proposed to relocate the second friction drag
      spring means that operate on the shift control member from a first
      position between the central driver member and the shift control member to
      a second position between the shift control member and an annular retainer
      sleeve arranged concentrically thereabout. While this relocation partially
      alleviates the problem, it is further desirable to reduce or eliminate the
      axial frictional component applied to the central driver member by the
      first friction drag spring means without interfering with the desired
      rotational drag resistance between the central driver member and the
      output shaft.
PAR  Accordingly, a primary object of the present invention is to provide
      friction-reducing sleeve means for reducing the axial component of
      friction of the first friction drag spring means without reducing the
      rotational drag resistance between the central driver member and the
      output shaft. To this end, an axially shiftable sleeve is arranged
      concentrically between the central driver member and the output shaft,
      said sleeve being non-rotatably connected with the output shaft and being
      axially shiftable between the forward and reverse clutch elements. The
      first friction drag spring means are arranged between the sleeve and the
      central driver member for effecting simultaneous axial displacement of the
      components and for establishing rotational drag resistance between the
      central driver member and the output shaft. Anti-friction means connected
      with and positively confined within the sleeve are provided for
      substantially eliminating the axial component of friction between the
      sleeve and the output shaft. In a first embodiment of the invention, the
      sleeve is stamped from sheet metal and the anti-friction means comprises a
      plurality of ball bearings positively confined in caged openings contained
      in the sleeve. In a second embodiment, the sleeve is provided with
      internal splines that are adapted to extend within corresponding grooves
      contained in the output shaft, said anti-friction means comprising at
      least one layer of a synthetic plastic material secured to the splines and
      having a low coefficient of friction for reducing axial friction between
      the splines and the grooves in the output shaft.
PAR  In accordance with a more specific object of the invention, the outer
      periphery of the sleeve contains an annular groove, and the friction drag
      spring means comprises a generally annular non-circular flat drag spring
      that is arranged between the sleeve and the central driver member, said
      drag spring extending within the groove and being prevented from axial
      displacement relative to the sleeve.
PAR  In accordance with another object of the invention spacer rods are
      contained within the sleeve and extend axially beyond the ends of the
      sleeve into abutting engagement with the forward and reverse clutch member
      to maintain constant the spacing distance therebetween. In the first
      sleeve embodiment, the spacer rods are slidably received in openings
      contained in the inner lugs that prevent rotation between the sleeve and
      the output shaft, and in the second embodiment the spacer rods are at
      least partially received in longitudinal grooves contained in the output
      shaft.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      from a study of the following specification when viewed in the light of
      the accompanying drawing, in which:
PAR  FIG. 1 is a longitudinal sectional view of the reversible overrunning
      clutch means of the prior art;
PAR  FIGS. 2 and 3 are longitudinal and end elevation views respectively, of the
      shift control cam means of FIG. 1;
PAR  FIG. 4 is a longitudinal sectional view of the shift control member of FIG.
      1;
PAR  FIG. 5 is a longitudinal sectional view of the spacer member of FIG. 1;
PAR  FIG. 6 is an exploded view of the apparatus of FIG. 1.
PAR  FIG. 7 is an end elevational view of the friction drag spring means of FIG.
      1;
PAR  FIG. 8 is a longitudinal sectional view of a first embodiment of the
      improved reversible overrunning clutch means of the present invention;
PAR  FIG. 9 is a perspective view of the stamped sleeve means of FIG. 8 with the
      longitudinal spacer rods attached;
PAR  FIG. 10 is an end view of the stamped sleeve;
PAR  FIG. 11 is a sectional view taken along line 11--11 of FIG. 10;
PAR  FIG. 12 is a sectional view of the sleeve of FIG. 9 and spacer rods
      non-rotatably assembled upon the output shaft;
PAR  FIG. 13 is a longitudinal sectional view of a second embodiment of the
      reversible overrunning clutch means of the present invention including a
      friction-reducing splined sleeve;
PAR  FIG. 14 is a perspective view of the friction-reducing splined sleeve means
      of FIG. 13; and
PAR  FIGS. 15-17 are sectional views of the friction-reducing splined sleeve
      means.
DETD
PAR  Referring first more particularly to FIGS. 1-7 which illustrate the
      reversible overrunning clutch means of the prior art (as disclosed in the
      Bokovoy U.S. Pat. No. 3,743,067), a pair of colinearly arranged output and
      input shafts 102 and 106 are journalled in front axle disconnect housing
      104 by bearings 108 and 140, respectively, said shafts being adapted for
      connection with the front and rear axles of the vehicle, respectively.
      Keyed to the input shaft by teeth 120b is the input driving hub 120 having
      at one end an annular portion that extends concentrically about the
      reversible overrunning clutch means, said annular portion including on its
      inner periphery circumferentially arranged helical spline teeth 120a that
      engage corresponding helical spline teeth 116c carried by the outer
      periphery of the central driver. In this embodiment the spline teeth 120a,
      116c have a helix angle of 15.degree..
PAR  The reversible overrunning clutch means include a spacer member 114 that is
      arranged between the reverse and forward clutch members 110 and 112,
      respectively. As shown in FIGS. 1 and 5, the tubular spacer member 114 has
      smooth inner and outer peripheral surfaces, said spacer member being
      provided at one end with a deformed tongue portion 114a that extends
      between the spline teeth on the output shaft 102. Thrust bearing means 121
      including washers 121a and 121b on opposite sides of roller bearing cage
      121c (FIG. 6) are arranged between clutch member 112 and driving hub 120
      as shown in FIG. 1.
PAR  The automatic shift control means for axially displacing the central driver
      116 toward the readiness positions adjacent the forward and reverse clutch
      members, respectively, includes a stationary shift control cam member 128
      that is rigidly connected with the housing 104 by set screw means 142. As
      shown in FIGS. 2 and 3, the cam member is provided at its right hand end
      with a circular series of overrunning self-disengaging cam teeth 128a that
      engage corresponding cam teeth 124a on the shift control member 124 (FIGS.
      1 and 4). As shown in FIG. 3, the cam member is provided on its inner
      periphery with a plurality of spaced slots 128c that define radially
      inwardly extending projections 128d in indexed relation relative to the
      corresponding axial projections 130b on the holdout ring 130. At its right
      hand end, the shift control member 124 has a radially inwardly directed
      flange portion 124c adapted to abut the adjacent ends of the helical
      spline teeth 116c on the central driver 116, said shaft control member
      containing on its inner periphery the groove 124d for rotatably receiving
      the external flange 130a of the holdout ring 130. First friction drag
      spring 118 (FIG. 7) frictionally resists axial and rotational displacement
      of central drive member 116 relative to spacer member 114, and second
      friction drag spring 134 frictionally resists axial and rotational
      displacement of shift control member 124 relative to central driver 116.
PAR  The operation of the embodiment of FIG. 1 is as follows. As long as the
      driving member 120 is driven by input shaft 106 in the forward direction
      and the front axle overruns the rear axle by the desired slight amount,
      the central driver member 116 is placed in the illustrated disengaged
      condition by the overrunning self-disengaging operation of the clutch
      teeth. Owing to the cooperation between cam teeth 128a and 124a, shift
      control member 124 is axially shifted to the right against the restoring
      force of spring 126 toward a first enabling position relative to forward
      clutch 112. During this right hand movement of the shfit control member,
      the flange portion 124c thereof engages the helical spline teeth 116 on
      the central driver, thereby axially shifting the central driver toward a
      first readiness position relative to the forward clutch 112. The holdout
      ring 130 operates to maintain the shift control sleeve 124 and the central
      driver member 116 in the first enabled and first readiness positions,
      respectively.
PAR  In the event that the rear wheels momentarily lose traction, central driver
      116 is shifted to the right--owing to the thrust imparted thereto by the
      helical spline teeth 120a and 116c-- to effect driving engagement between
      clutch teeth 116b and 112a, whereby output shaft 102 will transmit driving
      torque to the front wheels of the vehicle. When the rear wheels resume
      traction, the central driver is shifted to the left by the
      self-disengaging clutch teeth, whereby the front wheels again overrun the
      rear wheels by the desired slight amount.
PAR  When the direction of rotation of input shaft 106 and hub 120 is reversed,
      the holdout ring is angularly rotated to the released position relative to
      the radial projections on shift control cam member 128, whereupon owing to
      the resilient biasing force of spring 126 and the camming action of cam
      teeth 124a, 128a, shift control member 124 is shifted to the left to a
      second enabled position relative to the reverse clutch member 110. During
      this left hand movement of the shift control member,  friction drag spring
      34, which has a configuration similar to that of FIG. 7, is engaged by
      shoulder 124c, whereby the central driver 116 is shifted to the left to a
      readiness position relative to the reverse clutch member. Upon loss of
      traction by the rear wheels, central driver is shifted by spine teeth
      116c, 120a into clutching engagement with the reverse clutch member. When
      the rear wheels require traction, the self-disengaging clutch teeth return
      the central drive to the disengaged position of FIG. 1.
PAR  Referring now to the present invention as illustrated in FIG. 8, it will be
      seen that in order to partially reduce the axial frictional forces applied
      by the friction drag spring means to the central driver member 216, the
      second friction drag spring 234 has been relocated to a concentrically
      arranged position between the shift control member 224 and an outer
      retainer sleeve 260 mounted on the outer periphery of the input driving
      hub 220. A ring 240 is pressed upon the central driver member 216 and
      performs the axial restraining function relative to the shift control
      member 234 that was performed by the outer drag spring 134 of FIG. 1.
PAR  In accordance with a characterizing feature of the present invention, the
      effect of the axial frictional force of the first friction drag spring 218
      is substantially eliminated by the provision of annular friction-reducing
      sleeve means intermediate the central driver member and the output shaft,
      said sleeve means being keyed or piloted for axial sliding movement
      relative to the output shaft simultaneously with the central driver
      member. Friction-reducing means are connected with and constrained within
      the sleeve for reducing the forces of friction between the sleeve and the
      output shaft. Referring now to FIGS. 8-12, the sleeve 250 is stamped from
      tubular sheet metal stock and contains a plurality of stamped cage
      openings 252 for receiving in a constrained manner ball bearings 254.
      Intermediate its ends, the sleeve is provided with an external groove 256
      for receiving a portion of the first friction drag spring 218, thereby to
      prevent axial displacement of the spring relative to the sleeve. Access
      openings 258 are contained in the bottom wall of the groove for expanding
      the friction drag spring 218. The sleeve is further provided with radially
      inwardly directed lugs 261 that slidably receive longitudinal spacer rods
      262 that extend at each end beyond the sleeve in abutting engagement with
      the reverse and forward clutch elements 210 and 212, respectively, thereby
      maintaining constant the space between these clutch elements. As shown in
      FIG. 12, the lugs 261 extend into corresponding grooves contained in
      output shaft 202 and thereby connect the elements for simultaneous
      rotation. Thus, in operation, when the central driver is in the
      illustrated disengaged condition, rotation of the input shaft 206 causes
      central driver 216 to be driven (via the helical spline teeth 220a, 216c)
      and owing to the provision of the friction drag spring 218, the central
      driver is stabilized against undesirable axial displacement. Depending on
      the direction of rotation of the input shaft, the central driver is
      axially displaced by the automatic shift control means 228, 230 and 224
      toward a readiness position adjacent the appropriate clutch member. Owing
      to the provision of the caged ball bearings 254, the axial frictional
      component produced by the friction drag spring 218 is eliminated, whereby
      the central driver member may be accurately shifted toward and maintained
      at the desired readiness position. It is important to note here that the
      helix angle of helical teeth 200a, 216c is preferably relatively low (on
      the order of 15.degree.) to prevent the central driver from being pulled
      too far during an overrunning condition to prevent the central driver from
      engaging the teeth of the driven clutches too severely, and to avoid
      excessive thrust bearing wear. This low helix angle would ordinarily
      decrease the force available for shifting the central driver, but owing to
      the provision of the friction-reducing sleeve means, the central driver
      may be readily shifted from the readiness to the clutch engaged position.
PAR  Referring now to FIGS. 13-16, the friction-reducing sleeve 350 is again
      arranged concentrically between the output shaft 302 and the central
      driver member 316, said sleeve having on its inner periphery splines that
      extend within corresponding grooves contained in the output shaft, thereby
      to connect the elements for non-rotatable axial sliding movement. In
      accordance with the present invention, layers 370 of a suitable synthetic
      plastic material having a low coefficient of friction (for example, nylon,
      polyvinyl chloride and the like) are adhesively or otherwise secured to
      the splines 352 as shown in FIG. 15, whereby the axial frictional
      component between the sleeve and the output shaft (and, consequently,
      between the friction drag spring and the output shaft) is eliminated. The
      outer periphery of the sleeve is provided with an annular groove 354 for
      receiving the friction drag spring 318, and also access openings 356 that
      afford means for expanding the friction drag spring. As shown in FIG. 17,
      the spacer rods 372 that extend at each end beyond the sleeve in abutting
      engagement with the clutch members 310 and 312 are received in
      longitudinal grooves contained in the output shaft 302.
PAR  While the invention has been disclosed in connection with a vehicle in
      which the front axle is intentionally caused to overrun the rear axle by a
      given amount (on the order of 3 to 6 percent), it is apparent that the
      reversible overrunning clutch may be applied to a vehicle whose front axle
      drives all the time and when it skids, the rear axle takes torque. Other
      changes and modifications may be made in the apparatus described without
      deviating from the inventive concepts set forth above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a reversible overrunning clutch means for driving an overrunning
      first motor vehicle axle when the rotational speed thereof fails to exceed
      the speed of a second axle by a predetermined slight amount, said clutch
      means including a housing (204); an output shaft (202) journalled in said
      housing, said output shaft being adapted for connection with one of said
      axles; a rotary input shaft (206) arranged for rotation adjacent said
      output shaft; reversible overrunning clutch means operable to connect said
      input shaft with said output shaft, including forward and reverse annular
      clutch members (210, 212) secured to said output shaft in axially spaced
      relation, an annular central driver member (216) rotatably mounted on said
      output shaft in spaced relation relative to, and axially slidable between,
      said annular clutch members, said central driver member having at opposite
      ends thereof clutch teeth of the self-disengaging overrunning type adapted
      to engage corresponding clutch teeth on said annular clutch members,
      respectively, friction drag spring means (218) connected between said
      output shaft and said central driver member for resisting rotational
      movement of said output shaft, and direction-responsive operating means
      (216c, 220a) connected between said input shaft and said central driver
      and said central driver member for axially shifting said central driver
      member in a direction corresponding with the direction of rotation of said
      driving means; and automatic shift control means (228, 230, 224)
      responsive to the direction of rotation of said driving means for
      positioning said central driver member in a readiness position immediately
      adjacent the corresponding one of said annular clutch members to insure
      the correct directional operation of said clutch means; the improvement
      which comprises means for reducing the axial friction between said
      friction drag spring means and said output shaft including
PA1  a. a sleeve arranged concentrically between said central driver member and
      said output shaft, said friction drag spring means being arranged for
      radially directed frictional engagement between the inner peripheral
      surface of said central driver member and the outer peripheral surface of
      said sleeve;
PA1  b. means connecting said sleeve for non-rotatable axial sliding movement
      relative to said output shaft; and
PA1  c. friction reducing means connected with, and constrained against axial
      displacement relative to, said sleeve for reducing the axial component of
      friction between said sleeve and said output shaft.
NUM  2.
PAR  2. Apparatus as defined in claim 1, wherein said friction reducing means
      comprises a stamped sleeve containing a plurality of circumferentially
      spaced openings; and further including a plurality of ball bearings
      rotatably caged in said openings, respectively, for rotational engagment
      with the inner peripheral surface of said central driver member.
NUM  3.
PAR  3. Apparatus as defined in claim 2, wherein said non-rotatable connecting
      means comprises at least one radially inwardly directed lug contained on
      the inner peripheral surface of said sleeve, said output shaft containing
      on its outer periphery at least one longitudinal groove slidably receiving
      said lug.
NUM  4.
PAR  4. Apparatus as defined in claim 3, and further including a spacer rod
      slidably mounted in aid lug in parallel relation to said output shaft, the
      ends of said spacer rod being in abutting engagement with the adjacent
      surfaces of said forward and reverse annular clutch members, thereby to
      maintain constant the spacing distance between said forward and reverse
      clutch members.
NUM  5.
PAR  5. Apparatus as defined in claim 2, wherein said sleeve contains on its
      outer peripheral surface an annular groove for rotatably receiving a
      portion of said friction drag spring means.
NUM  6.
PAR  6. Apparatus as defined in claim 1, wherein said non-rotatable connecting
      means comprises at least one longitudinal spline on the innr peripheral
      surface of said sleeve, said spline extending radially inwardly into a
      corresponding longitudinal groove contained in said output shaft; and
      further wherein said friction reducing means comprises a layer of
      synthetic plastic material secured to at least a portion of said
      longitudinal spline for engagement with said groove, said synthetic
      plastic material having a low coefficient of friction, thereby to reduce
      the axial frictional component of said drag spring means relative to the
      output shaft
NUM  7.
PAR  7. Apparatus as defined in claim 6, wherein at least one of the adjacent
      peripheral surfaces of said sleeve and said output shaft contains a
      longitudinal groove; and further including a spacer rod contained in said
      groove in parallel relation to said output shaft, the ends of said spacer
      rods being in abutting engagement with the adjacent surfaces of said
      forward and reverse annular clutch members, thereby to maintain constant
      the spacing distance between said forward and reverse clutch members.
NUM  8.
PAR  8. Apparatus as defined in claim 6, wherein said sleeve contains on its
      outer peripheral surface an annular groove for rotatably receiving a
      portion of said friction drag spring means.
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ABST
PAL  A synchronization mechanism, especially for change-speed transmissions of
      motor vehicles, in which a shifting sleeve provided with shifting teeth is
      being held by a shifting sleeve carrier fixedly arranged on a transmission
      shaft and is adapted to be coupled--against the action of at least one
      friction member producing synchronism--with a coupling member of the gear
      to be shifted or engaged which is provided with shifting teeth; the
      friction member thereby consists of a slotted and springy synchronizing
      ring cooperating directly with the shifting teeth of the shifting sleeve
      which advantageously is under the influence of means increasing the
      servo-effect thereof; the end surface of the shifting teeth of the
      shifting sleeve are so constructed that the friction members become again
      ineffectual after the synchronizing operation is completed before the
      shifting teeth of the shifting sleeve come into engagement with the
      shifting teeth of the coupling member.
BSUM
PAR  The present invention relates to a synchronization mechanism, especially
      for change-speed transmissions for motor vehicles, in which a shifting
      sleeve provided with shifting teeth is held by a shifting sleeve carrier
      fixedly arranged on the transmission shaft and is adapted to be coupled
      with a coupling member provided with shifting teeth of the gear to be
      shifted against the effect of at least one friction member producing
      synchronism, whereby the friction member consists of a slotted and springy
      synchronizing ring cooperating directly with the shifting teeth of the
      shifting sleeve, which synchronizing ring is advantageously under the
      influence of means increasing the servo-effect thereof.
PAR  In synchronization mechanisms of this type, the coupling of the shifting
      teeth of the shifting sleeve with the shifting teeth of the coupling
      member of the gear to be engaged or shifted, entails considerable
      difficulties if the teeth of the aforementioned structural parts are not
      disposed over tooth gaps. This can be traced back to the fact that the
      blocking force of the synchronizing ring permits a relative movement of
      the shifting sleeve with respect to the coupling member only with
      considerable force application. For avoiding this disadvantage, it is
      already known (German Offenlegungsschrift No. 1,630,948) to arrange means
      between the centering surface and the friction surface of the
      synchronizing ring, on which the shifting sleeve, after reaching
      synchronism, is retained readily rotatable in the circumferential
      direction with respect to the teeth of the coupling member of the gear to
      be engaged. As a result thereof, after synchronism is achieved, the
      shifting sleeve is far-reachingly relieved of the blocking forces of the
      synchronizing ring and consequently can rotate easily relative to the
      coupling member. However, in addition to the high manufacturing costs
      resulting from the numerous additional means, the high susceptibility to
      trouble of this synchronizing mechanism has proved as particularly
      disadvantageous which the very complicated construction brings about.
PAR  The aim of the present invention resides, in contradistinction thereto, in
      providing a synchronization mechanism, in which the coupling of the
      shifting sleeve with the gear to be engaged can be readily realized with
      simple means and without any mutual hooking of the transmission members.
PAR  This is achieved according to the present invention in that the end faces
      of the shifting teeth of the shifting sleeve are so constructed that the
      friction members, after a completed synchronizing operation, become again
      ineffectual before the shifting teeth of the shifting sleeve come into
      engagement with the shifting teeth of the coupling body. It is
      advantageous that the end faces of the shifting teeth of the shifting
      sleeve are provided with formed-on configurations at the end faces
      thereof, which cooperate with a formed-on configuration of the
      synchronizing ring and whereby these formed-on configurations are so
      dimensioned that during the sliding movement of the formed-on
      configuration of the shifting sleeve over the formed-on configuration of
      the synchronizing ring, the synchronizing ring is stressed for achieving
      the synchronism and after the sliding-over movement, the synchronizing
      ring is unstressed at first and only then the shifting teeth of the
      shifting sleeve come into engagement with the shifting teeth of the
      coupling member. The formed-on configuration at the shifting sleeve
      includes on the side facing the synchronizing ring, a friction surface and
      on the side opposite the synchronizing ring, a sliding surface and the
      formed-on configuration at the synchronizing ring includes on the side
      facing the shifting sleeve, a friction surface and on the side opposite
      the shifting sleeve, a sliding surface. The shifting operation now takes
      place in such a manner that during the sliding action of the friction
      surface of the shifting sleeve over the friction surface of the
      synchronizing ring, the synchronization operation is initiated by the
      stressing of the synchronizing ring and as a result of the following
      sliding movement of the sliding surface of the shifting sleeve over the
      sliding surface of the synchronizing ring, the synchronizing ring is again
      permitted to become unstressed and then the shifting teeth of the shifting
      sleeve come into engagement with the shifting teeth of the coupling
      member.
PAR  The advantages achieved with the present invention reside in particular in
      that the synchronizing ring and the means increasing the servo-effect are
      able to become unstressed prior to engagement of the shifting teeth of the
      shifting sleeve with the shifting teeth of the coupling member so that the
      blocking action is reduced and a rotation of the shifting sleeve with
      respect to the coupling member is possible. It is achieved thereby that
      even when the teeth of the shifting sleeve and the teeth of the coupling
      member are not disposed opposite gaps, the teeth can engage with each
      other without the application of a large amount of force and without
      additional devices.
DRWD
PAR  These and further objects, features, and advantages of the present
      invention will become more apparent from the following description when
      taken in conjunction with the accompanying drawing which shows, for
      purposes of illustration only, one embodiment in accordance with the
      present invention, and wherein:
PAR  FIG. 1 is a partial longitudinal cross-sectional view through the
      synchronization mechanism according to the present invention for the first
      speed of a shifting-sleeve transmission of a motor vehicle;
PAR  FIG. 2 is a cross-sectional view, taken along line II--II of FIG. 1; and
PAR  FIGS. 3 to 5 are partial cross-sectional views, taken within the area of
      the section A of FIG. 1 and illustrating the individual formed-on
      configurations during the individual phases of the shifting operation.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, and more
      particularly to FIGS. 1 and 2, in the transmission section illustrated in
      these figures, gears 2 and 3 are freely rotatable but longitudinally
      non-displaceably supported on a transmission shaft indicated by reference
      numeral 1. The gears 2 and 3 are in constant meshing engagement with gears
      (not shown) disposed on a further transmission shaft (not shown) and are
      fixedly connected with coupling members or bodies 4 and 5. The coupling
      members 4 and 5 are adapted to be coupled with a shifting sleeve 6 which
      is axially displaceably held on webs 7 of a shifting sleeve carrier 8. The
      shifting sleeve carrier 8 is non-rotatably connected with the transmission
      shaft 1 and is axially fixed between abutment disks 9. The end faces of
      the shifting teeth 10 of the shifting sleeve 6 cooperate with
      synchronizing rings 11 and 12 which are arranged under prestress on the
      hub 13 of the coupling members 4 and 5 of the gears 2 and 3 to be shifted
      or engaged. Each of the synchronizing rings 11 and 12 is provided with a
      centering surface 14 and with a friction surface 15. The nose portion 18
      (FIG. 2) of a slide member 19 projects between the ends 16 and 17 of the
      synchronizing ring 11. The slide member 19 is held displaceable in the
      circumferential direction of the hub 13 of the respective coupling member.
      A blocking means 21 in the form of a band is arranged between the hub 13
      and the inner surface 20 of the synchronizing ring 11, whose surface 22
      cooperates with the synchronizing ring 11. The blocking means 21 is
      provided at the curve bottom with oppositely disposed radial grooves 23
      and 24 at its end faces, into which engage the webs 25 and 26 of a loose
      abutment 27 and whereby the abutment 27 is anchored together with the
      blocking means 21. The webs 25 and 26 delimit a groove 28 (FIG. 1)
      extending in the circumferential direction within the abutment 27 which is
      supported with the side opposite the groove 28 in a recess 29 (FIG. 2) of
      the coupling member 4 or 5. During a synchronizing operation, the abutment
      27 is supported with its perpendicular surface 30 at the perpendicular
      surface 31 provided at the recess 29 or with the inclined surface 32 at
      the perpendicular surface 33 of the recess 29. The end surfaces of the
      shifting teeth 10 of the shifting sleeve 6 are provided witn a friction
      surface 34 and a sliding surface 35 (FIGS. 3-5). The friction surface 15
      and the centering surface 14 of the synchronizing ring 11 are connected
      with each other by a sliding surface 36. The coupling members 4 and 5
      include shifting teeth 37 and 38 which, upon completed synchronism, come
      into engagement with the shifting teeth 10 of the shifting sleeve 6. The
      formed-on configuration enclosed by the surfaces 14 and 15 on the
      synchronizing ring 11 is designated by reference numeral 39 and the
      formed-on configuration enclosed by the surfaces 34 and 35 in the shifting
      sleeve 6 is designated by reference numeral 40.
PAR  During the engagement of the first speed from the standstill of the
      vehicle, the shifting sleeve 6 is axially displaced with respect to the
      sleeve carrier 8 toward the left as viewed in FIG. 1 with a running engine
      and the friction surface 34 of the shifting sleeve 6 is brought into
      frictional engagement with the friction surface 15 of the synchronizing
      ring 11 (FIG. 3) whereby the synchronizing ring 11 is taken along in the
      direction of rotation A (FIG. 2). As a result of the abutment of the end
      17 of the synchronizing ring 11, the slide member 19 is forced in the same
      direction so that the blocking means 21 actuates the abutment 27 which is
      then supported with the perpendicular surface 31 at the perpendicular
      surface 30 of the recess 29 whereby the left portion (FIG. 2) of the
      blocking means 21 is stressed. During this operation, a relative movement
      takes place between the inner surface 20 of the synchronizing ring 11 and
      the surface 22 of the blocking means 21 with a friction work resulting
      therefrom which becomes effective at the synchronizing ring in the form of
      a radial expansion force. If synchronism is attained by the friction work
      between the friction surface 15 and the shifting sleeve 6, on the one
      hand, and the blocking means 21 and the inner surface 20 of the
      synchronizing ring 11, on the other, then the synchronization mechanism is
      unstressed. Consequently, the shifting sleeve 6 can be forced further over
      the synchronizing ring 11 until the sliding surface 36 of the
      synchronizing ring 11 slides along the sliding surface 35 of the shifting
      sleeve whereby the blocking means 21 and the synchronizing ring 11 are
      unstressed (FIG. 4). Only after the unstressing of the synchronization
      mechanism, the shifting teeth 10 of the shifting sleeve 6 come in contact
      with the shifting teeth 38 of the coupling member 4 and as a result of the
      further displacement of the shifting sleeve 6 toward the left, engage into
      the same whereby the shifting operation is completed (FIG. 5). When
      shifting down from the second to the first speed, the shifting sleeve 6 is
      moved axially with respect to the sleeve carrier 8 toward the right as
      viewed in FIG. 1, and the friction surface 34 of the shifting teeth 10 are
      brought into frictional engagement with the friction surface 15 of the
      synchronizing ring 12 whereby the synchronizing ring 12 is taken along the
      direction of rotation B (FIG. 2). The abutting end 16 of the synchronizing
      ring 12 forces thereby the slide member 19 in the same direction so that
      the blocking means 21 actuates the abutment 27 which is then supported
      with the inclined surface 32 at the perpendicular surface 33 of the recess
      29 whereby the right portion (FIG. 2) of the blocking means 21 is forced
      to a stronger extent against the inner surface 20 of the synchronizing
      ring 11 than is the case with the left side of the blocking means 21 so
      that the friction force between the blocking means 21 and the inner
      surface 20 of the synchronizing ring 11 is greater than during the
      engagement of the first speed from standstill of the vehicle. The
      engagement of the speed now takes place in the same manner as already
      described.
PAR  While we have shown and described only one embodiment in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art, and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are encompassed by the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A synchronization mechanism, especially for change-speed transmissions
      of motor vehicles, in which a shifting sleeve provided with shifting teeth
      means is retained at a shifting sleeve carrier means fixedly arranged on a
      transmission shaft and is operable to be coupled against the action of at
      least one friction means producing synchronism, with a coupling member of
      the gear to be engaged, which is provided with shifting teeth means, the
      friction means including a slotted and spring synchronizing ring means
      cooperating directly with the shifting teeth means of the shifting sleeve,
      characterized in that the end surfaces of the shifting teeth means of the
      shifting sleeve are so constructed that the friction means become again
      ineffectual, after the synchronization operation is completed, before the
      shifting teeth means of the shifting sleeve come into engagement with the
      shifting teeth means of the coupling member.
NUM  2.
PAR  2. A synchronization mechanism according to claim 1, characterized in that
      the synchronizing ring means is under the influence of means increasing
      the servo-effect thereof.
NUM  3.
PAR  3. A synchronization mechanism according to claim 1, characterized in that
      the end surfaces of the shifting teeth means of the shifting sleeve are
      provided with formed-on configurations on the end surface which cooperate
      with a formed-on configuration of the synchronizing ring means, the
      formed-on configurations being so dimensioned that during the sliding of
      the formed-on configuration of the shifting sleeve over the formed-on
      configuration of the synchronizing ring means, the synchronizing ring
      means is stressed for achieving synchronism and after the sliding-over
      movement, the synchronizing ring means is at first unstressed and then the
      shifting teeth means of the shifting sleeve come into engagement with the
      shifting teeth means of the coupling member.
NUM  4.
PAR  4. A synchronization mechanism according to claim 3, characterized in that
      the formed-on configuration at the shifting sleeve is provided on the side
      facing the synchronizing ring means, with a friction surface and on the
      side opposite these synchronizing ring means, with a sliding surface.
NUM  5.
PAR  5. A synchronization mechanism according to claim 4, characterized in that
      the formed-on configuration at the synchronizing ring means on the side
      facing the shifting sleeve is provided with a friction surface and on the
      side opposite the shifting sleeve means, with a sliding surface.
NUM  6.
PAR  6. A synchronization mechanism according to claim 5, characterized in that
      during the sliding of the friction surface of the shifting sleeve over the
      friction surface of the synchronizing ring means, the synchronizing
      operation is initiated by the stressing of the synchronizing ring means
      and as a result of the following sliding movement of the sliding surface
      of the shifting sleeve over the sliding surface of the synchronizing ring
      means, the synchronizing ring means again becomes unstressed and then the
      shifting teeth means of the shifting sleeve come into engagement with the
      shifting teeth means of the coupling member.
NUM  7.
PAR  7. A synchronization mechanism according to claim 6, characterized in that
      the synchronizing ring means is under the influence of means increasing
      the servo-effect thereof.
NUM  8.
PAR  8. A synchronization mechanism according to claim 2, characterized in that
      the formed-on configuration at the synchronizing ring means on the side
      facing the shifting sleeve is provided with a friction surface and on the
      side opposite the shifting sleeve means, with a sliding surface.
NUM  9.
PAR  9. A synchronization mechanism according to claim 2, characterized in that
      during the sliding of the friction surface of the shifting sleeve over the
      friction surface of the synchronizing ring means, the synchronizing
      operation is initiated by the stressing of the synchronizing ring means
      and as a result of the following sliding movement of the sliding surface
      of the shifting sleeve over the sliding surface of the synchronizing ring
      means, the synchronizing ring means again becomes unstressed and then the
      shifting teeth means of the shifting sleeve come into engagement with the
      shifting teeth means of the coupling member.
NUM  10.
PAR  10. A synchronization mechanism according to claim 1, characterized in that
      during the sliding of a friction surface of the shifting sleeve over a
      friction surface of the synchronizing ring means, the synchronizing
      operation is initiated by the stressing of the synchronizing ring means
      and as a result of the following sliding movement of a sliding surface of
      the shifting sleeve over a sliding surface of the synchronizing ring
      means, the synchronizing ring means again becomes unstressed and then the
      shifting teeth means of the shifting sleeve come into engagement with the
      shifting teeth means of the coupling member.
NUM  11.
PAR  11. A synchronization mechanism according to claim 1, wherein the end
      surfaces of the shifting teeth means and friction surfaces on the
      synchronizing ring means frictionally engage one another to effect the
      synchronization operation as said shifting sleeve is moved toward a gear
      to be engaged, and wherein the end surfaces and friction surfaces are
      configured such that they are out of frictional engagement with one
      another when said shifting sleeve is at an axial position in between a
      position of engagement with teeth of said gear and a position of
      frictional engagement of said friction surfaces and end surfaces, whereby
      rotational alignment of said shifting teeth means and the teeth of said
      gear can be readily accommodated after said synchronization operation
      without hindrance by frictional engagement of said shifting sleeve with
      said synchronizing ring.
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ABST
PAL  A generally cylindrical supporting body rigid with a rotating drive shaft
      carries an axially slidable sleeve controlling the selective entrainment
      of a pair of flanking gears through respective clutches interposed between
      these gears and the body, each clutch comprising an annular pressure plate
      limitedly rotatable and axially slidable with reference to the body.
      Rollers journaled on radial pins along the periphery of the supporting
      body coact with respective cam tracks of the plate surfaces to urge either
      of these plates toward the adjoining gear, thereby engaging the interposed
      clutch, upon retardation of the plate with reference to the body by
      incipient contact of the corresponding clutch elements. The sleeve has
      substantially T-shaped grooves receiving, with play, camming heads on the
      pressure plates which help realign a lagging pressure plate with the
      supporting body upon restoration of the control sleeve to a neutral
      position, thereby facilitating release of the clutch; the cam track is
      arcuately curved to decrease the ratio of torque intensification on the
      engagement stroke and, in turn, to facilitate initiation of the
      disengagement stroke by an axial shift of the sleeve until the camming
      heads on the pressure plates go into action.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to a self-actuating friction-clutch assembly
      adapted to be used for heavy-duty torque transmission, e.g. in a drive for
      power boats.
PAC  BACKGROUND OF THE INVENTION
PAR  From commonly owned German patent specifications Nos. 1,261,360 and
      1,625,849 it is known to provide a self-actuating clutch for the purpose
      of temporarily coupling a motor-driven shaft with a transmission member
      such as a spur gear freely rotatable on that shaft, the clutch including a
      ring with a beveled inner friction surface coacting with a complementarily
      beveled friction surface on the gear hub for rotatively entraining same
      when the ring is axially shifted from a normal disengaged position toward
      the gear. Such a shift is brought about by a control sleeve which is
      slidably but nonrotatable mounted on a generally cylindrical supporting
      body rigid with the shaft, this body being provided with a set of
      angularly equispaced radial pins carrying rollers which engage generally
      V-shaped sections of a cam track on a face of the clutch ring remote from
      the associated transmission member. The control sleeve has its inner
      peripheral surface formed with a set of angularly equispaced, peripherally
      extending grooves engaged by respective studs rising from the clutch ring
      to enable displacement of that ring by an axial shift of the sleeve; and
      clutch ring is limitedly rotatable relatively to the sleeve-supporting
      body but is normally held in a predetermined angular position with
      reference to that body by the V-shaped cam-track sections and a set of
      springs axially drawing the ring toward the body. The spring force also
      tends to hold the control sleeve in a neutral position from which it can
      be axially shifted to engage the clutch by establishing contact between
      the two coacting friction surfaces. This contact need only suffice to
      exert a certain drag upon the clutch ring (it being assumed that the shaft
      rotates faster than the gear) so as to cause a limited rotation of the
      ring relative to the sleeve support. The shape of the cam track translates
      this relative rotation into a further axial shift of the ring,
      proportional to the angle of rotation, which intensifies the frictional
      engagement and therefore the transmitted torque.
PAR  In the case of a double-clutch assembly, in which the sleeve support is
      bracketed by two clutch rings confronting respective transmission members,
      the grooves of the sleeve are duplicated at opposite ends thereof to
      receive respective sets of studs from the two clutch rings. In that case
      it is necessary to provide these grooves with a spur adapted to receive
      the associated stud in the normal angular position of the corresponding
      ring to allow a shifting of the sleeve in the opposite axial direction. To
      facilitate bidirectional rotation, the grooves are substantially T-shaped
      with the spur consisting the stem of the "T".
PAR  In this known system each stud fits closely into the associated groove, or
      at least into the peripherally extending leg thereof, so that the sleeve
      fully participates in the axial excursion of the engaged clutch ring. To
      disengage the clutch constituted by this ring and the coacting gear hub,
      the sleeve must be brought bact to its neutral position by a reverse axial
      shift which has to overcome the reaction force of the cam track and the
      associated rollers on the sleeve support as long as the ring is in an
      off-normal angular position relative to that support. The reaction force
      to be overcome is a function of the driving torque applied to the shaft so
      that disengagement of the clutch is possible only with low or zero torque,
      i.e. with the motor sharply braked or disconnected from the shaft. This is
      true even where, as in the system described in the second one of the two
      German patent specifications referred to above, the gears to be entrained
      are axially shiftable on the shaft in a direction away from the sleeve
      support, against the force of prestressed retaining springs which limit
      the contact pressure between the coacting friction surfaces of the engaged
      clutch.
PAC  OBJECTS OF THE INVENTION
PAR  An important object of our present invention, therefore, is to provide an
      improved clutch assembly of the aforedescribed character allowing the
      release under load of an engaged clutch.
PAR  A related object is to provide means in such a clutch assembly enabling a
      softer engagement of the clutch in comparison with the prior systems.
PAC  SUMMARY OF THE INVENTION
PAR  A system according to our invention, usable not only for selectively
      coupling a transmission member to a driven shaft but also more generally
      for temporarily interconnecting any two coaxial members for joint
      rotation, comprises a supporting body rigid with one of these members
      (referred to hereinafter as the shaft) axially spaced from the other
      member (referred to hereinafter as the gear). A transverse pressure plate
      on the supporting body is separtated by a gap from the gear and is mounted
      on that body with freedom of limited relative axial and angular
      displacement; this plate may be of annular shape, like the clutch ring of
      the aforedescribed German patent specifications, if the shaft traverses
      the gear. The pressure plate and the gear are provided with first and
      second friction means which are operatively interengageable upon an axial
      shifting of the plate toward the confronting gear from a normal, withdrawn
      position, this shifting being effected by a control member such as the
      aforedescribed sleeve carried on the supporting body in fixed relative
      angular position. Up to this point, the system is comparable to those of
      the two German patent specifications.
PAR  In contradistinction to these earlier systems, however, the axial shift of
      the pressure plate in a system according to our invention -- under the
      control of first coacting cam means on that plate and on the supporting
      body -- is not a linear function of the relative rotation of these two
      elements but proceeds at a progressively increasing rate with reference to
      the rate of this relative rotation. This increase in the relative rate of
      displacement, on the other hand, entails a progressive reduction of the
      effective moment arm and therefore in the rate of intensification of the
      transmitted torque, the intensification factor being the quotient of the
      product of contact pressure, mean radius of the clutch elements, number of
      friction surfaces and overall frictional coefficient divided by the
      driving torque applied to the shaft; that factor must always be greater
      than 1 if slipping of the clutch is to be prevented. The overall
      frictional coefficient includes the frictional coefficient of the clutch
      elements, which is substantially constant once contact has been
      established, and that of the first coacting cam means (cam track and
      rollers), which is less during relative motion than at relative
      standstill. Since slippage of the clutch must be prevented during the
      engagement stroke, the intensification factor must exceed unity at the
      beginning of the engagement stroke when the difference in angular velocity
      between the driving and driven members -- and therefore the applied torque
      -- is greatest, yet this leads to an excessive torque intensification at
      the end of that stroke if the effective moment arm is constant throughout
      the stroke (as in the systems of the German specifications referred to)
      since the contact pressure is a function of that moment arm. The reduction
      in moment arm pursuant to our invention, realized by a suitable curving of
      the cam track, facilitates disengagement by decreasing the intensification
      factor at the end of the engagement stroke. On the disengagement stroke,
      however, the intensification factor increases and a point is eventually
      reached where the curved track presents a cam angle so small as to prevent
      the completion of the stroke by the mere exertion of a continued axial
      thrust upon the control member or sleeve. Therefore, pursuant to another
      important feature of our invention, the coupling between the control
      member and the pressure plate includes second coacting cam means, such as
      an internal corner of the sleeve engageable with a convex surface of a
      projection on the plate, the accelerating a reversal of the rotary
      disalignment of the plate and the supporting body during the disengagement
      stroke, especially during its terminal phase.
PAR  Thus, the cam angle may actually be zero in the normal rotary position of
      the pressure plate relative to the supporting body, i.e. the arcuate track
      surface in the vicinity of each coacting roller may be concave toward that
      roller and tangent to a plane transverse to the shaft axis at a vertex
      point contacted by the roller in the normal rotary position. This track
      shape imparts to the roller a harmonic motion with a soft cut-in of the
      clutch as the axial shift due to relative angular displacement of the
      coacting members is initially zero.
PAR  Advantageously, according to a further feature of our invention, the
      coupling between the pressure plate and the control sleeve is of the
      lost-motion type enabling the final phase of the engagement stroke to
      proceed without axial entrainment of the control sleeve which therefore
      can be limited in its axial mobility. The projection forming part of that
      coupling may engage in a groove on the inner peripheral sleeve surface
      having a peripherally extending and an axially extending leg, as in the
      system of the two German patent specifications, except that the
      peripherally extending leg is substantially wider than the engaging
      projection; thus, the groove may be generally T-shaped, with bidirectional
      rotation, or L-shaped if only unidirectional rotation is required. The
      camming edge coacting with the convex projection surface, which is turned
      toward the gear, is then formed by the junction between the two legs; the
      projection, advantageously, takes the form of a stud with a rounded head
      of cylindrical, toroidal or spherical shape which is preferably journaled
      on the stud for free rotation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is an axial sectional view of the upper half and part of the lower
      half of a friction-clutch assembly embodying our invention; and
PAR  FIGS. 2 and 3 are sectional detail views drawn to a larger scale, taken
      respectively on lines II -- II and III -- III of FIG. 1.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The double-clutch system shown in the drawing comprises a continuously
      rotating shaft 2, driven by a nonillustrated motor or engine, rigid with a
      generally cylindrical supporting body 44 which is flanked by a pair of
      spur gears 17 and 18. These gears, centered on an axis O, are part of
      respective power trains designed to transmit the engine torque at
      different speed ratios to a load such as, for example, a ship's propeller.
      The gears are shown to be of different size and can be alternately
      entrained by the supporting body 44 with the aid of interposed friction
      clutches including a pair of annular pressure plates 29 and 30, these
      pressure plates being seated on body 44 with freedom of limited axial and
      angular displacement. Centering springs (not shown) may serve to draw the
      plates 29 and 30 toward each other and therefore onto body 44, thereby
      preventing accidental engagement of either clutch.
PAR  In the illustrated embodiment, the clutches are of the multidisk type
      comprising two sets of interleaved annular friction disks 19, 25 in the
      case of the right-hand clutch, interposed between gear 17 and pressure
      plate 29, and two similar sets 20 and 26 in the case of the left-hand
      clutch, interposed between gear 18 and pressure plate 30. Disks 19 and 20
      have internal guide slots receiving axially extending ribs 21 and 22 on
      the hubs of gears 17 and 18, respectively; disks 25 and 26 have internal
      guide slots receiving lugs 27 and 28, respectively, which project axially
      from plates 29 and 30. The disks of each clutch, as well understood in the
      art, are normally separated from one another so that the associated
      pressure plates and gears are mutually decoupled; upon the movement of
      either pressure plate toward the corresponding gear, the friction disks
      engage one another and transmit the rotation of the pressure plate to the
      gear.
PAR  The gears 17 and 18 ride on roller bearings 15 and 16 between pairs of
      Teflon rings 13, 23 and 14, 24 which are slidable on a large-diameter
      portion of shaft 2 separated by shoulders 7 and 8 from a pair of reduced
      extremities journaled in ball bearings 5 and 6, these ball bearings being
      supported in a nonillustrated transmission housing. The inner bearing
      races, resting against respective split rings 3 and 4, are separated from
      shoulders 7 and 8 by ferrules 9 and 10 and from fixed outer abutments for
      two Belleville springs 11 and 12 held under prestress between these races
      and fixed inner stops constituted by shoulder 7 and 8. In the normal axial
      position of gears 17 and 18, rings 13 and 14 lie flush with the shoulders
      7 and 8 so that no pressure is exerted on them by the springs 11 and 12.
      Upon an outward shifting of the respective clutch ring 29 or 30 under the
      control of a sleeve 40, as more fully described hereinafter, pressure
      exerted upon the respective gear 17 or 18 through the intervening
      friction-disk array displaces the corresponding ring 13 or 14 to compress
      the associated spring 11 or 12 which thereupon resists further axial
      displacement of the gear and the ring. Naturally, the stroke of such axial
      displacement will always be less than the width of ring 13 or 14 which
      thus remains emplaced on the intermediate part of shaft 2.
PAR  Sleeve 40 is provided with a peripheral groove 42 engageable by a
      nonillustrated fork to permit an axial shifting thereof in either
      direction as indicated by an arrow A in FIG. 1. The sleeve is held against
      rotation relative to body 44 by a set of angularly equispaced radial pins
      50 (only one shown) which enter into axial inner grooves 51 of the sleeve
      and also serve as carriers for respective rollers 48 journaled thereon.
      Each roller 40 coacts with two concave surfaces 55 and 56 of pressure
      plates 29 and 30, constituting segments of a pair of annular cam tracks,
      as best seen in FIG. 3. In the normal relative angular position of body 44
      and plates 29, 30, illustrated in full lines, roller 48 contacts the track
      segments 55 and 56 at vertex points V' and V" where the curves are tangent
      to respective planes P' and P" perpendicular to the axis O of shaft 2. At
      their points farthest from these vertices, the tangents t include with
      these transverse planes an acute angle .alpha. here shown to be
      approximately equal to 30.degree..
PAR  Sleeve 40 is linked with the two pressure plates 29, 30 through a pair of
      identical and symmetrical lost-motion couplings to be described
      hereinafter with particular reference to plate 30. The inner peripheral
      sleeve surface is provided at each end with a set of angularly equispaced
      grooves 38, only one groove of each set being shown. These grooves are
      angularly offset from the rollers 48 and, as clearly seen in FIG. 2, are
      substantially T-shaped with an axially extending leg 37 and a peripherally
      extending leg 39. Studs 34, rising radially from pressure plates 29 and
      30, project into the grooves 38 and carry rounded heads 32 which are
      preferably rotatably jornaled thereon.
PAR  Legs 37 and 39 of grooves 38 meet at corners 58, 59, which may be sharp or
      slightly rounded, exerting a camming action upon the head 32 when the
      sleeve 40 and the plate 30 (or 29) are in relative position in which the
      head and the corner engage each other as illustrated in full lines in FIG.
      2. In this position of engagement, a thrust (arrow B, FIG. 2) exerted upon
      sleeve 40 in a direction away from the associated gear 18 (or 17) cams the
      head 32 toward the central leg 37 of the groove, thereby causing the plate
      30 (or 29) to move in the direction of arrow C, FIG. 3, with reference to
      body 44 and rollers 48. This camming engagement occurs in an off-normal
      angular position of the pressure plate, as indicated in dot-dash lines in
      FIG. 3, in which the roller 48 bears upon its track surface 56 (or 55) at
      a point where the tangent to that surface includes with the transverse
      direction of planes P' and P" an arcuate angle which is somewhat less than
      the maximum angle .alpha. but is still considerably larger than zero. The
      peripheral length of groove 38 may exceed that of track sections 55 and 56
      by about the diameter of head 32.
PAR  Engagement of clutch 20, 26, 30 to entrain the gear 18 requires only a
      slight leftward shift of sleeve 40 from its neutral position shown in FIG.
      1. At this stage all the heads 32 on plate 30 are in contact with edges 60
      of associated grooves 38 whereby that plate is axially shifted along with
      the sleeve, such a shift eliminating the existing gaps between plate 30,
      disks 20, 26 and a confronting face 18' of the gear. With the gear held
      stationary by the load connected thereto, or rotating at a reduced rate
      with reference to shaft 2, this incipient engagement of the clutch retards
      the plate 30 with reference to body 44 with which it had up to then been
      angularly aligned in the position shown in full lines in FIG. 3. Such a
      retardation causes a disalignment of plate 30 with reference to body 44,
      in the direction opposite to that of arrow C, whereby roller 48 exerts a
      camming force upon track 56 so as to shift the plate 30 further to the
      left. If the torque applied to shaft 2 by the engine is sufficient to
      drive the plate 30 past the angular position shown in dot-dash lines in
      FIG. 3, this shift will be communicated to the gear 18 and the ring 14
      with compression of Belleville spring 12 which yields to limit the
      compression of the clutch disks, its prestress thus determining the
      maximum transmitted torque. It will be noted that in this angular range of
      plate 30 relative to body 44 the angle .alpha. reaches substantial values
      which on the one hand reduce the effective moment arm of the camming
      mechanisms 48, 56 and, on the other hand, facilitate a return of plate 30
      to at least the dot-dash position by a reverse axial thrust exerted upon
      that plate.
PAR  It will be noted from FIG. 2 that the width of groove leg 38 considerably
      exceeds the diameter of head 32, the difference allowing the roller 30 to
      shift outwardly under the control of the camming mechanism of FIG. 3 with
      little or no axial entrainment of sleeve 40. At the end of this outward
      shift, the head 30 contacts an edge 61 of groove 38 as illustrated in
      dot-dash lines at 32'; the length of the peripheral leg 39 of this groove
      limits the angular excursion of plate 30 relative to body 44. On the
      disengagement stroke (arrow B), curve 56 finds sufficient purchase on
      roller 48 to establish the phantom-line position of FIG. 3 in which the
      corner 58 in FIG. 2 has an effective moment arm with reference to the axis
      of stud 34 as it engages the head 32 thereof in the manner indicated in
      full lines. Thus, even though the spring 12 ceases at about this point to
      assist in the restoration of the clutch elements to their normal position
      shown in FIG. 1, no substantial increase in the exerted thrust will be
      necessary in order to realign the head 34 with the leg 37 of groove 38
      while bringing about approximately the relative position of the parts
      shown in full lines in FIG. 3. If the groove leg 37 is wider than the head
      32, as illustrated in FIG. 2, an exact centering of the head 32 with
      reference to groove 38 may be brought about, for example, by an array of
      spring-loaded ball checks in the midplane of body 44 engaging in inner
      peripheral notches of sleeve 40 as shown in German patent specification
      No. 1,261,360; such bell checks can also serve to index the sleeve 42 in
      its neutral and its axially shifted working positions. The centering of
      the head 32 in groove 38 in the disengaged clutch position is, however,
      not essential; it is merely necessary that the head 32 can escape into the
      leg 37 when the sleeve 40 is shifted from neutral into its opposite
      working position, to engage the clutch 19, 25, 29, as shown at 32".
PAR  It is also not indispensable that the head 32 of stud 34 be rotatably
      mounted thereon; if it forms an internal extension of that stud, only its
      left side (as viewed in FIG. 2) need be convex whereas the opposite side,
      engageable by edge 60, may be flat or of any other convenient shape.
PAR  It will thus be seen that we have provided an improved friction-clutch
      assembly of the self-actuating or torque-intensifying type which can be
      disengaged with the application of moderate force only, even under load,
      to permit quick maneuvering and avoidance of obstacles as may be
      encountered, for example, in the navigation of power boats.
CLMS
STM  We claim:
NUM  1.
PAR  1. A self-actuating friction-clutch assembly for temporarily
      interconnecting two coaxial members for joint rotation, comprising:
PA1  a body rigid with one of said members axially spaced from the other of said
      members;
PA1  a transverse pressure plate on said body confronting said other of said
      members across an intervening gap, said pressure plate being mounted on
      said body with freedom of limited relative axial and angular displacement;
PA1  first and second friction means in said gap respectively connected with
      said pressure plate and with said other of said members for operative
      interengagement upon an axial shift of said pressure plate toward said
      other of said members from a normal position in which said first and
      second friction means are spaced apart;
PA1  an axially shiftable control member mounted on said body in fixed relative
      angular position;
PA1  coupling means linking said control member with said pressure plate for
      shifting the latter toward said other of said members upon a displacement
      of said control member from a neutral position, with resulting
      interengagement of said first and second friction means sufficient to
      translate relative rotation of said members into a rotary disalignment of
      said pressure plate and said body from a normal relative rotary position;
PA1  first coacting cam means on said body and on said pressure plate for
      continuing the axial shift of said pressure plate in response to said
      rotary disalignment at a progressively increasing rate with reference to
      the rate of relative rotation, thereby intensifying the interengagement of
      said first and second friction means; and
PA1  second coacting cam means in said coupling means for accelerating a
      reversal of said rotary disalignment upon separation of said first and
      second friction means by a return of said control means to said neutral
      position.
NUM  2.
PAR  2. A friction-clutch assembly as defined in claim 1 wherein said coupling
      means comprises a substantially radial projection on said pressure plate
      with a convex surface confronting said other of said members, said control
      member being provided with a groove having a peripherally extending leg
      substantially wider than said projection and an axially extending leg at
      least as wide as said projection, said projection extending into said
      groove, said second coacting cam means including an internal corner of
      said control member at a junction of said legs engaging said convex
      surface in an off-normal relative rotary position of said pressure plate
      and said body.
NUM  3.
PAR  3. A friction-clutch assembly as defined in claim 2 wherein said groove is
      generally T-shaped with said axially extending leg terminating at a
      midpoint of said peripherally extending leg, thereby enabling
      bidirectional relative rotation of said pressure plate and said body from
      said normal relative rotary position.
NUM  4.
PAR  4. A friction-clutch assembly as defined in claim 2 wherein said projection
      comprises a stud and a rounded head journaled on said stud.
NUM  5.
PAR  5. A friction-clutch assembly as defined in claim 1 wherein said first
      coacting cam means comprises a radial pin on said body and a roller
      journaled on said pin, said pressure plate having a track with a concave
      surface engaging said roller, said concave surface being substantially
      tangent to a plane transverse to the common axis of said members at a
      vertex point contacted by said roller in said normal relative rotary
      position.
NUM  6.
PAR  6. A friction-clutch assembly as defined in claim 5, further comprising
      prestressed resilient means linked with said one of said members and
      bearing upon said other of said members, the latter being limitedly
      axially shiftable against the force of said resilient means by pressure
      exerted upon said other of said members from said pressure plate through
      said first and second friction means.
NUM  7.
PAR  7. A self-actuating friction-clutch assembly comprising:
PA1  a motor-driven shaft;
PA1  a generally cylindrical body rigid with said shaft;
PA1  a pair of transmission members on opposite sides of and coaxial with said
      body traversed by said shaft with freedom of relative rotation;
PA1  a pair of annular pressure plates coaxially flanking said body and
      confronting said transmission members with freedom of limited axial and
      angular displacement relative to said body;
PA1  a pair of friction clutches respectively interposed between said pressure
      plates and said transmission members, said friction clutches being
      disengaged in axial positions of said pressure plates close to said body
      and being progressively engageable upon axial shifting of the respective
      pressure plates away from said body;
PA1  an axially shiftable sleeve mounted on said body in fixed relative angular
      position;
PA1  a lost-motion coupling linking said sleeve with each of said pressure
      plates for shifting either of said pressure plates toward the confronting
      transmission member upon a displacement of said sleeve in a corresponding
      direction from a neutral position, with resulting engagement for the
      corresponding clutch sufficient to exert a drag upon the respective
      pressure plate disaligning same from a normal rotary position relative to
      said body;
PA1  first coacting cam means on said body and on said pressure plates for
      continuing the axial shift of either pressure plate toward the confronting
      transmission member upon rotary disalignment thereof due to said drag, at
      a progressively increasing rate with reference to the rate of said rotary
      disalignment, thereby intensifying the engagement of the corresponding
      clutch; and
PA1  second coacting cam means in said lost-motion coupling for accelerating a
      reversal of said rotary disalignment upon incipient disengagement of said
      corresponding clutch by a return of said sleeve in said neutral position.
NUM  8.
PAR  8. A friction-clutch assembly as defined in claim 7 wherein said pressure
      plates have arcuate track surfaces concave toward a common transverse
      plane bisecting said body, said first coacting cam means comprising a
      radial pin on said body and a roller journaled on said pin in contact with
      said track surfaces.
NUM  9.
PAR  9. A friction-clutch assembly as defined in claim 8 wherein said
      lost-motion coupling comprises a substantially radial projection on each
      pressure plate with a convex surface at least on a side facing away from
      said body, said sleeve being provided on its inner peripheral surface with
      a pair of generally T-shaped grooves symmetrically disposed at opposite
      sides thereof and respectively engaged by said projections, each of said
      grooves having a peripherally extending leg wider than said projections
      and an axially extending leg at least as wide as said projections
      terminating at a midpoint of said peripherally extending leg, said second
      coacting cam means including an edge of said sleeve at a junction of said
      legs engaging said convex surface in an off-normal relative rotary
      position of the respective pressure plate in which said track surface
      thereof bears upon said roller at a point at which a tangent in said track
      surface includes an acute angle with said common transverse plane.
NUM  10.
PAR  10. A friction-clutch assembly as defined in claim 9 wherein said
      transmission members are axially slidable on said shaft, further
      comprising a pair of abutments on said shaft bracketing said transmission
      members, a pair of stops on said shafts axially inwardly of said abutments
      but beyond said transmission members, and prestressed springs inserted
      between said abutments and said stops in contact with said transmission
      members for resisting outward shifting thereof from a normal axial
      position, said pressure plates being restorable by said springs to said
      normal axial position substantially concurrently with the engagement of
      said edge of said sleeve with said convex surface of the respective
      projection.
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ABST
PAL  A clutch release bearing wherein an annular wear plate is supported on the
      outer race structure of the bearing for limited displacement relative
      thereto by means of a resilient annular element. When the bearing is
      shifted axially of the clutch to uncouple driving and driven clutch
      members from each other, the wear plate contacts the release levers of the
      clutch at a location disposed radially displaced either inwardly or
      outwardly from the bulk of the resilient annular element. The bulk of the
      resilient annular element is also disposed axially between where it
      engages the annular wear plate and where it engages the outer race
      structure. In this way, the wear plate can assume a position wherein it
      generally uniformly engages all individual release levers of the clutch
      and with a minimum of relative movement occurring therebetween. Thus, the
      annular wear plate is considered self-aligning and provides a bearing
      construction which compensates for both out-of-square and eccentricity
      conditions which may exist. The annular wear plate may have an annular
      conical flange for engagement with the clutch release levers for
      increasing the tractive force between the clutch levers and wear plate
      which exists during conditions of eccentricity between the axis of the
      engine flywheel relative to the axis of the transmission input shaft.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention is directed to bearing assemblies generally and in
      particular, to those of the type commonly used as clutch release bearings
      in automobile friction disc clutches.
PAR  Two common problems in the clutch release bearing art are: (1) eccentricity
      of the bearing axis (transmission input shaft axis) relative to the engine
      flywheel axis and (2) an out-of-square condition between the clutch
      release levers and the bearing. "Out-of-square" is a familiar term used in
      the art to describe a condition whereby the plane defined by the tip of
      the clutch release levers or fingers is not parallel to the plane of the
      bearing face which they engage. The first problem results in undue wear
      between both the bearing face and the tips of the clutch levers because of
      the reciprocating motion therebetween which takes place after engagement
      and prior to the bearing and clutch disc rotating as one unit. The second
      problem results in undue wear occurring on one particular clutch release
      lever during one particular clutch release. In other words, the entire
      axial load exerted while depressing the clutch, which is generally in the
      order of 500 pounds, is exerted by one clutch finger, or at any rate, less
      than all clutch fingers, and when this occurs, in an eccentrically mounted
      bearing assembly, the amount of wear caused by the reciprocating motion
      between that particular clutch finger and the bearing face is
      significantly increased over what it would be were it not in the
      out-of-square condition. These two problems are the result of variations
      in tolerances arising from currently practiced manufacturing and assembly
      techniques for the complete clutch and transmissions, and it is not
      considered economically practical to try to further control these
      variances. My invention automatically compensates for these variances.
PAR  A description of the invention appears in the ensuing specification,
      including claims, which is to be taken in conjunction with the
      accompanying drawing. The drawing illustrates preferred embodiments of the
      invention in accordance with the best mode presently contemplated in
      carrying out the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view having portions broken away through
      a conventional automotive type friction disc clutch assembly having a
      release bearing embodying principles of the present invention;
PAR  FIG. 2 is an enlarged longitudinal sectional view through the clutch
      release bearing of FIG. 1 shown by itself;
PAR  FIG. 3 is an enlarged fragmentary sectional view showing an additional
      embodiment;
PAR  FIG. 4 is a view similiar to FIG. 3 showing a still further embodiment;
PAR  FIG. 5 is a view similar to FIG. 3 showing a still further embodiment; and
PAR  FIG. 6 is a view similar to FIG. 2 illustrating yet another embodiment
      during actuation of the clutch.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a sectional view of a typical single disc friction clutch 10
      having a self-aligning clutch release bearing 12 embodying the principles
      of the present invention. Briefly, clutch 10 has a housing 14 which
      encompasses flywheel 16 driven by input shaft 18, typically the engine
      crankshaft. A backing plate 20 is bolted to flywheel 16 and a pressure
      plate 22 is urged by a plurality of springs 24 (to the left as viewed in
      FIG. 1) to press a clutch disc 26 against flywheel 16. Disc 26 has annular
      facings 28 and 30 of a friction material on opposite sides thereof. A hub
      32 is affixed to the inner periphery of disc 26 and is drivingly coupled
      via splines with an output or transmission shaft 34. When the clutch is in
      the engaged position shown in the drawing, flywheel 16, plate 20, 22, disc
      26, hub 32 and shaft 34 rotate together when shaft 18 turns. A clutch
      pedal 36 is pivoted on a stub shaft 38 and an actuating fork 40 is also
      affixed to shaft 38. When pedal 36 is depressed, fork 40 shifts clutch
      release bearing 12 to the left as viewed in FIG. 1. Bearing 12 is mounted
      on a cylindrical sleeve 42 around shaft 34, although it could be mounted
      on shaft 34 directly if so desired. When bearing 12 is shifted to the left
      as viewed in FIG. 1, it engages release levers 44 which are pivoted as at
      46 on backing plate 20. The opposite ends of levers 44 are arranged to
      engage bushings 48 which are affixed to pressure plate 22. With the
      release levers 44 pivoted by bearing 12, pressure plate 22 is shifted to
      the right as viewed in FIG. 1, thereby releasing disc 26 from the pressure
      applying relation with flywheel 16. With the exception of bearing 12,
      clutch 10 is of entirely conventional construction and merely illustrative
      of the types to which the present invention is applicable. Details of the
      novel clutch release bearing according to the present invention are
      disclosed best in FIGS. 2-6.
PAR  Therefore, turning first to FIG. 2, the clutch release bearing 12 comprises
      an inner race member 50 having a raceway 50r, an outer race member 52
      having a raceway 52r, a plurality of anti-friction bearing elements 54 in
      the form of spherical balls riding in raceways 50r, 52r, a cage 55 for
      circumferentially spacing the balls, a retainer 56 and a novel
      self-aligning structure 58, which structure is composed of an annular wear
      plate 60, a resilient annular element 62 preferably of elastomeric type
      material and an annular collar 64. The components 50, 52, 54, 55, 56 are
      entirely conventional and may be made in accordance with well-known
      techniques. Attention is therefore focused on details of the novel
      self-aligning structure 58. It will be observed in FIG. 2 that collar 64
      has the right-hand end thereof telescoped over the cylindrical outer
      surface of outer race member 52. This leaves the left-hand free end of
      collar 64 projecting axially beyond the end of outer race member 52. Wear
      plate 60 has circular inner and outer peripheries and the outer diameter
      thereof is substantially less than the inside diameter of collar 64. It
      will also be observed that wear plate 60 is spaced axially from the end of
      outer race member 52. The resilient annular element 62 may be considered
      generally as being somewhat conically shaped to support wear plate 60
      generally radially inwardly and generally axially outwardly of the free
      end of collar 64. With this construction it will be noted that a
      substantial portion of the bulk of element 62 is located axially
      intermediate wear plate 60 and outer race member 52. Furthermore, the
      bearing is arranged such that the bulk of the element 62 is disposed
      radially beyond the point at which the clutch release levers 44 contact
      wear plate 60 when the bearing is shifted to disengage the clutch. (This
      will be explained later in connection with FIG. 6.) By virtue of this
      construction, the self-aligning characteristics of the bearing for
      compensating for the aforementioned eccentricity and out-of-square
      conditions are greatly enhanced over prior art bearings. It is also
      preferable to provide in element 62 an annular groove 66 via which element
      62 can mate with the free end of collar 64 and also an annular groove 68
      via which the resilient element can mate with wear plate 60. It is also
      preferable to provide a portion of the resilient material directly axially
      between wear plate 60 and the outer race member 52, and as shown in FIG.
      2, this portion is provided with a radially inwardly facing conical
      surface 70. By constructing and locating resilient element 62 in such
      manner relative to the wear plate 60, the wear plate 60 is in effect
      cantilevered and its position relative to the plane of the race member 52
      is very flexible so that it can adapt to uneven engagement by
      out-of-square clutch levers. Element 62 may be bonded to wear plate 60 and
      collar 64 by suitable bonding means.
PAR  FIGS. 3, 4 and 5 illustrate additional embodiments of the invention and
      like numerals are retained to designate like elements. In FIG. 3, the
      embodiment is identical to that of FIG. 2 insofar as the self-aligning
      structure 58 is concerned. However, it will be noted that the construction
      of the bearing elements 150, 152 and 156 is typical of a conventional
      thrust bearing which is also commonly used for clutch release
      applications.
PAR  FIG. 4 is like FIG. 2 except that the embodiment of FIG. 4 has a slightly
      different self-aligning structure 58a characterized by a different
      resilient element 62a. It will be noted that instead of the
      conically-shaped surface 70 provided in the embodiment of FIG. 2, that the
      embodiment of FIG. 4 is provided with a V-shaped groove 70a instead. This
      provides further advantageous and beneficial deflection characteristics.
PAR  The embodiment of FIG. 5 is the same as FIG. 2 except that a different
      self-aligning structure 58b is provided. Here instead of having collar 64
      telescoped over the outer periphery of outer race member 52 as in FIG. 2,
      a smaller diameter collar 64b is fitted into the inner periphery of outer
      race member 52. The wear plate 60 is supported from the free end of collar
      64b via a resilient annular element 62b which is lodged around collar 64b
      and against outer race member 52. A groove 68b is provided which mates
      with the inner periphery of wear plate 60. A section of the annular
      element 62b is disposed directly between wear plate 60 and outer race
      member 52 and has a radially outwardly facing cone surface 70b.
PAR  The embodiment of release bearing shown in FIG. 6 illustrates a further
      aspect of the invention which provides even further advantages. (FIG. 6
      illustrates the bearing assembly during actuation of the clutch release
      levers 44 and such actuation will be explained in the succeeding
      paragraph.) In the embodiment of FIG. 6, wear plate 60, instead of being a
      flat annular element lying entirely in a plane perpendicular to the
      bearing axis when the bearing is in the free state (as in the previous
      embodiments), is provided with an annular conical flange 60a extending
      around the inner periphery thereof. Flange 60a tapers radially inwardly in
      the direction facing away from the rest of the bearing. Flange 60a
      contributes to the self-aligning characteristics of the bearing assembly
      by providing in effect a mechanical interlock with the clutch release
      levers 44 when the bearing assembly is shifted axially. A bearing which
      includes flange 60a possesses even better self-aligning characteristics
      for more uniformly operating the release levers during actuation of the
      clutch and alleviating wear and tear on the bearing and release levers.
PAR  The operational advantages of the invention are best highlighted when
      considering operation of the clutch as illustrated in FIG. 6. (Note that
      the section in FIG. 6 is taken along planes passing through the release
      levers which are arranged circumferentially around the clutch axis.) The
      inner ends of levers 44 have balled sections 44a which are positioned to
      be contacted by wear plate 60 when bearing assembly 12 is shifted axially
      (to the left as viewed in FIG. 1) to disengage the clutch. When neither an
      out-of-square condition nor an eccentricity condition exists, flange 60
      uniformly simultaneously contacts release levers 44 when the bearing is
      shifted. As the load imposed by release levers is taken by the bearing,
      resilient element 62 generally uniformly deforms slightly as wear plate 60
      is displaced slightly toward the outer race member 52. Assuming an
      eccentric condition exists, because of misalignment of input and output
      shafts 18 and 34, the resilient nature of element 62 allows plate 60 to
      move about the axis of the bearing, and because of this movement, the
      relative movement between plate 60 and the clutch levers 44 is reduced.
      Generally, the type of movement between plate 60 and the axis of rotation
      of bearing 52 would be described as oscillatory, whereas the motion
      between the clutch levers at the plate 60 at the mutual point of contact
      is reciprocatory. Quite obviously the lineal extent of this
      "reciprocation" absent the improvement of my invention equals the amount
      of eccentricity between the input and output shaft axes. The "tractive"
      force which radially drives plate 60 is generally equal to the axial force
      exerted through clutch pedal 36 times the coefficient of friction between
      clutch levers and wear plate. In the embodiment of FIG. 6, I have
      increased the tractive force by provision of conical flange 60a which
      provides a radial component of force in addition to whatever force is
      provided by the presence of friction. Other means of increasing tractive
      force can also be provided, such as increasing the coefficient of friction
      of wear plate 60 by selection of material and/or surface finish.
PAR  In all embodiments shown, it will be understood that if there exists an
      out-of-square condition, the loading of clutch levers on the wear plate
      will be quickly evenly distributed the moment the leading clutch lever
      contacts the wear plate. This results from the fact that the wear plate is
      resiliently suspended, which allows it to be forced inwardly at that
      particular point of contact with the leading clutch finger and thereby
      brings the lagging clutch levers into engagement. This permits the
      remaining release levers to be engaged by the wear plate before any
      appreciable loading occurs between the bearing and the leading clutch
      lever.
PAR  All in all, the present invention provides important improvements in
      operational performance over prior art bearings. Furthermore, the
      invention can be practiced with maximum economy. As shown in the preferred
      embodiments of FIGS. 2-5, the wear plate is a flat annular piece; hence,
      it can be blanked and pierced from sheet material and this is far simpler
      than more complicated fabrication techniques required by prior art
      bearings. In FIG. 6, the conical flange 60a can be easily formed by
      stamping. The resilient element 62 and collar 64 may also be readily
      fabricated and the three elements 60, 62, 64 can be readily assembled
      together and mounted on outer race member 52.
PAR  It is understood that the foregoing description is that of a preferred
      embodiment of the invention. Various changes and modifications may be made
      without departing from the spirit and scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a clutch having input and output members normally operatively coupled
      to rotate together about the clutch axis and means for operatively
      uncoupling said two members comprising a plurality of pivotally mounted
      release levers on the clutch, said release levers having actuating
      portions thereof arranged to lie approximately on a circle which is at
      least approximately perpendicular to and at least approximately coaxial
      with the axis of the clutch, a clutch release bearing shiftable axially of
      the clutch to engage the actuating portions of said release levers and
      operate said levers so as to operatively uncouple said two members, said
      clutch release bearing comprising: an inner race means comprising a
      raceway; an outer race means comprising a raceway; a plurality of
      anti-friction bearing elements constrained between said two race means and
      riding in the raceways thereof; annular wear plate means disposed in a
      plane perpendicular to the axis of said bearing and arranged to engage the
      actuating portions of said release levers for operating the latter; and
      means for supporting said wear plate means on said outer race means
      comprising an annular axially-extending portion affixed to said outer race
      means having a free end and a resilient annular element interposed between
      and affixed to said free end of said annular axially-extending portion and
      to said wear plate means; said wear plate means, said outer race means and
      said resilient annular element being arranged and constructed such that
      the bulk of said resilient annular element is disposed axially
      intermediate the location at which it engages said wear plate means and
      the location at which it engages said annular axially-extending portion,
      the bulk of said resilient annular element being radially offset from the
      point of contact between said wear plate means and the actuating portions
      of said release levers.
NUM  2.
PAR  2. A clutch release bearing as claimed in claim 1 wherein said wear plate
      means and said resilient annular element are arranged such that the bulk
      of said resilient annular element is disposed radially inwardly of the
      point of contact between the actuating portions of said release levers and
      said wear plate means.
NUM  3.
PAR  3. A clutch release bearing as claimed in claim 1 wherein said wear plate
      means and said resilient annular element are arranged such that the bulk
      of said resilient annular element is disposed radially outwardly of the
      point of contact between the actuating portions of said release levers and
      said wear plate means.
NUM  4.
PAR  4. A clutch release bearing an claimed in claim 1 wherein said wear plate
      means comprises an annular wear plate element having radial inner and
      outer peripheries and wherein said resilient annular element is affixed to
      one of said peripheries of said annular wear plate element.
NUM  5.
PAR  5. A clutch release bearing as claimed in claim 4 including a groove in
      said resilient annular element mating with said one of said peripheries of
      said annular wear plate element.
NUM  6.
PAR  6. A clutch release bearing as claimed in claim 4 wherein the bulk of said
      resilient annular element is disposed radially beyond said one of said
      peripheries of said annular wear plate element.
NUM  7.
PAR  7. A clutch release bearing as claimed in claim 6 wherein said resilient
      annular element is affixed to and has the bulk thereof disposed radially
      outwardly of the outer periphery of said annular wear plate element.
NUM  8.
PAR  8. A clutch release bearing as claimed in claim 6 wherein said resilient
      annular element is affixed to and has the bulk thereof disposed radially
      inwardly of the inner periphery of said annular wear plate element.
NUM  9.
PAR  9. A clutch release bearing as claimed in claim 6 wherein said resilient
      annular element has a section thereof disposed directly axially between a
      portion of said annular wear plate element and said free end of said
      annular axially-extending portion, said section having a radially facing
      exposed surface.
NUM  10.
PAR  10. A clutch release bearing as claimed in claim 9 wherein said radially
      facing exposed surface of said section of said resilient annular element
      faces radially inwardly.
NUM  11.
PAR  11. A clutch release bearing as claimed in claim 10 wherein said radially
      inwardly facing exposed surface is V-shaped.
NUM  12.
PAR  12. A clutch release bearing as claimed in claim 10 wherein said radially
      inwardly facing exposed surface is conically shaped.
NUM  13.
PAR  13. A clutch release bearing as claimed in claim 9 wherein said radially
      facing exposed surface of said section of said resilient annular element
      faces radially outwardly.
NUM  14.
PAR  14. A clutch release bearing as claimed in claim 13 wherein said radially
      outwardly facing exposed surface is conically shaped.
NUM  15.
PAR  15. A clutch release bearing as claimed in claim 1 wherein said resilient
      annular element is formed with a groove which mates with the free end of
      said annular axially extending portion.
NUM  16.
PAR  16. A clutch release bearing as claimed in claim 1 wherein said wear plate
      means comprises an annular wear plate element having radially inner and
      outer peripheries, said resilient annular element being affixed to one of
      said peripheries of said annular wear plate element.
NUM  17.
PAR  17. A clutch release bearing as claimed in claim 16 wherein said one
      periphery of said annular wear plate element has a diameter different from
      the diameter of said free end of said annular axially-extending portion.
NUM  18.
PAR  18. A clutch release bearing as claimed in claim 17 wherein said resilient
      annular element is affixed to the outer periphery of said annular wear
      plate element and the outer periphery of said annular wear plate element
      has a diameter which is less than the diameter of said free end of said
      annular axially-extending portion.
NUM  19.
PAR  19. A clutch release bearing as claimed in claim 17 wherein said resilient
      annular element is affixed to the inner periphery of said annular wear
      plate element and the inner periphery of said annular wear plate element
      has a diameter exceeding the diameter of the free end of said collar.
NUM  20.
PAR  20. A clutch release bearing as claimed in claim 17 wherein said resilient
      annular element includes a groove mating with said one periphery of said
      annular wear plate element and another groove mating with the free end of
      said collar.
NUM  21.
PAR  21. A clutch release bearing as claimed in claim 1 wherein said wear plate
      means includes camming means thereon interengageable with the clutch
      release levers such that whenever upon shifting of the bearing one of said
      release levers is contacted by said wear plate means before another of
      said release levers the interengagement of said camming means and said one
      release lever causes said wear plate means to be bodily displaced
      generally radially thereby tending to center said wear plate means with
      respect to the release levers.
NUM  22.
PAR  22. A clutch release bearing as claimed in claim 21 wherein said camming
      means comprises an annular conical flange on said wear plate means.
NUM  23.
PAR  23. In a bearing assembly having inner and outer race means and a plurality
      of anti-friction bearing elements constrained between said inner and outer
      race means, the invention wherein said outer race means is provided with a
      free annular axially extending portion and an annular wear plate having
      inner and outer peripheries is disposed in a plane perpendicular to the
      axis of the bearing assembly and supported from said free annular portion
      by a resilient annular element so as to permit limited deflection of said
      wear plate in a plane perpendicular to the axis of the bearing assembly
      and in planes angularly tilted with respect to said axis of the bearing
      assembly relative to said outer race means and thereby provide the bearing
      assembly with a self-aligning capability, said resilient annular element
      having inner and outer peripheries, one of said peripheries of said
      resilient annular element being affixed to said free annular axially
      extending portion and the other periphery of said resilient annular
      element being affixed to one of the peripheries of said annular wear
      plate, the inner and outer peripheries of said resilient annular element
      being offset both radially and axially relative to each other with the
      bulk of said resilient annular element being disposed therebetween.
NUM  24.
PAR  24. The invention as claimed in claim 23 wherein the diameter of said one
      periphery of said annular wear plate is less than the diameter of said
      free annular axially extending portion.
NUM  25.
PAR  25. The invention as claimed in claim 24 wherein said outer race means is
      provided with a portion spaced axially from said annular wear plate but
      radially overlapping at least a portion of said annular wear plate and
      said resilient annular element includes a portion disposed axially
      directly between the radially overlapping portions of said wear plate and
      said outer race means.
NUM  26.
PAR  26. The invention as claimed in claim 23 wherein the diameter of said one
      periphery of said annular wear plate is greater than the diameter of said
      free annular axially extending portion.
NUM  27.
PAR  27. The invention as claimed in claim 26 wherein said outer race means is
      provided with a portion spaced axially from said annular wear plate but
      radially overlapping at least a portion of said annular wear plate and
      said resilient annular element includes a portion disposed axially
      directly between the radially overlapping portions of said wear plate and
      said outer race means.
NUM  28.
PAR  28. The invention as claimed in claim 23 wherein said free annular axially
      extending portion is provided on one end of a cylindrical sleeve whose
      other end is telescopically engaged with a cylindrical surface of said
      outer race means.
NUM  29.
PAR  29. The invention as claimed in claim 28 wherein said outer race means
      includes an end face facing and spaced axially from said annular wear
      plate, said resilient annular element including a portion disposed axially
      directly between said wear plate and said end face.
NUM  30.
PAR  30. The invention as claimed in claim 23 further including an annular
      conical flange extending around the other periphery of said annular wear
      plate.
NUM  31.
PAR  31. The invention as claimed in claim 30 wherein said annular conical
      flange extends around the inner periphery of said annular wear plate.
NUM  32.
PAR  32. The invention as claimed in claim 31 wherein said annular conical
      flange tapers radially inwardly in the direction away from said inner race
      means.
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PAL  A clutch disk for motor vehicle main clutches which includes a disk member
      carrying the friction linings and torsionally elastically arranged with
      respect to a hub member whereby for purposes of achieving a multi-stage
      torsional elasticity, several springs or spring sets with different
      characteristics are provided in windows of a hub flange or of the disk
      member and of a lateral member rigidly connected therewith which cooperate
      with correspondingly larger windows in the other of these two parts;
      friction damping means are thereby coordinated to these springs whose
      start of operation are determined by control means which engage into the
      corresponding windows or cooperate with the spring ends; only the friction
      of the friction device which has been engaged last, is thereby effective
      in the operating range whereby two friction devices are provided, of which
      the first friction device is operatively connected by means of its control
      spring with the hub flange while the second friction device is operatively
      connected by means of its control spring with the lateral members; the two
      control members are thereby connected with each other by a drag-type
      connection which becomes effective only after the angular path provided
      for the idling range has been traversed.
BSUM
PAR  The present invention relates to a clutch disk for motor vehicle main
      clutches with a disk member carrying the friction linings and torsionally
      elastically arranged with respect to a hub member, whereby for a
      multi-stage torsional elasticity within the operating range, several
      springs or spring sets with different characteristics are arranged in
      windows of a hub flange or of the disk member and of a lateral sheet metal
      member rigidly connected therewith, which cooperate with corresponding
      larger windows in the respective other part (lateral sheet metal member or
      hub flange), whereby friction-damping means are coordinated to these
      springs, whose start of operation is determined by control means which
      engage with tabs, lugs, arms or the like in the corresponding windows or
      cooperate with the spring ends.
PAR  Clutch disks of the aforementioned type are described already in the Patent
      No. 62,694 of the Democratic Republic of Germany. However, the friction
      devices thereby act additively, i.e., only an increase of the damping was
      possible. Nonetheless, the desire always exists for an adaptation or
      coordination of the respectively required damping to the existing
      operating conditions which is as accurate as possible. The present
      invention is therefore concerned with the task to fulfill this desire with
      means which are as simple as possible from a constructive point of view.
PAR  According to the present invention, the underlying problems are solved with
      the clutch disks of the aforementioned type in that for a multi-stage
      damping within the operating range, in which only the friction of the
      friction device engaged last is effective, two friction devices--each
      consisting of friction means, sheet metal control member and control
      spring-- are provided whose first friction device is coupled with the hub
      flange by means of its control spring arranged in a window of the hub
      flange and by means of the coordinated friction disk having a sheet metal
      control member and whose second friction device is coupled with the
      lateral sheet metal members by means of its control spring arranged in a
      window of the lateral sheet metal member and by means of the coordinated
      friction disk having a sheet metal control member, and in that the first
      sheet metal control member is coupled with the second sheet metal control
      member by a drag connection which becomes effective after passing through
      the angular path provided for the idling range.
PAR  A very accurate adaptation of the friction, i.e., of the desired damping to
      the respective operating condition can be achieved by the present
      invention. Above all it is possible to undertake such an adaptation also
      if the damping is to become smaller with an increasing angle of rotation
      or twist and not larger as frequently customary. The arrangement may
      thereby be made according to the present invention in such a manner that
      the starting points of operation of the friction devices coincide with
      those of the stage springs. However, it is also within the scope of the
      present invention if the starting points of operation of the friction
      devices differ from those of the stage springs. One achieves thereby an
      advantageous further subdivision, i.e., the characteristics now achieved
      can follow even more closely the desired ideal curve. It is possible in
      both cases to provide a so-called advanced damping.
PAR  For the last-mentioned case with at least three spring stages of
      continuously or increasingly harder characteristics, with one friction
      device for the idling range and with two separate main friction devices
      for the operating range, it is proposed by the present invention that the
      construction and arrangement of the stage springs is so provided that the
      effect of the first main friction device commences with the second spring
      stage and the effect of the second main friction device starts still
      within the range of the second spring stage and from that point on, the
      damping of the second main friction device replaces that of the first main
      friction device. As a result of this construction, a good adaptation to
      the ideal curve results and additionally the possibility exists, as
      already mentioned, to impart to the second main friction device a smaller
      damping than that of the first friction device.
PAR  It is additionally proposed by the present invention that the first sheet
      metal control member of the first main friction device encloses by means
      of a window the first control spring arranged in a similarly large window
      of the hub flange and that the first sheet metal control member includes
      approximately oppositely disposed a fork arm whose two prongs enclose a
      balcony-like embossment or pressed-out portion at the second sheet metal
      control member. A spacing then exists between these prongs and the
      balcony-like embossment or pressed-out portion whose size corresponds to
      the angle of rotation or twist of the idling range.
PAR  As already proposed previously, the first main friction device is arranged
      on one side of the hub flange and the second main friction device on the
      other side thereof. According to the present invention, the first sheet
      metal control member may thereby be rigidly connected with the area of its
      window by means of volts with a similarly shaped counter sheet metal
      member on the other side of the hub flange and corresponding
      apertures--starting from the window of the first control spring--may be
      provided for these bolts in the hub flange.
PAR  Accordingly, it is an object of the present invention to provide a clutch
      disk for motor vehicle main clutches which avoids by simple means the
      aforementioned shortcomings and drawbacks encountered in the prior art.
PAR  Another object of the present invention resides in a clutch disk for motor
      vehicle main clutches which permits an adaptation of the required damping
      to the existing operating conditions that it is as accurate as possible.
PAR  A further object of the present invention resides in a clutch disk for
      motor vehicle main clutches in which a decrease of the damping is also
      possible with an increase in the angle of rotation.
PAR  Still a further object of the present invention resides in a clutch disk
      for motor vehicle main clutches which not only permits a coordination of
      the requisite damping to the existing operating conditions that is as
      accurate as possible, yet involves relatively simple constructive means to
      achieve these goals.
PAR  Another object of the present invention resides in a clutch disk for motor
      vehicle main clutches in which such adaptation is possible also when the
      damping is to become smaller with an increasing angle of rotation.
PAR  A further object of the present invention resides in a clutch disk for
      motor vehicle main clutches which is relatively simple in construction,
      yet enables the attainment of operating characteristics that are greatly
      improved as compared to those attainable heretofore.
DRWD
PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a cross-sectional view through a clutch disk in accordance with
      the present invention, whereby the circle B, indicated in dash and dot
      lines, indicates a modified construction also usable with the present
      invention;
PAR  FIG. 2 is an elevational view of the control disks and of the spring
      arrangement of the clutch disk according to FIG. 1, as viewed in the
      direction of the arrow A according to FIG. 1, with the disk member
      removed; and
PAR  FIG. 3 is a diagram of the clutch disk according to FIGS. 1 and 2,
      indicating torque against angle of rotation.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, and more
      particularly to FIGS. 1 and 2, according to these figures, the disk member
      10 carrying the friction linings if rigidly connected in a conventional
      manner with a lateral sheet metal member 12 by means of bolts 11. This
      entire system is connected by way of several stage springs 13 to 15 with a
      hub member 16 which, in its turn, is seated on the output shaft 17 to
      rotate in unison therewith. The stage spring 13 is effective in the idling
      range. The two stage springs 14 form together the second spring stage
      whereas the stage springs 15 are provided for the third spring stage. All
      stage springs are accommodated in correspondingly dimensioned windows 18
      to 20 of the system consisting of the lateral member 12 and of the disk
      member 10. Corresponding windows 21 to 23 in the hub flange 16 are
      coordinated respectively to these windows 18 to 20. In connection with the
      idling spring 13 (first spring stage), the two windows 18 and 21 are of
      identical size whereas in connection with the other stage springs, the
      windows 22 and 23 in the hub flange are respectively increasingly larger
      than the corresponding windows 19 and 21 in which the stage springs are
      supported. The respective starting point of operation of the corresponding
      spring stages is determined by this distance of the lateral edges.
PAR  A friction device generally designated by reference numeral 25 having a
      coil spring 26 serves for the damping of the idling vibrations. Two main
      friction devices are provided for the operating range. The first main
      friction device generally designated by reference numeral 27 having the
      two friction disks 27a is disposed on one side of the hub flange 24
      whereas the second main friction device generally designated by reference
      numeral 28 having the two friction disks 28a is located on the other side
      of the hub flange 24. The sheet metal control member 29 of the first main
      friction device 27 has a radially extending arm 30 provided with a window
      31 (FIG. 2). This window 31 encloses the first control spring 32 which is
      accommodated under prestress in a similarly large window 33 of the hub
      flange 24. However, this last-mentioned window 33 radially protrudes
      further inwardly than the window 31. Within the area of the arm 30, the
      sheet metal control member 29 is rigidly connected by means of bolts 34
      with a counter disk 35 on the other side of the hub flange 24. The bolts
      34 extend through enlargements 36 (FIG. 2) of the window 33 in the hub
      flange 24.
PAR  The sheet metal control member 37 of the second main friction device 28
      engages with a balcony-like embossment or pressed-out portion 38 through a
      larger window 39 provided in the hub flange 24. It encloses with this
      balcony-like embossment or pressed-out portion 38, the second control
      spring 40 which is accommodated under a corresponding pre-stress in a
      similarly large window 41 of the disk member 10 and of the lateral member
      12. The balcony-like embossment or pressed-out portion 38 in its turn, is
      enclosed on the other side of the hub flange 24 by the two prongs 42 of a
      fork arm at the first sheet metal control member 29 with a certain
      spacing. This spacing corresponds to the angle of rotation or twist for
      the idling range. Approximately opposite to the balcony-like embossment or
      pressed-out portion 38 an axial angularly bent portion 43 is provided at
      the second sheet metal control member 37 which engages into the window 33
      provided in the hub flange 24. The lateral distance of this angularly bent
      portion 43 from the lateral edges of the window 33 corresponds to the
      distance of the balcony-like embossment or pressed-out portion 38 from the
      lateral edges of the window 39.
PAR  According to FIG. 1, the disk member 10 is centered directly on the hub
      member 16 as shown in the construction above the center line. On the other
      hand, another type of this centering and of this spring is illustrated in
      the part of FIG. 1 surrounded by the dash and dot circle B. The disk
      member 10 is now angularly bent off toward the outside and a cup spring 4
      is now provided for the actuation of the idling friction device 25 in lieu
      of the coil spring 26. Of course, in an actual construction, only one or
      the other arrangement is used which then extends over the entire
      circumference of the clutch disk.
PAR  The operation of this clutch disk will be explained by reference to FIG. 3.
      Within the range L, at first only the first stage spring 13 together with
      the idling friction device 25 is effective. The idling vibrations are
      damped correspondingly. This damping, however, is so slight that it was
      not shown in the diagram in FIG. 3. Within this range, the system
      consisting of the disk member 10 and of the lateral member 12 rotates
      together with the second main friction device 28 coupled thereto with
      respect to the hub flange 24 and the first main friction device 27 coupled
      thereto. Both main friction devices are therefore inoperable or
      ineffectual. After using up this angle of rotation or angle of twist,
      i.e., therefore in point C according to FIG. 3, the second spring stage,
      i.e., the two stage springs 14 become effective. Additionally, the
      balcony-like embossment or pressed-out portion 38 of the second control
      disk 37 abuts at one fork prong 42 of the first sheet metal control member
      29. Since the second control spring 404 is prestressed more strongly than
      the first control spring 32, upon further movement of the second control
      member 37, the first control member 29 is now taken along. It now rotates
      against the resistance of the first control spring 32 with respect to the
      friction disks 27a of the first main friction device 27 so that the same
      becomes effective. Within the range M according to FIG. 3, therefore the
      second spring stage together with the first main friction device 27 and
      the control spring 32 thereof are therefore operable.
PAR  This lasts for such length of time until in point D according to FIG. 3,
      the balcony-like embossment or pressed-out portion 38 abuts at the lateral
      edge of the window 39 provided in the hub flange 24. From now on, both
      control members 37 and 39 remain stationary in relation to the hub flange
      24 and only the system formed by the disk member 10 and the lateral member
      12 now moves against the second spring 40 with respect to the second sheet
      metal control member 37 and all parts which have remained stationary,
      especially with respect to the friction disks 28a. As a result thereof,
      the second main friction device 28 now becomes effective, whereas the
      first main friction device 27 is being disengaged as inoperable or
      ineffective. Within the range N according to FIG. 3, the second spring
      stage (control springs 13 and 14) therefore cooperates with the damping of
      the second main friction device 28 and the control spring 40 thereof. This
      operation lasts for such length of time until in point E according to FIG.
      3, the third stage spring 15 becomes additionally effective. Within the
      range O, the third spring stage (stage springs 13-15) now cooperates with
      the second main friction disk device 28 and the control spring 40 thereof.
PAR  While we have shown and described only one embodiment in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to those skilled in the art, and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are encompassed by the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A clutch disk for motor vehicle main clutches which comprises a disk
      means carrying friction linings and torsionally elastically arranged with
      respect to a hub means, several spring means with different
      characteristics being provided in window means of one of the two parts
      consisting of a hub flange forming part of the hub means, on the one hand,
      and of the disk means and a lateral member rigidly connected therewith, on
      the other, which cooperate with corresponding larger window means provided
      in the respective other of said two parts, a friction damping means
      coordinated to said spring means whose start of operation is determined by
      control means, characterized in that for a multi-stage damping within the
      operating range in which only the friction of the friction damping means
      is effective which has been engaged last, two friction damping means are
      provided each including friction disk means, the first friction damping
      means being operatively connected with the hub flange by means of its
      control spring means arranged in a window means of the hub flange and by
      means of the coordinated friction disk means provided with its control
      means, and the second friction damping means being coupled to the lateral
      members by means of its control spring means arranged in a window means of
      the lateral members and by means of the coordinated friction disk means
      provided with its control means.
NUM  2.
PAR  2. A clutch disk according to claim 1, characterized in that the first
      control member is operatively connected with the second control member by
      a drag connecting means which becomes effective after the angular path
      provided for the idling range.
NUM  3.
PAR  3. A clutch disk according to claim 2, characterized in that the control
      means engage in corresponding window means with projections.
NUM  4.
PAR  4. A clutch disk accordiing to claim 3, characterized in that said
      projections are in the form of tabs.
NUM  5.
PAR  5. A clutch disk according to claim 3, characterized in that the
      projections are in the forms of arms.
NUM  6.
PAR  6. A clutch disk according to claim 2, characterized in that the control
      means cooperate with the spring ends.
NUM  7.
PAR  7. A clutch disk according to claim 2, characterized in that the friction
      damping means include each friction means, a control member and a control
      spring means.
NUM  8.
PAR  8. A clutch disk according to claim 7, characterized in that the spring
      means include several springs.
NUM  9.
PAR  9. A clutch disk according to claim 7, characterized in that the spring
      means include several spring sets.
NUM  10.
PAR  10. A clutch disk according to claim 7, with at least three spring stages
      of continuously harder characteristics, one friction damping means for the
      idling range and two separate main friction damping means for the
      operating range, characterized by stage spring means which are operable in
      such a manner that the effect of the first main friction damping means
      commences with the second spring stage and the effect of the second main
      friction damping means commences still within the range of the second
      spring stage and from that point on the damping of the second main
      friction damping means replaces that of the first main friction damping
      means.
NUM  11.
PAR  11. A clutch disk according to claim 10, characterized in that the first
      control member of the first main friction damping means encloses with a
      window means the first control spring means arranged in a similarly large
      window means of the hub flange, and in that the first control member
      includes an approximately oppoistely disposed fork arm whose two prongs
      enclose a balcony-like pressed-out portion provided at the second control
      member.
NUM  12.
PAR  12. A clutch disk according to claim 11, characterized in that the first
      control member is rigidly connected within the area of its window means
      with a counter member on the other side of the hub flange.
NUM  13.
PAR  13. A clutch disk according to claim 12, characterized in that the first
      control member is connected with the counter member by means of bolts, and
      in that corresponding aperture means are provided for the bolts in the hub
      flange.
NUM  14.
PAR  14. A clutch disk according to claim 13, characterized in that the aperture
      means start from the window means of the first control spring.
NUM  15.
PAR  15. A clutch disk according to claim 1, with at least three spring stages
      of continuously harder characteristics one friction damping means for the
      idling range and two separate main friction damping means for the
      operating range, characterized by stage spring means which are operable in
      such a manner that the effect of the first main friction damping means
      commences with the second spring stage and the effect of the second main
      friction damping means commences still within the range of the second
      spring stage and from that point on the damping of the second main
      friction damping means replaces that of the first main friction damping
      means.
NUM  16.
PAR  16. A clutch disk according to claim 15, characterized in that the first
      control member of the first main friction damping means encloses with a
      window means the first control spring means arranged in a similarly large
      window means of the hub flange, and in that the first control member
      includes an approximately oppositely disposed fork arm whose two prongs
      enclose a balcony-like pressed-out portion provided at the second control
      member.
NUM  17.
PAR  17. A clutch disk according to claim 16, characterized in that the first
      control member is rigidly connected within the area of its window means
      with a counter member on the other side of the hub flange.
NUM  18.
PAR  18. A clutch disk according to claim 17, characterized in that the first
      control members connected with the counter member by means of bolts, and
      in that corresponding aperture means are provided for the bolts in the hub
      flange.
NUM  19.
PAR  19. A clutch disk according to claim 18, characterized in that the aperture
      means start from the window means of the first control spring.
NUM  20.
PAR  20. A clutch disk according to claim 1, characterized in that the friction
      damping means include each friction means, a control member and a control
      spring means.
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ABST
PAL  A material diverter for a tower silo for carrying material to the base of
      the silo independent of the silo chute. The diverter has an upright
      downspout attached to the outside of the chute and a housing located
      within the chute for receiving material moving through the silo doorway
      and directing the material into the downspout. The housing is pivotally
      connected to a carriage operable to move on upright tracks secured to the
      chute. The housing can be aligned with one of a plurality of structures
      used to connect the downspout to the chute so that the material at various
      elevations can be discharged through the housing into the downspout.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Conventional tower silos are constructed with a plurality of vertically
      spaced doorways providing access passageways into the silos. The doorways
      are closed with doors to retain the silage in the silo. As the level of
      silage is lowered, the doors are removed so that the silage can be
      discharged through the doorway and carried via the chute to the base of
      the silo. Automatic machines known as silo unloaders are utilized to
      collect the silage in the silo and discharge the silage via the doorway
      into the chute. Examples of silo unloaders are disclosed in U.S. Pats.
      Nos. 2,794,560 and No. 3,017,043. The result of this practice is that the
      chutes collect silage and the steps and doorways below the open doorway
      accumulate silage. This collection of silage makes it hazardous to climb
      into the silo. Elongated tubular plastic material has been used to carry
      the silage down the chute to the base of the silo. The material flows
      through the tubular material. One form of this structure is shown in U.S.
      Pat. No. 3,709,345. The tubular plastic material becomes rigid in cold
      weather and uses space in the chute, thereby making it difficult to climb
      into the silo.
PAC  SUMMARY OF INVENTION
PAR  The invention is directed to material diverter means used with means having
      a passageway for carrying material to a location. More particularly, the
      invention is directed to an upright tubular member having a passageway
      connected to a silo chute or enclosure means for doorways in a structure,
      as a silo. Material diverter means is located within the chute for
      receiving material from the inside of the silo and directing the material
      into the upright tubular member. A plurality of vertically spaced
      connecting housings are used to secure the upright tubular member to the
      chute. Each housing has an opening open to the inside of the chute and
      inside of the tubular member so that the material flowing through the
      material diverter means flows into the upright tubular member. The
      material diverter means is a housing mounted on a carriage. The carriage
      rides on an upright track whereby the carriage and housing can be elevated
      in the silo chute in accordance with the level of silage in the silo or
      lowered to the base of the silo.
PAR  An object of the invention is to provide material diverter structure which
      receives material discharged through the doorway of a structure and
      carries the material to a location. Another object of the invention is to
      provide material diverter structure for a tower silo which diverts the
      material from the passageway of the chute of the silo into a downspout,
      thereby keeping the passageway of the chute clean and safer to use. A
      further object of the invention is to provide a material diverter which
      can be moved up and down the chute of the silo as required to receive
      material discharged from the silo. A still further object of the invention
      is to provide a material diverter housing which is usable with different
      size silo doorways and different configurations of silo chutes.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a foreshortened front elevational view of a tower silo equipped
      with the material diverter structure of the invention;
PAR  FIG. 2 is an enlarged sectional view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged front elevational view, partly sectioned, of the
      material diverter structure of FIG. 1;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 2;
PAR  FIG. 5 is a sectional view taken along the line 5--5 of FIG. 2;
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 3;
PAR  FIG. 7 is a perspective view of the section of the downspout showing its
      inlet housing; and
PAR  FIG. 8 is an enlarged sectional view showing the mount connecting the track
      to the silo chute.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT:
PAR  Referring to FIG. 1, there is shown a tower silo indicated generally at 10
      having a cylindrical side wall 11. Conventional circular hoops 12 surround
      the side wall 11. The silo 10 extends upwardly from a base or support 13
      and is covered with a dome roof 14. The side wall 11 has a plurality of
      vertically spaced doorways 16 providing access to the interior of the
      silo. An upwardly directed enclosure or chute 17 extends about the
      doorways 16 providing an upright passageway used to climb the silo. Chute
      17 has a generally U-shaped construction, as shown in FIG. 2. A plurality
      of fasteners 18, as bolts and the like, are used to attach the ends of the
      chute 17 to the side wall 11 and hoops 12. In conventional silos, the
      passageway provided by the chute 17 is used to carry the material, as
      silage, haylage and the like, down to the base of the silo. The operator
      also uses the passageway to climb up into the silo to service and adjust
      the silo unloader, such as shown by Buschbom in U.S. Pat. No. 2,794,560.
      When the silage flows down the passageway it accumulates on the steps and
      creates a hazard for climbing into the silo. Also, it takes an increased
      amount of time to safely climb into the silo.
PAR  As shown in FIGS. 1, 2 and 3, a second chute or downspout, indicated
      generally at 19, extends upwardly adjacent the chute 17. Spout 19 is a
      tubular structure having an open lower end 21 located above the support 13
      so that the material from the silo will flow down the spout and be
      delivered to the support 13 adjacent the end 21. The spout 19 has spaced
      side walls 22 and 23 connected with an outside wall 24. An inside wall 26
      is spaced from the outside wall 24 whereby the walls 22, 23, 24 and 26
      form the tubular structure with a generally upright passageway 27.
PAR  Referring to FIG. 7, the downspout 19 has an inlet housing or connector
      indicated generally at 44 providing an opening 28 into the passageway 27.
      The housing 44 has generally upright side flanges 29 and 31, an upwardly
      and outwardly inclined top flange 32 and an upwardly and outwardly
      inclined bottom flange 33. Side flanges 29 and 31 have a plurality of
      vertically spaced holes 34 used to attach the downspout 19 to support
      members 36 and 37 in chute 17. The spout 19 has a plurality of inlet
      housings 44 which function as connectors to secure the spout 19 to the
      side of the chute 17. The housings 44 also have passages to provide for
      communication between the passageway of the chute 17 and the passageway 27
      of the spout 19. For example, the housings can be placed at 5 foot
      elevations along the vertical extent of chute 17. Other spacings can be
      used for the inlet housings 44.
PAR  As shown in FIG. 2, a pair of generally upright supports 36 and 37 extend
      inwardly from upright rails or tracks 39 and 41. A plurality of fasteners
      38, as bolts, extend through holes 34 and secure the side walls 29 and 31
      to the supports 36 and 37. The side walls 29 and 31 extend through an
      opening in the chute 17.
PAR  Referring to FIGS 6 and 8, the rails 39 and 41 are generally U-shaped
      members having one side located in engagement with the inside wall of the
      chute 17. Sleeve members 42 are secured to the backs of rails 39 and 41.
      Bolts 43 or other fasteners extend through sleeves 42 and suitable holes
      in the chute 17 and thereby fasten the rails 39 and 41 to chute 17.
PAR  Returning to FIGS 2, 3 and 6, a carriage indicated generally at 46 moves up
      and down the rails 39 and 41. Carriage 46 has a generally U-shaped bottom
      member 47 and a U-shaped top member 48. A pair of upright rods 49 extend
      between and are secured to opposite sides of the U-shaped members 47 and
      48 to form a generally rectangular angular frame for carriage 46. Rollers
      51 rotatably mounted on the ends of the U-shaped members 47 and 48 are
      located in the channels of tracks 39 and 41, as shown in FIG. 6, so that
      the carriage is rotatably mounted on tracks 39 and 41. A cable 52 is
      connected to the midsection of the upper U-shaped member 48. The cable 52
      extends upwardly in the passageway of chute 17 and is trained about a
      pulley 53, shown in FIG. 1, and extends down to the bottom of the silo.
      The cable 52 is used to change the position of the carriage in the chute
      17. The pulley 53 is mounted on a bracket (not shown) secured to the upper
      portion of the silo wall 11.
PAR  The material diverter or housing 54 having a passageway 56 is carried by
      the carriage 46. The housing 54 has an open inlet 57 facing a doorway 16
      of the silo so as to receive the silage from the silo unloader. The lower
      portion of housing 54 has an outlet aligned with opening 28 so that the
      silage is directed into the passageway 27 of the downspout 19. As shown in
      FIG. 4, an elongated upright tube 59 is secured to one side of housing 54.
      A rod 61 extends through the tube 59 and is rotatably mounted on sleeves
      (not shown) secured to the U-shaped members 48 and 49. The tube 59 permits
      housing 54 to pivot away from the silo wall, as shown in broken lines in
      FIG. 2, so that the carriage 46 and housing 54 can be moved in the chute
      passageway.
PAR  Referring to FIG. 4, the housing 54 has a top member 62 having an upwardly
      directed transverse flange 63. Flange 63 is located in the door recess 64
      to hold the housing 54 in alignment with the door opening. The top member
      62 is pivotally connected with a hinge 66 to the housing 54 to permit the
      member 62 to be raised and lowered. The lower part of the inlet section of
      the housing 54 has a transverse lower flange 67 located in the bottom door
      recess. The inlet portion of the housing 54 has a side wall section 68
      which permits elongation of the forward section to locate flanges 63 and
      67 in the door recesses. A link 69 is pivotally connected to the housing
      adjacent flange 67. In a similar manner, a link 71 is pivotally mounted to
      housing 54 adjacent flange 63. A turnbuckle 72 extends between and is
      pivotally connected to the outer or adjacent ends of links 69 and 71.
      Turnbuckle 72 is adjustable to force flanges 63 and 67 into the silo door
      grooves in silo wall 11. The opposite side of housing 54 can have a
      similar turnbuckle to control the size of the inlet section of housing 54.
      Other types of expanding mechanisms can be used to hold the housing 54 in
      the doorway.
PAR  Referring to FIGS 2 and 3, the inlet section of housing 54 has a width
      smaller than the width of silo door opening 16. The section of the door
      between the inlet section of housing 54 and the silo wall 11 is closed
      with a pair of panels 73 and 74. The panels 73 and 74 are adjustable
      connected with a plurality of nut and bolt assemblies 76, or similar
      fasteners. This permits adjustment of the width of the panels to
      accommodate different size doors. A spring 77 biases the housing 54 toward
      the silo wall 11. One end of the spring 77 is connected to a loop 78
      connected to panel 74. The opposite end of the spring 77 is connected to a
      loop 79 connected to the side of housing 54.
PAR  In use, the silo unloader operating within the silo discharges a steady
      stream of material into the housing inlet 57. The material flows with the
      air through the passageway in the housing 54. The material moves in a
      downward and outward direction into the opening 28 of the connecting
      housing 44 shown in FIG. 3. The cable 52 is secured to hold the carriage
      46 in a fixed position relative to the tracks 39 and 41. The forward or
      inlet portion of the housing 54 is retained on the silo wall 11. The
      panels 73 and 74 close the opening so that the material discharaged by the
      silo unloader must flow through the housing 54. The spout 19 has an
      upright passageway 27 open to the opening 28. The material flows through
      opening 28 into the passageway 27. The material moves downwardly and is
      discharged from the bottom end 21 onto the location adjacent the support
      13 for the silo. The material can be discharged directly into a conveyor
      or bunk feeder operable to distribute the material to a feed lot.
PAR  As the level of the material in the silo lowers, the housing 54 and
      carriage 46 are moved downwardly in chute 17 until the discharge end of
      housing 54 is aligned with the next lower connector housing 44. The panels
      73 and 74 are released from the side wall 11. The linkage structure and
      turnbuckle 72 are loosened whereby the top member 62 moves from the groove
      of the side wall 11. The housing 54 can then be raised from the doorway
      and swung to the open or outward position, as shown in broken lines in
      FIG. 2. The entire housing is now supported by the carriage 46. The cable
      52 is used to allow the carriage to move down in the silo chute. When the
      housing 54 is moved to the lower doorway, the door closing the doorway is
      removed. The housing is swung into the open doorway. The panels 73 and 74
      are replaced and adjusted with nut and bolt assemblies 76. The spring 77
      is replaced. The housing 54 is ready to receive material from the silo
      unloader. The downspout 19 is not adjusted or positioned as it can receive
      silage from housing 54 in all elevataions of housing 54.
PAR  While there has been shown and described a preferred embodiment of the
      inventions, it is understood that various changes in the structures and
      shapes of the structures can be made by those skilled in the art without
      departing from the invention. For example, the housing and downspout can
      be made of metal, plastic or other structural materials.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A material carrying means for a structure having a plurality of
      vertically spaced doorways and enclosure means covering the doorways with
      the enclosure means providing a passageway to the doorways comprising:
      means having a passage for carrying material to a location, material
      diverter means located within said enclosure means for receiving material
      and directing the material from said structure through one of said
      doorways to said passage of the means for carrying material to a location
      whereby the material moves through the one of said doorways, the diverter
      means and the means having a passage to the location, upright track means
      located in the passageway and mounted on the enclosure means, carriage
      means cooperating with the track means to guide the carriage means along
      the track means, and means mounting the material diverter means on the
      carriage means whereby the material diverter means moves with the carriage
      means to a position aligned with a selected doorway, said means mounting
      the material diverter means including upright pivot means mounting the
      material diverter means on the carriage means to allow pivotal movement of
      the material diverter means away from the selected doorway into the
      passageway whereby the material diverter means is free to be moved along
      the passageway.
NUM  2.
PAR  2. The structure of claim 1 wherein: the means having a passage for
      carrying material to a location includes an upright tubular member having
      said passage, and housing means connected to the upright tubular member,
      said housing means having an opening in communication with said passage,
      said material diverter means located to deliver material to said opening
      whereby the material flows through the opening into the passage.
NUM  3.
PAR  3. The structure of claim 2 wherein: said track means mounted on the
      enclosure means has a first upright track located adjacent one side of the
      selected opening and a second track located adjacent the other side of the
      selected opening, said carriage means being movably mounted on said first
      and second track to align the material diverter means with selected the
      opening.
NUM  4.
PAR  4. The structure of claim 3 wherein: said material diverter means includes
      a passageway with an inlet open to the selected doorway and an outlet
      aligned with the opening in the housing means.
NUM  5.
PAR  5. The structure of claim 1 wherein: the material diverter means includes a
      housing having a passageway and an inlet open to the selected doorway and
      an outlet in communication with the passage in the means for carrying
      material to a location.
NUM  6.
PAR  6. The structure of claim 5 wherein: said housing means is smaller than
      said selected doorway and means for closing the selected doorway when said
      housing is located in said selected doorway.
NUM  7.
PAR  7. The structure of claim 1 including: biasing means to hold the material
      diverter means adjacent the structure whereby the material moving through
      the selected doorway will flow into the material diverter means.
NUM  8.
PAR  8. The structure of claim 1 wherein: the material diverter means includes a
      housing having an inlet section, said inlet section having a movable
      portion operable to engage the structure, and means for moving the movable
      portion into operable engagement with said structure.
NUM  9.
PAR  9. The structure of claim 8 wherein: the means for moving the movable
      portion includes an expandable member.
NUM  10.
PAR  10. The material carrying means of claim 1 including; means mounting the
      carriage means on the track means whereby the carriage means can be moved
      along the track means.
NUM  11.
PAR  11. The material carrying means of claim 10 wherein: said track means
      includes a first track located adjacent one side of the selected doorway
      and a second track located adjacent the other side of the selected
      doorway.
NUM  12.
PAR  12. The material carrying means of claim 10 wherein: said material
      diverting means has a passageway, an inlet open to the passageway and an
      outlet for directing material moving through the passageway to the
      location.
NUM  13.
PAR  13. The material of claim 10 including: biasing means connected to the
      material diverting means to bias the material diverting means into a
      material receiving position.
NUM  14.
PAR  14. The material carrying means of claim 10 wherein: the carriage means has
      a side portion located adjacent a side portion of the material diverting
      means, said pivot means including an upright pivot connecting the side
      portions of the carriage means and material diverting means whereby the
      material diverting means pivots relative to the side portion of the
      carriage means.
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ABST
PAL  The specification discloses a roller conveyor having a plurality of
      elongated cylinders arranged to define a planar conveyor path. Each of the
      cylinders includes a low friction plastic bearing member rigidly mounted
      in the end thereof, with each of the bearing members including blind
      sockets formed in the centers. The cylinders are disposed between a pair
      of parallel side rails and a plurality of rigid metal shafts are connected
      along the interior sides of the rails. The ends of the shafts are received
      within the blind sockets in the bearing members such that the bearing
      members and cylinders rotate relative to the rigid metal shafts.
PARN
PAR  This is a continuation of application Ser. No. 334,469, filed Feb. 21,
      1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to roller conveyors and more particularly to roller
      conveyors having bearings which may be operated and cleaned without
      accumulating undesired foreign substances within the conveyor rollers.
PAC  THE PRIOR ART
PAR  Previously developed roller conveyors generally include cylindrical rollers
      having bearings in the ends thereof, with an axle passing through the
      bearings and the roller for connection to side rails. The bearings
      generally comprise ball bearings or plastic inserts. When such prior
      roller conveyors are utilized in plants which require sanitary conditions,
      such as for example, food plants, pharmaceuticals and munitions
      manufacturers, and the like, problems have arisen when it is necessary to
      clean such roller conveyors. High pressure water and/or steam with
      detergents or other agents are generally utilized to clean the rollers.
      Due to the fact that the axle passes through the bearings of such prior
      roller conveyors, some of the liquid and cleaning material, as well as
      some of the undesirable foreign substances on the roller, is forced
      through the bearing into the cavity inside the roller. An accumulation of
      these materials often tends to build up inside the roller and breeds
      bacteria, odors, and other undesirable conditions, not the least of which
      includes rusting of the ball bearings or grinding away of non-ferrous
      bearings. Moreover, it has often been somewhat difficult to remove the
      rollers of previously developed roller conveyors.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a roller conveyor is provided
      which generally eliminates or reduces the problems which characterizes the
      prior art. The present roller conveyor may be cleaned in place by the
      application of a high pressure stream of fluid solution, without the
      attendant possibilities of forcing some of the cleaning solution and/or
      foreign substances within the roller cavity. The present roller conveyor
      does not tend to rust or fail due to an accumulation of foreign matter
      within the roller as a result of cleaning of the conveyor.
PAR  In accordance with another aspect of the invention, a roller conveyor
      includes an elongated opened ended cylinder. Cylindrical bearings are
      frictionally mounted in the ends of the cylinder. A blind socket is formed
      in the center of each of the bearings. Rigid shafts having circular ends
      are fitted within the blind sockets such that the bearings and cylinder
      may rotate relative to the shaft.
PAR  In accordance with a more specific aspect of the invention, a roller
      conveyor system includes a pair of spaced apart parallel rails. A
      plurality of metal shafts are connected at spaced apart locations along
      the interior sides of the rails. Cylindrical metal rollers are disposed
      between the rails. Low friction plastic bearing members are rigidly
      mounted in the ends of the rollers, with blind sockets being formed in the
      center of the bearing members. The ends of the shafts are received within
      the blind sockets to rotatably suspend the metal rollers between the rails
     .
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present invention, and for further
      objects and advantages thereof, reference is now made to the following
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a top view of a portion of a roller conveyor constructed in
      accordance with the present invention;
PAR  FIG. 2 is a side elevational view of the roller conveyor system shown in
      FIG. 1;
PAR  FIG. 3 is a side view partially broken away, of one of the conveyor rollers
      shown in FIG. 1; and,
PAR  FIG. 4 is a perspective view of one of the bearing members of the invention
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a pair of side rails 10 and 12 are spaced apart and
      are interconnected in a rigid configuration by stabilizing rods 14. Rails
      10 and 12 and other metal parts of the conveyor system are preferably made
      from stainless steel, although a variety of other metals or plastics could
      be utilized. A plurality of pairs of rigid shafts 16 and 18 extend from
      the side rails 10 and 12. The ends of the shafts 16 and 18 are rounded and
      are received within blind sockets formed in the ends of plastic bearing
      members 20 and 22, in a manner which will be subsequently described. The
      bearing members 20 and 22 are force fitted into the open ends of
      cylindrical rollers 24. Rollers 24 may be constructed from metal such as
      stainless steel, or alternatively from other materials such as PVC, CPVC,
      polypropylene or other plastics.
PAR  FIG. 2 illustrates a side view of the roller conveyor system shown in FIG.
      1. The ends of the shafts 18 are attached to the side rail 12 by nuts 26.
      The shafts 18 are positioned in the upper portion of the side rail 12 such
      that the tops of the rollers 24 project above the side rail 12. Boxes and
      other apparatus may thus be rolled over the tops of the rollers 24 in the
      manner of a typical roller conveyor system.
PAR  An important aspect of the present invention is the fact that the rigid
      shafts 16 and 18 do not extend through the bearing members 20 and 22,
      thereby eliminating the possibility of fluid or foreign material from
      collecting inside the rollers 24. The present system may thus be washed
      with high pressure fluid without the fear of accumulating foreign material
      within the rollers.
PAR  FIG. 3 illustrates in detail the preferred construction of one of the
      rollers 24. The side rails 10 and 12 have generally U-shaped
      cross-sections, with apertures spaced along the length thereof for
      receiving the ends of shafts 16 and 18. As is shown in FIG. 3, the length
      of the shafts 16 and 18 are threaded. The threaded ends of the shafts are
      disposed through apertures in the rails 10 and 12 are secured to the rails
      by interior nuts 30 and 32 and by exterior nuts 27 and 26. Lock washers 34
      and 36 are disposed between the nuts 26 and 27 and the side rails. This
      connection of the shafts 16 and 18 in the side rails enables the shafts to
      be easily removed for cleaning or for roller replacement.
PAR  The ends of the shafts 16 and 18 comprise circular ball members 40 and 42
      which, preferably, have flat, truncated end surfaces 41. The ball member
      40 extends within a blind socket 44 defined within the plastic bearing
      member 20. The ball member 42 extends within a blind socket 46 formed
      within the plastic bearing member 22. The blind sockets are preferably
      right circular cylindrical and preferably include end surfaces 43 which
      extend concavely from within and which, with the end surfaces of the ball
      members, define spaces therebetween even in the event that the roller
      assembly is so adjusted that surfaces 41 and 43 are in mutual engagement.
      Bearing members 20 and 22 are preferably machined of self-lubricating
      plastic having a low coefficient of friction. A material suitable for use
      in forming the bearing members is a plastic manufactured and sold under
      the trademark "1900 UHMW" by Hercules Chemical, Inc. of Wilmington, Del.
      Such high impact plastics have an extremely low coefficient of friction
      with high hardness index. The plastics are highly resistant to most
      chemicals and have extremely high abrasion resistance. Of course, it
      should be realized that any one of a number of plastics within the plastic
      family called polyolefin which have the desired lubricity, impact and
      abrasive resistance qualities may be utilized with the present invention
      to form the bearing members.
PAR  A perspective view of the bearing member 22 is illustrated in FIG. 4
      whereupon it will be seen that the bearing member includes an outer
      annular flange 50 which abuts with the end of the roller 24. The rear body
      of the bearing member 22 includes a cylindrical member dimensioned to fit
      tightly within the interior diameter of the roller 24. Thus, it is not
      possible for fluid or other material to be forced between the periphery of
      the bearing member 22 and the interior diameter of the roller 24. The
      blind socket 46 is dimensioned to closely receive the ball member 42. Due
      to the fact that the blind socket 46 does not extend through the bearing
      member 22, no path is provided for liquid or debris to pass through the
      bearing member 22 to the interior of the roller 24.
PAR  It will thus be seen that the sanitary roller conveyor of the invention
      eliminates any possibility of entrance of any foreign matter within the
      rollers. The sidethrust provided to the bearing members may be controlled
      by moving the shafts in and out by adjusting the nuts on the threaded end
      of the shafts. Adequate support for the side rails and stability and
      alignment are accomplished with the utilization of the stabilizing rods
      14. The present sanitary roller may be cleaned and placed on a food line
      or the like with a high pressure hose used to apply pressuried cleaning
      solutions to the ends of the rollers. The pressurized cleaning solution
      will pass around the end of the shafts within the blind sockets to wash
      out anything collected therein during operation of the rollers, but the
      solution will not pass to the interior of the rollers. The rollers may be
      installed and removed by the simple expedient of loosening the nuts and
      screwing the ball ends of the shafts toward the rails. Alternatively, all
      of the rollers may be completely removed by removing the exterior nuts on
      one end of the stabilizing rods and separating the side rails. Because the
      entire roller conveyor may be constructed from either stainless steel or
      plastic material, no rusting or other deterioration of the roller conveyor
      would be incurred during normal usage of the system.
PAR  Although a preferred embodiment of the invention has been described in
      detail, it is to be understood that various changes, substitutions, and
      alterations can be made therein without departing from the spirit and
      scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A roller conveyor system comprising:
PA1  a pair of spaced apart rails,
PA1  a plurality of opposed metal stub shafts connected at spaced apart
      locations along the interior sides of said rails,
PA1  hollow cylindrical rollers disposed between said rails,
PA1  low friction plastic bearing members rigidly mounted in the ends of said
      hollow rollers,
PA1  said bearing further comprising means for preventing foreign liquid and
      solid substances from entering the hollow cylindrical rollers,
PA1  blind right circular cylindrical sockets formed in the center of the outer
      ends of each of said low friction plastic bearing members, and spaced a
      predetermined distance apart,
PA1  the blind sockets of each roller having inner end surfaces extending
      concavely from within, and
PA1  generally spherical bearing portions integrally formed on the ends of said
      stub shafts for being received within said blind sockets, said bearing
      portions being dimensioned to bear directly against the interior plastic
      walls of said blind sockets of the low friction plastic bearing members to
      rotatably suspend said bearing members and the hollow rollers carried
      thereby between said rails while preventing the accumulation of debris
      within said blind sockets,
PA1  said bearing portions having truncated inner end surfaces positioned more
      than the predetermined distance apart so that the end surface of each of
      the bearing portions and the end surface of its respective blind socket to
      define a space therebetween.
NUM  2.
PAR  2. The roller conveyor system of claim 1 and further comprising:
PA1  threads on the ends of said stub shafts opposite said bearing portion for
      attaching said shafts to the interior sides of said rails.
NUM  3.
PAR  3. The roller conveyor system of claim 2 and further comprising:
PA1  nuts for removably connecting said threaded ends of said shafts to said
      rails.
NUM  4.
PAR  4. The roller conveyor system of claim 1 wherein said bearing members are
      frictionally seated within the ends of said hollow rollers, and said
      bearing members include integrally formed annular flanges for abutting
      with the end of said roller and thereby regulating the seating depth
      within said rollers and preventing foreign liquid and solid substances
      from entering said hollow rollers.
NUM  5.
PAR  5. The roller conveyor system of claim 1 and further comprising stabilizing
      braces rigidly interconnecting said rails.
NUM  6.
PAR  6. The roller conveyor system of claim 1 wherein said stub shafts include
      means for adjusting the distance said shafts extend from the interior
      sides of said rails.
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PAL  An automatic device for systematically placing elongated products, such as
      pieces of sectional iron, bars, or the like, on a roller conveyor, said
      device having a scraper remote from the conveyor for providing storage for
      a plurality of such elongated products, a pusher for advancing the
      products from storage in a direction transverse to their longitudinal axes
      to a feeding device, said feeding device having its longitudinal axis
      parallel to the axes of the rollers of the roller conveyor, means for
      depositing the elongated products on the feeding device one at a time, at
      uniformly spaced intervals, to provide on the feeding device a layer of
      elongated products disposed in uniformly spaced, parallel relation, means
      for advancing transversely the layer of elongated products on the feeding
      device to the roller conveyor and means automatically operative for
      delivering the elongated products, in selected quantities, from the
      feeding device to the roller conveyor.
BSUM
PAR  The present invention relates to an automatic device for spreading out, on
      a conveyor belt, elongated products such as pieces of sectional iron or
      especially bars, previously placed on a scraper, that is to say a device
      which arranges the said products parallel to each other and in a
      side-by-side arrangement on a single bed, in such a manner that they are a
      definite distance from one another, which distance may be zero, and
      wherein the said pieces of sectional iron are pushed laterally and
      deposited on a conveyor by which they are then carried in the direction of
      their axes.
PAR  This operation of distributing pieces on a conveyor is currently being
      utilized in industries which treat pieces of sectional iron, especially
      for pre-heating, granulating and painting, and is now carried out in the
      following ways:
PAR  MANUALLY, BY A GROUP OF WORKERS CARRYING EACH PIECE AND DEPOSITING IT IN A
      PARALLEL RELATIONSHIP TO THE OTHERS ON A CONVEYOR, FOR EXAMPLE, AT A
      DEFINITE DISTANCE FROM ONE ANOTHER, THE CONVEYOR DISPLACING THE PRODUCTS
      IN A PARALLEL FASHION ALONG THEIR AXES.
PAR  SEMI-AUTOMATICALLY, BY AN OPERATOR ACTUATING A PLURALITY OF SCRAPERS AT
      ONCE BY ACTING AS A CONTROLLER; IN THIS CASE, THE OPERATOR "CALLS" EACH
      PIECE OF SECTIONAL IRON ONE BY ONE, IN ORDER TO ARRANGE THEM IN A PARALLEL
      MANNER ON THE CONVEYOR AT A DEFINITE DISTANCE FROM EACH OTHER; THE
      OPERATION IS EXECUTED BY SIGHT, AND THE JUDGMENT OF THE OPERATOR IS
      NECESSARY FOR EACH DISPLACEMENT OF THE SECTIONAL IRON.
PAR  In the two preceding cases, the operation takes a long time to effectuate,
      leaving it to the initiative of the workers or of the operator; the space
      between the pieces of sectional iron is estimated by sight; therefore it
      is without precision and the parallelism of the sectional pieces is not
      exact. These drawbacks are detrimental, for example, to the quality of the
      subsequent treatments, such as granulation, painting, etc., and to the
      timing of production.
PAR  The present invention has for its object to remedy these various
      disadvantages in carrying out the operation automatically.
PAR  The apparatus of the invention is characterized principally by the fact
      that the sectional iron pieces are pushed by the scraper, step by step, at
      a certain speed, in a manner to arrange them one by one on at least two
      arms which extend in the direction of the scraping, the said arms each
      being supplied with a transfer means which is continuously displaced in
      the same direction and at the same speed as the device which pushes the
      scraper during the time necessary to lay out a pattern in which the
      products are separated the desired distance from each other, the said
      pieces then being deposited during a subsequent stoppage of the transfer
      apparatus, on some conveyor rollers which are arranged between the
      transfer means with their axes parallel to the direction of advancement of
      the said transfer means, the deposition of the pieces being executed by
      lowering the transfer means below the horizontal line of the upper-most
      part of the rollers, whereas previously the said transfer means was above
      the highest part of the rollers, the sequences of movement are
      synchronized and controlled by product position detectors which send
      signals to an electrical controller which actuates the different movements
      of the components of the apparatus.
PAR  In order to achieve this result, arms provided with transfer means are
      pivoted near the scraper, and they oscillate vertically under the
      influence of a jack in such a manner that their free ends can rise with
      the transfer means above the horizontal line of the rollers of the
      conveyor, and can descend with the transfer means below the horizontal
      line of the conveyor.
PAR  One can improve the contact of the products with the transfer means by
      pre-gauging the downstream extremity of the scraper with the anticipated
      incline for depositing the products delicately on the transfer means which
      are, of preference, of the chain type, with two wheels at each extremity
      of the arm, one of the wheels being driven by a reducing motor.
DRWD
PAR  The following description gives a non-limiting example of the apparatus of
      the invention, which is illustrated by the attached illustrations, in
      which:
PAR  FIG. 1 is a view in plan of the apparatus,
PAR  FIG. 2 is an elevation view of the apparatus at the moment when a group of
      spaced bars is being prepared by the arm to descend onto the conveyor,
PAR  FIG. 3 is an elevational view of the apparatus at the moment when a new
      group of spaced bars is in preparation and/or the preceding group is
      deposited on the conveyor, and
PAR  FIG. 4 is a similar view to FIG. 2, showing a variant of the device.
DETD
PAR  The device includes the scraper 1, mounted on a support 2, and having guide
      rails 3 each ending at a ramp 4.
PAR  It also includes spaced arms 5, 6 and a roller conveyor 7 having
      longitudinally spaced rollers 71, 72, 73, 74, 75.
PAR  The arms such as 5 are pivoted around an axis 8, which is also the axis of
      a chain pulley 9 of a chain conveyor 10, which turns around a pulley 11.
      The chain pulley 9 is driven by a toothed-wheel 12, a chain 13, and a
      reduction motor 14. The vertical oscillation of the arm is actuated by a
      jack 15 which is supported on the ground 16 and is linked to the arm by
      the lug 17. The spaced arms 5, 6 and spaced conveyor chains 10 comprise
      elements of a feeding device, the longitudinal axis of which is transverse
      to the longitudinal axis of the roller conveyor 7.
PAR  The jack 15 can assume either the lowered position shown in FIG. 3 where
      the upper links of the transversely spaced chains 10 are positioned below
      the upper horizontal line of the conveyor rollers 7, or the position of
      FIG. 2 in which the jack 15 is extended and the transversely spaced arms
      5, 6 raised so that the upper links of chains 10 are positioned above the
      horizontal line of the upper-most part of the conveyor rollers 7. The arm
      5 is supported on one side of the axis 8, by the support 18.
PAR  The scraper 1 supports the sectional iron or bars 19 which are displaced on
      the rails 3 by means of a pusher carriage 23.
PAR  The position of the sectional iron 19 is detected, at the discharge side of
      the scraper 1 by the detector 20; it is detected on the arm 5 by the
      intermediate detector 21, and at the extremity of the arm 5, at the edge
      of the conveyor 7, by the detector 22. These detectors are simple feelers
      which function on the principle of magnetic induction.
PAR  The scraper 1 comprises at least two series of rails 3 and at least two
      arms such as 5 or 6 for supporting the sectional iron or bars 19 at at
      least two points. The arm 5 and the group of rails 3, with all their
      depending accessories, constitute a unity. The automatic conveying device
      generally includes a plurality of units, depending upon the length of the
      pieces being handled. The units are tied together by an electric and
      electronic control unit, not shown, and which is not a part of this
      invention, according to which the operator starts or stops the automatic
      cycle of the formation pattern and obtains the desired space between two
      products, a space which is determined by the detectors, as will be
      described hereinafter.
PAR  According to a variant (FIG. 4) the ramp 41 is arranged at an upward
      incline from scraper 1, and the location of detector 201 is displaced
      farther back on the arms 5 and 6. Furthermore, the scraper 1 is lowered in
      relation to the position that it had previously, in order that its
      horizontal line be practically the same as that of the upper-most part of
      arms 5 and 6. The surface of ramp 41 is roughened in a manner to brake the
      sectional iron 19. This variant is an improvement because of the fact that
      the sectional irons 19 are arranged rigorously parallel to each other on
      the chains 10.
PAR  In the case of the first version (FIGS. 1, 2 and 3) the operation of the
      device is as follows:
PAR  The products 19 being arranged in a single layer on the rails 3:
PAR  1. The products 19 lying on the rails 3 are pushed by the pusher carriage
      23 at a determined speed, and step by step, at a rate which corresponds to
      each division of the sectional iron 19. Simultaneously, the chains 10 are
      started at a speed Vo which is identical to the speed of advancement of
      the pusher carriage 23.
PAR  2. The first sectional bar 19 which makes contact with detector 20
      activates the latter and sends a signal to the control box. The products
      on the rails 3 continue to advance at the speed Vo and the first sectional
      bar 19 is inclined and slides on the ramp 4 to come into contact with
      chain 10 of arm 5.
PAR  3. The detector 20 feels the rear edge of the first sectional bar 19 which
      sends a signal to the control box which stops the pusher carriage 23
      during an instant of time T, which is a function of the interval between
      two products of the pattern being formed, this inverval having been
      determined by the operator of the control box. During this time, the chain
      10 continues to advance at the speed Vo.
PAR  4. At the end of the interval of time T, the pusher carriage 23 starts
      again to carry the products on the rails 3 at the speed Vo, and the cycle
      which was described in paragraphs 2 and 3 above, commences again. This
      thus continues until the contact with the detector 21 sends a signal to
      the control box which, in turn, determines the elevation of arm 5 by means
      of the jack 15.
PAR  5. The arm 5, covered with the sectional bars 19, is in an elevated
      position, the chain 10 is speeded up at a speed Vl which is faster than V0
      (of the order of 2V0), until the detector at the end 22 is actuated by the
      first bar 19. The detector 22 then causes the chain 10 to stop in such a
      way that the sectional iron is placed conveniently above the conveyor 7,
      and permits the lowering of arms 5 by means of the jack 15, and thus loads
      the conveyor 7.
PAR  6. The cycle can then be carried out again, either by the intervention of
      the operator of the control box, or automatically.
PAR  The function of the variant device according to FIG. 4 differs clearly from
      the function which was described above, as follows:
PAR  The products 19 being arranged in a single bed on the rails 3:
PAR  1. The products 19 lying on the rails 3 are pushed by the pusher carriage
      23 at a determined speed and step by step at a value corresponding to each
      section 19. Simultaneously, the chain 10 of the arm 5 is started at a
      speed Vo which is identical to the advancement speed of the pusher
      carriage 23.
PAR  2. The first sectional bar 19 which comes into contact with detector 201
      sets the latter in motion and sends a signal to the control box, stopping
      the pusher carriage 23 during an instant of time T which is a function of
      the width of the product and of the space between two products in the
      pattern formed, this interval having been determined by the operator of
      the control box. During this time, the chain 10 continues to advance at
      the speed Vo. 3. At the end of the period of time T, the pusher carriage
      23 starts again to carry the products on the rails 3 at the speed Vo, and
      the cycle which was described in paragraphs 1 and 2 above starts again. It
      continues until the contact with the detector 21 sends a signal to the
      control box, which in turn, determines the elevation of arm 5 by means of
      the jack 15.
PAR  4. The arm 5 covered with the sectional bar 19 is in a raised position, the
      chain 10 moves at the speed Vl which is faster than Vo (of the order of
      2Vo), until the end detector 22 is actuated by the first sectional bar 19.
      This detector 22 thus causes the stoppage of the chain 10 and permits the
      lowering of arm 5 by means of jack 15, and thus loads conveyor 7.
PAR  5. The cycle can then be carried out again, either by the operator of the
      control box, or automatically.
CLMS
STM  The following is claimed:
NUM  1.
PAR  1. In a device for placing elongated products, such as pieces of sectional
      iron, bars or the like, on a conveyor formed of longitudinally spaced
      rollers, said device having storage means for a plurality of such
      elongated products remote from the roller conveyor and a feeding device
      intermediate the roller conveyor and the storage means for advancing the
      products to the roller conveyor, said feeding device having a longitudinal
      axis transverse to the longitudinal axis of the roller conveyor and at
      least two transversely spaced longitudinally extending product transfer
      means,
PA1  a. a pusher for advancing the products from storage to the feeding device,
      said pusher being operable to advance the products in a direction
      transverse to their longitudinal axes at a selected rate of speed,
PA1  b. drive means for advancing the product transfer means of the feeding
      device at the same selected rate of speed at which the pusher advances the
      products from storage,
PA1  c. means for depositing the elongated products transversely on the feeding
      device transfer means one at a time at uniformly spaced time intervals, to
      provide on the transfer means as it advances a transverse layer of
      elongated products disposed in uniformly spaced parallel relation,
PA1  d. means automatically operable for transferring periodically selected
      quantities of the elongated products from the layer of products on the
      transfer means to the roller conveyor, while maintaining the uniformly
      spaced parallel relation of the elongated products, said automatic means
      including
PA2  i. actuating means for raising the feeding device to a position above the
      upper plane of the roller conveyor and for lowering the feeding device to
      a position below the upper plane of the roller conveyor and
PA2  ii. detector means on the feeding device to cause the actuating means to
      raise and lower the feeding device in response to the advancement of the
      layer of elongated products, said detector means being operable to cause
      the feeding device to be moved to its lower position to deposit elongated
      products on the roller conveyor, and to cause the feeding device to be
      moved to its upper position subsequent to the deposit of elongated
      products on the roller conveyor.
NUM  2.
PAR  2. Device as defined in claim 1, characterized by the fact that the feeding
      device is pivoted close to the storage means, and is pivotal vertically
      under the influence of a jack whereby its distal end may be disposed
      selectively above and below the upper plane of the roller conveyor.
NUM  3.
PAR  3. Device as defined in claim 1, characterized by the fact that the means
      for depositing the elongated products on the feeding device transfer means
      one at a time includes product positioning means operable to deposit the
      two extremities of each elongated products simultaneously on the transfer
      means.
NUM  4.
PAR  4. Device as defined in claim 3, characterized by the fact that said
      product positioning means includes braking surfaces for braking the
      advance of the elongated products from storage to the feeding device,
      whereby the products advance only under the force of the pusher.
NUM  5.
PAR  5. Device as defined in claim 4, characterized by the fact that the braking
      surfaces are rough surfaces.
NUM  6.
PAR  6. Device as defined in claim 4, characterized by the fact that the braking
      surfaces are constituted by rising ramps.
NUM  7.
PAR  7. Device as defined in claim 4, characterized by the fact that the braking
      surfaces are constituted by a rising ramp whose surface is rough.
NUM  8.
PAR  8. Device as defined in claim 1, characterized by the fact that the
      transfer means is of the chain type, with toothed-wheels at each extremity
      of the feeding devices, one of these wheels being connected to a drive
      motor.
NUM  9.
PAR  9. Device as defined in claim 1, characterized by
PA1  a. means for operating the pusher intermittently, for advancing the
      products from storage one at a time,
PA1  b. product positioning means operative to deposit the two extremities of
      each elongated product simultaneously on the feeding device transfer means
      and
PA1  c. the means for depositing the elongated products on the feeding device
      transfer means one at a time includes product position detector means
      automatically operative to deactivate the pusher for a selected interval
      of time.
NUM  10.
PAR  10. Device as defined in claim 1, characterized by the fact that the
      detector means are of the magnetic type.
NUM  11.
PAR  11. Device as defined in claim 1, characterized by three separate product
      position detector means associated with the feeding device transfer means,
      said separate detector means comprising
PA1  a. a first detector means associated operatively with the pusher to
      deactivate the pusher temporarily following deposit of an elongated
      product on the feeding device transfer means,
PA1  b. a second detector means operative to control the actuating means to
      raise the feeding device as the transfer means advances the layer of
      products toward the roller conveyor and
PA1  c. a third detector means disposed in the proximity of the roller conveyor
      and operative to deactivate the feeding device transfer means and to lower
      the feeding device to deliver a selected quantity of elongated products to
      the roller conveyor.
NUM  12.
PAR  12. Device as defined in claim 11, characterized by the second detector
      means being operative to increase the speed of the transfer means to
      increase the rate of advance of the layer of products to the roller
      conveyor.
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ABST
PAL  Document handling apparatus for use in connection with a demand type of
      document feed for supplying documents which are operator-fed in bulk, to a
      demand type of document separator, including apparatus for fluffing and
      jogging the documents. The fluffing is obtained by a differential increase
      in the speed of the transport of documents coupled with the use of
      document stabilizers which are automatically inserted into and retracted
      from the document stack while the documents are passing through a jogging
      station which includes apparatus for jogging the documents in two
      directions.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to document handling apparatus and in
      particular to an in-line automatic apparatus for fluffing and jogging
      documents which are loaded in bulk to be fed to a demand type of document
      feed.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The prior art is replete with jogging apparatus in which loads of documents
      are placed within the apparatus, jogged so that one or two edges are
      aligned in the bundle, and the bundle thereafter removed. The use of such
      off-line jogging apparatus requires an extra undesirable step in the
      handling of documents by an operator.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide an improved
      document handling system incorporating an in-line document jogger.
PAR  Another object of the invention is to provide an improved document handling
      system permitting bulk loading of the system and in-line jogging of the
      documents.
PAR  Still another object of the invention is to provide an improved document
      handling system in which an in-line jogging station is provided together
      with document stabilizing means for stabilizing the documents during the
      jogging.
PAR  A further object of the present invention is to provide document handling
      apparatus including an on-line jogging station utilizing different
      transport speeds to permit fluffing of the documents to permit jogging.
PAR  Still another object of the invention is to provide document handling
      apparatus including an on-line jogging station having a plurality of
      stabilizing elements which are automatically inserted in the document
      stack at the entrance to the jogger, move with the stack and are
      automatically removed from the stack at the exit of the jogger.
PAR  In practicing the invention, a document handling apparatus comprises a bulk
      document loading area, a jogging station, and a take-away area. The bulk
      loading area comprises an area in which an operator places a bundle of
      documents to be processed. Document transport means including a plurality
      of double-sided timing belts carry the bulk documents to a fluffing and
      jogging station. At this point a speed change is provided to increase the
      velocity of the documents to permit fluffing and jogging to be
      accomplished. Also a plurality of document stabilizers are provided at the
      fluffing and jogging station, comprising a number of spaced-apart movable
      blades arranged so that they may be inserted into the document stack,
      moved forward with the stack at the same speed as the documents upon
      entering the station, and withdrawn or retracted from the document stack
      at the exit point of the fluffing and jogging area. A take-away or removal
      transport means such as a plurality of double-sided timing belts is
      provided at the take-away area, and the velocity is lower than the
      document velocity in the jogging area, so that as the documents are
      removed from the jogging area, they are recompacted, however, with their
      edges now aligned both horizontally and vertically. The documents are
      thereafter delivered to a demand type separator station.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention, as illustrated in the accompanying
      drawings.
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PAC  GENERAL DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, FIG. 1 is a schematic perspective view of a document
      handling apparatus illustrating generally a preferred form of the present
      invention;
PAR  FIG. 2 is a schematic illustration of the arrangement of the document
      stabilizers employed in the present invention;
PAR  FIGS. 3A and 3B illustrate the tapered rolls used at the end of the
      document stabilizing elements;
PAR  FIG. 4 illustrates the manner in which these tapered rolls operate on the
      documents; and
PAR  FIG. 5 is a schematic drawing showing the construction of the jogger
      platform.
DETD
PAR  Similar reference characters refer to similar parts in each of the
      different views.
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the drawings, a portion of a document handling
      apparatus incorporating the present invention is illustrated schematically
      in a perspective type of view. Documents to be fed to the system are
      loaded in bundles manually by an operator in an operating loading area to
      the right in the view as shown. The document bundles are placed in an
      upright position resting on the upper surface of two horizontally running
      timing belts 1 and 3, provided with teeth on the outer surface thereof as
      well as on the inside surface where they mesh with the appropriate driving
      pulleys. The bundles are also in contact with vertically disposed belts 5,
      7 and 9, so that the documents are maintained in position both
      horizontally and vertically by the teeth on the outer surface of the
      belts. The belts, under the control of document sensing means associated
      with the demand separator, move from the operator loading area from right
      to left as seen in the drawing, to the jogging and fluffing area which is
      at the center portion of the drawing.
PAR  At the entrance to the jogging and fluffing area, horizontal fluffing rolls
      11 and 13 and vertical fluffing rolls 15 and 17 are provided. These rolls
      have a serrated outer circumferential surface, and as can be seen from the
      drawing, are designed to have a periphery which will engage the oncoming
      documents and raise the documents vertically above the level of the teeth
      in the timing or transport belts. Also the vertical fluffing rolls 15 and
      17 will move the documents in a horizontal direction outwardly from the
      teeth in the vertically disposed belts 5, 7 and 9. These fluffing rolls
      may be driven by or mounted on the same shaft on which are mounted the
      pulleys for engaging the timing belts, so that they are operated in
      synchronism with the belts except for the fact that the peripheral speed
      of the rolls is higher than the velocity of the belts. It will be apparent
      that the fluffing rolls therefore cause the documents not only to be
      disengaged from the teeth in the horizontal and vertical transport belts,
      but also since the peripheral speed is higher than the velocity of the
      belts, the documents will have a higher velocity imparted to them at the
      entrance of the fluffing area, thereby reducing their compaction to enable
      the subsequent jogging to be successfully carried out.
PAR  In the fluffing and jogging area, a horizontal jogging plate 19 and a
      vertical jogging plate 21 are provided, arranged to be vibrated at a
      relatively high frequency in a direction perpendicular to their area. Such
      vibration acting on the bottom and side edges of the documents will cause
      the edges of the respective documents to be jogged or vibrated into
      alignment with each other, so that subsequently, proper feeding of the
      documents can take place with respect to the aligned bottom and rear
      edges. The structure of the vibrating plates and mechanism by which they
      are vibrated will be described hereinafter.
PAR  To carry the documents through the fluffing and jogging area, a plurality
      of document stabilizers or separators 23 are provided, each of which may
      be described as a thin curved blade of material adapted to be inserted in
      an arcuate path in the bundle of documents as it is moving through the
      fluffing and jogging area, to travel with the documents as they move from
      right to left at the same relative speed as the peripheral speed of the
      fluffing rolls, and to thereafter be retracted from the document stack at
      the time the documents are leaving the fluffing and jogging area.
PAR  The document stabilizers are carried on chain tracks arranged so that the
      stabilizers are carried around in an endless loop, and are extended when
      each of the stabilizers arrives at the entering end of the jogging and
      fluffing area, and retracted to travel around the return chain path when
      the stabilizers reach the exit point of the jogging area. Each of the
      stabilizers is arranged to ride in a carriage which includes rollers that
      allow the stabilizer to be rotated from a retracted to an extended
      position, by a suitable actuating means which, at the entrance to the
      jogging area, contacts a retracted stabilizer and moves it to an extended
      position, and when the stabilizer reaches the exit area, another actuator
      contacts the stabilizing element and rotates it to the retracted position
      to thereafter travel around the return portion of the chain drive.
PAR  Referring to FIG. 2 of the drawings, there is shown, in schematic form, the
      arrangement of the document stabilizers as described above in connection
      with FIG. 1. Only one stabilizer element and its associated cart are shown
      in FIG. 2, for the sake of clarity, but it is understood a plurality of
      such stabilizer elements and associated carts are provided at equally
      spaced intervals. The stabilizer element 23 is an arcuate shaped piece of
      material, such as steel or other suitable metal, carried on a cart 31,
      which is mounted on endless chains 33 and 35 which are supported by
      suitable tracks and driven by pulleys arranged to mesh in sprocket fashion
      with the chains, as can be seen from the drawing. The carts are arranged
      so that they move at a uniform velocity, which as previously pointed out,
      is equal to the peripheral speed of the fluffing rolls, so that the
      document stabilizers maintain the spacing of the documents to permit
      adequate jogging and to supply support to the documents while the jogging
      operation is taking place. Each of the carts 31 is equipped with rollers
      or bearings 37 which engage the edges of the stabilizing element and
      retain it in place while permitting the element to be rotated into its
      extended position or to be retracted therefrom. A suitable detent means,
      not shown in the drawing, is provided to maintain the element in either
      its inserted or retracted state.
PAR  It will be noted that the end of the stabilizing element which is contacted
      by the insertion arm 39 has a small roller 41 provided thereon, so that
      the contact between the paddle-shaped end of the insertion arm 39 and the
      document stabilizer 23 is one of rolling motion to prevent wear of the
      stabilizing element or the insertion arm.
PAR  The insertion actuator or arm is carried on a shaft 43 which is
      periodically oscillated through an arc by a prime mover 45, which may
      comprise a motor and crank arrangement or other device for providing
      precisely timed oscillations to shaft 43. Thus, when one of the
      stabilizing elements 23 moves by the location of the insertion arm 39, the
      shaft 43 will oscillate and the surface at the end of the insertion arm
      will contact the roller 41 on the stabilizing element, and push that end
      downwardly, which causes the opposite end of the stabilizing element to
      rotate outwardly and upwardly to thereby be inserted in the documents
      entering and moving through the jogging station.
PAR  At the end of the chain track mechanism at the area of exit from the
      jogging station, another actuating arm 47 is attached to the shaft 43, and
      at the time the stabilizer assemblies pass this point, the oscillation of
      shaft 43 will cause the part 47 to engage the roller 41 on the stabilizing
      element and thereby cause the stabilizing element to be rotated in a
      direction so it is retracted from its operative position.
PAR  After the stabilizing elements have been retracted at the exit point of the
      fluffing and jogging area, the recirculating carts pass over the exit end
      pulleys, and ride back to the entrance point of the jogging area on the
      underside of the chain track drives, as will be apparent from the drawing.
PAR  As can be seen from the drawings, the sprocket wheels or pulleys at the
      righthand end of the chain track drive assembly are connected together by
      an idler shaft and revolve in synchronism. The sprocket wheels at the
      lefthand end of the chain track assembly are connected together on a drive
      shaft driven by means 34, such as a motor, which is synchronized with the
      rotation of the fluffing rolls 11 and 13, previously described.
PAR  Referring to FIGS. 3A and 3B of the drawings, there is illustrated the
      tapered rolls located at the end of each of the document stabilizing
      elements, which enable the stabilizing elements to be inserted in a
      nonperpendicular deck. This minimizes the possibility of pushing documents
      out of the mechanism. As shown in FIGS. 3A and 3B, the tapered roll 51 is
      mounted on a short shaft 53 and arranged for rotation at the end of the
      document stabilizer in such a way that as the document stabilizer is
      inserted into the deck and moves upwardly, the documents are contacted by
      the roller so that the tip friction between the document stabilizer and
      the documents is reduced sufficiently that the documents are not pushed
      out of the stack. The document stabilizing roller is tapered as shown and
      is mounted on a short pin or shaft in an opening at the outer tip of the
      document stabilizer as can particularly be seen in the sectional view FIG.
      3B.
PAR  FIG. 4 shows the relationship between the document stabilizer 23, the
      tapered roll 51, and the nonvertical stack of documents which are being
      advanced toward the fluffing station. It will be apparent from the drawing
      that the stabilizer element will minimize the pushing of documents out of
      the mechanism since the primary contact of the documents is with the
      rotatable roller 51 rather than friction against the stabilizer element 23
      itself.
PAR  FIG. 5 is a schematic illustration of an end view of the horizontal jogger
      mechanism employed in the present invention. To properly jogger the
      documents into suitable edge alignment, the jogger plates such as 19 are
      vibrated at a relatively high frequency in a direction perpendicular to
      the plane of their surface, as shown in FIG. 5. It is essential that the
      motion of the jogger plate be restricted to vibrations substantially
      perpendicular to the plane of the plate surface, and to have relatively
      little vibration in directions parallel to the plate surface.
PAR  Plate 19 is supported by support 61, which in turn is attached to side
      plates 63 and 65 by suitable elastic flexure members 67 and 69, which may
      constitute strips of rubber of appropriate dimensions. It will be apparent
      that this structure will allow the motion of plate 19 in a vertical
      direction and will not permit any appreciable motion in a horizontal
      plane. Supoort 61 has attached thereto metal flexure springs 71 and 73,
      which may be made of steel, for example. These rods are attached to the
      support 61 at their one end, and have their other ends clamped in
      eccentric elements 75 and 77, which are arranged for rotation on the
      shafts 79 and 81. The eccentric elements are designed and arranged so that
      they provide an oscillation of the connecting flexure springs 71 and 73
      through a given amplitude when the shafts 79 and 81 are rotated. Rotation
      of these shafts may be obtained by the use of pulleys 83 and 85, together
      with a timing belt 87 connecting the pulleys 83 and 85 with a drive pulley
      89. It will be apparent that rotation of the drive pulley 89 will cause
      similar rotation of the pulleys 83 and 85 and the shafts 79 and 71,
      whereby the eccentric elements 75 and 77 are orbited and transmit their
      motion through the connecting elements 71 and 73 to the support 61,
      thereby causing oscillation of jogger plate 19. Since a timing belt
      connects pulleys 83 and 85, their rotation will be maintained in phase to
      provide in-phase operation of elements 71 and 73.
PAR  One such pair of eccentrics and connecting elements is provided at each end
      of the motion plate 19 to thereby provide uniform vibratory motion to the
      plate.
PAR  A second jogging mechanism similar to that shown in FIG. 5 is also provided
      for the vertical jogger plate 21, the parts being aligned at 90.degree. to
      the arrangement shown in FIG. 5 as required by the layout of the
      mechanism.
PAR  Returning now to FIG. 1, at the lefthand or exit end of the fluffing and
      jogging area, the stabilizer elements 23 are withdrawn at the exit end of
      the jogging area, and at this point the exiting documents are moved by
      sets of vertical and horizontal exit belts 91, 93, and 95 and 97,
      respectively. These move at the same peripheral speed as that of the
      fluffing rolls.
PAR  These belts then deliver the jogged documents to the separator area feed
      belts including horizontal belts 101 and 103 and vertical belts 105 and
      107. The separator feed belts run at a speed slightly faster than the
      belts 1, 3, 5, 7 and 9 which deliver the documents to the fluffing area,
      but slower than the delivery belts 91, 93, 95, 97, so that the documents
      are again compacted and sent onward to the separator area to the left of
      the jogging and fluffing station as shown in FIG. 1.
PAR  The entire assembly as seen in the view of FIG. 1 is tilted somewhat from
      the vertical, so that the documents have a tendency to remain in place
      resting against the transport belts, instead of falling forwardly and out
      of the transport area. It is apparent from the foregoing that the present
      invention provides an improved document transport system in which an
      in-line jogging and fluffing station is provided, which provides for
      in-line jogging of batches of documents which are bulk loaded into the
      document transport. Such an arrangement is advantageous in that it reduces
      the number of times that a batch of documents must be handled prior to
      machine processing. The fluffing is accomplished by document stabilizing
      elements which are arranged to be inserted and retracted from the
      documents as they move through a jogging station comprising vibrating
      platforms operating in orthogonal planes.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Document handling apparatus comprising
PA1  a first plurality of endless belts moving in synchronism and with a first
      velocity upon which the documents are loaded in bulk and are disposed
      substantially vertical,
PA1  fluffing means to which the documents are delivered by said belts for
      accelerating the documents to a second velocity greater than said first
      velocity to thereby decompact the documents,
PA1  a plurality of separate document stabilizing blades insertable one at a
      time between groups of said documents for stabilizing the motion of said
      decompacted documents, moving with said documents at said second velocity,
      and removable one at a time from between said groups of documents,
PA1  actuating means for cyclically inserting and removing said stabilizing
      elements from said documents,
PA1  jogging means for jogging said documents to align at least one edge of the
      documents, while being stabilized by said stabilizing elements,
PA1  and a second plurality of endless belts moving in synchronism and with said
      first velocity for receiving and recompacting the jogged documents.
NUM  2.
PAR  2. Document handling apparatus as claimed in claim 1, further characterized
      by said fluffing means comprising a plurality of rolls operating in
      synchronism with said first plurality of belts, and provided with a
      serrated periphery having a peripheral velocity greater than said first
      velocity, said rolls being positioned to receive the documents from said
      first plurality of belts and deliver them to said jogging means.
NUM  3.
PAR  3. Document handling apparatus as claimed in claim 1, further characterized
      by said document stabilizer elements comprising a plurality of retractable
      blades spaced apart and moving at said second velocity, and activating
      means for inserting the blades into the stack of documents at the location
      of said fluffing means and for retracting said blades at the exit from
      said jogging means.
NUM  4.
PAR  4. Document handling apparatus as claimed in claim 1, further characterized
      by said jogging means comprising a horizontal and a vertical jogging
      plate, and vibrating means for vibrating said plates in a direction
      perpendicular to the plane of their surface.
NUM  5.
PAR  5. Document handling apparatus as claimed in claim 1, further characterized
      by said stabilizing elements having roller means mounted thereon for
      engagement with the documents when said stabilizers are inserted in the
      document stack.
NUM  6.
PAR  6. Document handling apparatus as claimed in claim 1, further characterized
      by having a plurality of cart means, one for each of said stabilizer
      elements, and endless chain belt means to which said cart means are
      attached, for transport of said stabilizer elements from the location of
      said fluffing means to the exit of said jogger means, said stabilizer
      elements being mounted on said carts for movement from a retracted
      position to an extended position where the stabilizing elements are
      inserted in the document stack.
NUM  7.
PAR  7. Document handling apparatus comprising, in combination
PA1  a first belt conveyor for conveying compacted documents loaded in bulk on
      said conveyor at an operator station, with a first velocity,
PA1  a fluffing and jogging station to which said bulk documents are delivered
      by said first belt conveyor,
PA1  fluffing means located at said station for accelerating said documents
      individually or in small numbers from said first velocity to a second
      velocity higher than said first velocity,
PA1  jogging means located at said station for vibrating said documents to align
      at least one edge of the documents,
PA1  document stabilizing means located at said station and movable at said
      second velocity for moving the documents past said jogging means, and
PA1  a second belt conveyor for conveying said documents away from said station
      at said first velocity.
NUM  8.
PAR  8. Document handling apparatus as claimed in claim 7, further characterized
      by said fluffing means comprising a plurality of horizontal and vertical
      fluffing rolls having serrated peripheries with a peripheral velocity
      equal to said second velocity for engaging said documents and accelerating
      them to said second velocity.
NUM  9.
PAR  9. Document handling apparatus as claimed in claim 7, further characterized
      by said document stabilizing means comprising a plurality of stabilizer
      blades,
PA1  a corresponding plurality of carts one for each of said stabilizer blades,
PA1  first and second endless chain belts arranged to ride in synchronism on
      drive and idler pulleys,
PA1  driving means connected to said belts for driving said belts,
PA1  said carts being attached to said belts to move around a closed path having
      at least one portion adjacent said jogging means, and said blades being
      movably attached to said carts, and
PA1  actuating means cyclically movable to extend and retract said stabilizer
      blades.
NUM  10.
PAR  10. Document handling apparatus as claimed in claim 9, further
      characterized by said stabilizer blades each having an anti-friction
      roller at the end of the blade which contacts the documents.
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ABST
PAL  A continuous belt system engaging and holding for parallel motion multiple
      layers of fabric. A pair of belts holds the layers along their edges in
      stacked spaced relationship while the layers pass through tufting and
      foaming stations in the manufacture of three-dimensional reinforced
      insulation.
BSUM
PAC  BACKGROUND OF THE PRESENT INVENTION
PAR  Natural gas from foreign countries is shipped to this country in liquid
      form to save space. In its gaseous state its volume is on the order of 500
      times its liquid volume. To retain the gas in its liquid form it must be
      retained at cryogenic temperatures. Some temperatures, however, cause
      imbrittlement of the storage tank steel. Hence the need for improved
      insulation in the tanks.
PAR  Foam insulation layers were first applied to the tank interior walls.
      However, as the liquid gas would penetrate the foam, heat up and expand,
      the gas would rip off chunks of insulation. The problem was solved by
      using a matrix of three-dimensional fibers within the foam and bonded
      securely to the tank wall. Several methods have been devised in
      accomplishing this.
PAR  One method of manufacturing a three-dimensional fabric reinforced foam
      insulation is to position several layers of open weave fabric netting in
      spaced stacked relationship and lock the layers together with tufting
      stitching. This passes multiple loops of threads through the layers.
      Thereafter the foaming operation embeds the matrix in the foam insulation
      which then may be used after it has cured.
PAR  In making blocks of insulation, the multiple layers of fabric are suspended
      in stacked frames of desired size. After foaming and curing, the frames
      are cut from the blocks and cleaned for re-use or are discarded. This is a
      low-volume production technique.
PAR  A high-volume endless strip of insulation on a low cost production basis is
      needed to place the aforementioned three-dimensional insulation in a
      financially competitive position. A method and apparatus must be developed
      for this purpose.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In accordance with the present invention an endless belt system is designed
      to grip the side edges of multiple stacked and spaced fabric from multiple
      rolls of open weave netting. The belt system moves the fabric past the
      tufting machine and foaming station and supports the fabric in position
      until the insulation has cured.
PAR  The endless belts on either side of the fabric have horizontal parallel
      slits which are spread open by making a convex bulge with rollers between
      the top and bottom edges of the belt. At a point downstream the belts are
      caused to have a concave curvature whereby the slits close over and
      frictionally grip the fabric edges. The belts on either side transport the
      layers of fabric along the various work stations to the downstream end of
      operations. At this point the belts are caused to bulge in a convex
      direction to open the slits at that point so the belts disengage with the
      edges of the fabric. The belts make the return loop while the fabric
      continues downstream to its terminal station. Devices are positioned along
      the path of the belts to cause them to be concave or convex as desired and
      to stretch the fabric taut between the belts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the belt system for moving multiple spaced
      layers of fabric;
PAR  FIG. 2 is an elevational view along line 2--2 of FIG. 1 showing a device
      for effecting a convex bulge in a belt; and
PAR  FIG. 3 is an elevational view along line 3--3 of FIG. 1 showing a device
      for effecting a concave bulge in the belt.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENT
PAR  Referring now to FIG. 1 there is shown a plurality of stacked spaced layers
      10, 12, 14, 16 of fabric netting of the type used in making reinforced
      foam insulation such as set forth in copending applications Ser. No.
      385,314 and Ser. No. 385,313 filed 3 Aug. 1973. These layers preferably
      are from rolls to form an endless supply or they may be of finite length.
      They may be flexible or limp or they may be rigid or semi-rigid as
      desired.
PAR  A pair of endless belts 18, 20 have substantially vertical parallel
      surfaces 22, 24 which define the path of travel of fabric layers 10, 12,
      14 and 16. This path, shown by arrow 17 and defined by belt surfaces 22
      and 24, guides the layers through various stations, not shown. At one
      station they are connected yet spaced with vertical fibers or threads to
      form a three-dimensional reinforcing network for foam insulation. Another
      station may be where the foam "boils" up through the network and cures as
      a composite. Still another station may be where the composite is cut or
      trimmed to some desired size. Further information concerning this system
      may be had with reference to copending application Ser. No. 402,721 filed
      2 Oct. 1973, now U.S. Pat. No. 3,881,972. The purpose of belts 18, 20 is
      to grip and maintain the layers in position and move them through the
      various stations until they become self-supporting in the insulation
      composite. Thereafter the belts make a convex bulge 26 at the end of the
      belt path to open belt slits 28, 30, 32 and 34 and to free their grip on
      the layer edges 36, 38, 40 and 42 and return.
PAR  Rollers 44 on both sides of the layers define the commencement of the path
      of travel. These rollers are mounted on a vertical axis and have enlarged
      circumferences at their mid-sections 46 to maintain flexing of the
      mid-portion of the belts 18, 20 inwardly relative to the path of travel. A
      convex bulge device 48 at a point just before where the belts enter the
      path of travel initiate the convex flexing to enlarge the opening of the
      slits as will be explained when reference is had to FIG. 2. A concave
      curvature device 50 such as shown in FIG. 3 is positioned just beyond the
      start of the path of travel. This device closes the slits over the fabric
      edges to grip and frictionally retain the layers 10, 12, 14 and 16 in
      desired spaced relationship throughout their path of travel. Rollers 52 at
      the end of the path of travel are similar to rollers 44 in that they also
      have enlarged circumferences at their midpoint 54. Rollers 56, 58 and
      others not shown, are of uniform circumference since flexing is not
      desired at these positions along the endless belt loop.
PAR  Reference is now made to the convex bulge device 48 shown in FIG. 2. Here
      is shown in section the endless belt 18 with five slits 28, 30, 32, 34 and
      34A, instead of the four slits in FIG. 1. This is to illustrate that any
      number may be used. These slits preferably are equally spaced but they
      need not all be required for all applications. Any combination of layers
      10, 12, 14, 16 and 16A may be used as desired. Belt 18 preferably is made
      of any rubber or plastic composition and preferably has a fabric
      reinforcement 60 at the apexes 62 of the slits to prevent tearing or other
      damage as the belt is flexed in use.
PAR  The convex bulge device 48 consists of a pair of rollers 64, 66 so
      positioned that the upper belt edge 68 is sandwiched in between.
      Preferably these rollers are mounted at their upper ends to a support
      bracket 70. Similarly, a pair of rollers 72, 74 are positioned so that the
      lower belt edge 76 is sandwiched in between. These rollers are mounted at
      their lower ends to a support bracket 78. Brackets 70 and 78 are pivotally
      connected at their rear ends 80, 82 to a support member 84 which is
      positionable relative to belt 18 by mounting 86.
PAR  The convex bulge of belt 18 is accomplished by a pair of centrally disposed
      pressure rollers 88, 90 urged against the midportion 92 on the backside of
      belt 18. These rollers are mounted on an axially extendable rod 94 over
      which is mounted a spring 96. This spring urges against support member 84
      and a stop 98 on rod 94 and thus urges rollers 88, 90 against the
      midportion 92 to flex the belt 18. This widens slits 28, 30, 32, 34, 34A
      and permits entry into the slits of the layer edges at the commencement of
      the path of travel of the layers. A nut 100 threadedly mounted on the end
      of rod 94 may be used to adjust the axial movement of the rod and thus the
      pressure of the rollers 88, 90 on belt 18 for purpose of flexing.
PAR  As previously mentioned, a concave curvature device 50 is positioned on
      belt 18 to cause the belt to grip the edges of the layers and move them
      along a path of travel. One such device is shown in FIG. 3. Here a pair of
      rollers 102, 104 have the upper end 68 of belt 18 sandwiched in between
      and another pair of rollers 106, 108 have lower end 76 of belt 18
      sandwiched in between. These pairs of rollers are mounted on support
      brackets 110, 112 respectively. These support brackets are connected to
      support member 114 at pivot points 116 and 118. Support links 120, 122 are
      attached to brackets 110, 112 respectively and are adjustably positionable
      on support member 114 to vary the angle of the pairs of rollers as they
      bear against the ends 68 and 76 of belt 18. This changes the amount of its
      concave curvature, as desired, to close the slits 28, 30, 32, 34 and 34A
      to retain the edges of layers 10, 12, 14, 16 and 16A. This keeps the
      layers moving with the belt. A mounting 124 attached to support member 114
      may be used to move the device 50 laterally to regulate the tension on the
      layers as they are subjected to vertical stitching, foaming and other
      operations at the various workstations.
PAR  Having described an illustrative embodiment, other variations and
      modifications will occur to those skilled in the art and it is to be
      understood that these alterations are to be construed as part of the
      present invention as set forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A continuous belt systems for holding multiple layers, said system
      comprising:
PA1  a pair of endless belts having vertical parallel spaced surfaces defining a
      path of travel;
PA1  said surfaces having gripping means thereon to retain multiple stacked and
      spaced layers therebetween;
PA1  said gripping means comprising closed slits in said surfaces;
PA1  means applying said gripping means to said layers at the start of said path
      of travel by opening said slits to permit insertion therein of edges of
      said layers and closing said slits after said edges are inserted;
PA1  said means for opening said slits comprising a convex bulge device for
      flexing the midportions of each belt inwardly toward each other including
      rollers on the top and bottom inside edges of said belts and rollers at
      the midsection of said belts on the outside surface thereof; and
PA1  means releasing said layers from said gripping means at the end of said
      path.
NUM  2.
PAR  2. A continuous belt system as set forth in claim 1 wherein said means
      closing said slits is a concave curvature device flexing the midportions
      of each belt outwardly from each other, said concave curvature device
      including rollers on the top and bottom edges of said belts angularly
      oriented relative to the plane of said belt and bearing against said belt
      to flex said belt midportion outwardly.
NUM  3.
PAR  3. A continuous belt system as set forth in claim 1 wherein said rollers
      are moveable relative to each other and to the path of travel of said
      belts.
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ABST
PAL  An article conveyor comprises a pair of belts, each trained around a pair
      of pulleys, with straight stretches between said pulleys. The four
      straight belt stretches are coplanar and parallel. One pulley for each
      belt is so driven that the belts move in opposite orbital directions.
      Corresponding stretches of the two belts are confined to lengthwise
      motion, as by additional freely rotatable pulleys or by a rail-like member
      for each of said stretches having a groove in which the belt is slidingly
      received. Each article carrier has belt engaging portions with long,
      laterally oppositely opening grooves in which said belt stretches are
      received, so that said stretches support and drive the carrier.
BSUM
PAR  This invention relates to conveyors by which various kinds of articles can
      be moved along a defined path, and the invention is more specifically
      concerned with an unusually versatile article conveyor that is
      advantageously adaptable to a wide variety of installations and to the
      transportation of many different kinds of articles.
PAR  A number of requirements can be set down for a satisfactory article
      conveyor. The importance of any one of these requirements depends upon the
      function and purpose of the particular conveyor to which it is applied,
      but complete satisfaction of all of the requirements is very desirable in
      every conveyor system. For example, a conveyor installed in a hospital,
      for transporting medical equipment, linens and the like, must operate with
      nearly absolute silence. Quiet operation is not so important in a conveyor
      used for transporting workpieces to and from machine tools in a
      manufacturing plant; but even in a machine shop a quietly operating
      conveyor is greatly preferable to a noisy one.
PAR  Again, a conveyor used for bringing workpieces to and from an automatic
      machine tool should lend itself to precise positioning of each workpiece
      at the machine, so that the operation performed there will be accomplished
      accurately. While the capability for such accurate positioning may not be
      of great importance in a hospital conveyor, it is certainly not
      undesirable, especially if it can be attained without any offsetting
      disadvantage.
PAR  Other attributes that are either essential or very desirable in an article
      conveyor suggest themselves when consideration is given to the wide range
      of applications for such conveyors. Thus conveyors can be used for
      stocking goods in a central warehouse and for distributing goods from
      their storage locations in a warehouse to points of sale or shipment; for
      transporting luggage at airports and similar terminals; for sorting and
      distributing mail at postoffices and for moving mail, documents and
      parcels within large buildings; and for transporting people within a large
      building or a part of a city.
PAR  From these and other conveyor applications that they suggest, it is
      apparent that a good article conveyor should be so arranged that its
      carriers or transporting units can have any of a variety of forms, as, for
      example, flat plates or trays, boxes or bins, hooks or slings, or
      specially designed fixtures for holding piece parts to be operated upon by
      a machine tool. Preferably, too, the conveyor apparatus should be so
      arranged that different kinds of transporting units can be used with its
      drive means, and can be randomly distributed along its length.
PAR  It is essential in many conveyor applications that there be provision for
      routing carriers of the conveyor system along alternate paths, to or from
      any selected one of several possible stations, and that the routing of
      carriers at junction and diversion points be accomplished quickly,
      smoothly and without interfering with the movement of other nearby
      carriers. In this connection it is often necessary that a conveyor system
      be capable of moving articles for a distance along a substantially
      horizontal path at one level and then transporting them up or down to
      another path portion or to a storage location at another level. In some
      cases, too, it may be very important that an article conveyor be capable
      of changing the orientation of an article and of effecting such change in
      orientation simultaneously with transportation of the article along a part
      of the conveyor path so that the article is in a desired orientation
      immediately upon arrival at its destination.
PAR  Another requirement that is important in some applications is that the
      conveyor system be compatible with other traffic. In such cases it may be
      necessary that the carriers of the conveyor system shall move along the
      same floor or pavement as other vehicles and pedestrians.
PAR  There are also installations in which it is important that the carriers be
      capable of starting, stopping and changing direction smoothly, silently
      and without shock to articles being transported.
PAR  Another requirement that is perhaps important in every application but has
      seldom been satisfied in prior practice is that a conveyor system be so
      arranged as to lend itself to modular construction, so that the
      requirements of almost every conceivable installation can be met by a
      combination of standardized units of a limited number of different
      configurations. Such modular design, when achieved, obviously makes for
      low cost of the conveyor system and also has the advantage of expediting
      and simplifying its installation.
PAR  It goes without saying that low cost, simplicity, sturdiness, reliability,
      and ease of maintenance and repair are important requirements of any
      article conveyor.
PAR  Prior article conveyor systems have been able to meet some of these
      requirements satisfactorily, but heretofore no article conveyor has been
      able to fulfill all of them so completely and satisfactorily as to commend
      itself to every conceivable type of application.
PAR  It is therefore an object of the present invention to provide an article
      conveyor system which very satisfactorily meets all of the above stated
      requirements, and which is thus usually versatile, being suitable for such
      widely diversified environments as hospitals, machine shops and offices.
PAR  Another object of this invention is to provide an article conveyor system
      which does not involve the chain drive that has heretofore characterized
      many such conveyors, and which therefore avoids the noise, complexity,
      heavy weight and high cost that inhere in chain conveyors, without,
      however, sacrificing any of the advantages of chain conveyors such as
      efficiency, versatility, durability and adaptability to widely varying
      applications.
PAR  With these observations and objectives in mind, the manner in which the
      invention achieves its purpose will be appreciated from the following
      description and the accompanying drawings, which exemplify the invention,
      it being understood that changes may be made in the specific apparatus
      disclosed herein without departing from the essentials of the invention
      set forth in the appended claims.
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PAR  The accompanying drawings illustrate several complete examples of
      embodiments of the invention constructed according to the best modes so
      far devised for the practical application of the principles thereof, and
      in which:
PAR  FIG. 1 is a top perspective view of one module of an article conveyor
      system that embodies the principles of the present invention, equipped
      with an article carrier which is capable of transporting any of a wide
      variety of types of articles but which is particularly intended to serve
      as a fixture plate to which a workpiece can be secured by means of stops
      and clamps;
PAR  FIG. 2 is a bottom perspective view of the article carrier or carriage of
      the embodiment of the invention shown in FIG. 1;
PAR  FIG. 3 is a view in cross section of an embodiment of the invention similar
      to that illustrated in FIG. 1 but with the carriage driving and supporting
      means of the conveyor mounted beneath a floor or similar surface that is
      intended to carry other traffic;
PAR  FIG. 4 is a perspective view generally like FIG. 1 but illustrating a
      substantially modified embodiment of the invention;
PAR  FIG. 5 is a top perspective view on an enlarged scale of the article
      carrier of the embodiment of the invention illustrated in FIG. 4.
PAR  FIGS. 6a-6e are fragmentary views in transverse vertical section
      illustrating several other modified embodiments of the invention;
PAR  FIGS. 7, 8 and 9 are views in transverse vertical section illustrating
      different arrangements whereby a workpiece secured to an article carrier
      of a conveyor of this invention can be held in a predetermined position to
      be operated upon by means of a machine tool;
PAR  FIG. 10 is a perspective view illustrating how a number of different
      modular units embodying the principles of this invention can be combined
      into a conveyor system adapted for cooperation with several different
      machine tools; and
PAR  FIG. 11 is a perspective view illustrating conveyor modules of this
      invention in their cooperation with a lathe chuck station.
DETD
PAR  Referring now to the accompanying drawings, the numeral 1a designates one
      form of modular conveyor unit embodying the principles of the present
      invention, adapted to be mounted above a floor or other supporting surface
      and thus comprising a frame 2 having legs which support a horizontal plate
      3 that is in the nature of a table top. Flatwise overlying the plate 3 are
      a number of identical pulleys 4 that are arranged in two straight,
      parallel rows. All of the pulleys are constrained to rotation on upright
      axes that are fixed in relation to the plate or table top 3. An additional
      pulley 5 at one end of each row is similar to the other pulleys 4, but,
      instead of being freely rotatable, is rotatably driven. As shown, the
      pulley 5 for the left-hand row is driven by a directly coupled electric
      motor 7 which is mounted beneath the table top, and the pulley 5 for the
      right-hand row is driven by a similar motor 8, but the motors 7 and 8
      drive the respective pulleys 5 in opposite directions. Obviously a single
      motor could be arranged to drive both pulleys 5. As the description
      proceeds it will be observed that in some cases the drive means for the
      pulleys 5 should be a reversible one, to provide for operation of the
      conveyor unit in either direction.
PAR  Trained around each row of pulleys 4, 5 is a flexible, elongated, endless
      belt 6 which serves as a driving and supporting element for article
      carriers 10 and which can be a more or less conventional power
      transmission belt. Between the driving pulley 5 at one end of each row and
      the freely rotatable pulley 4 at the opposite end of the row, each of the
      belts 6 has a pair of straight stretches that are supported and confined
      to lengthwise motion by the other pulleys 4 of its row. The four straight
      stretches of the two belts of course lie in a common plane parallel to the
      table top 6 and are all parallel to one another. Because of the opposite
      directions of rotation of the two pulleys 5, the laterally adjacent
      stretches of the two belts 6 -- which can be regarded as their inner
      stretches -- both move in one direction, while their outer stretches both
      move in the opposite direction.
PAR  The conveyor unit 1a is illustrated with a carriage or article transporting
      carrier 10 that has its body portion in the form of a fixture plate to
      which a workpiece can be secured to be presented to a machine tool.
      Projecting downwardly from the body portion of the carriage 10 and
      extending lengthwise along it are flange-like belt engaging portions 11
      and 12. Each of the belt engaging portions is formed with a longitudinally
      extending groove 13 in which a belt 6 is receivable. The grooves 13 in the
      two belt engaging portions of the carriage open in laterally opposite
      directions and receive corresponding stretches of the two belts, that is,
      they cooperate with either the inner stretches or the outer stretches to
      support the carriage on those belt stretches and to frictionally constrain
      the carriage to move with them. As shown in FIG. 1 the belt engaging
      portions 11 and 12 cooperate with the outer stretches of the two belts,
      and the grooves 13 in them open towards one another.
PAR  It will be apparent that each of the flange-like members 11 and 12
      cooperates with the pulleys that it opposes to constrain its adjacent
      stretch of the belt to lengthwise motion, and it is in turn confined by
      the belt stretch against any motion transverse thereto while being
      frictionally constrained to move lengthwise with the belt stretch. It will
      also be apparent that the groove defining portions of the flange-like
      members are preferably long enough to oppose three or more pulleys
      simultaneously, to enable the carriage to be smoothly transferred to
      another generally similar module established in end-to-end relation to the
      one illustrated.
PAR  As shown in FIG. 3, the pulleys 4, 5 of each row and the belt 6 that is
      trained around them can be received in suitable recesses beneath the
      surface of a floor or machine table 15. The flange-like belt engaging
      portions 11 and 12 of the carriage 10 extend down into slots 16 that open
      upwardly from the recesses in which the pulleys and belts are housed, so
      that they can engage the belts while the plate-like body of the carriage
      rides along above the floor. For protection of the drive mechanism the
      slots 16 can be closed by strips 15a of rubber of similar resilient
      material that are yieldingly displaced by passage of the flange-like
      members. It will be apparent that the presence of the conveyor system will
      not interfere with other traffic that has to cross its path, and it will
      also be observed that the area above the conveyor system is completely
      clear and unobstructed at all times that a carriage is not present in it.
PAR  In the embodiment of the invention illustrated in FIG. 4, the modular unit
      1b has a table-like frame 19 that is substantially wider than its carriage
      or article carrier 21, and its top can have a large central cutout 20. In
      this case the carriage 21 cooperates with the inner stretches of the belts
      6, which are spaced apart by a substantial distance. As best seen in FIG.
      5, the body plate of the carriage is square in planform, and the belt
      engaging portions of the body plate comprise its four edge portions, which
      are provided with edgewise outwardly opening grooves 22, 23. In effect the
      body plate is directly confined between the inner stretches of the two
      belts.
PAR  To further illustrate the variety of forms in which the invention can be
      embodied, FIG. 4 shows the right hand belt 6 trained around a row of
      pulleys 4, 5, as in the embodiment illustrated in FIG. 1, but the
      left-hand belt 6 is trained around only a driven pulley 5 and a single
      freely rotatable pulley 4. The inner straight stretch of the left-hand
      belt is confined against lateral displacement by a support rail 20a that
      is provided with a groove in which the belt rides.
PAR  FIGS. 6a-6e illustrate further modifications of the carriage, the belts 6,
      and the drive and support means for the belts.
PAR  In FIG. 6a the carriage 21 is like that illustrated in FIGS. 4 and 5, and
      the belt 6 is supported by a row of pulleys 4, 5 as in the right hand part
      of FIG. 4. In this case the belt 6 is of round cross section and is made
      of an elastic material, such as rubber, but has a central reinforcing cord
      25. The grooves 9 and 22 in the pulleys and the carriage respectively are
      V-shaped, to cooperate with the round belt in supporting and driving the
      carriage. It will be apparent that the elasticity of the belts provides
      for some small displacement of the carriage relative to the pulleys, in
      directions transverse to the belt stretches, to enable the carriage to be
      established in an accurate position of adjustment at a machine tool while
      the carriage remains engaged with the belts.
PAR  The embodiment illustrated in FIG. 6b is like that illustrated in FIG. 6a
      with respect to its pulley 4b, 5b and carriage 21b, but the side surfaces
      of the V-shaped belt receiving grooves 9b and 22b are more sharply angled
      to accommodate a cord-reinforced elastic belt 6B of rhombic cross section.
PAR  In FIG. 6c the belt 6c is of substantially inelastic material, such as
      steel cable. The necessary elasticity for insuring good driving engagement
      between the carriage 21c and the belt, and for enabling the carriage to be
      displaced small distances transversely relative to the straight stretches
      of the belts, is obtained by forming the belt engaging portion of the
      carriage as a strip 26 of elastic material in which the V-shaped belt
      engaging groove is formed and which is snugly received in a channel-shaped
      groove in the carriage that extends along its full length. The elastic
      belt-engaging portion 26 can be made of rubber and can be vulcanized to
      the body of the carriage.
PAR  FIG. 6d illustrates an arrangement generally like that shown at the
      left-hand side of FIG. 4, wherein a cord-reinforced elastic belt 6 of
      circular cross section is trained around a pair of pulleys 4, 5 and has
      one of its straight stretches supported by a lengthwise extending
      rail-like member 20a that has a groove 20b in which the belt is guidingly
      received.
PAR  In FIG. 6e the belt 6e is shown with a V-shaped cross-section and is made
      of elastic material reinforced with cords 25. The pulleys 4e, 5e are
      crowned instead of grooved, with a V-shaped convex periphery 27 that is
      receivable between the legs of the belt. The carriage 21e has a V-shaped
      groove 22e in which the belt is closely receivable.
PAR  It will be obvious that the body plate of the carriage could comprise a
      tray or the bottom part of a traveling bin or the like. However, in the
      embodiments of the invention illustrated in FIGS. 1-7 the carriage is
      shown as comprising a fixture plate with inverted T-shaped slots 14 that
      open to its upper surface, spaced from one another at equal intervals and
      crossing one another at right angles. Various holders, fixtures and clamps
      can be removably received in these grooves.
PAR  FIGS. 7, 8 and 9 illustrate various arrangements by which a workpiece
      mounted upon a carriage of an article conveyor of this invention can be
      established in exactly a desired position and orientation at a machine
      tool work station, to have one or more operations performed upon it by the
      machine tool.
PAR  In FIG. 7, a conveyor generally like that of FIG. 1 presents a workpiece 31
      to a pair of machine tool elements 28, 29, which may be drills, milling
      cutters or the like and which are intended to operate upon the workpiece.
      Clamps 32 and 33, anchored in the T-slots 14 of the carriage, secure the
      workpiece to the carriage. At the station at which the tool elements 28
      and 29 are to operate there is a clamping structure which is generally
      designated by 30 and which comprises clamping shoulders 34 and 35 that
      overlie top surface portions of the carriage near opposite side edges
      thereof. Rams 36 and 37, located generally beneath the clamping shoulders
      34 and 35, can be raised to engage the underside of the carriage and force
      the carriage up into clamping engagement with the clamping shoulders.
      Upwardly projecting positioning pins 38 on the rams are receivable in
      guide holes 39 in the carriage body when the rams are raised, to establish
      the carriage in a desired position and confine it against edgewise
      displacement. Since the clamping shoulders 34 and 35 need be spaced no
      more than about 0.5 mm above the top surface of the carriage when the
      carriage is normally supported, the resilience of the belts 6 can readily
      accomodate the slight displacement of the carriage that brings it to the
      position in which it is clamped by the rams and clamping shoulders.
PAR  As illustrated in FIG. 8, a workpiece 31 is secured to a carriage 43
      comprising a fixture plate of different form, by means of clamps 40, 41,
      42 that may comprise a more or less permanent part of the carriage
      assembly. Since the carriage itself is not intended to be secured to any
      station structure, and therefore need not absorb any machining forces, it
      can comprise a fixture plate which is smaller and lighter than those
      described above. In this case one or more horizontally movable rams 44
      engage one side of the workpiece itself to clampingly force it against one
      or more fixed guide shoulders 45 at its other side. The rams and the guide
      shoulders have V-grooves 46 and 47, respectively, in their workpiece
      engaging faces, to establish the position of the workpiece in the up and
      down directions and also in directions edgewise of the fixture plate of
      the carriage. Again, displacements of the carriage from its normal
      belt-supported position are accommodated by elasticity of the belts 6.
PAR  FIG. 9 illustrates a carriage comprising a somewhat heavier fixture plate
      50 than that illustrated in FIG. 8, to which a workpiece 31 is secured by
      means of clamps 48, 49. A jig 51 is clamped to the top of the workpiece
      and extends across it. Bushings 52, 53 in the jig receive and guide the
      respective machine tool elements 28 and 29 for their operation upon the
      workpiece. Any displacement of the jig 51 and workpiece 31 that is
      required to enable the tool elements 28 and 29 to enter the bushings 52
      and 53 can be absorbed by the elasticity of the belts 6.
PAR  FIG. 10 illustrates how a number of different modular conveyor units of
      this invention can be combined in a complete conveyor system that provides
      for performance of a number of conveying, storing and machining functions
PAR  An infeed portion 54 of the conveyor is illustrated as corresponding to the
      embodiment of the invention shown in FIG. 3, with the drive and support
      mechanism of the conveyor installed beneath the workshop floor. A carriage
      10 to which a workpiece 31 is clamped moves along just above the surface
      of the floor. The conveyor portion 54 brings the carriage to a floor shaft
      55 at which there is an elevator or hoisting mechanism 56 comprising an
      upright frame 57 that affords guidance to a vertically translatable
      conveyor module 58. The module 58 has drive and support mechanism
      comprising pulleys and short belts mounted on a horizontal shelf 59 that
      is guided by the frame 57 for up and down motion. The shelf 59 is moved up
      and down by a jack screw 61 driven by a directly coupled electric motor 60
      mounted on the frame 57. With the shelf 59 in its lowermost position it
      can receive a carriage 10 from the conveyor module 54 and then raise the
      carriage to the level of another module 62 which is at an elevation above
      the floor and which in turn moves the carriage to a turntable 63h.
PAR  There is a short length of conveyor 64 on the turntable, which rotates on
      an upright axis. When the turntable is in its rotational position in which
      the conveyor section 64 thereon is aligned with the conveyor section 62,
      the turntable module can forward a carriage straight through to another
      lengthwise aligned elevated module 65. Alternatively, the turntable can be
      rotated through 90.degree. to align its conveyor segment with transverse
      conveyor segment modules 70 and 72. The module 70 comprises another
      elevator, with a shelf 71 that is guided for up and down movement by means
      of a frame 69. The elevator module 70 cooperates with a buffer store 68
      having superimposed fixed horizontal shelves, each comprising a short
      module. The elevatable module 70 can be moved vertically to the level of
      any of the shelves of the buffer store, to enable a carriage and the
      workpiece thereon to be fed into or removed from the buffer store. The
      short module 72 at the opposite side of the turntable from the buffer
      store feeds carriages onto and off of another short conveyor module 75,
      comprising a table 74 that is longitudinally slidable on ways 73, said
      ways being in turn slidable on transverse bed ways 67. The bed ways 67 may
      comprise part of a machine tool having a clamping station such as is shown
      in FIG. 7.
PAR  The short elevated conveyor module 65 feeds carriages onto another conveyor
      module 76 that comprises a shelf-like member 77 hinged along one
      longitudinal side edge to swing between a horizontal position, aligned
      with the module 65, and a vertical position aligned with a further module
      78 along which carriages move in a vertical onedge position. A suitable
      ram or the like (not shown) swings the module 77 about its hinge axis and
      can thus change the orientation of a carriage (and the workpiece it
      carries) as the carriage is being transported lengthwise along the module
      77. The module 78 is mounted on an upright portion 80 of the frame 79 of a
      machine tool. A multi-spindle drilling head 81 of the machine tool is
      movable axially on ways 79 that constitute a part of the machine frame to
      carry tools into and out of engagement with a workpiece on the conveyor
      segment 78. While the tools of the head 81 are acting upon the workpiece,
      the carriage to which it is fixed is held by a clamping station 82.
PAR  From the module 78 carriages can be fed onto a module 64 which comprises
      another turntable 63v, rotatable on a horizontal axis. From that turntable
      carriages can in turn be moved onto an upwardly extending conveyor unit 84
      that transports the carriages vertically up the wall 83 of the machine
      frame.
PAR  The routing of the carriages to and from the several conveyor modules and
      their movements along those modules can be controlled in a known manner,
      by suitable electronic or other control apparatus (not shown) in order to
      achieve optimal flow of workpieces through the machine group.
PAR  It will be apparent that machine tools of many different types can be fed
      and served by means of conveyor apparatus embodying the principles of this
      invention. By way of a further example, FIG. 11 illustrates a lathe 85
      having a chuck 86 that is provided with a clamping station 87 of the
      general type shown in FIG. 7. A conveyor unit 88, of the general type
      shown in FIG. 3, is mounted in a vertical wall of the lathe frame, and
      each of the carriages cooperable with the conveyor is in the form of a
      fixture plate 89 to which a workpiece 90 can be secured by means of clamps
      91 that comprise parts of the fixture plate assembly. The lathe chuck also
      comprises a short conveyor unit 92 of this invention and a clamping
      station comprising opposing shoulders 93. Rams (not shown) cause the
      shoulders 93 to clampingly confine the fixture plate 89 while the
      machining operation is in progress. At the conclusion of that operation
      the fixture plate is moved onto a further conveyor unit 94 at the opposite
      side of the chuck from the module 88.
PAR  From the foregoing description taken with the accompanying drawings it will
      be apparent that this invention provides an article conveyor that is quiet
      in operation, unusually versatile, inexpensive, trouble free, and nicely
      adapted to being constructed in the form of a number of standardized
      modules that can be readily combined in various ways to suit the
      requirements of any installation.
PAR  Those skilled in the art will appreciate that the invention can be embodied
      in forms other than as herein disclosed for purposes of illustration.
CLMS
STM  The invention is defined by the following claims:
NUM  1.
PAR  1. A conveyor which can have its driving apparatus mounted wholly beneath a
      structure that defines a supporting surface such as a floor or a table top
      and by which articles can be transported over and along said surface, said
      conveyor being characterized by:
PA1  A. a pair of elongated, endless belt elements;
PA1  B. two pairs of pulley-like members, one pair for each of said belt
      elements and around which the belt element is trained;
PA1  C. means constraining the pulley-like members to rotation on spaced apart
      axes normal to said surface and fixing the locations of the pulley-like
      members in such relation to one another that
PAR  1.  all of said pulley-like members are located beneath said structure and
      are disposed in a common plane that is parallel to said surface,
PA2  2. each of said belt elements has straight inner and outer stretches
      extending lengthwise between its pulley-like members, the inner stretches
      of the two belt elements being adjacent to one another and their outer
      stretches being remote from one another, and
PA2  3. at least one stretch of each belt element is parallel to its
      corresponding stretch of the other belt element;
PA1  D. means for rotatably driving one of the pulley-like members of each pair
      thereof, said means constraining said driven pulley-like members to rotate
      at substantially equal circumferential speeds but in opposite directions
      so that said parallel stretches of the two belt elements move lengthwise
      in the same direction; and
PA1  E. a carriage having
PA2  1. an article carrying portion adapted to overlie a portion of said surface
      of said structure and
PA2  2. belt engaging members fixed to said article carrying portion and
      projecting downwardly therefrom to extend through elongated slots in said
      structure, said belt engaging members having bottom portions that define
      elongated, laterally oppositely opening grooves in which said parallel
      stretches of the two belt elements are receivable to support the carriage
      and frictionally drive it in the direction of movement of said parallel
      stretches.
NUM  2.
PAR  2. The conveyor of claim 1, further characterized by:
PA1  F. guide means at fixed locations along said parallel stretches of the belt
      elements, engaging said stretches and cooperating with the belt engaging
      portions of the carriage to confine them to lengthwise motion.
NUM  3.
PAR  3. The conveyor of claim 1, further characterized by:
PA1  F. strips of resilient, supple material, each secured along one edge
      portion to said structure, said strips extending across said slots in said
      structure to close the same, and the supple resilience of said strips
      allowing them to be deflectingly displaced by the belt engaging members on
      a carriage as it is moved along said surface of said structure.
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ABST
PAL  A device for driving loads on a horizontal roller conveyor support between
      pick-up and delivery stations including a carriage mounted to travel back
      and forth below the conveyor level. The lower end of an upstanding lever
      arm is pivoted on the carriage and at the upper end of the arm a load
      engaging cylinder or roll is mounted with its axis forwardly (i.e. in a
      downstream direction) adjacent the vertical center line of the arm which
      is yieldably urged to remain at right angles to the plane of conveyor
      support. In the latter position the top of the roll is slightly elevated
      by a fraction of an inch above said load support plane. In operation at
      the pick-up station near the upstream end of carriage travel the roll can
      freely rotate under a load and the lever is thereby angularly set at an
      acute angle in the load driving direction. In the driving direction the
      roll is locked against rotation, and by the angularity of the lever arm as
      disclosed will exert the forces needed for efficiently overcoming load
      inertia and moving a wide range of load sizes under various conditions.
      While the roll is drivingly engaged and the carriage advances the pivoted
      lower end of the lever arm, the arm may, if necessary, be swung to a
      perpendicular relation to the support plane and beyond so as to increase
      horizontally applied force so that depending on load conditions the axis
      of the arm may either be trailing or leading the roll axis.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a load driving apparatus for moving rigid faced
      loads along a horizontal conveyor support surface and in particular to
      propelling stacks or piled bundles of relatively large rectangular sheets
      of corrugated paper board material and the like from one location to
      another as required for directing the same to various processing machine
      stations. The flat conveyor run comprises two parallel spaced flights of
      rollers supporting the bundles of sheets.
PAR  More specifically the invention relates to an improved apparatus for
      accomplishing the same overall purposes as are described in prior U.S.
      Pat. No. 3,768,629 for "Unit Load Conveying Apparatus" the nearest known
      prior art. In the device of the patent provision is made for a wedging
      action to lift and tilt the load until the forces applied in a horizontal
      downstream direction overcome the frictional resistance otherwise blocking
      horizontal movement. It is a primary object of the present invention to
      provide a different arrangement of propelling means for a more simplified
      and efficient handling of such loads.
PAC  SUMMARY
PAR  In a preferred embodiment of the invention as herein disclosed the device
      includes a carriage frame structure which may be mounted between spaced
      parallel roller flights of a typical conveyor and preferably supported
      thereby on the inner side rails of the flights for tracking purposes along
      the path of travel between a pick-up and a delivery station. On the
      carriage an upstanding lever arm member is pivoted at its lower end on a
      shaft fixed at the bottom of the carriage between opposing frame plates.
      The lever arm has side plates joined by a central connecting web, and
      between the upper edges of these plates is a load engaging roll having a
      clutch mechanism for free rotation of the roll surface in one direction
      only. The lever arm is yieldably held with its center line perpendicular
      to the plane of conveyor load support preferably by suitable adjustment of
      cable tension on a drum wound cable drive, the ends of the cable being
      fixed to opposite sides of the connecting web of the arm centrally between
      the arm and roll axes. Preferably the roll axis is slightly offset at the
      top of the arm in the direction of driving movement and when the center
      line of the arm is at 90.degree. to the load supporting plane the top of
      the roll extends about one fourth inch above said plane. In operation the
      roll on a return stroke to the pick-up station freely rotates underneath
      it and cams the lever arm into an angular position in the driving
      direction. When the carriage is then reversed to move the load the roll
      locks against rotation and frictionally pushes against its underside in
      the direction of forward travel. Should load inerita resist movement
      horizontally the advancing lever arm pivot shaft will cause the roll to
      rise slightly and then fall into a trailing relation to the axis of the
      pivot shaft and thereby increase the frictional forces in a horizontal
      direction and move the load.
DRWD
PAC  FIGURES
PAR  FIG. 1 is a line drawing schematically illustrating a conventional roll
      conveyor support and load driving apparatus of the present invention
      associated therewith;
PAR  FIG. 2 is a side elevational view of a carriage and drive unit embodying
      the present invention;
PAR  FIG. 3 is a front or rear end elevation of the unit shown in FIG. 2;
PAR  FIG. 4 is a diagrammatic representation of mechanism to provide for free
      rotation in one direction only of the cylindrical load contact roll of the
      unit shown by FIG. 2 and 3;
PAR  FIG. 5 is a fragmentary side elevational view of a modification of the
      lever arm mounting to support a contact roll in operative position; and
PAR  FIG. 6 is a fragmentary schematic side elevational view to illustrate the
      action of the lever arm under various operating conditions.
DETD
PAC  DESCRIPTION
PAR  In the schematic of FIG. 1 conveyor rollers at 10 form a horizontal load
      supporting surface along which stacks of corugated sheets 12 or other
      rigid faced loads are to be propelled by the device as from an upstream
      pick-up station at P (at the right) to a downstream delivery station D (at
      the left).
PAR  A driver carriage unit embodying the invention is indicated generally by
      arrow 14. It is supported on tracking means for guided movement below the
      plane of the conveyor surface. The load bearing surface, as will be
      recognized, is provided by a conventionally formed conveyor installation
      having a pair of spaced parallel roller conveyor sections or flights on
      which the sides of a load rest and between which the carriage is mounted
      for travel below the midsection of the load. The spaced relation of the
      conveyor flights is indicated in FIG. 3, the inside end portions of
      rollers 10 being shown at each side and the inner side rails at 16
      receiving the roller axles at 18. Side rails 16 are here shown as facing
      channel iron members in which wheels 20 of the carriage may ride for
      tracking purposes.
PAR  In the embodiment as disclosed herein, carriage 14 (FIGS. 2 and 3) is
      formed with spaced triangularly shaped frame plates 22. At the upper fore
      and aft corners of the plates are the wheels 20 which suspend the carriage
      between rails 16 for movement back and forth between the pick-up and
      deposit stations. Supported between the lower corners of the frame plates
      22 are opposite ends at 24 of a pivot shaft on which a lever arm member
      generally designated by the arrow 26 is mounted for limited pivotal action
      as will be described.
PAR  In the upper edges of spaced upper end sections of the lever arm are
      notches as at 28 provided to carry a cylindrical load contact element as
      the roll 30. Roll 30 as will be later more fully described is designed on
      return travel back to station P to contact the front end of a load and
      roll freely underneath. When travel is reversed for driving a load in the
      downstream direction, roll 30 is locked against rotation and is adapted,
      if load conditions are such as to make it necessary, to be carried by
      pivotal action of lever 26 on the carriage to swing above the supporting
      plane of rollers 10 to a slight degree and cause movement of the load as
      will be later described in detail.
PAR  Referring again to FIG. 1 a drive means for moving the carriage is here
      schematically shown as a cable 32 having its ends fixed to lever arm 26,
      the cable being wound around drums at 34 and 36. Drum 36 is indicated as
      the cable driver and may be conventionally powered by a speed reducer 38
      from a reversible electric motor 40. Switch 42 controls the direction of
      cable movement as directed by a control member at 44 which in turn may be
      energized by conventional sensing means (e.g. photoelectric limit
      switches, not shown) for the desired back and forth carriage movement.
      Such power and control means are in general common in the art and no
      further detail is deemed necessary.
PAR  Referring again to FIGS. 2 and 3 the carriage wheels 20 are supported for
      rotation on axle members 50 which are mounted in the upper corner bearing
      portions at 52 of the side frame plates 22. In the lower corner bearing
      portions at 54 of plates 22 the ends 24 of the pivot shaft at 56 are
      fixed. On shaft 56 is pivoted the lever member 26. The lever arm 26
      assembly is here shown in the form of a casting having a central web
      connector section 58 joining opposite side plates 60 which extend above
      and below the central connecting web. Below the web a pair of spaced
      bearing portions at 62 engage shaft 56 for pivotal movement thereon. Above
      the web the facing sides 60 are formed at the top edges with notches as at
      28 for seating the ends of axle member 64 of the contact roll 30.
PAR  Centrally of web 58 are bosses 66 provided with threaded holes in which
      cable attaching eyelets are mounted. The points of attachment are
      centrally between the axis of shaft 56 and axis of roll 30, and preferably
      are on opposite sides of the center line of the arm at about the mid-point
      thereof between the axis of shaft 56 and a line joining the axial
      positions of rolls 30 as set in the pairs of notches 28 on each side of
      the center line. As in FIG. 2 a simple eyelet 68 may be attached on one
      side while at the other side an eyelet 70 is part of a turnbuckle device
      72 for adjusting the tension of cable 32. The cable thus provides a means
      for holding lever arm 26 erect and normally in vertically disposed
      relation on the pivot shaft 56. In practice it has been found that the
      cable tension will be satisfactory for efficient operation of the device
      when it is sufficiently taut to bring the vertical center line of arm 26
      (passing through the pivotal axis of shaft 56) in perpendicular relation
      to the plane of the conveyor surface. In this condition the uppermost
      surface of contact roll 30 rests about one-fourth inch above the conveyor
      load supporting surface. The cable may be tightened to a greater degree if
      deemed desirable under various operating conditions and as may depend on
      such variables as the character or weight of the loads, the specific type
      of cable drive system, or the dimension of the contact roll and character
      of its surface. In practice stacks of corrugated board sheets have been
      efficiently moved by a smooth surfaced roll where the cable tension is
      sufficient to establish the lever arm relationship as above stated, and
      under these conditions stacks of various size sheets weighing up to 5,000
      pounds have been successfully handled.
PAR  As previously mentioned the contact roll 30 is designed to rotate freely in
      one direction, i.e. on return travel to the pick-up station. Thus the roll
      will freely turn as it passes underneath the lower surface of the load and
      the load will remain stationary. When carriage travel is reversed the roll
      is locked against rotation so as to urge and drive the load in the desired
      direction. To accomplish such one-way rotation various well known clutch
      mechanisms are available as will be readily appreciated. In FIG. 4 one
      representative construction is schematically illustrated. As there
      indicated, an outer cylindrical wall 80 surrounds a central core section
      82 indicated as keyed to shaft 64. In the outer edge of the core 82 a
      plurality of camming recesses 84 are provided in which pins 86 are held by
      the wall 80. The pins are shown at larger counterclockwise ends of the
      recesses 84. Thus, when wall 80 is urged to turn in a counterclockwise
      direction (as would be the case where the roll is carried from left to
      right underneath a load), contact with the underside of a load merely
      causes wall 80 to roll freely. When the direction is reversed wall 80 is
      urged to roll in a clockwise direction urging the pins 86 toward the
      smaller clockwise ends of the recesses and thus quickly become jammed
      against wall 80 to lock it against rotation for the load driving action.
PAR  It will be readily appreciated that shaft 64 of the roll 30 remains
      stationarily seated relative to the lever arm. As best seen from FIG. 2
      the ends of the shaft may be flatted and fitted in position by dropping
      into the straight walled notches 28. It will be noted that matching pairs
      of notches 28 lie slightly offset to each side of the vertical center line
      of the lever arm 26. In FIG. 2 the shaft is set in the pair of notches to
      the left of the center line and the roll is thus offset slightly in the
      downstream direction. In the event the loads are to be driven in an
      opposite direction (i.e. from left to right) roll 30 may be lifted free of
      the left hand notches 28, turned end to end, and the ends of the axle 64
      fitted into the other oppositely offset notches 28.
PAR  In FIG. 5 an alternative arrangement for yieldably "centering" the
      vertically disposed lever arm 26 (as in FIG. 2) is schematically shown. In
      this view the central web 58' of lever arm 26' is yieldably positioned as
      between leaf spring members 90 pressing against opposite sides of the web.
      The outer ends of springs 90 are each caught by the nose of an adjusting
      screw 92 threaded in a cross brace 94 fixed between sides 60' of the lever
      arm 26'. In contrast to the arrangement of FIGS. 1-3, this modification
      provides a lever positioning means independent of the carriage driving
      cable. As will be apparent the cable 32 may be attached directly to any
      rigid porton of the carriage frame or other suitable driving means may be
      used.
PAR  The action of lever arm 26 and contact roll 30 during a load pick-up and a
      load driving operation will now be described in somewhat greater detail
      and with reference to FIG. 6. the driving path of travel as in the other
      figures is assumed to be to the left.
PAR  In FIG. 6 it will be seen that the several angular positions of contact
      roll 30 and the lever arm with respect to the horizontal plane of support
      are here shown with the pivotal axis of the carriage shaft 56 at a single
      fixed location. These different positions at first glance might appear to
      involve lengthwise travel of roll 30 against the load whenever the arm
      swings from one position to another. As will be appreciated each position
      shown is, in fact, established or altered primarily as a result of the
      horizontal movement of the pivot shaft 56 below roll 30 and relative to
      it. The small amount of arcuate travel required for effective operation of
      the arm and roll assembly, together with the relatively slight elevation
      (on the order of four tenths of an inch) of the roll above the conveyor
      plane under certain operating conditions, is believed to be most readily
      apreciated as illustrated in FIG. 6, it being understood that in a driving
      operation the roll 30 remains engaged substantially at a single location
      against the load surface and regardless of the angle of arm 26. The center
      line positions of arm 26 at the various angular positions are indicated at
      260, 261 and 262.
PAR  The completion of return travel as to the right at a pick-up station will
      first be described. Roll 30, being offset to the left on arm 26, will have
      initially contacted the forward edge of the load 12, and, as a result roll
      30 will be cammed downwardly (about one-fourth inch) to roll freely
      underneath the load and impart counterclockwise pivotal motion to arm 26.
      The angularity so imposed is shown by the full line arm position in FIG. 6
      (center line at 260), the roll position here being designated by the arrow
      300 (axis at 300'). Here the load rests evenly on the conveyor. It may be
      noted also that the cable drive is fixed at the approximate mid-point of
      arm 26 and so the axially offset roll not only aids effective cam action
      upon initially engaging a load, but will also serve to maintain the axis
      of pivot shaft 56 slightly ahead of roll 30 as the arm is moved to the
      right. This prevents any tendency for the upper end of arm 26 and roll 30
      to move towards an upright 90.degree. vertical relationship so that the
      likelihood of any shifting of a load in the wrong direction is eliminated.
      In this latter connection it was found that where the axis of a roll 30 is
      located directly on the vertical center line of the lever arm, some loads,
      particularly when of a light weight character, were occasionally shifted
      by the roll in the return direction. With the preferred slightly offset
      relationship as shown, a far wider range of load sizes and weights can be
      handled with consistently successful results at a pick-up ststion without
      causing any loads to shift on the return stroke.
PAR  At the end of each return stroke the arm is thus in the full line position
      shown and at any point along the length of the load unless the roll is
      carried past its rear edge as may occasionally occur. On reversing the
      cable drive for travel to the left, the initial effect, with the roll at
      the positiion 300, will be to establish frictional driving contact since
      the roll will almost immediately be locked against rotation. Under certain
      conditions, as may be due to a combination of various factors such as size
      and weight of a load or the nature of a relatively rigid load face, the
      loads may be propelled for the full length of travel without any
      perceptible pivotal motion of arm 26 on the carriage shaft 56 from its
      full line relationship.
PAR  Under other conditions an initial movement of the carriage to the left may
      fail to immediately overcome the inertia of a stationary load. If so, the
      load inertia will first cause a pivoting of lever arm 26 on shaft 56 since
      the shaft 56 will be drawn by the cable to advance underneath the axis of
      roll 30. The frictional "bite" against the load in a driving direction
      thus increases somewhat as the roll rises. As will readily be seen from
      considering the arc line at a and the relatively upright center line of
      arm 26 to start with, the rise will be gradual. In some cases a slight
      upward movement may be sufficient by itself to initiate and continue
      movement of the load without raising the latter off the conveyor. As
      previously stated the roll can be elevated to a relatively limited degree
      only above the plane of the conveyor support. The upper limit of vertical
      travel is reached when the center line of arm 26 swings beyond a 12
      o'clock position as viewed (i.e. a 90.degree. angular relation of the arm
      and plane of support) and brings the axis of roll 30 to the 12 o'clock
      position. This top position shown in phantom is indicated by the arrow 301
      (axis at 301'). The center line of the arm is shown at 261. Depending on
      the relative rigidity of the load undersurface the roll may perhaps lift
      the load to a slight degree away from the conveyor surface or simply
      increase the frictional "bite" against the same. As above mentioned the
      rise above the supporting plane is on the order of four tenths of an inch.
PAR  Further resistance to load movement may continue pivotal action of the arm
      so as to carry the roll from its high point at 301 into a trailing
      relation with respect to the axis of shaft 56. The third roll position,
      indicated by the arrow at 302 (axis 302'), is the result of continued load
      inertia carrying the roll to the level at which the load underside again
      rests in the plane of the conveyor support. The arm center line in such
      case is at 262.
PAR  From extensive tests conducted under actual operating conditions it appears
      that with the roll at the position 302 the device is able to exert the
      maximum force for successfully moving loads forwardly in the desired
      direction and also that once load movement is commenced the arm may or may
      not remain at any given angular position for the duration of a full
      driving stroke. Under various conditions lever 26 may thus at times move
      from one angular position or another during delivery and either in a
      patterned fashion or at random.
PAR  The device of the present invention as herein disclosed in its preferred
      from has been found in practice to be an extremely reliable mechanism for
      efficient service in handling a large variety of sizes and weights of
      stacked corrugated or paperboard sheet bundles in a processing plant where
      certainty in the operation of an automated delivery system is essential.
      It will be apparent that other types of loads may be handled with
      comparable efficiency and beyond the capacity of any known prior devices.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for moving a rigid faced load along a load supporting surface
      comprising
PA1  a carriage member,
PA1  tracking means supporting the carriage for guided movement back and forth
      along a predetermined path of travel below the plane of said surface,
PA1  a load propelling member having an upstanding lever arm pivoted at its
      lower end on said carriage and a contact roll carried at the upper end of
      the arm for engaging a load, said roll having means for rotation only
      during carriage movement in an opposite direction to that of intended load
      travel,
PA1  means normally maintaining said arm in a vertical position and yieldably
      holding said roll elevated above the pivotal axis of the arm with the
      uppermost roll surface closely adjacent to and above the plane of said
      load supporting surface and the roll axis adjacent to and offset, in the
      intended direction of load travel, forwardly of a plane extending radially
      from the pivotal axis of said arm in substantially perpendicular relation
      to the load supporting surface.
PA1  said arm being swingable forwardly and rearwardly of its said normal
      position, said yieldable means resisting pivotal swing of said arm in a
      direction opposite that of the carriage movement when said roll engages a
      load on said supporting surface, and in a load driving engagement of the
      roll and load being yieldable in response to variations in resistance
      during carriage movement for a shifting of said roll position back and
      forth between a forwardly offset and leading relation of roll axis to arm
      axis and a rearwardy offset and trailing relation thereof, said roll
      between leading and trailing axis positions rising and faling and exerting
      varying degrees of upward tilting pressure against the load to assist
      continued movement thereof in the desired direction.
PA1  and means to move said cariage back and forth along said path of travel.
NUM  2.
PAR  2. The structure of claim 1, in which,
PA1  the vertical center lines of said lever arm lies in said radial plane
      extending from the pivotal axis thereof substantially perpendicular to the
      load supporting surface when in said yieldably maintained vertical arm
      position.
NUM  3.
PAR  3. The structure of claim 2, in which,
PA1  said lever arm is yieldably maintained in the said substantially
      perpendicular relation by adjustable spring means.
NUM  4.
PAR  4. The structure of claim 2, in which,
PA1  the means to move the carriage is a reciprocable drum driven cable
      mechanism, the cable thereof being attached at opposite ends to fore and
      aft portions of said upstanding lever arm, said cable being under tension
      and yieldably maintaing said arm in its vertical position.
NUM  5.
PAR  5. The structure of claim 4, in which,
PA1  the attachment of the ends of said cable to the arm is approximately
      centrally between the pivotal axis of the lever arm and the axis of said
      contact roll.
NUM  6.
PAR  6. The structure of claim 5, in which,
PA1  said load supporting surface is in the form of a pair of spaced parallel
      roller type conveyor flights, said tracking means is provided by a pair of
      opposed channel members also providing the inner rails supporting the ends
      of the rollers of said conveyor flights, and said carriage includes a pair
      of side frame members having wheels riding in said channel members and
      supported thereby for guided movement along said path.
NUM  7.
PAR  7. The structure of claim 6, in which,
PA1  the pivot for said lever arm is a shaft connecting said carriage side frame
      members together at bottom portions thereof, said lever arm extends
      upwardly between the frame members and includes opposite side plates
      having transversely spaced upper portions between which said contact roll
      is mounted to extend across the top of said arm.
NUM  8.
PAR  8. The structure of claim 7, in which,
PA1  notched recesses in the upper edges of said side plates provide pairs of
      aligned recesses offset on each side of said center line of the lever arm,
      said contact roll having axially extending end supports engageable in each
      of said pairs of recesses for optionally selecting the load driving
      direction of the carriage.
NUM  9.
PAR  9. The structure of claim 8, in which,
PA1  said cable ends are fixed to a web between said side plates and at least
      one of said cable ends is provided with means for manually adjusting the
      tension of said cable.
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PAL  Capsule turning apparatus and method for use in a spin printing procedure
      in which a printing roll moves at a greater speed than the capsule, thus
      causing the capsule to rotate about its own axis while it is being
      printed. Many capsules, randomly arranged in a hopper, are picked up in a
      rotary conveyor which arranges them first in vertical arrangement relative
      to the path of movement of the conveyor, some capsules upright and some
      inverted, and an air jet shifts all of the capsules in a sidewise
      direction, with the caps and body portions at random.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to a capsule turning apparatus for changing the
      positions of capsules which are originally disposed in a random
      arrangement in a container such as a hopper or the like. According to this
      invention, the capsules may be disposed in a non-uniform manner on a
      conveyor with the cap portions and body portions disposed at random but
      with all of the capsules having their axes disposed at approximately right
      angles to the path of the movement of the conveyor. In this position the
      cpasules are arrayed in position for such subsequent processing operations
      as spin printing when there is no need to discriminate between the cap
      portion and the body portion, in which procedure the capsules are mounted
      in a rotatable position on individual carriers, and are passed in contact
      with a rotating printing roll which rotates at a speed which is
      considerably greater than the speed of movement of the capsule conveyor,
      thus causing each capsule to spin about its own axis during the printing
      process in a manner to apply special printing indicia having a large angle
      of wrap around the capsule. In some applications and designs, there is no
      need for concern as to whether the cap portion or the body portion is
      disposed toward the left while printing.
PAC  BACKGROUND OF THE INVENTION
PAR  Marking machines of various types have been used commerically for marking
      indicia on a multiplicity of objects all of which have essentially the
      same size and shape. For example, machines have been successfully used for
      applying to relatively small articles such as pharmaceutical capsules,
      pellets, pills and the like, markings such as alphabetical letters,
      manufacturer's trademarks or other characterizing symbols for the purpose
      of ready identification. However, in most commercial procedures,
      particularly in the pharmaceutical industry, one of the primary objects of
      marking has been to prevent counterfeiting of products and of materials
      contained therein. In order to achieve this purpose, it has been highly
      desirable to apply an extremely accurate marking, having such a finely
      detailed character that counterfeiting is difficult or virtually
      impossible. In order to achieve this result, it has been considered
      necessary to avoid any relative movement between the article and the
      printing roll, and to avoid spinning of the pharmaceutical article about
      its axis.
PAC  DISCUSSION OF THE PRIOR ART
PAR  The Ackley U.S. Pat. No. 2,931,292 discloses an article marking machine of
      the type referred to above, which has been in successful commercial use
      for many years. Such an apparatus is particularly useful for handling
      objects which are symmetrical in form, such as pellets, pills or the like
      which are usually generally cylindrical or oval in shape.
PAR  Marking machines of the type disclosed in the Ackley Patent are ideally
      constructed for accepting large numbers of individual objects which are
      randomly arranged in a hopper, moving them along a conveyor belt and
      printing with extreme fineness and accuracy on one or both sides of the
      objects while holding the objects completely stationary in carriers which
      are specifically designed for the purpose.
PAR  In the pharmaceutical industry a physiologically active substance, usually
      in powdered form, is often placed into a capsule which is composed of two
      portions: a body portion of predetermined diameter and a cap portion of
      slightly larger diameter which slides telescopically over the body
      portion. In order to prevent the removal of a genuine pharmaceutical
      material from the capsule and substitution of a counterfeit material, such
      capsules have recently adopted a self-locking structure, such that the
      body portion and the cap portion are automatically locked to each other
      upon pushing the body portion onto the cap portion through a predetermined
      distance. This self-locking operation is irreversible after it has taken
      place; it is then virtually impossible to separate the cap portion from
      the body portion without destroying the capsule itself.
PAR  Accordingly, many capsules which are coming into extensive use at this time
      are not symmetrical in shape, because the cap portion necessarily has a
      larger diameter than the body portion.
PAR  In the cases of all such capsules, and in situations relating to many other
      pharmaceutical and other objects, it is often desirable to apply the
      printed indicia over a wide angle of surface curvature. For example, when
      the manufacturer has a long name, the name may be wrapped all the way
      around, or as much as 180.degree. of the circumference of the capsule or
      other objects, or even more. This is effectively accomplished by causing
      the object to spin about its axis or center as the indicia are printed on
      the surface of the object. When the object is supported in a manner to
      allow slippage for freedom of rotation sufficient printing friction can be
      provided to eliminate any substantial slippage between the printing means
      and the surface printed upon.
PAC  OBJECTS OF THE INVENTION
PAR  It is accordingly an object of this invention to provide an automatic
      machine which can accept for mass production large numbers of capsules
      which are arranged completely at random in a container such as a feed
      hopper for example, and which can sort out and orient the capsules so that
      they are spaced apart uniformly from each other with the cap portions and
      the body portions being at random with some of the cap portions toward one
      side of the predetermined path of movement of the capsules and some of
      said cap portions toward the other side of such path.
PAR  It is another object of this invention to provide an apparatus of this type
      which picks up the capsules from the hopper with a high degree of
      efficiency and reliability, which arranges them in a vertical position
      with respect to the path of movement, and which then shifts them to a
      transverse position with respect to the path of movement and deposits them
      in a random condition on a conveyor belt, with the axes of the capsules
      substantially crosswise to the direction of movement of the conveyor belt,
      in a condition ideally adapted for spin printing.
PAR  Other objects and advantages of this invention, including the simplicity
      and economy of the same, and the ease with which it may be adapted to the
      high speed mass production of spin printed capsules, will readily become
      apparent hereinafter and in the drawings.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a view in side elevation, with certain parts shown in section,
      illustrating one embodiment in accordance with this invention;
PAR  FIG. 2 is a fragmentary sectional view of a portion of the apparatus, taken
      as indicated by the lines and arrows II--II which appear in FIG. 1;
PAR  FIG. 3 is a fragmentary sectional view of a portion of the apparatus, taken
      as indicated by the lines and arrows III--III which appear in FIG. 2;
PAR  FIG. 4 is a fragmentary sectional view, taken as indicated by the lines and
      arrows IV--IV which appear in FIG. 3.
PAR  FIG. 5 is a sectional view of a portion of the spin printing apparatus
      appearing in FIG. 1, taken as indicated by the lines and arrows V--V which
      appear in FIG. 1;
PAR  FIG. 6 is a view in plan of a portion of the capsule conveyor which is used
      in the spin printing operation, looking in the direction indicated by the
      lines and arrows VI--VI which appear in FIG. 5;
PAR  FIG. 7 is a view in side elevation, with certain portions removed and shown
      in section in order to reveal important details of an apparatus
      illustrating an alternative form of this invention, and
PAR  FIG. 8 is a fragmentary sectional view of a portion of the apparatus, taken
      as indicated by the lines and arrows XI--XI which appear in FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  The following description is not intended to limit the scope of the
      invention, as defined in the appended claims, but will be presented in
      specific terms in order more clearly to describe the construction and
      operation of the particular forms of the invention that have been selected
      for illustration in the drawings.
PAR  Turning to FIG. 1, the number 20 designates a capsule carrying hopper which
      is mounted on a suitable support (not shown), above a portion of a
      rotatable cylinder 21 which is mounted for rotation about an axle 22. A
      motor (not shown) is provided for rotating the cylinder 21. The hopper 20
      has an opening as indicated at 23 for delivery of capsules to a plurality
      of equally spaced, generally elongated cavities 24 which are formed in and
      extend across the outer surface of the rotatable cylinder 21. It will be
      observed that the capsule cavities have elongated portions which extend in
      a generally radial direction, as will be described in more specific detail
      hereinafter, allowing the capsules to be received by the cylinder 21 in
      generally radial positions. As will become apparent in further detail
      hereinafter, some of the capsules naturally fall into the cavities 24 in
      an upright position, with the body portions above the cap portions, while
      other capsules fall naturally into the cavities 24 in an inverted
      position, with the cap portions above the body portions.
PAR  The number 26 designates a group of air jets, which are directed
      substantially crosswise of the machine, which tend to shift all of the
      capsules in a crosswise direction as appears in FIG. 1, and as will be
      described in further detail hereinafter.
PAR  The number 27 designates a stationary vacuum chest which is located
      immediately adjacent to the inner surface of the cylinder 21 and which
      serves to assist in the introduction of the capsules into their cavities,
      the influence of the vacuum being effected through small holes 28 which
      extend through inner portions of the cylinder 21 into the capsule cavities
      24.
PAR  The number 29 designates a rotating brush which serves to straighten out
      any capsules that might be lying in an angular position, as opposed to the
      upright position illustrated in FIG. 1.
PAR  The number 30 designates a source of warm air located adjacent to the
      bottom of the cylinder 21, and serves to assist in the gravity release and
      transfer of the capsules from a bottom portion of the cylinder 21 onto a
      conveyor belt 31.
PAR  It will be apparent that the air jets 26 are mounted in stationary
      positions but are spaced close to the rotating cylinder 21. Similar
      comments apply with respect to the vacuum chest 27 and to the warm air
      chest 30.
PAR  A curved plate 32 is arranged in closely-spaced relation to the lower,
      outer surface of cylinder 21, preventing the capsules from falling
      prematurely by gravity out of their capsule cavities 24. However, such
      plate 32 terminates just short of the bottom of the cylinder 21, thus
      liberating the capsules to move by gravity, and under the influence of
      warm air, onto individual capsule carriers 33 carried by the conveyor 31.
PAR  The number 40 designates an air blasting means for separating the cap and
      the body portion to a limited degree in order to provide an exact overall
      length for each capsule, preparatory to the spin operation. This air
      separator is the subject of a separate application for patent, Ser. No.
      393,964 filed Sept. 4, 1973 and which is not itself a part of the
      invention claimed herein. The number 41 generically designates an offset
      printing apparatus which is ideally adapted for spin printing in
      accordance with this invention. It includes an ink reservoir 42, a
      transfer roll 43, and a printing roll 44 which is continuously rotated in
      the direction indicated by the arrow thereon, in contact with the capsules
      as they move underneath the roll 44, carried by their carriers 33 on the
      conveyor 31. In the spin printing process, one or more elongated forms of
      indicia are preferably printed on the outer surface of the capsule by
      adjusting the speed of rotation of the roll 44 so that its surface speed
      is considerably greater than the speed of movement of the conveyor 31.
      Preferably, the capsule carrier 33 is composed of a slippery material such
      as polytetrafluoroethylene for example, which has a coefficient of
      friction which is less than that of the printing roll, thus permitting the
      capsule to rotate freely upon its axis under the frictional influence of
      the printing roll 44 during the spin printing process.
PAR  Referring now to FIGS. 2, 3 and 4 of the drawings, it will be apparent that
      each capsule cavity 24 includes a generally radially-directed pocket
      portion 50, a generally longitudinally-directed portion 51 and a generally
      transversely-directed portion 52. The pocket portion 50 is connected by
      walls having a surface curvature at 53 to the longitudinal 51, and by
      walls having surface curvature 54 to transverse portion 52. Another wall
      having a rather sharp divider portion 55 extends between longitudinal
      pocket portion 51 and transverse pocket portion 52.
PAR  A typical capsule is shown in FIG. 4 at an angle to its upright position,
      in which the body portion By happens to be located beneath the cap portion
      Cp, although this is immaterial for purposes of the present invention. It
      will be appreciated that the transverse air jets 26 impinge upon the cap
      portions Cp or the body portions By, whichever happens to be uppermost,
      and slide them around the curved portion 54 (see also the upper portion of
      FIG. 3, central portion), forcing the capsule into the crosswise position.
PAR  It will now be apparent that, with all of the capsules thus randomly
      turned, they move downwardly around the periphery of the rotatable
      cylinder 21 maintained within their pockets in a sidewise position by the
      guard plate 32, and are deposited, under the influence of gravity and of
      the warm air 30, onto the carriers 33. They are subsequently subjected to
      spin printing in a manner to apply bands 70, 70 or the like, as appears in
      FIGS. 5 and 6 of the drawings, the printing roll 44 being driven at a
      greater peripheral velocity than the velocity of movement of the conveyor
      31 and recessed at 79 to avoid smearing of the printed indicia.
PAR  An alternative form of the invention appears in FIGS. 7 and 8. Similar
      parts are numbered in a similar manner as in the preceding drawings and
      such parts numbers will not be redescribed at this point in this
      specification. However, in this form of the invention a rotatable transfer
      cylinder 71 is provided beneath the rotatable cylinder 21, this cylinder
      having pockets 72 provided with angularly-sloping bottom surfaces 73 as
      shown in FIG. 8. The speeds and pocket positions of cylinders 21, 71 are
      synchronized. In this embodiment of the invention, the capsules are
      maintained in a substantially radial position in the cylinder 21 and are
      dropped vertically at the bottom of the path of movement of the cylinder
      21 onto the angularly-related pockets 72, thus turning the capsules toward
      a transverse direction with respect to the direction of the machine
      travel. During the rotation of the cylinder 71, the capsules are
      maintained in place by the curved guard plate 74 and they are then
      deposited on the conveyor 31 in substantially the manner heretofore
      described. They are again subjected to spin printing substantially in the
      manner heretofore described.
PAR  Although this invention has been described in conjunction with certain
      specific forms and certain modifications thereof, it will be appreciated
      that a wide variety of other modifications can be made without departing
      from the spirit of the invention. For example, some of the features of the
      invention may be used independently of other features, including the use
      or non-use of the vacuum chest 27 or the warm air chest 30 and the use or
      non-use of the apparatus for partially separating the cap and the body
      portions prior to spin printing. Indeed, the capsule turning apparatus is
      capable of uses independent of spin printing, although it is admirably
      adapted for that use.
PAR  Additionally, in accordance with this invention, various equivalent
      elements may be substituted for those shown and specifically described,
      and in many instances parts may be reversed in ways which will become
      apparent to those skilled in the art, all without departing from the scope
      and spirit of this invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a capsule turning apparatus, the combination which comprises: a
      continuously rotatable capsule transporting cylinder having a plurality of
      elongated upstanding spaced-apart pockets having radially extending
      portions arranged to receive the capsules in upstanding positions therein,
      means for rotating said cylinder, means providing a plurality of elongated
      transverse pocket portions which extend in a direction arranged generally
      transversely of the path of movement of said capsules, each said
      transverse pocket portion intercommunicating with one of said upstanding
      pockets by way of a shaped transfer surface, means for causing tilting
      movement of said capsules out of said upstanding pockets and into said
      transverse pocket portions and thereby transferring said capsules, while
      said cylinder is rotating, from said upstanding pocket portions to said
      transverse pocket portions, a pair of separate transporting cylinders
      rotating tangent to each other, said upstanding pockets being carried in
      one of said cylinders and said transverse pocket portions being carried in
      the other, and said pockets and pocket portions intercommunicating with
      one another by coming together incident to rotation of said cylinders.
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ABST
PAL  A novel packaging system for use in packaging and distributing medicines,
      comprising a portable means supporting a plurality of packages in
      vertical, depending position, these packages having a flimsy, non
      self-supporting, sheet forming a lower, compartmentalized,
      medicine-holding means and also having, integrally connected to the
      package, an upstanding, upper, label of relatively rigid, self-supporting
      cardboard, which includes downwardly facing bearing surfaces formed by the
      laterally projecting bottom edges of the label for cooperation with, and
      to facilitate suspension on, the aforesaid portable apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There has been a problem to provide drug distribution and control systems
      for use in nursing homes, hospitals, and the like, wherein the nurse or
      attendant circulates through the installation dispensing pills or other
      medicines to the patients. The most commonly used form of medicine
      dispensing at the present time in such institutions is the use of a small
      paper cup with the patient's name written on it and the medicine put into
      it, usually in pill, tablet or capsule form. Such cups are neither
      convenient nor particularly safe. For example, they are subject to upset,
      mix-up or spilling, and they require several trips to the hospital
      dispensary because only a limited number of cups can be handled with
      convenience at one time.
PAR  A number of partial solutions have been suggested for solving this problem.
      For example, in U.S. Pat. No. 3,182,791 to Jenner, there is suggested a
      strip-like, compartmentalized package for use together with date insignia
      and the dispensation of medicines. Similar packaging devices are disclosed
      in U.S. Pat. No. 3,283,885 to Grunewald and Lindner, and U.S. Pat. No.
      3,347,358 to Meyers. In general, therefore, it has heretofore been
      proposed to use blister-type medicine packaging in combination with
      prescription-type data and to use such items to meet the special problems
      associated with dispensing of medicines in nursing homes and hospitals.
PAR  However, while these prior art packaging devices are useful as individual
      packages, they are not adapted for maintaining an ordered and visible
      index of the prescription information for a large number of patients.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is a principal object of the present invention to provide an
      inexpensive and convenient medicine-dispensing system wherein
      compartmentalized medicine-holding packages, partly of flimsy, non
      self-supporting material are arranged vertically with information
      permanently visible at the top of the package, independently of the amount
      of medication that has been removed from the lower suspended portion of
      the package.
PAR  It is a further object of the invention to provide an improved, flexible,
      easily-handled, medicine-dispensing package of the blister-type which
      contains an upper card to hold the prescription-bearing portion of the
      element in a rigid upright position, despite the lower portion being
      formed of low cost, flimsy, sheet material.
PAR  A further object of the invention is to provide a portable means for
      moving, supporting and displaying a plurality of the medicine-bearing
      elements of the invention.
PAR  Other objects of the invention will be obvious to those skilled in the art
      on reading the instant application.
PAR  The above objects have been substantially achieved by the provision of a
      system comprising a novel medicine-holding package consisting of a lower,
      advantageously flexible, sheet like element, having about thirty
      medicine-containing compartments and having an upper display portion
      attached to the medicine bearing sheet, but formed of self-supporting
      material. The display section comprises space for receiving the patient's
      name, the kind of medicine that is to be used, and other such prescription
      information, and also includes laterally projecting bottom edges forming
      at least one downward facing support surface and forming means to
      cooperate with a package support means on which a plurality of the
      medicine-bearing elements may be carried. Thus the packages are suspended
      in such a way that flimsy packaging material can be used to facilitate
      medicine removal without interfering with stable positioning of the
      information-bearing part of the package. No superstructure, racks, posts,
      etc. obstruct access by the nurse in quickly grasping and withdrawing the
      card from a cart for dispensing a pill.
PAC  ILLUSTRATIVE EMBODIMENT OF THE INVENTION
PAR  In this application and accompanying drawings there is shown and described
      a preferred embodiment of the invention and suggested various alternatives
      and modifications thereof, but it is to be understood that these are not
      intended to be exhaustive and that other changes and modifications can be
      made within the scope of the invention. These suggestions are selected and
      included for purposes of illustration in order that others skilled in the
      art will more fully understand the invention and the principles thereof
      and will be able to modify it in a variety of forms, each as may be best
      suited in the condition of a particular case.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of the medicine-bearing packages
      of the invention, supported in vertical, depending position;
PAR  FIG. 2 is a side elevational view of one of the medicine-bearing packages
      of the invention;
PAR  FIG. 3 is a perspective view of the portable indexing system of the
      invention comprising a plurality of bubble-type cards mounted in a
      cart-like vehicle; and
PAR  FIG. 4 is a perspective view of one of the cards of the invention,
      illustrating the ease of handling of the medicine holding package.
DETD
PAR  Referring to FIG. 1, it is seen that a plurality of medicine-bearing
      packages 10 are mounted on upright support members 11 of a portable cart
      12. The upper portion 13 of each package 10 comprises an index card 14 of
      self-supporting sheet material, such as cardboard, bearing basic
      prescription data, such as name of patient, dosage, identification of
      medicine, etc. The card 14 is of predetermined width and extends outwardly
      beyond the lateral limits of the flimsy medicine-bearing lower portion 16
      depending centrally therebelow to provide a pair of downwardly facing
      bearing surfaces 17 and 18 which bear against the horizontal upper edges
      19 of parallel support members 11 and hold the prescription information in
      the desired visible position as medicine is incrementally removed from the
      bottom of the lower portion 16. Medicine, such as pills 21, is
      advantageously held within plastic bubbles, or blisters, 22 and the
      bubbles are separated by perforated tear lines 23.
PAR  Preferably, each pill card 10 is provided with about thirty bubbles 22, one
      for each day of the month, arranged in three rows, such as 25, 26, and 27,
      separated by slits, such as 28. The bubbles in each row are individually
      and successively removable from the bottom to the top on the perforated
      tear lines 23 until the upper portion 13 is reached and the card is empty
      and disposed of. It will be understood that if the entire card were of
      limp, flimsy material, it would slip to the bottom of a container and any
      upper label would sink lower in the receptacle as pill bubbles were
      removed from the bottom, upwardly.
PAR  In this invention, the lower portion 16 of the card may be of limp
      non-self-supporting, low-cost sheet material, such as thin plastic film
      and foil layers, so that it is disposable but is supported with the upper
      portion 13 always at visible height despite the daily removal of pill
      bubbles from the lower portion.
PAR  In FIG. 1, a pill card 10 is shown with a few bubbles removed to illustrate
      the manner of use of the invention.
PAR  FIGS. 3 and 4 illustrate how conveniently the packages 10 of the invention
      may be handled. The portable support system of FIG. 3 comprises cart 12
      having a drawer 29 and divided into a plurality of compartments 31, 32,
      and 33, each compartment supporting in depending position a large number
      of packages 10 with the cards 14, of the upper portions 13, arranged to be
      continually visible.
PAR  In FIG. 4, it is seen how the lightweight construction and the flexibility
      of the pill-dispensing card 10 is useful in permitting the easy removal of
      a pill-type dosage by pushing the pill with thumb pressure through the
      moisture-proof backing sheet 34 by pressure on the transparent plastic
      film cover ply 35. Such light, flexible construction of medicine-bearing
      sheets would be impractical for the purposes intended, were it not for the
      supporting means formed of the data-bearing index card members 14, support
      partitions 11, and cart 12.
PAR  FIG. 2 shows more details of the construction of pill card 10, wherein
      index card 14 is shown to consist of a relatively rigid, self-supporting
      material, such as cardboard or plastic, and bearing ears 36 and 37. The
      downwardly projecting ears 36 and 37 are each outside one of the downward
      facing bearing surfaces 17 or 18 and prevent twisting and dislodgment of
      the cards. On the back of card 14 has been permanently fastened a data
      sheet 38, which sheet bears the prescription indicia. Lower portion 16
      comprises a vacuum-formed, blister type, molded front ply 39, an adhesive
      layer 41, and a foil or plastic cover ply 42 fixed by the adhesive 41 to
      the front ply 39. It is advantageous if card 14 and ply 39 are integrally
      molded from the same plastic sheet, card 14 being of a self-supporting
      thickness.
PAR  It will be recognized that certain coding techniques known to the art can
      also be used with the system of the invention. Thus each blister 22 can be
      identified with a specific date designation, color-coding can be used on
      the data card, etc. A particular advantage of the device of the invention
      is that it can be utilized with color coding, whereby cover ply 42 can be
      colored to identify a particular kind of medicine and data sheet 38 can be
      color-coded with the same confirmatory color, or a different color,
      indicating dosage rate, hospital ward, or some other such useful
      information.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein described
      and all statements of the scope of the invention which might be said to
      fall therebetween.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination:
PA1  a portable cart having side and end walls, at least one compartment formed
      therein, each compartment having at least two parallel upright support
      members, extending vertically therein, and having parallel horizontal
      upper edges spaced a predetermined width apart,
PA1  and a plurality of compartmentalized medicine-holding packages, each
      package comprising a generally T-shaped body having
PA1  a lower, medicine-carrying portion of flexible, low-cost, non
      self-supporting materials having bubbles therealong, for containing a
      pill, separated by the tear lines, for permitting each successive
      lowermost bubble to be separated therefrom, said sheet being of less width
      than the width between said supports to hang therebetween and
PA1  an upper index card portion of relatively rigid, self-supporting, material
      of predetermined greater width than the width of said lower portion and
      than the width between said supports; said card having a pair of
      oppositely disposed, downward facing bottom edges each forming a bearing
      surface extending beyond the said horizontal edges of said supports and
      supported thereon and having a pair of integral downward projecting ears,
      each outside one of the bearing surfaces of said bottom edges;
PA1  said bearing surfaces supporting said card portion in visible, upright,
      readable position; supporting said lower portion in limp, depending
      position between said supports and supporting said packages for individual
      free removal from said cart in a vertical path and
PA1  said ears preventing inadvertent twisting and dropping of said packages to
      the bottom of said cart.
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ABST
PAL  An elongated flexible tube is formed with a plurality of sealing lines
      transversely of the tube in spaced apart relationship, a discontinuous cut
      line in the middle of each of the sealing line transversely of the tube
      and a discontinuous cut line in the shape of a continuous wavelike curve
      positioned transversely of the tube at the middle of the portion defined
      by each two adjacent sealing lines. The wavelike cut line defines at least
      two crest portions at the opening of each of a pair of inner bags to be
      formed on the opposite sides of the wavelike cut line. The inner bags,
      thus formed in a great number in a continuous tubular arrangement, can be
      separated along the cut lines for use.
PARN
PAR  This is a continuation of application Ser. No. 358,282, filed May 8, 1973,
      which is a continuation of application Ser. No. 125,188, filed Mar. 17,
      1971, both abandoned.
BSUM
PAR  The present invention relates to an inner bag for containers, more
      particularly to improvements in a flexible tubular bag to be used in the
      interior of a container such as a nursing bottle with its opening portion
      fastened to the mouth of the container.
PAR  In recent years, disposable inner bags such as of a thin polyethylene sheet
      have been introduced into a wide use for nursing bottles of a certain
      type. However, since these inner bags already known have generally been
      made individually one by one, they are inconvenient to carry about or to
      keep for storage. Moreover, the linear edge defining the opening of the
      known bag of this type makes it difficult to fold the opening portion over
      the mouth of a bottle and the outwardly folded portion which is always
      gathered together in wrinkles over the external wall surface of the bottle
      mouth gives rise to another difficulty that when the opening is to be
      fastened to the mouth by a nipple holding ring or the like externally
      mounted thereon, screw-thread engagement of the ring with the mouth can
      not be readily effected or the bag may be turned together with the holding
      ring, this making it impossible to fix the bag in position.
PAR  A primary object of the present invention is to provide an inner bag having
      an opening defined by a continuous wavelike curve which provides two to
      six crest portions at the opening so as to give the opening an elongated
      periphery effective for folding, the bag thus being adapted to be folded
      over the mouth of a container with extreme ease.
PAR  Another object of the present invention is to provide an inner bag formed
      with a wavelike peripheral edge at its opening as described above so that
      when the opening of the bag is folded over the mouth of a container such
      as nursing bottle and is to be fitted around the mouth by a fastening
      member like a nipple holding ring, the crest portions at the opening of
      the bag extending downwardly over the shoulder of the bottle can be held
      against the bottle by the finger to retain the opening against the
      rotation of the fastening member, the inner bag thus being adapted to be
      held in place in stable manner all the time.
PAR  Another object of the present invention is to provide an inner bag of the
      type described which is formed in a plurality of pairs which are
      continuous in the form of an elongated tube, the inner bags in each pair
      having wavelike openings thereof disposed in meshing arrangement with each
      other and adapted to be torn off from each other, so that a great number
      of the bags can be rolled up in a compact shape for storage as well as for
      carrying about and can be manufactured economically without resulting in
      waste of material.
PAR  Still another object of the present invention is to provide an inner bag
      which is sanitary and can be stored almost free from germs or dust which
      would otherwise get in through the opening.
PAR  In accordance with the present invention, a plurality of inner bags for a
      container are formed in pairs which are continuous in the shape of an
      elongated flexible plastic tube by forming in the tube a plurality of
      sealing lines disposed transversely of the tube and spaced apart by a
      predetermined distance longitudinally of the tube, a discontinuous cut
      line disposed in the middle of each of the sealing line transversely of
      the tube and a discontinuous cut line in the form of a continuous wavelike
      curve positioned transversely of the tube at the middle of the portion
      defined by each two adjacent sealing lines, so as to provide at least two
      crest portions at the opening of each of the pair of inner bags to be
      formed on the opposite sides of the wavelike cut line.
DRWD
PAR  For a better understanding of the present invention, a detailed description
      will be given below with reference to the accompanying drawing wherein:
PAR  FIG. 1 is a perspective view of an inner tube which has been formed in
      pairs in the shape of a continuous tube in accordance with this invention;
      and
PAR  FIG. 2 is a front view showing the inner bag of this invention as it is
      placed in a nursing bottle with its opening portion folded over the mouth
      of the bottle and fastened in position.
PAR  FIGS. 3 and 4 are partial plan views showing wavelike cut lines defining
      three and four crests, respectively.
DETD
PAR  Referring to FIG. 1, an inner bag 1 is made of a plastic tubular material
      such as a commercial soft polyethylene tube. The tubular material,
      illustrated in collapsed form in FIG. 1, is formed with sealing lines 2
      extending transversely of the tubular material and spaced apart by a
      predetermined distance longitudinally thereof. At the middle in each
      sealing line 2 is a cut-off line 3 which is formed by cutting the tubular
      material in the form of a dashed or perforated line. The distance between
      the directly adjacent sealing lines 2 is such that the intermediate
      portion therebetween provides two bags 1 as a unit. Extending at the
      middle of this portion transversely of the tubular material is a wavelike
      cut-off line 5 in the form of a dashed or perforated line which defines
      the openings of a pair of the bags 1 to be formed on its opposite sides.
      Accordingly, in the illustrated collapsed form before the bags are
      separated from each other at the cut-off line 5, the bags are positioned
      as if in meshing engagement with each other. The cut-off line 5 is in such
      form that when the bag 1 is inflated, two crest portions 4 are formed at
      the opening of each bag 1. The number of the crest portion 4 may be three
      to six. FIG. 3 shows three crests and FIG. 4 shows four crests. With
      respect to the form of periphery 1' of the opening 1, it is essential that
      the wavelike cut-off line 5 provide an elongated periphery which is
      effective in ensuring easy folding and that substantially large crest
      portions 4 be formed.
PAR  When the bag 1 thus formed is to be put to use, the bag at an extreme end
      position is torn off an adjacent bag 1 along the cut-off line 3 or 5.
      Since the bag 1 thus obtained in accordance with this invention is
      provided with an opening which has an effective peripheral length, the bag
      is much easier to fold over the mouth 7 of a nursing bottle 6 than is the
      case with a conventional bag which has a linear edge at the opening as
      shown in FIG. 2. Further because the crest portions 4 defined by the
      opening edge 1' will be folded over and allowed to extend downward along
      the shoulder 8 of the nursing bottle 6, the bag can be fastened to the
      mouth 7 of the nursing bottle by a nipple holding ring 9 along with a
      nipple 10 while the crest portions 4 are being held against the bottle 6
      by the finger. As a result, the upper portion of the bag 1 can be retained
      in position against rotation with the nipple holding ring 9 to ensure
      stable fastening effect all the time.
PAR  In accordance with the present invention described above, the inner bags 1
      are formed in pairs, each with respective edges 1' of the openings in
      meshing arrangement, in the form of a continuous series of bags from which
      the bag can be torn off readily and which can be rolled up, so that as
      compaired with conventional bags which have been produced one by one, a
      great number of bags can be stored in a compact form at a time and carried
      about with convenience during travel or when one is away from home. The
      bags of this invention which can be manufactured in continuous form
      without wasting any material further ensures low cost and economical use.
      The inner bag of this invention has another advantage of being sanitary in
      that it can be kept almost free from germs or dust due to the structure in
      which the openings edges 1' are interconnected at the wavelike cut-off
      line 5 in sealing manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An inner bag for a container such as a nursing bottle formed in pairs,
      said pairs of inner bags being continuous in the shape of an elongated
      flexible plastic tube and defined by a plurality of sealing lines formed
      transversely of said tube and spaced apart by a predetermined distance
      longitudinally of said tube, a discontinuous cut line formed in the middle
      of each of said sealing lines transversely of said tube and a
      discontinuous cut line in the shape of a continuous wave-like curve formed
      transversely of said tube at the middle of the portion defined by each two
      adjacent spaced apart sealing lines, so as to provide at least two crest
      portions at the opening of each of said pair of inner bags to be formed on
      the opposite sides of said wave-like cut line, said inner bags thus being
      adapted to be separated from each other when torn off along the cut lines,
      wherein the crests are substantially large with an elongated periphery
      with an effective peripheral length for folding and, wherein the length of
      each crest portion in the longitudinal direction of the tube is at least
      equal to the distance between the troughs defining two crest portions.
NUM  2.
PAR  2. The inner bag as set forth in claim 1 wherein said wavelike cut line
      defines three crest portions at the opening of said inner bag.
NUM  3.
PAR  3. The inner bag as set forth in claim 1 wherein said wavelike cut line
      defines four crest portions at the opening of said inner bag.
NUM  4.
PAR  4. An inner bag for a container such as a nursing bottle formed as a
      plurality of bags in the form of an endless flexible tube on a roll,
      comprised of a plurality of sealing lines formed transversely of said tube
      and spaced apart by a predetermined distance longitudinally of said tube,
      a first discontinuous cut line formed in the middle of each of said
      sealing lines transversely of said tube and a second discontinuous cut
      line in the shape of a wave-like curve formed transversely of said tube at
      the middle of the portion defined by each of two adjacent spaced apart
      sealing lines, so as to provide at least two crest portions at the opening
      of said inner bags to be formed on the opposite sides of said wave-like
      cut lines, said inner bags thus being adapted to be separate from each
      other when torn off along the cut lines, and wherein the crests are
      substantially large with an elongated periphery with an effective length
      for folding and wherein the length of each crest portion in the
      longitudinal direction of the strip is at least equal to the distance
      between the troughs defining two crest portions.
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ABST
PAL  Packaging structure for an assembly of items which are strung on a wire or
      cord, such as a stringer light assembly which includes a plurality of
      lamps connected at spaced points to conductors and a support and guard
      device for each lamp. The packaging structure includes a container having
      a base and folding portions connected thereto adapted to form sides and a
      top for the container. A liner is positioned on the base which has a wall
      of decagonal shape which serves as a form around which the conductors can
      be wrapped or wound. A slot is provided in each side of the wall for
      allowing the conductors to pass therethrough so that the lamps and the
      associated support and guard devices can be positioned on the base within
      the wall. A plurality of the walls have extensions or projections at the
      edges thereof which serve to retain the conductors therebetween. The
      stringer light assembly when so packaged can be easily dispensed by
      opening the top of the container, fastening the ends of the conductors to
      a fixed object and unwinding the conductors from the liner, with the
      conductors sliding out of the slots therein. The stringer light assembly
      can be positioned for use without encountering tangling of the conductors
      and devices.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is common practice at construction sites to install stringer light
      assemblies for lighting an area, such as a floor of a building, while the
      construction is taking place. For safety reasons guards must be provided
      about the lamps to protect the same, since the stringer light assemblies
      may be used in places where substantial construction activity is taking
      place. In many cases, the electrical conductors are first strung and then
      lamps are connected thereto, but this requires substantial on the job time
      on the part of electricians. Light sets have been assembled in one area
      and then moved to another area for installation, but movement of the
      assemblies has caused tangling of the conductors.
PAR  Although it has been proposed to preassemble the stringer light assemblies
      so that they can be constructed at less cost than when constructed by
      electricians on the job, the problem has been encountered when installing
      the assemblies that the conductors tend to become tangled with each other
      and with the lamps, with the result that substantial time is required to
      straighten out the conductors prior to the installation of the stringer
      light assemblies. As a result, little economy has been accomplished by
      preassembly of the stringer light assemblies.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide an improved structure for
      assembling, storing, and transporting an assembly of items positioned
      along a wire or a cord, which also facilitates dispensing the assembly.
PAR  A further object of the invention is to provide a packaging structure for
      an item such as a stringer light assembly, which is suitable for holding
      the assembly during shipment, and which can be easily opened for
      dispensing the assembly without removing the entire assembly from the
      container.
PAR  Another object of the invention is to provide a packaging structure for a
      stringer light assembly which includes a container for holding and
      protecting the assembly, with a liner in the container which serves as a
      form for wrapping the conductors and which also provides spaces for
      receiving the lamps and supported guard devices for the lamps.
PAR  In accordance with the invention the packaging structure includes a
      container, which may be made of cardboard, which has a base portion with
      integral folded portions connected thereto which are shaped to form sides
      for the container. The container can have integral parts forming a top, or
      a separate top. A liner is positioned on the base of the container which
      has a wall of generally cylindrical shape, which serves as a form around
      which wires or cords on which items, such as lamps, are strung can be
      wrapped. The wall can be of decagonal shape and have a slot in each side
      through which the wires can pass for positioning the items within the
      liner. The container is illustrated for use with a stringer light assembly
      having lamps and associated support and guard devices which extend from
      near the center of the liner to the junction between two adjacent sides of
      the liner wall. The apex between the two sides serve to retain the device
      in a substantially fixed position. The liner may also be formed of
      cardboard and may be constructed of two identical pieces which are secured
      together, as by stapling. Any other number of pieces can be used, such as
      ten pieces which are attached together. A plurality of the sides of the
      liner can have extensions which project from the outer surface thereof for
      retaining the conductors therebetween. The container can be closed for
      shipment and storage of the stringer light assembly, and then the top can
      be opened for dispensing the assembly with the liner remaining on the base
      of the container. During installation one end of the wires or conductors
      can be fastened to a fixed object and the packaging structure can then be
      moved away from the object with the conductors unwinding from the liner
      and slipping out of the slots to allow the lamps and associated devices to
      be removed from within the wall of the liner. Alternatively, the
      conductors and lamps can be pulled out of the container while the
      container is stationary. The packaging structure can be used for other
      assemblies of items strung on wires or cords in the same manner as for the
      stringer light assembly which has been illustrated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a stringer light assembly which may be packaged by the
      structure of the invention;
PAR  FIG. 2 is a top view of the stringer light assembly positioned with respect
      to the liner;
PAR  FIG. 3 is an exploded view showing the packaging of the stringer light
      assembly with respect to the liner and the container;
PAR  FIGS. 4 and 5 illustrate the unwinding of the stringer light assembly from
      the liner; and
PAR  FIG. 6 illustrates one positioning arrangement of the lamps within the
      liner.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, there is illustrated a stringer light assembly adapted
      to be supported on a messenger wire 10. The assembly includes electrical
      conductors 12 which may be connected to the conventional 110 volt
      electrical power supply. A plurality of lamps 14 are energized from the
      conductors, being secured in sockets 16 having conductors connected to the
      conductors 12 by connectors 18. Secured to each socket 16 is a support 20
      and a guard 24. The support 20 may be made of insulating material, such as
      plastic, and have a supporting portion 21 with openings to receive the
      messenger wire 10 for supporting the same. Hooks 22 are provided on the
      support 20 for holding the conductors 12 from the messenger wire 10. The
      support 20 and guard 24 may be connected to the socket 16 in any known
      manner.
PAR  The lamps 14 will be positioned at spaced intervals, which may be 10 feet
      intervals, so that the conductors 12 are relatively long. In a stringer
      light assembly having ten lights, the conductors will be 90 feet long
      between the first and last light, and it may be desired to have a ten foot
      leader for connecting the first light to a power supply. Accordingly, the
      conductors will be about 100 feet long. If the conductors and lamps with
      the support and guard devices therewith are randomly placed in a
      container, there is great likelihood that the conductors will become
      tangled, and/or the conductors will become wound around the guard devices
      in such a way that it is difficult to string up the light assembly.
PAR  FIG. 2 is a top view of the liner 28 of the packaging structure, and FIG. 3
      is an exploded view showing the liner 28 with the stringer light assembly
      positioned thereon, adjacent the container 29 in which the assembly can be
      stored and shipped. The liner 28 is formed by two parts 30 and 32, which
      are of identical construction. The parts may be formed of cardboard which
      are creased to form the angles 34 between adjacent sides 33. The two parts
      are connected together as by staples 35 and when so connected form a
      decagonal shaped wall. This wall is of generally cylindrical configuration
      and will be so referred to in the specification. A plurality of the sides
      33 have projections 36 extending therefrom for retaining the conductors,
      as will be described. Each side 33 of the liner has a slot 38 therein
      through which the conductors can extend.
PAR  Referring to FIG. 3, it will be seen that the conductors 12 are wound
      around the liner 28 between the projections 36 which extend from certain
      of the sides 33 at the top and bottom thereof. The conductors 12 extend
      through the slots 38 toward the center area of the liner so that the
      support 20 for the lamp is positioned at this center area. The lamps 14
      extend from the center to the liner, with the guards 24 being positioned
      at the junction between two sides 33 of the liner 28. The lamp 14a
      illustrated in FIG. 3 has its guard 24a positioned at the junction between
      the sides marked 33a and 33b. The conductors 12 hold the lamp so that the
      guard 24a rests against the liner, to retain the lamp 14 a in a
      substantially fixed position. The other nine lamps 14 are similarly held
      within the liner 28 with the guards 24 thereof engaging two adjacent sides
      33.
PAR  FIG. 3 illustrates a container 29 for the stringer light assembly which
      includes a base 40 having portions connected thereto which forms sides 41,
      42, 43 and 44 for the container. Top portions 46 and 47 are connected to
      the sides 42 and 44, respectively, so that the container 29 can completely
      enclose the liner 28 with the stringer light assembly positioned thereon.
      This forms a suitable package for storing or shipping a stringer light
      assembly. It is to be pointed out that other container configurations can
      be used with the liner and assembly thereon, which fall within the
      invention.
PAR  When the stringer light assembly is to be installed, it can be transported
      to the desired location within the container 29, and the top portions 46
      and 47 can be folded back, as shown in FIG. 3. The lead ends of the
      conductors 12 can be secured to a fixed object, and the container can be
      moved so that the conductors 12 unwind from the liner 28. As the
      conductors 12 are unwound to a point where a lamp 14 is connected, the
      conductors will slide out of the slot 38 so that the lamp 14 can be
      removed from within the liner 28, and the conductors 12 will continue to
      unwind to the next lamp. It will be apparent that the assembly can be
      removed from the container and liner by pulling out the conductors while
      the container is held stationary. It is therefore seen that the stringer
      light assembly can be dispensed from the liner without the likelihood that
      the conductors will become entangled, either with each other or with the
      support and guard structures of the lamps.
PAR  The direction that the conductors 12 are wound on the liner, and the
      direction that the projections 36 extend from the sides 33, are related so
      that when the conductors are removed, they do not catch on the
      projections. This is illustrated in FIG. 4 wherein the projection 36 tends
      to bend over or collapse so that the conductor 12 can be pulled from the
      liner 28. If the conductor 12 is wound in the opposite direction, it will
      catch on the projection 36, as shown in FIG. 5, and the pull will bring
      the conductor in tight engagement with the projection. The projections 36
      are effective, however, to prevent the conductors 12 from sliding off the
      liner 28 during handling.
PAR  The dimensions of the liner, the number of sides and the order in which the
      lamps are positioned in the spacers can be changed as required for
      different applications, and to provide the desired length of the
      conductors between lamps on the string. The conductors can make any
      desired number of turns around the liner, and the particular slot 38
      through which the conductors extend to position the next lamp can be
      selected as desired. For example, the conductors can be arranged to
      provide two turns around the liner after each lamp is positioned, less one
      space, so that the next lamp will be positioned just ahead of the previous
      lamp. If it is desired to provide closer spacing of the lamps, the
      conductors can be positioned in the slot 38 so that after one lamp is
      positioned, the conductors make one full turn around the liner and then
      skip two positions so that the next lamp is positioned in the third space
      after the first lamp. Such an arrangement is shown in FIG. 6. Obviously
      other numbers of turns about the liner, and other positioning of the lamps
      can be used so that the same liner is suitable for use with different
      spacings of the lamps, as may be required in different applications.
PAR  Although the container 29 has been illustrated as formed of a single piece
      of material, such as cardboard, which is folded to provide sides and a
      top, it will be apparent that the container can be of any other suitable
      construction. For example, the top can be a separate part as commonly used
      in boxes.
PAR  While the packaging structure of the invention has been described for use
      for holding a string of lamps, it is obvious that this structure is
      suitable for use to hold other objects which are secured to a conductor or
      cord. For example, parking lot markers which are spaced along a cord can
      be packaged for storage and transportation in a container as illustrated,
      with the same advantages when storing, shipping and setting up the markers
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. In a package including a walled container which can be opened at the top
      and has a closed bottom for packaging therein a string-of-lights product
      having elongated wire conductor means therewith and a plurality of
      electric lamp sockets electrically connected thereto, the combination
      including a removable liner positionable within said container comprising
      a wall of generally cylindrical shape with a top edge and standing upright
      in said container and spaced away from but within the wall of said
      container, a string-of-lights product comprising wire conductor means and
      a plurality of assemblies, each assembly electrically connected to said
      wire conductor means at predetermined positions over the length thereof,
      with each assembly including a lamp socket, electrical connector means,
      and means associated with the socket, said liner having therewith means
      for maintaining said elongated wire conductor means on the outside of said
      liner intermediate the top edge and the bottom of the wall of said liner,
      and said liner having a plurality of slots therein, with each slot
      extending from the top edge of said liner downwardly a predetermined
      distance into the wall of said liner and corresponding at least in number
      to said assemblies for said product, with said wire conductor means
      insertable into and positioned in a slot while said product is packaged in
      said container, and with each said assembly being positioned inside said
      liner and resting on the bottom of the container, said product being
      removable from said container by unwrapping the wire conductor means from
      around the liner and removing said assemblies from the container by
      withdrawing each assembly upwardly out of the container to in turn
      withdraw the wire conductor means upwardly and out of a corresponding
      slot, with said upward movement of said wire conductor means and the
      assemblies being accomplished without impeding the wire conductor means on
      the outside of said liner as the total product is being removed from said
      container.
NUM  2.
PAR  2. In a package as defined in claim 1 wherein said means for positioning
      said conductor means on the outside of said liner comprises yieldable
      projections in pairs spaced apart vertically from one another and with one
      adjacent the top edge and one adjacent the bottom of the liner wall, and
      said liner having a plurality of such pairs of projections positioned
      around the outside of said liner wall and each pair circumferentially
      spaced from each other.
NUM  3.
PAR  3. In a pacakge as defined in claim 1 wherein the means associated with the
      socket in each assembly includes a lamp guard, and wherein each assembly
      and said conductor means in being withdrawn upwardly from said liner is
      done so in a direction axially of said liner.
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ABST
PAL  An article carrier having two opposed open sides. The carrier comprises a
      bottom and a top wall spaced apart in substantially parallel relationship
      by two transverse walls extending between opposed end edges of the bottom
      and top wall. An article retaining panel extends from a respective side
      edge of both the bottom and top wall and inclined inwardly between the
      bottom and top wall. Article retaining cavities are formed in each of the
      article retaining panels and defined retention ribs therebetween. The
      cavities in the panels are in transverse alignment with cavities in an
      opposite retaining panel whereby an article may be removably secured
      between vertically aligned pairs of cavities by frictional engagement by
      the ribs and by a pressure applying panel applying inward pressure between
      the ends of the article.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to article carriers and generally and more
      particularly to an improved article carrier of the type commonly used to
      transport articles, such as glasses, and which carrier is open from two
      opposed sides whereby to provide a see-through package.
PAR  2. Description of the Prior Art
PAR  Article carriers of the general type to which this application relates are
      generally made of different shapes, sizes and formed from cardboard or
      other foldable type paper material. These type carriers normally comprise
      a single sheet of cardboard material disposed along the top and bottom
      wall where the majority of the weight of the article is distributed. Still
      further, prior art carriers of this general type require expensive
      machinery to form the carrier and normally requires the assistance of an
      operator in order to form the package. Furthermore, known carriers of this
      general type are subject to destruction when the articles carried therein
      are removed from the package. Accordingly, with the majority of these
      carriers it is not possible to remove the article then place it back into
      the package and wherein the package will again snugly hold the article.
PAC  SUMMARY OF THE INVENTION
PAR  It is a feature of the present invention to provide an improved article
      carrier which is transportable, easily and automatically manufactured and
      assembled, and which is of the see-through type.
PAR  Accordingly, from a broad aspect, the present invention provides an article
      carrier having two opposed open sides. The carrier comprises a bottom and
      a top wall spaced apart in substantially parallel relationship by two
      transverse walls extending between opposed end edges of the bottom and top
      wall. An article retaining panel extends from a respective side edge of
      both the bottom and top wall and inclined inwardly between the bottom and
      top wall. Article retaining cavities are formed in each of the article
      retaining panels and define retention ribs therebetween. The cavities in
      the panels are in substantially transverse alignment with cavities in an
      opposite retaining panel whereby an article may be removably secured
      between vertically aligned pairs of cavities by frictional engagement by
      the ribs and by panel means forming part of the article retaining panel
      and applying inward pressure between the ends of the article.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the present invention will now be described with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a perspective view showing the article carrier of the present
      invention;
PAR  FIG. 2 is a plan view of the blank forming the article carrier of the
      present invention; and
PAR  FIG. 3 is a sectional view of the article carrier illustrating the manner
      in which articles are secured by the article retaining panels.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, there is shown generally at 10, the article
      carrier of the present invention. The article carrier is formed with two
      opposed open sides 11 and 12 as shown in FIG. 3. The carrier comprises a
      bottom wall 14 and a top wall 13 which are spaced apart in substantially
      parallel relationship by two transverse walls 15 and 16 constituting a
      first and a second transverse wall. The transverse wall 16 extends between
      end edges 18 and 17 of the top wall and bottom wall, respectively. The
      transverse wall 15, extends from the opposed end edge 19 of the top wall
      13 and the end edge 20 of the bottom wall 14. An attachment panel 21
      secures the outer marginal edge portion 22 of the transverse wall 15, by
      means of glue applied to the attachment panel 21, and the marginal edge
      portion 22.
PAR  An article retaining panel 25, extends from a respective side edge 26 of
      the bottom and top walls 14 and 13. The article retaining panel 25 is
      inclined inwardly between the bottom and top wall and comprises an article
      retaining panel section 27 and a pressure applying panel section 28. The
      panel retaining section 27 extends angularly inwards towards the center of
      said carrier, from its respective side edge 26 along a first section 29. A
      second section 30 is formed integrally with the first section 29 and
      extends angularly inwards and towards its respective one of the bottom or
      top wall 14 or 13. The pressure applying panel 28 protrudes from an end
      edge of the second section 30 and extends beneath at least a portion of
      the first section 27 and angularly inwards towards the edge 26. An end
      margin 31 is provided adjacent the free end of the section 28 and is
      secured adjacent the edge 26 to the inside surface 32 of its respective
      one of the bottom or top walls 14 or 13.
PAR  As can be seen more clearly from FIG. 3, when the articles 50 are inserted
      into the carrier, the pressure applying panel section 28 will move
      upwardly against the inner surface 32 of the top panel 14, to provide a
      double walled panel adjacent one end of the article 50. This double wall
      panel is also provided adjacent the other end of the article as can be
      seen from the figure. Thus, with the articles inserted into the carrier,
      the bottom and top walls 14 and 13 are substantially formed of double
      layers of cardboard thus, adding to the strength of the package below and
      above the articles.
PAR  As shown more clearly in FIGS. 1 and 2, the article engaging panel section
      27 is provided with article retaining cavities 35 which are spaced apart
      and in transverse alignment with the cavities 35 in an opposite retaining
      panel 25, whereby an article, such as a glass 50, may be removably secured
      between vertically aligned pairs of cavities. As can be seen the wall
      section 36 between the cavities 35 each constitute article retention ribs
      between the cavities. An article 50 is retained within the package and
      between aligned pairs of cavities by frictional engagement exerted by the
      ribs 36 and by axial pressure applied by the pressure applying panel
      section 28 which is generally angulated inwardly of its respective bottom
      or top wall 14 or 13 applying inward pressure in the direction of the
      arrows 37 as illustrated in FIG. 3. The configuration or contour of the
      cavities 35 depends on the shape of the articles being carried. In the
      particular case illustrated in FIG. 2, the cavities 35 of both article
      retaining panels 25 on a respective side of the bottom wall are smaller
      than the apertures 35 in the article retaining panels 25 of the top wall.
      Of course, the bottom and top wall herein defined are not necessarily the
      top or bottom of the package as the carrier may be formed inversely, that
      is, with the bottom wall 13 being in the position of the top wall and vice
      versa.
PAR  In order to make the article carrier easily transportable, a carrier tab 38
      may be formed in each of the transverse walls 15 and 16. The carrier tabs
      38 are each formed by cutting the outline of a finger inserting opening 39
      and a retention rib 40 formed therewith whereby the tab 38 can be easily
      pushed into the inside of the carrier from the transverse walls when the
      finger is inserted. The tab is also designed to prevent handles from
      adjacent articles, such as "beer mugs", from displacement and damage when
      the package is manipulated.
PAR  The blank is illustrated in FIG. 2 and as can be seen the entire carrier is
      formed from a single sheet of paper stock or other foldable material and
      no external panels are required to be secured to the blank to form the
      carrier. All of the phantom lines illustrate a fold line and delineate all
      of the panels or securing end margins. Also, all of the fold lines extend
      parallel to one another and to the side edges 26 of the top and bottom
      walls or transversely thereto. Also, the bottom, top and transverse walls
      14, 13 and 16 have opposed side edges 26 for the top and bottom wall and
      26' for the transverse walls extending on a common axis on each side of
      the carrier 10 and further extending parallel to each other. Each of the
      article retaining panels 25 have parallel side edges 25' extending
      transversely from a respective end of the side edge 26 of a respective
      bottom or top wall. An end edge 25" extends between the side edges 25' and
      parallel to the side edges 26 or 26'. Also, the outer end edges 15' and 20
      of the transverse wall 15 and the top wall 13 are also parallel to each
      other and transverse to the side edges 26 and 26'.
PAR  The article carrier 10 is made by cutting a blank outline of the carrier 10
      as illustrated in FIG. 2 and making the fold lines between all of the
      walls, panel sections, and the securing of end margins, as described
      hereinabove. Glue is then applied to the backside of the securing end
      margins 31 of each article retaining panel 25 and to the backside of the
      attachment panel 21. The securing end margins 31 of each panel 25 is then
      folded on its fold line 31' inwardly towards the top or bottom wall. The
      pressure applying panel fold line 28' and the fold line 27' delineating
      the first and second section of the article engaging panel 27 as well as
      the fold line 26" of the side edge 26 are also folded on a common side
      towards the top or bottom walls. The backside of the securing end margins
      35 are then secured, by means of glue, on the bottom or top wall whichever
      one it is associated with, adjacent the side edges 26 on said common side.
      The transverse walls 15 and 16 and the attachment panel 21 are then folded
      towards the common side at the fold lines 20, 17, 18 and 19 with the
      backside of the attachment panel secured adjacent the outer end edge 15'
      of the transverse wall 15 on the said common side. Thus, there is formed
      the article carrier 10 of the present invention. The above method is a
      preferred one and it is foreseen that the method of assembly can be
      altered by applying the glue to the various margins at a different stage
      in the folding operation. Also, after the package is assembled it may then
      be conveyed automatically to a machine which inserts the articles into the
      package.
PAR  It can be seen that the article carrier of the present invention can be
      completely automatically made and the contents inserted therein without
      manual intervention by an operator. Also, the package provides total
      visibility of the goods carried thereby and the articles may be removed
      from the carrier and placed back therein without destruction of the
      carrier. Still further, the carrier of the present invention is
      strengthened in the bottom and top wall sections thereof.
PAR  In FIG. 2 there is illustrated a further embodiment of the article carrier
      10 in that the transverse walls 15 and 16 may be provided with reinforcing
      extension panels 15" and 16', as shown in phantom lines. These panels 15"
      and 16' are of substantially rectangular configuration and provide
      reinforcement along the vertical plane of the walls 15 and 16 by folding
      them on the common side of the blank, that is, on the surface internally
      of the carrier when assembled. The panels 15" and 16' are retained in this
      position by the side edges 25' of the article retaining panels 25 when in
      their article retaining position as illustrated in FIG. 1. Of course, the
      tabs 38 are configured not to interfere with the panels 15" and 16'.
PAR  Some further advantages of the panels 15" and 16' are that it permits the
      blank to have only one surface thereof printed or coated with an esthetic
      coating as when the panels 15" and 16' are in position and articles
      retained in the carrier, substantially only one side surface of the
      carrier blank is visible. Still further, the panels 15" and 16' eliminate
      some of the wasted stock when the blank is formed.
CLMS
STM  I claim:
NUM  1.
PAR  1. An article carrier blank comprising a single sheet of paper stock of
      other foldable material defining a series of walls having parallel end
      edges and fold lines formed along a common axis on each side thereof, said
      series of walls comprising a first transverse wall, a top wall, a second
      transverse wall, a bottom wall and an attachment panel, all in series; an
      article retaining panel adjacent each side edge of said bottom wall and
      said top wall, each said article retaining panel having an article
      retaining panel section connected to and extending adjacent said side edge
      and a pressure applying panel section outwardly of said article retaining
      panel section and integrally formed therewith, an outer securing end
      margin integrally formed with said pressure applying panel section and
      extending outwardly thereof, said article retaining panel section being
      formed of a first and second section, spaced apart openings in said
      article retaining panel sections constituting article retaining cavities;
      said wall panels, section and securing end margins being defined by
      substantially parallel and transverse edges or fold lines.
NUM  2.
PAR  2. An article carrier blank as claimed in claim 1 wherein a carrier tab is
      formed in each said transverse wall, said tab being formed by cutting the
      outline of a finger inserting opening and a retention rib integral
      therewith and attached to said transverse wall.
NUM  3.
PAR  3. An article carrier blank as claimed in claim 1 wherein each said article
      retaining panels have parallel side edges extending transversely from a
      respective end of said side edge of a respective bottom or top wall, and
      an end edge extending between said side edges and parallel to said bottom
      or top wall side edges.
NUM  4.
PAR  4. An article carrier blank as claimed in claim 1 wherein there is further
      provided substantially rectangular reinforcing panels extending from side
      edges of said first and second transverse walls.
NUM  5.
PAR  5. An article carrier having two opposed open sides, said carrier
      comprising a bottom and a top wall spaced apart in substantially parallel
      relationship by two transverse walls extending between opposed end edges
      of said bottom and top wall, an article retaining panel extending from
      each side edge of both said bottom and top walls and substantially
      transversely of said transverse walls and extending inwardly between said
      bottom and top walls, said article retaining panel including an article
      retaining panel section and a pressure applying panel section, article
      retaining cavities formed in each article retaining panel section and
      defining retention ribs therebetween, and each of said pressure applying
      panel sections extending from a side edge of its respective panel section
      and extending between at least a portion of said cavities in said article
      retaining panel and its corresponding top or bottom wall, each of said
      pressure applying panel sections extending normally angularly with respect
      to said bottom or top wall from an end margin thereof and being secured
      adjacent a respective side edge of said bottom or top wall, said cavities
      being in substantially vertical alignment with associated cavities in an
      opposite retaining panel whereby an article may be removably secured
      between vertically aligned pairs of cavities by frictional engagement by
      said ribs and by inward pressure applied between the ends of said article
      by said pressure applying panel section of each article retaining panel.
NUM  6.
PAR  6. An article carrier as claimed in claim 5, wherein said article retaining
      panel section includes a first section extending angularly inwards from
      said respective side edge, and a second section formed integrally with
      said first section and extending angularly inwards and toward a respective
      one of said bottom or top walls.
NUM  7.
PAR  7. An article carrier as claimed in claim 6 wherein said article retaining
      cavities are formed in said first and second sections of said article
      retaining panels.
NUM  8.
PAR  8. An article carrier as claimed in claim 5 wherein said pressure applying
      panels extend substantially over the inner surface of both said panels
      when articles are retained by said carrier thus forming a top and bottom
      wall of double thickness material.
NUM  9.
PAR  9. An article carrier as claimed in claim 5 wherein said carrier is formed
      from a single sheet of paper stock or other foldable material with said
      walls and panels integrally formed.
NUM  10.
PAR  10. An article carrier as claimed in claim 5 wherein reinforcing panels are
      formed integrally with each said transverse walls, said reinforcing panels
      each being constituted by a panel extending along a vertical side edge of
      said transverse wall and disposed over a portion of an inner surface of
      said transverse wall substantially between said opposed end edges of said
      bottom and top wall and retained in such position by side edges of
      associated ones of said article retaining panels whereby the planar
      surface of said reinforcing panel lies in a plane substantially parallel
      to the plane of its respective transverse wall.
PATN
WKU  039318893
SRC  5
APN  5282705
APT  1
ART  241
APD  19741129
TTL  Tape cassette hub retainers
ISD  19760113
NCL  3
ECL  1
EXA  Bernstein; Bruce H.
EXP  Price; William
NDR  4
NFG  25
INVT
NAM  Roccaforte; Harry I.
CTY  Western Springs
STA  IL
ASSG
NAM  Hoerner Waldorf Corporation
CTY  St. Paul
STA  MN
COD  02
CLAS
OCL  206493
XCL  206387
XCL  229 14C
EDF  2
ICL  B65D 8567
FSC  229
FSS  14 C
FSC  206
FSS  387;392;493;45.14;397;408
UREF
PNO  2615564
ISD  19521000
NAM  Post
OCL  206493
UREF
PNO  2818974
ISD  19580100
NAM  Talbot
OCL  206392
UREF
PNO  2938625
ISD  19600500
NAM  Browing et al
OCL  206392
UREF
PNO  3229812
ISD  19660100
NAM  Metzger
OCL  206408
UREF
PNO  3246742
ISD  19660400
NAM  Coe
OCL  206408
UREF
PNO  3258116
ISD  19660600
NAM  Goerke
OCL  206392
UREF
PNO  3381810
ISD  19680500
NAM  Lasher et al.
OCL  206387
UREF
PNO  3621995
ISD  19711100
NAM  Francis
OCL  206392
UREF
PNO  3747745
ISD  19730700
NAM  Esashi et al.
OCL  206387
LREP
FR2  Best; Jerry F.
ABST
PAL  A tape cassette hub retainer which may be used with different types of
      cartons, and which is adapted to engage and restrain the hubs of the
      cassette from movement during shipment. Small die cut flaps are located in
      a base panel directly beneath the cassette hubs and are foldable upwardly
      into a post configuration to engage the internal teeth in the hub of the
      cassette reels. An overlying support panel is provided having an opening
      through which the small flaps extend and which has a pair of side
      restraining flaps to hold the flaps from the base panel in upright
      position. In an alternate form, the overlying support panel is omitted.
BSUM
PAC    BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to packages for storage and shipment of
      tape cassettes, and more particularly to packages which have incorporated
      therein means for restraining the rotational movement of the reels within
      the tape cassette by engaging the hubs of the cassette.
PAR  2. Description of the Prior Art
PAR  The packaging of video and audio recording tapes in standardized plastic
      cassettes has become widespread throughout this country and has lead to a
      tremendous increase in their use due to their convenience since it is not
      necessary to plysically handle the tape itself. The widespread use of
      portable tape players and automobile tape players has lead to the growth
      of sales of tape cassettes with prerecorded programs or songs on them.
      During shipment and storage of tape cassettes it is essential that the
      cassette be protected since a small portion of the tape is exposed on one
      side, and since through vibration and small spools of tape inside the
      cassette have a tendency to rotate unless restrained. If the tape is
      allowed to move and become loose and vibrate against itself, the recording
      quality is diminished and the tape may actually be damaged.
PAR  At the present time these tape cassettes are packaged in rigid plastic
      cases which have hinged lids and rigid plastic posts formed integrally
      thereon to engage the small spline in each of the hubs of the cassette
      reels to prevent rotational movement during shipping or storage. The
      expense associated with these individual rigid plastic containers is
      considerable, both because of fabrication costs, material costs and
      additional weight in shipment.
PAC  SUMMARY OF THE INVENTION
PAR  A paperboard cassette support adapted to be incorporated into a paperboard
      carton, said support including small die cut flaps foldable outwardly from
      the plane of the support to engage the internal teeth of the reels of the
      tape cassette. A second overlying panel has formed therein an aperture
      through which these flaps are passed, and the overlying panel has small
      restraining flaps to engage the flaps from the bottom panel and hold them
      in position when the tape cassette is removed. In an alternate form, the
      overlying panel is omitted.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a tape cassette showing the supporting
      posts extending through the hubs to hold the hubs from rotation.
PAR  FIG. 2 is a perspective view of the support before the cassette is
      supported thereon.
PAR  FIG. 3 is a diagrammatic plan view of the blank from which the cassette
      support is formed.
PAR  FIG. 4 is a perspective view of one of the supporting posts in erected
      position.
PAR  FIG. 5 is a sectional view through one of the supporting posts, the
      position of the section being indicated by the line 5--5 of FIG. 4.
PAR  FIG. 6 is a top plan view of the supporting posts engaged in a hub of the
      cassette.
PAR  FIG. 7 is a perspective view of a modified form of construction.
PAR  FIG. 8 is a perspective view of the cassette container illustrated in FIG.
      7 in closed position.
PAR  FIG. 9 is a sectional view through the container, the position of this
      section being indicated by the line 9--9 of FIG. 8.
PAR  FIG. 10 is a bottom plan view of a portion of the cassette looking upwardly
      toward one of the supporting posts in one position.
PAR  FIG. 11 is a view similar to FIG. 10 but showing the post engaging the
      teeth of the hub in another position.
PAR  FIG. 12 is a perspective view of another form of cassette container.
PAR  FIG. 13 is a sectional view, the position of the section be-indicated by
      the line 13--13 of FIG. 12.
PAR  FIG. 14 is a diagrammatic plan view of a blank used to support the cassette
      in the construction illustrated in FIGS. 12 and 13.
PAR  FIG. 15 is a diagrammatic view of the blank used in forming the container
      used for containing the cassette as shown in FIGS. 12 and 13.
PAR  FIG. 16 is an enlarged view of the cassette retaining post.
PAR  FIG. 17 is a perspective view of the post shown in FIG. 16.
PAR  FIG. 18 is a plan view indicating the post of FIG. 17 engaged in the hub of
      a cassette.
PAR  FIG. 19 shows the container of FIGS. 12 and 13 with self-sustaining posts.
PAR  FIG. 20 is a perspective view of a cassette formed of one blank of
      paperboard.
PAR  FIG. 21 is a sectional view through the cassette of FIG. 20 in closed
      position thereof.
PAR  FIG. 22 is a diagrammatic view of the blank from which the cassette of
      FIGS. 20 and 21 is formed.
PAR  FIG. 23 is a view similar to FIG. 20 showing a form of cassette.
PAR  FIG. 24 is a sectional view of the cassette of FIG. 23 in closed position
      thereof.
PAR  FIG. 25 is a diagrammatic view of a partial blank from which the cassette
      of FIG. 23 and 24 is formed.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The tape cassette is constructed as is best illustrated in FIG. 1 of the
      drawings and is indicated in general by the letter A. The cassette is
      provided along one edge 10 which is at right angles to the top and bottom
      surfaces such as 11 with windows 12 through which the tape 13 is exposed.
      Intermediate small windows 14 may be provided in the cassette case edge 10
      for use with different types of players.
PAR  The cassette hubs such as 15 are rotatably supported within the body of the
      cassette. These hubs 15 are provided with angularly spaced teeth 16 which
      are engagable with suitable posts on the recorder or cassette player for
      rotating the reels in one direction or another. A sight window 17 is
      provided between the hub apertures 19 in the walls 11 of the cassette
      container so that the peripheral edges of the rolls of tape may be viewed.
      By looking through the sight window 17, the relative amount of tape wound
      upon each of the hubs 15 may be noted, as obviously during playing or
      recording the size of the roll of tape on one hub increases while the size
      of the roll of tape on the other hub decreases.
PAR  The cassette holder shown in FIGS. 1 and 2 of the drawings is designed for
      insertion in an outer container such as a rectangular paperboard container
      which may be provided with a hinged cover, an open side or end, or may be
      placed in a telescope container. The outer container is not illustrated,
      but has the general appearance of the rectangular container illustrated in
      FIG. 8. The support B is divided into a lower panel 20 and an upper panel
      21 by a transverse fold line 22. The panels 21 are preferably secured in
      face contact as shown in FIG. 2. A pair of supporting posts 23 are
      preferably die cut in spaced relation in the bottom panel 20, the posts 23
      being spaced similarly to the hubs of the cassette A. The posts 23 include
      a trapezoidal center panel 24 which is hinged along its longer parallel
      edge 25 to the remainder of the panel 20. The tapering or converging sides
      of the trapezoidal center portion are connected along fold lines 26 to
      side flaps 27 which are generally trapezoidal in outline, three sides of
      the flaps being separated from the panel 20 along a generally J-shaped cut
      line 29, the ends of which are connected to the ends of the fold line 25
      by cut lines 29a. The post 23 is designed to form generally a truncated
      frustum of a pyramid when folded out of the plane of the panel 20 in the
      manner indicated in FIGS. 2 and 4 of the drawings.
PAR  The top panel 21 is die cut to provide two generally circular apertures 30
      which are designed to permit the post structures 23 to be inserted through
      the panel 21. Obviously the apertures 30 may be square, oval or otherwise
      shaped. Three triangular tabs or flaps 31, 32 and 33 are hingedly
      connected to the sheet 21 along angularly related fold lines 34, 35 and 36
      respectively. These tabs are of isosceles triangular shape with the bases
      of the tabs connected to the sheet along the fold lines. The purpose of
      these tabs is to engage against the three sides of the truncated pyramidal
      posts 23 in the elevated position thereof. FIGS. 4 and 5, as well as FIG.
      2, show the posts 23 in elevated position. It will be noted that the
      triangular tabs 32 and 33 bear against the side wings such as 27 of the
      posts, while the intermediate triangular tab 31 engages against the
      intermediate wall 24. The free edges 37, as well as the junctures between
      the intermediate panel 24 and the side panels 27 of the post act to engage
      between the teeth of the cassette hubs to hold the same from rotation. As
      indicated in FIGS. 4 and 5 of the drawings, corners 39 of the post sides
      27 are notched and are designed to rest upon the inwardly projecting ears
      40 of the panel 21 so that the posts 23 tend to remain erect once they
      have been erected into the position shown. FIG. 6 of the drawings shows
      the manner in which the post extends through the hub 15 of a cassette and
      engages one or more of the teeth 16 on the inner surface of the hub.
PAR  FIGS. 7 through 18 of the drawings show structures having modified forms of
      posts which are not self-sustaining, and do not always remain in erected
      position when the posts are not engaged in the cassette A. In the
      construction shown in FIGS. 7 through 11, the cassette A is enclosed in a
      rectangular tray indicated in general by the numeral 41 which includes
      opposed parallel side walls 42 and opposed front and rear walls 43 and 44
      which extend upwardly from a bottom panel 45 indicated in FIG. 9 of the
      drawings. As indicated in FIG. 7, a lid or cover 46 is hingedly connected
      to the rear wall 44 along a fold line 47. The lid 46 includes end walls 49
      which are designed to enclose the end walls 42 of the tray, and a front
      wall 50 which is designed to overlay the front wall 43 of the tray. A
      panel 51 is foldably connected to the upper edge of the front wall 43 of
      the tray along a fold line 52. Supporting posts 53 are cut from the panel
      51 and include a trapezoidal intermediate section 54 which is connected
      along converging fold lines such as 55 to side flaps or wings 56 having
      tapered edges 57 designed to engage within the hubs 15 of the cassette
      between the teeth 16 thereof. In this construction, the posts 53 are
      formed into truncated frustums of pyramids as in the previous
      construction.
PAR  The container is closed by first forming the posts 53 in right angular
      relation to the panel 51, and by folding the panel 51 along the fold line
      52 and inserting the posts 53 into the hubs 15 of the cassette.
      Alternatively, the panel 51 may be folded over the cassette and the posts
      53 plunged into the hubs 15.
PAR  FIGS. 10 and 11 indicate bottom views of the cassette within the container.
      FIG. 10 shows one position of a post 53 in which the side wings or flaps
      56 engage between a pair of teeth 15a extending inwardly from the hub 15.
      FIG. 11 of the drawings shows a hub in a different angular position and
      with the fold lines 55 connecting the center portion 54 of the posts to
      the side wings 56 thereof engaging between the teeth 15a. It will be seen
      that in either rotated position of the hub 15, the post 53 will engage the
      teeth 16 and prevent rotation of the hub within the cassette.
PAR  When the panel 51 is in position overlying the cassette A, the lid 46 is
      closed, and the cassette holder C appears as indicated in FIG. 8 of the
      drawings. In this position it is shipped or stored.
PAR  The structure D shown in FIGS. 12 through 18 of the drawings is formed of
      the blanks indicated in FIGS. 14 and 15 of the drawings. The outer
      container 16 is formed of the blank indicated in FIG. 15. This blank
      includes a bottom wall 61, a side wall 62, a top wall 63, and a second
      side wall 64. A glue flap 65 is hingedly connected to the bottom panel 61
      along the fold line 66, and is designed to be secured in face contact with
      the end wall 64 to complete the tubular carton.
PAR  Closure flaps 67, 69, 70 and 71 are connected to the walls 61, 62, 63 and
      64 respectively along a common fold line 72. Reinforcing panels 73 and 74
      are connected to the walls 61 and 63 along a common fold line 75.
      Generally oval shaped apertures 76 and 77 interupt the center portions of
      the fold lines 75, and are designed to form finger notches 79 in the edges
      of the carton.
PAR  In forming the carton 60, the flaps or reinforcing flanges 73 and 74 are
      folded along the fold lines 75 into contact with the bottom and top panels
      61 and 63 to which they are hinged and are preferably secured thereto.
      This provides reinforced open edges on the container. The opposite side of
      the container is formed by folding inwardly the closure flaps 69 and 71,
      and then folding and securing the closure flaps 67 and 70 into overlapping
      relation to form a closure for the rear of the carton.
PAR  FIG. 14 of the drawings shows the blank used for retaining the cassettes
      which may be used with conjunction with the outer container 60. The blank
      80 includes a bottom panel 81 hingedly connected along parallel fold lines
      82 and 83 to a rear wall 84 and a front wall 85. The rear wall 84 is
      connected along the fold line 86 to a top flange 87. The front wall 85 is
      connected along the fold line 89 to a tuck flap 90. Cassette retaining
      posts 91 are formed in the bottom panel 81 in proper spaced relation to
      engage into the hubs 15 of the cassette A. As indicated in FIGS. 16 and
      17, the posts 91 each include a inner trapezoidal panel 92 connected along
      its longer parallel edge 93 to the remainder of the panel 91. The
      converging sides of the trapezoidal panel 92 are connected along the fold
      lines 94 to side flaps or wings 95 having cut edges 96 which engage the
      teeth 16 of the hub 15. All but the flaps forming the post are cut from
      the panel 81 by a generally U-shaped cut line 97. As a result, the posts
      91 may be erected into position to extend into the hubs of the cassette,
      the trapezoidal flap or panel 92 inclining upwardly, and the flaps or
      wings 95 being folded inwardly to extend into the aperture in the hub. As
      indicated, the edges of the flaps or wings 95 engage the teeth 16 of the
      hub 15 as shown in FIG. 18.
PAR  In operation, the cassette A is placed upon the panel 81 with the posts 91
      extending into the hubs 15 as indicated in FIG. 12. The rear and front
      walls 84 and 85 are folded up on opposite sides of the cassette A, and the
      flange 87 and tuck flap 90 are folded over the top of the cassette. In
      this position, the cassette is inserted into the hollow sided container
      60.
PAR  When the cassette is pulled out from the container, the front wall 85 and
      tuck flap 90 are folded forwardly as indicated in FIG. 12 of the drawings
      and used to pull the cassette A forwardly. The flange 87 attached to the
      rear wall 84 engages the edge of the inwardly folded flange 74 secured
      beneath the top panel 63, and limits the outward movement of the blank 80
      from the container 60. The cassette A may be lifted and drawn forwardly to
      remove the cassette from the package.
PAR  If desired, self-sustaining posts 96 may be used to engage the hubs of the
      cassette, the posts being similar to the posts 23 shown in FIGS. 4 and 5
      of the drawings. This is accomplished by securing an upper panel 97 in
      face contact with the panel 81, and extending the posts 96 through
      suitable apertures 99 formed in the upper layer of the two-thickness panel
      as indicated in FIG. 19. Triangular supporting flaps or tabs 100 may be
      used to assist in holding the posts 96 in their erected form.
PAR  FIGS. 20, 21 and 22 show a modified construction in which the outer
      container is integral with the panels which hold the tape cassette. As
      indicated in FIG. 22, the outer container includes a bottom panel 101
      hingedly connected along a fold line 102 to a front wall 103. The upper
      edge of the front wall 103 is connected by a fold line 104 to a front wall
      liner panel 105 which in turn is connected along a fold line 106 to a
      bottom liner panel 107.
PAR  The sides of the bottom panel 101 are connected along right angularly
      extended fold lines 109 to outer side walls 110 which in turn are
      connected along parallel fold lines 111 to side wall lining panels 112.
      Corner flaps 113 are hingedly connected to the ends of the front wall 103
      along extensions of the fold line 109, and are folded between the side
      walls 110 and the side wall liner panels 112.
PAR  The bottom panel 101 is connected by a fold line 114 to a rear wall panel
      115 which in turn is connected along a fold line 116 to the top panel 117.
      An outer front wall 119 is connected to the top panel 117 along the fold
      line 120, and a front wall liner panel 121 is connected to the front wall
      119 along the fold line 122.
PAR  Side walls 123 are connected to the sides of the top wall 117 along fold
      lines 124, and side wall liner panels 125 are connected to the edges of
      the side walls 123 along the fold line 126. Corner flaps 127 are foldably
      connected to the sides of the front wall 119 and are folded between the
      side walls 123 and the side wall liner panels 125. Gussetted corner flaps
      129 connect the side walls 110 of the bottom panel to the side walls 123
      of the top panel 117.
PAR  It will be noted that the bottom panel 101 is provided with a series of
      three panels forming posts 130 which may be pushed through the apertures
      131 in the overlying panel 107 to provide reinforcing flaps similar to
      those shown in FIGS. 1 to 5 of the drawings, and as shown in FIG. 19.
      These posts are designed to engage the hubs 15 of the cassette A when the
      edge 10 of the cassette is located along the front wall 103. In view of
      the fact that the posts 130 have already been described in detail, there
      appears to be no need for further explaining the construction.
PAR  As will be seen from FIGS. 20, 21 and 22, the cassette is a one-piece
      construction showing both the posts for accommodating the cassette hubs,
      and also comprising a complete enclosure. The container and cassette
      holder is indicated in general by the letter E for identification. If the
      openings in the bottom panel 101 are found to be objectionable, cassette
      identifying labels are secured to the undersurfaces of these panels 101
      which conceals the two apertures.
PAR  In FIGS. 23, 24 and 25, a tape cassette holder and container is shown and
      identified in general by the letter F. The container and holder F is
      identical as that shown in FIGS. 20, 21 and 22 except for the position of
      the posts. In this latter construction, the posts are arranged so that the
      edge 10 of the cassette faces the rear of the container rather than the
      front wall as in FIG. 20. In view of this fact, similar identifying
      numerals have been applied to this structure F, the numerals being
      followed by the letter a.
PAR  As will be noted from a comparison of FIGS. 20 and 23, the cassette A has
      its edge 10 through which the tape is exposed facing rearwardly toward the
      rear wall 115a in FIG. 23 rather than forwardly toward the front wall as
      in FIG. 20. In other respects, the two structures are identical. Both
      structures are shown because some producers of tape cassettes like the
      cassettes arranged one way in the cassette holder while others like it in
      the other way.
PAR  In accordance with the Patent Statues, I have described the principles of
      construction and operation of my improvement in TAPE CASSETTE HUB
      RETAINERS; and while I have endeavored to set forth the best embodiment
      thereof, I desire to have it understood that obvious changes may be made
      within the scope of the following claims without departing from the spirit
      of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tape cassette hub retainer adapted to be made from foldable paperboard
      or similar sheet-like material and used in conjunction with a cassette
      shipping and storage container, said hub retainer comprising:
PA1  a flat base panel;
PA1  at least one die cut, hinged post means formed in said base panel and
      spaced in said base panel to underlie at least one of the hubs in a tape
      cassette, said post means foldable outwardly from the plane of said base
      panel for engaging and retaining said hub of said tape cassette when in
      said container;
PA1  said post means comprising a generally rectangular shape having three
      sections formed as a part thereof including a center section of generally
      triangular shape having as its base a hinge line connecting said post
      means to said base panel; and
PA1  said three sections including a side flap hingedly connected to each of the
      remaining sides of said center section, said three sections folded
      outwardly from the plane of said base panel into at least a frustrum of a
      pyramid to engage and retain said hub of said tape cassette when in said
      container.
NUM  2.
PAR  2. The hub retainer of claim 1, including a supporting panel overlying said
      base panel, said supporting panel having die cut therein an opening
      juxtaposed over each of said tab means and through which each of said tab
      means are projected by folding to be in position for engaging the hubs of
      said tape cassette.
NUM  3.
PAR  3. The hub retainer of claim 2, further including side restraining flaps
      formed in said supporting panel adjacent said opening to frictionally
      engage said tab means when folded through said opening in said support
      section.
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ABST
PAL  A disposable plastic lid for a container includes a generally round closure
      wall and a depending peripheral skirt for engagement with the container.
      The closure wall includes an improved stacking facility by which a
      plurality of such container lids may be stacked one on top of the other in
      a manner which precludes the stacked lids from being jammed together. The
      stacking means also retards materially any tendency for the lids in the
      stack to slip sideways with respect to each other which provides a very
      stable stack without supplementary supports.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to disposable, thin-wall, plastic lids and more
      particularly comprises a new and improved lid having a stacking facility
      which cooperates with other similar lids to form a very stable lid stack
      and to prevent jamming when axial loads are applied to them.
PAR  Recent years have witnessed the rapid growth of the use of disposable
      thermoformed plastic container lids, particularly in connection with fast
      food establishments, vending machines, automatic container filling
      equipment and the like. Considerable efforts have been directed to the
      design of such lids to include, as an integral part of the lid, a stacking
      facility by which a plurality of such lids may be nested one on top of
      another, in a stack, but in a manner which precludes them from becoming
      jammed when the stack is subjected to an axially applied load.
PAR  The most common type of stacking facility employed in connection with
      container lids is incorporated into and is made part of the depending
      peripheral skirt of the lid. Typically, such stacking facility is in the
      form of an undercut region between the top and bottom of the skirt which
      defines an inwardly extending stacking ring of slightly reduced diameter,
      which creates a positive interference with the upper outer peripheral
      region of the next lower lid in the stack. There are certain
      disadvantages, however, to undercut stacking rings of that type. For
      example, the undercuts make it difficult to remove the articles from the
      mold cavities after they are formed, and special stripping mechanisms
      frequently are necessary to eject the articles from the cavities.
      Difficulties are also encountered in actually forming the details of the
      undercuts, and if the details are not formed well, the articles may jam
      together when an axial load is applied. In addition, it may be noted that
      because of the typical thermoforming procedures employed to manufacture
      such lids, the lid skirts are somewhat thinner than the other portions of
      the lids and consequently are of reduced rigidity. As a result, the
      typical undercut stacking ring in the lid skirt does not always perform
      well in that it may sometimes flex and distort under an axial load and
      become jammed with the next lower lid in the stack.
PAR  The foregoing difficulties have not gone unrecognized and efforts have been
      made to avoid them. For example, suggestions have been made to provide the
      lid with a stacking facility in the form of projections extending
      downwardly from the closure wall of the lid to rest on the upper surface
      of the closure wall of the next underlying lid in the stack. This type of
      construction, however, presents other difficulties. For example, the
      downwardly extending projections may extend into food packaged in the
      container, which is undesirable.
PAR  In addition to the above difficulties the prior art stacking facilities of
      the general character discussed above do not create a very stable stack.
      Even though the stacking facilities may tend to prevent axial jamming,
      they do not dependably maintain the lids in vertical alignment; rather,
      they permit the lids to slip sideways to create a rather sloppy pile of
      lids when the lids are not confined in a magazine or some special storage
      container. This is particularly troublesome when the lids are designed for
      over-the-counter use in fast food establishments where they are normally
      placed on a counter without any magazine or storage container about them
      so as to be readily accessible to those working at the counter.
PAR  It is among the primary objects of the invention to provide an improved
      container lid construction which avoids the foregoing and other
      difficulties.
PAC  SUMMARY OF THE INVENTION
PAR  The lid includes a closure wall and depending peripheral skirt which is
      adapted to fit snugly onto the container rim. The closure wall is formed
      with a plurality of integral feet which extend away from the closure wall,
      the feet being arranged in angularly spaced relationship about the center
      of the closure wall and inwardly from the depending skirt. The opposite
      side of the lid is formed to define an annular region which will engage
      the outermost ends of the feet on the next adjacent lid in the stack and
      in a manner which precludes lateral movement and relative rotation of the
      stacked lids as well as providing a means to insure that the lids will not
      become jammed together when subjected to an axial compressive load. The
      lids preferably are formed in groups in which some of the lids in the
      group have projections which are of different angular spacing then the
      projections on other of the lids in the group. Such lids are stacked in
      alternating sequence which insures that the stacked lids will be
      mismatched and therefore will not become jammed.
PAR  One important object of this invention is to provide a stacking facility
      particularly designed for thin wall lids, which facility is free of
      undercuts and which nevertheless maximizes the interference of adjacent
      lids in a stack to prevent jamming.
PAR  Another important object of this invention is to provide a stacking
      facility particularly useful in lids, which lends great lateral stability
      to a stack of lids so that the lids may be vertically stacked by
      themselves in substantial numbers without falling over or bending over in
      an arcuate, unstable manner.
PAR  A further object of the invention is to provide an improved lid
      construction by which relative lateral shifting or slipping of adjacent
      lids is precluded by the different angular positions of the stacking
      facilities in the lid.
PAR  A further object of the invention is to provide an improved lid stacking
      facility of the type employing projections which extend downwardly from
      the closure wall of the lid but not to an extend which will cause the
      projections to contact the contents of the container.
PAR  A further object of the invention is to provide a lid stacking facility
      which precludes relative rotation of said lids when stacked.
PAR  A further object of the invention is to provide an improved lid stacking
      facility in which there is no substantial lateral play between stacked
      lids.
PAR  A further object of the invention is to provide an improved lid stacking
      facility including a plurality of circumferentially spaced feet extending
      away from the main closure wall of the lid with the feet being disposed in
      an annular region which also includes radial reinforcing flutes.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and advantages of the invention will be
      appreciated more fully from the following further description, with
      reference to the accompanying drawings wherein:
PAR  FIG. 1 is a plan view of a pair of container lids embodying the principles
      of the invention, the lids being stacked and with the bottom underlying
      lid being illustrated in phantom;
PAR  FIG. 2 is a side elevation of the stacked, nested lids shown in FIG. 1;
PAR  FIG. 3 is a plan illustration of the underlying bottom lid of FIG. 1;
PAR  FIG. 4 is an enlarged side elevation, in section of the stacked lids as
      seen from the plane 4--4 of FIG. 1;
PAR  FIGS. 5 and 5A are partly sectional, somewhat diagrammatic illustrations of
      the nested lids of FIG. 1 taken along section lines 5--5 and 5A--5A of
      FIG. 1 and illustrating the phase relationship of the feet of adjacent
      stacked lids; and
PAR  FIG. 6 is an illustration similar to FIG. 4 as seen along the plane 6--6 of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The lids shown in the drawings are disposable, plastic, thin-walled lids
      which are designed for manufacture by conventional thermoforming
      techniques. The lids are particularly designed for one time use and
      typically may be employed in fast food establishments as coverall lids for
      cold drinks or other food products. The lids have particular utility in
      environments where they are to be stacked with other like lids and placed
      on a counter top with no special supports so that the lids may be taken
      freely and individually from the stack as required by those working at the
      counter.
PAR  FIGS. 1 and 3 show a pair of cooperative lids constructed in accordance
      with the invention, the upper lid being shown in solid in FIG. 1 and the
      lower lid being suggested in phantom. The lower lid of the pair is shown
      separately in FIG. 3. Except as described otherwise herein the lids are of
      identical construction. Each lid includes a substantially circular,
      generally horizontal closure wall 10 of a diameter sufficient to cover the
      mouth of the container to be closed. A downwardly extending peripheral
      skirt 12 is formed integrally with the closure wall 10 and is designed to
      snap over the rim of the paper or plastic container and effect a firm and
      secure seal. The inner region of the wall 10 may be provided with a
      circular recess 14 defined by bottom wall 16 and sidewall 18. The recess
      14 may be dimensioned to receive the bottom of a container to facilitate
      stacking of a plurality of filled and capped containers one on top of the
      other. The formation of recess 14 also enhances the lateral strength and
      stability of the lid.
PAR  The improved nesting facility of the invention includes a plurality of
      feet, indicated generally at 20 (see also FIGS. 4-6) which are fomed
      integrally with the closure wall 10. The feet 20 project away from the
      surface of the closure wall, for example, in a generally downward
      direction in the embodiment shown. Feet 20 are angularly spaced about the
      center of the lid and are spaced radially from the lid center so that they
      lid within a generally annular region 22 of the closure wall 10.
      Preferably, the annular region 22 is disposed on that portion of the
      closure wall which lies between the recess 14 and the skirt 12. As will be
      described more fully below, the depth of the feet 20 is such that when the
      lids are stacked, the lower ends of the feet will rest on the
      corresponding annular region 22' on the underlying lid and in a manner
      which maintains the desired separation of the adjacent lids.
PAR  It may be noted that lids of the type described typically are formed from a
      single thin sheet of formable plastic and in a thermoforming process in
      which a projection, such as the feet 20 or recess 14, from one side of the
      sheet results in a depression on the other side of the sheet. It is
      therefore desirable to form the adjacent lids so that when the lids are
      stacked the male projections will be at least partly mismatched with
      respect to the female depressions on the adjacent lid. To this end, the
      upper of the lids may be provided with a different number of feet 20 than
      those of the next lower lid in the stack or while the lids may have the
      same number of feet their angular spacing may be slightly different. A
      group of mismatching lids may be formed simultaneously by employing
      generally conventional thermoforming techniques. In this regard it may be
      noted that the thin walled thermoformed lids typically are formed in a die
      having a plurality of lid-defining cavities. The configurations of the
      cavities, with regard to the spacing or number of feet may be varied from
      cavity to cavity within a single mold. After the thermoformed sheet has
      been stripped from the die and the lids have been cut from the sheet they
      are stacked in a sequence in which mismatched lids lie one on top of the
      other in the stack. For example, as shown in FIGS. 1 and 3, the upper of
      the lids has eight feet 20 which may be equally spaced and the lower of
      the lids may have 9 feet which are also equally spaced but at a lesser
      angle than the spacing between the feet of the upper of the lids. As
      suggested in FIG. 1 this insures that the feet on the upper and lower of
      the lids will be mismatched regardless of the relative angular attitude of
      the adjacent lids. Other configurations may be employed as, for example,
      providing each of the lids with the same number of feet but varying the
      angular spacing of the feet from one lid to the next. Thus, each of the
      lids could have nine feet with the feet on one of the lids being spaced at
      equal angles but with the feet on the other of the lids being spaced at
      different angles in a somewhat nonsymmetrical configuration to effect the
      desired mismatching. It will be appreciated that many varieties of
      configurations for spacing the feet may be employed to effect the desired
      mismatching.
PAR  In addition to the cooperation between the feet 20 of one lid and the
      closure wall 10 of the next adjacent lid to preclude axial jamming of the
      stacked lids, means are provided on the annular region 22, 22' of each lid
      for engagement with the outer extremities of the feet on the other lid in
      a manner which precludes horizontal movement of the feet over the annular
      region. As shown in the preferred embodiment, the feet engaging means may
      take the form of a multiplicity of radial flutes 24 circumferentially
      spaced along the annular region 22. As shown more clearly in FIGS. 4-6 the
      flutes 24 define alternating peaks 26 and troughs 28 defined by adjacent
      sidewall portions 30 of the flutes. The flutes 24 are dimensioned with
      respect to the ends of the feet 20 so that the ends of the feet may seat
      within the flutes and rest within the trough 28 defined by adjacent flute
      sidewalls 30. For example, in the illustrated embodiment the feet 20 are
      downwardly tapered and are be defined by a pair of sidewalls 32, bottom
      wall 34, and end walls 36, 38. The foot sidewalls 32 are tapered at a more
      acute angle than that defined by the flute sidewalls 30 which define the
      troughs 28. The width of the foot bottom wall 34 is selected with respect
      to the depth of the flute valleys 28 and the angle of the valleys 28 so
      that the outer ends of the legs may extend well into the valleys without
      becoming jammed. As will be described, the relationship of the angular
      spacing between the feet 20 and flutes 24 is such that all or at least
      most of the feet 20 will rest within a flute valley 28 when one of the
      lids is placed atop another. The foregoing arrangement is effective to
      substantially retard horizontal movement of the feet with respect to the
      flutes which results in a very stable stack of such lids. It may be noted
      that there is substantially no "play" between the adjacent lids and that
      the feet and flutes cooperate to resist relative horizontal movement of
      the adjacent lids.
PAR  The manner in which the feet 20 and flutes 24 coooperate to provide a
      stable stack of lids may be appreciated more fully from FIG. 1 which
      illustrates further the manner in which horizontal shifting of the stacked
      lids is retarded. For example, horizontal shifting in a direction toward
      or away from the foot 20a, as indicated by the arrow 40, is resisted
      primarily by the feet 20b and 20c which are angularly spaced substantially
      90.degree. from the direction of arrow 40. The other feet 20 which lie on
      radials which are spaced less than 90.degree. to the direction 40 also
      provide resistance to horizontal shifting in the direction 40 although to
      a somewhat lesser extent. Thus, all or most of the feet 20 resist lateral
      shifting and their cumulative effect provides a stable stack.
PAR  In order to insure that each of the legs 20 on one of the lids will
      properly cooperate with the other lid, the flutes 24 are regularly spaced
      at equal intervals. As shown in FIG. 5 the pitch A between adjacent flute
      peaks 26 (and flute valleys 28) is substantially equal from flute to
      flute. The feet 20 which, in the embodiment described, are symmetrical
      about a radial plane 44, are disposed so that their radial planes of
      symmetry 44 coincide with and are in phase with the peaks 26 of the flutes
      of the lid. The pitch of the flutes is equal to a selected angular
      increment and the feet 20 are spaced from each other an angle nA which is
      an integer multiple of the pitch angle A. Each of the lids in the group to
      be stacked has the same pitch angle A for the flutes, and the feet are
      spaced by an angle nA that is different from lid to lid. This insures that
      the plane of symmetry 44 of each foot of a lid will substantially
      intersect the valley 28 of a trough of the next adjacent lid which will
      receive the foot 20.
PAR  From the foregoing it will be seen that where the feet 20 are located along
      radials which are in phase with flute peaks 26, none of the legs of one
      lid can be disposed in phase with the female depression defined by a leg
      on the next lower lid in the stack. This is illustrated in FIGS. 1 and 5
      from which it may be seen that the nearest which a foot can come to the
      female side of the foot on the lower lid is a distance equal to half of
      the pitch angle A. A portion of the leg 20 thus will rest on the flute
      wall 30' where it merges into a sidewall 32 of the foot 20 on the
      underlying lid.
PAR  The foregoing description of the preferred embodiment of the feet and
      flutes is intended to primarily illustrate the principles of the
      invention. Other configurations for the feet projections 20 may be
      employed as may other flute configurations to preclude lateral shifting of
      the stacked lids. It is desirable that the projection engaging means be of
      a flute configuration, such as the flutes shown, which will enhance the
      lateral stiffness of the lid. This enables the flutes or other type of
      foot engaging means to serve the dual function of increasing lateral
      stiffness as well as enabling the lids to be stacked freely with improved
      stability.
PAR  It is also among the objects of the invention to provide a lid stacking
      facility in the form of projections extending from the closure wall 10
      which do not project significantly into the container. This may be
      desirable in connection with some food products. As shown in FIG. 4, the
      foot 20 preferably does not extend downwardly beyond the lid skirt bead 46
      which snaps under the container rim. In some instances, as in that shown
      in FIG. 4, it may be desirable to locate the lower extremity of the feet
      20 above the bead 46. For that purpose, the closure wall 10 may include an
      upwardly and inwardly inclined portion 48 to raise the inner regions of
      the lid closure, including the foot 20. In that event, the lid would have
      a somewhat domed configuration.
PAR  It should be apparent that the relative dimensions of the feet and the feet
      engaging means are such that their cooperation is not interferred with by
      the nesting of the skirts 12. As shown in FIGS. 4 and 6, in the absence of
      any other stacking facility, the lids would nest by reason of engagement
      of the skirt portions 12. The feet and feet engaging means should be
      dimensioned so that the skirts 12 do not nest until the feet have
      sufficiently engaged the feet engaging means on the next lower lid. In
      some instances it may be desirable to select relative dimensions in which
      the skirts 12 remain spaced when the stacking facility is fully engaged.
      In other instances, as the one suggested in the drawings, the dimensions
      may be such that the skirts nest simultaneously with the complete
      engagement of the feet with the flutes. Where the skirts nest concurrently
      with the engagement of the stacking facility, the skirts provide a further
      degree of stability for the stacked lids although it should be understood
      that such added stability is not necessary to the invention.
PAR  While in most applications it will ordinarily be desired to employ lids in
      which the feed extend in the same direction from the closure wall as the
      skirt, i.e., downwardly toward the interior of the container, there may be
      some specific situation in which it may be desired to form the lid so that
      the feet extend in the opposite direction and project away from the
      container rather than into it while still embodying the principles of the
      invention.
PAR  Thus, I have described an improved stacking facility for thin walled
      thermoformed container lids which enables a plurality of such lids to be
      placed in a free standing stack having maximum stability. It should be
      understood, however, that the foregoing description of the invention is
      intended merely to be illustrative thereof and that other modifications
      may be apparent to those skilled in the art without departing from its
      spirit.
CLMS
STM  Having thus described the invention what I desire to claim and secure by
      letters Patent is:
NUM  1.
PAR  1. A thin walled thermoformed plastic container lid comprising
PA1  a generally circular closure wall having upper and lower surfaces and an
      integral skirt extending generally downwardly from said closure wall,
PA1  a plurality of downwardly extending projections integral with said closure
      wall, said projections being angularly spaced about the center of said
      closure wall and lying within a generally annular region of said closure
      wall; and
PA1  means in the upper surface of said annular region defining an uninterrupted
      series of regularly spaced projection-receiving sockets between the
      projections, the angle between said projections in said annular space
      being an integer multiple of the angle between adjacent sockets so that a
      pair of said lids may be stacked with the outer ends of the projections of
      one of said lids engaging the sockets in the other of said lids.
NUM  2.
PAR  2. In combination, a pair of container lids as defined in claim 1, and
      further comprising:
PA1  one of said lids having a different number of projections thereon than the
      other of said lids.
NUM  3.
PAR  3. In combination, a pair of container lids as defined in claim 1, and
      further comprising
PA1  the angular spacing of the projections on one of said lids being different
      from the angular spacing of the projections on the other of said lids but
      the spacings in each of said lids being an integer multiple of the spacing
      of the sockets.
NUM  4.
PAR  4. A lid as defined in claim 1 further comprising
PA1  said skirt being of dimensions and a configuration, with respect to the
      dimensions and configuration of said projection such that when a pair of
      said lids are stacked one on top of the other the projections of one lid
      will engage the projection receptive sockets in the other of said lids
      irrespective of whether the skirt of one of said lids engages the other of
      said lids.
NUM  5.
PAR  5. A container lid comprising
PA1  a generally circular closure wall having upper and lower surfaces and an
      integral skirt extending generally downwardly from said closure wall,
PA1  a plurality of projections integral with and extending away from one
      surface of said closure wall, said projections being angularly spaced
      about the center of said closure wall and lying within a generally annular
      region of said closure wall,
PA1  means on the other surface of said closure wall and in said annular region
      defining a series of projection-receiving sockets said sockets being
      dimensioned and spaced with respect to each other and to said angular
      spacing of said projections so that a pair of said lids may be stacked
      with the outer ends of the projections of one of said lids engaging the
      sockets in the other of said lids;
PA1  said projection-receptive sockets comprising
PA1  a plurality of radially extending flutes equiangularly spaced within said
      generally annular region at a predetermined pitch angle, said flutes being
      defined by a series of continuous sidewalls defining alternating peaks and
      valleys, said peaks and valleys being substantially continuous and being
      interrupted by said feet;
PA1  said projections being substantially symmetrical about a radial plane which
      is disposed angularly in phase with the pitch of said flutes.
NUM  6.
PAR  6. A container lid as defined in claim 5 wherein said radial plane is in
      phase with and coincides with a radial plane extending through one of said
      peaks.
NUM  7.
PAR  7. A lid as defined in claim 5 wherein each of said projections includes a
      pair of sidewalls, a pair of end walls and a bottom wall, said sidewalls
      and end walls being tapered in a direction toward the bottom wall, the
      angle of taper of said sidewalls being less than the angle defined by a
      pair of adjacent flute sidewalls which define a valley.
NUM  8.
PAR  8. A container lid as defined in claim 7 wherein said bottom wall is of a
      width which is less than the pitch between adjacent flute peaks to enable
      the bottom wall of said foot to be received within a valley defined by a
      flute.
NUM  9.
PAR  9. A container lid as defined in claim 5 further comprising:
PA1  said one surface comprising said lower surface;
PA1  each of said projections extending away from said lower surface of said
      closure wall a distance not substantially greater than that which said
      skirt extends from said closure wall.
NUM  10.
PAR  10. A lid as defined in claim 9 further comprising:
PA1  that portion of said closure wall which is disposed between said skirt and
      said annular region being inclined upwardly and inwardly thereby defining
      a generally dome-shaped configuration for said lid.
NUM  11.
PAR  11. A thin walled thermoformed plastic lid comprising
PA1  a circular closure wall and a generally downwardly extending skirt integral
      with the periphery of said wall,
PA1  a substantially continuous series of radially extending flutes in said
      closure wall equally angularly spaced about the center of the wall and
      lying within an annular region concentric with said wall, said flutes
      defining upwardly open troughs separated by peaks,
PA1  and a plurality of radially and downwardly extending feet formed in said
      annular region interrupting certain pairs of adjacent flutes, the bottoms
      of said feet being in phase with the peaks of the adjacent flutes so that
      the angle between the bottom of a foot and an adjacent peak is the same as
      the angle between adjacent peaks and the angle between adjacent feet is an
      integer multiple of the angle between adjacent peaks.
NUM  12.
PAR  12. A lid as defined in claim 11 further characterized by
PA1  said feet having a first pair of upper downwardly converging sidewalls and
      a second lower pair of downwardly converging side walls, the angle of
      convergence of said lower pair being smaller than the angle of convergence
      of the upper pair of side walls,
PA1  said upper pair of side walls providing seats for the bottoms of feet of
      the next upper lid in a stack of said lids when the feet of said lids
      approace alignment with one another.
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PAL  The invention relates to a container with a pocket for holding pills and
      the like. A pocket member is formed within a container and is adapted to
      hold a number of pills or the like being held by the main body of the
      container. This allows an individual to separate out a daily dosage of
      pills in the pocket from the rest of the pills in the container in order
      to facilitate prevention of taking two few or too many pills. A single cap
      may close both the pocket and the main body of the container.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The invention relates to a container for material formed of discrete
      portions, and a pocket member formed within the container for holding a
      number of the discrete portions separate from the rest of the material
      being held by the container. There are many showings in the prior art of
      containers having pockets formed therein for holding a material different
      from the material held by the main body of the container (see U.S. Pat.
      Nos.: 3,154,219, 2,493,922, 2,766,796, 2,362,223, 1,768,771, 674,989,
      1,994,525 and 2,940,447 for example), however there are no known prior art
      devices adapted for holding the same material in a pocket member as is
      held in the main body of the container.
PAR  According to the present invention, a main container body has a pocket
      formed therein for receipt of the same material discrete portions held by
      the main container body to thereby separate them from the main container
      body. Such a device is particularly useful as a pill container. The great
      number of the pills held by the container are held within the main body
      portion, however the pocket is provided to allow an individual required to
      take the pills to separate out the number of pills that should be taken
      per unit time (i. e., daily) from the rest of the container, so that the
      individual will be able to keep accurate track of how many pills have been
      taken and how many remain to be taken.
PAR  According to the preferred aspect of the present invention, the pocket
      member is so located with respect to the main container body that the cap
      for closing the main container body will also prevent spillage of pills
      from the pocket member to the main body portion, the cap being spaced a
      distance from the top of the pocket member less than the smallest
      dimension of the pills held by the container.
PAR  It is thus the primary object of this invention to provide an improved
      container for allowing separation of discrete portions of material held
      thereby. This and other objects of the invention will become clear from
      the detailed description of the invention and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an exemplary container and cap according to
      the present invention shown in their disassembled position;
PAR  FIG. 2 is a top plan view of the container shown in FIG. 1, and
PAR  FIG. 3 is a cross-sectional view taken along lines 3--3 of FIG. 2 showing
      the cap and main body member in assembled relationship.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  An exemplary container and cap assembly according to the invention is shown
      generally at 10 in FIG. 1. The container has a main body member shown
      generally at 12 having a closed bottom 14 and closed side portions 16, and
      an open top 18. The container main body member 12 may be of any desired
      shape and size, and may be specially adapted to hold any particular
      material formed of discrete portions. The body member 12 may also be
      constructed of any material suitable for holding the material which is to
      be held by the container, but when the container is to be used to hold
      pills it is preferred that it be formed of a transparent material such as
      plastic or glass. The main body member has a cap 20 therefor adapted to
      close the open top 18 thereof to prevent spillage of discrete material
      portions from the body member 12. Any suitable means may be provided to
      secure the cap 20 to the member 12, however, it is preferred that when the
      container is used to hold pills or the like, to prevent access to the
      container by small children particular latching projections 22 and 24 on
      the body member and cap respectively be provided whereby a depress and
      twist motion is necessary to remove the cap 20 from the member 12. Other
      suitable safety latches or other securing means in general can of course
      be provided.
PAR  Formed within the main body member 12 is a pocket member, shown generally
      at 30 in the drawings. Although the pocket member may also be of any size,
      shape, and material it preferably is of the same material as the main body
      member 12, defines a volume considerably smaller than the member 12, and
      is formed of a single integral piece cooperating with the member 12. As
      shown in the drawings, the single piece 32 is a curved member attached
      along the side and bottom portions thereof to the side 16 of the main body
      member 12, and has an open top 34. The volume enclosed thereby is large
      enough to hold a desired number of discrete portions of the material held
      by the container, such as a daily dosage of pills.
PAR  As shown in FIG. 3, when the cap 20 is assembled with the main body member
      12, it is preferred that the interior face 23 of the cap 20 is spaced a
      distance A from the open top of the pocket member 30 wherein the distance
      A is less than the smallest dimension of the discrete portions adapted to
      be held by the pocket and container. This is to insure that the pills or
      other discrete portions held by the pocket 30 will not spill back into the
      main body member 12 no matter what the orientation thereof, and that other
      pills from the main body 12 will not enter the pocket 30. Of course other
      means could be provided for ensuring separation of the interior of the
      pocket 30 from the container while still allowing access thereto -- such
      as a separate removable cap for the pocket 30 -- however a single cap 20
      for performing both the functions of selectively closing the main body
      member and the pocket member is preferred since it allows ready adaptation
      of existing pill containers to form containers according to the present
      invention, and involves a minimum number of parts and therefore a minimum
      of expense and trouble in the manufacture thereof.
PAR  A typical operation of the container shown in the drawings will now be set
      forth: A number of pills or the like are deposited into the main body
      member 12 of the container 10. Each day (or other selected time period) an
      individual takes the predetermined number of pills prescribed to be taken
      for that day from the member 12 and places them into the pocket 30. The
      individual can now keep track of how many pills he has taken or has yet to
      take since a fail-safe visual indication will be provided. In this way the
      individual can be sure that he does not take too many or too few pills,
      and thereby avoid the adverse consequences that could ensue therefrom.
      Placing cap 20 on member 12 ensures that pills from the pocket 30 will not
      be inadvertently spilled into the member 12 and vice versa.
PAR  While the invention has been herein shown and described in what is
      presently conceived to be the most practical and preferred embodiment, it
      will be obvious to one of ordinary skill in the art that many
      modifications may be made thereof within the scope of the invention. For
      instance, the pocket 30 could be of any shape and orientation with respect
      to the main body member, depending upon the material to be held and the
      environment in which it will be used. Many other modifications are also
      possible, thus the invention should be given the broadest interpretation
      of the appended claims so as to encompass all equivalent structures and
      devices.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container for holding a plurality of discrete elements of
      predetermined dimensions therein, said container comprising
PA1  a. a main body member, said member having closed side and bottom portions
      and an open top and holding a plurality of said discrete elements therein,
PA1  b. a cap for closing the open top of said main body member,
PA1  c. a pocket member formed in said main body member, said pocket member
      having closed bottom and side portions and an open top and holding a
      plurality of said discrete elements therein separate from said plurality
      of said discrete elements held by said main body member, said pocket
      member being so located within said main body member that the open top of
      said pocket member is spaced from said cap when said cap closes the top of
      said main body member a distance less than said predetermined dimensions
      of said discrete elements so that elements from said pocket may not mix
      with elements in said main body member and vice-versa.
NUM  2.
PAR  2. A container as recited in claim 1 wherein said main body member is a
      pill bottle and wherein said discrete elements are pills and said pocket
      member holds a number of pills corresponding to the number of pills that
      should be taken by an individual during a certain period of time.
NUM  3.
PAR  3. A container as recited in claim 2 wherein a number of safety latching
      projections are formed on the outside perimeter of said body member and
      corresponding safety latching members are formed on the interior of said
      cap.
NUM  4.
PAR  4. A container as recited in claim 3 wherein said safety projections
      require that said cap be depressed and twisted before it may be removed
      from said main body member.
NUM  5.
PAR  5. A container as recited in claim 1 wherein said main body member and said
      pocket member are formed of plastic.
NUM  6.
PAR  6. A container as recited in claim 1 wherein said pocket member is formed
      by a curved side portion of said main body member and a single sheet
      member attached along the side and bottom peripheries thereof to said
      curved side portion.
NUM  7.
PAR  7. A container as recited in claim 1 wherein said pocket member is formed
      by an integral sheet of the same material that forms said body member, and
      wherein said sheet is secured around the bottom and side edges thereof to
      a side portion of said main body member.
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ABST
PAL  A component handler including a holder for holding components while a test
      or other operation is performed thereon, a body having a plurality of
      passages therein, a plurality of members movable in said passages,
      respectively, from a first position to a second position, and a mechanism
      for providing fluid under pressure for moving the movable members from the
      first position to the second position. The mechanism can be controlled,
      for example, by the results of the test on the components.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various electrical components such as capacitors, diodes, and resistors are
      often made in the form of very small chips. Before using the chips, they
      must be subjected to various electrical tests and then sorted in
      accordance with the results of the test. In a typical case, a component is
      tested to assure that it meets appropriate specifications, and the sorting
      process then involves separating the acceptable chips from the rejects.
PAR  Typical prior art component handlers provide for testing and sorting only
      one component at a time. For example, one prior art component handler
      sequentially picks up the component, moves the component to a test jig
      where a tester electrically tests the component, and the moves the
      component to an appropriate bin depending upon the test results.
PAR  Common assignee's copening application Ser. No. 415,741, filed on Nov. 14,
      1973, and entitled "Component Handler and Method and Apparatus Utilizing
      Same" discloses a component handler which enables the tester to work at a
      greater speed to thereby substantially increase the testing rate. In
      addition, this component handler greatly increases the sorting rate.
PAR  To increase the testing rate, a large number of components are retained in
      a holder and each component is rapidly sequentially electrically coupled
      to a tester which performs whatever tests are desired. To increase the
      sorting rate, the test results are stored in a memory and the memory is
      then used to selectively remove components from the holder in accordance
      with the test results. In order to permit the memory to remove components
      from the holder, the memory includes a body and a plurality of memory
      members or ejector members, and the holder has a plurality of openings
      therein adapted to receive the components, respectively. The openings and
      the ejector members are arranged in substantially identical patterns. The
      programming of the memory includes positioning of the ejector members in
      either an extended or retracted position. After the memory is full
      programmed, the memory and holder are juxtaposed so that the ejector
      members in the ejecting position can extend into corresponding openings of
      the holder to eject the associated components into an appropriate bin.
PAC  SUMMARY OF THE INVENTION
PAR  The component handler of the above-mentioned copending application provides
      a substantial advance in the art. The purpose of the present invention is
      to make certain improvements to this and other component handlers.
PAR  With the component handler of the copending application a solenoid is moved
      from station to station along with the ejector to selectively move the
      ejector members to the extended position. While an arrangement of this
      type is workable, it does require accurate positioning of the solenoid and
      the ejector in order that the solenoid plunger can enter the appropriate
      small diameter passage of the ejector body in which the ejector member is
      contained to force the ejector member to the extended position. In
      addition, while the solenoid plunger is extended into one passage of the
      ejector body, extension and retraction of the solenoid cannot be in
      transit to the next station.
PAR  The present invention solves these problems by providing means for
      providing fluid under pressure for moving the ejector members from the
      retracted position to the extended position. The jet of air may be
      provided through an opening or nozzle. Because there is no mechanical
      interlocking of the nozzle and the ejector, the nozzle need not be
      accurately positioned with respect to the passage in the ejector. In
      addition, the nozzle may move continuously to the ejector and need not
      stop at each of the passages in the ejector.
PAR  In the construction described in the copending application, after an
      ejector member is moved to the extended position, it is magnetically
      releasably retained in the extended position. While this arrangement is
      quite workable, it is somewhat difficult to implement and the magnets are
      somewhat costly.
PAR  Accordingly, the present invention provides for frictionally retaining the
      ejector members in the extended position. This is particularly compatible
      with utilizing fluid to move the ejector member in that frictional
      retention can be provided by a resilient seal carried by the ejector
      member. Thus, the resilient seal performs the dual functions of sealing
      against the motive fluid and releasably retaining the ejector member in
      the extended position.
PAR  The ejector may serve solely as a memory. The ejector may also be used in
      different ways as programmable sorting means to sort the tested compounds
      in accordance with the test results. For example, the ejector may be used
      as an implement for physically ejecting the components. In this event and
      others, it is desirable to positively retain in the extended position all
      of the ejector members which have been moved to the extended position.
      This can be advantageously accomplished if the body of the ejector
      includes a locking plate. The locking plate has aperture means through
      which the ejector members can project. The locking plate is slidable in
      the body to lock the ejector members in the extended position.
PAR  To conduct a test of the components, a contact and the holder of the
      components are moved relative to each other so that the contact is
      sequentially brought into electrical contact with each of the components.
      While electrical contact is made a suitable testing apparatus performs the
      necessary test and provides a testing signal which is indicative of the
      result of such test. To program the ejector in accordance with the test
      results, the ejector and nozzle must be properly relatively positioned,
      assuming that the nozzle is to serve two or more ejector members. For
      example, if one ejector member is provided for each component the nozzle
      is positioned so that it can direct fluid under pressure toward the
      ejector member corresponding to the component then being engaged by the
      contact. Then, if the testing signal so requires, fluid under pressure is
      released through the nozzle to move the ejector member to the extended
      position. In order to provide sufficient time for conducting of the test
      and consequent opening of fluid control valves, the present invention
      provides for the nozzle-ejector relative motion to lag slightly behind the
      contact-holder relative motion. In order words, when the contact and a
      component are first brought into electrical contact, the nozzle and the
      associated ejector member are not yet positioned so that the nozzle could
      cause the ejector member to be moved to the extended position.
DRWD
PAR  The invention can best be understood by reference to the following
      description taken in connection with the accompanying illustrative
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of a component handler constructed in accordance
      with the teachings of this invention.
PAR  FIG. 2 is an enlarged sectional view taken generally along line 2--2 of
      FIG. 1.
PAR  FIG. 3 is an enlarged, fragmentary front elevational view partially in
      section showing a portion of the component handler.
PAR  FIG. 4 is a fragmentary, sectional view taken generally along line 4--4 of
      FIG. 3.
PAR  FIG. 5 is an enlarged, fragmentary sectional view of the holder for the
      components.
PAR  FIG. 6 is a fragmentary sectional view through a peripheral portion of the
      ejector.
PAR  FIG. 7 is a fragmentary, sectional view of the ejector showing one of the
      ejector members being releasably retained in the extended position and the
      other of the ejector members being in the retracted position.
PAR  FIG. 8 is a fragmentary view similar to FIG. 7 with the locking plate in
      position to lock the ejector members in their respective positions and
      with the holder shown in phantom lines above the ejector.
PAR  FIG. 9 is a fragmentary, side elevational view taken generally on line 9--9
      of FIG. 1 and showing the nozzle assembly and a portion of the ejector.
PAR  FIG. 10 is a fragmentary, sectional view taken generally along line 10--10
      of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 show a component handler 11 constructed in accordance with
      the teachings of this invention. The component handler 11 is adapted for
      use with another item of equipment such as a testing apparatus 12.
PAR  The component handler 11 includes a stationary supporting structure 13 on
      which an X-Y table 15 is mounted. The X-Y table includes a lower platform
      17 mounted for movement in one horizontal direction by a pair of guides 19
      affixed to the supporting structure 13 and an upper platform 21 mounted on
      the lower platform in any suitable manner for movement in the other
      horizontal direction. The platform 17 can be driven in a conventional
      manner by a motor (not shown) through a belt drive 23 and a suitable lead
      screw and nut arrangement 25. Similarly, the platform 21 is driven by a
      motor 27 and lead screw 29. The X-Y table 15 is a commercially available
      item and does not, per se, form any part of the present invention.
PAR  A frame 31 is mounted on the upper platform 21 in any suitable manner such
      as by a pair of guide rods 33 for movement with, and relative to, the
      platform. The function of the X-Y table 15 is to accurately position the
      frame 21 and the members affixed thereto in a horizontal plane. Obviously,
      means other than an X-Y table could be utilized to accomplish this
      positioning function.
PAR  As shown in FIG. 1, a contact assembly 35 is mounted on a pair of rods 37
      which in turn are supported by a pair of supports 39 which project from
      the frame 31. As shown in FIG. 3, the ends of the rods 37 are received
      within bores in the supports 39 and retained therein by set screws 40.
PAR  As best shown in FIGS. 3 and 4, the contact assembly 35 includes a bracket
      41 slidably mounted on the rods 37 and a mounting member 43 suitably
      pivotally attached to the bracket 41 as by a screw 45. The angular
      position of the mounting member 43 about the screw 45 can be adjusted by a
      screw 47 which extends through a slot 49 in the mounting member 43 into
      the bracket 41. By tightening of the screw 47, the mounting member 43 is
      tightly clamped between the head of the screw and the bracket 41 to
      thereby fix the mounting member 43 in a selected position.
PAR  A body member 51 is pivotally attached to the mounting member 43 in any
      suitable manner such as by a screw 53. A coil compression spring 55 is
      carried in a cavity in the body member 51 and acts against a tab 57
      mounted on the mounting member 43 to urge the body member 51 clockwise as
      viewed in FIG. 3 about the screw 53. The amount of pivotal movement which
      the body member 51 can undergo about the screw 53 is limited by a slot 59
      formed in the body member and a screw 61 which passes through this slot
      and is attached to the mounting member 43.
PAR  A contact in the form of a contact wheel 63 is rotatably mounted on the
      body member 51 by a pin 65. The contact wheel and the pin 65 are
      electrically conductive, and the pin is in contact with an arm of a
      conductive bracket 67. The bracket 67 is attached to the body member 51 by
      screws 69 which form electrical terminals.
PAR  With this construction, the contact assembly 35 can be moved as desired in
      the X-Y plane by the X-Y table 15. The mounting of the contact assembly 35
      as shown in FIGS. 3 and 4 permit the contact wheel 63 to move vertically
      as necessary to accommodate any surface irregularities which the contact
      wheel 63 may encounter. Specifically, a rough vertical adjustment of the
      height of the contact wheel 63 can be made by the screw 47. Thereafter,
      viarations in surface contour are automatically accommodated by the slot
      59 and the screw 63. The spring 55 maintains the contact wheel 63 in
      contact with the surface therebelow.
PAR  Various means could be employed to affix the bracket 41 to the rods 37 for
      movement therewith. In the embodiment shown in FIG. 3, the bracket 41 is
      attached by means of a screw 71 and two nuts 73 to a clamp assembly 75
      which in turn is affixed to the rods 37. The nuts 73 clampingly engage the
      clamping assembly 75.
PAR  Holding means in the form of a holder 77 is removably and fixedly mounted
      on the supporting structure 13 immediately beneath the contact wheel 63 by
      dowels 78 (FIG. 1) which accurately locate the holder on the supporting
      structure. The holder 77 is adapted to hold a plurality of components 79.
      The component handler 11 is adapted to test and sort a variety of
      components, such as capacitors, diodes and resistors, and the component 79
      is shown merely by way of example. The componenet 79 in the embodiment
      illustrated is a capacitor chip of conventional construction and includes
      a dielectric sandwiched between conductive electrodes 80a and 80b. The
      components 79 are characteristically very small.
PAR  The holder 77 could be of various different constructions, and FIG. 5
      illustrates a preferred construction. The holder 77 includes a conductive
      ground plate 81, a nonconductive holding plate 83, and a contact carrying
      section comprising insulating plates 85 and 87. The plates 81 and 83 are
      permanently bonded together and the plates 85 and 87 are also permanently
      bonded. The plates 85 and 87 may be releasably mounted on the plates 81
      and 83 by a plurity of cooperating dowels 89 (only one being shown in FIG.
      3) carried by the plates 85 and 87 and corresponding recesses formed in
      the plates 83 and 81. Numerous passages 91 extend through the ground plate
      81 and the holding plate 83. With the plates 85 and 87 removed as
      permitted by the dowels 89, the components 79 can be loaded into the
      passages 91 using various known methods including the method described in
      common assignee's copending application Ser. No. 415,741.
PAR  One function of the ground plate 81 is to make electrical contact with all
      of the components 79. In other words, the ground plate 81 forms a common
      ground for all of the components 79. This result is brought about by the
      formation of annular shoulders 93 in each of the passages 91 in the ground
      plate 81 upon which conductive electrodes 80b can rest. The holding plate
      83 laterally confines the components 79.
PAR  A primary function of the plates 85 and 87 is to mount contacts 95.
      Although the contacts 95 could take various different forms, in the
      embodiment illustrated, each of them is in the form of an elongated stem,
      the inner end of which is adapted to make electrical contact with the
      electrode 80a of the associated component 79 and the outer portion of
      which protrudes upwardly above the insulating plate 87. Each of the
      contacts 95 has a peripheral flange 97 which is received in a counterbore
      99 of the conductive holding plate 85. The counterbore 99 is sufficiently
      long to allow limited axial sliding movement of the associated contact 95.
      The plates 85 and 87 also electrically insulate the contacts 95 from each
      other. With this arrangement, a circuit can be completed from the testing
      apparatus 12 to the terminals 69, the bracket 67, the pin 65, the contact
      wheel 63, the contact 95 engaged by the contact wheel, the associated
      component 79, and the ground plate 81.
PAR  Mounted on the supporting structure 13 on opposite ends of the holder 77
      are identical ejectors 101 and 101a (FIG. 1). The ejectors 101 serve the
      dual functions of a memory for storing the results of the tests of the
      components 79, and they serve as an implement to eject the components from
      the holder 79 in accordance with the results of the test.
PAR  Because the ejectors 101 and 101a are identical, only the ejector 101 is
      shown in detail in FIG. 7. The ejector 101 includes a body 103 and a
      plurality of ejector members 105. In the embodiment illustrated, one of
      the ejector members 105 of the ejector 101 is provided for each of the
      components 79, and the ejector members are arranged in the same pattern as
      the passages 91 of the holder 77. Thus, each of the components 79 has a
      corresponding ejector member 105 in the ejectors 101 and 101a. The body
      103 has opposite faces 107 and 109, and a plurality of passages 111 extend
      between these faces with one of the passages being provided for each of
      the ejector members 105. The body 103 includes a lower plate 113, an
      intermediate plate 115, a locking plate 117, and an upper plate 119.
PAR  Each of the ejector members 105 is identical and includes a stem 121 having
      three spaced flanges 123 thereon. The lower two flanges 123 define a seal
      groove therebetween and a resilient seal 125 is positioned therein. The
      seal 125 may be of various constructions, and in the embodiment
      illustrated is in the form of an annular, elastomeric O-ring. The seal 125
      frictionally engages the surface defining the passage 111 with sufficient
      force so as to releasably retain the ejector member 105 in any position in
      which the ejector member is placed. The lower face of each of the ejector
      members 105 forms a piston.
PAR  Each of the ejector members 105 is movable between a lower or retracted
      position and an upper or extended position. In the extended position, the
      stem 121 projects a greater distance from the face 107 than in the
      retracted position. In the embodiment illustrated, in the retracted
      position, the lower flange 123 rests on the lower plate 113, and in the
      extended position the upper flange 123 engages the shoulder formed in the
      upper plate 119. With reference to FIG. 7, the ejector member on the right
      is in the extended position and the ejector member 105 on the left is in
      the retracted position.
PAR  The locking plate 117 has a plurality of apertures 129 which form portions
      of the passages 111, respectively. Although other arrangements can be
      employed, in the embodiment illustrated, one of the apertures 127 is
      provided for each of the ejector members 105. The locking plate 117 is
      slidable relative to the other portions of the body 103 between a
      releasing position shown in FIG. 7 in which it does not obstruct movement
      of the ejector member 105 in their respective passages 111 and a blocking
      position shown in FIG. 8 in which it positively retains the ejector
      members 105 in either the extended or retracted positions. In the blocking
      position shown in FIG. 8, a portion of the locking plate 117 fits beneath
      the uppermost flange 123 of the ejector member 105 on the right to hold
      that ejector member in the extended position, and it blocks off the
      passage 111 above the uppermost flange 123 of the ejector member on the
      left to prevent it from being moved to the extended position. Thus, the
      seal 125 acts to releasably, lightly hold the ejector members 105 in
      position, and the locking plate 117 provides a positive lock for the
      ejector members 105.
PAR  The plates 113, 115, 117 and 119 may be held together in a variety of ways
      including the manner shown in FIG. 6. These plates can be held together in
      any way which will permit sliding movement of the locking plate 117. As
      shown in FIG. 6, a plurality of screws 129 (only one being shown in FIG.
      6) are used to attach the plates 113, 115, 117 and 119 together. An
      annular spacer 131 (only one being shown in FIG. 6) extends around each of
      the screws 129 and serves to space the intermediate plate 115 and the
      upper plate 119 sufficiently to provide adequate space for sliding
      movement of the locking plate 117.
PAR  Identical nozzle asemblies 133 and 133a are used to program the ejectors
      133 and 133a. In the embodiment illustrated, the ejectors 101 and 101a are
      fixedly mounted on the supporting structure 13 and the nozzle assemblies
      133 and 133a are mounted on the frame 31 by support arms 135 and 135a,
      respectively. As shown in FIG. 9, the nozzle assembly 133 is attached to
      the arm 135 by a screw 137 which extends through an oversized opening or
      slot 139 in the arm 135. The slot 139 has opposite end surfaces 140 and
      140a. The screw 137 loosely clamps the arm 135 between the lower side of
      the nozzle assembly 133 and a washer 141. The nozzle assembly 133 may
      include self-lubricating bearings 143 which may be constructed of Teflon
      and which are adapted to slide along a surface 145 of the supporting
      structure 13.
PAR  The nozzle assembly 133 is adapted to receive fluid under pressure such as
      air from a conduit 147. The nozzle assembly 133 contains appropriate
      passages and, if desired, a check valve for transmitting the fluid under
      pressure from the conduit 147 to an upwardly opening nozzle 149. The
      nozzle 149 terminates closely adjacent the lower face 109 of the ejector
      101 so that it can direct air into the passage 111 immediately thereabove.
PAR  The flow of air under pressure to the nozzle assembly 133 is controlled by
      a valve 151 (FIGS. 1 and 2) which may be an on-off solenoid valve. The
      solenoid valve 151 may be opened in response to various stimuli including
      the receipt of an appropriate testing signal from the testing appartus 12.
      The solenoid valve 151 is suitably mounted on the frame 31 as a bracket
      153. The construction and mounting of the nozzle assembly 133a is
      identical to the nozzle assembly 133.
PAR  The component handler 11 can be used with many different testing apparatus
      and the construction will vary depending upon the nature of the test
      desired. Generally, the testing apparatus 12 should be capable of
      performing the test rapidly and of providing a testing signal indicative
      of the results of the test. By way of illustration, if the component 79
      being tested in a capacitor chip, the testing apparatus may perform tests
      to determine capacitance rating, dissipation factor, and forward and
      reverse leakage. A testing apparatus which will perform these and other
      functions and provide a testing signal for each component tested is known
      as the GR 1683 and is available from General Radio, Irvine, California.
PAR  In operation of the component handler 11, the plates 85 and 87 are removed
      from the holder 79 and the components 79 are loaded into the passages 91
      of the holder with one of the components being in each of the passages.
      This loading operation can be carried out in accordance with conventional
      mass loading techniques.
PAR  The X-Y table 15 can be preprogrammed to move the contact assembly 35 and
      the nozzle assemblies 133 and 133a through any desired path or pattern.
      For example, the platform 17 could first be moved to drive the contact
      wheel 63 along one full row of the contacts 95, and upon completion of
      this row, the platform 21 may be moved to index the contact wheel 63 over
      to the next row whereupon the platform 17 is moved in the opposite
      direction over the next row of the contacts 95.
PAR  Regardless of the path of movement which the X-Y table 15 is programmed to
      carry out, the platform 21 simultaneously drives the contact wheel 63 and
      the nozzle assemblies 133 and 133a through identical patterns. Thus, by
      this mechanical arrangement, the position of the nozzles 149 of the nozzle
      assemblies 133 and 133a relative to the contact wheel 63 is known.
PAR  When the contact wheel 63 engages one of the contacts 95, a circuit is
      completed from the testing apparatus 12 through the contact wheel, the
      associated contact 95, the associated component 79 and the ground plate
      81. Although the testing apparatus 12 may perform various different tests,
      in the embodiment illustrated, it performs two tests, one for each of the
      ejectors 101 and 101a. If the components 79 passes both of these tests,
      then the testing apparatus 12 provides no signal or a signal of the type
      which will not result in momentary opening of the valves 151 and 151a. If,
      the component does not pass the test associated with the ejector 101, then
      the signal from the testing apparatus 12 will cause momentary opening of
      the solenoid valve 151. This results in a blast of air under pressure from
      a compressed air source (not shown) through the solenoid valve 151, the
      conduit 147, and the nozzle 149 to the passage 111 immediately thereabove
      with the result that the fluid under pressure forces this ejector member
      to the extended position. The seal 125 prevents escape of the fluid
      upwardly through the passage 111. In addition, force of friction between
      the seal 125 and the surface of the passage 111 is sufficient to maintain
      the ejector member 105 in the extended position.
PAR  The contact wheel 63 is moved continuously or intermittently along the
      contacts 95 so that each of the components can be treated. The contacts 95
      project above the upper surface of the holder 77 as shown in FIG. 5
      thereby forming an irregular surface of the contact wheel 63. However, the
      pivotal mounting of the body member 51 on the screw 53 and the use of the
      spring 55 allows the contact wheel 63 to accommodate the surface
      irregularities and to properly engage all of the contacts 95.
PAR  After all of the components 79 have been tested, the locking plate 117 is
      moved to the position shown in FIG. 8 to thereby lock the ejector members
      105, which have been previously moved to the extended position, in the
      extended position. Thereafter, the plates 85 and 87 are removed from the
      holder 77 and the plates 81 and 83 are placed over the ejector members 105
      of the ejector 101 as shown in phantom lines in FIG. 8. The stems 121 of
      the ejectors 105 are sized so as to be receivable within the passages 91
      in the plates 81 and 83. The ejector members 105 and the plate 83 are
      dimensioned so that the ejector members in the extended position are long
      enough to eject the associated components 79 when the lower face of the
      plate 81 is placed on the face 107 of the ejector. The ejected components
      79 are then swept into an appropriate storage receptacle. The plates 81
      and 83 are then moved to the ejector 101a where the same procedure is
      repeated and the components ejected by the ejector 101a are placed in a
      second receptacle. The components still remaining in the holder 77 can be
      dumped and allowed to fall by gravity into a third receptacle.
PAR  Each of the ejectors 101 and 101a forms a sorting function in that it
      ejects from the holder 77 all of those components having a given
      characteristic such as inability to pass a certain test. It follows,
      therefore, that the number of ejectors is mere matter of choice depending,
      for example, upon the number of sorting functions desired.
PAR  The X-Y table 15 may move continuously or intermittently. If the X-Y table
      is to move continuously, it may be desirable to have the nozzle 149 lag
      slightly behind the contact wheel 63. In other words, when the contact
      wheel 63 is coaxially aligned with one of the contacts 95, the nozzle 149
      has not yet become coaxially aligned with the associated passage 111 of
      the ejector 101. This lag feature may be provided in various different
      ways. One way is to shift the position of the nozzle assembly 133 relative
      to the arm 135 as permitted by the oversized opening 139 (FIGS. 9 and 10).
      Specifically, the loose clamping connection between the arm 135 and the
      nozzle assembly 133 allows the arm 135 to drive the nozzle assembly 133
      with the surface 140 when the arm 135 is moving in one direction and with
      the surfacae 140a when the arm is moving in the opposite direction. The
      result is that the nozzle 149 lags the contact wheel 63 regardless of the
      direction of movement of the contact wheel. Thus, the lag feature is made
      reversible. The length of the slot 139 between the surfaces 140 and 140a
      is selected for the desired amount of lag.
PAR  Although the holder 77 is shown as stationary and the contact wheel 63 as
      being movable, it should be understood that either or both of these
      elements may be movable to obtain the necessary relative motion
      therebetween. Similarly, either or both of the ejector 101 and the nozzle
      assembly 133 may be movable to obtain the necessary relative motion
      therebetween. The component handler 11 is usable with various different
      pieces of equipment and the testing apparatus 12 is discussed herein
      purely by way of example.
PAR  Although reference is made herein to testing of the component in the holder
      77, it should be understood that various other operations could be
      performed on the component in lieu of or in addition to testing. Either
      the contact wheel 63 and/or the holder 77 may be movable relative to the
      supporting structure 33. Similarly, either the ejector 101 and/or the
      nozzle assembly 133 can be movable relative to the supporting structure
      13. If it is not desired to use the ejector 101 as a tool for directly
      ejecting the components from the holder, then the arrangement of the
      ejector members 105 need not be in the same pattern as the components 79.
PAR  Although an exemplary embodiment of the invention has been shown and
      described, many changes, modifications and substitutions may be made by
      one having ordinary skill in the art without necessarily departing from
      the spirit and scope of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A component handler for use with an apparatus which is adapted to
      perform an electrical test operation on an electrical component and to
      provide a signal which is related to such test operation, said component
      handler comprising:
PA1  holding means for holding the electrical component on which the electrical
      test operation is to be performed;
PA1  said holding means including means to establish electrical contact with the
      component being tested;
PA1  means to provide a signal related to the electrical test operation;
PA1  a body having a surface defining at least one passage in said body;
PA1  at least one member movable in said passage of said body from a first
      position to a second position; and
PA1  first means responsive to the signal for providing fluid under pressure for
      moving said movable member from said first position to said second
      position whereby the position of said at least one movable member is
      correlated with the test operation performed on the electrical component.
NUM  2.
PAR  2. A component handler as defined in claim 1 wherein said movable member
      and said surface defining said passage define a friction fit at least in
      said second position whereby the movable member is automatically
      retainable in the second position.
NUM  3.
PAR  3. A component handler as defined in claim 1 wherein said movable member
      includes a resilient seal slidably engageable with the surface defining
      said passage, the force of friction between said seal and said surface
      being sufficient to said second position to releasably retain said movable
      member in said second position and said first means includes means for
      directing fluid under pressure against said movable member for moving the
      latter to said second position.
NUM  4.
PAR  4. A component handler as defined in claim 1 wherein said body includes a
      locking plate having an aperture therethrough through which said movable
      member can extend, said plate being slidable in said body to block said
      passage sufficiently to positively lock the movable member in the second
      position.
NUM  5.
PAR  5. A component handler as defined in claim 1 wherein said holding means
      includes a plurality of conductive contacts electrically couplable,
      respectively, to said components, said component handler including a
      supporting structure, a contact wheel and means for mounting said contact
      wheel on said supporting structure for movement relative thereto and over
      said conductive contacts, said mounting means including means for
      resiliently biasing said contact wheel toward said contacts.
NUM  6.
PAR  6. A component handler for use with an apparatus which is adapted to
      perform an electrical test operation on an electrical component and to
      provide a signal which is related to the test operation performed on such
      component, said component handler comprising:
PA1  holding means for holding the component on which the operation is to be
      performed;
PA1  said holding means including means establishing electrical contact with the
      component being tested;
PA1  a body having a surface defining a passage in said body;
PA1  a member movable in said passage of said body from a first position to a
      second position;
PA1  means to provide a signal related to the electrical test operation;
PA1  means responsive to the signal for moving said movable member from said
      first position to said second position whereby the position of the movable
      member is related to the operation performed on the component; and
PA1  said movable member and said surface defining said passage defining a
      friction fit at least in said second position whereby the movable member
      is automatically releasably retainable in said second position.
NUM  7.
PAR  7. A component handler as defined in claim 6 wherein said movable member
      includes a resilient seal which engages said surface defining said passage
      to thereby define said friction fit.
NUM  8.
PAR  8. A component handler comprising:
PA1  a memory including a body having first and second peripheral surface
      portions and a plurality of passages opening at said first peripheral
      surface portion;
PA1  said memory including a plurality of memory members mounted in said
      passages, respectively, each of said memory members being movable from a
      first position to a second position, each of said memory members
      projecting from said first peripheral surface region at least in said
      second position thereof;
PA1  nozzle means for directing fluid under pressure against said memory
      members;
PA1  a supporting structure;
PA1  means for mounting said memory and said nozzle means on the supporting
      structure for movement relative to each other whereby said nozzle means
      can be positioned to direct fluid under pressure toward different ones of
      said memory members to thereby move such memory members from the first
      position thereof to the second position thereof; and
PA1  means for controlling the flow of fluid under pressure through said nozzle
      means.
NUM  9.
PAR  9. A component handler as defined in claim 8 including first means forming
      a sufficiently tight frictional fit between at least one of said memory
      members and the surface of the associated passage at least when said one
      memory member is in the second position thereof to retain said one memory
      member in said second position thereof.
NUM  10.
PAR  10. A component handler as defined in claim 9 wherein said first means
      includes a resilient seal carried by said memory member.
NUM  11.
PAR  11. A component handler as defined in claim 9 wherein said body includes a
      locking plate carried by said body, said locking plate having aperture
      means therethrough through which the memory members can project, said
      plate being slidable in said body to block said passages sufficiently to
      lock the memory member in the second position.
NUM  12.
PAR  12. A component handler as defined in claim 11 wherein said passages also
      open at said second peripheral surface portion and said nozzle means
      directs fluid under pressure into said passages from said second
      peripheral surface portion to move the memory members from the first
      position to the second position, each of said memory members including a
      resilient seal engageable with the surface defining the associated
      passage, said resilient seal forming a seal for the fluid under pressure
      and forming a sufficiently tight frictional fit with the surface of the
      associated passage at least when the memory member is in the second
      position to retain such memory member in the second position.
NUM  13.
PAR  13. A component handler comprising:
PA1  a supporting structure;
PA1  holding means for holding a plurality of components at preselected
      locations;
PA1  a contact;
PA1  means for mounting the contact and the holding means on the supporting
      structure for movement relative to each other so that the contact passes
      through said preselected locations in a known sequence;
PA1  a memory having a plurality of actuable members corresponding to the
      components, respectively, whereby each of the components is associated
      with at least one of the actuable members, each of said actuable members
      having at least first and second stages;
PA1  an actuator;
PA1  means for mounting said memory and said actuator on the supporting
      structure for movement relative to each other so that the relative
      movement between said actuator and said memory occurs along a path, said
      path including a plurality of predetermined locations, each of said
      predetermined locations being associated with at least one of said
      preselected locations and at least one of said actuable members;
PA1  said actuator including means responsive to the actuator being at one of
      said predetermined locations for placing at least one associated memory
      member in one of said states thereof; and
PA1  means for relatively moving the actuator and the memory simultaneously with
      the relative movement between the contact and the holding means with the
      actuator reaching said one predetermined location shortly after the
      contact reaches the associated preselected location whereby the actuator
      lags the contact to provide sufficient time for the actuator to place the
      associated actuable member in the proper state thereof.
NUM  14.
PAR  14. A component handler as defined in claim 13 wherein the relative
      movement between the holding means and the contact occurs first in a first
      direction and subsequently in a second direction which is generally
      opposite to said first direction with the actuator lagging the contact
      when the said relative movement is in said first direction and in said
      second direction.
NUM  15.
PAR  15. A component handler for use with a testing apparatus wherein the
      testing apparatus is adapted to test the components and to provide a
      testing signal for each of the components which is indicative of the
      results of the test of such component, said component handler comprising:
PA1  holding means for holding the components to be tested in a predetermined
      pattern;
PA1  a contact;
PA1  a supporting structure;
PA1  means for mounting said holding means and said contact on said supporting
      structure for movement to each other so that the contact passes along said
      predetermined pattern;
PA1  an ejector including a body having a face and a plurality of passages
      extending through the body, said ejector including a plurality of ejector
      members mounted, respectively, in said passages for movement relative to
      said body, said ejector members being provided in said pattern and being
      movable from a first position to a second position, said ejector members
      projecting from said face at least in said second position;
PA1  nozzle means for directing fluid under pressure into said passages to move
      the ejector members in such passages from the first position to the second
      position;
PA1  means for mounting the nozzle means and the ejector on said supporting
      structure for relative movement relative to each other so that said nozzle
      means can be positioned to direct fluid under pressure into any of said
      passages to move the associated ejector member from the first position to
      the second position;
PA1  means providing a testing signal indication of the results of the test of
      the component;
PA1  means for correlating the relative movement between the holding means and
      the contact with a relative movement between the nozzle means and the
      ejector whereby each of the components in the holding means can be
      associated with one of said ejector members; and
PA1  means responsive to the testing signal for controlling the flow of air from
      said nozzle means into said passages whereby the position of each of the
      ejector members in a function of the testing signal for the associate
      component and the ejector members in at least one of the positions thereof
      being usable as an implement to remove corresponding components from the
      holding means.
NUM  16.
PAR  16. A component handler as defined in claim 15 including resilient means
      for resiliently urging said contact toward said holding means.
NUM  17.
PAR  17. A method of testing a plurality of electrical components comprising:
PA1  providing a holder having the components retained thereon in a
      predetermined pattern;
PA1  said holder including means establishing electrical contact with each of
      said components;
PA1  electrically testing the components while the components are retained on
      the holder;
PA1  providing a memory having a plurality of movable memory members;
PA1  positioning the memory members using fluid under pressure in accordance
      with the results of the test of said components; and
PA1  sorting at least some of the components utilizing the positioned memory
      members whereby the components are sorted in accordance with the results
      of the test of such components.
NUM  18.
PAR  18. A component handler for use with a testing apparatus wherein the
      testing apparatus is adapted to test at least one electrical
      characteristic of the components and to provide a testing signal for each
      of the components which is indicative of the results of the test of such
      components, said component handler comprising:
PA1  means for holding the components to be tested;
PA1  said holding means including means to establish electrical contact with
      each of the components being tested;
PA1  means to provide a testing signal related to the test of the electrical
      characteristic of the components;
PA1  programmable sorting means for sorting the components in accordance with a
      program; and
PA1  means responsive to the testing signals for providing fluid under pressure
      to program the sorting means in accordance with the testing signals
      whereby components can be sorted in accordance with the results of the
      test.
NUM  19.
PAR  19. A component handler for use with a testing apparatus wherein the
      testing apparatus is adapted to test at least one electrical
      characteristic of the components and to provide a testing signal for each
      of the components which is indicative of the results of the test of such
      components, said component handler comprising:
PA1  a holder for holding the components to be tested;
PA1  said holder including means to establish electrical contact with the
      component being tested;
PA1  means to provide a testing signal related to the test of the electrical
      characteristic of the components;
PA1  a memory including a body having a face and a plurality of memory members
      mounted for movement on said body between a first position in which the
      memory members project from a face of said body and a second position in
      which the memory members project a lesser distance from said face; and
PA1  first means responsive to the testing signals for providing fluid under
      pressure for positioning the memory members in one of said positions
      whereby the positions of said memory members relative to said body are
      controlled by the test results.
NUM  20.
PAR  20. A component handler as defined in claim 19 wherein said body has a
      plurality of passages in which said memory members are respectively
      movably mounted and at least one of said memory members and the surface
      defining the associated passage form a friction fit at least in the second
      position of said one memory member.
NUM  21.
PAR  21. A component handler as defined in claim 20 wherein said one memory
      member includes a resilient seal slidably engageable with said surface to
      define said friction fit, said first means selectively directing the fluid
      under pressure against said one memory member and into the associated
      passage to position said one memory member, said seal at least assisting
      in sealing said last mentioned passage against the passing of the fluid
      therethrough.
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ABST
PAL  A rifle mounting rack for sliding window assemblies of a truck, comprised
      of a pair of spaced support members which are secured to a vehicle sliding
      window assembly in laterally spaced relation. Each support member
      comprises co-acting slide members having rifle receiving cradle members
      depending therefrom, and diametrically opposed window frame engaging
      members which can be slidably received within a flange of the rear window
      assembly of a vehicle.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The instant application is a Continuation-in-part of parent application
      Ser. No. 256,509, filed May 24, 1972, and patent application Ser. No.
      401,983, filed Oct. 1, 1973, now U.S. Pat. No. 3,876,079.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Vehicle window mounting racks for rifles and the like are known in the
      prior art and take on various different forms such as exemplified by the
      U.S. Pat. Nos. to Lindstrom 3,007,582; Norrington 3,294,247; Francis
      2,550,796; Kaplin 2,746,661; and Koses 2,536,293.
PAR  As evidenced by these prior art examples, vehicle window racks for
      supporting objects therefrom are sometimes complex in design and
      potentially detrimental to the structure of the vehicle especially where
      the window frame member must be jacked apart in order to provide anchoring
      means for the rack. Alternatively, structural members of the vehicle must
      be drilled and fitted with a fastener means which not only requires
      limited skilled use of hand or power tools, but also defaces the interior
      of the vehicle. Moreover, direct attachment of the rack to any structural
      component of the vehicle inherently transmits undesirable loads from the
      vehicle into the rack and consequently into a rifle cradled by the rack.
      Often, when the vehicle is traveling on rough roads, the rifle is actually
      dislodged from its cradle. Moreover, imparting sudden heavy loads into the
      rifle could inadvertently cause the rifle to be discharged.
PAR  Accordingly, it is desirable to provide improvements in a mounting rack for
      rifles which can be readily and easily installed in spaced superimposed
      relationship upon a rear sliding window assembly of a vehicle without
      defacing the vehicle interior; which can be readily and securely installed
      without the use of tools and the like; which is adjustable from one size
      window to another; and, which can be removed from the vehicle whenever it
      is desired to do so. It is further desirable that such a mounting rack be
      situated in a manner whereby a minimum of vehicle loads are transmitted
      into the rifle cradled by the rack.
PAC  SUMMARY OF THE INVENTION
PAR  This invention specifically relates to a vehicle mounting rack for rifles
      comprised of laterally spaced support members secured in superimposed
      spaced relationship to a vehicle window. Each support member is comprised
      of first and second co-acting slide members movable relative to one
      another, with each member having diametrically opposed support members
      which are inserted within a u-shaped frame member which also supports the
      sliding glass of a vehicle window assembly. Outwardly disposed from one
      support member is a cradle means for supporting a rifle therewithin.
PAR  Guide means formed on the co-acting slide members enable the support
      members to be moved relative to one another in aligned relationship
      therewith. The support members are aligned in a common plane, with the
      cradle means being normally opposed thereto, so that a rifle placed within
      the cradle means is releasably held in spaced relation respective to the
      vehicle and the window glass.
PAR  Accordingly, a primary object of the present invention is the provision of
      improvements in mounting racks for rifles which can be used in combination
      with a rear sliding window assembly of a vehicle.
PAR  Another object of the invention is to provide a mounting rack for rifles
      which is readily adjustable so that it can be rapidly assembled and
      securely supported by components of various different sizes of vehicle
      sliding window assemblies.
PAR  A further object of this invention is to disclose and provide a rifle
      supporting assembly which can be readily secured for support within a
      commercially available sliding rear window assembly of a truck.
PAR  A still further objet of this invention is to provide a molded plastic
      mounting rack for rifles which is made of only two co-acting members and
      is secured in supporting relationship to a sliding window assembly.
PAR  These and various other objects and advantages of the invention will become
      readily apparent to those skilled in the art upon reading the following
      detailed description and claims and by referring to the accompanying
      drawings.
PAR  The above objects are attained in accordance with the present invention by
      the provision of apparatus fabricated in a manner substantially as
      described in the above abstract and summary.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isolated perspective view of an automotive rear sliding window
      assembly having a mounting rack for rifles, made in accordance with the
      present invention, operatively associated therewith;
PAR  FIG. 2 is an enlarged, perspective view of one of the assembled spaced
      support members disclosed in FIG. 1;
PAR  FIG. 3 is a rear view of the assembled support member disclosed in FIG. 2;
PAR  FIG. 4 is a perspective view of part of the apparatus disclosed in FIGS.
      1-3;
PAR  FIG. 5 is an enlarged, fragmentary, cross-sectional view taken along line
      5-5 of FIG. 4;
PAR  FIG. 6 is a side view of an insert which is associated with one of the
      support members disclosed in FIGS. 1 and 4;
PAR  FIG. 7 is a cross-sectional view taken along line 7--7 of FIG. 6;
PAR  FIG. 8 is an end view of the insert member disclosed in FIG. 6;
PAR  FIg. 9 is a top view of FIG. 6;
PAR  FIG. 10 is a bottom view of FIG. 6;
PAR  FIG. 11 is an enlarged view of a modification of part of the apparatus
      disclosed in some of the foregoing figures; and,
PAR  FIG. 12 is a broken, cross-sectional view taken along lines 12--12 of FIG.
      11.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a rear sliding window assembly 9 of a vehicle, such as a
      pickup truck, for example. The window assembly includes the usual frame 12
      provided with a suitable gasket or weather stripping 14 which resiliently
      secures the frame to the vehicle in the usual manner.
PAR  A mounting rack for rifles, comprised of a pair of support members 10, 10',
      and made in accordance with the present invention, is operatively
      connected to the frame of the rear window assembly, as will be better
      appreciated as the remainder of this disclosure is more fully digested.
PAR  In FIG. 4, the truck cab is generally indicated by the numeral 16. Spaced
      pairs of insert members 18 hold ech of the racks in spaced relationship
      from the sliding window glasses 20 and 22. As best illustrated in FIG. 5,
      each of the glasses are slidably received in captured relationship within
      window glass receiving 24 and 26. A small gasket 28 slidably and sealingly
      engaged opposed parallel surfaces of each individual glass, while the
      molded metal frame downwardly depends at lip 30 into engagement with the
      before mentioned weather stripping gasket 14.
PAR  As illustrated in FIG. 2, in conjunction with some of the remaining
      figures, each support member, 10 or 10' of the gun rack, is comprised of a
      first, or top slide member 32 which is slidably connected to a second or
      bottom coacting slide member 34. The second, or bottom, slide member has
      an upper and a lower cradle means, 36 and 38, respectively, integrally
      connected thereto and outwardly depending therefrom.
PAR  A lower blade member 40 is made an integral part of the second or bottom
      slide member, while an upper blade member 42 is made an integral part of
      the first or top slide member. The blades of each slide member are
      diametrically opposed to one another and movable toward and away from one
      another in accordance with the relative position of the first and second
      slide members. Friction locks 44 increase the friction between the two
      slide members to prevent relative movement therebetween. Aperture 46 is
      provided for enabling the relative travel between the two slide members to
      be endowed with greater adjustability by placement of fastener 48
      therewithin.
PAR  Reinforcement web 50 defines the interior surface of the upwardly and
      outwardly opening cradle and reinforces the free end portion 52 thereof.
      The web provides an interiorly disposed horizontally aligned flange having
      opposed shoulders about which there is received a split oval shaped
      resilient pad 54 so that a rifle placed therewithin cannot be scratched or
      marred. Additionally, the rifle will be of a size which will compress the
      pad causing it to resiliently capture the rifle in biased relationship by
      the cradle means. Diametrically outwardly projecting tits 56 and curved
      end 52 capture the pad therebetween, so that the pad is not inadvertently
      dislodged therefrom. The before mentioned web 50 together with the
      illustrated ribs greatly reinforce the second or bottom slide member and
      provides a truss-like configuration which strengthens the entire
      structure. In particular, outer web member 58 commences adjacent to the
      reinforcement web 60 in attached relationship to the vertical flange 62 of
      the upper cradle member, and extends in a downward direction where it
      ultimately forms the inside peripheral surface area of the lower cradle
      member. The rear reinforcement rib member 64 extends in an upward
      direction from attachment to the lower blade and describes the rearward
      and upper peripheral surface of the slide member. The upper portion of rib
      64 is joined to web 68 and to the illustrated central body member. Each of
      the webs 58 and 60 terminate as an integral portion of the vertical
      flanges which form the cradle members. Diagonal rib member 66 is spaced
      between the rear and front rib members, 64 and 65 respectively, and
      connected by the illustrated cross-bracings 68. The cross-bracings
      together with the elongated rib members provide a monocoque-like structure
      which adequately bears vehicle induced transverse, tortional, and lateral
      loads which may be placed thereon by the weight of a rifle or gun placed
      within the cradle. The low friction face 70 of the first or top slide
      member is intersected by a longitudinally aligned groove 74 which receives
      an outwardly extending vertical tongue member located on the second slide
      member, with the latter being more or less parallel to the glass and to
      the face 72 of the support blade. As best seen in FIG. 2, the groove 74
      extends more or less parallel to the face of the blade of the first slide
      member. The groove is placed in indexed relationship with the tongue, with
      the groove being of a sufficient depth to receive the entire outwardly
      extending tongue therein. The groove is open ended at each extremity of
      the slide member so that the tongue member can slide in close tolerance
      relationship therewithin, with a marginal end portion thereof extending
      from either of the outwardly opening portions of the groove as may be
      required.
PAR  The face of one slide member slidably engages the face of the other slide
      member in low friction relationship therewith. The illustrated elongated
      slots are idexed relative to the tongue, groove, apretures, and slot 46 so
      that as each slide member moves relative to the other, at least two of the
      apertures 46' are always in alignment wiht the elongated slots, thereby
      permitting the opposed blades to be adjusted to an infinite number of
      different spaced positions within the limits of operation of the support
      member. This expedient enables adjustment of the support member so that it
      can be fitted into any number of various sized window assemblies.
PAR  Each of the blades terminate at 76 as an integral portion of a slide
      member. Sloped edge 80 of the blade is joined to tapered vertical portion
      78 which terminates in a reduced edge portion at 82 to form a horizontal,
      sharp leading edge portion. Hence, the blade is in the form of a rectangle
      having an edge portion reduced in thickness, and another portion of the
      form of a truncated triangle, with the last portion being joined to the
      main body portion of the slide member as indicated by numeral 76.
PAR  FIGS. 6-10 disclose the details of the insert member 18, which is similar
      in some respects to a wedge. The insert is comprised of a top surface 84,
      a bottom surface 86, end portions 88 and 90, and spaced vertical ribs 92
      located on each of the opposed sides. An upwardly opening longitudinally
      directed, horizontally disposed cavity 94 extends parallel to the opposed
      sides 96 and 98 which extend between the ends. The cavity is made into a
      configuration complementary respective to blades 40 and 42 for receiving a
      marginal end portion of the blade in close tolerance relationship
      therewithin.
PAR  In the embodiment of FIGS. 11 and 12, the wedge-like insert is made
      integrally with the slide members, with the blade-like member 140 being
      integrally formed with member 118. The geometrical configuration of member
      118 is identical to member 18 except that the slide member is molded
      integrally with respect to the insert.
PAR  In operation, four insert members are inserted within the U-shaped frame of
      the sliding window assembly. Next, the slide members of FIGS. 1-10 are
      placed with the smooth sides thereof abutting one another and with the
      tongue thereof slidably engaging the groove. Fastener means are next
      placed through the proper apertures as may be required for proper
      adjustment, and slightly tightened. The marginal ends of the blade members
      are next fitted into the insert members and the separate slide members are
      slid vertically apart an amount wich will enable the sharp ends of the
      blades to be forceably and securely received within the previously set
      inserts, as illustrated in FIGS. 1 and 5.
PAR  The fastener means are then adjusted so that the faces of the slide members
      are brought together in high friction relationship. This simple expedient
      completes the installation of the spaced pair of support members, thereby
      enabling a rifle to be placed within the cradles in the illustrated manner
      of FIG. 1.
PAR  The embodiment of FIGS. 11 and 12 is installed within the longitudinal
      channel of the metal frame member in the above described manner, except
      that the wedges are already formed onto the slide members, and hence the
      entire structure is simultaneously fitted into the frame.
PAR  The present invention finds utility when used in conjunction with the
      sliding rear window assembly found in the pickup truck campers.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a vehicle sliding window assembly having at least
      two window panes with at least one said pane being slidable respective to
      the other, wherein the glass is slidably captured within spaced opposed
      channels formed within a window frame of the assembly, a mounting rack for
      rifles comprising a pair of support members having means by which they are
      removably and slidably secured solely to the window frame in laterally
      space relationship to one another;
PA1  each support member comprising a first and second slide member; each slide
      member having a slidable surface formed thereon and an insert means which
      is inserted in captured relationship within one of the opposed channels of
      the window frame assembly;
PA1  cradle means outwardly disposed from and attached to one of said slide
      members for contributing to the support of a rifle;
PA1  guide means formed on said first and second slide members so that one said
      slide member can be guidably moved in aligned relationship respective to
      the other of said slide members;
PA1  each said insert means being arranged on each said slide member so that
      when one slide member is moved relative to the other, the insert means are
      moved towards and away from one another; said insert means being arranged
      in a common plane, with said cradle means being normally disposed relative
      to the plane;
PA1  and a fastener means connected to each of said slide member for increasing
      the friction of said slidable surfaces to effectively lock the slide
      members together;
PA1  said insert means being placed within the channel which receives the window
      glass by sliding the first member relative to the second member, after
      which the members may be locked together by the fastener means to support
      a gun placed in the cradle solely by the insert means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said guide means on said first and
      second slide members includes a longitudinally extending tongue and groove
      with the groove being formed on one of said slide members and the tongue
      being formed on the remaining of said slide members, said tongue being
      slidably received within said groove with the face of one member slidably
      engaging the face of the remaining member.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said fastener means includes spaced
      apertures placed in said first slide member, said second slide member
      being provided with spaced slots arranged to be placed in registry with
      said spaced apertures when said tongue is received within said groove, and
      a bolt means placed through the apertures and slots when the apertures are
      aligned with the slots.
NUM  4.
PAR  4. The apparatus of claim 1 wherein each said insert means is in the form
      of a rectangle which is of a thickness for insertion within the window
      glass frame, and another portion in the form of a truncated triangle, with
      the last portion being joined to the main body portion of said slide
      member.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said first slide member is an elongated
      body normally to said insert means, said insert means forms one marginal
      end portion of said slide member, said insert means and said cradle being
      an integral part of one said slide member, and means forming spaced ribs
      along one side of one said slide member.
NUM  6.
PAR  6. The apparatus of claim 1 wherein each said slide member has a face
      formed thereon; said guide means on said first and second slide members
      includes a longitudinally extending tongue and groove with the groove
      being formed on one of said slide members and the tongue being formed on
      the remaining of said slide members, said tongue being slidably received
      within said groove with a face of one member slidably engaging a face of
      the remaining member;
PA1  said insert means being in the form of a rectangle having the opposed sides
      formed into ribs to present an edge portion reduced in thickness for
      insertion within the same channel of the frame which slidably supports the
      window glass.
NUM  7.
PAR  7. The apparatus of claim 1 wherein each said slide member has a face
      formed thereon, said guide means on said first and second slide members
      includes a longitudinally extending tongue and groove with the groove
      being formed on one of said slide members and the tongue being formed on
      the remaining of said slide members, said tongue being slidably received
      within said groove with the face of one member slidably engaging the face
      of the remaining member;
PA1  said first slide member has a blade formed thereon and arranged normally
      thereto; said blade forming one end portion of said slide member, one said
      blade and one said cradle being an integral part of one said slide member,
      one said slide member being an elongated body having means forming spaced
      ribs along one side thereof for reinforcing the slide member; said insert
      means having a blade receiving cavity formed therein and being separable
      from said blade.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said insert means has a cavity formed
      therein, and further including a support blade attached to said slide
      member, said blade having an edge portion reduced in thickness for
      insertion within said insert means; said blade being joined to the main
      body portion of said slide member.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said first slide member is in the form
      of an elongated body arranged normally to said blade, said blade forming
      one end portion of said slide member, or one said blade and one said
      cradle being an integral part of one said slide member, and means forming
      spaced ribs along one said elongated body for reinforcing one said slide
      member.
NUM  10.
PAR  10. In combination with a window frame having at least two window panes,
      with at least one said pane being slidable respective to the other, said
      frame having spaced opposed channels which slidably capture marginal edge
      portions of a pane therein, a mounting rack assembly for supporting a
      rifle, said rack includes support members, each of said support members
      being made of a first and second slide member, a slidable surface formed
      on each said slide member, fastener means securing each said slide member
      together in adjustable relationship, each slide member having a depending
      end portion made into the form of a support blade;
PA1  an insert means disposed in each of the opposed channels, a blade receiving
      cavity formed in each said insert means, said insert means and said blade
      having a configuration whereby a marginal edge portion of said blade is
      removably received within said cavity;
PA1  the gun mounting rack being supported by the window frame with said blades
      inserted within said cavities of said insert means, with said slide
      members moved apart, and with said insert means placed in said channels.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said guide means on said first and
      second slide members includes a longitudinally extending tongue and groove
      with the groove being formed on one of said slide members and the tongue
      being formed on the remaining of said slide members, said tongue being
      slidably received within said groove with the face of one member slidably
      engaging the face of the remaining member.
NUM  12.
PAR  12. The apparatus of claim 10 wherein said insert means is in the form of a
      rectangle having ribs formed on opposed sides thereof so that the insert
      means is reduced in thickness for insertion within the channel of the
      window glass frame, and another portion in the form of a truncated
      triangle, with the last portion being joined to the main body portion of
      said slide member.
NUM  13.
PAR  13. The apparatus of claim 10 wherein each said slide member has a face
      formed thereon, said guide means on said first and second slide members
      includes a longitudinally extending tongue and groove with the groove
      being formed on one of said slide members and the tongue being formed on
      the remaining of said slide members, said tongue being slidably received
      within said groove with the face of one member slidably engaging the face
      of the remaining member;
PA1  said first slide member has a blade formed thereon which is arranged
      normally thereto; one said blade and one said cradle being an integral
      part of one said slide member, one said slide member being an elongated
      body and having means forming spaced ribs along said elongated body for
      reinforcing the slide member; said insert means having a blade receiving
      cavity formed therein and being separable from said blade.
PATN
WKU  039318940
SRC  5
APN  4337433
APT  1
ART  355
APD  19740116
TTL  Display panel and assembly
ISD  19760113
NCL  7
ECL  1
EXA  Gibson, Jr.; Robert W.
EXP  Frazier; Roy D.
NDR  4
NFG  16
INVT
NAM  Murphy; Thomas V.
STR  P.O. Box 156
CTY  Oradell
STA  NJ
ZIP  07649
CLAS
OCL  211177
XCL  211163
EDF  2
ICL  A47F  502
FSC  248
FSS  DIG. 3
FSC  211
FSS  177;163;169;183
FSC   16
FSS  DIG. 13;171
FSC  312
FSS  107;108;262;263;257 A
FSC  220
FSS  4 F;60
FSC  160
FSS  135;235;229
UREF
PNO  1393050
ISD  19211000
NAM  Talley et al.
OCL  312135
UREF
PNO  2239562
ISD  19410400
NAM  Kennedy
OCL  160229R
UREF
PNO  2732581
ISD  19560100
NAM  Heck
XCL   16171
UREF
PNO  2797840
ISD  19570700
NAM  Gibbs
XCL   16171
UREF
PNO  3452959
ISD  19690700
NAM  Ishikawa
OCL  248488
UREF
PNO  3581906
ISD  19710600
NAM  Joyce
OCL  211126
UREF
PNO  3672530
ISD  19720600
NAM  Bridenstine et al.
OCL  220  4A
UREF
PNO  3739919
ISD  19730600
NAM  Hochman
OCL  211 57
UREF
PNO  3756421
ISD  19730900
NAM  Wilkins
XCL  211177
UREF
PNO  3756422
ISD  19730900
NAM  Ostring et al.
XCL  211177
FREF
PNO  951,991
ISD  19640300
CNT  UK
OCL  220  4F
LREP
FRM  Mandeville and Schweitzer
ABST
PAL  The disclosure relates to a novel display panel, and to assembled display
      structures incorporating the new panel. More particularly, the disclosure
      relates to perforated display panels, and to display assemblies
      constructed therewith. Commonly, perforated board panels are formed of
      compressed, fibrous material. To a somewhat lesser degree, perforated
      panel boards are available commercially, formed of sheet metal and of
      molded plastic material. The present invention provides a novel and highly
      advantageous form of molded plastic perforated panel structure which,
      because of novel and advantageous features of construction, has extensive
      utility in the merchandise display field, as well as in the other fields
      of use.
PAL  The perforated display panel of the invention desirably is of rectangular
      configuration and incorporates along its side and end edges, unique
      snap-together hinge elements, enabling the panels to be connected easily
      and quickly to similar, adjacent panels. The structure of the invention,
      while being capable of mass production at reasonable cost by injection
      molding techniques, provides an extremely versatile, universal form of
      structural element, which can be combined in various ways, and easily set
      up or taken down for display purposes.
PAL  The invention is also directed to the provision of novel display
      assemblies, utilizing the new panels in conjunction with specially
      designed and constructed end caps. The end caps are provided in various
      geometric configurations and are applied to the ends of an assembled
      series of display panels to form a rigid structure.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Merchandising practices currently followed make extensive use of so-called
      point of purchase displays and the like, in which merchandise is
      prominently and conveniently displaced before the potential customer.
      Ideally, the attractive display and immediate availability of the
      merchandise facilitate and increase the sales thereof.
PAR  For the construction of point of purchase displays, perforated panel board
      (sometimes called peg board) is used to a great extent. Conventionally,
      such panel board material is thin, flat, relatively rigid, and provided
      with a large number of apertures arranged in horizontal and vertical rows.
      A wide variety of panel board hooks and other display fixtures are
      available, which may be readily inserted into the opening of the apertured
      panel board, in any configuration convenient to the merchandiser.
PAR  The general configuration and general advantages of apertured panel board
      are well known. The present invention, however, seeks to improve
      significantly on the conventional apertured panel board construction, by
      providing a novel and improved form of such panel board, which is of
      greatly improved utility with respect to set-up and knock-down capability,
      in particular. The new perforated panel construction is ideally suited to
      the quick and simple construction of short term point of purchase
      displays, such as aisle displays in supermarkets and the like.
PAR  In accordance with one of the specific aspects of the invention, a molded
      plastic perforated panel board structure is provided, which includes an
      advantageous form of snap-together side hinge connection, by means of
      which adjacent rectangular panel elements may be joined, in a coplanar
      relationship, an abutting relationship or at an angle. The new hinge
      construction enables a series of panels to be joined to form a single
      large, flat panel display, or displays of a variety of geometric
      configurations, as the circumstances require. The connecting hinge
      arrangement of the new panel provides for any angular orientation of a
      pair of adjacent panels between coplanar (0.degree.) and back-to-back
      (180.degree.). This advantageous structure is provided without the need
      for separate fastenings or connectors, such that assembly of the panels is
      greatly simplified, and the inventory of required parts is kept at a
      minimum.
PAR  In conjunction with the above, the invention is directed in part to the
      provision of an advantageous form of snap-together end plate structure
      designed for assembly with the new panel board unit, to provide rigid,
      sturdy point of purchase display assemblies. The end plate elements of the
      invention are of molded plastic construction, and can be molded in a
      variety of geometric configurations (such as triangular, rectangular,
      etc.) of a size and shape to be received on and secured to the end edges
      of a plurality of connected perforated panels. A unique and advantageous
      snap-together connection is provided between the end edge portions of the
      perforated panels and the end plates, enabling the plates to be quickly
      and securely applied to a series of assembled display panels.
PAR  The various modular structural elements of the invention readily
      accommodate the assembly of display structures of a wide variety of shapes
      and forms, including flat display boards, back-to-back displays, polygonal
      displays of various forms, vertically stacked displays and the like. All
      of this may be accomplished with a relative minimum inventory of parts,
      and with component parts which are at the same time relatively
      inexpensive, durable, easily handled, and of pleasing appearance. The
      structure of the invention provides a display assembly which, in the
      disassembled condition can be packed away in a minimum of space, easily
      shipped and handled, and eventually set-up without the use of tools or
      extraneous fastening devices such as nuts and bolts, or the like.
PAR  Moreover, because all of the parts may be of a plastic construction, they
      are impervious to cleaning solutions or water, and will not oxidize or
      otherwise degredate in the environment in which they are used. This is
      particularly important because display structures must be cleaned fairly
      often so as not to make an unsightly background for the items being
      displayed, and in many cases they will be used outside. In this
      connection, further, parts of the structures herein may be of the desired
      display color, and the color surfaces will not deteriorate as the result
      of exposure to the environment, or be scratched or otherwise marred as
      would be the case with painted surfaces. Of course, the invention may take
      a variety of specific forms and dimensions and may be made of a wide
      variety of materials, as will be understood by those skilled in the art.
PAC  SUMMARY OF PRIOR ART
PAR  The structure of the present invention represents a significant improvement
      over the Ishikawa U.S. Pat. No. 3,452,959 and the Hochman U.S. Pat. No.
      3,739,919, which also show forms of perforated display board panels. The
      Ishikawa patent, for example, illustrates flat rectangular panels of
      molded plastic construction, arranged with perforations to receive
      conventional display board hooks and the like. These panels are arranged
      to be connected together in a flat display assembly, by means of special
      fastening devices, which are separately supplied. The Hochman patent
      illustrates a cylindrical display device, formed of a pair of molded,
      semi-cylindrical elements connected together by an integral "living
      hinge." The devices of the prior art patents, while having certain
      advantageous features, are of rather limited overall utility. In contrast,
      the subject matter of the present invention enables the display assemblies
      to be constructed in a wide variety of useful and convenient
      configurations, with an absolute minimum of component parts. Of particular
      significance, the structure of the present invention avoids the use of
      small connector elements as required by the Ishikawa patent, for example.
      In a typical commercial merchandising operation, utilizing relatively low
      skilled personnel and requiring the relatively frequent and repeated
      assembly and disassembly and temporary storage of display structures,
      small parts, such as connector elements, easily become lost and mislaid
      over a period of time, minimizing the availability of the display
      equipment and, in some cases, rendering the overall equipment valueless
      for lack of relatively insignificant component parts.
DRWD
PAR  For a fuller understanding of the above-mentioned and other features and
      advantages of the invention, reference should be made to the following
      detailed description of a preferred embodiment of the invention, and to
      the accompanying drawings and appended claims.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective, partially exploded view of a typical display
      assembly incorporating the features of the invention.
PAR  FIG. 2 is a perspective view of the completed display assembly of FIG. 1.
PAR  FIG. 3 is a highly enlarged, fragmentary, cross-sectional view taken
      generally on line 3--3 of FIG. 2.
PAR  FIGS. 4 and 5 are greatly enlarged fragmentary, cross-sectional views taken
      on lines 4-4, 5--5 respectively of FIGS. 2 and 4.
PAR  FIGS. 6-8 are perspective views showing the perforated display panel unit
      of the invention, as assembled in a variety of contemplated display
      configurations.
PAR  FIG. 9 is a perspective view of a structure according to the invention,
      providing a vertically stacked display assembly of triangular
      configuration.
PAR  FIG. 10 is a perspective view illustrating another form of vertically
      stacked display configuration, in this case of rectangular configuration.
PAR  FIG. 11 is a perspective view of a flat display panel assembly utilizing a
      large plurality of display panel units of the invention connected together
      in edge-to-edge relation.
PAR  FIGS. 12-14 are enlarged, fragmentary, cross-sectional views taken on lines
      12--12, 13--13, 14--14, respectively, of FIGS. 9, 12 and 10.
PAR  FIG. 15 is a perspective view illustrating another form of vertically
      stacked display configuration, in this case of four panels in an abutting
      perpendicular arrangement to each other.
PAR  FIG. 16 is a top plan view of the bottom end cap member 145 of FIG. 15 and
      taking along lines 16--16 of FIG. 15.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring now to the drawings, and initially to FIGS. 1-5 thereof, the
      reference numerals 10, 11, 12 designate generally three display panels,
      incorporating structural features of the invention, which are arranged to
      be assembled in edge-to-edge relationship, in a triangular display
      configuration. As will be readily apparent, the triangular display
      configuration is merely illustrative of many such configurations and will
      be described in an illustrative context only. The display panels 10-12 are
      of identical construction, desirably being produced by injection molding
      with a suitable plastic material, such as medium impact polystyrene. Each
      of the display panels includes a flat, planar panel portion 13, typically
      of rectangular configuration. Integral side edge flanges 14, 15 and end
      edge flanges 16, 17 project rearwardly from the edge extremities at the
      panel portion 13, to impart strength and rigidity and a 3-dimensional
      characteristic to the display panel. In addition, as is evident in FIG. 1,
      the back sides of the display panels are provided with a grid of
      horizontally and vertically disposed, integrally molded ribs 18, which
      rigidify the entire panel unit. Moreover, ribs 18 serve the added function
      as spacers if panel 10, for example, should be attached to a flat vertical
      surface for display. Portions of display hooks extending through apertures
      19 in such panels would have sufficient room to extend into the space
      provided by ribs 18 between the flat wall surface and the adjacent panel
      surface.
PAR  Substantially, the entire front panel portion 13 of each of the display
      panels is provided with rows of uniformly spaced apertures 19. As will be
      understood, the size and spacing of the openings is such as to accommodate
      the reception of conventional peg board hardware, such as display hooks,
      racks, etc. To this end, the openings 19 are spaced at least slightly away
      from the structural ribs 18, to permit the openings to receive pairs of
      upturned locking lugs of a standard merchandise hook.
PAR  Perferably, the display panels 10-12 are of rectangular configuration,
      although a square configuration would be suitable as well, and other
      configurations would have special application. While specific dimensions
      are not significant to the invention, an advantageous commerical form of
      the display panels may have principal length and width dimensions of 24
      inches by 12 inches, and an overall thickness of the side flanges and
      structural ribs of about 1/2 inch. The ribs 18 may be typically spaced
      about 2 inches apart, and the apertures 19 of about 1/4 inch in diameter
      being spaced about 1 inch apart, horizontally and vertically. A panel thus
      constructed, having wall thickness on the order of 3/32 of an inch, and
      formed of, for example, injection molded medium impact polystyrene, is
      extremely rigid and rugged and is ideally suited for the intended service.
PAR  In accordance with one of the significant aspects of the invention, at
      least one side edge flange of each display panel (flange 15 in this
      illustration) is provided with at least one integrally molded female hinge
      element 20, of generally semi-cylindrical configuration. In the
      specifically illustrated structure, only one such hinge element 20 is
      provided on the flange 15. It is located midway along the length of the
      flange 15 and, in a typical embodiment, may extend for about 1 inch in
      length and have an internal diameter of about 1/2 inch. The axis of the
      semi-cylindrical hinge element 20 is substantially coincident with the
      outside, rear extremity 21 of the edge flange 15, for reasons which will
      be more fully described, and the opposite side arms 22, 23 of the hinge
      element together embrace an arc greater than 180.degree.. The flange 15
      itself is recessed for a short distance beyond each end of the hinge
      element 20, as at 24, 25, to a depth at least as great as the depth of the
      hinge wall 26, to accommodate the presence of a male hinge element 27, to
      be described.
PAR  On the opposite side edge flange 14 of each display panel is at least one
      of the male hinge elements 27, which are of generally cylindrical
      configuration and are molded integrally with the flange 14. In accordance
      with the invention, the male hinge elements 27 correspond in number,
      location, and dimensions to the female hinge elements 20. Accordingly, in
      the illustrated structure, each panel flange 14 has a single male hinge
      element 27.
PAR  As reflected in FIGS. 4 and 5, the hinge element 27 is integrally joined to
      the panel flange 14 only at the end extremities 28 of the hinge element.
      Between these end extremities, the flange 14 is provided with an elongated
      through opening 29, of a length and thickness to receive freely the arm
      portion 23 of a female hinge element 20. In accordance with the invention,
      the axis of the male hinge element 27 is substantially coincident with the
      outer rear edge extremity 30 of the flange 14.
PAR  The outside diameter of the male hinge element 27 is substantially
      identical to the inside diameter of the female hinge element 20 such that,
      when the elements 20, 27 are in assembled relation, as reflected in FIG.
      4, a pair of engaged display panels 10, 12 will swing easily on the hinged
      connection. However, since the hinge arms 22, 23 of the female element
      embrace more than 180.degree.of arc (e.g., around 200.degree.), the male
      hinge element 27 must be forced laterally into its assembled relation to
      the female element, providing a "snap-together" connection. Once
      assembled, the hinge parts will remain together until snapped apart by
      forcing the male hinge element 27 laterally outward through the restricted
      opening formed by the arms 22, 23.
PAR  By locating the axes of the respective hinge parts on the outer rear
      extremities of the side edge flanges 14, 15, it is possible to swing a
      pair of connected panels 10, 12 through 180.degree. of movement, from one
      limit position, in which a pair of adjacent panels are positioned
      side-by-side, in the same plane and with the edge flanges 14, 15 in
      substantially directly abutting relationship, to another limit position,
      in which a pair of connected panels are joined in back-to-back relation.
      This exceptional versatility makes the display panel invention uniquely
      adapted for display purposes.
PAR  To greatest advantage, the display panels of the invention are associated
      in a display structure with interlocking end cap members 31, 32. In the
      structure of FIGS. 1 and 2, the end cap members are of triangular
      configuration, desirably formed of injection molded plastic material
      similar to that of the panels themselves. Along their peripheral portions,
      the end cap members 31, 32 are provided with spaced, parallel inner and
      outer vertical flanges 33, 34 and associated end flanges 35. Along each
      side of the end cap members, a spaced pair of inner and outer flanges 33,
      34 and a pair of end flanges 35 form a well or socket for the snug
      reception of an end portion of a display panel 10. The peripheral
      configuration of an end cap member is appropriate to the number of panels
      to be assembled in the display, and the end caps are applied to the
      hingedly connected display panel elements to form a rigid, closed display
      structure.
PAR  In accordance with one advantageous feature of the invention, the display
      panels 10-12 are provided along their upper and lower edges with
      integrally molded locking wedges 36 forming inwardly facing abutment
      surfaces 37 spaced inward from the end flanges 16, 17. To advantage, the
      locking wedges are located in the mid-region of the panel end edges and
      are arranged for inter-locking engagement with oppositely facing abutment
      surfaces 38 formed on the inside of the end cap outer flanges 34 by the
      provision therein of openings 39. Thus, when a display panel is inserted
      endwise to the well or socket formed in the end cap member, the locking
      wedge 36 temporarily forces outwardly the adjacent portion of the outer
      flange 34, permitting the cooperating abutment surfaces to clear each
      other. The wedge 36 eventually is received in the opening 39 permitting
      the abutment surfaces to overlap and thus locking the display panel
      against removal. To effect disassembly, a suitable pry tool (e.g., a coin)
      is urged between the front surface of the display panel and the back
      surface of the flange 34, to free the locking wedge and permit withdrawal
      of the panel. The arrangement provides for an extremely simple but yet
      highly secure structural assembly.
PAR  In the specific display structure of FIGS. 1-3, the triangular
      configuration of display panels and end caps is mounted rotatably on a
      display base 40 which supports a vertical pole or spindle 41. The
      triangular end cap members 31, 32 are provided with central openings 42
      arranged for the free sliding reception of the spindle 41. The lower end
      cap member 32 is supported on a bearing surface 43 formed by the base
      member 40 such that the fully assembled display structure can be rotated
      easily on its display base 40.
PAR  In the modified form of the invention shown in FIG. 6, a series of four
      display panels of the type previously described are connected together in
      folding screen fashion by their respective hinge elements. A molded base
      member 54, having panel retaining flanges 55 in an appropriate
      configuration receives the lower end edges of the several panel sections,
      locking them in upright, self-supporting configuration.
PAR  FIGS. 7, 8 and 10 show other representative geometrical configurations of
      display panels, suggesting the endless variety of arrangements available
      to the display designer, following the teachings of the invention. In the
      arrangement of FIG. 7, a series of six panels 60 are assembled with a pair
      of end cap members 61 of hexagonal configuration In FIG. 8, a series of
      panels 70 is connected in a rectangular configuration by end cap members
      71, providing for a pair of coplanar panels along the major sides, with
      single panels along the minor sides. In FIG. 10, panels 80 are arranged in
      a square configuration utilizing appropriately shaped end caps 81. In FIG.
      11, a series of panels 90 are connected together side edge to side edge
      and arranged in coplanar configuration to provide, in effect, an entire
      wall structure of the perforated panel elements.
PAR  In the arrangement shown in FIG. 9, a plurality of display assemblies, in
      this case of triangular configuration, are arranged in vertically stacked
      relation. For illustrative purposes, the display assembly includes a
      suitable stand 100 including a central pole or spindle 101, over which are
      received upper and lower display assemblies 102, 103, which may be of the
      general type shown in FIGS. 1 and 2.
PAR  To provide for properly locating and aligning the separate display
      assemblies 102, 103, the respective end cap members 131, 132, which
      correspond to the end cap members 31, 32 of FIGS. 1 and 2, are provided
      adjacent each corner with a locating lug 104 and an associated locating
      aperture 105. When a pair of end cap members are joined in face-to-face
      relation, in the same geometric orientation, the locating lugs 104 of one
      end cap will be received in and locked with the locating openings 105 in
      the other end cap, substantially as reflected in FIG. 13, for example.
PAR  In the arrangement in FIG. 10, vertical stacking of a series of display
      structures may be provided to advantage by utilizing double faced end cap
      units 82, as reflected more particularly in FIG. 14. Thus, the
      intermediate end cap units 82 include a central web 83 and symmetrically
      opposed sets of upwardly and downwardly projecting retaining flanges
      84-87. Vertically adjacent display panels 80 are thus received in a single
      end cap unit, which provides for highly secure and rigid vertical stacking
      of the units, as will be appreciated.
PAR  It should be noted further that it is within the purview of this invention
      that in the different closed configurations of displays formed, one or
      more display panels may be omitted, as shown at 136 in FIG. 10. Thus one
      large object might be displayed in this large space by resting on the
      floor formed by end cap 81. Alternatively, a plurality of spaced-apart
      shelves 138 can be positioned in opening 136 for displaying objects not
      suited for hanging on display hooks positioned on the panels themselves.
      In this connection, shelves will be supported by suitable brackets
      received in apertures 19 formed in panels 140 forming the side walls of
      space 136. It should be noted further that the rear panel forming space
      136 (not shown) may also be removed to provide a two-sided access to space
      136. As will be understood, shelves 138 may be vertically spaced as
      desired by moving their supporting brackets vertically in apertures 19.
PAR  In the arrangement of FIGS. 15 and 16, a further embodiment of display
      structure utilizing vertical stacking is shown. In this structure, a
      plurality of display panels are disposed in abutting perpendicular
      arrangement to each other to form a display arrangement having the
      configuration shown in FIG. 16. That is, a series of upper display panels
      142 and lower display panels 144 are connected together by a double faced
      end cap 146 in the manner of double faced end caps 82 described in FIG.
      10. Double faced end cap 146 has the configuration of the arrangement of
      display panels however, as shown in FIG. 16.
PAR  In FIG. 16, bottom end cap 145 is shown having a plurality of sockets 148,
      150, 152 and 154 arranged in abutting perpendicular arrangement to each
      other. Each of the sockets is formed, as described previously, of opposed
      flanges 33, 34 and end flange 35. End cap 145 has a square web 156
      interconnecting sockets 148, 150, 152 and 154, as shown, with web 156
      having an opening 158 for receiving a spindle 162 supported on stand 160.
      Web 156, as well as similar webs for top end cap 155 and double-faced end
      cap 146 are rotatable on spindle 162. In this embodiment, however, the
      integral male and female hinge elements 20, 27 are not used.
PAR  It must be emphasized that the several varieties of display structures
      illustrated herein are not in any sense limiting, but are merely
      illustrative of the great versatility and wide application of the basic
      structure of the invention. In its most elemental form, the invention is
      directed to a unique display panel per se, including a novel form of
      connecting hinge arrangement along the side edge providing for
      interconnection of adjacent panels without additional fastening means and
      providing additionally for a full 180.degree. variety of geometrical
      orientation of adjacent panels. When constructed by injection molding of
      medium impact polystyrene, for example, the display panel element in a 24
      .times. 12 .times. 1/2 inch standard size, with one or two hinge elements
      along the side edges, provides the display designer with a modular unit of
      exceptional versatility and of almost unlimited practical application. At
      the same time, the standard panel units are relatively inexpensive,
      extremely rugged and durable, easily stored and handled.
PAR  Inasmuch as the various described forms of the invention are intended for
      illustration only, reference should be made to the following appended
      claims in determining the full scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A display assembly comprising
PA1  a a plurality of closed display assemblies arranged in vertically stacked
      relation,
PA1  b a plurality of display panels disposed in a predetermined closed
      geometric configuration; each of said display panels comprising
PA2  1 a flat panel provided with apertures for the reception of display
      fixtures,
PA2  2at least one male hinge element of generally cylindrical configuration
      being provided along at least one side edge of said panel,
PA2  3 said male hinge element being integrally molded with said panel and
      connected thereto at one or more spaced areas,
PA2  4 said panel being recessed from said hinge element between said areas, and
PA2  5 at least one female hinge element of generally semicylindrical
      configuration provided along at least an opposite side edge of said panel
      and embracing an arc of at least slightly more than 180.degree. and
      accepted for snap-together attachment to a male hinge element of an
      adjacent display panel,
PA2  6 the axes of said hinge elements being substantially coincident with the
      outer back edge extremities of said panel to accommodate 180.degree.
      hinged folding of a pair of connected adjacent display panels between
      abutted back-to-back and abutted edge-to-edge positions,
PA1  c a plurality of end cap members,
PA1  d said end cap members being formed to provide socket means having a
      geometric configuration corresponding to that of said plurality of panels
      and adapted for the end-wise reception of said connected panels to receive
      said panels in said geometric configuration, and
PA1  e at least certain of said end cap members including means for maintaining
      alignment of corresponding panels of vertically adjacent display
      structures.
NUM  2.
PAR  2. The display assembly of claim 1, further characterized by
PA1  a said certain end cap members including axially projecting locating lugs
      whereby, when assemblies are placed in vertically stacked relationship,
      the lugs of one end cap member are engaged by the vertically adjacent end
      cap member.
NUM  3.
PAR  3. The display assembly of claim 1, further characterized by
PA1  a said certain end cap members having socket means facing vertically upward
      and downward and receiving panels of a pair of vertically stacked display
      assemblies.
NUM  4.
PAR  4. A display assembly of a plurality of display panels disposed in a
      predetermined configuration, each said display panel comprising
PA1  a a flat perforated panel of molded plastic provided with apertures for the
      reception of display figures,
PA1  b at least one male hinge element of generally cylindrical configuration
      being provided along at least one side edge of said panel,
PA1  c said male hinge element being integrally molded with said panel connected
      thereto at one or more spaced areas,
PA1  d at least one female hinge element of generally cylindrical configuration
      provided along at least an opposite side edge of said panel and embracing
      an arc of at least slightly more than 180.degree. and adapted for
      snap-together attachment to a male hinge element of an adjacent display
      panel,
PA1  e the axes of said hinge elements being substantially coincident with the
      outer back edge extremities of said panel to accommodate 180.degree.
      hinged folding of a pair of connected adjacent display panels between a
      juxtaposed non-offset abutted back-to-back position and an abutted
      edge-to-edge position with no spacing therebetween,
PA1  f said assembly including
PA2  1 at least one end cap member,
PA2  2 said end cap member being formed to provide socket means having a
      geometric configuration corresponding to that of said plurality of panels
      and adapted for the end-wise reception of said connected panels to receive
      said panels in said geometric configuration,
PA2  3. said panels being disposed in a vertical perpendicular relationship to
      each other,
PA2  4. said panels abutting each other at points spaced from the side edges
      thereof,
PA2  5. said end cap members being applied to the opposite ends of said panels
      to form said display assembly.
NUM  5.
PAR  5. The display assembly of claim 4, further characterized by
PA1  a a plurality of such display structures being arranged in vertically
      stacked relation, and
PA1  b at least certain of said end cap members including means for maintaining
      alignment of corresponding vertically adjacent panels.
NUM  6.
PAR  6. The display assembly of claim 5, further characterized by
PA1  a said certain end cap members having socket means facing vertically upward
      and downward and receiving panels of a pair of vertically stacked display
      assemblies.
NUM  7.
PAR  7. A perforated display panel of molded plastic construction, which
      comprises
PA1  a a flat panel portion provided with a plurality of apertures for the
      reception of display fixtures,
PA1  b integral peripheral edge flanges extending about the side and end edges
      of the flat panel and projecting rearwardly therefrom to define the edges
      of the display panel,
PA1  c at least one male hinge element of generally cylindrical configuration
      provided along at least one side edge flange of said display panel,
PA1  d said male hinge element being integrally molded with said one side edge
      and connected thereto at one or more spaced areas,
PA1  e at least one female hinge element of generally semicylindrical
      configuration provided along at least an opposite side edge flange of said
      display panel and adapted for snap-together attachment to a male hinge
      element of an adjacent display panel,
PA1  f the axes of said hinge elements being substantially coincident with the
      outer back edge extremities of said side edge flanges to accommodate
      180.degree. hinged folding of a pair of connected adjacent display panels
      between a juxtaposed non-offset abutted back-to-back position, and an
      abutted edge-to-edge position with no spacing therebetween,
PA1  g the upper and lower peripheral end flanges including integrally molded
      locking wedge means,
PA1  h end cap means for cooperative association with said display panel and
      including spaced panel receiving flanges,
PA1  i one of said panel receiving flanges being recessed in a region opposite
      the locking wedge means of a panel edge to effect mechanical interlock of
      a panel and end cap.
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ABST
PAL  A collapsible framework or chassis equipped on top with a trackway is
      mounted on a trailer which may be transported from place to place to
      assist in servicing vehicles. The framework may be alternately collapsed
      and maintained in a low profile during travel conditions and expanded to
      full height while supporting the vehicle on its trackway so that the
      underside of the vehicle can be serviced, e.g., muffler repair or
      installation. A control means first raises the front portion of the
      collapsible framework after the vehicle drives from a ramp onto the
      trackway and thereafter raises the rearward portion of the collapsible
      framework to thereby position the vehicle for servicing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to vehicle servicing devices and more
      specifically to mobile trailers for hoisting automobiles to heights where
      access may be gained from beneath the automobiles for servicing purposes.
PAR  It is often desirable and sometimes necessary to service a vehicle at a
      location remote from a conventional service garage, automotive shop,
      gasoline station, etc. This is generally not practical or possible to
      achieve, however, because the special machines, equipment, accessories,
      etc. needed to perform the automotive services cannot be readily
      transported to remote sites.
PAR  When in addition the servicing requires access from beneath the automtobile
      then the problem is even more acute, since ordinarily there is not any
      work pit, mechanical lift or elevated structure available.
PAR  While there are many types of repair work and installations that can be
      accomplished by reaching up into the undersides of an automobile, one
      particular kind involves either installing or repairing or otherwise
      servicing conventional automobile mufflers and exhaust systems.
PAR  Mobile frameworks for carrying or elevating automobiles are known and they
      are acceptable for some limited purposes.
PAR  A slightly portable automobile lift with a collapsible framework supported
      on casters is disclosed in U.S. Pat. No. 1,369,194 to Sarver (1921). A
      constantly maintained horizontal support framework can be expanded by a
      crank and pulley mechanism that is generally complicated, unreliable and
      time-consuming to operate. A trailer mounting a rigid framework for
      servicing the undersides of a vehicle is disclosed in U.S. Pat. No.
      3,693,818 to Teagarden. The rigid framework rocks from one tilted position
      to another as the center of gravity of an automobile being driven overhead
      crosses the trailer wheels. The height of tracks on top of the rigid frame
      is fixed and cannot be lowered for travel conditions.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprehends a collapsible trailer hoist that may be
      conveniently towed by a service vehicle such as a mobile muffler truck to
      a location where an automobile requires muffler repair work or
      installation or any other automotive servicing, best performed by access
      from beneath the automobile. The hoist is durable, dependable, simply
      operated by one man and very handy for usage in the field or at remote
      locations.
PAR  In its broader aspects the collapsible trailer hoist has a wheeled main
      support and a movable support that is movable between a relatively lower
      position adjacent the main support and a relatively raised position above
      the main support. A collapsible front end frame interconnects front
      portions of the main support and the movable support. Similarly, a
      collapsible rear end frame interconnects rear portions of the main support
      and movable support. A control means operates to selectively and
      sequentially expand the front end frame and rear end frame. This action
      functions to lift the movable support to its raised position where access
      may then be gained by a workman or repairman to the undersides of an
      automobile parked on the movable support.
PAR  The control means includes an actuator, first mechanical expander coupled
      to the front end frame and a second mechanical expander coupled to the
      rear end frame.
PAR  The front end frame preferably includes a pair of laterally spaced
      elongated beams that are pivotally coupled to the movable support and have
      a set of normally free ends. A pair of laterally spaced short beams are
      pivotally coupled to the main support and are pivotally coupled to
      intermediate portions of corresponding elongated beams. When the front end
      frame is alternately collapsed and fully expanded, the elongated and short
      beams are generally parallel and mutually angled respectively. A
      mechanical expander associated with the control means interconnects and
      extends between a pair of cross beams, one secured between the elongated
      beams and the other secured between the short beams. Safety pins may be
      used to releasably lock the front end frame in its fully expanded or open
      position.
PAR  The rear end frame includes a first pair of laterally spaced beams
      pivotally coupled to the movable support. A second pair of laterally
      spaced beams are pivotally coupled to the main support. The first and
      second pairs of beams are pivoted together and may be releasably locked
      together.
PAR  A trackway is carried by the movable support and is characterized by a pair
      of laterally spaced tracks terminating in wheel stops at their forward
      ends. A pair of removable ramps extend rearwardly from corresponding
      tracks in order to facilitate movement of an automobile onto the tracks.
PAR  A hitch extends forwardly of the frame. A load regulating means is provided
      which includes a screw jack coupled to the hitch and a plurality of
      gravity jacks coupled to the main support. The gravity jacks assist in
      alleviating stress on the trailer wheels and axles that otherwise would be
      exerted from the load constituted by an overhead automobile being
      serviced.
PAR  The actuator of the control means is preferably a hydraulically operated
      motor and the mechanial expanders are preferably hydraulic cylinders. The
      hydraulic system would also include special holding valves which would not
      allow the hoist to return to the lowered position from the elevated
      working position and thereby would provide additional working safety.
PAR  The collapsible trailer hoist may be releasably coupled by way of the hitch
      to a muffler installation truck and towed from place to place for use in
      conjunction with the truck in repairing, installing, and otherwise
      servicing mufflers and exhaust systems.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The numerous benefits and unique aspects of the present invention will be
      fully understood when the following detailed description is studied in
      conjunction with the drawings in which:
PAR  FIG. 1 is a perspective view of a collapsible trailer hoist constructed in
      accordance with this invention, shown in its collapsed position hitched to
      a muffler installation truck;
PAR  FIG. 2 is a perspective view of the collapsible trailer hoist, showiing its
      front end raised and a pair of ramps positioned;
PAR  FIG. 3 is a perspective view showing a vehicle fully raised by the
      collapsible trailer hoist so that its muffler may be serviced;
PAR  FIG. 4 is an enlarged, sectional and exploded view, showing the encircled
      portion 4 indicated in FIG. 3 and an alternative side locking element;
PAR  FIG. 5 is an enlarged, sectional and exploded view of the encircled portion
      5 indicated in FIG. 3;
PAR  FIG. 6 is generally a top plan view of the collapsible trailer hoist with
      its overhead tracks shown in phantom lines;
PAR  FIG. 7 is a side elevational and longitudinally sectional view taken along
      lines 7--7 of FIG. 6;
PAR  FIG. 8 is a side elevational and longitudinally sectional view of the
      collapsible trailer hoist showing its front end expanded to a position as
      shown in FIG. 2; and,
PAR  FIG. 9 is a side elevational and longitudinally sectional view of the
      collapsible trailer hoist fully expanded to a position as shown in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and in particular FIGS. 1, 2 and 3 a
      collapsible trailer hoist 10 constructed in accordance with this invention
      has a principal or main support 11 of rectangular configuration. Fixed to
      the front portion of main support 11 is a V-shaped hitch 12 that carries a
      conventional ball and socket coupling 13 for selective releasable
      connection to the rear portion 14 of a truck 15.
PAR  The truck 15 may be a muffler installation truck with a pair of rear doors
      16 opening to a sheltered work area 17 in which is mounted a tube and
      muffler bending machine. The truck 15 would carry all necessary
      accessories such as welding equipment, hand tools, supplies, parts, etc.
      required to dismantle and install vehicle mufflers on location.
PAR  The main support 11 of the collapsible trailer hoist 10 has a pair of
      laterally spaced and longitudinally extending side members 19 and 20
      interconnected at their forward and rearword portions by front member 21
      and rear member 22. A pair of side wheels 23 and 24 are secured to the
      approximate mid sections of longitudinal side members 19 and 20
      respectively.
PAR  Coupled to the front end of hitch 11 is a load regulating means 26
      including a screw jack 27 which may be operated to assist in alleviating
      overhead loads that would otherwise be exerted directly on wheels 23 and
      24. Other components of the load regulating means 26 include guide collars
      or members 28 fixed to the four corners of the rectangular frame of main
      support 11. Gravity jacks 29 are positioned for vertical travel within
      corresponding guide members 28. A series of vertically aligned locking
      apertures 30 is formed in each gravity jack 29 so that when a selected
      locking aperture is brought into registering alignment with a mating
      aperture of the guide member, then a locking element 31 may be inserted to
      fix the height of the corresponding corner section. The manner and
      sequence in which this is done shall be subsequently explained.
PAR  Positioned on main support 11 is a movable support 35 which can be shifted
      between a collapsed or lower position as shown in FIG. 1 and an expanded
      or raised position as shown in FIG. 3. The movable support 35 has a pair
      of laterally spaced and longitudinally extending side members 36 and 37
      and an interconnecting front member 38. A track way assembly is carried by
      movable support 35 and includes a pair of laterally spaced tracks 40 and
      41 that terminate at their forward ends in a pair of corresponding wheel
      stops 42 and 43. A pair of ramps 44 and 45 are associated with tracks 40
      and 41. During travel conditions and times of inoperation, the ramps 45
      may be stored within tracks 40 and 41. The ramps 44 and 45 may selectively
      be removed from their stored positions and extended rearwardly as shown in
      FIGS. 2 and 3. The ramps 44 and 45 may be pivoted to or simply detachably
      coupled to the rearward ends of their corresponding tracks 40 and 41. For
      improved traction reaons, the upper or usable faces of the tracks 40 and
      41 and ramps 44 and 45 may be formed with ribs, cleats, etc.
PAR  A collapsible front end frame 48 interconnects front portions of the main
      support 11 and movable support 35. Front end frame 48 incorporates a pair
      of laterally spaced elongated beams 49 and 50 whose upper ends are
      pivotally coupled to the movable support side members 36 and 37. The other
      and generally lower ends 51 and 52 of the elongated beams 49 and 50 are
      free when the front end frame 48 is collapsed. A pair of laterally spaced
      short beams 53 and 54 are pivotally coupled to the main support side
      members 19 and 20 and are also pivotally coupled to intermediate sections
      of the elongated beams 49 and 50 respectively. An upper cross beam 55
      rigidly interconnects elongated beams 49 and 50 and a lower cross beam 56
      rigidly interconnects the short beams 53 and 54.
PAR  A mechanical expander 57 is coupled to the front end frame 48 and can be
      caused to selectively expand and collapse front end frame 48 to thereby
      simultaneously raise and lower the front portion of movable frame 35.
      Mechanical expander 57 is preferably a hydraulic cylinder pivoted to upper
      cross beam 55 and has a rod 58 pivotally connected to the lower cross beam
      56.
PAR  A collapsible rear end frame 60 interconnects rear portions of the main
      support 11 and movable support 35. Rear end frame 60 includes a pair of
      laterally spaced beams 61 and 62 pivotally connected to movable frame side
      members 35 and 37. Another pair of laterally spaced beams 63 and 64 are
      pivotally connected to main support side members 19 and 20 respectively.
      The two sets of beams are mutually pivoted together and may be temporarily
      fixed together by way of a locking means 67 as shall be subsequently
      explained. An upper cross beam 65 rigidly interconnects beams 61 and 62
      and similarly a lower cross beam 66 rigidly interconnects the other set of
      beams 63 and 64. A mechanical expander 68 is incorporated by rear end
      frame 60. The mechanical expander 68 is preferably a hydraulic cylinder
      pivotally coupled to upper cross beam 67 and a rod 69 is pivotally coupled
      to the lower cross beam 66. Mechanical expander 68 can be operated to
      expand or open the rear end frame 60 to simultaneously raise the rear
      portion of movable frame 35. The mechanical expanders 57 and 68 are
      identical in construction.
PAR  Referring now primarily to FIG. 3 the control means 70 is mounted on hitch
      12 and includes an actuator 71 that is an hydraulically operated motor. A
      plurality of valve control levers 72 may be manipulated to operate the
      motor and cause it in turn to sequentially operate hydraulic cylinder 57
      and hydraulic cylinder 68. A hydraulic line 74 extends from motor 71 to
      hydraulic cylinder 57 as indicated by inlet section 74a. Similarly,
      another hydraulic line 75 extends from motor 71 to hydraulic cylinder 68
      as indicated by inlet section 75a.
PAR  With the ramps 44 and 45 extended rearwardly, as shown in FIG. 2, a vehicle
      80 can be driven up the ramps 44 and 45 and onto the tracks 40 and 41.
      When the vehicle is securely positioned on the tracks 40 and 41 and the
      movable support 35 is fully expanded as shown in FIG. 3, then a mechanic
      or serviceman may gain access to the muffler 81 of vehicle 80.
PAR  As best shown in FIG. 4, a section of main support side member 20 is formed
      with locking holes 82 and the free or lower end 52 of beam 50 is similarly
      formed with transversely extending locking holes 83. When the front end
      frame 48 is sufficiently and selectively expanded, then the serviceman may
      insert a safety pin 84 through a registering set of locking holes to
      firmly hold the front portion of movable support 35 in its raised
      position. Alternatively, a side lug 85 may be used.
PAR  Referring primarily to FIG. 5, the pair of elbow plates 86 fixed to beam 64
      are formed with locking holes 87. Corresponding locking holes 88 are
      formed in the butt end of beam 62 so that when these locking holes are
      forced into registering alignment by expansion of rear end frame 60, then
      the safety pin 89 may be inserted. The locking means 67 operates to
      prevent movement between the pair of beams 61 and 62 and other pair of
      beams 63 and 64 when the rear portion of movable support 35 is in its
      raised position.
PAC  OPERATION
PAR  Keeping the above construction in mind, it can be understood how many of
      the previously described disadvantages of conventional trailers for
      servicing automobiles and other vehicles are overcome or substantially
      eliminated by this invention.
PAR  The collapsible trailer hitch 10 of this invention may be towed by a mobile
      muffler truck 15 to any location where a vehicle 80 may normally travel,
      e.g., buildings, roadsides, fields, etc.
PAR  During travel situations, the comprehensive collapsible framework
      constituted by the movable support 35, the front end frame 48 and the rear
      end frame 60, is maintained in a low-slung, collapsed position which makes
      it stable and easy to maneuver. As shown in FIGS. 1, 6 and 7 the movable
      frame 35 is generally stacked on and partially nestled within the main
      support 11. The mechanical expanders 57 and 68 project slightly upwardly
      between the tracks 40 and 41 and the ramps 44 and 45 are flipped upwardly
      and forwardly to lie on or within the tracks 40 and 41.
PAR  An automobile 80 may thereafter be serviced on location by the collapsible
      trailer hoist 10 in conjunction with the machines and equipment carried by
      the mobile muffler truck 15.
PAR  Once the mobile muffler truck 15 is stopped near the automobile 80 in need
      of servicing, the collapsible trailer hoist 10 is stabilized and prepared
      for use by way of operating the load regulating means 26. The load
      regulating means 26 functions to reduce excessive force that would
      otherwise be exerted on the wheels 23 and 24 and associated axles. The
      force is primarily distributed between the gravity jacks 29 which, during
      travel conditions, are maintained fully elevated so as to not strike or
      scrape the road or ground.
PAR  First the front section of the collapsible trailer hoist 10 is dipped and
      the rear pair of gravity jacks 29 are dropped and fixed in place by the
      height adjustment elements 31. Thereafter the screw jack 27 is operated to
      lift the front section of the collapsible trailer hoist 10 through a
      pre-determined distance so that the front pair of gravity jacks 29 can be
      dropped and set in place. With these four gravity jacks 29 being set at
      the corners of main support 11, the great majority, e.g., ninety percent
      (90percent) of the load anticipated from vehicle 80 will be shifted from
      the wheels 23 and 24 and their associated axles and the hoist in general
      will be prevented from wobbling.
PAR  The ramp 44 and 45 are deployed and arranged in alignment with tracks 40
      and 41 and then automobile or vehicle 80 is driven over the ramps 44 and
      45 and fully onto the tracks 40 and 41. The rearward or outermost ends of
      the ramps 44 and 45 may be more steeply pitched or angled to allow general
      shortening of the ramps 44 and 45. The motor 71 of control means 70 is
      actuated to cause mechanical expander of hydraulic cylinder 57 to fully
      open front end frame 48. The safety pins 84 are inserted to set front end
      frame 48 and prevent it from accidentally or prematurely collapsing. As
      indicated in connection with FIG. 4, the safety pins 84 may be inserted
      through corresponding locking holes 82 of the side member of alternatively
      through corresponding locking holes in upstanding lugs 85 fixed to the
      side members.
PAR  In order to accommodate automobiles with different lateral spacing between
      their wheels, the tracks 40 and 41 may be adjusted by laterally shifting
      them inwardly or outwardly on rollers, skids, guide ways or the like and
      then locking them in selected adjustable positions.
PAR  Instead of being pivotally or swivelly coupled to the ramps 44 and 45, the
      tracks 40 and 41 may be detachable and slidably carried by the tracks
      during travel conditions. Moreover, the ramps 44 and 45 may be constructed
      from telescoping sections for storage in more compact spaces.
PAR  With the front end frame 48 fully expanded, a motor 71 of control means 70
      is again manipulated -- this time to cause the rear hydraulic cylinder 68
      to fully expand and fully open the rear end frame 60. When rear end frame
      60 is fully opened or expanded, then safety pins 89 are inserted. With the
      hoist 10 fully opened or expanded, holding valves associated with control
      means 70 are operated so as to prevent the hydraulic cylinders 57 and 68
      from collapsing. The hydraulic cylinders 57 and 68 may be purposely
      activated to collapse the hoist 10 at a selected time.
PAR  Access may now be had to the undersides of vehicle 80 enabling removal,
      replacement, servicing, etc. of the vehicle exhaust system 81. When
      servicing is concluded, then the above indicated steps may be reversed in
      order to return the automobile 80 to ground level and collapse the hoist
      10 for transportation to a new location.
PAR  The hoist 10 has been described as a trailer for assisting in the servicing
      and maintaining of motor vehicles. The hoist 10 may also be satisfactorily
      employed for other purposes such as in the construction and maintenance of
      heavy equipment, boats, and other objects where lifting to a predetermined
      height is important or desirable. In addition, the hoist 10 may be used as
      a stationary working platform or mounted on rails or skids for shifting
      the hoist from one position to another.
PAR  From the foregoing it will be evident that the present invention has
      provided a collapsible and portable hoist in which all of the various
      advantages are fully realized.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A collapsible trailer hoist comprising:
PA1  a. a main support;
PA1  b. a movable support movable between a lower position adjacent the main
      support and a raised position above the main support;
PA1  c. a collapsible front end frame interconnecting front portions of the main
      support and movable support and including,
PA2  c.1 a pair of laterally spaced elongated beams pivotally coupled to the
      movable support and having a set of normally free ends,
PA2  c.2 a pair of laterally spaced short beams coupled to the main support and
      pivotally coupled to intermediate portions of corresponding elongatged
      beams, and
PA2  c.3 an upper cross beam interconnecting the elongated beams and a lower
      cross beam interconnecting the short beams.
PA1  d. a collapsible rear end frame interconnecting rear portions of the main
      support and movable support; and,
PA1  e. control means operable to sequentially expand the front end frame and
      rear end frame to lift the movable support to its raised position, the
      control including a mechanical expander connected to and extending between
      the upper and lower cross beams of the front end frame, wherein when the
      front end frame is alternately collapsed and expanded, the elongated and
      short beams are generally parallel and mutually angled respectively.
NUM  2.
PAR  2. The structure according to claim 1 wherein the control means includes:
PA1  an actuator;
PA1  a first mechanical expander coupled to the front end frame for selectively
      expanding and collapsing it and thereby simultaneously raising and
      lowering the front portion of the movable frame; and,
PA1  a second mechanical expander coupled to the rear end frame for selectively
      expanding and collapsing it and thereby simultaneously raising and
      lowering the rear portion of the movable frame.
NUM  3.
PAR  3. The structure according to claim 1 wherein:
PA1  the main support includes a pair of side rails formed laterally
      therethrough with locking holes;
PA1  the normally free ends of the elongated beams are formed with locking holes
      movable into registering alignment with the side rail locking holes when
      the movable support is in its raised position; and,
PA1  removable safety pins are provided for insertion through the registering
      sets of locking holes to assist in holding the movable support in its
      raised position.
NUM  4.
PAR  4. The structure according to claim 1 wherein the rear end frame includes:
PA1  a first pair of laterally spaced beams pivotally coupled to the movable
      support; and,
PA1  a second pair of laterally spaced beams pivotally coupled to the main
      support, the first and second pairs of beams being pivoted together.
NUM  5.
PAR  5. The structure according to claim 4 wherein:
PA1  the rear end frame includes an upper cross beam interconnecting the first
      pair of beams and lower cross beam interconnecting the second pair of
      beams; and,
PA1  the control includes a mechanical expander connected to and extending
      between the upper and lower cross beams.
NUM  6.
PAR  6. The structure according to claim 4 including:
PA1  locking means for preventing movement between the first and second pairs of
      beams when the movable support is in its raised position.
NUM  7.
PAR  7. The structure according to claim 1 including:
PA1  trackway means carried by the movable support.
NUM  8.
PAR  8. The structure according to claim 7 wherein the trackway means includes:
PA1  a pair of laterally spaced tracks terminating in wheel stops at their
      forward ends.
NUM  9.
PAR  9. The structure according to claim 8 including:
PA1  a pair of ramps extending rearwardly from corresponding tracks to
      facilitate movement of a vehicle onto the tracks.
NUM  10.
PAR  10. The structure according to claim 1 including:
PA1  a hitch extending forwardly of the main frame.
NUM  11.
PAR  11. The structure according to claim 10 including:
PA1  load regulating means having a screw jack coupled to the hitch and a
      plurality of gravity jacks coupled to the main support.
NUM  12.
PAR  12. The structure according to claim 11 wherein:
PA1  the main support is of generally rectangular configuration and is supported
      on wheels; and,
PA1  the load regulating means includes gravity jacks positioned at each corner
      of the main support and is operable to reduce the load on the wheels.
NUM  13.
PAR  13. The structure according to claim 10 wherein the control means includes;
PA1  an actuator in the form of a hydraulically operated motor;
PA1  a first mechanical expander in the form of a hydraulic cylinder coupled to
      the front end frame for selectively expanding and collapsing it to thereby
      simultaneously raise and lower the front portion of the movable frame;
PA1  a second mechanical expander in the form of a hydraulic cylinder coupled to
      the rear end frame for selectively expanding and collapsing it and thereby
      simultaneously raising and lowering the rear portion of the movable frame.
NUM  14.
PAR  14. A collapsible trailer hoist comprising:
PA1  a. a main support including a pair of side rails formed laterally
      therethrough with locking holes;
PA1  b. a movable support movable between a lower position adjacent the main
      support and a raised position above the main support;
PA1  c. a collapsible front end frame interconnecting front portions of the main
      support and movable support and including,
PA2  c.1 a pair of laterally spaced elongated beams pivotally coupled to the
      movable support and having a set of normally free ends formed with locking
      holes movable into registering alignment with the side rail locking holes
      when the movable support is in its raised position;
PA2  c.2 a pair of laterally spaced short beams coupled to the main support and
      pivotally coupled to intermediate portions of corresponding elongated
      beams;
PA1  d. a collapsible rear end frame interconnecting rear portions of hte main
      support and movable support;
PA1  e. removable safety pins provided for insertion through the registering
      sets of locking holes in order to assist in holding the movable support in
      its raised position; and,
PA1  f. control means operable to sequentially expand the front end frame and
      rear end frame to lift the movable support to its raised position,
PA1  wherein when the front end frame is alternately collapsed and expanded the
      elongated and short beams are generally parallel and mutually angled
      respectively.
NUM  15.
PAR  15. The structure according to claim 14 including:
PA1  track way means carried by the movable support and having a pair of
      laterally spaced tracks terminating in wheel stops at their forward ends.
NUM  16.
PAR  16. The structure according to claim 15 including:
PA1  a pair of ramps extending rearwardly from corresponding tracks to
      facilitate movement of a vehicle onto the tracks.
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ABST
PAL  An improved oscillating sling apparatus is disclosed for use in bar
      unscramblers. The oscillating sling comprises an endless chain with drive
      transmitting means for providing greater lineal speed of the chain at the
      forward or exit portion of the sling than at the rear portion. This is
      provided by supporting each sling chain upon sprocket wheels of equal
      diameter, the rear sprocket wheel shaft being at a higher elevation than
      the front sprocket wheel shaft. Oscillating motion is imparted to the
      sling by a reversible motor and speed reducer set connected with one
      shaft, the other shaft being coupled thereto by a drive chain and pair of
      sprocket wheels of a different diameter.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to bar unscrambling and feeding apparatus and more
      particularly to an improved sling drive means for orienting and feeding
      bars from a bundle of disoriented bars. Although the description of this
      invention will be given with reference to an unscrambler for steel bars,
      the invention is applicable to pipes, rods and the like and the term "bar"
      is used herein to include all such workpieces.
PAC  BACKGROUND OF THE INVENTION
PAR  In many manufacturing operations, bar stock is processed to produce final
      piece parts; for example, bar stock may be fed automatically to shearing
      and heading machines to produce piece parts for springs. In this handling
      of the bar stock it is common practice to use a bar feeder which accepts
      the bar stock, one piece at a time, from a feed ramp. In supplying the
      feed ramp there has been a problem of automatically separating the bars
      from a bundle in a proper orientation to load the feed ramp. This, of
      course, has been done manually but a manual operation is unsatisfactory
      for several reasons. It has also been proposed in the prior art to
      automatically unscramble a bundle of bars, i.e., uniformly orient the bars
      in a bundle, and to feed them at a regulated rate to a transfer mechanism.
PAR  While the prior art discloses several different forms of bar unscrambling
      and feeding apparatus, this invention pertains to that type which is aptly
      described as the oscillating sling unscrambler and feeder. The oscillating
      sling apparatus comprises two or more slings, suitably chain slings, which
      form festoons and are adapted to receive a bundle of unoriented bars. The
      rear end of each sling is supported at a higher position than the front
      end and reversible drive means connected with the slings alternately
      shorten and lengthen the respective festoons and thereby raise and lower
      the bundle to orient the bars and to feed the bars, one at a time, out the
      front of the slings to a bar transfer means, such as a feeder ramp. Such
      an oscillating sling sling type unscrambling and feeding apparatus is
      disclosed in French Pat. no. 1,348,597 granted Dec. 2, 1963. Such an
      apparatus is also disclosed in the U.S. Pat. no. 3,506,142 granted Apr.
      14, 1970. In the apparatus of both of the aforementioned patents the rear
      end of each sling is fixed and the festoon is shortened or lengthened by
      moving the forward end of the sling over a supporting pulley or sprocket
      wheel and this sling motion produces an unscrambling and feeding action of
      the bars.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is an improvement over the aforementioned prior art in that
      it provides improved unscrambling and feeding action of the bars from the
      bundle. In accordance with the invention, this is accomplished by movable
      support means for both the front and rear of the slings with reversible
      drive means for moving the front portion of the slings faster than the
      rear portion. Preferably, each of the movable support means is a sprocket
      wheel and each of the slings comprises an endless chain looped around the
      sprocket wheels. Further, the front and rear sprocket wheels of each sling
      are of the same diameter and the reversible drive means includes drive
      transmitting means for rotating the front spocket wheel faster than the
      rear spocket wheel. A preferred drive transmitting means includes a
      driving sprocket wheel and a driven sprocket wheel of different diameters
      and mounted respectively on the shafts which support the sling supporting
      sprockets with an endless drive chain looped around the driving and driven
      sprocket wheels with one of the wheels drivingly connected to one of the
      shafts.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A more complete understanding of this invention may be obtained from the
      detailed description that follows, taken with the accompanying drawings in
      which:
PAR  The single FIGURE shows the improved oscillating sling apparatus of this
      invention.
DETD
PAR  Referring now to the drawing, the improved oscillating sling is shown as
      embodied in a bar unscrambling and feeding apparatus. For the sake of
      simplifying the disclosure of the invention, a single oscillating sling is
      shown together with the drive means therefor. It will be understood, of
      course, that at least two oscillating slings identical to the one shown
      are provided in the bar unscrambling and feeding apparatus. Since this
      invention is an improvement upon bar unscrambling and feeding apparatus of
      the type shown in the aforementioned White U.S. Pat. No. 3,506,142, the
      entire disclosure of that patent is hereby incorporated by reference. It
      will be appreciated that the oscillating sling apparatus of this invention
      may be used in the unscrambler-feeders disclosed in the aforementioned
      U.S. Pat. No. 3,506,142 or French Pat No. 1,348,597 by direct substitution
      for the oscillating sling apparatus disclosed, respectively, therein.
PAR  The unscrambler feeder comprises a support frame 10 including a front frame
      member 12 and a rear frame member 14. The frame members support a
      plurality of slings and each sling is preferably in the form of an endless
      chain 16 which will be described more completely below. The slings are
      adapted to receive and support a bundle 18 of disoriented bars which are
      to be unscrambled and fed one by one to a bar feeder 22 at the front of
      the apparatus. A bar transfer means 24 is disposed intermediate the front
      of the slings and the bar feeder 22 and is adapted to transport the bars
      from the slings to the feeder.
PAR  The oscillating sling apparatus will now be described in detail. The
      endless chain 16 of each sling has its front portion supported upon a
      front sprocket wheel 26 which is mounted upon and keyed to a front shaft
      28 journaled in the frame member 12. Similarly, the rear portion of each
      chain 16 is supported upon a rear sprocket wheel 32 which is mounted upon
      and keyed to a rear shaft 34 journaled in the rear frame member 14. The
      rear spocket wheel 32 is at a higher elevation than the front sprocket
      wheel 26 and the wheels are of the same diameter. The chain 16 of each
      sling is substantially longer than that required to span the pair of
      sprocket wheels and hence both the upper course 36 of the chain and the
      lower course 38 of the chain form respective festoons between the pair of
      sprocket wheels. The festoons are variable in the extent of droop, i.e.,
      they may be shortened or lengthened, dependent upon rotation of the
      sprockets 26 and 32, as will be discussed further below.
PAR  It is to be understood, of course, that plural slings, each identical to
      chain 16 and sprocket wheels 26 and 32, are supported upon the shafts 28
      and 34. The number of slings will depend upon the length and weight of the
      bundles of bar stock and the slings are operated in unison by reversible
      drive means to be described presently.
PAR  The oscillating sling apparatus comprises reversible drive means which
      imparts a higher lineal speed to the front portion of each sling than to
      the rear portion. This drive means comprises a reversible motor and speed
      reducer set 46 which, as schematically indicated, is drivingly coupled
      with the rear shaft 34. A driving sprocket wheel 48 is keyed to the shaft
      34 and a driven sprocket wheel 52 is keyed to the front shaft 28. The
      driving and driven sprocket wheels 48 and 52 are drivingly connected by an
      endless drive chain 54. The endless chain 54 causes the driven sprocket
      wheel 26 to rotate synchronously with the driving sprocket wheel 48 and is
      maintained under suitable tension by an idler wheel 56 in a conventional
      manner. The driving sprocket wheel 48 is larger than the driven sprocket
      wheel 52, a suitable ratio of diameter as being approximately 2 to 1, and
      accordingly, the front shaft 28 will rotate at a higher speed than the
      rear shaft 34 accordance with the ratio of diameters. The drive
      transmitting means as just described and comprising the driving sprocket
      wheel 48, driven sprocket wheel 52, and the drive chain 54 imparts
      oscillating motion to the slings from the reversible motor and speed
      reducer set 46 and it is this motion which unscrambles and feeds bars from
      the bundle 18 in a manner to be described presently.
PAR  Before proceeding with a description of operation of the inventive
      oscillating sling, it will be helpful to consider some additional
      structure of the unscrambling and feeding apparatus. The support frame 10
      is further provided with plural horizontal frame members 62 upon which the
      bundle 18 rests when the slings are in a lowermost position. With the
      slings in this position, as is illustrated in full line in the drawing,
      the festoon formed by the upper course 36 of the chain has its greatset
      droop and the festoon formed by the lower course 38 of the chain has its
      smallest droop. A guide plate 64 mounted on the rear frame member 14
      slidably supports the portion of the lower course 38 of the chain adjacent
      the rear sprocket wheel 32. Similarly, a guide plate 66 mounted on the
      front frame member 12 slidably supports a portion of the lower course 38
      of the chain adjacent the front sprocket wheel 26.
PAR  In order to prevent jamming or piling up of the bars as they leave the
      slings at the front ends thereof, an antijam plate 68 is mounted on an
      overarm 72 of the frame 10. This anti-jame plate 68, together with the
      sling chain 16 passing over the front sprocket wheel 26 define an exit
      throat 74 of such dimension that only one bar can pass through at a time.
PAR  As noted above, the transfer means 24 accepts the bars leaving the front of
      the slings and transports them to the bar feeder 22. The transfer means 24
      comprises a feeder ramp in the form of a set of longitudinally extending
      gravity rolls 76 which carry the bars 78 in succession to the bar feeder
      22. The bar feeder 22 comprises a conveyor loader and a bar conveyor. The
      bar conveyor includes power driven magnetic rollers 82 adapted to carry an
      individual bar 78. The conveyor loader includes a fixed bar stop 84 in the
      path of the bars leaving the gravity rolls 76. A gate member 86 is
      reciprocally mounted on the frame 10 and is reciprocally actuated in a
      vertical plane by a rocker arm 88 and a lift cylinder 92, suitably of the
      pneumatic type. It is to be understood that the transfer means 24 and the
      bar feeder 22 do not, per se, constitute a part of the subject invention;
      other known transfer means and bar feeders may be used in conjunction with
      the practice of the subject invention.
PAR  In operation of the oscillating sling apparatus of this invention, the
      bundle 18 of bar stock may be loaded into the unscrambler-feeder by a
      crane or the like with the slings at rest in a position as shown in the
      drawing. With a bundle 18 in place the unscrambler-feeder may be started
      to unscramble and feed bars from the bundle, one at a time, through the
      exit throat 74 to transfer means 24 and thence to the bar feeder 22. With
      the reversible motor and speed reducer set 46 running, the driving shaft
      34 will be driven alternately clockwise and counterclockwise at a
      regulated speed. As the driving shaft 34 rotates clockwise the driven
      shaft 28 will also be rotated clockwise but at a higher speed, suitably
      twice the speed, than the driving shaft 34 due to the difference in
      diameters of the driving sprocket wheel 48 and the driven sprocket wheel
      52. Consequently, the lineal speed of the chain 16 on the front sprocket
      wheel 26 will be twice the lineal speed of the chain 16 on the rear
      sprocket wheel 32 due to the fact that the front and rear sprocket wheels
      are of the same diameter and the front sprocket wheel is rotated at twice
      the speed of the rear sprocket wheel. As a result of this difference in
      lineal speed of the front and rear portions of the chain, the festoon of
      the upper course 36 of the chain will shorten and rise toward the phantom
      line position 94; at the same time the festoon of the lower course 38 of
      the chain will lengthen and fall toward the phantom line position 96. This
      causes the bundle 18 to be elevated by the slings and the slings form a
      festoon which is only slightly drooping; because of the greater elevation
      of the rear sprocket 32, the sling chains constitute a ramp-like support
      for the bundle with the ramp sloping downwardly toward the front of the
      slings. The bars in the forward-most positions are carried toward the exit
      throat 74 and one bar at a time is allowed to pass by the anti-jamming
      blade 68. When the slings reach the upper limiting position 94, the motor
      is reversed and the slings are lowered to the lower limiting position with
      the upper course in the full line position shown. This reversing drive of
      the driving shaft 34 and the resulting oscillating movement of the slings
      is continued throughout the unscrambling and feeding operation. The motor
      control system, per se, for reversing the direction of rotation when the
      upper and lower limiting positions are reached does not constitute a part
      of the subject invention and may be accomplished by means well known in
      the art. Additionally, a reversing control may be provided which includes
      a jam detector, such as a pressure sensing plate, at the exit throat to
      cause lowering of the sling if jamming of two or more bars occurs before
      the sling has reached its upper limiting position. The motor control
      system, including the jam detector may be of the type set forth in the
      above-mentioned U.S. Pat. No. 3,506,142.
PAR  As set forth above, a principal feature of the subject improvement
      invention is that of providing an oscillating sling with a greater lineal
      speed at the forward or exit portion than at the rear portion; it is this
      feature which provides improved unscrambling and feeding of the bars from
      the unoriented bundle. While the preferred embodiment has been set forth
      herein, it will now be apparent to those skilled in the art that the
      invention may be carried out in other embodiments. For example, the front
      sprocket wheels and the rear sprocket wheels which carry the sling chains
      may be of different diameters with the rear sprocket wheel being the
      larger and with the front and rear shafts being driven at the same
      rotational speed from the motor and speed reducer set.
PAR  Although the description has been given with reference to a particular
      embodiment of the invention it is not to be construed in a limiting sense.
      Many variations and modifications will now occur to those skilled in the
      art. For a definition of the invention reference is made to the appended
      claims.
CLMS
STM  The embodiments of the present invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a bar unscrambling and feeding apparatus of the type including a
      frame having longitudinally extending front and rear members spaced apart
      laterally and adapted to receive a bundle of unoriented bars, a plurality
      of flexible slings each having a front portion supported on said front
      member and a rear portion supported on said rear member and forming a
      festoon therebetween, said rear portion being at a higher position than
      the front portion, said slings being spaced apart longitudinally and
      adapted to support said bundle with the bundle extending in a generally
      longitudinal direction, transfer means adjacent the front member and
      adapted to transport a bar in a lateral direction from the front of the
      slings, reversible drive means for moving said slings to alternately
      shorten and lengthen the respective festoons and thereby raise and lower
      said bundle to orient said bars and feed a bar to the front of the slings,
      the improvement comprising: a front movable support means mounted on said
      front member with said front portion of the slings connected thereto, a
      rear movable support means mounted on said rear member with said rear
      portion of the slings connected thereto, said reversible drive means being
      connected with both of said movable support means for moving the front
      portion of the slings at a higher lineal speed than the rear portion of
      said slings whereby the slings tend to advance and retract the bundle
      toward and away from the transfer means when the festoons are alternately
      shortened and lengthened.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein each of said movable support
      means is a sprocket wheel and wherein each of said slings comprises an
      endless chain looped around the respective sprocket wheels.
NUM  3.
PAR  3. The invention as defined in claim 2 wherein the front and rear sprocket
      wheels of each sling are of the same diameter, and wherein said reversible
      drive means includes drive transmitting means connected with said sprocket
      wheels for rotating the front sprocket wheel faster than said rear
      sprocket wheel.
NUM  4.
PAR  4. The invention as defined in claim 3 wherein said front sprocket wheels
      of the plurality of slings are mounted on a front shaft and the rear
      sprocket wheels of the plurality of slings are mounted on a rear shaft,
      and wherein said drive transmitting means comprises a driving sprocket
      wheel on one of said shafts, a driven sprocket wheel on the other of said
      shafts, one of said driving and driven sprocket wheels being of larger
      diameter than the other, an endless drive chain looped around said driving
      and driven sprocket wheels, and said drive means including motor means
      drivingly connected with the one of said shafts on which said drive
      sprocket wheel is mounted.
NUM  5.
PAR  5. The invention as defined in claim 4 wherein the smaller of the driving
      and driven sprocket wheels is mounted on said front shaft and the larger
      of said drive and driven sprocket wheels is mounted on said rear shaft.
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ABST
PAL  In loading apparatus for conveying the articles from inside a warehouse or
      the like and stacking them in a transport car parked at a loading dock or
      the like in a continuous operation. The loading apparatus includes a main
      frame positioned a distance inside a warehouse doorway, an arrangement of
      upper and lower conveyors that move in and are guided by the frame to
      extend toward and back away from the transport car a selected distance and
      a discharge conveyor pivotally mounted on a wheeled vehicle. The discharge
      conveyor is movable from side to side and up and down and the wheeled
      vehicle moves toward and away from the frame to extend and retract the
      upper and lower conveyors and to position the discharge end of the
      discharge conveyor in the transport box in such a way as to stack the
      articles while they are being delivered in a continuous stream via said
      upper, lower and discharge conveyors.
BSUM
PAC  FIELD
PAR  This invention relates generally to loading apparatus and more particularly
      to novel apparatus suitable for efficiently conveying and loading
      relatively large numbers of individual articles fron one area to another
      and particularly from storage into wheeled transport cars or the like.
PAC  BACKGROUND OF THE INVENTION
PAR  Present material handling operations require loading machinery that will
      deliver to a designated area a variety of articles of different sizes,
      shapes, weights and compositions quickly, efficiently and with a minimum
      of labor. A particular applications for which the present invention is
      highly suited is the loading of boxes containing cuts of meat from
      refrigerated storage and stacking them in a transport car at the loading
      dock. Prior known practices for this application used commercial conveyors
      and lift trucks and pallets, which necessitated considerable manual
      lifting, carrying and stacking.
PAR  In providing loading apparatus at a loading dock, the space requirements,
      ease of manipulation and comparative cost with lift trucks, pallets and
      manual handling are prime factors to be considered. The present invention
      has been found particularly effective for loading boxes containing cuts of
      meat from refrigerated storage into a transport box but it is understood
      that the present invention is applicable to moving a large variety of
      different types of articles in different loading situations.
PAR  Accordingly, it is an object of this invention to provide a novel loading
      apparatus for articles, such as boxed cuts of meat, characterized by its
      simplicity, durability and ease of operation affording a minimum of manual
      handling and a loading thereof that is much more rapid than if done by
      hand.
PAR  Another object of this invention is to provide a novel loading apparatus
      that will convey a plurality of articles over a relatively long distance
      and a distance that varies as the loading takes place and typically
      extends from a point substantially inside a loading dock of a warehouse
      all the way into the back of a transport car parked adjacent the loading
      dock.
PAR  Yet a further object of this invention is to provide a novel loading
      apparatus for articles having a highly versatile, self-propelled discharge
      conveyor section that will travel on a wheeled vehicle along the loading
      dock, through the doorway and into a transport car box and be readily
      shifted upward, down and from side to side and reverse its position in the
      car to deposit the articles being dilivered in a steady stream to all
      parts of the receiving area whereby the articles may be stacked in a
      continuous sequence.
PAR  Still another object of this invention is to provide a novel loading
      apparatus that is readily shifted and positioned while conveying the
      articles and is movable between an extended and retracted position wherein
      conveyor sections are stacked one on another in a retracted position to
      take up a minimum, out of the way space when not in use.
PAR  Yet another object of this invention is to provide a novel loading
      apparatus having independent, manually operable means at the discharge end
      for controlling the entire sequence of loading operations from either side
      thereof.
PAR  Still another object of this invention is to provide a novel loading
      apparatus having a power driven discharge conveyor section pivotally
      mounted on a wheeled vehicle for free movement at its intake end to swing
      from side to side in a horizontal plane and power driven to swing in a
      vertical plane to stack the articles in the receiving area while the
      articles are being delivered in a continuous stream.
PAR  Yet a further object of this invention is to provide highly efficient
      loading apparatus characterized by the provision of a self-propelled
      vehicle carrying a discharge conveyor and moving trailing power driven
      transfer conveyors whereby the trailing conveyors are moved toward and
      retracted away from the discharge area by the movement of the vehicle and
      whereby the vehicle is driven into the receiving area and the discharge
      end of the discharge conveyor moved to the desired point laterally and
      vertically to stack each successive article in a continuous stacking
      operation.
DRWD
PAR  Other objects, advantages and capabilities of the present invention will
      become more apparent as the description proceeds taken in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view showing the loading apparatus extended into a
      position in a transport car;
PAR  FIG. 2 is a top plan view of the loading apparatus of FIG. 1 in a retracted
      position;
PAR  FIG. 3 is a side elevation view of the apparatus as shown in FIG. 2;
PAR  FIG. 4 is an enlarged side elevation view showing the forward portion of
      the apparatus in the retracted position;
PAR  FIG. 5 is a rear elevation view of the apparatus of FIGS. 2 through 4;
PAR  FIG. 6 is a sectional view taken along lines 6--6 of FIG. 4;
PAR  FIG. 7 is a sectional view taken along lines 7--7 of FIG. 4;
PAR  FIG. 8 is a sectional view taken along lines 8--8 of FIG. 4;
PAR  FIG. 9 is a sectional view taken along lines 9--9 of FIG. 3; and
PAR  FIG. 10 is a schematic circuit diagram showing the electric and hydraulic
      control for the loading apparatus of FIGS. 1 through 9.
DETD
PAR  Referring now particularly to FIGS. 1 through 5, in general, in the loading
      apparatus shown, there is provided a support frame 11 herein described as
      located in a warehouse represented at 12 arranged in line with an inwardly
      of a warehouse doorway 13 at the loading dock where a transport car
      represented at 14 such as a railway box car or truck transport is located
      to be loaded with articles being delivered to the apparatus. An upper
      conveyor 16 and a lower conveyor 17 are mounted to move relative to the
      support frame 11 through one end thereof between a retracted position
      shown in FIGS. 2 through 5 and on extended position shown in FIG. 1. A
      discharge conveyor 18 is arranged in a receiving relation to the lower
      conveyor 17 and is supported for rolling straight line movement on a
      wheeled vehicle 19. The discharge conveyor 18 is pivotally coupled to the
      vehicle 19 at its forward end and advanced in a straight line movement by
      the vehicle 19. The vehicle 19 and discharge conveyor 18 are moved into
      the bed of the transport car 14 over a ramp 20 and discharges units of
      cargo delivered thereto by the upper and lower conveyors to load from side
      to side and floor to ceiling. A straight feeding conveyor 21 is arranged
      above the upper conveyor in a direction at right angles thereto to which
      articles are delivered from a suitable storage in the warehouse or the
      like in a steady stream. The feed conveyor can deliver from either side
      and the articles are furnished thereto by suitable control that is
      independent from that of the loading apparatus of the present invention.
PAR  The main support frame 11 is shown as stationary and is comprised of three,
      similar, inverted U-shaped frame members generally designated by reference
      numbers 24, 25 and 26 disposed at spaced intervals relative to one another
      to define a storage area in which the upper and lower conveyors 16 and 17
      are received and stored in a retracted position when not in use or not
      fully extended. Each frame members has a pair of similar laterally spaced
      uprights 27 connected at their upper ends by a laterally extending top
      beam 28, and each of the uprights 27 are shown as having a bottom plate 29
      bolted to the supporting surface in the warehouse which typically is a
      concrete floor. As an alternative, however, it should be appreciated that
      the support frames 11 could have the uprights supported on wheels that
      would move laterally relative to the movement of conveyors 16, 17 and 18
      whereby the apparatus could be moved laterally in the warehouse to service
      a plurality of doorways 13 arranged along a loading dock.
PAR  A pair of elongated, parallel spaced lower side rails 31 each of a similar
      construction, each have a U-shaped transverse cross-section. Rails 31 are
      mounted on and extend along the inside of the opposed uprights of the
      frame members to provide continuous guide surface for the guiding movement
      of the lower conveyor in a relative straight course. The side rails 31
      have outwardly flared end portions designated 32 at both ends and the ones
      at the front end just beyond the end frame member 26 serves to guide the
      lower conveyor back into the support frame in the initial part of the
      retracting movement thereof in case it is slightly out of line in the
      return stroke. In turn, there is provided a pair of parallel spaced upper
      side rails 33, each having a right angle transverse cross-section. The
      upper side rails 33 are mounted on and extend along the inside of the
      uprights on the inside of the frame members, each upper side rail having a
      top horizontal flange providing a horizontal track surface 34 for
      supporting the upper conveyor for rolling movement in and out of the
      frame. The lower side rails and upper side rails inter-connect with the
      frame members to complete the support frame and make it a rigid, integral
      skeletal-like assembly.
PAR  As best seen in FIGS. 1 and 2 for transporting articles to the conveyors of
      the loading apparatus, there is shown the straight feeding conveyor
      section 21 arranged transversely to the orientation of the loading
      apparatus which may be powered or of the gravity-type and may feed the
      upper section 16 from either side. A curved transfer section 35 which is
      comprised of a series of axially spaced rollers passes the incoming
      articles from a transverse direction of flow to the same direction as that
      of the upper and lower conveyors and an inclined transfer section 36
      succeeding section 35 drops the cargo onto the top of the rear end of the
      upper conveyor 16. Inclined transfer section 36 is shown as supported by
      the frame of the upper conveyor 16.
PAR  As best seen in FIG. 2, the upper conveyor 16 is of the endless belt type
      and includes a frame comprised of a pair of parallel spaced side channels
      37 held by suitable cross braces affixed thereto on which there is mounted
      a forward end roller 38 with a shaft journaled at its ends in bearings in
      the side channels and a rear end roller 39 with a shaft journaled at its
      ends in bearings in the side channels 37. A series of axially spaced idler
      rollers 41 are mounted at spaced intervals along the conveyor frame
      between the side channels and end rollers and specifically each idler
      roller has a shaft 42 journaled at ends in a bearing 43 in an individual
      angle member 44 bolted to the bottom leg of the side channel as best seen
      in FIG. 9. An endless belt 45 is trained over the end rollers 38 and 39
      and supported by the idler rollers 41. A belt retainer roller 46 is
      mounted on a side bracket 47 at the underside of the channel to prevent
      the belt 45 from sagging.
PAR  To provide for free rolling movement of the upper conveyor 18 relative to
      the main support frame 11 there is provided at spaced intervals along each
      of the side channels 37 a horizontal side roller 48 movable on surface 34,
      the roller 48 being mounted on a horizontal stub shaft 49 journaled in a
      bearing 51 on a plate 52 affixed to the side of the conveyor frame.
PAR  An arm 53 depends from each of the side channels 37 adjacent the front end
      to be engaged by a forward upstanding member 54 on the lower conveyor
      during the retraction movement of the lower conveyor described hereinafter
      and a rear upstanding member 55 on each side of the conveyor during the
      extension movement of the lower conveyor so that the upper conveyor 16
      moves as a slave in response to the movement of the lower conveyor 17
      between a retracted position (FIG. 3) and and extended position (FIG. 1).
PAR  The drive for the belt of the upper conveyor 16 includes an electric motor
      56 mounted on a base 57 above the belt 45 at the discharge end of the
      upper conveyor and the output shaft of the motor is coupled to a speed
      reduction gear box 58 via sprockets and a V-belt 59. The gear box 58
      drives the forward end roller 38 which in turn drives the belt 45.
PAR  The lower conveyor 17 is similar in construction to the upper conveyor 16
      above described and includes a conveyor frame with a pair of parallel
      spaced side channels 61, a forward end roller 62, a rear end roller 63,
      idler rollers 64 and an endless belt 65. A belt retainer roller 66 is
      mounted on a side bracket 67 at the underside of the side channel 61 to
      prevent the belt from sagging. Each idler roller 64 as shown in FIG. 9 has
      a shaft 68 journaled at the ends in a bearing 69 in an individual angle
      member 71 to the underside of the side channel. To guide the lower
      conveyor in the main support frame there is provided at spaced intervals
      along each of the frame a vertical side roller 72 mounted on a stub shaft
      73 supported by a plate 74 bolted below the underside angle member 71 of
      side channel 61. An inclined transfer conveyor 75 depends from the upper
      conveyor and moves cargo from the upper conveyor 16 to the lower conveyor
      17.
PAR  The lower conveyor 17 is supported in an elevated position above the ground
      surface at the rear end thereof by means of a modified U-frame as viewed
      from the rear (FIG. 5) having a pair of opposed, parallel spaced upright
      side arms 77 that are affixed at their lower ends to a cross member 78 and
      are upwardly and outwardly stopped to extend over a pair of rear
      ground-engaging wheels 79 and affixed at their upper ends to the bottom on
      associated side channels of the lower conveyor frame. An angular brace 81
      extends from an intermediate part of each side arm to the underside of the
      side channel for added strength. The rear wheels 79 are mounted on an axle
      contained in the cross-member 78. The lower belt conveyor is supported for
      wheeled movement at the forward end on the vehicle 19 as described fully
      hereinafter.
PAR  The drive for the belt of the lower conveyor includes an electric motor 82
      mounted on a base 83 above the belt 65 at the discharge end thereof and
      the output shaft of the motor is coupled to a gear box 84 via sprockets
      and a V-belt 85 with the gear box driving to the forward end roller 62
      which in turn drives the belt 65.
PAR  The discharge conveyor 18 is comprised of a frame with a pair of parallel
      spaced, tubular, side beams 86 held by suitable cross braces on which
      there is mounted a forward end roller 87 and a rear end roller 88 together
      with intermediate idler rollers 89 suitably mounted on shafts supported by
      the side beams. An endless belt 90 is trained over the rollers. Again, a
      belt holder roller 91 is mounted under the belt 90 at spaced intervals
      along the discharge conveyor. A U-shaped support frame with upright side
      arms 92 and a transverse cross-arm 93 is affixed to the conveyor frame
      between its midpoint and the pivotal mount therefore for its support on
      the vehicle as fully described hereinafter.
PAR  For the control of the apparatus there are identical operator stations on
      each side of the discharge conveyor 18 at the discharge end designated A
      and B. Each station has a U-shaped handle 94 that extends laterally
      outwardly and downwardly and is affixed to the opposite sides of the side
      beam at the discharge end to facilitate the manual swinging of the
      discharge conveyor from side to side by the operator. There is further
      provided at each station electric operator control in the form of a stop
      button 95, start button 96 and swivel rod 97. The drive for the discharge
      conveyor is in the form of an electric gear motor 99 mounted on support
      frame arm 93 and coupled to the rear end roller 81 via sprockets and a
      chain.
PAR  The wheeled vehicle 19 has a box like frame inclusive of a pair of spaced
      parallel side members 101, a front end member 102 and rear end member 103
      interconnected at the ends thereof, as well as a pair of parallel spaced
      transverse intermediate cross-members 104 and is mounted for movement on a
      set of rear wheels 105 and a set of front wheels 106.
PAR  To secure the front end of the lower conveyor 17 at a position above the
      frame of the vehicle 19 on a pivotal mounting there provided a pair of
      parallel spaced upright members 107 upstanding from the parallel spaced
      side members 101 and each upright member is reinforced by a downwardly
      inclined brace 108. The upright members 107 are located in line with the
      axle for the rear wheels 105 and each carries a plate and a bearing 109
      through which a cross-shaft 111 extends. The cross-shaft 111 extends
      through a pair of parallel spaced depending lugs 112 on associated side
      frame members of the lower conveyor. This pivotal connection between the
      vehicle and lower conveyor allows for adjustments in elevation between the
      warehouse dock and the transport car for when the vehicle 19 is driven
      over the connecting ramp 20. Each of the front wheels 106 are shown
      mounted on an inverted U-shaped yoke 119 affixed to the associated side
      member of the vehicle frame for movement thereon on a straight line
      course. A box 113 for the electric control is mounted on the frame at the
      rear of the vehicle.
PAR  A swivel assembly for the discharge conveyor 18 generally designated by
      numeral 114 is mounted at an intermediate or central position on the
      vehicle frame between the spaced intermediate cross members 104. The
      swivel assembly 114 has a vertical shaft 115 carried in four belt flange
      bearing rollers. A yoke comprised of a lower cross bar 116 and a pair of
      upright side arms 117 is mounted on the upper end of the shaft 115. Each
      upright side arm 117 is comprised of two parallel spaced plates affixed at
      their lower ends to the top of the cross bar 116 at one end in turn
      support pivot shaft 118 passing through a lug 119 affixed to and depending
      from each frame side beams 86 of the discharge conveyor whereby to
      establish a raised support on the vehicle frame and a horizontal axis of
      rotation for the rear of the discharge conveyor in such a way that the
      discharge end will reach the plane of the support surface or ground
      represented by dashed lines 18b to an elevated position substantially
      above a horizontal position represented by dashed lines 18a.
PAR  The lower end of the shaft 115 below the frame of the swivel assembly
      supports an inner platform 121 so that it will swing from side to side
      conjointly with the discharge conveyor, 18 and further support the
      discharge conveyor. The platform 121 has upright member 122 mounted at its
      forward end at a central position and carries a shaft 123 and a roller
      124. The roller 124 moves on an arcuate track 125 affixed at its ends to
      the side members 101 of the vehicle frame whereby to provide further
      support for the discharge conveyor on the vehicle in its swivel or side to
      side movement.
PAR  For the power driven movement of the discharge conveyor up and down in a
      vertical plane, there is provided a bi-directional hydraulic cylinder 127
      attached at its lower end to the inside platform 121 and at its upper end
      to the cross plate 93 on the underside of the discharge conveyor frame.
      The specific attachment shown at each end is a pin and lug arrangement
      whereby the extension of the rod in the cylinder raises the discharge end
      of the discharge conveyor to a position 18a and a retraction of the rod in
      the cylinder lowers the discharge end to the ground plane as to position
      18b.
PAR  Reference is now made to the schematic circuit diagram shown in FIG. 10 to
      explain the circuit and the selective actuation of various electric
      switches to control electric power to operate the drive motors 56, 82, 99,
      110 and cylinder 127 above described. The electric power input terminals
      to which a source of electric power is applied are designated T1, T2 and
      T3. The vehicle motor 110, upper conveyor motor 56, lower conveyor motor
      82 and discharge conveyor motor 56 are shown as each having one terminal
      connected to common terminal T3 which is a grounded or return terminal.
PAR  Again all of the operator control for the manual operation of the loading
      apparatus is located at the discharge end of the discharge conveyor and is
      in the form of identical control stations designated A and B on each side
      thereof. Each operator control includes a start button 95 and a stop
      button 96 to regulate the conveyor motors 58, 84 and 134 as well as a
      swivel rod 97 that moves from a neutral position to a forward position,
      rear position, up position and down position to regulate the actuation of
      the hydraulic cylinder 121 and vehicle drive motor 110.
PAR  In the electric circuit start button 95 is associated with a normally open
      electric switch having one side connected to power terminal T1 and the
      other side to a coil 132 of a holding relay that in turn has four ganged
      electric switches 133 each connected between power terminal T2 and one of
      each of the drive motors 56, 82 and 99. A normally closed electric switch
      134 associated with the stop button 96 is connected through one of the
      ganged switches to terminal T1 to bypass switch 131 and hold the coil 132
      energized so that a depression of the start button 95 and closure of its
      switch 132 energized the relay coil and connects via the contacts the
      power from the terminal T2 to each of the conveyor motors, with power
      being retained by the stop button switch 131. Then a depression of the
      stop button and opening of the stop button switch deenergized the relay
      coil 132 and opens ganged switch 133 to stop the conveyor motors 56, 82
      and 99.
PAR  In the electric circuit shown for controlling the vehicle motor 110 there
      is provided a two position electric switch 136 operable by movement of the
      swivel rod 97. Switch 136 has one side connected to power terminal T1 and
      one post of the other side connected to the coil 137 of a relay having a
      switch 138 that connects the electric power from terminal T2 to a forward
      terminal on the motor 110 and the other side post connected to coil 139 in
      a relay having a switch 141 connected the power of terminal T2 to the
      other reverse terminal on the vehicle motor 110 so that an energization of
      first relay effects the forward movement and an energization of the second
      relay effects a rearward movement of the vehicle motor 110.
PAR  The circuit diagram shown has a two position switch 143 for regulating the
      hydraulic cylinder 127 that is operatively associated with the up and down
      movement of the swivel rod 97. The switch 143 has one side connected to
      power terminal T1 and one post of the other side connected to a coil 144
      of a relay having a switch 145 as well as to a coil 149 in a solenoid
      operated valve 154 in a hydraulic unit 147. Switch 143 has the other post
      connected to a coil 146 of a relay having a switch 140 as well as to a
      coil 148 in a solenoid operated valve 155 in the hydraulic unit 147.
PAR  In the hydraulic unit 147, a valve 154 controls the fluid flow to one side
      of the hydraulic cylinder 127 causing it to retract to lower the discharge
      conveyor and valve 155 controls the fluid flow to the other side of the
      cylinder 127 causing it to extend to raise the discharge conveyor. The
      fluid to the valves 154 and 155 is provided by an electric motor connected
      to terminal T2 via switches 140 or 145, the motor driving a pump 152 that
      pumps fluid to the valves 154 and 155. A reservoir 153 receives the return
      flow from the valves and delivers it to the pump in a manner that is
      conventional in the hydraulic control art.
PAR  In a full sequence of operation then, the articles being loaded are sent
      along the feeding conveyor 21, but the controls for the feeding conveyor
      21 are independent of and remote from the discharge conveyor 18. For the
      purposes of explaining the operation then it will be assumed that a stream
      of articles are being conveyed along the feed conveyor 21 and are
      side-tracked by conveyor 35. The swivel rod 97 is moved to a forward
      position and the vehicle 18 moves in a straight line away from the frame
      11 through the dock doorway 13 over the platform 20, over the transport
      car platform and to the back thereof. As the lower conveyor is drawn away
      from the frame by the vehicle its rear upright member 55 engages depending
      member 53 and the upper conveyor rolls out from the end of the frame 11 as
      best seen in FIG. 1. Once the vehicle has positioned the discharge
      conveyor 19 at the back of the transport box the swivel rod 97 is moved to
      the neutral position and the vehicle stops.
PAR  Either of the start buttons 95 are depressed actuating the upper, lower and
      discharge conveyors whereupon the articles are delivered in a stream onto
      the upper conveyor, lower conveyor and discharge conveyor in that order.
PAR  The discharge end of the discharge conveyor 17 is lowered or raised by
      moving either swivel rod down causing the hydraulic cylinder 127 to
      retract therein to lower the discharge end of the discharge conveyor while
      at the same time the operator swings the discharge end of the discharge
      conveyor to one side or the other so that the first article is discharged
      on the transport car in the corner.
PAR  The discharge end is then manually swung laterally by the operator so that
      the next article is deposited beside the first and this repeats until a
      whole row is deposited across the transport car whereupon the swivel rod
      is moved up and the hydraulic cylinder raises the discharge end of the
      discharge conveyor a short distance and then it is manually swung back to
      start a row of articles on top of the first row. This sequence repeats
      until there is a full stack at the back of the box whereupon the swivel
      rod is moved to the rear position and the vehicle backs up to position the
      discharge conveyor for the next succeeding stack.
PAR  This procedure of stacking and retracting is repeated until the transport
      box is filled whereupon the movement of the swivel rod to a rear position
      causes the lower conveyor member 54 to engage the upper conveyor member 53
      and the upper conveyors are rolled back into the fully retracted position
      with the vehicle parked adjacent the end thereof as best seen in FIGS. 2,
      3 and 4.
PAR  Although the present invention has been described with a certain degree of
      particularly, it is understood that the present disclosure has been made
      by way of example and that changes in details of structure may be made
      without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In loading apparatus for stacking a plurality of articles from a storage
      area to a receiving area, the combination comprising:
PA1  a reference frame adapted to be positioned between the storage area and a
      selected distance from the receiving area;
PA1  conveyor means for moving articles delivered thereto over a selected
      distance, said conveyor means including a transfer section movable in and
      out of and guided by the frame and a discharge section in receiving
      relation to the transfer section and pivotally mounted at its intake end
      to swing up and down about a horizontal axis and to swing from side to
      side about a vertical axis to discharge articles at a selected point in
      the receiving area, said transfer section including an upper conveyor
      supported for guided movement on said frame and a lower conveyor supported
      for guided movement by said frame and for movement under the upper
      conveyor in a stacked relation in a retracted position in the frame and an
      end-to-end relation in an extended position projecting beyond the end of
      the frame; and
PA1  a self-propelled vehicle including a rigid, unitary box-shaped vehicle
      frame movable on wheel means, said vehicle being movable relative to said
      reference frame, said vehicle being coupled to the transfer section and
      supporting the pivoted intake end of said discharge section and supporting
      said discharge section for moving said transfer section relative to said
      reference frame and positioning said discharge section in the receiving
      area, said vehicle having control means operable at the discharge end of
      said discharge section to regulate the direction, starting and stopping of
      said vehicle.
NUM  2.
PAR  2. In loading apparatus as set forth in claim 1 wherein said lower conveyor
      is pivotally connected to said vehicle at the discharge end of the lower
      conveyor to be moved thereby.
NUM  3.
PAR  3. In loading apparatus as set forth in claim 1 wherein said vehicle is
      arranged to move in a straight line in line with the longitudinal axis of
      said frame.
NUM  4.
PAR  4. In loading apparatus as set forth in claim 1 wherein said control means
      is in the form of independent manually operable control on each side of
      the discharge end of the discharge conveyor.
NUM  5.
PAR  5. In loading apparatus for stacking a plurality of articles in a receiving
      area remote from a point of delivery of a plurality of the articles, the
      combination comprising:
PA1  a reference frame positioned between the point of delivery and a selected
      distance from the receiving area;
PA1  an upper power-driven conveyor supported for guided movement in and out
      through said frame and adapted to receive articles from the point of
      delivery;
PA1  a lower article-moving power-driven conveyor supported for guided movement
      in and out through said frame arranged in receiving relation to said upper
      conveyor, the upper and lower conveyors being retractable to a position
      inside the frame and extensible to span a selected distance beyond one end
      of the frame;
PA1  a discharge conveyor in receiving relation to said lower conveyor, said
      discharge conveyor being mounted to swing up and down about a horizontal
      axis and to swing from side to side about a vertical axis to discharge
      articles at a selected point in the receiving area;
PA1  a wheeled vehicle having a rigid, unitary, box-shaped frame and front and
      rear wheels and motive power source on the box-shaped frame to propel the
      vehicle, the discharge end of the lower conveyor being pivotally coupled
      to the vehicle so that movement of the vehicle moves the upper and lower
      conveyors in and out of the reference frame between the extended and
      retracted positions, said vehicle supporting the intake end of said
      discharge conveyor, said vehicle having a power actuator to swing the
      discharge conveyor up and down about a horizontal axis adjacent the intake
      end thereof; and
PA1  control means operable at the discharge end of the discharge conveyor to
      regulate the direction and the stopping, starting and direction of said
      vehicle to regulate the position of the discharge conveyor in relation to
      the receiving area for stacking articles in the receiving area and to
      regulate the elevation of the discharge end of said discharge conveyor.
NUM  6.
PAR  6. In loading apparatus as set forth in claim 5 wherein said frame has a
      plurality of inverted U-shaped frame members arranged at longitudinally
      spaced intervals, each frame member having a pair of laterally spaced
      uprights and a laterally extending top beam, a pair of parallel spaced
      upper side rails secured to the inside of the uprights providing
      horizontal track surfaces and a pair of parallel spaced lower side rails
      secured to the inside of the uprights providing vertical guide surfaces.
NUM  7.
PAR  7. In loading apparatus as set forth in claim 6 wherein said upper conveyor
      has an endless belt trained over a pair of end rollers and intermediate
      idler rollers and having guide rollers on opposite sides at spaced
      intervals along its length rollable on said horizontal track surfaces for
      guided movement through one end of the frame and a drive motor for moving
      the endless belt.
NUM  8.
PAR  8. In loading apparatus as set forth in claim 6 wherein said lower conveyor
      has an endless belt trained over a pair of end rollers and intermediate
      idler rollers, said lower conveyor being mounted on wheels at its intake
      end and having guide rollers on opposite sides at spaced intervals along
      its length in rolling engagement with said lower side rail guide surfaces
      for guided movement through one end of the frame and a drive motor for
      moving the endless belt.
NUM  9.
PAR  9. In loading apparatus as set forth in claim 5 wherein said upper and
      lower conveyors have co-operative projecting members at the ends thereof
      that cause the upper conveyor to follow the lower conveyor as a slave by
      the lower conveyor in the extended and retracted movement of the lower
      conveyor.
NUM  10.
PAR  10. In loading apparatus as set forth in claim 5 wherein said discharge
      conveyor has an endless belt trained over a pair of end rollers and
      intermediate idler rollers and a drive motor for moving the endless belt.
NUM  11.
PAR  11. In loading apparatus as set forth in claim 5 wherein said vehicle has a
      box-type frame and a pair of front and rear wheels, a drive motor coupled
      to the rear wheels, said vehicle having an upright frame at the rear end
      with a cross-shaft providing a pivotal connection with said lower
      conveyor, said vehicle having a vertical shaft supported in bearings
      supported on cross members between the front and rear wheels and connected
      to the discharge conveyor to support it for swinging movement from side to
      side, said shaft carrying a platform at its lower end having a roller
      movable on a track supported on the frame to further support the discharge
      conveyor on the vehicle frame.
NUM  12.
PAR  12. In loading apparatus as set forth in claim 11 including a
      bi-directional hydraulic cylinder mounted on the platform and connected to
      the discharge conveyor forwardly of its pivotal mounting to raise and
      lower the discharge conveyor between a raised position above the
      horizontal and a lowered position wherein the discharge end of the
      discharge conveyor is in the plane of the ground supporting surface and
      said control means includes independent manually operable electric control
      including a stop button, start button and swivel rod and grip handles on
      each side of the discharge conveyor at its discharge end to regulate the
      direction, starting and stopping of the vehicle motor via the swivel rod,
      the hydraulic cylinder via the swivel rod to regulate the position of the
      vehicle discharge conveyor in relation to the receiving area and to
      regulate the starting and stopping of the drive motors on the upper, lower
      and discharge conveyors via the start and stop buttons.
NUM  13.
PAR  13. In loading apparatus as set forth in claim 5 including a bi-directional
      hydraulic cylinder mounted on the vehicle forwardly of the pivotal
      mounting for moving said discharge conveyor up and down, a hydraulic unit
      for supplying fluid to said cylinder and electric control associated with
      said hydraulic unit to selectively control said hydraulic unit to control
      the movement thereof in either direction.
NUM  14.
PAR  14. In loading apparatus for stacking a plurality of articles in a
      transport car and the like from a point of delivery in a warehouse and the
      like, the combination comprising:
PA1  a frame positioned a selected distance from the transport car having a
      plurality of inverted U-shaped frame members arranged at longitudinally
      spaced intervals, each frame member having a pair of laterally spaced
      uprights and a laterally extending top beam, a pair of parallel spaced
      upper side rails secured to inside of the uprights providing horizontal
      track surfaces and a pair of parallel spaced lower side rails secured to
      the inside of the uprights providing vertical guide surfaces;
PA1  An upper conveyor having an endless belt trained over a pair of end rollers
      and intermediate idler rollers, said upper conveyor having guide rollers
      on opposite sides at spaced intervals along the length rollable on siad
      horizontal track surfaces for guided movement through one end of the
      frame;
PA1  a drive motor on the upper conveyor for moving the endless belt;
PA1  a lower conveyor having an endless belt trained over a pair of end rollers
      and intermediate idler rollers, said lower conveyor being mounted on
      wheels at its intake end and having guide rollers on opposite sides at
      spaced intervals along its length in rolling engagement with said lower
      side rail guide surfaces for guided movement through one end of the frame,
      said upper and lower conveyors having co-operative projecting members at
      the ends thereof that cause the upper conveyor to follow the lower
      conveyor as a slave in response to the movement of the lower conveyor in
      the extended and retracted movement thereof;
PA1  a drive motor on the lower conveyor for moving the associated endless belt;
PA1  a discharge conveyor having an endless belt trained over a pair of end
      rollers and intermediate idler rollers, said discharge conveyor being in
      receiving relation to the lower conveyor and pivotally mounted at its
      intake end to swing up and down about a horizontal axis and from side to
      side about a vertical axis;
PA1  a drive motor on the discharge conveyor for moving the associated endless
      belt;
PA1  a vehicle having a box-type frame and a pair of front and rear wheels, a
      drive motor coupled to the rear wheels, said vehicle having an upright
      frame at the rear end with a cross-shaft providing a pivotal connection
      with said lower conveyor, said vehicle having a vertical shaft supported
      in bearings supported on cross-members between the front and rear wheels
      and connected to the discharge conveyor to support it for swinging
      movement from side to side, said shaft carrying a platform at its lower
      end having a roller movable on a track supported on the frame to further
      support the discharge conveyor on the vehicle frame;
PA1  a bi-directional hydraulic cylinder mounted on the platform and connected
      to the discharge conveyor forwardly of its pivotal mounting to raise and
      lower the discharge conveyor between a raised position above the
      horizontal and a lowered position wherein the discharge end of the
      discharge conveyor is in the plane of the ground supporting surface; and
PA1  independent manually operable control including a stop button, start button
      and swivel rod and grip handles on each side of the discharge conveyor at
      its discharge end to regulate the direction, statring and stopping of the
      vehicle motor via the swivel rod, the hydraulic cylinder via the swivel
      rod to regulate the position of the vehicle discharge conveyor in relation
      to the receiving area and to regulate the starting and stopping of the
      drive motors on the upper, lower and discharge conveyors via the start and
      stop buttons.
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ABST
PAL  A machine for conditioning an ore heat-treating furnace throat in which
      there is provided a turnable column mounted on a self-propelled truck and
      carrying a guide bar for a beam with an actuating mechanism. The actuating
      mechanism is articulated on a hollow beam and constitutes a scraper with
      two side edges and one front edge, with the latter carrying a hinged rod,
      and an air cylinder adapted for traversing the actuating mechanism being
      located in the interior of said beam.
PARN
PAR  This is a continuation of application Ser. No. 435,017 filed Jan. 21, 1974,
      now abandoned, which in turn is a Rule 60 Continuation of application Ser.
      No. 323,400 filed Jan. 15, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to machines for conditioning ore
      heat-treating furnace throats.
PAR  Known in the art is a machine for conditioning an ore heat-treating furnace
      throat comprising a column mounted on a self-propelled truck so that it is
      free to swing about a vertical axis and a tubular guide bar articulated
      with the column to allow it to rotate about a horizontal axis and adapted
      for accomodating a beam having one end carrying an actuating mechanism
      with its other end articulated with a movable member of an air cylinder
      whose stationary member is hinged to said tubular guide bar. The air
      cylinder is located outward of the tubular guide bar.
PAR  The above machine adapted for poking and raking-up the charge from the
      sides to the electrodes is furnished with the actuating mechanism being in
      the form of a steel rod. It fails to provide an adequate conditioning of
      the entire area of the furnace throat, insofar as it does not allow
      feeding the charge into the interelectrode space.
PAR  Moreover, the air cylinder adapted for axial transfer of the beam together
      with the actuating mechanism attached thereto is arranged on the exterior
      of the tubular guide bar, and is thus exposed to the effect of the mal
      radiation of the furnace which results in a reduction of its life period
      due to a breakdown of its sealing elements.
PAR  In the course of operation, when the machine working member is in its
      extreme positions, dynamic loads arising in the air cylinder may lead to a
      failure of the machine components.
PAR  Due to the inherent design of the actuating mechanisms, the known machines
      do not provide efficient mechanized conditioning of the furnace periphery
      and interelectrode space.
PAR  In addition, the machines feature short life periods.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  The main object of the invention is to provide a machine which effects the
      efficient mechanized conditioning of the entire throat surface both at the
      periphery and in the interelectrode space.
PAR  Another object of the invention is to enhance functional reliability and
      life period of the machine by extending the life period of the sealing
      elements of a longitudinal feed cylinder and eliminating the dynamic loads
      arising when said cylinder is in operation.
PAR  THE ABOVE AND OTHER OBJECTS ARE ACCOMPLISHED BY THE PROVISION OF A MACHINE
      FOR CONDITIONING ORE HEAT-TREATING FURNACE THROATS COMPRISING A COLUMN
      MOUNTED ON A SELFPROPELLED TRUCK SO THAT IT IS FREE TO SWING ABOUT A
      VERTICAL AXIS AND A TUBULAR GUIDE BAR ARTICULATED WITH ONE COLUMN IN SUCH
      A MANNER AS TO ALLOW IT TO ROTATE ABOUT A HORIZONTAL AXIS AND ADAPTED FOR
      ACCOMMODATING A BEAM HAVING ONE END CARRYING AN ACTUATING MACHANISM, WITH
      THE OTHER END BEING ARTICULATED WITH A MOVABLE MEMBER OF AN AIR CYLINDER
      WHOSE STATIONARY MEMBER IS ARTICULATED WITH SAID TUBULAR GUIDE BAR, IN
      WHICH MACHINE, ACCORDING TO THE INVENTION, THE ACTUATING MECHANISM IS
      HINGED ON A HOLLOW BEAM AND CONSTITUTES A SCRAPER WITH TWO SIDE EDGES AND
      ONE FRONT EDGE, THE LATTER CARRYING A ROD HINGED THERETO AND THE AIR
      CYLINDER ADAPTED TO TRAVERSE THE ACTUATING MECHANISM BEING LOCATED WITHIN
      THE INTERIOR OF SAID BEAM.
PAR  The above machine will provide a more efficient mechanized conditioning of
      both the throat periphery and interelectrode space. Moreover, it features
      a higher output and extended life period insofar as the air cylinder is
      not subject to thermal radiation of the furnace.
PAR  It is expedient that an air cylinder have plungers fastened to both sides
      of the piston and provided with grooves and valves for supplying
      compressed air into the chambers formed by cylinder covers arranged at the
      opposite end faces of the air cylinder.
PAR  With the above arrangement of the air cylinder, both the reliability and
      life period of the machine can be enhanced since the shock absorbing
      properties of compressed air eliminate the dynamic loads set up when the
      machine is in operation.
PAR  The invention is further exemplified by a detailed description of a
      specific embodiment thereof, to be had in conjunction with the
      accompanying drawings, wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the machine, according to the invention;
PAR  FIG. 2 is a plan view of the machine shown in FIG. 1;
PAR  FIG. 3 is a vertical sectional view of the tubular guide bar with the beam
      and cylinder, taken along the longitudinal axis;
PAR  FIG. 4 is a plan view of the machine when using the scraper; and
PAR  FIG. 5 is a side view of the machine when using the scraper.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The machine for conditioning ore heat-treating furnace throat is mounted on
      a self-propelled truck 1 (FIGS. 1 and 2) movable along a circular track by
      means of a reversing drive 2. Mounted on the truck 1 in such a manner that
      it is free to swing about a vertical axis is a column 3 provided with a
      toothed crown engaged in a rack connected with an air cylinder unit 4
      which causes the column to rotate through angles " .beta. " and " .alpha.
      ". Smooth rotation of the column 3 is provided by a hydraulic shock
      absorber 5.
PAR  Articulated to the column 3, with the aid of a fork 6, is a tubular guide
      bar 7 inclinable through an angle " .gamma. " by an air cylinder unit 8
      resting on the frame of a cabin 9 rigidly fixed to the fork 6.
PAR  The tubular guide bar 7 incorporates a hollow bearing beam 11 mounted on
      rollers 10, and an outboard end of the beam has a fork 12 rigidly fixed
      thereto. Hinged in the fork 12 is an actuating mechanism in the form of a
      scraper 13 (FIGS. 4 and 5) with two side edges and one front edge to which
      a steel rod 14 is hinged  for movement about a horizontal axis.
PAR  An air cylinder 15 unit (FIG. 3) is built into the bearing beam 11, with a
      stationsry member 16 of the cylinder being attached to a cover 17 of the
      tubular guide bar 7. Fastened to the stationary member 16 (rod) on both
      sides of a piston 18 are plungers 19 and 20. The cylinder are closed by a
      front cover 21 and a rear cover 22. Both covers 21 and 22 are provided
      with compression chambers having sealings 23. Grooves 24 of the plungers
      19 and 20 accomodate built-in non-return valves 25.
PAR  The machine is controled from the cabin 9 which is equipped with a seat 26
      by means of a manipulator 27 provided with a handle 28 and a
      pedal-operated cock 29 adapted for controlling the reversing drive 2.
PAR  The machine operates in the following manner:
PAR  In the initial position, the actuating machinism 13 of the machine is
      positioned outside the furnace shutters turned in relation to the axis of
      the column 3 at an angle .beta.  (FIG. 2).
PAR  In order to operate in the specified zone, the machine is traversed along
      the circular track clockwise or anti-clockwise by pushing an appropriate
      pedal of the cock 29 for controlling the reversing drive 2.
PAR  The actuating mechanism 13 is controlled by means of the handle 28 of the
      manipulator 27 whose movements are repeated by the machine actuating
      mechanism 13 due to alternate or concurrent actuation of the air cylinder
      unit 4, tilting air cylinder unit 8 and longitudinal transfer air cylinder
      unit 15. Thus, a complex movement of the actuating mechanism which is
      required for conditioning the furnace throat is being effected.
PAR  Frontal raking-up is accomplished by introducing the machine actuating
      mechanism into the working zone of the furnace. This is effected by means
      of the air cylinder unit 4 (FIG. 4). With the aid of the tilting air
      cylinder unit 8, the tubular guide bar 7 is inclined at the requisite
      angle .gamma. so that the scraper 13 comes into contact with the throat
      surface. The working stroke of the scraper 13 is performed by means of the
      bearing beam 11 traversed by the longitudinal transfer air cylinder unit
      15 with the aid of roller 10. Thus, the frontal raking-up of the charge is
      effected along arrow A. The side raking-up of the charge is carried out
      along arrow B (FIG. 4) with the aid of the longitudinal transfer air
      cylinder unit 15 which sets the bearing beam 11 together with the
      actuating mechanism 13 to a position providing the required beam span.
      Then, the scraper 13 is placed on the throat surface with the aid of the
      tilting air cylinder unit 8 and after the air cylinder unit 4 has been
      actuated, the charge is raked-up to electrodes 30 from the sides.
PAR  In carrying out the frontal and side raking-up of the charge the actuating
      mechanism is retracted.
PAR  To accomplish the poking operation, the actuating mechanism 13 (FIG. 5) is
      extended. With the aid of the air cylinder unit 4 and tilting air cylinder
      unit 8, the actuating machanism is mounted above the throat section to be
      subject to poling. The working stroke of the team 11 is performed by using
      the longitudinal transfer air cylinder 15, with the steel rod 14
      descending into the furnace shaft.
PAR  When the machine is in operation, the dynamic loads arising with the
      longitudinal transfer aid cylinder unit in extreme positions (FIG. 3) are
      relieved by automatic shock absorbing devices. Thus, as the actuating
      mechanism is being moved to the front extreme position, the plunger 20
      cuts-off a certain air volume at the inlet of the compression chamber. The
      air contained within the chamber is compressed thereby taking up the
      kinetic energy of the moving members. The non-return valve 25 is closed at
      that time.
PAR  To take the actuating mechanism out of the front extreme position,
      compressed air introduced via a sleeve in the front cover 21 of the air
      cylinder unit 15 opens the non-return valve flows along the groove 24 in
      the plunger 20 and enters the compression chamber. This causes the air
      cylinder unit 15 to traverse. In moving further, the plunger 20 leaves the
      compression chamber and compressed air being fed is admitted directly into
      the working space of the air cylinder unit 15.
PAR  When the actuating mechanism is being placed to its extreme rear position,
      the shock absorbing device operates in a similar way.
PAR  The machine running along the circular track around the furnace ensures the
      conditioning of the entire throat surface both a the periphery and in the
      interelectrode space.
PAR  The trials have proved the serviceability of the present machine as well as
      an adequate quality of conditioning the furnace throat.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A machine for conditioning an ore heat-treating furnace throat
      comprising: a self-propelled truck; a column; means mounting said column
      on said selfpropelled truck to be free to swing about a vertical axis; a
      tubular guide bar articulated to said column to be free to rotate about a
      horizontal axis; a hollow beam incorporated in said tubular guide bar; an
      actuating mechanism articulated on said hollow beam and constituting a
      scraper provided with two side edges and one front edge; a rod hinged on
      said front edge for movement about a horizontal axis; an air cylinder
      arranged in the interior of said beam and serving to transverse said
      actuating mechanism, said cylinder having a movable member and a
      stationary member; the cylinder movable member being articulated with said
      beam and the stationary member being articulated with said tubular guide
      bar.
NUM  2.
PAR  2. The machine as claimed in claim 1, in which the stationary member is a
      piston rod having a piston and the movable member is a cylinder, covers at
      the opposite ends of the cylinder, a plunger mounted on the piston rod on
      opposite sides of the piston, and said plungers being provided with
      grooves having nonreturn valves for supplying compressed air into chambers
      provided between the plungers and the covers.
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ABST
PAL  Mobile apparatus, particularly a trailer adapted to be towed by a hay
      baler, the trailer having a bed including a forward decked section on
      which a workman stands to receive the bales from the baler, and a platform
      extending rearwardly therefrom on which the bales are stacked. The
      platform is made up of spaced members defining gaps therebetween for the
      elevation of the tines of a fork lift apparatus therethrough for the
      removal of the stack, and there are hinged plate members and operating
      means therefor for closing the gaps for the safety of the workman during
      the stacking operation. The trailer additionally includes a hinged end
      gate and side walls, the latter being mounted for rocking movement to
      release the stack for the removal thereof. The fork lift apparatus
      employed for the removal of a completed stack from the trailer and which
      is carried by the front or rear of a mobile unit such as a tractor,
      includes, in addition to the tines for insertion in the gaps, a pusher
      device and means for operating the same for forcing the stack off the
      tines when the stack has been transported by the tractor to the desired
      location.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to agricultural apparatus and, more particularly, to
      appartus for the reception of bales of hay or other fodder as the bales
      are produced by a baler during its travel across the field and to
      apparatus for the transport of the bales in stacks to the place of use or
      storage.
PAR  2. Description of the Prior Art
PAR  In conventional hay-baling operations, the baler, during its movement
      across the field, deposits the bales on the field as produced, the
      individual bales thereafter being manually picked up from the field and
      loaded on a suitable transport means by which they are conveyed to the
      storage area where they are manually unloaded and stacked. Such operations
      are laborious and time-consuming. Numerous attempts have been made to
      develop equipment which would perform some or all of these tasks, but such
      equipment generally has been undesirably complicated, expensive and costly
      to maintain and operate. For example, trailers have been built that are
      adapted to be towed by hay balers, the trailers directly receiving the
      bales from the baler and mechanically accumulating the bales in the form
      of a stack. However, in these known constructions, the stacks of bales are
      discharged onto the field for later pick-up which is performed in some
      instances by special types of fork lift apparatus.
PAR  Apparatus of the above-mentioned type is typified, for example, in U.S.
      Pat. No. to Gale 3,155,415, issued Nov. 3, 1964. This patent disclosed a
      sled-type bale accumulator drawn by the baling machine, the acumulator
      including a platform mounted for rocking movement between horizontal and
      rearwardly tipped positions. The bales are stacked on the platform while
      it is in a horizontal position, the first or lower layer of bales being
      placed in spaced parallel relationship to provide gaps therebetween. When
      the stack is completed, the platform is rocked to deposit the stack on the
      field. For the removal of the stack, a fork lift apparatus, which is
      carried by a tractor and which has tines for insertion in the gaps between
      the bales of the lower layer and also for positioning adjacent the outer
      sides of the outermost bales of said layer, the tines carrying special
      mechanisms having prongs for insertion into the bales of the lower layer,
      and also carrying support means for the overlying layers, is employed.
      Following the positioning of the tines as mentioned above and the
      operation of the mechanism to insert the prongs, the fork lift is elevated
      to lift the stack off the field and the stack is then transported to the
      storage point by the tractor.
PAR  As will be recognized, the fact that the bales must first be deposited on
      the field, which, due to unevenness of the terrain, may well shift the
      bales of the lower layer from their required positions, is an undesirable
      feature. Also, because the bales of the lower layer must be spaced apart,
      the stack, when delivered to the point of storage, is not of the desired
      compactness. Furthermore, the mechanisms as mentioned above to secure the
      elevation of the stack from the field are relatively complicated and
      expensive.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the invention is the provision of hay bale-handling
      equipment including a bale accumulator to be towed by the baler and on
      which the bales are stacked and which provides for the ready removal of
      stacks of bales therefrom for transport to the place of storage.
PAR  Another object of the invention is the provision of equipment attaining the
      foregoing object which is relatively trouble-free, economical with respect
      to initial cost, upkeep and operation, and which is adaptable to the
      handling of bales of varying sizes.
PAR  Another object of the invention is the provision of equipment attaining the
      foregoing objects in which the accumulator is so constructed that the
      stack may be removed directly from it for transport to the point of
      storage by a tractor-supported fork lift device.
PAR  A further object of the invention is the provision of equipment attaining
      the foregoing objects which ensures bale stacks of compact characteristics
      for deposit at the place of storage.
PAR  A still further object of the invention is the provision of equipment
      attaining the foregoing objects in which the tractor-supported fork lift
      device for cooperation with the trailer includes means providing for the
      ready deposit of the stack of bales at the place of storage.
PAR  The foregoing, and other objects of the invention as will become apparent,
      are attained by a mobile unit or accumulator, preferably a three-wheeled
      trailer, adapted to be towed by the baler and to receive the bales
      directly therefrom. The trailer has a bed including a forward decked
      section on which a workman stands for the reception and handling of the
      bales as they are conveyed to his position from the baler over a suitable
      slide or the like. The remainder of the bed consists of a platform formed
      by the upper flanges of spaced load-supporting beams on which the bales
      are stacked by the workman in any desired arrangement and tiering. The
      spaces between the flanges of the beams permit, as will hereinafter be
      pointed out in more detail, the elevation of the tines of a fork lift head
      therethrough for the removal of the stacked bales.
PAR  For the safety of the workman during the stacking operation, plate elements
      are provided supported for movement between positions in which they close
      the gaps between the beam flanges and positions, when the stack is to be
      removed by the tines of the fork lift head, in which the gaps are open.
      The gap-closing apparatus includes linkage and an operating handle whereby
      the plate elements may be swung in unison between the two positions and
      also includes means for temporarily locking the plate elements in their
      gap-closing positions.
PAR  The trailer has side walls, each consisting of a rectangular frame
      enclosing a wire mesh. The frames of the side walls are horizontally
      hinged to the bed, the hinging being such that the centers of gravity of
      the side walls are outside of the hinge lines whereby the walls, when
      unrestrained, will swing outwardly, the extent of such swinging being
      controlled by suitable means. The trailer also includes a rear or end gate
      mounted for swinging movement on a frame element of one of the side walls,
      and there is means for releasably locking the gate in its closed position,
      the locking means of the preferred embodiment being combined with
      releasable means for securing the side walls in their erect positions.
PAR  The tractor-supported fork lift head previously mentioned for removing the
      bale stacks from the trailer and transporting them to the place of storage
      is of generally conventional construction and includes a rear wall frame
      structure having a series of tines projecting therefrom, the tines in this
      instance being dimensioned to be readily received within the gaps between
      the flanges of the beams of the platform. The fork lift head is adapted to
      operate in a conventional manner to move the tines thereof between lowered
      and raised positions. The fork lift head of the present invention also
      includes a stack push-off located to contact the lower layer of a stack
      supported by the tines, the push-off being carried by arms rockably
      mounted at the rear end of the fork lift head. Suitable means, such as a
      hydraulic piston/cylinder device, is provided for swinging the push-off
      member between a position in which it is in contact or substantial contact
      with the rear wall frame structure of the fork lift head and a position
      forwardly thereof.
PAR  In the operation of the apparatus briefly described above, the side walls
      of the trailer are rocked to their erect positions, the end gate is swung
      to a closed position and the locking means manipulated to secure the side
      walls and the end gate in such positions. Also, the operating handle for
      the linkage for controlling the plate elements is manipulated to swing the
      plate elements to their gap-closing positions. A workman then mounts the
      decked section of the trailer. As the trailer is drawn over the field by
      the baler, the bales produced are delivered by a suitable chute to the
      decked section where they are picked up by the workman and stacked in any
      suitable tiering arrangement on the platform, but with the bales of the
      first or lower layer extending transversely thereof. When a stack of the
      desired number of bales is achieved, the baler is brought to a halt and
      the workman descends from the deck and manipulates the mechanism to open
      the rear gate and to release the side walls to permit them to swing
      outwardly away from the stack. He also manipulates the mechanism to swing
      the gap-closing plate elements to their gap-opening positions.
PAR  The fork lift head installed on the front or rear of a tractor with its
      tines in a lowered position is advanced to place the tines below the gaps
      between the upper flanges of the platform beams. The fork lift head
      elevating means is then operated to elevate the tines through the openings
      and lift the stack of bales from the trailer. The fork lift head with the
      stack of bales thereon is then drawn away from the trailer and conveyed by
      the tractor to the place of storage. Upon its arrival at the storage
      point, the fork lift device is moved downwardly until the ends of the
      tines contact or substantially contact a level surface, as for example the
      floor of the storage facility. The tractor is then driven in a direction
      to withdraw the tines from under the stack and at the same time the
      push-off is operated to hold the stack at the storage point while the
      times are being withdrawn. In the meantime, the baler and trailer have
      resumed operations to form a second stack.
PAR  The trailer described above and as hereinafter disclosed in detail is of
      the rear-unloading type, the beams defining the gaps for the reception of
      the tines extending longitudinally of the trailer. However, the trailer
      may be built for side-unloading if desired. In such instance, the beams
      would extend transversely of the trailer bed and one of the side walls
      would be converted to the gate adapted to be opened for the removal of the
      stack. Also, the rear wheels of the trailer would be supported as by
      extensions from the trailer chassis to provide clearance for the entry of
      the tines of the fork lift head between the beams. In the stacking of the
      bales, the first or lower layer would be placed to extend transversely of
      the beams with the result that the bales would also extend longitudinally
      of the platform.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a trailer in accordance with the instant
      invention for accumulating bales of hay and other fodder;
PAR  FIG. 2 is a partial side elevational view of the trailer of FIG. 1 with
      parts broken away for clearness of illustration;
PAR  FIG. 3 is a partial end elevational view of the trailer of FIG. 1;
PAR  FIG. 4 is a sectional view on an enlarged scale taken on the line 4--4 of
      FIG. 1 looking in the direction indicated by the arrows;
PAR  FIGS. 5a -5d are diagrammatic views illustrating certain mechanisms of the
      invention;
PAR  FIG. 6 is a sectional view taken on the line 6--6 of FIG. 1 looking in the
      direction indicated by the arrows and disclosing certain elements in one
      condition thereof;
PAR  FIG. 7 is a sectional view corresponding to FIG. 6, but showing the
      elements in a second condition thereof;
PAR  FIG. 8 is a perspective view of a fork lift head for employment with the
      trailer of FIG. 1; and
PAR  FIG. 9 is a side elevational view, with portions broken away for clearness
      of illustration, of the fork lift head of FIG. 8 attached to the rear end
      of a tractor.
PAR  Referring now to the drawings, and particularly FIG. 1, there is disclosed
      a wheeled trailer incorporating features of the instant invention, the
      trailer being adapted to be coupled to and towed by a side- or a
      rear-unloader-type hay baling machine, such machines conventionally
      including the necessary elements for the towing of equipment. The trailer
      includes a bed indicated generally at 10 comprised of a series of
      longitudinally-extending spaced I beams 12 and outer channel beams 14, the
      flanges of the beams defining gaps therebetween for the elevation of the
      tines of a fork lift head therethrough in the removal of stacked bales
      from the trailer as will be pointed out in detail hereinafter. The forward
      ends of the beams 12 and 14 are secured as by welding to a
      transversely-extending channel beam 16 (see FIG. 2). A deck plate 18 spans
      the width of the bead at the forward end thereof, the deck plate being
      suitably welded to channels 12, 14 and 16.
PAR  The trailer is preferably of the three-wheeled type, as shown, including
      rear wheels 20 mounted for independent rotation on an axle 22, the axle
      extending from wheel to wheel through a housing 24 which in turn is
      secured as by welding to the lower flanges of the beams 12 and 14 (see
      FIG. 3). Referring now particularly to FIGS. 1 and 2, the independent
      front wheel 26 is mounted for rotation on an axle 28 mounted in a clevis
      30, the ends of the axle being received in bearing openings adjacent the
      ends of draw bars 32 of the hay baler (not shown). The rear end or tongue
      31 of clevis 30 is mounted for horizontal rocking movement on a clevis pin
      33 penetrating a bearing opening in the tongue and penetrating aligned
      openings in upper and lower tongues 34 and 35 respectively. The upper
      projecting end of the clevis pin is suitably headed and its lower
      projecting end receives a cottor pin or other securing means (not shown).
      Tongues 34 and 35 project forwardly of the bed of the trailer and are
      secured as by welding to the flanges of channel member 16 as disclosed in
      FIG. 2. The positioning of the rear wheels with respect to the
      longitudinal dimension of the trailer in such that the wheels will be to
      the rear of the center of gravity of the trailer when the latter is
      loaded.
PAR  The portion of the bed extending from deck plate 18 to the rear end of the
      bed provides a platform on which the bales received from the baler are
      stacked by hand by a workman. Inasmuch as this necessitates the movement
      of the workman from the deck plate 18, where the bales are received, onto
      the platform, means are provided to temporarily close the gaps between the
      upper flanges of the beams defining the platform to ensure the workman's
      safety.
PAR  Referring now particularly to FIGS. 1 and 4, such means comprises plate
      elements 36, preferably of the contour illustrated in FIG. 4 for purposes
      of rigidity, one longitudinal edge of each plate element, the edge to the
      right as illustrated in FIG. 4, being secured as by welding to spaced
      hinge elements 37 which are in turn secured as by being pinned or welded
      to a longitudinally-extending hinge pin or rod 38. Rods 38, which extend
      beyond the forward end of the platform and through suitable openings into
      the channel or channel beam 16, for a purpose later to be described, are
      mounted for rocking or rotational movement in annular bearing elements 40,
      the bearing elements for each rod being secured as by welding to their
      associated beam, there being, for example, three of such bearing elements,
      namely one adjacent each end of the platform and one in a central
      location. As will be understood, the hinge elements 37 are discontinued at
      the location of the bearing elements. The plate elements are adapted to be
      rotated from their gap-closing positions, as shown in full lines in FIGS.
      1 and 4, to gap-opening, downwardly-inclined position shown by dotted
      lines in FIG. 4.
PAR  The operating linkage for the plate elements 36, which will be later
      described, is in its preferred embodiment of a character to, when the
      plate elements are swung to their closed positions, maintain them in such
      postions. However, additional support and locking means are preferably
      provided for this purpose to eliminate torsional deflection of the hinge
      rods 38 and ensure against yielding of the plate elements when the workman
      steps on one or more of them during the bale-stacking operation. The means
      for this purpose comprises support bars 42, there preferably being three
      support bars for each plate element with the support bars positioned
      suitably opposite to the plate element hinge points. The support bars are
      adapted for rotation or rocking movement between positions in which their
      upper ends underlie the free edges of the plate elements when the latter
      are in their gap-closing positions and positions in which they are removed
      therefrom. For this purpose, the support bars for each plate element are
      fixedly connected to a hinge rod 44 mounted for rocking movement in
      annular bearing elements 45 (see FIG. 4), one of the bearing elements
      suitably being adjacent each bar 42. The bearing elements are secured as
      by welding to the web of their associated beam. Each bar 42 has an arm 43
      projecting upwardly from rod 44, the arm being of a length that when swung
      to the position of FIG. 4, the upper end of the arm will underlie the free
      edge of its associated plate element 36. Each support bar also includes a
      downwardly-extending arm 47 of such length that when the support bar is
      brought to the full line position shown in FIG. 4, the lower, preferably
      beveled end portion of the arm will contact the web of the associated beam
      and prevent further movement of the bar in a clockwise direction.
PAR  Referring now to FIGS. 5a-5d, a preferred embodiment of the operating
      linkages for rotating plate elements 36 between gap-opening and
      gap-closing positions and bars 42 between the positions in which they
      serve as support means for the plate elements and remote positions, are
      diagrammatically illustrated. As will be understood and as indicated in
      FIG. 2, the linkage is located within the channel of channel beam 16 into
      which hinge rods 38 for plate elements 36 and hinge rods 44 for support
      bars 42 project, but for the purpose of illustration in these diagrammatic
      views, the plate elements and bars as well as the linkage are shown, but
      the web of channel beam 16, which has openings therein through which the
      hinge rods 38 and 44 project, has not been shown.
PAR  The projecting ends of hinge rods 38 are each fixedly connected to an
      associated downwardly-extending level arm 46 and the opposite ends of the
      lever arms are each pivotedly connected by a pin 48 to a
      transversely-extending link 50, the link being common to the several lever
      arms 46. A link 52 is pivotedly connected to link 50 suitably at the point
      of pivotal connection of an outermost lever arm 46 to link 50. Link 52 has
      an end portion 54 of an upwardly contoured configuration to accommodate
      other elements of the linkage, as will be noted hereinafter, the end of
      the contoured portion being pivotedly connected as at 56 to a
      manually-operated lever member or handle 58. The lower end of lever member
      58, and at a point spaced inwardly of pivot point 56, is pivotedly
      connected as by a pin 60 to a fixed element 62 of the frame structure.
      Lever member or handle 58 is suitably bent or contoured outwardly at a
      suitable point, as for example the location 63, to a sufficient extent
      that the handle may be swung from the position of FIG. 5a to the position
      of FIG. 5b  without contact with the flanges of channel beam 16.
PAR  As will be understood in the operation of the linkage as so far described,
      when the lever arm or handle 58 is rotated from the position illustrated
      in FIG. 5b to the position illustrated in FIG. 5a, plate elements 36 will
      in unison be swung from gap-opening to gap-closing positions. Also,
      inasmuch as when the handle is moved to such position, pivot point 56
      connecting the end of link 52 to the handle has passed dead center in
      relation to pivot point 60, the plate elements will normally be retained
      in their closed positions until lever 58 is again rotated to swing the
      plate elements from the position of FIG. 5a to the positions of FIG. 5b.
PAR  Referring now particularly to FIGS. 5c and 5d, the ends of rods 44 which
      project through openings in the web of channel beam 16 are fixedly
      attached to, and hence are adapted to be rotated by, the upper ends of
      downwardly-projecting individual level members 64, 66, 68 and 70, the
      lower ends of the lever members being rockably attached as by pivot pins
      72 to a common link 74. One end of the link 74, namely the end adjacent
      lever member 70, is connected as by a tension spring 76 to an
      outwardly-projecting lug 78 secured as by welding to the web of the
      transverse channel beam 16 (not shown in FIGS. 5a-5d) or to any other
      suitable fixed element of the frame structure. An approximately L-shaped
      lever member 80 has a horizontal arm 82, the free end of which is fixedly
      attached to the hinge rod 44 to which lever member 64 is also affixed. Arm
      82 extends inwardly from hinge rod 44 and is suitable integrally joined to
      a vertical arm 84 of lever member 80, arm 84 terminating in an inwardly
      and downwardly-extending arm 86 so located that when the various elements
      of the linkage are in the position of FIGS. 5a and 5c, it will lie behind
      arched portion 54 of link 52. Arm 86 is positioned to underlie a pin 88
      affixed to and projecting inwardly from the arched portion 54 of link 52
      when the link is moved, as by manual manipulation of lever 58, from the
      position shown in FIGS. 5b and 5d to a position approaching that of FIGS.
      5a and 5c, and upon further movement of the lever in a counterclockwise
      direction. Alternatively to employing separate lever members 64 and 80
      individually affixed to hinge rod 44, the lever members may be combined to
      form an approximately U-shaped lever.
PAR  In operation, the support bars, when unrestrained, will remain in the
      retracted position of FIGS. 5b and 5d, due to the tension exerted by
      spring 76 on link 74, and lever member 80 will be rocked to the position
      shown in FIG. 5d. However, when the manually-operated lever 58 is swung
      from the position of FIG. 5b to the position of FIG. 5c, the final
      increment of such swinging movement brings pin 88 into contact with arm 86
      to rock lever member 80 and hence to rock the hinge rod 44 to which it is
      affixed in a clockwise direction. The rocking of this hinge rod produced
      through lever member 64, link 74 and lever members 66, 68 and 70,
      corresponding rocking movements of the other hinge rods 44. Arm 86 of
      lever member 80 is so positioned relative to pin 88 that the rocking
      movement is that required to bring the bars into the positions illustrated
      in FIGS. 5a and 5c with their upper ends underlying the free margins of
      plate elements 36, the latter having been elevated at this point to
      substantially their full extent and slightly above the upper ends of the
      support bars. The combination of the mechanical advantage of various of
      the levers, the weight of members of the linkage and frictional drag in
      comparison to the tension exerted by spring 76, is sufficient to prevent
      the spring from moving lever 58 from the position shown in FIG. 5c.
      However, additional manually-operated means (not shown) of any suitable
      type may be employed to maintain lever 58 in such position during the
      period in which the plates 36 are performing their gap-closing functions.
PAR  Referring now to other features of the trailer, it is provided adjacent its
      forward end with a frame structure comprising uprights 96, having their
      lower ends secured as by welding to deck plate 18, and a connecting cross
      member 98, members 96 and 98 suitably consisting of pipe sections. Cross
      member 98 is at such an elevation above the trailer bed as to permit ready
      access by a workman to the bed, as, for example, seven feet. The trailer
      also includes side walls 100, each consisting of a rectangular frame
      formed of upper and lower longitudinal rails 102 and 104 respectively, the
      rails being connected by uprights 105. The rails and uprights are suitably
      formed of pipe and may be secured together as by welding. A wire mesh 106
      of any suitable type is secured as by welding to the rails and uprights of
      each wall for confining the stacked bales within the bed. Also, to
      reinforce the walls, stabilizing rods 108 are preferably employed, the
      rods extending diagonally of the side walls and having their ends secured
      as by welding to the side wall frame elements.
PAR  Referring now particularly to FIGS. 1 and 3, the lower end of each upright
      105 has an offset portion 109 hingedly connected to the outer face of the
      web of an associated channel beam 14 of the trailer bed. The hinge may be
      of any suitable construction, but as shown, comprises spaced lugs 110,
      receiving the end of the offset portion therebetween, the lugs being
      welded to the web of the beam, and a hinged pin 112 having its ends
      secured to the lugs, the pin projecting through a circular aperture (not
      shown) in the offset portion. Duee to the fact that by this arrangement,
      the centers of gravity of the side walls are outside the hinge line, the
      side frames will, when not otherwise restrained, rotate or swing
      outwardly. To limit such outward rotation, the upper rails of the side
      walls adjacent the forward end thereof are provided with U-shaped clevises
      113 with their legs penetrating apertures in the rails. The clevises are
      secured in any adjusted position, to limit the outward swinging movement
      of the wall to the desired extent, by nuts 114 on threaded end portions of
      the legs. Referring to FIG. 3, to limit the outward rotation of the side
      walls at the rear of the trailer, the offset portions 109 of uprights 105
      are provided at their ends with downwardly and somewhat outwardly
      extending portions 115. As will be understood, when the side walls are
      unrestrained, they will rotate outwardly on hinge pins 112, the extent of
      such rotation, however, being limited by the adjusted positions of
      clevises 113 and by contact of portions 115 with the webs of the
      associated channel beams 14.
PAR  The trailer includes an end gate 116 comprising a rectangular frame
      suitably formed of horizontally- and vertically-extending pipe sections
      118 and 120 respectively, welded or otherwise secured together similarly
      as the frames for the side walls. The gate is mounted for swinging
      movement between opened and closed positions on the rear upright 105 of
      one of the side walls, the side wall to the right as shown in FIG. 1, by
      hinge elements 122. Wire mesh 124 is secured as by welding or other
      suitable means to the frame elements of the end gate similarly as in the
      case of the side walls. Also, a stabilizing rod (not shown) extending
      diagonally from an upper to a lower corner of the frame may be employed.
PAR  The means for releasably securing the gate in its closed position for the
      stacking of bales thereagainst and which, in the preferred embodiment, is
      combined with means for maintaining the side walls in their erect
      positions for the stacking operation will now be described. Referring
      particularly to FIGS. 1, 6 and 7, the means for this purpose comprises a
      chain length 126 having one end secured as by welding to a lug 128 which
      in turn is secured as by welding to the upright 105 opposite to that on
      which the gate is hinged, and a second chain length 129 having one end
      secured as by welding to a lug 130 on the upright 105 on which the gate is
      hinged. A suitably headed pin 132 projecting from a lever arm 134 is
      adapted to readily receive any selected link of chain section 126. Lever
      arm 134 is fixed to a pin 136 for rotation therewith the pin extending
      through and being rotatable in an aperture in a bar 138 and having its
      other end affixed to an operating lever or handle 140. The other end of
      chain length 129 is secured in any suitable way, as by welding, to the end
      of bar 138 opposite to the end receiving pin 136. When gate 116 is swung
      to its closed position and is to be secured in such position and the side
      walls are to be brought from their outwardly swung positions to erect
      positions, a selected one of the links of chain section 126 is mounted on
      pin 132. Handle 140 is then rotated from the position illustrated in FIG.
      6 to the position illustrated in FIGS. 1 and 7, causing corresponding
      rotation of lever arm 134 and a consequent drawing of the side walls into
      their erect positions. A metal loop element 142 mounted on chain section
      129 and having an inner diameter to relatively snugly receive an end
      portion of handle 140 as well as chain section 129 or bar 138 is then
      slipped over the handle to hold it in place as illustrated in FIGS. 1 and
      7. As will be understood, when the gate is to be opened, loop element 142
      is moved to the right of its position shown in FIGS. 1 and 7 to release
      handle 140 and the handle is then rotated to the position of FIG. 6 and
      the link of chain section 126 is removed from pin 132. The gate may then
      be swung outwardly on its hinges 122.
PAR  Referring now particularly to FIGS. 8 and 9, the fork lift head for
      attachment to a tractor or other farm vehicle, and which is adapted to
      remove the stack of bales from the trailer when the gate 16 is open and
      plate elements 36 are swung to gap-opening positions, will be described.
      The fork lift head indicated generally by the reference character 143, and
      which is basically of conventional construction, comprises a rear frame
      structure composed of upper and lower rails 144 and 146 connected by
      spaced vertical members 148. The rails and vertical members are suitably
      formed of pipe sections and are secured together as by welding. Lower rail
      146 has secured thereto as by welding a series of tines 150 comprising
      flat metal bars, there being a tine positioned to be received in each gap
      formed in the trailer bed when the plate elements 36 are in their open
      positions, the tines being of a width to be readily received in the gaps
      and of a length to extend approximately to deck plate 18 when the end
      frame of the fork lift head is adjacent the ends of beams 12 and 14.
PAR  In accordance with the instant invention, the fork lift head includes a
      push-off device indicated generally at 152, the push-off device comprising
      vertically-extending arms 154, which may be pipe section or flat bars, as
      desired, secured at their upper ends as by welding to a sleeve 156 mounted
      for rocking movement on the upper transverse frame element 144. A push-off
      plate 158 is secured as by welding to the lower ends of arms 154, the
      push-off plate being of a length to approximately span the width of the
      head and being so verically positioned as to contact the lowest tier of a
      stack of bales carried by the tines of the head. A transverse cylindrical
      bar 159, suitably in pipe section, has its ends secured as by welding to
      arms 154 at a location intermediate sleeve 156 and plate 158, bar 159
      serving as a reinforcing element and also as a mounting for an element of
      the operating means for the push-off device, as will be pointed out below.
PAR  Referring now particularly to FIG. 9, the fork lift head is shown as being
      supported by a vehicle such as a farm tractor by conventional means for
      movement between lowered and elevated positions. Such conventional means
      includes draw bars 168, one such draw bar being illustrated in FIG. 9,
      with one end of each draw bar being pivotally mounted as indicated at 170
      on the tractor chassis and its other end affixed to a bracket element 171
      of the rear frame of the fork lift head as indicated at 172. The means for
      rocking each draw bar on its pivot point 170 includes an arm 174 having an
      outer end pivotally connected as at 176 to a link 178 which in turn is
      pivotally connected as at 180 to the draw bar. The inner end of arm 174 is
      connected to conventional apparatus of the tractor (not shown) for
      rotating the arm about a pivot point 182. To operate the push-off device,
      a hydraulic piston/cylinder unit 184 of conventional type is employed, the
      piston/cylinder unit being supported for rocking movement on the tractor
      chassis by pivot pin 186. The piston rod 188 of the piston/cylinder unit
      has a transversely-extending sleeve 190 at its outer end, the sleeve
      receiving bar 159 and serving to connect the piston rod to the push-off
      device but at the same time permitting the necessary rocking movement of
      the bar in the sleeve. Alternatively, other suitable means may be employed
      for the connection of piston rod 188 to bar 159. Conventional means are
      employed for controlling the operation of the hydraulic piston/cylinder
      unit to rock the push-off between retracted and advanced positions. It
      will be understood that while the fork lift head disclosed in FIG. 8 is
      attached to the rear of a tractor, it may be attached to and operated by
      other mobile equipment such as a front end loader.
PAR  As pointed out earlier in the specification, in the operation of the fork
      lift head, following the completion of the stack of bales on the trailer,
      the rotation of the plate element 36 to their gap-opening positions, and
      the opening of the end gate and release of the side walls, the fork lift
      head is moved by the tractor to bring the free ends of the tines 150 in
      alignment with the gaps. The head is then lowered or raised as required to
      position the tines below but relatively adjacent the bottom of the stack
      of bales exposed by the gaps, and the tractor is then further moved to
      advance the tines until they underlie the stack. The fork lift device is
      then elevated by the elevation of drawn bars 168 by the conventional means
      previously noted to move the tines through the gaps and elevate the stack
      above the platform of the trailer. The tractor then transports the stack
      to the place of deposit at which point the draw bars 65 are swung
      downwardly until the outer ends of the tines contact or substantially
      contact the surface on which the stack is to be positioned. The tractor is
      then driven forwardly and simultaneously push-off device 152 is operated
      by its hydraulic piston/cylinder unit to force the stack from the tines.
      Particularly if in the stacking operation the bales of the second layer
      are placed at right angles to the bales of the first or base layer, as is
      the normal procedure, it is only necessary for the push-off device to move
      a relatively short distance to discharge the stack.
PAR  While the trailer and associated fork lift head have been described for use
      particularly in the collection and removal of bales of hay or other
      fodder, it will be understood that they can be used in combination or
      individually to perform many other services around a farm such as the
      handling of cut logs, sacks of grain or other materials, palletized small
      items, and various items of equipment and the like. In such case, the
      trailer may be drawn by any suitable means such as a tractor.
CLMS
STM  I claim:
NUM  1.
PAR  1. A moble unit for the accumulation of items such as hay bales in the form
      of a stack for the removal of said items as a stack by an independent fork
      lift apparatus having tines, said unit comprising a platform including
      spaced stack-supporting members defining elongated gaps therebetween, said
      members being constructed and arranged to permit the insertion of said
      tines of said fork lift apparatus below said gaps and the movement of said
      tines therethrough, and said platform additionally including closure means
      mounted for movement between positions in which they close said gaps and
      positions in which they expose said gaps for said movement of said tines
      therethrough and there is means for moving said closure means between said
      positions.
NUM  2.
PAR  2. A mobile unit for the accumulation of items such as hay bales in the
      form of a stack and for the removal of said items as a stack by fork lift
      apparatus having tines, said unit comprising a platform including spaced
      stack-supporting members defining elongated gaps therebetween, said
      members being constructed and arranged to permit the insertion of the
      tines of a fork lift apparatus below said gaps and the movement of said
      tines therethrough, closure means mounted for movement between positions
      in which they close and expose said gaps, means for moving said closure
      means between said positions, means for securing said closure means in
      said gap-closing positions and means for releasing said securing means.
NUM  3.
PAR  3. A mobile unit as defined in claim 2 wherein said closure means comprises
      plate elements and hinge means hingedly connecting said plate elements to
      said supporting members, and said means for moving said closure means
      between gap-closing and gap-opening positions comprising means for
      rotating said plates on said hinge means between said positions.
NUM  4.
PAR  4. A mobile unit as defined in claim 3 wherein said means for rotating said
      plate elements between gap-closing and gap-opening positions comprises
      arms projecting from said hinge means, a linkage connected to said arms,
      and means for moving linkage to cause said rotation of said plate
      elements.
NUM  5.
PAR  5. A mobile unit as defined in claim 4 wherein said securing means
      comprising support elements for association with each of said plate
      elements, means rockably mounting said support elements for movement
      between positions in which they underlie the other of said
      longitudinally-extending edge portions of their associated plate elements
      when said plate elements are in their gap-closing position and positions
      removed therefrom.
NUM  6.
PAR  6. A mobile unit as defined in claim 5 wherein there is means comprising
      linkage common to said support elements for causing movement of said
      support elements between said positions.
NUM  7.
PAR  7. A mobile unit for the accumulation of items such as hay bales in the
      form of a stack and for the removal of said items as a stack by fork lift
      apparatus having tines, said unit comprising a platform including space
      stack-supporting members defining elongated gaps therebetween, said member
      being constructed and arranged to permit the insertion of the tines of a
      fork lift apparatus below said gaps and the movement of said tines
      therethrough, said unit including spaced walls extending upwardly from
      said platform adjacent opposed edges thereof, and means mounting said
      walls for rocking movement between positions in which they are
      substantially vertical planes relatively to said platform and outwardly
      inclined planes.
NUM  8.
PAR  8. A mobile unit as defined in claim 7 wherein there is releasable means
      for retaining said walls in said substantially vertical planes relatively
      to said platform and wherein said means mounting said walls includes means
      for causing said walls to rock from said substantially vertical planes to
      said outwardly inclined planes when said retaining means is released.
NUM  9.
PAR  9. A mobile unit as defined in claim 8 wherein there is a
      hingedly-supported gate structure, said gate structure being swingable
      between a closed position in which it substantially spans the space
      between said walls when said walls are in their substantially vertical
      planes and an outwardly-swung open position.
NUM  10.
PAR  10. A mobile unit as defined in claim 9 wherein said releasable means for
      retaining said walls in their substantially vertical positions relatively
      to said platform includes means for restraining said gate structure from
      movement from its closed position to an outwardly-swung open position.
NUM  11.
PAR  11. A mobile unit as defined in claim 8 wherein there is means for
      predetermining said inclined planes including means for preventing further
      outward swinging movement of said walls when they reach said planes.
NUM  12.
PAR  12. A mobile unit as defined in claim 2 wherein there are spaced walls
      extending upwardly from said platform adjacent opposed edges thereof, and
      there is means mounting said walls for rocking movement between positions
      in which they are in substantially vertical planes relatively to said
      platform and outwardly inclined planes.
NUM  13.
PAR  13. A mobile unit as defined in claim 2 wherein there are spaced walls
      extending upwardly from said platform adjacent opposed edges thereof,
      there is means mounting said walls for rocking movement between postions
      in which they are in substantially vertical planes relatively to said
      platform and outwardly-inclined planes, and last-named means including
      means for causing said walls, when unrestrained, to rock from said
      substantially vertical planes to said outwardly-inclined planes, and there
      is releasable means for restraining said walls against said outward
      rocking movement.
NUM  14.
PAR  14. A mobile unit as defined in claim 13 wherein there is a
      hingedly-supported gate structure swingable between a position in which it
      substantially spans the space between said walls when said walls are in
      their substantially vertical planes and an open position, and said
      releasable means restraining said walls against outward rocking movement
      includes means for restraining said gate structure against movement from
      its closed position to its outwardly swung open position.
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ABST
PAL  The knives on the surface of a peeler and grater disc for a vegetable
      peeling machine are formed from portions of the disc and are integral
      therewith. The knives are arranged in generally spiral rows from the
      center of the disc. Upturned reinforcing lips formed from and integral
      with the disc are located adjacent slots in front of each individual
      knife. The lips and knives cooperate to define the knife cutting depths. A
      pair of radially extending ribs on the disc cooperate with spiral ribs
      along the walls of the peeling chamber to promote circulation and rotation
      of all the vegetables for uniform exposure of all sides of all the
      vegetables to the disc.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to vegetable peeling machines, and more particularly
      to a peeler and grater disc and a peeling chamber wall configuration for
      use in such machines.
PAR  Commercial machines for peeling vegetables include constructions such as
      disclosed in U.S. Pat. No. 2,238,083, assigned to the assignee of the
      present invention. Such a machine includes a hopper into which the
      vegetables are placed and an abrasive disc which is rotated at the base of
      the vegetable peeling chamber to abrade the skins from the vegetables.
PAR  Machines have also been designed to which knives are employed to cut the
      skins from the vegetables. Generally the knives are individually attached
      to a rotating assembly, making the costs of such systems quite high.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, this invention includes a peeler and grater disc for a vegetable
      peeling machine, the disc having a plurality of individual cutting and
      peeling knives thereon. The knives are formed from the disc itself and are
      thus integral therewith. No separate attachment is required.
PAR  The invention also includes a series of ribs on the interior wall of the
      vegetable peeling chamber of the peeling machine. The ribs slope generally
      upwardly in the direction of rotation of the disc, to move the vegetables
      upwardly along the walls for better vegetable circulation within the
      vegetable peeling chamber.
PAR  In order to prevent excessive wear of the disc knife edges, each knive is
      provided with an upturned reinforcing lip adjacent the cutting edge of the
      knife. The reinforcing lip is also formed from the disc itself, and the
      upper edge of the lip cooperates with the cutting edge of the knife to
      define the knife cutting depth for removing the vegetable skins.
PAR  The portions of the disc from which the knives and reinforcing lips are
      formed serve as slots which pass through the disc.
PAR  In order to enhance uniformity of the vegetable peeling action, circulation
      and rotation of the vegetables are also promoted and maintained by
      arranging the individual knives on the disc in a plurality of generally
      spiral rows. Also, a pair of disc ribs is located radially on the surface
      of the disc to rotate the vegetables and to move them vertically with
      regard to the disc surface. The ribs are large in relation to the size of
      the vegetables and have generally sloped leading and trailing edges to
      avoid damaging the vegetables.
PAR  It is therefore an object of this invention to provide an improved peeler
      and grater apparatus which is inexpensive to fabricate; which includes
      liner ribs disposed at an angle to the horizontal; which includes a disc
      having inexpensive knife means formed thereon for peeling vegetables; a
      disc in which the knife means are formed from the material of the disc
      itself; in which no separate attachment means is required for each knife;
      which has lip means to reinforce the knives and increase the longevity
      thereof; in which the knives are arranged in generally spiral rows to
      promote uniform exposure of all sides of the vegetables to the knives on
      the disc surface; which has ribs located on the disc to promote uniform
      circulation of the vegetables within the vegetable peeling machine; and to
      accomplish all of the above objects and purposes in an inexpensive, highly
      durable, efficient and effective configuration readily applicable to a
      wide variety of vegetable peeling and grating applications.
PAR  Other objects and advantages of the invention will be apparent from the
      following description, the accompanying drawings and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial sectional view of a vegetable peeling machine
      incorporating the wall ribs and the peeler and grater disc of this
      invention;
PAR  FIG. 2 is a diagrammatic top view of the disc of FIG. 1 showing the
      locations of the blades and ribs thereon;
PAR  FIG. 3 is an enlarged, somewhat diagrammatic fragment similar to FIG. 2;
PAR  FIG. 4 is a cross sectional view of the disc of this invention taken
      generally on line 4--4 of FIG. 3;
PAR  FIG. 5 is a cross sectional view taken generally on line 5--5 of FIG. 3;
PAR  FIG. 6 is a view of the disc and of one of the ribs thereon taken generally
      from line 6--6 of FIG. 7;
PAR  FIG. 7 is a cross sectional view of the disc taken generally on line 7--7
      of FIG. 2; and
PAR  FIG. 8 is a cross sectional view of the liner ribs taken generally on line
      8--8 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawings and more particularly to FIG. 1, there is
      illustrated a vegetable peeling machine 10. Machine 10 includes a hopper
      11, a vegetable peeling chamber 43; and a drive shaft 12 passing through
      the base of the peeling chamber 43. Drive shaft 12 is connected to a drive
      means 14 for actuating the vegetable peeling machine 10.
PAR  A peeling chamber wall liner 15 is attached to the interior walls of
      peeling chamber 43 by any suitable means, such as screws 16, and includes
      a series of primary liner ribs 18 (FIGS. 1 and 8) which are inclined at an
      angle to the horizontal. The ribs 18 slope upwardly in the direction of
      rotation of the drive shaft 12, so that vegetables moved against the ribs
      18 will be moved upwardly along the walls of the liners. By this means the
      vegetables are encouraged to circulate within the vegetable peeling
      chamber, resulting in more uniform processing and peeling of the
      vegetables.
PAR  Liner 15 is also provided with reinforcing ribs 19 to strengthen the liner
      against the considerable forces to which it is subjected during operation
      of the vegetable peeling machine. Of course the primary ribs 18 may also
      be formed as an integral part of the vegetable peeling chamber 43 walls,
      in which case the separate liner 15 and reinforcing ribs 19 may be
      omitted.
PAR  The peeler and grater disc 20 of this invention is attached to shaft 12
      inside peeling chamber 43 adjacent the base thereof. When drive means 14
      is actuated it rotates drive shaft 12 which in turn rotates disc 20 to
      cause the upper surface 22 thereof to abrade the skins from the
      vegetables.
PAR  The skins are abraded from the vegetables by means of knives 25 which cut
      thin slices of the skins away from the vegetables. The knives are formed
      from disc 20 itself and are therefore integral with it, making it very
      easy and inexpensive to fabricate the knives 25. Also, since they are
      formed from the same material as the disc 20 itself, and remain attached
      thereto, there is no need separately to attach the knives to the disc 20.
PAR  The slots 27 which remain in disc 20 after the knives 25 are formed serve
      to define knife slots on the upper surface 22 of the disc 20. The slots
      pass the vegetable peels and debris to the underside of disc 20 where arm
      28, attached to disc 20, agitates the debris to help pass it out through
      drain 29.
PAR  In order to increase the service life of the vegetable peeler and grater
      disc 20 and to prevent excessive wear, each knife is provided with an
      upturned reinforcing lip 30. Each lip 30 is also formed from the material
      of disc 20, and is integral therewith. The lips 30 are turned up from
      surface 22 generally as the knives 25, and are substantially adjacent
      their respective knives 25 and slots 27.
PAR  The upper edge 32 of each lip 30 does not rise quite as high above surface
      22 as the edge 35 of the corresponding knife 25. Edges 32 and 35 thus
      cooperate to define the cutting depth a of each of the knives 25. That is,
      edges 32 limit the exposures of the vegetables to the knife edges 35.
PAR  The reinforcing lips 30 increase the service life of this invention and
      also enhance the durability thereof by allowing each knife to be elevated
      substantially above the surface 22 of disc 20 without undue exposure.
      Without lips 30 the knife edges 35 would quickly become flush. However, as
      each lip 30 and knife 25 wear, the increased height made possible by the
      incorporation of lips 30 provides more extended service life than would
      result with knives closer to the disc surface.
PAR  The knives 25 and lips 30 are arranged on disc 20 in generally spiral rows.
      This arrangement causes the vegetable to roll and rotate relative to the
      disc as it moves therepast. This in turn promotes uniform exposure of all
      sides of the vegetables to the disc surface 22 and to the knives 25. The
      formation of large flat surfaces on non-rotated vegetables is thus
      avoided.
PAR  A pair of disc ribs 40 is located on surface 22. The ribs include sloped
      leading and trailing surfaces 42 which engage the vegetables adjacent
      surface 22 and move them vertically to cause all the vegetables within the
      vegetable peeling chamber to circulate. Uniform exposure of all the
      vegetables to the disc 20 is thus assured.
PAR  As may be seen, therefore, this invention has numerous advantages. The
      knives are formed from the material of the disc itself and are integral
      therewith, resulting in great economies of production and vastly
      simplifying the problems of attaching the knives to the disc.
PAR  The knives themselves are assured for long life and service due to the
      incorporation of the reinforcing lips 30. The cutting depth a of the disc
      20 may easily be adjusted by the relative orientation of the edges 32 and
      35, enabling the use of a number of discs appropriate to various
      vegetables and various seasons. For example, older potatoes have harder
      skins than newer ones, so a disc having a slightly deeper cutting depth a
      would be used when older potatoes were being peeled.
PAR  The sloped leading and trailing surfaces 42 on the ribs 40 enable the ribs
      to engage the vegetables without damage thereto. The disc ribs 40 and the
      liner ribs 18 cooperate with the generally spiral configuration of the
      knife rows to assure uniform exposure of all sides of all the vegetables
      to the disc. That is to say, the vegetables are caused both to rotate and
      to circulate within the entire vegetable peeling chamber 43, so that the
      peeling is even and no large flat surfaces are formed on any of the
      vegetables.
PAR  While the form of apparatus herein described constitutes a preferred
      embodiment of this invention, it is to be understood that the invention is
      not limited to this precise form of apparatus, and that changes may be
      made therein without departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A peeler and grater disc for a vegetable peeling machine comprising:
PA1  a. a rotatable disc,
PA1  b. knife means formed from the surface of said disc and integral therewith,
      said knife means having at least one knife edge for cutting thin slices
      from the surfaces of vegetables moved thereagainst during rotation of said
      disc, and
PA1  c. lip means adjacent and slightly below the cutting edge of said knife
      means and formed from said disc and integral therewith to shield the knife
      means and limit the exposure thereof, to prevent excessive wear thereof,
      and to define the cutting depth of the knife means as the vegetables are
      moved thereagainst.
NUM  2.
PAR  2. The disc of claim 1 wherein said knife means includes a plurality of
      individual knives formed from portions of said disc and integral
      therewith, said knives being arranged in generally spiral rows from the
      center of said disc to cause the vegetables moved thereagainst to rotate
      to promote uniform exposure of all sides of the vegetables to the disc
      surface and to avoid the formation of large flat surfaces on the
      vegetables.
NUM  3.
PAR  3. A peeler and grater disc for a vegetable peeling machine comprising:
PA1  a. a rotatable disc,
PA1  b. a plurality of individual knives on said disc, said knives having
      cutting edges and being formed from portions of said disc and integral
      therewith, said knives being arranged in generally spiral rows from the
      center of said disc to cause the vegetables moved thereagainst to rotate
      to promote uniform exposure of all sides of the vegetables to the disc
      surface and to avoid the formation of large flat surfaces on the
      vegetables,
PA1  c. the disc including slots therethrough adjacent said knives, and
PA1  d. an upturned reinforcing lip adjacent the cutting edge of each said
      knife, each said reinforcing lip being formed from and elevated above the
      surface of said disc, the upper edge of each said lip cooperating with and
      being slightly lower than the respective said knife edge thereadjacent to
      reinforce each knife edge and limit the exposure thereof, to prevent
      excess wear of said knife edges, and to define the cutting depth of the
      knives as the vegetables are moved thereagainst.
NUM  4.
PAR  4. A peeler and grater disc for a vegetable peeling machine comprising:
PA1  a. a rotatable disc,
PA1  b. knife means formed from the surface of said disc and integral therewith,
      said knife means having at least one knife edge for cutting thin slices
      from the surfaces of vegetables moved thereagainst during rotation of said
      disc, and
PA1  c. an upturned reinforcing lip elevated above the surface of said disc
      adjacent the cutting edge of said knife means and formed from said disc
      and integral therewith, the upper edge of said lip cooperating with and
      being slightly lower than said adjacent knife edge to reinforce the knife
      means and limit the exposure thereof, to prevent excessive wear thereof,
      and to define the cutting depth of the knife means as the vegetables are
      moved thereagainst.
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ABST
PAL  An apparatus for dumping refuse containers having outwardly extending
      co-axial trunnions at their upper front corners. The apparatus consists of
      two laterally spaced, co-acting mechanisms between which the container is
      located for dumping. Each of the two mechanisms has a vertically movable
      lever, both of the levers being pivoted on a common horizontal pivot line
      on a structure that remains stationary while a container is being dumped.
      The lower ends of the levers are connected by a cross member which engages
      the container at a level beneath the trunnions. Each of the mechanisms
      also has opposed trunnion locks which are moved by a hydraulic cylinder to
      engage the trunnions. Thereafter, through a lost motion connection, the
      levers and cross member are swung rearwardly and upwardly by the hydraulic
      cylinders in order to tip the container over for dumping the refuse. Stop
      members are automatically moved into position for preventing the container
      from tipping over beyond inverted position while it is being dumped.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Refuse containers of the type used in households are relatively light in
      weight and easily can be handled by operators for emptying them into
      refuse collection trucks. However, containers such as those used by
      industries, stores and apartment houses often have capacities in the order
      of 1 or 2 cubic yards and are much too heavy to be lifted and turned over
      by an operator for dumping them. Containers of this type are open-topped
      boxes usually having casters so that they can be pushed into place and
      usually they are equipped with oppositely extending trunnions at the upper
      corners of their front sides. Apparatus for emptying containers of this
      type is shown in various patents, such as Gollnick U.S. Pat. No. 2,928,562
      and McCarthy U.S. Pat. No. 3,032,216. Apparatus embodying the instant
      invention is designed for the purpose of emptying large containers of this
      general type either into a refuse truck or, for another example, into the
      receiving hopper of a stationary refuse compacting machine in which the
      refuse is densified prior to loading it into a refuse truck.
PAR  In order to empty containers of this type it is necessary that the
      apparatus have mechanisms which are engageable with the container
      trunnions after an operator rolls the container into place and that the
      mechanisms have elements which will engage the container to turn it over
      so that the refuse in the container can be emptied into the receiver of
      the truck or the other apparatus. In addition, an apparatus designed to
      handle these massive containers must be of relatively heavy construction
      and it should have means for preventing the container from tipping or
      falling over beyond its inverted position into the hopper or apparatus
      into which its contents are being emptied. Such an apparatus preferably
      should also have means for automatically "squaring-up" a container as it
      is moved into place in order to avoid repeated attempts by an operator to
      precisely position it relative to the dumping apparatus and for preventing
      spillage of the refuse from the containers during dumping.
PAR  It is, therefore, the principal object of the instant invention to provide
      an apparatus for dumping refuse from open-topped refuse containers which
      comprises means for grasping the trunnions of such container, for engaging
      the container in order to turn it over, for elevating and inverting the
      container in order to empty its contents into a receiving hopper or other
      apparatus, and which has means for preventing the container from falling
      over into the receiver while it is being dumped.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary, rear quarter-view in perspective of a rear loader
      refuse truck equipped with an apparatus embodying the invention;
PAR  FIG. 2 is an enlarged, fragmentary, vertical sectional view taken
      approximately from the position indicated by the line 2,3--2,3 of FIG. 1,
      and showing the apparatus in rest or initial position ready to engage the
      trunnions of a container to be emptied;
PAR  FIG. 3 is a view similar to FIG. 2, also taken along the line 2,3--2,3 and
      showing a container in phantom immediately after it is first engaged by
      apparatus embodying the invention;
PAR  FIG. 4 is a fragmentary enlarged view of a portion of the apparatus shown
      in FIG. 3 and illustrating the apparatus in a position immediately
      following that shown in FIG. 3;
PAR  FIG. 5 is a fragmentary view in elevation taken from the position indicated
      by the line 5--5 of FIG. 2;
PAR  FIG. 6 is a view similar to FIG. 5 but taken from the position indicated by
      the line 6--6 of FIG. 3;
PAR  FIG. 7 is a view similar to FIGS. 2 and 3 illustrating how the container is
      swung upwardly to its inverted position for emptying refuse therefrom and
      being shown on a reduced scale relative to FIGS. 2 and 3;
PAR  FIG. 8 is a view similar to FIG. 7 and illustrating how the inverted
      container is prevented from falling over into the receiver into which its
      contents is being emptied by an apparatus embodying the invention;
PAR  FIG. 9 is a fragmentary view in side elevation taken from the position
      indicated by the line 9--9 of FIG. 5;
PAR  FIG. 10 is a greatly enlarged, horizontal, sectional view taken along the
      line 10--10 of FIG. 2;
PAR  FIG. 11 is a fragmentary, vertical sectional view taken along the line
      11--11 of FIG. 10;
PAR  FIG. 12 is a fragmentary, rear quarter view in prospective of a refuse
      truck, with the dumping apparatus embodying the invention removed, and
      illustrating how a collapsible back wall for the hopper of such a truck
      appears in its erected position; and
PAR  FIG. 13 is a view similar to FIG. 12 illustrating how the back wall may be
      collapsed and then retained in its collapsed position by apparatus
      embodying the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  An apparatus embodying the invention consists of two laterally spaced
      mechanisms generally indicated by the reference number 20 and 21 which are
      connected to each other by a cross arm 22. In FIG. 1 the mechanisms 20 and
      21 are shown as being mounted in vertical position on the opposite sides
      of a loading hopper 23 of a rear loader refuse truck, fragmentarily
      illustrated and indicated generally by the reference number 24. The
      loading hopper 23 has an internal packer blade 25, the blade 25 actuated
      by external hydraulic cylinders 26 and internally located hydraulic
      cylinders 27. The hopper 23 has a rear wall 28 which defines a bottom
      pocket in the hopper 23 into which refuse is emptied from individual
      refuse containers. By sequential actuation of the hydraulic cylinders 26
      and 27 the packer blade 25 is moved through an excursion which transfers
      refuse out of the hopper 23 and packs it forwardly into the body of the
      truck 24.
PAR  An apparatus embodying the instant invention is designed for the purpose of
      emptying open-topped containers, such as the container 29 shown in phantom
      in the drawings. Such a container usually is provided with castors 30 by
      means of which the container may be moved from place to place and into
      position for emptying so that its oppositely extending co-axial trunnions
      31 can be engaged by the dumping apparatus. The container may also have a
      lid 32 pivoted at the upper edge of its rear wall, as illustrated.
PAR  In other installations an apparatus embodying the invention may be
      positioned on upright posts or pillars located adjacent the loading hopper
      of a stationary compacting machine or at the edge of a loading dock. In
      the latter position the containers would be emptied into an open-topped
      truck or into other vehicles for transporting the refuse to other
      locations.
PAR  Because the two mechanisms 20 and 21 are identical except for their
      reversed position, i.e., one being "left hand" and the other being "right
      hand, " the following description will relate to the mechanism generally
      indicated by the reference number 20 which is shown as being mounted at
      the left side of the hopper 23.
PAR  Each of the mechanisms 20 or 21 has a main lever 33 which is mounted by a
      heavy pivot shaft 34 (see FIG. 10) in a bearing 35. The two bearings 35
      are rigidly mounted on the respective ones of uprights 36 which form the
      side frame members for the hopper 23. An actuating cylinder 37 is
      pivotally connected at its upper end to a bracket 38, the bracket 38 being
      in turn mounted near the top of the upright 36. A cylinder rod 37 (see
      FIGS. 6 and 9) is pivotally connected at its lower end to a collar 40
      which is welded between and to a pair of parallel, downwardly extending
      bars 41. A pin 42 carried by the bars 41 extends through a slot 43 in the
      main lever 33. The slot 43 has a longer branch 44 which extends vertically
      when the mechanism is at rest or during initial engagement with the
      trunnion 31 (see FIGS. 2-4). The slot 43 also has a shorter, rearwardly
      extending branch 45 at its upper end. The pin 42 also extends through a
      hole in a lower arm 46 of a lower, movable trunnion jaw 47. A cotter 48
      retains the pin 42 in position.
PAR  The cross-arm 22 has a collar 49 welded in place at each of its ends and
      the collars 49 are secured to the lower ends of the main levers 33 by
      bolts 50. (See FIG. 6)
PAR  The lower trunnion jaw 47 also comprises a pair of angularly extending
      buttress plates 51 which are welded to the innerside of its lower arm 46
      and on the upper ends of which there is welded a bracing plate 52, the
      plate 52 having welded to it a jaw plate 53.
PAR  An upper trunnion jaw 54 (FIG. 4) comprises a rearwardly extending hook 55
      and a downwardly extending guidebar portion 56. The upper trunnion jaw 54
      is mounted on the innerside of the main lever 33 by a spacer 57 to which
      it is welded. Vertical movement of the lower trunnion jaw 47 relative to
      the lever 33 and the upper trunnion jaw 54 is guided by the engagement of
      the portion 56 with a pair of guide rollers 58 and 59, the rollers 58 and
      59 being mounted, respectively, on one of the buttress plates 51 and the
      jaw plate 53.
PAR  By reason of the fact that the pin 42 extends through the slot 43 in the
      lever 33, when the cylinder 37 is actuated to retract its rod 39, moving
      the rod 39 and the mechanism connected thereto from the position
      illustrated in FIG. 2 through the position illustrated in FIG. 3 and to
      the position illustrated in FIG. 4, the "lost motion" connection thus
      provided results in the lower trunnion jaw 47 being moved vertically
      relative to its main lever 33 without causing the main lever 33 to be
      pivoted around its pivot shaft 34, as can best be seen by reference to
      FIG. 3. When the connecting pin 42 reaches the top of the longer branch 44
      of the slot 43, the lower trunnion jaw 47 has been moved upwardly a
      distance sufficient so that it engages the respective one of the container
      trunnions 31.
PAR  Slightly prior to the lower trunnion jaw 47 reaching the position of FIG.
      3, a catch bar 60, which is pivotally mounted on the upper end of the
      stationary trunnion jaw 54, is engaged by the jaw plate 53. The catch bar
      60 has a tapered nose 61 aligned with an angular surface 62 on the jaw
      plate 53 so that the catch bar 60 is swung downwardly and backwardly from
      the position illustrated in FIG. 2 to the position illustrated in FIG. 3.
      The catch bar 60 has an inwardly extending pin 63 at its upper end so that
      the two catch bars 60 on the mechanisms 20 and 21 and their pins cooperate
      to engage the upper edges of the side walls of a container 39 when it is
      in inverted position as illustrated in FIG. 8. Each of the catch bars 60
      is resiliently urged toward its upper position (FIG. 2) by a spring 64
      (FIG. 5) which is engaged between the catch bar 60 and the respective
      spacer 57.
PAR  When the mechanism moves from the position illustrated in FIG. 3 to the
      position illustrated in FIG. 4, the pin 42 travels to the end of the
      branch 45 of the slot 43 and engages the end of the branch 45. This
      rearward movement of the pin 42 tilts the lower trunnion jaw 47 so that
      its jaw plate 53 rocks tightly and, in cooperation with the hook 55 of the
      upper trunnion jaw 54, closes around the respective container trunnion 31,
      locking it in place. This also shifts the point of force application to
      the main lever 33 rearwardly relative to its pivot shaft 34 so as to
      provide a lever moment in order that continued retraction of the rod 39
      will swing the lever 33 rearwardly and upwardly from the position
      illustrated in FIG. 4 to the position illustrated in FIG. 7. In this
      rearward movement of the lever 33, the cross arm 22 engages the front wall
      of a container 29 at a level substantially below the trunnions 31 and the
      container 29 is rotated around the pivot shaft 34 to the position shown in
      FIG. 7. In this position the lower corner of the container 29 is well
      inside the rear wall 28 so that refuse falling out of the container will
      fall into the hopper 23 and not spill onto the street.
PAR  In the event that the center of gravity of the container 29 and its
      contained refuse goes beyond a vertical projection of the pivot shaft 34,
      the container may over-balance. Were it not for the catch bars 60 and
      their pins 61, the container 29 might fall over into the interior of the
      hopper 23 and it would require manual action by the operators to restore
      it to the position illustrated in FIG. 7. In addition, the possibility
      that the container 29 may travel to the position of FIG. 8 has an
      advantage in that by moving to that position and being abruptly stopped by
      engagement of its top edges with the pins 61, refuse still remaining in
      the container 29 will be jarred loose.
PAR  After the container 29 has been emptied, the operator reverses the
      hydraulic connections to the cylinders 37 and they extend their rods 39.
      Because the position of the pins 42 in the slots 43 still is rearwardly of
      the main pivot shafts 34, extension of the rods 39 causes the pins 42 to
      move to the corners of the slots 43 and then to act against their surfaces
      to swing the levers 33 rearwardly and downwardly.
PAR  By reason of the engagement of the catch bar pins 63 with the upper front
      edges of the side walls of the container 39, the container 29 is also
      swung backwardly and downwardly until its center of gravity passes the
      vertical projection of the pivot shaft 34 and the container 29 thereafter
      falls backwardly against the cross arm 22 and is returned with the
      mechanisms 20 and 21 to the position illustrated in FIG. 3 and,
      eventually, to the position illustrated in FIG. 2. Thereafter the operator
      may wheel the empty container away from the vehicle in preparation for
      emptying a subsequent container.
PAR  In order to avoid the possibility that an operator might have to shift a
      heavy container sideways after he has attempted to move it into position
      for its trunnions to be grasped by the mechanisms 20 and 21, each of the
      mechanisms 20 and 21 has a guide wing 65 which is flared outwardly in a
      normal or rest position. Each of the guide wings 65 is mounted by
      vertically aligned pivot bolts 66 which extend through ears 67 on the wing
      65 and ears 68 on the lever 33. A spring 69 is wrapped around each of the
      pivot bolts 66 and has arms which engage the lever 33 and wing 65 and tend
      to swing the wing outwardly as illustrated particularly in FIG. 10.
      Movement of the container 29 up to the mechanisms 20 and 21 may engage the
      end of one of its trunnions 31 with one of the wings 65 and this assists
      the operator in guiding the container into the proper position for it to
      be grasped and inverted.
PAR  In order to prevent refuse being emptied out of a container by the
      mechanisms 20 and 21 from falling downwardly and rearwardly out of the
      bottom of the hopper 23, hopper 23 preferably has a rear wall 28. However,
      in order to facilitate the emptying of smaller containers such as domestic
      trash cans into the bottom of the hopper, a refuse truck equipped with
      mechanisms 20, 21 embodying the invention preferable should have a rear
      wall 28 which can be collapsed during such time as it is not necessary to
      prevent spillage of refuse being emptied by the mechanisms 20, 21 from the
      larger industrial type refuse containers 29.
PAR  FIGS. 12 and 13 fragmentarily illustrate a collapsible rear hopper wall 28
      which consists of two sections 70 and 71 (see also FIG. 2). The lower
      section 70 is pivotally connected by a piano-type hinge 72 to the floor of
      the hopper 23 and the section 70 is similarly pivotally connected to an
      upper section 71 by a second piano-type hinge 73. A hinge pin 74 of the
      hinge 73 extends horizontally beyond the ends of the hinge 73 and the wall
      sections 70-71. When the rear wall 28 is in its erected position (FIG. 12)
      the ends of the pin 74 are captured by retaining hooks 73 (see also FIG.
      9) which are mounted on the outer sides of the side walls of the hopper
      23. The upper section 71 is held in its erected position by the engagement
      of T-pins 76 in short sleeves 77 which are welded to the sections 71. The
      T-pins 76 are inserted through fixed sleeves 78 welded or otherwise
      secured on the uprights 36. When the T-pins 76 are removed and the hooks
      75 disengaged, (FIG. 13) the rear wall 28 may be collapsed by folding the
      upper section 71 around and under the lower section 70 as indicated by the
      broken arrow in FIG. 8.
PAR  After the upper section 71 has been swung down and under the lower section
      70, pivoting on the hinge 73, the two sections 70 and 71, now lying
      adjacent each other, are laid down, pivoting on the hinge 72 into the
      position illustrated in FIG. 13. In this position of two sections 70 and
      71, the hinge pin 74 is engaged in notches 79 in the lower front edges of
      the two main levers 33 when the mechanisms 20 and 21 are in their rest
      position as illustrated in FIG. 2. The respective one of the levers 33 is
      fragmentarily shown in phantom in FIG. 13.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. Apparatus for dumping an open-topped trash container having outwardly
      extending co-axial trunnions at its upper front corner, said apparatus
      comprising, in combination,
PA1  a. two laterally spaced mechanisms mounted on a structure which remains
      stationary while a container is being inverted therebetween for dumping,
      each of said mechanisms comprising
PA2  1. a main lever that is pivoted on said structure,
PA2  2. opposed co-acting trunnion lock members adapted to close around one of
      said trunnions,
PA2  3. lost motion connecting means between one of said trunnion lock members
      and said lever, and
PA2  4. an hydraulic cylinder and piston rod pivotally connected at its upper
      end to said structure and at its lower end to said one of said trunnion
      lock members and, through said lost motion connection, to said lever, and
PA1  b. a cross member extending between and connected to the lower ends of said
      levers and adopted to engage the container at a level below the trunnions
      when said levers are swung upwardly relative to said structure.
NUM  2.
PAR  2. Apparatus according to claim 1 in which the lost motion connecting means
      consists of a pin on the piston of the hydraulic means which is pivotally
      connected to a lower one of the trunnion lock members and which extends
      through a vertical slot in the main lever whereby vertical movement of
      said piston first raises said lower lock member against the container
      trunnion and after said pin reaches the upper end of said slot, then
      swings said main lever upwardly.
NUM  3.
PAR  3. Apparatus according to claim 1 and a container catch bar on each of the
      main levers for preventing a container from falling over beyond inverted
      position.
NUM  4.
PAR  4. Apparatus according to claim 1 in which the trunnion lock members
      consist of an upper downwardly and rearwardly turned hook which is fixedly
      mounted on the main lever and a lower upwardly movable opposed jaw which
      is slidably mounted on said main lever and is connected to the hydraulic
      piston.
NUM  5.
PAR  5. Apparatus according to claim 1 and a rearwardly extending trunnion guide
      wing on the main lever positioned on the outer side of the trunnion lock
      members.
NUM  6.
PAR  6. Apparatus for dumping an open-topped container having outwardly
      extending co-axial trunnions at its front upper corner, said apparatus
      comprising, in combination
PA1  a. a pair of vertical, horizontally spaced, support elements that are
      stationary relative to the container being dumped,
PA1  b. a pair of operating mechanisms, one of said mechanisms being mounted on
      and supported on each of said support elements, said mechanisms being
      identical except for their being right and left hand, respectively, each
      of said mechanisms comprising,
PA2  1. a generally vertically extending main lever pivotally mounted
      intermediate its ends on the associated one of said support elements for
      backward and upward angular movement of its lower end,
PA2  2. an upper trunnion jaw fixedly mounted on said main lever,
PA2  3. a lower, co-operating trunnion jaw mounted on said main lever for
      vertical sliding movement relative thereto,
PA2  4. hydraulic cylinder means pivotally connected at its upper end to the
      associated one of said support elements,
PA2  5. a vertically extending slot in said main lever, the center line of said
      slot being spaced backwardly from the pivot line for said main lever, and
PA2  6. a horizontal connecting pin mounted on the lower end of said hydraulic
      cylinder means and extending through said slot and into said lower
      trunnion jaw, and
PA1  c. a cross member connected to the lower ends of said main lever for
      engaging the front wall of a container along a line spaced below the
      container trunnion and below the pivot line for said main levers.
NUM  7.
PAR  7. Apparatus according to claim 6 in which the slot in the main lever has a
      rearwardly extending short branch at its upper end, so that when the pin
      connecting the hydraulic cylinder means to the lower trunnion jaw enters
      such short branch, said lower jaw is tilted relative to the main lever for
      closing said lower trunnion jaw around a container trunnion.
NUM  8.
PAR  8. Apparatus according to claim 6 and a container catch bar on each of said
      mechanisms for preventing a container from falling over beyond inverted
      position.
NUM  9.
PAR  9. Apparatus according to claim 6 and a container catch bar pivotally
      mounted on the upper end of the main lever and movable by the lower
      trunnion jaw into position overlying but spaced from the container when
      said lower trunnion jaw reaches trunnion engaging position.
NUM  10.
PAR  10. Apparatus according to claim 6 and a trunnion engaging wing on each of
      said mechanisms for guiding a container into centered position between
      said mechanisms as the container is moved into place for engagement of its
      trunnions by the trunnion jaws.
NUM  11.
PAR  11. In a rear loader refuse truck having a loading hopper with side wall
      structures defining an opening into said hopper, an apparatus for dumping
      refuse from open-topped containers having outwardly-extending, co-axial
      trunnions at their upper front corners, said apparatus consisting of
PA1  a. a left side mechanism mounted on the rear of the left side one of said
      structures,
PA1  b. a right side mechanism mounted on the rear of the right side one of said
      structures, said mechanism otherwise being identical and each comprising,
PA2  1. a main lever pivotally mounted on said structure for swinging movement
      rearwardly and upwardly between a generally vertical rest position with
      the lower end thereof below the pivot point line and an upper position,
PA2  2. an upper trunnion jaw fixedly mounted on said main lever at a level
      above the level of container trunnions,
PA2  3. a lower trunnion jaw mounted on said main lever for vertical sliding
      movement relative thereto between a rest position at a level below the
      level of container trunnions and a upper position co-acting with said
      upper jaw for grasping a container trunnion between said jaws,
PA2  4. a slot in said main lever, at least the upper end thereof being spaced
      rearwardly from the pivot line for said lever when said lever is at rest
      position, the length of said slot in a vertical direction being equal to
      the extent of vertical movement of said lower jaw relative to said main
      lever,
PAR  5. an hydraulic cylinder pivotally mounted at its upper end on said
      structure,
PA2  6. a cylinder rod extending downwardly from said cylinder,
PA2  7. a pin on the lower end of said rod, said pin extending through the slot
      in said main lever and into said lower jaw, and
PA1  c. a cross bar connected to and between the lower ends of said main levers.
NUM  12.
PAR  12. A rear loader truck according to claim 11 in which the slots in the
      main levers have rearwardly extending short branches into which the pins
      on the cylinder rods move after the trunnion jaws engage container
      trunnions for tilting the lower jaws relative to the upper jaws for
      locking the trunnions therebetween.
NUM  13.
PAR  13. A rear loader truck according to claim 11 in which each mechanism also
      comprises a container catch bar that is moved into position above but
      spaced from the upper edge of the side wall of a container when the
      trunnion jaws close and which prevent a container from falling forwardly
      into the hopper when the container is inverted for dumping.
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ABST
PAL  A carrier for transporting heavy reels and the like includes a pair of
      laterally spaced, rearwardly extending, wheeled frame beams defining a
      rearwardly open space for receiving the reel. Uprights are secured to the
      beams and pivotally support hydraulically actuated, rearwardly directed
      elongated arms for pivotal movement in vertical planes. Reel axle support
      bars have upper ends hinged to the arm rear ends and are moveable with the
      arms from a lower lifting position to an upper transporting position.
BSUM
PAR  This invention relates generally to trailers and more particularly to an
      improved carrier for lifting and conveying heavy reels of materials such
      as wire rope, power transmission lines, telephone cables, etc.
PAR  Various wheeled trailers have been suggested and utilized for lifting and
      transporting heavy reels, however heretofore such devices known to
      applicant have either been excessively expensive to produce and maintain,
      and/or awkward, unsafe or unreliable in use. By way of this invention, a
      reel truck is relatively inexpensive to produce and yet quickly and
      readily moved into position for securing and lifting a heavy reel and is
      adapted to safely and expeditiously transport the reel to a desired
      location and discharge same. This is accomplished by the use of reel axle
      support bars pivotally trailing from spaced arms which are, in turn,
      pivoted from rigid supports and moved by hydraulic cylinders, or the like.
PAR  The principle objects of the present invention are: to provide a carrier
      for lifting, supporting and transporting reels expeditiously; to provide a
      reel truck which is easily positioned for lifting or discharging the reel
      and capable of handling reels of various size with ease; to provide such a
      transporting device which is relatively inexpensive to produce but highly
      efficient in operation; and to provide such a device wherein the reel is
      safely secured and stable during transport.
DRWD
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in connection with the accompanying
      drawings wherein are set forth by way of illustration and example certain
      embodiments of this invention.
PAR  FIG. 1 is a perspective view showing a reel carrier embodying this
      invention.
PAR  FIG. 2 is a side elevational view of the carrier showing, by broken lines,
      support structure in an elevated or transportIng position.
PAR  FIG. 3 is a fragmentary perspective view on an enlarged scale showing
      details of the supporting structure.
PAR  FIG. 4 is a rear elevational view of the carrier showing a cable reel in
      elevated position.
DETD
PAR  Referring to the drawings in more detail:
PAR  The reference numeral 1 generally indicates a reel carrier adapted to
      elevate a reel 2 from a support surface 3 to a transporting position and
      back to a support surface after transport.
PAR  In this example, the carrier 1 comprises a frame 4 including a horizontally
      extending main cross bar 5 with a tongue 6 secured thereto and extending
      forwardly for conventional connection to a suitable towing vehicle (not
      shown). A pair of laterally spaced frame beams 7 and 8 are respectively
      secured to, and extend rearwardly from, opposite ends of the cross bar 5
      and define a rearwardly open space 9 therebetween. Wheel assemblies 10 and
      11 are mounted on the beams 7 and 8 and moveably support same above the
      ground in conjunction with the towing vehicle (not shown) as best
      illustrated in FIG. 1.
PAR  A pair of laterally spaced structural uprights 12 and 13 form part of the
      frame 14 and are secured thereto near the intersections of the beams 7 and
      8 with the cross bar 5. The uprights 12 and 13 have upper ends 14 and 15
      projecting an equal distance above the beams 7 and 8. Elongated arms 16
      and 17 respectively extend roughly horizontally over the beams 7 and 8 and
      have forward ends 18 and 19 pivotally hinged to the upright ends 14 and 15
      for pivotal movement in vertical planes.
PAR  A pair of rigid, laterally spaced guide assemblies 20 and 21 are secured to
      the respective beams 7 and 8 rearwardly of the uprights 12 and 13 and
      extend upwardly from the beams as best illustrated in FIG. 1. The guide
      assemblies 20 and 21, in this example, are composed of channels 22 and 23
      spaced apart laterally and secured at the upper ends so as to provide an
      elongated vertically extending slot 24 therebetween. The respective arms
      16 and 17 project through the slot 24 whereby the arcuate movement of the
      arms 16 and 17 is restricted generally to the vertical planes containing
      the beams 7 and 8 and lateral movement is prevented. The arms 16 and 17
      terminate in rear ends 25 and 26 which, in this example, form a clevis for
      receiving additional structure described below.
PAR  Elongated support bars 27 and 28 respectively have upper ends 29 and 30
      hinged to the arm rear ends 25 and 26 and lower ends 31 and 32 moveable
      from a ground contacting position such as shown by the solid line
      representation in FIG. 2 to a position suspended above the ground shown by
      the broken line representation in FIG. 2. The movement of the bars 27 and
      28 is in response to the arcuate movement of the arms 16 and 17 within the
      slots 24 as noted above.
PAR  The support bars 27 and 28 are generally of box construction and each has a
      line of upwardly open, spaced apart notches 33 therealong adapted to
      receive opposite ends of an axle shaft 34 extending through the reel 2.
      Aligned with the respective notches 33 are openings 35 which, when
      necessary, permit the shaft 34 to extend laterally beyond bars 27 and 28,
      as best illustrated in FIG. 4.
PAR  Generally vertically directed hydraulic cylinders 36 and 37 are, in this
      example, pivotally mounted between the respective beams 7 and 8 and arms
      16 and 17 and are operative to pivot the arms through the noted arc,
      thereby raising the bars 27 and 28 and reel 2 off the ground to an
      elevated position within the open space 9. The cylinders 36 and 37 are fed
      through hydraulic lines 38 and 39 which transmit fluid from a suitable
      manual pump 40 which is mounted on the cross bar 5. The lines 38 and 39
      are not isolated from each other, but, rather, are interconnected at the
      pump 40 whereby fluid pressure in the respective lines tend toward
      equalization. The lever system between the cylinders and arms 16 and 17
      are such that when one of the arms 16 or 17 tends to become elevated above
      the other arm, the pressure in the further-extended cylinder 36 or 37 will
      tend to rise above the opposite cylinder. The fluid in the higher pressure
      cylinder will then flow toward the other cylinder, causing the arms 16 and
      17 to be substantially self-leveling with each other.
PAR  In operation, the carrier may be backed to a ground resting reel 2 and the
      arms 16 and 17 lowered to the position shown in solid lines in FIG. 2. One
      set of notches 33 or openings 35 are selected for securing the reel axle
      shaft and, through manual reciprocation of the pump handle 41, one person
      may easily raise the arms 16 and 17 to the position indicated by the
      broken lines in FIG. 2. Due to the arcuate path taken by the arms 16 and
      17, the reel 2 is urged both upwardly and toward the front of the carrier
      where the axle shaft 34 approaches a position above the wheel assemblies
      10 and 11.
PAR  For transport, it is desirable to lock the arms 16 and 17 in elevated
      position and relieve pressure on the pump 40 and cylinders 36 and 37. This
      is accomplished, in this example, by means of a suitable pin 42 which is
      directed through openings 43 in the guide assembly beams 22 and 23, as
      shown in FIG. 3. A locking clip 44 is preferably used to prevent vibration
      and shock from dislodging the pin 42.
PAR  After arrival at the desired destination, the pump 40 is utilized to
      slightly raise the arms 16 and 17 so that the pins 42 may be withdrawn and
      then the arms 16 and 17 are lowered by suitable conventional controls on
      the pump 40, whereupon the reel 2 to comes to rest upon the ground within
      the space 9. In the alternative, the carrier may be used to hold the reel
      in elevated position from which the cable, etc., may be payed out.
PAR  It is to be understood that, although one form of this invention has been
      illustrated and described, it is not to be limited thereto except insofar
      as such limitations are included in the following claims.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A wheeled carrier for transporting reels and the like comprising:
PA1  a. a frame having a laterally extending main cross bar and a pair of
      laterally spaced beams secured to and extending rearwardly from said cross
      bar, said beams defining a rearwardly open space therebetween,
PA1  b. a pair of laterally spaced uprights secured to said beams near said
      cross bar and having upper ends projecting above said beams,
PA1  c. a pair of elongated arms respectively extending over said beams and
      having rear ends and forward ends, said forward ends being pivotally
      connected to said upright upper ends for arcuate movement of said arms in
      vertical planes,
PA1  d. a pair of elongated, rigid support bars respectively having upper ends
      hinged to said arm rear ends and lower ends, said support bars being
      movable from a lower position to an upper position in response to the
      arcuate movement of said arms, said support bars angling downwardly and
      rearwardly from said arm rear ends and being movably supported near said
      bar lower ends by said frame when said support bars are in said upper
      position,
PA1  e. Means associated with said support bars to receive and support opposite
      ends of a cable reel axle shift, and
PA1  f. means selectively urging said arms through said arcuate movement.
NUM  2.
PAR  2. A carrier as defined in claim 1 including:
PA1  a. guide members secured to said beams and restricting said arms to said
      arcuate movement.
NUM  3.
PAR  3. A carrier as defined in claim 1 wherein:
PA1  a. said urging means are hydraulic cylinders connected between said beams
      and said arms.
NUM  4.
PAR  4. A carrier as defined in claim 3 wherein:
PA1  a. said hydraulic cylinders are fed hydraulic fluid through interconnected
      supply lines.
NUM  5.
PAR  5. A carrier as defined in claim 1 wherein:
PA1  a. said means associated with said support bars comprise upwardly open
      notches.
NUM  6.
PAR  6. A carrier as defined in claim 1 wherein:
PA1  a. said means associated with said support bars comprise laterally directed
      openings.
NUM  7.
PAR  7. A carrier as defined in claim 1 wherein:
PA1  a. said support bar lower ends are movable from a ground contacting
      position to an elevated position in response to the arcuate movement of
      said arms.
NUM  8.
PAR  8. A wheeled carrier for transporting reels and the like comprising:
PA1  a. a frame, support means on said frame and adapted for elevation with
      respect to said frame,
PA1  b. a pair of elongated, rigid laterally spaced apart support bars
      respectively having an upper end portion pivoted to said support means and
      a lower end portion angling downwardly and rearwardly from said upper end
      portion, said support bars being movable by elevation of said support
      means from a lower position where said bar lower end portion trails on the
      ground to an upper position where said support bar is movably supported
      near said bar lower portion by said frame, and
PA1  c. axle securing means spaced along said support bars.
NUM  9.
PAR  9. A carrier for transporting reels and the like and adapted to transfer a
      reel from a support surface onto the carrier and from the carrier to a
      support surface comprising:
PA1  a. a frame having an horizontally extending main cross bar, a tongue
      secured to and extending forwardly of said cross bar for connection to a
      towing vehicle, a pair of laterally spaced beams secured to and extending
      rearwardly from said cross bar and defining a rearwardly open space
      therebetween,
PA1  b. wheel assemblies secured respectively to said beams and movably
      supporting same above the ground,
PA1  c. a pair of laterally spaced uprights secured to said beams near said
      cross bar and having upper ends projecting above said beams,
PA1  d. a pair of elongated arms respectively extending over said beams and
      having forward ends pivotally connected to said upright upper ends for
      pivotal movement in vertical planes containing said beams,
PA1  e. a pair of rigid, laterally spaced guide members secured to said beams
      rearwardly of said respective uprights and extending upwardly from said
      beams, said arms respectively projecting through said guides and
      terminating in rear ends movable in an arc about said upright upper ends,
      said guide members, restricting lateral movement of said arms,
PA1  f. a pair of elongated, rigid support bars respectively having upper ends
      hinged to said arm rear ends and lower ends, said support bars angling
      downwardly and rearwardly from said arm rear ends, said support bar lower
      ends being movable from a ground contacting position to a position
      suspended above the ground, said support bars being movably supported near
      said support bar lower ends by said beams in response to the arcuate
      movement of said arms to a position where said support bar lower ends are
      above the ground,
PA1  g. said support bars each having means thereon adapted to receive and
      support opposite ends of the axle shaft of a ground resting cable reel,
      and
PA1  h. upwardly directed hydraulic cylinders pivotally mounted between said
      respective beams and arms and adapted to move said arms through said arc.
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ABST
PAL  A motorcycle rack including swingable pairs of arms providing a
      parallelogram linkage carrying at their outer ends a detachable motorcycle
      support structure. The arms are of irregular configuration for positioning
      of the support structure in a travel position closely adjacent a vehicle
      bumper. A base frame is mounted at fore and aft spaced apart points to the
      vehicle chassis for load distribution purposes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to rack structures mounted on vehicles for
      the purpose of transporting motorcycles or the like.
PAR  The transport of a motorcycle by a vehicle is complicated by reason of the
      fact that a motorcycle is both of substantial weight and size. The rack
      prior art discloses several arrangements for supporting of a motorcycle
      adjacent a vehicle bumper. Such racks are positionable for purposes of
      motorcycle loading and/or to provide access to a vehicle carried camper
      unit. Examples of such racks are found in U.S. Pat. Nos. 3,366,256;
      3,655,082; 3,695,469 and 3,731,830. A rack disclosed in U.S. Pat. No.
      3,528,578 is adapted for vertical movement alone. A common requirement of
      such racks is that they require at least partially lifting of the
      motorcycle into place on the rack which requires considerable strength in
      view of typical motorcycle weights being in excess of 200 pounds, as for
      example, the last mentioned patent calls for the use of an automobile jack
      to lift the motorcycle and rack into an elevated position for travel.
PAR  The prior art racks, in addition to requiring considerable physical effort,
      do not lend themselves to loading and transport of more than one
      motorcycle in a rapid and convenient manner.
PAR  A further problem encountered with existing motorcycle racks is that they
      preclude, for the most part, the mounting and use of trailer hitches
      subjacent the rearward bumper of the vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied within a motorcycle rack mounted either
      forwardly or rearwardly adjacent a vehicle bumper with the rack including
      a parallelogram linkage for the horizontal support of a motorcycle
      receiving member or members. Said member remains in parallel relationship
      to the ground surface at all times to facilitate wheeling of the
      motorcycle both into place and off the rack member. Said linkage is
      carried by a stationary base frame coupled to the vehicle frame at spaced
      apart attachment points very advantageous for distributing rack and
      motorcycle weights forwardly along the vehicle frame. In view of the
      present motorcycle rack being capable of supporting one or more
      motorcycles this feature is considered to be highly advantageous.
PAR  The present rack, in one form, embodies a trailer hitch component
      permitting the towing of a trailer by a rack equipped vehicle.
PAR  A still further objective of the invention is the racks adaptability for
      use as a step support facilitating entry and exit from a truck carried
      camper structure.
PAR  An additionally important objective of the present rack is the provision
      for convenient detachment of certain rack members when the rack is not
      being used to reduce the overall length of the vehicle and rack for
      purposes of vehicle maneuverability.
PAR  Another important objective is the utilization of a parallelogram linkage
      having irregular shaped pairs of arms which permit the rack to swing into
      close proximity with a vehicle bumper to minimize the overall length
      increase to the supporting vehicle. Additionally, adequate road clearance
      is maintained which is of particular importance in vehicles used off of
      paved roadways where steep inclines may be encountered.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a side elevational view of the present rack,
PAR  FIG. 2 is a plan view of the rack taken along line 2--2 of FIG. 1,
PAR  FIG. 3 is a perspective of the rack removed from a supporting vehicle,
PAR  FIG. 3A is a fragmentary perspective view of a modified motorcycle support
      for transporting two motorcycles, and
PAR  FIG. 4 is a side elevational view of a step in bolted attachment with a
      channel iron rack member.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the accompanying drawings wherein applied reference numerals indicate
      parts similarly identified in the following specification, the reference
      numeral 1 indicates generally a vehicle chassis consisting of longitudinal
      frame members 2 serving to support a bumper 3 by means of brackets 4 all
      in the conventional manner. While disclosed in FIG. 1 as being supported
      adjacent the front bumper of a vehicle it is to be understood that the
      present rack is equally adaptable to mounting adjacent the rearward end of
      vehicle frame 2.
PAR  A base frame of the motorcycle rack comprises parallel rails 5 each being
      secured to the vehicle by means of upwardly directed projections 6 and 7
      in suitable vehicle securement at 8 and 9. Such fore and aft attachment
      may be along the vehicle frame 2 or with the frame and bumper bracket 4 as
      shown. Accordingly each rail 5 projects lengthwise from the end of the
      vehicle frame in parallel relationship to vehicle frame members 2 and
      attached thereto at fore and aft spaced points for optimum load
      disposition. Preferably a crossmember 11 is provided intermediate the
      rails 5 to reinforce same against bending loads. Downward extensions 10 of
      the base frame are aperatured for pivotal attachment with later described
      pairs of arms.
PAR  Winch support structure is integral with said stationary frame and includes
      a transverse bar 12 on which a horizontal winch support 13 is carried by
      spacers 14. The winch at 15 is offset to one side of the rack and is of
      the conventional type including a locking mechanism automatically
      retaining the winch drum against rotation resulting from loads applied to
      a winch cable 16. Said cable is directed through a fixed pulley wheel 17
      and thence downwardly about a movable pulley wheel carried by later
      described parallelogram linkage, the cable terminating in upward
      securement adjacent the stationary pulley wheel 17.
PAR  The above described base frame, in addition to supporting winch 15,
      swingably carries a parallelogram linkage having upper and lower pairs of
      arms 20 and 21 each having upwardly directed segments 20A, 21A. Said arms
      are pivotally mounted at 22, 23 at their innermost ends to downward
      extension 10 of the base frame. The upper and lower pairs of arms at each
      side of the base frame are mounted oppositely on their respective
      extensions 10 and at their upper limits of travel are also spaced by the
      forward ends of the base frame rails 5. Extending crosswise between arm
      segments 20A is a crosspiece 18 having a pulley 19 through which cable 16
      passes for imparting lifting motion to the arms.
PAR  The forward ends of each of the arms 20 and 21 terminate in pivoted
      attachment at 24, 25 to ears 26 each integral with a rectangular plate 27
      supporting a motorcycle support structure generally at 29. Mounted in a
      detachable manner to each of the plates 27 is a correspondingly shaped
      plate 28 with both of said plates having aligned openings therein for the
      reception of bolt assemblies 30. A motorcycle support member 31, disclosed
      as an elongate channel iron, is carried by multiple inverted channels 32
      of lesser size with the channel 31, channels 32 and plates 28 being a
      weldment and being removable upon removal of fasteners 30 to permit the
      substitution of a like weldment having plural motorcycle support members
      at 31' as viewed in FIG. 3A. Additionally important, the present rack by
      having the detachable support assembly 29, permits a reduction of the
      distance the rack protrudes outwardly from a bumper. Detachment of the
      weldment from plates 27 substantially reduces the distance with the plates
      27 thereafter functioning as an auxiliary bumper surface. By reason of the
      novel configuration of the parallelogram arms 20 and 21, the plates 27
      when in the raised travel position add approximately only six inches to
      the overall vehicle length. With somewhat more difficulty the entire rack
      may be detached from the vehicle by removal of mounting bolts 8 and 9 from
      each rail 5.
PAR  For securement of the motorcycle upon channel member 31 hook equipped
      straps 33 are attached about the motorcycle frame and to clips 34 welded
      to the channel member 31.
PAR  The operation of the present rack is believed to be obvious from the
      foregoing description. Loading is achieved by simply wheeling of the
      motorcycle (or motorcycles) into place on channel member (or members) 31
      whereupon winch 15 is operated to elevate the rack to the full line
      position of FIG. 1 for travel. A locking bar 35 extends between the
      forward end of rail 5 and one of the inverted channels 32 to positively
      lock the rack in the raised position thereby supplementing the rachet-type
      lock on the winch.
PAR  In FIG. 3A I show a slightly modified arrangement interchangeable with that
      earlier described by removal of fasteners 30. Multiple elongate channels
      at 31' are in welded securement to support members 32' with plates 28'
      being removably attached to the correspondingly sized plates 27. A further
      variation resides in a trailer hitch socket component 38 depending from a
      plate 39 carried by the supports 32'.
PAR  In FIG. 4 a step 40 is shown in place on a channel member 31 with a bolt
      assembly 42 extending through a channel segment 41 mounted on the step
      underside. When the rack is empty the channel 31 may be elevated by
      operation of winch 15 and the step 40 mounted thereon to provide
      convenient access to a truck mounted camper unit which normally requires
      some type of auxiliary step for convenient access.
PAR  While I have shown but one embodiment of the invention it will be apparent
      to those skilled in the art that the invention may be embodied still
      otherwise without departing from the spirit and scope of the invention.
CLMS
STM  Having thus described the invention, what is desired to be secured under a
      Letters Patent is:
NUM  1.
PAR  1. A motorcycle rack for attachment to the frame members of a supporting
      vehicle in a load distributing manner, said rack comprising in
      combination,
PA1  a base frame including a pair of spaced parallel rails supported at fore
      and aft spaced apart points by the vehicle frame to impart loads to the
      frame at points therealong, said rails including upwardly directed
      projections for frame attachment purposes,
PA1  upper and lower pairs of arms located at each side of the base frame each
      of said arms pivotally mounted at its innermost end to said base frame
      below the vehicle frame and adapted for travel along a vertical path to
      constitute a parallelogram linkage, each upper and lower pair of arms at
      each side of the base frame terminating outwardly in pivotal attachment to
      a plate member with a transverse face,
PA1  a motorcycle support structure located forwardly adjacent a vehicle bumper
      in its raised travel position and including elongate means for the
      reception of motorcycle wheels,
PA1  means for imparting a lifting force to the motorcycle support structure,
      and
PA1  said motorcycle support structure including a pair of transverse plate
      members each in juxtaposition with the first mentioned plate members,
      means readily detachably mounting the plate members of the motorcycle
      support structure to the first mentioned plate members whereby said
      motorcycle support structure may be easily attached to and detached from
      said first mentioned plate members, such that when the rack is not being
      used to support a motorcycle, the resulting combined length of the vehicle
      and motorcycle rack with the motorcycle support structure removed, is only
      slightly greater than the vehicle length alone.
NUM  2.
PAR  2. The motorcycle rack claimed in claim 1 wherein the detachably mounted
      plate members of the motorcycle support structure permit substitution of a
      second motorcycle support structure having multiple elongate means for the
      support of two or more motorcycles.
NUM  3.
PAR  3. The motorcycle rack claimed in claim 1 additionally including a step
      structure including means depending therefrom in detachable engagement
      with the elongate means of the motorcycle support structure.
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PAL  A sheet metal closure is provided which has a tear strip across its skirt
      and a pull ring below the bottom edge of the skirt and integrally
      connected to the tear strip to facilitate severance of the score lines
      which define the tear strip. The pull ring is in the form of a bead which
      is curled inwardly from the connection of the ring to the tear strip and
      is adapted to be cammed against the neck of the container below the
      connection to the tear strip so the end of the tear strip will be
      partially wrapped around the curled bead when the tab is lifted to
      initiate severance of the score lines.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of Art
PAR  This invention relates to closures and containers, and in particular to a
      tear-off closure having an integral pull ring attached to a tear strip
      across the skirt of the closure with the pull ring adapted to initiate
      severance of the score lines defining the tear strip when the pull ring is
      lifted from around the bottle neck.
PAR  Brief Description of the Prior Art
PAR  Millions of bottles of beer and beverage are sold every year which are
      sealed with metal caps or closures. Many of the caps are of the crown type
      which require a bottle opener or other tool to remove the caps from the
      bottles on which they are sealed. In recent years, increasing numbers of
      bottles are being sold with threaded closures which can be removed without
      the need for a bottle opener. However, these threaded closures require a
      special glass finish and cannot be applied on bottles which are adapted to
      receive crown closures, and there are millions of crown type bottles in
      use. A closure is therefore desired which can be applied on a bottle
      adapted to receive a crown closure, and which can be removed from the
      bottle without the need for a bottle opener. Roll-on crown closures with
      integral ring tabs and a tear strip across the closure skirt and top panel
      are known as is disclosed in U.S. Pat. No. 3,380,609. Closures are also
      known having a body portion with a concentrically disposed pull ring
      therearound and integrally connected to the body portion as is disclosed
      in U.S. Pat. Nos. 2,443,185 and 2,490,791. However, the closures disclosed
      in those patents have had little or no commercial success.
PAR  A tear-off closure is desired which can be sealed on a bottle which is
      adapted to receive a crown closure and which can be easily removed by the
      consumer.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a sheet metal closure which is adapted to be
      secured on a container for receiving crown closures and which includes a
      top panel, a depending skirt around the top panel and a pull ring
      concentric with the bottom edge of the closure skirt and integrally
      connected to a tear strip across the closure skirt. The pull ring
      comprises a bead which is curled inwardly from the connection to the tear
      strip and which is adapted to be cammed against the bottle neck below the
      connection to the tear strip when the pull ring is lifted so the tear
      strip will be partially wrapped around the bead to initiate severance of
      the score lines which define the tear strip.
PAR  Accordingly, an object of this invention is to provide a tear-off closure
      which is adapted to be sealed on a container finish for receiving crown
      closures.
PAR  Another object of this invention is to provide a metal closure having an
      inwardly curled bead around the closure skirt which forms a pull ring for
      severing the score lines defining a tear strip across the closure skirt.
PAR  The above and other objects and advantages of this invention will be more
      fully understood and appreciated with reference to the following
      description and the drawings appended hereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a closure of this invention.
PAR  FIG. 2 is a perspective view of a closure of this invention sealed on a
      container mouth.
PAR  FIG. 3 is a perspective view similar to FIG. 2 and further illustrating the
      pull ring after it has been lifted from around the bottle neck to initiate
      severance of the score lines in the closure skirt.
PAR  FIG. 4 is a fragmentary cross sectional view through a container mouth and
      a closure of this invention sealed thereon.
PAR  FIG. 5 is a cross sectional view similar to FIG. 4 and further showing the
      closure after the pull ring has been lifted to initiate severance of the
      score lines in the closure skirt.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a tear-off closure of this invention which is made of
      sheet metal and preferably of sheet aluminum or an alloy thereof which may
      have a thickness of a range of approximately 0.007 inch to 0.012 inch. The
      closure 10 includes a top panel 12 which is adapted to overlie the
      entrance mouth of a container, a closure skirt 14 depending from the
      periphery of the top panel and an integral pull ring 16 around the bottom
      edge of the closure skirt and projecting outwardly and downwardly from
      such bottom edge. The closure 10 further has a tear strip 18 which extends
      at least across the closure skirt and preferably also across a major
      portion of the top panel 12 of the closure. The tear strip is defined by
      two score lines 20 and 22 across the closure skirt 14 and top panel 12.
      The pull ring 16 is integrally connected to the outer end of the tear
      strip 18 at the bottom of the closure skirt. Frangible means 24 such as a
      score line or a plurality of spaced slits and bridges preferably connect
      the pull ring to the remaining portion of the closure skirt prior to
      application of the closure on a container mouth. Such frangible means 24
      is adapted to be severed or broken when the closure is sealed on a
      container by crimping or otherwise constricting a portion of the closure
      skirt inwardly toward the container neck.
PAR  FIG. 2 shows the closure 10 sealed on a container mouth 26 with a lower
      portion 28 of the closure skirt 14 constricted toward the container neck
      and under an outwardly projecting annular bead around the container
      entrance mouth. As sealed on the container, the pull ring 16 is connected
      to the closure through the tear strip 18. The frangible means which
      previously connected the pull ring to the remaining portion of the closure
      skirt was severed when the closure was sealed on the container. The pull
      ring 16 is disposed closely adjacent the container at the attachment of
      the ring to the tear strip 18 and is inclined downwardly from such
      attachment to the free end of the ring on the side of the container
      opposite the attachment.
PAR  FIG. 4 is a cross section through a portion of the closure 10 and container
      26 taken through the tear strip 18 and showing the integral pull ring 16
      connected to the tear strip. The container 26 has a generally cylindrical,
      upwardly projecting neck portion 32 with an entrance mouth therethrough
      and an externally disposed, outwardly projecting, annular bead 34 around
      the top of the neck portion. The container bead 34 has an
      upwardly-outwardly facing rounded upper surface 36 and a generally
      downwardly facing undersurface 38. Such a container finish is typical of
      the finishes on which crown type closures are usually sealed.
PAR  The closure 10 has a gasket material or sealing material 30 therein which
      is compressed against an upwardly-outwardly facing surface 36 on the
      container bead 34 to provide a seal between the closure and container. The
      constricted portion 28 of the closure skirt locks the closure on the
      container and holds the sealing material 30 under compression to provide
      an effective seal between the closure and container.
PAR  As is illustrated in FIG. 4, the pull ring 16 is in the form of a bead
      curled inwardly from its connection to the tear strip 18. The curled bead
      is preferably substantially oval or elliptical in cross sectional
      configuration with its major axis substantially parallel to the exterior
      surface of the container mouth inwardly of the bead. The oval cross
      sectional configuration of the bead helps to cam the terminal end of the
      tear strip outwardly to initiate severance of the score lines in the
      closure skirt as will be described.
PAR  The pull ring 16 is disposed around the container neck 26 below the bottom
      edge of the closure skirt 14 and is adapted to engage the container neck
      when the opposite or free end of the pull ring is lifted from around the
      bottle neck to the position illustrated in FIGS. 3 and 5. The curled bead
      which forms the pull ring 16 is substantially rigid so it will not be
      materially deformed when the free end is lifted. Instead, lifting the free
      end of the pull ring 16 engages the curled bead against the outwardly
      facing surface on the container neck and turns or rotates the bead from
      its initial position with its major axis parallel to the outwardly facing
      surface 40 of the container neck 32 to a position in which the bead's
      major axis is substantially perpendicular to surface 40. Such rotation of
      the bead partially wraps or winds the tear strip 18 about the inwardly
      curled bead and cams the attached end of the pull ring and the terminal
      end of the tear strip outwardly, and initiates severance of the score
      lines in the closure skirt. Once rupture of the score lines has been
      initiated by lifting the ring, it is a simple matter for the consumer to
      continue to sever such score lines by pulling the ring upwardly away from
      the container mouth and sever the score lines across the closure skirt and
      across the top panel of the closure to form a partially split closure
      member which can be easily lifted from the container mouth. The separated
      closure can be discarded without risk of injury due to any contact with
      the severed edges of the closure.
PAR  It is seen that this invention provides a tear-off closure which is adapted
      to be sealed on a container for crown closures and which can be removed
      from the container with a minimum of effort. Although one preferred
      embodiment of this invention has been selected for purposes of
      illustration and description, it will be apparent to those skilled in the
      art that the closure can be modified without departing from the invention
      or from the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sheet metal closure adapted to be secured on a container and
      comprising a top panel, a depending skirt around the periphery of the top
      panel with a pair of weakening lines in the skirt defining a tear strip
      across the skirt, and a substantially rigid pull ring disposed generally
      beneath the bottom edge of said skirt substantially concentric with the
      skirt and integrally connected to said tear strip, said pull ring
      comprising a bead curled inwardly from the connection of the ring to said
      tear strip and adapted to be cammed against the neck of a container below
      the connection to the tear strip when the ring is lifted to partially wrap
      the end of said tear strip around a portion of the curled bead and
      initiate severance of said weakening lines.
NUM  2.
PAR  2. A closure as set forth in claim 1 in which said curled bead in said pull
      ring has a generally oval cross sectional configuration with its major
      axis substantially parallel to the closure skirt.
NUM  3.
PAR  3. A closure as set forth in claim 1 in which said tear strip extends
      across a major portion of the top panel of the closure.
NUM  4.
PAR  4. A closure as set forth in claim 1 in which said pull ring projects
      radially outwardly from the bottom edge of said closure skirt.
NUM  5.
PAR  5. A closure as set forth in claim 1 in which said closure skirt is adapted
      to have its bottom edge constricted radially inwardly toward a container
      neck to secure the closure on the container.
NUM  6.
PAR  6. A closure as set forth in claim 1 which has frangible connecting means
      between the pull ring and the closure skirt for holding the ring in
      position around the closure until the closure is secured on a container,
      at which time said connecting means is severed.
NUM  7.
PAR  7. A sheet metal closure adapted to be secured on a container having an
      outwardly projecting annular bead around its entrance mouth and which
      comprises a top panel, a depending skirt around the periphery of the top
      panel and a pull ring generally concentric with the bottom edge of the
      closure skirt, said closure skirt having a pair of weakening lines therein
      defining a tear strip across the skirt and said pull ring comprising a
      curled bead integrally connected to the outer end of said tear strip to
      facilitate severance of the weakening lines and removal of the closure
      from a container on which it is secured.
NUM  8.
PAR  8. A closure as set forth in claim 7 in which said pull ring is inwardly
      curled from its connection to said tear strip.
NUM  9.
PAR  9. A closure as set forth in claim 7 in which said tear strip extends
      across a major portion of the top panel of said closure.
NUM  10.
PAR  10. A closure as set forth in claim 7 in which said curled bead has a
      substantially oval cross sectional configuration.
NUM  11.
PAR  11. A container-closure combination including a container having an
      upwardly projecting substantially cylindrical neck portion with an
      entrance mouth therein and an externally disposed bead around the neck
      portion adjacent the entrance mouth and a closure secured on the container
      including a top panel over the container entrance mouth, a skirt depending
      from the periphery of the top panel with a portion of the skirt
      constricted inwardly toward the container neck below the container bead,
      and a substantially rigid pull ring around the container neck below the
      bottom edge of said closure skirt, said closure skirt having a pair of
      weakening lines therein defining a tear strip across the skirt and
      integrally connected to said pull ring which comprises a bead curled
      inwardly from its connection to the tear strip and which is adapted to be
      cammed against said container neck below the connection to the tear strip
      when the ring is lifted to partially wrap the end of the tear strip around
      a portion of the curled bead and initiate severance of the weakening lines
      in the closure skirt.
NUM  12.
PAR  12. A container-closure combination as set forth in claim 11 in which said
      curled bead has a generally oval cross sectional configuration with its
      major axis substantially parallel to an adjacent outwardly facing surface
      on the container.
NUM  13.
PAR  13. A container-closure combination as set forth in claim 11 in which the
      attached end of said pull ring is disposed adjacent the container neck
      below the tear strip in the closure skirt.
NUM  14.
PAR  14. A container-closure combination as set forth in claim 11 in which said
      tear strip extends across a major portion of said top panel.
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ABST
PAL  A combination opener and closure device for press tab type beverage
      containers is disclosed. The device includes a circular top plate having a
      downward depending peripheral flange. Integral projections extend from the
      interior surface of the top plate adapted to align with the weakened tab
      portion of the can. One embodiment of the device includes an annular seal
      carried on the flange interior so the device can be used as an effective
      closure and seal for storage purposes.
PAR  The present invention relates to an opener for beverage containers and more
      particularly relates to a device for opening cans of the type having press
      tab tops. One embodiment of the present invention also serves as a closure
      for previously opened containers.
PAR  It is common to provide containers for substances with metal tops having
      weakened closure areas which have to be depressed by the user. These
      closures are usually formed by etching or partially cutting a circular
      outline through the metal in several locations adjacent the periphery of
      the container top.
PAR  Recently, beverage containers, especially those containing malt cereal
      beverages have adopted a form of the weakened closure design known as the
      pull tab container. The pull tab container has raised serious objections
      from conservation groups because of the tendency of the user, particularly
      after he has consumed a substantial quantity of the contained beverage, to
      randomly discard the severed pull tabs thereby blighting the park and
      roadside areas of the countryside. Attempts at educating and reforming
      these consumers, often designated as "litter bugs," have met with only
      limited success. More prudent consumers sometimes insert the severed tab
      into the container. However, this practice is unsafe as the tab can be
      inadvertently swallowed. Accordingly, container manufacturers and bottling
      companies have looked for new, improved containers which avoid the
      disadvantages described above.
PAR  One type of container which has recently come into use to avoid the
      disadvantages of the pull tab containers is the press tab container. The
      press tab container has weakened closure portions in the top surface. The
      weakened closure portions can be depressed inwardly into the can, opening
      the container without separating the closure. Therefore, there is no part
      of the can to be discarded by the careless consumer. However, even this
      type of container has disadvantages. Some users have extreme difficulties
      in applying the force necessary to inwardly depress the tabs. Further the
      tabs often yield suddenly to pressure so that the thumb or finger is
      thrust into the opening, resulting in injury to the user.
PAR  A number of can puncturing devices for this general type of container can
      be found in the prior art. Generally these types of perforating devices
      include a plate carrying one or more sharpened points located to
      correspond to the weakened closure portions in the container top. the user
      applies pressure to the plate to cause the sharpened points to perforate
      or push out the weakened portions. These prior art devices, while
      effective for their intended use, are not suitable for use with push tab
      beverage containers. The placement and configuration of the punches are
      not suited for this purpose and would result in undesirable foaming or
      fizzing of the contained beverage if used for this purpose.
PAR  Therefore, it is apparent that a need exists for a convenient opener for
      present day push tab beverage cans. To this end the present invention
      provides an opening and sealing device having a generally circular body
      portion adapted for engagement with the palm of the user. The inner
      surface of the body carries a pair of tapered projections designed to
      align with the weakened press tab portions in the beverage can top. One of
      the projections is of greater length than the other so that the weakened
      portions are progressively opened thereby reducing the tendency of the
      contained liquid to fizz or foam. A circular flange provided around the
      body portion is adapted to engage the upper sidewall portion of the
      container. The material of the opener is preferably a transparent plastic
      so that the projections can be visually aligned with the weakened portions
      of the can. In another embodiment of the present invention, an annular
      sealing member is provided on the inside of the circular flange so that
      the device can be also used to seal the container for storage of the
      beverage.
DRWD
PAR  These and other objects and advantages of the present invention will become
      more apparent from the following description, claims and drawings in
      which:
PAR  FIG. 1 is a top perspective view illustrating a preferred form of the
      device of the present invention;
PAR  FIG. 2 is a sectional view taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view showing the device of the present invention as
      applied to a beverage can, the position of the device after opening being
      shown in dotted lines;
PAR  FIG. 4 is a bottom perspective view illustrating another form of the
      present invention;
PAR  FIG. 5 is a partial sectional view taken along lines 5--5 of FIG. 4
      illustrating the embodiment of FIG. 4 in a sealing position on a
      container; and
PAR  FIG. 6 illustrates another embodiment of the present invention.
DETD
PAR  Referring now to the drawings, FIG. 3 illustrates a beverage container of
      the type having a press tab top and generally designated by the numeral
      10. The press tab top includes weakened circular portions 12 and 14
      located in the lid 16 of the can. In accordance with the construction of
      such type containers, tab portion 12 is of smaller diameter than tab 14
      and serves as a vent. The contained beverage is poured or directly
      consumed by means of larger diameter opening formed when tab 14 is
      depressed. Conventionally, such cans are opened by the user applying
      downward pressure to the weakened tab portions 12 and 14 to cause them to
      bend inwardly. The tabs 12 and 14 are not completely severed from the lid
      16 and remain in a position depressed toward the interior of the container
      10. This eliminates the problem of careless disposal of pull tabs which
      are completely severed from the can by the user.
PAR  As pointed out above, a substantial degree of pressure must be applied to
      press tabs 12 and 14. Application of pressure by the user's hand can
      result in injury when the press tab is broken away. Accordingly, the user
      must often seek the aid of an auxiliary tool such as a can opener or sharp
      object to depress tabs 12 and 14. This is often not convenient and may be
      difficult to do and involves a plurality of manual operations. Expediency
      in the opening of cans of this type are often an important requirement of
      the consumers of cereal malt beverages.
PAR  FIGS. 1 and 2 illustrate the device of the present invention which is
      adapted to use with a container of the general type described above and is
      generally designated by the numeral 20. Opener 20 is of unitary
      construction having an upper circular plate portion 22. A circular flange
      24 projects downwardly at generally right angles from plate 22. The plate
      22 and flange 24 therefore forms a cup-like enclosure 25 which conforms
      closely to the diameter of beverage container 10 and serves to shield the
      user from fizzing upon opening. The interior surface 26 of plate 22 is
      provided with integral projections 28 and 30 depending downwardly. The
      location of projections 28 and 30 are adapted to correspond in general
      location to the position of tab portions 12 and 14 on the lid of can 10.
      The cross sectional configuration of the projections 28 and 30 is best
      shown in FIG. 2. Each has a generally smooth V-shape. Projection 28 tapers
      from base 36 to rounded tip 38. Similarly projection 30 extends in a taper
      from base 32 to tip 34. The diameter of base portions 36 of projection 28
      corresponds generally to the diameter of weakened portion 12 of container
      10. Base portion 32 of projection 30 corresponds approximately the
      diameter to the diameter of weakened portion 14 in the top of can 10.
      Projection 30 is of greater depth than projection 28 as will be explained
      hereafter.
PAR  Any suitable material may be used in construction of the opening device of
      the present invention. Preferably the material is a transparent plastic to
      permit the user to readily align projections 28 and 30 with tab portions
      12 and 14 respectively on the top of the container 10 to be opened.
      Materials such as that sold under the names "Plexiglass" or acrylics such
      as methyl methacrylate and similar thermoplastic materials are suitable.
      The device may be made by conventional molding methods such as injection
      molding as an integrally molded finished unit.
PAR  The present invention can be used with facility by the consumer as is seen
      in FIG. 3. To use the present device, the user simply holds or places the
      container to be opened on a work surface. The opener 20 of the present
      invention is grasped in one hand and engaged over the top of the can to be
      opened. Annular handle 29 is shown attached to plate 22 but may be omitted
      if desired. The transparent construction of the device enables the user to
      align projections 28 and 30 with the weakened tab portions 12 and 14 on
      the can top. The user then simply applies slight pressure with the hand or
      palm of the hand against the outer surface of plate 22 of the device. This
      pressure will cause projection 30 to first penetrate its associated tab
      portions. As the can is opened and pressure released, any fizzing of the
      beverage is shielded by the enclosure 25 of the device. As tab 14 is
      opened, pressure within container 10 is relieved, further depression
      causes tip 38 of projection 28 to come in contact with weakened portion 12
      of the container and eventually causes the tab 12 to be inwardly
      depressed. The opener 20 can then be removed and the beverage is ready to
      be consumed. The opener can also be placed over a partially used container
      to preserve the contents.
PAR  The device of the present invention can be conveniently and easily stored
      and requires a minimum of space. The design of the opener 20 facilitates
      cleaning and the generally tapered points 38 and 34 on projections 28 and
      30, respectively, do not affort any sharp, dangerous points which can
      cause injury. As mentioned above, the opener is a dual-purpose device
      useable as a cover for storage of an open container.
PAR  FIGS. 4 and 5 illustrate an alternate form of the present invention
      generally designated by the numeral 40. The embodiment 40 includes an
      upper plate 22a and annular downwardly extending flange 24a. Projections
      28a and 30a depend from interior surface 26 of the plate. In these
      respects, the construction and function are similar with respect to the
      description of the embodiments shown in FIGS. 1 and 2.
PAR  The present embodiment 40, however, includes an annularly extending slot 42
      in the interior of the flange 24a. A circular seal or O-ring 44 is carried
      within the annular slot 42. This permits the opener also to serve as a
      more effective closure in case the user wishes to store the contents of
      the container after the container has been opened. The user simply places
      the device 40 over the top of the opened can with the projections 28a and
      30a aligned with the openings in the can lid. Slight downward pressure
      will cause the device 40 to assume a position with the annular seal 44
      engaging the upper outer surface of the can. This seal effectively
      prevents loss of flavor. Carbonated beverages are particularly susceptible
      to becoming "stale" if left unsealed. It should also be noted that the
      base portion 36a and 32a of the projections 28a and 30a, respectively,
      also serve a sealing function as they engage the periphery of the openings
      in the can surface. In this way the contents are in effect sealed against
      loss of flavor and contamination at both the lid and at the outer
      periphery of the container sidewall.
PAR  FIG. 6 illustrates another embodiment of the invention designated by the
      numeral 50. This embodiment is functionally similar to the embodiment
      described with reference to FIGS. 1 to 3, however, is designed to occupy
      less storage space for convenience. Embodiment 50 includes an elongated
      body member 51 having flange 52 and 53 at opposite ends. Projections 28b
      and 30b extend from body member 51. The device of this embodiment does not
      completely cover the top of the container to be opened but extends
      diametrically across the can top with flanges 52 and 53 engaging the
      container at opposite sides. Body member 51 is preferably of a width
      somewhat greater than the diameter of projections 28b and 30b to afford
      protection against "fizzing" and for convenience of use.
PAR  The present invention is a simple and effective device for opening beverage
      containers of the type described herein. The present invention also serves
      as an effective container for previously opened cans. The device is
      integral and may be conveniently fabricated by conventional molding
      techniques from a wide variety of plastic materials.
PAR  It will be obvious to those skilled in the art to make various changes,
      alterations and modifications to the embodiments herein described. To the
      extent that these alterations, changes and modifications do not depart
      from the spirit and scope of the appended claims, they are intended to be
      encompassed therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for opening containers of the type having a lid with weakened
      closure portions therein adapted to be inwardly depressed, said device
      comprising:
PA1  a. a generally circular body member adapted to extend across the lid of the
      container having an inner planar surface;
PA1  b. a peripheral lip depending from said body member;
PA1  c. projection means depending from the inner surface of said body member
      arranged to align with said weakened closure points in the container lid,
      said projection means having a general V-shaped cross section extending
      uniformly from said inner surface;
PA1  d. whereby the device may be snugly engaged with the container with the
      projection means in alignment with the weakened closure portions and
      whereby said device can be manually depressed to open said closure
      portions to bring said planar surface proximate or in contact with said
      lid to prevent spraying of the container contents upon opening.
NUM  2.
PAR  2. The device of claim 1 wherein said peripheral flange is provided with
      annular seal means provided on the interior surface of the flange whereby
      said device can be used as a closure to seal the contents of an opened
      container.
NUM  3.
PAR  3. The device of claim 1 wherein said device is integrally formed of a
      transparent material.
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ABST
PAL  A bulb for a cathode tube comprising a cone having a narrow end adapted to
      receive electronic devices therein and a wide substantially rectangular
      base end having a screen with a curved viewing portion secured thereto.
      The curved viewing screen is provided with a substantially rectangular
      peripheral contour complementary to the contour of the base end of the
      cone and the viewing portion is so curved that the sections therethrough
      parallel to the cone base end define curves which are substantially
      parallel to the cone base and contour.
BSUM
PAR  The bulb of a cathode tube, and particularly a television tube, is
      generally obtained by welding together an element of conical form, the
      so-called "cone," of glass or metal which carries at its top the
      electronic device, with a screen of glass through which the television
      viewer sees the picture.
PAR  The base of the cone, at the end opposite the electronic device, has the
      form of a curvilinear rectangle. It is this rectangle to which the screen
      is connected by welding.
PAR  The screen has a curved form to resist the atmospheric pressure which is
      exerted against the vacuum existing inside the bulb. We can distinguish in
      the screen two parts: the viewing zone, curved, whose surface is generally
      derived from a sphere or torus, and the "apron" or border which is
      substantially perpendicular to the viewing zone and which is connected
      with the rectangular base of the cone.
PAR  The screen has thus substantially the form of a rectangular cover having a
      curved principal face constituting the viewing zone and four side walls
      constituting the apron.
PAR  Each of the four walls of the apron has the form of a rectangle whose base
      coincides with the corresponding side of the base of the cone but whose
      height is smallest at the ends, regularly increasing up to the center,
      because of the spherical form of the viewing zone which each wall of the
      apron intercepts.
PAR  In these prior art bulbs each edge of the contour of the viewing zone at
      the intersection of the front face of the zone with the apron is arcuate
      in a plane parallel to the axis of the bulb. The level curves of the
      viewing zone, that is, the sections of this zone through the planes
      parallel to the base have substantially a circular form.
PAR  An object of the present invention is to provide a bulb of a cathode tube
      wherein the peripheral contour of the viewing zone has the shape of a
      curvilinear rectangle, the four sides of which are disposed in a plane
      substantially perpendicular to the axis of the bulb.
PAR  According to the invention the cone of the bulb can be welded directly on
      the contour of curvilinear rectangular shape of the viewing zone or the
      screen can be provided with an apron having a substantially uniform
      height.
PAR  Another feature of the invention is that the viewing zone is so shaped that
      parallel sections through said zone parallel to the base of the cone
      define a curved line substantially parallel to the base end of said cone.
DRWD
PAR  The new arrangement has the effect of important advantages which will
      result from the following description by way of example of a screen
      according to the invention with reference to the attached figures which
      represent:
PAR  FIG. 1 is a front view of a prior art television tube;
PAR  FIG. 2 is an elevation view corresponding to FIG. 1;
PAR  FIG. 3 shows various sections on a larger scale of the prior art screen;
PAR  FIG. 4 is a front view of the television tube according to the invention;
PAR  FIG. 5 is an elevation view corresponding to FIG. 4;
PAR  FIG. 6 shows various sections on a larger scale of the screen of this
      television tube according to the invention and
PAR  FIG. 7 is a front view of a television tube according to the invention
      whose apron height is zero.
DETD
PAR  In the television screen of the known type, represented in FIGS. 1-3, 1 is
      the viewing zone, of spherical form, 2 is the "apron" or border
      perpendicular to the viewing zone and connecting the latter with the
      rectangular curvilinear base of the cone 3.
PAR  We see that the level curves 4a, 4b, 4c, 4d of the viewing zone, that is,
      the sections of its surface through planes parallel to the base of the
      cone, are substantially circular. The four side walls 5, 6, 7, 8 of the
      apron, which correspond each to one side of the base of the cone, have the
      general form of a rectangle of progressively increasing height from the
      ends to the center. This way in the curvilinear rectangle m n p q r s
      constituting the wall 5 of the apron, which is shown in an elevation in
      FIG. 2, the height is smallest at the ends m n and q r and greatest at the
      center p s.
PAR  The maximum height is greater for the large sides 5, 7 of the apron than
      for the small sides 6, 8 as it can be seen from FIG. 3, which represents
      sections of the screen along ox, oy, oz of FIG. 1.
PAR  Ox, which intersects the screen through the symmetry plane perpendicular to
      its large side 5, intersects the latter along s p, which constitutes the
      maximum height of the apron of the screen.
PAR  On the other hand, oz which intersects the screen through its diagonal
      plane meets the large side 5 and the small side 8 along their intersection
      m n, which constitutes the minimum height of the apron of the screen.
PAR  Finally, oy which intersects the screen through the symmetry plane
      perpendicular to its small side 8, intersects the latter along Tu, a
      height of intermediate value.
PAR  We see also in FIG. 3 that, in counterpart to the variations of the apron
      height in the known screen, the bend of the viewing field is also
      variable, depending on whether it is measured in the plane of intersection
      ox, where it has the value pv, in the plane intersection oy, where it has
      the value uw, or in the diagonal plane of intersection oz, where it has
      the maximum, characteristic value nf.
PAR  A television screen according to the invention is represented in its
      entirety in FIGS. 4 and 5. In this screen the level curves 9a, 9c, 9d
      which are substantially parallel to the contour of the cone base 3 are
      sections of the screen parallel to the base end of the cone. The four side
      walls 10, 11, 12, 13 of the apron have the general form of a rectangle of
      constant height, as shown by wall 10 in FIG. 5.
PAR  FIG. 6 which is similar to FIG. 3 represents sections of the screen through
      the plane ox', oy', oz'  of FIG. 4. These planes of intersection meet
      respectively the centers of the large and small sides of the apron and the
      intersection of these sides along the heights s' p', t' u' and m' n' which
      are equal to each other.
PAR  To the constant height of the apron of the screen according to the
      invention corresponds a constant bend of the viewing zone independent of
      the plane of intersection considered for the measurement of this bend. We
      see in fact that the bends p'v', u'w' and n'f are equal.
PAR  The applicant has found that with equal resistance to the atmospheric
      pressure, regardless of the vacuum in the tube, the constant bend of a
      screen according to the invention is lower than the permissible bend of a
      conventional tube thereby providing a reduction of the encumbrance due to
      the depth of the tube.
PAR  Bulbs for cathode tubes and for television tubes in particular and these
      tubes themselves, are usually protected along the welding line of the cone
      with the screen by means of a belt surrounding the apron. The constancy of
      the height of the apron in the tubes according to the invention makes it
      easier and less costly to realize these protective belts and to secure
      them on the tube. The same holds true for the various devices, cabinet or
      other, destined to hide this part of the tube in the presentation of the
      television sets. Attention is directed in particular to the process of
      girdling, which is described in the French Pat. deposited in the name of
      the applicant on Nov. 22, 1963 for "Process for girdling glass vessels,
      for example, television tubes."
PAR  According to this process, the bulb is surrounded with a peripheral belt
      which is slightly greater than the periphery of the bulb, and the glass,
      made plastic by heat, is brought in contact with the belt, particularly by
      putting the inside of the bulb under pressure. Thanks to its constant
      height of the apron, the bulb according to the present invention is of
      particular advantage for the execution of this process.
PAR  FIG. 7 shows a bulb according to the invention whose apron height is zero,
      the viewing zone 1 with constant bend being connected with the cone at 15
      along the plane of the cone base.
PAR  A screen with a constant height apron or no apron can be obtained according
      to the invention by the usual pressing method.
PAR  It can also be obtained in a particularly advantageous manner, particularly
      with an apron of height zero, by bending a glass sheet under the action of
      its own weight which is supported at its periphery by a "skeleton" having
      precisely the form of the rectangular contour at the base of the cone. The
      form thus obtained by bending has then naturally substantially level
      curves parallel to the skeleton, that is, to the contour of the cone base
      to which the screen will be connected by welding. The same holds true if,
      instead of bending the glass sheet under the action of its owns weight,
      the bending is effected by a vacuum or under load. The form of the bending
      is than different, but the level curves remain parallel, to the contour of
      the cone base.
PAR  For the realization of the picture screen according to this process one can
      start with polished glass which does not require subsequent polishing on
      the inner surface which is in certain cases, particularly for the color
      television, a costly inconvenience in the manufacture of the known
      screens.
PAR  Numerous other modifications and substitutions of equivalents will readily
      occur to those skilled in the art, after a study of the foregoing
      disclosure. Hence the disclosure is to be taken in an illustrative rather
      than a limiting sense; and all modifications, alterations, re-arrangements
      and substitutions within the scope of the subjoined claims, are reserved.
CLMS
STM  Having now fully disclosed the invention, what I claim and desire to secure
      by Letters Patent of the United States is:
NUM  1.
PAR  1. A bulb for a cathode tube comprising a cone having a narrow end and a
      wide substantially rectangular base end, a screen having a curved viewing
      portion having a substantially rectangular peripheral contour
      complementary to the contour of the base end of said cone, said viewing
      portion being so curved that sections therethrough parallel to said base
      cone end define curves which are substantially parallel to said cone base
      end contour, and means securing together said cone base end and said
      screen at their respective edges.
NUM  2.
PAR  2. A bulb according to claim 1 wherein the substantially rectangular
      peripheral contour of said curved viewing portion of the screen is secured
      directly to the rectangular base end of said cone.
NUM  3.
PAR  3. A bulb according to claim 1 wherein said screen further comprises apron
      means having four substantially rectangular walls of constant equal height
      disposed about the rectangular peripheral contour of said screen.
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ABST
PAL  A combination fresh water supply and waste holding tank for use in mobile
      structures such as vehicles. The tank includes separate half shell
      portions and an extensible divider wall extending across the internal tank
      space between the half shell portions. A fresh water supply holding
      structure is provided in one portion of the shell spaces defined by the
      divider wall and a waste holding structure is provided in the other
      portion of the spaces defined by the divider wall. Each of the divider
      wall, fresh water supply holding structure and waste holding structure are
      extensible whereby selectively substantially the entire internal space of
      the shell may be occupied by the fresh water supply holding structure and
      fresh water therein, or substantially the entire internal space of the
      shell may be occupied by the waste holding structure and waste therein.
      The tank is arranged to be substantially full at all times with fresh
      water drawn from the supply being volumetrically compensated by waste
      delivered to the waste holding structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to liquid holding tanks and in particular to tanks
      arranged for selectively holding variable quantities of different liquids.
PAR  2. Description of the Prior Art
PAR  In the conventional mobile vehicle, such as a trailer, boat, and the like,
      it is desirable to provide facilities for storing a fresh water supply.
      Further, in such vehicles, it is desirable to provide facilities for
      temporarily storing liquid waste. Conventionally, such fresh water
      supplies and liquid waste holding means have comprised separate tanks
      carried by the mobile vehicle. The use of such separate tanks is
      relatively costly not only in the cost of the original tank apparatus, but
      further in the use of valuable space, as in most such mobile vehicles,
      space is at a premium.
PAR  One waste disposal device for use as a portable disposable means is shown
      in U.S. Pat. No. 3,321,103 of Henry E. Phillips. The Phillips device
      utilizes a disposable bag for receiving and holding the waste and means
      for removably connecting the bag to the apparatus for subsequent removal
      and disposal.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved tank structure for use in
      mobile vehicles and the like which provides improved compact storing of a
      fresh water supply and holding of liquid waste for facilitated disposal.
PAR  More specifically, the present invention comprehends an improved
      combination fresh water supply and liquid waste holding tank. The tank may
      be comprised of separable bottom and upper half shells with means for
      securing the half shells together. An extensible divider wall is sealingly
      secured between the half shells to divide the interior space of the shell
      into a fresh water supply portion and a liquid waste holding portion.
PAR  A first flexible holding means is provided in the fresh water supply
      portion for receiving, holding, and delivering fresh water. A second
      flexible holding means is provided in the waste holding portion for
      receiving, holding, and discharging liquid waste.
PAR  Suitable port means are provided in the shell for passing fresh water into
      and from the fresh water supply means and for passing waste into and from
      the liquid waste holding means.
PAR  The tank structure is readily disassemblable for facilitated cleaning when
      desired. In the illustrated embodiment, each of the divider wall and
      flexible holding means is peripherally sealingly secured between the shell
      halves by the securing means.
PAR  In the illustrated embodiment, the side walls of the half shells are
      generally triangular. The side walls are complementary so as to define, in
      the secured arrangement, a parallelepiped shell with the divider wall
      extending substantially diagonally across the interior thereof.
PAR  The waste inlet may comprise a vertical T-duct having a lower end adjacent
      a corner edge of the bottom half shell for effectively precluding
      obstruction thereby by the extended divider wall and flexible holding
      means when the tank is substantially full of fresh water. The upper
      portion of the T-duct defines a first end opening upwardly through a top
      corner edge portion of the bottom half shell, and a second end opening
      horizontally through the end wall thereof.
PAR  A number of tank arrangements utilizing collapsible walls have been used
      heretofore. Thus, in U.S. Pat. No. 1,731,767 of George F. Cramer, a
      dispensing device is shown utilizing a collapsible bag which is collapsed
      within a metal tank by incoming pressurized water to force out liquid to
      be sprayed from the bag. In U.S. Pat. No. 3,112,845 of Frederick Bryant, a
      bulk fluid transport is shown wherein a pair of flexible bags are disposed
      within an outer tank for permitting different liquid loads to be provided
      in the different bags. In U.S. Pat. No. 3,477,611 of Harold T. Niles, a
      fuel tank having reduced fuel vapor emission is provided with a flexible
      diaphragm for dividing the tank into air and fuel chambers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a fragmentary side elevation of a mobile vehicle provided with a
      combination fresh water supply and liquid waste holding tank embodying the
      invention;
PAR  FIG. 2 is an exploded side elevation partially in section of the elements
      of the tank;
PAR  FIG. 3 is a vertical section of the assembled tank as arranged when filled
      with fresh water;
PAR  FIG. 4 is a vertical section of the assembled tank as arranged when filled
      with liquid waste with the divider wall and flexible holding means being
      illustrated in an intermediate position in broken lines; and
PAR  FIG. 5 is a vertical section taken along the line 5--5 of FIG. 4, with the
      dotted lines showing the intermediate position of the divider wall.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing, a
      combination fresh water supply and liquid waste holding tank generally
      designated 10 is mounted in a mobile vehicle generally designated 11
      illustratively comprising an automotive vehicle, it being understood that
      the vehicle may be of any type including boats, trailers, etc. The tank
      may be connected by suitable piping generally designated 12 to appliances
      of the vehicle (not shown). In the illustrated embodiment, the tank
      includes a waste liquid inlet 13, a waste liquid outlet 14, a fresh water
      supply inlet and outlet 15, and a waste flushing inlet 16.
PAR  As shown in FIG. 2, tank 10 includes a bottom half shell 17, an upper half
      shell 18, an extensible divider wall 19, a first flexible lower holding
      means 20, and second flexible upper holding means generally designated 21.
      In the assembled arrangement of the tank, the bottom and upper half shells
      are joined to define a complete hollow shell generally designated 22 which
      is internally divided by the divider wall into an upper fresh water space
      23 and a lower liquid waste space 24, as shown in dotted lines in FIG. 4.
      As further illustrated in FIGS. 3 and 4, the first flexible holding means
      20 is disposed within the shell above the divider wall 19 and, thus, when
      the holding means 20 is filled with fresh water, it occupies substantially
      the entire volume of the shell. The second holding means 21 includes an
      upper sheet 25 and a lower sheet 26. The peripheral portion 27 of upper
      sheet 25 and the peripheral portion 28 of lower sheet 26 are sealingly
      secured whereby sheets 25 and 26 define an extensible container which,
      when filled with waste liquid as shown in FIG. 4, substantially fills the
      shell 22. As illustrated in dotted lines in FIG. 4, the divider wall
      gradually moves from the lower position of FIG. 3 to the upper position of
      FIG. 4 as fresh water is delivered from the first holding means 20 and is
      replaced by liquid waste in the second holding means 21. Thus, as
      illustrated in FIG. 4, the tank is maintained substantially full of liquid
      at all times starting with a tank full of fresh water and ending with a
      tank full of liquid waste in the normal use of the apparatus.
PAR  Divider wall 19 defines a peripheral portion 29 and upper holding means 20
      defines a peripheral portion 30. As shown in FIGS. 3-5, the peripheral
      portions 29-30 are substantially congruent and overlying, being sealingly
      clamped between an outturned flange 31 of the bottom half shell and a
      corresponding outturned flange 32 of the upper half shell by suitable
      securing means, such as bolts 33. As illustrated in FIG. 2, in the
      disclosed embodiment, bottom half shell 17 is provided with triangular
      side walls 34 and upper half shell 18 is provided with complementary
      triangular side walls 35, it being understood that any suitable half shell
      configuration may be utilized within the scope of the invention. The
      triangular side wall half shell is advantageous in providing facilitated
      cleaning of the interior thereof upon disassembly of the tank.
PAR  As indicated briefly above, fresh water is introduced into the upper
      flexible holding means 20 through an inlet and outlet duct 15 which
      defines a port 15a in the holding means 20, as shown in FIG. 3. Waste is
      delivered into the lower holding means 21 through the waste inlet 13
      which, as shown in FIG. 3, may comprise a T-tube having an upper
      horizontal leg 13a extending through the tank and into the lower holding
      means 21 with a downturned leg 13b defining an inlet port 13c within
      holding means 21 closely adjacent the bottom wall 36 of the bottom half
      shell 17. The upper end 13d of the waste inlet tube extends vertically
      through the inturned top edge portion 37a of end wall 37 for facilitated
      use as in marine installation. As shown in FIG. 3, the duct portion 13a
      extends through the upright end wall 37 of shell portion 17 adjacent the
      top thereof and slightly below and laterally of the fresh water inlet 16
      which extends through end wall 37 and sheet 26 to define an inlet port 16a
      opening into lower waste holding means 21. Waste inlet end 13d may be
      suitably capped where the apparatus is used in a motor home installation.
      Similarly, outlet 14 may be capped where the apparatus is used in a marine
      installation.
PAR  Waste outlet 14 comprises a duct extending upwardly through bottom wall 36
      and sheet 26 directly below inlet port 13c to define an outlet port 14a
      opening into waste holding means 21. As will be obvious to those skilled
      in the art, other suitable arrangements of the inlet and outlet ducts may
      be employed within the scope of the invention.
PAR  As indicated above, bottom half shell end wall 37 defines an inturned upper
      edge portion 37a. Similarly upper half shell end wall 38 may be provided
      with an inturned lower edge portion 38a to provide generally bilateral
      symmetry in the tank configuration.
PAR  The divider wall 19 is preferably formed of a resiliently extensible
      material adapted to readily flex to the lower position of FIG. 3 and to
      the upper position of FIG. 4 and effectively positively divides the fresh
      water space from the waste space in the tank. The upper holding means 20
      may comprise a sealed bag formed of resilient material and the lower
      holding means may comprise resilient sheets 25 and 26 facilitating the
      cleaning of the lower holding means upon removal from the tank when
      desired. Illustratively, the tank may have a capacity of approximately 50
      gallons for use in a motor home mobile vehicle. Divider wall 19 cooperates
      with each of the respective half shells to define effectively two half
      tanks, each of which is provided with its own separate flexible liquid
      holding means whereby the unique cooperating arrangement of the two half
      shells permits the liquid holding means having the greater volume of
      liquid therein to extend into the opposite half shell which is effectively
      correspondingly modified in its external configuration by the adjustment
      of the arrangement of the divider wall.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combination fresh water supply and liquid waste holding tank for use
      in mobile vehicles, comprising:
PA1  a bottom half shell defined by a bottom wall, an upright end wall at one
      end of the bottom wall, and opposed side walls extending downwardly from
      the top of said end wall to the opposite end of the bottom wall;
PA1  an upper half shell defined by a top wall, a depending end wall at one end
      of the top wall, and opposed side walls extending upwardly from the bottom
      of said end wall to the opposite end of the top wall;
PA1  means for securing said half shells together with the lower edge of the
      upper half shell side walls juxtaposed to the upper edge of the lower half
      shell side walls to define a parallelepiped shell;
PA1  an extensible divider wall sealingly secured between said half shells and
      being extensible selectively fully upwardly into said upper half shell and
      fully downwardly into said lower half shell;
PA1  first flexible holding means for holding fresh water disposed within the
      shell above said divider wall;
PA1  second flexible holding means for holding waste disposed within the shell
      below said divider wall;
PA1  first port means for passing fresh water through said shell into and from
      said first flexible holding means; and
PA1  second port means for passing waste through said shell into and from said
      second flexible holding means.
NUM  2.
PAR  2. The fresh water supply and liquid waste holding tank of claim 1 wherein
      said divider wall defines a peripheral flange sealingly secured between
      said half shells.
NUM  3.
PAR  3. The fresh water supply and liquid waste holding tank of claim 1 wherein
      said divider wall defines a peripheral flange sealingly secured between
      said half shells and said first flexible holding means comprises a bag
      having a peripheral flange sealingly secured with said divider wall flange
      between said half shells.
NUM  4.
PAR  4. The fresh water supply and liquid waste holding tank of claim 1 wherein
      said divider wall defines a peripheral flange sealingly secured between
      said half shells and said first flexible holding means comprises a
      parallelepiped bag having a diagonal peripheral flange sealingly secured
      with said divider wall flange between said half shells.
NUM  5.
PAR  5. The fresh water supply and liquid waste holding tank of claim 1 wherein
      said second flexible holding means comprises a pair of flexible sheets
      having peripheral portions sealingly secured between said half shells.
NUM  6.
PAR  6. The fresh water supply and liquid waste holding tank of claim 1 wherein
      said first port means comprises a single duct for passing fresh water
      therethrough into said first flexible holding means for storage therein,
      and delivering the stored fresh water from said first flexible holding
      means when desired.
NUM  7.
PAR  7. The fresh water supply and liquid waste holding tank of claim 1 wherein
      said second port means comprises a duct opening through said bottom half
      shell at the top thereof and extending downwardly therein to adjacent said
      bottom wall.
NUM  8.
PAR  8. The fresh water supply and liquid waste holding tank of claim 1 wherein
      said half shells define complementary peripheral flanges, and said
      securing means comprises means for sealingly clamping the periphery of
      each of said divider wall and flexible holding means between said flanges.
NUM  9.
PAR  9. A combination fresh water supply and liquid waste holding means for use
      in mobile vehicles, comprising:
PA1  a lower, upwardly opening tank structure;
PA1  an upper, downwardly opening tank structure;
PA1  means for securing said tank structure together with the  lower edge
      portion of the upper tank structure juxtaposed to the upper edge portion
      of the lower tank structure to define upper and lower confronting tank
      spaces;
PA1  an extensible divider wall sealingly secured between said tank structures
      and being extensible selectively fully upwardly into said upper tank
      structure and fully downwardly into said lower tank structure;
PA1  first flexible holding means disposed within the tank space above said
      divider wall for holding fresh water;
PA1  second flexible holding means disposed within the tank space below said
      divider wall for holding liquid waste;
PA1  first port means for passing fresh water into and from said first flexible
      holding means; and
PA1  second port means for passing liquid waste into and from said second
      flexible holding means.
NUM  10.
PAR  10. The fresh water supply and liquid waste holding means of claim 9
      wherein said divider wall is resilient.
NUM  11.
PAR  11. The fresh water supply and liquid waste holding means of claim 9
      wherein said securing means sealingly clamps a peripheral portion of said
      divider wall between said tank structures.
NUM  12.
PAR  12. The fresh water supply and liquid waste holding means of claim 9
      wherein said securing means sealingly clamps a peripheral portion of said
      flexible holding means between said tank structures.
NUM  13.
PAR  13. The fresh water supply and liquid waste holding means of claim 9
      wherein said second port means includes means for passing flushing water
      into said second flexible holding means.
NUM  14.
PAR  14. The fresh water supply and liquid waste holding means of claim 9
      wherein said upper edge portion of said bottom tank structure, and said
      lower edge portion of said upper tank structure define outturned flanges,
      said securing means being arranged to clamp said flanges, divider wall,
      and holding means sealingly together.
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ABST
PAL  This invention relates to an improved corner construction for cryogenic
      tanks of generally rectilinear cross section wherein the internal surfaces
      of the tank are insulated with a foamed material which is in direct
      contact with cryogenic liquid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a container or tank for the storage or
      transportation of large volumes of bulk fluids at extremely low
      temperatures and in particular relates to an improved internal thermal
      insulating structure for such a tank. In the past, many various types of
      insulated tanks for the shipping of cryogenic fluids have been proposed.
      The patent literature is exemplified by French Pat. No. 1,383,795 and U.S.
      Pat. Nos. 3,013,922; 3,122,043; 3,261,087; 3,400,849; 3,502,239;
      3,548,453; and 3,655,086. However, in practice, essentially only two basic
      ship tank designs have been employed to any significantt extent, namely, a
      membrane tank design and a free-standing tank design. For an excellent
      discussion of the various types of ship tank designs, see the paper
      presented by Thomas et al. to the Society of Naval Architects and Marine
      Engineers, November 11-12, 1971, entitled, "LNG Carriers: The Current
      State of the Art".
PAR  One of the major considerations in the design of tanks having a rectilinear
      cross section, wherein the load is supported by and in direct contact with
      the insulation, particularly tanks for barge or ship transport of large
      volumes of cryogenic liquids, such as liquid natural gas, is to minimize
      the stress concentration at the corners and to strengthen the corner
      construction so that the high tensional and torsional loadings can be
      absorbed without failure. As is evident from the aforementioned prior art,
      the corner construction has been quite complex and expensive due primarily
      to the extremely low operating temperatures and the wide temperature
      variations to which the construction is exposed.
PAR  Against this background, the present invention was developed.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross section of a tank of the present invention.
PAR  FIG. 2 is a cross section of a corner illustrating a further embodiment of
      the invention. In the Figures, all corresponding parts are numbered the
      same.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention is directed to an improved insulated tank or container for
      the bulk storage or transportation of large volumes of liquid at very low
      temperatures, i.e., from about -100.degree. to -350.degree.F. The tank or
      container generally comprises an outer metal shell and an internal
      insulation which is designed to come into direct contact with cryogenic
      liquid and contain same. This invention is directed to containers capable
      of holding more than 2000 gallons (US) of liquid and in particular barge
      or ship containers of generally rectilinear cross section.
PAR  The metal support shell is generally of a rectilinear cross section and can
      be formed of any suitable material, such as aluminum, steel, 9% Ni steel
      and the like. The internal insulation on the walls and floor of the tank
      is a closed cell, rigid polyurethane foam having a density of about 2-5
      pounds per cubic foot. The corners of the tank at the intersection between
      the floor and walls are lined with a denser, closed cell polyurethane foam
      having a density of about 4-10 pounds per cubic foot. In accordance with
      the present invention, a flexible webbing or netting, preferably of open
      weave, rectiform construction, is incorporated into the intersection
      between the abutting polyurethane foam layers of different density so as
      to cross the intersection between the two layers and is bonded in both
      layers. The netting or webbing can be of any suitable material, such as
      nylon, glass fibers, burlap, polyester fibers and the like. This
      particular construction allows the corner section to absorb the high
      tensional and torsional loads characteristic of barge or ship transport
      without failure at the interface between abutting layers of foam having
      different densities. If desired, several layers of netting can be disposed
      across the interface throughout the thickness of the foam.
PAR  Reference is made to FIG. 1 which illustrates an embodiment of the
      invention. In this figure, the metal support shell 10 comprises a bottom
      plate 11 and vertical sidewalls 12. A layer 13 of low-density polyurethane
      foam is affixed or bonded to the vertical walls 12 and the bottom plate 11
      in a suitable manner. A layer 14 of high-density polyurethane foam is
      disposed in the corners of the tank. Crossing the interface 15 and
      incorporated into layers 13 is flexible webbing 18. To protect the surface
      of the polyurethane foam from traffic damage and the like, a layer 19 of
      Mylar, aluminum foil, netting or combinations thereof, can be bonded to
      the surface. As indicated in the drawing, the layer 18 of webbing or
      netting may extend throughout the entire polyurethane mass so as to
      reinforce the same and to act as a crack arrester.
PAR  Reference is also made to FIG. 2 which illustrates a further embodiment of
      the present invention wherein a layer 20 of polyurethane foam is bonded to
      the inner or exposed surfaces of foam layer 13 and foam layer 14. If
      desired, webbing can be incorporated into layer 20.
PAR  Generally, the polyurethane foam is usually foamed into place in layers
      from about 1-3 inches thick and thus for most applications, e.g., foams
      between about 2 and 24 inches thick, a plurality of passes are necessary.
      Usually the underlying layer is cured before the application of subsequent
      layers of foam. The reinforcing netting or webbing can be incorporated
      into the various layers by applying the mesh or webbing to a cured layer
      of polyurethane and preferably affixing the webbing thereto by suitable
      means, such as staples or the like. The polyurethane foam can be bonded to
      the metal support shell in any suitable means. For example, the urethane
      foam can be bonded to the metal shell by directly spraying the foam on the
      shell or the metal shell can be first coated with a conventional resilient
      primer prior to foaming. Mechanical means can also be used.
PAR  As is well known in the art, the polyurethane foam can be prepared by
      reacting an organic polyisocyanate with an organic compound containing a
      plurality of active hydrogen atoms as determined by the Zerewitinoff
      method, JACS, Vol. 49, page 3181, 1929. Suitable compounds having active
      hydrogen atoms include polyhydroxy compounds, such as polyols and the
      like. Suitable additives, such as light and heat stabilizers, catalysts,
      fillers, pigments, pore size regulators, foaming agents, solvents,
      viscosity controllers, surface active agents, such as silicone oils, fire
      retardants and the like, may be incorporated into the polyurethane foam.
      The preferred polyisocyanate contains about 35 to 85% by weight methylene
      diphenyl diisocyanate. For the present invention, the density of the foam
      should range from about 2 to 5 pounds per cubic foot for the low-density
      foam and about 4 to 10 pounds per cubic foot for the high-density foam.
      The high-density foam should be at least one pound per cubic foot greater
      than the low-density foam. Tensile strength of the cured foam should
      exceed 50 psi and the elongation should exceed 4% at - 260.degree.F. The
      compressive strength at room temperature should exceed 20 psi. The
      coefficient of thermal expansion generally ranges from about 20 to about
      50 .times. 10.sup.-.sup.6 in/in/.degree.F. The K factor (BUT/in/ft.sup.2
      /hr/.degree.F) based on ASTM Test C177 generally ranges from about 0.10 to
      about 0.19 at temperatures from about -260.degree. to 120.degree.F.
PAR  By use of the internal insulation of the present invention, the temperature
      of the structural tank usually does not vary far from the ambient
      temperature and thus may be formed from any convenient material, e.g.,
      such as aluminum, steel or reinforced fiberglass and the like. However, as
      an added safety feature, in case of the complete failure of the insulation
      system, it may be desirable to form the tank from materials which can
      withstand cryogenic temperatures, such as aluminum, stainless steel, Invar
      and 9% Ni steel. Tank wall thickness ranges from about 1/4 to 3 inches.
PAR  The present invention provides a highly simplified, easily constructed,
      insulated tank which can readily tolerate the high tensional and torsional
      loads imposed by barge or ship transport at cryogenic temperatures.
PAR  It is obvious that various modifications and improvements can be made to
      the present invention without departing from the spirit thereof and the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a metallic tank capable of storing or transporting large volumes of
      liquid at temperatures from about -70.degree. to -400.degree.F., said tank
      having a generally rectilinear cross section, wherein the internal surface
      of said tank is lined with a foamed insulation on at least the upstanding
      walls and the floor thereof, an improved corner joint construction between
      the wall insulation and the floor insulation comprising a layer of foam in
      the corner, abutting the wall insulation and the floor insulation and
      having a density of at least one pound per cubic foot greater than the
      wall and floor foam insulation and having incorporated in said denser foam
      an interlayer consisting of flexible webbing of generally retiform
      construction, said flexible webbing extending beyond said denser foam and
      incorporated into the abutting layers of lower-density foam affixed to the
      wall and floor of said tank.
NUM  2.
PAR  2. The metallic tank of claim 1 wherein said foamed insulation is a closed
      cell polyurethane foam.
NUM  3.
PAR  3. The tank of claim 2 wherein the wall and floor insulation is a closed
      cell foam having a density from about 2 to 5 pounds per cubic foot and the
      corner insulation is a denser closed cell foam having a density of about 4
      to 10 pounds per cubic foot.
NUM  4.
PAR  4. The tank of claim 1 wherein said webbing is of a material selected from
      the group consisting of nylon, fiberglass, burlap and polyester.
NUM  5.
PAR  5. The tank of claim 3 wherein an additional layer of polyurethane foam
      having a density of about 2 to 5 pounds per cubic foot is bonded to the
      exposed inner surface of said wall insulation, floor insulation and joint
      insulation.
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PAL  This specification discloses an easy-opening closure for a can end which
      comprises an opening formed by partially severing a portion from the can
      end to leave the portion attached thereto by an integral neck, and a
      closure member formed from said severed portion and which is larger than
      said opening. The sheet metal adjacent the free edge of the opening is
      downwardly turned while the sheet metal adjacent the free edge of the
      closure member is upwardly turned, said free edges being in contact with
      or in close proximity to each other. A sealant is applied at least in the
      region of the free edges if required by the purpose for which the can end
      is to be used. The specification also discloses a method of forming such a
      closure comprising the steps of: forming an upwardly directed bulge in the
      sheet metal, thus stretching the sheet; partially severing a central
      portion of said bulge, to define an opening and said severed portion
      defining a closure member for said opening, and displacing the closure
      member downwardly so that its free edge is below the free edge of the
      opening; partially flattening the thus truncated bulge of sheet metal
      around said opening to reduce its size, and turning downwardly said free
      edge defining said opening; partially flattening the closure member to
      increase its size, and turning upwardly said free edge of the closure
      member, the free edge portion of said closure member being in contact with
      or in close proximity to said free edge defining said opening, and
      applying a sealant at least on the region of the free edges of the opening
      and the closure member to seal the closure if required by the purpose for
      which said container member is to be used.
PARN
PAR  This is a division, of application Ser. No. 180,785 filed Sept. 15, 1971,
      now U.S. Pat. No. 3,759,206.
BSUM
PAR  This invention relates to easy-opening closures for containers made at
      least partly from sheet metal, such as metal cans for beverages of all
      kinds, other liquids, and pourable products.
PAR  The most widely marketed easy-opening closures for beverage cans are formed
      in can ends made from aluminium or an aluminium alloy, the closure member
      being defined by a score line that weakens the metal and having attached
      to it a pull ring for tearing the closure member from the can end. In
      another type of closure, a tinplate can end has an insert of aluminium
      that incorporates a closure member defined by a score line. Again, a pull
      ring is attached to the closure member to enable it to be torn from the
      can end.
PAR  Can ends made from steel or tinplate and incorporating a score line
      defining an easy-opening closure adapted for removal by a pull ring are
      also known. However, the disadvantage with such closures is that the
      scoring operation causes work hardening of the steel, thus making more
      difficult the easy removal of the closure by the usual tearing operation.
      The difficulty is accentuated when the edge of the scoring tool becomes
      rounded in use. Then the strength of the deformed metal can reach levels
      where the forces necessary to tear the score are higher than those
      necessary to tear the adjacent sheet. As a result, the tear does not
      follow the score line and the can becomes difficult to open and dangerous
      in use.
PAR  A major disadvantage of such "tear-out" closures is that they are
      relatively complicated and costly to manufacture. Another disadvantage is
      that the closure member, after being torn from the container, is usually
      thrown away thus producing a serious litter problem.
PAR  Easy-opening closures which are not torn out of the container have been
      proposed. Such closures are opened by displacing the closure member into
      the container. One such proposal is disclosed in Klein and Harper U.S.
      Pat. No. 3,334,775 which describes a closure formed by drawing and shaping
      the sheet metal so that it is underfolded in two superimposed 180.degree.
      folds, the pushin closure member or gate panel being defined by a score
      cut near the lower of these folds. Since access to the sheet metal is
      available only from the underside, a conventional shearing operation is
      not possible and the score cut must be made by forcing a knife into the
      sheet metal. This constitutes a major disadvantage because the service
      life of such a knife is likely to be short when the closure is made from
      steel or tinplate especially when these are of high temper. Another
      disadvantage is that the formation of the superimposed 180.degree. folds
      involves severe deformation of the sheet metal and this can cause stress
      cracking especially if the formation is attempted at high speed.
PAR  The primary object of the invention is therefore to provide an easy-opening
      closure that can be readily and economically formed from steel or tinplate
      and that avoids the abovementioned disadvantages. Another object of the
      invention is to provide an easy-opening closure that can be economically
      formed from aluminium or aluminium alloy and that has a closure member
      which is not removed from the confines of the container when the closure
      is opened thus reducing the litter problem.
PAR  In accordance with the invention, therefore, there is provided in a
      container member formed from sheet metal, an easy-opening closure
      comprising an opening formed by partially or wholly severing a portion of
      the sheet metal of said container member, the free edge of said sheet
      metal from which said portion is severed defining said opening, and a
      closure member formed from or comprising said severed portion and which is
      larger than said opening, said closure member having part of a free edge
      portion thereof in contact with or in close proximity to said free edge
      defining said opening, or the interior surface of the sheet metal adjacent
      said opening, said closure member having a sealant at least in the region
      of the free edges of said opening and closure member if required by the
      purpose for which said container member is to be used and being adapted to
      be pushed away from said interior surface to open the closure.
PAR  The closure member is larger than the opening in order that any internal
      pressure arising from the contents, e.g. carbonated beverages, of the
      container is resisted by the overlap.
PAR  Preferably, said portion is only partially severed from said container
      member to leave an integral neck that serves as a hinge during the opening
      operation and ensures that the closure member remains connected to the
      container member. Alternatively, a hinge may be formed separately, such as
      by a strong adhesive material.
PAR  In the present specification, the term "container member" is intended to
      include any integral part of a container, such as part of the container
      body, a container end or an insert adapted to form part of a container
      body or end. The term "sheet metal" includes steel, tinplate, aliminium
      and its alloys, other metals suitable for container manufacture, and
      laminates of these metals with relatively thin plastic films. The term
      "severing" means an incision extending through the full thickness of the
      sheet metal from one surface to the other. Thus "partially severing
      portion of the sheet metal" means that such portion remains attached to
      the parent metal only by one or more necks of unincised metal between the
      two ends of the incision or incisions. The term "free edge" means the
      metal surface created by the incision and includes the corners defining
      said surface. The term "free edge portion" includes the free edge as
      defined as well as the sheet metal adjacent to the corners of the free
      edge. The term "in close proximity" includes spacings such that a seal
      effective for the purpose for which the container member is to be used is
      obtained by the use of a suitable conventional sealant. In the case of
      constructions not requiring sealant, say for powders, the term includes
      spacings such that the contents of the container can not escape. The term
      "marginal portion"  means the sheet metal adjacent to the corners of the
      free edge.
PAR  When the contents of the container are at or below atmospheric pressure,
      the invention provides an easy-opening closure as hereinbefore described
      and in which a segment or segments of the free edge portion of the closure
      member are formed to extend over the exterior surface of the sheet metal
      adjacent to the opening. The extent to which this overlap occurs is
      designed to resist opening of the closure by atmospheric pressure or
      accidental contact but to allow opening of the closure by finger pressure.
PAR  The invention also provides a method of forming an easy-opening closure in
      a container member formed from sheet metal comprising partially or wholly
      severing a portion of the sheet metal, the free edge of said sheet metal
      from which said portion is severed defining an opening and said severed
      portion defining a closure member for said opening, and then reducing the
      size of said opening and/or increasing the size of said closure member, a
      part of a free edge portion of said closure member being in contact with
      or in close proximity to said free edge defining said opening or the
      interior surface of the sheet metal adjacent said opening and applying a
      sealant at least in the region of the free edges of the opening and
      closure member if required by the purpose for which said container member
      is to be used.
DRWD
PAR  In order that the invention may be more clearly understood, typical
      preferred forms thereof are hereinafter more fully described with
      reference to the accompanying drawings in which:-
PAR  FIG. 1 is a plan view of one form of a can end embodying the invention;
PAR  FIG. 2 is a sectional elevation view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged plan view of one closure of the can end of FIG. 1;
PAR  FIG. 4 is a plan view of a form of can end suitable for containers having
      contents at or below atmospheric pressure;
PAR  FIG. 5 is a plan view of a modified form of can end suitable for containers
      with contents at or below atmospheric pressure;
PAR  FIG. 6 is a sectional elevation view taken along the line 9--9 of FIG. 3
      and shows the first stage in the formation of a closure in the can end
      shown in the preceding Figures;
PAR  FIGS. 7, 8 and 9 are sectional elevation views taken along line 9--9 of
      FIG. 3, showing successive stages in the formation of the said closure;
PAR  FIG. 10 is a sectional elevation view taken along the line 10--10 of FIG.
      3;
PAR  FIG. 11 is a sectional elevation view taken along the line 11--11 of FIG.
      4, and
PAR  FIG. 12 is a sectional elevation view taken along the line 12--12 of FIG.
      5;
PAR  FIG. 13 is an enlarged plan view of a closure in a can end embodying the
      present invention;
PAR  FIG. 14 is a sectional elevation view taken along lines 14--14 of FIG. 13.
PAR  FIGS. 15, 16 and 17 are sectional elevation views taken along lines 17--17
      of FIG. 13, showing successive stages in the formation of the closure.
DETD
PAR  For clarity the Figures show the configurations of the metal defining the
      closure during the various stages of formation in a somewhat exaggerated
      and idealized form. The actual configurations may therefore depart from
      those shown.
PAR  The can end 10 shown in the drawings comprises a circular disc of tinplate,
      the rim of which is preformed (FIG. 2) in the usual way for subsequent
      attachment by a seaming operation to the upper end of a can body.
PAR  The can end 10 is provided with a diametrically opposed pair of
      easy-opening closures each including an integral push-in closure member 12
      which has been severed from the disc and each of which remains connected
      thereto by a narrow neck 14 which is best shown in FIGS. 3 and 10, each
      such neck being arranged centrally at the outer end of the respective
      closure member 12 and serving as a hinge during the closure opening
      operation.
PAR  The particular location of the neck or hinge 14 with respect to closure
      member 12 has been chosen to strengthen the can end in resisting internal
      pressure created by the contents of the can. However, other locations can
      be used providing the can end can resist the maximum internal pressure for
      the particular application.
PAR  The formation of each closure member 12 in the can end 10 provides a
      corresponding opening 16 defined by the free edge 17 of the can end 10
      which is created by the severing of closure member 12 from the can end 10
      but each such opening is completely covered and sealed by the respective
      closure member 12 until the latter is subsequently pressed downwardly, as
      shown in broken lines in FIG. 10, to open the closure. It will be
      appreciated that only one such closure member 12 need be formed in the end
      10 and that the closure or closures may assume any desired shape or
      configuration. The shape shown in the drawings has been chosen both for
      its pouring characteristics and its aesthetic appeal.
PAR  As best seen in FIGS. 9 and 10, the free edge 18 of the free edge portion
      19 of the closure member 12 is in contact with or in close proximity to
      the free edge 17 of the opening 16. The free edge 18 forms a peripheral
      ledge in the area of overlap. The closure member 12 is most desirably
      formed so as to be resiliently biased towards the opening 16 so that
      contact with the free edge 17 of the opening occurs at least around some
      of its periphery. Clearly, since the closure member 12 has part of its
      free edge 18 beyond or outside the free edge 17 of the opening 16, the
      area of the closure member 12 is larger than that of the opening 16. The
      amount of overlap between the closure member 12 and the opening 16 is
      indicated by the distance x in the various Figures. Hence, the closure
      member will be positively restrained from being displaced upwardly by
      internal pressure in a can to which the end 10 is applied. The application
      of a suitable sealant S to seal any gap between the free edge 18 of the
      closure member 12 and the free edge 17 opening 16 results in the closure
      providing an hermetically sealed can after filling and completion. To gain
      access to the contents, the closure member may be readily pushed
      downwardly as shown in FIG. 10 and when so displaced remains attached by
      neck 14 to the can end 10.
PAR  The sealants may be any suitable polymer, either natural or synthetic.
      Typical sealants that may be used are those based on polyvinyl chloride,
      polyvinyl dichloride, polyethylene or its copolymers, polyamides, and the
      like. Conceivably, soft solder could also be used. The coating of lacquer
      commonly applied to the interior surfaces of metal containers may serve to
      seal the closure.
PAR  If a relatively viscous sealant is applied to the interior of the closure,
      unsightly penetration of sealant to the exterior does not take place even
      if the closure member is not in as close proximity to the opening as would
      have to be the case when a relatively fluid sealant is used. In both
      cases, the objective is to prevent unsightly penetration of sealant to the
      exterior surface of the closure, and to obtain an effective seal after the
      sealant has been subjected to the normal curing process. We have found
      that when using a conventional polyvinyl chloride resin with a plastisol,
      for example a commercial product made by W. R. Grace Australia Ltd. and
      known as Darex cap compound no. 6385-A4, the proximity of the closure
      member to the opening is not critical, and a gap of a few thousandths of
      an inch (a few 0.025 mm) can be tolerated without difficulty.
PAR  The general method of forming each closure 12 is illustrated in successive
      stages in FIGS. 6, 7, 8 and 9 though it will be apparent to those skilled
      in the art that the required result is not dependent upon using the
      particular shapes which are illustrated and that the number of forming
      operations could be reduced or increased.
PAR  Referring to FIG. 6, an upward bulge 20 is formed initially in can end 10,
      either before, after or during formation of its rim, thus stretching the
      sheet metal within the region of the bulge 20. The bulge 20 has a shoulder
      22 where the metal is generally parallel to the plane of the undeformed
      sheet metal around the bulge 20.
PAR  In the succeeding operation shown in FIG. 7, a generally central portion 24
      of the bulge 20 is partially severed approximately centrally of the
      shoulder 22, thus defining a male loop portion which will be formed into
      the closure member 12 and also defining a female loop opening 16. The
      annulus or portion 24 which remains connected to the can end by the
      unincised neck 14 of sheet metal not visible in FIGS. 6 to 9, is also
      displaced downwardly so that its free edge 18 is below the free edge 17
      defining the opening 16. As FIG. 7 clearly shows, the portion 24 and the
      opening 16 are surrounded by flat rims, formerly parts of the shoulder 22.
PAR  In the next operation shown in FIG. 8, the truncated portion of bulge 20
      around the opening 16 including the flat rim is partially flattened, thus
      reducing the size of the opening 16 by forcing its free edge 17 inwardly.
      The free edge 17 is also turned downwardly, which has the important result
      of presenting a smooth periphery to the opener's fingers or lips should he
      drink from the can.
PAR  In the final operation shown in FIG. 9, the closure member 12 is partially
      flattened, thus increasing its size by forcing its free edge 18 outwardly.
      The free edge 18 is also turned upwardly so that it is in contact with or
      at least in close proximity to the free edge 17 of the opening 16. The
      upward turning of the free edge of the closure member has the advantage
      that any fin F of raw and ragged metal produced by the shearing operation
      at the lower corner of the free edge 18 of the closure member 12 is
      located more definitely in the region of application of sealant S around
      the gap. The covering of the fin F with sealant is desirable in order to
      prevent contact of raw metal with the contents of the can.
PAR  As those skilled in the art will appreciate, the steps shown in FIGS. 6 and
      7 may be performed in one die operation. Similarly, the steps shown in
      FIGS. 8 and 9 may also be performed simultaneously, the sealant
      application normally being a separate operation.
PAR  The downward and upward turning of the free edges of the opening and the
      closure member respectively is of course achieved by the use of suitably
      shaped dies. Using known techniques, the dies are also designed so that
      the closure member is resiliently biased towards the opening as previously
      mentioned.
PAR  The desirable amount of overlap x depends inter alia on the size of the
      closure, the properties of the sheet metal, and the pressure in the
      container for which the can end is made. By way of example, an end for a
      beer can made from high temper tinplate about 0.012 inches (0.3 mm) thick,
      we have found that an overlap x of 0.015 inches (0.38 mm) is very
      satisfactory.
PAR  It will be appreciated that complete overlap between the free edges 17 and
      18 may be desirable and in such a case, the free edge 17 is preferably
      disposed outwardly of and above the level of free edge 18. Here the
      contact or close proximity may be between free edge 17 and the outside
      surface of free edge portion 19 or between free edge 18 and the interior
      surface of can end 10 adjacent opening 16. However, it should be
      appreciated that complete overlap is not essential and that the embodiment
      described above is a commercially workable and acceptable embodiment.
PAR  Many alternatives exist for obtaining the desired overlap between the
      closure member and the opening although some of these have obvious
      disadvantages. For example, the whole of the bulge or only the central
      portion of it falling within the shoulder may be formed downwardly. In
      this case, there is contact (or close proximity) between the interior
      surface of the can end and the exterior surface of the free edge portion
      of the closure member.
PAR  Another alternative construction is shown in FIGS. 13 to 17 where parts
      similar to those of the first embodiment are indicated by the suffix c. As
      in the first embodiment, the closure member 12c remains connected to the
      end 10c by a neck 14c of metal and the free edge 18c of the free edge
      portion 19c is disposed beyond or outside the free edge 17c of the opening
      16c. However, the edge portion 19c and the edge 17c are not turned
      upwardly and downwardly but remain in their severed orientation as clearly
      shown in FIG. 14. It will be seen that there is contact (or close
      proximity) between the free edge 17c and the exterior surface of the free
      edge portion 19c.
PAR  The method of forming the closure 12c is illustrated in its successive
      stages in FIGS. 15, 16 and 17. In the first stage (FIG. 15) an upward
      flat-topped bulge 20 is formed to the height of shoulder 22 of the first
      embodiment. In the second stage (FIG. 16) a generally central portion 24c
      of the bulge 20 is severed from end 10c, except for a portion defining the
      neck 14c, and the severed portion is displaced downwardly so that its free
      edge 18c is below the free edge 17c of the opening. The final stage (FIG.
      17) involes the partial flattening of the truncated bulge around the
      opening to reduce the opening to a size smaller than the size of the
      closure member 12c, and then the application of a sealant S as in the
      first embodiment.
PAR  Alternatively again, the bulge may be annular in shape with the central
      portion being in the plane of the undeformed sheet or at any rate lower
      than the height of the annulus. Severance of the metal around the highest
      part of the annulus then defines an opening and a closure member each
      having a raised rim which when partially flattened reduces the size of the
      opening and increases the size of the closure member.
PAR  In the can end shown in FIGS. 4 and 11, where parts similar to those of the
      previous embodiment are indicated by the suffix a, suitable for contents
      at atmospheric pressure or below, the closure member 12a has some of its
      free edge portion 19a at 25 in contact with or closely overlying the
      exterior surface of the can end 10. This prevents the closure member 12a
      from being opened by accidental contact or by atmospheric pressure. In
      practice, the width of the overlap between edge 15 and the periphery of
      the opening would be much less than that shown in FIG. 4 and even in FIG.
      11. At each extremity of the overlap 25, a short incision may be made in
      the edge of the closure member 12a in order to facilitate the change in
      position of the edge 18a from the interior surface to the exterior surface
      of the can end.
PAR  FIGS. 5 and 12, where the suffix b is used, shows an alternative
      easy-opening closure which has three segments 25b of free edge 19b on the
      exterior surface of the can end.
PAR  In each of the embodiments, the easy-opening closure and the immediately
      surrounding parts of the can end may be covered by a removable adhesive
      covering strip of paper, plastic film or other suitable material if this
      is found desirable for reasons of hygiene.
PAR  The embodiments described are primarily intended for cans having liquid
      contents. Cans for powdered, granular or other non-liquid contents would
      not essentially require a sealant since a small dab of adhesive in one or
      more places around the closure member would be satisfactory. The closure
      would of course be designed so that any gap between the closure and
      opening would not allow the contents to escape. For substances such as
      salt and pepper, perforated caps may be provided to fit into the opening
      after the closure member has been displaced.
PAR  In the easy-opening closure defined above, and all other closures embodying
      the essential features of the invention there is an essential difference
      between our invention and that disclosed in U.S. Pat No. 3,334,775.
      Whereas in our invention, the closure member is larger than the opening as
      defined by its free edge, the gate panel or closure member in said
      disclosure is larger than the opening defined by the convex rim of the
      upper 180.degree. fold and is not larger than the opening defined by the
      score cut. In fact, the gate panel may be considered to be smaller than
      the opening defined by the score cut by an amount of the width of the cut.
      Furthermore our closures do not require severe metal deformation during
      their formation. Accordingly, when our closures are formed from high
      temper (e.g. Temper 6) or double reduced steel the metal does not suffer
      from stress cracks and therefore such closures have distinct advantages
      over the above U.S. art. When formed from low temper steel (such as for
      contents at atmospheric pressure) the closures have the advantage that
      their formation is simple and economic.
CLMS
STM  We claim:
NUM  1.
PAR  1. A push-in easy-opening closure in a sheet metal container member for use
      in a container suitable for containing carbonated beverages, comprising an
      opening in the container member, said opening at least partially defined
      by a free edge of metal having a thickness substantially corresponding to
      the entire thickness of the sheet metal and extending from one side of the
      metal to the other side thereof and surrounded by a marginal portion
      radially outward thereof, and an integral closure member for said opening,
      said closure member severed from said container member around a
      substantial portion of the periphery of the closure member and having a
      central portion and a free edge portion defined by the line of severance
      and having a thickness corresponding to substantially the thickness of
      said sheet metal and extending from one side of the metal to the other
      side thereof, the said marginal portion of said free edge having been cold
      worked to decrease the size of said opening by displacing the free edge
      radially inwardly into overlapping relationship over said free edge
      portion, said marginal portion being more worked than said central
      portion.
NUM  2.
PAR  2. The easy-opening closure of claim 1, wherein said container member
      includes at least one unsevered area connecting said closure member to the
      remainder of said container member to serve as a hinge during the closure
      opening operation.
NUM  3.
PAR  3. The easy-opening closure of claim 2, wherein the closure member has an
      approximately flat area of sheet metal in at least the central portion
      thereof and which is generally parallel to the plane of the sheet metal
      surrounding said free edge.
NUM  4.
PAR  4. The easy-opening closure of claim 3, wherein the closure member is an
      approximately flat area of sheet metal which is generally parallel to the
      plane of the sheet metal surrounding said free edge.
NUM  5.
PAR  5. The easy-opening closure of claim 1, wherein said sheet metal is steel.
NUM  6.
PAR  6. The easy-opening closure of claim 5, wherein said container member
      includes at least one unsevered area connecting said closure member to the
      remainder of said container member to serve as a hinge during the closure
      opening operation.
NUM  7.
PAR  7. The easy-opening closure of claim 6, wherein the closure member is an
      approximately flat area of sheet metal in at least a central portion
      thereof and which is generally parallel to the plane of the sheet metal
      surrounding said free edge.
NUM  8.
PAR  8. The easy-opening closure of claim 7, wherein the closure member is an
      approximately flat area of sheet metal which is generally parallel to the
      plane of the sheet metal surrounding said free edge.
NUM  9.
PAR  9. The easy-opening closure of claim 5, wherein a sealant covers at least
      the region of the free edges of said opening and the edges of said closure
      member on the side of the container member exposed to the container
      contents.
NUM  10.
PAR  10. The easy-opening closure of claim 1, wherein a sealant covers at least
      the region of the free edges of said opening and the edges of said closure
      member on the side of the container member exposed to the container
      contents.
NUM  11.
PAR  11. The easy-opening closure of claim 1, wherein the closure member is
      substantially unworked.
NUM  12.
PAR  12. The easy-opening closure of claim 1, wherein said free edge is turned
      from the plane of the sheet metal and away from the outside surface of the
      container member to present an opening periphery which is substantially
      free of the danger of cutting an opener's finger.
NUM  13.
PAR  13. Closure of claim 1, wherein sealant is applied to the area of overlap
      of said free edge and said free-edge portion on the side of the closure
      exposed to container contents.
NUM  14.
PAR  14. Closure according to claim 13, wherein substantially all of said free
      edge overlies said free-edge portion.
NUM  15.
PAR  15. Closure according to claim 1, wherein said marginal portion is of
      substantially full sheet metal thickness.
NUM  16.
PAR  16. A push-in easy-opening closure in a sheet metal container member for
      use in a container suitable for containing carbonated beverages,
      comprising: a free edge having a thickness substantially that of the sheet
      metal and extending from one side to the other side of the sheet metal
      defining an opening in said sheet metal, a marginal portion located
      radially outwardly of said free edge which has been cold worked to
      displace said free edge radially inwardly, and an integral closure member
      larger than said opening, said closure member severed from said container
      member around a substantial portion of the periphery of the closure member
      and having edges of a thickness substantially that of said sheet metal
      extending from one side to the other side of the sheet metal and lying
      under said marginal portion to prevent internal container pressure from
      displacing said closure member, said integral closure member having a
      central portion which is less worked than said marginal portion, said
      edges being substantially in the plane of said sheet metal surrounding the
      marginal portion.
NUM  17.
PAR  17. A push-in easy-opening closure in a sheet metal container member for
      use in a container suitable for containing carbonated beverages,
      comprising: a free edge partially defining an opening in the metal of said
      container, and extending across the thickness of the sheet metal, the free
      edge being of a thickness substantially corresponding to the sheet metal
      thickness, a marginal portion radially outwardly surrounding said free
      edge having been cold worked to stretch the metal of said marginal portion
      inwardly with consequent thinning of the metal of said marginal portion,
      and an integral closure member for said opening which is larger than said
      opening, said closure member severed from the container member around at
      least a substantial portion of the periphery of the closure member and
      having a closure edge extending across the thickness of the sheet metal
      and lying under said marginal portion, the radially central portion of
      said closure member being less worked than said marginal portion.
NUM  18.
PAR  18. A push-in easy-opening closure in a sheet metal container member for
      use in a container suitable for containing carbonated beverages
      comprising: a free edge extending across the thickness of the sheet metal
      and at least partially defining an opening in said sheet metal, said free
      edge being of a thickness substantially corresponding to the thickness of
      said sheet metal, a marginal portion radially outwardly surrounding said
      free edge, the marginal portion having been cold worked to define an
      initial opening larger than said first mentioned opening and at least a
      portion thereof subsequently further cold worked to radially inwardly
      displace the free edge to define said first mentioned opening; and a
      closure member for said first mentioned opening larger than said first
      mentioned opening comprising a member severed around a substantial portion
      of the periphery thereof from said container member, and having edges
      extending across the thickness of the sheet metal which mated with those
      of said initial opening, the said marginal portion overlapping said edges
      to prevent internal container pressure from displacing said closure, the
      area of overlap being substantially in the plane of the sheet metal
      surrounding the marginal portion, the marginal portion being more worked
      than the second marginal portion radially inwardly surrounding the said
      edges.
NUM  19.
PAR  19. A push-in easy-opening integrally attached closure in a sheet metal
      container member for use in a container suitable for containing carbonated
      beverages, comprising: a cold worked peripheral area of said sheet metal
      radially outwardly surrounding the closure; a first free edge of sheet
      metal extending across the thickness of the said sheet metal and lying
      radially inward of said area, proximate and generally following the inner
      perimeter of said area, throughout all but a minor part of said perimeter,
      in a female loop closed except in the area of said minor part; a second
      free edge of sheet metal extending across the thickness of said sheet
      metal and lying within said area, proximate and generally following the
      inner periphery of said first free edge, in a male loop closed except in
      the area of said minor part, the second free edge lying laterally closer
      to said peripheral area than does the first free edge due to the cold
      working of said area reducing the initial size of the said female loop,
      excepting in minor length portions where said free edges adjoin said part;
      said first and second free edges lying in different planes, excepting in
      said minor part, so that when the closure contains pressurized contents,
      the internal pressure tends to force the sheet metal bordering the male
      loop against the sheet metal bordering the female loop, wherein said free
      edge and said second free edge are substantially sheet metal thickness
      thick, the male loop having a radially central portion which is less
      worked than said cold worked peripheral area.
NUM  20.
PAR  20. The easy-opening closure of claim 19, wherein the sheet metal bordering
      the female loop is more worked than the sheet metal lying within said male
      loop and bordering said second free edge thereof.
NUM  21.
PAR  21. A push-in easy-opening integrally attached closure in a sheet metal
      container member for use in a container suitable for containing carbonated
      beverages, comprising: a generally planar region of the sheet metal
      radially outwardly surrounding the closure; a first free edge having a
      thickness which is substantially that of said sheet metal, proximate and
      generally following the outer periphery of said closure, throughout all
      but a minor part of said periphery, in a female loop closed except in the
      area of said minor part; a second free edge of sheet metal having a
      thickness substantially that of said sheet metal proximate and generally
      following the first free edge, in a male loop closed except in the area of
      said minor part; the second free edge lying laterally further from the
      center of said closure than does the first free edge, excepting in minor
      length portions where said free edges adjoin said part; said first and
      second free edges lying in different planes, excepting in said minor
      length portions, so that higher container content pressure tends to force
      a portion of the sheet metal within the male loop against the sheet metal
      bordering the female loop; the sheet metal bordering the female loop and
      lying radially outward thereof being more worked than the sheet metal
      lying radially inwardly of said male loop and bordering said second free
      edge.
NUM  22.
PAR  22. The easy-opening closure of claim 21, wherein the sheet metal bordering
      the female loop has more residual stress from being worked than the sheet
      metal bordering the male loop.
NUM  23.
PAR  23. The easy-opening closure of claim 21, wherein the sheet metal bordering
      the female loop is thinner than the sheet metal lying within the male
      loop.
NUM  24.
PAR  24. Closure according to claim 21, wherein said sheet metal bordering said
      female loop is more worked than any portion of the sheet metal lying
      radially inwardly of said male loop.
NUM  25.
PAR  25. A push-in easy-opening closure in a sheet metal container member for
      use in a container suitable for containing carbonated beverages comprising
      an opening in the container member, said opening at least partially
      defined by a free edge of cold-worked metal extending across the thickness
      of the sheet metal, and an integral closure member for said opening, said
      closure member severed from said container member around a substantial
      portion of the periphery of the closure member, the edges of said closure
      member and the said dree edge being of substantially the thickness of the
      sheet metal, the edges of said closure member and the marginal portion
      lying radially outward of said free edge being in an overlapping
      relationship so that internal container pressure forces said closure
      member edges against said marginal portion, the marginal portion being
      more worked than the second marginal portion radially inwardly surrounding
      the said edges.
NUM  26.
PAR  26. A push-in easy-opening closure in a sheet metal container member
      suitable for containing carbonated beverages comprising: a free edge of
      substantial thickness and extending from one side to the other side of the
      sheet metal at least partially defining an opening in the metal of said
      container member, the marginal portion of said edge having been cold
      worked to define an initial opening larger than said first-mentioned
      opening and subsequently further cold worked to define the latter; and a
      closure member for said first-mentioned opening and larger than said
      first-mentioned opening comprising a portion at least partially severed
      from said container member and having edges of substantial thickness,
      extending from one side to the other side of the sheet metal, which mate
      with those of said initial opening and which lie under said marginal
      portion, said closure member having a central portion which is less worked
      than said marginal portion.
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ABST
PAL  A closure lid for effecting an air-tight seal of the opening in a
      receptacle for the pressurized cooking of food in high temperature,
      non-aqueous liquids, wherein the closure lid is manually positioned
      through said opening into the receptacle and is held upwardly into sealing
      engagement with the rim of said opening by the pressure in said
      receptacle, said closure lid being manually removable from said opening
      when the pressure in said receptacle is released.
PARN
PAR  This application is a division of Ser. No. 184,892, filed Sept. 29, 1971,
      which is, in turn, a continuation-in-part of Ser. No. 793,392, filed Jan.
      23, 1969, entitled METHOD OF AIR-SEALED PRESSURIZED RECEPTACLE now
      abandoned.
PAC  BACKGROUND OF THE INVENTION
BSUM
PAR  This invention relates to apparatus for air-tight closing and sealing of
      the opening of a receptacle for the pressurized cooking of foods in high
      temperature, non-aqueous liquids.
PAR  Some types of prior art apparatus are used with the cooking chamber
      operating at temperatures ranging from 325.degree. to 380.degree.
      Fahrenheit, with pressures ranging from 14 to 35 psi, for cooking periods
      ranging from 6 to 12 minutes. The general optimum for these conditions are
      35 psi at a temperature of approximately 380.degree.F. The time periods
      have to be determined by the size and the nature of the food products
      being processed, and the desired cooking conditions of foods.
PAR  Each of the structures of these prior art devices involves some kind of
      closure lid for the receptacle wherein the foods are cooked. In each of
      these patents the closure lid is of a comparatively heavy nature, mounted
      on one or more heavy, upright posts anchored to the receptacle supporting
      framework. Such mounting requires the closure lid to swing horizontally
      into and out of use position to respectively seal the receptacle for the
      cooking operation and open the receptacle to remove the cooked foods.
      Aside from being expensive to make, such closure lids are bulky and
      considerable time is required to secure such a closure lid in and remove
      it from its sealed position on the receptacle.
PAR  Moreover, should one be careless in securing the closure lid in its
      intended sealed position, or be hasty in releasing it, the internal
      pressure might cause an unexpected retraction of the closure lid. This
      could result in a blast of hot liquid outwardly and upwardly of the
      cooking receptacle. Very harmful consequences could result.
PAR  This invention provides a means of sealing such high temperature, high
      pressure devices for cooking foods in non-aqueous liquids, wherein the
      temperature may reach 380.degree. Fahrenheit and the pressure may reach 35
      psi, wherein the closure is urged into tighter sealing relationship by
      high pressure and cannot be removed until the pressure within the cooking
      receptacle subsides to a safe level. Moreover, the closure is
      light-weight, inexpensive, and easy to use.
PAC  OBJECTS OF THE INVENTION
PAR  An object of this invention is to provide a means of sealing high pressure,
      high temperature cooking receptacles for cooking food in non-aqueous
      liquids, wherein the pressure within the receptacle is utilized to effect
      the seal.
PAR  It is another object of this invention to provide a closure means for
      sealing high pressure, high-temperature cooking receptacles for cooking
      food in non-aqueous liquids, wherein the closure means is positioned
      inside the receptacle and held in sealed, closed position solely by the
      pressure within the receptacle.
PAR  A further object is to provide a closure means or lid as above which may be
      moved into and out of receptacle sealing position either axially,
      radially, or both axially and radially of the receptacle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view of a cabinet enclosed, food cooking
      receptacle equipped with one form of closure lid embodying the
      hereinbefore stated concept;
PAR  FIG. 2 is an enlarged, top perspective, with the cabinet top retracted,
      showing a form of receptacle retaining ring wherein the closure lid is in
      position to seal the opening of the cooking receptacle;
PAR  FIG. 3 is an enlarged view of a portion of the detachable locking ring
      shown in FIG. 2; FIG. 4 is a perspective view showing the closure lid
      being inserted into or removed from the cooking receptacle;
PAR  FIG. 5 is a much enlarged view taken on the plane of the line 5--5 of FIG.
      4;
PAR  FIG. 6 is a side view of a modified form of receptacle with an internally
      mounted closure lid;
PAR  FIG. 7 is a plan view of FIG. 6 taken on the plane of the line 7--7 of FIG.
      6;
PAR  FIGS. 8 and 9 show views of another type of closure lid;
PAR  FIGS. 10 and 11 show adaptation of closure lid 18 similar to FIGS. 8 and 9
      but being of circular contour; and
PAR  FIGS. 12 and 13 show a further adaptation of closure lid mounted within the
      receptacle for shifting between vertical retracted and horizontal in-use
      positions.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, wherein like reference numerals refer to
      like parts throughout the several views, an apparatus for use with which
      such types of closure lids embodying the foregoing concept are required is
      shown in FIG. 1 and is fully described in co-pending application, Ser. No.
      750,353, filed Aug. 5, 1968, now U.S. Pat. No. 3,655,411, Apr. 11, 1972.
      Such apparatus comprises a cabinet 15 wherein is suspended a food cooking
      receptacle 16 (FIG. 2) having a food inserting and withdrawal opening 17
      with a closure lid 18 for sealing the cooking chamber 19 when the
      apparatus is in use. Associated with this receptacle are a series of
      facilities for heating the cooking liquid contained in the receptacle 16,
      creating a pressure in the cooking chamber 19 and controlling the timed
      cooking period.
PAR  As set forth in detail, said patent shows and describes that hot liquid is
      introduced into the cooking chamber, the food is placed into the chamber
      and hot liquid and the closure placed in closing position. The pressure
      immediately builds up in said cooking chamber and seals the closure. After
      the predetermined time cooking period, an appropriate means is actuated to
      immediately withdraw the hot liquid and simultaneously therewith the
      pressure will drop to such a point that the closure may be removed
      affording access to the cooked food.
PAR  The cabinet 15, as herein shown, and as described in the aforesaid
      co-pending application, involves a framework of angle-bars 25 mounting
      fixed side panels 26, a hinged front door 27 and a hinged top 28. An
      instrument panel 23, fixed along the rear of the cabinet 15, mounts a
      series of units (not shown) which control the functioning of the
      apparatus, as explained in the aforesaid application.
PAR  The food cooking receptacle 16, as herein shown, is a relatively heavy
      metal cylinder wherein the opening 17 is defined by a suitable retaining
      rim 30, anchored to or integrated with the receptacle.
PAR  Several adaptations of a closure lid are shown in the accompanying
      drawings, as noted in the foregoing figures. Whatever their respective
      forms and positioning, relative to the receptacle opening, they are a very
      significant and critical feature of this development for ensuring the
      facile and firm sealing of the cooking chamber 19 during the cooking
      operation. This primary significance of such closure lid 18 is that in use
      position it is located within the receptacle below the rim 30 and retained
      in such use position by the pressure in the cooking chamber 19 to seal the
      opening 17 during the cooking operation, and does not depend on separate
      support means for clamping the closure lid 18 in sealed position within
      the receptacle.
PAR  As shown in FIG. 2, the above noted rim 30 is integrated with a ring
      secured to the top of the receptacle 16. To this ring is secured an
      annulus 31 removably anchored by a series of retaining latches 32.
PAR  A suitable hand grip 39 is fixed on each adaptation of closure lid 18 to
      facilitate the shifting thereof into and out of use position. Also, a
      narrow peripheral ring 41, of a suitable resilient material, is fixed on
      the rim of each such adaptation of the closure lid 18 so that the
      receptacle closing position this ring ensures sealing the cooking chamber
      19.
PAR  The closure lid 18 of FIGS. 1, 4 and 5 is suspended on a chord or chain 35
      from an arm 36 hinged to a bracket 37 swingably anchored to the instrument
      panel 23. A spring 38 normally elevates the closure lid 18 into a position
      above the cabinet 15 and the bracket permits swinging the lid off to one
      side of the opening 17 to the cooking receptacle 16. Hence, when the
      closure lid 18 is in a retracted position, it does not interfere with the
      insertion of food into and its removal from the cooking receptacle 16.
PAR  The closure lid 18 of FIGS. 6 and 7 is shown elliptical in contour, as in
      FIGS. 1, 4 and 5. However, it could be circular in contour if preferred.
      Such an adaptation is shown mounted within the receptacle 16 for
      horizontal shifting between retracted and use positions. To that end the
      receptacle 16 is formed with a horizontal extension 43 wherein a pair of
      horizontally-spaced tracks 43' are fixed on intermediate pivots 44. The
      closure lid 18' mounts rollers 45 riding in the tracks 43' to permit its
      easy shifting into and out of receptacle closing position, as
      circumstances require. A pair of springs 46 at the outer ends of the
      tracks 43' serve to pivot the tracks 43' about pivots 44 and thus to press
      the closure lid 18 into initial sealing contact with the rim 30, pending
      the development of pressure in the cooking chamber 19, when the pressure
      will hold the closure lid 18' tightly in sealing contact with rim 30.
PAR  The closure lid 18" of FIGS. 8 and 9 is made of a suitable flexible
      metallic material or the like and has an elliptical contour formed with a
      narrow offset perimeter 47. In this modification of the invention, a
      suitable hand grip 39' is supported on the closure lid 18". The hand grip
      39' is rotatable and mounts a bar 48 on its inner end. The length of this
      bar 48 is only slightly less than the longer diameter of the elliptical
      shaped closure lid 18". Thus, when the bar 48 is turned across the shorter
      diameter of this modification of the closure lid, the outer ends of the
      bar 48 will press the flexible perimeter outwardly to a contour slightly
      larger than the contour of the rim 30 of the receptacle. This will force
      the rim 47 outwardly to seat the resilient ring 41 against the receptacle
      rim 30 for temporary position pending the development of pressure in the
      cooking chamber 19, as before.
PAR  A further modification 18'" of the closure lid is shown in FIGS. 10 and 11,
      illustrated in much larger dimension and without association with a
      receptacle 16 in order to more clearly indicate the facility whereby it is
      capable of the required flexing to enable its insertion through and
      removal from opening 17 and its movement into sealing contact with rim 30.
      This modification is made of a suitable flexible metallic material and has
      a normally concave configuration of circular contour. A centrally mounted
      hand grip 39" is journaled on a hub 55 fixed to the closure lid 18'"and
      mounts a plate 54 attached to a pair of arcuate shaped resilient rods 49
      which are anchored at their exterior ends to diametrically oppositely
      positioned pins 50 on the closure lid.
PAR  An even further modification 18"" of the closure lid is shown in FIGS. 12
      and 13 and is circular in contour with a cross-sectional shape
      substantially as that of FIGS. 4 and 5. In this instance, the closure lid
      18"" is shiftably supported by means of eyelets 51 on a pair of arched,
      resilient rods 52 mounted on the receptacle 16 in spaced apart, parallel
      relationship. The two parallel rods 51 and 52 are secured at their inner
      ends by angle brackets 53 to the interior of the receptacle 16 with the
      upper arched portions disposed horizontally and free to permit flexing of
      the rods. A hand grip 39'" is fixed to the closure lid 18"" and positioned
      to permit the shifting of the closure lid 18"" between a vertically
      retracted position within the receptacle 16, shown in phantom lines, and
      an in-use horizontal position, as shown in full lines.
PAR  With the closure lid of any of the aforedescribed modifications in place,
      the apparatus is ready for use to cook food as explained in greater detail
      in the aforesaid co-pending application, Ser. No. 750,353 , now U.S. Pat.
      No. 3,655,411.
PAR  The operational use of the several closure lid modifications described
      herein is substantially the same.
PAR  When the receptacle 16 is ready for use to the point of having a batch of
      food placed in the cooking chamber 19, the closure lid according to any of
      the modifications is placed in position inwardly below the opening 17 to
      seat the resilient ring 41 in contact with the inner face of the rim 30,
      as shown in FIGS. 5, 6, 9 and 12. This being effected, the requisite
      instruments on the panel 23 are set to initiate the requisite pressure,
      temperature and timed cooking conditions in the cooking chamber 19. Almost
      instantly, the interior pressure condition in the receptacle chamber 19
      will press the closure lid firmly against the rim 30 and secure it in such
      position throughout the timed cooking period.
PAR  At the end of the timed cooking period, the pressure in the chamber 19 is
      reduced in a suitable manner as determined by an appropriate means, not
      shown, controlled from the instrument panel 23 and the closure lid may be
      retracted to permit the removal of the cooked food.
PAR  As this invention may be embodied in several forms without departing from
      the spirit or essential characteristics thereof, the present embodiment is
      therefore illustrative and not restrictive, since the scope of the
      invention is defined by the appended claims rather than by the description
      preceding them, and all changes that fall within the metes and bounds of
      the claims or that form their functional as well as conjointly cooperative
      equivalents, are therefore intended to be embraced by those claims.
CLMS
STM  we claim:
NUM  1.
PAR  1. A closure lid for closing and sealing against the rim of an opening to a
      cooking chamber of a pressurized cooking receptacle for cooking food under
      pressure in high temperature non-aqueous liquid, said opening having a
      peripheral sealing rim therearound within the receptacle, said closure lid
      having a peripheral sealing surface and being insertable in and removable
      through said opening for selective closing and opening relationship
      relative thereto, a support mounted to the receptacle, a swingable bracket
      means mounted to the support for swinging movement relative to the
      receptacle, a closure lid support arm, means pivotally mounting the
      support arm to the bracket means for swinging movement of the arm with the
      bracket means and for pivotal movement of the arm relative to the bracket
      means, said closure lid carried by the support arm for movement with the
      support arm, and resilient means connected with the support arm for urging
      the support arm upwardly and thus urging the closure lid upwardly against
      the sealing rim into operative position until pressure in the receptacle
      increases to an amount sufficient to urge the closure lid into tight,
      sealing relationship relative to the rim, and said resilient means
      resiliently biasing the support arm and closure lid up and away from the
      opening when the closure lid is removed therethrough.
NUM  2.
PAR  2. A closure lid as in claim 1, wherein said bracket means is swingable
      about an axis parallel to the axis of the opening whereby said closure lid
      and its support arm may be moved to the side away from the opening.
NUM  3.
PAR  3. A closure lid as in claim 2, wherein a flexible chain connects said
      closure lid to the support arm for suspending the closure lid from the
      support arm.
NUM  4.
PAR  4. A closure lid as in claim 3, wherein said closure lid and said opening
      are ellipitical in contour, said closure lid being larger than said
      opening.
NUM  5.
PAR  5. A closure lid as in claim 1, wherein said closure lid and said opening
      are elliptical in contour, said closure lid being larger than said
      opening.
NUM  6.
PAR  6. A closure lid as in claim 3, wherein said closure lid is relatively
      rigid, and a resilient seal is on the periphery of said closure lid in a
      position to cooperate with the rim of said opening to effect an air tight
      seal therewith.
NUM  7.
PAR  7. A closure lid as in claim 6, wherein a handle means is on said closure
      lid and normally projects above said opening to enable said handle means
      to be grasped for positioning said closure lid.
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ABST
PAL  An apparatus for receiving flaked or particulate ice from an associated ice
      making machine and adapted to selectively dispense the ice into a glass or
      similar receptacle, the apparatus including a rotatable ice storage bin,
      means defining a discharge opening below the storage bin and communicable
      with a discharge spout, means for causing rotation of the bin and for
      communicating ice therefrom through the discharge opening and into the
      receptacle, and means for sensing the quantity of ice in the bin and for
      effecting operation of the ice making machine when the volume of ice
      within the storage bin drops below some preselected magnitude.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation-in-part application of Ser. No. 205,215, filed Dec.
      6, 1971, now U.S. Pat. No. 3,796,351 of Mar. 12, 1974, for Ice Dispensing
      Machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Generally speaking, the particulate ice dispensing apparatus of the present
      invention comprises an ice storage bin that is rotatably mounted within a
      dispensing housing and within which a mass or volume of particulate ice is
      stored prior to being discharged therefrom. At such time as it is desired
      to dispense particulate ice from the storage bin, the entire mass of
      stored ice is rotated over a stationary discharge spout supported in a
      plate adjacent the lower end of the ice mass, this plate being provided
      with means for shearing ice from the lower end of the mass in the event
      that there exists any adhesion or "bridging" between the ice particles.
PAR  More particularly, the present invention is concerned with certain
      improvements over the flaked ice dispenser shown and described in U.S.
      Pat. No. 3,406,871, issued Oct. 22, 1968, which generally shows an ice
      dispensing machine of the above described type, but which includes a
      shutter assembly that is rotatable with the ice storage bin to selectively
      close or block the flow of ice and incidental melt water between the
      discharge opening in the bin and the discharge spout. One feature of the
      present invention is the ability to utilize a novel ice discharge chute in
      place of the aforementioned shutter assembly and which is adapted to be
      selectively actuated by means of a receptacle actuated control lever that
      depends downwardly into the dispensing cavity of the machine directly
      below the ice discharge spout. The discharge chute normally assumes a
      position below the discharge opening whereby any ice or melt water which
      may drop downwardly therethrough will be directed into an outer storage
      bin which is in turn communicable with a system drain, thereby positively
      preventing any ice or melt water from dropping downwardly through the
      discharge spout during periods of non-use. At such time as it is desired
      to dispense or vend a quantity of particulate ice, the aforementioned
      control lever is actuated by inserting a glass or other suitable
      receptacle below the discharge spout, whereby the control lever will
      effect energization of the drive motor controlling rotation of the storage
      bin, and simultaneously will effect movement of the discharge chute from
      the aforementioned position to a position guiding the downward flow of ice
      from the discharge opening into the discharge spout, as will hereinafter
      be described in detail.
PAR  Another feature of the present invention resides in the shape or
      configuration of the ice storage bin per se. In particular, the bin has
      its outer peripheral side wall tapered or inclined radially outwardly
      toward the lower end thereof, whereby to assure for the positive movement
      of flaked ice within the bin toward the dispensing or discharge opening at
      the lower end of the bin. Yet another feature of the present invention
      resides in the provision of a novel ice level sensing switch that is
      operatively mounted adjacent the upper end of the bin and is adapted to
      effect control of the associated ice making machine which supplies flaked
      ice to the storage bin. As will hereinafter be described in detail, the
      ice level sensing switch includes a unique mounting arrangement and
      back-up switch that enables fail safe operation of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates generally to improvements in apparatus for storing
      and dispensing ice, and more particularly, to an extremely simple and
      compact apparatus for storing and dispensing ice in flaked or particulate
      form.
PAR  It is, accordingly, one object of the present invention to provide a new
      and improved ice dispensing apparatus featuring a novel ice discharge
      chute arrangement which functions to positively prevent ice and melt water
      from dropping downwardly through the ice discharge spout during periods of
      non-use, and which is movable to a position for guiding or directing ice
      from the discharge opening to the discharge spout during a vend cycle.
PAR  It is another object of the present invention to provide a new and improved
      ice discharge spout arrangement which is of a relatively simple design and
      which is therefore economical to manufacture, easy to assemble and which
      will have a long and effective operational life.
PAR  It is still another object of the present invention to provide an improved
      particulate ice dispensing machine of the above character that facilitates
      the handling of particulate ice in a sanitary manner.
PAR  It is a more specific object of the present invention to provide a
      particulate ice dispensing apparatus of the above character wherein the
      ice is stored and delivered without contact with human hands and other
      possible sources of contamination.
PAR  It is a further object of the present invention to provide a new and
      improved ice dispensing machine of the above described type wherein the
      rotatable ice storage bin is simultaneously actuable with actuation of the
      ice discharge chute.
PAR  It is still a further object of the present invention to provide a new and
      improved ice dispensing machine of the above character wherein both the
      ice discharge chute and drive motor for rotating the ice storage bin are
      actuated upon engagement of an ice receiving receptacle with a control
      lever located within the dispensing cavity of the machine.
PAR  It is still a further object of the present invention to provide a
      particulate ice dispensing machine which may be easily installed and
      readily assembled and disassembled for cleaning and the like without the
      use of any special tools.
PAR  It is yet another object of the present invention to provide a new and
      improved ice dispensing machine having a rotatable ice storage bin, the
      outer side wall of which is of a relatively tapered or inclined
      configuration to permit the smooth unobstructed passage of ice toward the
      lower discharge end of the bin.
PAR  It is still a further object of the present invention to provide a new and
      improved ice dispensing machine featuring an ice level control switch
      assembly including a primary and back-up switch for de-energizing the
      associated ice making machine at such time as the quantity of ice within
      the dispensing bin has reached a predetermined level.
PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevated perspective view of an ice dispensing machine
      embodying the principles of the present invention;
PAR  FIG. 2 is an enlarged fragmentary side elevational view of a portion of the
      dispensing cavity of the ice dispensing machine of the present invention;
PAR  FIG. 3 is an enlarged cross sectional view, partially broken away, of the
      interior components of the ice dispensing machine of the present
      invention;
PAR  FIG. 4 is an enlarged fragmentary cross sectional view of the ice discharge
      spout, discharge chute and discharge opening which cooperate with the ice
      storage compartment of the ice dispensing machine of the present
      invention;
PAR  FIG. 5 is an enlarged transverse cross sectional view taken substantially
      along the line 5--5 of FIG. 4;
PAR  FIG. 6 is a fragmentary cross sectional view taken substantially along the
      line 6--6 of FIG. 4;
PAR  FIG. 7 is an enlarged fragmentary cross sectional view of a modified
      embodiment of the ice dispensing bin incorporated in the present
      invention;
PAR  FIG. 8 is a cross sectional view of the ice level sensing assembly of the
      ice dispensing machine of the present invention; and
PAR  FIG. 9 is an enlarged fragmentary cross sectional view taken substantially
      along the line 9--9 of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now in detail to the drawings, a flaked or particulate ice
      dispensing machine 10, in accordance with one preferred embodiment of the
      present invention, is shown as comprising an exterior cabinet housing 12
      which is formed with a dispensing cavity 14 and a drainboard 16 at the
      lower end of the front or forward side thereof. The housing 12 is adapted
      to contain a refrigeration system of the type well known in the art and
      includes a condenser 18, a compressor 20 and a cooling fan assembly 22.
      This refrigeration system serves to supply refrigerant to a particulate
      ice producing system 24 of conventional design and located in the upper
      end of the cabinet 12 (see FIG. 3). The refrigeration system may also be
      used to cool a liquid, such as drinking water or the like, to be dispensed
      through a suitable conduit or the like located within the discharge cavity
      14, as is well known in the art. An ice chute or spout 26 is provided in
      the upper end of the cabinet 12 and is adapted to communicate particulate
      ice produced by the system 24 to an ice dispensing or vending assembly,
      generally designated by the numeral 28. As best seen in FIG. 3, the
      assembly 28 is mounted in the front or forward portion of the cabinet 12
      and functions to selectively dispense preselected quantities of ice in
      particulate form to a suitable receptacle disposed within the dispensing
      cavity 14, in a manner hereinafter to be described.
PAR  It may be noted that while the particular arrangement of the aforementioned
      refrigeration and ice producing components is not essential to
      advantageous use of the various features of the present invention, their
      combination with the storage and dispensing portions of the hereinafter to
      be described ice vending assembly 28 provide a completely self-contained
      unit that will serve to conveniently and economically furnish ice in
      flaked or particulate form, without exposing such ice to any source of
      contamination. It will further be noted that the ice producing system 24
      per se does not constitute a material part of the present invention and
      therefore will not be described in any further detail. By way of example,
      this system may be of the type shown and described in Trow et al., U.S.
      Pat. No. 2,753,694, issued July 10, 1956, which is incorporated herein by
      reference as a part of the descriptive portion of this specification.
PAR  Referring now to FIGS. 4 and 5, the ice vending assembly 28 is shown as
      comprising an elongated, generally cylindrically shaped outer bin 30 which
      is supported on a suitable structure or platform 31 in the position shown
      in FIG. 3. The lower end of the bin 30 is closed by an annular bottom
      closure member 32 which is preferably, although not necessarily,
      fabricated of stainless steel, or an equivalent corrosion resistant
      material, such as molded plastic or the like, the member 32 providing a
      fluid tight closure at the lower end of the bin 30 and being supported
      therein by having a downwardly extending flange section 34 fixedly secured
      within the inner periphery of the bin 30. A suitable insulating material,
      generally designated by the numeral 36, is preferably provided around the
      outer periphery of the outer bin 30 and on the underside of the closure
      member 32, as illustrated. A generally radially extending, oval shaped
      opening 38 is formed in the bottom closure member 32 within which is
      supported a downwardly projecting particulate ice outlet or discharge
      spout 40 that is formed with a peripheral groove or slotted section 42
      which is adapted to nestingly receive the periphery of the opening 38,
      whereby to be operatively supported in the position shown in FIG. 4. As
      illustrated, the spout 40 extends downwardly below the platform 31, with
      the lower end thereof terminating within the upper end of the dispensing
      cavity 14. Disposed coaxially within the outer bin 30 is a particulate ice
      storage bin assembly comprising an inner bin 44 which is slightly smaller
      in diameter than the outer bin 30 and is mounted for rotary movement
      therewithin. The lower end of the inner or ice storage bin 44 is formed
      with an outwardly flared section 46 which serves to uniformly space the
      bin 44 from the inner periphery of the outer bin 30. Disposed directly
      below the storage bin 44 is an annular inner bottom plate or member 48
      which is of a generally conical configuration, i.e., tapered radially
      inwardly and upwardly, and is formed with a generally cylindrical
      downwardly depending peripheral flange section 50 which is adapted to be
      detachably secured within the lower end of the outer bin 30 by means of a
      plurality of circumferentially spaced locking pins 52 which are adapted,
      for example, for bayonet locking engagement with suitable L-shaped slots
      or the like formed in the flange section 50, whereby to permit convenient
      removal of the member 48 for purposes of cleaning or the like, as will be
      apparent to those skilled in the art.
PAR  The inner or ice storage bin 44 is fixedly secured to an axially disposed,
      elongated central shaft 54 by means of a plurality (preferably three) of
      generally radially extending vanes or partition members, designated by the
      numeral 56. Each of the vane members 56 is formed with suitable transverse
      flange portions or the like on its radially inner and outer edges which
      flange portions are adapted to be fixedly secured to the central shaft 54
      and inner periphery of the bin 44, thus providing a unitized rotatable
      assembly. The lower ends of the vanes 56 are inclined or tapered radially
      outwardly and downwardly from the shaft 54 toward the lower end of the bin
      44 and thereby conform to the conical shape of the bottom member 48, as
      illustrated.
PAR  The shaft 54 is adapted to be operatively supported for rotational movement
      within the outer bin 30 by means of a generally annular or cylindrically
      shaped hollow support sleeve 58 which is mounted at the lower end of the
      bin 30 and extends generally axially upwardly therefrom. The sleeve 58 is
      fixedly secured at the lower end thereof to a support plate 60 which is
      secured, as by suitable screws, bolts or the like, to the platform 31,
      with the sleeve 58 projecting axially upwardly beneath the shaft 54 and
      being adapted to rotatably receive the lower end of the shaft 54 within
      the upper end thereof. Disposed below the ice vending assembly 28 is a
      drive motor assembly, generally designated by the numeral 62. The assembly
      62 comprises a suitable electrically energized drive motor 64 which is
      adapted to drive a suitable gear train housed within an enclosure 66, the
      gear train 66 in turn being adapted to drive or rotate a generally
      vertically disposed shaft 67 which projects upwardly through the sleeve
      58. Suitable coupling means, generally designated by the numeral 70, is
      provided between the upper end of the drive shaft 67 and the lower end of
      the shaft 54, whereby rotation of the drive shaft 67 upon energization of
      the motor 64 will effect rotation of the shaft 54 and hence rotation of
      the vanes 56 and the inner bin 44. Such coupling means is representatively
      illustrated in FIG. 5 as comprising a generally diametrically extending
      pin 69 provided on the lower end of the shaft 54, which pin 69 is adapted
      to be nestingly received within a suitable diametrically extending recess
      or slot 70 formed in the upper end of the drive shaft 67. It will be
      appreciated, of course, that various alternative drive arrangements may be
      utilized without departing from the scope of the present invention. By
      virtue of the aforedescribed coupling arrangement between the shaft 54 and
      shaft 67, the entire inner bin 44 may be conveniently removed for purposes
      of cleaning or the like.
PAR  As best illustrated in FIGS. 4 and 6, the inner bottom member 48 is formed
      with a particulate ice discharge opening 72 that extends radially from a
      point adjacent the central shaft 54 to a point adjacent the inner bin 44,
      the opening 72 being located directly above the ice discharge spout 40
      that is supported in the bottom member 32, whereby particulate ice stored
      within the inner bin 44 may flow or drop under the influence of gravity
      directly through the opening 72 and spout 40 into a suitable receptacle,
      such as a glass or the like which is inserted into the dispensing cavity
      14. The dispensing of ice is accomplished by rotating the inner bin 44,
      upon suitable actuation of the drive motor assembly 62, whereby the mass
      of particulate ice within the inner bin 44 is rotated relative to the
      inner bottom member 48. As best illustrated in FIG. 6, the portion of the
      inner bottom member 48 defining the far side of the discharge opening 72
      (relative to the direction which the particulate ice is rotating) is
      slightly raised, whereby to define an ice shearing edge, herein designated
      by numeral 74. As the mass of particulate ice rotates relative to the
      inner bottom member 48, due to the aforementioned rotary movement of the
      inner bin 44, the lowermost particles of ice which do not drop through the
      discharge opening 72 under the influence of gravity are sheared from the
      moving mass and thereafter drop through the opening 72 and the discharge
      spout 40 into the aforesaid receptacle.
PAR  In accordance with the principles of the present invention, interposed
      between the underside of the inner bottom member 48 and the discharge
      spout 40 is an elongated ice discharge chute, generally designated by the
      numeral 76. The chute 76 comprises a generally flat or planar central
      portion 78 having a pair of upstanding side sections 80 formed along the
      longitudinally opposite sides thereof. The chute 76 extends generally
      radially outwardly from the support sleeve 58 at a position underlying the
      discharge openings 72, as best seen in FIG. 4. Generally speaking, during
      periods of non-use, the discharge chute 76 is disposed in the solid line
      position shown in FIG. 4, wherein the chute 76 is arranged generally
      parallel to the inner bottom member 48, i.e., slopes downwardly and
      outwardly. The length of the chute 76 is such that any ice or incidental
      melt water, which may have a tendency to drop downwardly from the ice mass
      within the inner bin 44 through the opening 72, will fall onto the chute
      76 and be directed downwardly and outwardly beyond the outer portion of
      the discharge spout 40, with such ice or melt water being directed into
      the lower end of the outer bin 30 and be subsequently communicated to a
      suitable discharge drain or the like hereinafter to be described. At such
      time as the machine 10 is actuated, the chute 76 is adapted to be pivoted
      in a manner such that the outer end thereof moves downwardly or in a
      generally clockwise direction in FIG. 4 from the solid line position shown
      in this figure to the dotted or phantom line position. In this latter
      position, the chute 76 is adapted to guide the ice which drops downwardly
      through the opening 72 into the spout 40 for subsequent dispensing.
PAR  The aforesaid pivotal movement of the discharge chute 76 is provided by
      means of a generally horizontally disposed pivot pin 82 (see FIG. 5) which
      extends laterally through the side sections 80 at the upper end of the
      chute 76 and also through a pair of laterally spaced bosses 84 integrally
      formed on the support sleeve 58 at positions laterally outboard of the
      side sections 80. The chute 76 is formed with a generally downwardly
      projecting tab portion 88 adjacent the upper end thereof which is adapted
      to be pivotally connected via a suitable pivot pin or the like 90 to a
      downwardly projecting connecting or link member 92.
PAR  As best shown in FIGS. 2 and 4, an elongated, generally U-shaped glass
      filler control element or lever depends downwardly into the dispensing
      cavity 14 at a position directly rearwardly of the discharge spout 40. The
      lever 94 is formed with a generally U-shaped lower end portion 96 which
      projects beneath the lower end of the discharge spout 40 to a position
      wherein a glass or other receptacle into which ice is to be dispensed may
      be engaged therewith. The lower end portion 96 of the lever 94 is formed
      with upwardly directed, laterally spaced, leg sections 98 and 100 which
      project through a suitable opening 102. The upper ends of the leg sections
      98, 100 are formed with laterally outwardly extending integral support
      sections 104 and 106, respectively, which are adapted to be pivotably
      mounted on the upper side of the platform 31 by means of a pair of journal
      blocks generally designated 108, whereby the lever 94 is pivotable between
      the solid and dotted line positions shown in FIG. 4. The support section
      104 is formed with a rearwardly and downwardly extending arm portion 110
      which is cooperable with a control switch assembly, generally designated
      by the numeral 112. The assembly 112 comprises a depressable switch
      element 114 which is adapted to be engaged by the arm section 110 of the
      lever 94 in order to complete an electrical control circuit to the drive
      motor assembly 62. More particularly, at such time as the lever 94 is
      pivotably biased by means of a suitable glass or other receptacle from the
      solid line position shown in FIG. 4 to the dotted line position shown in
      this figure, the switch element 114 will be depressed by the section 110
      to a position completing the aforesaid control circuit, thus effecting
      energization of the drive motor 64. Similarly, at such time as the
      aforesaid receptacle is removed, resulting in the lever 94 returning to
      the solid line position in FIG. 4 from the dotted line position, the
      switch element 114 will move to an open position, thus opening the
      electrical circuit to the drive motor 64 to effect de-energization of the
      same.
PAR  The support section 106 of the lever 94 is formed with a rearwardly
      extending arm section 116 having a generally laterally extending end
      portion 118 that is pivotably connected to a lower end portion 120 of the
      linkage member 92, the end portion 120 projecting downwardly through a
      suitable opening 122 as illustrated. By virtue of the operative connection
      of the control lever 94 with the chute 76 via the linkage member 92, at
      such time as the lever 94 is depressed, i.e., biased from the solid line
      to the dotted line position in FIG. 4, the linkage member 92 will be
      biased upwardly in FIG. 4, resulting in ice discharge chute 76 being
      pivoted downwardly from the solid line position to the phantom line
      position, as above described. It will thus be seen that at such time as
      the lever 94 is pivoted rearwardly, as above described, the switch
      assembly 112 will be actuated to effect energization of the drive motor
      assembly 62, and simultaneously, the discharge chute 76 will be pivoted
      from the position blocking the communication of particulate ice between
      the discharge opening 72 to the discharge spout 40, to a position
      providing such communication of particulate ice.
PAR  A detailed description of the overall control system of the machine 10 will
      not be given for purposes of conciseness of disclosure, it being
      sufficient to say that the machine 10 may typically be provided with a
      control system such as that shown and described in U.S. Pat. No.
      3,406,871, which is incorporated by reference in the descriptive portion
      of this specification, such control system typically including a selector
      or vend control switch 124 mounted on the cabinet 12 and providing, for
      example, for the dispensing of continuous ice upon depressing the lever
      96, the dispensing of metered ice (preselected quantities) and/or the
      simultaneous or separate dispensing of cooled drinking water. Assuming
      that the switch or switches 124 have been properly selected or positioned,
      the operator may place a receptacle, such as a glass or the like, into the
      dispensing cavity 14 to a position below the lower end of the discharge
      spout 40. As this is done, the receptacle will engage the lower end of the
      lever 94 and bias the same from the solid line position in FIG. 4 to the
      dotted line position. Such pivotal movement of the lever 94 will effect
      actuation of the switch assembly 112 and simultaneous pivotal movement of
      the discharge chute 76 from the solid line position to the dotted line
      position in FIG. 4. With the assembly 112 thus actuated, the drive motor
      assembly 62 will effect rotation of the inner bin 44, resulting in the
      mass of particulate ice contained therewithin moving across the discharge
      opening 72 and thereafter being directed by means of the discharge chute
      76 downwardly into and through the spout 40 into the receptacle located
      therebelow. At such time as the vend cycle has been completed, the
      operator will remove the receptacle, resulting in the lever 96 being moved
      back to the solid line position of FIG. 4 and further resulting in
      deactuation of the drive motor assembly 62 and repositioning of the chute
      76 back to the solid line position in FIG. 4 wherein any residual ice or
      melt water that may drop downwardly through the opening 72 may be directed
      into the lower end of the outer bin 30 and be subsequently communicated
      via a suitable drain conduit 126 and drain assembly 128 (see FIG. 3) to a
      suitable system drain.
PAR  It will be seen from the foregoing that the present invention provides a
      novel ice dispensing machine which features an improved ice discharge
      arrangement wherein any ice or melt water which may fall downwardly
      through the discharge opening will be conveyed directly to a system drain
      instead of falling through the discharge spout. The chute arrangement
      described herein will be seen to be of an extremely simple design and
      hence may be economically manufactured and will have a long and effective
      operational life. It will be appreciated, of course, that many alternative
      arrangements may be utilized for operatively connecting the control lever
      94 with the chute 76 and control switch assembly 102 without departing
      from the scope or fair meaning of the subjoined claims and that the
      arrangement described hereinabove has been shown merely as a highly
      satisfactory method of carrying out the present invention.
PAR  Referring now in detail to FIG. 7, a slightly modified embodiment of the
      ice vend assembly 24 is shown and generally designated by the numeral 24'.
      As shown, the assembly 24' includes an inner ice bin assembly 130 which is
      operatively mounted within the outer bin 30 hereinabove described. The bin
      assembly 130 includes a bin member or side wall 132 which is operatively
      connected by means of a plurality of generally radially disposed vanes or
      partitions 134 to a central rotatable shaft 136. The vanes 134 and shaft
      136 are analogous to the elements 50 and 54, respectively, hereinabove
      described, whereupon rotation of the shaft 136 due to energization of an
      associated vend motor, the entire bin member or side wall 132 will rotate
      within the outer bin 30 to cause ice disposed interiorly of the assembly
      130 to move toward and through the associated discharge opening. In
      accordance with the present invention, the bin member or side wall 132 is
      provided with generally vertically spaced upper and lower end portions 138
      and 140, respectively, the former of which is spaced radially closer to
      the rotational axis of the shaft 136 than the lower end portion 140. In
      particular, the side wall 132 is designed so as to be uniformly tapered or
      inclined radially outwardly from the upper end portion 138 thereof toward
      the lower end portion 140. The purpose of this construction is to assure
      against unobstructed ice movement from the upper end of the assembly 130
      toward the lower end thereof, thus overcoming the tendency of some prior
      art designs, wherein the side wall is of a cylindrical configuration,
      i.e., constant radius, to have the ice mass become jammed.
PAR  In accordance with still additional features of the present invention,
      there is provided an ice level control assembly, generally designated by
      the numeral 150. As shown in FIG. 7, the assembly 150 comprises a housing
      or enclosure 152 operatively mounted upon the top or cover 154 of the
      assembly 28'. The housing 152 typically is of the generally rectangular
      configuration and includes spaced parallel side walls 156, 158 and end
      walls 160, 162 with the uppermost portion of the housing 152 being closed
      by a removable access panel 164. Disposed interiorly of the housing 152 is
      a pair of switch assemblies, generally designated by the numerals 166 and
      168. As best shown in FIGS. 8 and 9, the switch assembly 166 comprises a
      housing 170 and a movable plunger or control member 172 which is adapted
      to be moved interiorly of the housing 172 to effect control of an
      electrical circuit with which the switch assembly 166 is operatively
      connected. In a similar manner, the switch assembly 168 includes a housing
      174 and a movable or actuatable plunger or control member 166. In
      accordance with the present invention, the switch assembly 166 is
      operatively mounted upon the generally L-shaped mounting bracket, the
      lower end of which is affixed to the cover 154 and which includes an
      upwardly extending, generally flexible leg portion 180 upon which the
      assembly 166 is secured, with the result that the switch assembly 166 is
      movable within predetermined limits in a rightward and leftward direction
      in FIGS. 8 and 9, as will hereinafter be described. The switch assembly
      168, on the other hand, is fixedly mounted within the housing 152 by means
      of a suitable mounting bracket or the like 182, as illustrated.
PAR  Operatively associated with the switch assemblies 166 and 168 is an ice
      engaging or sensing element generally designated by the numeral 184 which
      comprises a pair of angularly offset leg portions 186 and 188 which are
      connected to a sleeve-like intermediate member 190. The element 184 is
      preferably connected within the housing 152 by means of a suitable pivot
      pin or the like 192 extending through the member 190, whereby the element
      184 is pivotable about a generally transversely extending axis defined by
      the pivot pin 192. As shown, the leg portion 186 of the element 184
      extends downwardly through a suitable opening 192 in the cover 154 and is
      adapted to engage the upper surface of ice which is contained within the
      assembly. The leg portion 188, on the other hand, is engageable with the
      plunger 172 to effect actuation of the assembly 166, as will be described.
PAR  In operation of the present invention, the switch assemblies 166 and 168
      are adapted to be operatively connected via suitable electrical conductors
      or the like 196 with the electrical circuit communicating electrical
      energy from a suitable source thereof to the associated ice producing
      system. As is conventional in the art, the vend assembly 28 is provided
      with means, such as a thermostatic sensing device, which senses when the
      quantity of ice within the bin assembly 130 drops below a predetermined
      level. When this occurs, the associated ice producing system 24 will be
      energized, whereby the flaked or particulate ice will be introduced into
      the bin assembly 130 as hereinabove described. At such time as the upper
      level of the ice within the bin assembly 130 reaches a predetermined
      level, the ice level sensing element 184 will be pivoted in a generally
      counterclockwise direction in FIG. 8 as the leg portion 186 thereof
      engages the upper surface of the ice. When this occurs, the upwardly
      extending leg portion 188 will bias the control member 172 of the switch
      assembly 166 toward the left in FIGS. 8 and 9, with the result that the
      switch assembly 166 will be actuated to effect opening of the aforesaid
      circuit and thus de-energization of the ice producing system 24. If, for
      any reason, the switch assembly 166 becomes inoperative, and is thus not
      effective in de-energizing the ice producing system 24, by virtue of the
      flexible characteristics of the leg portion 180 of the bracket 178, as the
      ice level within the assembly 130 moves upwardly, thereby causing the
      sensing element 184 to be pivoted in the abovedescribed manner, the entire
      switch assembly 166 will be biased toward the left in FIGS. 8 and 9,
      whereupon the housing 170 will engage and effect actuation of the control
      member 176 of the switch assembly 168. When this occurs, the switch
      assembly 168 is intended to become operative in effecting opening of the
      aforesaid circuit and thus de-energization of the ice producing system 24.
      Accordingly, it will be seen that the switch assembly 168 acts as a
      back-up or fail safe means for assuring that the ice producing system 24
      will be de-energized when the volume or magnitude of the ice within the
      vend assembly 130 has reached a predetermined level. The switch assembly
      168 is preferably designed so as to be manually resettable, and
      accordingly, is provided with a suitable "reset" button 198 which projects
      exteriorly of the housing 152 through a suitable aperture 200 formed in
      the end wall 162, as will be appreciated by those skilled in the art.
PAR  While it will be apparent that the preferred embodiments herein illustrated
      are well calculated to fulfill the objects stated, it will be appreciated
      that the present invention is susceptible to modification, variation and
      change without departing from the proper scope or fair meaning of the
      subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for storing and dispensing ice in particulate form that
      is produced by an associated ice making machine, a generally cylindrical
      particulate ice storage compartment, a bottom closure for said compartment
      and means defining a discharge opening in said closure, means for moving
      ice within said compartments towards said opening, an electrical control
      circuit communicating a source of electrical energy with said ice making
      machine, a first switch connected to said circuit and having a switch body
      and an actuator, said actuator normally being disposed in a first position
      closing said circuit and movable relative to said body to a second
      position opening said circuit, a second switch normally disposed directly
      adjacent said first switch and connected to said circuit, said second
      switch having an actuator normally disposed in a first position closing
      said circuit and movable to a second position opening said circuit solely
      under the influence of said first switch body moving from said normal
      position to an actuated position, an ice engaging element pivotably
      mounted adjacent the upper end of said compartment and having a portion
      engageable with ice in said compartment and adapted to apply a force of a
      predetermined magnitude upon engagement of said ice therewith, a yieldable
      support member supporting said first switch at said normal position
      adjacent said second switch and permitting movement of said first switch
      from said normal position to said actuated position under the application
      of said force from said ice engaging element against said first switch
      actuator and under conditions when said first switch actuator is
      predeterminately inoperative, whereby when said predetermined inoperative
      condition exists and said element is engaged by ice within said container,
      said second switch actuator will be moved by said first switch to said
      second position opening said circuit to prevent operation of said ice
      making machine, and wherein said first switch is operatively supported by
      said body upon said yieldable support which comprises a relatively
      resilient member permitting movement of said first switch body toward and
      into engagement with said actuator of said second switch under the
      influence of said force being exerted against said first switch.
NUM  2.
PAR  2. The invention as set forth in claim 1 which comprises
PA1  an ice enclosure including a generally vertically disposed cylindrical side
      wall,
PA1  means defining an ice discharge opening adjacent the lower end of said
      enclosure,
PA1  an inner bin assembly disposed within said enclosure and adapted to cause
      ice therewithin to move toward said discharge opening,
PA1  said bin assembly being rotatable within said bin about a generally
      vertical axis and including a side wall arranged concentrically of said
      first mentioned side wall, and
PA1  said side wall of said inner bin assembly having axially spaced upper and
      lower end portions, with one of said end portions being located radially
      closer to said axis than the other of said end portions.
NUM  3.
PAR  3. The invention as set forth in claim 2 wherein the uppermost of said end
      portions is spaced radially closer to said axis.
NUM  4.
PAR  4. The invention as set forth in claim 2 wherein the end portion of said
      bin assembly side wall located closest to said discharge opening is spaced
      radially further from said axis than the other of said end portions.
NUM  5.
PAR  5. The invention as set forth in claim 2 wherein said side wall of said
      inner bin assembly is uniformly tapered between said end portions.
NUM  6.
PAR  6. The invention as set forth in claim 5 wherein the uppermost end portion
      of said inner bin assembly side wall is spaced radially closer to said
      axis than the lowermost of said end portions.
NUM  7.
PAR  7. The invention as set forth in claim 2 wherein said inner bin assembly
      comprises a central shaft-like drive member, at least one radially
      extending element interconnecting said member with said side wall of said
      assembly, and wherein said element is operable upon rotation of said bin
      assembly to cause ice within said bin to move toward said discharge
      opening.
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PAL  A pressurized package containing a conventional pressure propellant is
      divided into two compartments arranged for mixing of their contents
      simultaneously with dispensing, one compartment containing a peroxide
      solution and the other containing a hair treating composition including
      certain selected compounds in quantity sufficient to prevent development
      of unsafe pressure should the peroxide decompose within the package.
PARN
PAR  This is a continuation of application Ser. No. 171,398, filed Aug. 12,
      1971, now abandoned, which in turn is a continuation-in-part of
      application Ser. No. 846,580, filed July 31, 1969, now abandoned.
BSUM
PAR  This invention relates to pressure packaged liquid compositions, pertaining
      more specifically to two-part compositions, one part of which includes
      hydrogen peroxide, in which the two parts are adapted to be mixed only
      during discharging or dispensing from the container in which they are
      packaged. The invention is particularly concerned with such pressurized
      dispensing packages containing two-part hair treating compositions, such
      as oxidative dyes and bleaches.
PAR  Treatment of human hair with direct dyes, a procedure generally known as
      tinting, results in a final color which is a combination of the natural
      color of the hair (which is left unchanged) and the added color imparted
      by the dye. In some other processes, the natural pigments in the hair are
      first removed by treatment with an oxidizing agent such as alkaline
      hydrogen peroxide after which the desired color is imparted to the fibers
      by treatment with oxidative dyestuffs such as p-phenylenediamine or
      p-tolylenediamine which are converted in the hair fiber to high molecular
      weight colored compounds by the action of atmospheric oxygen or by
      chemical oxidizing agents such as hydrogen peroxide. It is also possible
      to practice this method by concurrently conducting the bleaching and
      dyeing steps, i.e., the alkaline hydrogen peroxide bleaches the hair while
      the dyestuff is simultaneously penetrating the hair fibers and being
      oxidized to produce the desired color.
PAR  In the usual procedure of carrying out the dyeing or combined bleaching and
      dyeing operation, the oxidative dye base is thoroughly mixed in a
      container with hydrogen peroxide and applied to the hair in such a manner
      as to ensure complete saturation of the hair including the root portions.
      This method is, of course, time-consuming and subject to mixing errors
      leading to the development of insufficient color or hair damage through
      the use of excess peroxide. There is an additional possibility that for
      one reason or another the composition cannot be applied to the hair
      immediately after mixing but only after a period of time has elapsed.
      Since the oxidative dye precursors begin to oxidize immediately upon
      exposure at atmospheric oxygen or hydrogen peroxide, it is evident that an
      undesirable color effect may result if a partially oxidized composition is
      used.
PAR  There have been various proposals in the past for the packaging of
      oxidative hair dyeing compositions in pressurized dispensing devices for
      the purpose of obviating some of the disadvantages enumerated above. It
      has been proposed to provide a pressurized package with two interior
      compartments, the contents of which are kept separate from one another
      until it is desired to use the compositions. However, because of the
      necessity for making patch tests of the mixed composition on the skin many
      hours, usually a day, before actual use of the composition, it has been
      impossible to employ packages which provide for mixing of the entire
      contents of the two compartments prior to dispensing from the container,
      as in the case of British Pat. No. 1,125,528 and U.S. Pat. No. 3,318,484.
      As pointed out above, the mixed composition remains useful for its
      intended purpose for only a short time after mixing.
PAR  While there have been other proposals to package hair dyes in two-part
      containers which provide for mixing of the parts simultaneously with
      dispensing, as in the case of U.S. Pat. Nos. 3,272,389 and 3,341,418, the
      risk of accidental or premature mixing of the contents of the two
      compartments by leakage or by rupture of one of the compartments or by
      permeation through the wall separating the compartments has been
      considered to present a serious hazard. Not only is the mixture useless
      within a short time, but in addition, the generation of gaseous oxygen by
      decomposition of the peroxide upon contact with the ingredients of a
      conventional oxidative dye base composition, particularly when the mixture
      is alkaline, which has been known to occur, leads to excessively high
      pressures in the container and the danger of explosion unless special
      precautions are taken in the construction of the container.
PAR  It has now been found that the generation of excessively high pressures in
      a two-compartment container brought about by the decomposition of a
      hydrogen peroxide composition contained in one compartment can be
      prevented by the incorporation in the other compartment of a composition
      containing one or a mixture of certain chemical control compounds. Some of
      these control compounds are primary oxidative dye intermediates (color
      formers) of the type long used in the conventional practice of oxidative
      hair dyeing. Other of these compounds are couplers or color modifiers also
      long used in the practice of oxidative hair dyeing to modify the color
      produced by the primary oxidative dye intermediates. Yet other of these
      compounds are materials not heretofore known to be useful in the practice
      of oxidative hair dyeing. It has been found that by adjusting the relative
      proportions of the selected control compound or mixture of such compounds
      with respect to the peroxide and with respect to the volume of free space
      within the container, the generation of gaseous oxygen from the peroxide
      can be reduced to safe limits or completely eliminated, making it possible
      to employ a container of conventional lightweight construction of the type
      employed for packaging other compositions with the usual pressure
      propellants. While any suitable two-compartment pressurized container
      which provides for mixing simultaneously with dispensing may be used in
      the package of the present invention, the container used in the preferred
      embodiment is that shown in U.S. Pat. No. 3,241,722. The thin flexible
      wall of the inner container in the dispensing device of U.S. Pat. No.
      3,241,722 which separates the contents of the inner container from those
      of the outer container is conventionally made of polyethylene,
      polypropylene, cellulose acetate or other synthetic plastic material and
      is subject to permeation to a greater or lesser extent by the contents of
      the two containers in some cases as well as being subject to rupture. The
      invention provides protection against leakage or diffusion of the peroxide
      through the separating wall followed by a reaction liberating oxygen
      within the second container.
PAR  In the case of conventional pressure containers in which the pressure is
      provided by the usual propellants such as liquefied gaseous propellants,
      it is essential to provide some free space (i.e., space filled with gas or
      vapor, not with liquid or solid) within the filled container in order to
      avoid risk or rupture of the container when exposed to high temperatures
      during shipment and storage prior to use. The minimum such free space is
      about 5% while the maximum is dictated by governmental regulation and the
      undesirably higher costs of providing a given quantity of product in an
      "oversized" container. It is usually desirable to limit free space to a
      maximum of 50%. Desirably, the fill level for products of this type
      provides a free space of from about 10 to about 40%; preferably, from
      about 20 to about 40%.
PAR  The present invention makes it possible to fill containers to the same
      extent, i.e., to have a minimum of approximately 5% free space or volume
      within the container (including both compartments) without appreciable
      increase in risk of rupture of the container if premature mixing of the
      contents of the two compartments occurs.
PAR  In general, pressures within the container up to 150 p.s.i.g. at
      25.degree.C. can be tolerated without excessive risk of rupture. In
      practical terms, this means, when the free space is as little as 5% of the
      total volume, enough of the selected compound or compounds must be used to
      prevent substantially completely the liberation of gaseous oxygen should
      the two parts become inadvertently mixed. Depending on which compound or
      compounds are used, this amounts to about 50% to about 500% by weight of
      the peroxide (calculated as hydrogen peroxide). When the free space is
      higher, of course, the liberation of some oxygen can be tolerated provided
      the total pressure within the container does not exceed 150 p.s.i.g.
      Accordingly, the minimum amount of total compound needed for safety can be
      less when the free space is high than when the free space is the minimum
      5% by volume.
PAR  In the case where the free space amounts to 50% of the total, the total
      amount of compound needed for safety can be as low as about 10% by weight
      of the peroxide (calculated as hydrogen peroxide). When the amount of free
      space is at some value between 5% and 50%, the minimum amount of total
      control compound required varies approximately proportionately. In the
      case where the free space amounts to 10 to 25% of the total, at least 25%
      of the control compound by weight of the peroxide must be used.
PAR  The quantity and species of compounds to be used in any given situation is
      dependent upon three factors: the amount of peroxide present and capable
      of decomposing to form oxygen, the amount of free space, and the final
      color result desired.
PAR  Primary oxidative dye intermediates (color formers) which have been found
      to be effective in controlling or limiting generation of oxygen from
      peroxide solutions when used as described above include o-aminophenol,
      p-aminophenol, methyl-p-aminophenol, 4-amino-3-methylphenol,
      2,4-diaminophenol, N-(p-hydroxyphenyl) glycine, p-phenylenediamine,
      p-tolylenediamine and 1,2,4,5,-tetrahydroxybenzene.
PAR  In the formulation of oxidation dyes, it is usual for all shades of color
      to employ an excess of primary intermediates over the amount of couplers
      or modifiers in order to ensure that no free coupler or modifier remains
      on the hair, a result which is undesirable because some of them are
      extremely substantive to hair and any excess tends to remain in the hair
      until, on subsequent dyeing, it tends to produce off-shade results. In the
      formulation of dark brown or black shades, even larger excess quantities
      of primary intermediates are customarily used to ensure depth of color. In
      these shades, it is also less necessary that the originally present hair
      pigment (if any) be bleached in order to provide the desired color, thus
      relatively smaller quantities of peroxide are required. In many such
      formulations, the quantity of primary intermediates and of modifiers or
      couplers required for the desired color development may also be sufficient
      to reduce or eliminate the generation of oxygen should the peroxide and
      dye base compositions become inadvertently mixed.
PAR  In the formulation of lighter shades, however, i.e., those containing
      relatively smaller quantities of primary intermediates and requiring
      substantial bleaching of the hair if originally dark, it is usually
      necessary to add control compounds beyond the quantity required solely for
      color development in order to practice the invention.
PAR  We have found that, if a composition is formulated to give the desired
      color effect on hair, but does not comprise sufficient total primary
      intermediates to provide adequate pressure control, careful selection of
      control compounds which are not primary intermediate compounds can provide
      for adequate pressure control without adversely affecting the color
      produced on dyeing or on subsequent re-dyeing. In such compositions, the
      amount of total primary intermediate of the total compound is normally
      less than that of the total remainder of the control compounds.
PAR  The choice of the control compound added can have an important effect upon
      the final color result. It is expedient first to formulate for the desired
      shade or color alone without regard to total quantity of primary
      intermediates, modifiers or couplers used, and then to introduce an
      additional quantity of another control compound which does not appreciably
      change the final color or shade. The preferred such control compounds
      having little or no effect upon color are beta-naphthol and
      2,5-dihydroxybenzoic acid, both of which have been found to be
      particularly useful in the formulation of compositions ranging from a hair
      lightener or bleach producing no color, in which neither primary
      intermediates nor modifiers nor couplers are normally used and in which
      the compounds provide only pressure control, to compositions producing
      light brown shades, some of which do not employ sufficient quantities of
      primary intermediates and modifiers or couplers to ensure sufficient
      pressure control. Other control compounds effective to control generation
      of oxygen produce only very light colors upon mixing with peroxide
      solution and hence are particularly useful in formulating light brown
      shades, although they are not as desirable as the two first named for use
      in hair lighteners or bleaches; these include: 3,4-dihydroxybenzoic acid,
      gallic acid, propyl gallate, 2,7-naphthalenediol,
      2,2',4,4'-tetrahydroxybiphenyl, hydroquinone monosulfonic acid,
      3,4,5-trihydroxyacetophenone and 3-(N,N-dimethylamino) phenol.
PAR  Other control compounds produce somewhat more intense colors and are
      therefore more limited in utility; these include: 8-hydroxyquinoline,
      pyrocatechol, resorcinol, hydroquinone, pyrogallol,
      1,3,5-trihydroxybenzene, 4-t-butyl catechol, 1,5-naphthalenediol,
      3-hydroxydiphenylamine, m-phenylenediamine, and 2,4-diaminoanisole. While
      these are not normally considered primary intermediates in hair dyes, they
      can be used along with primary intermediates to produce dark colors and to
      provide control of pressure.
PAR  The nature of the reaction by which the expected development of oxygen
      pressure from the peroxide is altered or suppressed is not fully
      understood, since the molar ratio of the minimum amount of total control
      compound or mixture of compounds to the amount of peroxide is frequently
      as low as about 0.10.
PAR  In the pressure package of the present invention, the peroxide, stabilizers
      for the peroxide, and a portion of the total water are preferably placed
      in one compartment, while all of the remaining ingredients of the
      oxidative dye composition are placed in the other compartment. When
      alkalizing agents are present, they are preferably placed in the second
      compartment separate from the peroxide. The pressure propellant can be
      placed in either compartment or in both. In the preferred container of
      U.S. Pat. No. 3,241,722, the peroxide-containing component is preferably
      placed in the inner compartment, while the propellant along with the
      remaining ingredients of the composition is placed in the outer
      compartment, the wall separating the two compartments preferably being
      composed of synthetic plastic material such as polyethylene,
      polypropylene, cellulose acetate, etc. which is more readily ruptured than
      the outer wall of the container which is preferably metallic.
PAR  Except for the requirement that sufficient of the control compound or
      mixture of compounds be used to ensure against excessive pressure build-up
      in the event of inadvertent mixing of the peroxide component and the other
      component, conventional hair dye and aerosol product formulation
      techniques may be employed in the practice of this invention.
PAR  In the preferred form of the invention, the control compounds are
      formulated into an aqueous composition to which are added any necessary
      ingredients to provide the desired final pH, and to supply the composition
      with the requisite shelf stability and application characteristics. In
      order to provide an aesthetically acceptable foam upon expulsion from the
      pressurized package and to improve penetration of the dye composition into
      the hair, small amounts of soaps and certain wetting agents are preferably
      incorporated. While any of the alkalizing agents known to be useful in the
      formulation of oxidative hair dyeing compositions, including fixed alkalis
      such as sodium or potassium hydroxide, ammonia, or various amines, may be
      employed in the practice of this invention, it is preferred to use short
      chain alkanolamines, such as monoethanolamine, as described and claimed in
      my copending application Ser. No. 826,661, filed May 12, 1969, now
      abandoned.
PAR  The compositions of this invention, like conventional oxidative hair dyeing
      compositions, work broadly at a pH of 7.0 to 12.0. Where it is desired to
      bleach the hair as well as impart a new color to the fibers, it is
      preferred that the amount of alkaline material be sufficient to provide in
      the mixed composition a final pH of 9 to 11. Where bleaching is not
      required, i.e., where the final hair color is not to be lighter than the
      natural color, a pH as low as 7.0 will be found to be useful.
PAR  When it is desired merely to enhance or add to the natural color of the
      hair, it has been found expedient to limit the peroxide concentration to
      0.1% to 2.0% by weight of the total contents of the package, excluding
      propellants, with 1.5% being preferred. Within this range, there is
      sufficient peroxide to develop the final color of the dye intermediates
      used but insufficient peroxide to have any substantial bleaching effect on
      the natural pigments of the hair. When it is desirable to lighten or
      bleach the natural color of the hair while developing the new color within
      the fiber, a range of 2% by weight and more up to 6% is useful, the
      preferred range being 3.0 to 4.5% by weight, based on total contents
      exclusive of propellants. Within this range substantial bleaching of the
      natural pigments occurs so that the final color result may be
      substantially lighter than the natural color of the hair.
PAR  The pH of the peroxide component whether or not mixed with propellant can
      be from 2.5 to 7.5, but is preferably within the range of 3.5 to 4.5.
PAR  It is desirable that the total contents of the package, exclusive of
      propellant, amount to approximately 100-120 grams in order to suffice for
      saturating a single large head of hair; larger quantities, for treating
      multiple heads of hair may be present in a single package if desired.
PAR  Any conventional liquified gaseous propellant may be employed in
      conjunction with the compositions of the present invention. Among the most
      useful and readily available are hydrocarbons such as n-butane or
      isobutane present alone or in mixtures thereof with propane; and
      halogenated hydrocarbons such as those sold under the trademark Freon, for
      example, dichlorodifluoromethane, monochlorotrifluoromethane,
      trichlorotrifluoroethane, dichlorotetrafluoroethane, etc. Compressed gas
      propellants such as nitrogen may also be used either alone or in
      conjunction with the foregoing liquified gaseous propellants.
PAR  The composition is applied directly to the hair as it is dispensed from the
      package, the two-part composition being mixed during the dispensing
      operation and virtually simultaneously with its application to the hair.
      The composition is allowed to remain on the hair for sufficient time to
      develop the desired shade of color, after which the hair is rinsed and
      shampooed in the usual manner. While the composition may be left in
      contact with the hair for time periods from 2 minutes to 90 minutes, a
      period from 10 to 20 minutes is usually most satisfactory and convenient.
DETD
PAR  The following specific examples are intended to illustrate more fully the
      nature of the invention but are not intended to be a limitation upon its
      scope.
PAC  EXAMPLE 1
PAR  To measure the pressure of gaseous oxygen generated inside a container by
      mixing a conventional dye base component (lacking any dye intermediate or
      modifier) with a conventional stabilized peroxide component in the absence
      of pressure propellant, the following compositions were prepared:
TBL  Part I                % by weight                                         

     ______________________________________                                    

     Oleic acid            8.7                                                 

     Monoethanolamine      6.7                                                 

     Isopropanol           1.9                                                 

     Octyl phenoxy polyethoxy                                                  

     ethanol               1.9                                                 

     Lauryl alcohol        0.4                                                 

     Water                 to 100                                              

     Part II               % by weight                                         

     ______________________________________                                    

     Hydrogen peroxide     16.0                                                

     Phenacetin            0.04                                                

     Stabilizers                                                               

     Sodium stannate       0.0045                                              

     Deionized water       to 100                                              

     Phosphoric acid       to pH 4.0                                           

     ______________________________________                                    

PAR  Ninety gm. of Part I and 30 gm. of Part II were mixed together in a lined
      aluminum pressure can leaving 47% free space, i.e., filling 53 percent of
      the total volume of the can. The can was immediately crimped with a
      standard aerosol valve and cup. The pressure inside the can was
      continuously measured for 24 hours comparison with a mixture identical
      except for the incorporation of 2% beta-naphthol in Part I showed the
      following results:
TBL          Pressure (psig)                                                   

                               Control Mixture                                 

     Time      Control Mixture +beta-naphthol                                  

     ______________________________________                                    

     0         0               0                                               

     4 hours   25              0                                               

     6 hours   74              0                                               

     7 hours   100             0                                               

     24 hours  160             0                                               

     ______________________________________                                    

PAR  The results show that the addition of 2% beta-naphthol completely prevented
      the build up of oxygen pressure.
PAC  EXAMPLE II
PAR  Various control compounds, including some dye intermediates and modifiers,
      alone and in combination, were evaluated as described in Example I by
      including 1-2% of each in Part I of a test mixture except that the
      pressure was measured after 3 days instead of measuring pressures after
      shorter time intervals. The following results were obtained:
TBL  Control        % by                                                       

     Compound       Weight      Pressure (psig)                                

     ______________________________________                                    

     None           --          180                                            

     Resorcinol     2.0         1                                              

     m-Phenylenediamine                                                        

                    2.0         8                                              

     p-Phenylenediamine                                                        

                    2.0         18                                             

     Pyrogallol     2.0         16                                             

     2,7-napthalenediol                                                        

                    2.0         0                                              

     Hydroquinone   2.0         6                                              

     m-Phenylenediamine                                                        

                    1.0                                                        

     Resorcinol     1.0         0                                              

     m-Phenylenediamine                                                        

                    1.0                                                        

     Pyrogallol     1.0         0                                              

     m-Phenylenediamine                                                        

                    1.0                                                        

     2,7-napthalenediol                                                        

                    1.0         3                                              

     p-Phenylenediamine                                                        

                    1.15                                                       

     Resorcinol     0.20        29                                             

     2,4-Diaminoanisole                                                        

                    0.33                                                       

     Catechol       1.0         8                                              

     2,4-Diaminoanisole                                                        

                    2.0         0                                              

     3,4-Dihydroxybenzoic                                                      

     acid           1.0         10                                             

     Hydroquinone sulfonic                                                     

     acid, potassium salt                                                      

                    1.0         43                                             

     3-(N,N-Dimethylamino)                                                     

     phenol         2.0         7                                              

     4-t-Butyl catechol                                                        

                    1.0         11                                             

     2,5-Dihydroxybenzoic                                                      

     acid           1.0         2                                              

     ______________________________________                                    

PAR  Analysis of the above mixtures for residual hydrogen peroxide after 3 days
      showed substantial decomposition of the peroxide in all cases.
PAC  EXAMPLE III
PAR  The following compositions were prepared:
TBL  Part I              % by weight                                           

     ______________________________________                                    

     Oleic acid          8.7                                                   

     Octyl phenoxy polyethoxy                                                  

     ethanol             6.0                                                   

     Isopropanol         10.0                                                  

     Monoethanolamine    5.0                                                   

     Methyl-p-aminophenol                                                      

                         0.1                                                   

     4-Nitro-1,2-diaminobenzene                                                

                         0.003                                                 

     Beta-napthol        1.0                                                   

     Water               to 100                                                

     Part II             % by Weight                                           

     ______________________________________                                    

     Hydrogen peroxide   16.0                                                  

     Stabilizers         1.0                                                   

     Water               to 100                                                

     Phosphoric acid     to pH 4.0                                             

     Part III            % by Weight                                           

     ______________________________________                                    

     Propellant 12       50.0                                                  

     Propellant 114      50.0                                                  

     ______________________________________                                    

PAR  The parts were packaged in a container of the type shown in U.S. Pat. No.
      3,241,722. In the inner container was placed 27.0 parts by weight of Part
      II. In the outer container was placed 93.0 parts of Part I together with
      9.3 parts of Part III. The wall separating the inner from the outer
      container was formed of synthetic plastic material (polyethylene)
      permeable to peroxide and more readily ruptured by pressure than the outer
      metallic wall of the container. The free space left was approximately 40%.
      When the contents of the two containers were dispensed simultaneously at
      room temperature onto tresses of light brown untreated human hair, there
      was produced a light-colored foam of fine texture which was worked into
      the fibers with the fingers. After 20 minutes, the tresses were rinsed and
      shampooed, exhibiting an attractive light blonde shade.
PAR  Of the total content of dye intermediate and modifier included in the
      composition of this example, only a small proportion is needed for color
      development. The addition of the beta-naphthol serves to minimize the
      development of oxygen pressure in the event of inadvertent mixing inside
      the container, contributing little to the final shade of color produced.
      The pressure within the container, without mixing of the parts, was 45
      p.s.i.g.; 3 days after intentional mixing of all of Parts I-III within the
      container by rupture of the separating wall the pressure was only 52
      p.s.i.g. Example IV
PAR  The following compositions were prepared:
TBL  Part I              % by Weight                                           

     ______________________________________                                    

     Oleic acid          8.7                                                   

     Octyl phenoxy polyethoxy                                                  

     ethanol             6.0                                                   

     Isopropanol         10.0                                                  

     Monoethanolamine    3.2                                                   

     p-Phenylenediamine  0.63                                                  

     Resorcinol          0.16                                                  

     p-Aminophenol       0.05                                                  

     4,4-Diaminodiphenylamine                                                  

     sulfate             0.2                                                   

     Water               to 100                                                

     Part II             % by Weight                                           

     ______________________________________                                    

     Hydrogen peroxide   9.0                                                   

     Stabilizers         1.0                                                   

     Water               to 100                                                

     Phosphoric acid     to pH 4.0                                             

     Part III            % by Weight                                           

     ______________________________________                                    

     Propellant 12       50.0                                                  

     Propellant 114      50.0                                                  

     ______________________________________                                    

PAR  The parts, packaged and evaluated as described in Example III, produced an
      attractive dark brown color on previously untreated human hair.
PAR  The composition of this example represents a pressure packaged hair dyeing
      system in which all of the intermediates and modifiers present contribute
      to the final shade produced. The pressure within the container before
      mixing of the parts was 45 p.s.i.g.; after mixing all of the parts within
      the container and allowing to stand 3 days the pressure was unchanged.
PAC  Example V
PAR  In order to simulate the results achieved when the peroxide solution
      undergoes spontaneous decomposition with the liberation of gaseous oxygen,
      there was introduced into a conventional aerosol single compartment
      container 90 parts by weight of a conventional dye base component together
      with beta-naphthol, as follows:
TBL                      % by Weight                                           

     Oleic acid          8.7                                                   

     Monoethanolamine    6.7                                                   

     Isopropanol         1.9                                                   

     Octyl phenoxy polyethoxy                                                  

     ethanol             1.9                                                   

     Lauryl alcohol      0.4                                                   

     Beta-napthol        1.8                                                   

     Water               to 100                                                

PAL  The container was then pressurized to 54 p.s.i.g. with oxygen; the pressure
      was measured at intervals thereafter and was found to decrease to 51
      p.s.i.g. after 5 hours and to continue to decrease thereafter, reaching
      zero (atmospheric) after 7 days. When the test was repeated but omitting
      the beta-naphthol, the pressure remained unchanged at 54 p.s.i.g. for more
      than 7 days.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dispensing container having two compartments providing separate
      storage of two parts of a hair treating composition selected from the
      group consisting of aqueous hydrogen peroxide hair bleach and aqueous
      oxidative hair dye compositions and means including a pressure propellant
      for dispensing the contents of both compartments simultaneously with
      mixing thereof, the contents of one compartment comprising an aqueous
      medium containing an alkalizing agent sufficient to provide a pH from 7.0
      to 12 in the mixed composition and a control compound which is a member of
      the group consisting of o-aminophenol, p-aminophenol,
      methyl-p-aminophenol, 4-amino-3-methylphenol, 2,4-diaminophenol,
      N-(p-hydroxyphenyl) glycine, p-phenylenediamine, p-tolylenediamine,
      1,2,4,5-tetrahydroxybenzene, betanaphthol, 2,5-dihydroxybenzoic acid, 3,4
      -dihydroxybenzoic acid, gallic acid, propyl gallate, 2,7-naphthalenediol,
      2,2',4,4'-tetrahydroxybiphenyl, hydroquinone monosulfonic acid,
      3,4,5-trihydroxyacetophenone, 3-(N,N,-dimethylamino) phenol,
      8-hydroxyquinoline, pyrocatechol, resorcinol, hydroquinone, pyrogallol,
      1,3,5-trihydroxybenzene, 4-t-butyl catechol, 1,5-naphthalenediol,
      3-hydroxydiphenylamine, m-phenylene diamine, 2,4-diaminoanisol, and
      mixtures thereof, and the contents of the other compartment comprising an
      aqueous hydrogen peroxide solution, the amount of hydrogen peroxide being
      from 0.1 to 6% by weight of the total contents of the container excluding
      pressure propellant, the amount of total control compound being from 10 to
      500% by weight of the hydrogen peroxide and sufficient to prevent
      liberation of oxygen gas in an amount to produce total pressure in the
      package greater than 150 p.s.i.g. if mixing of the two parts within the
      package occurs.
NUM  2.
PAR  2. A container as claimed in claim 1 in which said hair treating
      composition is an oxidative dye composition and the two compartments are
      separated by a wall of synthetic plastic material permeable to a portion
      of the contents of at least one compartment.
NUM  3.
PAR  3. A container as claimed in claim 1 in which said control compound is a
      mixture including a first compound selected from the group consisting of
      o-aminophenol, p-aminophenol, methyl-p-aminophenol,
      4-amino-3-methylphenol, 2,4-diaminophenol, N-(p-hydroxyphenyl) glycine,
      p-phenylenediamine, p-tolylenediamine, 1,2,4,5-tetrahydroxybenzene and
      mixtures thereof, and a second compound selected from the group consisting
      of beta-naphthol, 2,5-dihydroxybenzoic acid, 3,4 -dihydroxybenzoic acid,
      gallic acid, propyl gallate, 2,7-naphthalenediol,
      2,2',4,4'-tetrahydroxybiphenyl, hydroquinone monosulfonic acid,
      3,4,5-trihydroxyacetophenone, 3-(N,N-dimethylamino) phenol,
      8-hydroxy-quinoline, pyrocatechol, resorcinol, hydroquinone, pyrogallol,
      1,3,5-trihydroxybenzene, 4-t-butyl catechol, 1,5-naphthalenediol,
      3-hydroxydiphenylamine, m-phenylenediamine, 2,4-diaminoanisole, and
      mixtures thereof, the amount of said first compound being less than the
      amount of said second compound.
NUM  4.
PAR  4. A container as claimed in claim 1 in which the control compound is
      beta-naphthol.
NUM  5.
PAR  5. A container as claimed in claim 1 in which the control compound is 2,5
      -dihydroxybenzoic acid.
NUM  6.
PAR  6. A container as claimed in claim 1 in which the two compartments are
      separated by a wall of synthetic plastic material permeable to a portion
      of the contents of at least one compartment.
NUM  7.
PAR  7. A container as claimed in claim 1 in which said hair treating
      composition is aqueous hydrogen peroxide hair bleach.
NUM  8.
PAR  8. A container as claimed in claim 1 in which the total free space within
      the container, including both compartments, is from 10 to 40%.
NUM  9.
PAR  9. A container as claimed in claim 3 in which the total free space within
      the container, including both compartments, is from 10 to 40%.
NUM  10.
PAR  10. A container as claimed in claim 3 in which said hair treating
      composition is an oxidative dye composition and the two compartments are
      separated by a wall of synthetic plastic material permeable to a portion
      of the contents of at least one compartment.
NUM  11.
PAR  11. A container as claimed in claim 4 in which said hair treating
      composition is an oxidative dye composition and the two compartments are
      separated by a wall of synthetic plastic material permeable to a portion
      of the contents of at least one compartment.
NUM  12.
PAR  12. A container as claimed in claim 5 in which said hair treating
      composition is an oxidative dye composition and the two compartments are
      separated by a wall of synthetic plastic material permeable to a portion
      of the contents of at least one compartment.
NUM  13.
PAR  13. A container as claimed in claim 1 in which the total free space within
      the container, including both compartments, is from 10 to 25%, and the
      total amount of said control compound is at least 25% by weight of the
      peroxide.
NUM  14.
PAR  14. A container as claimed in claim 13 in which said hair treating
      composition is an oxidative dye composition and the two compartments are
      separated by a wall of synthetic plastic material permeable to a portion
      of the contents of at least one compartment.
NUM  15.
PAR  15. A container as claimed in claim 10 in which the total free space within
      the container, including both compartments, is from 10 to 40%.
NUM  16.
PAR  16. A container as claimed in claim 11 in which the total free space within
      the container, including both compartments, is from 10 to 40%.
NUM  17.
PAR  17. A container as claimed in claim 12 in which the total free space within
      the container, including both compartments, is from 10 to 40%.
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ABST
PAL  A slide gate nozzle for the spout of metallurgical vessels includes a pair
      of plates, arranged on the opening of a pouring channel. The plates
      include a fixed bottom plate and a displaceable sliding plate. A metal
      part is provided in the pouring channel of the spout of the vessel. This
      part closes the cross section of the channel and is constructed in such a
      manner as to be cooled and/or give off heat on the side thereof which is
      turned away from the interior of the vessel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to improvements in the operation of slide gate
      nozzles in their application to metallurgical vessels in particular to
      ladles and the like for liquid steel.
PAR  When such ladles are refilled with liquid steel their walls are inevitably
      at a considerably lower temperature than the melting point of steel. This
      is particularly the case in the narrow exit channel leading from the
      bottom of the ladle to the closed sliding plate of the slide gate nozzle.
      For design reasons this channel can neither be shortened nor widened at
      will. In consequence the liquid steel pouring into this channel inevitably
      freezes, so that the slide gate becomes inoperative, i.e. does not allow
      steel to pass through in the open position.
PAR  The universal remedy for this drawback is the introduction of oxygen into
      this channel which ignites the large lump of frozen but still very hot
      steel so that the exothermic reaction thaws the blocked passage. Though
      effective, this method is very undesirable and not without danger.
PAR  Other methods have been proposed but none without other drawbacks and/or
      with lasting success. Among them is the filling of the exit channel with
      refractory material of a suitable grain size prior to refilling the ladle
      itself. This prevents the steel from entering the channel prior to
      teeming. Even when the method works satisfactorily it has the drawback of
      allowing this refractory material to drain into the mold which is in many
      cases highly undesirable.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the invention to overcome or minimize these
      difficulties and drawbacks.
PAR  According to the invention this is achieved by providing in the exit
      channel, near the bottom of the vessel, a cooled metal member which
      extends across the channel and substantially and preferably completely
      blocks it to the downward passage of the liquid metal. The cooling is
      achieved by allowing sufficient heat to radiate downwards from the member,
      and/or by providing the top of the metal member (which otherwise would be
      in contact with the liquid metal) with a thin layer of insulating
      material, and/or by allowing a stream of inert gas, preferably argon, to
      pass through interstices or perforations in the member into the liquid
      steel above it. Preferably, the metal member should have the shape of an
      inverted thin-walled cup and in the case of a ladle for liquid steel
      should be made of a metal having a melting point at least as high as
      steel, preferably steel itself.
PAR  The metal member is inserted into the channel when the ladle is empty, so
      that in the process of filling the ladle the liquid metal cannot enter
      into the channel. If one or more of above mentioned methods of keeping the
      member cool are adopted the member will become very hot but will not melt,
      i.e. it will remain effective until it is desired to teem. At this moment
      a very slight change in the heat transfer equilibrium which keeps the
      member from melting will suffice to melt it down, thus opening the channel
      to the passage of steel. This change can be effected in a number of ways.
      One method is to allow a small stream of oxygen to come in contact with
      the member. Another is to shut off the cooling stream of inert gas.
PAR  In certain cases it is also possible to apply a mechanical method, i.e. to
      increase the inert gas pressure under the member to such an extent that it
      is blown up into the ladle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be better understood reference will now be
      made to the accompanying drawing in which:
PAR  FIG. 1 is a cross-sectional view of a first embodiment of the invention;
      and
PAR  FIG. 2 is a cross-sectional view of a second embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIGS. 1 and 2, show, by way of example, part of a typical sliding gate
      nozzle with the annular brick 1 at the bottom of a ladle. The ring bush 2
      forming the teeming channel 2' is inserted into the annular brick 1. The
      sliding gate comprises the fixed plate 3 and sliding plate 4 which is
      shown in the closed position.
PAR  The arrangement according to FIG. 1 shows an inverted thin-walled steel cup
      5 protected by the insulating layer 6 which may consist of a sheet of
      asbestos or refractory felt like Kao-wool or Cerafelt. The cup has a
      longitudinal cut 7 which permits it to be held in position by a forced
      fit.
PAR  The arrangement according to FIG. 2 shows an inverted cup 8 which has a
      suitable number of perforations 9 and is held in position within the bush
      2 by the flange 10. The sliding plate 4 is provided with a gas permeable
      porous refractory brick 11 firmly fixed in place and registering with the
      bush 2 in the closed position of the sliding plate. The porous brick
      communicates with a supply of inert gas 12, preferably argon. When the
      ladle is still empty a strong stream of inert gas is blown into the
      channel of the ring bush 2 and escapes into the ladle through the
      perforations 9, thus cooling the top of the cup 8 prior to filling the
      ladle. When the ladle is filled the pressure of the inert gas is kept well
      above the static head of the metal at the bottom of the ladle, so that the
      inert gas continues to stream through the perforations, thus preventing
      the cup from melting. As soon as teeming is to commence the sliding plate
      is pushed into the open position, thus automatically shutting off the
      stream of inert gas. The cup collapses and the metal can be teemed.
PAR  It will be appreciated that the two arrangements may be combined if
      desired.
PAR  In all cases the desired object is achieved by almost or even completely
      eliminating the use of materials which would adulterate the liquid steel
      by being swept with steel stream into the mold or vessel. The method is
      also quite safe and inexpensive.
PAR  The illustration shows the most common type of sliding gate in which the
      closing movement is linear. It will be appreciated that the invention can
      equally well be applied for any other types of movement, e.g. rotary, or
      other geometrical shapes of the contact surfaces, e.g. conical instead of
      plane.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A slide gate nozzle for the spout of a metallurgical vessel said slide
      gate nozzle comprising:
PA1  a pair of plates arranged on the opening of a pouring channel of said
      spout, said pair of plates including a fixed bottom plate and a
      displaceable sliding plate; and
PA1  a metal element positioned in said pouring channel of said spout, said
      element closing the cross section of said channel, said metal element, on
      the side thereof turned toward the interior of said vessel, being provided
      with an insulating layer of refractory material, the other side of said
      metal element being free for radiation of heat.
NUM  2.
PAR  2. A slide gate nozzle as claimed in claim 1, wherein said metal element
      has the shape of an inverted thin walled cup having a bottom turned toward
      the interior of the vessel and a wall with a flange forming a seat in
      cooperation with the wall of said pouring channel.
NUM  3.
PAR  3. A slide gate nozzle as in claim 2, wherein said cup-shaped metal element
      has in the wall thereof a longitudinal cut.
NUM  4.
PAR  4. A slide gate nozzle as claimed in claim 1, wherein said metal element is
      formed of steel.
NUM  5.
PAR  5. A slide gate nozzle for the spout of a metallurgical vessel said slide
      gate nozzle comprising:
PA1  a pair of plates arranged on the opening of a pouring channel of said
      spout, said pair of plates including a fixed bottom plate and a
      displaceable sliding plate;
PA1  a metal element positioned in said pouring channel of said spout, said
      element closing the cross section of said channel, said metal element
      being provided with perforations for the purpose of introducing gas into
      the interior of said vessel; and
PA1  said sliding plate having therein a gas permeable refractory brick
      connected to a gas connection, said refractory brick being positioned
      below said pouring channel in the closed position of the slide.
NUM  6.
PAR  6. A slide gate nozzle as claimed in claim 5, wherein said metal element
      has the shape of an inverted thin walled cup having a bottom turned toward
      the interior of the vessel and a wall with a flange positioned between
      said fixed bottom plate and said spout.
NUM  7.
PAR  7. A slide gate nozzle as claimed in claim 5, wherein said metal element is
      formed of steel.
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ABST
PAL  A powder ejector comprising a casing having a pump mounted thereon and
      driven by a motor. The casing defines a battery confinement space which is
      accessible through an openable cover. The batteries positioned within the
      space are connected with the motor by an electrical circuit which is
      suitably opened and closed by a manually actuatable trigger switch device.
      A powder container is removably mounted on the casing and an air pipe
      communicates between the motor and the powder container for pressurizing
      same. The casing has a nozzle mounted thereon, and a transmission pipe
      communicates between the powder container and the nozzle for permitting
      powder to be ejected.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an improved device for ejecting powder, such a
      pollen or the like.
PAC  BACKGROUND OF THE INVENTION
PAR  While numerous devices for ejecting powdery substances have been devised,
      most of these devices have been extremely complex, both mechanically and
      structurally, so that use of same has been rather cumbersome. Further,
      many of these devices have been rather bulky and thus not suitable for
      hand-held operation. Of the hand-held devices available, most of these
      devices have not provided for simple and easy operation, so that they have
      been extremely tiring to the laborer. These known devices have also not
      permitted use for long periods of time while permitting control over the
      uniformity of the quantity of powder or product discharged.
PAR  Thus, the present invention relates to an improved powder ejector which is
      convenient and simple to use, as well as simple and easy to assemble and
      disassemble. The improved powder ejector is also extremely small and
      lightweight so as to be convenient for manual use, with the device of the
      present invention being suitable for support and operation by a single
      hand of a user. The device of the present invention, by having a
      pistol-shaped configuration, is particularly adaptable for being hand
      held. The device also incorporates desirable control structure for
      permitting the quantity of discharged powder to be maintained
      substantially uniform over long periods of use.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view, taken in cross section, of the powder
      ejector.
PAR  FIG. 2 is an exploded plan view of the powder ejector.
PAR  FIG. 3 is a plan view of a cover for the battery housing.
PAR  FIG. 4 is a perspective view in a disassembled state, of another embodiment
      of the cover for the battery housing.
PAR  FIG. 5 is a fragmentary sectional view of the driving gear mechanism for
      the pump.
PAR  FIG. 6 is a fragmentary perspective view of a portion of the upper casing
      section shown in FIG. 5.
PAR  FIG. 7 is a fragmentary perspective view of a portion of the lower casing
      section shown in FIG. 5.
PAR  FIG. 8 is an explanatory drawing of the action of a switch associated with
      the trigger.
PAR  FIG. 9A is an explanatory drawing for setting a pump and a connection rod
      in place.
PAR  FIGS. 9B and 9C show conventional means for connecting a pump to a rod.
PAR  FIG. 10 is a section of a powder container.
PAR  FIG. 11 is an exploded perspective view, partially cut away, of the powder
      container.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in FIGS. 1 and 2, the powder ejector 100 includes a casing or body
      1 made of synthetic resin or the like and divided longitudinally into two
      casing sections 2 and 3. A plurality of dowels 4 are formed in a
      protruding or convex manner at proper portions on the joint surface 2a of
      one casing section 2, and a plurality of dowel holes 5 are formed in a
      debossed or concave manner correspondingly at proper portions on the joint
      surface 3a of the other casing section 3 so that the dowels 4 may be
      properly fitted therein. A casing portion 1a projects downwardly at the
      rear end of the casing 1 and has a sleeve 6 hermetically fixed on the
      outer peripheral surface thereof. The projecting section 1a has a recess 7
      formed therein, and the sleeve 6 has a projection 8 fitted in said recess
      7 to thus ensure tight fitting and engagement thereof with each other.
PAR  The casing sections 2 and 3 have a plurality of apertures 9 drilled
      therein, and a bolt 10 is set through each pair of aligned apertures
      tightly tied by a nut 11 for fixing the casing sections 2 and 3 in an
      integrated manner. The upper portion 1b of casing 1 has a space 12 for
      receiving a plurality of batteries A, and the space 12 has an opening 13
      for inserting the batteries A therein. The wall defining the opening 13
      has an oblong hole 14 drilled through both sides at the lower end thereof,
      a notched portion 15 properly formed on both sides at the upper end
      thereof, and a groove 16 formed on the internal wall surface at the upper
      end thereof along the upper brim.
PAR  A cover 17 (see FIGS. 1 and 3) has a plurality of electroconductive metal
      contact pieces 18 positioned so as to come into contact with the terminals
      of the batteries A. The cover 17 has a pin 19 properly set in place in a
      protruding manner on both sides thereof at the lower end, which pin 19 is
      so fitted in the oblong hole 14 as to be free to slide and turn. Cover 17
      also has lug pieces 20 projecting from both sides and positioned so as to
      engage the notched portions 15, and the cover 17 further has the upper
      brim thereof subjected to pressure fit within the groove 16.
PAR  In another embodiment of the cover 17', as shown in FIG. 4, a hole 14' is
      formed on the internal surface of the casing on both sides of the opening
      13, and the upper end of casing 1 is extended to form a projection or step
      16'. The cover 17' has a pin 19' properly formed in such a manner as to be
      rotatably fitted in the hole 14', and the cover is provided with an
      elastic finger grip 20' having a step 16" adapted to be engaged with the
      step 16'. The cover 17' has such a shape as to be fitted in the opening
      13. Thus, the cover 17' is opened and closed by means of the finger grip
      20'.
PAR  The casing 1 has a projecting portion 22 formed on the rearward end
      thereof, which portion 22 is capable of having a motor 21 fitted therein.
      As shown in FIGS. 5-7, the check piece 23 on the casing contacts a flat
      surface 21a formed on the peripheral surface of the motor 21 and prevents
      the housing of the motor 21 from revolving. A bearing section 29 is formed
      on the casing section 3 and has a bearing hole 28 which rotatably supports
      a follower shaft 27. The shaft 27 has a follower gear 26 fixed thereon and
      engaged with a gear 25 fixed to the revolving shaft 24 of the motor 21.
PAR  The other casing section 2 has a protruding bearing section 32 and a
      protruding stop piece 30 for preventing the motor 21 from moving in the
      axial direction. The bearing section 32, which contains therein a bearing
      hole 31, rotatably supports the follower shaft 27.
PAR  A trigger 34 made of hard resin material is pivoted on the body 1 by means
      of a pin 33. An S-shaped terminal board 35 of metal plate is fixed on the
      upper end of trigger 34 and is connected with one end of a conductor 36,
      which conductor has the other end thereof connected to the motor 21. The
      terminal board 35 confronts a stationary terminal plate 37 which is in
      contact with the terminals of the batteries A, so that plate 35 is capable
      of moving into and out of contact with plate 37.
PAR  The trigger 34 is provided, at the lower section thereof, with an elastic
      spring piece 38 which engages the casing and resiliently urges the trigger
      34 outwardly such that the terminal board 35 is caused to be separated
      from the terminal board 37. Spring piece 38 also causes the lower surface
      of the upper leg of the trigger 34 to contact the body 1 to thus define
      the open position of the plate 35.
PAR  The motor 21, when energized by the trigger 34, drives gear 26 having a
      crank 39 which reciprocates a connecting rod 40. The rod 40 in turn
      operates a pump 41.
PAR  The pump 41 is set in place on a base plate 42 secured at the lower end of
      the casing section 1a, and the base plate 42 has an air pipe 44 which
      supplies compressed air from the pump 41 into the interior of a powder
      container 43 through a one-way check valve (not shown). A flexible pipe 46
      for discharging the powder 58 is connected at one end thereof to the plate
      42, and is connected with a nozzle pipe 45 that protrudes over the top end
      of the casing 1. A ring-shaped concave groove 47 formed on the outer
      peripheral surface of the base plate 42 has an elastomeric O-ring 48
      properly fitted therein, to thus be fitted on the internal wall of the
      powder container 43. Furthermore, a sleeve 6 is pressure fitted on the
      outer periphery of casing section 1a, whereby the powder container can be
      hermetically fitted into the void formed by the base plate 42 and the
      sleeve 6 in such a manner as to be capable of being removed or replaced as
      desired.
PAR  The pump 41 (see FIG. 9A) has a tiny hole 50 drilled at the center of a
      flexible end wall 49, and the connecting rod 40 has a pin 51 on the lower
      end thereof engaged within the hole 50 to connect the rod 40 to the
      flexible film 49 while maintaining the pump sealed. As shown in FIGS. 9B
      and 9C, the connecting rod 40 can be secured to film 49 by means of a
      screw set.
PAR  The powder container 43, as shown in FIG. 1, has a piston 52 for
      controlling the feed of the powder, which piston 52 is made of synthetic
      resin or the like and is fitted within container 43 in such a manner as to
      be free to slide. An adjusting rod 54 with ring-shaped concave groove 53
      properly formed at the center thereof is formed in an integrated manner so
      as to protrude above and below the piston 52, the adjusting rod 54 thus
      protruding downward so as to slidably extend through the bottom plate of
      the powder container 43. The top end of the rod 54 comes into contact with
      a projection 55 formed on the lower surface of the base plate 42, whereby
      the upward thrust of the piston 52 is limited. The lower end opening 44a
      of the air pipe 44 is thus prevented from being stopped or covered by the
      piston 52.
PAR  The powder container 43, on a part thereof, is made of either a transparent
      substance or a semitransparent substance, and either the outer peripheral
      surface or the inner peripheral surface thereof has an uppermost limit
      calibration mark 56 (FIG. 1) at a position slightly higher than the lower
      end opening 44a of the air pipe 44, and has a lowermost limit calibration
      mark 57 at a position slightly lower than the lower end opening 44a of the
      air pipe 44, for ensuring proper indication.
PAR  The powder container 43, as shown in FIG. 11, may comprise a pair of
      longitudinally halved casing pieces 43a and 43b. The pieces 43a and 43b
      have a ring-shaped concave groove 59 formed on the internal peripheral
      surface thereof at a position near the lower end thereof, and have a
      concave hole 60 properly formed at a portion of the groove 59. A
      disk-shaped bottom plate 61, on the part thereof, has a ring-shaped convex
      thread or rib 62 formed on the peripheral surface thereof, and also has a
      lug 63 formed on a portion of the ring-shaped thread 62. The casing pieces
      43a and 43b have another ring-shaped concave groove 64 formed on the outer
      peripheral surface thereof, and there is also provided a sleeve 65 having
      a ring-shaped projection 66 properly formed on the inner peripheral
      surface thereof. The convex thread 62 and the lugs 63 formed on the bottom
      plate 61 are properly fitted in the concave groove 59 and the concave
      holes 60 of the casing pieces 43a and 43b, respectively, to thus fabricate
      the casing pieces 43a and 43b into a cylindrical shape. The cylinder is
      then pressure fitted into the sleeve 65, to thus fit the ring-shaped
      projection 66 into the concave groove 64, whereby all component parts are
      integrated into a unified entity.
PAR  The flexible pipe 46 for discharging the powder is set in place through a
      hole 67 drilled in the casing 1, and the pipe 46 is nipped in place by a
      holder 68 formed in a protruding manner in the hole 67. One end of the
      flexible pipe 46 is positioned so as to open into the interior of the
      powder container 43, while the other end of the pipe 46 is disposed in
      communication with insertion hole 69 for the nozzle pipe 45.
PAC  OPERATION
PAR  When the trigger 34 is pressed rightwardly against the urging of the
      elastic spring piece 38, the terminal plates 35 and 37 come in contact
      with each other (see FIG. 8) to effect electrification of motor 21. The
      motor 21 rotates the gear wheel 26 and the crank 39, whereby the
      connecting rod 40 reciprocates the flexible end wall 49 of the pump 41.
      This causes air to be supplied from the pump compartment through the pipe
      44 into the powder chamber so as to pressurize same. This in turn causes
      the air and the powder 58 to flow through the pipe 46 whereby it is
      discharged by nozzle 45.
PAR  When the quantity of powder 58 in the powder container 43 is reduced, the
      piston 52 is pushed upward by a proper operation of the adjusting rod 54,
      and the volume ratio of the powder to the air in the container is properly
      controlled so as to be fairly constant, thus keeping the quantity of the
      powder discharged from the nozzle 45 fairly uniform. When the top end of
      the adjusting rod 54 comes in contact with the stop 55, the piston 52 is
      prevented from being pushed up further and the lower end opening 44a of
      the air pipe is kept free.
PAR  Since the powder container 43 is either transparent or semitransparent, a
      reduction in the quantity of the powder 58 in the container can be
      visually observed. Whenever the top level of the powder reaches the
      lowermost calibration mark 47, the powder-to-air ratio can be maintained
      at a fairly constant level by pushing the piston 52 upwardly until the top
      level of the powder moves upwardly to a position adjacent the uppermost
      calibration mark 56.
PAR  Since the powder container 43 is pressure fitted and fixed in place through
      the O-ring 48 arranged in the interposed interstice formed by the sleeve 6
      and the base plate 42, the powder container 43 can be set in, and off,
      very readily. Further, the airtight state produced by the O-ring 48 at the
      time of mounting the powder container 43 in place keeps the powder
      container pressurized. Further, since the powder container 43 is set in
      place in a secure manner by the employment of the sleeve, a spare
      container which has been prepared in advance for use with supplementary
      powder can be properly set in place to replace an emptied container, thus
      enabling the ejection operation to be continued as long as desired.
PAR  An elastically flexible metal piece 18 set in place on the cover 17
      resiliently presses the battery assembly A into the space 12 when the
      cover 17 is closed, thus enabling secure housing of the batteries free
      from floating, and concurrently enabling the battery assembly A to be
      instantly electrified by making connection of the terminals of a plurality
      of batteries (four batteries in the illustrated embodiment) and pulling
      the trigger 34, until the motor 21 is energized. The battery assembly A
      can be anchored in a secure manner by moving the pin 19 upwardly after the
      cover 17 has been closed, thereby fitting the top end of the cover into
      the groove 16. By virtue of the outward thrusting force created by the
      elasticity of the elastic contact metal piece 18, the cover 17 is held
      closed.
PAR  The flexible pipe 46 for discharging powder is held in place by a holder 68
      set in place in a protruding manner in the hole 67. The nozzle of the pipe
      45 is fixed to the flexible pipe 46 in such a manner as to be mounted on,
      or removed, as desired. Since the casing 1 and the powder container 43 are
      assembled into an integrated entity in such a manner as to be separable,
      they can be disassembled at the time of packaging and transportation,
      while at the time of the use thereof, the components can be readily
      assembled, followed by integration thereof into a unified entity by the
      employment of bolts 10, nuts 11, and the sleeve 6, and hence a solid
      powder ejector device is obtainable. The sleeve 6 serves for the
      elimination of an incongruous sense of a convex and a concave along the
      crevices of the powder ejector as felt on the holding section, to thus
      excite a comfortable feeling during operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a portable hand-held powder dispensing device, comprising in
      combination:
PA1  portable housing means defining therein a substantially closed equipment
      chamber and a battery containment space, said housing means having an
      opening formed therein for communication with said space;
PA1  a powder storage container fixedly attached to said housing means and
      defining therein a compartment adapted to contain a quantity of powder;
PA1  pump means mounted on said housing means and positioned within said chamber
      for supplying air into said compartment, said pump means having a
      discharge port connected so as to communicate with said compartment;
PA1  electrical motor means for driving said pump means, said motor means being
      mounted on said housing means and disposed within said chamber;
PA1  battery means disposed within said space for energizing said motor means;
PA1  cover means swingably mounted on said housing means for closing said
      opening, said cover means being hingedly connected along one edge thereof
      to said housing means, the opposite edge of said cover means cooperating
      with said housing means to create a pressure fit therebetween when in a
      closed position, the cover means also having electroconductive metal
      contact means positioned on the inner surface thereof for contact with
      terminals on the battery means when the cover means is closed;
PA1  conduit means providing communication between said compartment and a
      location disposed externally thereof for permitting discharge of powder
      from said compartment, said conduit means having the inlet end thereof
      positioned in communication with said compartment and having a discharge
      member on the outlet end thereof;
PA1  electrical switch means mounted on said housing means for electrically
      connecting said battery means and said motor means together to permit
      energization of said motor means when said switch means is closed; and
PA1  manually actuated means movably supported on said housing means and
      coacting with said switch means for permitting selected actuation of said
      switch means.
NUM  2.
PAR  2. A device according to claim 1, wherein said housing means includes
      elongated grooves formed therein and disposed on opposite sides of said
      opening adjacent one edge thereof, said cover means having on both sides
      thereof a pin which projects outwardly from the cover means and is fitted
      within the elongated groove in a manner so as to be free to both rotate
      within said groove and slide therealong, said housing means also having a
      further elongated groove formed therein and extending along one side of
      said opening and said cover means having said opposite edge thereof
      extending into said further elongated groove for creating a pressure fit
      between the cover means and the housing means.
NUM  3.
PAR  3. A device according to claim 1, wherein the housing means has a pair of
      holes formed therein on opposite sides of said opening adjacent said one
      edge of said cover means, said cover means having a pair of pins fixed
      thereto and projecting outwardly from opposite sides of said cover means
      so as to extend into said holes, said cover means also having a stepped
      projection fixed thereto adjacent the opposite edge thereof and projecting
      outwardly from the outer surface of said cover means, said stepped
      projection having a portion thereof adapted to be engaged with a flange on
      said housing means to create a pressure fit therebetween when the cover
      means is closed, said stepped projection also including a further portion
      spaced outwardly from the first-mentioned portion to provide a finger
      grip.
NUM  4.
PAR  4. A device according to claim 1, wherein said housing means is formed by a
      pair of housing halves which have abutting contact surfaces so that said
      housing halves when fixedly connected coact to define said space and said
      chamber therebetween, the contact surface of one of the housing halves
      having a plurality of dowels projecting therefrom, and the contact surface
      of the other housing half having a plurality of dowel holes therein for
      receiving said dowels to permit the housing halves to be fixedly connected
      together, each of said housing halves having a half shell section which
      coacts with the half shell section on the other housing half when they are
      fixedly connected together to form a sleevelike shell, and a sleeve member
      engaged with and disposed in surrounding relationship to the sleevelike
      shell, said sleeve member projecting outwardly beyond the end of said
      sleevelike shell, and said powder storage container having an edge portion
      thereof which is slidably inserted into and engaged by said sleeve member.
NUM  5.
PAR  5. A device according to claim 1, including adjustment means associated
      with the powder storage container for varying the volume of said
      compartment, said adjustment means including a piston slidably fitted
      within the container and a regulating element connected to the piston and
      projecting outwardly of the container to permit the position of the piston
      within the container to be selectively varied, said piston also having a
      control element projecting therefrom and adapted to coact with the housing
      means for limiting the displacement of the piston and hence the minimum
      volume of the compartment.
NUM  6.
PAR  6. A device according to claim 5, including a discharge pipe connected to
      the discharge port of said pump means and extending into the interior of
      said compartment so that the outlet end of said discharge pipe is
      substantially immersed within the quantity of powder contained within said
      compartment, said piston being slidably supported within said powder
      storage container so as to be movable toward said discharge pipe, said
      regulating element being coaxially aligned and fixedly connected to the
      piston and projecting away from said piston on the side thereof opposite
      from said outlet pipe, and said control element being fixed to and
      coaxially aligned with said piston and projecting axially thereof in a
      direction opposite from said regulating element.
NUM  7.
PAR  7. In a portable hand-held powder dispensing device, comprising in
      combination:
PA1  portable housing means defining therein a substantially closed chamber;
PA1  a powder storage container fixedly attached to said housing means and
      defining therein a compartment adapted to contain a quantity of powder;
PA1  pump means mounted on said housing means and positioned within said chamber
      for supplying air into said compartment, said pump means having an air
      pipe connected to the discharge port of said pump means and extending into
      said compartment;
PA1  electrical motor means for driving said pump means, said motor means being
      mounted on said housing means and disposed within said chamber;
PA1  battery means disposed within said chamber for energizing said motor means;
PA1  electrical switch means mounted on said housing means for electrically
      connecting said battery means and said motor means together to permit
      energization of said motor means when said switch means is closed;
PA1  manually actuated trigger means movably supported on said housing means and
      coacting with said switch means for permitting selected actuation of said
      switch means;
PA1  conduit means providing communication between said compartment and a
      location disposed externally thereof for permitting discharge of powder
      from said compartment, said conduit means comprising an elongated flexible
      conduit having one end portion thereof positioned in communication with
      said compartment, said housing means having a first elongated bore formed
      therein and the other end portion of said conduit being snugly
      accommodated within said first bore, said housing means having a holding
      section which protrudes sidewardly into said first bore and deforms said
      conduit for holding said conduit in position, said housing means having a
      second bore formed therein aligned with said first bore and of smaller
      diameter, and an elongated discharge pipe having one end portion thereof
      slidably received within said second bore and slidably inserted into the
      adjacent end of said conduit, the other end of said discharge pipe
      projecting outwardly from said housing means and having a discharge
      opening at the free end thereof.
NUM  8.
PAR  8. In a portable hand-held powder dispensing device, comprising in
      combination:
PA1  portable housing mean defining therein a substantially closed chamber, said
      housing means having a ring-shaped cylindrical end portion defining
      therein an opening which communicates with said chamber;
PA1  and annular base plate fixed to said end section and extending across said
      opening for substantially closing same, said base plate having an air
      supply opening and a powder feed-out opening extending therethrough;
PA1  said end portion and said base plate defining therebetween a ring-shaped
      groove which projects outwardly to the free end of said end portion, and
      an elastic O-ring seal member associated with said groove;
PA1  a cup-shaped powder storage container fixedly but removably attached to
      said housing means and defining therein a compartment adapted to contain a
      quantity of powder, said container having a free cylindrical edge portion
      slidably inserted into said ring-shaped groove so as to be interposed
      between the base plate and the end portion of said housing means, said
      O-ring seal member being sealingly engaged with said container;
PA1  pump means mounted on said housing means and positioned within said chamber
      for supplying air into said compartment, said pump means having the
      discharge port thereof connected to the air supply opening in said base
      plate so as to communicate with said compartment;
PA1  electrical motor means for driving said pump means, said motor means being
      mounted on said housing means and disposed within said chamber;
PA1  battery means disposed within said chamber for energizing said motor means;
PA1  manually actuated switch means mounted on said housing means for
      electrically connecting said battery means and said motor means together
      to permit energization of said motor means when said switch means is
      closed; and
PA1  conduit means providing communication between said compartment and a
      location disposed externally of said housing means for permitting
      discharge of powder from said compartment, said conduit means having the
      inlet end thereof connected to said base plate and communicating with said
      powder feed-out opening, the outlet end of said conduit means having a
      discharge nozzle associated therewith.
NUM  9.
PAR  9. A device according to claim 8, wherein said housing means includes two
      separate housing sections which are fixedly connected together and define
      said chamber therebetween, said housing sections each having a
      substantially semicylindrical shell portion thereon, whereby the shell
      portions on said two housing sections coact to define a part of said end
      portion when said housing sections are fixedly connected together, said
      end portion of the housing means further including a one-piece sleeve
      tightly fitted on and surrounding the cylindrical shell, said sleeve and
      said base plate projecting axially outwardly beyond the free end of said
      shell so as to define said ring-shaped groove therebetween.
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ABST
PAL  The invention is concerned with a novel container for receiving a liquid
      material having a fitting at one end adapted to provide a discharge port
      for the liquid within the container and having at its other end a plunger
      or piston adapted to be moved within the inside wall of the container to
      discharge one or more predetermined "aliquots" or "doses" of liquid from
      the container through the port. The invention also comprises a novel
      device adapted to receive a liquid-containing cartridge or package of the
      type just mentioned and having means for coacting with the package to move
      the plunger within the container during dose-dispensing or -discharge in
      such a manner as to gradually accelerate movement of the plunger from a
      position of rest within the container through a maximum rate of motion and
      then gradually decelerate the motion of the plunger to a final position at
      the end of the dose-discharge. The device also comprises means for
      accurately predetermining or "measuring" the amount of liquid discharged
      during each individual movement of the plunger. The device may comprise
      means for repeatedly actuating the piston with an
      accelerating-decelerating movement to discharge a plurality of measured
      samples repeatedly under non-spurt and non-splash conditions.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention concerns a novel container or receptacle for a
      liquid, such as a reagent to be used for analytical purposes. When charged
      or filled with liquid, the filled container may be referred to herein as a
      package or cartridge. The container unit comprises a port at one end of
      the container through which a liquid may be introduced into or discharged
      from the container and a plunger or piston at the other end thereof
      adapted to be moved longitudinally within the container to displace liquid
      from a liquid-containing package made from the container and dispense it
      through the port. The invention also concerns means adapted to cooperate
      with such a liquid-containing package or cartridge to dispense liquid
      therefrom through the port in a manner such that spurting and splashing is
      practically avoided although the discharge of the liquid is effected
      rapidly.
PAR  It is an object of the invention to provide a novel container adapted to be
      charged with a liquid content at one location to provide a
      liquid-containing package or cartridge which can then be stored,
      refrigerated, and/or shipped or transported to another location where it
      may be used for its intended purpose.
PAR  Another object is to provide a device which is adapted to receive a package
      or cartridge of the type mentioned and has means for dispensing one or
      more measured amounts of liquid from the package.
PAR  Another object of the invention is to provide means for moving the piston
      within the container or cartridge in such a manner as to accelerate and
      decelerate from stopped positions at the beginning and end of the piston
      motion during dispensing so that splashing and spurting is avoided during
      the dispensing action.
PAR  Other objects and advantages will be apparent from the drawing and
      description hereof hereinafter.
DRWD
PAR  In the drawing which is illustrative of the invention,
PAR  FIG. 1 is a side view, partly in section, of one embodiment of the
      container of the present invention, the container being disposed in an
      upright position and having a flexible dispensing conduit and nozzle
      attached,
PAR  FIG. 2 is a side elevation showing in detail the arrangement for mounting
      or installing the package of FIG. 1 in a device for dispensing liquid from
      it,
PAR  FIG. 3 is a front elevation of one embodiment of a device of the present
      invention adapted to dispense one or more accurately measured amount of
      liquid from a liquid-containing cartridge of FIG. 1,
PAR  FIG. 4 is a perspective view of the essential mechanism for operating the
      device of FIG. 3,
PAR  FIG. 5 is an enlarged plan view of null-positioning means,
PAR  FIG. 6 is a perspective view showing a modification of the means for
      reducing play of the rod carriage and means for releasably mounting the
      container unit to the dispensing device, and
PAR  FIG. 7 is an axial cross-sectional view of a modified container unit using
      a modified piston structure.
DETD
PAR  One embodiment of container or receptacle 1 of the present invention is
      shown in FIGS. 1 and 2. It comprises a tube 2 having a cylindrical inside
      wall 3 within which a plunger or piston 4 is movable longitudinally or
      axially. The length L of the piston wall is at least one-third as large as
      its diameter D (and is preferably much larger, such as at least as large
      as the diameter) to avoid any tendency of the unit to buckle upon
      insertion of the ramrod during dispensing. The tube 2 may be opaque or
      translucent, but is preferably transparent to facilitate observation of
      the liquid contents. It may be made of glass, metal, or rigid plastic
      material. The upper end of tube 2 fits within a recess in the head block 5
      and is seated therein against a compressible resilient gasket 6. A
      resilient rubbery ring 7 fits in an annular recess in the wall of the
      piston and serves to seal the space between the plunger and the internal
      wall of tube 2. The O-ring 7 is in effect a dynamic low-friction seal
      which essentially eliminates leakage of the liquid along the piston wall
      during storage and also during operation to dispense liquid from the
      container. A base block 8 in the form of a ring has an internal annular
      seat 9 against which the lower end of tube 2 rests when the container is
      assembled as shown in FIG. 1 by fastening head 5 and base 8 together, as
      by tie-rods 10, thereby securely clamping the tube 2 between the head 5
      and base 8. The inside diameter of the ring, as shown, is slightly larger
      than the internal diameter of the cylinder 3. This facilitates removal of
      the piston without disconnecting the tie-rods.
PAR  A split retaining ring 11 may be provided in a groove, as shown, in the
      inside wall of the base block ring 8 to hold a rubbery O-ring seal 12 in
      place behind the piston. This O-ring is resilient and serves as a spring
      to absorb any shifting of the piston 4 resulting from thermal expansion of
      the liquid during storage when the container is fully charged.
PAR  A passageway 13 extends from the inside face of head 5 (which serves as one
      end wall of the chamber of the container unit) to the exterior of head 5
      e.g. the lateral periphery thereof. The latter end of the passageway may
      be tapped so that a threaded plug (not shown) may be inserted to close the
      container after insertion of the liquid contents and the piston 4. The
      filled container can then be stored, refrigerated or heated, and/or
      transported to another location for use in dispensing small doses of its
      contents.
PAR  The container unit 1 is adapted to be secured to a supporting element of a
      device for receiving the unit in a position wherein a ramrod may engage
      the piston and push it into the tube 2.
PAR  In the embodiment shown in FIGS. 1 to 3, means is provided on the head
      block 5 for securing the container unit 1 to a support and access means is
      also provided which serves (when the plug is replaced with a suitable
      fitting 14) to facilitate operation of the piston 4 to displace liquid
      within the chamber of the tube 2 and dispense it through the passageway 13
      and the fitting 14 into a conduit 15 which terminates in a nozzle or tip
      16 (FIG. 3), the conduit preferably being formed of a flexible tube, such
      as of rubber, Teflon, or the like. Conduit 15 may be secured, as by means
      of the threaded sleeve 17, to the nipple 18 of fitting 14 so that its
      passage communicates with passageway 13. A gasket 19 seals the junction of
      the tubing 15 and the end of nipple 18. Instead of plugging the external
      opening of passageway 13 for closing the container or package unit 1, the
      fitting 14 may be inserted and a cap (not shown) may be screwed onto the
      threaded nipple 18 using a gasket, if desired.
PAR  The access means referred to comprises the central opening 20 within the
      base ring 8 through which a suitable rod (designated 32 in FIG. 3) may
      enter the container or package unit and make operative contact with the
      exposed back (or bottom) wall of the piston 4 to push the piston within
      the tube 2 longitudinally thereof. This external wall or surface of the
      piston may be provided with means for centering the force of the push-rod
      relative to the axis of the piston. This means may simply be a conical or
      spherical recess 21 (centered with respect to the piston axis) either in
      the exposed piston wall itself or in the end surface of an extension 22
      projecting from the back of the piston as shown in FIG. 1.
PAR  The head of the piston (i.e. its forward face or wall) may be flat,
      spherical, or conical, the latter being shown at 23 in FIG. 1. When it is
      conical, as shown, the inner end wall or face of head 5 is correspondingly
      recessed as at 24, so that the piston can fully displace the liquid from
      the cylindrical liquid-containing chamber in tube 2 of the package unit.
PAR  A modified form of piston is shown in FIG. 7. In this embodiment, the
      piston comprises two sections 4a and 4b having mating or telescoping
      extensions. The head 23 of the piston may be formed as previously
      mentioned in connection with the other embodiment. The head component or
      element 4a of the piston has an annular skirt or overhang 4c which has
      sliding engagement within the inside wall 3 of the tube 2. Concentrically
      within the skirt 4c is a cylindrical projection or plug constituting the
      male component of the assembled composite piston. The outer surface of
      this component fits slidably within the inside wall 4d of a socket or cup
      formed in the section 4b by an annular projection 4k extending axially
      from the outer periphery of the member 4b. An annular groove between the
      skirt and the main body of 4a is adapted to receive a resiliently flexible
      ring 4e of an elastomeric material, such as rubber or synthetic rubber.
      The width of the projection 4k from member 4b is less than the width of
      the annular groove as shown. A cap screw 22b is adapted to pass through a
      central bore in element 4b and is threaded at its end to engage threads
      within a concentric bore 4f in element 4a. Tightening the cap screw 22b
      serves to compress the ring 4e and thereby convert the piston into an
      integral unit. Adjacent its exposed end, element 4b has an enlarged ring,
      rim or flange 4g having an outside diameter which fits slidably within the
      inside wall 3 of the tube 2. The ramrod 32 is adapted to push against the
      head of the cap screw and thereby move the piston in the container unit.
      The ring 4g aids in assuring that the piston moves in strict axial motion.
      The distance from the farthest end of the skirt to the end of 4e farthest
      from the skirt is preferably at least one-third the diameter of the
      piston.
PAR  The components 4a and 4b may be made of either metal or plastic; preferably
      they are of nylon, Teflon (registered trademark) or the like. The skirt 4c
      is preferably formed of a resilient material so that, when not confined
      within the wall 3, its free end springs out to a larger diameter than the
      inside diameter of wall 3. It thus serves as means for sealing the space
      between the piston and wall 3. The resilient ring 4e aids in the sealing
      action since by tightening screw 22b, the ring is compressed in a
      direction axially of the piston which causes expansion of the ring
      radially of the piston and exerts a force causing the skirt to expand or
      press against the wall 3 more tightly, thereby exerting greater sealing
      effect.
PAR  The container or cartridge unit comprises means constructed or arranged to
      cooperate with means on a stationary support for releasably attaching the
      unit to the support, especially to a support member on a device for
      operating the piston in the dispensing of the liquid content of the
      cartridge. In the embodiment shown in FIG. 1 this means is provided by
      stud 25 projecting upwardly from the head 5 and having a pin 26 extending
      transversely therethrough and projecting a short distance from the
      periphery on both sides of the stud. Stud 25 may be formed integrally with
      the block 5 or it may be formed on a cap plate 27 (as shown in FIG. 1)
      that is fastened to the top of the headblock 5, as by screws or the tie
      rods 10.
PAR  The top of the stud 25 is rounded off, preferably to semispherical shape,
      so that it can be turned on the axis of pin 26 when it is inserted into
      any suitable recess, such as the conical recess 28 (FIG. 2) in any
      suitable support member 29. A pair of spring elements 30 disposed
      laterally of the recess on the support (see also FIG. 3) have free offset
      ends 31 which serve as hooks holding projecting ends of the pin 26
      releasably when the container is mounted on the support.
PAR  Alternatively as shown in FIG. 6, the stud 25, pin 26, and cap plate 27,
      may be omitted from the head block 5 and the base block 8 of the unit may
      be releasably attached, as by simple clamps, to an annular seat in an
      opening in a horizontal plate 90 extending outwardly from the wall 44 at a
      level above the ramrod used in the dispensing device. The opening and the
      seat in the horizontal plate are concentric with the axis of the ramrod as
      will be described hereinafter. Two or more clamps 91 disposed on the plate
      around the periphery of the annular seat may be arranged to extend over
      the upper rim of the base block 8 so that after disposition of the
      container unit in engagement with the seat, the clamping elements 92 which
      pass under pins 93 of slotted posts 94 fixed to the plate 90, may be
      placed on the rim of the base block 8 and tightened, as by screws 95, to
      clamp the block in the seat. While the annular seat below the top surface
      of plate 90 may be omitted, it aids in locating the container unit in
      centered postion above the ramrod. This type of container unit is
      preferred because of its simplicity of construction (no stud 25 or pin 26
      being necessary) and because of the fact that it can be clamped in place
      in precise alignment with the ramrod.
PAR  The device for driving the piston in the liquid-filled container unit or
      cartridge shown in FIG. 1 to dispense its contents comprises a ramrod
      movable longitudinally, means for advancing the ramrod in one or more
      predetermined measured increments, means for retracting the rod, fixed
      support means (relative to which the ramrod is movable) constructed and
      arranged to receive the cartridge and locate it with its longitudinal axis
      in approximate alignment with the rod and with its piston in the path of
      advancement of the rod.
PAR  In FIGS. 3 and 4, the ramrod 32 is movable longitudinally, i.e. lengthwise,
      and its upper end (as viewed in these figures) is adapted to be raised
      into engagement with the recess 21 in the exposed end wall of the piston 4
      or in the end of the piston projection 22. If desired, a flexible rubber
      sleeve extension 22a may be placed on the projection to aid guiding of rod
      32 into centering alignment with the piston.
PAR  The means for driving the rod 32 comprises the screw 33 (FIG. 4) which
      cooperates with an internally threaded fitting 34 secured to an arm 35 to
      which the rod 32 is rigidly attached and from which the rod projects
      upwardly.
PAR  Guide means is provided on the arm 35 to aid the screw means in driving the
      rod 32 smoothly. This guide means comprises sleeve 36 rigidly secured to
      the arm 35 with its axis parallel to the rod 32. This sleeve is
      longitudinally movable on a stationary guide rod or guidepost 37 extending
      vertically from a base support which may be the bottom of the housing to
      an upper support which may be the top of the housing for the device,
      suitable linear bearing sleeves 38 being provided within the sleeve 36 if
      desired.
PAR  Resilient means is provided for reducing or eliminating "play" and reducing
      or eliminating binding of the screwdriving means and arm-carriage
      assembly. This means serves to apply a torque to the carriage assembly on
      an axis that is transverse to the axis of the screw (and of the rod) to
      offset at least partly the torque resulting from the resistance of the
      piston to the rod as the latter moves the piston into the container unit
      to discharge liquid therefrom. Any suitable means may be provided for
      exerting this torque on the arm-carriage assembly. In the embodiment shown
      in FIGS. 3 and 4 two arms 40 pivotally mounted on an axis 42 at right
      angles to that of sleeve 36 and provided with rollers 41 are biassed on
      their axis 42 by springs 43 so that the rollers bear against a vertical
      wall 44 (FIG. 3) which may be the front wall of the instrument casing and
      serve to relieve the binding tension or torque resulting from the pressure
      exerted by rod 32 against piston 4. Alternatively, the system
      diagrammatically shown in FIG. 6 may be used to exert this offsetting or
      counterbalancing torque. In this embodiment the tensioned arms 40 and
      elements 41, 42, and 43 are omitted. Instead, a pair of pulleys 40a are
      mounted on opposite sides of the sleeve 36 on a common axis perpendicular
      to that sleeve 36 and post 37 near the upper end of the sleeve as viewed
      in FIG. 6 and another similar pair of pulleys 44a are mounted on the
      opposite sides of the sleeve 36 on a common axis parallel to that of the
      first pair near the lower end of the sleeve. Two parallel cords or cables
      42a are fastened at one of their ends, the top as shown, to a stationary
      member such as the ceiling or top of the housing for the device. The cords
      42a are laced about the respective pulleys 40a and 44a in the manner shown
      in FIG. 6 and are connected at their other ends to respective springs 43a
      which are attached to a suitable fixed element adjacent their other ends
      so that the cords and springs are under tension at all times. If desired,
      the cords may be passed around additional pairs of pulleys, such as the
      pair of pulleys 44a shown, but these serve merely to allow a wider choice
      of the location of fixed elements to which the ends of the cords or
      springs may be fastened.
PAR  As stated hereinabove and shown in phantom dotted outline in FIG. 4, the
      cartridge of FIG. 1 is suspended from a fixed support 29 above the rod 32
      so that the piston 4 in the cartridge is in alignment with the rod and
      advancing motion of the rod 32 longitudinally serves to push the piston
      further into the tube 2 of the container and thereby displaces a
      corresponding amount of liquid from the container through the attached
      conduit 15 having the tip or nozzle 16 which an operator can dispose above
      a suitable receptacle.
PAR  Limit switches 45 and 46 may be provided at the upper limit and lower limit
      of travel desired for ramrod 32 so that the upward motion of the ramrod
      will bring the piston 4 only to the upper inside end wall of the container
      unit and the downward motion of the ramrod 32 retracts it only to the
      desired extend below the cartridge to permit its removal. These switches
      are set in predetermined positions where they will be in the path of rod
      32 or its carriage 35 or an element projecting therefrom. In FIG. 4, the
      member 47 attached to arm 35 serves to actuate these limit switches.
PAR  The screw 33 is driven by a pulley 48 secured to an extension 49 of the
      screw, the pulley 48 being driven by a timing belt 50 which in turn is
      driven by a pulley 51. The pulley 51 is secured to a slotted disc or wheel
      52 for rotation therewith. While the member 52 is shown with a circular
      periphery broken only by the slot terminals, this slotted member may take
      the form of a Maltese cross, the typical driven element of a Geneva gear.
      Slotted member 52 is driven by the pins 53 of a driving pinwheel 54
      secured to a shaft 55 which is connected by means of a flexible coupling
      56 to a shaft 57 of a reversible electric motor 58.
PAR  FIG. 4 shows the various components in perspective and somewhat separated
      to aid in visualization. It is to be understood however that the members
      52 and 54 constitute the driven and driving elements respectively of a
      modified Geneva gear type of mechanism. The driving element 54 in this
      particular embodiment has four pins 53 (located 90.degree. apart on a
      common circle having the same axis as the shaft 55) extending laterally
      from the lower surface of the element so that, as one of these pins enters
      a slot of the driven element 52, another of the pins leaves an adjacent
      slot. The four slots in the element 52 extend radially inwardly from its
      outer circular periphery on lines 90.degree. apart with respect to the
      axis of the shaft 59 on the axis of which element 52 rotates. Thus, the
      slot entrances are located on a circle concentric with the axis of shaft
      59.
PAR  The shafts 49, 55, and 59 (and also shaft 72 hereinafter described) are
      mounted in suitable bearings disposed in fixed positions in suitable
      supports or framework in or on the housing of the device.
PAR  The circumference of the pulley 51 is four times the circumference of the
      pulley 48 driven by the belt 50 from pulley 51. Thus 1/4 revolution of
      element 52 rotates the screw 33 a single revolution so that the rod 32
      moves (upwardly for advancing the rod as shown in the particular
      embodiment) the distance corresponding to the pitch of the screw during
      the single revolution of the screw.
PAR  The driving action of element 54 having the pins 53 mounted thereon in
      cooperation with the element 52 provides a motion during a single
      revolution of the screw such that there is a gradual acceleration while a
      pin moves from its null position at the entrance to a slot to its greatest
      depth within the slot of element 52 where its motion is the most rapid and
      then a gradual deceleration until the position is reached in which the pin
      is ready to leave the slot and the next pin enters the next slot. This
      provides a type of motion of the rod 32 which gradually accelerates and
      then decelerates during each single revolution of the screw 33. This
      particular motion, which may be termed "quasi-sinusoidal", permits rapid
      discharge or dispensing action of the liquid from the nozzle or tip
      without causing spurting and splashing which normally accompanies the type
      of dispensing action in which there is sudden starting of the liquid
      discharge. Of course each of the pins 53 may be provided with a peripheral
      sleeve which is rotatable on the pin axis and thereby reduces the friction
      and wear that would be entailed by the motion of a fixed pin (without the
      sleeve within the slot of the element 52.
PAR  Means is provided for interrupting the advance of the ramrod 32 exactly at
      the end of a single revolution of screw 33 to precisely determine the
      amount of liquid dispensed during each such revolution. This means
      constitutes in effect a measuring means since the amount of liquid
      displaced by the motion of the rod 32 and the piston 4 determines the
      volume discharged upon a single revolution of the screw, the pitch of the
      screw being predetermined and the internal diameter of the cartridge
      chamber being also predetermined.
PAR  The means for precisely stopping the screw at the end of a revolution
      thereof comprises a disc 60 which is secured to the screw 33
      concentrically for rotation therewith. This disc is provided with a notch
      64 into which an index finger or rod 62 is adapted to project. The
      indexing element 62 constitutes one element of an electric relay. It
      extends into a stationary casing 63, a helical spring in the casing
      normally urging the index rod 62 against the disc periphery (and into the
      notch 64 when it comes into opposition) and is formed of magnetic
      material, such as soft iron, or has a magnetic component which extends
      into the sphere of influence of a solenoid coil 66. Secured to this finger
      62 is a pin 67 which extends through a slot 68 in the casing 63. The
      electric switch which is closed by the operator when he actuates the
      DISPENSE switch 70 (FIG. 3) to dispense some of the liquid in the
      cartridge energizes the solenoid coil 66 thereby retracting index finger
      62 from the position shown. The retraction causes pin 67 to close the
      switch 69 to cause operation of the reversible motor 58.
PAR  Means is provided to deenergize the solenoid 66 shortly after notch 64 has
      moved past the indexing member 62. This means comprises a cam 71 secured
      for rotation with shaft 72. This shaft has a pulley 73 fixed thereon for
      rotation therewith. Pinwheel 54 is formed with a circular periphery
      adapted to serve as a pulley. A timing belt 74 is driven by the peripheral
      surface of the pin element 54 and drives the pulley 73. The ratio of the
      periphery of 54 to that of 73 is 4 to 1 so that shaft 72 makes a single
      revolution while the screw 33 does so. The rise of cam 71 is set on shaft
      72 so that switch 75 is closed at any point desired after notch 64 passes
      the retracted index finger 62. Closing of switch 75 actuates a relay to
      open the circuit through solenoid 66, thereby deenergizing it and allowing
      the spring to urge the finger 62 against the periphery of disc 60. The
      contacts of switch 69 remain closed until the finger 62 drops into notch
      64, whereupon switch 69 opens and the current to the motor ceases. Entry
      of finger 62 into the notch 64, of course, serves to prevent any inertial
      tendency of the motor 58 to continue rotation of the screw 33 beyond a
      single revolution.
PAR  Means is provided for positioning the driving and driven members 54 and 52
      of the Geneva gear at the termination of each "dose" delivery so that a
      pin 53 is exactly in the null position with respect to the entrance to
      slot in member 52 when the driving mechanism (including shafts 49, 55, 59
      and 72) comes to a stop as determined by entrance of index rod 62 into
      notch 64. This means comprises an arm 76 which is secured to the shaft 72
      for rotation therewith and carries at its end a cam follower roller 77. In
      the plane of the orbital path of roller 77, there is disposed a movable
      member 78. This member has a notch 79 and is fixed to rod 80 which extends
      through and is slidable in the fixed frame members 81 and 82. The center
      line of rod 80 runs through the vertex of the notch 79 (whose dihedral
      angle it bisects) and is in alignment with the line through the axes of
      shaft 72 and roller 77 when the index rod 62 is in notch 64. A helical
      spring 83 surrounds the rod 80, extending between the fixed frame member
      82 and a collar 84 fixed on the rod 80, and urges the notched member 78
      radially toward the axis of shaft 72 into its dotted line position (FIG.
      5) wherein the collar 85 fixed to the end of rod 80 comes against the
      fixed member 82. Member 78 remains in the dotted line position until
      roller 77 comes into contact with it. The roller 77 rides into notch 79 on
      each revolution of the shaft 72 and forces member 78 into its solid line
      position shown in FIG. 5. Since the circumference of pinwheel pulley 54,
      about which belt 74 is driven, is four times the circumference of pulley
      73, the follower 77 engages the notch 79 in the relative position shown in
      FIG. 5 each time one of the four pins 53 is exactly in its null position,
      i.e., at the entrance of a mating slot in the member 52. This occurs at
      the end of each revolution of the screw 33 since the circumference of
      pulley 51 is also four times that of pulley 48. Whenever the screw 33 is
      stopped at the end of a revolution thereof, at which time the index rod 62
      engages notch 64 in disc 60, the engagement of the notch 79 by the roller
      77 assures that the shaft 72 (if it should stop slightly before or after
      perfect alignment of arm 76 with notch 79) will be forced (by the
      configuration of the notch 79 cooperating with roller 77) into the exact
      position shown in FIG. 5 and this will serve to put the respective pin 53
      in its exact null position relative to the entrance to the corresponding
      (mating) slot in member 52. This is important in order to avoid extremely
      high forces that would be exerted between the pin and slot in starting
      from a stopped position in which the pin is displaced appreciably from its
      null position exactly in the entrance to the groove. It is especially
      important when it is necessary to use a precisely designed modified Geneva
      gear type mechanism with minimum clearances and play in order to obtain
      precise movement of the piston 4. Since the use of the modified Geneva
      gear type of mechanism results in rotating the screw 33 at a varying rate,
      the pressure exerted by rod 32 on the piston 4 and then on the fluid
      discharged through the conduit 15 also varies in a way that alternately
      increases and decreases gradually in sinusoidal-like fashion.
PAR  Operation of the device described, should be apparent from the description
      hereinabove. Briefly the instrument is plugged into a suitable power line,
      e.g. the typical 110 volt AC electric line. The instrument may comprise a
      transformer to reduce the voltage to a voltage suitable for the motor 58.
PAR  After closing the master switch 88 (FIG. 3), the switch 70 is flipped to
      RESET position. This reverses rotation of the motor 58 and retracts the
      driving mechanism without interruption to the lower position of ramrod 32
      as determined by limit switch 46, if the device is not already in such
      position. A cartridge 1 is inserted with its stud 25 into recess 28 of the
      overhanging support 29 and its transverse pin 26 hooked by springs 31. In
      this position, the unit 1 is suspended above rod 32 and can easily be
      swung so that the piston recess 21 is in alignment with the ramrod, the
      band 22a aiding this alignment. The plug is replaced with the fitting 14
      and the nozzle-tipped conduit 15, and when ready for dispensing, the
      operator places tip 16 in or over a suitable receptacle, such as a test
      tube, vial, or the like, and flips switch 70 to DISPENSE position.
PAR  As stated previously this energizes solenoid 66, withdrawing index rod 62
      from notch 64 to allow rotation of screw 33 and closes switch 69 which
      energizes motor 58 to drive it in "forward" mode, that is to rotate screw
      33 in such a manner as to raise ramrod 32 against the piston. Since the
      upper end of rod 32 is not in engagement with the piston at first, and
      since conduit 15 and nozzle 16 may be empty to start with, it may be
      necessary to flip the DISPENSE switch one or more times before the nozzle
      16 discharges liquid. The first dose discharged should be discarded as it
      may not represent a full-sized dose. After discard of one liquid
      discharge, the remaining doses are each of accurately predetermined size
      which is, of course, known from the pitch of screw 33, the diameter of the
      inside wall 3 of the container tube 2, and the shape of the piston head.
      The system is suitable for the dispensing even of small doses that are
      customarily used in microanalysis. For example, the pitch of screw 33 may
      be from about a fourth of a millimeter to one or more millimeters, a
      half-millimeter being a preferred size, the inside diameter 3 of the tube
      2 being from about 5 to about 25 or more millimeters, and the slope of the
      piston head 23, if conical, may be from about 5.degree. to 50.degree.,
      preferably about 10.degree. to 30.degree.. The cartridge may be of a wide
      variety of sizes to contain, for example, from about one to several
      hundred millileters and the dispensing device may be capable of from about
      10 to several hundred microliters as a single aliquot or dose.
PAR  While reference herein has been made to the packaging of liquid reagents,
      the invention is not limited to this particular use since the container
      unit and the dispensing device may be used for the packaging, storage,
      shipment, and dispensing of liquids of any other type for any purpose
      whatsoever.
PAR  It is to be understood that changes and variations may be made within the
      spirit and scope of the invention as defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A packaging unit adapted to contain a liquid, adapted to be heated or
      refrigerated, if desired, and to serve as a storage receptacle from which
      one or more measured amounts of liquid may be dispensed from time to time,
      as desired, the unit comprising:
PA1  a. a tube having an internal cylindrical wall,
PA1  b. a head block at one end of the tube,
PA1  c. a base block at the other end of the tube,
PA1  d. means for clamping the tube endwise between the two blocks,
PA1  e. a piston having a cylindrical peripheral wall extending along at least a
      portion of the length of the piston and fitting slidably in the internal
      cylindrical wall of the tube so that it is movable lengthwise in the tube,
      the piston having a back wall,
PA1  f. means for sealing the space between the piston and the internal wall of
      the tube to prevent leakage during movement of the piston,
PA1  g. the opposed inside walls of the headblock and the piston and the
      internal wall of the tube constituting the defining walls of a chamber in
      the unit adapted to receive a liquid therein,
PA1  h. a passageway in the head-block having one end communicating with the
      chamber and the other end accessible to the outside of the unit, and
PA1  i. the base block being in the form of a ring having a central opening and
      an internal annular seat for receiving said other end of the tube, the
      inside diameter of the ring being slightly larger than the internal
      diameter of the tube, said central opening providing access means in the
      base block adapted to permit insertion of a ramrod against the back wall
      of the piston to move the piston lengthwise of the tube, the ring having
      an inside groove, a split retaining ring in the groove, and a rubbery ring
      held in place by the retaining ring behind the piston.
NUM  2.
PAR  2. A unit according to claim 1 in which the means (f) comprises a resilient
      annular skirt which is so constructed that its outer annular surface along
      its free edge normally presses resiliently against the internal wall of
      the tube.
NUM  3.
PAR  3. A unit according to claim 2 in which the piston comprises two
      telescoping components, means for securing the components together, one of
      the components having a plug fitting slidably within a socket formed by an
      annular extension on the other component, an annular groove between the
      annular skirt and the plug in alignment with, and adapted to receive, the
      annular extension, a resilient ring fitting within the groove, the
      securing means being adjustable to cause the annular extension to press
      the resilient ring into the groove and thereby vary the pressure of the
      skirt against the internal wall of the tube.
NUM  4.
PAR  4. A unit according to claim 3 in which the securing means comprises screw
      means passing through one component and engaging a threaded bore in the
      other.
NUM  5.
PAR  5. A unit according to claim 1 in which the length of the piston wall is at
      least one-third its diameter.
NUM  6.
PAR  6. A unit according to claim 1 comprising a removable closure for the
      accessible end of the passageway.
NUM  7.
PAR  7. A unit according to claim 1 comprising means on the piston adapted to
      center a ramrod when the latter is inserted through the access means.
NUM  8.
PAR  8. A device for dispensing one or more definite aliquots of liquid from a
      package unit consisting essentially of a hollow tube having a port at one
      end thereof and a piston within the tube, the piston having a forward
      wall, a back wall, and an outer cylindrical surface provided with an
      annular sealing means and fitting slidably within the inside wall of the
      tube whereby the piston is movable axially back and forth within the tube,
      and access means at the other end of the tube adapted to receive a ramrod
      in engagement with the back wall of the piston to move the piston axially
      within the tube to force liquid therein through the port, said device
      comprising a support, a ramrod movable lengthwise in either direction in a
      path extending between a retracted position and an advanced position,
      driving means for moving the ramrod lengthwise relative to the support
      selectively (a) to advance the ramrod in one or more increments toward its
      advanced position and (b) to retract it, means for releasably mounting the
      package unit on the support with its access means in the path of advance
      of the ramrod so that, on advance of the ramrod from its retracted
      position, it engages the back wall of the piston and pushes the piston
      further into the tube, thereby forcing liquid therein through the port,
      the driving means comprising means for accelerating the ramrod advance
      movement to a maximum and then decreasing the rate of such movement from
      start-to-end of each increment.
NUM  9.
PAR  9. A device for dispensing one or more definite aliquots of liquid from a
      package unit consisting essentially of a hollow tube having a port at one
      end thereof and a piston within the tube, said piston having a forward
      wall, a back wall, and an outer cylindrical surface provided with an
      annular sealing means and fitting slidably within the inside wall of the
      tube whereby the piston is movable axially back and forth within the tube,
      and access means at the other end of the tube adapted to receive a ramrod
      in engagement with the back wall of the piston to move the piston axially
      within the tube to force liquid therein through the port, said device
      comprising a support, a carriage movable relative to the support, a ramrod
      secured to the carriage and projecting lengthwise therefrom in the
      direction of movement of the carriage, driving means for moving the
      carriage and thereby moving the ramrod lengthwise relative to the support
      to advance the ramrod in one or more increments between successive
      stationary positions of the ramrod, and means for predetermining the
      distance between successive stationary positions, the driving means
      comprising a rotatably mounted screw shaft, an internally threaded fitting
      fixed to the carriage in a position offset laterally from the ramrod and
      engaging the thread of the screw shaft and means for rotating the screw
      shaft through one revolution for each increment, said last-named means
      being constructed to impart an accelerating-decelerating rotation of the
      screw shaft during each revolution thereof, thereby accelerating the
      ramrod advance movement and then decreasing the rate of such movement from
      start-to-end of each increment.
NUM  10.
PAR  10. A device for dispensing one or more definite aliquots of liquid from a
      tubular package unit having a discharge passage, a piston movable within
      the tube to force liquid in the unit through the passage, and access means
      adapted to receive a ramrod in back of the piston, said device comprising
      a stationary support, a rod, driving means for moving the rod lengthwise
      relative to the support, the support having mounting means thereon adapted
      to receive the package unit and support it with its access means in the
      path of advance of the rod, said driving means comprising a rotatable
      shaft having a screw thread thereon, a carriage having a threaded member
      engaging the screw thread, said rod being fixed to the carriage and
      extending parallel to the axis of the screw shaft, means for rotating the
      shaft in a direction to advance the rod lengthwise, and means for
      interrupting rotation of the screw shaft in a predetermined angular
      position relative to the support, the means for rotating the screw shaft
      comprising a modified Geneva gear type of mechanism having a four-pin
      driving member and a four-slot driven member, which during each revolution
      of the screw shaft, gradually increases the rate of rotation of the shaft
      from its starting position to a maximum and then gradually decreases the
      rate of rotation of such shaft to its stopped position.
NUM  11.
PAR  11. A device according to claim 10 comprising means for assuring that on
      stopping, the next driving pin of the pinwheel is in the precise null
      position with respect to the cooperating slot of the driven member of the
      Geneva gear.
NUM  12.
PAR  12. A device according to claim 11 wherein the means for interrupting
      rotation of the screw shaft comprises a concentric disc fixed on the screw
      shaft for rotation therewith, a notch in the periphery of the disc, an
      index member adjacent the disc periphery at a fixed angular position with
      respect to the disc, means for urging the member against the periphery of
      the disc and into the notch, to stop the screw shaft at a precise point in
      its revolution, means for withdrawing the index member from the notch when
      starting the next dispensing increment, and cam means for rendering the
      withdrawing means ineffective after the notch in the disc passes its
      position of opposition to the index member.
NUM  13.
PAR  13. A device for dispensing a liquid in one or more aliquots of measured
      amount from a package unit having a liquid-containing tube, a port at one
      end of the tube in communication with the liquid in the tube, a piston
      within the tube, said piston having a forward wall, a back wall, and an
      outer cylindrical surface provided with an annular sealing means and
      fitting slidably within the inside wall of the tube whereby the piston is
      movable axially back and forth within the tube to force liquid within the
      tube through the port, and access means adapted to receive a ramrod in
      engagement with the back wall of the piston, said device comprising:
PA1  a. a ramrod having a retracted position and an advanced position,
PA1  b. means for releasably mounting the package unit with its access means in
      alignment with the ramrod in retracted position,
PA1  c. means for incrementally advancing the ramrod lengthwise against the back
      wall of the piston, and thereby pushing the piston axially ahead of it in
      one or more increments toward said advanced position, comprising:
PA2  1. a rotatable screw shaft mounted with its axis offset from and parallel
      to the ramrod,
PA2  2. means comprising a reversible motor for rotating the screw shaft on its
      axis,
PA2  3. means for interrupting rotation of the screw shaft at a predetermined
      angular position at the end of each revolution of the screw shaft whereby
      the size of each aliquot for a given piston depends on the pitch of the
      screw, and
PA2  4. means for reversing the motor to move the ramrod to retracted position.
NUM  14.
PAR  14. A dispensing device according to claim 13 wherein the driving
      connection between the motor and the screw shaft is so constructed and
      arranged that rotation of the shaft to move the ramrod toward its advanced
      position accelerates to a maximum and then decelerates from start-to-end
      of each revolution of the screw shaft.
NUM  15.
PAR  15. A dispensing device according to claim 14 wherein the ramrod is secured
      to, for movement with, a carriage having a screw-threaded fitting engaging
      the screw of the screw shaft, the axis of the fitting and of the screw
      shaft being offset from the longitudinal axis of the ramrod.
NUM  16.
PAR  16. A dispensing device according to claim 15 comprising a stationary guide
      member parallel to the screw shaft, and guide means of the carriage
      between the ramrod and the fitting thereon, and slidably engaging the
      guide member.
NUM  17.
PAR  17. A device according to claim 16 comprising resilient means for applying
      a biassing torque to the carriage to offset at least partly the torque
      resulting from the resistance of the piston to the ramrod as the latter
      moves the piston into the package unit to discharge liquid therefrom.
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PAL  A dispensing-type box having therein a substantially closed compartment
      adapted for the storage of a particulate material. The box has dispensing
      openings formed in one sidewall of the box adjacent the upper end thereof,
      which openings are normally closed by a flap which is integrally formed on
      the box and extends downwardly over the openings. The flap has a striplike
      portion thereof secured to the box at a location below the openings, with
      the lowermost portion of the flap being free of connection to the box to
      permit same to be readily gripped so that the flap can be released from
      the box and swung upwardly to uncover the openings. The box also has, on
      the side thereof opposite the openings, a handle structure which comprises
      a separate member disposed within the interior of the box and projecting
      outwardly through an elongated slot formed in the sidewall of the box. The
      handle structure comprises a loop-like handle which can be folded
      downwardly to overlie the sidewall of the box.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an improved dispensing-type box having a simple
      but compact dispensing and handle structure associated therewith.
PAC  BACKGROUND OF THE INVENTION
PAR  While numerous dispensing-type boxes have been devised for storing and
      dispensing particulate materials, many of these known boxes have utilized
      a dispensing structure having a flap which is a portion of the box and
      must be perforated from the box in order to form an opening. This type of
      structure has proven undesirable since the perforation of the flap so as
      to form the opening often results in tearing or damage to the box. Other
      known dispensing-type boxes have utilized a flap covering a preformed
      opening, which flap is secured to the box throughout the complete edge
      thereof. This structure has also proved undesirable since the flap can be
      released from the box only with some difficulty, and this difficulty often
      results in undesired tearing of either the flap or the box.
PAR  Another disadvantage of most known dispensing-type boxes is their inability
      to be manufactured in large sizes so as to be capable of holding a
      substantial quantity of material, specifically a heavy material. While
      some boxes have been provided with handle structures associated therewith,
      nevertheless most of these known handle structures have been extremely
      complex so that they accordingly result in the overall manufacturing time
      and cost of the box being substantially increased, or in the alternative
      they have been extremely flimsy so that they are subject to tearing or
      breakage. Further, many of the known handle structures have been rigid and
      have not permitted the compact shipping and storage of a large plurality
      of similar boxes.
PAR  Accordingly, it is an object of the present invention to provide an
      improved dispensing-type box which overcomes the above-mentioned
      disadvantages. Particularly, the dispensing-type box of the present
      invention provides, in combination, an improved dispensing and handle
      structure associated integrally with the box to permit the efficient
      pouring of particular material from the box.
PAR  It is also an object of the present invention to provide a dispensing-type
      box, as aforesaid, which is particularly adaptable for manufacturing in
      large sizes to permit storage therein of a substantial quantity of a
      particular material, which box can be efficiently and safely handled to
      permit dispensing of material therefrom without fear of breakage or
      tearing of the box.
PAR  A further object of the present invention is to provide a dispensing-type
      box, as aforesaid, which is extremely economical to both manufacture and
      assemble, which when in a closed condition is of a block-like
      configuration to facilitate the compact shipping and storage of same and
      of a large plurality of similar boxes, and which can be easily and
      efficiently opened and utilized for dispensing material without causing
      damage to either the dispensing or handle structures.
PAR  Other objects and purposes of the present invention, and the advantages
      thereof, will be apparent to persons familiar with structures of this type
      upon reading the following specification and inspecting the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an improved dispensing-type box constructed
      according to the present invention.
PAR  FIG. 2 is a broken side elevational view which illustrates the dispensing
      structure associated with the front side of the box.
PAR  FIG. 3 is a fragmentary sectional view taken along the line III--III in
      FIG. 1.
PAR  FIG. 4 is a further fragmentary sectional view taken along the line IV--IV
      in FIG. 1.
PAR  FIG. 5 is a plan view of the punched blank used for forming the box, the
      blank being illustrated with the inside surface facing upwardly.
PAR  FIG. 6 is a plan view of the punched blank used for forming the handle.
PAR  Certain terminology will be used in the following description for
      convenience in reference only and will not be limiting. For example, the
      words "upwardly", "downwardly", "rightwardly" and "leftwardly" will refer
      to directions in the drawings to which reference is made. The words
      "front" and "rear" will refer to the right and left side, respectively, of
      the box as appearing in FIG. 1. The words "inwardly" and "outwardly" will
      refer to directions toward and away from, respectively, the geometric
      center of the structure and designated parts thereof. Said terminology
      will include the words above specifically mentioned, derivatives thereof
      and words of similar import.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and purposes of the present invention are met by providing a
      substantially closed box defining therein a compartment adapted for
      storing a particulate material. The box has a plurality of openings formed
      in one of the sidewalls adjacent the upper end thereof, and a flap is
      integrally formed on the top wall of the box and projects downwardly over
      the sidewall so as to cover said openings. The flap is securely connected
      to the sidewall along a strip which is disposed directly under the
      openings. The lowermost edge of the flap is not fixed to the sidewall so
      that the flap can be readily gripped to permit same to be swung upwardly
      to uncover the openings. The box also has a handle structure associated
      with the sidewall thereof which is disposed opposite the sidewall having
      the openings therein. The handle structure is formed from a separate blank
      which is suitably folded and disposed within the interior of the box and
      has a loop-like handle which projects outwardly through a slot formed in
      the sidewall. The handle can be folded to overlie the sidewall to permit
      compact shipping and storing of the box. The handle also permits the box
      to be gripped in one hand and tipped to permit dispensing of the
      particulate material through the openings.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates therein a dispensing-type receptacle 10 constructed
      according to the present invention. Receptacle 10 includes a box 11
      defining therein a compartment 12 adapted for the storage of a particulate
      material, particularly a granular material. The box 11 has a dispensing
      means 13 associated therewith for permitting the particulate material to
      be dispensed. A handle means 14 is also associated with the box to
      facilitate both the handling of the box and the dispensing of the
      material.
PAR  The box 11 comprises a conventional six-sided prism having all of the
      adjacent walls disposed substantially perpendicular to one another. The
      box 11 specifically includes opposed and substantially parallel sidewalls
      16 and 17, which sidewalls are joined by opposed and substantially
      parallel front and rear walls 18 and 19, respectively. The box 11 is
      closed by opposed and parallel top and bottom walls 21 and 22,
      respectively.
PAR  Box 11 is preferably formed from a single sheet of material, such as by
      being punched from a sheet of conventional corrugated cardboard. FIG. 5
      illustrates therein a punched planer blank 23 which is used for forming
      the box 11.
PAR  The blank 23 includes four integrally connected rectangular portions which
      define the sidewalls 16 and 17 and the front and rear walls 18 and 19,
      respectively. These walls are appropriately separated by means of fold
      lines 24, which lines have been indicated by dotted lines in FIG. 5. The
      rear wall 19 also has a rectangular tab 26 connected thereon and separated
      therefrom by a further fold line 27. The tab 26 is adapted to overlie and
      be fixedly secured, as by an adhesive, to the inner surface of the
      sidewall 17 (as illustrated in FIG. 4) when the blank 23 is formed into a
      rectangular tubular configuration.
PAR  The sidewall 16 of the blank 23, as illustrated in FIG. 5, has a pair of
      rectangular flaps integrally fixed to and projecting outwardly from the
      opposite ends thereof, which flaps define the top and bottom walls 21 and
      22, respectively, and are swingable relative to the sidewall 16 about the
      fold lines 28. A further pair of substantially rectangular flaps 29 and 31
      are fixedly and integrally connected to the upper and lower edges of the
      sidewall 17, which flaps are also hingeably swingable relative to the
      sidewall about the fold lines 32.
PAR  Blank 23 includes still a further pair of rectangular flaps 33 and 34
      integrally connected to the upper and lower edges of the rearwall 19,
      which flaps are separated from the rear wall by fold lines 36. Front wall
      18 also has a rectangular flap 38 integrally connected to the lower edge
      thereof, same being separated by the fold line 39, and a small flap 41 is
      connected to the upper edge of the front wall 18, which flap 41 is
      separated from the front wall by a fold line 42.
PAR  As illustrated in FIG. 5, rear wall 19 also has an elongated slot 37 formed
      therein for a purpose to be explained hereinafter.
PAR  Considering now the dispensing means 13, same includes a plurality of
      openings 43 formed in the front wall 18 adjacent the upper end thereof.
      The openings 43 are, in the illustrated embodiment, of circular
      configuration and are disposed within two substantially horizontally
      extending rows which are spaced one above the other. To cover the openings
      43, the top wall 21 is provided with a further substantially rectangular
      flap 44 integrally connected thereto, which flap 44 is secured to one of
      the side edges of the wall 21 and is separated therefrom by the fold line
      46. The flap 44, when the box is assembled, is folded downwardly so as to
      overlie the front wall 18 as illustrated in FIGS. 1 and 2. The flap 44 is
      suitably secured to the front wall 18, such as by staples 47, which
      staples are disposed to engage the front wall 18 along a strip disposed
      directly below the openings 43. The securing of the flap 44 by the staples
      47 results in the lower free end portion 48 of the flap being free of
      connection to the front wall so that same can be easily gripped when
      release of the flap is desired.
PAR  While the flap 44 in the illustrated embodiment is secured to the front
      wall 18 by staples 47, it will be appreciated that the staples 47 could be
      replaced by a strip of adhesive or other similar securing means extending
      across the flap and engaging the front wall 18 directly below the
      openings.
PAR  Considering now the handle means 14, same is formed from a separate punched
      blank 51 (FIG. 6), which blank is also punched from a sheet of material,
      such as corrugated cardboard. The blank 51 includes a substantially
      rectangular center portion 52 which is of substantially the same
      dimensions as the rear wall 19. A pair of rectangular portions 53 are
      integrally connected to the opposite edges of the center portion 52 and
      are separated therefrom by fold line 54. The end portions 53 each have a
      width which is approximately one-half the width of the center portion 52.
      Each end portion 53 has a C-shaped loop or handle 56 integrally connected
      to the free edge thereof, which loop 56 defines a substantially closed
      finger opening 57. Loop 56 is joined to the edge of the end portion 53 at
      the fold line 58.
PAC  ASSEMBLY AND OPERATION
PAR  The assembly of the dispensing-type receptacle 10, and the utilization of
      same, will be briefly described to ensure a complete understanding
      thereof.
PAR  To manufacture and assemble the receptacle 10, the blanks 23 and 51 are
      initially formed, such as by being punched from a sheet of corrugated
      cardboard, which punching operation occurs in a conventional manner and
      results in the formation of the fold lines to permit hinging of the
      respective adjacent portions of the blank.
PAR  After formation of the blank 23, same is appropriately folded to form a
      substantially tubular configuration as defined by the walls 16-19, which
      tubular configuration is fixedly closed by adhesively securing the flap 26
      to the inner surface of the sidewall 17 adjacent the free edge thereof.
      The flaps 33, 34, 38 and 41 are then folded inwardly to overlap the open
      upper and lower ends of the tubular portion, following which the flaps 29
      and 31 are also folded inwardly to overlap and substantially close the
      upper and lower ends of the tubular sidewall portion. The top and bottom
      walls 21 and 22, respectively, are then also folded inwardly so as to
      overlap the flaps 29 and 31, respectively, thereby closing the box 11 and
      defining therein the closed compartment 12. The upper flaps 21 and 29 are
      suitably fixedly connected, as by staples 61, and the lower flaps 22 and
      31 are also suitably fixedly connected by staples. However, other securing
      structures, such as an adhesive, could be used for connecting the upper
      and lower overlapping flaps.
PAR  Prior to the complete closing of the box 11, such as prior to the sealing
      of the upper flaps 21 and 29, the handle assembly 14 is positioned within
      the interior of the box. For this purpose, each C-shaped handle 56 is
      initially folded downwardly through an angle of approximately 90.degree.
      relative to its respective end portion 53. The end portions 53 are then
      folded upwardly through an angle of approximately 180.degree. so that the
      two end portions 53 overlap the center portion 52 and effectively form a
      double thickness of cardboard. This also results in the handle portions 56
      being disposed directly adjacent one another in side-by-side relationship,
      which handle portions project outwardly at a substantially right angle
      relative to the center portion 52. The thus folded blank 51 is then
      inserted into the interior of the box 11, whereupon the adjacent handle
      portions 56 are inserted through the slot 37 and the folded blank is moved
      sidewardly so that the folded end portions 53 are positioned in engagement
      with the inner surface of the rear wall 19, which opposed engaging
      surfaces are preferably suitably secured together as by an adhesive. The
      compartment 12 is then suitably filled with the desired particulate
      material, whereupon the flaps 21 and 29 are suitably closed and fixedly
      secured together.
PAR  After closing of the top flaps as noted above, then the closing flap 44 is
      swung downwardly about the fold line 46 so that the flap overlies the
      upper portion of the front wall 18, and particularly overlies the
      plurality of openings 43. The flap 44 is then fixedly connected to the
      front wall 18, as by means of the staples 47, which staples connect the
      flap and the front wall along a strip disposed below the openings 43 but
      spaced upwardly from the lower free edge of the flap.
PAR  To facilitate the shipping and storing of a plurality of similar
      receptacles 10, the handles 56 can each be folded over in opposite
      directions so as to overlie the rear wall 19, as illustrated by dotted
      lines in FIG. 4, thereby permitting the receptacle 10 to assume the shape
      of a rectangular prism.
PAR  When it is desired to dispense material from the box 11, the handles 56 are
      folded outwardly into their gripping position as illustrated by solid
      lines in FIG. 4. The free edge 48 of flap 44 is also gripped and pulled
      outwardly away from the front wall 18, thereby releasing the flap 44 so
      that same can be swung upwardly into the position illustrated by dotted
      lines in FIG. 1, whereby the openings 43 are uncovered. By then gripping
      the overlying handles 56, the box can then be lifted and tilted as
      necessary to permit the material to be dispensed through the openings 43.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed in detail for illustrative purposes, it will be recognized that
      variations or modifications of the disclosed apparatus, including the
      rearrangement of parts, lie within the scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A dispensing-type receptacle, comprising:
PA1  wall means defining a substantially closed box having a substantially
      closed compartment in the interior thereof adapted for the storing of a
      particle material;
PA1  said wall means including (1) a pair of opposed and substantially parallel
      sidewalls, (2) opposed and substantially parallel front and rear walls
      extending between and connected to the edges of said sidewalls for
      defining a tubular member of substantially rectangular cross section, said
      rear wall having a vertically elongated slot formed centrally thereof, and
      (3) opposed and substantially parallel top and bottom walls extending
      between the upper and lower edges, respectively, of said tubular member
      for closing the upper and lower ends thereof;
PA1  dispensing means associated with said front wall for permitting the
      material within said compartment to be poured from said box, said
      dispensing means including a plurality of preformed openings within said
      front wall adjacent the upper end thereof, said openings being disposed
      within at least two horizontally extending rows which are spaced one above
      the other, each row containing therein a plurality of openings with the
      openings in one row being horizontally staggered relative to the openings
      in the other row;
PA1  said dispensing means also including a closing flap fixedly but releasably
      coupled to said front wall for overlying said openings, said closing flap
      being integrally connected to said top wall and separated therefrom by a
      fold line which permits said flap to be folded downwardly to overlie the
      upper portion of said front wall, and securing means for securing said
      flap to said front wall at a location disposed below said openings, said
      securing means being spaced upwardly from the lower free edge of said flap
      so that the lower edge portion of said flap is free of connection to said
      front wall; and
PA1  handle means associated with said rear wall for permitting gripping of said
      receptacle, said handle means comprising a separate sheetlike member
      positioned within the interior of said box and disposed so as to overlie
      said rear wall, said sheetlike member having a center portion of
      rectangular size substantially similar to said rear wall, said sheetlike
      member also having a pair of rectangular end portions integrally connected
      to the opposite ends of said center portion, said end portions having a
      width substantially one-half the width of said center portion and being
      hingedly connected to said center portion so that said end portions are
      folded inwardly to overlap said center portion to form a double thickness;
PA1  said handle means further including a substantially C-shaped loop
      integrally but hingedly connected to the free edge of each of said end
      portions and extending substantially perpendicular thereto whereby the
      C-shaped loops as connected to said end portions are disposed directly
      adjacent one another in side-by-side relationship and form a C-shaped
      handle which projects outwardly through said slot so as to be accessible
      from the exterior of said box, each of said C-shaped loops being foldable
      downwardly away from one another so as to overlie the exterior surface of
      said rear wall in substantially parallel relationship therewith, and said
      end portions of said sheetlike member being abuttingly engaged with and
      fixedly secured to the inner surface of said rear wall.
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ABST
PAL  A personal materials carrier is constructed of a curved band of material
      having a frontal diagonal chest-overlying portion, a shoulder-overlying
      portion connected to the chest-overlying portion at an angle to cause the
      chest-overlying portion and shoulder-overlying portion to lie flat, a back
      portion connected to the shoulder portion at an angle and a waist portion
      connected to the back portion. The bottom of the chest-overlying portion
      and a front of the side portion are joined together substantially
      perpendicularly in completion of the band. Pockets on the chest-overlying
      portion open inward and upward, and pockets near an upper extremity of the
      chest portion open upward. Pockets on the side portion open upward, and a
      pocket at the forward edge of the side portion opens rearward within the
      band.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Money belts and pouches have been well known. Usually the money belts have
      slender zippered pockets which hold a quantity of money in a flat
      arrangement. Money belts of conventional design are worn around the waist
      beneath the clothing of the wearer to conceal money and to protect the
      money from casual robbery attempts or loss. A collection of money belts
      which is indicative of the state of the art in that area is found in Class
      224, subsclass 26 of the U.S. Patent Office files of patents. Some belts
      found within that classification have pockets for varied purposes.
      Examples of prior art devices are found in the belt purse of U.S. Pat. No.
      1,289,186, the fishermen's belt of U.S. Pat. No. 1,486,470, the vest belt
      of U.S. Pat. No. 1,558,228 and the secret compartment belt of U.S. Pat.
      No. 2,503,157.
PAR  All of the prior art devices have pockets opening in uniform directions and
      describe devices formed in flat regular bands which may be closed in flat
      regular loops as belts.
PAR  Recent trends in clothing have provided fewer places to carry necessary
      personal materials. Suits and slacks being more closely fitted have less
      tolerance for the carrying of personal articles in pockets. Trends away
      from men's suits to more casual attire have created problems in providing
      adequate places to carry usual and ordinary personal supplies. Shirts are
      constructed with no pockets at all. Trousers are closely fitted, so that
      pockets become useless. The problem has been recognized by the development
      and marketing of men's shoulder bags or other carriers which are intended
      primarily for the use with ordinary personal materials which an individual
      usually carries.
PAR  The conventional use of ladies' handbags has for a long time recognized the
      non-availability of pockets in which to carry materials in women's
      clothes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a means for carrying personal articles
      without the necessity for interrupting clothing lines and without the
      necessity for remembering and transporting shoulder bags or handbags.
      Broad objectives of the invention are accomplished by providing a band
      draped over a shoulder of an individual on one side and partially
      encircling a waist of the wearer on the opposite side and having a
      plurality of inward and upward facing pockets of varied size and opening
      directions for carrying personal materials.
PAR  In a preferred form of the invention, the personal materials carrier is
      constructed as a band which has a chest-overlying portion with a plurality
      of varied-size pockets opening upward perpendicular to the diagonal line
      on which the band overlies the chest of a wearer. The chest portion is
      supported by a shoulder portion which is connected to an upper end of the
      chest portion. Preferably, the connection is made at a slight angle to
      insure that the shoulder portion and chest portion lie flat on the body of
      a wearer. A back portion is joined to the shoulder portion preferably at
      an angle to insure flatness. The back portion extends downward diagonally
      across a back of a wearer and is connected to a side portion which is in
      turn connected to a lower end of the chest portion.
PAR  In a preferred form of the invention, the band is closed by fasteners at
      the bottom of the chest portion and at the front of the side portion. Two
      or more complementary fasteners are employed. The fasteners are oriented
      across the longitudinal end of the chest portion and perpendicular to the
      longitudinal end of the side portion, along one elongated edge thereof. In
      another embodiment of the invention, the ends of the band are permanently
      joined to form a permanent loop which is worn in the same manner. When the
      permanent loop is folded and is flattened, it has a slight angle which is
      indicative of the angular relation between the shoulder portion and chest
      and back portions. In an alternate form of the invention, the chest and
      side portions are permanently joined, and fasteners connect separate
      sections of the carrier at or near a shoulder of the wearer.
PAR  The pockets of the carrier generally open in the direction of the head and
      opposite arm of the wearer. Pockets in the chest portion preferably open
      upward, generally perpendicular to the elongated direction of the belt.
      Several pockets of varied size are usually included on the chest portion.
      The carrier may be worn with the pockets on the outside, or it may be
      reversed and draped across the other shoulder with the pockets on the
      inside. In one embodiment of the invention, the pockets are constructed
      without fasteners or flaps. Snap or zipper fasteners may be provided, or
      miniature loop and hook fasteners may be used. In another embodiment, a
      single flap covers all pockets or some pockets. Other pockets are closed
      by individual flaps which may have snap fasteners. When it is desired not
      to use the flaps, they may be folded in back of the interior between the
      carrier and the body.
PAR  Pockets for change and other similar items are included along the waist
      portion. A concealed pocket extends rearward from the forward end of the
      waist portion. Pockets on the back portion and on the shoulder portion are
      used to carry infrequently used items.
PAR  Along the side portion, and at the junction of the side portion and chest
      portion, one or more grommets or suspension type fasteners are employed
      for carrying other, bulky items of personal use.  Dependent fastener means
      connected to the partial waist-encircling portion support suspended
      articles beneath the waist portion.
PAR  One object of the invention is the provision of a personal materials
      carrier for draping over one shoulder and across the body and partially
      around the waist and having several pockets for carrying personal
      materials.
PAR  Another object of the invention is the provision of a personal materials
      carrier having a front portion which extends diagonally across a chest of
      a wearer and which has upward opening pockets, a shoulder portion which is
      connected at an angle to the chest portion, and a back portion which is
      connected at an angle to the shoulder portion and a waist portion in
      continuation of the back portion which fastens to a lower end of the chest
      portion for carrying articles of a personal use nature.
PAR  These and other objects and features of the invention are apparent in the
      disclosure which includes the drawings and the foregoing and ongoing
      description with its appended claims which form a part of the original
      disclosure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the personal effects carrier draped over a
      jacketed form of a user.
PAR  FIG. 2 is a detail of a front of the carrier.
PAR  FIG. 3 is a rear elevation of the carrier.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  With references to FIGS. 1, 2 and 3 a personal materials carrier is
      generally indicated by the numeral 1. Carrier 1 is shown draped on a
      jacketed form 2 which represents an attired body of a user.
PAR  Carrier 1 is made up of a diagonal chest-overlying portion 3, a shoulder
      portion 4 which is connected to the upper end of chest portion 3, a back
      portion 6 and a side portion 8, all connected together in a loop. For
      purposes of emphasis, the back portion 6 is displayed in the present
      drawing, whereas the back portion normally would lie beyond the plane of
      the drawing. At the same time, in preferred embodiments, side portion 8
      would extend generally horizontally between the back portion and the chest
      portion. A pocket 10 having an upward opening 11 is mounted on side
      portion 8 for carrying loose materials such as change. Pockets 12 are
      mounted in chest portion 3 and are of an appropriate size for carrying
      articles such as credit and identification cards, licenses and the like.
      In the embodiment shown in the drawing, upward opening pockets 14 and 15
      are positioned near the shoulder portion to carry long thin articles such
      as a pen 13 and a comb 16.
PAR  An elongated pocket 17 has an elongated inward opening 18 for receiving a
      flat wallet, or a similar article. In a like manner, pockets 12 have
      upward and inward openings 19 for receiving the identifying cards such as
      credit cards and licenses which a person usually carries.
PAR  In one form of the invention, the carrier is constructed in a releasable
      form with free and lower end 20 of chest portion 3 joined to free end 22
      of the waist portion. In an alternate form, ends 20 and 22 may be
      permanently joined, and the carrier may be placed on the body by placing
      the right arm and head through the continuous loop. In another from of the
      invention, the shoulder portion 4 may be divided into front and back
      shoulder portions with complementary snap fasteners for completing the
      loop.
PAR  As shown in FIG. 2 in the present embodiment, the free end 22 of the side
      section is provided with metallic rectangular loops 26 along a horizontal
      elongated edge. In FIG. 3, complementary rectangular metallic hooks 27 are
      mounted transverse to a longitudinal direction of the carrier to cooperate
      with loops 26 in holding the ends substantially perpendicular.
PAR  As shown in FIG. 3, the carrier body is formed as a longitudinal tube with
      an inverted seam 30 and sharply pressed longitudinal edges. Darts 32 and
      34 change the longitudinal direction between the rear sections 31, 33 and
      35 to improve the lie or drape of the carrier on the body.
PAR  A pocket 40 is shown formed in the end of the carrier. Fastener 42 holds
      flap 44 closed to secure the items within the pocket 40.
PAR  Sizes and shapes of the carrier may vary as is convenient. For illustrative
      purposes, the back and side sections which are integrally formed are
      foreshortened to provide greater detail of the elements.
PAR  Although the invention has been described with reference to a specific
      embodiment, it will be obvious to those skilled in the art that
      modifications and variations of the invention may be made without
      departing from the spirit and scope of the invention. The scope of the
      invention is defined in the following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. Shoulder-mounted personal materials carrier apparatus comprising a
      curved band for positioning on a body of a wearer, the carrier band having
      a diagonal chest-overlying portion for extending from a lateral waist area
      to a position adjacent an opposite shoulder area, a shoulder-overlying
      portion connected to an upper end of the diagonal chest-overlying portion,
      the shoulder-overlying portion being configured for lying flat upon a
      shoulder, and wherein the shoulder-overlying portion and the
      chest-overlying portion are connected at obtuse angles to make the carrier
      band lie flat against the body, a back portion connected to the
      shoulder-overlying portion remote from the diagonal chest-overlying
      portion and extended downward, a partial waist-encircling portion
      connected to the back portion remote from the shoulder-overlying portion
      and extended forward to a lateral waist area, where the partial
      waist-encircling portion is connected to a lower end of the diagonal
      chest-overlying portion at a generally perpendicular angle, and a
      plurality of varied pockets in the carrier band, the pockets having
      openings in varied directions.
NUM  2.
PAR  2. The personal materials carrier apparatus of claim 1 wherein the
      chest-overlying portion and the partial waist-encircling portion are
      joined substantially perpendicularly by fasteners at ends of the
      chest-overlying portion and the partial waist-encircling portion.
NUM  3.
PAR  3. The personal materials carrier apparatus of claim 2 wherein two
      fasteners are arranged along an elongated edge of the partial
      waist-encircling portion and two complementary fasteners are arranged
      along a short terminal edge of the chest-overlying portion.
NUM  4.
PAR  4. The personal materials carrier apparatus of claim 1 wherein the curved
      carrier band is formed of integrally joined portions in one continuous
      band of material.
NUM  5.
PAR  5. The personal materials carrier apparatus of claim 1 wherein the carrier
      band is formed of integrally joined portions in a substantially continuous
      tube of material on which pockets are outwardly stitched.
NUM  6.
PAR  6. The personal materials carrier apparatus of claim 1 wherein the pockets
      comprise square and elongated rectangular pockets mounted side-by-side
      along the chest-overlying portion, the pockets having openings in edges
      thereof facing an opposite shoulder of the wearer.
NUM  7.
PAR  7. The personal materials carrier apparatus of claim 6 further comprising
      parallel elongated pockets extending upward and opening in the direction
      of the shoulder-overlying portion.
NUM  8.
PAR  8. The personal materials carrier apparatus of claim 1 further comprising a
      large upward opening pocket in the partial waist-encircling portion.
NUM  9.
PAR  9. The personal materials carrier apparatus of claim 1 further comprising
      an end pocket in the partial waist-encircling portion, the end pocket
      opening at an edge of the partial waist-encircling portion and extending
      rearward within the waist portion.
NUM  10.
PAR  10. The personal materials carrier apparatus of claim 1 further comprising
      fastener means connected to the partial waist-encircling portion for
      supporting suspended articles beneath the waist portion.
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ABST
PAL  In a preferred embodiment, a back-pack frame having a tent attached when
      mounted on the frame, in a manner whereby the tent substantially encloses
      several containers for clothes, food, and the like, and opposing flaps
      mounted on opposite upright frame supports extend laterally around the
      folded tent such as to substantially circumscribe the back-pack tent and
      when the opposing flaps are attached together at their leading edges, they
      are attachable in a manner which compresses and firms-up the back-pack,
      tent, and the enclosed containers, the individual flap carrying a
      plurality of accessory-attaching pockets each respectively customshaped to
      fit a particular accessory for which it is intended, and the back-pack
      frame serving as a support for one end of the tent in an erected state as
      well as the frame including other support elements transportable as a part
      of or as contained within the back-pack frame for supporting the erected
      tent at other positions such as an opposite tent end, the novel
      combination also including a detachable grill which when attached to the
      frame serves as a further support for supporting the folded tent pack when
      packed for back-packing.
BSUM
PAR  This invention relates to a back-pack tent combination for utilization in
      hunting, fishing, mountain climbing, canoeing, and the like.
PAC  BACKGROUND
PAR  Prior to this invention, there has not existed any back-pack of light
      weight suitable for utilization of various elements and parts thereof for
      multiple purposes while concurrently being of a practical small and
      light-weight size together with being adaptable to a variety of different
      particular sports such as hunting, or alternatively fishing, or
      alternatively mountain climbing, or alternatively canoeing, and the like,
      as well as none of the prior art packs being adaptable for speedy erection
      of the compacted tent as well as the speedy lowering and packing-up of the
      tent being possible together with the lack or inability of the camper or
      back-packer to have ready access to any one or more of the containers and
      contents thereof, and as well as the prior back packs not having, together
      with the other lack of advantages, ready accessibility to any one or more
      particular accessories that might be needed from time to time during the
      back-packing for any particular sport.
PAR  Typical of prior art patents directed to tents of the type capable of being
      carried on the back of a back-packer, include for example, U.S. Pat. No.
      650,554 to Conley directed to a tent-knap-sack combination in which the
      tent is convertible to a hammock; U.S. Pat. No. 2,792,844 of Clark
      directed to a collapsible tent-back-pack combination where the tent is of
      relatively of small size and for the carrying of a substantially small
      quantity of various goods; U.S. Pat. No. 1,198,778 to Robinson similarly
      directed to a collapsible tent and knap-sack combination and including a
      couple of pockets for utilization as the knap-sack portion for carrying a
      very small quantity of goods as might be desired; and the U.S. Pat. No.
      510,239 to Carr directed to a tent-bed-knapsack combination.
      Characteristic of back-pack frames and flaps of various designs are
      patents such as U.S. Pat. No. 2,836,334 to Davis, U.S. Pat. No. 3,368,725
      to Martin, U.S. Pat. No. 3,563,431 to Pletz, U.S. Pat. No. 3,367,547 to
      Albert et al., and U.S. Pat. No. 3,219,243 to Mack.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to overcome deficiencies of knapsacks,
      back-packs, tent-packs, of the type discussed above, together with
      obtaining novel advantages not heretofore available.
PAR  Another object is to reduce the overall bulkiness of a tent-back-pack.
PAR  Another object is to improve compactness of a tent back-pack.
PAR  Another object is a tent back-pack having multi-use elements.
PAR  Another object is a tent back-pack combination easily transportable on the
      back of a human being.
PAR  Another object is a collapsible back-pack tent combination in which the
      tent is capable of being speedily erected, and/or speedily taken-down.
PAR  Another object is a back-pack tent secureable to a back-pack frame, such as
      to be protective of container(s) a part of the back-pack.
PAR  Another object is a back-pack tent foldable and secureable such that one or
      more containers a part of the combination are readily accessible during
      backpacking, without the necessity of unpacking substantially an entire
      back-pack.
PAR  Another object is a back-pack tent utilizable of a back-pack frame as a
      tent support for support thereof.
PAR  Another object is a back-pack frame carrying tent-support elements.
PAR  Another object is a back-pack adaptable to multi-purpose utility such as
      various sports.
PAR  Another object is a back-pack adapted to conserve on space and/or to
      increase in the number of accessories transportable conveniently.
PAR  Another object is an improved tent flap adaptable to various conditions --
      or frame flap, as the case may be.
PAR  Another object is a tent of back-pack nature having a built-in
      water-resistent tent bottom(base).
PAR  Another object is a foldable tent having as a part thereof a suitable
      bed-pad.
PAR  Another objects become apparent from the preceding and following
      disclosure.
PAR  One or more objects described above are obtained by the invention as
      defined hereafter.
PAR  The invention herein is not so much the invention of any new element, but
      the invention rather resides in a novel combinations of improved utility
      and overall unity of function, with various elements serving multiple
      purposes whereby the back-pack unit of this invention is adaptable to a
      much greater extent than heretofore possible to varied conditions and
      sports. In particular, for example, the invention includes a novel
      combination including various pack container bags or units either separate
      or as compartments of a multicomparmented container unit, together with a
      collapsible portable tent, together with one or more flaps adapted to
      substantially encompass the folded collapsed tent which in turn preferably
      encompasses the container means (units), with the compressor means
      compressible of the overall unit, with a harness attached thereto for
      mounting the combination as a whole on any suitable carrier such as a
      motorcycle, a conoe, a horse or donkey, a human being for carrying on the
      back of a man or woman, or the like. In preferred embodiments of this
      basic combination, there are included other elements such as a back-pack
      frame, the back-pack frame itself being utilizable as a support element
      for the tent as well as preferably carrying in telescoped or within hollow
      tubular compartments other tent-erection support elements, with the folded
      tent secureable to and normally secured to, in the folded condition, the
      back-pack frame with the folded tent preferably partially encompassing and
      circumscribing and/or shielding the container bags in a manner such that
      at least one openable end of one or more of the container bags is
      accessible by the opening of the flap-compressor, and preferably with the
      flap compressor including accessory-container compartments thereon
      tailor-designed to fit particular predetermined accessories such as
      various fishing gear and/or hooks, or such as various types of guns,
      bullets, and/or shells, and the like, and such as mountain climbing or the
      like. Also, such a flap compressor preferably is detachable and
      conveniently attachable to a person such as by a loop receiveable of the
      head and neck of a person and/or appropriate tie-strings for tying around
      the neck or the waist, or the like.
DRWD
PAC  THE FIGURES
PAR  FIG. 1 illustrates a perspective view of a general camper including
      exterior pocket containers on the compressor flaps transportable of
      miscellaneous accessories.
PAR  FIG. 2 illustrates a side view of a camper with the flaps detached and
      removed therefrom illustrating the typical appearance of the several packs
      circumscribed by the folded tent with the folded tent mounted on the frame
      and with the accessory horizontal support snapped under the pack position
      onto the frame.
PAR  FIG. 3 illustrates a side view of the embodiment of FIG. 2 after the tent
      has been unrolled and the several packs and the horizontal support removed
      and laid-out beside the tent in a still partially folded tent-state, and
      the vertical frame supported at one end by the harness straps.
PAR  In side perspective views, FIG. 5 illustrates the appearance of the
      embodiment illustrated in FIG. 4, after erection of the tent and tying of
      the tent apex to an upper bar of the pack frame acting as a tent support
      at one end of the tent and with the tent supports formerly encased within
      the frame being mounted within the opposite end of the tent, as tent
      supports.
PAR  FIG. 6 illustrates an in-part view of the lower portion of a back pack
      frame having mounted thereon the horizontal base back pack support
      illustrated above in FIGS. 4 and 5.
PAR  FIG. 7 illustrates a perspective front view of a back-pack having
      telescopable upright supports with an awinging fabric in a partially
      raised position.
PAR  FIG. 8 illustrates a preferred embodiment in which a peg is inserted
      upwardly into each vertical support of an embodiment such as that of FIG.
      3, with the lower end of the harness attached thereto, with the peg
      illustrated in non-inserted exploded view, and being supportable of the
      tent end frame in a manner such as illustrated in each of FIGS. 4 and 5.
PAR  FIG. 9 illustrates an in-part enlarged view of one of the uprights of an
      embodiment such as that of FIG. 3, the FIG. 6A being a side view in
      cross-section.
PAR  FIG. 10 illustrates in perspective side view a canoe-trip camper in phantom
      with a typical pack therefor.
PAR  FIG. 11 illustrates in side perspective view a ski-mobile camper in phantom
      with a typical pack therefor.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the figures in greater detail, FIG. 1 illustrates a
      typical back pack and frame of this invention including opposing
      compressor flaps 1 and 2 wrapped laterally around a folded tent 3,
      additionally illustrating the accessory attaching means such as
      draw-string pockets 4 and 4' designed specifically to fit predetermined
      accessories, as well as attachments 5 and 5' for carrying line (rope) and
      axe.
PAR  FIG. 2 typically illustrates a side view of a camper of the type
      illustrated typically in FIG. 1, but with a side flap shown in an open
      position as flap 1B opened whereby mounted accessories are viewable on the
      inside of the flap and whereby a side view of the folded tent 3b is
      viewable as well as the drawstring storage packs or bags 8, 9, 10, and 11,
      these storage bags having their open ends accessible without dismounting
      the entire pack by merely opening the flap 1b as is illustrated. Also this
      view of FIG. 2 illustrates mounting straps 12, 13, 14 and 15, attaching
      the flap 1b to the frame post 16, as well as the straps 17 and 18 in-part
      attaching the tent 3b to the post 16. Also illustrated is the lower
      detachable frame-grill member 19 attach suitably at typical points 20 and
      21 to the frame post 16. Also partially hidden from view by the flap 1b is
      the strap 22. The tent pack 3b also is tied to the detachable frame 19
      typically straps such as by strap 23. FIG. 3 illustrates the embodiment of
      FIG. 2 with the flap 1b closed and tied by a bow-string such as bow-string
      6a.
PAR  FIG. 4 illustrates a perspective view of the embodiment of FIG. 1 when the
      folded tent is unrolled onto a horizontal surface such as the ground, with
      the frame post 16 together with the remainder of the frame held in an
      upright position by strap 22 with the insertable pegs staked into the
      ground. The telescoped stored tent support 25 in the hollow post 16 is
      still shown inserted. Compressor flaps are still mounted, with a loose tie
      string 24. Dismounted support 19 and stacked storage sacks 7a, 8a, 9a,
      10a, and 11a, are also illustrated.
PAR  FIG. 5 illustrates the same embodiment as that of FIG. 4 except with the
      tent in the unfolded and raised (erected) position, in particular
      additionally illustrating the tent-bar frame support 25 inserted into the
      distal end of the tent acting as a tent erection support, as well as line
      26 extending from the top of the tent as secured by a peg 27 by line end
      28a. Although side lines 28c, 28d, 28e, and the like help to hold the tent
      3b in a taught position and state of being, the top of the tent at the
      back pack frame end is attached by bow-strings 33. This figure
      additionally illustrates the netting 34 and 34' for holding the respective
      netting flaps together in a closed state when desired, and viewable inside
      of the tent is a pillow case 37 fixedly attached to a tent mat 36, the
      pillow case 36 preferably having an open or openable end to receive
      removed clothing of the camper to serve as the pillow stuffing. Also
      viewable is the also-attached slepping bag 38, which is a part of the tent
      bottom.
PAR  FIG. 6 illustrates the support-grill 19 and the mated male and female
      members such as 20 and 39 respectively and 21 and 40 respectively. It
      should be noted in FIG. 6 that the crossbars such as crossbars 31 and 32
      typically are arced to fit the back of a human being on which the frame is
      mountable, the frame of FIG. 6 being viewed as a back side thereof.
PAR  FIG. 7 illustrates a perspective front view of an embodiment utilizing
      telescopable upright supports, having telescopable structure shown in the
      attached (united) state forming a V-shaped awining-type structure having
      mounted thereon the awning fabric 71. FIG. 7 for example illustrates the
      tied tie-strings 70a and 70c securing the awning structure 69 at a chosen
      level such as in a partially raised position.
PAR  FIG. 8 illustrates an in-part and cross-sectional view of typically pole 16
      lower portion shaped to receive male peg (tent-peg) such as illustrated in
      FIG. 2, the peg loop having mounted thereon the harness strap 22 having a
      second utility as a tent support line or strap, by supporting the frame 16
      in an upright position.
PAR  FIG. 9 illustrates an in-part view of a typical frame support 16c having a
      typical tent support insert 25a composed of member 25b (upper) and a
      telescoped lower member 25c with a locking means 42 composed of separate
      disks 42a and 42b and eccentrically mounted screw 42c.
PAR  FIG. 10 illustrates a general camper but adapted for canoe use, including
      end tie-downs 66a' and 66b', 66c' and 66d; for security to prevent loss of
      the pack if the boat or canoe overturns.
PAR  FIG. 11 illustrates in rear perspective view a mounting in a position by a
      support by tie-downs 67a' through 67f', of a pack as it would be adaptable
      to a snowmobile.
PAR  Variations and equivalents of ordinary skill are included within this
      invention for all embodiments illustrated, described, and/or claimed
      hereafter.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pack comprising in combination: container means for retaining articles
      during transport thereof by harness attachment during enclosure in
      association with a folded tent by a compressor; a collapsible portable
      tent means for intermittent attachment in a folded state in association
      with the container means during compressor enclosure, by a harness
      attachment; flap compressor means for intermittent at-least partially
      enclosing and releasably securing together said container means and said
      tent means by harness attachment during transport thereof while enclosed
      by a compressor thereof; harness means for attachably harnessing together
      and during a harnessed state transporting said container means, said tent
      means in a collapsed folded state, and said compressor means in a state of
      enclosing the container means and the tent means; and a pack frame means
      for mounting of the harness means during said transporting, said pack
      frame means including transportable and harness-frame-attachable
      substantially rigid support elements anchoring securably the harness means
      during said transporting, the pack frame means including as a part of said
      support elements structure such that the support elements are coordinated
      one with the other in association with and mounted in the tent means in an
      unfolded state to result in a rigid tent-erection support holding the tent
      in an erected raised state.
NUM  2.
PAR  2. The pack according to claim 1, in which said container means comprises
      separate elongated bags having a closeable opening at at-least one end of
      each bag; in which said tent means includes a tent foldable around said
      bags such that each bag's said one-end opening remains accessible; and in
      which said compressor is over-lapable of said one-end opening of all of
      said bags.
NUM  3.
PAR  3. The pack according to claim 1, in which said compressor means includes
      accessory-attaching means for a transporting of accessories.
NUM  4.
PAR  4. The pack according to claim 1, in which said compressor means includes
      two opposing flaps and in which said tent is secureable to said frame
      means when said tent is in a folded state, said tent when folded at least
      partially enveloping said container means.
NUM  5.
PAR  5. The pack according to claim 4, in which said compressor means includes
      accessory-attaching means for a transporting of accessories.
NUM  6.
PAR  6. The pack according to claim 1, in which said tent means comprises
      tubular-shaped tent fabric and a bed-pad means extending longitudinally
      along one inner side of the tubular-shaped fabric.
NUM  7.
PAR  7. The pack according to claim 6, including openable and
      secureably-closeable netting and openableable and secureablycloseable
      weather-resistant closure means for closing-off the tent's end opening, at
      each openable end of said tubularshaped tent fabric.
NUM  8.
PAR  8. The pack according to claim 7, including a pack frame means which
      includes transportable and harness-frame-attachable support elements for
      said transporting and for attaching of said harness means to said frame
      means, said frame means support elements being rigid and utilizable in
      holding said tent means in an erected state, said tent means being
      receiveable of said elements, said container means comprising separate
      elongated bags and a closeable opening at at-least one end of each bag,
      said tent means including a foldable tent which when folded at least
      partially envelops said container means such that each bag's said at-least
      one-end opening remains accessible, said compressor means when in a
      compressing state being over-laping of said one-end opening of
      substantially all of said bags, said compressor means including two
      opposing flaps, being secureable to said frame means, and carrying
      accessory-attaching means for a transporting of accessories.
NUM  9.
PAR  9. The pack according to claim 8, in which at least one end-closure means
      includes a retractable awning means.
NUM  10.
PAR  10. The pack according to claim 1, in which said tent means comprises
      tubular-shaped tent fabric and a bed-pad means extending longitudinally
      along one inner side of the tubular-shaped fabric with an outerside of the
      tubular fabric about opposite to said bed-pad means being of a sturdier
      water-resistant composition than other portions of said fabric, openable
      and secureably-closeable weather-resistant closure means being included at
      each openable end of said tubular-shaped tent fabric, and a retractable
      awning means being included at at-least one end-closure means.
NUM  11.
PAR  11. The pack according to claim 1, including an accessory-attaching flap
      means comprising a plurality of closeable pocket fabric containers each
      shaped to conform to a particular accessory's shape and said plurality
      being shaped each respectively to receive accessories utilizable commonly
      for a particular sport.
NUM  12.
PAR  12. The pack according to claim 1, in which said compressor-means includes
      accessory-attaching flap means for transporting of accessories, said flap
      means comprising a plurality of closeable pocket fabric containers each
      shaped to conform to a particular accessory's shape and said plurality
      being shaped each respectively to receive accessories utilizable commonly
      for a particular sport.
NUM  13.
PAR  13. The pack according to claim 1, in which said tent means includes
      tent-extension fabric drapable over and substantially encloseable of a
      motorcycle.
NUM  14.
PAR  14. The pack according to claim 13, said pack frame means including a
      motorcycle with retractable stand means for parking in a substantially
      upright state and a tent-erection support means utilizable in holding said
      tent means in an erected state and said tent-erection support means
      including a support element collapsably mounted on said motorcycle.
NUM  15.
PAR  15. The pack according to claim 1, in which said frame means includes at
      least one element attachable to a motorcycle such that said frame means is
      mountable on a motorcycle aft section.
NUM  16.
PAR  16. The pack according to claim 1, in which said frame means includes at
      least one element attachable to a canoe interior.
NUM  17.
PAR  17. The pack according to claim 1, in which said frame means includes at
      least one element attachable to a snowmobile.
NUM  18.
PAR  18. A pack comprising in combination: a collapsible portable tent means
      for, when in a folded state, intermittent attachment by a harness
      attachment to a support frame structure; harness means for attachably
      harnessing together and during a harnessed state transporting said
      collapsible portable tent means in a folded state and other items; a
      human-being back pack frame means for mounting of the harness means during
      said transporting and for concurrently mounting onto a person's back the
      harness means, and for mounting thereon said tent means in a collapsed
      portable state, the pack frame means including substantially rigid
      tent-erection support elements holding said tent means in an erected
      state, the tent means being receivable of said elements; pack-container
      means for retaining articles during transport thereof by said harness
      means and said pack means together with said tent means in a collapsed and
      harnessed state as compressed by a compressor, said pack-container means
      comprising separate elongated bags having a closable opening at at-least
      one end of each bag; a tent-peg element attached to said pack frame means;
      a detachable lower frame element mountable on a lower portion of said pack
      frame means and when mounted extending rearwardly forming a substantially
      horizontal support for said tent means when folded and mounted on said
      frame means, the lower frame element being detachable and when detached
      being utilizable as a grill; flap-compressor means at least partially
      enclosable of and releasably-securable of said container means and said
      tent means and being over-lapable of said one-end opening of all of said
      bags, and having accessory-attaching means for transporting of
      accessories, and being two flaps mounted in opposing relationship to
      one-another as mounted on said frame means; the support elements including
      at least one male element and one female element lockable one into the
      other, the male element being storable within the female element, said
      harness means including a shoulder harness, said tent means including a
      tent folded around said bags such that each bag's said at-least one-end
      opening remains accessible, said tent being secured to said frame means
      when said tent is in either folded or unfolded erected states, said tent
      in an erected state extending rearwardly from said frame as a
      substantially tubular-shaped tent fabric; bed-pad means extending
      longitudinally along one inner side of the tubular-shaped fabric; and
      openable securably-closable netting and openable securably-closable
      weather-resistant closure means at each openable end of said
      tubular-shaped tent fabric.
NUM  19.
PAR  19. The pack according to claim 18, in which at least one end-closure means
      includes a retractable awning means, and said frame including two upright
      about parallel tubes and four transverse about horizontal tubes extending
      between and connecting said parallel tubes.
NUM  20.
PAR  20. The pack according to claim 19, in which said accessoryattaching means
      comprises a plurality of closeable pocket fabric containers each shaped to
      conform to a particular accessory's shape, and said plurality being shaped
      each respectively to receive accessories utilizable commonly for a
      particular sport.
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ABST
PAL  A bicycle carrier for automobiles is provided that includes a basic carrier
      frame, a handle bar clamp assembly, and a seat clamp assembly. There is
      also provided fastening means for maintaining the parts in their proper
      assembled position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to bicycle carriers, and more particularly to
      bicycle carriers for vehicles such as automobiles.
PAR  2. Summary of the Invention
PAR  A bicycle carrier for automobiles is provided wherein the carrier can be
      easily installed and removed from the vehicle, and wherein the carrier and
      bicycles are roof-mounted so as to place the bicycles safely out of way
      and assure the driver with clear visibility. Also, the carrier of the
      present invention has an improved capacity as compared to prior devices
      since it will carry a minimum of four bicycles and a maximum of six
      bicycles. The device uses an all mechanical securing means for a positive
      positioning of the bicycles.
PAR  The primary object of the present invention is to provide a bicycle carrier
      for automobiles wherein the carrier and bicycles can be easily installed
      and removed from the vehicle, and wherein the carrier is adapted to be
      mounted on the roof of the vehicle so that the bicycles will be out of the
      way.
PAR  Still another object of the present invention is to provide a vehicle
      bicycle carrier that is ruggedly constructed and efficient to use and
      which is simple and inexpensive to manufacture.
PAR  Other objects and advantages will become apparent in the following
      specification, when considered in the light of the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view illustrating the carrier mounted on an automobile roof,
      and showing a bicycle in broken lines mounted thereon, and for clarity of
      the illustration only one bicycle is illustrated.
PAR  FIG. 2 is an exploded assembly view illustrating certain of the components.
PAR  FIG. 3 is a fragmentary perspective view, with parts broken away and in
      section, showing the positioning and securing means for the handle bars.
PAR  FIG. 4 is a sectional view illustrating the handle bar securing means.
PAR  FIG. 5 is a perspective view illustrating the positioning and securing
      means for the rear portion of the bicycle.
PAR  FIG. 6 is a perspective view illustrating the securing means for the rear
      of the bicycle and showing the parts in a different position from that
      shown in FIG. 5.
PAR  FIG. 7 is a perspective view illustrating a modified or alternative method
      of securing the rear of the bicycle in place.
PAR  FIG. 8 is a perspective view of a still further modified or alternative
      method of securing the rear of the bicycle in place.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, and more particularly to FIGS. 1-6
      of the drawings, as shown in FIG. 1 there is illustrated a carrier mounted
      on an automobile roof with a bicycle typically mounted thereon. For
      clarity of illustration, only one bicycle is illustrated, but it is to be
      understood that the capacity of the carrier is a minimum of four bicycles.
      Similarly, FIG. 2 illustrates an exploded assembly view of the components
      for mounting one bicycle.
PAR  In accordance with the present invention, there is provided a bicycle
      carrier for automobiles which is a new and unique method of transporting
      bicycles on a roof carrier to fit automobiles or other vehicles. Some of
      the important features of the present invention are as follows:
PAR  First, the carrier is constructed so that it can be easily installed and
      removed from the vehicle. Secondly, it is roof mounted which placed the
      bicycle safely ouf of harm's way and provided the driver with clear
      visibility. Third, improved capacity is assured since it will carry a
      minimum of four bicycles and a maximum of six. Fourth, this construction
      uses an all mechanical securing means for a positive positioning of the
      bicycles. As a result of these mechanical features, there are the added
      advantages of no loose parts, all the hardware stays on the carrier, there
      are no extra pieces to misplace, and a custom fit feature for each
      bicycle. Also, the hardware adjusts for each bicycle to be mounted, and
      the device will stay set in place.
PAR  As shown in the drawings, the carrier comprises three main elements, FIG.
      2. Namely, there is a basic carrier frame which consists of two rails 1
      that are slotted on two longitudinal faces 20, but not restricted to two
      faces, and there are provided supporting brackets 4 for mounting to a car
      roof. There is provided a handle bar clamp assembly 2 that positions and
      secures the handle bars 13 in place. A seat clamp assembly 3 is provided
      for locating and securing the rear of the bicycle, and there is also
      provided fastening hardware.
PAR  The installation of the bicycle carrier and the mounting of the bicycles is
      as follows. The carrier comprises two identical rails 1 that can be made
      of any suitable material, such as aluminum, and these are mounted to the
      car's rain gutter in the manner typically used for ski racks, luggage
      carriers, and the like as indicated by the numeral 4. Suitable hardware is
      provided for gutterless cars so that where gutterless cars are being used,
      such suitable or special hardware can be made available.
PAR  The bicycles are placed upside down, FIG. 1, facing either forwards or
      backwards as the space permits, with a set of padded handle bar clamps for
      securing the front of the bicycle and the rear of the bicycle is located
      by the seat clamp assembly.
PAR  Initially the seat locating hardware is positioned first. The carriage
      bolts 16 are positioned in the slot 20, and the seat support bracket 15 is
      fastened in place by the lock washer 10 and the hexnut 11. The bicycle
      seat, when placed in the seat support bracket 15, will automatically
      center due to the V configuration of the part.
PAR  The seat protector pad 17 serves to cushion and protect the seat. The seat
      clamp 14 is located on one of the carriage bolts 16 and is swung over the
      saddle 21 frame 22 so that the open slot 23 will accept the second bolt
      16. The flanges 24 serve to strengthen the seat clamp 14, and the flange
      positioned at the end of the open slot will prevent the clamp 14 from
      disengaging from the bolt 16 due to the interference caused by the washer
      19 from the flange 24 should the wing nut 9 become accidentally loosened.
PAR  The method for securing the rear of the bicycle by means of a positive grip
      on the saddle frame 22 is due to the universality of this saddle frame and
      mounting post construction for all bicycles. As shown in the drawings, the
      seat clamp assembly 3, FIG. 2, comprises long carriage bolts or securing
      elements 16, square washers, seat support brackets 15, seat protector pads
      17, lock washers 10, hexnuts 11, seat clamp 14, saddle frame protector pad
      18, washers 19, and wing nuts 9.
PAR  As shown in the drawings, the front of the bicycle is secured in place by
      positioning the handle bar clamp assembly in a mean position to permit
      adjustment of the handle bar clamps 5 forward and backward. The handle bar
      clamps 5 are free to slide forward and back and swing 360.degree. due to
      the slot 25 in each handle bar clamp 5 to permit total adjustment to
      accommodate a variety of handle bar shapes 13. When the bicycle is
      considered to be positioned, the lower handle bar clamps 5 are secured by
      means of hexnut 11 and lock washer 10, FIG. 3. This construction
      facilitates removal of the bicycle from the carrier without disturbing the
      setting. Each bicycle can have its lower handle bar clamps 5 positioned to
      suit, providing a custom fit.
PAR  Next, to secure the handle bars in the clamps, the upper handle bar clamps
      5 are swung into place and tighened by the wing nuts; FIG. 4 shows the
      mounting of the bicycle handle bars 13 in a sectional view. In this view
      the lower handle bar clamp 5 securing lock washer 10 and hexnut 11 have
      been replaced by a single locking hexnut 26. The spacer 7 is essential to
      raise the handle bar post yoke clear of the carrier rail 1. The handle bar
      protective pad 6 cushions and protects the handle bar finish and the like.
PAR  Also, both the handle bar clamp assembly 2 and the seat clamp assembly 3
      are separate from the rails 1, and thus there is total freedom in the
      placement and spacing of the bicycles to be carried.
PAR  It is known that other bicycle carriers grip the bicycles by the wheels
      which puts a strain on the wheels and could easily deform the wheels. In
      the present invention, bicycles are physically separated, whereas in other
      types of carriers the bicycles are in contact with each other which
      results in damage to the parts.
PAR  Referring to FIG. 7, there is illustrated a modified or alternative
      construction for securing the rear of the bicycle in place. The principle
      is the same as that previously described except the parts are shaped
      differently. Formed metal bracket 27 is slotted as in 33 to permit
      vertical adjustment of the hold down bracket 28. To release the bicycle,
      the pressure is relieved from the hold down bracket 28 by loosening the
      wing nut 8, then the formed metal bracket 27 is moved away by loosening
      the wing nut 8 and sliding the bracket bolt 8 down the slot 20 in the rail
      1.
PAR  Referring to FiG. 8 of the drawings, there is illustrated a further
      alternate or modified method or means for securing the rear of the bicycle
      mechanically. The protective pad 30 U-bolt 29 engages the bicycle frame
      between the seat support 33 and the rear wheel support frame 34.
      Variations in seat height are accommodated by the threaded section of the
      U-bolt and the slots 32 in the seat support bracket 15.
PAR  The parts can be made of any suitable material and in different shapes and
      sizes.
PAR  It will, therefor, be seen that there has been provided a bicycle carrier
      for automobiles which is an improvement over the prior or existing types
      of bicycle carriers. Heretofor, bicycle carriers for transporting bicycles
      have been of three types: (1) A rear bumper mounted rack with a capacity
      of two to four bicyles. This type of carrier places the bicylces in direct
      jeopardy with regard to accidents and damage, should the vehicle bottom as
      in pulling out of a steep driveway. (2) The second method of transporting
      bicycles is the trunk mounted carrier with a capacity of two to four
      bicycles. This type may cause the bicycles to damage each other and
      further it obstructs the rear vision while driving the car. (3) The third
      type of carrier is the roof rack with a capacity of up to six bicycles.
PAR  Also, the present or prior state of the art shows that all bicycle carriers
      employ web straps and/or elastic straps to secure the bicycles in place.
      Due to the nature of the materials, the use of web straps and/or elastic
      straps permits excessive motion of the bicylces while in transit,
      requiring the user to stop and check the carrier. The strap approach
      results in an unwieldly array of straps to remove from the carrier and
      store when bicycles are not being transported. The straps are prone to
      weaken and wear out and break. This possibility, coupled with the chance
      of misplacing the loose parts, leaves much to be desired as a bicycle
      transporter. Also, the variety of accessories that may be fitted to
      bicycles could force the user to depart from the prescribed mounting
      format and resort to a random strapping arrangement that results in a
      haphazard securement at best.
PAR  In accordance with the present invention, there is provided a bicycle
      carrier that is a new and unique method of transporting bicycles on a roof
      carrier to fit all automobiles and the like. The construction uses an all
      mechanical securing means for a positive positioning in rack carriers and
      specifically roof mounted rack carriers for automobiles. The product is
      especially suitable for, but not restricted to, multi-speed light weight
      bicycles with a frame size from 21 inches to 25  inches, and comprises
      three main elements: (1) a basic carrier consisting of two rail racks
      slotted at least on two longitudinal faces but not restricted to two faces
      and the support hardware for mounting to a car roof; (2) handle bar clamps
      including adjustable clamps that position and secure the handle bars; (3)
      a seat clamp assembly that locates and secures the rear of the bicycle.
      There is also provided certain standard fastening hardware that can be
      furnished with the carrier.
PAR  When installing the bicycle carrier, the rack consisting of the two
      identical rails is mounted on the car's rain gutters and the bicycles are
      placed upside down facing each other forwards or backwards as previously
      noted. With the bicycles placed upside down facing either forwards or
      backwards as space permits, with a set of padded handle bar clamps
      securing the front of the bicycle, with the rear of the bicycle being
      secured to the rack by a formed plate which engages between the saddle and
      the bicycle frame. Initially the seat locating hardware and rack are
      positioned in place first. For clarity, this explanation assumes that all
      bicycles are mounted facing in the same direction. Next the handle bar
      hardware rack is located in a mean position to allow adjustment of the
      handle bar clamps forward and back, and the handle bar clamps are free to
      slide forward and back and swing 260.degree. to permit total adjustment to
      accommodate a variety of handle bar shapes. When the bicycle is considered
      to be positioned, the lower handle bar clamps are secured by means of a
      hexnut and washer. This facilitates removal of the bicycle from the rack
      without disturbing the setting. Each bicycle can have its lower handle bar
      clamps positioned to suit so as to provide a custom fit. Next, to secure
      the handle bars in the clamps, the upper handle bar clamps are swung into
      place and tightened by the wing nuts.
PAR  It will be seen that the mounting of the bicycle is new and unique in that
      it engages a plate between the seat post hardware and seat post frame to
      rigidly secure the bicycle using carriage bolts and wing nuts to the rack.
      Again the bicycle may be removed from the rear fastening hardware without
      disturbing the setting. This mounting procedure eliminates the major
      variables of handle bar height and seat height above the frame. When the
      rear of the bicycle is to be placed on the rack, the seat clamp is pivoted
      out of the way, the bicycle is placed on the rack, the seat clamp is swung
      into position and the wing nuts tightened which automatically applies
      securing pressure directly on the center of the seat frame hardware.
PAR  Further, the method for the securing the rear of the bicycle by means of a
      positive grip on the saddle frame is possible due to the universal design
      of the saddle frame and mounting post construction. This virtually makes
      seats identical for purposes of a standardized mounting technique or
      arrangement.
PAR  With further reference to the handle bar clamp, spacers permit clearance
      for the handle bar stem above the rack. As to the seat clamp, the center
      lines of pressure is directly over the seat frame. The seat support is
      adapted to be provided with a protector pad. And also the handle bar clamp
      is adapted to have a protector pad. In the event that the wing nut should
      loosen, the flange 24 on the seat clamp prevents the clamp from
      disengaging.
PAR  FIG. 3 is a perspective view showing the positioning and securing means for
      the handle bars.
PAR  An important aspect or feature of the present invention is the all
      mechanical securing means or arrangement.
PAR  It is, of course, to be understood that the embodiments of the invention
      are for the purposes of illustration only and that the scope of the
      invention is to be limited only by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A carrier for removably mounting at least one bicycle on an automobile
      comprising first and second spaced generally parallel rails, means for
      mounting said rails in selected positions on an automobile, a seat support
      bracket mounted on said first rail in a position to receive the seat of an
      inverted bicycle, seat clamp means for selectively positively clamping the
      bicycle seat on said seat support bracket, at least one handle bar clamp
      means adjustably mounted on said second rail, said handle bar clamp means
      including a lower clamp and an upper clamp member, said lower clamp member
      having an arcuate portion for receiving and supporting the handle bar of
      the bicycle, means for securing said lower clamp member in fixed adjusted
      position, said upper clamp member having a portion adapted to overlie the
      bicycle handle bar, and means for removably securing said upper clamp
      member in fixed position overlying the handle bar when the bicycle is in
      position, whereby the bicycle seat and handle bars are removably clamped
      to said first and second rails.
NUM  2.
PAR  2. The structure of claim 1 in which said seat clamp means includes an
      elongated seat clamp, upwardly extending bolt means fixed adjacent to each
      end of said seat support bracket, said seat clamp having openings for
      receiving said bolt means, and fastener means threadedly engaging said
      bolt means for causing said seat clamp to engage the bicycle seat and
      clamp the seat onto said support bracket.
NUM  3.
PAR  3. The structure of claim 1 in which said seat clamp means includes a pair
      of spaced formed metal brackets adjustably mounted on said first rail,
      each of said formed metal brackets adjustably supporting an inwardly
      extending hold down bracket, each of said hold down brackets selectively
      engaging the bicycle seat, means for securing said formed metal brackets
      to said first rail, and means for securing said hold down bracket in fixed
      adjusted position on said formed metal brackets, whereby said hold down
      brackets hold the bicycle seat on said seat support bracket.
NUM  4.
PAR  4. The structure of claim 1 in which said seat clamp means includes a
      U-bolt having a pair of generally parallel arms connected by a bight
      portion, a protective pad mounted on said bight portion, and means for
      securing the ends of said arms on said seat support bracket, whereby said
      U-bolt engages a portion of the bicycle frame for clamping the bicycle
      seat onto said support bracket.
NUM  5.
PAR  5. The structure of claim 1 including a pair of spaced handle bar clamp
      means disposed on opposite sides of the handle bar post.
NUM  6.
PAR  6. The structure of claim 1 in which said handle bar clamp means is
      adjustable toward and from said seat support bracket to accommodate
      bicycles of different sizes.
NUM  7.
PAR  7. The structure of claim 1 including protective pad means on each of said
      seat support bracket, seat clamp means, and said handle bar clamp means.
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ABST
PAL  An apparatus for recording information on a flexible strip or reproducing
      the information so recorded includes a guide structure for directing a
      leading end of an oncoming strip, of initially indeterminate curvature, to
      a self-threading area associated with a take-up reel regardless of strip
      curvature. The guide structure has an outlet with two or three channels,
      branching from its inlet, separated by one or two generally wedge-shaped
      deflectors pointing toward the inlet, the channels being defined by guide
      rollers establishing points of intersection thereof downstream of the
      deflector or deflectors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a recording or reproducing apparatus for
      strip-like information carriers, particularly to a projector for
      substandard format film, which is to be guided to the effective range of a
      threading device for winding up the leading end of the strip on a take-up
      reel during insertion into the apparatus.
PAR  If coated strips, particularly films, are guided to such a threading device
      for engagement with the take-up reel, the problem arises that the
      effective range of the threading device has relatively narrow limits, on
      the one hand, whereas, on the other hand, a coated strip often has a
      tendency to bend longitudinally. This tendency is not equal with different
      strips, but differs between very small radii towards one side to small
      radii towards the other side. The strip may also tend to remain straight
PAR  Thus, it could not be predicted whether the strips used in the apparatus
      will have any curvature and if so, of what type. The curvature, however,
      frequently causes the strip to be led outside the effective range of the
      threading device by the guiding means, so that the threading operation
      fails. If all strips had the same predetermined curvature, its effect
      could be compensated by a suitably formed guiding means. Since this is not
      the case, however, no way was found up until now to ensure the threading
      and proper engagement of the strip.
PAC  OBJECT OF THE INVENTION
PAR  The object of may present invention is to provide, in a strip-handling
      apparatus, a passive structure adapted to guide the leading end of a
      flexible strip toward a predetermined region of engagement past an
      intervening gap, such as the space separating a film guide from a
      self-threading device associated with a take-up reel in motion-picture
      equipment.
PAC  SUMMARY OF THE INVENTION
PAR  I realize this object, in accordance with my invention, by the provision of
      a guide structure having an inlet for an oncoming strip and an outlet
      forming a plurality of differently oriented paths, this structure
      containing directional discriminating means for delivering the leading end
      of the strip to one or the other path depending upon the direction taken
      by the strip -- according to its curvature -- inside the structure.
PAR  The discriminating means, inserted between two or three internal channels
      branching out from the inlet of the structure, may comprise a generally
      wedge-shaped deflector pointing toward the inlet, or a pair of such
      deflectors positioned side by side. Guide element such as rollers flank
      the channels downstream of the deflector or deflectors, these elements
      preferably including two outer rollers and an inner roller; with the axis
      of the inner roller lying upstream of a common axial plane of the outer
      rollers, the paths defined by these rollers intersect at a downstream
      point or points.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a somewhat diagrammatic elevational view of a motion-picture
      projector provided with a film-guiding structure according to my
      invention;
PAR  FIG. 2 is an enlarged sectional elevational view of a guide structure as
      shown in FIG. 1, representing a first embodiment;
PAR  FIGS. 2a, 2b and 2c are front, side and top views, respectively, of a
      deflector included in the structure of FIG. 2; and
PAR  FIG. 3 is a view similar to FIG. 2, showing a second embodiment.
DETD
PAR  A projector 1 has a supply reel 2 and a take-up reel 3. Between these two
      reels 2 and 3 there is a path for moving a film 4 through a film gate 5
      via a loop 6 to a guide 7 with the aid of feed means indicated
      diagrammatically at 27. The guide 7 is only shown schematically by a
      dotted line and has two channels 8 and 9 on its left end (see FIG. 1). The
      take-up reel 3 has a self-threading device not shown which may be formed
      in any manner known per se. Such self-threading devices are well-known in
      the art and do not form part of my invention. It is therefore not
      necessary to describe such devices in detail here. In this connection it
      is only essential that the film 4 be brought into the effective range of
      the self-threading device during threading operation to ensure engagement
      of the leading end of the film, the effective range being broader or
      narrower according to the construction used. Threading, however, is often
      inhibited by an undesired tendency of the film to bend. If the film 4
      should tend to bend in a direction corresponding to its curvature during
      take-up onto the supply reel 2 and if such a film were guided through
      channel 8, it would leave the channel as indicated by the dash-dotted line
      10 and would certainly not be threaded onto the take-up reel 3, no matter
      how the self-threading device were actually constructed. On the other
      hand, it is clear that the same film would be guided against the center of
      the take-up reel 3 after passing an alternate channel 9 which imparts an
      inverse curvature to the film. Obviously the principle applies also
      conversely to films having a tendency to bend in the opposite direction.
PAR  From the above considerations it follows that the guide 7 has to be channel
      placed with its end facing the take-up reel 3 in the path of either
      channel 8 or 9 that an arrangement has to be provided for guiding a strip
      to the proper channel if two fixed channels 8,9 are present. In very
      simple cases, it would of course be possible to leave it up to the user to
      thread the strip into the proper channel.
PAR  FIGS. 2 and 3 show how this could be realized automatically without movable
      parts and most economically. In FIG. 2 a portion of the guide structure 7
      is shown. At the outlet end of guide 7 facing the take-up reel 3 provide
      three rollers 11,12 and 13 flanking the channels 8 and 9. The rollers 12
      and 13 are arranged in such a manner that they impart a downward curvature
      to the strip running through channel 9, whereas roller 11 is arranged with
      respect to roller 12 so that an upward countercurvature is imparted to a
      film 4 running through channel 8. It will be noted that the axis of inner
      roller 13 is offset in an upstream direction from the common axial plane
      of outer roller 11 and 12, with the result that the paths 16 and 14, 15
      defined by roller pairs 11, 13 and 12, 13 intersect downstream of the
      rollers. The paths of films curved in a different manner are shown at
      14-16. Thus, the dash-dotted line 14 shows the path of a film without any
      tendency to bend, the dash-dash-dotted line shows the path of an inwardly
      curved film and the dash-dot-dotted line 16 shows the path of an outwardly
      curved film. If it is supposed that the hatched area 18 of reel 3 above
      the core 17 represents the effective range of the self-threading device
      within which self-threading and taking up of the leading end of the film
      is ensured, the lines 14-16 show that this effective range 18 will be
      reached under all circumstances.
PAR  It is, however, necessary that films without tendency to bend or inwardly
      curved films run through channel 9 whereas outwardly curved films are
      guided through channel 8. To this end I provide an enlarged passage 19 in
      guide 7 with a wedge-shaped deflector 20 placed in front of roller 13 with
      its tip confronting the leading end of the oncoming film 4 being threaded.
      In this enlarged area 19 the curvature of the film 4 becomes fully
      effective. The area 19 is bounded on opposite sides of the film plane, on
      the one hand, by an upper wall 21 and on the other hand by a lower wall
      22.
PAR  The leading end of a film with inward curvature will therefore be directed
      against the upper wall 21 after having passed the constricted inlet of the
      guide structure 7, which is flanked by a pair of rollers 25 and 26,
      whereas the leading end of an outwardly curved film will be directed
      against the lower wall 22. The deflector 20 is placed so that its upper
      surface adjoining the channel 9 is approximately in line with the inlet of
      the guide structure 7. Therefore films without tendency to bend would also
      be directed to channel 9. Also, film whose leading ends abut the upper
      surface 21 are deflected to the upper channel 9 where they receive a light
      countercurvature by the rollers 12 and 13 so that they run along line 15
      rather than along line 10 according to FIG. 1. The opposite applies to
      films whose leading ends are directed against the lower surface 22. The
      deflector 20 thus plays the role of an automatic shunt by means of which
      the direction of curvature of the film is automatically recognized. As may
      be seen, no movable parts are required to this end, Details of the
      deflector 20 are shown in FIGS. 2a - 2c in front view, side view and top
      view, respectively.
PAR  In FIG. 3 a further embodiment is shown in which, besides the two outer
      channels 8 and 9 for curved films, a central channel 23 for films without
      curvature is also provided in the guide 7. The paths of the differently
      curved films are again represented by lines 14-16. Since an individual
      channel 23 is assigned to films without tendency to bend, such films need
      not be taken into consideration as concerns channel 9, so that a more
      pronounced counter-curvature can be imparted to the inwardly curved films
      by the position of rollers 12, 13. This counter-curvature may be clearly
      seen from line 15, which is now more S-shaped than in FIG. 2. Films
      without tendency to bend run, to the contrary, between the roller 12 and a
      roller 24 and have only in some instances a slight outward curvature as a
      result of their own weight. In the event the projector 1 is positioned so
      that the reel axes are horizontal, the gravity of the films has to be
      taken into consideration when constructing the apparatus.
PAR  For proper deflecting of the film 4 into the channels 8,9 and 23 two
      delfectors 20a and 20b are provided in the embodiment of FIG. 3, both
      generally triangular in cross section. As can be seen, the deflector 20a
      is positioned alongside the deflector 20b between channels 8 and 9 in a
      broadened passage 19a, 19b, the larger deflector 20a lying in front of
      roller 24 and forming at its lower corner a clearance for a deflecting
      roller 12'. Channel 23 extends between the two deflectors.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In motion-picture equipment, in combination:
PA1  a take-up reel provided with film-threading means for engaging the leading
      end of an oncoming film strip of indeterminate initial curvature;
PA1  a guide structure for directing said film strip regardless of its curvature
      toward said film-threading means across an intervening gap, said guide
      structure having an inlet for said film strip and an outlet forming a
      plurality of differently oriented paths leading to said film-threading
      means;
PA1  feed means for transporting said film strip through said guide structure
      across said gap toward said filmthreading means; and
PA1  directional discriminating means in said guide structure between said inlet
      and said outlet for delivering the leading end of said film strip to one
      of said paths, depending upon the direction taken by the film strip
      according to its curvature inside said guide structure.
NUM  2.
PAR  2. The combination defined in claim 1 wherein said guide structure is
      internally provided with at least two channels branching out from said
      inlet and with guide elements downstream of said discriminating means
      establishing a point of intersection of said channels, said discriminating
      means comprising at least one generally wedge-shaped deflector inserted
      between said channels and pointing toward said inlet.
NUM  3.
PAR  3. The combination defined in claim 2 wherein said guide structure is
      provided with a set of rollers flanking said channels downstream of said
      deflector.
NUM  4.
PAR  4. The combination defined in claim 3 wherein said rollers include two
      outer rollers and an inner roller, said inner roller having an axis
      upstream of a common axial plane of said outer rollers whereby the paths
      defined by said rollers intersect downstream of said rollers.
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ABST
PAL  An ultrasonic flame soldering tool is provided which combines an ultrasonic
      contact probe and an acetylene air torch into a compact, convenient
      soldering unit. The tool can be used for soldering new or previously
      soldered joints in aluminum or other metals without the necessity of using
      a flux.
BSUM
PAR  This invention relates to an ultrasonic soldering tool and particularly to
      a tool for soldering new and previously soldered joints in aluminum or
      other metals without the use of a flux. The tool of the present invention
      is a convenient and compact unit which greatly facilitates the soldering
      of joints in metals without the use of flux.
PAR  The present invention provides a novel and significant improvement over
      present tools. The invention provides a light weight, compact and easily
      handled combination heat source and ultrasonic horn. The horn is
      replaceable and designed to fit the part to be soldered thereby assuring
      maximum agitation or cavitation of the solder. Further the combination of
      the present invention minimizes heat transfer from the heat source to the
      ultrasonic horn thereby permitting the use of high soldering temperatures.
      Also by eliminating the need for the use of a flux in the soldering
      operation the problems of corrosion caused by the flux are eliminated.
PAR  In the preferred form, my invention provides a heat source consisting of an
      acetylene air torch used to heat the work piece to soldering or brazing
      temperatures. An ultrasonic horn with tip design to fit the configuration
      of the parts is used to transmit ultrasonic energy into the joint. The
      ultrasonic energy transmitted to the joint causes cavitation or an
      interfacial scrubbing action of the solder thereby removing oxide from the
      base metal and effecting a metallurgical bond between the solder and the
      base metal. The generator and hoses and regulator which form an attachment
      of the heat source to an acetylene tank are also provided. In the
      foregoing general description, I have set out certain purposes, objects,
      and advantages of my invention. It will be described hereafter and will
      become apparent for those skilled in the art of soldering of metals when
      considering the following description and drawings showing an elevational
      view, partly the cross section, of a preferred embodiment of my invention.
DRWD
PAR  Referring to the drawing, I have illustrated an ultrasonic soldering tool
      comprising a heat source 10, transducer 11, and horn 12 having tip 13
      which is interchangeable and shaped to fit the configuration of work to be
      soldered. Heat source 10 and transducer 11 are affixed in case 14 to
      handle 15 in any manner suitable.
PAR  Heat source 10 is connected by means of a conduit to an acetylene tank. An
      open-close valve 16 is used to regulate the flow of the acetylene through
      heat source 10.
PAR  Transducer 11 is connected by means well known in the art to an electrical
      generator (not shown). The transducer is made from any of a variety of
      materials but in the preferred embodiment is piezoelectric ceramic such as
      PZT-4 Crystal. On-off switch 17 is inserted in handle 15 and is used to
      turn the generator on and off. Switch 17 is the pressure type and is open
      when pressure is not applied. The generator to which the transducer is
      connected can be any one of several comercially available ones. Preferably
      it should be adjustable as to output and duration of output.
PAR  Horn 12 is a low thermal conductivity material, such as Ti--6Al--4V Alloy,
      affixed to the transducer by means of a stud or like mechanical means. Tip
      13 is also a low thermal conductivity alloy attached to horn 12 by mating
      threads on the exterior surface of the horn and the interior of the tip.
      Tip 13 may be changed depending on the configuration of the piece to be
      soldered.
PAR  The operation of the apparatus of this invention is as follows. Switch 16
      is opened to permit the flow of acetylene completely through the heat
      source 10. The acetylene is ignited and the joint area is then heated
      above the melting point of the solder. Switch 16 is then closed. Solder is
      applied in the joint area by means well known in the art. Switch 17 is
      then depressed activating the generator causing an ultrasonic impulse to
      be delivered to the joint area through tip 13. The creation of the impulse
      by means of a generator and transducer is well understood by anyone of
      ordinary skill in the art. The impulse cavitates the solder and
      accomplishes a metallurgical bond between the solder and the base metal.
      This process is likewise well understood by one of ordinary skill in the
      art. The strength and duration of the ultrasonic impulse is determined by
      setting the generator. In the preferred embodiment the operation of
      frequency of the apparatus would be in the 16 KHZ to 90 KHZ range and
      operates during a 1 to 10 second period.
PAR  In the foregoing specification I have set out a certain preferred
      embodiment of my invention, however, it will be understood that this
      invention may be otherwise embodied within the scope of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An ultrasonic flame soldering tool comprising, a flame heat source
      means, and transducer means, spaced from the heat source means and
      connected thereto, said transducer means having tip means fixably attached
      thereto and extending forward of said flame heat source means and
      generally outside said flame source means to contact a work piece being
      soldered whereby the work piece is separately heated and subject to
      ultrasonic vibrations at solder temperature to cause molten solder on the
      work piece to wet and adhere to work piece.
NUM  2.
PAR  2. The ultrasonic flame soldering tool of claim 1 wherein said transducer
      means is constructed of piezoelectric ceramic.
NUM  3.
PAR  3. The ultrasonic flame soldering tool of claim 2 wherein said transducer
      has frequency between 16 and 90 KHZ.
NUM  4.
PAR  4. The ultrasonic flame soldering tool of claim 2 wherein said transducer
      has frequence of operation of 20 KHZ.
NUM  5.
PAR  5. The ultrasonic flame soldering tool of claim 1 wherein the flame source
      is acetylene and air.
NUM  6.
PAR  6. The ultrasonic flame soldering tool of claim 1 wherein the tip means is
      constructed of titanium alloy.
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PAL  Semiconductor devices are mounted on corresponding lead frames by being
      inserted into apertures of a masking member in a desired registration with
      the lead frame strip.
PARN
PAR  This invention is a continuation-in-part of copending application Ser. No.
      307,374, filed Nov. 17, 1972, for Improvements Related to Lead Frames, The
      Manufacture Thereof and The Mounting of Semiconductor Devices Thereon, a
      divisional thereof; Ser. No. 457,545, being filed Apr. 3, 1974.
BSUM
PAR  This invention relates to the mounting of semiconductor devices on
      supports, each support including a matrix of conductors initially in the
      form of a lead frame, the lead frame being part of a load frame strip, a
      plurality of identical lead frames being uniformly distributed along, and
      being uniformly oriented with respect to, the longitudinal axis of the
      strip. The lead frames may be formed in a metal layer on a composite body
      comprising the metal layer on a major face of an insulating substrate.
PAR  Each lead frame of the strip may comprise the support for a semiconductor
      device; or may comprise a carrier lead frame which is bonded, for example,
      to a larger, main lead frame, or to a conventional header arrangement, to
      complete the support for the semiconductor device. The semiconductor
      device on its support is then encapsulated by being moulded within a
      plastics material or by being enclosed in a hermetically-sealed, evacuated
      enclosure. At least a part of the conductor matrix of the lead frame is
      encapsulated with the semiconductor device, the conductor matrix being
      wholly encapsulated if it initially comprised part of merely a carrier
      lead frame of the support for the semiconductor device.
PAR  The conductor end portions of the conductors of each lead frame of such a
      strip is arranged to be such that a corresponding semiconductor device,
      when correctly oriented, is capable of being mounted satisfactorily on the
      lead frame by each device contact being connected exclusively to a
      co-operating conductor end portion.
PAR  Previously it has been known to use precision optical aligning means to
      ensure that the corresponding semiconductor devices are sufficiently
      accurately located on the end portions of the conductors of the lead
      frames of such a strip, in order to arrange that each device contact may
      be connected exclusively to a co-operating conductor end portion.
PAR  It is an object of the present invention to provide novel apparatus for
      mounting corresponding semiconductor devices onto such a lead frame strip,
      which apparatus ensures that, without employing precision optical aligning
      means, the devices are sufficiently accurately located on the co-operating
      end portions of the conductors of the lead frames for the subsequent
      satisfactory mounting of the devices.
PAR  According to the present invention apparatus for mounting semiconductor
      devices each rectangular-shaped in plan on a strip of corresponding lead
      frames, the lead frames being uniformly spaced along the longitudinal axis
      of the strip, each lead frame having a matrix of conductors, comprises a
      masking member defining at least one rectangular-shaped aperture, means
      for feeding the lead frame strip longitudinally through part of the
      apparatus with the aperture defined in the masking member being in a
      desired registration on a lead frame of the lead frame strip, conductor
      end portions for connection to contacts of a corresponding semiconductor
      device being exposed through the aperture, the arrangement of the lead
      frame and the aperture being such that when a corresponding semiconductor
      device is inserted in the required orientation into the aperture each
      device contact is exclusively opposite to a co-operating conductor end
      portion, and in said part of the apparatus there is included means to bond
      the device contacts to the co-operating conductor end portions.
PAR  In one form of the apparatus the aperture defined in the mashing member may
      have dimensions to allow a corresponding semiconductor device to be a
      sufficiently close fit within the aperture, to ensure that each device
      contact exclusively is opposite to the conductor end portion to which the
      contact is to be connected, when the masking member is in the required
      registration with the lead frame.
PAR  In another form of the apparatus the arrangement of the lead frame strip
      and the aperture defined in the masking member may be such that the
      following walls of the aperture as the masking member is fed through the
      apparatus are inclined in relation to the longitudinal axis of the lead
      frame strip, and each device contact exclusively is opposite to the
      conductor end portion to which the contact is to be connected when the
      masking member is in the required registration with the lead frame and the
      device is contiguous with the following walls of the aperture. Means may
      be provided to ensure that the corresponding semiconductor device is
      contiguous with the following walls of the aperture when the masking
      member is in the desired registration with the lead frame.
PAR  The aperture defined in the masking member may be square-shaped in plan,
      being arranged to receive a corresponding semi-conductor device which is
      also square-shaped in plan.
PAR  The masking member may define a plurality of apertures, the arrangement
      being such that consecutive apertures expose conductor end portions of
      consecutive lead frames of the lead frame strip.
PAR  Automatic means for inserting correspoding semiconductor devices in each
      aperture defined in the masking member when the masking member is in the
      desired registration with the lead frame strip may be provided; or the
      devices may be inserted manually.
PAR  According to another aspect of the present invention a method of mounting
      semiconductor devices each rectangular-shaped in plan on a strip of
      corresponding lead frames, the lead frames being uniformly spaced along
      the longitudinal axis of the strip, each lead frame having a matrix of
      conductors, comprises placing in the desired registration on a lead frame
      of the lead frame strip a masking member defining at least one
      rectangular-shaped aperture, conductor end portions for connection to
      contacts of a corresponding semiconductor device being exposed through the
      aperture, inserting a corresponding semiconductor device in the required
      orientation into the aperture so that each device contact is exclusively
      opposite to a co-operating conductor end portion, and bonding the device
      contacts to the co-operating conductor end portions.
DRWD
PAR  The present invention will now be described by way of example with
      reference to the accompanying drawings, in which
PAR  FIG. 1 is a plan view of part of a carrier lead frame strip,
PAR  FIG. 2 is an elevation of one embodiment of apparatus according to the
      present invention for mounting semiconductor devices on the carrier lead
      frames of the strip of FIG. 1, the apparatus employing a meshing member
      through apertures defined in which, whilst the mounting operation is being
      performed, the co-operating end portions of the conductors of the carrier
      lead frames to be connected to the corresponding semiconductor devices are
      exposed,
PAR  FIG. 3 is a plan view of the masking member when on the carrier lead frame
      strip,
PAR  FIG. 4 is a section through part of a carrier lead frame of the strip, and
      also shows a corresponding semiconductor device ready to be mounted on the
      carrier lead frame,
PAR  FIG. 5 is a plan view of a carrier lead frame, carrying a semiconductor
      device, and secured to a larger main lead frame to complete the support
      for the semiconductor device,
PAR  FIG. 6 shows a completed package for the semiconductor device, the package
      being in the form of a so-called "flat pack", in which package the device
      and the carrier lead frame of FIG. 5 are encapsulated in an epoxy resin,
PAR  FIG. 7 is a plan view of another embodiment of a lead frame strip,
PAR  FIG. 8 is a plan view of the masking strip when on the lead frame strip of
      FIG. 7, and
PAR  FIG. 9 is a section on the line IX -- IX of FIG. 8, and also shows a
      corresponding semiconductor device ready to be mounted on the lead frame
      strip.
DETD
PAR  FIG. 1 shows part of a strip 10 comprising a plurality of identical carrier
      lead frames 11. The carrier lead frames 11 are for use in supports for
      corresponding semiconductor devices, and are uniformly distributed along,
      and are uniformly orientated with respect to, the longitudinal axis of the
      strip 10, the longitudinal axis being indicated by the broken line 12. The
      carrier lead frames 11 are supported on a flat, elongated, insulating
      substrate 13 of uniform width, and are shown between the constituent
      conductors 14 of the carrier lead frames 11. The insulating substrate 13
      is of a polyimide and is sufficiently thick to provide the requisite
      support for the carrier lead frames 11.
PAR  Initially sprocket holes 15 are precisely punched adjacent to the
      longitudinal edges of the substrate 13, to ensure that the substrate is
      accurately positioned both in apparatus for forming the carrier lead
      frames 11, and in apparaturs for mounting corresponding semiconductor
      devices on the carrier lead frames 11.
PAR  The carrier lead frames 11 are formed in a layer of silver evaporatively
      deposited on the substrate 13, the thickness of the silver layer having
      the desired thickness for the carrier lead frames. The carrier lead frames
      11 are then formed from the silver layer in a precise manner, by a known
      method employing photolithographic etching techniques. Thus, the carrier
      lead frames 11 are precisely located on the substrate 13 and, in
      particular, inner end portions 16 of the conductors 14 of the carrier lead
      frames are precisely located in relation to the sprocket holes 15.
PAR  The parts of the silver layer extending between the carrier lead frames 11
      are not removed and hence, each carrier lead frame is part of an integral
      structure formed within the silver layer. The carrier lead frames are
      completed by electrolytically depositing on their exposed surfaces a layer
      of tin 17, shown in FIG. 4.
PAR  Each semiconductor device when satisfactorily mounted on a lead frame of
      the strip 10 has a contact connected to a conductor 14 of the lead frame.
      Thus, the pattern of the inner conductor end portions 16 of each carrier
      lead frame 11 corresponds to the pattern of contacts on each device.
PAR  The apparatus 20 by which the semiconductor devices 21 are mounted on the
      lead frames is shown partially, and in diagrammatic form, in FIG. 2. The
      strip 10 of carrier lead frames is fed in a controlled manner over a
      worktable 22 by engagement of the sprocket holes 15 with two sprocket
      wheels 23, a wheel 23 being at either end of the worktable 22, the wheels
      23 being rotated by control means (not shown). The strip 10 is fed between
      reels 24, the reels being changed when the strip 10 has passed over the
      worktable 22. An elongated masking member 25 of the polyimide is passed
      over the lead frame strip 10 whilst it is on the worktable 22. Movement of
      the strip 10 and member 25 is from right to left as viewed in the drawing
      and is represented by the arrow identified by reference character 9. The
      masking member 25 is of the same width as the lead frame strip 10 and is
      provided with sprocket holes 26 (not shown in FIG. 3), accurately punched
      along its longitudinal edges in the same manner as the sprocket holes 15
      of the lead frame strip 10. The sprocket holes 26 in the masking member 25
      are such that the masking member may be passed over the worktable 22 on
      the lead frame strip 10 with the sprocket holes 26 being engaged by the
      sprocket wheels 23. Hence, the sprocket holes 26 of the masking member are
      required to be slightly different size, and to be spaced apart by a
      slightly different amount, than the sprocket holes 15 of the strip 10, in
      order to take into account the curvatuve of the sprocket wheels 23.
PAR  Thus, the masking member 25 is precisely located on the lead frame strip 10
      and is fed in the same controlled way as the lead frame strip over the
      worktable 22, between reels 27, via idlers 28, and via the sprocket wheels
      23. The reels 27 are changed over when the masking member 25 has passed
      over the worktable 22.
PAR  The masking member 25 is pre-formed by precisely punching identical
      square-shaped apertures 30 uniformly distributed along the longitudinal
      axis of the member 25, as shown in FIG. 3, and simultaneously with the
      punching of the sprocket holes 26. The apertures 30 are arranged to be in
      such a relationship to the sprocket holes 26 that, with the masking member
      25 in the desired registration with the carrier lead frame strip 10 on the
      worktable 22, the inner end portion 16 of each conductor 14 of the strip
      10 is exposed. FIG. 3 is a plan view of the masking member 25 whilst on
      the worktable 22 of the apparatus 20, and the carrier lead frames 11
      beneath the masking member 25 are indicated in broken line form, except
      for the conductor end portions 16 exposed through the apertures 30.
PAR  As shown in FIG. 4, the length of each side of each square-shaped aperture
      30 in the masking member 25 is such that the square-shaped semiconductor
      devices 21 to be mounted on the carrier lead frames 11 are a close fit
      within the aperture 30. This Figure comprises a section of the masking
      member 25 on the carrier lead frame strip 10, and shows a corresponding
      semiconductor device ready to be mounted on a carrier lead frame.
      Sufficiently accurate registration between the contacts on the devices 21
      and the co-operating conductor end portions is ensured by arranging that
      the devices are a close fit within the aperture 30.
PAR  Each semiconductor device 21 is formed in a known manner, and has contacts
      32 comprising hemispherical solder protrusions on a passivated surface 33
      of the device. The protrusions are formed on selected parts of aluminum
      conductors on the passivated surface 33, the selected aluminum parts being
      rendered solderable by depositing chemically a first, temporary, layer of
      zinc from a solution of zinc oxide and caustic soda, removing the first
      zinc layer with nitric acid solution, and depositing a second, permanent
      zinc layer on the now clean surface of the aluminum. The second zinc layer
      has an activated surface and a nickel layer is formed on this surface by
      the action of a reducing agent on an acid solution of nickel chloride with
      sodium hypophosphite or sodium borohydride. The surface 33 of the
      passivating layer on the semi-conductor device surrounding the solder
      protrusions 32 is rendered non-wettable by molten solder, so that molten
      solder does not spread over this surface. The solder protrusions 32 are
      formed in a precise manner and are accurately located on the surface 33.
PAR  The difference between the length of each side of each square-shaped
      aperture 30 in the masking member 25 and the length of each side of each
      square-shaped device 21 is arranged to be at most equal to the radius of
      the hemispherical solder protrusions 32 on the device. Further, the
      arrangement is such that, when the semiconductor device 21 is inserted
      into the aperture 30, and is correctly oriented in relation to the
      longitudinal axis of the lead frame strip 10, each solder protrusion
      contact 32, inevitably, is exclusively opposite to the conductor end
      portion 16 with which it is required to be connected. This latter
      criterion is ensured by the accuracy of the size of the aperture 30 of the
      masking member 25 and by the closeness of the fit of the device within the
      aperture 30; by the accuracy with which the conductor end potions 16 and
      the device contacts are formed, respectively, on the insulating substrate
      12 and the device 21; and by the accuracy of the location of the aperture
      30 of the masking member 25 in relation to the conductor end portions 16,
      when the lead frame strip 10 and the masking member 25 are in the desired
      registration with each other.
PAR  Thus, it is only necessary to ensure that the corresponding semiconductor
      devices 21 are correctly orientated in relation to the longitudinal axis
      of the lead frame strip when inserted in the aperture 30 of the masking
      member 25. The device 21 may be inserted manually in the apertures 30 or,
      as shown in FIG. 2, the apparatus 20 may include automatic means 35 for
      inserting the devices. The automatic means 35 includes a suction head for
      holding the devices, and indexing mechanism for raising and lowering the
      head, in the direction of the arrow 36, to deposit the devices in the
      aperture 30, and for moving the head between a position over an aperture
      30 and a position where it is capable of picking up a device. In any
      event, the devices 21 may be placed in the apertures 30 without employing
      precision optical aligning means, and at a faster rate than the locating
      of a semiconductor device over end conductor portions of a lead frame to a
      sufficient degree over end portions of a lead frame to a sufficient degree
      of accuracy by precision optical aligning means.
PAR  The carrier lead frame strip 10, whilst on the worktable 22, and after the
      semiconductor devices 21 have been inserted in the apertures 30 in the
      masking member 25, is heated by means 38 to cause the solder protrusions
      32 on the device 21 to melt. When resolidified, and the devices 21 are
      bonded to the carrier lead frames, the solder forms the desired electrical
      interconnections between the semiconductor devices 21 and the conductors
      14 of the carrier lead frames 11. Whilst molten, surfaces tension forces
      cause the solder to have the least possible surface areas and, thus, each
      semiconductor device is pulled in the plane of the semiconductor device
      into exact registration with the conductor end portions 16 of the carrier
      lead frame 11, if the initial placing of the semiconductor device 21 in
      the aperture 30 has not achieved this. The solder protrusions 32 melt at
      the temperature of 183.degree.C, and the performances of silicon
      semiconductor devices are not adversely affected by subjecting the
      semiconductor devices to this temperature.
PAR  The semiconductor devices 21 are mounted on the carrier lead frames 11 to
      provide so-called flip-chip structures.
PAR  Thus, the devices 21 are mounted on the strip 10, and are removed from the
      apertures 30 in the masking member 25 when the masking member 25 is
      separated from the strip 10 at the second sprocket wheel 23. The strip 10,
      with the semiconductor devices mounted thereon, is wound up on the reel
      24.
PAR  In one particular embodiment according to the present invention the
      accuracy of the size and the location of the sprocket holes 15 in the
      carrier lead frame strip 10, the sprocket holes 26 in the masking member
      25, and the apertures 30 in the masking members 25, is .+-. 15 .times.
      10.sup.-.sup.4 inch.
PAR  Subsequently, each carrier lead frame 11, with the associated semiconductor
      devices 21, is severed from the strip 10. The part of the polyimide
      substrate 13 beneath the carrier lead frame is removed with the carrier
      lead frame. The exposed surfaces of the remaining outer portions of each
      conductor 14 are then soldered in co-operating conductors 40 of a larger,
      main lead frame 41, as shown in FIG. 5, to complete the support for the
      device 21. The main lead frame 41 is made of nickel plated with silver,
      and is stamped from a composite sheet in a multi-stage process. Each
      carrier lead frame 11 is secured to the co-operating main lead frame 41 by
      employing a conventional reflow soldering process. The soldering action
      occurs at regions of the lead frames 11 and 41 remote from the
      semiconductor device and, thus, these regions of the lead frames may be
      subjected to the solder melting temperature without adversely affecting
      the performance of the semiconductor device.
PAR  The package for the semiconductor device 21 is completed by encapsulating
      the semiconductor device and the carrier lead frame in an epoxy resin 43
      moulded in situ around the combination, as shown in FIG. 6. The conductors
      40 of the main lead frame 41 are then rendered electrically discrete by
      removing the boundary part 44 of the main lead frame 41 by breaking
      tie-bars 45 extending between the conductors 40 of the main lead frame.
      The completed package 46 has the so-called "flat-pack" construction.
PAR  A plurality of main lead frames 41 also are initially in the form of a
      strip 47, and a plurality of semiconductor device-carrier lead frame
      combinations may be mounted simultaneously on the strip 47, and may be
      encapsulated in the epoxy resin 43, in a batch process. Suction means for
      positioning the combinations on the main lead frames 41, moulding
      apparatus for the epoxy resin 43 and severing means to render the
      conductors 40 of the main lead frames electrically discrete, all may be
      embodied in apparatus to enable these process steps to be completed
      automatically. The boundary part 44 of each main lead frame 41 of the
      strip 47 is provided with sprocket holes 48 to ensure that the strip 47 is
      correctly positioned at different stages in the automatic apparatus
      employed in performing each of these steps.
PAR  Another embodiment of a lead frame strip 50 is shown in FIGS. 7 to 9, and
      parts of this lead frame strip identical with or closely resembling parts
      of the carrier lead frame strip 10 of FIGS. 1 to 6 are given the same
      reference numbers as the parts of FIGS. 1 to 6 the direction of movement
      of the carrier lead frame strip of FIGS. 7 to 9 through the apparatus is
      from left to right as viewed in the drawing and as represented by the
      arrow 56 shown in FIG. 8.
PAR  The conductors 51 of the lead frames 52 of the lead frame strip 50 are
      arranged to co-operate with contacts 32 on four sides of a semiconductor
      device 53.
PAR  In FIG. 8, which corresponds to FIG. 3, and is a plan view of the masking
      member 54 whilst in the desired registration on the lead frame strip 50,
      the lead frames 52 beneath the masking member 54 are indicated in broken
      line form, except for the conductor end portions 16 exposed through the
      apertures 55 in the masking member 54. The right-hand side of this Figure
      shows the arrangement of the apertures 55 and the lead frames 52. The left
      hand side of the Figure shows semiconductor devices within the apertures
      55.
PAR  Each square-shaped aperture 55 in the masking member 54 has walls which are
      inclined at 45.degree. to the longitudinal axis 12 of the lead frame
      strip. When a semiconductor device 53 is inserted in an aperture 55, and
      is fed through the apparatus on the lead frame strip 50, inevitably it
      becomes contiguous with the following walls of the aperture so that its
      position within the aperture 55 is known precisely. Means, such as a brush
      with glass fibre bristles, and shown in broken line form at 58 in FIG. 2,
      is employed to ensure that each semiconductor device 53 is swept to be
      contiguous with the following walls of the aperture 55.
PAR  FIG. 9 corresponds to FIG. 4, comprising a section of the masking member 54
      on the lead frame strip 50, and shows a semiconductor device 53 ready to
      be mounted on a lead frame 52.
PAR  Instead of the whole of the lead frames being tinned, solder protrusions
      60, of the same size as the solder protrusions 32 on the semiconductor
      devices 53, are formed on the end portions 16 of the lead frame conductors
      51. The arrangement of the masking member 54 when in the desired
      registration with the lead frame spring 50 is such that, with a
      corresponding semiconductor device 53 inserted into an aperture 55, and
      correctly orientated in relation to the longitudinal axis 12 of the lead
      frame strip 50, each solder protrusion device contact 32 inevitably is
      exclusively opposite to the protrusion 60 on the conductor with which it
      is required to be connected. This criterion is ensured by the accuracy
      with which the conductor end portions, the protrusions 60 and the device
      contact protrusions 32 are formed; and by the accuracy of the location of
      the aperture 55 of the masking member 54 in relation to the conductor end
      portions 16.
PAR  Thus, when the solder is melted, to form the desired electrical
      interconnections between the device contacts and the conductors, the
      co-operating pairs of protrusions coalesce with each other, and surface
      tension forces ensure that the device contacts are in exact registration
      with the end portions 16 of the conductors 51.
PAR  The lead frame strip 50 is not provided on an insulating substrate, but is
      stamped from a metal sheet in a precision way in a multi-stage stamping
      process. Thus, the lead frame strip 50 closely resembles the main lead
      frame strip 47 of FIG. 5. Further, each lead frame 52 comprises the sole
      support for the semiconductor device 53.
PAR  For convenience a device 53 with only eight contacts 32 is illustrated, but
      it will be appreciated that the device may have many more contacts along
      its periphery.
PAR  The lead frame strips 50 is wound around a reel after the semiconductor
      devices 53 have been mounted on the strip, and because the lead frame
      strip is not on an insulating substrate a separate insulating sheet is
      provided between the turns of the lead frame strip when wound upon the
      reel.
PAR  Although each semiconductor device 53 is mounted only on a single lead
      frame 52, the extension of the outer portions of the conductor 14 of a
      carrier lead frame 11 beyond the periphery of the semiconductor device 21
      ensures that it is easier to mount such a combination on a main lead frame
      41 of FIG. 5, than to mount the semiconductor device on the single lead
      frame 52 of FIGS. 7 to 9 having dimensions corresponding to those of the
      main lead frame 41. This is because the inner end portions of the
      conductors 40 of the main lead frame 41 are spaced further apart than for
      a single lead frame 52. Thus, the locating of the carrier lead
      frame-semiconductor device combination over these inner end portions of
      the conductors 40 of the main lead frame 41 is easier than for the
      semiconductor device 53 alone over the inner end portions of the
      conductors of the single lead frame 52.
PAR  The contacts of the semiconductor devices may be of any suitable form, and
      need not necessarily comprise protrusions of solder.
PAR  The apparatus 20, described above with reference to FIG. 2, may take many
      different forms. In particular, the means for feeding the lead frame strip
      and the masking member in the desired registration with each other through
      the apparatus may take any convenient form. Thus, it may not include
      sprocket wheels, or it may include only one sprocket wheel, or it may have
      a different sprocket wheel or wheels to feed the carried lead frame strip
      and the masking strip.
PAR  The masking member instead of having a plurality of apertures, may have
      only one aperture. Thus, the masking member may be placed repetitively in
      the desired registration on the lead frames on the worktable. Hence, after
      a semiconductor device has been inserted into the aperture and has been
      bonded to a lead frame, the masking member is removed, the lead frame
      strip is displaced to bring a different lead frame onto the worktable, and
      the masking member is replaced in the desired registration with the new
      lead frame on the worktable. Such a reciprocating action may also be
      employed with a masking member having a plurality of apertures, in each
      location of the masking member on the lead frame strip a plurality of lead
      frames being exposed partially through the apertures in the masking
      member.
PAR  In any event, when a masking member with a plurality of apertures is
      provided, a plurality of semiconductor devices may be mounted
      simultaneously on the lead frame strip in a batch process, by multi-head
      automatic apparatus.
PAR  The semiconductor devices may be tested after they are mounted on the lead
      frame strip and if found to be faulty, or to be improperly mounted, may be
      removed.
PAR  The conductors 14 of the carrier lead frames 11 of the strip 10 initially
      may be formed electrically isolated from each other when the silver layer
      is etched.
PAR  The lead frames 11, 52 and 41 may be of any convenient material, for
      example, the carrier lead frame 11 may be of copper instead of silver. The
      insulating substrate 13, when provided, may be of a polyester of a
      polyamide instead of a polyimide.
PAR  The final encapsulation of the semiconductor device 21 or 53 may be in any
      suitable moulding compound, or may be within an evacuated enclosure, the
      parts of which enclosure are sealed hermetically in the conductors 14, 51
      or 40 of the lead frames.
PAR  Instead of a dual-in-line completed package as shown in FIG. 6 the package
      may have conductors extending from each side of a square or rectangular
      shaped package. In either such arrangement, the ends of the conductors
      beyond the encapsulation for the semiconductor device may be bent so that
      they may be received in a co-operating socket.
PAR  A carrier lead frame-semiconductor device combination may be mounted on a
      conventional header arrangement, instead of a main lead frame, in order to
      complete the support for the device.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for mounting semiconductor devices each of which are
      rectangular-shaped in plan and having contacts thereon comprising a
      continuous strip including a plurality of lead frames, the lead frames
      being uniformly spaced along the longitudinal axis of the strip, each lead
      frame having a matrix of conductors, the end portions of which are adapted
      for connection to contacts of a corresponding semiconductor device, a
      masking member defining at least one rectangular-shaped aperture for
      accurately locating a semiconductor device, means for feeding the lead
      frame strip and masking member longitudinally between a first and a second
      station with the aperture defined in the masking member being in a desired
      registration on a lead frame of the lead frame strip such that the
      conductor end portions of that lead frame are exposed through the
      aperture, means at one of said stations for precisely positioning the lead
      frame and the masking member with respect to each other such that when a
      corresponding semiconductor device is inserted in the required orientation
      into the aperture each device contact is exclusively opposite to a
      co-operating conductor end portion, and bonding means disposed between
      said first and said second station and adjacent the paths of travel of
      said lead frame strip and masking member for bonding the device contacts
      to the cooperating conductor end portions.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 in which the aperture defined in the
      masking member in square-shaped in plan, and further including means
      disposed between said first and said second station for positioning a
      corresponding semiconductor device which is also square-shaped in plan in
      said aperture.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 in which the masking member defines a
      plurality of apertures disposed along the longitudinal axis of the masking
      member, and said lead frame strip and masking member being fed adjacent
      each other such that consecutive apertures expose conductor end portions
      of consecutive lead frames of the lead frame strip.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 wherein said means for feeding includes
      at least one sprocket wheel at one of said station, said sprocket wheel
      engaging co-operating sprocket holes formed in both the masking member and
      the lead frame strip to feed the masking member and the lead frame strip
      in the desired registration with each other between said first and said
      second stations upon rotation of said sprocket wheel.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 including means for automatically
      inserting corresponding semiconductor devices in each aperture defined in
      the masking member when the masking member is in the desired registration
      with the lead frame strip, said inserting means being disposed adjacent
      the path of travel of the masking member and the lead frame strip and
      between the first and second stations.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 wherein said means for feeding the lead
      frame strip and masking member including a first wheel rotatably supported
      at said first station, a second wheel rotatably supported at said second
      station, at least one of said wheels being a sprocket wheel, said lead
      frame strip and said masking member each including sprocket holes spaced
      along the length thereof and said sprocket wheel being disposed so as to
      engage the sprocket holes of said lead frame strip and said masking member
      and feed said strip and said member in a controlled manner.
NUM  7.
PAR  7. Apparatus as set forth in claim 6 wherein the sprocket holes of the
      masking member are different in size and spaced apart by a different
      amount than the sprocket holes of the lead frame strip to take into
      account the curvatuve of the sprocket wheel over which the lead frame
      strip and masking member pass, said lead frame strip and masking member
      being disposed to pass over said sprocket wheel together.
NUM  8.
PAR  8. Apparatus for mounting semiconductor devices each rectangular-shaped in
      plan on a strip of corresponding lead frames, the lead frames being
      uniformly spaced along the longitudinal axis of the strip, each lead frame
      having a matrix of conductors, the end portions of which are adapted for
      connection to contacts of a corresponding semiconductor device comprises a
      masking member defining at least one rectangular-shaped aperture, means
      for feeding the lead frame strip longitudinally between a first and a
      second station with the aperture defined in the masking member being in a
      desired registration on a lead frame of the lead frame strip such that the
      conductor end portions for connection to contacts of a corresponding
      semiconductor device are exposed through the aperture, said feeding means
      including means for precisely positioning the lead frame and the aperture
      such that when a corresponding semiconductor device is inserted in the
      required orientation into the aperture each device contact is exclusively
      opposite to a co-operating conductor end portion, and means between said
      first and said second stations for bonding the device contacts to the
      co-operating conductor end portions, the aperture defined in the masking
      member having dimensions to allow a corresponding semiconductor device to
      be a sufficiently close fit within the aperture to ensure that each device
      contact exclusively is opposite to the conductor end portion to which the
      contact is to be connected when the masking member is in the required
      registration with the lead frame.
NUM  9.
PAR  9. Apparatus as claimed in claim 8 wherein said means for feeding the lead
      frame strip and masking member including a first wheel rotatably supported
      at said first station, a second wheel rotatably supported at said second
      station, at least one of said wheels being a sprocket wheel, said lead
      frame strip and said masking member each including sprocket holes spaced
      along the length thereof and said sprocket wheel being disposed so as to
      engage the sprocket holes of said lead frame strip and said masking member
      and feed said strip and said member in a controlled manner.
NUM  10.
PAR  10. Apparatus as claimed in claim 8 in which the aperture defined in the
      masking member in square-shaped in plan and disposed to receive a
      correspondning semiconductor device which is also square-shaped in plan.
NUM  11.
PAR  11. Apparatus as claimed in claim 8 in which the masking member includes a
      plurality of apertures, consecutive apertures exposing conductor end
      portions of consecutive lead frames of the lead frame strip.
NUM  12.
PAR  12. Apparatus as claimed in claim 8 wherein said means for feeding includes
      at least one sprocket wheel, said sprocket wheel engaging co-operating
      sprocket holes formed in both the masking member and the lead frame strip
      to feed the masking member and the lead frame strip to the desired
      registration with each other through said part of the apparatus upon
      rotation of said sprocket wheel.
NUM  13.
PAR  13. Apparatus as claimed in claim 8 further including automatic inserting
      means for inserting corresponding semiconductor devices in each aperture
      defined in the masking member when the masking member is in the desired
      registration with the lead frame strip, said inserting means being
      disposed adjacent the path of travel of the masking member and the lead
      frame strip and between the first and second stations.
NUM  14.
PAR  14. Apparatus for mounting semiconductor devices each rectangular-shaped in
      plan on a strip of corresponding lead frames, the lead frames being
      uniformly spaced along the longitudinal axis of the strip, each lead frame
      having a matrix of conductors, the end portion of which are adapted for
      connection to contacts of a corresponding semiconductor device comprises a
      masking member defining at least one rectangular-shaped aperture, means
      for feeding the lead frame strip longitudinally between a first and a
      second station with the aperture defined in the masking member being in a
      desired registration in a lead frame of the lead frame strip such that
      conductor end portions for connection to contacts of a corresponding
      semiconductor device are exposed through the aperture, said feeding means
      including means for precisely positioning the lead frame and the aperture
      such that when a corresponding semiconductor device is inserted to the
      required orientation into the aperture each device contact is exclusively
      opposite to a co-operating conductor end portion, and means between said
      first and second stations for bonding the device contacts to the
      cooperating conductor end portions, the lead frame strip and the masking
      member being fed one atop the other the aperture defined in the masking
      member such that the leading walls of the aperture as the masking member
      is fed between said stations are inclined in relation to the longitudinal
      axis of the lead frame strip and each device contact exclusively is
      opposite to the conductor end portion to which the contact is to be
      connected when the masking member is in the required registration with the
      lead frame and the device is contiguous with the following walls of the
      aperture.
NUM  15.
PAR  15. Apparatus as claimed in claim 14 including means for maintaining the
      semiconductor device contiguous with the following walls of the aperture.
NUM  16.
PAR  16. Apparatus as claimed in claim 15 in which the means for maintaining the
      corresponding semiconductor device contiguous with the following walls of
      the aperture comprises a brush with brush being mounted adjacent the path
      of travel of the lead frame strip and masking member to sweep the
      semiconductor device into the required position as the masking member and
      the lead frame strip are fed from the first station to said second
      station.
NUM  17.
PAR  17. Apparatus as claimed in claim 14 wherein said means for feeding the
      lead frame strip and masking member including a first wheel rotatably
      supported at said first station, a second wheel rotatably supported at
      said second station, at least one of said wheels being a sprocket wheel,
      said lead frame strip and said masking member each including sprocket
      holes spaced along the length thereof and said sprocket wheel being
      disposed so as to engage the sprocket holes of said lead frame strip and
      said masking member and feed said strip and said member in a controlled
      manner.
NUM  18.
PAR  18. Apparatus as claimed in claim 14 in which the aperture defined in the
      masking member is square-shaped in plan and disposed to receive a
      corresponding semiconductor device which is also square-shaped in plan.
NUM  19.
PAR  19. Apparatus as claimed in claim 14 in which the masking member includes a
      plurality of apertures, that consecutive apertures exposing conductor end
      portions of consecutive lead frames of the lead frame strip.
NUM  20.
PAR  20. Apparatus as claimed in claim 14 wherein said means for feeding
      includes at least one sprocket wheel, said sprocket wheel engaging
      co-operating sprocket holes formed in both the masking member and the lead
      frame strip to feed the masking member and the lead frame strip to feed
      the masking member and the lead frame strip in the desired registration
      with each other through said part of the apparatus upon rotation of said
      sprocket wheel.
NUM  21.
PAR  21. Apparatus as claimed in claim 14 further including automatic inserting
      means for inserting corresponding semicondutor devices in each aperture
      defined in the masking member when the masking member is in the desired
      registration with the lead frame strip, said inserting means being
      disposed adjacent the path of travel of the masking member and the lead
      frame strip and between the first and second stations.
NUM  22.
PAR  22. Apparatus for mounting semiconductor devices each rectangular-shaped in
      plan on a strip of corresponding lead frames, the lead frames being
      uniformly spaced along the longitudinal axis of the strip, each lead frame
      having a matrix of conductors, the end portions of which are adapted for
      connection to contacts of a corresponding semiconductor device, comprises
      a masking member defining at least one rectangular-shaped aperture for
      accurately locating the semiconductor devices, means for feeding the lead
      frame strip and the masking member longitudinally between a first and a
      second station with the aperture defined in the masking member being in a
      desired registration on a lead frame of the lead frame strip such that
      conductor end portions for connection to contacts of a corresponding
      semiconductor device are exposed through the aperture, the lead frame
      strip and the masking member being fed one atop the other such that the
      lead frame and the aperture are in the required orientation for insertion
      into the aperture of a semiconductor device with each device contact being
      exclusively opposite to a co-operating conductor end portion, means
      disposed between said stations for bonding the device contacts to the
      co-operating conductor end portions, and said means for feeding said lead
      frame strip and masking member includes at least one sprocket wheel at one
      of said stations, said sprocket wheel engaging co-operating sprocket holes
      formed in both the masking member and the lead frame strip to feed the
      masking member and the lead frame strip in the desired registration with
      each other continuously between said first and said second stations upon
      rotation of said sprocket wheel.
NUM  23.
PAR  23. Apparatus as claimed in claim 22 wherein the sprocket holes of the
      masking member are spaced apart by a different amount than the sprocket
      holes of the lead frame strip to compensate for the curvature of the
      sprocket wheels.
NUM  24.
PAR  24. Apparatus as claimed in claim 23 wherein said cooperating sprocket
      holes of said masking member and said lead frame strip are of different
      size to compensate for the curvature of the sprocket wheels.
NUM  25.
PAR  25. Apparatus as claimed in claim 24 in which the aperture defined in the
      masking member is dimensioned to allow a corresponding semiconductor
      device to be a sufficiently close fit within the aperture so as to ensure
      that each device contact exclusively is opposite to the conductor end
      portion to which the contact is to be connected when the masking member is
      in the required registration with the lead frame.
NUM  26.
PAR  26. Apparatus as claimed in claim 24 in which the leading walls of the
      aperture as the masking member is fed through the apparatus are inclined
      in relation to the longitudinal axis of the lead frame strip, and each
      device contact exclusively is opposite to the conductor end portion to
      which the contact is to be connected when the masking member is in the
      required registration with the lead frame and the device is contiguous
      with the following walls of the aperture.
NUM  27.
PAR  27. Apparatus as claimed in claim 26 further including means for
      positioning the corresponding semiconductor device contiguous with the
      following walls of the aperture when the masking member is in the desired
      registration with the lead frame strip.
NUM  28.
PAR  28. Apparatus as claimed in claim 27 in which the means for positioning the
      corresponding semiconductor device contiguous with the following walls of
      the aperture comprises a brush mounted between said stations and adjacent
      the path of travel of the masking member and lead frame strip to sweep the
      semiconductor device into the required position as the masking member and
      the lead frame strip are fed between said stations.
NUM  29.
PAR  29. Apparatus as claimed in claim 24 in which the aperture defined in the
      masking member is a square-shaped in plan and is arranged to receive a
      corresponding semiconductor device which is also square-shaped in plan.
NUM  30.
PAR  30. Apparatus as claimed in claim 24 in which the masking member includes a
      plurality of apertures, consecutive apertures exposing conductor end
      portions of consecutive lead frames of the lead frame strip.
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ABST
PAL  A box section and method of making same comprising an elongated strip of
      flexible material having a reversely bent flange along one longitudinal
      edge thereof, said flange defining a shoulder spaced from the opposite
      longitudinal edge of said strip, said strip being formed so that its
      opposite ends are in abutting relation whereby to define a peripheral rim
      with the aforesaid shoulder on the inner surface of the rim, the section
      further comprising a cover member of the same configuration as said
      peripheral rim, said cover member comprising a wall having a marginal
      flange extending perpendicularly therefrom, said marginal flange being
      inserted through the said opposite edge of said rim and being snugly
      received therein with the end of the marginal flange abutting the
      aforesaid shoulder, and means securing said cover member to said
      peripheral rim.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates generally to a box construction, and is more
      particularly concerned with the construction of and method of making one
      of the sections of a two-section box.
PAR  Although not limited thereto, the present invention has prime utility in
      connection with boxes of the type used for displaying small ornamental
      articles, such as jewelry and the like. Boxes of this general type usually
      comprise a base section and a cover section, both of which may be of
      indentical construction. Hinge means are normally provided for hingedly
      attaching the two sections to each other, and frequently said hinge means
      are spring loaded so that the cover will normally be resiliently
      maintained either in a closed position or in a completely open position.
      Box sections of this general type are made of a variety of different
      materials, such as cardboard, plastic, and in some cases are provided with
      a metallic shell for strength purposes. Boxes of this general type,
      constructed of cardboard or similar material, are shown, for example, by
      Young, U.S. Pat. Nos. 2,648,486; 3,121,909; and 3,343,745.
PAR  Where the box sections are constructed of a relatively soft material, such
      as cardboard or the like, as in the above mentioned Young patents, the
      usual procedure is to die cut a blank of cardboard, notch it at its four
      corners, and then fold the four side edges of the blank inwardly to
      provide the side walls of the section. Means are then provided at the four
      corners to secure the adjacent edges of the side walls to each other.
      Various problems have been found to exist in cardboard box sections of
      this type. First of all, in order to provide sufficient strength for the
      box section, the cardboard must be relatively thick, thus increasing the
      weight and material cost of the box. In addition, problems have existed in
      securing the adjacent edges of the side walls to each other, and, in many
      cases, overlaps had to be provided whereby either the interior or exterior
      of the corner would not be completely smooth, thus detracting from the
      aesthetic appearance of the box.
PAR  It is therefore one of the primary objects of the present invention to
      provide a box section constructed of a soft material, such as cardboard or
      the like, wherein less material is required for making a structurally
      strong section, thus resulting in a box section that is both lighter in
      weight and less costly.
PAR  A further object of this invention is the provision of a box section that
      is constructed of cardboard or the like and that is constructed so as to
      be completely smooth at all of its corners.
PAR  Another object is the provision of a box section that more readily lends
      itself to a wide variety of ornamental features, including a combination
      of colors and/or materials, etc.
PAR  In carrying out the aforesaid objectives, I provide a box section that is
      made up of two separate components, i.e., a peripheral rim and a cover
      member. The rim is formed from an elongated strip of cardboard or the like
      which is cut to the desired length and is then scored longitudinally to
      provide a fold line for reversely bending a longitudinal flange against
      one surface of the strip. Before this bending operation is performed, the
      strip is scored transversely to define the fold lines for the corners of
      the rim, and the longitudinal flange is notched adjacent the score lines
      so that when the flange is bent upwardly against the surface of the strip,
      and the strip is folded at the aforesaid transverse score lines, there
      will be sufficient clearance at the corners for the reversely bent flange.
      After the reversely bent flange has been folded against and secured to a
      surface of the strip, the strip is folded to define a peripheral rim, with
      the ends of the strip in abutting relation, said ends preferably being
      located intermediate one of the sides of the rim rather than at a corner
      thereof, although this is not essential. It will thus be seen that the
      reversely bent flange defines a shoulder along the inner surface of the
      rim, which shoulder is spaced from the opposite longitudinal edge of the
      rim. The cover member is nothing more than a cardboard blank notched at
      its corner and having side wall portions inwardly folded along its edges,
      said side wall portions being snugly received within the peripheral rim,
      with the edges of said side wall portions abutting the aforesaid shoulder.
      After the cover member has been inserted into the rim, means are provided
      for securing said cover member to said rim to said rim to complete the
      assembly.
PAR  By constructing the box section in the foregoing manner, the rim portion
      may be made of somewhat thinner cardboard stock than would normally be
      employed for a cardboard box section, since the reversely bent flange
      imparts additional strength to the rim. In addition, the cover member may
      be made of substantially thinner cardboard stock, since it is the rim
      portion which actually imparts structural rigidity to the box section.
      Obviously, the rim portion and cover member may be covered with any
      ornamental sheet material; and since the rim portion and cover member are
      separate elements prior to assembly, they may be covered with different
      materials and/or different-color materials in order to provide interesting
      two-tone effects to the assembled box section.
PAR  Other objects, features and advantages of the invention will become
      apparent as the description thereof proceeds when considered in connection
      with the accompanying illustrative drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which illustrate the best mode presently contemplated for
      carrying out the present invention:
PAR  FIG. 1 is a perspective view of a box section constructed in accordance
      with my invention;
PAR  FIG. 2 is a perspective view showing the interior of the box section of
      FIG. 1;
PAR  FIG. 3 is a perspective view illustrating a roll of strip material from
      which the rim portion which forms a part of the box section is
      constructed;
PAR  FIG. 4 shows a die-cut and scored blank from which the peripheral rim is
      formed;
PAR  FIG. 5 shows the blank of FIG. 4 after the longitudinal flange has been
      reversely bent and secured;
PAR  FIG. 6 is a section taken on line 6--6 of FIG. 5;
PAR  FIG. 7 shows the strip of FIG. 5 after a layer of ornamental sheet material
      has been secured thereto;
PAR  FIG. 8 is a section taken on line 8--8 of FIG. 7;
PAR  FIG. 9 shows the strip of FIG. 7 after a bead of adhesive has been applied;
PAR  FIG. 10 is a section taken on line 10--10 of FIG. 9;
PAR  FIG. 11 shows the blank from which the cover member is formed; and
PAR  FIG. 12 is an exploded perspective view illustrating the orientation of the
      cover member and rim portion just prior to assembly thereof.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, and more particularly to FIGS. 1, 2 and 12,
      there is shown generally at 10 a box section comprising a peripheral rim
      portion shown generally at 12 and a cover member shown generally at 14,
      all preferably constructed of a soft flexible material, such as cardboard
      or the like. The rim portion 12 is preferably formed by cutting a roll of
      cardboard strip 16 (FIG. 3) into blanks 18 of a predetermined length. The
      blanks 18 are longitudinally scored as at 20 and are laterally scored as
      at 22. As will be noted, longitudinal score line 20 defines a
      longitudinally extending flange 24, which flange is notched as at 26 in
      alignment with each of the transverse score lines 22.
PAR  After the blank 18 has been cut, scored and notched as illustrated in FIG.
      4, the next step is to apply a continuous bead of heat-fusible adhesive 28
      a short distance above fold line 20, after which the longitudinal flanges
      24 are reversely bent, as illustrated in FIGS. 5 and 6, until they engage
      the surface of blank 18, at which point heat is applied to securely attach
      said flanges to said surface. As will be noted, the upper edges of flanges
      24 define a shoulder 30, which shoulder is in spaced relation to opposite
      longitudinal edge 32 of strip 18.
PAR  The next step, illustrated in FIGS. 7 and 8, is to cover the strip 18 with
      an ornamental layer or sheet 34, which sheet may be any suitable
      ornamental material, such as an embossed plastic sheet, paper cloth, etc.
      On its inner surface, the sheet 34 is provided with a heat-fusible layer
      whereby when the sheet 34 is wrapped around the strip 18, as illustrated
      in FIGS. 7 and 8, it may be secured thereto by the application of heat. It
      will be noted that sheet 34 covers the entire outer surface of strip 18
      and then folds around at opposite longitudinal edges of the latter, as at
      36, 38 to cover a substantial part of the inner surface of the strip.
      After the sheet 34 has been affixed to strip 18, as indicated, a further
      bead of heat-fusible plastic 40 is applied and extends longitudinally
      along portion 36, as illustrated most clearly in FIGS. 9 and 10. At this
      point, the strip 18 is folded along score lines 22 to define the
      peripheral rim illustrated at 12 in FIG. 12. When so folded, it will be
      understood that the score lines 22 define the four corners of the rim, and
      the opposite ends 42, 44 of the strip 18 abut each other as at 46
      intermediate one of the walls of the rim portion, preferably the rear wall
      thereof.
PAR  The cover member 14 is die cut or otherwise formed to include a wall or
      cover 48 having the same configuration as that defined by rim portion 12.
      The wall 48 is provided with integral marginal flanges 50 at its four
      sides, which flanges are adapted to be bent substantially perpendicular to
      the plane of wall 48, as shown most clearly in FIG. 12. The cover member
      14 is then inserted into end 32 of rim portion 12 until the edges of
      flanges 50 engage and abut shoulder 30, it being understood that cover
      member 14 is dimensioned so that flanges 50 are snugly received by rim
      portion 12. Once the cover member 14 has been so positioned within rim
      portion 12, heat is applied to the side walls of the latter to fuse and
      secure the cover member into assembled relation with respect to rim
      portion 12, as illustrated in FIGS. 1 and 2. As will be noted, the depth
      of flanges 50 is substantially equal to the spacing between shoulder 30
      and edge 32, whereupon when cover member 14 is assembled to rim portion
      12, wall 48 is substantially adjacent to edge 32 or perhaps very slightly
      elevated with respect thereto.
PAR  It will be understood that the notches 26 permit the flanges 24 to properly
      engage each other at the corners of rim portion 12 in the same way that
      the notches at the corners of cover member 14 permit the edges of flange
      50 to properly engage each other when said flanges are folded
      perpendicularly from wall 48. The ornamental covering 34 which covers
      strip 18 enhances the appearance of box section 12 since all exposed parts
      of rim portion 12 are covered. It will be understood, of course, that
      cover member 14 may also be covered with any desired ornamental sheet
      material or may be otherwise ornamented as desired. Since the rim portion
      12 and cover member 14 are entirely separate and distinct elements before
      their assembly, it follows that they may be covered with different
      ornamental sheet material or with the same material having different
      colors in order to provide interesting and decorative two-tone effects.
PAR  It will be understood that the box section 10 readily lends itself to
      automatic manufacture, since automatic machinery can be provided for
      cutting, scoring and notching the strip 18, as well as for applying the
      bead of adhesive 28 and then folding the flanges 24 into engagement with
      said bead. Likewise, the application of ornamental sheet 34 can be easily
      effected by automatic equipment, after which adhesive bead 40 may be
      automatically applied, and then the automatic equipment would be effective
      to fold the rim portion into the position illustrated in FIG. 12 and
      maintain it so positioned. At the same time, the cover member 14 is
      automatically die cut and folded, moved into alignment with rim portion
      12, and inserted therein to complete the automatic assembly.
PAR  One of the advantages of the present construction is the fact that the
      cardboard strip 18 does not have to be as thick as the cardboard stock
      used previously for cardboard box sections, since the folded-over flanges
      24 impart additional rigidity to the rim portion 12, and, in addition,
      longitudinally extending adhesive beads 28 and 40 add further rigidity to
      the rim. The cover member 14 may be of relatively thin cardboard stock
      also, since the wall 48 does not actually perform a structural function.
      As will be noted, rim portion 12 actually comprises a double thickness of
      the cardboard, since the portion of strip 18 that is not covered by
      bent-over flanges 24 is fortified by abutment with flanges 50 of the cover
      member. It has been found that the box section 10 may be in the range of
      20 to 25 per cent lighter in weight than a comparable cardboard box
      section of the type conventionally used in the prior art without
      sacrificing any structural strength. This lighter weight is not only
      desirable from the standpoint of handling the box sections, but also
      results in a material saving, which reduces the cost of the box section,
      as compared to the prior art. Also, the smooth, unencumbered corners which
      exist in the rim portion of my box have proven to be advantageous over the
      prior-art construction wherein overlapping or other means of securement
      must be provided at each corner of the box. The present invention more
      readily lends itself to being covered with materials such as velvet and
      the like, because of this fact; and, of course, it is also now possible to
      cover only the cover member of the box with such material, if desired.
      Although the box section 10 is shown in the drawings as being of
      rectangular configuration, it will be understood that this invention may
      be used in connection with other configurations as well.
PAR  While there is shown and described herein certain specific structure
      embodying the invention, it will be manifest to those skilled in the art
      that various modifications and rearrangements of the parts may be made
      without departing from the spirit and scope of the underlying inventive
      concept and that the same is not limited to the particular forms herein
      shown and described except insofar as indicated by the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A box section comprising a rim portion constructed of an elongated flat
      strip having its ends in abutting relation, said strip being formed to
      assume the desired configuration of the box section and defining the side
      walls thereof, said strip having flange means reversely bent along a
      longitudinal edge thereof, said flange means abutting the inner surface of
      said rim portion and terminating in spaced relation to the opposite
      longitudinal strip edge so as to define a shoulder on said inner side wall
      surface, and a separate cover member comprising a wall having the same
      configuration as that defined by said rim portion, said wall having a
      marginal flange extending into said rim portion from said opposite edge
      and being snugly received therein, the free edge of said marginal flange
      abutting against said shoulder, the depth of said marginal flange being
      substantially equal to the spacing between said shoulder and said opposite
      edge, whereby said wall is located adjacent said opposite edge and closes
      the adjacent end of said rim portion, and means securing said cover member
      to said rim portion.
NUM  2.
PAR  2. The box section of claim 1 further characterized in that said rim
      portion and said cover member are both of cardboard construction.
NUM  3.
PAR  3. The box section of claim 2 further characterized in that said rim
      portion flange extends for substantially the entire length of said strip,
      and means securing said rim portion flange against the inner surface of
      said strip.
NUM  4.
PAR  4. In the box section of claim 3, said means securing said cover member to
      said rim portion and securing said rim portion flange against said inner
      surface both comprising a longitudinal bead of heat-fusible adhesive.
NUM  5.
PAR  5. The box section of claim 3 further characterized in that said strip is
      formed with four corner folds whereby to define a rectangular
      configuration.
NUM  6.
PAR  6. The box section of claim 3 further characterized in that said strip has
      a covering extending over the entire outer surface thereof, and means
      securing said covering to said strip.
NUM  7.
PAR  7. The method of making a box section comprising the following steps:
PA1  A. cutting and scoring an elongated strip of flexible material;
PA1  B. folding a flange along one longitudinal edge of said strip and securing
      said folded flange against the adjacent surface of said strip to provide a
      longitudinally extending shoulder in spaced relation to the opposite
      longitudinal edge of said strip;
PA1  C. forming said strip so that its opposite ends are in abutting relation to
      define a peripheral rim with said shoulder located on the inner surface
      thereof;
PA1  D. forming a cover member having the same configuration as said peripheral
      rim;
PA1  E. folding marginal flanges along the edges of said cover member
      substantially perpendicular thereto, said cover member being dimensioned
      so as to snugly fit within said peripheral rim;
PA1  F. inserting said cover member into said opposite edge of said rim until
      the end of said marginal flanges abut said shoulder; and
PA1  G. securing said cover member to said rim.
NUM  8.
PAR  8. The method of claim 7 further characterized in that said strip and cover
      member are both constructed of cardboard.
NUM  9.
PAR  9. The method of claim 8 further characterized in that the depth of said
      marginal flanges is substantially equal to the spacing between said
      shoulder and said opposite longitudinal edge.
NUM  10.
PAR  10. The method of claim 8 further characterized in that after Step B is
      performed, a covering is secured to said strip completely overlying the
      surface thereof opposite from said adjacent surface.
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ABST
PAL  An erectable partition is provided for dividing a walled container into
      equal size compartments, and consists of end, side and confronting panel
      elements connected along parallel score lines and folded to erected
      position wherein there is provided pairs of partition elements, each
      consisting of two parallel and spaced side panel elements, two coplanar
      confronting panel elements and an end panel element parallel to the
      coplanar elements, the confronting coplanar elements being foldably
      connected in spaced relationship by hinge means, there being a separating
      panel element foldably connected to one of the confronting panel elements
      and folded between the confronting pairs of panel elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  THE PRIOR ART
PAR  The most pertinent prior art developed in the search appears to be the
      followings patents:
TBL  Bergstein        2,154,085                                                

     Black            3,317,111                                                

     Foley            3,260,440                                                

PAR  Bergstein is wholly lacking in the teaching of a central panel element and
      is also lacking in the teaching of a construction whereby six equal size
      compartments are provided within a walled container upon erection of the
      partition. Black, while it teaches the dividing of a container into six
      equal compartments, is lacking in the teaching of a separating panel
      element which is foldably connected to one of the confronting panel
      elements, Black teaching the provision of a separating panel element
      folded up from a base panel rather than from one of a pair of confronting
      panel elements. Foley requires a great deal more paperboard in providing
      six cells than that required according to the teachings herein.
PAC  SUMMARY OF THE INVENTION
PAR  The invention herein relates generally to the dividing of a walled
      container into six equal-sized compartments by means of an erectable
      partition which is stable irrespective of whether it is disposed within
      the container or without the same, the partition being readily erectable
      by simple folding operations. The partititon structure according to the
      present invention is characterized by being formed from nestable blanks to
      minimize any waste in formation.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is an isometric view showing an erectable partition according to the
      present invention;
PAR  FIG. 2 is a plan view showing a pair of nestable blanks, one of the nested
      blanks being employed in the erection of the partition as seen in FIG. 1;
PAR  FIG. 3 is an isometric view showing one of the steps in erecting the
      partition seen in FIG. 1;
PAR  FIG. 4 is an isometric view showing the partition of FIG. 1 in position
      within a conventional shipping container;
PAR  FIG. 5 is a sectional view looking in the direction of the arrows 5--5 of
      FIG. 1;
PAR  FIG. 6 is a plan view of a pair of nestable blanks for forming an alternate
      form of a partition according to the present invention; and
PAR  FIG. 7 is a view similar to FIG. 3 showing the erection of the divider
      constructed from the blank of FIG. 6.
DETD
PAR  The partition according to the present invention is noted generally by the
      reference numeral 10 and is formed from a blank 10A seen in FIG. 2. Blank
      10A is nestable as seen, and each blank consists of pairs of confronting
      panel elements 11, side panel elements 12 and end panel elements 13, these
      being foldably connected along parallel score lines 14. The foldably
      connected side, end and confronting elements are erected to a position
      with parallel side elements 12, two coplanar confronting panel elements
      11, and end panel element 13 parallel to the coplanar confronting panel
      elements 11, spaced therefrom and connected thereto by the side panel
      elements 12.
PAR  Hinge means indicated generally by reference numeral 19 is defined by
      spaced score line 17, cut lines 18 perpendicular to a cut line 16
      separating the pair of panel elements previously described.
PAR  A separating panel element 21 is foldably connected to one of the
      confronting panel elements 11, there being a cut line 22 separating panel
      21 from panel element 11, excepting for hinge means 25 connecting
      separating panel element 21 to the confronting panel elements 11, hinge
      means 25 being defined by closely spaced score lines 23 and cut lines 24
      perpendicular to cut line 22.
PAR  In the erection of the partition 10, the parts are folded as seen in FIG.
      3, and panel 21 is folded between the confronting panel element 11, the
      hinge means 19 being of a dimension to permit readily the folding
      therebetween of the separating element 21. It will be noted that
      separating element 21 is folded into position along a vertical edge of
      panel element 11 when in the erected position thereof.
PAR  It may be noted that separating panel element 21 is provided with spaced
      notches 26 which fall into alignment with the hinge means 19, so that the
      hinge means 19 may properly extend between the notches 26.
PAR  Referring to FIGS. 6 and 7 there is shown another form of the invention,
      the difference between the two forms being the manner in which the
      separating panel element 21 is foldably connected to one of the
      confronting panel elements 11. It will be noted that separating panel 21
      is folded along a horizontal edge of confronting panel element 11 when in
      the erected position thereof.
PAR  In this form of the invention the separating panel 21 is foldably connected
      to one of the confronting panel portions 11 along the shorter side
      thereof, it also being foldably connected thereto by hinge means 25. As
      with the embodiement seen in FIGS. 1 and 2, the separating panel 21 is
      provided with similar notches 26 which fall into register with the hinge
      means 19 connecting the confronting panel elements 11.
PAR  The step of erecting the blank seen in FIG. 6 is seen with respect to FIG.
      7, and the separating panel element 21 is folded against one of the pairs
      of confronting panel elements 11 prior to being subsequently folded into
      position against the other pair of confronting panel elements 11.
PAR  Irrespective of whether the hinge means 19 is arranged as seen in FIG. 1,
      or whether it is arranged so as to be at the bottom of the panel elements
      11, the erected partition structure is stable irrespective of whether it
      is being disposed in a shipping carton SC as seen in FIG. 4.
CLMS
STM  I claim:
NUM  1.
PAR  1. A partition for dividing a walled container into compartments, said
      partition being characterized by being stable both within and without the
      container and being formed from cut and scored paperboard or the like,
      said partition comprising;
PA1  a. pairs of end, side and confronting panel elements foldably connected
      along parallel score lines;
PA1  b. said foldably connected end, side and confronting elements defining two
      sets of parallel and spaced side panel elements, two sets of coplanar
      confronting panel elements and two end panel elements, each of said panel
      elements being parallel to said coplanar confronting panel elements and
      spaced therefrom and also connected to two of said confronting panel
      elements by two of said side panel elements;
PA1  c. hinge means connecting each set of confronting panel elements;
PA1  d. a separating panel element foldably connected to one of said confronting
      panel elements and positioned between each set of confronting panel
      elements.
NUM  2.
PAR  2. The partition according to claim 1 wherein said separating panel element
      is foldably connected to one of said confronting panel elements along a
      vertical edge thereof.
NUM  3.
PAR  3. The partition according to claim 1 wherein said separating panel element
      is foldably connected to one of said confronting panel elements along a
      horizontal edge thereof.
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PAL  A flat paper lid for a container. The lid is formed with weakened zones
      such as crease-score lines which enable the lid, that at the time of
      purchase closes an open-mouthed container holding a ladleable mass of a
      comestible product, to be quickly and easily converted by manual
      manipulation into a spoon-like eating implement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Container lid convertible into an eating utensil.
PAR  2. Description of the Prior Art
PAR  Heretofore, it has been customary to furnish inexpensive, flat, thin wooden
      spoons, usually individually wrapped in light paper, to assist in eating
      the contents of a container. Typical contents have been frozen ice cream,
      soft ice cream, frozen desserts, ices, etc. The containers typically were
      open-topped and were closed by flat paperboard disc lids having tabs to
      facilitate disengagement with the containers. Inexpensive as the spoons
      were, they nevertheless represented, en masse, a considerable cost. By way
      of example, such spoons currently cost about $2.30 per thousand. Aside
      from costs, the spoons were furnished separately from the containers and
      often were available in too great or too small a supply. It has been the
      trade custom to supply an extra quantity of spoons to purchasers of
      containers in order to ensure that each container would have a spoon.
      Futhermore, the spoons often split and broke. When the spoons were
      unwrapped, they were unsanitary. On occasion, some spoons, all of which
      were supposedly well sanded and smooth, were rough, with consequent
      inability to use the same without discomfort.
PAC  SUMMARY OF THE INVENTION
PAR  1. Purposes of the Invention
PAR  It is an object of the invention to provide a novel spoon which avoids the
      foregoing defects.
PAR  It is another object of the invention to provide a spoon of the character
      described which is convertible from a paperboard flat lid that also is
      used to close the open top of a container in which the comestible to be
      eaten with the spoon is packed.
PAR  It is another object of the invention to provide a spoon of the character
      described which is easy to use, constitutes but a single part and is
      convertible rapidly by the least skilled of persons from an aforesaid lid.
PAR  It is another object of the invention to provide a spoon of the character
      described which is uniquely individually associated with a single
      container, so that the spoon is immediately available for use to eat the
      contents of the container.
PAR  It is another object of the invention to provide a spoon of the character
      described which totally eliminates the cost of a separate spoon such as
      currently is supplied.
PAR  It is another object of the invention to provide a spoon of the character
      described which is particularly strong, i.e., capable of ladling out quite
      hard comestibles, even as hard as frozen ice cream, ices and desserts.
PAR  It is another object of the invention to provide a spoon of the character
      described which is readily constructable to be supplied and used in a
      sanitary condition.
PAR  It is another object of the invention to provide a spoon of the character
      described which is extremely inexpensive.
PAR  Other objects of the invention in part will be obvious and in part will be
      pointed out hereinafter.
PAR  2. Brief Description of the Invention
PAR  A spoon which is transformed from an essentially standard die-cut tab lid
      for an open-mouthed container. The lid, basically, is circular and flat.
      It is made from paper having a grain. The lid is formed with weakened
      zones, as by the provision of crease-score lines. The weakened zones are
      individually narrow and are so spaced and oriented that by simple manual
      manipulation of the lid, constituting, in essence, partial folding and
      bending along such zones, the lid is converted into a rather strong
      spoon-like eating implement having a spade-like blade and an integral
      sturdy handle. Such folding and bending action best is compared to the
      so-called "origami" technique. The external surface of the lid (when used
      as a lid) is protected against dirt and contaminants by a thin, flexible,
      strippable covering such as waxed paper, tissue paper, glassine or plastic
      film.
PAR  The invention consists in the features of construction, combination of
      elements and series of steps which will be exemplified in the container
      lid hereinafter described and of which the scope of application will be
      indicated in the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings in which are shown various possible
      embodiments of the invention:
PAR  FIG. 1 is an axial fragmentary sectional view of an open-mouthed container
      which is closed by a lid/spoon embodying the present invention;
PAR  FIG. 2 is a top plan view of the lid/spoon in flat (unfolded and unbent)
      condition as it originally is made and used to close the container;
PAR  FIG. 3 is a perspective view of the lid/spoon as it appears when folded and
      bent to serve as a spoon;
PAR  FIGS. 4, 5, 6 and 7 are sectional views taken substantially along the lines
      4-- 4, 5-- 5, 6-- 6 and 7-- 7, respectively, of FIG. 3;
PAR  FIG. 8 is an enlarged fragmentary view taken substantially along the line
      8-- 8 of FIG. 2;
PAR  FIG. 9 is a view similar to FIG. 2 of a lid-spoon embodying a modified form
      of the invention;
PAR  FIG. 10 is a perspective view similar to FIG. 3 of the lid/spoon of FIG. 9;
      and
PAR  FIGS. 11, 12, 13 and 14 are sectional veiws taken respectively along the
      lines 11-- 11, 12-- 12, 13-- 13 and 14-- 14 of FIG. 10.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now in detail to the drawings, the reference numeral 10 denotes a
      conventional container such as is used in huge quantities to package
      sundry foodstuffs such as, by way of example, frozen ice cream, soft ice
      cream, custards, frozen desserts, ices, sherbets, salads, spoonable
      cheeses like cottage cheese, yogurt and sour cream. Typically, such
      containers are made from paperboard or plastic. They have a
      form-reinforced rim 12 below which is indented annular groove 14 known as
      a "cap seat." In a conventional container a flat paperboard lid is snapped
      into the cap seat. The lid includes a lifting tab to assist in removal.
      Heretofore such containers were at the line of sale supplied to the
      purchaser with a wrapped wooden spoon, a separate one for each container.
      The lids were thrown away after the container was opened.
PAR  Pursuant to the present invention, the container is provided with a lid 16
      which on casual inspection is no different from the lid heretofore used.
      There is, however, a quite substantial, although almost unnoticeable,
      difference in structure that enables the lid, after removal from the
      container and suitable manipulation, to constitute an excellent spoon with
      the aid of which to eat the contents of the container.
PAR  The lid is fabricated, as by die cutting, from paperboard. It should be
      noted that paperboard is a product which, as is well known, has a grain.
      The grain of paperboard imparts a certain differential stiffness to the
      board, the stiffness characteristically being less when the board is bent
      about a zone parallel to the grain and greater when the board is bent
      about a zone perpendicular to the grain. The present invention utilizes
      this characteristic of differential thickness in a novel manner to impart
      a useful degree of rigidity to the spoon formed from the lid, which
      rigidity is such that the spoon is able to scoop up rather hard as well as
      soft textured comestibles without mutilation. To take advantage of the
      differential thickness the lid includes weakened zones having orientations
      which are specially related in a mutual angular sense to the direction
      (orientation) of the grain, although it is clearly to be understood that
      this relationship is simply a feature of the preferred embodiment of the
      invention now being described and that it is within the ambit of the
      invention to simply provide the weakened zones hereinafter detailed
      without the most desirable relationship to the grain, it being understood
      that where such relationship is not utilized the spoon formed from the lid
      is not as strong; nevertheless, even a weaker spoon is useful for many
      applications, e.g., where the material to be dispensed is soft textured.
PAR  A good thickness of paperboard for use in the invention is that customarily
      employed for snap-in flat-tab disc lids for containers. By way of example,
      a suitable thickness is about 0.025, inch it being understood that such
      dimension is only illustrative and is not to be considered as limitative.
      A suitable paperboard material mentioned by way of completeness is "solid
      bleached sulfate" which is the trade designation for paperboard.
PAR  The weakened zones which are the primary feature of the present invention,
      when considered as part of an otherwise standard lid of the character
      described, desirably are in the form of crease/score lines which are
      thinner sections of the lid. The said lines most readily are provided by
      the use of steel rule creasing dies that are pressed (in the proper
      locations) into a surface of the lid the opposite surface of which is
      supported on a flat block. The dies are indented sufficiently into the lid
      to leave a visible, although not necessarily noticeable, score line. The
      pressure is sufficient to leave a slight ridge on the opposite surface of
      the lid, and even better results (easier folding) are obtained if the
      surface of the block is lightly grooved to receive the ridge. Solely by
      way of example, a ridge in the order of 0.015 to 0.025 inch provides
      acceptable results.
PAR  Turning now to the configuration of the weakened zones and, for the moment,
      disregarding the grain direction, the zones include at least three handle
      zones 18, 20, 22 that are substantially parallel to one another and are
      spaced apart from one another. The zones 18, 20, 22 have one end adjacent,
      i.e., at or near the periphery of the lid 16. The peripheral ends of the
      outermost zones 18, 22 should not be spaced apart more than about
      90.degree.. Preferably, the angular spacing of these peripheral ends is in
      the order of 45.degree.. Even lesser angular spacing produces usable
      results. The intermediate zone 20, if only one is used, desirably is
      midway between the outer zones. If more than one intermediate zone is
      employed, best results are secured where the spacing between them and the
      outermost zones is uniform, although, again, acceptable results do not
      require such uniformity. The general directions of the outermost zones 18,
      22 are such that these zones are approximately symmetrical with respect to
      and on opposite sides of a diameter of the lid. In this preferred form,
      which takes into account grain direction, the general directions of the
      outermost zones additionally are parallel to grain direction. It should be
      noted that the outermost zones do not have to be exactly or even closely
      parallel to one another. They may converge somewhat, e.g., up to an
      included angle of about 15.degree., or diverge up to about the same
      included angle. The reason for this will become apparent shortly. The
      intermediate zone, if only one, will bisect the space between the
      outermost zones, regardless of whether the latter are parallel, converging
      or diverging. If there is more than one intermediate zone, for the sake of
      appearance of the lid and the handle of the spoon to be formed therefrom,
      an intermediate zone other than the central one will be symmetrical about
      the bisecting diameter with respect to an opposed intermediate zone.
PAR  The lengths of the outermost intermediate zones can vary quite widely as a
      fraction of the diameter of the lid. In the example shown, these zones
      extend from the periphery to the transverse diameter. The purpose of the
      zones 18, 20, 22 is, as soon will be detailed, to aid in the formation of
      a handle so that the length of the zones will be governed by the desired
      length of the handle, hence, the non-criticality of such lengths.
PAR  Said zones 18, 20, 22, since they are employed to assist in forming the
      handle, conveniently are referred to as the "handle" zones.
PAR  The weakened zones further include "bowl" zones 24, 26, 28, 30 and 32. The
      bowl zones extend, in general, from the transverse area at which the
      handle zones terminate and run to adjacent (at or near) the opposite arc
      of the periphery of the lid.
PAR  More bowl zones conveniently are employed than handle zones, although this
      is not essential. An excellent arrangement of bowl zones is seen in FIG.
      2. The outermost bowl zones 24, 32 extend from the inner ends of the
      outermost handle zones 18, 22. These outermost bowl zones angle outwardly
      at about 15.degree. to the associated handle zones while the intermediate
      bowl zones 26, 28, 30 have a mutually fan-like relationship. The central
      bowl zone is spaced from the central handle zone but in line therewith to
      increase the rigidity of the junction between the to-be-formed handle and
      the to-be-formed bowl.
PAR  It is within the scope of the invention to include bowl zones which have
      greater or lesser flaring (diverging angles), even bowl zones that are
      parallel to the bisecting diameter and bowl zones that converge. However,
      these are not desirable because they do not obtain a broad spade-like bowl
      which is highly satisfactory as a scoop.
PAR  To transform the lid 16 with its sundry weakened zones into a spoon,
      certain manual manipulative steps are practiced, the reading of the
      explanation of which takes much longer than the time required to make a
      spoon from the lid. Essentially, all that is done is to press down on the
      center of the lid between the outermost handle zones and the outermost
      bowl zones and preferably, although not necessarily, concurrently press
      down on the lid outwardly of the handle zones. This can be done quite
      simply by forcing one's index finger down between the lines 20 and 28
      while at the same time forcing one's thumb and middle finger against the
      periphery of the lid outwardly of the outermost handle zones -- thus the
      requisite configurative folding can be accomplished with one hand.
PAR  The folded spoon can be appreciated from inspection of FIG. 3 and the
      several sections of the same. At the folded handle there is a central
      trough 34 which rises at opposite sides to form elongated peaks 36 that
      descend remotely from the trough as lips 38. Considered as a whole, the
      thus-formed handle 40 is of M-shape in cross-section (see FIG. 4).
PAR  It will be appreciated that the M-shaped handle constituting parallel
      pleats extending in a direction parallel to a diameter of the lid is
      considerably stronger in this configuration than the flat portion of the
      lid from which it was formed due to the reinforcing effect secured by the
      pair of substantially parallel ridges of which the handle now is
      constituted. Similarly, the bowl portion of the lid is reinforced by
      continuations of the aforesaid ridges. Furthermore, the bowl and handle
      are reinforced against bending in a direction perpendicular to the lengths
      of the handle and bowl by virtue of the paper grain because, as it will be
      recalled, the sundry score lines and the various peaks and troughs of the
      handle and bowl extend in a direction generally parallel to the paper
      grain, so that there is a strong resistance to bending perpendicular to
      the grain. It has been found that a handle thus constructed from a lid
      operates quite well for dispensing the contents of a single container,
      which is all that is required inasmuch as the spoon from which the handle
      has been formed is intended to be discarded after such a single use. The
      term "single use" is not intended to denote transferral of only one
      portion of a comestible from a container 10 to a user's mouth, but,
      rather, a series of such transferrals until the contents of the container
      have been substantially completely consumed.
PAR  Attention is called to the portions of the handle and of the bowl which lie
      outwardly of the score/crease lines 18/24 and 22/32. These portions
      constitute the downwardly depending lips of the M-shaped cross-section.
      They function, in addition to the reinforcing provided by virtue of the
      peaks, as rests for a user's fingers when he is manipulating the converted
      lid/spoon.
PAR  Attention also is drawn to the outwardly flaring configuration of the bowl,
      that is to say, the outward flare from the terminating of the handle
      portion. This provides a rather wide shovel-like instrument which is of
      suitable size to fit into the container from which the lid has been lifted
      and also is large enough to scoop up enough comestible to make the
      lid/spoon desirable to use, while at the same time not being so large that
      it cannot easily be introduced into a person's mouth. The peaks 36 which
      extend from the handle down to the bowl and essentially define the lateral
      edges of the bowl also reinforce the bowl, so that when the scooping is
      performed and when the contents are introduced into a person's mouth the
      bowl tends to retain its original shape at least long enough for the
      contents of the container to be consumed.
PAR  Finally, attention is directed to FIG. 3 where it will be seen that during
      the use of the lid/spoon as an eating implement it easily can be grasped
      between the thumb and index finger of a person who will squeeze together
      the M-shaped handle portion, thus further increasing the rigidity of the
      handle portion.
PAR  Still further, by having the peaks of the handle and of the spoon
      constitute continuations of one another, i.e., by running the crease/score
      line 18 into the crease/score line 24, and similarly for the lines 22, 32,
      any tendency for the thus-formed spoon to flex transversely at the
      junction between the handle and bowl is minimized.
PAR  The lid includes, as does any conventional lid, a pull tab 42, the position
      of which is of no particular importance, but, in order not to interfere
      with the converted spoon, desirably is located in the handle part of the
      lid, for example, protruding from the perimeter of the lid midway between
      the perimetral ends of the crease/score lines 18, 22.
PAR  It will be appreciated that when the container is shipped in commerce,
      transferred to a display location, and handled by purchasers and at the
      checkout counter, the exterior surface of the lid inevitably will be
      contaminated and would be considered unsanitary by health authorities.
      This objection can be avoided in two ways. One way is to place the
      crease/score lines so that the face of the bowl portion constitutes the
      undersurface of the lid when the lid closes the container. This is not
      particularly satisfactory for various reasons, one being that the external
      surfaces of the lips 38 which would be contacted by a user's fingers would
      be covered with a film of the product and might be slippery, making the
      lid/spoon somewhat difficult to hold. The second reason is that, even
      though the food as it is transferred from the container to a person's
      mouth, would be principally located, and hopefully entirely located, on
      the upper surface of the spoon portion, nevertheless, the undersurface of
      the spoon portion almost inevitably will come into contact with the food
      in the container and, if the undersurface were contaminated, unsanitary
      conditions might be considered to prevail.
PAR  Therefore, pursuant to the present invention, a second solution to the
      problem is employed, to wit, sanitizing both surfaces of the lid/spoon
      when the same is employed solely to close the lid of a filled container.
      The undersurface of the lid is inherently maintained sanitary by being in
      a sanitary condition when used to close the lid at the food packer's. It
      is the upper surface which creates the problem. Pursuant to a feature of
      the present invention, this upper surface is maintained sanitary by virtue
      of the construction illustrated in FIG. 8. The lid 16 here is indicated as
      being provided with an undersurface 44 which is the surface that faces
      inwardly of the container 10 and, therefore, is sanitary when the lid is
      emplaced. The upper surface of the lid 16 is denoted by the reference
      numeral 46. This upper surface is protected against contamination by
      providing thereon a strippable covering, i.e., layer 48. This layer can be
      made of any thin, flexible material such, for instance, as waxed paper,
      tissue paper, glassine or plastic. It may be a printable material. It may
      be opaque or transparent. Its sole function, insofar as the present
      invention is concerned, is to maintain intact the sanitary condition of
      the upper surface 46, that is to say, to prevent this upper surface from
      being contaminated any time prior to use of the lid as a spoon. Said layer
      48 is lightly bonded to the upper surface 46. For example, the
      undersurface of the layer 48 may be provided with a coating 50 of a
      pressure-sensitive adhesive which forms a good bond with the undersurface
      of the layer 48 and a weak bond with the upper surface of the lid 16. A
      typical such adhesive is a rubber-base adhesive, the weak bond between
      this adhesive and the lid 16 being secured by application of a very thin
      coating (not shown) of release material such as Quilon or silicone.
PAR  Prior to converting the lid into a spoon and after the lid has been removed
      from the container, the layer 48 is stripped off leaving a virgin upper
      surface 46 ready to serve as a clean, fresh spoon after the same has been
      converted by origami technique.
PAR  When the folding takes place which converts the lid into a spoon, and with
      the crease/score lines as indicated in FIGS. 1 - 8, the bowl portion of
      the spoon has its base slightly angularly lifted with respect to the base
      of the handle portion of the spoon, as best can be seen in FIG. 7.
PAR  Although people are accustomed to eating foodstuffs of the character under
      consideration with a spoon having a bowl that is almost coplanar with the
      handle, having become so accustomed by the utilization of flat wooden
      spoons, some people might consider it more desirable to raise the angle of
      the bowl portion somewhat so that the angular relationship between the
      handle and the bowl is more like that of a conventional metal or plastic
      spoon. This readily can be accomplished and at the same time the bowl
      portion is somewhat stiffened and better defined whereby to make the spoon
      easier to use as an eating implement by slightly varying the configuration
      and arrangement of the crease/score lines in the manner indicated in FIG.
      9; the same variation imparts a more esthetic overall appearance to the
      converted spoon.
PAR  Such variation is emobodied in the lid/spoon 52 illustrated in FIGS. 9 -
      13. Inasmuch as the variation is a rather slight one, although its effect
      is significant, the same reference numerals will be used to denote the
      same parts of the lid/spoon 52 of FIG. 9 as those used to denote the parts
      of the lid/spoon 16 of FIGS. 1 - 8, with the difference, however, that a
      prime is applied to the reference numerals of the lid/spoon 52.
PAR  Thus the lid/spoon 52 includes handle crease/score lines 18', 20' and 22'.
      Unlike the lines 18, 22 of the lid 16, the lines 18', 22' are parallel,
      that is to say, they do not diverge even slightly angularly outwardly. The
      bowl portion of the lid/spoon 52 includes outer crease/score lines 24',
      32' as well as crease/score lines 26', 30'. The lines 24', 32', unlike the
      lines 24, 32, are curved rather than straight. The curvature is such that
      the lines 24', 32' are outwardly concave. The lines 26', 30' do not
      angularly converge to the same extent as the lines 26, 30 and their inner
      ends extend less far inwardly than do the inner ends of the lines 26, 30.
      In other words, the lines 26', 30' are shorter (compared to the diameter
      of the lid) than the lines 26, 30. Moreover, the lid 52 has no
      crease/score/lines corresponding to the crease/score line 28. Furthermore,
      the lid 52 has two additional crease/score lines 54, 56. Each of these
      lines has one end at the inner end of the crease/score line 20', the inner
      ends of the lines 54, 56 thereby being coincident. The lines 54, 56 sweep
      arcuately outwardly with respect to one another to terminate near the
      spoon portion terminations of the lines 24', 32', and between the
      terminations of the lines 24', 32' and the lines 26', 30', although
      substantially displaced from the lines 26', 30'. The inner ends of the
      lines 26', 30' are spaced from the lines 54, 56.
PAR  The lid/spoon 52 is folded by manual manipulation in the same manner as
      described in detail with respect to the lid 16. However, the finished
      shape of the lid/spoon is somewhat different from the finished shape of
      the lid/spoon fashioned from the lid 16. The handle essentially is
      similar, as will be seen from comparison between FIGS. 4 and 11, where the
      peaks are denoted by the reference numerals 36', the trough by the
      reference numeral 34', the lips by the reference numeral 38' and the
      handle by the reference numeral 40'. But the bowl portion, although
      generally similar in shape to the bowl portion of the lid/spoon 16, has a
      neater appearance. Thus, the base of the bowl portion, as can be seen in
      FIGS. 10 and 13, is flatter than the base of the bowl portion of the FIGS.
      1 - 8 form of the invention. The sides of the base of the bowl portion are
      defined by the lines 54, 56 so that there is a definite corner at these
      sides which lends a feeling of good definition to the bowl, making it more
      readily acceptable as an eating implement than possibly the bowl of the
      converted spoon formed from the lid 16. Also, the fact that the lines 54,
      56 sweep into convergence strengthens the throat of the lid/spoon where
      the bowl portion merges into the handle portion. Also, the outwardly
      curving configuration of the lines 54, 56 strengthen the sides of the base
      of the bowl. The combined curvature of the lines 24', 32', 54, 56
      substantially reinforces the sides of the bowl portion providing a
      strength above that created by the simple angulation that is achieved when
      the lid 16 is folded to form dihedral angles at the lines 24, 32 in the
      FIGS. 1 - 8 form of the invention.
PAR  It thus will be seen that there are provided lid/spoons which achieve the
      various objects of the invention and which are well adapted to meet the
      conditions of practical use.
PAR  As various possible embodiments might be made of the above invention, and
      as various changes might be made in the embodiments above set forth, it is
      to be understood that all matter herein described or shown in the
      accompanying drawings is to be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  Having thus described the invention there is claimed as new and desired to
      be secured by Letters Patent:
NUM  1.
PAR  1. For an open-top food container, a flat lid formed to cooperate with the
      container as a detachable closure therefor, said lid comprising: a flat
      panel the periphery of which is shaped to cooperate with the container so
      as to form a detachable cover therefor, said flat panel having formed
      therein a plurality of weakened zones so arranged with respect to one
      another and the panel that the panel is convertible by folding about said
      zones into a spoon having a handle portion and a bowl portion joined at a
      throat, the so-formed handle constituting a pleated arrangement extending
      diametrically of the panel from a perimeter of the panel to the throat of
      the spoon, and the so-formed bowl constituting a scoop-shaped portion
      extending from the handle at the throat to the opposite perimeter of the
      panel, the weakened zones in the handle portion including three zones
      substantially parallel to one another with the intermediate zone lying
      substantially on a diameter of the panel, the remaining two zones being
      outer zones, and the weakened zones of the bowl portion including two
      outer zones extending away from the inner ends of the outer zones of the
      handle portion and flaring away from one another, and at least one
      intermediate zone, the portions of the panel outwardly of the outer zones
      in the so-formed spoon constituting downwardly extending lips.
NUM  2.
PAR  2. A lid as set forth in claim 1 wherein the outer zones of the bowl
      portion are convex toward one another.
NUM  3.
PAR  3. A lid as set forth in claim 2 wherein the bowl portion includes two
      additional weakened zones each starting at the inner end of the
      intermediate zone of the handle portion and curving outwardly away from
      one another to define the side edges of the base of the so-formed bowl.
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PAL  A latching means for securing together a pair of members comprising a first
      member and a second member, said first member having a first pair of
      elements while said second member has a second pair of elements, each of
      said elements having first and second sides, each of said first elements
      being positionable with its first side opposite to the first side of a
      respective one of said second elements for assuming its disengaged
      condition and alternatively with its second side opposite to the second
      side of its respective second element to assume its engaged condition,
      said first elements being spaced apart and extending in the directions
      toward each other while the second elements extend in the directions away
      from each other, at least one of said first elements having a hinged
      portion while at least one of said second elements has a hinged portion
      which is positioned opposite to said first element with the hinged
      portion, said first and second elements being movable with respect to each
      other and by actuation of the hinged portions of said elements being
      positionable to have the second sides of said elements opposite to each
      other to place the latching means in its engaged condition.
BSUM
PAR  The invention relates to a latching means for securing together a pair of
      members and more particularly to a latching means which is readily
      detachable and firmly secures together a pair of members in an edge to
      edge hinged relationship.
PAR  Heretofore, latching means have been provided which have utilized a number
      of components for securing together bodies in a fixed or hinged
      relationship. Such devices have been relatively complex and expensive, or
      have not provided a firm securing means.
PAR  It is therefore a principal object of the invention to provide a new and
      improved latching means which will firmly secure together two bodies in an
      edge to edge relationship in any desired angular relationship.
PAR  Another object of the invention is to provide a new latching means which
      will allow a pair of bodies to be readily secured together in a hinged
      relationship.
PAR  Another object of the invention is to provide a new and improved latching
      means which may readily be manipulated for securing one body to another.
PAR  Another object of the invention is to provide a new and improved latching
      means which may be made integral with a sheet of material for readily and
      firmly securing together a pair of sheets in a hinged or fixed
      relationship.
PAR  Another object of the invention is to provide a new and improved latching
      means which may be inexpensively produced from various flexible or
      non-flexible materials and provides great utility and serviceability at
      low cost.
PAR  The above objects of the invention as well as many others are achieved by
      providing a latching means for securing together a pair of members
      comprising a first member and a second member, the first member having a
      first pair of elements while the second member has a second pair of
      elements. Each of the elements is provided with first and second sides and
      each of the first elements is positionable with its first side opposite to
      the first side of a respective one of the second elements for assuming the
      disengaged condition for the latching means. Alternatively each of the
      first elements is positionable with its second side opposite to the second
      side of its respective second element to assume the engaged condition. The
      first elements are spaced apart and each extend in a direction toward the
      other, while each of the second elements extend in a direction away from
      the other. At least one of the first elements has a hinged portion and at
      least one of the second elements has a hinged portion which is positioned
      opposite to the first element with the hinged portion. The first and
      second elements are movable with respect to each other and by actuation of
      the elements with the hinged portion, the second sides of the elements are
      positionable opposite to each other for placing the latching means in its
      engaged condition.
PAR  The first and second members are provided with opposing end edges from
      which the first and second elements project. The first and second elements
      are L-shaped and each of the first elements has a portion extending
      towards its other element in a direction along the edge of its body. Each
      of the second elements has a portion extending away from its other element
      in a direction along the edge of its body. In another form, a pair of
      second L-shaped elements is provided by a common upstanding portion
      projecting from the edge of its member and a pair of hinged portions on
      opposite sides of the upstanding portion extending away from each other in
      the direction along the edge of its member providing a T-shaped
      configuration. The pairs of first and second elements may also be hingedly
      secured along the edge of the member from which it projects for movement
      about an axis which is in the direction along the edge of its member. The
      members may comprise sheets and the elements may be integral with their
      respective sheets and composed of a flexible plastic material having score
      lines thereon, with the hinges of the elements and their hinged portions
      being provided along the score lines in the plastic material.
DRWD
PAR  The foregoing and other objects of the invention will become more apparent
      as the following detailed description of the invention is read in
      conjunction with the drawings, in which:
PAR  FIG. 1 is a front perspective view of the top portion of a bag or container
      having latching means embodying the invention,
PAR  FIG. 2 is an enlarged fragmentary front elevational view illustrating a
      first portion of the latching means shown in FIG. 1,
PAR  FIG. 3 is an enlarged fragmentary front elevational view of a second
      portion of the latching means shown in FIG. 1,
PAR  FIG. 4 is a front perspective view of the latching means shown in FIG. 1
      with its portions in their disengaged condition,
PAR  FIGS. 5, 6 and 7 are front perspective views which illustrate the steps for
      placing the latching means of FIG. 4 in its engaged condition.
PAR  FIG. 8 is a front perspective view illustrating the latching means of FIG.
      4 in its fully engaged condition,
PAR  FIG. 9 is a front perspective view of an adjustable carrying band
      illustrating another form of the latching means embodying the invention,
PAR  FIG. 10 is an enlarged perspective view with portions broken away of the
      latching means shown in FIG. 9 in its disengaged condition,
PAR  FIG. 11 is a front perspective view illustrating another form of latching
      means comprising a plurality of passive and active elements embodying the
      invention,
PAR  FIG. 12 is a front perspective view of the left hand portion of FIG. 11
      illustrating the process of engaging a pair of active elements of the
      latching means,
PAR  FIG. 13 is an enlarged side perspective view of the active elements of the
      latching means shown in FIG. 12, and
PAR  FIG. 14 is a sectional view of a pair of engaged passive elements of the
      locking means taken on line 14--14 of FIG. 11.
DETD
PAR  Like reference numerals designate like parts throughout the several views.
PAR  FIGS. 1 to 8 inclusive illustrate a latching means 10 which embodies the
      invention. The latching means 10 may be utilized for securing together a
      pair of bodies. As illustrated by FIG. 1, a pair of latching means 10
      secure together the upper opposing edges 12 and 14 of a bag or container
      16. The latching means 10, however, may be utilized in connection with
      many other devices for firmly securing together members in a fixed or
      hinged relationship. In the illustration of FIG. 1, the container 16 is
      provided with sides 18 and 20 which may be made of sheets of flexible or
      rigid material which are secured together along the top edges 12, 14 and
      readily disengaged for opening and providing access to the bag or
      container 16. In the form illustrated, the sides 18 and 20 are formed of
      sheets of a plastic material such as polypropylene which is preferable for
      its durable and flexible qualities. A latching means 10 is provided at
      each end of the bag 16, while a handle is provided by the loops 22, 24
      which are secured with each side 18, 20 intermediate the latching means
      10.
PAR  The first portion of the latching means 10 is provided by a pair of
      elements 26 comprising L-shaped elements 28 and 30 which project upwardly
      from the edge 12 of the sheet 18. The elements 28 and 30 are secured with
      the sheet 18 by any of the well known manners including use of flexible
      tapes or use of actual pin hinges. It is preferable, however, that the
      elements 28 and 30 be made integral with and of the same plastic material
      of which the member 18 is composed. The plastic material is provided with
      score lines 32 and 34 on each of its sides 36 and 38 of the plastic sheet
      along which a hinge is provided between the sheet 18 and the elements 28
      and 30.
PAR  The elements 28 and 30 are each provided with a portion 40, 42 which
      extends toward the other in a direction along the edge 12 of the sheet 18.
      The portions 40, 42 are hinged with the upstanding portion 44, 46 of its
      element 28, 30. Thus the extending portion 40 is hinged along the score
      lines 48 on the opposite sides 36, 38 of its element 28, while the
      extending portion 42 is hinged along score lines 50 on the opposite sides
      36, 38 of its element 30. The lines 48, 50 which provide the axes about
      which the portions 40, 42 move, are substantially perpendicular to the
      edge 12 of the sheet 18 and as illustrated may be inclined away from each
      other in the direction away from the edge 12. The space 51 formed between
      the elements 28 and 30 has a substantially inverted T-shaped configuration
      with the horizontal portion of the T along the edge 12 of the sheet
      extending below the hinged portions 40 and 42 of the elements 28 and 30.
PAR  The second portion of the latching means 10 includes a pair of elements 52
      which projects upwardly from the edge 14 of the sheet 20 and may be
      integral with the sheet 20 and made of the same material such as the
      preferred polypropylene plastic material. The pair of elements 52
      essentially comprises the L-shaped elements 54 and 56 which may be
      arranged in a back to back relationship to provide a T-shaped
      configuration. The elements 54 and 56, thus, comprise an upstanding
      central portion 58 which projects from the edge 14 and is hingedly secured
      with the sheet 20 along a pair of score lines 60 on the opposite sides 62,
      64 of the sheet. The elements 54, 56 are each provided with a respective
      hinged portion 66, 68 which extend in directions opposite to each other
      along the edge 14 of the sheet 20. The element 54 is provided with score
      lines 70 on opposite sides 62, 64 along which the portion 66 is hingedly
      secured with the central portion 58, while the score lines 72 on opposite
      sides 62, 64 of the element 56 provide a hinge connection for the
      extending portion 68. The score lines 70 and 72 provide axes about which
      the hinged portions 66 and 68 move which are substantially perpendicular
      to the edge 14 of the sheet 20, and may be inclined toward each other in
      the upward direction away from the edge 14 of the sheet 20 as illustrated.
PAR  Refer to FIG. 4 which illustrates the latching means 10 in its disengaged
      condition. For the purpose of engaging the latching means 10, the sheets
      18 and 20 are positioned proximate to each other with their edges 12 and
      14 opposite to each other. The elements 28 and 30 which project from the
      sheet 18 are respectively positioned opposite the elements 54 and 56 which
      project from the sheet 20. In their disengaged condition, the sides 36 and
      62 respectively of the pairs of elements 26 and 52 are proximate or
      opposite to each other as shown in FIG. 4. To place the latching means 10
      in its engaged condition, the upstanding portion 58 of the pair of
      elements 52 is received in the opening 51 between the pair of elements 26.
      During such engagement the inclined axes 48, 50 of the pair of elements 26
      and the oppositely inclined axes 70, 72 of the pair of elements 52 assist
      in pivoting the hinged portions of the elements and providing clearance
      for the passage of elements past each other to overlie each other on
      opposite sides as illustrated in FIG. 8. Such engagement action is also
      assisted by the hinged connection of the pair of elements 26 with the
      sheet 18 along the score lines 32 and 34 which extend along the edge 12
      and the hinged connection of the pair of elements 52 with the sheet 20
      along the score lines 60 which also extends in a direction along the edge
      40 of the sheet 20.
PAR  When the latching means 10 is in its engaged condition, as illustrated in
      FIG. 8, the neck portion 74 of the pair of elements 52 where it joins the
      sheet 20 extends through the widened portion 76 of the T-shaped opening 51
      along the edge 12 between the pair of element 26 with the central portion
      58 of the pair of elements 52 extending upwardly therefrom. In this
      relationship, the sides 38 and 64 of the pairs of elements 26 and 52 are
      positioned opposite to each other, and the sheets 18 and 20 are hingedly
      secured together with their edges 12 and 14 in side by side opposing
      relationship. The sheets 18 and 20 are thus firmly secured against
      separation or relative movement except for the hinged or angular
      disposition permitted by the hinged action provided by the latching means.
PAR  For the purpose of clearly illustrating the manner in which the latching
      means 10 may easily be engaged, and in reverse action disengaged, refer to
      FIGS. 5, 6 and 7. FIG. 5 illustrates the manner in which after the sheets
      18 and 20 are positioned proximate to each other in the arrangement shown
      in FIG. 4, the element 28 of the pair of elements 26 is moved about its
      hinge along the score line 32 in the counter clockwise direction
      illustrated by the arrow 78, while the pair of elements 52 are pivoted
      about its score line 60 in the clockwise direction illustrated by the
      arrow 80. The element 30 of the pair of elements 26 also rotates in the
      clockwise direction with the element 56 as illustrated. When the pairs of
      elements 26, 52 have been rotated sufficiently in opposite directions, the
      pivoted hinged portion 40 of the element 28 clears the pivoted portion 66
      of the element 54. The hinged portions are after such clearance realigned,
      to extend along the respective edges of their bodies as illustrated in
      FIG. 6. The elements 28 and 54 are thus now in an engaged condition.
PAR  For the purpose of engaging the remaining elements 30 and 56, the element
      30 is rotated about its hinge along the score line 34 in the counter
      clockwise direction as illustrated by the arrow 82 in FIG. 6, while the
      pair of elements 52 are rotated about their hinge along the score lines 60
      in the opposite clockwise direction illustrated by the arrow 84. When
      sufficient relative rotation has been achieved, the hinged portion 42 of
      the element 30 clears the hinged portion 68 of the element 56, allowing
      the elements to return to align positions with their respective edges 12,
      14 of their sheets 18, 20.
PAR  FIG. 7 illustrates the latching means 10 after the extending hinged
      portions 66, 68 of the pair of elements 52 have cleared the hinged
      portions 40, 42 of the pair of elements 26, and before the hinged portions
      40, 42 have been aligned with the edge 12 of their sheet 18. After such
      alignment the latching means 10 assumes the relationship between the
      elements illustrated in FIG. 8, while allowing one sheet to pivot with
      respect to the other about an axis in a direction along the edges 12 and
      14 of the sheets 18 and 20.
PAR  It is noted that the lower edges 86 on the extending portions 40, 42 of the
      pair of elements 26 extend in the upward direction towards each other,
      while the bottom edges 88 of the pair of elements 52 also inclined
      upwardly in a direction away from their central upstanding portion 58 (see
      FIGS. 2 and 3). The tapered configuration of the lower edges facilitates
      clearance of the hinged portions when the latching means is being engaged
      or disengaged. The latching means 10 may be disengaged by carrying out the
      operations illustrated and described above in reverse order. Thus the
      latching means 10 may be disengaged by actuating the pair of elements 52
      in the opposite direction for removing it from the opening 51 between the
      element 26 by concurrent movement of the hinged portions, or by unlatching
      one pair of opposite elements at a time as illustrated in connection with
      FIGS. 5 and 6. The elements may also be utilized as passive and active
      pairs for engaging and disengaging the locking means 10 which will be
      described in greater detail in connection with the modified embodiment
      shown in FIGS. 11 to 14 inclusive.
PAR  Refer now to FIGS. 9 and 10 which disclose an adjustable securing band 90
      including a latching means 91 emobdying the invention. The band 90
      comprises a elongated strip of material 92 which is preferably made of a
      plastic material such as polypropylene, although any other suitable
      material may be utilized. The band 90 has ends 94 and 96 which are
      positioned proximate to each other when its latching means 91 is in its
      engaged condition as illustrated in FIG. 9. The end 94 of the band 90 may
      be provided with an opening 98 forming a carrying handle 100 at its top.
      Below the handle 100, the band 90 is provided with a plurality of openings
      102, 104 and 106 spaced one below the other along the band 90. A pair of
      elements 108 and 110 extend into the opening 102 in directions toward each
      other to provide a pair of elements 112 of the latching means 91
      corresponding to the pair of elements 26 of the latching means 10
      illustrated in FIG. 2. The elements 108 and 110 are hingedly secured with
      the band 90 along score lines 114 on the front and back surfaces 116 and
      118 of the band 80 (see FIG. 10). The hinged portions 108 and 110 are
      provided with bottom edges 120 which slope upwardly in the direction in
      which the elements project into the opening 102. This provides the opening
      102 with an inverted T-shaped configuration when the portions 108, 110 are
      aligned with the bottom edge 122 of the opening 120 as shown in FIG. 9.
PAR  The openings 104, 106 are each provided with hinged portions 108' and 110'
      constituting a pair of elements 112' similar to the elements 112. Although
      only three pairs of elements 112 and 112' are illustrated, one or more of
      such pairs of elements may be utilized for providing the latching means
      91.
PAR  The end 96 of the band 90 has a pair of elements 124 comprising elements
      125, 126 projecting from the edge 127 provided by an upstanding central
      portion 128 and hinged portions 130, 132 similar to the pair of elements
      52 of the latching means 10 illustrated in FIG. 3. The portions 130, 132
      are respectively hinged along score lines 134 on each side 116, 118 of the
      band 90. The pair of elements 124 is also hingedly secured along score
      lines 136 provided on opposite sides 116, 118 of the band 90.
PAR  The adjustable band 90, for example, may be utilized by being secured about
      an object such as material 138 which is to be bound or carried. For this
      purpose, the pair of elements 124 is positioned proximate to one of the
      openings 102, 104, 106 and opposite to the respective elements 108, 110 or
      108', 110' of the selected opening and engaged therewith in a manner
      similar to that described above in connection with the latching means 10.
      The upstanding portion 128 of the pair of elements 124 may then be moved
      into the opening such as opening 102, causing the hinged elements 130 and
      132 to move back, while the hinged elements 108, 110 of the pair of
      elements 112 move in the forward direction as illustrated in FIG. 10.
      After the elements have passed and cleared each other, they may again
      assume their aligned positions as shown in FIG. 9, which illustrated
      latching means 91 in its engaged condition. The latching means may be
      disengaged by movement of the pairs of elements in the opposite direction
      until the elements are clear and the pair of elements 124 have been
      removed from the opening 102.
PAR  The pairs of elements 112 and 124 may also be engaged as illustrated
      previously in connection with the latching element 10, by moving one of
      the elements 130, 132 past its corresponding element 108 or 110 until it
      clears, after which the other element is moved past its corresponding
      element as illustrated in FIGS. 5 and 6. The latching means 91 may be
      disengaged in a similar manner by movements in the opposite directions.
PAR  The latching means 91 can be secured at the various locations along its
      length provided by the openings 102, 104 and 106 to adjust for the
      perimeter about the material 138 to be encompassed. The band 90 may also
      be folded along a plurality of lines 140 as illustrated to accommodate to
      the configuration of the material 138 or at other locations such as shown
      by the dashed lines 140' to other shaped objects.
PAR  Refer now to FIGS. 11 to 14 which illustrate another form of latching means
      142 which is a modified form of the latching means 10. The invention is
      illustrated by a plurality of sheets 144, 146 and 148 which are firmly
      secured together, edge to edge in a hinged relationship, similar to that
      of a Japanese screen.
PAR  The latching means 142 securing together the plates 144 and 146 has a first
      set of elements 150 which project from the end edge 151 of the plate 144
      and a second set of elements 152 which project from the end edge 156 of
      the plate 146. The sets of elements 150 and 152 may be integral with and
      made of the same material as the plates 144 and 146. The set of elements
      150 includes one active element 158 and one or more passive elements 160.
      The number of passive elements 160 can be determined by the length of the
      edges 151, 156 of the plates 144, 146 which are to be secured together by
      the latching means 142. In the present example, two passive elements 160
      are illustrated, although one or more may be utilized as required. The set
      of elements 152 also includes an active element 162 and a pair of passive
      elements 164, spaced therefrom along the edge 156 corresponding to the
      spacing of the active and passive elements 158 and 160.
PAR  The elements 150, 152 are each L-shaped and have an upstanding portion 166
      extending perpendicular to the respective edge of its plate 144, 146 and a
      laterally extending portion 168 extending in the direction along the edge
      151, 156 of its respective plate 144, 146. It is noted that the lateral
      portion 168 of the active element 158 of the elements 150 extends
      downwardly in the opposite direction to the lateral portions 168 of its
      passive elements 160. Conversly, the lateral portion 168 of the active
      element 162 of the set of elements 152 extends upwardly towards the
      lateral portions 168 of its passive elements 164.
PAR  In FIG. 11, the latching means 142 is illustrated in its engaged condition
      firmly and hingedly securing together in edge to edge relationship the
      plates 144 and 146, while the latching means 142' is illustrated in its
      disengaged condition and in a process of being engaged for securing
      together the plates 146 and 148 along their respective edges 170 and 172.
      The plates 146, 148 are first positioned in edge to edge relationship as
      shown in FIG. 1. The plate 146 and its elements 150' are provided with
      opposite surfaces 174 and 176. Similarly, the plate 148 and its projecting
      elements 152' are provided with opposite surfaces 178 and 180. As
      illustrated, the surface 174 of the passive elements 160' is positioned
      opposite or proximate to the surface 178 of the plate 148, while the
      surface 180 of the passive elements 164' are positioned opposite or
      proximate to the surface 176 of the plate 146. The active element 168' of
      the set of elements 150' is pivoted about the hinge connection provided by
      the score lines 180 to an upstanding position perpendicular to the surface
      176 of its place 146, while the active element 162' of the set of elements
      152' is pivoted perpendicular to the surface 178 of its plate 148. The
      plate 148 is moved downwardly in the direction of the arrow 182 with
      respect to the plate 146. This results in the interengagement of the
      passive elements 160' with their complentary passive elements 164' of the
      respective sets of elements 150' and 152'. This engaged relationship is
      clearly shown in FIG. 12, in which the slits 184 formed between the
      lateral portions 168 of each of the elements 160' and 164' and the edge
      170, 172 of its plate 146, 148, are interengaged by the opposing element.
      The active elements 158' and 162'  are also moved with respect to each
      other so that their surfaces 174 and 180 are opposite and proximate to
      each other, as also clearly shown in FIG. 12. In this relationship the
      lateral portions 168 of the elements 158', 162' which are hingedly secured
      with the upstanding portion of their elements are positioned substantially
      opposite to each other in their disengaged condition. To engage the active
      elements, the elements are moved about the score lines 181 in the opposite
      directions indicated by the arrows 190, 192 in FIG. 13 towards their
      extending positions in the planes of their respective plates 146, 148.
      This causes the movemennt of the hinged lateral portions 168' of the
      elements 158', 162' to pivot about their hinges as also illustrated in
      FIG. 13. When the elements 158' and 162' have been sufficiently displaced,
      the lateral portions 168' clear each other and assume their aligned
      positions with respect to their upstanding portions as illustrated in FIG.
      11 by the active elements 158 and 162 of the engaged latching means 142.
      FIG. 14 is a sectional view taken on line 14--14 of FIG. 11 of a pair of
      engaged elements 150, 152 illustrating the interlocking relationship.
PAR  The latching means 142 is disengaged by performing the above steps in the
      opposite order, namely disengaging the active elements after which the
      sheets are moved with respect to each other to disengage the passive
      elements. By the means illustrated, one or more passive elements
      positioned along extended edges of a body may be engaged by a simple
      movement of one body with respect to the other along opposing edges, after
      which the latching means 142 may be engaged to firmly secure and prevent
      lateral movement between the bodies by engaging the pair of opposed active
      elements.
PAR  Thus while only a few representative embodiments of the invention disclosed
      herein have been described in detail, there will be obvious to those
      skilled in the art, many modifications and variations thereof
      accomplishing the foregoing objects and realizing many or all of the
      advantages but which yet do not depart essentially from the spirit of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A latching means for securing together a pair of members comprising a
      first member and a second member, said first member having a first pair of
      elements extending substantially along the plane of the first member while
      said second member has a second pair of elements extending substantially
      along the plane of the second member, each of said elements having first
      and second sides, each of said first elements being positionable with its
      first side opposite to the first side of a respective one of said second
      elements for assuming its disengaged condition and alternatively with its
      second side opposite to the second side of its respective second element
      to assume its engaged condition, said first elements being spaced apart
      and extending in the directions toward each other while the second
      elements extend in the directions away from each other, at least one of
      said first elements having a hinged portion movable about an axis
      substantially perpendicular to said extending directions of said first
      elements while at least one of said second elements has a hinged portion
      movable about an axis substantially parallel to the axis of the hinged
      portion of said first elements which is positioned opposite to said first
      element with the hinged portion, said first and second elements being
      movable with respect to each other and by actuation of the hinged portions
      of said elements about their said axes the second elements pass
      substantially between and beyond the first elements and thereby being
      positionable to have the second sides of said elements opposite to each
      other to place the latching means in its engaged condition.
NUM  2.
PAR  2. The latching means of claim 1 in which the first and second members have
      opposing end edges, said first and second elements are L-shaped and
      respectively project from the edges of said first and second members, said
      first elements each have a hinged portion movable about an axis which is
      substantially perpendicular to the edge of the first member and extending
      toward its other element in a direction along the edge of its body while
      each of the second elements has a hinged portion movable about an axis
      which is substantially perpendicular to the edge of the second member and
      extending away from its other element in a direction along the edge of its
      body, each of the first elements being positionable opposite to a
      respective one of the second elements with the first sides of the elements
      opposite to each other in their disengaged condition, said elements being
      movable past each other by actuation of the hinged portions of said first
      and second elements about their respective axes for positioning the second
      sides of said elements opposite to each other and placing the latching
      means in its engaged condition.
NUM  3.
PAR  3. The latching means of claim 2 in which the second pair of L-shaped
      elements is provided by a common upstanding portion projecting from the
      edge of its said member and a pair of hinged portions on opposite sides of
      the upstanding portion extending away from each other in a direction along
      the edge of its member.
NUM  4.
PAR  4. The latching means of claim 2 in which at least one pair of said first
      and second elements are hingedly secured along the edge of the member from
      which they projects for movement about an axis which is in a direction
      along the edge of their member.
NUM  5.
PAR  5. The latching means of claim 2 in which the members are sheets of
      material and the L-shaped elements and sheets are composed of a flexible
      plastic material with the hinges of the hinged portions being provided
      along score lines.
NUM  6.
PAR  6. The latching means of claim 4 in which said members are sheets and said
      elements are integral with their respective sheets and composed of a
      flexible plastic material having score lines thereon, and the hinges of
      said elements and their hinged portions are provided along score lines in
      said plastic material.
NUM  7.
PAR  7. The latching means of claim 3 in which the second pair of elements has a
      T-shaped configuration, and the space between the first pair of elements
      and the sheet from which the elements project has an inverted T-shaped
      configuration with its horizontal portion along the edge of its sheet
      extending below the hinged portion of said first elements.
NUM  8.
PAR  8. The latching means of claim 7 in which the hinged portions of the first
      and second elements are each respectively secured for hinged movement
      about an axis which is substantially perpendicular to the edge of its
      sheet, the axes of said first pair of elements being inclined away from
      each other in the direction away from the edge of its member while the
      axes of the second pair of elements being inclined toward each other in
      the direction away from the edge of its member, at least one pair of said
      first and second pairs of elements is hingedly secured along the edge of
      the member from which it projects for movement about an axis which is in a
      direction along the edge of its member.
NUM  9.
PAR  9. The latching means of claim 8 in which said members are sheets of
      material and said elements are integral with their respective sheets and
      composed of a flexible plastic material, the hinges of said elements and
      their hinged portions being provided along score lines in said plastic
      material.
NUM  10.
PAR  10. The latching means of claim 1 in which the first and second pairs of
      elements each include an active element and an inactive element, the first
      and second active elements each have a hinged portion and are positionable
      opposite to each other, the first and second passive elements are slidable
      for interconnecting and engaging each other with their second sides
      opposite to each other while positioning the first sides of said active
      elements opposite to each other in their disengaged condition, said first
      and second active elements being movable past each other by actuation of
      their hinged portions for positioning the second sides of said elements
      opposite to each other and placing the active elements in their engaged
      condition, whereby the first and second elements are locked in their
      engaged conditions and said pair of members are secured together.
NUM  11.
PAR  11. The latching means of claim 10 in which the first and second bodies
      have opposing end edges, said first and second elements are each L-shaped
      having an upstanding portion projecting respectively from the edges of
      said first and second members and a lateral portion extending in a
      direction along the edge of its member, the lateral portions of said first
      and second passive elements extending in opposite directions for slidably
      interconnecting and engaging each other, the lateral portions of said
      active elements being hinged with their upstanding portions and positioned
      opposite to the upstanding portions of their respective opposing active
      elements with their first sides opposite to each other in the disengaged
      condition, said first and second active elements being movable past each
      other by actuation of their hinged lateral portions positioning the
      lateral portions opposite to the upstanding portions of their respective
      opposing active elements with their second sides opposite to each other
      placing the active elements in their engaged condition.
NUM  12.
PAR  12. The latching means of claim 11 which includes a plurality of passive
      L-shaped elements projecting from the edge of said first member, and a
      second plurality of passive L-shaped element projecting from the edge of
      the second member with each being positionable opposite to a respective
      one of said first passive elements for engagement therewith, each of said
      first passive elements having a portion extending in one direction along
      the edge of its member while each of said second passive elements has a
      portion extending in the direction along the edge of its member which is
      opposite to the direction of the first passive elements for slidably
      interconnecting and engaging with the first elements, said first active
      L-shaped element projecting from the edge of said first member with its
      hinged lateral portion extending in a direction along the edge of its
      sheet which is opposite to the direction of extension of the portions of
      said first passive elements, said second active L-shaped element
      projecting from the edge of said second member with its hinged lateral
      portion extending in a direction along the edge of its member which is in
      a direction opposite to the direction of extension of the portions of said
      second passive elements, the first and second passive elements being
      concurrently engaged by their slidable movement in the direction along the
      edges of said members and said active elements thereafter being movable to
      their engaged condition for placing the latching means in its engaged
      condition.
NUM  13.
PAR  13. The latching means of claim 12 in which the hinged portions of said
      first and second active elements are secured for hinged movement about
      respective axes which are each substantially perpendicular to the edge of
      its respective member.
NUM  14.
PAR  14. The latching means of claim 13 in which at least one of said active
      elements is hingedly secured along the edge of its member from which it
      extends for movement about an axis which is in a direction along the edge
      of its member.
NUM  15.
PAR  15. The latching means of claim 14 in which the members are sheets of
      material, and said elements are integral with their respective sheets.
NUM  16.
PAR  16. The latching means of claim 15 in which said elements and sheets are
      composed of a flexible plastic material having score lines thereon, the
      hinges of said elements and their hinged portions being provided along
      score lines in said plastic material.
NUM  17.
PAR  17. The latching means of claim 1 in which said first member has an opening
      therein and said first pair of elements extend into said opening in the
      directions toward each other, and said second pair of elements project
      from said second member, the first sides of the first elements being
      positionable opposite to the first sides of the second elements in their
      disengaged condition and the second elements being movable through the
      opening of said first member by actuation of the hinged portions of said
      elements for placing the second sides of the elements opposite to each
      other for placing the latching means in its engaged condition.
NUM  18.
PAR  18. The latching means of claim 17 in which the second pair of elements has
      a T-shaped configuration and the opening in said first member is bordered
      by said first pair of elements to provide an inverted T-shaped
      configuration.
NUM  19.
PAR  19. The latching means of claim 17 in which said first elements are
      hingedly secured with said first member, said second member has an end
      edge, said second pair of elements are L-shaped and respectively project
      from the edge of its second member and each have a hinged portion
      extending away from its other element in the direction along the edge of
      its member, said elements being movable past each other by actuation of
      the hinged portions of said first and second elements for positioning the
      second sides of said elements opposite to each other and placing the
      latching means in its engaged condition.
NUM  20.
PAR  20. The latching means of claim 19 in which the second pair of L-shaped
      elements is provided by a common upstanding portion projecting from the
      edge of its said member and a pair of hinged portions on opposite sides of
      the upstanding portion extending away from each other in a direction along
      the edge of its member.
NUM  21.
PAR  21. The latching means of claim 19 in which the hinged portions of said
      first and second elements are secured for hinged movement about respective
      parallel axes, the axes of the hinged portions of said second elements
      being substantially perpendicular to the edge of its member.
NUM  22.
PAR  22. The latching means of claim 21 in which the second elements are
      hingedly secured along the edge of the member from which it projects for
      movement about an axis which is in a direction along the edge of its
      member.
NUM  23.
PAR  23. The latching means of claim 17 in which the members are sheets of
      material and the elements and sheets are composed of a flexible plastic
      material with the hinges of the hinged portions being provided along score
      lines.
NUM  24.
PAR  24. The latching means of claim 22 in which said members are sheets and
      said elements are integral with their respective sheets and composed of a
      flexible plastic material having score lines thereon, and the hinges of
      said elements and their hinged portions are provided along score lines on
      said plastic material.
NUM  25.
PAR  25. The latching means of claim 24 in which the second pair of elements has
      a T-shaped configuration and the opening in said first member is bordered
      by said first pair of elements to provide an inverted T-shaped
      configuration.
NUM  26.
PAR  26. The latching means of claim 17 in which said first member has a
      plurality of openings therein, each opening has a pair of said first
      elements extending into it in a direction toward the other, the second
      elements being positionable with their first sides opposite to the first
      sides of a selected pair of said first elements in their disengaged
      condition, the second elements being movable through the opening of said
      selected pair of first elements in said first member by actuation of the
      hinged portions of said elements for placing the second sides of said
      selected first elements and said second elements opposite to each other
      for placing the latching means in its engaged condition.
NUM  27.
PAR  27. The latching means of claim 26 which includes an elongated flexible
      band of material providing the first and second members at its end
      portions, said members and elements are integral and composed of a
      flexible plastic material having score lines thereon, and the hinges of
      said elements and their hinged portion are provided along score lines in
      said plastic material, said openings in said first body being spaced along
      said band so that said second member may be secured at a selected location
      therealong.
NUM  28.
PAR  28. The latching means of claim 27 in which said first member is provided
      with handle means at its end, and the second pair of elements has a
      T-shaped configuration and the openings in said first member are bordered
      by their respective first pairs of elements to provide an inverted
      T-shaped configuration.
NUM  29.
PAR  29. The latching means of claim 28 in which said first elements are
      hingedly secured with said first member, said second member has an end
      edge with said second pair of elements projecting therefrom, each of said
      second elements have a hinged portion extending away from its other
      element in a direction along the edge of its member, and said second
      elements are hingedly secured along, the edge of the member from which it
      projects for movement about an axis which is in a direction along the edge
      of its member.
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ABST
PAL  A centrifuge, for separating a fluid feed into two fluids, includes a rotor
      shaft and a rotor housing within which is a set of concentric, equal
      spaced cylindrical shells providing elongated annular chambers for
      parallel flows of fluid. Distributor means extends radially from the shaft
      within one end housing portion to furnish fluid separately to the
      chambers. One collector means to receive one separated fluid extends
      radially from the shaft within the other end housing portion to
      communicate with the chambers. A second collector means is located
      preferably at the same transverse plane passing through the shaft by using
      radially extending walls within that end portion of the housing to divide
      it into a number of pie-shaped chambers, each having an outlet adjacent
      the shaft. Each collector means includes some of these pie-shaped
      chambers. In the broadest construction the total area of a set of openings
      of the distributor means (or of one of the collector means when
      appropriate) communicating with a specific annular chamber is proportional
      to a value between about the third power and about the fourth power of the
      average radius of the annular chamber. There are outlet pipes
      communicating with the two collector means and one of the pipes is valved
      to control the volume ratio of removed fluids.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending patent
      application Ser. No. 323,212 entitled "Centrifugal Clarifier" and filed on
      Jan. 12, 1973 (now U.S. Pat. No. 3,814,307, granted on June 4, 1974).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to centrifuges useful to separate a fluid mixture
      containing two compounds of different density such as compounds of
      different molecular weight. The invention is particularly useful for an
      enrichment separation of compounds in which one compound is present in a
      gaseous mixture with another compound in an amount of less than 5% for an
      enrichment by which there is obtained a gaseous product that contains at
      least a threefold greater concentration of the desired compound in that
      gaseous product. Thus the invention especially relates to a gas centrifuge
      useful to separate compounds of a natural mixture of isotopes of a
      chemical element in which the compounds differ in mass by a small
      percentage. Such use includes the enrichment of an isotope of uranium in
      the form of a gaseous uranium compound, e.g., separation of gaseous
      uranium hexafluoride made from natural uranium that contains less than 1%
      of U.sup.235 isotope to obtain a gaseous product that is enriched with
      respect to U.sup.235. From that product there is obtained U.sup.235
      -enriched uranium having various uses including neutronic power reactors.
PAR  2. Description of the Prior Art
PAR  Centrifugal devices or apparatuses for separating solids or immiscible
      liquids from liquids include drum-type centrifugal clarifiers that are
      modifications of centrifugal contactors, solid bowl centrifuges,
      basket-type centrifuges, and continuous disc-type centrifuges.
PAR  A description of these types of centrifugal devices is presented in my
      copending patent application mentioned above. That description is hereby
      incorporated by reference. The description includes reference to articles
      in two publications, to Swedish Pat. Nos. 20754 and 20757, to U.S. Pat.
      Nos. 587,171, 787,950, 2,619,280, 3,027,390, 3,047,215, 3,053,440,
      3,202,407, 3,344,982, 3,344,983 and 3,519,199, and to British Pat. Nos.
      966,153 and 1,123,958. Two of the U.S. patents and U.S. Pat. No.
      3,695,509, along with German Pat. No. 129569, were cited against my
      copending application mentioned above, but none of these patents and
      articles disclosed or would suggest a construction of a centrifugal device
      as claimed in that copending patent application. That claimed centrifugal
      device has a structure that in many respects is common with the structure
      of the centrifugal device of the present invention.
PAR  As pointed out in the article entitled "Enriching Europe with the gas
      centrifuge" in the Oct. 5, 1972, issue of New Scientist a gas centrifuge
      has been developed in Europe for the enrichment of uranium fuel. The
      construction of the centrifuge is not stated except to indicate that it is
      a centrifuge cascade and needs only 20-30 stages to obtain a product
      containing a typical 2.9% content of U.sup.235. It is indicated in the
      article that the separation factor is increased by the 3rd and 4th power
      of the peripheral speed. Gas centrifuges are described at pages 21-55 in
      Uranium Enrichment by Gas Centrifuge by D. G. Avery and E. Davies,
      published in 1973 by Mills & Boon Limited, London, England.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a centrifuge that is useful for the separation of
      a feed fluid, that is a mixture containing two compounds, into a fluid
      product containing a higher concentration of one of the compounds as
      compared with the concentration in the initial mixture and a fluid
      containing a lesser concentration of that compound than in the original
      mixture.
PAR  The centrifuge of the present invention in one aspect has the construction
      of the centrifugal clarifier of my copending patent application mentioned
      above except for the relationship of total area of the set of openings of
      the distributor means or of the collector means communicating with a
      specific annular chamber. In the construction of this aspect of the
      centrifugal device of the present invention the total area of each set of
      openings, instead of being proportional to the square, i.e., second power,
      of the radial distance, is proportional to a value between about the third
      power and about the fourth power, preferably about the 3.5 power, of the
      average radius of the annular chamber to provide a linear flow of gas
      through each annular chamber that is similarly proportional.
PAR  In view of the foregoing similarity between the liquid clarifier of that
      copending patent application and the gas centrifuge of the present
      invention, the various embodiments of construction shown in that copending
      application are generically useful as the gas centrifuge of the present
      invention provided the total area of openings of the distributor means or
      the collector means is constructed on a basis in accordance with this
      aspect of the present invention rather than that specified in that
      copending application. For some of those embodiments of construction of
      the centrifugal clarifier, thus disclosed, when constructed with the
      relationship of total area of openings of the centrifuge in this aspect as
      a gas centrifuge of the present invention, these embodiments can be
      further changed for simplification in view of the fact that two gases are
      being withdrawn instead of the withdrawal of a liquid and a slurry or
      other liquid. Accordingly the disclosure in that copending application is
      hereby incorporated by reference. When thus constructed for use as a gas
      centrifuge, those embodiments would have the second collector means at or
      adjacent to the end portion of the housing that contains the first
      collector means rather than being located merely between the end portions
      of the housing.
PAR  The centrifuge of that aspect of the present invention is best illustrated
      by the preferred embodiment described below. That preferred embodiment of
      the centrifuge has a novel construction. By constructing it so that the
      total area of the openings of the distributor means or one of the
      collector means at the various annular chambers is as specified in that
      copending application for the construction as a centrifugal clarifier,
      there is obtained a useful embodiment of the centrifugal clarifier. Thus,
      the present invention includes in another aspect the preferred embodiment
      of the centrifuge stated without limitation of the relationship of the
      total areas of openings. In that other aspect of the centrifuge, the total
      area of each band of openings is preferably proportional to a value
      between about the second power and about the fourth power of the average
      radius of the associated annular chamber and, as a gas centrifuge, is
      preferably proportional to a value between about the third power and about
      the fourth power of that average radius.
PAR  The description that follows is directed for simplicity to the first aspect
      of construction that is useful as a gas centrifuge and to the other aspect
      of construction, with its set of pie-shaped chambers for at least one
      collector means, in its preferred use as a gas centrifuge.
PAR  The gas centrifuge of the invention includes a rotor, two outlet pipes and
      valved means connected to at least one of the outlet pipes. The centrifuge
      is connected, of course, to an inlet pipe that provides feed liquid to the
      centrifuge.
PAR  The rotor comprises a rotor shaft, a rotor housing, a set of partition
      walls within the housing, and distributor means and two collectors means
      within the housing.
PAR  The rotor housing encloses an elongated intermediate portion of the rotor
      shaft so as to provide around that intermediate portion of the shaft an
      elongated working space of annular cross section. The set of partition
      walls is mounted in that housing so that these walls are in that working
      space. These partition walls extend generally parallel to the longitudinal
      axis of the shaft. Preferably they are parallel to that axis. It is
      especially preferred that this set of partition walls constitute a set of
      equally spaced concentric cylindrical shells. It is also especially
      preferred that these shells be imperforate except for openings at various
      radial lines about their periphery for mounting of one of the two
      collector means mentioned above.
PAR  The partition walls extend from one end part of the intermediate portion of
      the working space to the other end part of that intermediate portion so as
      to provide a number of elongated parallel chambers through which the major
      flow of gas is across a centrifugal force field and generally parallel to
      the axis of rotation of the shaft rather than a radial flow. Of course,
      the centrifugal force field is provided by the rapid movement of the gas
      in these chambers about the axis of the shaft while the rotor is rotating.
PAR  The distributor means of the rotor extends radially outward from the rotor
      shaft. The distributor means is located within one end part of the
      housing. The distributor means has concentric sets of openings at
      different bands of radial distances from the axis of the shaft. Through
      these openings passes feed gas separately to one end of the generally
      parallel annular chambers provided by the set of partition walls.
PAR  One of the two collector means extends radially outward from the rotor
      shaft within the other end part of the housing and has concentric sets of
      openings at different bands of radial distances from the axis of the
      shaft. Each set of openings communicates that collector means with an
      annular chamber and each set is radially offset, preferably to the maximum
      degree of offset, from the average radial distance of that annular chamber
      to receive from that annular chamber gas of different concentration of
      compounds than the concentration of the compounds in the gas fed to the
      centrifuge.
PAR  The second collector means is located at the end part of the housing
      containing the first collector means or is located adjacent that end part
      of the housing.
PAR  The rotor shaft of the gas centrifuge of the invention is constructed with
      a number of longitudinal passageways. One is an inlet passageway for feed
      gas. This passageway extends inwardly to the end part of the intermediate
      portion of that shaft at which it is in the transverse plane containing
      said distributor means. At that inner end this passageway communicates
      with a radial passageway that communicates with the distributor means. A
      second longitudinal passageway in the rotor shaft extends inwardly to the
      intermediate portion of the shaft and communicates with a radial
      passageway that communicates with the first collector means that is
      located at the end part of the housing other than the end part containing
      the distributor means. A third longitudinal passageway is an outlet for
      gas collected by the second collector means. For this purpose the third
      longitudinal passageway extends inwardly to communicate with a radial
      passageway that is at the intermediate portion of the rotor shaft that is
      at a transverse plane passing through the intermediate portion of the
      housing. That radial passageway communicates with the second of the two
      collector means.
PAR  Although all three longitudinal passageways can extend inwardly from the
      same end of the rotor shaft to the extent described above, it is usually
      preferred for the simplest construction of the rotor that two of the
      longitudinal passageways extend inwardly from one end and the third
      passageway extends inwardly from the other end of the shaft. Of course,
      when longitudinal passageways extend inwardly from the same end of the
      rotor shaft, these passageways are concentric.
PAR  The gas centrifuge of the invention includes two outlet pipes, as mentioned
      above. One outlet pipe is connected to the rotor so as to communicate with
      one of the outlet longitudinal passageways, while the other outlet pipe is
      connected also to the rotor to communicate with the other of the outlet
      longitudinal passageways. The outlet pipe that thereby receives the
      collected gas that has a decreased concentration of desired gaseous
      compound as compared with feed gas has valved means mounted on it to
      control the rate of removal of that gas from its collector means and thus
      the overall flow rate of gas into the working space of the rotor. In this
      case the other outlet pipe receives the other separated gas that is
      enriched with respect to the desired compound as compared with the
      concentration of that compound in the feed gas. That other outlet pipe can
      have valved means mounted on it to control the rate of flow of removal of
      this enriched gas from the rotor.
PAR  The construction of the gas centrifuge of the invention in which the second
      collector means is adjacent that end of the housing is exemplified by
      various embodiments shown in my copending patent application mentioned
      above. For example, the second collector means can be sets of radially
      aligned downcomer pipes extending downwardly from the partition walls
      adjacent the end part of the housing containing the first collector means.
      The sets of these pipes are disposed at different radii so that the sets
      are arranged about the axis of the rotor shaft. Each pipe communicates
      with an opening in the corresponding partition wall so that the overall
      construction is seen to be a second collector means having sets of
      concentric openings at different bands of radial distances from the axis
      of the shaft. Each set of top openings of the downcomer pipes that
      communicate with the same annular chamber are seen to be radially offset
      from the average radial distance of that annular chamber to receive, from
      that annular chamber, gas of different concentration of compounds than the
      concentration of compounds in the gas fed to the centrifuge and, of
      course, of different concentration of compounds than the concentration of
      the compounds in the gas passing from that annular chamber to the first
      collector means.
PAR  Another embodiment shown in that copending patent application has radial
      pipes that are disposed about the axis of the shaft and that extend
      upwardly through the partition walls that form the annular chambers. This
      embodiment for the present invention has these radial pipes adjacent the
      end part containing the first collector means. As in the embodiment shown
      in that copending patent application, each of the radial pipes has
      openings at different radial distances. The openings for each radial pipe
      is located to be radially offset from the average radial distance of the
      annular chamber within which it is located. For communication with each
      annular chamber each radial pipe has the opening located so that the pipes
      provide a set of concentric openings communicating with the set of annular
      chambers. As in the embodiment with the downcomer pipes, this offset is
      opposite to the offset of the openings for the first collector means so
      that each radial pipe at its openings can receive, from each annular
      chamber, gas of different concentration of compounds than the
      concentration of compounds in the gas fed to the centrifuge and, of
      course, of different concentration of compounds than the concentration of
      compounds in the gas passing from the corresponding annular chamber to the
      first collector means.
PAR  The location of the second collector means at the end part of the housing
      that contains the first collector means is the preferred construction for
      the apparatus of the present invention. The preferred embodiment of the
      apparatus containing this construction is the novel gas centrifuge shown
      in the drawings and described below in detail. In this preferred
      construction each of the first collector means and the second collector
      means comprises a set of arcuately spaced pie-shaped chambers located in
      the same plane transverse to the rotor axis. Each pie-shaped chamber of a
      set is separated from adjacent pie-shaped chambers of the same set by two
      of the pie-shaped chambers of the other set. Thus the pie-shaped chambers
      of one set alternate with the pie-shaped chambers of the other set about
      the axis of the shaft.
PAR  Each of the two collector means of this preferred construction has a
      concentric set of openings that communicates with the annular chambers.
      The openings of each concentric set are located at the pie-shaped chambers
      of that collector means and are thus generally aligned in a radial
      direction for openings of a pie-shaped chamber that communicates with the
      annular chambers. Each ring of openings of the pie-shaped chambers of the
      first collector means is located so that those openings that communicate
      with a specific annular chamber are radially offset from the average
      radial distance of that annular chamber to receive, from that annular
      chamber, gas of different concentration of compounds than the
      concentration of compounds in the gas fed to the centrifuge. Similarly,
      each ring of openings of the pie-shaped chambers of the second collector
      is located so that the openings are radially offset from and on the
      opposite side of the average radial distance of that annular chamber to
      receive, from that annular chamber, gas of different concentration of
      compounds than the concentration of compounds in the gas fed to the
      centrifuge and, of course, of different concentration of compounds than
      the concentration of the compounds in the gas passing from that annular
      chamber to the first collector means.
PAR  In the preferred embodiment of the gas centrifuge of the invention that is
      described below, the concentric sets of openings of the first collector
      means provided by openings in its set of pie-shaped chambers are located
      offset from the radial distances of the annular chambers so that these
      openings are adjacent the inner portion of the annular chambers, i.e.,
      adjacent the outer surfaces of the partition walls. In that example of the
      concentric sets of openings of the second collector means are located
      adjacent the outer part of the annular chambers so that they are adjacent
      the inner surfaces of the partition walls. In this case the first
      collector means is used to collect gas enriched in the annular chambers
      with respect to the desired gaseous compound that is lighter than the
      other compound of the initial feed gas.
PAR  In this preferred embodiment of the novel apparatus that is the preferred
      construction of the gas centrifuge of the invention, the bottom ends of
      both sets of pie-shaped chambers are spaced from the rotor shaft by an
      annular chamber at that end part of the housing and that end chamber has a
      number of openings communicating with the pie-shaped chambers of the first
      collector means, but does not have openings communicating with the
      pie-shaped chambers of the second collector means. Outwardly of that
      annular chamber that is at that end part of the housing the pie-shaped
      chambers of the second collector means have openings below the innermost
      annular chamber defined by the concentric set of partition walls. These
      openings communicate with an annular collection chamber between the rotor
      shaft and the working space defined by the housing and the innermost
      partition wall. That annular collection chamber communicates through the
      radial passageway and associated longitudinal passageway with the outlet
      pipe that is to receive the gas that is collected from the annular
      chambers and that is depleted in concentration of the desired gaseous
      compound. In the preferred construction that longitudinal passageway is
      concentric with and outside the inlet longitudinal passageway for feed
      gas. In the case of the other collected gas, that is enriched with respect
      to the desired gaseous compound of the feed gas, the annular chamber at
      the end of the housing containing the two collector means by the radial
      passageway communicates with the other outlet longitudinal passageway.
      That passageway extends outwardly from that end of the rotor shaft and
      communicates through a valve with the other outlet pipe.
PAR  A very important limitation present in the construction of the gas
      centrifuge of this invention is, as in the case of the construction of the
      centrifugal clarifier of the invention of my copending patent application
      mentioned above, the total area of the openings at each band of radial
      distance from the axis of rotation of the shaft for either the distributor
      means for feed gas or the collector means that receives gas of decreased
      concentration of desired compound from the working space within the rotor
      housing. This limitation as to total area of openings at each band of
      radial distance has been mentioned above where it has been indicated as to
      how it differs from that limitation for the centrifugal clarifier. It will
      be apparent from the foregoing description that for some embodiments of
      the gas centrifuge in which the collector means that receives that gas of
      reduced concentration of desired gaseous compound is constructed in such a
      manner that it is not feasible for that collector means to include this
      limitation of total area. In that case the limitation is necessarily used
      in the construction of the total area of openings at each band of radial
      distance for the distributor means.
PAR  In the construction in which the openings of the distributor means has
      total areas at each band to conform to the limitation mentioned above,
      each ring of openings is preferably located to be in alignment with the
      average radial height of the band of working space from which the feed gas
      flows through those openings. This construction thereby minimizes
      disturbance of flow of gas through each chamber that is generally parallel
      to the axis of the rotor.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view, partially broken away as a longitudinal
      section taken along line 1--1 of FIG. 5 and partially schematic, showing
      the preferred embodiment of the gas centrifuge of the present invention,
      in its use for separating feed gas into an enriched product gas that has a
      higher concentration of a lighter desired gaseous compound than its low
      concentration in the feed gas and a reject gas containing a lower
      concentration of that desired gaseous compound than in the feed gas.
PAR  FIG. 2 is a fragmentary cross sectional view taken along line 2--2 of FIG.
      1.
PAR  FIG. 3 is a fragmentary cross sectional view taken along line 3--3 of FIG.
      1.
PAR  FIG. 4 is a fragmentary longitudinal section of this embodiment of the gas
      centrifuge taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is a fragmentary cross sectional view taken along line 5--5 of FIG.
      1.
DETD
PAC  DETAILED DESCRIPTION
PAR  As seen in FIG. 1, the preferred embodiment of the gas centrifuge of the
      invention has a rotor generally indicated at 6, an outlet pipe 7 to
      receive enriched product gas from the centrifuge, another outlet pipe 8 to
      receive reject gas from the centrifuge, a valve 9 in pipe 7 and a valve 10
      in pipe 8.
PAR  In the following description it is assumed for purpose of illustration that
      the gas fed to the centrifuge, that is, feed gas, is essentially a mixture
      of two gases containing about 1% of a lighter gas and the balance
      substantially being a heavier gas, e.g., gaseous uranium hexafluoride in
      which the uranium is natural uranium so that the lighter gaseous compound
      is U.sup.235 F.sub.6. In that case the enriched product gas is UF.sub.6
      containing a higher concentration of U.sup.235 than present in the feed
      gas and, of course, the reject gas is UF.sub.6 containing a lower
      concentration of U.sup.235 than present in the feed gas.
PAR  The rotor 6 has a rotor shaft 11. The elongated intermediate portion of
      shaft 11 is enclosed by a rotor housing generally indicated at 12. Within
      housing 12 is an elongated working space of annular cross section. The
      housing 12 includes a pair of circular end discs 13 and 14 mounted on
      shaft 11 at the opposite ends of the intermediate portion of shaft 11 for
      rotation with shaft 11. The housing 12 also includes a cylindrical shell
      15 connected at its ends to the peripheral margin of discs 13 and 14 to
      complete the enclosure of the intermediate portion of shaft 11.
PAR  The shaft 11 has a longitudinal inlet passageway 16 that extends inwardly
      from one end of shaft 11 to one end of its intermediate portion. The
      passageway 16, adjacent its inner end, communicates with a radial
      passageway 17 that communicates with that end of the working space within
      housing 12. That end of shaft 11 has a longitudinal outlet passageway 18
      that is coaxial with passageway 16. The passageway 16 extends outwardly
      through and beyond the outer end portion of passageway 18 that extends
      inwardly further than passageway 16. The outer end portion of passageway
      18 communicates with a radial passageway 19 that communicates with outlet
      pipe 8. The other end of shaft 11 has a longitudinal outlet passageway 20
      that, at its inner end portion, communicates with a radial passageway 21
      that communicates with the other end of the working space within housing
      12.
PAR  The outlet pipes 7 and 8 are connected to shaft 11 by a conventional,
      well-known construction whereby pipes 7 and 8 remain stationary, while
      shaft 11 rotates. During this relative movement pipes 7 and 8 remain in
      communication with outlet passageway 20 and outlet passageway 18,
      respectively, the latter communication being through radial passageway 19.
      Similarly, passageway 16 is in communication with an inlet pipe (not
      shown). Conventional constructions that provide these communications
      between an inlet pipe or outlet pipes and a revolving rotary shaft are
      disclosed in numerous patents including U.S. Pat. Nos. 3,344,982 and
      3,344,983, mentioned above. Also the centrifuge is constructed in a
      conventional manner, e.g., as shown in those two patents, to include a
      driven sheave (not shown) to drive shaft 11 at a desired rotational speed.
      Of course, shaft 11 is rotatably mounted with bearings (not shown) on a
      suitable supporting structure (not shown).
PAR  Within rotor housing 12 and spaced from discs 13 and 14 are circular discs
      24 and 25, respectively. The disc 24 has concentric bands of holes 26. The
      chamber defined by disc 13 and housing 12 and disc 24 with its holes 26
      provides distributor means at one end of housing 12 whereby feed gas is
      distributed through holes 26 to the working space within housing 12
      between discs 24 and 25.
PAR  The disc 25 has a set of concentric bands of holes 27 and a second set of
      concentric bands of holes 28. A number of radial narrow plates 30 are
      mounted between disc 14 and disc 25 to separate the chamber between discs
      14 and 25 and inwardly from housing shell 15 into a number of pie-shaped
      chambers. The narrow plates 30 extend inwardly to a narrow cylindrical
      shell 31 that is mounted between discs 14 and 25. The diameter of shell 31
      is greater than that of the outer diameter of shaft 11 to provide an
      annular collection chamber extending from shaft 11 to a radial distance
      less than the location of the innermost ring of holes 27. Of course,
      narrow plates 30 and narrow shell 31 are mounted to rotate with housing 12
      within which they are located at one end.
PAR  The pie-shaped chambers formed between discs 14 and 25 and between
      cylindrical shells 15 and 31 are disposed about the axis of shaft 11 and
      constitute two sets of pie-shaped chambers in which, for each set, each
      pie-shaped chamber is spaced from the next adjacent pie-shaped chambers by
      a pie-shaped chamber of the other set. Thus the pie-shaped chambers of one
      set alternate with the pie-shaped chambers of the other set about the axis
      of shaft 11. The holes 27 are located so that they are at the set of
      pie-shaped chambers that constitute the first collector means, while holes
      28 are located so that they are at the other set of pie-shaped chambers
      that constitute the second collector means.
PAR  Mounted between discs 13 and 24 are radial baffles 33 that extend from
      adjacent shaft 11 to a position adjacent shell 15. The baffles 33 are
      connected to disc 13, or disc 24, or both, so that baffles 33 move about
      the axis of shaft 11 when that shaft and, of course, housing 12, are
      rotated.
PAR  The radial passageway 17 communicates with the space between discs 13 and
      24 that provide between shaft 11 and shell 15 the distributor means of the
      centrifuge. The radial baffles 33 impart rotational speed to feed gas in
      the distributor means so that feed gas is subjected to increased
      centrifugal force before passage through holes 26. Most of the energy used
      to provide this rotational speed is recovered when collected gas in the
      first collector means, after passage through holes 27 of disc 25, and the
      other collected gas in the second collector means, after passage through
      holes 28 of disc 25, pass radially inwardly in the first and second
      collector means, respectively. This recovery of energy is due to the
      presence of narrow plates 30 that serves as radial baffles of rotor 6 as
      well as serving as walls separating the alternating pie-shaped chambers of
      the two collector means. In the construction of this preferred embodiment
      of the centrifuge all of the gas passes to outlet passageways in a manner
      that utilizes these radial plates 30 to recover energy.
PAR  A number of elongated parallel annular chambers between discs 24 and 25 are
      provided by a number of equally spaced concentric cylindrical shells 35
      connected at their ends to discs 24 and 25 so that shells 35 are in the
      working space mentioned above. Within these annular chambers, the heavier
      gaseous compound of the gas feed is moved radially outward toward the
      outermost portion of the annular chambers, i.e., toward the inner surface
      of each of shells 35 for all but the outermost of the annular chambers
      where the movement is to the inner surface of housing shell 15. As a
      result, the lighter gaseous compound in the gas that is adjacent the
      innermost portion of these annular chambers, i.e., adjacent the outer
      surfaces of cylindrical shells 35 that form one wall of all of the annular
      chambers, is present in a higher concentration than present in the feed
      gas.
PAR  It is seen from FIG. 1 that in the working space provided by these annular
      chambers the general or major direction of flow of gas from disc 24 to
      disc 25 is generally parallel to the axis of rotation of the rotor, i.e.,
      the axis of shaft 11. As a result, gas, having a composition with a
      greater content of the lighter gaseous compound than the feed gas from the
      downstream end of this flow, passes through holes 27 into that set of the
      alternating pie-shaped chambers having holes 27. This gas passing through
      holes 27 is from that end of the innermost portion of the annular
      chambers. At the same time, gas having a composition with a lesser content
      of the lighter gaseous compound than the feed gas, from the downstream end
      of this flow through the elongated annular chambers, passes through holes
      28 into that set of the alternating pie-shaped chambers having holes 28.
      This gas passing through holes 28 is from that end of the outermost
      portion of the annular chambers.
PAR  As seen in FIGS. 2, 3 and 5, holes 26 are indicated as being parallel holes
      centrally located between the radial lines at which baffles 33 are located
      and centrally of the height of the annular chambers, while holes 27 and 28
      are indicated as being arcuate slots in alignment with the innermost
      portions and the outermost portions, respectively, of the annular chambers
      and extending the full distance between adjacent narrow radial plates 30.
      The shapes of holes 26, 27 and 28 are merely illustrative. The important
      limitation is with respect either to the total area of each ring of holes
      26, communicating with a specific annular chamber, relative to the total
      area of rings of holes 26 at other radial distances, i.e., communicating
      with other annular chambers or the total area of each ring of holes 27 or
      28, communicating with a specific annular chamber, relative to the total
      area of rings of holes 27 or 28, respectively, at other radial distances,
      i.e., communicating with other annular chambers.
PAR  Either of the collector means may have openings, to the annular chambers,
      that are constructed with this limitation of total areas, rather than such
      limitation being included in the construction of the distributor means
      with its holes 26. The collector means having the holes with such
      limitation of total areas is the collector means that receives from the
      annular chambers the major flow of gas, i.e., the gas that has a lesser
      concentration of desired gaseous compound than the feed gas. In the
      illustration being described, this gas is the reject gas and in that case
      holes 28 in the various rings of holes 28 are constructed so that the
      total areas of the rings of holes 28 are relative to the other total areas
      of rings of holes 28 in accordance with this limitation.
PAR  In the event that centrifuge is constructed to be used for separating a
      desired heavier gaseous compound from a feed gas in which it is desired to
      obtain a product gas that has a higher concentration of that heavier
      gaseous compound, holes 27 at the various rings of holes 27 are
      constructed so that the total area of holes 27 for each ring is relative
      to those in the other rings to satisfy this limitation with regard to
      total area of holes. In that case holes 27 would be made in accordance
      with this limitation.
PAR  The limitation expressed above is the limitation that the total area of a
      set of openings of the distributor means (or of one of the collector means
      when appropriate) communicating with a specific annular chamber is
      proportional to a value between about the third power and about the fourth
      power of the average radius of the annular chamber at which the ring of
      holes is located to provide a linear flow of gas through each annular
      chamber proportional to a value between about the third power and about
      the fourth power of that average radius of the annular chamber.
PAR  The narrow cylindrical shell 31 has a number of holes 37 about its
      periphery in alignment with the pie-shaped chambers containing holes 27 so
      that gas passing through holes 27 into those pie-shaped chambers then
      passes through holes 37 of shell 31 into the narrow annular chamber
      between discs 14 and 25 and between shell 31 and shaft 11. From that
      chamber the enriched product gas passes through radial passageway 21,
      through longitudinal outlet passageway 20 and then into outlet pipe 7. The
      control of flow of this gas through pipe 7 is controlled by valve 9 that
      determines by its setting the rate of removal of enriched product gas from
      the elongated parallel annular chambers provided between housing shell 15
      and shell 11.
PAR  As seen in FIGS. 4 and 5, disc 25 has a ring of holes 38 disposed above the
      radial height of shell 31 and below the radial height of innermost
      cylindrical shell 35. The holes 38 are disposed about the axis of shaft 11
      so that they are in alignment with the set of alternating pie-shaped
      chambers that comprise the second collector means and that have holes 28
      as described above. Because innermost shell 35 is concentric with and
      spaced from shaft 11, there is between them an elongated annular
      collection chamber. Adjacent disc 24 shaft 11 has a radial passageway 39
      that communicates that elongated collection chamber with longitudinal
      outlet passageway 18. As a result, reject gas passing through holes 28
      into the second collector means provided by the second set of pie-shaped
      chambers passes through holes 37 into and through this elongated annular
      collection chamber and then passes via passageways 39 and 18 to radial
      passageway 19 and finally into outlet pipe 8. The valve 10 in outlet pipe
      8 is set to control the rate of flow of reject gas from the elongated
      parallel annular chambers provided by the presence of shells 35 between
      housing shell 15 and shaft 11. The valve 10 controls the total flow of gas
      through the set of elongated annular chambers through which gas flows from
      the distributor means to the first and second collector means.
PAR  Many modifications of the centrifuge of the present invention will be
      apparent from this detailed description and the summary of the invention.
      The foregoing description of one aspect of construction of the centrifuge
      in the form of its preferred embodiment as a gas centrifuge has been
      presented for purpose of illustration only. The invention is limited only
      by the claims that follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A centrifuge for separation of a fluid containing two compounds of
      different density into a fluid product enriched in one of the compounds
      and a fluid having a reduced concentration of that compound, which
      includes:
PA1  a rotor comprising:
PA2  a rotor shaft;
PA2  a rotor housing to enclose an elongated intermediate portion of said shaft
      so as to provide around said intermediate portion of said shaft an
      elongated working space of annular cross section;
PA2  a set of partition wall means in said working space of said housing, and
      concentric with and extending generally parallel to the longitudinal axis
      of said shaft from one end part of said intermediate portion to the other
      end part of said intermediate portion providing a number of elongated
      annular chambers about said axis for major flow of fluid in said working
      space across a centrifugal force field and generally parallel to said
      axis;
PA2  distributor means extending radially outward from said shaft within one end
      part of said housing and having concentric sets of openings at different
      bands of radial distances from said axis to furnish feed fluid separately
      to said chambers;
PA2  first collector means extending radially outward from said shaft within the
      other end part of said housing and having concentric sets of openings at
      different bands of radial distances from said axis that are for each band
      offset in one radial direction with respect to the average radius of that
      elongated annular chamber communicating with said first collector means by
      that band of set of openings to receive one of the separated fluids; and
PA2  second collector means located at said other end part of said housing or
      between said end parts of said housing but adjacent said other end part of
      said housing and having concentric sets of openings at different bands of
      radial distances from said axis that are for each band offset in the other
      radial direction with respect to the average radius of that elongated
      annular chamber communicating with said second collector means by that
      band of set of openings to receive the other separated fluid,
PA1  said rotor shaft having:
PA2  a longitudinal inlet passageway extending inwardly to said one end part of
      said intermediate portion of the shaft;
PA2  a radial passageway communicating said inner end of said inlet passageway
      with said distributor means;
PA2  a first longitudinal outlet passageway extending inwardly to said other end
      part of said intermediate portion of the shaft;
PA2  a radial passageway communicating said inner end of said first outlet
      passageway with said first collector means;
PA2  a second longitudinal outlet passageway extending inwardly to said
      intermediate portion of the shaft; and
PA2  a radial passageway communicating said inner end of said second outlet
      passageway with said second collector means;
PA1  a first outlet pipe connected to said rotor to receive from one of said
      first and second outlet passageways one of the separated fluids;
PA1  a second outlet pipe connected to said rotor to receive from the other
      outlet passageway the other separated fluid; and
PA1  valved means mounted on said first outlet pipe to control the rate of
      removal of the separated fluid by said first outlet pipe,
PAL  the total area of said openings at each band of radial distance from said
      axis for one of said distributor means for feed fluid and said first and
      second collector means to receive separated fluids being proportional to a
      value between about the third power and about the fourth power of the
      average radius of the elongated annular chamber with which the set of
      openings is in alignment.
NUM  2.
PAR  2. The centrifuge of claim 1 wherein:
PA1  said rotor housing comprises a generally cylindrical housing shell and two
      circular discs mounted on said shaft and connected at their periphery to
      the ends of said shell;
PA1  said set of partition wall means comprises a set of equally spaced
      concentric generally cylindrical shells spaced from said shaft and said
      housing shell in said working space;
PA1  said distributor means within said one end part of said housing comprises a
      circular inlet disc mounted on said rotor shaft, extending from said shaft
      to said housing shell, and spaced from said one end part of said housing
      to provide a cylindrical inlet chamber, said inlet disc having said
      concentric sets of openings at different bands of radial distances from
      said axis; and
PA1  said first collector means within said other end part of said housing
      comprises a circular outlet disc mounted on said rotor shaft, extending
      from said shaft to said housing shell, and spaced from said other end part
      of said housing to provide a cylindrical outlet chamber, said outlet disc
      having said concentric sets of openings at different bands of radial
      distances from said axis with each set being in alignment with one of the
      outer and inner peripheral portions of the associated parallel chamber
      provided by said concentric shells,
PAL  said concentric shells extending from said inlet disc to said outlet disc.
NUM  3.
PAR  3. The centrifuge of claim 2 wherein each set of said concentric sets of
      openings in said circular inlet disc is in alignment with an intermediate
      annular portion of that parallel chamber provided by said concentric
      shells in said working space.
NUM  4.
PAR  4. The centrifuge of claim 3 wherein said cylindrical inlet chamber
      contains radial baffles mounted to rotate with said shaft.
NUM  5.
PAR  5. The centrifuge of claim 4 wherein the total area of said openings at
      each band of radial distance from said axis for one of said distributor
      means for said feed fluid and said first and second collector means to
      receive separated fluids is proportional to about the 3.5 power of the
      average radius of the elongated annular chamber with which the set of
      openings is in alignment.
NUM  6.
PAR  6. A centrifuge for separation of a fluid containing two compounds of
      different density into a fluid product enriched in one of the compounds
      and a fluid having a reduced concentration of that compound, which
      includes:
PA1  a rotor comprising:
PA2  a rotor shaft;
PA2  a rotor housing to enclose an elongated intermediate portion of said shaft
      so as to provide around said intermediate portion of said shaft an
      elongated working space of annular cross section, said rotor housing
      comprising a generally cylindrical housing shell and two circular discs
      mounted on said shaft and connected at their periphery to the ends of said
      shell;
PA2  a set of equally spaced concentric generally cylindrical shells concentric
      with and spaced from said shaft and said housing shell in said working
      space, providing a number of elongated annular chambers about said axis
      for major flow of fluid in said working space across a centrifugal force
      field and generally parallel to said axis;
PA2  distributor means extending radially outward from said shaft within one end
      part of said housing and having first concentric sets of openings at
      different bands of radial distances from said axis to furnish, at one end
      of said concentric shells, said fluid separately to said chambers;
PA2  first collector means located within the other end part of said housing and
      comprising a first set of pie-shaped chambers spaced from one another
      about the axis of said shaft and extending from said housing shell
      radially inward to a location beyond the innermost of said set of
      concentric shells, each pie-shaped chamber having a wall at the other end
      of said set of concentric shells, said walls of said first set of
      pie-shaped chambers being generally transverse to the axis of said shaft
      and having concentric sets of openings at different bands of radial
      distances from said axis with each set being in alignment with one of the
      outer and inner peripheral portions of the associated parallel chamber
      provided by said concentric shells to receive one of the separated fluids,
      said first collector means further including a first collection chamber
      and each of said first pie-shaped chambers having an opening communicating
      with said first collection chamber; and
PA2  second collector means located also within the other end part of said
      housing and comprising a second set of pie-shaped chambers spaced from one
      another about the axis of said shaft, being located at the same transverse
      plane as said first set of pie-shaped chambers, and extending from said
      housing shell radially inward to a location beyond the innermost of said
      set of concentric shells, each pie-shaped chamber having a wall at that
      other end of said set of concentric shells, said walls of said second set
      of pie-shaped chambers being generally transverse to the axis of said
      shaft and having concentric sets of openings at different bands of radial
      distances from said axis with each set being in alignment with the other
      of the outer and inner peripheral portions of the associated parallel
      chamber provided by said concentric shells to receive the other separated
      fluid, said second collector means further including a second collection
      chamber and each of said second pie-shaped chambers having an opening
      communicating with said second collection chamber,
PA1  said rotor shaft having:
PA2  a longitudinal inlet passageway extending inwardly to said one end part of
      said intermediate portion of the shaft;
PA2  a radial passageway communicating said inner end of said inlet passageway
      with said distributor means;
PA2  a first longitudinal outlet passageway extending inwardly to said other end
      part of said intermediate portion of the shaft;
PA2  a radial passageway communicating said inner end of said first outlet
      passageway with said first collection chamber of said first collection
      means;
PA2  a second longitudinal outlet passageway extending inwardly to said
      intermediate portion of the shaft; and
PA2  a radial passageway communicating said inner end of said second outlet
      passageway with said second collection chamber of said second collector
      means;
PA2  a first outlet pipe connected to said rotor to receive from one of said
      first and second outlet passageways one of the separated fluids;
PA2  a second outlet pipe connected to said rotor to receive from the other
      outlet passageway the other separated fluid; and
PA2  valved means mounted on said first outlet pipe to control the rate of
      removal of the separated fluid by said first outlet pipe.
NUM  7.
PAR  7. The centrifuge of claim 6 wherein:
PA1  said distributor means within said one end part of said housing comprises a
      circular inlet disc mounted on said rotor shaft, extending from said shaft
      to said housing shell, and spaced from said one end part of said housing
      to provide a cylindrical inlet chamber, said inlet disc having said
      concentric sets of openings at different bands of radial distances from
      said axis; and
PA1  said concentric shells extend to said inlet disc.
NUM  8.
PAR  8. The centrifuge of claim 7 wherein each set of said concentric sets of
      openings in said circular inlet disc is in alignment with an intermediate
      annular portion of that parallel chamber provided by said concentric
      shells in said working space.
NUM  9.
PAR  9. The centrifuge of claim 8 wherein said cylindrical inlet chamber
      contains radial baffles mounted to rotate with said shaft.
NUM  10.
PAR  10. The centrifuge of claim 6 wherein:
PA1  said circular disc of the housing at said other end part of said housing
      provides a common wall of all of said first and second sets of pie-shaped
      chambers of said first and second collector means; and
PA1  said walls of said first and second sets of said pie-shaped chambers of
      said first and second collector means at that other end of said set of
      concentric shells are provided by an outlet disc extending from said shaft
      to said housing shell that is a common wall for all of said first and
      second sets of pie-shaped chambers.
NUM  11.
PAR  11. The centrifuge of claim 10 wherein:
PA1  said first collection chamber comprises a common cylindrical shell between
      that end disc of the housing and said outlet disc, said common cylindrical
      shell: being spaced from said shaft;
PA2  having a radius less than the radius of the innermost of said set of
      concentric shells;
PA2  providing a common inner wall for said first and second sets of pie-shaped
      chambers; and
PA2  having said openings in alignment with said first set of pie-shaped
      chambers to provide communication between those pie-shaped chambers and
      said first collection chamber; and
PA2  said second collection chamber is provided by said shaft, said innermost
      shell of said set of concentric shells, said inlet disc and said outlet
      disc, communicates with said second set of pie-shaped chambers through
      openings in said outlet disc that are:
PA3  arcuately offset with respect to said openings in said common cylindrical
      shell and in said outlet disc that are at said first set of pie-shaped
      chambers;
PA3  radially inward of said innermost shell of said set of concentric shells
      and radially outward of said common cylindrical shell; and
PA3  in radial alignment with said second set of pie-shaped chambers.
NUM  12.
PAR  12. The centrifuge of claim 11 wherein:
PA1  said first and second sets of pie-shaped chambers are disposed about the
      axis of said shaft in an alternating manner; and
PA1  each wall of both sets of pie-shaped chambers, that is radial and extends
      between said outlet disc and said housing disc at that end of said housing
      is a wall common to a pie-shaped chamber of one of said sets and to a
      pie-shaped chamber of one of the other of said sets, each of said walls
      being a radial plate that extends from the common cylindrical shell to the
      housing shell.
NUM  13.
PAR  13. The centrifuge of claim 6 wherein the total area of said openings at
      each band of radial distance from said axis for one of said distributor
      means for feed fluid and said first and second collector means to receive
      separated fluid is proportional to a value between about the second and
      about the fourth power of the average radius of the elongated annular
      chamber with which the set of openings is in alignment.
NUM  14.
PAR  14. The centrifuge of claim 13 wherein:
PA1  said distributor means within said one end part of said housing comprises a
      circular inlet disc mounted on said rotor shaft, extending from said shaft
      to said housing shell, and spaced from said one end part of said housing
      to provide a cylindrical inlet chamber, said inlet disc having said
      concentric sets of openings at different bands of radial distances from
      said axis;
PA1  each set of said concentric sets of openings in said circular inlet disc is
      in alignment with an intermediate annular portion of that parallel chamber
      provided by said concentric shells in said working space; and
PA1  said concentric shells extend to said inlet disc.
NUM  15.
PAR  15. The centrifuge of claim 14 wherein:
PA1  said circular disc of the housing at said other end part of said housing
      provides a common wall of all of said first and second sets of pie-shaped
      chambers of said first and second collector means;
PA1  said walls of said first and second sets of said pie-shaped chambers of
      said first and second collector means at that other end of said set of
      concentric shells are provided by an outlet disc extending from said shaft
      to said housing shell that is a common wall for all of said first and
      second sets of pie-shaped chambers;
PA1  said first collection chamber comprises a common cylindrical shell between
      that end disc of the housing and said outlet disc, said common cylindrical
      shell:
PA2  being spaced from said shaft;
PA2  having a radius less than the radius of the innermost of said set of
      concentric shells;
PA2  providing a common inner wall for said first and second sets of pie-shaped
      chambers; and
PA2  having said openings in alignment with said first set of pie-shaped
      chambers to provide communication between those pie-shaped chambers and
      said first collection chamber;
PA1  said first and second sets of pie-shaped chambers are disposed about the
      axis of said shaft in an alternating manner; and
PA1  each wall of both sets of pie-shaped chambers, that is radial and extends
      between said outlet disc and said housing disc at that end of said housing
      is a wall common to a pie-shaped chamber of one of said sets and to a
      pie-shaped chamber of one of the other of said sets, each of said walls
      being a radial plate that extends from the common cylindrical shell to the
      housing shell.
NUM  16.
PAR  16. The centrifuge of claim 6 wherein the total area of said openings at
      each band of radial distance from said axis for one of said distributor
      means for feed fluid and said first and second collector means to receive
      separated fluid is proportional to about the second power of the average
      radius of the elongated annular chamber with which the set of openings is
      in alignment.
NUM  17.
PAR  17. The centrifuge of claim 16 wherein:
PA1  said distributor means within said one end part of said housing comprises a
      circular inlet disc mounted on said rotor shaft, extending from said shaft
      to said housing shell, and spaced from said one end part of said housing
      to provide a cylindrical inlet chamber, said inlet disc having said
      concentric sets of openings at different bands of radial distances from
      said axis;
PA1  each set of said concentric sets of openings in said circular inlet disc is
      in alignment with an intermediate annular portion of that parallel chamber
      provided by said concentric shells in said working space; and
PA1  said concentric shells extend to said inlet disc.
NUM  18.
PAR  18. The centrifuge of claim 17 wherein:
PA1  said circular disc of the housing at said other end part of said housing
      provides a common wall of all of said first and second sets of pie-shaped
      chambers of said first and second collector means;
PA1  said walls of said first and second sets of said pie-shaped chambers of
      said first and second collector means at that other end of said set of
      concentric shells are provided by an outlet disc extending from said shaft
      to said housing shell that is a common wall for all of said first and
      second sets of pie-shaped chambers;
PA1  said first collection chamber comprises a common cylindrical shell between
      that end disc of the housing and said outlet disc, said common cylindrical
      shell:
PA2  being spaced from said shaft;
PA2  having a radius less than the radius of the innermost of said set of
      concentric shells;
PA2  providing a common inner wall for said first and second sets of pie-shaped
      chambers; and
PA2  having said openings in alignment with said first set of pie-shaped
      chambers to provide communication between those pie-shaped chambers and
      said first collection chamber;
PA1  said first and second sets of pie-shaped chambers are disposed about the
      axis of said shaft in an alternating manner; and
PA1  each wall of both sets of pie-shaped chambers, that is radial and extends
      between said outlet disc and said housing disc at that end of said housing
      is a wall common to a pie-shaped chamber of one of said sets and to a
      pie-shaped chamber of one of the other of said sets, each of said walls
      being a radial plate that extends from the common cylindrical shell to the
      housing shell.
NUM  19.
PAR  19. The centrifuge of claim 6 wherein the total area of said openings at
      each band of radial distance from said axis for one of said distributor
      means for feed fluid and said first and second collector means to receive
      separated fluid is proportional to a value between about the third power
      and about the fourth power of the average radius of the elongated annular
      chamber with which the set of openings is in alignment.
NUM  20.
PAR  20. The centrifuge of claim 19 wherein:
PA1  said distributor means within said one end part of said housing comprises a
      circular inlet disc mounted on said rotor shaft, extending from said shaft
      to said housing shell, and spaced from said one end part of said housing
      to provide a cylindrical inlet chamber, said inlet disc having said
      concentric sets of openings at different bands of radial distances from
      said axis;
PA1  each set of said concentric sets of openings in said circular inlet disc is
      in alignment with an intermediate annular portion of that parallel chamber
      provided by said concentric shells in said working space; and
PA1  said concentric shells extend to said inlet disc.
NUM  21.
PAR  21. The centrifuge of claim 20 wherein:
PA1  said circular disc of the housing at said other end part of said housing
      provides a common wall of all of said first and second sets of pie-shaped
      chambers of said first and second collector means;
PA1  said walls of said first and second sets of said pie-shaped chambers of
      said first and second collector means at that other end of said set of
      concentric shells are provided by an outlet disc extending from said shaft
      to said housing shell that is a common wall for all of said first and
      second sets of pie-shaped chambers;
PA1  said first collection chamber comprises a common cylindrical shell between
      that end disc of the housing and said outlet disc, said common cylindrical
      shell:
PA2  being spaced from said shaft;
PA2  having a radius less than the radius of the innermost of said set of
      concentric shells;
PA2  providing a common inner wall for said first and second sets of pie-shaped
      chambers; and
PA2  having said openings in alignment with said first set of pie-shaped
      chambers to provide communication between those pie-shaped chambers and
      said first collection chamber;
PA1  said first and second sets of pie-shaped chambers are disposed about the
      axis of said shaft in an alternating manner; and
PA1  each wall of both sets of pie-shaped chambers, that is radial and extends
      between said outlet disc and said housing disc at that end of said housing
      is a wall common to a pie-shaped chamber of one of said sets and to a
      pie-shaped chamber of one of the other of said sets, each of said walls
      being a radial plate that extends from the common cylindrical shell to the
      housing shell.
NUM  22.
PAR  22. The centrifuge of claim 21 wherein the total area of said openings at
      each band of radial distance from said axis for one of said distributor
      means for said fluid and said first and second collector means to receive
      separated fluids is proportional to about the 3.5 power of the average
      radius of the elongated annular chamber with which the set of openings is
      in alignment.
NUM  23.
PAR  23. The centrifuge of claim 21 wherein said second collection chamber is
      provided by said shaft, said innermost shell of said set of concentric
      shells, said inlet disc and said outlet disc, communicates with said
      second set of pie-shaped chambers through openings in said outlet disc
      that are:
PA1  arcuately offset with respect to said openings in said common cylindrical
      shell and in said outlet disc that are at said first set of pie-shaped
      chambers;
PA1  radially inward of said innermost shell of said set of concentric shells
      and radially outward of said common cylindrical shell; and
PA1  in radial alignment with said second set of pie-shaped chambers.
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ABST
PAL  Apparatus for separating a mixed liquid containing components of different
      specific gravities includes an inner cylinder rotatably disposed in an
      outer cylinder. The mixed liquid is introduced into the inner cylinder and
      the latter has a concentric opening at one longitudinal end thereof
      through which separated components of lesser specific gravity pass. Disk
      means are disposed at one longitudinal end portion of the inner cylinder
      and is arranged such that generally inner and outer concentric columns of
      separated components of lesser and greater specific gravities respectively
      are formed in the inner cylinder. Operable means lead from the outer
      concentric column of separated components of higher specific gravity to a
      discharge opening in the outer cylinder and is operable to mitigate the
      effects of centrifugal force on the separated liquid component of heavier
      specific gravity as the latter pass to discharge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for separating a mixed liquid
      containing components of different specific gravities.
PAR  Heretofore, a mixed liquid containing components of different specific
      gravities, such as oil and water, were drained from a source and
      introduced into a cistern or a pool so that the liquid would naturally
      separate itself into two layers as the lighter liquid component floated to
      the surface. However, a wide area for the separating pool was required for
      such an operation and also it took a long time to complete the separating
      operation. Further, there is a great need for an apparatus which serves to
      completely collect oil floating on the sea or other body of water due to a
      marine accident or the like at a low cost and in a short period of time.
PAR  The present invention overcomes the aforementioned disadvantages of known
      prior art arrangements and satisfies the aforementioned by utilizing the
      centrifugal force generated by rotation of a cylindrical chamber within a
      separating structure, in which liquid from a source is continuously and
      completely separated into two cylindrical layers of different specific
      gravities, such as oil and water, each of which passes separately out of
      outlets disposed at the upper part and the lower part of the apparatus.
PAR  Accordingly, an object of the present invention is to provide an apparatus
      for separating a mixed liquid consisting of two kinds of liquid having
      different specific gravities, continuously with scientific exactitude.
PAR  Another object of the present invention is to provide an apparatus which
      may be used for collecting raw petroleum floating on the sea or other body
      of water due to a marine accident continuously and smoothly in a short
      period of time at low cost without requiring expensive chemical treatment.
PAR  Other features which are considered characteristic of the invention are set
      forth in the appended claims.
PAR  Although the invention is illustrated and described in relationship to
      specific embodiments, it is nevertheless not intended to be limited to the
      details shown, since various modifications and structural changes may be
      made therein without departing from the spirit of the invention and within
      the scope and range of equivalents of the claims.
PAC  SUMMARY OF THE INVENTION
PAR  Apparatus for separating a mixed liquid containing components of different
      specific gravities includes an outer cylinder having a discharge opening
      at a lower portion thereof through which separated components of higher
      specific gravity are discharged. An inner cylinder is rotatably disposed
      in the outer cylinder and drive means are provided for rotating the inner
      cylinder. An inlet introduces mixed liquid into the inner cylinder. The
      inner cylinder has a concentric opening at the upper longitudinal end
      thereof through which separated components of lesser specific gravity
      pass. A cover is mounted on the outer cylinder for receiving the separated
      components of lesser specific gravity from the concentric opening. Disk
      means are disposed at one longitudinal end portion of the inner cylinder
      and is arranged such that generally inner and outer concentric columns of
      separated components of lesser and greater specific gravities respectively
      extend between the disk means and the upper longitudinal end of the inner
      cylinder. Operable means leading from the outer concentric column of
      separated components of higher specific gravity to the discharge opening
      in the outer cylinder is operable to mitigate the effects of centrifugal
      force on the separated liquid component of heavier specific gravity as the
      latter passes to the discharge opening in the outer cylinder.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view showing an apparatus for separating a
      mixed liquid according to a first embodiment of the present invention.
PAR  FIG. 1a is a sectional view taken along the line A--A in FIG. 1.
PAR  FIG. 1b is a partial sectional view taken along the line B--B in FIG. 1.
PAR  FIG. 2 is a vertical sectional view showing an alternate apparatus similar
      to the first embodiment but wherein the structure at the inlet portion for
      introducing liquid differs from that of FIG. 1.
PAR  FIG. 3 is a vertical sectional view of another alternate embodiment showing
      another variation of the first embodiment in which mixed liquid to be
      separated flows from the upper part of the apparatus thereinto and
      pedestals are provided at the bottom thereof.
PAR  FIG. 3a is a sectional view taken along the line A--A in FIG. 3.
PAR  FIG. 4 is a vertical sectional view of another alternate embodiment showing
      the main part of an apparatus for separating a mixed liquid according to a
      second embodiment of the present invention.
PAR  FIG. 5 is a vertical sectional view of another alternate embodiment showing
      the main part of an apparatus for separating mixed liquid according to a
      third embodiment of the present invention.
PAR  FIG. 6 is a vertical sectional view of another alternate embodiment showing
      the main part of an apparatus for separating mixed liquid according to a
      fourth embodiment of the present invention.
PAR  FIG. 7 is a vertical sectional view of another alternate embodiment showing
      the main part of an apparatus for separating mixed liquid according to a
      fifth embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, FIG. 1 shows the basic structure of a first
      embodiment of the present invention in which there is provided an inner
      cylinder 2 having two ends 3 and 4 and which is installed in an outer
      cylinder 1 in such a manner that the inner cylinder 2 rotates separately
      from the outer cylinder 1 by means of a shaft 11 driven by an electric
      motor 12 disposed on the apparatus. At the lower part of the outer
      cylinder 1 there is provided a plurality of outlets 15 for discharging
      liquid of high specific gravity and at both ends 3, 4 of the inner
      cylinder 2, openings 9 and 10 of the same diameter are provided which are
      centered around the shaft 11. In the inner cylinder 2, a divisional disk 5
      is attached to the top of an inlet passage 18 for introducing mixed liquid
      and further, a plurality of stationary spaced disks 6 for mitigating
      centrifugal force by dampening or retarding the movement of the liquid are
      secured to the inlet passage 18 by struts 18s and these disks 6 are
      arranged to form openings between the inlet passage 18 and the disks 6.
PAR  A cover 14 used as a casing for collecting liquid of lesser specific
      gravity is disposed on the outer cylinder 1 to collect and take out
      separated liquid of lesser specific gravity. A casing 13 including a
      plurality of inlet openings for introducing mixed liquid is formed at the
      lower part of the outer cylinder 2. The rotary shaft 11 extending from the
      electric motor 12 extends down to the bottom of the casing 13 and is
      disposed in a bearing support 17. From intermediate portions of the shaft
      11 supporting bars 16 are provided which extend to the inner cylinder 2 to
      be fixed to the latter.
PAR  In the first embodiment of the present invention constructed with the
      foregoing elements, the apparatus is adapted to be first disposed in such
      a manner as to be located or partially submerged in the liquid over which
      oil or bubbles are floating. Just the lower half of the apparatus is
      disposed in the liquid. At this time the opening of the casing 13 is
      positioned in the floating oil. In such a disposition, the floating oil
      begins to flow into the inner cylinder 2 together with some quantity of
      water and passes above the divisional disk 5 through the casing 13 and the
      passage 18.
PAR  When the inner cylinder 2 is rotated by the motor 12 through the shaft 11
      and the supporting bars 16 connected thereto, the mixed liquid of water
      and oil flowing into the inner cylinder 2 is effected by the centrifugal
      force generated by its rotation to be separated in accordance with the
      difference in specific gravities. Liquid of higher specific gravity, such
      as water, is centrifuged and accumulates around the inner surface of the
      cylinder 2 forming into the configuration of a liquid-cylinder 8 because
      it is more responsive to the centrifugal force. On the other hand, liquid
      of lower specific gravity, such as oil, forms another liquid cylinder 7
      positioned on the divisional disk 5 inside the liquid-cylinder 8 of
      heavier specific gravity. Liquid of lesser specific gravity will pass out
      of the opening 9 into the cover 14 to be collected at a location not shown
      in the drawing if the inner diameter thereof is less than the diameter of
      the opening 9. Similarly, in such a condition, and referring to the lower
      part of the liquid cylinder 8 of higher specific gravity, the centrifugal
      force imparted to the liquid cylinder 8 is somewhat weakened or lessened
      by means of the divisional disk 5 and the disks 6 and the heavier liquid
      is directed to flow out of the outlet 15 through the lower opening 10.
PAR  Due to the above mentioned discharge both from the upper and the lower
      openings 9 and 10 respectively, it is possible that the hollow shape of
      the cylinder is always maintained within regular limits, and only liquid
      of small specific gravity rises up along the liquid cylinder of higher
      specific gravity and is collected separately from the heavier liquid.
PAR  FIGS. 2 and 3 respectively represent variations of the first embodiment. In
      FIG. 2, an inlet passage 19 extends from four pipes 20 which are joined to
      each other at a cross just under the outer cylinder 1. The inlet passage
      19 passes through the bottom of cylinder 1a and through opening 10a into
      inner cylinder 2a ending immediately below shaft 11a.
PAR  As regards the alternate variation shown in FIG. 3, the structure of the
      apparatus is more or less changed. In the example of FIG. 3, an inlet pipe
      21 is formed to pass into the cover 14b to extend downwardly to enclose
      the shaft 11b and to open above the divisional disk 5b. Further, the
      apparatus is supported on pedestals 22. The operation of the variations of
      FIGS. 2 and 3 is substantially the same as the operation of the FIG. 1
      variation hereinbefore described.
PAR  A fourth embodiment of the present invention is constructed as shown in
      FIG. 4.
PAR  In FIG. 4 an outer cylinder 1c is provided with a cover 14c for collecting
      separated liquid of lesser specific gravity and an outlet 15c thereunder
      for discharging liquid of higher specific gravity. Within the outer
      cylinder 1c ther is provided an inner cylinder 2c arranged so that it may
      rotate centering around an inlet pipe 23 for introducing mixed liquid from
      above. The inlet pipe 23 extends to an intermediate bottom end 24 of the
      inner cylinder 2c and includes vanes 25 at a position thereon in the cover
      14c. At the lower part of the inlet pipe 23, a divisional disk 5c is
      provided and openings 26 for mixed liquid are located just under the
      divisional disk 5c. Between the top end 3c and the bottom end 4c of the
      inner cylinder 2c there is interposed an intermediate bottom end arranged
      in such a manner as to form outlet openings for separated liquid of higher
      specific gravity at both sides. The space defined by the top end 3c and
      the intermediate bottom end 24 is suitably partitioned with a plurality of
      concentric cylinder which are alternatively disposed in spaced apart
      relationship from the top end 3c and the intermediate bottom end 24 to
      define and complete an extended circuitous detour path leading to the
      outlet openings in the intermediate bottom end 24. Arranged about a
      supporting shaft 28, is a bottomless stationary chamber 27 for lessening
      or weakening the effect of the centrifugal force impacted to the liquid of
      higher specific gravity by suddenly retarding the movement of the liquid
      passing through the bottom part.
PAR  In the fourth embodiment shown in FIG. 4, when mixed liquid is introduced
      through the inlet pipe 23 into the inner cylinder 2c after the latter is
      rotating by means of the electric motor 12c, the liquid, as in the case of
      the first embodiment, is separated due to the centrifugal force into two
      cylindrical liquid-layers, that is, inner liquid layer 7c of lesser
      specific gravity and outer liquid layer 8c of higher specific gravity. The
      vanes 25 rotate, and generate a rising-flow of air contained in the mixed
      liquid in a state of bubbles to thereby allow the liquid of lesser
      specific gravity to rise. When the inner diameter of the liquid of lesser
      specific gravity decreases to less than the diameter of the opening 9c at
      the top end of the inner cylinder 2c, it is discharged through the cover
      14c. The liquid layer 8c of higher specific gravity positioned outside the
      above mentioned liquid of lesser specific gravity passes toward the top
      end 3c and the intermediate bottom end 24 a few times in taking a
      roundabout or circuitous course along the extended path or detour,
      separating even the ingredient of smaller specific gravity remaining
      therein without being separated up. Liquid thus passing through all of the
      detour flows out of the openings located at the intermediate bottom end 24
      to enter the chamber 27 disposed about the supporting shaft 28 so that it
      may flow out of the outlet at the bottom end of the outer cylinder 1c with
      lessened or weakened centrifugal force. The apparatus is designed in such
      a manner that both of the openings 9c and 10c have the same diameter and
      central point, and the diameter of the divisional disk 5c is smaller than
      that of the openings 9c and 10c.
PAR  The structure of a fifth embodiment is shown in FIG. 5. In FIG. 5 an outer
      cylinder 1d is provided with an inner separating chamber 29 designed with
      a terraced or stepped configuration which contracts downwardly. The inner
      chamber 29 is rotated by means of an electric motor 12d via a pipe 23d
      which is also used as an inlet conduit for introducing the mixed liquid.
      Supporting bars 16d extending from the inlet pipe 23d and are fixed to the
      inner cylinder. Also in the inner cylinder of the apparatus, a top end 3d
      and a bottom end 4d thereof have concentric openings 9d and 10d of the
      same diameter, but the diameter of a divisional disk 5d located at the
      lower part of a shaft is designed to exceed the diameter of the above
      openings 9d and 10d. Between the top end 3d and the bottom end 4d of the
      inner cylinder, a desirable number of pipes 30 are arranged vertically for
      the purpose of permitting separated liquid of higher specific gravity to
      flow out of the inner cylinder into the outer cylinder 1d. A plurality of
      bottomless dished-plates 31 are arranged at regular intervals on the pipes
      30. The bottomless dished-plates 31 have larger diameter openings as
      compared to the diameter of theopening 9d. Disks 6d for weakening and
      lessening the effect of centrifugal force are mounted on the supporting
      shaft 28 which includes outlet openings.
PAR  According to this fifth embodiment, mixed liquid flows into the inner
      cylinder 2d through an opening located at a lower portion of the inlet
      pipe 23d and rises up along the terraced wall of the inner cylinder as it
      is centrifuged by rotation of the inner cylinder 2d. Liquid of higher
      specific gravity is forced outside by the centrifugal force and separates
      from the liquid of lesser specific gravity remaining in the former liquid
      by the rotary action of the bottomless dished-plates 31 installed on the
      pipes 30, and the centrifuged liquid of lesser specific gravity gradually
      moves inwardly through the intervals or spaces between the dished-plates
      31 to meet the layer of the liquid of lesser specific gravity formed in
      the shape of a cylinder on the divisional disk 5d.
PAR  On the other hand, liquid of higher specific gravity thus completely
      centrifuged enters the pipe 30 from openings disposed at the upper part
      thereof to be discharged into the lower chamber in which are included the
      disks 6d for weakening or lessening the effects of the centrifugal force
      and to flow out of the outlet 15d. Liquid centrifuged inside is in the
      shape of a cylinder and is discharged through the opening 9d into the
      cover 14d similarly as in the foregoing two embodiments. Sludge gathered
      in the inner separating chamber can be removed at regular intervals by
      means of plugs 44.
PAR  A variation of the fifth embodiment of the present invention is shown in
      FIG. 6. In FIG. 6 an outer cylinder 1e contains an inner rotary cylinder
      2e forming a separating chamber and is disposed on inlet pipe portions 20e
      which are joined at a cross to lead to an inlet passage 18e. The inlet
      passage 18e opens into the inner cylinder 2e at a position not exceeding
      or extending above the level of the inlet of the inlet pipe portions 20e.
      A divisional disk 5e is mounted at the inlet of the passage 18 and the
      disk 5e has a diameter exceeding that of the top and the bottom openings
      9e and 10 of the inner cylinder 2e. To the upper part of the inner
      cylinder 2 there is fixed a saucer-like element 32 arranged in such a
      manner as to be contained in another saucer-like element 33 which is fixed
      to the top of the outer cylinder 1e and leaving a space therebetween in
      order to rotate therein.
PAR  When the apparatus of this latter embodiment is positioned in the mixed
      liquid so that the inlet portin of the pipe 20e is located in the layer of
      liquid of lesser specific gravity and the electric motor 12e is operated,
      the liquid to be separated (the greater part of which is liquid of small
      specific gravity) flows into the inner cylinder 2e which is rotated by the
      electric motor via the shaft 11e, through the inlet passage 18e and is
      scattered with the divisional disk 5e. At the same time of flowing
      therein, the liquid is subjected to centrifugal force to thereby be
      separated into two vertical extending layers 7e and 8e of lesser and the
      greater specific gravities. The liquid of lesser specific gravity flows
      out of the opening 9e to the saucer-like element 32 to be received in the
      outer saucer-like element 33 to be discharged from a hose connected
      thereto. On the other hand, the liquid centrifuged around the inner
      cylinder 2e flows out of the opening 10e to be discharged from the outlets
      of the outer cylinder.
PAR  In the sixth embodiment of the present invention shown in FIG. 7, a pipe 34
      for introducing mixed liquid opens into a separating chamber 35 at an
      expanded portion 36 and includes a divisional disk 5 mounted at the end
      thereof. On the other hand, a rotary shaft 37 extends through the
      separating chamber from the opposite direction to form an outlet portion
      38 between the divisional disk 5 and the shaft and which is partitioned by
      a plurality of bars. At both ends of the separating chamber 35 there are
      provided compartments 41 and 42 for receiving and letting each separated
      liquid flow out to the outlet pipes 39 and 40 respectively.
PAR  When the shaft 37 is rotated by an electric motor (not shown), the
      separating chamber 35 and both receiving compartments 41, 42 rotate
      together. Supporting bars 43 are disposed suitably at the narrower
      portions of the chamber 35 to generate centrifugal force in the chamber.
      Since the opening to the separating chamber 41 has a larger diameter than
      the opening to the separating chamber 42, the liquid of lesser specific
      gravity centrifuged on the inside is discharged to the right and that of
      higher specific gravity flows through openings in the divisional disk 5 to
      pass to the left with the effects of the centrifugal force somewhat
      lessened or weakened by the divisional disk 5 which has a diameter more
      than that of the left cylindrical portion.
PAR  While the invention has been described by means of specific examples and in
      specific embodiments, it is not intended to be limited thereto, for
      obvious modifications will occur to those silled in the art without
      departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for separating a mixed liquid containing components of
      different specific gravities, comprising an outer cylinder means having a
      discharge opening at a lower portion thereof through which separated
      components of higher specific gravity are discharged, an inner cylinder
      means disposed in said outer cylinder means, drive means for rotating said
      inner cylinder means, inlet means for introducing said mixed liquid to
      said inner cylinder means, said inner cylinder means having a concentric
      opening at the upper longitudinal end thereof through which separated
      components of lesser specific gravity pass, receiving means mounted on
      said outer cylinder means for receiving said separated components of
      lesser specific gravity from said concentric opening, disk means mounted
      within said inner cylinder means, said disk means being disposed at the
      lower end portion of said inner cylinder means and being arranged such
      that generally inner and outer concentric columns of separated components
      of lesser and greater specific gravities respectively extend between said
      disk means and said upper longitudinal end of said inner cylinder means,
      said outer concentric column of separated components of higher specific
      gravity passing to said discharge opening in said outer cylinder means.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said inlet means comprises a
      casing mounted on a lower portion of said outer cylinder means, said
      casing having an inlet opening at a location intermediate the longitudinal
      ends of said outer cylinder means, whereby the lower portion of said outer
      cylinder means is adapted to be submerged in a body of mixed liquid such
      that the lighter liquid components floating on the surface of said body of
      water tend to pass into said inlet opening.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said drive means includes an
      electric motor mounted on said receiving means and a drive shaft extending
      axially of said inner cylinder means, and bearing means of said casing
      rotatably supporting one end of said drive shaft.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said inner cylinder means is
      provided with a concentric opening in the lower longitudinal end thereof
      which is substantially the same diameter as said concentric opening in the
      upper longitudinal end of said inner cylinder means, said inlet means
      including an inlet pipe extending through said concentric opening in the
      lower longitudinal end of said inner cylinder means.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said disk means is attached to
      said inlet pipe, and a plurality of disk elements disposed within said
      inner cylinder means below said disk means, said disk elements being
      attached to said inlet pipe.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein said inlet means comprises an
      inlet pipe passing through said receiving means to extend downwardly into
      said inner cylinder means.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said drive means comprises a
      drive shaft axially arranged relative to said inner cylinder means, said
      drive shaft being disposed in said inlet pipe.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein said receiving means comprises a
      first saucer-like element fixed to an upper portion of said outer cylinder
      means, a second saucer-like element fixed to an upper portion of said
      inner cylinder means, said first and second saucer-like elements being
      spaced from one another and arranged such that the separated lighter
      liquid components pass from said concentric opening in the upper end of
      said inner cylinder means to said first saucer-like element and thence to
      said second saucer-like element.
PATN
WKU  039319296
SRC  5
APN  5572304
APT  1
ART  324
APD  19750310
TTL  Tape perforator
ISD  19760113
NCL  7
ECL  1
EXP  Meister; J. M.
NDR  9
NFG  19
INVT
NAM  Canick; Leon N.
STR  6700 192 St.
CTY  Fresh Meadows
STA  NY
ZIP  11365
INVT
NAM  Aldrich; Charles S.
STR  R.F.D. 1, Stillwater Road
CTY  St. James
STA  NY
ZIP  111780
CLAS
OCL  234110
XCL  234119
EDF  2
ICL  G06K  102
FSC  234
FSS  110;119;128
UREF
PNO  3001694
ISD  19610900
NAM  Simmerman et al.
OCL  234110
UREF
PNO  3556396
ISD  19710100
NAM  Terbrueggen et al.
OCL  234110
UREF
PNO  3870224
ISD  19750300
NAM  Canick et al.
OCL  234110
LREP
FR2  King; Leonard H.
ABST
PAL  The present disclosure is particularly directed to means that will slow
      down the operation of the tape perforating apparatus during the time
      intervals when the fulcrum levers must either travel into place or
      withdraw themselves from underneath of the lift levers in order to create
      more time for the critical transfer to take place. The present invention
      utilizes a double-ended bellcrank instead of the crank link disclosed in
      the aforementioned patent. As the main drive shaft rotates, the upper end
      of the bellcrank travels through an elliptical path that creates a partial
      dwell in the travel of the cradle when the front end of the cradle is near
      its low position. A partial dwell therefore occurs at the rear end of the
      lift levers at the critical transfer position.
BSUM
PAR  This invention relates generally to tape perforators and more particularly
      to an improved mechanism for actuating the punches thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides improved means for perforating a length of
      tape formed of paper, plastic, thin metal foil or combinations thereof
      that are, for example, between 0.0025 inches and 0.0045 inches thick. The
      present invention can punch at speeds in the order of 75-125 characters
      per second on standard 5, 6, 7 or 8 track tapes. A plurality of punches
      are individually mounted intermediate the ends of separate lift levers,
      each of which levers is pivotally mounted, at one end thereof, on a common
      pin that is secured to a cradle. An eccentric drive link, which is driven
      by a motor, is coupled to the cradle which is also pivotally mounted by
      trunnions on a fixed support.
PAR  Normally the eccentric mounting of the drive link causes the ends of the
      cradle and the lift levers to oscillate and move up and down together
      through a predetermined length of stroke. However, the punches will not
      perforate the paper since they are located approximately on the pivot axis
      of the cradle. When it is desired to utilize one of the punches, one of a
      second group of fulcrum levers is brought into an interfering relationship
      with the free end of the selected lift lever. Continued motion of the
      eccentric drive link will cause the selected lift lever and its associated
      punch to move independently of the cradle and, in cooperation with a
      suitable die, to perforate the tape since the lift lever that supports the
      punch is prevented from moving downwardly with the supporting cradle. The
      fulcrum levers are balanced on a pair of knife edges and are pivoted to a
      position that interferes with the first lever by means of the energization
      of a coil. Springs provide the means for returning the fulcrum levers to
      their original positions. Conventional circuit means are used to actuate
      the coils in response to input signals that correspond to the desired
      sequence and pattern of perforations.
PAR  In addition to the eccentric drive system that supports the punch cradle, a
      second eccentrically mounted link system is supported on the same drive
      shaft and times the tape feed to cause advance of the tape only when the
      punches are below the tape slot. The tape is advanced by means of a
      toothed feed sprocket that is driven through a ratchet motion which is
      responsive to the second eccentric link system. A second solenoid actuated
      ratchet arrangement provides a backspacing function for the tape. The
      preferred form of the present invention provides simplfied means for
      slipping the length of tape under a tape guide and around the feed
      sprocket. The tape guide also includes a switch for detecting a tape break
      or the end of the tape and stops for different widths of tape as well as a
      single stop that is common to all widths of tape. Means are also provided
      for selectively slowing the operation of the tape perforating apparatus
      and for creating more time for the critical transfer of the fulcrum levers
      either into place or away from the lift levers.
PAR  Accordingly, it is an object of the present invention to provide an
      improved tape perforator.
PAR  Another object of the present invention is to provide a tape perforator, as
      described above, having improved means for selectively displacing one or
      more punches.
PAR  A different object of this invention is to provide tape feed timing means
      in combination with the tape punching means.
PAR  An additional object of this invention is to provide tape backspacing means
      in combination with the tape feed means.
PAR  A further object of this invention is to provide simplified means for
      inserting different widths of tape into the tape feeding means.
PAR  An important object of the present invention is to provide means for
      selectively slowing the operation of the device during the time interval
      when the fulcrum levers must either travel into place or withdraw
      themselves from underneath the lift levers.
PAR  These and other objects, features and advantages of the invention will, in
      part, be pointed out with particularity, and will, in part, become obvious
      from the following more detailed description of the invention, taken in
      conjunction with the accompanying drawing, which forms an integral part
      thereof.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the various figures of the drawing like reference characters designated
      like parts.
PAR  FIG. 1 is a schematic, perspective view, partially broken away and with
      portions omitted for clarity illustrating certain structural features of
      the present invention;
PAR  FIG. 1A is a fragmentary plan view of a typical length of perforated tape;
PAR  FIG. 2 is a schematic and elevational view, partially broken away and
      partially in section, illustrating the structure shown in FIG. 1;
PAR  FIG. 3 is a fragmentary plan view, partially in section and partially in
      phantom, taken along line 3--3 of FIG. 2;
PAR  FIGS. 4A, 4B and 4C are schematic elevational views illustrating various
      positions of the structure shown in FIG. 1;
PAR  FIG. 5 is a sectional side elevational view of a preferred form of the
      present invention;
PAR  FIG. 6 is an end elevational view of the structure shown in FIG. 5;
PAR  FIG. 7 is a vertical sectional view taken along line 7--7 of FIG. 5;
PAR  FIG. 8 is another vertical sectional view taken along line 8--8 of FIG. 5;
PAR  FIG. 9 is a fragmentary sectional elevational view taken along line 9--9 of
      FIG. 5;
PAR  FIG. 10 is a sectional plan view taken along line 10--10 of FIG. 5;
PAR  FIG. 11 is another sectional plan view taken along line 11--11 of FIG. 5;
PAR  FIG. 12 is a sectional elevational view taken along line 12--12 of FIG. 7;
PAR  FIG. 13 is a timing diagram of the apparatus comprising the present
      invention;
PAR  FIG. 14 is a sectional side elevation of an alternative form of the present
      invention with portions removed for purposes of clarity of illustration;
PAR  FIG. 15 is a vertical, sectional view taken along line 15--15 of FIG. 14;
      and
PAR  FIG. 16 is a graphical comparison of the mode of operation of the
      embodiments shown in FIGS. 5 and 14.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The mode of operation of the present invention can best be understood by
      first referring to the schematic drawings of FIGS. 1-4. A shaft 20 is
      driven by a motor and a drive system such as meshing gears or belts and
      pulleys (not shown) and a crank type line 22 is mounted eccentrically on
      the motor driven shaft 20. A cradle 24 is pivotally mounted on the link 22
      and is also pivotally mounted at 26 on fixed structure to be further
      described hereinafter. A plurality of lift levers 28 are pivotally mounted
      on a common transverse pin 30 that is secured to side walls of the cradle
      24. Each of the lift levers 28 supports a punch 32 such that the
      transverse plane defined by the plurality of punches 32 is approximately
      coincidental with the axis 26. As will be described later, a die plate 33
      cooperates with the punches 32.
PAR  A pair of plates 34 that are rigidly secured to the housing of the
      perforator are each provided with a plurality of V-shaped notches 36 that
      are equal in number to the lift levers 28. A fulcrum lever 38 having knife
      edges 40 at opposite ends thereof is mounted in each of the V-shaped
      notches 36. A first extension 42 of each fulcrum lever 38 is positioned in
      close proximity with the free end of each lift lever 28 that is opposite
      to the pin 30. A second extension 44 which acts as an armature is provided
      along the length of each fulcrum lever 38 and is positioned in close
      proximity to a coil 46 that is mounted on a bracket 48 which is part of
      the magnetic path. Two magnetic poles 50a and 50b act as stops and in
      conjunction with the coil 46. The bracket 48 and the armature portion of
      the second extension 44 compose the electromagnetic circuit. A
      non-magnetic shim 51 provides a low permeability "air" gap in the magnetic
      circuit.
PAR  When the shaft 20 is rotated by the drive motor the eccentrically oriented
      link 22 will move up and down causing the cradle 24 to oscillate about the
      axis 26 together with the lift levers 28. When one of the coils 46 is
      energized, the second extension 44 of the respective fulcrum lever 38 will
      be brought into engagement with the armature of the coil 46 causing the
      selected fulcrum lever 38 to pivot about its knife edges 40 and thereby
      place the upper end of the first extensions 42 in direct opposition to the
      free end of the respective lift lever 28. This is shown in phantom outline
      in FIG. 3 wherein it will also be noted that the upper end of the first
      extensions 42 of the fulcrum levers 38 are normally laterally spaced from
      the lift levers 28 when the apparatus is not in the punching mode.
PAR  As shown in FIG. 4A, the neutral position of the punch 32 is below the
      lower plane of the tape T when the axis of the link 22 is at its lowest
      position with respect to the axis of the shaft 20. In the non-punching
      mode the shaft 20 cranks the link 22, which will oscillate both the cradle
      24 and the lift levers 28 as a unit about the axis 26. In the non-punching
      mode, the free end of the lift levers 28 will bypass the laterally spaced
      upper end of the extensions 42 as shown in FIG. 4B when the axis of the
      link 22 is at its highest position with respect to the axis of the shaft
      20. However, when the coil 46 is energized in the punching mode and the
      first extension 42 is displaced into an interfering position with the free
      end of the selected lift lever 28 (FIG. 4C), the continued oscillation of
      the cradle 24 will cause the pivoted end of the lift lever 28 to move
      upwardly and thereby cause the punch 22 to move above the plane of the
      tape T and engage the die plate which is schematically designated by the
      reference character 33. The free end of the lift levers 28 cannot move
      downwardly due to the interference described hereinabove. At this time a
      spring 52, positioned between the lift lever 28 and a portion of the
      cradle 24, will be compressed so that when the coil 46 is de-energized and
      the first extension 42 is moved away from the interfering position shown
      in FIG. 4C, the spring 52 will act downwardly on the lift lever 28 and
      will withdraw the punch 32 from the die plate 33 and the tape T. However,
      the withdrawal of the punches 32 is not solely dependent on the action of
      the springs 52. Should a punch 32 stick it will be positively retracted
      since each lever 28 is provided with an auxiliary pivot 53 in the form of
      an enlarged head end or projection. Thus, the end 53 of the lever 28 will
      bear against a fixed upper stop 54 and the punch 32 will be withdrawn as
      the pivoted end 30 thereof moves downwardly with the end 53 acting as the
      pivot axis of the affected lever 28.
PAR  A typical length of tape T is shown in FIG. 1A. A generally central line of
      openings 55 is punched into the tape I and is used for driving the tape T
      in a manner to be described hereinafter. The remaining openings 56 are
      formed by the punches 32. As shown in the drawing the holes 54 may be
      smaller than openings 56.
PAR  The construction of a preferred embodiment will now be discussed in
      connection with FIGS. 5 through 12. The shaft 20 is rotatably journalled
      in bearings 60 and 62 that are secured within end walls 64, and 66,
      respectively. Immediately inward of the end wall 64, a disc 68 is rigidly
      secured to the shaft 20 by means of a set screw 70. The disc 68 includes a
      magnet 72 on the periphery thereof and a coil 74 (FIG. 11) is secured to
      the end wall 64 so that reference signals for the tape punch and the tape
      advance signals may be provided. A variable reluctance magnetic pickup,
      light responsive means or other pulse generating means may be used in
      place of members 72 and 74.
PAR  As mentioned above the eccentric link 22 is also mounted on the shaft 20.
      As shown for example in FIGS. 5 and 7, the link 22 is molded of a light
      weight, plastic material and is supported on the shaft 20 by means of a
      bearing 76 in order to minimize friction. The bearing 76 is, in turn,
      mounted on a sleeve 78 that is secured to the shaft 20 by means of a set
      screw 89. The rotational axes of the link 22, the bearing 76 and the
      sleeve 78 are concentric with respect to each other but eccentric with
      respect to the longitudinal axis of the shaft 20.
PAR  The other end of the link 22 is provided with a bearing 82 that is
      supported on an eccentric pin 84 which is adjustably mounted within a
      clevis 86 formed integrally with the underside of the cradle 24. The pivot
      pin 30 is secured to a pair of laterally spaced apart side walls 88 that
      are formed integrally with an extend upwardly from the cradle 24. Spacers
      90 are interposed between each of the lift levers 28 and are also mounted
      on the pivot pin 30, as shown for example in FIG. 7.
PAR  A U-shaped member 92 is mounted on the end wall 64 by means of suitable
      fasteners and support trunnions 94 that define the pivot axis 26 for the
      cradle 24. A block 96 is removably secured to the support 92 by means of
      screws 98. The punches 32 extend through accurately formed openings 100 in
      the block 96. The lower end of each of the punches 32 is provided with a
      reduced diameter portion 102 and an enlarged head 104 that is received in
      a notch 106 formed on the upper surface of each of the lift levers 28
      proximate the midpoint thereof. It should be noted at this time that the
      head 104 of each punch is located approximately coincidental with the
      pivot axis 26.
PAR  As described previously, the end of each of the lift levers 28 opposite the
      pivot pin 30 is provided with an enlarged head end 53 that defines a
      shoulder 108. The upper end 110 of the first extension 42 of each fulcrum
      lever 38 is positioned in close proximity with the shoulder 108 but
      laterally spaced from the plane thereof. A slotted guide member 112 is
      arranged to receive the head end 53 of each of the lift levers 28 and a
      slotted guide member 114, which is secured to another end wall 116, is
      arranged to receive the upper end 110 of each of the first extensions 42.
      The first slotted guide member 112 is secured to the second slotted guide
      member 114 with the slots in each of these members being in alignment with
      each other. Normally, as shown in FIG. 4A there is a clearance C between
      shoulder 108 and end 110.
PAR  Another end wall 118 is provided in spaced, parallel opposition with the
      end wall 116. The plates 34, each having the V-shaped notches 36, are
      secured to the walls 116 and 118, as shown for example in FIG. 5 and FIG.
      6. Directly shown above each of the plates 34 there is provided a
      transverse bar 120 that is secured to the walls 116 and 118 by means of
      screws 122 and which contains one end of the springs 124. The other end of
      the springs 124 are mounted on projections 125 formed integrally at both
      ends of each of the fulcrum levers 28 and is positioned betwen the
      confronting surfaces of each of the fulcrum levers 38 and the underside of
      the bar 120. There is a similarly mounted spring 124 positioned at both
      ends of each of the levers 38.
PAR  The tape feed mechanism will now be described in connection with FIGS.
      5-12. A second, plastic link 126 is also mounted on the shaft 20 by means
      of a bearing member 128. A sleeve 130 supports the bearing 128 and is
      secured to the shaft 20 by means of a set screw 132. The rotational axes
      of the second link 126, the bearing 128 and the sleeve 130 are concentric
      with respect to each other but eccentric with respect to the longitudinal
      axis of the shaft 20. It should be noted at this time that the positions
      of the links 22 and 126, with respect to each other, are arranged so that
      the tape is fed in timed relationship with the movement of the cradle 24.
PAR  The link 126 is formed of a lightweight, plastic material and supports one
      end of a lever 134 by means of a low friction bearing 136 and a pin 138. A
      pin 140 is mounted in the other end of the lever 134. An L-shaped bracket
      142 having a U-shaped upper end 144 is slideably mounted on the pin 140.
      The other leg of the L-shaped bracket 142 is positioned in close proximity
      to the poles 146 of a pair of coils 148 which are suitably mounted on the
      wall 66 and which are preferably wired so that the pole faces are of
      opposite polarity. The L-shaped bracket 142 at its opposite end is secured
      to a sleeve 150 which is mounted in bearings 152. A post 154, which also
      is secured to the end wall 66 supports the bearings 152. For purposes to
      be described hereinafter, the pin 140 also supports a first pawl 156. A
      torsion spring 158 is wound around the pin 140 as well as around a stud
      160 that is secured to the lever 134.
PAR  A shaft 162 is journaled on bearing means 164 that are positioned within
      the end walls 64 and 66. The shaft 162 is generally parallel with and
      spaced above the shaft 20. A feed sprocket 166 having a plurality of
      radially oriented teeth 168 formed on the periphery thereof is secured to
      the shaft 162 by means of a set screw 170. A ratchet 172 is adjustably
      mounted on the shaft by means of a screw 173 that is mounted on the shaft
      162. The head of the screw 173 is eccentric with respect to its shank and
      is arranged to provide slight angular displacement of the ratchet 172 with
      respect to the sprocket 166. The ratchet 172 is arranged to be angularly
      displaced in step-wise increments by means of a pawl 156. In order to
      assure that the ratchet 172 moves only a fixed angular increment, a
      detent, generally designated by the reference character 174 (FIGS. 7 and
      12) is provided. The detent 174 is pivotally mounted on a shaft 176 that
      is secured to the wall 66 and is provided with an arm 178 from which a pin
      180 extends. The pin 180 is arranged to engage the teeth of a second
      ratchet 184 that is also mounted on the shaft 162. A torsion spring 186
      extends between the arm 178 and an eccentric stud 188 that is pivotable in
      the end wall 66 to serve also as an adjustable back stop for L-shaped
      bracket 142.
PAR  When the coils 148 are energized, one leg of the L-shaped bracket 142 will
      be drawn against the armatures thereof. The other end of the L-shaped
      bracket 142 will swing the lever 134 about the pin 138 and thereby engage
      the pawl 156 with the teeth of the ratchet 172. A stabilizing link 190 is
      pivotally connected to the second link system 126 by means of a pivot pin
      192 and to the wall 66 by means of a pivot pin 194. A torsion spring 196
      extends between the link 190 proximate the pivot pin 194 and one arm of
      the L-shaped bracket 142 and serves as a return spring for the armatures
      of the coils 148.
PAR  The tape T is very easily inserted by sliding the free end thereof beneath
      a first cover 198 that is secured to a top plate 200. The cover 198 is
      provided with an entrance end 202. A guide arm 204 is pivotally mounted on
      a pin 206 that is secured to the cover 198. The guide arm 204 includes a
      plurality of steps 208 that define guide surfaces for one longitudinal
      edge of different width tapes, for example 11/16, 7/8 or 1 inch wide. The
      other edge of the tape is guided by a block moveably fixed to the top
      cover 200. A switch 214 for detecting the end of or a break in the tape T
      is mounted directly below the arm 204. The switch 214 is secured to
      mounting plate 201 which in turn is secured to the extension 212.
PAR  After traversing the first cover 198 the tape T is then threaded beneath
      beveled inlet end 216 of die plate 33 that is positioned directly above
      the punches 32. A cover 218 is provided to contain and guide the punched
      out portion or chad, of the tape through an outlet channel 219 as shown by
      the arrow in FIG. 8. The tape T is then threaded over the teeth 168 of the
      sprocket 166 and exits the perforator comprising this invention at a bar
      220 that has a curved outlet end 222.
PAR  A cover plate, generally designated by the reference character 224, is
      provided for the sprocket 166. The cover plate 224 is pivotally mounted on
      a pin 226 that is integral with one arm of a bell crank lever 228. The
      other end of the bell crank lever 228 is provided with a rod 230 that
      includes a transverse stop pin 232 and a compression spring 234. The rod
      230 extends through a pin 236 that is journaled in the end wall 64 (FIG.
      7) on a bearing 238. The bell crank lever 228 and the compression spring
      234, in combination with the rod 230, provides an overcenter toggle
      arrangement for the cover 224. The cover 224 is raised in the threading
      operation and lowered as final tape loading sequence step.
PAR  As shown, for example in FIG. 12, a backspacing arrangement is also
      provided with the present invention. The backspacing structure permits a
      "code delete" operation for punching all holes to erase a punching error
      and includes a coil 240 having a spring biased armature 242. The coil 240
      is mounted on the end wall 66 and the armature 242 thereof supports a
      lever 244 that is pivoted on a pin 246. A pawl 248 is pivotally mounted on
      a pin 250 that is integral with the lever 244. It should be noted that the
      pawl 248 is positioned in the plane of the second ratchet 184 whose teeth
      are oriented in a direction that is opposite to the teeth of the first
      ratchet 172.
PAR  As mentioned earlier, the circuitry for controlling the taper perforator
      comprising this invention is conventional and, as such, forms no part of
      the invention. Bearing this in mind, reference may now be had to FIG. 13
      which schematically illustrates a timing chart. As shown, when 75
      characters per second (cps) are perforated, one complete cycle will occur
      in approximately 13.33 ms. Similarly, 50 cps are perforated in
      approximately 20  ms while 60 cps are perforated in 16.66 ms.
PAR  The combination of the magnetic slug 72 on the shaft 20 and the variable
      reluctance magnetic pick-up 74 provides a reference signal with respect to
      the position of shaft 20 that the conventional circuitry for pulsing the
      solenoids 46 that control the actuation of the punches 32 and the
      solenoids 148 that control the actuation of the pawl 156. By way of
      example, when 75 cps are perforated the solenoids 46 and 148 each are
      energized for approximately 6.5 ms, there being approximately a 3.0 ms
      delay intermediate the energization of the solenoids 46 and 148.
PAR  The approximately 6.5 ms pulse to the solenoid 46 is timed to bring the
      fulcrum extension 42 under the end 53 of the lever 28 at or before the
      time that the clearance c between them is formed by the position of cradle
      24. As the clearance c is taken up, the fulcrum arm 42 is maintained in
      place by retained magnetic force which does not end when the pulse ends
      and by the mechanical locking action produced by the slant of the fulcrum
      levers 42 and the force produced by the springs 52 acting through the lift
      levers 28. This double action significantly adds to the reliability of the
      unit. The tape cannot be advanced during the punching cycle because of the
      mechanical timing of the two eccentrics. The pawl eccentric starts
      downward only after the punches 32 have been retracted beneath the paper
      slot surface. The approximately 6.5 ms pulse to the solenoid 148 is timed
      to engage the pawl 156 with the ratchet 172 by the time the pawl 156 is on
      its downward stroke.
PAR  FIGS. 14-16 represent an alternative embodiment of the present invention.
      For purposes of clarity, the same reference characters will be used for
      common components. However, it should be noted that some common components
      have been eliminated from FIGS. 14 and 15 only for the purpose of
      simplifying the illustration.
PAR  The alternative design shown in FIGS. 14 and 15 provides a linkage system
      300 that drives the cradle 24 and the lift lever 28 in a manner that will
      slow down the operation during the critical time of transfer that takes
      place during the short time intervals when the fulcrum levers 42 must
      either travel into place or withdraw themselves from underneath the end of
      the lift levers 28. The length of travel is designated as the "clearance
      region" in FIG. 14. The crank link 22 of the embodiment shown in FIGS. 5-7
      is replaced by a double-ended member or bellcrank 302 that is mounted on
      the bearing 76 and the eccentric 78 (FIG. 7) in the same manner as shown
      for the link 22 in the FIGS. 5-7 embodiment. The lower end 302a of the
      bellcrank 302, however, is pivotally attached by a pin 304 to a lower link
      306 and the lower link is, in turn, pivotally attached by a pin 308 to a
      fitting 310 that is secured to the face of the forward cross plate 118.
      The upper end 302b of the bellcrank 302 is pivotally attached by means of
      a pin 312 to an upper link 314 that is identical to the lower link 306. It
      should be noted that the hour-glass shape of the links 306 and 314 shown
      in FIG. 14 is for clearance purposes only of the lower link 306. For
      purposes of economy, it is desirable that the two links 306 and 314 are
      interchangeable. Conveniently, the links 306 and 314 may be made as
      plastic moldings so that the same hour-glass shape would be provided for
      both the upper link 314 and the lower link 306. The upper link 314 is also
      attached pivotally to the cradle 24 in the same manner as the link 22 is
      attached to the cradle 24 in the FIGS. 5-7 embodiment.
PAR  As the main drive shaft 20 of the apparatus is rotated, the pivot pin 312
      and the upper end 302b of the bellcrank 302 travel along an elliptical
      path A that creates a partial dwell in the travel of the cradle 24, when
      it is near its low position at the front end. Therefore, a partial dwell
      occurs at the rear end of the lift levers 28 when at the critical transfer
      position. This is shown in FIG. 14 as the clearance region and is, in one
      form of construction, in the order of 0.015 inch.
PAR  The operation of the alternative embodiment just described may best be
      understood by reference to FIG. 16. Two sinusiodal displacement curves are
      shown which are measured with an indicator 316 that is shown in phantom
      outline in FIG. 14. The dashed line curve is obtained from the embodiment
      shown in FIGS. 5-7 while the solid outline curve is obtained from the
      embodiment shown in FIGS. 14 and 15. It will be appreciated that for the
      first upward movement and an indicator reading of 0.008 inch, which
      corresponds to the 0.015 inch clearance region, the FIG. 5 embodiment
      requires a shaft angle of 59.degree. whereas the FIG. 14 embodiment with
      the modified linkage requires a shaft angle of 79.degree.. This angular
      measurement is directly proportional to time. Thus, the FIGS. 14 and 15
      embodiment travels 59/79 as fast as the FIGS. 5-7 embodiment throughout
      the critical transfer region assuming, of course, that both embodiments
      are driven at the same speed. This "slowing up"  characteristic permits
      the use of the punch at higher speed with no sacrifice in performance. It
      should be particularly noted that the specific angular values of
      59.degree. and 79.degree. are actual measured values that have been
      obtained from test models. However, these values can be altered by
      modification in the geometry of the linkage system. Accordingly, the
      foregoing shaft angles are used by way of illustration only and without
      any intent to be limiting as to the scope of the invention.
PAR  The tape perforator described hereinabove provides for a high degree of
      flexibility, reliability and quiet operation. Tape perforation speeds of
      up to 125 characters per second or more are available on 5, 6, 7 and 8
      track tapes that may be made of paper, plastics such as mylar for example
      and aluminum-plastics-paper combinations from 0.0025 inches to 0.0045
      inches thick by either 11/16 inch, 7/8 inch or 1 inch wide. The various
      tape widths may readily be accommodated without altering or changing the
      tape guide which also includes a tape break or tape end sensor.
PAR  Any desired character may be punched by applying a 28 volt d.c. pulse to a
      pulse selector bank for each hole in the character. A tape advance pulse
      then moves the tape into a position to receive the next character.
      Reference signals for the tape punch and tape advance signals are provided
      by means of a magnetic timing coil. The punches are mechanically actuated
      only when the tape is at rest and the tape is mechanically advanced only
      when the punches are completely withdrawn. Broad tolerance for timing and
      duration of the tape punch and advance pulses is provided by mechanical
      storage of early pulses. Thus, neither tape punching nor tape advance can
      take place, even in the presence of demand pulses, until the drive shaft
      has moved to the correct position.
PAR  Positive punching and punch retraction are provided by means of a crank arm
      and lever linkage arrangement, in combination with a positive motor drive.
      Thus, the mechanical wear and operating uncertainties that are inherent in
      clutch mechanisms and spring retraction systems are minimized. Two screws
      and precision ways are used to very simply replace the punch and die
      assembly in a minimum time when the punches become worn.
PAR  There has been disclosed heretofore the best embodiment of the invention
      presently contemplated. However, it is to be understood that various
      changes and modifications may be made thereto without departing from the
      spirit of the invention.
CLMS
STM  What we claim as new and desire to secure by Letters Patent are:
NUM  1.
PAR  1. In a high speed tape perforator that includes:
PA1  a. a cradle pivotally mounted on a fixed support for oscillating movement
      about a first transverse axis:
PA1  b. drive means for oscillating the cradle about said first axis;
PA1  c. a first plurality of elongated lift levers pivotally mounted proximate
      one end thereof in the cradle for selective oscillating movement about a
      second, transverse axis that is substantially parallel to and spaced from
      the first axis;
PA1  d. an elongated punch mounted at one end on each of the first lift levers
      proximate the first axis, the longitudinal axis of each punch being
      substantially perpendicular to the first axis, the axes of the punches
      being in a plane that is approximately coincidental with the first axis;
PA1  e. means for advancing the tape along a plane that traverses the plane of
      the longitudinal axes of the punches;
PA1  f. a second plurality of elongated fulcrum levers equal in number to the
      first plurality of lift levers, the second plurality of levers being
      pivotable about axes that are substantially parallel to the planes of the
      first levers and movable between a first, non-punching mode position and a
      second, punching mode position whereby, in the first position of the
      second levers, the cradle and the first levers oscillate as a unit about
      the first axis and the punches are substantially devoid of movement in
      directions along the longitudinal axis thereof so that the punches do not
      perforate the tape and whereby, in the second position, the second levers
      interfere with the movement of the first levers so that the cradle
      continues to oscillate about the first axis but the first levers oscillate
      about the second axis to cause the punches to move longitudinally above
      the plane of and through the tape; and
PA1  g. means for selectively moving the second levers from the first position
      to the second position, the improvement comprising:
PA2  a. means for slowing down the movement of the first plurality of lift
      levers and the punches mounted thereon during the periods of time that the
      second plurality of fulcrum levers travel between the first and second
      positions thereof.
NUM  2.
PAR  2. The tape perforator according to claim 1 wherein the drive means
      includes a drive shaft and said means for slowing the movement of the
      first plurality of lift levers and the punches mounted thereon comprises a
      bell crank mounted eccentrically on the drive shaft and means for coupling
      one end of said bell crank to the cradle.
NUM  3.
PAR  3. The tape perforator according to claim 2 wherein said coupling means
      comprises a first link pivotally coupled to the cradle and to said one end
      of said bell crank.
NUM  4.
PAR  4. The tape perforator according to claim 3 wherein said first link is made
      of a plastic material.
NUM  5.
PAR  5. The tape perforator according to claim 3 wherein there is further
      included a second link for pivotally coupling the other end of said bell
      crank to a fixed portion of the tape perforator.
NUM  6.
PAR  6. The tape perforator according to claim 5 wherein said first and second
      links are identical to each other.
NUM  7.
PAR  7. The tape perforator according to claim 6 wherein said first and second
      links are made of a plastic material.
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ABST
PAL  A spraying apparatus and a method for spraying a liquid in a pattern which
      can be adjusted without stopping the spraying operation. The apparatus
      comprises a pair of nozzles, each including an orifice providing a liquid
      stream therefrom. The nozzles are mounted on opposed radially extending
      arms, each arm extending a predetermined distance along an axis which is
      normal to the central axis of the apparatus. Means are provided for
      adjusting the angular orientation of the nozzles with respect to the
      central axis to enable each nozzle's orifice to extend at any
      predetermined angle within the range of parallel to the central axis up to
      an angle of approximately 45.degree. with respect to the central axis.
      When the nozzles are oriented with their respective orifices parallel to
      the central axis the apparatus provides a pair of liquid streams in a
      relatively straight line which is parallel to the axis. When the nozzles
      are adjusted to some other angle, the liquid streams from the nozzles
      create a reaction force on the nozzle having a component in a direction
      tangential to the radially extending axis to effect the rotation of the
      nozzles about the central axis. This action creates a helical spray
      pattern about the central axis, with the diameter of the spray pattern
      created being a function of the angular orientation of the nozzles.
BSUM
PAR  This invention relates generally to spraying devices and more particularly
      to devices for providing an adjustable spray pattern suitable for
      agricultural application and fire fighting applications.
PAR  Various hydraulic devices for spraying agricultural liquids have been
      disclosed in the patent literature and some are commercially available.
      However, such devices suffer from various drawbacks, the most serious of
      which being the inability to adjust the spray pattern to accommodate
      different terrain.
PAR  For large scale seeding applications commercially available hydraulic
      spraying devices have generally taken the form of conventional straight
      line nozzles which are stationarily mounted and through which a
      combination of seed, fertilizer and mulch in a water carrier is pumped to
      form a stream spray pattern. While such devices are capable of higher seed
      application rates than conventional mechanical spreaders, such devices
      nevertheless leave much to be desired insofar as economy, speed of
      operation and eveness of seed application is concerned.
PAR  In my co-pending U.S. Pat. application Ser. No. 422,817, filed on Dec. 7,
      1973 and assigned to the same assignee as this invention, there is
      disclosed and claimed aerial spraying means which enable the faster and
      more even application of seed than was possible theretofore. To that end,
      the device disclosed therein is particularly adapted to be carried in the
      air at a relatively high rate of speed over the ground to be seeded. The
      device basically comprises an input chamber into which a suspension of
      seed and a carrier fluid is pumped. A plurality of nozzles are provided in
      communication with the chamber and each nozzle extends generally radially
      outward from the central axis of the device while also generally downward
      at an acute angle to said axis. The device is arranged to be rotated
      rapidly by a motor to create centripetal force, which effects the spraying
      of the suspension into the air in a relatively evenly distributed pattern.
PAR  While such a device has shown itself to be of significant utility for the
      application for which it is intended, that is, aerial seeding
      applications, aerial seeding techniques may not be feasible or suitable
      for some farming applications. Accordingly, the need presently exists for
      spraying apparatus for land based use and which overcomes the
      disadvantages of the prior art.
PAR  In British Pat. No. 1,375,039, there is disclosed and claimed land based
      spraying apparatus for spraying trees with a liquid. The apparatus
      comprises a plurality of rotating spray heads mounted on a frame for
      producing helical spray patterns. While the British Patent discloses that
      the angular orientation of the nozzles may be adjusted to adjust the
      direction of the spray and the speed of rotation, no means are disclosed
      for effecting such adjustment. Accordingly, in order to adjust the spray,
      the spraying apparatus must be stopped, thereby resulting in unnecessary
      "down time" during which the spraying can not occur. Such action may
      substantially slow down the spraying operation, particularly in
      agricultural applications wherein the terrain being traversed varies
      substantially, which variance necessitates different angular orientations
      of the spray nozzles so the spray can accommodate the different terrain
      features.
PAR  Accordingly, it is a general object of this invention to provide a spraying
      method and apparatus which overcomes various disadvantages of the prior
      act.
PAR  It is a further object of this invention to provide a spraying method and
      apparatus for producing a liquid stream in a spray pattern, which pattern
      can be readily adjusted during the spraying operation and without stopping
      the liquid stream.
PAR  It is still a further object of this invention to provide a simple, quick
      acting and efficient spraying apparatus for readily adjusting the spray
      pattern from a substantial straight line path to a relatively wide helical
      path and vice versa and without necessitating the stopping of the spraying
      operation.
PAR  In addition to the foregoing, the instant invention also has particular
      utility in fire fighting applications.
PAR  As is known, in fighting fires it is of considerable importance to drive
      the smoke produced by the fire back to the source of the flames in
      addition to the primary tasks of wetting the unburned portions of the
      structure to prevent their combustion, while dousing the source of the
      flames to extinguish the fire. Conventional straight nozzles and spraying
      techniques used therewith, while enabling the effective application of
      water to the source of the flame to extinguish the fire are particularly
      deficient for driving the smoke produced by the fire back to the source of
      the flames.
PAR  Accordingly, it is another object of this invention to provide a method and
      apparatus which overcomes the various disadvantages of prior art fire
      fighting techniques and apparatus therefor.
PAR  It is yet a further object of this invention to provide a method and
      apparauts for producing a spray pattern which can be readily adjusted
      without stopping spraying for use in dousing the source of the flames, for
      wetting unburned portions of the structure and for trapping smoke and
      driving the trapped smoke back to the source of the fire.
PAR  These and other objects of this invention are achieved by providing method
      and apparatus for spraying a liquid in an adjustable pattern. The
      apparatus comprises a rotatable spray head including at least one nozzle
      including a orifice for providing a liquid stream therefrom. The nozzle is
      mounted on a radial axis extending normally to the central axis of the
      apparatus. Means are provided for readily adjusting the angular
      orientation of the nozzle with respect to the central axis and without
      stopping the liquid stream, to enable the nozzle's orifice to extend at
      any predetermined angle within the range of parallel to the central axis
      up to an angle of approximately 45.degree. with respect thereto. When the
      nozzle is oriented with its orifice parallel to the central axis the
      nozzle provides a liquid stream in a relatively straight line which is
      parallel to the central axis. However, when the nozzle is adjusted by the
      adjusting means to some angle greater than 0.degree. the liquid streaming
      from the nozzle creates a reaction force at the nozzle and having a
      component which is tangential to said radial axis to effect the rotation
      of the nozzle about the axis. The rotation of the nozzle about the axis
      creates a helical spray pattern symmetrically about the axis, with the
      diameter of the pattern being a function of the angular orientation of the
      nozzle with respect to the axis.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawing wherein:
PAR  FIG. 1 is a perspective view of spraying apparatus in accordance with the
      instant invention;
PA1  Fig. 2 is an enlarged sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged sectional view taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view taken along line 5--5 of FIG. 3;
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 2;
PAR  FIG. 7 is a sectional view taken along line 7--7 of FIG. 2; and
PAR  FIG. 8 is a side elevational view of the operation of the device of the
      instant invention producing a helical spray pattern in an agricultural
      spraying application.
PAR  Referring now in greater detail to the various figures of the drawing,
      wherein like reference characters refer to like parts, there is generally
      shown at 20 in FIG. 1 a variable pattern hydraulic spraying device in
      accordance with this invention.
PAR  The device 20 basically comprises a central feed or supply tube 22 for
      connection to a liquid supply hose 23, a spray head 24 arranged for
      rotation about the central axis 25 of the supply tube and including a pair
      of adjustable nozzles 26 and 28, and adjustment means 30 for adjusting the
      angular orientation of the nozzles with respect to the central axis.
PAR  The nozzles 26 and 28 are mounted at the ends of a pair of arms 32 and 34,
      respectively. The arms 32 and 34 are each hollow members which project
      radially in opposite directions from a central housing 36 along a radial
      pivot axis 37. As can be seen in FIG. 1 the pivot axis entends normally to
      the central axis 25.
PAR  The housing 36 is a hollow member rotatably mounted on the end of the
      supply tube 22 and is arranged to receive liquid therefrom and to provide
      the liquid to the arms 32 and 34 for subsequent passage to the nozzles
      mounted thereon.
PAR  Each of the nozzles 26 and 28 is adjustable for orientation in a plane
      perpendicular to the axis 37 of the arm upon which it is mounted and
      through a predetermined range 38 of angles with respect to the central
      axis of the supply tube. In accordance with the preferred embodiment of
      this invention the range of angles through which each nozzle can be
      adjusted is shown by the angular range 38 and encompasses all angles from
      0.degree., that is parallel to the central axis 25, to 45.degree. with
      respect to the central axis, with one of the nozzles mounted for
      adjustment through said angular range measured in the clockwise direction
      about axis 37 and the other nozzle mounted for corresponding adjustment
      through said range measured in the counter-clockwise direction about axis
      37.
PAR  As will be described in detail later, the spray head 24 and the nozzles 26
      and 28 mounted thereon are arranged to rotate about the central axis of
      the supply tube whenever the angle of the nozzles with respect to the
      central axis is slightly greater than 0.degree.. Such rotation is effected
      automatically and without any motor by the reaction force created as the
      liquid exits the angularly oriented nozzles. The actual force rotating the
      spray head is the tangential component of the reaction force of the
      exiting liquid acting on the nozzle at its radial position on axis 37 to
      provide the rotational force to the spray head. As will be appreciated by
      those skilled in the art the greater the angle that the nozzles make with
      respect to the central axis, the larger the tangetial reaction force
      component created for any given liquid flow rate. Accordingly, as the
      angle that the nozzles make with the central axis is increased from
      0.degree. to 45.degree. the speed or rotation of the spray head increases.
PAR  The spray pattern created by the rotation of the spray head is in the form
      of a pair of interlaced rotating helical streams, one such stream from
      each nozzle. As indicated heretofore, in accordance with the preferred
      embodiment of the invention, the nozzles are arranged such that the
      magnitude of the angle which each makes with respect to the central axis
      is identical but each extends in an opposite rotational direction to the
      other when measured about axis 37, so that one nozzle extends upward with
      respect to the central axis while the other nozzle extends downward. The
      net effect of such a nozzle orientation is to increase the rotational
      force created while producing a pair or interlaced helical spray patterns,
      with the diameter of both helices being the same.
PAR  It should be pointed out at this juncture that while the nozzles disclosed
      herein are shown as being adjusted by the adjustment means 30 to the same
      angle with respect to the central axis but in opposite directions, it is
      contemplated that the nozzles may be adjustable individually or together
      to different angles from each other, if desired.
PAR  As should be appreciated by those skilled in the art, the diameter of the
      helical spray pattern produced by the rotation of the spray head 24 is
      also a function of the angle of the orientation of the nozzles with
      respect to the central axis, that is the greater the angle the nozzle
      makes with respect to the central axis, the greater the diameter of the
      helix produced thereby and vice versa. As the diameter of the spray
      pattern increases, the distance or range that the pattern is thrown from
      the device decreases. When the angle of the orientation of the nozzles is
      so small as to reduce the tangential reaction force component to zero,
      that is when the nozzles are oriented parallel to or almost parallel to
      the central axis, the spray head ceases rotating, whereupon the spray
      pattern is in the form of a pair of long range relatively straight streams
      of liquid.
PAR  Accordingly, the spray pattern of the instant invention can be adjusted
      continuously from a relatively narrow straight stream pattern having a
      long range, when the nozzles are parallel to the axis, to a very wide
      helical stream pattern having a shorter range, when the nozzles are
      disposed at an 45.degree. angle with respect to the axis but in opposed
      directions.
PAR  The ready adjustability of the spray pattern of the invention, without
      requiring stoppage of the spraying operation, makes this invention
      particularly suitable for agricultural spraying applications wherein
      different spray patterns may be required during one traversal of the area
      being sprayed, e.g., when the terrain being traversed changes
      substantially. With the instant invention, by merely operating the
      adjustment means 30, as will be described hereinafter, one can immediately
      tailor the spray to the shape desired. For example, one can go from a wide
      swath for spraying large areas close to the apparatus to a long straight
      stream for spraying distant areas, virtually instantaneously by the
      operation of the adjustment means.
PAR  As can be seen in FIGS. 1, 3 and 4 the nozzles 26 and 28 are identical and
      each includes two portions, namely, a base portion 40 and a tip 42. The
      base portion 40 is a hollow tapered member including a threaded portion 44
      at one end thereof. A nut-shaped flange 46 projects around the outer
      periphery of the base portion adjacent to the threaded end 44. The other
      end, 48, of the base portion 40 of the nozzle is also threaded and serves,
      in conjunction with a threaded sleeve 50, to secure the tip portion 42 to
      the base portion to form the nozzle. The tip portion 42, like the base
      portion 40, is a hollow tapered member and includes a locking flange 54
      about the periphery of one end. The flange 54 is arranged to abut the end
      face 56 of the end of base portion 40 and fits within a recessed shoulder
      58 within sleeve 50. The outer surface of the sleeve 50 includes a flatted
      portion 60 (FIG. 1) which serves as a gripping surface to enable the
      tightening of the sleeve in the base portion 40. As will be appreciated,
      when the sleeve is tightened, the shoulder 58 pulls the flange 54 into
      tight abutment with the end face 56, thereby firmly securing the tip
      portion 42 to the body portion 40 and forming a fluid tight seal
      therebetween.
PAR  The end of the tip portion 42 is in the form of a circular orifice 43
      through which the fluid being sprayed exits the nozzle.
PAR  The threaded end portion 44 of the nozzle serves to secure the nozzle to
      means for supporting the nozzle at various angular orientations with
      respect to the radial axis 37. To that end, a respective pivotable member,
      hereinafter referred to as a nozzle pivot 62 is provided mounted at the
      end of each arm 32 and 34 to support the nozzle thereon at any angular
      orientation with respect to axis 37.
PAR  As can be seen in FIGS. 1, 3 and 4, each nozzle pivot 62 includes a
      generally box-like portion 64 having a tube-like portions 66 projecting a
      substantial distance therefrom. The box-like portion is a hollow member
      defining an interior chamber 68. The chamber 68 serves to receive liquid
      from the tubular arm associated therewith and is of generally cylindrical
      shape. The chamber also includes a projecting passageway 70 communicating
      with a threaded opening 72 in one side wall of the box-like portion 64.
      The opening 72 serves as the means for securing the nozzle in place on the
      nozzle pivot 62. Toward that end the threaded end portion 44 of the base
      portion of the nozzle is screwed into the opening 72 of the nozzle pivot
      and is tightened by the appplication of a twisting force to the nut-like
      flange 46 to form a fluid tight joint.
PAR  Each of the arms 32 and 34 is constructed in an identical manner and
      basically comprises a circular cylindrical body portion 74 for carrying
      liquid therethrough to chamber 68 and terminates in an open end 76. The
      body portion of each arm extends through the tube-like portion 66 of the
      nozzle pivot 62 associated therewith and extends into chamber 68 in the
      box-like portion 66 of the nozzle pivot.
PAR  As can be seen in FIGS. 1 and 3 a circular cap 78 is provided on the end
      wall 76 of the box-like portion 64 of the nozzle pivot 62. The cap 78
      serves to seal the open end of the tubular arm and for connecting the
      nozzle pivot to the arm in such a manner as to enable the nozzle pivot to
      be adjustably pivoted about the axis 37 through any angle. To that end,
      the cap is abutted against the end face 80 of the open end 76 of the
      tubular arm and is secured in place, via plural peripherally disposed
      bolts 82. An O-ring 84 is disposed within an angular recess 86 in the
      inside face of the cap 74 and at the interface of the cap and the end face
      80. The O-ring serves to seal the interface from the egress of liquid
      therethrough while enabling the box-like portion 64 and the tube-like
      portion 66 of the nozzle pivot 62 to be pivoted about axis 37 and with
      respect to the fixed tubular arm 32 and the cap 74 secured thereto.
PAR  A second O-ring 88 (FIG. 3) is disposed within an annular recess 90 cut in
      the outer peripheral surface 92 of the tubular arm 32 and at an
      intermediate point thereon. The O-ring 88 is tightly interposed between
      the recess and the inner peripheral surface 94 of the tubular portion 66
      of the nozzle pivot 62. The O-ring 88 serves to provide a fluid tight seal
      for the system to preclude liquid in chamber 68 from exiting through the
      space between the outer surface of the arm and the inner surface of the
      tubular portion of the nozzle pivot, irrespective of the angular
      orientation of the latter with respect to the former.
PAR  In order to hold the nozzle pivot in the orientation desired, a clamp 98 is
      provided connected thereto. Once such clamp is provided for each of the
      nozzle pivots. As can be seen in FIG. 1 each clamp 98 is of a conventional
      type and comprises a split ring 100 secured about the outer periphery of
      the tubular portion of the nozzle pivot with which it is associated and an
      adjustment screw 102 for contracting the ring. Upon the tightening of the
      screw 102 the ring contracts, thereby compressing the tubular portion 66
      contiguous therewith into contact with the underlying surface of the
      tubular arm. This action effectively locks the nozzle pivot in place.
PAR  In accordance with the preferred embodiment of this invention each tubular
      arm includes a pair of opposed openings 104. The openings are provided
      through the wall of the arm in the portion thereof disposed within chamber
      68. The openings are extremely large and extend for a major portion of the
      diameter of the tube to provide substantial passageways for liquid to flow
      from the hollow interior of the arm into the chamber 68 for subsequent
      passage to the nozzle, irrespective of the angular orientation of the
      nozzle with respect to the arm upon which it is mounted (see FIG. 4).
PAR  The means for effecting the angular adjustment of the nozzle pivots and the
      nozzles supported thereon is generally shown at 30 and basically comprises
      a pair of nozzle pivot arms 106, one for each nozzle pivot, a pair of
      nozzle linkage arms 108, one for each nozzle pivot arm 106, and a manually
      operable slide assembly 110. The slide assembly, as can be seen in FIG. 2,
      comprises a pair of slide rings 112 and 114. The ring 112 is denoted as
      the forward slide ring and the ring 114 is denoted as the rear slide ring.
      The rear slide ring 114 is in the form of a split ring having a pair of
      curved sections 116 and 118 (see FIG. 7) which are secured together, via
      counter-sunk bolts 120. The rear ring is disposed about the periphery of
      the liquid supply hose 23, which is connected, via a threaded
      communicating coupling 124, to one end of the main feed tube 22. The ring
      114 is arranged to be slid along the supply tube 122 to act as a guide for
      the slide assembly, as will be described hereinafter. To that end, the
      bolts are tightened only sufficiently to close the ring such that it
      closely encircles the tube 122 but not so tightly as to substantially
      impede the slidability of the ring along the tube.
PAR  As can be seen in FIG. 7, the ring 114 also includes a downwardly extending
      projection 125 having an opening 126 through which a bolt 128 extends. The
      bolt 128 serves to secure a bifurcated end 130 of a linkage arm 132 to the
      ring 114. The linkage arm 132 is an elongated member whose other end 134
      is also bifurcated and is connected, via a similar bolt 128, to a
      projection 136 of the forward ring 112.
PAR  As can be seen in FIG. 6, the forward ring comprises a pair of concentric
      members. The inner member is in the form of a sleeve 138 which encircles
      the main supply tube 22 and is arranged to be slid therealong, as will be
      described in detail. The outer member of the concentric members is in the
      form of a ring 140 which in turn encircles the sleeve 138. The outer ring
      140 includes the heretofore described projection 136 and also includes an
      upward extension 142 including a threaded opening 144 into which a
      threaded end 146 of a handle bar 148 is screwed. The sleeve 138 is secured
      to the encircling ring 140, via a pair of bolts 150 extending through
      aligned holes in the ring and sleeve.
PAR  The forward end of the sleeve 138 is connected to an axially slidable but
      non-rotatable ring portion 152 of a bearing assembly 154. The assembly 154
      also includes a bearing ring 156 which is axially slidable along the
      supply tube with sleeve 138 and is rotatable about the ring 156 to enable
      the adjustment of the angular orientation of the nozzles as the spray head
      24 rotates.
PAR  The details of the bearing assembly 154 will be considered in detail
      hereinafter, suffice to say at this point that the ring 156 of the
      assembly is arranged to be slid along the axis of the supply tube as it
      rotates about the supply tube.
PAR  As can be seen in FIG. 2, a pair of projections 160 are secured to
      diametrically opposed peripheral portions of the ring 156. The projections
      160 serve as means for connecting the respective linkage arms 108 to the
      ring 156. To that end, a separate bolt 162 is disposed within respective
      openings in the projections 160 and within the aligned respective openings
      in a bifurcated end 164 of each arm 108. The other end 166 of each arm 108
      is also bifurcated.
PAR  The arms 106 are arranged to translate the linear motion of the ring along
      the supply tube 22 into rotational motion for pivoting the nozzle pivots
      with respect to the axis 37 a corresponding amount to adjust the angular
      orientation of the nozzles to the desired settling. To that end, as can be
      seen in FIG. 5, each nozzle pivot arm 106 is an angled member having an
      elongated main portion 168 extending parallel to axis 37 and terminating
      in a pair of opposed normally extending flanges 170 and 172. The shorter
      one of the opposed flanges, namely, 170, of each nozzle pivot arm is
      connected, via a bolt 174, to the other bifurcated end 166 of a respective
      one of the linkage arms 108. The longer flange, 172, of each nozzle pivot
      arm is fixedly secured, as by welding, to the ring 100 of a respective one
      of the clamps 96.
PAR  As can be seen in FIG. 2, a pair of stop rings 176 and 178 are mounted on
      the central supply tube 22 with the bearing assembly 154 and the forward
      ring 112 interposed therebetween. The rings 176 and 178 are fixed in
      position and serve as stops for limiting the sliding travel of the
      adjusting means in either direction along the tube 22.
PAR  Operation of the adjusting means 30 is as follows: by merely grasping the
      handle bar 148 and either pushing it forward or pulling it rearward, the
      linear translational force applied to the outer ring 110, via the handle
      bar, is coupled, via bolts 150, to the sleeve 138 to effect the sliding of
      the sleeve along the main feed tube 22 in the direction of the applied
      force, with the stop rings 176 and 178 limiting the travel. The rear ring
      114 serves to guide the linear translational motion of the sleeve, via the
      linkage bar 132 connected between the rear ring 114 and the forward ring
      110.
PAR  The sliding of the sleeve 138 results in the concommitant motion of the
      ring portion 156 of the bearing assembly 154. The forward movement of ring
      156 is coupled through the linkage arms 108 to the nozzle pivot arms
      associated therewith. The linear motion of the linkage arms is translated
      by the respective pivot arms into rotational motion about the axis 37,
      whereupon when the linkage arms move forward each nozzle pivot rotates
      towards the central axis 25 such that the angle that each nozzle makes
      with the central axis is decreased. Conversely, when one pulls back on the
      handle bar 148, the backward motion of the linkage arms is translated into
      rotational motion to cause the nozzle pivots to rotate away from the
      central axis, whereupon the angle that each nozzle makes with the central
      axis is increased.
PAR  As noted heretofore, the bearing assembly 154 serves as the means for
      enabling the nozzles to be pivoted about the radial axis 37 to the desired
      angular orientation with respect to the central axis 25 as the spray head
      24 rotates about the central axis. To that end, the bearing assembly 154
      is connected between the reciprocable sleeve 138 and the linkage arms 108
      and couples the linear translational motion from the former to the latter
      and to the pivot arms 106 connected to the linkage arms as the spray head
      rotates so that the linear motion of the sleeve is converted to a pivoting
      motion of the nozzles about the radial axis 37.
PAR  As can be seen in FIG. 2, the ring 152 is disposed about the supply tube 22
      and has a side face 182 which abuts the front face 184 of the slidable
      sleeve 138. The ring 152 is secured to the sleeve, via plural bolts 186,
      extending through aligned holes in the side face of the ring and the front
      face of the bolt. Accordingly, the ring 152 is moved linearally along the
      feed tube 22 whenever the sleeve 138 is moved therealong under the force
      provided by the user on the handle bar 148.
PAR  The outer periphery of the ring 154 defines a race 188. As can be seen, the
      bearing ring 156 is disposed concentrically about the ring 152 and
      includes an inner peripheral race 190. The space between the races 188 and
      190 is annular in shape and serves to form a track in which a plurality of
      ball bearings 192 are disposed. A pair of spaced, concentric annular
      plates 194 and 196 are connected to the front faces of the rings 156 and
      152, respectively, and serve to hold the ball bearings 192 in place in the
      annular track. Accordingly, the ring 156 and the linkage arms 108
      connected thereto are enabled to rotate about the central axis 25 of the
      device 20 at the same time that the sleeve 138 moves the ring 152 along
      the central supply tube.
PAR  As can be seen in FIG. 2, the liquid passing through the central supply
      tube (shown diagrammatically by the arrows in FIG. 2) flows through a pair
      of opposed openings 198 in the supply tube adjacent its end 200. The end
      portion of the supply tube including the openings 198 is disposed within
      the central housing 36. The central housing is a hollow structure which
      supports the tubular arms 32 and 34 radially outward along axis 37 while
      providing liquid from the central supply tube to the arms, irrespective of
      whether or not the spray head is rotating.
PAR  The housing 36 is of basically rectangular shape and includes a front wall
      202 (FIG. 1), a rear wall 204 (FIG. 2), a top wall 206 (FIGS. 2 and 5), a
      bottom wall 208 (FIGS. 2 and 5) and a pair of opposed side walls 210 and
      212 (FIGS. 3 and 5). The central opening 214 extends through the housing
      36 from rear to front thereof and along the central axis 25. A pair of
      sleeve bearings 216 and 218 are mounted within the opening 214, with the
      bearing 216 being mounted adjacent the rear wall 204 of the housing 36 and
      the bearing 218 being mounted spaced from the bearing 216 and adjacent to
      the front wall 202 of the housing. As can be seen in FIG. 3, the central
      openings in the bearings are aligned and form a passageway through which
      the end portion 200 of the supply tube 22 passes. The end portion 200 of
      the supply tube is of a reduced wall thickness to provide a shoulder 220
      against which the sleeve bearing 218 abuts. The sleeve bearing 218
      includes a peripheral flange 222 which is interposed between the shoulder
      220 and the rear wall 204 of the housing 36 to hold the bearing in place
      longitudinally on the supply tube. The other bearing 216 also includes a
      peripheral flange 224 which is interposed between the front wall 202 of
      the housing and a circular plate 226.
PAR  The plate 226 serves to seal the open end of the supply tube 22 from the
      egress of liquid therefrom as the spray head 24 rotates about the central
      axis 25. To that end, the plate 226 is connected, via plural bolts 228, to
      the open end 230 of the supply tube 22. An O-ring 232 is disposed within a
      circular groove on the inside face of the plate 226 and is tightly
      interposed between the groove and forward edge of the sleeve bearing 216
      to form a water tight seal.
PAR  As should be appreciated from the foregoing, the bearings 216 and 218 serve
      as the means for enabling the housing 36 to rotate freely about the
      stationary supply tube 22.
PAR  In accordance with the preferred embodiment of this invention, the sleeve
      bearings are lubricated. To that end, a grease port 233 (FIG. 2) is
      provided through wall 202 and in communication with an annular grease
      receiving recess 234 in the bearing 218. This construction enables the
      ready lubrication of the bearings.
PAR  As can be seen in FIGS. 2 and 3, the space between the bearings 216 and 218
      forms an annular chamber 236 immediately adjacent to the openings 198 in
      the supply tube. To further increase the size of the chamber a wide groove
      240 is cut in the periphery of the tube 22 contiguous the openings 198.
      The chamber 236 serves to receive the liquid from the supply tube 22
      through the openings 198, irrespective of the rotational position of the
      housing 36 with respect to the supply tube and to provide the liquid, via
      opposed passageways 237 (FIG. 5), to the hollow interior of the respective
      tubular arms 32 and 34.
PAR  The arms 32 and 34 are mounted on the side faces 210 and 212, respectively,
      of the central housing 36 and in communication with the fluid passageways
      237 therein. Each arm is mounted in an identical manner as the other and
      thus only the mounting of arm 32 will be considered hereinafter.
PAR  As can be seen in FIG. 5, the rear end 240 of tubular arm 32 includes a
      peripheral mounting flange 242. The end 240 of the tubular arm is disposed
      within a complimentary opening 244 in the side wall 210 of the housing 36,
      with the flange abutting the side wall. A mounting plate 246 is disposed
      on the opposite side of the flange as the side wall so as to sandwich the
      flange between it and the side wall. A plurality of counter-sunk bolts 248
      extend through aligned holes in the mounting plate and flange and are
      secured in aligned threaded holes in the side wall to secure the tubular
      arm in place.
PAR  Operation of the spray device 20 is as follows: the liquid to be sprayed is
      pumped by means (not shown) through the supply hose 23 and into the main
      supply tube 22 of the device 20. The liquid flows down the supply tube 22
      towards its end 200 in the direction of the arrows shown in FIG. 2. The
      liquid flows out through the enlarged openings 198 in the supply tube and
      into the annular chamber 236 contiguous therewith. From the chamber the
      liquid flows into the communicating passageways 237 for subsequent flow
      into the interior of the respective communicating tubular arms 32 and 34
      of the spray head 24. The liquid flows down each arm and out through the
      enlarged openings 104 therein and into the contiguous chamber 68 of the
      nozzle pivot 62 associated therewith. The liquid entering the chamber 68
      flows into the passageway 70 and from there through threaded opening 72
      into the associated nozzle. The liquid flows down the nozzle and is
      constricted by the tapered interior passageway thereof and exits in a
      relatively narrow stream from the orifice 43 at the end of the nozzle.
PAR  Assuming that the nozzles are oriented such that they extend parallel to
      the central axis 25, the liquid flowing out of each nozzle does not create
      any reaction force component on the nozzle in a tangential direction with
      respect to the radial axis 37. Accordingly, the spray head remains
      stationary and the spray pattern created thereby is in the form of a pair
      of relatively straight streams extending a long range parallel to the
      central axis, with one stream emanating from each nozzle.
PAR  If the nozzles are oriented such that each extends at an acute angle with
      respect to the central axis, with one nozzle pointing upward and one
      nozzle pointing downward with respect thereto, the liquid exiting each
      nozzles creates a reaction force on the nozzle having a substantial
      component tangential to the axis 37. The tangential force component acting
      on each nozzle results in the commencement of the rotation of the spray
      head 24 about the central axis 25, whereupon a helical spray pattern, like
      that discussed previously, is created. The width of the swath of the
      helicalspray pattern is a function of the angle with which the nozzles
      make with the central axis. To increase the swath width, the angle of the
      nozzles with respect. to the central axis is increased. Conversely, to
      decrease the width of the swath the angle that the nozzles make with the
      central axis is decreased.
PAR  Insofar as increasing the swath width is concerned, operation of the device
      is as follows: one grasps the handle bar 148 and pulls it rearward, i.e.,
      away from the spray head 24, a desired distance, whereupon the ring 112
      and the sleeve 138 connected thereto slide linearally along the central
      feed tube 22 in the rearward direction a corresponding distance. The
      rearward movement of the sleeve is coupled, via the connected bearing
      assembly 154 and the connected linkage arms 108, to the nozzle pivot arms
      106 of the spray head 24, whereupon the arms 106 effect the pivoting of
      the nozzle pivots 62 about the axis 37 and in respective directions away
      from the central axis 25, thereby increasing the angle that each nozzle
      makes with the central axis.
PAR  The decreasing of the width of the swath is effected by pushing the handle
      bar forward, i.e., towards the spray head 24, a desired distance,
      whereupon the ring 112 and the sleeve connected thereto slides linearally
      along the central feed tube in the forward direction a corresponding
      distance. The forward movement of the sleeve is coupled, via the connected
      bearing assembly 154 and the linkage arms 108 connected thereto, to the
      nozzle pivot arms 106 of the spray head 24, whereupon the arms 106 effect
      the pivoting of the nozzle pivots about the axis 37 and in respective
      directions towards the central axis 25, thereby decreasing the angle that
      each nozzle makes with the central axis.
PAR  As should be appreciated by those skilled in the art, the ready
      adjustability of the spray pattern of the instant device enables one to
      make the most efficient use of the material being sprayed by enabling one
      to instantly shape the spray pattern to accommodate changes in terrain or
      in the area being sprayed and without necessitating the wasteful and time
      consuming stoppage of the spraying operation. This is particularly
      significant in spraying applications wherein the spraying apparatus is
      mounted on moving means for carrying it at a relatively high speed
      adjacent to the area being sprayed.
PAR  In FIG. 8 there is shown one typical agricultural application for the spray
      device 20 of this invention. As can be seen therein, the device 20 is
      mounted on a railroad car 250 moving down tracks 252. The device is
      operative for producing a helical spray pattern 254 of a liquid to spray a
      target area, such as trees 256, located adjacent to the right-of-way as
      the railroad car moves along the target area.
PAR  In the event that the tree line recedes away from the tracks, the device 20
      can be instantly adjusted, as described heretofore, to reduce the angle
      that the nozzles make with the central axis, thereby reducing the width of
      the stream and increasing its range, to effectively spray the remote
      trees. Conversely, the device can be adjusted to increase the spray
      pattern width while decreasing its range to spray trees which are closer
      to the tracks.
PAR  As noted heretofore, the ready adjustability of the spray pattern of this
      invention enables it to be used in fire fighting applications to
      extinguish the fire and control the smoke in an extremely efficient and
      safe manner. For example, assuming that one is confronted with a fire at
      the end of a long corridor of a building, good fire fighting practice
      requires that water be directed to the source of the fire to extinguish it
      and to adjacent unburned areas of the corridor to prevent combustion
      thereof, while producing a screen to protect the fireman from the smoke
      and driving smoke back down the corridor toward the source of the flame.
      Heretofore, conventional fire spraying equipment and techniques, while
      enabling the efficient wetting of the fire source, proved less efficient
      in quickly wetting large unburned adjacent areas and considerably
      inefficient in smoke driving since the liquid streams produced by such
      prior art devices are relatively narrow and non-adjustable.
PAR  With the instant invention one can stand at the end of the hallway and
      adjust the spray pattern to a narrow helix or a straight stream to reach
      all the way down the corridor to the source of the flame to extinguish it.
      For smoke driving applications the operator of the device merely pulls
      back on the handle to increase the angle that the nozzles make with the
      central axis to thereby provide an extremely wide width spray pattern. The
      wide width spray pattern creates a water screen immediately in front of
      the operator. This action effectively fills the entire width of the hall
      in front of the operator to trap the smoke behind the water screen. In
      addition, the wide swath spray effectively drenches the large unburned
      areas of the corridor adjacent to the operator to prevent the combustion
      of such areas. With the smoke effectively trapped behind the liquid
      screen, the operator merely pushes forward on the handle bar to reduce the
      size of the helical spray pattern and to direct it further down the hall.
      As the diameter of helix decreases, the helix traps the smoke in its
      spinning pattern and carries the trapped gas like a feed screw down the
      corridor and back to the source of the flames. If any smoke escapes, the
      operator merely pulls back on the handle bar to recreate the wide swath
      screen and to retrap the escaped smoke, after which the handle bar is
      pushed forward again to carry the smoke in the rotating helix back to the
      source of the flame. The operator of the device, by utilizing the
      aforedescribed device and method, can progressively move down the corridor
      until he is closely adjacent to the source of the flame to complete the
      extinguishment of the flame.
PAR  It should be pointed out at this juncture, that while the device 20 of the
      instant invention and its method of use is of particular utility in fire
      fighting applications as well as agricultural applications involving the
      spraying of various liquid materials, such as agricultural seeds in an
      entraining liquid, fertilizers, herbicides, pesticides, growth regulators,
      etc. or combinations thereof, the device 20 can be utilized in
      non-agricultural, non-fire fighting applications as well. In addition, the
      device 20 can be used with either stationary or mobile supporting
      equipment, such as automobiles, aircraft, watercraft, etc.
PAR  Without further elaboration, the foregoing will so fully illustrate my
      invention, that others may, by applying current or future knowledge,
      readily adapt the same for use under various conditions of service.
CLMS
STM  What is claimed as the invention is:
NUM  1.
PAR  1. Apparatus for spraying a liquid in an adjustable pattern comprising a
      spray head rotatable about a central axis and having at least one nozzle
      including an orifice for providing a liquid stream therefrom, said nozzle
      being mounted on a radial axis extending normally from said central axis
      and means for readily adjusting the angular orientation of said nozzle
      with respect to said central axis, without stopping the liquid stream to
      enable the nozzle's orifice to extend at any predetermined angle within
      the range of parallel to the central axis up to an angle of approximately
      45.degree. with respect thereto, whereupon when said nozzle is adjusted by
      said adjustment means to the orientation wherein its orifice is parallel
      to said central axis the apparatus provides a liquid stream in a
      relatively straight line parallel to said central axis and when said
      nozzle is adjusted by said adjustment means to the orientation wherein its
      orifice is at some other angle with respect to said central axis the
      liquid stream from said nozzle creates a reaction force having a component
      at said nozzle which is tangential to said radial axis to effect the
      rotation of the nozzle about said axis, thereby creating a helical spray
      pattern about the axis, with the diameter of said pattern being a function
      of the angular orientation of said nozzle.
NUM  2.
PAR  2. The apparatus of claim 1 wherein at least two nozzles are provided.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said laterally extending arms are
      disposed generally opposite to one another and wherein one of said nozzles
      is adjustable from 0.degree. to 45.degree. clockwise and the other nozzle
      is adjustable from 0.degree. to 45.degree. counter-clockwise.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said adjusting means effects the
      adjustment of said nozzles simultaneously.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said apparatus is mounted upon means
      for traversing an area to be sprayed.
NUM  6.
PAR  6. A method of varying the size and shape of a spray pattern produced from
      apparatus including a central axis and a nozzle having an orifice,
      comprising producing a liquid stream from said orifice, adjusting the
      angular orientation of the orifice with respect to the axis of the
      apparatus and within the range of parallel to the axis up to an angle of
      approximately 45.degree. with respect to said axis without stopping the
      liquid stream to produce either a straight stream pattern or a helical
      spray stream pattern, depending upon the angular orientation of said
      nozzle, with the width of said pattern being a function of the angular
      orientation of said nozzle.
NUM  7.
PAR  7. The method of claim 6 wherein when said nozzle is adjusted to some angle
      other than 0.degree. with respect to said axis the nozzle commences
      rotation about said axis to create a helical spray pattern.
NUM  8.
PAR  8. The method of claim 7 wherein at least two opposed nozzles are utilized.
NUM  9.
PAR  9. The method of claim 8 wherein one of said nozzles is adjusted within the
      range of 0.degree. to 45.degree. measured clockwise and the opposed nozzle
      is adjusted within the range of 0.degree. to 45.degree. measured
      counter-clockwise.
NUM  10.
PAR  10. The method of claim 9 wherein the magnitude of the angle with which the
      respective nozzles make with the central axis is the same.
NUM  11.
PAR  11. The method of varying the size and shape of an agricultural spray
      pattern produced by apparatus including a central axis and a nozzle having
      an orifice, comprising producing a liquid stream from said orifice,
      adjusting the angular orientation of the orifice with respect to the axis
      of the apparatus and within the range of parallel to the axis up to an
      angle of approximately 45.degree. with respect to said axis without
      stopping the liquid stream to produce either a straight stream pattern or
      a helical spray pattern, depending upon the angular orientation of the
      orifice, with the width of the pattern being a function of the angular
      orientation of the orifice.
NUM  12.
PAR  12. The method of claim 11 wherein when the orifice is adjusted to some
      angle other than 0.degree. with respect to said axis the nozzle commences
      rotation about the axis to create a helical spray pattern.
NUM  13.
PAR  13. The method of claim 12 wherein at least two opposed nozzles are
      utilized.
NUM  14.
PAR  14. The method of claim 13 wherein one of said orifices is adjusted within
      the range of 0.degree. to 45.degree. measured clockwise and the opposed
      orifice is adjusted within the range of 0.degree. to 45.degree. measured
      counter-clockwise.
NUM  15.
PAR  15. The method of claim 14 wherein the magnitude of the angle that the
      respective orifices make with said axis is the same.
NUM  16.
PAR  16. The method of claim 11 wherein said agricultural spray comprises a
      liquid carrier having agricultural seeds disposed therein.
NUM  17.
PAR  17. The method of claim 16 wherein said apparatus is moved across an area
      to be sprayed.
NUM  18.
PAR  18. The method of claim 17 wherein the angular orientation of the orifice
      is adjusted in accordance with the terrain being traversed.
NUM  19.
PAR  19. The method of claim 18 wherein when the orifice is adjusted to some
      angle other than 0.degree. with respect to said axis the nozzle commences
      rotation about the axis to create a helical spray pattern.
NUM  20.
PAR  20. The method of claim 13 wherein at least two opposed nozzles are
      utilized.
NUM  21.
PAR  21. The method of claim 20 wherein one of said orifices is adjusted within
      the range of 0.degree. to 45.degree. measured clockwise and the opposed
      orifice is adjusted within the range of 0.degree. to 45.degree. measured
      counter-clockwise.
NUM  22.
PAR  22. The method of claim 21 wherein the magnitude of the angle with which
      the respective orifices make with said axis is the same.
NUM  23.
PAR  23. The method of producing an adjustable pattern liquid spray for use in
      fire-fighting applications with apparatus including a longitudinal axis
      and an adjustable nozzle having an orifice therein, comprising producing a
      liquid stream from said orifice, adjusting the angular orientation of the
      orifice with respect to the axis of the apparatus and within the range of
      parallel to the axis up to an angle of approximately 45.degree. with
      respect to said axis without stopping the liquid stream to produce either
      a straight stream spray pattern or narrow width to wide width helical
      spray patterns, depending upon the angular orientation of said orifice,
      with the width of said pattern being a function of the angular orientation
      of the orifice, said spray being effective when in a wide helical pattern
      to provide a liquid screen effective for trapping smoke produced by the
      fire and when in a narrow helical pattern being effective for carrying
      trapped smoke back to the source of the fire.
NUM  24.
PAR  24. The method of claim 23 wherein when the orifice is adjusted to some
      angle other than 0.degree. with respect to the axis the nozzle commences
      rotation about the axis to create said helical spray pattern.
NUM  25.
PAR  25. The method of claim 24 wherein at least two opposed nozzles are
      utilized.
NUM  26.
PAR  26. The method of claim 25 wherein one of said orifices is adjusted within
      the range of 0.degree. to 45.degree. measured clockwise and the opposed
      orifice is adjusted within the range of 0.degree. to 45.degree. measured
      counter-clockwise.
NUM  27.
PAR  27. The method of claim 26 wherein the magnitude of the angle with which
      the respective orifices make with said longitudinal axis is the same.
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ABST
PAL  A surface washer has a horizontal pipe member fitted with spaced nozzles
      and rotably attached at each end to a support movable on casters in all
      directions. At least three casters are employed to obtain a horizontally
      stable support and preferably four, with two casters supporting each end
      of the horizontal pipe. A hollow handle is attached to and communicates
      interiorly with the pipe member at one of its ends, the other end being
      fitted with a water hose connection. Preferably each caster is pivoted on
      a shaft in a common bearing, and which has a head rotatable in a closed
      socket.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. The Field of the Invention
PAR  This invention relates to a washer which can be moved or rolled to
      progressively spray water over a surface such as a driveway.
PAR  2. The Prior Art
PAR  Surface washers proposed and used by the prior art have generally comprised
      a horizontal pipe fitted with a plurality of spaced nozzles. The pipe is
      supported by a caster at each end and supplied with water under elevated
      pressure through a handle attached thereto. The pipe can be rotated by the
      handle to direct the spray nearer or farther away and the device can be
      readily moved forward on its casters and readily moved in any direction on
      its casters but only when the caster shafts are in vertical position. Any
      rotation of the horizontal pipe to adjust the direction of the water spray
      throws the caster shafts off vertical and the device cannot then be moved
      sideways, for example. Or, if it is desired to move the washer sideways
      and backwards or in any direction other than that in which the trailing
      casters lead, then the nozzle pipe must be rotated until the caster shafts
      are vertical, then the washer may be moved in any direction because the
      caster wheels can trail properly, and, after a new location is achieved
      the pipe can be rotated to direct the spray from the nozzles as desired.
      This is, however, an inconvenient procedure. A surface washer could be
      moved over a surface in any direction while at the same time maintaining
      any angle of spray pipe rotation would be extremely advantageous. The
      washer could be moved as desired over the surface and the spray adjusted
      continuously to provide most effective cleaning.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Summarized briefly this invention comprises a horizontal pipe fitted with a
      plurality of spaced-apart nozzles with a plurality of at least three and
      preferably four casters supporting the ends of the pipe to obtain a
      horizontally stable support, preferably two at each end. The horizontal
      pipe is rotatably attached to the caster assembly at each of its ends by a
      link having one of its ends fixedly attached to one of either the caster
      assembly or the end of the pipe, the other end of the link being rotatably
      attached to the other of the caster assembly or the end of the pipe.
      Preferably the links are rotatably attached to the caster assemblies and
      fixedly attached to the ends of the pipe. Preferably also, the frames of
      the caster assemblies are outwardly angled at the front while at the rear
      are parallel.
PAR  In a preferred embodiment the casters employed in the washer are pivoted on
      shafts mounted in common bearings, not roller or ball bearings, and with
      the top of the shaft mating with a closed socket, that is a socket having
      no oil hole or other aperture leading to the top of the shaft.
PAR  A hollow handle is attached at one end to and communicates with the
      interior of the horizontal pipe so that this pipe may be rotated to adjust
      the spray direction; the handle also serves as means to supply water under
      pressure to the horizontal pipe, through a hose connection at its other
      end.
PAR  Stops are preferably provided to bear against the links between the
      horizontal pipe and the caster assemblies to limit rotation of the
      horizontal pipe and also to maintain the hollow handle in upright stable
      position for storage. The handle also may be demountably attached to the
      horizontal pipe to provide a more compact package for shipping.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 shows a plan view of a surface washer embodying features of this
      invention.
PAR  FIG. 2 shows a side view of the surface washer of FIG. 1.
PAR  FIG. 3 shows a vertical cross section of the surface washer of FIG. 1 taken
      along the line 3--3 but with the handle elevated to illustrate the effect
      on the spray of rotation of the nozzle pipe.
PAR  FIG. 4 shows a vertical cross section, much enlarged, of one of the caster
      assemblies of the surface washer of FIG. 1 taken along the line 4--4.
PAR  FIG. 5 shows the surface washer of FIG. 1 with its hollow handle in upright
      position for storage.
PAR  FIG. 6 shows, much enlarged, a broken-out view of the collar by which the
      hollow handle may be attached to the horizontal nozzle pipe.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1, 2 and 3, the surface washer comprises a
      horizontal pipe 10 sealed at each end by caps 12 which may conveniently be
      welded or threaded on, and along whose length are arranged interiorly
      communicating spaced-apart nozzles 14. Attached centrally and sealed to
      pipe 10, as by welding, soldering, threading, or any convenient manner, or
      by a collar as hereinafter described, and communicating interiorly
      therewith, is a relatively long hollow handle 16 which is fitted at its
      upper end with a conventionally hose connector 18 through which water
      under elevated pressure may be supplied from hose 20 through handle 16,
      pipe 10 and out of nozzles 14 to form a wide band of sprayed water for
      effective cleaning purposes.
PAR  At each end of pipe 10 is attached a link 22 which may be welded to cap 12
      and whose other end is rotatably attached to side plate 24 as by partly
      threaded bearing bolt 26. Side plates 24 form frames for the caster
      assemblies at each end of pipe 10 and are preferably fabricated with
      parallel rear portions and outwardly angled front portions 28. Attached to
      side plates 24 and to their outwardly angled front portions 28 are caster
      holders 30 which may be fastened to side plates 24 and 28 as by bolts 32.
PAR  It will be seen that the arrangement of the four casters as shown and
      described, with the four caster wheels spaced apart supporting the ends of
      nozzle pipe 10 and also spaced apart from front to back, will provide a
      horizontally stable support for nozzle pipe 10 so that caster wheels 34
      and their shafts 36 will always remain vertical to the surface over which
      the washer moves regardless of the angle of rotation of nozzle pipe 10.
PAR  Details of the casters themselves will be clear from FIG. 4 wherein it is
      seen that each caster wheel 34 turns on its shaft 36 which is held between
      a pair of guide plates 38 which are joined at their tops and fixedly
      attached as by welding to pivot shaft 40. The top or bead 42 of each pivot
      shaft 40 is preferably hemispherical as shown and mates with the inside of
      the top of closed socket 44 in holding block 46 which is conveniently and
      convertically attached inside caster holders 30 as by bolts 48. A split
      ring 50 rides in a groove 52 in pivot shaft 40 and also in groove 54 in
      block 46 to hold the caster wheel and shaft from falling out of its socket
      44 when the washer may be lifted from the ground. Block 46 may be
      fabricated of metal or a suitable plastic such as polypropylene.
PAR  Stops 56, which may be studs screwed into side plates 24, are arranged
      above and slightly forward of link bearing bolts 26. These stops 56 bear
      against the outer top portions of links 22 when handle 16 is raised, with
      hose removed, to generally upright position past dead center with the
      center of gravity of the handle assembly still being within the base
      formed by the caster wheels as shown in FIG. 5. When so raised the
      position of handle 16 is stable and the washer may be stored conveniently
      occupying a minimum of floor or ground space. Stops 56 also have another
      function. When handle 16 is in operating position, as seen for example in
      FIGS. 2 and 3, a stop 56 will bear against the top edge of a link 22 on
      either the forward or rearward side of bearing bolt 26 to prevent the
      caster wheel assembly on that side from flipping over or tending to rotate
      completely around bearing bolt 26 should either the front or back wheel
      strike an obstruction or be otherwise radically elevated.
PAR  Attachment of hollow handle 16 to pipe 10 is best seen in the enlarged view
      of FIG. 6. As shown, pipe 10 is fabricated as two sections 10a and 10b
      which are each attached and sealed, as by welding or threading, to central
      collar 58 which is provided with bore 60 having an open top and a closed
      bottom. The lower portion of hollow handle 16 is provided with apertures
      62 which are aligned with the interiors of pipe sections 10a and 10b for
      communication therewith. The bottom of bore 60 is arranged with a tapered
      seat 64 in which mates the bottom or base of hollow handle 16. Seated in a
      conventional groove 66 in the upper part of collar 58 is resilient O ring
      68 by which hollow handle 16 is sealed to collar 58 and thus to pipe
      sections 10a and 10b. Threaded through an upper part of collar 58 and in
      the way of the passage there-through of hollow handle 16, is at least one,
      and preferably two, set screws 70 whose inner ends can be adjusted to bear
      tightly against the outer surface of hollow handle 16 to hold it firmly in
      place as shown. The bottom end or base of hollow handle will be maintained
      fixedly in place by its mating with tapered seat 64. Therefore hollow
      handle 16 will be held immovably within collar 58 and cannot rock or shift
      in spite of its length even though there may be some clearance between the
      outer surface of hollow handle 16 and the inner surface of bore 60. This
      feature is important since it allows use of a grade of tubing for
      fabrication of hollow handle 16 which may notable produced to extremely
      rigid tolerances, and which may be, for this reason, considerably less
      expensive. When set screws 70 are loosened, hollow handle 16 may be
      withdrawn from collar 58 and thus demounted; and the handle and the base
      with its casters may be arranged as a much more compact package for
      shipping.
PAR  In operation a hose 20 supplying water under elevated pressure from a
      source, not shown, is attached by connector 18 to hollow handle 16 thus
      supplying water under pressure to pipe 10 and nozzles 14. The effluent
      spray may be directed in a somewhat flatter pattern by maintaining handle
      16 in a lower position as in FIG. 2 or may be directed in a more nearly
      vertical and stronger stream by raising the handle as shown in FIG. 3.
      Regardless of the handle and dependent spray angle, the washer may be
      moved over the surface on which it is placed in any direction, forwards,
      backwards, sidewise, or in any intermediate direction. It will move freely
      because the caster support for nozzle pipe 10 is horizontally stable, the
      four caster pivot shafts are always vertical (with respect to the
      surface), and the caster wheels can swing or pivot to align themselves
      with any direction.
PAR  The ability to be moved easily in any direction while the spray angle may
      be adjusted to any desired angle (within the limits of the design) is an
      extremely important advantage of this invention.
PAR  Another advantage is the preferred link arrangement by which the nozzle
      supply pipe is rotated. As will be seen by comparison of FIG. 2 and FIG. 3
      as the handle 16 is raised as in FIG. 3 to direct the spray more
      downwardly the nozzles themselves are moved closer to the ground or
      surface being washed. Thus a more direct spray originating from nozzles
      closer to the surface can be employed to blast at refractory accumulations
      of dirt or debris. As the handle is lowered the link rotates the pipe to
      point the nozzles further away from the washer and at the same time raises
      the nozzles away from the surface being washed so that they are better
      placed to direct the sprays over an area which is further away.
PAR  Surprisingly I have found that antifriction bearings, such as ball
      bearings, in the caster assemblies do not provide the best and easiest
      movement for the surface washer. The washer sprays water in large volumes
      and is intended for washing dirt and foreign materials from various
      surfaces. Antifriction bearings tend to pick up water and dust and dirt in
      their ballraces under these conditions, and cannot because of cost and use
      limitations, be equipped with elaborate seals. The common bearing with the
      closed socket without any oil hole or other opening at the top, mating
      with the hemispherically beaded pivot shaft solves the problem completely
      and allows movement in any direction with far less effort over any
      extended use period than can be obtained with antifriction bearings as
      normally employed in casters. The pivot shaft heads are well greased
      during assembly and, since there is no opening or oil hole in the socket
      for water or dirt to enter, the top bearing surfaces and lubrication
      remain clean for an extended period of time, and for practical purpose,
      almost indefinitely.
PAR  The outward angulation of the front frame portions of the caster assemblies
      is advantageous to provide a wider track or stance for the front part of
      the washer and combined with the casters spaced apart at the rear provides
      excellent stability with all-direction mobility. Additionally, the
      arrangement shown with the casters spread in front but with the nozzle
      pipe rotatably attached to the supports for the narrower track rear
      wheels, is economical in use of the nozzle pipe length. Also, outward
      placement of the front casters keeps them further removed from water and
      incidental spray from the outer edge nozzles and contributes to their long
      life without attention or re-lubrication. The wider stance of the front
      pair of casters has still another advantage. When the washer is moved with
      a pair of side casters close to a curb or building, for example, nozzle
      pipe 10 is angled somewhat rearwardly at its outer end. This directs water
      sprays from nozzles 14 in a general or over-all direction somewhat
      outwardly from the curb or building. The result is an improved cleaning
      action to sweep leaves, dirt and other debris away from the corner or
      intersection of the curb or building side with the surface being washed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A surface washer comprising a horizontal pipe fitted with a plurality of
      spaced apart nozzles, casters for moving said pipe over a surface to be
      washed, a hollow handle attached to said pipe for rotating said nozzles at
      various angles to said surface and for supplying water under elevated
      pressure to the interior of said pipe; in which the improvement comprises:
PA1  a. said horizontal pipe being supported by a plurality of at least three
      casters to obtain a horizontally stable support, a caster assembly
      comprising at least one caster supporting each end of said pipe; and,
PA1  b. said horizontal pipe being rotatably attached to said caster assembly
      supporting each of its ends by a link having one of its ends fixedly
      attached to one of said caster assembly and said end of said horizontal
      pipe, and having its other end rotatably attached to the other of said
      caster assembly and said end of said horizontal pipe.
NUM  2.
PAR  2. A surface washer according to claim 1 in which each end of said pipe is
      supported by a caster assembly comprising two casters spaced apart from
      front to back.
NUM  3.
PAR  3. A surface washer according to claim 2 in which said caster assemblies
      each comprise a frame, said frames having rear parallel sides each
      carrying one caster and outwardly angled front side portions each carrying
      one caster.
NUM  4.
PAR  4. A surface washer according to claim 3 in which each of said links has
      one end fixedly attached to one end of said pipe and the other end
      rotatably attached to one of said caster assembly frames.
NUM  5.
PAR  5. A surface washer according to claim 4 in which a stop is arranged on
      each of said frames to limit rotation of said links with respect to said
      caster assemblies.
NUM  6.
PAR  6. A surface washer according to claim 5 in which said stops are placed
      above and forward of the attachment of said links to said frames to
      maintain said handle in stable upright position when rotated upward past
      dead center.
NUM  7.
PAR  7. A surface washer according to claim 1 in which each of said casters is
      pivoted on a shaft mounted in a common bearing, said shaft having a head
      rotatable in a closed socket.
NUM  8.
PAR  8. A surface washer according to claim 7 in which the said shaft on which
      each of said casters is mounted has a generally hemispherical top
      rotatable in a closed mating socket.
NUM  9.
PAR  9. A surface washer according to claim 1 in which said hollow handle is
      attached to said pipe by a collar having a base with an open top and a
      closed bottom having a tapered seat, the lower portion of said hollow
      handle passing through said base with its bottom mating with said seat,
      the hollow handle being held firmly in place at its passage through the
      open top of said base by at least one set screw threaded through an upper
      portion of said collar.
NUM  10.
PAR  10. A surface washer according to claim 9 in which a pair of set screws are
      threaded through an upper portion of said collar to hold said hollow
      handle firmly in place.
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ABST
PAL  A liquid sprayer for a gas turbine engine comprises a body formed with one
      or more air passages therein and one or more fuel passages. The fuel
      passages open into the air passages over portions thereof whose dimensions
      change smoothly and continuously longitudinally of the passage. Each air
      passage may be of rectangular cross-section over said portion with the
      cross-sectional shape thereof changing from one dimension being smaller
      than the other to said one dimension being greater than the other. The
      fuel passage opens into the air passage at a location at which the two
      dimensions are substantially the same.
PAL  This liquid sprayer device promotes efficient mixing of the fuel with the
      air.
BSUM
PAR  This invention relates to liquid sprayers and is particularly, but not
      exclusively, concerned with liquid sprayers for use in gas turbine
      engines.
PAR  According to the present invention, there is provided a liquid sprayer
      comprising a first passage through which, in use, gaseous fluid passes,
      and a second passage through which, in use, liquid passes, said second
      passage opening into a portion of the first passage whose cross-sectional
      shape changes longitudinally of the passage.
PAR  The first passage may have a cross-sectional area which increases from an
      intermediate region to an outlet plane.
PAR  The cross-sectional area of the first passage may decrease from an inlet
      plane to the intermediate region.
PAR  The second passage may open into the intermediate region of the first
      passage.
PAR  Preferably, the cross-sectional shape changes from one dimension thereof
      being smaller than the other dimension to the said one dimension being
      greater than the said other dimension.
PAR  The second passage may open into the first passage at a location at which
      the said one dimension is substantially the same as the said other
      dimension.
PAR  It is preferred to arrange the said portion of the first passage to vary
      continuously and smoothly in cross-sectional shape.
PAR  Advantageously, the passage is of changing rectangular cross-section.
PAR  The liquid sprayer must include more than one first passage and more than
      one second passage associated therewith.
DRWD
PAR  Embodiments of the present invention will now be described, by way of
      example, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a sectional view of one form of liquid sprayer according to the
      present invention.
PAR  FIG. 2 is a section on the line P--P of FIG. 1,
PAR  FIG. 3 is a section on the line Q--Q of FIG. 1,
PAR  FIG. 4 is a section on the line X--X of FIG. 1,
PAR  FIG. 5 is a section on the line Y--Y of FIG. 1,
PAR  FIG. 6 is a view in the direction of arrow A of the liquid sprayer in FIG.
      1.
PAR  FIG. 7 is a view of the liquid sprayer of FIG. 1 in the direction of arrow
      B,
PAR  FIG. 8 is a longitudinal sectional view of another form of liquid sprayer,
      also according to the present invention,
PAR  FIG. 9 is a section on the line B--B of FIG. 8,
PAR  FIG. 10 is a section on the line C--C of FIG. 8,
PAR  FIG. 11 is a section on the line D--D of FIG. 8,
PAR  FIG. 12 is an end view, in the direction of arrow E, of the sprayer of FIG.
      8,
PAR  FIG. 13 is an enlarged, sectional view of the encircled portion of FIG. 8,
PAR  FIG. 14 is a sectional view of an alternative arrangement to that
      illustrated in FIG. 13,
PAR  FIG. 15 is a longitudinal section view of a further form of liquid sprayer
      according to the present invention,
PAR  FIG. 16 is a section on the line B--B of FIG. 15,
PAR  FIG. 17 is a section on the line C--C of FIG. 15, and
PAR  FIG. 18 is a view, in the direction of arrow A, of the liquid sprayer
      illustrated in FIG. 15.
DETD
PAR  Referring to FIGS. 1 to 7, the liquid sprayer illustrated therein is a
      double sprayer and is adapted to be mounted in the combustion chamber wall
      of a gas turbine engine so as to direct two streams of fuel/air mixture
      into the combustion chamber, one stream into a first or pilot combustion
      zone and the other stream into a second or main combustion zone. The
      liquid sprayer comprises a composite body 20 having a pair of first
      passages 21 and 22 extending therethrough. The first passages 21 and 22
      have respective air inlet openings 23 and 24 and respective exit openings
      25 and 26. Both of the first passages 21 and 22 have changing, rectangular
      cross-sectional shapes. As can be seen from FIGS. 4 and 5, the
      cross-sectional shape of the first passage 21 over a portion thereof
      adjacent opening 25 changes from one dimension thereof being smaller than
      the other dimension to the said one dimension being greater than the other
      dimension. This change or variation in the cross-sectional shape occurs
      continuously and smoothly over this portion of the passage 21. Similarly,
      the cross-sectional shape of the passage 22 in a portion thereof adjacent
      opening 26 changes from one dimension thereof to the other dimension
      thereof being greater than the said one dimension thereof, the change in
      cross-sectional shape occurring continuously and smoothly. The
      cross-sectional areas of the passages 21 and 22 decrease from the
      respective inlet openings 23 and 24 to respective throats whilst
      increasing from the respective throats to the respective exit openings 25
      and 26.
PAR  Opening into the first passage 21 is a series of three second passages 27
      leading from a common drilling 28. The second passages 27 open into the
      region of the throat at which the passage 21 is of square cross-section,
      i.e., the said one dimension is the same as the said other dimension of
      the cross-sectional shape. Similarly, a series of three second passages 29
      open into the of the throat region at which the passage 22 is of square
      cross-sectional shape. The second passages 29 communicate with a common
      drilling 30.
PAR  In FIGS. 2 to 7 of the drawings, the dimensions g to r are as follows (in
      inches):
PAR  g = 0.250; h = 0.466; j = 0.250; k = 0.740 l = 0.335; m = 0.625; n = 0.335;
      o = 0.989 p = 0.460 q = 0.690 and r = 0.250
PAR  In use, air passes through passage 21 from opening 23 to opening 25 and, in
      so doing, the flow pattern of the air in passage 21 changes as a result of
      the changing cross-sectional shape of passage 21. At the same time, pilot
      fuel is passed into drilling 28 and through second passages 27 to enter
      into the air stream passing through passage 21. Efficient mixing of the
      fuel with the air occurs as a result of the changing cross-sectional shape
      and the fuel/air mixture leaves passage 21 by way of exit opening 25 to be
      discharged into the first or pilot combustion zone as aforementioned. In a
      similar manner, air passes through passage 22 from opening 24 to exit
      opening 26 and a relatively large quantity of fuel is passed into drilling
      30 to be ejected into the air stream in passage 22 through passages 29.
      Again, as a result of the changing cross-sectional area of passage 22 in
      the region of passages 29, the pattern of air passing through the passage
      22 changes substantially and the fuel issuing into passage 22 is
      efficiently mixed with the air so that a fuel/air mixture is ejected from
      exit opening 26 and into the second or main combustion zone of the gas
      turbine engine.
PAR  Referring now to the embodiment of FIGS. 8 to 13, the liquid sprayer
      illustrated therein is designed to inject a fuel/air mixture into the
      combustion chamber of a gas turbine engine. The fuel sprayer comprises a
      composite body 40 consisting of a drilled and machined block 41 and a
      sleeve 42 surrounding the block 41.
PAR  Formed in the body 40 is an air passage 43 having an inlet opening 44 and
      an outlet opening 45. A portion of the air passage 43 in the region of
      outlet opening 45 is of generally rectangular cross-sectional shape which
      changes continuously and smoothly from one dimension being smaller than
      the other dimension (see FIG. 11) to the said one dimension being larger
      than the other dimension (see FIG. 12) at the outlet opening 45. At an
      intermediate region of the air passage 43, which is of substantially
      square cross-sectional shape, a pair of opposed fuel passage 46 open into
      the passage 43. The passages 46 are connected with an annular space 47
      supplied with fuel through a drilling 48 (see FIG. 9). In a recess 49 in
      the block 41 there is provided an internally screw-threaded bush 50 to
      enable a fuel supply line having a threaded union thereon (not shown) to
      be engaged with the bush 50 for supplying fuel to recess 49 and drilling
      48. The block 41 is provided with an integral apertured flange 51 to
      enable the liquid sprayer to be mounted in the gas turbine engine. The
      cross-sectional area of the air passage increases from the intermediate
      region to the outlet opening 45.
PAR  In use, air passes through passage 43 from the inlet opening 44 to the
      outlet opening 45 thereof. As the air passes through the portion of the
      passage 43 which changes in cross-sectional shape, the cross-sectional
      shape of the air changes also. Fuel is passed into the air passage 43 at a
      location at which the cross-sectional shape of the passage 43 is
      substantially square, the fuel being passed through passages 46, annular
      space 47, drilling 48, and recess 49. The change in shape of the
      cross-sectional area of the air passing through passage 43 enables an
      efficient mixing of the fuel injected into passage 43 so that an intimate
      mixture of fuel and air is ejected from exit opening 45.
PAR  In the alternative arrangement illustrated in FIG. 14, the two passages 46
      are replaced by a single passage 52 formed as a slot in a hypodermic tube
      53 which extends diametrically across block 41 and opens at its ends into
      annular space 47. The passage 52 open into the passage 43 at a location at
      which the passage 43 is of substantially square cross-sectional shape.
PAR  Referring now to the embodiment of FIGS. 15 to 18, the liquid sprayer
      illustrated therein is also for use in a gas turbine engine. The sprayer
      comprises a composite body 60 formed by an outer sleeve 61 having an
      integral flange 62 thereon, and a boss 63 which fits into the sleeve 61
      and has an integral flange 64 which lies against flange 62 an air passage
      65 is defined in the body 60 between the sleeve 61 and boss 63. The air
      passage 65 has an air inlet opening 66 and an air exit opening 67. A
      portion of the air passage 65 adjacent the exit opening 67 is of a
      rectangular cross-sectional shape which changes smoothly longitudinally of
      the passage. The boss 63 is provided with a hollow tubular projection 68
      which terminates in said portion of air passage 65. A passage 69 in the
      form of a flared slot is provided in the end of the tubular projection 68
      remote from boss 63, said passage 69 communicating with the interior of
      tubular projection 68. The interior of tubular projection 68 in turn
      communicates with a drilling 70 formed in the boss 63 and accommodating an
      internally screw-threaded bush 71 into which is threaded one end of a fuel
      supply line (not shown).
PAR  As in the case of the previous embodiment, the portion of the passage 65
      which is of rectangular cross-section changes in shape from one dimension
      being smaller than the other (see FIG. 16) to the said one dimension being
      larger than the other (see FIG. 18). The passage 69 opens into an
      intermediate portion of passage 65 at which the passage 65 is of square
      cross-sectional shape. The cross-sectional area of the passage 69
      increases from the intermediate portion to the exit opening 67.
PAR  In use, the fuel sprayer is mounted in the desired position in the gas
      turbine engine using flanges 62 and 64. Air passes through passage 65 from
      air inlet opening 66 to exit opening 67 and fuel is sprayed into the
      passage 65 through passage 69 from the interior of tubular projection 68
      and drilling 70. The fuel is intimately mixed with the air in passage 65
      as a result of the change in cross-sectional shape of the passage 65 and
      therefore of the air flow pattern. The resultant fuel/air mixture issues
      from the liquid sprayer through exit opening 67.
CLMS
STM  We claim:
NUM  1.
PAR  1. A liquid sprayer comprising a first passage through which, in use,
      gaseous fluid passes, and a second passage through which, in use, liquid
      passes, said first passage having a cross-sectional area which decreases
      from an inlet plane thereof to a throat and increases from said throat to
      an outlet plane thereof, and said second passage opening into the first
      passage at a point in the region of said throat where the cross-sectional
      area is less than the cross-sectional area at said outlet plane, the
      cross-sectional shape of said first passage in said region of said throat
      changing from one dimension thereof being smaller than the other dimension
      to said one dimension being greater than said other dimension.
NUM  2.
PAR  2. The liquid sprayer according to claim 1, wherein said second passage
      opens into said first passage at a location at which said one dimension is
      substantially the same as said other dimension.
NUM  3.
PAR  3. The liquid sprayer according to claim 1, wherein said first passage in
      said region of said throat varies continuously and smoothly in
      cross-sectional shape.
NUM  4.
PAR  4. The liquid sprayer according to claim 1, wherein said first passage is
      of changing rectangular cross-section.
NUM  5.
PAR  5. The liquid sprayer according to claim 1, having more than one first
      passage and more than one second passage associated therewith.
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ABST
PAL  A method and apparatus for the pouring of fast foaming reactants which
      essentially comprises the use of a disposable nozzle liner and a nozzle
      assembly adapted for use with such a disposable liner. The invention
      encompasses air flushing the nozzle assembly after each pouring cycle
      until the foam build-up on the nozzle liner becomes unacceptable. The
      liner is then replaced and operations are continued.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the commercial utilization of synthetic resin foams such as polyurethane
      foams, it is common to mix the reactants in a mixhead and then pass them
      through a nozzle into a mold having the shape of the desired end product
      or into a cavity which it is desired to fill with foam. The mixhead,
      nozzle and supply source are typically operated either as a higher
      pressure system at about 1000 psi or as a low pressure system at about 100
      to 200 psi. After each pouring or mold filling cycle it is common to flush
      the nozzle. In the high pressure system this is commonly done with high
      pressure air (about 150 psig) alone but in the low pressure system a
      combination of an air flush and a solvent flush is typically employed.
      With many types of foam reactants these procedures have been adequate.
      Recently, however, very fast foam reactants have been introduced with
      which it is difficult to completely clear the nozzle or outlet by these
      flushing procedures. The air and solvent flush has had less difficulty
      than the air flush with these reactants but the use of solvent flushing is
      somewhat disfavored due to the short supply of solvent with the concurrent
      high cost and the safety hazards involved in solvent flushing. In fact,
      safety considerations preclude the use of solvent flushing in high
      pressure systems. In systems utilizing such reactants, it has been common
      to use a nozzle until it can no longer be adequately flushed. At this
      point, the entire nozzle assembly is removed, soaked overnight in a
      solvent and then cleaned with a wire brush. This procedure entails
      considerable labor and requires a stock of nozzle assemblies not otherwise
      needed.
PAR  The prior art, therefore, does not provide an easy safe and economical
      method of pouring very fast foaming reactants, nor does the art disclose a
      nozzle assembly especially adapted to the pouring of such reactants. There
      is no disclosure of how to use fast foaming reactants in a low pressure
      system without a solvent flush.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates the use of a disposable liner disposed
      within the bore of a nozzle. The nozzle is assembled to a conventional
      mixhead and pouring proceeds in a normal manner until such time as the
      nozzle can no longer be adequately flushed. At this point, the nozzle
      assembly is disassembled, the used liner removed and replaced by a new
      one. The liners may be prepared in a very economical manner as will be
      explained hereinafter. The labor involved in exchanging an old or used
      liner for a new liner is minimal. Thus, the present invention provides a
      fast, safe and economical manner in which to pour fast foaming reactants
      and provides a nozzle assembly which allows the economical pouring of such
      reactants.
DRWD
PAC  A BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a longitudinal cross-section of the nozzle assemblage affixed
      to a mixhead shown in phantom lines;
PAR  FIG. 2 shows a longitudinal cross-section of the nozzle housing and the
      nozzle liner;
PAR  FIG. 3 shows a longitudinal cross-section of the nozzle itself;
PAR  FIG. 4 shows the longitudinal cross-section of an alternative embodiment of
      the nozzle;
PAR  FIG. 5 shows a longitudinal cross-section of an alternative embodiment of
      the nozzle liner.
DETD
PAC  A DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 there is shown a nozzle housing 1 with a nozzle 3 attached
      thereto. Disposed within the bore of the nozzle 3 is a disposable liner 2.
      It is this liner that allows the use of this nozzle assemblage in an
      economical manner with fast foaming reactants. Some foams now in
      commercial use are made with reactants which begin to foam in a very short
      time. For example, some low density rigid foams have creaming times of 6
      to 7 seconds. The cream time is the period of time from the mixing of the
      reactants until a visual change in the mixture (the color of the liquid)
      occurs and is a commonly used industry measure of the time for initiation
      of the foaming reaction. A particular reactant system having such a short
      reactant creaming time is that system utilizing diisocyanate prepolymer
      and polyether polyol reactants. The present invention has been used to
      advantage with such a reactant system.
PAR  In normal operation, the liquid reactants are mixed and provided to the
      nozzle at some positive pressure for each pouring operation. After each
      pouring operation the nozzle is flushed. In the high pressure system air
      at about 150 psig is used. In the low pressure system successive solvent
      and air flushes may be used although it is preferred not to use a solvent
      flush for health and economy reasons. Eventually, foam will build up in
      the nozzle liner thereby decreasing its internal diameter. The feed
      pressure and flow rate are normally controlled by valving devices which
      allow the reactants to flow from the feed lines to the mixhead once the
      pressure in the feed lines reaches a preset value. However, additional
      flow resistance downstream at the nozzle due to foam build up will cause
      the flow rate to decrease and the pressure in the supply lines to
      increase. The pressure increase is more noticeable in the high pressure
      system while the decrease in flow rate is more noticeable in the low
      pressure system. For example, a typical high pressure system operates at
      about 1000 psig and about a 10% increase in pressure signal that it is
      time to change the nozzle liner before the additional back pressure begins
      to interfere with the normal operation of the mixhead.
PAR  FIG. 2 shows the nozzle liner and the nozzle housing with which it is
      adapted to mate. The nozzle liner 2 has a simple right cylinder body 6
      with a flange portion 4 on one of its terminal ends. The nozzle housing 1
      is provided with a transverse wall 14 which has a centrally located
      aperture 16. The flange 4 of the nozzle liner 2 is adapted to be seated
      against this transverse wall 14. The nozzle housing is provided with
      exterior threads 12 which are adapted to mate with threads in the mixhead
      (not shown in this Figure). The nozzle housing also has interior threads
      10 which are adapted to mate with threads 8 provided on the nozzle 3 (see
      FIG. 3). Gripping surfaces 11 are provided on the nozzle housing in order
      to facilitate threading of the nozzle housing in and out of the mixhead.
      FIG. 3 is a cross-section of the nozzle itself and it is basically a right
      cylinder provided with exterior threads 8 for mating with the internal
      nozzle housing threads 10. It is provided with gripping surfaces 9 to
      facilitate the threading of the nozzle into and out of the nozzle housing.
PAR  The nozzle and nozzle housing may be constructed of any common
      constructional material, for example, SAE-1020 steel. It is preferred that
      the nozzle and nozzle housing be constructed out of materials which are
      readily machinable. The nozzle liner may also be formed of any readily
      available constructional material. However, it is preferred to use a
      material which is relatively cheap and easily disposed of. Furthermore, it
      is preferred to use materials which are resistant to bonding with the
      foaming chemicals. Synthetic resins such as polyethylene, polyvinyl
      chloride, teflon and polypropylene are believed to be quite suitable for
      this application. It is also believed to be advantageous for the inner
      wall or bore of the nozzle liner to have a smooth surface. Teflon is the
      most chemically resistant to bonding with most foaming reactants such as
      those used to produce polyurethane. However, it is not the most preferred
      material because it must be machined to shape and as the result of this
      machining its inner surface will be somewhat rough. The most preferable
      material having the best balance of chemical resistance to bonding and
      providing the smoothest inner surface has been found to be polypropylene.
      The nozzle liners may be prepared by any convenient conventional forming
      method such as, machining, or in the case of the resins, cast molding; or
      the cutting to length and upsetting of extruded tube. It is advantageous
      if the material used for the flange nozzle liner be somewhat compressible.
      This is desirable because it is important that a gasket type seal be
      formed between the nozzle and nozzle housing at the point where the upper
      end of the nozzle abuts the flange 4 of the nozzle liner which in turn
      abuts the wall 14 of the nozzle housing. If a gasket type seal is not
      formed at this juncture, it is believed that foaming chemicals could leak
      around onto the wall 14 resulting in a bond between the nozzle liner and
      the nozzle housing and thereby creating difficulties in removing the
      nozzle liner.
PAR  FIG. 4 shows an alternative embodiment of the nozzle 3'. In this embodiment
      an inwardly directed flange 18 has been added to the lower edge of the
      nozzle. This alternative nozzle 3' is adapted for use with the alternative
      nozzle liner 6' shown in FIG. 5. This nozzle liner 6' has no flange and is
      simply a straight right cylinder. One of the advantages of this embodiment
      is that a great number of nozzle liners may simply be prepared by cutting
      suitable lengths from a long length of extruded pipe of, for instance,
      polypropylene resin. In this embodiment it has been found advantageous to
      insure that the lower edge of the nozzle liner 7' is at right angle to the
      axis of the nozzle liner. This will insure a good mating between this edge
      7' and the ledge 18 provided on the nozzle so that a sealing relationship
      can be developed. If there are any gaps or discontinuties between the edge
      7' and the ledge 18 foaming reactants may penetrate the joint and bond the
      nozzle liner to the nozzle. In order to retain the proper degree of
      squareness of the edge 7' it has been found advantageous to cut off
      lengths of nozzle liner on a turret lathe.
PAR  It is to be understood that any of the components and conditions mentioned
      as suitable herein can be substituted for its counterpart in the foregoing
      examples and that although the invention has been described in
      considerable detail in the foregoing, such detail is solely for the
      purpose of illustration. Variations can be made in the invention by those
      skilled in the art without departing from the spirit and scope of the
      invention except as it may be limited by the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nozzle assembly for use with fast forming reactants comprising:
PA1  a generally tubular nozzle having a smooth internal bore and having a
      connecting means on its external surface, a generally tubular nozzle
      housing having a connecting means on a portion of its exterior surface
      adapted to engage a mixhead and having a first internal bore separated
      from a second internal bore by a traverse wall having a centrally located
      aperture, said first bore containing a portion of said nozzle and having
      connecting means in engagement with the connecting means of said nozzle
      and said second bore being adapted to mate with said mixhead, and a
      disposable nozzle liner disposed within the bore of said nozzle having a
      generally smooth internal bore and a radially outwardly directed annular
      flange disposed between the traverse wall of said nozzle housing and the
      end of said nozzle disposed within said nozzle housing and forming a
      sealing relationship with said nozzle and said traverse wall.
NUM  2.
PAR  2. A nozzle assembly for use with fast forming reactants comprising:
PA1  a generally tubular nozzle having a smooth internal bore, a radially
      inwardly directed annular flange disposed at one end of the nozzle and a
      means for connecting on a portion of its external surface, a generally
      tubular nozzle housing having connecting means on a portion of its
      exterior adapted to engage a mixhead and having a first internal bore
      separated from a second internal bore by a traverse wall with a centrally
      located aperture, said first bore containing a portion of said nozzle
      terminating in the end not having said flange and having connecting means
      in engagement with the connecting means on the exterior of said nozzle and
      said second bore being adapted to mate with a portion of said mixhead, and
      a disposable nozzle liner having a generally tubular body and a smooth
      internal bore and being disposed within the bore of said nozzle between
      the traverse wall of said nozzle housing and the annular flange of said
      nozzle and forming a sealing relationship with said flange.
NUM  3.
PAR  3. A nozzle assembly for use with fast foaming reactants comprising:
PA1  a generally tubular nozzle having a smooth internal bore and having male
      threads on a portion of its external surface, a generally tubular nozzle
      housing having male threads on that portion of its exterior adapted to
      engage a mixhead and having a first internal bore separated from a second
      internal bore by a transverse wall having a centrally located aperture,
      said first bore containing a portion of said nozzle and having female
      threads in engagement with the male threads of said nozzle and said second
      bore being adapted to mate with said mixhead and being surrounded by said
      male nozzle housing threads, and a disposable nozzle liner disposed within
      the bore of said nozzle having a generally tubular body, a smooth internal
      bore and a radially outwardly directed annular flange disposed between the
      transverse wall of said nozzle housing and the end of said nozzle disposed
      within said nozzle housing and forming a sealing relationship with said
      nozzle end and said transverse wall.
NUM  4.
PAR  4. A nozzle assembly for use with fast foaming reactants comprising:
PA1  a generally tubular nozzle having a smooth internal bore, a radially
      inwardly directed annular flange disposed at one end of the nozzle and
      male threads on a portion of its external surface, a generally tubular
      nozzle housing having male threads on that portion of its exterior adapted
      to engage a mixhead and having a first internal bore separated from a
      second internal bore by a transverse wall with a centrally located
      aperture, said first bore containing the portion of said nozzle
      terminating in the end not having said flange and having female threads in
      engagement with the male threads of said nozzle and said second bore being
      adapted to mate with a portion of said mixhead and being surrounded by
      said male nozzle housing threads, and a disposable nozzle liner having a
      generally tubular body and a smooth internal bore and being disposed
      within the bore of said nozzle between the transverse wall of said nozzle
      housing and the annular flange of said nozzle and forming a sealing
      relationship with said flange.
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ABST
PAL  A dump body adapted to be hingedly mounted on a vehicle so as to be tipped
      upwardly towards an end of the body, outlets in the body near said end,
      plate valves slidably mounted to close and open the outlets, and a fluid
      cylinder and piston operating unit connected to the plate valves for
      moving the latter between positions fully opening and closing the outlets.
      Flingers are normally provided so as to receive the particulate material,
      usually sand or salt, from the outlets to spread the particulate material.
BSUM
PAR  This invention relates to apparatus for spreading particulate material
      whether that material be wet or dry, or contains relatively large lumps
      therein. The apparatus is particularly designed for spreading sand on
      roads, although it may be used for spreading other materials, such as
      salt. For the sake of convenience, the invention will be described
      relative to the spreading of sand.
PAR  There are numerous sand spreaders on the market which are associated with
      dump truck bodies. However, as the sand is usually wet and sometimes is
      partially frozen, the prior devices have relatively complicated mechanisms
      for feeding the sand to one or more flingers. Examples of equipment of
      this type are illustrated in U.S. Pat. Nos. 2,577,310 to E. F. Connelly,
      2,697,609 to S. J. chase et al., and 3,559,893 to Gruben.
PAR  Apparatus in accordance with this invention includes a dump body adapted to
      be hingedly mounted on a vehicle so as to be tipped upwardly towards an
      end of the body, this preferably being the foward end thereof. At least
      one outlet is formed in the bottom of the body near the forward end
      thereof and there are usually two of these outlets, one near each side of
      the body. A plate valve is slidably mounted to close and open each outlet,
      and suitable means is provided for operating the plate valve or valves to
      shift them between positions fully opening and closing the outlets. A
      flinger is provided adjacent each outlet so as to receive sand from said
      outlet when the latter is opened and the dump body is in the tipped
      position.
PAR  The present apparatus feeds the sand through the outlets to the flingers by
      gravity and, therefore, this apparatus is much simpler than the spreaders
      of the prior art, it has fewer moving parts, no chain drive, augers or
      conveyors. The outlet and plate valve arrangement will permit rocks or
      lumps of the sand to pass through the outlets without damage or jamming in
      the outlets or the equipment. This apparatus has very simple means for
      quickly and easily adjusting the quantity flow through the outlet, and it
      includes oscillating means for ensuring even feeding of the sand. The
      arrangement of the various elements of this invention is such that the
      sand can be spread immediately ahead of the drive wheels of the vehicle on
      both sides thereof. The valve control means and the oscillator control
      means are such that they can be controlled by a single valve. Summing up,
      the present apparatus is very simple, trouble-free, low on maintenance and
      will accommodate large variations in sand and gravel size without jamming
      or damage. This makes it possible to utilize unscreened sand and gravel,
      thus eliminating the time and costs involved in prescreening the material.
PAR  Spreading apparatus in accordance with the present invention comprises a
      dump body for holding particulate material and adapted to be hingedly
      mounted on a vehicle so as to be tipped upwardly towards an end of the
      body, an outlet in the body near said end thereof, a plate valve slidably
      mounted to close and open the outlet by covering and uncovering said
      outlet, and operating means connected to the plate valve for moving said
      valve between positions fully opening and closing said outlet.
PAR  In more specific terms, the present apparatus comprises a dump body adapted
      to be hingedly mounted on a vehicle so as to be tipped upwardly towards an
      end of the body, said body having a bottom and a peripheral wall, an
      outlet in said bottom near each side of the body and near said end
      thereof, plate valves slidably mounted on the bottom positioned one near
      each outlet to close and open the adjacent outlet by covering and
      uncovering said outlet, and operating means connected to the plate valves
      to move said valves between positions fully opening the closing said
      outlets.
PAR  The spreading apparatus preferably includes means for adjusting the amount
      each outlet is opened by the plate valve thereof, and means for
      oscillating each plate valve when the valve is in the outlet opening
      position so as to prevent clogging at said outlet.
DRWD
PAR  An example of this invention is illustrated in the accompanying drawings,
      in which
PAR  FIG. 1 is a diagrammatic side elevation of a truck having this spreading
      apparatus mounted thereon,
PAR  FIG. 2 is an enlarged plan view of the spreading apparatus,
PAR  FIG. 3 is an elevation of the front end of the apparatus,
PAR  FIG. 4 is a vertical section taken on the line 4--4 of FIG. 3,
PAR  FIG. 5 is an enlarged view of a plate valve mechanism as seen from line
      5--5 of FiG. 4,
PAR  FIG. 6 is a cross-section taken on the line 6--6 of FIG. 5,
PAR  FIG. 7 is an enlarged sectional view taken on the line 7--7 of FIG. 3, and
PAR  FIG. 8 is a diagram of the hydraulic system for controlling the plate valve
     .
DETD
PAR  Referring to the drawings, 10 is particulate material spreading apparatus
      in accordance with this invention, and this apparatus includes a dump body
      12 hingedly mounted on a subframe 13 which, in turn, is fixedly secured to
      the frame 14 of a motor vehicle or trunk 15. Body 12 has a peripheral wall
      in the form of side walls 20 and 21, and front and rear walls 23 and 24.
      In this example, front wall 23 is inclined rearwardly from its upper edge
      to its lower edge 26 which joins the bottom 27 of the body, said bottom
      sloping downwardly from rear wall 24 towards said lower edge of the front
      wall.
PAR  The body 12 normally rests on a support 30 carried by subframe 13, and it
      has lugs 32 projecting from its front wall to overlap frame 13, said lugs
      being journalled on a shaft 34 which extends therethrough and through the
      subframe, as shown in FIG. 3. Suitable means is provided for tipping body
      10 forwardly when it is desired to dump the load carried thereby. In this
      example, a hydraulic cylinder 37 is provided for this purpose, said
      cylinder being swingably mounted on frame 13 by a shaft 38, and has a
      piston rod projecting therefrom which is swingably connected to the bottom
      of the body at 39. By referring to FIG. 4, it will be seen that a section
      40 of bottom 27 is inclined upwardly and extends forwardly from the main
      portion of said bottom to the lower edge 26 of front wall 23. The angle of
      this section is such that when the body is tipped upwardly, this section
      lies in a substantially horizontal plane.
PAR  If desired, a screen 44 may be mounted on the top of the peripheral wall of
      the body 10, said screen being in the form of an inverted V in
      cross-secton. This is a rather coarse screen so that when sand is directed
      into the dump body, any very coarse particles, such as rocks, are screened
      out. If desired, screen 44 may be omitted.
PAR  In this example of the invention, outlets 48 are formed in bottom section
      40 at the forward end of body 12. There is one of these outlets adjacent
      each of the side walls 20 and 21. Each outlet is relatively large, as
      clearly shown in FIG. 2. A deflector 50 is mounted on bottom 27 of the
      dump body and is shaped to direct sand laterally towards the two outlets
      48.
PAR  A flinger 52 of known design is carried by subframe 13 beneath each outlet
      48, each flinger being so positioned that when the dump body is tilted
      upwardly, the flinger is located immediately beneath the adjacent outlet
      48.
PAR  Each flinger includes a large funnel 54 having an opening 55 in the bottom
      thereof, said opening being located over a flinging disc 56 having one or
      more vanes 57 on its upper surface. This disc is carried at the lower end
      of a shaft 58 projecting downwardly from a bearing unit 60, and connected
      to a hydraulic motor 61 at its upper end. As the hydraulic system for
      operating flingers 52 and for operating dump cylinder 37 are well known,
      they do not require description herein.
PAR  Suitable means is provided for closing and opening each outlet 48 of dump
      body 12. In the preferred form of this invention, this is accomplished by
      a plate valve 65 slidably mounted on the outer surface of bottom section
      40 and lying over the adjacent outlet 48. Each plate 65 is formed with an
      enlarged V-shaped notch 66 in its lower or rearward ends. Each plate 65
      lies on rollers 68 which are carried by lugs 69 secured to and projecting
      downwardly from bottom section 40 on opposite sides of outlet 48, see
      FIGS. 5 and 6. By referring to FIGS. 2 and 5, it will be seen that each
      plate valve 65 is larger than the adjacent outlet 48 so that the plate can
      completely cover and close said outlet. If the plate is drawn forward, its
      V-notch 66 gradually comes into registry with outlet 48, and this allows
      sand to flow through the outlet, relatively slow at first, and then
      increasing in flow as more of notch 66 comes into registry with the
      outlet.
PAR  Suitable means is provided for opening and closing outlets 48 by shifting
      plate valves 65 back and forth to uncover and cover these outlets. A shaft
      70 is provided for this purpose, and shaft being journalled in bearings 71
      carried by front wall 23, see FIG. 3. Suitable linkage is provided between
      this shaft and the plates 65 so as to move these plates when the shaft is
      rotated. In this example, the linkage of each plate consists of a pair of
      lugs 75 secured to the plate and projecting downwardly therefrom, said
      lugs being connected by links 76 to a pair of arms 77 which are fixedly
      secured to and extend downwardly from shaft 70. When the shaft is rotated
      in one direction, these arms 77 swing outwardly and upwardly to draw
      outwardly valve 65 secured thereto through links 76 and lugs 75, and when
      the shaft is rotated in the opposite direction, the plate is moved
      downwardly.
PAR  A hydraulic cylinder unit 80 is provided for rotating shaft 70. This unit
      includes a hydraulic cylinder 82 having a piston rod 83 projecting from an
      end thereof. The lower end of cylinder 82 is suitably connected at 85 to a
      relatively wide arm 87 which is swingably mounted on and projects
      downwardly from shaft 70. The adjacent arm 77 also is relatively wide, see
      FIG. 4, and overlaps arm 87. These two arms are provided with a plurality
      of holes 90, and pin 91 extends through registering holes of the two arms
      to secure these arms together. These arms can be angularly adjusted
      relative to each other by removing the pin and inserting it through
      another pair of holes.
PAR  The outer end of piston rod 83 can be connected directly to wall 23 of the
      dump body, but it is preferable to insert an oscillating unit 96 between
      the piston rod and the dump body. Unit 96 includes a hydraulic motor 98
      having a power shaft 99 upon which a cam 100 is eccentrically mounted, see
      FIG. 7. Motor 98 is mounted on wall 23, and shaft 99 extends through
      bearings carried by lugs 101 which are mounted on this wall. Cam 100
      rotates eccentrically within a ring 103 which has a socket 104 projecting
      therefrom into which piston rod 83 fits. When oscillating unit 96 is in
      operation, oscillations or vibrations are transferred through cylinder
      unit 80, and the linkages to the two plates 65.
PAR  FIG. 8 illustrates an example of a hydraulic system for operating the plate
      valves 65. Lines 108 and 109 extend from opposite ends of cylinder 82 to a
      hydraulic control valve 110 of well-known design. The pressure line 112
      connects this valve to a pump 113 which, in turn, is connected by a line
      114 to a reservoir 115, while a return line 118 connects the control valve
      to the reservoir. A pressure line 120 extends from line 109 to hydraulic
      motor 98, and a return line 121 connects this motor to the reservoir.
PAR  When control valve 110 is in the setting shown in FIG. 8, hydraulic fluid
      is pumped into the lower end of cylinder 82, and as piston rod 83 is fixed
      against movement relative to the cylinder, the cylinder moves downwardly,
      and through the linkages closes outlets 48 by moving plate valves 65
      downwardly. When the control valve is reversed, pressure line 112 is
      connected to line 109, and return line 118 is connected to line 108. At
      this time pump 113 directs the hydraulic fluid under pressure to the upper
      end of cylinder 82 and to motor 98 of the operating unit. This shifts
      cylinder 82 upwardly to move plates 65 to open outlets 48. At the same
      time, oscillating unit 96 is in operation so that the plate valves are
      oscillated or vibrated relative to their respective outlets in order to
      assist the movement of sand through these outlets.
PAR  The effect of the movement of cylinder 82 on the movement of plates 65 can
      be adjusted by removing pin 91 and shifting arms 77 and 87 relative to
      each other. The setting shown in FIG. 4, when these arms completely
      overlap each other, results in plates 65 being moved completely to open
      outlets 48. The reason for this is that cylinder 82 is in its lowermost
      position so that when fluid is pumped into the upper end of the cylinder,
      it moves through a full stroke. If the arms 77 and 87 are shifted to
      reduce the overlap thereof, cylinder 82 is moved upwardly relative to its
      piston so that the cylinder will move only through a partial stroke,
      thereby moving the plate valves only sufficiently to partially uncover the
      outlets.
PAR  The opeation of apparatus 10 is relatively simple. Dump body 12 is normally
      in its "down" position for loading and travelling purposes, and when it is
      desired to start spreading the sand contained in the dump body, the latter
      is tipped to a raised or forward position, as shown in broken lines in
      FIG. 1. At this time, outlets 48 are directly over flingers 52, and when
      control valve 110 is operated to cause plate valves 65 completely or
      partially to open the outlets, the sand flows through these outlets on to
      the flinger discs 56 which are rotated by their respective motors 61.
      These spread the sand laterally relative to the truck. The sloping bottom
      27 of the dump body and the deflector 50 directs the sand to the outlets.
      These outlets are relatively large, and as plates 65 are vibrated or
      oscillated while they are in their open positions, vibrations or
      oscillations are transferred to the bottom of the dump body and directly
      to the sand to help the flow thereof through the outlets. If some
      relatively large stones are in the sand, they still will flow through the
      outlets without obstructing them.
PAR  The operating system of this apparatus is quite simple, and makes it
      possible to tip dump body 12 forwardly for the dumping or spreading
      operation. This makes it possible to locate flingers 52 ahead of the rear
      or drive wheels of the vehicle so that they have the advantage of the
      sanding operation when this takes place on slippery or icy roads.
CLMS
STM  I claim:
NUM  1.
PAR  1. Spreading apparatus comprising a dump body for holding particulate
      material and adapted to be hingedly mounted on a vehicle so as to be
      tipped upwardly towards and end of the body, an outlet in the body near
      said end thereof, a plate valve slidably mounted to move back and forth in
      a longitudinal direction across the outlet to close and open siad outlet,
      operating means connected to the plate valve for moving said valve back
      and forth between positions fully opening and closing said outlet, and
      oscillating means connected to the valve plate for oscillating said plate
      in said longitudinal direction when the valve is in an outlet opening
      position.
NUM  2.
PAR  2. Spreading apparatus as claimed in claim 1 including means in said
      operating means for adjusting the amount of said outlet is opened by the
      plate valve each time the operating means is operated.
NUM  3.
PAR  3. Spreading apparatus as claimed in claim 1 including a material flinger
      positioned to receive the particulate material flowing from the body
      through the outlet thereof.
NUM  4.
PAR  4. Spreading apparatus as claimed in claim 1 including walls in the body
      around the outlet and sloping towards said outlet for directing the
      particulate material towards the outlet.
NUM  5.
PAR  5. Spreading apparatus as claimed in claim 1 in which said operating means
      comprises a fluid cylinder and piston operating unit having one end
      connected to the body, linkage extending from the opposite end of said
      unit to the plate valve, arm means in said linkage and swingably mounted
      on the body for causing back and forth movement of the valve plate under
      action of the operating unit, and control means for selectively directing
      fluid to the unit cylinder to move said arm means and thereby control the
      opening and closing of said outlet by the plate valve.
NUM  6.
PAR  6. Spreading apparatus as claimed in claim 5 including means for extending
      and shortening said linkage to adjust the amount said outlet is opened by
      the unit cylinder.
NUM  7.
PAR  7. Spreading apparatus comprising a dump body for holding particulate
      material and adapted to be hingedly mounted on a vehicle so as to be
      tipped upwardly towards an end of the body, said body having a bottom and
      a peripheral wall, an outlet in said bottom near each side of the body and
      near said end thereof, plate valves slidably mounted on the bottom
      positioned one near each outlet to close and open the adjacent outlet by
      covering and uncovering said outlet, operating means connected to the
      plate valves to move said valves between positions fully opening and
      closing said outlets, and oscillating means connected to said operating
      means for oscillating therethrough the plate valves relative to the
      outlets when the plates are in outlet opening positions.
NUM  8.
PAR  8. Spreading apparatus as claimed in claim 7 including means in said
      operating means for adjusting the amount of said oulets are opened by the
      plate valves each time the operating means is operated.
NUM  9.
PAR  9. Spreading apparatus as claimed in claim 7 in which said operating means
      comprises a fluid cylinder and piston operating unit having one end
      connected to the body, linkage extending from the opposite end of said
      unit to the plate valves, arm means in said linkage and swingably mounted
      on the body for causing back and forth movement of the valve plate under
      action of the operating unit, and control means for selectively directing
      fluid to the unit cylinder to move said arm means and thereby control the
      opening and closing of said outlet by the valve plates.
NUM  10.
PAR  10. Spreading apparatus as claimed in claim 9 including means for extending
      and shortening said linkage to adjust the amount said outlets are opened
      by the unit cylinder.
NUM  11.
PAR  11. Spreading apparatus as claimed in claim 7 in which said oscillating
      means comprises an oscillator connected to said operating means for
      oscillating therethrough the plate valves relative to the outlets when the
      plates are in outlet opening positions, and a fluid-operated motor
      connected to and powering said oscillator.
NUM  12.
PAR  12. Spreading apparatus as claimed in claim 7 in which said operating means
      comprises a fluid cylinder and piston operating unit having one end
      connected to the body, linkage extending from the opposite end of said
      unit to the plate valve, an oscillator connected to the operating unit for
      oscillating therethrough the valve plates relative to the outlets when the
      plates are in outlet opening positions, a fluid-operated motor connected
      to and powering said oscillator, and control means for simultaneously
      directing fluid to the unit cylinder and said motor to open the outlets
      and to oscillate the plate valves.
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ABST
PAL  A method for cutting vehicle tires and the like is disclosed together with
      apparatus for practicing the method comprising a first plurality of
      cutting discs axially spaced from each other along a first shaft and a
      second plurality of cutting discs axially spaced from each other along a
      second shaft parallel to the first. The thickness and spacing of the
      cutting discs along their respective shafts and the spacing of the shafts
      with respect to each other is such that the cutting discs of each
      plurality intermesh with those of the other plurality with the overlapping
      side surfaces of the discs substantially in contact to provide a scissor
      like cutting action and the free peripheral surfaces of the discs of each
      plurality are spaced from the shaft of the other plurality a distance
      sufficient to allow passage of the cut slices of the vehicle tires or the
      like. Various embodiments including means for enhancing feeding action and
      for recycling the cut slices are described.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the process of reducing vehicle tires and the
      like to small parts and more particularly to the method of and apparatus
      for cutting the tires into slices by the scissors-like action of a
      plurality of overlapping discs.
PAR  The number of used vehicle tires which must be disposed of in the United
      States each year is obviously very large. Tires cannot be burned because
      of the air pollution problems involved and attempts to dispose of such
      tires in conventional dumps have been unsatisfactory because of the nature
      and conformation of the tires which causes them to work to the surface.
      The tires tend to have a lower density than the soil in which they are
      buried, particularly in view of the fact that it is difficult to fill the
      interior of the tire in the course of normal burying techniques. This,
      coupled with the resilience of the tire body, causes it to slowly rise
      with respect to the soil, eventually emerging to the surface where it will
      interfere with normal surface usage of the land.
PAR  In addition, the tires deteriorate at a very slow rate and resist the usual
      plowing and harrowing techniques used to break up and intermingle other
      cast-off objects with the soil in which they are buried to speed
      deterioration. Obviously, if the tires are reduced to smaller sized parts,
      such parts could be more effectively buried and the deterioration process
      would be accelerated. It is, of course, necessary to reduce the tires to
      small parts in order to practice known reclamation process for the re-use
      of the natural or synthetic materials of which the tires are made.
PAR  The use of various reinforcing materials, such as wires or plastic fibers
      in fabricating tires has complicated the problems involved in reducing
      tires to smaller parts. Thus, apparatus of the type disclosed in U.S. Pat.
      No. 2,462,692 in which the tires are torn into small pieces by hook-shaped
      teeth is ineffective, at least with respect to modern tires, because the
      reinforcing materials will tend to clog the apparatus tending to require
      frequent maintenance and excessive power in operation. In addition, such
      apparatus is complicated to fabricate and maintain.
PAR  Apparatus of the type disclosed in U.S. Pat. No. 3,578,252 in which
      materials are subjected to the chopping action of rotary blades while
      supported on stationary cutter bars might be capable of cutting the
      reinforcing materials of modern tires but, due to the resilience of the
      natural or synthetic rubber comprising the main portion of the tire body,
      it cannot be effectively cut by such chopping action and will tend to clog
      the apparatus, thus requiring excessive power in operation. In addition,
      such apparatus tends to produce excessive vibrations and cannot be
      operated at high speeds.
PAR  Apparatus of the type disclosed in U.S. Pat. No. 3,656,697 in which the
      tires are ground into small particles by a plurality of rows of
      interfitting abrading rotary blades is capable of handling both the
      resilient material and the reinforcing material of modern tires but is
      inherently slow in operation at practical power levels. It will be
      understood that the danger of fire due to the heat produced in the
      grinding operation also limits the speed with which a given tire can be
      reduced to small particles in such apparatus even where a water spray is
      used.
PAR  It is an object of this invention to provide a method capable of cutting
      modern reinforced vehicle tires and the like into small parts in large
      volume at practical power levels.
PAR  It is a further object of this invention to provide apparatus capable of
      cutting modern reinforced vehicle tires and the like into small parts,
      which apparatus is simple and convenient to fabricate and maintain.
PAR  It is a still further object of the invention to provide a method and
      apparatus for cutting vehicle tires and the like into small parts in large
      volume, which apparatus may be transported to and the method practiced at
      remote sites.
PAR  It is yet another object of this invention to provide apparatus capable of
      cutting modern reinforced vehicle tires and the like into small parts,
      which apparatus does not produce appreciable heat or appreciable vibration
      in operation even at high volume.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the method and apparatus for cutting bodies of fiber reinforced
      resilient materials such as tires or the like into small parts according
      to the teaching of this invention comprises a pair of generally
      cylindrical cutting rolls mounted for rotation with their axes parallel
      and each including a plurality of axially spaced, radially extending ribs
      forming troughs therebetween with the ribs of each roll meshing with the
      ribs of the other roll. Each of the ribs have planar sides with a side of
      each rib overlapping and substantially in contact with a side of an
      adjacent rib. The spacing between the axes of such rolls and the
      dimensions of such ribs are such that the ribs of the rolls overlap each
      other by an amount which is a small portion of the thickness of the fiber
      reinforced body of resilient material to be received between the rolls,
      the diameter of the rolls being at least sufficient to provide troughs
      between the ribs deep enough to receive the cut material without
      substantial radial compression but not sufficient to require excessive
      torque in operation. The rolls are counter-rotated with respect to each
      other and a means is provided for forcing the cut material from between
      the ribs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing and other objects and features of this invention will be more
      readily apparent from a reading of the following detailed description of
      preferred embodiments in conjunction with the attached drawing wherein:
PAR  FIG. 1 is a perspective view of one embodiment of apparatus for cutting
      fiber reinforced resilient materials into small parts according to the
      teaching of this invention with a vehicle tire shown in phanton
      immediately prior to being received in the apparatus for cutting.
PAR  FIG. 2 is a perspective view of the cutter rolls of the apparatus of FIG. 1
      taken at a slightly different angle from the perspective of FIG. 1 and
      with other portions of the apparatus omitted for clarity.
PAR  FIG. 2A is an enlarged fragmentary end view in elevation of the apparatus
      as shown in FIG. 2.
PAR  FIG. 3 is a top view of the apparatus of FIG. 1.
PAR  FIG. 4 is a perspective view of a further embodiment of apparatus for
      cutting fiber reinforced resilient material in accordance with the
      teaching of this invention with a portion of the frame broken away to show
      the stripping rolls which may be used in conjunction with the cutter rolls
      according to this invention.
PAR  FIG. 5 is a side view in elevation of a cutter disc suitable for use in
      cutter rolls of the embodiment of FIG. 4.
PAR  FIG. 6 is a side view in elevation of a stripper disc suitable for use in
      the stripper rolls of the embodiment of FIG. 4.
PAR  FIG. 7 is an end view in elevation of the embodiment of FIG. 4 with the
      cutter rolls and hidden portion of the stripper rolls shown in phantom.
PAR  FIG. 8 is a cross-sectional view taken along line 8--8 of FIG. 7 with the
      overlapping portions of one cutter roll omitted.
PAR  FIG. 9 is a perspective view of apparatus according to either of the above
      embodiments of FIG. 1-8 including means for recycling cut material in the
      form of a rotating drum surrounding such apparatus.
PAR  FIG. 10 is a perspective view of apparatus including a plurality of the
      embodiments of FIGS. 4-8 in vertical array to provide a recycling action.
PAR  FIG. 11 is a perspective view of apparatus similar to that shown in FIG. 10
      but with the rotating drum spaced from the cutter and with cut material
      carried to and from the rotating drum by means of conveyor screens.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, apparatus according to one embodiment of the teaching
      of this invention particularly useful in cutting vehicle tires into small
      parts is shown. Thus, a vehicle tire 10 is shown in phantom, positioned
      above a pair of cutting rolls 11 and 12 mounted for rotation with a
      rectangular frame 13. The rectangular frame 13 is open at both the top and
      bottom thereof and is preferably made of heavy gauge steel or other
      appropriate metal. The cutting rolls 11 and 12 include shafts 15 and 16
      which are journaled in and project through the opposite ends of the
      rectangular frame 13.
PAR  According to the embodiment of the invention shown in FIG. 1, a chain drive
      wheel 14 is keyed to the projecting end of the shaft 15 at one end of the
      frame 13. A pair of spur gears 17 and 18 are each keyed to the projecting
      end of a different one of the shafts 15 and 16 at the opposite end of the
      frame 13 from the chain drive wheel 14. It will be understood that the
      axes of the shafts 15 and 16 are parallel to each other and that the spur
      gears 17 and 18 are adapted to intermesh with each other as shown in the
      drawing. Thus, when the chain drive wheel 14 is caused to rotate by an
      appropriate chain (not shown in FIG. 1) coupled to an appropriate motor
      (not shown in FIG. 1), the cutter roll 11 will be caused to rotate in the
      same direction and the cutter roll 12 will be caused to rotate in the
      opposite direction due to the action of the spur gears 17 and 18.
PAR  Each of the cutting rolls 11 and 12 comprise a plurality of axially spaced
      annular ribs and the rolls 11 and 12 are mounted with respect to each
      other so that the ribs of each intermesh with the ribs of the other. As
      best shown in FIGS. 2 and 3, such ribs may comprise a plurality of
      identical apertured discs 19 keyed to the respective shafts 15 and 16 with
      the discs 19 on each shaft axially spaced from each other by means of
      annular spacer rings 20 interposed therebetweeen. The discs 19 have planar
      opposed major surfaces and a thickness substantially equal to the length
      of the spacer rings 20. Thus, as shown in FIGS. 2 and 3, the cutting rolls
      11 and 12 may be mounted in the frame 13 with the ribs of each roll
      intermeshed with the ribs of the other by overlapping the major surfaces
      of the discs 19 of each roll. According to the teaching of this invention,
      the amount of overlap between the major surfaces of the discs 19 is a
      small portion of the total thickness of the material of the vehicle tire
      to be received therebetween. Also according to the teaching of this
      invention, the overlapping major surfaces of the discs 19 are
      substantially in contact with each other, the spacing therebetween being
      not more than about 0.030 of an inch. The outer periphery of the rolls 11
      and 12 provided by the ribs or discs 19 is generally cylindrical providing
      a sharp corner where each of the major surfaces of the disc join the outer
      periphery thereof. The combination of such sharp corners with the fact
      that the overlapping portion of the major surfaces of the discs are
      substantially in contact with each other provides a scissor-like cutting
      action whereby the body of the vehicle tire 10 for example will be cut
      into strips approximating the spacing between the discs 19. Alternate ones
      of the cut strips will, of course, be forced in opposite directions by the
      outer periphery of the discs 19 on the respective rolls 11 and 12. Due to
      the resiliency of the material, such strips will tend to be axially
      compressed adjacent ones of the discs 19 on a particular roll 11, 12.
      Thus, it is necessary to provide means for forcing the cut strips out from
      between the adjacent discs 19 of each roll. According to this embodiment
      of the invention, a plurality of fingers 23 are interdigited with the
      discs 19 or ribs of each roll to plow the cut strips from between the
      discs 19. As best shown in FIGS. 2 and 2A such fingers 23 may be spring
      steel strips mounted at one end of the frame 13 and extending below the
      axis of the rolls to a point below the center of the rolls. The fingers 23
      must be wide enough to be close spaced from adjacent discs and may be
      about one-half inch thick, for example.
PAR  Referring particularly to FIG. 1, a plurality of radially extending pegs 21
      may be provided about the periphery of each of the discs 19. Such pegs 21
      will tend to grip the vehicle tire 10 when the rolls 11 and 12 are counter
      rotated with respect to each other with roll 11 being rotated in a
      clockwise direction and roll 12 in a counter-clockwise direction thus
      pulling the vehicle tire 10 between the rolls. The pegs 21 should be short
      in order to avoid excessive differential in the velocity thereof with
      respect to the velocity of the corresponding portions of adjacent discs
      19.
PAR  It is, of course, true that the sharp corners at the opposite sides of the
      discs 19 will tend to become dull or rounded in use. Although this will
      not prevent the apparatus from cutting tires and the like into strips, it
      will increase the power required to perform such cutting action. For this
      reason it is desirable to provide means whereby such corners may be
      conveniently maintained. As best shown in FIG. 2, the outer periphery of
      the discs 19 may be provided by a separable strip or a plurality of strips
      22. Furthermore, the pegs 21 may be provided by elongated heads of bolts
      adapted to be threaded through such strips and into appropriately threaded
      openings in the periphery of the discs 19. Thus, the removal of the strips
      forming the outer periphery of the discs 19 for maintenance or replacement
      will be facilitated.
PAR  It has been found that a spacing of about 0.005 of an inch between the
      overlapping major surfaces of the discs 19 of the cutter rolls 11 and 12
      can be conveniently obtained and maintained. Furthermore, it has been
      found that this spacing will provide a suitable cutting action for the
      reinforcing fibers used in modern tires including both steel belts and
      cords or fabrics of various synthetic materials, for example.
PAR  In the embodiment of the invention shown in FIGS. 1-3, the internal
      dimensions of the rectangular frame are about 49 inches long by 36 inches
      wide by 24 inches deep. The cutter rolls are about 18 inches in maximum
      diameter and about 44 inches long. The ribs or discs 19 are spaced from
      each other by about 2 inches and the shafts upon which the discs 19 are
      mounted are about 6 inches in diameter with the spacers interposed between
      the discs 19 being about 8-1/2  inches in outer diameter with an internal
      diameter dimensioned to be received over the shafts. As mentioned
      hereinabove, the cutter discs 19 are keyed to the shaft by means of any
      conventional key and keyway arrangement.
PAR  The axes of the shafts are spaced from each other by a distance of about
      17-3/4  inches. Thus, the sides of the discs 19 of one roll overlap the
      sides of the discs 19 of the other roll by a maximum of about 1/4 inch,
      leaving a minimum of about 5-1/2  inches of the depth of the trough
      between the discs 19 for passage of the cut material.
PAR  In actual operation of this embodiment of the invention a 100 horsepower
      electrical motor was used to drive the cutter rolls through an appropriate
      gear reduction and chain drive means at a speed of about 20 revolutions
      per minute although efficient operation may be obtained at speeds from
      about 10 revolutions per minute to about 35 revolutions per minute. The
      cutting rolls 11 and 12 are made of steel and the periphery of each rib or
      disc 19 is preferably made of chromium alloy tool steel preferably
      provided by means of strips fastened to the outer periphery of the discs
      19 as described hereinabove.
PAR  Referring to FIGS. 4 through 8, a further embodiment of the apparatus
      according to the teaching of this invention is shown. The embodiment of
      FIGS. 4 through 8, differs from the embodiment of FIGS. 1 to 3 primarily
      in that the peripheral surfaces of the ribs of the cutting rolls comprise
      a plurality of flat surfaces rather than a single cylindrical surface and
      in that a pair of stripping rolls each intermeshed with a different one of
      the cutting rolls are included in the apparatus in place of the fingers
      23.
PAR  Thus, referring to FIG. 4, a pair of cutting rolls 41 and 42 are mounted
      for rotation in a frame 43 by means of shafts 45 and 46 with a chain drive
      wheel 44 keyed to one of the shafts 45 as described in connection with the
      embodiment of FIGS. 1 to 3. However, as best shown in FIG. 8, a spur gear
      48 is keyed to the other shaft 46 at the same end of the frame as the
      chain drive wheel 44 and is adapted to intermesh with a spur gear (not
      shown) keyed to the same end of the shaft 45 as the chain drive wheel 44.
      Thus, rotation of the chain drive wheel 44 will result in counter-rotation
      of the cutting rolls 41 and 42 as described in connection with the
      embodiment of FIGS. 1 to 3.
PAR  As best shown in FIG. 5, the ribs of the cutting rolls 41 and 42 of this
      embodiment of the invention are provided by a plurality of identical
      apertured discs 49 keyed to the shafts 45 and 46 with spacer rings 50
      interposed therebetween as described in connection with the embodiment of
      FIGS. 1 to 3. However, the outer periphery of the discs 49 is not
      cylindrical as described in connection with the embodiment of FIGS. 1 to 3
      but instead is provided by a plurality of flat surfaces including short,
      radially extending surfaces about 3/4 inch long and longer chordal segment
      surfaces in an arrangement producing a generally sawtooth outer peripheral
      surface on the discs 49. A plurality of strips 52 made of 3/4 inch thick
      chrome alloy tool steel for example and each having a length greater than
      the length of the chordal segment surfaces on the outer periphery of the
      disc 49 by an amount just sufficient to cause its outer surface to overlap
      the next chordal segment surface and a width equal to the width of the
      disc 49 may be fastened to the chordal segment surfaces by means of bolts
      53.
PAR  It will be seen that the free ends 51 of the strips 52 will provide a
      positive feed action similar to that provided by the pegs 21 of the
      embodiment shown in FIGS. 1 to 3. It will also be seen that the use of a
      plurality of flat cutting surfaces provided by the strips 52 instead of
      the cylindrical cutting surface provided by the strips 22 of the
      embodiment shown in FIGS. 1 to 3 will tend to result in vibration of the
      apparatus in operation. However, according to this embodiment of the
      invention, the discs 49 may be rotationally offset from each other in
      order to minimize such vibration. Thus, all of the strips 52 and flat
      chordal segment surfaces upon which they are mounted are of the same
      length which length may subtend an angle of 30.degree., for example,
      whereby a total of 12 chordal segment surfaces and strips 52 provide the
      outer periphery of the disc 49. By providing four keyways 55 (at
      0.degree., 97-1/2.degree., 195.degree. and 292-1/2.degree., respectively)
      beginning at the left hand side and proceeding clockwise about the outer
      periphery of the shafts 45 and 46 as best shown in FIG. 5, the identical
      discs 49 forming the ribs of the rolls may be rotationally offset from
      each other by simply aligning the keyway of each disc with a different
      keyway 55 from the keyways 55 with which adjacent discs 49 are aligned.
      Preferably, the discs 49 of each roll 41, 42 are rotationally offset from
      each other in groups of four adjacent discs, as best shown in FIGS. 8 to
      produce a helical arrangement which has an opposite sense on each roll as
      shown in FIG. 4 since such arrangement tends to substantially eliminate
      vibration in operation.
PAR  According to this embodiment of the invention, a pair of stripper rolls 61
      and 62 are mounted for rotation in the frame 43 below the cutter rolls 41
      and 42 as best shown in FIG. 7. It will be seen that each stripper roll
      comprises a plurality of ribs adapted to intermesh with the ribs of a
      different one of the cutter rolls 41, 42 although the ribs of the stripper
      rolls 61, 62 do not intermesh with each other. As best shown in FIG. 6,
      the ribs of the stripper rolls may be provided by a plurality of identical
      apertured discs 63 keyed to shafts 65 and 66 with spacer rings 64
      therebetween. The outer periphery of the discs 63 are preferably provided
      with sharply pointed teeth in the nature of gear teeth to enhance the
      action of the stripper rolls in pulling cut strips of vehicle tires and
      the like from between the ribs of the respective cutter rolls 41, 42.
PAR  As best shown in FIG. 4, the corresponding ends of the shafts 45 and 46,
      associated with cutter rolls 41 and 42, are each provided with a sprocket
      wheel 47 keyed thereto. Similarly, the corresponding ends of the shafts 65
      and 66 associated with the stripper rolls 61 and 62 are each provided with
      a sprocket wheel 67 keyed thereto. The sprocket wheel 47 keyed to the
      shaft 45 of the cutter roll 41 is coupled to the sprocket wheel 67 keyed
      to the shaft 65 of the stripper roll 61 by means of a first continuous
      chain 71 and the sprocket wheel 47 keyed to the shaft 46 of the cutter
      roll 42 is coupled to the sprocket wheel 67 keyed to the shaft 66 of the
      stripper roll 62 by means of a second continuous chain 72. Thus, the
      clockwise rotation of the cutter roll 41 will cause the stripper roll 61
      to rotate in a clockwise direction through the action of the sprocket
      wheels 47 and 67 and the continuous chain 71 and the simultaneous rotation
      of the cutter roll 42 in a counterclockwise direction through the action
      of the spur gear 48 will cause the stripper roll 62 to rotate in a
      counterclockwise direction due to the action of the sprocket wheels 47 and
      67 and the second continuous chain 72. However, it will be understood that
      the intermeshing portions of the cutter roll 41 and stripper roll 61 will
      move in an opposite sense relative to each other. Similarly, the
      intermeshing portions of the cutter roll 42 and stripper roll 62 will move
      in an opposite sense with respect to each other. To further enhance the
      stripping action resulting from the opposed motion of the associated
      stripper and cutter rolls the sprockets 47 have a larger diameter than the
      sprockets 67 thus causing the stripper rolls to rotate more rapidly than
      the cutter rolls.
PAR  The embodiment of the apparatus according to the teaching of this invention
      shown in FIGS. 1 through 8 may also be efficiently driven by a 100 hp
      electrical motor coupled to the chain drive wheel 44 through an
      appropriate gear reduction and chain drive means to rotate the cutter
      rolls at a speed of between 10 and 35 rpm with the stripper rolls rotating
      at a higher number of revolutions per minute than the cutter rolls. The
      maximum outer diameter of the cutter rolls 41 and 42 is preferably about
      18 inches and the maximum outer diameter of the discs 63 of the stripper
      rolls is preferably about 15 inches. The shafts 45 and 46 are preferably
      about 6 inches in diameter, the shafts 65 and 66 are about 3 inches in
      diameter, the spacer rings 50 are about 8-1/2  inches in outer diameter
      and the spacer rings 64 are about 4 inches in outer diameter with the
      inner diameter of the spacer rings 50 and 64 adapted to fit over the
      respective shafts. The shafts 45, 46, 65 and 66 are, of course all mounted
      in the frame 43 with their axes parallel to each other and the axis of
      each stripper roll is spaced from the axis of the cutter roll associated
      therewith to allow a small clearance between the outer periphery of the
      discs 63 of the stripper rolls 61 and 62 and the outer periphery of the
      spacer rings 50 of the cutter rolls 41 and 42, as best shown in FIG. 8.
      The spacing between the axes of the stripper rolls 61 and 62 is preferably
      slightly greater than the spacing between the axes of the cutter rolls 41
      and 42. For example, the axes of the cutter rolls 41 and 42 are spaced
      from each other by a distance of 16-1/4  inches whereas the axis of the
      stripper rolls are spaced from each other by a distance of 20-1/4  inches
      according to the embodiment of the invention shown in FIGS. 1 through 8.
      Thus, as shown in FIG. 7, the outer periphery of the stripper rolls 61 and
      62 are spaced from each other to allow free passage therebetween of the
      cut material stripped from between the discs 49 of the cutter rolls 41,
      42, whereas the outer peripheries of the discs 49 overlap each other by a
      maximum of 2-1/4  inches and a minimum of 1/2  inch.
PAR  It will be understood that a single passage of a vehicle tire between the
      cutter rolls of either embodiment of this invention will tend to produce a
      plurality of elongated slices of such vehicle tire. If such elongated
      slices are passed through the apparatus a second time, each of such slices
      will tend to be cut into a plurality of smaller slices and repeated
      passage of cut slices through the apparatus will reduce the size of the
      cut slices to parts which are not more than about 2 inches square where
      the ribs of the cutter rolls are spaced from each other by a distance of 2
      inches, as described hereinabove.
PAR  Referring to FIG. 9, one means of recycling the cut material through the
      cutting apparatus is shown. In FIG. 9 a cutting apparatus according to the
      teaching of this invention is represented schematically within a large
      diameter drum 90 fabricated of large mesh woven wire. The drum 90 may have
      a plurality of axially extending vanes 91 distributed about the inner
      periphery thereof and the axis of the drum 90 may either be parallel to
      the axes of the cutter rolls 11 and 12, as shown in FIG. 9, or
      perpendicular thereto. The drum 90 is caused to rotate about its axis as
      by means of an appropriate motor 92 and belt or chain 93. The cutter rolls
      11 and 12 may be driven by an appropriate electrical motor 94 coupled to
      the chain drive wheel 14 by means of an appropriate chain 95.
PAR  Thus, when a vehicle tire or the like is fed between the cutter rolls 11
      and 12, a plurality of slices thereof will drop from the bottom of the
      frame 13 and be received on the inner surface of the drum 90. The rotation
      of the drum 90 at a fairly high speed will produce sufficient centrifugal
      force which, together with the action of the vanes 91, will carry the cut
      slices from beneath the cutter rolls 11 and 12 toward the top of the drum
      where the force of gravity will cause them to be reintroduced between the
      cutter rolls 11 and 12. It will be understood that the mesh of the woven
      wire of which the drum 90 is constructed is selected so that any cut parts
      smaller than about 2 inches square, for example, will drop through the
      mesh and out of the drum 90 since their reintroduction between the cutter
      rolls 11 and 12 is unlikely to result in further reduction in size
      thereof.
PAR  It will be understood that the cutting apparatus may be supported by any
      convenient means within the drum 90 and that the drum 90 may also be
      supported for rotation by any convenient means. In this regard, it should
      be noted that the sides of the frame 13 may be omitted where the ends of
      the cutter rolls may be appropriately mounted by other means since such
      sides perform no other function in the cutting apparatus.
PAR  Referring to FIG. 10, recycling of the cut material may also be
      accomplished by constructing duplicate units of the apparatus according to
      the teaching of this invention and mounting such units in a vertical
      stack. Thus, as shown in FIG. 10, three units each constructed as
      described in connection with FIGS. 4 through 8 are shown schematically as
      mounted in a vertical stack but with the means for driving the cutting
      apparatus omitted. Thus, a vehicle tire or the like introduced between the
      cutter rolls 41 and 42 of the uppermost unit will be cut into a plurality
      of strips which strips will fall into the second unit for further cutting
      and finally into the lowermost unit for a final cutting operation. After
      the final cutting operation the cut parts may be received on an
      appropriate conveyor belt 96 for transportation to a point of utilization
      or disposal.
PAR  Referring to FIG. 11, a further arrangement for recycling cut materials to
      a cutting apparatus 99 according to either of the embodiments of this
      invention described hereinabove is shown. According to this arrangement,
      the cut material from the cutting apparatus 99 drops onto a belt 96 where
      it is conveyed to a drum 90, similar to that described in connection with
      FIG. 9 but spaced from the cutting apparatus 99. The action of the drum 90
      according to the arrangement shown in FIG. 11 is to cause the larger cut
      portions to be deposited on a second conveyor belt 98 for reintroduction
      into the cutting apparatus 99. The smaller cut particles will pass through
      the mesh of which the drum 90 is constructed as described in connection
      with FIG. 9, and thus the drum 90 may conveniently be located at or near
      the point of utilization or disposal of the cut material.
PAR  Apparatus according to the teaching of this invention is capable of
      reducing one thousand auto tires including bead, or 500 whole truck tires
      including bead, per hour to cut parts approximately 2 inches square. Since
      the volume occupied by the cut parts will be approximately 75% less than
      the volume occupied by the uncut tires an immediate saving in storage
      space will be achieved. As pointed out hereinabove, the cut parts may be
      more easily disposed of by conventional burying operations and will be
      subject to more rapid deterioration than uncut tires.
PAR  It has been found that appaaratus according to the teaching of this
      invention can be operated for more than 1000 hours without maintenance of
      the cutter rolls. In addition, the cutting surfaces of the cutter rolls
      can be easily replaced by the user as required.
PAR  Apparatus according to the teaching of this invention having the capacity
      described above and including a 100 hp electric drive motor weighs about 8
      tons and occupies a volume 8 feet .times. 8 feet .times. 8 feet and
      requires a power supply of 230V 3 phase at 250 amperes maximum. Thus, the
      apparatus can be easily transported from one site to another for
      utilization. Appropriate automatic control circuitry for overload
      protection may be included in the apparatus. Appropriate input and output
      conveyors may of course require additional power and it is anticipated
      that those skilled in the art will make appropriate adaptations of the
      teaching of this invention to suit specific requirements.
PAR  It should be pointed out that the specific dimensions of the embodiments of
      the apparatus according to this invention described hereinabove are
      related to the use of such apparatus in cutting vehicle tires. However, it
      is critical according to this invention that the opposed sides of the
      discs of the cutter rolls be substantially in contact (i.e., spaced, but
      not more than about 0.030 of an inch) that such discs overlap each other
      at least slightly and that the amount of such overlap be a small portion
      of the thickness of the particular resilient body to be cut in order to
      insure efficient operation and dependable apparatus design.
PAR  It will be understood that the cut material must pass between the cutter
      rolls. Thus, the amount of overlap between the discs will establish the
      minimum diameter of the cutter discs required to cut a given thickness of
      resilient material. The minimum outer diameters of the shafts including
      the spacer rings and therefore the minimum spacing between the axes of the
      cutter rolls will be a function of the given thickness of resilient
      material to be cut into strips by a particular apparatus according to this
      invention. The shafts must have a sufficient diameter to reliably transfer
      the torque required to cut the given thickness of resilient material and
      the spacer ring must have sufficient wall thickness to withstand the
      forces to which they will be subject in cutting the given thickness of
      resilient material.
PAR  It has been found that if the amount of overlap between the cutter discs is
      more than a small portion of the maximum thickness of the resilient
      material to be cut, then the minimum diameter of the cutter discs required
      will tend to make the apparatus too inefficient for economically practical
      use by requiring an excessive amount of torque to drive it, and adding to
      the expense and complication of the fabrication and maintenance of the
      apparatus.
PAR  The amount of force required to push the cut strips of resilient material
      in opposite directions into adjacent troughs between cutter discs will
      increase, as the amount of overlap increases, thus increasing the power
      and torque required in operation. It will be understood that a cut strip
      of resilient material will tend to be axially compressed between the sides
      of the discs forming the trough in which it is received, thus producing
      substantial frictional resistance to being forced into the trough.
PAR  The velocity differential between the outer periphery of a given cutter
      disc of one roll and the sides of the adjacent cutter discs of the other
      roll will increase, as the amount of overlap increases, thus increasing
      the power and torque required in operation. It will be understood that a
      cut strip of resilient material will tend to be in compressive contact
      with both the peripheral surface of a cutter disc on one roll and the side
      surface of the adjacent cutter discs of the other roll thus offering
      frictional resistance to the velocity differential therebetween.
PAR  The entrance angle, defined as the angle between tangents drawn to the
      peripheral surface of adjacent discs of each roll through the point at
      which such adjacent discs first begin to overlap (as represented by the
      angle X in FIG. 7) will increase, as the amount of overlap between such
      discs increases, thus tending to increase the power and torque required in
      operation as well as introducing feeding difficulties. It will be
      understood that the actual cutting of the material will occur at the point
      of first overlap between cutter discs (the apex of the entrance angle) and
      that the distance between such point and the common plane of the axes of
      the cutting rolls will increase as the cutting angle increases thereby
      resulting in an increased lever arm through which the cutting force must
      be applied. In addition, a small entrance angle will tend to facilitate
      the feeding action of the apparatus and will tend to avoid requirements
      for sudden surges of power.
PAR  The depth of the trough between the ribs of the cutting rolls must be at
      least equal to the maximum thickness of the material being cut in order to
      avoid radial compression thereof against the bottom of the trough which
      would tend to increase the power and torque required in operation.
      However, the depth of such trough should not be so large as to tend to
      require an increase in the minimum diameter of the cutting rolls required
      for other reasons, since larger diameter rolls will not only increase
      materials costs but will require increased torque in operation and thus
      more expensive gear boxes at a given power level.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for cutting fiber reinforced resilient materials such as
      vehicle tires and the like into small parts comprising a pair of generally
      cylindrical cutting rolls mounted for rotation with their axes parallel
      and each including a plurality of axially spaced radially extending ribs
      forming troughs therebetween with said ribs of each roll meshing with said
      ribs of the other roll, each of said ribs having planar sides with a side
      of each rib of one roll overlapping and spaced less than about .030 inch
      from a side of an adjacent rib of the other roll, and each of said ribs
      having a plurality of radially extending protrusions spaced from each
      other about the outer periphery thereof, the spacing between the axes of
      said rolls and the dimensions of said ribs being such that said ribs of
      said rolls overlap each other by an amount which is less than the maximum
      thickness of said fiber reinforced resilient material as received between
      said rolls.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 including means for forcing the cut
      resilient material from said troughs between said ribs.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 wherein the remaining depth of said
      troughs between said ribs is at least equal to and not much greater than
      the maximum thickness of said resilient material as received therein.
NUM  4.
PAR  4. Apparatus as claimed in claim 2 including a pair of generally
      cylindrical stripping rolls mounted for rotation with their axes parallel
      to each other and to the axes of said cutting rolls and each including a
      plurality of axially spaced radially extending ribs having a plurality of
      radially extending protrusions about the outer periphery thereof and
      forming troughs therebetween with said ribs of each of said stripping
      rolls meshing with said ribs of a different one of said cutting rolls,
      each of said ribs of each of said stripping rolls having planar sides with
      a side of each rib of each stripping roll overlapping and spaced from a
      side of an adjacent rib of the cutting roll corresponding thereto, the
      spacing between the axis of each stripping roll and said cutting roll
      corresponding thereto and the dimensions of said ribs of said stripping
      rolls including said radial protrusions thereon being such that said ribs
      of each of said stripping rolls overlap said ribs of said cutting roll
      corresponding thereto by an amount approaching the depth of said troughs
      between said ribs of said cutting rolls.
NUM  5.
PAR  5. Apparatus as claimed in claim 4 wherein each of said generally
      cylindrical cutting and stripping rolls comprises a shaft with a plurality
      of discs keyed to said shaft and alternating with spacer rings to provide
      said axially spaced radially extending ribs thereof, the ends of said
      shafts of said cutting and stripping rolls being journaled in a support
      means and a drive wheel keyed to one end of each of said shafts of said
      cutting and stripping rolls.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 wherein the drive wheel keyed to the end
      of the shaft of each of said stripping rolls is mechanically coupled by an
      endless coupling means to rotate with the drive wheel keyed to the
      corresponding end of the cutting roll intermeshed therewith, said drive
      wheels keyed to the ends of the shafts of said cutting roll each having a
      larger diameter than said drive wheels keyed to the ends of said shafts of
      said stripping rolls.
NUM  7.
PAR  7. Apparatus as claimed in claim 1 wherein said overlapping planar sides of
      said ribs are spaced from each other by about 0.005 inch.
NUM  8.
PAR  8. Apparatus as claimed in claim 7 wherein each of said generally
      cylindrical cutting rolls comprises a shaft with a plurality of discs
      keyed to said shaft and alternating with spacer rings to provide said
      axially spaced radially extending ribs thereof, the ends of said shafts of
      said cutting rolls being journaled in a support means with a pair of
      intermeshing spur gears each keyed to a different one of said shafts at
      corresponding ends thereof and a drive wheel keyed to one end of one of
      said shafts.
NUM  9.
PAR  9. Apparatus as claimed in claim 8 wherein the outer periphery of each of
      said discs of each of said cutter rolls is provided by a separable strip
      of metal removably mounted thereon.
NUM  10.
PAR  10. Apparatus as claimed in claim 9 wherein said radially extending
      protrusions each comprise a generally cylindrical elongated peg having a
      threaded end threadably received in a different one of a plurality of
      threaded holes in the outer periphery of said discs and said separable
      strips of metal are removably mounted on said discs by said protrusions.
NUM  11.
PAR  11. Apparatus as claimed in claim 1 further including a drum surrounding
      said generally cylindrical cutting rolls, said drum being mounted for
      rotation about its axis.
NUM  12.
PAR  12. Apparatus as claimed in claim 11 wherein the axis of said drum is
      generally parallel to said axes of said cutting rolls and the wall of said
      drum has a plurality of apertures therethrough of given cross-sectional
      dimensions.
NUM  13.
PAR  13. Apparatus as claimed in claim 1 including a plurality of pairs of said
      generally cylindrical cutting rolls mounted in a vertical stack with the
      axes of each pair of cutting rolls generally parallel to the axes of the
      other pairs of cutting rolls.
NUM  14.
PAR  14. Apparatus as claimed in claim 1 further including a first conveyor belt
      extending from beneath said pair of generally cylindrical cutting rolls to
      a remote point, a cylindrical drum surrounding the end of said first
      conveyor belt at said remote point and mounted for rotation about the
      cylindrical axis thereof and a second conveyor belt located above said
      first conveyor belt and extending from within said drum to a point above
      said pair of generally cylindrical cutting rolls, said drum having a
      plurality of apertures through the wall thereof of given cross-sectional
      dimensions.
NUM  15.
PAR  15. Apparatus for cutting fiber reinforced resilient material such as
      vehicle tires and the like into small parts comprising a pair of generally
      cylindrical cutting rolls mounted for rotation with their axes parallel
      and each including a plurality of axially space radially extending ribs
      forming troughs therebetween with said ribs of each roll meshing with said
      ribs of the other roll, each of said ribs having planar sides with a side
      of each rib of one roll overlapping and spaced less than abut .030 inch
      from a side of an adjacent rib of the other roll, and each of said ribs of
      said cutting rolls having a generally sawtooth outer peripheral surface
      including a plurality of spaced radially extending flat surfaces
      interconnected by flat surfaces extending along chordal segments thereof.
NUM  16.
PAR  16. Apparatus as claimed in claim 15 wherein the radially extending flat
      surfaces are identical to each other, said flat surfaces extending along
      said chordal segments are identical to each other and a plurality of
      identical separable strips of metal are each removably mounted on a
      different one of said flat surfaces extending along said chordal segments,
      said strips having a width equal to said flat surfaces extending along
      said chordal segments and a length greater than said flat surfaces
      extending along said chordal segments by an amount sufficient to cause the
      upper surface thereof to overlap the next chordal segment surface.
NUM  17.
PAR  17. The method of cutting fiber reinforced resilient material such as
      vehicle tires and the like into smaller parts by passing said materials
      between a pair of generally cylindrical rolls, said method comprising the
      steps of:
PA1  a. providing both said rolls with a plurality of axially spaced radially
      extending ribs having opposed planar surfaces with radial dimensions
      greater than the thickness of said resilient material;
PA1  b. positioning said rolls with their axes parallel to each other and with
      said ribs of each roll meshing with said planar surfaces of said ribs of
      one roll substantially in contact with and overlapping said planar
      surfaces of said ribs of said other roll by an amount which is less than
      the maximum thickness of said resilient material;
PA1  c. counter-rotating said rolls with respect to each other about their
      respective axes;
PA1  d. feeding said resilient material between said rolls; and
PA1  e. forcing the cut parts of said resilient material from between said ribs
      of each of said rolls.
NUM  18.
PAR  18. The method of claim 17 including the step of repeating said method with
      respect to said cut parts forced from between said ribs of each of said
      rolls.
NUM  19.
PAR  19. The method of claim 18 including the step of selectively removing all
      of said cut parts having maximum dimensions smaller than a given dimension
      before said step of repeating said method.
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ABST
PAL  An apparatus for crushing solids in a liquid medium includes one or more
      pairs of cylindrical members rotatably journaled in the sidewalls of the
      liquid-filled vessel. The cylindrical members have crushing elements which
      are integrally provided on the surface of the cylindrical members. The
      material to be crushed is mixed with the solution in the liquid medium
      contained within the vessel and pumped out of the bottom of the vessel
      into a slurry line.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  This invention comprises a hopper formed by sidewalls, end walls, and a
      sloping bottom. The hopper has a water inlet at the shallow end and a pump
      outlet at the deep end. Journaled roughly parallel with the surface of the
      water in the hopper is a plurality of cylindrical crushing elements which
      essentially consists of a cylindrical roll having crushing elements
      mounted on the outer periphery of the cylinder so that product passing
      between pairs of counter-rotating cylindrical crushing elements will be
      engaged by the teeth, mounted on the periphery, and sized or crushed to a
      dimension suitable for transportation to a slurry line. The crushing
      elements are mounted so that the water level is not higher than the upper
      surface of the cylindrical element nor lower than the bottom surface of
      the cylindrical element and preferably maintained at approximately the
      center line of the cylindrical elements.
PAR  The crushing elements being journaled in the fluid medium cause not only a
      substantial reduction in the noise inherent in crushing solids, but also a
      substantial reduction in the formation of dust which is always created
      when materials such as coal are broken in order to be sized. The reduction
      of dust in a mine leads to a substantial safety factor in the handling of
      coal materials. The invention contemplates either a single pair of
      crushing elements or a double pair of crushing elements with suitable
      deflector plates to direct the product between the counter-rotating pairs
      of crushing elements so that the material will be propelled when crushed
      into the hopper for proper mixing with the fluid.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  U.S. Pat. Nos. 1,619,004 to C. J. Sternkopf; 1,785,544 issued to G. H.
      Ellis; 1,620,838 issued to Seigle; and 3,596,841 issued to J. H. Perry
      relate to the invention disclosed herein. The Sternkopf, Ellis, and Perry
      patents all relate to crushers used in a liquid medium for the purpose of
      sizing or processing wood pulp. None of the crushers have sizing elements
      mounted on the periphery, nor do any of the crusher elements cooperate
      with a slurry hopper in order to mix the product with a fluid for purposes
      of sizing the product so that it can be transported through a slurry line.
PAR  The patent to Seigle discloses a pair of submerged rollers and a coal
      crushing apparatus. The teaching, however, in the Seigle patent is for the
      purpose of preventing the coal from being damaged due to falling after
      being crushed rather than for being processed for introduction into a
      slurry line. Furthermore, the Seigle patent does not indicate any
      criticality in the mounting of the rolls used for crushing the product.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a top view of a portable crusher hopper assembly including the
      pumps and motors necessary for operating the vehicle;
PAR  FIG. 2 is a side view and in partial section taken through lines 2--2 of
      the portable crusher slurry hopper system illustrated in FIG. 1;
PAR  FIG. 3 is an orthogonal projection of the hopper and the crushing elements
      inside the hopper;
PAR  FIG. 4 is the end view of the slurry hopper illustrated in FIG. 3;
PAR  FIG. 5 is a partial view of the shaft extensions illustrated in FIG. 3 and
      illustrates the addition of a gearbox; and,
PAR  FIG. 6 is a sectional view of the hopper system illustrated in FIG. 3 and
      illustrates the water line variations with respect to the crusher element
      in the slurry hopper system.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The same numbers will be used through the specification for similar
      elements.
PAR  Referring to FIGS. 1 and 2, a frame 10 has mounted thereon a slurry hopper
      11 comprising sidewalls 12, end wall 13, a second end wall 14, and a
      bottom 15. Water is applied through an inlet pipe 16 to a valve 17, and
      through pipe 18 to manifold 19 which distributes the water into the slurry
      hopper and along the bottom surface. A pump outlet 20 is positioned in the
      lower end of hopper 11 and is connected to a pipe 21 to a pump generally
      referred to by arrow 22. The output from pump 22 passes through pipe 23 to
      a valve 24 and pipe 25. The slurry hopper system described herein is fully
      disclosed in U.S. Pat. application Ser. No. 389,272, filed Aug. 21, 1973,
      by David McCain entitled "Slurry Hopper System" now U.S. Pat. No.
      3,845,990, issued Nov. 5, 1974.
PAR  Mounted inside the slurry hopper 11 are the crushing elements comprising
      cylindrical rolls 30 and 31 which are journaled by means of shaft 32 and
      33, respectively, to pulleys 34 and 35, respectively. Motors 36 and 37 are
      coupled through pulleys 38 and 39, respectively, to belts or chains 40 and
      41, respectively. Motors 36 and 37 may be any usual type motor adapted for
      driving crusher units; for example, electric or hydraulic. Flywheels 42
      may be positioned on each of the rollers to assist in the breaking of the
      product as it passes into and between rolls 30 and 31. Contained on each
      of the rolls 30 and 31 is a plurality of teeth 43 which may be of any
      suitable type for engaging and breaking products such as coal. The seals,
      while illustrated, will not be described since they may be of any usual
      type seal to prevent water from escaping from the inside of hopper 11
      around shaft 33 or 32, respectively. The dotted lines 56 illustrate the
      adjustments that can be made in the positioning of rolls 31 in order to
      crush the product to various desired sizes. Referring to the remainder of
      the elements mounted on frame 10 are motor 45 which is coupled through a
      pulley 46 and belt 47 and pulley 48 to a shaft 49 to pump 22. Motor 45 is
      also coupled to a shaft 50 to a hydraulic pump 51 used to move the vehicle
      which will be more specifically described in FIG. 2. Controls generally
      referred to by arrow 53 are used to control the movement of the mobile
      frame 10, the operation of the pump, and the various motors 36 and 37, for
      example. The controls are illustrated as being hand operated. It is of
      course obvious, however, that the controls can also be remotely controlled
      if desired.
PAR  Referring to FIG. 2, a side partial cross-section of FIG. 1 is illustrated
      and particularly illustrates a continuous track 54 used to propel the
      apparatus mounted on frame 10. Hydraulic motors 55 may be used to propel
      track 54 in either direction. Hydraulic motor 55 is coupled through lines
      not illustrated to hydraulic pump 51. A water level control means 60 is
      mounted on slurry hopper 11 and communicates through an element 61 to the
      inside of slurry hopper 11. The information thus communicated is
      transmitted through an electrical circuit 62 to an electrical control
      system 63 which in turn communicates through a wire 64 to valve 17.
      Control level sensor 60 may be of the float type or it may be a pipe
      mounted external to the hopper 11 through sidewalls 12 so that the
      internal water pressure in hopper 11 is communicated through the pipe to a
      diaphragm which is mounted on the externally mounted pipe. The pressure on
      the diaphragm will be indicative of the pressure inside the slurry hopper
      which will be a measure of the water level inside the slurry hopper 11.
PAC  OPERATIONS
PAR  Water entering pipe 16 is controlled by valve 17. When said valve is open,
      it will pass through pipe 18 into manifold 19 where the water is
      distributed throughout hopper 11. Water and crushed products are removed
      from hopper 11 through outlet 20, pipe 21, and pump 22 which will
      pressurize the slurry mixture and force it out pipe 23 through control
      valve 24 into pipe 25 and to the slurry handling system not disclosed in
      this application. Valve 24 may be used to close off the slurry lines at
      the pump if necessary and can be controlled at the manual controls 53 or
      automatic or remote controls mounted elsewhere remote from valve 24. Motor
      45 rotates shaft 49 by rotation of pulley 46 which transfers motion to
      belt 47 and pulley 48 which is attached to shaft 49. A manual release
      lever 66 is pivoted at 67 and attached at 68 to a sliding coupling
      engaging means 69. A hand grip 70 may move the lever in the direction
      indicated by the arrow 71 in order to couple the rotation of pulley 48 to
      shaft 49 or in the direction of arrow 72 if the coupling 69 is to be
      disengaged from shaft 49. As product is being dropped in the space between
      rolls 30 and 31, rolls 30 and 31 are rotated by motors 36 and 37,
      respectively, through their pulleys 38, 39, and belts 40 and 41, and
      pulleys 34 and 35, respectively. As pulleys 34 and 35 rotate, shafts 32
      and 33 will correspondingly rotate. Each of the belts is designed to move
      in the direction of the arrows indicated on top of the belt. As product
      falls between the crushing elements, teeth 43 will break the product to a
      predetermined maximum size where it falls and is mixed with the water
      inside the slurry hopper 11. Once the product is mixed, it is continually
      being removed by pump 22 as previously described. The entire apparatus
      mounted on frame 10 can be moved along the surface of the ground either
      inside or outside of mine, for example, by hydraulic pump 51 being
      hydraulically coupled to motors 55, causing track 54 to move in the
      desired direction either forward or backward, depending upon the setting
      of hand controls 53.
PAR  Referring to FIGS. 3, 4, and 5, a slurry hopper is illustrated which
      basically differs from the slurry hopper illustrated in FIGS. 1 and 2 by
      the inclusion of two pairs of counter-rotating pressure roller elements.
      In this embodiment, each of the pairs of crusher roll elements 30 and 31
      is journaled through its respective shafts 32 and 33 in bearings 75 and
      76, respectively, which are mounted on end wall 14. A bracket assembly
      referred to generally by arrow 77 is attached to end wall 14 and supports
      bearings 75 and 76. A generally A-shaped deflection apparatus, generally
      referred to by the arrow 78, is positioned between the cooperating pairs
      of cylindrical rolls 31. A-shaped deflector apparatus 78 comprises a first
      deflector 79 and a second deflector 80. Each of the deflectors has a
      notched portion 81 to permit passage of the teeth 43 through the
      deflector. On each sidewall 12 is likewise mounted a deflector plate 79,
      having similar notches 81 therein, to likewise permit passage of the teeth
      43. End plates 82 are angled out from end walls 13 and 14 and tend to
      prevent material from bypassing the end of either pair of cylindrical
      rolls 30 and 31 in the region of shafts 32 and 33.
PAR  Referring in particular to FIG. 4, a gearbox, generally referred to by the
      number 90 is illustrated. Gearbox 90 has extending arms 91 and 92 which
      contain direct-drive gear means therein which are coupled respectively to
      shafts 32 and 33. Thus, rotation of shaft 32 will pass through gears in
      extensions 91 and 92 to shaft 33, maintaining synchronism of the two
      shafts and directly driving both shafts. Arms 91 and 92 are likewise
      adjustable so far as the spacing between shafts 32 and 33 is concerned,
      thereby permitting adjustment of the spacing between cylindrical rolls 30
      and 31 (see FIG. 1). Plates 94 and 95 function as seals for shafts 33 and
      32, respectively. Plate 95 is wider than plate 94 in order to accomodate
      movement of shaft 32 and yet maintain a seal between the inside and
      outside of hopper 11 on end wall 13.
PAR  In FIG. 5, a gearbox 90 is illustrated and may be a direct-drive gearbox if
      the spacing of shafts 33 and 32 remains stationary, or may be of the
      adjustable type gearbox illustrated in FIG. 4 if the shafts are to be
      moved as previously described. Arrows 100 illustrate the proper direction
      for rotation of each of the shafts 32 and 33. No driving means has been
      illustrated in FIG. 3 since it is substantially identical to that
      illustrated in FIG. 1.
PAC  OPERATIONS
PAR  The operation of the crusher hopper apparatus illustrated in FIGS. 3
      through 5 is substantially identical to that illustrated and described in
      FIGS. 1 and 2. Material such as coal falling into the hopper partially
      filled with water which has entered pipe 18, will fall between rolls 30
      and 31 and be broken by teeth 43 to a predetermined maximum size. Any coal
      falling into the hopper system will either enter the region referred to by
      number 110 or the region referred to by number 111. A paired roll sizing
      apparatus, however, has advantages over a single roll sizing apparatus.
      For example, if material falling into region 110, for example, should
      become compacted and not fall to the crusher immediately, the material
      will automatically spill over into region 111. Region 111 will take the
      maximum load for the period of time that region 110 is unable to take
      additional load or, for some reason, becomes temporarily blocked, for
      example, by the passage of a large piece of material and could, under
      normal conditions, create a situation where the crusher could not handle
      the desired maximum quantity of material. Thus, in the case of a single
      pair of crushing elements, if a large piece of coal, for example, were to
      fall between rolls 30 and 31, the hopper would momentarily be completely
      blocked, causing the material to fill up the hopper and to spill over the
      sides. However, with a second hopper area for region 111, should this
      occur, the material will automatically spill over into the other hopper
      which has sufficient capacity to handle the full load temporarily. In view
      of the above, it is obvious, of course, that two pairs of crushing
      elements and a hopper divided into two sections have distinct advantages
      and superiority over a hopper having a single pair of crushing elements.
PAC  WATER LEVEL CONTROL
PAR  Referring to FIG. 6, a water level control is illustrated. It has been
      found by experimentation that a critical water level control must be
      maintained in the hopper assembly at all times if the apparatus is to
      maintain a maximum throughput. The preferred level of water is labeled B;
      that is, the water is through the rotational axis of each of the four
      rollers. Under these conditions, maximum product input is obtained along
      with maximum noise suppression and minimum cavitation. Also, suppression
      of the dust is adequate at this water level. If the water level should
      reach the position labeled A, the throughput of the crusher assembly is
      substantially reduced. If the water level should fall to C, substantial
      cavitation results, causing a reduction in throughput and an increase in
      noise and dust generation.
PAC  CONCLUSIONS
PAR  A two- and four-roll crushing unit combined with a slurry hopper has been
      illustrated. A hopper and crusher constructed in accordance with the
      teachings of this invention will result in substantial noise reduction
      during the crushing process, substantial dust reduction during the
      crushing process, and a maximum throughput of the system. It has been
      illustrated that water level control of this system must be maintained no
      higher than the tops of the rolls and no lower than the bottom of the
      rolls, and preferably at the rotational axis of the rolls if maximum
      throughput, along with noise and dust suppression, is to be accomplished.
PAR  It is obvious, of course, that changes and modifications may be made in the
      apparatus disclosed and still be well within the spirit and scope of the
      invention as described in the specification and appended claims. For
      example, additional rolls can be added, or larger rolls can be inserted
      depending upon the size of the hopper and the size of the space within the
      hopper. Other deflection plates can be added to prevent surface waves from
      developing during the crushing process and to assist in removal of the
      material after it has passed through the crushing unit. Additional water
      jets can be added. The various pump outlets can be modified in accordance
      with the particular pump used. Also, the teeth on the cylindrical rolls
      have been illustrated as being in line. It is obvious, of course, that if
      the rolls are driven in synchronism, the teeth can be placed in a
      staggered position around the rolls so that they intermesh as the rolls
      rotate.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a slurry hopper having sidewalls, first and second endwalls, and a
      bottom wherein said bottom slopes from said first endwall to said second
      endwall, a water inlet means at said first endwall for partially filling
      said slurry hopper with water, an outlet in said second endwall, an
      improvement comprising a product sizing unit having a plurality of
      cylindrical rolls journaled substantially parallel with the surface of the
      water in said slurry hopper, said cylindrical rolls including a plurality
      of spaced peripheral teeth along the length of said cylindrical rolls,
      means for counter-rotating adjacent rolls of said plurality of cylindrical
      rolls, and means for maintaining the level of said water in said slurry
      hopper between the upper surface and the lower surface of said plurality
      of cylindrical rolls.
NUM  2.
PAR  2. An apparatus as described in claim 1 wherein said water level is
      maintained at or lower than the rotating axis of said plurality of rolls.
NUM  3.
PAR  3. An apparatus as described in claim 1 wherein said plurality of
      cylindrical rolls comprises two rolls.
NUM  4.
PAR  4. An apparatus as described in claim 1 wherein said plurality of
      cylindrical rolls comprises two pairs of cylindrical rolls and a deflector
      means positioned between and above said pairs of rolls and along the
      length of said rolls.
NUM  5.
PAR  5. An apparatus as described in claim 4 including additional deflector
      means attached to the said sidewalls and end walls and extending towards
      said adjacent cylindrical rolls.
NUM  6.
PAR  6. An apparatus as described in claim 4 wherein said water level is
      maintained substantially at the rotational axis of said cylindrical rolls.
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ABST
PAL  A rotor-equipped breaker/crusher drum for coal and other material in which
      means are provided for rotating the drum at close to critical speed, and
      in which lifter shelves in the drum are adjusted for dropping material
      into the path of the rotor at a point where the rotor not only fragments
      the material, but also emphasizes the flinging of the material against the
      downwardly moving perforated wall of the drum. Apparatus of this character
      enable a relatively small breaker/crusher to effectively duplicate the
      performance of much larger existing units, while successfully controlling
      the production of fines.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our prior copending
      application Ser. No. 267,936 filed June 30, 1972, which is now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Since the 1870's, when Hezekiah Bradford introduced them, Bradford Breakers
      have been made larger and larger to meet the ever increasing demands for
      greater operating capacity or "through-put".
PAR  Bradford's breaker was a simple device for reducing and screening coal or
      other materials of similar breaking characteristics and for separation of
      unwanted materials. It was a perforated rotatable drum or cylinder with
      lifter shelves inside. When you looked into one end of a clockwise
      rotating breaker with a bed of coal in it, you could see the lifter
      shelves lifting successive portions of the bed. The drum rotated
      relatively slowly. In general, by the time a given shelf loaded with coal
      reached approximately the 10 o'clock position or approached the 11 o'clock
      position, it had tipped far enough to drop the coal back into the bottom
      of the cylinder generally at about the 6 o'clock position. The impact of
      the fall and the abrasion of pieces of coal in the bed against each other
      and against the perforated drum reduced the coal. Small pieces worked
      their way down through the bed and the perforations, while larger pieces
      and foreign materials received further treatment as they progressed
      towards the drum outlet.
PAR  Progress has never seemed rapid in this art. For about a half century after
      it was introduced, the form and operation of the Bradford Breaker changed
      little. Some improvements were however made during this period on details
      of shelf and drum design.
PAR  Perhaps the most significant improvement occured in the late 1920's. George
      W Borton, as described in his U.S. Pat. No. 1,784,983, mounted in the drum
      of the Bradford Breaker a rotor structure carrying hammers of the type
      previously used in rotary beaters or hammer crushers. The rotor was placed
      on the center line of the drum in such a position that materials falling
      off the shelves dropped in the path of the rapidly rotating hammers.
PAR  Borton recognized that one needed to select a proper speed for the drum so
      that the shelves would carry the material to the proper height before
      dropping it in the rotor. And he had a definite objective in mind. As he
      taught in U.S. Pat. No. 2,108,793, the essential point was to select a
      speed (and therefore a dropping point) which would result in the "hammers
      hurling the material tangentially against the inner wall of the drum at
      one point of engagement, and such material rebounding from the wall of the
      drum at another angle and dropping into the hammer zone for further
      reduction, which cycle of operation will be repeated until the desired
      combination has been effected." He also suggested that adjustable lifting
      shelves be used with the same object in mind. Thus, Borton taught the
      principle that one should select a combination of drum speed and lifter
      adjustment which would emphasize hitting the dropped coal upwards with the
      rotor so it would rebound off the drum and back into the rotor for
      repeated impact.
PAR  Borton's influence continues. Up to the present day, the above-mentioned
      principle is the fundamental guide in the design of rotor-equipped
      breakers. Notwithstanding further improvements in drums, lifters and
      driving systems, changes in basic principles of breaker design and
      operation occur very slowly in this art. Commerical units now under
      construction, bearing a remarkable resemblance to the apparatus Borton
      described more than 40 years ago in U.S. Pat. No. 1,784,983, silently
      testify to this fact. Unaware of the principles of apparatus and method
      needed for large scale improvement of breaker/crusher performance,
      designers and manufacturers faced with the requirement of a high
      throughput installation, have scaled up machines in accordance with the
      old principle, or have used a number of smaller machines of the old
      design, notwithstanding the ensuing cumbersome construction, duplication
      of facilities, and economic penalties.
PAC  OBJECTS
PAR  It is an object of the present invention to avoid the problems of
      cumbersomeness, or duplication of facilities or economic penalty referred
      to above.
PAR  A further object of the present invention is to provide breaker/crusher
      apparatus and methods which enable the procurement of significantly larger
      throughput from a unit of a given size; or, in the alternative, equivalent
      production from a unit of smaller size.
PAR  Another object of the present invention is to provide and operate a
      breaker/crusher of the modified Bradford type described hereinabove in
      such manner that the percentage of fines produced can be substantially
      less than that which has heretofore resulted from prior art machines and
      operations.
PAR  Another object is to provide a modified Bradford Breaker/Crusher in which
      materials of different hardness, different friability, and different
      breaking characteristics may be reduced to a desired size and, if desired,
      separated in a single pass through the machine.
PAR  These and other objects of the invention will become apparent to those
      skilled in the art upon consideration of the disclosure which follows.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects are achieved, in accordance with the teachings of the
      present invention, by certain improvements in the known combination of a
      breaker/crusher apparatus comprising a rotating perforated drum having
      lifter shelves and having on the center or other longitudinal axis of the
      drum a rotor shaft carrying a plurality of paddles, hammers or other
      impacting means. In accordance with the present invention, means are
      provided for rotating the drum at a speed close to critical speed, i.e.,
      close to the speed at which the material lifted by the shelves would be
      held by centrifugal force and not dropped therefrom. The direction and
      angle of the lifter shelves relative to the radial is so selected,
      relative to the rotating speed of the perforated drum, for carrying the
      material on the lifter shelves to about 11-12 o'clock position, the
      circular cross section of the drum and paddle circle being viewed as a
      clock face for purposes of this description. In accordance with prior
      practice, the material drops from the shelves a short selected distance
      into the path of the rotor. The rotor may be and preferably is operated at
      such a speed as to strike the falling material with an impact force
      designed to corresponnd to that force to which the material would have
      been subjected had it been dropped to the bottom of a drum of a selected
      larger diameter without a rotor. However, in accordance with the
      invention, because of the operating speed of the drum and the angle of the
      lifting shelves, they drop the material on to the rotor at such a point as
      to emphasize the flinging of material against the down-running wall of the
      perforated drum (between the 12 and 6 o'clock positions). This has several
      advantages. The flinging of material against the down-running wall of the
      drum reduces the tendency of material flung off by the rotor to strike the
      uprunning side of the drum and drop back into the bed. When material which
      is already sufficiently reduced drops back into the bed and is again
      lifted and dropped, energy and capacity are wasted. Minimizing this action
      provides improvements in operating efficiency and throughput. Moreover,
      when the flinging of material against the downrunning wall of the drum is
      emphasized, rebounding of particles off of or back through the drum and
      back into the rotor is reduced. Thus, material which is reduced to the
      proper size on the first impact following release from the lifter shelves
      is less likely to be subjected to a further unnecessary impact before it
      is screened through the drum perforations. Such unnecessary impacts can
      result in excessive reduction and unwanted fines. On the other hand,
      larger material, too large to sift through the openings in the cylinder
      wall, is subjected to one or more additional cycles of being lifted,
      dropped, hit by the rotor and further fractured until it passes out of the
      unit through the perforated drum. Here again, there is a reduced
      probability that a particle which has just been reduced to the proper size
      by the rotor will be further fractured prior to sifting through the drum.
      This enables close control on the degree of material separation, where
      desired, and/or size reduction with a minimum of fines content.
PAR  In a preferred form of the invention, the rotor is provided with paddles
      located at different distances radially from the axis of rotation of the
      rotor shaft. The paddles located more remote from the input end are at
      longer distances radially from the rotor shaft and therefore move at
      higher speeds than the more inward paddles near the input end. Thus,
      materials which are harder and more difficult to fragment, and which may
      not be broken sufficiently by the slower moving paddles encountered first,
      are broken by the longer, faster-moving paddles. The latter, due to their
      higher tip speeds, deliver higher impact to the material, and it is
      possible to use paddles which are at progressively increasing radial
      distances from the rotor shaft to impart increasingly higher impact to the
      material as it progresses through the machine. Thus, material which is the
      most likely source of fines is reduced under lower impact forces, and
      materials of different hardness and mass characteristics can be
      successfully reduced in a single pass through the machine while holding
      fines production to a minimum.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram illustrating prior art breaker/crushers and
      their mode of operation.
PAR  FIG. 2 is a schematic diagram showing the comparison between the
      breaker/crusher machines and method of operation of the present invention.
PAR  FIG. 3 is an elevational view, partly in section, of a breaker/crusher
      machine, according to the present invention.
PAR  FIG. 4 is an elevational left end view of the machine of FIG. 3.
PAR  FIG. 5 is a sectional view looking along section line 5--5 of FIG. 3.
PAR  FIG. 6 illustrates a preferred embodiment according to the present
      invention in which paddles of different radial lengths are provided.
PAR  FIG. 7 illustrates apparatus in which the rotor is displaced from the axis
      of the drum.
PAR  FIG. 8 is an elevational view, partly in section, of the most preferred
      breaker/crusher machine according to the present invention.
PAR  FIG. 9 is an elevational left end view of the machine of FIG. 8, looking
      along section line 9--9 of FIG. 8.
PAR  FIG. 10 is a sectional view looking along section line 10--10 of FIG. 9.
DETD
PAC  DETAILED DISCUSSION
PAR  FIG. 1 is offered as a schematic illustration of the mode of operation
      described in the above quotation from Borton's U.S. Pat. No. 2,108,793. In
      the prior art breaker depicted in FIG. 1, there is a perforated drum 110
      with hammers, all of which are rotating in a clockwise direction as shown
      by successive full line and phantom line representations 135a, 135b, 135c
      and 135d. As Borton teaches, the speed of rotation of the hammers is
      substantially greater than that of the drum. Although breakers without
      rotors may turn somewhat faster, a conventional or usual speed of rotation
      for the drum 110 in a rotor-equipped coal breaker would be less than about
      70% of critical. For purposes of this illustration, the lifter shelves 145
      are shown as radially disposed, but it should be apparent that at the
      lower drum operating speeds generally prevailing in the prior art, the
      differences between the FIG. 1 prior art device and the invention would be
      accentuated if angled lifter shelves were provided in FIG. 1. The material
      lifted by the shelves 145 is dropped into the path of the rising hammers,
      such as indicated by the hammer 135A drawn with solid lines in FIG. 1. As
      a result, the material shattered by the hammer 135A is thrown upwardly
      against the upper wall of the rotating drum along paths indicated by the
      arrows A. This material drops into the path of the same or following
      hammer, indicated in phantom by hammer 135B, where it is again struck and
      the further shattered pieces are again thrown against the wall of the drum
      110, along paths indicated by the arrows B. This action is repeated, as
      indicated by hammer 135C and 135D, and material which has been again
      struck and again reduced is thrown along the paths such as indicated by
      the arrows C and D. The action just described produces an excessive amount
      of fines. In certain processes, this fine material is not useful unless it
      is compressed into pellet form. This can introduce severe economic
      penalties into certain types of installations, especially, for instance,
      coal gassification installations in which the void volume in the reactors
      must be carefully controlled (by avoidance of excessive fines in the feed)
      for the process to operate successfully. In such case, excessive
      production of fines in the breaker/crusher necessitates the installation
      of pelletizing equipment or at least more pelletizing equipment than would
      otherwise be necessary. Moreover, fines can be undesirable from the
      standpoint of pollution and public health.
PAR  The contrast between the prior art and the apparatus of the present
      invention is illustrated schematically by FIG. 2. It is understood of
      course that the drum 10 will be connected to a driving means which will
      drive it at an appropriate speed for the mode of operation shown in FIG.
      2. And as FIG. 2 clearly shows, the apparatus, including the setting of
      the lifter shelves, is arranged for dropping the material from the shelves
      45 at or near the crest of their orbit, or at least at such point that the
      material first encounters the impact means 35, be they paddles, hammers or
      other members, at or near the crest of the orbit of the impact means. This
      sends significantly more of the impacted material to the right of the 12
      o'clock position after initial impact. In other words, the major
      trajectory of the falling material is on the downrunning side of the rotor
      axis, whereby the falling material is struck by the rotor and flung
      against the downrunning wall of the drum. This in turn tends to reduce
      unneeded impacts between smaller pieces and the rotor, as well as other
      screening advantages discussed above, in the summary of invention.
PAR  In the practice of the invention, the drum 10 is rotated at a relatively
      fast speed compared to conventional practice in rotor-equipped Bradford
      Coal Breakers, e.g., about 70% to less than 80% of critical speed, but
      more preferably at 80-95% of critical speed. If the drum speed is too
      slow, the material will not be carried high enough before being dropped
      into the rotor, thus resulting in the type of operation sought after by
      Borton, which has been described under Background of the Invention, above.
PAR  Further benefits may be obtained by proper selection of rotor speed.
      Heretofore, rotor speed selection in most Bradford Breakers has been
      tailored to the breaking characteristics of the relatively harder rocks
      generally found in unprepared coal. Thus, the impact forces are much
      greater than are required for the coal itself; and subjecting the coal to
      such impact forces can also be a factor in producing excessive fines.
      Thus, in accordance with the present invention, the rotor is equipped with
      means for driving at least a portion of it at a relatively slow speed
      compared with prior art rotors. This speed, although perhaps too slow in
      most cases to break all of the rock components of the coal to the size of
      the drum perforations, provides impact equilvalent to that required to
      break the coal by gravity impact alone. Thus, for example, the rotor might
      be rotated at a predetermined speed in the range of 50-300 rpm.
PAR  Referring now to FIGS. 3-5, the breaker crusher there shown includes a
      hollow drum or cylinder 10 having a wall 12 having openings 13 therein of
      a size and shape to allow passage therethrough of a material of that size
      and shape which it is desired to collect in the exit or discharge chute 41
      which is part of the drum enclosure 42 and is located beneath the drum. At
      the right end of drum 10 is a spider 15 having radial legs whose outer
      ends are secured to the drum 10. Spider 15 provides openings through which
      coal, or other material to be reduced, is fed to the interior of the drum,
      as by a feed chute 40. The inner ends of the radial legs of spider 15 are
      secured to, and rotatably supported by, a pinion 17 journalled in bearings
      19 in a pedestal block 51. The left end of drum 10 is supported by an end
      member 14 which is secured to and supported on a hollow pinion 16
      journalled in bearings 18 in a pedestal block 50. Hollow pinion 16 is
      driven rotatably by a chain-and-sprocket drive 20. Since pinion 16 is
      secured to end member 14, which is secured to the right end of drum 10, it
      will be seen that drum 10 is driven rotatably to the chain-and-sprocket
      drive 20.
PAR  Within the hollow bore of pinion 16 is a rotor shaft 30 the inward end of
      which is supported in a spider 32 located within the drum 10. The outer
      ends of the legs of spider 32 are secured to the wall 12 of the drum.
      Rotor shaft 30 is driven by a chain-and-sprocket drive 31.
PAR  The means illustrated and described above for driving drum 10 and rotor
      shaft 30, merely represent one of several ways in which drum 10 and shaft
      30 may be driven. So far as the present invention is concerned, any
      suitable means may be employed for driving separately the drum 10 and the
      rotor shaft 30.
PAR  Rotor shaft 30 carries a plurality of sets of paddles 35. Four sets are
      illustrated in FIG. 3. As seen in FIG. 5, each set of paddles 35 consists
      of two paddles disposed at 180.degree. separation. The alternate sets of
      paddles, such as 35-1 and 35-3 (FIG. 3), are 90.degree. out of phase with
      the other two alternate sets of paddles, 35-2 and 35-4. This is clearly
      seen in FIG. 5.
PAR  Spider 32 which supports the inner end of rotor shaft 30 may be located at
      the longitudinal center of the drum 10 or at any other desired location,
      depending upon how much of the overall length of the drum is to be
      provided with paddles 35. In some cases, the rotor shaft 30 may extend for
      the entire axial length of the drum. In FIG. 3, it has been assumed that
      the rotor shaft 30 and the paddles 35 are located only at the end portion
      of the drum 10 remote from the input end.
PAR  Secured to the inner surface of wall 12 of drum 10 throughout the entire
      length of the drum are sets of lifter shelves 45. These shelves 45 are
      inclined both axially and radially. The shelves are inclined slightly
      downwardly axially in a direction to cause the material to progress from
      the input end of the drum toward the opposite end. The shelves 45 are also
      inclined downwardly off the radial, in a direction opposite to the
      direction of drum rotation as seen in FIG. 5. The angle of inclination
      departs from the radial by a substantial amount, e.g. about
      25.degree.-70.degree., but preferably of the order of 45.degree. -
      60.degree..
PAR  In FIGS. 3-5, and in other of the figures of drawing, the lifter shelves 45
      have been shown as inclined longitudinally, and discontinuous but in a
      straight line. In some cases, it may be desirable to stagger the position
      of the lifter shelves.
PAR  In one machine which has been built and tested, the lifter shelves 45 were
      located in straight longitudinal lines, as in FIG. 3, at a 60.degree.
      angle of inclination away from the radial. The shelves had a width of 6
      inches. The drum 10 was 7 feet 1 inch in diameter and was rotated at 21-25
      r.p.m. The perforations 13 were 1 1/4 in diameter. The rotor shaft 30 was
      operated at 116-120 r.p.m. The paddles 35 were square, 1 foot on each
      side. The paddle circle was 3 feet in diameter.
PAR  In FIG. 3, which illustrates one preferred form of machine, the drum 10 is
      shown to be supported at one end by a spider 15 on a trunnion 17. This, or
      course, is not essential. The shaft 30 could extend all the way through
      the drum, with paddles occupying only a portion of the length, if desired,
      and the drum 10 could be peripherally supported on wheels.
PAR  In the drawings, the alternate sets of paddles, such as 35-1 and 35-3, are
      shown to be 90.degree. out of phase with the other alternate sets of
      paddles, such as 35-2 and 35-4, but this relation could, of course, be
      varied.
PAR  Similarly, while the two paddles of each set are shown to be 180.degree.
      out of phase, this relationship could be varied, as could also the number
      of paddles per set. Three or four more paddles may be applicable in softer
      materials where the speed of the paddle may be slower relative to its
      diameter.
PAR  FIG. 6 illustrates a modified apparatus which permits materials of
      different hardness and different breaking characteristics to be reduced to
      desired size and, if desired, separated in a single pass through the
      machine. FIG. 6 corresponds to a fragmentary portion of FIG. 3, being that
      portion to the left of the spider 32 which supports the rotor shaft 30. In
      FIG. 6, rotor shaft 30 carries a plurality of sets of paddles, four sets
      being shown, identified as 35-5, 35-6, 35-6 and 35-8. Each set consists of
      two paddles at 180.degree. spacing but the paddles of each set are at a
      progressively different distance radially from the axis of rotor shaft 30,
      so that each set of paddles defines a paddle circle of a different
      diameter. The set of paddles 35-8 nearest to the input end of the drum 10
      is closest to the rotor axis and defines the smallest paddle circle. The
      set of paddles 35-5 farthest from the input end of the drum is farthest
      from the rotor axis, and defines the largest paddle circle. As the
      material in drum 10 of FIG. 6 progresses through the drum, from right to
      left, the harder materials which are not broken, or not broken
      sufficiently, by the paddles 35-8 or 35-7, which have the smaller paddle
      circles, will be broken by the other paddles 35-6 or 35-5 which, being
      farther from the center axis of the rotor shaft are moving at faster speed
      imparting a greater impact than the previously traversed paddles.
PAR  While not illustrated, another way of providing more than one paddle speed
      is to provide a quill shaft over a portion of the rotor shaft, for
      example, over the left end portion, and to mount the left end set or sets
      of paddles on the quill shaft, and drive the quill shaft at a faster rate
      of rotation than the rotor shaft.
PAR  FIG. 7 is a schematic illustrating another modification in which the paddle
      rotor shaft 30 is off the center axis of the drum 10. In some
      installations, it may be desirable to locate the paddle circles in, for
      example, one of the upper quadrants of the drum circle. In FIG. 7, the
      paddle circle has been moved slightly toward the upper left quadrant. This
      assures that the material which falls from the lifter shelves 45 at the
      crest of the shelf circle will fall to the right of the rotor shaft 30 and
      will be struck, reduced and propelled toward the lower right quadrant of
      the drum 10.
PAR  Turning now to the most preferred embodiment of the invention shown in
      FIGS. 8-10, the breaker/crusher shown therein includes a hollow drum or
      cylinder 210 with wall 213 and screening openings 212 through which
      screened material exits to discharge chute 241 in enclosure 242. At least
      the inlet end, but preferably both ends of the drum are provided with
      tracks 260 and cooperating, supportive wheel assemblies 261 rotably
      mounted in fixed supports (not shown). This makes possible a large
      unobstructed opening 262 in the drum end plate 265, through which enters
      the feed chute 240, shown in phantom outline. This feature, as well as the
      spacing of the rotor shaft 230 and supporting spider 232 inwardly from
      opening 262 affords the opportunity of introducing very large pieces of
      feed material into the apparatus. This embodiment of the invention has the
      left end of its shaft 230 supported by end member 214 and bearings 218.
      Shaft 230 and the drum are driven by chain and sprocket drives 231 and 220
      respectively.
PAR  On shaft 230 are a plurality of sets of impacting means which may be of
      uniform radius, but are preferably of gradually increasing radius
      commencing with the set 235-4 and progressing to set 235-1, which is
      closest to the discharge end of the apparatus. The apparatus is also
      provided with lifters 245 which may be at an angle of 0.degree. -
      70.degree. from the radial, preferably about 25.degree. - 70.degree.
      downwardly inclined from the radial, and most preferably about 45.degree.
      downwardly, as viewed on the upcoming wall of the drum as shown in FIG. 9.
      The lifters 245 may, if desired, be segmented and pitched as shown in FIG.
      8 so as to urge feed material along the drum from the inlet end to the
      outlet end.
PAR  A particularly valuable feature of this embodiment is the pitching of the
      striking surfaces of the impacting means 235-1 to 235-4 on the rotor in
      such a manner as to throw the material impacted by the rotor progressively
      towards the outlet end of the apparatus, which in this case is the left
      end of drum 10.
PAR  In a Bradford Breaker, there is a certain amount of production of fines
      which is attributable to the autogenuous effect, i.e., the attrition of
      particles of coal in the tumbling bed in the breaker resulting from
      abrasion of said particles against each other and against the interior of
      the drum, lifting shelves, and other parts of the apparatus. The pitch of
      the impactor surfaces and the resultant throwing of material towards the
      discharge end of the apparatus provides a way of hastening the movement of
      material to downstream portions of the drum where more screening capacity
      is likely to be available.
PAR  The foregoing embodiments have not been given for the purpose of limiting
      the invention. They are intended to be illustrative only, and it should be
      understood that the invention can be embodied in a wide variety of forms
      without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus for reducing coal and other materials, said apparatus
      including a hollow rotatable drum having an opening therin to receive feed
      material and wall means including screening openings to discharge material
      of desired size, lifter shelves positioned on the inner surface of said
      wall means for lifting and dropping material within the drum as the drum
      is rotated, rotor means including a rotor shaft and shaft-mounted material
      impacting means positioned within at least a portion of the length of the
      drum for impacting material dropped from said shelves, drum drive means
      for rotating said drum, and rotor drive means for rotating the rotor, the
      improvement which comprises:
PA1  a. said drum drive means is connected to said drum for driving said drum at
      a speed in the range of about 70 to about 95% of critical speed;
PA1  b. said lifter shelves are positioned on the drum at predetermined angle of
      inclination, ranging from 0.degree. up to 70.degree. in a direction
      opposite to the direction of drum rotation, which angle will cause said
      material to drop from said shelves into contact with said impacting means
      at or near the crest of the orbit of the impacting means when said drum is
      rotated at said speed, and which will direct the material from above one
      side of the rotor shaft to the other side of the rotor shaft in the
      direction of the down-running side of said rotor shaft; and
PA1  c. said drum drive means and rotor drive means being connected to said drum
      and rotor respectively for driving said drum and rotor in the same
      direction of rotation, whereby material struck by said rotor is flung
      against the downrunning wall of said drum.
NUM  2.
PAR  2. Apparatus according to claim 1 characterized in that said drum driving
      means is connected to said drum for driving said drum at about 70 to less
      than 80% of critical speed.
NUM  3.
PAR  3. Apparatus according to claim 1 characterized in that said drum driving
      means is connected to said drum for rotating said drum at 80 to 95% of
      critical speed.
NUM  4.
PAR  4. Apparatus according to claim 1 characterized in that the rotational axes
      of the rotor shaft and drum coincide.
NUM  5.
PAR  5. Apparatus according to claim 1 characterized in that said lifter shelves
      are inclined downwardly from the radial as viewed on the uprunning side of
      the drum.
NUM  6.
PAR  6. Apparatus according to claim 1 characterized in that the lifter shelves
      are inclined downwardly from the radial, as viewed on the uprunning side
      of the drum, by an angle in the range of 25.degree.-70.degree..
NUM  7.
PAR  7. Apparatus according to claim 1 characterized in that said impacting
      means includes a set of paddles mounted on the rotor shaft.
NUM  8.
PAR  8. Apparatus according to claim 7 characterized in that said set of paddles
      consists of two paddles on a common radial plane.
NUM  9.
PAR  9. Apparatus according to claim 7 characterized in that a plurality of
      paddles is provided on said rotor shaft, and paddles of adjacent sets are
      out of phase with each other.
NUM  10.
PAR  10. Apparatus according to claim 7 characterized in that said impacting
      means includes a plurality of sets of paddles, and paddles in different
      sets have different radial lengths, defining paddle circles of increased
      diameters at respectively greater distances from the input end of the
      apparatus.
NUM  11.
PAR  11. Apparatus according to claim 7 wherein said paddles are pitched for
      throwing impacted material progressively towards the outlet end of the
      drum.
NUM  12.
PAR  12. In apparatus for reducing coal and other materials, said apparatus
      including a hollow rotatable drum having an opening therein to receive
      feed material and wall means including screening openings to discharge
      material of desired size, lifter shelves positioned on the inner surface
      of said wall means for lifting and dropping material within the drum as
      the drum is rotated, rotor means including a rotor shaft and shaft-mounted
      material impacting means positioned within at least a portion of the
      length of the drum for impacting material dropped from said shelves, drum
      drive means for rotating said drum, and rotor drive means for rotating the
      rotor, the improvement which comprises:
PA1  a. said drum drive means is connected to said drum for driving said drum at
      a speed in the range of about 80 to about 95% of critical speed;
PA1  b. said lifter shelves are inclined from the radial in a direction opposite
      to the direction of drum rotation at an angle which will cause said
      material to drop from said shelves substantially only when said shelves
      are at or near the crest of their circular orbit when said drum is rotated
      at said speed, and which will direct the material from one side of the
      rotor shaft to the other side of the rotor shaft; and
PA1  c. said drum drive means and rotor drive means being connected to said drum
      and rotor respectively for driving said drum and rotor in the same
      direction of rotation, whereby material struck by said rotor is flung
      against the downrunning wall of said drum.
NUM  13.
PAR  13. In apparatus for reducing coal and other materials, said apparatus
      including a hollow rotatable drum having an opening therein to receive
      feed material and wall means including screening openings to discharges
      material of desired size, lifter shelves positioned on the inner surface
      of said wall means for lifting and dropping material within the drum as
      the drum is rotated, rotor means including a rotor shaft and shaft-mounted
      material impacting means positioned within at least a portion of the
      length of the drum for impacting material dropped from said shelves, drum
      drive means for rotating said drum, and rotor drive means for rotating the
      rotor, the improvement which comprises:
PA1  a. said drum drive means is connected to said drum for driving said drum at
      a speed in the range of about 80 to about 95% of critical speed;
PA1  b. said lifter shelves are inclined at an angle in the range of 25.degree.
      to 70.degree. downwardly from the radial, as viewed on the uprunning side
      of the drum, which will cause said material to drop from said shelves
      substantially only when said shelves are at or near the crest of their
      circular orbit when said drum is rotated at said speed, and which will
      direct the material from above one side of the rotor shaft to the other
      side of the rotor shaft in the direction of the downrunning side of said
      rotor shaft; and
PA1  said drum drive means and rotor drive means being connected to said drum
      and rotor respectively for driving said drum and rotor in the same
      direction of rotation, whereby material struck by said rotor is flung
      against the downrunning wall of said drum.
NUM  14.
PAR  14. Apparatus according to claim 13 characterized in that the rotational
      axes of the rotor shaft and drum coincide.
NUM  15.
PAR  15. Apparatus according to claim 13 characterized in that said impacting
      means includes a set of paddles mounted on the rotor shaft.
NUM  16.
PAR  16. Apparatus according to claim 15 characterized in that said set of
      paddles consists of two paddles on a common radial plane.
NUM  17.
PAR  17. Apparatus according to claim 15 characterized in that a plurality of
      paddles is provided on said rotor shaft, and paddles of adjacent sets are
      out of phase with each other.
NUM  18.
PAR  18. Apparatus according to claim 15 characterized in that said impacting
      means includes a plurality of sets of paddles, and paddles in different
      sets have different radial lengths, defining paddle circles of increased
      diameters at respectively greater distances from the input end of the
      apparatus.
NUM  19.
PAR  19. Apparatus according to claim 15 wherein said paddles are pitched for
      throwing impacted material progressively towards the outlet end of the
      drum.
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ABST
PAL  Yarn is continuously supplied at constant speed to a winding apparatus
      having a positively driven winding spindle. The tension of the yarn is
      periodically detected by a force transducer located at an edge of the area
      covered by the traverse motion of the yarn. The force transducer generates
      an electrical signal related to tension. The electrical signal is compared
      with a pre-set desired value and the difference is fed into a controller
      which acts upon a regulator for varying the speed of rotation of the
      winding spindle. The regulator varies the speed of rotation of the winding
      spindle according to the output of the controller, keeping the yarn
      tension at the desired value throughout the winding operation.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates to a method and apparatus for winding yarn
      into a yarn package. The yarn may be supplied at a constant speed,
      preferably at a relatively high speed and under low tension, by a spindle
      drive type winding apparatus.
PAR  Technological advancements have been remarkable in recent years in the
      fiber industries. Especially, in order to obtain high productivity, the
      speed of formation of yarn has been remarkably increased. This has
      required radically improved high speed winding apparatus.
PAR  Also, the sizes of yarn packages have been substantially increased.
      Accordingly, the weight of the yarn package has also increased. Winding
      yarn at a speed of several thousand meters per minute into a yarn package
      weighing more than 10 kg has become a regular occurrence.
PAR  In a yarn winding operation with the yarn support at a constant speed by a
      spindle drive type winding apparatus, it becomes necessary, as the winding
      proceeds, gradually to decrease the speed of rotation of the winding
      spindle as the diameter of a package increases, to maintain the winding
      speed constant. Otherwise, the tension of the yarn gradually increases and
      the package is non-uniform. If the tension of the yarn increases enough,
      the yarn layer collapses, eventually making it impossible to wind the
      yarn.
PAR  In regard to keeping the winding speed constant, the following technologies
      have been known.
PAR  Referring to the drawings, tension detectors shown in FIGS. 1 and 2 show
      the tension of the yarn being detected during winding. The rotation of the
      winding spindle is controlled to provide the desired value of this
      detected tension.
PAR  The tension detector as shown in FIG. 1 comprises one movable guide 3
      between two fixed guides 1, 2. The movable guide 3 moves back and forth,
      as shown by the arrow, in accordance with variations of the tension of
      yarn Y.
PAR  The tension detector shown in FIG. 2 comprises a crank arm swingable about
      a pivot 4. A guide roll 6 is rotatably mounted at one end of arm 5. As
      will be apparent from FIG. 2, the arm 5 swings against the tension of a
      spring 7 mounted near the end of arm 4, and varies in accordance with the
      tension of yarn Y.
PAR  In each of the aforesaid tension detectors, displacement of a movable
      member (movable guide 2 or arm 5) is converted to an electrical signal,
      which is used as an electrical input to a means for controlling the speed
      of rotation of the winding spindle.
PAR  However, these prior art procedures have had many drawbacks, as will be
      mentioned hereinbelow, and the application of these technologies to very
      high speed winding of yarn, especially at low tension, has been very
      difficult.
PAR  A few of the reasons for this will be explained as follows: Because the
      yarn always runs in contact with a tension detector, the frictional
      resistance is very great. Such frictional resistance is a source of damage
      to the yarn, abrasion of the guides and fusion of the yarn on the guides
      by generation of heat. This eventually causes fluctuation of physical
      properties along the length of the yarn.
PAR  Because the tension detector has a mechanically movable member, there is a
      delay in response, because of the mass of such member. When a tension
      detector as shown in FIG. 2 is used an expensive and complicated
      non-linear control system becomes necessary because the rotating angle of
      the arm 6 is not proportional to the tension of the yarn.
PAR  Accordingly, an important object of the present invention is to provide a
      method and apparatus for winding yarn which is supplied at a constant
      speed, especially when the yarn is supplied at a relatively high speed and
      under low tension into a large package.
PAR  Other objects of the present invention will become apparent from the
      following explanation, and from the drawings.
DRWD
PAC  DRAWINGS
PAR  FIGS. 1 and 2 are schematic diagrams of tension detectors for explaining
      the prior art.
PAR  FIG. 3 is a schematic diagram showing one form of yarn winder comprising an
      embodiment of the present invention.
PAR  FIG. 4 is a fragmentary perspective diagrammatic view showing a force
      transducer of the type utilized in a winder of the type illustrated in
      FIG. 3.
PAR  FIG. 5 is a graph showing the output signal of a force transducer plotted
      against time.
PAR  FIG. 6 is a block diagram of the embodiment of the winder appearing in FIG.
      3.
PAR  FIG. 7 (A) is a diagrammatic view showing the principle according to which
      it is possible to measure yarn tension with a force transducer by
      deflecting the yarn therewith.
PAR  FIG. 7 (B) is a vector diagram showing details of the force relations of
      the diagram of FIG. 7 (A).
PAR  FIG. 8 is a block diagram showing another embodiment of the present
      invention.
PAR  FIG. 9 is a block diagram showing still another embodiment of the present
      invention.
PAR  FIG. 10 is a block diagram showing still another embodiment of the present
      invention.
PAR  FIG. 11 is a diagram of the electric circuit of the embodiment shown in
      FIG. 10, and
PAR  FIG. 12 is a fragmentary perspective diagrammatic view of another
      embodiment of a force transducer which is different from the force
      transducer explained in connection with FIG. 4.
PAR  FIG. 13 is a schematic diagram showing a vibrator arranged to cause a force
      transducer to periodically contact and deflect a yarn.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Hereinbelow, a few embodiments of the present invention will be explained.
      However, the scope of the present invention is not limited to these
      embodiments, which are intended to be illustrative.
PAR  FIG. 3 shows an embodiment of the present invention in which a yarn Y is
      supplied at a constant speed by a pair of feed rollers 10, 10. The yarn Y
      passes through a fixed guide 11 and becomes engaged with a groove 16 of a
      traverse roll 15. The yarn Y is given a traverse motion between the
      traverse roll 15 and the fixed guide 11, as indicated by the dash lines in
      FIG. 3. The yarn Y is wound on bobbin 17 to form a package 18.
PAR  A winding spindle 22 is driven by a motor 24. The speed of rotation of the
      winding spindle 22 may be varied by a speed regulator 23. As will be
      apparent from FIG. 3, the bobbin 17 and the traverse roll 15 are driven in
      the same direction. The traverse roll 15 is connected to the winding
      spindle 22 by pulleys 19 and 20 and a belt 21 running around and between
      these pulleys 19 and 20.
PAR  In the area through which the yarn Y is traversed, as shown by dash lines
      in FIG. 3, guides 13 and 14 of a force transducer 12, which is a tension
      detector, are provided. At each extremity of the area through which the
      yarn Y is traversed, yarn Y periodically contacts the guides 13 and 14,
      and electrical signals are thereby generated in the force transducer 12
      which are proportional to the period of the traverse motion of the yarn to
      the tension of the yarn.
PAR  In the embodiment of FIG. 3, an electrical signal relating only to tension
      is used. This electrical signal is compared with a signal of a
      predetermined value of constant magnitude, which may be inserted as an
      input corresponding to a desired value of tension by a "presetter" 25 into
      a comparator 26. The difference between the measured and the preset
      electrical signals is forwarded to a controller 27, which in turn
      regulates a speed regulator 23 on the basis of the difference between the
      measured and preset electrical signals. The speed regulator 23 varies the
      speed of rotation of the winding spindle 22 in response to the output
      signal of the controller 27.
PAR  The controller 27 gradually decreases the speed of rotation of the winding
      spindle 22 as winding of the yarn Y proceeds, to keep the winding speed
      constant. Accordingly, the yarn Y is wound up from beginning to end under
      a predetermined constant tension. In FIG. 3, the area 28 collectively
      shows an apparatus which is appropriate for winding the yarn and the
      points 29 indicate the extremities of the traverse motion of the yarn.
PAR  The force transducer 12 mounted on the frame of the apparatus for winding
      the yarn has a structure of the type illustrated by way of example in FIG.
      4. At the edge of an elastic plate 30 of the force transducer 12, guides
      13 and 14 are provided. On one surface of the elastic plate 30, a
      semi-conductor strain gauge 31 is firmly adhered. The signal corresponding
      to variation of the resistance of this semi-conductor strain gauge 31 is
      taken out to the outside by a lead wire 32. Such strain gauges are well
      known per se, and have the ability to measure small forces with great
      sensitivity. The elastic plate 30 is usually made of a material having a
      large elasticity coefficient having excellent fatigue resistance, for
      example, steel or phosphorus bronze. As long as the extension and
      compression motion of the elastic plate 30 is carried out within the
      elastic limits thereof, the amplitude A in FIG. 5 is proportional to the
      tension of the yarn Y.
PAR  As will be apparent from FIGS. 3 and 4, when the traversing yarn Y contacts
      the guide 13 at one extremity of the traverse motion, the elastic plate 30
      is bent in the direction of the arrow A in FIG. 4. Therefore, a tension
      force develops in the semi-conductor strain gauge 31. On the contrary,
      when the traversing yarn Y contacts the guide 14 at the other extremity of
      the traverse motion, the elastic plate 30 is bent in the direction of the
      arrow B. Therefore, a compression force develops in the semi-conductor
      strain gauge 31 shown in FIG. 4.
PAR  Accordingly, forces of tension and compression are periodically imparted by
      the traversing yarn Y to the semi-conductor strain gauge 31. Accordingly,
      the electrical signal obtained from the force transducer 12 is as shown in
      FIG. 5.
PAR  It is apparent that the time P in FIG. 5 shows the period of time elapsing
      for each traverse motion of the yarn Y.
PAR  It is possible to eliminate either one of the guides 13 or 14 of the force
      transducer 12. The output signal as would be analogized from FIG. 5 would
      be such that its peak appears only above the zero level. Instead of the
      semi-conductor strain gauge 31, a wire strain gauge may be used.
PAR  The embodiment referred to in FIGS. 3 - 5 is also explained with reference
      to the diagram appearing in FIG. 6.
PAR  The desired value of the tension generated by pre-setter 25 is compared by
      a comparator 26 with a value of an output signal of the force transducer
      12 of the apparatus for winding a yarn 28. The difference of signals
      between desired value of the tension and the value of the output signal of
      the force transducer 12 is forwarded to a controller 27. The controller 27
      actuates a speed regulator 23 of the winding apparatus 28, based on the
      difference between the signals. The speed of rotation of the winding
      spindle is varied by the speed regulator 23.
PAR  When either one of the guides 13 or 14 of the force transducer 12 is
      eliminated as mentioned above, and the force transducer 12 is located
      between the feed rollers 10 and the fixed guide 11, and said one guide is
      caused by a vibrator 60 to contact the yarn Y periodically as shown in
      FIG. 13, it is also possible to achieve some of the objects of the present
      invention. However, in that case, it is not possible to detect the period
      of the traverse motion of the yarn Y. The vibration period of the vibrator
      60 is such that the yarn travel during each period between successive
      contacts of the force transducer with the yarn does not exceed the
      distance beyond which a constant winding tension could not be maintained.
      This vibration period depends upon the kind of yarn used, yarn speed,
      etcetera.
PAR  Also, this embodiment may be applied readily to a winding apparatus in
      which the traverse roll and the bobbin are driven independently, that is,
      the number of traverse motion per unit of time is kept constant during the
      entire winding operation and the speed of rotation of the bobbin is
      gradually decreased as the winding proceeds. In such a case, the periodic
      signal is detected from variation of rotation of the bobbin instead of
      traverse motion.
PAR  As will be apparent from the foregoing explanation, it is apparent that
      this embodiment is free from the drawbacks of the prior art explained
      hereinabove because the yarn contacts the force transducer only for a
      moment, and periodically.
PAR  FIGS. 7 (A) and 7 (B) show essential portions of the embodiment appearing
      in FIG. 3. Now, .theta. is the very small angle made by excursion of the
      yarn Y after it passes through the fixed guide 11 and the yarn Y after it
      passes through the guide 14 of the force transducer. Tensions acting on
      the yarn Y are called T.sub.1 and T.sub.2, with the point where the yarn Y
      contacts the guide 14 of the force transducer 12 as the boundary. Then,
      the force F with which the yarn Y tries to press the guide 14, is
      expressed by the equation
EQU  F.sup.2 = (T.sub.1.sup.2 + T.sub.2.sup.2 - 2T.sub.1 .sup.. T.sub.2 .sup..
      cos .theta.) .times. cos.sup.2 .theta.'                   (1)
PAL  When the friction between the guide 14 and the yarn Y is small, T.sub.1
      .apprxeq. T.sub.2, .theta.' = .theta.2, therefore, the equation (1)
      becomes
EQU  F = T.sub.1 .sqroot.2(1 - cos .theta.) .times. cos (.theta./2) (2)
PAL  Accordingly, the force acting on the guide 14 and the tension of the yarn
      are basically proportional.
PAR  Although as explained the first embodiment gives excellent results, the
      gain of the controller 27 is constant even when the diameter of the
      package 18 increases. Because of that, when the diameter (and the weight)
      of the package 18 increases, a "hunting phenomenon" sometimes occurs.
PAR  Another embodiment of the present invention, shown in FIG. 8, positively
      improves the first embodiment; it recognizes that the period of the
      traverse motion of the yarn gradually lengthens as the diameter of the
      package increases.
PAR  Again, returning to FIG. 3, as the diameter of the package 18 increases,
      the speed of rotation of the winding spindle 22 gradually decreases; the
      speed of rotation of the traverse roll 15 connected to the winding spindle
      gradually decreases as well. Accordingly, the period of traverse motion
      gradually becomes large.
PAR  A difference between the embodiment shown in FIG. 8 is compared to that
      shown in FIG. 3 resides as establishment of a compensator 40 gradually
      decreasing the gain of the controller 27 as the diameter of the package
      increases between the force transducer 12 and the controller 27. In FIG.
      3, of the electrical signals obtained from the force transducer 12, only
      an electrical signal relating to the tension of the yarn (shown by the
      mark A in FIG. 5) is used. However, in FIG. 8, an electrical signal
      indicating the period of the traverse motion (shown by the mark P in FIG.
      5) is utilized additionally. By establishing such compensator 40, the gain
      of the controller 27 is always maintained at a proper value in accordance
      with the magnitude of the load. Therefore, the "hunting phenomenon"
      ceases to occur.
PAR  Yet another embodiment shown in FIG. 9 adds to the enbodiment of FIG. 3 a
      compensator 41 gradually decreasing the desired value of tension as the
      diameter of the package increases. This is suitable when it is desired
      gradually to decrease the tension of the yarn as the diameter of the
      package increases. When, instead of this compensator 41, a compensator 42
      is provided between the force transducer 12 and the comparator 26, having
      exactly the same function as this compensator 41, it is possible to
      achieve about the same effect. However, in this latter embodiment, such
      compensator 40 as provided in the preceding embodiment, is not set up.
      Accordingly, this embodiment has no effectiveness in preventing hunting.
PAR  Yet another embodiment is shown in FIG. 10; see also the said specific
      electric circuit shown in FIG. 11.
PAR  In FIG. 11, in order to facilitate the understanding of the following
      explanation, a wavy signal is shown at each portion. A signal obtained
      from a force transducer 12 is amplified by an amplifier 50. This amplified
      signal is forwarded via a compensator 41 to a presetting device 25 as an
      input. The compensator 41 converts the period of the traverse motion of a
      yarn Y to a rectangular wave having a width representing a constant time.
      Further, converting the wave to an analogous amount to prepare an input of
      the pre-setting device 25, and dividing the constant voltage (V.sub.cc) by
      a variable resistance, the initial value of a standard signal of the
      tension is set up. To this initial value, the signal of the compensator 41
      is added in order to create a standard signal for the tension (V.sub.R).
PAR  On the other hand, the signal (V.sub.i) from the force transducer 12 is
      forwarded to a comparator 26 as an input. The comparator 26 generates a
      pulse signal as an output when (V.sub.i) is larger than (V.sub.R).
PAR  When the relationship between the frequency of generation of the pulse
      signal of the comparator 26 and the diameter of a package 18 is stated, it
      works out as follows. Specifically, as the diameter of the package 18
      increases, the period of the traverse motion of the yarn Y increases.
      Therefore, the frequency of (V.sub.i), becoming larger than (V.sub.R) per
      unit time, gradually decreases. Accordingly, the number of pulse signals
      generated by the comparator 26 decreases in a manner inversely
      proportional to the diameter of the package 18. This is exactly the same
      as the function of the compensator 40 in FIG. 10 and the gain of the
      controller 27 gradually decreases as the diameter of the package 18
      increases. From the above description, it is clear that the compensator 40
      is unnecessary and is not shown in FIG. 11.
PAR  The output of the comparator 26 drives a pulse motor driver 51 of the
      controller 27 to rotate a pulse motor 52. The pulse motor 52 drives a
      speed regulator 23 to control the number of rotations of the winding
      spindle 22.
PAR  In FIG. 11, the amplifier 50 of the force transducer 12 is depicted as if
      it were a part of the apparatus proper for winding a yarn 28. However, it
      is conventional that such an electric system is provided separately from a
      machine system which is about the same as other electrical systems.
PAR  In the apparatus for properly winding a yarn, an indefinite vibration is
      generated by transmission of power, the inertia of a portion causing a
      reciprocating motion, variation of load, and eccentricity of rotating
      portions. To the force transducer mounted on a part of the apparatus which
      is proper for winding a yarn, the disturbing influence of such vibration
      is imparted. Accordingly, a signal obtained from the force transducer
      becomes the sum of a normal signal and of an abnormal signal generated by
      said outer disturbance (noise). Because the outer disturbance markedly
      lowers the S/N ratio of the electrical system, it is preferable to
      eliminate the same as much as possible or to cause the influence not to
      appear by special treatment of the signal.
PAR  A force transducer shown in FIG. 12 is obtained as a countermeasure for
      improving said signal-to-noise (S/N) ratio. Specifically, in the vicinity
      of the force transducer 12, a dummy 112, which is exactly the same as this
      force transducer, is provided. This dummy has about the same vibration
      characteristics as that of the force transducer. Accordingly, when a
      signal which is a difference between the output signal of the force
      transducer 12 and the output signal of the dummy 112 is to be taken out,
      it is possible simply to eliminate the influence of this by vibration of
      the winding apparatus proper. By this, the detecting precision advances
      drastically and it becomes unnecessary to impart a noise countermeasure to
      an electric system treating the detected signal.
CLMS
STM  The following is claimed:
NUM  1.
PAR  1. A method for winding a yarn into a yarn package by use of a winding
      apparatus which comprises the steps of:
PA1  1. supplying the yarn to the winding apparatus at a substantially constant
      speed,
PA1  2. setting a desired value of the tension,
PA1  3. reciprocally traversing the yarn longitudinally along said package,
PA1  4. contacting the yarn with a force transducer at each extremety of the
      yarn traverse stroke and disengaging the yarn from the force transducer
      when the yarn is between the extreme ends of the traverse stroke.
PA1  5. detecting the tension of the yarn with the force transducer at each
      extremity of the yarn traverse stroke during the time the yarn is
      contacting said transducer,
PAR  6. comparing the magnitude of the detected tension with that of the desired
      value,
PA1  7. obtaining the difference in magnitude between the detected tension and
      the desired value as a controlling value, and
PA1  8. controlling the circumferential speed of the yarn package according to
      the controlling value.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein said desired value is constant.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein said desired value is gradually
      decreased in proportion to the growth of the yarn package.
NUM  4.
PAR  4. An apparatus for winding a yarn into a yarn package comprising:
PA1  1. means for supplying the yarn at a constant speed,
PA1  2. a winding device for driving a winding bobbin for winding the yarn,
PA1  3. a yarn traverser for imparting a traverse motion to the yarn, the yarn
      traverser being located upstream of the winding spindle,
PA1  4. a force transducer for producing an electrical signal indicative of the
      tension of the traversing yarn and means for periodically making contact
      of said yarn with said transducer and then disengaging it therefrom, at
      each extremity of the yarn traverse, the force transducer being placed
      upstream of the yarn traverser,
PA1  5. a regulator for regulating the speed of rotation of the winding spindle,
PAR  6. a setting device for producing an electrical signal indicative of the
      desired tension,
PA1  7. a comparator for comparing the force transducer electrical signal with
      the setting device electrical signal and producing an error signal
      indicative of the difference of said signals, the comparator being
      connected to the force transducer and the setting device, and
PA1  8. a controller actuated by the error signal, for controlling the speed
      regulator in response to said error signal, the controller being connected
      to the comparator and the regulator.
NUM  5.
PAR  5. An apparatus as claimed in claim 4, wherein
PA1  1. said traverser is provided with means for relating its movement to
      rotation of the winding spindle, and
PA1  2. said controller is provided with means for varying its gain in
      accordance with the error signal.
NUM  6.
PAR  6. An apparatus as claimed in claim 5, wherein a compensator for decreasing
      the gain of the controller in accordance with a decrease in speed of the
      traverse motion of the yarn is placed between the force transducer and the
      controller.
NUM  7.
PAR  7. An apparatus as claimed in claim 5, wherein a compensator for decreasing
      the desired tension in accordance with a decrease in speed of the
      transverse motion of the yarn is placed between the force transducer and
      the setting device.
NUM  8.
PAR  8. An apparatus as claimed in claim 5, wherein a compensator for decreasing
      the output of the comparator in accordance with a decrease in speed of the
      traverse motion of the yarn is placed between the force transducer and the
      comparator.
NUM  9.
PAR  9. An apparatus as claimed in claim 6, wherein a compensator for decreasing
      the output of the comparator in accordance with a decrease in speed of the
      traverse motion of the yarn is placed between the force transducer and the
      comparator.
NUM  10.
PAR  10. An apparatus as claimed in claim 5, wherein a compensator for
      decreasing the desired tension in accordance with a decrease in speed of
      the traverse motion of the yarn is placed between the force transducer and
      the setting device.
NUM  11.
PAR  11. An apparatus as claimed in claim 4, wherein said force transducer is
      composed of a detecting element and a dummy element having vibration
      characteristics substantially equal to that of the detecting element, both
      of them being electrically connected.
NUM  12.
PAR  12. An apparatus as claimed in claim 11, wherein
PA1  1. said traverser is provided with means for relating its movement to
      rotation of the winding spindle, and
PA1  2. said controller is provided with means for varying its gain in
      accordance with the error signal.
NUM  13.
PAR  13. An apparatus as claimed in claim 12, wherein a compensator for
      decreasing the gain of the controller in accordance with a decrease in
      speed of the traverse motion of the yarn is placed between the force
      transducer and the controller.
NUM  14.
PAR  14. An apparatus as claimed in claim 12, wherein a compensator for
      decreasing the output of the comparator in accordance with a decrease in
      speed of the traverse motion of the yarn is placed between the force
      transducer and the setting device.
NUM  15.
PAR  15. An apparatus as claimed in claim 12, wherein a compensator for
      decreasing the output of the comparator in accordance with a decrease in
      speed of the traverse motion of the yarn is placed between the force
      transducer and the comparator.
NUM  16.
PAR  16. An apparatus as claimed in claim 12, wherein a compensator for
      decreasing the desired tension in accordance with a decrease in speed of
      the period of the traverse motion of the yarn is placed between the force
      transducer and the setting device.
NUM  17.
PAR  17. An apparatus for winding a yarn into a yarn package comprising:
PA1  1. means for supplying yarn at a constant speed,
PA1  2. a winding spindle for driving a winding bobbin for winding the yarn,
PA1  3. a force transducer for producing an electrical signal indicative of the
      tension of the yarn, being located between the yarn supplier and the
      winding spindle,
PA1  4. a vibrator fpr periodically causing the force transducer to make contact
      with and deflect the yarn and then to disengage it therefrom, the vibrator
      being connected to the force transducer,
PA1  5. a regulator for regulating the speed of rotation of the winding spindle,
PAR  6. setting means for producing an electrical signal indicative of the
      desired yarn tension,
PA1  7. a comparator for comparing the force transducer electrical signal with
      the electrical signal indicative of the yarn tension and producing an
      error signal indicative of the difference of said signals, the comparator
      being connected to the force transducer and said setting means, and
PA1  8. a controller actuated by the error signal for controlling the speed
      regulator in response to the error signal, the controller being connected
      to the comparator and the regulator.
NUM  18.
PAR  18. An apparatus as claimed in claim 13, wherein a compensator for
      decreasing the output of the comparator in accordance with a decrease in
      speed of the transverse motion of the yarn is placed between the force
      transducer and the comparator.
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ABST
PAL  A thread supply device for a textile machine, in particular a knitting
      machine, having a thread drum upon which a thread issuing from a thread
      bobbin can be wound to form an intermediate thread supply and from which
      the thread can be unwound at an unwinding speed equal to the speed of
      winding. A winding shaft is set in rotation by a driving means in order to
      wind the thread up onto the thread drum. The driving means engages the
      winding shaft via a clutch which can be released when the driving means is
      at a standstill. The winding shaft is provided with a connection member
      for engaging an auxiliary driving means for setting the winding shaft in
      rotation when the clutch is disengaged.
BSUM
PAR  This invention relates to a thread supply device for textile machines, in
      particular for knitting machines, comprising a thread drum, upon which a
      thread issuing from a thread bobbin can be wound to form an intermediate
      thread supply and from which the thread can be unwound at a withdrawal
      speed equal to the speed of winding, a winding shaft being set in rotation
      by means of a drive means in order to winding the thread up onto said
      thread drum.
PAR  Thread supply devices of this kind are intended for what is termed positive
      thread supply in which the textile machine is supplied with an amount of
      thread which is always constant.
PAR  Up to now it was conventional to manually wind the intermediate thread
      supply onto the thread drum when the thread supply device was first put
      into operation. When the textile machine and consequently the thread
      supply device was stopped due to a break in the thread between the supply
      bobbin and the thread supply device, the intermediate thread supply on the
      thread supply device was reduced because no thread was wound onto the
      thread drum from the time the thread broke until the machine came to a
      standstill, but at the same time thread was nevertheless withdrawn from
      the drum, thereby exhausting the intermediate thread supply as the number
      of breaks and accompanying shut-downs of the machine increase. The
      intermediate thread supply must be supplemented again by manually winding
      thread onto the drum once again.
PAR  This invention is based on the object of developing a thread supply device
      of the kind described at the outset such that the intermediate thread
      supply may be formed and increased quickly and easily both at the
      beginning of operation and when thread depletion seems imminent.
PAR  This object is accomplished in accordance with the invention in that the
      driving means engages the winding shaft via a clutch which can be released
      when the driving means is at a standstill and that said winding shaft is
      provided with a connection member for engaging an auxiliary driving means
      for setting the winding shaft in rotation when the clutch is disengaged.
PAR  In the case of the inventive thread supply device, the driving means may be
      separated from the winding shaft by engaging the clutch. By providing an
      auxiliary driving means on the winding shaft, the thread drum or a winding
      element associated herewith can be set in rotation independently of the
      actual driving means so that the intermediate thread storage may be formed
      or supplemented quickly and without difficulty.
PAR  The auxiliary driving means may be either a manual crank which is
      especially simple or a transportable motor whose motor shaft can be
      coupled to the winding shaft via the connection member. In the latter
      case, the intermediate storage can be formed or supplemented very quickly.
DRWD
PAR  One embodiment of the invention is illustrated in the drawing in which:
PAR  FIG. 1 shows a plurality of mutually driven thread supply devices according
      to the invention in schematic side elevation,
PAR  FIG. 2 shows a side elevation of a single inventive thread supply device
      whose unimportant parts are only indicated in outline form while the parts
      essential to the invention are illustrated in a longitudinal section in
      normal operative position, and
PAR  FIG. 3 is an illustration corresponding to FIG. 2 in which the parts are
      located in the position required to form or supplement the intermediate
      thread storage.
DETD
PAR  In the drawing, 1 indicates thread supply devices which are mounted on a
      knitting machine, for example, such that a thread supply device is
      associated with every knitting system.
PAR  Each thread supply device 1 includes a thread drum 2 which is rotatably
      journaled in a stationary housing 3. The thread issuing from a storage
      bobbin (not shown) passes through a guide means 4 and a main brake 5 as
      well as a thread monitor 6 and is wound tangentially upon the rotating
      thread drum 2. A displacement ring which is inclined relative to the axis
      of the drum and which is illustrated at 7 displaces the thread windings
      axially along the thread drum 2 so that an intermediate thread storage is
      formed on said drum. The thread is unwound from this intermediate storage
      over the withdrawal rim 2a of the drum and is supplied to the knitting
      machine through a withdrawal eye 8, which is coaxial to the axis of the
      drum, and another thread monitor 9. An arm 10 supporting the parts 8 and 9
      is also provided with a hook 11 which is rotatably journaled and which is
      normally pivoted into a position in which it prevents lateral displacement
      of the thread which unwinds from the thread drum 2 in a downward
      direction. This ensures that the speed of unwinding of the thread is
      limited to the speed of winding. The hook 11 can also be pivoted away so
      that the thread can then be freely withdrawn in a downward direction. This
      is of particular interest when the textile machine has to be adjusted or
      repaired when the thread consumption may vary somewhat. When the hook 11
      is pivoted away, one can then see why the thread consumption varies
      although the thread supply device and the machine operate synchronously.
PAR  The thread drum 2 is driven via a winding shaft 12 which has a belt pulley
      13 with pins mounted thereupon. The belt pulleys of all thread supply
      devices associated with a textile machine are encompassed by a common
      perforated drive belt 14 which in turn is driven by a central driving
      means, i.e., by the driving means of the textile machine itself.
PAR  As FIGS. 2 and 3 illustrate in fuller detail, the belt pulley 13 is
      rotatably mounted on the winding shaft 12. A first annular clutch member
      15 is force-fitted into a recess in the upper side of the pulley 13.
PAR  At the upper end of the winding shaft 12, there is mounted a sleeve 16
      which is nonrotatably connected to shaft 12 but is axially movable
      therealong. Sleeve 16 includes on the outside a second clutch member 17
      which matches said first clutch member 15. The sleeve 16 is maintained in
      a cover part 18 in force fit, said cover part serving to cover the top of
      parts 15 to 17. The cover part includes a pair of recesses 19 in its
      surface which are adapted to receive pins 20 of a manual crank 21. The
      cover part 18 together with the sleeve 16 is displaced or urged upwardly
      by a compression spring 22 which is disposed in a blind hole in the
      winding shaft 12.
PAR  In the normal operative position according to FIG. 2, the spring 22 urges
      the cover part 18 and the sleeve 16 upwardly so far that the toothed
      clutch parts 15 and 17 mesh. Rotations of the belt pulley 13 caused by the
      belt 14 are therefore transmitted to the winding shaft 12 and set the
      thread drum 2 in rotation.
PAR  At the beginning of the operation when there is no thread wound on the
      thread drum 2 or when the driving means of the thread drum 2 is at a
      standstill due to a break in the thread and the intermediate thread
      storage is nearing depletion, it is desirable to be able to set the thread
      drum 2 in rotation independently of the driving means. To this end, the
      manual crank 21 is inserted so that the pins 20 engage the recesses 19 in
      the cover part 18 and the cover part 18 is pressed downwardly against the
      force of the spring 22, thereby forcing the parts into the position shown
      in FIG. 3. As can be seen, the toothed clutch parts 15 and 17 are
      disengaged. By turning the crank 21 the winding shaft 12 can be rotated
      independently of the common driving means and thread can be wound onto the
      thread drum. If the thread storage merely needs to be filled up without a
      break having occurred in the thread between the respective thread supply
      device and the knitting machine, the hook 11 is pivoted out of the path of
      the unwinding thread so that the rotation of the thread drum 12 only winds
      up thread without removing thread at the bottom.
PAR  This invention is not limited to the embodiment illustrated in the drawing.
      In particular, any arbitrary disengagable clutch may be provided between
      the belt pulley 13 and the winding shaft 12 and may be released by means
      of an auxiliary driving means. Moreover, an auxiliary drive motor could
      also be provided instead of a manual crank 21 as is illustrated by the
      dotted lines at 23 in FIG. 3. The auxiliary drive motor 23 includes an
      electromotor 24 which may be battery-driven for example and which has a
      pin wheel 26 mounted on the motor shaft 25. The pins of the pin wheel
      correspond to the pins 20 of the manual crank 21 and match the recesses 19
      in the cover part 18.
PAR  This invention may also be used in the case of such thread supply devices
      which have a stationary thread drum. In this case, a thread winding device
      is conducted around the stationary thread drum by means of a winding
      shaft. This winding shaft corresponds to the winding shaft 12 of the
      embodiment described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a positive thread supply device for a textile machine, particularly a
      knitting machine, having thread drum means upon which a thread issuing
      from a thread bobbin can be wound to form an intermediate thread supply
      and from which the thread can be unwound at an unwinding speed
      substantially equal to the winding speed to permit positive thread supply
      to a textile machine, rotatable winding shaft means for causing thread to
      be wound on said drum means when said shaft means is rotated, and drive
      means drivingly interconnected to said shaft means for causing rotation
      thereof, comprising the improvement wherein clutch means drivingly
      connects said drive means to said shaft means to permit positive thread
      supply, said clutch means being maintained in an engaged position when
      said drive means is activated to permit thread to be wound on said drum
      means at a speed substantially equal to the speed at which the thread is
      also being unwound from said drum means, said clutch means being
      releasable to disconnect said winding shaft means from said drive means
      when the latter is at a standstill, said clutch means including a first
      clutch part drivingly connected to said drive means and a second clutch
      part drivingly connected to said winding shaft means, said first and
      second clutch parts being normally maintained in engagement but being
      relatively movable away from one another to permit clutch disengagement,
      and connecting means adapted for engagement with an auxiliary driving
      means to permit selective rotation of said shaft means when said clutch
      means is disengaged so that the intermediate thread supply on said drum
      means can be replenished, said connecting means including means associated
      with said clutch means and engageable with said auxiliary driving means
      for causing (1) relative movement between said clutch parts into a
      position of clutch disengagement and (2) rotation of said second clutch
      part independently of said first clutch part to selectively rotate said
      shaft means upon rotation of said auxiliary driving means.
NUM  2.
PAR  2. A thread supply device according to claim 1, wherein the means
      associated with said clutch means includes a connecting member
      nonrotatably connected to said second clutch part, said connecting member
      having engaging means associated therewith for releasable engagement with
      said auxiliary driving means to permit controlled rotation of said second
      clutch part by said auxiliary driving means independently of said first
      clutch part.
NUM  3.
PAR  3. A thread supply device according to claim 2, wherein said second clutch
      part, when engaged with said auxiliary driving means, is moved into a
      position of clutch disengagement.
NUM  4.
PAR  4. In a positive thread supply device for a textile machine, particularly a
      knitting machine, having thread drum means upon which a thread issuing
      from a thread bobbin can be wound to form an intermediate thread supply
      and from which the thread can be unwound at an unwinding speed
      substantially equal to the winding speed to permit positive thread supply
      to a textile machine, rotatable winding shaft means for causing thread to
      be wound on said drum means when said shaft means is rotated, and drive
      means drivingly interconnected to said shaft means for causing rotation
      thereof, comprising the improvement wherein said drive means includes a
      rotatable drive wheel rotatably supported on said winding shaft means, and
      clutch means drivingly connecting said drive wheel to said shaft means to
      permit positive thread supply, said clutch means being maintained in an
      engaged position when said drive means is activated to permit thread to be
      wound on said drum means at a speed substantially equal to the speed at
      which the thread is also being unwound from said drum means, said clutch
      means being releasable to disconnect said winding shaft means from said
      drive wheel when the latter is at a standstill, said clutch means
      including a first clutch part nonrotatably connected to said drive wheel
      and a second clutch part nonrotatably connected to said winding shaft
      means, said first and second clutch parts being relatively axially movable
      toward and away from one another to permit clutch engagement and
      disengagement respectively, said second clutch part being mounted for
      axial movement with respect to said winding shaft means, means coacting
      with said second clutch part for normally urging same into engagement with
      said first clutch part, and connecting means associated with said shaft
      means and adapted for engagement with an auxiliary driving means to permit
      selective rotation of said shaft means when said clutch means is released
      so that the intermediate thread supply on said drum means can be
      replenished, said connecting means including a connecting member fixedly
      interconnected to said clutch part.
NUM  5.
PAR  5. A thread supply device according to claim 4, including auxiliary driving
      means releasably engageable with said connecting member for permitting
      selective rotation of said winding shaft means, said auxiliary driving
      means including a removable hand crank.
NUM  6.
PAR  6. A thread supply device according to claim 4, including auxiliary driving
      means releasably engageable with said connecting member for permitting
      selective rotation of said winding shaft means, said auxiliary driving
      means including a transportable motor having a rotatable motor shaft and a
      drive element connected to said motor shaft and releasably engageable with
      said connecting member.
NUM  7.
PAR  7. In a positive thread supply device for a textile machine, particularly a
      knitting machine, having rotatable thread drum means upon which a thread
      issuing from a thread bobbin can be tangentially wound to form an
      intermediate thread supply and from which the thread can be unwound from
      the drum at an unwinding speed substantially equal to the winding speed to
      permit positive thread supply to a textile machine, and drive means
      drivingly interconnected to said drum means for causing rotation thereof,
      said drive means including a rotatable drive wheel and a driving member
      engaged with said drive wheel, said driving member being driven from the
      main drive of a textile machine when said textile machine is in operation,
      comprising the improvement wherein clutch means drivingly connects said
      drive means to said drum means to permit positive thread supply, means
      coacting with said clutch means for normally maintaining said clutch means
      in an engaged position at least when said drive means is activated so that
      said drum means is rotated to permit thread to be wound on said drum means
      at a speed substantially equal to the speed at which the thread is also
      being unwound from said drum means, said clutch means being releasable to
      disconnect said drum means from said drive means when the latter is at a
      standstill, said clutch means including a first clutch element associated
      with said drive wheel for rotation therewith and a second clutch element
      associated with said drum means for rotation therewith, said first and
      second clutch elements being relatively movable and normally maintained in
      an engaged position whenever the textile machine is in operation, and
      connecting means associated with said drum means and adapted for
      engagement with an auxiliary driving means to permit selective rotation of
      said drum means when said clutch means is released so that the
      intermediate thread supply on said drum means can be replenished, said
      connecting means including means associated with said clutch means and
      engageable with said auxiliary driving means for causing (1) relative
      movement between said clutch elements into a position of clutch
      disengagement and (2) rotation of said second clutch element independently
      of said first clutch element to selectively rotate said drum means upon
      rotation of said auxiliary driving means.
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ABST
PAL  Pliable sheet handling apparatus and method concerns rapid and efficient
      unrolling of sheet, such as carpet, from a heavy roll; transporting,
      measuring and cutting a sheet length; and re-rolling the severed sheet
      section.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the handling of pliable sheet rolls,
      and more particularly concerns equipment and method for unrolling sheet
      such as carpet from a heavy roll, transporting, measuring and cutting a
      sheet length, and re-rolling the severed sheet section.
PAR  In the past, the handling of heavy carpet rolls in warehouses to remove
      desired length carpet sections has been undesirably expensive in terms of
      involved labor cost. While attempts have been made to reduce such cost, to
      our knowledge none have provided the unusual advantages in construction,
      mode of operation and results as are now afforded by the present
      invention.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the invention to provide handling equipment for
      pliable sheet rolls characterized as substantially reducing the time,
      labor and cost involved in handling heavy rolls, in the manner to be
      described. Basically, the apparatus includes first means to rotate a
      pliable sheet or supply roll at a first station and in an unrolling
      direction to advance unrolled sheet extent generally longitudinally
      forwardly, whereby such extent may be severed laterally crosswise at a
      selected longitudinal location to free a section of the unrolled sheet
      from the supply roll; and other means to receive the severed section at a
      subsequent station located forwardly of the first station and to re-roll
      that section forming a final roll. As will appear, support means may be
      located to receive the advancing sheet unrolled extent in position for
      severing, such support means including a gas bearing tending to float the
      advancing unrolled sheet extent; further, the gas bearing may include a
      table containing multiple discharge ports for gas or air that tends to
      float the sheet extent advancing over the table. Also, a cutter may be
      supported to operate in a gas releasing slot in the table, and to be
      transported lengthwise of the slot, i.e. crosswise of the sheet, for
      severing same.
PAR  A further object concerns the provision of the first means in the form of a
      carriage having endless drive elements such as belts to support and
      controllably rotate the supply roll, there being structure to support the
      carriage for lateral shifting adjustment as well as pivoting, for
      accurately directing the sheet in "squared" relation with the cutting slot
      in the float table.
PAR  A still further object concerns the provision of the other means in the
      form of support roller mechanism together with auxiliary means movable
      between rearwardly collapsed position (in which re-rolling of the severed
      section is initiated at the second station) and a series of forwardly
      extended positions in which such re-rolling is guided toward completion.
      Such auxiliary means may include arm structure progressively swingable
      forwardly re-rolling progresses, whereby final roll weight is transferred
      to a roller on the arm structure which blocks dumping of the final roll,
      and means to swing the arm structure even further to remove support of the
      final roll and allow dumping of the final roll.
PAR  These and other objects and advantages of the invention, as well as the
      details of an illustrative embodiment, will be more fully understood from
      the following description and drawings, in which:
DRWD
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a plan view of apparatus embodying the invention;
PAR  FIG. 2 is a right side elevation taken on lines 2--2 of FIG. 1;
PAR  FIG. 3 is a left side elevation taken on lines 3--3 of FIG. 1;
PAR  FIG. 4 is a vertical section on lines 4--4 of FIG. 2;
PAR  FIG. 5 is a schematic plan view of the pivot carriage seen in FIGS. 1-3;
PAR  FIG. 6 is a view like FIG. 5 showing the pivot carriage in laterally
      shifted condition;
PAR  FIG. 7 is a view like FIG. 5 showing the pivot carriage in pivoted
      condition.
PAR  FIG. 8 is an enlarged front elevation taken on lines 8--8 of FIG. 4;
PAR  FIG. 9 is an enlarged elevation taken in section on lines 9--9 of FIG. 1;
PAR  FIG. 10 is an enlarged elevation showing a carpet unrolled length counter;
PAR  FIG. 11 is an enlarged elevation taken in section on lines 11--11 of FIG.
      1;
PAR  FIG. 12 is an enlarged elevation showing dump mechanism also shown in FIG.
      3;
PAR  FIG. 13 is an enlarged elevation taken on lines 13--13 of FIG. 12; and
PAR  FIG. 14 is an elevation taken on lines 14--14 of FIG. 13;
DETD
PAC  DETAILED DESCRIPTION
PAR  Generally speaking, the sheet or carpet (hereinafter called carpet)
      handling apparatus comprises first means to rotate a carpet supply roll at
      a first station and in an unrolling direction to advance unrolled carpet
      extent in a generally longitudinally forward direction indicated by arrow
      41 so that the carpet may be severed. In the example seen in FIGS. 1-4 and
      8, such first means may with unusual advantage include a carriage 10
      having a frame 11 and endless drive elements, as for example belts 12, to
      support and rotate the starting or supply carpet roll 13 in the direction
      indicated by arrow 40. The belts are laterally spaced apart and entrained
      about laterally elongated, longitudinally spaced rollers 14 and 15 having
      axles 14a and 15a carried by journals 16 and 17 on the frame 11. As a
      result, the roll 13 is cradled or slung by the downwardly convex belt
      upper extent 12a between the rollers, as seen in FIG. 2, for orienting the
      roll 13 during forward feeding of the unrolled extent 13a over and
      forwardly beyond the roller 14. The latter may be driven as by a
      reversible drive that includes a motor 19, drive sprocket 20, chain 21,
      and driven sprocket 22 on axle 14a , as best seen in FIGS. 1 and 2, for
      driving the belts which in turn rotate the carpet roll in either
      direction, as desired.
PAR  Structure may be provided to support the carriage for adjustable lateral
      displacement in directions indicated by arrows 23 in FIG. 1. Such
      structure may include an undercarriage 24 supporting carriage 10, and
      movable laterally relative to the main frame 25 of the overall apparatus.
      In this regard, forward and rearward fixed position wheels 26 and 27 may
      be journaled by the main frame as at 26a and 27a to support the
      under-carriage; thus, forward wheels may define V-cross section annular
      grooves 28 guidingly receiving the V-shaped lateral channel 29 attached to
      the underside of carriage 24, and the peripheries of the rear wheels 27
      may directly engage the flat underside of the carriage 24, as at 30.
      Referring to FIGS. 4 and 8, a drive to shift the carriage laterally may
      include drive 31, driven sprocket 32, chain 33, driven sprocket 34 on feed
      screw shaft 35, and an internally threaded follower at 36 attached at 37
      to under carriage 24; thus, the direction of rotation of shaft 35 governs
      the endwise direction of carriage shifting. The ends of shaft 35 are
      journaled to the main frame at 38 and 39.
PAR  Means is also provided to support carriage 10 to pivot about an axis
      generally normal to the longitudinal and lateral directions 41 and 23. In
      the example, such a pivot axis appears at 42, and extends vertically,
      reference being had to FIGS. 1, 2, and 5-7. Thus the two carriages may be
      pivotally intercoupled as via members 43 and 44. Pivot wheels 45-48 are
      journaled to the undercarriage as at 45a and 46a in FIG. 2, so that the
      underside 49 of carriage 10 may rest on such wheels, rotation of the
      latter accommodating pivoting of the supported carriage 10. Drive means to
      effect such pivotal movement may include a manually rotatable wheel 50 on
      a rotatable threaded shaft 51, a right angle drive gear box 52 on under
      carriage 24, a universal joint 53 which is rotated as the wheel 50 is
      turned, a screw shaft 54 rotated by joint 53, a follower nut 54a on shaft
      54, and a connection 56 to carriage 10 which is pivotally coupled at 57 to
      follower nut 54a. Since these elements are offset from axis 42, rotation
      of hand wheel 50 effects pivoting of carriage 10 about axis 42, thereby to
      accurately direct forward travel or "squaring" of the unrolled extent 13a
      of the carpet, and in relation to cutting and re-rolling structure to be
      described. Note that the axes of wheels 45-48 are directed to intersect
      axis 42, as is clear from FIG. 5.
PAR  As a result of such lateral shifting and pivoting of the carriage 10, the
      roll 13 may be positioned so that the opposite side edges 13b of the
      carpet unrolled extent 13a seen in FIG. 1 are correctly oriented for
      accurate measuring, cutting and re-rolling of the carpet section subject
      to severing.
PAR  Pusher means may also be provided on the carriage 10 to be selectively
      operable to push the belt-supported supply roll 13 upwardly or generally
      away from the carriage, and resulting in rearward dumping of the supply
      roll off the carriage. As a result, the supply roll (after removal of a
      section of carpet therefrom) may be easily picked up by a fork lift or
      other equipment for transportation to storage. Such means may, for
      example, include laterally elongated eject bars 55 carried by levers 58
      fulcrumed at 56 on the carriage 10, to be swung upwardly to roll eject
      positions as indicated at 55a in FIG. 8. Actuators to elevate the levers
      and pusher bars 55 may advantageously comprise air bags 57 which flex as
      the levers swing upward. Note that the bars 55 push the drive belt upper
      stretches 12a upwardly, so that the roll 13 is then caused to roll
      rearwardly down the ramps formed by such elevated stretches.
PAR  The carpet handling apparatus may, with unusual advantage, also include
      support means located generally forwardly of the carriage 10 and roll 13
      to receive and support the advancing unrolled carpet extent 13a, and in
      position to be severed at a selected longitudinal location along the
      carpet length. In the example seen in FIGS. 1, 2, 3, 9 and 10, the support
      means may include a plate or table 60 supported by main frame structure 61
      so that the table provides an upwardly presented surface 62. A transfer
      plate may be provided at 63 to extend rearwardly from overlapping relation
      with the table rear edge toward the roller 14, for supporting the
      unrolling carpet as it travels forwardly from belts 12 onto the table.
PAR  The support means may include a gas or air bearing operating to at least
      partially float the unrolled carpet extent advancing over the table,
      thereby to reduce sliding friction tending to develop as the carpet 13a
      slidably advances over the table. For this purpose, the table may
      typically contain multiple ports 64 opening at surface 62 to underlie the
      unrolled carpet extent, the ports distributed generally uniformly as seen
      for example in FIG. 1. Means to supply gas or air under pressure to the
      ports may include an adjustable speed blower 65 having a discharge outlet
      66 to plenum chamber 67 directly underlying the table and the through
      ports 64. Walls of the plenum chamber appear at 68-70 in FIG. 9.
PAR  Also provided is a cutter supported for movement laterally crosswise of the
      unrolled carpet 13a and in severing relation therewith, proximate the
      table. In the example, the table forms a through slot 71 extending
      lengthwise laterally crosswise of the table, and opening at surface 62.
      The illustrated cutter comprises a rotary blade 72 the uppermost cutting
      edge 72a of which projects through and above the slot as seen in FIG. 9,
      the blade being rotatable about forwardly extending axis 73 of shaft 74,
      as by a motor 75. A carrier for the motor and blade is located within the
      plenum chamber 67 to travel the blade lengthwise of the slot 71, for
      severing the carpet unrolled extent crosswise thereof, freeing a selected
      length section 13c of the carpet for re-rolling to form final roll 13d. In
      this regard, the carrier may include two pairs of upper and lower wheels
      80 and 81 engageable with opposite sides of a track member 82 supported by
      beam 83 to extend laterally horizontally, as seen in FIG. 9. Wheels 80 and
      81 are carried by travel frame structure 84 integral with the motor 75. An
      endless chain includes upper and lower stretches 85 and 86 extending
      laterally above and below member 82, the upper stretch 85 attached to the
      carrier plate 84a. Suitable reversible motor means 285 is operable to
      drive the chain laterally to travel the motor 75 and cutter blade 72
      lengthwise of the slot 71. Note that plenum chamber air or gas can escape
      upwardly through the slot to float the carpet extent directly above the
      slot.
PAR  For safety purposes, a laterally elongated U-shaped channel member or
      shield 90 is displaced downwardly over the carpet directly above the slot
      and blade edge 72a during cutting, as seen in FIGS. 1, 2 and 9. The
      channel is carried on laterally spaced rocker arms 91 carried on a
      laterally extending rocker shaft 92 whose opposite ends are journaled at
      93 and 94. An actuator 95 includes a cylinder 96 pivotally connected at 97
      with main frame panel 98, and a plunger 99 connected at 100 with a rocker
      shaft crank 101, whereby operation of the actuator lifts the channel 90 to
      allow forward advancement of the carpet sections 13a and 13c, and lower
      the channel during transverse cutting of the carpet as described. Shield
      90 also provides damping.
PAR  Another arm 102 connected with shaft 92 carries a pressure roller 103
      which, when lowered, exerts downward pressure on the carpet extent 13e
      directly over a drive wheel 104 for a meter 105 as seen in FIGS. 1 and 2.
      The surface of the wheel may be knurled so as to have non-slip engagement
      with the underside of the advancing carpet when the pressure roller 103 is
      lowered to locally press the floating carpet down against the wheel.
      Accordingly, the counter or meter 105 is then accurately driven by wheel
      104 to provide an accurate display at 106 of the measured length of carpet
      advanced over the wheel. If the operator lowers roller 103 when the
      forward end of the carpet arrives at slot 71, the meter than records the
      length of carpet advancing past or beyond the slot, so that the operator
      may stop carpet advancement when a desired length carpet section has
      advanced past the slot. The carpet cutter may then be operated. Note that
      roller 103 is lowered when shield 90 is raised, and vice versa.
PAR  The carpet handling apparatus also comprises other means to receive the
      severed or unsevered carpet section 13c at a subsequent station located
      generally forwardly of the first station, and to re-roll the section 13d
      for forming a final roll 13d. Such other means may advantageously include
      support roller mechanism such as first and second main support rollers 110
      and 111 seen in FIGS. 1-3 and 11-13, and a third roller 112 between 110
      and 111, all being parallel. All three rollers may have grip surfacing as
      at 110a, 111a and 112a in FIG. 11, the first and second rollers have
      substantially the same diameters, the second roller 111 is at a lower
      level than the first 110, and the third 112 has a substantially smaller
      diameter than the first two and its top surface is below top surface level
      of roller 111. As a result, the second and third rollers 111 and 112
      initially seat the carpet section as it initially forms the re-roll 13d,
      in FIG. 11, and the first and second rollers 110 and 111 are located to
      seat the carpet re-roll during final build-up as seen in FIG. 12. As shown
      in FIG. 1, the rollers 110-112 may be end journaled at 110b, 111b and
      112b; further, all three rollers may be driven in the same rotary
      direction as by means of motor 113 seen in FIG. 3, gear box 114, chain 115
      driven by sprocket 116 and driving sprockets 117 and 118 on rollers 110
      and 111, and chain 119 entrained on sprocket 120 on roller 111 and
      sprocket 121 on roller 112.
PAR  Auxiliary means is provided to be movable between rearwardly collapsed
      position in which re-rolling of the carpet section adjacent rollers
      110-112 is initiated, and series of forwardly extended positions in which
      such re-rolling is guided toward completion, and while the auxiliary means
      engages the carpet section being re-rolled, In the example, such auxiliary
      means includes a shield or multiple laterally spaced shields 123 in the
      path of the carpet advancing past or over the roller 110 and deflected
      upwardly by roller 111, the shield or shields being concave toward the
      advancing carpet and located directly above roller 111 in FIG. 11 to start
      re-rolling. The shield or shields are typically carried by arm structure
      including laterally spaced arms 124 and elongated member 125 extending
      therebetween. The arm structure also carries an auxiliary idler roller 127
      to seat the carpet section being re-rolled during final build-up thereof,
      as seen in FIG. 12, the shields then being inoperative. For this purpose,
      the arm structure may be pivotally carried at 128 for swinging movement
      about the axis of roller 111 between rearwardly collapsed position as seen
      in FIG. 11, and forwardly extended positions as seen in FIG. 11
      corresponding to progressive re-rolling of the roll 13d. Shields 123 may
      consist of molded tetrafluoroethylene.
PAR  Means is operatively connected with the arm structure to yieldably urge the
      latter toward rearwardly collapsed position with torque that increases as
      the arm structure swings toward forwardly extended positions, thereby to
      counterbalance the weight of the carpet re-roll. Such means may include a
      tension spring 130 seen in FIG. 2 as having its opposite ends respectively
      connected with the main frame at 131 and with a crank 132 at 133. An
      additional spring 134 may also be used, if desired. Crank 132 is pivoted
      at 135 and is rotated clockwise by arm 124 via a sprocket 136 on that arm,
      chain 137 and sprocket 138 integral with the crank, such crank rotation
      being opposed by spring 130.
PAR  Actuator means 140 is also connected with arm 124, as via another crank 141
      driving sprocket 138, chain 137 and sprocket 136, to swing the arm
      structure and idler roller 127 thereon between its forward carpet roll
      supporting position (as seen in FIGS. 2, 11 and 12) and an extreme forward
      position (as seen at 124a in FIGS. 3 and 12). In the latter position, the
      completed re-roll 13d may be forwardly dumped as by rolling off the
      rollers 110 and 111. In addition, an ejector bar or lever 150 and roller
      151 thereon may be swung upwardly as by expansion of a pusher air bag 152,
      as seen in FIG. 12, to aid such dumping.
PAR  Accordingly, it is clear that counterbalancing of the re-roll apparatus
      enhances safety and permits back-pressure re-winding of the carpet section
      13c to produce a compact product roll 13d, which is desirable for
      subsequent handling, wrapping and shipping.
PAR  A control panel is indicated at 175 in FIG. 1, with control buttons to
      control opening and crossing of pneumatic valves, the latter controlling
      the various pneumatic actuators as described. A toggle 176 controls a
      valve which in turn controls dump actuator 140.
PAR  A lever 177 pivoted at 178 is engageable by the right edge 13b of the
      carpet as seen in FIG. 1, and the operator may observe deflection of that
      lever in order to control endwise travel of carriage 10.
PAR  From the foregoing, it is seen that the invention enables semi-automatic
      handling of pliable sheets to be measured and/or re-rolled, and/or
      inspected, and/or cut to measured length. typical pliable sheets include
      carpet, linoleum, paper, cardboard, rug cushioning materials, foam rubber,
      urethane foam, felt padding, textiles, canvas, roofing felt, burlap,
      plastics, leather, cork, etc; however, the invention has especially
      advantageous application to carpet.
CLMS
STM  We claim:
NUM  1.
PAR  1. In pliable sheet handling apparatus,
PA1  a. first means to rotate a sheet supply roll at a first station and in an
      unrolling direction to advance unrolled sheet extent in a generally
      longitudinally forward direction, and to sever unrolled sheet extent
      laterally crosswise thereof at a selected longitudinal location to free a
      section of the unrolled sheet from the supply roll,
PA1  b. other means to receive the severed section at a subsequent station
      located generally forwardly of the first station, and to re-roll said
      section forming a final roll, and
PA1  c. support means located generally between said first and other means to
      receive and support the advancing unrolled sheet extent in position for
      said severing, said support means including a table having an upper
      surface, there being multiple ports proximate said surface to underlie
      said unrolled sheet extent, and means to supply gas to discharge from said
      ports for exerting upward pressure on said unrolled sheet extent and
      tending to float said sheet extent as it advanced forwardly.
NUM  2.
PAR  2. In pliable sheet handling apparatus,
PA1  a. a first means to rotate a sheet supply roll at a first station and in an
      unrolling direction to advance unrolled sheet extent in a generally
      longitudinally forward direction, whereby unrolled sheet extent may be
      severed laterally crosswise thereof at a selected longitudinal location to
      free a section of the unrolled sheet from the supply roll, said first
      means including a carriage having endless drive elements to support and
      rotate the supply roll, there being structure supporting the carriage for
      adjustable lateral shifting, and a drive to shift the carriage laterally,
PA1  b. other means to receive the severed section at a subsequent station
      located generally forwardly of the first station, and to re-roll said
      section forming a final roll, said other means including support roller
      mechanism, and auxiliary means movable between rearwardly collapsed
      position in which re-rolling of the sheet section adjacent said support
      roller mechanism is initiated, and a series of forwardly extended
      positions in which re-rolling of the sheet section is guided toward
      completion, and while the auxiliary means engages the sheet section being
      re-rolled, said auxiliary means including a bodily movable roller having a
      rearward position in which the roller extends at one side of the sheet
      section to urge the sheet section toward the support roller mechanism, and
      a forward position in which the roller extends at the opposite side of the
      sheet section being re-rolled during final build-up thereof and in
      supporting relation with the re-rolled section.
NUM  3.
PAR  3. In pliable sheet handling apparatus,
PA1  a. first means to rotate a sheet supply roll at a first station and in an
      unrolling direction to advance unrolled sheet extent in a generally
      longitudinally forward direction, whereby unrolled sheet extent may be
      severed laterally crosswise thereof at a selected longitudinally location
      to free a section of the unrolled sheet from the supply roll,
PA1  b. other means to receive the severed section at a subsequent station
      located generally forwardly of the first station, and to re-roll said
      section forming a final roll, and
PA1  c. support means located generally between said first and other means to
      receive and support the advancing unrolled sheet extent in position for
      said severing, said support means including a table having an upper
      surface, there being multiple ports proximate said surface to underlie
      said unrolled sheet extent, and means to supply gas to discharge from said
      ports for exerting upward pressure on said unrolled sheet extent and
      tending to float said sheet extent as it advances forwardly.
NUM  4.
PAR  4. The apparatus of claim 3 including a cutter supported for movement
      laterally crosswise of the unrolled sheet and in severing relation
      therewith, proximate the table.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said table forms a slot extending
      lengthwise laterally crosswise thereof and opening at said surface, the
      cutter comprising a rotary blade, and a carrier for transporting the blade
      lengthwise of the slot while rotating therein.
NUM  6.
PAR  6. The apparatus of claim 4 including a length meter having a rotary drive
      wheel projecting proximate the table surface to be frictionally driven by
      the unrolled sheet extent being fed over the table.
NUM  7.
PAR  7. In pliable sheet handling apparatus,
PA1  a. first means to rotate a sheet supply roll at a first station and in an
      unrolling direction to advance unrolled sheet extent in a generally
      longitudinally forward direction, whereby unrolled sheet extent may be
      severed laterally crosswise thereof at a selected longitudinal location to
      free a section of the unrolled sheet from the supply roll, and
PA1  b. other means to receive the severed section at a subsequent station
      located generally forwardly of the first station, and to re-roll said
      section forming a final roll, said other means including support roller
      mechanism, and auxiliary means movable between rearwardly collapsed
      position in which re-rolling of the sheet section adjacent said support
      roller mechanism is initiated, and a series of forwardly extended
      positions in which re-rolling of the sheet section is guided toward
      completion, and while the auxiliary means engages the sheet section being
      re-rolled, said auxiliary means including a bodily movable roller having a
      rearward position in which the roller extends at one side of the sheet
      section to urge the sheet section toward the support roller mechanism, and
      a forward position in which the roller extends at the opposite side of the
      sheet section being re-rolled during final build-up thereof and in
      supporting relation with the re-rolled section.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said first means includes a carriage
      having endless drive elements to support and rotate the supply roll.
NUM  9.
PAR  9. The apparatus of claim 7 including arm structure supporting said
      auxiliary means for swinging movement between said positions, and in
      response to build-up of the final roll.
NUM  10.
PAR  10. The apparatus of claim 9 wherein the arm structure also has an extreme
      forward position in which said roller unblocks forward dumping of the
      final sheet roll off the support roller mechanism.
NUM  11.
PAR  11. The apparatus of claim 9 wherein said auxiliary means includes a shield
      in the path of the advancing sheet section to start said re-rolling
      thereof, when said arm is in rearwardly collapsed position, and an idler
      roller to seat the sheet section being re-rolled during final build-up
      thereof when the arm is in said forwardly extended positions.
NUM  12.
PAR  12. The apparatus of claim 9 wherein said support roller mechanism includes
      first and second main support rollers, the second spaced forwardly of the
      first, and a third roller between the first and second support rollers,
      the second and third rollers located to initially seat the sheet section
      being re-rolled, and the first and second rollers located to seat the
      sheet section being re-rolled during final build-up thereof.
NUM  13.
PAR  13. The apparatus of claim 12 wherein the second main roller is lower than
      the first main roller, said arm structure also having an extreme forward
      position in which said auxiliary means unblocks forward dumping of the
      final sheet roll off the first and second main rollers.
NUM  14.
PAR  14. The apparatus of claim 13 including drive means to rotate the first,
      second and third rollers in sheet section re-rolling directions.
NUM  15.
PAR  15. The apparatus of claim 13 including actuator means operatively
      connected with said arm structure to effect swinging thereof between said
      forward and extreme forward positions.
NUM  16.
PAR  16. The apparatus of claim 9 including means operatively connected with
      said arm structure to yieldably urge the arm structure toward said
      collapsed position with torque that increases as the arm structure swings
      toward said forwardly extended positions, thereby to counterbalance the
      weight of the final sheet roll exerted on an idler roller defined by said
      auxiliary means.
NUM  17.
PAR  17. In pliable sheet handling apparatus,
PA1  a. first means to rotate a sheet supply roll at a first station and in an
      unrolling direction to advance unrolled sheet extent in a generally
      longitudinally forward direction, whereby unrolled sheet extent may be
      severed laterally crosswise thereof at a selected longitudinal location to
      free a section of the unrolled sheet from the supply roll, said first
      means including a carriage having endless drive elements to support and
      rotate the supply roll,
PA1  b. other means to receive the severed section at a subsequent station
      located generally forwardly of the first station, and to re-roll said
      section forming a final roll,
PA1  c. means supporting the carriage to pivot about an axis generally normal to
      said longitudinal and lateral directions, whereby forward feed of the
      sheet unrolled extent may be accurately directed toward said other means,
      and drive means to effect controlled pivoting of the carriage, and
PA1  d. support means located generally between said first and other means to
      receive and support the advancing unrolled sheet extent in position for
      said severing, said support means including a table having an upper
      surface, there being multiple ports proximate said surface to underlie
      said unrolled sheet extent, and means to supply gas to discharge from said
      ports for exerting upward pressure on said unrolled sheet extent and
      tending to float said sheet extent as it advances forwardly.
NUM  18.
PAR  18. The apparatus of claim 17 including support means located generally
      between said first and other means to receive and support the advancing
      unrolled sheet extent in position for said severing.
NUM  19.
PAR  19. In pliable sheet handling apparatus,
PA1  a. first means to rotate a sheet supply roll at a first station and in an
      unrolling direction to advance unrolled sheet extent in a generally
      longitudinally forward direction, whereby unrolled sheet extent may be
      severed laterally crosswise thereof at a selected longitudinal location to
      free a section of the unrolled sheet from the supply roll, said first
      means including a carriage having endless drive elements to support and
      rotate the supply roll, comprising drive belts, and including pusher means
      on the carriage and selectively operable to push the supply roll generally
      away from said carriage, and
PA1  b. other means to receive the severed section at a subsequent station
      located generally forwardly of the first station, and to re-roll said
      section forming a final roll, said other means including support roller
      mechanism, and auxiliary means movable between rearwardly collapsed
      position in which re-rolling of the sheet section adjacent said support
      roller mechanism is initiated, and a series of forwardly extended
      positions in which re-rolling of the sheet section is guided toward
      completion, and while the auxiliary means engages the sheet section being
      re-rolled, said auxiliary means including a bodily movable roller having a
      rearward position in which the roller extends at one side of the sheet
      section to urge the sheet section toward the support roller mechanism, and
      a forward position in which the roller extends at the opposite side of the
      sheet section being re-rolled during final build-up thereof and in
      supporting relation with the re-rolled section.
NUM  20.
PAR  20. In sheet handling apparatus,
PA1  a. first means to rotate a sheet supply roll at a first station and in an
      unrolling direction to advance unrolled sheet extent in a generally
      longitudinally forward direction, and to sever unrolled sheet extent
      laterally crosswise thereof at a selected longitudinal location to free a
      section of the unrolled sheet from the supply roll, and
PA1  b. support means located forwardly of said first means to receive and
      support said unrolled sheet extent in position for said severing, said
      support means defining a gas bearing tending to float said advancing
      unrolled sheet extent, said support means including a table having an
      upper surface containing multiple ports opening at said surface to
      underlie unrolled sheet extent, and means to supply gas to escape upwardly
      from said ports for exerting upward pressure on said unrolled sheet
      extent.
NUM  21.
PAR  21. The apparatus of claim 20 including a cutter supported for movement
      laterally crosswise of the unrolled sheet and in severing relation
      therewith, proximate the table.
NUM  22.
PAR  22. The apparatus of claim 21 wherein said table forms a slot extending
      lengthwise laterally crosswise thereof and opening at said surface, the
      cutter comprising a rotary blade, and a carrier for transporting the blade
      lengthwise of the slot while rotating therein, said carrier located within
      a plenum chamber from which gas is supplied to said ports and also to said
      slot.
NUM  23.
PAR  23. The apparatus of claim 22 including a safety shield carried by actuator
      means to have a down position in which the shield clamps the sheet
      proximate the blade during said transport thereof, and a raised position
      spaced above the sheet.
NUM  24.
PAR  24. The method of handling a sheet supply roll to obtain a selected length
      sheet section, that includes
PA1  a. supporting and controllably rotating the supply roll to advance unrolled
      sheet extent in a forward and generally horizontal direction away from the
      roll,
PA1  b. discharging gas at the underside of said advancing sheet extent for
      floatably supporting the advancing sheet extent,
PA1  c. stopping advancement of said sheet extent when a selected length thereof
      has been advanced, and then severing said sheet extent crosswise thereof
      to produce a desired length sheet section free of the supply roll,
PA1  d. further advancing said sheet section by force transmitted to the forward
      portion of said section and progressively re-rolling said section to
      produce a final roll.
NUM  25.
PAR  25. The method of claim 26 including controllably supporting the final roll
      against dropping during said re-rolling, and then removing support of the
      final roll to allow forward dropping thereof.
NUM  26.
PAR  26. The method of claim 24 including the step of discharging gas toward the
      sheet at the locus of said severing, during said severing.
NUM  27.
PAR  27. The method of claim 24 wherein said sheet comprises a carpet.
NUM  28.
PAR  28. Apparatus to receive a carpet section advanced in a generally
      longitudinally forward direction and to roll said section, comprising
PA1  a. support roller mechanism, and
PA1  b. means movable between rearwardly collapsed position in which rolling of
      the carpet section adjacent the support roller mechanism is initiated, and
      a series of forwardly extended positions in which rolling of the carpet
      section is guided toward completion,
PA1  c. said means including a carpet guide roller and arm structure supporting
      said guide roller for bodily swinging movement in response to build-up of
      the roll, said guide roller having a rearward position in which the guide
      roller extends at the upper side of the carpet section to urge the carpet
      section toward the support roller mechanism, and forward positions in
      which the guide roller extends at the underside of the roll during
      build-up thereof and in supporting relation therewith.
NUM  29.
PAR  29. The apparatus of claim 27 wherein said means includes a shield carried
      by said arm structure to extend in the path of the advancing carpet
      section to start said rolling thereof when the guide roller is in said
      rearward position, the shield being displaced by the arm structure out of
      said path of the advancing carpet section when the guide roller is in said
      forward positions.
NUM  30.
PAR  30. The apparatus of claim 29 wherein the shield has a carpet engaging
      concave surface consisting of tetrafluoroethylene.
NUM  31.
PAR  31. The apparatus of claim 27 wherein the arm structure has an extreme
      forward position in which the guide roller is relatively lowered to
      unblock forward dumping of the roll of the support roller mechanism.
NUM  32.
PAR  32. The apparatus of claim 31 including actuator means operatively
      connected with the arm structure to effect swinging thereof to carry the
      guide roller between said positions.
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ABST
PAL  A pneumatically operated swift for holding skeins of yarn to be unwound
      vertically that includes expandable and contractable skein holding arms
      carried by a tubular center post, a plunger is disposed within the tubular
      center post for vertical movement therein, means are carried by the
      plunger for engaging a pressure ring on the center post, said means being
      a cross pin disposed through guide slots in the center post so that the
      pressure ring can move upwards to expand the skein holding arms and air
      actuated cylinder and piston means for moving said plunger upwardly. The
      swift further includes a yarn ring having a solid center post removably
      engaged within the upper end of the tubular center post and which solid
      center post is elevated vertically by additional plunger means so as to
      raise the yarn ring as the skein holding arms expand outwardly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates broadly to the art of winding and reeling.
      More particularly this invention relates to a swift for holding skeins of
      yarn to be unwound vertically onto a package suitable for carpet tufting,
      beaming, weaving, knitting and other textile finishing machinery.
PAR  Devices of this character are known in the art but are generally arranged
      horizontally. Horizontal swifts have to be loaded by hand or by a machine
      and then placed onto a winder or take-up machine. The machine then has to
      pull the swift, rotating it and thus limiting the speed of operation,
      causing excess tension and at all times rotating the entire skein of yarn.
PAR  A swift arranged on a vertical axis for use in unwinding coils of wire is
      shown in U.S. Pat. No. 1,122,812 to Somerville. However, the coil support
      bars or arms are expandable under the action of centrifugal force. U.S.
      Pat. No. 2,600,840 discloses a foldable reel disposed on a vertical axis
      and having expandable arms that are urged outwardly by spring means.
PAR  Accordingly, the present invention provides a vertical swift having skein
      supporting arms that are expandable under the action of pneumatically
      operated plunger means and which arms can move to retracted position upon
      release of the pressure acting on such plunger means.
PAC  STATEMENT OF THE INVENTION
PAR  Thus the vertical swift of the invention includes a base, a hollow or
      tubular center post extending upwardly therefrom vertically spaced collars
      secured to a sleeve on the center post, a plurality of skein supporting
      arms connected by vertically spaced sets of links to the collars and
      movable between extended and retracted relation relative to the center
      post and a foot-controlled pneumatically actuated plunger means and a
      cooperable, axially shiftable, pressure applying ring for engaging the
      lower set of links to expand the skein supporting arms.
PAR  In addition, a yarn ring is mounted on top of the swift to allow the end of
      the yarn to pull free and not rest against the skein of yarn as the arms
      extend outwardly. The yarn ring is readily removable and a loading cap or
      cone is provided at the top of the center post to facilitate loading of
      skeins on the swift.
PAR  Further, the yarn ring is arranged to be lifted vertically as the skein is
      unwound to allow the yarn to clear the top of the arms and to maintain
      approximately the same tension throughout the unwinding.
PAR  Specifically in the swift of this invention the pneumatically actuated
      plunger means includes a pressure ring plunger that is shiftable
      vertically within the center post, and which plunger carries a
      transversely disposed pin that projects through vertical slots in the
      center post. This pin is engaged beneath a pressure ring that is so
      correlated with the lower set of links that as the plunger moves upwards
      the pressure ring forces the lower links to swing outwardly thus urging
      the arms to expand. The arms holding the skein have pressure applied
      thereto at all times by the pressure in the air cylinder so as to keep the
      skein in the proper configuration and under the correct tension so as to
      unwind properly. The amount of pressure applied to the yarn is controlled
      by a suitable air pressure regulator. In this regard, various pressures
      may be required depending on the size of the yarn. Also, long or short
      arms are adaptable to the swift to accommodate various widths of skeins.
PAR  Further and more specific objects and advantages of the invention will be
      more readily apparent from the following description when taken in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a vertical swift constructed in
      accordance with the invention and with the skein supporting arms
      illustrated in their retracted position in full lines and in their
      expanded position in dotted lines, and
PAR  FIG. 2 is a longitudinal sectional view of the arrangement shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The vertical swift of the invention includes an upright air cylinder 1 to
      the top of which is secured an apertured plate 2. A center post base 3 is
      connected to plate 2 by means of a set of adjusting studs 4. The center
      post 5 is tubular and is secured within a central aperture in the base 3.
      Further, the center post is provided with oppositely disposed guide slots
      6 that accommodate a cross pin 7 secured to a plunger 8 disposed within
      the center post. The plunger 8 is displaced vertically upwards by a
      plunger 9 actuated by the piston in the air cylinder. Vertically spaced
      bearing collars 10 are arranged on the center post to rotatably support a
      sleeve 11 that surrounds an upper portion of the center post. Rings or
      collars 12 are secured to the upper and lower ends of the sleeve 11. A
      plurality of skein supporting arms 13, in one example, there being six
      circumferentially equi-spaced arms, are connected to the collars 12 by
      upper and lower sets of links 14 and 15. The inner ends of each link being
      pivotally connected to the rings or collars 12 and the outer ends of each
      link are pivotally connected to short brackets or supports 16 carried on
      the inner side of each arm 13.
PAR  A pressure ring 17 is slidably disposed on the center post above the cross
      pin 7. This pressure ring is so correlated with the lower set of links 15
      that as the plunger 8 is moved upwardly the cross pin carries the pressure
      ring upwardly to engage the inner sides of the lower links 15 to force
      them outwards. As these links move outwards the upper links 15 also move
      outwards so that the arms are expanded to the dotted line position in FIG.
      1.
PAR  A loading cap or cone 18 is secured to the top of the center post and a
      yarn supporting ring 19 is connected by one cross bar 22 to a yarn ring
      center post 20 that fits within the open upper end of the center post.
PAR  A further plunger 21 is disposed within the center post above plunger 8 for
      engaging the yarn ring center post 20 to displace the yarn ring upwardly
      as the arms 13 expand.
PAR  In utilizing the vertical swift of the invention, the yarn ring 19 is
      removed, the skein of yarn is placed onto the swift over the loading cap
      or cone 18, the skein supporting arms 13 being fully retracted under the
      loading cap 18 allowing the skein to be loaded in one easy motion. The
      yarn ring is then replaced and the operator actuates the treadle T to
      admit air under pressure into the lower end of the air cylinder 2. The
      piston therein moves upwardly to cause plunger 9 to push plunger 8 upwards
      so that the cross pin 7 lifts pressure applying ring 17 upwards to push
      lower links outwards and upwards, moving the skein supporting arms 13
      inside the skein of yarn as the yarn is unwound, the skein getting larger
      in internal circumference and pressure being applied to the skein at all
      times. The plunger 8 in moving upwardly carries with it plunger 21 which
      in turn engages the yarn ring center post 20 to lift the yarn ring
      vertically to maintain the same angle and tension throughout the
      unwinding.
PAR  When all the yarn is wound off, the treadle is actuated again to allow the
      arms 13 to retract under the loading cap or cone so that the next skein
      can be placed onto the swift with a minimum of effort.
PAR  Since the arms 13 are pivoted to the collars 10 carried by sleeve 11 the
      arms and skein can be turned or rotated about the center post so that the
      operator can remove the tie bands without moving around the unit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pneumatically operated swift for holding skeins of yarn to be unwound
      vertically comprising a base, a tubular center post extending upwardly
      therefrom, a series of skein supporting arms spaced around said center
      post, a sleeve carried by said center post for turning movement
      thereabout, upper and lower sets of linkage means connecting said arms to
      said sleeve so that said arms can expand and retract relative to said
      center post, pneumatically operated pressure applying means cooperably
      related with said lower set of linkage means for moving the same to expand
      said arms, said pressure applying means including a pressure applying ring
      slidably mounted on said center post beneath the connection of said lower
      set of links with said sleeve, said center post having oppositely arranged
      guide slots therein, a plunger within said center post, a cross pin on
      said plunger having end portions extending through said slots and engaging
      said pressure applying ring and air actuated cylinder and piston means
      operably related with said plunger to lift the same to cause said pressure
      applying ring to engage said lower set of links to move the same outwards
      and upwards to expand said skein supporting arms.
NUM  2.
PAR  2. A pneumatically operated swift as claimed in claim 1 and further
      including a yarn ring, a yarn ring center post, means connecting said yarn
      ring to said yarn ring center post, said yarn ring center post being
      removably insertible into said tubular center post, another plunger within
      said center post and engaged by said first mentioned plunger, said another
      plunger engaging said yarn ring center post to lift the same and thereby
      said yarn ring as said skein supporting arms expand outwards responsive to
      upward movement of said first mentioned plunger and pressure applying
      ring.
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ABST
PAL  A dual-function aircraft is disclosed having a fuselage shaped like an
      airfoil, a series of airfoils of shorter chord length arranged in tandem
      and disposed below the fuselage to provide additional aerodynamic lift,
      and a downwardly movable rear wall and a pivoted forward airfoil which
      forms a plenum chamber under the fuselage and produce a cushion of air
      during the ground mode. Transition from the ground effect mode to the
      flight mode is made in flight by simultaneously lowering the tandem of
      airfoils, lifting the rear wall and altering the angle of attack of the
      forward airfoil.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of this invention comprises aircraft and more particularly
      vertical take-off and land vehicles and ground effect machines.
PAR  2. Description of the Prior Art
PAR  Vertical take-off and land vehicles vary from helicopters, providing low
      power economic hovering but slow, inefficient horizontal propulsion, to
      turbojet lifting engines, providing short duration, inefficient hovering
      but high speed horizontal propulsion. None of these vehicles offer the
      combination of low power, economic hovering and economic horizontal
      propulsion at low speeds in the range of up to about seventy to one
      hundred miles per hour.
PAR  Ground effect machines comprise various classes and designs, the most
      pertinent of which is the air cushion vehicle. Air cushion vehicles ride
      on a cushion of compressed air generated and maintained in a space between
      the vehicle and the ground. The basic design includes a plenum chamber on
      the bottom that is open towards the ground. In operation, a large volume
      of air is blown into the chamber and forced against the ground causing the
      vehicle to lift. The air expanding in the chamber results in a loss in
      energy with the result being a very inefficient operation. Various methods
      of increasing efficiency including providing annular jets, nozzles, ducts,
      ejectors and rubber skirts have been tested but have met with little
      success. The design parameters of the air cushion vehicles in the prior
      art are greatly limited. The optimum design is round and the amount of
      available lift depends on surface area. A commercialized air cushion
      vehicle of the approximate size of the conventional, family automobile has
      yet to be widely commercialized. None of these air cushion vehicles are
      capable of operating at altitudes of more than a couple of feet off the
      ground, and all of them suffer from a lack of maneuverability and
      stability making them impractical for commercial use.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a vehicle having the capability of operating in a
      ground effect mode at altitudes of only a few inches to about a foot off
      the ground by developing a cushion of air under it and in a flight mode at
      altitudes of up to a mile or more by employing an airfoil shaped fuselage
      that experiences aerodynamic lift as it is moved relative to air and a
      plurality of airfoils disposed below the fuselage and arranged in tandem
      to provide additional lift.
PAR  A pair of sidewalls depend from the fuselage, extend below its lower
      surface and together with a rear wall and the forwardmost airfoil form a
      plenum chamber underneath the fuselage that is open toward the ground.
      When operating in the ground effect mode, air is blown into the plenum
      chamber to produce a cushion of air between the fuselage and the ground
      that lifts the vehicle a few inches to about a foot off the ground. The
      rear wall and the forwardmost airfoil are slidably and pivotably attached
      to the vehicle and during the transition from the ground effect mode to
      the flight mode are moved and rotated to permit air to flow between the
      fuselage and the airfoils.
PAR  The vehicle is propelled and lifted by propeller means positioned at the
      forward and rearward end of the fuselage. When operating in the ground
      effect mode the forward propeller means blow air into the plenum chamber
      to build up and maintain a sufficient pressure therein to lift the
      vehicle. When operating in the flight mode the forward propeller means
      blow air over the fuselage and the airfoils to provide the vehicle with
      aerodynamic lift. In both the ground effect mode and the flight mode, the
      rearward propeller means provide the vehicle with thrust to enable it to
      move forward.
PAR  The propellers are powered by any conventional means such as one or more
      internal combustion engines. The size and power rating of the engine or
      engines depend upon the size and weight of the vehicle.
PAR  Horizontal control is effected by rudder means disposed on the rearward end
      of the vehicle and vertical control is effected by elevator means disposed
      on said rearward end.
PAR  When operating in the ground effect mode the airfoils are positioned
      adjacent the fuselage so that the gap between the airfoils and the lower
      surface of the fuselage is at a minimum to facilitate and enhance the
      formation and operation of the plenum chamber. When operating in the
      flight mode the airfoils are lowered to increase the gap between the
      fuselage and the airfoils to permit air to flow between the airfoils and
      the fuselage to provide the vehicle with the maximum available aerodynamic
      lift. The movement of the airfoils is effected by any conventional means
      such as a wheel and gear assembly.
PAR  The transition from the ground effect mode to the flight mode is made by
      simultaneously lowering the airfoils from their position adjacent the
      fuselage, raising the rearwall and altering the angle of attack of the
      forwardmost airfoil.
PAR  A novel feature of the invention is the combination of the airfoil shaped
      fuselage with the side walls and the tandem of airfoils disposed below the
      fuselage.
PAR  An object of the invention is to provide a vehicle that is capable of
      performing efficiently and economically in both the ground effect mode and
      in the flight mode. Another object of my invention is to provide a vehicle
      that is simple and economical in construction and at the same time
      superior to the prior art. Other objects of my invention will become
      apparent from the description of my preferred embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of an air car embodying the invention.
PAR  FIG. 2 is a rearward end elevation of the air car of FIG. 1.
PAR  FIGG. 3 is a forward end elevation of the air car of FIG. 1.
PAR  FIG. 4 is a top plan view of the air car of FIG. 1.
PAR  FIG. 5 is a bottom plan view of the air car of FIG. 1.
PAR  FIG. 6 is a side elevation of the air car of FIG. 1 illustrating the
      airfoils and rear wall in the flight mode position and means for moving
      the airfoils and rear wall from the flight mode position to the ground
      effect mode position, with the fuselage, side walls, elevator and rudders
      shown in phantom.
PAR  FIG. 7 is a side elevation of the air car of FIG. 1 illustrating the
      airfoils and rear wall in the ground effect mode position and means for
      moving the airfoils and rear wall from the ground effect mode position to
      the flight mode position with the fuselage, side walls, elevator and
      rudders shown in phantom.
PAR  FIG. 8 is an enlarged partial vertical elevation of the means for moving
      the airfoils and rear wall from the ground effect mode position to the
      flight mode position, shown in the ground effect mode position, taken
      along line 8--8 in FIG. 6.
PAR  FIG. 9 is an enlarged partial elevation of the means for moving the
      airfoils and rear wall from the flight mode position to the ground effect
      mode position, shown in the ground effect mode position, taken along line
      9--9 in FIG. 7.
PAR  FIG. 10 is an enlarged partial top plan view of the means for moving the
      airfoils and rear wall from the flight mode position to the ground effect
      mode position taken along line 10--10 in FIG. 6.
PAR  FIG. 11 is a partial side elevation of the air car of FIG. 1 illustrating
      means for moving and controlling the rudders with the fuselage, side walls
      and elevator shown in phantom.
PAR  FIG. 12 is a partial top plan view of the air car of FIG. 1 illustrating
      means for moving and controlling the rudders with the fuselage and
      elevator shown in phantom.
PAR  FIG. 13 is a partial side elevation of the air car of FIG. 1 illustrating
      means for moving and controlling the elevator with the fuselage, sidewalls
      and rudders shown in phantom.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, the air car C comprises a vehicle that has the
      capability of being operated in both the ground effect mode and the flight
      mode. The term "ground effect mode" is employed to refer to the operation
      of the vehicle as an air-cushion vehicle flying at altitudes of a few
      inches to about a foot off the ground. The term "flight mode" refers to
      the operation of the vehicle as an airplane flying at altitudes of up to a
      mile or more with aerodynamic lift being provided, in part, by the design
      of the fuselage 20 and the utilization of the airfoils 30, 31, 32 and 33.
PAR  The preferred embodiment of the air car C comprises: the fuselage 20 which
      is streamlined with an upper surface 21 and a lower surface 22, the
      surface area of the upper surface 21 being greater than that of the lower
      surface 22 to enable the fuselage 20 to experience aerodynamic lift as the
      air car C is moved relative to air; the airfoils 30, 31, 32 and 33
      disposed below the fuselage 20, said airfoils being arranged in tandem and
      having chord lengths that are shorter than that of the fuselage 20, said
      airfoils providing the air car C with aerodynamic lift as it is operated
      in the flight mode; the sidewalls 40 and 40a which depend from the
      fuselage 20 and extend below lower surface 22 and which together with the
      rearwall 45, the forward airfoil 30, and the lower surface 22, form a
      plenum chamber under the fuselage that is open toward the ground and is
      used in producing a cushion of air between the air car C and the ground
      when the air car is operated in the ground effect mode; the engines 72 and
      73 and the propellers 70 and 71 disposed on the forward and rearward end
      of the air car C for propelling and lifting the vehicle; and the rudders
      50 and 50a and the elevator 60 disposed on the rearward end of the air car
      C for steering the vehicle.
PAR  The fuselage 20 is constructed of sheet metal, aluminum, fiberglass,
      plastic covered wood or any other material having similar qualities and
      characteristics of strength, durability and light weight. It is made
      substantially air tight to permit flight at altitudes of a mile or more
      and to prevent the in-leakage of high pressured air from the plenum
      chamber during ground effect mode operation. It houses the passenger
      compartment, the engines 72 and 73 and the controls for operating the
      airfoils, rudders and elevator. The space between floor 23 and lower
      surface 22 houses the rear wall 45 when the vehicle is operated in the
      flight mode, as illustrated in FIG. 6, and the mechanisms for operating
      the rudders 50 and 50a and the elevator 60, as illustrated in FIGS. 11 to
      13. Door 24 opens and closes by sliding on guide rails 25 and 25a and has
      latches 26 and 26a on each side. Steps 27 and 27a on the outside of
      sidewalls 40 and 40a, respectively, facilitate entering the vehicle.
PAR  The preferred embodiment of the fuselage 20 includes the flat lower surface
      22. In an alternate embodiment of the air car C, not shown, the lower
      surface 22 is streamlined and curved outwardly from the upper surface 21
      of the fuselage 20 as viewed from a cross-sectional, side elevation of the
      vehicle, and has a surface area that is less than the surface area of the
      upper surface 21.
PAR  The airfoil 30 is pivotally attached to and disposed between the sidewalls
      40 and 40a. Its angle of attack is adjusted to provide the air car C with
      aerodynamic lift when the vehicle is operated in the flight mode, as
      illustrated in FIGS. 1 to 6, and to form the partially open, forward end
      wall of the plenum chamber when the vehicle is operated in the ground
      effect mode, as illustrated in FIG. 7. It is constructed of either the
      same material as the fuselage 20 or any other material having similar
      qualities and characteristics of strength, durability and light weight. In
      an alternative embodiment of my air car C, not shown, airfoil 30 is not
      utilized and the air pressure in the plenum chamber during ground effect
      mode operation is maintained by the back pressure induced by the movement
      of propeller 70. Alternatively, the airfoil 30 can have a curved lower
      surface to improve its aerodynamic performance.
PAR  The airfoils 31, 32 and 33 are disposed beneath the fuselage 20 and
      attached to and disposed between the horizontal support members 81 and 81a
      of the airfoil support frame 80. They are constructed of substantially the
      same material as airfoil 30 so as to have similar qualities and
      characteristics of strength, durability and light weight. When operating
      in the ground effect mode, the airfoils 31, 32 and 33 are positioned
      adjacent the lower surface 22 of the fuselage 20, as illustrated in FIG.
      7, so that the gap between the airfoils and the lower surface 22 is at a
      minimum to facilitate and enhance the formation and operation of the
      plenum chamber. When operating in the flight mode the gap between the
      airfoils and the lower surface 22 is increased, as illustrated in FIG. 6,
      to permit air to flow between the airfoils and the fuselage to provide the
      vehicle with the maximum available aerodynamic lift. When operating in the
      flight mode the angle of attack of the airfoils 31, 32 and 33 is up to
      about 10 or 12.degree. more than the angle of attack of the fuselage 20,
      as illustrated in FIG. 6, to provide the vehicle with additional
      aerodynamic lift. The lower surfaces of the airfoils can be curved to
      improve aerodynamic performance.
PAR  An alternate embodiment of the airfoils 31, 32 and 33, not shown, is a
      semi-circular, cross-sectional design as viewed from the forward end of
      the vehicle. This alternate embodiment provides additional aerodynamic
      lifting surface area which decreases the amount of power and horizontal
      speed required to make the transition from the ground effect mode to the
      flight mode. In this alternate embodiment air foil 30 can have either the
      rectangular, cross-sectional design, as illustrated in FIG. 3, or a
      semi-circular, cross-sectional design that is the same as, or similar to,
      the design of the airfoils 31, 32 and 33.
PAR  Another alternate embodiment of the airfoils 31, 32 and 33, not shown, is a
      dual, semi-circular, cross-sectional design as viewed from the forward end
      of the vehicle. This alternate embodiment also provides additional
      aerodynamic lifting surface and includes two engines and propellers on
      both the forward and the rearward end of the vehicle to provide a free
      flowing stream of air over each semi-circular half of the airfoils. In
      this alternate embodiment airfoil 30 can have either the rectangular,
      cross-sectional design, as illustrated in FIG. 3, or a dual,
      semi-circular, cross-sectional design that is the same as, or similar to,
      the design of the airfoils 31, 32 and 33.
PAR  Rear wall 45 is disposed between and slidably attached to guide rails 96,
      97, 96a and 97a, the latter two not shown but being oppositely disposed
      from the former two, and forms a part of the plenum chamber during ground
      effect mode operation, as illustrated in FIG. 7. When the vehicle is
      operated in the flight mode the rear wall 45 is withdrawn into the space
      between the floor 23 and the lower surface 22 of the fuselage 20, as
      illustrated in FIG. 6 to permit the flow-through of air between the
      fuselage 20 and the airfoils 30, 31, 32 and 33 from the forward to the
      rearward end of the vehicle. Rear wall 45 is constructed of substantially
      the same material as the fuselage 20 and/or the airfoils 30, 31, 32 and 33
      so as to have similar qualities and characteristics of strength,
      durability and light weight. When viewed from the side, as illustrated in
      FIGS. 6 and 7, rear wall 45 has a slight curvature in its upper half to
      facilitate its movement around airfoil 33 and into and out of the space
      between floor 23 and lower surface 22 of fuselage 20.
PAR  The airfoils 30, 31, 32 and 33 and the rear wall 45 are moved from the
      flight mode position, illustrated in FIG. 6, to the ground effect mode
      position, illustrated in FIG. 7, and vice versa, by the movement of the
      airfoil support frame 80.
PAR  Referring to FIGS. 6 to 10, the airfoil support frame 80 comprises the
      horizontal airfoil support members 81 and 81a which are pivotally attached
      to and suspended from the vertical support members 82, 82a, 83 and 83a.
      The lever arms 84, 84a, 85 and 85a pivot about the fulcrum members 86,
      86a, 87 and 87a, respectively, and are pivotally attached at one end to
      the tops of the vertical support members 82, 82a, 83 and 83a,
      respectively, and at the other end to the center bar 88 which is attached
      to and mounted on the screw mechanism 89. The fulcrum members 87 and 87a
      are disposed slightly closer to the center of the vehicle than are the
      fulcrum members 86 and 86a, as illustrated in FIG. 10, to enable the
      vertical support members 83 and 83a to drop further than the vertical
      members 82 and 82a to impart the frame 80 with a slightly angular position
      in the flight mode as illustrated in FIG. 6. The vertical support members
      82, 82a,  83 and 83a are partially disposed in and slide up and down in
      guide rails 100, 100a, 101 and 101a, respectively, which impart stability
      to the frame 80. Rollers on the sides of the horizontal members 81 and 81a
      move in guide rails 98, 99, 98a and 99a, the latter two not shown,
      disposed in the side walls 40 and 40a to impart further stability to the
      movements of the frame 80. The rack gears 90 and 90a are adjustably
      attached to the forward ends of the horizontal support members 81 and 81a,
      respectively, by the bolt and compression spring assemblies 93 and 93a,
      respectively, and engage the pinion gears 91 and 91a, respectively. Bolt
      and spring assemblies 93 and 93a  permit racks 90 and 90a and pinions 91
      and 91a to compensate for the slightly angular downward movement of the
      horizontal members 81 and 81a. Partial pinion gears 92 and 92a are
      attached to airfoil 30 and engage pinions 91 and 91a, respectively. Rear
      wall 45 is slidably attached to, and disposed between guide rail 96 in
      sidewall 40, guide rail 97 in the side of fuselage 20 and guide rails 96a
      and 97a, not shown, in sidewall 40a and the other side of fuselage 20,
      respectively. Urging rods 95 and 95a, the latter not shown, are pivotally
      attached at one end to the rearwall 45 and at the other end to the
      horizontal support members 81 and 81a, respectively.
PAR  Movement of the airfoils 30, 31, 32 and 33 and the rearwall 45 from the
      ground effect mode position, illustrated in FIG. 7, to the flight mode
      position, illustrated in FIG. 6, is initiated and controlled by turning
      screw mechanism 89. Turning the screw mechanism raises the center bar 88
      from the position illustrated in FIGS. 7 and 9 to the position illustrated
      in FIGS. 6 and 8. Raising the center bar induces the lever arms 84, 84a,
      85 and 85a to pivot about the fulcrum members 86, 86a, 87 and 87a and the
      vertical support members 82, 82a, 83 and 83a to descend from the positions
      illustrated in FIGS. 7 and 9 to the positions illustrated in FIGS. 6 and
      8. The downward movement of the vertical support members causes the
      horizontal support members 81 and 81a and the airfoils 31, 32 and 33 to
      descend from the positions illustrated in FIG. 7 to the positions
      illustrated in FIG. 6. Movement of the horizontal support members causes
      the rack gears 90 and 90a to descend from the position illustrated in FIG.
      7 to that illustrated in FIG. 6. The movement of the rack gears induces
      pinions 91 and 91a to rotate which induces the rotation of the partial
      pinions 92 and 92a and the airfoil 30 from the positions illustrated in
      FIG. 7 to the positions illustrated in FIG. 6. The downward movement of
      the horizontal support members also causes the urging rods 95 and 95a to
      move forward and downward from the position illustrated in FIG. 7 to the
      position illustrated in FIG. 6. Movement of the urging rods causes the
      rollers 102 and 102a, the latter not being shown, to move forward in guide
      rail 97 and the rollers 103 and 103a, the latter not being shown, to move
      upward and forward in guide rail 96 with the result being the movement of
      the rearwall 45 from the position illustrated in FIG. 7 to the position
      illustrated in FIG. 6. Movement of the airfoils 30, 31, 32 and 33 and the
      rearwall 45 from the flight mode position illustrated in FIG. 6 back to
      the ground effect mode position illustrated in FIG. 7 is initiated and
      controlled by turning the screw mechanism 89 in the direction opposite
      from above with the result being a reversal of the foregoing movements and
      functions.
PAR  The vehicle is lifted and propelled by the propellers 70 and 71 which are
      driven by the engines 72 and 73, respectively. When operating in the
      ground effect mode the rotation of propeller 70 causes air to be blown
      into the plenum chamber at a sufficient rate to build up and maintain
      enough pressure therein to lift the vehicle. The amount of pressure needed
      to lift the vehicle is dependent upon its weight and load. When operating
      in the flight mode the rotation of the forward propeller 70 causes air to
      be blown over the fuselage 20 and the airfoils 31, 32 and 33 at a
      sufficient rate to aerodynamically lift the vehicle and provide it with
      thrust to enable it to move forward. Suction from the rotation of the
      forward propeller 70 causes air to be blown over the airfoil 30 to provide
      the vehicle with additional aerodynamic lift when operating in the flight
      mode. When operating in both the ground effect mode and the flight mode
      the rotation of the rearward propeller 71 provides the vehicle with thrust
      to enable it to move forward. When operating in the flight mode the
      rotation of the rearward propeller also imparts a suction effect to the
      air passing over the fuselage 20 and the airfoils 30, 31, 32 and 33 and
      thereby adds to the amount of available aerodynamic lift.
PAR  Engines 72 and 73 are conventional internal combustion engines, the size
      and power rating of which is dependent upon the size and weight of the
      vehicle and the desired power and available speed. For a vehicle that is
      the approximate size of a conventional automobile weighing from about 500
      to 1000 pounds and capable of air speeds from about 70 to 100 miles per
      hour, while operating in the flight mode, 50 to 100 horsepower is
      sufficient for each of the two engines. The throttles, not shown, are
      controlled by a hand lever means and during operation in both the ground
      effect mode and the flight mode are generally operated at a cruise
      setting.
PAR  Horizontal control of the vehicle is effected by the movement and control
      of the rudders 50 and 50a. Referring to FIGS. 11 and 12, cables 51 and 52,
      and 51a and 52a are disposed between and attached to rudders 50 and 50a,
      and wheels 53 and 53a, respectively. Center bar 56 which is connected to
      and moved by steering wheel 57 is disposed between and attached to wheels
      53 and 53a by cables 54 and 55, and 54a and 55a, respectively. Clockwise
      movement in the steering wheel creates tension in cables 55 and 54a and
      causes wheels 53 and 53a to turn clockwise. The turning of the wheels 53
      and 53a creates tension in cables 52 and 51a, respectively, which causes
      the rudders 50 and 50a and the vehicle to turn to the left. In the same
      manner, counterclockwise movement of the steering wheel 57 causes the
      rudders 50 and 50a and the vehicle to turn to the right.
PAR  Vertical control of the vehicle is effected by the movement and control of
      the elevator 60. The lower surface of elevator can be curved to improve
      its aerodynamic performance. Referring to FIG. 13, foot pedal 69 is
      pivotally mounted to press against spring loaded pedal mechanism 69a which
      is attached to wheel 68. Cables 67 and 67a are disposed between and
      attached to wheels 68 and 66. Cables 65 and 65a are disposed between and
      attached to wheels 66 and 64. Cables 63 and 63a are disposed between and
      attached to wheels 64 and 62. Cables 61 and 61a are disposed between and
      attached to the elevator 60 and wheel 62. In operation, foot pedal 69 is
      pressed against the spring loaded pedal mechanism 69a which causes the
      wheel 68 to turn clockwise. The turning of wheel 68 creates tension in
      cable 67 which causes wheel 66 to turn clockwise. The turning of wheel 66
      creates tension in cable 65 which causes wheel 64 to turn clockwise. The
      turning of wheel 64 creates tension in cable 63 which causes wheel 62 to
      turn clockwise. The turning of wheel 62 creates tension in cable 61 which
      causes the elevator 60 to turn clockwise which causes the forward end of
      the vehicle to rise. In the same manner, releasing the foot pedal 69
      permits the spring loaded pedal mechanism 69a to rotate the elevator
      counterclockwise which causes the forward end of the vehicle to drop.
      Level flight is maintained by keeping the foot pedal 69 partially
      depressed.
PAR  In operation, the air car first becomes airborne by operating as an air
      cushion vehicle in the ground effect mode. When an air speed of between 30
      and 50 miles per hour is attained the transition to the flight mode can be
      made by simultaneously lowering the airfoils 31, 32 and 33, raising the
      rearwall 45 and altering the angle of attack of the airfoil 30 from the
      positions illustrated in FIG. 7 to the positions illustrated in FIG. 6 by
      turning the screw mechanism 89. To insure stability during the transition
      it is best to do it slowly taking for example about 30 seconds to complete
      the transition. When operating in the flight mode horizontal speeds of
      about 70 to 100 miles per hour and altitudes of about a mile can be
      attained for a vehicle the approximate size of a conventional automobile
      having two to four passengers. The air car is landed by decreasing the air
      speed to about 30 to 50 miles per hour, decreasing the altitude to about a
      foot off the ground, making the transition back to the ground effect mode
      by simultaneously raising the airfoils 31, 32 and 33, lowering the
      rearwall 45 and altering the angle of attack of the airfoil 30 by turning
      the screw mechanism 89, and then further decreasing the airspeed and
      decreasing the pressure in the plenum chamber by decreasing the rotation
      rate of the propellers 70 and 71 until the vehicle touches down.
PAR  While I have illustrated and disclosed a preferred, and alternate forms and
      embodiments of my invention, other forms, as well as changes and
      improvements therein and thereon will occur to those skilled in the art
      who come to know and understand my invention, all without departing from
      the essence and substance thereof. Therefore, I do not want my patent to
      be restricted merely to that which is specifically disclosed herein, nor
      in any manner inconsistent with the progress by which my invention has
      promoted the progress of the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle capable of flight as an aircraft in the flight mode and
      movement along the ground in the ground effect mode comprising:
PA1  a streamlined fuselage shaped like an airfoil and having a curved convex
      upper surface and a lower surface extending in the same lateral direction,
      said upper surface having a greater surface area than said lower surface
      to enable said fuselage to provide aerodynamic lift when moved relative to
      air,
PA1  a plurality of horizontal airfoils of smaller size disposed under said
      fuselage, said airfoils being arranged in tandem and having chord lengths
      that are shorter than the chord length of said fuselage, said smaller
      airfoils extending laterally in a direction substantially parallel to the
      upper and lower surfaces of said fuselage and being adapted in the flight
      mode to provide the vehicle with additional aerodynamic lift,
PA1  said fuselage having means including a pair of sidewalls depending from
      said fuselage and extending below said lower surface near the terminal
      ends of said smaller airfoils to form a plenum chamber for trapping a
      cushion of compressed air between the vehicle and the ground to provide
      the vehicle with supporting lift when operating in the ground effect mode
      which is insufficient to cause flight so that the suspended vehicle
      remains close to the ground,
PA1  propelling means for causing air to move rearwardly over said fuselage and
      said airfoils to move the vehicle in excess of flight speed during the
      flight mode and for blowing air into said plenum chamber to create a
      pressure therein sufficient to lift the vehicle during the ground effect
      mode,
PA1  said fuselage and said smaller airfoils when operating in the flight mode
      providing means for imparting maximum lift to the vehicle to enable it to
      take off and maneuver as an aircraft at substantial altitudes remote from
      the ground,
PA1  means for causing relative vertical movement between portions of said
      fuselage and said airfoils to modify the rate of flow of air over said
      airfoils and the amount of lift provided by the airfoils to enable the
      vehicle to function in both of said flight and ground modes,
PA1  rudder and elevator means for steering and controlling said vehicle during
      the flight mode,
PA1  the airfoils being positioned adjacent the fuselage during operation in the
      ground effect mode, and means for lowering said airfoils to increase the
      space between the airfoils and the fuselage for operation in the flight
      mode.
NUM  2.
PAR  2. The vehicle of claim 1 with a pivotally attached airfoil on the forward
      end of the vehicle, the angle of attack of said airfoil being adjustable
      to provide the vehicle with aerodynamic lift when operating in the flight
      mode and a partially open forward end wall for the plenum chamber when
      operating in the ground effect mode.
NUM  3.
PAR  3. A vehicle of the character described capable of flight as an aircraft in
      the flight mode and movement along the ground in the ground effect mode
      comprising:
PA1  a fuselage, said fuselage being streamlined and having a curved convex
      upper surface and a lower surface, said upper surface having a greater
      surface area than said lower surface and being shaped to enable said
      fuselage to experience aerodynamic lift when moved relative to air,
PA1  a plurality of laterally extending airfoils of smaller size disposed under
      said fuselage, said smaller airfoils being arranged in tandem and having
      chord lengths that are shorter than the chord length of said fuselage,
      said airfoils being adapted to provide said vehicle with aerodynamic lift
      as it is moved relative to air,
PA1  said fuselage and said airfoils providing means for lifting the vehicle off
      the ground in the flight mode, whereby the vehicle functions as an
      aircraft at substantial altitudes,
PA1  means including a pair of sidewalls depending from said fuselage and
      extending below said lower surface near the terminal end of said smaller
      airfoils for trapping a cushion of compressed air between the vehicle and
      the ground to provide said vehicle with lift when operating in the ground
      effect mode,
PA1  means for lowering said airfoils to increase the gap between the airfoils
      and the lower surface of the fuselage for operation in the flight mode,
PA1  propelling means for displacing air to propel said vehicle in excess of
      flight speed during the flight mode, and airfoil means for steering said
      vehicle.
NUM  4.
PAR  4. The vehicle of claim 3 wherein said air cushion means forms a plenum
      chamber under the fuselage to receive air from said propelling means
      during operation in the ground effect mode.
NUM  5.
PAR  5. The vehicle of claim 4 wherein the airfoils are positioned adjacent the
      lower surface of the fuselage during operation in the ground effect mode.
NUM  6.
PAR  6. The vehicle of claim 4 wherein said plenum chamber includes a rear wall
      mounted for movement from an upper retracted position to a lower advanced
      position near the ground.
NUM  7.
PAR  7. The vehicle of claim 6 wherein said rear wall extends between said side
      walls and is mounted to swing down from a generally horizontal retracted
      position.
NUM  8.
PAR  8. The vehicle of claim 3 wherein a pivotally attached airfoil is disposed
      on the forward end of the vehicle.
NUM  9.
PAR  9. The vehicle of claim 8 wherein said pivotally attached airfoil has a
      normal position during the flight mode wherein it imparts lift to the
      vehicle and has an inclined advanced position during the ground mode
      wherein it extends between the sidewalls to form the front wall of a
      plenum chamber below said fuselage.
NUM  10.
PAR  10. The vehicle of claim 3 wherein said propelling means is driven by a
      combustion engine and blows air into a plenum chamber formed under the
      fuselage by said air cushion means to cause movement of the vehicle along
      the ground.
NUM  11.
PAR  11. A process of operating a vehicle having a fuselage shaped like an
      airfoil, airfoil means for steering the vehicle, and a power plant for
      imparting forward thrust to the vehicle, said fuselage being streamlined
      and having a curved convex upper surface with greater surface area than
      its lower surface to enable the fuselage to provide aerodynamic lift, said
      process comprising the steps of providing a plurality of horizontally
      spaced spaced airfoils of smaller size having chord lengths that are
      shorter than the chord length of said fuselage, said airfoils extending
      laterally and being of a size and shape to provide said vehicle with
      aerodynamic lift as it is moved relative to air, positioning said airfoils
      in tandem and away from said fuselage to cause them to impart maximum lift
      to the vehicle and to enable the vehicle to maneuver as an aircraft in a
      flight mode at substantial altitude remote from the ground, thereafter
      causing said airfoils to move bodily in a vertical direction relative to
      said fuselage to reduce the lift imparted to the vehicle while providing a
      plenum chamber below said fuselage and blowing air into said plenum
      chamber to provide a cushion of compressed air under the fuselage, whereby
      said vehicle travels proximate to the ground in a ground mode with
      insufficient lift for flight.
NUM  12.
PAR  12. The process of claim 11 in which an additional airfoil is provided
      forward of the fuselage and moved from a position, wherein it imparts
      aerodynamic lift during the flight mode, to an inclined position during
      the ground mode, wherein it deflects air into said plenum chamber, and in
      which conversion from the ground mode to the flight mode is effected by
      lifting a rear wall portion of said fuselage, altering the angle of attack
      of said forward airfoil, and lowering the tandem of airfoils below said
      fuselage.
NUM  13.
PAR  13. The process of claim 11 in which an additional airfoil is provided
      forward of the fuselage and is moved from a position wherein it directs
      air toward said airfoils during the flight mode to an inclined position
      during the ground mode, wherein it deflects air downwardly into said
      plenum chamber while restricting flow out of the front end of said
      chamber.
NUM  14.
PAR  14. A vehicle capable of flight as an aircraft in the flight mode and
      movement along the ground in the ground effect mode comprising:
PA1  a streamlined fuselage shaped like an airfoil and having a curved convex
      upper surface and a lower surface extending in the same lateral direction,
      said upper surface having a greater surface area than said lower surface
      to enable said fuselage to provide aerodynamic lift when moved relative to
      air,
PA1  a plurality of horizontal airfoils of smaller size disposed directly
      underneath said fuselage, said airfoils being arranged in tandem and
      having chord lengths that are shorter than the chord length of said
      fuselage, said smaller airfoils extending laterally in a direction
      substantially parallel to the upper and lower surfaces of said fuselage
      and being adapted in the flight mode to provide the vehicle with
      additional aerodynamic lift,
PA1  said fuselage having means including a pair of sidewalls depending from
      said fuselage and extending below said lower surface near and outwardly of
      the terminal ends of said smaller airfoils to form a plenum chamber for
      trapping a cushion of compressed air between the vehicle and the ground to
      provide the vehicle with supporting lift when operating in the ground
      effect mode which is sufficient to support the vehicle but is insufficient
      to cause flight so that the suspended vehicle remains close to the ground,
      said fuselage extending the length of said plenum chamber to close the top
      thereof,
PA1  propelling means for causing air to move rearwardly over said fuselage and
      said airfoils to move the vehicle in excess of flight speed during the
      flight mode and for blowing air into said plenum chamber to create a
      pressure therein sufficient to lift the vehicle during the ground effect
      mode,
PA1  said fuselage and said smaller airfoils when operating in the flight mode
      providing means for imparting maximum lift to the vehicle to enable it to
      take off and maneuver as an aircraft at substantial altitudes remote from
      the ground,
PA1  means for raising and lowering said airfoils to modify the rate of flow of
      air over said airfoils and the amount of lift provided by the airfoils to
      enable the vehicle to function in both of said flight and ground modes,
      and
PA1  rudder and elevator means for steering and controlling said vehicle during
      the flight mode.
NUM  15.
PAR  15. The vehicle of claim 14 with a pivotally attached airfoil disposed on
      the forward end of the vehicle.
NUM  16.
PAR  16. A vehicle capable of flight as an aircraft in the flight mode and
      movement along the ground in the ground effect mode comprising:
PA1  a fuselage shaped like an airfoil, said fuselage being streamlined and
      having a curved convex upper surface and a lower surface which extends in
      a lateral direction parallel to said upper surface, said upper surface
      having a greater surface area than said lower surface and being shaped to
      enable said fuselage to provide aerodynamic lift when moved relative to
      air,
PA1  a plurality of separate horizontally spaced airfoils of smaller size
      carried by said fuselage and extending laterally in a direction
      substantially parallel to the lower surface of said fuselage, said smaller
      airfoils being arranged in tandem in a single row and havig chord lengths
      that are shorter than the chord length of said fuselage, said airfoils
      being adapted to provide said vehicle with aerodynamic lift as it is moved
      relative to air,
PA1  said fuselage and said airfoils when operating in the flight mode providing
      means for imparting maximum lift to the vehicle to enable it to maneuver
      as an aircraft at substantial altitudes remote from the ground,
PA1  means for moving said smaller airfoils and for positioning them away from
      said fuselage to provide maximum lift during operation in the flight mode,
PA1  means including a pair of sidewalls depending from said fuselage outwardly
      of said smaller airfoils and extending below said lower surface for
      trapping a cushion of compressed air between the vehicle and the ground to
      provide said vehicle with lift and to support the entire weight of the
      vehicle when operating in the ground effect mode, said air cushion means
      forming a plenum chamber under the fuselage and under said airfoils,
PA1  a rear wall mounted on said fuselage for movement from an upper retracted
      position during the flight mode to a lower advanced position during the
      ground effect mode, wherein said rear wall closes the rear of said plenum
      chamber,
PA1  propelling means at the front of said vehicle for blowing air rearwardly
      over said fuselage and said airfoils to move said vehicle in excess of
      flight speed during the flight mode and for blowing air into said plenum
      chamber to maintain a pressure therein sufficient to lift the vehicle
      during the ground effect mode, and
PA1  airfoil means for steering said vehicle during the flight mode.
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ABST
PAL  In a small airplane, a combination nose wheel, shroud and rudder is
      provided. The shroud encloses all but a lower cord of the wheel. The
      shroud has an aerodynamic profile and is pivotable for inflight guidance
      by a pair of actuator pedals pivoted to the interior structure of the
      cabin. The shroud is directionally operatable by the pedals operating
      through a bellcrank and connecting rod. The shroud is returnable to a
      normal straight flight condition by airstream forces alone. An additional
      interconnection is provided from the shroud for simultaneously controlling
      a conventional rear rudder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention related to a combination nose wheel shroud and rudder
      and the actuating mechanism necessary to pivot the rudder in its flight
      guidance positions.
PAR  Small aircraft capable of carrying anywhere from two to four people come in
      a great variety of sizes, shapes and incorporate any number of mechanical
      principles. The selection of those production and non-production craft is
      so great that no attempt will be made to detail the various aspects,
      advantages and deficiencies of any prior present art aircraft. The present
      invention, however, is directed to the provision of a light-weight and
      inexpensive, but high performance craft designed to make a personal
      airplane more readily available to those in a wide range of income
      brackets. Specifically, the present invention concerns a combination nose
      wheel shroud and rudder control which is uniquely adaptable to a very
      lightweight, and inexpensive but high performance airplane.
PAR  There are many variations of landing gear controls used for small planes,
      for instance, in some embodiments, a nose wheel and its shroud are
      operable within a certain limited range of permitted movement via pedal
      actuators and a system of gears and cables. Such mechanisms are effective
      in performing the function of properly positioning the nose wheel of the
      craft, however, the combination of gears and cables is too expensive and
      complicated for utilization in a truly low cost aircraft. A similar system
      is illustrated in Patent 3,753,540 to Renner in which apparatus is
      disclosed for the steering of the nose wheel of the craft after touch-down
      is made. A foot operated bell crank actuates both the rudder and the nose
      wheel. While the mechanism disclosed is not overly complicated and its
      movement is rather effective, the present invention, by combining the nose
      wheel shroud thereby performs the same function with fewer parts and
      consequently less production cost. U.S. Pat. No. 2,814,452 to Blanchard in
      a most general manner discloses a steering wheel or mechanism that control
      both the rudder and the nose wheel. As in the case of the Renner patent,
      the present invention eliminates duplicated structure and is therefore
      superior to the structure disclosed in that patent. There are many other
      patents for planes which illustrate combined nose/wheel and rudder control
      systems. The present invention, however, utilizes the contour of the nose
      wheel shroud as a functioning rudder and therefore requires only a
      simplified, light-weight and inexpensive mechanism to provide actuation of
      the combined system for both inflight guidance and touch down control and
      subsequent steerage of the craft.
PAC  SUMMARY OF THE INVENTION
PAR  In a small airplane, the nose wheel shroud functions as the rudder and is
      controlled by actuator means mounted in the forward part of the cabin. The
      nose wheel shroud is streamlined and covers all but the lowermost chord of
      the nose wheel. A pair of pedal actuators is pivoted to the floor of the
      cabin and these pedals are active on a pair of followers which are
      journalled on a bell crank pivoted to the cabin structure directly behind
      the pedals. The pedals impart a pivotal motion to the bell crank to which
      is connected a connecting rod; that rod extends to the nose wheel shaft
      means, via a bracket, the nose wheel shaft being journalled in that
      bracket. There is no return mechanism to return the rudder controls to a
      static or equilibrium position, rather the aerodynamic forces on the nose
      wheel shroud or rudder, return the mechanism to that position. The bell
      crank is formed with a substantially U-shaped cross-section, or with
      symetrically disposed upper and lower plates and the followers are rollers
      which are journalled in the opposing plates of the bell crank. An angle
      bracket fastens the bell crank to the interior of the cabin and a similar
      bracket pivotally connects the actuator pedals slightly aft and below the
      bell crank to the floor of the cabin. The pedals are formed with a
      generally right triangle cross-section, the connection to the cabin floor
      being generally along the edge opposite the hypotenuse of the pedal. The
      pedals are formed from a relatively light-weight cellular material over
      which is fitted a relatively thin but rigid skin. A resilient biasing
      cushion is fitted between the actuator pedal and the cabin floor and that
      cushion is adapted to absorb the back motion of the non-deployed actuating
      pedal. An optional or auxiliary rudder may be provided on the tail wing of
      the aircraft and a connecting cable may extend between that rudder and the
      nose wheel shaft to impart similar motion to the optional rudder.
PAR  The above and other aspects of the invention will be apparent as the
      description continues and when read in conjunction with the appended
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1, is a semi-diagramatic side view of the nose wheel shroud-rudder
      control means enclosed within the aircraft cabin;
PAR  FIG. 2, is a side elevational view of the actuator pedals and bell crank
      means;
PAR  FIG. 3, is a plan view of the actuator pedals and bell crank structure;
PAR  FIG. 4, is a side elevational view of the bell crank;
PAR  FIG. 5, is a plan view of the bell crank shown prior to the bending of the
      plates in a parallel relation;
PAR  FIG. 6, illustrates the adjustable control rod.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, it is seen that the nose wheel 10 is connected to a
      shaft 12. A shroud 14 is connected at 16 to shaft 12. That shroud is
      profiled with aerodynamic properties. It is somewhat elongated and has a
      leading edge 18, and trailing edge 20.
PAR  The function of the combination shroud-rudder 14 is identical to that of
      any ordinary rudder. Simply, when the rudder 14 is turned to the left or
      right, the plane bears in that respective direction. There is no mechanism
      provided to return the rudder to a static in-flight position; rather, that
      is accomplished by permitting the aerodynamic forces on the rudder 14 to
      return it to its center position. In effect, the aerodynamic forces on the
      rudder are the motivating forces which resets the entire apparatus to its
      normal condition.
PAR  Turning now to FIGS. 2 and 3, we see the control means referred to as
      numeral 22. The prime mover of this system is provided by a pair of
      pedals, 24, 26, which are preferably of right triangular cross section.
      The body of the pedals may be fabricated by a light-weight, but
      structurally firm, cellular material. A thin skin 28 surrounds the entire
      pedal and that skin is preferably a hard plastic, such as acrylic. It
      should be evident that the pedals 24, 26 have been designed to provide
      acceptable structural integrity but, in addition, contribute very little
      weight to the craft.
PAR  Each pedal, 24, 26, is pivoted to the floor of the cabin, along the edge
      30, which is the edge opposite the hypotenuse of the triangular cross of
      the pedals, by means of a pair of overlapping brackets, 32, 34, which are
      pinned in their aligned center holes 36. For reasons which will become
      apparent as the description continues, the pedals, 24, 26, are also
      provided with resilient pads 38, such as foam rubber. Those pads have a
      generally trapazoidal cross section and are received between the cabin
      floor and lower face of the pedals, 22, 24. The pads further include a
      flange part 40 that extends upwardly and overlies the lower part of the
      hypotenuse face of the pedal.
PAR  FIG. 3 illustrates the bell crank means 42. That means is pivoted to the
      cabin interior directly in front of the pedals, 24, 26, by means of a bolt
      44, angle bracket 46, nut 48 and washers, 50, 52, 54 arrangement.
PAR  As seen best in FIG. 3, a pair of rollers, 60, 62, are journalled into the
      bell crank 42 at centers 64, 66, a system of bolts, nuts and washers
      providing the joinder. Those rollers are positioned contigious the forward
      faces of the actuator pedals 24, 26 and function to transfer the movement
      of those pedals to the bell crank 42. It should be apparent that
      depression of pedal 24, causes a following reaction by roller 60 and
      consequent clockwise rotation of the bell crank 42. Similarly, depression
      of pedal 26 causes the bell crank 42 to rotate in the counter-clockwise
      direction. From the arrangement illustrated, it is clear that depression
      of any pedal, causes a reverse pivoting of the opposite pedal since room
      must be made for the movement of the bell crank 42. It is for this reason
      that the resilient pads 38 are included. The reverse movement of the
      non-actuated pedal is cushioned and somewhat resisted by the compression
      of the corresponding pad.
PAR  FIGS. 2, 4 and 5 illustrate the U-shaped cross section of the bell crank
      42. The bell crank 42 may be formed from a sheet material cutout of the
      symetrical, irregular shape as shown in FIG. 6. The cutout is then bent
      along the creases 70, 72 so as to form identical plates. The cutout is
      further bent along the creases 74 and 76 so as to form a lip disposed at
      pre-selected angle to the plane of the bell crank 42. A pair of opposed,
      aligned holes 80, 82 are drilled in the two plates comprising the bell
      crank 42. A small shaft or bolt 84 is fastened in those holes via a nut 86
      and washers 88, 90. Another similar lip 92 and bolt is fastened on the
      nose wheel shaft 12. A connecting rod 96, shown in FIG. 6, connects the
      bolts by means of bored and threaded ends 100 and 102, of that rod and
      screw eyes 104, 106 having threaded shanks mating with the bored rod ends.
      The ring parts 108, 110 are journalled on the bolts 72, and this
      arrangement permits the connecting rod 102 to be adjusted from time to
      time to take up any slack in the system.
PAR  It should be evident, from the above description, that the motion of the
      bell crank 42 is transferred to the lip and to the connecting rod 108.
      That connecting rod is effective to push or pull bracket 92 with a
      corresponding rotation of the nose/wheel shaft 12. The rotation of the
      shaft is then manifested in the corresponding rotation of the rudder 14.
      As previously stated, there is no mechanism for return of the controls or
      rudder to the center position; rather, the airstream forces on the rudder
      actuate the return motion. From FIG. 1, it should be noted that this craft
      may be provided with an auxiliary rudder 120 which can be connected to
      nose/wheel shaft 12 by means of a cable 122. It should also be noted that
      the structure hereinbefore described may be used merely for nose/wheel
      steering during ground roll. In any of its uses, the apparatus disclosed
      is characterized by an economy of parts which have a simple, direct
      movement, and are light-weight but have structural integrity.
PAR  Many changes may be made in details of the instant invention, in the method
      and materials of fabrication, in the configuration and assemblage of the
      constituent elements, without departing from the spirit and scope of the
      appended claims, which changes are intended to be embraced therewithin:
CLMS
STM  We claim:
NUM  1.
PAR  1. A rudder actuator which comprises a pair of actuator pedals pivoted to
      the interior of the cabin, pivotal crank means comprising a pair of crank
      plates joined along adjacent edges thereof, follower means comprising
      rollers journalled in said crank plates adjacent said actuator pedals
      cooperating with said actuator pedals to pivot said crank means between
      its extreme positions, a connecting rod movably connected to said crank
      means and effective to transfer the movement of said crank means to said
      rudder.
NUM  2.
PAR  2. In the rudder actuator of claim 1, said pedals include rub plates clad
      on the pedals and active to impart movement to said rollers.
NUM  3.
PAR  3. In the rudder actuator of claim 2, length adjustment means connected to
      the ends of said connecting rod.
NUM  4.
PAR  4. In the rudder control of claim 1, said pedals comprise a relatively
      light cellular body and a relatively thin and rigid outer skin.
NUM  5.
PAR  5. In the rudder control of claim 4, said pedals are of generally right
      triangular cross section and pivoted the cabin interior along the edge
      between the triangle legs.
NUM  6.
PAR  6. In the rudder control of claim 4, resilient biasing cushions active on
      the bottoms of said actuator pedals and adapted to cushion the back motion
      of a non-deployed actuator pedal.
PATN
WKU  039319440
SRC  5
APN  4534115
APT  1
ART  315
APD  19740321
TTL  Thrust reversal system for jet aircraft engines
ISD  19760113
NCL  7
ECL  1
EXA  Kelmachter; Barry L.
EXP  Blix; Trygve M.
NDR  11
NFG  11
INVT
NAM  Capewell; Terence John
CTY  Brewood
CNT  EN
INVT
NAM  Lloyd; Arthur Leslie
CTY  Wolverhampton
CNT  EN
INVT
NAM  Marshall; David
CTY  Wolverhampton
CNT  EN
ASSG
NAM  Lucas Aerospace Limited
CTY  Wolverhampton
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730321
APN  13697/73
CLAS
OCL  244110B
XCL   60230
XCL  23926537
EDF  2
ICL  B64D 3304
FSC  244
FSS  110 B;53 R;52;12 D;23 D
FSC  239
FSS  265.19;265.25;265.29;265.31;265.33;265.37
FSC   60
FSS  226 A;229;230
UREF
PNO  2619794
ISD  19521200
NAM  Lombard
OCL  239265.37
UREF
PNO  2780057
ISD  19570200
NAM  Stavert
OCL  239265.19
UREF
PNO  3086360
ISD  19630400
NAM  Gavin
OCL   60229
UREF
PNO  3655134
ISD  19720400
NAM  Greenland et al.
OCL  239265.37
UREF
PNO  3719324
ISD  19730300
NAM  Uehling et al.
OCL  239265.19
ABST
PAL  A thrust reversal system for a jet aircraft engine, comprising thrust
      reverser buckets movable between a stowed and a deployed position, an air
      motor operable under pilot's control to impart movement to the buckets, a
      piston movable in a cylinder having restricted outlet orifices for
      automatically decelerating the motor when the buckets approach both the
      stowed and the deployed position, a locking mechanism for locking the
      buckets in the stowed position and a flow control valve for controlling
      the direction of flow of operating air to the motor, the flow control
      valve, upon selection of deploy, initially occupying a position
      corresponding to movement of the motor in the direction to stow the
      buckets and, after release of the locking mechanism, moving to its
      alternative position to enable the motor to move the buckets to the
      deployed position.
BSUM
PAR  This invention provides a thrust reversal system for jet aircraft engines
      of the type described in U.S. Pat. No. 3,655,134 and comprising thrust
      reverser buckets movable between a stowed and a deployed position, an air
      motor operable under pilot's control to impart movement to the buckets, a
      flow control valve for controlling the direction of flow of operating air
      to the motor, means for automatically decelerating the motor when the
      buckets approach both the stowed and the deployed position and a locking
      mechanism for locking the buckets in the stowed position.
PAR  With a view to facilitating the release of the locking mechanism upon
      selection of the deploy by the pilot, the invention provides a thrust
      reversal system of this type in which, upon selection of deploy, the flow
      control valve initially occupies a position corresponding to movement of
      the motor in the direction to stow the buckets and, after release of the
      locking mechanism, moves to its alternative position to enable the motor
      to move the buckets to the deployed position.
DRWD
PAR  Two alternative forms of thrust reversal system according to the invention
      will now be described in detail, by way of example, with reference to the
      accompanying drawings in which:
PAR  FIGS. 1 and 1A together show the first embodiment with the buckets stowed,
PAR  FIGS. 2 to 7 shown the mechanism illustrated in FIG. 1 at successive stages
      in deploying and stowing the buckets,
PAR  FIG. 4A shows the position occupied by the buckets when the remainder of
      the mechanism is in the position shown in FIG. 4 or FIG. 7,
PAR  FIG. 6A shows the position occupied by the buckets when the remainder of
      the mechanism is in the position shown in FIG. 6, and
PAR  FIG. 8 is a view corresponding to FIG. 1 showing the second embodiment.
PAR  Like reference numerals designate like parts throughout the Figures.
DETD
PAR  The system shown in FIGS. 1 to 7 will first be described. It includes two
      thrust reversal buckets 10, supported on links 11, 12 which are
      respectively rotatable about pivots 13 and 14. The buckets 10 are movable
      between a stowed position shown in FIG. 1A, in which they are locked by a
      pivoted locking bar 15 having claws 16 engaging pins 17 on the links 11,
      and a deployed position shown in FIG. 6A.
PAR  Movement is imparted to the buckets by an air motor 18, having meshing
      rotors 19 which drive, through flexible shafts 21 and bevel gearing 22, a
      shaft 23 which carries a gear 24A, meshing with a gear 24B fixed to a nut
      26 which engages a screw threaded shaft 25 and is restrained against axial
      movement. The shaft 25 is connected at one end by links 27 to the links
      11. Rotation of the motor 18 therefore imparts axial movement to the shaft
      25 to move the buckets 10.
PAR  Air under pressure is supplied from the compressor (not shown) of the
      aircraft engine to an inlet 28 but this air is normally prevented from
      flowing to the motor 18 by a shut off valve, constituted by a cup shaped
      piston 29 subject to the pressure at the inlet 28 and containing a bleed
      hole 30. Normally the air under pressure in the interior 31 of the piston
      29 is prevented from flowing to an exhaust outlet 32 because a valve 33
      initially blocks communication between the space 31 and the exhaust
      outlet. A spring 35 accordingly normally maintains the valve 29 closed.
      When the valve 29 is opened as later described the direction and speed of
      rotation of the motor 18 are determined by the position of a flow control
      valve 36. When the buckets are stowed, as shown in FIG. 1A, the valve 36
      occupies a position corresponding to rotation of the motor 18 in the
      direction to stow the buckets as indicated by the arrow S in FIG. 1. Only
      after release of the locking bar 15 as described below does the valve 36
      move to its alternative position to cause the motor to rotate in the
      direction to deploy the buckets as indicated by the arrow D in FIG. 4.
      During normal flight a pilot's lever 37 occupies the position shown in
      FIG. 1. When the pilot wishes to select thrust reversal he moves the lever
      37 to the position shown in FIG. 2, thereby closing switches 38 and 39.
      Closure of the switch 38 completes a circuit to energize a solenoid 40,
      thereby shifting a pair of valves 41, 42 against the action of springs
      41A, 42A biassing these valves, from the position of FIG. 1 to that of
      FIG. 2. Closure of the switch 39 prepares a circuit for energizing a
      solenoid 43, but this circuit is not completed until another switch 44 is
      closed by ground contact of a wheel 45 of the aircraft as shown in FIG. 3.
PAR  When, upon ground contact, the solenoid 43 is energized it opens the valve
      33 to exhaust air from the space 31 through a line 33A to the exhaust
      outlet 32, thereby enabling the pressure of air in the inlet 28 to open
      the valve 29 against the force applied by the spring 35. Air under
      pressure is thus admitted from the inlet 28 to the motor 18 but the valve
      36 remains, as shown in FIG. 3, in the position corresponding to rotation
      of the motor 18 in the direction to move the buckets 10 towards the stowed
      position.
PAR  As shown in FIG. 3, opening of the valve 29 permits air under pressure to
      pass through a line 46, and the valve 41 and a line 41B to the underside
      of a cup piston 47, so causing this piston and another piston 48 within it
      to rise against the action of springs 47A, 48A respectively loading them,
      air from above these pistons being expelled to the exhaust outlet 32
      through a line 130, the valve 42 and a line 131. As the piston 48 rises it
      rocks a lever 49 to cause a cable 50 to rock the latching lever 15
      counterclockwise to unlock the buckets 10 as shown in FIG. 4A, rocking of
      the lever 15 being assisted by the inward pressure applied to the links 11
      by the motor 18. Upward movement of the piston 48 also shifts a valve 34
      to the position shown in FIG. 4. Upward movement of the piston 47 raises a
      valve 52 from the position shown in FIG. 3 to that shown in FIG. 4.
PAR  When the valve 29 opens, air is admitted from the line 46 through a
      restricted orifice 146A to the undersides of a piston 53. When the valves
      34 and 52 have moved to the positions shown in FIG. 4 a path to exhaust is
      provided from the space above the piston 53 through a restrictor 54, a
      line 149 and the valve 52 so that the piston 53 begins to move up. A path
      to exhaust from the space 31 is also provided through a line 147, the
      valve 34 and a line 148, so ensuring that the valve 29 will not close
      should the solenoid 43 be deenergized temporarily owing to closure of the
      switch 44 should the wheel 45 bounce on the ground.
PAR  The piston 53 is connected to the annulus 163 of differential gearing 55.
      As the piston 53 moves upward at a rate determined by the flow of air to
      exhaust through the restrictor 54, it operates the differential gearing 55
      to shift the flow control valve 36 clockwise to the position shown in FIG.
      5 in which it causes the motor 18 to rotate in the direction to deploy the
      buckets 10. This is effected by a lever 61, joining the centres of the sun
      wheel 161 and the planet 162 of the gearing 55 and connected by a link 62
      to the flow control valve 36. The position of the lever 61 is a measure of
      the error between the imput to the gearing 55 from the piston 53 and the
      output represented by feedback 56 through gearing 156 from the motor 18 to
      the sun wheel 161 of the gearing 55. The piston 53 reaches the end of its
      stroke shortly before the buckets are fully deployed, whereafter continued
      rotation of the motor 18 operates through the feedback 56 to close the
      valve 36 as shown in FIG. 6.
PAR  If the above mentioned error should increase above a specified amount then
      remedial action is required and a valve 63, whose position is a measure of
      the position of the lever 61, carries out the required action. The error
      can be caused, for example, by some fault in the transmission between the
      motor 18 and the buckets causing the motor to turn more slowly than the
      position of the valve 36 demands. This would mean, referring to FIG. 4,
      that the piston 53 would continue to move the lever 61 clockwise with no
      (or less) opposing anti-clockwise input from the motor feedback 56.
PAR  The flow control valve 36 would then move to the fully open position before
      the piston 53 reaches the end of its stroke. Without the valve 63, since
      the pressure on the top side of the piston 53 reduces by exhaust through
      the restricted orifice 54, the large pressure drop across the piston 53
      would create a force acting through the gearing 55 onto the valve 36
      urging it against its stop and could cause mechanical damage somewhere in
      the linkage.
PAR  In the ordinary way the piston 53 moves under the minimum pressure drop
      across itself to overcome friction, as high pressure in the chamber above
      the piston bleeds through the restricted orifice 54.
PAR  However, the valve 63 moves upwards at a preset error to unmask a port 164
      and exhaust through a line 165 the supply pressure underneath the piston
      53, and this piston 53 and the valve 36 are then driven by the feedback
      56.
PAR  The valve 63 operates in similar fashion when the buckets are moved in the
      direction to stow.
PAR  Snubbing, i.e. deceleration, of the travel of the buckets is brought about
      by coaction of the piston 53 with the orifices in its cylinder towards the
      end of its stroke. A spring loaded latch 57 serves to latch the lever 15
      in the unlocked position as shown in FIG. 4A, this being released by one
      of the pins 17 as the buckets return to the stowed position.
PAR  When the pilot moves the lever 37 to select stowing of the buckets, the
      switches 38, 39 open. Opening of the switch 39 de-energizes the solenoid
      43 and causes the valve 33 to close. A path from the space 31 to exhaust
      is still afforded by the valve 34 so that the valve 29 does not close.
PAR  Opening of the switch 38 de-energizes the solenoid 40 so that the valves
      41, 42 resume their original positions. Accordingly, as shown in FIG. 6,
      air under pressure passes from the line 46 through the valve 42 and a line
      130 to the upper side of the pistons 47, 48. The piston 48 is retained in
      the up position owing to engagement of the latch 57 with the lever 15 but
      the piston 47 moves down, expelling air to exhaust through a line 41B, the
      valve 41 and a line 131 and shifting the valve 52 to a position in which
      it supplies air under pressure from the line 46 through a line 149 and a
      non-return valve 58 to the upper surface of the piston 53 and permits of
      passage of air from beneath the piston 53 to exhaust through a restricted
      orifice 100.
PAR  The piston 53 accordingly descends and, through the gearing 55, shifts the
      valve 36 over to the position shown in FIG. 7 to cause the motor 18 to
      move the buckets 10 towards the stowed position. As the buckets approach
      the stowed position they are decelerated by the above-described snubbing
      action. When the latch 57 is released the piston 48 is freed and descends
      to return the lever 15 to the locking position and to shift the valve 34
      to shut off the exhaust connection from the space 31 and so allow the
      valve 29 to close.
PAR  When the buckets have reached the stowed position and just prior to closing
      of the valve 29 the valve 36 has been shifted by the feed back connection
      56 to the position of FIG. 2.
PAR  In the event of flame out, a switch 60 opens to break both the circuits
      closed by the lever 37 to cause the buckets to return to the stowed
      position.
PAR  FIG. 8 shows a modification in which the piston 53 is at the top of its
      cylinder in the stowed position of the buckets and is moved downwardly to
      deploy the buckets. In this case the motor 18 rotates in the reverse
      direction to deploy the buckets. As will be seen, upward movement of the
      valve 52 as described above in response to selection of thrust reversal
      will admit air under pressure from the line 46 to the top of the piston 53
      and will pass air to exhaust from beneath the piston 53.
CLMS
STM  What we claim as our invention and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A thrust reversal system for a jet aircraft engine comprising:
PA1  thrust reverser buckets movable between a stowed and a deployed position;
PA1  an air motor capable of rotation in opposite directions and connected to
      impart movement to the buckets;
PA1  a pilot's control operative to select movement of the buckets to the stowed
      position and to the deployed position;
PA1  a flow control valve controlling the direction of flow of operating air to
      the motor;
PA1  locking mechanism operative, when the buckets are in the stowed position,
      to lock the buckets positively against movement to the deploy position
      without impeding movement of the buckets towards the stowed position;
PA1  means maintaining the flow control valve, when the buckets are in the
      stowed position, in a position corresponding to movement of the motor in
      the direction to stow the buckets;
PA1  means responsive to selection of movement of the buckets to the deploy
      position for admitting operating air to the motor through the flow control
      valve, releasing the locking mechanism and thereafter moving the flow
      control valve to its alternative position to enable the motor to move the
      buckets to the deploy position;
PA1  a shut off valve which normally prevents the flow of air from the
      compressor of the engine through the flow control valve to the air motor;
PA1  first valve means;
PA1  means responsive to ground contact by wheels of the aircraft following
      selection of thrust reversal by said pilot's control for operating said
      first valve means and thereby permitting said shut off valve to open;
PA1  a second valve means for maintaining said shut off valve open when ground
      contact by the wheels is lost; and
PA1  means for automatically decelerating the motor when the buckets approach
      both the stowed position and the deployed position.
NUM  2.
PAR  2. A thrust reversal system as claimed in claim 1, in which the shut off
      valve is a cup shaped piston subject to air pressure at an inlet to the
      air motor and containing a bleed hole, and which includes a spring urging
      the shut off valve to the closed position, said first and second valves
      being effective, when opened, to vent the interior of the cup shaped
      piston to exhaust.
NUM  3.
PAR  3. A thrust reversal system as claimed in claim 1, wherein said first valve
      is controlled by a solenoid arranged to be energized by closure of a
      switch associated with the pilot's control and a ground contact switch.
NUM  4.
PAR  4. A thrust reversal system as claimed in claim 1, which includes a
      normally closed shut off valve, means operative in response to selection
      of thrust reversal by the pilot for opening the shut off valve to admit
      air under pressure through the flow control valve to the air motor, a
      first piston and cylinder assembly operable in response to opening of the
      shut off valve to release the locking mechanism and thereafter to admit
      air under pressure to a second piston and cylinder assembly to cause the
      latter to shift the flow control valve to its alternative position.
NUM  5.
PAR  5. A thrust reversal system as claimed in claim 1, which includes a
      pneumatic piston and cylinder assembly operable under pilot's control to
      impart movement to the flow control valve, a differential gear having an
      input connected to said assembly and an output connected to the flow
      control valve and a feedback mechanism between the air motor and the
      differential gear.
NUM  6.
PAR  6. A thrust reversal system as claimed in claim 1, wherein said locking
      mechanism comprises a pivoted locking bar having a claw at each end
      thereof and which includes links movable to shift the buckets to their
      alternative position and pins on said links which engage the claws on the
      locking bar when the buckets are in the stowed position to impede movement
      of the links in the direction to deploy the buckets.
NUM  7.
PAR  7. A thrust reversal system for a jet aircraft engine comprising:
PA1  thrust reverser buckets movable between a stowed and a deploy position;
PA1  an air motor capable of rotation in opposite directions and connected to
      impart movement to the buckets;
PA1  a pilot's control operative to select movement of the buckets to the stowed
      position and to the deployed position;
PA1  a flow control valve controlling the direction of flow of operating air to
      the motor;
PA1  locking mechanism operative, when the buckets are in the stowed position,
      to lock the buckets positively against movement to the deploy position
      without impeding movement of the buckets towards the stowed position;
PA1  means maintaining the flow control valve, when the buckets are in the
      stowed position, in a position corresponding to movement of the motor in
      the direction to stow the buckets;
PA1  means responsive to selection of movement of the buckets to the deploy
      position for admitting operating air to the motor through the flow control
      valve, releasing the locking mechanism and thereafter moving the flow
      control valve to its alternative position to enable the motor to move the
      buckets to the deployed position;
PA1  a pneumatic piston and cylinder assembly operable under pilot's control to
      impart movement to the flow control valve,
PA1  a differential gear having an input connected to said assembly and an
      output connected to the flow control valve;
PA1  a feedback mechanism between the air motor and the differential gear;
PA1  valve means operable in response to a predetermined discrepancy between the
      input and the output of the differential gear to exhaust the pressure
      acting on the piston of said assembly; and
PA1  means for automatically decelerating the motor when the buckets approach
      both the stowed position and the deployed position.
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ABST
PAL  A series of fabric panels in the shape of turbine vanes or air foils are
      arranged end to end in a continuous ring with spaces between adjacent
      vanes to permit the passage of air from the interior of the parachute over
      the outer surface of the vanes. Suspension lines at the inner corners of
      the vanes join to the mid portion of suspension lines from the outer
      corners which converge concentrically to the attachment point to the load.
PARN
PAR  This is a continuation of application Ser. No. 225,535, filed Feb. 11,
      1972, now abandoned, which is a continuation in part of my co-pending
      application 20,331 filed Mar. 17, 1970 now abandoned.
BSUM
PAR  This invention relates to parachutes and more particularly to parachutes of
      the rotating type.
PAR  High drag, high stability and fast deployment are all desirable parachute
      characteristics. And, to the extent that they can be combined in the same
      structure, that much more desirable is the particular parachute
      configuration.
PAR  The present invention combines each of these characteristics in a parachute
      of the rotating type. A series of vanes, similar to the blades of a
      turbine, are arranged in a ring and provide surfaces like air foils which
      rotate as the parachute descends. The rotation of the parachute is caused
      by air passing from the underside of the vanes upwardly and outwardly
      through the spaces between them. It is the rotation of these vanes which
      provides the greater lift and together with the low silhouette of the ring
      enhances the stability of the parachute. The shape and configuration of
      the ring of vanes is conducive to very fast deployment as the vanes catch
      the air, inflate into their air foil configuration and thrust themselves
      outwardly, forming the rotating ring. This form of parachute is called the
      Turbo-Drag or Turbine parachute.
PAR  Accordingly, it is an object of this invention to provide a rotating
      parachute having high drag, high stability and fast deployment
      characteristics.
PAR  It is another object of this invention to provide a ring parachute of low
      silhouette which offers a small effective area to sideways air forces.
PAR  It is a further object of this invention to provide a parachute comprised
      of air foils arranged in ring configuration which provides a very drag
      coefficient.
PAR  These objects are achieved in a turbine parachute comprising a canopy of an
      essentially circular band construction. The canopy is made up of a series
      of vanes in the form of elongated fabric quadrilateral panels secured end
      to end at their corners. Each panel is wider at its trailing edge than at
      its leading edge, so that when inflated each panel takes on an air foil
      configuration, and the opening between the adjacent edges of adjacent
      panels permits the passage of air from the interior of the canopy. Two
      suspension lines, one inner and one outer, are provided at the inner and
      outer corners of adjacent panels. The outer suspension lines extend to a
      common loop construction, concentric with the canopy where a swivel is
      carried for securing the canopy to the payload. Each inner suspension line
      extends downwardly to join its radially adjacent outer suspension line in
      the vicinity of its midpoint to form a stable air foil vane upon inflation
     .
DRWD
PAR  These and other objects and advantages will be clear from the following
      descriptions in which:
PAR  FIG. 1 is a side view of the turbine parachute in the inflated condition,
PAR  FIG. 2 is a plan view of the turbine canopy in the inflated condition,
PAR  FIG. 3 is an enlarged sectional view taken along the lines 3--3 in FIG. 2,
PAR  FIG. 4 is a plan view of a canopy panel shown uninflated,
PAR  FIG. 5 is an enlarged sectional view taken along the lines 5--5 in FIG. 4,
PAR  FIG. 6 is a side view of the turbine parachute arranged and adapted for
      slow delivering with a heat source. The parachute is shown in the extended
      position prior to full inflation,
PAR  FIG. 7 is a side view of the turbine parachute of FIG. 6 in the inflated
      condition.
DETD
PAR  Referring now to FIGS. 1 through 3, a circular band canopy, shown generally
      at 10, is formed by a series of vanes or buckets 11, secured together end
      to end at their corners. In the inflated condition as shown, each vane 11
      is shaped to form a series of peripheral openings 12 which deflect the
      internal air tangentially over the air foil outer surface of the vane,
      resulting in rotation of the canopy. The effect of this rotation is an
      extremely stable canopy with a high drag characteristic.
PAR  To isolate the effect of this rotation, a swivel is secured at the loop 14
      formed at the convergence of the suspension lines 15. Each vane 11 retains
      its stability as an air foil and avoids diversion during deployment and
      inflation by virtue of the inner suspension lines 16 which are connected
      at one end at the inner corners of the vanes at the other end to about the
      midpoint of the radially adjacent outer suspension line 15. The inner
      suspension lines 16 and outer suspension lines 15 are thus positioned on
      each vane radially inward and radially outward relative to each other. By
      virtue of this geometry, each individual vane or bucket 11 acts as an
      independent inflatable decelerator on its own. All decelerators are
      driving in the same direction and are physically connected by outer skirt
      band 17 stitched along their outer edges and inner skirt band 18 stitched
      along their inner edges to form the circular canopy. It has been observed
      that the effectiveness of the canopy does not depend upon the functioning
      of all of the vanes 11 in unison, so that if a vane blows the parachute
      continues to operate. In this embodiment, weights 19 are attached by lines
      20 at equal spaces around the canopy 10. The purpose of these weights 19
      is to increase, without additional volume, the likelihood that the canopy
      will catch and hang up in trees and the like. For certain end uses, such a
      characteristic is highly desirable.
PAR  Referring now to FIGS. 4 and 5, each panel 21 has an inner skirt band 18
      stitched along its inner edge and an outer skirt band 17 stitched along
      its outer edge. Reinforcing tapes 22 and 23 are stitched along the
      trailing and leading edges respectively. the leading edge tapes 23 extend
      beyond the panel 21 in both the inner and outer directions and are doubled
      over and stitched to themselves to form a loop. To these loops, the inner
      and outer suspension lines 15 and 16 are tied by two half hitches and then
      stitched to themselves.
PAR  The panel has the trapezium shape as shown, when in the flat condition.
      This is a quadrilateral having no two sides parallel. When inflated, the
      panel takes on the bucket shape in which the inner and outer edges are
      substantially parallel.
PAR  The inner and outer skirt bands 18 and 17 physically connect the leading
      edge at tape 23 and the trailing edge at tape 22 of adjacent panels to
      form the unitary circular canopy construction. In stitching the trailing
      edges must be bunched up somewhat to facilitate stitching the skirt bands
      from one panel to the next.
PAR  When the weights 19 are to be used, a pocket 24 is sewn diagonally across
      the face of the panel 21 and the weight simply put into the pocket 24
      during packing. The weight line 20 is attached around the outer extension
      of the leading edge tape 23 by a slip knot. Upon deployment of the canopy
      the weight are thrust radially outward by the rotation of the canopy.
PAR  In operation, the parachute, 10 including its canopy, suspension lines,
      riser, swivel, and bridle are packed in a deployment bag. The parachute
      may be ejected with its payload from a vehicle and deployed into the
      airstream from its deployment bag by any of several known methods. Once in
      the free air, as the parachute deploys, it commences rotation and turns
      the payload over into a stable vertical descent.
PAR  Nylon is employed in the panel fabric, tapes and suspension lines. Turbine
      parachutes according to the invention have been deployed successfully in
      size ranges from 16 inch diameter to 20 feet diameter and at deployment
      speeds of 625 knots per second. Larger and smaller parachutes are clearly
      possible. Turbine parachutes have displayed drag coefficients of 0.9 to
      2.1 depending on canopy loading with stability within .+-. 1/2.degree.,
      compared to .+-. 5.degree. for non-rotating canopies.
PAR  Referring now to FIGS. 6 and 7 another embodiment of the turbine parachute
      is shown in which the canopy 10 has a cap 25 the purpose of which is to
      catch or entrap the light density air and gases which rise from a heat
      source, such as the burning flare 26, which is suspended from the
      parachute at the swivel at its loop end 14. Thus, in this embodiment the
      parachute achieves a "lighter than air" balloon effect for slow descent at
      little expense to total system weight. As the flare descends the hot air
      and gases rise and is trapped in the extended cap 25. The canopy 10
      follows the construction details of FIGS. 1 through 4, with the omission
      of the weights 19 and the pockets 24.
PAR  Four suspension lines 27, 90 degs. apart, secure the cap 25 at its skirt 28
      to the inner skirt band 18 at the attachment loops which secure the inner
      suspension lines 16 of the canopy. The opening shock force of the inflated
      cap is transferred through its suspension lines 27 to the inner suspension
      lines 16. The inflation of the canopy 10 is relatively unhindered by the
      cap 25. The cap 25 is further aft of the vanes 11, lest it encounter
      entanglement problems during deployment. The scale relation shown in FIG.
      7 is about correct for a 16-foot configuration; modification of this scale
      relation may be appropriate for configurations of other sizes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotating parachute comprising a plurality of fabric panels arranged in
      a ring and providing spaces between adjacent panels substantially over the
      ends thereof to allow air to pass from the interior of the parachute, and
      means for forming a plurality of independently inflatable decelerators of
      said panels, said means comprising outer suspension lines secured at
      radially outward corners of the panels, and inner suspension lines secured
      at radially inward corners of the panels, each of said inner suspension
      lines connecting with a radially adjacent outer suspension line below the
      parachute.
NUM  2.
PAR  2. A rotating parachute according to claim 1 wherein said outer suspension
      lines converge towards a means for carrying a load and said inner
      suspension lines are joined to the mid portions of said outer suspension
      lines.
NUM  3.
PAR  3. A rotating parachute according to claim 1 wherein the trailing edge of
      said panel is longer than its leading edge so as to form an air foil
      contour when inflated, said air flowing over said contour upon passing
      from the interior of said parachute.
NUM  4.
PAR  4. A rotating parachute according to claim 1 wherein an outer skirt band is
      secured at the outer edge of said panels and an inner skirt band is
      secured at the inner edge of said panels, said skirt bands serving to
      retain said panels in said ring arrangement.
NUM  5.
PAR  5. A rotating parachute according to claim 4 wherein tape means are secured
      at least at one of the leading and trailing edges and said inner and outer
      suspension lines are attached to said tape means.
NUM  6.
PAR  6. A rotating parachute according to claim 1 wherein a plurality of weights
      are attached by lines at outer panel corners equally spaced about the
      parachute.
NUM  7.
PAR  7. A rotating parachute according to claim 6 wherein weight pockets are
      secured to said panels from which said weights can be projected outwardly
      upon inflation of the parachute.
NUM  8.
PAR  8. A rotating parachute according to claim 1 wherein said suspension lines
      are joined to a load through swivel means to substantially isolate the
      load from the parachute rotation.
NUM  9.
PAR  9. A rotating parachute according to claim 1 wherein said panels are
      arranged end to end with adjacent corners of adjacent panels fixed close
      together and said space between them having a substantially radial
      orientation in one direction.
NUM  10.
PAR  10. A rotating parachute comprising a plurality of air foil-like fabric
      panels arranged leading edge towards trailing edge in a ring with an
      opening between the leading and trailing edges of adjacent panels, and
      means for forming each of said panels into a vane which acts as an
      independently inflatable rotating decelerator on its own, said means
      comprising suspension means secured along the radially inward and radially
      outward edges of said panels and coming together below said panels to form
      an individually inflatable rotating decelerator of each panel.
NUM  11.
PAR  11. A rotating parachute according to claim 10 wherein said suspension
      means secured at said radial inward edges and said radial outward edges of
      each panel are radially adjacent and come together in radially adjacent
      pairs.
NUM  12.
PAR  12. A rotating parachute according to claim 11 wherein said inner and outer
      suspension means are secured to said parachute near adjacent edges of
      adjacent panels.
NUM  13.
PAR  13. A rotating parachute according to claim 10 wherein inner and outer
      skirt bands reinforce the inner and outer edges of said panels
      respectively and secure adjacent panels close to each other at their
      leading and trailing corners.
NUM  14.
PAR  14. A rotating parachute according to claim 10 wherein each of said panels
      is in trapezium form when uninflated and forms substantially parallel
      inner and outer edges when inflated.
NUM  15.
PAR  15. A rotating parachute according to Claim 10 wherein the suspension means
      secured at said radially inward edges are joined to the suspension means
      secured at said radially outward edges at its mid-portion.
NUM  16.
PAR  16. A rotating parachute according to claim 15 wherein said outer
      suspension means converge to a concentric position for attachment to means
      for securing to a load.
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ABST
PAL  A one-piece bracket for retaining a rectilinear terminal block or the like
      in a stand-off position above a support panel. The bracket includes means
      for insuring aggressive gripping of the terminal block by the bracket.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical terminal block apparatus and more
      particularly to the type of connector blocks which are used for
      interconnecting telephone circuits and more particularly the bracket means
      for mounting them. It is quite normal to provide either in a telephone
      exchange or in circuit rooms for office buildings a series of panels which
      support terminal connector blocks in which the various conductors are
      interconnected to the individual telephone stations. Typically, these
      connector blocks are fastened vertically to walls or panels and the
      various conductors brought into position with jumper wires forming the
      connection between the incoming conductors and the individual stations.
      Such an installation is shown in my co-pending U.S. Pat. application, Ser.
      No. 482,218, filed jointly with R. J. Lindeman and E. W. Reinwall.
PAR  Earlier art showing means for mounting such terminal blocks can be found in
      the U.S. Pat. Nos. to Burch, 3,160,280, Chandler, et al., 3,777,223 and
      Swanson, 3,518,618. Many of the devices contemplated by these earlier
      patents admittedly provide a snap means for interengagement with the
      terminal blocks or other apparatus. Generally, each of these devices
      utilizes a cam lead-in surface in conjunction with a shoulder and a
      suitable resilient means to retain the device in mounted position. In
      field usage it has been found that the elongated arms carrying the
      shoulder means are generally too resilient to adequately clamp the
      apparatus in mounted position and that vibration and pressure on the
      block, experienced during installation of the conductors, as well as other
      factors lead to the disengagement of the terminal blocks or apparatus from
      the mounting means.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a one-piece stand-off
      bracket which can be mounted on a supporting panel in a ready fashion
      which provides an open throat for laying in the conductors rather than
      threading them in the ends as in the prior art and an aggressive gripping
      of any one of a plurality of different sized terminal blocks.
PAR  Another object of the present invention is to provide a mounting bracket
      which includes its own fastening means for ready installation in a
      supporting panel.
PAR  Still another object of the present invention is to provide a one-piece
      plastic mounting bracket having unique characteristics in its
      configuration wherein not only will the tolerances of different types of
      connector blocks be tolerated by the bracket but wherein the installation
      of the terminal block brings about the desired function of aggressive
      gripping for positive retention.
PAR  Each of the above features can be found in the preferred embodiment of the
      present invention and, more particularly, the aggressive gripping of the
      terminal block as well as the acceptance of various tolerances in terminal
      block size, is accomplished by the unique wall structure and force
      relationship of the supporting flanges in their physical arrangement to
      the stiffly resilient shouldered arms. Pressure on the flanges results in
      the arms being aggressively urged inwardly for engagement with recesses on
      the terminal block.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view in partial section showing the environment of
      a support panel and a plurality of brackets contemplated by the present
      invention mounted in position thereon;
PAR  FIG. 2 is a side elevational view of the preferred embodiment of the
      present invention;
PAR  FIG. 3 is a front elevational view of the same embodiment;
PAR  FIG. 4 is a rear elevational view of the bracket shown in FIG. 3;
PAR  FIG. 5 is a bottom view of the same embodiment as viewed along lines 5--5
      in FIG. 4; and
PAR  FIG. 6 is a top view as seen along lines 6--6 in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  A preferred embodiment of a bracket for retaining a rectilinear terminal
      block or the like in a stand-off position above a support panel is
      generally designated by the numeral 10. Such a bracket includes a base 12
      adapted to lie parallel to the panel 14 and a fastening means 16 extending
      downwardly from the base 12. While I have shown a fastening means covered
      by U.S. Pat. No. 3,423,055 it should be recognized that other suitable
      fastening means can be utilized. Examples of integral stud means are
      replete in the art and it should be recognized that this device can also
      be utilized with a screw, not shown, passing through the base 12.
      Extending downwardly from base 12 in the same direction as fastening means
      16 are one or more protuberance means 18 in the form of detents adapted to
      fall into secondary apertures in the support panel 14 for preventing
      retrograde rotation after installation. Adjacent the outboard ends of the
      generally rectangular base 12 are pads 20 which serve a dual function, the
      first of which is to bow the base 12 and to insure proper engagement of
      the fastening means 16. The secondary function will be described
      hereinafter.
PAR  A pair of substantially rigid walls 22 extend upwardly from the base 12 in
      the opposite direction from the fastener 16. Each wall 22 includes a first
      portion 24 and a laterally offset second portion 26 which are
      interconnected by a co-extensive web 28, thereby forming an offset
      relatively rigid wall 22. It will be noted that the second portion 26
      extends beyond its juncture with the web 28 to provide a segment 30 for
      purposes best set forth hereinafter.
PAR  Integrally connected to the wall 22, including both the first and second
      portions 24-26, is a flange 32 which is angularly disposed in a diverging
      fashion away from the base 12. It has a curvilinear configuration in this
      embodiment with the greatest amount of cantilever taking place
      approximately in line with the web 28 and thereby giving a relatively
      rigid structural configuration to flange 32.
PAR  Extending upwardly from wall 22 in the same direction from the base 12 are
      arms 34. The free end of the arms 34 is provided with a lead-in cam-like
      surface 36 which terminates in a shoulder 38 intermediate the extremities
      of the arm 34. A flat bearing surface 40 intermediate the cam lead-in
      surface 36 in the shoulder 38 is disposed substantially normal to the
      shoulder 38 to positively locate the shoulder relative to the recess in
      the terminal block 42 shown in phantom in FIG. 1.
PAR  When a terminal block is axially telescoped into the bracket 10, as shown
      in phantom in FIG. 4, the base of the block will ride down the lead-in
      surfaces 36 spreading the arms 34 outwardly until the base comes into
      contact with the flanges or support means 32. At that time, continued
      pressure will force the flanges downwardly, as shown in phantom in FIG. 4,
      until the longitudinally disposed recesses in the block will accept the
      bearing pads 40 and the shoulder 38. It can be appreciated that two
      factors in this bracket will insure aggressive gripping of the block 42 by
      the arms 34, namely, the presence of the pads 20 will tend to bow the base
      12 in such a fashion as to move the extremities of the wall 22 inwardly
      plus the force against the flanges 32 will provide a moment arm whereby
      the upper portion of the wall 22 and the arms 34 are moved inwardly and
      stressed into aggressive gripping relationship to the block.
PAR  The base 12 is also provided with suitable means for the purpose of
      insuring proper orientation for installation with the panel 14. In this
      particular embodiment the arrowheads 44 of a pair of clips, as shown in
      FIG. 1, are directed toward one another to insure that there is proper
      longitudinal spacing between adjacent brackets for the acceptance of the
      terminal block 42. In the illustrative embodiment the fastening means 16
      includes a central rib 50 and a tapered resilient C-shaped shoulder
      carrying element 52 having its central portion connected to the base 12
      and rib 50 while its free ends are unconnected and carry shoulders or
      abutment means 54 capable of underlying panel 14 for retention of the
      bracket 10. This fastener 16 is capable of being telescopically snapped
      into a complimentary aperture 60 having a communicating slot 62, the
      latter adapted to accept rib 50 for positive orientation of the bracket
      10. Additionally, laterally positioned apertures 64 will accept the
      protuberance means 18 for further orientation stability. In the present
      embodiment the arms 34 have a width generally coextensive with the second
      portion 26 of the wall so as to be accepted by the recesses 43 of
      differing configurations found in all of the terminal blocks presently
      commercially available on the market. It will be recognized that in
      certain instances, as where the recess 43 is of substantial axial extent,
      the arm 34 may be coextensive with the width of the base 12.
PAR  A rib 46 that is integral with the base 12 and extending between the two
      opposed walls 22 will enhance the rigidity of the base 12 and provide the
      secondary function of spacing the conductors or cables from the panel 14.
      This enhances the ability of the installer to grip the conductors which
      are laid in through the throat between the opposed flanges 32 and then fed
      out between adjacent brackets to be installed in the gripping mechanism of
      the terminal blocks.
PAR  It is contemplated that the brackets shown in the present invention can be
      injection molded from dielectric materials such as polypropylene or nylon.
      The selection of materials is one which is based upon the availability of
      a particular material as well as its characteristics of resiliency and
      rigidity, dependent upon wall thickness and structural considerations such
      as ribs, etc.
PAR  Secondary clips, not shown, can be utilized to embracingly grip the second
      portion 26 of wall 22 by underlying the extension 30 and the opposite edge
      31 with suitable means, known in the art, and also providing means for
      gripping conductors or cables along the exterior of the bracket 10 rather
      than within the arms 22.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bracket for retaining a rectilinear terminal block or the like at a
      stand-off position above a support panel, said bracket including a base
      adapted to abut said panel, fastening means extending downwardly from said
      base for retention of the bracket on said panel, a pair of substantially
      rigid walls extending upwardly from opposite ends of said base, angularly
      disposed flange means extending from each wall toward the other wall in
      diverging relationship to the base, relatively short stiffly resilient arm
      means extending upwardly from the free ends of each of said walls, each
      arm including a cam lead-in surface terminating in a shoulder intermediate
      the ends of said arm, said angularly disposed flanges serving the dual
      function of accepting terminal blocks having varying grip tolerances, as
      well as to stress said shoulders and walls inwardly into more positive
      engagement with said terminal blocks when said flanges are depressed.
NUM  2.
PAR  2. A bracket of the type claimed in claim 1 wherein said base carries at
      least one means for maintaining orientation of the bracket relative to the
      support panel to insure proper location and spacing of one bracket
      relative to other identical brackets used with said panel.
NUM  3.
PAR  3. A bracket of the type claimed in claim 2 wherein said means is a
      protuberance adapted to be accepted in a panel aperture to locate the
      bracket and prevent rotation.
NUM  4.
PAR  4. A bracket of the type claimed in claim 2 wherein said means is an
      indicia means for proper orientation of said bracket when mounted on the
      panel, said indicia means including an arrowhead projection from said
      base.
NUM  5.
PAR  5. A bracket of the type claimed in claim 1 wherein each wall includes two
      portions laterally offset from each other and interconnected by an
      integral web extending the entire length of said wall.
NUM  6.
PAR  6. A bracket of the type claimed in claim 5 wherein said flange is
      integrally connected to both wall portions and web to thereby form a stiff
      cantilever member.
NUM  7.
PAR  7. A bracket of the type claimed in claim 5 wherein said arms have a width
      less than the combined width of the two wall portions.
NUM  8.
PAR  8. A bracket of the type claimed in claim 5 wherein the outermost wall
      portion includes a section which extends beyond the juncture with the
      interconnecting web to thereby provide two oppositely extending edges
      capable of accepting an embracing gripping element of a secondary
      fastener.
NUM  9.
PAR  9. A bracket for retaining a rectilinear terminal block or the like at a
      stand-off position above a support panel, said terminal block having a
      base and lateral longitudinally disposed means to accommodate said
      brackets, said bracket including a generally rectangular base adapted to
      be mounted adjacent said panel, fastening means extending from one surface
      of said base for retention of said base on said panel, a pair of walls
      positioned at opposite ends of said base and extending oppositely from
      said fastening means, each of said walls having two portions laterally
      offset from each other and interconnected by a substantially coextensive
      web portion to form a substantially rigid wall, the free end of each wall
      carrying flange means extending angularly divergent from said base toward
      the opposite wall, stiffly resilient arm means extending from the free end
      of the wall in a direction away from the base, each arm including a
      cam-like lead-in surface directed toward shoulder means positioned
      intermediate the extremities of said arm, said flange means when depressed
      by the insertion of the base of the terminal block acting as a cantilever
      moment arm transmitting movement to said walls and causing said arms
      carried by the walls to more aggressively grip the laterally disposed
      means on said block.
NUM  10.
PAR  10. A bracket of the type claimed in claim 9 wherein each of said arms
      including a flat bearing surface substantially normal to said shoulder and
      positioned intermediate said shoulder and said lead-in surface adapted to
      bear against a side surface of said terminal block and adapted to insure
      positionment of said shoulder parallel to a corresponding shoulder on said
      terminal block.
NUM  11.
PAR  11. A bracket of the type claimed in claim 9 wherein said base includes a
      strengthening rib extending substantially between said walls and serving
      additionally as spacing means to support wires and cables in spaced
      relation to said base.
NUM  12.
PAR  12. A bracket of the type claimed in claim 9 wherein at least a pair of
      brackets are employed in aligned spaced relation to support said terminal
      block.
NUM  13.
PAR  13. A bracket of the type claimed in claim 9 wherein said fastening means
      is integral with said base in a generally central location.
NUM  14.
PAR  14. A bracket of the type claimed in claim 13 wherein protuberance means
      are positioned at opposite ends of said one surface and adapted to contact
      said panel and distort or bow said base to insure positive contact of said
      fastening means and additionally to flex said walls and arms towards each
      other for more aggressive gripping of said terminal block.
NUM  15.
PAR  15. A bracket of the type claimed in claim 1 wherein said fastening means
      and said support panel include cooperative means for orientation of said
      bracket.
NUM  16.
PAR  16. A bracket of the type claimed in claim 15 wherein said fastening means
      includes rigid means for location in a complimentary shaped aperture in
      said support panel.
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ABST
PAL  This adjustable base, notably for topometric and similar apparatus,
      comprises a case, a movable member in said case having a substantially
      vertical axis and bearing on the bottom of said case through three balls,
      a pair of screws perpendicular to each other for adjusting the verticality
      of the axis of said movable member, at least one return spring, a pair of
      passages formed partly in the bottom of said case and partly in the
      opposite lower face of the movable member, the first passage being defined
      by a flat surface and by a V-sectioned groove converging toward each other
      in the direction of a first one of the three balls, the second passage
      being defined by two other V-sectioned grooves converging toward each
      other in the direction of said first ball, the two other balls being
      disposed each in a respective one of the two passages, and each adjustment
      screw engaging the ball disposed in the relevant passage for pivoting the
      movable member about the first ball.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  1. Field of the Invention:
PAR  The present invention relates to adjustable bases or supports, notably for
      topometric apparatus, of the type comprising essentially a case opening
      upwards and, in said case a movable member having a substantially vertical
      axis, adapted to be secured to the apparatus and bearing on the bottom of
      the case through a ball of which the centre determines a fixed swivel
      point of the movable member in relation to said case, a pair of screws for
      adjusting the verticality of the axis of said movable member, which are
      disposed in substantially vertical planes perpendicular to each other, the
      centre of said swivel ball lying on the intersection of said vertical
      planes, and at least one return spring adapted to urge said movable member
      in a direction such as to cause said member to tilt in a direction
      opposite to that obtained by screwing in said screws.
PAR  2. Description of the Prior Art.:
PAR  An adjustable base or support of this general type is already known,
      notably through French Pat. No. 1,495,545 to the same Applicant. Although
      the device described in said French patent provides many advantages in
      comparison with previously known adjustable bases, notably as far as the
      rapidity of adjustment of the verticality of the axis of said movable
      member is concerned since the two adjustment screws operate independently
      of each other and the adjustments accomplished with one screw do not
      interfere with the adjustments made with the other screw, this known
      device is, however, attended by some inconveniences. More precisely, this
      known device is of a particularly elaborate construction, which is
      obviously objectionable for a mass production, inasmuch as the component
      elements of the device must be machined with a relatively high degree of
      precision. Moreover, as a consequence of substantial frictional contacts,
      the adjustments suffer from a want of smoothness.
PAC  SUMMARY OF THE INVENTION:
PAR  It is therefore the essential object of the present invention to avoid
      these inconveniences by providing an adjustable base notably for
      topometric apparatus which is constructionally simple and capable of being
      adjusted with all the desired smoothness.
PAR  To this end, the invention provides a base of the type broadly set forth
      above, characterized in that it comprises a pair of passages perpendicular
      to each other and containing each a ball through which said movable member
      bears on the bottom of said case, said pair of passages being disposed in
      said perpendicular planes respectively and formed partly in the bottom of
      said case and partly in the opposite surface of said movable member, a
      first one of said passages being defined by a flat surface and by a
      V-sectioned groove converging toward each other in the direction of said
      swivel ball, the other passage being defined by a pair of other
      V-sectioned grooves converging towards each other in the direction of said
      swivel ball, that the two balls disposed in said passages respectively are
      movable therein, and that the pair of adjustment screws are adapted each
      to push a respective one of said two balls in the relevant passage and
      thus cause said movable member to tilt about the centre of said swivel
      ball.
PAR  Now due to the use not only of two balls received in said guide passage but
      also of a specific configuration of the two guide passages constituting,
      in conjunction with said swivel ball, an isostatic guiding system, the
      verticality of the axis of said movable member may be adjusted with a
      considerable degree of smoothness without requiring a high degree of
      precision in the manufacture and machining of the component elements of
      the base.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING.
PAR  A detailed description of a preferred embodiment of the present invention
      will now be given by way of illustration, not of limitation, with
      reference to the accompanying drawing, in which:
PAR  FIG. 1 is a horizontal section showing a portion of an adjustable base
      according to this invention the movable member thereof having been removed
      to show the components underlying same.
PAR  FIG. 2 is a section taken along the line II--II of FIG. 1, but showing the
      movable member fitted in the base, and
PAR  FIG. 3 is another section but taken along the broken line III--III of FIG.
      1, and also showing the movable member fitted in said base.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT.
PAR  The base illustrated in the drawing comprises a cylindrical case 1,
      consisting of two elements 1a and 1b assembled by means of screws 2, and a
      movable member 3 (not shown in FIG. 1) of substantially cylindrical
      configuration, having a substantially vertical axis. This movable member 3
      is housed in said case 1 and projects therefrom through an upper aperture
      4 thereof so that said movable member can be secured to an apparatus (not
      shown), notably a topometric apparatus such as a level, an alidade, a
      theodolite or the like, by means of screws 5. To the underface of this
      case 1 is secured a plate 6 comprising at its centre an internally
      screw-threaded boss or like portion whereby the assembly can be secured to
      a support such as a tripod (not shown).
PAR  The movable member 3 bears on the bottom element 1b of casing 1 by means of
      a ball 7 received partly in a conical recess 8 formed in the bottom 1b of
      said case and partly in a conical recess 9 formed in the opposite surface
      of movable member 3. The centre of said ball 7 determines a fixed point
      for swivelling the movable member 3 in relation to the case bottom. In the
      embodiment shown, the recesses 8 and 9, and consequently the ball 7 are
      disposed at an eccentric location in relation to the vertical axis of said
      movable member 3 as shown more particularly in FIG. 1. Of course, it would
      not constitute a departure from the principles of this invention to align
      said recesses 8 and 9, and ball 7, with respect to the vertical axis of
      movable member 3.
PAR  A pair of screws 11 and 12 are provided for adjusting the verticality of
      the axis of said movable member 3. These two screws 11 and 12 are located
      in substantially vertical planes perpendicular to each other, and the
      intersection of these two planes passes through the centre of ball 7.
      Preferably, the axes of screws 11 and 12 are perpendicular to each other
      and intersect each other substantially at the centre of said ball 7, as
      shown in the drawing. The pair of screws 11 and 12 are engaged in sockets
      13 and 14, respectively, and these sockets 13 and 14 are screwed in turn
      in tapped holes formed through the cylindrical wall of element 1a of case
      1. Furthermore, these sockets 13 and 14 are locked against movement in
      these tapped holes by set screws 15 and 16, respectively.
PAR  A pair of guide passages are provided for a pair of balls 17 and 18,
      respectively, in the bottom 1b of case 1 and in the opposite surface of
      the movable member 3. These passages are located in the two
      above-mentioned substantially vertical planes, respectively, which are
      perpendicular to each other and contain the axes of screws 11 and 12,
      respectively.
PAR  As shown more in detail in FIG. 3, the guide passage for ball 17 is defined
      by a pair of V-sectioned grooves 19 and 21 converging both towards each
      other in the direction of ball 7. Preferably, the groove 21 formed in the
      bottom 1b of case 1 extends at right angles to the intersection of the two
      vertical above-mentioned planes, that is, in the position of the
      components which is illustrated in FIG. 3, substantially perpendicularly
      to the vertical axis of the movable member 3. Under these conditions, the
      groove 19 formed in said movable member 3 must extend obliquely in
      relation to said intersection or, in the example illustrated in the
      drawing to the axis of the movable member 3. Moreover, the groove 21
      extends preferably at such level that the centre of ball 17 remains
      constantly on the axis of screw 11 on which the centre of ball 7 is also
      located.
PAR  The passage for guiding the ball 18 is defined by a flat surface 22 and a
      V-sectioned groove 23 converging both towards each other in the direction
      of ball 7. As shown more particularly in FIG. 2, the flat surface 22 is
      formed preferably on the bottom plate 1b of case 1, and groove 23 is
      formed preferably in the opposite face of movable member 3. Moreover, the
      flat surface 22 extends preferably at right angles to the intersection of
      the two above vertical planes perpendicular to each other, that is, in the
      position of the component elements which is illustrated in FIG. 2,
      substantially at right angles to the axis of movable member 3. Thus,
      groove 23 must extend in an oblique direction with respect to this
      intersection. Moreover, the flat face 22 is formed preferably at such a
      level that the centre of ball 18 remains constantly on the axis of screw
      12 on which axis is also located the centre of ball 7.
PAR  With this specific arrangement, when the screw 11 is screwed in its socket
      13, the ball 17 is moved towards the ball 7 and causes the movable member
      3 to tilt about the axis defined by the centres of balls 7 and 18 (which
      axis is merged into that of screw 12). Likewise, when screw 12 is screwed
      in socket 14, ball 18 is moved towards ball 7 and causes the movable
      member 3 to tilt about the axis defined by the centres of balls 7 and 17
      (which axis is merged into the axis of screw 11).
PAR  A pair of return springs 24 (of which only one is visible in FIG. 2) are
      provided for constantly urging the movable member 3 against the three
      balls 7, 17 and 18 and also for urging the movable member 3, each in a
      direction causing this member 3 to tilt in a direction opposite to that
      obtained when one of the pair of screws 11 and 12 is screwed in. As shown
      in FIG. 2, each spring 24 bears on the one hand against the bottom of a
      cavity formed in the lower face of bottom 1b of case 1 and, on the other
      hand, against the head of a screw 25 extending coaxially through said
      spring 24 and through a hole 26 formed in the bottom of said cavity and
      engaging a tapped hole formed in said movable member 3. As shown in FIG.
      1, the centre of each screw 25 is aligned with the centre of ball 7 and
      the centre of ball 17 or 18, and lies between these two last-mentioned
      centres.
PAR  Of course, it will readily occur to those conversant with the art that the
      specific embodiment of the invention which is illustrated and described
      herein is given by way of illustration, not of limitation; and that many
      modifications and changes may be brought thereto without departing from
      the basic principles of the invention as set forth in the appended claims.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. An adjustable base for topometric and similar apparatus, which comprises
      a case opening upwards and comprising a bottom having a substantially flat
      and horizontal inner face with a recess within said face, a movable member
      in said case having a substantially vertical axis, adapted to be secured
      to the topometric apparatus and comprising a lower, substantially flat
      face opposite said flat inner face of the case bottom and having a recess
      formed within said lower flat face which registers with the recess of said
      case bottom, a first ball received in said registering recesses and
      constituting a swivel point for said movable member in relation to said
      case, a pair of passages located in substantially vertical planes and
      perpendicular to each other, said planes intersecting each other along a
      straight line passing through the centre of said first ball, each passage
      being formed partly in the inner face of said case bottom and partly in
      the opposite lower face of said movable member, a first one of said
      passages being defined by a flat surface and by a V-sectioned groove
      converging toward each other in the direction of said first ball, the
      second passage being defined by two other V-sectioned grooves converging
      toward each other in the direction of said first ball, two other balls
      disposed in said first and second passages respectively for supporting
      said movable member on the case bottom, a pair of screws for adjusting the
      verticality of the axis of said movable member, said adjustment screws
      being disposed in said perpendicular planes respectively and each
      adjustment screw being adapted to push a respective one of said two other
      balls in the relevant passage towards said first ball in order to cause
      said movable member to pivot about an axis defined by said first ball and
      the other, one of said two other balls, and spring means for urging said
      movable members towards the bottom of said case to bear thereagainst
      through said three balls.
NUM  2.
PAR  2. An adjustable base as set forth in claim 1, wherein said flat surface
      defining partly the first passage is formed in the case bottom and extends
      at right angles to the intersection of said two perpendicular planes, and
      the V-sectioned groove defining partly the first passage is formed in said
      movable member and extends obliquely in relation to said intersection.
NUM  3.
PAR  3. An adjustable base as set forth in claim 2, wherein said V-sectioned
      groove defining partly said second passage is formed in the case bottom
      and extends at right angles to the intersection of said two perpendicular
      planes, and said V-sectioned groove defining partly said second passage is
      formed in said movable member and extends obliquely in relation to said
      intersection.
NUM  4.
PAR  4. An adjustable base as set forth in claim 3, wherein the axes of said
      adjustment screws are perpendicular to, and intersect, each other at the
      centre of said first ball, the flat surface defining partly said first
      passage and the V-sectioned groove formed in the case bottom being located
      at such a level that the centres of the other two balls in said passages
      remain constantly on the axes of the adjustment screws which pass through
      the centre of said first ball.
NUM  5.
PAR  5. An adjustable base as set forth in claim 1, wherein said spring means
      comprises a pair of return springs, each spring acting upon said movable
      member at a point which, in a plan view, is aligned to the centre of said
      first ball and the centre of a respective one of said other two balls,
      said point being disposed between said two last-mentioned centres.
NUM  6.
PAR  6. An adjustable base as set forth in claim 1, wherein said first ball is
      eccentric in relation to the axis of said movable member.
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ABST
PAL  A holder for supporting or carrying an article, obtained from a die cut
      blank of flexible sheet material such as thermoplastic sheet, may be used
      to prepackage containers of the throw away type in vertical stacked
      relationship. The holder may also serve as a convenient carrier for
      beverage and similar containers at the point of sale. The article holder
      finds further advantageous use as an effective support for balanced
      vertical suspension support for flower pots and similar articles. The
      blank may be die cut from sheet which remains flat until ready for use and
      may also include thermoformed portions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to holders and carriers for articles such as food
      and beverage containers, flower pots, and the like and particularly to
      such which are die cut from flat sheet material and which, upon separation
      and extension of the cut portions, form a means for holding or carrying
      the articles in a balanced suspended position.
PAR  A variety of means for holding and carrying a plurality of prepackaged
      containers such as beverage cans and the like are known. An example of
      prepackaging of containers such as cans for convenient carrying is the
      familiar six-pack, whether it be of cardboard or of plastic sheet which is
      formed to fit the tops of the cans or die cut to provide collars around
      the cans. In addition, the use of fold out cardboard trays for convenient
      carrying of beverage containers such as common frustoconical throw away
      containers used by fast food and food take-out establishments are also
      known. These fold out trays either provide a typical tray configuration
      into which the containers are placed or contain cut out openings into
      which the containers may be placed for carrying several at one time. Such
      container holders and carriers have only limited application. Thus, the
      common means utilized to hold a prepackaged six-pack together is not
      suitable for utilization as a means for packaging together, for convenient
      carrying, loose containers at the point of sale. Similarly, the fold out
      cardboard tray has its limitations in that the use of cardboard provides a
      bulky unit, with concomitant expenses of manufacture, storage and
      transportation, possessing inherent limitations of cardboard material
      arising from weaknesses occuring when the material becomes wet from
      spillage from the containers being carried.
PAR  Many consumer items are sold in an incomplete state in that subsequent
      provision must be made for fully assembling the items, attaching them to a
      wall, providing them with a more attractive environment and the like. An
      example of such an item is the potted plant which, because of its
      popularity, is sold not only at florists but in supermarkets, department
      stores, drug stores, variety stores and from portable carts in shopping
      centers, airports, parks and other places where people are likely to
      assemble or pass. It is currently the vogue to attractively display plants
      as suspended hanging plants. However the hanging potted plant requires a
      suspension holder which must not only be pleasing to the eye but also must
      be of sufficient strength to hold the plant. Heretofore, there has not
      existed such a suspension holder which is both attractive and strong and
      economically mass produced for convenient sale along with the potted plant
      at the point of sale.
PAC  SUMMARY OF THE INVENTION
PAR  My invention provides an article holder and carrier which overcomes the
      disadvantages associated with the previously described means for
      accomplishing a similar purpose by providing an easy to manufacture and
      use carrier for carrying one or more articles, including beverage
      containers and the like, in a balanced substantially vertical suspension
      position without the need for prepackaging and with convenience of use.
      Specifically, my invention provides an article holder and carrier which is
      produced by die cutting a blank of flat sheet material, such as
      thermoplastic material, metal foil, paper and the like, in a manner so as
      to provide a support for suspending a single article, or for suspending
      and carrying a container upon which may be stacked several other
      containers.
PAR  The article holder and/or carrier may be stored as a flat sheet in its die
      cut condition and readily utilized by simple separation and extension of
      the cut portions to form a receptacle to receive the article to be held or
      carried. The carrier is constructed such that when a plurality of articles
      are to be held or carried they are placed in the carrier in stacked
      vertical relationship and maintained in a stable stacked position with an
      appropriately secure closure. Thus, the article carrier finds utility both
      for prepackaging items to be sold with several units contained in one
      prepackaged holder or carrier and for packaging loose containers into a
      unit carrier at the point of sale. It is also sufficiently economical to
      be disposable.
PAR  Accordingly, a feature of my invention is the provision of an article
      holder and/or carrier for substantially vertical suspension holding or
      carrying of containers.
PAR  A further feature of my invention is the provision of an article holder
      and/or carrier formed from a substantially flat die cut blank which is
      convenient and economical to use in a wide variety of packaging
      applications.
PAR  The die cut blank which is to become an article holder or carrier may take
      several configurations depending on the type of article to be carried and
      the support required. Thus, the cut out portions which support the article
      in suspension may be of varied configuration or thickness, for strength as
      well as for adaptability for receipt of the article to be supported or
      carried. The die cuts may be made to not only provide structural elements
      of the carrier but also to maximize utilization and minimize waste of the
      sheet material used for the blank. In addition, the blank may contain
      molded or thermoformed portions which become a part of the holder or
      carrier.
PAR  Thus, another feature of my invention is the provision of a die cut blank
      capable of utilization for formation into a article suspension holder or
      carrier.
PAR  An additional feature of my invention is the provision of a die cut blank
      for use as an article holder and/or carrier in which the blank material is
      essentially one hundred percent utilized to form the holder and/or carrier
      with essentially no waste.
PAR  A yet additional feature of my invention is the provision of a suspension
      holder for flower pots and the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing advantages and features of my invention will be more apparent
      and better understood from a consideration of the following detailed
      description in connection with the accompanying drawings of an embodiment
      thereof in which:
PAR  FIG. 1 is a top view of a embodiment of a die cut blank formed according to
      my invention;
PAR  FIG. 2 is a sectional view taken along Line 2--2 of FIG. 1 showing the cuts
      in the blank;
PAR  FIG. 3 is a sectional view taken along Line 3--3 of FIG. 1 showing another
      aspect of the cuts in the blank;
PAR  FIG. 4 is a sectional view taken along Line 4--4 of FIG. 1 also showing the
      cuts in the blank;
PAR  FIG. 5 is a side view of an expansion of the blank shown in FIG. 1 to form
      a container carrier for the cups shown;
PAR  FIGS. 6, 7, 8 are top views of further embodiments of die cut blanks
      according to my invention;
PAR  FIG. 9 is a side view, in perspective, showing the blank of FIG. 7 with its
      cut portions separated and extended for use as an article carrier for the
      stacked container shown;
PAR  FIG. 10 is a view similar to that of FIG. 9 except that the container
      carrier is fully extended in surrounding the containers and is secured to
      firmly maintain the containers in a stable position therein;
PAR  FIG. 11 is a top view of a die cut and thermoformed blank suitable to form
      an article holder according to another embodiment of my invention;
PAR  FIG. 12 is a side view, in perspective, of the article holder formed from
      the blank shown in FIG. 11 showing therein a potted plant being suspension
      supported;
PAR  FIG. 13 is a top view of a die cut blank suitable for use as an article
      holder according to a further embodiment of my invention;
PAR  FIG. 14 is a side view, in perspective, of a die cut and thermoformed blank
      suitable for use as a flower pot holder;
PAR  FIGS. 15, 16, 17 are top views of further embodiments of die cut blanks
      suitable for use as article holders and/or carriers and in which the use
      of material is maximized and waste minimized; and
PAR  FIG. 18 is a side view, in perspective, of an article holder formed from
      the die cut blank shown in FIG. 17.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to FIGS. 1-4, there is shown a die cut blank 10 formed from
      flexible sheet material such as thermoplastic sheet, metal foil, paper or
      other suitable material. The die cut blank 10 includes a substantially
      flat sheet 12 having cuts therein, advantageously made by die cutting
      although other means are possible, shown generally at 14 and 16.
PAR  As seen in FIG. 1, the cuts 14 are arcuate concentric cuts offset from one
      another in the plane of the sheet 12 to define material portions 18. The
      terminii of the arcuate cuts 14 sufficiently overlap each other, as shown
      in FIG. 1, so that the material portions 18 remain secured through their
      ends 19 to the sheet 12 and to the blank central portion 20, an area
      defined generally by the arcuate cuts. The cuts 16 define material
      portions 22 which remain detachably secured to one another through bridges
      24. The dimension of the bridges 24 is selected so that the material
      forming them may be severed or broken upon application of hand pressure.
      The manner in which the described cuts and material portions cooperate to
      form an article holder and/or carrier with a specific support structure
      will be described in greater detail hereinafter with reference to FIGS. 5,
      9, and 10.
PAR  Also seen in FIG. 1 as a part of the die cut blank 10 is a opening 26,
      which may also be formed by die cutting and a toothed closure means 28
      having a tab 30 within which is a cut 32 which defines a hole for carrying
      or supporting the article holder. To facilitate separation of material
      portions, such as these indicated at 18 and 22, and cutting of the blank
      there may be provided holes, shown at 34, at the terminus of each cut.
      These holes 34 minimize tearing of the sheet material at the ends of the
      cuts, also.
PAR  Referring now to FIG. 5, there is seen an article carrier 11 formed by
      separation and extension of the cut portions of the die cut blank 10 of
      FIG. 1. FIG. 5 shows the die cut blank 10 partially extended for the
      reception of a container 2, such as a frustoconical throw away beverage
      cup. The container 2 may have a lid 4 upon which is stacked a like
      container 2'. To support or carry the containers, the bottomost container
      2 is placed in the center of the die cut blank on the central material
      portion 20 which then becomes the bottom support means 20' of the article
      carrier 11. The material portions 18 formed by the cuts 14 extend from the
      bottom support means 20' and provide upwardly extending vertical side
      restraining or support means 18'. The side restraining means 18' together
      with the bottom support means 20' define a receptacle indicated generally
      at 36 for receipt of at least a portion of the container 2.
PAR  The material of the sheet 12 forming the region between the area of die
      cuts 14 and 16 forms, upon separation and extension of the cut portion, a
      peripheral collar-like means 38. Extending from this collar-like means 38
      are the material portions 22 defined by the cuts 16. These material
      portions 22 provide, upon separation from one another and extension,
      vertical longitudinal posts 22' which provide expandable side supports for
      the container 2 and those stacked upon it. The posts 22' surround the
      plurality of containers and enclose them therein, and also provide
      suspension support therefor as will be described in greater detail
      hereinafter with reference to FIGS. 9 and 10.
PAR  FIGS. 9 and 10 show an article carrier expanded from a die cut blank of a
      type similar to the die cut blank 10 shown in FIG. 1. However, while the
      die cut blank 10 of FIG. 1 will, upon separation and expansion of the cut
      portions 22, have four posts 22', the article carrier shown in FIGS. 9 and
      10 has only three posts. Such an article carrier 211 is formed from a die
      cut blank 210 as shown in FIG. 7.
PAR  The die cut blank of FIG. 7 is similar to that of FIG. 1 with the exception
      that, upon separation and expansion, three posts 222' are formed. The
      blank configuration and cuts formed are also somewhat different although
      they function in a similar manner to provide a similar result. Similar
      parts of the blanks are identified with similar numerals except that the
      identifying numerals of FIG. 7 are in the 200 series. While the die cut
      blank 10 of FIG. 1 is provided with bridges of material 24 to connect the
      cut portions until such time as they are to be separated and extended for
      use, the blank 210 of FIG. 8 maintains the blank in flat form until used
      as a carrier by having incomplete cuts at the apex of the angular cuts 222
      as shown at locations 224.
PAR  FIG. 6 shows another embodiment of a die cut blank which results in a three
      post article carrier when separated and expanded. The numerals indicating
      the various parts of the blank of FIG. 6 correspond to those previously
      used to identify similar parts except that they are of the 100 series. To
      maintain the die cut blank 110 in sheet form until ready for use as a
      carrier incomplete cuts are provided at various locations including along
      the center line through the central portion 120 and the material portions
      122 and at the cut ends as shown at 124 in FIG. 6.
PAR  FIG. 9 shows yet another embodiment of a die cut blank 310 which upon
      separation of the cut portions and extension provides a three post carrier
      for containers. The expansion is similar to that shown in FIGS. 9 and 10
      and parts similar to the other blanks of FIGS. 1, 6 and 7 are identified
      by similar numerals with the exception that those of FIG. 8 are of the 300
      series. To maintain the die cut blank 310 in flat condition until used,
      incomplete cuts are made at locations such as shown at 324.
PAR  The illustration in FIG. 5 shows the expansion of the die cut blank 10 of
      FIG. 1 while FIGS. 9 and 10 illustrate the expansion, into a article
      carrier, of the die cut blank 210 of FIG. 7. However, it is to be
      understood that the blank embodiments shown in FIGS. 6 and 8, die cut
      blanks 110 and 310, function in a similar manner to that illustrated in
      FIGS. 5, 9 and 10 to contain and carry containers and other articles.
PAR  As seen in FIGS. 9 and 10, the posts 222' may be tightly placed around the
      plurality of containers 2 to maintain them in a tight, stacked,
      unspillable relationship by detachably securing the posts to one another
      through means of the toothed closure means 228. The toothed closure means
      228 is passed through the closure opening 226 and twisted so that the
      teeth engage it and maintain it from opening. The cut 232 may define a
      opening 232' for use as a finger hole for carrying the containers 2 or for
      hanging then on a hook for storage. The parts 222' provide balanced
      vertical suspension of the articles while the receptacle means, shown
      generally at 236, through its bottom support means 220' provides the
      bottom support. The receptacle means is defined by the bottom support
      means 220', the upright side restraining means 218' and the peripheral or
      annular collar-like means 238. The upwardly extending posts 222' also
      provide side supports for the stack of articles.
PAR  The embodiments of die cut blanks illustrated in FIGS. 1 through 4 and 6
      through 8 and the article carriers formed therefrom, shown in FIGS. 5, 9
      and 10, are particularly useful for holding and carrying beverage
      containers of the throw away type utilized by fast food and food take out
      establishments. As shown, the carrier readily carries cups, such as the
      illustrated six-ounce size, up to four in each holder. However, it will be
      understood by those skilled in the art that the dimensions of the blank
      may be varied to form a article carrier that is suitable for different
      sizes and types of containers. For example, it is contemplated that blanks
      forming carriers of the types described may be utilized for prepackaging
      several units as is now done for six-packs, with the exception that now a
      vertical six-pack is available which will facilitate stacking in stores
      and handling by the consumer. Not only may the size and configuration of
      the die blank vary within my teaching but also its thickness to suit the
      particular purpose. A suitable material for light duty carrying such as
      the cups shown may be a medium density polyethylene of 0.015  inches
      thickness. The several embodiments shown here illustrate the wide
      applicability of my teaching to various equivalents.
PAR  FIGS. 11 through 14 illustrate an embodiment of the invention providing
      utility as a holder for potted plants and the like. Referring to FIG. 11,
      there is shown a die cut and thermoformed blank 410 including a sheet 412
      having die cuts 414 and 416 in a manner similar to those in the blanks
      previously described. The die cuts 414 and 416 define material portions
      418 and 422 respectively. The blank central portion 420, instead of
      constituting flat sheet material as with the blanks previously described,
      is thermoformed such as by vacuum forming or otherwise molded by known
      means to form a cup-like depression. The cup-like portion 420 is
      illustrated in perspective in the view of FIG. 12 where it is shown
      forming a receptacle, shown generally at 436, together with the upwardly
      extending vertical side support mean 418' formed from the cut and
      separated material portions 418 of the blank 410 of FIG. 11. The cup may
      contain ridges molded therein for support and stability as shown at 421.
      Holes identified at 434 are provided to avoid tearing of the material at
      the terminii of the cuts while incomplete cuts may be made at various
      locations, such as at 424, to maintain the blank in unopened position
      until ready for use. Additional holes 426 may be provided as a means for
      supporting the container holder, as for example on a hook.
PAR  FIG. 12 shows the die blank of FIG. 11 with cut portions separated and
      expanded to provide a pot holder for a pot 6. The portions 422 formed by
      the die cuts 416 become posts 422' which permit balanced suspension
      support of the pot from a hook 8 by means of the openings 426. The
      portions 418 defined by the cuts 414 provide upright means 418' extending
      upwardly from the thermoformed cup 420 forming a receptacle and support
      for the pot 8. The cup portion 420 assures that the pot is securely
      supported and advantageously provides a container for water and the like.
PAR  FIG. 13 illustrates an embodiment, similar to that shown in FIG. 11,
      suitable for expansion into a pot holder. The die cut blank 510 of FIG. 13
      contains no center portion as did the other blanks but rather includes a
      center opening defined by the annular collarlike rim 538. The die cuts 516
      define material portions 522 which upon separation and expansion become
      posts 522' similar to those shown at 422' in FIG. 12. As an alternative to
      the bottom support of the embodiments previously described, the article
      holder expanded from the die cut blank 510 merely seizes a tapered pot
      with a peripheral collar 538 similar to the collar 438 shown in FIG. 12,
      and suspends it freely with no bottom support. The remainder of the blank
      510 is similar to the embodiment of FIG. 11 and similar numerals identify
      similar parts except that those in FIG. 13 are of the 500 series.
PAR  FIG. 14 shows a further embodiment of a blank which may be utilized as a
      container holder which is also similar to that shown in FIG. 11. In FIG.
      14, the die cut and thermoformed blank 610 has as the entire center
      portion 620 a thermoformed cup and no die cut portions except for those
      which will form posts for suspension support. The portions 622 formed by
      the die cuts 616 provide posts, similar to those shown as 422' in FIG. 12,
      upon separation and extension of the cut material. In other respects, the
      embodiment of FIG. 14 is similar to that shown in FIG. 11 and identifying
      numerals are similar with the exception that those in FIG. 14 are of the
      600 series.
PAR  FIGS. 15 and 16 show embodiments of die cut blanks which upon separation
      and extension of cut material provide convenient and attractive article
      holders, such as for potted plants, as well as carriers for other
      containers. Referring to FIG. 15, there is shown a die cut blank 710
      having cuts 716 formed on a sheet 712. The cuts define material portions
      722 which, upon separation and extension, correspond to the suspension
      posts described for the other embodiments. As shown in FIG. 15, the cuts
      716 are in a series, each of which is contained in one quarter of the
      rectangular blank so that there will be formed four individual posts. The
      article is supported by the peripheral collar-like support means 738 in a
      manner similar to that for the embodiment of FIG. 13. The die cut blank
      710 is particularly advantageous in that it makes a highly efficient use
      of material and eliminates the problems of waste since material is
      essentially 100 percent utilized. The removal of the portions 722 to form
      the posts leaves the center opening which receives the article within the
      collar-like support means 738. Holes at the terminii of cuts are shown at
      734. As previously described, bridges or incomplete cuts may be provided
      to maintain the blank flat until ready for use.
PAR  FIG. 16 illustrates a die cut blank 810 which, upon separation and
      extension of the cut material, as previously described, provides an
      article holder which holds the article in its center opening defined by
      the collar-like annular peripheral rim 838. The die cuts 816 in sheet 812
      define material portions 822 which form the posts for suspension support
      of the article.
PAR  FIG. 17 shows a die cut blank 910, similar to those previously described,
      having a center portion 920 and die cuts 914 and 916 which define material
      portions 918 and 922. Referring to FIG. 18, it can be seen that the center
      portion 920 provides a bottom support for an article such as a flower pot
      while the cut material portions 918 become upright supporting wall means
      918'. The posts 922' shown in FIG. 18 are formed from the material
      portions 922 formed by cuts 916. However, the embodiment of FIGS. 17 and
      18 differs from those previously described in that the posts 922' are not
      mere longitudinal extensions but rather the die cuts are made, as
      illustrated in FIG. 17, to provide a chain link-like structure with
      individual links 940, seen in FIG. 18, joined at areas 942. This provides
      increased strength for support of the pot without detracting from the
      appearance of the holder and without the need for extra thick material,
      thus increasing economy.
CLMS
STM  I claim:
NUM  1.
PAR  1. An integral substantially flat, cut sheet article holder capable of
      supporting at least one or more articles in balanced vertical suspension
      upon separation and extension of cut portions, comprising an integral flat
      flexible sheet, a center portion of the sheet having a plurality of
      arcuate cuts, the arcuate cuts being located in an area which defines
      generally an annular circumferential region, the arcuate cuts being offset
      from one another within the annular region in the plane of the flat sheet,
      cuts of each arcuate cut overlapping at least two other arcuate cuts so as
      to define upon separation of cut portions and extension from the flat
      sheet a receptacle-like portion having a bottom support means, a
      peripheral collar-like portion and upright side support portions secured
      through one of their respective ends to the bottom support means and
      through the other of their respective ends to the collar-like portion, the
      flat sheet material surrounding the annular circumferential region being
      further cut with a plurality of a series of cuts offset from one another
      in the plane of the flat material but partially overlapping in an
      alternate reverse cut manner to define, upon separation of the material at
      the cuts and extension thereof, a plurality of post-like extension
      portions integral with the receptacle-like portion, the portions of the
      sheet defined by the cuts being substantially contiguous when the flexible
      sheet is in flat condition so that essentially all the material of the
      sheet is utilized in the holder.
NUM  2.
PAR  2. An article holder as claimed in claim 1 wherein the receptacle means is
      a thermoformed container and the post means are die cut from flat flexible
      sheet material surrounding the container opening.
NUM  3.
PAR  3. An article holder as claimed in claim 1 wherein the post-like extension
      portions include securing means for detachably securing the upper ends
      thereof together to provide one common location for support of the article
      holder.
NUM  4.
PAR  4. An article holder as claimed in claim 1 wherein the cut portions are
      connected to one another at selected locations by bridge means severable
      under the influence of pressure of a magnitude no greater than that which
      can be applied by hand so as to maintain the cut sheet in substantially
      flat position until ready for separation of cut portions and extension to
      form the holder.
NUM  5.
PAR  5. An article holder as claimed in claim 1 wherein the bottom support means
      comprises a flat, horizontal portion.
NUM  6.
PAR  6. An article holder as claimed in claim 1 wherein the bottom support means
      comprises a cup-like container portion.
NUM  7.
PAR  7. An article holder as claimed in claim 1 wherein the receptacle-like
      portion is configured to be capable of receiving at least a part of the
      bottommost container in a stack of containers, the plurality of post-like
      extension portions extend vertically upward from the collar-like means for
      enclosing therebetween the containers of the stack located on top of the
      bottommost container and a securing means is provided on the post-like
      extension portions for detachably securing the upper ends thereof together
      to form a secure enclosure about the container stack and carrying means in
      at least one of the post means for convenient suspension carrying of the
      entire stack from one location.
PATN
WKU  039319490
SRC  5
APN  5111773
APT  1
ART  355
APD  19741002
TTL  Security pedestal base
ISD  19760113
NCL  9
ECL  1
EXA  Staab; Lawrence J.
EXP  Frazier; Roy D.
NDR  4
NFG  8
INVT
NAM  Waligorski; Gordon J.
STR  4713 Nottinghamshire Drive
CTY  Louisville
STA  KY
ZIP  40299
INVT
NAM  McMahan, Sr.; Roy F.
STR  2950 Breckinridge Lane
CTY  Louisville
STA  KY
ZIP  40220
CLAS
OCL  248418
XCL  108142
EDF  2
ICL  F16M 1300
FSC  108
FSS  139;142;150
FSC  109
FSS  50-52
FSC  248
FSS  158;159;415-418;203;349
FSC  312
FSS  7 TV;254
UREF
PNO  2024330
ISD  19351200
NAM  Bemis
OCL  248158
UREF
PNO  2872006
ISD  19590200
NAM  Payne et al.
XCL  248203
UREF
PNO  3067976
ISD  19621200
NAM  Popowitz
OCL  248349
UREF
PNO  3291432
ISD  19661200
NAM  Lucasey
XCL  248203
UREF
PNO  3667405
ISD  19720600
NAM  Roach
OCL  109 51
UREF
PNO  3724798
ISD  19730400
NAM  Lucasey
OCL  248418
UREF
PNO  3801055
ISD  19740400
NAM  Stenger
XCL  248203
FREF
PNO  728,006
ISD  19421100
CNT  DD
OCL  108139
LREP
FRM  Dominik, Knechtel, Godula & Demeur
ABST
PAL  A security pedestal base is disclosed which includes a base, an upstanding
      support mounted on said base and wherein the upstanding support is
      substantially hollow, a support shaft positioned concentrically within
      said upstanding support and mounted on said base and upstanding therefrom,
      support platform means mounted on the top portion of said upstanding
      support and interconnected with said support shaft, a sleeve member
      rotatably positioned about the support shaft and adapted to be rotatably
      movable when contact is made with any cutting instrument, and a decorative
      slip-on column which overlies the upstanding support and positioned in
      overlying relationship with respect to the base and wherein the support
      platform overlies the decorative slip-on column. The support platform is
      further provided with a concealing shield such that the connection of the
      support platform to the support shaft is concealed from access by any
      unauthorized person.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The proliferation of a variety of commercial institutions such as motels,
      hotels and other such facilities has brought about an increase in the
      number of products and services utilized in connection with such
      facilities. More specifically, it is well known that in the newer hotels,
      motels and other such institutions, individual room facilities are
      generally provided with television sets, or other equipment of significant
      value. Generally, these items are provided for the benefit of the guests
      of these facilities, and it is generally intended that items such as
      televisions, radios or other such items provided in individual room
      facilities have a useful life of no less than two years.
PAR  It is well known that in connection with items such as television sets
      provided in motel and hotel rooms that the incidence of theft has become a
      serious concern to the proprietors of such institutions. For this reason,
      a variety of tamper proof devices have been designed whereby an item such
      as a television set may be securedly installed in the facility minimizing
      and/or preventing unauthorized removal. In spite of these efforts, the
      incidence of theft or other unauthorized removal has remained quite high
      due to the fact that very few structures have been designed to prevent or
      minimize such unauthorized removal.
PAR  It is especially desirable to provide a pedestal base assembly in
      connection with a television set which may be easily and conveniently
      installed within an individual room facility in a hotel or motel which
      provides both ease of use by the operator as well as a high level of
      security to prevent theft or other unauthorized removal. These structures
      are particularly desirable where the pedestal base provides a rotatable
      platform upon which the television set may be supported such that the room
      guest may view the television set from any strategic location within the
      room facility. However, it has been found that pedestal bases having
      rotatable support platforms are generally not tamper proof since access to
      the point of attachment of the support platform to the underlying column
      is accessible to any person in the room. Hence, it has been found that
      such pedestal bases are amenable to removal of the support platform merely
      by cutting through the column either below the support platform or at the
      point at which the platform is rotatably mounted to the column. In point
      of fact, it has been found that the most common manner of unauthorized
      removal has been by cutting through the column with a cutting instrument
      such as a hacksaw thereby removing the television set even though the same
      may be fixedly secured to a support platform therebelow.
PAR  Various attempts have been made in the patented art to provide tamper proof
      or security type television supports as exemplified by U.S. Pat. No.
      3,559,942, which is directed to anti-theft t.v. support. However, it will
      be noted that the system proposed in the aforementioned patent is
      basically a wall mounted system and can be tampered with to remove the
      t.v. set by the use of any cutting instrument such as a hacksaw.
PAR  Similarly, U.S. Pat. No. 3,067,976 represents another attempt at providing
      a theft-proof t.v. swival arrangement, but it is believed that the
      structure as depicted in the aforementioned patent still does not prevent
      unauthorized removal by cutting through the assembly by an appropriate
      cutting instrument.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is designed to provide a pedestal base-type
      television support which is both decorative in appearance, easy to
      operate, and provides a high degree of security both in connection with
      the pedestal, as well as with the rotatable platform mounted thereatop.
      Briefly, the invention provides a pedestal base for a television set which
      includes an underlying base which is designed to be permanently and
      fixedly secured to the underlying support surface, such as a concrete
      floor, an upstanding support mounted on the base having a hollow interior,
      a support shaft mounted interiorly of the upstanding support and in the
      preferred embodiment, having a lower mounting portion which may be mounted
      directly into the underlying support surface, a sleeve member freely
      rotatably mounted about the support shaft and wherein the inner diameter
      of the sleeve member is slightly greater than the outer diameter of the
      support shaft, and a support platform assembly which is mounted to the
      support shaft but rotatable with respect to the support shaft as well as
      the upstanding support and wherein the rotatable mounting of the support
      platform to the support shaft is concealed by means of a shield thereby
      shielding access to the rotatable mounting from any unauthorized
      personnel. In addition, the support platform is provided with apertures
      having recesses therein to accomodate the provision of tamper proof screws
      for fixedly securing the television set directly to the support platform.
PAC  OBJECTS AND ADVANTAGES
PAR  Given the drawbacks as set forth above with respect to the prior art, it is
      the principal object of this invention to provide a pedestal base assembly
      specifically adapted to support an apparatus such as a television receiver
      thereatop which provides a high degree of security against unauthorized
      removal by theft or otherwise, which is also decorative in visual
      appearance.
PAR  Another object of the invention is to provide a pedestal base of the type
      described above, which is formed by a base, an upstanding support mounted
      on said base and having a hollow interior, a support shaft positioned
      concentrically within the hollow of the upstanding support, support
      platform means rotatably mounted at the upper end of the support shaft, a
      sleeve member rotatably positioned about the support shaft internally of
      the upstanding support and designed to rotate freely when contacted by any
      cutting element, and wherein the support platform means includes a shield
      depending from the lower surface thereof thereby to conceal access to the
      point of the rotatable mounting of the support platform means to the
      support shaft.
PAR  In connection with the foregoing object, it is still another object of this
      invention to provide a pedestal base of the type described wherein a
      decorative slip-on column is provided which is interposed between the base
      of the pedestal and the support platform means thereof and wherein the
      decorative slip-on column includes a hollow center portion thereby to
      totally surround the upstanding support and be locked in position between
      the base and the support platform means.
PAR  Still another object of this invention is to provide a pedestal base
      assembly of the type described wherein the support platform means includes
      a support platform fixedly secured to a circumferential shield extending
      downwardly therefrom and the upper end of the upstanding support includes
      a cup plate securely mounted to the support shaft and overriding the
      upstanding support whereby the support platform rotatably moves about the
      circumferential portion of the flange portion of the cup plate while the
      depending circumferential shield conceals access to the cup plate and the
      mounting point of the cup plate to the support shaft.
PAR  In connection with the foregoing object, it is still another object of this
      invention to provide a pedestal base of the type described wherein the
      support platform further includes a plurality of apertures positioned
      around the outer periphery of the support platform, and wherein the
      apertures include recesses to accomodate the positioning therethrough of
      tamper proof screws which are designed to screw threadedly mount into a
      television receiver or other apparatus carried on the support platform,
      and wherein the tamper proof screws include screw heads which are nestled
      within the recesses of the apertures, such that a high degree of security
      is provided for the mounting of the television receiver onto the support
      platform as well as providing security for the point of attachment of the
      support platform to the support shaft, and further providing a high level
      of security in connection with the provision of the rotatable sleeve
      member around the support shaft.
PAR  Further features of the invention pertain to the particular arrangement of
      the elements and parts whereby the above-outlined and additional operating
      features thereof are attained.
DRWD
PAR  The invention, both as to its organization and method of operation,
      together with further objects and advantages thereof will best be
      understood by reference to the following specification taken in connection
      with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the subject pedestal base having the
      decorative slip-on column positioned thereon and showing the support
      platform to accomodate the mounting of a television receiver thereatop;
PAR  FIG. 2 is a perspective view, partly in phantom, showing the relationship
      between the decorative slip-on cover and the interiorly positioned
      upstanding support as mounted on the underlying base, and having the
      support platform secured thereatop;
PAR  FIG. 3 is a perspective view, partly in phantom, and exploded, showing the
      relationship between the decorative slip-on column, the upstanding support
      as mounted on the base, and the rotatable sleeve member positioned about
      the interior support shaft, and the circumferential shield shielding
      access to the point of rotatable mounting of the support platform with
      respect to the support shaft;
PAR  FIG. 4 is a side elevational view, in cross-section, showing the
      relationship between the various elements of the subject pedestal base
      assembly;
PAR  FIG. 5 is a cross-sectional view showing the concentric orientation and
      relationship between the upstanding support, support shaft, and rotatable
      sleeve member taken in the direction of the arrows along the line 5--5 of
      FIG. 4;
PAR  FIG. 6 is a side elevational view in cross-section showing the construction
      of an arrangement of the various elements associated with the rotatable
      mounting of the support platform to the support shaft and the provision of
      a circumferential shield to shield access to the point of rotatable
      mounting; and
PAR  FIG. 7 is a side elevational view in cross-section showing the apertured
      support platform and the recesses provided therein in relationship to
      tamper proof screws which are carried within the recesses of the apertures
      for mounting a television receiver thereatop;
PAR  FIG. 8 is a side elevational view, partly in crosssection, showing another
      feature of the invention including the provision of a stop tab and cut out
      section in the circumferential shielf to prevent the complete 360 degree
      rotational movement of the support platform assembly.
DETD
PAR  Referring now to FIGS. 1 and 2 of the drawings, the pedestal support
      generally referred to by the numeral 10 is illustrated in perspective
      view. As shown in FIG. 2, the structure includes a base plate 12 having an
      upstanding support 14 mounted thereon. The upstanding support 14 is
      tubular in configuration having a hollow interior. Also mounted on the
      base and upstanding therefrom is a support shaft 16 which is
      concentrically oriented with respect to the upstanding support 14. As more
      particularly shown in FIGS. 4 and 6 of the drawings, the upper end of the
      support shaft is screw threaded as shown at 18 to accomodate the mounting
      of the support platform assembly 20 thereatop.
PAR  It will further be noted that a sleeve member 22 is provided, the sleeve
      member 22 being substantially tubular in configuration and having an
      internal diameter slightly greater than the external diameter of the
      support shaft 16. The sleeve member 22 is slidably mounted over the
      support shaft 16 such that the same is freely rotatable thereabout as
      clearly indicated in FIG. 4 of the drawings. It is intended by this
      construction to permit the sleeve member 22 to rotate freely when
      contacted by any cutting member which cuts through the upstanding support
      14 such that it is impossible to cut through the sleeve member 22 due to
      the rotational movement caused when contacted by the cutting member. This
      constitutes one novel feature of the present invention which renders the
      pedestal support 10 substantially theft-proof.
PAR  The concentric orientation of the upstanding support 14 with respect to the
      support shaft 16 and sleeve member 22 is shown in FIG. 5 of the drawings.
PAR  It will further be noted that the pedestal support 10 of the present
      invention is provided with a decorative slip-on column 24 which has a
      hollow interior 26 of sufficient size to accomodate the upstanding support
      14 therethrough. In a preferred embodiment, a variety of decorative
      slip-on columns 24 may be provided and fashioned to complement any
      particular style of furniture or decor as desired by the purchaser. It
      will be noted from a view of FIG. 4 of the drawings that when assembling
      the subject pedestal support 10 the decorative slip-on column 24 is
      positioned around the upstanding support 14 prior to the installation of
      the support platform assembly 20. In this manner, the slip-on column 24 is
      firmly anchored in position such that the same is not removable by being
      interposed between the underlying support surface and the base plate 12 of
      the pedestal support 10 and the upper end is bounded by the support
      platform assembly 20.
PAR  The details of construction of the support platform assembly are more
      particularly shown in FIGS. 4 and 6 of the drawings. The assembly 20 is
      shown to include a cup plate 28 which is formed by a cup portion 30 and
      bounded at its outer end by circumferential flange 32. The center portion
      of the cup plate 20 includes an aperture 33 which has a slightly greater
      diameter than the diameter of the threaded screw portion 18 of the support
      shaft 16 such that the support shaft 16 is insertable through the aperture
      33 and the cup plate 28 is fixedly held in position by means of a threaded
      nut 34. A support platform 36 is provided having a circumferential shield
      member 40 mounted on the lower surface of the support platform 36 by any
      suitable means such as weldments 38. The support platform 36 rotatably
      rides on the outer circumferential flange 32 of the cup plate 28. A secure
      mounting of the support platform assembly 20 is achieved by trapping the
      outer circumferential flange 32 of the cup plate 28 between the lower
      surface of the support platform 36 and the circumferential shield member
      40.
PAR  The shield member 40 is formed by a mounting flange 42 which amounts to the
      under surface of the support platform 36 by weldments 38, and extends
      inwardly to a recessed portion 44 which is recessed a sufficient distance
      to accomodate the positioning of the circumferential flange 32 as depicted
      in FIG. 6 of the drawings. The recessed portion 44 in turn terminates in a
      downwardly depending circumferential shield 46 which has an inner diameter
      slightly greater than the outer diameter of the upstanding support 14 such
      that the shield 46 is freely movable about the outer periphery of the
      upstanding support 14.
PAR  As shown in both FIGS. 4 and 6 of the drawings, the function of the
      circumferential shield member 40 is to shield access to the cup plate 28
      which effectively carries and secures the platform assembly 20 to the
      support shaft 16. This feature is considered to be another novel aspect of
      the present invention in terms of providing a pedestal support 10 which is
      substantially tamper proof and greatly minimizes the possibility of
      unauthorized removal of a television receiver or other apparatus carried
      on the support platform 36. It will therefore be appreciated that the
      pedestal support 10 of the present invention not only permits ease of use
      in terms of providing a rotatably mounted support platform assembly 20,
      but furthermore greatly diminishes the opportunity for unauthorized
      removal of the support platform assembly 20 from the unstanding support
      14.
PAR  An additional security feature of the present invention relates to the
      manner of mounting a television receiver or other apparatus onto the
      support platform 36. As shown in FIGS. 4 and 7 of the drawings, the
      support platform 36 is provided with a series of four apertures 48 which
      are formed by reverse crimps designated by the numeral 50 in the upper
      surface of the support platform 36. The apertures 48 are also provided
      with recesses 52 such that a threaded screw 60 having a screw head 62 may
      be conveniently nestled into the aperture 48 with the screw head 62
      nestled within the recess 52. It is contemplated that the threaded screws
      60 are of the tamper proof variety and require the use of a special tool
      to remove. It will therefore be appreciated that to mount a television
      receiver or other device atop the support platform 36 the tamper proof
      screws 60 are interted through the apertures 48 and into the bottom casing
      of the television receiver. The function of the reverse crimps 50 is to
      prevent unauthorized removal of the threaded screws 60 by any shearing
      tool such as a cold chisel. The crimps 50 will deflect the tool when an
      attempt is made to shear off the screw heads 62. In addition, the reverse
      crimps 50 render it impossible to twist the heads of the screws 60 with
      pliers to remove the same. Since a special tool is required in order to
      remove the screws 60 it will be appreciated that an additional security
      feature is provided in connection with this invention.
PAR  It will further be observed from FIG. 4 of the drawings that the subject
      pedestal support 10 of the present invention is designed to be installed
      either as original equipment during the construction phase of a given
      facility, or as add-ons to an existing structure. It will be noted in FIG.
      4 of the drawings that the underlying support surface is depicted as a
      concrete floor 70 and that the base plate 12 is fixedly secured to the
      concrete floor 70 by means of a high force anchor 78 which is set into a
      drilled hole in the concrete floor 70. The anchor 78 is then expanded with
      a special tool as is known in the art. The lower end of the support shaft
      16 is then set in the anchor 78 thus holding the support shaft firmed to
      the concrete floor 70. Base pins 72 and 74 are then installed through the
      base plate 12 into appropriate holes drilled into the floor 70 and
      function to prevent rotation of the base plate 12 once installed. The
      anchor 78 provides a 15,000 pound hold down force thereby providing a very
      secure installation to the floor 70. In the event that it is desired to
      remove the pedestal support 10, the entire structure may be removed
      including the base plate 12 leaving only the anchor 78 in the floor 70.
      The support shaft 16 is removed at floor level by any suitable means. It
      will therefore be appreciated that incident to the construction of a motel
      or hotel facility, a pedestal support 10 of the present invention may be
      installed as new or add-on equipment within each room facility providing a
      very secure and substantially theft-proof support for a television
      receiver.
PAR  From the above description, it will be clearly understood that the pedestal
      support 10 of the present invention provides at least three aspects which
      are considered to be of a high security nature, these including the
      provision of the rotatable sleeve member 22 mounted about the support
      shaft 16 thereby preventing any unauthorized person from utilizing a
      cutting instrument to cut through the upstanding support 14 since once
      contact is made between the cutting element and the rotatable sleeve
      member 22, the sleeve member 22 will tend to merely rotate with the
      reciprocating action of the cutting member and cannot be cut. Furthermore,
      the provision of the circumferential shield member 40 shields access to
      the mounting of the cup plate 28 onto the support shaft 16, while at the
      same time still permitting the rotational movement of the support platform
      assembly 20. Another security feature of the present invention relates to
      the apertures 48 formed by reverse crimp 50 in the support platform 36
      which accomodates the insertion of a tamper proof threaded screw 60
      therein, with the apertures 48 provided with recesses 52 to accomodate the
      screw head 62 therein. As indicated previously, it is contemplated that
      threaded screws 60 of the tamper proof variety which would require a
      special instrument to remove may be conveniently employed thereby further
      insuring against any unauthorized removal of the television receiver from
      atop the platform 36. Finally, as indicated above, the complete pedestal
      support 10 may be fixedly secured to the underlying surface of the
      structure, such as a concrete floor 70 during the construction phase of
      the building. Not only does this feature provide additonal security, but
      it further provides rigidity and added strength for carrying any size or
      weight television receiver as desired by the operator of the facility.
PAR  With reference to FIG. 8 of the drawings, it will be observed that another
      feature of the invention is the provision of a stop-tab 80 mounted on the
      outer surface of the upstanding support 14. The circumferential shield 46
      is provided with a cut out portion 47 and positioned to stradle the stop
      tab 80 such that the stop tab 80 will abut against the opposed edges of
      the cut out portion 47. In this manner the complete 360 degree rotational
      movement of the support platform assembly 20 is prevented by means of the
      stop tab 80 abutting against the opposed edges of the cut out portion 47
      and hence, prevents the entanglement of cords and the like around the
      upstanding support 14. In addition, this feature permits the mounting of
      the entire pedestal support closer to the wall of the room since 360
      degree rotational movement is prevented, and hence preventing the support
      platform assembly from striking against the wall surface.
PAR  Another advantage of the present invention is the fact that the decorative
      slip-on column 24 may be formed to coordinate with any desired furniture
      style or style of decor and thereby provides the operator of the facility
      with flexability in terms of coordinating all of the furnishings of each
      of the rooms. Insofar as the decorative slip-on column 24 is concerned, it
      is contemplated that this element may be formed of any suitable material
      such as foam plastic or the like in order to minimize the cost while
      providing a wide variety of decor styles for the benefit of the operator.
PAR  Insofar as the remaining portions of the pedestal support 10 are concerned
      it is contemplated that the upstanding support 14, support shaft 16 and
      sleeve member 22 may be formed of any metallic material, and it is
      contemplated that hardened steel would be an appropriate material to
      further minimize the danger of unauthorized removal by the utilization of
      a cutting element. Similarly, the circumferential shield member 40 as well
      as the cup plate 28 may be formed of any steel material or steel alloy in
      order to provide rigidity and support for the apparatus to be carried on
      the support platform 36. The support platform 36 may be formed of a
      metallic material or alternatively, may be formed of a plastic material,
      although from the standpoint of high security, the metallic material is
      preferred since it is more difficult to cut into or break a metallic
      material than it is to rupture plastic. However, high strength plastics
      are known, and it is within the scope of the present invention that the
      support platform 36 be formed of any appropriate high strength material.
PAR  It will be noted from a view of FIG. 3 of the drawings, a lock washer 54 is
      interposed between the threaded nut 34 and the upper surface of the cup
      portion 30 incident to the cup plate 28. Furthermore, access to the
      threaded nut 34 may be had through the support platform 36 through an
      aperture 56 positioned centrally in the support platform 36. It will be
      appreciated that the aperture 56 is completely covered when the television
      receiver is positioned atop the support platform 36 and is screw
      threadedly mounted in position. Hence, unauthorized personnel cannot gain
      access to the support platform assembly 20 or to the threaded nut 34 with
      the television receiver appropriately positioned and screw threadedly
      mounted thereon.
PAR  It will be appreciated from the above description of the invention that the
      pedestal base of the present invention is equally applicable to a variety
      of apparatus to be carried thereatop. For example, it is contemplated that
      the subject invention may be used for carrying postage stamp vending
      machines, parking meters, or any other device where unauthorized removal
      is to be prevented. Hence, it is contemplated that the scope of the
      invention as defined in the appended claims cover the invention regardless
      of the apparatus to be carried atop the support platform.
PAR  It will be appreciated by virtue of the above description that the present
      invention provides a high security pedestal support especially adapted for
      carrying television receivers in such institutions as motels, hotels, or
      any other commercial institutions where such devices are provided for the
      convenience of the consuming public who are the guests of the
      institutions. The novel pedestal support provides at least three areas of
      security in that the pedestal base resists tampering by means of a cutting
      element, by the provision of a totatable sleeve member positioned about
      the central support shaft, as well as by providing a circumferential
      shield member to conceal access to the rotatable mounting of the support
      platform atop the support shaft. In addition, the manner of screw
      threading the television receiver to the support platform in such as to
      minimize the danger of unauthorized removal since special tools would be
      required in order to break the threaded screws to gain access to the
      television receiver. In addition, the base of the pedestal may be mounted
      directly to the underlying support surface which in new construction
      generally consists of concrete in a manner which prevents the pedestal
      support from being entirely removed from the premises. Finally, the
      pedestal support of the present invention further permits the use of a
      decorative slip-on column which permits the owner or operator of the
      institution to provide an aesthetic effect with respect to the decor of
      the facility in which the subject pedestal support is positioned.
PAR  While there has been described what is at present considered to be the
      preferred embodiments of the invention, it will be understood that various
      modifications may be made therein, and it is intended to cover in the
      appended claims all such modifications as fall within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high security pedestal base for supporting a variety of apparatus
      there atop, comprising in combination,
PA1  a base,
PA1  an upstanding support mounted on said base,
PA1  said upstanding support having at least a partial hollow interiorly
      thereof,
PA1  a support shaft positioned interiorly of said upstanding support within
      said hollow and mounted on said base,
PA1  support platform means for supporting said apparatus mounted on said
      support shaft and extending outwardly beyond the periphery of said
      upstanding support, with
PA1  a cup plate having an outwardly extending circumferential flange and having
      a central aperture positioned in the cup portion thereof, said cup plate
      being engageably mounted on said support shaft, said support platform
      means being rotatably mounted on said cup plate and adapted to carry a
      variety of apparatus thereon,
PA1  and said support platform means further including a circumferential shield
      mounted on the lower surface thereof and extending downwardly therefrom
      along the outer surface of said upstanding support to conceal access to
      said cup plate when said support platform is mounted in position atop said
      support shaft,
PA1  said circumferential shield including a recessed portion entrapping said
      circumferential flange of said cup plate between the lower surface of said
      support platform means and said recessed portion thereby to securely
      engage said support platform means to said upstanding support and support
      shaft,
PA1  and a sleeve member carried about the outer periphery of said support shaft
      and freely rotatable thereabout,
PA1  whereby said rotatable sleeve member inhibits the unauthorized cutting
      through said base by freely rotating in response to the reciprocating
      action of any cutting member making contact therewith.
NUM  2.
PAR  2. The pedestal base as set forth in claim 1 above, wherein said support
      shaft and sleeve member are tubular in construction and wherein the
      internal diameter of said sleeve member is slightly greater than the
      external diameter of said support shaft.
NUM  3.
PAR  3. The pedestal base as set forth in claim 1 above, wherein said device
      further includes a docorative slip-on column having a hollow interior and
      adapted to be positioned around said upstanding support with said
      upstanding support extending through said hollow portion of said slip-on
      column and wherein said support platform means overlies the top portion of
      said slip-on column.
NUM  4.
PAR  4. The pedestal base as set forth in claim 1 above wherein said base is
      adapted for fixed mounting to an underlying support surface.
NUM  5.
PAR  5. The pedestal base as set forth in claim 1 above, wherein said support
      shaft includes a lower mounting portion, said lower mounting portion
      extending through said base and adapted for insertion into an underlying
      support surface to further rigidity the said support shaft and to provide
      a greater degree of security therefor.
NUM  6.
PAR  6. The pedestal base as set forth in claim 1 above, wherein said support
      platform means further includes a plurality of apertures positioned about
      the outer circumferential edges thereof and a series of tamper proof
      screws are provided through said apertures thereby to secure an apparatus
      carried on the upper surface of said support platform means in tamper
      proof engagement therewith.
NUM  7.
PAR  7. The pedestal base as set forth in claim 6 above, wherein said support
      platform means is provided with a series of four of said apertures to
      accomodate four tamper proof screws.
NUM  8.
PAR  8. The pedestal base as set forth in claim 7 above, wherein each of said
      four apertures are recessed and wherein said tamper proof screws include
      screwheads which may be nestled within said recessed portion of said
      apertures.
NUM  9.
PAR  9. The pedestal base as set forth in claim 1 above, wherein said upstanding
      support is provided with a stop tab mounted thereon and extending
      outwardly therefrom for a short distance, and said circumferential shield
      includes a cut out portion overlaying on either side of said stop tabs
      such that said cut out portion and stop tab cooperate to form stop
      positions for the circumferential rotational movement of said support
      platform means assembly thereby preventing complete 360.degree. rotational
      movement thereof.
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ABST
PAL  A support member is affixed to a supporting surface and extends
      perpendicularly therefrom. The support member has a semicircular groove
      formed therein. A clamp member is pivotally affixed to the support member
      and has a semicircular groove formed therein and forms a circular groove
      with the groove formed in the support member when the clamp member is in
      closed position with the support member for accommodating the open neck
      part of a flexible toothpaste tube. A holding device releasably maintains
      the clamp member and the support member in closed coplanar relation with
      each other and forms a circular groove coplanar them for accommodating the
      neck part of the toothpaste tube securely between the members to enable
      the tube to be emptied.
BSUM
PAC  DESCRIPTION OF THE INVENTION:
PAR  The present invention relates to a toothpaste tube supporting device.
PAR  Objects of the invention are to provide a toothpaste tube supporting device
      of simple structure, which is inexpensive in manufacture, used with
      facility and convenience, without skill, installed with facility and
      convenience, and functions efficiently, effectively, and reliably to
      support a tube of toothpaste for emptying with a single hand of the user.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a top view of an embodiment of the toothpaste tube supporting
      device of the invention in use;
PAR  FIG. 2 is a side view, taken along the line II -- II, of FIG. 2; and
PAR  FIG. 3 is a view of the members 4 and 7 and the device 9, taken along the
      line III -- III of FIG. 1.
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
DETD
PAR  The toothpaste tube supporting device of the invention is for supporting a
      substantially flexible toothpaste tube 1 having an open neck part 2
      through which toothpaste in the tube is ejected and an opposite end part
      3. The toothpaste tube supporting device of the invention comprises a
      support member 4 (FIG. 3) affixed to a supporting surface 5 and extending
      substantially perpendicularly from said supporting surface. The support
      member 4 has a substantially semicircular groove 6 (FIG. 3) formed
      therein. The support member 4 consists of a plate type member bent at
      right angles so that one part is affixable to the supporting surface 5 and
      the other part extends at right angles from the supporting surface and has
      the groove 6 formed therein. The part of the support member 4 affixable to
      the supporting surface 5 is in juxtaposition with said surface when
      affixed thereto.
PAR  A clamp member 7 is pivotally affixed to the support member 4 and has a
      substantially semicircular groove 8 (FIG. 3) formed therein and forming a
      circular groove with the groove 6 formed in the member 4 when the clamp
      member is in closed position with the support member for accommodating the
      neck part 2 of the toothpaste tube 1, as shown in FIG. 2. The clamp member
      7 is pivotally affixed to the support member 4 via a band 12 affixed to
      said support member and a pivot pin 13 passing through a bore in the band
      and the clamp member (FIG. 3) so that said clamp member is movable in the
      plane of the part of the support member having the groove 6 formed
      therein.
PAR  A holding device 9 releasably maintains the clamp member 7 and the support
      member 4 in closed substantially coplanar relation with each other and
      forms a substantially circular groove 6, 8 between them for accommodating
      the neck part 2 of the toothpaste tube 1 securely between said members to
      enable the tube to be emptied. The holding device 9 comprises a narrow
      closed loop member for accommodating the support member 4 and the clamp
      member 7 therein. A tightening screw 10 is threadedly coupled in the
      closed loop member. When the support member 4 and the clamp member 7 are
      in closed position; that is, when said members are in closed,
      substantially coplanar, position around the neck part 2 of a toothpaste
      tube 1, the holding device 9 is slipped over the ends of said members and
      the tightening screw 10 is turned until said holding device holds the
      support member and the clamp member tightly in closed position. The
      tightening screw 10 urges the clamp member 7 toward the support member 4
      so that the edges of said members having the grooves 6 and 8 formed
      therein are maintained in juxtaposition.
PAR  A slotted key 11 (FIGS. 1 and 2) accommodates the end part 3 of the
      toothpaste tube 1 secured by the supporting device of the invention, as
      shown in FIGS. 1 and 2, and functions to empty the contents of the tube
      via the neck part.
PAR  The toothpaste tube supporting device of the invention is for either
      right-handed people or left-handed people. FIGS. 1 and 2 illustrate the
      device for right-handed people. These must be turned over 180.degree. to
      illustrate the device for left-handed people.
PAR  The toothpaste tube supporting device of the invention, in a preferred
      embodiment includes a platform member extending substantially
      perpendicularly from the support member 4 at the bottom edge thereof. The
      platform member supports the tube of toothpaste when the device of the
      invention is not in use, and has a plurality of spaced holes formed
      therethrough for supporting toothbrushes.
PAR  The support member 4 and the clamp member 7 may have additional
      semicircular grooves formed therein in spaced relation with the grooves 6
      and 8. The additional semicircular grooves form a circular groove having a
      smaller diameter than that of the groove 6, 8. The smaller circular groove
      is for holding the spout of the toothpaste to empty all the paste.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A toothpaste tube supporting device for supporting a substantially
      flexible toothpaste tube having an open neck part through which toothpaste
      in the tube is ejected and an opposite end part, said toothpaste tube
      supporting device comprising
PA1  a substantially plate like support member having a first part affixed to a
      supporting surface and a second part extending substantially
      perpendicularly from the first part and the supporting surface, said
      support member having a substantially semicircular groove formed in an
      edge thereof;
PA1  a clamp member pivotally affixed to the second part of the support member
      for movement in the plane of said second part and having a substantially
      semicircular groove formed in an edge thereof and forming a circular
      groove with the groove formed in the support member when the clamp member
      is in closed position with the support member with the grooved edges of
      the members in juxtaposition for accommodating the neck part of a
      toothpaste tube; and
PA1  a holding device for releasably maintaining the clamp member and the
      support member in closed substantially coplanar relation with each other
      and forming a substantially circular groove between them consisting of the
      semicircular grooves of the members for accommodating the neck part of a
      toothpaste tube secure between said members to enable the tube to be
      emptied.
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ABST
PAL  An installation for the manufacture of prefabricated elements of ordinary
      or reinforced concrete comprises one or more mobile molding pallets, each
      including a pouring table, a plurality of molding cheeks continuously
      coupled to said table and mounted individually with respect to said table
      so as to move between a closure position adapted to form a cavity for
      molding said concrete elements and an open position in which said elements
      can be de-molded, means being mounted on said table and associated with
      each said cheek for actuating the opening and closure of said cheeks and
      for locking said cheeks in the closed position. The installation described
      has a plurality of work stations between the pouring and final de-molding
      stages, arranged in two lines with a transfer station between lines.
BSUM
PAR  The present invention generally relates to the production of pre-fabricated
      elements of plain or reinforced concrete.
PAR  The production installations for such elements currently utilize movable
      pallets or tables which can be displaced from one working station to
      another.
PAR  Pallets of this kind each comprise an assembly of moulding cheeks which
      form a cavity permitting the moulding of an element in concrete which may
      be reinforced. From one station of the installation to another there are
      successively effected the following operations: putting in position any
      possible reinforcement, pouring of the concrete, with vibration if so
      desired, drying, possibly by stoving, and de-moulding.
PAR  Up to the present time, the cheeks associated with such a movable pallet,
      are fixed to this latter, at least temporarily, by mechanisms which
      necessitate a manual action for their closure, that is to say for their
      placing in a position at which they form, conjointly with the others, the
      moulding cavity, and also for their opening, that is to say for their
      passage to a disengaged position in which they permit de-moulding of the
      previously cast element.
PAR  In most cases, after opening, these cheeks do not remain attached to the
      associate pallet, which necessitates their handling and therefore makes it
      essential to have a special staff attached to this operation.
PAR  In addition, the closure of these cheeks is most frequently effected at the
      present time either by bolting, or by hydraulic control means associated
      with the pallet or table on which they are carried.
PAR  This bolting necessitates a relatively long mechanical action; it does not
      ensure a strictly accurate position of closure of the cheeks and has a
      poor resistance to the powerful vibration to which the pallet is subjected
      during the pouring of the concrete.
PAR  As far as the hydraulic control means are concerned, these render the
      passage of the pallets into a stove to accelerate drying of the concrete,
      difficult.
PAR  The present invention has especially for its object a pallet which enables
      these disadvantages to be overcome.
PAR  It has also for its object an installation which utilizes pallets of this
      kind.
PAR  According to the invention, a movable pallet for an installation for the
      production of pre-fabricated elements of concrete, which may be
      reinforced, is characterized in that it comprises a pouring table and,
      permanently coupled to the said table, an assembly of moulding cheeks
      movably mounted individually with respect to the said table between a
      closure position, for which they form together with the table, a cavity
      permitting the moulding of a concrete element, which may be reinforced,
      and a position of opening, in which they permit the demoulding of an
      element, the said table being further provided, for each of the said
      cheeks, with operating means for opening and closure, and means for
      locking in the closed position.
PAR  Thus, according to a first aspect of the invention, all the cheeks carried
      by a pallet remain permanently attached thereto after their opening, which
      eliminates any handling operation and thus results in a substantial saving
      of time.
PAR  Furthermore, due to the operating means and locking means associated with
      each cheek, the cheeks always return automatically during their closure,
      to the same position, and are locked automatically and instantaneously in
      that position without there being any need for bolting or manual
      interventions of any kind.
PAR  This results in a better dimensional quality for the moulding cavity thus
      formed, together with a saving of time.
PAR  In addition, a pallet equipped with cheeks of this kind can be moved from
      one station to another, and can even be powerfully vibrated without the
      position of these cheeks being modified with respect to the moulding table
      of this pallet or with respect to itself.
PAR  The means for locking the closure of any cheek are preferably mechanical
      and utilize an accumulator comprising a piston moving in a cylinder body
      against the action of elastic means.
PAR  As these locking means are not associated with any hydraulic circuit, the
      pallets according to the invention can be stoved without any difficulty,
      and may for example be passed through heating tunnels.
PAR  In addition, the reaction of the elastic means provided on such an
      accumulator is advantageously opposed to the opening forces which act on
      each cheek after the pouring of an element, as a result of the thrust
      applied by the concrete against this cheek.
PAR  The means for locking the closure of any cheek conjointly comprise a
      control lever capable of coming into engagement with an opening and
      closure mechanism provided for that purpose at certain stations of the
      installation.
PAR  Thus, an installation according to the invention is characterized in this
      respect by the fact that it comprises a succession of working stations
      such as a preparation station, a pouring and/or vibration station, a
      drying and/or stoving station, a de-moulding station, possibly of the
      tilting type, and a transfer station, at least some of these stations
      being equipped with at least one mechanism adapted to actuate the opening
      and/or the closure of at least one of the cheeks of the pallets which are
      placed in position in the said station.
PAR  This arrangement makes it possible to use only a small number of such
      control mechanisms for the whole of the installation, instead of one
      mechanism per pallet, which correspondingly reduces the production costs.
PAR  It also enables manual operation to be eliminated to limit the power
      employed and to save time, thereby reducing still further the production
      cost of the prefabricated elements obtained.
DRWD
PAR  The characteristic features and advantages of the invention will
      furthermore be brought out in the description which follows below, given
      by way of example only, reference being made to the accompanying
      diagrammatic drawings, in which:
PAR  FIG. 1 is a diagrammatic plan view of an installation according to the
      invention;
PAR  FIG. 2 is a perspective view of a movable pallet according to the
      invention;
PAR  FIG. 3 is a view in transverse section, taken along the line III-III of
      FIG. 4, of a first cheek provided on this pallet, known as a high cheek,
      shown in the closed and locked position;
PAR  FIGS. 4 and 5 are views in cross-section taken respectively along the lines
      IV--IV and V--V of FIG. 3;
PAR  FIG. 6 is a view similar to FIG. 3, the cheek considered being shown in the
      unlocked position;
PAR  FIG. 7 is a view similar to FIG. 3, the cheek considered being shown in the
      open position;
PAR  FIG. 8 is a view in axial cross-section, taken on a different scale, of an
      accumulator utilized for the operation of a cheek of this kind;
PAR  FIGS. 9a, 9b, 9c and 9d illustrate diagrammatically the opening of a cheek
      of this kind;
PAR  FIGS. 10A, 10B and 10C illustrate diagrammatically the closure of this
      cheek;
PAR  FIG. 11A is a diagrammatic view in side elevation of another cheek provided
      on the pallet according to the invention, known as a lateral cheek, in the
      closed position;
PAR  FIG. 11B is a view similar to FIG. 11A, the side cheek considered being
      shown in the open position;
PAR  FIG. 12 is a diagrammatic view in side elevation of another cheek provided
      on the movable pallet according to the invention, known as the low cheek,
      and more particularly shows the control of the opening and closure of this
      cheek;
PAR  FIG. 13 is a view similar to FIG. 12, and relates to the locking means
      associated with this cheek;
PAR  FIGS. 14A, 14B, 14C and 14D illustrate successively the unlocking and the
      opening of the low cheek;
PAR  FIG. 14E illustrates the locking of the low cheek;
PAR  FIG. 15 is a view similar to FIG. 1 and relates to an alternative form of
      arrangement of an installation according to the invention.
DETD
PAR  As illustrated in FIG. 1, an installation according to the invention forms
      a kind of tilt-yard comprising a plurality of work stations distributed in
      two lines A and B, coupled together at the two extremities by transfer
      stations 10.
PAR  For example, line A comprises the preparation stations 11 followed by the
      pouring and vibration stations 12.
PAR  In parallel, line B comprises for example stoving stations 13, an outlet
      station 14 and a tipping and demoulding station 15.
PAR  By the aid of circulation means (not shown) mobile pallets, such as those
      shown separately in FIG. 2, are moved from one station to another in the
      direction of the arrow F.
PAR  A mobile pallet of this kind comprises a moulding table 20 and a plurality
      of cheeks, four in number in the example shown.
PAR  There are in the first place two cheeks 21, 22 pivotally mounted about
      fixed shafts parallel to each other, and known hereinafter by the terms
      high cheek and low cheek. There are also two similar cheeks 23 slidably
      mounted between the high cheek 21 and the low cheek 22 and hereinafter
      known as the side cheeks.
PAR  Each of these cheeks and their operating mechanisms will be described
      successively.
PAR  The high cheek 21, FIGS. 3 to 7, is carried by side-plates 26 which
      constitute conjointly a supporting arm in the shape of a fork and which
      are mounted pivotally about a fixed shaft 27 coupled to the moulding table
      20 by side-plates 28.
PAR  With this high cheek are associated means for locking when closed, which
      constitute also operating means for opening and closing.
PAR  These means comprise an operating lever 29 consisting of two parallel
      plates and having a generally triangular shape; this operating lever is
      articulated about a first pivot 30 fixed opposite the table 20, this pivot
      being carried by the plates 28 coupled to the table.
PAR  The operating lever 29 carries a second pivot 31 on which is articulated an
      elastic coupling lever 32, also articulated about a third pivot 33 carried
      by the plates or supporting arms 26 which carry the cheek 21.
PAR  The elastic coupling lever 32, shown separately in FIG. 8 is an accumulator
      comprising a piston 35 movably mounted in a cylinder body 36 against the
      action of elastic means 37 which, in the example shown, are constituted by
      a stack of elastic washers of the Belleville type.
PAR  The piston 35 terminates in a lug 38 which permits its engagement on the
      second pivot 31, and similarly, the cylinder body 36 is provided with a
      passage 39 permitting its engagement on the third pivot 33.
PAR  At one free extremity, the operating plates or levers 29 carry a driving
      member, for example a roller 40, as shown.
PAR  This operating lever also carries an abutment 41, preferably adjustable in
      length, a screw for example as shown, with which are associated lock-nuts.
PAR  The supporting arm 26 carries an abutment 42 which is similarly adjustable
      in length.
PAR  The abutment 41 is intended to co-operate with the side-plates 28 coupled
      to the moulding table 20, and the abutment 42 is intended to co-operate
      directly with the said moulding table.
PAR  These stops are adjusted in such manner that, for the closed and locked
      position shown in FIG. 3, the pivots 30, 31 and 33 are not in line, the
      pivot 31 being displaced in the direction of the moulding table 20 with
      respect to the line formed by the pivots 30 and 33. The alignment of the
      pivots 33 and 31 forms an angle .alpha. with the line of the pivots 33 and
      30.
PAR  For this locking position, the stack of Belleville washers of the lever
      forming the accumulator 32 is compressed and elastically holds the cheek
      21 in the closed position.
PAR  If action is taken on the driving member 40 of the operating lever 29, in
      the direction of the arrow 42 of FIG. 6, there is a pivotal movement of
      this operating lever about the first pivot 30 in the direction of the
      arrow 43 and a crossing by the second pivot 31 of the line formed by the
      pivots 30 and 33. The alignment of the pivots 33 and 31 forms an angle
      .beta. with the alignment of the pivots 33 and 30.
PAR  This crossing is effected against the action of the stack of Belleville
      washers of the lever 32, and corresponds to a neutral position beyond
      which the cheek 21 is unlocked.
PAR  In fact, if action is continued on the driving member 40, and under the
      action of decompression of the stack of Belleville washers of the elastic
      lever 32, the operating lever 29 continues its pivotal movement in the
      direction of the arrow 43, which causes a pivotal movement of the
      supporting arm 26 of the cheek 21 and therefore the opening of this sheet,
      as shown in FIG. 7.
PAR  There will now be described such an opening process which takes place at
      the single tipping and de-moulding station 15 of the installation
      according to the invention. This tipping and de-moulding station shown in
      FIG. 9A thus comprises a mechanism suitable for controlling the opening of
      a high cheek 21 of this kind.
PAR  This mechanism comprises a fork 45, the extremity of which is articulated
      on the end of a lever 46 mounted pivotally at 47 on a frame 48.
PAR  At the other end of this lever 46 is articulated a rod 49 which is intended
      to form a feeler and which is slidably mounted axially in a frame 50 fixed
      on the base 48.
PAR  A double-acting hydraulic or pneumatic jack 51 has its body articulated on
      the feeler rod 49 at 52, and its rod is articulated on the fork 45 at 53.
PAR  In the waiting position, that is to say in the absence of a pallet at the
      tipping and de-moulding station, the feeler rod 49 projects considerably
      out of the frame 50, FIG. 9A, and the piston rod of the jack 51 is in its
      extended position.
PAR  During the placing in position of a pallet at the tipping and de-moulding
      station, in the direction of the arrow 55 of FIG. 9A, this pallet
      depresses the feeler rod 49 (FIG. 9B), which has the effect, through the
      intermediary of the lever 46, of bringing the fork 45 into engagement with
      the operating roller 40 of the high cheek of the pallet considered.
PAR  It is then only necessary to ensure the return of the piston rod of the
      jack 51 by appropriately sending fluid under pressure into this latter, in
      order to ensure the pivotal movement of the fork 45 in the direction of
      the arrow 56 of FIG. 9C and thereby to effect the opening of the high
      cheek of the pallet concerned, following the process described above.
PAR  It is then possible to withdraw this pallet from the tipping and
      de-moulding station, with its high cheek opened, as shown in FIG. 9D.
PAR  In practice, the closure of this high cheek after de-moulding the concrete
      element carried by the pallet is effected during a fresh utilization of
      the pallet at one of the pouring and vibration stations 12, provided for
      that purpose with a mechanism for closure control similar to the mechanism
      for control of opening described above.
PAR  A closure of this kind is illustrated in FIGS. 10B and 10C. The placing in
      position of a pallet at the pouring and vibration station concerned acts
      through the feeler 49 of the closure control mechanism to ensure the
      engagement of the fork 45 of this mechanism with the operating roller 40
      of the high cheek of this pallet (FIGS. 10B). An outward movement of the
      piston rod of the jack 51 then causes this fork 45 to pivot in the
      direction of the arrow 59 of FIG. 10B, and this fork during the course of
      its movement ensures the closure of the high cheek in question (see FIG.
      10C).
PAR  There will now be described the process of opening and closure of a side
      cheek 23, with reference to FIGS. 2, 11A and 11B.
PAR  A side cheek 23 of this kind is coupled by crank-arms 60 to cranks 61 keyed
      on a shaft 63 carried by the table 20.
PAR  The means for effecting the opening and closure of such a side cheek which
      at the same time constitute the locking means, comprise as previously an
      elastic lever formed by an accumulator 32.
PAR  This accumulator 32 is articulated, on the one hand to a supporting arm 64
      formed by two arms keyed on the shaft 63, and on the other hand on a lever
      65 pivotally mounted at 66 on a bracket 67 carried by the table 20. At its
      free extremity, this lever 65 carries the driving member associated with
      such a side cheek 23, this driving member being, as previously, a single
      roller 40.
PAR  Also as previously described, stops 68 and 69, adjustable in length, are
      respectively associated with the cranks 61 and the pivoted lever 65.
PAR  For the locking position shown in FIG. 11A, these stops 68 and 69 are
      respectively supported against the table 20 and against the bracket 67,
      and conjointly, the pivot 70 by which the accumulator 32 is articulated on
      the lever 65 is beyond the line formed by the pivot 66 of this lever 65
      and by the pivot 71 by which the accumulator 32 is articulated on its
      supporting arm 64.
PAR  As previously, a thrust action applied on the driving roller 40 ensures
      successively, after passing through a neutral point, first of all the
      unlocking of the side cheek 23 and then its opening as shown in FIG. 11B.
PAR  An opening operation of this kind is ensured at the single tipping station,
      which comprises for that purpose a mechanism similar to that described
      above. Following a reversed process, this same mechanism then effects the
      closure, followed by the locking of such a side cheek.
PAR  There will now be described in more detail a low cheek 22, reference being
      made to FIGS. 2 and 12 to 14.
PAR  This low cheek is carried by the side-plates 72, articulated at 73 on
      brackets 74 fixed on the table 20.
PAR  For a low cheek of this kind, the operating means for opening and closure
      are separate from the locking means.
PAR  The opening and closure operating means very simply comprise two
      side-plates 75 which are rigidly fixed on the low cheek 22 and which are
      pivotally mounted at 76 on the table 20. These side-plates 75 are coupled
      to each other by a driving member which is a bar 77 in the example shown.
PAR  Following a process similar to that described above, this bar or driving
      rod 77 is intended to co-operate with a fork 78 of an opening and closure
      control mechanism provided for that purpose at the tipping and de-moulding
      station 15 of the installation.
PAR  The operating means for locking a low cheek 22 conjointly comprise, as
      previously, an elastic lever forming an accumulator 32. This accumulator
      32 is articulated at 79 on the plates 80 which are rigidly fixed on the
      cheek 22 and form a supporting arm, and is also articulated at 81 on a
      lever 82 which is in turn articulated at 83 on the table 20.
PAR  As previously, this pivoted lever 82 carries a driving member which may be
      a simple lug or a roller 40. Also as previously, this lever 82 carries a
      stop 85 which is adjustable in length, as shown in FIG. 13.
PAR  For the locked position shown in FIG. 13, this stop 85 is supported against
      a member rigidly fixed to the table 20, and the pivot 81 on which the
      accumulator 32 is articulated to the lever 82 is outside the line of the
      pivot 79 though which the accumulator 32 is articulated at its supporting
      point 80, and of the pivot 86 by which the lever 82 is articulated on the
      table 20.
PAR  The opening of a low cheek is carried out at the tipping and de-moulding
      station of the installation by means of a mechanism similar to that
      described above.
PAR  The fork 78 of a mechanism of this kind comes first of all into engagement
      with the rod 77 when the pallet is placed in position in this tipping
      station, as shown in FIGS. 14A and 14B.
PAR  An unlocking jack, the piston rod of which is shown at 90 in FIG. 14C is
      then brought into action, and this piston rod acts on the roller 40 of the
      locking mechanism in order to unlock or release the low cheek 22,
      following a process similar to that previously described above.
PAR  It is then only necessary to ensure the opening of this low cheek (FIG.
      14B) also following a process similar to that described above, by means of
      the jack 51 of the opening mechanism.
PAR  The closure is carried out by an inverse process.
PAR  As regards the consecutive locking after this closure, this is ensured by a
      locking jack, the piston rod of which is shown at 91 in FIG. 14E. This
      jack is utilized up to the crossing of the neutral point existing in the
      coupling between the accumulator 32 and the lever 82 to which this latter
      is articulated, and up to the point of contact of the stop 85 with the
      table 20.
PAR  It will have been noted that the installation according to the invention
      only comprises a limited number of opening and closure operating
      mechanisms, namely:
PA0  a mechanism for opening the high cheek at the de-moulding and tipping
      station 15;
PA0  a mechanism for closing the high cheek at a pouring and vibration station
      12;
PA0  two mechanisms for opening and closing the side cheeks at the de-moulding
      and tipping station 15.
PAR  At this latter station, a pallet is tipped in a manner well known per se,
      until it becomes substantially vertical, in order to facilitate
      de-moulding and extraction of the fabricated element which, during this
      operation, rests only on the low cheek (not shown).
PAR  According to the alternative form of construction shown in FIG. 15, the
      preparation stations 11, the pouring and vibration stations 12 and the
      tipping station 15 of the installation according to the invention are all
      arranged along a single line C, parallel to a line D of stoving stations,
      in combination with a transfer station 95 arranged between these two
      lines.
PAR  It will of course be understood that the present invention is not limited
      to the forms of embodiment described and illustrated, but includes all
      alternative forms of construction.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an installation for the manufacture of prefabricated elements, of
      plain or reinforced concrete, a mobile pallet comprising: a pouring table,
      a plurality of molding cheeks continuously coupled to said table and
      movably mounted individually with respect to said table between a closure
      position adapted to form with said table a cavity for molding said
      concrete elements, and an open position permitting de-molding of said
      elements; and means mounted on said table and associated with each said
      cheek for actuating the opening and closure of said cheeks and for locking
      said cheeks in the closed position, said molding cheeks include a high
      cheek and a low cheek, means mounting said high cheek and said low cheek
      for pivotal movement about fixed shafts disposed parallel to one another,
      said molding cheeks further including two side cheeks, and means slidably
      mounting said side cheeks for movmement between said high cheek and said
      low cheek independently thereof, said means slidably mounting said side
      cheeks including a rotatably mounted shaft having crank elements, and
      means coupling said crank elements to an adjacent one of said side cheeks
      for effecting sliding thereof in response to rotation of said rotatably
      mounted shaft.
NUM  2.
PAR  2. A pallet as claimed in claim 1, in which, for at least one of said
      cheeks belonging to the group formed by said high cheek and said side
      cheeks, said opening and closure operating means and said locking means
      are combined in a single device.
NUM  3.
PAR  3. In an installation for the manufacture of prefabricated elements of
      plain or reinforced concrete, a mobile pallet comprising: a pouring table,
      a plurality of molding cheeks continuously coupled to said table and
      movably mounted individually with respect to said table between a closure
      position adapted to form with said table a cavity for molding said
      concrete elements, and an open position permitting de-molding of said
      elements; and means mounted on said table and associated with each said
      cheek for actuating the opening and closure of said cheeks and for locking
      said cheeks in the closed position, said means for locking each of said
      cheeks in the closed position including an operating lever articulated
      about a first pivot fixed facing said table, and an elastic coupling lever
      articulated on said operating lever about a second pivot and on a
      supporting arm around a third pivot, said levers being adapted to take one
      of two positions including a locking position and an unlocking position,
      on each side of an intermediate neutral position for which said pivots are
      in line and said elastic lever is compressed.
NUM  4.
PAR  4. A pallet as claimed in claim 3, in which said elastic coupling lever is
      an accumulator comprising, in a cylinder body, a piston movably mounted
      and acting against elastic means such as a stack of Belleville washers for
      example.
NUM  5.
PAR  5. A pallet as claimed in claim 3, in which said operating lever is
      provided with a stop, preferably adjustable in length, such as a screw.
NUM  6.
PAR  6. A pallet as claimed in claim 3, in which the supporting arm of said
      elastic lever carries a stop, preferably adjustable in length, such as a
      screw.
NUM  7.
PAR  7. A pallet as claimed in claim 3, in which said operating lever carries a
      driving member such as a roller, stud, shaft, rod or the like.
NUM  8.
PAR  8. A pallet as claimed in claim 3, in which for one of said cheeks the
      supporting arm of said elastic lever is directly coupled to said one cheek
      and is articulated on a fixed axis with respect to said table.
NUM  9.
PAR  9. A pallet as claimed in claim 3 in which said cheeks include at least one
      side cheek, and for said one side cheek the supporting arm of said elastic
      lever is keyed on a shaft carried by said table, said shaft having at
      least one crank to which said one side cheek is connected by a crank-arm.
NUM  10.
PAR  10. A pallet as claimed in claim 3, in which, for one of said cheeks said
      operating means for opening and closure are distinct from said locking
      means, the supporting arm of the elastic lever of said locking means being
      rigidly fixed on said one cheek, the later also carrying a further arm or
      side-plate which, articulated on a fixed shaft, carried by said table, is
      extended beyond said shaft so as to constitute the opening and closure
      operating means of said one cheek.
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ABST
PAL  Apparatus for forming concrete buildings that have numerous identical
      portions, which minimizes the set-up time for a group of forms, by
      permitting the forms to be individually released from set concrete while
      constantly maintaining the positions of the forms on a subform. The
      apparatus includes several forms with flanges that rest on a subform,
      several bolts for each form that project through flanges of the forms and
      through holes in the subform, and a spring for each bolt to urge its lower
      end downwardly with respect to the subform. After concrete is poured on
      the forms and partially sets, the subform is lowered a few inches even
      though the forms may remain stuck in the concrete, and then each form is
      individually freed from the concrete. As each form is freed, the bolts
      guide it down to its original position on the subform. The subform and
      forms then can be moved as a unit to a new location in the building where
      another identical concrete portion is to be formed.
PARN
PAR  This is a division of application Ser. No. 219,060 now Pat. No. 3,804,930
      filed 1/19/72.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to structural concrete forming apparatus and
      methods.
PAR  Multi-story buildings are often constructed with poured concrete floor
      structures. In many cases, a sturdy subform is installed, several dome or
      pan-shaped forms are mounted on the subforms, and concrete is poured over
      the forms and allowed to partially set. The subform and the forms thereon
      are removed from the concrete and reinstalled for pouring another concrete
      structure. The same structure may be repeated several times for each story
      of the building, and many of the stories of the building may be identical,
      so that it is possible to utilize a single subform with several forms
      thereon to form a large part of the building.
PAR  A large part of the labor involved in constructing the poured concrete
      floors arises in handling of the several forms and subforms, that is, in
      moving them from one place to another and in accurately mounting the forms
      on the subforms for each pouring. If all of the forms could be bolted to
      the subform so that the entire apparatus could be moved and positioned as
      a single unit for each pouring of concrete, then the labor involved could
      be reduced significantly. However, difficulty is experienced in attempting
      to remove all of the forms simultaneously from set concrete. The forms are
      often stuck to the concrete, so that if the subform is lowered as a unit
      any stuck form may be broken. Actually, when several forms stick they may
      support the entire bay of forms and the subform, and if only one form at
      one side sticks, it may hold up only one end of the bay of forms and cause
      tilting of the assembly that causes the forms to bind as they start to
      move down. The forms can be freed by shaking them back and forth and by
      blowing air through holes provided in the forms as they are pulled down.
      However, great difficulties would be encountered in trying to
      simultaneously free all of the forms that are mounted on a subform as the
      subform is lowered.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, a method and apparatus is
      provided for forming many identical concrete structures by enabling
      numerous forms to remain attached to a subform during removal of the forms
      from set concrete, so that the subform with forms thereon can be rapidly
      moved to a new location without the need for reassembly. Each form is
      attached to the subform by fasteners that maintain the lateral position of
      each form over the subform while permitting a limited vertical movement of
      the form relative to the subform. The fasteners hold the forms down
      against the subforms until the concrete is set. The subform is then
      lowered a few inches while any stuck form can remain in place in the
      concrete. The forms that are stuck in the concrete can be individually
      freed using air hoses and shaking procedures until they can drop down. As
      each form drops down onto the subform, the fasteners assures that the form
      will return to its original position thereon without the need for workmen
      to shift the form to its proper position and refasten it. Thus, it is only
      necessary to free all of the forms and then move the entire assembly to
      the new location.
PAR  In one assembly, the forms have flanges that normally rest on the subform,
      and the fasteners includes bolts that project through holes in the flanges
      of the forms and through holes in the subform. Springs are mounted at the
      bottoms of the bolts to urge them downwardly so that they tend to pull the
      forms down against the subform. However, if a form is stuck in place when
      the subform is lowered a few inches, then the bolts do not move down and
      the springs are compressed to resiliently urge down the bolts, and
      therefore the forms also. When the forms are freed from the concrete, they
      move down against the subform, the bolts assuring that they will return to
      their original positions thereon.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a form assembly constructed in accordance
      with the invention, which is shown in place and ready for the pouring of
      concrete;
PAR  FIG. 2 is a partial sectional view taken on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view of the apparatus of FIG. 1 showing it after
      concrete has been formed thereon;
PAR  FIG. 4 is a view similar to FIG. 3, but showing the apparatus during its
      removal from set concrete; and
PAR  FIG. 5 is a view similar to FIG. 4, but showing the apparatus after its
      complete removal from set concrete.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a form apparatus which has been set up to form a
      concrete structure such as a portion of the floor of a building. The
      apparatus includes a subform 10 and several pan-shaped forms 11-16 mounted
      on the subform. This arrangement of pans can be utilized to construct a
      poured concrete floor with concrete beams that are integral with the
      floor. The subform 10 is supported by several jacks 20 that rest on
      reinforced boxes 22, and also by several posts 24. After the apparatus is
      set, concrete is poured over the forms 11-16 to a height several inches
      above the top walls of the forms, to construct a concrete floor with
      integral beams. It should be noted that reinforcing bars are positioned
      before the pouring of concrete, and the form structure is generally
      constructed so that the poured concrete merges with any previously poured
      concrete portions and with supporting columns and the like. Such
      additional apparatus is well known in the art, and is not shown herein in
      order to simplify the explanation of the invention.
PAR  After concrete has been poured over the forms and has partially set, the
      subform 10 with the forms 11-16 thereon may be removed and reused. The
      building for which the floors are constructed may be designed with many
      substantially identical floors, and each floor may utilize several floor
      sections that each can be formed by the group of forms 11-16. Thus, after
      the subform 10 with the forms 11-16 thereon has been removed from set
      concrete, it can be reinstalled in another region of the building, often
      with no modification, for a new pouring of concrete. This can be
      accomplished with a minimum of labor, if the forms 11-16 can be removed
      with the subform 10 from the set concrete without requiring that the forms
      be repositioned and refastened to the subform. The present invention
      provides apparatus for mounting the forms on the subform in a manner that
      facilitates removal from set concrete so that the forms do not have to be
      repositioned and refastened on the subform.
PAR  As illustrated in FIG. 2, each of the forms, such as form 11, has a
      horizontally extending base wall 30, four side walls 32 extending in a
      primarily vertical direction from the base wall, and a flange 34 that
      extends around the lower ends of the side walls. The flanges 34 of the
      form rest on the subform 10 and support the rest of the form thereon. The
      form is mounted by fastener assemblies 36 on the subform 10, the fastener
      assemblies 36 serving to accurately fix the lateral or horizontal position
      of the form 11 relative to the subform 10 while permitting considerable
      vertical movement of the form relative to the subform. The fastener
      assembly 36 includes a bolt 38 with a shank that projects through a hole
      40 in the flange and through a hole 42 in the subform, and with a head 44
      that rests on top of the flange. The head can be of the flat type that
      lies in a corresponding countersink recess in the form, if it is desired
      to eliminate bolt-caused recesses in the finished concrete. A nut 46 and
      washer 48 are held to the lower end of the bolt, and a coil spring 50 is
      disposed about the shank and held between the washer 48 and subform 10.
      The spring 50 urges the lower portion of the bolt downwardly with respect
      to the subform 10, and therefore causes the bolt 38 to urge the flance 34
      of the form down against the subform,
PAR  Each of the forms is mounted by four fastener assemblies 36 to the subform
      10. The forms are constructed with four spaced holes in their flanges, and
      a bolt 38 projects through each of the holes in the flanges and through
      aligned holes in the subform 10. A separate coil spring 50 is provided to
      resiliently held down each of the bolts. The bolts 38 fix the lateral, or
      sideward position of the form with respect to the subform, while
      permitting relative vertical movement of the form with respect to the
      subform. If the subform 10 is moved downwardly a few inches while the form
      11 is prevented from moving down because it is trapped in set concrete,
      there is no damage to the form. This is because the subform can slide
      along the shanks of the bolts 38. Such relative vertical movement results
      of compression of the springs 50, which thereafter urge the form
      downwardly towards the subform, which is useful in later freeing the form.
      The bolts 38 continue to maintain the form 11 at a fixed lateral position
      over the subform, and when the form is freed the bolts 38 guide it
      downwardly back to its original position on the subform. The use of
      several bolts spaced about the form helps to avoid excessive tilting of
      the forms as they are lowered.
PAR  FIGS. 3-5 illustrates a method for forming concrete structures utilizing
      the apparatus of the invention. The apparatus is set up on a previously
      poured floor or other structure 52, and concrete 54 is poured over the
      forms to construct a floor with integral beams. After the concrete
      partially sets, the supporting posts 24 are removed and the jacks 20 are
      operated to lower the subform 10 by perhaps an inch or two. In FIG. 4, one
      of the forms 11 is shown as stuck in place in concrete. If the form 12 had
      been rigidly bolted to the subform 10, then its flanges might have been
      broken if it did not immediately release from the concrete. However, in
      the present invention the bolts 38 that attach the form 12 to the subform
      are allowed to move up relative to the subform, and this merely results in
      compression of the springs 50 that urge the bolts downwardly with respect
      to the subform. Those forms that are stuck in the concrete can be
      individually released. This is often accomplished by connecting an air
      hose to a nipple 56 in the upper face of the form to blow air
      therethrough, and also by shaking the form while pulling it downwardly by
      handles (not shown) located within the form. As each form is released, it
      drops down onto the subform 10, the bolts 38 serving to accurately guide
      the forms back to their original positions and helping to prevent tilting
      and binding of the forms as they begin to move down. The springs 50 aid in
      the removal of the forms by applying downward forces to the forms that
      help to pull them down out of the set concrete. If any form cannot be
      removed, it can be unbolted from the subform so that the entire set of
      forms is not tied up.
PAR  After each of the forms has been removed from the set concrete, the subform
      10 with the forms thereon can be lowered to the position shown in FIG. 5
      and onto dollies 56 for removal to the next position at which a concrete
      floor section is to be poured. Of course, downward movement of the subform
      10 requires that the jacks 20 and boxes 22 be first removed. In many
      cases, this is accomplished by the use of a special hydraulic hoist. The
      hoist may be placed under the subform 10 after it has been lowered a few
      inches by the screw jacks 20, and the subform 10 may then be raised enough
      to allow the jacks and the boxes 22 to be removed. After the forms have
      been individually removed from the set concrete, the hoist can then lower
      the entire assembly onto the dollies. The assembly can then be rolled to a
      position where a crane can lift it and set it down at the next position
      where a floor section is to be poured. The entire subform 10 with the
      several forms thereon is handled as a unit so that such handling can be
      accomplished with a minimum of labor. Each of the forms 11-16 may weigh
      several hundred pounds, while the subform 10 may weigh several times as
      much. Thus, if each form and the subform had to be handled separately, a
      crane might be required in each handling, particularly where the apparatus
      is to be raised to a new floor of a building. By enabling all of the forms
      and the subform to be handled as a single unit, movement of the apparatus
      is simplified and is accomplished more economically.
PAR  Thus, the invention provides a method and apparatus for the forming of
      concrete, by minimizing the labor involved in set up and moving of the
      apparatus. This is accomplished by utilizing fastener assemblies for
      holding forms to the subform, which permits limited vertical movement of
      the forms with respect to the subform while maintaining a substantially
      fixed lateral position of each form with respect to the subform. This
      permits the subform to be lowered after concrete sets, even though some or
      all of the forms may be stuck in the concrete, and permits each of the
      forms to be individually released from the set concrete. Bolts or other
      elongated members serve to guide the forms to their original positions
      while springs encourage such return and also provide downward forces that
      help in the removal of the forms from set concrete. Of course, a variety
      of subform apparatus can be utilized as well as a variety of form types
      and arrangements on the subform.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently it is intended
      that the claims be interpreted to cover such modifications and equivalents
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for forming concrete comprising:
PA1  a subform;
PA1  a plurality of forms with lower portions resting on said subform, each form
      having a base wall and at least two side walls extending with vertical
      directional components from the base wall for supporting concrete poured
      thereon; and
PA1  a plurality of spaced fastener means for confining each of said forms to a
      predetermined lateral position with respect to said subform and preventing
      rotational movement of the form with respect to the subform, while
      permitting relative vertical movement of each of said forms and their
      lower portions with respect to said subform form independently of relative
      vertical movement of other forms to the subform within a limited distance
      of at least one inch of vertical movement, whereby to prevent loss of a
      stuck form from the subform while permitting sufficient vertical movement
      to allow the subform and unstuck forms thereon to strip away from set
      concrete.
NUM  2.
PAR  2. The apparatus described in claim 1 wherein:
PA1  each of said forms has at least two horizontal flanges extending from the
      bottom of each side wall; and
PA1  said plurality of fastener means which confines a form to said subform
      comprises at least four spaced elongated members extending through said
      flange on the form and through a portion of said subform, for resisting
      tilting of the form in any direction when there is relative vertical
      movement of the form to the subform.
NUM  3.
PAR  3. The apparatus described in claim 1 including:
PA1  at least one spring resiliently urging each form downwardly towards said
      subform.
NUM  4.
PAR  4. Apparatus for forming concrete comprising:
PA1  a subform;
PA1  a plurality of forms disposed on said subform for supporting poured
      concrete, each form having a base wall, at least two side walls extending
      with vertical directional components from the base wall, and a flange
      section extending laterally from each side wall; and
PA1  a plurality of fastener means confining said forms to predetermined lateral
      positions with respect to said subform while permitting relative vertical
      movement of each of said forms to said subform independently of relative
      vertical movement of other forms to the subform;
PA1  said fastener means including a plurality of elongated menbers, each having
      an upper end engaged with one of said flange sections and a lower portion
      slideably engaged with said subform,  and a plurality of springs, each
      spring urging the lower portion of one of said elongated members
      downwardly with respect to said subform.
NUM  5.
PAR  5. Apparatus for forming concrete comprising:
PA1  a subform having a plurality of holes;
PA1  a plurality of pan-shaped forms, each having an upper wall, four side walls
      extending with downward directional components from said upper wall, and a
      flange extending around the bottoms of said side walls, each of said
      flanges having a plurality of holes spaced about its periphery, and the
      flanges of all of said forms lying over said subform with the holes in
      said flanges aligned with the holes in said subform;
PA1  a plurality of elongated fasteners with enlarged upper end portions resting
      on said flanges, said fasteners having portions extending through said
      holes in said flanges and having portions slideably extending through said
      holes in said subform to maintain said forms in positions on said subform
      wherein the holes in the flanges are aligned with holes in the subform;
      and
PA1  a plurality of springs, each coupled to said subform and to one of said
      elongated fasteners to urge the elongated fasteners downwardly while
      permitting them to move up relative to the subform.
NUM  6.
PAR  6. Apparatus for forming concrete comprising:
PA1  a subform having a plurality of holes;
PA1  a plurality of pan-shaped forms, each having an upper wall, four side walls
      extending with downward directional components from said upper wall, and a
      flange extending around the bottoms of said side walls, each of said
      flanges having a plurality of holes spaced about its periphery, and the
      flanges of all of said forms lying over said subform with the holes in
      said flanges aligned with the holes in said subforms; and
PA1  a plurality of elongated fasteners with enlarged upper end portions resting
      on said flanges, said fasteners having portions extending through said
      holes in said flanges and having portions slidably extending through said
      holes in said subform, to maintain said forms in positions on said subform
      wherein the holes in the flanges are aligned with holes in the subform,
      while permitting vertical movement of each form with respect to the
      subform, said fasteners being long enough to permit a limited vertical
      movement at least on the order of one inch of said forms relative to said
      subform.
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ABST
PAL  The valve is comprised of a substantially oblong chamber having one end
      thereof extending transversely into a conduit having a semi-circular slot
      formed therein. The portion of the chamber extending into the conduit is
      provided with a through passage in alignment with the conduit and a valve
      disc is movably mounted in the chamber for transverse movement relative to
      the conduit between an operative position in alignment with the conduit
      and an inoperative position outside of said conduit. An inflatable tube is
      secured in a peripheral groove in the circumference of the disc and is
      disposed in fluid communication with the interior of a hollow valve stem
      secured to the disc and extending outwardly of the chamber. A piston is
      connected to the valve stem for reciprocating movement in a double acting
      fluid cylinder and the extreme end of the valve stem extends into a
      chamber connectable to a source of air under pressure by a suitable valve
      to control the inflation of the inflatable tube. Limits switches are
      provided in the double acting cylinder to control valves which control the
      flow of air under pressure to the double acting cylinder and the chamber
      for inflating the tube. The inflation of the tube in the operative and
      inoperative positions will provide a positive sealing engagement in both
      positions and a deflation of the tube will allow the movement of the valve
      between the two positions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to a valve having a transversely movable
      disc to open and close a fluid conduit and more particularly to a valve
      having a valve disc with an inflatable tube about the periphery thereof to
      provide positive sealing engagement of the valve disc within an operating
      chamber in both the operative and inoperative positions.
PAR  2. Prior Art
PAR  Typical prior art vacuum valves are gate valves with metal to metal sealing
      or metal to elastomer sealing. These prior art valves, however, will not
      be sufficiently leak proof and cannot withstand high temperatures. A
      disadvantage of the metal to metal sealing valve is the problem of wear
      after short periods of recycling. A relatively soft metal is needed to
      prevent leakage but such soft metals are more prone to wear. Elaborate
      mechanisms have been devised to slide the gate valve into position without
      scuffing and then locking the gate valve into a closed or open position.
      Frequent shut down for the replacement of the sealing material was
      necessary. Some gate valves of aluminum are restricted by outgassing
      problems. Those using elastomer O-ring seals have the same disadvantage as
      metal sealing valves in that a cam device or some means of reducing the
      friction of the sliding parts is needed when moving the gate valve and
      then pushing it against a seat when closed. In addition, the valve of this
      type is generally limited to temperatures of 200.degree.C. All the present
      valves require a means for sealing the actuator shaft. The typical
      bellows-seal requires frequent replacement.
PAR  Other prior arts gate valves utilize some type of inflatable means on the
      valve disc which may be selectively expanded in the closed position of the
      valve to provide a sealing arrangement. However, these prior art valves do
      not provide for the inflation of the inflatable means on the valve disc in
      the inoperative position of the disc to prevent fluid leakage about the
      point where the valve operator passes through the housing of the valve.
PAC  SUMMARY OF THE INVENTION
PAR  The vacuum valve in accordance with the present invention is suitable for
      use in ultra high vacuum systems and chambers to seal off the area under
      vacuum from areas of atmospheric pressure. The valve mechanism of the
      present invention is sealed from the vacuum chamber whether the valve is
      in the open or closed position by an inflatable sealing ring.
PAR  The present invention provides a valve having an elastomer to metal seal
      which is operable in both high and low temperature environments while
      still maintaining resiliency after many cycles of operation.
PAR  The present invention provides a valve suitable for use in an ultra high
      vacuum system comprising a valve disc transversely movable between an
      operative position closing a conduit and an inoperative position outside
      of said conduit. The valve disc is movable within a casing secured to the
      conduit and a hollow valve stem connected to the periphery of the disc
      extends outwardly through said casing. An inflatable tube extends around
      and is secured to a peripheral groove in the circumference of the disc and
      is disposed in fluid communication with the interior of the hollow valve
      stem. A piston is secured to the hollow valve stem outside of the said
      casing and is movable in a cylinder wherein fluid pressure may be
      selectively applied to opposite sides thereof. The end of the hollow valve
      stem opposite the valve disc is movable within a chamber connected to a
      source of air under pressure by means of a valve which may be selectively
      energized and de-energized to provide for the inflation and deflation of
      the tube. Limit switches are provided within the cylinder for engagement
      with the piston to automatically control the fluid pressures for operating
      the valve disc and for inflating the tube thereon.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention as illustrated in the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal vertical section of view through the conduit and
      valve mechanism according to the present invention.
PAR  FIG. 2 is a partial transverse sectional view of the conduit and valve
      mechanism according to the present invention with parts broken away for
      the sake of clarity.
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 2.
PAR  FIG. 5 is a view similar to FIG. 1 but showing the valve disc in the
      inoperative position.
PAR  FIG. 6 is a view similar to FIG. 2 but showing the valve disc in the
      inoperative position.
PAR  FIG. 7 is an exploded perspective view of the casing within which the valve
      disc operates and its relation to the conduit and the operating cylinder.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The conduit 10 as illustrated in the drawings may be made of any suitable
      material depending upon the environment in which it is to be used and for
      the purposes of the present invention it is assumed to be connected at one
      end or the other to a vacuum source. The vacuum source may be a pump or
      other suitable mechanism but has not been shown since it is not deemed
      necessary for a complete understanding of the present invention. The
      conduit 10 is provided with a semi-circular slot 12 which is adapted for
      the reception of a valve chamber 14. The valve chamber 14 is substantially
      rectilinear except for the provision of a semi-circular curvature at one
      end which is adapted to mate with the internal configuration of the
      conduit 10. The chamber 14 is defined by a pair of plates 16 and 18 which
      are connected together by means of a pair of inverted L-shape spacers 20
      and 22. The ends of the plates 16 and 18 having the semi-circular
      curvature are each provided with through apertures 24 and 26. The plates
      16, 18 and the spacers 20 and 22 may be made of any suitable material and
      may be joined together by any conventional means such as adhesives or the
      like which will provide an air tight chamber. The chamber 14 is then
      inserted into the slot 12 and adhesively secured therein in a completely
      air tight manner by adhesives or any other suitable connection such as
      welding or the like depending upon the materials used. It is not necessary
      to bond the semi-circular edges of the plates 16 and 18 to the inner
      circumference of the conduit 10 but this could be done if desired. It is
      also contemplated that the conduit could be completely cut in half and
      secured to the plates of the valve chamber which would be inserted between
      the cut ends. In this case the spacers would extend about the curved end
      of the chamber to desire a complete chamber.
PAR  The gate valve is comprised of a circular disc 28 of any suitable material
      such as stainless steel, glass, ceramic or the like which is movably
      mounted within the chamber by means of a hollow valve stem 30 which is
      connected thereto for movement transversely of the conduit 10 between an
      operative position as shown in FIGS. 1 and 2 and an inoperative position
      as shown in FIGS. 5 and 6. The disc 28 is provided with a circumferential
      groove 32 in the periphery thereof. An inflatable annular tube 34 is
      cemented in the groove 32 and is disposed in fluid communication with the
      inside of the hollow valve stem 30 through an aperture 36. The diameter of
      the disc 28 is substantially the same as the apertures 24 and 26 in the
      plates 16 and 18 defined in the above chamber. Thus the inflatable tube 34
      will be disposed between an annular portion of each plate 16 and 18 which
      surrounds the apertures 24 and 26 to provide for a tight sealing
      engagement upon inflation of the tube. The external diameter of the
      inflatable tube is substantially equal to the internal diameter of the
      conduit 10 so that outer periphery of the inflatable tube 34 will be
      disposed in tight sealing engagement with the internal surface of the
      conduit upon inflation except in the area of the slot 12. The inflatable
      tube may be of specially formulated carboxy nitroso rubber which will keep
      outgassing at a minimum and permit high vacuum levels. It is also possible
      to substitute a more acceptable material for the CNR sealing tube such as
      ethylene-propylene rubber or a CNR composite permitting higher baking
      temperatures. In any case the inflatable tube should be constructed of a
      material which will permit operation at extremely high or low
      temperatures.
PAR  In order to provide for the operation of the valve and to provide a
      suitable control for the inflation and deflation of the tube 34 a cylinder
      40 is provided having a first chamber 42 and a second chamber 44. The
      cylinder 40 is closed at one end by means of a cap plate 46 and is
      provided with an intermediate divider plate 48 and an opposite end plate
      50, both of which are provided with central apertures for the slidable
      reception of the valve stem 30. Suitable sealing means such as O-rings 52
      and 54 may be provided about the apertures in the plates 48 and 50 to
      provide a slidable sealing arrangement for the valve stem 30. The end
      plate 50 is provided with a central boss 56 which extends into an opening
      in the valve chamber 14 defined by the end plates 16 and 18 and the
      opposed spaced apart ends of the spacers 20 and 22. The cylinder 40 may be
      provided with a pair of diametrically opposed notches 58 to allow for a
      close fitting sealing engagement between the valve chamber 14, the
      cylinder 40 and the end plate 50. These parts may be secured together in
      an air tight arrangement by means of adhesives or welding depending upon
      the type of material utilized. A piston 60 is secured to the valve stem 30
      within the first chamber 42 and air under pressure from a suitable source
      may be supplied through conduit 62 to a suitable control valve 64 which
      will selectively direct the air under pressure to opposite sides of the
      piston 60 through conduits 66 and 68. A pair of limit switches 70 and 72
      may be mounted within the chamber 42 for engagement by piston 60 in its
      two extreme positions to control the valve 64 as well as to control the
      inflation and deflation of the inflatable tube 34 as described
      hereinafter.
PAR  Air under pressure is also supplied through conduit 74 to a control valve
      76 which will control the supply and exhaust of air under pressure to and
      from the chamber 44 through the conduit 78. The end 80 of the hollow valve
      stem 30 is in open communication with the interior of the chamber 44.
PAR  As an alternative construction it is contemplated that hollow valve stem 30
      could also extend through the end cap 46 with the end of the valve stem
      being closed and connected to a manual operator so that the valve could be
      operated even in the event of a power failure. In such a modification it
      would then be necessary to provide an aperture in the hollow valve stem 30
      which would always be disposed within the chamber 44 through the full
      range of movement of valve stem 30.
PAR  In the operation of the valve, FIG. 1 shows the valve disc 28 disposed in
      an operative position within the conduit 10. In this position air under
      pressure is being supplied through the conduit 74, control valve 76 and
      conduit 78 to the chamber 44 and through the hollow valve stem 30 to
      inflate the tube 34 into tight sealing engagement with the walls 16 and 18
      of the valve chamber 14 and into tight sealing engagement with the
      interior periphery of the conduit 10. When it is desired to open the valve
      it is necessary to move the valve disc 28 to an inoperative position as
      shown in FIG. 5. Upon the operation of a suitable control switch the valve
      76 will operate to exhaust the air under pressure from the inflatable tube
      34 through the hollow valve stem 30, the chamber 44 and the conduit 78. It
      is preferrable to dimension the tube 34 such that even in its deflated
      condition it will still be maintained in light sliding relation with
      respect to the walls 16 and 18 of the valve chamber 14. This will allow
      for the easy sliding movement of the valve disc with a minimum amount of
      wear while still providing sufficient guiding. At the same time the valve
      64 will be operated to exhaust the air under pressure through the conduit
      66 and to supply air under pressure through conduit 68 to raise the piston
      60 and the valve stem and valve attached thereto. When the piston 60
      reaches the position shown in FIG. 5 it will engage an operative limit
      switch 70 which will initiate the operation of the valve 76 to supply air
      under pressure in a manner previously described to inflate the tube 34
      into tight sealing engagement with the internal walls of the valve chamber
      14. The operation of the limit switch could also operate the valve 64 to
      close off the conduit 68 thereby merely maintaining the piston 60 in a
      raised position by means of the trapped air pressure in the chamber 42.
      However, this is not absolutely necessary and communication could be
      maintained between the conduit 62 and the conduit 68 in the inoperative
      position of the valve.
PAR  By providing the tight sealing engagement of the inflated tube with the
      walls of the valve chamber in the inoperative position there will be no
      leakage whatsoever from the conduit 10 through the valve stem aperture in
      the plate 50. Thus it is not necessary to provide expensive or complicated
      sealing means about the sliding valve stem as was necessary in prior art
      valve arrangements. When it is desired to shift valve disc 28 from an
      inoperative position to the operative position a suitable control switch
      may be operated to initiate an operation which would be substantially
      identical to the operation described above but in the opposite direction.
PAR  Although the invention has been particularly shown and described with
      reference to a preferred embodiment thereof it will be understood by those
      in the art that various changes in form and details may be made therein
      without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vacuum valve for a conduit having a slot transverse to the primary
      direction of flow comprising:
PA1  a. a chamber means adaptable to being placed in the slot in said conduit, a
      first portion of said chamber means having an orifice permitting flow
      through the conduit and being adapted to extend into the conduit through
      said transverse slot and be sealingly connected to the conduit and a
      second portion thereof extending out of said conduit;
PA1  b. a valve disc movably mounted within said chamber for transverse movement
      relative to the conduit between an operative-conduit position within the
      conduit, wherein said orificie is covered, and an inoperative-conduit
      position outside the conduit, wherein said orifice is uncovered;
PA1  c. an inflatable sealing means disposed about the periphery of said disc;
PA1  d. a hollow valve stem secured to said disc in fluid communication with
      said inflatable means and extending outwardly of said chamber means;
PA1  e. operating means operatively connected to said valve stem externally of
      said chamber means for moving said disc within said chamber; and
PA1  f. pressure means operatively connected to said hollow valve stem for
      supplying a pressurized medium to said inflatable means in both said
      operative position and said inoperative position of said disc to expand
      said inflatable means into air tight sealing engagement with said chamber
      means, whereby leakage past the valve disc in the operative-conduit
      position and about the disc from the chamber in the inoperative-conduit
      position is prevented.
NUM  2.
PAR  2. A vacuum valve as set forth in claim 1 wherein said operating means
      comprises a piston secured to said valve stem externally of said chamber
      means, a cylinder within which said piston is slidably mounted and means
      for selectively supplying a pressurized medium to opposite sides of said
      piston to shift said disc between said operative and inoperative
      positions.
NUM  3.
PAR  3. A vacuum valve as set forth in claim 1 wherein said pressure means is
      comprised of a chamber in which said valve stem is slidably disposed,
      means for supplying a pressurized medium to said chamber and an opening in
      said valve stem on a portion thereof which will always be located in said
      chamber to provide communication between said chamber and said inflatable
      sealing means through said hollow valve stem.
NUM  4.
PAR  4. A vacuum valve as set forth in claim 1 wherein said inflatable means is
      comprised of an inflatable elastomeric tube, said disc having a peripheral
      groove in which said tube is secured.
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PAL  An improved petcock for controlling the flow of a liquid from a container.
      The petcock includes a housing comprising an inlet and outlet passage
      joined at their inner ends by a frusto-conic valve chamber opening
      external of the housing through a circular passageway. A valve member
      shapped to conform to the walls defining the valve chamber and circular
      passageway and positioned therein so as to provide sliding contact
      therewith when the valve member is selectively rotated. The valve member
      includes a bore through its base portion for passing liquid when aligned
      with the inlet and outlet passage and restricting fluid flow when
      misaligned. Sealing means is provided for sealing the housing to the tank,
      between a portion of the valve member and the valve chamber and between
      the circular portion of the valve member and an outer housing cover.
      Locking means is provided to selectively lock the valve member in either
      an "on" or "off" selected position. Bias means is provided to force the
      valve member into seating arrangement with the valve chamber and hold the
      locking means in lock position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a petcock for controlling the flow of a liquid
      from a container and more particularly for allowing or preventing the flow
      of fuel, such as gasoline from a vehicle tank to its engine.
PAR  Various types of petcock are commercially available for this purpose;
      however, they are not completely satisfactory for various reasons.
PAR  Some petcock are found to leak fuel external of the valve while others do
      not entirely cut off the fuel supply from the engine. This problem occurs
      in some instances when the valve is newly installed or after use when wear
      between the moving parts has been encountered.
PAR  Most presently available petcocks are made from either some type of metal
      or plastic. The former are found to either gall or bind between the moving
      parts after prolonged use or when lubrication has not been provided, such
      as when fuel is removed from the tank for prolonged periods of time. The
      latter construction almost without exception leaks because of the
      lubricious nature of the material and the lack of a suitable seal.
PAR  Existing petcock are not provided with a simple efficient means for
      providing positive locking action when switched from "on" to "off" or vice
      versa. The available valves tend to vibrate from the selectively placed
      position when being driven on rough terrain or transported aboard a
      trailer or carrying means. This of course results in a loss of fuel into
      the vehicle or the shutting off of fuel from an operating vehicle when
      fuel is required.
PAR  These and other problems had not been satisfactorly resolved until the
      emergence of the instant invention.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an improved petcock having improved sealing
      features that can be applied to petcocks constructed of any convenient
      material to prevent fuel leakage as encountered in the art.
PAR  There is additionally provided a positive means for locking the petcock
      valve in either an "on" or "off" condition that can only be moved to the
      other position by an intentional manual action.
PAR  With the above and other objects, features and advantages of this
      invention, the same consists in the construction combination and
      arrangement of parts all as hereinafter more fully discribed and
      illustrated.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial perspective view of a fuel tank employing the petcock
      of the instant invention.
PAR  FIG. 2 is a side view of the petcock of the invention.
PAR  FIG. 3 is a perspective exploded view of the petcock.
PAR  FIG. 4 is a cross-sectional view of the petcock.
PAR  FIG. 5 is a partial cross-sectional view of the showing of FIG. 4 taken
      along line 5--5.
PAR  FIG. 6 is a partial cross-sectional view of FIG. 4.
PAR  FIG. 7 is a side view of the petcock.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The same reference numerials have been used throughout the specifications
      for denoting the same part.
PAR  Referring now to FIGS. 1 and 2 as well as like components in the various
      other Figures, there is shown a partial fuel tank 10 with a pair of
      petcocks 12 attached. Mounting flange 14 is shown in a close sealed
      relationship with the opening (not shown) in the lower surface 16 of the
      fuel tank 10 to prevent leakage between them. A seal 18 is provided
      between flange 14 and the fuel tank surface 16. The seal 18 will be
      described hereinafter in detail as well as the bowed features of the
      flange 14 aiding in the positive sealed relationship. Threaded bolts 20
      (heads shown) pass through holes 22 (see FIGS. 3 and 5) in the flange
      member 14 and are threadedly engaged with a receiving member embedded (not
      shown) in the tank structure. Although this mounting method is shown and
      described any other convenient mounting means known in the art could be
      used equally as well for this purpose.
PAR  An outlet passage 24 is provided in the outer surface of the petcock
      housing 26 remotely positioned from the mounting flange 14. Fuel lines 28
      are shown attached to the outlet passage and they terminate (not shown)
      remote from the petcock. The enlarged ridge 30 on the outlet passage 24 is
      to aid in providing a positive securring of the fuel line to the outlet
      passage.
PAR  A manually operated actuator 32 is provided with an outer portion 34
      positioned external from the petcock's outer surface for easy access by
      the operator. A portion of the actuator 32 is engaged with and encloses
      the end of the valve member 36 (see FIGS. 3-6) as hereinafter discussed.
      When the petcock 12 is in its off position (fuel cut off) the outer
      portion 34 of the actuator 32 is positioned transverse to the normal flow
      through the petcock indicating a restricted flow and when the petcock is
      on (fuel flows) the direction of the actuator outer portion 34 is in the
      direction of flow indicating an on condition.
PAR  FIG. 3 is a perspective exploded view of the components comprising the
      petcock assembly. The petcock housing 26 and housing cover 38 confine the
      majority of the working parts within the petcock. The housing 26 has holes
      22 through mounting flange 14 for mounting in a manner hereinbefore
      described.
PAR  The flange 14 is slightly bowed (see FIG. 5) and has a shoulder 40 provided
      for retaining the O ring seal 18. The O ring can be constructed of any
      compressable material such as rubber or neoprene. When the flange 14 is
      mated to the lower surface 16 of tank 10 the bolts 20 compress the O ring
      against the lower tank surface 16 sealing the mounting flange 14 against
      the tank thereby providing a positive seal with the tank opening. The
      bowed flange 14 provides maximum force at the seal 18 when the petcock 12
      is mounted to the tank 10 as shown in the various figures.
PAR  A valve chamber 42 is positioned near the center of the housing 26 above
      the outlet passage 24. The valve chamber 42 is frusto-conical in
      cross-section (see the various figures) and opens outwardly at its large
      diameter end portion to a circular passage 44 of greater diameter. The
      diameter difference provides a shoulder 46 for O ring 48 hereinafter
      described. A portion 50 is provided in the outer end surface of the
      circular passage 44. This is to provide a passage way for the outer
      portion 34 of the actuator 32 when the housing cover 38 is attached to the
      housing 26 as hereinafter described.
PAR  The valve member 36 is configured to fit within valve chamber 42 and
      circular passageway 44 for rotational movement when operating the petcock.
      A bore 56 is provided through the base portion 58 to allow fuel flow
      therethrough when the bore 56 is co-axial with the inlet passage 60 and
      outlet passage 24. The outer end surface 62 of the valve member 36 has a
      circular recess 64 to snuggly receive a coil spring 66 (hereinafter
      described) and slots 68 on each side of recess 64 on the outer surface of
      the valve member 36. The spring 66 fits between the bottom of the recess
      70 and actuator member 32.
PAR  A second O ring 48 constructed from the same material as O ring 18 is
      positioned between the inner surface 72 of the outer portion of the valve
      member 36 and is retained against shoulder 46.
PAR  A gasket 73, made from any convenient material known in the art, is
      provided for placement between a portion of the valve chamber 42 and the
      valve member 36 to provide a seal therebetween. The gasket has a hole 74
      through its center portion for alignment with the inlet passage 60 when
      installed in the valve chamber 42 as hereinafter discussed. The valve
      chamber is provided with a cut away surface portion 76 (shown in various
      figures) for retaining gasket 73 when the valve member is rotated. The
      thickness of the gasket material is slightly greater than the depth of cut
      away 76 to insure a compressive fit against the valve member 36.
PAR  A housing cover 38 confines the various components in their shown
      positional relationship within the housing 26. Screws 78 are shown for
      passing through holes 80 through the cover for threaded engagement with
      the openings 82 in the housing. Any other convenient cover mounting means
      may be used for this purpose. The inner surface 84 of the cover is
      provided with two shoulder portions 86 with a projecting surface 89
      therebetween. The outer surfaces of cutout portions 86 oppose the outer
      extremities of the portion 50 of housing 26. The portions 86 provide
      simple locking positions for the actuator member 32 by capturing its outer
      portion 34 therein. It should be noted that the surface 89 does not have
      contact with the housing thus allowing the actuator member 32 to pass
      therebetween when manually moved as hereinafter discussed. A bearing
      surface or boss 88 is provided to allow ease of rotational movement of the
      spring biased actuator 32 from on to off positions.
PAR  A fuel filter 90 shown is placed in line with the fuel flow through the
      petcock for fuel filtering. The filter is confined between the mounting
      flange 14 in part by a close tolerance fit in inlet passage 60, O ring 18
      and a shoulder within the tank opening not shown.
PAR  FIG. 4 is a cross-sectional showing a side view of the assembled components
      shown in FIG. 3. The bore 56 in valve member 36 is shown in its out of
      alignment off position. The purpose of spring 66 can be readily seen from
      this figure as well as FIG. 6. When the petcock is assembled the spring 66
      is compressed between recess bottom 70 and the actuator 32. In this
      compressed configuration the O ring 48 is compressed between the valve
      member 36 and shoulder 46 sealing the valve chamber from external leaks.
      The gasket 73 is likewise compressed between the valve member 36 and valve
      chamber 42 as spring 66 forces the two together. The spring being
      positioned between the valve member 36 and the actuator 32 forces the
      actuator against the inner surface 48 of the housing cover 38 in the on or
      off position preventing the outer portion 34 from moving over a shoulder
      portion 86 to the surface 89, thereby serving as a detent for the on or
      off position. O ring 18 is shown in its compressed configuration.
PAR  FIG. 5 clearly shows the mounting holes 22, bowed mounting flange 14, cut
      away surface portion 76, bore 56 in its off position, inlet and outlet
      passages 60 and 24 respectively, and gasket 73.
PAR  FIG. 6 shows the various components of the petcock, bore 56 in the on
      position and actuator outer portion 34 externally indicating an on
      condition.
PAR  FIG. 7 clearly shows the enlarged surface 89 between shoulder portions 86
      for preventing unwanted movement of the valve member from a selected
      position to the other. The outer portion 34 of actuator member 32
      indicates that the petcock is in an on condition.
PAR  The operation of the valve as explained should be obvious. A simple
      explanation follows.
PAR  When the actuator 32 is locked in the on position as shown the actuator is
      pushed inward toward the outlet passage 24 until it can be rotated upward
      along surface 89 and released beyond the off shoulder portion 86. The
      spring bias again forces the actuator against surface 84 preventing
      accidental movement.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiment is therefore to be considered in all aspects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than the foregoing description, and all changes
      which come within the meaning and range of equivalency of claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by United States Letters Patent
      is:
NUM  1.
PAR  1. An improved petcock for liquid flow control comprising:
PA1  a housing having a mounting flange for mating with a container having a
      supply of liquid therein and an orifice through one wall, an inlet passage
      leading from said orifice to a frusto-conic valve chamber within said
      housing, said chamber having its larger end portion terminating at a
      co-axial tubular passageway through one wall of said housing, said
      passageway having a greater diameter than said larger end portion of said
      chamber forming a shoulder therebetween the wall of the outer end of said
      passageway having a cut out along a portion thereof and an outlet passage
      leading from said chamber and terminating external of said housing, said
      outlet passage being co-axial with said inlet passage and perpendicular to
      the axis of said chamber;
PA1  a valve member positioned within said chamber and said passageway and
      conforming thereto for rotational sliding engagement therewith, said valve
      member having a bore through its longitudinal axis perpendicular to said
      chamber axis, a recess in the end surface of said passageway conforming
      end portion of said valve member and an open slot thereon, said slot
      having its axis parallel with the axis of said bore;
PA1  a first sealing means positioned between at least a portion of said chamber
      and said valve member said first sealing means having an aperture
      therethrough aligned with the axis of said passages for allowing said
      liquid to flow therethrough while preventing liquid seepage between said
      chamber and said valve member;
PA1  a second sealing means positioned between said valve means and said
      shoulder and confined thereby providing a liquid seal therebetween;
PA1  an operating lever having a portion positioned and confined within said
      slot covering said recess with a portion extending through said cut out
      portion terminating external of said housing for manually rotating said
      valve member from a first position wherein said bore of said valve member
      is co-axial with said passages allowing said liquid to flow therethrough
      to a second position wherein said axis of said bore is rotated out of
      alignment with said axis of said passages restricting the flow of said
      liquid into said chamber;
PA1  a compressible bias means positioned within said recess and confined and
      compressed therein by said lever; and
PA1  a housing cover attached to said housing, said cover closing said tubular
      opening and thereby confining said lever, both of said sealing means and
      said valve member within said housing and said passageway and compressing
      said bias means wherein said first seal is partially compressed between
      the wall of said chamber and said valve member, said second sealing means
      is forced against said shoulder by said valve member sealing said valve
      chamber and said lever is forced against the inside surface of said cover
      wherein locking means carried by said cover and positioned adjacent said
      cut out selectively locking said lever in one of said positions of said
      valve member.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said mounting flange is laterally bowed
      toward said valve chamber.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said first seal means is formed from
      compressible gasket material and said second and third seal means are
      compressible O rings.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said chamber includes an indentation
      for confining said first sealing means said first sealing having a
      thickness sufficient to extend from said indentation.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said bias means is a coil spring.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said housing and said valve member are
      formed from lubricious material.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said lubricious material is plastic.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said locking means comprises a pair of
      shoulders connected by a raised surface, said shoulders are positioned one
      at said first and the other at said second position of said valve member.
NUM  9.
PAR  9. An improved petcock for liquid flow control comprising:
PA1  a housing having a laterally bowed mounting flange for mating a container
      having a supply of liquid therein and an orifice through one wall thereof,
      an outlet passage leading from said orifice to a frusto-conic valve
      chamber within said housing said chamber having its larger end portion
      terminating at a co-axial tubular passageway through one wall of said
      housing said passageway having a greater diameter than said end portion of
      said chamber whereby a shoulder is formed therebetween, the wall of the
      outer end of said passageway having a cut out surface along a portion
      thereof and an outlet passage leading from said chamber and terminating
      external of said housing, said outlet passage being co-axial with said
      inlet passage and perpendicular to the axis of said chamber;
PA1  a valve member positioned within said chamber and said passageway and
      conforming thereto for rotational sliding engagement therewith, said valve
      member having a bore through its longitudinal axis perpendicular to said
      chamber axis, a recess in the end surface of said valve member its
      passageway conforming end portion and an open slot thereon, said slot
      having an axis parallel with the axis of said bore;
PA1  a gasket seal positioned between a portion of said chamber and said valve
      member, said sealing means having an aperture therethrough aligned with
      the axis of said passage for allowing said liquid to flow therethrough
      while preventing liquid seepage between said chamber and said valve
      member;
PA1  a compressible O ring seal positioned between said valve means and said
      shoulder and confined thereby providing a liquid seal therebetween;
PA1  an operating lever having a portion positioned and confined within said
      slot covering said recess with a portion extending through said cut out
      and terminating external of said housing for manually rotating said valve
      member from a first position wherein said bore of said valve member is
      co-axial with said passages allowing liquid to flow therethrough to a
      second position wherein said bore is rotated out of alignment with said
      axis of said passages restricting the flow of said liquid into said
      chamber;
PA1  a coil spring positioned within said recess and confined and compressed
      therein by said lever; and
PA1  a housing cover attached to said housing said cover closing said tubular
      opening in said housing and thereby confining said lever, said gasket,
      said O ring and said valve member within said housing and said passageway
      and compressing said bias means wherein said gasket is partially
      compressed between the wall said chamber and said valve member, said O
      ring is forced against said shoulder by said valve member sealing said
      valve chamber and said lever is forced into one of a pair of areas on said
      cover separated by a raised surface on said cover thereby locking said
      lever into one of said positions of said valve member.
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PAL  A butterfly valve comprising a housing in which a flat flap having an
      elastic rim is adapted to turn between a position in which the plane of
      the flap is parallel to the axis of the flow passage across the housing
      and a position in which the elastic rim is in sealing relationship to a
      seat arranged all around the axis of the passage across the housing, said
      seat having the shape of a cone surface, the apex of the cone being
      located outside the axis of the flow passage across the housing, wherein
      the sealing surface of the seat forms part of an oblique circular cone,
      the circular base of said cone being at right angles to the axis of the
      flow passage of the seat.
BSUM
PAR  The invention relates to a butterfly valve comprising a housing in which a
      flat flap having an elastic rim is adapted to turn between a position in
      which the plane of the flap is parallel to the axis of the flow passage
      across the housing and a position in which the elastic rim is in sealing
      relationship to a seat arranged all around the axis of the passage across
      the housing, said seat having the shape of a cone surface, the apex of the
      cone being located outside the axis of the flow passage across the
      housing. Conical seats have been extensively used in the valve industry.
      Such conical seats, however, form part of straight circular cones which
      can easily and accurately be machined on standard machine tools. The above
      described conical seats, when used in butterfly valves, have certain
      disadvantages. In practice one has tried to overcome these disadvantages
      by using tilted straight circular cones. Then the axis of the cone forms
      an angle with the axis of the flow passage through the housing. Cross
      sections of such cones in planes not at a right angle to the axis of the
      cone are ellipses.
PAR  The invention has for its object to provide a valve of the aforesaid type
      in which a very satisfactory bilateral seal is obtained and which can be
      closed satisfactorily in spite of any play in the axis of rotation since
      the flap is turned somewhat more tightly.
PAR  According to the invention the sealing surface of the seat forms part of an
      oblique circular cone, the circular base of said cone being at right
      angles to the axis of the flow passage of the seat. This construction of
      the seat permits of using a circular flap, which can therefore be
      manufactured in a simple manner and according as the flap is turned on
      more tightly, the deformation of the flap and hence the sealing force
      increases at the points located outside the axis of rotation. The further
      said points are spaced from the axis of rotation of the flap, the greater
      is the increase in deformation, whereas near the axis of rotation of the
      flap the deformation remains substantially constant.
PAR  According to the invention the flap may be circular with a diameter equal
      to the diameter of the mean circular cross section of the seat plus an
      excess measure. Since the flap has a circular shape, its manufacture can
      be carried out in a simple manner.
PAR  In an efficcious embodiment of the valve in accordance with the invention
      the apex of the cone is located on a perpendicular line at a point of the
      circumferential rim to the base of the cone.
PAR  Finally, in accordance with the invention, the axis of rotation of the flap
      may be at right angles to the plane going through the apex of the cone and
      the axis of the current passage of the housing.
PAR  The invention will now be described more fully with reference to an
      embodiment shown in the drawing.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a longitudinal sectional view of the housing of a valve embodying
      the invention, the flap being illustrated in different positions.
PAR  FIG. 2 is a sectional view taken in the plane of the flap in a first
      position (10),
PAR  FIG. 3 is a sectional view similar to that of FIG. 2 of the flap in a
      different position (11), and
PAR  FIG. 4 is a sectional view like FIG. 2 of the flap in a further different
      position (12).
DETD
PAR  Referring now to FIG. 1, there is shown the housing 1 of a valve embodying
      the invention. The housing 1 comprises a seat surface 2, which forms part
      of an oblique cone having a circular base. The generatrices of the cone
      are indicated by dot-and-dash lines 3 and 4, whereas the apex of the cone
      is designated by 5. The base of the cone is at right angles to the axis 6
      of the section of the passage in the valve housing. The flat flap 7 is
      adapted to turn about an axis 8 out of the position shown, in which the
      plane of the flap is parallel to the axis 6 of the passage across the
      housing into a position in which the elastic rims 9 of the flap 7 come
      into contact with the seat surface 2 of the housing 1. The various
      positions of the flap are indicated by a solid line 10, a broken line 11
      and a dotted line 12. When the flap 7 comes into contact by the rims 9
      with the seat surface, the rims 9 will be deformed so that a pressure
      force is produced. If a certain amount of play is found in the shaft 8,
      this can be compensated for by turning the flap more tightly on so that at
      any time a satisfactory seal is ensured. The flap 7 has a circular section
      indicated in FIGS. 2, 3 and 4 by a full circular line. This circle
      illustrates the flap in the non-deformed state. In FIGS. 2, 3 and 4 it is
      indicated by a dot-and-dash line where the flap is in contact with the
      seat surface 2. The dot-and-dash line illustrates at the same time the
      shape of the flap deformed by the action of the pressure force. In the
      position 11, shown in FIG. 3, the flap engages the seat surface 2 along a
      circle. The diameter of the flap exceeds the diameter of the seat by d.
      This means that the flap is unilaterally compressed over a distance d.
      FIG. 2 shows that at 13 and 14 the flap is compressed also over a distance
      d, whereas at 15 and 16 this distance is smaller. Then the flap has the
      shape of an ellipse with a vertical long axis. From FIG. 4 it is apparent
      that the compression at 13 and 14 is again equal to d, whereas at 15 and
      16 a greater compression occurs. The shape of the flap is then an ellipse
      having its long axis in horizontal position. From the foregoing it will be
      appreciated that under any condition a very satisfactory seal can be
      obtained, even if the pressure of the fluid tends to lift the flap from
      its seat.
CLMS
STM  What i claim is:
NUM  1.
PAR  1. A butterfly valve comprising a housing in which a flat flap having an
      elastic rim is adapted to turn between a position in which the plane of
      the flap is parallel to the axis of the flow passage across the housing
      and a position in which the elastic rim is in sealing relationship to a
      seat arranged all around the axis of the passage across the housing, said
      seat having the shape of a cone surface, the apex of the cone being
      located outside the axis of the flow passage across the housing,
      characterised in that the sealing surface of the seat lies on the
      peripheral surface of the base of an oblique circular cone, the circular
      base of said cone being at right angles to the axis of the flow passage of
      the seat.
NUM  2.
PAR  2. A butterfly valve as claimed in claim 1, characterised in that the flap
      has a circular shape, the diameter thereof being equal to the diameter of
      the mean circular section of the seat plus an excess measure.
NUM  3.
PAR  3. A butterfly valve as claimed in claim 1 characterised in that the apex
      of the cone is located on a perpendicular line at a point of the
      circumferential rim to the base plane of the cone.
NUM  4.
PAR  4. A butterfly valve as claimed in claim 1 characterised in that the axis
      of rotation of the flap is at right angles to the plane going through the
      apex of the cone and the axis of the passage across the housing.
NUM  5.
PAR  5. A butterfly valve as claimed in claim 2 characterised in that the apex
      of the cone is located on a perpendicular line at a point of the
      circumferential rim to the base plane of the cone.
NUM  6.
PAR  6. A butterfly valve as claimed in claim 2 characterised in that the axis
      of rotation of the flap is at right angles to the plane going through the
      apex of the cone and the axis of the passage across the housing.
NUM  7.
PAR  7. A butterfly valve as claimed in claim 3 characterised in that the axis
      of rotation of the flap is at right angles to the plane going through the
      apex of the cone and the axis of the passage across the housing.
NUM  8.
PAR  8. A gate valve construction comprising, in combination:
PA1  a valve housing having a band-like seating surface defining an axial
      passage for conducting fluid, said seating surface being of decreasing
      circular section at planes normal to the axis of said passage from one
      side of the seating surface to the other side thereof, whereby said
      seating surface lies on the peripheral surface of the base of a right
      circular cone having its apex offset from said axis;
PA1  a generally circular, plate-like valve member having an elastic rim adapted
      to seat circumferentially along a closed path against said seating
      surface; and
PA1  pivotal mounting means connecting said valve member to said housing for
      defining a pivotal axis offset from the plane of said valve member and
      from the geometrical center thereof by respective amounts sufficient to
      permit said valve member to move between a seated position and an open
      position parallel to said axis of the passage defined by said seating
      surface.
NUM  9.
PAR  9. A gate valve as defined in claim 8 wherein said seating surface is
      parallel to said axis of the passage at one circumferential point on said
      seating surface.
NUM  10.
PAR  10. A gate valve as defined in claim 9 wherein said valve member is
      circular and is of a diameter substantially equal to the mean diameter of
      said seating surface.
NUM  11.
PAR  11. A gate valve as defined in claim 10 wherein said pivotal axis of the
      valve member is at right angles to a plane containing the apex of said
      oblique cone and said axis of the passage defined by said seating surface.
NUM  12.
PAR  12. A gate valve as defined in claim 8 wherein said valve member is
      circular and is of a diameter substantially equal to the mean diameter of
      said seating surface.
NUM  13.
PAR  13. A gate valve as defined in claim 12 wherein said pivotal axis of the
      valve member is at right angles to a plane containing the apex of said
      oblique cone and said axis of the passage defined by said seating surface.
NUM  14.
PAR  14. A gate valve as defined in claim 8 wherein said pivotal axis of the
      valve member is at right angles to a plane containing the apex of said
      oblique cone and said axis of the passage defined by said seating surface.
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ABST
PAL  A device for lifting and transporting heavy objects on a surface including
      a hoist which is pivotally secured to a vertical standard that is carried
      on a base structure. The base structure includes a pair of outwardly
      extending legs which has primary wheels located adjacent the end thereof
      for transporting the hoist. A pair of auxiliary wheels are pivotally
      carried adjacent the primary wheels. The auxiliary wheels can be brought
      in contact with the surface lifting the primary wheels off the surface
      adding maneuverability to the hoist. A telescoping vertically adjustable
      safety standard engages the boom supporting the hoist for locking the boom
      in a fixed position.
PARN
PAR  This application is a continuation of Ser. No. 373,606 filed June 25, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a hoist, and more particularly to a hoist which
      is readily maneuverable and for a safety standard for a boom supporting
      the hoist.
PAR  Heretofore, hoists such as used for lifting engines of automobiles have
      been provided with wheels so that a base portion of the hoist can be
      rolled under the automobile while the boom and hoist extend over the
      engine. Normally, heavy duty wheels are provided on the outer end of the
      base member so as to accommodate the load. One problem with such wheels is
      generally they are only permitted to rotate in one direction. While these
      type wheels are desirable in that they stabilize the hoist for lifting the
      engine from an automobile, they are limited in maneuverability.
PAR  The boom which supports the hoist on such devices is normally raised and
      lowered with hydraulic cylinders. These cylinders operate satisfactorily
      for raising and lowering the boom, however, if the hydraulic line leading
      to the cylinder bursts or leaks while the hoist is being used to lift a
      heavy load, such could cause the load to be dropped.
PAC  SUMMARY OF THE INVENTION
PAR  This invention constructed in accordance with the present invention is for
      a hoist for lifting and transporting heavy objects on a surface. The hoist
      includes a substantially vertically extending standard which has a boom
      extending outwardly therefrom. A lift mechanism is carried on the outer
      end of the boom. A pair of hydraulically operated cylinders engage the
      boom for raising and lowering the boom responsive to hydraulic fluid being
      inserted and removed therefrom. The substantially vertical standard is
      supported on a base structure which includes a pair of spaced outwardly
      extending horizontal legs. Pivotal wheels are carried adjacent an inner
      end of the base structure for aiding in supporting the structure.
      Positioned on the outer end of the outwardly extending legs are primary
      wheels which are journalled for rotation about a fixed axis. An auxiliary
      wheel is carried adjacent each of the primary supporting wheels and is
      pivotally supported so such can be raised and lowered into contact with
      the surface for lifting the primary wheels off of the surface. The
      auxiliary wheels are mounted on a swivel, therefore, when such engage the
      surface such adds maneuverability to the hoist. This is particularly
      important when the hoist is being used for lifting engines, such as from
      diesel trucks. Normally, the hoist is positioned along side of the diesel
      truck, and in order to disengage the engine from the transmission the
      hoist has to be shifted laterally prior to raising the engine. When the
      auxiliary wheels are in engagement with the surface such is readily
      permitted.
PAR  A telescoping vertically adjustable safety standard engages an upper end
      engaging the boom for aiding in supporting the boom. The safety standard
      can be locked in a fixed position so that if the hydraulically operated
      cylinders fail, such will prevent the boom from dropping.
PAR  Accordingly, it is an important object of the present invention to provide
      auxiliary wheels for an apparatus for transporting heavy objects and the
      like.
PAR  Still another important object of the present invention is to provide a
      pair of auxiliary wheels adjacent primary wheels which can be lowered in
      contact to the surface on which the hoist is supported for adding
      maneuverability to the hoist.
PAR  Another important object of the present invention is to provide a pair of
      auxiliary wheels closely adjacent primary transporting wheels which are
      adapted to be adjusted to lift the primary wheels off a supporting surface
      for transporting the hoist while maintaining the primary wheels closely
      adjacent the surface in case such auxiliary wheels fail.
PAR  Still another important object of the present invention is to provide a
      hoist with a telescoping vertically adjustable safety standard which can
      be locked in position for supporting a boom in the event hydraulic
      cylinders, which are utilized for raising and lowering the boom fails.
DRWD
PAR  These and other objects and advantages of the invention will become
      apparent upon reference to the following specification, attendant claims
      and drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view illustrating a hoist constructed in accordance
      with the present invention, and
PAR  FIG. 2 is an enlarged fragmentary sectional view illustrating an auxiliary
      wheel utilized for adding maneuverability to the hoist.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring in more detail to FIG. 1 of the drawing, there is illustrated an
      apparatus for lifting and transporting heavy objects generally designated
      by the reference character 10. The apparatus includes a base structure
      having a pair of spaced outwardly extending horizontal legs 12 and 14. The
      legs are constructed of tubular steel and the inner end thereof is welded
      to a cross tubular member 16. Laterally extending tubular members 18 and
      20 extend in the tubular member 16 in telescoping relationship therewith.
      The lateral position of these tubular members 18 and 20 may be adjusted by
      sliding such in and out of the tubular member 16 and locking them in
      position by rotating a bolt 22. The bolts 22 are threaded in the tubular
      member 16 and abuts against a top portion of the tubular members 18 and
      20. Swivel wheels 24 and 26 are carried on the bottom of the tubular
      members 18 and 20 for supporting the inner end of the base structure. A
      reinforcing tubular member 28 is welded between the outwardly extending
      legs 14 and 16. In addition to the reinforcing tubular member 28 suitable
      bracing (not shown) is provided for supporting a hydraulic pump 30.
      Outwardly extending tubular extension legs 32 and 34 telescope within the
      outer ends of legs 12 and 14, respectively. Bolts 36 and 38 extend through
      threaded holes in the tubular legs 12 and 14 and engage the extension legs
      32 and 34, respectively, for locking such relative to the legs 12 and 14.
PAR  Primary supporting wheels 48 and 50 are carried within a U-shaped member 40
      defined by a pair of spaced arms 42 and 44 which have inner ends thereof
      welded to the outer end of the extensions 32 and 34.
PAR  An axle in the form of a bolt 46 extends between the spaced arms 42 and 44
      for rotatably supporting the primary wheels 48 and 50. The primary wheels
      are large metallic wheels which enables the lifting apparatus 10 to be
      rolled in a direction perpendicular with the axle 46.
PAR  Adjustable auxiliary swivel wheels 52 and 54 are carried on the bottom
      surface of channel members 56 and 58. The channel members 56 and 58 have
      legs 60 extending downwardly from the spaced sidewalls of the channel
      members 56 and 58 slightly to the rear of the center thereof. The legs 60
      have holes positioned therein through which the axle 46 extends so that
      the channel members 56 and 58 are permitted to pivot on the axle 46.
      Threadably extending through an inner end of the channel members 56 and 58
      are adjustable means in the form of bolts 62 and 64. These bolts
      threadably engage an upper surface of the channel members 56 and 58 and
      the lower end thereof abuts against the upper surface of channel members
      32 and 34. By rotating the bolts 62 and 64 in a direction so that the
      bolts are screwed down in the channel members 56 and 58 such causes the
      inner ends of the channel members 56 and 58 to rise. It is noted in FIG. 2
      that the lower end of the bolts 62 and 64 engage an upper surface adjacent
      the outer end of the tubular members 32 and 34. When the bolts 62 and 64
      are screwed downwardly such causes the channel members 56 and 58 to pivot
      about the axle 46 bringing the wheels 52 and 54 from a first position
      wherein they are not in contact with the surface upon which the hoist is
      being transported to a position wherein the wheels engage the surface
      lifting the primary wheels 48 and 50 off of the surface. As shown in FIG.
      1 the auxiliary wheels 52 and 54 are in the first position where they do
      not engage the surface and the primary wheels support the outer end of the
      arms 12 and 14. In FIG. 2 the auxiliary wheels 52 and 54 are adjusted to
      the second, or lower position wherein they lift the primary wheels 48 and
      50 off of the supporting surface. In this second position since the wheels
      52 and 54 are swivel wheels the apparatus is more maneuverable. It is also
      noted that if the auxiliary wheels 52 and 54 fail the front end of the
      outwardly extending arms 12 and 14 would only drop approximately one inch
      until the primary wheels 48 and 50 engage the supporting surface. This is
      an added safety feature for the apparatus.
PAR  A substantially vertical standard 66 in the form of a pair of abutting
      tubular members 66 extend upwardly from the cross-brace 28. A boom 68
      constructed of a primary tubular member 70 is pivotally attached by means
      of a bolt 72 to an upper end of a vertical standard 66. The inner end of
      the boom 70 has a pair of opposed downwardly extending flanges 74 which
      have holes (not shown) extending therethrough for accommodating the bolt
      72. The bolt 72 is secured by a cotter pin 76. Additional bracing 78 is
      provided on the upper surface of the primary tubular member 70. An
      adjustable tubular extension 80 is carried within the outer end of the
      primary tubular member 70 in a telescoping relationship so that its
      outward position can be adjusted. The outward position of the tubular
      member 80 can be fixed by screwing the bolts 82 downward to engage the
      extension boom 80. The bolts 82 extend through threaded holes in the
      primary tubular boom member 70 to abut against an upper surface of the
      extension member 80.
PAR  Any suitable conventional hoist designated by the reference character 84
      may be carried on the upper end of the extension member 80 for engaging
      the object to be lifted.
PAR  The boom 10 is raised and lowered by means of a pair of hydraulic cylinders
      86 which have their lower ends pivotally attached by means of pins to the
      substantially vertical standard 66. The upper ends of the hydraulic
      cylinders 86 are pivotally connected by any suitable conventional means to
      the flanges 74 carried on the bottom of the boom 10. The hydraulic pump 30
      has a handle 88 which can be manipulated back and forth to supply
      hydraulic fluid under pressure through a hose 90 to the cylinders 86. By
      manipulating the handle 88 such causes the hydraulic cylinders 86 to be
      extended raising the boom 10.
PAR  A safety telescoping standard 92 has an upper end pivotally attached to
      downwardly extending brackets 94 carried on the bottom of the boom 68. The
      lower end of the safety telescoping standard 92 is pivotally attached to a
      bracket 96 carried adjacent the bottom of the substantially vertical
      standard 66. The safety standard 92 is constructed of a pair of
      telescoping tubular members 98 and 100. The tubular member 98 is slightly
      larger in diameter than the tubular member 100 so that the tubular member
      100 can slide therein. A bolt 102 extending through the tubular members 98
      and 100 is provided for locking the safety standard 92 in a fixed extended
      position. Vertically spaced holes (not shown) are provided in the tubular
      member 100 for accommodating the bolt 102 for locking the safety standard
      92 in different extended positions.
PAR  In summarizing the operation of the hoist, normally the operator rolls the
      hoist adjacent the hood of the car with the legs 12 and 14 extending under
      the engine thereof. The bolt 102 forming part of the safety standard 92 is
      removed so as to permit the tubular member 100 to slide freely within the
      tubular member 98. The operator then slides the extension portion 80 of
      the boom outward to a position where the hoist 84 can be coupled by any
      suitable means to the engine of the automobile. Bolts 82 are screwed
      downwardly for locking the extension 80 in position. The handle 88 is
      moved back and forth causing the pump 30 to supply hydraulic fluid under
      pressure to the cylinders 86 for raising the engine and boom 10 to the
      desired height. Once the boom has been raised to the desired height the
      bolt 102 is inserted through the holes in the tubular members 98 and 100
      forming a part of the safety standard for locking the boom in a fixed
      position. The purpose of this is to prevent the boom 10 from falling if
      the hydraulic cylinders fail.
PAR  In order to add maneuverability to the apparatus the adjustable bolts 62
      and 64 carried on the channel members 56 and 58 are screwed downwardly
      bringing the auxiliary wheels 52 and 54 in contact with the supporting
      surface. As shown in FIG. 2, such also lifts the primary supporting wheels
      48 and 50 off of the surface. Therefore, at that time the entire structure
      is supported on the swivel wheels 24 and 26, and the two auxiliary swivel
      wheels 52 and 54. After the apparatus has been moved to the desired
      position in the workshop the bolts 62 and 64 are rotated in the opposite
      direction permitting the primary wheels 48 and 50 to again engage the
      surface. In this position the hoist is less likely to shift while working
      on the engine being supported by the hoist 84.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus including a hoist for lifting and transporting heavy
      objects on a surface comprising:
PA1  a base structure having a pair of spaced outwardly extending horizontal
      legs;
PA1  at least one wheel carried adjacent an inner end of said base structure for
      aiding in supporting said structure,
PA1  a primary supporting wheel carried adjacent an outer end of each of said
      outwardly extending legs journaled for rotation about a fixed axis;
PA1  an auxiliary wheel carried adjacent each of said primary supporting wheels;
PA1  an adjustable means for pivotally supporting said auxiliary wheels so that
      said auxiliary wheels can be shifted from a first position out of contact
      with said surface to a second position wherein said auxiliary wheels
      engage said surface lifting said primary wheels out of contact with said
      surface;
PA1  swivel means for journaling said auxiliary wheels so that said auxiliary
      wheels can swivel for adding maneuverability to said apparatus when in
      said second position;
PA1  said adjustable means including a support member carried by an outer end of
      each of said legs with a portion extending outwardly beyond said legs;
PA1  means for pivotally mounting said support members relative to said
      outwardly extending legs;
PA1  said swivel means for journaling said auxiliary wheels being attached to an
      outer end of a respective support member, and
PA1  means carried adjacent an inner end of said support members for selectively
      raising and lowering said outer ends for causing said auxiliary wheels to
      assume said first and second position.
NUM  2.
PAR  2. The apparatus as set forth in claim 1, wherein said support members are
      channel members and wherein said means carried adjacent an inner end of
      said channel members include bolts, a threaded hole extending through each
      of said channel members adjacent said outer ends of said legs;
PA1  said bolts extending through each of said threaded holes in said channel
      members with an end of each of said bolts engaging one of said legs;
PA1  whereby by rotating said bolts said auxiliary wheels can be shifted between
      said first and second positions.
NUM  3.
PAR  3. An apparatus for lifting an engine from an automotive vehicle and the
      like comprising:
PA1  a horizontal base supporting member for extending beneath said vehicle and
      the engine carried thereby;
PA1  a substantially vertical standard fixedly connected to and extending
      upwardly from said base supporting member on one end thereof remote from
      said vehicle;
PA1  a boom having one end pivotally attached to said vertical standard adjacent
      the other end thereof extending outwardly in superposed relation to said
      base supporting member;
PA1  a hydraulically operated cylinder pivotally connected on one end to said
      boom and connected on the other end in a first fixed pivotal connection to
      said standard and said base supporting member for raising and lowering
      said boom;
PA1  a hoist carried by an outer end of said boom for lifting said heavy
      objects;
PA1  a pair of telescoping substantially vertically adjustable safety standard
      members pivotally connected on an upper end to said boom;
PA1  fixed means connecting a lower end of said telescoping members in a second
      pivotal connection to said standard and said base supporting member;
PA1  said first and second pivotal connections being spaced and longitudinally
      aligned; and
PA1  means for passing through said telescoping members intermediate said upper
      and lower ends locking said telescoping vertically adjustable safety
      standard members for aiding in supporting said boom in a fixed position;
PA1  whereby said base support member may be received beneath said vehicle and
      the engine and in the event said hydraulically operated cylinder fails
      said telescoping vertically adjustable safety standard members will
      support said boom preventing such from falling.
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ABST
PAL  Lifting apparatus for mounting on a support structure comprising first and
      second elongated guide assemblies each having an anchor end pivotally
      anchorable to said support structure for vertical pivotal movement and a
      movable end disposed to extend outwardly beyond the end of said support
      structure. The first guide assembly is disposed above the second guide
      assembly and has its anchor end disposed for anchoring to said support
      structure at a location spaced substantially inwardly from the end of said
      support structure, while the second guide assembly has its anchor end
      disposed for anchoring closer to the end of said support structure. A
      rigid base assembly is vertically pivotally connected to the movable ends
      of said guide assemblies to form a liftable assembly. Bulkhead means
      including object engagement means are mounted on said base assembly.
      Elevating means, mountable on said support structure, are provided for
      raising said liftable assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to lifting apparatus for mounting on a
      support structure and particularly for mounting on a motor vehicle such as
      a flatbed truck to form a lifting-transporting vehicle. One of its main
      uses is in lifting one end of another vehicle and moving the latter to
      another location, i.e. to perform much the same function as a convention
      tow-truck, but in an improved manner. It can also be used to lift, and in
      some cases, to transport other large objects such as motors of vehicles
      and large garbage bins.
PAR  2. Description of the Prior Art
PAR  The lifting apparatus of a conventional tow truck includes one or more
      chains which are connected to the bumper or axle of a vehicle to be towed.
      The chain is then taken up by a winch assembly to bring the bumper of the
      vehicle firmly against one or more flexible straps. This causes the chains
      and/or the straps to bear against the lower portions of the bumper and/or
      underlying body portions of the vehicle as they curve around and under the
      end of the vehicle with a force equal to the weight being lifted. This
      almost inevitably causes damage to these parts of the vehicle. As the
      vehicle is being towed, it thrashes about on the chains and straps causing
      additional damage.
PAR  Several attempts have been made to improve on this conventional type of
      lifting apparatus for tow trucks. For example, U.S. Pat. No. 3,285,443
      discloses a lifting and towing device in which the usual chains are
      replaced by a rigid structure which engages only the axle of the vehicle
      to be towed so that there is no bearing against the bumper and underlying
      body portions of the car. The device employs a parallelogram type linkage
      to maintain the rigid lifting members in substantially horizontal
      disposition as they are raised. The device suffers from several
      disadvantages. The parallelogram linkage is attached to the very end of
      the bed of the tow truck and extends outwardly therefrom. It is, of
      necessity, relatively small, delicate, and mechanically complicated. It
      does not have sufficient structural strength or stability to be directly
      lifted by the elevating means, and a separate boom must be provided.
      Finally, the device is only capable of raising and towing a vehicle and is
      not readily adaptable for other modes of operation. A similar device is
      shown in U.S. Pat. No. 3,051,337.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention employs a pair of guide assemblies which operate in
      somewhat the same manner as a parallelogram linkage. However, the upper
      guide assembly is longer than the lower one so that its anchor end can be
      pivotally connected to the truck at a location spaced substantially
      inwardly from the rear end of the truck bed. The lower guide assembly also
      has its anchor end pivotally connected to the truck bed but at a location
      closer to the rear end of the bed. Both guide assemblies are mounted for
      vertical pivotal movement and have movable ends which extend outwardly
      beyond the rear end of the truck.
PAR  A base assembly is pivotally connected to the movable ends of the guide
      assemblies at vertically spaced locations for relative vertical pivoting
      between the base assembly and each of the guide assemblies. Thus, the base
      assembly and the guide assemblies form a liftable assembly. A bulkhead
      means is mounted on the base assembly and includes engagement means for
      engaging another vehicle or other object. An elevating means is mounted on
      the truck and connected to the liftable assembly, preferably to one of the
      guide assemblies, for raising the liftable assembly.
PAR  The guide assemblies are relatively large and mechanically uncomplicated.
      In fact, each guide assembly proper can be comprised of a single integral
      structure with no moving parts. The disposition of the anchor ends of the
      guide assemblies relative to each other and to the truck in itself
      provides much greater structural strength and stability than the prior art
      linkages and also allows the assemblies to be made larger and heavier than
      prior linkages. Thus, the elevating means can be connected directly to one
      of the guide assemblies so that the latter bears a substantial portion of
      the weight being lifted. If a boom is desired or needed, the upper guide
      assembly can serve this purpose also thereby further simplifying the
      apparatus.
PAR  Like a parallelogram linkage, the guide assemblies maintain a generally
      constant orientation of the base assembly and thus of the engagement
      means. Because the guide assemblies do not form a true paralleglogram, the
      orientation of the base assembly will change somewhat as the liftable
      assembly is raised and lowered. However, it can be maintained sufficiently
      constant for the purposes of the apparatus. Furthermore, the length and/or
      angle between the guide assemblies can be chosen so as to make the slight
      variation in orientation of the base assembly actually work to an
      advantage in lifting a vehicle.
PAR  In a preferred embodiment of the invention, the bulkhead is mounted for
      rotation about two axes, one vertical and the other horizontal. The
      apparatus then preferably includes first and second removable locking
      means for selectively locking the bulkhead against rotation about
      respective ones of these axes. Thus, the apparatus can be used with a
      swivelling bulkhead, as in towing a vehicle, or it can be used in much the
      same manner as a forklift with the bulkhead fixed with respect to the base
      assembly.
PAR  The engagement means are preferably removable from the bulkhead so that
      various types of engagement means can be interchanged. One of the
      preferred types of engagement means comprises a pair of generally
      horizontal lifting arms. These are placed under a vehicle to bear against
      the axles, A-frames or bumper. They may be of various lengths depending on
      the parts of the vehicle they are to engage. If the bumper of the vehicle
      is weak, damage to the bumper or body of the car can be avoided by
      engaging the axles or A-frames with the lifting arms, which do not then
      bear against the bumper, etc.
PAR  Other engagement means which can be used are: a chain hoist type device,
      ground gripping members for bracing the truck on an incline or the like,
      and devices designed to engage matching means on garbage bins.
PAR  Accordingly, it is a principle object of the invention to provide an
      improved apparatus for lifting a vehicle by its under-carriage parts
      without damage to the body of the vehicle.
PAR  Still another object of the invention is to provide a lifting apparatus
      comprising a pair of guide assemblies one having an anchor end anchored to
      a support at a location substantially spaced from the end of the support
      and the other having an anchor end anchored closer to the end of the
      support.
PAR  A further object of the invention is to provide a lifting apparatus
      including a bulkhead mounted for selective swivelling movement about
      vertical and horizontal axes with respect to a base assembly.
PAR  Yet another object of the invention is to provide a lifting apparatus
      having object engagement means which are removable and replaceable by
      other types of object engagement means.
PAR  Further objects, features, and advantages of the invention will be made
      apparent by the following detailed description of the preferred
      embodiments, the drawings, and the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a lifting apparatus according to the
      invention mounted on a supporting truck.
PAR  FIG. 2 is a top plan view of the apparatus of FIG. 1.
PAR  FIG. 3 is a perspective view of the base assembly and bulkhead means of the
      apparatus of FIGS. 1 and 2 but with a slightly different form of
      engagement means.
PAR  FIG. 4 is a cross-sectional view along lines 4--4 in FIG. 2.
PAR  FIG. 5 is a cross-sectional view along lines 5--5 in FIG. 3.
PAR  FIG. 6 is an exploded view of a removable locking means with the engageable
      portions of the base assembly and bulkhead means.
PAR  FIG. 7 is a perspective view of a first alternative form of engagement
      means.
PAR  FIG. 8 is a perspective view of a second alternative form of engagement
      means mounted on the bulkhead means and base assembly.
PAR  FIG. 9 is an exploded view of a third alternative form of engagement means
      with the bulkhead means and base assembly.
PAR  FIG. 10 is a perspective view of an alternative form of carrier for use
      with the foundation means of FIG. 9.
PAR  FIG. 11 is an exploded view showing the manner in which the gripping means
      of FIGS. 9 and 10 relate to a garbage bin to be lifted.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 there is shown a portion of a truck 10 which serves
      as a support structure for the lifting apparatus. The invention will be
      described herein as it would be used if mounted on a truck. However, it
      should be appreciated that the lifting apparatus could, depending on the
      specific application in which it is being used, be mounted on other types
      of supports such as other types of vehicles, platforms which rest on the
      ground, etc. The truck 10 has a rear end 12 which in use is disposed
      adjacent the object to be engaged and/or lifted and a bed 14 on which the
      lifting apparatus is mounted. Several of the parts of the lifting
      apparatus are directly mounted on a platform 16 which is in turn mounted
      on the bed 14 of the truck 10 so that these parts are mounted on the truck
      bed via platform 16.
PAR  It should be noted at this point that the terms "vertical" and "horizontal"
      as used herein will be construed with respect to the truck 10 as it would
      ordinarily appear on level ground and as it appears in FIG. 1. It will be
      understood that in actual use the truck, and thus the lifting apparatus,
      will not always maintain this orientation. Similarly, terms such as
      "longitudinal" and "lateral" will be construed herein with the truck 10 as
      a reference. The longitudinal direction will be from end-to-end of the
      truck (left to right as seen in FIG. 1). The lateral direction will
      generally be from side-to-side of the truck (top to bottom as seen in FIG.
      2); however, for the bulkhead 22, the lateral direction will vary from
      that of the truck as the bulkhead 22 swivels about the axis in a manner to
      be more fully described below. Finally, it should be noted that all of the
      above terms are used herein in a general rather than a strict sense. For
      example, if a member is described as vertically extending, it will be
      understood that it has a substantial vertical component but might deviate
      by as much as about 30.degree. from true vertical with respect to the
      truck.
PAR  The lifting apparatus comprises a pair of guide assemblies 18 and 20 each
      of which generally forms a rigid A-frame type structure. The upper or
      first guide assembly 18 comprises a pair of diverging legs 24 and a
      transverse bracing member 26. The divergent ends 28 of the guide assembly
      18 together comprise the anchor end of the guide assembly 18 which is
      pivotally anchored to the support structure for vertical pivotal movement
      with respect thereto. It should be noted that "vertical pivotal movement"
      as used herein will mean that as a member moves, any point on the member
      defines a vertical plane. Each of the ends 28 is vertically pivotally
      connected to a respective bracket 30 carried by the platform 16 at a
      location spaced substantially inwardly from the end 12 of the truck 10.
      The opposite ends 32 of the legs 24 comprise the movable end of the guide
      assembly 18 and extend out beyond the end 12 of the truck. The second or
      lower guide assembly 20 also comprises a pair of diverging legs 34 and a
      transverse bracing member 36. The divergent ends 38 of the legs 34
      comprise the anchor end of the guide assembly 20. Each of the ends 38 is
      pivotally anchored to a respective bracket 40 on the bumper of the truck
      10 for vertical pivotal movement. The anchor ends of the two guide
      assemblies are disposed at about the same level (vertically) on the truck
      10. However, while the anchor end of assembly 18 is spaced substantially
      inwardly from the end 12, the anchor end of assembly 20 is disposed
      precisely at or closely adjacent end 12. The ends 42 of the legs 34
      comprise the movable end of the guide assembly 20 and extend out beyond
      the end 12 of the truck.
PAR  The ends 32 of the legs 24 are vertically pivotally connected to a
      generally vertical base assembly 44. Ends 42 of legs 34 are also
      vertically pivotally connected to base assembly 44 below the ends 32. Thus
      the base assembly 44 together with the guide assemblies 18 and 20
      comprises a liftable assembly which can be raised and lowered with respect
      to the truck 10. The bulkhead 22 is mounted on the base assembly 44
      generally opposite the guide assemblies 18 and 20 so that it can be raised
      and lowered with the liftable assembly 18, 20, 44.
PAR  The liftable assembly 18, 20, 44 is raised and lowered by elevating means
      mounted on the truck 10. The elevating means comprises a mast assembly
      including two parallel vertical masts 46 mounted on the platform 16. Each
      of the masts 46 is supported by a respective diagonal support 48 also
      mounted on the platform 16. The tops of the masts 46 are connected by a
      cross bar 50. An elongate cross piece 52 is rigidly connected to the
      supports 48 so that it can intersect guide assembly 18 in its upward
      motion to serve as a stop for the liftable assembly. The liftable assembly
      is raised by a flexible member 54 comprising a short length of chain
      attached to the liftable assembly and a longer section of cable. The cable
      passes over a sheave 56 carried by the transverse bracing member 26 of
      assembly 18, over a sheave 58 carried by cross bar 50, under a sheave 60
      mounted on the platform 16, and around a winch reel 62 mounted on the bed
      14 of the truck 10. The reel may be rotated by a reversible motor 64 to
      pull in the cable thereby lifting the liftable assembly, or to play out
      the cable so that the liftable assembly drops under the force of its own
      weight. Alternatively, the winch reel 62 may be suitably connected to the
      drive shaft of the truck 10 and rotated thereby. While the chain end of
      the flexible member 54 can be attached to any part of the liftable
      assembly, it is preferably attached to the transverse bracing member 36 of
      assembly 20 which is located adjacent the base assembly 44. In the
      embodiment shown in FIGS. 1 and 2 the upper guide assembly 18 with its
      sheave 56 serves as a boom. However, it will be appreciated that in some
      instances, particularly in smaller units, the cable could pass directly
      from sheave 58 to the liftable assembly.
PAR  Turning now to FIGS. 3-6, it will be seen that the base assembly 44
      comprises a generally cylindrical member 66. Cylindrical member 66 is
      mounted for rotation about its own generally vertical axis by bearing caps
      68 and 70 which fit over the upper and lowers ends of cylincrical member
      66 respectively. The caps 68 and 70 are spaced apart by a spacer 72 welded
      or otherwise affixed to the caps 68 and 70. Caps 66 and 68 each carry a
      respective pair of brackets 66a and 68a to which ends 42 of the legs of
      the upper guide assembly 18 and ends 32 of the legs of the lower guide
      assembly 20 are respectively pivoted. The spacer 72 is preferably disposed
      on the same side of the base assembly 44 as the guide assemblies 18 and
      20. Grease fittings 74 are provided for lubricating the area between the
      cylindrical member 66 and the caps 68 and 70.
PAR  The bulkhead 22 is mounted on the cylindrical member 66 generally on the
      opposite side from the spacer 72 and guide assemblies 18 and 20. (The
      position of bulkhead 22 with respect to the spacer 72, etc. will change
      somewhat as it swivels on axis a; hence it is described as "generally"
      opposite those parts.) The bulkhead 22 comprises a generally vertically
      extending plate 76. A laterally extending rectangular tube 78 is rigidly
      attached to the upper end of plate 76 on the side opposite or distal the
      base assembly 44. A large laterally extending rectangular tube 80 is
      attached to the lower end of plate 76 on the same side as tube 78. A pair
      of bumpers 82 are each rigidly attached to the tubes 78 and 80 and spaced
      from plate 76 thereby. Since tube 80 extends out farther from plate 76
      than tube 78, the bumpers 82 slant away from plate 76 from top to bottom.
      Bumpers 82 have rubber padding 86 on their outer faces.
PAR  A bracket 88 is rigidly affixed to the cylindrical member 66 and extends
      radially therefrom. The plate 76 is pivotally mounted on bracket 88 by a
      pin 90 for rotation about horizontal axis b. When the bulkhead is adjusted
      on the axis a to the position shown in FIGS. 1 and 2, axis b extends
      generally longitudinally of the truck 10. However, its position will
      change as the bulkhead 22 swivels on axis a. A plate 94 is provided on the
      opposite side of plate 76 from bracket 88, and a grease fitting 92 is
      provided in plate 94 to lubricate the area between the relatively rotating
      parts.
PAR  It will be appreciated that if swivelling of the bulkhead is not desired in
      a particular unit, a single integral part could be vertically pivotally
      mounted on the ends 32, 42 of the guide assemblies which part would form
      both base assembly and bulkhead. The part would perform all the functions
      of the base assembly and bulkhead except for the above-mentioned
      swivelling.
PAR  The plate 76, tubes 78 and 80, and bumpers 82 comprise the main body of the
      bulkhead 22. A pair of slides 96 are slidably carried in tube 80 for
      lateral extension and retraction. At the laterally outer end of each slide
      96, outside the tube 80, is a bracket 98, and carried by each bracket 98
      is a cylindrical holder 100 generally parallel with the axis b. Various
      types of engagement means, to be described more fully below, can be
      removably mounted in the holders 100.
PAR  It will be appreciated that the rotatable mounting of cylindrical member 66
      provides a first swivel means for pivotal movement of the bulkhead 22
      about the generally vertical axis a. The pivotal attachment of the plate
      76 to the cylindrical member 66 by the pin 90 provides second swivel means
      for pivotal movement of the bulkhead 22 about the generally horizontal
      axis b. This allows the bulkhead 22 to be manipulated to properly engage
      objects which are in various positions with respect to the truck 10. It
      also allows a vehicle being towed by the truck to follow the truck as it
      passes around curves and over uneven areas. In some instances for example,
      when the lifting apparatus is being used as a forklift, it is necessary to
      lock the bulkhead against pivotal movement on one or both of the swivel
      means. For this reason, removable first and second locking means are
      provided.
PAR  The first locking means comprises a pair of chains 102 (see FIGS. 1 and 2).
      Each chain 102 has one end attached to the plate 76. From that point the
      chain extends back to the truck 10 and is secured to a respective one of
      the brackets 40 or any other suitable means. From the bracket 40 the chain
      extends back toward the bulkhead, under a respective one of the brackets
      98 and up to a small plate welded between plate 76 and a respective one of
      the bumpers 82. A hook or other connecting member is carried by the small
      plate whereby the chain can be adjustably attached thereto. When both
      chains 102 are made taut between the truck 10 and the bulkhead 22, the
      cylindrical member 66 and bulkhead 22 are prevented from swivelling about
      axis a.
PAR  The second locking member is shown in FIG. 6 where it is generally
      indicated by the numeral 104. An angle holder 100 is rigidly secured to
      the bearing cap 68 of the base assembly 44 on the side generally opposite
      spacer 72. The holder 106 has one leg 108 extending generally radially
      from the base assembly. The locking member 104 comprises a curved member
      110 the lower edge of which rests on leg 108 of holder 106 to support the
      locking member and the inner curve of which engages the base assembly.
      Welded to the outer curve of member 110 and depending downwardly therefrom
      is a plate 112. A handle 114 is attached to plate 112 on the side opposite
      or distal member 110. A block 116 is welded to the same side of plate 112
      below handle 114. A second plate 118 is welded to the lower portion of the
      plate 112 on the same side as member 110. Two small blocks 84 are provided
      on the upper surface of the tube 78 of the bulkhead. The blocks 84 have
      abutment surfaces 120 facing each other and spaced apart in a direction
      transverse to the axis b. When member 110 is resting on holder 106 and
      engaging the base assembly, the plate 118 fits against the bulkhead plate
      76 between the plate 76 and the base assembly and the block 116 rests on
      top of tube 78 between blocks 84 and abuting surfaces 120. This prevents
      the bulkhead 22 from pivoting on axis b.
PAR  As mentioned above, a number of different kinds of engagement means can be
      removably mounted in the holders 100 of the bulkhead. Two versions of one
      basic type of engagement means are shown in FIGS. 1 and 3 respectively. In
      each case the engagement means comprises a pair of parallel, generally
      horizontal lifting arms 120 (FIG. 1) or 122 (FIG. 3) which extend away
      from the bulkhead in a direction generally opposite the base assembly 44.
      Each of the arms 120 or 122 is generally cylindrical and has one end
      disposed in one of the holders 100. Near this end are a plurality of holes
      124 any one of which can be aligned with a matching hole in the holder 100
      to adjust the distance the arm 120 or 122 extends from bulkhead 22. The
      arm 120 or 122 is then secured in the holder 100 by any suitable means
      such as a pin 126 placed through the aligned holes in the arm and holder.
      Each of the arms 120 or 122 has an upstanding flange 128 at the end distal
      the holder 100.
PAR  The only difference between the arms 120 and the arms 122 is in their
      length. Both forms are used for transporting another vehicle by the truck
      10. The longer arms 120 of FIG. 1 are primarily intended for use where the
      end of the vehicle is to be lifted by its axles or A-frames. Depending on
      the size of the truck 10, this use may be limited to relatively small
      cars. Assume the vehicle to be moved has its rear end facing the bulkhead
      22. The liftable assembly 18, 20, 44 and the bulkhead 22 are lowered to
      their lowest position, shown in phantom at 22' in FIG. 1, by playing out
      the flexible member 54. The truck 10 is then backed toward the other
      vehicle until the flanged ends of the arms 120 are disposed under the rear
      axles or A-frames of the vehicle with the flanges 128 on the far or
      forwardmost side of the axles or A-frames. The liftable assembly 18, 20,
      44 and bulkhead 22 are then raised, by taking up the flexible member 54,
      to the position shown in solid lines in FIG. 1. Thus, the rear end of the
      vehicle is lifted. The front bumper of the lifted vehicle abuts the
      bumpers 82 of the bulkhead to stabilize the vehicle, and the flanges 128
      prevent the vehicle from sliding off. It will be appreciated that the
      bumpers 82 abut only the end face of the lifted vehicle's bumper, which
      face is made for abutment and less likely to be damaged. No part of the
      lifting apparatus abuts the underside of the bumper or underlying parts so
      that damage to these parts is eliminated. It will further be appreciated
      that the force on the lifted vehicle of its own weight is taken primarily
      on the undercarriage parts (axles and/or A-frames) engaged by the lifting
      arms 120. Thus, the vehicle essentially rides on its own suspension vastly
      eliminating the chances of damage.
PAR  The guide assemblies 18 and 20 act much like a parallelogram linkage in
      maintaining a substantially vertical orientation of the base assembly 44
      and, thus, a substantially horizontal orientation of the lifting arms 120.
      Hence, the lifting apparatus operates much like a forklift. Because the
      guide assemblies 18 and 20 are not truly parallel or equal in length, the
      orientation of the base assembly 44 and connected parts with respect to
      the vertical and horizontal directions of the truck will vary somewhat.
      However, the distance through which these parts will move is sufficiently
      short that the base assembly can be maintained close enough to vertical
      for the purposes of the apparatus. In preferred embodiments the base
      assembly will not deviate from the vertical nor the arms 120 from the
      horizontal by more than about 30.degree.. Furthermore, the proper
      adjustment of the lengths of the assemblies 18 and 20 and the angle
      therebetween, the slight deviation of the base assembly from a constant
      orientation can be made to work to an advantage. For example, when the
      liftable assembly and bulkhead are in their lowermost position as shown in
      phantom in FIG. 1, the arms 120 slant slightly downwardly from the
      bulkhead out. This facilitates placement of the arms under the vehicle to
      be lifted. As the arms 120 are raised, their orientation will change but
      will always remain close enough to the horizontal to support the lifted
      vehicle in a stable manner. When the arms 120 are in their upper position
      shown in solid lines, they slant slightly upwardly from the bulkhead out.
      This helps to keep the lifted vehicle from rolling or sliding away from
      the bulkhead. It will be appreciated that if the arms 120 engage the axles
      or A-frames, there is no bearing on the underside of the bumper or
      underlying body parts of the vehicle being transported.
PAR  It the vehicles to be transported has a strong enough bumper, the shorter
      lifting arms 122 shown in FIG. 3 may be used. They are disposed beneath
      the bumper at that end of the vehicle which is closest to the truck 10 and
      used to lift that end of the vehicle. In either case, the vehicle is
      engaged by rigid parts rather than flexible chains, straps, etc. which
      latter means would allow the vehicle to thrash about during transport.
PAR  Arms 120 and 122 are adjusted longitudinally in the holders 100 so that the
      bumper of the lifted vehicle will be as close as possible, and preferably
      abutting, the bulkhead bumpers 82. Additionally, grooves such as 122a may
      be provided in the lift arms to help keep the lifted vehicle from slipping
      longitudinally of the lift arms. The arms 120 or 122 can also be laterally
      extended or retracted by means of the slides 96 to accommodate vehicles of
      various widths and usually to suitably abut appropriate parts of the
      lifted vehicle to prevent lateral slipping of the same.
PAR  Various other engagement means can be removably mounted in the holders 100
      in place of the lifting arms described above. FIG. 7 shows one of an
      identical pair of ground gripping members comprising a cylindrical part
      130 to be disposed in the holder 100 and a flange part 132 rigidly
      attached to one end of part 130 and having a pair of downwardly depending
      ground engaging teeth 134. The cylindrical part 130 may be placed in a
      respective one of the holders 100 and secured by pin 125 passing through a
      hole 136 in the cylindrical part 130 and a matching hole in the holder
      100.
PAR  When one of the ground engaging members of FIG. 7 is placed in each of the
      holders 100, the liftable assembly may be lowered to bring the teeth 134
      into engagement with the ground. This can brace the truck 10 if it is
      located on a sharp incline. For example, the members of FIG. 7 might be
      used to brace the truck while another vehicle is retrieved from a deep
      ditch by flexible member 54 or the like.
PAR  In several of the engagement means of the invention, the parts which are
      designed to fit into the holders 100 are rigidly connected together to
      form a foundation upstanding from the holders 100. A carrier is disposed
      on the top of the upstanding foundation, extends generally horizontally
      away from the foundation in a direction generally opposite the base
      assembly, and carries object gripping means.
PAR  Referring to FIG. 8 for example, the foundation comprises a pair of
      parallel cylindrical elements 138 which can be secured in a desired
      position in the holders 100 by pins 126 in the same manner as the other
      engagement means described above. The two elements 138 are connected by a
      pair of upstanding converging bars 140 whose upper ends are joined by a
      generally vertical rectangular tube 142. The carrier comprises a generally
      vertical stud 143, vertically adjustable in tube 142 in a manner to be
      more fully described in connection with the embodiment of FIG. 9. The
      carrier also comprises a generally horizontal leg 144 which extends away
      from the foundation in a direction generally opposite the base assembly
      44. At the free end of leg 144 is a chain 146 and a hook 148 which forms
      the object gripping means. It will be appreciated that when the liftable
      assembly is raised, an object gripped by the hook 148 can be lifted. A
      chain 150 can be used to secure the carrier to the base assembly 44 for
      greater stability, and a hook 152 may be provided on the upper bearing cap
      68 for this purpose. It will be appreciated that the engagement means of
      FIG. 8 is a chain hoist type of apparatus and that it could be used to
      lift a heavy object such as the engine of a vehicle or to lift the vehicle
      itself in instances in which the lifting arms 120 or 122 cannot readily be
      used.
PAR  The engagement means of FIGS. 9 and 10 are designed to adapt the lifting
      apparatus for lifting and transporting standard garbage bins. In FIG. 9
      the foundation part of the engagement means is identical to that of FIG.
      8. It comprises a pair of cylindrical parts 154 which fit into holders 100
      and are secured therein in various positions by means of pins 126.
      Upstanding bars 156 depend from respective ones of the cylindrical parts
      154 and converge toward each other. Bars 156 are joined by a generally
      vertical rectangular tube 158. The carrier comprises a generally
      rectangular stud 162 sized to fit into tube 158. Tube 158 contains a
      plurality of holes 160 and stud 162 contains a plurality of matching holes
      164. The carrier can be vertically adjusted by aligning appropriate ones
      of the holes 160 and 164 and then securing stud 162 to tube 158 by placing
      a pin 174 through the aligned holes 160, 164. (The vertical adjustment of
      the carrier of FIG. 8 is identical). The carrier further comprises a leg
      166 extending from the top of stud 162 generally horizontally away from
      the foundation in a direction generally opposite the base assembly 44.
      Another leg 168 depends downwardly from the far end of leg 166 and carries
      a generally trapezoidal cam member 170 with cam surfaces 172 which flare
      outwardly from top to bottom. As shown in FIG. 11, a standard garbage bin
      184 may comprise means defining a mating trapezoidal recess 186 in which
      the cam member 170 can fit to lift the bin 184.
PAR  FIG. 10 shows a second form of carrier to be used with the foundation of
      FIG. 9. This carrier is similar to that of FIG. 9 in that it comprises a
      rectangular stud 162' having holes 164', a horizontal leg 166' and a
      vertical leg 168'. It differs from the carrier of FIG. 9 in that the leg
      168' is longer than the leg 168 and is reinforced at 176. The object
      gripping means is also different. It comprises a cross bar 178 carried on
      the lower end of the leg 168'. A pair of parallel lifting arms 180 extend
      generally horizontally from the cross bar 178 in a direction generally
      opposite the base assembly. Bracing blocks 192 may be mounted on cross bar
      178 for abutment with bars 156 to help stabilize the structure. As shown
      in FIG. 11 the bin 184 may be provided with means 188 on each side
      defining a pair of channels for receipt of the arms 180. Stops 182 are
      provided on the arms 180 to prevent the bin from slipping off the arms
      180.
PAR  It will be appreciated that the manner in which the guide assemblies 18 and
      20 maintains a generally horizontal orientation of the holders 100
      cooperates with the gripping means of either FIG. 9 or FIG. 10 to lift the
      garbage bin without substantial lilting.
PAR  Referring once again to FIG. 3, it will be noted that a trailer hitch 190
      is mounted on tube 80 on the opposite of bulkhead 22 from base assembly
      44. The height of the trailer hitch 190 can be adjusted by raising or
      lowering the liftable assembly and bulkhead. This in turn allows
      adjustment for trailers of various lengths so that the trailer will not be
      disposed at an undesirable angle with respect to the ground.
PAR  The lifting apparatus of the present invention provides a vehicle lifting
      and towing means which can lift one end of a vehicle to tow the latter
      without damage to the bumper and body of the vehicle. The guide assemblies
      provide a modified parallelogram arrangement which is much more
      advantageous than the linkages of the prior art. It is simpler and
      stronger than the prior art linkages. Additionally, it can be designed so
      that its deviation from parallelogram movement works to an advantage in
      lifting a vehicle.
PAR  The apparatus can also be readily adapted for many other uses such as motor
      hoisting, truck bracing, garbage bin transport, etc. by means of the
      various engagement means. Thus it provides a relatively inexpensive all
      purpose lifting apparatus.
PAR  It will be appreciated that the particular structural details of the
      preferred embodiments described above could be altered in various ways
      without departing from the spirit of the invention. It is therefore
      intended that the scope of the invention be limited only by the claims
      which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. Lifting apparatus for mounting on a supporting structure having an end,
      said lifting apparatus comprising:
PA1  a first guide assembly having an anchor end pivotally anchorable to said
      support structure at a location spaced substnatially inwardly from the end
      of said support structure for vertical pivotal movement and a movable end
      disposed to extend outwardly beyond the end of said support structure;
PA1  a second guide assembly disposed below said first guide assembly and having
      an anchor end pivotally anchorable to said support structure at a location
      closer to the end of said support structure than the location of the
      anchor end of said first guide assembly for vertical pivotal movement and
      a movable end disposed to extend outwardly beyond the end of said support
      structure;
PA1  a rigid base assembly pivotally connected to the movable ends of said guide
      assemblies at vertically spaced points for relative vertical pivotal
      movement between said base assembly and each of said guide assemblies
      whereby said base assembly and said guide assemblies comprise a liftable
      assembly;
PA1  bulkhead means mounted on said base assembly and including engagement means
      for engaging an object;
PA1  and elevating means mountable on said support structure and connected to
      said liftable assembly for raising said liftable assembly with respect to
      said support structure.
NUM  2.
PAR  2. The lifting apparatus of claim 1 wherein said second guide assembly is
      shorter than said first guide assembly and the anchor end of said second
      guide assembly is disposed for anchoring closely adjacent the end of said
      support structure.
NUM  3.
PAR  3. The lifting apparatus of claim 1 wherein said elevating means comprises
      a mast assembly rigidly mountable on said support structure to extend
      vertically upwardly therefrom and having an upper end, an elongate
      flexible member movably connected to said mast assembly adjacent said
      upper end, said flexible member having an end portion connected to said
      liftable assembly, and drive means connected to said flexible member and
      operative to pull said end portion of said flexible member toward said
      mast assembly.
NUM  4.
PAR  4. The lifting apparatus of claim 3 wherein the end portion of said
      flexible member is connected to said second guide assembly adjacent said
      base assembly.
NUM  5.
PAR  5. The lifting apparatus of claim 4 wherein said first guide assembly
      includes means for movably receiving a portion of said flexible member
      between said mast assembly and said second guide assembly.
NUM  6.
PAR  6. The lifting apparatus of claim 1 including first swivel means
      cooperative between said base assembly and said bulkhead means for
      allowing pivotal movement of said bulkhead means about a generally
      vertical axis.
NUM  7.
PAR  7. The lifting apparatus of claim 6 further comprising first locking means
      removably connectible to said bulkhead means to prevent pivotal movement
      of said bulkhead means on said first swivel means.
NUM  8.
PAR  8. The lifting apparatus of claim 1 including second swivel means
      cooperative between said base assembly and said bulkhead means for
      allowing pivotal movement of said bulkhead means about a generally
      horizontal axis.
NUM  9.
PAR  9. The lifting apparatus of claim 8 further comprising second locking means
      removably connectible to said bulkhead means to prevent pivotal movement
      of said bulkhead on said swivel means.
NUM  10.
PAR  10. The lifting apparatus of claim 1 wherein said base assembly comprises a
      bearing portion having the movable ends of said guide assemblies connected
      thereto and a rotary portion mounted in said bearing portion for rotation
      about a generally vertical axis and wherein said bulkhead means is
      attached to said rotary portion generally opposite said guide assemblies
      for rotation with said rotary portion.
NUM  11.
PAR  11. The lifting apparatus of claim 10 wherein said rotary portion of said
      base assembly comprises a generally vertical cylindrical element, and
      wherein said bearing portion comprises a pair of bearing caps disposed
      over respective ends of said cylindrical element and a spacer rigidly
      connected to each of said two caps and disposed generally on the opposite
      side of said base assembly from said bulkhead means.
NUM  12.
PAR  12. The lifting apparatus of claim 10 further comprising a pair of
      laterally spaced first locking members removably connectible to said
      bulkhead means and to said support structure to prevent rotation of said
      cylindrical element and said bulkhead means about said generally vertical
      axis.
NUM  13.
PAR  13. The lifting apparatus of claim 10 wherein said bulkhead means is
      rotatably mounted on said cylindrical element for rotation about a
      generally horizontal axis.
NUM  14.
PAR  14. The lifting apparatus of claim 13 wherein said bulkhead means includes
      means defining a pair of abutment surfaces facing each other and spaced
      apart in a direction transverse to said generally horizontal axis said
      lifting apparatus further comprising a second locking member removably
      interconnectible between said cylindrical element and said bulkhead and
      including means for engaging said cylindrical element and means disposed
      between said abutment surfaces and abuting said abutment surfaces to
      prevent rotation of said bulkhead about said generally horizontal axis.
NUM  15.
PAR  15. The lifting apparatus of claim 13 wherein said base assembly further
      comprises a holder on said cylindrical element for supporting said second
      locking member.
NUM  16.
PAR  16. The lifting apparatus of claim 1 wherein said bulkhead means includes a
      main body portion, and holding means carried by said main body portion,
      said engagement means being removably mounted on said holding means.
NUM  17.
PAR  17. The lifting apparatus of claim 16 wherein said engagement means is
      generally horizontally longitudinally adjustable with respect to said
      holding means.
NUM  18.
PAR  18. The lifting apparatus of claim 17 wherein said engagement means extends
      away from said main body portion in a direction generally opposite said
      base assembly and wherein said bulkhead means further comprises bumper
      means disposed between said main body portion and the outer extremity of
      said engagement means.
NUM  19.
PAR  19. The lifting apparatus of claim 16 wherein said holding means comprises
      two laterally spaced holder members each laterally extensible and
      retractable with respect to said main body portion, and wherein said
      engagement means comprises two engagement members each of which is mounted
      on a respective one of said holder members.
NUM  20.
PAR  20. The lifting apparatus of claim 16 wherein said engagement means
      comprises a pair of generally horizontal lifting arms extending away from
      said main body portion in a direction generally opposite said base
      assembly.
NUM  21.
PAR  21. The lifting apparatus of claim 20 wherein each of said lifting arms
      includes a rigid upstanding retaining element distal said main body
      portion.
NUM  22.
PAR  22. The lifting apparatus of cliam 16 wherein said engagement means
      comprises a pair of laterally spaced ground gripping members each having a
      generally downwardly directed tooth.
NUM  23.
PAR  23. The lifting apparatus of claim 16 wherein said engagement means
      comprises a foundation part mounted on said holding means and upstanding
      therefrom and a carrier part on said foundation part extending generally
      horizontally from said foundation part in a direction generally opposite
      said base assembly, and object gripping means carried by said carrier
      part.
NUM  24.
PAR  24. The lifting apparatus of claim 23 wherein said carrier part is
      adjustable with respect to said foundation part in a generally vertical
      direction.
NUM  25.
PAR  25. The lifting apparatus of claim 23 wherein said object gripping means
      comprises hook means flexibly suspended from said carrier part.
NUM  26.
PAR  26. The lifting apparatus of claim 23 wherein said object gripping means
      comprises a cam member having cam surfaces which flare outwardly from top
      to bottom.
NUM  27.
PAR  27. The lifting apparatus of claim 23 wherein said object gripping means
      comprises a pair of generally horizontal lifting arms extending away from
      said carrier part in a direction generally opposite said base assembly.
NUM  28.
PAR  28. The lifting apparatus of claim 1 further comprising trailer hitch means
      carried by said bulkhead means.
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ABST
PAL  The invention provides a load moving device, especially a ship's winch in
      which the driving ratio is varied infinitely in accordance with the
      varying load, the device including a pair of eccentrics one surrounding
      the other to provide a combined variable throw, these eccentrics being
      normally held against a spring in maximum throw relative positions, and
      means (e.g. spring urged rollers) being provided to restrain the outer
      eccentric to a degree depending on the load so as to cause relative
      rotation of the eccentrics thereby varying the driving ratio.
BSUM
PAR  This invention relates to load moving devices and is more particularly but
      not solely concerned with hand operated winches for hauling in sheets and
      trimming sails in sailing boats.
PAR  In operation, the loads on these winches vary widely and it is desirable to
      wind in the sheet under light load as quickly as possible and with
      increasing load, and accordingly an increasing power ratio between a
      handle and the winch drum is required so that there can be a very large
      power ratio for final trimming under heavy load. Winches now in use employ
      up to three gear ratios which can be selected but this is not completely
      satisfactory or convenient for rapid and easy operation.
PAR  The object of the present invention is to provide an infinitely variable
      ratio between the handle or other input member and the drum or other load
      carrying member.
PAR  According to the invention a hand operated winch or other load carrying
      device comprises an input member, an output member, an inner eccentric an
      outer eccentric surrounding the inner eccentric so that the two eccentrics
      combine to form a variable throw device, spring means pretensioned to hold
      the eccentrics in about maximum throw position, both said eccentrics being
      drivably connected with the input member, the outer of said eccentrics
      being connected to the input member by said spring means, and restraining
      means to apply varying degree of restraint to the rotation of the outer
      eccentric with correspondingly varying load on the output member thereby
      causing relative rotation of the eccentrics to vary their combined throw
      and vary the driving ratio.
PAR  The eccentrics may be so arranged that maximum throw is obtained in the
      no-load position and zero throw if the outer eccentric is rotated
      180.degree. on the inner eccentric.
PAR  Rotation of the outer eccentric on the inner eccentric will wind or unwind
      the torsion spring.
PAR  The torsion spring will wind according to the load on the winch handle and
      input shaft thereby varying the throw.
PAR  The torsion spring may also wind and unwind during operation to smooth out
      the driving impulses from the one way clutches.
DRWD
PAR  One form of the invention is illustrated by way of example in the
      accompanying drawings wherein:
PAR  FIG. 1 is a vertical sectional view of a hand operated winch made in
      accordance with the invention;
PAR  FIG. 2 is a part section and part plan on the plan 2--2 on FIG. 1;
PAR  FIG. 3 is part section and part plan on the line 3--3 on FIG. 1; and
PAR  FIG. 4 is a plan view of some parts to be described.
DETD
PAR  The winch comprises a winch drum 5 which surrounds a tubular support 8
      which is part of a housing 9. The housing 9 has a cap 9A attached to it by
      screws 9B. The housing can be fixed to a deck by bolts 9C. The drum is
      mounted on bearings 6, 7 carried by the tubular support 8. The inner races
      6A, 7A of these bearings are fitted on to the member 8 and the outer races
      6B, 7B are fitted into the drum 5. The races are spaced apart by rings 7C,
      7D. The race 7A seats on a shoulder 8A on the member 8. The drum has a
      cover plate 5A attached by bolts 5B. A driving shaft 10 is splined at 17
      to receive a stud on a handle. The shaft 10 carries an inner eccentric 11
      on splines 11A and an outer eccentric 12 is mounted on 11 by means of
      needle bearings 13 so that the two eccentrics 11, 12 form a combined
      variable throw device. The inner eccentric is located in needle bearings
      11C and bearing ring 11B. The inner eccentric 11 has a tubular extension
      14 surrounded by a sleeve 15 that carries a disc 16 rotatably. A torsion
      spring 19 surrounds the shaft 10 and is fixed at its upper end 20 to a
      member 20A that is splined to the shaft and is fixed at its lower end at
      21 by entry into a slot 21A (FIG. 4) in the disc 16. The disc 16 has a
      slot 23 engaged by a pin 24 that is carried by the outer eccentric 12, so
      that the disc 16 will rotate with the outer eccentric 12. The disc 16 has
      an arcuate slot 26 engaged by a stop pin 27 carried by the eccentric 11
      which limits the relative movement of the eccentrics 11, 12. The spring 19
      is wound up on assembly so that in the no-load position the pin 27 is at
      the end of the slot as shown and the eccentrics are offset to about the
      maximum extent from each other.
PAR  The outer eccentric 12 is engaged by four rollers 28. Each roller 28 is
      mounted on one end of a crank arm 29 by needle bearings 30. The other ends
      of the crank arms have sleeves 31 integral therewith and mounted by needle
      bearings 32A on a carrier 33 which has a tubular extension 34 which
      surrounds the spring 19 and is disposed within the support 8 and surrounds
      the shaft 10, and is drivably connected to the drum 5 by a unidirectional
      detent device comprising friction members 36 and a race 36A fixed to the
      drum. In an alternative construction the extension 34 is fixed to the
      drum. A cover plate 33A is attached to the carrier 33 by bolts 33B.
      Springs 38 act on the crank arms to hold the rollers 28 against the
      eccentric 12. The springs 38 are engaged at one end thereof in holes in
      the plate 38A. The other ends of the springs 38 are engaged in holes in
      the crank arms 29 respectively. The sleeves 31 carry strut type one way
      clutches having friction elements 39 and inner races 39A. The outer races
      are formed as planetary gears 40 which all mesh with a fixed reaction ring
      gear 41 attached to the housing 9. The races 39A are separated from the
      gears 40 by bearing rings 37. The clutches engage the gears in the drum
      driving direction. In a modified construction the ring gear is replaced by
      a sunwheel. In this case the sunwheel is driven and the carrier 33 is
      fixed to the housing and provides reaction. In a further modification the
      ring gear may be driven and the carrier fixed.
PAR  Seals 42 are provided between the drum and the drum shaft 10 and seals 43
      are provided between the drum 5 and the support 8.
PAR  A unidirectional clutch having friction members 44 acts between a race 44A
      splined to the shaft 10 and the part 34 to prevent reversal of the winch.
PAR  In operation rotation of the shaft 10 at light loads rotates the inner
      eccentric 11 which acts through the pin 24 to rotate the disc 16. This in
      turn acts through the pin 27 to rotate the outer eccentric 12 so that
      under light load the two eccentrics rotate in unison at maximum throw. As
      the eccentrics rotate the outer eccentric 12 moves the rollers 28
      successively out thus imparting rotary motion to the arms 29 and gears 40
      which react on the fixed gear 41 to cause all parts 34, 31, 39, 40 to
      rotate about the shaft 10 thereby rotating the drum 5 through the clutch
      36.
PAR  As the load increases on the drum 5 there is an increasing resistance to
      the rotation of the parts 34, 31, 39, 40 and thus an increasing force of
      the rollers 28 against the outer eccentric 12 tending to hold the latter
      against rotation. Thus the rollers 28 and their supporting means serve as
      restraining means tending to restrain the outer eccentric 12 from
      rotation. Accordingly the inner eccentric 11 rotates within the outer
      eccentric 12 and the spring 19 is wound up with increased tension which is
      applied by the shaft 10 to the outer eccentric 12. Increased force on the
      outer eccentric 12 due to increased resistance of the rollers 28 on the
      outer eccentric 12 will cause the eccentrics to rotate further relatively
      to each other thereby decreasing the combined throw of the eccentrics
      still further with correspondingly increased driving ratio of the winch
      and increasing the tension in and load exerted by the spring 19.
PAR  With decrease in load on the winch and resistance of the rollers 28, the
      spring 19 will rotate the outer eccentric 12 relatively to the inner
      eccentric in the opposite direction thereby increasing the combined throw
      and decreasing the driving ratio.
PAR  During each driving engagement of the one way clutches as the speeds and
      leverages are not uniform, the spring 19 can increase and decrease in load
      thereby producing more constant speeds and loads. At some given maximum
      load the pin 27 on the outer eccentric may come against the other end of
      the slot 26, the power ratio then remaining substantially non-variable.
PAR  The spring 19 may carry an initial load equivalent to the minimum driving
      load and provide the maximum displacement of the crank arms and the one
      way clutches will engage through the greatest angle thereby driving the
      planetary gears 40 at maximum speed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A load moving device comprising an input member (10), an inner eccentric
      (11) connected to the input member, an outer eccentric (12) surrounding
      the inner eccentric so that the two eccentrics combine to form a variable
      throw device, spring means (19) connected to the input member and to the
      outer eccentric and pretensioned to hold the eccentrics in about maximum
      throw position, contact elements (28) engaging the outer eccentric, a
      contact elements carrier (34) which serves as an output member, arms (29)
      pivotally carried by the carrier (34) and each carrying one of said
      contact elements, a reaction member (9), unidirectional clutches (39)
      connected with said arms respectively and gears (40) operatively connected
      between said clutches (39) and said reaction member (9).
NUM  2.
PAR  2. A load moving device as claimed in claim 1 wherein the contact elements
      carrier (34) is mounted for rotation around the axis of the eccentrics and
      drivably connected (36) with the output member (5), said reaction gear
      (41) being fixed.
NUM  3.
PAR  3. A load moving device as claimed in claim 1 wherein the output member is
      a winch drum (5) and comprising a tubular support (8) located within the
      drum and on which the drum is rotatably mounted, said support being
      carried by a housing (9); a tubular extension of the carrier (34) disposed
      within the support (8) and drivably connected and fixed to said drum; said
      input member being a driving shaft (10) located within the carrier (34);
      said spring means being a helical spring (19) surrounding the driving
      shaft and within the carrier (34); said spring (19) having its upper end
      fixed to the driving shaft, and its lower end fixed to a rotatable member
      (16); pin and slot means connecting the rotatable member with the outer
      eccentric; said rotatable member (16) having a concentric slot (26)
      engaged by a stop pin (27) carried by the inner eccentric; said reaction
      gear (41) being an internally toothed ring gear on the housing (9).
NUM  4.
PAR  4. A load moving device as claimed in claim 1 wherein said contact elements
      are rollers (28) carried by sleeves (31) mounted in bearings in the
      carrier (34), each sleeve containing a spring which urges the crank arms
      and rollers against the outer eccentric (12), each sleeve being surrounded
      by a unidirectional clutch, the outer race of which is the gear (40) which
      meshes with the reaction gear (41).
NUM  5.
PAR  5. A load moving device as claimed in claim 1 having a winch drum
      surrounding said carrier and in which said carrier (34) is mounted for
      rotation around the axis of the eccentrics and is drivably connected (36)
      with said drum.
NUM  6.
PAR  6. A load moving device as claimed in claim 1 wherein said gears comprise a
      fixed internally toothed ring gear, and gearwheels meshed with said ring
      gear, said gearwheels forming the outer races of said clutches.
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ABST
PAL  A gun for applying moistened refractory material to the interior surface of
      a furnace wall while the furnace is still heated includes an extended
      material tube or pipe long enough to reach into the furnace, and through
      this tube passes an airstream having dry granular refractory material
      entrained in it. Near its outer end the tube is encircled by a closure
      which defines an annular chamber to which water is supplied, and this
      chamber communicates with the interior of the tube through apertures
      arranged in at least one circumferential row so that the water in the
      chamber sprays into the tube and mixes with the refractory material.
      Beyond the closure the tube is fitted with a nozzle extension where
      thorough mixing of the water and refractory material occurs. A nozzle tip
      having an oval discharge opening is fitted onto the outer end of the
      nozzle extension and the moistened refractory material issues from the
      discharge opening. The tip may be straight or at an angle. In the latter
      case, abrasion is eliminated at the bend in the tip by providing a pocket
      on the backside of the bend to effect a build up of granular material at
      the change in direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to an apparatus for applying refractory
      material and more particularly to a gun capable of mixing dry refractory
      material with water and then discharging it with substantial force against
      a wall.
PAR  The heating and other operations carried on within furnaces lined with
      refractory material eventually erode or burn away portions of the
      refractory material. The refractory material requires replacement in order
      to restore the furnace to a useful condition. If the furnace is cooled to
      allow a repairman to enter the furnace safely, valuable production time is
      lost.
PAR  One method of repairing refractory linings of furnaces, boilers, and the
      like, without cooling the equipment and thereby losing substantial
      production time, is to pneumatically apply granular refractory mixtures to
      the hot furnace walls by means of a cement gun. The granular refractory
      mixture is blown by compressed air from a supply apparatus through hoses
      to a gun which is held by the operator such that the tip of its discharge
      nozzle is about 18 inches to 24 inches from the deteriorated lining which
      is to be repaired. Water is injected into the refractory mixture before it
      enters the discharge nozzle to enhance the bonding or "sticking" qualities
      of the mixture and to cause cement in the mixture to set.
PAR  Some furnaces are too large for the operator to bring the discharge nozzle
      to the prescribed distance from the lining for gunning and in such
      instances a pipe extension of the desired length is commonly inserted in
      the gun between the point of water injection, and the discharge nozzle.
      These extensions cause a loss of velocity and when the gun is inserted
      into a hot furnace, the pipe extension is heated, thus causing the
      moistened refractory material to stick to the inside of the pipe, clogging
      the same. To alleviate this problem, various devices have been tried which
      move the point of water injection or ring away from the operator and
      closer to the nozzle.
PAR  U.S. Pat. No. 2,419,410 shows a nozzle extension that is cooled by a water
      spray from holes in a pipe running parallel to the extension. A water ring
      also is used to wet the refractory material before it enters the nozzle.
PAR  To wet the refractory material, it has been a common practice to inject
      water into the material supply pipe within the gun before the material
      reaches the discharge nozzle. Devices heretofore developed for water
      injection cause uneven and ineffective distribution of the moisture
      through the material. This in turn results in a poor bond with the
      existing lining, and the newly applied refractory material tends to
      "rebound" from the existing lining. The material must be thoroughly wetted
      to achieve low rebound losses.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a gun for applying refractory
      materials to the linings of furnaces and other heated enclosures while
      such enclosures are at elevated temperatures. A further object is to
      provide a gun of the type stated which adequately and uniformly wets the
      dry refractory or other granular material as it passes through the gun and
      prior to being discharged into a hot furnace lining. Another object of
      this invention is to provide a gun with a wetting chamber that thoroughly
      and adequately wets the refractory or other granular material, which in
      combination with a tubular extension or nozzle of a specified length,
      prevents the premature drying and clogging of the refractory material in
      the gun. An additional object of this invention is to provide a gun with a
      discharge nozzle that causes the thorough mixing of the refractory
      material within the nozzle and causes a spray effect of the material
      issuing from the nozzle. Still another object of this invention is to
      provide a method of applying refractory or other granular material to the
      walls of hot furnaces so that the refractory or granular material does not
      "rebound" or slump away from the wall upon standing. These and other
      objects will become apparent hereinafter.
PAR  The present invention is embodied in a gun including a tube, a closure
      surrounding the tube and in communication with the interior of the tube so
      that water from the closure will enter the tube and mix with refractory
      material entrained in an airstream passing through the tube. The water and
      refractory material thoroughly mix in a nozzle extension on the tube, and
      the moistened refractory material issues from a non-circular discharge
      opening in a nozzle tip. The invention also resides in an angled tip
      having a pocket therein at the change in direction so that refractory
      material will accumulate in the pocket and prevent the high velocity
      refractory material from impinging against the nozzle tip itself. The
      invention also consists in the parts and arrangements and combinations of
      parts hereinafter described and claimed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings, which form part of the specification and
      wherein like numerals refer to like parts wherever they occur:
PAR  FIG. 1 is a side elevational view of a gun constructed in accordance with
      and embodying the present invention;
PAR  FIG. 2 is a cross sectional view of the wetting chamber taken at lines 2--2
      of FIG. 1;
PAR  FIG. 3 is a vertical sectional view taken at lines 3--3 of FIG. 2;
PAR  FIG. 4 is a front elevational view of the discharge opening of the nozzle;
      and
PAR  FIG. 5 is an elevational view of a modified nozzle.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings (FIG. 1), G designates a gun for applying
      refractory material to an interior wall surface of a furnace while the
      furnace is still heated. Consequently, it is not necessary to shut down
      the furnace in order to make repairs. The gun G is quite narrow so that it
      can be inserted into the furnace, and further is of extended length so
      that it can be manipulated from outside the furnace. The gun G at its one
      end is connected to a material hose 2 and also to a water hose 4. The
      material hose 2 in turn is connected to a source of compressed air and a
      source of granular refractory material with the arrangement being such
      that the granular refractory material is entrained in an airstream created
      in the hose 2 by the compressed air. This is conventional and, therefore,
      not illustrated. The water hose 4 is, of course, connected to a source of
      water with the water pressure (gauge) at the source being at least twice
      the pressure (gauge) of that being used to transfer the material through
      the gun G. This is recorded on a gauge of gun controls.
PAR  The gun includes (FIG. 1) a supply pipe 10 which is connected at its one
      end to the end of the material hose 2 by means of a coupling 12 on the
      hose 2. The pipe 10 is preferably 12 inches long and 11/4 inches inside
      diameter. Intermediate its ends, the pipe 10 has a pair of handles 14
      projecting radially from it. The other end of the supply pipe 10 is
      connected by a pipe coupling 16 a pipe extension 18 which possesses the
      same inside diameter as the supply pipe 10. The length of the pipe
      extension 18 is dependent on the size of the furnace and should be such
      that the gun G can be brought close enough to any inside surface of the
      furnace to apply the refractory material. The far end of the pipe
      extension 18 is connected by means of another pipe coupling 20 to a water
      injection or wetting unit 22 for introducing water into the granular
      material as that material passes through the unit 22.
PAR  The wetting unit 22 includes (FIGS. 2 and 3) a short pipe 24 which is
      threaded at both ends and is about 6 inches long. The inside diameter of
      the pipe 24 equals that of the supply pipe 10 and the pipe extension 18.
      One end of the short pipe 24 threads into the pipe coupling 20 at the end
      of the pipe extension 18. Surrounding the cylindrical surface of the pipe
      24 inwardly from the threads thereon are spaced apart bushings 26 (FIG. 2)
      which are threaded into a sleeve 28 surrounding the midportion of the pipe
      24, but located radially outwardly therefrom. The bushings 26 are welded
      to the external surface of the pipe 24. Thus, the bushing 26 and the
      sleeve 28 define a closed annular chamber 30 around the midportion of the
      pipe 24. The chamber 30 communicates with the interior of the pipe 24
      through holes 32 which are arranged in two circumferential rows. Each row
      contains the same number of holes 32 and these holes 32 are equally spaced
      in the circumferential direction. However, the holes 32 in one row are
      offset or staggered with respect to the holes 32 in the other row, with
      the angle of the offset being equal to one-half the angle between any two
      adjacent holes 32 in either row. Welded against the exterior surface of
      the sleeve 28 are two elbows 34 (FIG. 3) and the interiors of these elbows
      open into the annular chamber 30 through apertures 36 located 180.degree.
      apart. The elbows 34 are connected to additional elbows 38 which are
      directed toward each other and these additional elbows 38 are threaded
      into the lateral extensions of a tee fitting 40.
PAR  The tee fitting 40 is located directly outwardly from the sleeve 28 and its
      third or intermediate leg is connected with a feed pipe 42 which extends
      over the pipe extension 18 for a short distance.
PAR  Water from the water hose 4 is directed to the feed pipe 42 through a
      needle valve 44 located adjacent the supply pipe 10 and a pipe extension
      46 is located adjacent to the pipe extension 18 for the granular
      refractory material. The pipe extension 46 is connected to the feed pipe
      42 and the valve 44 by couplings 48. Both the feed pipe 42 and the pipe
      extension 46 are preferably 1/2 inches inside diameter.
PAR  Connected to the outer end of the short pipe 24 on the wetting unit 22 by
      means of another coupling 50 is a nozzle 52 (FIG. 1) which includes a
      nozzle extension pipe 54 and a nozzle tip 56. The nozzle extension 54 has
      the same inside diameter, as the short pipe 24 of the wetting unit 22,
      that is 11/4 inches, and is preferably 18 inches in length. The tip 56
      threads over the outer end of the extension pipe 54 and at its greatest
      inside diameter is slightly larger than the inside diameter of the pipe
      54. Preferably, the greatest inside diameter of the tip 56 is 11/2 inches.
      The tip 56 has an oval or elongated discharge opening 58 (FIG. 4), which
      is smaller in cross-sectional area than the nozzle extension pipe 54 and
      has a minimum dimension of about 3/4 inch. Actually, the end of the tip 56
      may be a short 11/2 inch pipe nipple deformed at its one end into an oval
      configuration having a 3/4 inch minimum dimension. The length of the
      nozzle extension pipe 54 should be such that the distance between the last
      or downstream row of holes 32 in the wetting unit 22 and the discharge
      opening 58 is between 26 and 28 inches and preferably 27 inches.
PAC  OPERATION
PAR  In use the gun G is inserted into a furnace, which may be heated at the
      time, but is manipulated from outside the furnace by the operator who
      grasps the gun G at the supply pipe 10 and handles 14. The operator holds
      the gun G such that the nozzle tip 56 is 18 to 24 inches from the
      deteriorated surface of the furnace wall and the moistened refractory
      material issues from the nozzle 52 in a fan shaped pattern. This material
      discharges with sufficient force to reach the damaged wall surface and
      adhere thereto. The material sets up quite rapidly in the heated
      atmosphere of the furnace and repairs the damage.
PAR  More specifically, an airstream having the dry granular refractory material
      entrained in it passes through the material hose 2 as well as through the
      supply pipe 10, the pipe extension 18, and also the short pipe 24 in the
      wetting unit 22, all of which constitutes a continuous tube. Water is
      introduced into this airstream at the wetting unit 22 to give the
      refractory material adhesive or sticking properties, and to further enable
      it to set up in the heated atmosphere of a furnace.
PAR  The water comes from the water hose 4, and thereafter passes through the
      valve 44, the pipe extension 46 and the feed pipe 42. After flowing
      through the elbows 38 and 34 of the wetting unit 22, the water flows into
      the annular chamber 30 within that unit. Being under pressure, the water
      in the chamber 30 discharges into the interior of the pipe 24 through the
      holes 32 with considerable velocity causing a mixing of the water with the
      refractory material.
PAR  The moistened refractory material thereafter flows through the nozzle 52
      and is discharged from the oval discharge opening 58 thereof. The nozzle
      extension pipe 54 is short enough to prevent caking of the refractory
      material in it. In this regard, it should be noted that in some guns for
      applying refractory material, the distance between the nozzle tip and the
      point of water injection is so great, that when the gun is exposed to the
      elevated temperatures of a furnace, the pipe heats up and causes the
      moistened refractory material to set up against the walls of the pipe and
      eventually clog the pipe. This does not occur in the gun G because the
      wetting unit 22 is located far enough downstream and the nozzle extension
      is short enough to avoid having the moistened refractory material exposed
      to a heated surface for excessive time.
PAR  The oval discharge opening 58 directs the moistened refractory material
      into a fan-shaped pattern as it issues from the nozzle 52. This pattern is
      most suitable for coating furnace walls. The oval opening 58 further
      causes a change in the shape of the flow and this creates a back pressure
      within the nozzle extension 54. The change in the shape of the flow also
      aids in mixing the water and the refractory material. The end result is a
      thorough mixing of the water and refractory material.
PAR  Thus, the length of the nozzle extension pipe 54 is indeed critical. It is
      long enough to afford thorough mixing of the water and refractory
      material, yet is short enough to prevent excessive heating of the
      moistened refractory material so that caking within the pipe 54 does not
      occur. The distance from the last row of apertures or holes 32 to the oval
      discharge opening 58, which is the critical distance, should be between 26
      inches and 28 inches, and preferably 27 inches.
PAR  The flow of water is adjusted at the needle valve 44 until the moistened
      refractory material issuing from the nozzle 52 possesses the desired
      consistency. Best results are obtained when the water pressure beyond the
      valve 44, that is, in the chamber 30 of the wetting unit 22, exceeds the
      pressure of the airstream within the short pipe 24 of the wetting unit 22
      by at least twice the pressure as that of air-material mixture recorded at
      the gun controls.
PAC  MODIFICATION
PAR  In lieu of the straight nozzle tip 56, the nozzle 52 may have an angle tip
      60 which is more suitable for repairing sidewalls and other surface areas
      which cannot be easily reached by the straight tip 56. The angle tip 60
      includes a Y-fitting 62 having a straight section 64, the inside diameter
      of which is slightly greater than the inside diameter of the extension
      pipe 54, and is preferably 11/2 inches. One end of the straight section 64
      is connected to the outer end of the extension pipe 54, while the opposite
      end is closed with a plug 66. Intermediate the two ends of the straight
      sections 64, a lateral branch 68 projects from the straight section at a
      45.degree. angle. The lateral branch 68 is likewise equal in inside
      diameter to the inside diameter of the straight section 64. The plug 66
      does not extend all the way to the lateral branch 68 so that a pocket 69
      exists within the straight section 64 immediately beyond the lateral
      branch 68. Attached to the lateral branch 68 is a mouth portion 70 having
      an oval discharge opening 72 which is the same shape as the discharge
      opening 58 of the nozzle tip 56.
PAR  The nozzle tip 60 functions quite similar to the nozzle tip 56, only the
      fan shaped spray of refractory material is discharged somewhat laterally,
      that is, at an angle of 45.degree. with respect to the axis of the gun G,
      instead of directly along that axis. Abrasion at the turn within the angle
      tip 60 is practically eliminated since refractory material builds up in
      and fills the pocket 69 so that subsequent refractory material merely
      impinges against that already in the pocket 69.
PAR  This invention is intended to cover all changes and modifications of the
      example of the invention herein chosen for purposes of the disclosure
      which do not constitute departures from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gun for applying a refractory material to a surface, said gun
      comprising: a rigid tube into which an airstream having dry granular
      refractory material entrained in it is introduced so that the airstream
      flows through the tube, the tube having apertures therein arranged in at
      least one circumferential row; a closure on the tube and defining an
      annular chamber surrounding the tube at the apertures in the tube so that
      the chamber communicates with the interior of the tube through the
      apertures; means connected to a source of water and to the closure for
      directing water to the chamber, whereby the water will flow into the
      interior of the tube and mix with the refractory material entrained in the
      airstream; a straight nozzle extension extended beyond the closure on the
      tube so that the airstream containing the moistened refractory material
      passes into the material; extension where the water further mixes with the
      refractory materia; and a nozzle tip on the nozzle extension, the nozzle
      tip having a discharge opening of non-circular cross-section so as to
      change the shape of the flow and effect a back pressure in the nozzle
      extension the nozzle tip containing a passage which communicates with the
      interior of the nozzle extension and has a turn therein so as to change
      the direction of the moistened refractory material passing through the
      nozzle tip, the nozzle tip further having a pocket along the backside of
      the turn therein so that some refractory material will accumulate in the
      pocket, whereby the refractory material will not impinge against and wear
      out the nozzle tip at the turn.
NUM  2.
PAR  2. A gun according to claim 1 wherein the apertures in the tube are
      arranged in two axially spaced circumferential rows.
NUM  3.
PAR  3. A gun according to claim 2 wherein the apertures in the two rows are
      equally spaced and the apertures in the one row are offset in the
      circumferential direction with respect to the apertures in the other row.
NUM  4.
PAR  4. A gun according to claim 1 wherein the distance from the apertures to
      the discharge opening in the nozzle tip between 26 and 28 inches.
NUM  5.
PAR  5. A gun according to claim 1 wherein the discharge opening in the nozzle
      tip is oval shaped.
NUM  6.
PAR  6. In a gun for applying refractory material to a surface and including a
      rigid tube into which an airstream having dry granular refractory material
      entrained in it is introduced so that the airstream flows through the
      tube, and wetting means carried by the tube for introducing water into the
      airstream so that the water will mix with the refractory material, the
      improvement comprising a nozzle in communication with the tube beyond the
      wetting means, the nozzle including a tip provided with an interior
      passage connected with the interior of the tube and having a turn therein
      so that the airstream changes direction as it passes through the nozzle
      tip, the nozzle tip further having a pocket along the backside of the turn
      so that some refractory material will accumulate in the pocket, whereby
      the refractory material will not impinge against and wear out the nozzle
      tip at the turn.
NUM  7.
PAR  7. The structure according to claim 6 wherein the nozzle tip contains a
      removable plug located beyond the change in direction and at the end of
      the pocket.
NUM  8.
PAR  8. The structure according to claim 6 wherein the nozzle tip includes a
      straight section at which the airstream enters the tip, and a lateral
      branch disposed at an oblique angle with respect to the straight section
      and connected to the straight section intermediate its ends so that a
      portion of the straight section exists ahead of and beyond the lateral
      branch, the portion beyond the lateral branch forming the pocket in which
      the refractory material accumulates.
NUM  9.
PAR  9. The structure according to claim 8 wherein the nozzle tip further
      comprises a plug threaded into the portion of the straight section located
      beyond the lateral branch to close the end of the pocket.
NUM  10.
PAR  10. The structure according to claim 8 wherein the nozzle further comprises
      a mouth portion connected to the lateral branch and having a discharge
      opening of noncircular cross-section.
NUM  11.
PAR  11. The structure according to claim 10 wherein the nozzle further
      comprises: a straight nozzle extension interposed between the tube and the
      straight section of the nozzle tip, the cross-sectional area of the
      interior of the nozzle extension being greater than the cross-sectional
      area of the discharge opening in the nozzle mouth.
NUM  12.
PAR  12. A gun for applying a refractory material to a surface exposed to a high
      temperature environment, said gun comprising: an extended pipe having a
      gripping portion at one end and being connected at said one end with an
      airstream having dry granular refractory material entrained in it so that
      the airstream passes into and through the pipe; a wetting unit connected
      to the opposite end of the pipe and including a short pipe which forms a
      continuation of the extended pipe so that the airstream passes into the
      short pipe, the wetting unit having a closure encircling the short pipe
      and defining an annular chamber which surrounds the short pipe, the short
      pipe having apertures therein which provide communication between the
      annular cavity surrounding the short pipe and the interior of the short
      pipe, the apertures being arranged in two circumferential rows with the
      apertures in the one row being offset in the circumferential direction
      with respect to the apertures in the other row; a water pipe located
      adjacent and parallel to the extended pipe and being connected between a
      source of high pressure water and the annular cavity of the wetting unit
      so that water will flow into the annular cavity and thence into the short
      pipe through the apertures therein and will mix with the granular material
      in the airstream flowing through the short pipe to wet the granular
      material; a manually operated needle valve in the water pipe for
      controlling the flow of water through it, the needle valve being located
      adjacent to the gripping portion of the extended pipe; a nozzle extension
      pipe connected to the wetting unit and forming a continuation of the short
      pipe thereof so that the airstream passes into the nozzle extension pipe
      along with the water introduced at the wetting unit, whereby the water
      will continue to mix with granular material in the extension pipe; and a
      rigid nozzle tip of fixed shape on the nozzle extension pipe, the nozzle
      tip having a discharge end of oval cross section which is smaller in area
      than the cross-sectional area of the nozzle extension pipe so as to change
      the shape of the flow and effect a back pressure in the nozzle extension
      pipe.
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ABST
PAL  Apparatus for circulating molten metal in a furnace comprises an
      electromagnet the coil of which is adapted for energisation from an
      alternating current source and the core of which is elongate and projects
      from both ends of the coil. The core is disposed so that 25% to 50%,
      preferably 37%, of its length is at one axial side of the mid-point of the
      coil, and the part of the core projecting at the said one axial side of
      the coil has a coating or casing of a refractory material. The apparatus
      may be mounted with its core horizontal in a side wall of the furnace but
      it is preferred to dispose the core vertically with the heat shield close
      to the surface of the molten metal. A duct member may surround said part
      of the core and may be shaped to direct the molten metal laterally. A
      partition or other form of baffle may be disposed externally of the duct
      between the inlet and outlet of the duct to prevent the molten metal
      leaving the outlet of the duct from passing straight back to the inlet of
      the duct.
BSUM
PAR  The present invention relates to the circulation of molten metal in a
      melting or holding furnace.
PAR  In furnaces for melting light and heavy metal scrap it is desirable to
      employ a means for rapidly circulating the metal in the furnace. For
      example, metal circulation can be effectively used for drawing solid
      aluminium swarf into the body of molten metal at the charging point
      without causing excessive disturbance of the metal surface. Submersal of
      solid swarf by mechanical stirrers or the like can lead to very high
      melting losses through oxidation of metal at the disturbed surface.
PAR  It has already been proposed to circulate molten metal in a furnace by
      means of an electromagnetic circulator. The principal object of the
      present invention is to provide an improved electromagnetic device for
      this purpose.
PAR  According to this invention there is provided means for circulating molten
      metal in a furnace, comprising an induction coil adapted for energisation
      from an alternating current source, an elongate core having the coil
      disposed about it and projecting from both ends of the coil, said core
      being so disposed in relation to the coil that 25-50% of the length of the
      core is at one axial side of the mid-point of the coil, a refractory
      casing or coating protecting the part of the core projecting at said one
      axial side of the coil, and a heat-resistant shield protecting the coil at
      least at its side nearer said part of the core.
PAR  Preferably 37% of the length of the core is at said one axial side of the
      mid-point of the coil.
DRWD
PAR  Some embodiments of the invention will now be described with reference to
      the accompanying drawings in which:
PAR  FIG. 1 shows one form of circulator according to the invention, which is to
      circulate metal into and out of an open side well of a furnace,
PAR  FIG. 2 shows an alternative arrangement of circulator,
PAR  FIG. 3 shows a portable form of circulator, which may be conveniently
      raised and lowered in accordance with change of metal level,
PAR  FIG. 4 shows a further circulator arranged in a side pocket of a furnace,
      and
PAR  FIG. 5 shows a circulator arranged horizontally.
DETD
PAR  The apparatus in each of FIGS. 1 to 3, includes an elongate core 2 arranged
      vertically and surrounded by a coil 5 which is above the liquid metal
      level. 25%-50%, preferably 37%, of the length of the core is below the
      midpoint of the coil, and most of this part of the core is below the
      liquid metal level in use of the apparatus.
PAR  The unit shown in FIG. 1 is intended to operate at a generally fixed bath
      depth, as shown. A cylindrical nose piece 1 with a closed lower end
      surrounds and protects the core 2, and extends into an elbow-shaped duct
      3. Both the nose piece 1 and the duct 3 are made from a suitable material
      which can either be a non-magnetic metallic or ceramic refractory. The
      duct is keyed into position in a side well of the bath, and is open at its
      top below the liquid surface and has a side outlet 10. The circulator unit
      comprising the core, coil and nose piece 1 is shown in an operating
      position to which it has been lowered from the top of the duct. The nose
      piece lies concentric with the upwardly extending part of the duct and
      forms with the duct an annular channel 4 for the passage of molten metal.
      The coil 5 is protected by a heat barrier or shield 6 from possible damage
      due to heat and splashing of molten metal. The circulator unit rests on
      brick piers built into the furnace but not shown. The coil 5 and the heat
      barrier 6 are so positioned that they stand clear from the top of the duct
      3, so that there is a 360.degree. annular inlet 7 around the core for the
      ingress of molten metal into the annular channel 4. A partition wall 9
      arranged at the entry to a side well to which outlet 10 leads ensures that
      the circulating metal forced to leave through the outlet 10 cannot take
      the direct route back to the inlet 7. The protrusion of the core 2 above
      the surface of the molten metal and above the coil serves the dual
      purposes of improving the magnetic efficiency of the device and of
      providing a heat exchange surface for cooling by forced air of water for
      example thus leading heat away from the coil 5. Coolant can also be
      supplied through a channel 11 in the centre of the core 2. Cooling of the
      core is designed to keep its temperature below its Curie point.
PAR  In certain cases the nose piece 1 can be dispensed with, and the core can
      be protected either by a refractory wash or by a rammable refractory
      material. In such a case, the core can be regarded as semi-expendable and
      this has two advantages over a core protected by a separate nose piece:
PAR  a. the magnetic circuit is brought closer to the molten metal and hence
      results in an increased efficiency; and
PAR  b. it eliminates the need for using a ceramic nose piece, which is
      advantageous because the core is much cheaper than the nose piece.
PAR  When the coil is energised by connection with an A.C. source a secondary
      current is induced in the molten metal surrounding the casing and the
      interaction between the primary field and the field of the induced current
      leads to a force on the molten metal in a direction substantially
      lengthwise of the casing and away from the coil.
PAR  Since the force on a notional ring of molten metal surrounding the core is
      an inverse function of its distance from the core and the coil it is
      necessary for the purpose of getting good circulation in relation to the
      electric power input to maximise the performance of the device by careful
      design of the induction coil and core. We have found experimentally that
      the force on a metal ring surrounding the core varies considerably
      according to the length of the core which projects from the opposite side
      of the coil. This is due to the fact that altering the location of the
      coil along the core alters the pattern of the flux emanating from the core
      and changes the area through which it spreads. Further, since the
      reluctance of the magnetic flux is inversely proportional to the area
      through which it is made to spread, the reluctance can be decreased by
      encouraging the flux to spread over a wide area. The maximum area of the
      spread of flux is found to occur when the amount of core on the ring side
      from the mid-point of the coil is about 37% of its total length. This is
      therefore the position where the force on the notional metal ring is a
      maximum; in other words, the projecting tail end of the core should be
      longer than the length of core within the refractory casing for maximum
      force. In general it may be said that the length of the core on the ring
      or metal side of the mid-point of the coil should be 25-50% of the overall
      length of the core.
PAR  In order to ensure that the maximum force is applied to the notional ring
      of metal in directions parallel to the longitudinal axis of the core, the
      lines of magnetic force emanating at right angles to the longitudinal
      surfaces of the core should also intersect the ring of metal without
      having changed direction, i.e. the direction of the lines of magnetic flux
      through the notional ring of molten metal should be at right angles to the
      longitudinal axis of the core. This can be achieved by arranging the
      geometry of the coil in relation to the radial thickness of the notional
      ring of molten metal, for example by making the outside diameter of the
      coil greater than that of the notional ring of molten metal. The flux is
      thus constrained to travel along a longer path round the coil than when
      the diameter of the coil is smaller. In an example in which the outer
      diameter of the ring of metal was found to be 40 cm., the outside diameter
      of the coil was made 56 cm.
PAR  A portable-type circulator which may be operated at various bath depths may
      be constructed as a modification of the built-in type circulator just
      described. In this modification the duct 3 is connected by means of
      connecting bars to either the nose piece 1 or the heat barrier 6, thus
      enabling the entire unit to be lifted into and out of the metal. The
      annular channel 4 and the 360.degree. annular inlet 7 remain as described.
      Similarly, the protrusion of the core 2 above the metal level and coil
      performs the same function as described previously.
PAR  As an example of the invention, a device constructed as shown in this FIG.
      1 embodiment was located in the side-well of a 23,000-kg (50,000-lb.)
      furnace. The primary winding was a 230-mm diameter, 90 turn coil. The
      920-mm long, 50 .times. 50-mm laminated steel core extended a third of its
      length into the molten metal. Both the coil and the core were air cooled.
      A number of trials were conducted, and the results of one of these trials
      is summarised below:
TBL  Molten aluminium capacity of the furnace                                  

                             23,000 kg.                                        

     (including side well)   (50,000 lb.)                                      

     Quantity of metal in the furnace at the                                   

                             18,000 kg.                                        

     time of trials          (40,000 lb.)                                      

     Depth of metal in the side well                                           

                             600 mm.                                           

     Average metal temperature (measured in the                                

     side well)              725.degree.C.                                     

     Maximum velocity of metal (measured in the                                

     side well)              29 cm/sec.                                        

     Maximum flow rate       26,000 lb./min.                                   

     Power input to the coil 5kW                                               

     Power factor            0.22                                              

PAR  Shown in FIG. 2 is a circulator unit of the portable type, having a core 2,
      coil 5, shield 6 and nose piece 1 as in the FIG. 1 construction, and
      having a straight duct 23 connected to the nose piece 1 by means of cross
      rods (not shown).
PAR  The whole circulator unit, including duct 23, is mounted for both vertical
      and horizontal movement adjacent a trough 24 inclined at 20.degree. to the
      horizontal in a ramp unit 25, located in the side well of the furnace. It
      will be seen that metal leaving the bottom end of the duct 23 in a
      vertically downward direction will be given a horizontal component of
      motion to produce metal circulation as a result of striking the bottom of
      the trough.
PAR  If a change of metal level occurs the unit may be adjusted both vertically
      and horizontally so as to ensure that the lower end of the duct 23 is in
      close proximity with the inclined trough 24, whilst the heat shield 6
      remains in close proximity with the surface of the body of molten metal to
      achieve maximum efficiency.
PAR  With this portable arrangement it is found in some circumstances possible
      to omit the surrounding duct 25, relying on the impact of metal on the
      floor of the trough to produce circulation. FIG. 3 shows a further
      modified form of apparatus according to the invention. As in FIGS. 1 and
      2, the circulator includes a core 2 surrounded by a coil 5 at a position
      such that about a third of the core is below the mid-point of the coil,
      and the part of the core below the coil is surrounded by a protective nose
      piece 1. An angled duct 3 having a horizontal outlet 10 surrounds the
      lower part of the nose piece 1 and defines therewith an annular channel 4
      with a 360.degree. inlet 7 at its upper end. A heat shield 6 surrounds the
      coil and extends beneath it to protect it against possible damage due to
      heat and splashing of molten metal. In this embodiment, there are bolted
      on each side of the heat shield 6 aprons 8 and 9 which also serve to
      support the duct 3 and hold it clear below the heat shield 6. The apron 8
      shown on the right has a width in excess of the diameter of the outlet 10
      and provides a baffle reducing the chances of metal passing from the
      outlet 10 straight back to the inlet 7 of the duct 3. Stainless steel
      straps 11 are bolted to the shield and to a cruciform unit 12 also of
      stainless steel and extending across the top of the core 2. An eyebolt 14
      is fixed to the unit 12. The straps 11 support the full weight of all the
      other components shown and are the means by which the unit can be lifted
      in and out of the metal or adjusted as to height according to the depth of
      metal in the furnace.
PAR  Preferably the nose piece 1, the duct 3, the heat shield 6 and the aprons 8
      and 9 are made from fused silica while those areas of these parts which
      may come into contact with molten metal are preferably coated with a
      heat-resistant wash. Thermal insulation such as is shown at 13 on the
      outside of the lower part of the core, at the bottom of the nose piece 1,
      and beneath the straps 11 where they turn under the core, may be provided
      for protection purposes. The coil 5 is suitably water cooled and as in
      previous embodiments the core can have a central channel through which
      coolant air may be passed.
PAR  In the embodiment of FIG. 4, a circulator according to the invention is
      shown in a side pocket 40 of a furnace 41. A cylindrical chamber 42 is
      provided in the pocket, and a core 45 with nose piece 43 extends
      downwardly into this chamber, to define an annular vertical passage
      therewith. As in the previous embodiments, the core is surrounded by a
      coil 51 above the chamber, and thus above metal level, the coil being
      protected by a shield 44. Half of the core is below the mid-point of the
      coil. A lifting arrangement including straps 46 and a ring 47 is attached
      to the core and shield 44.
PAR  The chamber 42 in the pocket communicates with the main part of the furnace
      41 via inclined ports 48 and 49, opening respectively adjacent the top and
      bottom of the chamber 42. These ports are offset in that they open into
      the furnace in different directions in order to provide appropriate
      thorough circulation of molten metal in the furnace, and to reduce
      recirculation from port 49 to port 48.
PAR  Access ports 52 and 53 are provided in the outer wall of the pocket for
      cleaning and maintenance purposes. The lower of these access ports, 53, is
      shown with a bung 54.
PAR  In use molten metal flows in through the upper port 48, so as to surround
      the core, and is forced downwards electromagnetically so as to flow out of
      port 49 into the furnace.
PAR  A plurality of such pockets and circulators can be provided if necessary,
      and arranged so as to ensure circulation of molten metal throughout the
      furnace. The circulators can be lifted out of the pockets during cleaning.
PAR  Referring now to FIG. 5 of the drawings, an arrangement is shown in which
      the core is mounted horizontally in a side well of the furnace. The casing
      61, formed of refractory material, has a tubular nose piece 62, which is
      of generally square section. The wall thickness of the nose piece 62 is
      about 6.3 cm. and the internal width of the space within the nose piece 62
      is about 15 cm., so that a simple laminated core 3, 10 cm .times. 10 cm
      can be fitted into it without contact with the walls. The coil 64
      encircling the core is disposed in a recess in the wall of the furnace.
      The core is kept as cool as possible without administering any thermal
      shock to the refractory nose piece 62. The cooling of the core 3 is for
      the purpose of keeping it below its curie point. The interior of the space
      65 in the nose piece 62 is lined with a blanket of heat insulating
      material, such as the very efficient material sold under the name
      "Fiberfrax". The tail end 66 of core 63 and the external surface of coil
      64 are cooled by air circulation, so that the extended tail 66 serves a
      dual purpose of improving the magnetic efficiency of the device and of
      providing a heat exchange surface. The coil 64 may itself be water-cooled.
PAR  The base of casing 61 is kept thin so that the distance between the coil 4
      and the molten metal in the furnace is a minimum and hence the force on
      the metal is increased. Further, the casing 61 is designed so that the
      length of its flange in contact with the surrounding refractory wall of
      the furnace is as large as possible.
PAR  The nose piece 62 is preferably, but not essentially, surrounded by a
      tunnel member 68, which acts as a means of directing the metal flowing
      away from the end of the nose piece 62 and as a means for protecting the
      nose piece from accidental damage. The passage through the tunnel member 8
      is preferably of square section and is arranged to provide a passage about
      5 cm. between itself and the nose piece.
PAR  The utility of the apparatus of FIG. 5 in a melting furnace is illustrated
      by the following example.
PAR  An electromagnetic circulator constructed as described above was installed
      in a melting furnace of the type having a side well to receive metal
      charged into the furnace.
PAR  The total capacity of the furnace was 50,000 lbs. and an aluminium charge
      of 40,000 lbs. was held at 715.degree.C. With this charge a flow rate of
      about 10,000 lbs/min. at a velocity of about 7 cms/sec. was achieved in
      the side well at a power input of about 8 kw to the coil.
PAR  With this circulation rate it was found possible to melt aluminium scrap at
      a rate of about 10,000 lbs/hour, whereas without circulation the melting
      rate was about 5,000 lbs/hour.
PAR  In general, however, the arrangements of FIGS. 1 to 4 are preferred because
      (i) maintenance and repair are easier, (ii) the nose piece can be made
      much thinner with resulting saving in cost and increase in efficiency and
      (iii) the coil can be disposed nearer the surface of the metal.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for circulating molten metal in a furnace, comprising an
      induction coil adapted for energisation from an alternating current
      source, an elongate core having the coil disposed about it and projecting
      from both ends of the coil, said core being so disposed in relation to the
      coil that 25-50% of the length of the core is at one axial side of the
      mid-point of the coil, a refractory casing or coating protecting the part
      of the core projecting at said one axial side of the coil, and a
      heat-resistant shield protecting the coil at least at its side nearer said
      part of the core.
NUM  2.
PAR  2. Apparatus for circulating molten metal according to claim 1 in which
      approximately 37% of the length of the core is at said one axial side of
      the mid-point of the coil.
NUM  3.
PAR  3. Apparatus according to claim 1, wherein the said coating on the core
      comprises a refractory wash.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein the said coating on the core
      comprises a rammable refractory material.
NUM  5.
PAR  5. Apparatus according to claim 1, further comprising an open ended duct
      having at least a part surrounding the core at said one side of the coil
      and defining a passage of annular cross-section with the encased or coated
      part of the core, the end of the duct nearer the coil being open for the
      inflow of molten metal over its full circumferential extent.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein the core is disposed vertically
      and wherein there is provided a ramp locatable in the furnace below the
      core and having therein an inclined trough aligned beneath the core.
NUM  7.
PAR  7. Apparatus as claimed in claim 6, wherein the core, coil and shield are
      movable for adjustment horizontally and vertically with respect to the
      ramp unit.
NUM  8.
PAR  8. Apparatus according to claim 5, wherein the core is disposed vertically
      and wherein the duct has upper and lower parts whereof the lower part
      extends at an angle to the upper part.
NUM  9.
PAR  9. Apparatus according to claim 8 further comprising a partition extending
      between the lower part of the duct and the shield and serving as a baffle
      to prevent immediate recirculation of molten metal from the outlet back to
      the inlet of the duct.
NUM  10.
PAR  10. Apparatus according to claim 1 wherein the core has a refractory casing
      protecting said part, which casing is about 38 cm. in length, the core
      length being 105-140 cm.
NUM  11.
PAR  11. Apparatus according to claim 10, wherein the refractory casing
      comprises a central nose piece about the projecting part of the core and a
      base to be received in a side wall of the furnace.
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ABST
PAL  A shock absorber comprising an elongated cylindrical pressure cylinder
      having a piston reciprocally disposed therewithin and connected to a
      piston rod extending outwardly from one end thereof, teh piston rod
      carrying a dirt shield which extends coaxially of the pressure cylinder
      and in partial surrounding relationship therewith. The pressure cylinder
      is adapted to be filled with preselected quantities of hydraulic damping
      fluid and a pressurized gas for damping reciprocal movement of the piston
      therewith. The piston is provided with a novel valve arrangement which
      controls the compression and rebound characteristics of the shock
      absorber, and one end of the pressure cylinder is provided with a novel
      rod guide assembly which is designed so as to provide for convenient
      charging of the cylinder with the aforesaid pressurized gas. The interior
      of the pressure cylinder is provided with a generally helically shaped
      baffle arrangement which is compressible axially within the cylinder in
      response to reciprocal movement of ths piston therein and functions to
      prevent undersirable foaming or aeration of the hydraulic fluid during
      operation of the shock absorber.
PARN
PAR  This is a continuation of application Ser. No. 307,783 filed Nov. 20, 1972.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates generally to shock absorbers of the type used
      on automotive vehicles and the like for damping relative movement between
      the sprung and unsprung portions thereof. The shock absorber of the
      present invention is designed to have the interior thereof provided with a
      preselected quantity of hydraulic damping fluid and with a preselected
      quantity of a pressurized gas which cooperate with one another to damping
      reciprocal movement of a valved piston located within the pressure
      cylinder. The piston is provided with a new and improved valving
      arrangement which provides for interchangeability of the valve elements of
      the compression and rebound control valves thereof, which valves are
      located on the piston and are adapted to cooperate with a novel baffle
      arrangement which is disposed within one end of the pressure cylinder for
      preventing foaming or aeration of the hydraulic fluid which is undesirable
      since it prevents positive damping. The piston is connected to one end of
      a piston rod which extends axially outwardly from one end of the cylinder
      and is supported for longitudinal reciprocal movement by means of a rod
      guide assembly located at one end of the cylinder. The piston rod carries
      an elongated cylindrical dirt shield member which is arranged coaxially of
      the pressure cylinder and is adapted to be secured to the piston rod in a
      manner so as to minimize the overall size of the shock absorber and
      provide for economy of production and pleasant appearance of the shock
      absorber. The rod guide assembly is provided with a novel sealing
      arrangement which provides for fluid tight lowfriction peripheral
      engagement with the outer periphery of the piston rod and is adapted to be
      operatively mounted within one end of the pressure cylinder in a manner so
      as to minimize to the extreme, the time and effort required in charging
      the interior of the cylinder with the aforesaid pressurized gas.
PAR  It is accordingly a general object of the present invention to provide a
      new and improved shock absorber for use on automotive vehicles and the
      like.
PAR  It is a more particular object of the present invention to provide a new
      and improved vehicular shock absorber of the above described type which is
      provided with preselected quantities of hydraulic damping fluid and
      pressurized gas, and which is also provided with a novel baffle
      arrangement to prevent undesirable foaming or aeration of the fluid.
PAR  It is another object of the present invention to provide a new and improved
      shock absorber of the above character which features a valved piston
      having interchangeable compression and rebound valve elements.
PAR  It is a further object of the present invention to provide a shock absorber
      of the above character which is provided with a novel dirt shield mounting
      means.
PAR  It is still another of the present invention to provide a new and improved
      shock absorber of the above described type having a rod guide assembly
      featuring a novel fluid seal arrangement.
PAR  It is yet a further object of the present invention to provide a new and
      improved shock absorber of the above character wherein the rod guide
      assembly is designed to permit effortless charging of the interior of the
      pressure cylinder with pressurized gas or the like.
PAR  It is another object of the present invention to provide a new and improved
      shock absorber of the above described type which is of a relatively simple
      design, is economical to manufacture and will have a long and durable
      operational life.
PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal cross-sectional view, partially broken away, of a
      shock absorber embodying the principles of the present invention;
PAR  FIG. 2 is a view similar to FIG. 1 and illustrates the shock absorber shown
      therein in a partially compressed condition;
PAR  FIG. 3 is an enlarged fragmentary cross-sectional view of the shock
      absorber piston embodying certain principles of the present invention;
PAR  FIG. 4 is a transverse cross-sectional view taken substantially along the
      line 4--4 of FIG. 2;
PAR  FIG. 5 is an enlarged fragmentary cross-sectional view taken substantially
      along the line 5--5 of FIG. 2;
PAR  FIG. 6 is an enlarged fragmentary cross-sectional view of the piston rod
      guide assembly incorporated in the shock absorbers of the present
      invention;
PAR  FIG. 7 is an exploded assembly view of the rod guide assembly shown in FIG.
      6;
PAR  FIG. 8 is an exploded assembly view of the dirt shield mounting means
      incorporated in the shock absorber of the present invention; and
PAR  FIGS. 9, 10 and 11 illustrate various positions of the rod guide assembly
      upon assembly thereof within the shock absorber of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in detail to the drawings, a vehicular shock absorber 10, in
      accordance with an exemplary embodiment of the present invention, is shown
      as comprising an elongated cylindrical body member or pressure cylinder 12
      which defines an internal chamber 14. The upper end of the chamber 14 is
      closed by a generally cup-shaped end cap 16 which has a generally radially
      disposed upper section 18 and an annular downwardly projecting flange
      section 20 that is adapted to be telescopically received within the upper
      end of the cylinder 12 and be fixedly secured therein, as by welding or
      the like designated at 22. The end cap 16 has fixedly secured thereto as
      by welding or the like, a generally ring-shaped attachment member 24 which
      is adapted to be secured in a conventional manner to the sprung portion of
      the associated automotive vehicle, as is well known in the art.
PAR  Disposed interiorly of the chamber 14 is a reciprocal piston assembly 26
      which is attached to one end of an elongated piston rod 28 that is
      arranged coaxially of the cylinder 12 and is adapted to reciprocate
      therewithin along with the piston assembly 26. The lower end of the
      pressure cylinder 12 is provided with a rod guide assembly, generally
      designated 30, which is adapted to support the piston rod 28 for
      longitudinal reciprocal movement. The outer end of the rod 28 is provided
      with an end cap assembly, generally designated 32, which carries a
      generally cylindrically shaped enclosure member or dirt shield 34 that is
      arranged coaxially of the cylinder 12 and partially surrounds the lower
      end thereof, as best seen in FIG. 2. The lower end of the piston rod 28 is
      formed with a reduced diameter, externally threaded section 36 which is
      adapted to be threadably received within an internally threaded bore 38 of
      an annular collar member 40 which is secured as by welding or the like to
      an annular attachment member 42. The member 42 is adapted to be secured in
      a conventional manner to the unsprung portion of the associated automotive
      vehicle in a manner well known in the art and thereby functions along with
      the attachment member 24 in operatively supporting the shock absorber 10
      of the present invention interjacent the sprung and unsprung portions of
      the vehicle, whereby the assembly 10 will function to effectively damp
      relative movement therebetween.
PAR  Referring now in detail to the construction of the piston assembly 26, as
      best seen in FIGS. 3 through 5, the assembly 26 comprises an annular body
      member 44 which is formed with a first pair of diametrically opposed,
      axially extending bores 46 and 48, and with a second pair of diametrically
      aligned, opposed bores 50 and 52 which are arranged at generally right
      angles to the bores 46, 48, as illustrated in FIG. 4. The bores 46, 48 are
      formed with a pair of enlarged diameter counterbores 54, 56, respectively,
      at the lower ends thereof, while the bores 50, 52 are formed with a pair
      of enlarged diameter counterbores 58, 60, respectively, at the upper ends
      thereof. The upper side of the body member 44 is formed with a pair of
      spaced parallel upwardly projecting embossed portions 62, 64, and the
      lower side of the body member 44 is formed with a pair of spaced parallel
      downwardly projecting embossed portions 66, 68 which are arranged at
      generally right angles to the embossed portions 62, 64. The portions 62,
      64 and 66, 68 are adapted to operatively support therebetween a first
      plurality of valve plate elements 70 on the upper side of the body member
      44 and a second plurality of identical elements 72 on the lower side of
      the body member 44. The pluralities of elements 70, 72 are generally flat
      and rectangular in shape and are disposed in overlying relationship with
      one another, with the plurality of elements 70 being nestingly received
      between the embossed portions 62, 64 and arranged in overlying
      relationship with respect to the bores 50, 52 and the plurality of
      elements 72 being nestingly received between the embossed portions 66, 68
      and being arranged in underlying relationship with respect to the bores
      46, 48. It will be seen that the elements 70, 72 disposed directly
      adjacent the upper and lower sides of the body member 44, respectively,
      extend almost diametrically the entire width of the body member 44, with
      the successive overlying or underlying elements 70, 72 associated
      therewith being progressively shorter in length to provide a leaf spring
      arrangement. The plurality of elements 70 are formed with a series of
      centrally aligned openings 74, while the plurality of elements 72 are
      formed with a similar series of centrally aligned openings 76. The
      openings 74, 76 are all aligned with a central bore 77 formed in the body
      member 44 and all of said openings 74, 76 and 77 are adapted to have a
      reduced diameter mounting sertion 78 of the piston rod 28 project upwardly
      therethrough, as best seen in FIG. 3. The section 78 of the piston rod 28
      defines a generally radially disposed shoulder 79 and is formed with a
      reduced diameter externally threaded portion 80 at the upper end thereof,
      the portion 80 being adapted for threadable reception of a suitable
      retaining nut 82 or the like, as illustrated. Interposed between the upper
      side of the valve elements 70 and the nut 82 is a pair of retaining or
      bearing members 84 and 86 which define central bores 88 and 90,
      respectively, through which the upper end of the piston rod 28 extends.
      Similarly, interposed between the lower side of the valve elements 72 and
      radial shoulder 79 is a retaining plate 92 defining a central bore 94, and
      a bearing plate 96 defining a central bore 98. It will be seen that upon
      tightening of the nut 82 upon the threaded portion 80 of the piston rod
      28, the pluralities of valve elements 70, 72 will be forced into
      compressive engagement with the upper and lower sides of the body member
      44, whereby the central portions of the elements 70, 72 will be fixedly
      secured to the body member 44. The elements 70, 72 are preferably
      fabricated of a resilient spring-like material, such as spring steel or
      the like, whereby the outer marginal end portions thereof may be pivoted
      or biased upwardly or downwardly away from the adjacent upper and lower
      surfaces of the body member 44, whereby to provide for selective opening
      and closing of the bores 46, 48 and 50, 52, as will be described. The
      portion of the piston rod 28 directly below the bearing plate 96 may, if
      desired, be provided with a resilient compressible bumper member 100 which
      is provided with a central bore 102 adapted for sleeved reception upon the
      piston rod 28 as illustrated. The bumper member 100, upon outward movement
      of the piston rod 28 with respect to the pressure cylinder 12 will service
      as a cushioning means upon engagement thereof with the rod guide assembly
      30, as will be apparent.
PAR  In operation of the shock absorber 10 of the present invention, the bores
      46, 48 and plurality of valve elements 72 function in a rebound control
      valving capacity by selectively moving toward and away from the lower side
      of the body member 44 and thereby opening and closing a pair of flow paths
      from the interior of the chamber 14 to the bores 46, 48. Similarly, the
      bores 50, 52 and plurality of valve elements 70 function in a compression
      control valving capacity by moving toward and away from engagement with
      the upper side of the body member 44 so as to selectively open and close a
      pair of flow paths between the interior of the chamber 14 and the bores
      50, 52, as will be apparent to those skilled in the art. A particular
      feature of the above described arrangement resides in the fact that the
      pluralities of valve elements 70, 72 are completely interchangeable with
      one another, whereby to minimize the attendant manufacturing and inventory
      expenses to the extreme. Additionally, the particular elongated, generally
      rectangular shape of the pluralities of elements 70, 72 provides for a
      substantial savings in material as compared with generally disc-shaped and
      similar styled valve elements known in the prior art.
PAR  As will hereinafter be described in detail, the interior of the chamber 14
      is adapted to be filled with a preselected quantity of hydraulic fluid and
      is also adapted to be charged with a pressurized gas, such as compressed
      air, nitrogen or the like. One problem that has been particularly
      objectionable in connection with similar type shock absorbers heretofore
      known and used which utilize as a damping medium a combination of
      hydraulic fluid and pressurized gas, has been the aeration or foaming of
      the hydraulic fluid which occurs upon reciprocal movement of the
      associated piston within the pressure cylinder. Such foaming or aeration
      of the hydraulic fluid is particularly objectionable due to the fact that
      the hydraulic fluid tends to become compressible and thus adversely
      affects the damping efficiency of the shock absorber. The aeration problem
      has been found to be aggravated by the high velocity flow of fluid through
      the valving of the associated piston and thus shock absorber assemblies
      provided with valve pistons has been notorious for their aeration
      problems.
PAR  In accordance with the present invention, the aforementioned aeration of
      the hydraulic damping fluid within the chamber 14 is effectively obviated
      through the provision of a novel baffle member, generally designated by
      the numeral 104, which is disposed within the chamber 14 interjacent the
      upper side of the piston assembly 26 in the end cap 16. As best seen in
      FIGS. 1 and 2, the baffle member 104 is of a generally helical
      configuration and has a maximum outer diameter which is designed to be
      received within the pressure cylinder 12 with slight interference fit,
      whereby baffle member 104 is axially movable within the chamber 14 in
      response to axial movement of the piston assembly 26. The baffle member
      104 is preferably fabricated of a resilient material such as spring steel
      or the like and the radial dimension of each convolution thereof is
      designed to project radially inwardly from the wall of the pressure
      cylinder 12 to a position overlying or in axial alignment with upper ends
      of the bores 46, 48 and 50, 52, whereby fluid which flows through the
      bores 50, 52 will impinge against the lower side of the baffle member 104.
      By virtue of the helical configuration of the baffle member 104 and the
      spring-like character of the material from which it is fabricated, the
      member 104 is adapted to be compressed axially as the piston assembly 26
      moves upwardly within the chamber 14. Thus, the baffle member 104 may be
      compressed, for example, from the position shown in FIG. 2 to the position
      shown in FIG. 1. In accordance with the present invention, at least a
      portion of the baffle member 104 is disposed below the fluid level within
      the chamber 14, i.e., is submerged within the hydraulic damping fluid,
      which arrangement has been found to optimize the action of the baffle
      member 104 in preventing aeration or foaming of such fluid. It will be
      noted, however, that even where the baffle member 104 has no portion
      thereof submerged within the fluid, said member 104 will be found to
      operate highly efficiently in preventing fluid aeration. In operation of
      the shock absorber 10, it will be noted that as the piston assembly 26
      moves upwardly within the chamber 14, the fluid level therein will also
      move upwardly, as will the lower end of the baffle member 104, with the
      result that at least a portion of the member 104 will remain submerged
      within the fluid in order to prevent the undesirable aeration or foaming
      of the fluid.
PAR  Referring now in detail to the construction of the end cap assembly 32, as
      best seen in FIGS. 1, 2 and 8, the assembly 32 comprises a generally
      radially disposed end section 106 which defines a central annular bore 108
      through which the section 36 of the piston rod 28 extends. The marginal
      outer edge of the section 106 is formed with an annular axially upwardly
      extending flange section 110 which is formed with an enlarged thickness or
      bead portion 112 and with a plurality of circumferentially spaced radially
      outwardly extending openings 114. The diameter of the flange section 110
      is slightly smaller than the diameter of the dirt shield member 34 and is
      thereby adapted to be telescopically or sleeved within the lower end
      thereof, as best seen in FIGS. 1 and 2. The dirt shield member 34 is
      fabricated of a resilient deformable material, such as molded rubber or
      the like, and is thereby adapted to deform or expand radially outwardly in
      order to accept the flange section 110 within the lower end thereof. The
      end cap assembly 32 also comprises an annular retaining ring member 116
      which is slightly larger in diameter than the flange section 110 and is
      adapted to be sleeved over the outer periphery of the lower end of the
      dirt shield member 34 in the manner shown in FIGS. 1 and 2. The retaining
      ring member 116 is formed with a generally radially inwardly disposed
      shoulder portion 118 around the lower side thereof which is adapted to
      abut against the underside of the end section 106, as illustrated. In
      accordance with the present invention, in order to positively secure the
      retaining ring member 116, end section 106 and dirt shield member 34 in a
      single unitized assembly which is secured to the piston rod 28 in the
      manner hereinabove described, the flange section 110 and member 116 are
      adapted to cooperate in deformingly securing the lower end of the member
      34 therebetween. More particularly, upon assembly of the retaining ring
      member 116 over the lower end of the dirt shield member 34, a plurality of
      radially inwardly projecting, circumferentially spaced, embossed portions,
      generally designated 120, are formed around the retaining ring member 116,
      which embossed portions 120 are radially aligned with the openings 114 in
      the flange section 110 in a manner so as to deform the resilient material
      from which the dirt shield member 34 is fabricated radially inwardly into
      the openings 114. The formation of the embossed portions 120 may be
      accomplished by any suitable crimping or collect type die or tool
      arrangement and will be seen to positively fixedly secure the dirt shield
      member 34 against relative axial movement with respect to the end cap
      assembly 32. A particular feature of the above arrangement resides in the
      fact that the overall diameter or size of the lower end of the shock
      absorber 10 is kept to a minimum. Additionally, the above described design
      is pleasant in appearance and obviates the objectionable outwardly
      projecting "ears" which exist when conventional hose clamps or the like
      are utilized in securing dirt shields in similar type shock absorber
      designs. Moreover, the securing arrangement will be found to be
      substantially more economical than prior known dirt shield fastening
      methods.
PAR  Referring now in detail to the construction and operation of the rod guide
      assembly 30, as best seen in FIGS. 6 and 7, the assembly 30 comprises an
      annular body member 122 which is formed with a central annular bore 124
      through which the piston rod 28 extends. The lower end of the bore 124 is
      formed with an enlarged diameter counterbore 126 which defines a generally
      radially disposed shoulder 128. Disposed within the counterbore 126 is an
      annular or sleeve-shaped lining member 130 which has the inner periphery
      thereof slidingly peripherally engaged with the outer periphery of the
      piston rod 28, as illustrated. The lining member 130 is fabricated of a
      suitable low-friction material, such as teflon which is provided with a
      suitable rigidifying material such as carbon or the like, whereby to
      provide for low frictional resistance of reciprocal movement of the piston
      rod 28 relative to the assembly 30. The lining member 130 is adapted to be
      secured within the body member 122 by being axially retained between the
      shoulder 128 and a wiper assembly, generally designated 132, that is
      mounted at the lower end of the body member 122. The wiper assembly 132
      comprises an annular wiper member 134 which is arranged circumjacent the
      periphery of the piston rod 28 and is fabricated of a suitable resilient
      deformable material such as rubber or the like. The member 134 comprises
      outer and inner peripheral lip portions 136 and 138, respectively, the
      latter of which is adapted for compressive engagement with the outer
      periphery of the piston rod 28 in a manner so as to "wipe" any road dirt,
      moisture or any other foreign material off from the outer periphery of the
      piston rod 28 as the same moves upwardly into the pressure cylinder 12.
      Thus, the wiper member 134 prevents any dirt or other foreign material
      from ingressing between the outer periphery of the piston rod 28 and the
      inner periphery of the lining member 130 to prevent possible scoring or
      other damage to the mutually confronting surfaces of either of these
      compounds. The wiper member 134 is adapted to be retained within the lower
      side of the body member 122 by means of an annular wiper housing 140 which
      is disposed within an enlarged diameter annular counterbore 142 formed in
      the lower side of the body member 122. The housing 140 comprises a
      generally axially extending section 143 which extends around the outer
      periphery of the lip portion 136 and a generally radially disposed flange
      section 144 which projects radially inwardly above the wiper member 134
      and abuttingly engages the lower end of the lining member 130, as
      illustrated.
PAR  Disposed within the upper end of the body member 122 is an annular fluid
      seal 146 which is nestingly received within a suitable counterbore 148
      formed around the upper end of the bore 124. The seal is preferably
      provided with a retaining or garter spring 150 which assures positive
      sealing engagement thereof with the outer periphery of the piston rod 28
      to prevent any hydraulic fluid from passing downwardly through the bore
      124 upon reciprocation thereof. An annular retaining ring 152 is disposed
      within a suitable complementary-shaped annular recess 153 provided in the
      top of the body member 122 for operatively securing the seal 146 in place.
PAR  The entire rod guide assembly 30 is adapted to be received within the lower
      end of the pressure cylinder 12 and be secured therein by a suitable
      retaining cap or the like, generally designated 154, which may be secured
      over the lower end of the cylinder 12 and be secured thereto by any
      suitable means. The cap 154 may be provided with a bearing plate 156 on
      the lower side thereof adapted for abutting engagement with a resilient
      deformable compression bumper 158 which may be provided in the lower end
      of the dirt shield 34, as illustrated. It may be noted that by virtue of
      the fact that the dirt shield member 34 is fabricated of a resilient
      deformable material, any radially outward expansion of the bumper 158 upon
      engagement thereof with the plate 156 will result in outward deformation
      of the dirt shield member 34 so that there will be no resistance to the
      cushioning effect of the bumper 158. Additionally, by virtue of the fact
      that both of the components 138 and 154 are fabricated of a resilient
      deformable material, there will be no metal-to-metal contact so as to
      minimize the attendant noise during operation of the shock absorber 10. As
      best seen in FIGS. 6 and 7, the outer periphery of the body member 122 is
      formed with an annular, radially inwardly formed recess 160 which is
      adapted to nestingly receive a suitable O-ring 162 or similar type sealing
      member that provides a fluid-tight seal with the inner periphery of the
      pressure cylinder 12 upon assembly of the body member 122 within the lower
      end thereof.
PAR  In accordance with one of the features of the present invention, in order
      to charge or induce pressurized gas into the interior of the chamber 14, a
      suitable opening or gas port 164 is formed in the wall of the cylinder 12
      adjacent the lower end thereof, as best seen in FIGS. 9 through 11. In
      order to perform the gas charging operation, the unitized assembly
      consisting of the body member 12, O-ring 162, wiper assembly 132, liner
      130, fluid seal 146 and retaining ring 152, is inserted axially within the
      lower end of the pressure cylinder 12 from the position shown in FIG. 9 to
      the position shown in FIG. 10. It may be noted that when the aforesaid
      assemblage is located as shown in FIG. 10, the O-ring sealing member 162
      sealingly engages the inner periphery of the pressure cylinder 12, yet the
      upper end of said assemblage does not interfere with gas being introduced
      through the port 164 so that the charging operation can be performed
      without any of the gas leaking into the atmosphere through the lower end
      of the cylinder 12. After the charging or filling operation has been
      completed and a predetermined quantity of pressurized gas has been
      introduced into the chamber 14, the aforementioned assemblage may be
      biased axially upwardly when the lower end of the pressure cylinder 12
      from the position shown in FIG. 10 to the position shown in FIG. 11, which
      results in the O-ring sealing member 162 being moved axially past the port
      164 to a position located axially thereabove, whereby to prevent any gas
      leakage from the chamber 14 through the port 164. The entire assemblage
      may then be operatively secured within the lower end of the pressure
      cylinder 12 by means of a suitable retaining and/or sealing ring 168 which
      is adapted for nesting reception within a suitable recess 170 defined
      between the inner periphery of the cylinder 12 and the outer periphery of
      the body member 122, after which time the retaining cap 154, etc. may be
      operatively mounted.
PAR  While it will be apparent that the preferred embodiment illustrated herein
      is well calculated to fulfill the objects above stated, it will be
      appreciated that the present invention is susceptible to modification,
      variation and change without departing from the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pressurized shock absorber assembly comprising an elongated pressure
      cylinder adapted to contain preselected quantities of hydraulic fluid and
      a compressible gas,
PA1  a piston reciprocably mounted within said pressure cylinder and including
      valve means,
PA1  a volume of hydraulic damping fluid within said cylinder cooperable with
      said valve means for damping reciprocable movement of said piston,
PA1  a quantity of gas within one end of said cylinder and defining a gas-fluid
      interface with said fluid,
PA1  a piston rod connected to and reciprocable with said piston, and
PA1  a helical baffle member within the same end of said cylinder as said
      quantity of gas,
PA1  said baffle member extending through said gas-fluid interface so that a
      portion of said member is disposed within said quantity of fluid and the
      remaining portion of said member is disposed within said quantity of gas,
      said baffle member extending radially of said cylinder so as to have the
      outer periphery of the convolutions thereof engageable in a slight
      interference fit with the inner periphery of said cylinder, with said
      member comprising the sole element between said piston and said end of
      said cylinder within which said quantity of gas is located, whereby said
      member will act to minimize aeration of said fluid upon reciprocal
      movement of said piston and piston rod.
NUM  2.
PAR  2. A pressurized shock absorber assembly comprising an elongated pressure
      cylinder adapted to contain preselected quantities of hydraulic fluid and
      a compressible gas,
PA1  a piston reciprocably mounted within said pressure cylinder and including
      valve means for damping reciprocable movement of said piston,
PA1  said valve means including at least one axially extending flow port formed
      in said piston for communicating fluid from one side of said piston to the
      opposite side thereof upon reciprocation of said piston within said
      cylinder,
PA1  a volume of hydraulic damping fluid within said cylinder cooperable with
      said valve means,
PA1  a quantity of gas within one end of said cylinder and defining a gas-fluid
      interface with said fluid,
PA1  a piston rod connected to and reciprocable with said piston, and
PA1  a helical baffle member within the same end of said cylinder as said
      quantity of gas,
PA1  said baffle member having a first part submerged within said fluid and a
      second part disposed within said gas, said baffle member extending
      radially of said cylinder so as to have the outer periphery of the
      convolutions thereof engageable with the inner periphery of said cylinder,
      with said member comprising the sole element between said piston and said
      end of said cylinder within which said quantity of gas is located, said
      member also having a portion of the end thereof adjacent said piston
      disposed in substantial axial alignment with said flow port in said piston
      so as to at least partially influence the flow of fluid passing through
      said flow port into the end of said cylinder within which said baffle
      member is disposed.
NUM  3.
PAR  3. A pressurized shock absorber assembly comprising an elongated pressure
      cylinder adapted to contain preselected quantities of hydraulic fluid and
      a compressible gas,
PA1  a piston reciprocably mounted within said pressure cylinder and including
      valve means for damping reciprocable movement of said piston,
PA1  a volume of hydraulic damping fluid within said cylinder cooperable with
      said valve means,
PA1  a quantity of gas within one end of said cylinder and defining a gas-fluid
      interface with said fluid,
PA1  a closure member closing one end of said cylinder,
PA1  a piston rod extending through said closure member and being coaxially
      disposed within one end of said cylinder,
PA1  said piston rod being connected to and reciprocable with said piston, and
PA1  a helical baffle member located in the opposite end of said cylinder from
      said piston rod and being partially submerged within said quantity of
      fluid for preventing aeration of said fluid upon reciprocal movement of
      said piston and piston rod,
PA1  said baffle member extending radially of said cylinder so as to have the
      outer periphery of the convolutions thereof engageable with the inner
      periphery of said cylinder, with said member comprising the sole element
      between said piston and said end of said cylinder within which said
      quantity of gas is located.
NUM  4.
PAR  4. A pressurized shock absorber assembly comprising a generally vertically
      disposed pressure cylinder,
PA1  a piston reciprocably mounted within said pressure cylinder and including
      valve means,
PA1  said valve means including at least one axially extending flow port formed
      in said piston for communicating fluid from one side of said piston to the
      opposite side thereof upon reciprocation of said piston within said
      cylinder,
PA1  a volume of hydraulic damping fluid within the lower end of said cylinder
      cooperable with said valve means for damping reciprocable movement of said
      piston,
PA1  a quantity of gas within the upper end of said cylinder and defining a
      gas-fluid interface at the uppermost part of said fluid and the lowermost
      part of said gas,
PA1  a closure member closing the lower end of said cylinder,
PA1  a piston rod extending upwardly through said closure member connected to
      the lower side of said piston, and
PA1  a helical baffle member disposed within the upper end of said cylinder and
      located on the opposite side of said piston from said piston rod,
PA1  said baffle member extending axially through said gas-fluid interface and
      generally radially within said cylinder and having a portion of the lower
      end thereof disposed in substantial axial alignment with said flow port in
      said piston so as to at least partially block the flow of fluid passing
      upwardly through said flow port into the upper end of said cylinder upon
      downward movement of said piston therein, said baffle member extending
      radially of said cylinder so as to have the outer periphery of the
      convolutions thereof engageable with the inner periphery of said cylinder,
      with said member comprising the sole element between said piston and said
      end of said cylinder within which said quantity of gas is located, whereby
      to reduce the aeration of said fluid.
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ABST
PAL  The present invention concerns a new vise intended to be mounted on
      bias-cutting sawing machines, i.e., on circular saw machines for miter
      cutting metallic sections, utilizing pivotal movement of the saw and the
      holding device for the work piece. The holding device is supported by a
      pivotal frame movable about the vertical diametral axis of the saw. The
      invention is characterized by the fact that it provides means for the
      contact surfaces or jaw caps of the work holding device always to remain
      parallel to the axis of the work piece, regardless of the angle of
      orientation of the saw with respect to the work piece, such means being
      designed with the saw blade always passing as close as possible to the
      jaws of the vise.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention concerns a new vise intended to be installed on bias-cutting
      sawing machines, i.e., on circular saw machines to miter cut metallic
      sections by pivotal movement of the saw and the holding device for the
      work piece. The holding device is supported by a pivotal frame movable
      about the vertical diametral axis of the saw.
PAR  The axis of the section of work piece rests upon a stationary bench. The
      vise holds the section by its jaw caps with means provided so that the
      surfaces of the jaw caps contacting the section remain parallel to the
      stationary axis of the section disposed on the bench.
PAR  Vises of this kind which are in use at present can be classified in three
      distinct groups.
PAR  Those of the first type require a manual adjustment to orient the jaws of
      the vise; this is the most primitive method.
PAR  There are also vises which use additional tightening devices that are
      located on both sides of the machine and which permit positioning of the
      jaws on the work piece which is already in place.
PAR  Finally, the most developed type has remote-controlled devices for
      orienting the jaws by independent motors.
PAR  These various types of vises suffer from the following disadvantages:
PAR  In the case of manual adjustment, the time which is needed in order to set
      up the machine is considerable. Furthermore, the precision which is
      obtained is only very approximate.
PAR  In the second case, the positioning of the jaws upon a work piece which is
      already in place implies conditions that are unsuitable for the cutting of
      short pieces.
PAR  Finally, the remote-controlled devices for orienting the jaws are a costly
      solution for the purpose of assuring synchronism with the orientation of
      the machine.
PAR  The present invention is intended to remedy these disadvantages.
PAR  The vise of the invention is characterized chiefly by the fact that it
      provides means for its work holding surfaces always to remain parallel to
      the stationary axis of the section resting upon the bench, regardless of
      the angle of orientation of the saw with respect to the section, these
      means being designed in such a way as to always allow the saw blade to
      pass as close as possible to the jaws of the vise.
PAR  More precisely, a combination of means has been provided for the following:
PAR  A. HAVING THE JAWS OF THE VISE MOVE SYMMETRICALLY WITH RESPECT TO THE AXIS
      OF THE SECTION OR WORK PIECE, BY SLIDING HORIZONTALLY ON A TABLE WHICH IS
      ITSELF SLIDABLE HORINZONTALLY WHILE REMAINING PARALLEL TO THE PIVOTAL
      FRAME SUPPORTING THE SAW, THE SLIDING MOTION OF THE TABLE BEING SUCH THAT
      IT COOPERATES TO MAINTAIN EQUIDISTANT AND PARALLEL THE WORK HOLDING
      SURFACES OF THE JAW CAPS WITH RESPECT TO THE AXIS OF THE SECTION;
PAR  B. EXTENDING THE JAW CAPS ALONG THE SECTION IN A DIRECTION AWAY FROM THE
      SAW, WHILE KEEPING THE PARALLEL WORK CONTACT SURFACES OF THE JAW CAPS
      PARALLEL TO THE AXIS OF THE SECTION.
PAR  The main advantage of the present invention is therefore to obtain a
      synchronized orientation of the jaw caps, i.e., automatically achieving
      the constant parallelism of the jaw caps with respect to the longitudinal
      axis of the section by inexpensive mechanical means.
PAR  The invention will be better understood by reading the following
      description which provides a non-limited preferred embodiment of the
      invention.
DRWD
PAC  DESCRIPTION OF THE VIEWS OF THE DRAWING
PAR  FIG. 1 is a plan view of a sawing machine provided with the new vise
      positioned for a 90.degree. cut, and with the saw fully advanced to
      cutting position.
PAR  FIG. 2 is a plan view of the sawing machine with the vise positioned for
      bias-cutting.
PAR  FIG. 3 is a cross-section by the vertical plane of longitudinal axis XX' of
      FIG. 1.
PAR  FIG. 4 is a fragmentary cross section by the horizontal plane containing
      the axis of the auxiliary jaws of the vise.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The sawing machine of the invention includes a frame 20 (FIG. 3) which
      supports the movable, rotatable circular saw 21 and rests on a circular
      platform 12 with capacity to be pivoted about a vertical pivot 22, which
      is co-axial with the vertical diameter 0 of the saw 21 (FIGS. 1, 2). The
      circular saw 21 is a conventional rotatable saw blade movable to and from
      the work piece to be cut. The saw is advanced to cut the work piece held
      in the vise, and then retracted following cutting. In FIG. 3, saw 21 is
      shown disposed in its fully advanced cutting position.
PAR  The vise 23 is supported by a table 1 which slides on guides 2 formed
      integral with the frame 20 of the machine. The vise 23 includes two main
      jaws 31, 32 (FIG. 1) with their usual hydromechanical devices (not shown)
      for concentric displacement and locking situated inside the jaws 31, 32,
      and two auxiliary jaws 41, 42 sliding longitudinally over guides 33, 34
      formed integral with the main jaws 31, 32 respectively. The jaws 31, 32
      slide within the grooves 27 provided in table 1, due to the action of the
      concentric displacement mechanisms which provide the tightening.
PAR  The jaws 31, 32 and 41, 42 are provided on their front faces with
      elongated, hemi-cylindrical, hinge-like joints 51, 52 and 61, 62,
      respectively, to support jaw caps 71, 72 which contact the work piece to
      be held, The jaw caps 71, 72 are attached rigidly to joints 51, 52, but
      they slide within transverse grooves (not shown) in the joints 61, 62. The
      pivotal axes of the joints 51, 52 and 61, 62 coincide with the front faces
      of the jaw caps 71 and 72, respectively.
PAR  The auxiliary jaws 41, 42 move together with the main jaws, but they
      include a compensating device for the purpose of orienting the jaw caps
      71, 72 during turning of the frame 20 so that the jaw caps 71, 72 will
      always remain parallel to each other.
PAR  The center of rotation of the machine is the axis 0 of the pivot 22 which
      is affixed to the circular platform 12 upon which a female guide 13 (FIG.
      3) is mounted at the top of a column 26. The longitudinal axis of the
      guide 13 and the axis 0 of the pivot 11 pass through axis XX'(FIG. 1),
      which is the longitudinal axis of the work feeding and removal conveyors
      (not shown) for feeding the sections to, and removing the cut pieces from,
      the sawing machine.
PAR  At the bottom of table 1 is a dependent stud 14 with its axis located at a
      distance d from the axis 0, and which slides in the female guide 13.
PAR  To obtain a bias-cut in a section held stationary along the axis XX', the
      frame 20 is turned over the platform 12 about the axis 0. The problem then
      is to hold the jaws 31, 32, 41, 42 securely on the section while keeping
      the jaw caps 71, 72 parallel to the axis XX'. This is achieved by the
      mechanism which will now be described and whose operation will be
      explained later.
PAR  If one were concerned only with the jaws 31, 32, the mechanism could be
      limited to providing the whole motion for the jaws 31 and 32 by the table
      1, which slides on the guides 2 of the frame 20. Such motion is obtained
      by the combination of the stationary column 26, whose axis is located in
      the vertical plane containing the longitudinal axis XX', and of the stud
      14 integral with the bottom of table 1. The top of the column 26 supports
      the longitudinal guide 13 in which the stud 14 can move only parallel to
      the axis XX'. This displacement is very short. When the frame 20 is
      pivoted by an angle .alpha. about the axis 0 (FIG. 2), the stud 14
      retained in the guide 13 forces the table 1 to move on the guides 2 by a
      distance expressed by:
EQU  y = d tan .alpha.
PAL  where d is the distance between the longitudinal axis of the jaws 31, 32
      and the median plane of the saw 21. In this motion, the hinge-like joints
      51, 52 operate in such a way that the jaw caps 71, 72 remain parallel to
      the axis XX'. Furthermore, during this pivotal motion, the hydromechanical
      devices (not shown) must be activated, because the distance between the
      jaws 31, 32 increases by the following:
EQU  2y = 2d tan .alpha..
PAR  But, in addition to the jaws 31, 32, the jaws 41, 42, whose longitudinal
      axis is at a distance d.sub.1 from the median plane of the saw 21, must be
      moved. To obtain the displacement y.sub.1 = d.sub.1 tan .alpha., one could
      design a device similar to the one just described, but it cannot be done
      for practical reasons of obstruction. It is preferable to obtain a
      displacement y' for the jaws 41, 42, with respect to table 1, such
      displacement y' of jaws 41, 42 being determined for their longitudinal
      axis which is at a distance d' from the longitudinal axis of the jaws 31,
      32. One can further see that if
EQU  y = d tan .alpha. y.sub.1 = d.sub.1 tan .alpha. d.sub.1 = d + d'
PAL  then
      ##EQU1##
      which means that y.sub.1 is proportional to y. In other words, the
      displacement y.sub.1 or y' of the jaws 41, 42 is a linear function of the
      displacement of the jaws 31, 32. There is needed, therefore, a mechanism
      to provide for the jaws 41, 42 a displacement proportional to the
      displacement of the jaws 31, 32 with respect to the frame 20. To obtain
      this result, I use a device comprising the following:
PAR  Two reversible screws 111 and 112 which are mounted on the frame 20
      parallel to and below the jaws 31, 32 (FIG. 3), and which threadingly
      engage and turn within the table 1 in such a way as to detect any
      displacement of table 1 with respect to the frame 20 and to translate such
      displacements into an angular rotary movement proportional to the
      algebraic value of said displacement,
PAR  Two identical gears 101 and 102 which are locked respectively on the outer
      ends of screws 111 and 112,
PAR  Two identical gears 91 and 92 meshing respectively with the gears 101 and
      102,
PAR  Two fine pitch screws 81 and 82 turned respectively by the gears 91 and 92
      by means of telescopic shafts 24 and 25 and turning in the jaws 41, 42,
      the screws 81, 82 having threads of the same pitch and in the same
      direction. The screws 81, 82 are supported on the jaws 31, 32 by means of
      thrust bearings such as 35. As shown in FIG. 4, the screw 82 is hollow and
      receives telescopically the shaft 25, to which gear 92 is affixed. Shaft
      25 is provided with an elongated, axially-extending keyway for the sliding
      reception of an axially-extending key mounted internally of screw 82. A
      similar slidable key-keyway arrangement connects shaft 24 to screw 81. The
      screws 81, 82 engage threadingly within internally threaded apertures in
      the auxiliary jaws 41, 42, in the manner illustrated in FIG. 4.
PAR  With this arrangement, and by making a judicious selection of the pitches
      for the screws 111 and 112, 81 and 82, and of the reduction ratios of the
      gears 91 and 101, 92 and 102, when the frame 20 turns around the axis 0 by
      an angle .alpha., the cooperation of the stud 14 with the guide 13 will
      cause a displacement y of the table 1 with respect to the frame 20 on the
      guides 2. The displacement y of the table 1 determines the angular
      movement of the reversible screws 111 and 112, of the gears 91 and 101, 92
      and 102 and of the screws 81 and 82, which results in producing a
      displacement y' of the jaws 41, 42 with respect to the vise 23. This
      displacement y' is such that the jaw caps 71, 72 remain parallel to the
      axis XX'.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vise for a bias-cutting sawing machine for the miter cutting of
      elongated metallic sections, in which the saw is pivotable relative to the
      longitudinal axis of the section to be cut, said vise including
PA1  a. a pivotal support frame for the saw,
PA1  b. a pair of axially spaced main jaws,
PA1  c. means connecting the main jaws to the frame and operative to permit the
      main jaws to move axially relative to each other when the frame is pivoted
      preparatory to miter cutting,
PA1  d. a pair of spaced auxiliary jaws, said auxiliary jaws being movable
      relative to the main jaws,
PA1  e. means slidably connecting each auxiliary jaw to one of the main jaws,
PA1  f. spaced parallel jaw caps mounted on the main and auxiliary jaws for
      holding a metallic section during cutting, each jaw cap interconnecting a
      main jaw to its slidably connected auxiliary jaw, and
PA1  g. means automatically operative to maintain the jaw caps parallel to each
      other and to the longitudinal axis of the section to be cut when the frame
      is pivoted preparatory to miter cutting.
NUM  2.
PAR  2. The vise of claim 1, further including
PA1  a. a table mounted movably on the support frame,
PA1  b. stationary table displacement means operative to move the table relative
      to the frame when the frame is pivoted preparatory to miter cutting and
PA1  c. guide means connecting the main jaws to the table and operative to
      permit the main jaws to move axially away from each other when the frame
      is pivoted preparatory to miter cutting.
NUM  3.
PAR  3. The vise of claim 2, wherein the table displacement means comprises
PA1  a. a stationary column mounted intermediate the main jaws and
PA1  b. a guide formed in the column, said guide extending in a direction
      parallel to the jaw caps and engagable with a dependent stud affixed to
      the table.
NUM  4.
PAR  4. The vise of claim 1, further including
PA1  a. guide means connecting the auxiliary jaws to the main jaws and operative
      to permit the auxiliary jaws to move axially relative to the main jaws
      when the frame is pivoted and
PA1  b. mounting means for the jaw caps affixing the jaw caps permanently to the
      main jaws and mounting the jaw caps movably relative to the auxiliary
      jaws.
NUM  5.
PAR  5. The vise of claim 1, wherein the jaw caps include elongated, opposing
      work holding surfaces for holding a metallic section during cutting, said
      work holding surfaces extending parallel to the longitudinal axis of the
      section to be cut.
NUM  6.
PAR  6. The vise of claim 1, wherein the means automatically operative to
      maintain the jaw caps parallel includes hinge-like joints interposed
      between each jaw cap and the main and auxiliary jaws on which the jaw cap
      is mounted, said hinge-like joints being operative to maintain the jaw
      caps equidistant with respect to the longitudinal axis of the section to
      be cut.
NUM  7.
PAR  7. A vise for a bias-cutting sawing machine for the miter cutting of
      elongated metallic sections, in which the saw is pivotable relative to the
      longitudinal axis of the section to be cut, said vise including
PA1  a. a pivotal support frame for the saw,
PA1  b. a table mounted slidably on the frame,
PA1  c. stationary table displacement means operative to move the table relative
      to the frame when the frame is pivoted preparatory to miter cutting,
PA1  d. a pair of axially spaced main jaws,
PA1  e. guide means connecting the main jaws to the table and operative to
      permit the main jaws to move axially away from each other when the frame
      is pivoted preparatory to miter cutting,
PA1  f. a pair of spaced auxiliary jaws,
PA1  g. guide means connecting each auxiliary jaw to a main jaw and operative to
      permit the auxiliary jaws to move relative to their main jaws when the
      frame is pivoted,
PA1  h. spaced parallel jaw caps mounted on the main and auxiliary jaws for
      holding a metallic section during cutting, each jaw cap being affixed
      permanently to one of the main jaws and connected movably to the
      associated auxiliary jaw, and
PA1  i. means for maintaining the jaw caps parallel to each other and the
      longitudinal axis of the section to be cut when the frame is pivoted
      preparatory to miter cutting.
NUM  8.
PAR  8. The vise of claim 7 wherein the means for maintaining the jaw caps
      parallel includes
PA1  a. reversible screws supported by the frame and engagable threadingly with
      the table,
PA1  b. screws engagable threadingly with the auxiliary jaws and
PA1  c. separate gears connected to the reversible screws and to the screws
      engaging the auxiliary jaws,
PA1  d. said separate gears being mounted in gear meshing relationship to
      connect drivingly each reversible screw to an auxiliary jaw screw.
NUM  9.
PAR  9. The vise of claim 8, wherein the means for maintaining the jaw caps
      parallel further includes hinge-type joints interposed between each jaw
      cap and the jaws on which the cap is mounted, said joints being operative
      to maintain the jaw caps equidistant with respect to the longitudinal axis
      of the section to be cut.
NUM  10.
PAR  10. The vise of claim 9, wherein the jaw caps include elongated, opposing
      work holding surfaces for holding a metallic section during cutting, said
      work holding surfaces extending parallel to the longitudinal axis of the
      section to be cut.
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ABST
PAL  A folding machine having opposed discs respectively presenting a yieldable
      and an unyieldable annulus in tangential contact for imparting a score
      line to a sheet fed therebetween, inverting the scored sheet, the scored
      sheet after inverting is then folded (as by folding belts) to form a
      backbone after which the backbone is creased by being squeezed along its
      length to finish the fold.
PARN
PAR  This is a continuation of application Ser. No. 385,970, filed Aug. 6, 1973,
      now abandoned.
BSUM
PAR  This invention relates to a machine for folding a sheet of paper and in
      particular to a machine for folding the cover of a magazine or the like.
PAR  The texture of certain papers sheets such as magazines covers may vary
      considerably from the standpoint of thickness and the tendency to crack
      when folded. Personal experience will reveal this to be true in that a
      neat fold in a paper sheet can sometimes be accomplished quite easily by a
      mere sliding motion of the thumb and forefinger. On the other hand, heavy
      textured sheets, particulary those of poor quality, cannot be neatly
      folded, but to the contrary, the fold tends to become ragged or
      indistinct, and sometimes the paper itself cracks.
PAR  Personal experience is scarcely different from that encountered by
      publishers concerned with imparting a neat fold in a book or magazine
      cover. More specifically, the texture of the cover may require a starting
      fold which is the inverse of the final fold, which is to say that the type
      of paper involved, in order to avoid cracking, may require the formation
      of a score line located on the expanded side of the final fold rather than
      on the compressed or inside of the fold.
PAR  Accordingly, it is an object of the present invention to construct a
      folding machine in which the sheet is first scored along a continuous line
      before any fold is created, and a related object of the present invention
      is to enable the depth or intensity of the score to be varied in
      accordance with the fact that the type of paper being folded in one run of
      the machine may be quite different from the type of paper fed through the
      machine in a subsequent run. Specifically an object of the present
      invention in this regard is to score the sheet to be folded by means of
      opposing discs in tangential contact respectively presenting a sharp,
      unyielding annulus and a yieldable annulus, one of the discs being
      supported on an adjustable axis thereby to vary the depth of the score of
      accordingly as the paper cover may require a deep score or a shallow score
      for the better fold. A related object of the invention is to construct one
      of the discs of separable members enabling either the yieldable or
      unyieldable annulus alternately to be housed therebetween so that the
      discs in effect may be reversed for scoring the obverse side of one sheet
      or the reverse side of the sheet of different texture.
PAR  The foregoing arrangement involving opposed scoring annuli enables a score
      line of predetermined intensity to be achieved, a start of the fold, so to
      speak. Having established a commencing or start fold that takes into
      account the quality of texture of the paper, it is possible to finish the
      fold by means of squeeze rollers without crushing the paper. It is
      therefore a further object of the present invention to construct the
      machine to include a pair of squeeze rollers for attaining the finished
      fold and so to do constitutes a further object of the present invention.
      Another object of the invention in this regard is to support at least one
      of the squeeze rollers on an adjustable axis relative to the axis of the
      other roller thereby to vary the separation or bight, allowing the
      sharpness of the finished fold to be varied.
PAR  As will be explained hereinafter, the present machine utilizes a known
      arrangement of folding belts, disposed between the scoring discs and the
      squeeze rollers. The folding belts present a flight of interfitting
      V-shaped elements to which the scored sheet is delivered from the scoring
      discs; the folding belts gradually bend the sheet to form a so-called
      backbone, after which the backbone is presented to the squeeze rollers
      which are responsible for the finished fold. Again, because of variable
      paper texture, it may be desirable to regulate the manner in which the
      folding belts bend the sheet about the score line. In this regard it is a
      known practice to adjust the spacing between the folding belts to
      establish a predetermined rate of closing the fold, whether the folding
      belts shape the fold quickly and sharply, or slowly and bluntly, or
      somewhere in between. Variation in the spacing of the folding belts
      entails a change in the attitude of the backbone of the folded sheet
      emerging from the folding belts and since the sheet thus folded is
      delivered to the squeeze rollers, it is a further object of the present
      invention to mount and support the squeeze rollers in such a fashion as to
      enable the position of the bight therebetween to be changed in accordance
      with the attitude of the backbone being delivered by the folding belts to
      the squeeze rollers.
PAR  Other and further objects of the present invention will be apparent from
      the following description and claims and are illustrated in the
      accompanying drawing which, by way of illustration, shows a preferred
      embodiment of the present invention and the principle thereof, and what is
      now considered to be the best mode contemplated for applying that
      principle. Other embodiments of the invention embodying the same or
      equivalent principles may be used and structural changes may be made as
      desired by those skilled in the art without departing from the present
      invention.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a perspective view of the machine;
PAR  FIG. 2 is a fragmented perspective view of a portion of the machine at the
      side opposite that visible in FIG. 1;
PAR  FIG. 3 is a side elevation of a portion of the machine;
PAR  FIG. 4A is a top plan view of the structure shown in FIG. 2;
PAR  FIG. 4B is a detail plan view of the means which drive the squeeze rollers;
PAR  FIG. 5 is a sectional view substantially on the line 5--5 of FIG. 3;
PAR  FIG. 6 is an end elevation substantially on the line 6--6 of FIG. 3;
PAR  FIG. 7 is a fragmented, compound view showing another relation of the
      scoring discs;
PAR  FIG. 8 is a view similar to FIG. 7 showing another relation of the scoring
      discs;
PAR  FIG. 9 is a view similar to FIG. 3, but partly in section, showing in
      particular the means for adjusting the folding belts;
PAR  FIG. 10 is a detail sectional view of another adjustment means; and
PAR  FIG. 11 is a partly schematic view of certain parts of the machine.
DETD
PAR  A perspective view of the present machine 20 is presented in FIG. 1. The
      sheets to be folded will be arranged in a vertical stack in a supply
      magazine 21. As described in detail below, the bottom most sheet in the
      supply stack is fed forward sequentially, first to a pair of tangentially
      opposed scoring discs, after which the scored sheet is inverted and is
      delivered to a pair of opposed folding belts. The sheet emerging from the
      folding belts is then creased and the sheet S, FIGS. 1 and 11, having the
      finished fold, may be dropped onto a conveyor CV of the so-called saddle
      type.
PAR  Referring to FIGS. 2, 3 and 4, a plurality of suction cups 32 are arranged
      at the front of the supply magazine in position to engage the underside of
      the bottom most supply sheet. As best seen in FIG. 4A, the suction cups 32
      are carried by arms 34. The arms 34 extend rearwardly beneath the supply
      magazine and the ends thereof opposite the suction cups are fixed to a
      support shaft 36. Shaft 36 at opposite ends is carried by arms 38 and 39.
      The upper end of arm 38, as viewed in FIG. 3, is secured to a rock shaft
      40 while arm 39 is pivoted on a stub shaft 41, FIG. 4A. The shafts 40 and
      41 are supported for rotation in bushings 42 in turn secured to the side
      plates 43 of the machine.
PAR  Rock shaft 40, FIG. 4A, extends beyond bushing 42 and a lever 45 is
      fastened thereto. The arrangement is such that when lever 45 is
      oscillated, arms 38 and 39 in turn are raised or lowered as the case may
      be, respectively to present the suction cups 32 to the bottom most sheet
      in the supply stack and subsequently to pull the bottom most sheet
      downward incidental to forward feeding as hereinafter described.
PAR  Referring to FIG. 3, lever 45 is provided at the forward end thereof with a
      cam follower 48. A cam plate 50 is secured for rotation to a driven shaft
      51. The cam plate 50 has two lobes 52 of 180.degree. separation, the cam
      lobes being effective on cam follower 48 to oscillate lever 45. It will be
      realized that the cam lobes 52 are responsible to raise the suction cups
      twice in each cycle of the shaft 51 so that two sheets are successively
      withdrawn from the supply magazine in a single cycle of shaft 51. The
      suction cups are valved in a known manner.
PAR  Lever 45 is provided with a pin 45A which is secured to one end of a
      tension spring 54, FIG. 3, the opposite end of the spring being anchored
      to a pin 54A on the side plate 43, whereby the spring constantly presents
      the cam follower 48 to the peripheral contour of cam plate 50.
PAR  The suction cups 32 in their downward motion, and at the same time when
      suction or negative pressure prevails, present the extracted sheet to the
      periphery of a pair of cylinders 60, FIG. 2, provided with feed tapes 61.
      The cylinders 60 are secured to the driven shaft 51, and the tapes 61 are
      opposed to a pair of related feed tapes 62, FIG. 2. Referring to FIG. 3,
      the feed tapes 61 driven by the cylinders 60 are played around idler
      wheels 65. The opposed tapes 62 engage the tapes 61 as shown in FIG. 3 so
      as to be driven thereby, and are played around idler wheels 67, 68 and 69,
      FIG. 3.
PAR  The cylinders 60 are provided with well known sheet grippers, now shown,
      which are effective to clamp the leading edge of the extracted supply
      sheet to a gripper seat or anvil 71 carried by each cylinder 60. As shown
      in FIG. 3, there are two gripper seats 71 on each cylinder 60, separated
      by 180.degree., accordingly as two sheets are extracted successively from
      the supply magazine in each cycle of driven shaft 51.
PAR  Thus it will be seen from the foregoing that the suction cups and the sheet
      grippers constitute a means for extracting and withdrawing a sheet from
      the supply magazine, the grippers being effective to withdraw the
      extracted sheet forwardly or counterclockwise as viewed in FIG. 3,
      delivering the sheet to the bight between the feed tapes 61 and 62. It
      will be appreciated from FIG. 3 that the withdrawn sheet is in effect
      inverted as it travels counterclockwise with the cylinders 60. As
      described hereinafter in detail, the inverted sheet is delivered to a pair
      of opposed folder belts 75 and 76, FIGS. 3 and 9, which bend the sheet to
      form the so-called backbone. The sheet as folded by the folder belts 75
      and 76 is delivered to a creasing means in the form of a pair of squeeze
      rollers 78 and 79, FIG. 1 and 6. Shortly after the sheet is withdrawn from
      the supply magazine, it is scored in a manner now to be described.
PAR  Referring to FIG. 4A, a large scoring disc 80 is secured to the driven
      shaft 51, being disposed between the two feed cylinders 60; an opposed
      scoring disc 81 of smaller diameter is arranged in tangentially opposed
      relation to the scoring disc 80 to define a bight for receiving the sheet
      to be scored.
PAR  In the embodiment shown in FIG. 4A, the scoring disc 81 is provided with an
      unyieldable (steel) scoring annulus 84, whereas the opposed scoring disc
      80 presents a yieldable annulus 85 represented by a suitable elastomer.
      The two annuli are engaged in opposed relation as will be evident from
      FIG. 3 and it will be recognized that a continuous score line will be
      formed on the upper or outside face of the sheet fed therebetween.
      Consequently, bearing in mind that the scored sheet is inverted prior to
      being delivered to the folding belts 75 and 76, the score line will be on
      the inside of the fold.
PAR  A detail view of the two scoring discs is shown in FIG. 7, the relation
      being that shown in FIGS. 2 and 3 where the rigid or non-yieldable annulus
      84 is carried by the small disc 81. The other scoring disc, disc 80, FIG.
      7, comprises a pair of suitable plates 86 and 87, housing therebetween the
      elastomeric annulus 85.
PAR  The arrangement may be reversed, FIG. 8, in the sense that the larger disc
      presents the non-yielding annulus, whereas the smaller disc presents the
      yieldable annulus, as a result of which the score line will be at the
      underside of the sheet. Thus as shown in detail in FIG. 8, an alternate
      embodiment is one wherein the smaller scoring disc 81A presents an
      elastomeric annulus 85A while the opposed scoring disc 80A presents the
      unyielding annulus 84A. By disassembling the plates 86 and 87, FIG. 7, the
      elastomeric annulus 85 may be removed and supplanted by a rigid annulus
      84A, FIG. 8. It will be appreciated that the sharpness of the scoring edge
      of the rigid annulus may be pre-selected.
PAR  With the reverse arrangement shown in FIG. 8 the score line will be at the
      underside of the supply sheet, as noted, and hence the score line will be
      on the outside of the fold.
PAR  The smaller scoring disc, FIG. 4A, is carried at one end of a shaft 90.
      Shaft 90 is supported by a pair of arms 91 and 92 each pivotally mounted
      on a shaft 94 which also serves as a support for arms 95 which carry the
      idler wheels 67 related to the feed tapes 62. Torsion springs 96 are
      anchored on shaft 94 and the free ends thereof are effective to urge the
      idler arms 95 clockwise as viewed in FIG. 2 yieldable to engage the tapes
      62 with the driven tapes 61. It will be apparent that arms 95 may be
      lifted to open the bight between the opposed tapes 61 and 62 incidental to
      clearing a jam or a misfeed.
PAR  Shaft 90, which carries the scoring disc 81, may be raised or lowered as
      viewed in FIG. 3 to vary the intensity or depth of the score line. To this
      end, the side plate 43 at the right hand side of the machine, FIG. 4A, is
      provided with a stop 97. The lower end of an adjusting screw 99, FIG. 3
      and 4A, mounted in a tapped ear 100 included as part of arm 92, bears
      against the stop. Arm 92 is tensioned by a spring 104, FIG. 3, holding the
      screw 99 against the stop 97. Screw 99 is provided at its upper end with a
      knob 99K, FIG. 2, and an interposed lock nut 99L is provided. By loosening
      lock nut 99L, the screw 99 may be turned, moving arm 92 about shaft 94 as
      a center, raising or lowering shaft 90 which carries the scoring disc 81.
      Spring 104 is responsible for urging the upper, smaller scoring disc 81
      against the annulus of disc 80, and the extent of this force, and
      therefore the depth of the score, may be regulated by screw 99.
PAR  As noted above, shaft 51 is a driven shaft, being provided with a large
      drive sprocket 105, FIGS. 2, 3 and 11. A chain 106 is driven by a drive
      gear 106G, FIG. 11. The power sources for driving gear 106G is not shown.
      The chain 106 is trained around an idler sprocket 107, from thence
      upwardly to a tensioning sprocket 110 and then is trained around a driving
      sprocket 112, passing from thence to drive sprocket 105 secured to driven
      shaft 51. Sprocket 112 drives a shaft 113, FIG. 11.
PAR  Chain 106 as best shown in FIG. 2, at the upper stretch thereof, is trained
      around a drive sprocket 115 secured to the hub of a gear 116. Gear 116 is
      meshed with an opposed gear 118 fixed to one end of shaft 90 which carries
      the scoring disc 81. Thus it will be seen that shafts 51 and 90 which
      carry the opposed scoring discs are both driven. This is contrary to the
      expectation that only one of the scoring discs would be driven, idling the
      other; for if one scoring disc is to drive the other by friction, then
      excessive pressure would be required, with the possible effect of actually
      cutting the paper rather than scoring it. Consequently, both scoring discs
      are positively driven thereby allowing the depth of the score line to be
      selected in terms of the type of paper.
PAR  Reference was made above to the folder belts 75 and 76, FIG. 3. The folder
      belts are of a known construction and themselves constitute no part of the
      present invention. Nonetheless a detail view is presented in FIG. 5
      wherein it will be noted that the upper folder belt 76 is supported by a
      carrier chain 120, of double strand form, and which supports a plurality
      of forming dies as 121.
PAR  The opposed or lower folder belt 75 comprises a single strand chain 123
      which carries a plurality of what may be viewed as a punch or male member
      as 126 configured generally complemental to the notch or forming groove
      127 in the die member 121.
PAR  The scored sheet is delivered to the bight B, FIG. 9, between the opposed
      flight of the folder belts, an in-feed position approximating the lower
      tangent of the idler 65, FIG. 9. At this point, there is sufficient
      clearance between the forming elements 121 and 126, FIG. 5, to admit the
      sheet; thereafter, the forming elements gradually converge in the
      direction of the squeeze rollers as 78 and this convergence is shown by
      the gradually increasing overlap, FIG. 3, between the opposed runs or
      flights of the folder belts identified by reference characters 75' and
      76', meaning that male elements 126 gradually penetrate the die slots 127,
      and the sheet S, FIG. 5, trapped therebetween is gradually folded or bent
      about the previously formed score line to shape the backbone of the sheet,
      BB. As indicated in FIG. 5, the score line may be located at the outside
      of the backbone BB, at SLO or it may be located at the inside, SLI.
PAR  Carrier chain 123 at its opposite ends is trained around a pair of spaced
      sprockets; one such sprocket is identified by reference character 135,
      FIG. 3, and is supported for rotation at one end of a long arm 136 which
      allows the lower folder belt to be adjusted as hereinafter described. The
      carrier chain 123 is trained around a drive sprocket 138 driven by shaft
      113, FIGS. 3 and 9.
PAR  Thus it will be seen that sprocket 138 is the drive sprocket for chain 123
      which carries the folder elements 126 of the lower folding belt assembly
      75; sprocket 135 is an idler sprocket. Having described the manner in
      which the lower folding belt assembly 75 is driven, consideration will now
      be given to the drive for the upper folder belt assembly 76.
PAR  The chain 120 which supports the upper folder elements 121 FIG. 5, is
      trained around an idler sprocket 142 which is carried on a stub shaft 143,
      FIG. 9, supported by an arm 144 clamped to a rock shaft 145. The rock
      shaft 145, FIG. 4A, is journalled in a pair of fixed bushings 146.
PAR  The opposite end of chain 120 is trained around a driven sprocket 147 fixed
      to a drive shaft 148, FIG. 9, whereby drive shaft 148 is effective to
      drive the sprocket 147.
PAR  Sprocket 147 is supported at one end of an arm 149, FIGS. 4A, 4B and 9. Arm
      149 at the opposite end is provided with bifurcations 149A, FIG. 9, which
      cradle stub shaft 143. Arm 149 is pivotally supported coaxial with drive
      shaft 148, FIG. 4B.
PAR  Drive shaft 148, FIG. 4B, is provided at one end with a drive gear 152
      meshed with a transmitting gear 154 fixed to a stub shaft 155. Stub shaft
      155 is provided with a driven sprocket 156 around which is trained a chain
      157, the opposite end of chain 157 being trained around a sprocket 158,
      FIG. 11, fixed to driven shaft 113 referred to above.
PAR  As noted above, arm 136, FIGS. 3 and 9, enables the lower folder belt 75 to
      be adjusted. To this end, arm 136 is pivotally supported on an axis
      coaxial with shaft 113, and hence arm 136 may be viewed as a cantilever. A
      bracket 160 is secured at its upper end to arm 136. The lower end of
      bracket 160 is joined to a lever 162 pivotally mounted at 163, FIG. 9. One
      end of a spring 165, FIG. 3, is secured to a stud 166 supported by the
      side plate of the machine, and the opposite end of this spring is anchored
      to a stud 167 fixed to the upper end of lever 162.
PAR  Lever 162 and bracket 160 thus constitute a bell crank pivoted at 163, FIG.
      9, and spring 165 is effective to bias this bell crank assembly
      counterclockwise as viewed in FIG. 9, tending to pivot arm 136
      counterclockwise about its pivotal axis. The prevailing attitude of arm
      136, and therefore the attitude of folder belt 75 with respect to the
      opposed belt 76, is determined by adjusting screw 168, the free end of
      which bears against and acts as a stop with respect to an ear 169 included
      as part of lever 162.
PAR  By elevating the stop presented by screw 169, arm 136 may be dropped a
      corresponding increment, which drops sprocket 135 and in effect retracts
      folding elements 126, FIG. 5, relative to the notches 127 of the opposed
      folding elements associated with the upper folding belt 76.
PAR  Similarly, by dropping stop 169, spring 165 is effective to rock arm 136
      upward a corresponding increment to tighten or decrease the separation
      between the folding elements 126 and 127.
PAR  A similar adjustment is provided for the upper folder belt as will now be
      described.
PAR  Arm 144 which supports shaft 143 of idler sprocket 142 for chain assembly
      76 is secured to rock shaft 145, FIGS. 4A and 9, as already noted. An arm
      170, FIGS. 3 and 11, is secured to rock shaft 145. Arm 170 has an ear 170E
      in engagement with the lower end of an adjusting screw 172, FIG. 3. A
      tension sring 173 is effective in the manner of spring 165 described above
      to bias arm 170 upwardly or counterclockwise as viewed in FIG. 3, to a
      position determined by engagement between ear 170E and the screw 172,
      tending to oscillate rock shaft 145 and the arm 144 secured thereto, in
      turn raising or lowering arm 149 about shaft 148 as a center.
      Consequently, by adjusting screw 172, the arm 149 may be raised or lowered
      independently to vary the attitude of the upper folder belt assembly 76
      relative to the lower assembly 75. The upper folder belt will be adjusted
      about shaft 148 as a pivot center principally to widen or narrow the bight
      B for the sheet to be folded.
PAR  Thus it will be seen that the folder belts may be adjusted independently to
      vary the attitude of the opposed folder belt flights 75' and 76' and
      especially the bight B, FIG. 9. The upper folder belt 76 may be adjusted
      about another center as will be described below.
PAR  It may also be observed at this point that the idler wheels 65, FIG. 4A,
      are supported for rotation at one end of arms 65A, the latter being
      clamped for support to rock shaft 145. Therefore, when shaft 145 is
      adjusted to adjust the upper belt 76, it may be necessary to relocate the
      idlers 65, this being accomplished by loosening the clamps which secure
      arms 65A to shaft 145.
PAR  A carriage 180, FIG. 6, is provided for the creasing rollers and by
      referring to FIG. 4B it will be noted that the creasing rollers 78 and 79
      present a bight B' which is aligned with center line SLO-SLI corresponding
      to the backbone score or fold line identified in FIG. 5, recalling that
      the score line may be on the outside or the inside of the backbone
      depending upon the relationship of the scoring discs, FIGS. 7 and 8.
PAR  The creasing rollers 78 and 79 are fixed to the lower ends of respective
      drive shafts 78S and 79S, FIG. 6. These drive shafts are supported for
      rotation in carriage plate 180. The upper ends of shafts 78S and 79S are
      provided with gears 78G and 79G meshed with one another and driven by an
      intermediate gear 181, FIG. 4B. One of the creasing rollers, as will be
      described below, is supported for lateral adjustment toward and away from
      the opposed roller so that the space defining the creasing bight B' may be
      adjusted to vary the firmness of the final crease.
PAR  Gear 181 is driven by a spur gear 184 and its shaft 184S, FIG. 6, is driven
      by a worm wheel 185 secured thereto, the worm wheel in turn being driven
      by a worm gear 186 fixed to drive shaft 148 as shown in FIG. 4B.
PAR  It was mentioned that one of the creasing rollers is adjustable. This is
      attained by supporting shafts 79S in a bearing block 190, FIG. 6, housed
      within carriage plate 180. A compression spring 191 is housed within
      carriage plate 180 and presses against the bearing block, biasing roller
      79 against opposed roller 78.
PAR  Thus the bearing block 190 is free to slide laterally to a limited extent
      within the related recess in the carriage plate 180. The spacing between
      rollers 78 and 79 is determined by an adjusting screw 188, FIG. 4B, having
      a tapered inner end.
PAR  In actual practice, the attitude of the folding belts, adjusted through
      operation of the screws 168 and 172, may be changed as much as 2 inches
      and therefore it becomes important to have the creasing rollers 78 and 79
      supported for corresponding adjustment. The manner in which this is
      accomplished will now be described.
PAR  Referring to FIG. 4B a support plate 192 is secured to the side plates, as
      43, of the machine. A pair of legs 193, FIG. 3, are secured as by brackets
      194, in spaced relation to plate 192. The legs 193 are slotted at 195,
      FIG. 3.
PAR  Carriage 180 includes a pair of end plates 197 and 198 provided with screws
      (not shown) extending outwardly therefrom and through the slots 195, clamp
      nuts 199, FIG. 4B, being mounted thereon. The clamp nuts have handles 200,
      such that the clamps nuts may be tightened against the outer face of legs
      193 to hold plate 180, and therefore the creasing rollers 78 and 79, in an
      adjusted position. As shown in FIG. 4B, end plate 198, secured to carriage
      plate 180, is also secured to arm 149. Therefore, when the position of the
      creasing rollers 78 and 79 is varied, arm 149 is relocated (pivoting about
      shaft 143 as a center) by a like amount and the manner in which this is
      accomplished will now be described.
PAR  As shown in FIG. 10 an adjusting lever 220 is positioned at one side of the
      machine, being secured to a rock shaft 222. The adjusted position of lever
      220 is maintained by a clamping nut 223 of the character described above.
      A bell crank arm 225 is secured to rock shaft 222 and hence when lever 220
      is moved, oscillating shaft 222, arm 225 is moved in the same direction,
      clockwise or counterclockwise. Lever 220, when the clamping nut 223 is
      loosened, may be turned counterclockwise against the return force of a
      spring 226, FIG. 10
PAR  Rock shaft 222 as shown in FIG. 4B extends inwardly in the direction of arm
      149 and a support arm 230 is secured to the inner end thereof. Arm 230 in
      turn rotatably supports drive shaft 148 and as shown in FIG. 10 shaft 148
      is also supported by arm 225. Arm 197, part of carriage 180, is mounted on
      shaft 148. Hence when shaft 222 is rocked or oscillated, arm 230 and arm
      225 are raised or lowered concurrently, whereby shaft 148 is relocated,
      and at the same time arms 197 and 198, part of carriage 180, are raised or
      lowered and arm 149 (upper folder belt) is repositioned accordingly, all
      about shaft 143, FIG. 9, as a center.
PAR  It will be seen from the foregoing that under the present invention the
      sheet is first scored, top or bottom selectively, by the opposed scoring
      discs 80 and 81. The scored sheet is inverted by feed tapes 61 and 62 and
      delivered thereby to the bight B, FIG. 9, between the folder belts 75 and
      76, the latter gradually folding the sheet about the score line to shape
      the backbone BB, FIG. 5.
PAR  The bight between the scoring discs can be varied to vary the intensity or
      depth of the score line. One of the discs is constructed of separable side
      members (plates) so that either a yieldable or unyieldable scoring annulus
      may be selectively accommodated therebetween.
PAR  The entrance bight between the folder belts can be varied, for example to
      commence the fold instantly or later in the travel of the scored sheet
      moving therebetween. The degree of convergence of the folder belts can be
      varied to vary the intensity of the fold. The crease or squeeze rollers 78
      and 79 accept the folded sheet emerging from the folder belts and impart
      the finish fold to the sheet delivered thereto. One of these rollers is on
      an adjustable (vertical) axis to vary the squeeze intensity. Since the
      attitude (angle) of the folding belts may vary considerably, the crease
      rollers may have to be raised or dropped by shifting lever 220 to center
      the squeeze rollers appropriately, and this is preferably accomplished by
      concurrently relocating arm 149 about shaft 143 as a center.
PAR  Hence while a preferred embodiment of the invention has been disclosed this
      is capable of variation and modification.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for folding the cover of a magazine or the like and feeding
      the cover to a conveyor located therebeneath, comprising: a supply hopper
      for supplying sheets constituting the covers to be folded, an opposed pair
      of rotatable discs presenting a bight between which is fed the sheet to be
      folded; one of said discs having an unyieldable annulus and the other of
      said discs having a yieldable annulus opposed thereto whereby the two
      annuli impart a score line to a sheet fed therebetween; means to feed the
      sheets one by one to said bight; opposed flights of folder elements
      beneath the discs for progressively folding the sheet on the score line to
      form a folded sheet having a backbone; means to invert the scored sheet
      and deliver it to said opposed flights; and means to crease the backbone
      along its length to impart a finish fold and to feed the folded sheet to
      said conveyor.
NUM  2.
PAR  2. A folding machine according to claim 1 wherein one of said discs is
      supported on an adjustable axis to vary the depth of the score line.
NUM  3.
PAR  3. A folding machine according to claim 1 wherein one of said discs
      comprises a pair of separable members enabling either annulus to be housed
      therebetween.
NUM  4.
PAR  4. A folding machine according to claim 1 wherein one of said discs is
      supported on an adjustable axis to vary the depth of the score line, and
      wherein one of said discs comprises a pair of separable members enabling
      either annulus to be housed therebetween.
NUM  5.
PAR  5. A folding machine according to claim 1 wherein the means to crease the
      backbone and feed the folded sheet to the conveyor comprises a pair of
      opposed squeeze rollers presenting a bight between which is fed the
      backbone of the folded sheet, one of said rollers being supported on an
      adjustable axis to vary the squeeze intensity.
NUM  6.
PAR  6. A folding machine according to claim 5 wherein one of said discs is
      supported on an adjustable axis to vary the depth of the score line.
NUM  7.
PAR  7. A folding machine according to claim 5 wherein one of said discs
      comprises a pair of separable members enabling either annulus to be housed
      therebetween.
NUM  8.
PAR  8. A folding machine according to claim 5 wherein one of said discs is
      supported on an adjustable axis to vary the depth of the score line, one
      of said discs comprising a pair of separable members enabling either
      annulus to be housed therebetween.
NUM  9.
PAR  9. A folding machine according to claim 1 wherein the means to crease the
      backbone comprises a pair of opposed squeeze rollers presenting a bight
      between which is fed the backbone of the folded sheet, one of said rollers
      being supported on an adjustable axis to vary the squeeze intensity, said
      opposed flights comprising an opposed pair of spaced folder belts of
      endless form presenting complemental male and female members for bending
      the sheet on the score line, said folder belts delivering the sheet to
      said squeeze rollers and being convergent toward said squeeze rollers
      gradually to shape the backbone, means to vary the separation between the
      folder belts, said squeeze rollers being supported for rotation in a
      carriage, said carriage being adjustable to enable the squeeze rollers to
      be centered with respect to the delivery of the folder belts, and the
      means for inverting the scored sheet and delivering it to the folder belts
      comprising opposed feed wheels and tapes interposed between the discs and
      the folder belts.
NUM  10.
PAR  10. A folding machine according to claim 9 wherein one of said discs is
      supported on an adjustable axis to vary the depth of the score line.
NUM  11.
PAR  11. A folding machine according to claim 10 wherein one of said discs
      comprises a pair of separable members enabling either annulus to be housed
      therebetween.
NUM  12.
PAR  12. A folding machine according to claim 9 wherein one of said discs is
      supported on an adjustable axis to vary the depth of the score line, one
      of said discs comprising a pair of separable members enabling either
      annulus to be housed therebetween.
NUM  13.
PAR  13. In a machine for folding a sheet constituting the cover of a magazine
      or the like and for feeding the folded sheet onto a conveyor: an opposed
      pair of rotatable discs above the conveyor presenting opposed surfaces to
      impart a score line to the sheet and defining a bight between which is fed
      the sheet to be folded; means to invert the scored sheet and deliver it
      for folding; opposed members for receiving the so-delivered sheet and
      gradually and continuously folding the sheet along the score line to form
      a backbone; a pair of creasing rollers to which the folded sheet having
      the backbone is delivered, and said creasing rollers imparting a finish
      fold and delivering the creased cover to the conveyor.
NUM  14.
PAR  14. A machine according to claim 13 in which the opposed members have
      interfitting V-shaped elements for making the fold and being separated to
      afford a bight into which the scored sheet is delivered, both of said
      opposed members being adjustable to vary both the attitude thereof and the
      spacing therebetween, and said creasing rollers being supported for
      vertical adjustment in unison to have the bight thereof aligned with the
      bight of the opposed members.
NUM  15.
PAR  15. A machine according to claim 14 in which the conveyor is a saddle
      conveyor.
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ABST
PAL  This sheet feeder apparatus employs sheet lifting suction heads which are
      raised by the pneumatic suction which simultaneously lifts a sheet from a
      stack. A spring, preferably inside each lifting suction head, lowers its
      telescoping suction nozzle in response to the movement of a cam and spring
      operated hold-up bar, which simultaneously synchronizes the downward
      movement of a pair of suction nozzles after delaying such downward
      movement long enough for the trailing edge of a sheet to clear the path of
      travel of the suction nozzle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a sheet feeder apparatus, more
      specifically to an apparatus wherein by means of suction heads sheets are
      lifted from a stack in order to be supplied to a machine, for example, a
      printing press or the like.
PAR  It is known to drive the suction heads vertically up and down by means of
      control cams secured to a drive shaft, whereby the cams operate levers and
      tension springs for controlling the vertical movement and thus the lifting
      of sheets from a stack. Simultaneously, such levers keep the suction
      nozzles in a raised position until the trailing edge of a sheet taken over
      by feed advance suction heads has cleared the range or path of travel of
      the lifting suction heads.
PAR  German Pat. No. 2,132,438 first published on Jan. 18, 1973, German patent
      publication no. 1,929,714 published on Oct. 8, 1970 and East German Pat.
      No. 9,237 published Feb. 17, 1955 disclose various prior art sheet lifting
      and feed devices. Thus, suction heads for sheet feeders are known in which
      the sheet separating suction heads are controlled mechanically by rotating
      cam means and pneumatically by the application of suction air to the
      separating nozzles of these suction heads, whereby such application of
      suction air is accomplished in a timed sequence. A pivotable control lever
      bears against the cam track of a cam by means of a cam follower roller for
      accomplishing the mechanical control. A tension bar is secured to the free
      end of said control lever either in a pivotable or in a guided fashion.
      The tension bar in turn supports the separating suction heads and their
      carrier means.
PAR  A tension spring secured to the control lever assures that the cam follower
      roller of the control lever remains in cooperating contact with the cam
      track at least during the operation of the apparatus. The type of
      arrangement poses difficulties because the separating suction heads and
      their carrier means constitute a substantial mass, the inertia of which
      counteracts the effect of the tension spring.
PAR  Due to the fact that a substantial inertia tends to eliminate the action of
      the tension spring, the latter is subjected to large loads, especially
      where high sheet transport speeds are involved. Accordingly, the tension
      spring means are subject to substantial wear and tear and must be
      exchanged frequently. The just described prior art devices are
      substantially described in the above first mentioned two German patent
      publications. Further, a time delay results from the spring inertia,
      especially of heavy duty springs used in mechanical lifters.
PAR  The East German Pat. No. 9,237 discloses an apparatus for holding-up the
      separating suction nozzles of the suction heads by controlled pawl-type
      lever means. One such pawl-type lever means is provided for each
      separating suction nozzle. Each pawl-lever requires a substantial number
      of suitable translating lever means with the respective pivot or journal
      means which are subject to substantial wear and tear. Further, the suction
      heads disclosed in said East German patent require similarly as in the
      first mentioned two West German patent publications, mechanical means for
      the up and down movement of their separating suction nozzles. Such
      mechanical means are necessary in addition to the pneumatic actuation of
      the nozzles.
PAR  The above described features of the prior art especially the fact that
      substantial masses are involved in the movement of the suction means pose
      a limitation on the working speed of prior art devices which is not
      compatible with presently required sheet feed advance speeds for example
      in a high speed printing press.
PAC  OBJECTS OF THE INVENTION
PAR  In view of the foregoing, it is the aim of the present invention to achieve
      the following objects singly or in combination:
PAR  to avoid mechanical means for the controlled up and down movement of the
      sheet separating suction means;
PAR  to employ the pneumatic control of the suction nozzles as the source for
      the control of the up and down movement;
PAR  to minimize the number of mechanical elements so as to reduce the mass of
      the moving parts of the apparatus;
PAR  to arrange the elements in such a manner that the working effect of the
      spring forces which cause the lowering of the suction nozzles will be
      aided by gravity; and
PAR  to arrange the cam control means in such a manner that they will keep the
      suction nozzles in an upper end position for a predetermined length of
      time.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a sheet feeder apparatus
      including suction head means secured to a frame structure. The suction
      head means include a normally stationary member and a nozzle member. Two
      members are arranged for telescoping relative to each other. The normally
      stationary member is supported by bearing means in the frame structure in
      such a manner that it is adjustable with its longitudinal axis relative to
      the vertical. The suction nozzle is movable between a sheet take-up lower
      position and a sheet delivery upper position. As soon as a pick-up sheet
      closes the nozzle, the inner space of the suction head means is evacuated
      sufficiently for the nozzle to jump into the upper position due to said
      evacuation and the external atmospheric pressure. Thus, the sheet is
      lifted into a transfer position in a single work stroke. A cross guide bar
      preferably extending horizontally is provided for holding a pair of
      nozzles in the upper delivery position. The cross guide bar is secured to
      the free end of a horizontally arranged pivotal lever, the opposite end of
      which is journaled on a horizontal axis. A tension spring urges a cam
      follower, such as a roller secured to the pivotal lever, against a cam
      member such as an excenter having a shape which determines the duration of
      time during which the nozzle stays in the upper end position.
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PAC  BRIEF FIGURE DESCRIPTION
PAR  In order that the invention may be clearly understood, it will now be
      described, by way of example, with reference to the accompanying drawings,
      wherein:
PAR  FIG. 1 is a somewhat schematic side view illustration of the present
      apparatus, whereby parts not essential to the invention have been omitted;
      and
PAR  FIG. 2 is a rear view of the apparatus according to FIG. 1 partially in
      section.
DETD
PAC  DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
PAR  The sheet separating suction means 1 and 2 comprise telescoping members
      including an upper member and a lower nozzle member 3 and 4. The upper
      member of each suction head is secured to the side walls 7 or 8
      respectively of a frame structure 9 by bearing means 5 and 6 respectively.
PAR  The suction nozzles 3, 4 are arranged for telescoping movement up and down
      along the respective upper suction head members as best seen in FIG. 2.
      FIG. 1 illustrates the upper sheet delivering position of the suction head
      in full lines and the lower sheet separating or sheet pick-up position in
      dashed-dotted lines. Conventional blow means 27 are provided to lift the
      trailing edge of the sheets in the stack 28 in timed relation with the
      raising and lowering of the suction nozzles. Such blow means 27 are well
      known in the art.
PAR  Each suction head 1 and 2 comprises a compression spring 10 located inside
      the hollow space of the suction head to normally urge the suction head
      members apart, whereby the nozzle members 3, 4 are moved against the
      surface or top sheet of the stack 28. According to the invention, the
      nozzles 3, 4 are provided with collars or flanges 11 and 12 providing
      respective guide surfaces. The collars 11, 12 rest on the ends of a guide
      cross bar 15. Freely rotatable rollers 13 and 14 are secured at the free
      ends of the guide bar 15. The cross bar 15 is supported intermediate its
      ends at the free end of a pivotable lever 17. The opposite end of the
      lever 17 is journaled to a horizontally extending axis 16. The telescoping
      movement of the suction nozzles 3, 4 is guided by a bar 18 extending
      substantially in parallel to the longitudinal axis of the suction head
      means and through a respective aperture in the flange 11, 12.
PAR  A tension spring 19 secured at one end thereof to the lever 17 and at the
      other end thereof to the frame structure 9 urges the lever 17 with its cam
      follower roller 20 against the cam track of a cam member 22 such as an
      excenter secured to a drive shaft 21, whereby the roller 20 preferably
      bears upwardly against the excenter 22.
PAR  Evacuation hose means 23, 24 are connected to the respective suction heads
      1 and 2. These evacuation means are connected to an exhaust pump not
      shown. Further suction heads 25 and 26 are provided for the transfer of
      the sheets which are successively lifted by the lifting nozzles 3 and 4.
PAR  The cooperation of the above described elements is such that in operation
      the sheet separating nozzles 3 and 4 are supplied repeatedly with suction
      air through the hose means 23, 24, and preferably through control valves
      not shown. The suction air is supplied prior to the time when the suction
      nozzles 3, 4 reach the surface of the stack 28. Thus, the top sheet, the
      trailing edge of which has already been lifted by the blow means 27, is
      immediately picked up, thereby closing the apertures in the lower end of
      the suction head. As a result, the reduced pressure inside the suction
      head is sufficient to cause the atmospheric pressure to instantaneously
      raise the nozzle 3, 4 thereby loading the respective spring 10. Just as
      soon as the lifting nozzles 3, 4 reach their upper position, the transfer
      suction heads 25, 26 take over the sheet for horizontal movement as
      indicated in FIG. 1.
PAR  Due to the horizontal guide cross bar 15, the two suction nozzles 3, 4 will
      operate in synchronism, since, the bar in response to the action of the
      spring 19, will follow the upward movement of the suction heads 3, 4. This
      also depends on the shape and instantaneous position of the excenter 22.
      It has been found that the follow-up movement of the ends 13, 14 of the
      guide bar 15 does not interfere with the pick-up movement of the nozzles
      3, 4.
PAR  The excenter 22 has such a shape that subsequent to the removal of the
      lifted sheet from the lower surface of the nozzles 3, 4 the suction heads
      are held in the upper end position for a duration sufficient to permit the
      trailing edge of the sheet to clear the path of travel of the suction
      nozzles 3, 4. As soon as the path is clear for the downward movement, the
      excenter has reached such a position in its course of rotation that the
      springs 10 may now push the nozzles 3, 4 downwardly into the pick up
      position. The compression spring 10 is preferably arranged inside the
      hollow telescoping suction head means. However, these springs could also
      be arranged on the outside. Preferably, the downwardly directed force on
      the nozzle head should be larger than the upwardly directed force of the
      spring 19 to positively move the suction nozzles 3, 4 into the pick-up
      position.
PAR  Although the invention has been described with reference to specific
      example embodiments, it will be appreciated, that it is intended to cover
      all modifications and equivalents within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sheet feeder apparatus comprising a frame structure, hollow
      telescoping suction head means including a stationary support means
      secured to said frame structure and suction nozzle means movable relative
      to said support means, first spring means operatively arranged between
      said support means and nozzle means for normally relatively urging said
      support means and nozzle means apart, suction means connected to said head
      means for evacuating said head means while lifting a sheet, said movable
      nozzle means comprising a guide surface, said apparatus further comprising
      guide means pivotally mounted in said frame structure cam means arranged
      for actuating said guide means, and second spring means urging said guide
      means simultaneously into cooperating relationship with said cam means and
      with said guide surface of the nozzle means, whereby said first spring
      means urges said guide means away from said cam means, and wherein said
      suction head means comprises two suction heads, the support means of each
      head comprising a stationary member, the nozzle means of each head
      comprising a telescoping suction nozzle member, said guide surface
      comprising a collar guide surface on each said suction nozzle member, said
      guide means comprising a substantially horizontally arranged guide bar
      having free ends in contact with the collar guide surfaces of said suction
      nozzle members, pivotally mounted lever means, means securing said guide
      bar intermediate its free end to said pivotally mounted lever means, cam
      follower means secured to said lever means for cooperating with said cam
      means, and means for securing said second spring means between said frame
      structure and said lever means.
NUM  2.
PAR  2. The apparatus according to claim 1, further comprising a horizontal
      axis, said pivotally mounted lever means being journaled at one of its
      ends to said horizontal axis, and means securing said guide bar to the
      opposite end of said pivotally mounted lever means.
NUM  3.
PAR  3. The apparatus according to claim 2, wherein said cam means are arranged
      above said pivotally mounted lever means whereby said second spring means
      urge said cam follower means upwardly against said cam means, and wherein
      each of said guide surfaces is arranged above its respective free end of
      said guide bar whereby the second spring means simultaneously urge the
      free ends of the guide bar upwardly against the respective guide surface.
NUM  4.
PAR  4. The apparatus according to claim 3, wherein said free ends of the guide
      bar comprise roller means rotatably secured to said free ends.
NUM  5.
PAR  5. The apparatus according to claim 1, wherein said first spring means
      comprise compression spring means arranged inside said hollow telescoping
      suction head means.
NUM  6.
PAR  6. The apparatus according to claim 1, wherein said first spring means
      exert a downwardly directed force on said nozzle means and wherein said
      second spring means exert an upwardly directed force on said guide
      surface, said downwardly directed force being larger than said upwardly
      directed force.
NUM  7.
PAR  7. The apparatus according to claim 1, wherein said cam means comprise an
      excenter cam having such a shape that said nozzle means is held in an
      upper position until the trailing edge of a sheet has left the travel
      range of said nozzle means.
NUM  8.
PAR  8. The apparatus according to claim 1, further comprising a bar secured to
      said support means, collar means on said nozzle means forming said guide
      surface, and an aperture in said collar means, said bar extending slidably
      through said aperture.
NUM  9.
PAR  9. The apparatus according to claim 1, wherein said first spring means
      exerts a force urging said support means and nozzle means apart, that is
      greater than the force of said second spring means opposing the force of
      said first spring means.
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ABST
PAL  A post for supporting tennis nets, volley ball nets and other nets of
      similar purpose that provides a maximum safety advantage to the players of
      said games, yet offering a device of strict simplicity comprising a
      minimum of movable parts and which strongly resists bending or breakage
      under high tension, shear, or compression loadings. The game net support
      post is telescopically insertable and removably placed in a support
      surface socket, the post being substantially rectangular in cross-section.
      Placed near the lower end of the post is a transverse bolt for limiting
      downward movement of the post within the socket. The upper end of the post
      is provided with a transverse recessed trough. The trough is extended
      across the upper horizontal surface and a short distance down one of the
      sides of the post. Attached to the side of the post is an elongated
      turnbuckle. The turnbuckle has one of its ends attached to the side of the
      post on which the trough extends. The other end of the turnbuckle is
      attached to an end of a cable of a game net which has one of its ends
      attached to a stationary point and its other end extending across a game
      court playing surface to the post remote from the stationary point. The
      cable is placed in the trough of the post and then attached to the other
      end of the turnbuckle for being tensioned by the turnbuckle. A transverse
      bolt is provided with structure for attaching the game net. A covering is
      provided for the post which conceals the upper edge and side of the post
      to which the turnbuckle is attached.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The games of tennis, volley ball and other similar games throughout the
      term of play require player personnel to constantly move about the playing
      court at a fast run and to assume off balance positions while directing
      their vision primarily to the location, position and direction of movement
      of a ball or puck. Such circumstance makes the players extremely
      vulnerable to tripping, slipping, falling, or collision accidents.
      Therefore, it is extremely important that the playing court be as free as
      possible from obstructions, protrusions or other hazards that may cause or
      increase injury, should the player accidently slip, trip or fall into or
      collide with an obstruction or protrusion. The net post-- a required item
      in games involving play in the vicinity of a stretched net-- is well known
      as a major cause of player injury. Such posts most normally are replete
      with exposed handles, pulleys, stays, hinges and other devices that
      increase player injury in accidents in which players collide or fall into
      net posts, thus increasing the hazards of play. In addition to being a
      major cause of serious accidents on the playing courts, currently employed
      net posts possess operational deficiencies in that gears and teeth of
      employed winding mechanisms strip and break, thus rendering the post
      imoperative. Bending or breaking of net posts due to applied net
      stretching tensions is also a common occurrence.
PAR  The present invention overcomes the disadvantages of net posts currently
      employed in net related games by providing a net post void of protruding
      handles, winding mechanisms, stays, hinges and other protruding devices
      that could increase player injury in net post player collision and also by
      providing a net post of sufficient strength and design configuration that
      bending or breaking of the net post is effectively avoided. Further, the
      present invention eliminates gear stripping problems currently experienced
      by the employment of a minimum number of moving parts.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved rectilinear net post or
      standard designed to support steel or fabric game nets such as tennis
      nets, volley ball nets and the like being devoid of moving parts and
      surface protrusions, thereby substantially reducing serious player
      injuries frequently experienced in games of tennis, volley ball and like
      action games which are the result of players' inadvertently colliding with
      fixed position net posts. Further, the net post device is so constructed
      that bending or breaking of the post under extreme overload conditions is
      precluded and operational failure of included net tension devices
      prevented by the exclusion of moving mechanical components.
PAR  An important object of this invention is to provide for the safety of
      players involved in action games employing tension mounted nets by
      removing injury causing protrusion from supporting net posts, thereby
      effectively removing them from the playing area.
PAR  Another object of this invention is to provide an efficient and economical
      means of supporting nets employed in action games such as tennis.
PAR  A further object of this invention is to provide a net post for action
      games such as tennis that effectively resists deformity or breaking under
      extreme tension, compression or shear loadings.
PAR  Yet another object of this invention is to provide a net post for action
      games, such as tennis, that is void of moving mechanical components and
      mechanisms.
PAR  A still further object of this invention is to provide a reliable net post
      for action games, such as tennis, that will provide fail safe operation of
      the net post and its tensioning devices.
PAR  These and other objects are accomplished according to the present invention
      which comprises a hollow tube being open at its lower terminus and being
      fitted at its upper terminus with a non-mechanical cable guide and a
      removable upper cover which evolves into a semi-circular longitudinal side
      cover. Said tube being drilled to receive a plurality of tension and
      retention net attachment devices. The aforesaid apparatus, when employed
      in pairs and permanently mounted a distance apart on opposite sides of a
      game playing court, comprises as an entity a set of net support and
      tensioning devices commonly known as net posts.
DRWD
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout, and in which:
PAR  FIG. 1 is a perspective view, on a reduced scale, of a net post depicting
      the present invention.
PAR  FIG. 2 is a side plan view.
PAR  FIG. 3 is a perspective view illustrating the net post construction and the
      net tensioning mechanism.
PAR  FIG. 4 is a perspective view of the post's side top and top cover.
PAR  FIG. 5 is a top plan view of the net post with cover removed.
DETD
PAR  Referring now specifically to the drawings, the numeral 1 generally
      designates the net post assembly of the present invention, the numeral 8
      generally designates the cover of the tensioning and retention mechanism,
      the numeral 34 generally designates a non-mechanical cable guide.
PAR  FIG. 1, a preferred embodiment of the present invention, is shown which
      comprises a pair of identically constructed polygonal or rectilinear
      hollow net posts (2) and (3) which are disposed in vertical relation and
      parallel spaced relation on opposite sides of a tennis court (4) at the
      midpoint (5) of the court (4). Said net posts (2) and (3) being connected
      by a net supporting metallic cable (6) which is received within a small
      opening (7), whereupon the metallic cable (6) proceeds within the confines
      of cover (8) to the enclosed tensioning and retention devices to which it
      is firmly attached. The hollow uprights (2) and (3), the subject of the
      present invention as previously stated, are identically constructed;
      therefore further description will only consider net post (2) and its
      various components. As shown in FIG. 1, net post (2) comprises a
      cross-sectionally square or polygonal, rectilinear, hollow upright
      possessing an elongated curvilinear cover (8), that extends from the upper
      terminus (9) of said upright (2) downward along its outer face (10) for a
      distance approximately equal to one third of the total length of upright
      (2). Said cover (8) being attached to upright (2) by a plurality of pins
      (11) and (12) which are permanently affixed to the cover's (8) top cap
      (13) which extends horizontally across the upper terminus (9) of upright
      (2). The purpose of cover (8) being to completely enclose the tensioning
      and retention devices employed to suspend net (14). Referring to FIG. 2, 3
      and 4, tensioning device cover (8) comprises an elongated metallic
      semi-circular trough (15) fitted with a permanently attached metallic cap
      (13) at its upper terminus. Said cap (13) possessing two elongated pins
      (11) and (12) that protrude perpendicularly from its lower surface (16).
      The tensioning device cover, when installed in place on net post (2) as
      described above, cowles the tensioning and restraint devices mounted on
      the outer face (10) of net post (2) to provide a smooth and non-protruding
      outer surface, thus assisting in the removal of injury causing irregular
      shapes from the playing area. The lower end (17) of net post (2) is
      received within metallic casing (18) which is firmly held in place below
      the ground level of the court by a poured concrete foundation (19). The
      metallic casing (18), in addition to providing strict vertical alignment
      of net post (2), is capped at its lower terminus with a permanently
      attached metallic plate (20) which serves to prevent foreign matter from
      entering said casing.
PAR  FIGS. 2, 3, 4 and 5 illustrate the net post construction and the mechanism
      for tensioning and restraint of net cable (6). The device includes a
      cross-sectionally square or polygonal, metallic, rectilinear tube (2) to
      which have been fitted a plurality of eye-bolts (22), (23), (24) in such a
      manner that said eye-bolts penetrate the tube (2) along its horizontal
      axis perpendicularly to the tube's (2) vertical axis being spaced apart an
      equal distance along the vertical axis of tube (2) when measured from the
      midpoint (25) of that portion of tube (2) which extends above the surface
      level of the court (26). Said eyebolts (22), (23) and (24) being oriented
      in such a manner that the eye (33) of the center eyebolt (23) is located
      on the side of tube (2) that faces away from the court (4) and with eyes
      (27) and (28) of eyebolts (22) and (24) respectively being so oriented
      that they face inward toward the court (4). The center eyebolt (23) which
      is of heavy duty stock serves as the anchor point for the net tensioning
      turnbuckle (29) at its lower terminus (30). Eyebolts (22) and (24), being
      fabricated from lighter stock than eyebolt (23), serve to receive and
      retain net lacing and tying cords (21) to assist in maintaining the ends
      of nets suspended between net posts (2) and (3) in a parallel relationship
      with the vertical axis of net posts (2) and (3). Additionally, the eyebolt
      retention nut (31) of eyebolt (24) serves as a stop to control the
      distance that the net post (2) decends into its support casing (18), thus
      effectively setting the height that post (2) extends above the playing
      surface. The retention nut (31), which extends a slight distance beyond
      the outer diameter of the net post during decent into the casing, comes in
      contact with upper rim (32) of casing (18), thus precluding further
      downward travel of the post (2). The eyebolt installation described above
      is designed to suspend nets fabricated from soft and flexible materials
      such as nylon, cotton, hemp or other like materials. The present invention
      with minor modification may also be employed to suspend metallic nets
      fabricated from steel or other similar metals possessing similar
      characteristics. Modifications required to suspend metallic nets include
      the reversal of the direction of insertion of eyebolt (23) so as to place
      its eye (33) on the side of tube (2) that faces toward the court (4) and
      the removal of turnbuckle (29). Said metallic net being attached directly
      to and suspended only by eyebolts (22), (23) and (24).
PAR  FIG. 3, the upper terminus (9) of tube (2) is fitted with a non-mechanical
      cable guide (34) comprised of an elongated semicircular trough (36) that
      lies parallel to the horizontal across the width of the net post (2) and
      being centered on the horizontal axis of said post (2). The semicircular
      trough (36) is so fitted that the open portion of the trough faces upward
      and that longitudinally said trough is perpendicular to the walls (37) and
      (10) of the post that comprise the post's inner and outer faces
      respectively. Widthwise the trough is flush with the inner post face (37)
      and extends across the upper terminus (9) of post (2) to a slight distance
      beyond the outer face (10) of post (2), whereupon said trough curls
      downward in an arc to such position that the lower terminus (38) of the
      trough (36) approaches the vertical. The elongated trough (36) serves as a
      cable guide for net cable (6) across the upper terminus (9) of net post
      (2) and down its outer face (10) whereupon the net cable (6) by means of a
      fixed loop (39) engages the upper hook (40) of restrained turnbuckle (29)
      which acts as the cable tensioning mechanism of cable (6). The holes (42)
      and (43) drilled into the fill material (44) on either side of trough (36)
      serve to anchor pins (11) and (12) which cooperate with cover guides (35)
      and (41) to restrain and maintain the alignment of tensioning device cover
      (8) when it is attached to tube (2).
PAR  It is to be understood that while the detailed drawings and specific
      examples given describe preferred embodiments of the invention they are
      for the purposes of illustration only, that the apparatus of the invention
      is not limited to the precise details and conditions disclosed, and the
      various changes may be made therein without departing from the spirit of
      the invention which is defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for positioning and tensioning over a playing surface a
      vertically hanging game net having at least a top cable having at least
      one of its ends attached to a stationary point, said device comprising an
      upright post having a lower portion adapted to fit in a hole and an upper
      portion extending vertically upward for a height sufficient to accommodate
      the net; said upper portion of the upright post having means affixed
      thereto at about the upper and lower extremity thereof for attaching the
      net; the upper end of said post having disposed therein a recessed trough
      means for accommodating the top cable of the net to be attached; said
      trough means extending slightly beyond the top of the post and curving in
      an arc downward along the side of the post a short distance; turnbuckle
      means for tensioning the top cable of the net to be attached disposed
      vertically along the upper portion of said post on the same side thereof
      as the downward projecting trough means; said turnbuckle means being
      attached at its lower end to said post and having its upper end adapted
      for attachment to the top cable of the net to be attached; cover means
      removably fitted to the upper end and side of said post and adapted to
      enclose said turnbuckle and trough means to protect players from contact
      with said turnbuckle and trough means; and stop means affixed to said
      upright post for maintaining the post at the proper height above ground
      level.
NUM  2.
PAR  2. The device of claim 1 wherein said cover means is attached to the upper
      end of said post by a plurality of downward projecting pins adapted to fit
      in vertically disposed holes on either side of said trough means.
NUM  3.
PAR  3. The device of claim 2 wherein there are two of said downwardly
      projecting pins.
NUM  4.
PAR  4. The device of claim 1 wherein said post is hollow and of polygonal cross
      section.
NUM  5.
PAR  5. The device of claim 4 wherein said hollow post is rectilinear in cross
      section.
NUM  6.
PAR  6. The device of claim 1 wherein the means for affixing the net to the post
      at its lower extremity also is said stop means for maintaining the post at
      the proper height above ground level.
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ABST
PAL  A bowling scoring system having a single computation means for computing
      scores bowled on any of a plurality of lanes and which (1) includes an
      error correction system; (2) computes anew at the end of each frame a team
      total score which will reflect any corrections made to bowlers' scores,
      including all pinfall actually earned by bowlers on a team and will be for
      a discrete team frame whether or not all bowlers on the team are bowling
      in the same frame; (3) is adapted to be selectively conditioned to score
      league bowling on all lanes, open bowling on all lanes, or league bowling
      on some lanes and open bowling on other lanes; (4) includes logic which
      anticipates the nature of a subsequent readout and conditions the readout
      device for the readout in advance of the operation; (5) incorporates a
      separate center for readout for each lane to be scored; and (6) is formed
      of a number of electronic registers fabricated primarily of semiconductor
      components.
PARN
PAC  CROSS-REFERENCE
PAR  This application is a division of my co-pending application Ser. No.
      48,427, filed June 22, 1970, now U.S. Pat. No. 3,700,236 entitled
      "Electronic Scorer for Bowling Games",  which, in turn, is a division of
      my copending application Ser. No. 612,665, filed Jan. 30, 1967, bearing
      the same title and now U.S. Pat. No. 3,550,939.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There have been a number of proposals of bowling scoring apparatus in the
      past. However, none are yet known to be commercialized due to their lack
      of reliability, economic impracticality, inflexibility of their inability
      to perform functions required in a practical sense over and above the mere
      keeping of a bowling score. Accordingly, there is a need for a reliable,
      economically feasible, flexible bowling scoring system that can perform
      virtually any function desired by a bowler.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the invention to provide a new and improved
      scoring apparatus of the type described.
PAR  More particularly, it is an object of the invention to provide a bowling
      score computer having an error correction system wherein the error
      correction system includes means for entering cumulative frame score
      information, means for entering frame information, means for entering
      pinfall information and means for entering bowler identification
      information; the error correction system being arranged to permit
      successive ball-by-ball error correction after initial manipulation of the
      various entering means without additional manipulation of the cumulative
      score entering means, the frame entering means and the bowler
      identification means.
PAR  Yet another object of the invention is the provision of a computing
      apparatus for computing a bowling score including means for determining
      the presence or absence of standing pins to given positions together with
      a plurality of electronic gates responsive to the determining means for
      detecting whether the arrangement of standing pins constitutes a "split".
PAR  A further object is the provision of an apparatus such as that set forth in
      the preceding paragraph wherein buffer means are operatively connected to
      the determining means for storing information relative to each pin
      position indicating whether the corresponding pin is standing or down with
      the electronic gates being arranged to ultimately receive and utilize the
      information contained in the buffer means.
PAR  A still further object of the invention is the provision of a computer such
      as that set forth in the preceding paragraph wherein a recirculating shift
      register containing ten bits is interposed between the buffer means and
      the electronic gates with each bit being adapted to contain information
      indicating whether a corresponding pin is standing or down.
PAR  Another object is the provision of a bowling scoring apparatus for use with
      a plurality of players bowling simultaneously on a plurality of lanes
      including a means for each of the lanes for detecting pinfall information
      thereon attributable respectively to the plurality of players, a single
      means for receiving the pinfall information for each lane from a
      corresponding detecting means and for computing a bowling score for each
      of the bowlers from the pinfall information, a plurality of bowler
      memories for receiving and storing the score information from the single
      computing means, and a single error correcting means for selectively
      correcting an inaccurate bowling score in any of the memories.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following description taken in conjunction with the accompanying drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a bowling scoring system embodying the
      invention;
PAR  FIG. 2 is an illustration of a bowling score sheet in the form of a printed
      record produced by the system;
PAR  FIG. 3 is a flow chart illustrating certain input and output functions of
      the system relative to the scoring of a bowler;
PAR  FIG. 4 is a block diagram of the computer used in the system;
PAR  FIG. 5 is a schematic illustration of the control circuitry of a printer
      used in conjunction with the system;
PAR  FIG. 6 is a schematic of the means used for pin detection, pinfall
      buffering and the steering of pinfall information to the computer for one
      lane;
PAR  FIG. 7 is a logic diagram of a pinfall register which accepts pinfall
      information and converts it to a form usable by the computer;
PAR  FIG. 8 is a logic diagram of a control for the pinfall register;
PAR  FIG. 9 is a logic diagram of the BCD (binary coded decimal) up counter of
      the arithmetic register which is used for adding pinfall for frame score
      purposes and team totals and comprises FIGS. 9A, 9B and 9C. FIG. 9B is to
      be placed adjacent the right edge of FIG. 9A while FIG. 9C is positioned
      similarly with respect to FIG. 9B;
PAR  FIG. 10 is a logic diagram of the pinfall counter of the arith metic
      register which is used to count pinfall for box score purposes.
PAR  FIG. 11 is a logic diagram of a bowler state register and a bowler state
      decoding matrix which are used to control computation of a bowler's score
      in relation to past pinfall;
PAR  FIG. 12 is a logic diagram of a bowler state updating matrix for updating a
      bowler's state for future computation control;
PAR  FIG. 13 is a logic diagram of an OR matrix;
PAR  FIG. 14 is a logic diagram of a bowler score cycle control which generates
      functions relative to the scoring of a bowler; FIG. 15 is a logic diagram
      of a frame counter together with a frame buffer and a frame comparator
      which provide information relative to a bowler's frame and which control
      the initiation of a team totaling cycle;
PAR  FIG. 16 is a logic diagram of a printer frame control and a frame selection
      matrix for informing the printer to print in a specific frame;
PAR  FIG. 17 is a logic diagram of a character selection matrix for causing the
      printer to select a given character for printing;
PAR  FIG. 18 is a logic diagram of a printer cycle control which controls the
      printing operation and is comprised of FIGS. 18A and 18B. FIG. 18B is to
      be placed adjacent the lower edge of FIG. 18A.
PAR  FIG. 19 is a logic diagram of a computer cycle ripple counter and a
      computer sequence counter which control the computer cycles and sequences
      for generating the necessary function relative to handicap entry, bowler
      scoring and team totaling;
PAR  FIGS. 20, 21 and 22 are logic diagrams of various portions of a computer
      cycle control gating for interpreting computer cycle and sequence
      information and providing various central control functions;
PAR  FIG. 23 is a logic diagram of a scanning cycle control for scanning the
      various information inputs and controlling computation in response to
      conditions at such inputs and is comprised of FIGS. 23A, 23B and 23C. FIG.
      23B is to be placed adjacent the right-hand edge of FIG. 23A, while FIG.
      23C is to be placed adjacent the lower edge of FIG. 23B;
PAR  FIG. 24 is a logic diagram of the computer memory and associated gating;
PAR  FIG. 25 is a diagram of the memory word selection logic for causing the
      selection of a particular word in the memory such that information therein
      may be used in computation;
PAR  FIG. 26 is a logic diagram of a BCD down counter used for team totaling and
      is comprised of FIGS. 26A and 26B. FIG. 26B is to be placed adjacent the
      right-hand edge of FIG. 26A;
PAR  FIG. 27 is a schematic of a handicap entry system and a portion of an error
      correction system and is comprised of FIGS. 27A and 27B. FIG. 27B is to be
      placed adjacent the right-hand edge of FIG. 27A;
PAR  FIG. 28 is a logic diagram of the lane reset logic for one lane and is used
      for clearing team total and handicap words in the memory prior to a new
      bowling game;
PAR  FIG. 29 is a schematic of a portion of the error correction system;
PAR  FIG. 30 is a schematic illustration of a bowler identification system for
      identifying bowlers to the computer and is comprised of FIGS. 30A and 30B.
      FIG. 30B is to be placed adjacent the lower edge of FIG. 30A;
PAR  FIG. 31 illustrates a mechanism for latching a manually operable switch for
      entering error correction pinfall or for bowler identification in a
      dpressed position;
PAR  FIG. 32 is a logic diagram of the split detection logic;
PAR  FIG. 33 illustrates a modification made to an automatic pinsetter to
      achieve pin detecting during a second ball cycle;
PAR  FIG. 34 is a schematic of miscellaneous circuitry used in foul detection,
      pinsetter control and the detection of the presence of pinfall;
PAR  FIG. 35 is an illustration of a mechanical switching device used in
      conjunction with an automatic pinsetter for informing the computer when
      the pinsetter has detected out-of-range pins;
PAR  FIG. 36 illustrates a switch used with the scissors mechanism in an
      automatic pinsetter for determing whether the scissors have closed on
      standing pins;
PAR  FIG. 37 illustrates a switch added to an automatic pinsetter for use in
      controlling the triggering thereof together with an adjustment to cause
      the pinsetter to stop at 270.degree. of a cycle thereof;
PAR  FIG. 38 illustrates a fragment of a score sheet comparing two methods of
      indicating box scores;
PAR  FIG. 39 is a logic diagram of modified logic utilized to implement an
      incremental pinfall box scoring system;
PAR  FIG. 40 is a logic diagram of additional gating required in the memory
      gating when the incremental pinfall method of box scoring is used;
PAR  FIG. 41 is a logic diagram of modified gating used in conjunction with the
      pinfall logic;
PAR  FIG. 42 illustrates additional gating for reloading the pinfall register
      with both ball pinfall information for counting purposes after an
      incremental pinfall cycle; and
PAR  FIG. 43 illustrates an additional gate required for controlling the
      addressing of the bowler memories.
DETD
PAC  DETAILED DESCRIPTION
PAR  While an illustrative embodiment of the invention is shown in the drawings
      and will be described in detail herein, the invention is susceptible of
      embodiment in many different forms and it should be understood that the
      present disclosure is to be considered as an exemplification of the
      principles of the invention and is not intended to limit the invention to
      the embodiment illustrated.
PAR  For convenience, the following is an outline of the description following,
      indicating the pages on which each subject begins:
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PAC  I. BASIC DESCRIPTION OF THE SYSTEM
PAC  A. Overall System
PAR  The overall system in which the scoring apparatus of the instant invention
      is used is shown in block form in FIG. 1. The system comprises a computer
      60, described in greater detail hereinafter, which provides the basic
      function of computing a bowler's score including the cumulative score
      through each frame and the first ball pinfall and both ball pinfall in
      each frame. In the exemplary embodiment of the invention, the computer 60
      is adapted to compute scores bowled on four bowling lanes, that is, on two
      adjacent lane pairs, although it will be apparent hereinafter that by
      increasing the speed of the printer and increasing the size of the memory,
      it could be used to score a significantly greater number of lanes.
PAR  As will be seen, the computer 60 may be conditioned for open bowling on
      both lane pairs, league bowling on both lane pairs or league bowling on
      one lane pair and open bowling on the other lane pair. In league bowling,
      players bowl one frame on one lane and the next frame on an adjacent lane
      while in open bowling, one or more players bowl on a single lane. It will
      thus be apparent to those skilled in the art that the computer is arranged
      with respect to lane pairs as opposed to individual lanes in order to
      accommodate league bowling which is customarily played on a lane pair.
PAR  The computer 60 also controls a number of peripheral functions such as the
      automatic cycling of automatic pinsetters 62, one for each lane, to
      prepare the lane for the next bowler or game in such tenth frame
      situations that may require it. Additionally, in the event a bowler
      commits a foul on the first ball rolled in any frame, the computer 60 is
      arranged to cause the automatic pinsetter 62 for the lane on which the
      foul was committed to set a new set of pins and to be cycled such that
      upon the rolling of the next ball, the pinsetter will go through a second
      ball cycle, again, to prepare the lane for the next bowler.
PAR  The over-all system additionally includes a pair of bowler panels 64, one
      for each lane pair. As will be seen, each bowler panel 64 includes 24
      switching devices, 12 for each lane. The switching devices in each bowler
      pane 64 are arranged with respect to the computer 60 so as to cause the
      latter to effect computation of the score of a bowler in accordance with
      the condition of one of the twelve switches assigned to each lane. That is
      to say, the switching devices associated with each bowler panel 64 serve
      to identify the bowler who is about to bowl to the computer 60 such that
      pinfall achieved on that lane should be credited to that particular
      bowler. As will appear, each of the 24 switching devices in each bowler
      panel 64 are manually operated by a bowler. Furthermore, in the open
      bowling mode, no more than 12 of the 24 switching devices for each lane
      pair, six for each lane are used, while in the league bowling mode, all 24
      may be used. In the latter mode, the necessary lane sequencing of bowlers
      and teams due to the custom in league bowling of a team bowling first on
      one lane and then on the other, is achieved by manual operation of the
      twenty-four switching devices.
PAR  The manual bowler and lane sequencing provided by the bowler panel
      switching devices permits a bowler who has arrived after the start of the
      game to "catch up" with the other bowlers by bowling a plurality of frames
      in a chain of succession that need not be broken by the bowling of a frame
      by another player. It further permits, in the league bowling mode, two
      different members of the same team to bowl simultaneously on the two lanes
      of the lane pair. This latter feature provides a distinct advantage
      insofar as in league bowling one team will bowl often faster than the
      other team. In prior art devices, having automatic bowler sequencing
      and/or automatic lane sequencing, it is necessary that each team complete
      its bowling on a lane before a given member thereof may switch to the next
      lane. As a result, members of the slower bowling team must often stand
      around idly waiting for the last member of their team to complete his
      bowling on a given lane before they may initiate bowling on the second
      lane even though the faster team has completed bowling on that lane. As a
      result, the delay caused by the slower bowling team is perpetuated, a
      situation which is avoided by the instant invention.
PAR  The computer 60 additionally provides a peripheral function for use in
      conjunction with each bowler panel 64. Since the bowlers are sequenced
      manually by manipulation of the switching devices in each bowler panel 64,
      it is necessary to provide means for preventing the changing of bowler
      identication before the computer has digested the pinfall information from
      that lane and during the period between the first ball in a frame rolled
      by a bowler and the rolling of a second ball in that frame by that bowler.
      By means to be described hereinafter, the computer 60 locks the bowler
      identification switching devices in each bowler panel 64 to prevent such
      occurrences. Additionally, in the case where the computer has not digested
      the pinfall information from a particular lane, it is arranged to control
      the cycling fo the automatic pinsetter 62 for that lane such that the
      latter will stop with its rake down to indicate to the subsequent bowler
      that the computer is not ready for the rolling of another ball. The
      automatic pinsetter 62 will maintain the rake down in the alley blocking
      position until the computer has indicated to it that the pinfall
      information has been digested. Similar action of the pinsetter rake is
      effected by failure of a bowler to close his bowler identification switch.
      Finally, the computer 60 is arranged with respect to each pinsetter such
      that a bowler may bowl both balls in a frame whether or not the pinsetter
      has utilized the first ball pinfall information.
PAR  Each lane additionally includes a printer 65 and projection system 66. Each
      printer 65 is arranged with respect to the computer 60 so as to receive
      information relative to a bowler's game therefrom and to print a permanent
      record thereof such that the projection system 66 will project an image
      thereof to a viewing screen to be visible to the bowler. In other words,
      each printer 65 and projection system 66 provides a readout for that lane
      or team for the computer 60.
PAR  Each printer 65 is arranged to receive control signals from both the
      computer 60 and from each bowler panel 64. As will appear, the printer 65
      is arranged to print in a plurality of frame columns and at a plurality of
      bowler lines. Furthermore, each such printing device is arranged to print
      one or more of thirteen different characters indicative of the scoring of
      a bowler's game. Each printing device 65 receives frame information and
      character information from the computer 60 while receiving bowler line
      information from the bowler panel 64 with which it is associated. As will
      be apparent, the computer 60, on occassion, will issue information
      relative to a bowler line so as to position the printing device 65 in
      anticipation of a subsequent printing cycle.
PAR  The computer 60 includes an input from the pin detecting system of each
      automatic pinsetter 62 on which information relative to a bowler's pinfall
      is received such that it may be utilized in computing the bowler's score.
      The computer 60 has an additional input from a manual input system 68. The
      manual input system 68 is utilized for correcting errors in the computed
      score of a bowler in the event of a mis-calculation by the computer 60 or
      in the event of erroneous pinfall detection by an automatic pinsetter 62.
      Additionally, in the league bowling mode, the manual input system 68 is
      utilized for entering a team handicap value into the computer such that
      the team handicap value will be included in a team total which, as will
      appear, is printed out at the end of each frame and each game.
PAC  B. Printed Record
PAR  The invention contemplates, in a broad sense, the automatic scoring and
      indication of the various occurrences in a bowling game. In particular, a
      permanent printed record of a bowler's game is provided as the main
      product of operation of the apparatus.
PAR  A typical printed record 69 of the games of a plurality of bowlers bowling
      in the league mode is shown in FIG. 2. The printed record is in a
      generally conventional format and comprises a sheet of paper, such as that
      disclosed in the co-pending application of W. D. Cornell et al, Ser. No.
      243,634, filed Dec. 10, 1962, now U.S. Pat. No. 3,249,458 and assigned to
      the same assignee as the instant application, the disclosure of which is
      hereby incorporated by reference. If desired, the score sheet 67 may be
      ruled off as indicated in FIG. 2 to include a vertical column for the
      names of the bowlers, ten vertical columns for the scores in each of
      frames 1-10 and an eleventh vertical column for the total score of
      so-called "eleventh frame". The score sheet may also be ruled off in the
      horizontal direction to provide frame headings and six bowler lines, each
      of the latter having an upper, box score level and a lower, frame score
      level. An additional horizontal column may be provided for the recording
      of a running team total.
PAR  From the score sheet 67, it will be apparent that in frames 1 to 10,
      inclusive, a character may be printed in any one of six different
      positions for a specific bowler in a specific frame. The leftmost column
      within each frame column is designated the hundreds column, and, at the
      frame score level, the hundreds digit of the bowler's cumulative score
      will be printed. At the box score level, only a 0, the common designation
      for a split, will be printed and then, only if the bowler has left a split
      after the first ball in the frame has been rolled. The middle column
      within each of the frame columns 1-10 inclusive, is the tens column and,
      at the frame score level, the character representing the tens digit of a
      bowler's cumulative score will be printed. At the box score level, an
      indication of the bowler's first ball pinfall will be printed in the tens
      column. The character printed may be from 0 to 9 if the pinfall achieved
      by the bowler on the first ball in the frame was less than 10 or an X if
      the bowler achieved a strike. In the event that the bowler committed a
      foul on the first ball, an F will be printed in this position. The
      rightmost column within each of the frame columns 1-10 is the units column
      and, at the frame score level, will have the units digit of the bowler's
      cumulative score printed therein, while at the box score level, a
      character from 0 to 9 will be printed depending upon the bowler's total
      pinfall for both balls of that particular frame if less than 10, or a /
      may be printed if the bowler has achieved a spare. In the event the bowler
      commits a foul on the second ball of the frame, an F will be printed at
      this level.
PAR  With reference to the total or eleventh frame column, an additional column
      therewithin is added on the left. This column is the thousands column and,
      at the frame score level, will have printed therein the thousands digit of
      the team total if the team total exceeds 999. At the box score level, the
      results of any third ball in the tenth frame are printed. The remaining
      columns in the eleventh frame, may have characters printed therein only at
      the frame score level with the exception of the box score level for bowler
      number one. The box score level relative to bowler number one in the
      eleventh frame may have a team handicap value printed therein in the
      hundreds, ten and units columns.
PAR  Referring now to the running team total level, the running team total has
      its digits printed in the corresponding columns of frames 1-9 and includes
      all pins definitely earned by the team through the frame in which it is
      printed. Thus, when a mark is achieved in a frame, the value of 10 is
      included in the team total for that frame for each such mark. It will also
      include the team handicap value, if any, in all frames occurring after the
      entry of the team handicap value. Since the end of game team total is
      printed in the eleventh frame, it is not necessary to provide for printing
      in the tenth frame at the running team total level.
PAR  In league bowling, it is sometimes desirable to permit a so-called "pace
      bowler" to bowl with a given team. For example, the use of a pace bowler
      is common when one of the members of the team is unable to bowl. However,
      in current practice, a pace bowler's score is not added to the team total.
      Thus, as will appear, the score of the pace bowler who bowls in the sixth
      position is never added to the team total, but rather, the computer scores
      the pace bowler as though he were playing in the open bowling mode.
PAR  When the computer is used to score open bowling, it will accommodate up to
      six bowlers per lane. Obviously, in such a case it is not necessary to
      print running team totals or to show a handicap entry or a grand team
      total in the eleventh frame. The manner in which such printing is
      controlled will be seen hereinafter.
PAC  C. Basis of Computation and Output Functions
PAR  The manner in which bowling scores are computed and the resultant output
      functions generated relative to providing the printed record is shown
      functionally in FIG. 3. Specifically, computation is directed by the
      existence of a particular condition or state of a bowler's game. As will
      be seen, information relative to the state of a bowler's game is stored in
      a predetermined segment of a bowler's memory and the information is
      periodically read out to direct the computation of the bowler's score,
      updated in view of the pinfall achieved by each and every ball rolled by
      the bowler and ultimately written back into the particular segment of the
      bowler's memory where it will be retained until further computation is
      necessary. The condition of a bowler's game always dictates that a
      particular state must exist and, accordingly, computation cannot proceed
      in any case unless a particular state of a bowler's game exists to direct
      such computation. This arrangement, which is quite different from many
      prior art systems wherein computation will proceed in a predetermined
      manner unless particular events such as a strike or a spare occur,
      provides a significantly greater degree of sophistication in terms of
      read-out functions and various peripheral functions for controlling tenth
      frame operation of a pinsetter.
PAR  The instant invention contemplates that each bowler's game may be in anyone
      of eleven possible states which are determined on the basis of pinfall
      achieved by the bowler and the frame in which the bowler is bowling. As
      will be evident to those skilled in the art, a greater or lesser number of
      states could be used depending upon the degree of system sophistication
      desired. The eleven states are as follows:
TBL                TABLE 1                                                     

     ______________________________________                                    

     STATE      STATE DEFINITION                                               

     ______________________________________                                    

     1          Start or first ball following an open                          

                frame.                                                         

     2          First ball following a spare.                                  

     3          Second ball following an open frame or                         

                a spare.                                                       

     4          First ball following a single strike.                          

     5          Second ball following a strike.                                

     6          First ball following two strikes.                              

     7          Second ball in the tenth frame following                       

                a strike in the tenth frame.                                   

     8          Second ball in the tenth frame following                       

                two consecutive strikes.                                       

     9          Third ball in the tenth frame following                        

                one strike on the first ball in the tenth                      

                frame.                                                         

     10         Third ball in the tenth frame following                        

                two strikes in the tenth frame or a                            

                spare in the tenth frame.                                      

     11         End of bowler's game.                                          

     ______________________________________                                    

PAR  By reference to FIG. 3, the sequence of computer functions can be
      determined with respect to any given change from one bowler's state to
      another. Each of the eleven possible states is indicated as a circle
      containing the number of the state. The various arrows indicate every
      possible change from one state to another. The notations adjacent each
      arrow indicate the various game conditions required to go from one state
      to the other and the computer functions generated by the change and have
      the following meanings.
TBL                TABLE 2                                                     

     ______________________________________                                    

     NOTATION  NOTATION DEFINITION                                             

     ______________________________________                                    

      O        Any frame but the tenth frame.                                  

      .phi.    Frame is immaterial.                                            

      1        Tenth frame.                                                    

     10        Pinfall = ten.                                                  

     10        Pinfall is less than ten.                                       

      S        Print split symbol if a split exists.                           

      S        Do not print split symbol.                                      

     B.sub.1   Print in first box score position                               

               (tens column).                                                  

     B.sub.2   Print in second box score position                              

               (units column). -B.sub.3 Tenth frame, print in third box score  

               position (thousands column-eleventh frame)                      

     X.sub.1   Print strike symbol in first box score                          

               position - any frame.                                           

     X.sub.2   Print strike symbol in second box score                         

               position - tenth frame.                                         

     X.sub.3   Print strike symbol in third box score                          

               position - tenth frame.                                         

     /.sub.2   Print spare symbol in second box score                          

               position.                                                       

     /.sub.3   Print spare symbol in third box score                           

               position - tenth frame.                                         

     (0)       Do not print cumulative score - do not add                      

               to score.                                                       

     (A)       Add pinfall, 10 or 20 to score as indicated                     

               by subscript.                                                   

     (P)       Print cumulative scores in frame location                       

               indicated by subscript: minus 1-back one                        

               frame, minus 2-back two frames, zero-in                         

               current frame.                                                  

     ______________________________________                                    

PAR  At the beginning of the game, each player's state will be state one. If the
      bowler does not achieve a strike on the first ball of the game, his game
      will then change to state three. As the notations indicate, the change
      from state one to state three requires that it be any frame but the tenth
      and a pinfall less than ten. Furthermore, if a split exists, a split
      symbol will be printed and the pinfall achieved by the first ball will be
      printed in the first box score location. Finally, the change precludes any
      addition of pinfall to the bowler's cumulative score or the printing
      thereof.
PAR  If, on the second ball, the bowler knocks down the remaining pins, the
      bowler's state will shift to state two. This change will occur when the
      input functions indicate that it is any frame but the tenth frame and the
      total pinfall for that frame is equal to 10. As a result, the output
      functions require that a spare be printed in the second box score position
      in the appropriate frame and that the score value of 10 immediately
      entered into the bowler's cumulative score memory.
PAR  In the event the bowler on his next ball, which is the first ball in the
      second frame, rolls a strike, the input functions showing that it is any
      frame but the tenth and that a pinfall of 10 has been achieved cause the
      bowler's state to be changed to state four. As a result of this change, an
      output function calling for the printing of a strike symbol in the first
      box score position will be emitted. Additionally, 10 points will be added
      to the bowler's cumulative score, subsequent to which a cumulative score
      will be printed back one frame position or in the first frame position.
      When this printing operation is accomplished, the pinfall achieved by the
      making of the strike, namely, 10 pins, will be immediately added to the
      cumulative score of the bowler.
PAR  From the foregoing example, it will be apparent how the state flow diagram
      depicts the operation of the computer to generate output functions in
      response to given input functions. The means to accomplish such operations
      are described hereinafter.
PAC  D. Computer
PAR  It will be recalled that the computer 60 is arranged to compute the bowling
      scores achieved by the plurality of bowlers on a plurality of lanes. Thus,
      each lane is provided with pin detecting means 70 shown schematically in
      FIG. 4. Operative in conjunction with each pin detecting means 70 is a
      pinfall buffer and steering gate arrangement 71. The pinfall buffers 71
      receive information from the pin detecting means 70 relative to the
      position of standing pins. This information is gated through the steering
      gates 71 to a pinfall register 72 in a manner such that the pinfall
      register 72 receives the information from only one lane at a time. The
      purpose of the pinfall buffers is to preserve pinfall information for
      short periods of time in the event that an automatic pinsetter having the
      pin detecting means thereon or independent pin detecting means used in
      conjunction with the pinsetter is reset during cycling of the pinsetter
      and before the information may be channeled to the pinfall register 72.
      Additionally, the pinfall buffers 71 serve to preserve pinfall achieved by
      the first ball in a frame such that it may be utilized for computing the
      bowler's score in the event the bowler commits a foul on the second ball
      in the frame.
PAR  Foul detection and verification means 73 are provided for each lane and are
      arranged to preclude the pinfall buffer 71 from reading pinfall
      information in the event of a first ball foul and for precluding the
      resetting of the pinfall buffers in the event of a second ball foul.
      Additionally, the foul detection and verification means 73 provide a
      signal which is utilized to cause the printing of a foul symbol in the
      appropriate position on the score sheet.
PAR  There is also provided a manual pinfall input means 74 which may be used to
      correct errors in a bowler's score caused by either erroneous computation
      by the computer, erroneous pin detection by the pin detecting means 70 or
      erroneous foul detection and verification caused by improper manipulation
      of the foul detection and verification means 73. Additionally, if a bowler
      improperly identifies himself to the computer such that the latter causes
      pinfall to be credited to the wrong bowler, this may be corrected by use
      of the manual pinfall input means 74.
PAR  The pinfall information received from the pinfall buffers and steering
      gates 71 and the manual pinfall input means 74 are utilized as inputs by
      the pinfall register 72 such that the condition of the latter will
      indicate the particular position of each pin that is either standing or
      down. The information relative to each pin is read simultaneously into the
      pinfall register by control of the steering gates 71 as mentioned above.
PAR  The arrangement of standing and fallen pins as it appears in the
      information contained within the pinfall register 72 is sensed by split
      detecting means 75. If the arrangement of the pins is such as to be a
      split within the definition thereof set forth by the American Bowling
      Congress, the split detecting means 75 will sense that a split exists and
      if only the first ball in a frame has been rolled, the sensing of the
      split condition will cause the printing of a split symbol on the score
      sheet.
PAR  In order to determine the number of fallen pins for box score purposes and
      for addition to the bowler's cumulative score, an arithmetic register 76
      is provided. The arithmetic register consists of a pinfall counter 77 and
      a binary coded decimal up counter 78. The pinfall counter 77 counts the
      pinfall achieved by the first ball in each frame and the total pinfall
      achieved in each frame by the two balls thereof. This information is
      printed in the box score positions described above. The binary coded
      decimal up counter adds the pinfall achieved by both balls in a frame to
      the bowler's cumulative score such that the cumulative score may be
      printed at the frame score level as set forth above. A pinfall register
      control 79 causes the pinfall information present in the pinfall register
      72 to be placed in the pinfall counter 77 after each ball of a frame and
      into the BCD up counter after either a strike in a frame or the second
      ball in a frame.
PAR  A bowler state control 80 includes a bowler state register which contains
      the state of a bowler's game. The bowler state control 80 is also provided
      with a bowler state decoding matrix which decodes the information
      contained in the bowler's state register. Finally, the bowler state
      control 80 includes a bowler state updating matrix which redetermines and
      updates the bowler's state information contained in the bowler's state
      register after each ball in a frame is rolled. the bowler's state
      information contained in the bowler state control is utilized to control
      the computation and printing of bowler's scores. In this connection, a
      bowler score cycle control 81 receives bowler state information from the
      bowler state control and in conjunction with a computer cycle control 82
      causes such functions as may be necessary to compute a bowler's score and
      enable the reading out of a bowler's score such that a printed record
      thereof will be formed.
PAR  When it is necessary to score a bowler, the bowler score cycle control 81
      and the computer cycle control 82 issue appropriate signals to a printer
      cycle control 83 which controls the printers 65 associated with each of
      the four lanes. The printer cycle control 83 in conjunction with the
      computer cycle control directs one of the printers 65 associated with the
      lane from which pinfall information has been received to print in the
      thousands, hundreds, tens or units column within a frame column and to
      print at the box score level or at the frame score level. The particular
      frame column in which the pinfall information is to be printed is
      determined by a frame counter 85, a printer frame control 86 and a frame
      selection matrix 87 together with the computer cycle control 82.
PAR  Frame information relative to the bowler to be scored is contained in the
      frame counter 85. The frame information therein corresponds to the frame
      in which the bowler is bowling as opposed to the frame in which he is to
      be scored. It will be apparent that this is a necessary distinction as
      when a bowler is working on a spare, a strike or two successive strikes,
      the cumulative score for the frames in which the mark or marks were made
      will not be complete until the bowler has rolled one or more balls in one
      or more succeeding frames.
PAR  The printer frame control 86 receives information from the frame counter 85
      relative to the bowler's current frame. The computer cycle control 82 in
      conjunction with bowler state control 80 causes the printer frame control
      86 to assume a condition indicative of the frame in which a printed
      cumulative score is to be placed. The resulting condition of the printer
      frame control 86 is sensed by the frame selection matrix 87 which thereby
      issues a signal to a printer 65 for directing the printer 65 to print the
      cumulative score in a particular frame column while the computer cycle
      control 82 enables a particular one of the printers 65 to print.
PAR  A character selection matrix 88 is arranged to sense the condition of the
      pinfall counter 77. In the case of box scores, the condition of the
      pinfall counter 77 is decoded by the character selection matrix 88 which,
      in turn, causes the printer cycle control 83 to direct a particular
      printer 65 to print a particular character. In the case of printing
      cumulative scores, each digit of the cumulative score is decoded
      individually and printed in a serial manner. As will be seen, the printing
      of such digits occurs in the following order: the thousands digit, if
      necessary, is printed first; the hundreds digit is printed second; the
      tens digit printed third and the units digit printed last. In order to
      achieve the serial decoding of the digits of the cumulative score in
      required order, the printer cycle control 83 causes the cumulative score
      information contained in the BCD up counter 78 to be shifted, one digit at
      a time, into the pinfall counter 77 where it is decoded by the character
      selection matrix 88 and ultimately printed by a selected printer 65. In
      the printing of cumulative scores, the printer cycle control has an
      additional function of suppressing leading or nonsignificant zeros.
PAR  In order to direct a selected printer 65 to print in a selected bowler
      line, bowler identification means 89 are provided. The bowler
      identification means 89 serve to direct a corresponding printer 65 to
      print at a particular box score level for a particular bowler. When it is
      necessary to print at the frame score level for that bowler, the bowler
      identification means 89 together with the computer cycle control serve to
      indicate that printing should be accomplished at the frame score level.
PAR  The bowler identification means 89 provide yet another function. A memory
      90 includes a work therein for each of the 24 bowlers that may be
      accommodated by the system. The bowler identification means 89 serve to
      connect the appropriate bowler word with the computer when that bowler is
      to be scored.
PAR  Each bowler word therein includes information relative to the bowler's
      cumulative score, the frame in which he is bowling and the state of his
      game. Through appropriate gating 91, the particular bowler word is
      selected and the frame information in each word is directed to the frame
      counter 85. The state information in the bowler word is directed to the
      bowler state control 80 while the bowler's score information is directed
      to the BCD up counter 78. Such information is used in each location to
      control the computation and read out of a bowler's score in the manner
      previously described, is updated and is subsequently written back into the
      bowler memory 90.
PAR  Since there may be as many as four different bowler identifications at any
      given instant (one on each of the four lanes), and the computer is
      arranged to handle the scoring of only one bowler at a time, means are
      provided in the form of a scanning cycle control 92 for permitting
      association of the computer 60 with but a single bowler word in the memory
      90 at a time. The scanning cycle control 92 scans the pin detection system
      70 on each of the four lanes together with the manual pinfall input system
      74 and a handicap input system to be described hereinafter and senses when
      one of the aforementioned information sources is ready to provide
      information for computation. When such a situation is detected, the
      scanning cycle control 92 locks on that particular information source and
      enables the gating 91 to select only the bowler word for the bowler
      associated with that particular source.
PAR  When the scanning cycle control 92 has locked on a particular information
      source, it, together with the computer cycle control 82 will cause the
      bowler information contained in the memory 90 for the selected bowler to
      be directed to the frame counter 85, the bowler state control 80 and the
      arithmetic register 76. Additionally, the computer cycle control 82 will
      cause the bowler score cycle control 81 to score the bowler which will
      cause the printer cycle control 83 to cause such printing as may be
      necessary. In the latter respect, the scanning cycle control 92 causes the
      computer cycle control to select the printer 65 for the lane for which the
      pinfall information is being made available or for the teams with which
      the bowler is associated. Upon completion of the scoring of a bowler, the
      computer cycle control 82 causes such updating of bowler information as
      may be necessary and the writing of such information back into the memory
      90.
PAR  Means are also provided for computing and printing running team totals when
      the computer is used in league bowling. To serve this end, a team total
      control 93 is provided. Since the running team totals are printed at the
      completion of a team frame, it is necessary that a bowler's score be added
      to the team total only if he is bowling in the same frame as the team.
      Accordingly, a frame buffer 94 and a frame comparator 95 are provided. The
      frame buffer receives frame information relative to the frame in which a
      bowler is bowling from the frame counter 85 upon direction by the computer
      cycle control and at a subsequent time in the scoring of the bowler, team
      frame information is placed in the frame counter and the bowler frame
      information contained in the frame buffer 94 is compared with the team
      frame information by the frame comparator 95. If the two are equal, the
      frame comparator 95 causes the team total control 93 to proceed with the
      team totaling cycle. In this cycle, the bowler's cumulative score is read
      from the binary coded decimal up counter 78 into a down counter 96. The
      cumulative score for the team, which consists of any given instant of the
      total of the cumulative scores of those members of the team that have been
      computed for the frame in which the team total is to be computed and the
      team handicap if entered, is read into the BCD up counter from a selected
      team total word in the memory 90. The down counter 96 is then counted to
      zero which will cause the bowler's cumulative score contained therein to
      be added to the team total cumulative score contained in the BCD up
      counter 78. The resulting score is then written from the BCD up counter 78
      back into the corresponding team total word in the memory for further
      addition of bowler cumulative scores, or, if the score just added
      corresponded to that of the bowler bowling in the last position on the
      team such that the bowler completed a team frame, the information will be
      shifted into the pinfall counter 77 to be decoded by the character
      selection matrix 88 and ultimately printed under the direction of the
      printer cycle control 83 operating in a manner similar to that described
      above in conjunction with the printing of a bowler's cumulative score.
PAR  As mentioned above, the running team total score is comprised of the
      cumulative scores of each of the bowlers on the team in the frame for
      which the team total score is to be computed. This is in contradistinction
      to an arrangement wherein the pinfall achieved by each bowler in each
      frame is added to the team total to provide the cumulative team total. The
      arrangement utilized by the invention is such that the team total is
      computed anew from each cumulative bowler score at the end of each frame.
      As a result, when an individual bowler's score is corrected by means of an
      error correction procedure utilizing the manual pinfall input 74,
      subsequent running team totals will be correct due to the inclusion of the
      corrected bowler's score therein.
PAR  The invention also provides team handicap registers 97 under the control of
      the team total control 93. Team handicap values may be set up manually on
      the team handicap registers 97 and, if permitted by the team total control
      93, the handicap values will be entered into the BCD up counter to be
      included in the team total which is printed out at the end of each frame
      or game. Such team handicap values may be entered into the apparatus at
      any time during the game and a word in the memory 90 is provided for each
      team's handicap entry.
PAR  The computer additionally includes a pinsetter control 98. The pinsetter
      control receives information from the foul detection verification means 73
      together with information from the bowler state control 80 and the
      scanning cycle control 92. Upon the occurrence of a first ball foul, the
      pinsetter control 98 under the direction of the scanning cycle control 92
      will cause the pinsetter on the lane on which the foul occurred to spot a
      new set of pins and prepare itself to undergo a second ball cycle when the
      next ball is rolled. Thus, when the second ball in the frame is rolled, if
      pins are left standing, the pinsetter will undergo a normal second ball
      cycle and spot a new set of pins in readiness for the next bowler.
      Similarily in certain tenth frame situations wherein bonus balls are
      rolled, the pinsetter control 98 under direction of the bowler's state
      control 80 will cause the pinsetter to undergo a second ball cycle after
      the third ball in the tenth frame is rolled such that a new set of pins
      will be spotted by the pinsetter in readiness for the following bowler or
      the initiation of a new game. This arrangement automatically anticipates
      recycling of the pinsetters in such situations and thereby speeds up the
      bowling game.
PAC  E. Printer
PAR  As the instant invention contemplates the making of a permanent record of
      the score achieved in a bowling game, it is necessary that some means for
      performing this function be provided. Specifically, the invention
      contemplates the use of four printers, one for each of the four lanes to
      be scored, of the type disclosed in co-pending application of W. A.
      Crimmins, Ser. No. 563,742, filed July 8, 1966 now U.S. Pat. No. 3,416,443
      and G. B. Pratt, Ser. No. 563,754, filed July 8, 1966 now U.S. Pat. No.
      3,385,212 and assigned to the same assignee as the instant application,
      the disclosures of which are hereby incorporated by reference.
PAR  For the purpose of clarity, a brief description of the operation of a
      printer made in accordance with the aforementioned co-pending applications
      is as follows. Reference may be made to FIG. 5 which schematically
      illustrates the arrangement of a printer to the computer of the instant
      invention. Each printer includes eleven print wheels, each print wheel
      bearing the characters 0-9, X, / and F for a total of 13 characters in
      all. The first nine print wheels are arranged to print units, tens and
      hundreds digits in each of the first nine frame columns on a score sheet,
      respectively. The tenth print wheel serves to print units, tens and
      hundreds digits in the tenth frame column and the thousands digit in the
      total or eleventh frame column. The eleventh print wheel prints units,
      tens and hundreds digits in the total or eleventh frame column. In order
      to control the printing in a selected frame column, eleven frame selection
      solenoids FRS (designated FRS in said applications) are provided, each of
      the eleven solenoids being responsible for unlatching a corresponding
      print wheel for printing in the desired frame column. Additionally, 13
      character selection solenoids CHS (desiganted CHS in said applications)
      are provided, one such solenoid being responsible for selecting a desired
      one of the 13 printer characters.
PAR  There are also provided three column selection solenoids SOS-10, SOS-100
      and SOS-1000 (designated COS-10, COS-100 and COS-1000 in said
      applications) for positioning the print wheel in the tens digit column,
      the hundreds digit column or the thousands digit column within a given
      frame column. However, as will be seen hereinafter, the control of the
      printer by the computer is such as to permit printing in the thousands
      column only in the eleventh frame. It should also be noted that when no
      one of the character selection solenoids are actuated, the design of the
      printer is such that it will print in the units column in the selected
      frame.
PAR  Each printer additionally includes a print-cycle solenoid PCS (designated
      PCS in said applications) which, when energized, will initiate a printing
      cycle. Each printer is arranged such that when the print-cycle solenoid is
      energized to start a printing operation, a solenoid power switch SPS (COPS
      and CFPS in said applications) is closed to connect one side of the frame
      selection solenoids, the character selection solenoids and the column
      selection solenoids to a source of power. As will be seen hereinafter, the
      other side of these solenoids is connected to solenoid drivers within the
      computer which, when energized by the computing apparatus, will complete
      the circuit for a selected solenoid in each of the three groups thereof.
      In this respect, as will appear, the outputs of the computer for frame
      selection, character selection and column selection are connected to the
      corresponding solenoids in those groups on each of the four printers
      utilized. However, the computing apparatus is arranged to energize only a
      single print cycle solenoid at any give instant such that by way of the
      foregoing arrangement, a frame selection solenoid, a character selection
      solenoid and a column selection solenoid, if needed, will be energized
      only in the particular printer that has its print cycle solenoid energized
      by the computer.
PAR  Each printer additionally includes a switch DSPS (designated DPS in said
      applications) which is closed at a predetermined point in a printing cycle
      and is arranged to provide the computing apparatus with a PRINT COMPLETE
      signal to indicate that the printer has responded to the inputs thereto
      generated by the computer and has completed the handling thereof. As will
      be apparent from said applications, such a signal is generated after the
      printing of each character (as opposed to the printing of a plurality of
      characters in a predetermined sequence). When it is necessary to print
      more than one character, such a signal will cause the computer to go on
      and read out the next character to the printer. In the event it is not
      necessary to print further characters relative to a bowler's score at the
      time such a signal is present, such a signal will cause the computer to go
      on to perform such other sequences as may be necessary.
PAR  The printer also provides means for moving within a frame column to any one
      of thirteen distinct positions. The first twelve positions correspond to a
      box score position and a frame score position for each of six bowlers
      while the thirteenth position provides for the printing of a running team
      total when the computer is scoring league play. This movement takes place
      in the Y direction and, accordingly, a Y-drive cam (designated 50 in said
      application) is provided for each printer. As disclosed in said
      applications the Y-drive mechanism includes a Y-GO solenoid YGO that
      controls the movement of the printer between the box score levels and
      frame score levels of each of the bowlers. In certain situations in a
      bowling game, it is necessary to record box score information, frame score
      information and, after the next ball is rolled, additional box score
      information and additional frame score information. Such a situation
      typically occurs when a bowler does not achieve a strike or a spare in the
      frame following a spare or the frame preceded by two strikes. Other
      situations wherein the printer must go from one level to the next and
      return to the first will be apparent and the Y-GO solenoid YGO is utilized
      to control such printer movement. Furthermore, occasionally the printer
      will not start out in the proper position to score a bowler. As will be
      seen hereinafter, the computer includes means for sensing such a condition
      and will energize the Y-GO solenoid YGO to thereby cause the printer to
      assume the proper position. The Y-drive mechanism of each printer may also
      be activated to position the printer at the running team total level. A
      signal from the computer is arranged to control such positioning as will
      be seen.
PAR  Referring again to FIG. 5, each printer includes fourteen contacts ST, 1B,
      1F, 2B, 2F, 3B, 3F, 4B, 4F, 5B, 5F, 6B, 6F and RTT. Each of the fourteen
      contacts ST-RTT are arranged in close proximity to a contact C. The
      Y-drive cam (designated 50 in said applications) includes a brush that is
      adapted to bridge any one of the fourteen contacts ST-RTT and the contact
      C. The specific one of the fourteen contacts ST-RTT connected with the
      contact C will depend upon the position of the printer relative to the
      score sheet. For example, if the printer position is such as to cause
      printing at the box score level of bowler number one, the brush on the
      Y-drive cam will bridge the contact 1B and the contact C. Similarly, if
      the printer is in a position to print at the running team total level, the
      brush on the Y-drive cam will bridge the contact RTT and the contact C.
      The contact C is connected through the normally open contacts CBKa of a
      relay CBK and a step printer relay SPK to a source of power. The relay CBK
      is connected to the contact ST for receiving a PRINTER ONE START signal
      and to the source of power. The relay SPK includes normally open contacts
      SPKa in series with the parallel combination of the Y-GO solenoid YGO and
      a relay YSK across the source of power. The relay YSK when energized may
      open contacts YSKa and YSKb to de-energize a Y-stop solenoid YST and
      disable the printer cycle solenoid PCS respectively. The Y-stop solenoid
      is, of course, placed in series with the contacts YSKa across the source
      of power.
PAR  When a PRINTER ONE START signal is generated, the relay CPK will be
      energized and close the contacts CPKa such that the relay SPK may be
      energized if the brush on the Y-drive cam is bridging the contact C and an
      energized one of the fourteen contacts ST-RTT to close contacts SPKa to
      energize the Y-GO solenoid YGO. Simultaneously, the Y-drive stop relay YSK
      will be energized to de-energize the Y-drive stop solenoid YST and disable
      the printer cycle solenoid PCS. As disclosed in said application, the
      energization of the Y-GO solenoid YGO will cause the printer to
      continually change position with respect to the various lines on the score
      sheet until the Y-GO solenoid YGO is de-energized. Such stopping will
      occur when the brush on the Y-drive cam of the printer contacts a
      de-energized one of the contacts ST-RTT and the relay SPK will be
      de-energized to energize the Y-stop solenoid YST and enable the printer
      cycle solenoid PCS.
PAR  As will be seen hereinafter, manually operated bowler identification
      buttons are used for de-energizing the selected one of the contacts 1B,
      2B, 3B, 4B, 5B and 6B while energizing the nonselected contacts 1B, 2B,
      3B, 4B, 5B and 6B and the contact ST. Thus, when a bowler identification
      push button has been depressed, the printer will be energized until the
      brush on the Y-drive cam finds the de-energized contact corresponding to
      the bowler identification switch that has been depressed. This will cause
      the printer to be positioned at the box score level of the score sheet for
      the bowler line corresponding to the depressed bowler identification
      button.
PAR  As will also be seen hereinafter, the contact ST, which corresponds to a
      home position of the printer, is energized by a PRINTER ONE START signal
      from either the bowler identification system or the error correction
      system such that if the printer is in the home position, it will begin its
      search for a deenergized contact. The RTT contact is normally energized
      such that the printer will not stop at the running team total level.
      However, when the computer requires that a running team total score be
      printed, the computer cycle control gating will issue and R.T.T. LEVEL
      signal which de-energized the RTT contact such that the printer may stop
      at the running team total level.
PAR  In order to position the printer at the frame score level, as will be seen,
      the computer control gating issues a FRAME SCORE LEVEL signal which is
      used to de-energize each of the contacts 1F, 2F, 3F, 4F, 5F and 6F.
      However, such a signal is issued only after printer has positioned itself
      at the proper box score level such that when printer movement is
      subsequently started, the printer will move only one position, namely that
      from the box score level to the frame score level for the same bowler.
PAR  In order to cause such movement from the box score level to the frame score
      level for a single bowler, or the reverse, or if the printer has for some
      reason erroneously stopped at an improper position, the computer cycle
      control gating as will be seen may issue a Y-GO LANE ONE signal. Such a
      signal is applied to the common junction of the contacts SPKa, the Y-stop
      relay YSK and the Y-GO solenoid YGO and will cause energization of the
      Y-GO solenoid YGO independently of the contacts SPKa. However, such a Y-GO
      LANE ONE signal appears only as a momentary pulse and is merely sufficient
      to cause the printer to move from one level on the score sheet to the next
      lower level. Thus, if the printer is at the box score level and a FRAME
      SCORE LEVEL signal is present, a Y-GO LANE ONE signal will merely cause
      the printer to move one position, namely to the frame score level for the
      same bowler. However, if the printer is at frame score level and the Y-GO
      solenoid YGO is pulsed, the one level movement of the printer will cause
      the brush on the Y-drive cam to bridge the box score contact and the
      contact C for the next bowler which will be energized since that bowler
      will not have identified himself and the printer will continue to step
      through all box score and frame score levels together with the running
      team total level and the home position until it is returned to the box
      score level of the bowler who has identified himself by depressing his ID
      button. Similarly, if the Y-GO LANE ONE signal is issued because the
      printer is in an improper position, the printer will continue to move
      until the brush on the Y-drive cam bridges a de-energized one of the
      contacts ST-RTT and the contact C which will be the proper position as it
      will have been de-energized by manipulation of the bowler identification
      push buttons.
PAR  Each printer additionally includes fixed contacts A1, A2, A3, A4, A5 and
      A6, one for each of the six bowlers whose scores may be printed by the
      printer, which are adapted to receive 1A-6A signals from the bowler
      identification system as will appear. Only one of such signals may be
      present at any given instant and indicates that one of bowlers 1-6 of team
      A has identified himself. The presence of such a signal will energize one
      of the contacts A1-A6. The Y-drive cam includes a brush that is adapted to
      close a circuit between the contacts A1-A6 and a corresponding one of
      adjacent contacts A1-1, A2-2, A3-3, A4-4, A5-5 and A6-6. The contacts A1-1
      through A6-6 are connected as inputs to an AND gate BIPP which may issue a
      BOWLER IDENTIFIED AND PRINTER IN POSITION signal. The AND gate BIPP
      includes inputs from corresponding contacts on the printers associated
      with each of lanes two, three and four.
PAR  As will be seen, the computer will not begin computation of the score for
      any given bowler until that bowler has established his identification and
      the printer is properly positioned at the corresponding bowler line. This
      is necessary as the computer must be capable of digesting information
      almost simultaneously from several input sources. Accordingly, means are
      provided to prevent the computer from standing idle while a printer is
      being moved to a proper position. As will be seen, the BOWLER IDENTIFIED
      AND PRINTER IN POSITION signal must be present before the computer will
      stop and digest information from any of the input sources. For example, if
      it be assumed that the first bowler on team A has depressed his push
      button, a 1A signal will be present. When the printer for team A has moved
      to the bowler one position, a brush on the Y-drive cam will complete the
      circuit between the contact A1 and the A1-1. Thus, the 1A signal will be
      fed into the AND gate BIPP as an input. This signal will disable the AND
      gate BIPP and cause the latter to issue the BOWLER IDENTIFIED AND PRINTER
      IN POSITION signal. As will be seen hereinafter, when a BOWLER IDENTIFIED
      AND PRINTER IN POSITION signal is not present, the computer will cause the
      pulsing of the Y-GO solenoid YGO to initiate movement of the printer such
      that it may search to find the proper position.
PAR  From the foregoing, it will be apparent that the bowler identification
      system is primarily responsible for the positioning of the printer at the
      proper level on a score sheet. However, it will also be apparent that when
      the printer is not in the proper position or, as will appear, the computer
      anticipates that the next printing operation will occur at a level
      different from that at which the printer is currently located, the
      computer will cause movement of the printer to the proper position.
PAC  F. Conventions Used in the Specification and Drawings
PAR  The instant invention comprises an almost wholly electronic device
      comprised of standard, semiconductor building blocks such as flip-flops
      (bi-stable multivibrators), AND gates, OR gates, NAND gates, NOR gates,
      delay multivibrators (mono-stable multivibrators), clocks (astable
      multivibrators), electronic switches and inverters. The logic, which is
      generally a so-called "negative logic" approach and is asynchronous,
      utilizes various combinations of these elements which are wholly comprised
      of capacitors, resistors, diodes and transistors. Where mechanical or
      electro-mechanical devices are used, they will be called by their
      conventional name.
PAR  In the drawings, a flip-flop is indicated as a pair of touching or
      intersecting circles having a "1" within one of the circles and an "0"
      within the other circle. Since, as is well known, a flip-flop may be
      either in a "set" condition or a "reset" condition, the "1" section of
      each flip-flop will be referred to hereinafter as the "set" section while
      the "0" section will be referred to as the "reset" section.
PAR  Conventional Boolean notations are used throughout and, accordingly, AND
      gates are indicated as closed semicircles having a dot (Boolean "and"
      convention) therein while OR gates are indicated as closed semicircles
      having a plus (Boolean "or" convention) therein. NAND gates are designated
      by a doubly closed semicircle having a dot therein, while NOR gates are
      shown as doubly closed semicircles having a plus therein. Delay
      multivibrators are shown as a pair of intersecting circles with a pulse
      symbol within one of the circles while clocks or free running
      multivibrators are shown as a pair of intersecting circles. Electronic
      switches are indicated by a pair of concentric circles while inverters are
      indicated as a triangle having an inner line parallel to one side thereof
      and intersecting the other two sides.
PAR  With respect to the various notations used through-out the drawings and
      description, all physical elements are referred to either wholly by number
      or letter, or by one or more letters followed by one or more numbers. In
      the case of the latter, the letters preceding the numbers are
      abbreviations for the particular portions of the computer in which the
      element exists. For example, certain elements in the pinfall counter are
      preceded by the letter designation PC. The numbers following a letter or
      combination thereof, except with reference to the memory bits and the
      pinfall buffers, represent the binary coded number that may be present in
      that bit or the binary coded decimal number that may be present in that
      bit. For example, the reference character PC4 refers to the third bit of
      the pinfall counter, which bit, when set, will contain the binary coded
      number four therein. Similarily, the reference character BCD800 refers to
      the twelfth bit of the binary coded decimal up counter which, when set,
      will contain the binary coded decimal number 800 therein. In the case of
      the memory bits, the number refers to the numerical position of the bit as
      opposed to the number contained therein. With respect to the pin detecting
      switches and pinfall buffers, the number designates the pin position on
      the bowling lane to which the pinfall buffer corresponds.
PAR  Throughout the specification and drawings, various input and output signals
      are given reference designations. In many instances, such signals will be
      referred to by concise descriptive phrases or abbreviations that are
      self-explanatory. In other instances, they will be referred to by
      designations made up of a combination of one or more numbers followed by
      one or more letters. In such cases, the order of the letters and numbers
      has been reversed from that used describing the physical element from
      which the signal is issued. Thus, a signal designated 1PC or 1PC are
      outputs from the first bit of the pinfall counter, the 1PC signal being an
      output from the set section of the flip-flop PC1 while the 1PC signal is
      an output from the reset section of the flip-flop PC1. From the foregoing,
      it will be apparent that a signal designation is characterized merely by
      the inversion of the order of the letters and numbers of the physical
      element that generates the signal.
PAR  Finally, in the specification, various gates will be referred to as being
      of the "pulse-forming" type. Such gates are designated in the drawings in
      the manner set forth above but further including a conventional symbol for
      a capacitor on one or more of their input leads. Whenever such a
      designation occurs, it will be understood that the gate shown or referred
      to is a conventional pulse forming gate of the type denoted by the
      particular symbol used.
PAC  II. SPECIFIC DESCRIPTION OF THE SYSTEM
PAC  A. PIN DETECTION
PAR  Means are provided for detecting pinfall on a bowling lane and for issuing
      signals in response to such detection, which signals comprise a source of
      pinfall information which is eventually fed to the scoring apparatus such
      that scores may be computed therefrom in a manner to be described
      hereinafter. The pinfall detecting devices may be conventional in nature
      and may be associated with an automatic pinsetter or independent thereof.
      In the disclosed exemplary embodiment of the invention, the pin detecting
      mechanisms may take on the form of the pin detecting means disclosed in
      the Torresen et al application Ser. No. 50,542, now U.S. Pat. No.
      3,278,186 on the pin deck of an automatic pinsetter in the manner
      disclosed in that application.
PAR  The pin detecting means of the Torresen et al application comprises
      switches and are schematically shown as switches PS1-PS10 in FIG. 6. The
      switch PS1 is arranged to be opened by a standing one pin. The switches
      PS2-PS10 are similarly arranged to be opened by standing two-ten pins,
      respectively. One side of each of the switches PS1-PS10 have a common lead
      through a foul circuit 192 to ground. The other sides of each of the
      switches PS1-PS10 are each connected through a network, generally
      designated 190, comprised of a resistor, a capacitor and a diode to ground
      and to a source of power. The networks 190 are arranged such that when any
      given switch PS1-PS10 is closed, there will be no signal on the network
      side of such a switch, assuming that the foul circuit 192 is in a
      condition to ground the side of the switches PS1-PS10 to which it is
      connected. However, when any given switch PS1-PS10 is opened, or when both
      of the switches 102 and 194 are opened in a manner to be described
      hereinafter, a signal will appear on the network side of the corresponding
      switch. Since, as noted above, each of the switches PS1-PS10 is opened to
      correspond to a standing pin, an output signal on the network side of any
      one or more of the switches PS1-PS10 corresponds to a standing pin in the
      designated position. Such PIN DETECTED STANDING signals from the switches
      PS1-PS10 are indicated as signals 1PDS-10PDS, respectively, and are fed to
      a pinfall buffering system for such purposes as will be described below.
PAC  B. PINFALL BUFFERS
PAR  A pinfall buffering system, shown in FIG. 6, is provided for each of the
      four lanes with which the scoring apparatus is to be used. Each of the
      four pinfall buffers consists of 10 flip-flops PB1-PB10 which serve as
      storage devices for storing pinfall information relative to pins one-ten
      respectively.
PAR  The set lead of the flip-flop PB1 is connected through an AND gate 195 to
      the network side of the switch PS1 in the pin detection system to receive
      a signal 1PDS therefrom. The remaining flip-flops PB2-PB10 are similarly
      connected to the network side of the corresponding switches PS2-PS10 in
      the pin detection system. Thus, a 1PDS signal serves as an input to the
      AND gate 195 interposed between the switch PS1 and the flip-flop PB1 while
      a 2PDS signal serves as an input to the AND gate 195 interposed between
      the switch PS2 and the flip-flop PB2, etc.
PAR  Each of the AND gates 195 additionally has a common input on which a READ
      LANE ONE PINFALL signal is received. The READ LANE ONE PINFALL signal is
      issued by the scanning cycle control in a manner to be described
      hereinafter and is first fed to a pulse-forming NAND gate 200. The output
      of the NAND gate 200 is then fed to an electronic switch 202, which, when
      energized, causes the flip-flops PB1-PB10 to be reset. The output from the
      NAND gate 200 is also fed to another pulse-forming NAND gate 204, the
      output of the latter being slightly delayed and fed to the common input of
      each of the AND gates 195, to enable the latter after resetting of the
      flip-flops PB1-PB10 to permit setting of selected ones of the flip-flops
      PB1-PB10 in accordance with the condition of the pin detecting switches
      PS1-PS10.
PAR  The NAND gate 200 has a second input which may receive a SECOND BALL FOUL
      signal as will appear and which will disable the NAND gate 200 to prevent
      the resetting of the flip-flop PB1-PB10 in the event of a second ball
      foul. Such an arrangement is required as when a second ball foul occurs,
      the pinfall achieved by the first ball should be counted while that
      achieved by the second ball disregarded. Thus, in order to preserve the
      first ball pinfall information contained in the flip-flops PB1-PB10, it is
      necessary to prevent the resetting thereof.
PAR  It should be noted that an OR gate 201 is interposed between the NAND gate
      200 and the electronic switch 200 such that it will pass the output of the
      NAND gate 200 to the electronic switch 202 to reset the pinfall buffers
      PB1-PB10 when a READ LAND ONE PINFALL signal is issued and a foul has not
      been detected or verified. The OR gate 201 includes a second input for
      receiving a RESET PINFALL BUFFERS signal which may be generated in an
      automatic pinsetter near the end of a typical second ball cycle thereof.
      Since, as will be seen, the pinfall buffers PB1-PB10 are additionally used
      to control lamps for indicating standing pins, and it is desirable to turn
      off such lamps prior to the bowling of a subsequent bowler, the RESET
      PINFALL BUFFERS signal is issued to reset pinfall buffers PB1-PB10 and to
      turn off the lamps in a manner to be seen when a bowler has substantially
      completed his frame as indicated by the nearing of completion of the
      second ball cycle of the automatic pinsetter.
PAR  The operation of the pinfall buffer is as follows. If it be assumed that a
      ball has been rolled and a foul has not been detected or verified, none,
      certain ones, or all of the switches PS1-PS10 will be closed corresponding
      to the downing of a pin in the position to which they correspond. When the
      HEAD LANE ONE PINFALL signal is issued, the AND gates 195 associated with
      open ones of the switches PS1-PS10 will be enabled to set their associated
      flip-flops PB1-PB10.
PAR  When a subsequent ball is rolled, the READ LANE ONE PINFALL signal will
      first cause the flip-flops PB1-PB10 to be reset whereupon the subsequent
      enabling of the AND gates 195 by the READ LANE ONE PINFALL signal will
      permit certain ones of the flip-flop PB1-PB10 to be set if the
      corresponding switches PS1-PS10 are opened by standing pins. Thus, it will
      be apparent that when a foul does not occur, the operation of the pinfall
      buffers PB1-PB10 and the switches PS1-PS10 will proceed in an identical
      manner when the READ LAND ONE PINFALL signal is issued.
PAR  When a first ball foul is detected and verified, the foul circuit 192, in a
      manner to be seen, will cause the common connection between each of the
      switches PS1-PS10 to go to the potential of the power source such that all
      pins will be read as standing when the AND gates 195 are enabled by the
      READ LANE ONE PINFALL signal. In other words, the potential at the network
      side of the switches PS1-PS10 will be made equal to that of the power
      source whether or not the switches PS1-PS10 are opened or closed.
PAR  In the case of a second ball foul, certain ones of the pinfall buffers
      PS1-PB10 will have been set corresponding to the standing pins remaining
      after the first ball and will not be reset due to the disabling of the
      NAND gate 200 by the presence of the SECOND BALL FOUL signal placed
      thereon. Furthermore, since the NAND gate 200 is disabled in the manner
      just mentioned, the AND gates 195 will not be enabled by the READ LANE ONE
      PINFALL signal and thus the switches PS1-PS10 cannot be read and the
      condition of the flip-flops PB1-PB10 will remain unchanged from that
      present after the sensing of the first ball pinfall.
PAC  C. LIGHT DRIVERS AND STEERING GATES
PAR  Means are provided for each of the four lanes scored by the computing
      device for visually indicating the position of standing pins to a bowler
      after his first ball as shown in FIG. 6. Lamps L1-L10, when lit,
      correspond to standing one-ten pins respectively. The lamps L1-L10 may be
      arranged in a triangular array corresponding to the conventional array in
      which the bowling pins are disposed. In order to cause any one or all of
      the lamps L1-L10 to be illuminated due to a corresponding standing pin,
      lamp drivers LD1-LD10 are placed in series with the respective lamps
      L1-L10 and a source of power. Each of the lamp drivers LD1-LD10 are
      comprised of electronic switches of a conventional nature and have their
      inputs connected to an output of the corresponding flip-flop PB1-PB10. The
      flip-flops PB1-PB10, when set, provide an output signal indicating their
      set condition, 1PBS-10PBS, which is applied to the appropriate lamp driver
      LD1-LD10. Accordingly, when any one of the flip-flops PB1-PB10 are set,
      the corresponding lamp driver LD1-LD10 is energized to cause its
      respective lamp L1-L10 to be illuminated and indicate to a bowler that a
      corresponding pin is standing.
PAR  Since a single computer is utilized to compute bowling scores achieved on
      four bowling lanes, it is necessary to provide means for selectively
      associating the computer with the pinfall information systems on each lane
      such that the computer receives pinfall information from but one lane at a
      time. This function is achieved through the use of four sets of steering
      gates SG1-SG10 associated with each of the four lanes, each of which is
      comprised of a two input AND gate. Each of the steering gates SG1-SG10 has
      an input connected to an output of the corresponding flip-flop PB1-PB10 of
      the pinfall buffer. The second input of each of the steering gates
      SG1-SG10 have a common connection of a NOR gate 206. The NOR gate 206 has
      a pair of inputs the first of which receives a SCORE LANE ONE (or TWO or
      THREE or FOUR or ERROR CORRECTION depending upon the information source)
      signal, while the second receives a CYCLE START signal through an inverter
      203 from a pulse-forming NAND gate 205. Both signals are generated by the
      scanning cycle control. From the foregoing, it will be apparent that when
      a steering gate SG1-SG10 receives an appropriate signal 1PBS-10PBS
      corresponding to a set flip-flop PB1-PB10 and an input from the output of
      the NOR gate 206, each of the steering gates SG1-SG10 will issue an output
      if the pin to which it corresponds is standing. Such output signals,
      assuming that the gates SG1-SG10 are associated with lane one to provide
      the computer with pinfall information therefrom, are labeled 1PSL1-10PSL1,
      the first number standing for the position of the standing pin, and the
      second number standing for the lane number, here lane one. Thus, a 5PSL4
      signal indicates that a bowler had left a five pin standing on lane four.
PAR  Of course, it will be appreciated that signals such as the 1PSL1 output
      from the AND gate SG1 will occur only when the latter receives a signal
      from the pinfall buffer corresponding to standing one pin and an input
      signal which is the output signal from the NOR gate 206. Accordingly, the
      output of the NOR gate 206 is controlled by appropriate inputs to be
      described hereinafter to control the issuing of signals 1PSl1-10PSL1 to
      the computer. Further, as noted above, there is a separate and similar
      light driver and steering gate circuit associated with each of the pinfall
      buffers on each of the four lanes from which the computer derives its
      input information. Thus, by suitable control of the NOR gates 206-1,
      206-2, 206-3, 206-4 and 206-ERROR CORRECTION for lanes one-four and the
      error correction system, respectively, pinfall information from but a
      single selected source will be received by the computer at any given
      instant.
PAR  The output of the NAND gate 205 is also used to issue a PINFALL REGISTER
      RESET signal which is used as will appear.
PAC  D. PINFALL REGISTER
PAR  Means are provided in the computing apparatus for receiving pinfall
      information from each of the lanes one-four. As noted above, such pinfall
      information is fed to the computer as signals 1PSL1-10PSL4, is being
      understood that the number of such signals cannot exceed ten as they
      correspond to the number of pins standing on any given lane and are
      derived from but a single lane at any time by virtue of the operation of
      the NOR gates 206-1 through 206-4 and the steering gates SG1-10 for each
      lane.
PAR  More specifically, the pinfall information from an appropriately selected
      lane is received in the computing apparatus by a ten bit recirculating
      shift register shown in FIG. 7. The ten bit recirculating shift register
      is comprised of a series of ten flip-flops PR1-PR10, each of which is
      arranged to be set when a corresponding pin is standing on the preselected
      lane. This function is achieved by connecting the set input of the
      flip-flop PR1 to the output of each of the steering gates SG1 on lanes
      one-four through an OR gate 207. The set inputs of each of the flip-flops
      PR2-PR10 are similarly connected to the outputs of each of the steering
      gates SG2-SG10 on lanes one-four through OR gates 207. The OR gates 207
      additionally have fifth inputs on which 1PSEC-10PSEC signals may be
      received from the error correction system as will appear.
PAR  Each of the flip-flops PR1-PR10 have a common reset connection to an
      electronic switch 208 which is energized to cause the flip-flops PR1-PR10
      to be reset by a PINFALL REGISTER RESET signal generated by the NOR gate
      205 (FIG. 6) associated with the steering gates as described previously.
PAR  Each of the flip-flops PR1-PR9 have an output 1PD-9PD from their reset
      section leading through a two input AND gate 210 to the set section of the
      next higher flip-flop. The flip-flop PR10 has a similar connection to the
      flip-flop PR1. Additionally, an output 1PS-9PS from the set section of
      each of the flip-flops PR1-PR9 is fed through a two input AND gate 210 to
      the reset section of the next higher flip-flop. Again, the flip-flop PR10
      has a similar connection to the flip-flop PR1. From the foregoing, it will
      be apparent that 20 AND gates 210 are arranged to gate output signals from
      one flip-flop to the next higher flip-flop (with the exception of the
      gating of outputs of the flip-flop PR10 to the flip-flop PR1).
PAR  Each of the AND gates 201 has a common second input connected to the output
      of an inverter 212 which receives PINFALL REGISTER SHIFT PULSE signals
      from the pinfall register control as described hereinafter. Each pulse
      output of the inverter 212 will cause the flip-flop PR2 to assume the
      condition of the flip-flop PR1, the flip-flop PR3 to assume the condition
      of the flip-flop PR2, . . . and the flip-flop PR1 to assume the condition
      of the flip-flop PR10. Ten such pulses are generated by the pinfall
      register control such that the condition of each of the flip-flops
      PR1-PR10 is shifted ten times. As a result of this arrangement the
      condition of the flip-flop PR1, for example, is at least momentarily
      placed on each of the flip-flops PR2-PR10 and finally is replaced on the
      flip-flop PR1.
PAR  It should be noted that the output of the reset sections of the flip-flops
      PR1-PR10, which outputs are numbered 1PD-10PD respectively, do not have a
      signal thereon when their corresponding pin is down. Similarly, the
      outputs 1PS-10PS of the set side of the flip-flops PR1-PR10 do not have a
      signal thereon when the respective flip-flops are set corresponding to a
      standing pin. When any given flip-flop PR1-PR10 is reset corresponding to
      a downed pin, its set section output 1PS-10PS may issue an output signal
      while when a flip-flop PR1-PR10 is set corresponding to a standing pin,
      its reset output 1PD-10PD will have a signal thereon.
PAR  From the foregoing, it will be apparent that during the shift cycle the set
      section output 10PS of the flip-flop SR10 will have placed thereon a
      number of output signals or pulses corresponding to the number of downed
      pins as determined by the number of reset flip-flops. This information is
      used for score computation in a manner to be described hereinafter.
PAR  The signals appearing on the various outputs 1PS-10PS and 1PD-10PD are also
      utilized in a split detection system to be described hereinafter.
PAC  E. PINFALL REGISTER CONTROL
PAR  As noted above in the description of the pinfall register, the pinfall
      achieved by a ball is converted to a string of pulses therein, which
      string of pulses is read from the output 10PS of the set side of the
      flip-flop PR10 of the pinfall register during the shift cycle. In order to
      provide the necessary pulses to the inverter 212 of the pinfall register
      to cause initiation of a shift cycle, a pinfall register control is
      provided.
PAR  The pinfall register control consists of a twenty feedback counter
      comprised of five flip-flops PRC1, PRC2, PRC4, PRC8 and PRC16 as shown in
      FIG. 8. The outputs of the set section of the first four flip-flops PRC1,
      PRC2, PRC4 and PRC8 are connected to the trigger input of the next higher
      flip-flop to sense one to zero changes of the lower flip-flop.
      Additionally, the outputs of the set section of each of the five
      flip-flops are connected as inputs to a NAND gate 240. Finally, the set
      section output of the flip-flop PRC1, on which PINFALL REGISTER SHIFT
      PULSES are issued, is connected to the input of the inverter 212 shown in
      FIG. 7. A reset input on the flip-flop PRC1 is connected to the output of
      a NAND gate 242 which is arranged to cause the flip-flop PRC1 to be reset
      whenever an ADD PINFALL or a COUNT PINFALL signal is issued by the
      computer cycle control gating. The outputs of the reset section of the
      flip-flops PRC4 and PRC8 are connected as inputs to an OR gate 244 which
      has its output connected to the set lead of the flip-flop PRC2.
PAR  Timing pulses for the pinfall register control are issued by a clock such
      as a free running multivibrator, at two times the required rate of
      shifting of the pinfall register shown in FIG. 7 and are utilized as an
      input to a NOR gate 246. The NOR gate 246 has as a second input, the
      output of the NAND gate 240, which normally disables the NOR gate 246. The
      output of the NOR gate 246 is connected to the input of the flip-flop
      PRC1.
PAR  The output from the reset section of the flip-flop PRC1 is fed through a
      one input NAND gate 248 to NAND gate 250 as an input thereto. The NAND
      gate 250 has a second input which is connected to the output of the set
      section of the flip-flop PR10 of the pinfall register. The output of the
      NAND gate 250 serves as a common input to two NAND gates 252 and 254, each
      of which has a second input on which an ADD PINFALL or a COUNT PINFALL
      signal is received, respectively. The outputs from the NAND gates 252 and
      254 are fed to the BCD upcounter for calculation of a bowler's cumulative
      score and to a pinfall counter for computation of a bowler's box score
      respectively.
PAR  The NAND gate 252 has a third input from a NAND gate 253 which normally
      receives FOUL and STATE 10 signals. Whenever both signals are not present,
      corresponding to a foul by a bowler when his state is STATE 10, the output
      of the NAND gate 253 disables the NAND gate 252 to preclude the adding of
      pinfall to the bowler's score.
PAR  By virtue of the feedback from the reset section of the flip-flops PRC4 and
      PRC8 through the OR gate 244 to the set lead of the flip-flop PRC2, it
      will be apparent that the pinfall register control counts in the following
      sequence.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

                            Actual Decimal                                     

                                     No. of                                    

                            Number in                                          

                                     Input                                     

     PRC16                                                                     

          PRC8                                                                 

              PRC4                                                             

                  PRC2                                                         

                      PRC1  Control  Pulses                                    

     __________________________________________________________________________

                      Start                                                    

     0    0   0   0   0 Shift                                                  

                            0        1                                         

     0    0   0   0   1     1        2                                         

     0    0   0   1   0 Shift                                                  

                            2        3                                         

     0    0   0   1   1     3        4                                         

     0    0   1   1   0 Shift                                                  

                            6        5                                         

     0    0   1   1   1     7        6                                         

     0    1   0   1   0 Shift                                                  

                            10       7                                         

     0    1   0   1   1     11       8                                         

     0    1   1   1   0 Shift                                                  

                            14       9                                         

     0    1   1   1   1     15       10                                        

     1    0   0   0   0 Shift                                                  

                            16       11                                        

     1    0   0   0   1     17       12                                        

     1    0   0   1   0 Shift                                                  

                            18       13                                        

     1    0   0   1   1     19       14                                        

     1    0   1   1   0 Shift                                                  

                            22       15                                        

     1    0   1   1   1     23       16                                        

     1    1   0   1   0 Shift                                                  

                            26       17                                        

     1    1   0   1   1     27       18                                        

     1    1   1   1   0 Shift                                                  

                            30       19                                        

     1    1   1   1   1 Stop                                                   

                            31       20                                        

     __________________________________________________________________________

PAR  The operation of the pinfall register control is as follows. When either an
      ADD PINFALL or a COUNT PINFALL signal is received by the NAND gate 242,
      the latter causes the flip-flop PRC1 to be reset. As a result of the
      resetting of the flip-flop PRC1, the flip-flop PRC2 will be reset as will
      be flip-flops PRC4, PRC8 and PRC16. As a result of the changes of the
      conditions of the flip-flops, the NAND gate 240 no longer causes the NOR
      gate 246 to block the input from the clock to the flip-flop PRC1 and
      timing pulses from the clock are applied to the input of the flip-flop
      PRC1 causing it to alternately be placed in a set and reset condition.
PAR  When the output of the NAND gate 242 caused the flip-flop PRC1 to be reset,
      a PINFALL REGISTER SHIFT PULSE signal was issued to the pinfall register.
      Since the input to the flip-flop PRC1 is no longer blocked by action of
      the NOR gate 246, a pulse from the clock causes the flip-flop PRC1 to be
      set. This causes no change in condition of the flip-flop PRC2. Upon
      reception of the next clock pulse by the flip-flop PRC1, it returns to a
      reset condition and issues a second shift pulse. This resetting of the
      flip-flop PRC1 causes the flip-flop PRC2 to be set. The next timing pulse
      received by the flip-flop PRC1 again causes it to be set while the
      condition of the remaining flip-flops is unchanged. Upon receiving the
      next pulse from the clock, the flip-flop PRC1 is again reset to thereby
      issue a third shift pulse to the pinfall register while simultaneously
      causing the flip-flop PRC2 to be reset, which action causes the flip-flop
      PRC4 to be set. When the flip-flop PRC4 becomes set, the feedback from its
      reset section is passed through the OR gate 244 to set the flip-flop PRC2.
      Thus, as a result of the feedback, the flip-flops have been caused to jump
      from 00011 to 00110 by a single clock pulse, skipping the numbers 00100
      and 00101. As indicated in Table 3, the feedback from the flip-flops PRC4
      and PRC8 through the OR gate 244 to the flip-flop PRC2 cause several such
      jumps during the counting sequence such that the counter goes from an "all
      bits reset" to an "all bits set" condition upon the reception of but 20
      input pulses, the first of which is applied as a result of the change of
      the NAND gate 242 in response to an input thereto and nineteen are
      received from the clock.
PAR  When the control has reached an "all bits set" condition, the inputs from
      each of the five flip-flops to the NAND gate 240 cause the latter to issue
      a signal to the NOR gate 246 to block further inputs to the flip-flop SRC1
      to thereby stop the counting sequence.
PAR  As noted above, a NAND gate 248 is interposed between an input of a NAND
      gate 240 and the output of the reset side of the flip-flop PRC1. The reset
      section output of the flip-flop PRC1 issues a train of pulses which are
      related in time to the train of output pulses present on the set output
      10PS of the flip-flop PR10 of the pinfall register. As the above noted
      output from the pinfall register is connected as an input to the NAND gate
      250, the pulses from the reset section of the flip-flop PRC1 serve as
      enabling pulses to permit signals indicative of the number of down pins to
      be passed as inputs in both of the NAND gates 252 and 254. Depending on
      whether the counting sequence and resultant shift cycle were initiated by
      an ADD PINFALL or a COUNT PINFALL signal, one of the NAND gates 252 or 254
      will be enabled to have an output of pinfall information in the form of a
      string of pulses which will be fed to either a BCD up counter for the
      purpose of totalizing the bowler's score or to the pinfall counter to
      enable a bowler's box score to be computed. The BCD up counter and pinfall
      counters comprise the arithmetic register and utilize such input signals
      in a manner to be described hereinafter.
PAR  A pair of NAND gates 241 and 243 receive ADD PINFALL and COUNT PINFALL
      signals respectively and have common second inputs from the NAND gate 240.
      As a result of this logic arrangement, when each flip-flop of the pinfall
      register control is set corresponding to the end of a counting or adding
      sequence, one of the NAND gates 241 and 243, depending on whether it is a
      counting or an adding sequence, will be enabled. In the case of an adding
      sequence, the NAND gate 241 will issue an ADD COMPLETE signal. If it is a
      counting sequence, the NAND gate 243 will issue a PRINT BOX SCORE signal.
      The use of the signals will appear hereinafter.
PAC  F. ARITHMETIC REGISTER
PAR  Actual computation of bowlers' scores for frame score purposes and the
      counting of pinfall for box score purposes are accomplished in the
      arithmetic register. The arithmetic register is comprised of a three
      decade binary coded decimal up counter and shift register shown in FIGS.
      9a, 9b and 9c and a pinfall counter and shift register illustrated in FIG.
      10, and both counters are connected together to form a recirculating shift
      register.
PAR  1. BINARY CODED DECIMAL UP COUNTER AND SHIFT REGISTER
PAR  The BCD up counter and shift register (FIGS. 9a, 9b and 9c) is comprised of
      twelve flip-flops BCD1, BCD2, BCD4, BCD8, BCD10, BCD20, BCD40, BCD80,
      BCD100, BCD200, BCD400 and BCD800, the number following the BCD serving to
      indicate the decimal number held in each of the flip-flops when it is set.
      Each of the flip-flops BCD1-BCD800 are interconnected in a conventional
      manner to form an up counter and shift register. More specifically, the
      output of the reset section of a flip-flop serves as an input to AND gates
      270 having outputs connected to the set section of the next higher
      flip-flop while the outputs of the set sections of each flip-flop are
      connected through AND gates 272 as inputs to the reset section of the next
      higher flip-flop. Each of the AND gates 270 and 272 have a common
      connection to a lead 274 on which an ARITHMETIC REGISTER SHIFT PULSE is
      issued by the printer cycle control as will appear to cause the condition
      of any given flip-flop to be placed upon the next higher flip-flop.
PAR  The flip-flop BCD1 receives pinfall information through an OR gate 281 and
      an AND gate 280 which has an input connected to the output of the NAND
      gate 252 of the pinfall register control. Each of the flip-flops
      BCD1-BCD800 have inputs to their reset sections from the outputs of AND
      gates 276 which, in turn, have their inputs connected to the respective
      bits in the memory in a manner to be described hereinafter. Each of the
      AND gates 276 has a second input on which a BLOCK SCORE MEMORY ENTRY
      signal may be issued to cause the AND gates 276 to block the passage of
      information from the memories to the flip-flops BCD1-BCD800. Additionally,
      each flip-flop BCD1-BCD800 has an input for receiving a RESET REGISTERS
      signal to reset the flip-flops. Finally, each of the flip-flops
      BCD1-BCD200 have a third input to their reset sections from the output of
      AND gates 278 which have inputs connected to the error correction and
      handicap system for correcting scoring errors and for introducing handicap
      values in a manner to be described hereinafter. Additionally, each of the
      AND gates 278 has a second input on which "READ ENTRY SWITCH"  pulse may
      be issued to cause and the AND gates 278 to pass to the flip-flops
      BCD1-BCD200 the information set up on the manually operated error
      correction and handicap entry system.
PAR  The counting sequence of each of the three decades is similar and thus only
      one need be described. For example, the least significant decade,
      comprised of the flip-flops BCD1-BCD8, count as follows:
TBL                TABLE 4                                                     

     ______________________________________                                    

     BCD8  BCD4    BCD2    BCD1   DECIMAL COUNT                                

     ______________________________________                                    

     0     0       0       0      0                                            

     0     0       0       1      1                                            

     0     0       1       0      2                                            

     0     0       1       1      3                                            

     0     1       0       0      4                                            

     0     1       0       1      5                                            

     0     1       1       0      6                                            

     0     1       1       1      7                                            

     1     0       0       0      8                                            

     1     0       0       1      9                                            

     0     0       0       0      10 (1 on PCD10)                              

     ______________________________________                                    

PAR  To achieve the above counting sequence, the inputs to the three least
      significant bits or flip-flops of each decade are gated through AND gates
      280. In the case of the flip-flop BCD1, the input is the pinfall
      information received from the pinfall register through the NAND gate 252
      of the pinfall register control as noted above or in the form of BOWLER
      SCORE pulses from the down counter during a team totaling cycle. In the
      case of the remaining flip-flops comprising the three bits of most
      significance of each decade, the input to the respective AND gates 280 is
      received from the set section output of the next lower flip-flop.
      Additionally, each of the AND gates 280 receives an enabling COUNT LEVEL
      signal from an electronic switch 297 associated with the pinfall counter
      (FIG. 10) to permit the signal appearing on its input to be passed as an
      input to its corresponding flip-flop. As will appear, this signal is
      issued only during a counter or adding sequence and not during a shifting
      sequence.
PAR  The logic further includes AND gates 282 connected as inputs to the set
      section of the flip-flops comprising the most significant bit of each
      decade and AND gates 284 connected as inputs to the reset sections of such
      flip-flops. The flip-flops BCD8, BCD80 and BCD800 receive their usual
      pulse input from the set section of the next lowest flip-flop of their
      respective decades through the AND gates 282. A line 286 connected to the
      output of the reset section of the least significant flip-flop in each
      decade serves as an input to the AND gates 284 and thus to the reset
      section of the least significant flip-flop in each decade serves as an
      input to the AND gates 284 and thus to the reset section of the most
      significant flip-flop in each decade. Thus it will be apparent, for
      example, that whenever the flip-flop BCD1 goes from binary one to binary
      zero, the flip-flop BCD8, if previously set, will be reset corresponding
      to a binary zero unless a COUNT LEVEL signal is not present to enable the
      AND gates 280, 282 and 284.
PAR  A feedback line 288 from the set section of the most significant flip-flop
      of each decade is utilized as an input to the AND gate 280 connected to
      the flip-flops of second least significance in each respective decade
      (BCD2, BCD20, BCD200) and serves to disable the respective AND gates 280
      whenever the most significant flip-flop of that decade is in a set
      condition corresponding to binary one. For example, when a tenth input
      pulse is received on the AND gate 280 of the flip-flop BCD1, that
      flip-flop will be reset and issue a signal to the flip-flop BCD2 which
      would normally cause the flip-flop BCD2 to be set. However, since at this
      point the flip-flop BCD8 is in a set condition, the input of the flip-flop
      BCD2 is disabled and the latter remains reset. Simultaneously therewith,
      the resetting of the flip-flop BCD1 causes the issuing of a signal on the
      line 286 to the AND gate 284 to reset the flip-flop BCD8. Accordingly,
      upon receipt of the tenth pulse input by the flip-flop BCD1, each of the
      flip-flops BCD1-BCD8 are reset (if not already reset) corresponding to
      binary zero and the resetting of the flip-flop BCD8 due to the signal on
      the line 286 causes the flip-flop BCD10 in the next higher decade to
      become set. As a result, a binary coded decimal number is in the BCD up
      counter and shift register which corresponds to decimal 10. The operation
      of the flip-flops in each decade is similar to that just described.
PAR  As is well known, in the scoring of bowling it is often necessary to add a
      value of 10 or 20 to the score in the event of the occurrence of a spare,
      a strike or a pair of successive strikes. To facilitate such an addition,
      the flip-flop BCD10 includes an additional ADD TEN input which, when
      energized in a manner to be seen hereinafter, causes the flip-flop to be
      set and/or reset such that the actual decimal number in the BCD up counter
      and shift register is increased by the value of 10 or 20.
PAR  As will be noted in FIGS. 9a, 9b and 9c, each of the flip-flops BCD1-BCD800
      includes leads from their respective outputs which are adapted to be
      associated with the various memory bit and a binary coded decimal down
      counter and shift register in a manner to be seen hereinafter.
PAR  From the foregoing, it will be apparent that the three decade binary coded
      decimal up counter and shift register is capable, in and of itself, of
      handling the computation of cumulative score values in the decimal range
      from 0 to 999. While an individual bowler score can never exceed decimal
      300, and thus is easily handled by the BCD up counter, quite often a team
      total score in league bowling will exceed decimal 999 and a team total
      score of decimal 1500 is possible. Furthermore, in a handicap league the
      maximum value of decimal 1500 for a team is increased by an amount equal
      to 5 times the maximum handicap permitted per bowler which increases the
      maximum possible team total to a figure in the neighborhood of decimal
      2000. Accordingly, it is necessary to provide means in the arithmetic
      register over and above the BCD up counter to enable the computation of
      score values in the neighborhood of decimal 2000, in the event such a
      contingency occurs.
PAR  To serve this end, the outputs from the flip-flop BCD800 are connected as
      inputs through appropriate gating to inputs of the flip-flop PC1 of the
      pinfall counter (FIG. 10). Thus, if it be assumed that the condition of
      the flip-flops BCD1-BCD800 in the BCD counter is 100110011001
      corresponding to the presence of the decimal 999 therein, and a pulse is
      placed on the input to the flip-flop BCD of the arithmetic register to
      cause its condition to change to correspond to the decimal 1000, each of
      the flip-flops BCD1-BCD800 will be reset to binary zero in the manner
      generally described above. When the flip-flop BCD800 is reset, it will
      issue an output signal which serves as an input to the flip-flop PC1 of
      the pinfall counter to cause the latter to be set, which in the team total
      sequence, corresponds to decimal 1000. Additional input pulses may be fed
      to the BCD counter to cause it to reach a condition corresponding to
      decimal 999 which condition, when taken with the condition of the
      flip-flop PC1 of the binary counter, corresponds to decimal 1999. Such
      additional pulses have no effect on the condition of the flip-flop PC1 of
      the pinfall counter as the latter's condition is changed only when the
      flip-flop PCD800 goes from set to reset.
PAR  By virtue of the foregoing construction, it will be appreciated that the
      pinfall counter serves as a fourth quarter-decade of the BCD counter under
      certain conditions, namely when the computing apparatus is working with a
      number in excess of decimal 999. While the above description of the
      secondary function of the pinfall counter has been described with relation
      to input pulses to the BCD up counter, it will also be appreciated that
      the team total words in the memory for any given team may contain a number
      in excess of decimal 999. Since during a team total computing sequence it
      is necessary to read the memory into the BCD up counter such that
      additional pinfall achieved by the team may be computed therein, it is
      also necessary to provide the flip-flop PC1 of the pinfall counter with an
      input from the team total memory such that numbers in excess of decimal
      999 may be read into the BCD up counter and that portion of the pinfall
      counter which is temporarily serving with the BCD counter. Accordingly,
      the flip-flop PC1 of the pinfall counter is provided with a gated input
      which is connectable to the bit of the various team total words in the
      memory corresponding to the number 1000 in a manner to be described
      hereinafter.
PAR  2. PINFALL COUNTER AND SHIFT REGISTER
PAR  In order to provide a complete record of a bowler's score, it is not only
      necessary to provide a cumulative or frame score, but, additionally, a
      so-called "box score" is required. A box score typically signifies the
      pinfall achieved on the first ball of a frame, the cumulative pinfall
      achieved on both balls in a frame, a split, a first or second ball foul, a
      strike or a spare. Means are provided in the instant invention for
      providing box score indications of each of the foregoing occurrences. In
      order to provide indications of the pinfall achieved by the first ball in
      a frame and the total pinfall achieved by both balls in a frame, the
      invention contemplates the use of a pinfall counter.
PAR  The pinfall counter is shown in FIG. 10 and is comprised of a binary up
      counter and shift register having four flip-flops PC1, PC2, PC4, and PC8.
      Each of the flip-flops PC1-PC8 receives its input during the counting
      sequence from respective AND gates 289. The input to an AND gate 289
      associated with the flip-flop PC1 from which the latter derives its input
      is connected to the output of an OR gate 290 which receives a first input
      from the NAND gate 254 in the pinfall register control. It will be
      recalled that the NAND gate 254 is arranged to pass pinfall information
      from the pinfall register upon the receipt of a COUNT PINFALL signal to
      the pinfall counter. Also, the OR gate 290 has a second input which is
      connected to the set section of the flip-flop BCD800 of the BCD up
      counter.
PAR  Each of the AND gates 289 associated with the flip-flop PC2-PC8 have an
      input that is connected to the output of the set section of the next lower
      flip-flop. All of the AND gates 289 have a common input from a counter
      level lead 291 such that they are enabled only when a COUNT LEVEL signal
      is present thereon.
PAR  To enable the pinfall counter to act as a shift register, the reset section
      of each flip-flop PC1-PC4 is connected through AND gates 292 to the set
      section of the next higher flip-flop. Similar connections are made from
      the set sections of each of the flip-flops PC1-PC4 through AND gates 293
      to the reset sections of the next higher flip-flop. Each of the AND gates
      292 and 293 has a common input to the shift pulse lead 274 on which the
      printer cycle control issues shift pulses as will appear.
PAR  Each of the flip-flips PC1-PC8 is provided with a common connection to a
      reset line 298, which, when it receives a RESET REGISTERS signal, is
      operative to reset the flip-flops PC1-PC8 such that the condition of the
      pinfall counter will correspond to decimal 0.
PAR  To permit the information in the pinfall register to be utilized, the set
      sections of each of the flip-flips PC1-PC8 include outputs 1PC-8PC.
      Similarly, the reset sections of each of the flip-flops PC1-PC8 include
      outputs 1PC-8PC. These outputs are connected to a binary to decimal
      printer character selection decoding matrix by means of which the
      condition of the pinfall counter, which is reflective of the pinfall
      achieved on a given lane for a given ball, is decoded and fed to the
      printer for that lane to select the appropriate printer character.
PAR  Finally, the outputs 1PC--8PC are used as inputs to an AND gate 299 which
      will issue a DIGIT EQUAL ZERO signal when all of the flip-flops PC1-PC8
      are reset. This signal is used for zero suppression in the printer
      operation as will appear.
PAR  3. RECIRCULATING SHIFT REGISTER CONNECTIONS
PAR  As mentioned previously, the BCD up counter and the pinfall counter are
      connected together to form a recirculating shift register. As will be seen
      hereinafaater, when it is desired to print a bowler's score or a team
      total score, the contents of the BCD up counter are read out digit by
      digit into the pinfall counter from which they are decoded and then
      printed. This step occurs before the updated bowler's score is written
      into the appropriate memory word and accordingly, it is necessary that the
      updated score be replaced in the BCD up counter to be subsequently written
      in the memory. Additionally, in certain instances in a bowling game, it is
      necessary to update the score, print, update the score a second time and
      again print, all in rapid succession and the BCD up counter must be
      reloaded after the first printing in order that the second updating of the
      score may be performed. An example of such an instance is when an open
      frame follows a frame in which a strike was achieved.
PAR  To provide for the reading out of the BCD up counter into the pinfall
      counter, the flip-flop PC1 is provided with an AND gate 294 associated
      with its set section and the shift pulse lead 274 and which has an input
      connected to the output 800BCD of the reset section of the flip-flop
      BCD800 of the BCD up counter. The flip-flop PC1 additionally has an input
      to its reset section through an AND gate 295 similarly associated with the
      shift pulse lead 274 and which has a second input connected to the output
      800BCD of the set section of the flip-flop BCD800 of the BCD up counter.
      These connections permit the contents of the BCD up counter to be shifted
      into the pinfall counter. The inputs to the flip-flop PC1 of the pinfall
      counter from the flip-flop BCD800 of the BCD up counter permit the former
      to serve as a fourth quasi-decade of the BCD up counter during the team
      total function should the team total score be of such a value as to exceed
      the capacity of the BCD up counter alone. Accordingly, the flip-flop PC1
      may be set by an input from an AND gate 296 that is connected to the
      appropriate bit in the team total word in the memory and enabled under
      such circumstances as will appear.
PAR  A block count switch 297 is also used in conjunction with the pinfall
      counter. The output of the electronic switch 297 is connected to the count
      level lead 291 to issue a COUNT LEVEL signal to enable the AND gates 280.
      282, 284 and 289 for adding sequences and to disable the AND gates upon
      the receipt of a BLOCK COUNT signal from the printer cycle control for a
      shifting sequence.
PAR  In order to provide for recirculation of the contents of the arithmetic
      register, the 8PC output of the flip-flop PC8 of the pinfall counter is
      connected as an input to the AND gate 272 associated with the flip-flop
      BCD1 of the BCD up counter. Additionally, the 8PC output of the flip-flop
      PC8 is connected as an input to the AND gate 270 associated with the
      flip-flop BCD1.
PAR  The resulting construction provides for recirculation of information within
      the arithmetic register in much the same manner as information contained
      within the pinfall register, discussed previously, is recirculated.
PAC  G. Bowler State Control
PAR  In order to properly score a bowling game, it is necessary to know at least
      a portion of the history of the bowler's game prior to the frame to be
      scored. Broadly, the history should provide information as to whether the
      bowler is currently working on a spare, a strike, a pair of successive
      strikes or an open frame. Additionally, in order to accommodate certain
      tenth frame situations in a bowling game when a bowler score computer is
      used in conjunction with an automatic pinsetter, it is also desirable that
      the bowler history indicate when the bowler is bowling in the tenth frame.
      In the instant invention, the pertinent history of a bowler's game
      necessary to direct proper computation and control of the tenth frame
      pinsetter control functions is coded as any one of the eleven possible
      states of the bowler's game set forth in Table 1. That is, each one of the
      eleven bowler states represents a distinct condition of the past history
      of a bowler's game. The presence of a particular bowler state during the
      computation of a bowler's score controls the computation thereof such that
      it is accomplished in accordance with the past history denoted by that
      particular state. Bowler state information is read out of a bowler's
      memory during a score cycle to direct the computation thereof, is updated
      if necessary in accordance with the scoring done by the bowler in that
      particular frame and is then written back into the bowler's memory for use
      in the next computation cycle for that bowler. Obviously, in order to
      provide these functions, it is necessary to provide a bowler state
      control. As will appear, the bowler state control is comprised of a bowler
      state register, a bowler state decoder, a bowler state updating matrix and
      an OR matrix.
PAR  1. BOWLER STATE REGISTER
PAR  The bowler state register is shown in FIG. 11 and is comprised of four
      flip-flops BSR1, BSR2, BSR4, and BSR8. Each of the flip-flops BSR1-BSR8
      has an input to its set section from a pulse forming AND gate 300. Each of
      the AND gates 300 has an input which may be associated with the
      appropriate bits in a bowler's memory and a second input on which a
      disabling BLOCK STATE MEMORY ENTRY signal may be received. As a result,
      when the BLOCK STATE MEMORY ENTRY signal is not present at the AND gates
      300, and when a given bowler's memory is selected, the flip-flops
      BSR1-BSR8 will be set in accordance with the condition of the
      corresponding bits in the bowler memory.
PAR  Each of the flip-flops BSR1-BSR8 includes a common connection to their
      reset sections from the output of an electronic switch 302 for receiving a
      RESET BOWLER STATE REGISTER signal at such times will hereinafter appear.
PAR  Each of the flip-flops BSR1-BSR8 are additionally provided with an input to
      their set sections from an AND gate 304 and an input to their reset
      sections from an AND gate 306. Each of the AND gates 304 and 306 are of
      the pulse forming type and include a common first input on which a BOWLER
      CYCLE signal may be received from a pulse forming NOR gate 307 to enable
      the AND gates 304 and 306 at the termination of the cycle of the bowler
      score cycle control. The AND gates 304 associated with the respective
      flip-flops BSR1-BSR8 are arranged to receive the indicated signals from
      the bowler state updating matrix to cause their respective flip-flops to
      be set upon the absence of a BOWLER CYCLE signal at the completion of a
      bowler scoring cycle. The AND gates 306 associated with the reset sections
      of the flip-flops BSR1-BSR4 are similarly adapted to receive the indicated
      input signals from the bowler state updating matrix to cause their
      respective flip-flops to be reset upon completion of a bowler scoring
      cycle.
PAR  The outputs of the set and reset sections of the flip-flops BSR1-BSR8 are
      utilized as inputs to the bowler state decoder and as inputs to the
      appropriate bits in a bowler's memory for writing updated bowler's state
      information into the bowler's memory.
PAR  It will be apparent to those skilled in the art that the flip-flops
      BSR1-BSR8 operate independently of each other to the extent that any given
      change in the condition of one of the flip-flops will not necessarily
      produce a change in another of the flip-flops. That is to say, none of the
      flip-flops BSR1-BSR8 derive information from another of the flip-flops but
      rather, change condition in accordance with appropriate inputs from the
      bowler's memory, the bowler state updating matrix or a RESET BOWLER STATE
      REGISTER signal.
PAR  The correspondence between a bowler's state and the combinations of the
      conditions of the flip-flops BSR1-BSR8 are set forth in the following
      table. The correspondence between a given bowler's state and the bowler's
      past history which it represents have been set forth previously in Table
      1.
TBL                TABLE 5                                                     

     ______________________________________                                    

     BOWLER STATE                                                              

                 BSR8      BSR4      BSR2    BSR1                              

     ______________________________________                                    

     1           0         0         0       0                                 

     2           0         0         0       1                                 

     3           0         1         0       1                                 

     4           0         1         0       0                                 

     5           0         1         1       0                                 

     6           0         1         1       1                                 

     7           1         1         1       1                                 

     8           1         1         1       0                                 

     9           1         1         0       0                                 

     10          1         1         0       1                                 

     11          1         0         0       1                                 

     ______________________________________                                    

PAL  From the foregoing it will be apparent that the combinations of the
      conditions of the flip-flops BSR1-BSR8 each correspond to a given bowler
      state. The combinations of the conditions are decoded in a manner to be
      seen hereinafter.
PAR  2. BOWLER STATE DECODER
PAR  The bowler state decoder consists of a matrix comprised of eleven NOR gates
      308 and eleven inverters 310. The NOR gates 308 have their respective
      inputs connected as indicated in FIG. 11 to the outputs of the set and
      reset sections of various ones of the flip-flops BSR1-BSR8 so as to sense
      the conditions thereof and issue an output signal if the condition
      corresponds to the state with which each NOR gate 308 is associated. For
      the sake of brevity, it is not believed necessary to describe in detail
      each specific input to each of the NOR gates 308.
PAR  The output of each of the NOR gates 308 is associated with the respective
      inverter 310. As a result of this construction, it will be apparent that
      when a NOR gate 308 issues a signal corresponding to the existence of the
      particular state with which it is associated, the associated inverter 310
      will not issue a signal. However, when a NOR gate 308 does not have an
      output corresponding to the existence of the state with which it is
      associated, its associated inverter 310 will have an output signal.
      Accordingly, the outputs from the inverters 310 correspond to the absence
      of the particular state with which they are associated, although in some
      instances, the absence of a signal at an inverter output is used in
      detecting the presence of a state. Thus it will be apparent that the
      bowler state decoder will issue eleven output signals at all times. One of
      the output signals will correspond to the existence of a state while the
      other ten outputs will correspond to the absence of the other ten states.
      Certain ones of the eleven output signals of the bowler state decoder are
      utilized in controlling the computation of a bowler's score and for
      updating the bowler's state. In the latter connection, certain of the
      signals from the bowler state decoder are utilized as inputs by the bowler
      state updating matrix as will appear.
PAR  3. BOWLER STATE UPDATING MATRIX
PAR  The bowler state updating matrix is shown in FIG. 12 and essentially
      comprises seven logical circuits for controlling the setting of the
      flip-flops BSR1-BSR8 and the resetting of the flip-flops BSR1-BSR4 of the
      bowler state register The matrix includes inputs on which STATE 1-8 and
      STATE 1, 2, 3, 5, 9 and 10 signals may be received and a pair of inputs on
      which TENTH FRAME and PF=10 signals may be received. A TENTH FRAME signal
      is generated any time a bowler is bowling in the tenth frame by the frame
      counter as will appear. The PF=10 signal is generated whenever a strike or
      a spare is obtained on the first or first and second balls, respectively,
      in any frame. Thus it will be apparent that both signals can only be
      present simultaneously in the tenth frame. When neither signal is present
      the situation corresponds to a pinfall of less than ten achieved in any
      frame but the tenth frame.
PAR  The bowler state updating matrix, as noted above, includes seven outputs,
      four of which are utilized to selectively set the flip-flops BSR1-BSR8 and
      three of which are used to reset the flip-flops BSR1-BSR4. The outputs
      used for setting the flip-flops are designated 1BSR1-1BSR8, respectively,
      while the outputs for resetting the flip-flops are designated 0BSR1-0BSR4,
      respectively.
PAR  Table 6, below, indicates each of the possible changes from one state to
      another as well as the game conditions required to cause each change.
TBL                TABLE 6                                                     

     ______________________________________                                    

               PF .noteq. 10                                                   

                         PF = 10   PF = 10 PF .noteq. 10                       

     BOWLER STATE                                                              

               10 Frame  10 Frame  10 Frame                                    

                                           10 Frame                            

     ______________________________________                                    

     1         3         4         7       --                                  

     2         3         4         7       --                                  

     3         1         2         10      11                                  

     4         5         6         8       --                                  

     5         1         2         10      11                                  

     6         5         6         8       --                                  

     7         --        --        10      9                                   

     8         --        --        10      9                                   

     9         --        --        --      11                                  

     10        --        --        --      11                                  

     11        --        --        --      --                                  

     ______________________________________                                    

PAR  Table 7, below, illustrates for each possible change of state, the output
      signal(s) that must be emitted by the bowler state updating matrix to the
      bowler state register to cause the flip-flops thereof to comform the
      condition corresponding to the newly updated state.
TBL                TABLE 7                                                     

     ______________________________________                                    

     STATE CHANGE                                                              

     FROM     TO             SIGNALS REQUIRED                                  

     ______________________________________                                    

     1        3              1BSR1.1BSR4                                       

     1        4              1BSR4                                             

     1        7              1BSR1.1BSR2.1BSR4.1BSR8                           

     2        3              1BSR4                                             

     2        4              1BSR4.0BSR1                                       

     2        7              1BSR2.1BSR4.1BSR8                                 

     3        1              0BSR1.0BSR4                                       

     3        2              0BSR4                                             

     3        10             1BSR8                                             

     3        11             1BSR8.0BSR4                                       

     4        5              1BSR2                                             

     4        6              1BSR1.1BSR2                                       

     4        8              1BSR2.1BSR8                                       

     5        1              0BSR2.0BSR4                                       

     5        2              1BSR1.0BSR2.0BSR4                                 

     5        10             1BSR1.1BSR8.0BSR2                                 

     5        11             1BSR1.1BSR8.0BSR2.0BSR4                           

     6        5              0BSR1                                             

     6        6              --                                                

     6        8              1BSR8.0BSR1                                       

     7        9              0BSR1.0BSR2                                       

     7        10             0BSR2                                             

     8        9              0BSR2                                             

     8        10             1BSR1.0BSR2                                       

     9        11             1BSR1.0BSR4                                       

     10       11             0BSR4                                             

     ______________________________________                                    

PAR  From the foregoing it will be apparent that the change from one bowler
      state to another always requires at least one output signal from the
      bowler's state updating matrix. It will also be apparent that where the
      possibility exists that a change from one state to any one of several
      states may occur, the specific state to which the change is made is
      dictated by the particular output or outputs from the bowler state
      updating matrix. Since many of the possible changes from a state each
      require at least one common signal for any of the possible changes, it is
      necessary in order to insure that the change is made to the proper state,
      that only the required signal(s) is emitted and that the signals that
      could cause a change to another state are blocked.
PAR  An analysis of the logical arrangement of the various AND, NAND and NOR
      gates which comprise the bowler state updating matrix will show that it
      performs the above functions. Thus, for the sake of brevity it is not
      believed necessary to describe the particular arrangement of the various
      gates. Rather, the following examples will be utilized to illustrate the
      operation for certain state changes.
PAC  EXAMPLE 1
PAR  Let us assume that a bowler is about to roll the first ball in a game or
      the first ball following an open frame and that it is not the tenth frame.
      Under such circumstances, each of the flip-flops BSR1-BSR8 are reset and
      their condition is decoded as state one. The bowler rolls the ball and
      achieves a strike. Thus, the next ball that the bowler will roll will be
      the first ball following a strike, a situation that corresponds to state
      four. In order to change the condition of the bowler state register from
      state one to state four, it is only necessary to set the flip-flop BSR4.
      Accordingly, it is necessary that the bowler state updating matrix emit
      the signal 1BSR4 from an AND gate 312. The AND gate 312 includes a pair of
      inputs for receiving STATE 2 and STATE 1 inputs from the bowler state
      decoder. Since initially the bowler started in state one, it is clear that
      the STATE 2 input to the AND gate will be true. However, since the initial
      state was state one, it is equally clear that the STATE 1 input to the AND
      gate 312 will be false and the AND gate 312 will be disabled. The output
      of the AND gate 312 is arranged with respect to the AND gate 304
      associated with the flip-flop BSR4 such that the disabling of the AND gate
      312 will enable the AND gate 304 to set the flip-flop BSR4 at the end of a
      bowler cycle. Accordingly, the bowler state register will assume a
      condition corresponding to the existence of state four.
PAR  The flip-flop BSR1 will not be set for the following reason. The
      corresponding output signal 1BSR1 is issued from a NOR gate 314. The NOR
      gate 314 includes an input connected to the output of a NOR gate 316 which
      receives STATE 10 and STATE 9 inputs. Since both inputs will be present in
      a state one situation, it is clear that the NOR gate 316 does not issue an
      output signal to the NOR gate 314. The NOR gate 314 has three additional
      inputs from AND gates 318, 320 and 322 which receive input signals
      indicative of the presence of state eight, state four and state five
      respectively. Since none of these inputs are present in a state one
      situation, it is clear that the AND gates 318, 320 and 322 will be
      disabled and will not issue an input signal to the NOR gate 314. A fourth
      AND gate 324 may also issue an input to the NOR gate 314. One of the
      inputs to the AND gate 324 is receptive of a state one signal. Thus, the
      AND gate 324 will issue a signal to the NOR gate 314 unless its other
      input is not receiving a signal. The other input to the AND gate 324 is
      received from the output of a NOR gate 326 having a first input on which a
      TENTH FRAME signal may be received. The second input to the NOR gate 326
      is received from the output of a NOR gate 328 having an input on which a
      PF=10 signal is received. Since PF=10 signal is present due to the strike
      bowled by the bowler, and an output from the NOR gate 328 is not present,
      due to the absence of a TENTH FRAME signal because it is not a tenth frame
      situation, there will be an output from the NOR gate 326 to a NOR gate
      327. The latter will not enable the AND gate 324, and, accordingly, the
      AND gate 324 will not provide the NOR gate 314 with an input. As a result,
      the NOR gate 314 receives no inputs and accordingly will have an output.
      However, it will be recalled that in order to set or reset a flip-flop,
      the signal issuing gate, here the NOR gate 314, must be disabled.
      Accordingly, the flip-flop BSR1 will not be set.
PAR  The flip-flop BSR2 will not be set as a required condition will not be
      present at a NOR gate 330. The NOR gate 330 has an input on which a STATE
      4 signal is received. Since it is not a state four situation, the NOR gate
      330 will have an output thereon which, as noted above, will not cause the
      flip-flop BSR2 to be set.
PAR  The flip-flop BSR8 will not be set by the condition of the output of a NOR
      gate 332 for the following reasons. A NOR gate 334 will not have an output
      due to the presence of an output from a NOR gate 329 which has an output
      when a TENTH FRAME signal is not present. Similarly, the NOR gate 332 will
      not receive an input from an AND gate 336 as the latter is disabled both
      by the output condition of an NAND gate 338 and the lack of a TENTH FRAME
      signal. The NAND gate 338 has a pair of inputs on which STATE 5 and STATE
      3 signals are applied. Since it is a state one situation, both of these
      signals will be present and the NAND gate 338 will not have an output to
      apply as an input to the AND gate 336. Accordingly, the AND gate 336 is
      disabled and will not provide the NOR gate 332 with an input signal. As a
      result, the NOR gate 332 lacks any input and, accordingly, will have an
      output signal that will disable the AND gate 304 associated with the
      flip-flop BSR8.
PAC  EXAMPLE 2
PAR  If it be assumed that the bowler has previously bowled a spare and he is
      about to roll the first ball following the spare in any frame but the
      tenth frame, and he downs less than 10 pins, it will be apparent that the
      required state change necessitates that the bowler go from his original
      state, here state two, to the new state of state three. From Table 7 it
      will be apparent that such a state change requires only the setting of the
      flip-flop BSCR4. The flip-flop BSR4 will be set due to the disabling of
      the AND gate 312 by reason of the lack of a STATE 2 input. This operation
      occurs similarly to that described above in Example 1. The flip-flop BSR2
      will not be set as the output from the NOR gate 330 will not enable its
      associated AND gate 304 due to the lack of a STATE 4 input. This action
      occurs exactly as described in the previous example.
PAR  The flip-flop BSR8 will not be set as the NOR gate 332 will not receive an
      input from the NOR gate 334 as neither TENTH FRAME nor PF=10 signals are
      present. This action is similar to that described above in Example 1 in
      conjunction with the effect of the absence of the TENTH FRAME signal. Nor
      will the NOR gate 332 receive an input from the AND gate 336. This is due
      to the lack of an enabling input to the AND gate 336 in the absence of a
      TENTH FRAME signal. Accordingly, the NOR gate 332 will not receive any
      input and will issue an output disabling the AND gate 304 associated with
      the flip-flop BSR8.
PAR  The flip-flop BSR1 will not be reset as the enabling input to its AND gate
      306 must come from the output of a NOR gate 340. The NOR gate 340 has four
      inputs from AND gates 342, 344, 346 and 348. Since the AND gates 342, 344
      and 348 have inputs on which signals indicative of the presence of state
      seven, state six or state three, respectively, are received, and such
      states are not present in a state two situation, it is clear that the AND
      gates 342, 344 and 348 will not be enabled to provide the NOR gate 340
      with input signals. The AND gate 346 has a first input which receives the
      output of the NOR gate 326 which, when a PF=10 signal is not present, will
      receive an input from the output of the NOR gate 328. Accordingly, the NOR
      gate 326 will not have an output signal to enable the AND gate 346 in
      spite of the presence of a STATE 2 input to the latter and will not
      provide the NOR gate 340 with an input. Thus, the NOR gate 340 locks all
      inputs and will have an output which will disable the AND gate 306
      associated with the flip flop BSR1 and preclude the resetting thereof.
PAC  EXAMPLE 3
PAR  Assume that the bowler has bowled a strike in the eighth and ninth frames.
      Accordingly, the state of the bowler's game will be state six. Assume that
      on the first ball in the tenth frame the bowler rolls another strike, such
      a pinfall requires a change from state six to state eight. Accordingly, it
      is necessary to set the flip-flop BSR8 and reset the flip-flop BSR1. Since
      in such a situation, both the TENTH FRAME and PF=10 signals are present,
      the NOR gate 334 will provide the NOR gate 332 with one input. This will
      cause the latter to have an output condition that will enable the AND gate
      304 associated with the flip-flop BSR8.
PAR  The NOR gate 340 will also have an output condition that will cause the
      flip-flop BSR1 to be reset. This condition will be due to the input
      provided to the NOR gate 340 by the AND gate 344 which is enabled by a
      STATE 6 input and an input connected to the output of the NOR gate 327,
      which, it will be recalled, has its input connected to the output of the
      NOR gate 326. The NOR gate 326 will not have an output when a TENTH FRAME
      signal is issued. Accordingly, the NOR gate 327 will have an output which
      will enable the AND gate 344 to issue an input to the NOR gate 340 to
      cause the latter to ultimately reset the flip-flop BSR1.
PAR  The flip-flop BSR4 will not be reset as the output from a NOR gate 352
      disables the AND gate 306 associated with that flip-flop. This is in part
      due to the connection of one input of the NOR gate 352 to the output of
      the NOR gate 316 which, it will be recalled, receives signals indicative
      of the absence of states nine or ten. Since such is the case, the NOR gate
      316 will not provide the NOR gate 352 with an input. And AND gate 354 will
      not provide the NOR gate 352 with an input as it will be disabled both by
      the output of a NOR gate 356 having an input connected to the output of
      the NOR gate 334 as well as by the output of the NAND gate 338.
      Accordingly, the NOR gate 352 will not have an input and will issue an
      output disabling the AND gate 306 associated with the flip-flop BSR4.
PAR  The flip-flop BSR2 will not be reset as the output from a NOR gate 358 will
      disable the ANd gate 306 associated with the flip-flop BSR2. This is due
      to the lack of any input to the NOR gate 358. For the NOR gate 358 to have
      an input, the bowler's initial state would have to be either state five,
      state seven, or state eight. Since the bowler's state is state six, it is
      clear that such inputs do not exist.
PAR  From the foregoing, the mode of operation of the bowler state updating
      matrix is believed apparent. In summary, it should be said that the
      outputs from the bowler's state updating matrix serve primarily as
      enabling inputs to the AND gates 304 and 306 associated with the various
      flip-flops of the bowler's state register such that upon the detection by
      those AND gates of the absence of a BOWLER CYCLE signal, the bowler's
      state will be updated in accordance with the pinfall and frame situation
      in which he is bowling. Of course, such updating will occur only after the
      previous state has been utilized to control the computation of the
      bowler's pinfall during the bowler cycle, if such computation is
      necessary. Finally, in a manner to be seen hereinafter, the updated
      bowler's state is written back into the bowler memory.
PAR  4. OR MATRIX
PAR  As will be apparent from the various state definitions, certain of the
      states have a portion of a bowler's game history in common. For example,
      bowler states 1, 2, 4 and 6 can only exist when a bowler is about to bowl
      the first ball in a frame. Accordingly, these states may be termed first
      ball states. Similarly, states 3 and 5 are second ball states while states
      3, 5, 9 and 10 are each indicative of the fact that the ball about to be
      rolled will be the last ball rolled in that frame. States 7 and 8 are
      indicative of the fact that the bowler is in the tenth frame and will be
      permitted to roll an additional two balls to fill in existing marks.
      States 9 and 10 indicate that a bowler is in the tenth frame and will be
      permitted to bowl one additional ball before the frame is terminated.
      Other similarities exist beteween various ones of the several bowler's
      states.
PAR  Since, as will appear, the various sequences and functions performed by the
      computer in a large part are dictated by the existence of a condition in a
      bowler's game, which condition may be indicated by the existence of one or
      more bowler states, it is desirable to provide a single signal indicative
      of the existence of that condition. A number of such signals, generated by
      the existence of a single state within a group of states each representing
      a similar condition in a bowler's game, are provided by the OR matrix
      generally designated 360 and shown in FIG. 13. The OR matrix 360 is
      comprised of a plurality of OR gates having various inputs connected to
      the outputs of the bowler's state decoding matrix as indicated or to the
      outputs of other OR gates within the OR matrix 360 itself. The indicated
      output signals are indicative of the existence of any one of the states
      shown and are utilized elsewhere in the computer as will appear.
PAC  H. Bowler Score Cycle Control
PAR  In order to correctly compute and direct the printing of bowler score
      information, it is necessary to provide means for controlling the bowler
      score cycle. More specifically, one or more of the following functions
      must be performed sequentially:
TBL                TABLE 8                                                     

     ______________________________________                                    

     f.sub.1                                                                   

         --    If a split exits, print a split symbol.                         

     f.sub.2                                                                   

         --    Print the bowler's box score.                                   

     f.sub.3                                                                   

         --    Add the bowler's pinfall to his previous total.                 

     f.sub.4                                                                   

         --    Print the bowler's frame score.                                 

     f.sub.5                                                                   

         --    Add the bowler's score a second time. If his                    

               present pinfall is a strike and his present                     

               state is state 6 or state 8, add an additional                  

               ten to his score.                                               

     f.sub.6                                                                   

         --    Print the bowler's updated frame score.                         

     ______________________________________                                    

PAL  The above mentioned functions are performed as a function as of the
      bowler's state, the bowler's present pinfall, and the bowler's present
      frame by the bowler score cycle control.
PAR  The bowler score cycle control is shown in FIG. 14 and comprises a three
      bit feedback counter which counts on a scale of seven. Each bit comprises
      a flip-flop connected to form a counter and, accordingly, three flip-flop
      BSCC1, BSCC2 and BSCC4 are provided. In order to provide the feedback, the
      output from the reset section of the flip-flop BSCC4 is connected as an
      input through an OR gate 400 to the set section of the flip-flop BSCC1.
      The following table illustrates the counting sequence of the flip-flops
      BSCC1-BSCC4 and the combination of set and reset conditions of each of the
      flip-flops BSCC1-BSCC4 during the counting sequence corresponding to the
      six functions f.sub.1 -f.sub.6 set forth above.
TBL                TABLE 9                                                     

     ______________________________________                                    

     BSCC4     BSCC2       BSCC1        FUNCTIONS                              

     ______________________________________                                    

     0         0           0            Stop                                   

     0         0           1            f.sub.1                                

     0         1           0            f.sub.2                                

     0         1           1            f.sub.3                                

     1         0           1            f.sub.4                                

     1         1           0            f.sub.5                                

     1         1           1            f.sub.6                                

     0         0           0            Stop                                   

     ______________________________________                                    

PAR  The conditions of the flip-flops BSCC1-BSCC4 are decoded by NAND gates 402,
      404, 406, 408, 410 and 412. The NAND gate 402 has its inputs connected to
      the reset sections of the flip-flops BSCC4 and BSCC2 and the set section
      of the flip-flop BSCC1. Accordingly, it will detect a binary 001 condition
      to emit an f.sub.1 signal. The NAND gates 404-412 are appropriately
      connected as indicated to the set and reset sections of the various
      flip-flops so as to detect the binary conditions thereof noted in the
      above table and emit signals corresponding to the functions f.sub.2
      -f.sub.6 respectively.
PAR  The counter comprised of the flip-flops BSCC1-BSCC4 is controlled in the
      following manner. Initially, a START BOWLER CYCLE signal from the computer
      cycle control sets the flip-flop BSCC1 through the OR gate 400. Other
      inputs to cause counting are issued to the flip-flop BSCC1 through an AND
      gate 414 which is arranged to step the counter whenever it is disabled.
      Disabling inputs to the AND gate 414 are received from a NAND gate 416
      having four inputs. A first input to the NAND gate 416 causes the counter
      to be stepped one count upon the reception of a PRINT CYCLE COMPLETE
      signal from the printer cycle control. A second input causes the stepping
      of the counter upon the reception of an ADD TEN signal from the computer
      cycle control, while a third input causes the stepping of the counter upon
      the reception of an ADD COMPLETE signal from the pinfall register control.
      A fourth input to the NAND 416 causes the stepping of the counter when it
      is determined that a split does not exist.
PAR  It will be apparent that a split can only exist when a bowler's game is in
      states 1, 2, 4, 6, 7 or 8. To reduce the logical complexity, it is simpler
      to detect the non-split states which are states 3, 5, 9 or 10.
      Accordingly, a NAND gate 418 has four inputs on which signals
      representative of the existence of states 3, 5, 9 or 10 may be applied. A
      SPLIT signal from the split detection logic is applied through an inverter
      420 to an input or a NOR gate 422 as will appear. The NOR gate 422
      includes a second input from the output of the NAND gate 418. The
      arrangement of NAND gate 418, the inverter 420 and the NOR gate 422 is
      such that when a SPLIT signal is not received by the inverter 420 or when
      a signal representative of the presence of one of the states 3, 5, 9 and
      10 is received by the NAND gate 418, the NOR gate 422 will issue an input
      to a NOR gate 426 through an inverter 424. The NOR gate 426 has a second
      input from the NAND gate 402 through an inverter 428 which issues an
      ADDRESS O CHARACTER signal to the four printers such that if a split is
      detected, a zero or split symbol will be printed. Thus, when the
      flip-flops BSCC1-BSCC4 are in a binary 001 condition and a split is not
      detected or the bowler state is non-split state, the NOR gate 426 will
      issue an input signal to the NAND gate 416 to step up the counter one
      count.
PAR  A NOR gate 430 has a first input connected to the output of the NOR gate
      422 and a second input connected to the output of the inverter 428. When
      the condition of the counter corresponds to f.sub.1, and a SPLIT signal is
      received by the inverter 420 while the NAND gate 416 does not receive
      signals indicative of bowler states 3, 5, 9, or 10, the NOR gate 430 will
      issue a PRINT SPLIT signal to cause the printing of a split symbol.
PAR  Since it is not always necessary that each of the functions f.sub.1
      -f.sub.6 be performed during every bowler cycle, it is necessary to
      provide means for resetting the counter comprised of the flip-flops
      BSCC1-BSCC4 when conditions that do not require the sequential utilization
      of all six functions exist. Consideration of the various bowler's states,
      the various output functions and certain of the functions f.sub.1 -f.sub.6
      will show that resetting of the counter should be done in accordance with
      the following logical expression.
EQU  Reset = {(1+4+7).P.F. .noteq. 10} f.sub.3 + {(1+3+4+7).P.F. = 10} f.sub.4 +
      {9+10+ [ (2+3) . P.F. .noteq. 10 ]} f.sub.5 + {8+6+ [ (2+5) P.F. = 10]}
      f.sub.6
PAL  where:
PA1  1-10 represent a bowler state,
PA1  f represents the bowler cycle function designated by the subscript, and
PA1  P.F. represents a pinfall designated by the following number.
PAL  This relation is implemented by means of NOR GATES, generally designated
      440, arranged to follow the expression. When the expression is true, a NOR
      gate 442 will issue an output signal to an eight microsecond delay
      multivibrator 444. The output from the delay multivibrator 444 is passed
      through an OR gate 446 and an electronic switch to the reset sections of
      the flip-flops BSCC1-BSCC4 and to an input of the OR gate 438.
      Additionally, the OR gate 446 includes a second input on which a START-UP
      RESET signal may be received. Thus, it will be apparent that whenever the
      above logical relation is true, after an 8 microsecond delay, the
      flip-flops BSCC1, BSCC2 and BSCC4 will be reset such that when the bowler
      score cycle control is to be used for a subsequent scoring sequence, it
      will again be sequentially placed in the conditions corresponding to
      f.sub.1 -f.sub.6. The bowler score cycle control will be similarly reset
      in readiness for a scoring sequence when a START-UP RESET signal is issued
      thereto.
PAR  In the event the bowler score cycle control performs each of the functions
      f.sub.1 -f.sub.6 in a single sequence, it will be reset from f.sub.6 to
      f.sub.0 by the PRINT CYCLE COMPLETE signal when the printing required by
      f.sub.6 is completed.
PAR  A NOR gate 450 has a pair of inputs connected to the set section of the
      flip-flops BSCC1 and BSCC2 respectively and an output used to generate a
      BOWLER CYCLE signal and is applied through an inverter 451 to generate a
      BOWLER CYCLE signal. As will appear, the BOWLER CYCLE and BOWLER CYCLE
      signals are used elsewhere in the computer. The output of the NOR gate 450
      is additionally used to disable the AND gate 414 whenever one of the
      flip-flops BSCC1 or BSCC2 are not set such that the counter cannot be
      stepped at times when a bowler cycle is not required. However, once the
      flip-flop BSCC1 is set in response to a START BOWLER CYCLE signal, the
      inputs to the NOR gate 450 will cause the latter to enable the AND gate
      414 during the sequences f.sub.1 -f.sub.6 such that the counter may be
      stepped as required.
PAC  I. Frame Counter
PAR  In order to accomplish proper scoring in the tenth frame and to print the
      various scores in the proper frame, means are provided for counting the
      number of frames played by a bowler. The frame counter together with the
      printer frame control, the latter to be described hereinafter, provide
      these functions.
PAR  The frame counter is shown in FIG. 15 and comprises a conventional four bit
      binary counter. Each of the four bits comprises a flip-flop FC1, FC2, FC4
      and FC8. In order to provide the counting function, an output from the set
      section of each of the flip-flops FC1-FC4 is connected to the trigger
      input of the next higher flip-flop. The flip-flop FC1 includes an input on
      which an ADD ONE TO FRAME signal is received in a manner to be described
      hereinafter to cause it to change its condition to increase the number
      contained in the frame counter by one.
PAR  As the frame counter is arranged in conventional manner, it will be
      appreciated that each change in a flip-flop FC1-FC4 from binary one to
      binary zero causes the next higher flip-flop to change its condition.
PAR  The outputs 1FC-8FC of the set sections of the flip-flops FC1-FC8,
      respectively, are gated into corresponding flip-flops in the printer frame
      control and frame buffer in a manner to be described hereinafter such that
      they will, under appropriate conditions, assume the condition of the frame
      counter. Additionally, the outputs 1FC-8FC are also utilized as inputs to
      the memory as will appear.
PAR  The flip-flops FC1-FC8 of the frame counter include inputs 15M, 16M, 17M
      and 18M to their set sections from a corresponding sense amplifier of the
      memory through AND gates 460. Each AND gate 460 additionally has a
      disabling input on which a BLOCK FRAME MEMORY ENTRY signal may be
      received. Thus, if the AND gate 460 are not disabled by a BLOCK FRAME
      MEMORY ENTRY signal, each of the flip-flops FC1-FC8 will be set to
      correspond to the condition of the frame information contained at a
      selected bowler memory.
PAR  Each of the flip-flops FC1-FC8 additionally include a common reset input
      from a pulse forming NAND gate and electronic switch arrangement 461. By
      means to be described hereinafter, at some time prior to each computing
      sequence in which frame information is required, the frame counter is
      reset by resetting each of the flip-flops FC1-FC8. The selected bowler
      frame memory bits are then read to set appropriate flip-flops FC1-FC8 of
      the frame counter to correspond to the frame information contained in the
      bowler frame memory bits. This information may then be passed along to the
      corresponding flip-flops in the printer frame control to load the latter
      with frame information. Additionally, frame information is also read from
      the frame counter into a frame buffer.
PAR  The frame counter is also provided with switch inputs for use in an error
      correction procedure. An electronic switch 402 is energized by a READ
      ENTRY SWITCH signal from the computer cycle control. The output of the
      electronic switch 402 is utilized as an enabling input by each of four
      pulse forming AND gates 403. The output of each respective AND gate 403 is
      utilized as an input to the set section of each of the flip-flops FC1-FC8
      such that when the corresponding AND gate 403 is enabled, the flip-flops
      FC1-FC8 with which it is associated will be set. Each of the AND gates 403
      has a second input on which signals 1FEC, 2FEC, 4FEC and 8FEC may be
      received from the error correction system as will appear. Thus, when any
      AND gate 403 receives a corresponding input from the error correction
      system together with a READ ENTRY SWITCH signal from the computer cycle
      control, that AND gate 403 will be enabled to cause the flip-flop with
      which it is associated to be set.
PAR  In order to issue a TENTH FRAME signal to the bowler state updating matrix,
      which it will be recalled is necessary to generate a bowler state unique
      to the tenth frame, a NOR gate 465 is arranged to detect when the
      flip-flops FC2 and FC8 are set and issue the TENTH FRAME signal when such
      is the case. It will be apparent that when the flip-flops FC2 and FC8 are
      set, a decimal number equal to ten or more will be present in the frame
      counter. Since the bowling game is terminated upon completion of the tenth
      frame, it is only necessary to detect the conditions of the flip-flops FC2
      and FC8.
PAC  J. Printer Frame Control
PAR  As noted above with respect to the frame counter, it is necessary that
      frame information for each bowler be processed to control the location of
      printing operations. Because of the nature of the scoring of a bowling
      game, it is often necessary to delay the printing of a cumulative score
      until a subsequent ball or balls have been rolled. In each such instance,
      it is necessary to print such a cumulative score in a frame preceding or
      two frames preceding the frame in which the frame score completing ball is
      rolled.
PAR  In order to "back up" the printer one or two frames, a printer frame
      control is provided as shown in FIG. 16. The printer frame control
      consists of a four bit binary bidirectional counter having four flip-flops
      PFC1-PFC8. Additionally, a fifth control flip-flop 464 is used to control
      the direction in which the printer frame control counts.
PAR  In order to load the printer frame control with frame information, the
      conditions 1FC-8FC of the flip-flops FC1-FC8 of the frame counter are
      applied as an input to the set sections of the flip-flops PFC1-PFC8,
      respectively, through AND gates 466. The operation of the AND gates 466 to
      pass the conditions 1FC-8FC of the flip-flops FC1-FC8 of the frame counter
      is controlled by a LOAD PRINTER FRAME CONTROL signal from the computer
      cycle control which is passed to the AND gates 466 via a pulse-forming
      NAND gate 468. Additionally, each LOAD PRINTER FRAME CONTROL signal is
      directed through an electronic switch 470 to each of the reset sections of
      the flip-flops PFC1-PFC8. As a result of this arrangement, wherever a LOAD
      PRINTER FRAME CONTROL signal is received, each of the flip-flops PFC1-PFC8
      will be immediately reset. The pulse type NAND gate 468 generates its
      output on the trailing edge of the LOAD PRINTER FRAME CONTROL signal and,
      as a result, the electronic switch 470 causes resetting of the flip-flops
      PFC1-PFC8 before the AND gates 466 have been enabled by the output of the
      NAND gate 468. When the AND gates 466 have been enabled, the flip-flops
      PFC1-PFC8 are free to change to a set condition depending upon the
      condition of the corresponding flip-flop FC1-FC8 in the frame counter. It
      is in this manner that the printer frame control is loaded with frame
      information by the frame counter.
PAR  In order to provide a counting function, the set section output of each of
      the flip-flops PFC1-PFC4 is connected through an AND gate 472 and a NOR
      gate 476 to the trigger input of the next higher flip-flops. Similarly,
      the outputs of the reset sections of the flip-flops PFC1-PFC4 are
      connected through AND gates 474 and the NOR gates 476 to the trigger input
      of the next higher flip-flop. Each of the AND gates 472 includes a second
      disabling input connected to the output of the set section of the control
      flip-flops 464. The AND gates 474 have their second inputs connected to
      the output of the reset section of the control flip-flops 464. Thus,
      depending upon the condition of the control flip-flop 464, either the AND
      gates 472 or the AND gates 474 will be disabled for such purposes as will
      hereinafter appear.
PAR  A pair of inputs on which SUBTRACT ONE FROM PRINTER FRAME and SUBTRACT TWO
      FROM PRINTER FRAME signals may be received from the computer cycle control
      are connected through an OR gate 478 to the input of the set section of
      the control flip-flop 464. A similar input for the reception of an ADD ONE
      TO PRINTER FRAME signal is connected through an OR gate 480 to the reset
      section of the flip-flop 464. As a result of this construction, whenever
      an ADD ONE TO PRINTER FRAME signal is received, the control flip-flop 464
      will be reset to remove the disabling signal from the AND gates 472.
      Similarly, whenever a SUBTRACT ONE FROM PRINTER FRAME or a SUBTRACT TWO
      FROM PRINTER FRAME signal is received, the control flip-flop 464 will be
      set to remove the disabling signal from the AND gates 474.
PAR  Both of the leads on which a SUBTRACT ONE FROM PRINTER FRAME or an ADD ONE
      TO PRINTER FRAME signal are received are connected through a pair of NAND
      gates, generally designated 482 to the trigger input of the flip-flop
      PFC1. The lead on which the SUBTRACT TWO signal is received is connected
      through an inverter 484, a pulse-forming NAND gate 486 and a NOR gate 476
      to the trigger input of the flip-flop PFC2.
PAR  The operation of the printer frame control is as follows: If it is desired
      to add one to the number contained in the bidirectional counter comprising
      the printer frame control, an ADD ONE TO PRINTER FRAME signal is issued.
      This causes the control flip-flop 464 to be reset to thereby enable the
      AND gates 472 and disable the AND gates 474. The same ADD ONE TO PRINTER
      FRAME signal is applied as the trigger input to the flip-flop PFC1. If the
      flip-flop PFC1 is reset, the input pulse will cause it to become set. If
      the flip-flop PFC1 is set, it will become reset and the change in its
      condition will be passed through the enabled AND gate 472 to the trigger
      input of the flip-flop PFC2 to thereby cause the latter to change its
      condition. Binary one to binary zero changes in the flip-flops PFC2 and
      PFC4 are similarly passed to their next highest flip-flop through the
      enabled AND gates 472.
PAR  An illustration of the operation in response to a SUBTRACT ONE FROM PRINTER
      FRAME signal or a SUBTRACT TWO FROM PRINTER FRAME signal is as follows.
      When either a SUBTRACT ONE FROM PRINTER FRAME or a SUBTRACT TWO FROM
      PRINTER FRAME signal is received, the control flip-flop 464 is set to
      thereby disable the AND gates 472 and enable the AND gates 474. If the
      flip-flop PFC1 is set corresponding to the presence of a binary one
      therein and the signal received is a SUBTRACT ONE FROM PRINTER FRAME
      signal, the application of the signal through the NAND gate 482 to the
      trigger input of the flip-flop PFC1 will cause it to be reset. Normally,
      this change from binary one to binary zero would cause the flip-flop PFC2
      to change its condition. However, since the AND gates 472 are disabled, no
      condition changing signal will be received by the flip-flop PFC2.
      Accordingly, the changing of the condition of the flip-flop PFC1 from set
      to reset corresponds to the subtracting of the number one from the number
      contained in the printer frame control. In the event that flip-flop PFC1
      is reset and the flip-flop PFC2 is set when a SUBTRACT ONE FROM PRINTER
      FRAME signal is received, such a signal will cause the flip-flop PFC1 to
      become set corresponding to an increase by one of the number contained in
      the printer frame control. However, the change in condition of the
      flip-flop PFC1 from binary zero to binary one will be passed by the
      enabled AND gate 474 as an input to the flip-flop PFC2 to cause the latter
      to become reset. Such resetting of the flip-flop PFC2 corresponds to a
      decrease by two of the number contained in the printer frame control.
      Thus, the change in conditions of the flip-flops PFC1 and PFC2 considered
      jointly result in a net decrease of one in the number contained by the
      printer frame control. It should be noted that the just mentioned
      resetting of the flip-flop PFC2, which would normally cause a change in
      condition of the flip-flop PFC4 is precluded from doing such by reason of
      the disabled AND gates 472.
PAR  In the case of a SUBTRACT TWO FROM PRINTER FRAME input, no signal is
      applied to the flip-flop PFC1. However, the signal is applied as an input
      to the flip-flop PFC2 which, if set corresponding to at least the number
      two in the printer frame control, will be reset to decrease by two the
      number contained in the printer frame control. In the event the flip-flop
      PFC2 is reset and the flip-flop PFC4 is set when the SUBTRACT TWO signal
      is received, the input to the flip-flop PFC2 will cause it to become set
      corresponding in addition of the number of two. As noted above with
      respect to the SUBTRACT ONE FROM PRINTER FRAME sequence, the similar
      change in the flip-flop PFC2 from zero to one will be passed along as a
      signal through the enabled AND gate 474 as an input to the flip-flop PFC4
      to cause the latter to be reset which corresponds to a subtraction of four
      from the number contained in the printer frame control. Accordingly, the
      net decrease in the number contained in the printer frame control upon the
      receipt of a SUBTRACT TWO FROM PRINTER FRAME signal will be two.
PAR  The information contained in the printer frame control after a subtract or
      add sequence is utilized to control the frame location in which the
      printer is to print. This information is passed out of the printer frame
      control on outputs 1PFC-8PFC from the set sections of the flip-flops
      PFC1-PFC8, respectively, to the frame selection matrix. Similar output
      signals 1PFC-8PFC are emitted by the outputs of the reset sections of the
      flip-flops PFC1-PFC8, respectively.
PAC  K. Binary to Decimal Printer Frame Selection Decoding Matrix
PAR  In order to use the frame information contained in binary code in the
      printer frame control, to control the location in which the printer will
      print, it is necessary to provide means for converting such information to
      a decimal form where it may be fed to appropriate printer frame selection
      solenoids.
PAR  Specifically, the means provided to decode the information contained in the
      printer frame control comprise a conventional binary to decimal decoding
      matrix 486 shown schematically in FIG. 16. The binary to decimal printer
      frame selection decoding matrix is comprised of a plurality of electronic
      gates (not shown) connected to receive the output signals 1PFC-8PFC and
      1PFC-8PFC from the flip-flops PFC1-PFC8 of the printer frame control. The
      gates are also arranged to be enabled by a DECODE FRAME ADDRESS signal
      from the computer cycle control as will appear. Depending upon the
      conditions of the flip-flops PFC1-PFC8, the gating in the decoding matrix
      will energize one of eleven outputs, each of which is connected to a
      corresponding frame selection solenoid on each of the printers.
      Preferably, drivers for the printer frame selection solenoids are
      contained within the decoding matrix.
PAC  L. Binary to Decimal Printer Character Selection Decoding Matrix
PAR  The printer character selection matrix is shown in FIG. 17 and comprises a
      conventional binary to decimal decoding matrix 487 made up of a plurality
      of electronic gates (not shown). The matrix is adapted to receive eight
      inputs 1PC-8PC and 1PC-8PC from the pinfall counter (FIG. 10) described
      previously. A ninth input to the matrix serves to disable the matrix in
      the event a foul is detected and verified in response to a FOUL signal
      from the scanning cycle control.
PAR  The printer character selection matrix has ten outputs corresponding to the
      printer characters 0-9. An eleventh output from the matrix 487 issues a
      signal when the matrix decodes a condition of the pinfall counter
      corresponding to a pinfall equal to 10. The PINFALL EQUALS TEN signal is
      fed to a strike/spare matrix 488, comprised of a pair of electronic gates
      (not shown) as an input thereto. Additionally, the strike/spare matrix
      includes a pair of inputs on which PRINT X and PRINT / input signals are
      received from the computer cycle control. When the strike/spare matrix
      receives PINFALL EQUALS TEN and PRINT X input signals, the strike/spare
      matrix indicates to the printer that a character for a strike should be
      selected. Similarly, when the strike/spare matrix receives a PINFALL
      EQUALS TEN and a PRINT / signal, it indicates that a spare character
      should be selected.
PAR  Both of the matrices 487 and 488 preferably include solenoid drivers
      associated with their outputs.
PAR  In parallel with the ninth input to the matrix 487 on which the disabling
      FOUL signal corresponding to the occurrence of a detected and verified
      foul is received, is connected a one input NOR gate 489 and solenoid
      driver 490. The FOUL signal is received from the scanning cycle control
      through a one input NOR gate 491 and a two input NOR gate 492. The latter
      NOR gate is also receptive of an f.sub.2 input signal. Accordingly, upon
      the reception of a FOUL signal and f.sub.2 signal, the NOR gate 492 will
      be enabled to ultimately cause the driver 490 to signal the printer to
      select the foul indicating character. Such an occurrence will
      simultaneously disable the matrix 487 which, because it is disabled,
      cannot enable the strike/spare matrix 488.
PAR  The first ten outputs from the matrix 487, the two outputs from the matrix
      488 and the output from the driver 490 are connected to the corresponding
      character selection solenoids in the printers for each of the four lanes.
      As will be seen hereinafter, only the solenoid on the printer associated
      with the lane to be scored is energized to select the appropriate
      character.
PAR  The eleventh output from the matrix 487 on which the PINFALL EQUALS TEN
      signal may be issued is also utilized as an input to a NOR gate 493. The
      NOR gate 493 has a second input on which an f.sub.2 signal may be
      received. The output from the NOR gate 493 is utilized as an input to the
      set section of a flip-flop 494 and is arranged to cause the latter to be
      set upon the reception by the NOR gate 493 of both an f.sub.2 and a
      PINFALL EQUALS TEN signal. The flip-flop 494 includes inputs to its reset
      section through a NOR gate 495 which may receive either a RESET REGISTERS
      signal or a START UP-RESET signal to cause the flip-flop 494 to be reset.
PAR  The output from the set section of the flip-flop 494 is utilized to issue a
      PF = TEN signal to the bowler state updating matrix to when the pinfall on
      a first ball is equal to 10 or when the cumulative pinfall on two balls is
      equal to 10. Thus, the flip-flop 494 serves to issue information necessary
      to the updating of a bowler's state. Additionally, the flip-flop 494 has
      an output from its reset section on which a PF .noteq. TEN signal is
      issued. Both the PF = TEN and the PF .noteq. TEN signals are additionally
      used as inputs to the reset gating arrangement 440 associated with the
      bowler's score cycle control. Thus, in addition to supplying the bowler's
      state updating matrix with necessary pinfall information, the flip-flop
      494 additionally supplies the bowler score cycle control with the
      information necessary to determine whether the counter associated
      therewith should be reset prior to the performance of all the functions
      which it is capable of inducing.
PAC  M. PRINTER CYCLE CONTROL
PAR  As previously noted in connection with the description of the pinfall
      counter and the binary coded decimal up counter of the arithmetic
      register, cumulative score information contained in the binary coded
      decimal up counter is read, four bits at a time, into the pinfall counter
      where it is decoded by the printer character selection matrix to energize
      a selected printer character selection solenoid in a printer. Since the
      score information in the BCD counter is contained in twelve bits of
      information (a thirteenth bit in the case of team totals may be present in
      the flip-flop PC1 of the pinfall counter), and the printer character
      selection matrix is only capable of decoding four bits of information at
      any given time, it is necessary to provide means for reading out
      information in the BCD counter four bits at a time. Additionally, it is
      necessary to provide means to cause the printer to print the selected
      character after each four bit group of cumulative score information has
      been received by the pinfall counter and decoded by the printer character
      selection matrix. The means for accomplishing these functions are provided
      by the printer cycle control.
PAR  The printer cycle control is shown in FIGS. 18A and 18B and comprises five
      flip-flops PCC1, PCC2, PCC4, PCC8 and PCC16. Each of the flip-flops
      PCC1-PCC8 includes an output from its set section which is connected to
      the trigger input of the next higher flip-flop to form a convention binary
      up counter. The flip-flop PCC1 has a trigger input connected to the output
      of a NAND gate 500. The NAND gate 500 includes a first input on which
      clock pulses are received at two times the required rate of shifting
      required of the BCD counter and pinfall counter. The second input to the
      NAND gate 500 is a disabling input connected to the output of a NOR gate
      502 to stop the counting sequence at such times as hereinafter appear.
PAR  The flip-flop PCC1 includes an input to its set section from an AND gate
      504 and an OR gate 505 which, under certain circumstances, issue a signal
      to the flip-flop PCC1 to cause the latter to be set and start a counting
      sequence. The outputs from the set sections of the flip-flops PCC1-PCC4
      are connected as inputs to the NOR gate 502. This arrangement is such that
      when each of the flip-flops PCC1-PCC4 are in a reset condition, the NOR
      gate 502 issues a disabling signal to the NAND gate 500 to stop further
      transmission of clock pulses to the flip-flop PCC1 thus stopping the
      counting sequence.
PAR  The flip-flops PCC8 and PCC16 have a common input to the reset sections on
      which a START UP or RESET signal may be received to cause the flip-flops
      PCC8 and PCC16 to be reset as the sequences may require.
PAR  The flip-flops PCC8 and PCC16 further include outputs from their set and
      reset sections which are connected as inputs to AND gates 506, 508 and
      510; a NAND gate 512 and a NOR gate 514. The AND gate 506 is arranged to
      detect a zero-one condition of the flip-flops PCC16 and PCC8,
      respectively; the AND gate 508 is arranged to detect a one-zero condition;
      and AND gate 510 is arranged to detect a one-one condition; and the NAND
      gate 512 is arranged to detect a zero-zero condition. The NOR gate 514 is
      of the pulse forming type and is arranged to detect any zero to one change
      in the flip-flop PCC8 or the flip-flop PCC16.
PAR  The output from the reset section of the flip-flop PCC1 is connected to the
      lines 274 of the pinfall counter and a BCD up counter (FIGS. 9 and 10) to
      provide the arithmetic register with the necessary shift pulses so as to
      cause the information contained in the BCD up counter to be shifted into
      the pinfall counter for decoding and printing purposes.
PAR  In operation, the printer cycle control causes information to be shifted
      into the pinfall counter in groups of four bits. This function is
      accomplished by the flip-flops PCC1-PCC4 which, when all are reset,
      together through the NOR gate 502 to disable the input to the flip-flop
      PCC1 to preclude further counting and thus, the emission of additional
      shift pulses until such a time as the printer has digested the information
      and is ready for the new group of four bits of information. Upon this
      occurrence, the flip-flop PCC1 is set to remove the blocking input to the
      NAND gate 500.
PAR  The flip-flops PCC8 and PCC16 control the column in a frame in which the
      printer is to print. The NAND gate 512 issues 1000C signals to the printer
      column location matrix only in an eleventh frame situation for printing in
      the thousands column while the AND gates 506 and 508 issue 100C and 10C
      signals to the printer column location matrix for printing in the hundreds
      column and the tens column respectively. In the absence of any of the 10C,
      100C or 1000C signals, the printer will print in the units columns,
      although an AND gate 510 is enabled when printing in the units column is
      required for purposes as will appear. The NOR gate 514, together with
      other means to be described hereinafter, directs the printer to print.
PAR  Accordingly, it will be apparent that the printer cycle control provides
      control of the shifting and column addressing functions. The control of
      the shifting and addressing is performed as a function of counting as
      follows.
TBL                                    TABLE 10                                

     __________________________________________________________________________

                   PCC3                                                        

              PCC16                                                            

                   Start                                                       

                       PCC4                                                    

                           PCC2                                                

                               PCC1                                            

     __________________________________________________________________________

     Address  0    0   0   0   0 -- Print 1000's                               

     1000's Column                                                             

              0    0   0   0   1                                               

     - Shift                                                                   

              0    0   0   1   0                                               

              0    0   0   1   1                                               

     - Shift                                                                   

              0    0   1   0   0                                               

              0    0   1   0   1                                               

     - Shift                                                                   

              0    0   1   1   0                                               

              0    0   1   1   1                                               

     - Shift                                                                   

     Address  0    1   0   0   0 -- Print 100's                                

     100's Column                                                              

              0    1   0   0   1                                               

     - Shift                                                                   

              0    1   0   1   0                                               

              0    1   0   1   1                                               

     - Shift                                                                   

              0    1   1   0   0                                               

              0    1   1   0   1                                               

     - Shift                                                                   

              0    1   1   1   0                                               

              0    1   1   1   1                                               

     - Shift                                                                   

     Address  1    0   0   0   0 -- Print 10's                                 

     10' s Column                                                              

              1    0   0   0   1                                               

     - Shift                                                                   

              1    0   0   1   0                                               

              1    0   0   1   1                                               

     - Shift                                                                   

              1    0   1   0   0                                               

              1    0   1   0   1                                               

     - Shift                                                                   

              1    0   1   1   0                                               

              1    0   1   1   1                                               

     - Shift                                                                   

     Address 1's                                                               

              1    1   0   0   0 -- Print 1's                                  

     Column   1    1   0   0   1                                               

     - Shift                                                                   

              1    1   0   1   0                                               

              1    1   0   1   1                                               

     - Shift                                                                   

              1    1   1   0   0                                               

              1    1   1   0   1                                               

     - Shift                                                                   

              1    1   1   1   0                                               

              1    1   1   1   1                                               

     - Shift                                                                   

              0    0   0   0   0                                               

                       Stop                                                    

     __________________________________________________________________________

PAR  From the above, it will be seen that the required four shifts necessary to
      transfer the digit across each decade of the BCD up counter are provided
      in pulse form which pulses are generated by the one to zero changes in the
      flip-flop PCC1. The column address is determined by the conditions of the
      flip-flops PCC8 and PCC16, which conditions are decoded by the AND gates
      506, 508, and 510 and the NAND gate 512. Once the four required shift
      pulses are emitted, the NOR gate 502 causes the NAND gate 500 to block
      further clock pulse inputs to the flip-flop PCC1 until it is set by a
      start pulse from the OR gate 505. As a result of the flip-flop PCC1
      becoming set, the disabling input to the NAND gate 500 from the NOR gate
      502 is removed. From the foregoing it is believed apparent how the
      printer's cycle control performs the two functions of directing the
      shifting of cumulative score information from the BCD counter into the
      pinfall counter and addressing the proper column in the printer during
      each frame.
PAR  The third and fourth functions of the printer cycle control include the
      suppression of all leading zeros in a score to be printed, together with
      the suppression of any printing in the thousands column unless the final
      team total is being printed in the eleventh frame. In order to accomplish
      the two suppressive functions just mentioned, the printing cycle control
      includes a plurality of electronic gates arranged to follow the logical
      relation:
EQU  Print = (Digit Not Zero + Zero Memory Set + Print Units) (Print Thousands +
      State 11)
PAL  This function is implemented by NAND gates, and when true, a pulse is
      generated to set a print cycle memory. If not true, the negation gates a
      pulse to step the counter comprised of the flip-flops PCC1-PCC8 on to
      cause the shifting and reading of the next group of four bits of
      information from the BCD up counter.
PAR  The logic includes an inverter 516 having an input from the NAND gate 512
      for purposes as will be seen. The output from the NAND gate 512 is also
      utilized as an input to a NAND gate 518 which has a second input connected
      to the bowler state decoding matrix for sensing the presence of bowler
      state eleven. From the foregoing it will be apparent that the NAND gate
      518 will have an output signal whenever the flip-flops PCC8 and PCC16 are
      not both in a reset condition or when the bowler's state is eleven.
PAR  The output from the AND gate 510, which, it will be recalled, determines
      when printing should be accomplished in the units column, is fed through
      an inverter 520 as an input to a NAND gate 522. The NAND gate 522 includes
      a second input on which a DIGIT EQUALS ZERO signal may be received from
      the pinfall counter together with a third input from the reset section of
      a flip-flop 524 which serves as the zero memory. The levels of each of the
      three inputs are arranged to be of the same magnitude and to preclude the
      issuance of an output signal by the NAND gate 522 unless (a) the condition
      of the flip-flops PCC8 and PCC16 is such as to indicate that printing
      should be done in the units column, or (b) the DIGIT EQUALS ZERO signal is
      removed corresponding to a "digit not equal to zero" condition or (c) the
      zero memory flip-flop 524 is set.
PAR  The outputs from the NAND gates 518 and 522 are utilized as inputs by a
      NAND gate 526 and, when a signal is present on both inputs to the NAND
      gate 526, the corresponding lack of an output signal corresponds to a
      direction to print. However, when the NAND gate 526 does not receive
      signals on both of its inputs, the resulting output signal is directed as
      an input to a NOR gate 528 having its output associated with a 30
      microsecond delay multivibrator 530. After a 30 microsecond delay, the
      delay multivibrator 530 issues a signal to the OR gate 505 associated with
      the set section of the flip-flop PCC1 to cause the latter to once again
      become set and renew the count.
PAR  The output from the NAND gate 526 is directed through an inverter 532 which
      will have an output signal when the NAND gate 526 detects that the above
      noted logical relationship is true. The output from the inverter 532 is
      utilized as an input by a NOR gate 534 which is arranged to cause the
      printing of the appropriate characters in a manner to be seen hereinafter.
PAR  The output of the NOR gate 514, which it will be recalled, detects zero to
      one changes of the flip-flops PCC8 and PCC16 to indicate that the shifting
      of each digit from the BCD up counter into the pinfall counter has taken
      place and that printing should take place, if required, provides an
      enabling input to each of the NOR gates 528 and 534 when such zero to one
      changes occur in the flip-flops PCC8 and PCC16. As a result, if the above
      noted logical relation is true, the NOR gate 534 will be enabled to cause
      a printing operation. However, if the logical relation is false, the NOR
      gate 528 will be enabled to trigger the delay multivibrator 530 and cause
      an input to the flip-flop PCC1 to cause the counter to go on to shift the
      next digit into the pinfall counter for subsequent decoding.
PAR  The NOR gate 514 additionally includes an input from a NAND gate 536 having
      a first input on which a BOWLER CYCLE signal is received from the bowler
      score cycle control. The second input to the NAND gate 536 is connected to
      the output of a ten microsecond delay multivibrator 538 which is triggered
      by an input from an AND gate 540 having inputs for receiving signals
      representative of the functions f.sub.4 and f.sub.6, the AND gate 540
      being disabled to trigger the delay multivibrator 538 whenever an f.sub.5
      or an f.sub.6 signal is present. Additionally, the NOR gate 514 includes a
      fourth input on which a START PRINT CYCLE signal is received. This logic
      is used for term total and handicap printing.
PAR  A print cycle memory flip-flop 542 has an input to its set section from the
      output of the NOR gate 514. Thus, the first enabling signal from the NOR
      gate 514 to the NOR gates 528 and 534 in a printing sequence will cause
      the print cycle memory flip-flop 542 to be set. An output from the reset
      section of the flip-flop 542 is utilized as an input by the NAND gate 504
      so as to enable it during a printing sequence. A second flip-flop 544 is
      arranged to be set when printing is called for by the output from the NOR
      gate 534 via a NOR gate 546, a PRINT SPLIT signal input from the bowler
      score cycle control or a PRINT BOX SCORE signal from the pinfall register
      control to the NOR gate 546. The flip-flop 544 has an output from its
      reset section on which a PRINT signal is issued. Additionally, the
      flip-flop 544 includes parallel inputs to its reset section associated
      with the printers on each of the four lanes such that when any printer has
      completed the printer operation, the switch DSPS (see also FIG. 5) will be
      closed to issue a PRINT COMPLETE signal to cause the flip-flop 544 to be
      reset. When the flip-flop 544 is reset, the output from its set section is
      applied as an input to the AND gate 504 to ultimately cause the flip-flop
      PCC1 to become set and initiate a further shifting sequence, provided that
      the AND gate 504 is enabled by the flip-flop 542. A NOR gate 548 includes
      inputs connected from the set sections of both of the flip-flops 542 and
      544 and for issuing a PRINT CYCLE COMPLETE signal when both of the
      flip-flops 542 and 544 are reset. Additionally, the set section of the
      flip-flop 542 issues a PRINT CYCLE signal which is utilized in the
      computer cycle control as will appear while a BLOCK COUNT signal is issued
      by the reset section of the flip-flop 542 to the electronic switch 297 of
      the pinfall counter (FIG. 10) to disable the gates of the arithmetic
      register used for counting purposes during a print cycle as previously
      noted.
PAR  In order to disable the input to the flip-flop PCC1 and preclude the
      initiation of a counting and shifting sequence, the AND gate 504 must be
      disabled. Such disabling occurs when the print cycle memory flip-flop 542
      is reset due to the connection between the reset section of that flip-flop
      and the input to the AND gate 504. The print cycle memory flip-flop 542
      may be reset in either of two ways. An OR gate 549 includes an output
      which will cause the flip-flop 542 to be reset when the OR gate 549
      receives an input signal. One such input signal, a START-UP RESET signal,
      may be placed on one input to the OR gate 549. A second input to the OR
      gate 549 is connected to the output of the inverter 516. It will be
      recalled that the NAND gate 512 senses when both of the flip-flops PCC8
      and PCC16 are reset. It will also be apparent from the above table that
      with each digit contained in the BCD up counter has been read into the
      pinfall counter and decoded, each of the flip-flops PCC1- PCC16 will be
      reset. Accordingly, the NAND gate 512 detects this condition and issues a
      signal via the inverter 516 to the OR gate 549 to cause the print cycle
      memory flip-flops 542 to be reset thereby disabling the AND gate 504 and
      precluding further input pulses to the flip-flop PCC1.
PAR  The zero memory flip-flop 524 serves to remember whether a previous digit
      placed on the pinfall counter in a printing sequence was a non-zero digit
      by virtue of remembering if the NOR gate 534 had previously caused a
      character to be printed. Such a memory is required because in the case of
      a three-digit number having a second or tens digit equal to zero, neither
      the input from the AND gate 510 which detects a situation calling for the
      printing in the units column nor the input on which the absence of DIGIT
      EQUALS ZERO signal would be detected would enable the NAND gate 522 to
      thereby enable the NAND gate 526 and permit the NOR gate 534 to indicate
      that a printing operation should take place. Accordingly, the output from
      the NOR gate 534 is connected as an input to the set section of the zero
      memory flip-flop 524 and will cause the latter to be set whenever a
      previous digit in a sequence has been printed. Since a previous digit will
      only be printed if it is a non-zero digit, the set condition of the zero
      memory flip-flop 524 is indicative of the fact that any subsequent digit
      that is equal to zero should be printed as it is significant.
PAR  From the foregoing, it will be apparent that a thousands digit in a team
      total will only be printed in the eleventh frame. Occasionally, however, a
      running team total may exceed decimal 1000 in the ninth or prior frame.
      The printer is not designed to print the thousands digit in such a case
      and as is apparent from the logic described above, no attempt is made to
      print in the thousands column in any frame prior to the eleventh. Thus, if
      a team total at the end of the ninth frame was equal to, for example,
      1009, use of only the foregoing logic would result in only the printing of
      a 9 in the units column at the running team total level of the ninth
      frame. In order to indicate that the running team total in such a case is,
      in fact, 1009, it is desirable to print zeros in both the hundreds and
      tens columns.
PAR  To provide this function, the zero memory flip-flop 524 is arranged to be
      set by the output of a NAND gate 549. The NAND gate 549 has a first input
      connected to the output of the NAND gate 522 and a second input connected
      to the output of the delay multivibrator 530. A third input to the NAND
      gate 549 is adapted to receive a CYCLE D signal which, as will be seen,
      corresponds to the computing and printing, if necessary, of the running
      team total. The arrangement is such that when the delay multivibrator 530
      is tripped and the NAND gate 552 detects the absence of a DIGIT EQUALS
      ZERO signal during the occurrence of cycle D, the zero memory flip-flop
      524 will be set such that all succeeding digits will be printed. In other
      words, in the exemplary situation, the presence of a decimal 1 in the
      pinfall counter corresponding to the thousands digit of a team total will
      be sensed by the NAND gate 522 but since it is not in a state eleven or
      end of game situation, printing will not take place. Since printing will
      not take place due to the failure of the NAND gate 526 and the inverter
      532 and enable the NOR gate 534, the zero memory flip-flop 524 will not be
      set in the usual manner. However, it will be set in the manner just
      mentioned such that zeros will be printed in the hundreds and tens
      columns.
PAR  The zero memory flip-flop 524 includes an input from a NOR gate 550 for
      resetting purposes. The NOR gate 550 is arranged to receive a START-UP
      RESET signal in a manner similar to the OR gate 548. Additionally, the
      output from the NAND gate 512 is fed via the inverter 516 as a second
      input to the OR gate 550 to cause resetting of the print cycle memory
      flip-flop 542 when the counting sequence performed by the flip-flops PCC1-
      PC16 has been completed.
PAR  The printer cycle control is also utilized to generate a peripheral
      function, namely the generation of a signal to position the printer at a
      frame score level, and a second signal at the end of a bowler scoring
      cycle if the bowler requires two balls for a frame. The latter signal
      allows the printer to be prepositioned at a box score level in
      anticipation of the printing of the second ball box score. The signals are
      derived from the outputs of two AND gates 554 and 556.
PAR  The AND gate 554 includes a grounded first input and a second input
      connected to the output of a NAND gate 558. The NAND gate 558 includes
      three inputs on which SECOND BALL STATE BOWLER CYCLE and STATE 11 signals
      may be received, respectively. The fourth input to the NAND gate 558 is
      connected to the output of the set section of a flip-flop 560 which is
      arranged to be set when the NAND gate 536 has an output and reset by the
      inverted output of the NAND gate 512 when the counting sequence is
      complete.
PAR  The AND gate 556 includes a first input connected to the reset section of
      the flip-flop 560 and a second input on which an f.sub.4 signal may be
      received.
PAR  As a result of the above noted logic, a GO TO FRAME SCORE LEVEL signal will
      be issued by the AND Gate 556 whenever an f.sub.4 signal is present. It is
      to be noted that the f.sub.4 signal also results in the setting of the
      flip-flop 560 such that a GO BACK TO BOX SCORE LEVEL signal will be issued
      by the AND gate 554 whenever the flip-flop 560 is set and the SECOND BALL
      STATE, BOWLER CYCLE and STATE ELEVEN signals are present at the NAND gate
      558.
PAC  N. COMPUTER CYCLE CONTROL
PAR  In order to centrally control the many elements of the computer described
      previously as well as those to be described hereinafter, it is necessary
      to provide a control means that provides over-all control of the entire
      computer. In the instant invention, such over-all control is provided by
      the computer cycle control which may be divided into three distinct
      portions. These portions are the computer cycle ripple counter, the
      computer sequence counter and the computer cycle gating.
PAR  The computer cycle control is arranged to direct the computer to undergo
      any one of four cycles. The cycles are as follows:
TBL                Table II                                                    

     ______________________________________                                    

     1.    Cycle A--Handicap entry                                             

     2.    Cycle B--Initial team total function                                

            Cycle B.sub.1 --Erasure of previous team total                     

            Cycle B.sub.2 --Reading of handicap into the team                  

                 total and restoration of the                                  

              10   handicap into the handicap memory                           

            Cycle B.sub.3 --The writing of the handicap into                   

                 the team total memory                                         

     3.    Cycle C--Scoring of a bowler                                        

     4.    Cycle D--Addition of the bowler score to the                        

                team total, and printing of the team                           

                total if required.                                             

     ______________________________________                                    

PAR  Cycle A is initiated by an ALLOW HANDICAP ENTRY signal from the individual
      lane reset logic and a CYCLE START signal from the scanning cycle control,
      both of which will be described in detail hereinafter. Cycle B occurs only
      during league bowling and, where a pace bowler is used, disregards that
      bowler's score. It does not occur during an error correction procedure as
      will appear, not in the open bowling mode. In order to permit restoration
      of the team handicap memory it is necessary to divide cycle B into the
      three parts set forth above. It is also necessary to perform Cycle B prior
      to the addition of a bowler's score to the team total as the arithmetic
      register does not provide for parallel addition.
PAR  Cycle C is initiated either by the end of Cycle B or by a CYCLE START
      signal from the scanning cycle control in the absence of the initiation of
      any of the other cycles. Cycle D is initiated by the completion of CYCLE
      C, providing that the bowler just scored during Cycle C is in a first ball
      state, that bowler is not the pace bowler bowling in the number six
      position, the initiation of Cycle C was not caused by the scanning cycle
      control in response to an error correction procedure, and that the lane on
      which that bowler is bowling is not conditioned for open bowling.
      Additionally, although Cycle D may be initiated, as will appear, the
      ultimate goal of the cycle, namely, the addition of the bowler's score to
      the team total, will not take place unless the bowler's frame is identical
      to the frame for which the team total is to be computed.
PAR  Where one cycle follows another, a ripple counter is utilized for employing
      the termination of one cycle to initiate the beginning of the following
      cycle. The initiation of each cycle in turn is used by a sequence counter
      to generate a plurality of sequence commands which are generated in the
      same order to cause, through appropriate gating, the addressing of various
      computer subsystems if such addressing is required.
PAR  As will be apparent to those skilled in the art, cycles B-D will be
      employed at regular intervals while cycle A may occur at random depending
      upon when a handicap entry is manually made by a bowler and permitted by
      the computing device. Accordingly, cycle A may be termed an articifical
      cycle and, as will be seen, is independent of the ripple counter save for
      the fact that the performance of cycle A precludes the performances of
      cycles B-D until the former is terminated.
PAR  As noted above, cycle A is initiated by a CYCLE START signal and an ALLOW
      HANDICAP ENTRY signal, both of which are applied as inputs to a NOR gate
      560 (see FIG. 19) in order to cause the NOR gate 560 to have an output.
      The output of the NOR gate 560 issues a CYCLE A signal and is applied as
      an input to a NOR gate 561 together with inputs representative of the
      occurrence of cycles B.sub.1 and C as will appear. The output of the NOR
      gate 561 is connected as an input to the set section of a flip-flop 562
      and is arranged with respect thereto such that when the NOR gate 560 has
      an output or when cycles A, B.sub.1 or C are initiated, the flip-flop 562
      will be set. An output from the reset section of the flip-flop 562 is
      utilized as an input to a NOR gate 563, together with inputs from the
      printer cycle control for receiving a PRINT CYCLE signal, the BCD down
      counter for receiving an ADD BOWLER SCORE TO TEAM TOTAL signal and the
      bowler score cycle control for receiving a BOWLER CYCLE signal. When the
      signals from the three just mentioned sources together with the signal
      from the reset section of the flip-flops 562 are present at the NOR gate
      563, the latter will be disabled to thereby enable a NOR gate 564. The NOR
      gate 564 has a second input which is connected to the output of a clock
      (not shown) such that when the NOR gate 564 is enabled, the clock pulses
      will pass therethrough to step the sequence counter as will appear.
PAR  The flip-flop 562 has an input to its reset section from an AND gate 565
      which is connected to a NOR gate 566.
PAR  The NOR gate 566 is connected to the output of the NOR gate 560 and is
      arranged to be disabled whenever the latter has an output. When the NOR
      gate 566 is disabled, the AND gate 565, providing that it receives an
      appropriate enabling signal from the sequence counter as will appear, is
      enabled to reset the flip-flop 562.
PAR  From the foregoing it will be apparent that upon reception of a CYCLE START
      signal and an ALLOW HANDICAP ENTRY signal by the NOR gate 560, the
      flip-flop 562 will ultimately become set. If it is not a print cycle, a
      team total add score sequence or a bowler score cycle, the NOR gate 564
      will be enabled to cause the sequence counter to step in accordance with
      the clock inputs applied thereto. When, as will appear, the sequence
      counter has stepped through an entire count, the AND gate 565 will receive
      an enabling signal therefrom and, due to the disabling of the NOR gate
      566, the AND gate 565 will cause the flip-flop 562 to be reset to thereby
      enable the NOR gate 563 which, in turn, will disable the NOR gate 564 to
      preclude further counting by the sequence counter.
PAR  1. COMPUTER CYCLE RIPPLE COUNTER
PAR  The ripple counter is shown in FIG. 19 and comprises five flip-flops,
      RCB.sub.1, RCB.sub.2, RCB.sub.3, RCC and RCD, the first two letters of
      each designation serving to indicate that the flip-flop is part of the
      ripple counter with the last letter (and subscript if present) serving to
      indicate the cycle for which the flip-flop is responsible. Each of the
      flip-flops RCD.sub.1 -RCD includes inputs to their reset sections from OR
      gates 567 which, as will appear, cause the flip-flops to be reset upon the
      completion of a count by the sequence counter or upon the receipt of a
      START UP-RESET signal. The flip-flop RCH.sub.1 further includes an AND
      gate 568 connected to its set section for causing the flip-flop RCB.sub.1
      to be set. The AND gate 568 includes a first input on which a CYCLE START
      signal may be received from the scanning cycle control and a second input
      which is connected to the output of a NAND gate 569. The NAND gate 569
      includes a first input on which the absence of an ALLOW HANDICAP ENTRY
      signal may be sensed, a second input for receiving a NEW LANE FRAME signal
      from the individual lane reset logic and a third input for receiving the
      output of a NOR gate 570. The NOR gate 570 includes three inputs, the
      first of which may receive a TEAM BOWLING signal from the computer cycle
      control gating as will appear. A second input to the NOR gate 570 is
      receptive of a BOWLER SIX signal (the absence of a BOWLER SIX signal) and
      will disable the NOR gate 570 if such a signal is not present. A third
      input to the NOR gate 570 senses the presence of an inverted SCORE ERROR
      CORRECTION signal (in essence, a SCORE ERROR CORRECTION signal) and, in
      the absence thereof, will disable the NOR gate 570. Thus, the NOR gate 570
      will be enabled only when a TEAM BOWLING signal is present together with
      the presence of BOWLER SIX and SCORE ERROR CORRECTION signals. The NAND
      gate 569 is, in turn, disabled when an ALLOW HANDICAP ENTRY signal is not
      present, a NEW LANE FRAME signal is present and the NOR gate 570 is
      enabled. The NAND gate 569 is arranged with respect to the AND Gate 568
      such that whenever the former is disabled the latter is enabled.
      Accordingly, if the NAND gate 569 is disabled and a CYCLE START signal is
      received, the AND gate 568 will be enabled to cause the flip-flop
      RCB.sub.1 to be set.
PAR  An output from the set section of the flip-flop RCB.sub.1 is utilized as an
      input by the NAND gate 561. When the flip-flop RCB.sub.1 is set in the
      manner just described, the output from the set section thereof to the NAND
      gate 561 will cause the latter to set the flip-flop 562 in the manner
      described above with reference to cycle A, and if the conditions at the
      NOR gate 563 are as described above, clock pulses will be admitted to the
      sequence counter to cause the latter to go through a count. When the
      sequence counter has completed its count, it will issue a signal to the
      NOR gate 567 associated with the flip-flops RCB.sub.1 to cause the latter
      to be reset.
PAR  The output from the set section of the flip-flop RCB.sub.1 is also
      connected as an input to the set section of the flip-flop RCB.sub.2 . When
      the flip-flop RCB.sub.1 is reset in the manner just described, the change
      will be applied to the set section of the flip-flop RCB.sub.2 to cause the
      latter to become set and thereby initiate cycle B.sub.2. The sequence
      counter will continue to count, and upon completing the count, the output
      therefrom to the NOR gate 567 associated with the flip-flop RCB.sub.2
      causes the latter to be reset. The resulting change is sensed by an output
      from the set section of the flip-flop RCB.sub.2 connected as an input to
      the set section of the flip-flop RCB.sub.3 to cause the latter to become
      set and initiate cycle B.sub.3. The sequence counter continues to count
      and upon the completion of a count, an output therefrom applied as an
      input to the OR gate 567 associated with the flip-flop RCB.sub.3 causes
      the latter to be reset. The resulting change is applied through an OR gate
      571 as an input to the set section of the flip-flop RCC to thereby cause
      the latter to become set and initiate cycle C. The output of the set
      section of the flip-flop RCC is applied as an input to the NAND gate 561,
      and when the flip-flop RCC is set, the signal applied on this output
      ultimately will cause the NOR gate 564 to be enabled, subject of course to
      the aforementioned conditions being present at the NOR gate 563, to cause
      the sequence counter to count.
PAR  As noted above, cycle C may be initiated independently of the termination
      of cycle B by the presence of a CYCLE START signal and the absence of
      other cycles. In order to provide for this manner of starting cycle C, the
      OR gate 571 has a second input from an AND gate 572 which may receive a
      CYCLE START signal. A second input to the AND gate 572 is taken from the
      output of a NAND gate 573. The NAND gate 573 has a first input adapted to
      sense the absence of an ALLOW HANDICAP ENTRY signal and a second input
      which is connected to the output of the NAND gate 569. As a result of this
      arrangement, when the ALLOW HANDICAP ENTRY signal is not present and the
      NAND gate 569 is enabled, which condition it will be recalled will
      preclude cycle B from occurring the NAND gate 573 will be disabled to
      enable the AND gate 572. When the AND gate 572 is so enabled, its output
      will be passed through the NOR gate 571 to the set section of the
      flip-flop RCC to cause the latter to be set to start cycle C. Upon the
      completion of the count by the sequence counter, the latter will cause the
      OR gate 567 associated with the flip-flop RCC to reset the flip-flop RCC
      and the resulting one to zero change is fed from an output from the set
      section of the flip-flop RCC to an AND gate 574 having an input to the set
      section of the flip-flop RCD. The AND gate 574 has a second enabling input
      connected through an inverter to the output of a NAND gate 575. The NAND
      gate 575 has a first input connected to the output of the NOR gate 570,
      which it will be recalled is enabled when a TEAM BOWLING Signal is present
      and BOWLER SIX and SCORE ERROR CORRECTION signals are not present. A
      second input to the NAND gate 575 is arranged to receive a FIRST BALL
      STATE signal. When the NOR gate 570 is enabled and a FIRST BALL STATE
      signal is received by the NAND gate 575, the latter will be disabled to
      thereby enable the AND gate 574. Additionally, since the flip-flop RCC is
      reset at this time, the flip-flop RCD will become set due to the output of
      the AND gate 574.
PAR  The identical inputs applied to the AND gate 574 are also applied to an AND
      gate 576. The output of the AND gate 576 is applied as an input to the NOR
      gate 566 and is arranged to preclude the latter from enabling the AND gate
      565. When the AND gate 565 is disabled, the flip-flop 562 cannot be reset
      and the sequence counter will continue to count. Thus it will be apparent
      that resetting of the flip-flop 562 is precluded by the disabling of the
      AND gate 565 by the NOR gate 566 whenever the NAND gate 575 is disabled by
      the enabling of the NOR gate 570 and by the presence of a FIRST BALL STATE
      signal generated when the bowler's state is updated. It will be recalled
      that the NOR gate 570 is enabled during team bowling when the sixth bowler
      is not up and an error correction procedure is not taking place.
      Accordingly, the flip-flip 562 cannot be reset during cycle C when the
      above conditions are present and the sequence counter will continue to
      count such that cycle D will occur.
PAR  Each of the flip-flops RCB.sub.1 -RCD has outputs from their respective set
      sections which issue CYCLE B.sub.1, CYCLE B.sub.2, CYCLE B.sub.3, CYCLE C
      C and CYCLE D signals, respectively, together with outputs from their
      reset sections which issue CYCLE B.sub.1, CYCLE B.sub.2, CYCLE B.sub.3,
      CYCLE C and CYCLE D signals respectively, which signals are used as will
      appear.
PAR  2. COMPUTER SEQUENCE COUNTER
PAR  The sequence counter is comprised of three flip-flops SC1, SC2 and SC4
      connected to provide a conventional binary counter as seen in FIG. 19. The
      flip-flop SC1 has its trigger input connected to the output of the NOR
      gate 564. As mentioned previously, when the NOR gate 564 is enabled by the
      NOR gate 563, clock pulses will be passed by the NOR gate 564 to the
      counter. Such clock pulses cause the flip-flops SC1-SC4 to count in a
      conventional manner. Additionally, each flip-flop SC1-SC4 has an input to
      its reset section on which a START-UP RESET signal may be received to
      reset the flip-flops.
PAR  The combination of conditions of the flip-flops SC1-SC4 represent a basic
      command to the computer to perform a particular function, although it will
      be apparent hereafter that each function may not be required for each
      cycle. Appropriate outputs from the flip-flops SC1-SC4 are utilized as
      inputs by seven NOR gates 577 which serve to decode the combinations of
      conditions of the flip-flops SC1-SC4 as follows.
TBL                TABLE 12                                                    

     ______________________________________                                    

     SC4       SC2         SC1        OUTPUT SIGNAL                            

     ______________________________________                                    

     0         0           0          t.sub.0                                  

     0         0           1          t.sub.1                                  

     0         1           0          t.sub.2                                  

     0         1           1          t.sub.3                                  

     1         0           0          t.sub.4                                  

     1         0           1          t.sub.5                                  

     1         1           0          t.sub.6                                  

     1         1           1          t.sub.7                                  

     0         0           0          t.sub.0                                  

     ______________________________________                                    

PAR  During each of the cycles A, B, C and D, some or all of the sequences
      t.sub.0 -t.sub.7 are utilized as inputs to appropriate gating to cause
      various functions to be performed. In many instances, the same sequence
      signals t.sub.0 -t.sub.7 will cause the same basic function irrespective
      of which cycle is occurring. Table 13, below, illustrates the functions
      performed during each cycle and sequence.
PAC  TABLE 13
PAC  Cycle A
PA1  t.sub.1 --Select handicap memory.
PA1  t.sub.2 --Read handicap entry memory and block entry into arithmetic
      register to cause erasure of previous handicap entries.
PA1  t.sub.3 --Read handicap entry switches.
PA1  t.sub.6 --Print handicap.* Address eleventh frame. Write handicap into
      handicap memory.
PA1  t.sub.7 --Reset handicap entry memory flip-flop.
PAC  Cycle B.sub.1
PA1  t.sub.1 --Select team total memory.
PA1  t.sub.2 --Read team total memory and block entry into arithmetic register
      to cause erasure of previous team total information.
PA1  t.sub.0 --Reset partial and complete team total reset memory flip-flops.
PAC  Cycle B.sub.2
PA1  t.sub.1 --Select handicap memory.
PA1  t.sub.2 --Read handicap memory, block frame entry if handicap has not been
      entered.
PA1  t.sub.6 --Write handicap into handicap memory.
PAC  Cycle B.sub.3
PA1  t.sub.1 --Select team total memory.
PA1  t.sub.2 --Read team total.
PA1  t.sub.6 --Write team total.
PAC  Cycle C
PA1  t.sub.1 --Select bowler memory.
PA1  t.sub.2 --Read bowler memory, blocking entry if new game or error
      correction to cause erasure of previous bowler score information.
PA1  t.sub.3 --Add one to bowler frame if first ball state and not first error
      correction. Read error score input switches if beginning of error
      correction procedure. Load printer frame control.
PA1  t.sub.5 --Start bowler cycle. Load BCD down counter.* Load frame buffer.
      Print bowler score if required.
PA1  t.sub.6 --Write into bowler memory.
PAC  Cycle D
PA1  t.sub.1 --Select team total memory.
PA1  t.sub.2 --Read team total memory.
PA1  t.sub.3 --Load team total frame into printer frame control.
PA1  t.sub.4 --Add bowler's score to team total if frames are equal.
PA1  t.sub.5 --Add one to printer frame if grand team total.
PA1  t.sub.6 --Start print cycle if bowler 5*, or if bowler is in state eleven,
      providing frames are equal. Write into team total memory.
PA1  t.sub.7 --Set partial team total reset memory if bowler 5 and frames are
      equal.*
FNT  *The command is issued on the trailing edge of the pulse signal.
PAR  The output from the NOR gate 577 on which the t.sub.0 signal is issued is
      connected through an inverter 578 as an input to the AND gate 565. Thus,
      it will be apparent that when the sequence counter has completed a count
      and returned to a binary 000 condition, the NOR gate 577 on which the
      t.sub.0 is issued will cause the AND gate 565, provided that it is enabled
      by the output of the NOR gate 566, to reset the flip-flop 562.
      Additionally, the inverter 578 is also connected to the inputs of the OR
      gates 567 associated with the flip-flops RCB.sub.1 -RCD of the ripple
      counter. Thus, it will be apparent that the flip-flops comprising the
      ripple counter will be similarly reset upon the completion of a count by
      the sequence counter.
PAR  When the flip-flop 562 is reset by a t.sub.0 signal in the manner just
      described, an output from its set section is utilized to issue a CYCLE
      COMPLETE signal. This output is also utilized as an input to a delay
      multivibrator 579. The delay multivibrator has outputs from both of its
      sections to the set and reset sections of a cycle complete flip-flop 580.
      When the delay multivibrator 579 is tripped, the cycle complete flip-flop
      580 will be momentarily set. An output from the set section of the cycle
      complete flip-flop 580 is used to provide a cycle complete signal which is
      delayed a length of time dependent upon the RC characteristics of the
      delay multivibrator 579. As will appear, such a CYCLE COMPLETE (DELAYED)
      signal is utilized in the scanning cycle control. The output of the reset
      section of the flip-flop 562 is also utilized to issue a CYCLE COMPLETE
      signal of a level opposite that issued by the set section of the flip-flop
      562.
PAR  3. COMPUTER CYCLE GATING
PAR  The computer cycle control gating comprises a plurality of gates shown in
      FIGS. 20, 21 and 22, many of which are independent of others. The various
      gates receive information relative to bowler's states, pinfall, bowler's
      scoring sequence functions, computer cycles, computer sequences, signals
      relative to the lane to be scored, and signals relative to handicap entry
      and team totaling. Upon receipt of certain ones of such signals, the
      computer cycle control gating issues signals to the various computer
      subsystems directing them to perform certain designated functions.
PAR  In order to provide a PRINT / or a PRINT X signal to the printer character
      selection matrix, a pair of inverters 595 and 596 are provided (FIG. 20).
      The inverter 595 may receive a STATE THREE + FIVE + NINE signal from the
      OR matrix of the bowler state control. It will of course be recognized
      from the state definitions, that states three, five and nine are all
      second ball states. Thus, whenever the signal from the OR matrix
      corresponding to the existence of one of these states is issued to the
      inverter 595, the latter will issue a PRINT / signal to the printer
      character selection matrix such that the latter will cause a spare symbol
      to be printed if the pinfall achieved is equal to 10. The inverter 596 has
      its input connected to the output of the inverter 595 and whenever the
      inverter 595 is not issuing a PRINT / signal, the inverter 596 will issue
      a PRINT X signal to the printer selection matrix. The latter will then
      cause the printing of a strike symbol provided, of course, that the
      pinfall is equal to 10. It will be apparent to those skilled in the art
      that whenever a second ball state does not exist, either a first ball
      state or a tenth frame state wherein a strike should be printed if the
      pinfall is equal to ten exists. It is for this reason that the inverter
      596 is arranged to sense the absence of a PRINT / signal from the inverter
      595 which only senses second ball states.
PAR  To cause updating of a bowler's score, an ADD PINFALL signal must be issued
      to the pinfall register control. As will be apparent from an inspection of
      the functions of the bowler score cycle control, pinfall should be added
      any time that an f.sub.3 function exists. Accordingly, a NAND gate 597 is
      arranged to receive an f.sub.3 signal and to issue an ADD PINFALL signal
      whenever the signal is present. It will also be observed that pinfall
      should be added during the function f.sub.5 if the bowler's state is state
      5 or if his pinfall equals 10. In the latter situation, such an addition
      to a bowler's score could be achieved by an ADD TEN signal, a simpler
      gating arrangement is achieved by merely adding the pinfall which, of
      course, in such a situation will be equal to ten. The gating used
      comprises a NOR gate 598 and an OR gate 599. The NOR gate 598 is arranged
      to receive STATE FIVE and PF = 10 signals and to be disabled by either
      signal. The OR gate 595 receives the output signal of the NOR gate 598
      together with an f.sub.5 signal from the bowler's score cycle control.
      Both of the inputs to the OR gate 595 are such as to cause it to be
      disabled and lack an output. More simply, the OR gate 599 functions as an
      AND gate due to the levels of its input signals. The output of the OR gate
      599 is connected as an input to the NAND gate 597 in such a manner that
      whenever the NOR gate 599 does not have an output during an f.sub.5
      situation, as when the pinfall is equal to ten or the bowler's state is
      state 5, the NAND gate 597 will issue an ADD PINFALL signal.
PAR  In order to issue a COUNT PINFALL signal to the pinfall register control,
      an inverter 600 is provided. The inverter 600 received an f.sub.2 signal
      from the bowler's score cycle control and whenever that signal is present,
      it will issue a COUNT PINFALL signal.
PAR  The computer cycle control gating also issues signals to control the frame
      in which the printer is to print. Such signals are issued to the printer
      frame control in the form of SUBTRACT TWO FROM PRINTER FRAME, SUBTRACT ONE
      FROM PRINTER FRAME and ADD ONE TO PRINTER FRAME signals. In order to issue
      a SUBTRACT TWO FROM PRINTER FRAME signal, an inverted f.sub.3 signal is
      utilized as an input by a NAND gate 601. The NAND gate 601 has a second
      input for receiving a STATE SIX signal. Whenever both such signals are
      present, the NAND gate 601 will issue the SUBTRACT TWO FROM PRINTER FRAME
      signal. As will be apparent, the only time it is necessary to print back
      two frames from the current frame is when the bowler has bowled two
      strikes in a row and the last strike was not achieved in the tenth frame.
      This situation corresponds to state six and, accordingly, it will be
      apparent how the inputs to the NAND gate 601 cause the proper result.
PAR  The SUBTRACT ONE FROM PRINTER FRAME signal is issued by a NAND gate 602.
      The NAND gate 602 receives an inverted f.sub.3 signal together with an
      inverted STATE TWO + FIVE + EIGHT signal from the OR matrix of the
      bowler's state control. When both such signals are present, the SUBTRACT
      ONE FROM PRINTER FRAME signal will be issued. It will be apparent that
      printing in a frame back one from that in which the bowler is presently
      bowling should occur only after the first ball following a spare or the
      second ball following a strike or after successive strikes in the ninth
      and tenth frames. The situations just named correspond to states two, five
      and eight respectively from which relation, it will be apparent how the
      NAND gate 602 selects the proper frame.
PAR  The ADD ONE TO PRINTER FRAME signal is derived from the output of an AND
      gate 603, which, due to the level of its input signals, functions as an OR
      gate. The AND gate 603 has a first input for receiving an f.sub.5 signal
      from the bowler's score cycle control which, when the signal is present,
      will cause the AND gate 603 to issue the ADD ONE TO PRINTER FRAME signal.
      A second input to the AND gate 603 is derived from the output of a NAND
      gate 604. The NAND gate 604 causes the AND gate 603 to issue the ADD ONE
      TO PRINTER FRAME signal when it is necessary to print the team total in
      the eleventh frame column. Obviously such printing requires that the
      bowler's game be over and accordingly, the NAND gate 604 is provided with
      a first input on which a STATE 11 signal may be received. Similarly, such
      printing should not be done unless it is a team totaling function and,
      accordingly, the NAND gate 604 is provided with a second input on which a
      CYCLE D signal, the team totaling cycle, is received. Since the team
      totaling cycle (cycle D), the sequence t.sub.3 requires the loading of the
      team total frame into the printer frame control and the trailing edge of
      the pulse representing sequence t.sub.6 initiates the print cycle, the
      adding of one to the printer frame must take place after the sequence
      t.sub.3 and before the sequence t.sub.6. Accordingly, the NAND gate 604 is
      provided with a third input on which a t.sub.5 signal may be received from
      the sequence counter of the bowler's cycle control. When the STATE ELEVEN,
      CYCLE D and t.sub.5 signals are present as inputs to the NAND gate 604,
      the latter will cause the AND gate 603 to issue the required ADD ONE TO
      PRINTER FRAME signal.
PAR  A LOAD BCD DOWN COUNTER signal is required during each bowler cycle such
      that the bowler's score may be added to the team total. This signal is, in
      fact, identical to a t.sub.5 signal. However, as will be seen, it is the
      trailing edge of the t.sub.5 signal that actually causes the loading of
      the down counter.
PAR  The issuance of a LOAD PRINTER FRAME CONTROL signal does not require the
      presence of any gates. Rather, this signal appears whenever a t.sub.3
      signal is issued by the sequence counter and, accordingly, the input to
      the printer frame control on which the LOAD PRINTER FRAME CONTROL signal
      is received may be connected directly to the output of the NOR gate 577
      (FIG. 19) which issues the t.sub.3 signal.
PAR  As noted previously, whenever a bowler achieves a spare or strike, 10
      points are immediately added to his cumulative score before it is written
      back into the bowler memory. In some such instances as has also been noted
      previously, such immediate entry of 10 points may be achieved by a simpler
      gating structure merely by adding the pinfall which, in such a case, will
      be equal to 10. In other instances, the simplest gating requires that a
      single pulse representative of a pinfall of 10 be placed directly upon the
      input to the flip-flop BCD10 (FIG. 9b) of the arithmetic register. The
      latter method of adding 10 to a bowler's cumulative score is achieved by
      an ADD TEN signal which is fed to both the arithmetic register and the
      bowler score cycle control from the output of an inverter 607 receiving an
      input from a pulse forming NAND gate 608. The inverter 607 is arranged to
      issue the ADD TEN signal whenever the NAND gate 608 is enabled due to the
      disabling of a NAND gate 609. The NAND gate 609 has a first input on which
      an inverted STATE SIX + EIGHT signal may be received from the OR matrix
      (FIG. 13). A second input to the NAND gate 609 is received from a NAND
      gate 610. The arrangement is such that when the NAND gate 610 is enabled
      and the inverted STATE SIX + EIGHT signal is present, the NAND gate 609
      will be disabled to ultimately cause the ADD TEN signal to be issued.
      During a bowler score cycle, the NAND gate 610 may be enabled by an
      f.sub.5 signal from the bowler's score cycle control. Thus, it will be
      apparent that whenever a second score updating of the bowler's score is
      required and the bowler is in either state six or state eight, the ADD TEN
      signal will be issued such that 20 points, 10 by counting pinfall and 10
      by pulsing the flip-flop BCD10 (FIG. 9) will be added to the bowler's
      score.
PAR  It is also desirable in certain instances to add ten to the team total
      score but not to the bowler's cumulative score. Such an instance occurs
      when a bowler has bowled two strikes in a row. By the normal rules of
      scoring, it will be apparent that the bowler will receive a minimum
      pinfall of 30, 20 in the frame in which the first strike was achieved and
      10 in the frame in which the second strike was achieved. However, it will
      also be apparent that the last value of 10 pins cannot be added to the
      bowler's cumulative score until the succeeding ball is rolled. If such a
      value were to be added to the bowler's score, when the cumulative score
      was printed out in the frame in which the first strike was achieved, such
      a cumulative score would be erroneous with respect to that frame by the
      value of 10. Nonetheless, the bowler has achieved the 10 pins in question
      and this fact should be reflected in the team total for the frame in which
      the second strike was achieved. In order to cause the addition of such a
      value to the team total, a NAND gate 611 is provided having inputs on
      which CYCLE D, FRAME EQUAL and t.sub.3 signals may be received. The output
      of the NAND gate 611 is connected as an input to the NAND gate 610, which
      arrangement causes the ADD TEN signal to be issued whenever a team total
      cycle is in progress the bowler's frame is equal to the team frame, the
      bowler's state is either six or eight and it is a t.sub.3 sequence within
      the team totaling cycle.
PAR  It will be apparent that due to the number of bowlers that may be scored by
      the computer, it is necessary to reset the various registers periodically.
      This is accomplished by a RESET REGISTERS signal which is issued from the
      output of a pulse forming NAND gate 612 which receives an input from the
      output of a NAND gate 613. Whenever the NAND gate 613 receives a CYCLE
      B.sub.3 signal together with a t.sub.1 signal, it will be disabled to
      enable the NAND gate 612 to issue the RESET REGISTERS signal. During cycle
      B.sub.3 the registers are not reset as the handicap value in the BCD up
      counter would be destroyed precluding its addition to team scores in
      subsequent frames as will appear.
PAR  A similar signal for resetting the bowler state register may be emitted
      from a NAND gate 614. The signal is designated as RESET BOWLER STATE
      REGISTER and is obtained by the enabling of the NAND gate 614 due to the
      disabling of a NAND gate 615 when the latter receives t.sub.1 and CYCLE D
      signals. The bowler state register is not reset during Cycle D as it is
      necessary to know the bowler's state to perform various functions
      associated with cycle D.
PAR  A pulse forming NAND gate 616 is enabled when a NAND gate 617 is disabled
      to cause the issuing of a READ MEMORY signal. The NAND gate 617 is
      arranged to be disabled whenever it receives a t.sub.2 signal and when a
      NAND gate 618 is enabled. The NAND gate 618 is arranged to be disabled
      when a HANDICAP ENTERED signal is not present during cycle B.sub.2. Thus,
      it will be apparent that unless a HANDICAP ENTERED signal is present
      during cycle B.sub.2, the occurrence of a t.sub.2 signal will not cause
      the issuance of a READ MEMORY signal during cycle B.sub.2. During other
      cycles, the READ MEMORY signal will be issued during sequence t.sub.2.
PAR  The WRITE signal is issued by a pulse forming NAND gate 619 in response due
      to the disabling of a NAND gate 620. The NAND gate 620 includes a first
      input for receiving a t.sub.6 signal and a second input from an OR gate
      621. The arrangement is such that the NAND gate 620 will be disabled
      whenever the OR gate 621 does not have an input signal and when a t.sub.6
      signal is issued. The NOR gate 621 has a first input from the output of a
      NAND gate 622 which is adapted to be disabled by the presence of a STATE
      ELEVEN signal and a CYCLE C signal. A second input to the OR gate 621 is
      received from a NAND gate 623 which is arranged to receive a BOWLER FIVE
      signal and a STATE ELEVEN signal. When either of the NAND gates 622 and
      623 are disabled by the presence of the respective input signals, their
      respective outputs will be passed by the OR gate 621 to enable the NAND
      gate 620 thereby precluding the issuance of a WRITE signal. The gates
      621-623 are provided for the purpose of precluding the writing of bowler
      scores back into the bowler memory when the game is over as indicated by a
      state eleven condition and for precluding the writing of the grand team
      total into the team total memory when bowler five's state is eleven.
PAR  It will be recalled that it is periodically necessary to issue an ADD ONE
      TO FRAME signal to the frame counter to update the bowler frame
      information. This signal is issued by the disabling of a NAND gate in
      response to a t.sub.3 signal and the output from a NAND gate 625 when the
      latter is enabled. The NAND gate 625 has a pair of inputs, the first of
      which is receptive of a CYCLE B.sub.1 signal. The second input to the NAND
      gate 625 is received from the output of a NAND gate 626 which is disabled
      whenever a FIRST BALL STATE signal is present, a CYCLE C signal is
      present, and the first error correction flip-flop 760 (FIG. 23c) is not
      set. In the latter respect, the NAND gate 626 receives the inverted output
      of an AND gate 627 which may receive FIRST ERROR CORRECTION and SCORE
      ERROR CORRECTION signals on its inputs. Whenever one of these signals is
      not present, the inverted output thereof together with a FIRST BALL STATE
      signal and the CYCLE C signal disable the NAND gate 626. When such is the
      case, and a CYCLE B.sub.1 signal is present, the NAND gate 625 will be
      enabled to thereby cause the NAND gate 624 to issue the ADD ONE TO FRAME
      signal, providing that sequence t.sub.3 is occurring.
PAR  The output of the AND gate 627 is also utilized in conjunction with the
      issuing of the READ ENTRY SWITCH signal. This signal is generated by the
      output of a NAND gate 628 when the latter is disabled during a t.sub.3
      sequence by the presence of that signal and the enabling of a NAND gate
      629. The NAND gate 629 is normally enabled but will be disabled when it is
      not an error correction procedure or cycle A is not taking place. In order
      to achieve the foregoing function, the NAND gate 629 has a first input
      which is receptive of an inverted CYCLE A signal. A second input to the
      NAND gate 629 is derived from a NAND gate 620 which receives the output of
      the AND gate 627 together with a CYCLE C signal and is arranged such that
      it will be enabled when it is not an error correction procedure during the
      occurrence of cycle C. When such is the case and the NAND gate 630 is
      enabled, the NAND gate 629 will be disabled to thereby preclude the
      issuing of the READ ENTRY SWITCH signal. Similarily, when the inverted
      CYCLE A signal is not present at the NAND gate 629, the latter will be
      disabled to preclude the issuance of the signal. Thus it will be apparent
      that the entry switches will be read only when a handicap entry cycle
      (cycle A) is occurring or an error correction procedure is taking place
      and the first error correction flip-flop 760 (FIG. 23c) is set.
PAR  In order for the bowler score cycle control to properly score the bowler,
      it is necessary that the latter receive a START BOWLER CYCLE signal. Such
      a signal is derived from the output of a NAND gate 631 by the diabling
      thereof due to the presence of CYCLE C and t.sub.5 signals at its inputs.
      Upon the issuance of the START BOWLER CYCLE signal, the flip-flop BSCCl in
      the bowler score cycle control will be set to thereby permit the functions
      f.sub.1 -f.sub.6 to be performed, if necessary. Additionally the setting
      of the flip-flop BSCCl will stop the issuance of the BOWLER CYCLE signal
      from the inverter 451 and NOR gate 450 thereby disabling the NOR gate 553
      of the computer cycle control. Such disabling precludes the NOR gate 564
      of the computer cycle control from permitting further clock inpulses to
      the flip-flop SC1 of the sequence counter to stop the latter in a t.sub.5
      condition. This condition will be maintained until the bowler's scoring
      cycle is completed by the resetting of the flip-flops BSCC1-BSCC4 of the
      bowler's score cycle control, whereby the BOWLER CYCLE signal will again
      be applied to the NOR gate 563, which action will permit further counting
      by the sequence counter.
PAR  In order to prepare for a team totaling sequence as will appear, the output
      of the NAND gate 631 is fed through a pulse forming NAND gate 632 to issue
      a LOAD FRAME BUFFER signal. The purpose of this signal will appear more
      fully hereinafter.
PAR  Referring now to FIG. 21, during a team totaling sequence (cycle D) it is
      necessary to provide an ADD BOWLER SCORE TO TEAM TOTAL signal for the
      purpose of initiating such addition. As has been stated previously, the
      bowler's score should not be added to the team total unless the bowler's
      frame is the same as the team total frame. Furthermore, the signal should
      be issued only during sequence t.sub.4 of cycle D. Accordingly, the NAND
      gate 633 is arranged to be disabled when FRAME EQUAL, CYCLE D and t.sub.4
      signals are present. The disabling of the NAND gate 633 enables a pulse
      forming NAND gate 634 which issues the ADD BOWLER SCORE TO TEAM TOTAL
      signal.
PAR  The initiation of a print cycle during a bowler score cycle is caused by
      the bowler score cycle control. However, printing may be required during
      cycles A and D in which the bowler score cycle control is not active.
      Accordingly, means are provided for issuing a START PRINT CYCLE signal to
      the printer cycle control during cycles A and D. The signal is issued when
      a NAND gate 635 is reenabled. The NAND gate 635 may be reenabled by the
      trailing edge of a t.sub.6 input thereto together with a signal from a
      NAND gate 636 when the latter is enabled. The NAND gate 636 may be enabled
      either by the presence of an inverted CYCLE A signal as an input thereto
      or by the output of a NAND gate 637 when the latter is disabled. The NAND
      gate 637 has first and second inputs which receive CYCLE D and FRAME EQUAL
      signals, respectively, and a third input which is connected to the output
      of a NOR gate 638 which may receive BOWLER FIVE or STATE ELEVEN INPUT
      signals. Thus it will be apparent that a START PRINT CYCLE signal will be
      issued whenever the sequence t.sub.6 occurs and either a CYCLE A signal is
      present or a CYCLE D signal is present together with a FRAME EQUAL signal
      and either a BOWLER FIVE signal or a STATE ELEVEN signal.
PAR  It will be recalled that the frame decoding matrix will not decode the
      condition of the printer frame control unless the former is commanded to
      do such by a DECODE FRAME ADDRESS signal. Such a signal is normally
      generated by a NAND gate 639. However, during the handicap entry procedure
      (cycle A) it is always necessary to address the eleventh frame.
      Similarily, when the bowler is in state nine or ten and a box score is to
      be printed, such printing must be done in the eleventh frame. Accordingly,
      the NAND gate 639 is arranged to preclude the issuence of a DECODE FRAME
      ADDRESS signal if cycle A is occurring in response to an inverted CYCLE A
      signal. Similarily, the NAND gate 639 will not issue the DECODE FRAME
      ADDRESS signal if a pair of NAND gates 640 and 641 determine that either
      states nine or ten exist and the box score function (f.sub.2) is being
      generated.
PAR  It will also be apparent that the eleventh frame should be addressed
      whenever another frame column is not to be selected. Accordingly, an
      inverter 642 is arranged to detect the absence of a DECODE FRAME ADDRESS
      signal and, when such is the case, issue an ADDRESS ELEVENTH FRAME signal
      which is directed to the frame selection solenoid for the eleventh frame.
PAR  As stated previously, the handicap memory should be addressed during either
      cycle A or cycle B.sub.2. Accordingly, a NAND gate 643 is arranged to
      detect when either an inverted CYCLE A signal or a CYCLE B.sub.2 signal is
      present and issue an ADDRESS HANDICAP MEMORY signal.
PAR  Similarily, the bowler memory should be addressed only during cycle C and
      accordingly, the output of the flip-flop RCC of the ripple counter on
      which a CYCLE C signal is issued is also utilized to issue the ADDRESS
      BOWLER MEMORY signal. The CYCLE C output is utilized in this respect
      rather than the CYCLE C output so that the ADDRESS BOWLER MEMORY signal is
      of the proper level.
PAR  The team total memory should be addressed only during cycles B.sub.1,
      B.sub.3 and D. In order to generate the appropriate signal, a NOR gate 644
      is used. Whenever the NOR gate 644 is enabled, its output will issue an
      ADDRESS TEAM TOTAL MEMORY signal. The NOR gate 644 includes a first input
      from the output of the NAND gate 643 and a second input for receiving a
      CYCLE C signal. Accordingly, whenever the NAND gate 643 has not determined
      that either cycle A or cycle B.sub.2 is occurring or when cycle C is not
      occurring, the NOR gate 644 will be enabled to issue the ADDRESS TEAM
      TOTAL MEMORY signal.
PAR  As will appear hereinafter in conjunction with the team totaling operation,
      it is necessary to periodically issue a LANE MEMORY RESET PARTIAL signal.
      Such a signal is generated when a NAND gate 645 is disabled in response to
      BOWLER FIVE, FRAME EQUAL, CYCLE D and t.sub.7 input signals.
PAR  It is also necessary to issue a HANDICAP ENTRY COMPLETE signal. Such a
      signal is issued by a NAND gate 646 when it is disabled by the presence of
      a CYCLE A signal and a t.sub.7 signal at its inputs.
PAR  As will be recalled, when the computer is being used to compute the scores
      during open bowling, cycles A, B and D need not be performed. That is to
      say, the performance of these cycles require a signal indicative of the
      fact that team bowling is to occur. Accordingly, a TEAM BOWLING signal is
      issued by an inverter 648 in response to the disabling of a NOR gate 650.
      The NOR gate 650 has a pair of inputs, the first of which is connected to
      a switch LLP which may be operated by a bowling lane proprietor to
      condition the left lane pair of the four lanes scored by the computer to
      either open or league bowling. When the switch LLP is opened, the left
      lane pair is conditioned for open bowling while when the switch is closed,
      it is conditioned for league bowling. A similar switch RLP is arranged to
      condition the right lane pair for either open or league bowling and is
      connected as a second input to the NOR gate 650. When both of the switches
      LLP and RLP are opened, the NOR gate 650 will be enabled and a TEAM
      BOWLING signal will not be issued. If either the switch LLP or the switch
      RLP is closed, an input may be supplied to the NOR gate 650 be either a
      NOR gate 651 or a NOR gate 652 respectively. The NOR gates 651 and 652 are
      arranged to be enabled whenever they receive SCORE LANE ONE or SCORE LANE
      TWO; or SCORE LANE THREE or SCORE LANE FOUR signals respectively.
      Accordingly, when either of the NAND gates 651 or 652 are enabled by an
      appropriate input and the respective switch LLP or RLP connecting them
      with the NOR gates 650 is closed, the NOR gate 650 will be disabled to
      cause the inverter 648 to issue the TEAM BOWLING signal. If it is desired
      to condition the left lane pair for open bowling, and the right lane pair
      for league bowling, the switch LLP will be opened while the switch RLP
      will be closed. Accordingly, if either a SCORE LANE ONE or a SCORE LANE
      TWO signal is present, the resulting output of the NAND gate 651 will not
      be applied to the NOR gate 650 to disable the latter to ultimately cause
      the issuing of the TEAM BOWLING signal. As a result, the computer is
      scoring the bowler on either lane one or lane two from which the SCORE
      LANE ONE or SCORE LANE TWO signal is issued, will not cause cycles A, B or
      D to occur. However, if a SCORE LANE THREE or a SCORE LANE FOUR signal is
      issued, the NAND gate 652 will disable the NOR gate 650 to thereby cause
      the TEAM BOWLING signal to be issued such that the bowlers on lanes three
      and four will be scored for league bowling. From the foregoing it will be
      apparent how the computer may be conditioned for open bowling on all
      lanes, league bowling on all lanes, or open bowling on one lane pair and
      league bowling on the other lane pair.
PAR  A NAND gate 653 is arranged to issue a BOWLER FIVE signal. The NAND gate
      653 includes four inputs from the bowler identification system for the
      reception of signals indicating that the fifth bowler on teams, A, B, C,
      or D is bowling. Thus, whenever the bowler identification system for a
      lane is energized by the scanning cycle control and when the fifth bowler
      on the team is bowling, the NAND gate 653 will issue the BOWLER FIVE
      signal. A similar NAND gate 653a is utilized to issue a BOWLER SIX signal.
PAR  The computer cycle control additionally includes gating for controlling
      printer column and level location as seen in FIG. 22. An OR gate 654 is
      adapted to address the tens column solenoid SOS-10 (FIG. 5) in all
      printers upon the receipt of a 10C signal from the printer cycle control
      or when a NOR gate 655 detects that bowler's scoring function f.sub.2 is
      occurring and the bowler's state is one or two or four or six. Thus, the
      OR gate 654 will cause printing in the tens column in a selected printer
      when the printer cycle control determines that the digit to be printed is
      the tens digit or when a box score is to be printed for the first ball in
      a frame.
PAR  The NOR gate 656 is adapted to issue a RTT LEVEL signal to de-energize the
      RTT contact in the printer to cause the latter to print at the running
      team total level in response to the presence of a FIRST BALL STATE input
      and the output from an AND gate 657 which will be true when it is cycle D
      and bowler five. Thus, whenever cycle D is occurring and the updated state
      of the fifth bowler on the team is a first ball state, the running team
      total level on the score sheet will be addressed.
PAR  The FIRST BALL STATE signal is generated by a NAND gate 658 in response to
      the presence of either a STATE ELEVEN signal from the bowler's state
      decoding matrix or a STATE ONE + TWO + FOUR + SIX signal from the OR
      MATRIX of the bowler's state control. In order to issue a SECOND BALL
      STATE signal, an inverter 658a is connected to the output of the NAND gate
      658 and whenever the latter does not have an output corresponding to the
      existence of a first ball state, the inverter 658a will issue the SECOND
      BALL STATE signal.
PAR  As will be seen, means are provided for locking a bowler identification
      switch in the closed position during the period between the rolling of a
      first ball in a frame and the completion of computation after the second
      ball in the frame. RELEASE LANE ID signals are generated for each of the
      four lanes by a NOR gate 659, there being one such NOR gate for each of
      the four lanes. Each NOR gate is provided with an enabling input on which
      SCORE LANE ONE-SOCRE LANE FOUR signals may be received, respectively. The
      second input to the NOR gate 659 is taken from a flip-flop 660 which is
      set by an AND gate 661 when the updated bowler's state is a first ball
      state and upon receipt of a CYCLE COMPLETE signal from the computer cycle
      control. The flip-flop 660 is reset by the loss of a BOWLER I.D.
      ESTABLISHED signal when a pushbutton is released and when set issues a
      RELEASE P.B. signal to the scanning cycle control to inhibit resetting of
      the latter until the push button is released.
PAR  PRINT LANE ONE-PRINT LANE FOUR signals are generated by a respective one of
      our AND gates 662. Each of the AND gates has an enabling input on which
      SCORE TEAM A-SCORE TEAM B signals may be received respectively. The second
      input to the AND gate 662 is received from an AND gate 663 which will
      normally be enabled by the output of a delay multivibrator 664. The second
      input to the AND gate 663 is a PRINT signal from the printer cycle
      control. Accordingly, when a PRINT signal is generated during the presence
      of a SCORE TEAM A signal, the PRINT LANE ONE signal issued by the AND gate
      662 to the printer cycle solenoid PCS (FIG. 5) and will cause the
      beginning of a print operation on lane one.
PAR  The delay multivibrator 664 is also used in generating appropriate signals
      for either anticipatory or corrective positioning of the printers on each
      of the four lanes. An inverted output from the delay multivibrator 664 is
      utilized as an input by each of the four AND gates 665 and issues a PULSE
      GO signal to the scanning cycle control while the noninverted output
      provides a Y-GO signal thereto. The AND gates 665 are respectively
      arranged to receive SCORE TEAM A-SCORE TEAM D signals. When an AND gate
      665 is enabled by the output of the delay multivibrator 664 during the
      presence of a SCORE TEAM A-D signal, it will issue a T-GO LANE ONE-FOUR
      signal depending upon the lane with which the AND gate 665 is associated.
      Such a signal is directed to the Y-GO solenoid YGO (FIG. 5) and is
      sufficient in length to cause the printer to move to the next line and
      stop in a correct position or move to another correct position in
      accordance with the signals present at commutator contacts ST-RTT. The
      delay multivibrator 664 is triggered to cause such repositioning of the
      printer along with simultaneous disabling of the AND gate 663 to preclude
      printing during repositioning by the output of an OR gate 666. The OR gate
      666 may be enabled by a GO BACK TO BOX SCORE LEVEL signal from the printer
      cycle control or by a GO TO FRAME SCORE LEVEL signal from the printer
      cycle control. Additionally, the OR gate 666 may be enabled by the output
      of an AND gate 667. When the AND gate 667 is enabled, it essentially
      directs the printer to find another bowler. The AND gate 667 is enabled
      when it receives a f SCAN signal and a PRINT TEST FAILS signal. Finally,
      the OR gate 666 may be enabled by the output of an AND gate 668 which
      essentially directs the printer to go to the running team total level. The
      AND gate 668 is only enabled when it is a STATE ELEVEN situation together
      with the occurrence of cycle D and the presence of bowler five. In the
      latter respect, the AND gate 668 utilizes the output of the AND gate 657.
PAR  When it is necessary to print in the hundreds column an OR gate 668 will
      address the hundreds column solenoid SOS-100 the presence of an inverted
      f.sub.1 signal (it will be recalled that the printing of split symbol is
      done during the function f.sub.1) or the receipt of an 100C signal from
      the printer cycle control indicating that the hundreds digit of a score
      should be printed.
PAR  The OR gate 669 is arranged to normally address the thousands column
      solenoid SOS-1000 (FIG. 5). However, it will be recalled that it is only
      necessary to print in the thousands column in the tenth or eleventh
      frames. The output of the NOR gate 670 normally provides the OR gate 669
      with an enabling input. The NOR gate 670 has a first input for receiving a
      1000C signal from the printer cycle control, which signal will be present
      whenever the counter of the printer cycle control is reset. A second input
      to the NOR gate 670 receives an inverted f.sub.1 signal while a third
      input receives an inverted f .sub.2 signal. Accordingly, whenever the
      1000C signal is present together with the absence of an f.sub.1 or f.sub.2
      signal, the NOR gate 670 will enable the OR gate 669. It will be
      appreciated that when the printing of a box score is required, the
      printing cycle control counter may be reset and the 1000C signal may be
      present as an input to the NOR gate 670. However, during such occasions
      (except during the tenth frame) it is not desirable to print in the
      thousands column and accordingly, the presence of an f.sub.1 or an f.sub.2
      signal will preclude the NOR gate 670 from enabling the OR gate 669. A
      second NOR gate 671 is used to provide an enabling input for the OR gate
      669 for the printing of box scores in the eleventh frame column. When the
      NOR gate 671 receives an f.sub.2 signal together with a STATE NINE + TEN
      signal, it will issue an enabling input to the OR gate 669 so as to cause
      the addressing of the thousands column solenoid. Thus, when it is
      necessary to print the box score for the third ball in the tenth frame,
      the thousands column solenoid SOS-1000 will be addressed.
PAR  As will be seen, when it is desired to print at the frame score level, an
      appropriate signal must be issued to the printer to deenergize the
      contacts 1F-6F (FIG. 5). Thus a NOR gate 672 is arranged to issue a FRAME
      SCORE LEVEL signal. The NOR gate 672 is arranged to issue such a signal
      during cycle C and when the bowler's state is not state eleven.
PAR  A switch, not shown, which may be associated with an off-on switch in a
      power supply or the like, may be used to issue the START-UP RESET signal
      when the computer is initially energized.
PAC  O. Scanning Cycle Control
PAR  Since the invention contemplates reception of pinfall information from six
      possible sources, i.e. from each of four different lanes, the error
      correction system and the handicap entry system, and since only a single
      computation means is utilized to handle inputs from each of the six
      sources, it is necessary to provide means for scanning each of the six
      input sources individually and for precluding entry of pinfall information
      into the computation means from more than one source at a time. This
      function is achieved by the scanning cycle control shown in FIGS. 23A, 23B
      and 23C.
PAR  The scanning cycle control comprises a three bit feedback counter which
      counts on a scale of six and is formed of three fip-flops SCC1, SCC2 and
      SCC4. Each of the flip-flops SCC1-SCC4 are connected to form a counter.
      The flip-flop SCC2 has an output from its reset section connected to an
      input of the set section of the flip-flop SCC1 to provide the necessary
      feedback. The six possible combinations of conditions of the flip-flops
      SCC1-SCC4 are each used to issue a command to scan one of the six sources
      of input information. The counting sequence of the flip-flops SCC1-SCC4
      and the decoding of the six possible combinations are as follows.
TBL                TABLE 14                                                    

     ______________________________________                                    

     SCC4    SCC2      SCC1         COMMAND                                    

     ______________________________________                                    

     0       0         0          Scan lane one                                

     0       0         1          Scan lane two                                

     0       1         1          Scan lane three                              

     1       0         0          Scan lane four                               

     1       0         1          Scan error correction                        

     1       1         1          Scan handicap entry                          

     ______________________________________                                    

PAR  Various outputs from the set and reset sections of the flip-flops SCC1-SCC4
      are utilized as inputs to NOR gates 700, 702, 704, 706, 708 and 710 which
      detect the conditions of the flip-flops SCC1-SCC4 and issue the signals
      SCAN LANE ONE-SCAN HANDICAP ENTRY, respectively.
PAR  The counter is stepped by a clock input through a NAND gate 712. As
      illustrated, the clock may take on the form of a free-running
      multivibrator 714. The NAND gate 712 may be disabled by the input from a
      NAND gate 716 having a first input on which a Y-GO signal is received from
      the computer cycle control gating. The second input to the NAND gate 716
      is from the output of a NOR gate 718 having three inputs. A first input to
      the NOR gate 718 is from a NOR gate 720 through an inverter 722. The NOR
      gate 720 is used as an OR gate and is arranged to respond to any one of a
      CYCLE COMPLETE, RELEASE P.B. and PULSE GO signals. Upon the detection of
      one of the three signals noted above, the NOR gate 720 through the
      inverter 722 causes the NOR gate 718 to issue a signal through the NAND
      gate 716 to enable the NAND gate 712 and permit the counter to resume the
      count such that scanning is again resumed.
PAR  A second input to the NOR gate 718 is adapted to receive BOWLER IDENTIFIED
      AND PRINTER IN POSITION signal and the presence of such a signal will
      utimately cause the NAND gate 712 to be disabled such that the counter
      locks on the source of input information which it was scanning at the time
      such a signal was received by the NOR gate 718.
PAR  A third input to the NOR gate 718 is connected to the output of an AND gate
      724 which is enabled when the condition of the counter causes the issuance
      of a SCAN HANDICAP ENTRY signal, the handicap entry memory is set and an
      ALLOW HANDICAP ENTRY signal is issued. The conditions during which such
      signals are present will be described in detail hereinafter. Presently, it
      is sufficient to note that when the AND gate 724 is enabled, the counter
      will be locked on the handicap entry system.
PAR  The output from the NOR gate 718 is additionally utilized as an input
      through an AND gate 726 to a cycle start flip-flop 728. The AND gate 726
      has a second input from the free-running multivibrator 714 such that it is
      periodically enabled one-half of a clock period after the issuance of a
      clock pulse to the flip-flop SCC1 through the NAND gate 712.
PAR  From the foregoing, it will be apparent that when the scanner stops at a
      lane, the cycle start flip-flop 728 will be set through the AND gate 726.
      When the cycle start flip-flop 728 is set in this manner, it will issue a
      CYCLE START signal to initiate a scoring cycle. An input to the reset
      section of the cycle start flip-flop 728 permits it to be reset in
      response to a CYCLE COMPLETE signal.
PAR  A pinfall ready flip-flop 730 is provided for each of lanes one-four. Each
      flip-flop 730 includes an input to its set section from an AND gate 732
      which is connected through a switch 734 to ground. The arrangement is such
      that when the switch 734 is closed, the pinfall ready flip-flop 730 will
      be set. Preferably, the switch 734 is associated with an automatic
      pinsetter and is closed thereby at a predetermined point in the pinsetter
      cycle. When the flip-flop 730 is set, an output from its set section is
      used to issue a PUSH BUTTON HOLD signal for the lane with which the
      flip-flop 730 is associated and which is used in a manner to be seen
      hereinafter. The output from the reset section of the flip-flop 730 issues
      a READ LANE ONE PINFALL signal to the lane one pinfall buffers and
      additionally is fed through an inverter 738 to issue a DISABLE PINSETTER
      TRIGGER signal which, in a manner to be shown hereinafter, will preclude
      the pinsetter for that lane from initiating a subsequent cycle until the
      flip-flop 730 is reset. Such a signal is necessary to preclude a
      subsequent cycle of the pinsetter from destroying pinfall information
      prior to its being utilized for the computation of a bowler's score.
PAR  Each lane is additionally provided with a second flip-flop 740 which serves
      as a foul memory for that lane. The foul memory flip-flop 740 includes a
      connection through a foul verification relay contact 742 to ground such
      that when the occurrence of a foul has been verified and the bowler has
      closed a switch to energize the relay to close the contact 742, the foul
      memory flip-flop 740 will be set. The foul memory flip-flop 740 has an
      output from its set section which serves as an input to the pinfall ready
      memory flip-flop 730 to cause the latter to be set whenever a foul is
      detected and verified. This connection is necessary as the occurrence of a
      foul will take place only when a ball has been rolled and requires the
      initiation of a scoring sequence even though no pinfall will be added to
      the bowler's score. A second output from the set section of the foul
      memory flip-flop 740 is utilized as an input to an AND gate 744 to cause
      the issuance of a FOUL signal in a manner to be described hereinafter.
PAR  Each of the flip-flops 730 and 740 have a common connection to their reset
      sections on which a START UP-RESET signal may be issued to cause them to
      be reset. Additionally, each of the flip-flops 730 and 740 may be reset by
      the CYCLE COMPLETE (DELAYED) signal from the computer cycle control. This
      mode of resetting is as follows. A CYCLE COMPLETE (DELAYED) signal is
      placed as an input on a pulse forming AND gate 746. The output of the AND
      gate 746 is utilized as an input by AND gates 748. Each of the AND gates
      748 includes connections through an electronic switch 750 to the reset
      sections of the flip-flops 730 and 740. A second input to the respective
      AND gates 748 is connected to the output of the NOR gate 700 in the case
      of lane one, the NOR gate 702 in the case of lane two, . . . and the
      output of the NOR gate 710 in the case of the handicap entry system. The
      input from the respective NOR gates 700-710 serves as an enabling input
      for the AND gate 748. Thus, if the counter is stopped at a condition
      corresponding to a SCAN LANE ONE command and the NOR gate 700 has a
      corresponding output, it will be apparent that only the AND gate 748
      associated with the lane one pinfall ready memory flip-flop 730 and the
      foul memory flip-flop 740 will be enabled when a CYCLE COMPLETE (DELAYED)
      signal is issued to reset the flip-flops 730 and 740 associated therewith.
      That is, in such a situation, the various flip-flops associated with lane
      two, lane three, lane four, the error correction system and the handicap
      entry system will not be reset as their AND gates 748 are not enabled by
      appropriate inputs from the NOR gates 702-710 respectively. Accordingly,
      when information is available for two or more sources, only the memory
      associated with the source which has had its information utilized by the
      computer will be reset leaving the memory associated with the source that
      has not had its information utilized in a set condition such that the
      scanner will stop at that source within the next scanning cycle.
PAR  A group of four flip-flops 752 are respectively associated with the
      flip-flop 730 for each of the four lanes. Each of the flip-flops 752 have
      reset inputs that are adapted to receive START-UP RESET signals and second
      reset inputs connected to the outputs of the respective electronic
      switches 750 for the lanes with which they are associated. Thus, the
      flip-flops 752 will be reset in the same manner as their corresponding
      flip-flop 730. The flip-flops 752 include inputs to their set section
      through electronic switches 754 and AND gates 753. When the AND gate 753
      for a given lane detects that the scanner is scanning that lane and the
      pinfall ready memory flip-flop 730 is set, it will normally issue a signal
      to set the flip-flop 752. However, under certain circumstances the AND
      gate 753 may be disabled. This occurs when the flip-flop 752 for the other
      lane in the lane pair is set. In order to provide this disabling function,
      an output from the reset section of the flip-flop 752 associated with lane
      two is utilized as an input to the AND gate 753 associated with lane one.
      A similar connection from the reset section of the flip-flop 752
      associated with lane one is utilized as an input by the AND gate 752
      associated with lane two. Similar cross connections are made between the
      flip-flops 752 and the AND gates 752 associated with lanes three and four.
      The purpose of this arrangement is to provide for the following situation.
      If the scanner stops as, for example, lane one and pinfall information is
      available, the flip-flop 752 associated with lane one is set. If the
      printer from lane one is not in position, the setting of the flip-flop 752
      precludes the scanner from stopping at lane two until the printer for lane
      one is in position and the lane one pinfall information is scored.
      Simultaneously, a signal is issued by the computer cycle control gating to
      the printer go solenoid for the printer of lane one to cause the printer
      to move to proper position. In the meantime, the scanner will resume its
      search. This feature precludes the endless repositioning of a printer
      during competition when two bowlers on the same team are bowling
      simultaneously on two lanes which could occur as a single printer is used
      in league bowling to print the scores of members of a single team
      regardless of which of the two lanes in a lane pair a team member is
      bowling.
PAR  The output from the electronic switches 754 is also utilized to issue a
      SCORE LANE ONE signal which is utilized as an enabling input by the NOR
      gate 206 associated with the lane one steering gates. The electronic
      switches associated with lanes two-four issue corresponding signals.
      Additionally, the electronic switch output is fed to a corresponding
      inverter 755 which issues an ENERGIZE LANE ONE IDENTIFICATION signal in
      the case of the inverter 755 associated with lane one. The inverters 755
      associated with lanes two-four issue corresponding signals. Finally, the
      output from the electronic switch 154 is also utilized as an input to the
      AND gate 744 associated with the foul member flip-flop 740 to enable the
      AND gate 744. When the AND gate 744 is enabled by the presence of an
      output from the set section of the flip-flop 740 and an output from the
      electronic switch 754, it will issue a FOUL signal. The outputs of the AND
      gate 744 are applied as inputs to OR gates 757 which are utilized to issue
      a single FOUL signal which is utilized to cause the printing of the foul
      character as previously described.
PAR  The error correction portion of the scanning cycle control is comprised of
      a pair of flip-flops 756 and 758. Each of the flip-flops 756 and 758 is
      arranged to be reset by a START UP-RESET signal or to be reset through an
      AND gate 748 in a manner similar to that set forth above in connection
      with the description of the flip-flops 730 and 740. The flip-flop 758
      includes an output from its set section on which a FIRST ERROR CORRECTION
      signal is issued. Additionally, the flip-flop to be set through a pulse
      forming AND gate 760 which has an input connected to ground through
      normally open relay contacts 762 which is manually closed to start an
      error correction procedure. Accordingly, when the relay contacts 762 are
      closed, the flip-flop 758 will be set to issue the FIRST ERROR CORRECTION
      signal.
PAR  The flip-flop 756 is also connected to the relay contacts 762 to ground via
      an AND gate 764. The AND gate 764 includes a second input for receiving an
      ENTER EC PF signal when the corrected pinfall has been set up on the error
      correction switches. Thus, when the relay contacts 762 are closed and an
      ENTER EC PF signal is present, the AND gate 764 will issue a signal to the
      flip-flop 756 to cause the latter to be set such that corrected pinfall
      may be entered from the setting of the error correction switches. This
      function is accomplished by virtue of an output from the set section of
      the flip-flop 756 which serves as an input to a NAND gate 768. The NAND
      gate 768 has a second input connected to the output of the NOR gate 708
      such that it is enabled only when the scanner is in a condition
      corresponding to the scanning of the error correction system. Accordingly,
      when the scanner is in such a condition and the flip-flop 766 is set, the
      NAND gate 768 issues a SCORE ERROR CORRECTION signal to enable the
      corrected score to be entered into the computer. The reset section of the
      flip-flop 756 includes an output through an inverter on which a DRIVE
      ERROR CORRECTION PINFALL SWITCH SOLENOID signal is issued for purposes as
      will appear.
PAR  The handicap entry portion of the scanning cycle control is comprised of a
      single flip-flop 770 having an input to its set section through normally
      open relay contacts 772 which have one side connected to ground. When
      closed, the contacts 772 initiate a handicap entry procedure by setting
      the flip-flop 770. The flip-flop 770 has a pair of reset inputs, the first
      of which is receptive of a START-UP RESET signal while the second is
      connected to the output of an AND gate 748 for resetting the flip-flop 770
      in a manner similar to the resetting of the flip-flops 730 and 740. The
      output of the set section of the flip-flop 770 is connected as an input to
      a NAND gate 774 which has a second input connected to the output of the
      NOR gate 710. As a result, the NAND gate 774 is enabled when the flip-flop
      770 is set and when the NOR gate 710 detects a condition of the counter
      corresponding to the command SCAN HANDICAP ENTRY. The output of the NAND
      gate 774 is fed through an inverter 776 as an input to the AND gate 724.
      The AND gate 724 has a second input on which an ALLOW HANDICAP ENTRY
      signal is placed in a manner to be described hereinafter. Accordingly,
      when the scanner condition corresponds to binary 111, the handicap entry
      flip-flop 770 is set and when a ALLOW HANDICAP ENTRY signal is given, the
      AND gate 724 will issue an input to the NOR gate 718 to stop the counter
      in the manner described previously.
PAR  The output of the inverter 776 is also fed as an input to a group of four
      inverters 778, each of which corresponds to one of the four teams that may
      use the invention during league play. Each of the inverters 778
      essentially consists of a transistor having its emitter connected to
      ground through normally open relay contacts 780. When it is desired to
      load the handicap buffers for a given team for the purpose that will be
      seen hereinafter, the contacts 780 corresponding to the desired team are
      closed to thereby enable the corresponding inverter 778. The resulting
      output of the inverter 778, thus enabled and if associated with team A,
      will then issue an ENTER TEAM A HANDICAP signal. The remaining inverters
      778 similarly issue corresponding signals for the teams with which they
      are associated.
PAC  P. Memory and Related Gating
PAR  Since the invention contemplates the use of a single computation means for
      scoring a plurality of bowlers bowling simultaneously on a plurality of
      lanes, it is necessary to provide a memory for the information processed
      by the computation means such that it may be used in a subsequent scoring
      cycle for any given bowler. The necessity for such storage becomes obvious
      when it is considered that a given bowler may roll his first ball on one
      lane and prior to the rolling of the second ball in a frame by that bowler
      on that lane, a second bowler on a different lane rolls a ball which
      requires a scoring cycle.
PAR  In order to provide means for storing such information a computer memory
      consisting of a conventional core plane is arranged to provide 32 words,
      each consisting of 18 bits of information. The memory plane and a portion
      of its associated circuitry is shown diagrammatically in FIG. 24.
PAR  Twenty-four of the words are used to store the information relative to the
      bowling game of up to 24 bowlers. When the the computer is operating in a
      league mode, the 24 words are used to store the information relative to
      four, five-man teams, each team having a pace bowler. In the open bowling
      mode, the 24 words are arranged to accommodate the information relative to
      six bowlers on each of the four lanes.
PAR  Each word in the bowler portion of the memory contains information relative
      to the state of the bowler's game, frame information relative to that
      bowler and information representing the bowler's cumulative score at a
      given point in the game. Specifically, four bits of each word are used to
      store frame information, four bits to store bowler's state information and
      ten bits to store score information. The information is organized as
      follows. Bits M1-M10, inclusive, store the score information. Bits M11-M14
      store bowler state information. Bits M15-M18 store frame information.
PAR  Of the remaining eight words provided by the memory plane, four are used in
      league bowling for storing information pertinent to the team totals for
      each of the four teams that may be scored by the computer. Specifically,
      one such word is associated with each of the four lanes and will contain
      team total information for the team that is currently bowling on that
      lane. That is to say, the word associated with any given lane will, at
      various stages in a bowling game during league competition, contain team
      total information for either one of the two teams bowling on that lane.
      Each word contains information relative to the cumulative team total at a
      given point in a game and information relative to the lane frame or the
      frame in which the team is bowling. Specifically, bits M1-M13 are used to
      store team total cumulative score information while bits M15-M18 are used
      to store team or lane frame information. Bit M-14 is not used.
PAR  The remaining four words are also used in league bowling to store the
      respective team handicaps. Since it is extremely unlikely that any member
      of a team will have a handicap in excess of 80, the handicap total for a
      team which may be utilized by the computer is restrained to a maximum of
      399. Since information relative to pinfall (cumulative scope and handicap)
      is used throughout the computer in binary coded decimal code, and the
      various bits in the memory that function to store score information are
      arranged on a binary coded decimal basis, it will be apparent that it is
      only necessary to use the bits M1-M10 for handicap purposes. The remaining
      bits, M11-M18, are not used.
PAR  As mentioned previously, the core memory and amplifiers shown in FIG. 24
      are of conventional construction. However, for the sake of clarity, their
      operation and construction will be described briefly. Eighteen fine,
      insulated X wires 800, one corresponding to each of the bits M1-M18 are
      provided. Thirty-two fine, insulated Y wires 802, one for each of the 32
      words, are arranged transversely to the wires 800 in close juxtaposition
      thereto. At each physical junction (as opposed to an electrical junction)
      of the wires 800 and 802, a conventional bi-stable memory core 804 is
      placed. Each of the wires 800 and 802 have one end connected to ground.
      The Y wires 802 have their other end connected to the player, team,
      handicap memory word selection logic, generally designated 806, while the
      X wires 800 have their other ends connected to a corresponding one of
      eighteen horizontal one-half write amplifiers WA1-WA18. The same ends of
      the X wires 800 are similarily connected to a corresponding one of
      eighteen sense amplifiers SA1-SA18. A read amplifier 808 receives a READ
      MEMORY signal from the computer cycle control and has its output connected
      to the memory word selection logic 806 in a manner that will be
      specifically described hereinafter.
PAR  There is also provided a write amplifier 810 which receives a WRITE signal
      from the computere cycle control and which is corrected through a vertical
      one-half write amplifier 812 to the memory word selection logic 806. The
      write amplifier 810 is also arranged to cause the operation of the
      eighteen horizontal one-half right amplifiers WA1-WA18.
PAR  Each of the horizontal one-half write amplifiers WA1-WA10 and WA14-WA18
      includes an input from the corresponding bit in the BCD up counter, the
      bowler state register, or the frame counter. The horizontal one-half write
      amplifiers WA11-WA13 have inputs from a gating arrangement, generally
      designated 814 as opposed to direct connections to the bowler state
      register, BCD up counter or pinfall counter. This arrangement is necessary
      as during a bowler cycle (cycle C), the information to be written in
      memory bits M11-M13 is bowler state information and must come from the
      bowler state register. However, during the team totaling cycle (cycle D)
      such information pertains to scores and must come from the BCD up counter
      and, if necessary, from the pinfall counter. Accordingly, the gating
      arrangement 814 is arranged to provide the horizontal one-half write
      amplifiers WA11-WA13 with information from the bowler state register
      during cycle C and to provide the amplifiers WA11-WA13 with information
      from the BCD up counter and pinfall counter during cycle D.
PAR  The sense amplifier SA1-SA10 and SA14-SA18 have direct connections to the
      appropriate bits in the BCD up counter, the bowler state register and the
      frame counter through the corresponding memory entry blocking gates. In
      the case of the sense amplifiers SA11-SA13, a gating arrangement,
      generally designated 816 is used to direct the information sensed by the
      sense amplifiers to either the bowler state register or the BCD up counter
      and pinfall register during cycle C and cycle D respectively. The gating
      arrangement 816 is, of course, necessary for the same reason as the gating
      arrangement 814.
PAR  The memory plane operates on a conventional coincident current basis and
      the readout thereof is destructive. With respect to the latter, it will be
      recalled that the computer cycle control gating for issuing the WRITE
      signal during cycle C includes means for preventing the writing of
      information into the memory at the end of the game. Since the previous
      reading of the appropriate memory bits destroyed the information contained
      therein, and further writing of information into the memory at the end of
      the game is precluded, the various bits will not contain any information
      and accordingly, the memory will be ready to receive information relative
      to a new bowler in a new game.
PAR  When the memory is to be read in response to a READ MEMORY signal, the read
      amplifier 808 will issue a pulse which is directed to a selected player,
      team or handicap word by the memory word selection logic 806. The output
      from the read amplifier 808 thus directed is present on one of the Y wires
      802 and the cores 804 at the junction between the particular Y wire 802
      and the various X wires 800 will sense the presence of the read amplifier
      808 output. If the core flux direction corresponds to that arbitrarily
      selected to be a set or binary one direction, that core will be reset and
      in the process will generate a pulse on the X wire 800 with which it is
      associated. Such a pulse will be sensed by the corresponding sense
      amplifier, amplified and sent to the appropriate bit in the BCD up
      counter, the bowler state register or the frame counter (or perhaps the
      pinfall counter if it is cycle D) to cause such a bit to become set. In
      this manner, the various bits in a selected word in the memory are sensed
      and their conditions read into the appropriate registers of the computer.
PAR  When it is desired to write information into a selected bowler word in
      response to a WRITE signal from the computer cycle control gating, the
      write amplifier 810 will cause operation of the vertical one-half write
      amplifier 812. The latter will issue a pulse which is directed to the
      selected word by the memory word selection logic 806, which pulse will
      have a current level of approximately one-half that required to switch a
      core 804. Simultaneously, the write amplifier 810 will initiate operation
      of the horizontal one-half write amplifiers WA1-WA18 to cause the latter
      amplifiers to issue a similar pulse having a current level of
      approximately one-half that required to set a core 804. However, the
      issuence of a pulse by the amplifiers WA1-WA18 is also dependent upon the
      inputs thereto from the respective registers in the computer. If the input
      from a particular bit to one of the amplifiers WA1-WA18 corresponds to a
      set condition of that bit in the computer, the amplifier WA1-WA18 will
      issue the pulse. The core 804 at the junction of the X wire on which the
      horizontal one-half write pulse is issued and the Y wire 802 on which the
      vertical one-half write pulse was directed will then be switched to
      correspond to a set condition which may be read during a subsequent
      sequence for purpose of further computation in the manner described
      previously.
PAC  Q. Player, Team, Handicap Memory Word Selection Logic
PAR  The memory word selection logic 806 is shown in greater detail in FIG. 25.
      Three NOR gates 820 are adapted to receive ADDRESS PLAYER MEMORY, ADDRESS
      HANDICAP MEMORY, and ADDRESS TEAM TOTAL MEMORY signals from the computer
      cycle control gating, respectively. The outputs of the NOR gates 820 are
      inverted and fed as inputs to reed switches SPM, SHM and STTM for
      selecting a player memory, selecting a handicap memory, or selecting a
      team total memory, respectively. The reed switches SPM. SHM and STTM, when
      energized, close contacts SPM1, SHM1 and STTM1 respectively. One side of
      such contacts is grounded while the other is connected to one side of
      various reed switches. Specifically, the contacts SPM1 are connected to 24
      reed switches 822 (only six of which are shown), one reed switch being
      utilized for selecting the memory word for one of the 24 bowlers which the
      computer is adapted to score. As shown in FIG. 25, the reed switches 822
      correspond to the six bowlers playing on lane one in the open bowling mode
      or the five team bowlers and pace bowler of team A in the league bowling
      mode. The reed switches 822 may have their other side connected to a
      source of power through the bowler identification switches or through the
      error correction system in a manner that will appear. Each reed switch
      822, when energized, is adapted to close the corresponding contact 824.
      One side of the contacts 824 is connected to the corresponding Y wire 802
      in the bowler memory. The other side of each of the contacts 824 is
      connected to the output of the vertical one-half write amplifier 812 and
      the read amplifier 808 for receiving either a VERTICAL ONE-HALF WRITE
      signal or a READ signal. Accordingly, it will be apparent that when a
      bowler identification switch is closed and the bowler identification for
      the lane on which the particular bowler identified is bowling is energized
      by the scanning cycle control, together with an ADDRESS PLAYER MEMORY
      signal input to the reed switch SPM from the NOR gate 820, one of the reed
      switches 822 will be energized to close corresponding contacts 824 to
      permit either the reading of or the writing into a selected bowler or
      player word.
PAR  The reed switch SHM may be energized by an ADDRESS HANDICAP MEMORY signal
      to close the contacts SHM1 to thereby ground one side of four reed
      switches 826 (only one is shown in FIG. 25), one for each of the four
      teams. The reed switch 826 is energized in response to a SCORE TEAM A and
      ENTER TEAM HANDICAP signal in a manner to be seen hereinafter. When so
      energized, the reed switch 826 will close an associated pair of contacts
      828 having one side thereof connected to the Y wire for the selected team
      handicap word. The other side of the contacts 828 is adapted to receive a
      VERTICAL ONE-HALF WRITE and READ signals such that the selected team
      handicap word in the memory may either be read or written.
PAR  When the reed switch STTM is energized in response to an ADDRESS TEAM TOTAL
      MEMORY signal, the contacts STTM1 are closed. Such action connects one
      side of four reed switches 830 to ground such that they may be energized
      in response to SCORE LANE ONE-FOUR signals. (Only one such reed switch 830
      is shown in FIG. 25.) When the reed switch 830 is energized, an associated
      pair of contacts 832 connected to the Y wire for the selected word in the
      team total memory, are closed such that either a VERTICAL ONE-HALF WRITE
      or a READ signal may be directed to that word for reading or writing.
PAR  The memory word selection logic is additionally arranged to issue various
      signals for use in the computer and controlling the various signals and
      sequences. For example, each of the reed switches 822 for receiving 1A-6A
      signals has a connection to inputs of a NAND gate 834 such that when any
      one of the signals 1A-6A are present, the NAND gate 834 will issue a SCORE
      TEAM A signal. The SCORE TEAM A signal is utilized as an input by a NOR
      gate 916 for purposes of selecting team A's handicap memory flip-flop as
      will be seen hereinafter in the discussion of handicap entry. The SCORE
      TEAM A signal is also used as an input to a NOR gate 835 together with
      SCORE TEAM B, SCORE TEAM C and SCORE TEAM D signals from similar NAND
      gates 834 for each of teams B, C and D. The presence of any one of the
      SCORE TEAM A-SCORE TEAM D signals will disable the NOR gate 835 which
      serves to indicate that a bowler has identified himself to the computer by
      issuing a BOWLER ID ESTABLISHED signal. The output of the NOR gate 835 is
      utilized as an input to an OR gate 836 together with BOWLER IDENTIFIED AND
      PRINTER IN POSITION signal from the AND gate BIPP (FIG. 5) associated with
      the four printing devices. The OR gate 836 acts as an AND gate and is
      arranged to issue a PRINT TEST FAILS signal whenever the NOR gate 835 is
      disabled and when the BOWLER IDENTIFIED AND PRINTER IN POSITION signal is
      not present. It will be recalled that the PRINT TEST FAILS signal is used
      by the computer cycle control gating to cause a selected printer Y-GO
      solenoid YGO to pulse such that the printer will search for the proper
      position.
PAC  R. League Bowling
PAR  1. TEAM TOTALS
PAR  As has been previously noted, the invention provides means for computing
      and printing a team total at the end of each frame together with a grand
      team total which is printed in the eleventh frame column on a score sheet
      and includes a team handicap entry. In order to provide an accurate team
      total, it is obviously necessary that the team total reflect the sum of
      each of the bowler's scores up to and including a given frame, as opposed
      to, say, the sum of the first bowler's score through five frames and the
      second through fifth bowler's scores through four frames. The distinction
      is a necessary one insofar as certain situations can arise wherein two
      bowlers on a team are bowling in different frames. One such instance is in
      the case of a bowler who has arrived late and is bowling out of turn in
      order to catch up with the other members of his team. Accordingly, it is
      necessary to provide means for precluding the entry of a bowler's
      cumulative score into the team total unless the frame in which he is
      bowling corresponds to the frame in which the team total is to be
      calculated. In order to accomplish such a function, the instant invention
      contemplates the use of a frame buffer for containing the bowler's frame
      information while the team frame information is contained in the frame
      counter, and a frame comparator for comparing the information contained in
      the frame buffer and the frame counter to detect whether or not the
      bowler's frame is equal to the team frame.
PAR  Additionally, since the possibility exists that a bowler's score may be
      erroneously computed due to such factors as a failure in the computer, a
      failure in the pin detection system, improper manipulation of the foul
      verification system, etc., it is desirable that team totals computed after
      a correction in a bowler's score be automatically corrected in accordance
      with the correction of the bowler's score. This feature is achieved by
      virtue of the computer logic wherein the cumulative score information is
      only kept for a bowler and not for a team total. Thus, in order to derive
      a team total at the end of each frame, it is necessary to add the
      cumulative scores of the bowlers on that team to arrive at the cumulative
      team total to that frame. Obviously, a team total computed in this manner
      will reflect any corrections made in the bowler's cumulative score up to
      and including that frame.
PAR  In actuality, when a bowler on the team has completed a frame, his score
      will then be added to the cumulative scores of any bowler on that team
      that has preceded him in completing the frame. In the case of the first
      bowler on a team, only that bowler's cumulative score will be placed in
      the team total memory. For the second through fifth bowlers on the team,
      the score contained in the team total memory is read out into the
      arithmetic register (specifically, the BCD up counter and, if necessary,
      the first bit of the pinfall counter), and the individual bowler's score
      is then added thereto. Since, as previously noted, there is no provision
      for parallel addition in the arithmetic register, means must be provided
      for accommodating the individual bowler's score when the information in
      the team total memory is read into the arithmetic register such that the
      two can be added. This function is achieved through use of a binary coded
      decimal down counter. As will be seen, the individual bowler's score is
      read into the BCD down counter and the BCD down counter is then counted
      down to a binary zero condition in a manner that adds the bowler's score
      contained therein to the team total information contained in the
      arithmetic register.
PAR  As has been previously noted, a given team total word in the memory will
      periodically contain information relative to both of the teams bowling on
      the lane with which the team total memory word is associated. Thus, when
      teams are not bowling at the same rate and the first bowler on a team will
      begin bowling on a second lane before the fifth bowler on that team
      completes his bowling on a first lane, the team total memory words
      associated with both of the lanes will contain team total information
      relative to the same team but for different frames. Thus, the instant
      invention is capable of computing team totals when two bowlers on the same
      team are bowling on different lanes.
PAC  a. Frame Buffer
PAR  The frame buffer is shown in FIG. 15 and comprises four flip-flops FB1,
      FB2, FB4 and FB8. Each flip-flop FB1-FB8 includes an input to its set
      section from the outputs 1FC-8FC of the set sections of the flip-flops
      FC1-FC8 of the frame counter. These inputs are received through AND gates
      840. Each of the AND gates 840 has a second input from a pulse-forming
      NAND gate 842 on which a LOAD FRAME BUFFER signal is received.
PAR  Each of the reset sections of the flip-flops FB1-FB8 include a reset input
      from an electronic switch 844 which also receives the LOAD FRAME BUFFER
      signal.
PAR  The operation of the frame buffer is as follows. When a LOAD FRAME BUFFER
      signal is received, each of the flip-flops FB1-FB8 are immediately reset
      as a result of the energization of the electronic switch 844. The
      pulse-forming NAND gate 842 responds to the LOAD FRAME BUFFER signal at
      the trailing edge thereof to enable the AND gates 840 just after the
      resetting of the flip-flops FB1-FB8. This operation is similar to that
      which occurs when a LOAD PRINTER FRAME CONTROL signal is received by the
      printer frame control on the electronic switch 470 and pulse-forming NAND
      gate 468. Once the AND gates 840 have been enabled, the condition of the
      flip-flops FC1-FC8 of the frame counter is passed to the respective
      flip-flop FB1-FB8 such that each of the latter assume a condition
      identical to that of their corresponding flip-flop in the frame counter.
PAR  In order to use the information present in the frame buffer, the set
      section of the flip-flops FB1-FB8 include outputs on which signals 1FB-8FB
      may be issued. Similarly, the reset sections of the flip-flops FB1-FB8
      have outputs on which signals 1FB-8FB may be present. These signals are
      used in determining whether the individual bowler frame and the team total
      frame are equal by comparison with team total frame information in the
      frame counter.
PAC  b. Frame Comparator
PAR  In a team totaling sequence as previously stated, it is necessary that the
      team total frame and the bowler's frame be identical before the bowler's
      score will be centered into the team total memory for subsequent use in
      computing the team total. It will be recalled that initially frame
      information is read from each bowler frame memory into the frame counter
      from which it is read into both the printer frame control and the frame
      buffer. As the frame buffer can only receive information from the frame
      counter, it follows that when this path of information introduction is
      disabled, the condition of the frame buffer will be identical to the
      condition of the frame counter with respect to any given bowler. It will
      also be recalled that team total frame information is placed in the frame
      counter during cycle D. Thus, it is possible that the bowler frame
      information in the frame buffer will not correspond to the team frame
      information contained in the frame counter. Accordingly, in order to
      provide accurate team totals, it is necessary to compare the frame
      information contained in the frame counter and the frame buffer to
      determine whether they are equal. This function is provided by the frame
      comparator.
PAR  The frame comparator is shown in FIG. 15 and is comprised of two groups of
      four two-input AND gates 846 and 848. One input of each of the AND gates
      846 is connected to the output 1FC-8FC of the set sections of the
      flip-flops FC1-FC8 of the frame counter. The other input to the AND gates
      846 comprises the outputs 1FB-8FB of the reset sections of the flip-flops
      FB1-FB8 of the frame buffer.
PAR  Each of the AND gates 848 has input connected to the corresponding output
      1FC-8FC of the reset sections of the flip-flops FC1-FC8 of the frame
      counter. The second input to the AND gates 848 is supplied by the outputs
      1FB-8FB of the set sections of the flip-flops FB1-FB8 of the frame buffer.
      The outputs of each of the AND gates 846 and 848 are connected as inputs
      to a NOR gate 850. The NOR gate 850 normally generates a FRAME EQUAL
      signal but will change its output whenever one of the AND gates 846 and
      848 have identical inputs signals applied thereto on both of the inputs
      thereof to indicate a contrary situation. It will be appreciated that upon
      such an occurrence, the conditions of the flip-flops sensed by the
      signaling AND gates 846 and 848 are not, in fact, equal. As an
      illustration, assume that the flip-flop FB1 of the frame buffer is in a
      reset condition while the flip-flop FC1 of the frame counter is in a set
      condition. In such a case, the output from the reset section of the
      flip-flop FB1 will be identical to the output of the set section of the
      flip-flop FC1. Similarly, the output of the reset section of the flip-flop
      FC1 will be identical to the output of the set section of the flip-flop
      FB1. Accordingly, the AND gates 434 and 436 associated with the flip-flops
      FB1 and FC1 will thereby be enabled to cause the NOR gate 438 to provide a
      FRAME EQUAL indication.
PAR  The arrangment of the gates 846, 848 and 850 is such as to follow the
      logical relation:
EQU  FRAME EQUAL = (1FC) (1FB) + (1FC) (1FB) + (2FC) (2FB) + . . . + (8FC) (8FB)
      + (8FC) (8FB).
PAL  When this expression is true, the bowler's score is not entered into the
      team total. Such an entry blocking function is accomplished by the absence
      of the FRAME EQUAL signal in the manner previously described in
      conjunction with the computer cycle control gating (FIGS. 20, 21 and 22).
PAC  C. BCD Down Counter
PAR  As previously mentioned, in order to add a bowler's score to the team total
      in response to an ADD BOWLER SCORE TO TEAM TOTAL signal from the computer
      cycle control gating, a three decade binary coded decimal down counter is
      provided. The down counter is shown in FIGS. 26A and 26B and comprises
      twelve flip-flops, DC1, DC2, DC4, DC8, DC10, DC20, DC40, DC80, DC100,
      DC200, DC400 and DC800. Each of the flip-flops DC1-DC400 has an output
      from its reset section connected to the trigger inputs of the next higher
      flip-flop. Thus, it will be apparent that the flip-flops DC2-DC800 are
      adapted to change their condition in response to a binary zero to binary
      one change in the immediately lower flip-flop.
PAR  Each of the flip-flops DC1-DC800 has an input to its set section from an
      electronic switch 860. The input to the electronic switch 860 is received
      from the output of a pulse forming NAND gate 862 on which a LOAD BCD DOWN
      COUNTER signal is received from the computer cycle control gating. The
      output of the pulse forming NAND gate 862 is also utilized as an input to
      a second pulse forming NAND gate 864 and the output of the latter is
      utilized as an input by twelve pulse forming AND gates 866, one being
      associated with each of the twelve flip-flops DC1-DC800. Each of the pulse
      forming AND gates 866 includes a second input from the set section of the
      corresponding flip-flop BCD1-BCD800 in the arithmetic register. The output
      of each AND gate 866 is utilized as an input to the reset section of the
      corresponding flip-flop DC1-DC800.
PAR  From the foregoing, it will be apparent that when a LOAD BCD DOWN COUNTER
      signal is received by the NAND gate 862, the resulting energization of the
      electronic switch 860 will cause each of the flip-flops DC1-DC800 to be
      set. Upon the trailing edge of the pulse output from the NAND gate 862,
      and after the setting of the flip-flops DC1-DC800, the NAND gate 864 will
      issue an enabling pulse to each of the AND gates 866. Depending upon the
      level of the second input to the AND gates 866, certain of the flip-flops
      DC1-DC800 will be reset. Such resetting of selected flip-flops DC1-DC800
      will correspond to the presence of a reset flip-flop in the binary coded
      decimal up counter. Accordingly, the flip-flops DC1-DC800 will have a
      condition corresponding to that of the BCD up counter which, of course,
      represent the bowler's score.
PAR  The most significant bit of each decade (DC8, DC80 and DC800) is provided
      with an output from its reset section through a pulse forming NAND gate
      868 and a pulse forming OR gate 870 to serve as a feedback input to the
      reset sections of the two immediately lower flip-flops. Thus, when the
      most significant bit in each decade goes from reset to set during a
      counting sequence, the two immediately lower flip-flops will be reset. As
      will be apparent to those skilled in the art, such an arrangement is
      necessary to achieve the binary coded decimal down counting function.
PAR  A control flip-flop 872 is provided to control the adding of a bowler's
      score to a team total. The flip-flop 872 includes an input to its set
      section from an AND gate 873 having an input which may receive an ADD
      BOWLER'S SCORE TO TEAM TOTAL signal. The AND gate 873 includes a second
      input on which clock pulses may be received. Thus, upon receipt of the
      first clock pulse by the AND gate 873 following the generation of an ADD
      BOWLER'S SCORE TO TEAM TOTAL signal, the flip-flop 872 will be set. The
      flip-flop 872 has a first input to its reset section on which a START-UP
      RESET signal may be received and a second input connected to the output of
      what is essentially a twelve input NOR gate 874.
PAR  An output from the set section of the flip-flop 872 is used as an enabling
      input by a NAND gate 876 which includes a second input on which clock
      pulses may be received. The output of the NAND gate 876 is placed upon the
      trigger input of the flip-flop DC1 and, accordingly, when the NAND gate
      876 is enabled, the clock pulses will be passed to the flip-flop DC1 to
      cause the down counting sequence. The output of the NAND gate 876 also
      issues BOWLER SCORE pulses which are directed to the BCD up counter to
      cause the latter to increase the count contained therein by the number of
      such pulses received.
PAR  Referring once again to the twelve input NOR gate 874, it will be seen that
      the gate is illustrated as a five input NOR gate combined with two four
      input OR gates 878. However, the logical arrangement is such as to provide
      a NOR function. In any event, the inputs to the NOR gate 874 are taken
      from the reset sections of each of the twelve flip-flops DC1-DC800 and the
      overall arrangement is such that when each of the flip-flops DC1-DC800 is
      reset, the output of the NOR gate 874 will cause the flip-flop 872 to be
      reset to thereby preclude further passage of clock pulse inputs to the
      flip-flop DC1 and to the BCD up counter.
PAR  As will be seen, once the down counter has been loaded with a bowler's
      score, the number of clock pulse inputs required to count it down to an
      all binary zero condition will correspond to the bowler's numerical
      pinfall. Thus, by application of this same number of pulses to the BCD up
      counter which, during the appropriate portion of cycle D, contains team
      total pinfall information, the bowler's cumulative pinfall will be added
      to the team total information contained in the BCD up counter by a regular
      counting sequence.
PAR  An example of the operation of the down counter is as follows. Assume that
      the down counter has been loaded by the BCD up counter and the condition
      of the former corresponds to a decimal value eleven. Thus, the binary
      coded decimal number 000000010001 will be in the down counter. When the
      computer cycle control gating issues the ADD BOWLER'S SCORE TO TEAM TOTAL
      signal, the flip-flop 872 will be set to enable the NAND gate 876. The
      first clock pulse will cause the flip-flop DC1 to be reset. Since the
      arrangement between the flip-flops DC1-DC800 is such as to sense only a
      binary zero to binary one changes, the resetting of the flip-flop DC1 will
      not have an affect on the other flip-flops. Accordingly, the binary coded
      decimal number in the down counter, neglecting the seven most significant
      bits, will be 10000. The second clock pulse input will cause the flip-flop
      DC1 to become set. This change will be sensed by the flip-flop DC2 to
      cause the latter to become set, which in turn will cause the flip-flop DC4
      to become set, which in turn will cause the flip-flop DC8 to become set
      which action will cause the resetting of the flip-flop DC10.
      Simultaneously, with the setting of the flip-flop DC8, the feedback
      therefrom through the NAND gate 868 and the OR gate 870 will cause the
      resetting of the flip-flops DC2 and DC4. Accordingly, the binary coded
      decimal in the counter after two input pulses will be 01001. The third
      input pulse will cause the resetting of the flip-flop DC1 and the number
      will be 01000. The forth input pulse will cause the flip-flop DC1 to be
      set which, in turn, will cause setting of the flip-flop DC2, which in turn
      will cause the setting of the flip-flop DC4 which finally will cause the
      resetting of the flip-flop DC8. Accordingly, the number will be 00111. The
      fifth input pulse will merely reset the flip-flop DC1 and the number will
      be 00110. The sixth input pulse will set the flip-flop DC1 which will
      cause the resetting of the flip-flop DC2. Accordingly, the number will be
      00101. The seventh input pulse will cause the flip-flop DC1 to be reset
      and the number will be 00100. The eighth pulse input will cause the
      setting of the flip-flop DC1 which in turn will cause the setting of the
      flip-flop DC2 which will cause the resetting of the flip-flop DC4.
      Accordingly, the number will be 00011. The ninth input pulse will merely
      cause the resetting of the flip-flop DC1 and the number will be 0010. The
      tenth input pulse will cause the setting of the flip-flop DC1 which action
      will reset the flip-flop DC2 and the number will be 00001. The eleventh
      input pulse will cause the resetting of the flip-flop DC1 and at this
      point, all of the flip-flops DC1-DC800 will be reset. This condition is
      sensed by the NOR gate 874 and the latter will cause the resetting of the
      flip-flop 872 to preclude the issuance of further counting pulses by the
      NAND gate 876. Thus it will be apparent that the number of pulses passed
      by the NAND gate 876 corresponds to the bowler's score contained by the
      down counter. As noted previously, such BOWLER SCORE pulses passed by the
      NAND gate 876 are also passed to the BCD up counter such that the number
      contained therein will be increased by the number of such pulses by a
      normal counting sequence such as that described previously. As a result,
      the bowler's cumulative score is added to the team total score. When the
      addition is complete, the resetting of the flip-flop 872 causes the latter
      to issue an ADD BOWLER SCORE TO TEAM TOTAL signal to the computer cycle
      control to thereby enable the sequence counter to continue the count and
      write the team total score back into the memory such that it may be used
      in the addition of additional bowler scores to the team total score or to
      print out the team total.
PAR  2. HANDICAP ENTRY
PAR  As has been pointed previously in connection with the computer cycle
      control and computer cycle control gating, a team handicap entry may be
      addressed to the BCD up counter from which it will ultimately be placed in
      the selected handicap memory and included in subsequently computed running
      team totals and the grand team total. Additionally, the team handicap
      value will be printed at the bowler one box score level in the eleventh
      frame.
PAR  In order to introduce handicap values into the arithmetic register, three
      ten position rotary switches 900, 902 and 904, for entry of the units,
      tens and hundreds digits respectively, are provided as shown in FIGS. 27A
      and 27B. Each of the switches 900, 902 and 904 includes circuitry similar
      to that shown with respect to the switch 900 for issuing signals
      1HCS-200HCS to the inputs of the respective AND gates 278 of the BCD up
      counter (FIG. 9). Thus, by rotating the wiper of the switches 900, 902 and
      904, to position corresponding to the units, tens and hundreds digit of a
      handicap value, input signals that are arranged to set the various
      flip-flops BCD1-BCD200 of the BCD up counter are provided as inputs to the
      AND gates 278 such that when the computer cycle control gating issues a
      READ ENTRY SWITCH SIGNAL, the appropriate flip-flops BCD1-BCD200 in the
      BCD up counter will be set to correspond to the score manually set up on
      the switches 900, 902 and 904.
PAR  It will be recalled that a team handicap entry value is arbitrarily limited
      to a value of decimal 399. Accordingly, the switch 904 is arranged only to
      issue signals to the two least significant flip-flops, BCD100 and BCD200,
      on the third decade of the BCD up counter. The switches 900, 902 and 904
      are also used for inserting a bowler's cumulative score into the BCD up
      counter during an error correction precedure as will be seen.
PAR  Since a bowler's cumulative score can never exceed 300, the outputs of the
      switches 900, 902 and 904 are sufficient to insert any numerical number
      into the BCD up counter for handicap entry or cumulative score correction
      purposes. However, as will be apparent to those skilled in the art, if it
      be desired to increase the maximum limit of the handicap value, it would
      only be necessary to arrange the switch 904 in the manner of the switch
      900 such that the former could additionally issue 400HCS and 800HCS
      signals to the AND gates 278 associated with the flip-flops BCD400 and
      BCD800 of the arithmetic register. When it is desired to enter a handicap
      value for a team and the reset logic to be described hereinafter is in a
      condition to permit such an entry, the handicap value is set up on the
      switches 900, 902 and 904.
PAR  A switch 906 bearing the legend ENTER HANDICAP may be closed to energize a
      relay 908. The relay 908 includes a pair of contacts 908a in parallel with
      the handicap entry switch 906 that provide a holding circuit for the relay
      908. The relay 908, when energized, will also close the contacts 772 (see
      FIGS. 27A and 23C) to set the handicap entry flip-flop 770 (FIG. 23C).
      Thus, when the scanning cycle control counter reaches a condition
      corresponding to the scanning of the handicap entry system, the latter
      will be stopped, assuming that the AND gate 724 (FIG. 23C) is receiving an
      ALLOW ENTRY signal from the reset logic. Simultaneously, with the setting
      of the flip-flop 770, the inverter 778 will be in a condition to issue an
      ENTER TEAM HANDICAP signal for an appropriate team whenever their
      associated relay contacts 780 are closed.
PAR  Referring once again to the relay 908, the energization thereof will
      additionally cause the opening of relay contacts 908b and 908c to disable
      the error correction bowler identification system and the error correction
      frame switch as will be seen. Additionally, relay contacts 908d will be
      opened to cause the addressing of the bowler one line by each of the four
      printers if they are subsequently required to print. Finally, contacts
      908e are closed such that, as will be seen hereinafter, the selected
      printer cannot address bowler lines 2-6.
PAR  In order to direct the handicap value to a given team, a manually operated
      switch 910 bearing the legend TEAM A ENTRY, which is also used for team A
      error correction, is closed. Such action will energize a relay 912 and a
      relay 914. The relay 912 includes a first set of contacts 912a that are
      closed to provide a holding circuit for the relay 912 and 914. The closing
      of the switch 910 will cause the issuance of a PRINTER ONE START signal
      that will cause the printer on lane one corresponding to that used to
      print out team A score information, to proceed to the box score level of
      bowler one. The relay 912 additionally causes the closing of the relay
      contacts 780A (see FIGS. 27A and 23A) to enable the inverter 778A (FIG.
      23A) to thereby issue a TEAM A HANDICAP ENTRY signal. This signal is fed
      to the team A reset logic, and, if, in a manner to be described
      hereinafter, team A's handicap entry is to be permitted, the team A reset
      logic will cause the computer cycle control to begin cycle A. The
      occurrence of cycle A together with the various sequences t.sub.0 -t.sub.7
      will ultimately cause the entry of the team handicap value into the
      handicap memory for team A. This is accomplished by the closing of the
      reed switch contacts 828A (FIG. 25) by the reed switch 826A when the
      computer cycle control gating issues an ADDRESS HANDICAP MEMORY signal and
      the completion of the circuit involving the reed switch 826A by the output
      of a NOR gate 916 in response to the presence of an inverted ENTER TEAM A
      HANDICAP signal from the inverter 778A of the scanning cycle control.
PAR  Cycle A additionally requires that the handicap value be printed. To cause
      actuation of the printer, the relay 914, which is energized by the team A
      entry switch 910 and the holding circuit provided by the relay contacts
      912a, will close relay contacts 914a thereby addressing printer number
      one. The closing of the contacts 914a associated with printer one insure
      that the latter will address the bowler line one as dictated by the
      opening of the relay contacts 908d and not address bowler lines 2-6 as
      dictated by the closing of the relay contacts 908e. Thus, the PRINTER ONE
      START signal together with the printer position directions taken from the
      relay contacts 914a will cause the printer on lane one to address the box
      score level of bowler line one.
PAR  As the computer cycle control proceeds through cycle A, the computer cycle
      control gating will cause the printer to address the eleventh frame and to
      cause a print cycle in the manner previously described. The handicap value
      entered into the BCD up counter will be read into the pinfall counter
      where it is decoded by the printer character selection matrix under the
      direction of the printer cycle control in the manner described previously.
      While the above described handicap entry procedure has been described with
      respect to team A, it will be appreciated that the operation is the same
      for teams B, C and D and is achieved by the use of identical circuitry
      including entry switches 910 and relays 912 and 914 for each of teams B, C
      and D. Such circuitry has been omitted from the drawing for the purpose of
      clarity. However, it will be understood that such circuitry together with
      the corresponding relay contacts is required for handicap entry for teams
      B, C and D.
PAR  3. INDIVIDUAL LANE RESET LOGIC
PAR  The manner in which the team total is derived requires that information
      contained within the team total memory be erased prior to the writing of
      the first bowler's score into the team total memory at the beginning of a
      new team frame. Additionally, it is desirable to provide means such that a
      handicap entry may only be entered once during the progress of a game to
      preclude the occurrence of a situation wherein two or more members of a
      team enter the handicap separately such that the handicap value is
      erroneously multiplied by the number of such players making such an entry.
      To provide such functions, the individual lane reset logic is provided for
      each of the four lanes.
PAR  The individual lane reset logic for lane one is shown in FIG. 28 and
      comprises three flip-flops TTC, TTP and AH. The flip-flops TTC, TTP and AH
      are provided for each of lanes 1-4. The flip-flop TTC and AH have inputs
      to their set sections from a switch 950 which is connected to a source of
      power and is arranged to be opened at the beginning or end of a game as by
      insertion or removal of a score sheet into or from the printer. When the
      switch 950 is closed as by removal of the score sheet, the flip-flops TTC
      and AH will be set. It will be apparent that the switch 950 is maintained
      open by the score sheet during a game such that the flip-flops TTC and AH
      will be set only once (at the beginning of a game) as no other means are
      provided for setting the flip-flops TTC and AH. The flip-flop TTP has an
      input to its set section from an AND gate 952 such that the flip-flop TTP
      will be set whenever a SCORE LANE ONE signal is present together with a
      LANE MEMORY RESET PARTIAL signal.
PAR  The flip-flop TTC has an input to its reset section from an AND gate 954
      which will cause the flip-flop TTC to be reset whenever CYCLE D (an
      indication that cycle D is complete) and SCORE TEAM A signals are present.
      The output of the reset section of the flip-flop TTC is directed to a NOR
      gate 956 together with a SCORE TEAM A signal and the output of the NOR
      gate 956 is utilized as an input by a NOR gate 958. The NOR gate 958 has
      similar inputs from the NOR gates 956 associated with the TTC flip-flops
      for lanes 2-4 together with an input on which the CYCLE C signal may be
      received.
PAR  The flip-flop TTP has an input to its reset section from an AND gate 960
      which may be enabled by the presence of CYCLE D signal together with a
      SCORE LANE ONE signal to cause the flip-flop TTP to be reset. An output
      from the reset section of the flip-flop TTP is utilized as an input by a
      NOR gate 962 together with a SCORE LANE ONE signal. The output of the NOR
      gate 962 is utilized as an input by a NOR gate 964 which receives inputs
      from the NOR gate 962 associated with lanes 2-4 together with a CYCLE C
      signal.
PAR  The flip-flop AH includes an input to its reset section from an AND gate
      966 which is enabled by a HANDICAP ENTRY COMPLETE signal together with an
      ENTER TEAM A HANDICAP signal to cause the flip-flop AH to be reset. An
      output from the reset section of the flip-flop AH is utilized as an input
      by a NOR gate 968 together with an input on which an ENTER TEAM A HANDICAP
      signal may be received. The output of the NOR gate 968 is utilized as an
      input by a NOR gate 970 together with similar inputs from the NOR gates
      968 associated with lanes 2-4. An output from the set section of the
      flip-flop AH is utilized as an input by a NOR gate 972 together with a
      second input on which a SCORE TEAM A signal may be received. The output of
      the NOR gate 972 is utilized as an input by a NOR gate 974 together with
      inputs from the NOR gates 972 associated with lanes 2-4 to issue a
      HANDICAP ENTERED signal when a particular flip-flop AH is reset thereby
      permitting the reading of that team's handicap memory during following
      B.sub.2 cycles.
PAR  The flip-flop TTC is utilized to cause the clearing of all of the bits in
      the corresponding team total word in the memory while the flip-flop TTP is
      used to cause only the clearing of the bits in the team total word
      containing score information as it is necessary to maintain team frame
      information for comparison during the team totaling cycle during a game.
      As will be recalled, the flip-flop TTC is set at the beginning of a game
      by the action of the switch 950. This condition is sensed by the NOR gate
      956 when it is desired to score the team to which the flip-flop TTC
      corresponds and the information is passed onto the NOR gate 958. The NOR
      gate 958 will sense the condition on any of the lanes 1-4 and will issue
      an output to NAND gates 976 and 978. When the flip-flop TTC is set, the
      NAND gate 978 will issue a BLOCK FRAME MEMORY ENTRY signal. The NAND gate
      976 will issue a BLOCK SCORE MEMORY ENTRY signal when the flip-flop TTC is
      set. Thus, when the computer cycle control gating issues the READ signal
      to the memory, the resulting destructive readout of the memory will cause
      the clearing of the bits of the selected word and since the information
      contained in the bits of the word is not passed onto the various registers
      in the computer due to the blocking of the entry thereto, such information
      is literally removed from the logic of the computer. At the first
      simultaneous occurrence during the game of a CYCLE D and a SCORE TEAM A
      signal, the flip-flop TTC will be reset and thereafter the NAND gate 978
      will not issue a BLOCK FRAME MEMORY ENTRY signal in response to the set
      condition of the flip-flop TTC.
PAR  When the flip-flop TTP is set, the condition is sensed by the NOR gate 962
      when a SCORE LANE ONE signal is present and the NOR gate 964 ultimately
      passes on such information to the NAND gate 976 to cause the latter to
      issue the BLOCK SCORE MEMORY ENTRY signal. Thus, when the computer cycle
      control gating issues the READ signal, the resulting destructive readout
      and blocking will similarly cause such information contained in all bits
      but those containing frame information in the selected word to be
      destroyed. At this point it will be noted that the set condition of the
      flip-flop TTP will not cause blocking of frame information into the frame
      counter. The flip-flop TTP for any lane will be set upon the completion of
      cycle D when the fifth bowler on the team is bowling and his frame is
      equal to the team frame. It will be recalled that this circumstance is
      detected by the computer cycle control gating which issues the LANE MEMORY
      RESET PARTIAL signal. Thus, it will be apparent that the flip-flop TTP is
      set upon the completion of the computation of each running team total. The
      next time that the computer is in cycle D and is scoring the lane to which
      the flip-flop TTP corresponds, the flip-flop TTP will be reset to thereby
      permit utilization of score information in computing the next running team
      total. It will be apparent that such resetting of the flip-flop TTP will
      occur after the computer has progressed through cycle D for the first
      bowler on a team.
PAR  A NAND gate 980 is arranged to receive the outputs of the NOR gates 958 and
      964 and thus, whenever either the flip-flop TTC or the flip-flop TTP for a
      given lane are set, the NAND gate 980 will issue a NEW LANE FRAME signal
      which is utilized by the computer cycle control. It will be apparent that
      such a signal will be issued at either the beginning of the game due to
      the set condition of the flip-flop TTC or during the computer cycle for
      the first bowler on a team due to the set condition of the flip-flop TTP.
PAR  It should be noted that the flip-flop TTP corresponds to a particular lane
      rather than to a particular team. The flip-flop TTC corresponds to the
      team that started the game on the lane to which the flip-flop TTP
      corresponds, although it, too, is lane orientated. In this respect, it
      will be recalled that the team total words in the memory are associated
      with a given lane rather than with a given team. Thus, the memory clearing
      effects generated by the flip-flops TTC and TTP will always be directed to
      a particular team total word. This relationship is particularly important
      with respect to the clearing effect produced by the flip-flop TTP insofar
      as in league bowling the completion of a team frame or a lane by a team
      means that the other team will begin bowling on that lane and thus, if the
      lane team total memory word was not cleared, team total information for
      one team would be mixed with the team total information for the second
      team.
PAR  The initial set condition of the flip-flop AH is detected by the NOR gates
      968 and 972. Such a condition of the flip-flop AH on any one of the four
      lanes is utilized by the NOR gate 970 to issue an ALLOW ENTRY signal. It
      will be recalled that such a signal causes the initiation of cycle A'
      together with the stopping of the scanning cycle control at the handicap
      entry station if the handicap entry flip-flop 770 (FIG. 23C) has been set
      by manual manipulation of the handicap entry switch 906 (FIG. 27A). The
      output of the NOR gate 970 is also used as an input to the NAND gates 976
      and 978 to cause blocking of all information contained in the bits in the
      selected word such that the bits are cleared of previous handicap
      information. When the computer cycle control gating issues a HANDICAP
      ENTRY COMPLETE signal, the flip-flop AH corresponding to the team whose
      handicap has been entered will be reset such that the NOR gate 970 will no
      longer issue the ALLOW ENTRY signal but the NOR gate 974 will issue a
      HANDICAP ENTERED signal when that team is being scored. Accordingly, cycle
      A cannot reoccur until the flip-flop AH is again set when a new game is
      started although the team handicap memory may be read during cycle B.sub.2
      such that the handicap value may be added to the team total.
PAR  The NAND gates 976 and 978 are also arranged to issue their respective
      blocking signals during the occurrence of cycle C and an error correction
      procedure when both of the error correction flip-flops 756 and 760 (FIG.
      23C) are set. This condition is sensed by a NAND gate 982. Additionally,
      the blocking signals will be issued during sequences t.sub.3 -t.sub.0.
      This function is provided by the output of an OR gate 984 which is
      arranged to sense the absence of sequences t.sub.1 and t.sub.2.
PAR  As will be apparent from FIG. 28, the output from the NAND gate 976 is
      passed through an OR gate 986 to issue a BLOCK STATE MEMORY ENTRY signal.
      A second input to the OR gate 986 receives a cycle D signal such that
      score and state information cannot be entered into the bowler state
      register when the running team total level is addressed. Thus, state
      memory entry is precluded whenever score memory entry is precluded or
      during cycle D.
PAR  As previously noted, clearing of the individual bowler memory is
      accomplished by blocking the WRITE signal when a bowler is in the end of
      game state (state eleven). Occassionally, a bowler may not finish a game
      and in such a case, that bowler's words in the memory will not be cleared
      in the usual manner and the error correction system must be used to
      complete the game to clear the bowler memory. Thus, it may be desirable to
      provide means for clearing a bowler memory independently of the end of
      game state. One form of means for clearing the bowler memory is generally
      similar to the arrangement including the flip-flops TTC and TTP just
      described. Specifically, a flip-flop may be provided for each of the
      bowler words and arranged to be set by operation of the switch 950 in the
      same manner as the setting of the flip-flops TTC and TTP. Each such bowler
      flip-flop may have an input to its reset section from an AND gate for
      receiving a START BOWLER CYCLE signal from the computer cycle control
      gating via a pair of pulse forming gates and a second input for receiving
      a bowler identification signal  1A-6A corresponding to the bowler with
      which the flip-flop is associated.
PAR  The same bowler identification signal is also utilized as an input by a NOR
      gate together with an output from the reset section of the flip-flop. The
      output of each of the NOR gates associated with the flip-flops used as
      bowler reset memories on each lane are connected in common as an input to
      a five input NOR gate. The second-fourth inputs to the five input NOR gate
      are derived from the individual bowler reset memories associated with
      lanes 2-4. The fifth input to the five input NOR gate may be derived from
      the NAND gate 982 (FIG. 28) while the output of the five input NOR gate
      may be directed to the NAND gates 976 and 978.
PAR  The use of such logic will cause the blocking of entry of score, state and
      frame information during the first bowler cycle in a game for each bowler
      therefore effectively clearing the bowler memory by virtue of the
      destructive readout in a manner similar to that described above in
      conjunction with the flip-flops TTC and TTP.
PAC  S. Error Correction
PAR  The error correction system is shown in FIGS. 27A, 27B and 29 and includes
      twelve switches ECO, EC1, EC2, EC3, EC4, EC5, EC6, EC7, EC8, EC9 ECX and
      EC/ (FIG. 29). The switches ECO-EC/ are operated by push buttons
      respectively bearing the legends 0-9, X and / corresponding to pinfall
      inputs from zero to nine, a strike or a spare. The switches ECO-EC/ are
      arranged in series and a contact of the switch EC/ is grounded. The blade
      of the switch ECO is connected through a resistor to a source of power and
      is also arranged to issue an ENTER EC PF signal to the error correction
      flip-flop 756 (FIG. 23C) in the scanning cycle control. It will be
      apparent that whenever all of the switches ECO-EC/ are closed, the
      potential thereat will be ground. However, when a selected switch is open,
      the potential at all lower switches will be substantially equal to the
      potential of the power supply and the ENTER EC PF signal will be issued.
      The blade of each of the switches EC1-ECX is utilized as an input to a
      respective AND gate 1002. The AND gates 1002 have a second enabling input
      from the output of the NOR gate 204 associated with the error correction
      station (see also, FIG. 6). The output of the AND gate 1002 associated
      with the switch EC1 is utilized as an input to the OR gate 207 associated
      with the flip-flop PR10 of the pinfall register (FIG. 7). The output of
      the AND gate 1002 associated with the switch EC2 is utilized as an input
      to the OR gate 207 associated with the flip-flop PR9 of the pinfall
      register . . . while the output of the AND gate 1002 associated with the
      switch ECX is connected as an input to the OR gate 207 associated with the
      flip-flop PR1 of the pinfall register. Thus, it will be apparent that when
      a bowler wishes to enter an error correction pinfall of four, the
      depression of the push button associated with the switch EC4 will cause
      the AND gates 1002 associated with the switches EC1-EC4 to be disabled
      while enabling the AND gates 1002 associated with the switches EC5-EC/,
      provided of course that they also receive enabling inputs from the NOR
      gate 204 of the error correction station. Accordingly, the flip-flops
      PR7-PR10 of the pinfall register will remain reset to correspond to downed
      pins. The flip-flops PR1-PR6 will be set to correspond to standing pins by
      their respective OR gates 207 which have not been disabled. Thereafter,
      the error correction pinfall is treated by the computer as any other
      pinfall.
PAR  The arrangement of the switches ECO-EC/, the AND gates 1002 and the
      flip-flops PR1-PR10 of the pinfall register is such that for any pinfall
      entered by the error correction system less than 10, the flip-flop PR1 of
      the pinfall register will not be set to correspond to a downed pin. Thus,
      for error correction purposes, for any pinfall of less than ten, the one
      pin is always presumed to be standing. This precludes improper printing of
      a split symbol during an error correction procedure as the error
      correction system is not arranged to provide pin position information.
PAR  The push buttons associated with the switches ECO-EC/ are arranged to be
      locked in a depressed position when both error correction flip-flops 756
      and 760 (FIG. 23C) are set. This precludes the changing of the error
      correction pinfall during computation by the computer. The function is
      achieved by a latch mechanism such as that shown in FIG. 31 and described
      hereinafter. The latch mechanism is operated by a solenoid 1004 in
      response to the ERROR CORRECTION PUSH BUTTON HOLD signal from the second
      error correction flip-flop 756 (FIG. 23C).
PAR  In order to set up frame information during an error correction procedure,
      a ten position rotary switch 1006 is provided. The rotary switch 1006 is
      generally similar to rotary switches 900, 902 and 904 except that it is
      arranged to provide output signals to the frame counter on a strictly
      binary coded basis as opposed to a binary coded decimal basis. The wiper
      of the switch 1006 is normally connected to ground through the normally
      closed contacts 908c operated by the handicap entry relay 908. Thus,
      whenever the handicap entry relay 908 is not energized and the computer
      cycle control gating is issuing a READ ENTRY SWITCH signal, the condition
      manually set up on the rotary switch 1006 will be sensed by the flip-flops
      of the frame counter and they will assume the manually programmed
      condition for purposes of error correction computation.
PAR  In order to introduce cumulative score information, the rotary switches
      900, 902 and 904 are used in a manner identical to the handicap entry
      procedure during error correction and the manually programmed information
      will be directed to the BCD up counter in the same manner.
PAR  In order to direct the error correction to the proper bowler, a ganged set
      1007 of five, six position rotary switches are used, only three of which
      are shown. A first rotary switch 1008 serves to direct the printer to the
      proper bowler line. The remaining four rotary switches, only two of which
      are shown and designated 1012 and 1014, correspond to the six bowlers on
      each of the four lanes and are used to select the proper bowler memory
      word. The five ganged rotary switches may be rotated to any one of six
      positions corresponding to the bowler line of bowlers 1-6. The switch 1012
      provides memory word selection for the bowlers of Team A or lane one and
      the switch 1014 provides a similar function for the bowlers of Team B or
      lane two while the two switches not shown provide for memory word
      selection for Team C or lane three and Team D or lane four.
PAR  The wipers of the switches 1012 and 1014 are connected thru normally open
      contacts 912a, which are closed when the corresponding relay 912 is
      energized by the closing of the team entry switch 910, and normally closed
      contacts 908b operated by the handicap entry relay 908 to the scanning
      cycle control to receive the SCORE ERROR CORRECTION signal.
PAR  If bowler number one on team A desires to make a correction in his score,
      he will set the rotary switches 900, 902 and 904 to his last correct
      cumulative score. Additionally, he will set the rotary switch 1006 to the
      frame in which the last correct cumulative score was obtained.
PAR  The bowler will also manipulate the five ganged rotary switches 1007 to the
      proper one of the six positions corresponding to his identification. The
      bowler will then press the corresponding team A entry switch 910. This
      will cause the relay 912 to become energized and close the set 762A of the
      sets of four parallel sets of contacts 762A-762D comprising the relay
      contacts generally designated 762 as seen in FIG. 23C. This in turn will
      cause the flip-flop 758 to be set. This will cause the second error
      correction flip-flop 756 to become set when one of the switches ECO-EC/ is
      opened by a bowler causing the ENTER EC PF signal to be issued.
      Accordingly, the depressed push button will be locked in position and a
      SCORE ERROR CORRECTION signal will be generated when the scanning cycle
      control locks on the error correction system.
PAR  It will be recalled from the discussion of handicap entry that when a team
      entry switch 910 is closed, the printer associated with that team or lane
      will be started to search for the proper bowler line. Simultaneously with
      the energization of the relay 912, the relay 914 is energized to close
      contacts 914a such that the printer will be stopped at the contacts 1B-6B
      (FIG. 5) that has been de-energized by the rotary switch 1008 and open
      contacts 914b (FIG. 30A) to disconnect the bowler identification system
      from the contacts 1B-6B. As may be seen from FIG. 27B the wiper of the
      switch 1008 is arranged such that each of the contacts 1B-6B will be
      energized except for that corresponding to the bowler being identified by
      the switch 1008. When the printer is in position, the computer cycle
      control will initiate cycle C in response to input signals from the error
      correction system and each of the manual input switches will be read and
      scoring will proceed. The information will be directed to the proper
      bowler by virture of one of the switches 1012 or 1014 or the two switches
      not shown and will issue a 1A-6D signal to the memory word selection
      logic. This will occur due to the closing of a contact 912a in response to
      the energization of a relay 912 by the closing of the switch 910 by the
      bowler whose score is to be corrected. Since only one of the switches 910
      will be closed at a time, only one of the switches 1012 or 1014 or the two
      switches not shown will be able to receive the energizing SCORE ERROR
      CORRECTION signal from the scanning cycle control through the closed
      contacts 908b. As a result, the wiper of one of the switches 1012 or 1014
      or the switches not shown will be energized and will provide power to the
      lead to issue one of the signals 1A-6D to the memory word selection logic
      to energize an appropriate reed switch therein and select the proper word
      in the memory. Since all information required to form a bowler's state has
      been set up on the manually operated switches, and all such information
      has been set up to correspond to the last correct score, the bowler state
      control will compute a new state for the bowler corresponding to the
      proper one for the pinfall data set up on the manually operated switches
      and will proceed with computation in the manner previously described. Such
      computation will proceed until the cycle is complete as indicated by the
      CYCLE COMPLETE (DELAYED) signal issued by the computer cycle control which
      will cause resetting of the error correction flip-flops. As a result, the
      error correction pinfall push buttons will no longer be held in a
      depressed position and the bowler may readjust the switches EC0-EC1 such
      that additional error correction pinfall may be introduced to the
      computer. During such further introduction of error correction pinfall,
      the relays 912 and 914 will be maintained energized until such time as the
      bowler completes error correction pinfall introduction. When such is done,
      the bowler will open a switch 1016 to thereby interrupt the flow of power
      to the relays 912 and 914. Preferably, the switch 1016 may be operated by
      a cover for housing the manually operated switches of the error correction
      and handicap entry system. If such an arrangement is used, it will be
      apparent that the error correction and handicap entry system will be
      de-energized during such times as the cover is closed but energized when
      it is open by a bowler for purposes of making an error correction or
      introducing handicap values.
PAR  It will be observed that the just described arrangement permits error
      correction to be made with relation to a plurality of frame and box scores
      without reidentifying the bowler for which the error correction is to be
      made and without further adjustment of any of the switches other than
      those used for the introduction of pinfall values (ECO-EC/). This feature
      of the invention is derived by virtue of the use of the pulse forming AND
      gate 760 (FIG. 23C). When the first error correction pinfall has been
      introduced by means of manipulation of the various switches and the
      flip-flops 756 and 758 have been reset by the CYCLE COMPLETE (DELAYED)
      signal, the flip-flop 758 cannot again be set until the relay 912 is
      de-energized by the opening of the switch 1016 which, it will be recalled,
      is opened only when the error correction is complete by virtue of the
      closing of the cover housing the error correction switches. It will be
      apparent that this is due to the fact that the AND gate 760, as noted
      above, is of the pulse forming type. However, the flip-flop 756 may be set
      a second time independently of the opening of the switch 1016 by opening a
      selected one of the switches ECO-EC/. Thus, when the bowler makes a
      further error correction entry, the opening of a selected one of the
      switches ECO-EC/ will cause the issuing of the ENTER EC PF signal to once
      again set the flip-flop 756, which condition will ultimately be detected
      by the scanner, and the SCORE ERROR CORRECTION signal will be issued to
      initiate another round of computation utilising the manually entered error
      correction pinfall. This procedure may be repeated until the error has
      been corrected and the score brought up to date corresponding to the frame
      of frames left to be bowled by the bowler.
PAR  It should be noted tht cumulative score and frame information set up on the
      switches 900, 902, 904, and 1006 preliminarily to the initial error
      correction cannot be utilized by the computer as the computer cycle
      control gating issuing the READ ENTRY SWITCH signal is disabled by the
      first resetting of the flip-flop 758. Similarly, the blocking of entry of
      information in the memorys is precluded by the resetting of the flip-flop
      758. Thus, a plurality of error correction pinfall values may be
      introduced in quick succession by adjusting the switches 900, 902, 904,
      1006, 1007, 910 and one of ECO-EC/ for the first error correction pinfall
      value and thereafter merely by manipulation of the switches ECO-EC/.
PAC  T. Bowler Identification
PAR  The bowler identification provides means for selecting the proper word in
      the computer memory together with means for positioning the printer at the
      proper bowler line on a score sheet. As shown in FIGS. 30A and 30B, the
      bowler identification comprises 24 manually operated switching devices
      1050 for each lane pair, only 14 of which are shown, and which may be
      arranged on a panel adjacent each lane pair. Twelve of the switching
      devices 1050 are arranged for use with respect to one of the lanes of the
      lane pair while the other 12 switching devices 1050 are arranged for use
      with the other lane of the lane pair. In league bowling, a team and an
      associated pace bowler will use six of the switching devices 1050
      associated with each lane while the other team will use the six switching
      devices 1050 associated with each lane not used by the first team. In the
      open bowling mode, only six of the switching devices 1050 associated with
      each lane will be used.
PAR  Each of the switching devices 1050 is essentially comprised of four ganged
      switches. A first switch 1052 may be closed either between a contact 1052a
      or a contact 1052b. The switch 1052 is connected to a source of power
      through a three position switch 1054 that is arranged to provide power to
      the switch 1052 when it is in either a "league" or "open" bowling position
      and to cut off power to the switch 1052 when it is in an "off" position.
PAR  When the switch 1052 is closed between the contact 1052a, the latter will
      supply power from the switch 1054 to the switching device 1050 associated
      with bowler number two of Team A on lane one. Specifically, the power is
      directed to a similar switch 1052 and to a contact 1056a of a second one
      1056 of the four ganged switches.
PAR  The switch 1056 includes a second contact 1056b which is arranged to be
      closed whenever the switch 1056 is not closed through the contact 1056a.
      The switch 1056 associated with the first switching device 1050 for a
      given lane is connected to the contact 1056b of the switch 1056 for the
      second switching device 1050 associated with that lane. This arrangement
      is continued through each of the twelve switching devices 1050 associated
      with a given lane for issuing a BOWLER ID LANE 1 signal for purposes as
      will be seen when one of the switching devices 1050 is actuated. However,
      a first bowler identification release switch 1058 is placed in the line
      between the switch 1056 of the sixth switching device 1050 and the contact
      1056b of the seventh switching device 1050. A similar switch 1060 is
      placed in the line between the contact 1052a of the sixth switching device
      1050 and the switch 1052 of the seventh switching device 1050. The twelfth
      switching device 1050 associated with each lane is connected to a switch
      locking solenoid that will be described in greater detail hereinafter.
      Thus, it will be apparent that when all of the switching devices 1050 are
      in the position shown in FIGS. 30A and 30B, the switch locking solenoid
      will not be connected to power. However, when one of the switching devices
      1050 is moved to a depressed position by the pushing of the manual push
      button associated therewith, each switch 1056 on the subsequent switching
      devices 1050 will receive power from the switch 1056 on the depressed
      switching device 1050 due to the latter's closing with the contact 1056a
      which is connected to a source of power through the contact 1052a and the
      switch 1052 of each preceding switching device 1050. Accordingly, the
      depressing of the push button associated with any of the switching devices
      1050 will cause energization of the switch locking solenoid to maintain
      the depressed switching device 1050 in its depressed position, as will be
      seen. Upon such an occurrence, the depressed switching device 1050 will
      have its switch 1052, which will be connected to a source of power through
      the source of path just mentioned, closed through contact 1052b. The
      contact 1052b is connected to a second contact 1052b associated with the
      switching device 1050 on the second lane which the same bowler on a team
      will depress when he is bowling on the second lane in league bowling. Both
      of the contacts 1052b are connected through lamps 1062 to ground. Thus,
      when a given bowler on a team depresses the switching device 1050 on
      either lane one or two, depending upon which lane he is about to bowl, the
      lamp 1062 associated with that bowler will be lit. The lighting of the
      lamp 1062 may serve as a visual indication that the bowler has identified
      himself and should be about to bowl. If desired, the lamp 1062 may be
      utilized to illuminate a small translucent plate on which the bowler's
      name may be directly written or placed by means of transparent or
      translucent tape or paper.
PAR  The four ganged switches comprising each switching device 1050 include a
      third switch 1064 which may be closed either between contacts 1064a or
      1064b. The switch 1064 is connected to the source of power through the
      switch 1054. A contact 1064a on the first lane of the lane pair is
      connected to the switch 1064 of the corresponding switching device 1050 on
      the second lane pair. The contact 1064a of the switching device 1050
      associated with the second lane of the lane pair is connected to a
      contacts 1B-6B in the printing device associated with lane one through
      normally closed contacts 914b operated by relay 914 of the error
      correction system. Thus it will be apparent that when either the switch
      1064 associated with the given bowler on lane one is not closed through
      the contact 1064a or the corresponding switch 1064 is for the same bowler
      on lane two is not closed through the contact 1064a, the contact 1064a of
      the switching device 1050 on lane two will be de-energized. Such
      de-energization of the contact 1064a associated with the second lane of
      the lane pair will cause the printer to stop at the box score level on the
      score sheet of the particular bowler line associated with the bowler who
      actuated the switching device 1050 on either lane one or lane two, as
      described previously, providing that neither error correction nor handicap
      entry is taking place in which case printer position is controlled by the
      error correction system.
PAR  The contacts 1064b in each of the first six switching devices 1050 for each
      of the lanes one and two are connected together and are directed to the
      printer for lane one to issue a PRINTER ONE START signal whenever one of
      the switching devices 1050 is depressed. It will be apparent that the
      PRINTER ONE START signal is issued by virtue of the connecting of a
      contact 1064b to the source of power through the switch 1054 by the
      closing of the switch 1064 in response to the depression of the switching
      device pushbutton.
PAR  The contacts 1064b for each of the last six switching devices on both lane
      one and lane two are similarly connected together to issue a PRINTER TWO
      START SIGNAL in a similar manner.
PAR  The fourth of the ganged switches in each of the switching devices 1050 is
      designated 1066. Each of the switches 1066 of the switching devices 1050
      associated with one lane are connected in common and may receive an
      ENERGIZE LANE 1 ID signal from the scanning cycle control. The switches
      1066 associated with the switching devices 1050 for the second lane in the
      lane pair are connected in common and are adapted to receive an ENERGIZE
      LANE 2 ID signal from the scanning cycle control. Each switch 1066 may be
      closed through a contact 1066a which is connected to the contact 1066a in
      the corresponding switching device 1050 for the other lane of the lane
      pair. Both of the contacts 1066a are connected to the corresponding reed
      relay in the memory word selection logic for a given bowler. Thus, when a
      switching device 1050 is depressed on lane one, the ENERGIZE LANE 1 ID
      signal from the scanning cycle control will cause the reed relay
      associated with the switching device 1050 to be energized and select the
      appropriate bowler memory word as described previously. The signals issued
      by the switches 1066 when closed are labeled 1A-6A to illustrate that the
      first through sixth bowler on team A has identified himself, respectively.
PAR  The signals from the switching devices 1050 for each of the possible
      twenty-four bowlers bowling on the four lanes handled by the computer
      1A-6D are also directed to the particular team or lane printer contacts
      A1-A6 (FIG. 5) to provide a test of whether a bowler on a team or lane has
      identified himself and the printer is in the proper position to print that
      bowler's score information.
PAR  As mentioned previously, it is desirable to provide means for locking a
      depressed pushbutton associated with each switching device. The reasons
      for such an arrangement are two-fold. In the first place, the switching
      devices should be spring-biased such that they assume the positions
      normally shown in FIGS. 30A and 30B. This permits the bowler panel to be
      in a conditon where no bowler is identified. Accordingly, if pinfall is
      achieved when a bowler has not identified himself, it will not be credited
      to the previous bowler as when the pushbutton of the previous bowler was
      released from its depressed position, its associated switching device can
      no longer provide the computer with bowler identification. In the second
      place, the locking of a depressed pushbutton in a depressed position
      prevents accidental erroneous changing of bowler identification. For
      example, if a bowler had rolled the first ball in a frame and was awaiting
      the rolling of a second ball, erroneous computation would obviously result
      if the bowler identification was changed during this period.
PAR  A pair of pushbutton locking solenoids PLS1 and PLS2 are arranged for use
      in locking the 12 switching devices 1050 associated with each lane. The
      pushbutton locking solenoid PLS1 is arranged to lock the pushbuttons
      associated with the first six switching devices 1050 on the lane while the
      solenoid PLS2 is arranged to lock the pushbuttons associated with the
      second six switching devices 1050 associated with that lane. In the case
      of the pushbuttons associated with lane one, the solenoid PLS1 has one
      side thereof connected to the inverted output of the NOR gate 659
      associated with lane one in the computer cycle control gating for
      receiving a RELEASE LANE ONE ID signal therefrom. The other side of the
      solenoid PLS1 is connected to the switching devices 1050 to receive a
      BOWLER ID LANE ONE signal therefrom whenever they are depressed. The
      solenoid PLS2 includes a similar connection to the bowler panel for
      receiving the BOWLER ID LANE ONE signal therefrom and a second connection
      to a three position switch 1070. When the switch 1070 is moved to the
      "league" position, the solenoid PLS2 will have its second connection in
      common with the solenoid PLSl to the computer cycle control gating. When
      the switch 1070 is in the second or "off" position, it cannot be energized
      while if the switch 1070 is moved to the third or "open" bowling position,
      it will be constantly energized. In this respect, it will be apparent that
      during open bowling, the second six switching devices 1050 cannot be
      depressed. This is a necessary feature insofar as such switching devices
      correspond to the team that started out on the second lane of the lane
      pair if in league bowling or to the bowlers bowling on the second lane of
      the lane pair in open bowling and the depression of such a pushbutton
      during open bowling would cause pinfall values obtained on the first lane
      of the lane pair to be directed to the bowler memories for the bowlers
      bowling on the second lane of the lane pair. Similarly, frame, state and
      score information from the bowler memories of the bowlers bowling on the
      second lane of the lane pair would be used to compute the score obtained
      as a result of the pinfall on the first lane on the lane pair. Obviously,
      if such were permitted, the resulting computed scores would be a hopeless
      jumble of erroneous pinfall entries.
PAR  When the switch 1070 is in the "league" position, and any one of the 12
      pushbuttons associated with a lane are depressed, both of the solenoids
      PLSl and PLS2 will be energized to lock all pushbuttons in the desired
      position.
PAR  Thus, when a bowler has depressed a pushbutton to cause the issuance of a
      BOWLER IDENTIFIED LANE ONE signal, the solenoids PLS1 and PLS2 will be
      energized and will be maintained energized until the RELEASE LANE ONE ID
      signal is generated. It will be recalled that such a signal is generated
      whenever a bowler's state is updated to a first ball state at the end of a
      bowler's cycle and when the computers cycle is complete. Thus, when a
      bowler has completed a frame as evidenced by the updating of his state to
      a first ball state and the computer cycle is complete, the solenoids PLS1
      and PLS2 will be deenergized thereby permitting the detained push button
      to be urged upwardly from its previously depressed position by a spring
      associated therewith. At this time, the bowler panel is in a condition
      such that a subsequent bowler may depress a push button to identify
      himself to the computer whereupon the cycle will be repeated.
PAR  As will be seen hereinafter, means are provided for controlling the
      operation of an automatic pinsetter. The BOWLER ID LANE ONE signal is used
      in conjunction with pinsetter control together with foul detection and
      verification. In order to provide various necessary signals for such
      control functions, an AND gate 1072 is utilized to set a flip-flop 1074.
      The AND gate 1072 has a first input for receiving and READ LANE ONE
      PINFALL signal from the flip-flop 730-1 of the scanning cycle control
      (FIG. 23B). A second input to the AND gate 1072 is connected to the common
      junction of a pair of resistors 1076. One of the resistors is connected to
      a source of power while the other is connected to the bowler panel to
      receive the BOWLER ID LANE ONE signal which is generated whenever a push
      button associated with the switches 1050 for lane one is depressed. When
      the BOWLER ID LANE ONE signal is generated, and the READ LANE ONE PINFALL
      signal is present, the AND gate 1072 will be enabled to set the flip-flop
      1074.
PAR  The output from the set section of the flip-flop 1074 issues a BOWLER ID
      LANE ONE AND PINFALL READY signal which energizes a relay PHK (FIG. 34) to
      close a set of contacts PHKa  to connect the push button locking solenoids
      PLS-1 and PLS-2 to a source of power independently of the path to a power
      through the push button release switches 1058 and 1060. Accordingly, when
      the flip-flop 1074 is set in response to the presence of pinfall and
      bowler identification, it will be apparent that a depressed push button
      will be held in such a position until such time as a RELEASE ONE ID signal
      is generated, thus precluding the possibility of changing bowler
      identification before computation for a second ball in a frame is
      completed. The flip-flop 1074 additionally includes a pair of inputs to
      its reset section for receiving CYCLE COMPLETE AND START-UP RESET signals
      for the purpose of resetting the flip-flop 1074.
PAR  Turning now to FIG. 31, one form of latching mechanism, for locking a push
      button in a depressed position is shown. The latching mechanism includes a
      solenoid actuator SOL which may be the solenoid PLS1 or PLS2 of the bowler
      panel or the solenoid 1004 (FIG. 27A) of the error correction system. The
      solenoid SOL operates a slidable latch bar 1078 having a plurality of
      hook-shaped notches 1080 in its upper surface.
PAR  Push button 1082 are provided with internal slots 1084 through which the
      slide bar 1079 passes. The upper portion of each slot 1084 is bridged by a
      transverse pin 1086 which may be received in the hook-shaped slot 1080
      when the push button 1082 is depressed.
PAR  Each push button 1082 has a cam surface 1090 which causes movement of a
      leaf spring 1092 when the push button 1082 is depressed. The leaf spring
      1092 serves as an actuator for switch blades 1094 which may comprise the
      switching devices 1050 of the bowler panel or the switches ECO--EC1 of the
      error correction system, although the lower end of the push button 1082
      may be used for the switch actuator if desired.
PAR  Coil springs 1094 are associated with each push button 1082 for normally
      urging the push button upwardly from a depressed position.
PAR  When the solenoid SOL is energized, the latch bar 1078 will move to the
      right as seen in FIG. 31. against the bins of a spring (not shown) which
      normally urges the latch bar 1078 to the left, which is the unlatching
      position. Rightward movement of the latch bar 1078 will cause a pin 1086
      of a depressed push button 1082 to be latched in the slot 1080. At this
      time, other ones of the push button 1082 cannot be depressed as the upper
      surfaces 1088 of the latch bar 1078 will have been moved to positions
      underlying the pins 1086 to preclude downward movement thereof. When the
      solenoid SOL is deenergized, the latch bar will be moved to the left under
      the influence of the biasing spring (not shown) and the spring 1094 will
      cause the push button 1082 to move upwardly.
PAR  As will be obvious to those skilled in the art, a single latch mechanism
      such as that just described may be employed with any number of push
      buttons simply by lengthening the latch bar 1078 and increasing the number
      of hook-shaped slots 1080 therein.
PAC  U. SPLIT DETECTION
PAR  The invention includes means for detecting the presence of splits bowled on
      each of the four lanes and for issuing an output signal indicative of the
      presence of a split. The American Bowling Congress, in the Rules for the
      1962-63 season, has defined a "split" substantially as follows. "A split
      shall be a set up of pins remaining standing after the first ball has been
      legally delivered provided the headpin is downed, and (1) At least one pin
      is downed between two or more pins which remain standing, as for example:
      7-9, 3-10. (2) At least one pin is downed immediately ahead of two or more
      pins which remain standing, as for example: 5-6."
PAR  It is inherent from the foregoing definition of the American Bowling
      Congress that there are a number of possible standing pin arrays that
      constitute a split. Mathematical computation will illustrate that there
      are 1024 possible pin combinations following the first ball including the
      situations where all pins are standing and no pins are standing. The fact
      that the definition bars the existence of a split when the head pin is
      standing eliminates half of these combinations. Of the remaining 512
      combinations, one may be eliminated as being a strike condition where all
      pins are down. An additional 52 combinations are non-split combinations
      and include 9 combinations where only one pin is standing and 43
      combinations where 2 or more pins are standing but are not spaced to
      comprise a split.
PAR  The remaining 459 combinations are splits within the American Bowling
      Congress definition. If items (1) and (2) in the above quoted American
      Bowling Congress definition are strictly interpreted in the disjunctive,
      there would be 461 arrays designated as splits. However, in the logical
      equation set forth below, and in the gate arrangement of FIG. 32 herein,
      the standing pin array of the 2, 4, 5, 7, 9 pins and the array of the 3,
      5, 6, 8, 10 pins are not considered as splits, even though they satisfy a
      disjunctive interpretation of the definition.
PAR  It is possible to derive a logical equation that will be true when any one
      of the many permutations and combinations of standing pins is arranged in
      a pattern constituting a split within the above definition. One such
      simplified logical equation is as follows:
EQU  S = 1 {10 [6(3 + 9) +3(5 + 8) + 2 + 4 +7 ]+ 7 [4 (2 + 8) + 2 (5 + 9) + 3 +
      6 ]+ 3 + 6 ]+ 8.5 [3 + 9 ]+ 4[2(5 + 9) + 3]+ 6[3 (5 + 8) + 4]+ 2[5.9 + 6 +
      3 ]}
PAL  where:
PA1  S represents the presence of a split
PA1  1-10 represent standing pins in their conventional position,
PA1  and 1-10 represent downed pins in their conventional position.
PAR  This simplified logical equation is implemented with a plurality of
      electronic gates such as the NOR gates shown in FIG. 32. The various
      inputs of the NOR gates are connected as noted to the various outputs of
      the set and reset sections of the flip-flops PR1- PR10 of the pinfall
      register described above. As will be apparent to those skilled in the art,
      the NOR gates are arranged with respect to their inputs and to each other
      to issue a split signal when the above logical equation is true.
PAR  A typical split detecting operation is as follows. It will be recalled that
      in the description of the pinfall register, it was indicated that the
      outputs 1PD-10PD have no signal thereon when the pin to which they
      correspond is downed, but have an output signal when the pin is standing.
      Similarly, there is no signal on the 1PS-1OPS terminals when the pin to
      which they correspond is standing but that there is an output signal when
      that pin is downed. It will also be recognized that the general character
      of a NOR gate is such that there is no output therefrom when the gate
      receives one or more inputs. Accordingly, if it be assumed that a 7-10
      split exists, a NOR gate 214 will receive an input signal on its input
      7PD. Accordingly, the NOR gate 214 will have no output. A subsequent NOR
      gate 216 will not receive an input from the NOR gate 214 nor will it
      receive a signal on its 10PS input. Accordingly, the NOR gate 216 has an
      output which serves as an input signal to a NOR gate 1118. The presence of
      an input signal at the NOR gate 1118 causes the latter to fail to issue an
      output and, as a result, a NOR gate 1120 is lacking at least one input
      signal. Since the other input of the NOR gate 1120 is connected to the 1PD
      output of the pinfall register, and the one pin is down, a signal will not
      be received on its 1PD input. Accordingly, the NOR gate 1120 does not have
      an input and will have an output which indicates the presence of a split.
      For the sake of brevity, it is not believed necessary to consider the
      occurrences at the various unnumbered NOR gates. However, an examination
      of the logic in the light of the assumed split condition will indicate
      that the NOR gate 1118 receives an input signal only on its input lead
      from the NOR gate 216, the remaining input connections having no signals
      thereon.
PAR  While the logic shown in FIG. 32 is capable of detecting any split within
      the definition of a split set forth by the American Bowling Congress, it
      will be readily apparent to those skilled in the art that many splits
      which the above-described logic is capable of detecting occur only rarely
      and/or may not be considered splits by the average, uninformed bowler. As
      a result, it is possible to simplify considerably the logic required if it
      only be desired to detect certain commonly occurring, well-known splits
      such as the 5-7, 5-10, 2-7, 3-10, 6-7, 4-10 and 7-10. Accordingly, the
      split detection system described above is not to be limited to a system
      precisely following the above-noted logical equation, but rather, should
      be considered to include simplified systems that are merely capable of
      substantially following but a portion of the above described logical
      equation that detect, as for example, the above-noted seven commonly
      occurring splits.
PAC  V. PINSETTER MECHANICAL MODIFICATIONS AND RELATED CIRCUITRY
PAR  As has been noted previously, the computing device of the instant invention
      is adapted for use in conjunction with an automatic pinsetter. In
      particular, in the exemplary embodiment of the invention, the pin
      detecting switches of the pinsetter are used to provide the computer with
      pinfall information. Similarly, the pinsetter is modified to provide the
      computer with a signal to set a corresponding one of the flip-flops 730 of
      the scanning cycle control to indicate that pinfall is ready on the lane
      with which the pinsetter is associated. Additionally, the computer is
      arranged to stop a selected pinsetter with its rake down to indicate to a
      bowler that another ball should not be rolled as the computer has not yet
      digested previously obtained pinfall information or that bowler
      identification is required. Finally, the computer and the pinsetter are
      arranged to provide automatic cycling of the pinsetter in situations
      involving a first ball foul or the third ball in the tenth frame. The
      manner in which these functions are accomplished is described in greater
      detail hereinafter.
PAR  Specifically, the computer is particularly well adapted to be used in
      conjunction with a Brunswick Model A-2 pinsetter which is the current
      commercial automatic pinsetter marketed by the Brunswick Corporation.
PAR  The Model A-2 pinsetter in its unmodified form may undergo two cycles. One
      cycle is used following the rolling of a first ball in a frame while the
      other cycle takes place after rolling of a second ball in a frame.
      Accordingly, such cycles will be termed hereinafter a first ball cycle and
      a second ball cycle, respectively. Since identical modifications are made
      to each pinsetter and control circuitry therefor, only the modifications
      relative to the pinsetter and circuitry for lane one will be described.
PAR  1. PIN DETECTION DURING SECOND BALL CYCLE
PAR  As set forth in the Brunswick Automatic Pinsetter Service Manual for the
      Model A-2 pinsetter, Brunswick part No. 12-752828, each complete cycle of
      the pinsetter is considered to be 360.degree.. The pinsetter is designed
      to be able to stop at a quarter cycle (90.degree.), a half cycle
      (180.degree.), three quarters of a cycle (270.degree.), and a full cycle
      (360.degree.), although it is normal adjusted state it will not stop at
      270.degree..
PAR  During a first ball cycle when the bowler has bowled a strike, the deck of
      the pinsetter is lowered at 90.degree. and will find no standing pins. The
      deck then moves upwardly and the rake sweeps the fallen pins (deadwood)
      into the pit at 180.degree.. At 270.degree., the deck comes down and spots
      a new set of pins on the lane. The deck and the rake will then return
      upwardly to their original positions at 360.degree. and the lane is ready
      for the next ball.
PAR  During a first ball cycle when standing pins are detected, the lowering of
      the deck at 90.degree. will cause the detection of standing pins. At
      180.degree., the pin gripping scissors associated with the deck grip the
      standing pins while the deck returns upwardly and the rake sweeps the
      deadwood into the pit. At 270.degree., the deck returns downwardly and
      respots the standing pins. At 360.degree., the deck and rake return to
      their original positions and the lane is ready for the second ball in the
      frame.
PAR  During a normal second ball cycle, the deck will not be moved downwardly at
      90.degree. while at 180.degree., the rake will sweep the deadwood into the
      pit. At 270.degree., the deck will come down and spot a new set of pins
      while at 360.degree., the deck and rake will have returned to their
      original positions and the lane is ready for the next ball.
PAR  From the foregoing, it will be apparent that during a second ball cycle,
      the pinsetter deck is not moved downwardly at 90.degree. to detect whether
      or not pins remain standing. Thus, in an unmodified Model A-2 pinsetter,
      the pin detecting means associated therewith would be inoperative to
      provide the computer with information relative to the pinfall achieved on
      a second ball. In order to provide for the lowering of the deck at
      90.degree. during a second ball cycle such that pinfall following a second
      ball may be detected, a slight modification is made to the pinsetter. As
      will be apparent to those skilled in the art, the lowering of the deck at
      90.degree. during a second ball cycle is normally restrained by a deck
      holding hook 1200. As seen in FIG. 33, the deck holding hook in an
      unmodified Model A-2 pinsetter is normally arranged with respect to a pin
      1202 on the deck support arm in the manner shown in dotted lines. The deck
      holding hook 1200 is pivoted at 1204 and its attitude may be varied by
      movement of an upper control link 1206 and a lower control link 1208. Th
      attitude of the deck holding hook 1200 may be varied relative to the
      control links 1206 and 1208 by means of adjustment screws 1210 and lock
      nuts 1212.
PAR  In order to preclude the deck holding hook 1200 from engaging the pin 1202
      during a second ball cycle, the lock nut 1212 associated with the upper
      control link 1206 is turned from a locking position such that the
      adjustment screw 1210 associated with the upper control link 1206 may be
      turned within the upper control link 1206 to cause the attitude of the
      deck holding hook 1200 to be raised with respect to its normal position to
      a new position such as that shown in solid lines in FIG. 32. Additionally,
      a lost motion connection 1214 between the lower control link 1208 and the
      deck holding hook selector 1216 is removed as by the use of a block such
      that the deck holding hook selector 1216 will be pivoted to the lower
      control link 1208 at the left-most extent of the latter as seen in FIG.
      32.
PAR  The deck holding hook 1200 is also used to engage the pin 1202 when an
      "out-of-range" pin is encountered during a first ball cycle. An
      out-of-range pin is a standing pin that has been moved either by the ball
      or another pin to a position where it cannot be detected by the pin
      detecting means on the deck of the pinsetter. It has been found that the
      modification and adjustment just described, while permitting the deck to
      lower to a pin detecting position during a second ball cycle, does not
      interfere with the deck holding function when an out-of-range pin is
      encountered during a first ball cycle. Thus, it will be apparent that a
      Model A-2 pinsetter adjusted and modified in the respects just mentioned
      will operate in its normal manner when an out-of-range pin is detected and
      will further detect standing pins during a second ball cycle.
PAR  2. MISCELLANEOUS SWITCHES
PAR  As will be seen, a number of switches have been added to the pinsetter and
      which are adapted to be opened or closed at various points in the
      pinsetter cycle. Such switches are operated at 105.degree., 90.degree. and
      330.degree., 270.degree. and 350.degree., and their functions will be
      described in greater detail hereinafter. However, at the present it should
      be noted that the switches are operated by cams (not shown) mounted on an
      extension of the detector one-to-one shaft 1218 as seen in FIG. 32.
PAR  3. PINFALL READY CIRCUIT
PAR  A switch is normally used to cause the setting of the flip-flop 730 of the
      scanning cycle control for the lane with which it is associated at
      105.degree. of the pinsetter cycle. As seen in FIG. 34, one side of a
      105.degree. switch 1220 is connected to ground while the normally open
      contact thereof is connected to power through a deck down switch 1222, the
      normally closed contacts CNPKa of a relay CNPK, and a relay PRK. The relay
      PRK when energized, is operative to close the relay contacts 734-1 (FIG.
      33 and 23B) which are connected in series with ground, the normally closed
      contacts PLKb of a relay PLK and the AND gate 732-1 of the scanning cycle
      control (FIG. 23B). Thus, assuming that the deck down switch 1222 is
      closed and the relays CNPK and PLK are not energized, the closing of the
      switch 1220 at 105.degree. will cause the energization of the relay PRK
      thereby closing the contacts 734-1 to cause the flip-flop 730-1 associated
      with lane one to be set. The setting of the flip-flop 730-1 will initiate
      operation of the computer in the manner described previously in
      conjunction with the scanning cycle control.
PAR  4. OUT-OF-RANGE PINS
PAR  In a Model A-2 pinsetter, the deck thereof may be stopped at anyone of five
      levels in normal operation. Such positions are described in detail in said
      service manual. However, for the sake of brevity, it is only believed to
      be necessary to describe herein, the particular positions or levels of
      pertinence to the instant invention. Specifically, there are two pertinent
      levels of the pinsetter deck. The first is the "out-of-range" level while
      the second is the "standing pins" level. When the pinsetter encounters an
      out-of-range pin, it is stopped at the out-of-range level by its
      out-of-range pin mechanism. However, if an out-of-range pin is not
      encountered by the pinsetter deck, the deck will continue to lower until
      it is at the standing pins level. As seen in FIG. 35, the pinsetter deck
      1224 is supported by a deck lift arm 1226. The deck lift arm 1226 may be
      raised or lowered by a deck lift shaft 1228. The solid line representation
      of the deck lift arm 1226 approximately represents the deck position at
      the standing pins level while the dotted line representation of the deck
      lift arm 1226 approximately depicts its position when the deck 1224 is at
      the out-of-range level. A bracket 1230 is mounted on the pinsetter frame
      and in turn has the deck down switch 1222 mounted thereon. An operator
      1232 for the deck down switch 1222 is pivotally mounted at one end thereof
      as at 1234 to the bracket 1230 while the other end thereof mounts a roller
      1236 which is adapted to ride on the upper surface of the deck lift arm
      1226. The switch 1222 is arranged with respect to the actuator arm 1232
      such that the switch will close at a point when the deck lift arm 1226 is
      approximately intermediate the dotted and solid line positions of the deck
      lift arm 1226 as seen in FIG. 35. Accordingly, it will be apparent that
      the deck down switch 1222 will be open when the deck 1224 is at the
      out-of-range level but will be closed when the deck 1224 is at the
      standing pins level.
PAR  It will be recalled that the deck down switch 1222 is interposed in the
      circuit between the switch 1220 (FIG. 34) and the relay PRK such that the
      flip-flop 730 associated with lane one and found in the scanning cycle
      control (FIG. 23B) cannot be set unless the deck down switch 1222 is
      closed. Thus, if the deck 1224 is at the out-of-range level, the computer
      will not stop at lane one and the pinfall thereon will not be detected to
      cause the erroneous computation of a score due to the presence of the
      out-of-range pin. When such a situation occurs, the pinsetter may be run
      through its normal out-of-range cycle by manual initiation thereof by a
      pinsetter mechanic or bowling lane manager. The pinfall obtained on the
      ball may be credited to the bowler by manual entry thereof through the
      error correction system. Once the out-of-range first ball cycle of the
      pinsetter has been completed and the pinfall manually entered, the bowler
      may resume bowling in the normal manner rolling the second ball of the
      frame and the pinsetter will function in the usual manner.
PAR  5. INDICATION OF LACK OF BOWLER IDENTIFICATION
PAR  The instant invention contemplates means for indicating to a bowler when he
      has failed to identify himself to the computer. Specifically the rake of
      the pinsetter is left in a lowered position until the bowler has depressed
      a pushbutton associated with one of the switches 1050 (FIGS. 30A and 30B).
      Accordingly, several modifications are necessary.
PAR  Referring now to FIG. 35, a scissor switch 1238 is mounted in close
      proximity to the scissor cam follower 1240 of a Model A-2 pinsetter. As
      will be apparent to those skilled in the art, the scissor cam follower
      1240 follows the moving deck-scissor cam 1242 which is mounted on the gear
      box one-to-one shaft 1244. The scissor switch 1238 is normally held open
      by the scissor cam follower 1240 but will be closed when the scissor cam
      follower 1240 is on the low dwell of the cam 1242 which, as will be
      apparent to those skilled in the art, occurs during a first ball cycle
      when standing pins are detected. The purpose of the scissor switch 1238
      will be described in greater detail hereinafter.
PAR  Referring now to FIG. 37, a trigger silencing switch 1246 is mounted in
      close proximity to an extension of the left-hand end 1247 of the plunger
      lever 1248 of a Model A-2 pinsetter. The trigger silencing switch 1246 is
      arranged to be closed by the extension of the plunger lever 1248 when the
      pinsetter is at the zero degree point in a cycle and serves merely to
      prevent false triggering of the pinsetter.
PAR  The modification to a Model A-2 pinsetter required to cause it to stop at
      270.degree. is shown in FIG. 37 and comprises merely an adjustment of
      already present structure. A dash pot 1249 has a piston rod 1249a
      connected to end 1247 of the plunger lever 1248. A stop collar 1251 is
      adjustably secured to piston rod 1249a such that its position relative to
      the piston rod 1249a may be changed. In a normally adjusted Model A-2
      pinsetter, the stop collar 1250 is placed in a position on the piston rod
      1249a that the pinsetter will not stop at 270.degree. but by moving the
      stop collar 1250 downwardly (as seen in FIG. 36) on the piston rod 1249a,
      the pinsetter may be caused to stop at 270.degree. of each cycle.
PAR  The normal manner of initiating a cycle of a Model A-2 pinsetter when the
      pinsetter is stopped at 0 degrees, is by the striking of the pit cushion
      by a ball. The resulting movement of the pit cushion actuates a mechanical
      linkage which immediately causes the rake of the pinsetter to lower to
      indicate to the bowler that further balls should not be rolled. The motion
      of the lowering rake is used to trip a trigger switch SMTCS1 which
      initiates the pinsetter cycle after a predetermined time delay. The
      trigger switch SMTCS1 is referred to in said service manual as TCS1, the
      "SM" prefix used herein designating that, in every instance of its use,
      the connection or element corresponds to that designated in the service
      manual by the following reference symbol.
PAR  It will be recalled that at 270.degree. of a pinsetter cycle, the rake of
      the pinsetter is in a lowered position. Means, to be described
      hereinafter, are provided for triggering the pinsetter to continue the
      cycling from 270.degree. to 360.degree. during various situations
      including that wherein the bowler has identified himself to the computer
      by depressing a push button on the bowler panel. However, when such a push
      button is not depressed on the bowler panel, the pinsetter will stop at
      270.degree. with its rake down to indicate to the bowler that a ball
      should not be rolled due to the fact that the computer, lacking bowler
      identification cannot credit the resulting pinfall to a bowler. In other
      words, when the pinsetter is stopped at 270.degree. with its rake down, it
      serves to remind the bowler to identify himself to the computer by
      depressing a push button on the bowler panel.
PAR  Referring now to FIG. 34, the modified circuitry for controlling the
      triggering of the pinsetter at 270.degree. is shown to comprise the
      conventional triggering switch SMTCS1 of a Model A-2 pinsetter. The common
      side of the triggering switch SMTCS1 is connected through the triggering
      silencing switch 1246 to the terminal SMTD1-18 of the pinsetter wiring.
      The normally closed contact of the triggering switch SMTCS1 is connected
      to the terminal SMTD1-17 of the pinsetter wiring.
PAR  The triggering circuitry additionally includes a branch connected to the
      terminal SMTD1-16 of the pinsetter wiring through the normally closed
      contacts FNFKb and the normally opened contacts TLKa of the relays FNFK
      and TLK, respectively. The relay TLK is connected to the output of the
      inverter 738-1 of the scanning cycle control (FIG. 23B) and is normally
      energized thereby to close the contacts TLKa. However, when the flip-flop
      730-1 of the scanning cycle control is set by the pinfall ready circuitry
      or the detection and verification of a foul, the inverter 738-1 will
      deenergize the relay TLK to open the contacts TLKa. Accordingly when a
      ball is rolled to close the triggering switch SMTCS1 through its normally
      open contacts, a circuit will be completed through that switch, the
      trigger silencing switch 1236, which it will be recalled is closed at zero
      degrees, the relay contact TLKa which may only be open after 105.degree.
      of the pinsetter cycle to the dependence of the relay TLK of the flip-flop
      730-1 and the pinfall ready circuitry or the verification of a foul, and
      the relay contact FNFKb which will be closed as a foul will have not been
      detected. This will cause the triggering of the pinsetter after a time
      delay and it will proceed through a cycle until it reaches 270.degree.. If
      standing pins are detected, the scissor switch 1238 will be closed at
      270.degree. to thereby shunt the terminals SMTD1-16 and SMTD1-17. This
      will cause the retriggering of the pinsetter at 270.degree. without a time
      delay and it will proceed through a complete cycle.
PAR  In the event that a strike was achieved, the scissor switch 1238 will not
      be closed and the pinsetter will be halted at 270.degree. to await a new
      triggering impulse. If the strike was obtained in any frame but the tenth
      frame, a new bowler will be ready to bowl. If the bowler does not depress
      a push button on the bowler panel, he will be reminded to do so due to the
      lowered position of the rake of the pinsetter at 270.degree.. When the
      bowler depresses a push button on the bowler panel, a BOWLER ID LANE ONE
      signal will be issued to energize a rake control relay RCK. When the relay
      RCK is energized, it will close normally open contacts RCKa which are
      connected in series with a 270.degree. switch 1251 across the terminals
      SMTD1-16 and SMTD1-17. The resulting completed circuit will cause the
      triggering of the pinsetter without the time delay to cause it to go to
      360.degree.. The bowler may then proceed to bowl.
PAR  In certain tenth frame situations, the usual method of triggering the
      pinsetter at 270.degree. (use of the scissor switch 1238) will not operate
      as standing pins will not remain on the lane. Specifically, states seven,
      eight and ten provide such situations. Accordingly, an OR gate 1252 is
      provided for receiving state seven and state eight signals together with a
      RECYCLE PINSETTER signal from a delay multivibrator 1253 in response to a
      STATE 10 signal applied thereto. When one of the aforementioned signals is
      present, the OR gate will cause the setting of a flip-flop 1254 which has
      an output from its reset section to the input of a NAND gate 1255. The
      NAND gate 1255 has a second input on which a SCORE LANE ONE signal may be
      received. When the flip-flop 1254 is set and a SCORE LANE ONE signal is
      present, the NAND gate 1255 will energize a special rake control relay
      SRCK through the normally closed contact of a 350.degree. switch 125 which
      is opened at 350.degree. of each pinsetter cycle. The energization of the
      relay SRCK closes contacts SRCKb which provide a holding circuit therefore
      together with contacts SRCKa which are arranged in parallel with the relay
      contacts RCKa. Thus, when states seven, eight or ten occur, the resultant
      energization of the relay SRCK will cause the triggering of the pinsetter
      at 270.degree. .
PAR  It should be noted that the method of triggering the pinsetter via the
      relay contacts RCKa during such tenth frame situations is inoperative as
      the relay RCK is de-energized when a bowler on a lane has identified
      himself and the pinsetter is ready to be utilized by the computer. Such
      deenergization of the relay RCK occurs by the shunting thereof by relay
      contacts PHKb which are operated by a relay PHK. It will be recalled that
      the relay PHK is energized in response to a BOWLER ID LANE ONE AND READY
      signal and additionally closes the normally open contacts PHKa for
      preventing the changing of bowler identification until the second ball in
      a frame has been rolled and the resulting computation completed.
PAR  It will be noted that the just described arrangement permits a bowler to
      roll a second ball in a frame whether or not the computer has digested the
      first ball information. For example, then it is necessary to roll a second
      ball in a frame in a conventional bowling game, standing pins will remain
      in the lane after the first ball. Accordingly, the scissor switch 1238
      will retrigger the pinsetter at 280.degree. and it will proceed to
      360.degree. in the manner just described. If the first ball information
      has been utilized by the computer, no problem exists. However, if it has
      not, precaution must be taken to preclude destruction of the first ball
      information in the pinfall buffers by the resetting thereof which will
      occur at 105.degree. of the second ball cycle.
PAR  Since the first ball information has not been used, the flip-flop 730-1 of
      the scanning cycle control (FIG. 23B) will still be set in response to the
      operation of the pinfall ready circuitry. Accordingly, the relay TLK will
      be deenergized and the controls TLKa will be open to preclude triggering
      of the pinsetter. As a result, the rolling of the second ball will merely
      cause the pinsetter rake to drop without cycling the pinsetter. When the
      first ball information has been digested as evidenced by the resetting of
      the flip-flop 730-1, the relay TLK will be energized to close the contacts
      TLKa thereby triggering the pinsetter. This feature of the invention
      permits a bowler to roll both balls in a frame without possible delay
      caused by the computer during a computation cycle.
PAR  6. MEW PINS SOLENOID
PAR  The Model A-2 pinsetter is additionally modified to include a solenoid
      actuator that is arranged with respect to the mechanism such that whenever
      the solenoid is pulsed, the pinsetter will be switched to a second ball
      cycle. The specific arrangement of such a solenoid in the pinsetter is
      shown in FIG. 16 of U.S. Pat. No. 3,153,538 issued to A. P. Rogers. The
      new pin solenoid as shown by Rogers is numbered 285. Thus, reference
      hereinafter to a new pin solenoid R285 will be understood to refer to the
      just-mentioned construction disclosed by Rogers.
PAR  7. MANUAL CYCLING OF PINSETTER
PAR  An unmodified Brunswick Model A-2 pinsetter includes a switch that may be
      manually manipulated to cause cycling of the pinsetter in four situations.
      These situations are (1) when a new set of pins is desired because the
      pins just delivered by the machine are off spot or one has fallen over,
      (2) to spot a new set of pins upon the occurrence of a first ball foul,
      (3) to spot a new set of pins in certain tenth frame situations, and (4)
      when the pinsetter fails to trigger in the normal manner by the striking
      of a ball against the pin cushion.
PAR  As will be seen, the instant invention provides means for automatically
      cycling the pinsetter to accommodate situations two and three above.
      However, it is still necessary to manually recycle the pinsetter when
      either of situations one or four above occur. In the case of situation one
      above, it will be obvious to those skilled in the art that the
      pinfall-ready circuitry described above will cause reading of the pinfall
      obtained by the lane when the pinsetter is cycled. It will also be
      apparent that when a new set of pins is desired because the previously set
      pins are off spot or one or more of the pins has fallen over, that the
      computer should not utilize information made available to it by the pin
      detecting means of the pinsetter when the latter is cycled solely for the
      purpose of obtaining a new set of pins. Thus, it is necessary to provide
      means for preventing the setting of the flip-flop 730 in the scanning
      cycle control (FIG. 23B) associated with the pinsetter to by cycled in
      such a situation which would cause initiation of a computer operation.
      However, when the pinsetter fails to trigger in the normal manner, it will
      be apparent that the pinfall should be determined and a scoring operation
      should result. Thus, the unmodified cycle switch which is designated CP2
      in the above-referred-to service manual is retained. As seen in FIG. 34,
      the standard cycle switch is designated SMCP2. The switch SMCP2 may be
      operated to cause cycling of the pinsetter when the machine fails to
      trigger. The sides of the switch SMCP2 are connected to the usual
      terminals SMCN2-A and SMCN2-B in the pinsetter wiring. A second switch,
      generally designated 1257, is provided to accommodate recycling of the
      pinsetter in situation one above. The switch 1257 includes a first switch
      1257a that is ganged with a second switch 1257b. Both are maintained in a
      normally open position. The switch 1257b is connected to the terminals
      SMCN2-A and SMCN2-B in the same manner as the switch SMCP2. The switch
      1257a is connected in series with a relay CNPK and a power source. Thus,
      when the switch 1257 is closed to cause the recycling of the pinsetter
      without the initiation of a scoring operation by the computer, the switch
      1257b will cause the pinsetter to cycle in the normal manner while the
      switch 1257a will energize the relay CNPK. The relay CNPK operates
      normally closed contacts CNPK a associated with the switches 1220 and 1222
      and the relay PRK. Thus, when the relay CNPK is energized, the contact
      CNPKa will be opened such that the relay PRK cannot be energized and the
      flip-flop 730-1 of the scanning cycle control will not be set. The relay
      CNPK additionally operates a pair of normally open contacts CNPKb which
      operate as a holding circuit for the relay CNPK. The contacts CNPKb are
      connected to the normally closed contact of a 350.degree. switch 1256
      which is arranged to be opened at 350.degree. of the pinsetter cycle. The
      other side of the switch 1256 is connected to a source of power. Thus,
      when the switch 1257 is depressed to energize a relay CNPKa through the
      switch 1257a, the holding circuit formed by the contacts CNPKb and the
      350.degree. switch 1257 will maintain the relay CNPK energized and the
      contacts CNPKa opened until the pinsetter has gone through 350.degree. of
      its cycle. Since the relay PRK can only be energized to ultimately cause
      the flip-flop 730-1 of the scanning cycle control (FIG. 23B) to be set at
      105.degree. of the pinsetter cycle due to the arrangement of the
      105.degree. switch 1220, it will be apparent that a pinsetter cycle
      initiated by the depression of the switch 1257 cannot cause the flip-flop
      730-1 to be set.
PAR  While the primary purpose of the switch 1257 has been described as
      providing a new set of pins without causing the initiation of a scoring
      operation by the computer, it may also be used to provide a secondary
      function. In the event of a power failure in either the computer or the
      pinsetter or a malfunction in the computer, or as a possible consequence
      of the use of the pinsetter without the computer and the subsequent
      energization of the computer for use with the pinsetter, the pinsetter may
      be in a second ball cycle when the computer logic indicates that scoring
      should proceed on a first ball basis or vice versa. In such a situation,
      the computer and the pinsetter may be out of phase with each other. In
      order to place the computer and the pinsetter back in synchronization with
      each other, the switch 1257 may be used to cycle the pinsetter without
      initiating a computer operation.
PAR  8. THIRD BALL -- TENTH FRAME PINSETTER CYCLING
PAR  As will be apparent from Table 1, bowler states nine and ten are common to
      the third ball in the tenth frame. In the case of state nine, the first
      ball in the tenth frame will have been a strike and accordingly, the
      second ball in a tenth frame in such a situation will cause the pinsetter
      to go through a first ball cycle in the normal manner. The third ball in
      the tenth frame in such a situation will cause the pinsetter to go through
      a normal second ball cycle such that upon completion of the scoring
      thereof, the pinsetter will automatically set new pins for the next
      bowler. Accordingly, when a bowler is in state nine, there is no need to
      provide for cycling of the pinsetter.
PAR  However, since state ten is defined as the third ball in a tenth frame
      following two strikes or a spare in the tenth frame, it will be apparent
      that the pinsetter would normally treat the third ball in the tenth frame
      in a state ten situation as a first ball and, in the event a strike was
      not obtained on that ball, the pinsetter would leave standing pins
      remaining on the lane even though the bowler has completed his game.
      Accordingly, means are provided for cycling the pinsetter in a state ten
      situation such that the pinsetter will undergo a second ball cycle for the
      third ball in the tenth frame. Specifically, the delay multivibrator 1260
      (See FIG. 34) is adapted to receive a STATE TEN signal from the bowler
      state decoding matrix. The STATE TEN signal is received upon the
      completion of the bowler's scoring cycle following the second ball in the
      tenth frame. In other words, the state ten signal is the updated state and
      is used to trip the delay multivibrator 1260 as soon as it is formed. The
      output of the delay multivibrator 1260 is utilized as an input by an AND
      gate 1262 together with a SCORE LANE ONE signal. The output of the delay
      multivibrator 1260 is termed a RECYCLE PINSETTER signal and is utilized as
      an input to similar AND gates 1262 for lanes 2-4. When both the SCORE LANE
      ONE and RECYCLE PINSETTER signals are present at the AND gate 1262, a game
      over relay GOK will be energized. The energization of the game over relay
      GOK causes the closing of normally open contacts GOKa which provide a
      holding circuit for the game over relay GOK through the normally closed
      contact of the 1050 switch 1220. The energization of the game over relay
      GOK additionally causes the closing of contacts GOKb which are connected
      to the normally open side of the 350.degree. switch 1256. When the
      pinsetter reaches the 350.degree. point in a cycle, power will be supplied
      through 350.degree. the switch 1256, and the contacts GOKb to a foul cycle
      relay FCK. The relay FCK when energized is adapted to close normally open
      contacts FCKa which are placed in series with a new pin solenoid relay
      NPSK across the terminals SMTS2-9 and SMTS2-4 of the pinsetter wiring. The
      arrangement is such that when the foul cycle relay FCK is energized
      through the contacts GOKb and the 350.degree. switch 1256, the new pin
      solenoid relay NPSK will be energized to close a pair of normally contacts
      NPSKa and NPSKb. The contacts NPSKa and NPSKb are connected in series with
      the new pin solenoid R285 across a source of power and it will be apparent
      that when the new pin solenoid relay NPSK is energized, the new pin
      solenoid R285 will be energized. This will occur at 350.degree. of the
      pinsetter cycle due to the presence of the switch 1256 in the circuitry
      and will cause the pinsetter to ready itself to undergo a second ball
      cycle when the next ball is rolled. Since the just described operation
      takes place after the rolling of the second ball in the tenth frame during
      a state ten situation, it will be apparent that when the third ball is
      rolled in the tenth frame, the pinsetter will undergo a normal second ball
      cycle and thereby spot a new set of pins at the usual point in a second
      ball cycle in readiness for the next bowler.
PAR  9. RESETTING OF THE PINFALL BUFFERS PRIOR TO A SUBSEQUENT BOWLER
PAR  As mentioned previously in conjunction with the description of the pinfall
      buffers, it is desirable to cause resetting thereof near the completion of
      a second ball cycle of the pinsetter such that the pin position lamps
      L1-L10 will be extinguished before the next bowler is ready to bowl. Since
      a Model A-2 pinsetter includes a first ball-second ball switch, the
      position of such a switch may be used to permit the issuing of the RESET
      PINFALL BUFFERS signal only after the second ball in a frame.
      Specifically, a second ball relay 2BK is connected across terminals
      SMTS2-8 and SMTS2-9 of the pinsetter wiring such that the relay 2BK will
      be energized whenever the first ball-second ball switch of the pinsetter
      is in a position corresponding to a second ball situation. In a Model A-2
      pinsetter, the first ball-second ball switch is in the second ball
      position from about 270.degree. of a first ball cycle to about 180.degree.
      of a second ball cycle. When the relay 2BK is energized by the first
      ball-second ball switch, it will open contacts 2BKc. The contacts 2BKc
      are connected in series with the normally open contact of the 350.degree.
      switch 1256 and the OR gate 201 (FIG. 6). Thus, it will be apparent that
      at 350.degree. of a first ball cycle, the contacts 2BKc will be opened due
      to the energization of the second ball relay 2BK and cannot provide a
      RESET PINFALL BUFFERS signal to the OR gate 201. However, at 350.degree.
      of a second ball cycle, the switch 1256 will be closed as will be the
      contacts 2BKc due to the de-energization of the second ball relay 2BK and
      the resultant RESET PINFALL BUFFERS signal will be fed to the OR gate 201
      to cause each of the pinfall buffers PB1-PB10 (FIG. 6) to be reset thereby
      extinguishing the lamps L1-L10 such that they will not be lit when the
      subsequent bowler begins a frame.
PAC  W. Foul Detection and Verification System
PAR  The instant invention makes use of conventional automatic foul detecting
      equipment such as that marketed by the Brunswick Corporation under the
      trademark "Telefoul". Typically, such foul detecting equipment includes a
      switch such as that shown at FDS in FIG. 34 which is momentarily closed
      when a foul is detected. One side of the switch FDS is connected to one
      side of a source of power. The other side of the switch FDS is connected
      through normally open contacts 2BKb of the second ball relay 2BK and a
      foul rake control relay FRCK to ground. Additionally, the same side of the
      switch FDS is connected through a 90.degree. - 330.degree. switch 1270
      which is closed by the pinsetter at 90.degree. and 330.degree. of each
      pinsetter cycle and the foul cycle relay FCK to ground. A relay PLK is
      connected in series with a source of power and the switches FDS. Thus,
      when the switch FDS is closed, the relay PLK will be energized to open its
      normally closed contacts PLKb which, it will be recalled, are interposed
      between ground, the relay contacts 734-1 and the AND gate 732-1 of the
      scanning cycle control (FIG. 23B). Accordingly, the flip-flop 730-1 of the
      scanning cycle control cannot be set by the closing of the contacts 734-1
      when a foul has been detected as the contacts PLKb are opened by the
      energization of the relay PLK. Additionally, normally open contacts PLKa
      will be closed to provide a holding circuit for the relay PLK through a
      switch NFa and the 350.degree. switch 1252.
PAR  If a BOWLER ID LANE ONE signal is issued by the bowler panel in response to
      the depression of one of the switches associated therewith, a foul
      indicating lamp FL1 will be lit through the circuit path from the bowler
      panel and the switch FDS to a source of power. Similarly, a foul-no foul
      relay FNEK and a relay TFK will be energized through the same path.
PAR  The energization of the relay TFK closes contacts TFKa to establish a
      holding circuit for the relays PLK, FNFK and TFK through the normally
      closed contact of a no foul switch NFa and the normally closed contact of
      the 350.degree. switch 1256. The lamp FL1 is maintained in an illuminated
      condition by the same holding circuit.
PAR  The energization of the foul-no foul relay FNFK is operative to open the
      normally closed contacts FNFKb which normally connect the common side of
      the pin detecting switches PS1-PS10 (FIG. 6) to ground. However, the
      common side of such pin detecting switches are still connected to ground
      through the normally closed contact of a foul switch Fa.
PAR  The no foul switch NFa is ganged with a second switch NFb while the foul
      switch Fa is ganged with a second switch Fb. The purpose of the switches
      NFb and Fb will appear hereinafter. The no foul switches NFa and NFb are
      arranged on the bowler panel as are the foul switches Fa and Fb.
PAR  When the automatic foul detecting system detects a foul and closes the
      switch FDS, the computer will not automatically disregard the pinfall, if
      any, achieved, as being obtained by a foul ball. Rather, the computer will
      disregard the happenings entirely as the energization of the relay PLK in
      the manner just described will have opened the contacts PLKb to prevent
      the lane one pinfall ready flip-flop 730-1 from being set. Thus, the no
      foul switches NF or the foul switches F may be manually operated by a
      bowler or a referee to verify the occurrence or nonoccurrence of a foul.
      In other words, the foul switches F and the no foul switches NF provide a
      manual check on the foul detection system and their operation may be
      assigned to a referee or the like. It will be noted that manipulation of
      the switches F and NF when a foul has not been detected as evidenced by
      the closing of the switch FDS will be ineffectual as the relays PLK, FNFK
      and TFK all require the closing of the switch FDS as a preliminary
      condition of their energization. Thus, a ball cannot inadvertently be
      scored as a foul ball unless a foul has, in fact, been detected.
PAR  If the switch FDS was momentarily closed by the foul detecting system, the
      foul lamp FL1 together with the relays PLK, FNFK and TFK will be
      illuminated and energized, respectively, and will be maintained in such a
      condition through the holding circuit previously mentioned. In the event a
      bowler or a referee makes a decision that no foul was in fact committed,
      the depression of a pushbutton associated with the no foul switches NF
      will cause the holding circuit to be broken by virtue of the opening of
      the switch NFa. Since the switch FDS will have been closed only
      momentarily, it will be apparent that the interruption of the holding
      circuit by the opening of the switch NFa will de-energize the relay PLK
      thus permitting the contacts PLKb to be closed and the flip-flop 730-1
      will be permitted to be set in the normal manner such that the computer
      will eventually score the pinfall.
PAR  In the event a bowler or a referee decides that a foul has, in fact, been
      committed, he will depress a pushbutton associated with the foul switch F.
      This will cause the foul switch Fa to be closed through its normally open
      contact and will disconnect the common side of the pin switches PS1-PS10
      from ground such that when the computer ultimately reads the pinfall, all
      pins will be read as standing as described with reference to the pinfall
      buffers. This operation is caused by the presence of a resistor 1270
      connected between a source of power and the normally closed contact of the
      foul switch Fa. As will be apparent to those skilled in the art, when the
      switch Fa is no longer closed between its normally closed position, the
      potential at the normally closed contact thereof will go to that of the
      power source.
PAR  The junction of the normally closed contact of the switch Fa and the
      resistor 1270 is connected through the normally open contacts 2BKa to the
      NAND gate 200 (FIG. 6) to issue the SECOND BALL FOUL signal which, it will
      be recalled, precludes the resetting of the pinfall buffers, such that
      first ball pinfall information is retained therein and credited to the
      bowler. The SECOND BALL FOUL signal will be issued due to the change in
      potential at the junction and the closed position of the normally contacts
      2BKa due to the energization of the second ball relay 2BK during the
      portions of the first and second ball cycles of the pinsetter as noted
      above.
PAR  The closing of the switch Fa through its normally open contact will
      additionally cause the setting of the foul memory flip-flop 740-1 of the
      scanning cycle control. This is due to the closing of the normally open
      relay contact 742-1 by the energization of the relay TFK. It will be
      recalled that the setting of the flip-flop 740-1 in response to a verified
      foul will cause the associated pinfall ready flip-flop 730 to be set
      independently of the usual path through the AND gate 732-1. Accordingly,
      when the scanning cycle control detects that the flip-flop 730-1 is set,
      it will proceed to score the bowler in a proper manner for a foul as
      previously described.
PAR  Once energized by the momentary closing of the switch FDS, the relays PLK,
      FNFK and TFK will be energized until either the no foul switch NF is
      depressed to open the switch NFa or the pinsetter has proceeded through
      350.degree. of the cycle thereby opening the 350.degree. switch 1256 with
      respect to its normally closed contact and closing it through its normally
      open contact in the manner previously mentioned. In the case of a second
      ball foul, the relays FNFK and TFK are deenergized when the BOWLER ID LANE
      ONE signal is removed.
PAC  X. Relation of the Foul System to the Pinsetter
PAR  It will be recalled from the discussion of pinsetter triggering that the
      normal path of triggering the modified pinsetter at 0.degree. includes the
      normally closed contacts FNFKb operated by the foul-no foul relay FNFK.
      Since the mere detection of a foul energizes the foul-no foul relay FNFK
      in the manner described above, the pinsetter cannot be triggered through
      the usual path. Accordingly, it will be disabled and will remain disabled
      until either the foul switch F or the no foul switch NF is depressed. In
      order to provide triggering when either of the two switches NF or F are
      depressed, the switches NFb and Fb are arranged in parallel and have a
      common connection to the terminal SMTD1-17. The normally open contacts of
      the switches NFb and Fb are connected in common and in series with the
      normally contacts TFKc to the terminal SMTD1-16. It will be recalled that
      when a foul has been detected, the relay TFK is energized. Accordingly,
      the normally open contacts TFKc will be closed and the depression of the
      push buttons associated with either the switch NF b or the switch Fb will
      effectively shunt the terminals SMTD1-16 and SMTD1-17 to trigger the
      pinsetter without a time delay. Accordingly, the pinsetter will proceed
      through the cycle to 270.degree. where it will stop as, in a manner to be
      described hereinafter, the lane will have been cleared of standing pins in
      response to the occurrence of a foul such that the scissors switch 1238
      will not operate to trigger the pinsetter at 270.degree.. Similarly, the
      pinsetter may not be triggered through the relay contacts RCKa as the
      relay RCK will have been de-energized by the presence of a BOWLER ID LANE
      ONE and PINFALL READY signal. Furthermore, it may not be a tenth frame
      situation such that the pinsetter cannot be triggered through the relay
      contacts SRCKa. Accordingly, normally open relay contacts FRCKa operated
      by a foul rake control relay FRCK are placed in series with the
      270.degree. switch 1251 across the terminals SMTD1-17 and SMTD1-16. The
      relay FRCK is connected through normally open contacts 2BKb to the holding
      circuit provided by the switch NFa and the 350.degree. switch 1252.
      Accordingly, if it is not a second ball situation, the relay FRCK will be
      energized to close the contacts FRCKa to thereby trigger the machine
      without a time delay through those contacts and the 270.degree. switch
      1251. In the event the foul is committed on the second ball, the pinsetter
      will remain stopped at 270.degree. awaiting the depression of a push
      button on the bowler panel by the next bowler to energize the relay RCK to
      trigger the pinsetter through the contacts RCKa.
PAR  As has been noted above, when a first ball foul occurs it is necessary to
      cycle the pinsetter such that it will spot new pins and be ready for a
      second ball cycle. This operation is achieved by pulsing the new pin
      solenoid R285 twice during the respotting cycle. It will be recalled that
      when a foul is detected and verified, the relay TFK will be maintained
      energized to provide a holding circuit through the 350.degree. switch
      1256, the switch NFa and the relay contacts TFKa. The
      90.degree.-330.degree. switch 1270 is connected into the holding circuit
      such that when it is closed at 90.degree. of a pinsetter cycle and again
      at 330.degree. of the pinsetter cycle, it will cause the foul cycle relay
      FCK to be energized twice in response to each of the closings of the
      switch 1270. It will be recalled from the discussion of pinsetter
      recycling in tenth frame situations that the energization of the foul
      cycle relay will ultimately cause energization of the new pin solenoid
      R285. Accordingly, the new pin solenoid R285 will be pulsed once at
      90.degree. of a pinsetter cycle and again at 330.degree. of a pin cycle.
      When the new pin solenoid R285 is pulsed at 90.degree. of the cycle, it
      will cause the pinsetter to spot new pins. When it is pulsed again at
      330.degree. of the cycle, it will cause the pinsetter to ready itself to
      go through a second ball cycle when the next ball is rolled. Accordingly,
      it will be seen that the foul circuit just described is operative in
      response to the detection and verification of a first ball foul to cause
      the pinsetter to spot new pins and prepare itself for a second ball cycle
      such that when the bowler rolls the second ball in the frame at the newly
      spotted pins, the pinsetter will automatically treat the ball as a second
      ball and cycle accordingly whereby new pins will be spotted in readiness
      for the next bowler.
PAR  An examination of the just described circuitry will also show that the new
      pin solenoid R285 is pulsed twice in response to a detected and verified
      second ball foul. However, it has been found that such unnecessary pulsing
      of the new pin solenoid R285 does not preclude the pinsetter from readying
      itself for a first ball cycle after a second ball foul.
PAC  Y. Modification for the Indication of Incremental Pinfall
PAR  Up to this point, a completely automatic bowling scorekeeping system has
      been described. It should be understood that one of the functions of the
      computer, namely that of providing an all-ball history of the pinfall in
      each frame at the box score level, may be handled in two different ways.
      The manner in which this function is performed as described previously may
      be called a "cumulative pinfall" method wherein at the box score level in
      the first ball position (tens column) the first ball pinfall is indicated
      and at the second ball position (units column), the total or cumulative
      pinfall for both balls in a frame is indicated. Alternatively, an
      "incremental pinfall" method of indication may be used. When using the
      "incremental pinfall" method of indication, at the box score level in the
      first ball position (tens column), the pinfall achieved by the first ball
      is indicated and in the second ball position (units column) only the
      additional pinfall achieved by the second ball is indicated. Thus where
      "cumulative pinfall" is used in a frame in which seven pins were knocked
      down by the first ball and two additional pins were knocked down by the
      second ball, the box score would be indicated as shown in the first bowler
      line in the fragment of the score sheet illustrated in FIG. 38. That is,
      the entry at the box score level in the first ball position would be a "7"
      while the entry at the second ball position would be a "9". When the
      "incremental pinfall" system is followed in the same situation, as
      indicated at the second bowler line in FIG. 38, the entry at the box score
      level in the first ball position would again be a "7" but the entry at the
      second ball position would be a "2".
PAR  In order to accommodate the "incremental pinfall" method where that is
      preferred, certain modifications and a number of additions must be made to
      the logic described previously. Specifically, since the preferred
      embodiment of a pinfall detecting apparatus used in the instant invention
      senses first ball pinfall only after the first ball in a frame is rolled
      and then senses the total or cumulative pinfall for both balls in the
      frame after the second ball is rolled, a means for subtracting the first
      ball pinfall from the first and second ball cumulative pinfall must be
      provided in order to arrive at a numerical value representative of only
      the second ball pinfall. Furthermore, since the computer is of the nature
      to score a plurality of lanes simultaneously ball by ball, it will be
      appreciated that the computer may score the first ball of a frame on one
      lane and proceed to score one or more other lanes before returning to the
      first lane to score the second ball of a frame rolled thereon.
      Accordingly, it is also necessary to expand the memory of the computer to
      provide a means for remembering the first ball pinfall such that it can be
      subsequently subtracted from the first and second ball total or cumulative
      pinfall. Thus, the core memory plane shown in FIG. 24 is expanded to
      include five additional words. Four of the additional words are associated
      with each of the four lanes which the computer is adapted to score and the
      fifth word is associated with the error correction system. Additionally, a
      subcontrol system must be added to control selection of the additional
      memory words and the subtraction process.
PAR  In general terms, the pinfall after the first ball in a frame is sensed by
      the pin detecting system and is loaded into the buffers in the manner
      described previously. When the scanning cycle control indicates that the
      particular lane is to be scored, the pinfall information is loaded from
      the buffers into the pinfall register also as described previously. One of
      the additional words for incremental pinfall in the memory is then
      selected and the pinfall information is written from the pinfall register
      into the selected word. Subsequently, the pinfall information is counted
      to provide the indication of the first ball pinfall at the box score
      level. Following the second ball in a frame, the cumulative first and
      second ball pinfall is again loaded into the pinfall register in the
      normal manner. Again, the appropriate incremental pinfall memory word is
      selected; and at this time, the information relative to first ball pinfall
      contained therein is read into the pinfall register to cause a subtraction
      of the first ball pinfall from the first and second ball pinfall. After
      the completion of this step, only the second ball pinfall remains in the
      pinfall register and at this point, it is counted and an indication of the
      second ball pinfall only is printed at the box score level. After the
      pinfall has been counted for second ball box score purposes, the pinfall
      register is again reloaded from the buffer with the total pinfall for both
      first and second balls for the purpose of adding the cumulative pinfall on
      both balls to the bowler's score.
PAR  Since the "incremental pinfall" method of scoring relates only to box
      scores, it will be apparent from Table 8 under the heading of Bowler Score
      Cycle Control that the incremental pinfall scoring cycle should take place
      during the function f.sub.2. Accordingly, as seen in FIG. 39, an
      incremental pinfall cycle start-stop flip-flop 1300 is provided with an
      input to its set section on which an f.sub.2 signal may be received. As a
      result, whenever the function f.sub.2 is to be performed, the flip-flop
      1300 will be set. When the flip-flop 1300 is set, an output from its set
      section is utilized to issue an IPF CYCLE signal. Similarly, when the
      flip-flop 1300 is not set, an output from its reset section is used to
      issue a IPF CYCLE signal. The output from the set section of the flip-flop
      1300 is also taken as an input to a NAND gate 1302 which has a second
      input taken through an inverter 1304 which is connected to the output of
      the five input NOR gate shown in FIG. 8 and associated with the pinfall
      register control. The output of the NAND gate 1302 is taken as an input to
      an AND gate 1306 which has a second input from a clock (not shown). The
      output of the AND gate 1305 is in turn placed on the trigger input of a
      two bit binary counter comprised of flip-flops IPFC1 and IPFC2. The
      arrangement is such that when the function f.sub.2 occurs and the counter
      of the pinfall register control (comprised of the flip-flops PRC1-PRC16)
      is not counting to provide shift pulses to the pinfall register, clock
      pulses will be placed on the trigger input of the incremental pinfall
      control counter comprised of the flip-flops IPFC1 and IPFC2 to cause the
      counter to count.
PAR  It will be apparent that the incremental pinfall counter may have four
      conditions, the first corresponding to binary zero which corresponds to a
      stop condition, binary one which causes the selection of the proper
      incremental pinfall memory word, binary two which is alternatively used to
      cause the writing of the information in the pinfall register into the
      selected memory word or the reading of the pinfall information in the
      selected memory word into the pinfall register, and binary three which is
      utilized to cause the counting of pinfall.
PAR  In order to cause a selection of the proper incremental pinfall memory
      word, and output from the set section of the flip-flop 1300 is provided as
      an input to a NAND gate 1308. A second input to the NAND gate 1308 is
      taken from the reset section of the flip-flop IPFC2, and as a result, when
      the flip-flop 1300 is set and the flip-flop IPFC2 is reset, the NAND gate
      1308 provides through an inverter 1310 an enabling input to each of five
      AND gates 1312, 1314, 1316, 1318 and 1320. It will be appreciated, of
      course, that the only time that the flip-flop 1300 is set and the
      flip-flop IPFC2 is reset will be at the aforementioned binary one
      condition. The AND gates 1312-1318, in addition to receiving an enabling
      input from the inverter 1310, also receive SCORE LANE ONE-SCORE LANE FOUR
      signals respectively which are generated by the scanning cycle control in
      the manner described previously. The AND gate 1320 is associated with the
      error correction system and appropriately receives a SCORE ERROR
      CORRECTION signal from the scanning cycle control. As a result of this
      construction, at binary one during an incremental pinfall cycle, and when
      the computer has stopped to score line one, the AND gate 1312 will be
      enabled. Similarly, at binary one of an incremental pinfall cycle when the
      computer is stopped to score lane four, the AND gate 1318 will be enabled
      or under the same condition during the incremental pinfall cycle, the
      computer is conditioned for an error correction procedure; the AND gate
      1320 will be enabled.
PAR  The output of the AND gates 1312-1320 are taken through respective
      inverter-drivers to the coils of reed relays 1322, 1324, 1326, 1328 and
      1330 respectively. The other side of the coils of the reed relays
      1322-1330 are returned to power such that whenever the corresponding AND
      gate is enabled, the reed relay will be energized. The energization of one
      of the relays 1322-1330 will close contacts 1332a--1330a, respectively, to
      complete the circuit for the corresponding incremental pinfall memory word
      in the manner generally similar to that described in conjunction with the
      team total lane memory, the team handicap memory and the individual bowler
      memory. That is to say, the contacts 1322a--1330a are arranged in the
      vertical read and half write circuits of their corresponding memory words.
PAR  If at this time, the computer is cycling for pinfall information obtained
      after the first ball in a frame, it will be apparent that there is no need
      to perform the subtraction process of first ball pinfall from first and
      second ball pinfall at this time. Accordingly, there is no need to read
      the information contained in the selected memory word, but rather it is
      necessary to write the first ball pinfall information into the selected
      memory word for use in the succeeding, second ball cycle for the
      particular lane if required. Thus, when the computer is cycling for the
      first ball in a frame, it is necessary that during binary two of an
      incremental pinfall cycle that pinfall information be written into the
      incremental pinfall memory word.
PAR  Each incremental pinfall memory word is comprised of ten bits in the one
      thru ten positions in the memory plane. Each word does not contain a
      numerical quantity representative of pinfall, but rather, is arranged to
      contain information relative to whether each pin in a particular position
      is standing or downed following the first ball in a frame. In other words,
      the first bit in each incremental pinfall memory word for each of the four
      lanes (as opposed to the word for error correction which is arranged on a
      somewhat different basis as will become apparent hereinafter) will contain
      information as to whether the No. 1 pin on the associated lane is standing
      or downed while the second bit in each word will contain information as to
      whether the No. 2 pin on the associated lane is standing or downed, etc.
      More specifically, downed pin information is read from the corresponding
      bits in the pinfall register into the corresponding bits in the selected
      incremental pinfall memory word. Thus, the outputs from the set sections
      of the flip-flops PR1--PR10 (the leads designated 1PS--10PS) are taken as
      inputs to ten AND gates 1340 as seen in FIG. 40. Each of the AND gates
      1340 has a second input on which an IPF CYCLE signal may be received from
      the flip-flop 1300 during an incremental pinfall cycle. As a result of
      this construction, the AND gates 1340 are enabled during an incremental
      pinfall cycle. The outputs of the AND gates 1340 are taken as inputs to
      corresponding NOR gates 1342 which perform OR functions. The output of the
      NOR gates 1342 are in turn taken as inputs to corresponding ones of the
      horizontal half write amplifiers WA1-WA10. Thus, if for example, the No. 5
      pin was downed, it would be appreciated that the flip-flop PR5 of the
      pinfall register would be in a reset condition because the flip-flops of
      the pinfall register are set in response to standing pins as described
      previously. During an incremental pinfall cycle, the reset condition of
      the flip-flop PR5 would be sensed by the corresponding AND gate 1340 which
      would be enabled and the resulting electrical indication would ultimately
      be passed on to the horizontal half write amplifier WA5 such that when the
      vertical half write pulse was issued in response to a WRITE signal, the
      fifth bit in the selected incremental pinfall memory would be caused to
      store the desired information.
PAR  It will be observed that FIG. 40 also illustrates an additional group of
      ten AND gates 1344 each corresponding to the first ten bits of the BCD up
      counter. Since the incremental pinfall cycle occurs only during the bowler
      cycle which, in turn, can only occur during cycle C, and since at t.sub.2
      of cycle C the appropriate bowler memory has been read into the BCD up
      counter and the bowler cycle is not started until t.sub.5, it will be
      apparent that at this time the BCD up counter will contain score
      information. In order to preclude erroneous writing of information
      contained in the BCD up counter into the incremental pinfall memory word,
      the AND gates 1344 include an input for receiving a IPF CYCLE signal. The
      arrangement is such that the AND gates 1344 are enabled only when an
      incremental pinfall cycle is not occurring and by virtue of their ultimate
      connection through the NOR gates 1342 to the corresponding horizontal
      one-half write amplifiers WA1-WA10, it will be apparent that the BCD up
      counter cannot have the information contained therein written into the
      memory except when an incremental pinfall cycle is not occurring. By the
      same token, it will be apparent that information contained in the pinfall
      register cannot be written into the memory except when a incremental
      pnfall cycle is occurring. Thus, the arrangement of the gates 1340 and
      1344 with respect to the pinfall register, the BCD up counter and the
      memory is such as to permit writing of the desired information only at the
      proper time.
PAR  By virtue of the gating arrangement just described, information contained
      in the pinfall register is made available to the selected memory word
      during the incremental pinfall cycle. However, before such information
      will be placed in the memory, it is necessary to issue a WRITE signal. To
      serve this end, the computer cycle control gating including the gates
      619-623 as shown in FIG. 20 is modified somewhat. Each of the
      aforementioned gates is retained but additional gates are added.
      Specifically, as shown in FIG. 39, an AND gate 1350 which provides an OR
      function is interposed between the output of the NAND gate 620 and the
      input to the NAND gate 619. As a result of this construction, the WRITE
      signal will be issued whenever the conditions previously noted with regard
      to the computer cycle control gating exist. In order to provide an
      additional condition under which the WRITE signal may be issued, the AND
      gate 1350 is provided with a second input from a NAND gate 1352. The NAND
      gate 1352 includes a first input connected to the output of the set
      section of the flip-flop IPFC2 and a second input for receiving a signal
      indicative of pinfall of less than 10 which is generated in a manner to be
      described. A third input is taken from the OR matrix for detecting the
      absence of a STATE 3 + 5 + 9 signal, and a fourth input is connected to
      the bowler state decoding matrix for sensing the absence of a STATE 10
      signal. The NOR gate 1352 will ultimately cause the NAND gate 619 to issue
      the WRITE signal when the flip-flop IPFC2 initially goes from a reset
      condition to a set condition corresponding to the change from binary one
      to binary two when the pinfall is not equal to 10 and when the bowler's
      state is not a second ball state as evidenced by the absence of the
      existence of states 3 or 5 or 9 or 10. The purpose of including an input
      for reception of the signal indicative of a pinfall less than 10 will be
      apparent when it is considered that it is undesirable to write first ball
      pinfall information into a selected memory word if a strike is achieved on
      the first ball of the frame since in such a case, the second ball cycle
      will not occur so that when the succeding incremental pinfall cycle is
      instigated, the information will still be retained in the memory and could
      cause erroneous box score entries.
PAR  As mentioned previously, during an incremental pinfall cycle, it is
      necessary to read the incremental pinfall memory. word rather than write
      if the computer is cycling following the second ball in the frame. In
      order to read the memory in this particular situation as well as to insure
      the reading of the memory in the other situations requiring such a
      function as described previously, the computer cycle gating including the
      gates 616, 617 and 618 illustrated in FIG. 20 is slightly modified. Again,
      all of the above mentioned gates are retained and an AND gate 1354 (FIG.
      39) is interposed between the output of the gate 617 in the input of the
      gate 616. The AND gate 1354 provides an OR function, and as a result, a
      READ MEMORY signal may be issued whenever the situations described
      previously exist. In order to cause the READ MEMORY signal to be issued
      during an incremental pinfall cycle, the AND gate 1354 includes a second
      input from a NAND gate 1356. The NAND gate 1356 includes a first input
      from the output of the set section of the flip-flop IPFC2 and a second
      input from an inverter 1358 which receives a STATE 3 + 5 + 9 signal. As a
      result of this construction, the READ MEMORY signal will be ultimately
      issue by the NAND gate 616 whenever the flip-flop IPFC2 is set initially
      corresponding to the transition from binary one to binary two and when a
      state 3 + 5 + 9 signal is present at the input to the inverter 1358.
PAR  From the foregoing, it will be apparent how the WRITE signal is generated
      during an incremental pinfall cycle following the first ball in a frame
      and is inhibited during the incremental pinfall cycle following the second
      ball in a frame. Similarly, it will be apparent how the READ MEMORY signal
      is issued during an incremental pinfall cycle following the second ball in
      a frame but cannot be issued during an incremental pinfall cycle following
      the first ball in a frame.
PAR  Up to this point, the control of the incremental pinfall cycle to the
      extent of selecting an appropriate memory in either reading or writing
      therein has been described in detail. The manner of counting pinfall will
      now be described. At binary three of the incremental pinfall cycle,
      pinfall should be counted. In order to insure that a COUNT PINFALL command
      is issued only at the proper time during the incremental pinfall cycle,
      the inverter 600, which it will be recalled was used to issue the COUNT
      PINFALL signal during the occurrence of f.sub.2, is omitted and is
      replaced with a NOR gate 1360. The NOR gate 1360 has a first input from
      the reset section of the flip-flop IPFC1 and a second input from the reset
      section of the flip-flop IPFC2. As a result, when both of the flip-flops
      IPFC1 and IPFC2 are in a set condition, which corresponds to binary three,
      the NOR gate 1360 will issue a COUNT PINFALL signal. Since an incremental
      pinfall signal takes place each time the function f.sub.2 is generated by
      the bowlers score cycle control, it will be apparent that the issuance of
      the COUNT PINFALL signal by the NOR gate 1360 occurs in a manner
      substantially identical to that described in conjunction with the
      "cumulative pinfall" logic except that its issuance is delayed to the
      latter portion of the f.sub.2 function rather than taking place
      immediately.
PAR  In order to terminate the incremental pinfall cycle, an output from the set
      section of the flip-flop IPFC2 is connected through a capacitor as an
      input to the reset section of the flip-flop 1300. The arrangement is such
      that when the flip-flop IPFC2 is reset corresponding to a change from
      binary three to binary zero, the flip-flop 1300 will be reset thereby
      disabling the gate 1306 to preclude the admission of further clock pulses
      on the trigger input of the flip-flop IPFC1. It is to be noted that the
      input to the set section of the flip-flop 1300 on which the f.sub.2 signal
      is received includes a similar capacitor such that the flip-flop 1300 will
      be set upon the change from f.sub.1 to f.sub.2 and may be reset at any
      time thereafter even though a f.sub.2 signal is still present.
      Additionally, each of the flip-flops 1300, IPFC1 and IPFC2 include inputs
      to their reset sections for receipt of a START-UP RESET signal.
PAR  The manner in which the substraction of the first ball pinfall from the
      first and second ball pinfall is performed will now be described. The OR
      gates 207 which have their outputs connected as inputs to the set section
      of the flip-flops PR1-PR10 are modified to receive six inputs. Five of the
      inputs to each OR gate 207 remain unchanged from those illustrated in FIG.
      7. However, as indicated in FIG. 41, a sixth input is received from the
      output of respective AND gates 1370. Each AND gate 1370 includes a first
      input for receiving the output signal of a corresponding one of the sense
      amplifiers SA1-SA10 illustrated in FIG. 24. A second input to each of the
      AND gates is derived from the output of a NAND gate 1372 which has a first
      input for receiving a BOWLER CYCLE signal and a second input for receiving
      a STATE 3 + 5 + 9 signal. A third input to the NAND gate 1372 is derived
      as an output from a NOR gate 1374 which in turn receives its single input
      from the output of an AND gate 1376. The AND gate 1376 includes 10 inputs
      from each of the reset sections of the flip-flops PR1-PR10 of the pinfall
      register. The over-all arrangement is such that the AND gates 1370 are
      enabled by the NAND gate 1372 whenever at least one of the flip-flops
      PR1-PR10 of the pinfall register is set, it is a second ball state as
      represented by the existence of a STATE 3 + 5 + 9 signal, and it is during
      the bowlers cycle as represented by the presence of a BOWLER CYCLE signal.
      It is to be noted that the output of the NOR gate 1374 is also used to
      provide the input to the NAND gate 1352 indicative of a pinfall of less
      than 10. When pinfall is equal to 10, all of the flip-flops PR1-PR10 will
      be in a reset condition and the AND gate 1376 will be enabled thereby
      disabling the NOR gate 1374. However, when pinfall is less than ten, one
      or more of the flip-flops RP1-PR10 will be set to disable the AND gate
      1376 thereby enabling the NOR gate 1374 to provide the requisite signal to
      the NAND gates 1352.
PAR  The performance of the subtracting operation may best be illustrated by the
      following example. Assume that on the first ball of a frame, a bowler
      knocked down seven pins. For the sake of clarity, let us assume that the
      No. 1, No. 2 and No. 3 pins remain standing. As a result, only the
      flip-flops PR1, PR2 and PR3 of the pinfall register will be set, the
      flip-flops PR4-PR10 remaining in a reset condition. When cycle C proceeds
      to t.sub.5 and the bowler cycle is initiated and in turn proceeds to
      f.sub.2, the incremental pinfall cycle will be initiated; and at binary
      one thereof the appropriate incremental pinfall memory word will be
      selected. At binary two of the incremental pinfall cycle, the reset
      condition of the flip-flops PR4-PR10 will be written in the fourth through
      tenth bits of the selected word in the incremental pinfall memory. At
      binary three, the pinfall will be counted in the manner described
      previously with regard to the "cumulative pinfall" construction, and
      ultimately the number "7" will be printed in the first ball box score
      position. The bowler will then proceed to roll the second ball in the
      frame and let us assume that he is able to knock two additional pins,
      namely the No. 1 and No. 2 pins. At this point, it will be apparent that
      only the No. 3 pin will remain standing. Again, cycle C will proceed and
      ultimately the incremental pinfall cycle will be initiated. At binary one
      thereof, the same word in the incremental pinfall memory will be selected,
      and at binary two, the contents of that word will be read into the pinfall
      register through the gates 1370 and 207. Previously, the pinfall
      information from the corresponding set of buffers has been read into the
      pinfall register and since at that time, only one pin remains standing,
      namely the No. 3 pin, it will be apparent that only the flip-flop PR3
      would be in a set condition. However, upon the reading of the memory into
      the pinfall register, the contents of the fourth thru tenth bits of the
      incremental pinfall memory word are read into the flip-flops PR4-PR10 in
      the manner described previously, and as a result, the flip-flops PR4-PR10
      will be set at this time. Thus, after the reading of the memory has taken
      place during binary two of the incremental pinfall cycle, it will be
      apparent that eight flip-flops of the pinfall register, namely the
      flip-flops PR3-PR10, willbe in a set condition. The incremental pinfall
      cycle will continue, and at binary three thereof the counting of the
      pinfall for box score purposes will take place. It will be recalled that
      the pinfall counter counts the number of reset flip-flops in the pinfall
      register. Since at this time there are only two flip-flops in the pinfall
      register in a set condition, namely the flip-flops PR1 and PR2, the
      pinfall counter will only register two, and in the ensuing print cycle
      only the number "2" will be printed in the second ball box score position.
PAR  At this point, some means must be provided in order to restore the
      condition of the pinfall register to reflect the total number of pins
      downed by both balls for purposes of adding that number to the bowler's
      score. It will be appreciated that the pinfall buffers at this time still
      contain information relative to the total number of pins downed by both
      balls rolled in the frame. Thus, the restoration of the pinfall register
      to reflect the total number of pins downed by both balls may be obtained
      merely by reloading the pinfall register from the proper set of buffers.
      It will be recalled that initially the loading of the pinfall register
      from an appropriate set of buffers was obtained by the application of a
      CYCLE START signal as an input to a NAND gate 205, the output of which was
      fed to five NOR gates 206, one for each lane and for the error correction
      system which together with a SCORE LANE ONE (or TWO or THREE or FOUR or
      ERROR CORRECTION, as the situation might require) enable the appropriate
      set of steering gates to load the pinfall register. However, at this time,
      the CYCLE START signal has already performed its function and because of
      the pulse forming nature of the NAND gate 205, automatic reloading will
      not take place. Therefore, as seen in FIG. 42, a second pulse forming NAND
      gate 1380 is provided and has a single input for receiving a COUNT PINFALL
      signal. The outputs of the NAND gates 205 and 1380 are utilized as inputs
      to an OR gate 1382, the output of which is connected as an input to the
      inverter 203 (see FIG. 6) and the electronic switch 208 (see FIG. 7).
      Assuming the lane being scored is lane one, it will be apparent that at
      this time the computer is still stopped at lane one and the SCORE LANE ONE
      signal will be present. Upon the cessation of the COUNT PINFALL signal at
      the end of an incremental cycle, the NAND gate 1380 will cause the
      inverter 203 to issue an appropriate input to the NOR gate 206 for lane
      one and since the SCORE LANE ONE signal is still present at this time, the
      steering gates from lane one will be enabled to reload the pinfall
      register in accordance with total pins downed information as represented
      by the condition of the pinfall buffers. Thus, when the bowler score cycle
      control moves on to f.sub.3 in response to a PRINT COMPLETE signal
      generated in response to the completion of the printing of the second ball
      box score, the pinfall register will be loaded with information
      representative of the cumulative pinfall on both balls in the frame and
      the addition of the cumulative pinfall to the bowler's score will take
      place in the manner previously described.
PAR  It will be apparent from the foregoing, that the manner in which
      subtraction is performed is dependent upon pin position information. It
      will also be recognized that the error correction system does not provide
      pin position information as such. However, the unique arrangement of the
      switches ECO-EC/ is such that it does not make any difference. By way of
      example, if the same bowling situation as that set forth above is
      considered, it will be apparent that if a pinfall of "7" is entered in the
      error correction system, ultimately only the flip-flops PR1-PR3 will be
      set corresponding to standing pins. The reset condition of the flip-flops
      PR4-PR10 will be reread into the incremental pinfall memory word for the
      error correction system after a first ball of a frame and when the switch
      EC9 is opened to provide cumulative pinfall information for both balls in
      the frame, the flip-flops PR2-PR10 will be in a reset condition, only the
      flip-flop PR1 being set. However, during binary two of the incremental
      pinfall cycle, the flip-flops PR4-PR10 will be set in the manner described
      above and only the flip-flops PR2 and PR3 will be reset. Again, the
      pinfall counter will only count the reset ones of the flip-flops PR1-PR10,
      and as a result, the number "2" will be printed in the box score position
      for the second ball. Thus, it will be apparent that even though the error
      correction system is not arranged to provide information as to the
      presence or absence of a standing pin in a predetermined position, its
      nature is such as to cause the setting of each flip-flop in the pinfall
      register during a second ball incremental pinfall cycle if that flip-flop
      was in a reset condition during a first ball incremental pinfall cycle.
PAR  One further modification is required in order to incorporate the
      incremental pinfall logic. In the unmodified embodiment, it will be
      recognized that only three types of memories are provided, namely handicap
      memories, team total memories and bowler memories. Since the handicap and
      team total memories need only be addressed during cycles B and D,
      respectively, it will be apparent that the mere existence of these cycles
      will serve as a proper indication of which memory to select. However, with
      the addition of the incremental pinfall memory words which are addressed
      during the bowler cycle which takes place during cycle C, it will be
      apparent that two different groups of memories are addressed at differing
      points during cycle C. Thus, an additional logic gate is required to
      preclude the issuance of the ADDRESS BOWLER MEMORY signal during cycle C
      when an incremental pinfall cycle is occurring and the incremental pinfall
      memory should be addressed. Accordingly, as seen in FIG. 43, a single AND
      gate 1390 is provided. The output of the AND gate 1390 issues the ADDRESS
      BOWLER MEMORY signal. The AND gate 1390 includes two inputs, one of which
      senses the absence of a CYCLE C signal and the other of which senses the
      presence of a IPF cycle. Thus, the ADDRESS BOWLER MEMORY signal can only
      be issued during cycle C when an incremental pinfall cycle is not
      occurring. When the incremental pinfall cycle occurs, the AND gate 1390 is
      disabled, and as a result the ADDRESS BOWLER MEMORY signal will not be
      issued.
PAC  III. SUMMARY OF FUNCTIONS
PAR  From the foregoing description it will be apparent to those skilled in the
      art that we have provided a bowling score keeping system capable of
      providing virtually entirely automatic score keeping functions for a
      plurality of bowlers bowling on a plurality of lanes in either open
      bowling or league competition. The provision in the system for manual
      bowler and lane sequencing permits bowlers to bowl out of order, permits
      late bowlers to "catch up" to the other bowlers bowling on the lane or the
      team and permits two members of the same team to be bowling simultaneously
      on different lanes. The latter feature distinctly speeds up bowling in
      league competition while the former features provide the advantage of a
      flexible sequencing of bowlers such that a bowler who is temporarily
      indisposed when his turn come up will not hold up the other bowlers
      bowling on the lane or the team.
PAR  The control of an automatic pinsetter by the system for causing automatic
      cycling of the pinsetter following a first ball foul or in certain tenth
      frame situations speeds up the game by insuring that the pinsetter will
      always undergo a first ball cycle to spot a new set of pins in readiness
      for the bowler or new game. Furthermore, the pinsetter control provides
      the advantage of indicating to a bowler that he has failed to utilize the
      bowler identification system and is arranged to prevent scoring errors
      when a ball has been rolled in the absence of bowler identification to the
      computer. Finally, the interrelation between the pinsetter and the bowler
      panel is such as to permit a bowler to bowl, in rapid succession, two
      balls in a frame without destroying first ball pinfall information if it
      has not been used by the computer. It will be appreciated that this
      feature obviates the possibility of a bowler having to wait for the
      computer to complete processing of the first ball information before he
      may roll his second ball.
PAR  It will also be appreciated that the bowler identification system
      effectively precludes the occurrence of more than one bowler
      identification to the computer on one lane at any given isntant. This
      feature effectively eliminates scoring errors that would obviously result
      where more than one bowler identification was present at a given time.
PAR  The printer position control provided by the bowler identification system
      provides the distinct advantage of printer positioning generally
      independently of the computer such that computer time is not wasted in
      readying the printer to print when a new bowler is about to bowl.
      Furthermore, additional computer time is saved by the feature of
      anticipatory positioning of the printer when the computer senses that
      another printing operation is to take place before the bowler has
      completed his frame.
PAR  The system also provides the advantage of permitting a pace bowler to bowl
      with a team in league competition while automatically precluding the score
      of the pace bowler from being included in the team total.
PAR  The error correction system provides the advantage of correcting
      information contained within the computer such that all scores computed
      after the error correction, including team totals, will be correct. This
      feature provides a distinct advantage over prior art systems wherein error
      correction must be manually entered on a score sheet insofar as the error
      corrections will be printed on the score sheet. Furthermore, the error
      correction system design provides the advantage that frame, cumulative
      score and bowler identification information need only be entered into the
      computer for the initial error correction operation. Thereafter, only
      pinfall information need be entered. This provides a significant time
      savings where an error is not discovered until a bowler has bowled one or
      more subsequent frames.
PAR  The system also provides the advantage of automatically detecting and
      indicating the occurrence of a "split" in accordance with the definition
      thereof set forth by the American Bowling Congress. In this respect, the
      provision of means which not only indicate the pins downed or standing,
      but additionally provide such information relative to each pin position is
      of particular significance.
PAR  Provision is made for automatic foul detection while permitting manual
      verification of occurrence of foul by a referee or the like. The foul
      detection system also includes an interlock such that the foul
      verification means cannot be operated erroneously or inadvertently insofar
      as it is disabled unless a foul is detected by the automatic foul
      detecting means. Finally, the foul detection system is arranged to
      preclude computation until a decision is made as to whether a foul, in
      fact, occurred. This feature provides the distinct advantage over certain
      prior art systems in that it permits any length of time to be used in the
      course of arriving at a decision and does not force the decision to be
      made within any given time period.
PAR  The provision for stopping the pinsetter and precluding computation by the
      computer in the case of an "out-of-range" pin permits the correct pinfall
      to be verified and entered manually by means of the error correction
      system immediately upon the occurrence of such an out-of-range pin and
      thereby negates the possibility of erroneous scoring due to out-of-range
      pins.
PAR  An interlock between the computer and pinsetter provides the advantage of
      indicating to a bowler that computation of the score of a previous bowler
      is not completed and precludes the destruction of pinfall information
      relative to the prior bowler by the rolling of a ball by the new bowler.
      This arrangement is of particular significance when the pin detecting
      means of an automatic pinsetter is used for ultimately providing the
      computer with pinfall information.
PAR  The computer logic permits the computer to compute score information
      relative to a single ball rolled by a bowler, compute score information
      relative to balls rolled by other bowlers and subsequently return to the
      first bowler to compute further score information for that bowler even
      though that bowler had not completed a frame by the rolling of the first
      ball. This permits optimum use of computer time such that a single
      computer may be used to score a plurality of bowlers bowling on a
      plurality of lanes.
PAR  The system provides for the computation, in league competition, of running
      team totals for each frame and an end of game team total, all of which are
      printed and indicated throughout the remainder of the game. This is a
      significant advantage over prior art systems where counters of the like
      are used to display the team total as it permits a frame by frame
      comparison of the totals of two teams such that the trend of the bowling
      game may be observed. Furthermore, the particular manner in which the team
      totals are computed permits reflection of error corrections made to the
      score of an individual bowler bowling on that team as well as indicating
      all pinfall definitely earned by members of the team through the frame in
      which the team total is computed. Such team totals additionally include a
      handicap value, if any, for the team in any frame following the entry of
      the handicap value. In this respect, the handicap entry is also printed on
      a score sheet and is entered into the computer using a portion of the
      error correction system.
PAR  The invention also provides the advantage of providing a complete history
      of pinfall. In this respect, the printed record includes an indication of
      frame score, first and second ball box scores, the indication of strikes
      and spares, and indications of spits and fouls, running and end of game
      totals and the handicap entry. The arrangement is such that the score
      sheet is laid out in a conventional format.
PAR  The fact that but a single computer is used for computing scores on a
      plurality of lanes permits the use of a single console for housing the
      computer. This provides an advantage to the proprietor of a bowling lane
      in the form of a space savings as a single console for a plurality of
      lanes is required.
PAR  The use of a single printer associated with each lane provides an advantage
      as the single score sheet associated with the printer reflects the scores
      only of the bowlers bowling on that lane or of a single team bowling on a
      lane pair. Thus, the printed record of a bowler's game is not combined
      with printed records of the bowling games of unrelated bowlers.
      Furthermore, the arrangement conserves computer time as a use of a
      plurality of printers permits a more rapid read-out.
PAR  The use of primarily electronic logic provides the advantage that the size
      of the computer is materially reduced while the speed thereof is greatly
      increased together with the elimination of many potential trouble sources
      such as pitted relay contacts, etc.
PAR  The provision in the bowler identification system for locking a depressed
      push button during the period beginning with the first ball cycle of the
      pinsetter through the end of the frame while permitting the computer to
      score other lanes provides the advantage of preventing inadvertent or
      erroneous changing of bowler identification between balls in a frame that
      could result in erroneous attributing of pinfall to the wrong bowler.
      Furthermore, the construction of the bowler identification that permits
      the rolling of a ball when no bowler identification is present, and causes
      the subsequent attributing of any pinfall achieved by a ball so rolled to
      the bowler who subsequently identifies himself to the computer provides
      the distinct advantage over prior art systems of precluding the erroneous
      crediting of the pinfall to the preceding bowler.
PAR  The arrangement wherein the standing pin lights are turned of just prior to
      the bowling of a new bowler permits indication of the standing pins
      remaining after the second ball in a frame while preventing such lights
      from acting as a distraction for the following bowler.
PAR  By use of the modified logic, the computing apparatus may be adapted to
      provide box score indication by use of the so-called "incremental pinfall"
      method of scoring and by virtue of its ability to use this method or the
      cumulative pinfall method of box scoring, the computer construction is
      flexible and may be arranged to provide either type of scoring indication
      depending upon the desire of the purchaser thereof. Furthermore, the
      unique construction of the logic used to provide incremental pinfall
      indication at the second box score position in a frame derives the second
      ball box score by means of a subtraction process that is completely
      compatible with pin detecting systems commonly used on automatic
      pinsetters and therefore does not require modification of the automatic
      pinsetter detection system as is the case with other prior art devices
      providing an incremental pinfall modification at the second ball box score
      position.
PAR  Finally, the construction permitting the cycling of an automatic pinsetter
      associated with the computer without initiating computation provides the
      advantage of correcting synchronization between the pinsetter and the
      computer or the obtaining of a new set of pins without causing erroneous
      scoring.
PAR  While I have described specific embodiments of my arrangement for
      examplification purposes, I do not wish it to be limited to the specific
      details set forth, but rather, to have the scope of my invention construed
      as set forth in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a bowling scoring apparatus for use with a plurality of players
      bowling simultaneously on a plurality of lanes, the combination of: means
      adapted to be associated with each of the lanes for detecting pinfall
      thereon attributable respectively to a plurality of players; a single
      means connected to said pinfall detecting means for receiving pinfall
      information for each lane from said pinfall detecting means and for
      computing a cumulative bowling score for each of the bowlers from said
      pinfall information; a plurality of bowler memories connected to said
      computing means for receiving and storing cumulative score information
      from the computing means; and a single error correcting means connected to
      said computing means and said bowler memories for selectively correcting
      an inaccurate cumulative score in any of the memories, said single error
      correcting means comprising means connected to said computing means and
      said bowler memories for manually entering bowler identification
      information thereinto to select the memory for a particular bowler, means
      connected to said computing means and to said bowler memories for manually
      entering frame information into a selected bowler's memory; means
      connected to said computing means and to said bowler memories for manually
      entering cumulative score information into a selected bowler's memory,
      means connected to said computing means for manually entering pinfall
      information into said computing means, and means connected to said
      computing means for manually initiating an error correction procedure to
      cause said computing means to recompute the selected bowler's score based
      on said manually entered information, said initiating means being operable
      to cause successive error corrections to the score of a bowler after an
      initial error correction to said bowler's score responsive solely to
      successive use of said pinfall entering means.
NUM  2.
PAR  2. The bowling scoring apparatus of claim 1 wherein said pinfall entering
      means includes means operable to cause successive ball-by-ball error
      corrections to a bowler's score.
NUM  3.
PAR  3. The bowling scoring apparatus of claim 1 wherein said entering means
      comprise manually operable switches.
NUM  4.
PAR  4. The bowling scoring apparatus of claim 1 wherein said single computing
      means comprises a frame register for receiving bowler frame information,
      an arithmetic register for receiving a bowler cumulative score and pinfall
      information; and means responsive to said bowler identification entering
      means for selecting one of said bowler memories and means responsive to
      said initiating means for clearing said selected one of said bowler
      memories.
NUM  5.
PAR  5. In a bowling scoring apparatus for computing the score of a bowler, the
      combination of: means for detecting pinfall information; means for
      receiving pinfall information and for computing a bowling score in
      accordance with the pinfall information; and means connected to said
      computing means for correcting an inaccurate bowling score computed by
      said computing means, said correcting means comprising means for entering
      frame information in said computing means, means for entering cumulative
      score information in said computing means, means for entering pinfall
      information in said computing means and means connected to said computing
      means for initiating an error correction procedure and operable to cause
      successive corrections to a bowler's score after an initial correction
      thereto by use of said pinfall entering means and without use of said
      entry means for frame and cumulative score information.
NUM  6.
PAR  6. The bowling scoring apparatus of claim 5 wherein said computing means is
      operative to compute scores for a plurality of bowlers and said correcting
      means further includes means for entering bowler identification
      information.
NUM  7.
PAR  7. The bowling scoring apparatus of claim 5 wherein said pinfall entering
      means includes means operative to cause successive ball-by-ball error
      corrections.
NUM  8.
PAR  8. The bowling scoring apparatus of claim 7 further including means for
      printing a computed score, said printing means being operative to print
      corrected scores in response to initiation of said error correction
      procedure.
NUM  9.
PAR  9. A bowling scoring apparatus for scoring and recording bowler scores
      bowled on a plurality of lanes by a plurality of bowlers comprising:
PA1  a. means for detecting the presence or absence of pinfall in each pin
      position on each of said plurality of lanes;
PA1  b. buffer means, one for each lane for receiving and storing information
      relative to pinfall in each pin position from said detecting means;
PA1  c. bowler identification means for indicating the bowler to whom pinfall
      should be credited;
PA1  d. a single computing means responsive to said bowler identification means
      for receiving said information relative to pinfall from said buffer means
      and for computing box scores and cumulative frame scores for each of said
      plurality of bowlers;
PA1  e. a plurality of separate printing means, one for each of said plurality
      of lanes, for printing said box scores and said cumulative frame scores at
      different positions on a score sheet responsive to said bowler
      identification means and said computing means;
PA1  f. means responsive to completion of each print cycle for prepositioning
      each said printer to print at one of said different positions in
      anticipation of the position at which the next printing operation is to
      take place;
PA1  g. memory means for each of said plurality of bowlers for receiving and
      storing information relative to cumulative frame scores for subsequent use
      by said single computing means;
PA1  h. means for destructively reading cumulative frame score information from
      said memory means into said computing means;
PA1  i. means for writing cumulative frame score information from said computing
      means into said memory means;
PA1  j. means for determining when a bowler's game has ended for disabling said
      writing means whereby the memory means will be cleared;
PA1  k. a single error correcting means for selectively correcting an inaccurate
      cumulative frame score in any of the memory means by clearing such memory
      means and entering a correct score;
PA1  l. means including a plurality of electronic gates for determining from
      said stored information relative to pinfall in each pin position whether
      the pattern of standing and fallen pins represents a "split";
PA1  m. means for selectively and alternatively conditioning said computing
      means to accommodate (1) open bowling on all of said lanes, (2) league
      bowling on some of said lanes and open bowling on others of said lanes;
      and
PA1  n. means responsive to said conditioning means for causing said computing
      means to compute a team frame score for each team bowling on such lanes as
      may be conditioned for league bowling by adding the corresponding frame
      scores of each of the bowlers on the team.
NUM  10.
PAR  10. An electronic computer system for detecting "splits" and for computing
      box scores and frame scores for a bowling game comprising:
PA1  a. a recirculating shift register for receiving pinfall information;
PA1  b. a first counter for counting pinfall for box score purposes;
PA1  c. a second counter for counting pinfall for frame score purposes;
PA1  d. means for loading said second counter with previous frame score
      information;
PA1  e. control means for selectively causing said recirculating shift register
      to shift pinfall information contained therein to said first counter
      whereby pinfall is counted to provide a box score, or to said second
      counter whereby pinfall will be counted and added to previous frame score
      information to provide a frame score; and
PA1  f. means including a plurality of electronic gates connected to said
      recirculating shift register for receiving the pinfall information
      contained therein for determining the existence of a "split".
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ABST
PAL  A combined tennis racket cover and support press including a case made of
      stiff material such as plastic and adapted to receive a tennis racket
      head, which case includes a bottom frame portion hingedly connected to two
      top half-frame portions which may be opened to receive the head of a
      tennis racket and closed and locked against springs urging open the top
      half-frame portions. The case provides a stiff enclosure to protect the
      racket against physical damage and contains pressure pads for applying
      pressure onto the head of the racket to prevent warpage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Tennis rackets require care in order to achieve their maximum useful life.
      They are subject to being damaged when they are transported by the owner
      either on a short trip to a tennis court or on a longer vacation trip.
      Also, they can become damaged or warped during storage.
PAR  At present, when a tennis player is traveling, either locally or on a long
      trip, the racket is usually covered with the fabric or plastic cover and
      hand-carried, or put into an accessory bag with other tennis items and
      either hand-carried or carried by means of a shoulder strap. When the
      racket is stored, it is usually hung on a hook by a loop on the racket
      cover or simply leaned against a wall in a closet or on a shelf. The cover
      for the racket is usually a fabric bag of some sort or a plastic bag with
      a side zipper. Some tennis players apply a conventional wooden press to
      the racket head. The press fits over the fabric or plastic cover and
      applies pressure at four points by the use of four wing nuts or screws or
      similar means.
PAR  When a racket is transported by a car, it is usually put in a safe place to
      prevent the puncturing of the cover and the breakage of strings which
      might occur in the event that the car should stop suddenly. When carried
      on an airplane, the racket is often placed under the seat where someone's
      foot could puncture the cover and break the strings. The shape of the
      racket makes it difficult to handle and protect while traveling.
PAR  The conventional wooden racket press is seldom used while traveling in
      either a car or an airplane because it adds bulk and weight to an already
      awkward item. Moreover, the metal parts of the press extend outwardly and
      are dangerous in that they can easily tear clothing, particularly
      stockings, and can snag on almost any item that comes into contact with
      them. Thus, the wooden press is usually used only for storage purposes.
PAR  Neither the wooden presses or the vinyl or fabric covers in use today offer
      protection from punctures, and ripping of the strings of the racket.
PAR  The prior art has not provided any satisfactory solution to the
      above-discussed problem of protecting a tennis racket both during travel
      and in storage. Illustrative of the prior art are the devices disclosed in
      U.S. Pat. Nos. 1,027,786; 1,197,332; 2,180,783; 2,196,625; 2,750,190;
      3,604,706; and 3,343,838.
PAR  The racket case and press shown in U.S. Pat. No. 1,027,786 requires an
      elaborate structure with exposed screw fastenings that may catch on things
      in transit, and requires screwing the apparatus between the strings of the
      racket which may damage the strings. Moreover, the screws can be
      misplaced.
PAR  The design shown in U.S. Pat. No. 1,197,332 requires fastenings that go
      between the strings of the racket, and it does not adequately protect the
      racket from weather.
PAR  The racket press shown in U.S. Pat. No. 2,180,783 provides no protection
      against weather and requires a cover in addition to the use of a press.
PAR  The device shown in U.S. Pat. No. 2,196,625 serves primarily as a frame and
      press and offers no weather or cover protection.
PAR  The racket press shown in U.S. Pat. No. 2,750,190 requires the use of a
      separate cover for portable use and during bad weather conditions.
PAR  The racket press and cover shown in each of the U.S. Pat. Nos. 3,343,838
      and 3,604,706 is complicated and elaborate construction and would be
      expensive.
PAC  SUMMARY OF THE INVENTION
PAR  It is the general object of the invention to provide a combined tennis
      racket cover and support press which presses the tennis racket while it is
      contained in a case and at the same time protects it from inclement
      weather and against the danger of string breakage, especially during
      traveling. Moreover, these desirable features are achieved by a device
      which is made of a single unit which is opened and used easily without
      requiring loose and unnecessary parts, such as screws that can be lost.
      The application of the pressing is accomplished simply by closing the case
      and no elaborate effort is required to apply pressure at points to prevent
      warping of the racket. Moreover, the equalization of the pressure points
      is achieved simply and easily. The design in accordance with the invention
      eliminates the elaborate structure of wooden frames, plates, clamps and
      screws used in the prior art. Moreover, the smooth design of the
      combination case-press-protector enables it to be used for storage or
      during transport and it can be carried by hand or within another bag or
      accessory case. The design is light in weight and does not involve any
      protruding parts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a tennis racket case and press in
      accordance with this invention in a closed position;
PAR  FIG. 2 is a perspective, partly exploded, view showing the case and press
      in an open position;
PAR  FIG. 3 is a top plan view showing a portion of the case and press with the
      top frame portion in section to show a racket positioned therein;
PAR  FIG. 4 is a fragmentary sectional view along section line 4--4 of FIG. 3 of
      a detail of the invention; and
PAR  FIG. 5 is an enlarged fragmentary view of in section with case closed of
      the upper left hinge area of FIG. 3, taken as indicated by the lines and
      arrows 5--5 in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, the tennis racket case and press in accordance
      with the invention comprises a bottom frame portion 10 and a pair of top
      half frame portions 12 and 14 shaped to contain the head of a tennis
      racket when in closed position, which is shown in FIG. 1. The frame
      portions 10, 12 and 14 are made of a plastic, a thin lightweight metal, or
      other suitable material, which provides stiffness to protect the tennis
      racket against physical damage. The interior of the frame portions 10, 12
      and 14 is covered with a liner 15 (shown in FIG. 4, and omitted from the
      other Figures for clarity), a weatherized padded fabric, such as padded
      vinyl, to protect the racket against minor scratches or the like.
PAR  The bottom frame portion 10 has a side wall 16 extending around the
      periphery thereof except for an open throat portion 18 at one end thereof.
      The side wall 16 extends upwardly from the flat back 17 of frame portion
      10 and is provided with two pairs of hinge brackets 20 and 21, located at
      opposite portions of the frame portion 10 and projecting outwardly from
      the side wall 16 as shown in FIG. 2.
PAR  The top half frame portions 12 and 14 cooperate to enclose the bottom frame
      portion 10, and together are slightly larger than this bottom frame
      portion. Downwardly extending side walls 22 and 24 extend from top frame
      portions 12, 14, around the periphery of the side wall 16 of the bottom
      frame portion 10 as is best shown in FIG. 1.
PAR  The top half frame portions 12 and 14 are provided with pairs of hinge
      brackets 26 and 28, respectively. Two hinge means are provided to hingedly
      connect top hinge brackets 26 and 28 of top half frame portions 12 and 14
      onto the hinge brackets 21 and 20 of the bottom frame portion 10, each of
      such hinge means comprising a hinge pin 32 and a pair of coil springs 34.
      A hinge pin 32 extends through holes in the associated hinge brackets 20,
      28 to pivotally connect the top half frame portion 14 onto the side wall
      16 of bottom portion 10, and another hinge pin 32 extends through holes in
      hinge brackets 21, 26 to connect top half frame portion 12 to bottom side
      wall 16, as shown in greater detail in FIG. 5. Each pair of springs 34
      associated with a hinge pin 32 is wound in a coiled condition and has one
      end positioned to engage the outside of side wall 16 of the bottom frame
      portion 10 and its other end in engagement with the interior of the
      associated top side walls 22 and 24. By this arrangement, the coiled
      springs 34 bias the top half frame portions 12 and 14 toward their open
      position. These frame portions 12 and 14 are, of course, movable against
      the bias of the springs 34 to the closed position shown in FIG. 1 where
      they are latched by a suitable latching means to be described hereafter.
PAR  Means are provided for supporting a racket ("R" in FIG. 3) within the frame
      portions 10, 12 and 14 in a manner to provide a cushion support for the
      racket. To this end, there are provided six rubber pads 41 to 46 on the
      flat back of the bottom frame portion 10 at spaced locations around the
      periphery thereof so as to be contacted by the head portion of a tennis
      racket positioned therein. Top half frame portion 12 is provided with
      three rubber pads 51, 52 and 53 arranged in opposed relation with the
      rubber pads 44, 45 and 46 on the bottom frame portion as is apparent from
      a consideration of FIG. 2. The placement of the rubber pads is such as to
      provide pressure points on both the bottom and top of the case so that the
      racket is held between pairs of these pressure pads when the case is in
      the closed position. In addition, there is provided a rubber pad 48 near
      the throat 18 of the bottom frame portion and a pair of rubber pads 58 and
      58' on the top half frame portions 12 and 14. The pads 48, 58 and 58' are
      arranged to contact the neck of the racket when it is contained in closed
      case so as to stabilize the racket at the neck thereof and to exert an
      equating pressure on the entire frame head.
PAR  Means are provided for locking the top half frame portions 12 and 14 in the
      closed position shown in FIG. 1. To this end, there is provided a latch
      means comprising three arms 61, 62 and 63 pivotally mounted at pivots 64,
      65 and 66, respectively, on the flat back of top half frame portion 14 as
      is shown in FIG. 2. A link 68 pivotally interconnects the three arms 61,
      62 and 63 at 64', 65' and 66', respectively, for conjoint movement
      therewith. A knob 70 is mounted on the link 68 and projects through an
      arcuate slot 72 in the frame portion 14 for access from the exterior as is
      shown in FIG. 1. By this arrangement, the movement of the knob 70 between
      opposite ends of the arcuate slot 72 causes pivotal movement of the arms
      61, 62 and 63 between a locking position and an unlocking position. In the
      unlocking position, the free ends of the members 61, 62 and 63 are clear
      of three latch members 74, 75 and 76 mounted on the frame portion 12. In
      the locking position thereof, the members 61, 62 and 63 move into
      engagement with latch members 74, 75 and 76, respectively. A spring 78 is
      connected in tension between arm 62 and pivot 64 so as to bias the linked
      arms toward their closed position.
PAR  When it is desired to place a tennis racket in the tennis racket cover and
      support press in accordance with the invention, the knob 70 is moved to
      the unlocking position clearing the free ends of arms 61, 62 and 63 from
      the latch members 74, 75 and 76 whereupon the springs 34 urge the top half
      frame portions 12 and 14 to their open position. The racket is then placed
      onto the rubber pads 41-46 in the bottom frame portion 10 as well as onto
      the rubber pad 48, this position being illustrated in FIG. 3. The top half
      frame portions 12 and 14 are then pivoted to the closed position shown in
      FIG. 1 and the knob 70 is moved along arcuate slot 72 to position the
      latch in the closed position in which arms 61, 62 and 63 move into
      engagement with latch brackets 74, 75 and 76, respectively. The racket is
      now held in the manner shown in FIG. 4, between the six pairs of pressure
      pads, namely 41 and 51; 42 and 52; 43 and 53; 44 and 54; 45 and 55; and 46
      and 56. Also, the neck portion of the racket is held between rubber
      cushion 48 and the opposed rubber cushions 58 and 58'. Accordingly, the
      racket frame is held securely and firmly and is maintained under a
      pressure condition to prevent warping.
PAR  When it is desired to use the racket, the latch mechanism is opened by
      movement of the knob 70 to the open position in slot 72 whereupon the top
      half frame portions 12 and 14 automatically pivot to the open position
      thereby permitting easy removal of the racket.
PAR  It will be apparent that when the racket is contained within the
      combination cover and press, it is protected against physical or other
      damage and at the same time is maintained in a pressed condition to
      prevent warpage. Moreover, when it is desired to use the racket, the press
      can be opened easily.
PAR  The inventive combination cover and press has many advantages over prior
      art devices. It is an efficient, single-unit item requiring no accessory
      parts for its operation. No elaborate application of thumb screws,
      springs, clamps, wedges or other devices is required to have the invention
      function as a racket press. The inventive device is smoothly rounded on
      its edges and sides and flat on both top and bottom; nothing protrudes
      beyond its cover and frame. Its uncomplicated construction makes it easy
      to use. The use of the two top cover sections as effective levers, hinged
      to the rigid bottom frame, positively presses the racket between the sets
      of rubber retainers to provide a superior racket press. The latch, which
      will not open accidentally or while the latch system is acting to secure
      the covers, provides the necessary pressure to the press. The bottom full
      frame effectively prevents racket warp in a manner not available in prior
      art devices of this nature. The sleek, smoothly designed appearance in no
      way compromises the invention's use as a press, cover and protector. In
      spite of the multiple jobs it accomplishes, the inventive device is light
      and easy to carry. Its rigidity protects the stringed surface from
      puncture or breakage, yet its soft interior protects the racket and its
      finish. The inventive device is integrally formed and requires no assembly
      technique for each use. The user of the inventive device merely opens the
      top covers, places the racket inside on the rubber retainers on the bottom
      frame, and closes and latches the top covers over the racket, assured that
      his racket has maximum protection in all respects.
PAR  It is to be understood that the invention is not to be limited to the scope
      of the specific form thereof herein shown and described and that various
      embodiments thereof may be employed within the scope of the claims set
      forth hereinafter.
CLMS
STM  We claim:
NUM  1.
PAR  1. A combination protective cover and support press for tennis rackets or
      the like comprising a bottom frame portion having a substantially oval
      shape with a throat at one end with an upstanding wall except at the end
      of said throat and being adapted to receive the head of a tennis racket, a
      pair of top half frame portions, hinge means connecting said pair of top
      frame portions to said bottom frame portion for movement between a closed
      position overlying said bottom frame portion and an open position exposing
      said bottom frame portion to permit the insertion of a tennis racket or
      the like therein and having a substantially half-oval shape with a throat
      at one end and with an upstanding wall except at the end of said throat
      and being adapted to contain the head of a tennis racket or the like when
      said top half frame portions are in said closed position to thereby
      protect the tennis racket, all of said frame portions being made of a
      lightweight stiff material, the outer and inner wall surfaces of said top
      and bottom frames portions being smooth, continuous surfaces unmarred by
      indentations, resilient means mounted on said inner wall surfaces of said
      top and bottom frame portions in paired opposed relationship and adapted
      to exert opposing forces on the frame of a tennis racket positioned
      therebetween, and means for locking the top half frame portions in closed
      position, said resilient means including a plurality of resilient pressure
      pads mounted on said bottom frame portion in spaced-apart relationship
      near its periphery and on said top half frame portions in an arrangement
      such that corresponding bottom and top frame pads oppose each other, said
      pressure pads being distinct entities from said top and bottom frame
      portions and extending and projecting from their associated frame
      portions, whereby opposing pads apply a pressing force against each side
      of the frame of a tennis racket or the like when placed therein to thereby
      restrict warping.
NUM  2.
PAR  2. A combination cover and press according to claim 1 including at least
      six pairs of opposed pads in spaced relation whereby to contact the frame
      of the tennis racket or the like at circumferentially spaced locations.
NUM  3.
PAR  3. A combination cover and press according to claim 1 including spring
      means connected to said hinge means for biasing said top half frame
      portions toward said open position thereof.
NUM  4.
PAR  4. A combination cover and press according to claim 1 wherein said locking
      means includes at least one arm pivotally mounted on the inner wall
      surface of one top half frame portion and extending under the inner wall
      surface of the other top half frame portion when the top portions are
      closed, and latch means for receiving said arm mounted on the inner wall
      surface of the other top half frame portion when the top frame portions
      are closed, spring means connected to said at least one arm for biasing it
      to a locking position, and actuating means extending from said locking
      means outwardly of said outer wall surface for moving said arm into and
      out of engagement with said latch means from the outside of the
      combination cover and press.
NUM  5.
PAR  5. A combination protective cover and support press for tennis rackets or
      the like comprising a bottom frame portion having a substantially oval
      shape with a throat at one end with an upstanding wall except at the end
      of said throat being adapted to receive the head of a tennis racket, a
      pair of top half frame portions, hinge means connecting said pair of top
      frame portions to said bottom frame portion for movement between a closed
      position overlying said bottom frame portion and an open position exposing
      said bottom frame portion to permit the insertion of a tennis racket or
      the like therein and having a substantially half-oval shape with a throat
      at one end and with an upstanding wall except at the end of said throat
      and being adapted to contain the head of a tennis racket or the like when
      said top half frame portions are in said closed position to thereby
      protect the tennis racket, all of said frame portions being made of a
      lightweight stiff material, the outer and inner wall surfaces of said top
      and bottom frames portions being smooth, continuous surfaces unmarred by
      indentations, resilient means mounted on said inner wall surfaces of said
      top and bottom frame portions in paired opposed relationship and adapted
      to exert opposing forces on the frame of a tennis racket positioned
      therebetween, and means for locking the top half frame portions in closed
      position, said resilient means including a plurality of resilient pressure
      pads mounted on the bottom frame portion in spaced-apart relationship near
      its periphery and on the top half frame portions in an arrangement such
      that corresponding bottom and top frame pads oppose each other, whereby
      opposing pads apply a pressing force against each side of the frame of a
      tennis racket or the like when placed there to restrict warping, spring
      means connected to the hinge means for biasing the top frame portions to
      open position, said locking means including three locking arms pivotally
      mounted on the inner wall surface of one top half frame portion and
      extending under the inner wall surface of the other top frame portion when
      the top frame portions are closed, link means pivotally connected to the
      three arms for conjoint movement therewith, three latch members mounted on
      the inner wall surface of said other top half frame portion and adapted to
      receive the three locking arms to lock the top frame portions together,
      spring means connected between one of the locking arms and a pivot of
      another locking arm biasing the arms to locking position, a knob mounted
      on said link means and projecting through an arcuate slot in the top frame
      portion and accessible from the exterior of the cover and press for
      actuating the locking arms into and out of engagement with the latch
      members.
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ABST
PAL  A tennis racket handle is slidably adjustable along a shank and a ball
      movable with the handle is engageable in any of a plurality of
      longitudinally spaced depressions on the shank. In one form the ball is
      urged away from the depressions by a spring and can be held in a selected
      depression only by a firm grip on the handle. In another form a spring and
      cam normally holds the ball in a selected depression and is released by
      pressing a button extending to the exterior of the handle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is in the field of tennis rackets and particularly tennis
      rackets having adjustable handles.
PAR  It has been proposed heretofore to construct tennis rackets wherein the
      length of the handle could be adjusted by moving the handle grip along the
      shank to a desired position. However, all such prior proposals involve the
      use of screws or the like rendering the adjustment semi-permanent and
      incapable of being rapidly readjusted without the use of tools or such
      accessory devices.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention involves an adjustable tennis racket wherein the hand
      grip portion may be rapidly moved along the shank to adjust the handle
      length to that desired very rapidly and without the use of any tools,
      relying only on the hand of the player that then grips the handle.
PAR  It is, therefore, a principal object of this invention to provide a tennis
      racket having an adjustable handle, the length of which may be rapidly
      adjusted during play of a game and even while the game ball is in motion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a racket with an adjustable handle according to
      the present invention, the handle wrapping being omitted;
PAR  FIG. 2 is an enlarged fragmentary vertical sectional view, taken on the
      line 2-- 2 of FIG. 1, showing the adjustable handle in an unlatched
      position and the latched position being shown by phantom lines;
PAR  FIG. 3 is a vertical sectional view, taken on the line 3-- 3 of FIG. 2 and
      with the handle wrapping in place;
PAR  FIG. 4 is a transverse sectional view, taken on the line 4-- 4 of FIG. 3;
PAR  FIG. 5 is a fragmentary plan view of a modified form of an adjustable
      handle;
PAR  FIG. 6 is a fragmentary vertical, sectional view, taken on the line 6-- 6
      of FIG. 5;
PAR  FIG. 7 is a fragmentary vertical sectional view, taken on the line 7-- 7 of
      FIG. 6;
PAR  FIG. 8 is an enlarged transverse sectional view, taken on the line 8-- 8 of
      FIG. 5, and showing the handle in its latched position;
PAR  FIG. 9 is a view, similar to FIG. 8, but showing the handle in its released
      position; and
PAR  FIG. 10 is an isometric view of the latching cam of the handle.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1 to 4, there is shown therein a first embodiment
      of the invention wherein a racket is provided with the usual or
      conventional head 2 and a handle shank 4. As shown herein, the handle
      shank 4 has been modified to accommodate the present invention but may
      otherwise be considered to be conventional having a pair of tubular guide
      members 8 extending in generally parallel relation outwardly from the head
      2. FIG. 4 shows the more or less conventional configuration of the tubular
      members 8. To adapt a conventional tennis racket to the present invention,
      the tubular guides 8 were cut as at 10 in FIG. 3 and slidable extensions
      there are provided by inserting guide rods 12 slidably therein and fixedly
      applying the cut lengths 14 of tubular guides to the rods 12. It is to be
      understood, however, that rather than converting a conventional
      fixed-handle tennis racket to the present invention, the tubular guides 8
      may be initially made of the required length. As shown in FIGS. 2- 4, a
      detent plate 16 is mounted between the tubular guides 8 and suitably fixed
      thereto as by welding or the like. The detent plate 16 is provided with a
      plurality of longitudinally spaced openings 18 therein, which openings are
      preferably countersunk, as shown in FIGS. 2 and 4 to provide firm seats or
      depressions to receive a latching ball. While the plate 16 is shown as
      having three such depressions therein, it is to be understood that a
      greater or lesser number could be provided if desired. The adjustable
      handle member 20 comprises an inner body member 22, which may be of molded
      plastic material, having a longitudinal channel 24 therethrough adapted to
      embrace the guide tubes 8 and, as best shown in FIG. 4, the channel 24
      also defines grooves 26 in which the guide tubes 8 are slidably guided.
      The handle member comprises not only the inner body member 22 but may be
      said to include a hand grip portion adapted to be gripped by the hand of
      the user for manipulating the racket. The tubular guides 14 and guide rods
      12 are fixed to the handle 20 in any suitable manner. One side of the
      handle body member 22 is provided with an opening or slot 28 (see FIG. 1)
      in which an actuating lever 30 is positioned. The lever 30 may be
      substantially rigid and, if so, is attached to a leaf spring 32, which in
      turn is secured to the body 22 by rivets 34 or the like and a ball latch
      member 36 is fixedly mounted on the lever 30 and/or leaf spring 32 in a
      position directly opposite the depressions 18 in plate 16. If desired,
      however, the lever 30 could be a portion of leaf spring 32 itself rather
      than a separate rigid member, as shown. The leaf spring 32 is so
      configured that it is normally biased outwardly, that is, it normally
      tends to spring outwardly to withdraw the ball 36 from any depression 18
      in which it may be seated. Preferably, the entire handle, including the
      lever 30, is covered by a flexible hand grip cover 37 which may be of
      leather or the like and sufficiently flexible to permit the lever to move
      outwardly to the position shown in full lines in FIG. 2.
PAR  The handle portion 20 may also be provided with a wing screw 38 threaded
      therethrough and which may be tightened to securely clamp the handle to
      the guide tubes 8 when it is desired that the length of the handle not be
      adjustable.
PAR  In operation, the player may move the handle 20 to the desired position
      along the shank 4 and then by tightly gripping the handle, the lever 30
      will be pushed inwardly to seat ball 36 in a depression 18 and the handle
      will be held in that adjusted position as long as the player keeps a tight
      grip on the handle. This form of the invention is valuable in teaching
      players the importance of a tight grip when playing the game of tennis.
      Obviously, undue relaxation of the player's grip will permit the handle to
      become unlatched from the shank and be freely slidable therealong,
      rendering it difficult or impossible to properly play the game. Also, for
      the experienced and expert player, it is possible for him to adjust the
      length of the racket handle during actual playing of the game. That is, if
      he anticipates that his next return will be from near the net, he may
      shorten the handle while actually in motion or lengthen the same if he
      anticipates his return to be from the back court. It is only necessary for
      the player to relax his grip, thus permitting the spring 32 to retract
      ball 36 whereupon he may extend or shorten the handle, then restore his
      grip to latch the handle in adjusted position.
PAR  Referring now to FIGS. 5- 10, a second embodiment of the invention is shown
      therein. In this form of the invention, the guide tubes 8 may be
      considered to be identical to those described with reference to the first
      embodiment and the handle 20 may be considered to be substantially
      identical as to its basic structure in that it is provided with a
      longitudinal channel 24 slidably and guidingly embracing the shank tubes
      8. In this embodiment, however, the detent plate 16 previously described
      is omitted and instead the guide tubes 8 are provided with recesses 40
      therein, there being a series of longitudinally spaced recesses in each
      guide tube 8 which are adapted to receive latching balls, as will be
      described. The rods 12, which move with the handle, are provided with
      recesses opposite the balls.
PAR  A cam member 42 is slidably mounted in the handle 20 for movement
      transversely thereof between the guide tubes 8 by being mounted on a guide
      pin 44 extending through an opening 46 in the handle and having a head 48
      thereon. Also, fixed to the cam member 42 is a rod or pin 50 extending
      slidably outwardly through the other side of the handle from the pin 44.
      The rod or pin 50 terminates in an enlarged button-like head 52, fixed
      thereon, and provided with a recess 54 opposite a recess 56 in the facing
      portion of the handle 20. Seated in the recesses 54-56 is a Z-shaped leaf
      spring 58 having openings 60 therethrough and through which the rod 50
      slidably extends. It will be apparent that the spring 58 urges the button
      52 outwardly and the cam member 42 upwardly, as seen in FIGS. 8 and 9. On
      its opposite sides the cam member 42 is provided with sloping cam surfaces
      62, best seen in FIG. 10. The cam surfaces 62 are bounded by flange
      portions 64, spaced apart sufficiently to loosely receive latching balls
      66. The flanges 64 are of such dimensions that the latching balls 66 will
      be retained therebetween whether the cam member 42 is in the upper
      position of FIG. 8 or the lower position of FIG. 9. It is to be noted
      that, as shown in FIG. 9, the button 52 may be depressed against the
      action of spring 58 to lower the cam surfaces 62 sufficiently to permit
      latching balls 66 to fall out of depressions or seats 40 in the guide
      tubes 8. With the parts in this position, the handle may be readily and
      freely moved along the shank of the racket to adjust the length of the
      handle. Then, upon release of the button 52, the spring 58 moves the parts
      upwardly to the position of FIG. 8 wherein the balls are caused to engage
      the upper surface of the guide channel 24 and the cam surfaces 68 then
      force the balls outwardly into the depressions 40 and since the spring
      holds the parts in that position, the handle 20 is thus releasably latched
      in adjusted position.
PAR  Thus, it is apparent that a player may, by using the thumb or a finger of
      the hand gripping the racket, depress the button 52 to release the handle
      from the shank and permit a rapid and easy adjustment of the racket handle
      length while the game is in progress. Once the handle length has been set
      as desired, the button may be released and the handle portion then becomes
      latched to the shank.
PAR  In both of the embodiments described, it is to be noted that if the handle
      length is adjusted and the ball or balls projected toward their respective
      depressions at a position where they do not register with those
      depressions, the balls may move along the guide tubes or detent plate, by
      moving the handle, until a depression is reached and they can then be
      urged into the described latching position.
PAR  While a limited number of embodiments of the invention have been shown and
      described herein, the same are merely illustrative of the principles
      involved and the invention extends to all embodiments falling within the
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tennis racket having a head and a shank fixed thereto;
PA1  a handle slidably mounted on said shank for sliding movement thereon toward
      and from said head and having a hand-grip portion;
PA1  interengageable means on said shank and on said handle for releasably
      latching said handle in each of a plurality of positions along said shank;
PA1  said interengageable means on said handle being movably carried thereby for
      movement thereon toward and from said shank;
PA1  resilient means urging said interengageable means on said handle in a
      direction outwardly of said handle;
PA1  manually interengageable means on said hand-grip portion, adjacent the
      outer surface thereof, positioned to be engageable by the hand of a player
      gripping said hand-grip portion and being movable to move said
      interengageable means on said handle against the urging of said resilient
      means whereby a player may, by manipulating the hand holding the racket,
      selectively latch or release said handle relative to said shank; and
PA1  said interengageable means on said shank comprising a plurality of
      longitudinally spaced depressions therein and wherein said interengageable
      means on said handle comprises a ball engageable in said depressions to
      latch said handle against movement, said resilient means being an
      outwardly biased leaf spring secured at one end thereof to said handle and
      extending adjacent the outer surface thereof, said ball being fixedly
      mounted on the other end of said spring whereby a firm grip by the
      player's hand engages said ball into one of said depressions and thereby
      holds said handle latched to said shank and whereby relaxation of said
      grip permits said leaf spring to spring outwardly and withdraw said ball
      from the depression.
NUM  2.
PAR  2. A tennis racket as defined in claim 1 including a flexible handle cover
      overlying said leaf spring and defining said outer surface of said handle.
NUM  3.
PAR  3. A tennis racket having a head and a shank fixed thereto;
PA1  a handle slidably mounted on said shank for sliding movement thereon toward
      and from said head and having a hand-grip portion;
PA1  interengageable means on said shank and on said handle for releasably
      latching said handle in each of a plurality of positions along said shank;
PA1  said interengageable means on said handle being movably carried thereby for
      movement thereon toward and from said shank;
PA1  resilient means urging said interengageable means on said handle in a
      direction outwardly of said handle;
PA1  manually engageable means on said hand-grip portion, adjacent the outer
      surface thereof, positioned to be engageable by the hand of a player
      gripping said hand-grip portion and being movable to move said
      interengageable means on said handle against the urging of said resilient
      means whereby a player may, by manipulating the hand holding the racket,
      selectively latch or release said handle relative to said shank;
PA1  said interengageable means on said shank comprising a plurality of
      longitudinally spaced depressions therein and wherein said interengageable
      means on said hndle comprises a ball engageable in said depressions to
      latch said handle against movement; and
PA1  including a cam member slidably mounted in said handle and engageable with
      said ball to force and hold the same in a selected one of said
      depressions; said manually engageable means comprising a button member
      drivingly connected to said cam member and extending to the exterior of
      said handle.
NUM  4.
PAR  4. A tennis racket as defined in claim 3 wherein said resilient means
      comprises a spring member arranged to urge said button outwardly and said
      cam member in a direction to force said ball into a depression whereby a
      finger of a hand gripping said handle may depress said button and thereby
      permit said ball to leave a depression and thus release said handle to
      slide along said shank.
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ABST
PAL  An Adjustable Golf Club adapted to serve the functions of a plurality of
      golf clubs has a single easily manipulated locking device accommodating
      adjustment of the club length, loft and lie angle. The club has a blade
      with a ball striking face, a curved hosel extending from the heel of the
      blade, a shaft with a fitting slidably receiving the hosel, and a locking
      screw securing the hosel in a number of related positions to reproduce the
      lengths, lofts and lie angles of, for example, Nos. 2-10 irons. Indicia on
      the hosel registers with a window in the fitting to identify the iron
      number for each adjusted position.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the art of adjustable golf clubs, and
      particularly golf club irons and provides a single club serving the
      function of an entire set of irons. Specifically the invention deals with
      an adjustable golf club iron which by manipulation of a single device will
      vary the characteristics of the club from long to short distance irons.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention there is provided an adjustable golf club which
      will permit a golfer, through the use of a single clamp screw, to change
      the loft, the length of the club, and the lie angle of the sole of the
      striking blade of the club to the axis of the shaft or linear direction of
      the shaft. These are the variables which are changed in making a choice of
      golf clubs when playing golf.
PAR  The golfer usually carries several iron clubs, a complete set of which are
      marked from 2-10. The club with the longest shaft is No. 2 and is about 6
      cm. longer than the No. 10 iron. The angle of the center line of the shaft
      to the longitudinal sole of the blade, which is known as the lie angle of
      the club when the golfer addresses the ball, will be about 4.degree. less
      on the No. 2 club than on the No. 10 club. The loft of the striking face
      of the club which is measured by the angle of the striking face with
      respect to the shaft or the ground, is about 15.degree. to the shaft on
      the No. 2 club and about 45.degree. on the No. 10 club. The lengths and
      angles of the clubs lying between the No. 2 and No. 10 clubs will be
      between the above mentioned ranges.
PAR  Theoretically golf clubs are designed so that the one having the less loft
      is used to obtain greater distance. If the angular velocity of the
      golfer's swing is constant, the force on the club head varies as the the
      square of the shaft plus arm length and the striking force will be held in
      that proportion. Hence the shaft is made longer for distant shots and is
      decreased for greater accuracy in making shorter shots while the loft
      angle is also increased to impart a higher trajectory and less roll to the
      ball.
PAR  Standard golf clubs have a tubular shaft and a head with a striking face
      laterally of the shaft. The shaft is about 90 cm. long with a grip at its
      upper end and tapering to a small diameter at its lower end. The blade of
      the club is about 5 cm. wide and 8 cm. long to provide sufficient surface
      to strke the ball. One end of the blade has a stem receiving the lower end
      of the shaft. This portion of the blade is known as the "hosel."
PAR  This invention provides a single golf club which through the use of an
      elongated curved hosel and a fitting on the small diameter end of the
      shaft remote from the hand grip slidably receiving the hosel enables a
      golfer who ordinarily would use several wood clubs, a plurality of iron
      clubs, and a putter to now use only the wood clubs, one adjustable iron
      club and a putter. The maximum number of clubs generally used is 14 but
      the use of this invention reduces that number to a total of six clubs.
PAR  Further with the increased popularity of so-called par 3 or short golf
      courses, only iron clubs and a putter are needed. This invention thus
      enables a golfer to play such courses with only a single adjustable iron
      club and a putter making a particularly convenient golf club set for use
      in retirement communities where the players of advanced age do not wish to
      be burdened with the weight of many golf clubs.
PAR  It is therefore an object of this invention to provide an adjustable golf
      club capable of replacing a plurality of golf club irons without
      sacrificing the functions of any of the irons.
PAR  Another object of this invention is to provide an adjustable golf club
      which will reproduce the club length, the loft angle, and the lie angle of
      a wide variety of golf club irons by a simple manipulation of a locking
      screw.
PAR  A further object of this invention is to provide an adjustable golf club
      iron having a shaft with a curved passage at its lower end, a blade with a
      hosel slidable through the curved passage and curved along its length
      upwardly and rearwardly from the heel of the blade in a plane less than
      normal to plane of the striking face of the blade so that the lie angle of
      the blade will vary directly with the loft angle of the blade and a
      sliding adjustment of the hosel in the passage will reproduce the lengths,
      lofts and lie angles of a plurality of individual irons.
PAR  A further object of this invention is to provide an adjustable golf club
      iron which is adjusted by a single device that is not immobilized by
      accumulation of sand or mud on the parts.
PAR  A further object of the invention is to provide a single adjustable golf
      club iron with a single locking device that is easily manipulated to vary
      the club usage throughout a wide range of long irons, mid irons and short
      irons.
PAR  Another specific object of the invention is to provide an adjustable golf
      club which is easily manufactured and does not require costly close
      tolerances of the parts.
PAR  A further object of the invention is to provide a golf club with a blade
      having an elongated curved and inclined hosel mounted through a fitting on
      the end of a golf club shaft which has a window registering with indicia
      on the hosel to indicate the club adjustment.
PAR  Other and further objects of this invention will be apparent to those
      skilled in this art from the following detailed description of the drawing
      which illustrates one embodiment of the invention.
DRWD
PAR  On the drawings:
PAR  FIG. 1 is a side elevational view of the adjustable golf club of this
      invention with the upper end of the shaft omitted.
PAR  FIG. 2 is a front elevational view of the club of this invention with the
      upper end of the shaft omitted and showing the lie angle of the club.
PAR  FIG. 3 is a top plan view of the club of FIGS. 1 and 2.
PAR  FIG. 4 is an exploded isometric view, with parts broken away, of the
      components of FIGS. 1-3.
PAR  FIG. 5 is a rear elevational view of a standard golf club iron showing the
      lie angle of the club.
PAR  FIG. 6 is a side elevational view of the golf club iron of FIG. 5 showing
      the loft angle of the club.
PAR  FIGS. 7, 8 and 9 are side elvational views of the club of this invention in
      three of its many positions of adjustment.
DETD
PAR  The golf club of this invention, as shown in the drawings, is composed of
      shaft 1 with a grip on the large diameter end thereof and tapering to a
      small diameter end on which is mounted a fitting 2. The fitting 2 is
      secured to a square tube 3 with a passage slidably receiving the hosel 4
      of a blade 5 which has a ball contacting or striking surface 6, a sole or
      ground engaging surface at the bottom of the striking face, a toe at the
      outer end of the striking face and a heel at the inner end of the striking
      face. The hosel 4 extends upwardly and rearwardly from the heel end of the
      blade. A spacer 7 is fitted in the bore of the square tube 3. A clamping
      screw 8 is threaded through the fitting to engage the hosel 4 for locking
      the hosel in a fixed position in the passage of the tube 3. The spacer 7
      has a curved face 9 configured to mate with the concave curved face 10 of
      the hosel. The spacer 7 is held in the tube 3 by a screw 11 threaded into
      the spacer at 12 and passing through a hole 13 in the tube.
PAR  A hole or window O in the side of the tube 3 is positioned so that indicia
      numerals 2 thru 9 on the hosel 4 will register selectively with the window
      to show the club adjustment.
PAR  The cylindrical tube 2 fitted on the shaft 1 is fused to or otherwise
      permanently attached to the square tube 3 at an angle of about 30.degree.
      so that the square tube tilts back rearwardly and the hollow interior of
      the square tube opens downwardly at the bottom of the tube and rearwardly
      at the top of the tube. The hosel 4 has its concave side 10 slidably
      engaging the curved side of the spacer 7 and the clamping screw 8 threaded
      in the fitting presses this concave side 10 of the hosel tightly against
      the curved face 9 of the fitting holding the hosel in locked position to
      the fitting.
PAR  FIGS. 5 and 6 show two of the dimensions of a golf club that change in
      accordance with this invention as well as on customary fixed head golf
      clubs. In FIG. 5 A designates the angle between the sole of the blade 5
      and the rear of the shaft 1. This angle A is the "Lie" angle and decreases
      from the short to the long distance irons. The angle B shown in FIG. 6
      between the ball contacting surface 6 of the blade 5 and the shaft B is
      known as the "Loft" angle and increases from the long to the short
      distance irons.
PAR  The hosel 4 has a plane of curvature P.C. illustrated in FIG. 3 and the
      angle C between this plane of curvature and the vertical plane of the
      striking face 6 of the blade 5 is less than a right angle so that the Lie
      angle A of FIG. 5 will increase as the Loft angle B of FIG. 6 increases.
      Thus the hosel is inclined relative to a vertical plane which is
      perpendicular to the plane of the striking face 6 of the blade 5 and is
      curved along its length upwardly and rearwardly from the heel of the blade
      5 with a radius of curvature approximately 12 cm. The angle C of FIG. 3 is
      preferably about 86.degree. and the hosel plane is thus turned about
      4.degree. less than a right angle so that Lie angle A will increase (as
      shown in FIG. 2) as the Loft angle B increases when the hosel is moved
      further into the passage of the square tube 3 which is positioned
      laterally of the shaft 1 but coplanar with the shaft axis.
PAR  The hosel and blade unit may be made of steel or titanium and the fitting
      on the shaft receiving the hosel may be a single unit formed by casting or
      welding of steel, aluminum or titanium. The passage through the tube 3 can
      be curved to the same radius as the hosel or may be formed straight
      through the tube with the spacer 7 inserted therein having the curved
      upper surface 9 contacting the concave side 10 of the hosel. The spacer 7
      is held within the tube by the screw 11 passing through the hole 13 in the
      tube and threaded into the spacer 12.
PAR  The side of the tube 3 has a hole O therethrough and a side face of the
      hosel 4 has numbers from 2-9 along the length thereof to selectively
      register with this hole O indicating the positions to which the club may
      be set corresponding to similar dimension fixed head clubs.
PAR  FIGS. 7, 8, and 9 diagramatically illustrate three different positions of
      the adjustable golf club of this invention with FIG. 7 showing the
      position for low loft and long distance. FIG. 8 showing the position for
      middle loft and middle distance and FIG. 9 showing the position for high
      loft and short distance. The effective length of the club varies from the
      long length F for the long-distance iron, the middle length E for the
      mid-distance iron, and the short length D for the short-distance iron. The
      long-distance iron will have a low loft angle G, the mid-distance iron
      will have a medium loft angle H, and the short-distance iron will have a
      high loft angle I. Since the length of the shaft from the grip to the
      fitting remains constant as does the combined height of the blade and
      hosel, the variation of the effective club length from the long-distance
      iron FIG. 7 to the short-distance iron of FIG. 9 is effected by sliding
      the fitting down on the hosel and, with the shaft remaining in the same
      vertical position, this not only changes the effective length of the club
      but also varies the loft and the Lie angles of the club to reproduce the
      length, Lie angle and loft of a standard club bearing the number exposed
      in the window of the fitting.
PAR  From the above description it will be understood that this invention
      provides a golf club iron of simple construction which is not difficult to
      manufacture and has a single adjustment positioned above the region where
      the club would contact the ground so that it will not become inoperative
      with dirt.
PAR  It will be further understood that modifications of this invention may be
      resorted to without departure from the spirit and scope of the invention
      as outlined in the appended claims and that variance in construction and
      substitution of construction features are intended to be within the scope
      of these claims unless specifically excluded from the language thereof.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An adjustable golf club for simultaneously adjusting the length, loft,
      and lie angles of the club thereby being adapted to serve the functions of
      a set of successively numbered golf clubs wherein these clubs decrease in
      length and increase in loft and lie angles from the lowest numbered club
      to the highest numbered club, said adjustable golf club comprising an
      elongated shaft, a hand grip on one end of the shaft, a fitting on the
      other end of the shaft having a curved passage therethrough substantially
      coplanar with the shaft axis and rearwardly directed relative to the
      shaft, a club head having a striking face, a rear surface, a top surface,
      a sole surface, a toe end and a heel end, an elongated curved hosel
      extending from the heel end of the club head upwardly and rearwardly
      therefrom and defining an acute lie angle and with its curvature being in
      a plane of curvature inclined relative to a vertical plane perpendicular
      to the plane of the striking face of the club head, said hosel being
      slidably mounted in said curved passage of the fitting, means on the
      fitting for locking the hosel in fixed position in said passage, said
      hosel length and said curvature of the hosel being such as to
      simultaneously change the effective length of the club, the lie angle of
      the sole relative to the axis of the shaft and the loft angle of the
      striking face of the club head to reproduce the club lengths, lie angles,
      and loft angles of said set of golf clubs when said fitting is locked to
      the hosel in the appropriate position.
NUM  2.
PAR  2. The adjustable golf club of claim 1 including indicia spaced along the
      length of the hosel and a window in said fitting registering with said
      indicia whereby the indicia exposed in the window will identify the
      setting of the adjustable club.
NUM  3.
PAR  3. The adjustable golf club of claim 1 wherein said means on the fitting
      locking the hosel in fixed position in the passage is a clamp on the
      fitting.
NUM  4.
PAR  4. The adjustable golf club of claim 1 wherein the hosel is the arc of a
      circle struck from a fixed center on a radius of 12 cm.
NUM  5.
PAR  5. The adjustable golf club of claim 1 wherein the club is an iron and has
      a club head with a blade.
NUM  6.
PAR  6. The adjustable golf club of claim 1 wherein the inclination of the plane
      of curvature relative to the vertical plane perpendicular to the plane of
      the striking face of the club head, is 86.degree..
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ABST
PAL  A game board for use with one or more movable game pieces comprising a
      playing surface board, a rectangular plastic frame providing a walled
      element around said playing surface board for substantially confining the
      game piece thereon and a base board spaced beneath the playing field
      board. The plastic frame is a unitary structure having a generally
      inverted U-shaped cross-section and comprising downwardly spaced inner and
      outer walls connected by a top surface. The playing surface board is
      attached adjacent the base of the inner wall and the base board is on a
      plane beneath the playing field board and is attached adjacent the base of
      the outer wall, to provide a strong, rigid game board having a streamlined
      appearance.
PARN
PAR  This is a continuation of application Ser. No. 432,864 filed Jan. 14, 1974,
      and now abandoned.
BSUM
PAR  The present invention relates to novel improved game boards, particularly
      to those for use in action-type games in which one or more game pieces are
      vigorously played over a playing surface in an attempt to make a score
      and/or to prevent an opponent from making a score. Such games include
      soccer, hockey, basketball, pinball, bowling, and many others.
PAR  Prior game boards have generally been constructed with frames of wood,
      fiberboard, plastic, sheet metal or combinations thereof. Wooden frames
      are heavy, require much labor to produce and assemble and are susceptible
      to cracking, loosening and coming apart during vigorous use. Fiberboard
      frames are relatively weak and tend to warp, loosen and come apart during
      vigorous use. Plastic frames are quite flexible and tend to separate from
      the rigid playing field board during vigorous use, and sheet metal frames
      generally are also so flexible and weak as to present problems with
      respect to warping and detachment during vigorous use.
PAR  It is the principal object of the present invention to provide a novel game
      board structure which is exceptionally strong, rigid and resistant to
      detachment even under conditions of vigorous use.
PAR  It is another object of this invention to provide a novel game board having
      an injection-molded unitary plastic frame which has greater strength and
      rigidity than prior known plastic frames and which is provided with
      increased strength and rigidity by spaced attachment to a playing field
      board and an underlying base board.
PAR  It is still another object of this invention to provide a novel game board
      structure having a unitary plastic frame comprising spaced walls which
      provide a housing which is functional in connection with one or more
      features of the game.
DRWD
PAR  These and other objects and advantages of the present invention will be
      apparent to those skilled in the art in the light of the present
      disclosure including the drawings which represent a preferred but not
      limitative embodiment, in which:
PAR  FIG. 1 is a plan view of a game board according to one embodiment of the
      present invention.
PAR  FIG. 2 is a sectional view of a side of the frame supporting a game
      piece-activating bar, taken along the line 3--3 of FIG. 1.
PAR  FIG. 4 is a sectional end view of a portion of the top surface of a side of
      the frame, with the retainer strip removed for purposes of illustration.
PAR  FIG. 5 is a sectional end view of a retainer strip adapted to engage the
      top surface of the frame illustrated by FIG. 4.
PAR  FIG. 6 is a bottom view of a corner section of the present game board,
      taken along the line 6--6 of FIG. 2.
DETD
PAR  Referring to the drawings, FIG. 1 illustrates a game board 1 comprising a
      frame 2 which is generally rectangular and which provides a walled element
      around a playing surface board 3 which is attached to the frame. The frame
      2 is a unitary structure having side members 4 and end members 5.
PAR  In the embodiment illustrated, the side members 4 of the frame 2 support
      game piece-activating bars 6 having spaced simulated miniature soccer
      players 7 fixed thereto and adapted to contact a miniature soccer ball on
      the surface of the playing field board when the bars 6 are telescoped in
      or out to align a soccer player 7 with the ball and bar 6 is rotated to
      pivot soccer player 7 into contact with the ball. Plastic flexible
      retainer strips 8 are removably attached at the top surface 9 of the side
      members 4 to retain the bars 6 in position. Also, in the embodiment
      illustrated, the end members 5 of the frame 2 provide a housing for a ball
      return element 10 and for a score dial 11.
PAR  Referring to FIGS. 2 and 3 of the drawings, the frame 2 has a generally
      inverted U-shaped cross-section and comprises downwardly spaced inner wall
      12 and outer wall 13 connected by a top surface 9. The playing surface
      board 3 is attached to holed support members 14 adjacent the base of the
      inner wall by means of screws 15 and is also attached to holed support
      members 16 adjacent the outer wall 13 by means of screws 17. The base 18
      of the inner wall 12 is inclined or tapered laterally to the surface of
      the playing surface board 3, as shown in FIG. 3, and is also inclined or
      tapered longitudinally towards the center of the game board, as shown in
      FIG. 2, so that the attached playing surface board is inclined from each
      end to the center to cause the free-moving game piece to move to the
      center of the playing surface.
PAR  The game is also provided with a base board 19 on a plane beneath the
      playing surface board 3, base board 19 being attached to holed support
      members 20 adjacent the base of the outer wall 13 by means of screws 21.
      The support members 14, 16 and 20 are attached to rib members extending
      between the inner wall 12 and the outer wall 13 but are positioned
      adjacent the walls, as illustrated, in order to lend stability and
      flex-resistance to the game board. The playing surface board is attached
      to the frame 2 primarily adjacent the base of the inner wall 12 while the
      base board 19 is attached to the frame 2 primarily adjacent the base of
      the outer wall 13. This provides a zigzag attachment between boards 3 and
      19 and frame 2 and results in a stable assembly resistant to horizontal
      flexing.
PAR  As shown by FIGS. 2 and 3, the bars 6 are adapted for telescoping movement
      over rods 22, the ends of which are retained in seats or slots 23 on one
      side member 4. The bars 6 are retained within larger seats or slots 24 on
      the other side member 4 by means of molded bushings 25 which fit into
      slots 24 and are held in place by the retainer strips 8. The bars 6 are
      provided with handles 26 and can be moved in and out within limits,
      defined by the engagement of inner and outer springs 27 with the frame,
      and can be rotated freely to pivot the simulated players 7 to engage the
      game piece and attempt to move it from the playing surface into thee
      opponent's goal, defined by openings 28 in the surface of the inner wall
      12 of end members 5.
PAR  As illustrated by FIGS. 2, 3 and 4, the top surface 9 of the frame 2
      comprises continuous longitudinal flat shoulders 9a and a plurality of
      spaced central raised channel elements 29 connected to the flat shoulders
      9a and also to each other by plane elements 9b, elements 29 being aligned
      along surface 9 to provide a single discontinuous slot 30 for engagement
      with the flexible retainer strip 8. The flexible retainer strip 8, as
      shown in FIG. 5, has a semi-circular cross-section, diametrically opposed
      ribs 31 adapted to contact the continuous flat shoulders 9a of the top
      surface 9 of the frame 2 on each side of the central channel elements 29,
      and a single radial rib 32, the tip 33 of which preferably has a
      substantially triangular cross-section with vertex towards the center and
      a base wider than the thickness of rib 32, as illustrated by FIG. 5 of the
      drawings. The thick tip is adapted to be retained beneath the slot 30 of
      elements 29 when the flexible retainer strip 8 is fastened at the top
      surface 9 such as by slipping the radial rib 32 into the slot 30 and
      pushing the retainer strip 8 along the flat top surface until it covers
      the entire surface, the length of the strip 8 preferably being greater
      than the length of the surface 9 so that the ends of strip 8 extend into
      openings 5a and 5c in the end members 5 for a better appearance and to
      prevent the ends of the strips 8 from being lifted out of contact with
      surface 9 unless the strip 8 is slipped sufficiently into opening 5a that
      the other end of the strip 8 clears the opening 5c. The flexibility of
      strip 8 causes it to snap into position tightly against the flat shoulders
      9a of surface 9, the engagement between cross-rib 33 of the strip 8 and
      the underside of elements 29 adjacent slot 30 preferably being such as to
      cause a downward strain on element 8 which forces the opposed ribs 31 into
      relatively tight engagement with the continuous shoulders 9a of top
      surface 9, as illustrated by FIGS. 2 and 3 of the drawings. The
      flexibility of strip 8 also permits removal of the strip whereby one end
      is grasped and lifted above the upper surface of end members 5 of the
      frame and slipped out of engagement with the channel elements 29.
PAR  According to a preferred embodiment, illustrated by FIG. 2, channel
      elements 29 and 29a are so positioned and so designed on the top surfaces
      9 of each of the side members 4 that the flexible retainer strips 8 can
      only be inserted from one direction. Thus each side member 4 has one
      channel element 29a on the top surface 9 thereof spaced from one end
      member 5, and these channel elements 29a have a slot which is wider than
      slot 30 of the other channel elements 29 and is greater than the cross
      width of tip 33 of rib 32 of retainer strip 8. This permits the flexible
      retainer strip 8 to be longitudinally introduced or removed only from one
      direction, i.e. from the end of each side member 4 carrying the wider
      channel element 29a, since the wider slot of channel element 29a and the
      spacing of channel element 29a from end member 5 permits the flexible
      retainer strip 8 to be lifted radially out of the slot of channel element
      29a and bent sufficiently to overcome the level difference between the top
      surface of end member 5 and the top surface 9 of side members 4. The
      retainer strip 8 is of sufficient length that when it is applied and one
      end is slipped into opening 5a in end member 5 into contact with retainer
      5b therein, the opposite end of the retainer strip 8 clears the opposite
      end member 5 so that the strip 8 lies flat on shoulders 9a of top surface
      9. Then the retainer strip 8 can be slipped back so that said opposite end
      enters opening 5c of opposite end member 5 until it contacts retainer 5d
      therein. At this position each end of the retainer strip 8 is within its
      respective opening 5a and 5c so that the strip 8 is tightly engaged in
      place. Furthermore the fact that retainer 5b is positioned twice as deep
      in opening 5a as retainer 5d is positioned within opening 5c permits the
      retainer strip 8 to be removed from only one direction, i.e. by slipping
      the strip 8 into opening 5a as far as it will go and then lifting the
      opposite end of the strip 8 which is out of engagement with its opening 5c
      and is clear of its end member 5.
PAR  The system of introduction and removal of the flexible strip discussed
      supra is to be preferred in case of repair of the game, while assembly on
      an industrial scale is preferably radial and is carried out by pushing tip
      33 of rib 32 into the discontinuous slot 30 and by slipping at the same
      time one end of the flexible strip 8 into opening 5a against element 5b. A
      further slipping in the opposite direction against element 5d will engage
      the other end of the flexible strip within opening 5c. Such radial
      insertion of the retainer strip is possible because of the flexibility of
      the channel elements 29, the triangular cross-sectional shape of the tip
      33 of rib 32 of the retainer strip 8, as shown by FIG. 5, and the inwardly
      tapered surfaces of the channel elements 29 forming slots 30, as shown by
      FIG. 4.
PAR  As is clear from the drawings, when retainer strip 8 is removed from top
      surface 9, the slots 23 and 24 are open so that the game piece-activating
      bars 6 including rods 22 and bushings 25 can be freely removed for repair,
      replacement or other purposes. Conversely, when the retainer strips 8 are
      locked in engagement with the channel elements 29, the bushings 25 are
      also engaged by the underside of the ribs 31 of the retainer strips and
      retained tightly in their slots 24 while rod end slots 23 are also closed
      by the retainer strips 8 preventing the end of the rods 22 from being
      lifted out of the slots 23.
PAR  FIGS. 2 and 6 of the drawings also illustrate the presence of cylindrical
      leg-engaging wells 34 within the walls of the end members 5 of the frame
      2, and cylindrical legs 35 which frictionally engage the inner surface of
      wells 34 when the game board is used with the legs in position as
      supporting elements. The legs are removable and the game board can be used
      directly on a floor or table top.
PAR  FIG. 6 illustrates a section of the undersurface of the base board 19 with
      an opening permitting the leg well 34 to extend therethrough. The base
      board screws 21 are exposed while the playing surface board 3 and the
      screws 15 and 17 which fix board 3 to the frame 2 are concealed beneath
      the base board 19, as shown by broken lines.
PAR  As shown in FIGS. 1 and 2, the inner and outer walls 12 and 13 of the end
      members 5 of the frame provide a housing for the inclined ball return
      element 10 which receives the game ball from the playing surface through
      opening 28 in the inner wall 12 and delivers it beyond the outer wall 13
      through openings 36 therein. This housing also contains a
      manually-rotatable score dial 11 which carries a progression of numbers
      and can be rotated to indicate the correct score. Finally, this housing
      also contains the leg wells 34. Thus it can be seen that the spaced inner
      and outer walls of the frame 2 provide functional utility as well as
      structural strength and streamlined appearance.
PAR  The housing also provides a novel means for retaining the game
      piece-activating bars 6 securely in place and yet easily removable. It is
      known to employ inverted U-shaped flexible plastic strips to retain bars
      of this type in soccer games having wooden frames. However such strips
      have two longitudinal radial leg projections which are engaged by opposed
      longitudinal slots along substantially the entire length of each wooden
      side of the frame so that the slots must be open at one end of each side
      and the retainer strip must be slipped straight into the slots to form the
      top retainer element of each side. Obviously such a construction permits
      the strip to slip from the top of the wooden side too easily unless a
      screw or other means is used to secure it in place. The present
      construction provides a retainer strip 8 having a single central engaging
      rib 33 which is engaged within a single discontinuous slot 30 on top of
      each side member 4 of the housing, which permits the strips 8 to be
      applied radially during assembly of the game, and to be flexed during
      insertion and during removal of strips 8 from the housing for repair of
      the game. Thus no separate means are required to secure the strips in
      place.
PAR  In games where no game piece-activating bars such has 6 are employed, the
      top surface of the side members of the frame can be molded as a continuous
      flat or rounded surface, free of openings such as 23 and 24 and no
      removable retainer strip is required.
PAR  Variations and modifications may be made within the scope of the claims and
      portions of the improvements may be used without others.
CLMS
STM  I claim:
NUM  1.
PAR  1. A game board adapted for use with a movable game piece comprising a
      playing surface board, a generally rectangular unitary plastic frame
      having opposed side sections and opposed end sections providing a walled
      element around said playing field board for substantially confining the
      game piece thereon, said plastic frame having a generally inverted
      U-shaped cross-section and comprising downwardly spaced inner and outer
      walls connected by a top surface, the base of said inner wall generally
      defining a rectangle and being connected adjacent the base to said playing
      field board whereby said inner wall extends above said playing field board
      to provide a walled element around said playing field board for
      substantially confining the game piece thereon, and the base of said outer
      wall extending below the base of said inner wall and generally defining a
      larger rectangle and being connected adjacent the base to a base board
      which extends on a plane beneath the playing field board and serves as the
      bottom cover for the game board, the base of the inner wall of each of
      said side sections being longitudinally inclined from each end section
      downwardly to the center of each side section whereby the attachment of
      said playing field board adjacent the base of said inner wall causes said
      playing field board to be inclined downwardly from each end section to the
      center of each side section, such inclination adapted to cause a free
      moving game piece to move to the center of the surface of the playing
      field board and said inner wall being downwardly and inwardly inclined,
      adjacent its base, to the surface of the playing field board in order to
      increase the area of contact playing field board and to provide means for
      deflecting the game piece during play.
NUM  2.
PAR  2. A game board according to claim 1 in which the top surface of opposed
      side sections of said frame is provided with transverse openings
      comprising bushings adapted to slidably retain rotatable striking members
      adapted to move said game piece, and with means on said top surface for
      engagement with a removable strip which covers said transverse openings
      and restricts removal of said striking members.
NUM  3.
PAR  3. A game board according to claim 2 in which said removable strip
      comprises a flexible elongate plastic strip having an inverted, generally
      semi-circular cross-section and having on the underside thereof a
      longitudinal radial rib having a greater thickness adjacent the tip
      thereof, and diametrically opposed longitudinal ribs, one on each side of
      said radial rib, to contact the opposed edges of the top surface of said
      side sections, the means on the top surface of the opposed side sections
      of the frame for engagement with the removable strip comprises a
      discontinuous slot into which said radial rib is slipped and in which said
      strip is retained by engagement of the thick tip of said radial rib with
      the underside of said engagement means adjacent said discontinuous slot,
      the flexibility of the plastic strip being such that the engagement of the
      tip of the radial rib with the underside of the engagement means and the
      engagement of said opposed longitudinal ribs with the edges of the top
      surface provides a downward strain upon the flexible elongate plastic
      strip.
NUM  4.
PAR  4. A game board according to claim 3 in which opposed barriers are present
      at each end of the top surface of the side members of the frame to prevent
      the flexible plastic strip from being removed while it is in flat engaged
      position, and each of said discontinuous slots has a void adjacent one of
      said barriers to permit the flexible plastic strips to be removed by
      lifting and flexing one end out of said void and then pulling said strips
      out of engagement with said engagement means.
NUM  5.
PAR  5. A game board according to claim 1 in which the inner wall is provided
      with openings at the opposed end sections of the frame to admit the game
      piece from the playing surface.
NUM  6.
PAR  6. A game board according to claim 1 in which the spaced inner and outer
      walls at the opposed end sections of the frame comprise a housing
      containing means for receiving the game piece from the playing surface
      through an opening in the inner wall and for delivering the game piece
      from the housing through an opening in the outer wall.
NUM  7.
PAR  7. A game board according to claim 1 in which the spaced inner and outer
      walls of the frame comprise a housing for a score dial which is rotatably
      mounted in said housing and is visible through an opening provided in said
      housing.
NUM  8.
PAR  8. A game board according to claim 1 in which the frame is provided with
      leg-receiving sockets between said spaced inner and outer walls and said
      base board is provided with openings to permit the insertion of game
      board-supporting legs into said sockets.
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ABST
PAL  The amusement device of the present invention comprises a body member
      formed from a sphere and having six planar surfaces formed on its outer
      surface. Each of the planar surface is formed at the bottom of a pie-plate
      shaped indentation in the body member, the indentation having an annular
      rim around the outer margin thereof, the rim comprising a substantially
      flat surface. Each of the planar surfaces has raised indicia formed
      thereon, the raised indicia having a height which is below the annular
      rims so that the rims prevent the indicia from interfering with rolling of
      the body member on a flat surface. The surface portions of the body member
      between the annular rims are spherical in configuration.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to amusement devices and particularly to
      amusement devices which may be thrown and rolled for participation in a
      plurality of games.
PAR  The invention comprises a spherical body member having six flat surfaces
      formed therein much in the nature of a cube, but with spherical surfaces
      being retained between the adjacent margins of the planar surfaces. The
      body member may be hollow or it may be solid, and it may be constructed of
      materials which vary in their resiliency from substantially hard materials
      to substantially resilient materials.
PAR  The planar surfaces are formed in the shape of pie-plate like indentations
      in the outer surfaces of the sphere. Each of these pie-plate indentations
      includes indicia thereon and also include annular flat rims around the
      upper margins thereof. This configuration of the body member enables it to
      roll on a flat surface in a rather erratic and unpredictable pattern
      unlike the patterns which are attained with cube-like dice or with
      spherical balls. Occasionally the body member will come to rest not on one
      of the flat surfaces but on one of the spherical surfaces which are
      between the adjacent margins of the flat surfaces.
PAR  The ball or body member may be utilized to play a plurality of games. It
      may be used for throwing to determine specific scores as is presently done
      with dice, and it can also be used for playing catch between two
      participants. By rotating the body member during flight it is possible to
      attain various aerodynamic results which cause the ball to follow
      different paths as it is being thrown. By varying the spin it is possible
      to change the path that the ball follows during flight. The unusual shape
      of the ball makes it difficult to catch, and a simple game that could be
      played with the ball would involve scoring whenever the ball is dropped
      and comes to rest with a particular indicia facing upwardly.
PAR  Another method for using the present invention involves the use of nets for
      throwing the ball back and forth between two participants. The two
      participants may be individuals or it is possible to play in teams with
      two members of a team grasping the same net and throwing the ball to two
      members of another team grasping a similar net. Again the scores for each
      team can be determined whenever the team is unable to catch the ball and
      it falls on the supporting surface.
PAR  Therefore, a primary object of the present invention is the provision of an
      amusement device which produces an unusual pattern of movement whenever it
      is thrown through the air or rolled on a flat surface.
PAR  A further object of the present invention is the provision of a device
      which includes both flat and spherical surfaces and is capable of coming
      to rest on either of these surfaces.
PAR  A further object of the present invention is the provision of a device
      which includes raised indicia on a plurality of flat surfaces, the indicia
      being kept free from interference with rolling of the ball on a flat
      surface.
PAR  A further object of the present invention is the provision of a device
      which is easy to grip for throwing, but is difficult to catch.
PAR  A further object of the present invention is the provision of a device
      which when spinning produces a plurality of unpredictable patterns while
      moving through the air.
PAR  A further object of the present invention is the provision of a device
      which includes a dimple capable of causing the ball to come to rest in a
      specific predetermined position when rolling on a surface, but wherein the
      statistical odds of the ball coming to rest in this position are
      relatively small.
PAR  A further object of the present invention is the provision of a device
      having a shape which will permit it to roll freely and come to any of a
      plurality of positions on a grass surface.
PAR  A further object of the present invention is the provision of a device
      which can be inflated and results in different rolling actions depending
      upon the pressure to which it is inflated.
PAR  A further object of the present invention is the provision of a device
      which is economical to manufacture, durable in use, and attractive in
      appearance.
DRWD
PAR  This invention consists in the construction, arrangements and combination
      of the various parts of the device, whereby the objects contemplated are
      attained as hereinafter more fully set forth, specifically pointed out in
      the claims, and illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the body member of the present invention.
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1.
PAR  FIGS. 2a and 2b are enlarged partial sectional views taken along lines 2a
      and 2b respectively.
PAR  FIG. 3 is a view showing the various indicia on the six surfaces of the
      members shown in FIG. 1.
PAR  FIG. 4 is a modified form of the body members shown in FIGS. 1 and 2.
PAR  FIG. 5 is a plan view of a net device which is used in conjunction with the
      body members shown in FIGS. 1-4.
PAR  FIG. 6 is a perspective view illustrating the use of the net of FIG. 5 and
      the body members of FIGS. 1-4.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1-3, a body member 10 includes six pie-plate shaped
      indentations thereon which are referred to generally by the numeral 12.
      Each indentation includes a substantially flat bottom planer surface 14
      and circular beveled walls 16. Extending around the circular upper margins
      of each indentation 12 is a flat annular rim 18 which is substantially
      parallel to flat bottom surface 14.
PAR  Indentations 12 deviate from the general spherical shape of body member 10,
      and consequently those portions 20 between the margins of annular rims 18
      comprise a spherical shape. A single dimple 22 is formed in spherical
      portions 20, and a corresponding dimple 24 is formed diametrically
      opposite from dimple 22. Dimple 24 includes indicia therein such as
      illustrated by the indicia 13 in FIG. 2b. The volumes of carved out
      portions within dimples 22,24 are equal so that the two dimples do not
      affect the symmetrical balance of body member 10 with respect to the
      center thereof. Thus the weight of body member 10 is balanced with respect
      to its center.
PAR  Each planer surface 14 includes raised indicia 26 thereon. Indicia 26
      extend upwardly from planer surfaces 14, but are positioned inwardly from
      annular rim 18 so that the indicia do not interfere with the rolling of
      body member 10 whenever it rolls on a flat surface. Referring to FIG. 3,
      six different indicia are provided on surfaces 14. They are indicated by
      the voodoo, broken mirror, black cat, clover leaf, horseshoe, and rabbit
      foot indicated in the drawings. It is also possible to use different
      indicia without detracting from the invention.
PAR  Referring to FIG. 4, a modified form of the present invention is designated
      by the numeral 28. Body member 28 is identical in outer shape to body
      member 10, and therefore, primed numbers have been used in FIG. 4 which
      correspond to the numbers used in FIGS. 1 and 2. The primary difference
      between body member 10 and body member 28 pertains to the fact that body
      member 10 is solid in construction whereas body member 28 is hollow or
      balloon like. Body member 10 may be constructed of a resilient material
      such as rubber, plastic or the like, and body member 28 may also be
      constructed of resilient material. However, body member 28 includes a
      hollow portion 30 which may contain air or other gaseous substance. The
      gas pressure within portion 30 may be varied to produce a ball having
      different characteristics.
PAR  When thrown back and forth between two participants, body members 10 and 28
      produce a variety of actions depending upon the amount of spin imparted to
      the body member. Pie-shape indentations 12 produce various aerodynamic
      effects on the body member depending upon how much spin is imparted
      thereto. Furthermore, the body members are difficult to catch inasmuch as
      the participants' fingers may strike beveled surfaces 16 or other surfaces
      on the irregularly shaped body member so as to hinder catching the body
      member during flight. This difficulty is further enhanced by the
      resiliency of the body member which causes it to have a tendency to bounce
      away from the participants' hands as it is being caught.
PAR  Body members 10 and 26 also provide a very unusual action when rolling on a
      flat surface. Conventional cube-shaped members such as conventional dice
      tend to come to rest quickly when rolled on a flat hard surface. But the
      device of the present invention rolls in a manner which is different from
      that of a spherical ball and which is also different from that of a
      cube-shaped die. Furthermore, occasionally the device of the present
      invention comes to a rest on a spherical surface 20, but the chances of
      this happening are statistically less than the chances of coming to rest
      on one of indentations 12. Also, in rare circumstances, the body member
      comes to rest on dimple 22 or dimple 24. The particular rolling action
      which may be obtained can be varied by changing the resiliency of the
      material of which ball 10 is constructed, by changing the pressure within
      body member 28, by changing the dimensions of indentations 12 and
      consequently the dimensions of spherical surfaces 20 and also by changing
      the overall size of the body member.
PAR  Referring to FIGS. 5 and 6, a plurality of body members 10 are shown used
      in conjunction with a net 32. Net 32 includes a plurality of meshed
      members 34 which form mesh openings 36 therein. At the center of net 32 is
      a ring-like weight element 38.
PAR  Net 32 includes two heavy side cords 40 and two thin side cords 42. The
      opposite ends of cords 40 provide four corner cords 44. Each body member
      10 includes a bore (not shown) extending diametrically therethrough, and
      corner cords 44 extend through said bore. A retainer means 46 such as a
      knot or the like holds body member 10 against movement off the end of
      corner cords 44.
PAR  The size of body member 10 is considerably larger than the size of mesh
      openings 36 so that during storage body members 10 do not become entangled
      in net 32. During use, net 32 is used to toss a fifth body member similar
      to that shown in FIGS. 1-4 back and forth. The fifth body member is
      designated by the numeral 48 in FIG. 6. Each net 32 is grasped by two
      participants in a team. Each participant grasps the two body members 10
      which are joined by thin side cords 42 so that heavy side cords 40 extend
      between the two team mates. The weight element 38 causes the center of
      each net 32 to be slightly depressed which facilitates both catching and
      throwing of body member 48. Each team is confined to a boundary area
      designated by the numeral 50. In the event that one team is unsuccessful
      in catching body member 48, the body member is permitted to roll on the
      ground until it comes to rest, at which time the indicia which is upwardly
      exposed is read and the game is scored accordingly. It is possible that
      body member 48 will come to rest on spherical surfaces 20, on dimple 22,
      or on dimple 24, in which case appropriate scoring values are attributed.
PAR  It has been found that spherical members for handles are safer than other
      shapes for this particular type of game. When two players are playing as a
      team, often they jerk the net out of each other's hands. The spherical
      balls permit the handles to be jerked freely out of the hand whereas other
      types of handles might not release as easily and could result in injury to
      the players.
PAR  The net is preferably made of braided nylon which has been found to provide
      the most desirable action during the throwing and catching of the body
      member. It has also been found that the placement of the heavier cords 40
      between the two team mates results in the most desirable action during the
      playing of the game.
PAR  Ring element 38 in the center of the net is slightly smaller than body
      members 10 so that it does not interfere with the trajectory of the body
      members during flight.
PAR  While annular rim 18 extending around indentation 12 is small, it has been
      found that this particular rim provides a different action when body
      member 10 is rolled on a flat surface. Furthermore, this flat annular rim
      makes the body member somewhat more difficult to catch during flight. An
      important feature of the present invention is the ability of body member
      10 to come to rest on one of its spherical surfaces.
PAR  The pie-shaped indentations 12 permit the raised indicia on the inner
      surface thereof without interfering with the rolling of the ball. Because
      the indicia are raised, they do not wear away as would be the case if they
      appeared on the outer surface of the ball. The pie-shaped indentations
      also create considerable turbulence as the ball is being thrown through
      the air, and this creates an unpredictable and unique trajectory whenever
      the ball is thrown. This trajectory may be varied, depending upon the
      amount of spin imparted to the ball. The indentations also facilitate
      gripping of the ball during throwing so as to impart the desired spin
      thereto. Because the indentations extend inwardly from the outer surface
      of body member 10, they also permit body member 10 to be used on a flat
      rough surface such as grass, and permit the grass to extend inwardly into
      the pie-shaped indentations so that it does not interfere with the
      settling of the body member on one of its flat surfaces.
PAR  The body member shown in FIG. 4 can produce a plurality of different
      actions both when being rolled on a flat surface and when being thrown,
      depending upon the pressure to which it is inflated. The pie-shaped
      indentations add to the flexibility of the shell of body member 28 so as
      to permit it to be inflated to varying degrees.
PAR  Thus it can be seen that the device accomplishes at least all of its stated
      objectives.
CLMS
STM  I claim:
NUM  1.
PAR  1. An amusement device comprising:
PA1  a body member having a substantially spherical shape with six equally-sized
      indentations formed thereon;
PA1  each of said indentations comprising an annular rim, tapered side walls
      extending inwardly from said annular rim and a flat circular surface
      positioned radially inwardly from said annular rim,
PA1  said body member having a spherical surface between said annular rims;
PA1  a plurality of raised indicia being on said flat circular surfaces, said
      raised indicia having a height less than the distance between said rims
      and said flat circular surfaces whereby said rims prevent said indicia
      from interfering with rolling of said body member on a flat surface;
PA1  a dimple formed in said spherical surface, said dimple being concave and
      being substantially smaller than said indentations so that the statistical
      chances of said body coming to rest on said dimple are smaller than the
      chances of coming to rest on one of said indentations.
NUM  2.
PAR  2. An amusement device according to claim 1 wherein said body member is
      constructed of a resilient plastic material.
NUM  3.
PAR  3. An amusement device according to claim 2 wherein said body member is
      solid in construction.
NUM  4.
PAR  4. An amusement device according to claim 2 wherein said body member is
      hollow, the interior thereof being filled with a gaseous fluid.
NUM  5.
PAR  5. An amusement device according to claim 1 wherein an indicia is engraved
      in said spherical surface of said body member at a point diametrically
      opposite said dimple whereby said indicia will be upwardly exposed
      whenever said body member comes to rest on said dimple.
NUM  6.
PAR  6. An amusement device according to claim 5 wherein the volume of said
      dimple is equal to the volume of said engraved indicia so as to balance
      symmetrically the weight of said body member about the center thereof.
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PAL  A tiltable surface game toy includes an open top housing assembly and
      mounted therein a universally tiltable open top insert assembly. Upright
      guides within the housing assembly guide vertically adjustable lifters
      with handles which project laterally outward through slots in the end
      walls of the housing assembly. Said lifters supportably engage the
      undersurface of the insert assembly. Selective vertical manual movements
      of one or more lifters are adapted to variably adjust the insert assembly
      to any resultant angle relative to a horizontal plane throughout
      360.degree. selectively. Game board indicia is provided upon the insert
      assembly bottom wall to receive a series of variably spaced targets or
      obstacles. A ball initially disposed on the indicia is movable thereover
      relative to the insert assembly walls in various directions depending upon
      the resultant tilt of the insert assembly so as to strike or not strike
      said targets or obstacles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The art will show various patents directed to tiltable surface game toys
      such as illustrated in the following U.S. Pat. Nos.:
TBL  3,479,033    Crisafulli et al                                             

                                  1969                                         

     2,522,782    Glickman        1950                                         

     3,539,188    Salverda        1970                                         

     3,554,553    Hayashi         1971                                         

     3,680,864    Peterson        1972                                         

     3,751,038    O'Keefe         1973                                         

     3,787,055    Kraemer         1974                                         

     3,815,917    Brown           1974.                                        

PAL  These old disclosures represent efforts to provide tiltable surface game
      toys which accomplish similar results but with very involved and composite
      structures functioning in a different manner. The average of said patents
      provides merely a tiltable game surface within a support housing where
      depending upon the tilt of the game surface, arrived at in various
      manners, causes a ball or other object to move with respect to the walls
      of the main housing for striking or reaching certain targets.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  It is an object of the present invention to provide an improved and
      simplified tiltable surface game toy with novel control mechanism for
      effecting tilting movements of the bottom wall of an insert assembly to
      provide resultant planer inclinations with respect to the horizontal, and
      throughout 360.degree..
PAR  This and other objects will be seen from the following specification and
      claims in conjunction with the appended drawings in which:
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a front perspective view of a tiltable surface game toy in
      accordance with the present invention.
PAR  FIG. 2 is a plan view thereof on a slightly increased scale.
PAR  FIG. 3 is an elevational section taken in the direction of arrows 3--3 of
      FIG. 2.
PAR  FIG. 4 is a fragmentary plan section taken in the direction of arrows 4--4
      of FIG. 3.
PAR  FIG. 5 is a fragmentary section taken in the direction of arrows 5--5 of
      FIG. 4.
PAR  FIG. 6 is a fragmentary partially sectioned view of a modified housing
      assembly.
PAR  FIG. 7 is a fragmentary plan view thereof taken in the direction of arrows
      7--7 of FIG. 6.
PAR  FIG. 8 is a section taken in the direction of arrows 8--8 of FIG. 5
      illustrating a modification with the bottom wall of the insert assembly
      transversely arcuate.
DETD
PAR  It will be understood that the above drawings illustrate merely a preferred
      embodiment of the invention, and that other embodiments are contemplated
      within the scope of the claims hereafter set forth.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawing, the present tiltable surface game toy is
      generally indicated at 11, FIG. 1, as including an exterior open top
      housing assembly or box 13 and movably positioned therein the open top
      insert assembly 15 having upon its bottom wall suitable design indicia 17
      for a predetermined game board. In the illustrative embodiment, a series
      of variably located spots 17' form a part of the indicia, and serve for
      locating the upright target pins 21.
PAR  The housing assembly 13 includes spaced side walls 23, spaced end walls 25
      and bottom wall 27 as in FIGS. 1 through 5.
PAR  Outwardly projecting handles 29 are secured to and extend from the
      respective end walls of the housing assembly adjacent the corners thereof.
      These handles, in addition to the conventional use of transporting the
      housing assembly, serve as a reaction base to facilitate manual
      adjustments of the control handles 39, FIG. 1, hereafter described.
PAR  Within and adjacent the interior corners of the housing assembly are
      mounted a pair of upright parallel spaced 90.degree. corner guides 31,
      FIG. 4, adapted to guidably receive the vertically adjustable lift blocks
      33.
PAR  A longitudinally extending dowel 35 is secured to and projects outwardly of
      each lift block, through a corresponding vertical slot 37 in the housing
      assembly end walls and terminates in the control handle 39, FIGS. 1
      through 5.
PAR  Ball bearing 41 is movably nested within a suitable holder 43 upon the
      upper surface of each of the lift blocks 33, adapted for supporting
      registry with the exterior undersurface corners of the insert assembly 15.
PAR  Said insert assembly is in the nature of an open top box having upright
      spaced side walls 45, spaced end walls 47 which taper upwardly and
      inwardly as at 49, FIGS. 3 and 5, and bottom wall 51.
PAR  In the illustration shown in FIGS. 1 through 5, the bottom wall is normally
      flat and planer. However, it is contemplated that the bottom wall may be
      transversely arcuate as shown in FIG. 8 at 51.
PAR  The inner surfaces of the respective side and end walls of the insert
      assembly are upright as at 53, FIG. 1.
PAR  In the construction of the insert assembly, overlying the bottom wall
      thereof is a sheet metal strip 55 of a magnetic character to which is
      applied the design indicia 17 depending upon the type of game to be
      played. In the illustrative embodiment in FIG. 1, there is merely shown a
      central circle at 17 with a series of variably spaced spots 17', FIG. 2,
      overwhich are positioned target pins 21 which have magnets 57 at their
      lower ends for cooperative securing registry with the target spots 17'.
PAR  A series of spaced spacer buttons 59 project from the end and side walls of
      the insert assembly adjacent its bottom wall and are adapted for
      cooperative registry with the corresponding side and end walls of the
      housing assembly, as best shown in FIG. 2.
PAR  The present housing assembly may be mounted upon a suitable table for use
      or could be supported by a series of legs such as the leg 61,
      fragmentarily shown in FIG. 1.
PAR  A modified housing assembly is shown in FIGS. 6 and 7 wherein, a fulcrum 63
      is anchored at 65 centrally upon the bottom wall of the housing assembly
      13. A tilt control arm 67 intermediate its ends is pivotally mounted at 69
      upon said fulcrum with its inner end terminating in the upright actuator
      bar 75.
PAR  The opposite end of said arm projects outwardly through the upright slot 71
      in one end wall of the housing assembly and terminates in the handle 73.
      The auxiliary or additional tilt control arm 67, through its handle 73, is
      adapted to provide a means by which one player using the game toy, can
      elevate the opposite end of the insert assembly.
PAR  A second such tilt control arm 67 is shown in FIG. 7, projecting from the
      opposite end of the housing assembly. There may be a pair of such arms
      extending from both ends of the housing assembly, available to each
      opponent. These arms serve to prevent any one opposing player from
      dominating control of the ball at one end of the playing surface, which he
      controls, utilizing control handles 39.
PAC  OPERATION
PAR  In operation with a ball centrally disposed within the insert assembly
      within the indicia 17 for that particular game board, which ball may be
      rubber or metallic, the manual adjustment of any one or two or three or
      four of the respective handles 39 at opposite ends of the housing assembly
      will cause a resultant angular inclination of the playing area; namely,
      the bottom of the insert assembly in any direction throughout 360.degree.
      with respect to the horizontal. Depending upon which handles are actuated,
      and the resultant inclination of the game board and indicia, ball 19 will
      roll in the resultant path. Assuming there are two players, one at each
      end of the housing assembly, the targets 21 adjacent one end will be of
      one color and the target elements 21 at the opposite end; namely, pins in
      this embodiment will be of a different color, merely for identification
      and corresponding to the player at the opposite end of the housing
      assembly.
PAR  Depending upon the careful manipulation of the control handles 39 by the
      respective players, each of the opposing parties is endeavoring to control
      the direction of movement of the ball 19 so as to knock down his
      opponent's pins. Unless struck by the rolling ball 19, the pins will
      remain snug upon the playing surface due to the magnets 57 at the lower
      end of the target pins 21. However, the striking of the ball with respect
      to the pin will dislodge the pin from its spot and will count against the
      defending player.
PAR  The outer upward and inward taper 49 of the respective walls of the insert
      assembly provides for clearance thereof with respect to the housing
      assembly when tilted such as to the position shown in FIG. 3. Accordingly,
      the insert assembly is supported upon the ball bearings 41 of the lift
      blocks 33 and is spaced with a minimum of friction from the corresponding
      interior walls of the housing assembly by the spacers 59, FIG. 2.
PAR  A variety of games can be manufactured, based upon the concept of
      controlling the tilt of the playing surface. The tilt of the playing
      surface may be controlled through the present lifters exerting pressure on
      points from under the playing surface.
PAR  The objective of controlling the tilt of the playing surface is to allow
      the force of gravity to alter the position of the ball or any other device
      capable of sliding or rolling with the forces generated from the tilting
      of the playing surface.
PAR  There are an indefinite number of possible game designs which could be
      incorporated into the present invention. Any number of possible obstacles
      or targets 21, mounted or not mounted, may be placed upon the playing
      surface to allow "game-like" competition between opponents playing the
      game. Apertures may be incorporated into the playing surface or other
      obstacles placed or mounted thereon. The present game operates on the
      principle of controlling the tilt of the playing surface to allow
      "gamelike" competition between two or more players, or may be used by one
      player to test his skills at a variety of different challenges afforded
      with the obstacles or devices present on the playing surface.
PAR  The objective of the game, in most cases, will be to knock over an
      opponent's pins or target with the ball rolling along the playing surface.
      Each opponent utilizes his control devices; namely, the lift blocks in
      altering the tilt of the surface to his advantage. The first player to
      knock over all of his opponent's pins or targets is the winner.
PAR  By placing goals at opposite ends of the playing surface, the game of
      hockey may be simulated. Here, each opponent will attempt to maneuver the
      ball or puck, utilizing his control over the tilt of the playing surface
      so as to direct the puck into his opponent's goal. Mechanical or
      electrical gadgetry may be incorporated into the present game toy so as to
      automatically register when a goal is scored and/or talley the number of
      goals on a scoreboard. No claim is made to such electronic gadgetry and no
      further description thereof is given.
PAR  Basketball may be simulated in the same fashion by modification of the
      indicia 17 for the game board as shown in FIG. 1.
PAR  War games may be played, utilizing devices which control the tilt of the
      playing surface; namely, applicant's lift blocks 33. While one opponent
      locates ships, ports or air-bases designated by pins or other identifiable
      playing pieces 21 on the playing surface, the opposing player manipulates
      the position of the metal ball on the playing surface in an effort to
      destroy (i.e., knock down) his opponent's military and naval resources.
      Magnetic devices may be variably located upon the undersurface of the game
      board which will have the effect of locking in place the metal ball of an
      opponent. Thus, the ball is lost to the enemy defenses. Additional balls
      may be utilized. The number of metal balls available to a player and his
      "search and destroy" efforts may be regulated by game rules.
PAR  Theoretically, the object could be to "chase and apprehend" opponent's
      differently colored magnetic balls.
PAR  There are an indefinite number of game designs which may be incorporated by
      modification of the indicia 17 upon the playing surface of the insert
      assembly. These would include simulated games from the group consisting of
      variations of cops and robbers, sea search, basketball, hockey, war games,
      pinball and bowling, but not excluding others within the imagination of
      the user.
PAR  The exact location of the targets 21 or obstacles and the form thereof will
      vary in accordance with the game, as will also whatever other indicia 17
      is applied to the game surface to render the game more interesting. It is
      contemplated that for a single housing assembly, there may be provided a
      plurality of separately useable insert assemblies, with each insert
      assembly having a different game indicia therefor. It is contemplated to
      make the game more interesting that in some instances, the playing surface
      may be transversely arcuate as shown in FIG. 8 to render control more
      difficult, but more interesting and requiring more skill.
PAR  An additional auxiliary control is, furthermore, shown in FIGS. 6 and 7
      whereby, one player playing alone can test his skill by controlling
      tilting of the opposite end of the game board. Both players may have this
      auxiliary control as in FIG. 7.
PAR  Having described my invention, reference should now be had to the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a tiltable surface game toy, an open top housing assembly mountable
      upon a support and including side, end and bottom walls;
PA1  a universally tiltable open top insert assembly loosely disposed within the
      said housing assembly and including side, end and bottom walls;
PA1  a pair of upright spaced corner guides secured adjacent each of the
      internal corners of said housing assembly to its respective side and end
      walls;
PA1  a vertically adjustable lift means guidably mounted between said corners
      and guides respectively;
PA1  outwardly extending arm means secured to each said lift means projecting
      outwardly through a coresponding upright slot in the end walls of the
      housing assembly and terminating in a handle;
PA1  said lift means supportably engaging the undersurface of said insert
      assembly at the corners thereof, whereby selective manual vertical
      adjustments of one or more of said lift means are adapted to angularly
      tilt the bottom wall of the insert assembly to any resultant angle with
      respect to a horizontal plane throughout 360.degree., selectively;
PA1  there being game board indicia upon said insert assembly bottom wall;
PA1  a series of variably spaced targets or obstacles mounted on said indicia;
PA1  and a ball initially disposed on said indicia, movably thereover in various
      directions relative to the insert assembly walls, depending upon the
      resultant tilt of said insert assembly bottom wall, so as to strike or not
      strike said targets.
NUM  2.
PAR  2. In the game toy of claim 1, said lift means being a block, and a ball
      bearing mounted upon the top of each lift block.
NUM  3.
PAR  3. In the game toy of claim 1, the outer surface of the side and end walls
      of the insert assembly being tapered upwardly and inwardly.
NUM  4.
PAR  4. In the game toy of claim 1, laterally spaced spacers upon the side and
      end walls of the insert assembly adjacent its bottom wall, loosely
      engaging the corresponding walls of the housing assembly.
NUM  5.
PAR  5. In the game toy of claim 1, a sheet metal strip overlying the bottom
      wall of said insert assembly; said game board indicia overlying said
      strip; said targets including a magnetic portion retainingly engaging said
      strip and indicia during tilting thereof, until struck by said ball.
NUM  6.
PAR  6. In the game toy of claim 5, said indicia including a series of variably
      spaced locating spots for said targets, said targets being in the form of
      upright pins overlying said spots.
NUM  7.
PAR  7. In the game board of claim 1, the bottom wall of said insert assembly
      being transversely arcuate in shape.
NUM  8.
PAR  8. In the game toy of claim 1, a reaction handle projecting outwardly from
      the end walls of the housing assembly adjacent its corners to facilitate
      variable manual movements of the lift means.
NUM  9.
PAR  9. In the game toy of claim 1, a fulcrum upon the bottom wall of the
      housing assembly centrally thereof; a tilt-control arm intermediate its
      ends pivoted upon said fulcrum; an upright insert assembly actuator bar at
      the inner end of said tilt control arm; the other end thereof extending
      through an upright slot in one end wall of the housing assembly and
      terminating in a handle; whereby, from one end of the housing assembly a
      player can remotely elevate the opposite end of said insert assembly, or
      prevent any opposing player from dominating control of the ball at one end
      of the playing surface under his hand control.
NUM  10.
PAR  10. In the game toy of claim 9, there being an additional tilt control arm
      similarly fulcrumed upon said housing assembly and extending from its
      opposite end.
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ABST
PAL  A game of skill including a frame for supporting a game board having a
      plurality of ball-receiving pockets located about the periphery thereof
      and formed in the supporting frame of the game board. A ball-propelling
      mechanism including a base and a swingably mounted impact member is
      movable about the game board to propel a cue ball to impact with object
      balls. The base includes symmetrically-disposed recesses for receiving the
      cue ball so that it may be automatically aligned with the impact member.
      The ball-propelling mechanism is also provided with a sighting edge so
      that the impact member and cue ball may be properly aligned with an object
      ball. The supporting frame of the game board also includes rebound bumpers
      and a bumper mounting system which provides an enhanced rebound action to
      the playing balls.
BSUM
PAR  This invention relates generally to a game of skill and, more particularly,
      to a game which is a modified form of the popular parlor game known as
      billiards.
PAR  Throughout the years, various billiards games have become popular and are
      played by both children and adults. One popular form of the game of
      billiards is known as pool which is played on a pool table usually having
      six ball-receiving pockets, a cue ball and ten object balls. In one form
      of the game of pool, the player uses a cue stick to strike the cue ball to
      impact with and propel one or more object balls into any of the six
      pockets located around the pool table. The game requires a great deal of
      skill and practice on the part of the player as it is necessary for the
      player to properly line up the cue stick and the cue ball with the object
      ball so that the cue ball will strike the object ball at the proper angle
      to propel it into the desired pocket. Typically, each player continues to
      shoot and score points as long as the object balls are knocked into the
      pockets without having the cue ball knocked into one of the pockets. Of
      course, there are many other versions of this well known game of
      billiards.
PAR  Although the foregoing game has substantial play value and is interesting
      and intriguing to those who have the requisite skill, novices cannot
      totally enjoy the game as it requires such a great deal of skill and
      practice in order to play properly. Accordingly, still further excitement
      could be added to the game by introducing a device which the novice could
      use to improve his play of the game by substantially decreasing the amount
      of skill required. Such a device would add to the player's skill and
      control so that the game will have enhanced play value and substantial
      consumer interest.
PAR  The present invention is directed to a modified form of the game of
      billiards. More particularly, instead of the player employing a cue stick
      to strike the cue ball to impact with and propel an object ball into one
      of the ball-receiving pockets, a ball-propelling mechanism or pendulum cue
      having "built-in" skill and control is provided so that even a novice may
      play a relatively good game without the skill or practice heretofore
      required. In the play of the game, the player positions the pendulum cue
      so that the cue ball fits within one of the ball-receiving recesses formed
      in the base thereof. The player then uses a sighting edge formed on the
      pendulum cue to pivot the pendulum cue about the cue ball until it is in
      proper alignment with an object ball. In this manner, the pendulum cue is
      automatically lined up with the cue ball for perfect impact, and the cue
      ball, through the use of the sighting edge, is in proper alignment with
      the object ball to be impacted with and propelled into one of the
      ball-receiving pockets. Accordingly, as the novel pendulum cue of the
      present invention possesses a new dimension of "built-in" skill and
      control, it substantially reduces the amount of skill and experience
      required on the part of the player so that novices can play and enjoy the
      game with enhanced play value as it lends greater interest and excitement
      to this well-known game of billiards.
PAR  Accordingly, it is an overall object of the present invention to provide a
      game of skill which is like the conventional game of billiards, but has an
      interesting and new dimension of control in the play thereof. In its
      commercial form, the game is portable, is of relatively simple
      construction, is readily manufactured by mass production techniques at
      relatively low cost and includes a number of simple and relatively
      indestructible components.
PAR  It is a further object of the present invention to provide a pool table
      having a unique bumper and bumper mounting system for imparting improved
      rebound action to the playing balls.
PAR  It is a still further object of the present invention to provide a novel
      ball-receiving pockets formed in the supporting legs for the pool table.
PAR  In accordance with an illustrative embodiment demonstrating objects and
      features of the present invention, there is provided a game of skill which
      includes a game board or playing field having a plurality of
      ball-receiving pockets located about the periphery thereof and formed in
      the supporting frame of the game board. The supporting frame is provided
      with a plurality of supporting legs for supporting the game board with
      each of the supporting legs being hollow and open at the top thereof to
      form ball-receiving pockets shaped to receive and contain balls, yet
      permitting easy removal thereof through cutouts formed in the sides of the
      supporting legs. The game is provided with a ball-propelling mechanism or
      pendulum cue including an impact member and is movable about the game
      board so that it may be lined up with the cue ball and object ball. More
      particularly, in the play of the game, the shooter positions the
      ball-propelling mechanism about the cue ball with the cue ball being
      located in a ball-receiving recess formed in the base of the
      ball-propelling mechanism. In this manner, the center line of the cue ball
      is automatically lined up with the center line of the impact member so
      that the cue ball will be hit in its exact center and assure a perfect
      strike. In order to allow the shooter to easily line up the
      ball-propelling mechanism with one of the object balls, the
      ball-propelling mechanism is also provided with a sighting edge. In this
      manner, the shooter employs the sighting edge to line up the
      ball-propelling mechanism with the object ball to be impacted with by
      moving or pivoting the ball-propelling mechanism about the cue ball until
      the sighting edge indicates that the ball-propelling mechanism and object
      ball are in proper alignment. This automatically insures that the cue ball
      and object ball are in proper alignment for perfect impact. In addition,
      the frame of the pool table is provided with a novel bumper and bumper
      mounting system which greatly improves the rebound action imparted to the
      playing balls.
PAR  As in the conventional game of pool, the object of the present game of
      skill is for each player to propel the cue ball so that it will impact
      with an object ball at a proper angle to knock it into one of the
      ball-receiving pockets. However, in the present game, the player lines up
      the pendulum cue, cue ball and object ball and propels the cue ball all in
      a novel manner. More particularly, the novel ball-propelling mechanism of
      the present invention allows the shooter to automatically line up the
      impact member of the ball-propelling mechanism with the cue ball, and also
      allows the shooter to easily line up the ball-propelling mechanism and
      object ball by employing the sighting edge. Accordingly, in the game of
      the present invention, the shooter needs a minimum of skill and experience
      to knock the object balls into the ball-receiving pockets. However, in the
      conventional game of pool, a great deal of skill and practice is required
      before the shooter can accurately align the cue stick and cue ball to
      cause the cue ball to impact with the object ball at the proper angle.
      Accordingly, a new dimension of skill and control has been added to the
      conventional game of pool which thereby enhances the play value thereof.
      Of course, the present apparatus may be used to play any other game in
      which an object must be accurately propelled.
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PAR  The above description as well as further objects, features and advantages
      of the present invention will be more fully understood by reference to the
      following detailed description of the presently preferred, but nonetheless
      illustrative embodiment in accordance with the present invention, when
      taken in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a top plan view of a representative form of the game of the
      present invention, illustrating the ball-propelling mechanism propelling
      the cue ball to knock one of the object balls into one of the
      ball-receiving pockets;
PAR  FIG. 2 is a side elevational view, with parts broken away and in section,
      illustrating the ball-receiving pockets formed in the supporting legs of
      the game board;
PAR  FIG. 3 is a bottom plan view of the game of the present invention;
PAR  FIG. 4 is an enlarged sectional view, taken substantially along the line
      4--4 in FIG. 1 and looking in the direction of the arrows, illustrating in
      detail the game board, the supporting frame and the scoring discs;
PAR  FIG. 5 is a front elevational view of a first embodiment of the
      ball-propelling mechanism of the present invention;
PAR  FIG. 6 is a side elevational view of the first embodiment of the
      ball-propelling mechanism;
PAR  FIG. 7 is a sectional view, taken substantially along the line 7--7 in FIG.
      5 and looking in the direction of the arrows, illustrating in detail the
      alignment of the impact member of the ball-propelling mechanism with the
      cue ball;
PAR  FIG. 8 is a bottom plan view of the first embodiment of the ball-propelling
      mechanism;
PAR  FIG. 9 is a sectional view, taken substantially along the line 9--9 in FIG.
      10 and looking in the direction of the arrows, illustrating the base of a
      second embodiment of the ball-propelling mechanism;
PAR  FIG. 10 is a front elevational view illustrating the second embodiment of
      the ball-propelling mechanism;
PAR  FIG. 11 is a side elevational view of the ball-propelling mechanism shown
      in FIG. 10;
PAR  FIG. 12 is an enlarged fragmentary sectional view, taken substantially
      along the line 12--12 in FIG. 1 and looking in the direction of the
      arrows, illustrating in detail the bumper and bumper mounting system of
      the present invention;
PAR  FIG. 13 is an exploded sectional view illustrating the assembly and
      mounting of the bumper on the supporting frame of the pool table;
PAR  FIG. 14 is an enlarged fragmentary sectional view, taken substantially
      along the line 14--14 in FIG. 1 and looking in the direction of the
      arrows, illustrating further details of the supporting legs and the
      ball-receiving pockets formed therein; and
PAR  FIG. 15 is a fragmentary sectional view, taken substantially along the line
      15--15 in FIG. 14 and looking in the direction of the arrows, illustrating
      further details of one of the ball-receiving pockets of the present
      invention.
DETD
PAR  Referring now specifically to the drawings and in particular to FIG. 1,
      there is shown an illustrative game embodying features of the present
      invention, generally designated by the reference numeral 10, which
      includes a pool table having a game board 12 supported by a frame 14.
      Supporting frame 14 includes six supporting legs 16 at its periphery and
      one supporting leg 18 at the center thereof for supporting game board 12.
      Each supporting leg 16 is hollow and open at the top thereof to form a
      plurality of ball-receiving pockets 20 located about the periphery of game
      board 12, similar to the arrangement in a conventional pool table.
      Supporting frame 14 is also provided with upstanding rebound walls 22
      which include a unique mounting arrangement for supporting rebound bumpers
      24 and supporting frame 14 also includes a horizontally-extending top wall
      26 joining upstanding rebounding walls 22. Top frame wall 26 is provided
      with a pair of recesses 28 formed therein for mounting slidably movable
      scoring discs 30, as shown in FIGS. 1 and 4. In this manner, scoring discs
      30 may be employed to keep score as in the conventional game of pool. A
      ball-propelling mechanism or pendulum cue 32 is also provided and is
      movable about game board 12 to propel a cue ball 34 to impact with one or
      more playing balls 36 and knock them into ball-receiving pockets 20, in a
      manner which will be described below.
PAR  In this illustrative form of the invention, which is particularly designed
      for the play of pool, six ball-receiving pockets 20 are formed in
      supporting frame 14 about the periphery of game board 12. More
      particularly, as shown most clearly in FIGS. 2, 14 and 15, ball-receiving
      pockets 20 are formed in hollow supporting legs 16 which are formed within
      supporting frame 14. As may be seen in FIG. 14, hollow supporting legs 16
      are open at the top thereof and are shaped to receive and contain playing
      balls 36, yet permit easy removal thereof through cutouts 16a formed in
      the sides of supporting legs 16. More particularly, each supporting leg 16
      includes an upper ball-receiving portion 16b integrally formed with a
      lower ball-retaining cup 16c. Ball-retaining cup 16c may also be formed
      with an indentation 16d for assuring that a ball is retained therein. In
      order to permit easy removal of playing balls 36 from each ball-retaining
      cup 16c, the side thereof is formed with cutout 16a which is of sufficient
      size so that a player may insert his hand or fingers through cutout 16 a
      to remove playing balls 36 from the ball-retaining cup 16c.
PAR  In order for the shooter to propel playing balls 36 along the playing
      surface of game board 12 and into one of the ball-receiving pockets 20,
      there is provided a ball-propelling mechanism or pendulum cue 32, as shown
      in FIGS. 5 through 8. More particularly, ball-propelling mechanism 32 is
      in the form of a movable stand which is movable about the playing surface
      of game board 12 in order to line up cue ball 34 and playing balls 36 so
      that cue ball 34 may accurately impact with one or more playing balls 36
      and propel them into ball-receiving pockets 20. Ball-propelling mechanism
      32 includes a base 40, an upstanding support 42 integrally formed with
      base 40, an actuating arm 44 pivotally attached to the upper end of
      upstanding support 42, and an impact member or mallet 46 integrally formed
      on the lower end of actuating arm 44 for engaging and propelling cue ball
      34 or playing balls 36. Mallet 46 includes two identical impact faces 46a
      each formed by elastic inserts 46b to enhance the propelling action. Base
      40 includes two identical and symmetrically-disposed ball-receiving
      cutouts or recesses 48, 50 formed on opposite sides of base 40.
      Ball-receiving recesses 48, 50 are formed within base 40 such that the
      center line of each ball-receiving recess is in alignment with the center
      line of each impact face 46a. In this manner, when one of the
      ball-receiving recesses 48, 50 is positioned about a cue ball 34 or
      playing ball 36, the center line of the ball is automatically lined up and
      in proper alignment with the center line of one of the impact faces 46a so
      that impact face 46a will strike the ball in its exact center. Further,
      each impact face 46a is disposed in a vertical plane (when actuating arm
      44 is in the lowest portion of its swinging arc) such that each impact
      face 46a is substantially in the plane of the periphery of the ball
      supported within the corresponding ball-receiving recess 48 or 50. These
      factors, coupled with the fact that impact occurs when actuating arm 44
      and impact member 46 are swinging through the lowest portion of their
      swinging arc, assures a perfect strike of the impact member 46 against the
      ball supported within ball-receiving recess 48 or 50. In this manner,
      ball-propelling mechanism 32 has "bult-in" skill and control.
PAR  Advantageously, the placement of ball-receiving recesses 48, 50 within base
      40 enables the shooter to manipulate the ball-propelling mechanism 32 so
      that it may be brought extremely close to the rebound bumpers 24 of the
      pool table and yet will still be operable. For example, if cue ball 34 is
      quite close to one of the rebound bumpers 24, the shooter may place
      ball-propelling mechanism 32 between bumper 24 and cue ball 34 to propel
      cue ball 34 so that it will directly impact with one of the playing balls
      36. Without such a construction of recesses 48, 50 within base 40, the
      shooter would need additional space to place a complete base adjacent the
      cue ball and the shooter could not orient ball-propelling mechanism 32
      about cue ball 34 and place it between bumper 24 and cue ball 34. The
      shooter would therefore have to position ball-propelling mechanism 32 on
      the opposite side of cue ball 34 and propel it in a direction so that it
      will impact with bumper 24, rebound off of bumper 24 and impact with the
      desired playing ball 36. Of course, such a "rebound shot" is very
      difficult and requires a great deal of skill and practice as compared to a
      "direct shot" in which the cue ball directly impacts with the playing ball
      without the necessity of rebounding it off of one of the bumpers.
PAR  Once the shooter lines up ball-propelling mechanism 32 with the playing
      ball 36 which he or she desires to propel into one of the ball-receiving
      pockets 20, cue ball 34 will automatically be in alignment with the
      playing ball 36 to be impacted with. Accordingly, in order to allow the
      shooter to more easily line up ball-propelling mechanism 32 with one of
      the playing balls 36, actuating arm 44 is provided with a sighting edge
      44a. In this manner, as shown in FIGS. 1 and 7, when the shooter lifts
      actuating arm 44 to the dotted line position, sighting edge 44a may be
      employed to line up ball-propelling mechanism 32 with the playing ball 36
      to be impacted with. To accomplish this alignment process, the shooter may
      move or pivot recess 48 or 50 of ball-propelling mechanism 32 about cue
      ball 34 until sighting edge 44a indicates that the ball-propelling
      mechanism 32 and playing ball 36 are in proper alignment. This
      automatically insures that cue ball 34 and playing ball 36 are in proper
      alignment for perfect impact. In this manner, ball-propelling mechanism 32
      again has "built-in" skill.
PAR  An alternative form of ball-propelling mechanism or pendulum cue 32 is
      shown in FIGS. 9 through 11 and is designated 32' with parts corresponding
      to ball-propelling mechanism 32 being designated with corresponding prime
      numbers. Accordingly, ball-propelling mechanism 32' includes a base 40',
      an upstanding support 42', an actuating arm 44' pivotally attached to the
      upper end of upstanding support 42' and an impact member or mallet 46'. As
      shown most clearly in FIG. 9, base 40' also includes two identical and
      symmetrically-disposed cutouts or recesses 48', 50' for properly
      positioning cue ball 34 in alignment with either impact face 46a' of
      impact member 46'.
PAR  However, in this embodiment, ball-receiving recesses 48', 50' are not
      circular in shape. More particularly, by placing ball-propelling mechanism
      32' so that cue ball 34 is adjacent the arc 48a' formed in recess 48' or
      adjacent the arc 50a' formed in recess 50', the center line of cue ball 34
      will automatically be lined up with the center line of impact member 46'
      to insure perfect impact. In addition, actuating arm 44' is also provided
      with a sighting edge 44a' which is used in a similar manner to that
      described with respect to the embodiment shown in FIGS. 5 through 8 to
      line up ball-propelling mechanism 32' with one of the playing balls 36 and
      thereby automatically align cue ball 34 and the playing ball 36 to be
      impacted with.
PAR  Turning now to FIGS. 1, 12 and 13, there is shown the novel bumper mounting
      system 60 of the present invention for mounting rebound bumpers 24 along
      the upstanding rebound walls 22 of the pool table. As shown most clearly
      in FIG. 12, bumper mounting system 60 includes a T-shaped mounting groove
      62 formed in upstanding rebound walls 22 adjacent the top thereof.
      T-shaped mounting groove 62 is defined by a lip 64 formed in the upper end
      of rebound wall 22, a slot 66 formed behind lip 64, a
      horizontally-extending recess 68 formed in top frame wall 26 and a locking
      cap 70 including a horizontally-extending portion 70a and a
      downwardly-extending lip 70b (cap 70 is somewhat modified to form recesses
      28 as shown in FIG. 4). Correspondingly, rebound bumper 24 includes a
      curved forward bumper section 72 and an integrally formed T-shaped
      mounting section 74. T-shaped mounting section 74 includes a vertical
      mounting tab 76 connected to bumper section 72 by a shank 78. Between
      mounting tab 76 and bumper section 72, there is formed an upper recess 80
      and a lower recess 82.
PAR  To mount rebound bumper 24, mounting tab 76 is inserted within slot 66 so
      that lip 64 is inserted and fits within lower recess 82. In addition, to
      secure bumpers 24 in place on supporting frame 14, locking cap 70 is
      inserted within recess 68 so that horizontal portion 70a fits within
      recess 68 and downwardly-extending lip 70b is inserted within the upper
      recess 80 of bumper mounting section 74. In this manner, the T-shaped
      mounting section 74 of rebound bumper 24 is securely mounted along the
      upper edge of upstanding rebound walls 22 so that only the curved forward
      bumper section 72 of rebound bumpers 24 protrude from rebound walls 22, as
      shown in FIG. 12.
PAR  In addition, as shown in FIG. 12, rebound bumpers 24 are mounted on
      upstanding rebound walls 22 such that the horicontal center line 72a of
      bumper section 72 is slightly above the center line 34a of cue ball 34 or
      the center lines 36a of playing balls 36. With this arrangement, and with
      the selection of the appropriate durometer and configuration of bumper
      section 72, an enhanced rebound action is imparted to the balls upon
      impact with rebound bumpers 24 assuring that they will be properly
      propelled in relation to the playing surface of game board 12. More
      particularly, when a cue ball 34 or playing ball 36 impacts with rebound
      bumper 24, the ball contacts the rebound bumper above their center lines
      34a or 36a. Accordingly, upon impact, cue ball 34 or playing ball 36 is
      caused to rotate in a direction so that it will roll away from the rebound
      wall 22 impacted with. Advantageously, such an arrangement causes the
      rebound bumpers 24 to impart an improved rebound action to the rebounded
      cue ball 34 or rebounded playing balls 36.
PAR  From the foregoing, it will be appreciated that there has been provided in
      accordance with the present invention an improved game which substantially
      reduces the amount of skill and practice required by the player. The
      ball-propelling mechanisms of the present invention allows the shooter to
      automatically line up the impact member of the ball-propelling mechanism
      with the cue ball, and also allow the shooter to easily line up the
      ball-propelling mechanism and object ball by employing the sighting edge.
      In addition, rebound bumpers 24 may be quickly and easily mounted on
      rebound walls 22 and are arranged with respect to the playing balls to
      provide enhanced rebound action. Finally, the arrangement of the
      ball-receiving pockets formed in the supporting legs of the supporting
      frame allow playing balls to be conveniently removed therefrom.
PAR  A latitude of modification, change and substitution is intended in the
      foregoing disclosure. Accordingly, it is appropriate that the appended
      claims be construed broadly and in a manner consistent with the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A game of skill comprising a plurality of playing balls, a game board
      having ball-receiving pockets formed therein adapted to receive said
      playing balls, a ball-propelling mechanism including a movable stand
      movable about said game board for propelling said playing balls into said
      ball-receiving pockets, said movable stand including a base, an upstanding
      support and an impact member, said impact member being pivotally mounted
      at one end thereof to said upstanding support, the other end of said
      impact member being free to swing through an arc having its axis formed by
      the axis of the pivotal mounting of said one end of said impact member
      with said upstanding support, said impact member being so mounted to said
      support as to pivot in one predetermined plane only, relative to said
      support, said base including at least one ball-receiving recess formed in
      said base, said recess being formed as an indentation in the edge of said
      base, said indentation being so structured that one of said playing balls
      when resting on the game board may be inserted therein by moving said
      indentation thereagainst, said one of said playing balls, when so
      inserted, being positioned for impact by said impact member, and when so
      inserted, being free of contact with said impact member except at the
      moment of said impact, said recess being so aligned with said impact
      member such that whenever said one of said playing balls is received
      therein, the center line of said one of said playing balls is in alignment
      with said predetermined plane, whereby said playing ball is projected in a
      direction parallel to, and coincident to, said predetermined plane.
NUM  2.
PAR  2. A game of skill according to claim 1 further including supporting legs,
      attached to and supporting said game board said ball-receiving pockets in
      addition to being formed in said game board, also being formed so that a
      portion of each of said pockets is in one of said supporting legs.
NUM  3.
PAR  3. A game of skill according to claim 2 wherein said ball-receiving pockets
      include means for removing playing balls therefrom, said removing means
      including an opening formed in the side of each of said supporting legs.
NUM  4.
PAR  4. A game of skill according to claim 1 wherein said impact member includes
      an actuating arm having oppositely disposed impact faces, said actuating
      arm including a sighting edge for lining up said ball-propelling mechanism
      with said playing balls.
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ABST
PAL  An improved air table for use in playing a game. The table has a perforated
      horizontal surface and means coupled to the underside of the surface to
      form an air chamber. This means may be in the form of a flexible sheet. An
      air pump forces air into the chamber and out through the perforations,
      thereby creating an air cushion on the upper playing side of the surface
      for facilitating the movement of one or more playing pieces over that
      upper playing side. The table may have goals and guard rails disposed in
      front of the goals to permit the playpiece to enter the goals while
      limiting the degree of blockage of the goal entrance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a game apparatus and more particularly to an air
      table on which a playing piece is movably supported by an air cushion.
PAR  2. Description of the Prior Art
PAR  It is known in the art to provide game apparatus utilizing an air table on
      which a playing piece is supported by an air cushion. An example of such
      apparatus is a hockey game manufactured by Brunswick Corporation. One
      version of this hockey game comprises a solid perforated rectangular top
      panel about 4 feet wide by about 8 feet long that is supported at a height
      of about 30 inches from the floor. A second solid rectangular panel is
      secured to the underside of the top panel. The panels are cut out to form
      a solid, rigid air chamber or manifold into which air is pumped to create
      an air cushion above the surface of the top panel upon escaping from the
      perforations. Since this unit is quite expensive and has a shipping weight
      of about 550 pounds, it is apparent that the market for such a unit is
      limited.
PAR  A principal object of the present invention is to provide air table
      apparatus which avoids the disadvantages of the prior art apparatus.
PAR  A more specific object of the invention is to provide an air table which is
      lightweight and inexpensive to manufacture.
PAR  Another object of the invention is to provide an air table which is
      convenient to store.
PAR  In accordance with one embodiment of the present invention, an air table is
      provided which has a perforated top surface or panel supported in an
      elevated position by a plurality of legs. A flexible sheet is coupled to
      the bottom periphery of the surface to form an air chamber, and means are
      provided for pumping air into the chamber. The air from the chamber passes
      upwardly through the perforations to form an air cushion above the top
      surface and one or more playing pieces are provided for moving over the
      surface on the cushion.
PAR  In a further aspect, the air table may have goals which are provided with
      guard means. The guard means afford access to the goals by a playpiece
      propelled over the top surface, but prevent the defending player from
      excessively blocking the entrance to his goal.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a perspective view of a preferred embodiment of the invention;
PAR  FIG. 1a is a bottom view of the embodiment of FIG. 1;
PAR  FIG. 2 is an enlarged cross-sectional view of the playing piece depicted in
      the FIG. 1;
PAR  FIG. 3 depicts an alternate construction of the striker means illustrated
      in FIG. 1;
PAR  FIGS. 4-8 illustrate in enlarged cross-sectional views various
      configurations of the surface-sheet coupling.
PAR  FIG. 9 is a plan view of an alternate construction table, including guard
      rails;
PAR  FIG. 10 is a partial side section taken generally along line 10--10 of FIG.
      9.
PAR  FIG. 11 is a plan view of another alternate construction table in the form
      of a tennis game.
PAR  FIG. 12 is a side section taken generally along line 12--12 of FIG. 11.
DETD
PAR  In FIG. 1 and 1a, a preferred embodiment of the present invention is
      illustrated. An air table 10 is shown having a rectangular, horizontal,
      generally rigid playing surface or panel 12 with a plurality of
      perforations or apertures 14 therethrough. The surface 12 is supported
      elevated above a support surface such as the floor by a rectangular frame
      16 and four upright legs 18. The frame 16 provides a peripheral upright
      lip 19 around the surface 12. Beneath the playing surface 12 and attached
      to the periphery thereof is a flexible sheet 20 which combines with the
      surface 12 to form an air chamber or compartment 21. FIG. 1a shows a form
      of sheet configuration having end panels 23 which gives increased air
      volume at the ends. An air pump unit 22 may be secured to the sheet 20 and
      in communication with the chamber 21. The air pump unit 22 may be
      connected to an electrical power source (not shown) as by means of an
      electrical cord 24. Means such as flexible straps 25 secured to the frame
      16 may be provided to aid in supporting the air pump unit 22. This also
      dampens vibrations. In this case, the pump unit 22 may be connected to the
      flexible sheet 20 through a tube 27 connected to a fitting 29 extending
      from and secured to the sheet 20. Alternatively, rigid support structures
      for the air pump unit could be provided.
PAR  Shown on the playing surface 12 are a pair of goals in the form of
      receptacles 26 opening onto the surface 12, a guard means 32 at each goal,
      a playing piece 28, and a pair of striker means 30. Each player uses a
      striker means 30 to hit the playing piece 28 to attempt to propel it into
      the opponent's goal 26. The lip 19 keeps the playing piece 28 confined to
      the playing surface 12. The goals 26 are spaced forwardly from the end of
      the table. Each guard means 32 is an open structure having a pair of
      upright legs 31 which support a transverse plate portion 33 positioned in
      front of a goal 26 and a predetermined height above the top of the playing
      surface 12. This allows the playing piece 28 to slide under the plate
      portion 33 while keeping the striking means away from directly in front of
      the goal 26; which makes it more difficult to guard the goal and adds to
      the excitement of play.
PAR  The air pump unit 22 forces air into the space or chamber 21 created
      between the flexible sheet 20 and the playing surface 12. The air is
      forced out through the apertures 14 and creates an air cushion underneath
      the playing piece 28. As shown in FIG. 2, the playing piece 28 may have a
      skirt 34 extending around at least the bottom periphery thereof which
      traps air temporarily under the playing piece 28 and causes it to ride on
      an air cushion as it slides over the top of the playing surface 12.
PAR  Each of the illustrated striker means 30 is generally cylindrical in shape.
      A handle 36 is attached to the striker means 30 so as to enable it to be
      manually moved and positioned by the player around the playing surface 12
      to appropriately strike the playing piece 28. In FIG. 3 an alternate
      embodiment 30' of the striker means 30 is shown in which a portion of the
      cylindrical body has been flattened so as to present an extending striking
      surface 31 to the playing piece 28.
PAR  In FIGS. 4-8, various means are shown of coupling the flexible sheet 20 to
      the playing surface 12. It is apparent that the table will operate
      effectively with a certain amount of leakage out of the chamber 21.
PAR  In FIG. 4, the frame 16 is shown having an inwardly directed peripheral
      flange 38. A plurality of bolts 40 pass through the flange 38, the
      peripheral edge of playing surface 12, and the peripheral edge of the
      flexible sheet 20. The bolts 40 are spaced at intervals around the
      periphery of the surface to secure the flexible sheet 20 to the playing
      surface 12. The bolts 40 may be secured in place by suitable means such as
      nuts 42. If a better seal is desired, a gasket 44 may be disposed beneath
      the flexible sheet 20. The flange 38 also serves to restrain upward
      movement of the surface 12.
PAR  In FIG. 5, the playing surface 12 is firmly secured between an upper flange
      38' and a second lower flange 46. The frame 16' may be comprised of
      convenient interconnecting sections to permit assembly in the illustrated
      interlocking relationship with the playing surface. The lower flange 46
      has a slot 48 therein into which the peripheral edge of the flexible sheet
      20 is received and held as by means of bolts 40' and nuts 42'.
PAR  In FIG. 6, an upper flange 38" and a lower flange 46" are used merely to
      support the playing surface 12 while the flexible sheet 20 is directly
      coupled to the playing surface 12 by means of a gasket 44", and bolts 40"
      and nuts 42".
PAR  FIG. 7 shows the peripheral or marginal portions of the flexible sheet 20
      wrapped around the top, side, and bottom edge of the playing surface 12,
      and wedged securely between an upper flange 38'" and a second lower flange
      46'".
PAR  FIG. 8 shows the sheet 20 in the form of a complete sack or bag having an
      upper wall 27 secured as by an adhesive to the underside of the perforated
      playing surface 12. The sheet upper wall 27 has perforations or openings
      which align with the perforations 14 in the surface 12. The peripheral
      edge of the surface 12 and the peripheral or marginal edge of the air bag
      may be received in a slot or groove 48 which extends around the inside of
      the frame 16.
PAR  Various design parameters may be used in constructing the air table 10. The
      playing surface 12 may be made of a material such as plywood or masonite.
      The flexible sheet 20 may be composed of a material such as heat-sealed
      vinyl, rubberized cloth, a fabric-reinforced vinyl, or a combination of
      such materials. As stated previously, there can be some leakage and still
      have the apparatus completely operable.
PAR  The air pump unit 22 should be able to provide an air pressure of between 1
      and 5 psi. Satisfactory results have been achieved for 2 .times. 4 foot
      playing surface by using a 1/2 to 3/4 horsepower motor running at 20,000
      rpm. It is generally preferable, however, to run the motor at a lower rpm
      with a larger fan blade in order to reduce noise. In addition, it may be
      desirable to separate the air pump unit 22 from the chamber 21 as by
      having a flexible hose coupling the output of the air pump 22 and the
      flexible sheet 20. The air pump unit 22 could be disposed on the floor or
      could be mounted on the frame 16 or one of the legs 18. FIG. 8 shows a
      separate pump unit.
PAR  The legs can be made removable or foldable in order to be able to store the
      air table in a minimum of space; the flexible sheet will generally
      collapse against the play surface so that the table is readily reduced to
      the generally flat rectangular configuration of a folded bridge table.
PAR  FIGS. 9 and 10 show an alternative table construction 10a. The table 10a
      has a perforated top surface or panel 12a which is elongated and has
      outwardly curved side edges 50. A frame 16a surrounds and supports the
      panel 12a. The frame has an upright peripheral lip 19a around the edge of
      the surface 12a to confine the play piece 28a. Each player may have a
      striker means 30a.
PAR  At opposite ends of the surface 12a, goals 26a may be provided by openings
      52 in the end wall sections of the peripheral lip 19a. These openings 52
      may have their lower edge aligned with (or at least not higher than) the
      top surface 12a so that the play piece 28a may slide directly from the
      surface 12a into the goal. The illustrated goals 26a each includes an
      extension receptacle 54 secured to the end of the frame 16a immediately
      rearwardly of the associated opening 52 to receive the play piece 28a when
      a goal is scored. Each of the illustrated extension portions 54 has an
      opening 56 at the top which permits the player to reach in and push the
      play piece 28 back out onto the playing surface 12a. If desired, the
      extension 54 and the opening 56 may be large enough for withdrawing the
      play piece 28a through the opening 56, or other alternate means for
      retrieving the play piece after it has entered the goal may be utilized.
PAR  Each of the goals 26a is provided with guard or spacer means 32a. The
      illustrated means 32a are each a wire or rod bent into a semi-circular
      configuration and secured at its ends, to the end wall of the peripheral
      lip 19a above the goal opening or mouth 52. The means 32a is positioned
      high enough above the play surface 12a to permit the play piece 28a to
      slide thereunder, while it is low enough relative to the striker 30a to
      prevent the striker 30a from coming any closer to the goal opening than
      the position occupied by the guard means 32a. Thus, the striker 30a cannot
      be positioned directly in front of the goal mouth or opening. Instead, the
      striker 30a must be moved around the outside of the guard means or rail
      32a in defending a player's own goal. This increases the amount of skill
      and agility required from the player as compared to that required if he
      were permitted to move his striker and maintain it directly in front of
      his goal. If desired, the guard rail 32a may be detachable to vary the
      skill required of the defender. For example, the guard rail 32a may be
      removed when the game is played by a younger child with more limited
      dexterity. Further, while the illustrated arrangement of guard means 32a
      has been found to be a desirable and practical arrangement, other
      configurations and sizes of guard rails may be utilized for particular
      game formats, player abilities, size and shape of strikers, play pieces,
      and goals, etc. It will be noted that the illustrated guard means 32a is
      supported away from the play surface itself so as to provide no
      interference with the movement of the play piece. This may be contrasted
      with the arrangement of guard means 32 shown in FIG. 1 where the upright
      support posts 31 do offer some potential interference with the movement of
      the play piece.
PAR  The table 10a is shown in FIG. 10 having an air chamber 21a formed between
      the top panel 12a and a lower panel 58, in lieu of the flexible sheet
      heretofore described.
PAR  FIGS. 11 and 12 illustrate still another modified form of air table 10b.
      This table has a perforated top panel 12b and a frame 16b secured to the
      edges of the panel 12b. The frame 16b provides a peripheral retaining lip
      19b. The top panel 12b has indicia lines 60 representing a tennis court
      upon it. At each end the top panel 12b has a depression 62 which extends
      from side to side of the panel. This elongated depression 62 comprises the
      goal of this particular embodiment, which the player must defend against
      entry of the play piece 28b. This configuration of top panel 12b forms a
      recess at its underside which together with a bottom plate 64 secured to
      the underside of the frame 16b and/or portions of the panel 12b define the
      air chamber 21b.
PAR  Since the embodiment 10a and 10b have hard bottoms rather than the flexible
      chamber of table 10, table 10a and 10b may be used by placing them
      directly upon a supporting surface such as a table or the floor.
      Alternatively, they may also have legs or other support means.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art, and, consequently, it is
      intended that the claims be interpreted to cover such modifications and
      equivalents.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A game apparatus capable of generating an air bearing surface for
      supporting a movable playing piece thereon by an air cushion, said
      apparatus comprising:
PA1  a. generally flat, relatively rigid, relatively horizontally disposed
      member having an upper surface defining a playing surface,
PA1  b. means defining a plurality of apertures in said relatively horizontally
      disposed member capable of emitting air under pressure therethrough,
PA1  c. a supporting structure retaining said relatively horizontally disposed
      member in upwardly spaced relationship to a floor or other supporting
      surface,
PA1  d. an upstanding lip extending upwardly from said playing surface and
      around the periphery of said relatively horizontally disposed member,
PA1  e. a flexible plastic member of substantially greater pliability than said
      relatively rigid member located beneath said relatively horizontally
      disposed member and extending across the entire lower surface of said
      relatively horizontally disposed member and being secured with respect
      thereto to form an air chamber between said flexible member and said
      relatively horizontally disposed member so that air may be emitted through
      said apertures,
PA1  f. an air pump operatively retained on said apparatus for pumping air into
      said air chamber and is supported in upwardly spaced relationship to a
      floor or other supporting surface,
PA1  g. a flexible strap means secured to said supporting structure and engaging
      an underside of said air pump to hold said air pump in said upwardly
      spaced relationship to said floor or other supporting structure and so
      that vibrational forces are not transmitted to said flexible plastic
      member,
PA1  h. a fitting secured to said plastic member, and
PA1  i. a tube connected to said air pump and to said fitting for delivery of
      air under pressure from said pump to said air chamber.
NUM  2.
PAR  2. The apparatus of claim 1 wherein leg forming means is associated with
      and extends downwardly from said supporting structure to hold said air
      pump and said flexible member above said floor or other supporting
      surface.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said leg forming means comprises a
      plurality of legs.
NUM  4.
PAR  4. The apparatus of claim 1 wherein at least one movable playing piece is
      disposed on said playing surface and is shiftable thereon by an air
      cushion formed beneath said playing piece.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said flexible member is provided with
      peripheral edges which are secured to peripheral portions of said
      relatively horizontally disposed member.
NUM  6.
PAR  6. The apparatus of claim 1 wherein the flexible member is provided with
      peripheral edges and which peripheral edges of said flexible member are
      secured to peripheral portions of said relatively horizontally disposed
      member at spaced intervals therearound.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said relatively horizontally disposed
      member is provided with peripheral portions extending inwardly and said
      support structure is provided with inwardly extending flange portions and
      that said flexible member is provided with peripheral edge portions which
      are secured between said peripheral portions of said relatively
      horizontally disposed member and said inwardly extending flange portions.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said flexible member comprises an air
      impervious member which is rectangular in shape and forms a closed air
      pocket with said relatively horizontally disposed member, and said
      supporting structure is provided with an inwardly opening peripheral slot
      which receives and holds peripheral edges of said flexible member.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said supporting structure incudes an
      inwardly directed flange disposed above the peripheral portions of said
      playing surface.
NUM  10.
PAR  10. The apparatus of claim 1 wherein said apparatus comprises goal means in
      which a player of the apparatus will attempt to move a playing piece and
      striker means for directing said playing piece into said goal means.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said apparatus comprises guard means
      positioned exteriorly of said goal means and constructed and arranged for
      allowing the passage of said playing piece past said guard means into said
      goal means while preventing the movement of said striker means beyond said
      guard means toward said goal means.
NUM  12.
PAR  12. A game apparatus in which a movable playing piece is supported by an
      air cushion on a playing surface and two or more players attempt to propel
      the playing piece into the scoring area on the playing surface of an
      opposing player, said apparatus comprising:
PA1  a. a rectangularly shaped supporting frame and having an inwardly opening
      continuous slot extending around an interiorly presented surface of said
      frame,
PA1  b. a relatively rigid and relatively flat upper member retained by and
      secured to said supporting frame and having a continuous peripheral end
      portion integral with said upper member extending into said slot for snug
      fitting retention therein, said upper member having an upper surface
      thereof forming a playing surface,
PA1  c. means forming a plurality of apertures extending through said upper
      member and being spaced from each other throughout the greater surface
      area of said upper member and permitting escapement of air therethrough,
PA1  d. a lower flexible plastic member of substantially greater pliability than
      said relatively rigid upper member retained by and operatively secured to
      said supporting frame and being spaced downwardly from said upper member
      and extending across the entire exposed lower surface of said upper member
      to form an air chamber therebetween, said lower member being relatively
      impermeable to passage of air therethrough, said lower member also having
      a continuous peripheral end portion integral therewith and extending into
      said slot and being in snug fitting engagement with said peripheral end
      portion on said upper member for retention in said slot,
PA1  e. a rectangularly shaped peripheral lip extending upwardly from said frame
      above said playing surface and extending continuously around said upper
      member in peripheral relationship thereto,
PA1  f. at least one movable playing piece capable of being disposed on said
      playing surface,
PA1  g. an individual striker member for each player to strike the playing piece
      and thereby propel said playing piece over said playing surface, said
      striker member being manually positionable with respect to the playing
      surface by each player,
PA1  h. a supporting means extending downwardly from said frame for supporting
      said upper member in a relatively horizontally disposed relationship and
      supporting said lower member in upwardly spaced relationship to a floor or
      other supporting surface,
PA1  i. pumping means operatively retained by said game apparatus and having
      fluid tubes means connected to said flexible member and being in fluid
      communication with said air chamber for pumping air into said air chamber
      under pressure and for forcing air upwardly through said apertures to
      support said playing piece on said playing surface,
PA1  j. said supporting means having sufficient dimension to support said
      pumping means on said apparatus in spaced relation to said floor or other
      supporting surface,
PA1  k. means forming a score area at each of a pair of opposite ends of said
      playing surface defining areas in which a player of the game apparatus
      desires to move said playing piece,
PA1  l. means forming an aperture in the portions of the rectangularly shaped
      lip adjacent each said score area, said apertures having a size and shape
      sufficient to permit passage of said playing piece therethrough and off of
      said playing surface,
PA1  m. an elongate rod spacer structure mounted on the portion of the
      rectangularly shaped lip adjacent each said score area, each said spacer
      structure having a pair of end portions secured to said associated lip
      portion and an intermediate contact portion which extends inwardly over
      said playing surface, said spacer structures being located above said
      playing surface by a distance sufficient to enable movement of said
      playing piece over said playing surface into said score areas, and
PA1  n. each said striker member having a player piece striking section which is
      sized so that it can extend at least partially under said spacer
      structures and an upstanding handle which is greater in vertical dimension
      than the height of the spacer structures above said playing surface to
      thereby become engageable with said spacer structures and prevent said
      striker members from being moved closer to said score areas than a
      predetermined set of positions arrayed around said score areas.
NUM  13.
PAR  13. The apparatus of claim 12 wherein each of said score areas are goals
      and the bottom edge of each of said apertures being no higher than said
      playing surface to facilitate sliding movement of the playing piece from
      the playing surface through said apertures.
NUM  14.
PAR  14. The apparatus of claim 12 wherein said spacer structure serves as a
      guard means which is secured to said peripheral lip and extends above said
      playing surface a distance greater than the height of said playing piece
      to prevent movement of said striker structures beyond a predetermined set
      of positions arrayed around said score areas, and substantially all of the
      area of said playing surface beneath said guard means being unobstructed
      for free passage of said playing piece thereover.
NUM  15.
PAR  15. A game apparatus capable of generating an air bearing surface for
      supporting a movable playing piece thereon by an air cushion, said
      apparatus comprising:
PA1  a. a rectangularly shaped supporting frame having a plurality of legs
      thereon for supporting said frame in spaced relation to a floor or other
      support surface,
PA1  b. an inwardly opening continuous slot extending around an interiorly
      presented surface of said rectangularly shaped supporting frame,
PA1  c. a generally flat, relatively rigid, relatively horizontally disposed
      member retained by said frame and having an upper surface defining a
      playing surface,
PA1  d. a continuous peripheral edge integral with said relatively horizontally
      disposed member and extending into said continuous slot for snug fitting
      retention therein,
PA1  e. means defining a plurality of apertures in said relatively horizontally
      disposed member capable of emitting air under pressure therethrough,
PA1  f. an upstanding lip extending upwardly from said playing surface and
      around the periphery of said relatively horizontally disposed member,
PA1  g. a flexible plastic member of substantially greater pliability than said
      relatively horizontally disposed member located beneath and extending
      across the entire exposed lower surface of said relatively horizontally
      disposed member and being secured with respect thereto to form an air
      chamber between said flexible member and said relatively horizontally
      disposed member so that air may be emitted through said apertures,
PA1  h. said flexible member also having a continuous peripheral edge integral
      therewith and extending into said continuous slot for snug fitting
      engagement therein, the continuous peripheral edge on said relatively
      horizontally disposed member and the continuous peripheral edge on said
      flexible member also being disposed in overlapping snug fitting engagement
      in said slot,
PA1  i. pumping means operatively retained on said frame for pumping air into
      said air chamber,
PA1  j. tube means operatively connected to said pumping means and said flexible
      member for delivering air from said pumping means to said air chamber,
PA1  k. and at least one flexible strap means secured to said frame and
      extending around a portion of said pumping means to support said pumping
      means on said frame in upwardly spaced relationship to said floor or other
      support surface and to prevent vibrational forces from being transferred
      to said relatively horizontally disposed member.
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ABST
PAL  A blade type golf club comprising an upstanding blade and a rearwardly
      extending flange, a longitudinally and horizontally extending groove of
      desired depth in the angle formed between said blade and said flange and
      extending forwardly into said blade, and an arcuately shaped groove of
      desired depth in the medial upper surface of said flange and intermeshed
      with said longitudinally and horizontally extending groove.
PARN
PAR  The subject application is a division of application Ser. No. 867,107,
      filed Sept. 10, 1969 and now U.S. Pat. No. 3,884,468.
BSUM
PAR  The present invention relates to a golf club and more particularly to a
      putter wherein a portion of the golf club immediately behind the area of
      impact is removed whereby upon striking a golf ball vibrations are
      transferred from the golf club to the hands of the golfer and the golfer
      "feels" the stroke.
PAR  An object of the present invention is the provision of a golf club of novel
      construction which allows maximum transfer of vibrations from the club to
      the hands of the golfer thereby increasing the feel of the stroke.
PAR  Another object is the provision of a well-balanced golf club of novel
      construction.
PAR  A further object of the invention is the provision of a golf club the
      weight of which, prior to use, may be varied.
PAR  Yet another object is to provide a golf club which is simple in
      construction, inexpensive to manufacture, capable of mass production
      techniques, and adjustable, prior to use, by the manufacturer or the golf
      shop proprietor to fit the requirements of the individual golfer.
DRWD
PAR  Other objects and features of the invention will become apparent to those
      skilled in the art as the disclosure is made in the following detailed
      description of preferred embodiments of the invention as illustrated in
      the accompanying sheets of drawing in which:
PAR  FIG. 1 is a fragmentary, front elevational view of the preferred embodiment
      of the invention.
PAR  FIG. 2 is a fragmentary, end view of the embodiment of FIG. 1.
PAR  FIG. 3 is a fragmentary, top plan view of the embodiment of FIG. 1.
PAR  FIG. 4 is a vertical sectional view taken on the line 4--4 of FIG. 3,
      looking in the direction of the arrows.
PAR  FIG. 5 is a fragmentary, rear elevational view of the embodiment of FIG. 1.
PAR  FIG. 6 is a fragmentary, rear elevational view of another embodiment of the
      invention.
PAR  FIG. 7 is a vertical sectional view, transverse to the longitudinal axis of
      a modified club head, taken through the approximate center thereof.
PAR  FIG. 8 is a vertical sectional view, transverse to the longitudinal axis of
      a modified club head, taken through the approximate center thereof.
PAR  FIG. 9 is a vertical sectional view, transverse to the longitudinal axis of
      a modified club head, taken through the approximate center thereof.
PAR  FIG. 10 is a fragmentary, rear elevational view of still another embodiment
      of the invention.
PAR  FIG. 11 is a fragmentary, top plan view of the embodiment of FIG. 10.
PAR  FIG. 12 is a fragmentary, rear elevational view of a modification of the
      embodiment of FIG. 10.
DETD
PAR  It is to be understood that although a full blade type putter is
      illustrated in FIGS. 1-6 of the drawings and a club including a centrally
      mounted shaft is illustrated in FIGS. 10-12, the subject invention is not
      restricted or limited to these two particular types of golf clubs only but
      the principles hereinafter to be described in detail are applicable to
      almost every currently available type of golf club head and especially to
      putters.
PAR  Referring now to the drawings, wherein like reference characters designate
      like or corresponding parts throughout the several views, there is shown
      in FIGS. 1-5, which illustrate a preferred embodiment of the invention, a
      full blade type putter 20 consisting, in part, of head 21 and shaft 22.
      The head 21 is provided with a slightly offset and generally upstanding
      hosel 23 which receives the lower end of shaft 22 in a manner such as is
      well-known in the art. Head 21 is constructed as a metal casting or
      forging and may be composed of brass, bronze, aluminum or similar
      composition. Shaft 22 is of conventional construction and may be provided
      at its upper end with gripping means, not shown, such as is well-known in
      the art.
PAR  As best seen in FIG. 4 of the drawings, head 21 further includes an
      upstanding blade 24 with flange 25 extending rearwardly from the lower end
      thereof. More particularly, blade 24 terminates forwardly in a
      substantially flat, generally upstanding face 26 which is elongated in a
      direction extending parallel to an imaginary plane containing the
      longitudinal axis of shaft 22 and also the longitudinal axis of the head.
      Face 26 is preferably inclined approximately 4.degree. from the vertical
      to provide a loft or small pitch. In like manner, rear surface 27 of blade
      24 is inclined approximately 4.degree. from the vertical to maintain
      optical balance. A longitudinally and horizontally extending groove 28 is
      provided in the angle formed between blade 24 and flange 25, said groove
      ranges from one-sixteenth inch to three-sixteenths inch in height as
      measured from the upper surface of flange 25 and extends forwardly into
      said blade from one-eighth inch to one-fourth inch relative to the rear
      surface 27 whereby at least one-sixteenth inch but not exceeding
      five-sixteenths inch of material remains between the most forward limit of
      the said groove 28 and face 26.
PAR  Referring now to FIG. 3 of the drawings, the rear line of flange 25 is
      gradually curved at both heel and toe of said club head. An arcuately
      shaped flange groove 29 is centered relative to the club head and extends
      downwardly into the said flange 25 at least one-eighth inch but not
      exceeding one-fourth inch whereby at least one-sixteenth inch but not
      exceeding one-fourth inch of material remains between the floor of flange
      groove 29 and the sole of the golf club. As best seen in FIGS. 4 and 5,
      the medial portion of flange groove 29 intermeshes with and extends
      upwardly into groove 28; additionally, the floor of such flange groove 29
      is inclined upwardly and forwardly at approximately 4.degree. relative to
      the horizontal. The weight of the club head thus formed may be reduced by
      increasing the depth of flange groove 29 without affecting the weight at
      the heel and toe of the said club head, resulting in better dynamic
      balance.
PAR  Spaced and vertically extending alignment grooves 30-31 which are
      transverse to the longitudinal axis of the head are provided in blade 24,
      said alignment grooves are equally positioned on each side of the center
      of the club head; grooves 30, 31 are approximately two inches apart,
      extend downwardly into the blade from one-fourth to eleven-sixteenths inch
      whereby at least one-fourth inch but not exceeding eleven-sixteenths inch
      remains between the lower limit of said grooves and the sole of the golf
      club; preferably grooves 30, 31 terminate downwardly in horizontally
      extending groove 28. Alignment grooves 30, 31 not only define the center
      of balance of the club head but also said alignment grooves, in
      combination with groove 28, aid in transferring more vibrations and hence
      more feel to the hands of the golfer upon stroking a golf ball.
PAR  A rectangularly shaped portion 32 may be polished on face 26 between the
      alignment grooves; said polished portion may then be masked and the entire
      club head sand blasted, in a conventional manner, to produce an attractive
      and eye appealing club head.
PAR  It is to be understood that the invention is not to be restricted to
      require such alignment grooves. The embodiment of FIG. 6, for example, is
      constructed in accordance with the principles heretofore described in
      detail except for such alignment grooves. In such embodiment, an arcuately
      shaped recess 33 is provided in the medial, upper portion of the rear
      surface 27 of the blade, said recess extends upwardly from one-eighth to
      one-fourth inch relative to the floor of flange groove 29. Preferably the
      radius of curvature of recess 33 corresponds to that of flange groove 29;
      furthermore, the foremost vertical surface of recess 33 and flange groove
      29 are coextensive; the foremost vertical surface of horizontal groove 28
      is desirably coextensive with the foremost vertical surfaces of recess 33
      and groove 29, respectively.
PAR  As heretofore described, horizontal groove 28 and flange groove 29 may be
      varied both in depth and also the distance they extend into the blade.
      More particularly, as shown in FIG. 7, groove 28 which extends forwardly
      into blade 24 and flange groove 29 which extends downwardly into flange 25
      are both at minimum depth; in such embodiment the corresponding foremost
      vertical surfaces of the said grooves are vertically aligned. As viewed in
      FIG. 8, groove 28 is at minimum depth in the said blade whereas flange
      groove 29 extends downwardly into flange 25 to maximum depth. In FIG. 9,
      on the other hand, groove 28 is at maximum depth in blade 24 whereby the
      minimum thickness of material remains between the foremost vertical
      surface of the said groove and the face of the club head; flange groove 29
      is at minimum depth in flange 25 whereby approximately one-fourth inch of
      material remains between the floor of flange groove 29 and the sole of the
      club head. As heretofore mentioned, in those embodiments of the invention
      employing a recess 33, the corresponding foremost vertical surfaces of
      flange groove 29 and recess 33 are preferably in vertical alignment;
      however, flange groove 29 and recess 33 may be in vertical alignment and
      extend into blade 24 to a greater depth than groove 28, as viewed in FIG.
      6 of the drawings.
PAR  As groove 28 approaches maximum depth in each of the embodiments of the
      invention heretofore described, the face of the club head is deadened; a
      golf ball stroked by such a club head will roll slower on a fast green. On
      the other hand, the weight of the club head is lessened as more material
      is removed from flange 25 and flange groove 29 is deepened.
PAR  There is shown in FIGS. 10-12 of the drawings a club head 34 having a shaft
      mounted between the ends of club head 34, commonly called a centrally
      mounted shaft; head 34 includes an upstanding blade 35 with flange 36
      extending rearwardly from the lower end thereof. Blade 35 terminates
      forwardly in substantially flat, generally upstanding face 37 which is
      elongated in a direction extending parallel to an imaginary plane
      containng the longitudinal axis of the shaft and also the longitudinal
      axis of the head 34. Face 37 is preferably inclined from the vertical
      approximately 4.degree. while rear surface 38 of the said blade is also
      inclined from the vertical by approximately 4.degree.  to maintain optical
      balance.
PAR  A longitudinally and horizontally extending groove 39 is conventionally
      provided in the angle formed between blade 35 and flange 36, respectively;
      said groove extends forwardly into the blade at least one-eighth but not
      exceeding one-fourth inch whereby at least one-sixteenth inch but not
      exceeding five-sixteenths inch of material remains between the foremost
      vertical surface thereof and face 37. As best seen in FIG. 11, the rear
      line of flange 36 is parallel to face 37 and is gradually curved at both
      heel and toe. Arcuately shaped flange groove 40 is preferably centered
      relative to the center of the face of the club head, said flange groove
      extends downwardly into the flange from one-eighth to one-fourth inch
      relative to the upper surface thereof. As shown in FIG. 10 of the
      drawings, the floor of such flange groove is slightly dished and inclined
      upwardly and forwardly at an angle of approximately 4.degree. relative to
      the horizontal.
PAR  In the embodiments of FIGS. 10-12 an arcuately shaped recess 41 is provided
      in the medial, lower portion of the rear surface 38 of the blade, said
      recess extends upwardly from one-eighth to one-fourth inch relative to the
      floor of flange groove 40. Preferably the radius of curvature of recess 41
      corresponds to that of flange groove 40 with the foremost vertical surface
      of recess 41 coextensive with the corresponding surface of flange groove
      40. Furthermore, the foremost vertical surface of groove 39 may be
      coextensive with the corresponding surface of flange groove 40 and recess
      41, or, as illustrated in FIGS. 10 and 12 of the drawings, the said flange
      groove 40 and recess 41 may extend into the blade 35 to a greater depth
      than groove 39.
PAR  Still referring to FIGS. 10 and 11 of the drawings, spaced and vertically
      extending alignment grooves 42-43 which are transverse to the longitudinal
      axis of the club head 34 are provided in flange 36 and extend upwardly
      into blade 35. The said alignment grooves are positioned laterally of the
      center of the said club head, are approximately 2 inches apart and extend
      upwardly at least one-half but not exceeding nine-sixteenths inch;
      preferably such alignment grooves terminate upwardly in groove 39.
PAR  It is to be understood that the centrally mounted club head 34 thus formed
      is not restricted to the use of such alignment grooves 42, 43 in
      combination with groove 39, flange groove 40 or recess 41. The embodiment
      of FIG. 12 is constructed in accordance with the principles heretofore
      described except for the use of such alignment grooves. Furthermore, the
      depth of groove 39, flange groove 40 and recess 41 may be varied in
      accordance with the principles heretofore described in detail.
PAR  It should be understood, of course, that the foregoing disclosure relates
      to only preferred embodiments of the invention and that numerous
      modifications or alterations may be made therein without departing from
      the spirit and scope of the invention as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a golf club head consisting of an upstanding blade having a front
      face and a rear face with a flange extending rearwardly of the said blade,
      said flange having a top, a rear face and sole, a longitudinally and
      horizontally extending groove in the rear face of said blade extending
      completely across the rear face thereof, a flange groove extending
      downwardly into the top of said flange to an approximate uniform depth and
      terminating rearwardly substantially across the entire rear face of said
      flange, said flange groove communicating with said longitudinally and
      horizontally extending groove, first and second spaced and parallel
      alignment grooves in said flange groove, said alignment grooves being
      disposed transverse to the longitudinal axis of said club head and
      extending upwardly into said blade.
NUM  2.
PAR  2. The invention of claim 1 wherein said first and second alignment grooves
      terminate downwardly of said longitudinally and horizontally extending
      groove.
NUM  3.
PAR  3. The invention of claim 1 wherein said first and second alignment grooves
      terminate in said longitudinally and horizontally extending groove.
NUM  4.
PAR  4. The invention of claim 1 wherein said first and second alignment grooves
      terminate above said longitudinally and horizontally extending groove.
NUM  5.
PAR  5. The invention of claim 1 wherein said first and second alignment grooves
      extend upwardly into said blade ranging from one-half to nine-sixteenths
      inch.
NUM  6.
PAR  6. In a golf club head consisting of an upstanding blade having a front
      face and a rear face and terminating downwardly in a rearwardly extending
      flange, said flange having a top, rear face and sole, a longitudinally and
      horizontally extending groove in the rear face of said blade and extending
      completely across the rear face thereof, an arcuate flange groove in said
      top of said flange and extending downwardly into said flange to an
      approximate uniform depth, said flange groove communicating with said
      longitudinally and horizontally extending groove, a recess in the rear
      face of said blade, said recess terminating downwardly in said
      longitudinally and horizontally extending groove, said recess and said
      flange groove extending forwardly into said blade, first and second spaced
      and parallel alignment grooves in said flange groove, said alignment
      grooves being disposed transverse to the longitudinal axis of said club
      head and extending upwardly into the front face of said blade.
NUM  7.
PAR  7. The invention of claim 6 wherein said first and second alignment grooves
      terminate above said longitudinally and horizontally extending groove.
NUM  8.
PAR  8. The invention of claim 6 wherein said first and second alignment grooves
      terminate in said longitudinally and horizontally extending groove.
NUM  9.
PAR  9. The invention of claim 6 wherein said first and second alignment grooves
      terminate downwardly of said longitudinally and horizontally extending
      groove.
NUM  10.
PAR  10. The invention of claim 6 wherein said first and second alignment
      grooves extend upwardly into said blade ranging from one-half to
      nine-sixteenths inch.
NUM  11.
PAR  11. The invention of claim 6 wherein said recess and said flange groove
      extend forwardly into said blade and terminate forwardly of said
      longitudinally and horizontally extending groove.
NUM  12.
PAR  12. The invention of claim 6 wherein said recess and said flange groove
      extend forwardly into said blade and terminate in the same approximate
      vertical plane.
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PAL  An obturator for the rotor of a machine such as a compressor for special or
     oxic fluids consists of an annular seal clamped in the active position
      between stationary knife-edge elements provided on the rotor and movable
      knife-edge elements carried by an annular supporting member which is
      capable of moving along the axis of the machine under the action of
      magnetic means between an inactive position at a distance from the rotor
      and an active position in which the supporting member is coupled with the
      rotor as a result of magnetic attraction forces. The movable knife-edge
      elements are joined to the movable supporting member by resilient means
      whereby an obturation force of lower value than the magnetic attraction
      force is exerted in the direction of the stationary knife-edge elements.
BSUM
PAR  This invention relates to an obturator for achieving leak-tightness between
      a driving unit and a receiving unit associated by disconnectable coupling
      means and applies more especially when the receiving unit is the rotor of
      a compressor for special gases, especially for toxic or hazardous gases.
PAR  The primary aim of the invention is to permit uncoupling of the driving
      unit from the rotor while maintaining leak-tightness between this latter
      and the surrounding medium for such purposes as overhaul, maintenance or
      repair of said driving unit, which avoids the need to drain or purge the
      compressor, the internal space of which can therefore remain occupied by
      the toxic or hazardous gas.
PAR  In rotating machines of this type, it is already a known practice to make
      use of obturators of the type consisting of an annular seal located in a
      plane at right angles to the axis of rotation of the compressor, said seal
      being clamped in the active position between on the one hand stationary
      knife-edge elements formed for this purpose on the rotor and on the other
      hand movable knife-edge elements carried by a movable support which is
      capable of moving along the axis of the machine under the action of
      control means between the active position in which said support is urged
      towards the rotor and an active position in which said support is held at
      a distance from this latter.
PAR  In obturators of this type, the obturation force is usually obtained as a
      result of the action of a spring which cooperates with a mechanism for
      releasing or compressing said spring. This mechanism which additionally
      performs the functions of locking and releasing is usually controlled by
      means which utilize a hydraulic pressure. In installations of this type,
      the obturation force is exerted between the rotor and the casing of the
      machine; especially in the case of machines having a vertical axis which
      are the most commonly employed, this obturation force is consequently a
      function of the weight of the rotor. This weight may accordingly vary to a
      considerable extent, depending on whether the pivot system is in position
      or not. Moreover, when the size of the machine to be equipped becomes
      relatively large, the weight of the pivot system and of the electric motor
      which is often associated with this latter becomes such that it proves
      difficult in practice to displace and maintain the machine as a whole.
PAR  This invention relates to an obturator of more simple design than those
      which have been known up to the present time and in which the obturation
      force can be determined with precision.
PAR  To this end, the obturator according to the present invention in which the
      movable supporting member is capable of displacement under the action of
      magnetic means between an inactive position in which said member is held
      at a distance from the rotor and an active position in which said member
      is coupled with said rotor by means of magnetic attraction forces, is
      characterized in that the movable knife-edge elements are connected to the
      movable support member by resilient means whereby an obturation force of
      lower value than the magnetic attraction force is exerted in the direction
      of the stationary knife-edge elements.
PAR  In a preferred arrangement of the invention, the magnetic means for
      displacing the movable supporting member are constituted by at least one
      pair of electromagnets having parallel cores formed of permanent magnet
      material by means of mild steel armatures, the coils mounted on said cores
      being supplied with currents such as to produce within said coils fluxes
      which are added so as to obtain according to the direction of said fluxes
      an attractive force which is respectively positive or zero.
PAR  In accordance with another arrangement of the invention, the resilient
      means which connect the movable knife-edge elements to the movable
      supporting member are constituted by at least one resilient washer which
      is applied along the internal diameter thereof against the movable
      supporting member and along the external diameter thereof against the
      movable knife-edge elements while exerting on said elements a force which
      is directed towards the annular seal.
PAR  The obturator in accordance with the invention thus achieves a combination
      of three distinct elements which cooperate in their different functions,
      and especially an annular seal which constitutes a packing gland, a
      magnetic control system for carrying out the displacement of a movable
      supporting member and resilient means which ensure a flexible connection
      between the movable knife-edge elements which are intended to be applied
      against the seal and the supporting member so as to produce a
      predetermined general obturation force which is independent of any
      possible variations in air-gap in the magnetic control system of the
      movable supporting member.
DRWD
PAR  Further characteristic features of the obturator under consideration will
      become apparent from the following description of a number of examples of
      construction which are given by way of indication without any implied
      limitation, reference being made to the accompanying drawings, wherein:
PAR  FIG. 1 is a sectional view of an obturator in accordance with the present
      invention as shown in the inactive position thereof;
PAR  FIG. 2 shows the same obturator as in FIG. 1 but in the active position
      thereof;
PAR  FIG. 3 shows in the form of a diagram the forces which are developed in the
      obturator according to the invention;
PAR  FIG. 4 illustrates an alternative form of construction of the resilient
      means of the obturator;
PAR  FIGS. 5 and 6 show diagrammatically one form of construction of the
      magnetic means employed in an obturator according to the invention.
DETD
PAR  In FIGS. 1 and 2, there is shown in cross-section an obturator which is
      mounted between a driving motor and the rotor of a compressor for toxic or
      hazardous gases, said driving motor being connected to the compressor by
      separable coupling means which are not shown in the drawings.
PAR  In the arrangement illustrated, the hub 1 of the compressor rotor is driven
      in rotation by a shaft 2. The obturator in accordance with the invention
      is intended to ensure leak-tightness between the hub 1 and the casing 3 of
      said compressor.
PAR  The obturator comprises an annular seal 4 located in a plane at right
      angles to the axis of rotation of the compressor rotor 1, said annular
      seal 4 being carried by a movable annular supporting member 5 which is
      capable of axial displacement under the action of magnetic control means
      between an active position in which said seal is urged towards stationary
      knife-edge elements 6 which are integral with the hub 1 of the rotor and
      an inactive position in which said seal is maintained at a distance from
      said knife-edge elements 6.
PAR  In the example under consideration, the annular seal 4 is held against the
      movable supporting member, on the one hand by means of a retainer-ring 7
      and on the other hand by means of movable knife-edge elements 8, said
      elements being in turn connected to the movable supporting member by means
      of a resilient washer 9. Said washer is applied along the internal
      diameter thereof against the movable supporting member and along the
      external diameter thereof against the movable knife-edge elements while
      exerting on these latter a force which is directed towards the annular
      seal.
PAR  A bellows element 10 joins the movable knife-edge elements 8 to the movable
      supporting member 5 in leak-tight manner. Similarly, a bellows element 11
      joins the movable supporting member 5 to the compressor casing 3 in
      leak-tight manner.
PAR  The magnetic means which are intended to produce an attractive force
      between the hub 1 of the rotor and the movable supporting member 5 are
      placed within the interior of this latter and supplied with electric
      current through a cable 12. The armatures of the magnetic circuit are
      mounted flush with the surface of the movable supporting member 5 opposite
      to the hub 1 of the rotor.
PAR  In the inactive position, the movable supporting member 5 is carried on the
      casing 3 by means of an abutment member 13 which defines an air-gap value
      Jo between the top face of the movable supporting member 5 and the
      opposite face of the rotor hub 1.
PAR  Checking of the state of the obturator is carried out by means of a
      position indicator 14 which detects the changeover to the inactive
      position. This position indicator is constituted by an electric contact
      placed between a stud 5a which is rigidly fixed to the movable supporting
      member 5 and the compressor casing 3.
PAR  When an attractive force is exerted between the hub 1 of the rotor and the
      movable supporting member 5, said supporting member moves away from the
      position in which it is supported on the casing 3 by the abutment member
      13. By means of its top face, the movable supporting member 5 is then in
      contact with the hub 1 of the rotor and is thus coupled thereto, the
      air-gap Jo being practically reduced to a zero value.
PAR  In this new position which corresponds to the configuration of FIG. 2, the
      annular seal 4 is accordingly clamped between on the one hand the
      stationary knife-edge elements 6 and on the other hand the movable
      knife-edge elements 8; the obturator seals-off the casing, with the result
      that the driving motor and its pivot system can accordingly be removed.
PAR  The obturation force is developed by the resilient washer 9. Said washer is
      chosen so as to ensure that, in respect of a deformation of said washer in
      compression corresponding to the distance of travel of the movable
      supporting member and taking into account the compression or degree of
      flattening proper of the annular seal, the resultant force obtained is
      satisfactory for the conditions of use of the machine, or in other words
      so as to ensure that any outleakage of toxic gas from the casing is
      strickly prohibited.
PAR  The forces developed within the obturator in accordance with the invention
      are represented by the diagram of FIG. 3 in which the forces expressed in
      daN (decanewtons) are plotted as ordinates and the clearance between the
      movable member 5 of the rotor hub 1 as expressed in millimeters are
      plotted as abscissae.
PAR  Again in FIG. 3, the full-line curve represents the attractive force which
      is exerted between the movable supporting member 5 and the rotor hub 1.
      This force is the resultant of the magnetic force and of the weight of the
      movable supporting member, and is of opposite direction. The dashed curve
      represents the obturation force developed by the resilient washer 9. The
      chain-dotted curve represents the resultant of the attractive force and of
      the obturation force which is chosen as indicated in the foregoing.
PAR  As shown in these diagrams, the force developed by the resilient washer 9
      is always lower in value than the attractive force which applies the
      movable supporting member 5 against the rotor hub 1; the resultant force
      is therefore always in the direction which applies the seal 4 against the
      stationary knife-edge elements, thus continuously ensuring the requisite
      degree of leak-tightness.
PAR  The obturation force is clearly regulated as a function of the diameter of
      the knife-edge elements, the profile of said elements, the nature of the
      material constituting the annular seal 4 and so forth. The deflection or
      deformation by compression which is imposed on the resilient washer 9
      substantially compensates for the relaxation resulting from penetration of
      the knife-edge elements into the annular seal. All things considered, the
      characteristics of the washer are so defined that the deflection applied
      in the open position of the obturator is lower in value than the
      attractive force when the air-gap is such that the clearance between the
      annular seal and the knife-edge elements has been reduced to zero.
PAR  In another embodiment which is illustrated in FIG. 4, the resilient washer
      9 could be replaced by helical springs such as the spring 20 which are
      arranged cylindrically in the shape of a drum around the movable
      supporting member 5. The extremities of said helical springs are
      accordingly applied against stops 21 formed for this purpose on the
      movable supporting member 5 and against the movable knife-edge elements 8.
PAR  The magnetic attraction means which are advantageously employed in the
      obturator under consideration are shown diagrammatically in FIGS. 5 and 6.
      Said magnetic attraction means are preferably constituted by at least one
      pair of electromagnets in which the parallel cores 15 and 16 are formed of
      permanent-magnet material and in which the coils 17 and 18 mounted on said
      cores are supplied separately.
PAR  In accordance with the arrangement shown in FIG. 5, suitable current pulses
      within the coils 17 and 18 produce permanent fluxes having the saame
      direction within cores 15 and 16. As a result, said fluxes are added and
      the lines of force are closed by the mild steel magnetic circuit
      constituted by armatures placed within the interior of the movable
      supporting member 5 and by the rotor hub 1, thus exerting an attractive
      force between this latter and said movable supporting member 5.
PAR  In accordance with the arrangement shown in FIG. 6, the current pulses
      within the coils 17 and 18 produce within the cores 15 and 16 fluxes of
      opposite direction which are reduced to zero. No further line of force
      passes through the rotor hub 1 and the air-gap which is provided between
      this latter and the supporting member 5, with the result that there is no
      longer any force of magnetic attraction.
PAR  Solely as a result of the action of short pulses within the coils 17 and
      18, an arrangement as described in the foregoing makes it possible to
      reduce a permanent attractive force or to reduce said force to zero.
PAR  It is apparent that a mechanism of this type can advantageously perform the
      driving functions of the obturator since it does not entail the continuous
      supply of the winding and constitutes a bistable mechanism which dispenses
      with the need of a device for locking in either of the active or inactive
      positions which are contemplated.
PAR  Moreover, in a preferential mode of execution of the invention, the portion
      of the magnetic armature which is external to the movable supporting
      member 5 is secured to the rotor hub 1 or is constituted in the more
      general case by an element which forms part of said hub. Thus the forces
      utilized at the time of the operation involving closure of the obturator
      are applied to the loop constituted by the rotor and the movable
      supporting member and do not need to be sustained by a movable abutment
      member which is rigidly fixed to the rotor. The technology and
      construction of the machine are accordingly simplified and operational
      safety is enhanced since the axial clearance which exists at the level of
      said abutment member is always small.
PAR  At the time of closure of the obturator, the movable supporting member 5 is
      applied against the rotor hub 1 with zero air-gap. Thus the relative
      positions of the two components is perfectly defined and does not depend
      on an unstable equilibrium which would result from another mode of
      operation of the type in which provision is made for closure with a
      non-zero air-gap.
PAR  Furthermore, since no effort is applied to the casing, the operation is not
      affected by the relative positioning of the rotor with respect to said
      casing.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An obturator for the rotor of a rotating machine which conveys a noxious
      fluid, said obturator being constituted by an annular seal located in a
      plane at right angles to the axis of rotation of the machine, said seal
      being clamped in the active position between on the one hand stationary
      knife-edge elements provided for this purpose on the rotor and on the
      other hand movable knife-edge elements carried by an annular supporting
      member which is capable of moving along the axis of the machine under the
      action of magnetic means between an active position in which said
      supporting member is held at a distance from the rotor and an active
      position in which said member is coupled with said rotor by means of
      magnetic attraction forces, wherein the movable knife-edge elements are
      connected to the movable support member by resilient means whereby an
      obturation force of lower value than the magnetic attraction force is
      exerted in the direction of the stationary knife-edge elements.
NUM  2.
PAR  2. An obturator according to claim 1, wherein the magnetic means for
      displacing the movable supporting member are constituted by at least one
      pair of electromagnets having parallel cores formed of permanent magnet
      material and joined together by means of mild steel armatures, the coils
      mounted on said cores being supplied with currents such as to produce
      within said coils fluxes which are added so as to obtain according to the
      direction of said fluxes an attractive force which is respectively
      positive or zero.
NUM  3.
PAR  3. An obturator according to claim 2, wherein the magnetic means for
      displacing the movable supporting member are placed within said member,
      the mild steel armatures of the magnetic circuit being mounted flush with
      the surface which is in contact with the rotor in the active position.
NUM  4.
PAR  4. An obturator according to claim 1 wherein the resilient means which
      connect the movable knife-edge elements to the movable supporting member
      are constituted by at least one resilient washer which is applied along
      the internal diameter thereof against the movable supporting member and
      along the external diameter thereof against the movable knife-edge
      elements while exerting on said elements a force which is directed towards
      the annular seal.
NUM  5.
PAR  5. An obturator according to claim 1 wherein the resilient means which
      connect the movable knife-edge elements to the movable supporting member
      are constituted by helical springs arranged cylindrically in the shape of
      a drum around said movable supporting member, said springs being each
      applied at one end against said movable supporting member and at the other
      end against said movable knife-edge elements.
NUM  6.
PAR  6. An obturator according to claim 1 wherein leak-tightness between the
      movable knife-edge elements and the movable supporting member is ensured
      by means of a bellows element.
NUM  7.
PAR  7. An obturator according to claim 1 wherein leak-tightness between the
      movable supporting member and the fixed casing of the machine is ensured
      by means of a bellows element.
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PAL  An improved rotary mechanism such as a rotary engine provided with improved
      seals. The mechanism includes an operating chamber with a rotor therein,
      the rotor being provided with at least one seal receiving groove. An
      improved seal is located in the groove and comprises a seal element
      extending partially out of the groove, a spring secured to the seal for
      biasing the seal into sealing engagement with the chamber walls, and a
      carrier element secured to the spring. The carrier element includes
      resilient means having an unstressed width slightly greater than the width
      of the groove to grip the groove to positively retain the unitized seal
      assembly therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to rotary engines and, more particularly, to seal
      assemblies for rotary engines.
PAR  Prior art of possible relevance includes the following U.S. patents: U.S.
      Pat. No. 3,046,069 to Schmidt, issued July 24, 1962; U.S. Pat. No.
      3,127,095 to Froede, issued Mar. 31, 1964; U.S. Pat. No. 3,152,552 to
      Frenzel, issued Oct. 13, 1964; U.S. Pat. No. 3,176,609 to Maurhoff, issued
      Apr. 6, 1965; U.S. Pat. No. 3,193,188 to Bentele, issued July 6, 1965;
      U.S. Pat. No. 3,281,064 to Springer, issued Oct. 25, 1966; U.S. Pat. No.
      3,400,691 to Jones, issued Sept. 10, 1968; U.S. Pat. No. 3,556,695 to
      Yamamoto, issued July 19, 1971; U.S. Pat. No. 3,667,877 to Lamm, issued
      June 6, 1972; U.S. Pat. No. 3,712,767 to Beutter, issued Jan. 23, 1973;
      U.S. Pat. No. 3,745,630 to Bensinger, issued July 17, 1973.
PAR  While the operating principles of various types of rotary engines have long
      been known, to date they have not met with appreciable commercial
      acceptance. One significant drawback to the commercialization of such
      engines resides in the problems posed by the seals carried by the rotors
      employed.
PAR  Problems with seals can be divided into many areas and the instant
      invention is concerned with the overcoming of two problems typically
      encountered with seals.
PAR  A first problem is that of obtaining good sealing contact between the ends
      of an apex seal in a rotary engine. Typically, the total length of an apex
      seal is made somewhat less than the width of the rotor to allow for
      expansion of the seal due to high operating pressures and to preclude the
      ends of such seals from causing unnecessary wear on the sides of the
      engine operating chamber. In typical constructions, a gap will always
      exist with the consequence that some leakage will occur at the ends of an
      apex seal with the ultimate consequence of reduced operating efficiency.
PAR  Another problem encountered with apex seals is that frequently the same
      require a multiplicity of parts. Frequently, each seal will be comprised
      of a main sealing bar provided with a wedge at one, or both ends. In
      addition, one or more springs are employed to bias the sealing bar and the
      wedge into sealing engagement with the walls of the operating chamber. Not
      infrequently, a minimum of four parts are employed. Given a typical rotary
      engine of the so-called "Wankel" variety, there will be at least twelve
      parts required for apex seals.
PAR  Installation of the seals in such an engine becomes a nightmare since,
      typically, the springs will be pushing the remaining parts out of the seal
      receiving grooves. Frequently, the prior art has resorted to the use of
      taping such parts in place to overcome the aforementioned problem.
      However, frequently, a mechanic or an assembler on an assembly line will
      forget to remove such tape with the result of operational difficulties. In
      addition, because of the multiplicity of parts, frequently, one or more
      parts may be omitted through inadvertence, again causing operational
      difficulties.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the invention to provide a new and improved
      rotary engine. More specifically, it is an object of the invention to
      provide such an engine with an improved seal assembly.
PAR  An exemplary embodiment of the invention achieves the foregoing object in a
      construction employing a rotary mechanism having an operating chamber and
      a rotor within the chamber. At least one seal receiving groove is disposed
      in the rotor and a sealing means is disposed in the groove. The improved
      sealing means of the invention comprises a unitized seal assembly disposed
      within the groove and includes a seal extending partially out of the
      groove to sealingly engage the wall of the operating chamber. A spring is
      secured to the seal for biasing the seal into the aforementioned sealing
      engagement and a carrier element is disposed in the groove and secured to
      the spring. The carrier element includes resilient means having an
      unstressed width slightly greater than the width of the groove so that
      when the carrier element is disposed within the groove, the resilient
      means will grip the groove. Because all parts are secured together, a
      unitized assembly results which, when once placed within the groove, will
      be retained therein to assist in the assembly of such devices. The
      unitized construction also precludes the inadvertent omission of parts.
PAR  According to a preferred embodiment, the spring is secured to the seal by a
      lost motion connection to provide suitable flexing and allowing gas
      energization of the seal for good sealing purposes.
PAR  In a highly preferred embodiment of the invention, the seal is defined by
      an elongated sealing bar formed of a relatively hard material and is
      provided with at least one wedge at one end thereof, the wedge being
      formed of a relatively soft material.
PAR  The invention contemplates, in a highly preferred embodiment, that the
      resilient means be defined by cleft ends in the carrier element.
PAR  According to a modified embodiment of the invention where a wedge is
      employed, at least two spring elements are employed, one for biasing the
      main sealing bar and one for biasing the wedge. According to this
      embodiment, the spring biasing the wedge is a U-shaped spring having one
      leg secured to the wedge and another secured to the carrier element. The
      bight of the U-shaped spring is located to be very nearly aligned with an
      end of the wedge to be adjacent a wall of the operating chamber to
      minimize working fluid leakage therearound. This construction may be
      advantageously employed to allow the ommision of so-called "bolt" seals in
      connection with apex seals.
PAR  Other objects and advantages will become apparent from the following
      specification taken in connection with the accompanying drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary, side elevation of a rotary mechanism made
      according to the invention;
PAR  FIG. 2 is an elevational view of a unitized seal assembly employed in the
      mechanism of FIG. 1;
PAR  FIG. 3 is a sectional view taken approximately along the line 3--3 in FIG.
      1; and
PAR  FIG. 4 is a fragmentary elevational view of a modified embodiment of a
      sealing assembly made according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An exemplary embodiment of a rotary mechanism made according to the
      invention is illustrated in FIG. 1 and is seen to include a center housing
      10 having an interior opening 12 defining a wall of an operating chamber
      which, if the rotary mechanism is a so-called Wankel engine, will be in
      the form of an epitrochoid.
PAR  The center housing 10 is flanked by a pair of end housings 14, only one of
      which is shown, which complete the means defining the operating chamber.
      Within the chamber thus defined, there is disposed, in a conventional
      fashion, a rotor 16 having a plurality of apices 18, only one of which is
      shown. At each apex 18, there is provided a seal retaining groove 20 and a
      seal assembly, generally designated 22, is located therein.
PAR  As seen in FIGS. 1-3, the seal assembly 22 includes an elongated sealing
      bar 24 which is formed of a relatively hard material. Suitable materials
      for the purpose are well known in the art and form no part of the instant
      invention. At least one end 26 of the sealing bar 24 is diagonally formed
      to mate with a diagonal surface 28 on a wedge 30. According to the
      invention, the wedge 30 is formed of a relatively soft material. Again,
      suitable materials for the purpose are known in the art and form no part
      of the instant invention.
PAR  From the foregoing, it will be appreciated that the sealing bar 24 together
      with the wedge 30 define a seal in accordance with the invention.
PAR  The seal assembly 22 also includes spring means for biasing the seal out of
      the groove 20 into sealing engagement with the walls of the operating
      chamber. Specifically, a first spring 32 is secured as by rivets 34 to the
      underside of the sealing bar 24. Adjacent each rivet 34, the spring 32 is
      slotted as at 36 to provide a lost motion connection so as to enable the
      sealing bar 24 to shift axially and laterally relative to the spring 32.
      This construction permits gas energization of the seal as will be seen.
PAR  A second spring element 38 is connected by a rivet 40 to the underside of
      the sealing bar 24 and by a rivet 42 to the underside of the wedge 30.
      Again, slots 36 to provide a lost motion connection are located in the
      spring 38 adjacent the rivets 40 and 42.
PAR  The spring 32 serves to bias the sealing bar 24 into good sealing
      engagement with the opening 12 in the center housing 10, while the spring
      38 serves the same function. In addition, the spring 38 provides a similar
      bias to the wedge 30 which not only biases the same toward the wall
      defined by the opening 12, but toward the wall defined by the adjacent end
      housing 14.
PAR  It will be recognized that wedges such as the wedge 30 can be employed at
      either or both ends of the sealing bar 24. It will also be appreciated by
      those skilled in the art that the mating surfaces 26 and 28 of the sealing
      bar 24 and wedge 30, respectively need not be linear as shown but may be
      arcuate if desired.
PAR  A seal assembly made according to the invention is completed by the
      provision of a rivet 44 extending through both of the springs 32 and 38
      adjacent their midpoints to join the same to a carrier element 46. The
      carrier element 46 may be a thin plate and, as best seen in FIG. 3,
      includes cleft ends 48. The cleft ends 48 are defined by elongated slots
      50 terminating inwardly of the ends of the carrier element 46 in circular
      openings 52 for stress relief. As a consequence, each end includes a leg
      54 and an adjacent leg 56 and the same are flared outwardly to a width
      slightly greater than the width of the groove 20, when in an unstressed
      condition. As a consequence, when a seal assembly 22 made according to the
      invention is introduced into a groove 20, the inherent resilience of the
      cleft ends 48 will cause the same to wedge against the sides of the groove
      20 to retain the entire seal assembly in place.
PAR  As a result of the foregoing, it will be appreciated that a seal assembly
      made according to the invention is a unitized construction whereby parts
      cannot be inadvertently omitted by an assembler or mechanic. It will also
      be appreciated that the difficulty in assembly experienced with prior art
      constructions is eliminated since only the unitized assembly need be
      inserted in a groove 20 and once placed therein, will be retained until
      some positive effort is made to remove the same.
PAR  It will also be appreciated that sealing difficulties adjacent the ends of
      an apex seal are eliminated by the foregoing construction employing a hard
      sealing bar 24 and a soft wedge 30. Because of the proximity of the ends
      of a sealing bar to the end housings, the ends of such a sealing bar are
      at cooler temperatures than the center portion thereof during normal
      engine operation. Consequently, oil films are more readily maintained and
      wear is not as great a problem. Because the wedge 30 is formed of a
      relatively soft material and wear is not a particular problem, is is
      virtually impossible to develop a situation where the sharp point of the
      wedge rides on the housing to gouge the same, as is the case with prior
      art constructions. Being softer than either the sealing bar 24 or a
      typical housing, it will break in without wearing the housing.
PAR  In general, when the engine is cold, the overall length of the apex seal
      will be at its least dimension and the wedge will engage the side housing.
      As the seal heats up due to thermal expansion, the wedge 30 will retract
      somewhat against the bias of the spring 38 will retract to leave a slight
      gap. However, the typical fretting in the engine caused by deflections and
      machining errors will cause motion of the seal and the wedge to cause the
      latter to wear slightly. As a consequence, the aforementioned slight gap
      will "heal" due to tolerable wear of the wedge 30.
PAR  A modified embodiment of the invention is illustrated in FIG. 4. In this
      embodiment, the spring 38 is replaced by a U-shaped spring 60 secured to a
      carrier 46 provided with cleft ends (not shown) by a rivet 62. That is,
      one leg of the U-shaped spring 60 is secured to the carrier 46. Another
      leg 64 is secured through a lost motion connection 66 by a rivet 68 to the
      wedge 30. The arrangement is such that the bight 70 of the U-shaped spring
      60 is very nearly aligned with the end 72 of the wedge 30 so as to be in
      close adjacency to a wall of the operating chamber. If the width of the
      spring 60 is made only about 0.001 inches less than the width of the
      groove 20, and the bight 70 is spaced from a projection of the linear
      surface defined by the side 72 of the wedge 30 a similar distance, and
      there is no more than 0.100 inches spacing between approximately the
      center of the bight 70 and the beginning of each of the legs of the spring
      60, only a leakage area of 0.0002  square inches will be present. On the
      other hand, in a typical construction employing a so-called bolt at each
      end of an apex seal, the leakage area will typically be on the order of
      0.0005 square inches or approximately 21/2 times greater. Thus, it will be
      appreciated that the embodiment illustrated in FIG. 4 can be
      advantageously employed to avoid the need of so-called bolts thereby
      reducing the number of parts and increasing sealing efficiency.
PAR  From the foregoing, it will be apparent that a seal assembly made according
      to the invention achieves the previously stated object of eliminating
      difficulties in engine assembly as well as providing increased seal
      efficiency. While the invention has been described in connection with a
      rotary engine of the so-called Wankel type, skilled in the art will
      readily recognize that the invention may be advantageously employed in
      rotary engines of other configurations as well as rotary mechanisms such
      as pumps, compressors, or the like.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotary mechanism having means defining an operating chamber, a
      rotor within said chamber, at least one seal receiving groove in said
      rotor, and sealing means in said groove; the improvement wherein said
      sealing means comprises a unitized seal assembly disposed within said
      groove and including a seal extending partially out of said groove to
      sealingly engage a wall of said operating chamber, spring means secured to
      said seal for biasing said seal into said sealing engagement, and a
      carrier element in said groove and secured to said spring means, said
      carrier element including resilient means having an unstressed width
      slightly greater than the width of said groove, whereby when said carrier
      element is disposed within said groove, said resilient means will grip
      said groove to positively retain said unitized seal assembly within said
      groove.
NUM  2.
PAR  2. The rotary mechanism of claim 1 wherein said spring means is secured to
      said seal by a lost motion connection.
NUM  3.
PAR  3. A rotary mechanism according to claim 1 wherein said resilient means is
      defined by a cleft portion of said carrier element.
NUM  4.
PAR  4. A rotary mechanism according to claim 1 wherein said resilient means is
      defined by cleft ends of said carrier element.
NUM  5.
PAR  5. The rotary mechanism of claim 1 wherein said seal is defined by an
      elongated sealing bar formed of a relatively hard material and a wedge
      element at at least one end of said bar and formed of a relatively soft
      material, said spring means being secured to said wedge element and to
      said sealing bar so as to allow relative movement therebetween.
NUM  6.
PAR  6. The rotary mechanism of claim 5 wherein said spring means comprise a
      first spring element secured to said edge and a second spring element
      secured to said sealing bar, both said spring elements being secured to
      said carrier element.
NUM  7.
PAR  7. The rotary mechanism of claim 6 wherein said first spring element is
      further secured to said sealing bar at the end thereof opposite from said
      wedge.
NUM  8.
PAR  8. The rotary mechanism of claim 6 wherein said first spring element
      comprises a generally U-shaped spring having one leg secured to said wedge
      and another leg secured to said carrier element, the bight of said
      U-shaped spring being very nearly aligned with an end of said wedge remote
      from said sealing bar and having a width just slightly less than the width
      of said groove to minimize working fluid leakage around said first spring
      element.
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ABST
PAL  In a mechanical seal, a rotating seal member is secured in position in a
      spring carrier ring by being engaged by a bayonet joint action behind the
      crossbars of T-shaped dimples. The rotating seal member is suitably
      peripherally slotted for this purpose and is urged against the crossbars
      by a spring loaded pressure plate. When this assembly is incorporated in a
      mechanical seal with a stationary seal member in running face contact with
      the rotating seal member the latter and the pressure plate are urged
      axially inwardly of the cross bars and the springs put under compression.
BSUM
PAR  This invention relates to mechanical seals.
PAR  It is an object of the present invention to provide a mechanical seal
      having improved spring retention characteristics.
PAR  According to the present invention there is provided a mechanical seal
      comprising a spring carrier ring having angularly-spaced internal T-shaped
      dimples behind the crossbars of which a spring pressure plate is engaged,
      a rotating seal member of the seal is peripherally slotted and is also
      engaged behind the crossbars by a bayonet-joint action and is held secured
      in position, prior to installation, by springs mounted in the carrier ring
      which springs urge the pressure plate against the rotating seal member
      which, in turn, is urged by the pressure plate against the crossbars.
PAR  Preferably, the pressure plate is peripherally slotted (one slot for each
      T-shaped dimple) with a diametrically opposed pair of the slots having an
      angular length greater than the length of the T-stem but less than that of
      the T-crossbar, the other slot having an angular length greater than the
      length of the T-crossbar.
PAR  Preferably also, the peripheral slots in the rotating seal member have an
      angular length greater than that of the T-crossbar.
PAR  The T-dimples may be separate pieces affixed to the carrier ring or are
      preferably pressed-in and the carrier ring external peripheral surface can
      be thereafter machined to give a smooth outer surface.
DRWD
PAR  An embodiment of the present invention will now be described, by way of
      example, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a sectional view of a mechanical seal according to the present
      invention encompassing a shaft;
PAR  FIG. 2 is a detail view of part of FIG. 1 to an enlarged scale;
PAR  FIGS. 3A to 3D are respectively a diametral sectional view, an end view, an
      enlarged detail view of part of FIG. 3A, and a section on the line A--A of
      FIG. 3C of a ring carrier of the mechanical seal;
PAR  FIGS. 4A and 4B are respectively a diametral sectional view and an end view
      of a pressure plate of the mechanical seal;
PAR  FIGS. 5A and 5B are respectively a diametral sectional view and end view of
      a seal ring of the mechanical seal;
PAR  FIGS. 6A and 6B are respectively a diametral sectional view on the line
      B--B of FIG. 6B and a half end view showing installation of the pressure
      plate in the ring carrier; and,
PAR  FIGS. 7A and 7B are respectively views showing initial and final steps of
      installation of the seal ring in the ring carrier.
DETD
PAR  The mechanical seal illustrated is of double construction but it is to be
      clearly understood that the invention is equally applicable to a single
      construction seal. The seal comprises rotating seal members 20 each
      abutting in running relationship a stationary seal member 21, the rotating
      seal members 20 having associated therewith a spring carrier 22, springs
      23 and a pair of pressure plates 24.
PAR  The pairs of seal members 20, 21 have contiguous or rubbing faces, and each
      stationary seal member 21 is secured in any convenient manner to a casing
      25 traversed by a rotating shaft 26.
PAR  The seal members 20, 21 are, of course, annular with the shaft 26 passing
      axially therethrough.
PAR  Each stationary seal member 21, in this instance, is secured to its
      stationary casing 25 by an anti-rotation pin 27 engaging in a slot or
      recess 28, in the seal member 21. An O-ring 29 is interposed between each
      seal member 21 and its casing 25. The two casings 25 are spigotted into
      and secured, for example, by bolting (see bolt holes 30) to the housing 31
      of, say, a pump, whereof the shaft 26 is part, a flat annular sealing
      element 32 being interposed between each casing 25 and the housing 31.
PAR  An O-ring 33 is interposed between each rotating seal member 20 and the
      shaft 26 which is stepped. The rotary seal ring carrier 22 is secured for
      rotation with the shaft 26 by a grub screw 34 engaged in a radial bore 35
      in the ring carrier 22 and tightened against the shaft 26, or by any other
      convenient means.
PAR  In accordance with the present invention the ring carrier 22, pressure
      plates 24 and rotating seal members 20 will now be described in greater
      detail.
PAR   The ring carrier 22 (see especially FIGS. 3A to 3D) is of annular
      construction with a central relatively thick body part 36 and fore-and-aft
      relatively thin body parts 37. The body part 36 has a series of angularly
      spaced bores 38 open to the body parts 37 to accommodate the springs 23
      and, as aforesaid, one or more radial holes 35 to receive the grub screws
      34 for securing the ring carrier 22 to the shaft 26.
PAR  If the mechanical seal were of single construction there would, of course,
      only be one body part 37 and the bores 38 would be blind.
PAR  The body parts 37 each have, for example, four internal equi-angular spaced
      T-dimples 39 formed by either of the two methods aforesaid or by any other
      convenient method, and with the stems 40 directed towards the body part 36
      and the crossbars 41 at the free circumferences of the body parts 37.
PAR  Each pressure plate 24 (see especially FIGS. 4A and 4B) has four
      equi-angularly spaced slots machined in its circumference, a diametrically
      opposed pair of slots 42 each have an angular length greater than the
      angular length of the T-stem 40 but less than that of the T-crossbar 41
      while the other pair 43 each have an angular length greater than that of
      the T-crossbar 41.
PAR  The rotating seal member 20 (see especially FIGS. 5A and 5B) also has four
      equi-angularly spaced slots 44 machined in its circumference with each
      slot having an angular length greater than that of the T-crossbar.
PAR  Each pressure plate 24 is fitted to the ring carrier 22 (see especially
      FIGS. 6A and 6B) with its springs 23 in position by tilting each pressure
      plate 24 at an angle and hooking one of the narrower slots 42 behind the
      crossbar 41 of one of the T-dimples 39. By pushing the side of the
      pressure plate 24 down (or inwards) against the springs 23 it is then
      possible to hook the other narrower slot 42 behind the crossbar of its
      T-dimple 39, the other two slots 43 simply passing over their T-crossbars
      41. The springs 23 urge each pressure plate 24 against the T-dimples 39.
      This arrangement prevents rotation of the pressure plates 24 to bend the
      springs 23 and the pressure plates 24 cannot fall out since the narrower
      slots 42 are locked behind the T-crossbars 41.
PAR  Each rotating seal member 20 (see especially FIGS. 7A and 7B) is now
      presented with its slots 44 aligned with the T-crossbars 41 and is pushed
      into the ring carrier to move its corresponding pressure plate 24 away
      from the T-crossbars 41. A slight angular movement of each rotating seal
      member 20 in the manner of a bayonet-joint connection locates it behind
      the T-crossbars 41 and, on release, it is locked in this position by being
      clamped between the T-crossbars 41 and its corresponding spring loaded
      pressure plate 24.
PAR  There is thus provided a ring carrier/pressure plate/rotating seal member
      assembly ready for installation in a mechanical seal for location and
      securement on a rotating shaft.
PAR  It can clearly be seen from FIGS. 1 and 2 of the drawings that when the
      mechanical seal is secured on the shaft 26, the rotating seal members 20
      and pressure plates 24 are spaced axially inwards of the crossbars 41 and
      the springs 23 are under compression.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mechanical seal comprising:
PA1  a. at least one stationary seal member;
PA1  b. a rotatable spring carrier ring having a plurality of angularly spaced,
      T-shaped dimples about its inner surface adjacent at least one edge;
PA1  c. at least one rotatable annular seal member having a plurality of
      angularly spaced, peripheral flange segments defining slots therebetween,
      said slots dimensioned so as to pass over said T-shaped dimples of said
      spring carrier ring while angular displacement of the rotatable seal
      member with respect to the spring carrier ring causes the flange segments
      to engage the T-shaped dimples thereby attaching said at least one
      rotatable seal member to said spring carrier ring;
PA1  d. at least one pressure plate disposed within said spring carrier ring and
      bearing against the rotatable seal member; and
PA1  e. at least one spring means disposed within said spring carrier ring and
      bearing against the at least one pressure plate so as to urge the
      rotatable seal member against the stationary seal member.
NUM  2.
PAR  2. A mechanical seal as claimed in claim 1, in which the at least one
      pressure plate has a periphery with a plurality of slots therethrough,
      (one slot for each T-shaped dimple) with a diametrically opposed pair of
      slots having an angular length greater than the length of the T-stem but
      less than that of the T-crossbar, the other slot having an angular length
      greater than the length of the T-crossbar.
NUM  3.
PAR  3. A mechanical seal as claimed in claim 1, in which the peripheral slots
      in the at least one rotatable seal member have an angular length greater
      than that of the T-crossbar.
NUM  4.
PAR  4. A mechanical seal as claimed in claim 1 in which the T-dimples are
      separate pieces affixed to the spring carrier ring.
NUM  5.
PAR  5. A mechanical seal as claimed in claim 1, in which the T-dimples are
      pressed in.
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ABST
PAL  A device for clamping together two coaxial members having mutual mating
      centering means, such as a milling cutter in a rotary tool-carrying
      spindle, for instance. A plurality of hook shaped dogs are mounted for
      rocking movement on one of the members between an operative position in
      which they are engaged in a groove of the other member and an inoperative
      position in which they are located out of said groove. The dogs are
      provided with cam portions to be engaged by mating cam elements
      operatively connected to an annular operating part which is slidably
      movable axially with respect to the coaxial members for actuating the
      dogs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to clamping together two coaxial members having
      mutual mating centering means as it relates principally to securing
      milling cutters of relatively large dimensions onto the nose of the
      tool-carrying spindle of a machine.
PAR  Up to now, milling cutters of large dimensions are secured on the nose of a
      spindle and clamped in position through a plurality of screws mounted in
      standard screw threaded holes bored into the spindle. Due to the fact that
      the number of such screws is at least equal to four, the operation is
      time-consuming and furthermore it is carried out manually, even in the
      case of highly elaborated automatic machines, such as for instance
      machining centers, which of course has a number of drawbacks, particularly
      when a milling cutter has to be mounted in the spindle of an automatic
      machine.
PAC  SUMMARY OF THE INVENTION
PAR  The aim of the invention is to provide a clamping device which has not the
      above cited drawbacks of the conventional clamping devices.
PAR  To this aim, the clamping device according to the invention comprises a
      plurality of hook-shaped dogs adapted to rock in radial planes on one of
      the two members to be clamped together, between an operative position in
      which they are engaged against the front face of a transverse groove of
      the other member and an inoperative position in which they are located out
      of said groove, such dogs being provided with axial retaining means
      cooperating with mating axial retaining means carried by the dog-carrying
      member, and also with cam portions capable of being engaged by mating cam
      elements operatively connected to an annular operating part movable
      axially on one of the aforesaid two members for actuating the dogs. When
      such a device is used for clamping a milling cutter on the nose of a
      machining center for example, an irreversible connection is provided which
      is quite rigid and unaffected by the vibrations caused by the cutting
      stresses, by virtue of the structure of the device which comprises rigid
      clamping dogs distributed along the periphery of the milling cutter. Such
      a device may be easily adapted for automatic mounting of milling cutters
      on the nose of a spindle.
PAR  A clearer understanding of the invention will be gained for a perusal of
      the following description and from a study of the accompanying drawings
      which show, by way of non limitative examples, a few embodiments of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a first embodiment in section made along the line I--I of FIG.
      2,
PAR  FIGS. 2 and 3 are cross-sections made respectively along the lines II--II
      and III--III of FIG. 1,
PAR  FIG. 4 is, on a larger scale, a plan view of one of the dogs of the device
      of FIGS. 1 to 3,
PAR  FIG. 5 is a side elevational view with parts broken away of a ring which
      may be mounted in place of a milling cutter on the nose of the spindle of
      a machine-tool,
PAR  FIGS. 6 and 7, respectively, are longitudinal sections of two modifications
      of the upper portion of FIG. 1,
PAR  FIG. 8 is a longitudinal section of a further modification of the upper
      portion of FIG. 1, and
PAR  FIG. 9 shows the dog and its clamping lever as seen from line IX--IX of
      FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The device represented in FIGS. 1 to 3 has been designed for securing a
      milling cutter 1 to the nose of a rotary spindle 2 of a machine-tool. The
      milling cutter 1, in this example, is secured to a base 4 by means of
      screws 3. The milling cutter and base are centered in the taper bore 6 of
      the spindle 2 by means of a mandrel 7 which comprises a corresponding
      taper shank 8 and a cylindrical portion 9 engaged in the bores 12, 13 of
      the milling cutter and of its base where it is retained by a resilient
      wire 14 engaged partly within an annular groove 15 of said cylindrical
      portion 9 of the mandrel and partly between the milling cutter and its
      base. The inner end 18 of the taper shank 8 is of any conventional shape
      adapted to cooperate with usual means for clamping a tool within the nose
      of a spindle.
PAR  The device for clamping the milling cutter 1 through its base 4 on the nose
      of the spindle 2 comprises a plurality, namely four in this example, of
      dogs 21 (see also FIG. 4) generally T-shaped with the middle leg 22 of the
      "T" assuming a position which is substantially axial and being arranged in
      a corresponding longitudinal groove 23 cut in the nose of the spindle. The
      distal end of the middle leg 22 of the dog terminates in a hook portion 24
      which, when in operative position, is housed in a transverse groove 25 cut
      in the base 4. As a modification, the transverse groove 25 could belong to
      fingers 27 (see also FIG. 7) regularly distributed about the base 4 and
      secured thereto by means of screws 28.
PAR  Each dog 21 is provided with axial retaining means constituted by the small
      faces 31, 32 of the transverse branch 33 of the T which bear against the
      corresponding front faces 34 of the longitudinal groove 23 of the nose of
      the spindle. In this example, the front face 34 is planar whereas the
      faces 31 and 32 of the dog are convex, as represented in FIG. 1.
PAR  Each dog 21 is urged radially outwardly so as to make its hook portion 24
      engage into the groove 25 under the action of a piston 37 slidably mounted
      in a radial bore 38 of the nose of the spindle and subjected to the action
      of a helical compression spring 39.
PAR  Each hook portion 24 is forcibly urged against the front face 42 of the
      annular groove 25 of the base of the milling cutter by the fact that the
      opposite end of the dog has a cam portion 44 against which may bear a
      mating cam element 45 carried by an annular operating part 46 adapted to
      slide axially on the nose of the spindle 2, for instance under the action
      of small hydraulic cylinder and piston devices 47, the piston 48 of which
      bears against the annular operating part 46 while the cylinder 49 is
      secured to the quill 52 in which the spindle 2 is journalled, for instance
      by means of taper-roller antifriction bearings such as 53. In this
      example, the cylinders 49 are cut in a ring 56 secured to the shouldered
      quill 52 by means of screws 57. The annular operating part 46 is urged
      toward the right in FIG. 1, that is to say in the direction of the arrow
      f, by means of helical compression springs 61 one end of which is bearing
      against said part and the other end against the bottom of blind holes 62
      bored axially into the nose of the spindle. The hydraulic cylinder and
      piston devices 47 operate, therefor, against the action of said springs.
PAR  Each dog 21 has a further cam portion 65 oppositely inclined with respect
      to the cam portion 44 and which may be engaged by a mating cam element 66
      belonging to the annular operating part 46.
PAR  The nose of the spindle is provided with conventional means for positively
      rotating the milling cutter, said means being constituted by two keys 68
      (FIG. 3) secured at mid-depth into two diametrical slots cut respectively
      in the facing sides of the base and of the nose of the spindle.
PAR  The operation of the device is as follows:
PAR  The device is shown, in clamped position, i.e. the hook portions 24 of the
      dogs 21 are for one part urged radially outwardly toward the bottom of the
      annular groove 25 of the base of the milling cutter by the springs 39 and
      for the other part strongly engaged against the front face 42 of said
      annular groove under the action of the axial springs 61 which urge the
      annular operating part 46 axially in the direction of the arrow f in such
      a manner that its mating cam element 45 exerts a pressure against the
      wedge-shaped portion 32 of the dogs and urges the latter to rock in the
      direction which causes their hook portions 24 to bear heavily against the
      front face 42 of the groove 25. In this position, the hydraulic cylinder
      and piston devices 47, of course, are not supplied with pressure fluid.
PAR  When it is desired to remove the milling cutter, the hydraulic cylinder and
      piston devices 47 are energized so that their pistons 48 move the annular
      operating part 46 axially in the direction opposite to that of arrow f. In
      the first portion of the axial stroke of said operating part, the cam
      element 45 is first moved away from the corresponding cam portions 44 of
      the dogs and release the hook portions of said dogs which do not press any
      longer against the front side 42 of the annular groove 25. In the second
      portion of its axial stroke, the annular operating part 46 causes its cam
      element 66 to move the cam portions 65 of the dogs against the action of
      the radial restoring springs 39 so that the hook portions 24 of the dogs
      are moved inwardly out of the annular groove 25. After the portion 18 of
      the mandrel of the milling cutter has been disengaged from the usual
      retaining device, the milling cutter may then be removed in axial
      direction.
PAR  When it is desired to put the milling cutter into place, it is first
      presented on the nose of the spindle 2 by engaging its mandrel 8 into the
      taper bore 6 of the nose of the spindle, care being taken to position it
      angularly in such a manner that its driving diametrical slot correctly
      engages the keys 68 carried by the spindle 2. The hydraulic cylinder and
      piston devices 47 being energized, the dogs 21 are maintained in their
      inoperative position nearer the axis of the spindle so that the base 4 of
      the milling cutter may be pushed over the hook portions 24 of the dogs.
      The hydraulic cylinder and piston devices are then bled, thus causing
      annular movement of the operating annular part 46 in the direction of the
      arrow f under the action of springs 61. In the first portion of such
      movement, the cam element 66 of the annular operating part releases the
      cam portions 65 of the dogs 21 so that the hook portions 24 of said dogs
      are engaged into the annular groove 25 of the base of the milling cutter,
      then in the second portion of the movement the cam element 45 presses
      against the cam portions 44 of the dogs and causes them to rock within the
      groove 23 of the spindle in the direction which causes the hook portions
      24 to bear heavily against the front face 42 of the annular groove 25.
PAR  The angles of each cam are selected in such a manner that the connection
      between the milling cutter and the spindle through the dog is
      irreversible.
PAR  When the milling cutter is centered in the spindle through a mandrel, as
      represented, clamping of the mandrel within the spindle should be carried
      out prior to clamping the milling cutter.
PAR  The device is particularly applicable on an automatic machine, since
      placing the milling cutter may be carried out either by automatic feeding
      of the spindle-carrying headstock toward the milling cutter positioned on
      a table, or through a device adapted to bring the milling cutter against
      the nose of the spindle.
PAR  Instead of using an inner mandrel, centering of the milling cutter could be
      effected by reference with the outer cylindrical portion of the nose of
      the spindle.
PAR  The principle of the device just described for securing a milling cutter by
      means of extremely rigid members distributed on the periphery of the
      milling cutter makes it possible to obtain a rigid and irreversible
      connection not liable to suffer from vibrations caused by the cutting
      stresses on the tool. When it is desired to use a tool mounted inside the
      nose of the spindle while no milling cutter is mounted on the spindle,
      then the milling cutter is replaced by a protecting ring 71 (FIG. 5) which
      is secured exactly in the same manner as the milling cutter and which
      ensures an immobilisation of the dogs and of the annular operating part
      with respect to the spindle while protecting the mechanism against any
      chip projections.
PAR  On FIG. 6, there is shown a modification with a dog 21 of a different
      shape, the axial retaining means being constituted by a heel 81 at the end
      of the dog remote from the hook portion 24. The dog has not a general
      T-shape and is made of a part with lateral parallel faces all over in
      sliding engagement against the sides of the longitudinal groove 23 in the
      spindle. The annular operating part is again designated 46 and it is
      provided with cam elements 66 which cooperate with cam portions 65 of the
      dogs. It also cooperates with the cam portions 44 of the dogs through a
      roller 83 mounted on a pin 84 of tangential direction. The heel 81 of each
      dog is engaged against a taper shoulder 86 of the spindle which forms a
      cam to ensure a strong jamming of the hook portion 24 of the dog against
      the front face 42 of the annular groove in the base of the milling cutter
      under the action of the movement of the annular operating part 46 in the
      direction of the arrow f thus causing application of the roller 83 against
      the cam portion 44 of the dog. Axial shifting movement of the annular
      operating part 46 in a direction opposite to that of the arrow f first
      causes releasing the dogs by moving the rollers 83 on the cam portions 44
      of the dogs, then disengaging the hook portions 24 of the dogs by the
      action of the cam element 66 of the operating part against the cam
      portions 65 of the dogs, against the action of the springs 39.
PAR  In a further modification represented in FIG. 7, each dog 21 again has
      parallel faces, but its axial retaining means are constituted by a pin 91
      ending in a bulged portion 92 in the shape of a spherical segment engaged
      in a radial cylindrical hole 93 having a diameter corresponding to that of
      the spherical segment and bored into the nose of the spindle 2. The hole
      94 serves also as a receptacle for the restoring spring 39 which bears
      against the end portion of the buldged pin 91. Clamping effect is again
      ensured under the action of a cam element 45 of the annular operating part
      46 which cooperates with a cam portion 44 of the dog, and unclamping is
      effected by the action of the cam element 66 of the operating part against
      the cam portion 65 of the dog.
PAR  In FIGS. 8 and 9, there is represented still a further modification in
      which each dog 101 has a longitudinal recess 102 cut into its inner face
      and having the general shape of a T in which is freely housed a clamping
      lever 104 of corresponding shape. The transverse branch 105 of the lever
      is, therefore, housed in the transverse branch 106 of the recess 102 and
      the longitudinal branch 108 of the lever is housed in the longitudinal
      branch 109 of the recess. Only the short faces of the transverse branch
      105 of the clamping lever, which form the mating cam elements hereinabove
      referred to, are in engagement against the mating faces of the portion 106
      of the recess which serve the purpose of the aforesaid cam portions of the
      dogs. The clamping lever 104 is provided with axial retaining means
      constituted by an extension 111 provided with a buldged portion 112 housed
      within the mating axial retaining means constituted by a blind hole 103
      bored into the member 2 which carries the dog 101. The annular operating
      part 46 has an inner annular rib 106 which cooperates directly with the
      end portion 107 of the dog remote from the hook-shaped portion 24 of the
      dog and which cooperates also with the clamping lever 104. The dog 101 is
      permanently subjected toward its operating position, as shown, by two
      helical compression springs 117 housed within corresponding blind holes
      118 of the memeber 2 and bearing against the inner face of the dog 101 on
      either side of the clamping lever 104.
PAR  The operation is as follows:
PAR  Upon the device being clamped, the springs 107 move the dog 101 upwardly so
      that its hook-shaped portion 24 engages into the groove 25, then the
      sliding movement of the annular operating part 46 in the direction of the
      arrow f forces the annular rib 106 against the top surface of the clamping
      lever 104 which rocks on its extension 111 located in the hole 103, while
      its transverse branch 105 exerts a pressure against the transverse brance
      106 of the recess 102 of the dog while applying heavily the hook portion
      24 of the dog against the face 42 of the groove 25. The sliding movement
      of the annular operating part 46 in the direction opposite to that of the
      arrow f first releases the clamping lever 104, then the annular rib 106
      engages the end portion 107 of the dog and causes it to rock about its
      heel 81 bearing against the abutment face 86 of the member 2 as in the
      embodiment of FIG. 6, so that the hook-shaped portion 24 of the dog is
      released from the annular groove 25.
PAR  A device according to the invention may be used in further applications
      such as, for instance, clamping a rotary plate, clamping a lathe chuck or
      else securing any tool on the nose of a spindle.
PAR  Of course, the invention is not limited to the embodiments described and
      represented which were given solely by way of examples; many modifications
      may be adapted according to the applications contemplated without
      departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an assembly of two coaxial members having mutual mating centering
      means, a clamping device comprising:
PA1  a plurality of dogs arranged on a first of said two members, each said dog
      having a hook-portion and being T-shaped with a middle leg having a distal
      end and with a transverse branch having two short faces, said middle leg
      assuming a position in a direction substantially axial, said hook portion
      being located at the distal end of said middle leg,
PA1  means mounting said dogs for rocking movement in radial planes on said
      first member,
PA1  a transverse groove in the second of said members, said groove having a
      front face, said dogs being adapted to assume through said rocking
      movement either an operative position in which said hook-portions of said
      dogs are engaged against said front face of said groove or an inoperative
      position in which they are positioned out of said groove,
PA1  axial retaining means carried by each dog and constituted by said short
      faces of said transverse branch,
PA1  mating axial retaining means carried by said first member and adapted to
      cooperate with said axial retaining means carried by said dogs, said
      mating axial retaining means being constituted by front supporting faces
      mating with said short faces,
PA1  cam portions carried by said dogs,
PA1  an annular operating part axially shiftable on one of said two members,
PA1  and mating cam portions carried by said annular operating part and mating
      with said cam portions carried by said dogs for cooperating therewith so
      as to actuate said dogs upon axial shifting movement of said annular
      operating part.
NUM  2.
PAR  2. A clamping device as defined in claim 1, wherein one of the faces
      constituted by each said front supporting face and the mating short face
      of said transverse branch is convex.
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ABST
PAL  A safety ski binding system comprises a heel-hold device and an abutment
      mounted on the ski as well as the sole of the skiing boot. The
      heel-holding device normally forces the sole of the boot against the
      abutment and in response to a vertically and/or horizontally directed
      overload releases the skiing boot. The abutment consists of a disc, which
      is secured to the ski to be at least approximately coaxial to the tibia
      and when the skiing boot is applied extends into a corresponding recess in
      the sole of the boot.
PARN
PAR  This application is a division of application Ser. No. 142,144 filed May
      11, 1971, now U.S. Pat. No. 3,785,668 issued Jan. 15, 1974.
BSUM
PAR  The present invention relates to a ski binding system in which functional
      parts comprise a heel-holding device and an abutment mounted on the ski as
      well as the sole of the skiing boot, and in which the heel-holding device
      normally forces the sole of the boot against the abutment and in response
      to a vertically and/or horizontally directed overload releases the skiing
      boot.
PAR  The known commercially available safety ski bindings generally comprise
      separately located releasing devices for a release in response to forward
      and twisting falls, respectively. Other safety ski bindings are known
      which comprise only a backing member in front of the skiing boot and a
      releasing device responsive to forward and twisting falls and disposed
      behind the skiing boot. Each of these two types of bindings has advantages
      and disadvantages compared to the other.
PAR  The most important disadvantage of the bindings of the first type is the
      considerable influence of the varying friction between the skiing boot and
      the ski. The most important disadvantage of the bindings of the second
      type resides in that the holding forces required in modern skiing cannot
      be provided if the margin of safety which is also required is provided
      for. A disadvantage which is common to bindings of both types resides in
      that the skiing boot may become seized between the two gripping points,
      which are spaced a relatively large distance apart, when the ski is
      deflected, e.g., as it moves through a depression. Under this condition,
      particularly a release of the binding in response to a dangerous twisting
      stress is obstructed or even prevented so that in spite of a correctly
      adjusted safety ski binding a fall of the skier may result in a typical
      skiing injury.
PAR  Whereas it has been possible most recently much to decrease the undesirable
      influence of the friction in the bindings of the first type by the use of
      means which reduce the friction, such bindings involve a higher structural
      expenditure and higher manufacturing costs than the bindings of the second
      type and cannot be handled in such a fast and simple manner to adjust the
      forces required for a release.
PAR  It is an object of the present invention to provide a safety ski binding
      system which combines to a large extent the advantages of the bindings of
      the known types but is free of their disadvantages.
PAR  In a safety ski binding system, in which functional parts comprise a
      heel-holding device and an abutment mounted on the ski as well as the sole
      of the skiing boot, and in which the heel-holding device normally forces
      the sole of the boot against the abutment and in response to a vertically
      and/or horizontally directed overload releases the skiing boot, this
      object is accomplished according to the invention in that the abutment
      consists of a disc, which is secured to the ski to be at least
      approximately coaxial to the tibia and which when the skiing boot is
      applied extends into a corresponding recess in the sole of the boot. As a
      result, the distance between the points where the skiing boot is gripped
      is maintained so that the skiing boot will not be seized when the ski is
      deflected, and the axis of rotation of the skiing boot on the ski for a
      pivotal movement in a plane which is parallel to the ski is exactly
      located by very simple structural means. Besides, any steering forces
      exerted by the skier's leg act on the ski virtually directly and by-pass
      the safety elements.
PAR  To facilitate the application of the skiing boot, particularly after a
      safety release, it will be suitable if the disc has a wedge-shaped top
      portion having wedge surfaces which extend in the longitudinal direction
      of the ski.
PAR  In a development of the invention it has proved desirable to provide in the
      sole of the boot a horizontal hole, which extends at least approximately
      transversely to the longitudinal direction of the sole, and to arrange the
      recess which receives the disc so as to open into said hole. Any snow
      which has become fixed in the recess can then be laterally forced out of
      the sole of the boot when the latter is applied to the disc. To facilitate
      the forcing out of the snow, it has proved desirable to provide a
      wedge-shaped nose, which is disposed opposite to the recess and extends
      into the hole and has a ridge which extends in the longitudinal direction
      of the boot.
PAR  To increase the durability of the system, the recess in the sole of the
      boot may be lined with a shell of wear-resisting material, such as metal.
PAR  In another development of the invention, a functional part of the skiing
      boot may consist of a separate soleplate, which in known manner is
      connected to the skiing boot to be only arbitrarily detachable therefrom
      and is formed with the recess for the abutment. In this case the
      advantages of the invention may be utilized in conjunction with an old or
      conventional skiing boot. The separate soleplate may suitably consist of a
      metal plate in order to enable also the use of skiing boots which have a
      relatively soft sole.
PAR  In another development of the invention, a device which is displaceable in
      the longitudinal direction of the ski against a spring bias and which
      engages the top of the toe portion of the sole may be mounted on the ski
      so that a second means for holding down the ski is provided in addition to
      the heel holding device. To avoid a loading of the safety ski binding
      system with additional, unnecessary friction forces during the release, it
      has been found desirable to provide the arrangement with two
      mushroom-shaped rollers, which are rotatably mounted on a longitudinally
      displaceable carrier plate and are kinematically coupled to each other by
      an endless belt and with their caps are suitably conical on the underside
      so that the skiing boot will be released also during a rearward fall of
      the skier.
PAR  To prevent damage to or destruction of the functional surfaces when the
      person wearing the boot walks on dirty ground or over rubble so that the
      safety function of the binding may be adversely affected whereas this may
      not be detected in time by the user of the binding, particularly if he is
      not technically skilled, the disc constitutes preferably a member of a
      detent mechanism of the heel-holding device.
PAR  This concept may be realized in that the disc comprises a clamp abutment,
      which interlocks with a detent pin of the heel-holding device, and a
      radially displaceable, spring-loaded clamp jaw. The detent pin may be
      secured to the sole of the boot at the top of the recess therein and may
      depend therefrom. In this arrangement, the detent pin is well protected in
      the recess in the sole of the boot. A perfect protection of the detent pin
      is ensured in another embodiment, in which the detent pin is provided on a
      hood for the disc, which hood extends into the recess in the sole of the
      boot and is secured to the boot by locking means which can be only
      arbitrarily unlocked. In this arrangement, the safety elements are
      disposed inside the hood when the binding is not used and during normal
      skiing.
PAR  In another embodiment, the disc carries an upwardly extending detent pin,
      which is normally locked by at least one resilient clamp member of a hood
      for the disc, which hood extends into the recess in the sole of the boot
      and is secured to the boot by locking means which can be only arbitrarily
      unlocked.
PAR  The locking means consist preferably of at least one coupling pin and at
      least one pivoted locking arm, which is formed by one arm of a two-armed
      lever, the second arm of which serves as an unlocking member and which can
      be pivotally moved against a spring bias from its locking position to an
      unlocking position. The coupling pin or pins may be provided on the hood
      and the pivoted locking arm or arms may be provided on the skiing boot.
      Desirably, however, the coupling pin or pins are provided on the skiing
      boot and the pivoted locking arm or arms are provided on the hood because
      in this case the weight of the skiing boot can be minimized and the skiing
      boot is similar in appearance to a conventional skiing boot.
PAR  In a development of the main features of the invention, the disc may
      constitute a female detent member and may have a flat or concave portion,
      which is engaged on the outside or inside by a male detent member which is
      biased by at least one spring. The male detent member may consist of the
      free end of one arm of a bell-crank lever, which is mounted in the skiing
      boot and at its other arm is engaged by the spring.
PAR  In the embodiment just described, the male detent member can no longer be
      damaged when the person wearing the skiing boot is walking if the male
      detent member consists of a lever, which is mounted on a horizontal
      transverse pivot in a hood for the disc, which hood extends into the
      recess in the sole of the boot, and the spring acts on the male detent
      member by a bell-crank lever which is mounted in the skiing boot on a
      horizontal transverse pivot, and the disc is formed with a flat abutment
      surface, which extends transversely to the longitudinal direction of the
      ski and is at an acute angle to the surface of the ski.
PAR  In all embodiments described hereinbefore, the toe portion of the sole must
      be held against an undesired upward movement, e.g., by an arrangement
      described hereinbefore.
PAR  According to a further feature of the present invention, these means to
      prevent an upward movement may be provided in those embodiments which
      comprise a hood in a simple manner in that a soleplate which underlies the
      metastarsal portion of the skiing boot is firmly connected to the hood and
      at its free end is provided with down-holding means, which permit of a
      low-friction pivotal movement on the surface of the ski, and with barbs,
      which on the sides of the sole of the boot extend upwardly and are adapted
      to cooperate with lateral retaining pins with which the sole of the boot
      is provided.
DRWD
PAR  Several embodiments of the safety ski binding system according to the
      invention will now be described more fully and by way of example with
      reference to the accompanying drawings, in which
PAR  FIG. 1 is a top plan view showing the safety ski binding system according
      to the invention,
PAR  FIG. 2 is a side elevation showing the system of FIG. 1,
PAR  FIG. 3 is a transverse sectional view taken on line III--III in FIG. 2.
PAR  FIG. 4 is a side elevation showing a second embodiment of the safety ski
      binding system partially cut away for a better showing of details.
PAR  FIG. 5 is a fragmentary sectional view taken on line V--V in FIG. 4 and
      showing part of the system.
PAR  FIG. 6 is a fragmentary elevation similar to FIG. 4 but shows the system
      when it has been arbitrarily unlocked.
PAR  FIG. 7 is a sectional view which is similar to FIG. 6 but shows a third
      embodiment of the safety ski binding system in a locked state.
PAR  FIG. 8 is a sectional view taken on line VIII--VIII in FIG. 7.
PAR  FIG. 9 is a side elevation of the system of FIG. 7.
PAR  FIG. 10 is a sectional view taken on line X--X in FIG. 9.
PAR  FIGS. 11-14 are views which are similar to FIGS. 7-10 and show a fourth
      embodiment of the safety ski binding system.
PAR  FIG. 15 is a side elevation showing a fifth embodiment of a ski binding
      system partly cut away.
PAR  FIG. 16 is a side elevation similar to that of FIG. 15 and shows the system
      in a different instantaneous condition.
PAR  FIG. 17 is a side elevation showing a further embodiment of the safety ski
      binding system partly cut away.
PAR  FIG. 18 is a view which is similar to FIG. 17 and shows the system in a
      different instantaneous condition.
DETD
PAR  The safety ski binding system which is shown comprises a releasing device
      in the form of a heel-holding device 1, which is carried by a baseplate 2,
      which by means of screws 3 is secured to a ski 4. The heel-holding device
      consists substantially of a pivoted locking arm 5, which is mounted to be
      displaceable and pivotally movable against the force of a helical
      compression spring between two fixed, round-section cross-bars 6 (see
      particularly FIG. 2). The cross-bars 6 are held in two lateral lugs which
      are fixed to the baseplate. The range of movement of the locking arm 5 is
      limited by two cam slots 8 (see FIG. 2), which are formed in respective
      side walls 9, which extend vertically upwardly from the baseplate 2. The
      locking arm 5 carries two horizontal pins 10, each of which extends into
      one of the slots 8. The helical compression spring is upwardly inclined
      and at its lower end bears on the locking member 5. The upper end of the
      spring bears on an adjustable spring abutment 11, which is pivoted between
      the side walls 9. Being known per se, that spring abutment 11 is not
      described more fully.
PAR  The foward end 12 of the pivoted locking arm 5 is pointed toward the center
      and upwardly and when the skiing boot has been inserted said end extends
      into a recess 16 in a fitting 15, which is secured by screws 14 to the
      heel of the skiing boot 13, which is indicated in dash-dot lines.
PAR  A cylindrical disc 21 is secured to the ski 4 below the ankle portion by
      means of two screws 20 and is at least approximately coaxial to the tibia.
      The disc has a wedge-shaped top portion (see particularly FIGS. 2 and 3).
      The wedge surfaces 22 extend in the longitudinal direction of the ski.
      When the skiing boot 13 is placed on the ski 4, the disc 21 extends into a
      vertical recess 23 in the sole of the boot, as is clearly apparent from
      FIGS. 2 and 3. This disc 21 serves as an abutment for the skiing boot 13
      and takes up the longitudinal thrust, which is exerted by the
      spring-biased pivoted locking arm 5 of the heel-holding device 1. The disc
      also defines an exact axis for the rotation of the skiing boot on the ski.
      The sole of the boot is formed with a horizontal transverse hole 24, and
      the vertical recess 23 opens into said hole. Over the recess 23, a
      wedge-shaped nose 25 is provided on the upper wall portion of the hole 24
      and extends over the recess 23 and has an apex extending in the
      longitudinal direction of the boot.
PAR  The toe portion of the sole of the boot is engaged on top by the caps 26 of
      two juxtaposed mushroom-shaped rollers 27. The undersides of the caps are
      conical. Each roller is freely rotatably mounted on an axle 28, which
      extends vertically upwardly from a carrier plate 29. An endless belt 30 of
      rubber or plastics material extends around the shanks of the rollers 27
      and transmits the rotation of one roller to the other. At its forward end,
      which faces the tip of the ski, the carrier plate 29 is provided with an
      upwardly angled lug 31. The carrier plate 29 is laterally guided in the
      longitudinal direction in slideways 32 provided on a baseplate 34, which
      is secured to the ski 4 by screws 33. The lug 31 serves as a spring
      abutment for a helical compression spring 35, which at its other end bears
      on another lug 36 which is angled upwardly from the baseplate 34. The
      carrier plate 29 also comprises a slot 37 (see FIG. 1), which receives a
      pin 38 that is fixed to the baseplate so that the longitudinal
      displacement of the plate 29 relative to the heel-holding device is
      limited.
PAR  The manipulation of the binding system is very simple. To apply a ski, the
      skier holds the skiing boot 13 transversely to the ski 4 and then places
      the boot onto the ski so that the disc 21 extends into the vertical recess
      23 in the sole of the boot. When the recess 23 is filled with snow, the
      wedge surfaces of the disc 21 and the nose 25 in the horizontal transverse
      hole 24 force the snow laterally out of the hole 24. The foot is then
      turned so that the pivoted locking arm 5 of the heel-holding member 1 is
      forced back until the locking arm snaps into the detent recess 16 formed
      in the boot fitting 15. The locking arm 5 is forced back as a result of
      the sliding engagement of inclined side faces of the locking arm with
      run-up surfaces on the boot fitting 15. Any snow which may adhere to the
      underside of the sole of the boot is stripped off in this operation. The
      mushroom-shaped rollers 27, which normally hold down the toe portion of
      the skiing boot, are forced slightly forwardly during the pivotal movement
      of the skiing boot so that the rollers 27 and the belt 30 roll on the sole
      of the boot and the carrier plate 29 is displaced in the guide 32 of the
      baseplate 34. A turning of the ski 4 during the pivotal movement of the
      skiing boot may be prevented in that the ski poles are inserted on
      opposite sides of the ski before and behind the binding.
PAR  When the skiing boot 13 is then acted upon by a force which is transverse
      to the longitudinal direction of the ski and which overcomes the initial
      stress of the spring 7, the skiing boot will rotate about the disc 21 and
      the locking arm 5 will be displaced rearwardly because the detent
      mechanism is correspondingly designed. Upon a decrease of the force, the
      locking arm 5 will return into the detent recess 16 in the boot fitting 15
      so that the skiing boot is turned back to its initial position. In
      response to vertically upwardly directed forces acting on the rear part of
      the skiing boot the locking arm may perform a slight upward pivotal
      movement between the cross-bars 6 in addition to its longitudinal movement
      so that the elastic range of the heel-holding device is increased. This
      elastic range is provided for by the detent mechanism. When the set force
      required for a release of the heel-holding device 1 is not reached, the
      spring 7 will force the skiing boot 13 back to its initial position by
      means of the locking arm 5.
PAR  If the end 12 of the locking arm 5 is acted upon by a force which is not a
      mere shock and which exceeds the set force required for a release of the
      binding, that end 12 will be forced out of the detent recess 16 of the
      shoe fitting 15 so that the heel of the skiing boot is released and the
      skiing boot separates from the ski. During a dangerous rearward fall of
      the skier, the toe portion of the skiing boot pushes forwardly the forward
      holding-down rollers 27 and their carrier plate 29 against the bias of the
      spring 35 while the top edge of the sole of the boot slides upwardly on
      the conical sides of the caps 26 of the mushroom-shaped holding-down
      rollers until the toe portion of the skiing boot is released and the boot
      is also separated from the ski. It is thus seen that the skiing boot will
      be released in response to an excessive force in any direction.
PAR  To enable an arbitrary unlocking of the binding, the locking arm 5 may be
      rearwardly extended and provided with a bore 17. When the tip of the ski
      pole is inserted into said bore 17 and a vertical pressure is applied to
      the ski pole, the heel of the boot may be lifted without a large effort so
      that the forward end of the locking arm swings upwardly and then
      disengages the boot fitting so that the heel is unlocked.
PAR  The device which is provided in front of the skiing boot and serves to hold
      down the toe portion of the sole may be eliminated if a second
      holding-down means for the skiing boot is provided besides the
      heel-holding device, e.g., in that the disc 21 is undercut and said
      undercut portion is engaged from below by an extension which protrudes
      into the recess in the skiing boot.
PAR  The embodiments of the ski binding system which will be described
      hereinafter and are shown in FIGS. 4 to 18, are similar to the embodiment
      of FIGS. 1 to 3 in that the functional parts comprise a heel-holding
      device and an abutment mounted on the ski as well as the sole of the
      skiing boot. The heel-holding device normally forces the sole of the boot
      against the abutment and in response to a vertically and/or horizontally
      directed overload releases the skiing boot. The abutment consists of a
      disc, which is secured to the ski to be at least approximately coaxial to
      the tibia and when the skiing boot is applied extends into a corresponding
      recess in the soles of the boot. According to the present development of
      the invention, the disc constitutes a member of a detent mechanism of the
      heel-holding device.
PAR  In the embodiment shown in FIGS. 4 to 6, the ski carries a disc 40, which
      consists of two parts, namely, a clamp abutment 41 and a clamp jaw 42. The
      clamp jaw extends from adjacent to the skiing boot 43 outwardly toward the
      rear end of the ski into a housing 44, which is mounted on the ski. The
      clamp jaw 42 is formed with an upwardly angled guide arm 45, which has a
      central vertical slot for receiving a locking lug 46, which is formed with
      a slot 47, through the wheel a locking pin 48 extends, which is mounted in
      the guide arm 45.
PAR  The locking lug 46 is provided at one end of a pin 49, the other end of
      which is provided with a corresponding locking lug 50, which is formed
      with a slot 51. A locking pin 52 is mounted in legs of a U-shaped slide
      member 53 and extends through the slot 51 and through a guide groove 54,
      which is formed in a locking lever 55, which is mounted in the housing 44
      on a pivot 56 for pivotal movement against the bias of a U-shaped spring
      57. The locking lever is a two-armed lever. That arm of the lever which is
      not formed with the guide groove 54 extends rearwardly out of the housing
      44 and serves as an unlocking member.
PAR  At its end carrying the locking lug 46, the pin 49 is provided with screw
      threads in threaded engagement with a nut 58, which forms an adjustable
      abutment for a helical compression spring 59, which at its other end bears
      on the slide member 53.
PAR  At its rear end, the sole 60 of the skiing boot 43 is formed with recesses,
      which serve to receive the disc 40 and to enable a pivotal movement of the
      skiing boot on the ski (see FIG. 5). A detent pin 61 is secured to the
      sole 60 and with its free end portion depends into the recess serving to
      receive the disc 40. The pin 61 and said recess form the detent mechanism
      of the heel-holding device. The detent pin has two inclined surfaces,
      which in locked position are engaged each from above by respective
      inclined surfaces of the clamp abutment 41 and of the clamp jaw 42. This
      condition is shown in FIG. 4. The detent pin can snap into position
      because it has a pointed free end portion and the clamp abutment 41 and
      the clamp jaw 42 are respectively provided with upwardly diverging,
      inclined surfaces.
PAR  During a lifting of the rear end of the skiing boot 43, the detent pin 61
      displaces the clamp jaw 42 toward the rear end of the ski against the
      resistance presented by the helical compression spring 59, which is more
      or less prestressed so that it holds the right-hand end of the slot 47 in
      the drawing in engagement with the locking pin 48. At least the functional
      portion of the detent pin 61 is out-of-round (see the transverse sectional
      view in FIG. 5) so that there is in the normal, locked condition a linear
      contact between the clamp abutment 41 and the clamp jaw 42, on the one
      hand, and the detent pin 61, on the other hand. Just as the lifting of the
      rear end of the skiing boot, a pivotal movement of the skiing boot will
      result in a displacement of the clamp jaw 42 toward the rear end of the
      ski against the force of the helical compression spring 49.
PAR  The toe portion of the sole is held down by a slide member 62, which is
      mounted on the ski 4 and is curved (not shown) in accordance with the
      radius of the pivotal movement of the boot. The sole 60 of the boot is
      formed with a recess 63, which serves to receive the slide member and has
      a corresponding curvature. A plate 64 is provided at the top of the recess
      63 and the skiing boot bears on the slide member 62 through the
      intermediary of said plate. To minimize the friction between parts 62 and
      64, they are made in known manner from suitable materials having a low
      coefficient of friction. The slide member 62 is undercut on its side
      facing the rear end of the ski. The recess 63 of the sole of the boot has
      such a cross-sectional shape that the sole is formed with a nose, which
      engages said undercut portion so that the toe portion of the boot cannot
      be readily lifted from the ski. In response to a sufficiently strong force
      acting upwardly on the toe portion of the boot, the latter will be
      displaced toward the rear end of the ski by means of the detent pin 61 and
      the clamp jaw 42 against the bias of the helical compression spring 59.
PAR  The U-shaped spring 57 normally holds the locking lever 55 in the position
      shown in FIG. 4. In this position of the bell-crank lever, the locking pin
      52 is disposed in the upwardly directed arm of the angled guide groove 54
      and the slide member 53 which forms an abutment for the helical
      compression spring 59 is locked in the housing 44. When it is desired to
      lift the skiing boot 43 from the ski 4, the detent mechanism can be
      unlocked arbitrarily in that the locking lever 55 can be pivotally moved
      against the bias of the U-shaped spring 57 to the position shown in FIG.
      6, e.g., by means of the tip of a ski pole. In this position of the
      locking lever 55, the locking pin 52 can enter the other arm of the guide
      groove 54, which other arm now extends horizontally, so that the slide
      member 53 can be moved a corresponding distance toward the rear end of the
      ski. For that movement it is sufficient to overcome the relatively small
      bias of the U-shaped spring 57; this bias is small compared to the force
      of the helical compression spring 59. When the rear end of the skiing boot
      is now raised, the detent pin 61 can displace the clamp jaw 42 without
      need to overcome the force of the helical compression spring 59. The
      U-shaped spring 57 then returns the clamp jaw 42 to its normal position.
      When the locking lever 55 has been released, the U-shaped spring 57
      returns also this lever to its normal position shown in FIG. 4.
PAR  Hence, the detent mechanism resists a rotation of the skiing boot to the
      right and left and resists a lifting of the skiing boot from the ski in
      response to a force which acts on the toe portion or rear end portion of
      the skiing boot.
PAR  In the embodiment shown in FIGS. 7-10, the safety ski binding system has
      exactly the same mode of operation as the embodiment shown in FIGS. 4-6.
      For this reason, only the heel portion of the skiing boot 66 and the
      adjacent parts of the binding are shown. The ski 4 carries again a
      two-part disc 69, which comprises a clamp abutment 67 and a clamp jaw 68.
      As in the embodiment described last, the clamp jaw extends from adjacent
      to the skiing boot rearwardly toward the rear end of the ski into a
      housing, not shown, which is mounted on the ski. The housing and the parts
      accommodated therein may be arranged and cooperate like those shown in
      FIG. 4, except for the means for an arbitrary unlocking of the detent
      mechanism. These means may be omitted in this case, as will become
      apparent from the further description.
PAR  The toe portion of the skiing boot 66 is held down by the same means as in
      the embodiment shown in FIG. 4. For this reason, these means are not
      shown.
PAR  A difference from the embodiment shown in FIGS. 4-6 resides in that a
      detent pin 70 is provided on a hood 72 for the disc 69 rather than on the
      sole 71 of the boot. The hood extends into a recess in the sole of the
      boot and is firmly connected to the latter by locking means which are only
      arbitrarily releasable. These locking means comprise a locking bar 73,
      which extends transversely through the skiing boot and protrudes to some
      extent on both sides, and two pivot pins 74, 75, which are coaxial to each
      other and extend transversely to the longitudinal direction of the ski and
      are secured to the hood 72. A hook member 76 is secured to each pivot pin
      and has an angled free end portion which engages the top of the locking
      bar 73 when the skiing boot 66 is applied. A locking lever 77 is also
      pivotally mounted on each pivot pin 74, 75. The two locking levers are
      two-armed and those arms thereof which are not provided with the locking
      noses are combined to form a U-shaped unlocking member 78 (see FIG. 10).
      Each locking lever 77 is biased by a U-shaped spring 79, which tends to
      hold the locking lever in its locking position, shown in FIG. 9. In this
      position the locking noses of the locking levers extend from the other
      side over and engage the top of the locking bar 73. As has been mentioned
      above, these locking means eliminate the need for means which facilitate
      an arbitrary displacement of the clamp jaw 68 when it is desired to lift
      the skiing boot from the ski.
PAR  The unlocking member 78 may be operated to unlock the skiing boot 66 so
      that the same can be lifted from the ski. In that case, the hood 72 is
      retained on the ski 4 because the detent pin 70 is locked in the disc 69.
      During a safety release, on the other hand, the hood 72 is released from
      the ski 4 together with the skiing boot 66 because the locking means is in
      locking position. After a safety release, the detent pin 17 will be
      located immediately when the skiing boot is placed on the ski.
PAR  As is apparent from FIGS. 7 and 9, the locking bar 73 is tapered downwardly
      so that the skiing boot 66 can be locked on the hood 72 without need for
      an actuation of the unlocking member 78.
PAR  Compared to the embodiment described with reference to FIGS. 4-6, the
      embodiment just described has the advantage that the entire detent
      mechanism is disposed under the hood 72 so that the functional surfaces of
      the detent mechanism are fully protected.
PAR  FIGS. 11 to 14 show a fourth embodiment of the safety ski binding system
      according to the invention. This embodiment has the same mode of operation
      as the embodiments described hereinbefore. Only the heel portion of the
      skiing boot 80 and the adjacent binding parts are shown. The toe portion
      of the skiing boot is held down, e.g., by the means which are shown in
      FIG. 4 and which are not shown here.
PAR  The present embodiment differs from the two embodiments described last
      hereinbefore in that the disc 81 is integral and carries an upstanding
      detent pin 32. In the illustrated position for use, the detent pin is
      locked by two clamp members 83, 84, which are accommodated in a hood 85
      and biased by respective helical compression springs 86 and 87. The
      springs are accommodated in sleeves 88, 89, which are integral with the
      hood 85. The free end portions of the sleeves have internal screw threads,
      into which respective screw have internal screw threads, into which
      respective screw plugs 90 are threaded, each of which constitutes an
      adjustable spring abutment. Two pins 91, 92 extend radially outwardly from
      the hood 85 at right angles to the sleeves 88, 89, which normally extend
      in the longitudinal direction of the ski. These pins form parts of means
      for locking the skiing boot 80, which on a horizontal transverse pivot 93
      carries two two-armed locking levers 94. Those arms of the levers 94 which
      are not provided with the locking noses are combined in a U-shaped
      unlocking member 95 (see FIG. 14). Each locking lever is under the
      influence of a U-shaped spring 96, which tends to hold it in its locking
      position, which is shown in FIG. 13 and in which the locking noses of the
      locking levers interlock with the pins 91, 92. The sole 97 of the boot has
      a suitable recess for receiving the hood 85 with the sleeves 88, 89 and
      the pins 91, 92. In this embodiment too, the unlocking member 95 can be
      actuated to unlock the skiing boot 80 so that the same can be lifted from
      the ski 4. As in the embodiment shown in FIGS. 7 to 10, the hood is then
      retained on the ski because the detent pin 82 is locked by the clamp
      members 83, 84. During a safety release, the hood 85 separates from the
      ski 4 together with the skiing boot 80 because the locking means ensure a
      connection between the boot and hood. After a safety release, the detent
      pin 82 can again be locked by the clamp members 83, 84 in that the skiing
      boot is placed onto the ski.
PAR  In this embodiment the unlocking member 95 forming a part of the locking
      levers 94 is inseparably connected to the skiing boot 80 by the transverse
      pivot 93. To enable a placing of the skiing boot onto the hood without
      need for an actuation of the unlocking member 95 and to ensure that the
      boot will be automatically locked, the free end portion of each locking
      lever forms a run-up ramp below the respective locking nose. In this
      embodiment too, the entire detent mechanism is disposed under the hood 85
      so that the functional surfaces are perfectly protected.
PAR  FIGS. 15 and 16 show a different embodiment of the safety ski binding
      system according to the invention. A disc 100 is secured by suitable
      means, not shown. As in the second embodiment shown in FIG. 4, the toe
      portion of the sole 101 of the skiing boot 102 is held down on the ski by
      a slide member 62, which extends into a recess 63 formed in the sole of
      the boot. A plate 64 is again provided at the top of said recess.
PAR  In this embodiment the disc 100 serves as a female detent member and
      comprises a concave portion 103, which normally receives a male detent
      member consisting of the free end portion of one arm of a bell-crank lever
      104. The other arm of said lever is biased by a helical compression spring
      105. The bell-crank lever is pivoted on a pivot 106 in a recess 107 of the
      sole 101. The spring 105 bears on an abutment, which consists of a
      traveling nut 108 threaded on an adjusting screw 109, which is rotatably
      and axially non-displaceably mounted in the sole of the boot. The screw
      can be rotated to adjust the traveling nut and the helical compression
      spring to vary the force required for a release. The free end of the arm
      of the bell-crank lever 104 extends rearwardly out of the heel 101 of the
      boot and forms an unlocking member, which can be actuated, e.g., by a ski
      pole, when it is desired to lift the skiing boot 102 from the ski 4.
PAR  The concave portion 103 of the disc 100, which portion forms a female
      detent member, may be designed so that the detent mechanism serves to lock
      the skiing boot against a movement in a plane which is parallel to the ski
      and in an upward direction. In response to a force which acts in any
      direction and is dangerous to the skier's leg, the detent mechanism is
      released and the skiing boot 102 can separate from the ski. The male
      detent member formed by the free end portion of one arm of the bell-crank
      lever 104 and the disc 100 forming a female detent member are designed so
      that the parts are locked automatically when the skiing boot 102 is placed
      onto the ski 4 and without need for an actuation of the unlocking member.
      FIG. 15 shows the boot in its normal operating condition on the ski. FIG.
      16 shows an instantaneous condition, which is obtained, e.g., immediately
      during a release in response to a forward fall or immediately before the
      male detent member snaps in as the skiing boot is placed onto the ski.
PAR  FIGS. 17 and 18 show a further embodiment of the safety ski binding system
      according to the invention. As in the embodiment described with reference
      to FIGS. 15 and 16, a disc 111 is secured to the ski 4 and is thicker than
      the disc 100. A slide member 113 is provided on the ski adjacent to the
      toe portion of the skiing boot 112. The disc 111 has a flat bearing
      surface 114, which extends transversely to the longitudinal direction of
      the ski and extends at an acute angle to the surface of the ski. The
      female detent member is again formed by the disc. The male detent member
      consists of a lever 115, which is mounted on a horizontal transverse pivot
      116 in a hood 119 for the disc 111. The hood 119 extends into a recess 117
      in the sole 118 of the boot. A soleplate 120 is secured to the hood and
      extends below the metatarsal portion of the skiing boot 112. The soleplate
      120 is provided at its free end with a bearing plate 121 so that the
      soleplate is supported on and can be pivotally moved with low friction on
      the slide member 113. The soleplate is also provided with barbs 122, which
      extend upwardly on the sides of the sole 118 of the boot and are intended
      to cooperate with lateral locking pins 123 on the sole of the boot. As in
      the second and following embodiments, the slide member 113 is curved in
      accordance with the radius of the pivotal movement of the soleplate 120.
      The slide member is undercut on the side facing the rear end of the ski to
      provide a free space, which normally receives a noselike extension of the
      soleplate so that the forward portion of the soleplate cannot be readily
      lifted from the ski.
PAR  The lever 115 is under the influence of a weak U-shaped spring 124, which
      serves only to hold the lever in its locking position. The force which is
      to be overcome for a release is substantially exerted by a helical
      compression spring 125, which is accommodated in a recess in the sole 118
      of the boot and which by means of a push rod 126 acts on the lever 115.
      For this purpose, the push rod has a tapered portion, which extends
      through a corresponding bore in the hood 119. The spring 125 bears on an
      inner abutment 128, which engages a cam disc 129, which is, e.g.,
      quadrangular.
PAR  This cam disc is secured on a horizontal transverse shaft 130 in the sole
      118 of the boot. By a rotation of the shaft 130, four different positions
      for the abutment and four different forces required for a safety release
      can be adjusted.
PAR  The push rod 126 has at least one lateral pin 127, which extends into a
      slot 131 of an arm of a bell-crank lever 132, which is pivoted on a
      horizontal transverse pivot 133 in the sole of the skiing boot. The other
      arm of the bell-crank lever extends rearwardly beyond the end of the
      skiing boot 112 and serves as an unlocking member.
PAR  FIG. 17 shows the skiing boot 112 and the soleplate 120 in normal position
      on the ski 4. FIG. 18 shows the skiing boot and the soleplate in an
      instantaneous condition during a forward fall in a phase in which the
      detent mechanism has already been released so that the soleplate has been
      disconnected from the ski. When the binding should be restored to its
      normal position after a safety release, the forward portion of the
      soleplate 120, which is secured to the skiing boot, will be placed onto
      the slide member 113 mounted on the ski in such a manner that the hood 119
      overlies the disc 111, whereafter the boot is depressed. The parts 111 and
      115 are designed so that they will automatically interlock as a result of
      this operation. The skiing boot 112 can be only arbitrarily detached from
      the soleplate. For this purpose, the bell-crank lever 132 is pivotally
      moved until the tapered portion of the push rod 126 disengages the hood
      119. Then the rear portion of the skiing boot can be lifted and the pins
      123 at the toe portion of the skiing boot can be disengaged from the barbs
      122 provided on the soleplate 120. The skiing boot is locked to the
      soleplate in the reverse order.
PAR  As in the embodiment shown in FIGS. 15 and 16, the detent mechanism serves
      to lock the skiing boot -- in this case by means of the soleplate --
      against a movement in a plane which is parallel to the ski and in an
      upward direction. The detent mechanism will be released when the skiing
      boot is subjected to a force which is dangerous to the skier's leg,
      whether this force is a twisting force, a tensile force or a force
      resulting from both components.
PAR  To prevent the ski from unintendedly sliding or flying away after a safety
      release, a retaining belt or cable, e.g., is required, by which the skier
      remains connected to the ski. In all those embodiments described
      hereinbefore which comprise a hood, the need for a special, complicated
      application of the retaining belt or cable can be eliminated in a simple
      manner in that this belt or cable is provided between the hood and the ski
      or a part secured to the ski. Because various types of retaining means are
      known and numerous embodiments are conceivable, the use of such means
      within the scope of the present invention has not been illustrated nor
      fully described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety ski binding system comprising a disc-shaped abutment mounted on
      a ski in a position adapted to be approximately coaxial to the tibia of
      the skier, a skiing boot having a recess in a sole thereof, a hood
      including at least one resilient clamp member, said hood and abutment
      being adapted to extend into said recess in the sole of said skiing boot,
      said abutment carrying an upstanding detent pin adapted to interlock with
      said at least one resilient clamp member, and locking means for securing
      said hood to said skiing boot so that said hood can be only arbitrarily
      unlocked, said hood adapted to cooperate with the sole of said skiing boot
      to force said sole against said abutment and to release said boot in
      response to a predetermined overload force.
NUM  2.
PAR  2. A safety ski binding system according to claim 1, wherein said locking
      means includes at least one coupling pin and a lever, said lever including
      at least one pivoted locking arm and at least one arm which constitutes an
      unlocking member and which is pivotally movable against a spring bias from
      its locking position to its unlocked position.
NUM  3.
PAR  3. A safety ski binding system according to claim 2, wherein the at least
      one coupling pin is provided on the hood and the at least one pivoted
      locking arm is provided on the skiing boot.
NUM  4.
PAR  4. A safety ski binding system according to claim 2, wherein the at least
      one coupling pin is provided on the skiing boot and the at least one
      pivoted locking arm is provided on the hood.
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ABST
PAL  An adjustable retaining jaw for ski bindings, especially a front jaw, for
      the support of a binding part pivotal about a horizontal axis and/or about
      an axis perpendicular to the ski surface, which includes a detent member
      subjected to spring pressure and engageable in a counter-detent member;
      the detent member is thereby adjustably arranged as a unit together with
      the detent spring keeping the same under spring pressure.
BSUM
PAR  The present invention relates to an adjustable retaining or hold-down jaw
      for ski bindings, especially of front jaws, for the support of a binding
      part pivotal about a horizontal axis and/or about an axis perpendicular to
      the ski surface, with a detent member which is under spring pressure and
      engages in a counter-detent member.
PAR  For the adaptation to different shoe lengths and/or for the compensation of
      manufacturing inaccuracies, it is known to adjust retaining or hold-down
      jaws on the ski in the longitudinal direction with the use of a
      slide-carriage-like guidance. The adjustment takes place by means of
      elongated slots and clamping screws or by means of a threaded spindle.
      However, such an adjustability is relatively expensive from a constructive
      point of view.
PAR  The present invention aims above all at a simplification in the
      construction and in the handling with simultaneous accurate and continuous
      adjustability, and essentially consists in that the detent member together
      with the detent spring holding the same under spring pressure is
      adjustably arranged as a unit. Preferably, the detent member and detent
      spring are accommodated for this purpose in an adjusting sleeve adjustable
      within the retaining or hold-down jaw, preferably in the form of a
      threaded sleeve.
PAR  The hold-down or retaining jaw may be fixedly arranged as such at the ski
      by the use of the present invention in that the adjustability, especially
      in the ski longitudinal direction is limited essentially to the detent
      member and the detent spring apart from the adjusting member, for example,
      the threaded sleeve or bush. The prestress of the detent spring may remain
      uninfluenced during the adjustment in that on the inside of the adjustable
      unit the detent member is forced by the detent spring against an abutment,
      from which the detent member is lifted off or can be lifted off under the
      prestress produced by the detent spring, possibly only during abutment at
      the counter-detent member. The control of the spring prestress may thereby
      be undertaken independently of the longitudinal adjustment of the unit.
PAR  The detent member is preferably constructed as detent piston axially
      stressed by the detent spring, which detent piston is slidingly supported
      in the adjusting sleeve under interposition of a slide bush. For purposes
      of securing and fixing the adjusted position of the unit, a fixing device
      may be provided, in the simplest manner in the form of a clamping screw.
PAR  Accordingly, it is an object of the present invention to provide an
      adjustable retaining jaw, especially front jaw for ski bindings, which
      avoids by simple means the aforementioned shortcomings and drawbacks
      encountered in the prior art.
PAR  Another object of the present invention resides in an adjustable retaining
      jaw for ski bindings which permits an easy adjustment to compensate for
      different shoe lengths and/or manufacturing inaccuracies, yet is
      extraordinarily simple in construction and inexpensive in manufacture and
      assembly.
PAR  A further object of the present invention resides in an adjustable
      hold-down jaw for ski bindings which not only brings about a
      simplification in the construction, but also facilitates the operation and
      servicing.
PAR  Still a further object of the present invention resides in a safety ski
      binding of the type described above which enables accurate and continuous
      adjustability by simple means to enable an adjustment in the longitudinal
      direction of the ski without changing the prestress of the release
      mechanism.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a side elevational view of an adjustable retaining jaw according
      to the present invention, which is shown in cross section in the upper
      portion therof taken along line 1--1 of FIG. 2, in conjunction with a
      binding part retained by the retaining jaw; and
PAR  FIG. 2 is a top plan view of the ski binding of FIG. 1.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the two views to designate like parts, the retaining or
      hold-down jaw generally designated by reference numeral 11 is threadably
      secured on the ski 10 by means of screws 12. The retaining or hold-down
      jaw 11, especially a front jaw, includes a longitudinal bore 13 which is
      provided in part with an internal thread 14. An adjusting sleeve 15
      constructed as threaded sleeve which is screwed into the thread 14,
      carries at its rear end a slide bush 16. The piston-like detent member 17
      is slidingly supported within the slide bush 16. The detent member 17
      includes a shoulder or offset 18 which is able to abut in the direction of
      arrow x (FIG. 1) against a stop or abutment 20 under the effect of the
      detent spring 19; the abutment or stop 20 is formed by a shoulder or
      collar of the slide bush 16 which, in its turn, is secured against
      longitudinal displacement as shown. The spring 19 is supported, on the one
      hand, against the shoulder 18 of the detent member 17 and, on the other,
      against a spring abutment 21 which is axially screwed into the threaded
      sleeve 15 and is adapted to be screwed in or out for purposes of changing
      the spring-stress.
PAR  The detent member 17 engages with its rounded-off head portion 22 in a
      recess 23 of a socket-like counter-detent member 24 which is adjustably
      arranged at the forward end face of a binding part 25, for example, in a
      forward support bracket 25a of a sole plate, to which the ski boot is
      fixedly clamped in any suitable manner, for example, at the forward end by
      means of a retaining member 27 overlapping the boot sole 26 and at the
      rear end by a further conventional hold-down or retaining mechanism (not
      illustrated), for example, by an arcuate member clamped over the heel.
PAR  Normally, the assembly of the retaining mechanism takes place as follows:
PAR  The retaining jaw 11 is secured as a unit on the ski 10 by means of the
      screws 12. Thereupon, the binding members 25, for example, a sole plate,
      is inserted together with the counter-detent member 24. If thereafter the
      detent member 17 is not in prescribed engagement with the counter-detent
      support 24, then the unit consisting of the threaded sleeve 15, the detent
      member 17 and the detent spring 19 together with the adjustable spring
      abutment 21 may be screwed in or out by screwing the threaded sleeve 15
      into or out of the internal thread 14 of the front jaw 11 until the
      desired engaging position of the detent member 17 is reached.
PAR  The detent spring 19 is appropriately adjusted already beforehand to the
      requisite prestress by threaded action of the spring abutment 21 screwing
      the same into or out of the sleeve 15, whereby the detent member 17 abuts
      at the abutment collar 20 of the sliding bush 16. In the prescribed
      position of engagement, the shoulder 18 of the detent member 17 has
      appropriately a small spacing from the abutment 20 as is illustrated in
      FIG. 1. However, the detent spring 19 can be adjusted possibly also at any
      time subsequently to a desired prestress by a rotation of the spring
      abutment 21.
PAR  After the completed axial adjustment of the threaded sleeve 15 into the
      desired position, a fixing or clamping screw 28 can be tightened which
      engages with its inner end at the threaded sleeve 15 and thereby clamps
      the same fast in its adjusted position. The adjustable spring abutment 21
      may be provided with a scale or markings 29, by means of which the
      prestress of the detent spring 19 can be read from the outside.
PAR  Instead of an adjusting sleeve, for example, also an adjusting member
      provided with an abutment for the detent member, which extends through the
      detent spring, is longitudinally adjustable in the retaining jaw and
      preferably includes an adjustable spring abutment, may be provided.
      Generally, however, an adjusting sleeve is particularly advantageous from
      a constructive and handling point of view.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the present invention is not
      limited thereto but is susceptible of numerous changes and modifications
      as known to those skilled in the art, and I therefore do not wish to be
      limited to the details shown and described herein but intend to cover all
      such changes and modifications as are encompassed by the scope of the
      appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An adjustable retaining jaw for releasably connecting first and second
      relatively movable ski binding parts to one another, comprising:
PA1  a housing,
PA1  housing connecting means for connecting said housing to said first part,
PA1  a detent unit carried by said housing, said detent unit including a detent
      means engageable with counter-detent means at said second part and detent
      biasing means for biasing said detent means against said counter-detent
      means,
PA1  and detent unit adjusting means for adjusting the position of said detent
      unit with respect to said counter-detent means, said detent unit adjusting
      means being separate from said housing connecting means,
PA1  wherein said detent unit adjusting means includes a threaded sleeve which
      carries said detent unit, said threaded sleeve being threadably adjustable
      in a threaded longitudinal bore of said housing.
NUM  2.
PAR  2. A retaining jaw according to claim 1, wherein said first part is a
      portion of a ski and said second part is attached to ski binding means
      which is pivotal about an axis.
NUM  3.
PAR  3. A retaining jaw according to claim 2, characterized in that the ski
      binding means is pivotal about a horizontal axis.
NUM  4.
PAR  4. A retaining jaw according to claim 3, characterized in that the ski
      binding means is pivotal about an axis substantially perpendicular to the
      longitudinal axis of the ski.
NUM  5.
PAR  5. A retaining jaw according to claim 2, characterized in that the ski
      binding means is pivotal about an axis substantially perpendicular to the
      ski surface.
NUM  6.
PAR  6. A retaining jaw according to claim 2, characterized in that the second
      part is attached at a front jaw for a ski binding.
NUM  7.
PAR  7. A retaining jaw according to claim 1, wherein said threaded sleeve
      includes abutment means abutting said detent means, wherein said biasing
      means includes a biasing spring, and wherein said threaded sleeve and
      detent means are configured such that the biasing force of said spring can
      be increased by adjusting said threaded sleeve with said detent means and
      counter-detent means in contact with one another.
NUM  8.
PAR  8. A retaining jaw according to claim 1, wherein said biasing means
      includes a spring having one end in engagement with said detent means and
      the other end in engagement with a threaded back-up member, said threaded
      back-up member being threadably adjustably carried by said threaded
      sleeve.
NUM  9.
PAR  9. An adjustable retaining jaw for releasably connecting first and second
      relatively movable ski binding parts to one another, comprising:
PA1  a housing,
PA1  housing connecting means for connecting said housing to said first part,
PA1  a detent unit carried by said housing, said detent unit including a detent
      means engageable with counter-detent means at said second part and detent
      biasing means for biasing said detent means against said counter-detent
      means,
PA1  and detent unit adjusting means for adjusting the position of said detent
      unit with respect to said counter-detent means, said detent unit adjusting
      means being separate from said housing connecting means,
PA1  characterized in that the detent unit is accommodated in an adjusting
      sleeve means adjustable in the housing, and
PA1  characterized in that the adjusting sleeve means is constructed as a
      threaded sleeve.
NUM  10.
PAR  10. A retaining jaw according to claim 9, characterized in that the detent
      means is constructed as a detent piston axially stressed by detent spring
      means, the detent piston being slidingly supported in the adjusting sleeve
      means under interposition of a slide bush.
NUM  11.
PAR  11. A retaining jaw according to claim 10, characterized in that the detent
      means is forced by the detent spring means against an abutment means on
      the inside of the detent unit which unit is adjustable as a whole.
NUM  12.
PAR  12. A retaining jaw according to claim 11, characterized in that the
      abutment means is formed by the slide bush.
NUM  13.
PAR  13. A retaining jaw according to claim 11, characterized in that the detent
      spring means is adjustable in its spring stress on the inside of the
      adjustable unit.
NUM  14.
PAR  14. A retaining jaw according to claim 13, characterized in that a threaded
      spring abutment is provided for the adjustment of the spring stress which
      is adapted to be screwed into or out of the adjusting sleeve means.
NUM  15.
PAR  15. A retaining jaw according to claim 14, characterized in that the
      adjusting sleeve means of the detent unit is fixable in the adjusted
      position within the retaining jaw.
NUM  16.
PAR  16. A retaining jaw according to claim 15, characterized in that the
      adjusting sleeve means of the detent unit is adapted to be fixed in its
      adjusted position within the retaining jaw by means of a clamping screw.
NUM  17.
PAR  17. A retaining jaw according to claim 16, characterized in that the
      abutment means is formed by the slide bush.
NUM  18.
PAR  18. An adjustable retaining jaw for releasably connecting first and second
      relatively movable ski binding parts to one another, comprising:
PA1  a housing,
PA1  housing connecting means for connecting said housing to said first part,
PA1  a detent unit carried by said housing, said detent unit including a detent
      means engageable with counter-detent means at said second part and detent
      biasing means for biasing said detent means against said counter-detent
      means,
PA1  and detent unit adjusting means for adjusting the position of said detent
      unit with respect to said counter-detent means, said detent unit adjusting
      means being separate from said housing connecting means,
PA1  wherein said detent unit adjusting means includes means on said detent unit
      and on said housing which continuously interengage with one another to
      hold the detent unit in respective adjusted positions with respect to said
      housing, even against the force of said biasing means, at all times during
      adjustment of the position of said detent unit.
NUM  19.
PAR  19. A retaining jaw according to claim 18, characterized in that the detent
      unit is accommodated in an adjusting sleeve means adjustable in the
      housing.
NUM  20.
PAR  20. A retaining jaw according to claim 19, characterized in that the detent
      means is constructed as a detent piston axially stressed by detent spring
      means, the detent piston being slidingly supported in the adjusting sleeve
      means under interposition of a slide bush.
NUM  21.
PAR  21. A retaining jaw according to claim 19, characterized in that a threaded
      spring abutment is provided for the adjustment of the spring stress of
      said detent biasing means which is adapted to be screwed into or out of
      the adjusting sleeve means.
NUM  22.
PAR  22. A retaining jaw according to claim 19, characterized in that the
      adjusting sleeve means of the detent unit is fixable in the adjusted
      position within the retaining jaw.
NUM  23.
PAR  23. A retaining jaw according to claim 19, characterized in that the
      adjusting sleeve means of the adjustable unit is adapted to be fixed in
      its adjusted position within the retaining jaw by means of a clamping
      screw.
NUM  24.
PAR  24. A retaining jaw according to claim 18, characterized in that the detent
      means is forced by detent spring means against an abutment means on the
      inside of the unit adjustable as a whole, said detent spring means forming
      said detent biasing means.
NUM  25.
PAR  25. A retaining jaw according to claim 18, characterized in that detent
      spring means forming said detent biasing means is adjustable in its spring
      stress on the inside of the detent unit.
NUM  26.
PAR  26. A retaining jaw according to claim 18, characterized in that the detent
      unit is fixable in the adjusted position within the housing.
NUM  27.
PAR  27. A retaining jaw according to claim 18, characterized in that the detent
      unit is adapted to be fixed in its adjusted position within the housing by
      means of a clamping screw.
NUM  28.
PAR  28. A retaining jaw according to claim 18, wherein detent force adjusting
      means are provided for adjusting the biasing force said biasing means
      exerts against said detent means, and wherein said detent unit adjusting
      means is separate from said detent force adjusting means.
NUM  29.
PAR  29. A retaining jaw according to claim 28, wherein said first part is a
      portion of a ski and said second part is attached to ski binding means
      which is pivotal about an axis.
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ABST
PAL  Safety release ski binding. There is here disclosed a release binding for
      skis in which the force required to effect a release is modulated in
      response to the relative angular position of the leg of the skier with
      respect to the longitudinal line of the ski. In the several embodiments
      shown, a resiliently backed device is provided in the usual manner for
      releasably holding a ski boot onto a ski, such device effecting release
      when a predetermined stress is applied for moving the ski boot relative to
      the ski. A further device is affixed either directly to the leg of the
      skier or to the upper part of the boot for detecting a longitudinal
      angular movement of the skier's leg with respect to the ski which device
      then diminish from a central position, corresponding to a central angular
      position of the skier's foot or leg, the tension on the above-mentioned
      resilient holding device. Thus, in a central position, the force required
      for release is at maximum. As, however, the skier's leg moves toward
      either a forward or backward limit position, such spring tension is
      reduced and the force required to effect release is also reduced.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a release binding for skis, in which holding means
      for either the heel or the tip of the ski boot are provided, and
      especially to such a binding in which the holding means each includes a
      locking member subjected to a holding spring and each locking member
      engages an abutment by a frictional connection which can be overcome.
PAC  BACKGROUND OF THE INVENTION
PAR  In known release ski bindings of this type, the holding spring, having
      adjustable pre-tension, has sufficient holding power normally to hold the
      ski boot in the binding and thus on the ski. This holding power is usually
      of virtually constant magnitude. As soon as the ski boot receives a stress
      through the lower leg portion or ankle or foot of the skier, which stress
      occurs for example due to a fall, and is able to overcome the holding
      force, the binding releases and sets the ski boot free.
PAR  Lately more release bindings have become known in which the release takes
      place substantially independent of, or dependent only to a predetermined
      degree upon, the type or the direction of the stress which the boot
      experiences. Thus, an important step in the direction of an ideal safety
      ski binding has already been taken in which -- the correct adjustment of
      the holding spring or springs being assumed -- the desired goal consists
      in offering a high level of security against breaks because of excessive
      stress on the skier's legs during skiing.
PAR  In the same direction are devices which bring the release, namely the
      overcoming of the holding force, into a selectable relationship to the
      time pattern by which the stress is applied to the ski boot. This
      direction of development prevents a release in the case of suddenly rising
      and immediately falling stress, even though the peak value is of itself
      sufficient to overcome the holding force. Especially in the case of high
      speed skiing, and the hard and quick impacts onto the ski which inevitably
      result therefrom, it is possible with this type of construction to prevent
      a premature and undesired release of the binding, it being well known that
      the premature and undesired release of the ski binding also often leads to
      falls and to resultant injuries.
PAR  The known release ski bindings, however, do not consider certain anatomical
      realities of the human legs. These are comparable -- expressed in a
      greatly simplified manner -- with a jointed linkage, in which between the
      individual link members (bones) there are provided joints (bone joints
      held together by ligaments), which permit a pivoting and also somewhat of
      a folding of the link members with respect to one another.
PAR  The natural movability of the bones with respect to one another is limited
      by two natural limit positions. Upon exceeding these limit positions
      injuries occur, for example, pulling of ligament pullings and breaking of
      joints, joint members or bones.
PAR  Especially in the area of the foot angle system which during skiing is
      probably stressed the most aside from the knee or hip joint, it is
      important which instantaneous position the foot joint system occupies when
      a possibly serious stress occurs. In other words: If the joint is, because
      of an intended position or because of a position existing because of the
      skiing position, near one limit position with respect to twisting and/or
      inclination of the lower leg portion in relation to the foot, a
      considerably small extra stress in direction of the limit position is
      sufficient to cause an injury. However, if the joint is approximately in a
      central position between the limit positions, then such a stress does not
      cause danger of injury because the foot can still yield.
PAR  Accordingly the purpose of the invention is to produce a release ski
      binding of the above-discussed type which takes into account the
      aforementioned facts in that the holding force receives an anticipatory
      control which depends upon the respective position of the foot joint
      system. This results in that the closer the foot joint system comes to one
      of its natural limit positions, the more is reduced the stress which is
      required for overcoming the holding force.
PAC  SUMMARY OF THE INVENTION
PAR  This purpose is attained according to the invention in the suggested
      release ski binding by providing a transfer mechanism, for example an
      articulated rocker arm, a key lever or a Bowden wire, which can be
      operated directly by the leg and/or the ankle of the skier or can be
      operated indirectly through the ski boot or the like and which is coupled
      with the holding spring, the locking member and/or the abutment.
PAR  With the inventive construction, the safety ski binding is controlled in a
      manner corresponding to the actual stresses through the direct control
      through the leg or ankle of the skier or through the indirect control
      through the ski boot or the like of the same. With this, both a premature
      and also a late opening of the ski binding is avoided.
PAR  A preferred embodiment of the inventive release ski binding, in which the
      locking members are built into the ski boot sole or into a release plate
      consists in that the bottom of the front and/or the rear recess for
      receiving such locking members is provided at the ends of a longitudinally
      movably supported push rod, which latter is coupled releasably to at least
      one articulated rocker arm supported pivotally about a horizontal axis.
      This embodiment permits a control through the movement of the ankle.
PAR  A different embodiment of the inventive release ski binding in which the
      front and the rear locking members are built into the ski boot sole or the
      release plate and are each supported on the one end of a pressure spring,
      is characterized in that the other end of the pressure spring is backed by
      an abutment which is supported for longitudinal movement and which is
      coupled releasably to at least one articulated rocker arm supported for
      pivoting about a horizontal axis located in the zone of the ankle.
PAR  According to a further inventive characteristic it is possible to couple
      the articulated rocker arm through a pivotal connection to the push rod or
      to the abutments.
PAR  The above-identified characteristics of the invention permit also a control
      through the ankle of the skier, whereby in this case various possibilities
      are offered for force transfer.
PAR  Thus, according to a further characteristic of the invention the
      articulated rocker arm can be in driving connection with an eccentric on
      which the push rod or the abutments are supported. This construction
      permits a particularly exact force transfer.
PAR  According to a still further inventive thought, the release ski binding can
      be used on a swivel jaw in which the locking member is a spherical surface
      arranged in the swingable part of the swivel jaw and the abutment includes
      a recess which partly receives the ball in a nonswingable part of the
      swivel jaw. This embodiment is characterized in that the recess is
      constructed in a movably supported rail which is coupled releasably to an
      articulated rocker arm which is supported pivotally about a horizontal
      axis in the zone of the ankle, wherein upon pivoting of the articulated
      rocker arm the depth of the recess which acts onto the spherical surface
      is reduced. Through this embodiment, it will be apparent that the
      inventive release ski binding can be used also for a swivel jaw.
PAR  According to a still further thought of the invention, the release ski
      binding can be used on an automatic heel clamping device, the upwardly
      swingable part of which is held in engaging position by a spring urged
      hook. For this embodiment, the hook is coupled through a push rod to an
      articulated rocker arm which is supported pivotally about a horizontal
      axis in the zone of the ankle, wherein upon pivoting of the articulated
      rocker arm the hook is released from its engaging position with the
      associated abutment.
PAR  In this case the transfer mechanism can be controlled by the leg of the
      skier. This arrangement is further advantageous in that the movement of
      the leg itself can become directly effective.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Some exemplary embodiments and further advantages of the subject matter of
      the invention are discussed more in detail in connection with the
      drawings, in which:
PAR  FIG. 1 is a side view of a ski boot, partly in a cross-sectional view
      having a schematic longitudinal cross section of an embodiment of the
      inventive release ski binding with transfer mechanism, in which parts of
      the binding are installed into the boot sole,
PAR  FIG. 2 is a side view and a partial cross-sectional view of a different
      embodiment of the transfer mechanism,
PAR  FIGS. 3 and 4 are schematic longitudinal cross-sectional views of the rear
      or front part of a further embodiment of the inventive release ski binding
      with a partial side view of the ski boot.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the embodiment according to FIG. 1, in the sole 3 of a ski boot 2 which
      is mounted to a ski 1 and which has an upper leg portion 5 which is
      hingedly connected to the lower portion 4 through bellowslike sections 6,
      there is provided a longitudinal through-opening 10. From the respective
      ends of this through-opening extend the rear locking member 11 and the
      front locking member 12. The individual locking members each has, as shown
      in FIG. 1, two coaxial threadedly connected parts for varying the
      effective length of the locking members 11, 12. The conical ends of the
      locking members 11, 12 grip under hooklike profiled abutments 13, 14, said
      latter being secured to the ski 1. The inner ends of the locking members
      11, 12 are supported respectively on one end of pressure springs 15 or 16
      which is received in the opening 10 and the other ends of said respective
      pressure springs 15, 16 are respectively supported on abutment blocks 17
      and 18 which are each movably supported in the opening 10. The abutment
      blocks 17, 18 rest on an elliptic eccentric 20, the rotatable shaft 19 of
      which extends horizontally and transversely to the opening 10 and also
      extends beyond the sole 3 at least on one side of the boot. A toothed
      segment 21 is fixed onto the free end of this shaft 19. This toothed
      segment 21 meshes with a toothed segment 22 which is supported pivotally
      about a pivotal axis 23 and can be rotated by means of a key lever which
      is constructed integrally therewith. The free end of the key lever 24 is
      coupled to the upper leg portion 5 by means of a bracket 25. Between the
      lower portion 4 and the upper leg portion 5 a device can be provided which
      applies a resistance against the foot movement both forwardly and
      backwardly. This device is for example a spring, a dampening means or the
      like. Such devices are already known; therefore same is not illustrated or
      described in detail. The counterforce which is necessary to produce the
      operating mode of the entire system can also be caused by a suitable
      design of the bellows 6.
PAR  This embodiment operates as follows: as long as the position of the user's
      leg does not cause any horizontal swing of the upper leg portion 5, the
      full prestressing force which comes from the pressure springs 15, 16 acts
      onto the two locking members 11, 12. However, as soon as a horizontal
      swing of the upper leg portion 5 takes place, either backwardly or
      forwardly, this swing is detected by the key lever 24 and then passed on
      to the toothed segment 22 as a pivotal movement at the same angle of
      rotation. This then causes the toothed segment 21, due to its smaller
      rolling circle radius, to rotate through a larger angle. This rotation is
      transferred onto the eccentric 20 and the abutment blocks 17, 18, in
      response to the action of the pressure springs 15, 16, and yield and
      diminish the stress on the pressure springs 15, 16. This diminishes the
      force urging the locking members 11, 12 resiliently under the abutments
      13, 14. Thus, then a smaller stress than normal is required to release the
      locking members 11, 12 from the abutments 13, 14.
PAR  FIG. 2 illustrates a different embodiment of the transfer mechanism. The
      parts of the holding means for the heel or the tip of the ski boot 2,
      which parts are mounted on the ski 1, are in this embodiment constructed
      as in FIG. 1, for which reason these parts are not shown in the drawing.
      In this example a push rod 29 is arranged in the sole 3 of the ski boot,
      which push rod 29 has a laterally arranged longitudinally extending
      through-slot 30, the effective length of which can be adjusted by stop
      pieces 31. A tube 18' which is received in the sole 3 is used in this case
      as a guide. The stop pieces 31 are clamped by means of screws 32 in the
      push rod 29, which screws are accessible through openings 33 in the sole 3
      of the ski boot 2 or suitable openings in the tube 18'. The one arm 34 of
      an L- or U-shaped bracket 35 leads through the slot 30 which extends of
      course also through both sides of the tube 18'. When an L-shaped bracket
      is provided, then the other arm extends upwardly on the one side of the
      ski boot, as illustrated in FIG. 2, and when a U-shaped bracket is
      provided, then the two legs of this bracket extend upwardly on both sides
      of the ski boot 2 (not shown). The bracket 35 is at its upper free end
      hinged to the one arm of a rocking lever 38 by means of a pin 36 which
      engages through a slotted hole 37. Said rocking lever is supported
      pivotally on the same pivot axis 39 which is provided between the lower
      portion 4 and the upper leg portion 5 of the ski boot 2. The other end of
      the rocking lever 38 is secured on the rear part of the upper leg portion
      5, for example, by means of rivets 40.
PAR  The release ski binding described in FIG. 2 operates as follows: as long as
      the leg of the skier is in an in-between position between the natural
      angular limits of the operating range, the full prestressing force is
      applied onto the tube 18' and, as in FIG. 1, onto the abutment blocks 17,
      18. However, as soon as the leg approaches one of its end limit positions,
      either backwardly or forwardly, this causes a horizontal pivoting of the
      upper leg portion 5 which pivoting is detected by the rocking lever 38 and
      is transmitted onto the push rod 29 through the bracket 35 and its arm 34.
      This soon reaches a position in which, for example during a very strong
      inclination forwardly, the arm 34 encounters the rear stop piece 31. This
      moves the push rod 29 backwardly and automatically reduces the force
      applied by the associated spring. Now only a small further movement is
      required until the ski boot 2, even at a slightly increased prestress of
      the pressure spring 15, is released.
PAR  In the embodiments according to FIGS. 3 and 4, the entire ski binding --
      with the exception of a part of the transfer mechanism -- is secured on
      the ski 1 and can be compared with a common ski binding having swivel jaws
      and automatic heel devices.
PAR  In FIG. 3 there is shown, illustrated in a simplified manner, a swivel jaw
      50 which is supported pivotally about a vertically extending swivel pin
      41, the lower end of which is riveted into a stand plate 42. On one side
      of the swivel pin 41, the suitably profiled swivel jaw 50 grips in the
      zone 49 over the tip of the sole 3 of the ski boot 2. On the other side, a
      ball 43 is supported in the swivel jaw 50, which ball is under the effect
      of a pressure spring 44 which is adjustable by means of a setscrew 45.
      Thus the prestress can be controlled. The ball 43 engages a longitudinally
      extending groove 46 under the action of the pressure spring 44, which
      groove is constructed at the front end of a push rod 47. The push rod 47
      is supported longitudinally movably below the stand plate 42 and is -- as
      will be described later -- coupled with articulated rocker arms, which
      detect the relative position of the leg 69 (see FIG. 4) of the skier in
      relationship to the ski boot 2. From FIG. 3 it can be seen that the
      longitudinally extending groove 46 rises from its ends toward the center,
      so that the ball 43, depending on the position of the push rod 47 with
      respect to the swivel jaw 50, is under a larger or smaller prestress of
      the pressure spring 44. In the position illustrated in FIG. 3, the
      prestress of the pressure spring 44 and thus also the release moment
      necessary to swing the jaw 50 is at maximum. When the push rod 47 is
      shifted forwardly or backwardly, this release moment is reduced
      accordingly. The push rod 47 is supported in front by a spring 48.
PAR  FIG. 4 illustrates the transfer mechanism for controlling an automatic heel
      device 51. An upwardly swingable part 52 is hinged pivotally about a pin
      53 on a stationary part 54 which is anchored on the stand plate 42. A hook
      56 is here provided as a locking member, which hook is pivoted around an
      axis 55 on the stationary part 54 and which hook is hingedly connected by
      means of a pressure spring 57 with the bent-up end 62 of a push rod 61.
      The push rod 61 is guided underneath the stand plate 42 and is operatively
      connected to the transfer mechanism which will be described below. The
      other side of the bent-up end 62 of the push rod 61 receives pressure from
      the spring 59 which latter can be adjusted by means of an adjusting screw
      58. When the ski boot 2 is clamped in place, the hook 56 grips over a pin
      60 which is anchored on the part 52 and which can be swung upwardly. The
      profile of the hook mouth is chosen such that at an excessive stress on
      the hook 56 through the pin 60, the hook is pivoted against the action of
      the pressure spring 59 backwardly and thus immediately releases the part
      52 which can be moved upwardly.
PAR  FIG. 4 further shows that the front or rear end 61' or 61" of the push rod
      61 each with a bent-up section 63 or 64 extends laterally through a slot
      65 out of the stand plate 42 and upwardly. The lower end of an articulated
      rocker arm 67, which is pivotally supported at 66 on the upper leg portion
      5, engages between said sections 63 and 64, and the upper end of said
      articulated rocker arm being secured directly on the leg 69 of the skier
      through a jointed collar 68. On the side opposite from that shown, the
      arrangement can be exactly the same as shown in FIG. 4. If now the
      articulated rocker arm 67 and/or the articulated rocker arm which is
      provided on the side not facing the viewer is swung in the one or in the
      other direction, then either the locking of the jaw 51 or the locking of
      the hook 56 with the web 60 is relieved and a small release moment can
      effect the release of the corresponding binding parts.
PAR  Due to the fact that the transfer mechanism engages directly the leg 69 of
      the skier, an excessive joggling or twisting of the leg in relationship to
      the foot will effect a loosening of the locking means even when the leg
      remains in the vertical line because the articulated rocker arms then
      swing in opposite directions.
PAR  The invention is not limited to the discussed embodiments. Instead various
      changes can be made without exceeding the scope of the invention. For
      example, the discussed transfer mechanisms and lockings can be varied
      among one another. However, it is also possible to use different
      connecting elements for the transfer mechanism. It is furthermore possible
      to arrange the transfer mechanism in the ski boot or to cover the outer
      side of the ski boot.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A release ski binding, comprising: holding means for one of the heel and
      the toe of the ski boot, said holding means including a holding spring and
      a locking member operatively associated with said ski boot and biased by
      said holding spring into a releasable engagement with an abutment means
      mounted on a ski, the engagement of said locking member with said abutment
      means holding said ski boot to said ski, transfer means pivotally
      connected to said ski boot, the leg of the skier being operatively
      connected to move said transfer means, said transfer means including
      control means coupled with at least one of said abutment means and said
      holding spring for varying the magnitude of force required to effect a
      release of said ski binding in response to a movement of said leg relative
      to said pivot connection to thereby control the force at which a release
      of said ski binding will occur, whereby a movement of said leg relative to
      said pivot connection on said ski boot will control the magnitude of the
      release force required to effect a release of said ski binding.
NUM  2.
PAR  2. The improvement according to claim 1, wherein said locking member is
      urged into engagement with said abutment means by said holding spring; and
PA1  wherein said abutment means includes a movable locking abutment which is
      moved in response to a leg movement relative to said locking member.
NUM  3.
PAR  3. The improvement according to claim 1, wherein said transfer means
      includes means defining a two arm lever pivotally secured to said ski
      boot, a first arm of said two arm lever being secured to the shaft of said
      ski boot, the second arm being coupled to said control means.
NUM  4.
PAR  4. The improvement according to claim 1, wherein said abutment means
      includes a movable locking abutment; and
PA1  wherein said control means includes a movable push rod coupled with said
      locking abutment, said push rod and said locking abutment being movable by
      said transfer means relative to said locking member of said holding means;
      and
PA1  wherein said transfer means includes means defining a two arm lever
      pivotally secured to said ski boot, a first arm of said two arm lever
      being secured to the shaft of said ski boot, the second arm being
      releasably coupled to said push rod; and
PA1  wherein said holding means is a pivot jaw and wherein said locking member
      is a ball surface arranged in a pivotal part of said pivot jaw, said
      locking abutment being mounted in the nonpivotal part of said pivot jaw
      and having a variable depth recess therein partly receiving said ball
      surface; and
PA1  wherein upon movement of said second arm, said recess acting on said ball
      surface is shifted and the depth of the part of said recess in which said
      ball surface rests is altered to effect a lower holding force holding said
      pivotal part of said nonpivotal part.
NUM  5.
PAR  5. The improvement according to claim 1, wherein said control means is
      coupled with said holding spring for varying the magnitude of said spring
      force in response to a movement of said leg relative to said pivot
      connection to thereby control the force at which said ski binding will
      effect a release of said ski boot; and
PA1  wherein said locking member is urged into engagement with said abutment
      means by a holding spring; and
PA1  wherein said control means is coupled with said holding spring and includes
      a movable abutment block engaging said holding spring at a location spaced
      from said locking member whereby said movement of said leg effects a
      movement of said abutment block relative to said locking member to thereby
      vary the magnitude of the spring force of said holding spring; and
PA1  wherein said transfer means includes means defining a two arm lever
      pivotally secured to said ski boot, a first arm of said two arm lever
      being secured to the shaft of said ski boot, the second arm being
      releasably coupled to said abutment block; and
PA1  wherein said holding means is a heel mechanism; and
PA1  wherein said locking member is constructed as a hook; and
PA1  wherein said second arm is coupled through said abutment block to said
      holding spring whereby during a movement of said second arm, the force
      required to release said hook from its position of engagement with the
      associated abutment means is varied.
NUM  6.
PAR  6. The improvement according to claim 1, wherein said control means is
      coupled with said holding spring for varying the magnitude of said spring
      force in response to a movement of said leg relative to said pivot
      connection to thereby control the force at which said ski binding will
      effect a release of said ski boot.
NUM  7.
PAR  7. The improvement according to claim 6, wherein said locking member is
      urged into engagement with said abutment means by a holding spring; and
PA1  wherein said control means includes a movable abutment block engaging said
      holding spring at a location spaced from said locking member whereby said
      movement of said leg effects a movement of said abutment block relative to
      said locking member to thereby vary the magnitude of the spring force of
      said holding spring.
NUM  8.
PAR  8. The improvement according to claim 7, wherein said ski boot has a sole
      thereon; and
PA1  wherein said transfer means includes means defining a two arm lever
      pivotally secured to said ski boot, a first arm of said two arm lever
      being secured to the shaft of said ski boot, the second arm being coupled
      to said control means; and
PA1  wherein said locking member is mounted on said ski boot sole and is engaged
      by one end of said holding spring, said movable abutment block being
      movable in a direction longitudinally of said ski boot in response to a
      movement of said leg, the pivot axis for said two arm lever extending, in
      the position of use, parallel to the upper side of the ski and
      transversely to the longitudinal direction of said ski boot.
NUM  9.
PAR  9. The improvement according to claim 8, wherein said control means
      comprises a pair of gear segments.
NUM  10.
PAR  10. The improvement according to claim 8, wherein said control means
      comprises a first gear segment mounted on said second arm and a shaft
      mounted on said ski boot sole and having a second gear segment and an
      eccentric mounted thereon, said second gear segment being in meshing
      engagement with said first gear, said eccentric engaging said abutment
      block and being rotatable in response to a movement of said leg to thereby
      vary the magnitude of said spring force.
NUM  11.
PAR  11. A release ski binding, comprising: holding means for one of the heel
      and the toe of the ski boot, said holding means including a holding spring
      and a locking member operatively associated with said ski boot and biased
      by said holding spring into a releasable engagement with an abutment means
      mounted on a ski, the engagement of said locking member with said abutment
      means holding said ski boot to said ski, transfer means operatively
      connected between the leg of a skier and said holding means for movement
      with the leg, said transfer means including control means coupled with at
      least one of said abutment means and said holding spring for varying the
      magnitude of force required to effect a release of said ski binding in
      response to a movement of said leg relative to said ski to thereby control
      the force at which said ski binding will effect a release of said ski
      boot, whereby a movement of said leg relative to said ski will control the
      magnitude of the release force required to effect a release of said ski
      binding.
NUM  12.
PAR  12. The improvement according to claim 11, wherein said transfer means
      includes means defining a two arm lever pivotally secured to said ski
      boot, a first arm of said two arm lever being secured to the shaft of said
      ski boot, the second arm being coupled to said control means.
NUM  13.
PAR  13. The improvement according to claim 11, wherein said control means is
      coupled with said holding spring for varying the magnitude of said spring
      force in response to a movement of said leg relative to said ski to
      thereby control the force at which said ski binding will effect a release
      of said ski boot; and
PA1  wherein said locking member is urged into engagement with said abutment
      means by a holding spring; and
PA1  wherein said control means is coupled with said holding spring and includes
      a movable abutment block engaging said holding spring at a location spaced
      from said locking member whereby said movement of said leg effects a
      movement of said abutment block relative to said locking member to thereby
      vary the magnitude of the spring force of said holding spring.
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ABST
PAL  A tricycle for use in snow wherein the front wheel is replaced by a ski and
      the rear wheels are replaced by rotatable cylindrical drums having
      outwardly extending cleats.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our invention is directed toward a tricycle which can be used in snow by
      children or adults.
PAC  SUMMARY
PAR  To this end, we employ a tricycle with a foot pedal operated chain drive
      supplying power to a pair of rotatable cylindrical drums having outwardly
      extending cleats or other means for avoiding slippage in snow or ice.
      These drums replace the conventional rear wheels. In addition, the front
      wheel is replaced by a ski.
PAR  In use, the tricycle is propelled by foot pedal action, the user being
      seated in conventional manner and also steering in conventional manner by
      turning the ski as if it were a rear wheel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  In the drawings:
PAR  FIG. 1 is a side elevation of my invention in use;
PAR  FIG. 2 is a rear elevation thereof; and
PAR  FIG. 3 is a detail of a portion of the structure shown in the preceding
      Figures.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS:
PAR  Referring now to FIGS. 1-2, a tricycle frame 10 supports a seat 14 and
      handle bars 16 connected to a shaft 18 extending inclinedly downwards
      rotatably in an external sleeve 20. The bottom of shaft is secured to a
      leaf spring 22 which, in turn, is secured to the top surface of a ski 24.
PAR  A horizontal axle 26 extends through two axially aligned cylinders 28
      disposed on opposite sides of the frame, the axle extending at right
      angles to the frame and being rotatable therein.
PAR  The drums are hollow and open at both ends and are secured to the axle by
      spokes 30. The outer surface of each drum carries cleats 32 or other means
      for gripping in snow or ice.
PAR  A sprocket gear 34 on the axle between the drums is connected by chain 36
      to a sprocket wheel 38. This wheel is turned by cranks 40 carrying foot
      pedals 42 which provide motive power as previously described.
PAR  While we have described our invention with particular reference to the
      drawings, such is not to be considered as limiting its actual scope.
CLMS
STM  Having thus described this invention, what is asserted as new is:
NUM  1.
PAR  1. A snow cycle comprising:
PA1  A tricycle frame with seat, handle bar steering, and foot pedal operated
      chain drive, said bar steering employing a downwardly inclined shaft;
PA1  A leaf spring secured to the bottom of said shaft;
PA1  A ski;
PA1  Said spring being secured to the top surface of said ski;
PA1  A horizontal axle extending rotatably through the rear of the frame at
      right angles thereto;
PA1  Means connecting said drive to said axle to cause rotation of the same; and
PA1  Drum means disposed around said axle as a horizontal axis, said drum means
      rotating with said axle;
PA1  Said drum means including like cylinders disposed end to end in spaced
      position and having said axis in common;
PA1  Each of said cylinders having cleats on the outer surface for preventing
      slippage in snow and ice; and
PA1  Said cylinders being hollow and open at both ends and secured to said axis
      by spokes.
PATN
WKU  039319849
SRC  5
APN  4887301
APT  1
ART  316
APD  19740715
TTL  Anti-loading tray for shopping carts
ISD  19760113
NCL  5
ECL  1
EXA  Mitchell; David M.
EXP  Wood, Jr.; M. Henson
NDR  2
NFG  3
INVT
NAM  Young; Norman
CTY  Okalahoma City
STA  OK
ASSG
NAM  Unarco Industries, Inc.
CTY  Chicago
STA  IL
COD  02
CLAS
OCL  280 3399C
EDF  2
ICL  B62B 1100
FSC  280
FSS  33.99 R;33.99 A;33.99 H;33.99 S;33.99 T;33.99 F;33.99 C;36 B;41 A;DIG. 4
UREF
PNO  3361438
ISD  19680100
NAM  Davis
OCL  280 33.99R
UREF
PNO  3829114
ISD  19740800
NAM  Cohen et al.
OCL  280 33.99R
FREF
PNO  1,194,860
ISD  19591100
CNT  FR
OCL  280 33.99H
LREP
FR2  Lettvin; Norman
ABST
PAL  There is disclosed herein an anti-loading tray assembly, for mounting upon
      the lower frame of conventional nestable shopping carts, at a position
      below the basket so as to prevent pilferage by loading of articles onto
      the cart below the basket. The tray includes a plurality of
      interconnecting elongated struts, cross members of a size, shape and
      arrangement to define a forwardly-and-downwardly sloping, plane-like area
      with lateral wings which prevent loading of articles upon either the tray
      or lower frame of the cart. Simplified means of connection of the tray to
      existing structure of the cart's frame provides that the anti-loading tray
      may be an economical add-on feature. The arrangement provides a simple
      inexpensive tray which is easily manufactured and may be readily installed
      both at the factory and on existing carts in the field.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to shopping carts and in particular to anti-loading
      trays for mounting on shopping carts.
PAR  It has been found that, in large supermarkets which use conventional
      nestable, or telescoping, shopping carts, substantial quantities of goods
      may be pilfered and not checked at the check-out station because they are
      carried out of the store on the cart frame at a position below the cart's
      basket. Often the goods below the basket are obscured from the view of the
      checker and thus, either intentionally or unintentionally, the goods are
      not checked through. The failure to check these goods has resulted in
      substantial losses to the supermarkets.
PAR  In order to prevent such losses it has long been suggested that an
      anti-loading device be positioned on the cart's frame below the basket. A
      construction has recently been disclosed wherein a plurality of bars are
      welded to the cart's frame and arranged to provide forwardly and laterally
      sloping planes that prevent loading of articles on the cart's frame below
      the basket. Such a device presents problems that: (1) carts already in use
      cannot be field-converted to use the device; and (2) special jigs and
      tooling may be necessary at the manufacturing plant in order to
      manufacture carts with the device.
PAR  It is, therefore, an object of this invention to provide an anti-loading
      tray device which is characterized by its simplicity of construction which
      permits connection of the unit to existing cart structures without welding
      thereby providing economy of manufacture and permitting conversion of
      carts already in use, as desired.
PAR  These and other objects of this invention will become apparent from the
      following description and appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  There is provided by virtue of this invention an anti-loading tray (1)
      which can be fabricated as a subassembly and (2) which can be effectively
      and conveniently mounted on conventional carts already in use in the
      field, or economically installed during manufacture. The tray is formed
      from shaped, steel rods that are shaped and arranged to cooperate with
      existing cart frame structure and with simple clips which cooperate with
      the cart's forward cross-member that serves as the mounting for the cart's
      forward casters.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing three carts in nesting relationship,
      each of which has the anti-loading tray subassembly of this invention
      mounted thereon;
PAR  FIG. 2 is an enlarged, fragmentary perspective view of the lower frame
      portion of a conventional nesting cart showing the anti-loading tray
      subassembly mounted on the cart's lower frame; and
PAR  FIG. 3 is an enlarged side elevational and cross-sectional view taken
      substantially along line 3--3 of FIG. 2 and showing the subassembly
      mounted on the cart's frame.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is shown three shopping carts 10, 12
      and 14 generally, each of which includes a lower frame portion, such as
      18, upon which is carried a basket 16. An anti-loading tray subassembly,
      generally 20 is also carried by the lower frame portion of the cart below
      the basket.
PAR  The cart's lower frame is formed with a forwardly-tapered toe configuration
      and with an open back such that the front or toe end of one lower frame
      may move telescopically into nesting relation with another cart's lower
      frame, as is well known in the art. Each lower frame includes a main
      tubular frame member 22 which is generally C-shaped in side elevation and
      a front basket-brace member 24 which is also generally C-shaped in side
      elevation.
PAR  The main frame 22 is shaped from tubular steel and includes forwardly
      converging siderails 22a and 22b which continue and turn down to form a
      front end rail 22c. At their rear ends, siderails 22a and 22b turn
      upwardly to provide rear basket supports 22d and 22e which then turn
      forwardly and join to provide support siderails 22f and 22g and bight 22h
      which lie directly beneath basket 16.
PAR  The front basket support 24, which is also C-shaped in side elevation, is
      secured at each of its lower ends 24a and 24b to one of the siderails 22a
      and 22b, at a position intermediate the toe and heel ends of the cart's
      lower frame. At each side of the cart's frame the C-shaped portions 24c
      and 24d curve upwardly and rearwardly, as shown, and then turn forwardly
      to slope upwardly and to merge with a transverse bight 24e that engages
      the lower side of bight 22h to provide a rigidifying support or brace for
      the upper segment of the C-shaped frame member 22.
PAR  As well known in the art, the cart's frame is wheel mounted, so a forward
      cross-member 26 is secured to siderails 22a and 22b spaced rearwardly of
      the downturned toe end of the frame and from whence depend casters 28 and
      30, while rear wheels 29 are appropriately secured to frame 22 adjacent
      its heel end.
PAR  The improved anti-loading tray 20 of this invention is fabricated as a
      subassemly from wire rod which is bent and welded to provide the desired
      shape. The tray is adapted for simple securement to the cart's frame by
      connection to the front cross-member 26 and for support on the forwardly
      and upwardly extending portion of the C-portion of the front basket
      support 24.
PAR  The tray 20 is shaped to provide a forwardly and downwardly sloping,
      lattice-type, plane-like area 20a which extends from an upper rearward
      position slightly below basket 16 to a lower forwardmost position adjacent
      the toe end of the cart's lower frame. Thus, articles placed on the
      plane-like area 20a will slide off thereby effectively preventing loading
      of articles onto that portion of the tray below the basket. Side wings 20b
      and 20c also extend downwardly from the lateral edges of the plane-like
      area to positions closely adjacent the siderails 22a and 22b of the cart
      for further preventing loading of articles onto those portions of the
      cart's frame below said planar portion of the tray.
PAR  The tray 20 includes an upper tray portion 30 for maintaining the rear end
      of the tray in the upper position, as shown, and for preventing transverse
      shifting of the tray. This tray portion 30 includes an elongated cross rod
      32, and a transversely elongated U-shaped rod 34 whose greatest dimension
      is less than the length of cross rod 32. The legs of U-rod 34 are welded
      to the cross rod at points inwardly of the ends of rod 32 so as to locate
      the legs of U-rod 34 adjacent but between legs 24c and 24d while the free
      ends 32a are positioned to engage and be supported by the upwardly and
      rearwardly facing surfaces of the upper portions of upright brace legs 24c
      and 24d.
PAR  The plane-like area includes an outer U-shaped member 36 whose spaced legs
      36a and 36c are bent and arranged to be welded adjacent their free ends to
      rod 32 and at intermediate points to the bight of rod 34 of the upper tray
      portion 30. Legs 36a and 36c project downwardly and forwardly as shown,
      and dip at elbows 36c to project downwardly and merge with bight 36d that
      serves as a cross bar especially adapted to be engaged by downwardly
      facing hooks carried on cross-member 26.
PAR  A second U-shaped member 38 is also provided, whose legs lie inwardly of
      the legs of outer U-shaped member 36 and are welded to the upper tray
      portion 30 and project forwardly and downwardly to pass above and
      forwardly of the cross-member 26 to merge with a bight that lies at a
      position closely adjacent and directly above the cart frame's toe bight
      22c. Four elongated wires 40, 42, 44 and 46 complete the plane-like area
      20a and are each welded at one end to the bight of U-rod 34 of upper tray
      portion 30 and at the other end to the bight 38a of U-member 38.
PAR  The side wings 20a and 20b are provided by transverse bent wires that are
      welded to the longitudinal wires of plane-like area 20a and includes a rod
      48 which is formed into a generally trapezoidal loop-like shape. The
      loop-like rod 48 extends transversely across the lower portion of the
      plane-like area 20a and downwardly from the outer lateral edges of the
      plane area to adjacent the siderails 22a and 22b. At least one
      intermediate cross-rod 49 is also provided which is bent so as to extend
      substantially parallel to and between the parallel legs of the trapezoidal
      loop rod 48. The wing assembly consisting of loop 48 and cross-rod 49 is
      welded to the tray at the underside of the plane-like area so as to
      complete the tray subassembly.
PAR  As noted earlier, the rear end of tray 20 is supported through the ends of
      32a of cross rod 32 engaging upright brace legs 24c and 24d. If the tray
      20 has sufficient length, the bight 38a of U-rod 38 will engage and be
      supported by the frame's toe bight 22c. A positive hold down of tray 20 is
      provided by hook members 50 and 52, carried by cross-member 26, whose
      downwardly opening hook ends such as 52a embrace, and may even engage and
      draw down on, the bight 36d of U-wire 36. While hook members 50 and 52 may
      be independently connected to cross-member 26, preferably the mounting
      legs of such hook members are apertured to receive therethrough the
      threaded mounting studs 28a and 30a of casters 28 and 30, so that a single
      stud and nut, such as 54, serves the dual purpose of mounting a caster and
      a hook member that serves to retain the tray 20. The arrangement of hook
      ends, such as 52a, projecting forwardly of cross-member 26 whilst ends 32a
      of cross bar 32 are located rearwardly of brace legs 24c and 24b insures
      that the tray 20 may not be removed except by first removing hook members
      50 and 52.
PAR  With the tray 20 in this position shown, any articles attempted to be
      placed on the tray will slide off the tray, thereby requiring that any
      goods, which are to be carried on the cart, must be stored in the basket
      16 where they can be seen and checked by the cashier.
PAR  Furthermore, with this type of tray subassembly, nesting of carts is not
      inhibited since all of the various trays are held at the same attitude and
      do not interfere with each other or with parts of a nesting cart.
PAR  It will be appreciated that numerous changes and modifications can be made
      to the embodiment disclosed herein without departing from the spirit and
      scope of this invention.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the U.S. is:
NUM  1.
PAR  1. In a wheeled nestable shopping cart of the type which includes a lower
      cart frame having toe and rear ends joined by side portions, a basket
      spaced thereabove, upright brace means spaced rearwardly of the lower cart
      frame's toe end and extending upwardly between the lower cart frame and
      basket, and means operatively associated with the lower cart frame to
      prevent loading of merchandise thereon, the improvement comprising, in
      combination, the upright brace means having a portion inclining forwardly
      and upwardly from said lower frame toward said basket, the lower cart
      frame including a transverse member adjacent the toe end of the cart, said
      means to prevent loading including a lower tray sub-assembly arranged to
      be selectively and nonpermanently attached to the cart and providing an
      upper surface extending substantially between said lower cart frame and
      said basket at an angle relative to the horizontal such as to prevent
      storage of articles thereon, the lower tray sub-assembly having rearward
      and forward elements arranged respectively to lie above and against the
      forwardly inclined portion of the brace means and said transverse member
      of the lower cart frame, and hook means adjacent the toe end of the lower
      cart frame arranged for restraining a portion of the lower tray
      sub-assembly for limiting rearward and upward movement of said lower tray,
      the hook means restraining an intermediate portion of the lower tray
      between said rearward and forward elements to maintain said rearward and
      forward elements against their respective supports.
NUM  2.
PAR  2. A construction as in claim 1 wherein said lower cart frame includes a
      forward cross-member and two front casters secured through upstanding
      studs to said forward cross-member, and said hook means being connected to
      the studs for said front casters.
NUM  3.
PAR  3. A construction as in claim 1 wherein said transverse member of the lower
      cart frame lies at a level below the level of the forwardly inclined
      portion of the upright brace means, and the lower tray being shaped and
      arranged to provide an upper plane surface that inclines forwardly from
      rearward to forward end thereof.
NUM  4.
PAR  4. A construction as in claim 3 wherein the lower tray includes integral
      depending wing portions at the lateral edges of the forwardly inclined
      plane surface that extend down to adjacent the side portions of the lower
      cart frame to block lateral entry to the region between said inclined
      surface of the tray and the side portions of the lower cart frame below
      said inclined tray surface.
NUM  5.
PAR  5. A construction as in claim 1 wherein the upright brace means include
      laterally spaced legs, the lower tray sub-assembly having a portion
      generally of a width to enter closely between said laterally spaced legs
      and to cooperate with said legs to restrain said tray from lateral
      movement relative to the lower cart frame, a part of the tray being of a
      width greater than the spacing of said legs and serving as the rearward
      elements that are positioned to engage the legs to restrain the tray from
      longitudinal forward movement relative to the lower cart frame and to hold
      one end of the tray elevated relative to other portions of the tray, and
      the hook means engaging depending elements of the tray to restrain the
      tray from rearward longitudinal movement relative to the lower cart frame
      and to hold the tray inclined forwardly and downwardly relative to said
      elevated end of the tray.
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ABST
PAL  A collapsible cart is disclosed comprising a pair of wheels supporting a
      pair of spaced side walls above cart supporting terrain a predetermined
      distance. A pair of floor members are pivotably supported together and
      with the end walls for movement between a floor expanded position along a
      common plane extending between the side walls and a floor collapsed
      position extending downwardly from the side walls. Two pairs of end walls
      are pivotably joined to opposite ends of the side walls and to each other
      for movement between expanded positions extending normally between the
      side walls with the floor members in the floor expanded position and
      folded positions between the side walls with the floor members in the
      floor collapsed position. Each of the floor members extend from the side
      walls a distance greater than the predetermined distance whereby the cart
      may be stored in a collapsed configuration with a cart supported upon the
      cart supporting terrain by the collapsed floor members themselves with the
      wheels raised above the terrain.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to hand carts such as those used in
      supermarkets, warehouses, and the like, and particularly to hand carts of
      the type which may be collapsed for storage.
PAR  Collapsible type carts and carriers have existed for a number of years. For
      example, in U.S. Pat. No. 2,564,939 a foldable shopping cart is disclosed
      having sides hinged for inward folding movement. In. U.S. Pat. No.
      3,092,395 a corrugated shopping cart is presented having both sides and
      front panel members which may be folded to overlay one another. Similarly,
      U.S. Pat. No. 3,305,243 teaches a luggage cart having coplanar floor
      members which may be folded one atop the other. Other representative prior
      art patents illustrating collapsible carts include U.S. Pat. No.
      3,191,959, 3,194,576, and 3,774,929. The present invention relates to
      improvements in such collapsible type carts.
PAR  Accordingly, it is a general object of the present invention to provide an
      improved collapsible cart.
PAR  More specifically, it is an object of the present invention to provide a
      cart which may be readily collapsed into a compact configuration for
      storage in minimal space.
PAR  Another object of the invention is to provide a collapsible cart having one
      or more pairs of support wheels which cart may be readily collapsed and
      stored with the wheels raised above the cart supporting terrain.
PAR  Another object of the invention is to provide a collapsible cart with catch
      means for releasibly supporting floor panels in a mutual coplanar
      configuration when the cart is disposed in an open configuration, and for
      releasibly holding the side panels closely together when the cart is
      disposed in the collapsed configuration.
PAR  Yet another object of the invention is to provide a collapsible cart of the
      type described which may be fabricated from relatively few structurally
      distinct components, some of which may serve dual structural functions.
PAC  SUMMARY OF THE INVENTION
PAR  In one form of the invention, a collapsible cart is provided comprising a
      pair of side panels and a pair of wheels rotatably mounted to the pair of
      side panels. A pair of bottom panels are hinged together and to the pair
      of side panels. A first pair of end panels are hinged together and to
      first adjacent ends of the pair of side panels, and a second pair of end
      panels are hinged together and to second adjacent ends of the pair of side
      panels.
PAR  In another form of the invention, a collapsible cart is provided comprising
      a pair of spaced side walls and wheel means for movably supporting the
      side walls. A pair of floor members are hinged to the side walls and to
      each other along a plane extending between the side walls in substantially
      parallel relation therewith. Two pairs of end walls are hinged to opposite
      ends of the side walls with the walls of each pair of end walls hinged to
      each other along the just mentioned plane.
PAR  In yet another form of the invention a collapsible cart is provided
      comprising a pair of wheels and a pair of spaced side walls at least
      partially supported above cart supporting terrain by the pair of wheels. A
      pair of floor members are pivotably supported together and to the side
      walls for movement between a floor expanded position along a common plane
      extending between the side walls and a floor collapsed position extending
      downwardly from the side walls. At least one pair of end walls are
      pivotably joined to the side walls for movement between an expanded
      position extending substantially normally between the side walls with the
      floor members in the floor expanded position and a folded position between
      the side walls with the floor members in the floor collapsed position.
      Preferably, each of the floor members extend from the side walls a
      distance greater than the distance the side walls are supportable above
      cart supporting terrain by the pair of wheels whereby the cart may be
      stored in a collapsed configuration with the cart supported by the
      collapsed floor members on cart suppporting terrain with the wheels raised
      above the terrain.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a collapsible cart embodying principles of
      the invention in a preferred form shown in an opened configuration.
PAR  FIG. 2 is a diagrammatical view in perspective of the cart shown in FIG. 1
      being collapsed.
PAR  FIG. 3 is a plan view of the cart illustrated in FIG. 1 in an opened
      configuration.
PAR  FIG. 4 is an end on view in elevation of the cart illustrated in FIG. 1 in
      an opened configuration.
PAR  FIG. 5 is a perspective view of a portion of one pair of end walls of the
      cart shown in FIG. 1.
PAR  FIG. 6 is a perspective view of catch means provided with the cart
      illustrated in FIG. 1 for releasably holding the side walls thereof close
      together for storage.
PAR  FIG. 7 is an end on view of the cart illustrated in FIG. 1 shown in a
      collapsed configuration.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring now in more detail to the drawing, there is shown in FIGS. 1, 3
      and 4 a collapsible cart in an opened or expanded configuration comprising
      a pair of wheels 10 rotatably supported on a pair of side walls or panels
      12 in conventional fashion. A pair of tubular legs 14 are mounted in a
      vertical orientation to one end of each side wall with the bottoms thereof
      terminating along the horizontal plane with which wheels 10 are tangent.
      Each tubular support 14 is provided with a set screw 16 for releasably
      detenting a U-shaped upswept handle 18 therewithin.
PAR  With continued reference to these three Figures the cart is further seen to
      include a pair of bottom panels or floors 20 hinged together along a
      vertical plane passing approximately midway between side walls 12 in a
      substantially parallel relation therewith. Each floor is also hinged to
      the bottom of an adjacent side wall 12 for movement between the mutually
      co-planar relation shown in these three Figures and that of a mutually
      folded relation hereinafter described. A pair of U-shaped rods 21 extend
      from each end of one floor to serve as catch means for supporting both
      floors upon two pairs of end walls 22. This is done by placing an arcuate
      portion of the rods distal the floor upon adjacent end walls as shown most
      clearly in FIG. 5.
PAR  End walls or panels 22 are seen to be hinged to opposite ends of side walls
      12 with the members of each pair being hinged together along the vertical
      plane along which bottom panels 20 are hinged together. Each pair of end
      walls is hinged together and to the side walls in such a manner as to
      permit movement from the mutually co-planer relation shown in FIGS. 1, 3
      and 4 to a mutually folded configuration extending either outwardly from
      or inwardly between the side walls as hereinafter further described.
PAR  The side walls, floor members, and end walls are all seen here to be of
      wicker or mesh construction comprising two sets of parallel rods
      overlaying one another at substantially right angles as shown most clearly
      in FIGS. 3, 4 and 5. Preferably, the overlaying rods are welded together
      at each crossing for rigidity of construction. The framing rods about the
      periphery of the side walls or panels are of rectangular shape while those
      framing the floor and end wall panels are of straight and U-shape
      constructions with unitary hook ends. These framing rods, to which the
      rods framed thereby are welded, thus provide both a hinging arrangement
      between hinged panels as well as structural elements. For example, in FIG.
      5 one end wall 22 is seen to include a U-shaped rod 26 having a hook 27
      formed on each end thereof about a rectangular framing rod 28 of a side
      wall 12. The hooked ends are curved about rods 28 sufficiently close to
      prevent accidental separation while yet sufficiently loose to permit the
      end walls to pivot about the framing rods of the side walls. In FIG. 5 the
      other end wall 22 is seen to comprise a straight rod 29 at the top and
      bottom of the wall which are hinged to a rectangular framing rod of side
      wall 12 as well as to the U-shaped framing rod of the other end wall.
PAR  With reference next to FIG. 2 the cart is seen to be partially collapsible
      from the generally rectangular, boxshaped configuration shown in dashed
      lines. This may be accomplsihed by manually urging the end walls inwardly
      towards one another between side walls 12 as indicated by arrows 30. At
      the same time the floors 20 are forced to pivot from their substantially
      co-planar relation to a generally V-shaped configuration folding
      downwardly beneath the inwardly converging end walls. Simultaneously with
      this operation the side walls 12 themselves are pulled together. Once the
      collapsing operation is completed the cart assumes the configuration
      illustrated in FIG. 7 with the lowermost hinged portion of the floors
      extending beneath the bottom of wheels 10.
PAR  In the cart collapsed configuration the side walls 12 may be held together
      by a catch means shown in FIG. 6 to comprise a pair of parallel bars 32
      joined together by a strut 33 with one end of the bars formed with a hook
      permanently hinged over side wall framing rod 28. The opposite end of each
      rod 32 is also provided with a hook end 35 having sufficient space between
      the end of the hook and the straight central portion of the rod to permit
      passage of the other framing rod 28 of the opposite side wall 12
      therebetween. With this configuration the cart side walls may be held
      closely together by the catch means by merely compacting the cart
      momentarily sufficiently to enable hook ends 35 of the rods 32 to be
      slipped over the framing rod 28 and then released. A pivotable handle 36
      of generally U-shaped construction is also mounted to rod 28 by means of
      hook ends on the handle pivotably secured about the rod. It should be
      noted that handle 36 is located adjacent the catch for the side walls to
      facilitate a rapid closing and successive lifting operation.
PAR  With reference once again to FIG. 7, it will be noted that the extension of
      the floor members beneath the bottom of wheels 10 is attributable to the
      relative sizes of the floor panels with respect to the distance wheel 10
      extends beneath the bottom of the side walls to which the floor members
      are pivoted. Thus, with each floor 20 extending a distance from the side
      wall to which it is hinged greater than the distance wheels 10 extend
      beneath the side walls to which they are rotatably mounted the mutually
      hinged portion 40 of the floors is seen to be positioned beneath the
      bottom 37 of wheels 10. With this configuration the cart may be easily
      stored upon supporting terrain by leaning an upper portion of the cart
      against a supporting wall with wheels 10 elevated above the floor. So
      supported, the cart does not tend to roll along or away from the
      supporting wall.
PAR  To reopen the cart to its initial position as shown in FIGS. 1, 3 and 4
      hook ends 35 of the catch rods 32 are removed from one frame rod 28. Side
      walls 12 are then pulled apart which action raises floors 20 and unfolds
      end walls 22. Once the side walls are spaced well apart the end walls may
      be manually positioned along a common plane thereby placing the cart in
      its fully opened or extended position. The arcuate ends of U-shaped rods
      21 secured to floor 20 may then be set upon the U-shaped framing rod
      member of end walls 22 to support the floor along a common plane. If
      desired, an auxiliary, vertical extension of the side walls and foldable
      end walls may be provided for added capacity by conventional corrugated
      U-shaped hooks or the like.
PAR  It should be understood that the just described embodiment merely
      illustrates principles of the invention in a preferred form. Many
      modifications, additions and deletions may, of course, be made thereto
      without departure from the spirit and scope of the invention as set forth
      in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A collapsible cart comprising, in combination, a pair of side panels; a
      pair of wheels rotatably mounted to said pair of side panels; a pair of
      bottom panels hinged together and to said pair of side panels; a first
      pair of end panels hinged together and to first adjacent ends of said pair
      of side panels; and a second pair of end panels hinged together and to
      second adjacent ends of said pair of side panels opposite said first
      adjacent ends.
NUM  2.
PAR  2. A collapsible cart in accordance with claim 1 further comprising catch
      means for releasibly supporting said pair of bottom panels on said first
      and second pairs of end panels.
NUM  3.
PAR  3. A collapsible cart in accordance with claim 2 wherein said catch means
      comprises first and second bars rigidly secured to opposite ends of said
      pair of bottom panels with an arcuate end portion of each bar jutting out
      beyond one of said opposite ends of overlay a portion of the first and
      second pairs of end panels when the cart is disposed in an opened
      configuration.
NUM  4.
PAR  4. A collapsible cart in accordance with claim 1 further comprising catch
      means for releasibly holding said side panels closely together when the
      cart is disposed in a collapsed configuration.
NUM  5.
PAR  5. A collapsible cart in accordance with claim 4 wherein said catch means
      comprises a pair of parallel bars having one end rotatably mounted to one
      of said side panels and with the other end being of U-shaped configuration
      adapted to be releasibly secured about the other of said side panels.
NUM  6.
PAR  6. A collapsible cart in accordance with claim 1 further comprising means
      for releasibly supporting said pair of bottom panels on said pairs of end
      panels in a substantially coplanar configuration with the cart disposed in
      an open configuration, and means for releasibly holding said side panels
      closely together with the bottom panels folded in a side by side position
      with the cart disposed in a collapsed configuration.
NUM  7.
PAR  7. A collapsible cart comprising a pair of spaced side walls; wheel means
      for movably supporting said side walls; a pair of floor members hinged to
      said side walls and hinged to each other along a plane extending between
      said side walls in substantially parallel relation therewith; and two
      pairs of end walls hinged to opposite ends of said side walls with the
      walls of each pair of end walls hinged to each other along said plane.
NUM  8.
PAR  8. A collapsible cart in accordance with claim 7 comprising catch means for
      releasibly supporting said pair of floor members in a substantially mutual
      coplanar configuration on said pairs of end walls.
NUM  9.
PAR  9. A collapsible cart in accordance with claim 7 comprising catch means for
      releasibly holding said side walls closely together with said end walls
      and said floor members folded therebetween.
NUM  10.
PAR  10. A collapsible cart comprising a pair of wheels; a pair of spaced side
      walls at least partially supported above cart supporting terrain by said
      pair of wheels; a pair of floor members pivotably supported together and
      to said side walls for movement between a floor expanded position along a
      common plane extending between said side walls and a floor collapsed
      position extending downwardly from said side walls; and at least one pair
      of end walls pivotably joined to said side walls for movement between an
      expanded position extending substantially normally between said side walls
      with said floor members in said floor expanded position and a folded
      position extending angularly between said side walls with said floor
      members in said floor collapsed position whereby the cart may be
      positioned in an expanded position with the pair of wheels upon cart
      supporting terrain, the pair of floor members disposed along a common
      plane extending between the side walls, and the pair of end walls
      extending normally between the side walls, and a collapsed position with
      the pair of floor members disposed in a collapsed position extending
      downwardly from the side walls, the pair of end walls disposed in a folded
      position between the side walls, and the pair of wheels raised above the
      cart supporting terrain.
NUM  11.
PAR  11. A collapsible cart in accordance with claim 10 wherein said floor
      members extend from said side wall a distance greater than the distance
      said side walls are supportable above cart supporting terrain by said pair
      of wheels, whereby the cart may be stored in a collapsed configuration
      with the cart supported by the collapsed floor member upon cart supporting
      terrain with the pair of wheels raised above the terrain.
NUM  12.
PAR  12. A collapsible cart in accordance with claim 11 comprising first catch
      means for releasibly supporting said pair of floor members in said floor
      expanded position upon said pair of end walls, and second catch means for
      releasibly holding said side panels closely together with said pair of
      floor members in said floor collapsed position.
NUM  13.
PAR  13. A collapsible cart in accordance with claim 10 wherein said pair of end
      walls are pivotably joined to said side walls for movement between an
      inwardly folded position extending angularly between said side walls and
      an outwardly folded position extending angularly out from said side walls.
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ABST
PAL  Large objects which are difficult to handle, such as 14 to 26 foot boats,
      are secured to a base frame for shipment from the manufacturer to the
      dealer. The dealer attaches jacking wheel units converting the base frame
      into a dolly which may be readily wheeled into the dealer's show room or
      into a display area in a boat show. The base frame remains with the boat
      as a pallet until it is launched, supporting the boat substantially at
      floor level for most effective display. The wheel units are attached only
      for movement into or out of a display area or the like and are then
      removed for use on another base frame and boat.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 407,988, filed Oct.
      19, 1973, for Dolly With Removable Jacking Wheel Units, now U.S. Pat. No.
      3,880,310.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to removable jacking wheel units for moving and
      displaying heavy objects, such as boats.
PAR  For example, 14 to 26 foot boats weighing from 1000 to 4000 pounds are
      usually shipped from the manufacturer to various dealers on highway cargo
      trailers. When the boat arrives at its destination, the dealer, according
      to conventional practice, must have available a crew of workmen to unload
      the boats either by fork lift or slings and a crane. There must also be
      available a boat trailer of appropriate size for each boat or some other
      means for supporting the boats after they have been lifted off the
      trailer.
PAR  If the dealer does not have a work crew and the right combination of boat
      trailers immediately available, there is confusion and loss of time in the
      unloading procedure adding to the expense and inconvenience of the dealer
      as well as the highway trucker whose departure is delayed.
PAR  More tedious work is required to get the boats on display in the dealer's
      show room. Automobile boat trailers are not favored for display purposes
      because of the height of the mounting and the valuable space occupied by
      the trailer. So, again, the boat must be unloaded by some means and placed
      on some suitable support that does not detract from the display of the
      boat. When a boat is to be displayed in a boat show, the dealer faces the
      same problems all over again, an automobile boat trailer usually being an
      undesirable support for display of a boat in a boat show.
PAR  Objects of the invention are, therefore, to provide improved apparatus for
      facilitating the shipment, handling and display of heavy objects such as
      boats, to provide conveniently attachable and removable wheels to convert
      a pallet into a dolly, and to provide an improved attachable wheel unit
      having jacking means to raise a dolly frame or other structure off the
      floor.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the present device comprises a dolly frame having removable
      jacking wheel units. When applied to boats, the dolly frame is secured to
      the boat by the manufacturer and remains with the boat as a pallet until
      the boat is launched. Special clamps are provided for securing the dolly
      frame as a pallet to highway trailers or other transportation vehicles for
      shipment without resorting to the usual insecure blocking and rope or
      strap bindings.
PAR  When the shipment arrives at the dealer's premises, the boats and dolly
      frames are lifted off the transportation vehicle by a lift truck or crane
      and sling and set on the ground or pavement. Wheel units equipped with
      jacks are inserted in the dolly frame and the frame is lifted by the jacks
      sufficiently to permit the boat to be wheeled into the dealer's show room.
      Then the wheel units are removed, leaving the boat on display
      substantially at floor level on the inconspicuous dolly frame. By merely
      inserting the wheel units, the boats may be shifted about on the display
      floor from time to time as desired with very little effort. When a boat is
      to be displayed in a boat show, the foregoing operations are repeated,
      requiring usually only a lift truck and a highway cargo trailer, with a
      minimum of manpower.
PAR  The invention will be better understood and the foregoing and other objects
      and advantages will become apparent from the following description of the
      preferred embodiment illustrated on the accompanying drawing. Various
      changes may be made in the details of construction and arrangement of
      parts and certain features may be used without others. All such
      modifications within the scope of the appended claims are included in the
      invention. Although the invention is illustrated and described in
      connection with the shipment, handling and display of boats by way of
      example, the broader aspects of the invention are not limited to any
      particular type of goods or merchandise.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an apparatus embodying the invention,
      showing wheel units attached to a dolly frame for a boat;
PAR  FIG. 2 is a fragmentary side elevation view, with parts broken away,
      showing an adjustable bottom rest for the stern of a boat on the dolly
      frame;
PAR  FIG. 3 is a rear elevation view of the dolly frame showing special clamps
      for securing the dolly frame as a pallet to I-beams on a highway cargo
      trailer;
PAR  FIG. 4 is a perspective view of one of the special clamps in FIG. 3;
PAR  FIG. 5 is a perspective view of a cable guide which secures the bow of the
      boat to the dolly frame in FIG. 1; and
PAR  FIG. 6 is an elevation view, with parts broken away, showing one of the
      wheel units in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated in FIG. 1, the dolly comprises a frame A supporting the boat
      B and equipped with four removable wheel units C. Frame A comprises,
      essentially, a pair of square tubular cross member beams 10 and 11 and a
      pair of square tubular longitudinal member beams 12. Longitudinal members
      12 have upright end portions 13 welded to the cross members 10 and 11.
PAR  When wheel units C are removed, the cross members 10 and 11 are adapted to
      rest on the floor and longitudinal members 12 are spaced above the floor
      to permit a lift truck fork F to pass under the longitudinal members as
      shown in FIG. 3. Thus, frame A and boat B are adapted to be picked up as a
      pallet load by a lift truck approaching from the side, or by a crane
      equipped with slings.
PAR  Frame A may be adapted to support various types of objects. For carrying a
      boat, the front cross member 10 has brackets 14 equipped with rests 15
      forming a V-shaped cradle to support the bow of the boat. At the stern, a
      longitudinal rest 20 is pivotally mounted on a pivot pin 21 on an upright
      22 at the end of each longitudinal member 12. The rests 20 adjust
      themselves on pivots 21 to the angles of the bottom of the boat, the front
      end of each rest having an adjustable length strut 23 connected with the
      adjacent longitudinal member 12. The back end of each rest 20 is equipped
      with a handle loop 24 on an upstanding abutment 25 which engages behind
      the transom of the boat.
PAR  The boat B is secured to frame A by suitable tie-down means for shipment.
      For example, at the bow a pair of chains or cables 30 are connected
      between an eyebolt 31 and a pair of U-bolts 32 on the front uprights 13.
      These connections may be made at other points on the frame A depending on
      the size and the shape of the boat. The chains or cables 30 are tensioned
      by lever tighteners 33 and held spaced away from the bottom of the boat by
      V-shaped spacers 34. At the stern similar chains or cables 35 are
      tensioned between handles 24 and eyebolts 36 in the transom.
PAR  FIG. 3 shows how the boat B and frame A with wheel units C removed are
      deposited on a highway cargo trailer T for shipment. The lift truck fork F
      engaged under longitudinal frame members 12 lowers the frame and boat
      causing cross members 10 and 11 to rest on a pair of longitudinal I-beams
      39 on the trailer. The cross members 10 and 11 are secured to the I-beams
      by special clamps 40. Thus, the frame A is rigidly secured at four points
      to the trailer T by the clamps 40 and the boat is securely fastened at the
      four points 24, 24, 32, 32 to the frame A for long distance and high speed
      travel. Dolly frame A serves as a pallet.
PAR  As shown in FIG. 4, each clamp 40 comprises a pair of C-shaped side members
      41 which are integral with opposite sides of a flat top intermediate
      portion 42. Side members 41 straddle the frame cross member 10 or 11 and
      their lower ends are equipped with hardened protrusions 43 with bite into
      the under side of the top flange of I-beam 39 to prevent slippage. A clamp
      plate 45 is equipped with similar hardened protrusions 46 to bite into the
      top surface of cross member 10 or 11. Clamp plate 45 is swivel mounted on
      the lower end of a screw 47 which has threaded engagement with a tapped
      hole in top plate 42. By tightening the screw 47 with a wrench, the plate
      45 and protrusions 46 are forced downward against the top surface of cross
      member 10 or 11 and the protrusions 43 are pulled upward against the under
      surface of the top flange of the I-beam as shown.
PAR  When the boat reaches its destination, clamps 40 are removed and the boat B
      and frame A are lifted off the trailer T by a lift truck fork F as shown
      in FIG. 3 or by a crane and sling. Then the boat and frame A are lowered
      until cross members 10 and 11 rest on the floor or pavement. Next, a wheel
      unit C is inserted in each end of each cross member 10 and 11 on the
      periphery of frame A as shown in FIGS. 1 and 6.
PAR  Each wheel unit C comprises a bent arm 50 having a lower horizontal end 51
      and an upper inclined end 52, the end 51 being insertable into the socket
      opening in a cross member 10 or 11 while the latter is resting on the
      floor. A nut 53 is welded in the upper extremity of inclined end 52. End
      52 extends into a jack housing 55 and bears against an upper roller 56 and
      a lower roller 57. A screw 60 engages the nut 53 and is equipped with a
      crank handle 61 and a bearing 62 engaging the upper end of housing 55 as
      shown. Preferably, the upper end 52 of arm 50 makes an angle of about
      135.degree. with respect to lower end 51. Housing 55 is equipped with a
      carrying handle 63.
PAR  A pair of outstanding cross members 64 on opposite sides of housing 55 is
      equipped with caster wheels 65 which have vertical swivel axes. By
      rotating the crank handle 61 to pull nut 53 and arm 50 upward into the
      housing 55, one corner of the frame A is raised off the floor. As soon as
      the weight of frame A and the boat is brought to bear on the wheel unit,
      frictional force holds the lower end 51 of arm 50 securely in the cross
      member 10 or 11 without requiring any fastening means. After all four
      corners of the frame A have been lifted a few inches off the floor, the
      frame and boat may be wheeled into the dealer's show room and placed in
      position for display.
PAR  Then the boat and frame A are lowered by cranks 61 until cross members 10
      and 11 rest on the floor, allowing the wheel units C to be removed. The
      frame A supports the boat close to the floor in attractive display
      position and remains relatively inconspicuous, most of the frame being
      disposed underneath the boat. Frame A remains with the boat as a pallet
      until the boat is sold and launched.
PAR  If the boat is to be taken from the dealer's display room to a boat show,
      the wheel units C are attached and the boat is wheeled out to a highway
      cargo trailer or other means of transportation. Then the wheel units C are
      removed and the boat and frame A are loaded on the transportation vehicle
      by a lift truck fork F as shown in FIG. 3, or by a crane and sling or
      other means. At the boat show the boat and frame A are removed from the
      trailer as previously described and wheel units C are mounted on the four
      corners of frame A. Then the boat is wheeled to its display position and
      the wheel units C removed the same as described in moving the boat into
      the dealer's display room.
PAR  As previously mentioned, the frame A may be adapted to other types of
      objects to be transported, stored or put on display and the general
      operating procedure is the same as described above for handling a boat.
CLMS
STM  Having now described my invention and in what manner the same may be used,
      what I claim as new and desire to protect by Letters Patent is:
NUM  1.
PAR  1. A wheel unit for detachable connection with a frame structure having
      outwardly directed horizontal tubular sockets, said unit comprising a
      rigid angular arm having a horizontal end portion and an upwardly
      extending opposite end portion, said horizontal end portion being adapted
      to slide into and out of said sockets, a jack housing surrounding and
      slidable upward and downward on said upwardly extending end portion of
      said arm, caster wheels on said jack housing for supporting said unit on a
      floor, and jack means in said housing for moving said upwardly extending
      portion of said arm relative to said housing for raising and lowering said
      horizontal end portion of said arm in a range of movement between
      substantially floor level and an elevated position.
NUM  2.
PAR  2. A wheel unit as defined in claim 1 including rollers in said jack
      housing bearing against said upwardly extending end portion of said arm.
NUM  3.
PAR  3. A wheel unit as defined in claim 1, said jack means comprising a nut in
      said arm and a screw in said nut having a bearing in said jack housing.
NUM  4.
PAR  4. A wheel unit as defined in claim 1 including a pair of outstanding cross
      members on opposite sides of said jack housing, said wheels being mounted
      on said cross members.
NUM  5.
PAR  5. A wheel unit as defined in claim 1, said upwardly extending end portion
      of said arm being disposed at an angle of approximately 135.degree. with
      respect to said horizontal end portion.
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ABST
PAL  A trailer improvement wherein two trailers can be connected together,
      back-to-back, to double the load-carrying capacity, and the axle
      assemblies can be moved so that the wheels are in the proper location to
      assure that optimum mobility and load-carrying capacity of the
      interconnected trailer can be realized. The interconnected trailer can be
      separated and converted to two single trailers when desired.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to trailer improvements, and especially to
      improvements in trailers for hauling snowmobiles.
PAR  It is conventional practice to haul a pair of snowmobiles in parallel
      arrangement on a trailer that has a flat trailer bed supported midway of
      its ends on a pair of wheels and connected at its front end to the hitch
      of a motor vehicle. This practice is convenient when two snowmobilists
      desire to travel together to a place of use, hauling their snowmobiles by
      one motor vehicle. However, problems are created when more than two
      snowmobilists desire to travel together in this manner. According to
      practices followed heretofore, either the additional snowmobiles were
      required to be stacked vertically above the first two snowmobiles on the
      trailer, or a second trailer was required that would be connected by its
      tongue to the rear of the first trailer. Both of these arrangements create
      obvious problems from convenience, cost and safety considerations. To
      avoid tandem trailers, the tongue of the second trailer can be removed and
      the front of the second trailer connected directly to the rear of the
      first trailer, but an arrangement such as this significantly reduces the
      mobility of the trailer and increases substantially the wear of tires from
      skidding and the like when attempting to turn or traveling around curves
      on the road.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has overcome the inadequacies of prior trailer
      arrangements or constructions for hauling more than two snowmobiles by a
      single tow vehicle.
PAR  According to one form of the present invention, a trailer is provided
      comprising a trailer bed, an axle assembly having an axle shaft and wheels
      journaled at each end of the axle shaft, the axle shaft assembly being
      pivotally mounted on the trailer bed for movement between a first position
      wherein the axle assembly is forward of the pivotal mounting so that the
      wheels are located under and substantially midway of the length of the
      trailer bed and a second position wherein the axle assembly is rearward of
      the pivotal mounting so that the wheels are located adjacent to and toward
      the rear end of the trailer bed. By virtue of this construction and
      arrangement, two trailers can be connected back-to-back, with the tongue
      of the second trailer removed or folded, and with both of the axle shaft
      assemblies pivoted to their second positions so that the dual wheel
      assemblies will then be located substantially midway of the length of the
      interconnected trailer beds. This arrangement will permit the
      interconnected trailer unit to be relatively mobile, and lateral skidding
      of the tires when turning the trailer is substantially eliminated.
PAR  Not only can the trailer units be readily connected together to double the
      carrying capacity thereof, but spring and/or shock absorber means are
      provided so that a single set of such spring and/or shock absorber units
      can be used with each axle assembly in either its first or second
      positions.
PAR  Thus, it is an object of the present invention to provide an improved
      trailer that can be interconnected with a second trailer to double the
      load-carrying capacity thereof and to provide optimum mobility and
      operational characteristics.
PAR  Other objects of this invention will appear in the following description
      and appended claims, reference being had to the accompanying drawings
      forming a part of this specification wherein like reference characters
      designate corresponding parts in the several views.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a trailer embodying the present invention,
      showing the axle assembly in solid lines in a first position for use when
      the trailer is hauled as a single unit, and in broken lines illustrating a
      second position for use when the trailer is interconnected with a second
      trailer;
PAR  FIG. 2 is a fragmentary side elevational view showing the axle assembly in
      its first and second positions;
PAR  FIG. 3 is a perspective view showing two trailers connected back-to-back;
PAR  FIG. 4 is a sectional view taken on the lines 4--4 of FIG. 3;
PAR  FIG. 5 is a fragmentary vertical sectional view taken lengthwise through
      the bed of the trailer showing details of one embodiment of the axle
      assembly and its spring means;
PAR  FIG. 6 is a similar fragmentary sectional view showing a shock absorber
      used together with the spring means;
PAR  FIG. 7 is a fragmentary sectional view taken on the lines 7--7 of FIG. 6;
PAR  FIG. 8 is a vertical sectional view similar to FIG. 5, but showing a
      modified form of the axle assembly; and
PAR  FIG. 9 is a fragmentary sectional view similar to FIG. 8, but showing
      another modification wherein a shock absorber is used in conjunction with
      the spring means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before explaining the present invention in detail, it is to be understood
      that the invention is not limited in its application to the details of
      construction and arrangement of parts illustrated in the accompanying
      drawings, since the invention is capable of other embodiments and of being
      practiced or carried out in various ways. Also, it is to be understood
      that the phraseology or terminology employed herein is for the purpose of
      description and not of limitation.
PAR  Referring now to the drawings, the invention will be described in greater
      detail. The first trailer 10 has a trailer bed 12 to which is attached at
      the front end 14 a tongue 16 for attachment to a tow vehicle, not shown.
      The trailer 10 has an axle assembly 18 pivotally mounted on the trailer
      bed 12 at 20.
PAR  The axle assembly 18 includes a pair of parallel side members 22 which
      define parallelograms. Each side member 22 is pivotally supported at an
      upper angle of the parallelogram at the pivot 20, and at the diagonally
      opposite lower angle an axle shaft 24 is mounted on which the wheels 26
      are journaled for rotation.
PAR  When in the first position shown in solid lines in FIG. 1, one edge 28 of
      the parallelogram will be essentially parallel to and in supporting
      relationship with respect to the under side of the trailer bed 12, and
      when pivoted to the second position shown in broken lines, the adjacent
      edge 30 will be in a position substantially parallel to and in supporting
      relationship to the under side of the trailer bed 12.
PAR  As can be seen best in FIG. 1, when the axle assembly 18 is in its first
      position, the wheels 26 will be essentially midway between the front end
      14 and the rear end 32 of the trailer bed 12 so that they will be in the
      most favorable position for supporting a load on the trailer bed, such as
      a pair of snowmobiles extending lengthwise thereon. When the axle assembly
      18 is pivoted to the second position shown in broken lines, the wheels 26
      will be adjacent to the rear end 32 of the trailer 10 so that when a
      second trailer is connected, back-to-back, thereto as shown in FIG. 3, the
      axle assemblies 18 and 36 will be located so that their wheels 26 and 38
      are closely adjacent to one another substantially midway of the length of
      the interconnected trailers 10 and 34. When two such trailers 10 and 34
      are connected back-to-back, a suitable coupler bracket assembly 40 will be
      used to secure the trailers together, as is shown in FIG. 4.
PAR  To provide spring means or other suitable cushioning apparatus between the
      axle assembly 18 and the trailer bed 12, suitable sockets 42 and 44 are
      provided at the edges 28 and 30 into which the spring means 46 can be
      inserted in accordance with the position of the axle assembly 18. When the
      axle assembly is in the second position shown in FIG. 5, the spring means
      46 will be located in the sockets 44, and when the axle assembly is in the
      first position shown in solid lines in FIG. 2, the spring means 46 will be
      located in the sockets 42.
PAR  The spring means 46 comprises two coil springs 48 only one of which is
      shown, the coil springs 48 being interconnected by a transverse bar 50,
      shown best in FIGS. 5 and 7. When it is desired to pivot the axle assembly
      18 to either its first or second positions, the spring means 46 can be
      removed from the socket 42 or 44 during the pivoting operation and can be
      inserted into the other socket which will be uppermost so as to provide
      the desired spring support between the axle assembly 18 and the trailer
      bed 12.
PAR  As shown in FIGS. 6 and 7, a shock absorber 52 can also be pivotally
      mounted on each side member 22 and connected at the upper end at 54 to the
      transverse bar 50 if a shock absorber of this type is desired.
PAR  In FIGS. 1-7, inclusive, the side member 22 is a rigid parallelogram which
      can be in the form of a sheet metal plate or the like. As shown in FIGS. 8
      and 9, the side member 56 may be an articulate frame having four hingedly
      connected side members 58, 60, 62 and 64. The articulate frame member 56
      is pivotally connected at 20 to the trailer bed 12 and the axle assembly
      64 is connected to the parallelogram at the diagonally opposite connection
      between the side members 58 and 60. A compression spring means 66 extends
      between the hinged connections 68 and 70 urging the hinged connections 68
      and 70 apart so that the articulate frame 56 can flex but will maintain
      essentially the position shown in FIG. 8.
PAR  FIG. 9 illustrates the addition of the shock absorber 72 which also may be
      connected between the hinged connections 68 and 70. It will be recognized
      that the axle assemblies shown in FIGS. 8 and 9 are in their forward or
      first positions, and they can readily be pivoted to the rearward or second
      positions and the spring means 66 and the shock absorber 72 will continue
      to function in the same capacity in the second positions.
PAR  From the foregoing descriptions, it will be readily apparent that an
      improved trailer has been provided which can be interconnected with a
      second trailer to double the load-carrying capacity of the interconnected
      unit. By virtue of the pivotal mounting of the axle assemblies to the
      trailer beds, the wheels can be located close together in positions
      substantially midway between the opposite ends of the interconnected unit
      so as to provide ease of handling and effective operation of the
      interconnected trailer unit.
PAR  While the invention has been described with respect to trailers primarily
      used in connection with hauling snowmobiles, it is to be understood that
      it applies to any type of two-wheel trailer adapted to be hauled by a tow
      vehicle where the capacity of the trailer is to be increased. Also, it is
      to be understood that when trailers 10 and 34 are connected, the tongue 74
      of trailer 34 will be removed.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A trailer comprising a trailer bed, an axle assembly having an axle
      shaft and wheels journaled at each end of the axle shaft, said axle
      assembly being pivotally mounted about a transverse axis on said trailer
      bed for movement between a first position wherein the axle assembly is
      forward of the pivotal mounting so that the wheels are located under and
      substantially midway of the length of the trailer bed and a second
      position wherein the axle assembly is rearward of the pivotal mounting so
      that the wheels are located under and adjacent to the rear end of the
      trailer bed.
NUM  2.
PAR  2. The trailer that is defined in claim 1, wherein said axle assembly
      includes a pair of parallel side members defining parallelograms, said
      axle assembly being pivotally mounted on said trailer bed at the upper
      acute angle of each parallelogram, said axle shaft being connected to the
      parallelogram at the lower acute angle of each parallelogram, the upper
      side of each parallelogram being in supporting engagement with the trailer
      bed.
NUM  3.
PAR  3. The trailer that is defined in claim 2, wherein each of said
      parallelograms is a rigid member.
NUM  4.
PAR  4. The trailer that is defined in claim 2, wherein each of said
      parallelograms is an articulate frame having four hingedly connected sides
      and with spring means connected to and extending between the obtuse angles
      of the parallelograms.
NUM  5.
PAR  5. The trailer that is defined in claim 2, wherein each of the sides of
      parallelogram forming said upper acute angle has a socket therein, and a
      spring means is positioned in the socket of each parallelogram that is
      located in the side of the parallelogram adjacent to the trailer bed and
      is in engagement with said trailer bed.
NUM  6.
PAR  6. The trailer that is defined in claim 5, wherein each parallelogram has a
      shock absorber pivotally mounted thereon for engagement with the trailer
      bed when the axle assembly is in either of its positions.
NUM  7.
PAR  7. The trailer that is defined in claim 2, wherein each of said
      parallelograms is an articulate frame having four hingedly connected side
      members, and connected between the hinge connections of frame at the
      obtuse angles thereof is a load support spring means and an associated
      shock absorber.
NUM  8.
PAR  8. In combination, a first trailer comprising a trailer bed having a tongue
      connected to its front end, an axle assembly having an axle shaft and
      wheels mounted at each end of the axle shaft, said axle assembly being
      pivotally mounted on said trailer bed for movement between a first
      position wherein the axle assembly is forward of the pivotal mounting so
      that the wheels are located under and substantially midway under the
      length of the trailer bed and a second position wherein the axle assembly
      is rearward of the pivotal mounting so that the wheels are located under
      and adjacent to the rear end of the trailer bed, and a second trailer
      constructed the same as said first trailer having its rear end connected
      to the rear end of said first trailer, said axle assembly of each trailer
      being pivoted to its second position.
NUM  9.
PAR  9. The combination that is defined in claim 8, wherein the tongue of said
      second trailer is disconnected from the front end of the trailer bed.
NUM  10.
PAR  10. The combination that is defined in claim 8, wherein said axle
      assemblies supportingly engage their associated trailer beds at locations
      substantially above their associated wheels.
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ABST
PAL  A safety device for a passenger in an automobile comprises a shoulder
      safety belt extending diagonally across the passenger's body and an energy
      absorbing impact element located on the vehicle frame adjacent the
      passenger's knees. The impact element includes two M-shaped sheet metal
      members arranged one above the other and symmetrical about a plane passing
      between the members. The legs of each M-shaped member afford two parallel,
      spaced-apart plates and one face of one of the plates is presented to the
      passenger's knees. The portion of each M-shaped member intermediate the
      legs affords a plastically deformable connection between the plates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  To protect passengers in a vehicle, such as an automobile, against injury
      in the event of a collision, the potentially injurious effects of the high
      deceleration forces acting on the vehicle as a result of the collision
      must be moderated. One commonly practiced method of moderating the effects
      is to hold the passengers securely against portions of the vehicle, such
      as its seats. The passengers thus decelerate at essentially the same
      instant and the same rate as the vehicle and are not "thrown," as the
      result of differing times or rates of deceleration, against parts of the
      vehicle interior.
PAR  The most widely used device for securely holding a passenger in an
      automobile is a safety belt that straps the passenger firmly to his seat.
      Safety belts may be categorized into two general classes: two-point safety
      belts and three-point safety belts. A two-point safety belt includes a
      single belt or strap that is attached to the automobile frame or chassis
      at two points, located one on either side of an automobile seat. The belt
      is generally arranged to extend across a passenger's lap, but may instead
      extend diagonally across his body from one shoulder to the opposite hip. A
      three-point safety belt includes two belts or straps that are joined
      together so that only three connections are necessary to secure the ends
      of the belts to the automobile. Generally, a three-point belt is a
      combination lap belt and diagonal shoulder belt.
PAR  In order for a safety belt to be effective, it must be properly adjusted
      and fastened around a passenger sitting in an associated automobile seat.
      The typical safety belt is therefore provided with an adjustably
      positioned, releasable buckle so that the passenger may fasten and adjust
      the belt about his body after he is seated. Nonetheless, many people
      regard having to fasten and adjust a safety belt as an annoying
      inconvenience, and thus the effectiveness of a safety belt is often wasted
      because passengers do not use it. To eliminate the inconvenience of having
      to fasten a safety belt, it has previously been proposed to fasten one end
      of the belt on the adjacent automobile door. When the door is opened, the
      safety belt swings away from its associated seat to allow a passenger to
      enter or leave the automobile without handling the belt. When the door is
      closed, the safety belt swings into position about its associated seat and
      the body of a passenger who may be seated in it. The additional length of
      safety belt necessary for the arrangement is taken up on an automatic
      winding spool when the door is closed. The automatic take-up also assures
      a close engagement of the belt with a passenger's body. A locking
      mechanism on the spool prevents the belt from unwinding when an impact
      load is applied to the belt as a result of a collision. Such a safety belt
      arrangement which does not require the user to buckle or unbuckle the belt
      is commonly designated a passive safety device.
PAR  Although the safety belt arrangements described above have been shown to be
      of value in preventing injuries to automobile passengers involved in an
      accident, they also have certain disadvantages. For example, a three-point
      safety belt effectively restrains both the upper and lower portions of a
      passenger's body, or, more specifically, his torso, but the two part
      construction and three-point mounting of the belt make entering and
      leaving an automobile rather difficult, particularly for passengers in the
      rear seat of a two-door automobile. Moreover, if a three-point belt is
      adapted to function as a passive safety device, as described above, the
      cost of the belt, which is already greater than the cost of a two-point
      belt, is further increased. On the other hand, a two-point safety belt,
      while less expensive and cumbersome than a three-point belt, can only
      restrain either the upper or the lower portion of a passenger's body. In
      the event of an accident, therefore, the unrestrained portion of the
      passenger's body is free to move and consequently is more likely to be
      injured.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a safety device for passengers in a
      vehicle, such as an automobile, which provides the simplicity and
      convenience of a two-point safety belt and also the additional protection
      of a three-point safety belt. The safety device includes a restraint, such
      as shoulder safety belt, for the upper portion of a passenger's body and
      an energy absorbing impact element disposed on the vehicle adjacent the
      passenger's knees. The shoulder belt affords protective restraint for the
      upper portion of the passenger's body, while the lower portion of his body
      is protected by the impact element. The invention is particularly suited
      for use as a passive safety device in which one end of the shoulder belt
      is located on a door adjacent the vehicle seat associated with the safety
      device.
PAR  The impact element of the invention is spaced sufficiently from the knees
      of a passenger occupying the associated vehicle seat so that the element
      does not substantially hinder entry into or exit from the vehicle. At the
      same time, the impact element is located close enough to the passenger's
      knees to provide some restraint for the lower portion of his body in the
      event of a collision, in addition to absorbing the energy transferred on
      being struck by the passenger's knees. Although the impact element does
      not hold the passenger's lower body tightly against the vehicle seat, the
      slight sliding forward of the passenger's lower body permitted by the
      spacing of the element has been found to be advantageous in preventing
      injury. The forward movement of the passenger's lower body results in a
      downward sliding of the upper portion of his body underneath the diagonal
      shoulder belt and consequently, the passenger's head, or other portions of
      his upper body, are less likely to strike the steering wheel or dashboard.
PAR  In one embodiment of the invention, the energy absorbing impact element
      includes two generally parallel plates separated by a plastically
      deformable member. The plates are oriented in generally vertical planes
      and are also aligned generally perpendicular to the longitudinal axis of
      the vehicle. In the event of a collision, therefore, in which the vehicle
      passengers would probably be thrown forward in the passenger compartment,
      the plates will be essentially perpendicular to the direction of the
      impact force exerted on them. The deformable member permits energy
      absorbing deformation of the impact element so that the lower portion of a
      passenger's body is restrained without exceeding tolerable stresses.
PAR  The impact element is preferably fabricated of two lengths of sheet metal
      formed with M-shaped cross-sections. The sheet metal lengths are arranged
      one above the other and symmetrical about a plane passing between them.
      The legs of the M-shaped lengths are generally vertical and the
      corresponding right-and left-hand legs of the two lengths together define
      the two plates of the impact element. The portions of the sheet metal
      lengths intermediate the legs define the deformable member of the impact
      element. The cross-section of the deformable member is thus essentially
      rhombic and one diagonal of the cross-section is aligned generally
      parallel to the probable direction of the impact force to be applied on
      the impact element in the event of a collision. The rhombic cross-section
      of the deformable member provides particularly advantageous impact
      deformation of the member, as indicated by the force-distance and
      force-time curves for the member, both of which generally approximate a
      right angle.
PAR  The face of the impact element presented to the passenger is padded or
      cushioned to prevent possible injuries resulting from sharp edges. To
      incorporate the impact element into the interior design of the vehicle,
      the upper surface of the element may have a flat surface that functions as
      a shelf.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be made to the
      following description of an exemplary embodiment, taken in conjunction
      with the figures of the accompanying drawings, in which:
PAR  FIG. 1 is a partial side sectional view of a passenger seated in an
      automobile equipped with a safety device according to the invention;
PAR  FIG. 2 is a plan view of the left-hand side of the automobile shown in FIG.
      1; and
PAR  FIG. 3 is an enlarged, cross-sectional view of the energy absorbing element
      of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF EMBODIMENT
PAR  FIGS. 1 and 2 of the drawings illustrate a man, generally designated 1,
      seated in the driver's seat 2 of a passenger automobile. In front of the
      man 1, the frame 3 of the automobile has been configured to provide an
      instrument panel or dashboard 4. Immediately above the instrument panel 4
      is a windshield 5 that extends to the roof of the automobile. The steering
      wheel 11 for the automobile is mounted on a column extending from the
      frame 3 underneath the instrument panel 4.
PAR  In accordance with the invention, the man 1 is held in the seat 2 by a
      two-point safety belt 6. The safety belt 6 is a shoulder belt which is
      attached to the automobile on each side of the seat 2 and extends
      diagonally across the man 1 from his left shoulder to his right hip. The
      lower or right-hand end of the safety belt 6 is secured to the tunnel or
      hump 8 through which extends the drive-shaft for the automobile. An
      automatic winding spool 7 is mounted on the drive-shaft tunnel 8
      automatically to wind up any excess length of the safety belt 6 which is
      not in use. The spool 7 may be of any conventional type that can be
      conveniently used with a shoulder safety belt. The upper or left-hand end
      of the safety belt 6 is attached to the automobile door 10 adjacent the
      seat 2 by a bracket 9. The bracket 9 is preferably located on the upper
      rear portion of the door 10, as viewed from the left side of the
      automobile. As previously described, mounting the bracket 9 on the door 10
      permits the safety belt 6 to function as a passive safety device. The
      bracket 9 may, however, be located on the automobile frame 3 adjacent the
      door 10, if it is not desired to utilize the invention as a passive
      device.
PAR  When the door to the automobile is open, as shown in phantom in FIG. 2, the
      safety belt 6 is fully unwound from the spool 7 and assumes the position
      indicated as 6' to permit convenient and unhindered entry into or exit
      from the automobile. When the door 10 is closed, the safety belt 6
      automatically assumes its proper restraining position about the body of
      the man 1 seated in the seat 2. In the event of an impact load being
      applied to the safety belt 6, as in the event of a collision, a locking
      device (not shown) associated with the spool 7 prevents the safety belt 6
      from unwinding from the spool and thus holds the man 1 securely against
      the automobile seat 2.
PAR  An energy absorbing impact element, generally designated 12, is mounted on
      the automobile frame 3 underneath the instrument panel 4 and the steering
      wheel 11. The impact element is thus located generally in the zone of the
      man's knees, when he is seated in the seat. Sufficient space has been left
      between the impact element 12 and the seat 2 to permit relatively
      unhindered entry into and exit from the automobile. In addition, when the
      man 1 is occupying the seat 2, he will have room to move his legs and
      operate the automobile floor pedals (not shown), for example. To fit the
      impact element 12 into the interior design of the automobile, the element
      has a flat upper surface that functions as a convenient shelf.
PAR  FIG. 3 illustrates in detail and on a larger scale the energy absorbing
      impact element 12 of FIGS. 1 and 2. As shown in FIG. 3, the impact element
      12 has been somewhat foreshortened for convenience in illustration. The
      impact element 12 includes two identically configured sheet metal members
      20 and 21. Each sheet metal member has a M-shaped cross-section, the leg
      portions 13 and 14 of which afford two generally parallel plate-like
      members. The leg portions 13 and 14 are upright and are oriented generally
      perpendicular to the longitudinal axis of the automobile. As indicated by
      the arrow labeled 19 in FIG. 3, the leg portions 13 and 14 of each sheet
      metal member are oriented generally perpendicular to the direction of a
      typical impact force applied by a passenger's knees in the event of a
      collision. Between each pair of leg portions 13 and 14 is a deformable
      connecting portion 15 that is bent at its midpoint to form an angle of
      approximately 60.degree. with each of the leg portions 13 and 14.
PAR  The two M-shaped sheet metal members 20 and 21 are arranged one above the
      other and symmetrical about a plane passing between them. The two
      connecting portions 15 of the members 20 and 21 thus define in
      cross-section a rhombus having one diagonal parallel to the direction of
      the typical impact force 19. When an impact force is applied to the energy
      absorbing element 12, the element is deformed to absorb the transferred
      impact energy by opposite, vertically outward buckling of the angled
      connecting portions 15. As previously indicated, the rhombic cross-section
      of the combined connecting portions 15 gives the impact element 12
      desirable, generally right-angled force-distance and force-time curves for
      impact loading.
PAR  One leg 14 of each of the M-shaped sheet metal members 20 and 21 is welded
      to the vehicle frame 3, while the opposite leg 13 of each member is welded
      to a front plate 17 which faces the seat 2. The face of the front plate 17
      presented to the seat 2 is covered with a padded layer 16 fabricated of a
      hard foam-type material, for example. The padded layer 16 prevents
      injuries that might result from striking sharp edges of the metal members
      making up the impact element 12. Although the sheet metal members 20 and
      21 are shown welded to the automobile frame 3 and the front plate 17, they
      may be secured to the frame and front plate in any convenient manner.
PAR  As previously described, a light cover plate 18 is welded across the ends
      of the leg portions 13 and 14 of the uppermost sheet metal member 20 to
      afford a convenient carrying shelf in the front of the vehicle underneath
      the instrument panel 4. The cover plate 18 is designed and fabricated of
      appropriate material so that it does not exert any substantial stiffening
      effect on the impact element 12 which might detrimentally affect its
      energy absorbing characteristics.
PAR  As shown in the drawings, each of the sheet metal members 20 and 21 is
      horizontally oriented and extends across the width of the automobile.
      Nonetheless, the present invention also contemplates a plurality of
      vertically oriented members arranged side by side across the width of the
      automobile.
PAR  It will be understood that the above described embodiment is merely
      exemplary and that those skilled in the art may make many variations and
      modifications without departing from the spirit and scope of the
      invention. All such modifications and variations are intended to be within
      the scope of the invention as defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A safety device for protecting a passenger seated in a vehicle from
      injury during an abrupt deceleration of the vehicle, comprising:
PA1  a. a shoulder belt extending diagonally across the upper portion of the
      passenger's body for restraining only the upper portion of the passenger's
      body against a vehicle seat, whereby the lower portion of the passenger's
      body is left free to slide forward; and
PA1  b. energy absorbing means disposed on the vehicle in a zone in the
      passenger compartment forward of the knees of the seated passenger for
      restraining the lower portion of the passenger's body sliding forward
      during abrupt deceleration of the vehicle, by means of the passenger's
      knees impacting against said energy absorbing means, in conjunction with
      the operation of said shoulder belt restraining the upper portion of the
      passenger's body.
NUM  2.
PAR  2. A safety device according to claim 1, further comprising means arranged
      serially with said shoulder belt for automatically winding up any excess
      length in said shoulder belt.
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ABST
PAL  A tricycle having a front frame supported with one front wheel and a rear
      frame supported with two rear wheels, wherein the front frame is connected
      with the rear frame on the axis longitudinal of the tricycle in the
      relation that the front frame is capable of being inclined to one side or
      the other with respect to the rear frame. The tricycle is provided with a
      torsion bar arranged between the front frame and the rear frame on the
      axial line so that the torsion bar is subjected to only torsion not to
      complicated stresses of bending and tension.
BSUM
PAR  This invention relates to a a connecting device for a front and a rear
      frame of a tricycle and more particularly to a connecting device for a
      front and rear frame of a tricycle which is provided with one front wheel
      and two rear wheels and driven by pedaling or a driving force from an
      engine or an electric motor.
PAR  Conventionally, there has been proposed a tricycle, for example, as shown
      in U.S. Pat. No. 3504934 having the frame which is supported with the
      front and rear wheels and divided into a front and a rear frames, wherein
      the front frame is provided with a handle bar for operating the front
      wheel and with a saddle for a rider and is connected to the rear frame
      with a connecting shaft extending longitudinally of the tricycle in the
      rotation that these frames may be mutually inclined to one side or the
      other toward the turning direction from moving up by the centrifugal force
      or retaining the front frame.
PAR  As an example of the aforegoing, well known is a tricycle as shown in U.S.
      Pat. No. 3583727, provided at both sides of a front frame thereof with two
      torsion bars extending longitudinally of the tricycle body for fixing both
      front and rear ends of each torsion bar to the front frame and the rear
      frame respectively.
PAR  In the abovementioned construction, however, when the front frame is
      inclinded the two torsion bars are subjected to complicate stresses of
      bending and tension as well as torsion, therefore, there was a defect that
      torsion bars are liable to become early fatigued to result in the
      necessity of replacing the worn bar by a new one after use in a very short
      time.
PAR  The present invention has been directed to solve the abovementioned problem
      concerning a tricycle of which a front frame is inclined against a rear
      frame so as to enable a rider to drive it in a feeling similar to
      bicycle-riding and which is provided with a torsion bar for preventing at
      least one of rear wheels from moving up when a turn is made.
PAR  A main object of a connecting device for a front and a rear frame of the
      invention is the provision of a tricycle having a torsion bar which is not
      subjected to stress, such as bending and tension except tension, but
      excellent durability for a long time. Another object of the invention is
      the provision of a connecting device for a front and a rear frame of a
      tricycle having a torsion bar which is adapted to be simply mounted to
      both front and rear frames independently of a connecting means for
      connecting the both frames so that the torsion bar is subjected to only
      torsion. A further object of the invention is the provision of a
      connecting device for a front and a rear frame of a tricycle which is
      capable of connecting both front and rear frames simply and strictly while
      the torsion bar is subjected to only torsion stress. Still a futher object
      of the invention is the provision of a connecting device for a front and a
      rear frame of a tricycle capable of readily adjusting a front frame to be
      positioned at the neutral with respect to a rear frame.
PAR  The invention has been designed to arrange a torsion bar on the axis of a
      connecting shaft for connecting both front and rear frames since the
      torsion bar is subjected to only torsion stress without complicated
      stresses of bending and tension.
PAR  Namely, under condition that the torsion bar is positioned on the
      abovementioned axis, the front frame inclining against the rear frame may
      rotate around the axis so that the torsion bar is subjected to only
      torsion stress generated between the front frame and the rear frame, thus
      the torsion bar being subjected to no stresses of bending and tension.
PAR  Furthermore, the invention is directed to reasonably arrange the torsion
      bar on the axis in a manner that the connecting shaft for the front and
      the rear frames is formed in a tubular shape, through which the torsion
      bar is perforeted so that the torsion bar becomes free from the connecting
      means, thereby making it possible to arrange the torsion bar as the
      abovementioned without any complicated construction.
PAR  In a case that a torsion bar is desired to be arranged on the axis of the
      connecting shaft, the torsion bar must be fixed between the front and rear
      frames in a complicated construction as is conventionally designed due to
      existence of the abovementioned connecting means. The reason is that the
      connecting means is provided between the rear end portion of the front
      frame and the front end portion of the rear frame and also the torsion bar
      is fixed at both ends thereof to the front and the rear frames
      respectively, accordingly, the connecting means becomes obstructive of
      arrangement of the torsion bar on the axis of the connecting shaft.
PAR  To solve the above problem, a connecting device of the invention shaft is
      used for connecting both front and ear frames, in which the torsion bar is
      perforated through the tubular shaft at the center portion thereof, thus
      making it possible to arrange the torsion bar simply and easily on the
      axis of the connecting shaft.
PAR  In the tricycle of this type, when it is turned in running the front frame
      thereof is inclined to one side or the other with respect to the rear
      frame, at the same time the torsion bar serves to prevent the rear wheel
      from moving up, however, when the tricycle is parking or driven in a
      straight line the front frame must be positioned at the neutral regarding
      the rear frame. Nevertheless, if the torsion bar for the tricycle is not
      uniform in quality of fixed to the frames with a slightly twisted angle,
      the front frame may be out of the precise neutral position thereof.
PAR  Still further, the invention is directed to have an adjusting means at the
      fixed portion of the torsion bar, which means can adjust the torsion bar
      around the axis thereof so that the front frame may be positioned at the
      neutral regarding the rear frame even after fixing the bar to the frames
      of the tricycle. In addition, the aforesaid neutral position of the front
      frame is that wherein the front frame rests in the perpendicular position
      with respect to the rear wheels' common axle when the tricycle is
      horizontalized.
PAR  Such adjusting means employes adjusting screws engagable with the torsion
      bar at the portion thereof which fixedly connects both front and rear
      frames therewith. The screws are rotated for turning the torsion bar
      around the axial line, thereby making it possible to easily set the front
      frame at the neutral position.
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PAR  The above described objects and features and others of the present
      invention will be more apparent from the description of representative
      embodiments in accordance with the accompanying drawings and further novel
      features of the invention will be easily understood from the scope of
      claims in the following,
PAR  FIG. 1 is a side view showing as a whole a tricycle of the invention,
PAR  FIG. 2 is a partially cutaway enlarged sectional view showing a principal
      part thereof,
PAR  FIG. 3 is sectional view taken on line III--III,
PAR  FIG. 4 is a perspective view of front fixing member of a modified
      embodiment,
PAR  FIG. 5 is an analyised perspective view showing a modified embodiment of a
      fixing means for a torsion bar,
PAR  FIG. 6 is a perspective view of other modified embodiment, and FIG. 7 is a
      sectional view of another modified embodiment corresponding to the
      principal portion in FIG. 2.
DETD
PAR  Reffering to FIG. 1, the reference numeral 1 denotes a front frame having a
      front wheel of a tricycle. The front frame 1 is provided at the front end
      portion thereof with a head pipe 11 and also is formed in a tubular shape
      at the rear end portion thereof, and the front wheel 13 is supported to
      the head pipe 11 through a front fork frame member 14. In addition, the
      front frame 1 is provided at the foremost end thereof with a handle bar 15
      which is connected to the front fork frame member 14 for steering the
      front wheel 13 and at the rear end portion of the front frame is provided
      a saddle post 17 fitted with a saddle 16 for a rider. In this instance,
      the front frame may be made of a pipe member for simplifying the
      manufacturing process, resulting in having the end portion formed in a
      pipe-shape.
PAR  The reference numeral 2 denotes a rear frame having two rear wheels 22, 22,
      which frame is provided at the forwardly downwardly end portion thereof
      with a boss member 21 of a cylindrical shape. The rear wheels 22, 22 are
      supported with the rear frame through trailing arms 23, 23 and also buffer
      springs 24, 24 are mounted between the rear wheels 22, 22 and the rear
      frame 2. One of the trailing arms 23, 23 is provided at the rear end
      thereof with a driving shaft 25 for driving one of the rear wheels 22, 22.
PAR  In addition, the tricycle carries, not shown in the drawings, an engine or
      an electric motor on a rear frame 2 thereof so that at least one of the
      rear wheels 22, 22 is forcibly driven by such a power source through a
      transmitting device, where, it is preferable to drive the tricycle by
      pedaling silmilarly to a bicycle.
PAR  The reference numeral 3 denotes a connecting means for the front frame 1
      and the rear frame 2, which is constructed as abovementioned, in the
      relation that the front frame may be inclinded to one side or the other
      with respect to the rear frame around the axis extending longitudinally of
      the tricycle. The connecting means comprises a tubular shaft 31 insertable
      into a round hole perforated through the boss member 21 at the rear frame
      2 and radial bearings 32, 32 mounted between an outer peripheral surface
      of the tubular shaft 31 and an inner peripheral surface of the cylindrical
      boss member 21. The tubular shaft 31 is short in length and provided at
      axially one end thereof with a portion 31a insertably engageable with a
      tubular end rearwardly of the front frame and at the other end of the
      shaft with screw thread 35 formed on the outer periphery thereof.
PAR  The bearings 32, 32 are used in a pair of well known radial bearings which
      comprise an outer race, an inner race and a plurality of balls
      respectively and are spaced with a spacer 33 provided at a given interval
      between each inner race of two bearings. Bearings 32, 32 are fixed in the
      predetermined position through each outer and inner race abutting against
      annular notched portions 21a, 21a formed at the boss member 21 and an
      annular projection 31b at the tubular shaft 31 respectively, and are
      locked with a lock nut 34 and screwed with the thread 35.
PAR  Thus, the tubular shaft 31 is freely rotatably supported with the boss
      member 21 through bearings 32, 32 and the end portion 31a of the shaft 31
      is inserted into the tubular portion of the rear end of the front frame 1
      and then is fixed thereto by means, of a fixing means such as a screw bolt
      and the like, thereby making it possible to connect the front frame 1 with
      the rear frame 2 in the relation that the former can be inclined to one
      side or the other with respect to the latter around the axis line X--X
      extending longitudinally of both frames 1 and 2.
PAR  Further, instead of fixing the tubular shaft 31 to the front frame 1, a
      boss member 21 may, as shown in FIG. 7, be provided on the front frame so
      as to fix the tubular shaft 31 to the front end portion of the rear frame
      2.
PAR  The reference numeral 4 denotes a torsion bar which is disposed on the
      axial line X-X and has male serrations 41 and 42 at both ends thereof
      respectively.
PAR  The torsion bar 4 is fixed at the rear end thereof to the boss member 21
      through a connection of the male serration 42 at the rear end of the
      torsion bar and female serration 53 formed at a disc-like shaped support 5
      which is secured to a flange 21b at the rear end of the boss member by
      means of screw bolts 51, 51, and at the front end of the bar 4 to the
      front frame 1 through a fixing means as described hereinafter. Also the
      torsion bar 4 is extending from the rear end to the front end thereof
      through the center of the tubular shaft, the tubular rear end of the front
      frame and an opening 1a thereof, and then is further forwardly protruded.
      In addition, the reference numeral 52 denotes a retaining ring used for
      preventing the torsion bar from axially moving.
PAR  The abovementioned fixing means comprises, as is clearly understood in FIG.
      2, a bracket member 6 fixed to the front frame 1 and a fixing member 7
      mounted to the bracket 6.
PAR  The bracket member 6 is positioned on the forwardly extending axis line
      X--X to be fixedly mounted onto the front frame 1 at a substantially
      intermediate lower portion thereof and comprises opposite side plates 61,
      61 and a front plate 62 connecting two plates 61, 61 therewith. The front
      plate 62 of the bracket member 6 is provided with a through a hole 62a
      having the axis coincident with the axis line X--X, and two side plates
      are screwably engaged with screw bolts 63, 63 through nuts means 64, 64
      fixedly fitted to the plates.
PAR  The fixing member 7 comprises, as shown in FIG. 4, a body 71 having female
      serrations 71a engagable with male serrations 41 of the torsion bar 4, a
      supporting portion 72 extending forwardly of the body 71 to be engageably
      inserted into the hole 62a so as to support the body 71 with respect to
      the blacket member 6, and, an arm 73 extending downwardly to the body 71.
PAR  The arm 73 is provided with counter hemispherical recesses 73a at both
      sides of the lower portion thereof respectively. The recesses 73a, 73a
      receive oval points of screw bolts 63, 63 respectively so that the arm 73
      is restrained from radially moving, resulting the fixing member 7 being
      fixedly supported on the bracket member 6, resulting in fixing the fore
      end of the torsion bar 4 to the bracket member 6.
PAR  Incidentally, the head 63a of the screw bolt 63 is formed in a hexagonal
      shape for being rotatable by use of a spanner or the like so that the
      screw bolt 63 may be rotated to optionally position the arm 73. The
      position of the arm 73 should be so adjusted that the front frame is
      located at the neutral position thereof, that is, the same stands, as
      aforesaid, perpendicularly to the common axis of rear wheels when the
      tricycle is horizontalized, thus, when a turn is made the front frame 1 is
      inclined from the neutral position to one side or the other so as to allow
      the torsion bar 4 to be twisted, thereby preventing either one of rear
      wheels from lifting.
PAR  Means for fixing the torsion bar 4 to the boss member and the blacket
      member, is, as the abovementioned, that the bar is provided at both ends
      thereof with male serrations with which the support 5 and the fixing
      members 7 are insertably engaged respectively. Besides this, instead of
      forming the serrations, the torsion bar may be fixed to the front frame 1
      and the rear frame 2 directly or through other fixing means. For example,
      the torsion bar 4 may, as shown in FIG. 5, be formed at the fore end
      thereof in a L-shaped portion 43 to which a clamp 8 is fitted so that the
      bar is fixed to the blacket member 6 with screw bolts 81, 81.
PAR  Further, it is preferred that a ball 9 is, as shown in FIG. 6, fixed to the
      utmost end of the bent portion of the torsion bar and each point of the
      screw bolts 63, 63 is formed in a ball holder 63b receiving the ball 9
      therein. In this case, the screw bolts 63, 63 serve to clamp the torsion
      bar for being fixed as well as being adjustable.
PAR  Means for fixing the torsion bar to the front and the rear frames, is
      proposed in many different ways as described heretofore. In summary, it is
      preferred that the axis of the torsion bar 4 is coincident with the axis
      line X--X extending longitudinally of the tubular shaft 31 so as to be
      rotatably supported thereto, therefore, a construction other than the
      embodiments shown herewith may be applied on the tricycle in accordance
      with the present invention.
PAR  The tricycle of the invention is constructed as the abovementioned. When a
      rider turns a tricycle in its running he tries to lean himself inward the
      curve, in this instance, the front frame 1 is only inclined to one side or
      the other with respect to the rear frame 2 through the tubular shaft 31,
      thus a rider being able to turn a tricycle extremely smoothly and safely
      while restraining the rear wheels 22, 22 from moving up by means of
      function of the torsion bar. Namely, tosion stress caused by a rider's
      leaning acts on an inside rear wheel through the fixing means, the rear
      frame 2 and the trailing arm 23, thereby making it possible to prevent the
      rear wheel from moving up in running. Further, when the front frame is
      inclined in turn of the tricycle the torsion bar is twisted under the
      condition that both fixed ends thereof become stationary at the center of
      leaning width of the front frame, that is, at the axis extending
      longitudinally of the both frames, therefore the torsion bar is only
      subjected to torsion, namely, any complicated stresses of bending and
      tension may not at all be applied on the torsion bar.
PAR  Accordingly, the torsion bar used in a tricycle in accordance with the
      present invention becomes less fatigued, increases in the durability and
      is bearable for a long time use.
PAR  Also, for obtaining the aforesaid objects there is used the tubular shaft
      capable of being enlarged in diameter, hence, the radial bearings therefor
      are allowed to be made larger in diameter. As a result, the connection of
      a front and a rear frame can withstand a concentrated load applied thereon
      so that the front frame may be smoothly inclined when a turn is made. At
      that time, the connection of the separated frames becomes, of course,
      subject to a heavy load from vibrations in running on a rough road and a
      rider's weight, which load causes the connection to be twisted to result
      in roughly inclining of one of the frames with respect to the other.
      However, in accordance with the invention the radial bearings may be made
      larger in diameter to make possible distribution of the load and
      construction endurable of a heavy weight, thereby completely solving the
      aforesaid problems.
PAR  In addition, the tricycle of the invention has practical effects, such as
      being simple in construction as well as easy in adjustment for setting the
      torsion bar at the neutral position because of single bar used in the
      tricycle.
PAR  The front frame 1 which is inclined to one side or the other with respect
      to the rear frame 2, may cause the tricycle to raise an efficiency in
      running and a safty operation when the tricycle is turned, and also when
      the front frame is inclined to either the right or left side at a
      standstill, it is possible to adjust inclination of the front frame to be
      corrected very easily, simply and exactly.
PAR  The present invention may not be limited to an inherent construction of the
      embodiments described herewith and it is examplified in the specification
      rather than defined in the scope of appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A connecting device for a front and a rear frame of a tricycle wherein
      the front frame has a front wheel, a handle bar for steering said wheel
      and a saddle for a rider, and the rear frame has two rear wheels, said
      connecting device comprising
PA1  a tubular shaft fixed to one of opposite ends of said front and rear
      frames;
PA1  a boss member, of cylindrical shape, fixed to the other of said opposite
      ends;
PA1  radial bearings insertably mounted within said boss member so as to hold
      said tubular shaft therewith,
PA1  said tubular shaft, radial bearing and boss member similarly having an axis
      extending longitudinally of the tricycle body,
PA1  said front frame being inclined around the axis to one side or the other
      enabling a rider to lean when a turn is made; and
PA1  a torsion bar extending through said tubular shaft at the center thereof
      and positioned coincident with said axis, said torsion bar being
      insertably mounted between said front and rear frames so as to be fixed at
      the lengthwise fore end of the bar to the front frame and at the
      lengthwise rear end of the bar to the rear frame.
NUM  2.
PAR  2. The connecting device according to claim 1, wherein said tubular shaft
      is fixed to the rear end of the front frame and said boss member is fixed
      to the fore end of the rear frame.
NUM  3.
PAR  3. The connecting device according to claim 1, wherein said tubular shaft
      is fixed to the fore end of the rear frame and said boss member is fixed
      to the rear end of the front frame.
NUM  4.
PAR  4. The connecting device according to claim 1, wherein a fixing means for
      said torsion bar comprises a bracket member fixed to said frame and a
      fixing member non-rotatably mounted to one end of said torsion bar, said
      fixing member being fixed to said bracket member.
NUM  5.
PAR  5. The connecting device according to claim 4, wherein said fixing member
      is rotatably supported by the bracket member through a supporting portion
      of the same and is provided with an adjusting arm extending similarly to
      the radial direction of said torsion bar so that the fixing member may be
      held in a non-rotatable state through said arm.
NUM  6.
PAR  6. The connecting device according to claim 5, wherein said bracket member
      is secured with a pair of adjusting bolts in the transverse direction of
      the tricycle body, said bolts being engaged at each tip thereof with both
      sides of said adjusting arm respectively.
NUM  7.
PAR  7. The connecting device according to claim 4, wherein said torsion bar is
      provided at the outer periphery of one end thereof with serrations in the
      lengthwise direction of the bar so that the bar may be non-rotatably
      mounted to the fixing member through a serration-connection therewith.
NUM  8.
PAR  8. The connecting device according to claim 1, wherein said torsion bar is
      provided at the outer periphery of both ends thereof with male serrations
      in the lengthwise direction of the bar respectively and a bracket member
      is fixed to the front frame at the fore end side of the torsion bar, said
      bracket member having an internally serrated round opening forming female
      serrations, said torsion bar being fixed at the fore end thereof to the
      bracket member through engagement of said male serrations with said female
      serrations and being fixed at the rear end of the bar to the rear frame
      through a fixing means.
NUM  9.
PAR  9. The connecting device according to claim 1, wherein said torsion bar is
      rectangularly bent at one end thereof so as to be fixed to said frame by
      means of a holder comprising a plate and a screw bolt.
NUM  10.
PAR  10. The connecting device according to claim 1, wherein said torsion bar is
      rectangularly bent at at least one end thereof and said frame is secured
      with a pair of adjusting bolts in the transverse direction of the tricycle
      body, said bolts being engaged at each tip thereof with both sides of the
      bend end of the torsion bar.
NUM  11.
PAR  11. The connecting device according to claim 10, wherein at the bent end of
      said torsion bar is attached a ball, and said adjusting bolts are formed
      at each tip thereof in a counter-hemisphere shape so that said tip may be
      engaged with said ball.
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ABST
PAL  A bicycle is provided having front and rear frames pivotally connected
      together near the pedal bearings and resiliently coupled by a shock
      absorber, in which the rear frame has a pair of inclined structural
      members extending on either side of the seat-supporting tube of the front
      frame and holding a rear end of the shock absorber at a position directly
      in front of the seat-supporting tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to bicycles.
PAR  The most common type of bicycle has a one-piece frame connected to the
      front and rear wheels, the frame including a seat-supporting tube which
      receives a shaft that holds the seat at an adjustable height. It has been
      recognized that the rider can be better isolated from road shocks by
      utilizing a two-piece frame which includes a front frame coupled to the
      front wheel, a rear frame coupled to the rear wheel and pivotally
      connected to the front frame, and a shock absorber which urges the frames
      towards a normal position but which allows them to pivot with respect to
      each other to absorb a shock. The design of a simple and effective bicycle
      of the latter type has been hampered by difficulty in the placement of the
      shock absorber that couples the front and rear frames. Thus, for example,
      U.S. Pat. No. 644,957 utilizes a shock absorbing spring that lies in an
      upper tubular frame member and which extends through a special slot in the
      feed shaft, to accommodate the shock absorber while still permitting
      slideable adjustment of the seat shaft. U.S. Pat. No. 644,787 eliminates
      the need for a complicated mechanism extending through the seat shaft by
      locating the entire shock absorber behind the seat-supporting tube, but
      only a short shock absorber can be used. Italian Pat. No. 425,968 shows a
      bicycle with shock absorbers lying on either side of the seat-supporting
      tube, but this requires two shock absorbers that are laterally spaced. A
      relatively simple bicycle of the type utilizing two pivotally connected
      frames, but which employed a single long shock absorber mounted for
      maximum shock absorption and in a manner that provided minimum
      interference with normal riding of the bicycle, would permit an economical
      bicycle to be provided for riding over rough terrain.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of the present invention, a bicycle is
      provided which is of simple and economical design, and which provides good
      shock isolation of the rider from a rough terrain. The bicycle includes
      front and rear frames respectively coupled to the front and rear wheels of
      the bicycle and pivotally connected together near the pedal bearing. The
      front frame is of the typical bicycle design, including a steering tube at
      the front which receives a steering assembly, an upper horizontal member
      extending rearwardly from the steering tube, a diagonal member extending
      downwardly and rearwardly from the steering tube, and a seat-receiving
      tube extending largely vertically and connecting the rear ends of the
      upper and diagonal members. The rear frame includes a pair of inclined
      members which extend on either side of the seat-receiving tube of the
      front frame, and which are bent together to lie directly in front of the
      seat-receiving tube. A single long shock absorber has a rear end attached
      to the forward ends of the inclined members of the rear frame immediately
      in front of the seat-receiving tube, the shock absorber having a front end
      lying immediately behind the steering tube of the front frame and attached
      to a clamp at the top of the diagonal member of the front frame. The front
      frame also includes a pair of bracing members which extend nearly
      horizontally but generally slightly below the shock absorber, and which
      extend on either side of the two incline members of the rear frame.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will be best understood from the following
      description when read in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective front and side view of a bicycle constructed in
      accordance with the invention; and
PAR  FIG. 2 is a side elevation view of the bicycle of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The figures illustrate a bicycle 10 of the invention which includes front
      and rear wheels 12, 14 and a frame assembly 16 supported on the wheels.
      The frame assembly includes a front frame 18 which supports a
      rider-holding seat 20 and which is connected by a steering assembly 22 to
      the front wheel. The frame assembly also includes a rear frame 24 with a
      rear end 26 connected to the rear wheel 14 and a front end with a lower
      part pivotally connected at 28 to the front frame and an upper part 30
      connected by a shock absorber 32 to the front frame. When the rear wheel
      12 encounters a large bump and moves up, the rear frame 24 pivots at 28
      with respect to the front frame so that much of the shock is absorbed by
      the shock absorber 32 and therefore the seat 20 is raised only a small
      distance. In a similar manner, when the front wheel 12 encounters a bump,
      some of the shock is absorbed by a pair of front shock absorbers 34 of a
      steering assembly, and movement of the front frame 18 is partially
      absorbed in pivoting about the axis at 28, as well as in pivoting of the
      bicycle about the rear wheel, which results in a less intensely felt shock
      for the rider.
PAR  The front frame 18 includes a steering tube 40 at the front which receives
      a steering shaft 41 fixed to the handlebars 42, an upper horizontal member
      44 extending rearwardly and within several degrees from the horizontal
      from the steering tube 40, a diagonal member 46 extending downwardly and
      rearwardly from the steering tube 40, and a primarily vertical
      seat-support or seat-receiving tube 48 which connects the rear ends of the
      upper and diagonal members 44, 46. The seat-receiving tube or member 48 is
      a tube open at its upper end, to receive the seat shaft 50 and clamp it at
      a range of positions so as to adjust the height of the seat. The front
      frame also includes a pair of bracing members 52 with front ends connected
      to the diagonal member 46, middle portions connected to the seat-receiving
      member 48, and a rear end which supports a rear fender 54.
PAR  The rear frame 24 is of largely triangular design, and includes a pair of
      horizontal lower members 56 lying on either side of the rear wheel, a pair
      of inclined shock-support members 58 also lying on either side of the rear
      wheel, and a front member 60 connecting the lower and incline members
      together at a position immediately in front of the rear wheel.
PAR  The use of two pivotally connected frames and a shock absorber results in a
      relatively "crowded" mechanism immediately below the seat 20, where the
      inclined rear frame members 58 connect to the shock absorber 32, the
      seat-receiving tube 48 extends downwardly, and the bracing members 52
      extend rearwardly. In order to provide a relatively simple and good riding
      bicycle, the inclined rear frame members 58 are constructed so that their
      forward end portions lie on either side of the seat-receiving tube 48 and
      are angled together immediately in front of the tube 48. The upper front
      part 30 of the inclined members and of the rear frame are therefore
      centered on the bicycle frame and lie immediately in front of the seat
      tube 48. The upper front end 30 of the rear frame therefore can be
      connected in a simple manner to the rear end of a long shock absorber 32
      which can extend nearly the entire length of the space between the
      steering tube 40 and seat tube 48 of the front frame. This area,
      immediately below the upper horizontal member 44 of the front frame, is
      especially suited to receiving a long shock absorber, because it forms a
      long unobstructed area along the center of the plane of the bicycle (the
      imaginary plane perpendicular to the axes of the front and rear wheels and
      passing through the center of the wheels). The shock absorber 32 has a
      front end connected by a bracket 62 to an upper end of the diagonal member
      46 at a position immediately behind the steering tube 40. The shock
      absorber 32 preferably extends a length S which is most of the available
      unobstructed distance B within the front frame, and preferably at least
      two thirds of this distance, so that the shock absorber is long to apply a
      relatively constant spring rate during pivoting of the frames. The shock
      absorber also preferably lies immediately below the upper member 44 with a
      clearance between them which is less than the diameter of the shock
      absorber. The shock absorber 32 is normally installed in an unloaded
      condition to facilitate assembly, but has a preloading device 63 thereon.
      After installation, the shock absorber is preloaded, with the front ends
      30 of the inclined rear frame members pressing hard against the steering
      tube 48 of the front frame. The preloading avoids large frame pivoting
      resulting from the mere weight of the rider. The amount of preloading can
      be adjusted to equal approximately the weight of the expected rider, which
      is typically a child of perhaps 12 years weighing about 100 pounds. The
      preloading device 63 is easily adjustable by a dealer or other
      mechanically inclined person, to a preloading which produces a slight
      movement, such as one-quarter inch at the rear shock absorber end, when
      the child who will ride the bicycle sits on the seat.
PAR  The bracing members 52 have front ends fixed at 64 to the diagonal member
      46 of the front frame immediately below the shock-absorber clamp 62. The
      bracing members 52 also have middle portions that are fixed by a cross
      member 66 to the seat-receiving tube 48, and have rear ends that are
      joined together and which support the bracing members 52 on the
      seat-receiving member 48. The bracing members 52 not only serve to support
      the rear fender, but also tend to provide an enclosure for the shock
      absorber 32 to prevent contact of a rider with a shock absorber. The
      bracing members 52 lie at a level below the shock absorber 32 so that the
      shock absorber is largely enclosed by these bracing members and the upper
      member 44 of the front frame. Since the bracing members 52 are fixed to
      the front frame, they must not rub on the incline members 58 of the rear
      frame, although they must pass across them. To prevent such rubbing, the
      bracing members 52 are positioned at a height slightly above the location
      58s where the incline members 58 lie on either side of the seat-receiving
      tube 48. As a result, the location where the bracing members 52 lie on
      either side of the incline members 58, is a location where the incline
      members have been angled together and are therefore relatively close
      together so they do not rub on the bracing members.
PAR  The bicycle 10 is especially useful in riding over rough terrain or over an
      obstacle course having ramps, curbs to ride onto, and other obstacles
      which test a rider's skill. A rider sits on the seat 20 with his feet
      engaged with a pedal assembly 70 rotatably mounted at the bottom of the
      front frame immediately in front of the pivot axis 28 where the rear frame
      is connected, and coupled by a chain 72 to the rear wheel. The weight of
      the rider overcomes most of all of the preloading of the shock absorber
      32, so that any large bumps tending to lift the front or rear wheels tend
      to cause pivoting of the frame to minimize jolting of the rider.
PAR  Thus, the invention provides a bicycle of the type which includes pivotably
      connected front and rear frames, in which a single long preloaded shock
      absorber couples the frames and the frame protects the shock absorber at
      the top and on either side thereof. This is accomplished by utilizing a
      rear frame with a pair of incline members 58 that lie on either side of
      the seat-receiving tube 48 of the front frame and which have front ends
      angled close together and connected to a shock absorber which is centered
      on the plane of the bicycle. A pair of bracing members 52 is also utilized
      which pass on either side of the incline members 58 above, and in front
      of, the positions where they straddle the seat-receiving tube 48.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently, it is intended
      that the claims be interpreted to cover such modifications and
      equivalents.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A bicycle comprising:
PA1  front and rear wheels;
PA1  a front frame having a forward end forming a steering tube, a substantially
      horizontal upper member extending rearwardly from said steering tube, a
      diagonal member extending rearwardly and downwardly from said steering
      tube, and a tubular seat-support member coupling rearward portions of said
      upper and diagonal members;
PA1  a seat assembly including a seat shaft received in said tubular
      seat-supported member and a seat at the top of said seat shaft;
PA1  a pedal assembly rotatably connected to said front frame near the rearward
      end of said diagonal member thereof;
PA1  a steering assembly coupling said front frame to said front wheel,
      including a steering shaft extending through said steering tube;
PA1  a rear frame having a rear end coupled to said rear wheel, a lower front
      end pivotally coupled to said front frame, and an upper front end which
      includes a pair of shock-support members extending on either side of said
      tubular seat-support member; and
PA1  a shock absorber lying below said horizontal upper member of said front
      frame and having a rearward end lying in front of said tubular
      seat-support member and coupled to the forward ends of said shock-support
      members, said shock absorber extending substantially horizontally and
      parallel to said upper member and having a front end lying immediately
      behind said steering tube so that the length of the shock absorber is at
      least two-thirds the maximum length of space between said steering tube
      and seat-support member of said front frame;
PA1  the front and rear ends of said shock absorber being pivotally connected
      respectively to said front frame and to said shock-support members of said
      rear frame, and said shock absorber being free of confinement by either of
      said frames between the pivotally connected ends of said shock absorber.
NUM  2.
PAR  2. A bicycle comprising:
PA1  front and rear wheels;
PA1  a front frame having a forward end and having a lower rearward portion
      located between the wheels, said lower rearward portion having a pedal
      bearing and a rear frame bearing;
PA1  a seat for holding a rider;
PA1  a pedal assembly rotatably mounted on the pedal bearing, for rotational
      driving by the rider;
PA1  chain means coupling the pedal assembly to the rear wheel;
PA1  a rear frame having a rearward portion rotatably connected to the rear
      wheel, a lower front portion pivotally mounted on the rear frame bearing,
      and an upper front portion; and
PA1  a shock absorber having a rearward end connected to said upper front
      portion of said rear frame and a forward end connected to said front
      frame;
PA1  said front frame having a seat-support member which extends primarily
      vertical at a rear portion of said front frame and which supports said
      seat, and said rear frame having a pair of shock-support members with
      forward portions lying on either side of said seat-support member of said
      front frame and with forward ends lying in front of said seat-support
      member, said forward ends of said shock-support members connected together
      and to the rearward end of said shock absorber;
PA1  said front frame including an upper elongated member extending
      substantially horizontally between said forward end of said front frame
      and an upper portion of said seat-support member, and also including a
      pair of bracing members having front ends fixed to said forward end of
      said frame and extending below said upper member and on either side of
      said seat-support member; and
PA1  said shock-support members passing on either side of said seat-support
      member at a position (58s) below said bracing members, and the front ends
      of said shock-support members being angled towards each other and passing
      upwardly between said bracing members.
NUM  3.
PAR  3. A bicycle comprising:
PA1  front and rear wheels;
PA1  a front frame having a forward end and having a lower rearward portion
      located between the wheels, said lower rearward portion having a pedal
      bearing and a rear frame bearing;
PA1  a seat for holding a rider, and means for mounting said seat on said front
      frame;
PA1  a pedal assembly rotatably mounted on the pedal bearing, for rotational
      driving by the rider;
PA1  chain means coupling the pedal assembly to the rear wheel;
PA1  a rear frame having a rearward portion rotatably connected to the rear
      wheel, a lower front portion pivotally mounted on the rear frame bearing,
      and an upper front portion; and
PA1  a shock absorber having a rearward end connected to said upper front
      portion of said rear frame and a forward end connected to said front
      frame;
PA1  said front frame having a seat-support member which extends primarily
      vertical at a rear portion of said front frame, and said rear frame having
      shock-support means with a forward portion lying beside said seat-support
      member of said front frame and with a forward end lying in front of said
      seat-support member, said forward end of said shock-support means
      connected to the rearward end of said shock absorber;
PA1  said shock absorber being preloaded, and said forward portions of said
      shock-support means being supported by said seat-support member against
      rearward movement under the force of said preloading when there is no
      rider on said seat.
NUM  4.
PAR  4. A bicycle comprising:
PA1  front and rear wheels;
PA1  a front frame having a forward end and having a lower rearward portion
      located between the wheels, said lower rearward portion having a pedal
      bearing and a rear frame bearing;
PA1  a seat for holding a rider;
PA1  a pedal assembly rotatably mounted on the pedal bearing, for rotational
      driving by the rider;
PA1  chain means coupling the pedal assembly to the rear wheel;
PA1  a rear frame having a rearward portion rotatably connected to the rear
      wheel, a lower front portion pivotally mounted on the rear frame bearing,
      and an upper front portion; and
PA1  a shock absorber having a rearward end connected to said upper front
      portion of said rear frame and a forward end connected to said front
      frame;
PA1  said front frame having a seat-support member which extends primarily
      vertical at a rear portion of said front frame and which supports said
      seat, and said rear frame having shock-support members with forward
      portions extending beside said seat-support member of said front frame and
      with forward ends lying in front of said seat-support member and connected
      to the rearward end of said shock absorber;
PA1  the front and rear ends of said shock absorber being pivotally connected
      respectively to said front frame and to said shock-support members of said
      rear frame, and said shock absorber being free of confinement by either of
      said frames between the pivotally connected ends of said shock absorber.
NUM  5.
PAR  5. The bicycle described in claim 4 wherein:
PA1  said front frame including an upper elongated member extending
      substantially horizontally between said forward end of said front frame
      and an upper portion of said rear seat support-member thereof; and
PA1  said forward and rearward ends of said shock absorber lies below said upper
      elongated member.
NUM  6.
PAR  6. The bicycle described in claim 5 wherein:
PA1  said front frame includes a pair of bracing members lying below said upper
      member and extending on either side of said shock absorber and below the
      axis of said shock absorber.
NUM  7.
PAR  7. The bicycle described in claim 4 wherein:
PA1  said front frame includes a primarily vertically extending tubular steering
      member for holding a handlebar shaft, and includes a diagonal elongated
      member extending downwardly and rearwardly from said tubular front member
      to said lower rearward portion of said front frame; and including
PA1  a bracket attached to said diagonal member at a location immediately below
      said steering member, said bracket attached to the front end of said shock
      absorber.
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ABST
PAL  A cleaning tray for use in cleaning and lubricating conventional bicycle
      drive chains while mounted upon bicycles, said tray being formed to extend
      between and receive the bicycle rear wheel hub sprockets and the pedal
      crank sprockets and to fit between the bicycle rear wheel and the chain,
      with the tray having a wall forming a spray shield to protect the rear
      wheel during cleaning and lubrication of the chain. The tray includes a
      guide for positioning part of the chain lower reach into a reservoir
      portion for immersion in fluid contained therein or for receiving fluid
      drippings from the chain. Temporary fastening means mounts the tray upon
      the bicycle frame and a removable stand supports the bicycle in an upright
      position with its rear wheel elevated above the floor, so that hand
      rotation of the pedal crank causes the drive chain to move through the
      tray reservoir.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Conventional bicycle drive chains, and particularly those used on
      multiple-gear or multiple-speed bicycles which include the so-called
      derailleur speed shift mechanisms, must be cleaned and lubricated
      frequently to insure proper operation and to avoid premature failure or
      disablement of the speed change mechanisms. Since it is relatively
      difficult and time consuming to remove the drive chain from the bicycle
      for lubrication and cleaning purposes, most bicycle users either rarely
      service the chains or if they do, tend to do so while the chain is mounted
      on the bicycle with the result that the cleaning and lubrication is
      usually not adequate. Moreover, lubricating or cleaning a chain while
      mounted on a bicycle usually results in spraying or dripping of the
      lubricating or cleaning liquids which not only messes the area in which
      the servicing is done, but further tends to get on to the bicycle rear
      wheel and tire. Where the tire is of the more expensive or better made
      type, such fluids, if not promptly removed, tend to damage the tire.
PAR  Thus, the invention herein relates to a cleaning tray and accompanying
      support stand which function as a kit, to position and hold the bicycle
      for cleaning and lubrication of the chain, without removing the chain from
      the bicycle, and which obviate spray or dripping damage or mess and also
      result in better cleaning and lubrication.
PAC  SUMMARY OF INVENTION
PAR  The invention herein relates to a simplified cleaning tray which is formed
      for quick and removable mounting upon a conventional bicycle for receiving
      a portion of the drive chain. The tray includes a wall formed as a splash
      shield to protect the rear tire of the bicycle and also includes a guide
      means to guide a portion of the chain into a reservoir which may contain
      cleaning fluids or alternatively catch fluid drippings from the chain. A
      simplified mounting means permits quickly attaching the tray to the
      bicycle frame and equally quickly removing it therefrom. The tray is
      configured to fit between and to be arranged beneath the bicycle rear
      wheel hub sprockets and shift mechanisms as well as the pedal crank
      sprocket set.
PAR  In order to clean the chain, the pedal crank is manually rotated to cause
      the chain to move through the tray reservoir. This requires elevation of
      the rear wheel off the ground. Thus, to properly hold the bicycle during
      cleaning of the chain, as well as to elevate the rear wheel, a stand is
      provided which is formed of an inexpensive construction. The form of the
      stand permits it to be stored within the cleaning tray so that the stand
      and the tray together form a composite kit which together may be used by
      persons of minimal skill, such as children, without difficulty.
PAR  Thus, one object of this invention is to provide a tray device and a
      support stand which together properly position a bicycle and permit easy
      cleaning and lubrication of the drive chain without removing it from the
      bicycle and at the same time protect the adjacent area and the bicycle
      rear tire against spray or dripping of fluids.
PAR  These and other objects and advantages of this invention will become
      apparent upon reading the following description, of which the attached
      drawings form a part.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a view of a bicycle upon which the tray and stand herein are
      mounted for servicing the drive chain.
PAR  FIG. 2 is a perspective view of the cleaning tray.
PAR  FIG. 3 is a top plan view of the cleaning tray, drawn to an enlarged scale.
PAR  FIG. 4 is a front elevational view of the cleaning tray, and
PAR  FIG. 5 is a cross-sectional view of the tray taken in the direction of
      arrows 5--5 of FIG. 4.
PAR  FIG. 6 is a front elevational view illustrating the stand mounted within
      the tray for storage and handling.
PAR  FIG. 7 is a perspective view of the rear portion of the bicycle with the
      support stand elevating the rear wheel thereof.
PAR  FIG. 8 is a perspective view of the support stand.
PAR  FIG. 9 is a perspective view showing the support stand disassembled.
PAR  FIG. 10 is an enlarged, fragmentary view of the clamping portion of the
      support stand.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIGS. 1 and 7 illustrate a conventional bicycle 10 which includes a
      conventional bicycle frame 11 having a seat support frame element 12, rear
      wheel support frame elements 13 and longitudinal bottom frame elements 14.
      The rear wheel 15, including the tire and tire hub, fit between the rear
      wheel support elements 13 to which the wheel hub 16 is secured in a
      conventional manner.
PAR  The bicycle illustrated includes a multiple-speed mechanism commonly
      referred to as a derailleur 17 which includes a number of sprockets or
      gears 18, a shift idler or shaft mechanism 19 and a lower sprocket idler
      20 through which the endless chain 21 is mounted. The chain passes around
      pedal crank sprockets 22 to which the pedal crank 23 is fastened, with the
      pedal crank extending through the pedal hub 24 (see FIG. 7). Pedals 25
      operate the pedal crank.
PAR  The foregoing is a description of a conventional bicycle construction which
      forms no part of the invention herein. Thus, the description is limited to
      those elements which are relevant to the cleaning tray and stand. The
      particular size, or variations in construction as may be found in the
      numerous types of conventional bicycles available on the market, are thus
      schematically illustrated.
PAR  Referring to FIGS. 2-5, inclusive, the cleaning tray generally designated
      as 30 is for the purpose of use in cleaning or lubricating the bicycle
      chain 21 while the chain is mounted upon the bicycle and passes around its
      respective sprockets. The tray, which may be formed of suitable sheet
      metal or of a suitable plastic material, is generally formed with a high
      rear wall 31 which additionally functions as a splash shield to protect
      the bicycle rear tire. The tray includes a low front wall 32, and curved
      end walls 33a and 33b, with a bottom 34.
PAR  An enlarged reservoir or sump 35 is formed by widening approximately
      one-half of the tray, with the widening accomplished by forming an
      outwardly extending middle portion 26 on the front wall 32.
PAR  A low divider wall 37 (see FIG. 2) divides the sump or reservoir portion
      from the narrowed balance of the tray. Located above the divider wall is a
      guide pin 38 arranged to engage the lower surface of the bottom reach or
      loop of the chain.
PAR  A pair of rotatable cylindrically shaped brushes 39 and 39a are mounted
      upon stub shafts 40 arranged within the reservoir portion of the tray. The
      chain passes beneath and contacts these brushes so that they rub against
      the inner surface of the chain for cleaning purposes. The brushes may be
      formed with wire, or plastic, or other suitable bristles. Preferably, they
      are formed of a foamed plastic, made in cylindrical shape, so that they
      act as sponges to hold cleaning fluid as they flush dirt off the chain.
      Wing nuts hold the brushes on shafts 40 for easy replacement.
PAR  In order to mount the tray upon the bicycle, the rear, high tray wall 31 is
      formed with a slot 42 shaped to receive the wheel hub and another slot 43
      suitably shaped to receive the pedal crank hub and adjacent mechanism. The
      slot 43 may be undercut at 43a so that a portion of the wall 31 may be
      fitted over a portion of the pedal crank hub for supporting the tray.
PAR  Located at about the middle of the tray front wall 32 is a hook 44 formed
      of a narrow, flat, metal strip having a downwardly hook-shaped upper end.
      The hook is connected to the wall 32 by means of a suitable screw 45
      fitted through an adjustment slot 46 in the hook body. A conventional wing
      nut 47 permits the vertical adjustment of the hook to fit various size
      bicycle frames. The hook is arranged to fit over the longitudinal bottom
      frame element 14 of the bicycle for suspending the tray therefrom.
PAR  In operation, as shown by the dotted lines in FIG. 4 representing the chain
      21, the chain is located in a plane between the planes of the front and
      rear walls of the tray and is guided over the front guide means or guide
      pin 38 and under the rear guide means and brush 39 so that a portion of
      the chain goes through the reservoir 35. Thus, by applying a quantity of
      cleaning fluid within the reservoir, the movement of the chain
      therethrough, by means of manually operating the bicycle pedals 25, causes
      a brushing action by the brush 39 and a cleaning action by the fluid in
      the reservoir. The cleaning fluid or lubricant, should that be used
      instead, to some extent, is carried by the chain around the sprocket and
      shift mechanism portions at the rear wheel as well as around the sprockets
      of the pedal crank to likewise function to clean and lubricate these parts
      during the cleaning of the chain. Drippings from the chain are caught by
      the tray and splashing against the rear bicycle tire and wheel is stopped
      by the tray rear wall 31. Thus, the cleaning operation is essentially
      clean.
PAR  In order to support the bicycle in an upright position with its rear wheel
      elevated off the floor for cleaning purposes, a stand 50 is provided.
      Thus, referring to FIGS. 7-10 inclusive, the stand is formed of a pair of
      relatively thin, narrow, elongated strips, such as formed of a suitable
      steel to provide an outer strip 51 and an inner strip 52. The strips each
      are provided with an upper straight portion 53 with the two straight
      portions overlapping in face-to-face relationship and being suitably
      fastened together, as by welding or by suitable mechanical fasteners (not
      shown). The outer strip is bent to provide an outer leg 54 and the inner
      strip is provided with an inner leg 55 which preferably is roughly
      upright, i.e., aligned with the upper portion of the inner leg, but offset
      therefrom by means of a middle bend or jog 56. Thus, the two legs together
      form a rough inverted V-shape with the bottom of the V closed by a long
      horizontal extension 57 formed on the outer strip, which in turn is
      overlapped by a horizontal extension 58 of the inner strip. The two
      horizontal extensions are arranged in face to face relationship and are
      fastened together as by welding or mechanical fasteners 59. Preferably the
      free end of the horizontal extension 58 is bent over the free end of the
      horizontal leg 57 at 59a for greater rigidity as well as for appearance.
PAR  A pair of L-shaped clamps 60 are loosely secured to the upper portions of
      the stand strips by means of providing a hole 61 in the clamps to receive
      screws 62 which pass through aligned holes 63 of the strips and are
      fastened in place by wing nuts 64. In addition, a wire connector 65, which
      may be U-shaped, or alternatively, a squared O-shape, fit into holes 66 in
      the clamp legs and through holes 67 in the outer strip to thereby loosely
      hold the clamps in place.
PAR  As shown in the enlarged view in FIG. 10, when the wing nut 64 is threaded
      upon the screw 62 for tightening the clamp, the clamp pivots about a
      fulcrum formed by the end of the horizontal leg abutting the face of the
      inner strip so that the upper portion of the clamp serves to grip a
      bicycle frame element between the clamp and the inner strip 52. Thus, as
      shown in FIG. 7, the clamps fasten the stand to the bicycle frame elements
      13 and 14 in such a way as to locate the horizontal legs of the stand
      beneath and transversely of the rear wheel. Thus, the rear wheel is
      elevated above the ground so that the pedal may be turned for movement of
      the chain and at the same time the bicycle is supported in an upright
      position. As can be seen in FIG. 7, the actual attachment of the stand to
      the bicycle frame causes the stand to be slightly angled relative to the
      vertical for better support.
PAR  As illustrated in FIG. 6, when the tray is not in use, the stand is of a
      size and shape to be mounted within the tray, as by catching the inner leg
      55 by the hook 44 to thereby secure the stand within the tray for storage
      and handling. Hence, the two parts are easily kept together and available
      for use when needed. Since this type of device is expected for use by
      children, as well as adults, the system for keeping the two parts together
      and avoiding loss of either, is obviously desirable.
PAR  Moreover, the widened reservoir or sump portion of the tray may
      additionally function as a receptacle for storing bottles or cans
      containing cleaning fluid and lubricants such as oil, etc. In this manner,
      a complete cleaning kit is provided all within one container, namely, the
      tray.
CLMS
STM  Having fully described an operative embodiment of this invention, I now
      claim:
NUM  1.
PAR  1. A cleaning tray for use in cleaning a drive chain of a bicycle of the
      type having a frame carrying a rear wheel with a hub upon which at least
      one sprocket-type gear is mounted at one side of the wheel and having a
      pedal crank mounted upon the frame at a distance forwardly of the wheel
      hub, with at least one sprocket type drive gear mounted upon the pedal
      crank and generally aligned with the wheel hub gear, and an endless
      flexible drive chain normally passing around and interconnecting the drive
      gear with the hub gear, said tray comprising:
PA1  a narrow, horizontally extending bottom and roughly vertical rear and front
      walls and opposite end closure portions all joined together to form a
      horizontally elongated, narrow, open top, box-like shape, but with the
      rear wall being considerably higher than the front wall;
PA1  a pair of spaced apart, vertically elongated, open upper end slots formed
      in the rear wall and shaped to respectively receive the hub portion
      adjacent the bicycle hub gear and the crank portion adjacent the drive
      gear so that said gears fit within the tray between the planes of the tray
      front and rear walls, and the bicycle chain is arranged within the tray,
      i.e., in a plane located between the tray front and rear walls;
PA1  and means for removably fastening the tray upon the bicycle frame, with the
      tray rear wall arranged between the chain and the bicycle rear wheel;
PA1  whereby cleaning and lubricating fluids may be applied upon the chain as it
      is moved relative to the tray, and the rear wall of the tray additionally
      shields the rear wheel against spraying of the fluids.
NUM  2.
PAR  2. A construction as defined in claim 1, and including a divider wall
      located approximately in the middle of the tray and extending upwardly a
      short distance from the tray bottom to form a reservoir portion in the
      tray portion which receives the wheel hub gear;
PA1  and a forward transversely extending guide means extending between the tray
      walls at the upper edge of the divider wall for engaging the lower surface
      of the lower reach of the chain, and a rear transversely extending guide
      means extending between the tray walls at a location rearwardly of and
      below said forward guide means for engaging the upper surface of the lower
      reach of the chain for thereby guiding a rear portion of the chain lower
      reach, i.e., the chain lower reach portion between the wheel gear hub and
      the rear guide means, closely adjacent to the tray bottom and between the
      tray walls whereby a cleaning or lubricating fluid may be placed within
      the reservoir and applied to the chain by means of moving the chain
      therethrough.
NUM  3.
PAR  3. A construction as defined in claim 2, and wherein said rear guide means
      is formed with a brush-like configuration for brushing the chain portion
      guided thereby.
NUM  4.
PAR  4. A construction as defined in claim 2, and wherein the portion of the
      tray located rearwardly of said divider wall is horizontally widened
      relative to the forward portion of the tray.
NUM  5.
PAR  5. A construction as defined in claim 1 and wherein said means for
      removably fastening the tray upon the bicycle frame comprising a
      vertically extending, narrow, rigid strip whose upper end is bent into a
      downwardly turned hook portion for holding upon an adjacent portion of a
      horizontal bicycle frame element extending between the wheel hub and the
      pedal crank;
PA1  with the lower portion of the strip being secured to one of the tray walls
      between the opposite ends thereof by means of a releasible mechanical
      fastener.
NUM  6.
PAR  6. A construction as defined in claim 1, and including a support stand for
      supporting the bicycle in an upright position with its rear wheel elevated
      above a support floor, said stand comprising:
PA1  a pair of upright, elongated, narrow rigid strips secured together in face
      to face relationship at the upper end portions and then spaced apart in a
      generally inverted V-shape configuration to form a pair of legs and with
      their opposite ends bent into a generally horizontal plane so that one leg
      portion closes the bottom of the V and is overlapped and fastened together
      to the other leg horizontal portion to form a horizontally extending,
      double thickness, extension portion for location beneath the bicycle when
      the upper end portions are arranged at the side of the bicycle frame
      between the rear wheel and the pedal crank;
PA1  and a releasible clamp means for releasible securement to the bicycle frame
      horizontal frame element which extends between the rear wheel hub and
      pedal crank, whereby said support stand may support the bicycle upright
      when the tray is applied thereon;
PA1  and said support stand being of a length to fit against the tray rear wall
      for securement to the tray for handling and storage of the tray and
      support stand as a unit.
NUM  7.
PAR  7. A bicycle support stand for supporting a conventional type bicycle in an
      upright position with the bicycle front wheel rested upon and the rear
      wheel elevated above the support floor, comprising:
PA1  a pair of thin, narrow, elongated, substantially rigid strips having
      adjacent edge portions overlapped and secured together face-to-face to
      form an upper end portion;
PA1  and the strips diverging downwardly from said upper end portion in a
      roughly inverted V-shape configuration to form diverging legs;
PA1  with the strips at the lower ends of said legs extending horizontally in
      the same direction to form horizontal portions, with one of the strip
      horizontal portions closing the space between the lower ends of the legs
      and being overlapped by the other strip horizontal portion and secured
      thereto to form a horizontal floor engaging extension portion;
PA1  and releasible clamp means mounted upon said upper end portion for manual
      clamping upon an adjacent bicycle frame element, so that the legs are
      positioned adjacent one side of the bicycle, and the horizontal extension
      portion is rested upon the support floor and extends transversely beneath
      the bicycle.
NUM  8.
PAR  8. A construction as defined in claim 7, and wherein said clamp means
      includes at least one L-shaped clamp member having an upright leg arranged
      closely adjacent to the part of the stand upper end portion to clamp an
      adjacent portion of the bicycle frame against the stand upper portion and
      with the free end of the L-shaped clamp generally horizontal leg being
      abutted against the adjacent part of the stand upper portion as a fulcrum;
PA1  and a manually operable screw member connecting and operable to force
      towards each other about said fulcrum, said clamp upright leg and the
      adjacent part of the stand upper end.
NUM  9.
PAR  9. A construction as defined in claim 8, and said clamp means including a
      second clamp member similar to the first mentioned clamp member and
      arranged to clamp the stand upper portion to a second bicycle frame
      element.
NUM  10.
PAR  10. A construction as defined in claim 8 and including a wire connector
      having a portion fitted into an opening formed in said clamp member
      horizontal leg close to the free, fulcrum end thereof, and another portion
      fitted into a corresponding opening in the stand upper end portion for
      loosely connecting the clamp member to the stand.
NUM  11.
PAR  11. A construction as defined in claim 7, and wherein the stand legs are
      arranged in a plane roughly perpendicular to the length direction of the
      bicycle, and the leg nearest to the bicycle is roughly in a vertical plane
      whereas the other leg extends away, at an acute angle, relative to the
      vertical.
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PAL  A connector construction employs a tail piece having a ball end, a socket
      element having a distendable end adapted to be snapped over said ball end
      and a coupling nut adapted to house the ball end and socket while
      threadedly engaging a pipe distal end to be connected thereto. The nut,
      when threaded into engagement with the pipe element, urges the socket
      element into fluid sealing engagement with the ball end and nut regardless
      of the angular disposition of the tail piece relative to the pipe element.
      The provided connector is particularly adapted for use with water meters
      or in similar applications in which spaced pipe ends or conduits to be
      interconnected by an interposed meter or the like are misaligned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a connector construction and more particularly
      pertains to a plumbing joint connector which allows universal movement
      between elements thereof, thereby enabling a fluid connection to be
      effected between misaligned conduits.
PAR  In a more specific application, the connector hereinafter described in
      detail may be employed to advantage in connecting an interposed water
      meter to misaligned pipes of a water supply system.
PAR  The prior art, although cognizant of the desirability of universal joint
      movement in certain apparatus uses such as disclosed in Mango U.S. letters
      Pat. No. 3,145,932 which issued Aug. 25, 1964, directed to an aerator, has
      never satisfactorily provided joint flexibility such as is necessary in
      joining misaligned fluid conduits to an interposed meter. Joint
      constructions permitting the connection of such misaligned conduits must
      not only provide fluid flow along a non-axial path because of the
      misalignment, but must also maintain the fluid-tight integrity of the
      entire fluid-flow system.
PAR  The prior art in attempts to combat meter hookup difficulties due to
      conduit end misalignment have included the use of goose neck conduits such
      as are disclosed in Mueller U.S. letters Pat. No. 2,795,437 which issued
      June 11, 1957 and flexible lead nipples such as are disclosed in Ellis
      U.S. letters Pat. No. 1,949,829 which issued Mar. 6, 1934.
PAR  It is an object of this invention to provide a plumbing joint connector
      allowing universal relative movement between fluid conduit elements
      thereof so as to effect a fluid-tight joint between misaligned fluid
      conduits to which connected.
PAR  It is another object of this invention to provide a fluid meter
      construction employing at least one connector permitting universal
      movement. Such movement allows the fluid conduits in series with the
      interposed meter to be connected thereto though in non-axial alignment.
      Because of such universal movement permitted in the connector elements, a
      meter may interconnect fluid conduits in non-axial alignment without
      strains on the meter body.
PAR  It is another object of this invention to provide a connector construction
      allowing a wide range of angular dispositions between fluid conduits to be
      connected thereby in a fluid-tight manner.
DRWD
PAR  The above and other objects of this invention will become more apparent
      from the following description when read in the light of the accompanying
      drawing in which:
PAR  FIG. 1 is a perspective view of a water meter employing a universal joint
      connector made in accordance with this invention;
PAR  FIG. 2 is an exploded view of elements employed in an embodiment of a
      connector made pursuant to this invention; and
PAR  FIG. 3 is a sectional view illustrated on an enlarged scale of the elements
      of FIG. 2 in assembled condition with a fluid conduit fragmentarily shown.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1 of the drawing, a fluid meter 10 is illustrated
      having opposed spuds 12 comprising the meter inlet and outlet for
      connection with opposed termini 14 and 14a of a water supply system.
PAR  The threaded pipe 14 may comprise a supply conduit from a municipal water
      system and pipe 14a an outlet conduit from the meter to a user's home
      water supply system. The meter and conduits of FIG. 1 comprise elements of
      a water supply system normally found in many houses, apartments and
      business establishments.
PAR  Water meters are normally secured in place by connecting unions, couplings
      or the like to an existing conduit system which employs elements such as
      are fragmentarily illustrated in FIG. 1. The conduit systems are normally
      fixed in place prior to the time of meter connection, e.g., a portion of
      the municipal supply conduit may be firmly embedded in a concrete basement
      wall or floor and the outlet conduit to the user's water supply system
      usually is fixed relative to the user's structure. The ease with which the
      meter hookup may be effected is dependent upon the alignment of the
      threaded pipe ends to which the meter inlet and outlet spuds are to be
      connected.
PAR  Misalignment of the supply and outlet conduits may occur from a variety of
      causes. One source of misalignment is errors in the initial installation
      of the conduit systems. Another source is subsequent shifting of either
      the supply or the outlet conduit relative to the other, as in the
      backfilling after installation of the conduit systems and attendant
      movement of the earth by heavy equipment. Also, it is of course known that
      homes and other structures are subject to settling and shifting occasioned
      by a variety of causes including vibration from passing vehicular traffic,
      natural earth tremors, changes in the foundation stratum moisture content,
      etc. Thus, although the pipes to which the meter is connected initially
      may be in precise alignment, subsequent shifting of the supporting ground
      or structure may lead to an urging of the water system pipes into
      misalignment.
PAR  Under conditions of any misalignment, dual problems are presented to
      conveniently installing or replacing a meter. One problem is the physical
      problem of connecting the meter in fluid-tight relation with the supply
      and outlet conduits. The second problem is to avoid unacceptable stresses
      on the meter housing. The stress problem or consideration has assumed
      somewhat greater importance with the advent of plastic meter bodies, as
      such bodies typically are less stress-resistant and more susceptible to
      cracking and leakage under twisting or bending stress loading than prior
      brass or other metal meter bodies.
PAR  In accordance with this invention, connector assemblies 16, the elements of
      which are illustrated in FIG. 2, are employed for connecting one or both
      of the opposed spuds 12 of a water meter 10 (see FIG. 1) to portions of a
      water supply system. Each connectoor 16 includes a tail piece 18, socket
      element 20, coupling nut 22 and an optional O-ring 24. The socket element
      20 preferably is of a somewhat resilient plastic material such as nylon.
      The tail piece 18 is threaded at 26 for engagement with a pipe coupling,
      such as a typical union-type pipe coupling 27 illustrated in FIG. 1, which
      connects the tail piece of the connector assembly to the end of water
      supply system pipe 14. The tail piece also preferably is formed of a
      plastic such as nylon, and includes a spherical ball end 28 connected to
      main body portion 30 by means of a relieved neck portion 32.
PAR  Ball end 28 snaps into and is snugly received in a mating spherical chamber
      34 of the socket 20 by slightly distending the end portion 36 (see FIG. 3)
      of socket 20 prior to being received in the socket chamber 34. That is,
      the ball end 28 has a diameter slightly greater than that of the internal
      opening defined by end portion 36 and conforms to chamber 34. It will be
      noted from FIG. 2 that the socket end portion 36 has annularly spaced,
      relieved sections 38 of reduced thickness which facilitate the socket end
      distension during forcible insertion of ball end 28.
PAR  The nut 22 is internally threaded at one end and is of an inner diameter
      sufficient to permit sliding of the nut over the tail piece from the
      position shown in FIG. 2 to the mating position in surrounding radially
      supportive relation to the socket element 20 as shown in FIG. 3. In the
      normal course of such assembly, after the tail piece socket engagement.
      the nut 22 is moved over the tail piece and into threaded engagement with
      a spud 12 of the meter 10. From FIG. 3 it will also be seen that the
      interior end portion of nut 22 opposite to the threaded end has a
      frusto-conical seat 40 for mating engagement with a tapered or conical end
      surface 36a of socket element 20. As the nut is threaded into engagement
      over spud 12, the seat 40 engages tapered end surface 36a and the nut
      thereby urges the socket element 20 toward spud 12 whereby the annular end
      42 of the socket 20 is urged against the distal end face 44 of spud 12.
      The socket end 42, in addition to preventing passage of the ball end 28,
      may have an outer annular recess 46 for reception of a fluid sealing
      gasket such as the O-ring 24. Alternatively, the distal end 42 may itself
      be deformable to serve as a fluid sealing element against the spud end.
PAR  The socket opening at end portion 36 is smaller in diameter than the
      spherical end 28, and the nut 22 supports the socket element 20 against
      radial expansion when assembled. Accordingly, these components insure
      retention of the ball end 28 in chamber 34 against tensile forces that may
      be applied to the tail piece 18 and/or to the connecting spud 12. This
      arrangement also provides a compressive seal at the ball-socket interface
      within end portion 36. Since the end portion 36 is distensible and
      inclined at 36a, the exertion of an endwise force thereon by the inclined
      nut seat 40, as socket end 42 is seated against spud end 44, compresses
      the socket end portion 36 radially by a camming action and thereby urges
      the socket end portion into fluid sealing engagement with the outer
      spherical surface of ball end 28. Thus seals are formed both at the
      ball-socket interface and at the spud-socket interface as the nut 22 is
      tightened, to prevent leakage from the connector joint. Moreover, any
      axial tensile forces on the tail piece, i.e., to the right in FIG. 3, and
      opposite axial compressive forces on socket element 20, will cause a
      camming or wedging action between the mating spherical surfaces of these
      components within or adjacent end portion 36 and will enhance the
      ball-socket seal. Thus the greater the axial forces applied to the socket
      and to the ball, as by axial compressive forces applied to end portion 36
      by nut 22 or by tensile forces on tail piece 18, the greater will be the
      sealing engagement force at the ball-socket interface.
PAR  The described sealing cooperation is obtained regardless of the angular
      position of tail piece 28 relative to the connecting spud 12, within the
      range of the relative angular movement permitted between the tail piece
      ball end and the socket element of the connector joint. This range is
      determined by the external diameter of the tail piece neck 32 and the
      internal diameter of the socket end portion 36, as noted by the dotted and
      full line figures of the tail piece in FIG. 3.
PAR  In the event additional fluid sealing assurance is desired, as when the
      connector is employed in conjunction with a vacuum system, ball end 28 of
      the tail piece may be provided with a recess such as recess 48 illustrated
      in dotted lines in FIG. 3 for reception of an appropriate gasket (not
      illustrated) to have sealing engagement with the inner spherical surface
      34 of socket element 20.
PAR  In one specific exemplary embodiment, providing both surfaces 36a and 40 at
      an angle of about 20.degree. to the central longitudinal axes of the
      respective components 18 and 20, with a socket element 20 of type 66 nylon
      and having a relaxed inner diameter of 0.800 inch for the opening through
      end portion 36 and a minimum thickness at the outer edges of recesses 38
      of 0.010 inch for receiving a ball 28 of 0.844 inch diameter in a chamber
      34 of the same diameter, proved satisfactory. Each of the recesses 38 was
      about 0.090 inch wide, with its inner flat surface also at an angle of
      about 20.degree. to the longitudinal axis of the socket. The tail piece 18
      also was of type 66 nylon. The nut 22 was of glass reinforced type 612
      nylon, and was of an inner diameter to provide a nominal 0.007 inch
      clearance fit around the socket element 20. This embodiment was used to
      install a Recordall meter (plastic body) sold by Badger Meter, Inc. of
      Milwaukee, Wisconsin. In addition to the variable angular connection and
      sealing functions, this assembly exhibited some apparent linear extension
      or stretching capabilities, such as to allow for some variations of
      spacing between the connecting pipes 14 and 14a or to allow for thermal
      contraction and expansion of connecting pipes 14 and 14a while maintaining
      the desired seals.
PAR  Although the foregoing description is specific to the use of the connector
      with a water meter, the disclosed connector may be used for connecting any
      type of metering or plumbing device in a plumbing system.
PAR  In addition to simplicity of structure and ease of connection to misaligned
      conduits without undue stress on a connecting meter housing, the universal
      movement permitted in the provided joint structure minimizes thread
      stripping and cross-threading of spud threads occasioned by difficulty of
      hookup under conditions of pipe misalignment. Also, the relative movement
      permitted between the ball and socket of the provided connector may serve
      to automatically relieve stresses occasioned by gradually misaligning
      pipes, as might occur on building settling, by allowing a gradual change
      in angular disposition between the tail piece ball and socket while
      constantly maintaining a fluid seal.
PAR  The material of fabrication of the connector described, and particularly
      the socket thereof, should be selected to be chemically inert to the
      material passing therethrough and for the ability to provide the desired
      sealing engagement with contiguous elements. In normal use with water
      meters in circumstances of minor angular misalignment, only one connector
      as above described need be employed. The opposite connector may be rigid
      such as by using a connector piece or nipple 50 and a typical conventional
      union connector 52 is illustrated in FIG. 1 with no permissible angular
      movement between the elements thereof. When greater degrees of angular
      misalignment or generally parallel but laterally offset connecting
      conduits are encountered, use of a pair of connectors 16, either with one
      or each side of a meter or directly connected to one another in series is
      beneficial.
PAR  While a particular embodiment of this invention is shown and described
      herein, it will be understood, of course, that the invention is not to be
      limited thereto since many modifications may be made by those skilled in
      the art, particularly in light of the foregoing teachings. It is
      contemplated, therefore, by the appended claims, to cover any such
      modifications as fall within the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A plumbing connector assembly for providing a sealed universal joint
      connection with one end of a fluid conduit, comprising: a tubular tail
      piece having an end section formed with a rounded exterior surface, and a
      further portion of substantially lesser diameter than said end section and
      which extends from said end section; a socket member formed with an
      internal passage therethrough and which is of a configuration to receive
      said rounded end section of said tail piece within said socket member
      through one end of said passage; said socket member including means for
      preventing passage of said rounded end section through the other end of
      said member, an annular end disposed axially outward of said means at said
      other end thereof, and a body portion extending from said annular end and
      including an annular flexible sealing portion axially located to be
      circumjacent a portion of said rounded section between the outermost
      diameter portion of said rounded section and said further portion of said
      tail piece when said rounded section is seated in said socket member
      against said means, said body portion being of sufficient rigidity to
      transmit axial compressive forces from said sealing portion to said
      annular end; sealing means on said annular end of said socket member for
      sealing abutment engagement with the end surface of such a fluid conduit;
      and a connector element adapted to encompass and be moved axially of said
      socket member toward said other end and to engage an adjacent end portion
      of such a fluid conduit; said connector and said socket member being of
      internal diameters at said one end of said socket member substantially
      greater than the diameter of said further portion of said tail piece; said
      connector including a radially inwardly extending portion positioned to
      engage said socket member over said sealing portion as said connector is
      moved axially along said socket member toward said other end, and said
      engaging portions of said connector and said socket member being of
      configurations providing a cam engagement therebetween oriented to urge
      said socket member axially toward a connected fluid conduit at said other
      end and thereby to effect sealing engagement of said sealing means with
      such a fluid conduit and simultaneously to compress said annular sealing
      portion of said socket member radially inward into sealing engagement with
      said rounded section in the course of engagement of said connector on such
      a fluid conduit, whereby sealed joints are formed between said socket
      member and both said fluid conduit and said rounded section to provide a
      fluid-tight connection between said tail piece and said conduit in any of
      various angular positions of said tail piece relative to such a connected
      conduit and said connector member does not engage said rounded end section
      in forming said sealed joint.
NUM  2.
PAR  2. A plumbing connector assembly as in claim 1 wherein said sealing means
      for forming an abutment seal with such a fluid conduit is an integral part
      of said socket member.
NUM  3.
PAR  3. A plumbing connector assembly as in claim 1 wherein said sealing means
      for forming an abutment seal with such a fluid conduit is an independent
      compressible fluid sealing ring element.
NUM  4.
PAR  4. A plumbing connector assembly as in claim 1 wherein said means
      preventing passage of said rounded end section through said other end of
      said socket member comprises an integral portion of said socket member.
NUM  5.
PAR  5. A plumbing connector assembly as in claim 4 wherein said last-mentioned
      integral portion of said socket member defines a seat of a rounded
      configuration substantially matching the outer surface configuration of
      said rounded end section.
NUM  6.
PAR  6. A plumbing connector assembly as in claim 1 wherein said socket member
      is formed of resilient material and defines a constricted neck portion
      adjacent said one end providing an opening therethrough of slightly lesser
      diameter than said tail piece rounded section, whereby said rounded
      section may be snapped into said connector by distension of said socket
      member.
NUM  7.
PAR  7. A plumbing connector assembly as in claim 1 wherein the outer surface of
      said annular sealing portion is tapered radially inward toward said one
      end of said socket member.
NUM  8.
PAR  8. A plumbing connector assembly as in claim 7 wherein said radially
      inwardly extending portion of said connector is formed with a tapered
      surface conforming generally to said tapered outer surface of said annular
      sealing portion.
NUM  9.
PAR  9. The assembly of claim 7 in which said annular sealing portion is formed
      with relieved portions of lesser thickness than interposed tapered
      portions thereby facilitating flexing of said annular sealing portion.
NUM  10.
PAR  10. The assembly of claim 1 in which said connector element comprises a
      threaded nut in which female threads for engaging a fluid conduit are
      disposed at one end and said inwardly extending portion is disposed at the
      opposite end.
NUM  11.
PAR  11. A plumbing connector assembly as in claim 1 wherein said annular end of
      said socket member is disposed outward of the respective end of said
      rounded end section of said tail piece when said rounded end section is
      seated against said passage preventing means.
NUM  12.
PAR  12. In combination with a first fluid conduit having a male threaded end, a
      sealed connector joint assembly providing universal movement comprising a
      tubular tail piece having one end adapted to be connected to a second
      fluid conduit and having a rounded section at the opposite end, a hollow
      cylindrical socket member having a distensible portion adjacent one end
      through which said rounded section is received into said socket member,
      said socket member having a constricted neck defining the end portion
      opposite to said distensible portion and providing axial abutment support
      for said rounded section for preventing passage of said rounded section
      through said opposite end of said socket member, said end portion
      including an annular end disposed axially outward of said constricted neck
      toward the respective end of such a first conduit, sealing means on said
      annular end for sealing abutment engagement with an end surface of such a
      first conduit, said distensible portion being axially located to be
      disposed circumjacent a portion of said tail piece rounded section which
      is on the remote side of the outermost diameter portion thereof relative
      to such first conduit when said rounded section is seated in said socket
      member, said socket member being of sufficient rigidity to transmit axial
      compressive forces from said distensible portion to said annular end, a
      connector nut for encompassing said socket member and having a cam portion
      adapted to engage said distensible portion of said socket member, said nut
      having female threads spaced from said cam portion and which are
      engageable with threads of such a first conduit, whereby axial movement of
      said connector nut upon engagement of said threads thereof with such a
      conduit applies force through said cam portion to said distensible portion
      and thereby urges said sealing means at said opposite end of said socket
      member axially into sealing relationship against said first conduit
      engaged by said connector nut while simultaneously squeezing said socket
      member distensible portion into fluid-sealing engagement with the surface
      portion of said tail piece rounded section circumscribed thereby, and said
      distensible portion and the surrounding portion of said nut being of
      substantially greater internal diameter than the portion of said tail
      piece joined to said rounded section, whereby such sealing relationships
      may be obtained and maintained in a variety of angular positions of said
      tail piece relative to such a connected first conduit and said connector
      member does not engage said rounded end section in forming said sealed
      joint.
NUM  13.
PAR  13. The assembly of claim 12 wherein said sealing means comprises a
      compressible fluid sealing ring interposed between said socket member
      annular end and such end surface of said first fluid conduit and which is
      compressed to form a fluid seal therebetween as said connector nut engages
      said first fluid conduit; said socket member annular end being relieved
      for reception of said sealing ring.
NUM  14.
PAR  14. The assembly of claim 12 wherein said tail piece is annularly relieved
      adjacent said rounded section on such remote side thereof so as to permit
      greater angular movement between said tail piece rounded section and said
      socket member.
NUM  15.
PAR  15. The assembly of claim 12 wherein said annular end of said socket member
      is disposed outward of the respective end of said rounded end section of
      said tail piece when said rounded end section is seated in said socket
      member against said constricted neck.
NUM  16.
PAR  16. The assembly of claim 15 wherein said socket member is of substantially
      the same outer diameter as said first conduit, and said connector member
      being of an inner diameter to have a sliding fit over said socket member.
NUM  17.
PAR  17. In a combination as in claim 12 including a meter for registering the
      flow of fluid and having an inlet spud and an outlet spud for
      communicating with fluid supply lines, one of said spuds constituting said
      first fluid conduit.
NUM  18.
PAR  18. The assembly of claim 12 in which a fluid-sealing gasket means is
      disposed on said tail piece rounded section and in radial engagement with
      the inner surface of said socket member surface.
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ABST
PAL  In a laminar polymeric sheet having a passageway which is threaded for part
      of the thickness of the sheet and a threaded element engaged with the
      threads in the passageway, the improvement wherein the thread engagement
      begins at a minimum distance from the top surface of the sheet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Sheet organic polymeric material is frequently used in place of metal in
      the preparation of vessels for gases and liquids under pressure. The
      strength of these sheet materials is increased by incorporating fibrous
      materials as layers of woven or nonwoven fabrics of organic or inorganic
      fibrous materials in the polymeric material. Threaded fittings are
      generally used to link these vessels to other operational equipment in a
      system. The fittings are normally attached from the low pressured side of
      the vessel wall.
PAR  Organic polymeric materials of such structures are usually thicker than
      metal when used in such applications. As a result, when conventional metal
      plugs and fluid conduits are threaded into passageways through such
      polymeric structures they frequently engage less than the full thicknesses
      of the structure. Forces on the plugs and conduits from fluid pressures
      often cause the polymeric materials to delaminate in the passageways on
      the pressure side of engaged threads, limiting the safe operating
      pressures. In addition, end plates of fiber-reinforced polymeric materials
      are often subject to surface delamination around threads accommodating
      pipe entries as a result of high tightening torques.
PAR  To accomodate high pressures in polymeric sheet structures, it has been
      proposed to use threaded inserts of metals in such structures as
      reinforcing plates which distribute fitting loads throughout the structure
      thickness. Such adaptations, however, are expensive and are more subject
      to corrosion than the structures they reinforce.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a threaded polymeric sheet structure having
      increased resistance to delamination.
PAR  Specifically, the present invention provides, in the combination of (a) a
      sheet of organic polymeric material having a first and second side and
      reinforced with layered fibrous material aligned substantially parallel to
      the sides of the sheet, the sheet having a passageway formed therein, the
      walls of the passageway being integral with and of the same composition as
      the remainder of the sheet material and having female threads formed
      therein extending less than the thickness of the sheet, and (b) a
      male-threaded element secured in the passageway from the first side of the
      sheet by engagement of the male threads with the female threads in the
      passageway, the improvement wherein the engaged male and female threads
      nearest to the first side are a distance from the first side which is at
      least equal to 10 percent of the depth of engaged threads and not less
      than 2 millimeters.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The FIGURES are cross-sectional views of sheet structures in conjunction
      with threaded elements according to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to laminar fiber-reinforced sheet polymeric
      organic structures having a threaded passageway therein for the reception
      of a threaded element such as a pipe or bolt. The invention is based on
      the discovery that the pressure applied to the threaded connection can be
      increased without delamination of the sheet by positioning the first fully
      engaged thread away from the side of the sheet into which the threaded
      element is inserted. This can be accomplished in various ways, as
      illustrated in the Figures.
PAR  In FIG. 1, sheet 1 of laminar reinforced organic polymeric material has
      first surface 2 and second surface 3. The sheet is reinforced with woven
      or nonwoven fabric extending through it in layers generally parallel with
      surfaces 2 and 3. Typically the structure is made of hardened epoxy resin
      reinforced with woven glass fabric commercially identified as Laminate
      Grade G-10 by the standards of the National Electrical Manufacturers
      Association and disclosed in the 1973-74 Modern Plastics Encyclopedia on
      pages 174 to 180. Passageway 4 extends through sheet structure 1 between
      surfaces 2 and 3, and has female threads 5 formed in the walls of the
      passageway. Threaded element 6 is secured in passageway at the engagement
      of male threads 7 on element 6 with female threads 5.
PAR  Passageway 4 is expanded above the thread engagement to cylindrical recess
      8. Recess 8 extends a distance d from surface 2 and has a radius greater
      than the threads 5, which clears element 6.
PAR  This sheet structure, when in combination with a threaded element as shown
      resists delamination from a fluid pressure applied through the passageway
      from side 3. Normally such a force would tend to delaminate the sheet
      structure at the point in the passageway at which the engaged female
      threads end. The readiness of delamination of the sheet structure by the
      fluid pressure is significantly reduced by the recess of a depth d which
      is equal to at least 10 percent of the length of the engaged threads and
      not less than 2 millimeters.
PAR  As shown in the figure, the threaded element is a metal pipe, designed to
      be in stress against structure 1 as a result of fluid pressure applied
      against the sheet structure on surface 3. However, this threaded element
      can vary widely in its specific nature, as will be evident to those
      skilled in the art. For example, this element can also be a pipe fitting,
      such as an ell, tee, plug or valve for fluids, or a threaded rod
      supporting an opposing force on surface 2 of the sheet.
PAR  In FIG. 2, sheet structure 11 is a quarter segment through a cylindrical
      shell made by wrapping glass fibers helically as layers each having fibers
      which cross fibers of adjacent layers and setting an impregnating resin in
      and around the fibers. Pipe 12 has male threads 13 engaged in mating
      female threads 14 in structure 11. The engagement of threads 13 and 14
      begins at the base of recess 15 which has a radius greater than threads 14
      and just large enough to allow the insertion of pipe 12 through it.
PAR  The recess in the sheet structure is normally circular. It penetrates the
      structure against the direction of force tending to push out a threaded
      element engaged in the structure. The minimum radius of the recess is
      equal to or greater than the threads formed in the passageway, allowing a
      threaded element to be entered into the structure. A conical recess with
      its greatest diameter on the outer sheet surface and with its sides up to
      60.degree. from its axis provides sufficient strength. The recess radius
      at the structure surface should accordingly exceed the engaged thread
      diameter by no more than about 1.75 times the depth of the recess.
PAR  It is also convenient for the recess to be cylindrical for a part of its
      depth. Such a recess is usually conical at its base because boring tools
      normally lead with conically positioned cutting edges. Cylindrical
      recesses usually have maximum radii which exceed engaged thread radii by
      up to 0.7 times the recess depths. In cases where the threaded elements
      are pipes, conical or cylindrical recesses whose surface radii exceed
      thread radii by up to 0.2 times the recess depths aid in guiding the
      accurate engagement of threads.
PAR  The required distance of the first engaged thread from the sheet surface
      can also be provided by modification of the male threaded element as shown
      in FIG. 3. In that figure, sheet 21 has a passageway 22 extending partly
      therethrough. The female threads 23, extending the full length of the
      passageway, are engaged with male threads 24. The remainder of the male
      threaded element is of a diminished diameter D equal to or less than the
      innermost diameter of the female threads.
PAR  The engaged threads should be designed to hold against any expected force
      tending to pull them out. The required number of engaged threads depend on
      their radii, the strength of the sheet structure materials involved, and
      the force the threads must resist. Normally at least four full threads are
      engaged in the sheet structure, especially when the threads are tapered
      pipe threads.
PAR  The polymeric materials of the sheet structures can be any which are flow
      or creep resistant under the intended use conditions. Representative
      materials include phenolic, polyester, melamine and, preferably, epoxy
      resins. Fibrous reinforcements are known in the art and can be exemplified
      by cotton fabric and, preferably, glass fibers as continuous filaments,
      woven fabrics, and crossed layers of continuous filaments.
PAR  The sheet structures can comprise preformed fiber-reinforced resin
      structures such as are commercially available or they can be structures
      formed by impregnating preshaped layers of reinforcing fabrics or
      filaments with resin intermediates and curing to produce shaped sheet
      structures. The latter structures are normally preshaped in curved forms.
PAR  Sheet structures are easily prepared by conventional drilling, tapping and
      counter-boring procedures. When the male-threaded element is adjusted to
      provide the required thread distance from the surface, this can be done,
      for example, by lathing the element.
PAR  In cases where NPT taper pipe thread is used, the following penetration of
      the sheet structure can be expected from nominal pipe sizes:
TBL  NPT      O.D.      in. Engagement                                         

                                    Full Engagement                            

     Nominal  of        of          of Threads                                 

     Size (in.)                                                                

              Pipe (in.)                                                       

                        4 Threads   (in.)                                      

     ______________________________________                                    

     1/4      0.54      0.22        0.40                                       

     3/8      0.68      0.22        0.41                                       

     1/2      0.84      0.29        0.53                                       

     3/4      1.05      0.29        0.55                                       

     ______________________________________                                    

PAR  Typical diameters of cylindrical recesses used with these pipe sizes are
TBL  Pipe Size     Recess Diameter                                             

     ______________________________________                                    

     3/8"           23/32"                                                     

     1/2"           7/8"                                                       

     3/4"          1 1/8"                                                      

     ______________________________________                                    

PAR  Typical recess depths used with these pipe sizes are 1/8 inch in 4 5/8 inch
      (dia.) circular end plates and 3/16 inch in 8 1/2 inch end plates. The use
      of such recesses allows 3/4 inch instead of 1 inch and 1 1/8 inch instead
      of unrecessed 1 1/2 inch thick 4 5/8 inch plates of like material to be
      used and have higher delamination pressures. In 8 1/2 inch end plates,
      recessed 1 1/4 inch thick material has at least the delaminating pressure
      of unrecessed 1 1/2 inch thick 8 1/2 inch plates of like material.
PAR  The structures of the present invention exhibit a markedly improved
      resistance to delamination when compared to similar structures having the
      same number of engaged threads but are not recessed from the outer
      surface. The structures are broadly applicable to pressurized vessels, and
      have found particular utility in reverse osmosis devices. There, they are
      beneficially used as end plates, often in conjunction with a feed pipe
      attached to the inner end of the passageway, opening onto surface 3 in
      FIG. 1.
PAR  The invention is further illustrated in the following examples.
PAC  EXAMPLES 1-4
PAR  In Examples 1-2, a cylindrical reverse osmosis permeator unit of 4 5/8 inch
      inside diameter was assembled using an end plate having a 4 5/8 inch
      diameter and a thickness of 1 1/2 inches, being made of a glass fiber
      reinforced epoxy sheet material commercially identified as Laminate Grade
      G-10. The unit, exclusive of the end plate tested, was resistant to 4500
      psig.
PAR  Two passageways were drilled through the end plate, one of the diameter
      corresponding to the smallest root diameter of 1/2 inch National Pipe
      Thread (NPT), the other of 3/8 NPT. Larger holes, 7/8 inch and 23/32 inch
      respectively in diameter, were coaxially drilled each 3/8 inch into each
      of the passageways. Threads, 1/2 inch and 3/8 inch NPT respectively, were
      cut into the passageways starting at the bases of the larger holes. Mating
      1/2 and 3/8 inch pipes respectively were engaged in these threads for four
      threads each and then torqued until tight. The 1/2 inch threads penetrated
      0.53 inch beyond the base of the larger hole, the 3/8 inch threads 0.41
      inch beyond.
PAR  In Examples 3-4 the procedure of Examples 1-2 was followed except that the
      larger holes were drilled 1/4 inch, instead of 3/8 inch, into the
      passageways before cutting pipe threads.
PAR  The procedure of Examples 1-2 was again repeated to provide Control
      Examples, except the larger holes were not drilled into the passageways
      before cutting pipe threads.
PAR  In each of the experiments, the same fittings were used. Each example was
      duplicated for check values of failure pressure.
PAR  All end plates were pressure-tested by pressurizing the permeator unit with
      water at a rate increasing about 600 psig per minute until 4500 psig was
      reached or until prior failure by end plate delamination. Failure by
      delamination, when it occurred, was sudden, perceptible by a "pop" and
      accompanied by great water leakage from the space between the end plate
      and its enclosing cylinder. The failure pressures are shown below:
TBL  Example         Failure Pressure (psig)                                   

     ______________________________________                                    

     1               &gt;4500      (did not fail)                                 

     2               &gt;4500      (did not fail)                                 

     3               3650                                                      

     4               3850                                                      

     Control A       2100                                                      

     Control B       2300                                                      

     ______________________________________                                    

PAR  The water pressure with recessed pipe threads which produced delamination
      was increased over the end plates without recessed pipe threads. In
      addition, it can be seen that within the range of recess depths tested,
      increased depth of the recess produced greater resistance to end plate
      delamination.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the combination of (a) a sheet of organic polymeric material having a
      first and second side and reinforced therebetween with layered fibrous
      material aligned substantially parallel to the sides of the sheet, the
      sheet having a passageway formed therein, all the walls of the passageway
      being integral with and of the same composition as the remainder of the
      sheet material and formed directly in the sheet and having female threads
      formed therein extending less than the thickness of the sheet, and (b) a
      male-threaded element secured in the passageway from the first side of the
      sheet by engagement of the male threads with the female threads in the
      passageway, the improvement wherein the engaged male and female threads
      nearest to the first side are a distance from the first side which is at
      least equal to 10 percent of the depth of engaged threads and not less
      than 2 millimeters.
NUM  2.
PAR  2. An apparatus of claim 1 wherein the passageway extends through the
      entire thickness of the sheet.
NUM  3.
PAR  3. An apparatus of claim 1 further comprising a recess formed in the
      passageway from the first side of the sheet to the first engaged male and
      female threads.
NUM  4.
PAR  4. An apparatus of claim 1 wherein the male threaded element has a diameter
      less than the minimum male thread diameter for at least that portion of
      the male threaded element extending from the first side of the sheet to
      the engaged male and female threads nearest to the first side of the
      sheet.
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PAL  A divider which is for use in the occupant compartment of a vehicle and
      which includes upper and lower portions. The lower portion of the divider
      is hinged to the upper portion thereof and is shiftable between a closed
      position in which the upper and lower divider portions are generally
      coplanar and an open position. The divider is positioned above the front
      occupant's seat and extends vertically between the seat and the roof of
      the vehicle and traversely between the vehicle sides. The upper portion of
      the divider is connected to the vehicle so as to allow the lower portion
      of the divider to shift between its closed position serving to isolate the
      front section of the occupant compartment of the vehicle and its open
      position allowing for communication over the front occupant's seat.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a divider or partitioning member which is placed
      between the front and back seats of a motor vehicle and which serves to
      reduce the area of heating and cooling within the occupant compartment of
      the vehicle.
PAR  The divider of this invention includes upper and lower portions which are
      interconnected by hinge means. The upper portion of the divider is secured
      to the interior of the occupant compartment of the vehicle over the back
      rest of the vehicle's front seat. The lower portion of the divider is
      shiftable about its hinge means between a closed position in which it is
      generally aligned with the upper interconnected portion of the divider to
      form an isolating partition between the upper edge of the front seat and
      the vehicle roof and an open position in which it provides an open space
      between the upper edge of the front seat of the vehicle and the roof
      thereof so as to allow for air flow, such as during cooling and heating,
      and conversation to pass between the front and rear seats of the vehicle.
PAR  It is an object of this invention to provide a divider for use in the
      occupant compartment of a vehicle which separates the occupant compartment
      into two sections at the front seat of the vehicle.
PAR  Another object of this invention is to provide a divider or partition
      having open and closed positions which when in its closed position
      isolates the front seat portion of the occupant compartment of the vehicle
      from the back seat portion thereof.
PAR  Still another object of this invention is to provide a divider for the
      occupant compartment of a vehicle by which air conditioning and heating
      within the vehicle is restricted to the front seat area thereof.
PAR  Other objects of this invention will become apparent upon a reading of the
      invention's description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a motor vehicle having a portion cut away to
      expose the interior of the occupant compartment of the vehicle and having
      one embodiment of the divider of this invention installed therein.
PAR  FIG. 2 is a detailed view of the divider of FIG. 1 as seen within broken
      line 2 of FIG. 1 and shown in its closed position.
PAR  FIG. 3 is a sectional view of the divider taken along line 3--3 of FIG. 2.
PAR  FIG. 4 is a detailed view of the divider of FIG. 2 shown in its open
      position.
PAR  FIG. 5 is an isolated perspective view of the divider and component parts
      thereof used to anchor the divider within the vehicle.
PAR  FIG. 6 is a fragmentary view of the divider of FIG. 5 shown in modified
      form.
PAR  FIG. 7 is a fragmentary view of the divider in cross section shown in
      modified form and in an open position.
PAR  FIG. 8 is a perspective view of another embodiment of the divider.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred embodiments illustrated are not intended to be exhaustive or
      to limit the invention to the precise forms disclosed. They are chosen and
      described in order to best explain the principles of the invention and its
      application and practical use to thereby enable others skilled in the art
      to best utilize the invention.
PAR  In FIG. 1, a motor vehicle 10 is shown. Vehicle 10 includes an occupant
      compartment 12, partially enclosed by a roof 14 and spaced sides 16. A
      front seat 18 and a back seat 20 are located within compartment 12. Front
      seat 18 includes a back rest 22 which carries head rests 24.
PAR  The divider 26 of this invention includes an upper portion 28 and a lower
      portion 30, each of which is preferably planar. Lower portion 30 is hinged
      to upper portion 28 so as to be shiftable relative to the upper portion of
      the divider. The manner of hinging lower portion 30 to upper portion 28 of
      the divider may vary. In FIGS. 1-6, the lower portion 30 is hinged to
      upper portion 28 by means of hinge brackets 32. In FIG. 8 the hinge 32' is
      molded onto portions 28 and 30 as an integral part of the divider. In FIG.
      7 the upper divider portion 28 is formed of a relatively stiff material
      and the lower divider portion 30 is formed of a flexible material so as to
      form a bend or hinge 32" just below where portion 30 joins portion 28.
      Upper and lower portions 28 and 30 may be formed of a variety of
      materials, such as fiberglass or plastic. In the case of a plastic it is
      preferable that the material be transparent so as not to reduce the rear
      vision of the driver of the vehicle or reduce the forward vision of any
      passengers riding in vehicle back seat 20.
PAR  Portions 28 and 30 of the divider extend transversely of the vehicle from
      one side 16 to the other side 16 thereof. Upper portion 28 has its upper
      edge 36 preferably formed on a curvature which conforms to the transverse
      inner surface of the vehicle roof 14 above back rest 22 of front seat 18
      of the vehicle. A pair of brackets 38 are utilized to secure divider 26 at
      its upper portion 28 to the vehicle. Brackets 38 include a flange part 40
      and a channel part 42. Each bracket 38 is mounted at its flange part 40 to
      the vehicle center post 44 or similar accessible location in general
      alignment with back rest 22 of front seat 18 of the vehicle. Channel parts
      42 of brackets 38 are oppositely positioned and extend into the interior
      of the vehicle. Ends 46 of upper portions 28 of the divider fit into
      bracket channel parts 42 with upper edge 36 of portion 28 being positioned
      closely adjacent and following the inner surface of roof 14. With upper
      portion 28 of the divider so supported within occupant compartment 12 of
      the vehicle by brackets 28, lower portion 30 of the divider is shiftable
      about hinge brackets 32 from a closed position, such as that illustrated
      in FIGS. 1, 2 and 3 in which the lower divider portion extends to the
      upper edge of back rest 22 of vehicle front seat 18, and an open position,
      such as that illustrated in FIG. 4 in which the lower divider portion is
      swung rearwardly relatively to the vehicle, to provide an opening between
      the lower edge of divider portion 28 and the front seat of the vehicle.
PAR  The outer edges of the lower divider portion are notched or cut away so as
      to accommodate brackets 38. Each lower outer edge of lower divider portion
      30 is provided with an eyelet 47 by which the lower divider portion when
      swung into its open position can be connected to the clothes hook 48
      usually provided within the interior of the vehicle occupant compartment.
      If no clothes hook is available, a suitable hook can be provided and
      secured to the frame adjacent the roof of the vehicle. Lower divider
      portion 30 remains in its closed position through the help of gravity and
      a slight amount of friction existing within hinge brackets 38. If desired,
      a suitable hook can be located near one or both of the head rests 24 of
      the vehicle to secure the lower divider portion in its closed position.
PAR  In FIG. 8, divider 26 is shown with a molded hinge construction 32'
      interconnecting its upper portion 28 and lower portion 30. The manner of
      operation and attachment of this embodiment of the divider is the same as
      that previously described for the divider illustrated in FIGS. 1-5.
PAR  In FIG. 6 ends 46 of upper divider portion 28 are provided with overlapping
      extensions 50. Each extension 50 is connected to an end 46 of the upper
      divider portion by means of screws 52 which extend through slotted
      openings 54 in the extension and which are turned into the upper divider
      portion. Slots 54 allow extensions 50 to slide outwardly and inwardly as
      indicated by arrows 56 in FIG. 6 so as to extend the size of the upper
      portion 28 of the divider in order to accommodate vehicles of various
      width as measured between sides 16.
PAR  The lower edge of lower divider portion 30 may be notched at 58 to
      accommodate head rests 24 carried by front seat 18 of the vehicle.
PAR  It is to be understood that the invention is not to be limited to the
      details above given but may be modified within the scope of the appended
      claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A divider for use in the occupant compartment of a vehicle having a
      roof, spaced sides and an occupant seat with a back rest located between
      said sides and under said roof, said divider having a lower planar panel
      portion and an upper planar panel portion, hinge means pivotally
      connecting said lower portion to said upper portion wherein said lower
      portion is shiftable about the hinge means between a closed position in
      general alignment with said upper portion and an open position extending
      generally normally to the upper portion, said divider adapted to extend
      transversely of said vehicle from one side to the other side above the
      back rest of said seat, said upper portion and said lower portion when in
      its closed position adapted to extend between said vehicle roof and seat
      back rest, and means for securing said upper portion to said vehicle to
      enable said lower portion to shift between its closed position in which
      said upper and lower portions will extend extensively between said roof
      and seat back rest and its open position in which an open space will exist
      between said upper portion and seat back rest, said lower portion
      including means for securing said lower portion in its upper position to
      said vehicle, said upper portion including integral planar extensions,
      each extension having an upper edge and a lower edge, each upper edge
      generally conforming to the inside configuration of said roof and defining
      opposite end parts, said upper portion securing means including a pair of
      brackets each having a channel part cradling the lower edge of an end part
      of said upper portion.
NUM  2.
PAR  2. The divider of claim 1 wherein said upper portion has an upper edge
      formed to generally conform to the inside surface in cross section of said
      vehicle roof.
NUM  3.
PAR  3. The divider of claim 1 wherein each of said upper portion end parts are
      of a two piece extendible construction to enable the divider to fit within
      vehicles having sides of different spacing therebetween.
NUM  4.
PAR  4. The divider of claim 1 wherein said lower portion is relieved to
      accommodate vehicle back rests which include head rests.
NUM  5.
PAR  5. A divider for use in the occupant compartment of a vehicle having a
      roof, spaced sides and an occupant seat with a back rest located between
      said sides and under said roof, said divider having a lower panel portion
      and an upper panel portion, hinge means pivotally connecting said lower
      portion to said upper portion wherein said lower portion is shiftable
      about the hinge means between a closed position in general alignment with
      said upper portion and an open position extending generally normally to
      the upper portion, said divider adapted to extend transversely of said
      vehicle from one side to the other side above the back rest of said seat,
      said upper portion and said lower portion when in its closed position
      adapted to extend between said vehicle roof and seat back rest, means for
      securing said upper portion to said vehicle to enable said lower portion
      to shift between its closed position in which said upper and lower
      portions will extend extensively between said roof and seat back rest and
      its open position in which an open space will exist between said upper
      portion and seat back rest, said lower portion including means for
      securing said lower portion in its upper position to said vehicle, said
      upper portion including opposite end parts, said upper portion securing
      means including a pair of brackets each having a channel part cradling an
      end part of said upper portion, said lower portion including opposite end
      parts each having a notch formed therein adjacent said upper portion, and
      one said hinge bracket channel part fitting into each notch.
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ABST
PAL  A latch release blade is provided with a bellcrank detent both mounted on
      an upper channel of fore and aft adjuster. A lever and link mechanism
      shifts, upon tilting the back forward, the latch release blade until
      locked by the detent to release the upper channel for forward movement
      along a lower channel. A detent release assembly is mounted on the lower
      channel to shift the detent to unlock the latch release blade.
BSUM
PAR  The present invention relates to vehicle seats and more particularly to
      temporary latch releasing mechanisms for seats having tiltable backs.
PAR  Since a very large proportion of passenger-car production is of the
      two-door sedan type, seats having tiltable backs and seat fore and aft
      adjuster mechanisms are very common. To facilitate access to rear seats,
      the backs of the front seats are tilted forward and the adjuster
      mechanisms are operated to release the seats for forward movement relative
      to the floor.
PAR  An object of the present invention is to provide a temporary latch
      releasing mechanism which releases a seat for forward movement upon
      forward tilting of a back of the seat and causes the seat to be fixed
      relative to the floor upon return of the seat to a rearward position after
      returning the back to a generally upright position.
PAR  Further object of the present invention is to provide a temporary latch
      releasing mechanism of the above nature which is easily installed on
      conventional two-door vehicle front seats provided with fore and aft
      adjuster mechanism without considerable changes of conventional parts of
      the seats.
PAR  Particular object of the present invention is to provide a temporary latch
      releasing mechanism of the above nature which does not interfere with
      operations of conventional adjuster mechanism and positioning device of
      seat.
DRWD
PAR  The invention will now be more precisely described with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a side elevational view of a portion of a conventional two-door
      vehicle front seat having pivotally mounted forwardly tiltable back,
      showing the position of the temporary latch releasing mechanism of the
      invention when the back is not tilted forward and, in dotted lines, the
      position of the temporary latch releasing mechanism when the back is
      tilted forward;
PAR  FIG. 2 is a fragmentary plan view of a portion of an adjuster mechanism of
      the seat illustrated in FIG. 1, showing in solid lines the position of the
      temporary latch releasing mechanism when the back is not tilted forward
      and, in dotted lines, the position of the temporary latch releasing
      mechanism when the back is tilted forward; and
PAR  FIG. 3 is a side elevational view of a portion of the adjuster mechanism
      illustrated in FIG. 2, showing a detent release assembly of the temporary
      latch releasing mechanism.
DETD
PAR  Referring now to the drawings and particularly to FIGS. 1 and 2 there is
      shown a conventional two-door vehicle front seat 10 which is secured to
      parallelly spaced apart fore and aft adjuster mechanism 12. While only one
      side of the seat with its mechanism is shown it will be understood that
      the adjuster mechanisms on both sides are alike and description of one
      side applies to both. Each adjuster mechanism 12 comprises a
      longitudinally extending upper channel member 14 which is adapted for
      forward and rearward movement along a lower channel member 16 to provide
      for various positions of adjuster of the seat. Lower channel 16 is mounted
      on the floor 18 of the vehicle. A forward and rearward adjustment adapted
      to secure the seat releasably in its various positions of adjustment is
      provided by a springurged latch 20 pivotally mounted on a stud 22
      extending upwardly from upwardly facing surface 24 of the upper channel
      member 14 (see FIG. 2). Latch 20 is selectively engageable with any of the
      spaced notches 26 provided in the struckup blade portion 28 formed on the
      lower channel member 16 to provide spaced increments of adjustment of the
      seat. To assist manual forward movement of the seat, helical spring 30 is
      disposed under tension between a projection 14a secured to the rear end
      portion of the upper channel member 14 and a projection 16a secured to the
      front end portion of the lower channel member 16. A manual lever 32 to
      swing, against a biasing force, latch 20 to disengage from the struckup
      blade portion 28 is swingably mounted on the upper channel member 14 to
      release the upper channel member for forward and rearward movement
      relative to the lower channel member 16 when manual lever 32 is
      manipulated from the position shown in solid line in FIG. 2 to the
      position shown in phantom line (in counter or anti-clockwise direction as
      viewed in FIG. 2).
PAR  Near the rear edge of the seat 10 there is pivotally mounted a tiltable
      seat back 34 which normally adjustably takes one of a plurality of fixed
      rest positions by means of a positioning device 36. Seat back 34 is
      provided with a hinge arm 38 downwardly extending into a cover 36a of
      positioning device 36. Hinge arm 38 is pivotally secured on a pivot stud
      40 extending laterally outwardly from the seat 10.
PAR  In accordance with this embodiment of the invention the upper channel
      member 14 has secured thereto two pivotal studs 42 and 44 which extend
      outwardly in upward direction from upwardly facing surface 24 thereof.
      Upon the pivotal studs 42 and 44 a latch release blade 46 and a bell crank
      detent 48 are pivotally mounted respectively. Latch release blade 46 is
      pivotable counterclockwise from the position shown in solid line (in FIG.
      2) to the position shown in phantom line at 46'. A stop member 50 to
      prevent further counterclockwise movement caused by a spring 52, is formed
      on the upper channel member 14. The latch release blade 46 is formed with
      a cam portion 54 and a notch 56, with which a hook 58 formed on detent 48
      is engageable. Spring 52 urges detent 48 in a counterclockwise direction
      (as viewed in FIG. 2) to cause hook 58 to engage notch 56 when latch
      release blade 46 is shifted to position 46' to lock the latch release
      blade against return. Means, generally indicated by a reference numeral
      60, is provided to rotate, upon movement of seat back 34 when the back is
      tilted or folded forward as by lifting a reclining lever 36', the latch
      release blade 46 until the blade is locked by detent 48 to release upper
      channel member 14 for forward movement along the lower channel member 16.
      Release of the upper channel member 14 is accomplished by disengaging
      spring-urged latch 20 from struckup portion 28 with cam portion 54 of
      latch blade 46. It will now be understood that when the seat back 34 is
      tilted forward the latch release blade 46 continues to hold the upper
      channel member 14 released for forward movement, under the effect of
      helical spring 30, along the lower channel member 16 to provide easy
      access to and exit from rear seats (not shown).
PAR  Means 60 includes a short lever 62 swingable with back 34 about pivot stud
      40 on which back 34 is mounted for tilting. A lever 66 is pivotally
      mounted on a stud 68 which is secured to the lateral side of the seat 10
      downwardly of the pivot 40. The lever 66 has a free end portion abuttingly
      engageable with short lever 62 to be swinged thereby from the position
      shown in solid line to the position shown in phantom line (see FIG. 1)
      when back 34 is tilted forward. A link 64 is hingedly connected between
      the opposite end portion of lever 66 and a leg portion 70 of latch release
      blade 46 to shift the blade clockwise (as viewed in FIG. 2) from the
      position shown in solid line to the position shown in phantom line (see
      FIG. 2).
PAR  To unlock latch release blade 46 a detent release assembly 72 is mounted on
      lower channel 16 in the path of a trigger arm 74 of the bell-crank detent
      48 projecting slightly beyond the side edge of the lower channel member
      16. The detent release assembly 72, as best seen in FIG. 3, is adapted not
      to interfere with forward and rearward movements of seat 10, and is
      adapted only to release detent 48 for unlocking blade 46.
PAR  Referring particularly, to FIG. 3, detent release assembly 72 comprises a
      frame 76 attached to lower channel member 16. The frame 76 has a stud 78
      extending transversely relative to the lower channel 16. An arm 80,
      rotatably mounted on the stud 78, abuts on the triger arm 74 when the
      detent 48 moves by past the arm 80 during forward and rearward movements
      of seat 10. The frame 76 is formed with a stop 82 to prevent rotation of
      the arm 80 by a spring 84 so that when upper channel 14 moves rearward
      relative to lower channel 16 toward detent release assembly 72 trigger arm
      74 is caused to rotate clockwise (as viewed in FIG. 2) to unlock latch
      release blade 46, so that the upper channel 14 is secured again to the
      lower channel 16 by latch 20. It will also be seen that when upper rail 14
      moves forward the detent release assembly 72 arm 80 rotates
      counterclockwise (as viewed in FIG. 1 or 3) to permit the trigger arm 74
      to pass thereby.
PAR  Sliding of seat 10 takes place in the following manner when back 34 is
      tilted forward. When back 34 is tilted forward, lever 62 swings
      counterclockwise (as viewed in FIG. 1) with back 34 about pivot 40, and
      lever 66 clockwise about stud 68. Clockwise rotation of lever 66 causes
      latch release blade 46 to rotate clockwise (as viewed in FIG. 2) from the
      position shown in solid line to the position shown in phantom line. When
      latch release blade 46 takes the position shown in phantom line, latch 20
      is disengaged from struckup portion 28 and detent 48 locks blade 46. Thus,
      as soon as back 34 is tilted forward the seat 10 moves forward by the
      force of helical spring 30.
PAR  By casuing seat 10, after returning the back 34 to the position shown in
      solid line in FIG. 1, to move rearwardly to the position where detent
      release assembly 72 is attached, detent 48 is caused to rotate by arm 80
      to unlock the blade 46. When unlocked blade 46 returns to the position
      shown in FIG. 2 and latch 20 engages again with the struckup portion to
      lock upper channel 14 relative to lower channel 16.
PAR  From the preceding description of one embodiment of the present invention,
      it will now be seen that the mechanism is simple and does not require
      overall design change of conventional adjuster mechanism and reclining
      device. Thus it will be appreciated that the temporary latch releasing
      mechanism of the invention is best suited for use in a conventional
      two-door vehicle front seat provided with fore and aft adjuster and
      tiltable back.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A temporary latch releasing mechanism for a springurged latch pivotally
      mounted on an upper channel member adapted for forward and rearward
      movement along a lower channel member of an adjuster mechanism of a seat
      having a back pivotally mounted for tilting, comprising:
PA1  a latch release blade pivotally mounted on the upper channel member for
      movement toward and away from a predetermined position at which the latch
      release blade releases the springurged latch;
PA1  a bell-crank detent pivotally mounted on the upper channel member, the
      bell-crank detent having a trigger arm;
PA1  operating means for moving, upon movement of the back when the back is
      tilted forward, the latch release blade to the predetermined position;
PA1  means biasing the bell-crank detent in a predetermined direction to lock
      the latch release blade in the predetermined position when the latch
      release blade is moved to the predetermined position and the latch release
      blade away from the predetermined position; and
PA1  detent release means for moving the trigger arm in an opposite direction to
      the predetermined direction to unlock the latch release blade when the
      trigger arm is moved by the detent release as a result of rearward
      movement of the upper channel member relative to the lower channel member.
NUM  2.
PAR  2. A temporary latch releasing mechanism as claimed in claim 1, in which
      the biasing means is a spring mounted in tension between the bell-crank
      detent and the latch release blade.
NUM  3.
PAR  3. A temporary latch releasing mechanism as claimed in claim 2, in which
      the latch release blade has a notch and the bell-crank detent has a hook,
      the hook being constructed and arranged on the bell-crank detent such that
      when the latch release blade is moved to the predetermined position, the
      hook engages the notch to lock the latch release blade in the
      predetermined position.
NUM  4.
PAR  4. A temporary latch releasing mechanism as claimed in claim 2, in which
      the detent release means includes a portion disposed in the path of the
      arm of the bell-crank detent during forward and rearward movements of the
      upper channel relative to the lower channel, the portion serving as a stop
      to cause the arm of the bell-crank detent to rotate in opposite direction
      to the predetermined direction upon rearward movement of the upper channel
      relative to the lower channel beyond the predetermined relation, the
      portion being moved out of the path of the arm of the bell-crank detent
      arm of the bellcrank detent upon forward movement of the upper channel
      relative to the lower channel beyond the predetermined relation.
NUM  5.
PAR  5. A temporary latch releasing mechanism as claimed in claim 2, in which
      the detent release means includes:
PA1  a frame attached to the lower channel, the frame being a stud extending
      transversely relative to the lower channel;
PA1  an arm mounted rotatably on the stud of the frame; and
PA1  means whereby the arm of the detent release means is disposed so that the
      arm of the detent release means serves as a stop to cause the arm of the
      bell-crank detent to rotate in an opposite direction to the predetermined
      direction when the arm of the bell-crank detent is moved by the arm of the
      detent release means during rearward movement of the upper channel
      relative to the lower channel and the arm of the detent release means is
      rotated by the arm of the bell-crank detent when the arm of the bell-crank
      detent moves past the arm of the detent release means during forward
      movement of the upper channel relative to the lower channel.
NUM  6.
PAR  6. A mechanism as claimed in claim 5, in which said operating means
      comprises a first lever swingable with the back about a pivot on which the
      back is mounted for tilting; a second lever pivotally mounted on a stud
      secured to a seat proper downwardly of the pivot, the second lever having
      an end portion abuttingly engageable with the first lever to swing thereby
      when the back is tilted forward and an opposite end portion; and a link
      connected between the opposite end portion of the second lever and the arm
      of the latch release blade.
NUM  7.
PAR  7. In a seat having a back pivotally mounted for tilting a lower channel
      member having a struckup blade formed with spaced notches;
PA1  an upper channel member supporting the seat, the upper channel member being
      mounted on the lower channel member for forward and rearward movements
      along the lower channel member;
PA1  a latch pivotally mounted to the upper channel member, the latch being
      spring biased to engage with one of the spaced notches of the struckup
      blade;
PA1  a latch release blade pivotally mounted on the upper channel member for
      rotation toward and away from a predetermined position at which the latch
      release blade disengages the latch from the struckup blade to release the
      upper channel member for forward and rearward movements along the lower
      channel member;
PA1  a bell-crank detent pivotally mounted on the upper channel member, the
      bell-crank detent having a trigger arm;
PA1  means responsive to movement of the back when the back is tilted forward
      for rotating the latch release blade toward the predetermined position;
PA1  means for biasing the bell-crank detent in a predetermined direction to
      lock the latch release blade in the predetermined position when the latch
      release blade is rotated to the predetermined position and the latch
      release blade away from the predetermined position; and
PA1  detent release means mounted to the lower channel member, the detent
      release means includes a portion disposed in the path of the trigger arm
      so that the portion rotates the trigger arm in an opposite direction to
      the predetermined direction when the trigger arm is moved by the portion
      during rearward movement of the upper channel member relative to the lower
      channel member and the portion is moved by the trigger arm out of the path
      of the trigger arm when the trigger arm moves past the portion during
      forward movement of the upper channel member relative to the lower channel
      member.
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ABST
PAL  A two part hinge fitting especially adapted for motor vehicle seats of the
      type characterized by a fixed hinge member fixedly connected to the seat
      and a tiltable hinge member fixedly connected to the seat back being
      articulatedly connected to each other and including releasable locking
      means comprising a gear sector and a pawl, which upon being released, will
      permit free tilting of the tiltable hinge member and the seat back
      connected thereto relative to the fixed hinge member connected to the
      actual seat portion. The pivot means articulatedly connecting the two
      hinge members occupies a position away from the rear end of the seat and
      is biased toward the front end of the seat or toward the uppermost end of
      the backrest so that a larger radius of the sector gear may be designedly
      provided for reinforcement of the mechanism than that of previous fittings
      without any fear that the sector gear of such larger radius will obstruct
      the passenger when leaving the seat. Non-toothed ends of adjacent gear
      sector provide for complete tilting forwardly and backwardly of the seat
      back.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending U.S. application
      Ser. No. 212,960 filed Dec. 28, 1971 and now abandoned and the parent
      application in entirety is incorporated by reference herein.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a hinge fitting for pivotally
      connecting the back of a seat at both sides thereof to the seat frame,
      particularly of an automobile or other vehicle, and more particularly to a
      releasable locking device combined with such a fitting for adjusting the
      degree of inclination of the back relative to the seat by means of a gear
      or gear sector which is associated with one part of the fitting and a pawl
      which is associated with the other part and adapted to engage the gear at
      different angular positions of the back relative to the seat.
PAR  2. Description of the Prior Art
PAR  Fittings of this type are usually provided in pairs with their two parts
      secured to the seat and to the back, respectively, and at each side
      thereof, and the two parts of each fitting are pivotably connected by a
      pin which otherwise serves as the swivel axis for tilting the back
      forwardly or rearwardly. The fittings are secured at each side of the seat
      in such a manner that the pins thereof are in aligned relation with each
      other and positioned parallel with and near the rear edge of the seat to
      pivot the back to the seat.
PAR  In such devices, the possibility always exists of ruining the mechanism
      because of shock resulting from a sudden stop of the forward travel of the
      vehicle, causing a passenger in the rear passenger seat of the vehicle to
      strike the back of the seat under considerable inertial force, unless
      provision is made to overcome any dangerous overloading that may be
      applied to the back rest by a passenger in the rear passenger seat.
PAR  In order to safeguard the mechanism against excessive stress being exerted
      by such overloads, and resulting breakage, the distance between the center
      of the pin and the teeth of the gear or gear sector may beneficially be
      enlarged in design. It should be noted that, for a given load, the stress
      exerted is inversely proportional to such distance, so that the greater
      the distance, the smaller will be the stress. However, larger distances
      necessitate enlargement of the size of the sector gear, but large size
      sector gears will provide an obstruction for a passenger every time he has
      to leave the seat. This is a shortcoming in the practice of known hinge
      fittings for seats with movable backs.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, among the objects of the present invention is the provision of
      a device for adjusting the degree of inclination of a seat back relative
      to the seat portion by means of a gear sector associated with one part of
      the fitting and a pawl associated with the other part being adapted to
      engage the gear at different angular positions of the back relative to the
      seat, which is substantially devoid of the foregoing and related
      disadvantages and drawbacks inherent in the prior art arrangements.
PAR  Another object of the present invention is to provide a two-part hinge
      fitting for adjustably connecting a seat and a back rest of an automobile
      seat which does not obstruct a passenger from leaving the seat, yet is
      resistant to damage by the shock of a passenger in the rear seat being
      thrown against the back of the front seat due to the inertia of a sudden
      stop.
PAR  Still another object of this invention is to provide a two-part hinge
      fitting comprising a gear sector associated with one part and a pawl
      associated with the other part for adjusting the degree of inclination of
      a seat back relative to the seat portion which will not obstruct a
      passenger from leaving the seat regardless of the size of the gear sector.
PAR  Yet another object of the invention is to provide a two-part hinge fitting
      for adjustably connecting a seat and a back rest of an automobile seat in
      which the back rest is tiltable forwardly through a large angle to permit
      a passenger in the rear seat to leave the vehicle without difficulty and
      is fully foldable backward to permit the passenger therein to lie down in
      a rest position.
PAR  The foregoing and other objects are attained by a two part hinge fitting
      for adjustably connecting a seat and a back rest, especially in motor
      vehicles, which according to this invention comprises a first arm as one
      part of the hinge adapted to be fixedly connected to either the seat or
      back and a second arm as the other part thereof adapted to be fixedly
      connected to the other of the seat and back, pivot means for pivotally
      connecting the two arms to each other, and a device combined with such a
      fitting for adjusting the degree of inclination of the back relative to
      the seat by means of a gear sector associated with the first arm and a
      pawl associated with the other arm being adapted to engage the gear at
      different angular positions of the back relative to the seat, being
      characterized by the fact that the pivot means occupies a position away
      from the rear end edge of the seat, being biased toward the front end of
      the seat or uppermost end of the back so that the radius of the sector
      gear may be enlarged in design to be resistant against breakage by shock
      resulting from the sudden stop of travel of the vehicle or due to the
      inertia of the passenger in the rear passenger seat, and further providing
      for forward tilting of the back rest through a large angle to permit a
      rear seat passenger to disembark easily and for rearward folding to a
      fully reclined position to permit the front seat passenger to lie down and
      rest.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features and attendant advantages will be more fully
      appreciated as the same becomes better understood from the following
      detailed description when considered in connection with the accompanying
      drawings, wherein like reference numerals designate like or corresponding
      parts throughout the several views, and in which:
PAR  FIG. 1 shows a side view of one embodiment of the hinge fitting constructed
      according to the invention;
PAR  FIG. 2 shows rear view of the embodiment illustrated in FIG. 1;
PAR  FIG. 3 is a cross section taken along the line III--III of FIG. 1; and
PAR  FIG. 4 is a side view of a conventional hinge fitting.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and more specifically to FIG. 1 thereof, it
      will be seen that the two part hinge fitting according to the present
      invention comprises a fixed first arm 3 being fixedly fastened to a seat 4
      of a vehicle seat, partially shown, and a tiltable second arm 1 being
      fastened to a back rest 2, likewise partially shown in heavy lines while
      in a normal position, and in phantom by dot and dash line while in a
      forwardly and rearwardly tilted position, respectively. The arm 1 is
      intended to be secured to the back rest 2 by means of screws which are
      inserted into bores 5, while the arm 3 is intended to be secured to the
      seat 4 by means of screws which are inserted into bores 6. As shown, the
      arm 1 is generally acruate in shape, or L-shaped, and is pivotally
      connected to the arm 3 by a pin 7 on the arm providing a swivel axis for
      tilting the back rest, as will become more clear as the description
      proceeds. It will further be seen that the arm 3 is positioned inside the
      arm 1. A major part of the arm 3 is therefore shown in the view in phantom
      by dot and dash line.
PAR  Means are provided for retaining the back rest in a tilted position, as
      desired. To this end, the arm 3 is provided on its rear edge with an
      arcuate series of gear teeth 8 being cooperatively engaged with a series
      of teeth 15 of a detent pawl 9 carried by the arm 1 on its inside face by
      a pin 10 as shown in FIG. 3 and in phantom in FIG. 1. A pin 12 secured on
      the inside face of a lever 13 disposed on the outside surface of the arm 1
      protrudes through the arm 1 being slidable in an arcuate slot 14 therein
      and extends into another cam slot 11 in the pawl 9. It should be noted
      that the arcuate slot 14 has the same radius as the path of the driving
      pin 12 while the groove or slot 11 acts as a cam groove associating with
      the driving pin 12. Thus, the groove 11 and the pin 12 provide a cam
      mechanism of the well known inverse type, in which the cam groove 11 is in
      the follower pawl 9 and the pin 12 which engages this groove is attached
      to the driving member, namely the lever 13. Rotation of the lever 13 may
      be replaced by an angular movement of the pawl 9 of lesser magnitude but
      through a sufficient angle to disengage the teeth 15 thereof from the
      teeth 8. The lever 13 is pivoted about a pin 23 on the arm 1 and is
      normally urged in a counter-clockwise direction, as seen in FIG. 1, by a
      spring 24 connected between a pin 20 on one end thereof and the pin 10 to
      engage the pin 12 with the lower end of the slot 14, as shown in FIG. 1,
      and the pawl 9 is in turn normally engaged with the teeth 8 of the arm 3.
PAR  A short lever 16 and a handle 17 therefor are both clamped to the arm 1
      being freely oscillatable with a pin 18 thereon. The lever 16 is connected
      at its other end with one end of an elongate link 19 which has its other
      end in turn connected with the lever 13 through pin 20. When the handle 17
      is manually rotated in a clockwise direction, as seen in FIG. 1, the lever
      13 is similarly turned about pin 23 causing the pin 12 thereon sliding in
      slot 11 of the pawl 9 to move the pawl out of engagement with the teeth 8
      on arm 3, so that the back rest is permitted to swing freely about the pin
      7, although the pawl 9 is normally spring biased toward engagement with
      the teeth 8 to retain the back in any desired tilted position, when the
      handle 17 is returned to its neutral position.
PAR  In order to compare the size of the gear of arm 3 with that of a
      corresponding member of conventional design which tends to be broken when
      a given excessive load is applied thereto, an outline of the arm 3 is
      indicated by dot and dash lines at 3a in FIG. 4, wherein a fitting of
      conventional design is shown. In FIG. 4, reference numerals with prime
      refer to similar parts shown in FIGS. 1 to 3 of the embodiment of the
      fitting according to the present invention. Reference characters 7a and 8a
      accordingly respectively correspond to numerals 7 and 8 in FIG. 1. It is
      apparent from the illustration that the radius ra of the arm 3a is far
      larger than that of r' of the gear 3', but will present less obstruction
      for the passenger having to leave the seat than would be presented by the
      conventional gear 3'.
PAR  It is evident, therefore, that the aforementioned advantages are achieved
      in the embodiment shown in FIG. 1 by positioning the pin 7 of the fitting
      away from the rear end of the seat 4 and biasing the same toward the front
      end of the seat through the cooperation of the spring 24, the lever 13,
      the pawl 9 and gear sector 8 on the arm 3.
PAR  Further, as shown in FIG. 1, the arm 3 is provided at its teeth end portion
      with non-toothed end portions 21 and 22. The curvature of the non-toothed
      portions is concentric to the center of rotation of the arm 1 and the
      radius of the curvature is slightly larger than that of the toothed
      portion 8, that is, it is longer than the distance from the pin 7 to the
      apex of any one of the teeth of the series of teeth 8. Thus, when the pawl
      9 is disengaged from the arm 3 and the back 2 is forwardly tilted until at
      least the outermost tooth of the pawl 9 reaches the non-toothed portion
      22, it thereafter is not necessary to continue the releasing operation of
      the handle 17 to further tilt the back 2, because the pawl 9 then is
      lifted out of engagement with the gear teeth 8 and simply slides over the
      non-toothed portion, so that the back 2 may be tilted forwardly through a
      very large angle regardless of the pawl and gear arrangement. With this
      particular arrangement, as illustrated, the back may be subtantially
      folded down upon the front seat.
PAR  Additionally, in the same fashion, when the pawl 9 is disengaged from the
      arm 3 and the back 2 is tilted backwards until at least the outermost
      tooth of the pawl 9 reaches the non-toothed portion 21, it is no longer
      necessary to continue releasing of the pawl-arm engagement with the handle
      17, since the pawl 9 then simply slides over the non-toothed portion 21,
      so that the back 2 may be tilted to a substantially completely reclined
      position wherein it rests upon the rear seat of the vehicle, such that the
      occupant may lie down in a position of repose for resting after a long
      period of travel.
PAR  It should be understood that the same results will be obtained by
      positioning the pin 7 of the fitting away from the rear end of the seat
      and by biasing the same toward the uppermost end of the back, or
      effectively reversing the positions or functions of the gear sector and
      pawl.
PAR  Various other modifications and variations of the present invention are
      possible in light of the above teachings. It is to be understood
      therefore, that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A two-part hinge fitting for adjustably connecting a seat and a back
      rest, especially for motor vehicles, comprising, in combination:
PA1  a first arm provided with an arcuate series of teeth at one edge and being
      secured to either one of the seat and back rest;
PA1  a second arm pivoted at one end to said first arm and being secured to the
      other one of the seat and back rest;
PA1  a pawl pivoted to said second arm and having a cam groove therein and being
      provided with a series of teeth for engaging the arcuate series of teeth
      on said first arm;
PA1  a control means operatively connected to the pawl through a pin freely
      slidable in said cam groove thereof for governing engagement thereof with
      the arcuate series of teeth on said first arm;
PA1  manually operative handle means pivoted on said second arm and being
      operatively connected to said control means; and
PA1  spring means anchored at one end thereof to a pin which pivotally connects
      said pawl to said second arm and at the other end to said control means;
PA1  said first arm being formed with non-toothed portions at both ends of the
      arcuate series of teeth thereon and being of a radius of curvature
      concentric to the center of rotation of said second arm, said radius of
      curvature being slightly greater than the distance from the center of
      rotation of said second arm to the apex of any one tooth of the series of
      teeth on said first arm, whereby the pawl may be smoothly and safely
      disengaged from the series of teeth on said first arm with at least the
      outermost one of the teeth of said pawl riding over one of said
      non-toothed portions, and hence, the back rest may be tilted through a
      large angle forwardly and backwardly beyond the normal range of adjustment
      to a folded down position and a fully reclined position, respectively; and
PA1  characterized by the fact that said second arm is so pivoted to the first
      arm that the pivoting pin thereof is positioned away from the rear edge of
      said seat.
NUM  2.
PAR  2. A two part hinge fitting as defined in claim 1, wherein said second arm
      is generally L-shaped in configuration.
NUM  3.
PAR  3. A two part hinge fitting as defined in claim 1, wherein said control
      means is connected through a link with said manually operative handle
      means.
NUM  4.
PAR  4. A two part hinge fitting as defined in claim 3, wherein said control
      means is a lever provided at one end with said pin freely slideable in
      said cam groove in the pawl and at its other end with another pin
      connecting the same with said link.
NUM  5.
PAR  5. A two part hinge fitting as defined in claim 3, wherein the manually
      operative handle means consists of a handle and a lever connected
      integrally therewith at one end and at another end being rotatably
      connected to said link.
NUM  6.
PAR  6. A two part hinge fitting as defined in claim 1, wherein the second arm
      has a slot provided therein through which said pin on said control means
      is permitted to protrude to engage said cam groove in said pawl.
NUM  7.
PAR  7. A two part hinge fitting for adjustably connecting a seat and a back
      rest, especially for motor vehicles, comprising, in combination:
PA1  a first arm provided with an arcuate series of teeth at one edge and being
      secured to either one of the seat and back rest;
PA1  a second arm pivoted at one end to said first arm and being secured to the
      other one of the seat and back rest;
PA1  a pawl having a cam groove therein and being pivoted to said second arm and
      provided with a series of teeth for engaging the arcuate series of teeth
      on said first arm;
PA1  a control means in the form of a lever operatively connected to the pawl
      through a pin at one end thereof which is freely slidable in said cam
      groove for governing engagement thereof with the arcuate series of teeth
      on said first arm;
PA1  manually operative handle means pivoted on said second arm and being
      operatively connected to said control means through a link; and
PA1  spring means anchored at one end thereof to a pin which pivotally connects
      said pawl to said second arm and at the other end to said control means;
PA1  characterized by the fact that said second arm is so pivoted to the first
      arm that the pivoting pin thereof is positioned away from the rear edge of
      said seat.
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ABST
PAL  Concrete structures including horizontal structures such as slabs,
      sub-beams and main beams and vertical structures such as internal walls,
      external walls and columns are broken by a static load applied to the
      concrete structure by a loading member of a static loading means, which
      causes bending stress to build up in the concrete structure and finally
      brings about breakage of the structure. The static load may be applied by
      hydraulic means, preferably mounted on a movable vehicle.
PARN
PAR  This is a continuation of Ser. No. 395,157 filed Sept. 7, 1973, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years, increasingly more reinforced concrete buildings are being
      demolished to be replaced with new buildings solely by reason of outmoded
      functionality despite the fact that they are still in perfect condition
      from the standpoint of durability. In demolishing such buildings, there
      have heretofore been employed such methods as a steel ball hung from the
      top of the boom of a crawler crane which is swung against concrete
      structures, the use of explosives for breaking up concrete structures and
      the use of a preumatic drill, for example. The method using the steel ball
      entails a relatively high vibration level in spite of rather low noise
      level and produces a fairly large amount of dust, and therefore
      necessitates measures for protecting the neighborhood against possible
      nuisance. The use of explosives involves high vibration and noise, levels,
      although momentarily, the use of a pneumatic drill suffers from a fairly
      high noise level in spite of an extremely low vibration level. Thus, all
      the conventional methods have their disadvantages.
PAR  This invention, therefore, aims to provide a method for breaking existing
      reinforced concrete structures safely and relatively inexpensively while
      reducing the generation of noise, vibration and dust as much as possible
      and also to provide devices for practicing said method.
PAC  SUMMARY OF THE INVENTION
PAR  The method for breaking concrete structures according to the present
      invention is characterized by a basic procedure of placing a loading
      member of a static loading means in contact with a concrete structure, for
      example horizontal structures such as slabs, sub-beams and main beams and
      vertical structures such as internal walls, external walls and columns,
      disposing on the reaction side thereof a reaction force supporting means,
      generating bending stress in said concrete structure by virtue of the
      static load exerted by the static loading means via said loading member
      and breaking the concrete structure near the load point or at the points
      at which the concrete structure is supported.
PAR  The method of this invention can be applied equally effectively to
      horizontal structures and vertical structures. In breaking horizontal
      structures, the method can utilize slabs, sub-beams and main beams on the
      lower floor for securing the reaction force supporting means, making the
      selection of reaction force relatively simple and easy. Where vertical
      structures are to be broken, walls and rigid frames erected on the
      opposite side can be utilized for securing the reaction force supporting
      means. Where no convenient objects are available for securing said means,
      the reaction force supporting member can be applied directly against the
      concrete structures to be broken. In this case, the concrete structures
      themselves serve as the supports for the reaction force.
PAR  In any case, the load point may properly be fixed either near the edge or
      close to the centre of such peripherally fixed board-like structures as
      slabs and walls to suit the conditions of the work site. In the case of a
      load exerted close to the centre of a slab or wall, for example, bending
      cracks first propagate radially on the side opposite the side of load
      application from a position corresponding to that of load application and
      then the wall is broken in a conical shape centering round the point of
      load application, followed by tensile breakage of the entire wall. The
      load can be applied to the extent of crack formation in the structure, to
      a further extent to achieve tensile breakage or to the furthest extent by
      causing breakage of steel reinforcement, the selection of the extent of
      breaking being readily accomplished by controlling the degree of load
      application after due consideration of the site conditions.
PAR  Normally, floor slabs and beams are reinforced with steel bars so as to
      provide high resistance to forces exerted vertically in the downward
      direction. They are relatively weak against thrusting forces exerted
      upwardly in the vertical direction. Therefore, floor slabs on the second
      floor can be broken by applying a load upwardly from the first floor side.
      In the case of walls, a load is applied on one side alone or on both sides
      to form breakage at the edge portion or close to the central portion.
      Thus, a given concrete building can be pulled down without generating
      noise and vibration.
PAR  Depending on the dimensions of a particular concrete structure, the method
      of the present invention may, of course, require the basic procedure to be
      repeatedly performed sequentially at a plurality of points, spaced
      effectively from one another, so as to bring the concrete structure to
      complete breakage.
PAR  The term "static loading means" as used in connection with this invention
      refers to a means for exerting static load to a given concrete structure
      via a loading member so as to generate bending stress in said concrete
      structure. As a specific example it may be a hydraulic jack which is
      provided at the head portion thereof with a loading member adapted to be
      placed in contact with the concrete structure so as to exert static load
      thereon and which is connected through an oil conduit to an oil pressure
      generating and controlling unit. The term "reaction force supporting
      means" as used herein refers to a means for holding back the reaction
      force which is generated when bending stress occurs in the concrete
      structure in consequence of the application of static load thereto via the
      loading member of the static loading means. As a specific example it may
      be a member which is fastened to a suitable concrete structure, if one is
      available in the neighborhood of the structure being broken, as the
      structure of the reaction. In the absence of such a convenient neighboring
      structure, the term refers to a reaction force supporting member which is
      disposed at points other than the load point on the concrete structure to
      be broken.
PAR  Various embodiments of devices which may be used for the present invention
      are as follows. Where neighboring concrete structures are available to
      provide a reaction force, there may be used.
PAR  1. a device wherein a hydraulic loading means adapted to be actuated by an
      oil pressure generating and controlling unit is disposed between a loading
      member and a reaction force suporting means so as to cause bending stress
      to be generated in the concrete structure,
PAR  2. a device wherein the reaction force supporting means corresponding to
      that of the device (1) has a greater contact area,
PAR  3. a device which is a modification of the device (1) having a loading
      member and a loading means disposed on a freely movable truck and a
      reaction force supporting means disposed on the lower portion of said
      truck,
PAR  4. a device wherein a hydraulic jack is disposed on the upper part of a
      freely movable truck provided at the under section thereof with a
      suporting means of a large contact area intended as a reaction force
      supporting means, the hydraulic jack being connected to an oil pressure
      and controlling unit,
PAR  5. a device wherein a hydraulic jack is disposed on the upper part of a
      truck provided at the under part thereof with a supporting member of large
      contact area intended as a reaction force supporting means and at the
      upper part thereof with a freely remotely controllable oil pressure
      generating and controlling unit, and said jack is connected to said oil
      pressure generating and controlling unit,
PAR  6. a device wherein a hydraulic jack is disposed on a truck provided at the
      lower section thereof with a supporting means of a large contact area
      capable of being moved forward and backward by means of a lifting jack so
      as to function as a reaction force supporting means,
PAR  7. devices which are modifications of the devices (4) to (6) having a
      hydraulic jack fitted with a spacer,
PAR  8. devices which are modifications of the devices of (4) to (6) having a
      loading head and a hydraulic jack disposed so as to be drawn out to an
      operation position and retraced to a resting position,
PAR  9. devices which are modifications of the devices (7) having a spacer
      disposed so as to be drawn out to an operating position and retracted to a
      resting position,
PAR  10. a device wherein a freely expandable arm has one of the ends thereof
      attached to a freely movable truck in such a way as to be able to rotate
      freely in a plane perpendicular to said truck, and a unit having a loading
      means operable by an oil pressure generating and controlling unit disposed
      between a loading member and a reaction force supporting means so as to
      generate bending stress in the concrete structure is attached to the other
      end of said arm in such way as to be able to rotate freely relative to
      said arm,
PAR  11. a device in which a freely extensible arm has one of the ends thereof
      attached to a freely movable truck in such way as to be able to freely
      rotate in all directions in planes horizontal and perpendicular to said
      truck, and a unit having a loading means operable by an oil pressure
      generating and controlling unit disposed between a loading member and a
      reaction force supporting means so as to generate bending stress in the
      concrete structure is attached to the other end of said arm in such way as
      to be able to rotate freely relative to said arm, and
PAR  12. a device wherein a hydraulic jack supporting frame freely and liftably
      suspended by a suspending wire along a beam or column of a concrete
      structure and a connecting frame freely and liftably suspended by a
      suspending wire along another frame or column are connected by connecting
      rods positioned on opposite sides of said two beams or columns, and a
      loading head adapted to confer concentrated load upon the face of the beam
      or column is fastened to the end of a freely retractable piston rod of a
      hydraulic jack connected to an oil pressure generating and controlling
      unit.
PAR  Where no adjacent concrete structures are available, there may be used a
      device wherein a hydraulic jack connected to an oil pressure generating
      and controlling unit is disposed on the axis of symmetry of an arched
      reaction force supporting frame, a loading head adapted to confer
      concentrated load upon one surface of the concrete structure to be broken
      is fastened to the end of a piston rod of the hydraulic jack, and a
      reaction force supporting member adapted to be held in contact with the
      concrete structure is attached to each of the two free ends of said
      reaction force supporting frame.
PAR  A conventional jack will suffice as the hydraulic jack to be used as a
      static loading means. The hydrauric jack is preferably an oil jack, which
      is connected to the oil pressure generating and controlling unit via oil
      tubes. The approximate capacity expected of the jack is of the order of 10
      to 25 tons for slabs, 25 to 100 tons for sub-beams and 50 to 200 tons for
      main beams. As regards the shape of the loading head, a hemispherical or
      conical head permitting concentrated application of load and a flat head
      with rather larger area of load application can both be used effectively.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation illustrating a first embodiment of a device for
      breaking concrete structures according to the present invention,
PAR  FIG. 2 is a side elevation illustrating the device of FIG. 1 in its
      operative condition.
PAR  FIG. 3 is a plan view of FIG. 2,
PAR  FIGS. 4 and 5 are each a side elevation illustrating a second embodiment of
      the device of the present invention in its operative condition.
PAR  FIG. 6 is a plan view of FIG. 5,
PAR  FIG. 7 is a side elevation illustrating a third embodiment of the device
      according to the present invention.
PAR  FIG. 8 is a front view of the device of FIG. 7,
PAR  FIGS. 9 and 10 are each a side elevation illustrating the device of FIG. 7
      in its operative condition,
PAR  FIG. 11 is a side elevation illustrating the use of the device of FIG. 7.
PAR  FIG. 12 is a side elevation illustrating a fourth embodiment of the device
      according to the present invention.
PAR  FIG. 13 is a plan view illustrating, in an operative condition, a fifth
      embodiment of the device according to the present invention,
PAR  FIG. 14 is a side elevation of the device of FIG. 13,
PAR  FIG. 15 is a side sectional view illustrating, in an operative condition, a
      sixth embodiment of the device according to the present invention,
PAR  FIG. 16 is a plan view of the device of FIG. 15,
PAR  FIG. 17 is a partially cutaway side elevation illustrating, in an operative
      condition, a seventh embodiment of the device according to the present
      invention, and
PAR  FIG. 18 is a plan view of the device of FIG. 17.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIGS. 1 to 6 illustrate one form of the device for breaking concrete
      structures according to the present invention. On a freely movable truck 1
      are disposed an oil pressure generating and controlling unit 2 capable of
      being freely controlled by a remote means and a spacer 5 provided at the
      head portion thereof with a hydraulic jack 4 with a loading head 3. A
      truck lifting jack 6 adapted to give a forward and backward motion to a
      reaction force supporting member 7 having a large contact area is attached
      to the lower section of the truck 1 or to the end of the spacer 5. The oil
      jack 4 and truck lifting jack 6 are connected to each other via the oil
      pressure generating and controlling unit 2 and oil conduits 8 and 9.
PAR  FIGS. 1 to 3 illustrate a device designed for breaking horizontal
      structures and FIGS. 4 to 6 a device designed for breaking vertical
      structures. Referring to FIGS. 1 to 3, a spacer 5 provided at the head
      portion thereof with a hydraulic jack 4 with a loading head 3 is mounted
      on a truck 1 freely movable by means of wheels 10, together with an oil
      pressure generating and controlling unit 2 which is provided with a cap
      tire cord 12 extended to permit remote control by a hand switch 11 and an
      electric cable 13 connected to a power source (not illustrated). Under
      truck 1, a truck lifting jack 6 is disposed vertically to serve the
      purpose of moving forward and backward a reaction force supporting member
      7 having a sufficient contact area. The truck lifting jack 6 adds to
      convenience of handling. The hydraulic jack 4 and the truck lifting jack 6
      are connected via oil conduits 8 and 9 to the oil pressure generating and
      controlling unit 2. In the present case, the spacer 5 is fixed to the
      truck in such a way as to be capable of being drawn out to an operating
      position or retracted to a resting position. To facilitate the handling of
      the spacer 5, it is attached by a fastener 15 to a supporting rail 14.
PAR  In the embodiment shown in FIGS. 4 to 6 wherein like parts are denoted by
      like numerals as compared to FIGS. 1 to 3, there is a difference in that
      the truck lifting jack 6 is fastened to the extremity of the spacer 5.
      There are additionally provided a supporting jack 16 serving to give a
      vertical motion to the horizontal spacer 5 and an oil conduit 17
      connecting the jack 16 to the oil pressure generating and controlling unit
      2.
PAR  Each of the two devices described above is manoeuvered on a work site by
      work men pushing manually. Then, the oil pressure generating and
      controlling unit 2 is actuated and the truck lifting jack 6 is operated to
      cause the reaction force supporting member 7 to push against the floor
      surface 18 until the truck 1 is lifted to a suspended position as
      illustrated in FIG. 2, or to cause said member 7 to be held in contact
      with a wall 19 as illustrated in FIG. 5. Thereafter, the hydraulic jack 4
      pushes the loading head 3 against the wall 20 to be broken until breakage
      occurs at the point of load application. Thus the device of this invention
      has mounted on the freely movable truck 1 the means for imparting static
      load to the concrete structure 20, with the various parts of said means
      operated by remote control. Therefore, it excels in mobility and safety
      and permits the work of demolishing buildings to be accomplished without
      generating noise and vibration. Since the reaction force supporting member
      7 has a larger contact area, the force per unit area to be applied by the
      loading head 3 of the hydraulic jack 4 is without exception greater than
      that exerted by the reaction force supporting member 7. Even when the
      concrete structure 20 to be broken and the concrete structure 19 taken as
      the source of reaction force are of same construction, breakage invariably
      occurs on the former side. With this device, therefore, it never happens
      that the floor slab or wall by which the present device is supported will
      resist against the load. In the devices of FIGS. 1 to 6, the reaction
      force supporting member 7 may be attached directly to the truck 1 or the
      spacer 5 without incorporating the hydraulic jack 6.
PAR  FIGS. 7 to 11 illustrate another embodiment of the device for breaking
      concrete structures according to the present invention. A freely
      extensible boom 22 is attached at one end thereof to a freely movable
      truck 21 in such a way as to be able to rotate freely in a plane
      perpendicular to said truck 21. To the other end of the boom 22 is
      attached a spacer 28 provided with a loading head 26 and a reaction force
      supporting member 27 so as to impart bending stress to the concrete
      structure 23 to be broken through a hydraulic jack 25 operated by an oil
      pressure generating and controlling unit 29. The spacer 28 is attached to
      the boom 22 via a universal coupling 30 for example an oil motor, in such
      a way as to be able to rotate freely relative to the boom 22.
PAR  FIGS. 7 and 8 illustrate this embodiment in the state in which it travels
      to the structure 23 to be broken i.e. in a state in which the device is
      held at rest. The boom 22 is a hydraulic jack which is connected via oil
      conduits 33 and 34 to the oil pressure generating and controlling unit 29
      and is freely extensible by the operation of the oil pressure generating
      and controlling unit 29. The boom 22 is attached at the lower end thereof
      to the truck in such way that it can be freely rotated in a plane
      perpendicular to the truck 21 by the operation of a hydraulic jack 35
      which is connected via oil conduits 37 and 36 to the oil pressure
      generating and controlling unit 29. The truck 21 in this embodiment is a
      bulldozer which is provided with a clearing board 38, endless tracks 39,
      an engine 40 and an operator's seat 41.
PAR  FIG. 9 illustrates this embodiment in a state in which the device is in the
      process of breaking a concrete structure such as slab or beam. After this
      device has been transported to the work site in the state illustrated in
      FIGS. 7 and 8 the oil pressure generating and controlling unit 29 is put
      in to operation so that the boom 22 and the universal coupling 30 will be
      moved to a position permitting the loading head 26 at the head of the
      hydraulic jack 25 to face the concrete structure 23. The reaction force
      supporting member 27 attached to the spacer 28 is brought into firm
      contact with the floor. Then, the oil pressure generating and controlling
      unit 29 is operated so as to bring the loading head 26 into contact with
      the concrete structure 23. Finally, static load is delivered through the
      loading head 26 to the concrete structure 23 to generate bending stress
      therein until the accumulated stress breaks the concrete structure 23.
PAR  FIG. 10 illustrates this device in a state in which it is in the process of
      breaking a concrete structure such as wall or column. In this case,
      desired breakage can be accomplished by repeating the procedure
      illustrated in FIG. 9 except that the reaction force supporting member 27
      is held in contact with an adjacent concrete structure 24 such as wall or
      column. In this case, since the contact area of the loading head 26 is
      smaller than that of the reaction force supporting member 27, breakage
      occurs on the concrete structure 23. It never happens that breakage will
      occur in the concrete structure 24.
PAR  FIG. 11 illustrates a case in which beam separated by a large span from an
      adjacent beam is being broken by using the device illustrated in FIGS. 7
      to 10 in conjunction with another device of the same design, except that
      the loading head 26 attached to the head of the hydraulic jack 25 is
      substituted with a reaction force supporting member 42. The reactor force
      supporting member 27 fastened to the hydraulic jack 25 as illustrated in
      FIG. 11 may be moved forward and backward by the operation of the
      hydraulic jack 25.
PAR  The embodiment illustrated in FIGS. 7 to 11 operates very efficiently
      because the powered vehicle can transport the truck 21 to the work site
      and accurately locate the spacer 28 at a prescribed position in the work
      site.
PAR  The position of the spacer 28 can be finely adjusted by the operation of
      the truck 21 and further, broken pieces resulting from the breakage of the
      concrete structure 23 can be cleared by the clearing board 38.
PAR  FIG. 12 illustrates another embodiment of the device for breaking concrete
      structures according to the present invention. In this embodiment, a
      freely extensible arm 44 is attached at one end thereof to a freely
      movable truck 43 in such way as to be able to rotate freely in all
      directions in planes horizontal and perpendicular to the truck 43. A
      spacer 47 provided with a loading head 45 and a reaction force supporting
      member 48 and also provided with a hydraulic jack 46 operated through the
      oil conduits 60 and 61 by an oil pressure generating and controlling unit
      50 is attached via a universal coupling 49 to the other end of the arm 44
      in such way as to be able to rotate freely relative to the arm 44.
PAR  The arm 44 can freely be pulled upward and downward by the operation of
      hydraulic jacks 54 and 55 which are actuated by the oil pressure
      generating and controlling unit 50. By the operation of a rotation member
      56 mounted on the truck 43, the arm 44 can be rotated to all directions in
      a plane horizontal to the truck 43. The arm 44 is attached at one end
      thereof to the truck 43 and at the other end to the spacer 47 via a
      universal coupling 49 such as oil motor. This spacer 47 may be identical
      with the spacer 28 illustrated in FIG. 7.
PAR  In this device, an operator in the operator's seat 57 operates an engine 51
      to actuate the oil pressure generating and controlling unit 50 so as to
      fold the arm 44 by means of hydraulic jacks 54 and 55 and hold the spacer
      47 in an stowed position under the arm 44. The truck is driven to the work
      site, with the arm 44 and the spacer 47 dept in the stowed position. After
      the truck has arrived at a prescribed position in the work site, the arm
      44 is stretched so that the loading head 45 fixed to the spacer 47 faces
      the concrete structure 58 to be broken and the reaction force supporting
      member 48 is brought into contact with the floor 59. Thereafter, the oil
      pressure generating and controlling unit 50 is operated so as to bring the
      loading head 45 into contact with the concrete structure 58 and apply
      bending stress on the concrete structure 58 until breakage occurs.
PAR  In this device, the spacer 47 can freely be rotated to all directions
      around a universal coupling 49 attached to the spacer 47. Further, the arm
      44 to which the universal coupling 49 is attached can freely be extended
      or contracted and turned right or left and up or down by means of the
      hydraulic jacks 54 and 55 disposed on the arm 44. Therefore, the spacer 47
      can freely be rotated in all directions in planes horizontal and
      perpendicular to the truck 43. As a consequence, the spacer 47 can be
      placed at the work site and operated to break the concrete structure
      without reference to the arrangement in which the concrete structure is
      positioned.
PAR  The truck 43 can travel on endless tracks 52 and the clearing board 53 can
      clear broken pieces resulting from the breakage of concrete structure by
      the loading head 45. The operator who drives the truck 43 can set the
      spacer 47 at any prescribed position on the work site. The position of the
      spacer 47 can then be adjusted finely by the operation of the truck 43.
      Thus, this device performs with high efficiency.
PAR  The reaction force supporting member 48 fastened to the oil jack 46 as
      illustrated in FIGS. 7 to 11 may be adapted so as to freely be moved
      forward and backward by the operation of the hydraulic jack 46.
PAR  FIGS. 13 and 14 illustrate yet another embodiment of the device for
      breaking concrete structures according to the present invention. In this
      embodiment a hydraulic jack supporting frame 64 freely and liftably
      suspended by a suspending wire 72 along a beam or column 70 of a concrete
      structure and a connecting frame 65 freely and liftably suspended by a
      suspending wire 73 along another beam or column 71 are connected by
      connecting rods 66 positioned at opposite sides of the two beams or
      columns 70, 71. A loading head 62 adapted to apply concentrated load upon
      the opposite face of the beam or column 70 is fastened to the end of a
      freely retractable piston rod 61 of a hydraulic jack 60 connected via oil
      conduits 67 and 68 to an oil pressure generating and controlling unit 76.
      The rear end of the hydraulic jack 60 is interlocked with the connecting
      frame 65 through the supporting member 63 having a greter load receiving
      area.
PAR  In the diagrams, 69 is a metal piece for fastening the suspending wires 72
      and 73, and 74 and 75 respectively a thread formed on the connecting rod
      66 and a nut screwed on the thread.
PAR  Once the supporting frame 64, the connecting frame 65 and the two
      connecting rods 66 are set around the two columns 70 and 71 spaced by a
      certain distance from each other as shown in the diagrams, this device can
      quite easily be set to any desired height of the columns 70 and 71, by
      simply adjusting the suspending wires 72 and 73. When the device is set at
      a suitable position, the loading head 62 is pushed out by operating the
      piston rod 61 of the hydraulic jack 60 by the oil pressure from the oil
      pressure generating and controlling unit 76. Since the supporting frame 64
      of the oil jack 60 is fastened with the two connecting rods 66 and the
      connecting frame 65 on to the other column 71, and further since the load
      receiving area of the loading head 62 is far smaller than that of the
      connecting frame 65, the static load exerted by the loading head 62 to the
      surface of the column 70 eventually breaks that portion of the column. By
      sequentially shifting the device to other positions selected for breakage
      on the same column and repeating the procedure, the entire column 70,
      however long it may be, can be broken with extreme simplicity.
PAR  The supporting member 63 fixed to the rear of the hydraulic jack 60 as
      illustrated in FIGS. 13 and 14 may be adapted so as to be moved forward
      and backward by means of the hydraulic jack 60.
PAR  FIGS. 15 to 18 illustrate another embodiment of the device for breaking
      concrete structures according to the present invention. In this
      embodiment, a hydraulic jack 81 connected via oil conduits 79 and 80 to an
      oil pressure generating and controlling unit 78 is fixed on the axis of
      symmetry of a reaction force supporting frame 77 having the shape of an
      arch. A loading head 83 adapted to confer concentrated load upon the face
      91 of the concrete structure to be broken is attached to the end of the
      piston rod 82 of the hydraulic jack 81. Reaction force supporting members
      84 adapted to be held in contact with the plane 92 opposite the plane 91
      of the concrete structure 90 are formed at the ends of the arched reaction
      force supporting frame 77.
PAR  FIGS. 15 and 16 illustrate a case in which this device is used for breaking
      concreat structures such as walls and floors. FIGS. 17 and 18 illustrate
      another case in which breakage of concrete structures such as columns and
      beams is effected by a modification of the present device.
PAR  In either case, a loading head 83 adapted to confer concentrated load upon
      one face 91 of the concrete structure 90 to be broken is attached to the
      end of the load applying piston rod 82 of the hydraulic jack 81 on the
      axis of symmetry of the arched reaction force supporting frame 77 and
      reaction force supporting members 84 adapted to be held in contact with
      the face opposite the face 91 are formed at ends of the reaction force
      supporting frame 77. A supporting member 85 having a large contact area is
      fastened to the rear portion of the hydraulic jack 81 and this supporting
      member is so disposed as to be brought into contact with the reaction
      force supporting frame 77. In the case of FIGS. 15 and 16, anchor bolts
      are used as the reaction force supporting members 84. These anchor bolts
      are passed through holes 86 bored in advance through the concrete
      structure 90 to be broken and fixed in position by means of washers 87 and
      nuts 88 to suspend the device.
PAR  In the case of FIGS. 17 and 18, pin joints are used as the reaction force
      supporting members and they are suspended by means of suspending wires 89,
      for example. The oil pressure generating and controlling unit 78 and the
      hydraulic jack 81 are co-nected with oil conduits 79, 80 to each other to
      permit free forward and backward motion of the loading head 83. This
      connection by means of oil conduits is common to both the cases under
      discussion.
PAR  The reaction force generated against the concentrated static load exerted
      by the loading head 83 can be equally supported by the reaction force
      supporting members 84 which are separated by substantially equal distances
      from the point of load application. Further, since the reaction force
      supporting members 84 are held in contact with the face 92 opposite the
      surface 91 of the concrete structure 90 on which the static load is
      applied by said loading head 83. The concrete structure itself can serve
      as the source of reaction force in the case of a horizontal concrete
      structure 90 as illustrated in FIG. 15 and in the case of a vertical
      concrete structure 90 as shown in FIG. 17 as well. Moreover the reaction
      force supporting members 84 which are formed at free ends of the arched
      reaction force supporting frame 77 can easily be located outside the range
      within which the breakage caused by the load of the loading head 83 has
      its effect. The object of the present invention, therefore, can be
      accomplished by accurately applying concentrated load for the breakage and
      performing the work of breaking safely and efficiently.
PAR  The supporting member 85 fixed to the rear portion of the hydraulic jack 81
      as illustrated in FIGS. 15 to 18 may be adapted so as to be moved forward
      and backward by the operation of the hydraulic jack 81.
PAR  Working examples which specifically illustrate the method of this invention
      will be described below with reference to the devices illustrated in the
      attached drawings.
PAC  EXAMPLE 1
PAR  The device illustrated in FIG. 1 was used to apply static load to the
      centre of a floor slab on a second floor (slab area 3.6 m .times. 4.8 m.
      slab thickness 105 mm, reinforcement with main steel bars 13 mm and
      sub-steel bars 9 mm in diameter) upwardly from the first floor. First
      cracks occurred when the load rose to 5 tons and breakage accompanied by a
      booming sound occurred when the load reached 8 tons.
PAR  A hole similar in shape to the hemispherical loading head occurred on the
      side of load application (ceiling side) and an opening of a square of
      about 70 cm was formed on the opposite side (floor side). Then, the device
      was moved to the four corners of the floor slab one after another operated
      to apply the same static load. Substantially the same effects of breakage
      were obtained. Finally, the steel exposed through the broken holes were
      cut off by a gas burner.
PAC  EXAMPLE 2
PAR  The device illustrated in FIG. 4 was used to break a wall on the first
      floor (wall area 4.8 m (width) .times. 4.98 m (height), reinforcement with
      horizontal and vertical steel bars invariably 9 mm in diameter, wall
      concrete thickness 140 mm and mortar coat thickness 25 mm), with an iron
      plate 180 mm square used as the loading head. The static load was applied
      at a point 1 m above the floor surface and 1.4 m from the side wall.
      Initial cracks occurred when the load rose to 4 tons, the cracks increased
      in size accompanied by a small sound when the load rose to 12 tons, and
      breakage with a booming sound occurred when the load reached 14 tons.
PAR  A hole similar in shape to the loading head was formed on the side of load
      application (inside the room) and a cracked portion of an area of about 90
      cm .times. 70 cm was formed on the opposite side (outside the room), with
      the cracked portion protruding by about 4 cm. After the breakage, the
      loading head was pushed ahead to the full stroke of the jack 4 without
      increasing the magnitude of the static load. As a consequence, a concrete
      portion similar in area to the loading head was pushed put of the wall
      surface and the cracked portion fell out of position.
PAR  Thereafter, the loading head was shifted to varying heights of the wall by
      operating the jack 16 and operated to repeat the procedure. Substantially
      the same effects of breakage were obtained. Finally, the steel bars
      exposed through the broken holes were cut off by a gas burner.
PAC  EXAMPLE 3
PAR  To one of the square columns (500 mm .times. 500 mm square, reinforcement
      with 10 steel bars of 22 mm in diameter) facing to each other at a space
      interval of 6 m, static load was applied at a point of 2 m height above
      the floor in such a manner as shown in FIGS. 13 and 14. The main beams
      were kept attached between the columns.
PAR  Initial cracks occured and ran obliquely towards the loading head from the
      inside surface of the column when the load reached 120 tons. Then another
      cracks appeared at the outside surface arround the connecting parts of the
      columns with the main beams. When the load got to 170 tons, the cracks
      around the loading head got larger with a booming sound. Successively, the
      load was applied to the column. Though the load lowered down gradually,
      the cracks around the loading head and the connection parts were increased
      and finally the steel bars were exposed.
PAR  On the other hand, cracks also occurred around the connecting parts of the
      column with main beams on the reaction side and they were increased.
      Initial cracks were also found around the place where connection frame was
      locked.
PAC  EXAMPLE 4
PAR  The device as shown in FIGS. 17 and 18 having an arch-shaped reaction force
      supporting frame each end of which was provided with a reaction force
      supporting member at 4 m interval, was used to break 7 m span main beam
      (700 mm by 350 mm, reinforcement with two steel bars of 22 mm diameter at
      the upper section and three steel bars of the same diameter at the lower
      section). The device was powered with oil jack and when the load reached
      40 tons, initial cracks ran obliquely towards the loading head from the
      surface opposite the loading side.
PAR  When the load reached 60 tons, the cracks were enlarged much with a booming
      sound and, at the same time, the connecting parts of the main beam with
      the columns and other parts of the main beam cracked. The jack was
      successively loaded. Though the load lowered down gradually, the cracks
      around the loading head and the connecting parts were developed, so that
      the steel bars were exposed at last.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of breaking a two sided concrete structure having reinforcing
      members designed to withstand stress from a first side and characterized
      by having adjacent to the second side of said two sided structure an
      independent concrete structure comprising
PA1  placing a hydraulic jack between said two adjacent concrete structures with
      one end of said jack having a loading member placed in contact with said
      second side of said two sided concrete structure and placing the other end
      of said jack having a reaction force supporting means in engagement with
      said independent concrete structure, and
PA1  applying hydraulic pressure to said hydraulic jack to apply a bending
      stress to said two sided concrete structure whereby said two sided
      concrete structure is broken.
NUM  2.
PAR  2. A method of breaking a reinforced concrete building having concrete
      structures selected from the group consisting of horizontal slabs,
      sub-beams and main beams comprising standing on a floor a hydraulic
      pressure loading means having a loading member at its upper end, and a
      reaction force supporting member with a larger contact area than said
      loading member at its lower end, contacting said loading member to said
      concrete structure from the bottom for applying a static load by means of
      said hydraulic pressure loading means, and thereby breaking said concrete
      structure by generating the bending stress therein for minimizing the
      ultimate strength of said concrete structure to which said loading member
      is contacted.
NUM  3.
PAR  3. A method according to claim 2 wherein said hydraulic pressure loading
      means is mounted on a freely movable vehicle.
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PAL  A blowout preventing device is disclosed for attachment to vehicle wheels
      which have axially-elongated slots for receiving inner tube inflation
      stems. The device comprises a rigid filler piece which has a central
      portion for filling the slot and a circumferentially enlarged outer
      retainer portion which prevents radially inward displacement of the filler
      piece. An inner retainer means clamps the central portion to the inner
      face of the rim to prevent the device from falling into the tire in the
      event of deflation of the inner tube. Associated with the inner retainer
      means is a gripping means for engaging an inflation stem to prevent it
      from falling into the tire upon deflation.
BSUM
PAR  This invention relates to a blowout preventing device for vehicle wheels.
PAR  This invention is particularly suited for use in connection with the large
      wheel assemblies used on commercial transport trucks. These wheels and
      their associated tires are extremely large, heavy and strong which under
      some circumstances may severely complicate the task of placing a tire on
      the wheel. To simplify the task of mounting tires on such wheels, some
      wheels are provided with an axially-elongated slot which extends to the
      center of the rim. The purpose of this slot is to enable an inflation stem
      to slide axially in the slot until it reaches the center of the rim.
PAR  Previously, it has been recognized that the elongated slot creates an area
      of weakness. It has been a practice to reinforce this area by means of a
      liner member, sometimes called a "reliner" in the trade. The liner is a
      fabric-reinforced piece of rubber having a midsection which conforms to
      the outer wall of the rim, and flared, downwardly-projecting portions
      which are designed to lie against the interior wall of the tire adjacent
      the tire bead.
PAR  Commercial truck tires are subjected to prolonged extreme conditions of
      temperature and pressure. Under these conditions, liners are sometimes
      forced inwardly through the elongated slot in the rim, becoming distorted
      and leading to failure of the liner and a tire blowout.
PAR  When a blowout occurs, the inflation stem of the inner tube can fall into
      the interior of the tire, permanently destroying in some cases both the
      inner tube and the tire. Thus, it will be recognized that serious
      consequences may result from a simple blowout through the reliner in the
      area of the elongated wheel slot. A safety hazard is created first when
      the moving vehicle loses control at the point of blowout, and then after
      the vehicle is stopped where it may be struck by moving vehicles.
      Transport schedules are not met, and expensive equipment remains idle
      because of a simple blowout. Further, there may be needless destruction of
      the inner tube, liner and possibly the tire, all of which may be avoided
      by adoption of the present invention.
PAR  Throughout this specification, the terms "inner" and "outer" are used to
      express relationships along radial lines extending from the center of a
      wheel. Mention of circumferential dimensions refers to directions which
      lie on arcs generated from the wheel axis.
PAR  According to this invention, the slot and the wheel rim is obstructed by a
      blowout preventing device which has a rigid filler piece with a central
      portion and a retainer portion. The central portion lies in the slot, and
      the outer retainer portion is circumferentially enlarged to prevent radial
      inward displacement of the filler piece. To prevent the device from
      falling into the tire upon deflation of the inner tube, there is provided
      an inner retainer means which clamps the central portion to the face of
      the wheel rim. This inner retainer means may also carry a gripping means
      for engaging the inner tube inflation stem, thus preventing the inflation
      stem from falling outwardly into the tire when the inner tube is deflated.
PAR  The primary object of the invention is to prevent certain types of
      blowouts.
PAR  Another object is to prevent destruction to tubes and tires in the event of
      tire deflation.
PAR  A further object of the invention is to provide a blowout preventing device
      which is easily installed even after a tire and its inner tube are already
      placed on the wheel rim.
PAR  Briefly, these and other objects of the invention are satisfied by a wheel
      assembly which has a vehicle wheel assembly comprising, a wheel having a
      rim provided with an axially elongated slot, an inner tube provided with
      an axially elongated inflation stem which is movable through the slot
      during placement of the inner tube on the wheel, a rigid filler piece
      positioned in the slot, said filler piece having an outer retainer portion
      and a central portion lying within the slot, said central portion having
      an abutment surface at one end thereof for confronting the stem of the
      inner tube in the plane of the rim, said abutment surface being open-ended
      with no obstructions lying axially thereof whereby the filler piece may be
      moved into position against a stationary inflation stem, said outer
      retainer portion positioned between the rim and the inner tube, said outer
      retainer portion being integral with the central portion and extending
      beyond the slot in a circumferential direction to lie against the wheel
      and prevent displacement of the filler piece from the rim in a radially
      inward direction, and inner retainer means for clamping the central
      portion to the inner face of the rim to prevent separation of the filler
      piece from the wheel upon deflation of the inner tube.
DRWD
PAR  For a more complete understanding of the invention, attention is directed
      to the accompanying drawings wherein,
PAR  FIG. 1 is a perspective view of a preferred form of the invention;
PAR  FIG. 2 is a sectional view of the device according to the invention in
      combination with a vehicle wheel, tire, tube and liner; and
PAR  FIG. 3 is a sectional view as seen along 3--3 in FIG. 2, with the inflation
      stem having been removed for clarity.
DETD
PAR  Referring to FIG. 1, it will be seen that the device includes a filler
      piece, preferably formed of a rigid metal such as steel, and provided with
      a central portion 2 and a circumferentially enlarged outer retainer
      portion 4.
PAR  At the end of the thickened central portion 2 of the filler piece is an
      arcuate abutment surface 6 which is designed to confront one side of the
      inflation stem as it passes outwardly through the rim of the wheel.
PAR  The central portion 2 has a thickness approximately equal to the thickness
      of the wheel rim so that it serves as a filler within the rim. Lying on
      the inner surface of the central portion 2 is a washer-like piece 8 which
      may be drawn downwardly toward the upper surface of the central portion 2
      by means of a bolt 10. The bolt 10 and the washer-like piece 8 serve as an
      inner retaining means which is used to clamp the central portion 2 of the
      filler piece to the inner face of a wheel rim, thereby preventing
      separation of the filler piece from the wheel upon deflation of the inner
      tube located within the tire.
PAR  Another potential danger of tire deflation is that the inflation stem of an
      inner tube may fall into the tire and permanently damage it. This is
      prevented to a large extent by the filler piece itself, but it is
      desirable to take further precautions by connecting the inflation stem to
      the filler piece. In the preferred and illustrated embodiment, this is
      done by means of a contractible clamp 12 which is connected to the
      washer-like piece by an integral neck 14. The clamp 12 is formed of the
      same piece of material as the washer-like piece 8 and the neck 14, and it
      is lined with a resilient material with a high coefficient of friction, of
      which rubber is an example. Once the inflation stem is inserted through
      the clamp 12, the clamp is contracted by turning the clamp screw 16 to
      hold the axially-extending leg of the elongated inflation stem in
      position.
PAR  The manner in which the device is used in a tire installation is
      illustrated in FIGS. 2 and 3. The filler piece completely occupies the
      elongated slot in the wheel rim, and its inward movement is prevented by
      the outer retaining flange 4. The tire 18 is positioned on the wheel, and
      a liner has a base portion 20 lying against the outer surface of the rim
      and leg portions 22 which lie against the bead of the tire. In a usual
      fashion, an inner tube 24 within the tire has its inflation stem 26
      extending radially inwardly before bending to an axial leg which
      simplifies access to its inflation opening.
PAR  Under normal conditions, the inflation of the inner tube 24 will create
      forces which drive the liner 20 against the wheel rim 28, exerting a force
      which is upward in FIG. 2, acting on the lower surface of the filler
      piece. This drives the retainer flange 4 against the outer wall of the rim
      adjacent to the elongated slot, thus holding the filler piece in position.
PAR  In order to simplify installation of the device of this invention, and also
      to prevent it from damaging a tire in the event of unintentional
      deflation, means are provided for clamping the central portion 2 of the
      device to the inner face of the rim to prevent separation of the filler
      piece from the wheel upon deflation of the inner tube. This retainer is
      the previously-described washer-like piece and its associated nut 10 which
      is rotated to draw the washer-like piece 8 downwardly to the position best
      seen in FIG. 3.
PAR  An important secondary function of the washer-like piece is that it
      provides a mounting base for a gripping means for engaging the inflation
      stem 26. As described above, the washer-like piece 8 has an integral neck
      14 extending upwardly to a point where it is bent into a loop which is
      closed and circumferentially contracted about the inflation step by the
      clamp screw 16. Thus, when the inflation stem is positively engaged by the
      gripping means 12, it cannot fall into the tire to cause damage to the
      tire and inner tube when the tire becomes deflated.
PAR  Those skilled in the art will recognize the urgent need for this invention,
      inasmuch as blowouts occuring through the inflation stems slots are an
      extremely serious and troublesome problem.
PAR  Although only a preferred embodiment of the invention has been shown, it
      can be readily recognized that the invention may take many other forms
      without departing from the basic principles outlined hereinabove. In some
      cases, the gripping means 12 may be dispensed with. In such a case, it is
      possible to use simply an enlarged bolt 10, having a head larger than the
      circumferential dimension of the central portion 2 thus rendering the
      washer-like piece 8 unnecessary. Many other modifications will occur, so
      it is emphasized that the invention is not limited only to the specific
      embodiment described herein, but encompasses various modifications,
      improvements and substitutions therefore which fall within the spirit of
      the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle wheel assembly comprising,
PA1  a wheel having a rim provided with an axially elongated slot,
PA1  an inner tube provided with an axially elongated inflation stem which is
      movable through the slot during placement of the inner tube on the wheel,
PA1  a rigid filler piece positioned in the slot, said filler piece having an
      outer retainer portion and a central portion lying within the slot,
PA1  said central portion having an abutment surface at one end thereof for
      confronting the stem of the inner tube in the plane of the rim,
PA1  said abutment surface being open-ended with no obstructions lying axially
      thereof whereby the filler piece may be moved into position against a
      stationary inflation stem,
PA1  said outer retainer portion being integral with the central portion and
      extending beyond the slot in a circumferential direction to lie against
      the wheel and prevent displacement of the filler piece from the rim in a
      radially inward direction, and
PA1  inner retainer means for clamping the central portion to the inner face of
      the rim to prevent separation of the filler piece from the wheel upon
      deflation of the inner tube.
NUM  2.
PAR  2. The vehicle wheel assembly of claim 1 having gripping means connected to
      the filler piece for engaging said inflation stem, whereby the inflation
      stem remains affixed to said wheel upon deflation of the inner tube.
NUM  3.
PAR  3. The vehicle wheel assembly of claim 2 wherein the retainer means
      includes a retainer member which is circumferentially larger than the
      wheel slot, a fastener engaged with the central portion of the filler
      piece and the filler member to impose a clamping force between the filler
      piece and the retainer member, said gripping means for engaging the
      inflation stem being connected to the retainer member.
NUM  4.
PAR  4. The vehicle wheel assembly of claim 2 wherein the clamping means and the
      gripping means are formed of a unitary piece of sheet material, said
      clamping means including a washer-like portion at one end of the unitary
      piece of sheet material, said gripping means including a contractible
      closed loop at the other end of the unitary piece of sheet material.
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ABST
PAL  Apparatus for forming a particulated solids-carrier liquid slurry and
      transporting it between first and second locations wherein a continuous
      stream of carrier liquid is flowed to the first location at a constant
      flow rate and particulated solids to be transported are injected directly
      into the carrier liquid so that a particulated solids-carrier liquid
      slurry is formed. The slurry is pumped to the second location at a flow
      rate such that the pressure level of the carrier liquid at the first
      location is maintained at a predetermined level thereby facilitating the
      direct injection of particulated solids thereinto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to methods and apparatus for hydraulically
      transporting solids, and more particularly, but not by way of limitation,
      to an improved method and apparatus for forming a particulated
      solids-carrier liquid slurry and transporting it between first and second
      locations.
PAR  2. Description of the Prior Art
PAR  In the mining and transport of minerals such as coal, hydraulic transport
      methods and apparatus have heretofore been developed and used wherein the
      solids to be transported are particulated, combined with a carrier liquid,
      and the resulting slurry is pumped to a terminal location where the solids
      are separated from the carrier liquid. Generally, the apparatus heretofore
      utilized has included at least a solids accumulator, an open mixing tank
      or sump wherein the pumpable slurry is formed and one or more pumps for
      pumping the slurry. Such prior apparatus are generally bulky and cannot be
      operated in applications where head room is limited, e.g., in mining low
      thin coal seams. Further, since prior art apparatus have included open
      solids-carrier liquid mixing chambers, spillage of the carrier liquid and
      solids can occur when the flow of solids to be transported increases.
PAR  By the present invention, an improved method of forming a particulated
      solids-carrier liquid slurry and transporting it between locations is
      provided which is carried out in relatively simple low profile apparatus
      including a closed carrier liquid-slurry circuit which apparatus is
      particularly suitable for use in limited head room applications and which
      obviates spillage problems.
PAR  The method of the invention basically comprises the steps of flowing a
      continuous stream of carrier liquid to a first location at a constant flow
      rate, injecting the particulated solids to be transported directly into
      the carrier liquid at the first location so that a particulated
      solids-carrier liquid slurry is formed, pumping the solids-carrier liquid
      slurry to a second location, and controlling the rate at which the
      solids-carrier liquid slurry is pumped from the first location to the
      second location so that the pressure level of the carrier liquid at the
      first location is maintained at a predetermined level thereby facilitating
      the direct injection of the particulated solids thereinto. Apparatus for
      carrying out the method including a closed carrier liquid-slurry circuit
      is also provided by the invention.
PAR  It is, therefore, a general object of the present invention to provide an
      improved method and apparatus for hydraulically transporting solids.
PAR  A further object of the present invention is the provision of a method of
      hydraulically transporting particulated solids which can be carried out in
      a closed fluid circuit whereby spillage of the carrier liquid is
      minimized.
PAR  Another object of the present invention is the provision of a method of a
      hydraulically transporting particulated coal and simple economical
      apparatus for carrying out such method which can be utilized in thin coal
      seams and other locations where head room is limited.
PAR  Yet another object of the present invention is the provision of methods and
      apparatus for hydraulically transporting particulated solids wherein
      problems associated with plugging the transporting conduit due to too high
      a solids concentration or too low a slurry flow rate are generally
      obviated.
PAR  Other and further objects, features and advantages of the invention will be
      readily apparent to those skilled in the art upon a reading of the
      description of preferred embodiments which follows taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration of apparatus for carrying out the
      methods of the present invention;
PAR  FIG. 2 is a top plan view of a portion of the apparatus illustrated in FIG.
      1; and
PAR  FIG. 3 is a side elevational view of the apparatus of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The improved method and apparatus of the present invention are useful in
      any application where it is desirable to transport particulated solids by
      suspending the solids in a carrier liquid and pumping the resulting slurry
      through a pipeline or conduit.
PAR  The present invention is particularly suitable for use in mining
      applications wherein coal or other mineral is continuously transported
      between locations in the mine or from a location in the mine to a location
      outside the mine.
PAR  Referring to the drawings and particularly to FIG. 1, the improved
      apparatus of the present invention is illustrated diagrammatically and
      generally designated by the numeral 10. The apparatus 10 includes a solids
      crusher 12 which receives raw solids from a source thereof, such as a
      continuous mining machine, and particulates the raw solids to a size such
      that they can be suspended in a carrier liquid, i.e., so that the maximum
      particle size can be passed through the pumps and pipelines utilized. From
      the crusher 12 the particulated solids are conveyed by a conveyor 14 into
      a feed hopper and conveyor assembly, generally designated by the numeral
      16. As will be described in detail hereinbelow, the feed hopper and
      conveyor assembly 16 includes a hopper for receiving particulated solids
      from the crusher 12 and at least one screw conveyor 18 which is connected
      to the conduit 20 or a closed chamber disposed in the conduit 20. A
      continuous stream of carrier liquid is flowed through the conduit 20 and
      particulated solids are injected thereinto by the conveyor 18. The
      solids-carrier liquid slurry formed is coneucted by a conduit 22 to the
      suction connection of a slurry pump 24. The discharge connection of the
      pump 24 is connected by a conduit 26 to a carrier liquid-solids separator
      28 which can be a part of a full solids preparation plant or an
      intermediate processing location wherein the solids are removed from the
      slurry and withdrawn for further processing. The carrier liquid separated
      from the solids within the separator 28 is withdrawn and conducted
      therefrom by a conduit 30 to the suction connection of a carrier liquid
      pump 32. A conduit 34 is connected to the conduit 30 for providing make-up
      carrier liquid to the apparatus 10. The discharge connection of the
      carrier liquid pump 32 is connected to the conduit 20 so that carrier
      liquid is recycled through the conduit 20 to the slurry pump 24.
PAR  As will be understood, the crusher 12, feed hopper and converyor assembly
      16 and slurry pump 24 are located at a first location from which it is
      desired to transport solids, and the carrier liquid-solids separator 28
      and carrier liquid pump 32 are located at a second location to which the
      solids are transported. The conduits 20 and 26 are connected between the
      first and second locations, and can be pipelines or flexible hoses. When
      the apparatus 10 is used in mining operations for transporting
      particulated minerals such as coal, the crusher 12, feed hopper and
      conveyor assembly 16 and slurry pump 24 are generally mounted on a vehicle
      to facilitate movement of the apparatus in conjunction with a mining
      machine, and the conduits 20 and 26 include flexible hoses of excess
      length to permit the movement of the vehicle.
PAR  A liquid flowmeter 34 for measuring the flow rate of carrier liquid pumped
      by the pump 32 and a conventional flow rate control valve 36 are disposed
      in the conduit 20. A conventional flow rate controller 38 is operably
      connected between the meter 34 and the control valve 36 which functions to
      control the flow rate of carrier liquid pumped through the conduit 20 at a
      constant predetermined level.
PAR  A conventional pressure transmitting device 40 is connected to the conduit
      20 at the first location at or near the intersection of the conduit 20
      with the conveyor 18. The pressure transmitter 40 senses the pressure
      level of the carrier liquid within the conduit 20 and produces a signal
      proportional thereto. A conventional controller 42, operably connected to
      the transmitter 40 and to the driver 44 of the pump 24 functions to
      regulate the speed of the driver 44 and the flow rate of slurry pumped by
      the pump 24 so that the pressure level of the carrier liquid at or near
      the intersection of the conduit 20 and conveyor 18 is maintained at a
      predetermined low level, i.e., the flow rate of slurry pumped by the pump
      24 equals the flow rate of carrier liquid flowing through the conduit 20
      plus the flow rate of solids injected thereinto.
PAR  Referring now to FIGS. 2 and 3, the feed hopper and conveyor assembly 16
      and the slurry pump 24 are illustrated mounted on a base or vehicle 46.
      The feed hopper and conveyor assembly 16 includes a hopper 48 for
      receiving particulated solids from the crusher 12 or other source. The
      hopper 48 has an enlarged inlet at the top and a particulated solids
      outlet 50 of reduced rectangular shape at the bottom. A screw conveyor 18
      is sealingly connected to the outlet 50 of the hopper 48, and as best
      shown in FIG. 3, the conveyor 18 includes an elongated cylindrical housing
      52. A drive motor 54 is mounted at the rearward end of the housing 52
      operably connected to a rotatable shaft 56 disposed within the housing 52.
      The shaft 56 includes a flight of helical fins 58 attached thereto which
      is arranged so that rotation of the shaft 56 causes the fins 58 to move or
      convey particulated solids entering the housing 52 from the hopper 48 in a
      direction toward the forward end 60 of the housing 52.
PAR  The forward end 60 of the housing 52 is sealingly attached to a closed
      cylindrical mixing chamber 62 and a check valve 64 is disposed in the
      housing 52 adjacent the chamber 62. The check valve 64 can be any of a
      variety of conventional valves which function to allow the passage of
      particulated solids from the conveyor 18 into the mixing chamber 62, but
      prevent the backflow of particulated solids and carrier liquid
      therethrough. In operation of the hopper and conveyor assembly 16, water
      can be injected thereinto along with the particulated solids to be
      transported to displace air from the solids and reduce air entrainment in
      the carrier liquid.
PAR  The mixing chamber 62 includes a carrier liquid inlet connection 66 to
      which the conduit 20 previously described is attached and a solids-carrier
      liquid slurry outlet connection 68 to which the conduit 22 is attached.
      The slurry pump 24 is also mounted on the base or vehicle 46, and the
      suction connection 70 thereof is connected to the conduit 22. The
      discharge connection 72 of the pump 24 is connected to the conduit 26
      previously described. The pump 24 can be any of a variety of conventional
      pumps suitable for pumping a solids-liquid slurry, and the driver 44
      attached thereto can be a hydraulic, electric or other type of motor which
      includes a speed reduction gear assembly or other means for increasing or
      decreasing the speed at which the pump 24 is operated and the flow rate of
      the solids-liquid slurry pumped thereby.
PAC  Operation
PAR  As stated above, the apparatus 10 can be utilized in any of a variety of
      applications where solids are to be transported between first and second
      locations. When the apparatus 10 is utilized in mining operations wherein
      a mining machine is employed, the crusher 12 can be mounted on the base or
      vehicle 46 along with the feed hopper and conveyor assembly 16 and pump
      24. However, as will be understood by those skilled in the art, many
      various alternate arrangements of the apparatus can be made.
PAR  A continuous stream of carrier liquid is caused to flow by way of the
      conduit 20 into the mixing chamber 62. The flow rate of the stream of
      carrier liquid is controlled at a predetermined level such that when the
      maximum rate of particulated solids is injected into the mixing chamber 62
      by the conveyor 18, the solids-carrier liquid slurry formed is pumpable,
      and in addition, the flow rate of slurry produced and concentration of
      solids therein are such that settling of the solids while being
      transported through the conduit 26 will not occur. Referring specifically
      to FIG. 1, the flow controller 38 is set to control the flow rate of
      carrier liquid pumped through the conduit 20 by the pump 32 at the
      predetermined carrier liquid flow rate required. The flowmeter 34 senses
      the flow rate of carrier liquid flowing through the conduit 20 and
      produces a control signal directly proportional thereto. The control
      device 38 receives the control signal from the meter 34 and generates a
      second control signal which varies inversely to the difference between the
      flow rate of carrier liquid flowing through the conduit 20 represented by
      the control signal produced by the meter 34 and a predetermined set point,
      i.e., the desired carrier liquid flow rate. The control signal generated
      by the controller 38 is operably connected to and is used to operate the
      control valve 36. Thus, the flowmeter 34, controller 38 and control valve
      36 function together to maintain the flow rate of carrier liquid pumped
      through the conduit 20 to the mixing chamber 62 at a constant
      predetermined level. As will be understood, the flow rate can be varied to
      accommodate different maximum solid feed rates within limits set by the
      size of the pumps, pipelines, etc. utilized. As the carrier liquid passes
      through the mixing chamber 62, the particulated solids and water, if used,
      injected therein from the conveyor 18 mix with the carrier liquid and a
      solids-carrier liquid slurry is formed. The slurry flows from the mixing
      chamber 62 to the suction connection 70 of the pump 24 by way of the
      conduit 22 from where it is pumped through the conduit 26 to the separator
      28.
PAR  The pressure transmitter 40 attached to the conduit 20 functions to sense
      the pressure of the stream of carrier liquid entering the mixing chamber
      62 and to generate a control signal in direct proportion thereto. The
      transmitter 40 can be connected to the conduit 20, the mixing chamber 62
      or the conduit 22 so that the pressure level at or near the mixing chamber
      62 upstream of the pump 24 is sensed. However, the transmitter 40 is
      preferably attached to the conduit 20 adjacent the inlet connection 66 of
      the mixing chamber 62 whereby the pressure level of the carrier liquid
      just prior to entering the chamber 62 is sensed.
PAR  As shown in FIG. 1, the control signal generated by the transmitter 40 is
      operably connected to a controller 42. The controller 42 functions to
      generate a second control signal proportional to the difference between
      the transmitter signal and a set point, i.e., the predetermined carrier
      liquid pressure level desired. The control signal generated by the
      controller 42 is operably connected to the driver 44 of the pump 24 in a
      conventional manner such that changes in the control signal change the
      speed at which the pump 24 operates, which in turn changes the flow rate
      of the slurry pumped through the conduit 26 and the pressure level of the
      carrier liquid and slurry upstream of the pump 24. Thus, the transmitter
      40 and controller 42 function to maintain the pressure of the carrier
      liquid at or near the point of injection of particulated solids thereinto
      at a predetermined level by increasing or decreasing the speed of the pump
      24. In accordance with the present invention, the controller 42 is set to
      maintain the carrier liquid pressure at a low level so that the injection
      of particulated solids into the mixing chamber 62 by the conveyor 18 is
      facilitated and leakage or backflow of carrier liquid and solids through
      the check valve 64 and conveyor 18 is prevented.
PAR  As will be apparent to those skilled in the art, once the operation of the
      apparatus 10 is commenced, changes in the flow rate of solids transported
      are handled automatically, i.e., without requiring manual manipulation or
      control of the conveyor 18 or pumps 24 and 32. The carrier liquid pumped
      from the second location to the first location by way of the conduit 20 is
      maintained at a constant flow rate by the control device 38 and the
      conveyor 18 is operated continuously. The pump 24 pumps the slurry formed
      when particulated solids are injected into the mixing chamber 62, or
      carrier liquid without particulated solids suspended therein when solids
      are not being injected into the mixing chamber 62, at a flow rate such
      that the slurry or carrier liquid is withdrawn from the mixing chamber 62
      at a rate which maintains the pressure level in the mixing chamber 62 at a
      constant low level. Thus, particulated solids can be introduced into the
      hopper 48 of the assembly 16 at a high rate, a low rate or not at all
      without disturbing the operation of the apparatus 10 or requiring manual
      adjustments. As stated above, the flow rate of carrier liquid flowing
      through the conduit 20 into the mixing chamber 62 is initially set at a
      level such that when the maximum rate of solids produced by the conveyor
      18 and injected into the mixing chamber 62 results, a pumpable slurry is
      formed having a solids concentration therein which is capable of carrying
      the solids through the conduit 26 without settling of the solids.
PAR  As will be understood, the carrier liquid utilized may be any of a variety
      of liquids or compositions suitable for suspending the particulated solids
      to be transported. In coal mining operations, the carrier liquid is
      preferably water or an aqueous solution containing additives to facilitate
      the suspension of coal particles therein.
PAR  While presently preferred embodiments of the invention have been described
      for the purposes of this disclosure, numerous changes in the arrangement
      of parts and components can be made by those skilled in the art. For
      example, a plurality of booster pumps can be utilized in the apparatus 10
      at different locations and a variety of control systems can be used to
      maintain the pressure at the mixing chamber 62 at a desired low level
      while producing a flow rate and concentration of slurry such that settling
      of solids therefrom is prevented. Such changes are encompasses within the
      spirit of this invention which is to be limited only by the lawful scope
      of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for forming and transporting a particulated solids-carrier
      liquid slurry between first and second locations in a closed carrier
      liquid-slurry circuit comprising:
PA1  a hopper for receiving said particulated solids at said first location
      having an inlet and and outlet;
PA1  at least one screw conveyor attached to the outlet of said hopper for
      receiving particulated solids therefrom, said screw conveyor including a
      solids discharge connection;
PA1  check valve means sealingly attached to said solids discharge connection of
      said screw conveyor for allowing the passage of particulated solids from
      said conveyor therethrough, but preventing the backflow of particulated
      solids and carrier liquid into said conveyor;
PA1  a closed solids carrier-liquid slurry mixing chamber having a solids inlet
      connection sealingly connected to said check valve means, a carrier liquid
      inlet connection and a solids-carrier liquid slurry outlet connection;
PA1  first conduit means connected to said carrier liquid inlet connection of
      said mixing chamber for conducting a continuous stream of carrier liquid
      thereinto;
PA1  a solids-carrier liquid slurry pump having suction and discharge
      connections;
PA1  second conduit means connected between the solids-carrier liquid slurry
      outlet connection of said mixing chamber and the suction connection of
      said pump;
PA1  third conduit means for conducting said solids-carrier liquid slurry to
      said second location connected to the discharge connection of said pump;
      and
PA1  means attached to said pump for controlling the flow rate at which said
      solids-carrier liquid slurry is pumped through said third conduit means in
      direct proportion to changes in the pressure of said stream of carrier
      liquid upstream of said pump so that said pressure is controlled at a
      predetermined level.
NUM  2.
PAR  2. The apparatus of claim 1 which is further characterized to include
      separator means for separating said particulated solids from said carrier
      liquid at said second location, said separator means having a
      solids-carrier liquid slurry inlet connection connected to said third
      conduit means, a separated solids outlet connection and a separated
      carrier liquid outlet connection.
NUM  3.
PAR  3. The apparatus of claim 2 which is further characterized to include:
PA1  a carrier liquid pump having suction and discharge connections, said
      discharge connection being connected to said first conduit means; and
PA1  a fourth conduit means connected between said separated carrier liquid
      outlet connection of said separator and said suction connection of said
      carrier liquid pump.
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ABST
PAL  In an adaptive braking system for wheeled vehicles such as automobiles a
      braking force attenuator and logic are provided to automatically reduce
      braking force if, during braking, wheel skid becomes imminent, as
      evidenced by power train dynamic performance with respect to certain first
      criteria. Subsequently, braking force is increased if power train
      performance satisfies certain other criteria, at which time the first
      criteria is altered and then allowed to return to original levels so that
      during the alteration period the power train dynamic performance must be
      more indicative of imminent wheel skid than otherwise required to reduce
      braking force.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to adaptive braking systems for wheeled vehicles,
      such as automobiles and the like, and more particularly to improvements in
      their logic systems which will eliminate or alleviate the condition known
      as wheel (or axle) wrap-up.
PAR  In adaptive braking systems using logic circuits to control vehicle braking
      during incipient wheel skid conditions, at least one sensor means is
      ganged to a portion of the vehicle power train such as a wheel, drive,
      shaft, speedometer cable, etc. and used to generate a signal proportional
      to rotational dynamic performance of the portion such as speed or
      acceleration.
PAR  In adaptive braking systems using speed logic, the dynamic performance
      sensed is speed and the sensor means generates a speed signal which is
      related to the instantaneous rotational speed of the rotating structure.
      Means are provided in the speed logic for memorizing a reference signal
      also related to speed but generally offset somewhat from the instantaneous
      speed represented by the speed signal. The logic is arranged so that the
      reference speed signal will track the speed signal, except that the rate
      of decay of the reference speed signal is limited. Thus, if after the
      vehicle brakes are applied, the speed signal should decay faster than the
      reference speed signal can follow, the speed represented by the speed
      signal will become equal to the speed represented by the reference speed
      signal. At that time or at a time related thereto the adaptive braking
      system will automatically operate to release braking force. However, due
      to inherent system delays, the speed and hence the speed signal will
      continue to decay so that it will represent a speed less than the
      reference speed. Eventually, in response to reduced braking pressure, the
      speed and hence the speed signal will begin to increase until the speed
      signal will again become equal to the reference speed signal. At that time
      or at a time related thereto the adaptive braking system operates to
      reapply braking force. Again, due to inherent delays in the system, speed
      of the sensed structure will not immediately begin to decrease in response
      to reapplied braking force but rather will continue to increase for some
      time. The speed signal, of course, follows the increasing speed and the
      reference speed signal also increases in response thereto. Subsequently,
      the inherent system delays are overcome and the restored braking force
      becomes effective to cause the sensed structure to again begin to slow
      down. At this time the phenomenon which has come to be known as wheel
      wrap-up occurs and which is characterized by sudden and short bursts of
      rapid wheel deceleration and subsequent acceleration accompanied by rapid
      fluctuations of the speed signal. Since the reference speed signal tracks
      the speed signal, this rapid pulsating of the wheel speed can cause the
      adaptive braking system to operate to release and restore braking force
      alternately in short cycles. This pulsating of braking force is undesired
      and normally results in reduced braking efficiency. It is thus an object
      of this invention to provide means to prevent certain causes of
      unnecessary and undesirable braking force fluctuations in an adaptive
      braking system operating in accordance with speed logic.
PAR  In adaptive braking systems using acceleration logic, the dynamic
      performance sensed is acceleration. In certain systems speed may be
      actually sensed and acceleration derived therefrom; however, in any event,
      at least acceleration of the sensed structure is considered by the logic
      section of the adaptive braking system to effect automatic control of
      braking force. This is accomplished by providing a first reference signal
      corresponding to some value of negative acceleration (deceleration) an
      comparing the acceleration signal against the first reference signal. When
      these two signals attain some predetermined relationship with each other,
      usually equal to each other, the system operates to at least initiate
      attenuation of braking force. Thereafter and in response thereto, the
      acceleration of the vehicle wheels will change. When a predetermined
      subsequent change has occurred the system operates to restore braking
      force. As discussed with respect to speed logic adaptive braking systems,
      wheel wrap-up at this time causes sudden and short bursts of rapid wheel
      deceleration and subsequent accelerations. This rapid pulsation can force
      the adaptive braking system to release and restore braking force
      alternatively in short cycles causing reduced braking efficiency. It is an
      object of this invention to provide means to alleviate the effects of
      wheel wrap-up in acceleration controlled adaptive braking systems.
PAC  SUMMARY OF THE INVENTION
PAR  The above mentioned objects of the invention are accomplished by rapidly
      altering, in response to the restoration of braking force, the reference
      or criteria against which the dynamic performance signal is compared to
      effect release of braking force. The alteration is made in the direction
      to require that wheel skid be even more imminent than had the invention
      not been used. In speed logic systems the reference speed signal is
      altered in the direction of decreased speed to a level corresponding to
      zero or some minimum speed. In acceleration logic systems the first
      reference signal is altered in a direction of more negative acceleration.
PAR  Subsequently, the altered reference signal is allowed to return relatively
      slowly to normal levels. In speed logic systems it returns to the level
      normal for the speed signal instantaneously obtained. In acceleration
      logic systems it returns to its earlier level. During the time that the
      altered reference signal is returning to normal levels it is still
      possible for the logic to effect automatic release of braking force;
      however, the dynamic performance signal must, during this time, be
      indicative that wheel skid is even more imminent than had the invention
      not been used. As mentioned above, with the criteria for effecting
      automatic release of braking force becoming increasingly less severe, with
      respect to required dynamic performance of the sensed portion, as time
      increases, until normal criteria levels are restored. The invention thus
      differs from blanking systems which prevent any automatic release of
      braking force for a predetermined time after braking force is restored
      regardless of the imminence of wheel skid.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 comprises a set of curves drawn to a common time base which
      illustrates the performance of speed logic adaptive braking system and
      additionally showing the effects of wheel wrap-up.
PAR  FIG. 2 comprises a set of curves drawn to a common time base which
      illustrates the performance of an acceleration logic adaptive braking
      system and also showing the effects of wheel wrap-up.
PAR  FIG. 3 is a modified schematic which embodies the invention in an adaptive
      braking system using speed logic.
PAR  FIG. 4 comprises a set of curves similar to those of FIG. 1 but
      illustrating the preformance of the system of FIG. 3.
PAR  FIG. 5 is a modified schematic which embodies the invention in an adaptive
      braking system using acceleration logic.
PAR  FIGS. 6, 7 and 8 are modified schematics which illustrate further forms of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the present description the terms speed signal, wheel speed signal, or
      rotational speed signal refer to the speed signal generated by a snesor
      which senses the speed of some structure having ultimate contact with the
      road bed on which the vehicle is operating. In an obvious sense, the
      aforementioned structure can be a wheel or group of wheels and can include
      the power train for driving the wheels. Thus, the speed signal can be
      derived by sensing the speed of a single wheel, group of wheels, axle,
      drive shaft, speedometer cable, or other like structure.
PAR  The undesirable effects of wheel or axle wrap-up sought to be cured by the
      present invention are illustrated with respect to an adaptive braking
      system operating in accordance with speed logic principles by the curves
      of FIG. 1, reference to which figure should now be made. In the curves a
      representative speed signal is shown in full line and a reference speed
      signal is shown in dashed line. It is assumed that the brakes are applied
      at a time t.sub.1 so that prior to that time the speed signal is
      synchronous with and provides a measure of vehicle speed. However, after
      time t.sub.1 the speed signal is no longer synchronous with the vehicle
      speed as illustrated by the departure of the speed signal from a
      construction line which illustrates vehicle speed. A reference speed is
      generated in response to the speed signal but normally offset an amount N
      therefrom as illustrated. The means for generating the reference speed are
      known to those skilled in the art and will be described briefly below but
      do not comprise the present invention. The reference speed signal
      generally follows or tracks the speed signal, displaced therefrom, except
      that the means for generating the reference speed is limited to permit the
      reference to decay at only a certain maximum decay rate. Thus, at a time
      t.sub.2, where it is assumed that the speed signal starts to decrease at a
      rate greater than the aforementioned decay rate so that the reference
      speed is limited to that decay rate, the speed signal will start to
      approach the reference speed and will eventually intersect therewith at
      time t.sub.3. In the known adaptive braking systems operating in
      accordance with speed logic principles a comparator is provided which
      compares the speed signal against the reference speed signal and operates
      to energize a braking force attenuator ON when the two become equal to
      automatically begin attentuation of the braking force. Due to inherent
      system delays the attenuation of braking force is not immediately
      effective so that the speed signal continues to decrease while the
      reference speed, which is limited to its decay rate, continues to decay at
      a slower rate. The offset between the speed signal and the reference
      signal thus continues to increase until the offset becomes equal to some
      predetermined amount M. Thereafter, the reference speed signal will track
      the speed signal down while maintaining the predetermined offset. However,
      past the minimum point of the speed signal the offset can no longer be
      maintained so that the reference speed signal again decays along a
      predetermined slope, approaching the speed signal and eventually
      intersecting therewith at time t.sub.4. At that time, as known to those
      skilled in the art, the system comparator operates to energize the brake
      force attenuator to the OFF condition which thereby operates to begin
      restoration of braking force automatically. Again, due to inherent system
      delays, the restoration of braking force is not immediately effective so
      that the speed signal continues to increase towards vehicle speed. The
      reference speed signal, however, continues to decrease until the offset
      between the speed signal and the reference speed reaches the predetermined
      offset at which time the reference speed signal will track the speed
      signal upward. It can be appreciated that the time interval between
      t.sub.3 and t.sub. 4 is relatively short and the rapid release and
      subsequent reapplication of the braking force will cause wheel or axle
      wrap-up because of the inertia of the vehicle drive train. Wrap-up
      phenomena is illustrated at the latter end of these curves where the speed
      signal fluctuates rapidly, passing through the reference speed signal at a
      number of points as the reference speed signal varies in accordance with
      the principles implicit in the above description. In this illustration two
      undesired episodes of braking force attenuation occur as illustrated by
      pulses 10 and 12. These undesired episodes are very short but nevertheless
      result in an overall decrease in the average braking force and hence,
      somewhat less than optimum braking for the conditions encountered.
PAR  Other forms of speed logic adaptive braking systems are also known, some of
      which have slightly different functional characteristics than those
      illustrated by the curves of FIG. 1. For example, in certain systems the
      downward sloping reference speed signal may be caused to change slope at
      some point such as at the intersection of the reference speed signal with
      the speed signal. Other systems may not have the track down feature of the
      system whose performance is illustrated by the curves of FIG. 1. In that
      type of system the offset M is not maintained between the reference speed
      signal and the speed signal while the former signal is above the latter.
      In that type of system the reference speed signal decays along a certain
      slope until is passes through the speed signal and is again below the
      speed signal by a predetermined amount, at which time the reference speed
      signal will begin to track the speed signal upward. In any event, the
      specific speed logic employed is not the present invention but various
      logic schemes are shown to illustrate the environments in which the
      invention can operate.
PAR  Refer now to FIG. 2 which shows curves illustrating the undesirable effect
      of wheel or axle wrap-up in an acceleration controlled adaptive braking
      system. In this figure a speed curve is shown which corresponds to the
      sensed speed of a wheel, group of wheels, drive shaft or other like
      structure. Downward direction of the curve illustrates deceleration while
      upward direction of the curve illustrates acceleration.
PAR  A second curve shows acceleration with the area below the horizontal zero
      axis being negative acceleration or deceleration and the area above the
      zero axis positive acceleration. All curves are shown to a common time
      scale. As before, the vehicle brakes are applied at time t.sub.1 so that
      prior to that time wheel speed and vehicle speed are synchronous.
      Subsequent to t.sub.1 wheel speed begins to decrease until at time t.sub.2
      wheel deceleration becomes equal to a first reference deceleration, herein
      termed g.sub.1. In the known adaptive braking systems which operate in
      accordance with acceleration control principles, means are provided for
      attenuating braking force when the acceleration reaches the g.sub.1 level,
      or alternately circuits are then energized which permit the braking force
      to be attenuated only after further criteria are satisfied. These criteria
      can be a further decrease in wheel speed which in this illustration occurs
      at t.sub.3 at which time the adaptive braking system operates to begin
      attenuation of the braking force. Again, due to inherent system delays,
      attenuation of braking force is not immediately effective so that the
      speed continues to decrease until eventually the speed again begins to
      increase, in other words, the sensed portion begins to accelerate,
      eventually accelerating to a g.sub.2 reference level, which level is
      preset in the adaptive braking system and compared with the acceleraton
      signal. At that time, t.sub.4, the system operates to restore braking
      force. The action here is somewhat similar to that found previously in the
      assumed adaptive braking system which operated in accordance with speed
      logic principles, and results in the condition known as wheel or axle
      wrap-up to produce rapidly fluctuating acceleration signals which in turn
      results in the undesired brake attenuation episodes 14 and 16.
PAR  Refer now to FIG. 3 which shows a modified schematic of an embodiment of
      the invention as used in an adaptive braking system which operates in
      accordance with speed logic principles. A speed sensor 20 is coupled to
      and senses the speed of some structure of vehicle 21 haing ultimate
      contact with the road bed on which the vehicle is operating. As previously
      mentioned, this structure can be any part of the vehicle power train and
      is preferably a brakeable vehicle wheel. Speed sensor 20 is seen supplying
      d.c. voltage to the voltage divider comprised of resistors 40, 42 and 44.
      Since the output of speed sensor 20 is a d.c. voltage proportional to the
      speed of the structure it is sensing, it is also proportional to speed
      plus a constant where the constant is determined by the ratio of the
      voltage divider. Hence, the output of the speed sensor is termed the
      V.sub.w + M signal where M is the constant seen in FIG. 1. Proper choice
      of the resistors in the resistance bridge permits the V.sub.w signal to
      appear at the junction between resistors 40 and 42 and V.sub.w - N signal
      at the junction between resistors 42 and 44, where N was previously seen
      in FIG. 1 also. This latter junction is connected to the non-inverting
      terminal of operational amplifier 50 connected to have a unity gain. A
      feedback resistor 61 is connected between the operational amplifier 50
      output terminal 50a and its inverting input terminal. Operational
      amplifier 50 and resistor 61 comprise an acceleration memory update for
      capacitor 62, across which capacitor a voltage corresponding to the
      reference speed signal of FIG. 1 is impressed. Operational amplifier 50 is
      connected in this embodiment so that its output terminal 50a is a current
      supply. That is, current can be supplied from terminal 50a into resistor
      61 but cannot be delivered from resistor 61 into terminal 50a. Operational
      amplifiers connected as current supplies and having a unity gain are well
      known in the art. The inverting terminal of operational amplifier 50 is
      also connected to one plate of capacitor 62 whose other plate is connected
      to a common potential reference such as ground.
PAR  The V.sub.w + M signal is applied through resistor 46 to the non-inverting
      terminal of operational amplifier 52 also connected to have unity gain.
      The output terminal 52a of this latter operational amplifier is connected
      to the cathode of diode 58 whose anode is connected to the first plate of
      capacitor 62. The anode of diode 58 is also connected in feedback
      relationship through resistor 56 to the inverting terminal of operational
      amplifier 52. The parallel return path of the V.sub.w + M signal is
      provided by resistor 48. Operational amplifier 52 together with resistor
      56 and diode 58 comprise further means of updating the memory comprised of
      capacitor 62. Operational amplifier 52 is connected so that its output
      terminal 52a is a current sink. Diode 58 permits current to flow from
      capacitor 62 into terminal 52a only when V.sub.r, the voltage across
      capacitor 62 and which represents the reference speed, is high enough with
      respect to V.sub.w + M to overcome the diode voltage drop. This diode
      voltage drop is relatively small and is generally ignored in this
      description.
PAR  The V.sub.w signal is applied through resistor 54 to the inverting input
      terminal of operational amplifier 74 connected as a comparator. The first
      plate of capacitor 62 is connected through resistor 60 to the
      non-inverting input terminal of operational amplifier 74. In this
      embodiment it is preferable that resistor 60 be made equal to resistor 54
      so that the signal on capacitor 62, that is, the reference speed signal
      V.sub.r, is compared directly against the speed signal V.sub.w.
PAR  Capacitor 62 is shunted by a decay rate control circuit 76 which bleeds
      charges from the capacitor. Circuit 76 can comprise, at the designer's
      option, a resistor, a constant current source, or other like elements or
      combination of elements to produce the constant slopes of the reference
      speed seen in FIG. 1.
PAR  The operation of the device of FIG. 3 to this point is as follows. The
      V.sub.w - N signal is generally maintained across capacitor 62 due to the
      action of operational amplifier 50. Since the V.sub.w - N signal is at a
      lower potential than the V.sub.w + M signal, diode 58 is maintained
      back-biased and, assuming transistor 82, to be described below, is not
      conductive, the sole discharge path of capacitor 62 is through decay rate
      circuit 76. However, under steady state conditions charges are supplied
      from operational amplifier 50 at the same rate they are withdrawn by decay
      rate circuit 76 during the time that V.sub.r is equal to V.sub.w - N.
      During braking, as the speed signal V.sub.w starts to decrease in
      accordance with the decreasing wheel speed, the signal V.sub.w - N also
      decreases and the voltage across capacitor 62 follows so long as the
      decrease in the speed signal is slow enough to allow sufficient charges to
      be removed from the capacitor through circuit 76. However, if the speed
      signal decreases too rapidly, the voltage across capacitor 62 cannot
      follow due to the limited ability of circuit 76 to remove the charges
      therefrom. As a result, the voltage across capacitor 62, that is the
      reference speed signal, approaches the speed signal. When these two
      signals become equal, comparator 74 is triggered to produce an output
      signal, which in this embodiment is assumed to be relatively high voltage
      signal, which is applied to braking force attenuator 75 which in response
      thereto begins to attenuate the braking force. The signal from comparator
      74 is also applied through resistor 92 to the base electrode of NPN
      transistor 90 which, together with NPN transistor 82 and the associated
      circuit elements, comprise the improvement to the speed logic otherwise
      illustrated herein and which illustrates the essence of the invention.
PAR  The emitter electrode of transistor 90 is connected to the return or ground
      bus 57, while its collector electrode is connected through resistor 88 to
      an A+ voltage terminal. The collector electrode is also coupled through
      capacitor 86 to the base electrode of transistor 82 whose collector
      electrode is connected to the first plate of capacitor 62 and whose
      emitter electrode is connected to the node of the voltage divider
      comprised of resistors 78 and 80 which are connected across the A+ voltage
      supply. The base electrode of transistor 82 is connected through resistor
      84 to return bus 57. The appearance of a positive signal from comparator
      74 causes transistor 90 to become conductive so that its collector
      electrode moves towards ground. This sudden movement in the voltage of the
      collector electrode is communicated to the base electrode of transistor 82
      through capacitor 86. However, this negative signal is ineffective with
      respect to transistor 82 so that transistor remains non-conductive in its
      collector emitter path
PAR  Subsequently, as seen in FIG. 1, the speed signal and hence the V.sub.w - N
      signal continue to decrease and the voltage across capacitor 62 continues
      to decay until that voltage becomes equal to V.sub.w + M, at which time
      diode 58 becomes conductive and the voltage across capacitor 62, which is
      related to the reference speed, follows the V.sub.w + M signal.
PAR  When the speed signal reaches its first negative maximum as seen in FIG. 1,
      and then begins to increase, the voltage across capacitor 62, that is
      voltage V.sub.r, becomes less than V.sub.w + M, so that diode 58 is again
      back-biased. However, at the same time V.sub.r is greater than V.sub.w - N
      so that both operational amplifiers 50 and 52 are ineffective. Thus,
      charges continue to drain off from capacitor 62 through circuit 76 until
      eventually V.sub.r becomes less than the speed signal V.sub.w, at which
      time the signal from comparator 74 is extinguished causing braking force
      attenuator 75 to now automatically begin to reapply braking force.
PAR  The negative-going signal from comparator 74 is applied through resistor 92
      to the base electrode of transistor 90 causes that transistor to become
      non-conductive with the result that the voltage at its collector electrode
      swings towards the A+ potential level. This is communicated across
      capacitor 86 to the base electrode of transistor 82, temporarily
      triggering that transistor conductive so that capacitor 62 is discharged
      through the collector emitter circuit of transistor 82 to the voltage
      level at the node between resistor 78 and 80. This action is seen in FIG.
      4, reference to which should now also be made. FIG. 4 shows curves similar
      to those shown in FIG. 1 except that at time t.sub.4, at which time the
      signal from comparator 74 is extinguished, the effect of the invention is
      shown as causing the reference speed signal to suddenly drop due to the
      discharge of capacitor 62 as described above. Thereafter, capacitor 62
      will be charged from operational amplifier 50 in accordance with the time
      constant circuit comprised of resistor 61 an capacitor 62. The increasing
      reference speed signal is seen as the upward sloping line 102 of FIG. 4 as
      the reference speed signal approaches its normal value at V.sub.w - N. It
      should be noted that subsequent to t.sub.4, while the reference speed
      signal is depressed below its normal value due to the operation of the
      invention, the rapidly fluctuating speed signal caused by wheel wrap-up,
      does not pass through the reference speed signal and no false triggering
      of the braking force attneuator occurs. A particular feature of the
      invention is that during the time that the reference speed signal is
      depressed it is still possible for the speed signal to pass through the
      reference speed signal, thus causing another episode of braking force
      attenuation, if the drop in the speed signal becomes great enough. This
      invention thus differs from a blanking circuit which merely blanks the
      braking force attenuation criteria for a predetermined period after
      t.sub.4, during which period it is generally impossible to automatically
      release braking force. Also note that since the reference speed signal
      ramps upward after t.sub.4 toward its normal value, as the time from
      t.sub.4 increases it becomes easier (requires increasingly less speed
      signal drop) to cause the next episode of brake attenuation. This is
      desirable since fluctuations of the speed signal due to wrap-up become
      less severe as time past t.sub.4 increases and any decrease in the speed
      signal severe enough to cause the speed signal to pass through the
      reference speed signal before the reference speed signal has returned to
      the V.sub.w - N level is apt to be caused by valid skid conditions such as
      by the vehicle suddenly encountering a particularly slippery patch in the
      road.
PAR  Refer now to FIG. 5 which illustrates the use of the invention in an
      acceleration logic controlled adaptive braking system. In this figure an
      acceleration signal, which is a d.c. voltage correlated to the
      acceleration of the vehicle wheel or other power train structure, is
      applied at terminal 110 and is one input to comparators 112 and 114. The
      second input to comparator 114 is a voltage from the node of the voltage
      divider comprised of resistors 120 and 122 connected across a voltage
      source and corresponds to the g.sub.1 reference of FIG. 2. The second
      input to comparator 112 is a g.sub.2 reference which corresponds to the
      g.sub.2 reference of FIG. 2. In operation, if the wheel decelerates
      sufficiently after the brakes have been applied, the acceleration signal
      at terminal 110 will eventually reach the g.sub.1 reference level, at
      which time comparator 114 will generate an output. This output can be
      applied directly through switch 116 to braking force attenuator 118 to
      thereby commence to attenuate braking force, or alternately the output
      signal of comparator 114 can be applied to some other circuit symbolized
      by the dashed line at the input to switch 116, which delays the energizing
      of the braking force attenuator until some other predetermined wheel
      performance is satisfied, such as further deceleration of the wheel or
      further slowing of the wheel. Switch 116 in this embodiment is in the
      nature of a flip-flop which generates a positive-going output signal to
      energize braking force attenuator 118 to attenuate the braking force when
      it receives the output signal from comparator 114 and is subsequently
      reset by the output signal from comparator 112 as will be described below.
      In any event, the exact means for energizig the braking force attenuator
      to attenuate the braking force will not comprise a part of this invention.
PAR  The positive-going signal applied to attenuator 118 is also applied to the
      base electrode NPN transistor 140. This transistor, together with
      trransistor 132 and associated circuitry, particularly illustrates a form
      of the present invention. The positive-going signal at the base electrode
      of transistor 140 will not affect the circuitry, as will be explained
      below, so that the voltage at the node of resistors 120 and 122, the
      g.sub.1 reference signal, remains at the g.sub.1 level.
PAR  When the g.sub.2 reference is eventually reached by the acceleration
      signal, comparator 112 generates an output which is applied to switch 116
      to thus cause the signal to attenuator 118 to make a negative-going
      transition. In response thereto, the attenuator automatically begins to
      reapply braking force. The same negative-going signal is also applied to
      the base electrode of transistor 140. That transistor has a collector
      electrode connected through resistor 138 to the A+ voltage terminal and
      also through capacitor 136 to the base electrode of NPN transistor 132.
      The emitter electrode of transistor 140 is connected to the ground return.
      The collector electrode of transistor 132 is connected to the node between
      resistors 120 and 122, while the emitter electrode is connected to the
      node between resistors 128 and 130 which are connected across the voltage
      source. Resistor 134 connects the base electrode of transistor 132 to
      ground, while capacitor 126 connects the collector electrode of transistor
      132 to ground. The negative-going signal at the base electrode of
      transistor 140 causes its collector electrode to move in a positive
      direction. This positive-goingg signal is coupled through capacitor 136 to
      the base electrode of transistor 132 which thereby is triggered
      conductive. This discharges capacitor 126 to the voltage at the node of
      resistors 128 and 130, hence, lowering the g.sub.1 reference. Thereafter,
      the g.sub.1 reference is restored to its normal value at capacitor 126 by
      the voltage source acting through resistor 120 in accordance with the time
      constant determined by resistor 120 and capacitor 126. It should now be
      obvious that during the time the g.sub.1 reference is below its normal
      value it will require greater deceleration of the wheel to cause the
      braking force attenuator to again be energized to attenuate braking force.
      Thus, it can be seen that the undesired effects of wrap-up are eliminated,
      while retaining the desired feature of allowing braking force to be
      attenuated if wheel skid becomes more imminent than normally requires to
      attenuate braking force.
PAR  Refer now to FIG. 6 which shows another embodiment of the invention as used
      in a speed logic adaptive braking system which differs somewhat in
      operation from the adaptive braking system described with respect to FIG.
      3 and the curves of FIG. 1. The black box operation of the present
      adaptive braking system is generally identical to that described with
      respect to the curves of FIG. 1 except that the offset M is not maintained
      when the reference speed signal is above the speed signal. Rather, the
      reference speed signal is allowed to decay on a constant slope while above
      the speed signal until it passes through the speed signal. At that time
      the invention operates to pull down the reference speed signal as in the
      earlier embodiments. Specifically, the speed signal is applied as an input
      on the non-inverting input terminal of operational amplifier 150,
      connected to have unity gain, and also as one input comparator 152.
      Resistor 156, diode 158, constant current sink 162 and normally open
      switch 164 are connected between the non-inverting input terminal of
      operational amplifier 150 and a voltage return bus, suitable ground.
PAR  Operational amplifier 150 operates as a current source whose output
      terminal is connected through constant current device 168 to its inverting
      input terminal and also to the first plate of memory capacitor 166 and the
      emitter electrode of PNP transistor 160 whose collector electrode is
      connected to ground and whose base electrode is connected to the junction
      of diode 158 and current sink 162. Capacitor 166 first plate is connected
      through resistor 170 as the second input to comparator 152 and through
      constant current sink 172 to ground. The output terminal of comparator 152
      is connected to a braking force attenuator represented by driver 154 and
      solenoid valve winding 174. The output signal from driver 154 is also used
      to operate switch 164.
PAR  In operation, since switch 164 is normally open, the emitter-collector
      circuit of transistor 160 is normally non-conductive. Operatonal amplifier
      150 together with current device 168 act to maintain a voltage across
      capacitor 166 equal to the voltage at the non-inverting input terminal of
      operational amplifier 150. In other words, the circuit normally operates
      to maintain a signal equal to the speed signal across capacitor 166.
PAR  Current device 168 also supplies a constant current through resistor 170
      for constant current sink 172. This results in a voltage drop across
      resistor 170 which corresponds to the offset N of FIG. 1. Thus, there is
      normally applied at the second input of comparator 152 a reference speed
      signal equal to the speed signal less a quantity N. Also as described with
      respect to the system of FIG. 3, the decay rate of capacitor 166 is
      limited, in this embodiment by constant current sink 172. Thus, if after
      the vehicle is braked the speed signal should decay at a rate greater than
      capacitor 166 can follow, the signal across capacitor 166 would no longer
      track the speed signal downward but rather would decay along the slope
      determined by current sink 172 until the speed signal dropped through the
      reference speed signal, at which time comparator 152 is triggered to
      generate an output signal which is applied through driver 154, whose
      resultant output is a relatively high signal, to winding 174 which in
      response thereto operates to begin attenuation of the braking force.
PAR  Switch 164 is functionally similar to the circuit comprised of transistors
      82 and 90 of FIG. 3 in that it does not respond to positive transitions of
      driver 154 output signals.
PAR  Subsequently, the speed signal will begin to increase as the reference
      speed signal continues to drop until the two signals again cross, at which
      time comparator 152 is triggered to extinguish its output signal. The
      output from driver 154 goes low thus deenergizing winding 174 which causes
      the braking force attneuator to begin restoration of braking force. Switch
      164 responds to the negative-going transition and momentarily closes thus
      permitting current to flow therethrough from constant current sink 162.
      This constant current also flows through resistor 156 and diode 158 so
      that the resulting voltage level at the base electrode of transistor 160
      is a predetermined fixed amount below the level of the speed signal. In
      other words, the new signal at the base electrode of transistor 160
      corresponds to the speed represented by the instantaneous speed signal
      less a predetermined constant speed. Since transistor 160 is an emitter
      follower, capacitor 166 is discharged to this new signal level and then
      recharges in accordance with constant current device 168.
PAR  Of course, the reference speed signal is similarly pulled down and
      subsequently rebuilt in accordance with the signal across capacitor 166
      and the drop through resistor 170. Note that in the present embodiment the
      reference signal is pulled down a predetermined amount regardless of the
      instantaneous level of the speed signal, whereas in the embodiment of FIG.
      3 the reference was pulled down to a predetermined level.
PAR  Refer now to FIG. 7 which is almost identical to FIG. 6 except that current
      source 162 of FIG. 6 is replaced by resistor 180. In this embodiment, when
      switch 164 is closed by the negative-going transition of the driver output
      signal, the voltage level at the base electrode of transistor 160 drops
      below the level of the speed signal by an amount proportional to the
      instantaneous value of the speed signal. Thus, as should now be obvious,
      at higher instantaneous speeds (higher speed signals) the reference speed
      signal is pulled down further than at lower instantaneous speeds.
PAR  The circuit of FIG. 8, reference to which should now be made, is similar to
      the circuit of FIG. 7 except that switch 164 is returned to the voltage
      level at the junction of resistors 176 and 178 which comprise a voltage
      divider across a B+ voltage source. In this embodiment, the speed
      reference signal is pulled down by an amount which is comprised of a
      factor proportional to the instantaneous level of the speed signal and a
      constant factor in accordance with the voltage level at the junction of
      resistors 176 and 178.
PAR  Having described various embodiments of the invention in various
      environments one skilled in the art should now be equipped to adapt the
      invention to his specific needs and in his specific environment. Thus, the
      invention is not to be limited to the exact forms shown but rather is to
      be limited only by the true spirit and scope of the appended claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. In a wheeled vehicle having first means in contact with a road bed and
      braked by a braking force, an adaptive system comprising means for
      attenuating said braking force when energized into a first state and for
      restoring braking force when energized into a second state and control
      means for energizing said means for attenuating into at least said first
      and second states, said control means including means responsive to motion
      of said first means for generating performance signals correlated to the
      dynamic preformance of said first means, said control means energizing
      said means for attenuating into said first state when said performance
      signals satisfy first predetermined performance criteria having a normal
      level, satisfaction of the first performance criteria by said performance
      signals being indicative of wheel skid imminence and subsequently
      energizing said means for attenuating into said second state when said
      performance signals satisfy second predetermined performance criteria,
      and, means for altering said first predetermined criteria in a direction
      away from satisfaction of said performance criteria by said preformance
      signals to a level indicative of more imminent wheel skid than normal and
      in response to the energizing of said means for attenuating into said
      second state and including means responsive to the alteration of said
      first predetermined criteria for subsequently and relatively slowly
      restoring said first predetermined criteria to the normal level whereby
      during the time that said first predetermined criteria is being restored
      the performance signals must be indicative of more imminent wheel skid
      than normal in order to satisfy the altered criteria.
NUM  2.
PAR  2. In a vechicle having rotating means in contact with a road bed and
      braked by a braking force, an adaptive braking system comprising:
PA1  means for attenuating said braking force when energized into a first state
      and for restoring braking force when subsequently energized into a second
      state;
PA1  control means for energizing said means for attenuating into at least said
      first and second states in response to speed signals, said control means
      including means for generating said speed signals correlated to the
      rotational speed of said rotating means, said control means energizing
      said means for attenuating into said first state when said speed signals
      satisfy first predetermined speed criteria having a normal level,
      satisfaction of the first speed criteria by said speed signals being
      indicative of wheel skid imminence and subsequently energizing said means
      for attenuating into said second state when said speed signals satisfy
      second predetermined speed criteria, and, means for altering said first
      predetermined criteria in a direction of decreased speed to a level
      indicative of more imminent wheel skid than normal in response to the
      energizing of said means for attenuating into said second state and
      including means responsive to the alteration of said first predetermined
      criteria for subsequently and relatively slowly restoring said first
      predetermined criteria to the normal level whereby during the time that
      said first predetermined criteria is being restored the speed signals must
      be indicative of more imminent wheel skid than normal in order to satisfy
      the altered criteria.
NUM  3.
PAR  3. The adaptive braking system of claim 2 wherein said rotating means
      comprises a vehicle wheel.
NUM  4.
PAR  4. The adaptive braking system of claim 2 wherein said rotating means
      comprises the vehicle drive shaft.
NUM  5.
PAR  5. The adaptive braking system of claim 2 wherein said rotating means
      comprises a portion of the vehicle drive train.
NUM  6.
PAR  6. In a vehicle having rotating means in contact with a road bed and braked
      by a braking force, an adaptive braking system comprising:
PA1  means for attenuating said braking force when energized into a first state
      and for restoring braking force when subsequently energized into a second
      state;
PA1  a speed sensor coupled to and generating a first signal proportional to the
      rotational speed of said rotating means;
PA1  means for generating a second signal offset from said first signal in a
      direction indicative of lesser rotational speed;
PA1  means for generating a third signal offset from said first signal in a
      direction indicative of greater rotational speed;
PA1  a memory device normally storing a selected one of said second and third
      signals, said memory device including means for limiting the rate of
      change of the stored signal in said memory device in a direction
      indicative of decreasing rotational speed while said second signal is
      selected and for subsequently selecting said third signal if said second
      signal changes faster than said memory device is permitted by said means
      for limiting and for limiting the rate of change of the signal stored in
      said device in a direction of increasing rotational speed while said third
      signal is selected and for subsequently selecting said second signal if
      said third signal changes faster than permitted by said means for
      limiting;
PA1  means comparing said first signal with the stored signal for energizing
      said means for attenuating into said first and second states; and,
PA1  means for altering the stored signal in a direction of decreased rotatioal
      speed in response to the energizing of said means for attenuating into
      said second state and including means responsive to the alteration of said
      stored signal for subsequently increasing the stored signal relatively
      slowly in the direction of increasing rotational speed from a level below
      the level of said second signal toward said second signal.
NUM  7.
PAR  7. The adaptive braking system of claim 6 wherein said first, second and
      third signals comprise d.c. voltage levels and said memory device
      comprises a capacitive device.
NUM  8.
PAR  8. The adaptive braking system of claim 7 wherein said means for altering
      comprises switching means shunting said capacitive device and responsive
      to the energizing of said means for attenuating into said second state for
      momentarily discharging said capacitive device.
NUM  9.
PAR  9. The adaptive braking system of claim 6 wherein said means for altering
      comprises means responsive to the energizing of said means for attenuating
      into said second state for changing the stored signal in the direction of
      decreased rotational speed to a level indicative of a predetermined fixed
      rotational speed.
NUM  10.
PAR  10. The adaptive braking system of claim 6 wherein said means for altering
      comprises means responsive to the energizing of said means for attenuating
      into said second state for changing the stored signal in the direction of
      decreased rotational speed by an amount related at least to the
      instantaneous level of said first signal.
NUM  11.
PAR  11. The adaptive braking system of claim 6 wherein said means for altering
      comprises means responsive to the energizing of said means for attenuating
      into said second state for changing the stored signal in the direction of
      decreased rotational speed by an amount related to the instantaneous level
      of said first signal and a fixed predetermined level.
NUM  12.
PAR  12. In a vehicle having rotating means in contact with a road bed and
      braked by a braking force, an adaptive braking system comprising:
PA1  means for attenuating said braking force when energized into a first state
      and for restoring braking force when subsequently energized into a second
      state;
PA1  sensor means for generating a first signal proportional to acceleration of
      said rotating means;
PA1  a source of a first reference at a first level;
PA1  a source of a second reference;
PA1  means responsive to said first signal for at least initiating action to
      energize said means for attenuating into said first state when said first
      signal attains said first reference and for energizing said means for
      attenuating into said second state when said first signal subsequently
      attains said second reference; and,
PA1  means for altering said first reference in a direction of increased
      negative acceleration in response to the energizing of said means for
      attenuating into said second state and including means responsive to the
      alteration of said first reference to relatively slowly restore said first
      reference toward said first level.
NUM  13.
PAR  13. The adaptive braking system of claim 12 wherein said first signal and
      said first and second references comprise d.c. voltage levels.
NUM  14.
PAR  14. An adaptive braking system as recited in claim 13 wherein said source
      of a first reference at a first level comprises a voltage source and a
      voltage divider connected thereacross, said first reference being obtained
      from a point interior thereof, and wherein said means for altering and to
      restore comprise a capacitor connected into said voltage divider and
      switching means responsive to the energizing of said means for attenuating
      into said second state for momentarily discharging said capacitor.
NUM  15.
PAR  15. In a vehicle having rotating means in contact with a road bed and
      braked by a braking force, an adaptive braking system including means for
      attenuating said braking force when energized into a first state and for
      restoring braking force when subsequently energized into a second state,
      said adaptive braking system additionally comprising:
PA1  speed sensor means coupled to said rotating means for generating a first
      proportional to the rotational speed thereof;
PA1  memory means for normally generating a second signal having a normal level
      offset a predetermined amount from said first signal in a direction
      indicative of lesser rotational speed and including means for limiting the
      rate of change of said second signal in a direction indicative of
      decreasing speed from a time when said second signal is offset from said
      first signal in a direction indicative of lesser rotational speed and
      continuing at least during a portion of the time said second signal is
      offset from said first signal in a direction indicative of greater
      rotational speed;
PA1  means comparing said first signal with said second signal for energizing
      said means for attenuating into said first and second states; and,
PA1  means for altering said second signal in a direction of decreased
      rotational speed in response to the energizing of said means for
      attenuating into said second state and including means responsive to the
      alteration of said second signal for subsequently increasing said second
      signal relatively slowly in a direction of increasing rotational speed
      from a level below the normal level of said second signal toward the
      normal level of said second signal.
NUM  16.
PAR  16. The adaptive braking system of claim 15 wherein said means for altering
      comprises means responsive to the energizing of said means for attenuating
      into said second state for changing said second signal in the direction of
      decreased rotational speed to a level indicative of a predetermined fixed
      rotational speed.
NUM  17.
PAR  17. The adaptive braking system of claim 15 wherein said means for altering
      comprises means responsive to the energizing of said means for attneuating
      into said second state for changing said second signal in the direction of
      decreased rotational speed by an amount related at least to the
      instantaneous level of said first signal.
NUM  18.
PAR  18. The adaptive braking system of claim 15 wherein said means for altering
      comprises means responsive to the energizing of said means for attenuating
      into said second state for changing said second signal in the direction of
      decreased rotational speed by an amount related to the instantaneous level
      of said first signal and a fixed predetermined level.
NUM  19.
PAR  19. The adaptive braking system of claim 15 wherein said first and second
      signals comprise d.c. voltage levels and said memory means comprises a
      capacitor.
NUM  20.
PAR  20. The adaptive braking system of claim 19 wherein said means for
      subsequently increasing comprises resistance means cooperating with said
      capacitor to comprise a time constant circuit.
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ABST
PAL  A pneumatic control device with programmed characteristic, particularly for
      a vehicle braking device, wherein it comprises a pilot reducing valve
      connected respectively to a source of compressed fluid supply, to the
      atmosphere and to a fluid outlet conduit terminating in a pneumatic
      control member, the reducing valve comprising members for controlling the
      passage of the fluid whose operation is connected with programming device
      whose characteristics are capable of being corrected by the use of
      applying different parameters.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 103,682, filed Jan. 4, 1971, now
      U.S. Pat. No. 3,796,135.
BSUM
PAR  The present invention relates to a pneumatic control device with programmed
      characteristic, particularly for a vehicle-braking device.
PAR  For pneumatically controlling different installations and particularly
      those which have the same characteristics as a braking device, a control
      device is used which comprises at least one pressure-reducing valve of a
      type having a large number of advantages over known pressure reducers.
PAR  In fact, the reducing valves of known type have a certain number of
      disadvantages, particularly concerning the difficulty in obtaining a
      reducing valve of reduced bulk which is highly accurate and has a high
      output.
PAR  Another difficulty resides in the fact that it is sought to reduce the cost
      of the reducing valve by simplifying its functional components and this
      results in insufficient output parameters.
PAR  Furthermore, the output characteristic of the known reducing valves has a
      non-modifiable working, this not permitting them to be adapted to the
      requirements of the different braking devices for vehicles for which they
      are intended.
PAR  In the field of braking, it is also desirable that a reducing valve be
      connected to each axle and adapted to the ratios of the braking stress,
      which must approximate to the best conditions possible.
PAR  The reducing valve according to the invention made according to this
      technique enables an apparatus to be obtained which is of extremely
      reduced bulk, of simplified production and of low cost price.
PAR  It is therefore possible to associate a pilot reducing valve acting as
      programmer to another reducing valve of similar design, but enabling a
      much higher output power to be had. By this means, the two reducing valves
      may be assembled on a common base in order to form an assembly of
      considerably smaller dimensions than those of the known reducing valves.
PAR  Although the reducing valves in the control device according to the
      invention are substantially flatter than the known reducing valves, their
      reaction surfaces are sufficiently large to supply an output
      characteristic whose precision is at least equal to that of the existing
      reducing valves, if not greater.
PAR  The control device according to the invention comprises a programming
      device constituted by plates cut out in order to present a determined
      section and permitting action on the operation of a pilot reducing valve,
      in order that it may fulfill the requirements of a control device,
      particularly a braking device. The programming device obtained by means of
      sectioned plates may receive means for correcting the characteristics
      according to the load of the vehicle, or means for reducing the braking
      stress, in the case of locking.
PAR  In accordance with the present invention, the control device comprises a
      pilot reducing valve connected respectively to a source of compressed
      fluid supply, to the atmosphere and to a fluid output conduit ending in a
      pneumatic control member, said reducing valve comprising members for
      controlling the passage of the fluid, the operation of which is connected
      with programming means whose characteristics are capable of being
      corrected by means for applying different parameters.
DRWD
PAR  The invention will be described in greater detail with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a schematic view showing a pneumatic control device according to
      the invention.
PAR  FIG. 2 is a sectional view of a pilot, reducing valve.
PAR  FIG. 3 is a plan view of the same pilot reducing valve shown in FIG. 2.
PAR  FIG. 4 is a sectional view of a reducing valve controlled by a pneumatic
      signal.
PAR  FIG. 5 is a pneumatic control device applied to a system of braking the two
      axles of a vehicle.
PAR  FIG. 6 is a diagram representing the distribution of the braking torque on
      two axles of the same vehicle, according to a known load.
PAR  FIG. 7 is an embodiment of a control device with braking corrector as a
      function of the load of the vehicle.
PAR  FIG. 8 is a diagram representing the braking torque of the front axle, as a
      function of decelerations of the vehicle for different loads.
PAR  FIG. 9 is a diagram of the same functions for the rear axle.
PAR  FIG. 10 is an embodiment of a braking corrector in the case of a pneumatic
      vehicle suspension.
PAR  FIG. 11 is a sectional view, on a larger scale, of a barrage valve shown on
      the braking corrector of FIG. 10.
PAR  FIGS. 12a to 12c are diagrams representing the correspondence between the
      different operational pressures.
PAR  FIG. 13 is a schematic view of an embodiment of a braking device with a
      supplementary emergency control.
PAR  FIG. 14 is a schematic view of an embodiment of a braking control device
      with anti-locking device.
DETD
PAR  Referring now to the drawings, FIG. 1 shows an embodiment of a control
      device according to the invention, which comprises a pilot reducing valve
      1 connected respectively by a conduit 2 to a source of pressurised fluid
      3, by a conduit 4 for the reaction return and by a fluid output conduit 5
      to a high outlet reducing valve 6 which is itself connected by a conduit 7
      to the source of pressurized fluid 3, by a conduit 8 for the reaction
      return and finally by a fluid output conduit 9 to a pneumatic control
      member (not shown), particularly a pneumatic jack for controlling a
      braking member of a vehicle.
PAR  The pilot reducing valve 1 comprises a control member 10 connected to
      programming means making it possible to control the passage of the fluid
      coming from the source 3 and directed towards the high outlet reducing
      valve 6 which feeds the pneumatic control member and actuates this latter
      according to a determined program.
PAR  FIGS. 2 and 3 show an embodiment of a pilot reducing valve 1 which
      comprises a rigid stamped plate 11 and a rigid plate 12 between which are
      arranged two flat elements or elastic layers 13, 14; above the rigid layer
      12 are arranged two diaphragms 15 and 16 which are held tightened on the
      plate by an intermediary member 17 and an end member 18.
PAR  The more rigid central parts 19 and 20 of the diaphragms 15 and 16 are
      extended by bosses 21, 22 which are used for transmitting the forces
      exerted on the different members of the reducing valve.
PAR  The rigid plate 11 has a stamped enclosure 23 which is closed by the
      elastic layer 14 which has a central aperture 24 normally obturated by the
      boss 22 of the diaphragm 16 which traverses the rigid plate 12 and the
      elastic layer 13. Furthermore, the elastic layer 13 has a conduit 25 in
      communication with the atmosphere.
PAR  In the members 17, 18, the membranes 15, 16, the rigid plate 12 and the
      elastic layer 13, there is provided a conduit 26 which terminates on one
      side beneath the diaphragm 16 and may be placed in communication with the
      enclosure 23.
PAR  Beneath the most rigid central part 19 of the diaphragm 15 is arranged one
      of the ends of two leaf springs 27, 27a, the other end of which is fixed
      between the body 16 and a stop 28 by means of a shaft 29, said springs 27,
      27a being displaceable by means of a movable support member 30 which
      slides in the space 31 whilst abutting on the body 17; the movable support
      member 30 is unitary with a slide 32 having a slot 33 in which is engaged
      the sectioned end 34 of a plate 35 acting on the slide 32 in opposition to
      a spring 36. On the other hand, the diaphragm 15 is subjected in its upper
      central part to the action of a helical spring 37.
PAR  The pilot reducing valve operates in the following manner.
PAR  The compressed fluid coming from the source 3 is directed by the conduit 2
      (FIG. 1) towards the enclosure 23 through an aperture (not shown in the
      drawing).
PAR  Initially, the springs 27, 27a and the movable support member are located
      in the position shown in FIGS. 2 and 3 for which no action is exerted on
      said springs. In this case, the pressurized fluid acts on the boss 22 of
      the diaphragm 16, repelling said latter in the direction of the boss 21 of
      the diaphragm 15, the pressure exerted by the compressed fluid on this
      latter being however lower than that of the helical spring 37, this
      resulting in the elastic layer 14 remaining in tight contact with the boss
      22, acting as valve and preventing passage of the compressed fluid by the
      aperture 24.
PAR  Whilst the plate 35 is being displaced in the direction of arrow A, its
      engagement in the slot 33 causes the displacement of the movable support
      member 30 in the space 31, and positions the member 30 for the springs 27,
      27a. When the member 30 draws near the central axis of the diaphragm 15,
      the stiffness of the springs 27, 27a increases, and consequently the force
      of the springs directed towards the diaphragm 15 to lift it also
      increases. If the displacement of the support member 30 is reversed, the
      effect on the diaphragm 15 is also reversed.
PAR  As the boss 21 is itself lifted, the pressurised fluid of the chamber 23
      acts on the boss 22 of the diaphragm 16 in order to lift said latter. The
      elastic layer 14 also lifts until it reaches the elastic layer 13 against
      which it is stopped. By this means, a clearance is obtained between the
      rigid plate 12 and the boss 22, so that the compressed fluid passes
      between the rigid plate 12 and beneath the diaphragm 16, the cavity 38
      provided in the body 17 enabling the diaphragm 16 to take the form of this
      cavity.
PAR  In this way, it is therefore possible to establish communication between
      the enclosure 23 and the conduit 26, by the aperture 24, the space between
      the plate 12 and the boss 22, and the passage beneath the diaphragm 16.
PAR  Simultaneously, the difference in pressure between the compressed fluid and
      the atmosphere holds the layer 14 against the layer 13, thus preventing
      the escape of the compressed fluid towards the aperture 25 and towards the
      atmosphere, the layers 13 and 14 acting as retaining valve.
PAR  The compressed fluid located in the output conduit 26 communicates with the
      reaction chamber 39 located above the diaphragm 15 by the calibrated
      conduit 40. The pressure of the fluid increasing in the chamber 39
      actuates the diaphragm 15 in the direction of the diaphragm 16 until
      equilibrium is established between the action of the pressure of the fluid
      and that of the springs 27, 27a.
PAR  At the outlet aperture of the conduit 26, a constant pressure of the fluid
      is established.
PAR  In the case where the pressure of the fluid is maintained in the outlet
      conduit 26 and where the pressure of the springs 27, 27a on the central
      part 19 of the membrane 15 decreases, the reaction stress developed by the
      fluid pressure at the outlet on the diaphragm 15 becomes dominant and the
      movable part of the diaphragms moves towards the diaphragm 16 whose boss
      22 abuts on the elastic layer 14 and breaks the seal between the layers 13
      and 14, thus placing in communication the outlet conduit 26 and the
      atmosphere by conduit 25.
PAR  The escape to the atmosphere of the fluid located in the outlet conduit 26
      is effected up to the moment when the equilibrium is again established
      between the reactions on the diaphragm 15 and the stresses of the springs
      27, 27a.
PAR  This pilot reducing valve 1 with variable characteristics must have reduced
      fluid passages and it cannot be used alone in particular for actuating the
      cylinders of a braking device which necessitate a considerable output of
      fluid.
PAR  To this end, the control device according to the invention comprises in
      combination with the pilot reducing valve 1, a high outlet reducing valve
      6 (FIGS. 1 and 4) which is made substantially in the same manner as the
      reducing valve 1.
PAR  The difference between these two valves resides in the fact that in the
      high outlet reducing valve (FIG. 4), the chamber 41 located between the
      diaphragms 15 and 16 is sealed and it is connected, by a conduit 42, to
      the conduit 5 through which the control pulses emitted by the pilot
      reducing valve 1 arrive.
PAR  Consequently, the members for controlling the programmation 30, 35 and 32
      and the leaf springs 27, 27a which were present in the reducing valve 1
      are eliminated.
PAR  The principle of operation of the high outlet reducing valve 6 is
      substantially the same as the pilot reducing valve 1.
PAR  The action of the leaf springs 27, 27a on the diaphragm 15 is replaced in
      the reducing valve 6 by the action of the pressurized fluid emitting a
      control signal and acting on the diaphragm 15. The surfaces of the central
      parts 19, 20, of the diaphragms are very different in order to ensure the
      necessary amplification of the reaction coming from the conduit 40 and to
      obtain a high precision of the reducing valve.
PAR  The control device described hereinabove may be applied more particularly
      to a vehicle braking device as shown in FIG. 5.
PAR  This braking device enables different braking pressures to be obtained on
      the two axles, said pressures varying according to two distinct laws which
      are as close as possible to ideal conditions.
PAR  This braking device comprises two control assemblies referenced a and b,
      such as that shown in FIG. 1, the programming plates 35a, 35b being
      articulated by means of an axis 46 to a control member 45 unitary with a
      brake pedal (not shown in the drawing) at the disposal of the driver of
      the vehicle.
PAR  The high outlet reducing valves 6a and 6b respectively ensure the feed of
      the brake cylinders of the front and rear axles of the vehicle.
PAR  On the diagram of FIG. 6, the abscissa Ox represents the ground adherence
      (deceleration) and the ordinate Oy the braking pressure (braking torque),
      the curves 43 and 44 corresponding respectively to the ideal distribution
      curves of the braking torque for the front and rear axles which are often
      used by vehicle constructors.
PAR  By means of relatively simple mathematical or graphic methods, it is
      possible to determine the form of the sections 34a, 34b of the plates 35a,
      35b so that for a given position of the brake pedal unitary with the
      control member 45, a corresponding position of the plates 35a, 35b is
      obtained which determine the fluid pressures at the outlet of the reducing
      valves 6a 6b which correspond to the pressures shown on curves 43, 44 of
      FIG. 6.
PAR  By this means, the braking control device of each type of vehicle may be
      adapted to the requirements thereof and enables a good distribution of the
      braking to be obtained by simply replacing the programming members,
      particularly the plates 35a, 35b.
PAR  Furthermore, it may be necessary to modify the braking force according to
      the load of the vehicle and FIGS. 8 and 9 show diagrams on which the
      abscissa Ox represents the deceleration and the ordinate Oy the braking
      pressures.
PAR  The curves 47 and 48 of FIG. 8 respectively represent the braking torque
      with loaded vehicle and with no load for the front axle and the curves 49
      and 50 the braking torque for loaded and non-loaded rear axle.
PAR  This modification of the braking force is obtained by means of braking
      correctors. The control device shown in FIG. 7 comprises means enabling
      the characteristic of a pilot reducing valve to be modified in order to
      obtain a braking corrector.
PAR  In the case of a vehicle comprising a mechanical spring suspension (FIG.
      7), the distance between the bodywork and the axles which varies according
      to the load, may be controlled by means including a punched card 51 with
      three colums 53a, 53b 53c fixed to the bodywork 52 and a pneumatic pickup
      54 corresponding to each column 53a, 53b, 53c, is fixed to the axle
      envisaged 56 and fed by a source of pressurized fluid. Pick-ups 54 are of
      the air-jet type, i.e. they emit a rectilinear jet of air, received from
      source 55, and an air-jet indicator (not shown) is placed in the axis of
      elements 54 and beyond the punched card 51.
PAR  It is therefore possible to obtain a certain combination of signals
      corresponding to the different levels of the bodywork of the vehicle.
PAR  The level line V which corresponds to the vehicle which is not loaded,
      indicates that for this level, the card 51 has no perforation, whilst the
      line C corresponding to the loaded vehicle indicates that for this level
      the card 51 has three perforations 53a, 53b and 53c.
PAR  These signals control three cells 57a, 57b, 57c, having the logic NO
      function which are connected to their outlet with the cylinders 58a, 58b,
      58c of jacks.
PAR  The jacks may be connected in series so that, the three jacks being under
      pressure on the outlet, a stroke is obtained which is equal to the sum of
      the strokes of pistons 59a, 59b, 59c.
PAR  This last piston 59c controls the position of a stop member 60 against the
      action of a spring 61 in abutment on a fixed stop member 62.
PAR  The stop member 60 is capable of abutting against the face 63 of the plate
      35 which is opposite the sectioned face 34.
PAR  The control device comprises, as in the preceding embodiments, a
      programming plate 35 for controlling a pilot reducing valve 1 associated
      with a high outlet reducing valve 6. The operation of the reducing valve 1
      as a function of the displacement of plate 35 was explained previously in
      conjunction with the description of FIGS. 2 and 3.
PAR  When the vehicle is loaded, the punched card 51 is in a low position
      corresponding to the level C and in this case the columns 53a, 53b, 53c
      have three apertures on a line, enabling a low level signal to be obtained
      from pick-ups 54 and a high level signal at the outlet of the NO cells
      57a, 57b, 57c. It will be understood that when the load of the vehicle
      increases the part 52 (bodywork) is lowered in relation to part 56 (axle).
PAR  The cylinders 58a, 58b, 58c are fed with pressurized fluid and the stop
      member 60 is located in the position shown in FIG. 7. When the brake pedal
      is actuated, the plates 35 are driven in the direction of arrow A and by
      reason of its opposite sectioned faces 34 and 63, there result
      modifications of the elasticity of the flat springs 27, 27a equal to the
      sum of the displacements defined by the sections of said faces, said sum
      varying according to the position of the plates in question.
PAR  Particularly for the position indicated in FIG. 7 of the stop member 60,
      the displacement is maximum and the pressures of the fluid at the outlet
      of the two pressure reducers 1 and 6 corresponds to the full load curves
      47 and 49 of FIGS. 8, 9.
PAR  When the vehicle is not loaded, the pickups are located opposite the line V
      and the cylinders 58a 58b, 58c are not fed with fluid, the stop member 60
      is then located in a leftward limiting position and is no longer in
      contact with the sectioned plate 35 which is then guided by the support
      member 64.
PAR  It is thus possible to obtain, by means of three cylinders having an
      identical stroke, different braking characteristics as a function of the
      load of the vehicle. Where the cylinders used have different strokes, it
      is possible to obtain, by their combination, ten different braking
      characteristics.
PAR  As the operational safety of the device is obtained by the use of NO cells,
      if for any reason one of the pick-ups determining the load did not operate
      correctly, its break-down is manifested by an absence of control towards
      the NO cell which continues to emit a signal to its outlet. If all the
      pick-ups did not operate at the same time, one would be in braking
      condition corresponding to the maximum load of the vehicle. Furthermore,
      channels and not circular apertures, are cut out in the punched card in
      order to be able to ensure the correct functioning of the device for all
      the intermediate loads.
PAR  In accordance with the invention, the punched card may be replaced by a
      plate presenting a surface with reliefs of variable shape, which controls
      pneumatic relays with pushes directly feeding the cylinders 58a, 58b, 58c.
PAR  The cylinders 58a, 58b, 58c having different strokes may be arranged in
      parallel and not in series.
PAR  According to another embodiment, it is possible to provide two punched
      cards, one of which being for the front axle, the other for the rear axle,
      said cards enabling the braking pressures to be corrected as a function of
      the dynamic distribution of the load, according to the different
      decelerations.
PAR  According to another embodiment, it is possible to make the stop member 60
      operate directly by means of a mechanical device, converting the
      displacement of the chassis into a displacement of the stop member.
PAR  In the case of a pneumatic suspension device (FIGS. 10 and 11) comprising
      pneumatic cushions 65, it is possible to use the elastic layer 66 of the
      cushion for constituting barrage valves 67 which are connected on the one
      hand to a source of pressurized fluid 68 and on the other hand to a
      calibrated escape aperture 69 and to a cell with logic function 57a
      terminating in a control cylinder 58a as in the device shown in FIG. 7.
PAR  FIG. 11 shows in section a barrage valve 67 made on a pneumatic cushion 65
      inflated to an inner pressure Pc which varies according to the load of the
      vehicle.
PAR  Around the cushion is disposed a metal belt 70 in which is made, by
      stamping, an enclosure 71 whose width is equal to d. There are welded to
      the belt 70 two bosses 72, 73 which have a conduit 74 for the inlet (Pa)
      and the outlet of the fluid (Ps) in the enclosure 71, through apertures 75
      provided in the wall 70 of the belt.
PAR  For a determined value of the width d of the enclosure and of the inner
      pressure Pc of the pneumatic cushion, a predetermined opening pressure is
      obtained.
PAR  The correspondence between the opening pressure and the feed pressure for
      three distinct valves with different widths d is shown in the diagram of
      FIG. 12a in which:
EQU  d1 &gt; d2 &gt; d3 and Pc = constant = Pc 3.
PAR  The arrow F.sub.1 indicates the direction of the increase of Pa and arrow
      F2 indicates the direction of decrease of Pa. The highest opening pressure
      corresponds to the smallest distance d3.
PAR  The diagram of FIG. 12b shows the influence of the pressure Pc of the
      cushion 65 on the opening pressure PS for a valve comprising an enclosure
      71 of predetermined width d. In this case, Pc1 &lt; Pc2 &lt; Pc3 and the
      distance d is equal to d3.
PAR  The diagram of FIG. 12c shows the operation of the three barrage valves 67
      mounted on a suspension cushion which supports a variable load.
PAR  For the smallest pressure Pc in the cushion 65 (non-loaded vehicle), the
      three barrage valves 67 are open, the three NO cells 57a, 57b, 57c are
      closed and the pistons 59a, 59b 59c of the cylinders 58a, 58b, 58c are in
      withdrawn position.
PAR  With the increase in pressure Pc, the successive closures are obtained: of
      the valve 67 comprising the smallest width d3, followed by the valve of
      width d2 and lastly the valve of width d1. In this way, when the vehicle
      is fully loaded, all the valves are closed and the three output signals Ps
      escape through the calibrated apertures 69 so that the pistons 59a, 59b,
      59c of the cylinders 58a, 58b, 58c are in outlet position.
PAR  In the case of a lack of suspension, it is possible to provide a conversion
      of the load on the axle into an electric signal by piezo-electrical pickup
      and the conversion of this electric signal into a pneumatic signal, in
      order to control the pistons 59a, 59b, 59c of the cylinders 58a, 58b, 58c
      or the direct use of the electric signal by an electro-mechanical device
      which directly controls the stop members 60.
PAR  FIG. 13 shows a braking device which, in addition to controlling the
      braking of the front and rear axles, as shown in FIG. 5, comprising an
      emergency braking control.
PAR  As is the braking device described hereinabove, a pedal 76 is connected to
      a control member 45 on which are articulated by means of an axis 46
      programming plates 35a, 35b, 35c which respectively control pilot reducing
      valves 1a, 1b, 1c and high outlet reducing valves 6a, 6b, 6c. The pressure
      reducer 6a feeds the cylinders 77 of the rear brakes, pressure reducer 6b
      feeds the cylinders 78 of the front brakes and pressure reducer 6c the
      cylinders 79 of the emergency brake.
PAR  In the case of a breakdown of the main braking device (a, b), the safety
      device may be put into operation manually by a switch 80 located on the
      dashboard, or a switch 81 actuated by the pedal 76 at the end of its
      stroke.
PAR  The switches 80 and 81 may be either electric or pneumatic, operating as
      relays with memory functions which change their state after each control.
      By this means, the operation of the safety device may be maintained up to
      the cancellation signal which occurs following a new operation of one of
      the switches.
PAR  The switches 80 and 81 are connected to a control member 82 of pneumatic or
      electromechanical type which acts against a spring 83 on a stop member 84,
      capable of abutting against the blade 35c in order to render said later
      operative for the control of the pilot reducing valve 1c and of the
      reducing valve 6c which feeds the cylinder 79 of the emergency brake.
PAR  By this means, an emergency control is had with programmed braking
      characteristic and use is made of the emergency brake device only outside
      normal operation of the main braking device, thus limiting the risks of
      simultaneous wear of the two circuits.
PAR  According to another embodiment shown in FIG. 14, the control device is
      provided with a locking detector 85 which is connected to a control member
      86 acting against a spring 87 which maintains the stop member 88 in
      contact with the face of a programming plate 35 which is opposite the
      sectioned face 34.
PAR  When the signal coming from the locking detector is applied to the stop
      member 88, the plate 35 moves back whilst reducing the pressure of the
      fluid at the outlet of the pilot pressure reducer and by means of the high
      outlet pressure reducer, also reduces the pressure in the brake cylinders.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A pneumatic control device with programmed characteristics, particularly
      for a vehicle braking device, the vehicle having a bodywork, a brake
      pedal, and at least one axle, a pilot reducing valve connected
      respectively to a source of compressed fluid supply, to the atmosphere and
      to a fluid outlet conduit terminating in a pneumatic control member for
      the brakes on the respective axles, said reducing valve having members
      controlling the passage of fluid in dependence on the relative positions
      thereof, a programming means associated with at least one of said members
      and moving that member, said programming means comprising a plate having
      oppositely contoured faces, one of said faces being in slidable contact
      with said at least one of said members of said reducing valve, the other
      of said contoured faces being in slidable contact with a piston means,
      said piston means being urged against said plate by fluid pressure applied
      to a plurality of connected cylinders associated with said piston means,
      means for applying a varying fluid pressure to respective cylinders in
      dependence on the position of the bodywork relative to the axle, said
      means being effective to apply more pressure when the vehicle is loaded
      then when the vehicle is not loaded, said plate being operatively
      connected to the brake pedal and being progressively movable between said
      piston means and said at least one of said members.
NUM  2.
PAR  2. A device is defined in claim 1, further comprising a spring means urging
      said piston means away from said plate and another spring means urging
      said at least one of said members against said plate, and a stop member
      engageable with a portion of the other face of said plate to limit the
      extent of movement of said plate due to the pressure of said another
      spring means.
NUM  3.
PAR  3. A device as defined in claim 1 wherein said means applying a varying
      fluid pressure to said cylinders comprises a card with a plurality of
      punched openings therein fixed to the bodywork, a fluid pressure means
      affixed to a respective axle and aligned with said card, a plurality of
      detecting means being disposed on the other side of the card from said
      fluid pressure means in alignment with said openings in said card and
      operating in dependence on fluid under pressure as received through said
      punched card from said fluid pressure means, said detecting means being
      connected, respectively to a plurality of cells having NO logic function,
      said cells controlling the fluid pressure applied to each of said
      cylinders.
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ABST
PAL  Apparatus for controlling an hydraulic braking system for an automotive
      vehicle is operated to apply a reduced braking force upon the innermost
      wheels of the vehicle during turning thereof in order to prevent undesired
      locking of the inside wheels. The apparatus comprises a pressure reducing
      valve connected in the hydraulic brake line extending from a master
      cylinder to the wheel cylinders of the left and right wheels of the
      vehicle and a directional control valve which operates to selectively
      apply to a given wheel either the higher hydraulic braking pressure
      directly from the master cylinder or a reduced pressure which is produced
      by passing the hydraulic fluid from the master cylinder through the
      pressure reducing valve before application to the wheel cylinders. A load
      sensitive means which is sensitive to load changes at the left and right
      wheels and which operates the pressure reducing valve and the directional
      control valve operates to sense the direction of turning of the vehicle
      and to effect application of the braking force exerted on the inside
      wheels at a reduced level developed through the pressure reducing valve in
      accordance with the load change at a given wheel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to brake control apparatus, and more
      particularly to a mechanism which is used in a hydraulic pressure braking
      system for automotive vehicles to control the braking force applied upon
      the wheels of the vehicle during turning of the vehicle.
PAR  Generally, when a vehicle is executing a turn, an acceleration force is
      produced in a direction laterally of the vehicle whereby the load of the
      vehicle body is shifted toward the wheels which are located inwardly of
      the turning curve. It should be understood that as used hereinafter, the
      term "inside wheels" is used to refer to those wheels which are located
      inwardly of the turning curve of the vehicle and in this sense, the term
      "outside wheels" will refer to those wheels located outwardly of the
      turning curve.
PAR  If, during turning of the vehicle, the same brake force is applied upon the
      inside wheels and the outside wheels, the inside wheels will undergo a
      stronger braking force than the outside wheels due to the influence of the
      load shifting mentioned above. Accordingly, the inside wheels may tend to
      become locked at an unduly early stage, thereby creating a situation which
      is not desirable from the standpoint of safe vehicle operation.
PAR  The present invention is directed to the provision of a brake control
      apparatus in which the braking hydraulic pressure applied on the inside
      wheel or wheels of the vehicle at the time of simultaneous braking and
      turning of the vehicle is reduced in accordance with the magnitude of
      rebounding or relative motion of these wheels caused by the
      above-mentioned load shifting so that locking of the inside wheels at an
      unduly early stage of the operation of the brake system will be avoided.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention may be described as apparatus for
      controlling application of braking fluid pressure to the wheels of the
      vehicle, said apparatus comprising a pressure reducing valve which is
      connected in the hydraulic braking system of the vehicle and which is
      adapted to emit a reduced level of fluid pressure, a directional control
      valve which selectively directs application of the reduced fluid pressure
      to either of the right or left wheels of the vehicle and sensing means
      responsive to the direction of turning of the vehicle for actuating the
      directional control valve in accordance with the direction in which the
      vehicle is turned to effect application of the lower pressure to the
      wheels on the inside of the vehicle. The directional control valve is
      arranged to have applied therethrough the fluid pressure generated by a
      master cylinder of the braking system which may be directly applied as a
      higher pressure level to the wheels of the vehicle in accordance with
      operation of the directional control valve. The pressure reducing valve is
      connected in parallel with the flow path which extends directly between
      the master cylinder and the directional control valve and operates to
      selectively apply a reduced level of hydraulic braking pressure through
      the directional control valve. Thus, depending upon the disposition of the
      sensing means which are connected to actuate the directional control
      valve, a higher or lower braking force may be applied to the wheels of the
      vehicle depending upon the direction of turning of the vehicle. Those
      wheels which are to receive a higher braking force will be directly
      connected to the master cyclinder through the directional control valve.
      Those wheels which are to receive a lower braking force will be connected
      through the directional control valve to the pressure reducing valve. The
      sensing means are operatively associated with the pressure reducing valve
      in order to cooperate therewith to produce the desired lower pressure
      level when a vehicle turn is to be executed simultaneously with
      application of a braking force.
PAR  The sensing means may comprise a pair of pivoted lever mechanisms which are
      connected across the suspension springs on the right and left side of the
      vehicle and which operate to sense the load at a given wheel and thereby
      to effect a pivotal motion actuating both the directional control valve
      and the pressure reducing valve in accordance with the direction of
      turning of the vehicle.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there are illustrated and described preferred embodiments of the invention
     .
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram showing a hydraulic braking system in which the
      brake controlling apparatus of the present invention is applied in
      association with the rear wheels of a vehicle;
PAR  FIG. 2 is a schematic view illustrating an embodiment of the brake control
      apparatus of the present invention;
PAR  FIG. 3 is a schematic view depicting operation of the apparatus shown in
      FIG. 2 at the time that a vehicle is braked while simultaneously making a
      right turn; and
PAR  FIG. 4 is a block diagram showing a hydraulic braking system in which the
      brake control apparatus of the present invention is utilized with a
      proportioning valve.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 of the drawings, a brake control apparatus in
      accordance with the present invention is illustrated as applied, by way of
      example, to controlling the braking force produced upon the rear wheels of
      a vehicle. The hydraulic braking system of the vehicle includes a master
      cylinder 2 which may, for example, be of a tandem arrangement connected
      through rear wheel hydraulic brake lines 3 to respective wheel cylinders
      5a, 5b, of a left rear wheel 4a and a right rear wheel 4b. The master
      cylinder 2 is designed, as is generally known to produce a braking force
      corresponding to the braking pressure applied upon a brake pedal 1 located
      in the passenger compartment of the vehicle.
PAR  The brake lines 3 are connected through a pressure reducing valve 10 which
      operates to regulate the hydraulic pressure of the brake fluid, a
      directional control valve 20 for directing brake fluid pressure
      selectively to the wheel cylinder 5a or to the wheel cylinder 5b, and a
      load sensitive device 40 which is sensitive to the change in the load at
      the wheels so as to control operation of the valves 10 and 20.
PAR  Referring now to FIG. 2, the pressure reducing valve 10 is shown as
      including two chambers 12 and 13 which are divided from each other by the
      partition wall 11. A passage 15 is provided for bypassing the partition
      wall 11 and a port 14 extends through the partition wall 11 in order to
      communicate the chamber 12 and 13 with each other.
PAR  A piston 17 loaded with a spring 16 is arranged in the chamber 12 in a
      manner to be freely movable therein in vertical directions. A valve body
      19 loaded with a spring 18 is fitted in the port 14 in order to effect
      opening and closing of the valve through cooperation with the piston 17.
PAR  A hydraulic conduit 3a extending from the master cylinder is connected to
      the chamber 12 with a conduit 3b being connected to the space 12a formed
      between the partition wall 11 and the head of the piston 17. The conduit
      3b operates to derive a reduced hydraulic pressure for braking from the
      pressure reducing valve 10.
PAR  With such an arrangement, hydraulic braking pressure is transmitted from
      the conduit 3a through the chamber 12, passage 15, chamber 13, and port 14
      to the conduit 3b. In the case where the hydraulic pressure is low, a
      lower force will be exerted upon the piston 17 by the fluid in the chamber
      12a and accordingly the piston 17 will be moved upwardly by the force of
      the spring 16. This, in turn, causes the valve body 19 to move upwardly
      together with the piston 17 thus increasing the opening of the port 14.
PAR  In such a case, no substantial reduction in the hydraulic braking pressure
      will occur between the conduit 3a and the conduit 3b. However, in the case
      where hydraulic pressure in the conduit 3a is increased and reaches a
      predetermined value, the piston 17 will be urged downwardly against the
      biasing force of the spring 16 by the force exerted through the brake
      fluid in the chamber 12a. This, in turn, will cause the valve body 19 to
      move downwardly together with the piston 17 and the opening of the port 14
      will be reduced. Thus, hydraulic pressure in the conduit 3b will be
      increased at a smaller rate than that in the conduit 3a.
PAR  The directional control valve 20 includes a valve cylinder 21 within which
      there is slidably arranged a valve spool 25 which has formed thereon three
      lands 22, 23, and 24. The valve spool 25 is arranged to be movable
      leftwardly and rightwardly within the cylinder 21, as viewed in FIG. 2.
      Extending from the cylinder 21 is a port 26 which is arranged to be opened
      or closed by the center land 23 of the spool 25. Ports 27 and 28 also
      extend from the cylinder 21, and communication between these ports is
      controlled by the land 22. Ports 29 and 30, which also extend from the
      cylinder 21, have the communication therebetween controlled by the land
      24.
PAR  Both ports 27 and 29 are connected to the conduit 3a, while the port 26 is
      connected to the conduit 3b. Furthermore, the port 28 is connected to a
      conduit 3c which extends to the wheel cylinder 5a of the left rear wheel
      4a. The port 30 is connected to a conduit 3d which extends to the wheel
      cylinder 5b of the right rear wheel 4b. With such an arrangement,
      hydraulic braking pressure in the conduit 3a or in the conduit 3b will be
      selectively applied to the conduits 3c or 3d depending upon the position
      of the valve spool 25 in the valve cylinder 21.
PAR  Load sensitive means 40 is interposed between the pressure reducing valve
      10 and the directional control valve 20. The sensing means 40 includes a
      pair of brackets 42 and 43 which are affixed at the same level to a
      portion 41 of the vehicle body which is supported on suspension springs
      (not shown). On the left side of one bracket 42 there is provided a
      bracket 45 which is affixed to a portion 44a of the wheel axle housing
      which is located downwardly from the suspension spring (not shown) on the
      left side of the vehicle. Similarly, on the right side of the other
      bracket 43 there is provided a bracket 46 which is fixed to a portion 44b
      of the wheel axle housing that is located downwardly of the suspension
      spring (not shown) on the right side of the vehicle.
PAR  A lever 47 extends between the two left side brackets 42 and 45 in a manner
      whereby there is permitted pivotal movement about a pin 48. The lever 47
      is provided at its upper portion with a cam 47 a which includes a surface
      47c inclined downwardly to the right, and at its lower portion with an
      actuator arm 47b.
PAR  Similarly, on the opposite side of the vehicle body there is provided
      another lever 49 which extends between the two right side brackets 43 and
      46 in such a manner as to be pivotally movable about a pin 48. The lever
      49 is provided at its upper portion with a cam 49a which includes a
      surface 49c inclined downwardly to the left, and at its lower portion with
      an actuator arm 49b.
PAR  Thus, the two levers 47 and 49 will be disposed symmetrically on both sides
      of the suspension springs.
PAR  Mounted upon the cams 47a and 49a of the levers 47 and 49, respectively, is
      a connecting member 31 which is moved downwardly as a result of pivotal
      movement of the levers 47 and 49. A spring 34 is interposed between the
      central portion of the connecting member 31 and the lower end portion of
      the piston 17 in a manner whereby the connecting member 31 and the piston
      17 may be cooperatively associated with each other.
PAR  The arms 47b and 49b are linked, respectively, with opposite ends of the
      valve spool 25 of the directional control valve 20 through a pair of
      springs 32 and 33. Pivotal movement of the levers 47 and 49 will effect
      movement of the arms 47b and 49b in such a manner as to cause longitudinal
      movement of the valve spool 25 within the cylinder 21.
PAR  With such an arrangement, when the vehicle is not being turned and is
      moving in a straight path, the lever 47 and 49 will extend horizontally as
      shown in FIG. 2 and the connecting member 31 will be maintained at its
      uppermost position supported upon the cams 47a and 49a. Thus, in this
      condition, the force of the spring 34 exerted upon the piston 17 will be
      rather strong so that no substantial pressure reducing effect will be
      produced. Under such circumstances, the spring forces of the springs 32
      and 33 will be balanced so that spool 25 will be held at its central
      position within the valve cylinder 21.
PAR  With the spool 25 in this position, the port 26 will be closed by the land
      23 and the ports 27 and 29 will be communicated with the ports 28 and 30,
      respectively. When a braking effect is introduced under such conditions,
      the hydraulic braking pressure in the master cylinder 2 will be directly
      transmitted to the wheel cylinders 5a and 5b without passing through the
      pressure reducing valve 10, inasmuch as the conduit 3b extending from the
      valve 10 will be cut off and only the conduit 3a extending directly from
      the master cylinder 2 will be communicated with the conduits 3c and 3d.
      Accordingly, braking forces on an equivalent level will be exerted upon
      the left and right wheels 4a and 4b in a balanced arrangement, as in the
      case of conventional braking systems.
PAR  However, when a braking force is applied while the vehicle is being turned,
      a different braking force will be applied to wheels on one side of the
      vehicle than to the wheels on the other side. For example, if the vehicle
      is turned to the right, the portion 44a of the axle housing which is
      located beneath the left side suspension spring will be driven closer to
      the vehicle body portion 41 by compression of the suspension spring on
      that side and, at the same time, the portion 44b of the axle housing which
      is located beneath the right side suspension spring will be separated from
      the vehicle body. This will cause the levers 47 and 49 to be pivoted about
      the brackets 42 and 43, respectively, so that these two levers will be
      turned away from their horizontal position to the inclined position shown
      in FIG. 3. As a result, the connecting member 31 will be moved out of
      engagement with the left side cam 47a and will be caused to move
      downwardly along the inclined surface 49c of the right side cam 49a .
      Thus, the resilient force of the spring 34 will be weakened and the
      presssure reducing valve 10 will achieve its pressure reducing function at
      an earlier stage than in the case of braking with the vehicle moving in a
      straight path when the braking hydraulic pressure is still low.
PAR  With pivotal movement of the levers 47 and 49, the actuator arm 47b will be
      moved away from the directional control valve 20, thereby reducing the
      resilient force in the spring 32, while the actuator arm 49b is moved
      toward the directional control valve 20 thereby increasing the resilient
      force of the spring 33. As a result, the spool 25 will be forced to the
      left so that communication between the port 29 and the port 30 will be cut
      off by the land 24, while the land 23 is moved out of engagement with the
      port 26 to establish communication between the port 26 and the port 30.
PAR  The hydraulic braking pressure in the conduit 3a is, therefore, transmitted
      directly to the conduit 3c. However, the hydraulic pressure which is
      transmitted to the conduit 3d will be a reduced pressure effected as a
      result of operation of the pressure reducing valve 10.
PAR  Thus, the braking force exerted on the right wheel 4b  will be smaller than
      that exerted on the left wheel 4a.
PAR  Similarly, in a case where braking force is supplied while the vehicle is
      being turned to the left, the portion 44b of the vehicle body that is
      located beneath the right side of the axle housing that is located beneath
      the right side suspension spring will be driven closer to the vehicle body
      portion 41 by compression of the right side suspension spring and the
      portion 44a of the axle housing that is located under the left side
      suspension spring will be, conversely, separated from the vehicle body
      portion 41 by extension of the left side compression spring. This will
      cause the levers 47 and 49 to be inclined from the horizontal in a manner
      opposite to that shown in FIG. 3 with the result that the connecting
      member 31 will be moved downwardly along the inclined surface 47c of the
      cam 47a. Thus, the pressure reducing valve 10 will be actuated to perform
      its pressure reducing function in a manner similar to that effected when
      the vehicle is making a right turn.
PAR  At the same time, the resilient force of the spring 32 will become stronger
      than that of the force of the spring 33 so that spool 25 will be caused to
      be moved to the right with communication between the port 26 and the port
      28 being established. Thus, a reduced hydraulic pressure is supplied to
      the conduit 3c, and the braking force exerted on the left wheel 4a becomes
      smaller than that exerted on the right wheel 4b.
PAR  At the time that a braking force is being applied during turning of the
      vehicle, as described above, the magnitude of bounding and rebounding, or
      relative movement, at the portion 44a or at the portion 44b of the axle
      housing or suspension member located beneath the suspension springs varies
      in accordance with the turning radius and the load change produced, for
      example, by a change in vehicle speed. Furthermore, the magnitude of
      displacement of the connecting member 31, the resilient force of the
      spring 34, and the value of the hydraulic braking pressure reduced by the
      pressure reducing valve 10, are changed in a proportional relationship
      relative to the magnitude of the bounding or rebonding, that is, relative
      movement of the unsprung portion against vehicle body. "unsprung portion"
      means the portion 44a or the portion 44b of the vehicle located beneath
      the suspension springs. As the displacement of the unsprung portion on one
      side at the vehicle wheel is increased downwards with change in the load,
      the value of the hydraulic pressure reduced by the pressure reducing valve
      is decreased so that its pressure reducing effect is enhanced.
PAR  In FIG. 4 there is illustrated a second embodiment of the invention in
      which a proportioning valve is additionally incorporated within the
      arrangement of FIG. 1. In FIG. 4, a proportioning valve 6 is incorporated
      between the master cylinder 2 and the pressure reducing valve 10. The
      function of the proportioning valve 6 is to compensate for shift in load
      in the longitudinal direction which is produced when the vehicle speed is
      slowed by braking during a time that the vehicle is moving in a straight
      path. Also, there will be provided a controlled braking hydraulic
      pressure. Furthermore, the valve 6 is designed to provide a further
      controlled braking hydraulic pressure when the vehicle is turned to the
      left or to the right immediately after a straight running condition.
PAR  AS described in the foregoing, the brake control apparatus of the present
      invention is so operated as to reduce the braking force applied on the
      inside wheels when a vehicle is braked during execution of a turn.
      Accordingly, drift-out and spin-out of the vehicle due to early locking of
      the inside wheels are positively prevented. It will be seen that the
      invention provides safe driving conditions and that, moreover, it will
      operate to improve braking performance at the time of simultaneous braking
      and turning of the vehicle. Furthermore, the brake control apparatus of
      the invention includes means sensitive to load change in the right or left
      wheels which is produced by an acceleration force in the lateral direction
      of the vehicle under such simultaneous braking and turning conditions. The
      braking force is controlled in a proportional relationship with the
      above-mentioned load change so that no deficiency or excess in braking
      force will occur.
PAR  Although in the foregoing the present invention has been described in
      connection with the further embodiments wherein the braking control
      apparatus of the invention is used to control rear wheels alone, it is to
      be understood that the apparatus can also be applied on the front wheels
      or on all four wheels of the vehicle in the same manner.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for controlling application of braking fluid pressure to the
      wheels of a vehicle, said vehicle having left and right wheels, a
      hydraulic fluid system for individually applying braking pressure to said
      wheels, and suspension springs resiliently supporting said vehicle upon
      said wheels, said apparatus comprising a pressure reducing valve connected
      in said hydraulic system and adapted to emit a reduced level of fluid
      pressure, a directional control valve for selectively directing
      application of said reduced fluid pressure to either said right or said
      left wheels of said vehicle, load sensitive means including lever means
      responsive to movement of portions of said vehicle body located below said
      suspension springs, said load sensitive means being repsonvie to changes
      in load produced when said vehicle is turned simultaneously with
      application of braking force to said wheels to cause pivoting of said
      lever means, a connecting member operatively interposed between said lever
      means and said pressure reducing valve for adjusting the degree of
      pressure reduction effected by said valve in response to movement of said
      lever means, and actuator arm means mounted for pivotal motion together
      with said lever means and engaging said directional control valve to
      control the application of pressure therethrough to said wheels during
      turning of said vehicle to transmit said reduced fluid pressure from said
      pressure reducing valve to said vehicle wheels located inwardly of the
      turning curve of said vehicle.
NUM  2.
PAR  2. Apparatus for controlling application of braking fluid pressure to the
      wheels of a vehicle, said vehicle having a plurality of left wheels and a
      plurality of right wheels a hydraulic fluid system for applying braking
      pressure to said wheels, and suspension springs resiliently supporting
      said vehicle upon said wheels, said apparatus comprising means for
      generating in said hydraulic system a higher and a lower level of braking
      hydraulic fluid pressure, directional control valve means operable upon
      actuation thereof to selectively direct said higher and lower pressure
      levels, respectively or inversely, to said right wheels or said left
      wheels, sensing means responsive to the direction of turning of said
      vehicle, said sensing means being arranged to actuate said directional
      control valve means in accordance with the direction in which said vehicle
      is turned to simultaneously effect application of said lower pressure
      level to all of the wheels on one side of said vehicle while
      simultaneously effecting application of said higher pressure level to all
      of the wheels on the other side of said vehicle when said hydraulic system
      is actuated simultaneously with turning of said vehicle.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said sensing means comprise means
      for sensing differences between load applied to all of said left wheels
      and to all of said right wheels during turning of said vehicle, and means
      for actuating said directional control valve means to simultaneously apply
      said higher pressure level to all of the wheels on one side of said
      vehicle having applied thereto a higher load than the wheels on the other
      side of such vehicle.
NUM  4.
PAR  4. Apparatus according to claim 3, including means for turning said vehicle
      through a curved path whereby all of the wheels one one side of said
      vehicle will be located radially inwardly of said path relative to all of
      the wheels on the other side of said vehicle, wherein said sensing means
      is arranged to actuate said directional control valve means to
      simultaneously apply said lower braking hydraulic pressure to all of said
      inwardly located wheels and said higher braking pressure to all of said
      other wheels.
NUM  5.
PAR  5. Apparatus for controlling application of braking fluid pressure to the
      wheels of a vehicle, said vehicle having left and right wheels, a
      hydraulic fluid system for applying braking pressure to said wheels, and
      suspension springs resiliently supporting said vehicle upon said wheels,
      said apparatus comprising means for generating in said hydraulic system a
      higher and a lower level of braking hydraulic fluid pressure, directional
      control valve means operable upon actuation thereof to selectively direct
      said higher and lower pressure levels to said right or left wheels,
      sensing means responsive to the direction of turning of said vehicle, said
      sensing means being arranged to actuate said directional control valve
      means in accordance with the direction in which said vehicle is turned to
      effect application of said lower pressure level to the wheels on one side
      of said vehicle and said higher pressure level to the wheels on the other
      side of said vehicle when said hydraulic system is actuated simultaneously
      with turning of said vehicle, said sensing means comprising at least a
      pair of lever means each located on opposite sides of said vehicle and
      each connected across a suspension member, said lever means being mounted
      for individual pivotal movement in response to relative movement between
      portions of said vehicle located on opposite sides of said suspension
      member, each of said lever means being mounted for cooperative engagement
      with said directional control valve means to cause actuation thereof as a
      result of pivotal movement of said lever means occurring during turning of
      said vehicle.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein each of said lever means is
      pivotally mounted to rotate in an identical given direction upon turning
      of said vehicle in one direction, with the direction of rotation of said
      lever means being reversed when said vehicle is turned in a direction
      opposite to said one direction.
NUM  7.
PAR  7. Apparatus according to claim 5, wherein said directional control valve
      means comprise a valve cylinder, an elongated valve spool having a first
      and a second end said spool being slidably movable within said cylinder,
      means communicating said higher and lower pressure levels with said right
      and left wheels through said valve cylinder, means on said valve spool for
      selectively controlling said communicating means in accordance with the
      position of said valve spool within said cylinder to selectively apply
      said higher and lower pressure levels to said left and right wheels, and
      means interconnecting each of said pair of lever means with one of the
      ends of said spool to effect sliding displacement of said spool within
      said cylinder in accordance with pivotal movement of said lever means.
NUM  8.
PAR  8. Apparatus according to claim 5, wherein said hydraulic fluid system
      includes a master cylinder for producing said braking fluid pressure upon
      actuation of said hydraulic system, and wherein said means for generating
      said higher and lower pressure levels include conduit means for applying
      the fluid pressure developed by said master cylinder directly to said
      directional control valve means and a pressure reducing valve connected in
      parallel with said conduit means in flow communication between said master
      cylinder and said directional control valve, said pressure reducing valve
      means being configured to reduce the pressure from said master cylinder
      and to apply said reduced pressure simultaneously with said higher direct
      pressure through said directional control valve means, said pressure
      reducing valve means being connected to effect said pressure reduction in
      response to operation of said sensing means.
NUM  9.
PAR  9. Apparatus according to claim 8, including proportioning valve means
      located in flow communication between said master cylinder and said
      pressure reducing valve means.
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ABST
PAL  A release device adapted to be interposed in the air pressure line to an
      emergency brake actuator of the type which sets its brake by spring action
      if the pressure in the air pressure line should fail or should fall below
      a safe pressure; the release device including a main valve movable in
      response to pressure in the air pressure line to a first position
      communicating between the air pressure line and the emergency brake
      actuator; and, in absence of such pressure, is movable to a second
      position by air pressure from an auxiliary source such as a hand pump or,
      if needed, air from an available tire, wherein the inlet from the air
      pressure line is closed and air is supplied from such auxiliary source to
      the actuator so as to release its brake; the release device further
      including a bleed valve to insure against any back pressure on the main
      valve when the air pressure line is functioning.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many trucks, trailers and buses which are equipped with air brakes are also
      equipped with at least a pair of emergency brake actuators which normally
      hold these respective brakes in their open position by air pressure, such
      actuators being provided with springs which set their brakes should the
      air pressure drop below a critical pressure either by a break or leak in
      the air line or due to malfunction of the compressor. Usually each
      actuator is provided with a bolt or the like for releasing its emergency
      brake. This requires one to crawl under the vehicle and engage the bolt
      with a wrench; first, however, the vehicle must be blocked to prevent
      movement when the emergency brakes are released.
PAR  The brake failure, which has caused the emergency brakes to set, usually
      occurs on a highway or freeway where the presence of the stalled vehicle
      usually constitutes a hazard and delay in removing the vehicle increases
      the hazard. Usually, in order to release the brakes, it is necessary to
      wait for the arrival of a tow truck operator, thus greatly prolonging the
      period of time the disabled vehicle remains as a hazard.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a release device for air retained
      spring setting emergency brake actuators which minimizes the problem of
      releasing such brakes so that the vehicle which has been stalled by the
      emergency brakes may be quickly moved. The invention is summarized in the
      following objects:
PAR  First, to provide a release device for emergency brake actuators wherein a
      small hand pump, or one of the tires of the vehicle may be utilized to
      release the emergency brakes and which involves minimal time in which to
      effect release of the emergency brakes.
PAR  Second, to provide a release device, as indicated in the preceding object,
      wherein a novel valve means disposed adjacent to the emergency brake
      actuator is readily operated to close off the normal air supply line to
      the emergency brake actuator when air is supplied from an extraneous
      source, then after such use is automatically reset when control is
      returned to the main brake system.
PAR  Third, to provide a release device, as indicated in the other objects,
      which may be provided with a readily accessible extension tube, or if the
      tube is omitted, it merely requires connection while the operator is under
      the vehicle, brake release being made after the operator has emerged.
PAR  Fourth, to provide a release device, as indicated in the other objects,
      which while primarily intended for use in the event of brake failure, may
      be used in repair shops or storage areas where the normal brake system is
      inactivated and it is desired to manipulate the vehicle without
      reactivating the normal brake system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatical view of a portion of an emergency spring brake
      system showing a pair of the release device as interposed therein adjacent
      a pair of the emergency brakes.
PAR  FIG. 2 is a sectional view of the release device with the parts thereof
      shown in the position occupied when removed from the air line.
PAR  FIG. 3 is a similar sectional view showing the parts in the positions when
      the air line is not functioning and air is supplied from an auxiliary
      source.
PAR  FIG. 4 is a similar sectional view showing the parts in positions assumed
      when the air line to the emergency brakes is functioning to maintain the
      emergency brake in its released condition.
PAR  FIG. 5 is an enlarged fragmentary sectional view taken through 5--5 of FIG.
      4.
PAR  FIG. 6 is an enlarged fragmentary sectional view taken through 6--6 of FIG.
      4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The release device designated, generally by 1 is interposed in a
      conventional air supply line 2 adjacent to an emergency brake actuator 3
      containing a brake setting spring 3a. At least a pair of such actuators
      and their corresponding emergency brakes are provided and it is preferred
      that a separate release device be used for each emergency brake.
PAR  The release device includes a valve body 4 having a primary inlet 5
      communicating with a valve bore 6 at the opposite end of which is a
      secondary inlet 7. Intermediate to the bore is an enlarged chamber 8
      connected to a side bore 9 terminating in a outlet 10.
PAR  Disposed at one side of the valve bore 6 is a valve socket 11 and inner end
      of which is connected by the small pressure passage 12 to the primary
      inlet 5. The valve socket 11 is connected intermediate its ends to the
      valve bore 6 adjacent to the secondary inlet 7 by a bleed passage 13, the
      socket is provided with a bleed outlet port 11a.
PAR  The bore receives a primary valve member 14 in the form of a piston having
      spaced seal rings 15 and a stem 16, the end of which is notched as
      indicated by 16a.
PAR  The secondary inlet 7 is internally screwthreaded to receive a fitting 17
      which receives a shut-off valve 18. The shut-off valve may be a
      conventional tire valve. The extended end of the fitting 17 is externally
      screwthreaded so that an auxiliary air supply line may be connected to the
      fitting 17.
PAR  The valve socket 11 receives a piston 19 having a seal ring 20. The inner
      end of the piston is provided with one or more notches 21. Extending from
      the piston 19 is a stem 22 having an enlarged head 23, carrying a seal
      ring 24 facing toward the piston 19. Surrounding the head 23 is a sleeve
      25 having an external seal ring 26 and an internal shoulder forming a
      valve seat 27 engageable with the seal ring 24. The open end of the socket
      11 is screwthreaded to receive a plug 28 which secures the sleeve 25 in
      place and is provided with a spring 29 bearing against the valve head 23.
      The sleeve 25 is provided with an external channel 30, communicating with
      the bleed passage 13 and provided with one or more ports 31.
PAR  Operation of the release device is as follows:
PAR  The emergency brake actuator 3 is conventional and the spring 3a is
      connected to the emergency brake actuator in such a manner that the force
      of the spring functions to set the corresponding emergency brake. When the
      vehicle is in operation, air pressure from the brake system is supplied to
      a pneumatic means within the actuator which opposes the spring so that the
      emergency brake is held in its released condition. Normally, the emergency
      brakes are independent of the brakes used for control of the vehicle,
      however, in some cases the type of actuator used for the emergency brake
      may be used as a vehicle control brake by varying the pressure of the air
      supplied to the actuator. Thus while this invention is primarily intended
      for emergency brakes having spring operated brake actuators, is not
      limited thereto.
PAR  In either case the release device is placed adjacent to the actuator. When
      the brake system is in operation, the parts of the release device are
      disposed as shown in FIG. 4, air pressure is supplied through the primary
      inlet 5 urging the primary valve 14 toward the fitting 17 so that air may
      pass through the chamber 8 to the outlet 10. Also it will be noted that
      air under pressure is applied to the bleed valve piston 19 opening
      communication between the bleed passage 13 and bleed port 11a so that air
      under pressure cannot accumulate in the region of the secondary inlet 7
      but bleeds to atmosphere as indicated in FIG. 6.
PAR  Should, for any reason, the pressure in the line drop below a predetermined
      value, the air will discharge from the actuator through the release device
      causing the brake actuating spring to set the brake connected with the
      actuator. In order to release the brake, air pressure is applied to the
      fitting 17 causing the primary valve member 14 to move to the position
      shown in FIG. 3 which closes the primary inlet 5 and permits air to pass
      from the secondary inlet 7 through the chamber 8 to the outlet 10 and the
      actuator so that the brake is released.
PAR  Once pressurized, the auxiliary source of air pressure may be disconnected
      from the fitting 17. When operation of the brake system is restored the
      primary valve member 14 is forced back to the position shown in FIG. 4 and
      any air entrapped between the primary valve member and the fitting 17 is
      bled through the valve 19 as indicated in FIG. 2.
PAR  The auxiliary source of air pressure by which the emergency brake actuator
      3 is repressurized may be a simple hand pump and a small diametered hose
      which may be quickly attached to the fitting 17 so that the air may be
      supplied from a position outside the vehicle. To avoid the need of moving
      under the vehicle in order to attach to the fitting 17 a permanent line at
      31 may be provided as indicated diagrammatically in FIG. 5 which line may
      be provided with a second shut-off valve 36 such as a conventional tire
      valve. As the amount of air required is not substantial, one of the tires
      of the vehicle may be utilized without substantial depletion of its air.
      In any case a source of air may be quickly attached so that the period of
      time in which the vehicle is inactivated because the emergency brakes are
      set may be readily minimized.
PAR  It is common practice in repair shops and in some storage areas to utilize
      the emergency brakes when the vehicle is sitting idle. In such cases the
      release device may be used to relieve the emergency brakes to permit
      pulling the vehicle to another location or otherwise moving the vehicle a
      short distance without reactivating the air brake system of the vehicle.
PAR  Having fully described my invention it is to be understood that I am not to
      be limited to the details herein set forth, but that my intention is of
      the full scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A release device for a spring setting emergency brake actuator connected
      to an air supply line whereby the emergency brake actuator is held in a
      brake releasing position by air under pressure in the supply line and is
      urged by its spring to a brake setting position upon predetermined loss in
      air pressure, said release device utilizing an auxiliary source of air
      pressure, said release device comprising:
PA1  a. a valve body having a main inlet, and outlet and valve chamber
      interposed in said air supply line, the valve body also having a second
      inlet connectable to said auxiliary source of air under pressure;
PA1  b. a valve element movable between a first position providing communication
      between the main inlet and outlet, and a second position closing the main
      inlet and providing communication between the second inlet and the outlet;
PA1  c. said valve element having a first pressure responsive surface exposed to
      pressure in the air supply line for holding the valve element it its first
      position;
PA1  d. said valve element having a second pressure responsive surface exposed
      to air pressure from said auxiliary source in the absence of air pressure
      in the air supply line for holding the valve element in its second
      position.
NUM  2.
PAR  2. A release device as defined in claim 1, wherein:
PA1  a. an air pressure operated valve normally closes the second inlet.
NUM  3.
PAR  3. A release device as defined in claim 2, wherein:
PA1  a. the region between the valve element and second inlet is exposed to
      atmospheric pressure when the valve element is in its first position.
NUM  4.
PAR  4. A release device as defined in claim 2, wherein:
PA1  a. the valve body includes a second valve chamber, an entrance passageway
      between the second valve chamber and an air supply line, a bleed outlet,
      and a bleed passage from the region between the first valve element and
      the second inlet through the second valve chamber to the bleed outlet;
PA1  b. a valve plunger is provided in the second valve chamber responsive to
      pressure in the air supply line to open the bleed passage thereby to
      relieve any back pressure on the valve element; and
PA1  c. a yieldable means is provided which is operable to close the bleed
      passage in the absence of air pressure in the air supply line.
NUM  5.
PAR  5. A release device for an emergency brake actuators which is held in its
      brake releasing position by air pressure supplied through an air supply
      line and is urged to a brake setting position by a spring upon loss of air
      pressure in the air supply line, the release device utilizing an auxiliary
      source of air pressure, said release device comprising:
PA1  a. valve means interposed in the air supply line including a primary and
      secondary inlet and an outlet, the valve means including a valve element
      having a first position responsive to pressure in the air supply line
      connecting the primary inlet and outlet to provide primary communication
      between the air supply line and the actuator for moving the actuator to
      its brake releasing position, and a second position closing the primary
      inlet and providing a secondary communication between said auxiliary
      source of air pressure and the outlet said valve element being responsive
      to pressure at said secondary inlet for maintaining the actuator in its
      brake releasing position in the absence of adequate pressure in the air
      supply line;
PA1  b. and a shut-off valve normally closing the secondary inlet on removal of
      the auxiliary source of air pressure thereby to maintain brake releasing
      air pressure in the actuator.
NUM  6.
PAR  6. A release device as defined in claim 5, wherein:
PA1  a. means is provided to bleed the region between the valve means and the
      shut-off valve when the valve means is in its first position.
NUM  7.
PAR  7. A release valve as defined in claim 5, wherein:
PAL  means is provided to bleed the region between the valve means and shut-off
      valve when the valve means is in its first position, said means
      comprising:
PA1  a. a bleed passage from said region;
PA1  b. a second valve exposed to the first inlet to occupy an open position in
      response to pressure at the first inlet;
PA1  c. and yieldable means urging the second valve to close the bleed passage
      in absence of pressure at the first inlet.
NUM  8.
PAR  8. A release device for an emergency brake actuator which is held in its
      brake releasing position by air pressure supplied through an air supply
      line and is urged to a brake setting position by a spring upon loss of air
      pressure in the air supply line, the release device utilizing an auxiliary
      source of air pressure, said release device comprising:
PA1  a. a valve body defining a first and second valve chamber, a first inlet, a
      second inlet, and a common outlet for the first valve chamber, a pressure
      passage between the first inlet and second chamber, bleed passage between
      the second inlet and second chamber, and a bleed outlet from the second
      chamber;
PA1  b. a first valve movable in the first chamber between a first position
      providing communication between the first inlet and outlet to supply
      pressure fluid to the actuator and maintain the actuator in its brake
      releasing position, while closing communication between the second inlet
      and outlet, and a second position providing communication between the
      second inlet and outlet while closing communication between the first
      inlet and outlet;
PA1  c. a second valve movable in the second chamber between a primary position
      responsive to pressure at the first inlet to open communication between
      the bleed passage and bleed outlet and a secondary position in absence of
      pressure at the first inlet to close the bleed outlet;
PA1  d. and a shut-off valve at the second inlet adapted for connection to said
      auxiliary source of air pressure, should a drop in air pressure in the
      supply line occur, to supply air pressure to the actuator and cause the
      actuator to release the emergencey brake.
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PAL  A liquid-lubricated rubber bearing having a bearing member composed of
      resilient elastomeric bearing portions separated by longitudinal grooves
      is supported by rigid, non-metallic, composite backing structure of
      non-corrosive, non-shrinkable, non-conductive fibrous material embedded in
      a vulcanized synthetic rubber matrix. The fibrous material component is
      preferably one or more square-woven sheets of glass cords or strands. The
      composite backing can be a unitary cylindrical shell or, in the case of
      "segmental" type rubber bearings, a series of elongated strips to support
      the structurally separate or "segmented" bearing portions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to elastomeric bearings which are lubricated by
      liquids, such as water, and particularly to such bearings which utilize
      resilient elastomeric bearing portions secured to a rigid, non-metallic,
      support member.
PAR  Liquid-lubricated elastomeric bearings are well-known in the art,
      particularly in the marine field. Generally, these bearings provide
      resilient elastomeric bearing portions capable of being lubricated by a
      particular liquid, such as water. The bearing portions are typically
      backed by a rigid, non-corrosive, support member. Traditionally, these
      support members have been of a metal selected principally for its ability
      to resist corrosion by the liquid with which the bearing comes in contact
      when in use. In marine use, for example, water-lubricated elastomeric
      bearing surfaces are typically secured to a bronze, brass, or stainless
      steel support or backing member.
PAR  More recently, there has been increased interest in constructing the
      support or backing members for such bearings of non-metallic material
      principally because of the increasing costs involved in the continued use
      of the non-corrosive type metal supports. In addition, it has been
      demonstrated that many of the support member metals permit or even enhance
      undesirable electrolytic action to take place in certain liquid
      environments, such as sea water. This electrolytic action can
      detrimentally affect not only the bearing itself, but the structure in
      which the bearing is being used.
PAR  The most popular non-metallic materials currently being proposed for use as
      a marine bearing backing or support, are structures of thermosetting
      plastics. These materials are molded or otherwise formed to the shape
      desired and may include added reinforcement and/or inert fillers. Examples
      of such proposed structures are disclosed in U.S. Pat. Nos. 3,023,059 and
      3,455,619.
PAR  By careful selection of particular types of plastic material and/or
      reinforcement, fillers, etc., a backing or support structure can be made
      which exhibits adequate structural stiffness and strength to resist the
      forces to which it may be subjected in use, sufficient resistance to any
      deleterious effect arising from contact with various liquids, and low
      water absorption and swell characteristics. Also, these plastic members
      can be made to maintain sufficient stiffness and strength when heated, a
      necessary characteristic when using several of the typical methods used in
      manufacturing elastomeric bearings. In a typical fabrication process, the
      unvulcanized or "raw" rubber mixture or compound which ultimately forms
      the bearing portion is molded and cured while disposed against its rigid
      backing or support structure. Thus, the backing structure employed must
      not soften or otherwise decompose when subjected to the heat and pressure
      necessary to vulcanize and mold the bearing portion or portions.
PAR  There are, however, certain disadvantages in plastic and/or reinforced
      plastic structures used for this purpose. The impact strength normally
      exhibited by these plastic structures is less than satisfactory in many
      cases. Also, occasional failures of these plastic supports have been
      observed to be quite catastrophic in nature, thus risking damage to the
      surrounding structures in which they are housed. Additional cutting and
      machining of these supports, an operation often necessary in finally
      finishing the bearings, is sometimes difficult and has caused damage to
      the cutting and machining tools used.
PAR  Also, as in the case of metallic support or backing members, it is usually
      necessary that these plastic supports be "custom" fabricated in their
      final configuration in an inventory of various sizes to await final
      molding and curing of an elastomeric bearing member thereto. This
      obviously can cause inventory, storage and spatial problems to a
      manufacturer.
PAC  SUMMARY
PAR  It is an object of the present invention to provide an elastomeric bearing
      with rigid, non-metallic support or backing structure which is relatively
      inexpensive, strong, stiff and easily machined and/or cut.
PAR  It is another object to provide an elastomeric bearing with a rigid,
      non-metallic support member, which will not corrode, permit or enhance
      electrolytic action, nor fail in a catastrophic manner.
PAR  It is still another object of the present invention to provide an
      elastomeric bearing with a rigid non-metallic backing or support of easily
      processed, high impact strength material which has sufficient "hot"
      strength and stiffness so as to permit its use in most elastomeric bearing
      manufacturing operations.
PAR  These and other objects, which will be more evident from the detailed
      description which follows, are achieved by an elastomeric bearing in which
      the resilient elastomeric bearing portions are secured to a rigid,
      non-metallic, backing or support which is a composite structure consisting
      essentially of a fibrous component embedded in and distributed evenly
      throughout a vulcanized synthetic rubber component. The fibrous component
      material is preferably glass and more preferably is in the form of one or
      more adjacent sheets or layers of square-woven glass fabric. The composite
      structure according to the invention can be formed as a unitary
      cylindrical shell-like member, or, in the case of segmental bearings, as a
      plurality of elongated bearing portion support strips.
DRWD
PAC  THE DRAWINGS
PAR  The invention according to its preferred embodiments is represented in the
      accompanying drawings in which:
PAR  FIG. 1 is a view along the axis of one type of elastomeric bearing
      incorporating the present invention, with portions thereof broken away and
      shown in section;
PAR  FIG. 2 is an enlarged arcuate portion of the bearing shown in FIG. 1 with
      portions thereof shown in section;
PAR  FIG. 3 is a view along the axis of another type of elastomeric bearing
      incorporating the present invention, with portions thereof broken away and
      shown in section; and
PAR  FIG. 4 is an enlarged arcuate portion of the FIG. 3 bearing with portions
      thereof in section.
DETD
PAC  PRESENTLY PREFERRED EMBODIMENTS
PAR  The invention according to presently preferred embodiments will be
      described with reference to the accompanying drawings and also with
      emphasis upon application to marine type elatomeric bearings. It is
      understood, however, that the invention has application to other
      elastomeric bearing designs and is also useable in such bearings utilized
      in liquid environments other than water.
PAR  In FIG. 1, a cylindrical, water-lubricated, elastomeric bearing 10 is shown
      generally of the type suitable for use on typical marine craft, such as
      boats or the like, and which is adapted to journey a rotating shaft (not
      shown). The bearing 10 comprises an inner, molded, resilient vulcanized
      elastomeric annulus 12 which includes annularly spaced bearing portions 14
      upon which a rotatable shaft is to bear. The annulus 12 also includes a
      plurality of radially outwardly recessed grooves 16 between the bearing
      portions 14 to permit passage of water and/or water suspended solids
      through the bearing. The grooves 16 preferably extend longitudinally of
      the bearing in a direction substantially parallel to the axis thereof. The
      bearing 10 further includes an outer, rigid, cylindrical shell 20 to which
      the resilient elastomeric annulus 12 is securely attached as, for example,
      by bonding. The rigid shell 20, according to the present invention, is a
      composite, non-metallic structure consisting essentially of a fibrous
      component in the form of a plurality of annularly disposed, radially
      adjacent fabric layers 22 uniformly disposed throughout and embedded
      within a vulcanized, synthetic rubber compound component 24.
PAR  In FIGS. 3 and 4, a segmental type elastomeric bearing 30 is shown which
      comprises an annularly spaced plurality of resilient, elastomeric bearing
      portion segments 32, each secured to a rigid backing member or strip 40.
      The segments 32 with backing strips 40 are secured to a cylindrical
      support shell 44 in suitable fashion as by dovetail slots 42 formed in
      cylindrical support shell 44. Water and/or water suspended solids can pass
      through bearing 30 along the longitudinal passage ways 34 between bearing
      portions 32. This segmental style construction is popular when using
      elastomeric bearings of relatively large diameter.
PAR  The support strips 40 are, according to the present invention, of
      composite, non-metallic construction similar to the construction of
      cylindrical member 20 shown in FIGS. 1 and 2. Thus, as more clearly seen
      in FIG. 4, each strip 40 consists essentially of a fibrous component in
      the form of a plurality of radially adjacent fabric sheets or layers 46
      uniformly disposed throughout and embedded within a vulcanized, synthetic
      rubber compound component 48.
PAR  It is to be understood that this invention can be embodied in other types
      of segmental bearings than the specific type shown in FIGS. 3 and 4. For
      example, a popular alternate type segmental bearing to that shown is one
      in which the strip-backed segments are not held in annularly spaced slots
      or grooves formed in a cylindrical support shell but are tightly fitted
      around a smooth shell such that the longitudinal edges of a given segments
      are contiguous with a longitudinal edge of an adjacent segment. The
      support strips used in this alternate type of segmental bearing can also
      be designed in accordance with the present invention.
PAR  The elastomeric bearing material (e.g. the annulus 12 or segment 32
      material) is typically a vulcanized rubber composition which will exhibit
      a low coefficient of friction when lubricated by water, in the case of
      marine type bearings, or by other liquids, in case of lubrication by
      liquids other than water and will not be damaged by such liquids. The
      elastomeric material should be of adequate resiliency, yet have sufficient
      strength and heat resistance to withstand temporary operation out of the
      presence of lubricating liquid, such as startup, for example. Excellent
      composition candidates for this purpose are various conventional nitrile
      rubber compositions, particularly compositions comprising polymers of
      butadiene and acrylonitrile where butadiene is the major component of the
      polymer, Also, natural and other synthetic rubber compositions are
      possible provided they have the properties previously mentioned.
PAR  Each fibrous layer 22 in FIG. 1 or 46 in FIG. 2 is preferably a
      square-woven pattern of cords or strands (hereinafter to be referred to
      only as "cords" with the understanding that the term "cords" includes
      cords, strands and/or other thread like forms known in the art) of a
      particular fiber material which will not corrode and/or shrink when
      exposed to water and will not conduct electricity. The cords are also
      preferably of a relatively high modulus material thereby contributing
      effectively to the overall stiffness and/or rigidity of shell 20 or strip
      40. Glass has been found to be an excellent material for layers 22 or 46.
      A square-woven pattern for these layers is preferred to provide both
      longitudinal strength (e.g. by warp cords 26 of each sheet 22) and radial
      strength (e.g. by weft or pick cords 28) to the composite structure. If
      desired, sheets or layers of cords arranged in other than square-woven
      patterns may be employed, although it is preferred that in such
      arrangements, the pattern at least includes cords extending in a
      longitudinal direction (i.e. substantially parallel to the bearing axis.
PAR  The layers 22 or 46 of fibrous material can also be short, chopped cords,
      if desired. These short cords, in each layer can be oriented in a
      pre-selected direction or can be randomly arranged, as long as a
      relatively uniform distribution is maintained throughout the rubber
      compound matrix in which they are disposed. Also, various combinations of
      short, chopped cords with sheet like patterns of cords are possible for
      fibrous components of the composite shell or strip.
PAR  The matrices 24 or 48 are of a vulcanized synthetic rubber compound
      selected for its capability to demonstrate certain properties. The
      compound should, when vulcanized satisfactorily, adhere or even impregnate
      the cord material used in sheets or layers 22 or 46, and be capable of
      being bonded or otherwise secured to the material comprising resilient,
      elastomeric annulus 12 or segments 32. The vulcanized compound selected
      for matrix 24 should have excellent heat resistance, particularly when the
      resilient elastomeric bearing material is to be molded and vulcanized
      against it. Various compositions of nitrile rubbers, particularly, those
      comprising butadiene-acrylonitrile polymers wherein butadiene is the major
      polymer component, have been found very satisfactory for this purpose.
      Also, certain compounds of neoprene are possible. Generally, however,
      compositions of natural rubber are not adequate due to their
      unsatisfactory resistance to high heats.
PAR  As stated, it is preferred that the fibrous layers 22 or 46 be sheets of
      cords in a square-woven pattern. In the embodiments according to the
      drawings, six such layers are shown, a number found suitable for most
      small and intermediate size bearings (e.g. up to about 6 inches [152.4mm]
      in outside diameter). In larger bearings (e.g. greater than about 6 inches
      [152.4mm] in outside diameter) particularly those which are not of the
      segmented type shown in FIGS. 3 and 4, it may be desirable to use a
      supporting or backing structure including more than six adjacent fabric
      layers for added strength and stiffness.
PAR  As indicated previously, an important advantage to using shells, such as
      20, or strips such as 40 in accordance with the present invention is
      relative ease of fabrication to various required specification. More
      specifically, these composite supports can be adapted for fabrication in
      several relatively independent stages, thus alleviating certain inventory,
      storage and spatial problems confronting manufacturers using certain of
      the more conventional or traditional metallic or thermoplastic supports.
PAR  For example, one way to fabricate the composite supports shown in the
      drawing is to form a laminate of three sheets of square-woven glass cords
      in which the inner or middle sheet has been dipped, sprayed or otherwise
      coated on both sides with a suitable vulcanizable synthetic rubber
      compound. This flat laminate can then be vulcanized leaving the exposed
      sides of the outer sheets essentially bare or non-rubberized. These
      laminates may be stored or inventoried in this condition until needed as a
      support or backing material for a particular bearing.
PAR  The exposed or uncovered sides may then be dipped, sprayed or otherwise
      coated with a suitable vulcanizable synthetic rubber composition and
      rolled into a tube the wall of which being basically two thicknesses of
      the three sheet laminate. When forming the tube, the edges of the laminate
      extending longitudinally of the tube are preferably adjacent each other.
      Thus, a tube is formed having basically six layers of square-woven glass
      sheet.
PAR  The rolled tube may be put in a bearing mold and completely vulcanized with
      molding and vulcanization of the resilient elastomeric bearing portions to
      the tube. The first vulcanization of the partially rubberized flat
      laminate mentioned previously assures that the rolled tube will withstand
      the pressures and heat to which it is subject during this second or final
      molding and vulcanization step. If desired, however, the rolled, partially
      rubberized tube may be fully rubberized and completely vulcanized prior to
      its insertion into the bearing forming mold.
PAR  It is clear that similar laminating and casting procedures could be used to
      make strips 40 without the necessity of rolling the sheets into tubes.
PAR  It is understood that the immediately preceding fabrication procedures
      described are for purposes of a more complete understanding of the
      invention and that there are various procedures possible for fabricating
      the composite supporting or backing structures according to this
      invention.
PAR  The foregoing describes the invention in accordance with several preferred
      embodiments. It is evident that various modifications to such embodiments
      are possible and that such modifications are to be considered in light of
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a generally cylindrical water-lubricated bearing comprising a
      plurality of bearing portions of resilient elastomeric material separated
      by longitudinally extending lubricant passages, each bearing portion
      secured to a rigid non-metallic supporting member, the improvement wherein
      said non-metallic supporting member is a composite structure consisting
      essentially of a non-corrosive, non-shrinkable, non-conductive fibrous
      component embedded in and distributed substantially evenly throughout a
      vulcanized synthetic rubber component.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said fibrous component is
      glass.
NUM  3.
PAR  3. The invention defined in claim 1 wherein said fibrous component
      comprises a plurality of cords extending substantially parallel to the
      longitudinal axis of said bearing.
NUM  4.
PAR  4. The invention as defined in claim 3 wherein said cords are glass.
NUM  5.
PAR  5. The invention defined in claim 1 wherein said fibrous component
      comprises at least one square-woven fabric sheet.
NUM  6.
PAR  6. The invention defined in claim 5 wherein said square-woven fabric sheet
      is glass.
NUM  7.
PAR  7. The invention of claim 1 wherein said fibrous component comprises
      radially adjacent layers of square-woven fabric.
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ABST
PAL  A side bearing for railroad cars having a body portion of hard elastomeric
      material and a base for attachment to the truck bolster of a railroad car.
      The upper bearing surface when the bearing is unloaded is flat, outwardly
      convex, or outwardly concave, providing the bearing with strain
      distribution characteristics under load that minimize heat build-up and
      permanent deformation of the side bearing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to side bearings of the type for use in railroad
      vehicles. Such a side bearing ordinarily is a resilient,
      vibration-damping, energy-absorbing device positioned between a railroad
      car body and a truck bolster and adapted to be compressed under static
      preload forces and to absorb forces encountered as the car body swings in
      order to reduce the oscillating or "rolling" action of the car body with
      respect to its longitudinal center line and the "hunting" action of the
      wheel truck assembly, that is, the torsional oscillation of the wheel
      truck assembly about the point of attachment to the car body, thereby
      permitting higher operating speeds without derailment.
PAR  Side bearings have been known for many years employing rollers movably
      mounted in a frame supported on a truck bolster which could be contacted
      by the car body. Also, preloaded side bearings are known utilizing
      spring-loaded cam systems resulting in a complicated construction. Insofar
      as solving the problem of "rolling" oscillations resulting in derailments,
      it has been known to utilize snubber members used in conjunction with the
      spring groups between the truck bolster and the side frame of the truck.
      None of the foregoing, as well as other variations thereof, has been found
      to provide an inexpensive structure for the reduction of the "rolling"
      oscillations which cause the car bodies to sway from side to side, thereby
      creating the problem known in the railroad industry as "rock and roll".
PAR  U.S. Pat. Nos. 3,556,503 and 3,628,464 suggest using a resilient side
      bearing in the approximate shape of a frustum of a cone with a top surface
      having a sloping outer portion and made from a hard elastomeric material
      with a base, positioned between the railroad car body and a truck bolster,
      and adapted to be compressed under both static preloading forces and the
      alternating cycling loading forces generated by the "rolling" and
      "hunting" oscillations of the car under dynamic conditions. This device
      functions by absorbing the kinetic energy of the "rolling" and "hunting"
      and converting it into heat energy. I have found that under simulated,
      in-service conditions where the side bearing is made from a hard
      polyurethane elastomer, and the top surface has either a flat, medial
      portion with a sloping outer top surface portion, as described in U.S.
      Pat. No. 3,556,503, or a cylindrical axial bore with a metal insert, as
      described in U.S. Pat. No. 3,628,464, the distribution of the internal
      strain, is inefficient and causes undesirably rapid build-up of internal
      temperatures to between 250.degree.F. and 400.degree.F. and premature
      failure of the side bearing.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention, therefore, to provide a new and
      improved side bearing for railroad vehicles which avoids one or more of
      the above-mentioned disadvantages of such prior bearings.
PAR  It is another object of the invention to provide a new and improved side
      bearing which avoids an undesirable build-up of internal temperatures and
      premature failure.
PAR  It is another object of the invention to provide a new and improved side
      bearing capable of supporting a high preload, for example, 8,000 pounds
      and a high dynamic load, for example, .+-. 4,000 pounds applied
      sinusoidally at a rate of, for example, three cyles per second at ambient
      temperatures up to, for example, 120.degree.F.
PAR  In accordance with the invention, a side bearing for railroad vehicles
      comprises an upstanding body portion of approximately frusto-conical
      shape, the upper bearing surface of the body portion being flat when the
      bearing is unloaded, a flanged base portion integrally formed on the lower
      end of the body portion, the body portion and the base portion being
      formed of an elastomeric material.
PAR  Also in accordance with the invention, a side bearing for railroad vehicles
      comprises an upstanding body portion of approximately frusto-conical shape
      and having a vertical axis, the upper bearing surface of the body portion
      being outwardly convex between the vertical axis and the perimeter of the
      body portion when the bearing is unloaded, a flanged base portion
      integrally formed on the lower end of the body portion, the body portion
      and the base portion being formed of an elastomeric material.
PAR  Also in accordance with the invention, a side bearing for railroad vehicles
      comprises an upstanding body portion of approximately frusto-conical shape
      and having a vertical axis, the upper bearing surface of the body portion
      being outwardly concave between the vertical axis and the perimeter of the
      body portion when the bearing is unloaded, a flanged base portion
      integrally formed on the lower end of the body portion, the body portion
      and the base portion being formed of an elastomeric material.
PAR  I have made the unexpected finding that the profile of the top surface of a
      frusto-conically shaped side bearing made from a hard elastomeric
      polyurethane material is a critical parameter in determining the
      efficiency of the distribution of internal strains and the extent of the
      build-up of internal temperatures. I have found in accordance with my
      invention that small changes in the profile of the top surfafce of the
      frusto-conically shaped side bearing exert unexpectedly large effects in
      the efficiency of the distribution of the strains and the concurrent
      build-up of internal temperatures.
PAR  The present invention provides a new and improved resilient, constant
      contact side bearing for the control of "rolling" and "hunting"
      oscillations of railroad cars. The side bearing is positioned between the
      frame of a railroad car and the truck bolster and preferably comprises a
      base member attachable to the truck bolster and a frusto-conically shaped
      vertical member extending from and contiguous with the base. The base and
      frustum portions are made from a hard, elastomeric polyurethane material
      using a casting technique wherein the base and frustum portions are formed
      in one piece. In one embodiment of this invention, the top surface of the
      frustum portion is a flat surface whose diameter is equal to the diameter
      of the top of the frustum and is parallel to the plane of the base. In a
      preferred embodiment of this invention, the side bearing has an axial bore
      extending from the top to the bottom plane of the base and the top surface
      has an outwardly concave profile. In another preferred embodiment of the
      invention, the side bearing has an axial bore extending from the top to
      the bottom plane of the base and the top surface has a convex or toroidal
      profile. In this last mentioned preferred embodiment, under a pre-load of
      8,000 pounds and a dynamic loading of .+-. 4,000 pounds applied
      sinusoidally at 3 cycles per second, the maximum internal temperature
      build-up was 194.degree.F. at an ambient temperature of 120.degree.F.
PAR  For a better understanding of the present invention together with other and
      further objects thereof, reference is made to the following description,
      taken in connection with the accompanying drawings, and its scope will be
      pointed out in the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary, simplified view of a portion of a railroad car
      body and truck bolster and a side bearing constructed in accordance with
      the invention therebetween.
PAR  FIG. 2 is a central vertical sectional view of an embodiment of an unloaded
      side bearing constructed in accordance with the invention in which the
      upper bearing surface is a flat plane surface parallel to the plane of the
      bottom surface of the base;
PAR  FIG. 3 is a perspective view of the side bearing of FIG. 2;
PAR  FIG. 4 is a central vertical sectional view of an embodiment of an unloaded
      side bearing constructed in accordance with the invention in which the
      upper bearing surface is a flat plane surface parallel to the plane of the
      bottom surface of the base and which bearing has a central vertical
      aperture therein in which a rod may be seated;
PAR  FIG. 5 is a central vertical sectional view of an embodiment of an unloaded
      side bearing constructed in accordance with the invention in which the
      upper bearing surface is shaped like a portion of a toroid and which
      bearing has a central vertical aperture therein in which a rod may be
      seated;
PAR  FIG. 6 is a central vertical sectional view of an embodiment of an unloaded
      side bearing constructed in accordance with the invention in which the
      upper bearing surface is outwardly convex between the vertical axis and
      the perimeter of the body portion of the bearing when the bearing is
      unloaded;
PAR  FIG. 7 is a central vertical sectional view of an embodiment of an unloaded
      side bearing constructed in accordance with the invention in which the
      upper bearing surface is outwardly concave between the vertical axis and
      the perimeter of the body portion of the bearing when the bearing is
      unloaded;
PAR  FIG. 8 is a vertical sectional view of a preferred embodiment of an
      unloaded side bearing constructed in accordance with the invention in
      which the upper bearing surface is outwardly concave between the vertical
      axis and the perimeter of the body portion when the bearing is unloaded
      and which bearing has a central vertical aperture therein in which a rod
      may be seated in the aperture;
PAR  FIG. 9 is a graph representing the internal radial strain distribution of a
      side bearing of the prior art and of side bearings constructed in
      accordance with the invention;
PAR  FIG. 10 is a graph representing the internal tangential strain distribution
      of a side bearing constructed in accordance with the prior art and of side
      bearings constructed in accordance with the invention;
PAR  FIG. 11 is a graph representing the internal axial strain distribution of a
      side bearing constructed in accordance with the prior art and of side
      bearings constructed in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now more particularly to FIG. 1 of the drawings, to represent the
      utilization and the structure of the improved resilient, constant contact
      side bearing, the associated components of a railroad car 4 are shown in
      FIG. 1 wherein a truck bolster 1 underlies the car frame 3 with the side
      bearing 2 shown disposed therebetween and attached to the truck bolster 1
      by bolts 5 and with the upper surface thereof in contact with a plate 6
      secured to the underside of the car frame 3. When the car frame is
      assembled to the truck bolster, the parts are interfitted with the frame
      resting on the center plate of the truck bolster with the height of the
      side bearing 2 designed to provide for an initial deflection under a
      predetermined load. An initial contact load or preload of 8,000 lbs. may,
      for example, result in a deflection of the side bearing of approximately
      one-quarter of an inch
PAR  A suitable elastomeric material for the side bearing has been found to be a
      polyurethane formed by mixing 100 parts of a liquid prepolymer, Vibrathane
      B-625, Vibrathane being a registered trademark of Uniroyal, Inc., with 17
      parts of a diisocyanate curing agent, under trademark Curene 442, at an
      elevated temperature of 160.degree.F. The B-625, which is obtainable from
      Uniroyal Chemical, a division of Uniroyal, Inc., is a polyether-MDI
      (4,4'-methylene di[phenylisocyanate]) prepolymer made from tetramethylene
      ether glycol having a molecular weight of 2,000, an isocyanate (--N=C=O)
      equivalent of 6.3% and a specific gravity of 1.05. The curing agent,
      Curene 442 is obtainable from Anderson Development Corporation and is
      4,4'-methylene bis(2-chloroaniline). In practice, the Curene is first
      heated to 240.degree.F. in order to melt it and is then added to the B-625
      prepolymer which has been previously heated to 160.degree.F. After rapid
      and thorough mixing, the mixture is poured into a suitable mold which has
      been heated to about 220.degree.F. The cast side bearing with base and
      sleeves is given a temperature cure of one hour at 212.degree.F. plus a
      post-cure of 24 hours at 158.degree.F. The hardness of the elastomeric
      material is at least 95 Shore A.
PAR  The embodiment represented in FIGS. 2 and 3 comprises an upstanding body
      portion 14 symmetrical about its central vertical axis and which has an
      approximately frusto-conical configuration with an integrally formed
      flanged base portion 10. The base 10 is provided with a pair of flanges 12
      each containing an aperture 11 and reinforcing sleeve 13 for a bolt to
      fasten the side bearing to the bolster 1. The frusto-conical shape
      provides for maximum strength for the side bearing in the area where the
      body member 14 joins the base 10 to prevent roll-over of the side bearing
      in use. When the bearing is unloaded, the top surface 15 of the
      frustum-like body portion 14 is a flat surface whose plane is parallel to
      the plane of the bottom surface of the base 10. The flat top surface 15
      distributes the static pre-load and dynamic cyclic loading over the whole
      top surface area and, therefore, uses the total mass of the body member at
      high efficiency while maintaining the desired deflection characteristics.
PAR  The device represented in FIG. 4 is of similar size and shape as the
      embodiment shown in FIGS. 2 and 3. However, the main body member 30 is
      provided with a cylindrical opening or bore 35 along its central vertical
      axis and extending axially from the uppermost surface 36 to the bottom
      surface of the base where it flairs part of the way to provide a flaired
      opening 38. The opening 35 is preferably 11/4 to 11/2 inches in diameter
      and the overall height of the bearing is preferably 53/4 inches.
PAR  A cylilndrical metal rod 37 having a diameter of 11/4 to 11/2 inches and a
      length of approximately 41/2 inches may be optionally included as shown in
      FIG. 4, where it is desired to restrict the maximum compression and
      deflection of the bearing, under maximum loading conditions, by causing
      the railroad car frame, in effect, to bottom the rod 37. The rod 37, which
      is frictionally seated in the bore 35, also functions as a safety stop to
      limit tilting of the railroad car frame.
PAR  The side bearing represented in FIG. 5 is of generally similar size and
      shape as the embodiments shown in FIGS. 2, 3 and 4. The main body member
      40 is provided with a cylindrical opening or bore 45 along its central
      vertical axis and extending axially from the uppermost surface 46 to the
      bottom surface of the base where it flares part of the way to provide a
      flared opening 48. The opening 45 may preferably be 11/4 to 11/2 inches in
      diameter and the overall height of the bearing may preferably be 53/4
      inches.
PAR  A cylindrical metal rod 47 having a diamter of 11/4 to 11/2 inches and a
      length of approximately 41/2 inches may be optionally included as
      represented in FIG. 5, where it is desired to restrict the maximum
      compression and deflection of the bearing under maximum loading conditions
      by causing the railroad car frame, in effect, to bottom the rod 47. The
      rod 47, which is frictionally seated in the bore 45 also functions as a
      safety stop to limit tilting of the railroad car frame.
PAR  Unlike the embodiments represented in FIGS. 2, 3 and 4, the top surface of
      the main body portion of the FIG. 5 embodiment has a toroid-like convex
      surface 46 which at the inside end is contiguous with the wall of the
      cylindrical bore 45 and at its outer end is contiguous with the sloping
      wall 49 of the main body member 40. The curvature of the surface 46 is
      symmetrical with respect to the uppermost line of the convex surface 46.
      The sloping of the upper surface 46 of the side bearing permits a limited
      amount of the elastomeric material to compress under the force of the
      static pre-load which along with the cyclic load becomes distributed
      relatively evenly over the whole mass of the body member 40. The radius of
      the convex curvature 46 preferably is approximately 1/2 the width of the
      main body member 40 at the upper end of the sloping wall 49. The width of
      the main body member 40 at the upper end of the sloping wall 49 may be,
      for example, 41/2 inches and at the lower end of the sloping wall 49 may
      be, for example, 51/2 inches.
PAR  FIG. 6 represents a side bearing 50, in accordance with the invention,
      generally similar to the FIG. 5 embodiment but having no axial vertical
      aperture therein and having an upper bearing surface 51 which is outwardly
      convex between the vertical axis and the perimeter of the body portion
      when the bearing is unloaded but which is of smaller height than the
      outwardly convex outer bearing surface of the FIG. 5 embodiment. The
      convex curvature of the FIG. 6 embodiment is substantially symmetrical
      with respect to the uppermost line of the convex surface.
PAR  FIG. 7 represents a side bearing 60, in accordance with the invention,
      generally similar to the FIG. 6 embodiment but having an upper bearing
      surface 61 which is outwardly concave between the vertical axis and the
      perimeter of the body portion when the bearing is unloaded. The concave
      curvature of the FIG. 7 embodiment is substantially symmetrical with
      respect to the lowermost line of the concave surface.
PAR  FIG. 8 represents a side bearing 70 generally similar to FIG. 7 embodiment
      with a concave top surface 71 but having a vertical aperture 72 therein
      along its central vertical axis similar to that of FIG. 4 embodiment in
      which a cylindrical metal rod 73 similar to that of the FIG. 4 embodiment
      may be optionally included. The concave surface 71 is substantially
      symmetrical with respect to the lowermost line of the concave surface. The
      broken line curve of the FIG. 8 embodiment represents the curvature of the
      top surface 46 of the FIG. 4 embodiment so that the ranges of curvature of
      convex and concave surfaces can be compared. I have determined that for
      satisfactory performances, the geometry of the cross-section of an
      individual side bearing should be within the following limits, referring
      to FIG. 8:
PAR  A. For the convex configuration:
EQU  0 .ltoreq. X/Z .ltoreq. 1/5;
PAR  B. For the concave configuration:
EQU  0 .ltoreq. y/Z .ltoreq. 1/15.
PAR  In the FIG. 8 embodiment, the height of the bearing represented by the
      dimension Z preferably is 41/8 inches, the depth of the concave top
      surface, represented by the dimension y preferably is 0.175 inch with the
      arc of the concave surface swung on a 1.09 inch radius. The arcs at the
      edges of the top surface preferably are swung on 1/4 to 1/2 inch radii to
      curve the edges slightly. The central aperture or bore preferably has a
      diameter of 11/4 to 11/2 inches. The width of the main body member at the
      upper end of the sloping wall preferably is 41/2 inches. The width of the
      main body member lower end of the sloping wall preferably is 51/2 inches.
PAR  In order to demonstrate the superior performance of the embodiments of this
      invention over the prior art devices, the internal strain distribution was
      studied on side bearings fabricated in accordance with U.S. Pat. No.
      3,628,464 and also the embodiments of this invention. These studies were
      conducted by embedding conventional strain gauges in the elastomeric side
      bearing during the casting process. To facilitate the embedding process,
      the hollow bore configuration was used. Four configurations were tested as
      follows:
PAR  1. Conical top bearing in U.S. Pat. No. 3,628,464, FIG. 4 but with a
      central bore and no central rod;
PAR  2. Flat top embodiment in accordance with the teachings of this invention
      as shown in FIG. 4 hereof but with a central bore and no central rod;
PAR  3. Toroidal top embodiment in accordance with the teachings of this
      invention, as shown in FIG. 5 hereof but with a central bore and no
      central rod;
PAR  4. Dished (or concave) top embodiment in accordance with the teachings of
      this invention, as shown in FIG. 8 hereof, with a y/Z ratio of
      approximately 0.04.
PAR  The four bearings were tested using incremental compression loads. For
      comparison purposes, the strain distributions at 6,000 lbs. in the radial,
      tangential and axial directions are shown in FIGS. 9, 10 and 11 wherein
      curves C, F, T and D represent, respectively, the strain in micro
      inches/inch at distances from the edge of the bore in inches for the
      conical top, flat top, toroidal top and dished top bearings described
      above.
PAR  Comparing the radial and tangential strains, it is evident that the
      distribution throughout the cross section is much more uniform for the
      flat top, toroidal top and dished top bearings. This results in
      substantially lower peak strain magnitudes for the flat, toroidal and
      dished top embodiments. Comparing the limited axial strain data, it should
      be noted that in addition to lower peak strain magnitudes in the flat,
      toroidal and dished top embodiments the trend of the curves is also
      substantially improved. The data indicates a continued increase in the
      axial strain toward the bore in the conical top bearing whereas the flat,
      toroidal and dished top bearings appear to achieve the peak axial strain
      values near the center of the wall thickness.
PAR  It should further be noted that all of the strains for the bearing of U.S.
      Pat. No. 3,628,464 increase toward the bore at a very rapid rate and that
      the magnitudes are higher than those obtained for the flat, toroidal and
      dished top embodiments. Laboratory testing of U.S. Pat. No. 3,628,464
      bearings revealed failures due to localized heat build-up at the bore. The
      failure was evidenced by the formation of a localized internal cusp at the
      bore and permanent set. Similar dynamic laboratory studies for the flat
      top and toroidal top bearings showed a definite leveling off of the
      internal temperature at acceptable levels with no permanent set.
PAR  It is also apparent that the dished or concave top surface bearing is
      superior to the other three types of bearings. Not only is the strain
      distribution more uniform but the magnitude of the strain is the lowest.
      With respect to the distribution of internal radial strain, there is an
      unexpected reversal of the rate of change (slope) of distribution going
      from the exterior to the inner wall of the bore in the region of .6 inch
      distance from the bore. With respect to the distribution of internal axial
      strain, there is an unexpected reversal of the rate of change of
      distribution in the flat top, toroidal top and dished top embodiments.
      These reversals are highly advantageous from the point of view of
      attenuating heat build-up at the inner wall under dynamic conditions.
PAR  While there have been described what are at present considered to be the
      preferred embodiments of this invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention, and it is, therefore, aimed
      to cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A side bearing for railroad vehicles comprising an upstanding body
      portion of approximately frusto-conical shape and having a vertical axis,
      the upper bearing surface of said body portion being outwardly convex
      between said vertical axis and the perimeter of said body portion when the
      bearing is unloaded, the bearing having a vertical cross section with an
      upper surface convexity having a vertical center line positioned on each
      side of said vertical axis and between said vertical axis of the bearing
      and said perimeter of said body portion when the bearing is unloaded, a
      flanged base portion integrally formed on the lower end of said body
      portion, said body portion and said base portion being formed of an
      elastomeric material.
NUM  2.
PAR  2. A side bearing in accordance with claim 1 in which said elastomeric
      material is a polyurethane material.
NUM  3.
PAR  3. A side bearing in accordance with claim 1 in which said convexity center
      line is positioned substantially midway between said vertical axis of the
      bearing and said perimeter of said body portion when the bearing is
      unloaded
NUM  4.
PAR  4. A side bearing in accordance with claim 1 which has an aperture
      extending through said body portion and said base portion along said
      vertical axis.
NUM  5.
PAR  5. A side bearing in accordance with claim 4 which has a rod having a
      length less than the length of said aperture seated in said aperture.
NUM  6.
PAR  6. A side bearing in accordance with claim 4 in which said convexity center
      line is positioned substantially midway between the boundary surface of
      said aperture and said perimeter of said body portion when the bearing is
      unloaded.
NUM  7.
PAR  7. A side bearing for railroad vehicles comprising an upstanding body
      portion of approximately frusto-conical shape and having a vertical axis,
      the upper bearing surface of said body portion being outwardly concave
      between said vertical axis and the perimeter of said body portion when the
      bearing is unloaded, the bearing having a vertical cross section with an
      upper surface concavity having a vertical center line positioned on each
      side of said vertical axis between said vertical axis of the bearing and
      said perimeter of said body portion when the bearing is unloaded, a
      flanged base portion integrally formed on the lower end of said body
      portion, said body portion and said base portion being formed of an
      elastomeric material.
NUM  8.
PAR  8. A side bearing in accordance with claim 7 which has a rod having a
      length less than the length of said aperture seated in said aperture.
NUM  9.
PAR  9. A side bearing in accordance with claim 7 in which said elastomeric
      material is a polyurethane material.
NUM  10.
PAR  10. A side bearing in accordance with claim 7 in which said concavity
      center line is positioned substantially midway between said vertical axis
      of the bearing and said perimeter of said body portion when the bearing is
      unloaded.
NUM  11.
PAR  11. A side bearing in accordance with claim 7 which has an aperture
      extending through said body portion and said base portion along said
      vertical axis.
NUM  12.
PAR  12. A side bearing in accordance with claim 11 in which said concavity
      center line is positioned substantially midway between the boundary
      surface of said aperture and said perimeter of said body portion when the
      bearing is unloaded.
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PAL  Phelps Packing & Rubber Company Pamphlet, "Rubber And Synthetics Section".
ABST
PAL  A triple seal and spacer means within a multi-part seal housing, including
      a sealed bearing unit which supports and protects the end of a driven
      shaft extending outside one peripheral end wall of a container through
      which the driven shaft passes. Suitable lubrication fittings are provided,
      and lubricant is forced through these fittings into the interior of the
      multipart seal housing, past two relatively soft seals having a spacer
      therebetween, and past another spacer and a relatively rigid long-lasting
      seal adjacent the wall through which the driven shaft passes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Seals of diverse materials and shapes are evidenced by the prior U.S. Pat.
      No. 1,888,957 to Longenecker issued Nov. 22, 1932, flexible rubber
      diaphragm in a mortar mixer; Phillips (U.S. Pat. No. 2,452,144, issued
      Oct. 26, 1948), synthetic rubber in an electrical swing joint; Malone
      (U.S. Pat. No. 2,990,220, issued June 27, 1961), paired seals with
      metallic spacer rings and bearing retainers; Cotchett (U.S. Pat. No.
      2,991,514, issued July 11, 1961), having felt and nylon washers distorted
      into cup shape; Tamm (U.S. Pat. No. 3,112,417, issued Nov. 26, 1963),
      having acrylonitrile rubber, in an electric motor, "stable in the presence
      of lubricant"; Bilocq (U.S. Pat. No. 3,420,590, issued Jan. 7, 1969),
      alternating metallic and "Teflon" seals for an idler roller; and Vincent
      (U.S. Pat. No. 3,450,392, issued June 17, 1969), having split, angular,
      compressible, packing rings.
PAC  SUMMARY OF THE INVENTION
PAR  Among the objects and advantages of our invention are the following:
PAR  1. To provide an inexpensive triple seal to give optimum sealing at the
      lowest possible cost;
PAR  2. To provide a seal wherein any dirt or foreign material can be flushed
      out with the grease;
PAR  3. To provide a pair of relatively "soft" seals, allowing lubricant to be
      retained therebetween, and flow toward, a rigid (and more expensive) main
      seal. This type of a triple seal combination also allows slippage of the
      paired "soft" seals, producing less drag on the shaft, but still
      accomplishing the sealing function;
PAR  4. To provide a plurality of spacers separating the triple seals interiorly
      of the multi-part seal housing.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one end of a housing seal assembly through
      which a driven shaft passes.
PAR  FIG. 2 is a sectional view on an enlarged scale, taken approximately on the
      line 2--2 of FIG. 1.
PAR  FIG. 3 is an exploded perspective view further showing the interior parts
      of the sealing arrangement, with the ball bearing unit omitted, prior to
      assembly.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the drawings, an end wall 10 of a container structure (drum-shaped, for
      example, as in a mixer or motor) receives a driven rotary shaft 12
      extending both interiorly and exteriorly of the container structure, with
      a shaft end denoted by reference numeral 13. The outer (exterior) end of
      the shaft 12 is enclosed by a multi-part seal housing 14. The shaft 12 is
      centrally bored and threaded at 16 to receive the headed bolt, or similar
      fastening means 18.
PAR  A bearing lock collar 20 surrounds shaft end 13, seats against a sealed
      ball bearing unit 22, and both are retained in place by a washer 24 under
      the action of bolt 18. Trunnion housing 26 having grease or lubricating
      fitting 28, threaded as at 29, surrounds the collar 20 and maintains the
      sealed bearing unit 22 in place within the housing 14. The trunnion
      housing 26 is rigidly supported from a support pedestal 27 in a suitable
      and well known manner to support the seal and bearing unit.
PAR  A seal and sealed bearing unit housing 30 is welded to end wall 10, has a
      threaded lubrication fitting 32, threaded as at 33, similar to 28, and
      supports the outer race of the sealed bearing 22 and is rotatably
      supported by trunnion housing 26.
PAR  A triple-seal and spacing means 34 fills the space between end wall 10,
      shaft 12, sealed bearing unit 22, and housing 30. The first, relatively
      rigid and tough seal 36 is disposed adjacent end wall 10, surrounds shaft
      12, and is partially bent or curved (during final assembly) at 38, to very
      snugly engage shaft 12 and to enter an aperture 40 in end wall 10 through
      which shaft 12 passes. This first seal 36 is preferably made of urethane,
      offering high level abrasion and wear resistance, and also being
      impervious to any extreme weather conditions that may be encountered in
      use. A first annular metal spacer 42 has the same outside diameter as 36
      but a larger internal diameter, leaving space for lubricant between 42 and
      12. A first of two relatively "soft" (as compared to 36) seals 44--44 of
      synthetic rubber such as Buna S have sandwiched therebetween a second
      single metal spacer 46. The inside diameters and outside diameters of 44
      and 46 are similar to those of 36 and 42, respectively. A third single
      spacer 47 is disposed against the seal 44 remote from the end wall 10.
PAR  A double metal spacer 50, having the same outside diameter as 42 and 46,
      but with a much larger internal diameter, and also having additional
      "pocketed" flange means, as at 52, provides additional space for
      lubricants entering from 32-33; and, 50 abuts the sealed bearing unit 22.
      The double spacing means 50-52 provides a main receiving and storage area
      for lubricants entering from 32 as they pass into the space between the
      metallic spacers 42, 46, 47, 50-52, and shaft 12; and, when applied under
      pressure, the lubricants pass under the "bent" lips 54--54 (similar to 38)
      and on to 36-38, and through aperture 40 the lubricant passes interiorly
      of the end wall 10.
PAR  As indicated above, during the final assembly of the triple seal (36,
      44--44), and spacing means (42, 46, 47, 50-52) within the multi-part seal
      housing 14, the innermost peripheral edges (38 and 54) of 36 and 44 are
      bent toward end wall 10, as illustrated, in order to provide for the
      "flushing" of any foreign material from the seal housing 14 back to the
      other side of end wall 10 when pressurized lubricants are inserted through
      32. This provides the most efficient sealing means we are aware of at the
      lowest possible cost. The urethane seal 36 is relatively rigid and is the
      most expensive part of the sealing arrangement and it has a close fit with
      shaft 12. The "softer" Buna S seals 44--44 allow grease to pass, create
      minimal drag upon the rotation of shaft 12, and yet provide the additional
      sealing required, and not possible with but a single urethane seal.
      Correspondingly, such a sealing arrangement is less expensive than plural
      urethane seals. Because of the highly abrasive nature of sand, lime,
      cement, and similar materials found in plaster and mortar mixers which
      have dumpable drum and rotating paddle shaft 12 an effective and long
      lasting sealing arrangement has eluded manufacturers for years, and this
      seal remedies the defects found in prior art seals. Thus, better
      lubrication and sealing of the bearing unit 22 which supports the shaft 12
      from housing 30 is accomplished which provides for longer life expectancy
      of the bearing unit 22.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A triple seal and bearing assembly for receiving and supporting one end
      portion of a driven rotary shaft, said assembly including a housing
      adapted to be secured to an end wall of a receptacle through which the
      driven shaft passes, a bearing unit surrounding said shaft and supporting
      the shaft from the housing, adjacent the extremity of the shaft, a
      trunnion member surrounding and journaling said housing from a support,
      means lubricating the interior of the trunnion member, said assembly
      including a plurality of alternating, annular, seals and spacer means
      partially filling the space between said end wall and said bearing unit, a
      further lubrication means in communication with the space containing said
      seals and spacer means, the first seal immediately adjacent said end wall
      being a urethane seal followed by a single spacer, a first of two
      synthetic rubber seals, a second single spacer, a second synthetic rubber
      seal, a third single spacer, and a double spacer filling the space between
      said second seal and said bearing unit, the inner edges of the annular
      seals being bent toward said end wall, during assembly, so that any
      foreign material which may have entered during rotation of said shaft will
      be forced back toward the end wall when pressurized lubricant is forced
      into the space receiving the seals and spacer means.
NUM  2.
PAR  2. The structure as defined in claim 1 wherein said receptacle is a mortar
      or plaster mixer drum rotatable about the axis of the shaft for dumping,
      said shaft being the paddle shaft and extending through an aperture in the
      end wall, said spacer means having an internal diameter larger than the
      shaft to provide a lubricant reservoir along the shaft, said double spacer
      having axially offset flange means providing radial passageways for
      lubricant from said housing to the periphery of the shaft.
NUM  3.
PAR  3. The structure as defined in claim 2 wherein said shaft includes a lock
      collar removably mounted on the end thereof remote from the end wall for
      engaging the bearing unit, said bearing unit being a ball bearing unit
      having an inner race engaged by the lock collar and an outer race seated
      against a shoulder in said housing, said housing and trunnion member
      having cylindrical bearing surfaces enabling rotatable movement of the
      housing and drum independent of rotation of the paddle shaft.
NUM  4.
PAR  4. A seal and bearing assembly for sealing and supporting one end portion
      of a rotary shaft, said assembly including a housing adapted to be secured
      to an end wall of a receptacle through which the shaft passes, a bearing
      unit surrounding said shaft and rotatably supporting the shaft from the
      housing, adjacent the extremity of the shaft, a trunnion member
      surrounding and journaling said housing from a support to enable pivotal
      movement of the receptacle, means lubricating the interior of the trunnion
      member and the exterior of the housing, said assembly including a
      plurality of annular seals and spacers partially filling the space between
      said end wall and said bearing unit, lubrication means in communication
      with the space containing said seals and spacers, the first seal being
      disposed against said end wall and being a substantially rigid, wear
      resistant seal, a first single spacer against said first seal, a first
      relatively soft seal against the first spacer, a second single spacer
      against the first relatively soft seal, a second relatively soft seal
      against the second spacer, a third single spacer against the second
      relatively soft seal, and a double spacer filling the space between said
      third spacer and said bearing unit, the inner edges of the annular seals
      being deflected toward said end wall, during assembly, so that any foreign
      material which may have entered during rotation of said shaft will be
      forced back toward the end wall when pressurized lubricant is forced into
      the space receiving the seals and spacers, said receptacle being a mortar
      or plaster mixer drum pivotal about the axis of the shaft for dumping,
      said shaft being the paddle shaft and extending through an aperture in the
      end wall, said spacers having an internal diameter larger than the shaft
      to provide a lubricant reservoir along the shaft, said double spacer
      having axially offset flange means providing radial passageways for
      lubricant from said housing to the periphery of the shaft.
NUM  5.
PAR  5. The structure as defined in claim 4 wherein said first seal is
      constructed of urethane, said first and second relatively soft seals being
      constructed of synthetic rubber, and a lock collar on the end of the shaft
      engaging the bearing unit to maintain axial assembly of the shaft and
      bearing unit.
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ABST
PAL  A machine element slidable on a tie rod is formed with a throughgoing
      counterbored hole through which the tie rod passes. A cylindrical bushing
      has at one end a flange secured to the shoulder in the hole and another
      end formed with a plurality of longitudinally open slots that subdivide
      this other end into a plurality of fingers. A first abutment ring is
      received in the one end of the bushing and has an inner periphery spaced
      from the tie rod and a second such abutment or slide ring is held by the
      fingers closely against the tie rod. A clamp is provided around the other
      end to hold the second ring tightly against the tie rod. There is a radial
      clearance between the clamp and the counterbore which is greater than the
      radial clearance between the first sliding ring and the tie rod.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a sliding-joint assembly for guiding a
      traverse or the like on a tie rod. More specifically this invention
      concerns such a joint for a test frame.
PAC  BACKGROUND OF THE INVENTION
PAR  In a conventional test frame the intermediate plate or traverse is formed
      in its corners with finely machined cylindrical bores receiving the tie
      rods that extend between a pair of end plates. The intermediate plate can
      be displaced along the tie rods by threaded spindles to position a
      workpiece or specimen which is placed under stress either by the spindles
      or by another device.
PAR  It is necessary in such devices, and indeed in all such arrangements as
      extrusion presses and the like wherein a plate or the like slides along a
      plurality of tie rods, that the tie rods be perfectly parallel. If they
      are not, the sliding element will bind and not ride easily since either it
      will have to deform or have to bend the tie rods slightly. In addition any
      heating or cooling of the sliding element often will misalign the bores
      and the tie rods to create such a binding, so that these devices must
      often be readjusted.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      sliding-joint assembly for a test frame, extrusion press, or the like.
PAR  Another object is the provision of such an assembly which overcomes the
      above-given disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to this invention by providing on the
      element being guided at each tie rod a cylindrical elongated bushing
      having one end secured to the element and another end formed with a
      plurality of longitudinal slots that form a plurality of longitudinally
      extending fingers. A guide ring is compressed between these two fingers
      and the tie rod by a radially effective clamp such as a split ring
      provided with a tightening screw or by a tightening cone. The rings are
      made of a material with a low coefficient of friction rods as
      polytetrafluoroethylene or a polyamide.
PAR  Such an assembly compensates for any minor misalignment of the tie rods
      relative to each other or relative to the bores in the plate. The fingers
      can move laterally relative to the central axis of the unstressed bushing
      to hold the tie rod even when the bushing and tie rod are not perfectly
      aligned so as to give surface contact at all times, not just line contact
      as in prior-art devices.
PAR  In accordance with another feature of this invention the bushing is
      received in the element in a counterbored hole having two cylindrical
      sections seperated by a shoulder. The bushing has at one end a flange
      screwed to the shoulder and at the other end there is provided between the
      bushing or clamp a radial clearance. A ring is provided in one end of the
      bushing which spacedly surrounds the tie rod and the radial clearance
      between this spaced ring and the tie rod is smaller than the radial
      clearance between the other end or its clamp and the counterbore in the
      element.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features, and advantages will become more
      apparent from the following description, reference being made to the
      accompanying drawing, in which:
PAR  FIG. 1 is a longitudinal section through a sliding joint assembly according
      to the present invention;
PAR  FIG. 2 is a top view, partly broken away, of the assembly of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 1 illustrating an alternative embodiment
      of this invention; and
PAR  FIG. 4 is a side-elevational view of a test frame incorporating the joint
      of FIG. 1.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIG. 4 a test frame has a pair of vertically spaced rectangular
      end plates 16 and 17 between which extend four tie rods 2. In addition a
      pair of threaded drive spindles 18 extend between these plates and are
      rotatable by a motor (not shown) in the base. An intermediate plate 1
      rides on the rods 2 between the plates 16 and 17 and is provided with a
      pair of sample holders 19 which can be secured to a sample to be
      compressed or tensioned, the other side of the sample being secured in a
      holder 20 on either the upper plate 16 or lower plate 17. Rotation of the
      spindles 18 displaces the intermediate element 1 along the rods 2. The
      spindles 18 are tensioned and the rods 2 compressed as discussed in the
      copending and commonly assigned patent application Ser. No. 384,574 filed
      Aug. 1, 1973 by Dietmar Spiess et al, now abandoned. The plates 1, 16, and
      17 are formed as described in the copending and commonly assigned patent
      application Ser. No. 383,536 filed July 30, 1973 by Manfred Dripke now
      U.S. Pat. No. 3,859,848.
PAR  The rods 2 as shown in FIGS. 1 and 2 are received in each corner of the
      plate 1 in a steel bushing shown generally at 3. This bushing 3 is
      tubularly cylindrical and is formed at one end with a flange 11 which is
      secured by screws 4 to the shoulder 1a of a counterbored hole 12 passing
      axially through the plate 1. Adjacent this flange 11 the bushing 3 is
      formed with an inwardly open groove 21 in which a cylindrical ring 5 of
      polytetrafluoroethylene or polyamide is received. This ring 5 defines a
      cylindrically annular clearance 6a around the shaft 12 having a radial
      dimension shown at 6. At its other end the bushing 3 is formed with six
      splits 8 defining six angularly spaced and longitudinally extending
      fingers 15 having a length L equal to approximately a third of the overall
      axial length of the bushing 3 and ending generally flush with the face 1b
      of the element 1. These fingers 15 together form another groove 22 in
      which another Teflon or Nylon cylindrical ring 7 is received, this ring
      snugly surrounding the shaft 2. The bushing 3 and rings 5 and 7 are all
      coaxial about the axis 14 of the rod 2. The inner face of the bushing 3 is
      recessed at 3a between the rings 5 and 7.
PAR  Surrounding the free ends of fingers 15 is a split ring 9 whose split 9a is
      spanned by a screw 10 which, when tightened, urges the fingers 15 radially
      inwardly thereby pressing the ring 7 against the rod 2. There is defined
      between the outer periphery 9b of this ring 9 and the inside 12a of the
      bore 12 a uniform clearance 13 which is greater than the clearance 6.
PAR  FIG. 3 shows how in place of the ring 9, an unsplit internally conically
      threaded tightening ring 23 can be screwed down over similar conical
      threads 24 formed on the fingers 15. Rotation of this element can force
      the fingers 15 together to tighten the ring 7 on the shaft 2. This ring 7
      can be formed advantageously with a helical split 7' so as to permit its
      tightening of this ring 7 on the rod 2.
PAR  In use, any deflection of the rods 2 or other misalignment transverse to
      their axes 14 can be compensated by elastic deformation of the bushing 3
      radially through a distance equal to or smaller than the radial spacing
      13. The elasticity of the fingers 15 is determined by their angular
      length, radial thickness, axial length, and the type of steel.
CLMS
STM  I claim:
NUM  1.
PAR  1. A guide assembly comprising:
PA1  a machine element adapted to be displaced;
PA1  a rod extending through said element and slidably guiding same;
PA1  a tubular and elongated bushing spacedly surrounding said rod and formed
      adjacent one end with at least one longitudinally extending open slot;
PA1  means for securing the other end of said bushing to said element;
PA1  a first guide ring carried in said bushing at said other end and having an
      inner periphery spaced from said rod by a predetermined distance;
PA1  a second guide ring carried in said bushing at said one end and having an
      inner periphery snugly surrounding said rod; and
PA1  means for urging said one end inwardly toward said rod thereby pressing
      said second ring against said rod.
NUM  2.
PAR  2. The assembly defined in claim 1 wherein said bushing is formed with a
      plurality of such longitudinally extending open slots defining a plurality
      of longitudinally extending fingers, said means for urging engaging said
      fingers.
NUM  3.
PAR  3. The assembly defined in claim 1 wherein said means for urging includes a
      split ring and a screw spanning the split in said split ring.
NUM  4.
PAR  4. The assembly defined in claim 1 wherein said bushing is formed at said
      other end with an outwardly extending flange, said element being formed
      with a counterbored throughgoing hole receiving said bushing and having a
      shoulder, said flange being secured by said means for securing to said
      shoulder.
NUM  5.
PAR  5. The assembly defined in claim 4 wherein said means for securing is at
      least one bolt engaged in said element.
NUM  6.
PAR  6. The assembly defined in claim 4 wherein said one end of said bushing is
      generally on a level with the mouth of said counterbored hole.
NUM  7.
PAR  7. The assembly defined in claim 4 wherein said means for urging said one
      end inwardly has an outer periphery spaced from the inside of said hole by
      a predetermined distance greater than the predetermined distance between
      said first guide ring and said tie rod.
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PAL  A spherical bearing includes a bearing liner having a low-friction layer
      containing a resin matrix which includes therein a dispersion of
      self-lubricating particles. The particles include powdered or flock
      polytetrafluoroethylene particles and graphite fibers.
PARN
PAR  This is a division of application Ser. No. 441,479 filed Feb. 11, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention.
PAR  This invention relates to a bearing having a self-lubricating liner and,
      more specifically, a liner containing a resin matrix including therein a
      dispersion of fluorocarbon particles having a low coefficient of sliding
      friction and graphite fibers.
PAR  2. Description of the Prior Art.
PAR  Although, traditionally, bearings have been lubricated by liquid lubricants
      such as oil, it has been felt that attendant problems with the use of
      liquid could be avoided through the use of dry lubricants in the form of a
      bearing liner. Some noteworthy efforts to provide a bearing have a
      self-lubricating liner include, for example, those disclosed in U.S. Pat.
      Nos. 2,988,397; 3,198,691, 3,471,207; and 3,549,049. These disclosures
      teach the use of a liner containing an adhesive resin matrix which
      includes therein a random dispersion of self-lubricating fluorocarbon
      particles. These particles are intended to provide the low coefficient of
      sliding friction essential for a bearing surface while the resin provides
      a means of supporting the particles and insuring their adherence to the
      bearing member.
PAR  Although they have the desired low coefficient of sliding friction, there
      are other properties of the flurocarbon particles which limit their
      broader application as a bearing liner material. The self-lubricating
      fluorocarbon material most often used, for example, is Teflon (a trademark
      of the DuPont Corporation for polytetrafluorethylene) which has
      demonstrated a tendency to deform or extrude when subjected to higher load
      conditions at temperatures around 325.degree.F. As a result, when utilized
      during these operating conditions, there is increased wear of the bearing
      liner and a corresponding decrease in its effective life. This general
      problem is further aggrevated by the fact that the fluorocarbon material
      also has a relatively low thermal conductivity which interferes with the
      desired dissipation of frictional heat under these more critical operating
      conditions. Although the resin matrix does allow some beneficial heat
      transfer and does make some contribution to the overall strength of the
      liner, it is not primarily chosen for its heat transfer or strength
      capabilities but rather for its ability to support the particles without
      disturging the low coefficient of sliding friction provided by the
      particles and essential in a self-lubrication bearing.
PAR  It has generally been recognized that the use of graphite in the resin
      matrix might be desirable since it too is a self-lubricating material and
      has heat transfer characteristics and resistance to wear which are better
      than those of fluorocarbon. A number of attempts have heretofore been made
      to introduce graphite in the form of powder or flakes within the matrix to
      improve the wear properties of the liner. Examples include some of the
      above-cited patents and U.S. Pat. No. 3,238,601. However, since graphite
      has a higher and, therefore, less desirable coefficient of sliding
      friction than fluorocarbon, the amount of graphite powder utilized has
      been limited with respect to the amount of fluorocarbon particles utilized
      in an effort to optimize the desirable properties of each. The overall
      improvement in strength and wear resistance at normal operating
      temperatures and loads of a bearing liner including the graphite powder
      has accordingly been limited by this balance. These improvements in the
      liner for normal operating conditions are not as significant if the liner
      is operated at the same higher temperatures and under the same heavier
      work loads that would result in its failure, as discussed above, if no
      graphite wery present.
PAR  As a result, although generally recognizing the strength and wear
      limitations of these self-lubricating liners at higher operating
      temperatures and load conditions, the above-cited patents do not
      particularly address themselves to a means of effectively improving the
      bearing liner for use throughout the wider range of desired operating
      conditions.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide a bearing which
      includes a self-lubricating, low friction surface which remains effective
      at relatively high operating temperatures and load conditions.
PAR  It is a further object of the invention to provide a bearing of the type
      described wherein the bearing liner has a surface layer which contains a
      resin matrix including therein a random dispersion of self-lubricating
      particles to provide the low-friction surface.
PAR  It is another object to provide a liner of the type described wherein some
      of the particles are fluorocarbon having a relatively low coefficient of
      sliding friction and others are graphite fibers.
PAR  It is still another object to provide a method of producing a bearing of
      the type described.
PAR  These and other objects of the invention are achieved in a preferred
      embodiment thereof in the form of an improved bearing liner having a
      low-friction layer. The layer is of a type which contains a resin matrix
      including therein a random dispersion of self-lubricated particles. The
      particles are a mixture of fluorocarbon and graphite fibers thereby
      combining the positive value characteristics of each particle from. A
      mixture by weight of 53 1/2 parts of fluorocarbon, 1 1/2 parts of graphite
      fiber, and 45 parts of resin has been utilized to provide the desired
      low-friction layer of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of the spherical bearing embodying
      the bearing liner of the present invention.
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 a is an enlarged view of a portion of the surface of the bearing
      liner of FIG. 2 with the resin matrix being represented as entirely
      transparent in an effort to demonstrate various features of the invention.
PAR  FIG. 3b is a view like that of FIG. 3a but including an alternative type of
      fluorocarbon particles.
PAR  FIG. 4 is an enlarged perspective view of one preferred form of graphite
      fiber utilized in the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, the preferred spherical bearing member 10 is capable of
      receiving a mating member (not shown) and provides omnidirectional sliding
      contact therebetween by the use of a bearing liner 12 having a
      self-lubricating bearing surface 14.
PAR  The preferred liner 12 may be fixedly applied to the interior surface 16 of
      the member 10, as seen in FIG. 2. The liner 12 includes an outer,
      low-friction layer 18 to provide the bearing surface 14; a backing
      material 20; and an adhesion layer 22 adjacent the interior surface 16 of
      the member 10. Although the preferred method of forming liner 12 will be
      discussed in detail hereinbelow, it is perhaps best to first examine the
      layer 18 to determine the essential features of the liner 12 which enable
      it to satisfy the above stated objects of the invention.
PAR  The layer 18 basically includes a resin matrix 24 with fluorocarbon
      particles 26 and graphite fibers 28 randomly disposed therein to make a
      combined contribution to the mechanical properties of the liner 12 and of
      the surface 14. Specifically, the preferred fluorocarbon particles 26 are
      Teflon and the preferred graphite fibers 28 are, as shown in FIG. 4, high
      modulus, non-circular fibers such as those sold by Great Lakes Carbon
      Corporation under the trademark FORTAFIL. As indicated above, and in the
      above-cited prior art disclosures, the Teflon particles 26 basically
      provide a liner with the characteristic low-friction surface essential to
      the operation of a self-lubricating bearing at normal operating
      temperature and load conditions. However, in accordance with the present
      invention, it is at the higher operating temperatures and loads that the
      effectiveness of these prior art devices is limited. Therefore, the
      discussion hereinbelow will be primarily directed at the contribution the
      graphite fibers 28 make to alter the mechanical properties of the bearing
      liner 12 and the surface 14.
PAR  As seen in FIG. 4, a typical fiber 28, preferably a non-circular FORTAFIL
      fiber, has a length L, a width W, and a thickness T. The length L may be
      approximately 1/8 inch, the width W may vary from about 12.5 to about 14.0
      microns, and the thickness T may be in the range of 4.5 microns to about
      5.5 microns. One form of FORTAFIL fibers utilized in the testing program
      involving the invention had a young's Modulus of about 48 .times. 10.sup.6
      psi. Other fiber types with a Young's Modulus between 30 .times. 10.sup.6
      and 60 .times. 10.sup.6 psi could also be employed. Although graphite is a
      self-lubricating material, it has been estimated that the coefficient of
      sliding friction of a graphite fiber is about three times as great as the
      coefficient of sliding friction of Teflon. However, the tensile strength
      and the thermal conductivity of the graphite are substantially greater
      than that of Teflon. In the present invention, the introduction of
      graphite to the matrix in the form of fibers, rather than the powder
      previously utilized, allows the graphite to make a more substantial
      contribution to the overall strength and wear resistance of the liner 12
      while the relatively low coefficient of sliding friction of the surface 14
      is characteristically established by the Teflon particles.
PAR  This is accomplished in the invention by a random dispersion of both the
      Teflon particles 26 and the graphite fibers 28 in the resin matrix.
      Although it is not necessary for a full understanding of the invention,
      FIG. 3a is provided as a general illustration of the bearing liner which
      shows the overall form and content of the random dispersion that exists
      throughout the layer 18. For the purpose of this illustration, the resin
      matrix is treated as though it were transparent when it is typically
      relatively opaque. FIG. 3a, therefore, includes the preferred woven
      backing material 20, which would not normally be seen when examining the
      surface 14. To obtain a general feel for the relative dimension involved,
      it should be stated that width of the liner section shown in FIG. 3a is
      about 1/6 of an inch. The graphic fibers 28 randomly lie within the layer
      18 with some tendency to collect in the depressed regions of the backing
      material 20, a general stacking of the fibers 28 is possible with no
      portion of those closest to the backing material 20 extending to the
      surface 14. The fluorocarbon particles 26 shown in FIG. 3a are Teflon
      flock which has been darkened by etching.
PAR  FIG. 3b is a view of an improved layer like that shown in FIG. 3a but
      including therein alternative fluorocarbon particles 26' which are in the
      form of a white Teflon powder and are relatively smaller than shown in the
      illustration.
PAR  In the preferred liner 12, the Teflon particles 26 are randomly distributed
      throughout the layer 18 but are beneficially located at the surface 14 to
      provide the low coefficient of sliding friction. The graphite fibers 28
      are intermixed throughout the layer 18 but are beneficially located with
      only minimal exposure at the surface 14 to transfer heat from the surface
      14 and to add strength to the entire layer 18 without being the major
      contributor to the coefficient of sliding friction of the surface 14. It
      can be seen that the fibers 28, which are elongated and relatively thin
      with respect to the thickness of the layer 18 are capable of extending
      from the surface 14 to within the layer 18 with only a small amount of
      surface area actually being located at the surface 14.
PAR  The preferred method of forming the bearing 10 is an improvement of a
      method generally disclosed in U.S. Pat. No. 3,471,207, and directed toward
      the use of fluorocarbon particles alone.
PAR  The preferred self-lubricating particles are graphite fibers of the type
      described hereinabove and Teflon particles with the graphite fibers being
      from about 2% to about 20% of the total particles by weight. The Teflon
      particles are preferably Teflon flocking comprising strands of
      polytetrafluoroethylene fiber, typically about 1/64 of an inch long and
      having a diameter greater than the width W of the graphite fiber 28. The
      Teflon flocking may be chemically etched to render the particles more
      bondable. Such etching of Teflon is well known in the art and described,
      for example, in U.S. Pat. Nos. 2,789,063 and 2,809,130. The Teflon
      particles may also include Teflon in a powdered form mixed with the Teflon
      flocking or as an alternative thereto. Teflon powder may be purchased, or
      prepared by rolling commercial sheet polytetrafluoroethylene and abrading
      the material with a file while it is rotating at a high rate of speed in a
      lathe. The resulting particles which form the Teflon powder are
      substantially smaller than those of the Teflon flocking.
PAR  A mixture of about equal amounts by weight of the self-lubricating
      particles and of a resin such as Resiweld R-7119 phenolic base resin
      manufactured by H. B. Fuller Company, St. Paul, Minn. is preferred.
      Excellent results were obtained during the testing program with a
      self-lubricating particle-phenolic resin mixture which included by weight
      45% resin, 1 1/2% graphite fiber, and 53 1/2% Teflon particles.
PAR  The self-lubricating particle-phenolic resin mixture is deposited, as at 18
      of FIG. 2, by painting, spraying or the like on a backing material, such
      as that indicated at 20. The backing material 20 may comprise, for
      example, a woven fabric, as shown in FIGS. 3a and 3b, having threads of
      Dacron (a trademark of the DuPont Corporation for a polyester staple
      length fiber), fiberglass, aluminum foil, or the like. The resin
      composition is allowed to stand on the backing material until set,
      typically about one day.
PAR  The composite liner is then placed between flat platens of a high pressure
      press. The press platens, heated for the above-specified Resiweld adhesive
      to a temperature in the range of 350.degree.to 400.degree.F. (preferably
      about 375.degree.F), exert a pressure in the range of 400-1000  pounds per
      square inch (advantageously about 600psi). The foregoing conditions are
      maintained for about one-half hour except for a short reduction in the
      applied pressure for gas relief.
PAR  The foregoing operation causes the Resiweld resin to cure, i.e., to
      irreversibly harden by polymerizing, thereby locking the graphite fibers
      28 and the Teflon particles 26 in place affixed to the backing material
      20. After the curing cycle, the calendered liner is removed from the
      press, and is flexible in the sense that it may be readily bent into
      tubular form.
PAR  Another layer of uncured resin is next applied to the liner material, and
      more particularly to the backing material, as at 22, to form the adhesive
      layer. The second coat of resin is allowed to set, e.g., to harden for
      about one day. The resin is preferably the same phenolicbase resin used
      previously, although other adhesives may be employed, including those
      which can be purchased in film form.
PAR  The bearing liner 12, including the still uncured resin at 22, is then
      formed to closely contact the interior surface 16 of the bearing member 10
      in a manner well known in the art, such as that disclosed in U.S. Pat. No.
      3,471,207. The bearing is then placed in an oven where it is heated to a
      temperature somewhat less than that employed in the first curing cycle,
      i.e., to about 350.degree.F. for the abovementioned Resiweld adhesive.
      This somewhat lower temperature is sufficient to cure the second coat of
      resin and bond the composite liner 12 to the interior surface 16 of the
      bearing member 10. Moreover, since the temperature is lower than that
      which was obtained during the first curing operation, the lubricating
      surface 14 of the liner 12 facing the mating member does not soften during
      this latter heating process to result in any undesired adhesion
      therebetween. The bearing 10, finished in this manner, includes the liner
      12 with an improved low-friction layer 18 to satisfy the objectives of the
      invention.
PAR  While there has been shown a preferred bearing, bearing liner and method of
      making the same, it should be obvious to those skilled in the art that
      changes and modifications may be made therein without deparating from the
      claimed invention. For example, the lining and method may be employed to
      produce other types of bearing than a spherical bearing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A spherical bearing having a low-friction bearing surface comprising:
PA1  a support structure;
PA1  a liner secured to said support structure;
PA1  said liner including a layer to provide said bearing surface remote from
      said support structure, a backing material to which said layer is
      attached, and an adhesive means between said backing material and said
      support structure;
PA1  said layer containing a resin matrix including therein a random dispersion
      of self-lubricating particles;
PA1  a first of said particles being fluorocarbon; and
PA1  a second of said particles being graphite fibers which are high modulus,
      non-circular fibers having a maximum width of about 14.0 microns and a
      length substantially greater than said maximum width to cause said fibers
      to lie in a general stacked configuration within said layer.
NUM  2.
PAR  2. a bearing as set forth in claim 1 wherein said fluorocarbon particles
      include powdered polytetrafluoroethylene.
NUM  3.
PAR  3. A bearing as set forth in claim 1, wherein said fluorocarbon particles
      including flocked polytetrafluoroethylene.
NUM  4.
PAR  4. A bearing as set forth in claim 1, wherein said graphite fibers make up
      at least 2% and not more than 20% by weight of said particles.
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ABST
PAL  A table, especially a club table with a top surface having a central planch
      or surface portion which is movable with respect to the surrounding table
      top between a position in which it is flush with the surrounding table top
      and a position in which it is elevated above the surrounding surface. The
      central surface portion is supported and moved by a motor and a hoisting
      mechanism centrally disposed in the table, the region around the hoisting
      mechanism having storage shelves which are exposed when the planch is
      moved above the surrounding table top. Three embodiments of drive
      mechanisms are disclosed.
PARN
PAR  This application is a continuation in part of U.S. patent application Ser.
      No. 322,616, filed Jan. 11, 1973, and now abandoned.
BSUM
PAR  The present invention refers to a table, especially a club table having a
      top surface in which a portion is movable between a flush position and a
      position elevated from the remainder of the table top surface.
PAR  The primary purpose of the present invention is to provide a table in which
      glasses, bottles and the like can be promptly supplied, even to serve a
      substantial number of individuals without the necessity of transporting
      these articles to the table at which they are to be used at the time when
      use is desired. The articles can be stored in the central portion of the
      table beneath the movable portion beforehand.
PAR  Briefly described, the invention includes a table having first and second
      top surface portions, means for supporting the first surface portion,
      means for supporting and moving the second surface portion between a
      normal position in which the first and second portions are flush and a
      second position in which the second surface portion is elevated above the
      first surface portion, and shelf means supported beneath the second
      surface portion, the means for supporting and moving the second surface
      portion being effective to elevate the second surface to a position in
      which the shelf means has a major surface flush with the first surface
      portion. The means for supporting and moving the second surface portion
      includes vertically extendible telescoping guide and drive means having
      one end connected to the second surface and the other end connected to the
      means for supporting the first surface portion so that relative movement
      between the two portions is obtained.
DRWD
PAR  In order that the manner in which the purposes of the invention are
      attained can be understood in detail, reference is made to the
      accompanying drawings which form a part of the specification and wherein;
PAR  FIGS. 1-3 are vertical elevations, in partial section, showing three
      embodiments of tables in accordance with the invention.
DETD
PAR  In FIG. 1 there is shown a table having a first table top surface portion 1
      which can be circular, rectangular or any other convenient shape. Surface
      portion 1 is provided with a central opening 2 which similarly can be
      circular or polygonal. A second surface portion 3 is disposed to rather
      closely fit in the opening 2, the second surface portion being mounted on
      a support 32 having a central portion and a radial spider extending to a
      rim 20 which closely fits a circular indentation in the underside of the
      second surface portion.
PAR  Support 32 is attached to, or integrally formed with, a depending
      cylindrical portion 4 which surrounds, in telescoping fashion, a
      cylindrical inner tube 5. Tube 5 is supported on and attached to a bottom
      plate 7 and a transverse support member 6 which is fixedly attached to
      vertical wall 9 supporting table top surface portion 1.
PAR  Telescoping members 4 and 5 form a housing within which is placed a further
      guide and drive means including an externally threaded spindle shaft 10
      and a spindle nut 11 which is provided with an internally threaded central
      opening which mates with the threads of shaft 10. Two tubes 12 are fixedly
      connected to support member 32 and depend therefrom parallel with shaft 10
      and are connected, near their lower ends, to spindle nut 11. Tubes 12
      surround, in telescoping fashion, upwardly extending rods 31 which are
      attached to bottom plate 7, thereby preventing rotation of the second
      surface portion. However, spindle shaft 10 is rotatably mounted in bottom
      plate 7 and rotation thereof causes vertical motion of nut 11 which
      carries with it tubes 12 and the assembly including support 32 and surface
      3. The bottom end of spindle 10 is provided with a pulley wheel which is
      coupled to and driven by an electrical motor 16 by a belt 15 of
      conventional type. The spindle is provided with a stop nut 33 to limit the
      downward motion of the table to a level at which the surfaces are flush.
PAR  The apparatus can also be provided with limit switches 17 and 18 to denote
      specific levels at which the vertical motion of surface 3 is to be
      stopped.
PAR  A shelf structure 14 is mounted on and supported by depending cylindrical
      portion 4 of support 32, the shelf structure being rotatably mounted
      thereon in the manner of a "lazy susan" so that various objects can be
      stored on the shelves and so that they can be easily reached from all
      sides of the table. Shelf 14 can be elevated to a level at which a major
      horizontal surface portion thereof is flush with first table top surface
      portion 1.
PAR  Turning now to FIG. 2, it will be seen that a similar table structure is
      provided but that the specific drive therefore is somewhat modified.
      Again, first and second surface portions 1 and 3 are provided and surface
      3 is relatively movable. The interior shelf 14 is supported from surface
      portion 3 by a cylindrical member 26 which may provide for rotatably
      mounting of shelf 14.
PAR  The elevating mechanism in the embodiment of FIG. 2 includes four
      externally threaded spindle shafts 22 depending from the undersurface of
      surface portion 3. Only two of these spindles are visible in the view of
      FIG. 2 because of the sectioning. The spindles threadedly mate with
      interior threads within tubes 21 which extend upwardly from the support
      means for the table and which are rotatably mounted thereon. The spindle
      shafts themselves are nonrotatably mounted in surface 3. Tubes 21 are
      provided with pulley wheels which are coupled to, and driven by, a motor
      23 which has a similar pulley wheel and which engages belts 25 of a
      conventional belt drive 24. The belts, which are shown schematically, can
      be toothed belts. All spindle tubes, which have the equivalent of spindle
      nuts therein, are thus simultaneously driven, causing the spindles and the
      surface portion 3 to elevate.
PAR  It will be observed that the motor 23' shown in phantom in FIG. 2, can be
      mounted on support walls 9 to provide greater flexibility in the
      construction of shelf 14. It will also be observed that the relative
      position of the spindles and tubes can be exchanged so that the tubes are
      connected to surface 3 and the spindles are rotatably mounted.
PAR  In FIG. 3 is shown a further embodiment in accordance with the invention,
      this embodiment incorporating improved features particularly as to
      lubrication. In the previously disclosed embodiment a disadvantage is that
      the threaded spindles are relatively inaccessible and, depending upon
      factors such as the environment and the size and weight of the table, the
      spindle is not sufficiently lubricated after an interval of use. Such lack
      of lubrication can lead to wear of parts resulting in defective behavior
      and disturbing noise.
PAR  In this embodiment the main table top portion 40 is provided with a central
      opening indicated generally at 41 into which a movable portion 42 will
      fit. The movable surface portion is provided with a recess 43 into which
      fits a support member 44, which support is secured to the table portion 42
      by a pin 45.
PAR  Support 44 is attached to, or integrally formed with, a depending
      cylindrical tube 46 which surrounds an upwardly extending cylindrical tube
      47 in telescoping relationship. An annular flange 48 extends upwardly from
      the lower end of tube 46 and supports a shelf structure 49 on which
      various articles can be stored. Shelf structure 49 can be provided with
      suitable bearing surfaces to render it rotatable.
PAR  Tubes 46 and 47 can be interrelated by a conventional slot and key 50 to
      prevent relative rotation of the table top 42 with respect to tube 47 and,
      hence, table top 40, the purpose of this arrangement being to maintain
      alignment of any pattern or design which may be provided on the exposed
      upper surfaces of the table tops, or to maintain proper orientation of a
      non-circular center portion.
PAR  Within tube 47 is a substantially smaller tube 51 which is rotatably
      supported on a journal 52 and shaft 53 which passes through a bottom plate
      54 of the table structure. Plate 54 is connected to upstanding walls 55
      which support table top 40. Tube 51 is thus freely rotatable and is
      provided with a pulley wheel 56 at its lower end, the pulley wheel being
      driven by a belt 57 which is, in turn, driven from a pulley wheel 58 on
      the end of output shaft 59 which is powered by an electric motor 60.
PAR  The upper end of tube 47 is provided with an end wall 61 which has a
      central opening 62. A spindle nut 63 is mounted in the upper end of tube
      51 to be rotatable therewith, spindle nut 63 extending through opening 62
      in wall 61. A spindle 64 is attached to support 44 and extends downwardly
      in threaded engagement with spindle nut 63. Thus, rotation of tube 51 by
      motor 60 causes rotation of spindle nut 63 and vertical movement of
      spindle 64, carrying with it table top portion 42.
PAR  The spindle nut is provided with a conical recess 65 and a vertical opening
      66 which passes through the spindle nut from the recess to the lower
      surface thereof.
PAR  The lower surface of spindle nut 63 and the interior of tube 51 forms a
      substantially closed chamber, except for opening 66, which can be filled
      or nearly filled with a suitable lubricant 68 into which the lower portion
      of spindle 64 extends. Thus, each time the table top is lowered spindle 64
      extends downwardly into the reservoir of lubricant 68 and becomes coated
      thereby. When the spindle again passes upwardly through the spindle nut,
      some lubricant passes with it and can run downwardly to the spindle nut.
      The conical beaker-like recess 65 accumulates this excess lubricant and a
      major portion thereof is permitted to pass through opening 66 to the
      reservoir. However, a small amount is retained in the recess to
      additionally lubricate the portion of the spindle which is above that
      point as the table top is lowered. This is particularly important if the
      table top is permitted to remain in its uppermost position for an extended
      period of time.
PAR  The embodiment shown in FIG. 3 also includes a circular neon light 70 which
      is disposed immediately beneath support 44 and surrounding tube 46 to
      illuminate the articles stored on shelf structure 49. Electrical
      conductors 71 pass upwardly through tube 46 and through an opening 72 in
      wall 61 and to a source of power to energize the light. The conductors can
      conveniently be passed through lower wall 54 of the table structure, but
      these connections are not shown. Motor 60 is energized. Also provided are
      limit switches 73 and 74 to limit the upper and lower extent of movement
      of the movable portion of the table structure. A control switch 75 can be
      provided to initiate operation of the elevating mechanism. It will be
      observed that the specific configuration of shelf structure 49 as
      illustrated in FIG. 3 permits the storage of tall articles on the lower
      shelves but also provides a cavity 76 into which motor 60 will pass when
      the shelf is completely lowered. Thus, sufficient storage of both low and
      high articles is provided.
PAR  While certain advantageous embodiments have been chosen to illustrate the
      invention, it will be understood by those skilled in the art that various
      changes and modifications can be made therein without departing from the
      scope of the invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A table particularly of the type known as a club table, comprising the
      combination of
PA1  first and second top surface portions;
PA1  means for supporting said first surface portion including upstanding
      support walls and a horizontal member extending between said walls;
PA1  means for supporting and moving said second surface portion between a
      normal position in which said first and second portions are flush and a
      second position in which said second surface portion is elevated above
      said first surface portion;
PA1  shelf means supported beneath said second surface portion, said means for
      supporting and moving being effective to elevate said second surface
      portion to a position in which said shelf means has a major surface flush
      with said first surface portion;
PA1  said means for supporting and moving said second surface comprising
PA1  first and second telescoping guide tubes, said first tube depending from
      said second portion and surrounding said second tube, said shelf means
      being supported on said first tube;
PA1  means for preventing relative rotation between said guide tubes; and
PA1  vertically extendible telescoping guide and drive means, substantially
      surrounded by said second tube, and having one end connected to said
      second surface and the other end connected to said means for supporting
      said first surface portion for elevating said second surface portion,
PA1  said telescoping guide and drive means further comprising
PA1  a tube mounted for rotation in said horizontal member, said tube comprising
      a lubricant reservoir substantially filled with lubricant;
PA1  a spindle nut mounted on said tube for rotation therewith, said nut having
      an internally threaded central opening;
PA1  an externally threaded spindle depending from said second surface portion
      and engaging said opening in said spindle nut; and
PA1  means for rotating said tube.
NUM  2.
PAR  2. A table according to claim 1 wherein the upper surface of said spindle
      nut is frustro-conical in shape, forming a reservoir surrounding said
      central opening; and said nut further includes a drain opening for
      returning lubricant to said reservoir.
NUM  3.
PAR  3. A table according to claim 1 in which first and second guide tubes of
      said means for supporting and moving further includes key and slot means
      for preventing rotation of said second surface portion relative to said
      first surface portion.
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ABST
PAL  A flush pull arrangement for office furniture and the like, and
      specifically, for use in connection with office furniture drawers and
      doors, in which the drawer or door front panel is formed with a
      quadrilateral opening to receive a quadrilateral open centered trim piece
      that is flanged about its forwardly facing side for fitting flush up
      against the front panel front surface, and that has opposed ridges
      coplanar therewith, on two opposed rails thereof, and along the rearwardly
      facing side of the trim piece, proportioned for snap fitting into the
      front panel opening. The front panel opening is formed on two opposed
      sides of same with a pair of opposed centering tabs that cooperate with
      correspondingly located notches formed in the rearward side of the trim
      piece, on the other pair of rails thereof, for centering the trim piece in
      the panel opening, and with which the trim piece has snap fit relation in
      applying the trim piece to the front panel opening. A cover having a pair
      of opposed edge portions each formed with a pair of spring tabs disposed
      one at either end of same, which cover edge portions are received in
      grooves formed in the trim piece between the flanges and ridges thereof,
      along the trim piece rails bearing the latter, and with the tabs thereof
      straddling the trim piece, to lock the trim piece in place and fix both
      the trim piece and cover against rattle. A hand tool for applying the
      cover to the trim piece is also disclosed.
BSUM
PAR  This invention relates to a flush pull arrangement for office furniture
      drawers and doors, and more particularly, to a pull arrangement that is
      essentially flush with the front side of the door or drawer front
      involved, and provides a hand gripping recess or pocket into which one may
      insert his fingers to move the door or drawer involved to open same.
PAR  Pull arrangements for office furniture file drawers and cabinet doors, and
      the like, conventionally have long been in the form of a handle suitably
      applied to the front surface of the drawer or door involved that is to be
      grasped by the user to move the drawer or door to open position. Pulls of
      this type necessarily project forwardly of the door or drawer involved,
      and form obstructions to passers-by that can and have caused injury, and
      that aesthetically are sometimes disfiguring.
PAR  More recently pull arrangements have come into use which involve the drawer
      or door front panel being in effect recessed to define a pocket into which
      the operator is to extend his fingers to grasp the drawer or door to pull
      same to the open position. Pull devices of this type frequently involve a
      trim piece or portion which overlies the marginal portions of the front
      panel involved that define the pull opening, a cover member that is
      applied to the inside of the front panel involved to close off the front
      panel pull opening and limit the pull pocket, and suitable securing screws
      or comparable fasteners that hold these parts together, or alternately,
      the trim piece and cover are suitably bonded in place, utilizing welding
      procedures or the like.
PAR  Of course, utilizing screws or the like to secure the pull components in
      place requires added parts and labor to complete the pull. Bonding of such
      parts in place, in addition to the labor involved, requires special
      treatment of the metal surfaces involved, after the pull has been applied
      to the front panel involved, so that distortions and other surface
      imperfections due to welding or the utilizing of other forms of bonding
      will be eliminated.
PAR  A principal object of the invention is to provide a flush pull arrangement
      for office furniture that requires no extra fasteners or bonding to secure
      the pull in place.
PAR  Another principal object of the invention is to provide a pull arrangement
      consisting of two principal components, in addition to the drawer or door
      front panel involved, that are formed for securement to each other in
      cooperation with the door or drawer front panel involved, such that the
      pull components are fixed to each other and to the front panel without
      using separate fasteners or bonding, in such a manner that all parts are
      made fast against rattle.
PAR  Other objects of the invention are to provide a pull arrangement that is
      aesthetically attractive in appearance, and that is applicable to all
      types of office furniture equipment utilizing pulls, including
      applications where lock devices are to be associated with the pull, and to
      provide a pull arrangement that is economical of manufacture, convenient
      to install, and long lived in use.
PAR  In accordance with the present invention, the pull arrangement comprises an
      open centered trim piece of rectangular shape that is to be applied to the
      drawer or door front panel involved, the latter being formed with a
      correspondingly shaped rectangular opening into which the trim piece is to
      be disposed. The trim piece is flanged about its forwardly facing side for
      abutting relation with the front panel involved, about the margin of its
      opening, and the trim piece along each of its two longer rails, and at its
      rearwardly facing side, is formed with a laterally projecting ridge, which
      ridges are coplanar with the trim piece, and are proportioned to make the
      trim piece, along its two longer rails, too larger to fit through the
      front panel opening. The two shorter rails of the trim piece are notched
      for two phase cooperation with correspondingly located centering tabs that
      are defined by the front panel, and the trim piece longer rails are each
      formed with a groove or slot between the flange and ridge of the
      respective longer rails, whereby when the trim piece is to be applied to
      the front panel opening, the trim piece has its rear side aligned with the
      opening in congruent relation therewith, except that one longitudinal edge
      of the front panel opening is seated in one of the trim piece longer rail
      slots to dispose the trim piece sufficiently off center of the front panel
      opening to permit the other trim piece longer rail ridge to be inserted
      through the front panel opening, whereby the front panel tabs will have
      snap fitting relation with the trim piece shorter rails at their said
      notches, and when the trim piece is snap fitted past the front panel tabs,
      such tabs center the trim piece within the front panel opening.
PAR  Associated with the trim piece, for closing off the pull opening and making
      the trim piece fast against rattle, is a cover member of elongate channel
      shaped configuration having along its respective side flanges an edge
      portion, which edge portions are disposed in opposed relation and each
      define at either end of same a spring tab, which tabs of each cover member
      edge portion are spaced apart to receive the trim piece between them. The
      respective cover member edge portions are received in the respective trim
      piece longer rail grooves or slots, to complete assembly of the device,
      with the cover member edge portions being separated as needed, as by
      employing suitable hand tooling or camming techniques, to apply the cover
      member edge portions to the respective trim member slots, and with the
      tabs of each cover member edge portions straddling the trim piece and
      bearing against the rear side of the front panel to bind the pull
      components together and against the front panel whereby all parts are held
      against rattle. The cover member edge portion tabs preclude lateral
      movement of the cover member relative to the trim piece in the plane of
      the front panel.
PAR  Other objects, uses, and advantages will be obvious or become apparent from
      a consideration of the following detailed description and the application
      drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a front elevational view of a lateral file assembly on which is
      applied an over file assembly, both of which have the invention of this
      application applied thereto;
PAR  FIG. 2 is a fragmental cross-sectional view taken substantially along line
      2--2 of FIG. 1, but on a substantially enlarged scale, showing the three
      components of the pull of this invention;
PAR  FIG. 3 is a diagrammatic exploded perspective view further illustrating the
      pull arrangement of the present invention;
PAR  FIG. 4 is an end view of the pull cover member that is shown in FIGS. 2 and
      3;
PAR  FIG. 4A is a fragmental view similar to that of FIG. 4 but showing the pull
      cover modified for door application;
PAR  FIG. 5 is a sectional view taken substantially along line 5--5 of FIG. 2,
      better indicating the manner in which the pull cover is applied to the
      pull trim piece to hold the pull components together;
PAR  FIG. 6 is a diagrammatic plan view taken from the front side of the pull
      and illustrating the manner of applying the pull trim piece to the drawer
      or door front panel, in accordance with the present invention;
PAR  FIGS. 7 and 8 are fragmental plan views taken from the rear side of FIG. 6
      and illustrating additional specifics of applying the pull front piece to
      the drawer or door front panel;
PAR  FIG. 9 is an edge view of one of the trim piece shorter rails better
      illustrating its notch and giving a two positioning of the front panel
      relative thereto as the trim piece is being applied to the front panel,
      with the showing being substantially along lines 9--9 of FIGS. 7 and 8 for
      illustrative purposes (with the plate member 30 being shown in dashed
      lines);
PAR  FIG. 10 is a plan view of the pull assembly as shown in FIG. 5, but
      partially in section and indicating the procedural steps taken to apply
      the pull cover to the pull trim piece to bind these parts and the drawer
      or door front panel in rattle-free mounted relation;
PAR  FIG. 11 is a plan view of a suitable hand tool that may be employed to
      apply the pull cover to the pull trim piece;
PAR  FIG. 12 is an end view of the tool of FIG. 11, taken along line 12--12 of
      FIG. 11; and
PAR  FIG. 13 is a view similar to that of FIG. 3, but illustrating how the
      invention may be applied to desk drawers.
PAR  However, it is to be distinctly understood that the specific drawing
      illustrations provided are supplied primarily to comply with the
      requirements of the Patent Laws, and that the invention is susceptible of
      other embodiments that will be obvious to those skilled in the art, and
      which are intended to be covered by the appended claims.
DETD
PAR  Reference numeral 10 of FIG. 1 generally indicates a filing arrangement
      comprising a file assembly 12 on top of which is applied an overfile
      assembly 14.
PAR  The file assembly 12 is of the lateral type and comprises a file cabinet 16
      to which are applied a number of roll out drawers 18 each including a
      drawer front 20 having a pull arrangement 22 of this invention applied
      thereto.
PAR  The overfile 14 comprises cabinet 24 to which a pair of oppositely sliding
      doors 26 and 28 have been applied, each equipped with a pull 22
      arrangement in accordance with this invention.
PAR  Aside from the arrangement of the pull 22, the lateral file 12 and the
      overfile 14 may be considered entirely conventional in arrangement. Of
      course, one or more of the pull out drawers 18 may be replaced by a roll
      out shelf of conventional design equipped with a swing up door, the front
      door of which may have the flush pull of this invention applied thereto,
      as well be apparent to those fully conversant with the office equipment
      field. The invention is also fully applicable to vertical file drawers and
      desk drawers as will be apparent to those familiar with the office
      furniture field.
PAR  The general nature of the pull arrangement 22 is illustrated in FIGS. 2 and
      3 wherein it will be seen that the pull arrangement comprises a plate
      member 30, which in practice will be the front panel of the drawer 20 or
      the doors 26 and 28 (or their equivalents in other pieces of office
      furniture). In this connection it is pointed out that the drawer fronts 20
      conventionally comprise a front panel 32 and a rear panel 34 (see FIG. 1)
      suitably applied thereto. Cabinet doors, such as doors 26 and 28 usually
      comprise a front panel 36 which is free of any back or rear panel, as is
      well known to those skilled in these arts.
PAR  In any event, for purposes of this disclosure the plate member 30 may
      either comprise the front panel 32 of drawer fronts 20, the front panel 36
      of cabinet doors 26 and 28, or the front panel of any piece of office
      equipment to which the pull is applicable.
PAR  The plate member 30, in addition to being formed for use as part of a
      drawer front or as a cabinet door (etc.), is formed to define pull opening
      40 that receives pull trim piece 42 which defines the pull access opening
      44, and which has applied to same the pull cover 46 that closes off the
      pull access opening 44 and, in accordance with the present invention,
      binds the pull components together, without using screws or other
      mechanical fasteners, or employing bonding procedures such as welding,
      whereby the pull components are held together against rattle.
PAR  Pull opening 40 defines lower and upper longer margins 43 and 45 and
      shorter side margins 47 and 49, which are rectilinear in configuration.
PAR  Further in accordance with the invention, the pull trim piece 42, which has
      lower and upper rails 52 and 54, and side rails 56 and 58, defining an
      open centered frame 60, is flanged as at 62 about its forward or front
      side 64, and along its longer rails 52 and 54 is formed with oppositely
      directed ridges 66 that are disposed at the rearward or back side 68 of
      the trim piece, with the ridges 66 being separated from the flanging 64
      along the rails 52 and 54 by the respective slots 70.
PAR  The opening or aperture 40 of the plate member 30 is of the same general
      rectangular configuration as the trim piece 42 except that the front and
      rear sides 64 and 68 of the trim piece are of greater lateral dimensions
      along the longer length dimension of the pull access opening 44 and
      transversely of the trim piece. In accordance with this invention, the
      flanging 62, which extends lengthwise of all of the trim piece rails 52,
      54, 56 and 58, is proportioned to abut the front side 72 of the plate
      member 30 about the margins of opening 40, while the ridges 66 are
      proportioned so that the pull has a dimension transversely of its longer
      rails 52 and 54 (dimension A of FIG. 2) which exceeds the corresponding
      dimension B of opening 40 such that the trim piece rear or back side 68
      will not slip directly through the opening 40 of plate member 30 (see FIG.
      2).
PAR  Opening 40, further in accordance with the invention, is formed to define a
      pair of opposed tabs 74 and 76 that are located in centered relation at
      the mid point of the narrow sides of the opening 40 for cooperation with
      the special stepped depth notches 78 and 80 that are formed in the trim
      piece respective side rails 56 and 58. Notches 78 and 80 each define a
      wide portion 81 and a narrow portion 83, with the notch portions 83 being
      proportioned to receive the respective tabs 74 and 76. Notches 78 and 80
      each define opposing external corners or shoulders 85 and 87 (see FIG. 9).
      As will be made clear hereinafter, the tabs 74 and 76 and shoulders 85 and
      87 of trim piece notches 78 and 80 are arranged for snap fitting relation
      in a manner that accommodates snap fitting of the trim piece 42 into the
      opening 40 and centering of the trim piece 42 with respect thereto.
PAR  The cover member 46 comprises a channel member 82 defining a web portion 84
      and spaced side flanges 86 and 88 along either side of same and extending
      normally thereof. The respective angled edge portions 90 and 92 which are
      disposed in opposed relation, and are centrally notched or recessed, as
      indicated at 94 and 96 (see FIG. 3), respectively, whereby the edge
      portion 90 defines tabs 98 and 100 adjacent either end thereof and the
      edge portion 92 defines tabs 102 and 104 adjacent their respective ends of
      same and generally opposing the respective tab portions 98 and 100 of the
      edge portion 90.
PAR  As indicated in FIG. 4, the edge portions 90 and 92 of the channel member
      82 are angled to their respective side flanges 86 and 88 so as to make
      obtuse angles therewith on the order of 94 degrees, whereby the cover
      member edge portions 90 and 92 spring bias the pull components in binding
      relation against rattle when these parts have been assembled as
      hereinafter described.
PAR  Before describing the special manner of assembly that is contemplated by
      the present invention for the pull arrangement 22, reference to FIGS. 2
      and 3 will reveal several dimensional proportions that are important
      aspects of the invention.
PAR  Thus, the dimension B of the plate member opening 40 somewhat exceeds the
      corresponding distance between the bottom surfaces 110 of the respective
      grooves 70 so that the pull trim piece 42, when it has been snap fitted
      into place within pull opening 40 of plate member 30, has a certain amount
      of lost motion along the dimension B of the opening 40.
PAR  However, the dimensioning of the opening 40 along dimension C substantially
      complements or slightly exceeds the dimension D between the planar
      surfaces 112 and 114 of the trim piece side rails 56 and 58 that extend
      normally of the trim piece flanging 64 at either end of the trim piece.
PAR  The cover member edge portions 90 and 92 along the longitudinal margins 93
      and 95 of their notches 94 and 96 are separated by a dimension that
      substantially equals the dimension between the trim piece groove bottom
      surfaces 110 for engagement therewith, as indicated in FIG. 2.
PAR  In addition, the thickness of the plate member 30 and the thickness of the
      cover member edge portions 90 and 92, relative to the width of the
      respective grooves 70, is made such that, when the cover member edge
      portions 90 and 92 are applied to the trim piece 42, after the latter has
      been mounted in pull opening 40, the edge portions 90 and 92 make a force
      friction fit within the grooves 70.
PAR  The web portion 84 of the channel member 82 in the form shown includes
      projecting end portions 130 and 132. When the pull arrangement is to be
      applied to a drawer or door that is not to have a rear panel, the end
      portions are angled 90 degrees forwardly of the web portion 84 to close
      off the sides of the pull, as indicated in FIG. 4A.
PAR  The pull components are assembled, in accordance with the present
      invention, and to apply them to drawers and doors of the type indicated in
      FIG. 1, in the following manner:
PAR  The trim piece 42 is aligned congruently with the pull opening 40, and the
      trim piece rear side 68, along one of the rails 52 or 54 of same, say the
      rail 52, inserted through the opening 40, the trim piece 42 is then
      disposed relative to the plate member 30 such that the bottom margin 43 of
      the pull opening 40 is seated in the groove or recess 70 of the bottom
      rail 52, to the full depth of such recess 70. This is indicated at step 1
      of FIGS. 6 and 7, which results in the trim piece lower rail 52 having its
      ridge 66 protruding through the opening 40 of plate member 30, along the
      lower margin 43 of the opening 40, with the tabs 74 and 76 respectively
      bearing against the respective external shoulders 85 of the respective
      notches 78 and 80 (see FIGS. 7 and 9), and thus being disposed within the
      respective notch portions 81.
PAR  The forward side 64 of the trim piece is then pressed inwardly of the
      opening 40 (and rearwardly of the front surface 72 the plate member 30),
      along the upper portion of the trim piece in the area of its rail 54, with
      some bias being applied to the trim piece to slide it upwardly of opening
      40, as indicated by the numbered steps 2 and 3 of FIGS. 6 and 8. This
      results in the ridge 66 of the upper rail 54 being pressed into opening 40
      with the plate member flexing accordingly due to the bearing of its tabs
      74 and 76 on corners 85, with the parts being proportioned so that as the
      trim piece top flanging nears engagement with thee front surface of plate
      member 30, the tabs 74 and 76 will snap past the shoulders 85 whereupon
      the tabs 74 and 76 are received in the respective notch portions 83 at
      either end of the trim piece 42 (see FIGS. 5, 8 and 9), which loosely
      centers the trim piece 42 within the opening 40. The proportioning of the
      tabs 74 and 76 along their dimensions relative to the notch portions 83 is
      such that margins 43 and 45 of opening 40 will be disposed in trim piece
      slots 70, whereby the trim piece will be held against movement in the
      plane of the member 30 that would permit unseating of trim piece rear side
      68 from the opening 40.
PAR  It will thus be seen that the dimension A of the trim piece, relative to
      the dimension B of the opening 40 is such that while the trim piece rear
      or back side 68, along one longer rail of same will fit through the
      opening 40 when an upper or lower marginal edge 43 or 45 of the opening 40
      is seated against the surface 110 of the trim piece rail groove 70
      involved, but when the trim member 42 is centered within the opening 40,
      the trim piece rear or back side 68, by virtue of the ridges 66 and the
      movement limiting action of tab 74 and 76, is proportioned to preclude
      withdrawal of the trim piece from the opening 40. However, trim piece
      ridges 66 are proportioned so that when one longer rail of the trim piece
      42 has a longer marginal edge (43 or 45) of opening 40 seated in its slot
      or groove 70, the ridge 66 of the trim piece other longer rail will clear
      the other longer edge of the opening 40 as the trim piece is pressed
      rearwardly of the plate member 30.
PAR  The channel member 82 is then applied to the rear side of plate member 30,
      as by bringing the cover member edge portions 90 and 92 into substantial
      registry with the rear or back side 68 of the trim piece, and inserting
      one of the edge portions 90 or 92, for instance the edge portion 90, in
      one of the trim piece slots 70 (for instance, that of rail 54); so that
      its marginal edge 93 seats against the slot bottom surface 110, with the
      edge portions tabs 98 and 100 disposed on either side of the trim piece
      42, as indicated in FIG. 10 (where step No. 1 of the cover member
      application to the trim piece is shown applying the cover member flange
      portion 90 to the slot 70 of trim piece rail 54). This will leave the
      other edge portion (in this instance, the edge portion 92) disposed
      adjacent the trim piece rear or back side 68 along the trim piece bottom
      rail 52.
PAR  The edge portion 92 of channel member 82 is then suitably moved away from
      its opposing edge portion 90 sufficiently to have the edge portion
      marginal edge 95 clear the trim piece rear side 68 along the rail 52 and
      then released (see steps Nos. 2 and 3 of FIG. 10), whereby the edge
      portion 92 will lodge itself within the recess 70 of the trim piece bottom
      rail 52 and in engagement with the bottom surface 110 thereof,
      substantially as indicated in FIG. 2.
PAR  Step No. 2 of FIG. 10 may be effected by bringing edge portion 92 into
      flush engagement with the trim piece back side 68 and rapping the channel
      member web portion 84 with a suitable hammer, at the edge 92 side of same,
      with the trim piece front side disposed against a firm surface, whereby
      the curved configuration of the trim piece back side along rail 52 will
      cam edge portion 92 away from edge portion 90 to permit edge portion 92 to
      seat within the slot 70 of rail 52 with snap fit action (that is provided
      by the resiliently flexible material from which cover member 46 is made).
      Alternately, step No. 2 of FIG. 10 may be effected utilizing suitable
      tooling, such as hand tool 135 of FIGS. 11 and 12, operating through the
      trim piece from the front side of same to deflect the cover member side
      flange 88 sufficiently away from side flange 86, using the trim piece rail
      54 as a purchase, to permit edge portion margin 95 to be moved forwardly
      of the pull into alignment with the slot 70 of trim piece rail 52,
      whereupon the tooling is released to permit the resiliency or "back
      spring" nature of the cover member to seat the cover member edge portion
      margin 95 firmly with the slot 70 of trim piece rail 52.
PAR  Of course, either cover member edge portion 90 or 92 may be initially
      applied to a trim piece slot in the manner indicated for edge portion 90,
      and the other edge portion deflected in the manner indicated for edge
      portion 92, to effect assembly of the pull components.
PAR  When this has been completed, the pull components are fully assembled,
      without having to employ screw fasteners or bonding or the like. The cover
      member edge portion tabs 98, 100, 102 and 104 are disposed on either side
      of the trim piece 42, and their obtuse angulation with respect to the
      cover member side flanges 86 and 88 introduces a wedging action into the
      assembly whereby the trim piece flanging 62 is pulled tightly against the
      front surface 72 of the plate member 30. The said cover member tabs also
      preclude lateral movement of the cover member relative to the trim piece,
      by engagement with the trim piece.
PAR  In one embodiment of the invention, the plate member 30 is 22 gauge sheet
      metal formed from a suitable steel while the channel member 82 is formed
      from similar materials and is of 24 gauge thickness. The trim piece 42 may
      be formed from any suitable metallic or plastic material, such as a
      suitable zinc alloy. As indicated, trim piece slots 70 are to be
      proportioned to receive both the plate member 30 and the cover member edge
      portion margins 93 and 95 with a friction fit. Thus, the width of the
      slots 70 should be substantially equal to the sum of the thickness of the
      plate member 30 at its opening margins 43 and 45, and the thickness of the
      respective cover member flange portions 90 and 92.
PAR  Hand tool 135 comprises a pair of levers 140 and 142 suitably pivoted
      together by pin 144 and each comprising a hand grip portion 146 and a tool
      head bearing portion 148. Tool bearing portion 148 of lever 140 has fixed
      to same a tool head 150 of right angled configuration including attachment
      flange 152 and working flange 154. Tool bearing portion 148 of lever 142
      has fixed to same a tool head 156 having base portion 158 and notched
      portion 160. The tool heads 150 and 156 are elongate transversely of tool
      135; head 150 has its flange 154 formed to define a rounded working edge
      162 that is to engage a cover member side flange 86 or 88, and head 156 is
      formed to define a slot or notch 164 having a rectilinear base wall 166
      which is to engage against a trim piece rail 52 or 54. Suitable spring 165
      biases the tool portions 148 together along their planar abutment surfaces
      168 to contact the tool so that it may be inserted through the pull trim
      piece 42. Surfaces 168 thus form stops that define the retracted position
      of tool 135.
PAR  Assuming that tool 135 is to be used to deflect cover side flange 88 away
      from side flange 86, as mentioned hereinbefore, the tool heads 150 and 156
      are disposed within the pull, as shown in FIG. 11, with the trim piece
      rail 54 seated in slot 164 of head 156 and the tool heads roughly centered
      within the pull. Levers 140 and 142 are actuated to draw their portions
      146 toward each other to bring edge 162 of tool head 150 against the cover
      side flange 88 with sufficient force to separate cover edge portion margin
      95 from cover edge portion margin 93 as required to bring margin 95 into
      alignment with the slot 70 of trim piece rail 52, as by rocking the tool
      135 somewhat, clockwise of FIG. 11, using the trim piece rail 54 as a
      center, whereupon the tool 135 is released; spring 165 brings the tool
      heads together for ready withdrawal of same from the pull.
PAR  FIG. 13 shows the invention in the form of embodiment 170 applied to a desk
      drawer of the type shown in Harris et al. U.S. Pat. No. 3,549,301, wherein
      the drawer front comprises a front panel 171 that is primarily for
      aesthetic purposes and a liner 172 that is the structural or load bearing
      member of the drawer front. In this arrangement, in which the pull 170 of
      FIG. 13 replaces the pull shown in said patent, the pull opening 40 is
      formed in panel 171, and the liner 172 has opening 174 formed therein
      through which cover 46A is passed for application to trim piece 42 in the
      same manner as already described. Cover 46A is the same as cover 46 except
      that it has fixed to its web portion 84, as by spot welding at 176, a
      connecting plate 178 that is connected to liner 172 by suitable screws 180
      applied to the respective holes 182 and 184 formed in the liner and plate
      178 for this purpose. This arrangement thus provides for secure connection
      of the cover member 46A to the drawer front liner 172. Opening 174 is of
      sufficient size to readily accommodate the assembly steps described
      hereinbefore.
PAR  It will therefore be seen that the invention provides a simple but
      effective pull arrangement that avoids the use of any mechanical fasteners
      or bonding procedures to secure the parts together. The invention
      contemplates the proportioning of the parts such that the trim piece by
      simple hand manipulation movements may be snap fitted and loosely centered
      within the plate member opening, after which the cover member is applied
      to the rear side of the plate member by having its opposed edge portions
      friction fitted into the same trim member grooves that receive the plate
      member marginal edges that define the pull opening, the trim components
      together are fixedly locked together. These components can be separated by
      reversing the assembly procedure, with a tool such as tool 135 being
      employed to deflect one of the cover member side flanges away from the
      other (as for instance, side flange 88 being acted on by hand tool 135) to
      unseat its edge portion margin from the trim piece slot 70 to which it has
      been applied and swing such side flange rearwardly of the trim piece,
      whereupon, when the tool is released, the cover member may be readily
      separated by hand from the trim piece. Separation of the trim piece from
      the plate member to which it is applied is effected by reversing the
      assembly procedure.
PAR  Where the cover member end portions 130 and 132 remain planar with the
      cover member web portion 84, separation of the cover member from the trim
      piece may be effected by slipping a flat rigid bar through the cover
      member (between it and the trim piece) and drawing it sidewise against one
      or the other of the cover side flanges to unseat one side flange from one
      of the trim piece slots 70. This avoids the need for a hand tool similar
      to tool 135.
PAR  Where the embodiment of FIG. 13 is involved, disassembly of the pull first
      requires removal of screws 180.
PAR  The foregoing description and the drawings are given merely to explain and
      illustrate the invention and the invention is not to be limited thereto,
      except insofar as the appended claims are so limited, since those skilled
      in the art who have the disclosure before them will be able to make
      modifications and variations therein without departing from the scope of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pull arrangement comprising:
PA1  a plate member having a planar portion defining a front surface on one side
      of same and a rear surface on the other side of same,
PA1  an aperture formed in said planar portion,
PA1  an open centered planar trim piece seated in said aperture and having a
      front portion on the front side of said plate member and a rear portion on
      said trim piece defining a flange portion along each of two diametrically
      opposed segments of said trim piece projecting in the plane of said trim
      piece and outwardly of same that are in abutting relation with said plate
      member front surface and are at the front side of said trim piece,
PA1  said trim piece further defining along each of said segments thereof a
      ridge projecting outwardly of said trim piece and in the plane thereof,
      with said ridges being on the rear side of said trim piece,
PA1  said ridges and flange portions of the respective trim piece segments being
      separated therealong to define a slot along the respective trim piece
      segments,
PA1  said ridges being proportioned in the plane of said trim piece for making
      the rear portion of said trim piece movable through said aperture from the
      front side of said plate member when one of the opposed marginal portions
      of said plate member defining said aperture is lodged in one of said slots
      with the rear side of the trim piece facing rearwardly of said plate
      member,
PA1  means for centering said trim piece within said aperture,
PA1  and a cover member on the other side of said plate member and defining
      opposed edge portions respectively frictionally received in said trim
      piece grooves,
PA1  said cover member edge portions each defining a tab at either end of same
      and disposed to one side of said trim piece,
PA1  with said tabs of each cover member edge portion being compressed against
      said plate member rear surface in straddling relation to said trim piece
      for holding said trim piece and cover to said plate member against rattle.
NUM  2.
PAR  2. The pull arrangement set forth in claim 1 wherein said centering means
      comprises:
PA1  said plate member aperture being formed to define a pair of oppositely
      positioned tabs in opposed relation,
PA1  said trim piece rear portion being formed to define a pair of oppositely
      positioned notches respectively receiving the respective plate member
      tabs,
PA1  said trim piece notches being of like stepped depths defining a rearwardly
      disposed notch portion of greater dimension proportioned for lost motion
      relation to said plate member tabs to accommodate said movement of said
      trim piece rear portion into said aperture, and a forwardly disposed notch
      portion closely receiving the respective plate member tabs and being in
      snap fitting centered relation thereto.
NUM  3.
PAR  3. The pull arrangement set forth in claim 1 wherein:
PA1  said cover member defines a back portion spaced rearwardly of said plate
      member rear surface and substantially paralleling said plate member planar
      portion,
PA1  said cover member edge portions being angled forwardly of said trim piece,
      relative to the plane of said plate member planar portion, at an angle
      approximately four degrees.
NUM  4.
PAR  4. A pull arrangement comprising:
PA1  a plate member having a planar portion defining a front surface on one side
      of same and a rear surface on the other side of same,
PA1  an aperture of quadrilateral configuration formed in said planar portion,
PA1  an open centered planar, quadrilateral trim piece seated in said aperture
      and having a front portion on the front side of said plate member and a
      rear portion on said trim piece defining a flange portion along each of
      two diametrically opposed lengths of said trim piece projecting oppositely
      in the plane of said trim piece and outwardly of same that are in abutting
      relation with said plate member front surface and are at the front side of
      said trim piece,
PA1  said trim piece further defining along each of said lengths thereof a ridge
      projecting outwardly of said trim piece and in the plane thereof, with
      said ridges being on the rear side of said trim piece, and being
      oppositely disposed,
PA1  said ridges and flange portions of the respective trim piece lengths being
      separated therealong to define a slot along the respective trim piece
      lengths,
PA1  said ridges being proportioned in the plane of said trim piece to
      sufficiently exceed the corresponding dimension of said aperture for
      making the rear portion of said trim piece movable through said aperture
      from the front side of said plate member when one of the opposed marginal
      portions of said plate member defining said aperture is lodged in one of
      said slots with the rear side of the trim piece facing rearwardly of said
      plate member,
PA1  means for centering said trim piece within said aperture,
PA1  and a cover member on the other side of said plate member and defining
      opposed edge portions respectively frictionally received in said trim
      piece grooves against the rear surface of said plate member,
PA1  said cover member edge portions each defining a tab at either end of same
      and disposed one at either end of said trim piece,
PA1  with said tabs of each cover member edge portion being compressed against
      said plate member rear surface in straddling relation to said trim piece
      for holding said trim piece and cover to said plate member against rattle.
NUM  5.
PAR  5. The pull arrangement set forth in claim 4 wherein said centering means
      comprises:
PA1  said plate member aperture being formed to define a pair of oppositely
      positioned tabs in opposed relation one at either end of said aperture,
PA1  said trim piece rear portion being formed, at either end of said trim
      piece, to define a pair of oppositely positioned notches respectively
      receiving the respective plate member tabs,
PA1  said trim piece notches being of like stepped depths defining a rearwardly
      disposed notch portion of greater dimension proportioned for lost motion
      relation to said plate member tabs to accommodate said movement of said
      trim piece rear portion into said aperture, and a forwardly disposed notch
      portion closely receiving the respective plate member tabs and being in
      snap fitting centering relation thereto.
NUM  6.
PAR  6. The pull arrangement set forth in claim 4 wherein:
PA1  said cover member comprises an element of channel shaped transverse
      cross-sectional configuration with the ends of same disposed adjacent the
      aperture ends,
PA1  said cover member having a flange portion across either end of same.
NUM  7.
PAR  7. The pull arrangement set forth in claim 6 wherein:
PA1  said plate member comprises the front panel of a drawer,
PA1  said cover member flange portions being disposed in parallelism with said
      cover member.
NUM  8.
PAR  8. The pull arrangement set forth in claim 6 wherein:
PA1  said plate member is a door front panel,
PA1  said cover member flange portions being disposed normally of said cover
      member to close the pull arrangement at either end of said aperture.
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ABST
PAL  In the method of making a cathode-ray tube comprising a
      luminescent-viewing-screen structure including an aluminum metal layer in
      contact with a layer of carbon particles, the steps soon after the
      faceplate panel is heat sealed to the funnel, of flushing the still-hot
      assembly with a dry noncontaminating gas, such as nitrogen or air, then
      cooling the assembly to room temperature and then reflushing the assembly
      with a dry noncontaminating gas, and then capping the assembly with a
      temporary closure. The assembly so conditioned can be held or stored for a
      relatively long term between the heat sealing step and the subsequent
      manufacturing steps without degradation of the conductivity or
      reflectivity of the aluminum metal layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel method for conditioning
      partially-completed cathode-ray-tube bulb assemblies for long-term storage
      and/or for transit to their final assembly plant.
PAR  A shadow-mask color-television picture tube is prepared by steps including
      (a) producing a luminescent-screen structure upon the inner surface of a
      faceplate panel, (b) heat-sealing the panel to the large opening of a
      funnel, (c) heat-sealing a mount assembly to the small opening of said
      funnel, and then (d) exhausting and sealing the tube. In some situations,
      it is desired to store for a relatively long term; e.g., three to thirty
      days, the partially-completed assembly as it exists after step (b). In
      other situations, it is desired to ship such partially-completed
      assemblies to distant manufacturing plants; e.g., a hundred to three
      thousand miles away, which may require relatively long transit time. In
      both situations, the assembly may be and usually is subjected to
      fluctuations in temperature and humidity.
PAR  Some tubes have screen structures comprising a layer of aluminum metal in
      contact with a layer of carbon particles, which may be either crystalline,
      such as graphite, or may be amorphous, such as lamp black. The carbon
      layer may be employed on the viewing side of the screen structure as a
      lightabsorbing matrix as described, for example, in U.S. Pat. No.
      3,558,310 to E. E. Mayaud, and/or on the gun side of the screen structure
      as a heat-absorbing layer as described, for example, in U.S. Pat. No.
      3,703,401 to S. B. Deal et al. In either or both type structures, the
      aluminum metal layer is progressively degraded in conductivity and
      reflectance by conversion to aluminum compounds when the layer is exposed
      for any extended term to normal ambient water-vapor concentrations in
      excess of about 2500 ppm (parts water vapor per million parts gas), which
      corresponds to the dew point of about +12.degree.F. The degradation starts
      at random points on the aluminum layer and spreads outwardly therefrom.
      Even when only small areas of the aluminum layer are degraded in this
      manner, the tube is rendered unsalable.
PAR  In solving a different problem, U.S. Pat. No. 3,650,401 to J. A. Files
      suggest flushing the bulb assembly with a dry (dew point -22.degree.F or
      -30.degree.C) noncontaminating gas soon after heat sealing the panel to
      the funnel, and then capping the bulb assembly with a temporary closure.
      Such prior process has been found to retard the degradation of the
      aluminum metal layer where there is no carbon layer present. But, where a
      carbon layer contacts the aluminum metal layer, this treatment is
      effective for only a short period of time.
PAC  SUMMARY OF THE INVENTION
PAR  The novel method follows the procedural steps outlined above except that,
      just after heat-sealing the panel to the funnel, the following procedure
      is carried out: (a) while the tube is still hot (e.g., 150.degree. to
      300.degree.F) from heat sealing the panel to the funnel, the interior of
      the assembly is flushed with a dry noncontaminating gas, (b) the flushed
      bulb assembly is cooled to room temperature, (c) then the cooled bulb
      assembly is reflushed with a dry noncontaminating gas and (d) the
      reflushed assembly is capped with a temporary closure. A dry gas is
      defined herein as containing less than about 100o parts water vapor per
      million parts gas. This corresponds to a dew point of about -20.degree.C
      and less.
PAR  By following the novel method of flushing the hot assembly, cooling the
      flushed assembly to room temperature, reflushing the cooled assembly, and
      then capping the reflushed assembly, degradation of the aluminum metal
      layer in contact with a layer of carbon particles has been substantially
      entirely prevented over relatively long periods of time, for example, up
      to thirty-nine days. Experience has shown that the capped, reflushed
      assembly, can be exposed over a long term to ambients where the
      temperature fluctuates down to 0.degree.F and the humidity fluctuates up
      to a dew point of about 70.degree.F (about 100,000 ppm water vapor)
      without degrading the aluminum layer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE is a flow diagram of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The steps of the novel method are generally those that are used for making
      a shadow-mask cathode-ray tube. In that method, a glass faceplate panel is
      heat sealed to a glass funnel with a devitrifiable glass frit by the
      method described for example in U.S. Pat. No. Re. 25,791 to S. A.
      Claypoole to form the bulb assembly. Prior to heat sealing the panel to
      the funnel, a mask assembly is mounted in the faceplate panel. A
      luminescent-screen structure comprising a carbon particle layer and an
      aluminum metal layer has been produced on the inner surface of the panel.
      Also, the funnel is provided with an internal conducting coating, which
      may be of graphite. The funnel is comprised of a cone portion sealed at
      its larger end to the faceplate panel and a cylindrical neck portion
      joined to a smaller end of the cone and having its other end open to
      receive the stem of the mount assembly.
PAR  In accordance with the novel method, shortly after the bulb assembly leaves
      the heat-sealing lehr, and while it is still hot (about 200.degree.C) from
      the lehr, the interior of the assembly is flushed with a dry
      noncontaminating gas. This may be done by the method shown in FIGS. 2 to 4
      of U.S. Pat. No. 3,658,401 to J. A. Files, by inserting an elongated tube
      and a surrounding resilient stopper into the open end of the neck portion
      of the bulb assembly and admitting the dry gas from a gas source through a
      valve and associated tubing. The upper end of the tubing may be formed
      with apertures for directing the gas in a desired manner; for example,
      outwardly. The outer periphery of the stopper is either noncircular or is
      formed with longitudinal grooves to permit the residual gases within the
      bulb assembly to be flushed out by the gas that is introduced. Instead of
      centering the tubing axially with respect to the stopper, the tubing may
      be eccentric to the stopper to improve the flushing action. The size of
      the tubing, the size of the apertures and the grooves and the gas pressure
      used to introduce the gas are chosen to provide the desired flushing
      action within the desired flushing time. In one apparatus that has been
      used successfully in making twenty-five-inch rectangular color picture
      tubes, the envelope is flushed for about 1 minute and the volume within
      the bulb assembly is exchanged at least three times.
PAR  The dry noncontaminating gas used for flushing is preferably dry warm air
      containing about 350 ppm water vapor (which has a dew point of about
      -22.degree.F or -30.degree.C). The flushing gas should be nonreactive to
      the tube structure. Air, oxygen, nitrogen, argon, helium, neon, and
      mixtures thereof may be used. The water-vapor content of the gas should be
      less than 1,000 ppm or have a dew point of less than about -4.degree.F.
      Hydrocarbon gases, carbon dioxide, and other contaminants, if any, should
      be removed from the flushing gas. The temperature of the flushing gas is
      not critical and may be at, above, or below room temperature.
PAR  After the flushing is completed, the flushing apparatus is removed. The
      sealed flushed bulb assembly is permitted to cool to room temperature.
      This is about 60.degree. to 75.degree.F. Then, the interior of the
      assembly is again flushed in the same manner as described above with a dry
      noncontaminating gas, preferably warm air having a dew point of about
      -22.degree.F. Then, a resilient cap, such as that shown in FIG. 5 of the
      above-cited Files patent is applied to cover the neck opening to maintain
      the bulb assembly filled with the noncontaminating gas at atmospheric
      pressure for a relatively long term prior to the next manufacturing
      operation, which is usually the combined gun insertion and mount-sealing
      step. It has been found that envelopes so flushed and capped can be held
      or stored up to six weeks, if necessary or desired, without degradation of
      the aluminum metal layer of the screen structure.
PAR  After storage and/or transit, the cap is removed and the mount assembly is
      inserted in the neck of the bulb assembly, and the glass stem of the mount
      assembly sealed into the neck by known methods; for example, as shown in
      FIG. 5 of U.S. Pat. No. 3,063,777 to A. L. Trax. The bulb assembly with
      the mount assembly sealed therein may now be exhausted and baked to remove
      gases therein and to degass various of the structures and internal
      surfaces, by any known method; for example, as described in U.S. Pat. No.
      2,532,315 to A. L. Johnson et al. After exhausting and baking the bulb
      assembly, the tube is completed by performing the conventional steps of
      activating the cathode, tipping off the exhaust tubulation, flashing the
      getter, aging the gun electrodes, and testing the tube.
PAR  In one test series, six 19-inch faceplate panels were provided with a
      screen structure comprising a luminescent layer, a light-absorbing matrix,
      and an aluminum-metal reflecting layer. The panels were baked to remove
      volatile material, cooled to room temperature and then stored in a plastic
      bag with desiccant until they were ready for heat sealing. The faceplate
      panels were sealed as described above, and after sealing, the gases in the
      sealed bulb assemblies were examined for moisture content before
      subsequent processing according to the novel method. As a group, the
      moisture content of the sealed bulb assemblies averaged about 6050 ppm
      water vapor. The frit sealed bulbs were divided into the following groups:
     Group I      double-flushed and                                           

                                    not capped                                 

     Group II     double-flushed and                                           

                                    capped                                     

     Group III    not flushed and   not capped                                 

     Group IV     not flushed and   capped                                     

     Group V      single-flushed and                                           

                                    capped                                     

     Group VI     single-flushed and                                           

                                    not capped                                 

PAL  After the above processing, all six groups were placed in an environmental
      chamber and cycled from room temperature to 0.degree.F, held for two hours
      and quickly returned to room temperature and humidity. The ambient
      contained about 3900 ppm water vapor (dew point of about +22.degree.F).
      The bulbs were examined for defects to the aluminum-metal layer and to the
      screen. Only Group II, double-flushed and capped, did not have moisture
      defects. The following Table contains a summary of the moisture levels
      during the test using a du Pont 510 moisture analyzer.
TBL                                    TABLE                                   

     __________________________________________________________________________

            Before                                                             

                Dew   After                                                    

                          Dew  After                                           

                                   After                                       

                                       Dew                                     

            Flush                                                              

                Point 1st Point                                                

                               2nd Cycle                                       

                                       Point                                   

                      Flush    Flush                                           

     __________________________________________________________________________

     Group I                                                                   

            6000                                                               

                +32.degree.F                                                   

                      500 -16.degree.F                                         

                               300 3000                                        

                                       +15.degree.F                            

     Group II                                                                  

            5500                                                               

                +30.degree.F                                                   

                      300 -25.degree.F                                         

                               100  800                                        

                                       - 7.degree.F                            

     Group III                                                                 

            6000                                                               

                +32.degree.F                                                   

                      --  --   --  4000                                        

                                       +23.degree.F                            

     Group IV                                                                  

            6000                                                               

                +32.degree.F                                                   

                      --  --   --  4000                                        

                                       +23.degree.F                            

     Group V                                                                   

            6200                                                               

                +32.5.degree.F                                                 

                      350 -23.degree.F                                         

                               --  2800                                        

                                       +14.degree.F                            

     Group VI                                                                  

            6000                                                               

                +32.5.degree.F                                                 

                      400 -20.degree.F                                         

                               --  2500                                        

                                       +12.degree.F                            

     __________________________________________________________________________

CLMS
STM  I claim:
NUM  1.
PAR  1. In the method of making a cathode-ray tube including the steps of
PA1  i. producing a luminescent viewing-screen structure comprising an aluminum
      metal layer in contact with a layer of carbon particles, said structure
      being supported on the inner surface of a faceplate panel,
PA1  ii. heat sealing said panel to the large opening of a funnel,
PA1  iii. and then heat sealing a mount assembly to the small opening of said
      funnel, the steps just subsequent to step (ii) and prior to step (iii)
      comprising:
PA2  a. while said panel and funnel assembly is still hot from heat sealing,
      flushing the interior of said assembly with a dry, noncontaminating gas,
PA2  b. cooling said flushed assembly to room temperature,
PA2  c. reflushing said cooled assembly with a dry noncontaminating gas,
PA2  d. and then capping the small opening of said funnel with a temporary
      closure.
NUM  2.
PAR  2. The method defined in claim 1 wherein said noncontaminating gas contains
      less than 1000 parts water vapor per million parts gas.
NUM  3.
PAR  3. The method defined in claim 2 wherein said noncontaminating gas is air.
NUM  4.
PAR  4. The method defined in claim 1 wherein the time elapsed between step (d)
      and step (iii) is at least three days.
NUM  5.
PAR  5. The method defined in claim 1 wherein the carbon-particle layer is a
      heat-absorbent layer comprised of a mixture of graphite and amorphous
      carbon on the gun side of said screen structure.
NUM  6.
PAR  6. The method defined in claim 1 wherein the carbon-particle layer is a
      light-absorbent layer comprised of graphite on the viewing side of said
      screen structure.
NUM  7.
PAR  7. The method defined in claim 1 wherein said carbon-particle layer is
      comprised of at least one member of the group consisting of amorphous
      carbon and graphite.
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ABST
PAL  This invention relates to a component terminal system adapted to receive a
      combination of integrated circuits and individual discrete components. The
      terminal system includes a circuit terminal projecting above a frame to
      which a circuit connection may be made. A second terminal projects inward
      from the adjacent side of the frame and forms a V-shaped trough for
      receiving the wire leads from the integrated circuit and/or discrete
      components. A bus strap may be placed on the top and/or the bottom of the
      mounting panel and a pin may be inserted through the mounting panel making
      contact to the respective bus to provide a connection point between the
      bus and the circuit terminals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to sockets for electronic
      components and more particularly to a socket adapted to receive a mixture
      of integrated circuits and individual discrete components.
PAR  2. Description of the Prior Art
PAR  In currently available discrete component and integrated circuit sockets,
      the circuit pins are forced against spring members in the socket thereby
      forming a conductive path between the mating pin and the socket member.
      The quality of this conductive path is entirely dependent on the material
      involved in the mating surfaces and the forces involved. Because circuit
      pin contact surface metallurgy has not been standardized for the industry
      and the amount of force that can be applied is limited by practical
      considerations, poor quality connections often result when devices are
      mounted in sockets.
PAR  Another limitation inherent in the design of the socket is its inability to
      serve as a combination socket for an integrated circuit and individual
      discrete electronic components. Sockets are generally made to mount one
      device of a specific configuration thereby preventing application
      flexibility from a single socket design.
PAR  Further limitations result because lead diameter of most discrete
      electronic components differ among themselves and with that of the typical
      integrated circuit lead thereby preventing a good electrical contact
      without breaking or permanently deforming the socket contact and certainly
      preventing the reuse of the socket to hold an integrated circuit after a
      discrete component was previously mounted therein.
PAR  Maximum packaging efficiency is not provided because, in the most common
      sockets for wrapped-wire terminations, the wrapped-wire is on one side of
      the mounting panel and the socket is on the other. Thus the wiring volume
      adds to the component volume, not to mention that it is often difficult
      and confusing to wire underneath the mounting board.
PAR  With the variable metallurgical content of the component terminals a solder
      termination is very desirable and in many instances mandatory to ensure a
      reliable circuit connection. With conventional socket arrangements, there
      is no means available to make a reliable solder connection between the
      component and the socket.
PAR  Finally, the current sockets are not capable of being used with automated
      circuit assembly equipment and in many instances require individual
      component insertion and wiring.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It therefore is a general object of the present invention to provide a new
      and unobvious electrical socket capable of accepting both integrated
      circuits and discrete components.
PAR  It is another object of the present invention to provide an electrical
      socket in which integrated circuits and individual discrete components are
      freely interchangeable within the socket.
PAR  It is another object of the present invention to provide an electrical
      socket which is capable of accepting multi-diameter lead wires.
PAR  Another object of the present invention is to provide an electrical socket
      which may be used with automated circuit assembly equipment.
PAR  Another object of the present invention is to provide an electrical socket
      providing access points whereby tests may be run after the component is
      inserted but before the component is permanently connected to the socket.
PAR  Another object of the present invention is to provide an electrical socket
      with connector terminals on the same side of the mounting board to which
      the socket is attached.
PAR  Another object of the present invention is to provide an electrical socket
      wherein solder terminations may be made between the component and the
      socket.
PAR  A further object of the present invention is to provide an electrical
      socket which does not physically deform the connector pins of the
      individual components during insertion of the component.
PAR  These and other objectives of the present invention are effectively
      achieved by providing an electrical socket in which a plurality of
      electrically conductive circuit terminals project. The terminals extend
      below the surface of the frame and either form or interconnect with the
      component terminals which extend inwardly from a surface orthogonally
      oriented with respect to the surface from which the circuit terminals
      project. The component terminals forms a V-shaped trough through which the
      component lead passes.
PAR  The frame supports two opposed parallel rows of terminals. The component
      terminals extending below the frame face inward towards each other.
PAR  The frame is secured in a mounting panel containing dual slots for the
      downwardly projecting component terminals and locating notches for
      providing the proper alignment of the socket on the mounting panel. The
      mounting panel may be a printed wiring card containing one or more buses.
PAR  Conductive pins may be inserted at opposite ends of the slots and solder
      terminated to one of the buses thereby providing an access point to the
      buses. In cases where a standard predetermined socket length is employed
      the dual slots at opposite ends are square-cornered thereby locking the
      socket onto the mounting panel.
PAR  The component body projects beyond the frame surface from which the
      wrapped-wire terminal extends in order to minimize the volume of the
      assembly.
PAR  This configuration is particularly well suited to be used withh automatic
      wiring machines and other automated methods of assembly and the
      configuration may be altered to allow the use of other wiring methods as
      they are developed.
PAR  The foregoing as well as other objects, features and advantages of the
      present invention will become more apparent from the following detailed
      description taken in conjunction with the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the terminals on which circuit connections
      are made to the upper half and the component attached to the lower half of
      the terminal.
PAR  FIG. 2 is a perspective view of the fully assembled socket.
PAR  FIG. 3 is a partial perspective view of the mounting panel containing the
      slots locating notches, pin and plated bus, appropriate for mounting the
      socket of FIG. 2 of a variable length.
PAR  FIG. 4 is an end view of the socket secured to a mounting panel
      illustrating the positioning of an individual discrete component prior to
      insertion.
PAR  FIG. 5 is a cross-section end view of the socket secured to a mounting
      panel illustrating the position of a component with its leads in contact
      with the terminals and an electrical connection to the upper half of the
      terminal.
PAR  FIG. 6 is a top view of the socket with a cross-sectional line 2 at the
      cross-section point of FIG. 5.
PAR  FIG. 7 is a top view of the socket with an integrated circuit mounted in
      the socket.
PAR  FIG. 8 is a top view of the mounting panel with dual slots for a
      predetermined socket length, a bus on the surface of the mounting panel
      and a dotted area representing the location of the pins and a
      cross-sectional line 3 at the cross-section point of FIG. 9.
PAR  FIG. 9 is an end cross-section view of the mounting panel containing a bus
      on both sides of the panel with the pins mounted at both ends of the slots
      and making an electrical connection to a bus with a connection made to one
      of the pins from a circuit terminals.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to FIGS. 1 and 2, the terminals consist of two sections, the
      top section 10 is formed from an electrically conductive metal bar which
      is adapted to receive wrapped-wire and other types of connections. The
      component portion 12 of the terminal is formed from a strap of metal or
      may be a flattened section of the wrapped-wire terminal with the
      bottommost extremity forming a V-shaped trough. Both sections of the
      terminal may be formed from the same stock piece of metal or may be
      separately formed and welded together.
PAR  The terminals are secured and positioned by frame 14. The frame is
      constructed of a rigid non-conductive material with its primary purpose
      being to insulate and firmly position the terminals in a specific
      configuration. The opposed rows of terminals are aligned so as to allow
      the circuit terminal 10 to project above and perpendicular to the frame 14
      and the component terminal 12 to project downwardly and inwardly.
PAR  The overall socket configuration as illustrated in FIG. 2 is secured in a
      mounting panel 16 as shown in FIG. 3 containing a bus 17 and first and
      second parallel slots 20 for receiving the component terminals 12. The
      locating notches 18 mate with the respective indexing projections 19 on
      the frame 14 which provide proper alignment of the socket on the mounting
      panel. The indexing projections 19 may be secured to the notches 18 in the
      mounting panel 16 by heat, ultrasonic or standard adhesives. A pin 15 is
      inserted at the opposite end of the slots and makes an electrical
      connection to one bus. In instances where more than one bus 17 is
      employed, all conductive material forming the bus in close proximity to
      the pin and which it is not desired to make an electrical contact with the
      pin is removed thereby preventing any possibility of a short circuit.
PAR  The mounting panel 16 may be constructed of a rigid non-conductive sheet or
      a printed wiring card containing one or more power planes. If the printed
      wiring card with multiple power planes is used the circuit wiring could be
      significantly decreased by making a direct connection from the terminal to
      the appropriate power plane via the appropriate pin 15.
PAR  As illustrated in FIGS. 4, 5 and 7, an individual discrete component or
      integrated circuit 22 may be mounted in the socket. The wire terminals of
      the component 22 are physically formed so as to permit their insertion
      through slots 20 and contact the lower portions of the terminals 12. When
      the component leads are inserted into the terminals lower portion 12, the
      V-shaped structure funnels the component lead to the center of the
      terminal thereby providing a combination of faces from the terminal and
      the component lead to establish a reliable connection. After all
      components have been inserted in the terminals a solder connection may be
      made using an automated method employing wave soldering. However, if ease
      of component replacement or further testing is desired, the solder
      connection would not be necessary. A circuit connection may be made on the
      wrapped-wire terminal 10 if automated assembly methods are employed a
      wrapped-wire connection 24 may be used as illustrated in FIG. 5.
PAR  While the drawings display a socket containing seven terminals per side,
      actually the number of terminals on the socket is variable and where it is
      desired to mount a combination integrated circuit and a discrete component
      the number of terminals may be expanded. Further in cases where at a later
      time discrete components may be replaced by an integrated circuit on the
      same socket, the number of terminals might be crucial, therefore a socket
      containing more than the seven displayed would be desired.
PAR  The circuit terminals 12 are adapted to receiving wiring terminations by
      using many methods of terminating, including but not limited to
      wrapped-wire, solder, clamping, twisting and termipoint.
PAR  As illustrated in FIGS. 8 and 9 the mounting panel 16 may be a printed
      wiring card containing one or more buses 17. In instances where the exact
      length of the socket is known the dual slots 20A may be overlapping with
      opposite ends forming a square corner 21 as illustrated in FIG. 8 thereby
      preventing any longitudinal movement of the socket. Further pins 15A and
      15B may be inserted into the mounting panel and make an electrical contact
      with the respective bus 23. A connection 24 is then made possible from the
      circuit terminal 10 as illustrated in FIG. 5 to the respective pin as
      illustrated in FIG. 9.
PAR  From the foregoing it will be seen that the Applicant has provided an
      improvement in integrated circuit and discrete component mounting sockets
      whereby the objectives set forth above are efficiently met. Since certain
      changes in the abovedescribed construction will occur to those skilled in
      the art without departure from the scope of the invention it is intended
      all matter contained in the preceding description or shown in the appended
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  Having described what is new and novel and desired to secure by Letters
      Patent, what is claimed is:
NUM  1.
PAR  1. Apparatus for terminating integrated circuits and discrete components,
      said apparatus comprising:
PA1  an electrically insulative frame;
PA1  a plurality of electrically conductive terminals, said terminals passing
      through said insulative frame and extending from a first face thereof to
      form circuit terminals and from the adjacent inside face thereof to form
      component terminals, said component terminals comprised of a rectangular
      shaped conductive strip, said strip containing a V-shaped trough passing
      through its length to provide component terminal lead alignment, said
      circuit terminals comprise a metal bar to which wrapped-wire and other
      types of circuit connections may be made, said component terminal comprise
      an extension of said circuit terminal, wherein said extension is flattened
      to form a flat strap and forms a short section perpendicular to said
      circuit terminal, whereafter said strap extends beyond the inside edge of
      said frame in a downward and inward direction toward the center of said
      frame, said terminals being adapted to receive integrated components and
      discrete components interchangeably and at the same time, said circuit
      terminals form parallel first and second rows projecting from said first
      face of said frame, said second row of said circuit terminals being
      directly opposite said first row, said component terminals forming a first
      and second row projecting inward and downward from the respective adjacent
      faces of said first and second rows of said circuit terminals, and
PA1  a mounting panel, said mounting panel comprising dual slots for the
      projection of the component terminals below said frame and said mounting
      panel, said mounting panel constructed of insulative material and
      including at least one locating notch positioned on the edge of said slots
      to provide proper alignment of said frame on said mounting panel.
NUM  2.
PAR  2. Apparatus for terminating integrated circuits and discrete components as
      claimed in claim 1, wherein said mounting panel further includes:
PA1  at least one bus, said mounting panel, further including at least one pin
      positioned upon said mounting panel and making electrical contact with
      said bus whereby access points are provided to said bus from said circuit
      terminals.
NUM  3.
PAR  3. Apparatus for terminating integrated circuits and discrete components as
      claimed in claim 2 wherein said mounting panel further includes:
PA1  said dual slots for a predetermined socket length, having one circular end
      and one square end disposed oppositely, wherein longitudinal distance
      between the square ends of said slots would be equal to the length of the
      frame, said mounting panel further including pins positioned on said panel
      making electrical contact with said bus, said pins providing an access to
      said bus from said circuit terminals.
NUM  4.
PAR  4. Apparatus for terminating integrated circuits and discrete components,
      said apparatus comprising:
PA1  an electrically insulative frame;
PA1  a plurality of electrically conductive terminals, said terminals passing
      through said insulative frame and extending from a first face thereof to
      form circuit terminals and from the adjacent inside face thereof to form
      component terminals, said component terminals comprised of a rectangular
      shaped conductive strip, said strip containing a V-shaped trough passing
      through its length to provide component terminal lead alignment, said
      circuit terminals comprise a metal bar to which wrapped-wire and other
      types of circuit connections may be made, said component terminals further
      comprise a flat rectangular strap of electrically conductive material
      making an electrical connection to said circuit terminals, extending from
      said circuit terminals through said frame, whereafter said strap extends
      beyond the inside edge of said frame in a downward and inward direction
      towards the center of said frame, said strap contains a V-shaped trough
      passing through its length to provide terminal, lead alignment, said
      terminals being adapted to receive integrated components and discrete
      components interchangeably and at the same time, said circuit terminals
      form parallel first and second rows projecting from said first face of
      said frame, said second row of said circuit terminals being directly
      opposite said first row, said component terminals forming a first and
      second row projecting inward and downward from the respective adjacent
      faces of said first and second rows of said circuit terminals, and
PA1  a mounting panel, said mounting panel including dual slots for the
      projection of the component terminals below said frame and said mounting
      panel, said mounting panel constructed of insulative material and
      containing at least one locating notch positioned on the edge of said
      slots to provide proper alignment of said frame on said mounnting panel.
NUM  5.
PAR  5. Apparatus for terminating integrated circuits and discrete components as
      claimed in claim 4, wherein said mounting panel further includes:
PA1  at least one bus, said mounting panel further including at least one pin
      positioned upon said mounting panel and making electrical contact with
      said bus whereby access points are provided to said bus from said circuit
      terminals.
NUM  6.
PAR  6. Apparatus for terminating integrated circuits and discrete components as
      claimed in claim 5 wherein said mounting panel further includes:
PA1  said dual slots for a predetermined socket length, having one circular end
      and one square end disposed oppositely, wherein longitudinal distance
      between the square ends of said slots would be equal to the length of the
      frame, said mounting panel further including pins positioned on said panel
      making electrical contact with said bus, said pins providing an access to
      said bus from said circuit terminals.
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ABST
PAL  A shunt assembly is disclosed for interconnecting closely spaced terminal
      contacts. The contacts of the subject shunt are strip formed in a
      conventional fashion with a shunting bar interconnecting adjacent pairs of
      contacts. The required number of contacts are cut from the carrier strip
      and the interconnecting shunting bars are bent to a folded configuration
      thereby drawing the contacts closer together to achieve the desired
      spacing. The closely spaced contacts can be inserted into an appropriate
      housing of insulating material if so desired.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. The Field Of The Invention
PAR  The present invention relates to a shunt assembly and in particular to a
      shunt assembly having closely spaced contacts.
PAR  2. The Prior Art
PAR  Terminal junction or shunt systems are well known in the electrical and
      electronic arts since it is frequently necessary to temporarily
      interconnect two or more adjacent terminals. Terminal junction wiring
      systems generally employ single or multiple modules in the form of a
      housing of rigid insulating material, conventionally of rectangular
      configuration, incorporating means for physically mounting the housing in
      a support and wherein a plurality of such housings may be mounted in side
      by side fashion depending upon the number of electrical interconnections
      being made. Each housing is provided with a plurality of contact receiving
      cavities which extend in parallel spaced fashion within the housing and
      extend inwardly from an open side thereof. Conventionally a cluster of
      closely spaced and aligned electrical contacts are supported in a common
      manner by a metallic bus strip. The cluster of contacts is inserted into
      the respective contact receiving cavities or passageways and means are
      provided for preventing extraction of the bus strip and cluster of
      contacts from the housing. The terminal junction assembly is then mated
      with appropriate contacts in conventional fashion. In order to maintain
      engagement between the mated contacts conventionally the mutually
      interengageable contacts include retention means resisting withdrawal or
      rectrograve movement of the contacts. These shunt systems usually have the
      disadvantage of being rather large and bulky.
PAR  Another known shunting arrangement is the use of a patch cord system having
      terminals formed on either end of a short strip of flexible conductor.
      Each end of the patch cord is appropriately connected to the terminals to
      be shunted. A problem arises in using this type of shunt when the
      terminals to be shunted are in very closely spaced relationship, which
      frequently occurs on multi-terminal boards.
PAR  There have been attempts made to provide shunt devices with closely spaced
      contacts. However, each of these has encountered the problem of forming a
      contact from a continuous strip and yet have the contacts sufficiently
      closely spaced together. In any blanking operation the contacts
      necessarily have to be spaced apart a certain distance in order to provide
      sufficient material for forming the contact. Any bus bar formed with the
      contacts must be of either sufficient length to bridge the gap formed
      between contacts during blanking or the contacts must be individually
      formed, separated from a carrier strip, spaced closely together and then
      attached by some means, such as welding, to a busing strip with the
      contacts in a closely spaced relation. Such a shunting arrangement would,
      of course, have the disadvantage of requiring the extra steps of
      separating and then rejoining the contacts in the closely spaced
      relationship.
PAR  There have also been suggestions for folding or bending a bus strip
      interconnecting adjacent terminals. For example U.S. Pat. Nos. 3,345,599;
      3,456,231; 3,594,714; all show terminal junctions having commoning strips
      which are bent to some configuration to provide close spacing between the
      contacts attached thereto.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention concerns a shunt assembly and includes at least two
      electrical contacts interconnected by an integral bus bar with the bus bar
      being bent to assume a predetermined configuration which causes the
      contacts to be drawn together to a closely spaced configuration. The
      contacts with the folded bus bar can be inserted into an appropriate
      housing of insulating material.
PAR  It is therefore an object of the present invention to produce a shunt
      assembly in which at least two contacts are integrally formed with a
      common bus bar and closely spaced together by folding the common bus bar.
PAR  It is another object of the present invention to produce a shunt assembly
      having a plurality of contacts integrally formed from a continuous strip
      of material, interconnected by a common bus bar, with the bus bar being
      folded upon itself to bring adjacent contacts sufficiently close together
      to be mated with closely spaced terminal pins.
PAR  It is still another object of the present invention to produce a shunt
      assembly having at least two contacts joined by an integral bus bar, which
      is folded upon itself to bring the contacts into a closely spaced
      configuration, and a housing of insulating material having at least two
      closely spaced contact receiving cavities.
PAR  It is a further object of the present invention to produce a shunt assembly
      which can be readily and economically manufactured.
PAR  The means for accomplishing the foregoing objects and other advantages will
      become apparent from the following detailed description taken with
      reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a strip of female electrical receptacle
      contacts formed in accordance with the present invention;
PAR  FIG. 2 is a perspective view of a pair of the contacts of FIG. 1 with the
      integral bus bar therebetween bent in a single loop;
PAR  FIG. 3 is an exploded perspective view of the pair of contacts shown in
      FIG. 2, with the bus bar portion folded 90.degree. to align the loop
      parallel to the axis of the contacts, a housing and a pair of terminal
      pins;
PAR  FIG. 4 is a transverse longitudinal through the subject shunt assembly; and
PAR  FIG. 5 is a rear elevation showing an alternate configuration for bending
      the commoning bus bar.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The contact portion of the subject shunt assembly is stamped and formed
      from a continuous strip of conductive material according to conventional
      methods. However, because of the fact that a certain amount of material is
      required to form any electrical contact, the individual contacts must be
      formed on the strip spaced apart a fixed distance A. This distance
      frequently is far greater than the spacing between adjacent terminals on a
      terminal strip. Thus it is necessary to form the subject contact portion
      in such a manner that the spacing between adjacent contacts can be reduced
      to a smaller distance B.
PAR  FIG. 1 shows a fragment of a strip of contacts 10 for the subject shunt
      assembly. The strip includes a carrier strip 12, contacts 14 integrally
      formed on the free ends of connecting tabs 16 and 18 and interconnected by
      an integral bus bar 20. The contacts, shown by way of example, are female
      receptacle contacts having pin receiving cavities 22 and locking lances
      24. It is to be understood that any configuration of electrical contact
      can be substituted for the ones shown. The strip 10 can be formed in a
      great length and a cluster of at least two contacts 14 separated therefrom
      by severing along lines 26 and 28.
PAR  The housing 30 is formed of insulating material and includes at least two
      closely spaced, parallel contact receiving cavities 32. A locking lance
      receiving aperture 34 is formed in at least one side wall of each cavity
      32 and a recess 36 joins one end of adjacent cavities. The cavities are
      spaced apart a distance B, which equals the spacing between adjacent fixed
      terminals 38.
PAR  The contacts 14, only two of which are illustrated for sake of convenience,
      are severed from the carrier strip along lines 26 and 28 and the common
      bus bar 20 is bent to draw the contacts to a closely spaced, parallel
      configuration. FIG. 2 shows the bus bar 20 with a single loop formed
      therein extending normal to the plane of the bus bar. In FIGS. 3 and 4,
      the loop has been further folded at approximately right angles to extend
      parallel to and intermediate of adjacent contacts 14. It is to be
      understood that this sequence of folding can be reversed if so desired.
PAR  The contact cluster with the folded bus bar can be inserted into housing
      30, since the contacts 14 are now spaced apart a distance equal to the
      spacing of cavities 32. The locking lances 24 engage in apertures 34 to
      secure the contacts in the housing. In instances when it is not necessary
      to insulate the closely spaced shunt contacts, the housing can be omitted.
PAR  FIG. 5 shows an alternate fold configuration for the common bus bar. In
      this instance the bus bar has been bent in multiple loops to approximate
      the letter M. This configuration may be particularly useful when the
      contacts are formed with an initial wide spacing. The M shaped bend can
      also be folded to lie between the contacts should the height of the loops
      exceed the height of the individual contacts.
PAR  The present invention may be subject to many modifications and changes
      without departing from the spirit or essential characteristics thereof.
      The present embodiments are therefore to be considered in all respects as
      illustrative and not restrictive.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shunt assembly comprising:
PA1  a housing having a plurality of closely spaced passageways therein and a
      recess between adjacent passageways;
PA1  a contact array including a plurality of electrical contacts and an
      integral common bus bar interconnecting adjacent contacts, said contact
      array being stamped and formed from a single continuous strip of
      conductive material with said contacts extending normal to the plane of
      said bus bar, said bus bar having at least one fold formed therein, said
      at least one bus bar fold comprising at least one fold extending normal to
      the plane of said bus bar and parallel to the axes of said contacts so as
      to lie between adjacent pairs of contacts and within the overall length
      thereof, and extending into said recess, whereby said contacts assume a
      closely spaced parallel arrangement and are received in said passageways
      with said folded bus bar lying in said recesses.
NUM  2.
PAR  2. A shunt assembly according to claim 1 further comprising a locking lance
      on each said contact and a mating locking lance receiving cavity in each
      said passageway, said locking lances engaging in said cavities whereby
      said contact array is locked in said housing.
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PAL  An electrical connector is provided for coupling high current capacity
      electrical conductors such as copper busses or the like. The connector is
      arranged in a "sandwiched" configuration in which a conductor plate
      contacts the busses along major surfaces thereof clamped between two
      stainless steel backing plates. The conductor plate is provided with a
      plurality of contact buttons affixed therein in a spaced array such that
      the caps of the buttons extend above the conductor plate surface to
      contact the busses. When clamping bolts provided through openings in the
      sandwiched arrangement are tightened, Belleville springs provided under
      the rim of each button cap are compressed and resiliently force the caps
      into contact with the busses' contacting surfaces to maintain a
      predetermined electrical contact area provided by the button cap tops. The
      contact area does not change with changing thermal or mechanical stresses
      applied to the coupled conductors.
GOVT
PAR  This invention was made during the course of, or under, a contract with the
      United States Atomic Energy Commission.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to apparatus for coupling electrical
      conductors and more specifically to a connector especially adapted for the
      electrical coupling of high current capacity conductors subject to varying
      thermal and mechanical stresses.
PAR  The coupling of electrical conductors, especially copper bars or large
      contact surface terminal connectors for cables, or the like, which carry
      very high currents presents certain problems. A voltage drop at the
      interface between conductors generates heat which produces problems other
      than the obvious loss of efficiency. For example, the thermal expansion of
      the heated conductors not only subjects the conductor terminals themselves
      to deformation, but also may subject the clamping or connecting device to
      distortion. A change to a lower temperature, by cooling or ceasing the
      flow of current, will cause the conductors and/or the connecting structure
      to contract; thereby changing the actual conducting surface contact. When
      two conductors are placed together along conducting surfaces, it is
      virtually impossible to obtain more than a few points of contact between
      the two conducting surfaces due to irregularities which inevitably exist,
      regardless how well the two conducting surfaces are clamped together. The
      currents are concentrated at the points of contact and the heat generated
      by the current flow is also concentrated at the points of contact; thereby
      subjecting the terminals to uneven rates of thermal expansion which
      magnifies the problem referred to above. Referring to a more specific
      electrical connection problem for which this invention was conceived, it
      is necessary to provide an electrical connector for rather larger high
      current capacity conductors in a toroidal nuclear fusion test reactor, the
      ORMAK F/BX. In the reactor, the toroid is made up of four quadrant
      subassembly sections which require a considerable number of connections of
      winding segments at the four quadrant joints. The coil terminals to be
      joined are flat water-cooled copper conductors designed to carry
      approximately 300,000 amperes. The specified contact pressure between
      terminals and connector is  2000 psi. In addition to these requirements,
      the connections between sections must be made by a remote controlled
      machine. A further condition is that the connector be constructed from
      nonmagnetic parts since the coils are subjected to extremely high magnetic
      fields.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the above, it is an object of this invention to provide an
      electrical connector which maintains a selected current conducting surface
      area between connected conductors subjected to varying thermal and
      mechanical stresses.
PAR  Further, it is an object of this invention to provide an electrical
      connector for connecting high current terminals which not only maintains a
      selected current-conducting surface area between terminals but provides
      resilient electrical contacting means to maintain a selected contacting
      pressure.
PAR  Other objects and many of the attendant advantages of the present invention
      will be obvious from the following detailed description taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric sectional view of a high current conductor connector
      clamp according to the present invention.
PAR  FIG. 2 is a detailed sectional view of one of the contact buttons of the
      connector of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, the invention will be illustrated by way of an
      example of connecting copper bus bars employed as terminals for the ohmic
      heating windings of the ORMAK fusion test reactor to connect the coil
      quadrant sections, as described above. The terminals to be connected are
      copper bus bars 5 and 7 which are shaped to align with each other in a
      near abutting arrangement, leaving a slot 9 therebetween. The connector is
      in the form of a clamp which receives and clamps the conductors 5 and 7
      for electrical connection. The clamp comprises a copper conductive plate
      11 between two stainless steel backing plates 13 and 15. Along the center
      of the clamp is a row of silicon bronze bolts 17 which extend through
      aligned openings 19 of the plate 11 and backing plate 15 and slot 9 to
      threadably engage the other backing plate 13 at aligned threaded openings
      21. When the bolts 17 are tightened, the bars 5 and 7 are clamped between
      the upper backing plate 13 and the conductive plate 11. A preselected
      torque on bolts 17 provides a predetermined clamping force of the
      conductor bars 5 and 7 against contactor buttons 23 resiliently mounted in
      the conductive connector plate 11.
PAR  The plate 11 has two arrays of contact buttons 23, one set which contacts
      conductor 5 and another which contacts conductor 7. The current path from
      one conductor to the other is through the respective contact buttons and
      plate 11.
PAR  Referring now to FIG. 2, wherein one of the buttons 23 is shown in section,
      the contact button will be described in detail. Each button has a top
      portion which extends above the connector plate 11 surface. To form the
      top contacting surface of each button, a copper ring 25 is copper brazed
      to one end of a length of extra-flexible copper cable 27. An excess of
      brazing alloy is left to form a cap 29. The cap 29 is machined to form a
      smooth level surface and preferably coated with a 94% silver, 6% cadmium
      oxide solder which is sintered to form the actual contacting surface 31. A
      stainless steel sleeve 33 is slipped over the cable 27 and is provided
      with a radially outwardly extending flanged portion 35 at one end thereof
      which abutts with the ring 25. At least one Belleville spring 37, FIG. 2
      shows two springs, is slipped over sleeve 37 and abutts with the lower
      surface of flange 35. The springs 37 are preferably constructed from a
      beryllium copper alloy to prevent magnetization and yet provide the
      desired resilience.
PAR  The cable 27 of each button with the upper cap assembly as above described
      is positioned in an opening 39 in plate 11 so that the srings 37 rest
      against the plate 11 surface. The cable 27 is cut just short of the lower
      surface of plate 11 and copper brazed at 43 to the plate 11. The opening
      39 has a countersunk portion 41 to slidably receive a portion of the
      sleeve 33 and expansion of the cable 27 when the buttons are compressed by
      the connector clamping force.
PAR  Thus, it will be understood that each contact button has a cap surface 31
      which is designed to contact and conduct currents between a flat conductor
      terminal surface and the connector plate 11. The number and surface area
      of each button cap will depend upon the conductor terminal sizes and the
      required current flow. An important feature of this connector is that each
      button 23, being resiliently mounted, affords some degree of antiparallism
      between the terminals to be connected and the conductor plate 15, thereby
      preventing the usual change in conductor contacting surface due to thermal
      and mechanical stresses.
PAR  Although the invention has been illustrated by way of a particular example,
      it will be understood that various modifications and changes may be made
      and some features may be used in different combinations without departing
      from the spirit and scope of the invention as defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high current capacity electrical connector for connecting a plurality
      of terminals, comprising:
PA1  a pair of backing plates;
PA1  a current-conducting plate disposed on one side of one of said backing
      plates, said backing plates disposed to receive said plurality of
      terminals in a sandwiched arrangement therebetween with a major surface of
      each of said plurality of terminals adjacent said conductor plate;
PA1  a plurality of smooth-surfaced contact buttons resiliently mounted in said
      conductive plate in a spaced array to provide electrical contact with said
      major surface of each of said plurality of terminals above said adjacent
      surface of said conductor plate; and
PA1  means for applying a clamping force to said backing plates so that the
      contacting surface of said buttons is forced against said terminals to
      provide electrical connection therebetween through said connector plate.
NUM  2.
PAR  2. The electrical connector as set forth in claim 1 wherein each of said
      contact buttons includes a length of flexible electrically conductive
      cable disposed in a corresponding opening in said conductive plate in an
      electrically conductive arrangement therewith and extending above said
      adjacent surface of said conductive plate, an electrically conductive cap
      disposed over and electrically connected to the extended portion of said
      cable to form a smooth contacting surface; a sleeve disposed about said
      cable abutting said cap and slidably extending into a countersunk portion
      of said corresponding opening in said conductive plate, said sleeve having
      a radially outwardly extending flange at the end of said sleeve abutting
      said cap, and at least one Belleville spring disposed between said flange
      and said adjacent surface of said conductive plate.
NUM  3.
PAR  3. The electrical connector as set forth in claim 2 wherein said terminals
      are copper bus bars and wherein said contact surfaces of each of said
      buttons further includes a silver and cadmium oxide solder coating.
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ABST
PAL  A handle for an electrically-operated hand-held tool such as a hedge
      trimmer is formed with a body having similar terminals at its opposite
      axial ends. The handle body can make a plug-and-socket connection with the
      tool housing in any chosen one of a number of different positions
      angularly rotated or inverted relative to one another, terminals on the
      body and housing making contact in any of these positions. In this way the
      attitude of the handle relative to the tool can be varied without losing
      the electrical connection. In a modification the body is integral with one
      end of the pivotable extension adapted to carry a handle at its other end.
BSUM
PAR  The present invention relates to support means, such as a handle, for an
      electrically operated tool, such as a hedge trimmer incorporating an
      electric motor.
PAR  In accordance with one aspect of the invention there is provided support
      means for an electrically operated tool which support means includes a
      tool engaging body adapted to be detachably assembled with the tool in any
      chosen one of a plurality of different attitudes relative to the tool in
      each of which attitudes terminal means on the body will form an electrical
      circuit for energizing the tool with terminal means on the tool.
PAR  The tool engaging body may be an integral part of a handle constituting the
      support means whereby the handle may be assembled with the tool to extend
      therefrom in any one of a plurality of different, optionally selectable
      attitudes. Alternatively the body may be pivotably or otherwise connected
      to an extension member which may be adapted, at its end remote from the
      body for electrical connection to a second, similar body, which latter may
      constitute an integral part of a handle.
PAR  In a preferred construction the terminal means is constituted by terminal
      elements which extend through the body and are exposed therefrom at their
      opposite ends at opposite faces of the body, each said element being
      adapted for electrical connection to a respective wire intermediate the
      exposed ends of the element. In this construction the body is formed with
      a bore opening at both said faces thereof, the axis of the bore being
      parallel with the axes of the terminal elements so that the relationship
      of the bore to the terminal elements is the same at both said faces of the
      body. The bore is adapted to receive a spigot on the tool which has the
      same relationship to the terminals of the tool as does the bore to the
      body terminals. By this arrangement either end of the bore can receive the
      spigot, electrical connection being made between the tool terminals and
      the ends of the support terminals which are nearer the tool.
PAR  By providing the tool and body with an equal number of terminals on each
      side of the spigot or bore, equidistant therefrom and arranged in the same
      plane containing the axis thereof it is possible to connect the body to
      the tool, in either of its two mutually inverted positions in either of
      two positions rotated 180.degree. relative to one another. In this way it
      is possible to connect the body to the tool in any chosen one of four
      different attitudes in all of which electrical connection to the tool
      terminals is provided by the same, single set of terminals on the support
      means.
PAR  In accordance with another aspect of the invention there is provided the
      assembly of an electrically operated tool and support means therefor,
      wherein the support means is formed on opposite sides thereof with similar
      connection means either of which may take a male-and-female releasable
      connection with connection means of the tool whereby the support means is
      releasably connectable to the tool in either of two mutually inverted
      positions, terminal means on the tool having a predetermined relationship
      to the connection means of the tool and terminal means on the support
      means extending therethrough to have the same relationship to the
      respective connection means of the support means on each of said opposite
      sides of the latter, said relationship corresponding to that of the tool
      terminals to the tool connection means, the arrangement being such that
      the terminal means of the support means are engageable with the terminal
      means of the tool in either of said mutually inverted positions of the
      support means relative to the tool.
PAR  The number and the disposition of the terminal means relative to the
      connection means on both sides of the support means and on the tool is
      preferably such that in either of its two mutually inverted positions the
      support means can be releasably connected to the tool in either of two
      positions rotated 180.degree. relative to one another, the tool terminals
      each engaging a different support means terminal as a result of the
      rotation, so as to form a circuit of reversed polarity.
PAR  Electrical tools are normally controlled by a central switch incorporated
      in the handle and spring biassed to the "off" position so that the tool is
      switched off as soon as a grip on the handle is relieved. This prevents
      accidents by preventing the tool operating when not held, for example if
      dropped. However there remains the danger that the tool may be
      inadvertently switched on when picked up by the handle and to prevent such
      unintentional operation a safety catch has been provided which must be
      released before the control switch can be moved to the "on" position. In
      known constructions, however, this safety catch has been positioned within
      easy reach of the hand gripping the handle and consequently this hand may
      accidentally both release the catch and squeeze the control switch, for
      example when picking up the tool, with consequent danger and removal of
      the advantage of the safety catch.
PAR  In accordance with yet another feature of the present invention there is
      provided a handle for an electrically operated tool, the handle being
      formed with grip-defining areas such that the hand has a normal gripping
      position relative to the handle when the tool is normally held for use by
      the handle and the handle incorporating a control switch which is
      positioned on the handle easily to be reached by a hand in the gripping
      position and a safety catch or switch positioned on the handle not to be
      easily reached by a hand in the gripping position, the control switch
      being spring-biassed to its "off" position so as to switch off the tool
      when released and the safety catch or switch being connected to the
      control switch in such a way as to render the control switch inoperable
      when the latter resumes its "off" position until the safety catch or
      switch has first been operated.
PAR  A preferred embodiment of the present invention will now be described as
      applied to a modification of the hedge trimmer generally as described and
      claimed in the complete specification of our co-pending British Patent
      Applications Nos. 7,770/72, 7,771/72 and 50,652/72 (cognate), but it will
      be understood that the invention is also applicable to any other
      electrically-operated, hand-held tool with conversion of rotary to
      reciprocating motion, such as a jig-saw or sander.
DRWD
PAR  In the accompanying drawings:
PAR  FIGS. 1 and 2 are respectively a side elevation and a plan view of a hedge
      trimmer and handle assembly in accordance with the present invention, each
      partly in section;
PAR  FIG. 1a is an expanded view of part of the handle assembly of FIG. 1;
PAR  FIG. 3 is an end elevation of the handle of FIGS. 1 and 2 in isolation from
      the hedge trimmer;
PAR  FIG. 4 is a view of the handle taken on the line IV--IV of FIG. 3;
PAR  FIG. 5 is a schematic view of the handle and hedge trimmer assembly
      illustrating the four possible positions of the handle, and
PAR  FIG. 6 is a schematic view of the handle and hedge trimmer with, interposed
      between them, an extension element in accordance with the invention.
DETD
PAR  Referring first to FIGS. 1 and 2 there is shown a modification of the hedge
      trimmer which is described and claimed in the complete specification of
      our co-pending British Patent Applications Nos. 7,770/72, 7,771/72 and
      50,652/72 (cognate) and which comprises a housing 1 on which a comb 2 of
      flattened tubular form is mounted on a spigot 3 of the housing. The comb
      is secured to the housing by a collar 4 which drives spring elements 5
      into slots 6 in the housing.
PAR  The comb 2 is formed from mild steel and has a flattened portion 7 which
      provides guidance for a thin steel cutting blade 8, having a thickness of
      one millimeter. The blade is serrated to provide teeth 9 exposed in
      notches 10 formed along one edge of the flattened portion of the comb 2.
      The blade is provided on one side with small rounded projections 11 of low
      friction plastics material fitted into holes in the blade at spaced
      positions along its length and arranged to slide in a groove 12 formed
      longitudinally in one side of the comb by a suitable pressing operation.
      The other side of the blade is supported by a hardened steel ledger plate
      13 disposed between the blade and the comb, the ledger plate being
      provided with teeth 13a which project into the notches formed in the comb.
      The blade and ledger plate teeth are both chamfered to respectively
      provide sharp cutting and support edges which co-operate to give the
      required cutting action.
PAR  The housing 1 is provided with a handle 14 secured to the tubular portion
      of the comb of the housing.
PAR  A 12 volt d.c. motor 17 is mounted in a casing extending from the housing.
      The motor drives a pinion 19 supported within the housing on a bearing 21.
      Pinion 19 meshes with a crank wheel 24 carried on a low friction bearing
      25 mounted on a shaft 26. The crank wheel 24 is provided with a crank pin
      27 surrounded by a part-spherical sintered bronze bush 28 to allow for the
      malalignment, during assembly, of the crank pin and blade guidance system.
      The portion 29 of the reciprocating cutting blade 8 adjacent the bush 28
      is looped around the bush thus connecting the blade and the crank wheel
      24.
PAR  The portion 29 of the reciprocating cutting blade 8 adjacent the crank pin
      is of reduced width relative to the remainder of the blade, and is
      arranged to flex from side to side as the crank pin is rotated, the
      remaining portion of the blade being held and guided for smooth
      reciprocating linear movement within the comb.
PAR  The flattened portion 7 of the comb and the ledger plate 13 guide the blade
      against lateral deflection, that is deflection at right angles to the
      plane of the blade, while the projections 11 on the blade and the
      longitudinal groove 12 in the comb guide the movement of the blade in its
      own plane.
PAR  In operation, the motor 17 is supplied with power from a battery which may
      conveniently be carried in a haversack by the person operating the
      trimmer. When the motor is running, the crank wheel 24 is rotated by
      pinion 19 and the flexible portion 29 of the blade 8 flexes from side to
      side as the crank pin rotates in addition to reciprocating back and forth
      in order to drive the cutting blade.
PAR  The circuit for the motor 17 includes two male terminals 31 and 32,
      respective pins 33 and 34 of which project from the end of the housing 1
      remote from the comb 2. A spigot 35 projects axially from this end of the
      housing 1 between the terminals 31 and 32 and this is received in a bore
      36 in an integral body portion 37 of a handle generally indicated at 30,
      which in addition to the body portion 37 includes a hand grip portion 38
      by which it may be grasped to lift and manipulate the hedge trimmer. An
      expanded view of handle 30 is shown in FIG. 1a. The spigot 35 has a
      coaxial bore 39 from the inner end of which a threaded spindle 40 extends
      coaxially through the bore 39. The spindle 40 is received on a threaded
      bore 41 in a boss 42 of a locking member 43 the domed end 44 of which
      engages the end of the body 37 remote from the housing 1 to secure the
      handle on the spigot 35.
PAR  Referring to FIG. 3 it will be seen that the bore 36 is of constant,
      circular section to receive the circular section spigot 35, but the body
      37 is of approximately ovoid configuration and on opposite sides of the
      bore 36 in the thicker portions of the body 37 female terminals 45 and 46
      are located adjacent the bore 36 to receive the pins 33 and 34,
      respectively. These female terminals take the form of brass tubes each
      extending from end to end of the body 37 so as to open on opposite sides
      of the handle and each provided intermediate its ends with a conventional
      arrangement of bores and grub screws for electrical connection to a
      respective wire 47 or 48. The wires 47 and 48 are included in the flow or
      return line of a control switch 49 incorporated in the grip portion 38 of
      the handle to which current is supplied by a flex 50 from a source (not
      shown) such as a 12 volt battery carried by the user of the hedge trimmer.
PAR  Referring to FIG. 4 there is pivotally mounted at 50a near to the free end
      of the gripping portion 38 of the handle a switch actuating member 51
      having a lug 52 which, as the member 51 rotates about the pivot 50a, is
      arranged to actuate the rocker element 53 of the control switch 49. The
      rocker switch is not illustrated in detail as it is well known per se. As
      is also well known per se, the member 51 is biassed by an integral
      resilient tongue 63 serving as a cantilever spring to the position
      illustrated in FIG. 4 wherein an abutment 54 engages the shell of the
      handle gripping portion and the rocker element 53 of the control switch is
      in the off position. As may be seen from FIGS. 2, 5 and 6 the gripping
      portion 38 of the handle is suitably shaped to be gripped by the hand and
      the member 51 is positioned on the gripping portion 38 easily to be
      reached by one or more fingers when the hand is in the designed gripping
      position to enable the user by a squeezing action to move the member 51
      against its spring bias inwardly of the shell of the handle gripping
      portion so that the lug 52 operates the rocker 53 to the "on" position of
      the switch 49. As soon as the member 51 is released it resumes the
      position shown in FIG. 4 by spring action, thus actuating the rocker 53 to
      the "off" position of switch 49. Rotatable about a pivot 55 in the handle
      gripping portion parallel with and spaced from the pivot 50a is a safety
      catch element 56 of bell crank configuration. One arm of the element 56
      terminates in an end portion 57 which has limited movement in a slot 58 in
      the free end of the shell of the handle gripping portion 38, its exposed
      end face being serrated to assist pivotal movement of the catch member 56
      by a finger pressing against the exposed end 57. The free end of the other
      arm 59 of the catch 56 is arranged to abut a step 60 at one end of a cam
      61 which projects from one side of the member 51 and is integral
      therewith. The catch 56 includes an integral cantilever spring 62 which
      engages the inside of the shell of the handle gripping portion 38 to bias
      the catch 55 to the position shown in FIG. 4. Therefore before the control
      member 51 can be moved from the position shown in FIG. 4 the end 57 of the
      catch 56 must be moved downward in the slot 58 until the free end of the
      arm 59 clears the step 60. So long as the member 51 is held in the
      inwardly-displaced position the arm 59 will engage the cam 61, but as soon
      as the member 51, on release, resumes the position shown in FIG. 4 under
      the spring action of its resilient tongue 63 the arm 59 is moved into
      engagement with the step 60 by the tongue 62. By this arrangement the
      control switch 49 cannot be moved to the "on" position by squeezing the
      member 51 until the catch 56 is first operated. On release of the member
      51 it moves automatically to operate switch 49 to the "off" position and
      the safety catch 56 is automatically re-engaged.
PAR  In accordance with a feature of the present invention the position of the
      operating portion 57 of the safety catch 56 on the handle 30 is such that
      it cannot easily be reached by a hand which is holding the handle in the
      normal, designed gripping position. In this way inadvertent operation of
      the safety catch, for example when picking up the hedge trimmer, is made
      considerably less likely than in prior art arrangements wherein both the
      switch actuating member and the safety catch are easily accessible to the
      fingers or thumb of a hand in the normal gripping position.
PAR  It will be clear that the handle assembly 30 is mounted on the hedge
      trimmer by inserting the spigot 35 of the housing 1 into the bore 36,
      rotating the handle about the spigot 35 until the female terminals 45 and
      46 are aligned with the pins 33 and 34, moving the body portion 37 of the
      handle axially into abutment with the housing 1 so that the pins are
      received in the female terminals and finally screwthreading the locking
      member 44 onto the spindle 40 to prevent displacement of the body 37 away
      from the housing 1. Reversal of the polarity of the circuit of the motor
      17 does not affect the operation of the hedge trimmer and consequently it
      is optional whether the female terminals 45 and 46 receive the pins 33 and
      34, respectively, as illustrated in FIG. 1 or whether the body 37 of the
      handle is withdrawn along the spigot 35, rotated through 180.degree. and
      repositioned so that the pin 34 enters the terminal 45 and the pin 33
      enters the terminal 46. Similarly, since the female terminals 45 and 46
      extend through the body 37 and open at both sides of the handle it is
      optional whether the body 37 has the position shown in FIG. 1 or whether
      it is placed in the opposite end-to-end relation with respect to the hedge
      trimmer, i.e. so that the end of the body 37 remote from the housing 1 in
      FIG. 1 is brought into abutment with the housing, the end of the body
      shown as abutting the housing 1 in FIG. 1 now being remote from the
      housing and being engaged by the member 44. In this axially reversed
      position it is again optional which of the female terminals receives which
      of the pins 33 and 34 so that there are a total of four different
      positions in which the handle 30 can be assembled with the hedge trimmer
      as illustrated in FIG. 5. As shown, the hand gripping portion 38 of the
      handle extends first radially with respect to the body portion 37 and then
      obliquely with respect to the axis of the body portion and consequently
      the gripping portion 38 can be made to extend either inwardly or outwardly
      with respect to the hedge trimmer, and whether extending inwardly or
      outwardly can be positioned on one side or the other of the hedge trimmer
      adapting it for left-hand or right-hand use.
PAR  It will be noted that the member 44, which is of electrically insulating
      material, is designed not only to prevent axial displacement of the body
      37 away from the housing 1 but to extend radially beyond and cover the
      exposed ends of the female terminals 45 and 46 in the assembled position
      (see FIG. 1).
PAR  FIG. 6 illustrates a support means in the form of an extension 70 which in
      the arrangement illustrated has been interposed between the housing 1 and
      a handle assembly 30. At one end the extension 70 has a body 37' similar
      to the body 37 of the handle and having a similar internal arrangement of
      bore and female terminals (not shown). At its other end the extension 70
      has a transverse face 71 resembling the end of the housing 1 remote from
      the comb 2 and from which a similar spigot and terminal pins (not shown)
      extend. This end of the extension is thus adapted to receive a handle 30
      which is secured thereto by a member 44, the handle 30 being connectable
      to the extension 70 in any of the four attitudes illustrated.
PAR  The extension comprises a stem 72 which is pivoted at 73 to a cranked arm
      74 so that the position of the handle relative to the hedge trimmer is
      variable through a wide arc centered on the pivot 73, means (not shown)
      being provided for locking the stem 72 relative to the arm 74 in any
      chosen angular position. For favorable weight distribution the pivot 73
      should be located inwardly of the housing 1 in either of the optional
      positions illustrated in full and dotted lines in FIG. 6 and for this
      reason it is preferable that the female terminals (not shown) in the body
      37' of the extension should not open at the face of the body 37' engaged
      by the member 44 in FIG. 6 to prevent assembly of the extension in an
      axially reversed position relative to that shown. This is not essential,
      however, and extensions can be provided having four optionally selectable
      positions of assembly relative to the housing 1 in the same way as the
      handle 30.
PAR  The extension 70 illustrated in FIG. 6 is designed to extend the reach of
      the user of the hedge trimmer, e.g. when cutting a high hedge, or to
      enable the hedge trimmer to be used at a ground location without undue
      stooping. It will be evident that other extensions or mountings could be
      provided for other purposes and need not be adapted at the end remote from
      the housing 1 for reception of a handle 30.
PAR  If the support means of the invention is applied to an electrically
      operated tool other than a hedge trimmer, such as a drill, it may be
      desirable to adapt the end of the support remote from the tool for fixing
      relative e.g. to a work bench. In all applications, however, the invention
      provides a very quick and simple means for changing the position of a
      support relative to a tool.
CLMS
STM  We claim:
NUM  1.
PAR  1. Support means for an electrically operated tool having terminal means,
      which support means includes a tool engaging body, means on said body
      whereby it may be detachably assembled with the tool in any chosen one of
      a plurality of different attitudes relative to the tool, and terminal
      means on said body arranged to form an electrical circuit for energizing
      the tool with said terminal means on the tool in each of said attitudes of
      the body, wherein the terminal means on said body includes terminal
      elements which extend through the body and are exposed therefrom at their
      opposite ends at opposite faces of the body, each of said terminal
      elements being adapted for electrical connection to a respective wire
      intermediate the exposed ends of the terminal elements.
NUM  2.
PAR  2. Support means as claimed in claim 1 wherein the body is formed with a
      bore opening at both said faces thereof, the axis of the bore being
      parallel with the axes of the terminal elements so that the relationship
      of the bore to the terminal elements is the same at both said faces of the
      body.
NUM  3.
PAR  3. Support means as claimed in claim 2, wherein the tool terminal means has
      terminal elements and the bore is adapted to receive a spigot on the tool
      which has the same relationship to the terminal elements of the tool as
      does the bore to the body terminal elements, the arrangement being such
      that either end of the bore can receive the spigot, electrical connection
      being made between the tool terminal elements and the ends of the body
      terminal elements which are nearer the tool.
NUM  4.
PAR  4. Support means as claimed in claim 3, wherein the body is provided with
      terminal elements equal in number to those of the associated tool on each
      side of the bore, equidistant therefrom and arranged in the same plane
      containing the axis thereof, the arrangement being such that it is
      possible to connect the body to the tool, in either of its two mutually
      inverted positions in either of two positions rotated 180.degree. relative
      to one another.
NUM  5.
PAR  5. The assembly of an electrically operated tool and support means
      therefor, wherein the support means is formed on opposite sides thereof
      with similar connection means either of which may make a male-and-female
      releasable connection with connection means of the tool whereby the
      support means is releasably connectable to the tool in either of two
      mutually inverted positions, terminal means on the tool having a
      predetermined relationship to the connection means of the tool and
      terminal means on the support means extending therethrough to have the
      same relationship to the respective connection means of the support means
      on each of said opposite sides of the latter, said relationship
      corresponding to that of the tool terminal means to the tool connection
      means, the arrangement being such that the terminal means of the support
      means are engageable with the terminal means of the tool in either of said
      mutually inverted positions of the support means relative to the tool.
NUM  6.
PAR  6. The assembly claimed in claim 5, wherein the number and the disposition
      of the terminal means relative to the connection means on both sides of
      the support means and on the tool is such that in either of its two
      mutually inverted positions the support means can be releasably connected
      to the tool in either of two positions rotated 180.degree. relative to one
      another, the tool terminal means each engaging a different support
      terminal means as a result of the rotation, so as to form a circuit of
      reversed polarity.
NUM  7.
PAR  7. Support means for an electrically operated tool having terminal means
      comprising, in combination, an elongated extension member having at one
      end a tool engaging body, means on said engaging body whereby it may be
      detachably assembled with the tool in any chosen one of a plurality of
      different attitudes relative to the tool, and terminal means on said
      engaging body arranged to form an electrical circuit for energizing the
      tool with said terminal means on the tool in each of said attitudes of the
      body, and a handle having at one end thereof a body similar to the tool
      engaging body, the extension member having at its other end means whereby
      it may be detachably assembled with the handle, and terminal means
      arranged to contact terminal means of the handle body when assembled
      therewith, the terminal means at opposite ends of the extension member
      being electrically interconnected so that the tool may be energized, when
      the extension member is assembled with the tool and the handle is
      assembled with the extension member, via an electrical circuit which
      includes contacted terminal means of the handle and extension member and
      of the extension member and tool.
NUM  8.
PAR  8. Support means as claimed in claim 7, wherein the tool engaging body at
      one end of the extension member is pivotally connected thereto so that the
      angular attitude of said tool engaging body may be adjusted relative to
      the extension member.
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ABST
PAL  A printed circuit card receptacle formed of one or more edge connectors
      having a pair of opposed, slotted card guides affixed thereto. The
      receptacle includes a mountable connector having a channel member at
      either end thereof for receiving the guide. Each card guide has a sleeve
      portion for slideably engaging the channel member and a releaseable
      locking means for holding the card guide affixed in place after full
      engagement of the sleeve with the channel member. The receptacle includes
      means for holding the printed circuit card in the connector.
PARN
PAC  CROSS-REFERENCE
PAR  This is a continuation-in-part of my copending U.S. patent application,
      Ser. No. 347,273, filed Apr. 2, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to electrical connectors and specifically
      to a printed circuit card (PCC) receptacle and an arrangement for easily
      and quickly attaching and detaching card guides to PCC connectors to form
      the receptacle.
PAR  The use of printed circuit cards in the field of electronics has become
      wide spread as a result of their convenience, flexibility, minimal space
      requirements and reduced production costs. The predominance of printed
      circuit cards is due in great part to the ease and speed with which
      circuit card components are connected to other system components merely by
      plugging the card into a PCC connector. The PCC connector is usually an
      oblong block of electrical insulating material having a plurality of
      electrical conductors each with a pin and contact portion. The conductors
      are embedded in the block of insulating material and arranged in columnar
      fashion with the contact portions along or in an elongated aperture or
      card receiving slot formed in the block, the pins protruding laterally
      from the block. A printed circuit card having circuit contacts disposed
      along an edge thereof is received into the slot of the connector block. As
      the edge of the PCC is received in the connector slot, the contact
      portions of the conductors in the slot and the circuit contacts on the PCC
      are pressed together to make electrical contact with one another. The pin
      portions of the conductors are wired or otherwise connected to other
      system components, e.g., via other connector pins, and the circuit
      contacts are connected to components on the card; therefore, the mere
      insertion of the card in the connector slot completes the various
      electrical connections between the card and other system components.
PAR  The PCC is commonly guided into place in the connector by a pair of card
      guides having slotted guideways, each guide being located at or near one
      end of the connector and extending outwardly from the end in a plane with
      the elongated aperture of the connector to receive and guide one edge of
      the card. The guides may also serve as a support for the PCC once the card
      is inserted into the connector.
PAR  It is common practice for electronic equipment manufacturers to establish
      at least one standard size for printed circuit cards and their associated
      mounting and interconnection hardware, and then make or purchase edge
      connectors having card guides already attached at either end thereof for
      use with printed circuit cards of the standard size. For standard size
      PCC's and connectors, one guide is required at each end of each connector.
      This facilitates rapid assembly of the electronic equipment since most of
      the PCC's are of the standard size. If larger than standard PCC's are
      used, then two or more standard connectors may be combined so that the
      card receiving slots are aligned longitudinally to accommodate the larger
      printed circuit card. In the latter case, only one card guide is required
      at either of the outboard ends of the aligned assembly of connectors. It
      is necessary, therefore, to remove the unneeded central card guides. Thus,
      it is important that the guides be easily and quickly removable. Many
      commercially available card guides are attached to connectors or the
      frames which hold the connectors by means of screws or other types of
      fasteners so that hand tools are required whenever the card guides are
      attached or removed. The use of hand tools imposes a burden on the
      equipment manufacturer since this is cumbersome and time consuming,
      particularly in view of substantial number of connectors utilized in
      modern equipment and the difficulty of maneuvering tools in the congested
      equipment spaces where the connectors and PCC's are located.
PAR  Some prior art guides can be attached and detached without the use of
      tools. These guides, however, have an inherent disadvantage in that they
      often fail to provide a firm support for the printed circuit cards and
      they are not easily and quickly detachable from the connectors. For
      example, one type of card guide is wedged into an aperture and held in
      place merely by a force fit. Such a means of attachment is undesirable
      since the card guide can be easily dislodged and therefore does not
      provide a reliable support for the printed circuit cards. Another prior
      art card guide is held in place in an aperture through the use of dimples
      located on the card's periphery so that once the card guide is in place it
      becomes very difficult to release.
PAR  Electronic equipment is subject to environmental stress (e.g., vibration)
      during operation which tends to cause printed circuit cards to work loose
      from their receptacles, resulting in open electrical circuits. Some prior
      art receptacles having a PCC gripping means have failed to provide means
      for locking the PCC in place to prevent migration of the card out of the
      connector.
PAR  It is, therefore, a broad object of the present invention to provide an
      improved printed circuit card receptacle.
PAR  It is another object of the present invention to provide an improved
      printed circuit card receptacle including a connector for receiving a
      pluggable element, and a card guide attached to the connector for guiding
      the pluggable element into the connector and holding the pluggable element
      therein.
PAR  An additional object of the invention is to provide a new and improved
      printed circuit card guide and connector assembly which permits card
      guides to be attached to and detached from connectors quickly, easily and
      conveniently without the use of tools.
PAR  It is still another object of the invention to provide an improved
      pluggable element receptacle of a standard size having a facile means for
      converting the receptacle to receive pluggable elements larger than the
      standard size.
PAR  It is a further object of the present invention to provide a new and
      improved printed circuit card guide and connector assembly which provides
      a firm and rigid support for the printed circuit card.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects and advantages are achieved in accordance
      with the invention claimed by providing a mountable receptacle for
      receiving a pluggable circuit element. The receptacle comprises a
      connector having a channel member at either end thereof for receiving a
      card guide. Each card guide has a sleeve portion at one end which is
      slideably engageable with the channel member of the connector.
PAR  The card guide includes means for locking the card guide in place on the
      connector. The locking means comprises a resilient member which is
      deflected from its normal position by contact with the channel member as
      the sleeve portion of the card guide envelopes the channel member, and
      which snaps back to its normal position when engagement of the channel
      member and sleeve portion is complete. A detent on the locking means
      engages a shoulder on the channel member to restrict relative sliding
      movement between the connector and card guide. To remove the card guide
      from the connector, the detent is released by applying pressure to a
      finger tab. A second locking means is provided for holding the printed
      circuit card in the receptacle.
PAR  The materials utilized to form the connector and the card guide provide
      strength for structural support, and resiliency where required to
      facilitate facile insertion, retention and disengagement of card guides
      and pluggable circuit elements.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded isometric view of the printed circuit card receptacle
      of the present invention.
PAR  FIG. 2 is a side elevation view rotated 90.degree. of the receptacle with
      card guides affixed to the connector.
PAR  FIG. 3 is a side elevation view rotated 90.degree. of a receptacle formed
      from two connectors for use with a larger than standard size printed
      circuit card.
PAR  FIG. 4 is a top view of the card guide and connector assembly.
PAR  FIG. 5 is a detail view taken along line 5--5 of FIG. 4 of the circuit card
      locking means.
PAR  FIG. 5a shows another embodiment of the circuit card locking means.
PAR  FIG. 6 is a section view taken along 6--6 of FIG. 4 of the interlocked
      connector channel member and the sleeve portion of the card guide.
PAR  FIG. 7 is a fragmentary side elevation view of a card guide partially
      engaged with a connector.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the various views of the drawings for a more detailed
      description of the construction, operation and other features of the
      invention by characters of reference, FIGS. 1 and 2 illustrate the general
      features of a receptacle 10 for receiving and holding a pluggable element
      11 such as a printed circuit card (PCC). The receptacle includes a
      connector 12 formed of electrical insulating material in the shape of an
      oblong block having a longitudinal aperture or slot 14 for receiving an
      edge 15 of the printed circuit card 11. A plurality of electrical
      conductors 16 each having a pin portion 17 and a contact portion (not
      shown) are embedded in the connector block 12, the contact portions being
      arranged in a columnar fashion along or in the slot 14. A plurality of
      circuit contacts 19 are disposed along the edge 15 of the PCC 11. As the
      edge 15 of the PCC 11 is received in the slot 14, the contact portions of
      the conductors in the slot and the circuit contacts 19 on the PCC 11 make
      electrical contact with one another. When the PCC 11 is in place in the
      receptacle 10, each of the circuit contacts 19 is pressed against a
      corresponding one of the contact portions of the electrical conductors 16,
      which terminate in the pin portions 17. The pins 17 are connected as by
      wiring to other connector pins so that the electrical components (not
      shown) located on the PCC 11 are interconnected with electrical components
      located on other cards inserted in the other connectors.
PAR  A flange 18, see FIGS. 2 and 4, formed as an integral part of the connector
      and having a lug 13 at each end of the connector 12 is utilized for
      mounting the connector 12 in an equipment cabinet. Referring momentarily
      to FIG. 4, the lugs 13 are secured to a backpanel or structural member 21
      by means of a fastener 23 such as a bolt or a screw inserted through a
      hole 20 of the lug 13.
PAR  Referring again to FIGS. 1 and 2, the printed circuit card 11 is guided
      into place and held by a pair of opposing card guides 22 located at either
      end of the connector 12. Each card guide 22 is attached to an end of the
      connector and extends outwardly therefrom in cantilevered fashion. Except
      for the attachment to the connector 12, the card guides 22 are otherwise
      unsupported. The card guide 22 comprises a sleeve portion 28 and an arm
      portion 27 depending from the sleeve portion 28. Each arm portion 27 has a
      longitudinal guideway or groove 24 in which a side edge 25 of the printed
      circuit card 11 is slideably received as the card is inserted between the
      opposed arm portions 27 for guiding into the connector 12. The guideway 24
      is expanded at the extended end of the arm portion 27 to provide a
      funnelform opening 29 for receiving the edge 25 of the card. The guideways
      24 are conveniently disposed in the same plane as the connector slot to
      receive a planar pluggable element 11. The card guides 22 serve to guide
      and also secure the card in place, the arm portions 27 of the card guides
      22 being so angled with respect to each other that inwardly directed
      lateral forces are exerted on the card edges 25 in the guideways 24 when
      the card is emplaced in the receptacle 10. Referring to FIG. 2, the arm
      portions 27 of the card guides 22 extend from the connector 12 at an angle
      of slightly less than 90.degree. with the connector. The card guides 22
      are so angled with respect to the connector 12 that the arm portions 27
      are distended by the PCC to assume a generally mutually parallel position
      when the printed circuit card is inserted, the resiliency of the material
      utilized to form the guides 22 imparting a spring-like tension to the
      guides so that the arm portions 27 grip the edges 25 of the PCC. The
      flexure of the card guides 22 may alone provide sufficient gripping of the
      inserted PCC to hold the card and prevent migration of the PCC out of the
      connector 12; however, under extreme operating conditions (of e.g.,
      vibration and shock) the PCC could work loose, breaking the electrical
      connections. To preclude such migration from the connector 12 the present
      invention further provides a PCC locking means which is described in
      another portion of the specification.
PAR  It is important for convenience that the card guides 22 be easily
      attachable to and removable from the connector 12. Yet it is also
      important that the joint of the card guide 22 and the connector 12 be
      strong so that the receptacle provides adequate and firm support for the
      PCC and the card guides 22 are not dislodged from the assembly 10 by the
      forces exerted thereon by the PCC or by any other extrinsic force. Both
      flexibility of the card guides 22 and strength of the joints is achieved
      by the particular combination of materials utilized to form the elements
      of the assembly 10. The choice of materials will be treated in detail in
      the ensuing discussion.
PAR  A firm but facile joining of the connector 10 and card guide 22 is achieved
      by providing a channel member 26 at each end of the connector 12 as shown
      in FIG. 1, which channel member 26 is slideably interlocked with the
      sleeve portion or mating member 28 formed at one end of the card guides
      22. The channel member 26 and the sleeve portion 28 form, respectively, a
      key and keyway for holding together the connector 12 and the card guide
      22. As depicted in FIGS. 1, 4 and 6, card guides 22 are affixed to the
      connector 12 by sliding the sleeve portion 28 over either of the channel
      members 26 along an axis or line common to both members 26, 28. Interior
      walls 31 of the sleeve 28 surround corresponding walls of the pi-shaped
      channel 26, and an exterior wall 33 of the sleeve 28 abuts an end wall 36
      of the connector 12. Consequently, once interlocked with the connector 12
      the card guide 22 can be moved only longitudinally along the channel
      member 26 (i.e., along the common axis of engagement) and cannot be moved
      laterally with respect thereto. The card guide 22 can thus be easily
      affixed to and removed from the channel member 26; yet when in place it
      cannot be dislodged by lateral forces (such as caused by the insertion of
      a printed circuit card), because the interlocking of the channel 26 and
      sleeve 28 prevents such lateral movement. To provide an even tighter fit,
      the interior walls 31 of the sleeve 28 may be slightly tapered so that a
      compression fit results between the sleeve 28 and channel member 26.
PAR  To prevent the card guide 22 from sliding out of place, a locking means is
      integrally formed therewith to restrict relative movement between the
      sleeve 28 and channel member 26 along the axis of engagement, when the
      engagement is complete. The card guide locking means comprises a resilient
      member 30 depending longitudinally from the card guide adjacent the sleeve
      portion 28, a detent or locking tab 32 for engaging a shoulder 35 of the
      connector 12 locking the card guide 22 in place, and a finger tab 34 for
      manually releasing the locking tab 32 from the shoulder 35 to permit
      removal of the guide 22 from the connector 12. A beveled leading edge 38
      of the locking tab 32 first comes into contact with an outer surface 40 of
      the channel member 26 as the sleeve 28 is engaged with the channel member
      26. Referring now to FIG. 7, as the sleeve 28 engages the channel member
      26 the leading edge 38 of the locking tab contacts the outer surface 40 of
      the channel member 26 forcing the resilient member 30 from its normal
      longitudinal position, outwardly from the channel member 26. When the
      sleeve 28 reaches full engagement with the channel member 26, see FIG. 2,
      the locking tab 32 passes the shoulder 35 releasing the resilient member
      30 to spring back to its normal longitudinal position. Thus, the locking
      tab 32 of the card guide 22 engages and catches the shoulder 35 of the
      connector 12. This locks the card guide 22 in place by restricting its
      movement relative to the channel member 26 so that it cannot slide off the
      connector 12. Removal of the card guide 22 from the connector 12 is
      effected by applying pressure to the finger tab 34 to flex the resilient
      member 30 laterally outward from the connector 12, thus disengaging the
      locking tab 32 from the shoulder 35 of the connector 12 to permit
      slideable release of the card guide 22.
PAR  Referring now to FIG. 3, there is shown a receptacle comprising a pair of
      connectors 12 mounted longitudinally with respect to each other on a
      backpanel or planar structural member 21 (only partially shown for
      clarity). A larger than standard size printed circuit card 41 is shown
      partially inserted into the receptacle. The central channel members 26a, b
      are shown abutting one another; however, they may be spaced apart. Card
      guides 22 are installed only at either end of the connector pair. Thus, by
      merely removing the central card guides, the standard connector 12 may be
      adapted along with other connectors to form a receptacle for receiving
      large PCC's.
PAR  The present invention further provides in combination with the receptacle
      an integral means for locking the PCC in the receptacle. Referring to
      FIGS. 3, 4 and 5, each card guide includes a void 42 through the arm
      portion 27 of the guide and the slotted guideway 24. Formed integrally
      with the guide 22 and extending therefrom into the void 42 is a PCC
      locking means 44. The locking means 44 comprises a spring portion 46 and a
      catch 48 for engaging a notch 50 (see FIG. 2) formed in the edge of the
      PCC. The resiliency of the material utilized to form the card guide 22
      allows the spring portion 46 to be flexed laterally outward from its
      normal longitudinal position when a PCC is inserted into the slotted
      guideway 24, as illustrated in FIG. 2. When the PCC 41 is fully engaged in
      the receptacle, see FIG. 5, the catch 48 is released and springs back into
      the notch 50, the position of which notch is indicated by the dashed line
      of FIG. 5. Another embodiment of the PCC locking means is shown in FIG.
      5a, wherein a catch 48 is formed as a protrusion in the slotted guideway
      24 of the card guide. The entire card guide 22 is forced laterally outward
      as the PCC is inserted into the guideway 24 and forced against the catch
      48. Then, similarly to the earlier described embodiment, the catch 48
      engages a notch in the edge of the fully inserted PCC and the card guide
      springs back into place. The notch 50 is easily formed in the edge of the
      PCC, however, it is understood that such a notch is not required if the
      catch 48 is located to engage the end of the inserted PCC.
PAR  As previously stated, the combination of materials utilized to form the
      receptacle contributes to the efficacy of the device. In order to provide
      strong support for the electrical conductors 16 embedded in the connector
      12, as well as adequate structural support for the card guides and the
      pluggable element 11, a relatively-hard plastic material having good
      dimensional stability and dielectric loss properties was chosen for the
      connector. A relatively-hard material is defined as one having tensile
      strength from 5-27 thousand psi, tensile elastic modulus from 8-50 psi
      .times. 10.sup.5, and elongation from 0.1-5%. A variety of materials, both
      thermoplastic and thermosetting, may be utilized for molding the connector
      and card guides, either by transfer or injection molding techniques,
      preferably in a one-step operation utilizing automatic high-speed molding
      equipment. Materials suitable for making the connector 12 include
      polycarbonate, polyaryl sulfone, phenolformaldehyde and phenol-furfural
      molding compounds, thermoplastic polyester, ETFE, phenylene oxide based
      resins and ployimide. Glass fiber or other reinforcing materials or
      fillers are utilized to achieve the necessary strength and dimensional
      stability within the bounds of the aforementioned parameters.
PAR  The card guides 22 are preferably formed from a relatively-resilient
      material, i.e., less hard and more elastic than the connector 12 material.
      The card guide material should provide sufficient strength to support the
      load carried (i.e., the PCC 11) and withstand the pressure and forces
      applied to the interlocking sleeve portion 28, and yet be sufficiently
      elastic to preclude rupture when the locking means are actuated. A
      relatively-resilient material is defined as one having high tensile
      strength (6-15 thousand psi) and a relatively-high tensile elastic modulus
      (2-12 psi .times. 10.sup.5) combined with moderate elongation (4-300%) and
      good creep and cold flow resistance. Suitable materials include nylon,
      acetal homopolymer, polycarbonate, polyaryl sulfone, ETFE and ECTFE
      fluoroplastics, thermoplastic polyester, polysulfone and polyamide. The
      material may be reinforced, filled or extended to enhance one or more of
      its physical properties. The properties defined herein are in accordance
      with the American Society for Testing and Materials (ASTM) Standards,
      1972.
PAR  Both the connector and the card guide may be molded from the same material
      with acceptable results; however, tests showed that the combination of a
      relatively-hard material having little elongation (&lt;1%) for the connector,
      and a relatively-resilient material for the guide provided the highest
      strength joint without rupturing the channel member, while retaining
      adequate strength with resiliency as described hereinbefore for the
      extended arm portion and locking means of the card guide. Considering both
      cost and performance tests, the preferred materials were found to be glass
      fiber filled phenol-formaldehyde molding compound (elongation 0.2%,
      tensile elastic modulus 19-33.times.10.sup.5 psi) for the connector 12,
      and 20% glass fiber reinforced type 6/6 nylon for the card guide 22.
      Cellulose-filled phenolic molding compound, though acceptable, proved to
      be somewhat brittle.
PAR  I have described above the preferred embodiment of a novel printed circuit
      card receptacle which is inexpensively manufactured and quickly and easily
      installed. The card guide and connector assembly of the present invention
      provides a facile means for affixing and interlocking card guides with
      connectors without the use of tools. The card guide may be easily attached
      to and removed from the connector, while the choice of materials for the
      interlocking members, coupled with the locking means assures a strong and
      secure joint so that once emplaced the card guide cannot be accidentally
      dislodged from the assembly. No additional support extrinsic of the
      connector is required for the card guides. Further, the choice of
      materials contributes to the efficiency of the receptacle in retaining the
      printed circuit card in place.
PAR  While the principles of my invention have been made clear in the foregoing
      description, it will be immediately obvious to those skilled in the art
      that many modifications of the structure, arrangement, proportions, the
      elements, material and components may be used in the practice of the
      invention which are particularly adapted for specific environments without
      departing from those principles. The appended claims are intended to cover
      and embrace any such modifications within the limits only of the true
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A receptacle for receiving a planar pluggable element and electrically
      connecting said element with other elements, said receptacle comprising:
PA1  a mountable connector for receiving said pluggable element;
PA1  a channel member formed at either end of said connector;
PA1  a pair of guides each having a sleeve portion at one end thereof and an arm
      portion, said sleeve portion slideably engageable along a common axis with
      said channel member to affix said guides to said connector;
PA1  a locking means for preventing slideable disengagement of said channel
      member and said sleeve portion along their common axis, said locking means
      including a resilient member, deflected by said slideable engagement to an
      open position, having a detent for locking against a surface of the
      connector normal to said common axis in a closed position and a finger tab
      for releasing the locking engagement;
PA1  said guides when affixed to said connector having said arm portions
      mutually opposed for receiving said pluggable element therebetween and
      guiding said pluggable element to said connector, and spaced apart at ends
      thereof opposite said one end a distance less than the width of said
      pluggable element received, said guides formed of a material allowing
      resilient flexure of said arm portions to grip said pluggable element; and
PA1  a second locking means for holding said pluggable element in said
      receptacle formed integrally with said guides including a spring member
      flexed by said pluggable element received between said arm portions, and a
      catch engageable with said pluggable element received in said connector.
NUM  2.
PAR  2. The receptacle as claimed in claim 1, wherein said connector is formed
      from a relatively-hard material, and said guide is formed from a
      relatively-resilient material.
NUM  3.
PAR  3. The receptacle as claimed in claim 2, wherein said relatively-resilient
      material is nylon with at least twenty percent glass fiber reinforcement.
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ABST
PAL  In an electrical component support assembly the lead wires (which are of
      different gauges) of electrical components, e.g. resistors, are each
      griped by the walls of two slots of identical slotted plate terminals. The
      slots nearest the components have a minimum width greater than that of the
      slots farther from the components so that the smaller gauge lead wires are
      securely gripped by the slot walls of the farther slots but the larger
      lead wires are not sheared through by the walls of the slots nearer the
      components to an extent to impair the support of the components.
BSUM
PAR  This invention relates to an electrical terminal assembly and a terminal
      which is suitable for use in such assembly.
PAR  There is disclosed in U.S. Pat. No. 2,762,030, an electrical terminal
      assembly for the connection of electrical circuit components, for example,
      resistors, which have a lead wire projecting from each end, to external
      leads and for supporting such components on a panel, the assembly
      comprising a plurality of electrical terminals which are secured to the
      panel and which have lead wire receiving slots into which the end portions
      of the lead wires of the components have been forced at right-angles to
      the longitudinal axes of such end portions, electrically to connect the
      lead wires to the terminals.
PAR  In such an assembly the lead wire receiving slots of the terminals must be
      sized broadly in accordance with the gauge of the lead wires. Thus where
      the components and thus their lead wires are of substantially different
      sizes it is necessary to use in the assembly terminals having differently
      sized slots. Not only therefore must the maker of such assemblies keep a
      stock of different terminals, but the terminals must be distributed on the
      panel in such a way that the slot sizes of the terminals coincide with
      particular components to be supported. The present invention is intended
      for the avoidance of these disadvangtages.
PAR  According to one aspect of the invention, an electrical terminal assembly
      for the connection of electrical circuit components, for example
      resistors, which have a lead wire projecting from each end, to external
      leads and for supporting such components on a panel, comprises a plurality
      of electrical terminals which are secured to the panel and which have lead
      wire receiving slots into which the end portions of the lead wires of the
      components have been forced at right-angles to the longitudinal axes of
      such end portions, electrically to connect the lead wires to the
      terminals, in which assembly the lead wires are not all of the same gauge,
      each terminal comprising a pair of substantially parallel plates arranged
      in face-to-face realtionship, each such plate having a wire receiving
      slot, the terminals being arranged on the panel in two opposed rows, with
      the plates of all the terminals in substantially parallel relationship,
      each terminal of one row being arranged opposite to a terminal of the
      other row, both the slots of one terminal of each pair of opposite
      terminals receiving the end portion of one lead wire of each component and
      both the slots of the other terminal of the pair receiving the end portion
      of the other lead wire of the same component, so that the terminals of the
      pair cooperate to support the component, at least one slot of each
      terminal serving tightly to grip the wire end portion, that slot of each
      terminal, which slot is nearest the electrical component, having a minimum
      width which is not less than the diameter of the smallest gauge lead wire.
PAR  Since the slot nearest the electrical component is at least as wide as the
      smallest diameter lead wire the walls of this slot will not shear through
      any of the lead wires to such an extent, between the body of the component
      and the plate nearest the component, as to destroy the effective support
      of the component. It is thus of no disadvantage if the slots of the plates
      which are farthest from the components are made narrow enough to grip the
      smallest gauge wires, and so narrow enough substantially to sever the
      larger gauge lead wires. By virtue of the invention a single standard
      sized terminal can be used for supporting all the components.
PAR  According to another aspect of the invention, an electrical terminal
      assembly for the connection of electrical circuit components to external
      leads and for supporting the components on a panel, comprises a plurality
      of electrical terminals which are secured to the panel and which have lead
      wire receiving slots into which lead wires of the components have been
      forced, electrically to connect the lead wires to the terminals, the
      terminals also having lead connecting means to which the external leads
      are connected; wherein each terminal has a pair of oppositely disposed
      lead wire receiving slots, one of these slots being of greater width than
      the other, the terminals being arranged on the panel in two opposed rows,
      so that the slots of each terminal of one row are at least substantially
      in alignment with the slots of the terminals of the other row, the wider
      slot of each terminal of one row facing the wider slot of a terminal of
      the other row, each pair of aligned terminals cooperating to support one
      of the components, the lead wires of which components need not be all of
      the same gauge.
PAR  According to a further aspect of the invention, an electrical terminal
      comprises a base in the form of a flat plate, a lug projecting from one
      edge of the plate, an external lead connecting post projecting from the
      opposite edge of the plate and an electrical component supporting and
      connecting member also projecting from the opposite edge of the plate, the
      connecting member comprising a pair of parallel plates connected by a
      bight of the terminal material, the bight having a lead wire guiding mouth
      communicating with a lead wire receiving slot in each of the parallel
      plates, the slot of one of the parallel plates being narrower than the
      slot of the other parallel plate, the other parallel plate being directly
      connected to the opposite edge of the base plate and being coplanar
      therewith, the post being coplanar with the other parallel plate, the one
      parallel plate being connected by a bight to a wire severing plate
      parallel thereto and having a wire severing edge extending across the slot
      of the one parallel plate.
DRWD
PAR  For a better understanding of the invention, reference will now be made by
      way of example to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of an electrical terminal assembly for the
      connection of electrical circuit components to external leads and for
      supporting the components on a panel;
PAR  FIG. 2 is an enlarged perspective view of part of the assembly of FIG. 1,
      showing the manner in which the components are supported on the panel and
      connected to the leads; and
PAR  FIG. 3 is a front elevational view of an electrical terminal of the
      assembly.
DETD
PAR  An insulating panel 2 has two rows of holes 4 in which are force-fitted
      lugs 6 of identical electrical terminals 8. Each terminal comprises a flat
      base 10 from the lower (as best seen in FIG. 3) edge of which the lug 6 of
      the terminal extends. From the opposite edge of the base 10 of each
      terminal there extends a wire connecting post 12 and an electrical
      component supporting and connecting member 14, in juxtaposed relationship.
      Each terminal 8 was made by stamping and forming a single piece of sheet
      metal stock, for example brass stock. The member 14, which is
      substantially S-shaped as seen in side elevation, comprises three parallel
      plates 16, 18 and 20, respectively, which are connected to one another by
      smoothly rounded bights 22 and 24, the bight 22 connecting the plates 16
      and 18 and the bight 24 connecting the plates 18 and 20. The plate 16
      extends directly from the upper (as seen in Figures) edge of the base 10.
PAR  The bight 22 is formed with a central lead wire guiding mouth 26 which
      communicates with slots 28 and 30, formed in the plates 16 and 18,
      respectively, the walls of the slots 28 and 30 converging in a direction
      away from the mouth 26, towards parallel-sided wire gripping slot portions
      31 and 33, respectively, in which the slots terminate, the portion 33 of
      the slot 30 being substantially narrower than the portion 31 of the slot
      28. The plate 20 is unslotted and has a wire severing edge 21 extending
      across the lower (as seen in the Figures) part of the slot portion 33.
PAR  The terminal 8 may be assembled to the panel 2 by means of a conventional
      staking machine (not shown), the insertion of the terminals into the holes
      4 being limited by the abutment of shoulders 36 on the plates 10 against
      the panel 2. As shown in FIG. 1, the holes 4 are arranged in two parallel
      rows, the terminals of one row being arranged in back-to-back relationship
      with those of the other two, that is to say the plates 16 of one row face
      the plates 16 of the other row. The holes of each row are equidistant, the
      spacing between the holes of the two rows being equal. Since the terminals
      8 of one row are disposed in back-to-back relationship with respect to
      those of the other row, the rows are longitudinally offset from one
      another in such a way that the slots of the member 14 of each terminal of
      one row are at least substantially aligned with the slots of the member 14
      of a terminal of the other row.
PAR  As shown in FIG. 2, the assembly can be used for mounting electrical
      circuit components, for example resistors or capacitors, C1 and C2, having
      bare lead wires W1 and W2; respectively, of different gauges. Only one
      lead wire of each component is shown. To mount these components in the
      assembly, a lead wire of each component is inserted through the mouth 26
      of each of two opposite members 14 of the two rows, in a direction
      perpendicular to the length of the lead wire. Each lead wire is then
      pressed down into the slots of the appropriate member 14, by means of a
      tool (not shown) which may be a tool as described in the specification. of
      our U.S. Pat. No. 3,628,202, so that the lead wire is forced into the
      portions 31 and 33 of the slots. The tool has a wire severing blade (not
      shown) which cooperates with the edge 21 of the plate 20 to shear off the
      excess length of the lead wire.
PAR  As shown in FIG. 2, the lead wire W1 has been cranked, in view of the large
      diameter of the component C1, to allow the insertion of the wires W1 into
      the appropriate slots. Since the wire-gripping portion 33 of the slot of
      the plate 18 of each terminal 8 is of smaller width than the wire-gripping
      portion 31 of the slot of the plate 16 of the terminal, each terminal can
      be used to accomodate lead wires of various different gauges. The larger
      gauge lead wire W1 is gripped in electrically conductive fashion between
      the walls of the slot portion 31 of the plate 16 but is partially sheared
      by the walls of the slot portion 33 of the plate 18, whereas a smaller
      diameter lead wire W2 is effectively gripped between the walls of the slot
      portion 33 of the plate 18 but fits only loosely in the slot portion 31 of
      the plate 16. There is accordingly no danger of the wire W1 being
      partially sheared through to such an extent as to impair the support of
      the component C1.
PAR  The posts 12 serve, as shown in FIG. 2 (right-hand side) for connection of
      external leads W3 to the electrical components. It will be apparent from
      FIG. 2 that the leads W3 have been applied to the post 12 by means of a
      wire wrapping tool, which is not shown. However, the leads W3 could be
      applied to the posts by other means, for example by securing the leads to
      the posts by means of electrical clips. Also, the posts 12 may be replaced
      by lead connecting means other than posts, for example tabs for mating
      with electrical receptacles, solder tags, or crimping ferrules. The base
      10 itself may serve as lead connecting means, in which case a lead W3 is
      simply soldered to the base 10. Further, the lug 6 may serve as a lead
      connecting means, being soldered to a printed or other conductor on the
      panel 2.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical terminal comprising a base in the form of a flat plate, a
      lug projecting from one edge of the plate, an external lead connecting
      post projecting from the opposite edge of the plate and an electrical
      component supporting and connecting member also projecting from the
      opposite edge of the plate, the connecting member comprising a pair of
      parallel plates connected by a bight of the terminal material, the bight
      having a lead wire guiding mouth communicating with a lead wire receiving
      slot in each of the parallel plates, the slot of one of the parallel
      plates being narrower than the slot of the other parallel plate, the other
      parallel plate being directly connected to the opposite edge of the base
      plate and being coplanar therewith, the post being coplanar with the other
      parallel plate, the one parallel plate being connected by a bight to a
      wire severing plate parallel thereto and having a wire severing edge
      extending across the slot of the one parallel plate.
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ABST
PAL  An electrical connection to an elongated conductor is made by means of a
      plate-like connecting member having a pair of open jaws which extend from
      a yoke. One of the jaws is connected to the yoke by a toggle link which is
      straightened when the jaws are closed to maintain the jaws in their closed
      condition and in electrical contact with the conductor. An apparatus is
      also disclosed for securing a plurality of connecting devices to a
      plurality of separate conductors in a single operation.
PARN
PAR  This is a continuation of application Ser. No. 288,199, filed Sept. 11,
      1972, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The U.S. Pats. to Parkinson et al. No. 2.259,873 and Dean No. 3,201,744
      discloses extremely thin plate-like electrical connecting devices having a
      pair of open jaws with opposed teeth. These connecting devices are applied
      to conductors by simply bending the jaws in their own planes relatively
      towards each other and in doing so plastically deforming the metal at the
      inner ends of the jaws so that they will remain in closed condition and in
      engagement with the conductor positioned between the jaws. These extremely
      thin plate-like connecting devices as disclosed in Dean and Parkinson et
      al are particularly adapted to be used on multi-conductor cables of the
      type having parallel spaced-apart conductors (either flat ribbon
      conductors or round wire conductors) contained within a flat sheet of
      insulating material.
PAR  The instant invention is directed to the achievement of improved flat
      plate-like connecting devices of the general type disclosed in the
      above-identified U.S. patents but having improved means for penetrating
      the insulation of the conductors and particularly for maintaining the
      closed jaws of the connecting devices in intimate contact with the
      conductors of the cable. The invention is further directed to the
      provision of improved multi-contact electrical connectors for flat
      multi-conductor cables and to apparatus for simultaneously applying a
      plurality of connecting devices to the individual conductors of a cable.
PAR  It is an object of the invention to provide an improved connecting device
      for establishing an electrical connection with an elongated conductor,
      particularly a conductor in a flat cable such as a ribbon conductor or a
      round wire conductor in a flat cable. A further object is to provide a
      connecting device having closeable jaws for establishing electrical
      contact with a conductor and having improved means for maintaining a
      reliable electrical contact between the jaws and the conductor. A still
      further object is to provide a connecting device having closeable jaws and
      incorporating improved means for establishing electrical contact with the
      conductor during closure of the jaws. A still further object is to provide
      an improved multi-contact electrical connector for flat conductor cables
      having a plurality of parallel conductors arranged in a single plane. A
      still further object is to provide an improved apparatus for applying
      connecting devices to the conductors of a flat conductor cable.
DRWD
PAR  These and other objects of the invention are achieved in a preferred
      embodiment thereof which is briefly described in the foregoing abstract,
      which is described in detail below, and which is shown in the accompanying
      drawing in which:
PAR  FIG. 1 is a perspective view of a common form of flat conductor cable.
PAR  FIG. 2 is a perspective view of a contact terminal pin having a connecting
      means in accordance with the invention.
PAR  FIG. 3 is a sideview of the contact terminal of FIG. 2 prior to application
      to a conductor and showing a conductor positioned between the jaws of the
      connecting means.
PAR  FIGS. 4 and 5 are views similar to FIG. 3 illustrating the application of
      the connecting means to the conductor.
PAR  FIG. 5A is a sectional view on an enlarged scale of the zone indicated in
      FIG. 5.
PAR  FIG. 6 is a perspective view of a frame member which is adapted to hold a
      plurality of terminal pins of the type shown in FIG. 2, this frame member
      being a part of a connector assembly as shown in FIG. 11.
PAR  FIG. 7 is a sectional view taken along the lines 7--7 of FIG. 6.
PAR  FIG. 8 is a front view of the applicator adapted to simultaneously apply a
      plurality of terminal pins of the type shown in FIG. 2 to each of the
      conductors of a flat cable.
PAR  FIG. 9 is a sideview of the applicator of FIG. 8.
PAR  FIG. 10 is a perspective view of a multi-contact connector in accordance
      with the invention, the housing of the connector being exploded from the
      end of the cable and from the rack or frame which contains the terminal
      pins.
PAR  FIG. 11 is a sectional sideview of a connector assembly comprising one
      connector part having contact pins therein and another connector part
      having a contact socket therein.
PAR  FIG. 12 is a sideview of an alternative form of terminal pin in accordance
      with the invention.
PAR  FIG. 13 is a view similar to FIG. 12 for showing the terminal pin of FIG.
      12 applied to a conductor.
DETD
PAR  A typical flat conductor cable as shown at 2 in FIG. 1 comprises a
      plurality of relatively thin ribbon-like conductors 4 which are contained
      within an insulating film 6. Flat cables as shown in FIG. 1 are being used
      on an increasing extent in the electrical and electronics industries and
      there is an increasing tendency to use cables having relatively small
      conductors on closely spaced centers. For example, cables having
      conductors located on centers which are 0.050 inches apart are now
      commonly used. When terminating such cables, it is desirable to avoid, if
      possible, spreading the conductors at the points of termination in order
      to take full advantage of the compactness of flat conductor cables. It
      follows that an extremely thin terminal is required or at least desirable
      for flat cables.
PAR  FIG. 2 shows a contact terminal in accordance with the invention having a
      connecting means 10 at one end thereof in accordance with the invention
      and having a flat contact terminal pin 12 at its other end. The contact
      means has a yoke portion 14 which extends for the entire width of the
      terminal and a pair of open jaws 16, 18 which are spaced from, and
      connected to, the yoke portion. The lower jaw has an upwardly extending
      stop 22 at its free end (its lefthand end as viewed in the drawings) and
      has three generally semi-circular recess 26 at spaced-apart locations on
      its inner edge. These recesses define two upwardly projecting teeth 28
      which have rightwardly facing edges 30 which serve as contact surfaces
      when the connecting device is applied to a conductor. Each tooth is
      pointed as shown at 32 and has a downwardly sloping crown 34 on the
      opposite side thereof from the contact surface 30 which extends to the
      adjacent recess 36. The inner end of the jaw 18 is provided with a stop 24
      which functions to limit downward movement of the upper jaws during
      application to a conductor as will be described below. The lower jaw 18 is
      connected to the yoke portion 10 by means of a relatively wide shank or
      arm 20 which is resistant to bending so that this lower jaw is relatively
      stiff and is not deformed while the upper jaw is being moved downwardly
      into engagement with the conductor.
PAR  Upper jaw 16 extends divergently with respect to the lower jaw 18 from the
      yoke 14 and has two teeth 35 extending downwardly on its lower edge. These
      teeth have forwardly facing contact surfaces 37 which cooperate with the
      contact surfaces 30 to establish electrical contact with the conductor.
      The upper jaw 16 is connected to the yoke 20 by an arm which is in the
      form of two toggle links 38, 39 the link 39 being integral with the jaw 16
      by means of a toggle "joint" 40 and the link 38 being integral with the
      yoke 14 by means of a fixed toggle joint 42, the two links being connected
      to each other by a knee joint 44. The toggle joints 40, 42, 44 are
      delineated by the punched out areas of each end of each of the toggle
      links 38, 39. The toggle joints are thus relatively narrow sections of
      sheet metal which connect the toggle links to each other and to the yoke
      and to the upper jaw. These narrow sections serve as the pivot joints of a
      conventional toggle mechanism by virtue of the fact that the metal in
      these narrow sections yields and is plastically deformed to a high degree
      when the toggle is straightened so that the toggle links pivot with
      respect to the joints until they are in alignment with each other.
PAR  While it is preferred to apply a plurality of connecting devices to the
      conductors of a flat cable in a single operation as will be described
      below, the mechanism of application and the manner in which electrical
      contact is established with the conductor can be best understood from a
      consideration of the application of a single connecting device to a single
      conductor as illustrated in FIGS. 3-5. It will be understood that during
      application, the connecting means is supported on each of its sides and
      along lower edge of the lower jaw 18 so that forces can be applied as
      illustrated in the drawing to bring about deformation of the toggle joints
      in the plane of the connecting means.
PAR  Referring first to FIG. 3, the conductor is positioned between the open
      jaws with the end portion thereof extending past the inner one of the
      teeth 28. A downward force F.sub.1 is then applied to the upwardly facing
      edge of the movable jaw 16 adjacent to its free end. This force will have
      the effect of bending the upper jaw 16 and the toggle links 38, 39, as a
      unit downwardly with concomitant yielding and plastic (i. e. permanent)
      deformation of the fixed toggle joint 12. The sheet metal material in this
      fixed toggle joint 42 will yield and permanently deform during this
      initial bending step (rather than the material in either of the toggle
      joints 40, 44) for the reason that the joint 42 is an area of comparative
      weakness which is furthest removed (relative to the toggle joints 40, 44)
      from the point of application of the force, that is from the end of the
      jaw 16. This bending operation will, give rise to outer fibre stresses in
      the toggle joint 42 which will be compressive stresses on the lower side
      of the toggle joint as viewed in the drawing and tension stresses on the
      upper side thereof.
PAR  After downward bending of the upper jaw and the toggle links as a unit has
      been completed, the lefthand end of the jaw 16 will be spaced inwardly
      from the left end of the fixed jaw 18 and the teeth 35 will project
      downwardly into the recesses 26 but the surfaces 37 of the teeth 35 will
      be substantially spaced from the contact surfaces 30 of the teeth 28 on
      the lower jaw. Additionally, the stop 24 will have prevented downward
      movement of the upper jaw and toggle as a unit beyond the position shown
      in FIG. 4.
PAR  The force F.sub.1 is maintained on the end of jaw 16a downward force
      F.sub.2 is applied to the upper edge of the knee joint 44 of the toggle.
      Force F.sub.2 causes the metal in this knee joint to yield and be
      plastically deformed in its own plane until the two toggle links 39, 38
      are in substantial alignment with each other. The application of this
      downward force F.sub.2 produces tension stresses on the lower portion of
      the knee joint and compressive stresses above the neutral axis of this
      area. At the same time, the material in the fixed toggle joint 42 is
      stretched adjacent to the lower edge of this joint and is compressed
      adjacent to the upper edge. The movable joint 40 of the toggle mechanism
      is also plastically deformed during application of the force F.sub.2. It
      will be explained below, the extreme cold working of the metal of the
      connecting device in the toggle joints 40, 44, 42 assists in preserving
      the stability of the finished electrical connection.
PAR  The manner of establishing electrical contact with the conductor can be
      understood best from FIGS. 4 and 5. As shown in FIG. 4, after the upper
      jaw 16 and the toggle link have been bent downwardly the teeth 35 of the
      upper jaw will project into the recesses 26 of the lower jaw and will be
      spaced from the teeth 28 of the lower jaw. The conductor will be pushed
      downwardly by the points of the teeth so that it will have portions
      extending between the points of the teeth of the lower jaw and the points
      of the teeth of the upper jaw. When the toggle is subsequently
      straightened by application of the force F.sub.2 to the knee joint of the
      toggle while the force F.sub.1 is maintained as a static force on the free
      end of the upper jaw, the upper jaw moves leftwardly of will be apparent
      from a comparison of the position on the end of the upper jaw in FIGS. 4
      and 5. The teeth 35 of the upper jaw are thus moved leftwardly and towards
      the teeth of the lower jaw until they have pinched portions of the
      conductor between the contact surfaces 37, 30. Advantageously, the teeth
      of the lower jaw are designed such that they will be slightly flexed or
      stressed in the manner of an end loaded cantilever beam by the forces
      applied by the teeth of the upper jaw 16 so that the conductor is pinched
      very tightly between the surfaces 30, 37. This pinching of the conductor
      between the surfaces causes exposure of the metallic ribbon conductor with
      resulting electrical contact. Examination of a portion of a conductor
      removed from between the jaws of a connector indicates that the plastic
      insulation is extruded from between the opposed surfaces 37, 30 under the
      influence of the extremely high unit pressures developed during
      straightening of the toggle. It also appears from examination of some
      specimens that the plastic insulation may fracture after some extrusion
      has taken place to expose the ribbon conductor. The actual mechanism may
      thus depend upon the precise nature of the plastic insulation, whether it
      is highly plasticized and therefore extremely flowable or, on the other
      hand, whether it is not highly plasticized and tends to rupture or
      fracture.
PAR  Connecting devices in accordance with the invention can be manufactured by
      stamping any suitable conductive material, for example, a suitable
      phosphor bronze (normally 4% Sn, 0.05% P, 99.5% CU + Sn + P) or a
      cartridge brass (70% Cu, 30% Zn). When either of these alloys are used,
      they are advantageously in a full hardened condition and it has been found
      that the toggle joints will, notwithstanding the fully hardened conditions
      of the material, yield when the bending operations described above are
      carried out. It is necessary to dimension the toggle joints 40, 44, 42
      such that the metal in these joints will yield in the manner described
      above; that is, the fixed toggle joint 42 must yield rather than the
      joints 40, 44 when the initial closing force F.sub.1 is applied and this
      result can be brought about by proper selection of the width of the fixed
      toggle joint 42.
PAR  Connecting devices in accordance with the invention can be made in a wide
      range of sizes and it is a particular advantage that the principles of the
      invention are applicable to small size connectors, for example, those
      intended for use on flat conductor cables having a width of about 0.025
      inches. A particular embodiment of the invention produced for use on such
      flat conductors is stamped from metal stock having a thickness of 0.016
      inches. Connecting devices of this invention can be mounted in a housing
      described below and applied directly to the conductors of the cable.
PAR  A salient advantage of a connecting device in accordance with the invention
      is that after application to the conductor, there is virtually no
      relaxation as a result of springback of the deformed connecting means. The
      term "springback" as used in the electrical terminal art is generally
      understood to refer to the residual elasticity which remains in a metal
      part, after it has been stressed beyond its elastic limit. Conventional
      crimping operations depend upon deforming a metal ferrule or the like
      beyond its elastic limit until it is in intimate contact with the
      conductor in which it is being crimped. Springback is thus a highly
      deleterious effect in crimping operations for the reason that it tends to
      reduce the contact pressure between a connecting means of a terminal and a
      conductor after the terminal connecting means has been cold forged or
      otherwise crimped onto the wire.
PAR  The undesirable effects of springback are eliminated in accordance with the
      practice of the instant invention by reason of the fact that if the
      applied connector, the constant surfaces 37, 30 of the jaw teeth are
      maintained in engagement with each other by a closed loop spring system
      which is illustrated in FIG. 5. In FIG. 5 the arrows C denote internal
      compressive stresses while the arrows T denote tension stresses. As
      indicated in the diagram, the aligned toggle links 38, 39, function as
      compressed springs which urge the contact surfaces of the teeth of the
      upper jaw against the contact surfaces of the teeth of the lower jaw, the
      portions of the upper jaw between the teeth and the toggle links also
      being under compression as indicated. The yoke portion serves as a
      relatively massive support for the jaws and is not significantly stressed
      because of its substantial mass. The lower jaw and the shank portion are
      stressed in tension by virtue of the leftwardly directed forces applied to
      the contact portions of the teeth of the lower jaw. Finally, the lower
      teeth may be flexed or stressed in the manner of a cantilever beam by
      virtue of the forces applied to their surfaces 30 by their upper teeth 35.
      The conductor is thus gripped or tightly held in a self-contained closed
      circuit spring system which is incapable of relaxing its contact force on
      the conductor. It should be mentioned that the toggle mechanism or linkage
      can be straightened to the point that it is slightly over center rather
      than on center to further insure against any relaxation.
PAR  Failure or partial failure in cold-formed electrical connections is
      frequently a result of dimensional instability as caused, for example, by
      relaxation, springback, creep, and thermal expansion and contraction. Such
      failures are avoided in the practice of the invention because of the fact
      that stored energy is provided in a manner such that any dimensional
      instability is compensated for as it occurs. The manner of stressing the
      connecting device as a whole, for example, is such that it will compensate
      for any creep in the conductor which may take place and it will follow any
      thermal expansion and contraction in both directions so that temperature
      cycling will not result in any permanent change. The cantilever stressing
      mode of the lower teeth provides a further source of stored energy for the
      maintenance of contact stability which is substantially independent of the
      closed loop toggle system and thereby further enhances the reliability of
      the connection.
PAR  FIG. 11 shows a multi-contact electrical connector assembly comprising two
      connector parts 97, 97' each of which contains a plurality of electrical
      contact terminals in accordance with the invention secured to the
      conductors of a flat conductor cable. Since the connector parts 97, 97'
      are similar to each other in most respects, a description of one will
      suffice for both and the connector part 97 containing the electrical
      contact pins will therefore be described in detail.
PAR  The connector part 97 comprises a rack or frame 46 which is contained in a
      housing generally indicated at 98. The rack or frame (FIGS. 6 and 7) is in
      the form of a molded block of suitable insulating material such as nylon
      having a base 48 and a side wall 50 extending from one side edge of the
      base. A lip 51 extends outwardly from the upper end of sidewall 50 for
      cable clamping purposes as will be described below. A plurality of
      barriers 54 extend upwardly from the upper surface of the base 48 and
      define individual cavities 52 in which individual contact terminal pins
      are mounted. Relatively thick end walls 66 extend from the ends of the
      base and have recesses 68, 70 therein for reasons which will be apparent
      from the description which follows.
PAR  The barriers have upper edges which are contoured as shown in FIG. 6 and
      which are on the same level as the upper end of the sidewall 50 and 58,
      adjacent to the sidewall. An intermediate recess 60 is provided in spaced
      relationship to the side wall and the righthand portion of each barrier is
      elevated above the sidewall 50 as shown at 62, a shallow recess 64 being
      provided intermediate the ends of this righthand portion of the barrier.
      Additionally, a shallow recess 56 is provided in the base in each cavity
      adjacent to the wall 50 for reception of a depending ear 21 of the contact
      terminal for locating purposes. The relatively thick endwalls 66 are
      provided with recesses 68, 70, the inner ends of these recesses being
      co-planar with the edges 60, 64 respectively of the barriers.
PAR  As is apparent from FIGS. 6 and 7, when the contact terminals are located
      in the cavities 52, the free ends of the jaw 16 will project above the
      edges 50 of the adjacent barrier walls and the knee joints 44 of the
      toggles will project above the recesses 64 of the elevated portions of the
      barrier walls.
PAR  A frame or rack 46 which has been pre-loaded with electrical contact
      terminals is applied to the conductors of a flat conductor cable by means
      of an apparatus such as that shown in FIGS. 8 and 9 and similar to a
      conventional die shoe or die set in which punches and dies are mounted.
      This applicator thus comprises a lower shoe or block 74 and an upper block
      76. A pair of guide pins 78 extend from the lower block and through
      openings in the upper block, springs 80 being interposed between the
      surfaces of the blocks and in surrounding relationship to these pins to
      bias the upper shoe to the position shown. Four locating pins 82, 84 are
      mounted on the upper surface of the lower block 74 to precisely locate the
      rack or frame with reference to the application tooling punches 88, 90
      described below.
PAR  A tool holder block 86 is secured by suitable fasteners to the underside of
      the upper block 76 centrally between the guide pins 78. A bending punch 88
      in the form of a generally rectangular plate is mounted in the tool holder
      block and located such that when the upper shoe or block is moved
      downwardly, the lower edge of this bending plate or tool will engage the
      free ends of the jaws 16 of the terminals mounted in the frame supported
      on the lower block. Advantageously, this punch is provided with spaced
      apart recesses 92 shaped to engage and center the free ends of the jaws 16
      of the terminals when the upper block is moved downwardly.
PAR  The punch 88 is slidably mounted on a recess in the tool holder block 86
      and has an enlarged upper end 92 which is slidably supported in an
      enlarged upper end of the recess in the tool holder block. Spring means 94
      are provided in a recess 96 in the head block 76 and bear against the
      enlarged head 92 of the bending tool to permit overtravel in a downward
      direction of the tool holder block during operation.
PAR  A plate-like toggle straightening punch 90 is mounted in the tool holder
      block 86 behind the bending tool 88 and has a downwardly facing edge 91
      which is normally spaced from and above the lower edge 92 of the bending
      tool 88. This toggle straightening tool 90 is rigidly mounted in the tool
      holder block as shown.
PAR  In order to apply a plurality of terminals mounted in a rack to the
      conductors in a cable, the rack is located on the surface of the lower
      block 94 by means of the four locating pins 82, 84. The cable is then
      positioned between the open jaws of the contact terminals in the rack with
      its individual conductors in alignment with the individual terminals in
      the rack. The upper block 76 is then moved downwardly by any suitable
      force applying means, for example, a conventional arbor press. During such
      downward movement of the upper shoe 76, the bending punch 88 first engages
      the free ends of the jaws 16 and bends the jaws and the toggle links of
      the individual contact terminals downwardly as previously described with
      reference to FIG. 4. Therefore, the bending punch remains stationary and
      the upper shoe 76 and tool holder block 86 move downwardly with
      concomitant compression of the spring 94. The lower edge 91 of the toggle
      straightening punch 90 then engages the knee joints of the toggle links
      and straightens these links as previously described with reference to FIG.
      5.
PAR  The force required to apply a multiplicity of connecting devices to an
      equal number of conductors as explained above, is quite low as compared
      with other methods of applying connecting devices to conductors. The
      toggle is widely recognized as an extremely effective force multiplier in
      hand tools and in machines and is widely used when it is desired to
      develop a high unit force in a hand tool, for example, from a relatively
      low available force. The force multiplying advantages of the toggle in the
      practice of the present invention thus permit the simultaneous application
      of a large number of connecting devices to conductors without the
      requirement of an unduly high actuating force.
PAR  It is also advantageous that in accordance with the invention, the crimping
      force as applied by the apparatus of FIGS. 8 and 9 is applied in a
      direction normal to the plane of the conductor cable and the crimping
      apparatus, whether it be of the type shown in the drawing or of another
      type, need not completely surround the connector containing the connecting
      devices. These features render practical the pre-loading of the connector
      housing with connecting devices and the simultaneous application of all of
      the connecting devices to the cable.
PAR  The previously identified housing 98 is advantageously a molded block of
      insulating material such as nylon having a trough-like recess 100
      extending into one side thereof for reception of the frame 46. The inner
      wall 101 of this recess is provided with an elongated opening 102 for
      reception of the flat conductor cable and the lip 51 of the frame. It will
      be understood that the cable is inserted through this recess prior to
      application of the terminals in the rack to the cable conductors as
      described immediately above. The housing is then slid along the cable
      until the rack and the terminals are received in the trough-like recess
      100.
PAR  The housing advantageously has a hood portion 104 which projects forwardly
      beyond the yoke portion of the terminals mounted in the rack to protect
      the projecting ends of the terminals. Additionally, the housing is
      recessed on its rearwardly facing side as shown at 106 and a clamping bar
      108 is located in this recess and secured by means of fasteners 110 to the
      housing, ears 112 being provided on this clamping bar and on the housing
      for the accommodation of the fasteners. The clamping bar is tightened
      against the surface of the housing thereby tightly gripping the cable and
      providing a strain relief so that if the cable is pulled relative to the
      housing, the electrical connection between the conductors of the cable and
      the contact terminals in the rack will not be disturbed.
PAR  The connector part 97' differs from the connector part 97 in that it
      contains contact receptacles each of which has a pair of spaced apart
      tines 114 which are adapted to receive the contact pins of the terminals
      in the connector part 97. The connecting portions of the terminals in the
      connecting part 97' are otherwise identical to the corresponding
      connecting portions of the terminals in the connector part 97. It will be
      noted that the projecting hood 104' of the connector part 97' is
      dimensioned to fit within the hood 104 of connector part 97.
PAR  FIGS. 12 and 13 show a contact terminal 116 having an alternative form of
      connecting means 120 in accordance with the invention. Connecting means
      120 of this terminal has a yoke 126, a shank 128, a lower or fixed jaw
      124, a movable jaw 122, and a toggle 130 which extends from the jaw 122 to
      the yoke as previously described. The particular terminal shown in a pin
      type terminal having a contact portion 118 extending from the yoke.
PAR  The connecting means of the contact terminal of FIGS. 12 and 13 differs
      from the previously described embodiment in that a web 132 is provided
      which extends between the movable jaw 122 and the fixed jaw 124 at the
      rearward ends of these jaws. This contact terminal is applied to a
      conductor by applying the forces F.sub.1, F.sub.2 simultaneously to the
      free end of the movable jaw and the knee joint of the toggle. The
      apparatus for applying this connecting device to a conductor differs from
      the apparatus shown in FIGS. 8 and 9 in that it would not have a spring
      loaded punch but would consist simply of a means for simultaneously
      applying the forces F.sub.1, and F.sub.2. During the application of the
      connecting device of FIGS. 12 and 13, to a conductor the jaw is swung
      downwardly and the web is plastically deformed.
PAR  It will be apparent that when the terminal of FIGS. 12 and 13 is applied to
      a conductor, there is very little movement of the upper jaw in its own
      plane parallel to the lower jaw as described with reference to the
      previous embodiment. The teeth 124 of the upper jaw are located such that
      their forwardly facing edges are adjacent to the rearwardly facing edges
      of the teeth 136 on the lower jaw 124. Connecting means of the type shown
      in FIGS. 12 and 13 can be used to advantage where electrical connections
      to stranded or solid wires having relatively thick insulation are being
      made since the points of the teeth dip into and penetrate insulation to
      establish contact with the conducting core of the wire. Under some
      circumstances, the extrusion and/or fracture methods of establishing
      electrical contact may be impractical if the insulation is relatively
      thick.
PAR  It will be noted that the connecting portion of the contact terminal shown
      in FIGS. 12 and 13 has an elongated slot 138 in its lower jaw beneath the
      teeth 136. This slot divides the lower jaw into upper and lower strap
      sections 140, 142 and when the terminal is applied to a conductor, the
      upper strap section 140 is resiliently flexed in the manner of a beam
      fixed at each of its ends. This flexures provides additional stored energy
      for the maintenance of the electrical interface in that as a result of
      this flexure, the teeth 136 of the lower jaw are urged downwardly and
      against the conductor and the teeth of the upper jaw. This fixed beam
      spring system is, like the cantilever beam spring system of the previously
      described embodiment, substantially independent of the toggle system so
      that, as with the previous embodiment, redundancy in the spring system is
      provided for maintaining contact.
PAR  A wide variety of specific applications of the principles of the invention
      and modifications of the herein disclosed embodiments of the invention
      which are within the scope of the appended claims will be apparent to
      those skilled in the electrical art. The connecting means of the
      invention, that is the toggle mechanism in combination with the closeable
      jaws, can be used in terminals other than those shown, for example,
      terminals having integral posts which are adapted to be soldered to the
      conductors of a printed circuit board. Connecting devices for simply
      permanently splicing the conductors of the flat cables can be made by
      simply forming a splice connector having a connecting means in accordance
      with the invention at each end thereof. It may under some circumstances be
      desirable to substitute for the shank portions of the connecting means 128
      of FIG. 12 and 18 or 20 of FIG. 2, a second toggle mechanism or toggle
      link.
PAR  Changes in construction will occur to those skilled in the art and various
      apparently different modifications and embodiments may be made without
      departing from the scope of the invention. The matter set forth in the
      foregoing description and accompanying drawings is offered by way of
      illustration only.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical connection between an elongated conductor and a connecting
      device,
PA1  said connecting advice comprising a relatively thin sheet metal one-piece
      plate-like connecting member having a yoke portion and first and second
      jaws, said jaws having free ends and having fixed ends, said fixed ends
      being spaced from and connected to, said yoke portion, said jaws and said
      yoke portion being co-planar,
PA1  said jaws being closed onto said conductor with said conductor extending
      into said jaws between said free ends and towards said yoke portion, said
      jaws having interdigitated contact portions comprising teeth extending
      from said jaws, said contact portions engaging said conductor, said
      contact portions comprising surface portions on said teeth on said first
      jaw facing generally towards said free ends and surface portions on said
      teeth on said second jaw facing generally towards said yoke portion, said
      conductor having portions extending between said contact portions,
PA1  said first jaw being connected to said yoke portion by a compressively
      stressed link means
PA1  a web integral with, and extending between, said first and second jaws,
      said web being located between said teeth and said compressively stressed
      link means,
PA1  one of said jaws having an elongated opening therein whereby said one jaw
      comprises a pair of coextensive strap sections, said teeth on said one jaw
      being integral with one of said strap sections, said one strap section
      being stressed in the manner of a beam fixed at each end thereby to
      provide added stored energy urging said teeth on said one strap section
      against said conductor and against said teeth on said other jaw whereby,
PAL  said first jaw is resiliently biased outwardly from said yoke portion by
      said compressively stressed link means, and said contact portions of said
      first jaw are thereby urged against said portions of said conductor and
      against said contact portions of said second jaw thereby to establish
      electrical contact with said conductor.
NUM  2.
PAR  2. A connection as set forth in claim 1, said teeth extending from said
      first jaw being relatively short, and said teeth extending from said
      second jaw being substantially longer than said teeth extending from said
      first jaw, said teeth extending from said second jaw being resiliently
      stressed in the manner of a cantilever beam, the stresses in said teeth of
      said second jaw tending to flex said teeth towards said free ends whereby,
      said contact portions of said teeth of said second jaw are resiliently
      urged towards said contact portions of said teeth of said first jaw.
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PAL  A jack type adaptor for electrically connecting an electric light fixture
      to an electric box comprises a jack type connecting member for mechanical
      connection to an electric box. The jack type connecting member comprises a
      first U-shaped bracket device and a pair of jack type connecting devices
      affixed to the bracket device in spaced parallel relation and electrically
      connected to electrically conductive leads in the electric box. A plug
      type connecting member for mechanical connection to a light fixture
      comprises a second U-shaped device and a pair of plug type connecting
      devices affixed to the second device in spaced parallel relation and
      electrically connected to the electrically conductive leads of the light
      fixture. The plug type connecting member is of the same configuration as
      the jack type connecting member but of larger dimensions to permit the
      juxtaposition of the plug type connecting member on the jack type
      connecting member with the plug type connecting devices in electrical
      contact with the corresponding jack type connecting devices thereby
      electrically connecting the light fixture to the leads in the box.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a jack type adaptor. More particularly,
      the invention relates to a jack type adaptor for electrically connecting
      an electric light fixture to an electric box.
PAR  When a person desires to connect an electric light fixture to an electric
      box in a ceiling or wall, it is necessary to connect the electrically
      conductive leads of the light fixture to the proper leads of the electric
      box. This involves disconnecting the source of electrical energy by
      opening the circuit before attempting the operation. It also involves
      splicing the electrical leads in a proper manner. The operation is too
      complicated for many people, so that they ultimately utilize the services
      of an electrician. Furthermore, there is always a strong possibility of an
      amateur getting an electric shock when attempting to make the connection
      himself and in many cases short-circuiting the line by making the wrong
      connections and thereby losing electric power altogether.
PAR  The principal object of the invention is to provide a jack type adaptor for
      electrically connecting an electric light fixture to an electric box,
      which adaptor is installed with complete safety, rapidity, comfort and
      convenience by people with or without skill.
PAR  An object of the invention is to provide a jack type adaptor of simple
      structure, which functions efficiently, effectively and reliably to
      electrically connect an electric light fixture to an electric box.
PAR  Another object of the invention is to provide a jack type adaptor for
      electrically connecting an electric light fixture to an electric box by
      connecting the leads of the electrical fixture to the proper leads of the
      electric box without conscious effort on the part of the person making the
      installation.
PAR  Still another object of the invention is to provide a jack type adaptor for
      electrically connecting an electric light fixture to an electric box
      without opening a circuit and without any shock to the person making the
      installation.
PAR  Yet another object of the invention is to provide a jack type adaptor for
      electrically connecting an electric light fixture to an electric box
      without the need for splicing leads and without the possibility of
      short-circuiting the line.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a jack type adaptor electrically connects
      an electric light fixture to an electric box, the light fixture having
      electrically conductive leads for energizing the light fixture and the
      electric box having electrically conductive leads therein. The adaptor
      comprises a jack type connecting member for mechanical connection to an
      electric box. The jack type connecting member comprises a first
      substantially U-shaped bracket device and a pair of jack type connecting
      devices affixed to the bracket device in spaced substantially parallel
      relation and electrically connected to the electrically conductive leads
      in the electric box. A plug type connecting member for mechanical
      connection to a light fixture comprises a second substantially U-shaped
      device and a pair of plug type connecting devices affixed to the second
      device in spaced substantially parallel relation and electrically
      connected to the electrically conductive leads of the light fixture. The
      plug type connecting member is of the same general configuration as the
      jack type connecting member, but of larger dimensions, to permit the
      juxtaposition of the plug type connecting member on a jack type connecting
      member with the plug type connecting devices in electrical contact with
      the corresponding jack type connecting devices thereby electrically
      connecting the light fixture to the leads in the box.
PAR  The jack type connecting member comprises a first substantially planar
      bracket plate. A first pair of side members extend substantially
      perpendicularly from the first bracket plate along part of opposite edges
      thereof. Each of a first pair of head members extends substantially
      perpendicularly from a corresponding one of the first pair of side members
      at the free edge thereof and substantially parallel to the first bracket
      plate. Each of the head members of the first pair of head members extends
      away from the side member of the other member. Each of a pair of jack type
      connecting devices is affixed to and extends substantially perpendicularly
      from a corresponding one of the head members of the first pair of head
      members. Each of the jack type connecting devices extends toward the first
      bracket plate. Each of the head members of the first pair of head members
      has a hole formed therethrough for accommodating the corresponding one of
      the jack type affixed thereto.
PAR  The plug type connecting member comprises a substantially planar base
      member. A second pair of side members extend substantially perpendicularly
      from the base member along opposite edges thereof. Each of a second pair
      of head members extends substantially perpendicularly from a corresponding
      one of the second pair of side members at the free edge thereof and
      substantially parallel to the base member. Each of the head members of the
      second pair of head members extends away from the side member of the other
      head member. Each of a pair of plug type connecting devices is affixed to,
      and extends substantially perpendicularly from, a corresponding one of the
      head members of the second pair of head members. Each of the plug type
      connecting devices extends away from the base member. Each of the head
      members of the second pair of head members has a hole formed therethrough
      for accommodating the corresponding one of the plug type connecting
      devices affixed thereto.
PAR  One of the first pair of side members extends a greater distance from the
      first bracket plate than the other and the corresponding one of the second
      pair of side members extends a greater distance from the base member than
      the other. Thus, each of the plug type connecting devices is electrically
      connectable only with the corresponding one of the jack type connecting
      devices.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a schematic diagram of an embodiment of the jack type connecting
      member of the jack type adaptor of the invention;
PAR  FIG. 2 is an end view, taken along the lines II--II, of FIG. 1;
PAR  FIG. 3 is a schematic diagram of an embodiment of the plug type connecting
      member of the jack type adaptor of the invention;
PAR  FIG. 4 is an end view, taken along the lines IV--IV, of FIG. 3;
PAR  FIG. 5 is an end view of the embodiments of FIGS. 2 and 4 illustrating
      their connectability with each other; and
PAR  FIG. 6 is a view taken along the lines VI--VI, of FIG. 2.
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The jack type adaptor of the invention is for electrically connecting an
      electric light fixture 1, illustrated by broken lines in FIG. 4, and
      having electrically conductive leads 2 and 3, to an electric box 4,
      illustrated by broken lines in FIG. 2, and having electrically conductive
      leads 5 and 6 for energizing the light fixture.
PAR  The jack type adaptor of the invention comprises a jack type connecting
      member 7 (FIGS. 1, 2, 5 and 6) for mechanical connection to the electric
      box 4, as illustrated in FIG. 2. The jack type connecting member 7
      comprises a first substantially U-shaped bracket device 8 and a pair of
      jack type connecting devices 9 and 10 (FIGS. 1, 2, 5 and 6) affixed to the
      bracket device in spaced substantially parallel relation. The jack type
      connecting devices 9 and 10 are electrically connected to the electrically
      conductive leads 5 and 6 in the electric box 4 via electrically conductive
      leads 11 and 12, respectively, of said jack type connecting devices.
      Although the actual electrical connection of the leads is not shown in the
      FIG. 2, such electrical connections are made by any suitable means.
PAR  The jack type connecting member 7, and more particularly, the bracket
      device 8 thereof, as shown in FIGS. 1, 2 and 5, comprises a first
      substantially planar bracket plate 13. A first pair of side members 14 and
      15 extend substantially perpendicularly from the first bracket plate 13
      along part of opposite edges 16 and 17 (FIG. 1) thereof, respectively. A
      first pair of head members 18 and 19 are provided. Each of the head
      members 18 and 19 extends substantially perpendicularly from a
      corresponding one of the first pair of side members 14 and 15,
      respectively, at the free edge thereof and substantially parallel to the
      first bracket plate 13, as shown in FIGS. 1, 2 and 5. Each of the head
      members 18 and 19 extend away from the side member 14 and 15 of the other
      head member. In other words, the head member 18 extends away from the side
      member 15 and the head member 19 extends away from the side member 14.
PAR  Each of the pair of jack type connecting devices 9 and 10 is affixed to and
      extends substantially perpendicularly from a corresponding one of the head
      members 18 and 19. Thus, the jack type connecting device 9 is affixed to
      the head member 18 and extends toward the first bracket plate 13. The jack
      type connecting device 10 is affixed to the head member 19 and extends
      toward the first bracket plate 13. Each of the head members 18 and 19 has
      a hole formed therethrough for accommodating the corresponding one of the
      jack type connecting devices affixed thereto.
PAR  The jack type adaptor of the invention further comprises a plug type
      connecting member 20 (FIGS. 3, 4 and 5), mechanically connected to the
      light fixture 1. The plug type connecting member 20, as shown in FIGS. 3,
      4 and 5, comprises a second substantially U-shaped device 21 and a pair of
      plug type connecting devices 22 and 23 affixed to the second device in
      spaced substantially parallel relation. The plug type connecting devices
      22 and 23 are electrically connected to the electrically conductive leads
      2 and 3 of the light fixture 1 via electrically conductive leads 24 and
      25, respectively, of said plug type connecting devices. Although the
      actual electrical connection of the leads is not shown in the FIGS., such
      electrical connections are made by any suitable means.
PAR  The plug type connecting member is of the same general configuration as the
      jack type connecting member 7, but of larger dimensions, to permit the
      juxtaposition of the plug type connection member 20 on the jack type
      connecting member with the plug type connecting devices 22 and 23 in
      electrical contact with the corresponding jack type connecting devices 9
      and 10, as illustrated in FIG. 5, thereby electrically connecting the
      light fixture 1 to the leads 5 and 6 in the electric box 4.
PAR  The plug type connecting member 20, and more particularly, the device 21
      thereof, as shown in FIGS. 3, 4 and 5, comprises a base member 26. A
      second pair of side members 27 and 28 extend substantially perpendicularly
      from the base member 26 along part of opposite edges 29 and 30 (FIG. 3)
      thereof, respectively. A second pair of head members 31 and 32 are
      provided. Each of the head members 31 and 32 extends substantially
      perpendicularly from a corresponding one of the second pair of side
      members 27 and 28, respectively, at the free edge thereof and
      substantially parallel to the second bracket plate 26, as shown in FIGS.
      3, 4 and 5. Each of the head members 31 and 32 extends away from the side
      member 27 and 28 of the other head member. In other words, the head member
      31 extends away from the side member 28 and the head member 32 extends
      away from the side member 27.
PAR  Each of the plug type connecting devices 22 and 23 is affixed to and
      extends substantially perpendicularly from a corresponding one of the head
      members 31 and 32. Thus, the plug type connecting device 22 is affixed to
      the head member 31 and extends away from the base member 26. The plug type
      connecting device 23 is affixed to the head member 32 and extends away
      from the base member 26. Each of the head members 31 and 32 has a hole
      formed therethrough for accommodating the corresponding one of the plug
      type connecting devices affixed thereto.
PAR  The side member 14 of the first pair of side members 14 and 15 extends a
      greater distance from the first bracket plate 13 than does the side member
      15. The side member 27 of the second pair of side members 27 and 28
      extends a greater distance from the base member 26 than does the side
      member 28. Thus, error in connection or installation on the part of the
      person installing the adaptor of the invention is precluded. Each of the
      plug type connecting devices 22 and 23 is electrically connectable only
      with the corresponding one of the jack type connecting devices 9 and 10.
      That is, the plug type connecting device 22 may only be electrically
      connected to the jack type connecting device 9 and the plug type
      connecting device 23 can only be connected to the jack type connecting
      device 10. If the person installing the adaptor of the invention were to
      attempt to make the installation in the reverse fashion, there would be no
      connection between one of the plug type connecting devices and one of the
      jack type connecting devices, so that there would be an open circuit.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A jack type adaptor for electrically connecting an electric light
      fixture to an electric box, the light fixture having electrically
      conductive leads for energizing said light fixture and the electric box
      having electrically conductive leads therein, said adaptor comprising
PA1  a jack type connecting member for mechanical connection to an electric box,
      said jack type connecting member comprising a first substantially U-shaped
      bracket device and a pair of jack type connecting devices affixed to the
      bracket device in spaced substantially parallel relation and electrically
      connected to the electrically conductive leads in the electric box, the
      jack type connecting member comprising a first substantially planar
      bracket plate, a first pair of side members extending substantially
      perpendicularly from the first bracket plate along part of opposite edges
      thereof, a first pair of head members each extending substantially
      perpendicularly from a corresponding one of the first pair of side members
      at the free edge thereof and substantially parallel to the first bracket
      plate, each of the head members of the first pair of head members
      extending away from the side member of the other head member, and a pair
      of jack type connecting devices each affixed to and extending
      substantially perpendicularly from a corresponding one of the head members
      of the first pair of head members, each of the jack type connecting
      devices extending toward the first bracket plate, each of the head members
      of the first pair of head members having a hole formed therethrough for
      accommodating the corresponding one of the jack type connecting devices
      affixed thereto; and
PA1  a plug type connecting member for mechanical connection to a light fixture,
      said plug type connecting member comprising a second substantially
      U-shaped device and a pair of plug type connecting devices affixed to the
      second device in spaced substantially parallel relation and electrically
      connected to the electrically conductive leads of the light fixture, the
      plug type connecting member being of the same general configuration as the
      jack type connecting member but of larger dimensions to permit the
      juxtaposition of the plug type connecting member on the jack type
      connecting member with the plug type connecting devices in electrical
      contact with the corresponding jack type connecting devices thereby
      electrically connecting the light fixture to the leads in the box.
NUM  2.
PAR  2. A jack type adaptor as claimed in claim 1, wherein the plug type
      connecting member comprises a substantially planar base member, a second
      pair of side members extending substantially perpendicularly from the base
      member along opposite edges thereof, a second pair of head members each
      extending substantially perpendicularly from a corresponding one of the
      second pair of side members at the free edge thereof and substantially
      parallel to the base member, each of the head members of the second pair
      of head members extending away from the side member of the other head
      member, and a pair of plug type connecting devices each affixed to and
      extending substantially perpendicularly from a corresponding one of the
      head members of the second pair of head members, each of the plug type
      connecting devices extending away from the base member, each of the head
      members of the second pair of head members having a hole formed
      therethrough for accommodating the corresponding one of the plug type
      connecting devices affixed thereto.
NUM  3.
PAR  3. A jack type adaptor as claimed in claim 2, wherein one of the first pair
      of side members extends a greater distance from the first bracket plate
      than the other and the corresponding one of the second pair of side
      members extends a greater distance from the base member than the other, so
      that each of the plug type connecting devices is electrically connectable
      only with the corresponding one of the jack type connecting devices.
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ABST
PAL  There is disclosed a slide-on type of electrical connector having two
       septed concentric contact elements encapsulated within a dielectric
      mounting material. Each contact element includes a slide contact at one of
      its ends and a post-type terminal at its other end. The respective
      slide-on contacts are concentrically arranged, one within the other, for
      completing two separate circuits when the connector is telescoped onto a
      mating connector device. Each of the contact elements has a large contact
      surface and a large effective cross section along its entire length for
      enabling the connector element to carry large currents in excess of 200
      amperes. Each contact element is preferably formed as a one piece metal
      casting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Certain Military vehicles are equipped with cable devices for temporarily
      enabling a charged battery in one of the vehicles to energize a starter
      motor in the other vehicle, as for example when the other vehicle's
      battery has been permitted to run down. The cable device commonly is
      provided with slide-on type electrical connectors at each of its ends. In
      use of the cable each electrical connector is plugged onto a mating
      receptacle in one of the vehicles. Each cable includes two insulated
      conductors, i.e. a positive conductor and a negative conductor;
      accordingly each connector includes two separate contact elements for
      connecting the ends of the conductors to the fixed contacts in the vehicle
      receptacle.
PAR  The present invention relates to an improved connector design that can be
      used, either at the end of the cable or in the vehicle receptacle, to
      simultaneously complete the positive and negative circuits. The connector
      design contemplates two concentric metallic connector elements
      economically encapsulated as inserts in a molded dielectric block.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a sectional view through a connector assembly embodying the
      invention.
PAR  FIG. 2 is a left end view of the FIG. 1 connector assembly.
PAR  FIG. 3 is a sectional view through a second connector assembly using the
      invention. This assembly is adapted to slidably mate with the FIG. 1
      device to form a connection between the cable and the vehicle.
PAR  FIGS. 4, 5 and 6 are sectional views taken on lines 4--4, 5--5 and 6--6 in
      FIGS. 1 and 3.
PAR  FIGS. 7 and 8 illustrate components used in the FIG. 1 assembly.
PAR  FIGS. 9 and 10 are sectional views through an "adapter" device designed
      according to the invention for adapting the FIG. 1 device to use with
      vehicles having socket-type receptacles that would otherwise be unable to
      mate with the FIG. 1 device.
DETD
PAR  FIG. 1 shows an electrical connector assembly comprising two metallic
      conductive elements 10 and 12 encapsulated within a dielectric molding 14.
      As best seen in FIG. 7, element 10 is a one piece cast structure,
      comprising a main body portion 16 of annular configuration, and a
      post-like extension 18. Annular portion 16 is machined to provide eight
      axial slits 20 that define eight cantilever arms 22 (four of which are
      visible in FIG. 7). The leftmost area 23 of main body portion 16 provides
      an uninterrupted ring-like annulus that serves to electrically and
      mechanically connect arms 22 with post 18. Post 18 is provided with a
      threaded opening 24 in its end face 26 for reception of lead wire
      attachment screw, not shown in FIG. 7.
PAR  Metallic element 12, shown best in FIG. 8, is a one piece cast structure,
      comprising a main body portion 28 of pin-like configuration, and a
      post-like extension 30 offset from the central axis 32 defined by body
      portion 28. Extension 30 is provided with a threaded opening 34 in its end
      face 36 for reception of a lead wire attachment screw, not visible in FIG.
      8.
PAR  Metallic elements 10 and 12 are anchored in concentric spaced relation by
      means of the dielectric encapsulating material 14, shown best in FIG. 1.
      The dielectric entirely surrounds and embeds ring portion 23 of member 10
      and the reduced diameter portion 29 of member 12. As seen in FIG. 4, the
      conductive elements are concentrically arranged, one within the other,
      about the central axis 32. The post-like extensions 18 and 30 are offset
      from central axis 32, as best seen in FIG. 2.
PAR  FIGS. 2, 7 and 8 collectively show the changes or transitions in wall
      configuration that take place between the post-like extensions and the
      main body portions of the respective conductive elements. Post 18 is
      located generally in alignment with a point on the circumference of
      annulus 23. The intervening transition wall 25 gradually widens in the
      circumferential direction and narrows in the radial direction to effect a
      merger of annulus 23 with post 18; the gradual transition provides
      satisfactory wall thickness without permitting element 10 to come in
      dangerously close proximity to element 12.
PAR  Post 30 is spaced a sufficient distance away from post 18 due to the
      "offset" transition 27 between main body portion 28 and post portion 30.
      Elements 10 and 12 are oriented so that post 30 is diammetrically across
      from post 18, as shown in FIG. 2. FIGS. 1 and 2 show in phantom cable lead
      wires attached to the posts by means of screws threaded into the openings
      in the post end faces. A cover (not shown) can be secured on the left face
      of dielectric body 14 to shield the cable-connector joints from the
      weather.
PAR  FIG. 3 illustrates a vehicle-mounted receptacle 40 that can be used with
      the FIG. 1 connector. Receptacle 40 comprises two concentric spaced
      conductive elements 42 and 44, each having a main body 46 or 48 and a
      post-like extension 50 or 52. Elements 42 and 44 are one piece metal
      castings encapsulated within a dielectric molding 54.
PAR  Main body portion 46 of element 42 comprises a series of cantilever arms 56
      formed by circumferentially spaced slits 58 (FIG. 5). The diameter of the
      space circumscribed by arms 56 corresponds to the diameter of plug portion
      28 of element 12; accordingly the FIG. 1 connector may be slidably plugged
      onto the FIG. 3 receptacle to complete a circuit across conductive
      elements 12 and 42. Post-like extension 52 of element 42 has a threaded
      opening 62 in its side face for reception of lead wire attachment screw
      (not shown) located within the vehicle.
PAR  The aforementioned conductive element 44 comprises a main body portion 48
      of cylindrical sleeve-like configuration. Intermediate its ends the main
      body portion is provided with a flange 59 that can be used to bolt
      receptacle 40 to the vehicle; the flange also acts as a grounding
      connection for the circuit that connects to conductive element 44. The
      outer diameter of sleeve portion 48 corresponds to the diameter of the
      space circumscribed by cantilever arms 22; accordingly when the FIG. 1
      connector is plugged onto the FIG. 3 receptacle a circuit is completed
      across arms 22 and sleeve portion 48. The threaded opening 64 in the side
      face of the conductive post portion 50 is adapted to receive an attachment
      screw for the vehicle wiring.
PAR  The FIG. 1 connector and FIG. 3 connector slidably mate together to
      complete two separate circuits. A positive circuit may be completed across
      conductive element portions 28 and 56. A negative circuit may be completed
      across conductive element portions 22 and 48.
PAR  FIGS. 9 and 10 illustrate an "adapter" type connector that can be used
      between the FIG. 1 cable termination and a vehicle receptacle of the
      multi-socket type (not shown). The adapter is generally similar to the
      FIG. 3 connector except that post-like extensions 50a and 52a are
      cylindrical for reception in circular sockets in the non-illustrated
      vehicle receptacle. The adapter is a loose item of hardware not
      necessarily intended for permanent mounting in the vehicle; hence it does
      not have a mounting flange corresponding to flange 59 of the FIG. 3
      device. The concentric portions 48a and 56a of the adapter are adapted to
      slidably interengage with portions 28 and 22 of the FIG. 1 cable
      termination such that extensions 50a and 52a are exposed to plug into the
      receptacle sockets.
PAC  FEATURES OF THE INVENTION
PAR  The principal feature of the invention, as exemplified in the embodiments
      of FIGS. 1, 3 and 9, is the relative simplicity of the connector design
      wherein the spaced concentric conductor elements (10, 12 or 42, 44) are
      accurately anchored within a dielectric molding as part of the molding
      operation.
PAR  Each of the conductor elements is a one piece casting of substantial
      contact area and substantial wall thickness along its entire length. For
      example, element 10 shown in FIG. 7 has cantilever arms 22 of substantial
      radial thickness (measured from central axis 32) and substantial inner
      surface area; these factors provide good current carrying abilities and
      low contact resistance. The inner surfaces of arms 22 can be accurately
      machined to the diameter of mating sleeve 48 to provide the desired
      contact surfaces. One or both of the mating surfaces can be slightly
      tapered to ensure good electrical contact along the length of each arm 22
      and also good frictional locking of the arms on the surface of sleeve 48.
      Arms 22 act as stiff springs to exert clamping forces on sleeve 48. It
      will be understood that the cantilever arms used in the embodiments of
      FIGS. 3 and 9 can be machined to proper taper to have desired gripping
      contact on the cooperating mechanisms.
PAR  The relatively thick arms 22 have an inherent stiffness that is not readily
      achieved with thinner arms formed by stamped sheet metal structures.
      Therefore assemblies using metal castings are well adapted for use in
      vehicles where the stiffness resists dislodgement of the mated connectors
      due to vibrational distrubances. Arms 56 used in the FIG. 3 and FIG. 9
      embodiments have similar stiffness characteristics.
PAR  It will be noted that the concentric conductive elements are adapted to
      occupy relatively small space in relation to the element wall thickness
      and contact surface area. The post-like extensions (18, 30 or 50, 52 or
      50a, 52a) are offset from the concentric portions of the conductive
      elements but still primarily within the diammetrical outline of the
      conductive slide-on structure; the post design therefore promotes
      miniaturization and materials economies.
PAR  The posts are in each case connected to the main body portion of the
      respective conductive elements by relatively thick transition walls that
      maintain wall thicknesses without bringing the two conductive elements
      dangerously close together. The posts themselves are in each case anchored
      and relatively widely spaced from one another for proper orientation to
      the vehicle or cable wiring.
PAR  The concentric nature of the conductive elements is such that the FIG. 1
      connector assembly can be plugged onto the FIG. 3 or FIG. 9 receptacles in
      any rotated position. The cable can thus be swivelled or rotated to
      different positions in accordance with the relative positions of the two
      vehicles and/or the degree of accessibility of the receptacle in each
      vehicle.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      details of construction shown and described, for obvious modifications
      will occur to a person skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical connector assembly comprising a first conductive element
      formed as a one piece metal casting; said casting including a main annular
      body portion having a first post-like extension off-set from but parallel
      to the body portion axis, the end area of the annular body portion remote
      from the post-like extension having a number of slits machined therein
      parallel to the body portion axis, said slits separating the end area of
      the annular body portion into an equivalent number of stiff resilient
      cantilever arms, said slits extending only part way along the axial
      dimension of the annular body portion whereby the unslit area of said body
      portion defines an uninterrupted ring-like annulus; said electrical
      connector assembly further comprising a second one piece conductive
      element having a pin-like body portion located on the axis of the
      aforementioned annular body portion and within the space circumscribed by
      the resilient cantilever arms; said second conductive element further
      including a second post-like extension off-set from but parallel to the
      body portion axis, and a transition portion integrally joining the
      pin-like body portion and the second post-like extension; said electrical
      connector assembly further comprising a dielectric body molded around
      selected portions of the first and second conductive elements to anchor
      them in spaced-apart relationship; said dielectric body comprising a
      central dielectric section surrounding and embedding therein the ring-like
      annulus area of the first element and the circumscribed portion of the
      second element; said dielectric body further comprising an annular shroud
      portion surrounding but spaced outwardly from the cantilever arms to
      permit limited deflection movements of said arms about their connections
      with the aforementioned ring-like annulus; the aforementioned post-like
      extensions projecting axially through the dielectric body to provide
      exposed post end faces, said post-like extensions having threaded openings
      in their exposed end faces for reception of lead wire-attachment screws;
      the aforementioned dielectric body having lead wire openings in its side
      surface so that the lead wires are enabled to extend into the dielectric
      body normal to the post-like extensions; the aforementioned conductive
      elements having circular contours taken around the aforementioned axis,
      thus permitting the defined electrical connector assembly to swivel around
      the aforementioned axis for accommodation of different lead wire
      directions; the post-like extensions being widely spaced on a diammetrical
      line passing through said axis.
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ABST
PAL  A cable clamp having jaws hingedly connected at one end by a hinge having a
      diametrical bore through which a cable can be inserted between the jaws,
      is energized by tension applied to the other ends of the jaws by a means
      acting to draw the jaws together into clamping engagement with a cable
      engaged between the jaws.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Cable clamps having jaws hingedly connected for movement between an open,
      cable-receiving position and a closed, cable-clamping position, are known
      in the art and are exemplified by the following patents:
PA1  Schuck et al.-- U.S. Pat. No. 3,118,720--Electrical Connector
PA1  Lawlor.-- U.S. Pat. No. 3,138,422--Electrical Connector with Wire-Gripping
      Means
PA1  Lawlor et al.-- U.S. Pat. No. 3,351,889--Connector with Wire-Gripping Means
PA1  Lawlor--U.S. Pat. No. 3,406,372--Non-Shearing Electrical Connector
PA1  Beaudion--U.S. Pat. No. 3,437,979--Connector with Wire-Gripping Means
PA1  Lawlor--U.S. Pat. No. 3,477,060--Connector of Sheet-Metal Construction
PA1  Tracy--U.S. Pat. No. 3,169,818-Electrical Conductor Clamp
PA1  Peterson--U.S. Pat. No. 2,700,807-Guy Wire Clamp
PA1  Goetzelman--U.S. Pat. No. 1,955,283-Ground Connection
PA1  Lanfear--U.S. Pat. No. 2,680,145-Wire Connector
PA1  German Pat. No. 698,501
PAR  The devices of the foregoing patents and of any other prior art within our
      knowledge (clamps such as disclosed in the above-listed Schuck et al.
      patent) rely upon fastener bolts inserted through integral tails or base
      members of respective jaws, or on frictional engagement of rotatable
      connections between jaws, in order to maintain clamping engagement of the
      jaws against a cable.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention improves upon such prior clamps by developing
      clamping action through tension acting against respective ends of the
      clamp, the tension at one end being applied through means such as toggle
      links or camming devices acting to draw the members of said one end
      together in a manner to effect gripping action of the jaws in proportion
      to the tension applied. Initial gripping action sufficient to develop the
      tension-energized gripping action, may be provided for by cable-engaging
      teeth on the respective jaws.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Objects of the invention will become apparent in the following
      specification and appended drawing, in which:
PAR  FIG. 1 is a side elevational view of a cable clamp embodying one form of
      the invention;
PAR  FIG. 2 is a plan view of the same;
PAR  FIG. 3 is an inverted plan view thereof;
PAR  FIG. 4 is an end view thereof, partially in section as indicated by line
      4--4 of FIG. 1;
PAR  FIG. 5 is a side elevational view of a modified form of the invention,
      partially in section;
PAR  FIG. 6 is a plan view of the same;
PAR  FIG. 7 is an end view thereof, partially in section as indicated by line
      7--7 of FIG. 6;
PAR  FIG. 8 is a side elevational view of another modified form of the
      invention, partially in section;
PAR  FIG. 9 is an inverted plan view of one of the jaw members of FIG. 8;
PAR  FIG. 10 is a plan view of the other jaw member thereof;
PAR  FIG. 11 is an end sectional view thereof on line 11--11 of FIG. 8; and
PAR  FIG. 1A is an enlarged detail section of FIG. 1.
DETD
       DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawing in detail, and particularly to FIGS. 1-4 and
      1A thereof, I have shown as one embodiment, a cable clamp comprising male
      and female jaw members M and F respectively, hinged together by a hinge H,
      adapted to clampingly engage a cable end C, and having an anchor part A
      connected to the jaws by means of a toggle linkage T which is operable to
      apply closing, clamping pressure to the jaws in response to tension
      developed between cable C and anchor part A.
PAR  Male jaw M comprises a cylindrical trunnion 10 and a bifurcated arm or yoke
      11 extending from an offset neck 12 joining the yoke to the trunnion, the
      latter being disposed at one side of the yoke (the upper side as viewed in
      FIG. 1). Trunnion 10 has a diametrical bore 13 through which cable C may
      be passed.
PAR  Female jaw F comprises a cylindrical socket 14 in which trunnion 10 is
      rotatably fitted for hinging movement of the jaws; a bifurcated arm or
      yoke 15 extending tangentially from socket 14 in spaced opposition to yoke
      11; and a bore 16 adapted to be aligned with bore 13 of the male jaw when
      the clamp is in open position (indicated in broken lines in FIG. 1)
      whereby the cable C may be easily inserted through the bore 16 (a
      circumferentially elongated opening) and the bore 13. Socket 14 is of
      substantially more than 180.degree. circumferential extent and includes a
      jaw portion 17 of yoke form transversely, having a U-shaped internal
      cable-clamping surface 18 of cable-gripping character (e.g.
      circumferentially serrated as at 18' in FIG. 1A) disposed substantially as
      an extension of bore 16 and in opposed relation to a similar clamping
      surface 18 of jaw M.
PAR  Preliminary cable gripping, pending application of full cable tension, is
      provided for by serrations 18' and/or by opposed teeth 19 on the
      respective jaws, projecting from jaw surfaces 18.
PAR  Anchor fitting A includes a threaded shank 20 or equivalent means for
      attachment to an anchoring body or cable; and a neck 21 in which is fixed
      a connecting pin 22 of linkage T. Toggle linkage T comprises two pairs of
      toggle links, 23 and 24, both linked to the pin 22 at converging inner
      ends. The outer ends of links 23 are pivotally linked to male yoke 11 by
      pintles 25, and the outer ends of links 24 are pivotally linked to female
      jaw yoke 15 by pintles 26. The links 23 and 24 converge toward fitting A
      so that when tension is applied between cable C and fitting A (cable C
      being meanwhile lightly gripped by teeth 19 to prevent disengagement of
      the cable from between the jaws) the grip of the jaws will be intensified
      by the action of the linkage T in drawing the yokes 11 and 15 together.
PAR  Referring now to FIGS. 5-7, the modified clamp shown therein comprises jaw
      M1 and F1 connected by a hinge H of the same construction as in FIGS. 1-4;
      a pair of integral tangentially projecting arms 30 and 31 of outwardly
      flaring relation, diverging toward their free ends and having elongated
      medial slots 32; and a bolt 33 extending through the slots 32 and anchored
      in an anchor bar or the like A1 for connecting clamp to an anchoring body.
      Washers 35 of wedge form on the outer ends of bolt 33, are engaged against
      ramp surfaces on the remote sides of arms 30, 31, and cooperate therewith
      to apply clamping pressure to jaws F1 and M1 by wedging action against
      such ramp surfaces when tension is applied through bolt 33 from anchor bar
      A1. Clamping pressure is applied by jaw surfaces 18A of jaws M1, F1.
PAR  In the further modification shown in FIGS. 8-11, male and female jaws M2
      and F2 respectively are connected by a hinge H the same as those described
      above. Jaws M2 and F2 include gripping surfaces 18B for clamping against
      cable C when the jaws are energized by camming action produced by a
      cross-pin 40 secured in the end of an anchor link A2 and crossed slots 41,
      42 of cam arms 43, 44 respectively, which are formed as integral
      extensions of jaws M2, F2 respectively. Cam arms 43, 44 may be in the form
      of yokes, one received within the other as indicated, the inner yoke in
      turn receiving the end of anchor part A2.
PAR  It will be understood from the description of the embodiments described
      hereinabove that the gripping surfaces, 18B for example, are, generally,
      of a longitudinal channel form. While various cross-sectional shapes may
      be employed for these surfaces, an oval cross-section, as is most clearly
      shown in FIG. 11, is particularly preferred. Gripping surfaces with such
      an oval cross-section are preferred since they allow lateral distortion of
      a cable engaged therebetween, thus minimizing the weakening damages
      effected upon the cable from the gripping action of the jaws.
PAC  OPERATION
PAR  In the device of FIGS. 1-4 and 1A, bore 16, an opening which is elongated
      circumferentially of socket 14, will be so aligned with trunnion bore 13
      when the clamp is in the open position indicated in phantom in FIGS. 1 and
      1A, that the bared end of cable C can be freely received through both
      bores and between gripping jaw surfaces 18. The workman, after effecting
      this initial stage of assembly, will release his hold (or the hold of such
      assembling apparatus as he may be using) in a manner such as to effect
      preliminary closing of jaw surfaces 18 against the cable as tension is
      allowed to gradually take effect, without, however, releasing the parts so
      suddenly as to risk pull-back of the cable from the clamp. Assuming that
      anchor part A is secured to an anchor body and that cable C is under
      tension (generated by its suspended weight or otherwise) the tendency of
      the cable to escape from the clamp when it is released will be overcome by
      the gripping effect of serrated jaw surfaces 18 and teeth 19 (if
      utilized--as when the cable is of woven-strand structure such as to be
      readily pierced by such teeth) which are several times as high as the
      serrations. As the full cable tension is imposed on the clamp, pulling
      against the fixed anchorage of part A, toggle means T will become
      effective to develop clamping pressure through the gripping surfaces 18
      against the interposed cable end, such as to securely hold the cable when
      fully tensioned.
PAR  Operation of the modifications shown in FIGS. 5-11 is the same as that
      described above with the exception of the specific type of clamping
      pressure generating action of the tension-generating devices T1 and T2 of
      FIGS. 5-7 and 8-11.
PAR  Of course, various modifications of the preferred embodiments disclosed
      herein may be employed without departing from the spirit and scope of the
      invention nor without loss of its attendant advantages.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a cable clamp:
PA1  a male jaw having at one end a transverse trunnion provided with a
      diametrical cable-receiving bore;
PA1  a female jaw having at one end a transverse socket receiving said trunnion
      to provide a hinge connectiong said one ends for opening and closing
      movements of said jaws;
PA1  said jaws having respective opposed cable-gripping surfaces spaced from
      said hinge toward the other end of said jaws;
PA1  said socket having at one end an opening adapted to register with said
      trunnion bore in an open position of said jaws so that a cable may be
      passed through said opening and said bore and received between said
      gripping surfaces;
PA1  an anchor part for attachment to an anchor body; and
PA1  tension responsive means connecting said anchor part to the other ends of
      said jaws for developing gripping engagement of said gripping surfaces
      against said cable in response to increased cable tension.
NUM  2.
PAR  2. A cable clamp as defined in claim 1, including means on said gripping
      surfaces for retaining said cable between said gripping surfaces pending
      development of said tension-energized gripping engagement.
NUM  3.
PAR  3. A cable clamp as defined in claim 2, wherein said retaining means
      comprises opposed cable-piercing teeth projecting in opposed relation from
      said gripping surfaces.
NUM  4.
PAR  4. A cable clamp as defined in claim 2, wherein said retaining means
      comprises serrations in said jaw surfaces, extending transversely of said
      jaws.
NUM  5.
PAR  5. A cable clamp as defined in claim 1, wherein said tension responsive
      means comprises toggle links connecting said other ends of the jaws to
      said anchor part.
NUM  6.
PAR  6. A cable clamp as defined in claim 5, said jaws having respective arms
      extending beyond said jaw surfaces to constitute said other ends of the
      jaws;
PA1  said toggle links being in pairs, each consisting of two toggle links
      pivoted to the ends of respective arms, extending in converging relation
      to said anchor part and both pivoted to a respective side thereof.
NUM  7.
PAR  7. A cable clamp as defined in claim 1:
PA1  said other ends of the jaws comprising opposed arms extending beyond said
      gripping surfaces, having external ramp surfaces diverging toward their
      free ends, and pierced by longitudinal slots;
PA1  a connector element extending through the slots of said arms and having
      ramp-following means at opposite ends thereof in sliding engagement with
      said ramp surfaces;
PA1  said connector element being attached to said anchor part so as to effect
      jaw-closing wedge action by said ramp-following means against said ramp
      surfaces in response to cable tension.
NUM  8.
PAR  8. A cable clamp as defined in claim 1:
PA1  said other ends of the jaws comprising opposed bifurcated arms extending
      beyond said gripping surfaces, said arms having respective cam slots in
      diagonally crossed relation;
PA1  and a cam-following element attached to said anchor part and extending
      transversely through said slots at the crossings thereof;
PA1  the crossed relation and inclination of said slots being such that cable
      tension will be effective to urge said jaws toward one another, in
      response to cable tension.
NUM  9.
PAR  9. A cable clamp as defined in claim 1, wherein said gripping surfaces are
      of longitudinal channel form and oval in cross-section so as to provide
      for lateral distortion of a cable engaged therebetween and subjected to
      gripping pressure tending to crush the cable, thereby minimizing weakening
      damage to the cable from the gripping action of said jaws.
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PAL  A light guide arrangement in which at least two light guides are coupled at
      one end to an optical integration Chamber for achieving a common field of
      view from the remote ends of both or all of the light guides even when the
      end of the optical integration chamber is in contact with a surface being
      scanned, in which the components of the optical integration chamber, that
      is a light guiding element, a sheath of optically insulating material, and
      an outer cladding are held together by a bond which does not involve the
      use of a bonding material, to attenuate the problems due to wear of the
      scanning end of the optical integration chamber. The scanning tip of the
      integration chamber may be drawn to a point during or after the bonding to
      form a well defined scanning point.
BSUM
PAR  The invention relates to a light guide arrangement, and particularly to an
      optical fibre light guide arrangement having at least two separate light
      guides and a light guiding element associated with the light guides at one
      end thereof for achieving a common field of view from the other ends of
      the light guides. This is achieved by arranging the end faces of the one
      ends of the light guides to be coplanar and abutting an optical integrator
      serving to compound the beam paths of light from the individual light
      guides. An arrangement of this type is described and claimed in British
      patent application No. 6033/73.
PAR  The invention to which British patent application No. 6033/73 relates is
      defined in claim 1 of the specification to be a light guide arrangement
      having at least two light guides with one end of one light guide adjacent
      one end of the other light guide so that the field of view from the other
      ends of the light guides is substantially the same, in which there is
      provided a light integrating element adjoining and substantially covering
      the said one ends of the light guides, the dimensions of the integrating
      element being such that it effects intermixing of the beam paths from the
      two light guides.
PAR  A light guide arrangement of this type is particularly suitable for use in
      circumstances where there is a light source at the said other end of one
      of the light guides and a light sensor at the said other end of the other
      of the light guides, the optical integrator being used as a scanning head.
      Provided the optical integrator is sufficiently long there is a light path
      between the one ends of the light guides even when the scanning head lies
      directly upon the scanned surface for so-called "contact scanning." This
      type of scanning of information carriers gives rise to its own problems
      because the contacting face of the optical integrator of the scanning head
      is subjected to a considerable amount of wear, which curtails the useful
      life of the scanning head to an unacceptable extent, particularly in view
      of the fact that useful lives for the scanning head of the order of
      several million scanning operations are required.
PAR  A further difficulty, in connection with abrasion of the scanning head,
      lies in the fact that the different materials of the various adjacent
      parts of the scanning head subjected to abrasion will wear away at
      different rates. For example, if the light guiding element of the optical
      integrator is a monofilament glass fibre having a cladding made of metal,
      such as steel adhesively secured thereto, then a crater is formed around
      the glass fibre as a result of the effect of the unequal wear of these
      different materials. Moreover, at this position there is an accumulation
      of dust, which originates primarily from the abrasion of the information
      carrier being scanned, and this results in spurious signals. In addition
      the bonding medium, for example an adhesive or the like, by means of which
      the parts of the scanning head subject to abrasion are secured together is
      also subject to abrasion and this leads to further difficulties due to the
      formation of dust and unequal wear, leading to damage to the scanning head
      and unreliability of operation due to spurious signals.
PAR  This problem assumes a particular importance if the scanning is effected
      manually in consequence of which the scanning head is usually held in an
      inclined position which is frequently changing. For these reasons the
      scanning head represents by far the weakest component of a device for
      recording, storing, and/or evaluating, information from an information
      carrier.
PAR  According to the present invention there is provided a light guide
      arrangement having at least two light guides with one end of one light
      guide adjacent one end of the other light guide so that the field of view
      from the other ends of the light guides is substantially the same, and a
      light guiding element adjacent the said one ends of the light guides, in
      which the light guiding element forms part of an optical integrator
      operable to effect intermixing of the beam paths from the two light
      guides, the components of the optical integrator being secured together by
      a self-retaining bond.
PAR  When used in this specification the term "self-retaining bond" will be
      understood to relate to a bond made between two materials without the use
      of a separate bonding material; the term "light" will be understood to
      relate to electromagnetic radiation both within and outside the visible
      spectrum; and the term "optical fibre" will be understood to relate to a
      light guide capable of transmitting light from one end to the other by
      successive internal reflections with substantially no attenuation from end
      to end.
PAR  The use of a self-retaining bond and the omission of a bonding medium
      between the components of the light guiding element of the optical
      integrator eliminates the possibility of unequal wear phenomena between
      the bonding medium and the components of the scanning end of the optical
      integrator which occurs in conventional scanning heads when used for
      contact scanning. Apart from this, the individual parts of the optical
      integrator can be united in a particularly intimate manner when the
      bonding between the materials thereof is self-retaining. The optical
      integrator conveniently comprises three parts, a central light guiding
      element, which may be a large diameter monofilament optical fibre, a light
      insulating sheath surrounding the light guide, and an outer cladding
      surrounding the sheath.
PAR  In a preferred embodiment of the invention the connection between the parts
      of the integration chamber, that is the light guiding element, the optical
      insulator and the other cladding is effected by means of a fused or
      sintered joint. In this way the various parts of the system are held
      together by a surface union, which makes the use of an additional bonding
      medium superfluous.
PAR  The present invention also comprehends a method of manufacturing an optical
      integrator for a light guiding arrangement, comprising the steps of
      forming a light guiding element of optically transparent material to a
      selected shape, surrounding the light guiding element with a sheath of
      optically insulating material, surrounding the sheath of optically
      insulating material with an outer cladding, and forming a self-retaining
      bond at the interfaces between the light guiding element and the light
      insulator, and between the light insulator and the outer cladding.
PAR  This method according to the invention also permits the formation of a
      scanning head having a pointed shape simultaneously with the formation of
      the bond between the parts by fusion or sintering if a suitable technique
      is adopted.
PAR  By arranging the components of the optical integrator in the bore of a tube
      and effecting suitable heating of this tube to bring the components to a
      softened condition, it is possible to draw out the light guiding element,
      the optical insulator surrounding it, and the cladding, to form an apex
      with a slight rounding off of the light guiding element which projects at
      the apex since it is the central component. This is particularly of
      advantage if the scanning head is to be employed for manual scanning in
      which it is likely to be held at an inclined position, whose angle of
      inclination is of the order of about 50.degree..
PAR  Preferably, the component parts of the optical integrator, that is the
      light guiding element, any optical insulator provided therewith, and the
      surrounding cladding, are made of materials having substantially the same
      resistance to abrasion. In such a case, even after very long use, a
      satisfactory scanning surface remains available at the end of the scanning
      head and this is not impaired even in the presence of deposited dust
      because the scanning apex substantially retains its original shape.
PAR  It is also advantageous if the light guiding element, the optical insulator
      and the cladding of the optical integrator consist of materials having
      substantially the same working properties, that is the properties of
      softening temperature or melting temperature, thermal expansion and the
      like, such that neither during the manufacture of the optical integrator
      nor when using the apparatus, are undesirable forces, stresses, or the
      like set up which could result in a premature and unequal wear of the
      components.
PAR  Suitable materials for the manufacture of the light guiding element of the
      optical integrator include glass, synthetic material such as polystyrol,
      quartz, sapphire or the like, and for the manufacture of the cladding of
      the optical integrator glass, preferably black glass, synthetic material
      such as acrylic glass, glass enamel, quartz or the like would be suitable.
      For satisfactory bonding of the light guide to the optical insulator, and
      the optical insulator to the cladding, suitable combinations of materials
      include polystyrol/acrylic glass, sapphire/glass enamel, glass/quartz,
      quartz/glass, glass/glass.
DRWD
PAR  One embodiment of the invention will now be more particularly described, by
      way of example, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic representation of the outer appearance of a hand held
      optical fibre light guide device formed as an embodiment of the invention;
PAR  FIG. 2. is an axial section on an enlarged scale of the scanning point of
      the optical integrator of the device shown in FIG. 1;
PAR  FIG. 3 is an enlargement of a detail of FIG. 2;
PAR  FIG. 4 is a simplified representation of part of the embodiment of FIGS. 1
      to 3 during manufacture; and
PAR  FIG. 5 is a representation similar to FIG. 4 illustrating an alternative
      method for forming the scanning point.
DETD
PAR  Referring now to the drawings there is shown in FIG. 1 a device 2 for
      scanning information carriers, which can have any convenient capacity for
      storing information. The device 2 includes a scanning head 1 having an
      optical arrangement as shown in FIG. 4 comprising at least two light
      guides 17, 18 each having one end adjacent the corresponding end of the
      other light guide and facing a light guiding element 6 of an optical
      integrator. At the remote end of one of the light guides 17 there is a
      light source 19 and at the remote end of the other light guide 18 there is
      an optical detector 20 the output from which is fed as data signals to a
      circuit accommodated in the shaft 2, FIG. 1, which may form part of or be
      connected to a computer serving to effect the storage and processing of
      the desired data. The optical integrator is formed with an apex 3 which,
      upon scanning is passed over an information carrier 4, which may be, for
      example, a card bearing a specification of goods. By the use of a very
      fine degree of resolution, which may be, for example, up to 150.mu., it is
      possible to accommodate an exceedingly large amount of data in a small
      space and to transmit it.
PAR  The apex 3 of the optical integrator of the scanning head 1 includes a
      light guiding element 6, preferably of circular cross section, which is
      surrounded by an optical insulator 7, which is likewise of glass. At the
      interface between the light guiding element 6 and the insulator 7 there
      takes place a total reflection of the rays received by the light guiding
      element 6. Surrounding the optical insulator 7 there is a cladding 8,
      which consists, for example, of black glass, which has a high
      impermeability to light and which serves as a screen. These three
      components converge up to the scanning point 9 in such a manner that they
      retain their respective functions up to the said scanning point 9.
PAR  The light guiding element 6, the optical insulator 7 and the cladding 8 are
      sintered together or fused together at their respective interfaces. This
      operation can be effected by arranging the light guiding element 6
      sheathed in the optical insulator 7 in the bore 10 of a tube 11 of black
      glass; the tube 11 is then heated in the region 12 shown in FIG. 4 up to a
      suitable softening temperature of the materials. In this way a certain
      quantity of the material can be caused to flow downwardly in drop form at
      the lower point of this system, so that the components maintain their
      concentric relationship whilst the end of the device is drawn out to a
      pointed shape somewhat in the manner indicated by the dashed lines 13 of
      FIG. 4. At the same time the various components fuse together at their
      surfaces of contact so that a union is created to achieve self-retention
      of the components of the optical integrator. If desired, the scanning
      point 9 can be subjected to mechanical working so that it assumes the
      desired curved shape shown in detail in FIG. 3.
PAR  Alternatively the end 14 of the optical integrator 5 may be sintered or
      fused in such a way that the components substantially retain their initial
      shape and subsequently a point is ground at the end 14 of the device 5 as
      indicated by the inclined lines 16.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a light guide arrangement of the type having:
PA1  at least two light guides having first and second ends respectively, and
PA1  an optical integrator having an input end adjacent said first ends of said
      at least two light guides and a tapered scanning end, and being operative
      to intermix light paths of light from said first ends of said at least two
      light guides to provide substantially the same field of view from said
      second end of each of said at least two light guides even when said
      scanning end of said optical integrator is in contact with a surface being
      scanned,
PA1  the improvement wherein:
PA2  said optical integrator includes a light guiding element,
PA1  and a cladding of light impermeable nonmetallic material surrounding said
      light guiding element and extending from said input end to said tapered
      scanning end of said integrator said cladding being bonded to said light
      guiding element without the use of a bonding material whereby to avoid
      differential wear between the bonding material and said components of said
      optical integrator at said scanning end thereof.
NUM  2.
PAR  2. The light guide arrangement of claim 1 wherein said optical integrator
      comprises said light guiding element,
PA1  an optical insulator surrounding said light guiding element, and
PA1  said outer cladding element surrounding said optical insulator.
NUM  3.
PAR  3. The light guide arrangement of claim 2 wherein said components of said
      optical integrator are bonded together by one of fusion and sintering.
NUM  4.
PAR  4. The light guide arrangement of claim 2 wherein said light guiding
      element, said optical insulator, and said outer cladding element of said
      optical integrator are made of materials having substantially the same
      resistance to abrasion.
NUM  5.
PAR  5. The light guide arrangement of claim 1 wherein said light guiding
      element is made of glass.
NUM  6.
PAR  6. The light guide arrangement of claim 2 wherein said outer cladding
      element is made of black glass.
NUM  7.
PAR  7. The light guide arrangement of claim 1 wherein said light guide is made
      of polystyrene.
NUM  8.
PAR  8. The light guide arrangement of claim 1 wherein said light guide is made
      of quartz.
NUM  9.
PAR  9. The light guide arrangement of claim 1 wherein said light guide is made
      of sapphire.
NUM  10.
PAR  10. The light guide arrangement of claim 2 wherein said outer cladding
      element is made of acrylic glass.
NUM  11.
PAR  11. The light guide arrangement of claim 2 wherein said outer cladding
      element is made of enamel.
NUM  12.
PAR  12. The light guide arrangement of claim 2 wherein said outer cladding
      element is made of quartz.
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PAL  An optical coupler having an integrating sphere, a photoreceptor on the
      sphere at one end of a diametral axis and a number of photoemitters on the
      sphere equidistant from the other end of the axis and aimed at the
      photoreceptor so that light signals from the photoemitters are linearly
      transmitted to the photoreceptor.
BSUM
PAR  The invention relates to an optical coupler whereby the light carried by
      each of a number of fiber optic members is linearly transmitted or coupled
      to a single photoreceptor so that the output of the receptor is linearly
      dependent upon the intensity of the light carried by each of the fiber
      optic members.
PAR  The optical coupler includes a body having an internal integrating sphere
      with a photoreceptor opening into the sphere and with each of a number of
      fiber optic members terminating on the sphere at locations equidistant
      from a point on the sphere diametrally opposed to the light-receiving
      window of the photoreceptor. The members are aimed at the window. With
      this construction, the photoreceptor views each fiber optic member equally
      and light transmitted through each fiber optic member is received equally
      by the photoreceptor. The portion of light from each fiber optic member
      which does not strike the light-receiving window of the photoreceptor is
      equally reflected over the surface of the sphere and, in part is reflected
      back to the light-receiving window from the portion of the sphere opposite
      the window. In this way, further light from each fiber optic member is
      linearly transmitted to the photoreceptor.
PAR  The optical coupler is particularly useful in providing a single output
      from a number of optical inputs where the output must reflect the linear
      sum of the optical inputs. One example of such an application is in a
      musical instrument where a different frequency optical signal is supplied
      to each fiber optic member. This signal may be pulsed at a frequency
      corresponding to the audio frequency of a given musical note. The pulses
      may be turned on and off in response to depression of keys. The sum of the
      signals carried by the fiber optic members is linearly coupled to the
      photoreceptor to provide an input for an audio amplifier.
PAR  Other objects and features of the invention will become apparent as the
      description proceeds, especially when taken in conjunction with the
      accompanying drawings illustrating the invention, of which there are two
      sheets.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevational view of an optical coupler according to the
      invention;
PAR  FIG. 2 is a sectional view taken through the coupler of FIG. 1; and
PAR  FIGS. 3 and 4 are sectional views taken along lines 3--3 and 4--4 of FIG.
      2, respectively.
DETD
PAR  Optical coupler 10 includes a body 12 having body members 14 and 16 secured
      together as shown in FIG. 2. The body member 16 has a cylindrical
      exteriorly threaded portion 18 engagable with interiorly threaded portion
      20 of body member 14 so that flat faces 22 and 24 of members 14 and 16 are
      brought into flush engagement with each other when the members are screwed
      together as shown in FIG. 2. A hollow semi-spherical recess 26 is formed
      in face 22 of member 14 and a hollow semi-spherical recess 28, having the
      same radius as recess 26, is formed in face 24 of body member 16. When the
      two members are secured together as in FIG. 2, the recesses 26 and 28 are
      joined to form an optically reflective integrating sphere 30 within body
      12. The interior surface 32 of integrating sphere 30 reflects light
      directed against it.
PAR  For ease of description, the optical coupler 10 will be described with
      reference to a diametral axis 34 which extends through the center of the
      integrating sphere 30 perpendicular to the planar end faces 22 and 24. A
      photoreceptor 36 is mounted in block 16 with a light-receiving window 38
      on the surface of the sphere in alignment with axis 34. Light striking
      this window will be sensed by the photoreceptor 36. Any of a number of
      types of photoreceptors may be used. For instance, the photoreceptor may
      be a photo cell, a photo transistor, or a photo diode. The foregoing
      elements are used to provide an electrical output in response to an
      optical input. Alternatively, the photoreceptor may be a fiber optic or
      other light-transmitting element which provides an optic output in
      response to the input received from the various sources, as described
      thereinafter. Other types of photoreceptors may be used. The disclosed
      photoreceptor 36 is of the electrical type and includes a pair of output
      leads 40 which are suitably connected to a device actuated by the
      photoreceptor.
PAR  The end of axis 34 away from window 38 intersects the surface of sphere 30
      at point 42. A number of straight bores 44 extend from end wall 46 of
      member 14 through the thickness of the member and intersect the surface 32
      of the sphere at beveled openings. Each opening 48 is equidistant from
      axial point 42 and the openings are spaced around point 42 in a circle as
      illustrated in FIG. 3. The axes of bores 44 lie on a cone having an apex
      at the light-receiving window 38. Beveled openings 50 are provided in the
      ends of the bores 44 at wall 46.
PAR  a fiber optic member 52 extends through each bore 44 and includes an
      integral lens 54 seated in a beveled opening 48 on the surface of the
      integrating sphere 30. The members 52 are held straight in the bores 44 so
      that they are aimed toward the light-receiving window 38, as indicated by
      lines 56 which are extensions of the axes of the bores. The bores 44 are
      sufficiently long so that the light carried by the members 52 in the bores
      is straightened and the ray of light passing through the lens 54 is
      symmetrically projected with respect to axis 56. In practice, using fiber
      optic members having a diameter of 0.03 cm., a bore length of 0.30 cm. is
      sufficient to straighten the light passing through the member.
PAR  The recesses 50 on surface 46 are filled with a suitable potting material
      58 to secure the fiber optic members to the body and to provide a stress
      relief so that the fiber optic members may be bent, if desired.
PAR  Plastic or glass light-transmitting fiber optic members may be used in
      coupler 10. the ends of the members 52 away from the coupler are
      positioned to receive light, as desired, so that the light received by the
      members is transmitted along the length of the members, through the lenses
      54 and into the interior of the integrating sphere. Light sources other
      than fiber optic members may be used to direct light into the integrating
      sphere of coupler 10.
PAR  The operation of the sphere to provide a linear photoreceptor output
      directly dependent upon the optical input of each fiber optic member 52
      will now be described in detail.
PAR  In the integrating sphere 30, each fiber optic lens 54 is located
      equidistant from the light-receiving window 38 of the photoreceptor 36 and
      is viewed equally by the photoreceptor. The light passing through a fiber
      optic member 52 passes through the lens and radiates outwardly from the
      lens in a conical ray 60 having its axis of highest intensity aimed at the
      window 38. As this is true for each fiber optic member in the optical
      coupler 10, the maximum intensity light from each fiber optic is directed
      upon the window 38 at exactly the same angle so as to impart an output
      from the photoreceptor directly proportional to the amount of light
      passing through the individual fiber optic members. The remaining light in
      each cone of light 60 which does not strike the light-receiving window 38
      strikes the interior surface 32 of the sphere and is reflected, by diffuse
      or spectral reflection, depending upon the nature of the surface 32,
      uniformly onto the entire surface of the sphere so that uniform light
      density on the entire surface is achieved. This means that the surface 62
      of the sphere opposite the light-receiving window 38 receives an amount of
      light which is made up of portions directly proportional to the light
      received in the sphere from each fiber optic member 52. This light is
      reflected from surface 62 and some of it is directed to the
      light-receiving window 30 to further energize the photoreceptor 36
      linearly in response to the light transmitted into the sphere from each
      fiber optic member.
PAR  In this manner, the photoreceptor receives an amount of light from each
      fiber optic member which, although it may be less than the total amount of
      light transmitted by the member into the integrating sphere, is directly
      proportional to that amount of light.
PAR  The distance at which the fiber optic members are spaced from point 42
      depends upon the number of fiber optic members to be used in a given
      optical coupler. Obviously, with a larger number of fiber optic members,
      the spacing from point 42 is greater than as shown and with fewer members,
      the spacing will be reduced so that the axis 56 of each member will be
      more nearly parallel to axis 34 and the efficiency of the coupler will be
      increased.
PAR  A diffuse reflective surface is preferably provided on the integrating
      sphere 32, although a spectral reflective surface may be provided, if
      desired. In the case of a spectral reflective surface, there is the
      possibility that if the surface is not exactly spherical, the light
      emitted from the fiber optic members will not be uniformly distributed on
      the surface of the sphere and, as a consequence, the light reflected by
      surface 62 back into the light-receiving window will not be directly
      proportional to the light input from each fiber optic member. In some
      cases, an integrating sphere with a spectral reflective surface may be
      sufficiently accurate for a given purpose even with slight dimensional
      variations of the sphere.
PAR  The optical coupler described herein is used for integrating a number of
      signals received from a plurality of fiber optic members or other optical
      sources so that a single photoreceptor output is obtained. The coupler may
      also be used to provide an intensity equal light signal to fiber optic
      members. In such a case, a light source would replace the photoreceptor.
      The fiber optic members may be replaced by other light responsive
      elements. An equal amount of light would be directly reseived by each
      fiber optic member or element. The light from the source which is not
      aimed at the fiber optic members would be distributed uniformly on the
      surface of the sphere and, in part, would be reflected back to the
      individual symmetrically located fiber optic members or elements to
      increase the amount of light equally received by them.
PAR  While I have illustrated and described a preferred embodiment of my
      invention, it is understood that this is capable of modification, and I
      therefore do not wish to be limited to the precise details set forth, but
      desire to avail myself of such changes and alterations as fall within the
      purview of the following claims.
CLMS
STM  What I claim as my Invention is:
NUM  1.
PAR  1. An optical coupler comprising a body having a hollow spherical interior
      surface, a photoreceptor mounted in the body with a light-receiving window
      on the surface of the sphere, and a plurality of light sources on the
      surface of the sphere, each light source being located equidistant from a
      point on the sphere diametrally opposed from said light-receiving window
      and aimed at said light-receiving window whereby light transmitted through
      the sources into the sphere linearly actuates said photoreceptor.
NUM  2.
PAR  2. An optical coupler as in claim 1 wherein each of said sources comprises
      a fiber optic member extending through the body to the surface of the
      sphere, each fiber optic member being aimed directly at said
      ight-receiving window.
NUM  3.
PAR  3. An optical coupler as in claim 2 wherein each fiber optic member
      includes a lens at the end thereof on the surface of the sphere.
NUM  4.
PAR  4. An optical coupler as in claim 1 wherein the interior surface of the
      sphere is light-diffusing.
NUM  5.
PAR  5. An optical coupler as in claim 1 wherein the interior surface of the
      sphere is spectral reflective.
NUM  6.
PAR  6. An optical coupler as in claim 2, including bores extending through the
      body to the sphere, each bore closely confining a fiber optic member and
      having a length of about ten times the diameter of the fiber optic member
      so that the light carried in the fiber optic member is aimed at the
      light-receiving window.
NUM  7.
PAR  7. An optical coupler comprising a body having a pair of body members,
      means for holding the body members together, a hollow spherical interior
      surface between said members, a photoreceptor mounted in one body member
      with a light-receiving window on the surface of the sphere, and a
      plurality of light sources mounted in said other body member on the
      surface of the sphere, each light source being located equidistant from a
      point on the sphere diametrally opposed from said light-receiving window
      and arranged in a circle surrounding said point, said light sources
      including light transmitting means extending outwardly of the sphere
      through alignment bores formed in said other body member, said bores being
      aimed at said light-receiving window whereby light transmitted through
      said light transmitting means and from said light sources into the sphere
      is aimed at said light-receiving window and linearly actuates said
      photoreceptor.
NUM  8.
PAR  8. An optical coupler as in claim 7 wherein said light sources are
      comprised of fiber optic members.
NUM  9.
PAR  9. An optical coupler as in claim 8 wherein the interior surface of the
      sphere is light-diffusing.
NUM  10.
PAR  10. An optical coupler as in claim 9, including lenses on the ends of said
      fiber optic members.
NUM  11.
PAR  11. An optical coupler comprising a body having a hollow interior recess of
      circular cross section in planes perpendicular to an axis extending across
      the recess, a photoreceptor mounted in the body with a light-receiving
      window on the surface of the recess at one end of the axis, and a
      plurality of light sources on the surface of the recess, each light source
      being located equidistant from the point of intersection of the other end
      of the axis with the surface of the recess and aimed at said window
      whereby light transmitted through the sources into the recess linearly
      actuates said photoreceptor.
NUM  12.
PAR  12. An optical coupler comprising a body having a hollow spherical interior
      surface, a light source mounted in the body with a light-emitting window
      on the surface of the sphere, and a plurality of photoreceptors on the
      surface of the sphere, each photoreceptor being located equidistant from a
      point on the sphere diametrally opposed from said light-emitting window
      and aimed at said window whereby light transmitted through the window into
      the sphere linearly energizes said photoreceptors.
NUM  13.
PAR  13. An optical coupler comprising a body having a hollow interior recess of
      circular cross section in planes perpendicular to an axis extending across
      the recess, a light source mounted in the body with a light-emitting
      window on the surface of the recess at one end of the axis, and a
      plurality of photoreceptors on the surface of the recess, each
      photoreceptor being located equidistant from the point of intersection of
      the other end of the axis with the surface of the recess and aimed at said
      window whereby light transmitted through the window into the surface
      linearly energizes said photoreceptors.
NUM  14.
PAR  14. An optical coupler comprising a surface surrounding an interior volume
      and having a circular cross section in planes perpendicular to an axis
      extending across the volume, the interior side of the surface being light
      reflective, a first photo element on the surface at one end of the axis, a
      plurality of second photo elements on the surface, each second photo
      element being located equidistant from the other end of the axis, the
      optical axis of each second photo element being aimed at said first photo
      element, and either said first photo element being a photoreceptor and
      said second photo elements being photoemitters or said first photo element
      being a photoemitter and said second photo elements being photoreceptors,
      whereby light is linearly transmitted between said first photo element and
      said second photo element.
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ABST
PAL  In a liquid crystal display device comprising a pair of opposed
      electrode-mounted plates and a nematic liquid crystal layer, the electrode
      terminals are mounted on one plate by transferring the connection of one
      electrode to the opposite plate without directly contacting the liquid
      crystal material by interposing an electrically conductive material
      between the corresponding electrode terminal and the one electrode. In
      accordance with changes of environment, distinct patterns are obtained by
      making the front electrode of the liquid crystal display element
      transparent and the back electrode thereof a partial light-transmissive,
      mirror-like plane. The life of the liquid crystal element under
      application of D.C. field is increased by using titanium, zirconium and
      palladium as an essential component of the negative electrode of said
      element.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of co-pending application Ser. No. 281,093,
      filed Aug. 16, 1972, and now abandoned by Masachika Yaguichi and Shigetaro
      Furuta for "Electro-Optical Devices".
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PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention:
PAR  The present invention relates generally to improved nematic liquid crystal
      elements and, more particularly, to such elements consisting of two
      parallel opposed plates, electrodes on the inner faces of each of the
      plates, and a thin nematic liquid crystal layer disposed between the
      plates.
PAR  Description of the Prior Art:
PAR  Recently, nematic liquid crystal display elements (hereinafter referred to
      merely as an "element") have been utilized as display elements and light
      modulation elements by causing the nematic liquid crystal (hereinafter
      referred to merely as "liquid crystal") to scatter light upon the
      application of an electrical field, thereby forming various patterns.
      These elements and display devices, and liquid crystal compounds used
      therein, are disclosed, for example, in U.S. Pat. Nos. 3,322,485 and
      3,499,702. A fundamental structure of the element, a fundamental wiring
      for applying the field to the element, and types of electrode materials of
      the element are disclosed in these U.S. Patents. In the case where the
      element is incorporated in a practical device or equipment, the element is
      subject to various conditions. For example, the ease with which the
      element may be incorporated in the equipment depends on the space occupied
      by the element, the position the element is to be mounted, the positions
      of connecting wires, and methods used for connecting the wires. Moreover,
      the light rays are directed on the element to make patterns obvious when
      an electric field is applied to the liquid crystal layer, but it is
      influenced by the quantity of the light reflection and light transmittance
      of the electrode films. Furthermore, in the past the elements were driven
      by the application of an A.C. field to prolong the life of the element.
      The use of a D.C. field is advantageous with respect to the life of the
      associated circuits and also permits the use of a battery; however, the
      prior art has not solved the problem of prolonging the life of the element
      when D.C. is used.
PAR  When incorporating an element in practical equipment, the wiring between
      the element and equipment can be effectively carried out by mounting all
      of the electrode terminals on the inner face of one plate. In the case of
      the above mentioned U.S. patents, where the electrodes are crossed, the
      plates are shifted relative to each other and the electrode terminals are
      mounted on separate levels (namely, not being on the same level and
      parallel to each other) and wires extending in different directions
      connect the terminal to driving equipment; however, there are practical
      disadvantages of such a technique, as follows:
PAR  1. Because of the terminals being positioned on both plates at different
      levels and directions, the total package size for the element becomes
      large due to the shifted portions of the plate; namely, terminal areas are
      necessary for connections, and they occupy additional space, as compared
      with the case in which the terminals are positioned on the same plate.
PAR  2. When incorporating the element in equipment, the wiring from the driving
      equipment or circuit to terminals becomes complicated because of
      connections in two directions. The use of connectors requires two members
      and is therefore more expensive even when the terminal member is the same.
PAR  3. It is necessary to determine a contact position of the connectors and
      sockets twice and, further, mounting operations and connections increase.
      Moreover, even when electrode terminals are mounted on the same side on
      the inner face of each plate, connecting lead wires, lead frames or
      connectors to each of two opposing electrodes is extremely difficult
      because the space between two plates of the element is within the order of
      5 to 50 .mu. in practice. Therefore, all of the electrode terminals should
      be mounted on one plate. To effect this purpose, the electrode terminal
      which is insulated from the other electrode on one plate is mounted on the
      edge of the said plate, and the electrode which is partially opposite to
      the said insulated electrode terminal is mounted on the other plate.
      Interposed between the electrode terminal on one plate and the electrode
      on the other plate is a metallic foil, such as aluminum foil, equal in
      thickness to the insulating spacer or several microns thicker than it or,
      in the alternative, a coating of electrically conductive paste over a
      portion of the insulating spacer is to provide position-transference of
      the electrode terminal (hereafter referred to merely as the "transfer
      connection").
PAR  However, the above connecting method has the following disadvantages and
      therefore is extremely low in the electrical reliability and often yields
      failures:
PAR  1. As the liquid crystal penetrates into minute apertures between the
      metallic foil and the electrode, insulation between them or increase in
      electrical resistance due to decrease of contact area of the metallic foil
      with the electrode occurs. Therefore, the desired results cannot be
      attained.
PAR  2. The thickness of a liquid crystal layer cannot be arbitrarily selected
      because a thickness of the metallic foil must be equal to that of the
      spacer or slightly thicker than the latter.
PAR  3. Where the transfer area, namely the area of an electrode terminal to
      which a transfer connection is to be made, is small, the interposing of
      the foil is quite difficult.
PAR  4. As the interposed foil is not reliably fixed and may shift in the liquid
      crystal, it is apt to move from a position at which the transfer
      connection of an electrode terminal is effected and to contact with other
      electrodes, thereby causing a short or cross charging effect or not
      effectively performing the connection.
PAR  5. There are some difficulties in manufacture in that the foil must be
      interposed between two electrodes before filling the liquid crystal.
PAR  6. Manufacture of the element needs a skilled worker.
PAR  Also, in the case where an electrically conductive paste is used for the
      metallic foil, there are the following disadvantages:
PAR  1. The conductive paste is apt to dissolve in the liquid crystal because of
      directly coming into contact therewith and disperse therein thereby
      causing a short.
PAR  2. The dissolution of the conductive paste affects the property of the
      liquid crystal.
PAR  3. There are some difficulties in manufacture in that the conductive paste
      must be coated with the uniform thickness on the given small area.
PAR  4. In manufacturing the element, it is necessary to pile electrode patterns
      mounted on the plates opposite to each other simultaneously with coating
      the paste which requires a great deal of skill.
PAR  On the other hand, as the liquid crystal itself does not emit light by the
      application of an electrical field or current, there is need to utilize a
      light source, such as daylight, room light or a spot light when
      incorporating the element to the equipment. In such an element, a plate
      and electrode on the front side thereof must necessarily be transparent,
      while a plate and electrode on the back side thereof may be transparent or
      reflective. The term "the front" used hereinafter in relation to a pair of
      plates of the element and an electrode mounted on the inner face of each
      of the plates is referred to as designating the plate mounted electrode
      directed to an observer side and the term "the back" as the plate mounted
      electrode positioned opposite to the observer side.
PAR  Transparent electrodes are, for example, obtained by vacuum depositing, for
      instance, tin oxide, indium oxide or tantalum on a transparent plate such
      as glass plate, while reflective electrodes are, for example, obtained by
      vacuum depositing, plate or printing a metal such as chromium, nickel,
      copper, lead, silver, gold aluminum, titanium or an alloy such as Inconel
      or a glass plate, ceramic plate or plastic plate. When the incident light
      is scattered by the liquid crystal layer under the application of the
      field, a portion of the light passes through the light scattering area,
      but in the case of using a reflective electrode as the back, this portion
      of the light is reflected through the scattering area, so that the
      contrast increases.
PAR  On the other hand, in the case of using a transparent electrode mounted on
      a transparent plate as the back, the light scattering by the liquid
      crystal is inferior to that in the reflective electrode in contrast and it
      is difficult to observe. Therefore, increase of contrast is effected by
      providing a source of light to the rear on the inside of an
      element-incorporated device and emitting the light at the proper angle.
PAR  Thus, in order to have the observer distinguish patterns, the light must be
      directed onto the element from the observer side when using the reflective
      electrode as the back, while in the case of using the transparent
      electrode as the back, the light must be emitted from the rear (namely
      opposite to the observer side). However, in the case of an element wherein
      the back is of a transparent electrode, a source of light is provided to
      the rear on the inside of the device as mentioned above and there is
      always need to turn on the light during operation of the element.
      Accordingly, there are economic disadvantages in that the source of light
      needs a great deal of energy and the transparent electrode is relatively
      expensive as compared with the reflective electrode.
PAR  Next, in the case of an element wherein the back is of a reflective
      electrode, if it is attempted to obtain an excellent contrast with
      daylight or room light only, the element must be observed in bright
      surroundings, if possible. But, where the surrounding is dark, it is
      impossible to increase the contrast. Accordingly, an illuminator is
      provided to obtain the required contrast to the front of the element.
      However, it is necessary to provide a space for receiving the illuminator
      to the front in the inside of the device, namely to the observer side of
      the element and therefore it is economically disadvantageous in that the
      size of the device itself becomes too large. Moreover, because of the need
      of housing for receiving the illuminator, the observation angle is
      limited, and the external light rays are obstructed by it.
PAR  When incorporating a liquid crystal element filled with a thin liquid
      crystal layer between a pair of electrodes into a device to be used in
      practice, practical problems of the life of the element become most
      important. The liquid crystal causes light scattering under the
      application of either direct current or alternating current voltages above
      a threshold value.
PAR  On the other hand, from the aspects of a circuit for driving the element or
      costs thereof the application of D.C. or a D.C. pulse field is quite
      desirable. The advantages are that the element can be driven with low
      voltages and also that the low consumption of power are compatible with
      portable instruments utilizing a battery. However, when the element is
      driven under the application of D.C. or a D.C. pulse field, particularly
      in the initial step of the application, foams emerge in the element and
      the liquid crystal itself turns yellow thereby becoming impossible to use.
      In the case that an electrode of the generally used metals, such as
      aluminum, chronium, copper, gold or silver is utilized as a positive
      electrode under the application of D.C. field, the resulting anodic
      oxidation and effluence of the metals have a bad influence upon the liquid
      crystal, and also the electrode is often peeled off. The electrode of the
      above metals can be used as a negative electrode only in order to prevent
      these disadvantages although it is of no use to prevent emergence of foams
      and yellowing of the liquid crystal. Also, even when the negative
      electrode is made from metal oxides such as tin oxide or indium oxide, the
      foaming or yellowing occurs. These drawbacks, namely the emergence of
      foams and the yellowing of the liquid crystal have been considered due to
      impurities present in the liquid crystal or properties of the liquid
      crystal itself, but this has not been made clear yet. Introductions of a
      novel additive to the liquid crystal or the synthesis and improvement of
      the liquid crystal have been studies, but the useful ones have not as yet
      been found.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a liquid
      crystal display element composed by a pair of electrodes and a thin liquid
      crystal layer between them which features simplicity of incorporating the
      element to a driving equipment, easiness of manufacturing the element and
      high electrical reliability in use over a long time by transferring a
      terminal of the other electrode onto the same plane as that of one
      electrode-mounted plate without coming into contact with the liquid
      crystal.
PAR  Another object of the invention is to provide a liquid crystal element
      capable of indicating obvious patterns with excellent contrast in
      accordance with changes in the environment with or without lighting a
      light source mounted in a device by using an electrode film having a
      specific light transmittance.
PAR  Still another object of the invention is to provide a liquid crystal
      element capable of remarkably increasing the life thereof by using a
      specific conductive film for a specific electrode under the application of
      direct current field.
PAR  The foregoing and other objects of the invention are attained in a liquid
      crystal element composed of a pair of opposite electrode-mounted plates
      and a thin liquid crystal layer between them by providing an improved
      structure having a terminal of the other electrode on the same plane as
      one electrode-mounted plate, which comprises positioning on an edge of one
      electrode-mounted plate an electrode terminal insulated from the electrode
      on one said plate and interposing an electro-conductive material between
      the said electrode terminal and an electrode end on a cut edge of the
      other electrode-mounted plate opposite to the said edge of one
      electrode-mounted plate.
PAR  Another aspect of the invention is directed to an improved liquid crystal
      element characterized in that the front electrode of a liquid crystal
      element is transparent and the back electrode is of reflective materials
      with a mirror-like plane reflecting a portion of the incident light rays.
PAR  Still another aspect of the present invention is directed to an improved
      liquid crystal element characterized by a negative electrode in contact
      with a liquid crystal and essentially consists of titanium, zirconium or
      palladium.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1-A and FiG. 1-B represent a plane view of each of the
      electrode-mounted plates constituting an element.
PAR  FIG. 2 represents a sectional view of an element filled with a liquid
      crystal between two electrode-mounted plates as indicated in FIG. 1-A and
      FIG. 1-B positioned opposite each other, along line II -- II of FIGS. 1-A
      and 1-B.
PAR  FIG. 3 represents a longitudinal sectional view of a liquid crystal element
      of an embodiment of the element according to the present invention.
PAR  FIG. 4 and FIG. 5 represent sectional views of display devices assembled
      with an element wherein the front is a transparent electrode and the back
      a reflective electrode.
PAR  FIG. 6 represents a sectional view of a display device assembled with an
      element wherein both the front and the back are transparent electrodes.
PAR  FIGS. 7, 8 and 9 represent sectional views of other embodiments of a
      display device assembled with an element according to the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 2, a nematic liquid crystal display element is formed by
      positioning two electrode-mounted plates, as indicated in FIGS. 1-A and
      1-B opposite to each other filling the space between them with a liquid
      crystal. Transparent electrodes 2 and 3 are mounted on plate 1, and beside
      an electrode terminal 2', electrode 3 insulated therefrom is used as a
      terminal. Transparent or reflective electrode 4 is mounted on plate 5.
      Insulating spacer 6 is interposed between two plates 1 and 5, and liquid
      crystal layer 9 fills the space between plates 1 and 5. The element is
      completed by sealing material 7 between plates 1 and 5. Lead wires or lead
      frames or connectors 10 and 10' are connected to the terminals 3 and 2'
      respectively. Numeral 8 represents a conductive metal foil such as
      aluminum foil or a dried coating of a conductive paste. As shown in FIG.
      2, the transfer connection of electrode terminals has been effected by
      interposing metal foil 8 equal to the thickness of insulating spacer 6, or
      several microns thicker, or coating a conductive paste between electrodes
      3 and 4 thereby, besides the connection of lead wire 10' to electrode
      terminal 2', lead wire 10 is connected to the other electrode terminal 3
      on the same face. However, as mentioned hereinbefore such a transference
      method has various disadvantages.
PAR  The preferred embodiment of the element of the present invention is
      illustrated in FIG. 3. Numeral 11 represents an electro-conductive
      material, for example a conductive coating, or filler comprising a
      conductive paste or soft solder. An edge of plate 5 opposite to the
      electrode-transferred area on plate 1 or electrode terminal 3 has face 12
      cut diagonally. Plane 13 is the initial cut edge of plate 5. Electrode 4
      is extended on plate 5 to the diagonal plane 12 and, if necessary, to the
      perpendicular plane 13 to become an electrically continued form
      (hereinafter referred to as "continuous electrode"). As shown in FIG. 3
      sealing material 7 is filled between plate 1 and plate 5 not to cover
      electrodes 3, 12 and/or 13, and then a conductive material 11, such as
      soft solder, is coated or dropped on the sealing material to form a
      conductive coating or filler between electrode 3 and electrodes 12 or 13
      whereby the transfer connection of the electrode is effected. The
      procedure for mounting an electrode on plate 5 processed in the inclined
      plane as shown in FIG. 3 is the same as the case where an electrode is
      mounted on the planer plate as shown in FIG. 2 and does not need any
      additional manufacturing steps. Also, in case that a plurality of the
      patterns indicated in FIGS. 1-A and 1-B are mounted opposite one another
      in a linear array, the connection can be quite similarly affected. For
      example, when a plurality of the patterns indicated in FIG. 1-B are in an
      electrically insulated state separately mounted on the same plane, the
      connection can be effected to each of the corresponding electrode
      terminals. When it is intended to apply the field through only a transfer
      area by making a plurality of electrode patterns continuous electrically,
      the transfer connection can be effected at the same time to all of these
      electrodes my making electrodes on the inclined plane 12 or perpendicular
      plane 13 continuous electrically. (It is also naturally possible to mount
      the electrodes on a flat plane of plate 4 continuous electrically, but it
      does not present a good appearance.) Further, by mounting an electrode
      film over all the surface of planes 12 and 13, it is possible to transfer
      the electrode to any one of several transferring terminals on plate 1. If
      it is desired to make the above continued electrode film separate, the
      said electrode film can be easily cut by a knife edge or diamond cutter to
      the insulated state.
PAR  According to the present invention, the cut edge of plate 5 may be in any
      form of perpendicular, slope, circular arc, a portion of a polygon and
      others. Perferably, the cut edge is in the form of a slope or a portion of
      polygon as indicated in FIG. 3 or a circular arc, because it is possible
      to prevent the insulation or the increase in electrical resistance when
      mounting a continuous electrode. The liquid crystal used in the present
      invention is not restricted as far as it is a nematic liquid crystal
      compound possessing electro-optical properties. Examples of such compounds
      are, for example, disclosed in U.S. Pat. Nos. 3,322,485 and 3,499,702.
      Their mesomorphic ranges (temperature ranges necessary to exhibit a liquid
      crystal state) depend on types of the compounds. Preferably, the compounds
      exhibiting a liquid crystal state at the normal temperature are used in
      the present invention. It is possible for compounds having no mesomorphic
      range at the normal temperature to exhibit the liquid crystal state at the
      normal temperature by mixing two or more of them in a certain ratio.
      Accordingly, the liquid crystal can be used alone or in mixture.
PAR  According to the present invention, it is possible to transfer the
      connection of electrode terminals without using a metal foil and coming
      into contact with the liquid crystal and therefore there are the following
      advantages:
PAR  1. The transferring connection is surely attained and the electrical
      reliability is excellent; that is, there is no movement of a material
      coming into contact with the connecting area, and the transference can be
      certainly effected. As a result, failures in manufacture and in use
      decrease.
PAR  2. The conductive coating or filler for use in the transfer connection can
      be formed by mere coating or dropping of a conductive material so that the
      manufacture is simple and the failures in a conductive film are easily
      corrected. Moreover, the workers do not need to be highly skilled.
PAR  3. For example, as said before, in FIG. 3 when mounting an electrode film
      over both planes 12 and 13 of the cut edge, connection can be effected to
      any transfer terminal 3 on plate 1, and, further, the viewing area does
      not become obstructed but, rather, presents a good appearance.
PAR  4. It is possible to effect the electrode transfer connection either before
      or after injection of the liquid crystal; consequently, manufacture of the
      element is facilitated.
PAR  5. Limitations on the thickness of the film that were restricted by the
      aluminum foil are eliminated.
PAR  The position-transfer connection system for the electrode terminal
      according to the present invention is applicable not only to the liquid
      crystal element but also to electro-luminescent cells, plasma display
      panels, condensers and other devices which need two opposing electrodes
      with a narrow distance between them.
PAR  According to another aspect of the invention, a liquid crystal element is
      constituted by the front electrode which is transparent and the back
      electrode which is of a reflective material with a mirror-like plane
      reflecting a portion of incident light rays, as for example a so-called
      half-mirror having light transmittance preferably within the range of
      about 30 to 70%. The term "light transmittance" used herein means a rate
      of light transmission in relation to a glass without an electrode mounted
      thereon. When the light transmittance of the electrode is above about 70%,
      the pattern becomes unobvious because of a decrease in the reflection of
      the incident light rays on the observer side. On the other hand, when the
      light transmittance is lower than about 30%, it is difficult for the
      observer to distinguish the patterns because, when a source of light
      mounted to the rear on the inside of the device is provided, the quantity
      of the light rays therefrom to the observer side is reduced.
PAR  The materials of the back electrode used in the present invention are
      aluminum chromium, nickel, copper, gold, silver, titanium and the like.
      The back electrode is a general formed by vacuum depositing the metals on
      the glass plate. In this case, a half mirror having the transmittance
      within the above mentioned range is obtained by adjusting the
      vacuum-deposited film. The vacuum-deposited film may be in the form of a
      laminate of metals of two or more. The thickness of the vacuum-deposited
      film depends on the materials used. For example, with an aluminum film of
      the thickness in order of 2000A it is difficult to attain the above
      effects, whereas with a half mirror of the thickness in order of 500A the
      purpose can be attained sufficiently. Chromium, nickel, copper, gold and
      titanium can be similarly used by forming a film of the thickness in
      accordance with their transmittance characteristics.
PAR  Besides the so-called half mirror obtained by adjusting the thickness of
      the vacuum deposited film as mentioned above, the back electrode with a
      semi-transparent mirror-like plane according to the present invention
      includes one obtained by etching a vacuum deposited film of a perfect
      mirror type to form a great number of fine holes, for example, of 0.1mm in
      diameter (making the light transmittance per a unit of surface area about
      40%). The semi-transparent mirror-like plane obtained thus has the
      advantages that the light transmittance can be more accurately controlled
      as compared with the half-mirror, and the back electrode reliability in
      conductivity is obtained. The above mentioned fine holes are not
      restricted to a round form and may be in any geometrical form of, for
      example, rectangle, ellipse, rhombus, arc and others. The fine holes can
      be also arrayed to form a proper macroscopic pattern.
PAR  Display devices 21 assembled with an element of which the front is a
      transparent electrode and the back is a reflective electrode are shown in
      FIGS. 4 and 5. Also, a display device 21 assembled with an element of
      which both the front and back are transparent electrodes is shown in FIG.
      6. There are disadvantages that these elements could be utilized only
      under the specific conditions as mentioned hereinbefore.
PAR  The drawings of from FIG. 7 to FIG. 9 show display devices assembled with
      an element embodying the present invention. Element 25 is composed of
      plate 1 having transparent electrode 2 mounted thereon and plate 5 having
      a semi-transparent electrode 24 mounted thereon. Devices 29, shown in
      FIGS. 7 and 8, are provided with a light source 28 to the rear in the
      inside thereof, and, moreover, reflective plates 26 and screening plate 27
      may be provided as shown in FIG. 7. As shown in FIG. 9, an external light
      source 28' may be provided to the rear of the display device. When light
      from source 28 or 28' is directed on the back face of element 25 as
      indicated by the arrows, the position of the light source and the angle of
      the incident light should be selected so that a concentrated beam of light
      rays is incident on element 25.
PAR  When an element according to the present invention in which a
      semi-transparent mirror-like plane having both the light reflecting and
      transmitting properties is used as the back electrode, there is no need to
      turn on light source 28 or 28' if the external ambient light (for example,
      daylight, room light, etc.) are sufficiently bright. Light rays from
      source 28 or 28' are directed on the back face of element 25 only if the
      external light is not bright enough to present excellent contrast.
      Accordingly, an excellent contrast is always and economically obtained
      notwithstanding changes in the surrounding conditions.
PAR  According to still another aspect of the present invention, the emergence
      of gas under the application of a direct current or a direct current pulse
      field can be extremely reduced by using a conductive material essentially
      consisting of titanium, zirconium or palladium as a negative electrode of
      the element. Therefore, life of the element can be remarkably extended.
      Negative electrodes used in the present invention can be prepared by
      vacuum depositing titanium on a substrate or fixing or sticking a foil or
      plate of zirconium or palladium on the substrate to form the desired
      patterns or fixing together these materials and insulators in the block to
      form the desired patterns.
PAR  The present invention is illustrated by the following examples which should
      not be construed as restricting the present invention.
PAC  EXAMPLE 1
PAR  In FIG. 3 a float glass plate of 3mm in thickness was used as substrates 1
      and 5. Substrate 5 was in advance processed so that the length of inclined
      plane 12 is 1.4mm (an angle of inclination of 4.5.degree.). Electrodes 2
      and 3 were made of tin oxide and a continuous electrode on substrade 5
      were made from aluminum. The liquid crystal,
      N-(4-methoxybenzylidene)-(4'-butyl)aniline (MBBA) was sandwiched in
      between the electrodes to form a layer of about 20 .mu. in thickness.
PAR  Dotite (tradename by Fujikura Kasei Corp., Japan, an electrical conductive
      paste comprising an epoxy resin and silver powder) as a conductive
      material for use in the transfer connection was coated between electrode 3
      and electrodes 12 and 13 to form a conductive film 11.
PAR  Consequent on the application of D.C. 20 volts between lead wires 10 and
      10', there was no electrical failure.
PAC  EXAMPLE 2
PAR  An element of the same structure as Example 1 was made except that
      electrodes 2 and 3 were made of indium oxide and the continuous electrode
      was made from titanium.
PAR  The same effect as that of Example 1 was obtained.
PAC  EXAMPLE 3
PAR  An element of the same structure as Example 2 was made except that a
      continuous electrode made from aluminum was mounted on plate 5 of which
      the cut edge for the transfer connection area was a perpendicular.
PAR  The effect as mentioned in Example 1 was obtained.
PAC  EXAMPLE 4
PAR  An element was produced in the same procedure was Example 1 except that
      electrodes 2 and 3 were made of indium oxide and the continuous electrode
      was made from titanium.
PAR  The same effect as that of Example 1 was obtained. In this case an epoxy
      resin was further coated on conductive film 11 to protect the conductive
      portions from the exterior.
PAC  EXAMPLE 5
PAR  Each of eight in number of patterns 2 and 3 of a tin oxide electrode as
      indicated in FIG. 1-A was mounted on plate 1 electrically insulated from
      one another by photo-etching, while each of eight in number of pattern 4
      of a continuous electrode of aluminum as indicated in FIG. 1-B was mounted
      on plate 5 electrically insulated from one another by photo-etching. In
      this case, each of patterns of FIG. 1-A is opposite to each of the
      corresponding patterns of FIG. 1-B. Eight transfer connections were
      effected by using a soft solder as the conductive material. Other
      conditions were the same as those of Example 1.
PAR  The same effect as that of Example 1 was obtained.
PAC  EXAMPLE 6
PAR  The element of the same structure as that of Example 3 was made except that
      the transfer connection areas were four in number and electrodes 2 and 3
      were made of tin oxide while the continuous electrode was made from
      titanium.
PAR  The same effect as that of Example 1 was obtained.
PAC  EXAMPLE 7
PAR  An element consisting of two float glass plates, the front electrode on the
      inner face of one plate being made of indium oxide and the back electrode
      on the inner face of the other plate being an aluminum film of about 500A
      in thickness having a light transmittance of about 50%, is used in this
      example. MBBA was used as a liquid crystal and a thickness of the layer is
      about 20 .mu.. The aluminum electrode had such an electrical conductivity
      as not at all affecting the driving of the element.
PAR  As shown in FIG. 7, an incandescent electric lamp of 20 watts as a light
      source was provided to the rear on the inside of a device. A potential of
      20 volts D.C. was applied to the element. When observing the device in the
      bright external light without illumination by light source 28, the
      resulting contrast was slightly reduced as compared with the case of using
      a mirror plane of the light transmittance of 0% as the back electrode, but
      was superior as compared with the case of using a transparent electrode as
      the back. When lighting the rear lamp fully obvious contrasts were
      obtained even in the dark.
PAC  EXAMPLE 8
PAR  An element was produced having the same constitution as that of Example 7
      except using a fluorescent lamp of 10 watts as the light source was used.
PAR  The same effect as that of Example 7 was attained.
PAC  EXAMPLE 9
PAR  The same element as that of Example 7 was made except using the same
      electrode transfer connection system as that of Example 1 was employed.
PAR  The same effect as that of Example 7 was obtained.
PAC  EXAMPLE 10
PAR  The same element as that of Example 7 was made except that the back
      electrode was made of titanium film of about 300A in thickness having a
      light transmittance of about 40% was used. When observing the element the
      resulting patterns were slightly unobvious as compared with the case of
      using a titanium electrode of the light transmittance of 0% as the back
      electrode, though the other effects were as mentioned in Example 7.
PAC  EXAMPLE 11
PAR  The same element as that of Example 10 was made except that the same
      electrode transfer connection system as that of Example 1 was employed.
PAR  The same effect as that of Example 10 was obtained.
PAC  EXAMPLE 12
PAR  An element was prepared in the same manner as Example 10 except that the
      front electrode was made of tin oxide and the electrode transfer
      connection was effected as mentioned in Example 3.
PAR  The same effect as that of Example 10 was obtained.
PAC  EXAMPLE 13
PAR  The procedure of Example 7 was repeated except using the same electrode
      transfer connection system as that of Example 3.
PAR  The same effect as that of Example 7 was obtained.
PAC  EXAMPLE 14
PAR  The procedure of Example 7 was repeated except using the same electrode
      transfer connection system as that of Example 1.
PAR  The same effect as that of Example 7 was obtained.
PAC  EXAMPLE 15
PAR  The back electrode was produced by photoetching an aluminum film of about
      1,100A in thickness having a mirror-like plane of the light transmittance
      of 0% to form a great number of holes of 0.1 mm in diameter thereby making
      a light transmittance per unit area of about 50%.
PAR  An element was constituted in the same manner as Example 5. The test
      resulted in the same effect.
PAC  EXAMPLE 16
PAR  The procedure of Example 15 was repeated except using the same electrode
      transfer connection system as that of Example 1.
PAR  The same effect as that of Example 15 was obtained.
PAC  EXAMPLE 17
PAR  In an element filled with a liquid crystal, MBBA having a layer thickness
      of 12 .mu., a conductive coating of tin oxide was used for a positive
      electrode and the following metal coatings for a negative electrode. A
      life test of the element was measured under the application of 24 Volts
      D.C. The results are indicated below:
TBL                                    Table                                   

     __________________________________________________________________________

     negative electrode                                                        

               Al Cu Pb An Ni  Au SnO.sub.2                                    

                                      Ti   Zr   Pd                             

     __________________________________________________________________________

     life (hr.)*                                                               

               4  4  22 48 160 50 3   &gt;1000                                    

                                           &gt;1000                               

                                                &gt;1000                          

     __________________________________________________________________________

      *Time until the liquid crystal shows the emergence of foams and signs of 

      yellowing.                                                               

PAR  The above table shows that the life was extremely extended by using
      titanium, zirconium or palladium as the component of the negative
      electrode.
CLMS
STM  We claim:
NUM  1.
PAR  1. An optical display device comprising first and second transparent
      transposed plates, first and second electrodes mounted on the facing
      surfaces of said first and second plates, respectively, an insulating
      spacer interposed between said plates, a nematic liquid crystal filled
      between said first and second plates and within said insulating spacer,
      said first electrode being transparent and said second electrode being
      partially reflective having a light transmittance in the range of 30% to
      70%, said second electrode being composed of an opaque reflective material
      with a plurality of fine holes formed therein, the number of holes being
      determined by the light transmittance desired, said optical display device
      being adapted to be energized by a D.C. source and wherein said first and
      second electrodes are a positive electrode and a negative electrode,
      respectively, said negative electrode comprising as an essential component
      titanium.
NUM  2.
PAR  2. An optical display device comprising first and second transparent
      transposed plates, first and second electrodes mounted on the facing
      surfaces of said first and second plates, respectively, an insulating
      spacer interposed between said plates, a nematic liquid crystal filled
      between said first and second plates and within said insulating spacer,
      said first electrode being transparent and said second electrode being
      partially reflective having a light transmittance in the range of 30% to
      70%, said second electrode being composed of an opaque reflective material
      with a plurality of fine holes formed therein, the number of holes being
      determined by the light transmittance desired, said optical display device
      being adapted to be energized by a D.C. source and said first and second
      electrodes are a positive electrode and a negative electrode,
      respectively, said negative electrode comprising as an essential component
      zirconium.
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PAL  There is disclosed an imaging system for forming a plurality of images on
      the same surface. The imaging system includes an electro-optic imaging
      member comprising a voltage or current-sensitive light modulating layer, a
      layer of photoconductive material which exhibits persistent
      photoconduction properties and a layer of material capable of generating
      photoinjection currents when struck by radiation which it absorbs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an imaging system for forming a
      plurality of images and, more specifically, to such a system which
      includes an electrooptic imaging member.
PAR  There is known in the imaging art a broad class of imaging devices which
      record optical images by an imagewise distribution of photogenerated
      voltages or currents acting upon a voltage or current-alterable recording
      medium. Examples of imaging devices which belong to this class are the
      Ruticon devices, FERPIC devices, Phototitus devices and liquid crystal
      devices. Typically, in these devices, imagewise activating radiation
      incident on a photoconductor allows charge carriers to move in an external
      electric field. These charge carriers interact with a voltage or
      current-sensitive member which, in turn, modulates light.
PAR  In the Ruticon (derived from the Greek words "rutis" for wrinkle and "icon"
      of image) family of devices described by Sheridon in IEEE Transactions on
      Electron Devices, September, 1972, and U.S. Pat. No. 3,716,359, the
      voltage-sensitive, light modulating recording medium comprises a
      deformable elastomer layer and the photoconductive material may be
      provided as a separate layer or incorporated in the elastomer layer.
      Various embodiments for establishing an electric field across the
      elastomer layer are possible including depositing a thin metallic
      conductive layer which serves as an electrode over the elastomer layer in
      the embodiment referred to as the .gamma.-Ruticon.
PAR  The Phototitus devices, described by Grenat, Pergrale, Donjon and Marie,
      Applied Physics Letters, Vol. 21, No. 3, Aug. 1, 1972, have sandwich
      structures comprising a KD.sub.2 PO.sub.4 crystal as the
      voltage-sensitive, light modulating layer arranged adjacent to a
      photoconductive layer. The KD.sub.2 PO.sub.4 crystal reacts to the
      light-induced voltage distribution produced by the photoconductive layer
      by changing the polarization of transmitted light, a phenomenon called the
      electro-optic effect or the Pockels effect.
PAR  The FERPIC devices, which are described, for example, by Meitzler and
      Maldonado in Electronics, Feb. 1, 1971, and by Smith and Land in Applied
      Physics Letters, Vol. 24, No. 4, Feb. 15, 1972, include a PLZT
      (lead-zirconate titanate doped with Lanthanum) ceramic material as the
      voltage-sensitive, light modulating element. Like the KD.sub.2 PO.sub.4
      crystal in the Phototitus devices, the PLZT ceramic material responds to
      the altered electric field produced by the photoconductive layer by
      changing the polarization of transmitted light. In some PLZT devices, the
      effect used is an electric field-induced change in the degree to which
      transmitted light is scattered. Unlike the KD.sub.2 PO.sub.4 crystals, the
      effects produced in the PLZT ceramics do not disappear when the electric
      field is removed. Because of their similarities, the materials used in the
      Phototitus and FERPIC devices will be referred to herein as "electrooptic
      effect materials."
PAR  Many imaging devices in which liquid crystalline materials are used as the
      recording medium are known such as, for example, those described by
      Margerum et al, Applied Physics Letters, Vol. 19, No. 7, Oct. 1, 1971. In
      these devices, the light modulating liquid crystal layer may be either
      voltage or current alterable. For example, devices which include nematic
      liquid crystalline materials as the recording medium display
      voltage-sensitive light modulating properties when operated above a
      certain threshold voltage. Various nematogenic materials will also exhibit
      dynamic scattering when acted upon by an electric current.
PAR  Electrooptic imaging devices of this general type have been the subject of
      increasing attention recently because of the many applications in which
      they may be utilized and the excellent performance which they are capable
      of providing. Two important areas where devices of this type may be
      effectively utilized are image intensification and image storage. In
      relatively new and growing areas of technology such as electrooptic
      imaging systems, new imaging members, materials for use in the imaging
      members and the use of the imaging members in new modes continue to be
      discovered. The present application relates to a novel and advantageous
      imaging system for forming a plurality of images on the same surface.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide a novel electrooptic
      imaging system.
PAR  It is another object of the invention to provide a method for forming a
      plurality of images on a recording medium.
PAR  It is a further object of the invention to provide an imaging method in
      which a plurality of images is formed in an electrooptic imaging member.
PAR  Still another object of the invention is to provide such an imaging method
      which is capable of operating in a recyclable mode and wherein at least
      one image comprises permanent information and at least one image comprises
      variable information.
PAR  Yet another object of the invention is to provide such an imaging method
      wherein the variable image information is supplied in a real-time mode.
PAR  The foregoing and other objects and advantages are accomplished in
      accordance with the present invention by providing an electrooptic imaging
      member comprising a voltage or current-sensitive light modulating layer
      adjacent a layer of a photoconductive material which exhibits persistent
      photoconductive properties which, in turn, is adjacent to a layer of a
      material which is capable of generating photoinjection currents when
      struck by radiation which it absorbs. In operation of the method,
      generally speaking, an electric field is applied across the imaging member
      and the photoconductive layer is exposed to a first imagewise pattern of a
      radiation to which it is sensitive thereby creating a corresponding
      imagewise pattern in or on the voltage or current-sensitive, light
      modulating layer. The photoinjecting material layer is subjected to
      exposure to a second imagewise pattern of radiation which it absorbs thus
      effecting the generation of photoinjection currents in the areas receiving
      radiation. The photoinjection currents move into the photoconductive
      layer, thus rendering those areas conductive and causing a corresponding
      second imagewise pattern to be formed in or on the voltage or
      current-sensitive, light modulating layer.
PAR  Because of the properties of the photoconductive material, it does not
      simultaneously return to the insulating condition upon removal of the
      imagewise radiation to which it is sensitive but rather remains
      conductive, in the areas struck by radiation, for some period of time
      afterwards. Hence, the first imagewise pattern can be created at will in
      the voltage or current-sensitive light modulating layer for the duration
      of the persistent conductive state without the need for additional
      exposure to that imagewise pattern of radiation. The photoinjection
      currents, on the other hand, do not give rise to persistent
      photoconduction and decay simultaneously with the removal of the second
      imagewise pattern of radiation. It will be apparent, therefore, that the
      imaging system of the present invention is particularly suitable for
      combining permanent image information with the variable image information
      such as where it is desired to reproduce different individual information
      on different copies of the same basic form.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      disclosure of various preferred embodiments of the invention taken in
      conjunction with the accompanying drawings thereof wherein:
PAR  FIG. 1 is a partially schematic, cross-sectional view of an embodiment of
      an imaging member according to the invention; and
PAR  FIGS. 2, 3, and 4 are partially schematic, cross-sectional views of imaging
      members according to the invention wherein the light modulating layer
      comprises a deformable elastomer material.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates an imaging member utilized in the imaging system of the
      invention. Referring now to FIG. 1, there is seen the imaging member,
      generally designated 10, which comprises optional substrate 12,
      photoinjecting layer 14, photoconductive layer 16, voltage or
      current-sensitive, light-modulating layer 18 and surface charging means,
      shown here as a conductive layer 20 connected to one side of a source of
      electrical potential 22 which may be A.C., D.C., or a combination thereof.
      The external circuit may also include suitable switching means (not
      shown). Of course, it will be appreciated that conductive layer 20 may be
      eliminated when the electric field is established by means of corona
      charging such as where corona charging means, for example, those disclosed
      in U.S. Pat. Nos. 2,777,957 and 2,836,725, are used to deposit charge on
      the surface of layer 18 while the other side of the imaging member is
      grounded. Alternatively, the field across the imaging member may be
      established by the double sided corona charging technique wherein one
      corona charging device is arranged on each side of the imaging member.
      Typically, the corona charging devices are oppositely charged in this
      embodiment and are traversed more or less in register. It should be noted
      that it is possible to have a substrate in the imaging member when the
      field is established in this manner in which case, it need not be
      laterally conductive.
PAR  Optional substrate 12 may comprise any suitable material possessing the
      requisite mechanical properties and may be transparent or opaque depending
      upon what materials are used in the imaging member and how the imaging
      member is used. In embodiments where an electrically conductive substrate
      is used, the substrate may be a single layer of conductive material or it
      may comprise a transparent conductive layer arranged on a suitable
      substrate such as, for example, glass or plastic materials. Typical
      suitable transparent conductive layers include continuously conductive
      coatings of conductors such as indium oxide, tin oxide, thin layers of
      tin, aluminum, chromium or any other suitable conductors. These
      substantially transparent conductive coatings are typically evaporated or
      sputtered onto the more insulating transparent substrate. NESA glass, a
      tin oxide coated glass manufactured by the Pittsburgh Plate Glass Company,
      is a commercially available example of a typical transparent conductive
      layer coated over a transparent substrate. It should be noted here that
      conductive layer 20 may comprise any of the above described materials. It
      is preferred to have a substrate in the imaging member because it provides
      mechanical support for the other layers in the member.
PAR  Photoinjecting layer 14 may comprise any materials which will generate
      photoinjection currents when struck by radiation which it absorbs and
      inject these currents into the adjacent photoconductive layer 16 so as to
      alter the electrical conductivity characteristics of the photoconductive
      material. Typical suitable photoinjecting materials for use in layer 14
      include metals such as gold, copper, aluminum, silver, indium, chromium
      and mixtures thereof. It is preferred to employ a material which is
      transparent at thicknesses at which it is conductive since, in some
      embodiments of the invention, exposure of the photoconductor is effected
      through the substrate. It will be understood, however, that layer 14 may
      be opaque in which case layer 18 should be transparent to allow activating
      radiation to reach photoconductive layer 16. The photoinjecting layer 14
      is typically from about 50A to about 400A thick and typically has a work
      function of from about 4 to about 6 eV. The preferred thickness of layer
      14 in any particular embodiment of imaging member 10 depends, inter alia,
      upon the range of excited electrons or holes generated in the metal. This
      range will also determine the conductivity requirement. The preferred work
      function for layer 14 is dependent, inter alia, upon the position of the
      energy levels of the conducting electrons and holes in the particular
      persistent photoconductor which comprises layer 16. It is preferred to
      utilize a photoinjecting material which absorbs radiation to which the
      photoconductive material is not sensitive since in such an embodiment care
      need not be taken to prevent the second imagewise pattern of radiation
      from reaching the photoconductive layer. It should be noted that the
      imagewise exposure pattern which is used to generate the photoinjection
      currents in layer 14 according to the invention may comprise wavelengths
      to which the photoconductive material is sensitive if layer 14 is capable
      of preventing the radiation from reaching photoconductive layer 16;
      however, it is preferred that this exposure pattern comprise wavelenghts
      to which photoconductive layer 16 is not substantially sensitive.
      Typically, energy in the range of from about 10.sup.4 to about 10.sup.5
      ergs/cm.sup.2 is required to generate photoinjection currents which are of
      sufficient strength to discharge the photoconductor.
PAR  Photoconductive layer 16 may comprise any photoconductive insulating
      material which exhibits persistent photoconduction properties and may be
      organic, inorganic or mixtures thereof. Typical suitable persistent
      photoconductive materials include, for example, those described in U.S.
      Pat. Nos. 3,114,022 and 3,512,966. A preferred class of persistent
      photoconductive materials comprises an organic photoconductive material,
      an activator capable of formation of a charge transfer complex with said
      organic photoconductive material and a protonic acid. These
      photoconductive compositions can be used as either a rapidly switching or
      persistent imaging layer depending upon the degree of exposure given to
      them. The preferred compositions of this class of materials have a strong
      tendency toward this elevated state of conductivity and can be restored to
      a relatively insulative condition by subjecting the composition to heat.
PAR  Organic photoconductive electron donor materials which can be used in
      preparation of the photoconductive compositions of the present invention
      include what can be termed "small molecule" photoconductors dispersed in
      an inert cohesive matrix and any of a number of the polymeric
      photoconductive materials.
PAR  These so-called "small molecule" photoconductive materials include the
      following: oxadiazoles; e.g.,
      2,5-bis[4'-diethylaminophenyl]-1,3,4-oxadiazole,
      2,5-bis-[4'-(n-propylamino)-2'-chlorophenyl-(1')]-1,3,4-oxadiazole,
      2,5-bis-[4'-N-ethyl-N-n-propylaminophenyl-(1')]-1,3,4-oxadiazole,
      2,5-bis-[4'-dimethylaminophenyl]-1,3,4-oxadiazole; triazoles, e.g.,
      1-methyl-2,5-bis-[4'-diethylaminophenyl]-1,3,4-triazole; imidazoles, e.g.,
      2-(4'-dimethylaminophenyl)-6-methoxy-benzimidazole; oxazoles, e.g.,
      2-(4'-chlorophenyl)-phenanthreno-(9'-10':4,5)-oxazole; thiazoles, e.g.,
      2-(4'-diethylaminophenyl)-benzthiazole; thiophenes, e.g.,
      2,3,5-triphenylthiophene; triazines, e.g.,
      3-(4'-aminophenyl)-5,6-dipyridyl-(2')-1,2,4-triazine,
      3-(4'-dimethylaminophenyl)-5,6-di(4'-phenoxyphenyl)-1,2,4-triazine;
      hydrazones, e.g., 4-dimethylaminobenzaldehyde isonicotinic acid hydrazone;
      styryl compounds, e.g., 2-(4'-dimethylaminostyryl)-6-methyl-4-pyridone,
      2-(4'-dimethylaminostyryl)-5-(or 6)-aminobenzimidazole, bis
      (4-dimethylaminostyryl) ketone; azomethines, e.g.,
      4-dimethylaminobenzylidene- -naphthylamine; acylhydrazones, e.g.,
      4-dimethylaminobenzylidenebenzhydrazine,
      4-dimethylaminobenzylidene-4-hydroxybenzoic hydrazide,
      4-dimethylaminobenzylidene-2-aminobenzoic hydrazide,
      4-dimethylaminobenzylidene-4-methoxybenzoic hydrazide,
      4-dimethylaminobenzylidene-iso-nicotinic hydrazide,
      4-dimethyl-aminobenzylidene-2-methylbenzoic hydrazide; pyrazolines, e.g.,
      1,3,5-triphenylpyrazoline, 1,3-diphenyl-5-[4'-methoxy-phenyl]-pyrazoline,
      1,3-diphenyl-5]4'-dimethylaminophenyl] pyrazoline;
      1,5-diphenyl-3-styrylpyrazoline;
      1-phenyl-3]4'-dimethylaminostyryl]-5-[4'Odimethylaminophenyl]-pyrazoline;
      imidazolones, e.g., 4-[4'-dimethylaminophenyl]-5-phenylimidazolone,
      4-furfuryl-5-phenylimidazolone; imidazolethiones, e.g.,
      4-[4'-dimethylaminophenyl]-5-phenylimidazolethione,
      3,4,5-tetraphenylimidazolethione;
      1,3,5-triphenyl-4-[4'-dimethylaminophenyl] imidazolethione;
      1,3,4-triphenyl-5-furfurylimidazolethione; benzimidazoles, e.g.,
      2-[4'-dimethylaminophenyl]-benzimidazole,
      1-methyl-2-[4'-dimethylaminophenyl]-benzimidazole,
      1-phenyl-2-[4'-dimethylaminophenyl]-benzimidazole; benzoxazoles, e.g.,
      2-[4'-dimethylaminophenyl]-benzoxazole; and benzothiazoles, e.g.,
      2-[4'-dimethylaminophenyl]-benzoxazole; and benzothiazoles, e.g.,
      2-[4'-dimethylaminophenyl]-benzothiazole.
PAR  Materials which can be effectively used to provide the inert cohesive
      matrix for dispersion of the above "small molecule" photoconductors are
      polymers having fairly high dielectric strength and which are good
      electrically insulating film forming vehicles. Typical of such inert
      polymer matrices are: styrene-butadiene copolymers; silicone resins,
      styrene-alkyd resins; soya alkyd resins; polyvinyl chloride;
      polyvinylidene chloride; vinylidene chloride-acrylonitrile copolymers;
      polyvinyl acetate; vinyl acetate-vinyl chloride copolymers; polyvinyl
      acetals, such as polyvinyl formal; polyacrylic and methacrylic esters,
      such as polymethyl methacrylate, poly-n-butyl methacrylate, polyisobutyl
      methacrylate; polystyrene; nitrated polystyrene; polymethylstyrene;
      isobutylene polymers; polyesters, such as polyethylene-alkaryl-oxyalkylene
      terephthalate; phenolformaldehyde resins; ketone resins; polyamide; and
      polycarbonates. Methods of making resins of this type have been described
      in the prior art, for example, styrene-alkyd resins can be prepared
      according to the method described in U.S. Pat. Nos. 2,361,019 and
      2,258,423.
PAR  Typical polymeric photoconductive materials suitable for use in preparation
      of such photoconductive compositions include: poly-N-acrylylphenothiazine,
      poly-N-(.beta.-acrylyloxyethyl)-phenothiazine, poly-N-(2-acrylyloxy
      propyl)-phenothiazine, polyallylcarbazole,
      poly-N-(2-acrylyloxy-2-methyl-N-ethyl) carbazole,
      poly-N-(2-p-vinylbenzoyl-ethyl)-carbazole, poly-N-propenylcarbazole,
      poly-N-vinyl-carbazole, poly-N-2-meth-acrylyl-oxypropyl carbazole,
      poly-N-acrylyl-carbazole, poly-(N-ethyl-3-vinylcarbazole),
      poly-4-vinyl-p-(N-carbazyl)-toluene, poly(vinylanisal acetophenone),
      poly(vinylpyrene) and polyindenes. If desired, the monomers of the
      polymeric photoconductors can be copolymerized with each other or with
      other monomers, such as vinyl acetate, methylacrylate, vinylcinnamate,
      polystyrene, 2-vinylpyridine.
PAR  The photoresponsiveness of the above photoconductive materials are enhanced
      with respect to speed and spectral response by the addition thereto of any
      of a number of standard activators (electron acceptors) and, optionally,
      any one of a number of dyestuff sensitizers. The quantity of activator in
      the photoconductive compositions will vary depending upon the level of
      enhancement of conductivity desired and the effect such inclusions have on
      the physical properties of the composition. Generally, the amount of
      activator present in the photoconductive composition will range from about
      0.1 to 50.0 weight percent based upon the weight of the photoconductive
      material, with 1-6 weight percent ordinarily being preferred. The quantity
      of dyestuff sensitizer that can be optionally added to the composition is
      similarly limited. Representative of activators which can be added to
      these compositions include nitrobenzene, m-dinitrobenzene;
      o-dinitrobenzene; p-dinitrobenzene; 1-nitro-naphthalene;
      2-nitro-naphthalene; 2,5-dinitrophenaphthrenequinone;
      2,7-dinitrophenaphthrenequinone; 3,6-dinitrophenaphthrenequinone;
      2,4-dinitrofluorene-.DELTA..sup.9,.sup..alpha. -malonotrile;
      2,5-dinitrofluorene-.DELTA..sup.9,.sup..alpha. -malononitrile;
      2,6-dinitrofluorene-.DELTA..sup.9,.sup..alpha. -malononitrile;
      2,7-dinitrofluorene-.DELTA..sup.9,.sup..alpha. -malononitrile;
      3,6-dinitrofluorene-.DELTA..sup.9,.sup..alpha. malononitrile;
      2,4,7-trinitrofluorene-.DELTA..sup.9,.sup..alpha. -malononitrile;
      2,4,5,7-tetronitrofluorene-.DELTA..sup.9,.sup..alpha. -malononitrile;
      2,4-dinitrofluorenone; 2,5-dinitrofluorenone; 2,6-dinitrofluorenone;
      2,7-dinitrofluorenone; and 2,4,7-trinitro-9-fluorenone. Especially
      preferred activators of the type described above are the nitroaromatics.
      Examples of dyestuff sensitizers suitable for incorporation in the
      photoconductive compositions of this invention are the triarylmethane
      dyestuffs such as Malachite Green, Brilliant Green, Victoria Blue B,
      Methyl Violet, Crystal Violet, Acid Violet 6B; xanthene dyestuffs, namely
      rhodamines, such as Rhodamine B, Rhodamine 6G, Rhodamine G Extra, and Fast
      Acid Eosin G, as also phthaleins such as Eosin S, Eosin A, Erythrosin,
      Phloxin, Rose Bengal, and Fluorescein; thiazine dyestuffs such as
      Methylene Blue; acridine dyestuffs such as Acridine yellow, Acridine
      Orange and Trypaflavine; and cyanine dyestuffs such as Pinacyanol,
      Cryptocyanine and Cyanine.
PAR  The protonic acids which can be used in extending the conductivity of the
      photoconductive compositions of this invention can be any proton donor
      having an aqueous dissociation constant of 10.sup..sup.-4 and preferably
      greater. The upper concentration of acid relative to the photoconductive
      material is only limited by the solubility of such material in the
      photoconductive composition. Good results have been obtained utilizing as
      little as about 0.004 weight percent acid based upon the combined weight
      of the essential components of the photoconductive composition. In the
      preferred embodiments of this invention the acid concentration will range
      from about 0.1 - 4 weight percent.
PAR  Typical of the acids which can be used in the photoconductive compositions
      of this invention are: naphthalinesulfonic acid, benzosulfonic acid,
      o-aminobenzosulfonic acid, p-aminobenzosulfonic acid, m-aminobenzosulfonic
      acid, iodoacetic acid, bromoacetic acid, dichloroacetic acid,
      trichloroacetic acid, dichloroacetylacetic acid, dimethylmalonic acid,
      dinicotinic acid, fluorobenzoic acid, o-hydroxybenzoic acid, litidinic
      acid, maleic acid, malonic acid, oxalic acid, quinolinic acid,
      .alpha.-tartaric acid, phosphoric acid and sulfurous acid.
PAR  A preferred persistent photoconductive composition for use according to the
      present invention comprises poly-n-vinylcarbazole, o-dinitrobenzene and
      trichloroacetic acid. Both the essential and optional ingredients used in
      preparation of the herein disclosed photoconductive compositions are
      presently commercially available or can be prepared by well-known chemical
      synthesis.
PAR  The photoconductive compositions can be prepared by dispersal of the above
      ingredients in their appropriate proportion in a suitable dispersal
      medium, forming a film of the dispersal on photoinjecting layer 14 and
      thereafter evaporation of the dispersant. The liquid dispersal can be
      applied to the photoinjecting layer by any of a number of standard coating
      techniques. Film thickness is controlled by either adjustment of the
      viscosity of the dispersal or by mechanical means or both. The films thus
      produced form a substantially uniform, continuous and adherent coating on
      the conductive substrate. Ordinarily, an average film thickness of about 1
      to about 50 microns will provide an imaging layer of the requisite
      insulative and photodischarge characteristics to be suitable for imaging
      according to the system of the present invention.
PAR  Liquid dispersal media suitable for use in preparation of coatings of these
      photoconductive compositions include benzene; toluene; acetone;
      2-butanone; chlorinated hydrocarbons, e.g., methylene chloride, ethylene
      ethers, e.g., tetrahydrofuran, and mixtures thereof.
PAR  Voltage or current-sensitive, light modulating layer 18 may comprise any
      suitable material which is capable of recording optical images by an
      imagewise distribution of photogenerated voltages or currents. Typical
      suitable materials include, for example, elastomers, liquid crystalline
      materials, electro-optic effect materials (such as Pockels effect crystals
      and PLZT ceramics), electrophoretic materials (charged particles in
      dielectric liquids), thermoplastics and movable segmented films such as
      are disclosed by J. A. VanRaalte in J. Opt. Soc. Am.,  Vol. 9, No. 10, pp.
      22-25, 1970, and K. Preston in Opt. Acta., Vol. 16, p. 579, 1970.
PAR  In operation, an electric field is applied across imaging member 10 and the
      member is exposed to a first imagewise pattern of activating
      electromagnetic radiation to which the photoconductive material comprising
      layer 16 is sensitive, therey rendering conductive those areas of layer 16
      which receive radiation and establishing an imagewise pattern in or on
      voltage or current-sensitive, light modulating layer 18. The voltage drop
      across the photoconductive layer-light modulating layer sandwich is
      typically in the range of from 0.1 volt to about 25,000 volts depending
      upon the material which comprises light modulating layer 18, the thickness
      of the layers and certain properties of the photoconductive material, the
      dielectric constant in particular. The imaging member 10 is also subjected
      to exposure to a second imagewise pattern comprising electromagnetic
      radiation which is absorbed by photoinjecting layer 14. Photoinjection
      currents are generated in those areas of layer 14 which receive activating
      radiation and these currents are injected into photoconductive layer 16
      causing the affected areas of layer 16 to become conductive and resulting
      in a second imagewise pattern being established in or on voltage or
      current-sensitive, light modulating layer 18.
PAR  The respective image information may be directed upon the imaging member
      through the upper surface thereof or through the substrate depending,
      inter alia, upon the properties of the various layers of the imaging
      member, the particular voltage or current-sensitive, light modulating
      material employed and the nature of the activating radiation comprising
      the image information. For example, if the activating radiation comprising
      the second imagewise pattern is not absorbed by photoconductive layer 16,
      then it can be directed at the imaging member from above as could the
      first imagewise pattern of radiation. Of course, in this embodiment,
      layers 18 and 20 would have to allow the respective imagewise radiation
      pattern to reach layers 14 and 16. Alternatively, exposure to the second
      imagewise radiation pattern could be effected directly onto photoinjecting
      layer 14 from below or through substrate 12, if present. Of course, it
      will be recognized that the present method is intended to be practiced
      preferably in a manner such that registration of the respective imagewise
      patterns projected upon the imaging member will preclude any overlap in
      the image patterns formed in or on layer 18 and, consequently, on any hard
      copy reproductions or visual displays these patterns formed therefrom.
      However, it should be noted that some overlap may occur without
      substantially affecting the results obtained. With respect to the
      reproduction of line copy which typically comprises the bulk of the copy
      reproduced, substantial areas of the original material are comprised of
      background. For example, a U.S. patent on pages completely filled with
      single space information has a background area of about 90% with about 10%
      of the total imaging area of the page taken up by character information.
      Thus, it will be clearly evident that any overlap between, for example,
      character information and a standard form could be tolerated and would not
      present any significant problems in the practice of the invention. It
      should also be noted that the respective images formed in the imaging
      member according to the invention may be in side-by-side relationship,
      that is to say, where one image is formed be exposing a first portion of
      the photoconductor and a second image is formed by exposing a second
      portion of the photoconductor which does not overlap the first exposed
      portion. Thus, it will be understood that the method of the invention
      broadly contemplates forming a plurality of images in an imaging member
      and the plurality of images may have any relative position to each other
      within the imaging area of the member.
PAR  The imagewise patterns formed in or on voltage or current-sensitive, light
      modulating layer 18 may be read out by various techniques depending upon,
      inter alia, the particular type of voltage or current-sensitive light,
      modulating layer present in the imaging member. Generally, the imagewise
      patterns may be read out in reflection or in the transmission. Image
      enhancement means such as polarizers may also be utilized in reading out
      the images. Such image enhancement means are preferred when birefringence
      effects in the light modulating layer 18 are exploited to form the images
      therein. In embodiments where light modulating layer 18 comprises a
      deformable material such as an elastomer and deformation images are formed
      it is preferred to employ a phase sensitive image reconstruction system
      such as a Schlieren optical system.
PAR  After removal of the first imagewise pattern of radiation, the areas of the
      photoconductive layer which received such radiation do not simultaneously
      return to the original electrically insulating condition but instead
      remain in the electrically conductive state for an extended period of
      time, for example, up to about 10.sup.3 to about 10.sup.4 seconds or more.
      Moreover, in an electroded configuration such as is illustrated in FIG. 1,
      this persistent conductivity is typically not depleted by high electric
      fields such as may be utilized in the imaging method. Hence, the imagewise
      pattern created in or on light modulating layer 18 may be recalled at will
      for the duration of the persistent conductive state. Within this time
      period, the first imagewise pattern can be erased permanently from the
      imaging member typically by heating the photoconductive layer to elevated
      temperatures for a few seconds. In the case of the preferred
      photoconductive composition comprising poly-n-vinylcarbazole,
      o-dinitrobenzene and trichloroacetic acid, heating to a temperature of
      from about 80.degree.C to about 120.degree.C for about 60 seconds is
      typically required to permanently erase the image.
PAR  As noted previously, the photoinjection currents generated as a result of
      the second imagewise pattern of radiation being absorbed by photoinjection
      layer 14 and which are injected into photoconductive layer 16 do not give
      rise to persistent photoconduction. These photoinjection currents decay
      simultaneously with removal of the exposing radiation from the imaging
      member. Hence, the imaging member will function in a normal erasable or
      real time mode when operated with the photoinjection currents. It is
      possible, therefore, according to the present invention to add quickly
      erasable, variable information to the relatively more permanent
      information. This technique would be highly advantageous in situations
      where it is desired to reproduce particular image information a great
      number of times in combination with different additional image information
      such as, for example, in commercial billings or inventories where a single
      basic form is reproduced many times with different individual information
      added for each reproduction. If the persistent conductive state of the
      photoconductor remains for from 10.sup.3 to 10.sup.4 seconds and one
      reproduction per second is made then from 1000 to 10,000 reproductions may
      be made with only one exposure of the imaging member to the permanent
      image information.
PAR  As noted above, potential source 22 and may be A.C., D.C. or combinations
      thereof. The potential source 22 should be capable of being turned off to
      more repidly erase the images formed as a result of the photoinjection
      currents or undergo a shift in polarity to accomplish the same.
PAR  The invention has been described with respect to a general imaging member.
      It will not be further described in detail with respect to various
      preferred embodiments of imaging members and it should be understood that
      various specific elements in addition to those illustrated in FIG. 1 may
      be required in these various embodiments.
PAR  Particularly preferred imaging members according to the present invention
      are those wherein the voltage or current-sensitive light modulating layer
      comprises a deformable elastomer material. It should be understood that by
      the term "elastomer" is meant a usually amorphous material which exhibits
      a restoring force in response to a deformation, that is, an amorphous
      material which deforms under a force and, because of volume and surface
      forces, tends to return to the form it had before the force was applied. A
      detailed description of imaging members including a deformable elastomer
      layer is found in U.S. Pat. No. 3,716,359. FIGS. 2, 3 and 4 illustrate
      embodiments of imaging members including a deformable elastomer layer.
      These imaging members are similar to the member illustrated in FIG. 1 and
      like elements are identified by the same numerals.
PAR  FIG. 2 illustrates an imaging member wherein a layer of a conductive liquid
      serves as one of the electrodes. In this embodiment, voltage sensitive
      light modulating layer 30 comprises a deformable elastomer material. Any
      suitable elastomer material may be used to form layer 30. Typical suitable
      elastomeric soft solid materials for use in the imaging devices of the
      invention include both natural (such as natural rubber) and synthetic
      polymers which have rubber-like characteristics, i.e., are elastic, and
      include materials such as styrene-butadiene, polybutadiene, neoprene,
      butyl, polysoprene, nitrile, urethane and ethylene rubbers. A preferred
      class of elastomer materials includes water based gelatin gels and
      dimethylpolysiloxane gels. The elastomers generally should be reasonably
      good insulators and typically have volume resistivities above about
      10.sup.4 ohm-cm and shear moduli of from about 10 to about 10.sup.8
      dynes/cm.sup.2 and dielectric strengths above about 10 volts/mil.
      Preferably, the elastomers will have volume resistivities above about
      10.sup.13 ohm-cm, shear moduli of from about 10.sup.2 to about 10.sup.5
      dynes/cm.sup.2 and dielectric strengths greater than about 500 volts/mil.
      Commercially available elastomers which have been found to be suitable for
      use include: Sylgard 182, Sylgard 184, Sylgard 188 (available from Dow
      Corning Co.), RTV 602 and RTV 615 (available from General Electric Co.).
      The higher volume resistivity elastomers are preferred since they
      typically provide extended image storage capability. Elastomers having
      relatively high dielectric strength are preferred because they typically
      allow the imaging members to be operated at relatively high voltage levels
      which is desirable.
PAR  A particularly preferred elastomer is a transparent, very compliant
      composition which comprises an elastomeric dimethylpolysiloxane gel made
      by steps including combining about one part by weight of Dow Corning No.
      182 silicone resin potting compound, about 0.1 part by weight of curing
      agent and anywhere from about zero to about thirty parts by weight of Dow
      Corning No. 200 dimethylpolysiloxane silicone oil. Other suitable resins
      include transparent flexible organosiloxane resins of the type described
      in U.S. Pat. No. 3,284,406 in which a major portion of the organic groups
      attached to silicon are methyl radicals.
PAR  The thickness of elastomer layer 30 is typically in the range of from about
      0.1 micron to about 200 microns depending, inter alia, upon the spatial
      frequency of the information to be recorded. It is preferred that
      elastomer layer 30 be from about 5 to about 10 microns thick. Various
      optical properties of the imaging device may be enhanced by a suitable
      selection of the elastic modulus of the particular elastomer material
      used. For example, a relatively more stiff elastomer will typically
      recover more rapidly from an image when the electric field is removed and
      thus may be erased more quickly. On the other hand, an elastomer material
      having a relatively low elastic modulus will exhibit less resistance to
      large deformations and hence greater optical modulation for a given value
      of electric field.
PAR  The thick conductive liquid layer 32 may or may not be transparent.
      Non-transparent conductive fluids include mercury, room temperature molten
      gallium-indium alloys, etc. Transparent conductive fluids include water to
      which conductive impurities have been added. When transparent, fluid 32
      should typically have a substantially different refractive index than
      elastomer 30 in order that deformations of the elastomer surface will
      phase modulate the illuminating light. A transparent fluid may also be
      used for read out in the reflection mode which may be enhanced by
      arranging a thin, flexible, transparent layer on elastomer layer 32. Such
      a flexible, transparent layer should typically have a substantially
      different refractive index than either the elastomer layer 30 or the
      transparent conductive fluid.
PAR  Window layer 34 may be any suitable material such as, for example, normal
      optical property glass, which is capable of maintaining conductive fluid
      32 in contact with elastomer layer 30. It should be noted that many
      conducting transparent fluids typically undergo electrolysis in a D C.
      electric field. This is undesirable because it leads to a deterioration of
      the elements of the imaging device as well as evolution of gas. Thus, in
      operation of imaging devices including conductive transparent fluids, it
      is typically preferred to use an A.C. electric field. Of course, it will
      be recognized that the image information may be projected upon the imaging
      member, and the image patterns may be read out, by any of the techniques
      described above herein.
PAR  In operation a field created by voltage from potential source 22 is applied
      across the imaging member and exposure to the first and second imagewise
      patterns of radiation is effected. The electric field across the elastomer
      layer 30 is varied in a manner corresponding to the first and second
      imagewise radiation patterns. The mechanical force of the electric field
      across the elastomer layer causes it to deform and this deformation will
      proceed until the forces of the electric field are balanced by the surface
      tension and elastic forces of the elastomer. At this point, the
      deformation stops and typically becomes stable as long as the electric
      field across the elastomer is maintained. To erase the images, the field
      across the elastomer is removed. In a preferred embodiment, erasure is
      effected by reversing the polarity of the field across the elastomer
      layer, this technique typically providing more rapid erasure. With some
      photoconductors, rapid erasure requires flooding the photoconductor with
      uniform activating radiation.
PAR  It should be noted that the deformations in elastomeric materials are
      different from those occurring in thermoplastic materials in that
      elastomer deformations are independent of any developing step such as heat
      and/or solvent softening steps typically necessary with thermoplastic
      deformation imaging materials. Another difference between elastomers and
      thermoplastics is that deformations in the former assume a definite llimit
      for a given electric field because elastic forces oppose the deformation.
      The thermoplastic deformations do not encounter such a definite limit for
      a given field as long as the thermoplastic is maintained in a softened
      condition.
PAR  Although not illustrated, it should be recognized that according to a
      preferred embodiment of the invention, an absorption type line grating is
      arranged between the projected imagewise radiation and the photoconductor
      of the imaging member. The line grating allows the elastomer layer to
      record images having spatial frequencies substantially lower than the
      resonant deformation frequency of the elastomer. The elastomer will deform
      along the pattern of the high spatial frequency screen in those areas
      where it is illuminated. The screened surface relief imaging formed on the
      elastomer will be made up of segments of the shadow of the screen. The
      image obtained when the deformed elastomer is illuminated will therefor
      have a fine structure of lines superimposed upon the original image that
      was recorded. If the line structure is objectionable, it may be removed by
      suitable optical filtering techniques which are well-known in the art.
PAR  It is preferred to place the screen (for example, a line grating)
      immediately adjacent to the photoconductive layer in the imaging device.
      Other types of screens that may be used and, if desired, similarly located
      are described in U.S. Pat. Nos. 3,698,893 and 3,719,483. It should be
      noted here that screens may be incorporated in any of the devices
      constructed according to the present invention, where appropriate.
PAR  In another embodiment it is possible to create a screen pattern in the
      photoconductor by optical techniques. For example, the photoconductive
      layer can be exposed to uniform illumination to which it is sensitive
      through a line grating and hence a persistent conductivity pattern
      corresponding to the screen will be formed in the layer. The
      photoinjecting layer can then be irradiated with an imagewise pattern
      comprising suitable wavelengths and there will consequently be formed in
      the imaging member a screened reproduction of the imagewise pattern. The
      image formed in this manner typically would be of higher resolution than
      one formed in a member which included an integral line grating since in
      the former there would be no replication of the screen grating. It should
      also be noted that the imaging member could include two or more different
      color gratings in which case the member could be used in a multicolor
      image reproduction system.
PAR  FIG. 3 illustrates an imaging member according to the invention wherein a
      layer of conductive gas serves as one of the electrodes. The embodiment is
      essentially identical with that illustrated in FIG. 2 with the exception
      that the thick conductive liquid layer 32 in FIG. 2 is replaced by a
      conductive gas 40 and requires means for ionizing the gas 42 which may
      include a transparent conducting window. The conductive gas 40 may be
      obtained by means of glow discharge through a low pressure gas of a few
      millimeters of mercury pressure, or by low pressure arc discharge which
      commonly takes place at a few microns of mercury pressure. The gas may
      also be ionized by means of intense radioactivity in or near a low
      pressure gas 40 or radio frequency excitation of the gas in the cavity or
      other techniques for producing a conductive gaseous plasma which are
      well-known in the art. Charging of the elastomer surface may also take
      place if gas 40 is at a sufficiently high vacuum and contains a source of
      thermally excited electrons, such as a heated tungsten filament, which is
      directed against the elastomer surface. This may be a scanned beam as from
      an electron gun, or an unscanned beam, or from a multiplicity of electron
      emitting sources. A reflective layer may also be placed over layer 30 on
      the surface interface between layers 30 and 40. The conductive gas layer
      40 may be between 0.1 micron thick to an indefinite thickness. As set
      forth above, gas ionizing means 42 may be a separate electrode or may be
      coupled to a transparent conducting window to contain the conductive gas
      against elastomer layer 30. The container for preventing the conductive
      gas 40 from escaping would, of course, have to be airtight to contain the
      gas at the necessary level of vacuum.
PAR  FIG. 4 illustrates a particularly preferred embodiment of a Ruticon imaging
      device wherein the electric field is created across the elastomer layer 30
      by means of a thin, continuous conductive layer 50 on the surface of the
      elastomer, which layer is sufficiently flexible to follow the deformations
      of the elastomer. In the case where this layer 50 is highly reflective,
      this apparatus will utilize the readout light with great efficiency. If
      the layer is opaque, light propagating through the substrate may be used
      to form the surface deformation images while simultaneously light
      propagating from above may be used to reconstruct the image. The light
      sources used may be of different wavelengths and/or intensities and/or one
      light source may be coherent and the other non-coherent. Hence, this
      device may be used to convert imaged formed in particular wavelengths into
      equivalent images formed in different wavelengths. Also, if the readout
      light incident from the top is very much more intense than the imaging
      light incident from the bottom, the apparatus shown in FIG. 4 will provide
      great amplification of input images such as amplified light being used,
      for example, for large panel displays. Furthermore, the reconstruction
      light may be coherent, e.g., that produced by a laser, so that image
      processing steps may be performed on the surface deformation images which
      are formed with non-coherent light propagating from the bottom. On the
      other hand, the light giving rise to the surface deformation images may be
      coherent light while the reconstruction light may be non-coherent. This
      latter case is desirable because non-coherent light is more pleasing to
      the human eye and current coherent light generators are typically limited
      to production of light within narrow wavelength bands, i.e., one color
      such as red. A reason for having coherent light for forming the surface
      deformation images arises when it is the reconstruction light for forming
      images with holograms. Therefore, the present device may have a
      holographically reconstructed image projected onto it forming a surface
      deformation image that is viewed with non-coherent light of substantially
      greater intensity as suited for large panel displays.
PAR  It is again noted that substrate 12 may be opaque or transparent. The thin
      conductive layer 50 typically should be flexible enough to follow the
      deformations of elastomer layer 30. Where, for example, conductive layer
      50 is opaque, such as a thin metal film, substrate 12 and photoinjecting
      layer 14 must be transparent to allow the first imagewise radiation
      pattern to reach photoconductive layer 16. In this case image information
      may be read out continuously when the readout illumination is incident
      from above the member. Where the thin conductive layer 50 is transparent,
      readout light may be reflected from its surface of the member may be used
      in transillumination provided the other layers are transparent.
PAR  Conductive layer 50 may comprise a thin layer of a suitable metal material
      or combination of two or more metals. such metallic layers would typically
      be between approximately 50 angstroms to several thousand angstroms thick
      depending, inter alia, on the desired flexibility and the requisite
      conductivity. Layer 50 could also be transparent such as, for example,
      where a film of Dow Corning resin ECR 34 is coated on the surface of
      elastomer layer 44. Other conductive layers such as may occur to those
      skilled in the art may also be used within the scope of the invention. The
      voltage levels typically required to form and "lock" the deformation
      images, i.e., permanently deform the elastomer, would be in the range of
      from about 1 to about 25,000 volts depending, inter alia, on the thickness
      and other characteristics of elastomer layer 30.
PAR  Thin conductive layer 50 typically has sufficient conductivity to become an
      equipotential surface when connected to an electrical energy source;
      sufficient flexibility to follow the deformations of the elastomer;
      sufficient fatigue resistance to withstand numerous and rapid formations
      and erasures of surface deformations; and, in some cases, high opacity and
      reflectivity as when being read out by a high intensity light source to
      which the photoconductive layer is sensitive.
PAR  Conductive layer 50 preferably comprises gold and indium. Although layer 50
      may be formed on elastomer layer 30 by various methods such as, for
      example, by chemical reaction, precipitation out of a solution,
      electrophoresis, electrolysis, etc., it is preferred to form the layer by
      vacuum evaporation techniques. For a detailed description of the vacuum
      evaporation technique for forming metal layers including gold and indium
      on elastomer layer surfaces, see U.S. Pat. No. 3,716,359. It should be
      noted there that other materials may be added to the metallic layers to
      enhance or suppress particular characteristics such as, for example,
      spectral reflectivity and corrosion resistance.
PAR  Optionally, the imaging device illustrated in FIG. 4 may also include a
      transparent layer 52 of an insulating liquid, for example, oil. There are
      a number of advantages provided by the use of layer 52. The insulating
      liquid layer serves an important function when it has an index of
      refraction different than that of air. The presence of layer 52 over the
      flexible conductive layer 50 means light propagating from above the member
      will be modulated more than it would if only air were present. The reason
      for this is that for the same magnitude of surface deformation, the
      optical path changes are proportional to the refraction index of the
      medium adjacent to the surface. As a consequence, if it were desired to
      maintain the same modulation as is provided by a device without layer 52,
      it would be possible to do so at lower voltages thereby ameliorating the
      possibility of voltage breakdown. A second advantage is that layer 52
      serves as protection for conductive layer 50 by isolating it from
      contamination by dust or the like, maintaining a more constant ambient
      environment, etc. Additionally, layer 52 makes less stringent the
      fabrication requirements for the imaging member. The presence of pin holes
      in the elastomer layer 30 may cause the imaging member to short circuit,
      possibly destroying its performance. The addition of layer 52 may prevent
      such short circuits from disrupting the performance of the member by
      allowing insulating liquid to flow into such pin holes.
PAR  The advantageous imaging system of the present invention will be further
      described with respect to a specific preferred embodiment by way of an
      Example, it being understood that this is intended to be illustrative only
      and the invention is not limited to the materials, procedures or
      conditions recited therein. All parts and percentages are by weight unless
      otherwise specified.
PAC  EXAMPLE
PAR  A photoconductive composition is prepared by first dissolving about 3.5
      gms. of poly-n-vinylcarbazole in about 100 ml of cyclohexanone. To about
      20 ml of this solution are added 1 ml of a solution of about 3 gms. of
      o-dinitrobenzene dissolved in about 100 ml of a 50/50 by volume mixture of
      methanol/ethanol and about 1 ml of a solution of about 3 gms.
      trichloroacetic acid dissolved in about 100 ml of a 50/50 by volume
      mixture of methanol/ethanol. A NESA glass electrode (a conductive
      transparent tin oxide layer on a glass substrate available from Pittsburgh
      Plate Glass Co.) is dipped into the solution and withdrawn so as to form a
      photoconductive layer having a thickness of about 1 to about 5 .mu.m after
      evaporation of residual solvent. Removal of the solvents is accomplished
      by suspending the coated electrode in a vacuum oven at a temperature of
      about 100.degree.C at a pressure of less than 1mm Hg for about 12 to 18
      hours.
PAR  Semitransparent gold electrodes about 0.3 cm.sup.2 in surface area are
      deposited on the free surface of the photoconductive layer by vacuum
      evaporation. Thin wire leads are fastened to the electrodes with silver
      paint. The sample is then placed in a light tight holder directly in front
      of the exit slit of a prism monochromator. A bias of about -20 volts D.C.
      is then applied between the NESA electrode and the gold electrodes. The
      current is measured with a picoammeter and recorded on an X-Y recorder as
      a function of time for various wavelengths of exciting radiation.
      Photoresponse is observed in the wavelength region of from about 3500
      Angstroms to about 10000 Angstroms. For wavelengths longer than 6800
      Angstroms the photocurrent decays essentially instantaneously as the
      exciting radiation is removed. At shorter wavelengths at least about 35%
      of the photocurrent persists for about several hundred seconds after the
      removal of the exciting radiation.
PAR  An imaging member is provided by first depositing a thin layer of gold over
      a NESA glass electrode and then forming a layer of the photoconductive
      composition described above on the free surface of the gold layer. An
      approximately 5 micron thick layer of an elastomer comprising a
      dimethylpolysiloxane gel is applied over the photoconductive layer and a
      thin flexible conductive gold-indium layer which serves as a second
      electrode is applied to the free surface of the elastomer layer. An
      electrical field is established across the imaging member by applying a
      potential to the electrodes and the member is then exposed through the
      NESA glass electrode to a first image pattern made up of visible light
      having wavelength about 6800 Angstroms. There are formed in the imaging
      member two images corresponding to the first and second image patterns and
      these images are observed by projecting them in reflection with a
      Schlieren optical system.
PAR  Both patterns of exciting radiation are then removed from the imaging
      member and the electrical field is maintained across the imaging member.
      An image corresponding to the first image pattern continues to be
      observed; however, the image corresponding to the second image pattern
      disappears essentially simultaneously with the removal of the second image
      pattern. After the first image is stored for about one hundred seconds it
      is erased by removing the field and exposing the photoconductor uniformly
      to activating radiation.
PAR  The imaging member is then dark rested and subsequently, without any
      additional imagewise exposure, the electrical field is again established
      across the member. The first image is observed but the second image is
      not. With the electrical field on the first image is maintained for about
      thirty minutes.
PAR  It will be understood that various changes in the details, materials, steps
      and arrangement of elements which have been described herein and
      illustrated in order to explain the nature of the invention will occur to
      and may be made by those skilled in the art upon a reading of this
      disclosure and such modifications are intended to be included within the
      principle of the invention and the scope of the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An imaging method comprising
PA1  providing an imaging member comprising a voltage or current-sensitive light
      modulating layer overlying a layer of photoconductive material which
      exhibits persistent photoconduction which overlies a layer of a metal
      capable of generating photoinjection currents in response to radiation
      which it absorbs;
PA1  applying an electrical field across said imaging member;
PA1  exposing said photoconductive layer to a first image pattern of activating
      electromagnetic radiation; and
PA1  exposing said photoinjection current generating metal layer to a second
      imagewise pattern comprising wavelengths of radiation which are absorbed
      by said layer whereby images corresponding to said first and second
      imagewise patterns are formed in said imaging member.
NUM  2.
PAR  2. The method as defined in claim 1 wherein said imaging member further
      includes a substrate adjacent said photoinjection current generating metal
      layer.
NUM  3.
PAR  3. The method as defined in claim 2 wherein said substrate comprises a
      transparent conductive layer.
NUM  4.
PAR  4. The method as defined in claim 3 wherein said imaging member further
      includes an electrode overlying said voltage or current sensitive light
      modulating layer and the electrical field is established between said
      electrodes and said transparent conductive substrate.
NUM  5.
PAR  5. The method as defined in claim 4 and further including the step of
      optically reconstructing the images formed in the imaging member.
NUM  6.
PAR  6. The method as defined in claim 5 wherein said optical reconstruction
      step is carried out with reflected light.
NUM  7.
PAR  7. The method as defined in claim 4 wherein said photoinjection current
      generating layer is opaque.
NUM  8.
PAR  8. The method as defined in claim 4 wherein said photoinjection current
      generating layer is transparent and said photoconductive layer is not
      substantially sensitive to the wavelengths of radiation comprising the
      second image pattern.
NUM  9.
PAR  9. The method as defined in claim 8 wherein said photoinjection current
      generating layer has a thickness of from about 50 Angstroms to about 400
      Angstroms and a work function of from about 4 eV to about 6 eV.
NUM  10.
PAR  10. The method as defined in claim 9 wherein said photoinjection current
      generating layer comprises a member selected from the group consisting of
      gold, copper, aluminum, silver, indium, chromium and mixtures thereof.
NUM  11.
PAR  11. The method as defined in claim 4 and further including spatially
      modulating at least one of said first and second image patterns at some
      desired spatial frequency.
NUM  12.
PAR  12. The method as defined in claim 11 wherein said imaging member further
      includes spatial light modulation means between said photoinjection
      current generating layer and said photoconductive layer.
NUM  13.
PAR  13. The method as defined in claim 4 and further including the steps of
      removing said second image pattern and exposing said photoinjection
      current generating metal layer to a third imagewise pattern comprising
      wavelengths of radiation which are absorbed by said layer.
NUM  14.
PAR  14. The method as defined in claim 4 and further including the step of
      erasing said images formed in said imaging member.
NUM  15.
PAR  15. The method as defined in claim 14 wherein said erasing step includes
      removing said electrical field from said imaging member.
NUM  16.
PAR  16. The method as defined in claim 15 wherein said erasing step includes
      heating at least the photoconductive layer of said imaging member to a
      temperature sufficient to remove the persistent conductivity pattern
      generated in said photoconductive layer as a result of exposure to said
      first image pattern.
NUM  17.
PAR  17. The method as defined in claim 4 wherein said voltage or current
      sensitive light modulating layer comprises liquid crystalline material.
NUM  18.
PAR  18. The method as defined in claim 4 wherein said voltage or current
      sensitive light modulating layer comprises an electrooptic effect
      material.
NUM  19.
PAR  19. The method as defined in claim 4 wherein said voltage or current
      sensitive light modulating layer comprises a suspension comprising imaging
      particles in an electrically insulating liquid.
NUM  20.
PAR  20. The method as defined in claim 4 wherein said voltage or current
      sensitive light modulating layer comprises an elastomer material.
NUM  21.
PAR  21. The method as defined in claim 20 wherein said electrode comprises a
      layer of a conductive liquid.
NUM  22.
PAR  22. The method as defined in claim 20 wherein said electrode comprises a
      layer of a conductive gas including means for ionizing said gas.
NUM  23.
PAR  23. The method as defined in claim 20 wherein said electrode comprises a
      flexible conductive metallic layer.
NUM  24.
PAR  24. The method as defined in claim 23 wherein said imaging member further
      includes a layer of an insulating liquid overlying said electrode.
NUM  25.
PAR  25. The method as defined in claim 24 and further including the step of
      optically reconstructing the images formed in said imaging member by means
      of a phase sensitive image reconstruction system.
NUM  26.
PAR  26. The method as defined in claim 25 and further including erasing said
      images by steps including reversing the polarity of the electrical field
      established across the imaging member.
NUM  27.
PAR  27. The method as defined in claim 26 wherein said step of erasing further
      includes exposing said photoconductive layer to a uniform pattern of
      activating electromagnetic radiation.
NUM  28.
PAR  28. An imaging method comprising
PA1  providing an imaging member comprising a voltage or current-sensitive light
      modulating layer overlying a layer of a photoconductive material which
      exhibits persistent photoconduction which overlies a layer of a metal
      capable of generating photoinjection currents in response to radiation
      which it absorbs;
PA1  applying an electrical field across said imaging member;
PA1  exposing said photoconductive layer to a first pattern of activating
      electromagnetic radiation which is provided by spatially modulating
      uniform activating electromagnetic radiation;
PA1  exposing said photoinjection current generating metal layer to a second
      imagewise pattern comprising wavelengths of radiation which are absorbed
      by said layer whereby an image corresponding to said second imagewise
      pattern modulated by said first pattern is formed in said imaging member.
NUM  29.
PAR  29. The method as defined in claim 28 wherein said imaging member further
      includes a substrate adjacent said photoinjection current generating
      layer.
NUM  30.
PAR  30. The method as defined in claim 29 wherein said substrate comprises a
      transparent conductive layer.
NUM  31.
PAR  31. The method as defined in claim 30 wherein said imaging member further
      includes an electrode overlying said voltage or current sensitive light
      modulating layer and the electrical field is established between said
      electrode and said transparent conductive substrate.
NUM  32.
PAR  32. The method as defined in claim 31 and further including the step of
      optically reconstructing the image formed in the imaging member.
NUM  33.
PAR  33. The method as defined in claim 32 wherein said photoinjection current
      generating layer has a thickness of from about 50 Angstroms to about 400
      Angstroms and a work function of from about 4 eV to about 6 eV.
NUM  34.
PAR  34. The method as defined in claim 33 wherein said photoinjection current
      generating layer comprises a member selected from the group consisting of
      gold, copper, aluminum, silver, indium, chromium, and mixtures thereof.
NUM  35.
PAR  35. The method as defined in claim 32 wherein said voltage or current
      sensitive light modulating layer comprises an elastomer and said electrode
      comprises a flexible conductive metallic layer.
NUM  36.
PAR  36. The method as defined in claim 35 wherein said imaging member further
      includes a layer of an insulating liquid overlying said electrode.
NUM  37.
PAR  37. The method as defined in claim 36 and further including the step of
      erasing said image.
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PAL  A display assembly in which a nematic liquid crystal is sandwiched between
      two supporting substrates. Each substrate has a layer of a conductive
      coating on the inside surface, at least one of which is overcoated with a
      dielectric film or layer to separate the conductive layer from the liquid
      crystal material. Embodiments include varied thicknesses of the dielectric
      in association with image and lead portions of the conductive coating.
PARN
PAR  This is a continuation, of application Ser. no. 303,555 filed Nov. 3, 1972
      and now abandoned
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to liquid crystal devices, and more particularly to
      nematic liquid crystal display assemblies.
PAR  The use of nematic liquid crystal materials and compositions for electro
      optical modulation of light, as in display assemblies for generating
      alpha-numeric characters, is well known. Typical devices of this nature
      and suitable nematic liquid crystal materials, therefore, can be found
      described in U.S. Pat. Nos. 3,625,591, 3,655,269 and 3,655,270.
      Illustrative of such nematic liquid crystals is
      p-methoxybenzylidene-p-n-butylaniline (also, commonly referred to as
      MBBA).
PAR  Heretofore, it is accepted in the art (as for example see U.S. Pat. No.
      3,503,672) that ionic conduction is necessary to bring nematic liquid
      crystals into the scattering regime, with associated inclusion of
      appropriate additives to decrease the specific resistance of the liquid
      crystal cell to about 10.sup.8 -10.sup.9 ohm-cm. However, it has been
      found that at these levels of conductivity, reactions occur between the
      electrodes and such nematic liquid crystals which limit the useful life of
      display cells to a few hours in D.C. operation, or to a few weeks in
      square wave operation, with the electrodes often showing severe
      electrolytic corrosion.
PAR  Normally, it could be assumed that such corrosion could be constrained by
      protection of the metal electrodes with an insulating film in view of
      teachings of the nature disclosed in U.S. Pat. Nos. 3,257,903 and
      3,600,060. In the first patent, a device is described utilizing dipole
      particles in which the side of an electrode disposed adjacent the
      particles is said to be covered by a transparent protective coating such
      as silicon monoxide. In the latter patent it is indicated that in a
      preferred mode, it is advantageous to use transparent insulating layers of
      suitable materials, such as glass and plastic, as a protective layer on
      top of transparent electrodes in cholesteric liquid crystal display
      devices. However, as will be observed, such units employ materials which
      are merely field sensitive without need of ionic conduction to bring them
      into a scattering mode.
PAR  Such an approach has not been seriously considered in the art for nematic
      liquid crystal devices since all of the applied field will appear across
      the thin insulator and thus not bring the nematic liquid crystal in the
      scattering mode. Also, as is well known, liquid crystal display assemblies
      generally employ electrodes comprised of an image portion and a lead
      portion for connection to a suitable signal means for generation of an
      electric field across the cell, or for an example see the above referenced
      U.S. Pat. No. 3,655,270. In operation of such a configuration, under an
      applied field, the image and lead portions or segments of the electrode,
      both activate the nematic liquid crystal material in the scattering mode
      with corresponding visual representation of each seen in display. To
      minimize the effect of the lead line, under an applied signal, its width
      is normally reduced to minimum dimensions acceptable for conduction of an
      electrical signal to the image segment of the electrode. Thus, as will be
      appreciated, there is a limit to which the width of the lead portion of
      the electrodes can be reduced for proper signal conduction.
PAC  SUMMARY OF THE INVENTION
PAR  Generally, speaking, there is provided, in accordance with this invention
      an electro-optic cell comprising a nematic liquid crystal composition
      sandwiched between two electrodes, at least one of which is isolated from
      the crystal material by a layer of dielectric material to provide novel
      structures for varied operations.
PAR  In one structure, at least one electrode is overcoated with a coating of a
      dielectric material having a predetermined D.C. breakdown voltage above
      which the cell is operated. In an alternate structure, one segment or
      portion of one electrode (eg. an image segment) is coated with a thin
      coating of the dielectric and the remaining portion of the electrode (eg.
      a conductor segment or another imaging segment) coated with a thicker
      layer of the dielectric. In this structure, the cell is operated at a d.c.
      voltage level above the breakdown voltage of the thin dielectric coating
      but below the breakdown voltage of the thick coating. In this manner,
      activation of the nematic liquid crystal is supressed opposite the
      non-image portions of the electrode. Also, where desired, two breakdown
      voltage levels can be employed for sequential operation of the cell. For
      example, a voltage level can be initially employed between the breakdown
      voltages of the thin and thick electric layers to activate the liquid
      crystal opposite the thin layer, followed by application of a second
      voltage level above the breakdown voltage of the thick dielectric coating
      to thereof activate the liquid crystal opposite both thicknesses of the
      dielectric coating.
PAR  These structures are also adopted for A.C. operation below the breakdown
      voltages of the dielectric layers. In this modification, the A.C.
      operation correlates the capacitances of the dielectric coating with the
      resistance of the liquid crystal layer to establish threshold frequencies
      for operation of the cell up to the cut-off frequency of the crystal
      material.
PAR  Where a uniform coating of the dielectric is employed, a predetermined
      thickness is preselected to establish a threshold frequency below the
      cut-off frequency of the liquid crystal material with operation of the
      cell at frequencies between the threshold and cut-off points.
PAR  Where varied thickness of the dielectric are employed over an electrode in
      which a thin film of dielectric is coated over imaging portions or
      segments of the electrode and thicker dielectric coatings are formed over
      non-imaging or a second imaging electrode segments, each thickness is
      selected to establish low and high threshold frequencies.
PAR  The cell can be operated at frequencies extending from the low threshold
      point (represented by the thin dielectric coating) to below the high
      threshold point (as represented by the thicker dielectric coating). Also,
      where the higher threshold frequency is below the cut-off frequency of the
      liquid crystal, the cell can be operated with sequentially increased
      frequencies above the threshold frequencies established by the thin and
      thick dielectric coatings to sequentially activate corresponding and
      adjacent portions of the liquid crystal.
PAR  As will be understood, where the thicker of the dielectric is selected
      which establishes a threshold above the cut-off frequency of the nematic
      liquid crystal, operation of the cell will be at frequencies extending
      from the threshold frequencies (established by the thin dielectric
      coating) to the cut-off frequency of the liquid crystal.
PAR  In all events, the dielectric coating will comprise thinner portions
      establishing a threshold frequency sufficiently below the cut-off
      frequency of the liquid crystal to provide a reasonable frequency range
      for operation of the cell.
PAR  It is to be understood that this invention also applies to the use of three
      or more different thicknesses of dielectric coatings over corresponding
      portions of an electrode with desired sequential application of breakdown
      voltage or threshold frequencies to sequentially activate corresponding
      portions of a liquid crystal material opposite the selected portions of
      the dielectric coating. Thus, the dielectric coating can be applied in a
      multiplicity of thicknesses, over an electrode, for application of
      breakdown voltage or threshold frequencies in any prescribed sequence or
      pattern for activating corresponding portions of the liquid crystal
      material opposite these sequenced areas of the dielectric coated
      electrodes.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention as illustrated in the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view, partly in section, illustrating one
      embodiment of this invention utilizing a dielectric or insulating coating
      over an electrode of a nematic liquid crystal cell.
PAR  FIG. 2 is a cross sectional view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 illustrates an equivalent circuit of a nematic liquid crystal cell
      in accordance with the invention.
PAR  FIG. 4 shows a curve of AC operation of a nematic liquid crystal cell in
      accordance with this invention illustrating the effects of the frequency
      variations on the potential across the crystal with a fixed applied
      voltage across the cell.
PAR  FIG. 5 is a perspective view illustrating another embodiment of this
      invention.
PAR  FIG. 6 is a cross-sectional view taken along line 6--6 of FIG. 5.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In FIG. 1, a liquid crystal cell is shown adapted as a display assembly for
      optical representation of desired configurations, here specifically
      illustrated as a numerical display.
PAR  The unit assembly is fabricated from two planar support units 1 and 2
      disposed in parallel relationship to each other to define an enclosed area
      in which is disposed a film or layer 3 of nematic liquid crystal material,
      which illustratively may be comprised of
      p-methoxybenzylidene-p-n-butylaniline, also commonly known as MBBA. In
      accordance with usual practice, only one of the planar supports need be
      transparent, while the other of the supports may be transparent,
      reflective or absorptive depending on the desired mode of operation.
      Alternative, a reflective unit may be formed from two transparent support
      units of which an external face of one may be coated with a reflective
      film such as chromium. Although the invention is applicable for all these
      variations for purposes of convenience it will be illustratively described
      with reference to the use of transparent supports.
PAR  Accordingly, support unit 2 will conventionally include a transparent
      substrate 4 having deposited on it a conductive film pattern which
      illustratively may be for numerical representation, with it being
      understood that other patterns can be employed.
PAR  The particular electrode pattern shown on substrates 4 is for a
      seven-segment numeric display. The electrode pattern can be deposited as a
      plurality of spaced film segments of a conductive material to define a
      like plurality of electrode image segments 5 to 11 each of which has a
      corresponding one of associated conductor or lead segments 5A to 11A which
      extend to an edge of the substrate where connection can be made to
      addressing circuits, as generally indicated as a control circuit 12 in the
      drawings. For reflective modes of operation the electrode pattern can
      comprise reflective films of conductive composition such as chromium.
      Typically, these electrode films can be deposited in thickness of about
      1000 Angstroms.
PAR  In turn, the entire electrode pattern is coated with a film 15 of a
      dielectric material which conveniently may be deposited over the entire
      inner face 16 of substrate 4. Typical dielectric compositions suitable for
      application are A1.sub.2 0.sub.3, Si0.sub.2, Si.sub.3 N.sub.4 and the
      like, which may be coated in any suitable manner, as by R. F. sputtering.
      Where the cell is to be operated in a transparent mode, the dielectric
      coating will be transparent, and, conversely, for reflective operating
      modes, the dielectric can be opaque. Illustrative dielectric coatings have
      been prepared from R. F. sputtered films of A1.sub.2 0.sub.3 in thickness
      of 500, 1000 and 2000 Angstroms, and of Si0.sub.2 up to 2.5 microns.
      However, the specific thickness of the dielectric film is not critical,
      since they are mere matters of design readily determinable for providing
      operating voltages and/or frequencies from practical and reasonable signal
      sources, illustrated as sources 26 in the drawings.
PAR  For example, in D.C. mode, the cell can be operated at any suitable voltage
      level above the breakdown voltage of the dielectric film. Coversely, where
      the signal source is fixed, the deposition of the dielectric can be
      controlled so as to result in a thickness providing a breakdown voltage
      below the level of the signal source. In experimental cells a 40 volt
      supply was employed to operate above the breakdown voltage of 500 and 1000
      Angstrom thick films of A1.sub.2 0.sub.3.
PAR  In A.C. operation, any desired threshold frequency, within practical
      ranges, can readily be obtained by controlling the capacitance of the
      deposited dielectric film and the electrical resistance of the liquid
      crystal material. The capacitance of the film is determined by the film
      thickness and by its permittivity which is a material constant. The
      electrical resistance of the liquid crystal material is controlled by the
      addition of suitable dopants such as quaternary ammonium salts.
PAR  The other support plate 1 also includes a base substrate 17 having
      deposited thereon a conductive coating 18. As will be understood, the
      opacity or transparency of substrate 17 and electrode 18 will be
      determined by the desired mode of operating the cell as correlated to the
      light transmitting status of the support unit 2. Thus, for a transparent
      mode of operation, the elements, eg. substrate 17 (glass) and electrode 18
      of support unit will be transparent. In a reflecting mode of operation,
      substrate 17 and electrode 18 will be transparent, if support unit 2 is
      adapted for reflection. Conversely, if support unit 1 is adapted for
      reflection, the components of the other support unit 2 will be
      transparent, eg. substrate 4 (glass), the electrode pattern (In.sub.2
      0.sub.3) and the dielectric film 15 (A1.sub.2 0.sub.3). Alternately, all
      components of both support units 1 and 2 can comprise transparent films if
      a reflective film is coated on a back face of one of the support units 1
      and 2.
PAR  On assembly of the units of the cell, the liquid crystal layer 3 can be
      confined between support plate units 1 and 2 by a conventional seal around
      their peripheries, as for example, a gasket, glass frit or epoxy resins.
PAR  It is noted that in the particular embodiment described above, only one of
      electrodes about the liquid crystal material was insulated therefrom by a
      dielectric coating, eg. the electrode pattern comprised of image segments
      5 to 11 and conductor segments 5A to 11A. As will be understood, the
      dielectric film can be alternatively coated on the electrode 18, of
      support unit 1 with the electrode pattern and support unit employed
      without an insulating film of the dielectric. Also for a reflective mode
      of operation, all components of both support plate units 1 and 2,
      inclusive of substrates, electrodes and dielectric, can be transparent
      where a reflective coating is applied to the outer face of one of
      substrates 4 and 17.
PAR  Where only one electrode is insulated from the liquid crystal material, it
      was found preferable to connect the bare, uninsulated, electrode to the
      positive potential side of the signal to insure maximum constrainment of
      ionic injection at operating or stand by levels below the threshold
      voltage of the dielectric.
PAR  In experiments, the threshold voltage for distilled MBBA (obtained from the
      Eastman-Kodak Co.) utilizing such cells with bare electrodes (eg. chromium
      in one and In.sub.2 0.sub.3 in, the other) was found to be 9 volts D.C. In
      contrast, the threshold voltage for the same material was found to be 15
      volts D.C. when employed in a cell in which one electrode of a 1000
      Angstrom thick chromium film was overcoated with a 1000 Angstrom thick
      film of aluminum oxide (A1.sub.2 0.sub.3).
PAR  It is to be noted that this invention also comprehends the coating of both
      electrodes, of a cell, with a dielectric material wherein the suppression
      of chemical interaction between the electrodes and liquid crystal material
      is further enhanced. Also, in such a modification, proper polarity for
      operation of the cell by the signal source does not require any
      consideration since both electrodes are insulated from the liquid crystal
      to suppress ionic conduction therein at standby conditions or reduced
      signal levels at operating conditions.
PAR  It is to be understood that although a specific 7-segmented numeric display
      cell has been described, the invention is also applicable to other display
      assemblies such as those utilizing a crossed grid electrode system.
      Typically, such systems employ an array of parallel spaced electrode
      strips on the inner face of one of a pair of spaced substrates, with the
      inner face of the other coated with an array of parallel spaced electrodes
      aligned in a direction perpendicular to that of the first array. Under
      operating conditions, the liquid crystal is activated at desired
      cross-sections of the spaced electrodes, whose selection can be readily
      made by suitable addressing circuits well known in the art.
PAR  It was found, in D.C. operation, that where the signal is a stepped voltage
      (as for example as 40 volt 5 millisecond square wave signal pulsed at
      30HZ), most of the pulsed signal will initially appear across the
      dielectric film. As the field builds up, the voltage level exceeds the
      breakdown voltage of the dielectric, at which time most of the voltage
      will appear across the nematic liquid crystal layer. Thus, operation of
      the cell is characterized with some delay in turn-on time. However, it is
      to be understood, the time to reach the breakdown voltage of the
      dielectric is small compared to the time needed to establish scattering
      regimes in the crystal. Accordingly, the net result is that a thin
      dielectric film does not significantly affect the turn-on time of the
      liquid crystal cell. It is to be understood that D.C. operation
      comprehends pulsed and square wave signals of relatively long signal time
      as for example 30 Hz indicated above.
PAR  Electrically, the dielectric film, sandwiched between a metal electrode and
      a (conducting) nematic crystal layer, functions in the same manner as the
      dielectric of a capacitor. In this manner, charge is stored at the
      interface of the dielectric film and the crystal layer through which the
      charge must discharge when the signal is turned-off. It was found, that
      such a stored charge is sufficient to keep the nematic MBBA liquid crystal
      in the scattering mode for a substantial period of time, as for example, 5
      seconds which has been achieved with experimental cells. In contrast,
      conventional cells, utilizing uninsulated cells, employing MBBA liquid
      crystal material, the turn-on time is of the order of 20 to 50
      milliseconds (depending on the driving field) and the turn-off time is
      about 300 milliseconds which mitigates against the effectiveness of X-Y
      addressing of a matrix of dots.
PAR  In accordance with this invention, where cells have a turn-off time of 5
      seconds or more, one can replenish all dots in one line of an X-Y array
      before scattering in the cell has diminished to any substantial extent.
      Accordingly, another feature of this invention is the use of stored charge
      in the dielectric film to lengthen the apparent turn-off time of a nematic
      liquid crystal display assembly, with recycle times determined by the
      charge stored in the dielectric.
PAR  In A.C. operation, the capacitance of the dielectric layer 15 is employed
      in conjunction with the resistance of the liquid crystal layer to
      establish a threshold frequency of activating the liquid crystal material
      at signal levels below the breakdown voltage of the dielectric. The
      desired threshold frequency can be established by controlling, during
      deposition, the thickness of the dielectric film 15 and the resistance of
      the liquid crystal layer 3, readily obtained by the addition of suitable
      dopants to the liquid crystal composition. Illustrative of such
      modification of the resistance of the liquid crystal, is the addition of
      choline chloride as a dopant to M.B.B.A.
PAR  It is believed that the operation of this A.C. mode of operation will be
      apparent on consideration of the following observations. At the interface,
      of dielectric film 15 and the nematic liquid crystal layer 3, an electric
      double layer forms as dopant ions are absorbed. Thus, there will always be
      a fixed charge at the interface and a diffused charge distribution in the
      liquid crystal adjacent to the interface. In this manner the liquid
      crystal and the electrode with the dielectric, sandwiched therebetween,
      can be considered as a capacitance. The resultant equivalent circuit of
      the cell is represented in FIG. 3 where C.sub.2 represent the
      corresponding value of the nematic liquid crystal composition. In this
      circuit both R and C.sub.1 depend on the liquid crystal material and the
      dopant, and C.sub.2 is constant once the dielectric film is deposited.
      Typically, for nematic liquid crystal cells, the resistance R of the
      crystal material is of the order of 1 to 10 megaohm/cm2, depending on the
      doping level and C.sub.1, is generally about 150 pF/cm2. Representative
      values of the capacitance C.sub.2, of the dielectric layer 15, are 0.05
      microfarads/cm2 for a 2000 Angstrom film of A1.sub.2 0.sub.3 and about
      5000 pF for a 2.5 micron film of Si0.sub.2. The effect of frequency
      variation on the voltage V .sub.cell appearing across the liquid crystal
      layer 15 at a fixed applied voltage V.sub.A across the electrodes of te
      cell, can be represented by the relationship (for a sinusoidal waveform)
      ##EQU1##
        where in view of the insignificant value of C.sub.1, it may be ignored.
PAR  Analysis of the foregoing relationships establishes the following
      conclusions:
PA1  V .sub.cell is about equal to the applied voltage as long as 2 .pi. f is
      larger than
      ##EQU2##
        but V.sub.cell is much smaller than the applied voltage if 2 .pi. f  is
      smaller than
      ##EQU3##
PAR  A graph is shown in FIG. 4 to illustrate the effect of different
      frequencies on the relationship of the voltage Vcell across the cell. It
      can be seen from the graph that for a cell fabricated in accordance with
      this invention (eg. utilizing an insulated electrode) under a fixed
      applied voltage, the voltage across the liquid crystal layer 3 decreases
      with decreasing frequencies. For example, assuming a liquid crystal
      composition whose threshold voltage Vt is 0.5 of the applied voltage, it
      can be seen that point of Vt on the curve of FIG. 4 establishes a
      threshold frequency below which the voltage across the liquid crystal
      layer falls below its threshold voltage. Above the threshold frequency,
      the cell can be operated to the cut-off frequency of the liquid crystal
      composition representing a property of the particular liquid crystal
      composition employed.
PAR  Thus, there exists a low frequency cut-off (or threshold) below which the
      potential across the liquid crystal layer 3 drops below the threshold
      voltage required for dynamic scattering. This threshold frequency is
      essentially determined by the resistance R of the liquid crystal layer 3
      and the capacitance of the dielectric layer 15, both of which are well
      within the control of the experimenter. For example, if one uses a nematic
      liquid crystal such as distilled M.B.B.A. doped with choline chloride to
      obtain resistivity of 0.4.times. 10.sup.10 ohm-cm in a cell having one
      electrode insulated with a Si0.sub.2 dielectric film of 2.5 micron
      thickness (eg. an insulated chromium electrode) with an applied voltage of
      30 V.A.C., the cell will operate between 2 HZ and the cut-off frequency of
      the liquid crystal composition which is about 120 Hz. However, if more
      dopant is added to this liquid crystal composition to modify its
      resistivity to 0.2 .times.10.sup.3 ohm-cm, the threshold of frequency at
      30 volts, is raised to 40 hz, above which it may be operated to the
      cut-off frequency of the liquid crystal composition, which is about 1000
      hz.
PAR  FIGS. 5 and 6 illustrate another embodiment of this invention in which a
      dielectric film is employed to suppress activation of a nematic liquid
      crystal between preselected portions of an opposed pair of electrodes. In
      the description of this embodiment, like or similar elements will be
      denoted by the same reference numerals.
PAR  Basically, the liquid crystal cell of this embodiment is substantially
      identical to the preceding embodiment with the exception of the
      configuration of the dielectric layer 15A coated over the electrode
      pattern on the inner face 16 substrate 4. Such a configured dielectric
      coating, over an electrode pattern, enables selective activation and/or
      suppression of activation of the liquid crystal composition when a signal
      is applied to the electrodes across the liquid crystal layer, eg. 3.
PAR  As in the preceding embodiment, the display cell is illustrated for display
      of numeric characters via selective activation of a seven-segment
      electrode pattern comprised in the instant case, of image electrode
      segments 5 to 11 in conjunctions with their corresponding conductor or
      lead segments 5A to 11A which extend to an edge of the cell for connection
      to the signal source 26 under control of addressing circuitry generally
      represented as control circuit 12.
PAR  The distinctions in the dielectric layer comprise relatively thin film
      portions of the dielectric coated over portions of the electrodes disposed
      adjacent corresponding portions of the crystal layer in which selected
      activation is desired, and substantially thicker film portions over the
      remaining areas of the electrodes. This configuration was incorporated in
      the illustrated cell by initially R.F. sputtering a relatively thick
      transparent dielectric SiO.sub.2 film eg. of 25.000 angstroms, over the
      entire inner face 16 of substrate 4 to encapsulate a reflective chromium
      electrode pattern therebetween inclusive of image segments 5 to 11 and
      conductor segments 5A to 11A. In the next operation by use of conventional
      photolithographic techniques, the areas of the dielectric, over the image
      segments 5 to 11 (of the electrode pattern on substrate 4), were etched,
      to expose the image segments 5 to 11. This was followed by a second R.F.
      sputtering of SiO.sub.2 to form relatively thin (eg. 1000 angstroms)
      transparent dielectric segments 5B to 11B over the electrode image
      segments 5 to 11. Thus, as can be observed, the electrode image segments 5
      to 11 are coated with corresponding thin coatings of dielectric film
      portions 5B to 11B, whereas the conductor segments 5A to 11A are coated
      with thicker coatings of the dielectric layer 15A which also covers the
      remaining portions of the inner face 16 of substrate 4.
PAR  Also, in this embodiment the electrode on substrate 17 comprised a
      transparent film of In.sub.2 O.sub.3.
PAR  As will be obvious the breakdown voltage of the thin dielectric segments 5B
      to 11B will be substantially less than the relatively thick dielectric
      coating 15A over the remaining portions on the substrate 4 which includes
      the dielectric over conductor segments 5A to 11A. Thus, by operating at a
      voltage between the breakdown voltage of the thin and thick dielectric
      coatings, the liquid crystal layer adjacent the image segments 5 to 11
      will be activated into dynamic scattering. Conversely, by further
      increasing the signal on the cell above the breakdown voltage of the thick
      dielectric portion 15A, the conductor segments 5A to 11A will also turn on
      adjacent portions of the liquid crystal layer 18. Accordingly, it will be
      obvious that various portions of the liquid crystal layer can be sequenced
      on by virtue of variations of the breakdown voltage obtained by
      corresponding modification in the thicknesses of a dielectric film coated
      over an electrode pattern. As will be understood, the breakdown voltages
      for operation of the cells must be above the threshold voltage of the
      liquid crystal layer.
PAR  Also, such controlled variations in the thicknesses of the dielectric, in
      conjunction with controlled variations of the liquid crystal resistance,
      can be employed to establish corresponding threshold frequencies in the
      same manner discussed above. For example, the thickness of the dielectric
      image segments 5B to 11B can be controlled in conjunction with the
      resistance of the liquid crystal, to establish a threshold frequency
      substantially below the cut-off frequency of the liquid crystal to
      establish a practical operating range, whereas the thickness of the thick
      dielectric portion can be designed to establish a second higher threshold
      frequency for it above the cut-off frequency of the crystal. In this
      manner, the cell can be operated to turn on only the portions of the
      liquid crystal adjacent the electrode image segments 5 to 11, eg. only at
      frequencies above the indicated lower threshold frequency and below the
      cut-off frequency.
PAR  Also, as a corollary variations in the dielectric thicknesses can be
      employed to establish different threshold frequencies below the cut-off
      frequency of the liquid crystal for selectively turning different portions
      of it on. For example, if the dielectric coating 15A (eg. over conductor
      segments 5A to 11A) is designed (eg. thickness via-a-viz resistance of the
      crystal material) to have a high threshold frequency below the cut-off
      frequency of liquid crystal layer, the image segments 5 to 11 can be
      turned on at frequencies between the lower threshold frequency of liquid
      crystal layer, the image segments 5 to 11 can be turned on at frequencies
      between the lower threshold frequency of the thin dielectric film 5B to
      11B and the higher threshold frequency of thicker dielectric film 15A.
      When the frequency is raised above the threshold frequency of thicker
      dielectric film 15A, the portion of the liquid crystal layer 15A will also
      be turned on opposite the conductor segments 5A to 11A, up to the cut-off
      frequency of the liquid crystal. Thus, any desired number of variations in
      the thicknesses of the dielectric can be employed to sequence on dynamic
      scattering in any corresponding portions of the liquid crystal layer.
PAR  The foregoing can be illustrated in a crystal cell of FIGS. 5 and 6
      utilizing a doped chloro-stilbene nematic mixture sandwiched between an
      In.sub.2 O.sub.3 electrode and a chromium electrode overcoated with
      SiO.sub.2. The liquid crystal layer had a resistivity of 10.sup.8 cm-ohm
      with a frequency cut-off of 1000 HZ. The chromium electrode was configured
      as a seven-segment numeric display unit in the form shown in FIGS. 5 and
      6. The thickness of the dielectric film portions 5B to 11B was 1000
      Angstrom over the image segments 5 to 11, while the remaining portions of
      the dielectric film 15A, inclusive of overcoating of the conductor
      segments 5A to 11A, was 2.5 microns. At 40 volts (peak-to-peak) and
      frequencies up to 100hz, dynamic scattering in the liquid crystal was
      restricted to portions of it adjacent the electrode image segments 5 to
      11, with no visible scattering opposite the electrode conductor segments
      5A to 11A. When the frequency was raised to 800hz, dynamic scattering was
      also induced in the portions of the liquid crystal layer 15A opposite the
      electrode conductor segments 5A to 11A.
PAR  While the invention has been particularly shown and described with
      reference to particular embodiments thereof, it will be understood by
      those skilled in the art that the frequency and other various changes in
      form and details may be made therein without departing from the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid crystal cell comprising:
PA1  A. first and second spaced electrodes;
PA1  B. a dielectric coating on the inner face of said first electrode;
PA1  C. a nematic liquid crystal material between said coating and the said
      second electrode, with said coating separating said liquid crystal
      material from said first electrode; and
PA1  D. means for applying a voltage of predetermined magnitude and frequency
      across said first and second electrodes to cause dynamic scattering of
      said liquid crystal material;
PAL  wherein
PA1  E. said dielectric coating is of at least two different thicknesses
      characterized with a corresponding number of breakdown voltages therefor;
      and
PA1  F. said voltage applying means controllably supplies a voltage with a
      frequency of zero and at magnitudes above selected ones of said breakdown
      voltages.
NUM  2.
PAR  2. The liquid crystal cell of claim 1 wherein said second electrode is
      transparent.
NUM  3.
PAR  3. The liquid crystal cell of claim 2 wherein said first electrode and said
      coating are transparent.
NUM  4.
PAR  4. The liquid crystal cell of claim 1 including parallel first and second
      support plates with the inner face of said first plate having said first
      electrode coated thereon; and the inner face of said second plate having
      said second electrode coated thereon.
NUM  5.
PAR  5. The liquid crystal cell of claim 4 wherein said second electrode
      comprises a transparent conductive coating on said second plate, and said
      second plate is transparent.
NUM  6.
PAR  6. The liquid crystal cell of claim 4 wherein said first electrode
      comprises a transparent conductive coating on said first plate; and
      wherein said first plate and said dielectric coating are transparent.
NUM  7.
PAR  7. The liquid crystal cell of claim 6 wherein said second electrode
      comprises a transparent conductive coating on said second plate, and said
      second plate is transparent.
NUM  8.
PAR  8. A liquid crystal cell comprising:
PA1  A. first and second spaced electrodes;
PA1  B. a dielectric coating on the inner face of said first electrode;
PA1  C. a nematic liquid crystal material between said coating and the said
      second electrode, with said coating separating said liquid crystal
      material from said first electrode; and
PA1  D. means for applying a voltage of predetermined magnitude and frequency
      across said first and second electrodes to cause dynamic scattering of
      said liquid crystal material;
PAL  wherein
PA1  E. said dielectric coating is of at least two different thicknesses, each
      characterized with a corresponding capacitance forming, in combination
      with the resistance of said liquid crystal material, a corresponding
      number of different threshold frequencies for said cell, at least one of
      which is below the cut-off frequency of said liquid crystal material; and
PA1  F. said voltage applying means supplies an A.C. voltage operable at
      frequencies between the lowest of said threshold frequencies and said
      cutoff frequency.
NUM  9.
PAR  9. The liquid crystal cell of claim 8 wherein said second electrode is
      transparent.
NUM  10.
PAR  10. The liquid crystal cell of claim 9 wherein said first electrode and
      said coating are transparent.
NUM  11.
PAR  11. The liquid crystal cell of claim 8 including a pair of parallel first
      and second support plates with the inner face of said first plate having
      said first electrode coated thereon; and the inner face of said second
      plate having said second electrode coated thereon.
NUM  12.
PAR  12. The liquid crystal cell of claim 11 wherein said second electrode
      comprises a transparent conductive coating of said second plate, and said
      second plate is transparent.
NUM  13.
PAR  13. The liquid crystal cell of claim 11 wherein said second electrode
      comprises a transparent conductive coating on said first plate; and
      wherein said first plate and said dielectric coating are transparent.
NUM  14.
PAR  14. The liquid crystal cell of claim 13 wherein said second electrode
      comprises a transparent conductive coating on said second plate, and said
      second plate is transparent.
NUM  15.
PAR  15. A liquid crystal cell comprising:
PA1  A. first and second spaced electrodes;
PA1  B. a dielectric coating on the inner face of said first electrode;
PA1  C. a nematic liquid crystal material between said coating and said second
      electrode, with said coating separating said material from said first
      electrode;
PA1  D. with said first electrode comprising an image portion connected to a
      lead portion,
PA1  E. said dielectric coating comprising
PA2  a. a thin first coating portion over said image portion and having a
      thickness characterized by a capacitance forming in conjunction with the
      resistance of said liquid crystal material, a first threshold frequency
      below the imaging frequency cut-off of said liquid crystal material, and
PA2  b. a relatively thicker second portion over said lead portion having a
      thickness characterized by a capacitance forming in conjunction with said
      resistance of said liquid crystal material, a second threshold frequency
      above said first threshold frequency, and
PA1  F. means for applying an alternating voltage
PA2  a. below the breakdown voltage of said coating,
PA2  b. across said first and second electrodes, operable at
PA2  c. frequencies between said first threshold frequency and the cut-off
      frequency of said liquid crystal material.
NUM  16.
PAR  16. A liquid crystal display assembly comprising a layer of nematic liquid
      crystal material having one face disposed in contacting relationship
      adjacent a dielectric layer, and voltage means for applying a voltage of
      predetermined magnitude and frequency to cause dynamic scattering of said
      liquid crystal material, and including:
PA1  A. a first electrode having said dielectric layer coated thereon and
      comprising an image electrode portion and a lead electrode portion with
      said dielectric layer comprising
PA2  a. a first coating portion over said image portion and having a thickness
      characterized by a capacitance forming, in conjunction with the resistance
      of said liquid crystal material, a first threshold frequency below the
      imaging frequency cut-off of said liquid crystal material, and
PA2  b. a relatively thicker second coating portion over said lead portion and
      having a thickness characterized by a capacitance forming, in conjunction
      with said resistance of said liquid crystal material, a second threshold
      frequency above said first threshold frequency,
PA1  B. a second electrode disposed adjacent the opposite face of the said
      liquid crystal layer, with said voltage means applied across said first
      and second electrodes below the breakdown voltage of said first dielectric
      portion and at a frequency
PA1  C. between said first threshold frequency and the said cut-off frequency of
      said liquid crystal material.
NUM  17.
PAR  17. A liquid crystal display assembly comprising:
PA1  A. first and second spaced electrodes with at least one of said electrodes
      comprising an image portion and a connected lead portion;
PA1  B. first and second dielectric coatings on the innerfaces of respective
      ones of said first and second electrodes with at least one of said
      dielectric coatings comprising
PA2  a. a thin first coating portion in register and coextension with said image
      portion and having a thickness characterized by a capacitance forming, in
      combination with the resistance of said liquid crystal material, a first
      threshold frequency below the imaging frequency cut-off of said liquid
      crystal material,
PA2  b. and a relatively thicker second coating portion in register and
      coextension with said lead portion, and having a thickness characterized
      by a capacitance forming, in conjunction with said resistance of said
      liquid crystal material, a second threshold frequency above said first
      threshold frequency;
PA1  C. a nematic liquid crystal material between said coatings with said
      coatings separating said liquid crystal material from their respective
      electrodes; and
PA1  D. means for applying an alternating voltage of predetermined amplitude and
      frequency
PA2  a. below the breakdown voltage of said coatings,
PA2  b. across said first and second electrodes
PA2  c. and with said frequency being in a range between said first threshold
      frequency and said cutoff frequency of said liquid crystal.
NUM  18.
PAR  18. A device comprising:
PA1  A. spaced dielectric substrates at least one of which is transparent;
PA1  B. spaced electrodes between adjacent surfaces of said substrates for
      generating an electric potential therebetween;
PA1  C. a dielectric film overcoated on at least one of said electrodes;
PA1  D. a nematic liquid crystal material disposed between said electrodes;
PA1  E. means for applying an electric signal of predetermined magnitude and
      frequency to said electrode means to cause dynamic scattering in said
      liquid crystal material;
PAL  wherein
PA1  F. one of said electrodes comprises an image portion and a lead portion;
      with
PA1  G. said dielectric film including at least
PA2  a. one film portion in register with said image portion and having a
      thickenss characterized by a capacitance forming, in conjunction with the
      resistance of said liquid crystal material, a first threshold frequency
      below the imaging frequency cut-off of said liquid crystal material, and
PA2  b. A second film portion in register with said lead means and having a
      thickness characterized by a capacitance forming, in conjunction with said
      resistance of said liquid crystal material, a second threshold frequency
      above said first threshold frequency and below said imaging frequency
      cut-off of said liquid crystal material; and
PA1  H. said signal is AC below the breakdown voltage of said thin dielectric
      film portion and operable at frequencies between said first threshold
      frequency and said cut-off frequency of said liquid crystal material.
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ABST
PAL  A four-element composite prism assembly for splitting an incident beam into
      three colour components, the first and second pairs of elements being
      separated by respective air gaps, and colour separation occurring at
      respective spectrally selective dichroic coatings between the second and
      third and the third and fourth prism elements respectively, the separated
      colour components being directed in different directions by total internal
      reflection at the air gaps. To achieve the optimum separation upper and
      lower limits are defined in the claims for the apex angles of the three
      prism elements.
BSUM
PAR  The invention relates to a beam splitting prism assembly having the
      function of spectrally and spatially separating incident white light into
      three colour components. In particular the invention refers to such prism
      assemblies intended to be positioned within the image forming rear
      conjugate distance of a camera objective so that the camera objective
      forms three differently coloured primary images on three separate
      detectors.
PAR  FIG. 1 of the accompanying drawings shows one known three-element prismatic
      beam splitter arrangement of the above-described type which has been
      utilised for many years. As shown by the ray paths illustrated in FIG. 1
      some of the optical surfaces of the prism assembly operate in dual modes
      (both reflective and transmissive) because they are utilised more than
      once in the optical train, whilst others carry dichroic coatings providing
      simultaneously high reflectance at one part of the spectrum and high
      transmittance at other parts.
PAR  Regardless of the manner in which any of the three prism elements shown in
      the prism assembly of FIG. 1 may be compounded, for example, by the
      replacement of part of each prism by glass filters finely trimming the
      spectral response of each channel, the assembly may nevertheless be
      categorised as a three-element prism assembly.
PAR  In the known three-element prism assembly shown in FIG. 1, the geometrical
      layout necessarily has to conform to a number of optical constraints. Of
      particular importance are the dual modes of some of the surfaces where the
      transmittance mode requires the incidence of light on the surface at
      angles less than the critical angle of reflection and the reflectance mode
      requires the incidence of light on the surface at angles greater than the
      critical angle of reflection, for all directions of the image forming
      light emanating from the camera objective. It is apparent that choice of
      angular construction in an assembly of this type is severely limited and
      that the angles of incidence at the first dichroic surface are necessarily
      large.
PAR  It is also well known that the larger the nominal angle of incidence the
      more serious become the spectral sensitivities to angular variation of
      direction of the image forming light and to the degree of polarisation in
      the incident light.
PAR  Since the effects are complementarily present in the reflected as well as
      the transmitted components, spectrally adjacent colour channels are
      affected in a differential balance sense and the number of channels
      affected depends on the choice of the colour to be reflected first.
PAR  Such previously known prism assemblies therefore present serious difficulty
      in high quality applications such as broadcast colour television where
      faithful colour rendering under all conditions is a prime requirement.
PAR  An object of this invention is to provide an improved beam-splitting prism
      assembly in which the adverse spectral effects of polarisation and colour
      shading are significantly reduced without impairment of other desirable
      features such as compactness of overall layout, freedom from ghost images
      and optical compatibility with known camera objectives.
PAR  It has been found that a four element prism provides conditions in which
      the angles of incidence at the first dichroic surface can be reduced to a
      very significant extent and in which the relationship between all the
      angles of the prism elements is such that the total glass path length can
      be substantially the same as that of a comparable three element prism
      without the introduction of ghost image hazards or impracticable camera
      layout requirements.
PAR  According to the present invention there is provided a beam-splitting prism
      assembly comprising four prism elements arranged to separate incident
      light spatially into three different spectral components wherein the first
      component lies spectrally between the other two components; in which the
      first and second prism elements, considered in the direction of incident
      light, have adjacent parallel and spectrally substantially non-selective
      surfaces defining a first air gap, the second and third prism elements are
      separated by a second air gap bounded by a first spectrally selective
      dichroic coated surface and a spectrally substantially non-selective
      parallel surface, one of the adjacent surfaces of the third and fourth
      prism elements carrying a spectrally selective second dichroic coating; in
      which the surfaces defining the first and second air gaps are
      appropriately inclined to the axis of incident light to transmit the
      incident light and to totally internally reflect the light which has been
      selectively reflected from the corresponding dichroic surface, and in
      which the apex angles of the first three prism elements lie within the
      following limits:
      ##EQU1##
      where: A is the apex angle of the first prism element;
PA1  B is the apex angle of the second prism element;
PA1  C is the apex angle of the third prism element;
PA1  N is the refractive index of the prism glass at the wavelength appropriate
      to the colour being selected;
PA1  fo is the widest relative aperture of camera objective with which the
      assembly is optically compatible.
PAR  Optimisation of the apex angles of the prism elements and their
      interdependancies results in a significant reduction of angle of incidence
      at the first dichroic surface compared with the prior art. Previously a
      high angle of incidence at the first dichroic surface has created
      conditions which impair polarisation and colour shading performance
      regardless of the choice of order of colour separation and only compromise
      solutions were available in which spectral errors were inevitable in at
      least two colour channels no matter which order is chosen.
PAR  In comparison the low angle of incidence at the first dichroic surface made
      possible by the present invention can be utilised to provide enhanced
      performance. By selecting the spectrally central one of the three colour
      channels to be separated first, significant advantages can be obtained in
      all three channels to fulfil all the objects of the invention
      simultaneously.
PAR  Separation of a first channel such as green in this way effectively
      satisfies the requirements for this colour component and enables the red
      and blue components to be separated by the second dichroic surface in
      conditions of minus green. The spectral cut-off edge required for the
      second separation may be sited well away from the red and blue channels so
      that spectral edge shifts due to polarisation and variation of angle of
      incidence at the red/blue separation do not affect the shapes or peak
      efficiencies of the red and blue components. Furthermore, and in contrast
      with the prior art, the angle of incidence at the second dichroic surface
      is only of secondary importance and can be utilised to optimise other
      aspects of geometry without spectral sacrifice.
PAR  It is well known in the art that use of a green reflecting dichroic surface
      facilitates the application of thin film design techniques which further
      reduce the adverse effects described and which reduce the necessity of
      highly subtractive trimming filters.
DRWD
PAR  The invention will now be described, by way of example, with reference to
      FIGS. 2 to 5 of the accompanying drawings, in which:
PAR  FIG. 2 shows the geometrical construction of a beam splitting prism
      assembly according to one embodiment of the invention;
PAR  FIG. 3 shows how it is possible to separate the red and blue components by
      means of a dichroic spectral edge in the minus green region;
PAR  FIG. 4 shows the unfolded optical path followed by the first colour
      component reflected at the first dichroic surface of the prism assembly of
      FIG. 2, and
PAR  FIG. 5 shows the unfolded optical path followed by the second colour
      component reflected at the second dichroic surface of the prism assembly
      of FIG. 2.
DETD
PAR  Referring to FIG. 2, the prism assembly of the illustrated embodiment of
      the invention consists of four prism elements P.sub.1, P.sub.2, P.sub.3,
      P.sub.4. The first three prism elements P.sub.1, P.sub.2, P.sub.3
      considered in the direction of incident light I are arranged with their
      respective apex angles A, B, C on alternate sides of the optical axis of
      the assembly. The first and second prism elements P.sub.1, P.sub.2 have
      adjacent parallel surfaces defining a first air gap G.sub.1, and the
      second and third prism elements P.sub.2, P.sub.3 have adjacent parallel
      surfaces defining a second air gap G.sub.2, one of which latter surfaces
      has a first dichroic coating D.sub.1. A second dichroic coating D.sub.2 is
      provided on one of the adjoining surfaces of the third and fourth prism
      elements P.sub.3, P.sub.4.
PAR  The incident beam I is split by the prism assembly into three colour
      components which form three differently coloured primary images at three
      separate detectors, indicated diagrammatically at G, B and R.
PAR  Referring to FIG. 4, surface 1 is the entrance face of the first prism
      element P.sub.1, 2 represents the pair of parallel surfaces defining the
      first air gap G.sub.1 between the first and second prism elements P.sub.1,
      P.sub.2, and 3 represents the first dichroic surface D.sub.1.
PAR  Surface 2.sub.1 is the mirror image of surface 2 in surface 3 and surface
      3.sub.1 is the mirror image of surface 3 in surface 2.sub.1.
PAR  Surface 4 is the mirror image of the exit face of the prism assembly in
      this channel.
PAR  R R.sub.1 represents the significant edge of the envelope of image forming
      light proceeding from a camera objective in front of surface 1 to an image
      format behind surface 4.
PAR  The apex angles of the first and second prism elements P.sub.1, P.sub.2 are
      shown as A and B respectively.
PAR  FIG. 5 shows the unfolded optical path followed by the second colour
      component reflected at the second dichroic surface D.sub.2. In FIG. 5, 1
      represents the entrance face of the first prism element P.sub.1, 2
      represents the pair of parallel surfaces defining the first air gap
      G.sub.1 between the first and second prism elements P.sub.1, P.sub.2, and
      3 represents the pair of surfaces defining the second air gap G.sub.2
      between the second and third prism elements P.sub.2, P.sub.3, 5 represents
      the second dichroic surface D.sub.2.
PAR  Surface 3.sub.2 is the mirror image of surface 3 in surface 5 and surface
      5.sub.2 is the mirror image of surface 5 in surface 3.sub.2.
PAR  Surface 6 is the mirror image of the exit face of the prism assembly in
      this channel.
PAR  R R.sub.2 represents the significant edge of the envelope of image forming
      light proceeding from a camera objective in front of surface 1 to an image
      format behind surface 6.
PAR  The apex angles of the first, second and third prism elements P.sub.1,
      P.sub.2, P.sub.3 are shown as A, B and C respectively.
PAR  Since some surfaces of the assembly necessarily operate in dual modes of
      reflectance and transmittance, the law of critical angle of reflectance is
      an important factor in the geometry of layout.
PAR  The law of refraction can be expressed as:
EQU  N sin I = N.sup.1 sin I.sup.1
PAL  where I is the angle of incidence between a ray and a normal to the surface
      in a medium of refractive index N and I.sup.1 is the angle in the other
      bounding medium of refractive index N.sup.1.
PAR  Since N.sup.1 is unity for an air medium it follows that no refraction can
      occur when N sin I exceeds unity and the ray is totally reflected instead.
PAR  The limiting critical angle can be expressed as
      ##EQU2##
PAR  It will be understood that this expression is not sufficient in itself to
      define the prism assembly geometry that is required because the laws of
      critical angle must be related to all directions of the image forming
      light and not to the optical axis alone.
PAR  In practice the assembly described is intended to be used in conjunction
      with a number of different camera objectives of the zoom lens type.
      Characteristics of zoom lens constructions, particularly those with back
      focal distances large enough to accommodate the prism assembly, are such
      that their exit pupils are positioned at a remote distance from their
      image plane. This fact coupled with other fundamental characteristics of
      vignetting sets conditions in which the maximum inclination of any
      incident ray forming any point in the image does not exceed the value
      ##EQU3##
      where f.sub.o is the f number or relative aperture of the axial beam. The
      corresponding angle inside the denser glass material is
      ##EQU4##
PAR  When critical angle reflection is required for all image forming light, it
      follows that the angle of incidence for the optical axis in glass must
      exceed
      ##EQU5##
PAR  When critical angle reflection is to be avoided to ensure transmission for
      all image forming light, it follows that the angle of incidence for the
      optical axis in glass must not exceed
      ##EQU6##
PAR  With reference to FIG. 4 it will be obvious that the angle A cannot exceed
      ##EQU7##
      and that 2B - A must equal or exceed
      ##EQU8##
PAR  Similarly in FIG. 5, 2C - B + A must equal or exceed
      ##EQU9##
PAR  In order to achieve other geometrical requirements such as a short glass
      path length relative to prism aperture it is desirable to choose near
      minimum limit values for the angles B and C but care must be taken to
      avoid the possibility of unwanted ghost images arising from reflections in
      surfaces making small angles with the image forming beams of light.
PAR  For example in FIG. 4 it is desirable to ensure that surface 3.sub.1 does
      not converge onto the beam edge R R.sub.1. This can be achieved by
      ensuring that 3B-A is approximately equal to 90.degree..
PAR  Similarly in FIG. 5 it is desirable to ensure that surface 5.sub.2 does not
      converge on to the beam edge R R.sub.2 and consequently 3C - B + A should
      approximate to 90.degree..
PAR  It will be evident that although each individual design parameter can lie
      within quite broad limits, the interdependancies between parameters are
      complex and numerous.
PAR  It has been found that the only solutions fulfilling all the objects of the
      invention must conform to these interdependancies and will therefore lie
      within much narrower limits. These can be defined as follows:
      ##EQU10##
PAR  Regardless of the values of parameters within the above limits, the
      following exact relationships always apply:
EQU  .theta. = B - A
EQU  .phi. = A + C - B
PAL  where .theta. is the axial angle of incidence at the first dichroic surface
      and .phi. is the angle at the second.
PAR  By the way of example FIG. 2 shows an arrangement whose parameters fall
      within the described narrow limits and which fulfils the objects of the
      invention.
PAR  The first surface of the first prism element is normal to the incident
      optical axis. The second surface is followed by the first surface of the
      second prism and spaced from it by a thin parallel air gap to provide the
      necessary conditions for reflection of the green component reflected from
      the first dichroic mirror which is carried on the second surface of the
      second prism element.
PAR  The second surface of the second prism is followed by the first surface of
      the third prism element and spaced from it by a thin parallel air gap to
      provide the necessary conditions for reflection of the blue component
      reflected from the second dichroic mirror which is carried on the second
      surface of the third prism element.
PAR  The second surface of the third prism is followed by the first surface of
      the fourth prism element either cemented to it or spaced from it by a thin
      parallel air space. The second surface of the fourth prism is normal to
      the undeviated red optical axis.
PAR  The third surfaces of the second and third prism elements are normal to the
      optical axes after two reflections of each of the first and second colour
      components.
PAR  Two examples of prism assemblies according to the invention are given
      below:
PAC  EXAMPLE I: Construction data
PA1  A = 20.degree.30'
PA1  b = 36.degree.20'
PA1  c = 33.degree.50'
PA1  .theta. = 15.degree.50'
PA1  .phi. = 18.degree.00'
PAR  glass material
TBL                                    1                                       

     wavelength    N          sin.sup..sup.-1                                  

                                       N                                       

     546.1 nm      1.5187     41.degree.10'                                    

     435.8 nm      1.5267     40.degree.55'                                    

     643.8 nm      1.5147     41.degree.20'                                    

PAR  Maximum Objective relative aperture accepted F/1.73
TBL                            1                                               

            wavelength                                                         

                      sin.sup.-.sup.1                                          

                               2 f.sub.o N                                     

            546.1     11.degree.00'                                            

            435.8     10.degree.55'                                            

PAR  Maximum aperture of first surface of first prism element measured in the
      plane containing all the emergent axes:38.0 mm
PAR  Glass path length including trimming filters: 63.4 mm all three channels
PAR  Image format covered measured in the plane containing all emergent axes:
      12.8 mm
PAR  Example I shows how some of the basic elements of a four element prism can
      be compounded by the addition of trimming filter without departing from
      the invention and its limits. More complex arrangements such as those
      disclosed in our co-pending U.K. patent application No. 43280/72 also fall
      within the scope of this invention.
PAR  Example I falls within the limits of the five inequalities defined above in
      the following manner.
TBL  ______________________________________                                    

     Equation 1   62.degree.36'&gt;52.degree.10'.gtoreq.52.degree.10'             

     2            62.degree.12'&gt;51.degree.50'.gtoreq.51.degree.50'             

     3            25.degree.8' &gt;20.degree.30'&gt;17.degree.23'                    

     4            40.degree.13'&gt;36.degree.20'&gt;34.degree.46'                    

     5            37.degree.30'&gt;33.degree.50'&gt;32.degree.24'                    

     ______________________________________                                    

PAR  Note that the outer limits for equations 1 and 4 are computed with respect
      to refractive index at 546.1 nm; that outer limits for equations 2 and 5
      are computed with respect to refractive index at 435.8 nm; and that this
      distinction is not necessary for equation 3 where the angle A is common to
      all channels.
PAC  EXAMPLE II
TBL                                        1                                   

     Glass material:                                                           

                  wavelength N        sin.sup..sup.-1                          

                                           N                                   

                546.1    1.6430   37.degree.30'                                

                435.8    1.6537   37.degree.12'                                

                643.8    1.6378   37.degree.38'                                

PAL  Assuming that the camera objective relative aperture is the same as in
      Example I:
TBL                             1                                              

     wavelength          sin.sup..sup.-1                                       

                                2 f.sub.o N                                    

     546.1                  10.degree.8'                                       

     435.8                  10.degree.4'                                       

PAR  Considering first the conditions in the first (green) channel G, it is well
      known that sensitivity to polarisation and colour shading is a function of
      the equivalent angle of incidence in air rather than the angle .theta. in
      glass. In a glass having a refractive index of 1.64 it is therefore
      desirable to reduce .theta. from 15.degree.50' to 14.degree.36' to
      maintain the same angle refracted out into the air.
PAL  Thus .theta. = B - A = 14.degree.36'
PAL  To minimise the possibility of a ghost image when B is small (3B-A) should
      approach 90.degree.. Consequently B is chosen to lie on its upper limit.
      viz: B = 36.degree.30' A = 21.degree.54' giving 3B - A = 87.degree.36'
PAR  In the remaining red and blue channels the angle C must be selected to lie
      on its upper limit to minimise the ghost image hazard. Thus:
EQU  C = 33.degree.55'
EQU  .phi. = 21.degree.54' + 33.degree.55' - 36.degree.30' = 19.degree.19'
PAL  giving 3C- B+ A= 87.degree.09', which is as far from 90.degree. as an
      acceptable ghost hazard permits.
PAR  The constructional data of the prism assembly of Example II may therefore
      be summarised as follows:
EQU  A = 21.degree.54'
EQU  B = 36.degree.30'
EQU  C = 33.degree.55'
EQU  .theta. 32  14.degree.36'
EQU  .phi. = 19.degree.19'
PAR  Example II falls within the limits of the five inequalities (1)-(5), as
      follows:
TBL  Equation 1   57.degree.10'&gt;51.degree.06'&gt;47.degree.38'                    

     2            56.degree.43'&gt;53.degree.14'&gt;47.degree.16'                    

     3            22.degree.48'&gt;21.degree.54'&gt;15.degree.53'                    

     4            36.degree.30'.gtoreq.36.degree.30'&gt;31.degree.46'             

     5            33.degree.55'.gtoreq.33.degree.55'&gt;29.degree.33'             

PAR  It can be concluded that the construction of the invention is not sensitive
      to changes of refractive index, since the two examples given use glasses
      of very different refractive indices, yet the resultant geometry and
      colorimetric performance of the two prisms are essentially similar.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A beam splitting prism assembly comprising first, second, third and
      fourth prism elements arranged consecutively to separate incident light
      spatially into three different spectral components wherein the first
      component lies spectrally between the other two components wherein the
      improvement consists in said first and second prism elements considered in
      the direction of incident light having adjacent parallel and spectrally
      substantially non-selective surfaces defining a first air gap, said second
      and third prism elements being separated by a second air gap, a spectrally
      selective dichroic coated surface and a spectrally substantially
      non-selective surface, parallel to said coated surface, bounding said
      second air gap, one of the adjacent surfaces of the third and fourth prism
      elements carrying a spectrally selective second dichroic coating, wherein
      the surfaces defining the first and second air gaps are inclined to the
      direction of incident light to transmit said incident light and to totally
      internally reflect the light which has been selectively reflected from the
      corresponding dichroic surface, and wherein the apex angles of the said
      first, second and third prism elements lie within the following limits:
      ##EQU11##
      where: A is the apex angle of the first prism element;
PA1  B is the apex angle of the second prism element;
PA1  C is the apex angle of the third prism element;
PA1  N is the refractive index of the prism glass at the wavelength appropriate
      to the colour being selected, and
PA1  f.sub.o is the widest relative aperture of camera objective with which the
      assembly is optically compatible.
NUM  2.
PAR  2. The beam splitting prism assembly defined in claim 1, wherein the second
      surface of the third prism carries a spectrally selective dichroic coating
      to which the fourth prism element is cemented.
NUM  3.
PAR  3. The beam splitting prism assembly defined in claim 1 wherein the first
      surface of the fourth prism element carries a spectrally selective
      dichroic coating to which the third prism element is cemented.
NUM  4.
PAR  4. The beam splitting prism assembly defined in claim 1 wherein the third
      and fourth prism elements are separated from each other to define a
      further parallel air gap bounded by one spectrally selective dichroic and
      one substantially non-selective surface.
NUM  5.
PAR  5. The beam splitting prism assembly defined in claim 1, wherein the first
      colour component selectively separated by reflection is green, the second
      by reflection is red and the third by transmission is blue.
PATN
WKU  039320286
SRC  5
APN  4909054
APT  1
ART  257
APD  19740722
TTL  Mirror and guide device for a tractor
ISD  19760113
NCL  4
ECL  1
EXA  Evans; F. L.
EXP  Smith; Alfred E.
NDR  2
NFG  6
INVT
NAM  Klingler; Jerome J.
STR  P.O. Box 442
CTY  New Ulm
STA  MN
ZIP  56073
CLAS
OCL  350307
XCL   33264
XCL  248475R
XCL  350277
EDF  2
ICL  G02B  508
FSC   33
FSS  264
FSC  248
FSS  466;475-487
FSC  350
FSS  58-60;277;302;307
UREF
PNO  1373852
ISD  19210400
NAM  Allen
XCL   33264
UREF
PNO  1576793
ISD  19260300
NAM  Sadler
OCL  350307
UREF
PNO  2198864
ISD  19400400
NAM  Degrelle
UCL   33264
UREF
PNO  2538112
ISD  19510100
NAM  Maier
OCL   33264
UREF
PNO  2573443
ISD  19511000
NAM  Holland
OCL  248480
UREF
PNO  2636418
ISD  19530400
NAM  Leonard
OCL  248478
UREF
PNO  2649839
ISD  19530800
NAM  Condon
UCL  350 58
UREF
PNO  2750840
ISD  19560600
NAM  Sklarek
OCL  248481
UREF
PNO  2758508
ISD  19560800
NAM  Petri et al.
UCL  350289
UREF
PNO  3241253
ISD  19660300
NAM  McKee
XCL  350307
FREF
PNO  794,962
ISD  19580500
CNT  UK
OCL  350307
LREP
FRM  Williamson, Bains & Moore
ABST
PAL  A mirror and guide attachment device for a tractor having a trailing
      cultivator implement towed thereby, includes a mirror assembly mounted on
      the tractor adjacent and rearwardly of one of the front wheels of the
      tractor. The mirror assembly is positioned in angulated relation with
      respect to the ground surface to permit the tractor operator to observe
      certain rolling shields and cultivator tools on the trailing cultivator
      implement during the cultivating operation. An elongate guide element is
      connected with a mounting bracket of the mirror assembly and serves to
      facilitate guiding of the tractor and trailing cultivator implement during
      the cultivating operation.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a mirror and guide attachment device for a
      tractor having a trailing cultivator implement towed thereby.
PAR  When row crops are cultivated with a cultivator implement towed by a
      tractor, the tractor operator is required to constantly turn rearwardly
      during the cultivating operation to determine if the cultivating shovels
      and shields are properly disposed with respect to the row crops being
      cultivated. On hillsides, the tractor tends to drift slightly in a lateral
      direction which sometimes results in the row crops being covered with the
      soil. Therefore, unless the cultivator tools are properly aligned with
      respect to the crop rows, not only will certain crop rows be covered with
      soil during the cultivating operation, but in some instances, the
      cultivating shovels will be spaced too far from the rows to effectively
      remove the weeds. It is also tiring for the tractor operator to constantly
      turn rearwardly from his normally forward facing position in order to view
      the cultivator tools during the cultivating operation.
PAR  It is therefore a general object of this invention to provide a mirror
      device which may be readily attached to a tractor having a cultivating
      implement connected thereto, to permit the tractor operator to readily and
      easily observe the row crops being cultivated while the operator faces in
      a generally forward direction. It is also an object of this invention to
      provide the mirror device with a guide assembly which permits the operator
      to accurately guide the tractor in a forward direction.
PAR  These and other objects and advantages of this invention will more fully
      appear from the following description made in connection with the
      accompanying drawings wherein like reference characters refer to the same
      or similar parts throughout the several views.
DRWD
PAC  FIGURES OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a tractor having a trailing cultivating
      implement attached thereto and also having the novel mirror and guide
      device mounted thereon;
PAR  FIG. 2 is a side elevational view of the tractor and trailing implement and
      illustrating by dotted line configuration, the line of vision of the
      operator and the reflected image of the mirror during the cultivating
      operation;
PAR  FIG. 3 is a vertical cross-sectional view through the mirror and guide
      device illustrating details of construction thereof;
PAR  FIG. 4 is a cross-sectional view taken approximately along lines 4--4 of
      FIG. 3 and looking in the direction of the arrows;
PAR  FIG. 5 is a rear perspective view of the mirror and guide device; and
PAR  FIG. 6 is a front perspective view of the mirror and guide device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring now to the drawings and more specifically to FIG. 1, it will be
      seen that one embodiment of the novel mirror and guide device, designated
      generally by the reference numeral 10, is shown mounted in cooperative
      relation on a conventional tractor 11 to which is connected a trailing
      cultivator implement 12. The tractor 11 is provided with ground engaging
      wheels including a pair of front wheels 13. The cultivator implement 12 is
      of conventional construction and includes a frame including a tool bar
      which has a plurality of cultivator shovels 14 and rolling shields 15
      secured thereto. The cultivator shovels 14 are adapted to cultivate the
      soil between the rows of a conventional row crop such as beans, corn or
      the like, while the rolling shields 15 are arranged in pairs and the
      shields of each pair are disposed on opposite sides of a crop row to
      prevent the crop row from being covered during the cultivating operation.
PAR  The mirror and guide device 10 includes means for mounting the device on
      the tractor 11 and this means includes an elongate substantially straight
      channel bracket 16 including a web 17 having flanges 18 secured thereto
      and projecting therefrom. The web of the channel bracket 16 is provided
      with openings therein for accommodating bolt assemblies 19 to rigidly but
      detachably mount the channel bracket on the body of the tractor.
PAR  The channel bracket 16 provides a mounting for a mirror assembly 20 which
      is comprised of a generally rectangular frame 21, including elongate
      straight side frame elements 22 rigidly secured to transverse frame
      elements 23. It will be noted that these frame elements are of angle
      construction.
PAR  Referring now to FIGS. 4 and 5, it will be seen that a pair of elongate
      substantially straight angle brackets 24 are each rigidly secured to the
      front surface of one of the side frame elements 22 and project forwardly
      therefrom. In this respect, one flange of each angle bracket 24 is spaced
      forwardly from the associated side frame elements 22. A substantially
      flat, generally rectangular shaped rear plate 25 is disposed between the
      angle brackets 24 and the frame elements of the rectangular frame 21, the
      rear plate being rigidly secured to the angle brackets 24.
PAR  A generally rectangular shaped flat mirror 26 is mounted on the rectangular
      frame 21 by a pair of vertical dampening elements 27 and a pair of
      transverse dampening elements 28. These dampening elements are formed of a
      yieldable resilient material preferably rubber and each has an elongate
      inner slot 29 therein and an elongate outer slot 30 therein. It will be
      seen that the inner slot 29 of each dampening elements receives a marginal
      portion of the mirror therein while the outer slot of each dampening
      element receives a flange of an adjacent frame element thereon.
PAR  The mirror assembly also includes a shield structure 31 which is comprised
      of a pair of substantially identical triangular side shield plates 32,
      each including an upper angular edge, 33, a lower angular edge 34 and a
      vertical edge 35. The shield structure is also comprised of a top shield
      plate 36 which is of generally rectangular configuration, as best seen in
      FIG. 5, and which has a curled or rolled upper edge 37. The side edges 38
      of the top plate are rigidly secured to the upper angular edges 33 of the
      side shield plates 32 and the rear edge portion 39 is rigidly secured to
      the uppermost transverse frame element 23 and projects forwardly
      therefrom. It will also be noted that the lower angular edges 34 of the
      side shield plates are rigidly secured to the side frame elements 22 of
      the rectangular frame 21. The shield structure 31 not only protects the
      mirror from flying objects such as stones or the like, but the shield
      structure also serves to minimize glare with respect to the reflective
      surface of the mirror. In this respect, the inner surfaces of the top and
      side plates of the shield structure may be painted with a flat or
      non-reflective material to further minimize glare.
PAR  The mirror assembly 20 is connected to the channel bracket 16 by means of
      an elongate upper brace 40 and a pair of elongate lower braces 41.
      Referring now to FIG. 5, it will be noted that the respective forward ends
      of the braces are rigidly secured to the lower flange of the channel
      bracket 16 and the braces project outwardly and rearwardly therefrom. The
      rearward end of the upper brace 40 is connected to the upper end portion
      of the outermost side frame element 22. The rearward ends of the lower
      braces 41 are each connected to the lower end portion of one of the side
      frame elements 22. It will be noted as best seen in FIGS. 2 and 3 that
      when the channel bracket 16 is mounted on the tractor, the rectangular
      frame and a mirror 26 will be disposed in angulated relation and will
      extend downwardly and rearwardly to facilitate observation of the
      cultivator tools by the tractor operator.
PAR  Means are also provided for protecting the mirror against damage when the
      tractor is being driven from one location to another and it is not being
      used in a cultivating operation. To this end, a substantially flat,
      generally rectangular shaped cover plate 42 is provided, having a rolled
      inner edge 43 through which projects a pivotal or hinged pin 44. The hinge
      pin is connected to the frame 21, adjacent the inner side thereof to
      swingably mount the cover plate thereon for swinging movement between open
      and closed positions. When the cover plate 42 is in the closed position,
      the cover plate covers the rear surface of the mirror and will prevent
      damage thereto. However, when the cover plate 42 is in the open position,
      it will be positioned adjacent the innermost side plate of the shield
      structure, and will in no way obstruct the vision of the tractor operator
      with respect to the mirror.
PAR  It will be noted that because of the angulated relation of the mirror and
      supporting frame 21, the cover plate 42 will normally be urged to the
      closed position by the action of gravity. Means are therefore provided for
      retaining the cover plate in an open condition. This means includes an
      elongate flexible member or rope 46 which has one end thereof extending
      through an opening 45 in the cover plate and has its other end extending
      upwardly to a point adjacent the tractor operator. With this arrangement,
      the tractor operator may retain the cover plate in an open position and by
      merely releasing the taut rope, the cover plate may be allowed to swing to
      the closed position.
PAR  Means are also provided for facilitating guiding of the tractor during the
      cultivating operation and this means includes a guide assembly 47. The
      guide assembly 47 is comprised of a mounting sleeve 48 which is rigidly
      secured to the channel bracket 16 and which is provided with a set screw
      49. An L-shaped mounting arm 50 includes an elongate vertical portion 51,
      a horizontal portion 52 and a terminal portion 53 which projects angularly
      from the vertical portion 51. The terminal portion 53 projects into the
      mounting sleeve 48 and is secured in a preselected angulated relation by
      the set screw 49. The horizontal portion 52 of the L-shaped mounting arm
      50 has a mounting sleeve 54 mounted thereon and provided with a set screw
      55. Thus the mounting sleeve 54 may be adjusted longitudinally as well as
      angularly with respect to the horizontal portion 52. The mounting sleeve
      54 also has a stud 66 rigidly affixed thereto and projecting outwardly
      therefrom.
PAR  The guide assembly includes an elongate substantially straight guide rod or
      element 57 which is provided with a sleeve 58 rigidly affixed thereto,
      adjacent one end thereof. The sleeve 58 is also provided with a set screw
      49 and is mounted on the stud 56. With this arrangement, the sleeve may be
      rotated on the stud 56 to adjust the angular position of the guide rod 57.
      It will also be noted that the guide assembly is capable of a wide range
      of adjustment to properly position the guide rod in a predetermined
      position to facilitate guiding of the tractor during the cultivating
      operation. In this respect, the guide rod will be positioned so that the
      sight line of the tractor operator centers the guide rod with respect to a
      crop row to be cultivated. This permits the tractor to be properly guided
      between the rows during the cultivating operation.
PAR  During the cultivating operation, the tractor will be driven in a forward
      direction so that the cultivator shovels of the cultivator implement will
      cultivate the soil between the rows. The shields of a pair of rolling
      shields will be disposed on opposite sides of the row being cultivated.
      The mirror assembly 20 permits the operator to clearly view at least one
      pair of the rolling shield assemblies as well as the adjacent cultivator
      shovels located on opposite sides thereof. Thus the tractor operator, by
      properly positioning the pair of rolling shields being observed and
      adjacent pair of cultivator shovels with respect to a single row will be
      assured that effective cultivation is accomplished without danger of
      covering the plants with soil or damage of plant roots by the cultivator
      shovels. Since the mirror assembly is positioned just rearwardly of and at
      approximately the same level as the right front wheel of the tractor, the
      operator may face forwardly at all times, but will have an excellent,
      unobstructed view of a pair of rolling shields and cultivator shovels
      during the cultivating operation.
PAR  By mounting the guide assemblies adjacent but just forwardly of the mirror
      assembly, the mirror and the guide assembly are in an optimum position for
      observation by the tractor operator. Thus the forward travel of the
      tractor as well as the precise positioning of the cultivator shields and
      cultivator shovels are constantly in the vision of the tractor operator
      while permitting the operator to comfortably face forwardly at all times.
PAR  Thus it will be seen that I have provided a novel mirror and guide device
      which may be readily mounted on any conventional tractor and which allows
      the tractor operator to effectively cultivate while facing forwardly at
      all times.
PAR  It will further be noted that I have provided a novel mirror guide device
      which is not only of simple and inexpensive construction, but one which
      functions in a more efficient manner than any heretofore known comparable
      device.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mirror and guide attachment device for a tractor having a trailing
      cultivator implement towed thereby, said device comprising:
PA1  a mounting bracket adapted to be attachably mounted on the tractor adjacent
      one of the front wheels thereof,
PA1  a rigid generally rectangular mirror frame, means connecting the mirror
      frame with said bracket for spacing the frame laterally of the tractor
      body and rearwardly and adjacent one of the front tractor wheels,
PA1  a rearwardly facing generally rectangularly shaped mirror mounted on said
      frame, yieldable means interposed between said mirror and the frame to
      dampen and absorb vibrations thereto, said mirror being disposed in
      angulated relation and extending downwardly and rearwardly with respect to
      the surface of the ground, said mirror being disposed at approximately the
      same height as the upper portion of the adjacent front tractor wheel,
PA1  a peripheral shield structure secured to said frame and including a pair of
      substantially flat rearwardly projecting side plates positioned on
      opposite sides of the mirror and a top plate secured to said side plates
      and projecting rearwardly from adjacent the top portion of said mirror to
      reduce glare and protect the mirror from flying objects,
PA1  a substantially flat cover plate shiftably connected with said mirror frame
      and being swingable between open and closed positions, said cover plate
      when in the closed position, overlying and covering said mirror, and when
      in the open position, being disposed in unobstructing relation with
      respect to the mirror.
NUM  2.
PAR  2. The mirror and guide device as defined in claim 1 and an adjustable
      guide assembly, including guide mounting means connected with said
      bracket, and elongate substantially straight guide element connected with
      said guide mounting means and positioned forwardly of the mirror and
      permitting a tractor operator to align the guide element with a crop row
      being cultivated to facilitate cultivation thereof.
NUM  3.
PAR  3. The mirror and guide device as defined in claim 1 wherein said yieldable
      means includes a plurality of slotted dampening elements each having an
      inner slot therein receiving a peripheral edge of the mirror frame
      therein.
NUM  4.
PAR  4. The mirror guide device as defined in claim 2 wherein said guide
      mounting means includes an elongate substantially straight vertical
      mounting element, an elongate substantially straight horizontal mounting
      element adjustably secured to said vertical mounting element and being
      adjustable relative thereto, means adjustably mounting said vertical
      mounting element on said bracket to permit adjustment of said vertical
      mounting element relative to said bracket, and means mounting said
      elongate guide element on said horizontal mounting element to permit
      relative adjustment therebetween.
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ABST
PAL  Optical surface distorting thermal stresses are significantly reduced in an
      optical reflector by a structure consisting of a plurality of hollow
      reflector cells. Each cell has a light reflecting surface arranged to
      provide a composite continuous reflecting surface for an incident optical
      wavefront. Each reflector cell includes an internally located feeder tube
      which directs a flow of coolant from a manifold distribution system
      against internal cell walls.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to optical reflectors and more particularly to an
      optical reflector comprising multiple optical reflector cells, each being
      individually cooled.
PAR  2. Description of the Prior Art
PAR  A mirrored or polished front surface of an optical reflector is commonly
      used to reflect or direct an incident optical wavefront in a desired
      direction. The source of the optical wavefront may be a relatively high
      power laser. Reflector front surface properties, such as surface
      roughness, cause a portion of the incident optical wavefront to be
      abosrbed by the reflector. The absorbed optical energy is converted to
      thermal energy which is transferred through the reflector by conduction.
      The thermally induced temperature increase in the reflector establishes
      thermal compressive stresses which distort the shape or linearity of the
      reflector front surface causing errors in the direction of the reflected
      optical wavefront.
PAR  Prior art methods of cooling or dissipating the thermal energy induced on
      the reflector front surface include fins or radiators connected to the
      back surface of the reflector. The fins or radiators serve as a heat sink
      which permits radiation of the induced thermal energy but do not
      effectively prevent reflector front surface distortions.
PAR  Other prior art cooling methods include a flow of a fluid or coolant under
      relatively high pressure against the back surface of the reflector.
      However, such methods are not desirable in certain applications involving
      reflectors having a relatively large reflector front surface and requiring
      excessive coolant flow under relatively high pressure.
PAC  SUMMARY OF THE INVENTION
PAR  Thermal stresses causing surface distortion on an optical reflector surface
      are minimized in an optical reflector comprising multiple hollow reflector
      cell means having internal walls and light reflecting surfaces arranged to
      provide a composite continuous reflecting surface for an incident optical
      wavefront. Coolant feeder means inside each of the reflector cell means
      direct a flow of coolant to said internal cell walls. Reflector base means
      is connected to the reflector cell means and the coolant feeder means. The
      reflector base means has first and second chambers. The first chamber
      permits a flow of coolant to the coolant feeder means and the second
      chamber collects the coolant from the internal cell walls.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross section of a prior art metallic optical reflector.
PAR  FIG. 2 is a perspective view, partly in cross section, of a preferred
      embodiment of an optical reflector according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a cross section of a prior art metallic
      optical reflector 10 having a mirrored front surface 12 supported by a
      relatively stiff base 14. Parallel rays 16 from a suitable source of light
      having a relatively high level of radiant flux, such as a laser, are
      incident on mirrored front surface 12 of optical reflector 10. It is
      desired that optical reflector 10 reflect all of incident parallel rays 16
      at an angle, .theta..sub.r, equal to the incident angle, .theta..sub.i.
      However, surface properties cause a portion of incident parallel rays 16
      to be absorbed by mirrored front surface 12 and converted to heat. This
      heat produces thermal compressive stresses which distort mirrored surface
      12 causing angle errors in reflected rays 18. Thus, the incident ray
      angle, .theta..sub.i, is not equal to the reflected ray angle,
      .theta..sub.r.
PAR  Referring to FIG. 2, there is shown a cross section of an optical reflector
      20 according to the invention. Optical reflector 20 is formed of a
      plurality of reflector surfaces 24 arranged to form a continuous composite
      surface. A plurality of thin walled, hollow, metallic cells 22, each
      having a light reflecting front surface 24, are positioned on a relatively
      rigid or stiff common base 26. By way of example and not limitation, the
      geometric shape of each reflecting front surface 24 is rectangular or
      square. The cell reflectors 22 are arranged according to the invention to
      significantly reduce, if not minimize the distortion of optical reflector
      20, due to localized thermal compressive stresses induced in metallic
      cells 22 by an external source of thermal energy. The multiple cell
      reflectors 22 collectively appear as a single reflector having a
      continuous reflecting surface for an incident optical ray. Each cell 22
      has at least one outside wall 28 separated from an outside wall of an
      adjacent cell by a gap having a width W. Optical energy absorbed in the
      gap is minimized by choosing the gap width, W, to be as small as possible
      and yet permit thermal expansion of a cell without interferring with an
      adjacent cell. Each cell 22 also includes internal cooling means,
      described below, for dissipating thermal energy conducted along both
      internal 32 and external 24 and 28 cell surfaces.
PAR  The thermal energy induced on mirrored reflective surface 24 by laser beam
      is transferred to internal surface 32 by conduction. The thickness, t, of
      a cell wall between surfaces 24 and 32 is chosen to minimize the magnitude
      of any thermal gradient which may exist between surfaces 24 and 32 while
      still maintaining suitable mechanical stiffness. Some thermal energy will
      be conducted along cell wall 28. The height, d, of cell wall 28 supporting
      surface 24 is chosen to permit dissipation of the thermal energy by the
      cooling means before the heat is transferred to reflector base surface 30.
      The reflector base surface 30 is accordingly prevented from being
      distorted by thermal compressive stresses.
PAR  Reflector base 26 includes first and second chambers 34 and 36,
      respectively. The first chamber 34 or manifold is suitably arranged to
      permit a flow of fluid coolant, from a coolant source, not shown, to
      multiple coolant feeder tubes 38 supported by web-like member 40. For
      purpose of illustration and not limitation, feeder tube 38 is also
      supported by the intermediate wall 42 between first and second chambers 34
      and 36, respectively, and bottom wall 44 of first chamber 34. Feeder tube
      38 is provided with an aperture 46 suitable for permitting a flow of
      coolant from the first chamber 34 to the interior of feeder tube 38. The
      coolant feeder tube 38 is arranged with a metering nozzle 46 for providing
      a flow of coolant from feeder tube 38 to inner surface 32 of cell 22.
      Metering nozzle 46 includes at least one orifice 48 for providing an
      egress for the fluid coolant from feeder tube 38 to the internal cell
      cavity. For purpose of illustration and not limitation, metering nozzle 46
      includes a pair of circular holes 48 each having a suitable diameter for
      directing a turbulent flow of liquid coolant in the form of a spray
      against internal cell surfaces 32 or by a slower laminar or turbulent
      coolant flow where the attitude of reflector 20 with respect to
      gravitional forces permits the option of completely filling cells 22 with
      a coolant. Removable plug 50 at one end of feeder tube 38 permits access
      to metering nozzle 46 for servicing or changing. The liquid coolant
      sprayed or flowed against internal cell surfaces 32 is collected in second
      reflector base cavity 36 arranged to return the coolant to a reservoir,
      not shown.
PAR  The feeder tubes 38 of multiple reflector cells 22 are arranged to provide
      parallel paths for a flow of coolant against internal cell surfaces 32.
      The magnitude of the coolant pressure required to minimize distortion of a
      cell reflector surface due to thermal compressive stress is relatively
      small since the total internal surface area of the cell walls is
      relatively small. Thus, unlike prior art optical reflectors, the parallel
      coolant paths to internal surfaces 32 of multiple reflector cells 22
      permit the use of a source of relatively low pressure coolant for
      minimizing reflector surface distortion.
PAR  In summary, an optical reflector 20 is described, according to the
      invention, in which a plurality of thin walled, hollow cells 22,
      supporting a plurality of light reflecting surfaces 24 are positioned on a
      common reflector base 26 to inhibit the deformation of optical reflector
      20. Each cell includes feeder means, such as feeder tubes 38, for
      providing a turbulent flow or spray of liquid coolant against internal
      cell surfaces 32. The common reflector base 26 includes a first chamber 34
      for providing a flow of a suitable pressurized coolant to feeder means 38
      and a second chamber 36 for collecting the returning coolant from internal
      cell surfaces 32 and passing the coolant to a reservoir.
PAR  It should be appreciated that the described embodiment illustrating an
      arrangement of multiple cells 22 each having a light reflecting front
      surface in the shape of a square or rectangle is only by way of example.
      Each cell 22 may have a shape such as a square, rectangle, triagle,
      hexagon or have external wall surfaces with curves bounded by an adjacent
      cell with matching external curved wall surfaces. Thus, many other
      arrangements can readily be devised in accordance with the described
      principles as will be apparent to those skilled in the art.
PAR  In practice, an optical reflector 20 according to the invention may
      typically be formed of a square array of 100 or more light reflecting
      surfaces 24, each surface 24 being a square of substantially 1 sq. inch.
      The gap dimension is substantially 0.001 inch. The height, d, is
      substantially 1 inch. The coupling manifold 26 and feeder tube 38 may be
      formed of invar. The material for the surface 24 may be copper as is cell
      wall 28.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A laser beam reflector comprising:
PA1  a base,
PA1  a plurality of adjacent hollow cells, each cell having a hollow core
      defined by an enclosure mounted on said base, said enclosure being formed
      by a plurality of walls supporting a laser beam radiant energy reflecting
      surface spaced from said base, each of said surfaces having an edge
      closely spaced from an edge of an adjacent surface, said surfaces being
      formed into an array to provide a substantially continuous reflecting
      surface for radiant energy incident thereon; and
PA1  cooling means disposed in said base for providing a fluid coolant to the
      core of each of said hollow cells for cooling said surface,
PA1  said cooling means including coolant manifold means disposed in said base
      and further including coolant feed means disposed inside each core of said
      cell in communication with said manifold means for dispersing said fluid
      coolant against said walls and surface,
PA1  said edges being spaced from each other a distance arranged to dissipate
      negligible radiant energy from said beam between said walls.
NUM  2.
PAR  2. A radiant energy reflector according to claim 1, wherein said coolant
      feeder means include a tube having a metering nozzle at one end, said
      nozzle having at least one orifice for providing an egress for said
      coolant to said hollow cells.
NUM  3.
PAR  3. A radiant energy reflector according to claim 2, wherein said metering
      nozzle orifice is arranged to direct a turbulent flow of said coolant to
      said hollow cells.
NUM  4.
PAR  4. A radiant energy reflector according to claim 1, further including means
      for collecting said fluid coolant from each of said hollow cells.
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ABST
PAL  In an ophthalmometer comprising a chart plate, an illuminating device for
      illuminating the chart plate, a viewing optical system having an optical
      measurement adjust member for viewing therethrough the chart image
      projected by the illuminating device upon the cornea of an eye to be
      examined, a scale read-out device movable with the optical member and
      having a cornea curvature radius scale plate, and an astigmatism axis
      angle scale plate, the illuminating device comprises a chart illuminating
      light source member disposed behind the chart and within the viewing
      optical system and being in an annular form corresponding to the
      configuration of the chart of the chart plate. The illuminating device
      further includes a reflector member having light-transmitting portions for
      directing therethrough light beams for illuminating the two scale plates,
      respectively.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an illuminating device in an ophthalmometer which
      is a measuring device for measuring the curvature radius of the cornea of
      an eye, the astigmatism of the cornea, etc.
PAR  2. Description of the Prior Art
PAR  There are various types of the ophthalmometer. By the operating method
      involved during measurement, they may generally be classified into the
      Javal-Schiotz type wherein measurement is effected by moving a chart
      projected upon the cornea or the like and the Sutcliffe or the Littmann
      type wherein measurement is effected by operating an optical member within
      a viewing optical system.
PAR  The present invention pertains to the ophthalmometer of the latter type and
      the conventional ophthalmometer of such type will hereinafter be described
      with respect, for example, to the Sutcliffe type ophthalmometer.
PAR  Referring to FIG. 1 of the accompanying drawings, there is shown the
      Sutcliffe type ophthalmometer according to the prior art. A chart image
      projected upon the cornea of an eye 1 to be examined may be provided by an
      illuminating light passed from a light source 2 disposed laterally of a
      viewing optical system and directed through a diffuser plate 3 and via a
      mirror 4 obliquely disposed on the optical axis T, to illuminate a chart
      plate 5. The chart image projected upon the cornea of the eye 1 to be
      examined may be viewed by the viewing optical system comprising an
      objective 6 and an eye-piece 7, through light-transmitting portions formed
      centrally of the chart plate 5 and of the mirror 4.
PAR  As the chart image is being so viewed, the curvature radius of the cornea
      of the eye 1 may be measured by operating an optical measurement adjust
      member 8 (which comprises two prisms for measuring two principal radial
      lines of the cornea astigmatism, respectively, the prisms being movable
      along the optical axis T to measure the curvature radius or like factor of
      the cornea).
PAR  In the conventional ophthalmometer of the described type, however, the
      light source means for illuminating the chart is projectedly disposed
      laterally outwardly of the viewing optical system and the mirror for
      directing the light from the source to the chart is obliquely disposed
      between the objective and the chart plate, and this has led to a larger
      size of the entire device which is particularly undesirable as an
      ophthalmometer wherein various operations occur with the viewing optical
      system being looked into.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has, for its object, to solve the above-noted
      problems and to provide an illuminating device which is adapted to be
      effectively utilized for the illumination of the chart as well as for the
      illumination of other items.
PAR  To achieve the above object, the ophthalmometer of the present invention
      comprises a chart plate, an illuminating device for illuminating the chart
      plate, a viewing optical system having an optical measurement adjust
      member for viewing therethrough the chart image projected by the
      illuminating device upon the cornea of an eye to be examined, a scale
      read-out device movable with the optical measurement adjust member and
      having a cornea curvature radius scale plate for indicating the value of
      the cornea curvature radius, and a scale plate for indicating the angle of
      astigmatism axis. The illuminating device may comprise a chart
      illuminating light source disposed behind the chart plate and within the
      viewing optical system and being in an annular form corresponding to the
      chart of the chart plate. The illuminating device may further include a
      reflector member disposed at that side of the light source opposite to the
      chart plate for condensing the light beam from the light source onto the
      chart of the chart plate. The reflector member has light-transmitting
      portions for directing therethrough light beams for illuminating the
      cornea curvature radius scale plate and the astigmatism axis angle scale
      plate, respectively.
PAR  The invention will become more fully apparent from the following detailed
      description thereof taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view illustrating the Sutcliffe type ophthalmometer
      according to the prior art.
PAR  FIG. 2 is a schematic view illustrating an embodiment of the present
      invention.
PAR  FIG. 3 shows the view field in the device of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An embodiment of the present invention will hereinafter be described with
      respect, for example, to the Sutcliffe type ophthalmometer as shown in
      FIGS. 2 and 3.
PAR  In FIG. 2, there is seen an eye 9 to be examined, a chart plate 10 formed
      with a chart (see FIG. 3), an objective 11, a focusing plate 12, an
      eye-piece 13 and an optical measurement adjust member 14. This optical
      member is similar in construction to that of FIG. 1. These elements 11,
      12, 13, and 14 together constitute a viewing optical system.
PAR  A scale plate 15 for indicating the values of the cornea curvature radii of
      two principal radial lines of cornea astigmatism is fixedly secured to a
      viewing optical system housing 16. Optical members 17 and 18 are movable
      with respective prisms of the optical measurement adjust member 14 and
      cooperate with an image forming lens 19 to form, on the focusing plate 12,
      the image of the divisions in the scale plate 15 representing the cornea
      curvature radii. These elements 15, 17, 18 and 19 together constitute a
      scale read-out device similar to the conventional one for the cornea
      curvature radii. The viewing optical system housing 16 is mounted on a
      prop 20 on an unshown bed for rotation about the optical axis T. A scale
      plate 21 for indicating the angle of astigmatism axis is mounted
      integrally with the prop 20. There is further provided a view field frame
      22, and a lens 23 for forming, on the focusing plate 12, the image of the
      astigmatism axis angle scale plate 21. A light source 24 for illuminating
      the chart is in an annular form corresponding to the configuration of the
      chart on the chart plate 10. A reflector member 25 forming the body of an
      illuminating device is in an annular form similar to the light source 24.
      These elements 24 and 25 together constitute an illuminating device. The
      reflector member 25 is formed with light-transmitting portions 25a and 25b
      toward said scale plates 15 and 21 to illuminate them. Illuminating
      optical system 26 and 27 are provided for causing the illuminating light
      from the light source 24 to be projected upon the different scale plates
      15 and 21, respectively.
PAR  Thus, the chart image projected by the annular illuminating device upon the
      cornea of the eye 9 to be examined is passed through the objective 11 and
      the optical measurement adjust member 14 and focused on the focusing plate
      12 and may be viewed through the eye-piece.
PAR  On the other hand, the scale plates 15 and 21 are respectively illuminated
      by the beams of illuminating light passed through the light-transmitting
      portions 25a and 25b of the reflector member 25, and the images of the
      divisions in the respective scale plates are formed on the focusing plate
      12 with the aid of the optical systems 18, 19, 23 and may be read out
      within the view field through the eye-piece 13 (see FIG. 3).
PAR  In the view field shown in FIG. 3, the chart image is designated by 28, the
      scale image representing the cornea curvature radius is designated by 29
      and the scale image representing the angle of astigmatism axis is
      designated by 30.
PAR  Thus, the measurement of the cornea curvature radius or the like may be
      accomplished through conventional operations.
PAR  With the above-described construction of the present invention, the light
      source for illuminating the chart is in the form of an annular
      illuminating device corresponding to the configuration of the chart and
      such annular illuminating device is disposed behind the chart plate and in
      the space within the viewing optical system housing, and this leads to a
      more compactness and greatly improved operability of the entire device as
      compared with the conventional ophthalmometer of this type. Moreover, the
      fact that the chart illuminating light source is disposed in the described
      manner is highly useful inasmuch as the light for illuminating the various
      view-field reading scales disposed around the viewing optical system can
      easily be derived from the annular illuminating device corresponding in
      arrangement to the view-field reading scales.
CLMS
STM  We claim:
NUM  1.
PAR  1. An ophthalmometer in which a chart plate is projected on the cornea of
      an eye to be examined, and by the image reflected thereby the curvature
      radius of the cornea of an eye and the angle of astigmatism axis are
      measured, comprising
PA1  an optical system (11, 12, 13) for viewing the chart image reflected by the
      cornea,
PA1  a light source (24) formed to surround the optical path of the viewing
      optical system for projecting the chart plate onto the cornea,
PA1  displaceable measuring means (14, 20) for measuring the curvature radius of
      the cornea and the astigmatism axis,
PA1  scale means (15, 21) for indicating each amount of displacement of the
      measuring means as the curvature radius and the angle of rotation, and
PA1  means (25, 25a, 25b, 26, 27, 17, 18) for dividing light from the light
      source and illuminating the scale means.
NUM  2.
PAR  2. An ophthalmometer according to claim 1, wherein said viewing optical
      system includes a focusing plate for forming the image of said chart plate
      and an image forming optical system for forming the image of said scale
      means on the focusing plate.
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ABST
PAL  A side shade attachable to a bow of a pair of spectacles and having a main
      portion hanging therebeneath but also a transverse shaped portion attached
      thereto and adapted to lap the adjacent side edge of a frame of the
      spectacles for closing out glare from coming to the wearer's eye from the
      area immediately rearward of the front of the spectacles.
PARN
PAR  This is a continuation of application Ser. No. 136,913, filed Apr. 23, 1971
      and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention is in the field of side shades attachable to eye glasses and
      positioned at the side of the wearer's head and adapted to be used in
      companionship with either colored lenses of the spectacles or else colored
      forward shades of the clip-on type.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In the prior art it has been possible for persons who do not need
      corrective lenses to purchase what can be called "wrap-around" eye shades
      which are commonly called sun glasses but which are actually quite often
      made of colored plastic. The effect of such wrap-around plastic shades or
      spectacles is to prevent glare from reaching the wearer's eyes not only
      from the front, but also from the side, as is very important.
PAR  This importance is particularly the case for people who drive great
      distances or whose business life is a combination of close eye work and
      being outdoors in the brightness of the sun.
PAR  These advantages have not been available to the unfortunate person who must
      wear corrective lenses.
PAR  A person who wears corrective lenses can go to most drugstores and buy
      clip-on sun glasses which cover only the forward part of the spectacles,
      leaving the eyes to painfully receive glare from the side.
PAR  It is true that in the past side shields have been proposed to clip on the
      bows of eye glasses, but these have not reached common availability on the
      market, perhaps because they are faulty in that they always leave a
      substantial "glare-gap" between the side edge of the front of the frame of
      the spectacles and the side shield.
PAR  The problem is quite great because of the extensive variety in the shapes
      and sizes of the side edges of the forward parts of the frames of the many
      styles of spectacles.
PAR  In my earlier U.S. Pat. No. 3,536,385, "SPECTACLE-MOUNTED EYE SHADE",
      issued Oct. 27, 1970, to William V. Johnston, a special two-part eye shade
      set was proposed in which the forward part had outer edges extending
      rearwardly to lap the side shade portions. However, that construction had
      disadvantages. One serious disadvantage is that people have heads of
      varying widths, and so their spectacles have varying widths, and a forward
      portion wide enough to fit one person's spectacles would be too wide to
      fit another, leaving many merchandising and supply problems, the cost of
      extra dies for manufacture, and other difficulties.
PAR  The side shade portions of my earlier patent could not be used effectively
      with common clip-on sun glasses of the type that clip onto the forward
      sides of regular spectacles because they had no provision for taking care
      of the "glare-gap" above-mentioned.
PAR  And so, to this day, it is still not possible for most people to go to
      their drugstore and purchase a complete solution to the problem of front
      and side shade for a person who has the handicap of corrective lens
      spectacles.
PAR  A disadvantage of great importance in the shade structure shown in my
      earlier patent is that the forward shade portion would necessarily have to
      be made out of some sort of thermoplastic material of inferior optical
      quality to ground lenses, and it is an object of this invention to provide
      a side shade adapted to be used with front shade lenses of high quality
      whether they be of clip-on type or built-in type.
PAR  It is unimportant that side shades be of high optical quality, but very
      important that forward shade portions be of high optical quality, whether
      they be clip-on type, or otherwise. I am aware that side guards or shields
      have been proposed in clear material not for sun glare protection but for
      protection from flying objects and involving a transverse portion attached
      to a main portion which latter is riveted to glasses' bows. However, a
      great difference exists because in a guard there is no need for a lapping
      of the respective side of the glasses' frame since it is not needful to
      merchandise such a side shield in a form to adapt to spectacle frames of
      various shapes or to be adapted to the latter by trimming. There is a
      fitting problem with the side glare shades of my invention which are to be
      mass marketed -- a problem which this invention solves.
PAR  Most spectacle bow mounted side shields have been for the purpose of
      shielding the eyes from moving objects. In other words, safety shielding
      so that such side shields have been of clear plastic -- not tinted. It is
      only where the side shades are tinted that the "glare gap" above mentioned
      is a problem. Where side shades are tinted and have a transverse portion
      extending over to the adjacent edge of the lens supporting portion of the
      spectacle frame, that there is a "glare gap" problem, unless the
      transverse portion laps the frame, which is my invention, the glare gap
      existing when the transverse portion does not tightly fit against the
      adjacent edge of the spectacle frame portion. The lack of a tight fit
      would be a major problem in merchandising because spectacles are so many
      different shapes. Lapping is an excellent solution because where there is
      lapping, the exact shape is not so critical and a buyer can adapt the
      shape somewhat himself by cutting the terminal edge with a pair of
      scissors. Elimination of the "glare gap" by the lapping is especially
      important where sun is shining through the side window of a car.
PAC  SUMMARY OF THE INVENTION
PAR  A side and corner glare eye shade adapted not only to prevent glare from
      reaching a wearer's eye from the side, but also to substantially prevent
      flare from reaching the wearer's eye from the "corner" between a main side
      shade portion at the side of the spectacles and whatever means is used to
      shade the forward side of the spectacles, which latter can be having the
      lenses of the spectacles themselves of a shade nature, or having clip-on
      sun glasses placed over the front of the spectacles, the main shade
      portion being adapted to hang substantially beneath a glasses' bow, a
      suitable means attaching the main shade portion to the bow, and a
      transverse shade portion disposed transversely to the main shade portion
      in use and extending inwardly for lapping the outer side edge of the
      adjacent lens-supporting forward frame portion of the spectacles or
      "glasses" on which they are mounted.
PAR  The main shade portion and the transverse shade portion being integrally
      made of the same piece of material or else closely spaced so that
      substantially no light can be passed between the main shade portion and
      the transverse shade portion, and in the latter alternative means being
      provided for securing the transverse shade portion to the main shade
      portion.
PAR  Means for attaching the side shade portion comprising means generally
      U-shaped when seen in a vertical plane extending transversely of the main
      shade portion and downwardly opening so as to be placeable onto the bow of
      a pair of conventional corrective lens spectacles from the top, the
      U-shaped attaching means being substantially resilient. A particular
      object of this invention is to provide a transverse side shade portion of
      a horizontal width for extending transversely of the main side shade
      portion in use far enough for substantially lapping the outer side edge of
      an adjacent lens-supporting forward frame portion of conventional
      spectacles on which the side shade is mounted.
PAR  A further object is to provide the concept of having the transverse portion
      extending so far that most users of conventional spectacles would prefer
      to trim some of the transverse portion off in order to make adjustment to
      their own particular case.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevation of a left-hand side shade as it would be seen
      from the left-hand side of a pair of spectacles, the spectacles being
      shown in dotted lines, the transparency of the shade causing edges of a
      far side thereof to be seen in full lines.
PAR  FIG. 2 is a rear elevation of the side shade of FIG. 1 with portions of the
      spectacles shown therein in dotted lines, a rearward portion of a bow of
      the spectacle not being shown.
PAR  FIG. 3 is a frontal elevation of the side shade of FIG. 1 seen in the
      position lapping the rearward side of the left portion of the front frame
      of a pair spectacles, the latter shown in dotted lines.
PAR  FIG. 4 is a bottom view of the side shade and the spectacles of FIG. 1 as
      seen along the line 4--4 of FIG. 1.
PAR  FIG. 5 is a perspective view of the shade of FIG. 1 as seen from above and
      to the left side thereof.
PAR  FIG. 6 is a view of a flat piece of material cut to form the side shade of
      FIG. 1, dotted lines showing fold lines to be used.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The side shade of this invention is generally indicated at 10 in FIG. 1,
      and as shown, is attachable to a bow of a pair of conventional corrective
      lens spectacles shown in dotted lines at 12.
PAR  The side shade 10 has a main shade portion 14 having forward and rearward
      ends 16 and 18 and right and left sides seen at 20 and 24 respectively,
      and is adapted to hang in a position substantially beneath the bow 12.
PAR  The side shade 10 has means 30 attaching the side shade 10 to the bow 12.
      The attaching means 30 is generally U-shaped when seen from the rear or
      when seen from a vertical plane extending from right to left transversely
      of the main shade portion 14 and is open on the underside so as to receive
      a glasses' bow 12 therein. For strength, the U-shaped attachment portion
      30 preferably extends substantially from one end to the main shade portion
      14 to the other. It is important, however, that the inner side, which in
      the example shown is the right side portion 24 of the U-shaped attachment
      means 30, be provided with a notch 50, seen in FIGS. 5 and 6, for
      receiving therein the hinge 70 at the forward inner side of the glasses'
      bow 12, since the hinge juts out inwardly from the glasses' bow 12.
PAR  The side shade 10 further has a transverse shade portion 100 having an
      outer edge 102 which is upright and which is attached to the main shade
      portion 14 integrally, or is suitably secured. When integrally attached,
      the entire side shade can be made from a single integral piece of material
      shown in FIG. 6 with the fold line at F extending upright to form the edge
      102 and with approximately horizontal fold lines at G and H shown in
      dotted lines in FIG. 6. The fold line G forms an upper inner or right-hand
      corner 110 of the U-shaped portion 30 and the fold line H parallel to the
      fold line G forms the outer left-hand corner 112 of the U-shaped portion
      30, as best seen in FIGS. 5 and 6.
PAR  The transverse portion 100 has an inner upright concave arcuate edge 130
      which is shaped complementally to the inner edge of the adjacent upright
      upper portion of the forward section 170 of the spectacles 12.
PAR  It may be that in the market situation that it is best for the transverse
      portion to be of a greater right-to-left thickness, or rather, width than
      needed for most spectacles whereby if it overlaps the frame to excess, the
      customer can take a pair of scissors and trim back the edge 130 somewhat
      to adapt to the size and shape of his actual pair of spectacles.
PAR  It is preferred that the side shade be entirely made of a single piece of
      flexible, bendable, but form-holding and resilient thermoplastic material
      that is at least translucent and preferably transparent with coloring.
      Such material can be cut with scissors for the purpose described.
PAR  Referring to FIG. 6, it will be seen that the upper outer edge of the
      transverse portion 130 has a notch 250 therein further adapting it to
      receive the hinge 70 so that the transverse portion 100 can lie close to
      and parallel with the rearward side of the forward portion of the glasses'
      or spectacles' frame.
PAR  The downwardly depending terminal outer side portion of the U-shaped
      attachment portion 30 is shown at 260 and is spaced a substantial distance
      from the inner side of the U-shaped portion 30 to receive the bow of the
      spectacles therebetween. It is to be noted that, except by means of
      spectacles 12 themselves, side shade 10 is free of any connection to any
      other side shade that might be put on the other side of the spectacles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A spectacle and side shade assembly for glare protection comprising a
      side shade in further combination with a pair of conventional spectacles
      having a horizontally extending bow and a lens-supporting forward frame
      portion, said side shade having a main side shade portion having forward
      and rearward ends and right and left sides and hanging substantially
      beneath said bow, attaching means connected to said main side shade
      portion and attaching in an easily removable way said main side shade
      portion to said bow whereby without using tools a user can manually remove
      said side shade from said bow and attach said side shade to said bow, a
      transverse shade portion extending transversely of and to one side of said
      main side shade portion, said transverse shade portion substantially
      lapping the outer side edge of an adjacent part of said lenssupporting
      forward frame portion of said spectacles, said side shade main and
      transverse portions both being adapted to substantially shade the eyes
      from glare, except by means of said spectacles said side shade being free
      of any connection to any other side shade.
NUM  2.
PAR  2. The assembly of claim 1 in which said material is also transparent for
      possibility of side vision.
NUM  3.
PAR  3. The combination of claim 1 in which said entire side shade is made
      integrally of one piece of material.
NUM  4.
PAR  4. The assembly of claim 1 in which said main and transverse side shade
      portions are both formed of flexible and resilient thermoplastic material.
NUM  5.
PAR  5. The combination of claim 1 in which said main shade portion and said
      transverse shade portion are made substantially of the same piece of
      material.
NUM  6.
PAR  6. The spectacle and side shade assembly of claim 1 in which said attaching
      means comprises means generally U-shaped as seen in cross-section in a
      vertical plane extending transversely of said bow and open at the
      underside thereof and receiving said bow therein.
NUM  7.
PAR  7. A spectacle and side shade assembly for glare protection comprising a
      side shade in further combination with a pair of conventional spectacles
      having a horizontally extending bow and a lens-supporting forward frame
      portion, said side shade having a main side shade portion having forward
      and rearward ends and right and left sides and hanging substantially
      beneath said bow, attaching means connected to said main side shade
      portion and attaching in an easily removable way said main side shade
      portion to said bow whereby without using tools a user can manually remove
      said side shade from said bow and attach said side shade to said bow, a
      transverse shade portion extending transversely of and to one side of said
      main side shade portion, said transverse shade portion substantially
      lapping the outer side edge of an adjacent part of said lens-supporting
      forward frame portion of said spectacles, said side shade main and
      transverse portions both being tinted and therefore being adapted to
      substantially shade the eyes from glare, except by means of said
      spectacles said side shade being free of any connection to any other side
      shade, said spectacle assembly being free of any section of said
      transverse shade portion lapping the center of the adjacent lens of said
      spectacles, said transverse portion being formed of a thermo plastic
      material sufficiently thin that it can be cut with a pair of scissors.
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PAL  A system is described for digital, as opposed to the usual analog,
      recording of a sound track in synchronism with a visual image on a motion
      picture film and automatically reproducing the sound in synchronism with
      the visual image. In one embodiment of the invention, a camera employs a
      linear array of light-emitting diodes across the sound track to enter a
      digital representation of the sound on the same frame as the synchronous
      visual image. The digital, specifically binary, signals which excite the
      light-emitting diodes are produced by analog to digital conversion of
      samples of the sound waveform. The binary representations are entered into
      shift registers at a uniform rate, and read out to the light-emitting
      diodes in a burst during the film advance interval immediately following
      shutter closure, thereby entering on the film track an optical record of
      all the binary pulses derived from sound produced during the just
      concluded frame interval. A projector capable of presenting the film sound
      and visual image in synchronism employs a strip of photodetectors to
      detect the binary pulses and a digital to analog converter to recover the
      original sound. Other embodiments of the invention utilize a fiber optics
      array, an image tube with fiber optic faceplate, or a laser scanner to
      enter the binary pulses on the optical sound track.
BSUM
PAR  This invention embodies a technique for recording digital representations
      of sound signals on a film in synchronism with and physically adjacent to
      the visual exposure of the film and for projection of the images on the
      film in synchronism with the reproduced sound.
PAR  The motion picture industry has for years relied on the socalled "double
      system" of sound recording in order to maintain synchronization between
      the sound and the visual images while allowing a maximum of flexibility in
      cutting and editing. In this system, two films with frame by frame
      correspondence are produced, the first containing visual images and the
      second a magnetic or optical sound recording. Because of the frame by
      frame correspondence, unlimited double editing can be carried out without
      confusion or loss of synchronization. It is, however, inconvenient and
      expensive to edit in this manner, and a transcription is usually required
      from an original magnetic tape recording to the sprocketed sound film used
      for editing.
PAR  Another technique for analog sound recording, favored by television news
      departments and smaller industrial users, is the so-called "single system"
      in which the sound is recorded directly on the film track reserved for
      this purpose. However, analog sound recording requires smooth and
      continuous film motion, so that the discontinuous motion of the film
      behind the lens forces location of the recording head (either magnetic or
      optical) some distance away from the frame receiving the visual image.
      This spacing has become an industry standard. The projector must maintain
      the same separation between projection gate and sound reading head in
      order to realize a synchronous presentation. The main disadvantage of this
      system is the difficulty of editing a film in which corresponding visual
      and sound materials do not lie physically side by side. In addition, the
      sound quality of camera-contained recording systems is often not high.
PAR  It is, therefore, the primary object of the present invention to provide a
      sound motion picture camera in which the sound can be completely
      synchronized with the visual image to which it is related.
PAR  It is another object of the present invention to provide a projector of the
      type stated which is capable of reproduction of the visual and sound
      records in substantially perfect synchronization.
PAR  It is another object of the present invention to provide a camera of the
      type stated in which a digital representation of the sound can be
      optically recorded on a sound track adjacent to the corresponding visual
      image, thereby facilitating film editing.
PAR  It is still another object of the present invention to provide a high
      quality optical sound track which suffers minimal deterioration from
      photographic printing and which produces no sound discontinuities from
      splice joints.
PAR  With these and other objects in mind, the present invention resides in the
      novel technique and in the features of design, construction and
      arrangement of parts to be described and noted in the Claims.
DRWD
PAR  In the accompanying drawings (five sheets):
PAR  FIG. 1 is a combined electrical block diagram and schematic side
      elevational view of a motion picture camera constructed in accordance with
      and embodying the present invention;
PAR  FIG. 2 is a fragmentary front elevational view of the film used in the
      camera of FIG. 1 and the projector of FIG. 5, and of the light-emitting
      diode array used to enter the digital sound information on the sound
      track;
PAR  FIG. 3 is an enlarged side perspective view of the light-emitting diode
      array used in the camera of FIG. 1 and of a portion of the sound track of
      the film used in the camera of FIG. 1 and the projector of FIG. 6.
PAR  FIG. 4 is an electrical block diagram of the digital clocking and control
      circuit used in the camera of FIG. 1;
PAR  FIG. 5 is a representation of the electrical waveforms produced by the
      digital clocking and control circuit of FIG. 4;
PAR  FIG. 6 is a combined electrical block diagram and schematic side
      elevational view of a projector constructed in accordance with and
      embodying the present invention;
PAR  FIG. 7 is an enlarged side perspective view of the illumination element and
      photodetector array used in the projector of FIG. 6, and of a portion of
      the sound track of the film used in the camera of FIG. 1 and the projector
      of FIG. 6; and
PAR  FIG. 8 is a representation of some of the electrical waveforms appearing in
      the projector of FIG. 6.
DETD
PAC  GENERAL DESCRIPTION
PAR  The present invention relates to a motion picture camera which optically
      records a digital representation of a sound input in physical proximity to
      the corresponding visual image, and to the projector used for synchronous
      reproduction of images and sounds. The same strip on the motion picture
      film currently used for optical recording of an analog sound signal is
      used in the present invention for registration of dots of light
      corresponding to a digital (usually, but not necessarily, binary) sound
      signal. The digital sound signal is, in one embodiment, an example of
      pulse code modulation (PCM), and is produced, in accordance with
      well-known principles, by sampling an original analog sound waveform at a
      rate at least twice the highest frequency component present in the analog
      waveform and converting the samples in an analog to digital converter (A/D
      converter) to digital sequences or "words" of sufficient length to produce
      the desired quality of representation. The projector of the present
      invention performs exactly the reverse function, detecting the digital
      words, converting them in a digital to analog (D/A) converter to analog
      samples and passing the sample train through a simple low-pass filter to
      recreate the original analog sound waveform, all of this simultaneous with
      projection of the corresponding visual image.
PAR  More specifically, one of the embodiments of the camera employs an array of
      light-emitting diodes across the sound track of the photosensitive motion
      picture film just below the exit end of the gate where the visual images
      are imprinted. The film is advanced one frame at a time by a cam-operated
      claw entering successive sprocket holes in the film; the cam is
      synchronized with a sprocket wheel further along over which the film
      passes to a takeup reel. The light-emitting diodes are activated only
      during that part of the cycle when the film is actually moving in the
      exposure gate, and cause a number of dots of light to be entered into
      separate and resolvable positions in the sound track of the film. The
      lightemitting diodes are excited by electrical pulses stored in binary
      shift registers during the preceding frame interval, and which represent
      the sound produced during that interval. "Frame interval" is defined
      throughout this application as the time interval extending from the
      beginning of movement of a frame into the exposure gate until the
      beginning of movement of the following frame into the exposure gate. It
      should be emphasized that the digital information accumulated continuously
      during an entire frame interval is optically imprinted onto the sound
      track during only a fraction of the succeeding frame interval. A short
      burst of pulses immediately precedes each block of sound data in order to
      provide a starting signal for the detector circuits in the projector and
      facilitate accurate sound reproduction despite small variations in film
      dimensions, alignment and advance time. The digital sound track on each
      frame, like the visual image, is constrained to occupy less than a full
      frame space lengthwise with the film, so that splice joints can be made
      without disturbing either picture or sound. All functions are controlled
      by a digital clock circuit which is synchronized with the movement of the
      film.
PAR  The projector of the present invention is similar to the camera insofar as
      film movement is concerned, and employs a projection gate analogous to the
      exposure gate of the camera. An array of light-sensitive cells is placed
      one frame length (e.g. 35mm for commercial film) before the input of the
      projection gate, so that the digital sound record is read by this
      photocell array one frame interval prior to advance of the corresponding
      visual image into the projection gate. The time required for advancing the
      film, and hence for reading of the sound data, is only a fraction of a
      frame interval. The digital sound data is stored in a shift register, and
      during the frame interval beginning with the next film advance, it is
      converted by a D/A converter and low-pass filter into an analog waveform
      and applied to a loudspeaker, all simultaneous with projection of the
      corresponding visual image.
PAR  As another embodiment of the present invention, the linear LED array in the
      camera can be located away from the film and the light brought to the film
      by a bundle of optical fibers. As an alternative embodiment, the
      single-layer crosswise array of light-emitting diodes or optical fiber
      ends can be replaced by an electronic image tube with fiber-optic face
      plate covering the entire film area in which data are to be entered. The
      data are then entered during that part of the frame interval when the film
      is stationary in the exposure gate. Still another embodiment is the use of
      laser scanning in place of the electron-optical scanning performed in the
      image tube. In all of these embodiments of digital sound recording, the
      digital representation may be produced by a delta modulator, predictive
      coder, differential pulse-code modulator or other redundancy reducing
      processor instead of the pulse-code modulator heretofore assumed, with a
      consequent reduction of the amount of digital data required to be entered
      on each frame.
PAC  DETAILED DESCRIPTION
PAR  Referring now in more detail and by reference characters to the drawings
      which illustrate practical embodiments of the present invention, FIG. 1
      schematically illustrates a motion picture camera which produces a series
      of images and an optical sound track on the photosensitive film 2, which
      is stored in supply reel 1 and taken up in spool 9. The film 2 is more
      fully illustrated in FIG. 2, which indicates a strip 35 of light-sensitive
      emulsion available for exposure to a linear array of small discrete
      light-emitting diodes 6 in close proximity to the emulsion. The LED array
      6, shown in an expanded illustration in FIG. 3, is excited in a manner to
      be presently described.
PAR  Returning to FIG. 1, the film 2 is passed behind a lens 5 and a
      conventional exposure gate 3, drawn by a claw 4 which is alternately
      inserted into and removed from sprocket holes in the film 2. The shutter
      mechanism in the exposure gate 3 is opened and closed once every frame
      interval, during that part of the frame interval when the claw 4 is not
      engaged in moving the film.
PAR  The LED array 6 introduced above is situated immediately below and to the
      side of the exposure gate 3 (FIG. 2). A low-friction film guide (not
      shown) keeps the sound track 35 of the film 2 aligned immediately under
      LED array 6.
PAR  After passing around the second guide roller 8 of FIG. 1, the film 2 is
      driven by a drive sprocket wheel 7 which, in accordance with conventional
      practice, engages the sprocket holes of the film 2. The sprocket wheel 7
      is mechanically linked to electrical switch 30 which it opens and closes
      once every frame interval. This waveform is used in the clocking and
      control circuit to be presently described. After engagement by sprocket
      wheel 7, film 2 passes around the third guide roller 8 to takeup reel 9.
PAR  Aside from the LED array 6 and the switch 30, the mechanism thus far
      described is identical to that of a standard silent motion picture camera.
      We shall now describe the sound recording apparatus which is the novelty
      of this invention. All reference numbers appear in FIG. 1 unless otherwise
      stated.
PAR  An analog sound signal is detected by microphone 10, which, however, may be
      replaced by the output of a tape recorder or other sound source, and is
      applied to the A/D converter 11. Pulses are produced by clock 23 (to be
      presently described) at the rate required for sampling the analog sound
      waveform. For convenience and purposes of discussion, this rate will be
      taken to be 1024 pulses per frame or approximately 24575 pulses per
      second, presuming a frame rate of approximately 24 per second, which is
      sufficient for a high-quality PCM representation of frequency components
      up to at least 10 KHz. The sampling pulse train, illustrated in FIG. 5,
      appears on lead 24. Each pulse causes a sample to be taken in the A/D
      converter 11 and converted into a group of binary digits, the number N of
      which depends on the desired resolution but is expected to be from 6 to
      10. This group of N binary digits constitutes a binary number, or "word",
      approximating the analog sample from which it has been derived. The most
      significant of the N digits is applied to binary shift registers 12 and
      13, and the least significant of the N digits is applied to binary shift
      registers 14 and 15. The remaining binary digits are applied to other
      pairs of shift registers (not shown).
PAR  The first member of each pair of shift registers, e.g. register 12 or
      register 14, is clocked by the waveform appearing on lead 25 and
      illustrated in FIG. 5, and the second member of each pair of shift
      registers, e.g. register 13 or register 15, by the waveform appearing on
      lead 26 (also illustrated in FIG. 5). It can be seen from FIG. 5 that
      waveform 25 alternates a frame interval of the sampling waveform on lead
      24 (1024 pulses per frame interval) with a frame interval during the
      latter 7/8 of which this same pulse rate is maintained, and during the
      first 1/8 of which the pulse rate is increased by a factor of 8 so that
      1024 pulses appear in this 1/8 segment of a frame interval. The purpose of
      the more rapid clock rate is to read out (to the light-emitting diodes)
      the N .times. 1024 bits of digital sound information produced during one
      frame interval in the first 1/8 of the following frame interval. Data
      readout begins immediately following the initiation of film motion in the
      exposure gate, and ends before the cessation of film movement. The
      implicit assumption here that the film advance time is approximately 1/8
      of a frame interval is merely illustrative and not restrictive. Waveform
      26 is the same as waveform 25 except that it is shifted in time by one
      frame interval.
PAR  The data readin-readout cycle of the shift registers is best understood by
      examining the sequence of events over a few frame intervals. During the
      time from 0 to T/8, where T is a frame interval, waveform 26 (FIG. 5)
      clocks out the contents of shift registers 13 and 15 (FIG. 1) which were
      accumulated during the full frame interval from -T to 0 seconds. Clocking
      waveform 28 (shown in FIG. 5) enables the output of shift register 13 to
      pass through AND gate 17 (FIG. 1), and the output of shift register 15 to
      pass through AND gate 20, and similarly for the outputs of the remaining
      N-2 lower shift registers (not shown) corresponding to other digits in the
      binary representation for a sample of the original sound waveform. The
      clock 23 (FIGS. 1 and 4) produces a three-pulse starting sequence on lead
      29 (illustrated in FIG. 5) which immediately precedes the aforementioned
      activation of AND gates 17 and 20. This starting sequence, along with the
      outputs of AND gates 16 and 17 (which cannot both be conducting at the
      same time), is presented to OR gate 18. The output of OR gate 18 is passed
      directly, on one of the leads 22, to the LED array 6, which enters the
      starting sequence and the following 1024 binary digits on a narrow
      lengthwise segment of the sound track 35 (FIGS. 2 and 3) by means of
      light-emitting diode 36 in array 6 (FIG. 3). The outputs of the other
      (N-1) OR gates are similarly passed, via leads 22, to elements of the LED
      array 6. A total of N parallel digital tracks are entered on the film
      sound track 35, each consisting of a 3-digit starting sequence followed by
      1024 data pulses.
PAR  During this same frame interval from 0 to T seconds, the alternate set of
      shift registers (FIG. 1), among which register 12 contains most
      significant and register 14 least significant digits, are being clocked by
      the waveform on lead 25 (FIG. 5), and are thus receiving samples from A/D
      converter 11 (FIG. 1) at the uniform rate of 1024 per frame interval which
      was presumed earlier. Because clocking waveform 27 is zero during this
      interval, AND gates 16 and 19 following shift registers 12 and 14
      respectively have "low" outputs and do not in any way activate LED array
      6.
PAR  During the following frame interval from T to 2T seconds, the functions of
      the first member and the second member of each pair of shift registers
      (FIG. 1) are interchanged. In particular, shift registers 13 and 15 are
      clocked by waveform 26 at the uniform sampling rate of 1024 pulses per
      frame interval and shift registers 12 and 14 are clocked by waveform 25 at
      a rate 8 times higher during the first 1/8 of the frame interval and at
      the 1024 per frame interval rate during the remaining 7/8 of the frame
      interval. During the first 1/8 of the frame interval from T to 2T, the
      contents of shift registers 12 and 14 are passed through AND gates 16 and
      19 respectively to OR gates 18 and 21 respectively, from which they, and
      the starting pulses immediately preceding them, are fed through leads 22
      to the LED array 6, in precise analogy to operation during the frame
      interval from 0 to T seconds.
PAR  Each pair of shift registers attached to one of the parallel outputs of A/D
      converter 11 is effectively a buffer between a uniform data source and an
      intermittent data user. A single 1024-bit register would not be adequate.
      It can, in fact, be shown that during readout of a shift register the data
      continuing to arrive from A/D converter 11 are each entered into eight
      shift register stages instead of one, so that an entirely incorrect
      digital sequence would be recorded on the film if that same register were
      again read out during the following frame interval. By giving each shift
      register an entire frame interval to "clear" and become filled with new
      digits in the proper locations, a correct sequence is always available to
      be applied to the LED array 6.
PAR  It remains to describe the operation of the clock and control circuit which
      produces the electrical waveforms appearing on leads 24, 25, 26, 27, 28
      and 29 of FIG. 1. It will be noted from FIG. 1 that the frame-rate pulsed
      electrical waveform produced by switch 30 previously described is passed
      through a narrowband filter 31 which eliminates harmonic components and
      provides, on lead 32, a sinusoid at the frame frequency, which, for
      purposes of discussion, has been taken to be 24 Hz.
PAR  Referring to FIG. 4, which is an electrical block diagram of the clocking
      and control circuit, the frame-rate sinusoid on lead 32 is applied to a
      phase comparator 40 of conventional design, which is part of a first-order
      phase-locked loop designed to produce a square wave of frequency 8192 per
      frame interval (or 196.608 KHz at a frame rate of 24 per second)
      phase-locked with the signal on lead 32. This high rate square wave
      appears on lead 42. The loop consists of the phase comparator 40, a
      voltage-controlled squarewave oscillator 41, and a chain of conventionally
      designed digital frequency-division circuits 43, 44 and 45 with division
      factors of 8, 256 and 4 respectively. The operation of this type of loop
      is well known and will not be further described, except to note that the
      square waves appearing on leads 42, 24, 46 and 47 have frequencies of
      8192, 1024, 4 and 1 per frame interval respectively, and are locked
      together in phase. The waveforms appearing on leads 24 and 47 are
      illustrated in FIG. 5.
PAR  The waveform on lead 24, which is at the basic sampling rate of 1024 per
      frame interval specified earlier in the discussion of FIG. 1, is one of
      the output waveforms of the clocking and control circuit and is so
      indicated at the bottom of FIG. 3. It is also applied to binary counter 48
      which is reset by "up" transitions of the square wave at the rate of 1 per
      frame interval appearing on the previously mentioned lead 47. The counter
      is hence designed to reset to zero at the beginning of each frame interval
      and then to count the pulses appearing on lead 24 during each frame
      interval. With the nominal 1024 pulses per frame interval previously
      attributed to the waveform on lead 24, the counter 48 will count to 1024
      once each frame interval. Certain individual stages of the counter are
      connected, by a multiplicity of leads, to a logic circuit 49 consisting of
      arrangements of logical gates which produce a waveform which is "high"
      when the counter is at counts 1022, 1023 and 1024 and "low" otherwise.
      This waveform, appearing on lead 29 and illustrated in FIG. 5, is
      therefore "high" only during the last three of the 1024 sampling intervals
      associated with each frame interval, and is the starting sequence
      appearing on lead 29 of FIG. 1. The logic circuit 49 provides another
      output, on lead 50, which is "high" for the first 128 counts of counter 48
      and "low" otherwise. This waveform contributes, in a manner to be
      presently described, to production of the control signals on leads 25, 26,
      27 and 28 of FIG. 1 and FIG. 4. The logic circuit 49 is designed in
      accordance with conventional and familiar principles and requires no
      further discussion.
PAR  Further describing the clocking and control circuit of FIG. 4, the square
      wave at the frequency of one per frame interval appearing on lead 47 is
      applied to a factor of two digital frequency divider 51 (of conventional
      design) which produces a signal on lead 52, illustrated in FIG. 5, which
      alternates between "high" and "low" on successive frame intervals. This
      waveform is applied, along with that on lead 50 (previously described), to
      AND gate 53. The output of AND gate 53 is the control waveform appearing
      on lead 28 of FIG. 1 and FIG. 4, and illustrated in FIG. 5. This waveform
      is "high" for the first one-eighth of alternate frame intervals, and "low"
      otherwise. The complement of the waveform on lead 52, produced by inverter
      54, is applied, along with the signal on lead 50, to AND gate 55. The
      output of AND gate 55 is the control signal on lead 27 of FIGS. 1 and 4,
      and is illustrated in FIG. 5. It is apparent that control signals 27 and
      28 are identical except for a relative shift of one frame interval T.
PAR  The control signals on leads 27 and 28, in addition to being outputs of the
      clocking circuit in their own right, are used in the production of the
      clocking waveforms on leads 25 and 26 of FIGS. 1 and 4. Specifically, the
      control signal on lead 27 and the 8192 pulses per frame interval square
      wave on lead 56 are fed to AND gate 63, which has an output which is "low"
      except for a burst of 1024 cycles of the 8192 cycles per frame interval
      square wave during the first 1/8 of alternate frame intervals. The
      complement of the waveform on lead 27 is produced by inverter 61 and
      applied, along with the 1024 cycles per frame interval square wave on lead
      24, to AND gate 62, resulting in an output which is identical to the 1024
      cycles per frame interval square wave on lead 24 except for the first
      one-eighth of alternate frame intervals, when it is "low". The application
      of the outputs of AND gates 62 and 63 to OR gate 64 results in the
      clocking waveform appearing on lead 25 of FIGS. 1 and 4 and illustrated in
      FIG. 5. By an entirely analogous description, it can be shown that
      inverter 58, AND gates 57 and 59 and OR gate 60 produce the clocking
      waveform appearing on lead 26 of FIGS. 1 and 4, and illustrated in FIG. 5.
      It will be noted that clocking waveforms 25 and 26 are identical except
      for a relative shift of one frame interval.
PAR  An embodiment of the projector comprising the sound and vision reproducer
      of the system is schematically illustrated in FIG. 6. The film 2,
      containing optically recorded visual images and digital sound pulses is
      drawn from supply reel 65, around roller 66, and passed behind a
      projection gate 67. The film 2 is drawn by a claw 68 which is alternately
      inserted and removed from sprocket holes in the film 2. The shutter
      mechanism in the projection gate 67 is opened and closed once every frame
      interval, during that part of the frame interval when the claw 68 is not
      engaged in moving the film. Behind the film is a conventional projection
      lamp 69.
PAR  One frame length above the projection gate 67, and aligned across the sound
      track of the film, are a small sound track illumination source 96 on the
      lens side of the film, and a linear array 97 of small, discrete
      light-sensitive cells on the camera side of the film. As illustrated in
      FIG. 7, the array 56 lies across the sound track 35 of the film 2 in
      precisely the same manner as the LED array 6 of the camera (FIGS. 2 and 3)
      lies across the sound track 35 of the film 2 when it is in the camera. The
      array 97 of light-sensitive cells is in close proximity to the film, which
      is kept in place by a low friction film guide (not shown). The small sound
      track light source 96, one embodiment of which is a uniformly illuminated
      LED array, is located immediately opposite the photodetector array 97 on
      the other side of the film, and light shielding (not shown) is provided so
      that the photodetector array 97 can be excited only by passage of light
      from illumination source 96 through exposed portions of the sound track 35
      of the film 2.
PAR  Returning to FIG. 6, during the fraction (taken to be 1/8 in this
      description) of each frame interval during which the film 2 is being
      advanced by claw 68, the N parallel rows of light dots appearing on the
      sound track and constituting the digital representation of the sound
      associated with the adjacent visual image in the same frame are detected
      by photodetector array 97. The electrical signals thus produced are sent
      through leads 98 to a bank of N threshhold detectors, two members of which
      are detectors 99 and 100, associated with the most significant and least
      significant digits respectively of the N-digit binary representation for
      each analog sound sample. Each threshold detector can be regarded as a
      decision device which outputs a "high" voltage when a light dot of
      sufficient size excites the associated photodetector in array 97 and a
      "low"  voltage otherwise, thus disregarding small perturbations in the
      digital sound track, which can be regarded as "noise", and realizing a
      significant advantage of digital systems, that of signal regeneration.
PAR  The regenerated digital pulse train at the output of threshold detector 99,
      representing the most significant digit in each N-bit binary word, is
      applied to shift registers 101 and 102, and the regenerated digital pulse
      train at the output of threshold detector 100, representing the least
      significant digit in each binary word, is applied to shift registers 103
      and 104. An additional (N-2) shift register pairs (not shown) receive data
      from their associated threshold detectors (not shown). The shift
      registers, performing an operation essentially inverse to that of the
      shift registers in the camera, receive data in bursts and clock it out
      continuously, as will subsequently be described.
PAR  The outputs of the N threshold detectors, including detectors 99 and 100,
      are also applied to a start detector 105, constructed from shift-register
      stages and logical gates, which changes its output on lead 106 from "low"
      to "high" when three successive "high" outputs arrive from at least (N-1)
      of the N threshold detectors. It will be recalled from the description of
      the camera that a sequence of three "high" pulses is applied to each
      member of the LED array 6 (FIGS. 1, 2 and 3) immediately prior to
      application of the digitally-encoded sound data. A positive transition on
      lead 106 (FIG. 6) therefore indicates the beginning of a data burst. The
      signal on lead 106 remains "high" until 1024 data digits have been
      received from each of the threshold detectors, a condition detected by
      counter 111 and indicated by a pulse on lead 112, which resets the start
      detector and thus returns the signal on lead 106 to a "low" level. The
      signal on lead 106 is shown in FIG. 8. Because the film advance velocity
      varies from one projector mechanism to another, the time t.sub.a (FIG. 8)
      during which waveform 106 is "high" cannot be precisely specified, but is
      immaterial because the present design will accomodate any film advance
      velocity met in normal practice. Start detector 105 is a digital sequence
      detector of conventional design and will not be further described.
PAR  The outputs of the N threshold detectors, including detectors 99 and 100,
      are further applied to an N-input OR gate 107 which outputs a "high"
      signal whenever any element of the photodetector array 97 is excited.
      Since there are N such elements, where N can be expected to be at least 6,
      there is a high probability that some element will be excited during each
      of the 1024 data intervals which together occupy a time interval t.sub.a
      (FIG. 8). The output of OR gate 107 is therefore almost a square wave
      during the interval t.sub.a (with 1024 cycles), and the phase-locked loop
      108 to which it is applied smooths out the irregularities which remain and
      outputs a square wave on lead 109. This waveform, illustrated in FIG. 8,
      is the clocking waveform used for reading in data from the sound track of
      the film into the shift registers. The 1024 pulses it exhibits during the
      time interal t.sub.a is exactly the number of data pulses appearing in
      each frame on each of the N digital tracks of the film 2. In addition to
      its clocking function, the waveform on lead 109 is applied to counter 111
      through AND gate 110, which conducts only when the output 106 of the start
      detector 105 is "high". Counter 111, as previously described, counts 1024
      cycles of waveform 109 and then resets both the start detector and itself
      by means of a pulse output on lead 112.
PAR  Further describing the projector clocking and control circuit included in
      FIG. 6, the start detector output on lead 106, which is periodic with
      period equal to the frame interval T, is applied to a frequency multiplier
      113, a frequency divider 114, and AND gates 115 and 118. Frequency
      multiplier 113, which can be realized by a phase-locked loop similar to
      that used in the camera clocking and control circuit of FIG. 4, produces a
      square wave on lead 119 with frequency 1024 times that of the waveform on
      lead 106. The waveform on lead 119 has, therefore, a frequency of 1024 per
      frame or 24576 per second for the nominal frame rate of 24 per second
      presumed in this description. The waveform on lead 119, illustrated in
      FIG. 8, is the clocking waveform used for reading out digital data from
      the storage registers 101, 102, 103, 104 and others not shown at a uniform
      rate close to that of the original sampling rate used in the camera of
      FIG. 1. Divider 114, to which the start detector signal on lead 106 is
      also applied, produces a waveform on lead 120 which is "high" on alternate
      frame intervals, as illustrated in FIG. 8. This waveform is inverted by
      inverter 121 to provide a waveform on lead 122 (also illustrated in FIG.
      8) which is identical to that on lead 120 except that it is shifted by one
      frame interval T.
PAR  During the frame interval from 0 to T seconds, AND gate 115 can pass the
      reading clock waveform on lead 109 only during the interval from 0 to
      t.sub.a seconds when the inputs on lead 106 (from the start detector 105)
      and lead 120 are both "high". Otherwise the output of AND gate 115 is
      "low". AND gate 116 passes nothing during the entire frame interval from 0
      to T because of the "low" input on lead 122. The output of OR gate 123
      during this interval, appearing on lead 125, is then "low" except for the
      high-rate reading clock waveform during the interval from 0 to t.sub.a
      seconds, as illustrated in FIG. 8.
PAR  During this same frame interval from 0 to T seconds, AND gate 117 is able
      to pass the readout clocking waveform 119 because its other input, on lead
      120, is "high". AND gate 118 is turned off by the "low" waveform on lead
      122. Thus OR gate 124 passes, to its output on lead 126, the readout
      clocking waveform 119, as illustrated in FIG. 8.
PAR  During the subsequent frame interval from T to 2T seconds, the roles of
      gate combinations 115, 116, 123 and 117, 118, 124 are interchanged, due to
      the changes in waveforms 120 and 122, so that waveforms 125 and 126 also
      interchange, as illustrated in FIG. 8. It is apparent that waveform 125
      alternates a read-clock frame with an output-clock frame, and that
      waveform 126 is identical except that it is displaced by one frame
      interval.
PAR  During the first t.sub.a seconds of the frame interval from 0 to T seconds,
      the first member of each pair of shift registers, e.g. register 101 or
      register 103, is clocked by waveform 125 at the rate appropriate for
      readin of the data sequence produced by its associated data detector, e.g.
      detector 99 or detector 100. Restricting attention to shift registers 101
      and 102 and the subsequent gates 127, 128 and 129, it can be seen that
      while register 101 is being shifted by the readin clock on lead 125, its
      output is blocked by AND gate 127 because of the "low" waveform on lead
      122. Register 101 is, therefore, in the data acquisition phase of its
      operation. Register 102, however, is at the same time, and in fact
      throughout the frame interval from 0 to T, being shifted by the readout
      clock on lead 126, and its output is gated through AND gate 128 by the
      "high" waveform on lead 120. The output of AND gate 128, at the uniform
      rate of 1024 per frame interval, is passed through OR gate 129 to digital
      to analog converter 133, which also receives data from OR gate 132 and the
      remaining (N-2) OR gates (not shown). Triggered by the square wave at the
      rate of 1024 per frame interval on lead 119, D/A converter 133 produces a
      stream of analog samples at this same rate which is passed through
      amplifier and low-pass filter 134, and then to a speaker or other analog
      sound reproducer 135. Simultaneously, the visual image corresponding to
      this portion of the sound waveform is advanced into the projection gate 67
      and projected through lens 70 onto a screen (not shown).
PAR  During the next frame interval from T to 2T seconds, the functions of shift
      registers 101 and 102 (and similarly of the members of the other N-1 shift
      register pairs) are interchanged. A data sequence appears at the output of
      AND gate 128 instead of AND gate 127, but the operation of all subsequent
      circuit elements is the same as described above. The net result is a
      continuous analog sound waveform emanating from speaker 135 in perfect
      synchronism with the visual images projected through lens 70.
PAR  It should be understood that changes and modifications can be made from the
      above-described embodiments without departing from the nature and
      principle of this invention. It is therefore intended that the above
      description shall be read as illustrative and not in a limiting sense.
CLMS
STM  This completes the description of my invention. What I desire to claim and
      secure by letters patent is:
NUM  1.
PAR  1. A system for producing motion pictures and digital photographic sound
      records concurrently and in synchronism, said system comprising:
PA1  a. film transport means for intermittently moving a photographic film,
PA1  b. means for recording a plurality of visual images on said photographic
      film,
PA1  c. means for producing a continuous analog sound waveform,
PA1  d. means for periodically sampling said waveform and producing a sequence
      of analog values, each proportional to the analog value of said waveform
      during respective samplings,
PA1  e. an analog to digital converter for converting said sequence of analog
      values into a sequence of digital values functionally related to said
      analog values,
PA1  f. means for storing and buffering said sequence of digital values,
PA1  g. means for optically imprinting digital indicia on said photographic film
      adjacent to said visual images, said indicia corresponding to said
      sequence of digital values,
PA1  h. means for gating said sequence of digital values connected between said
      means for storing and buffering and said means for optically imprinting,
PA1  i. means for controlling said means for storing and buffering and said
      means for gating such that said digital indicia are optically imprinted on
      said film, said digital indicia imprinted corresponding to the analog
      sound waveform produced during recording of the adjacent visual image.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said analog to digital converter is
      comprised of means for digitally encoding said analog values, the form of
      digital encoding being selected from the group consisting of pulse-code
      modulation, predictive encoding, delta modulation or differential
      pulse-code modulation.
NUM  3.
PAR  3. The apparatus of claim 1 wherein each element of said sequence of
      digital values is in the form of a parallel binary word, said means for
      storing and buffering comprising a plurality of binary shift registers,
      said registers having sufficient word storage to accomodate twice the
      number of digital words generated by said analog to digital converter
      during the frame interval required for recording of one of said plurality
      of visual images.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said binary shift registers are grouped
      in pairs, each of said pairs storing an assigned digit of each of said
      digital words, and the two members of each of said pairs of binary shift
      registers alternating, from one of said frame intervals to the next, the
      functions of accepting said assigned digits at a uniform rate throughout
      said frame interval and outputting said assigned digits at a more rapid
      rate in a specified fraction of said frame interval.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said controlling means comprises a
      digital circuit which generates a desired binary starting sequence and
      appropriate digital clocking waveforms and provides them to said storing
      and buffering means and to said gating means such that said binary
      starting sequence and the sequence of said digital values produced during
      recording of a visual image are passed to said optical imprinting means
      during said intermittent movement of said film immediately following
      recording of said visual image.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said optical imprinting means is
      comprised of an array of light-emitting means, aligned transversally of
      the long dimension of said photographic film across the portion of said
      film normally reserved for a sound track and in close proximity to the
      emulsion of said film, and is situated at the exit of said visual image
      recording means.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said optical imprinting means is
      comprised of light-emitting means, said light-emitting means being adapted
      to scan across the portion of said film normally reserved for a sound
      track.
NUM  8.
PAR  8. A system for reproducing, from a motion picture film with a sound track
      containing optically-imprinted digital indicia, visual and sound
      presentations concurrently and in synchronism, said system comprising:
PA1  a. film transport means for intermittently moving a photographic film,
PA1  b. means for projecting a plurality of visual images from said photographic
      film, each of said images defining a frame on said film,
PA1  c. means for detecting and converting to electrical representation of
      digital words said optically-imprinted digital indicia appearing in said
      sound track adjacent to said visual images in said frames,
PA1  d. means for detecting a binary starting sequence periodically imbedded in
      said sequence of digital words, and generating therefrom a synchronizing
      waveform,
PA1  e. means for storing and buffering said digital words,
PA1  f. means for converting the sequence of said digital words into a
      continuous electrical waveform essentially identical to that originally
      recorded, said means corresponding to the digital encoding means utilized
      in original recording of said digital indicia in said sound track,
PA1  g. means for gating said sequence of digital words connected between said
      means for storing and buffering and said means for converting the sequence
      of digital words,
PA1  h. means for controlling said means for storing and buffering, said means
      for gating and said means for detecting and converting such that said
      digital indicia on said film are optically detected during said
      intermittent movement of said film, and said digital words emerging from
      said storing and buffering means are made available in a continuous stream
      in synchronism with said visual images projected from said film,
PA1  i. means for amplifying and converting to sound said continuous electrical
      waveform.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said optical detection means comprises
      an array of photocells aligned transversally of the long dimension of said
      film across said sound track, in close proximity to said film, and
      situated one frame length preceding the entrance of said visual image
      projection means, and illumination source means situated on the opposite
      side of said film from said array.
NUM  10.
PAR  10. The apparatus of claim 8 wherein said storing and buffering means
      comprises a plurality of binary shift registers, said registers having
      sufficient word storage to accomodate twice the number of digital words
      generated by said detection and conversion means during the frame interval
      required for the projection of one of said visual images.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said binary shift registers are
      grouped in pairs, each of said pairs storing an assigned digit of each of
      said digital words, and the two members of each of said pairs of binary
      shift registers alternating, from one of said frame intervals to the next,
      the functions of accepting said assigned digits at a rapid rate within a
      specified fraction of said frame interval and outputting said assigned
      digits at a uniform rate throughout said frame interval.
NUM  12.
PAR  12. The apparatus of claim 8 wherein said controlling means comprises a
      digital circuit, driven by said synchronizing waveform generated by said
      starting sequence detection means and providing digital clocking waveforms
      to said storing and buffering means and said gating means such that said
      digital words emerging in a uniform stream from said storing and buffering
      means are in synchronism with said projected visual images.
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ABST
PAL  A composite projector gate, aperture and light dowser assembly for a
      cinematograph film projector. The film guide surface through the gate area
      is curved convex towards the light source, film being held to curved
      marginal guides by flexible bands anchored before the gate, in the
      direction of film motion. A quick-release anchor is provided to retain the
      tension springs. The projection aperture comprises a removable plate in
      front of which, towards the light source, are spaced-apart heat screens
      with a horizontally-moving light-dowser blade therebetween in a space in
      which is provided forced air ventilation.
BSUM
PAR  This invention relates to cinematograph projectors and particularly to the
      projector gate, aperture and light-dowser elements of the projector
      mechanism.
PAR  In order to locate the emulsion surface of cinematograph film precisely at
      the object surface of the projection optics, it is known to employ a
      curved gate and to hold the marginal surfaces of the film against
      corresponding curved marginal film support surfaces of the gate by spring
      band pressure. The film is thus located in a defined surface with the
      emulsion surface of the film facing towards the light source, that is away
      from the gate support surfaces.
PAR  In order to provide spring band pressure, two spring bands, one pressing
      against each marginal surface of the film, are anchored at one end and
      spring-tensioned at the other.
PAR  Due to the pressure of the spring bands on the film and the friction
      between the band and film marginal surfaces, the spring bands tend to be
      dragged in the direction of film movement each time the film is moved
      forward through the projector gate.
PAR  It has been found that if the tension springs are located at the film-feed
      end of the gate, the springs are tensioned an indefinite amount due to the
      friction drag during the intermittent forward motion of the film. Further,
      at the end of the intermittent movement, the tension springs recover and
      the friction drag between the spring bands and the film marginal surfaces,
      now acting in the opposite direction of film movement, tends to return the
      film by an indefinite amount, thereby causing indefinite register of the
      film frame in the projector gate.
PAR  The object of the present invention is to provide improved cinematograph
      projection apparatus having regard to this and to other problems of
      design.
PAR  Preferably, both spring bands are attached to a support bar adapted for
      attachment to an anchor point located at the film feed end of the gate.
      Preferably, the projection aperture is provided in a removable plate, so
      that the aperture format can be changed at will.
PAR  Preferably, a light-dowser blade is located behind the aperture plate for
      horizontal movement between light-obscuring and light-projecting
      positions.
DRWD
PAR  In order that the invention may be readily carried into practice, one
      embodiment thereof will now be described in detail, by way of example,
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a side-elevation view of a curved film gate of known design;
PAR  FIG. 2 is a side-elevation view of a curved film gate according to the
      present invention;
PAR  FIG. 3 is a front view of the curved gate of FIG. 2;
PAR  FIG. 4 is a front view of a curved gate similar to that of FIGS. 2 and 3
      showing a preferred manner of attachment and tensioning of the spring
      bands;
PAR  FIG. 5 is a detail side-elevation view of the tensioning spring arrangement
      of the gate of FIG. 4;
PAR  FIG. 6 is a rear view of a curved gate showing additional elements; and
PAR  FIG. 7 is a side-elevation view of the gate assembly of FIG. 6.
DETD
PAR  Referring now to the drawings, similar elements of the several
      constructions and views are indicated by the same reference numerals
      throughout the figures.
PAR  In the curved gate assembly of FIG. 1, the assembly is adapted for light
      from a source S to pass in the direction of the arrow 1, through a
      projection aperture 2 in a plane lying perpendicular to the surface of the
      figure, towards a screen Scr. A pair of curved film support shoes 3 and 4,
      of which the shoe 3 is seen in FIG. 1, provide film marginal support
      surfaces 5 and 6, respectively, one surface extending longitudinally each
      side of the aperture 2.
PAR  Cinematograph film 7 passes through the gate of FIG. 2 in the downward
      direction as shown by arrow 8.
PAR  A pair of spring bands 9 and 10 bear on the marginal areas of the film 7
      pressing the marginal areas onto the support surfaces 5 and 6,
      respectively. The spring bands 9 and 10 pass over a roller 11 mounted on a
      fixed shaft 12 at the film feed end of the gate and over a roller 13
      mounted on a fixed shaft 14 at the film take-up end of the gate. The
      spring blades thus form a tangent from the surface of roller 11 to the
      respective curved film support shoe surface and from the respective
      support surface tangentially to the roller 13, supporting the film against
      the support surfaces 5 and 6 over the whole area between the upper and
      lower points of contact. The film 7 is thereby guided over the support
      surfaces 5 and 6 with its emulsion surface facing in the direction of the
      light source S.
PAR  In this known arrangement, the spring bands 9 and 10 are anchored at the
      film take-up end of the gate, at points 15 and 16, respectively, and are
      tensioned by tension springs 17 and 18, respectively, located at the film
      feed end of the gate.
PAR  In consequence, the springs 17 and 18 are tensioned by drag on the spring
      bands 9 and 10 during the intermittent forward movement of the film 7.
      Subsequent recovery of springs 17 and 18 moves the film upwardly an
      indefinite amount, causing the indefinite location of the film frame in
      the aperture 2, as discussed earlier herein.
PAR  In the curved gate assembly according to the invention shown in FIGS. 2 and
      3, the anchor points 15 and 16 are located at the film feed end of the
      gate and the tension springs 17 and 18 are located at the film take-up end
      of the gate.
PAR  In consequence, drag upon the spring bands 9 and 10 by the film 7 in
      intermittent motion is resisted by an equal reaction at the anchor points
      15 and 16. There is no longitudinal displacement of the spring bands 9 and
      10 therefore, and the springs 17 and 18 remain uniformly tensioned.
PAR  In either the arrangement of FIG. 1 or the arrangement of FIGS. 2 and 3,
      the pressure of the spring bands 9 and 10 upon the film marginal area may
      be adjusted by varying the tension of the springs 17 and 18.
PAR  A preferred manner of attachment and of tensioning the spring bands 9 and
      10 is shown in FIGS. 4 and 5. As shown in FIG. 4, the spring bands 9 and
      10 are attached by pivot anchor points 15 and 16 respectively to a tension
      balance bar 19 itself pivotally attached to a screw retaining member 20.
      The screw 20 extends through an apertured end bar 21 attached to film side
      guides 22 and 23 of the gate assembly at the film feed end thereof. The
      screw 20 is adjustably retained in the apertured bar 21 by a knurled nut
      24.
PAR  At the film take-up end of the gate assembly, the spring bands 9 and 10 are
      bridged by a hooked bar 25 which engages the lower edge of a sliding plate
      26. The plate 26 is provided at its lower, outer ends with lugs 28 and 29
      and slides, at its upper end, in a channel 30 formed in the film side
      guides 22 and 23.
PAR  The sliding plate 26 is urged downwardly by the action of tensioning
      springs 17 and 18 which, in this embodiment, are compression springs which
      are retained in bores 30 and 31 formed in the film side guides 22 and 23,
      respectively, and which tension the spring bands 9 and 10 by abutment
      against the lugs 28 and 29 of the hooked bar 25.
PAR  Removal of the spring band assembly for replacement, or otherwise, is
      effected by loosening the nut 24 on the screw 20 and allowing the spring
      bands 9 and 10 to move downwardly to disengage the hooked bar 25 from the
      plate 26.
PAR  Tensioning of the spring bands is effected by tightening the nut 24 which
      draws the bands and the attached bar 25 upwardly to compress the springs
      17 and 18.
PAR  Other constructional features of a preferred embodiment of the invention
      are shown in FIGS. 6 and 7. As there shown, the curved film supports 3 and
      4 each have forwardly extending lugs 32 at the top and forwardly extending
      lugs 33 at the bottom and the film supports 3 and 4 are moved and located
      by a parallel motion comprising pivoted arms 34 at the top and pivoted
      arms 35 at the bottom. The spring bands 9 and 10 bear on the marginal
      areas of the film 7 pressing it onto the curved surfaces 5 and 6 of the
      film supports 3 and 4 in the manner described in detail previously herein.
PAR  In the closed position of the gate, the curved film supports 3 and 4 are
      located by a stop 36 against which the lower arms 35 abut at a position
      before rearward deadcentre of the parallel motion rotation. Thus, the
      downward motion of the film, by frictional drag on the curved surfaces 5
      and 6, tends to hold the gate closed during the forward motion of the film
      but tends to open the gate to relieve film pressure during reverse running
      of the film.
PAR  The film side guides 22 and 23 are provided with a straight, narrow channel
      on their inwardly facing surfaces to receive edgewise and to locate an
      aperture plate 37. The aperture plate 37 is pierced to provide the
      aperture 2 and it will be noted from the view of FIG. 7 that the aperture
      is located in a plane only a very small distance rearward of the film 7
      emulsion surface, to ensure that the edges of the projected picture are
      well-defined.
PAR  The aperture plate 37 is longitudinally movable in the channel in the film
      side guides 22 and 23 and may be removed for replacement by another
      aperture plate 37 having a different aperture 2 format, for example for
      Cinemascope (Registered Trade Mark) projection. Alternatively, a single
      aperture plate 37 may have several apertures 2 of different formats
      pierced therein and be movable longitudinally between corresponding
      locating stops, not shown, to bring the aperture 2 of required format into
      register with the projection optics, not shown.
PAR  By a quick release spring, not shown, the aperture plate 37 can be easily
      and quickly removed for initial trimming of the aperture to compensate for
      any keystone effect of the projected image on a cinema screen, due to the
      angle of projection.
PAR  Film side guides are provided in the usual manner and these are shown
      particularly in the view of FIG. 4. The side guides comprise a pre-set,
      hardened steel guide 38 attached to the left hand gate frame member, as
      viewed in FIG. 4. This guide abuts the reference edge of the projected
      film. A second side guide is located at the right hand side of the gate
      frame member, as viewed in FIG. 4, and is a self-balancing compression
      guide 40 comprising an inner surface 39 centrally resessed at 39' to
      provide upper and lower abutment faces 39", the whole guide member being
      biassed by upper and lower compression springs 40'.
PAR  In contrast to the usual arrangements for light dowsers and changeover
      units in cinematograph projectors, which usual arrangements are large,
      heavy and gravity closed, the arrangements shown in FIG. 6 and FIG. 7 are
      lightweight and include a horizontally moving dowser blade. Thus, the
      light-dowser blade 41 is mounted to move horizontally in bearing surfaces
      which are on the side of the projector main plate opposite from the light
      source and are thus unaffected by the high temperature of the light beam.
PAR  Screening of the aperture plate is further provided by two Sindanyo
      (Registered Trade Mark) heat screens 43 and 44. These are mounted in
      spaced-apart relationship from each other to accommodate the dowser blade
      41 and to permit of a rising air current therebetween. Forced ventilation
      is provided by a small fan, not shown. It is found that the assembly does
      not overheat with air cooling and that water cooling of the gate is not
      necessary.
PAR  In this embodiment, the dowser blade 41 is made of Duralumin and is of some
      3 square inches area. The horizontal movement of the dowser blade 41
      between its open and light-obscuring positions is effected by small and
      simple solenoid means, not shown.
PAR  The fact that the movement required is horizontal means that the dowser
      blade 41 stays in either open or light-obscuring position after it has
      been moved. Continuous energisation is not required either for an opening
      or for a closing solenoid and the dowser blade 41 will not move from its
      set position until the appropriate actuating solenoid is next energised.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Cinematographic film projection apparatus at each side of a projection
      aperture including a projection gate having film marginal support surfaces
      convexly curved toward a light source, comprising in combination:
PA1  a. a plurality of flexible bands, at least one band extending respectively
      over each of said marginal support surfaces and pressure biased toward
      said marginal support surfaces whereby film passing between said flexible
      band and said film marginal support surfaces is pressed onto the said
      support surfaces;
PA1  b. means feeding film to said aperture at a first side thereof, and taking
      up said film at a second side thereof; and
PA1  c. each of said flexible bands positioned anchored on said first aperture
      side, and tensioned on said second aperture side.
NUM  2.
PAR  2. Cinematograph apparatus as claimed in claim 1 in which each of the said
      plurality of flexible bands is attached on said first side of said
      projection aperture to the ends of a bar extending transversely between
      the said bands, said bar being pivotally attached at its center to a screw
      retaining member adjustably attached to a transverse anchor bar.
NUM  3.
PAR  3. Cinematograph apparatus as claimed in claim 2, in which the said pair of
      flexible bands are attached, at the film take-up end, to the ends of a
      tensioning bar, which is spring-biased in the direction to tension the
      said bands.
NUM  4.
PAR  4. Cinematograph apparatus as claimed in claim 3, in which the tensioning
      bar is formed with hook members for engagement with a longitudinally
      slidable plate, which is spring-biassed in the direction to tension the
      said bands.
NUM  5.
PAR  5. Cinematograph apparatus as claimed in claim 1 wherein said convexly
      curved film marginal support surfaces comprise a first hinged link
      positioned on the film feed side of said projection aperture, which hinged
      link is pivotally mounted to a longitudinal lug, and further comprising a
      second hinged link parallel to said first hinged link and positioned on
      the film take-up side of said projection aperture, said second hinged link
      pivotally mounted to a second longitudinal lug parallel to said first
      longitudinal lug; and further comprising stop means preventing the
      downward movement of said convexly curved marginal film support surfaces
      when said marginal film support surfaces are in operating contact with
      said film; whereby said convexly curved marginal film support surfaces are
      hingedly movable out of contact with said film in a direction opposite the
      direction of film movement within the projection gate.
NUM  6.
PAR  6. Cinematograph apparatus as claimed in claim 5, in which the said
      projection aperture is defined by a removable apertured plate.
NUM  7.
PAR  7. Cinematograph apparatus as claimed in claim 6, in which the said
      apertured plate is retained between a pair of side guides and is
      longitudinally movable in channels therein.
NUM  8.
PAR  8. Cinematograph apparatus as claimed in claim 6, in which a light-dowser
      blade is arranged between the said apertured plate and the projection
      light source and is adapted for horizontal movement between
      light-obscurring and light projecting positions.
NUM  9.
PAR  9. Cinematograph apparatus as claimed in claim 8, in which the said
      light-dowser blade is positioned between a pair of spaced-apart heat
      screens.
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PAL  In a developer density adjusting device comprising concentration detector
      means for detecting the density of toner in a developer and concentration
      adjusting means for adjusting the toner to a proper concentration, the
      detector means is effective to detect the dielectric breakdown voltage of
      the developer to thereby detect the concentration of the developer and the
      concentration adjusting means is operable in response to a signal from the
      detector means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a device for detecting and adjusting the
      concentration of a developer for electrophotography or electrostatic
      recording which is a mixture of magnetic carrier and dielectric toner.
PAR  In electrophotography or electrostatic recording, a developer consisting of
      a carrier and a toner is usually used to develop electrostatic latent
      images. For example, in the magnet brush development, which image a magnet
      brush for the development and the conveyance of the developer at the same
      time time, the developer employed consists of a magnetic carrier such as
      iron powder or the like and a toner such as colored resin powder or the
      like, and one of the most essential factors which will affect the
      developing effect is the mixture ratio, i.e. the concentration, of the
      developer. More specifically, a portion of the developer which has been
      attracted to the magnet frictionally slides with respect to the
      electrostatic latent image so that the latent image is developed into a
      visible images by the toner in the developer, and during repetition of
      such process, the toner is gradually consumed from the developer to reduce
      its percentage with respect to the carrier and thus reduce the density of
      the developer, with a result that the density of the developed images is
      gradually reduced. To avoid this, toner must be suitably supplied but, if
      there is an oversupply of toner, the copy images will have too great a
      density as well as increased fog. Thus, the concentration of the developer
      must always be maintained at a proper level in order to continuously
      produce copy images of a desirable density. 2. Description of the Prior
      Art
PAR  A method of automatically controlling the concentration of the
      above-described developer is known. Where the developer used is a mixture
      of differently colored carrier and toner, the mixed color concentration of
      the developer is varied with the consumption of the toner. Utilizing this,
      the known method comprises optically detecting such variation to control a
      toner supply mechanism so as to effect toner supply to the developer in
      accordance with the detected variation, thereby maintaining the developer
      at a constant concentration. Also known is a method which utilizes the
      fact that the resistance value of the developer is varied with the
      consumption of the toner therein. This latter method comprises measuring
      said variation as a variation in a current inversely proportional to the
      resistance, to thereby detect the concentration of the developer, and
      adjusting the concentration of the developer in accordance with the
      detected signal.
PAR  The former method will not be available if the carrier and the toner are
      similar in color. Further, it is disadvantageous in that the color
      detecting optical system, including a light-emitting element, a
      light-sensing element, etc. is subject to contamination from scattered
      toner particles, which may result in failure to effect proper
      concentration detection. In the latter method, which comprises detecting
      the resistance variation to adjust the concentration, there is a problem
      that the very high resistivity of the toner in the developer permits only
      a very small current to flow through the developer, and as a result of
      which the variation in the current value for the variation in the
      resistance value is so small that it is very difficult to detect such
      current and adjust the concentration. This also imposes the necessity of
      providing a complicated amplifier, which in turn would lead to a higher
      error in the detection of the concentration and, accordingly, to
      malfunctioning of the device during toner supply.
PAR  Generally, the concentration adjustment has rarely taken into account the
      effect of the carrier deterioration or fatigue upon the detection of the
      carrier-toner ratio. The carrier deterioration is known as a phenomenon of
      the toner coming to cover the surface of the carrier in the developer as
      the development of electrostatic latent images is frequently repeated. As
      the carrier deterioration progresses, the color tone of the carrier
      approaches that of the toner to make the optical concentration detection
      method useless. Also, the resistance, particularly the dielectric
      breakdown voltage, of the developer is increased so much that some error
      will be involved in detecting the proper concentration value of the
      developer.
PAR  All these disadvantages may effectively be eliminated by the present
      invention.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a developer
      concentration detecting, and adjusting device for detecting always
      accurately and sensitively, the concentration of a developer consisting of
      a carrier and a toner and for maintaining such developer at a proper
      concentration.
PAR  It is another object of the present invention to provide a developer
      concentration detecting and adjusting device which differs entirely in
      principle from the optical or the electrical concentration detection
      method of the prior art and which is well protected against contamination
      and can produce a greater detection current.
PAR  It is still another object of the present invention to provide a developer
      concentration detecting and adjusting device which is simple in
      construction and which directly utilizes a detection signal to operate
      concentration adjusting means.
PAR  It is a further object of the present invention to provide a developer
      concentration detecting and adjusting device which can compensate for any
      error in the concentration measurement which results from carrier
      deterioration, thereby enhancing the accuracy of the detection.
PAR  It is still a further object of the present invention to provide a
      developer concentration detecting and adjusting device which may
      effectively be used with the magnet brush development, particularly of the
      sleeve type, in electrophotography.
PAR  An essential feature of the present invention is that the concentration of
      the developer is detected by the variation in the dielectric breakdown
      voltage of the developer to maintain a constant carrier-toner ratio. A
      further feature of the present invention is that a signal source, adapted
      to generate a correcting signal in accordance with the working time and
      other factors of the developer is used to correct the carrier
      deterioration in the developer, and thereby maintain the developer at a
      constant concentration.
PAR  The invention will become more fully apparent from the following detailed
      description thereof taken in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram showing an example of the detector means for
      detecting the dielectric breakdown voltage of electrophotographic
      developer.
PAR  FIG. 2 is a graph illustrating the relationship between the developer
      concentration and the dielectric breakdown voltage.
PAR  FIGS. 3 and 4 schematically show two forms of the device of the present
      invention for detecting the dielectric breakdown voltage to effect the
      toner supply.
PAR  FIGS. 5(1) to (6) are graphs illustrating the current values of the
      developer under various conditions.
PAR  FIG. 6 shows a developer concentration adjusting device which employs a
      sleeve as the developer conveyor means.
PAR  FIGS. 7(a) to (c) show various forms of the electrode for measuring the
      dielectric breakdown voltage.
PAR  FIG. 8 graphically illustrates the relationship between the agitating time
      and the resistance ratio of the developer during carrier deterioration.
PAR  FIG. 9 is a block diagram showing the basic construction of the developer
      concentration adjusting device in which carrier deterioration is
      corrected.
PAR  FIGS. 10 through 12 shows various forms of such developer concentration
      adjusting device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown an example of the device for detecting
      the dielectric breakdown voltage of the developer used in
      electrophotography. A developer container 1 forming part of an
      electrophotographic developing device contains therewithin a developer 2
      consisting of a magnetic carrier and a toner. A magnet roller 3 has a
      magnet brush 3.sub.1 formed thereon by attraction. The developer 2 will
      have its concentration gradually decreased as it is repeatedly used for
      the development. The present invention is directed to detecting the
      concentration of the developer by the variation in the dielectric
      breakdown voltage of the developer. To achieve this, the detector means
      may comprise, for example, an electrode 4 disposed in contact with the
      magnet brush 3.sub.1 which has been so formed by the magnetic field, and a
      circuit A inserted between the electrode 4 and the magnet roller 3 and
      including a variable voltage source 5, a voltage indicator 6, an ammeter 7
      and a current adjusting resistor 8. The magnet roller 3 may be replaced by
      a non-magnetic cylinder or sleeve having a magnet roller therewithin, and
      one end of the circuit A may be connected to the sleeve. The dielectric
      breakdown voltage may be measured in a manner which will hereinafter be
      described.
PAR  A voltage is applied to the electrode 4 with the magnet roller 3 being in
      rotation. If such voltage is boosted from zero to approximately 1000
      volts, current is substantially null until a certain voltage level, say,
      300 volts, is reached, but the current will assume a value as determined
      by the resistor 8 when a higher voltage level (for example, 310 volts) is
      reached. In other words, the current becomes substantially null when the
      resistance of the magnet brush 3.sub.1 exceeds a predetermined voltage.
      Such voltage is herein referred to as the dielectric breakdown voltage,
      and the relationship between this dielectric breakdown voltage and the
      concentration of the developer is empirically shown in FIG. 2. As will be
      seen, the dielectric breakdown voltage assumes about 300 volts and about
      400 volts, respectively for about 14% by weight of toner and about 20% by
      weight of toner in the developer 2, and no dielectric breakdown occurs for
      more than the order of 20% by weight.
PAR  Such a phenomenon is utilized to effect automatic adjustment of the
      developer concentration and an example of it is shown in FIG. 3.
PAR  Instead of the ammeter 7 in the circuit portion A of FIG. 1, a relay coil 9
      is connected and a contact 9' thereof is inserted in the circuit of a
      motor 10. The motor 10 rotates the delivery means, such as grooved roller
      12, of a toner supply source 11. In the other points, the arrangement of
      FIG. 3 is similar to that of FIG. 1.
PAR  The magnet brush 3.sub.1 frictionally slides with respect to a
      photosensitive medium (not shown) to develop an electrostatic latent image
      and, when the toner in the developer is comsumed, the dielectric breakdown
      voltage of the magnet brush 3.sub.1 falls down to a level lower than the
      source voltage V, whereupon a current sufficient to energize the
      electrostatic relay flows to the coil 9 to close its contact 9.sub.1, thus
      energizing the motor 10 to operate the toner delivery means 12.
PAR  FIG. 4 shows another embodiment of the present invention. In this
      embodiment, when the magnet brush 3.sub.1 undergoes dielectric breakdown,
      a neon tube 13 is turned on to operate a control circuit 15 through a
      photoelectric element 14 such as CdS cell or the like, thereby energizing
      the motor to effect toner supply. The voltage source for the control
      circuit 15 may be a low voltage (5 to 24 volts). The neon lamp 13 serves
      also as an indicator lamp for indicating that the toner supply is being
      effected.
PAR  FIG. 6 shows still another embodiment suitable for application in the
      so-called sleeve type developing method whereby developer is attracted to
      and conveyed on the surface of a sleeve by magnetism from a rotary magnet
      within the sleeve. According to this embodiment, the dielectric breakdown
      is detected to adjust the concentration of the developer. In the figure,
      reference numerals 1 to 5 are similar in significance to those in FIG. 3,
      although the electrode 4 is a conventional blade which is a member for
      limiting the developer to a predetermined amount and thus, it conveniently
      serves also as a blade. A non-magnetic cylinder or sleeve 13 formed of
      aluminum or brass has a rotatable magnet roller 3 therewithin, and the
      sleeve may be grounded or biased by a DC voltage so as to be stationary or
      rotatable. The blade 4 detects the dielectric breakdown voltage of the
      developer, limited to the predetermined amount, and therefore, whenever
      the concentration of the developer is reduced, a current flows from the
      voltage source 5 through the resistor 8 as a result of the dielectric
      breakdown, and a current detecting portion 16, such as coil or the like,
      detects such current to produce a detection signal, which operates the
      control circuit 15 to permit toner supply. The control circuit 15 may be
      an amplifier having an amplification degree required in accordance with
      the dielectric breakdown current substantially determined by the voltage
      source 5 and resistor 8, or it may be provided by utilizing the exciting
      action of said current upon a solenoid coil to open-close the supply valve
      in the toner supply source to effect the toner supply. Thus, it is
      possible to achieve a very simple concentration adjusting device.
PAR  The phenomenon of dielectric breakdown utilized by the present invention
      will be further described. A mixture of magnetic carrier and toner
      (dielectric material) has an electrical resistance value, which varies
      with the ratio of mixture (the resistance of such mixture finally
      approaches the resistance of the toner itself as the toner is increased),
      but when a certain voltage is exceeded, the mixture exhibits a resistance
      value substantially corresponding to or below the resistance value
      exhibited by the carrier alone, as can be seen from the measurement
      carried out with respect to FIG. 1. The fact that the dielectric breakdown
      of a dielectric material such as dielectric film or the like occurs at a
      certain voltage or higher is generally attributable to the presence of
      pin-holes in the dielectric material, and analogically it is believed that
      the dielectric breakdown of the developer occurs due to some relationship
      between the toner and carrier in the developer and the ambient air.
PAR  FIGS. 5(1) to (3) depict the the resistance values of the developer under
      various conditions. As will be seen, at 200 volts, the developer exhibits
      some resistance values both for toner 10% (FIG. 5(1)) and toner 20% (FIG.
      5(2)), the value for the latter case being higher than that for the former
      case. However, the current values are too small to catch these resistance
      variations. For example, in case of toner 15%, the resistance value is
      approximately 10.sup.9 .OMEGA., which corresponds to a current value of 1
      .mu.A or less. This value is nearly the same level as that which is
      generally known as noise current. Therefore, detection of such current
      value and accordingly the concentration of the developer will require a
      very much complicated amplifier of very high amplification degree which is
      capable of separating noise and signal from each other. In addition, a
      further circuit arrangement will be required to drive the toner supply
      means. Control of the toner supply through the detection of the variation
      in the resistance value of the developer will encounter great difficulties
      and require a very complicated construction, and the method of control
      utilizing the above-described low current will often involve detection
      error and/or malfunctioning of the control means.
PAR  FIGS. 5(4) to (6) typically depict the current waveforms during the
      dielectric breakdown of the developer. As will be seen, the dielectric
      breakdown occurs in the form of pulses both at 300 volts for toner 10%
      (FIG. 5(4)) and at 400 volts for toner 20% (FIG. 5(6)), and each pulse may
      possibly exceed 10 mA. An average current value of 10 mA may be provided
      at 400 volts or above for toner 10% (FIG. 5(5)) and at 500 volts or above
      for toner 20%. This value corresponds to a resistance value of several
      tens of kilo-ohms, which resistance is considered to be very small and
      near to short-circuit, unlike the resistance value of the developer for
      the above-noted mixture ratio in FIGS. 5(1) to (3). Thus, the device for
      adjusting the developer concentration through the detection of the
      dielectric breakdown voltage of the developer is more practical and
      simpler than the device for adjusting the developer concentration through
      the detection of the current resulting from resistance variation.
PAR  The present invention can thus utilize the current produced during
      dielectric breakdown to directly energize an electromagnetic relay, and
      this is effective as a device for detecting and adjusting the
      concentration of electrophotographic developer which is less expensive but
      stable and compact as well as highly resistive to contamination and which
      can be easily regulated.
PAR  It should be noted that the applied voltage herein shown is variable with
      the configuration of the electrode, the length of the developing brush,
      etc. and is never imperative.
PAR  Also, in practice, the spacing between the electrode 4 and the magnet
      roller 3 in FIG. 1 may be suitably varied so that the magnet brush 3' can
      be provided with a field intensity of about 20 to about 200 V/mm. Thus,
      the phenomenon regarded as the dielectric breakdown herein may be
      generated even by using a voltage source 5 of 100 volts or so, and this
      eliminates the need to provide a protection against high voltage or to
      provide a high voltage transformer.
PAR  The voltage source 5 used to detect the dielectric breakdown is shown as a
      DC source, whereas it may be replaced by an AC source or a pulse
      generator. Where an alternating current is employed, the voltage source 5
      may be of a lower voltage than where a direct current is employed, because
      the peak-to-peak voltage of the alternating current deals with the
      dielectric breakdown.
PAR  Further, it is possible to suitably vary the output voltage of the source 5
      to suitably vary the concentration of the developer and control the
      contrast of the developed image. The current after the dielectric
      breakdown, i.e. the working current for the toner supply means may be
      suitably varied by varying the resistor 8, but such variation must be set
      up in accordance with the dielectric breakdown voltage of the developer
      and the voltage source 5.
PAR  The types of the electrode 4 available for the developing roller such as
      magnet roller or the like will be shown hereinafter. Typically, an
      electrode, only functioning to detect the dielectric breakdown voltage and
      independent of any other component of the developing device, may be
      disposed within the developer container. The electrode may also take the
      form of a blade as shown in FIG. 6. Further, alternative forms of the
      electrode are shown in FIGS. 7(a) to (c). FIG. 7(a) shows an agitating
      member such as agitator screw or the like for agitating the developer.
      FIG. 7(b) shows a cleaning roller 18 for preventing scattering of the
      developer and fogging of the image formed on the photosensitive medium 14.
      FIG. 7(c) shows a roller 19 (herein, a sleeve) which is one of two
      developing rollers used. In the case of FIG. 7(c), the voltage, the
      distance between the rollers and other factors must be selected so as not
      to impede the development.
PAR  There is also a problem that the so-called carrier deterioration, namely,
      the tendency of the toner to be fused to cover the carrier, may vary
      (increase) the dielectric breakdown voltage.
PAR  FIG. 8 illustrates the variation in the resistance value of the developer
      for the agitating time, with such variation as the measure of the
      variation in the dielectric breakdown voltage for the carrier
      deterioration. In the graph of FIG. 8, the abscissa represents the
      agitating time of the developer while the ordinate represents the
      electrical resistance ratio of the developer and there is shown the
      influence resulting from the carrier deterioration with the concentration
      of the developer as constant.
PAR  If the developer density detector means does not take into account the
      above-described carrier deterioration, there will be a disadvantage that
      the detector means detects even a lower toner concentration as a proper
      one, which in turn would result in copy images of poor density as the
      carrier deterioration progresses.
PAR  The above-described influence resulting from the toner deterioration may be
      compensated for by employing a mechanism for maintaining the developer at
      a predetermined degree of fatigue by the addition of fresh carrier as well
      as supplementary toner (for example, toner 60% and carrier 40%, all by
      weight). In this case, an overflow opening may be formed in a portion of
      the developing device so as to ensure maintaining a constant volume of
      developer. Or alternatively, there may be provided a suitable reference
      voltage source whose voltage increases with the working time of the
      developer, so that the dielectric breakdown voltage may be compared with
      the reference voltage to thereby determine the concentration of the
      developer.
PAR  Description will now be made of an example of the device for adjusting the
      developer concentration with the carrier deterioration taken into account.
      FIG. 9 is a block diagram showing a basic construction for correcting the
      error in the concentration adjustment resulting from the carrier
      deterioration. It includes developer 1, concentration detector means 2,
      concentration adjusting means 3 and a correcting signal source 4. The
      dotted line shows that the correcting signal source is concerned with the
      developer. More specifically, the present embodiment employs the
      correcting signal source 4 for generating a predetermined signal in
      response to a deterioration signal from the means for detecting the
      working time of the developer and the number of copies produced, and the
      concentration detector means 2 which is a signal source for detecting the
      dielectric breakdown voltage variable with the percentage of the carrier
      and toner in the developer and for generating a signal. The signals from
      these two signal sources are compared and discriminated therebetween,
      whereby a proper amount of supplimentary toner is supplied from the
      adjusting means 4 to maintain the carrier-toner ratio at a predetermined
      level at all times. In other words, the concentration detector means 2
      detects the variation in the dielectric breakdown voltage of that portion
      of the developer which is actually performing the developing action, i.e.
      the variation in the concentration, and the signal B generated by the
      detector means 2 may include a signal resulting from the toner
      deterioration and a signal resulting from the variation in the developer
      concentration accompanying the toner consumption during the development.
      The signal source A generates the signal A in accordance with the
      agitating time and the developing time of the developer having a
      predetermined concentration, so as to correct the variation in the
      dielectric breakdown voltage resulting from the carrier deterioration
      during the above-described time.
PAR  FIG. 10 shows an embodiment which has embodied the foregoing principles.
PAR  In FIG. 10, a container 1 contains therein a developer 2 having magnetic
      carrier and toner. An agitating member 3 such as a screw or the like is
      provided for agitating the developer. Conveyor means 4 such as a magnet
      roller or the like serves to convey the developer to develop an
      electrostatic latent image formed on a drum-shaped photosensitive medium
      5. A signal B may be provided from a measuring portion 6 when the
      dielectric breakdown voltage of the developer is measured by the conveyor
      means 4 and a measuring terminal or electrode 7. In contrast, the
      reference signal A representing the variation in the dielectric breakdown
      voltage resulting from the carrier deterioration, which accompanies the
      agitation of the developer, is programmed beforehand on the basis of FIG.
      8, for example, and such signal is provided from the signal source of
      programming means 8.
PAR  The programming means 8 includes a rotary time adder 9 operable in
      accordance with the time during which the developer is agitated by the
      agitator member 3 and the magnetic conveyor means 4 in the developing
      device, a plate cam 10 mounted on the rotary shaft of the adder 9, and a
      slide type variable transformer 11 operatively associated with the cam 10
      is selected such that, when the cam 10 is displaced by an angle .theta.
      from its initial position with the rotation of the adder 9, the lever 12
      of the slide type variable transformer 11, which is engaged with the cam
      10, is also displaced to vary the output voltage of the transformer with
      time, as shown in FIG. 8. In other words, if the programming means 8 is
      set so that the output of the transformer 11 increases with the agitating
      time, the portion of the signal B which corresponds to the increment of
      the dielectric breakdown voltage resulting from the carrier deterioration
      may be corrected by using the transformer 11 itself as the voltage source
      5 for the detection of the dielectric breakdown voltage in FIG. 1 or
      other.
PAR  In FIG. 10, the detection signal B, so corrected, is amplified by an
      amplifier 14 so as to control the operation of a toner supply member 16
      such as a grooved roller in a hopper 15. However, by using the transformer
      11 as the voltage source 5 in FIGS. 1, 3 or other, the current resulting
      from the dielectric breakdown may directly control the toner supply
      member. Thus, the carrier deterioration may be compensated for and the
      concentration of the developer may be maintained constant at all times.
PAR  Although the programming means has been described as comprising a rotary
      adder, a plate cam and a slide type variable transformer, this is not the
      only possible form, but any other means which can effect programming may
      be utilized.
PAR  In the developing device as described above, the concentration adjustment
      effected by compensating for the carrier deterioration usually tends to
      cause the resultant copy images to be fogged, and this may preferably by
      avoided by reducing the percentage of the toner in the developer. For
      example, 12% by weight may be the optimum initial percentage for the
      toner, whereas to produce a thirty-thousandth or subsequent sheet of copy,
      the vicinity of 8% by weight may be preferable to obtain a fog-free good
      copy image. The inventors have measured the dielectric breakdown voltages
      of two types of developer, one with 12% toner content and the other with
      8% toner content, between the magnetic conveyor means and the doctor
      blade, with respect to a first copy sheet and a thrity-thousandth copy
      sheet. The result is shown in Table 1 below.
TBL                Table 1                                                     

     ______________________________________                                    

     Toner Percentage                                                          

                     1st copy 30,000th copy                                    

     ______________________________________                                    

     12%             130V     180V                                             

      8%             105V     140V                                             

     ______________________________________                                    

PAR  If, based on this result, the configuration of the cam in the programming
      means is selected such that the initial toner percentage is maintained at
      12% and the toner percentage for the thirty-thousandth and subsequent
      copies is maintained at 8%, then the resultant copy images may always be
      fog-free and optimum. Alternatively, for-free and aesthetic copy images
      may be produced by using a signal A from a signal source initially set to
      130 volts and then gradually variable to 140 volts for the 30,000th copy
      and a signal B from the device for measuring the dielectric breakdown
      voltage of the developer and by replacing the voltage source 5 of FIG. 3
      or other with a slide type transformer which is set to the above-mentioned
      voltages by said signals. Further, the signal source may be a slide type
      variable resistor in lieu of the slide type transformer, and such resistor
      may be used to vary the spacing between the electrodes concerned with the
      dielectric breakdown voltage, i.e. the electrode 4 and the magnet roller 3
      in FIG. 3, to thereby correct the aforementioned voltage.
PAR  Another embodiment which effects the concentration adjustment by correcting
      the carrier deterioration will now be described with reference to FIG. 11.
      In the embodiment of FIG. 11, concentration detector means for the
      developer which is not actually performing the developing action is
      employed as the correcting signal source. A container 1 contains therein a
      developer 2 having magnetic carrier and ordinary toner and has the
      interior thereof divided into two compartments by a partition plate 3.
      Similarly configured magnetic conveyor means 4 and 5 and agitating members
      6 and 7 perform similar functions within the two compartments,
      respectively. The only difference is that the conveyor means 4 develops an
      electrostatic latent image on a drum-shaped photosensitive medium 8 while
      the conveyor means 5 merely agitates the developer. Therefore, the
      developers in the two compartments are equal in the degree of fatigue. The
      measurement of the dielectric breakdown voltage of the developer will now
      be described. At a measuring station 9, the dielectric breakdown voltage
      of the developer being merely agitated is measured by the magnetic
      conveyor means 5 and measuring terminal 11, whereby a signal A is
      produced. At a measuring station 10, the dielectric developer being
      agitated while developing the electrostatic latent image is measured by
      the magnetic conveyor means 4 and measuring terminal 12, whereby a signal
      B is produced. The signal A represents only the variation in the
      dielectric breakdown voltage resulting from the carrier deterioration,
      since the toner in the non-working developer is maintained at a constant
      concentration without being consumed. The signal B includes the variation
      in the dielectric breakdown voltage resulting both from the toner
      concentration variation and the carrier deterioration. Thus, comparator
      means C compares the signals A and B and corrects the signal B to produce
      an output for effecting the concentration adjustment with the carrier
      deterioration taken into account.
PAR  In the device according to the embodiment of FIG. 11, two magnetic conveyor
      means are discretely provided, but it will be apparent that use may be
      made of a single magnetic conveyor means 17 separated into a developing
      portion and a non-developing portion by a partition plate 18, as shown in
      FIG. 12.
PAR  Thus, the present invention utilizes the current produced during the
      dielectric breakdown to directly energize a relay or the like to properly
      maintain the concentration and this eliminates the fear to contamination
      and ensures stable operation as well as permits the mechanical-electrical
      adjustment of the adjusting device to be achieved easily. Further,
      according to the present invention, the error in concentration measurement
      resulting from the carrier deterioration which has been unavoidable with
      the developer density detection method of the prior art can be compensated
      for. Thereby, any reduction in the toner concentration may be accurately
      detected to ensure a proper amount of toner to be supplied, so that copy
      images of optimum image density may always be produced throughout a
      long-time use of the developing device.
CLMS
STM  I claim:
NUM  1.
PAR  1. A developer replenishment device comprising means for detecting the
      concentration of toner in a developer, and adjusting the toner to a proper
      concentration in a developer; said detector means being effective to
      detect the concentration of toner in said developer by detecting the
      dielectric breakdown voltage of the developer, and said adjusting means
      being operable in response to a signal from said detector means, thereby
      maintaining the optimum mixture of carrier and toner of the developer.
NUM  2.
PAR  2. A developer replenishment device according to claim 1, further
      comprising conveyor means for conveying the developer onto a surface
      bearing an electrostatic latent image, said conveyor means having a
      magnetic brush formed thereon by the developer consisting of magnetic
      carrier and dielectric toner, and said concentration detector means being
      effective to detect the concentration of the developer by detecting the
      dielectric breakdown voltage of the magnetic brush, thereby maintaining
      the optimum mixture of carrier and toner of the developer.
NUM  3.
PAR  3. A developer replenishment device according to claim 2, wherein said
      detector means includes an electrode being in contact with said magnetic
      brush, and detects the dielectric breakdown voltage between said electrode
      and the surface of said conveyor means to thereby detect the concentration
      of said developer.
NUM  4.
PAR  4. A developer replenishment device according to claim 2, wherein said
      conveyor means is a rotatable magnet roller or a sleeve having a rotatable
      magnet therewithin.
NUM  5.
PAR  5. A developer replenishment device according to claim 3, wherein said
      electrode is of a material capable of forming an electrical field of 20 to
      200 V/mm between said electrode and said conveyor means.
NUM  6.
PAR  6. A developer replenishment device according to claim 5, wherein said
      electrode is in the form of a blade.
NUM  7.
PAR  7. A developer replenishment device according to claim 2, wherein said
      adjusting means includes a relay or solenoid operable in response to a
      dielectric breakdown current from said detector means, and toner supply
      means operable by said relay ro solenoid, whereby toner supply operation
      is effected directly by said detection current.
NUM  8.
PAR  8. A developer replenishment device according to claim 2, wherein said
      adjusting means includes a light-emitting discharge tube disposed in a
      circuit rendered conductive by dielectric breakdown before development,
      and a light-sensing element for detecting the light from said discharge
      tube, whereby the concentration of the developer is adjusted by the signal
      from said light-sensing element.
NUM  9.
PAR  9. A developer replenishment device according to claim 1, further
      comprising a signal source for generating a correcting signal
      corresponding to carrier deterioration in the developer, said correcting
      signal being used to correct a detection signal representing the
      concentration of the working developer and thereby adjust the
      concentration of said developer in accordance with the carrier
      deterioration.
NUM  10.
PAR  10. A developer replenishment device according to claim 9, wherein said
      signal source generates a programmed signal which is a predetermined
      signal corresponding to the working time of the developer or the number of
      copies produced.
NUM  11.
PAR  11. A developer replenishment device according to claim 10, wherein said
      signal source generating a programmed signal includes programming means
      comprising a rotary time adder operable in accordance with the agitating
      time of the developer, a cam mounted on the rotary shaft of said adder,
      and a slide type variable transformer or a slide type variable resistor
      operatively associated with said cam.
NUM  12.
PAR  12. A developer replenishment device according to claim 11, wherein said
      detector means includes a voltage source for detecting the dielectric
      breakdown voltage of the developer, and said slide type variable
      transformer is said voltage source.
NUM  13.
PAR  13. A developer replenishment device according to claim 11, wherein said
      detector means includes an electrode and conveyor means, and the spacing
      between said electrode and the surface of said conveyor means is
      controlled by the output of said slide type variable transformer or
      resistor.
NUM  14.
PAR  14. A developer replenishment device according to claim 10, wherein said
      signal source generates a signal which will provide a toner concentration
      below the toner concentration provided by said predetermined signal
      corresponding to the carrier deterioration, whereby a fog-free good copy
      image may be produced.
NUM  15.
PAR  15. A device for detecting concentration of a developer consisting of
      magnetic carrier and dielectric toner, comprising:
PA1  means for conveying the developer;
PA1  an electrode for detecting dielectric breakdown voltage of a magnetic brush
      which is formed with said developer at a surface of said conveyor means;
      and
PA1  a circuit for generating a signal indicating the concentration of the
      developer in accordance with a signal produced by said electrode.
NUM  16.
PAR  16. A device according to claim 15, wherein said conveyor means is a
      rotatable magnet roller or a sleeve having a rotatable magnet therewith,
      and said electrode also functions as a blade.
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ABST
PAL  A toner image is transferred from a toner substrate to a transfer sheet by
      bringing the toner substrate and the transfer sheet into face to face
      contact and applying a vibration thereto, while simultaneously applying
      pressure and/or an electrical field across the substrate and transfer
      sheet.
PARN
PAR  This is a division of application Ser. No. 333,825, filed Feb. 20, 1973 and
      now U.S. Pat. No. 3,854,974.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a method and apparatus for transferring a
      toner image from a substrate to a receiving element such as a transfer
      sheet, and is particularly applicable to the transfer of a toner image
      obtained by an electrophotographic method. More specifically, the present
      invention is directed to the transfer of a toner image to a receiving
      element by bringing a substrate carrying said toner image into surface
      contact with the receiving element, and applying a high frequency
      vibration thereto, while applying an electric field and/or pressure across
      the interface.
PAR  In the field of electric photography it is often necessary to transfer a
      toner image developed on one substrate to a transfer sheet. It is well
      known in the prior art to effect such transfer by employing such methods
      as electrostatic attraction, mechanical pressing and tacky adhesion. In
      the electrostatic method, a transfer sheet is brought into contact with a
      toner substrate and a corona discharge is applied to the rear surface of
      the transfer sheet to attract the toner thereto. In the mechanical
      pressing method, a toner substrate is disposed on a transfer sheet and the
      composite is conveyed through a pair of opposing pressure rollers, whereby
      the toner particles are caused to adhere to the transfer sheet. The tacky
      adhesion method is one in which a transfer sheet containing a tacky layer
      is pressed against the surface of the toner substrate, to transfer the
      toner image from said substrate to the transfer sheet adhesively.
PAR  According to the present invention, an effective method and apparatus has
      been developed for transferring a toner image from a toner substrate to a
      transfer sheet, wherein the toner substrate and transfer sheet are brought
      together, in face to face contact, and a high frequency low amplitude
      vibration is applied to said substrate and sheet while they are in contact
      with each other. Any suitable means can be used to bring the toner
      substrate and transfer sheet into mutual contact, such as for example, a
      pair of rollers, and the vibration can be of mechanical or electrical
      origin. In the case where a pair of opposed rollers are used, the
      vibration can be applied to the rollers at the point where the toner
      substrate and the transfer sheet are brought into contact with each other,
      that is, where they pass through the nip of the rollers. The vibration of
      the rollers is transferred to said substrate and transfer sheet while they
      are in contact with each other. Simultaneously with the vibratory energy
      an electrical voltage and/or mechanical pressure is applied across the
      toner substrate and the transfer sheet while they are in contact with each
      other, and this operation effects a uniform transfer of the toner image
      from the toner substrate to the transfer sheet.
PAR  It is therefore an object of the present invention to provide a method and
      apparatus for transferring a toner image from a toner substrate to a
      receiving element, wherein a vibration is applied to said substrate and
      element while they are in contact with each other.
PAR  Another object of the present invention is to provide a method and
      apparatus for transferring a toner image from a toner substrate to a
      transfer sheet wherein, in addition to said vibration, the toner substrate
      and the transfer sheet are pressed together and/or a voltage is applied
      thereto.
PAR  Other objects and further scope of applicability of the present invention
      will become apparent from the detailed description given hereinafter; it
      should be understood, however, that the detailed description and specific
      examples, while indicating preferred embodiments of the invention, are
      given by way of illustration only, since various changes and modifications
      within the spirit and scope of the invention will become apparent to those
      skilled in the art from this detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will become more fully understood from the detailed
      description given hereinbelow in conjunction with the accompanying
      drawings, which are given by way of illustration only and thus are not
      limitative of the present invention, and wherein the single FIGURE of the
      present invention shows a schematic illustration of a side view of an
      apparatus for transferring a toner image from a toner substrate to a
      transfer sheet.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the embodiment of the present invention shown in the drawing, a toner
      substrate 3 containing toner image 4 formed thereon is conveyed together
      with a transfer sheet 5 through the nip of a pair of opposed pinch rollers
      1 and 2. A vibrator 7 bears against the axle of roll 2 to produce a
      vibration which, in the embodiment shown, is substantially perpendicular
      to the direction of travel of the toner substrate and transfer sheet and
      is applied to the substrate 3 and sheet 5 at the nip of the rollers.
      Alternatively, the vibrator may be positioned to contact any part of
      roller 2, or any part of roller 1 if desired. The amplitude of vibration
      of the roller can be varied widely, though it is preferred to be in the
      range of about several microns to several hundred microns. The frequency
      of vibration is somewhat dependent upon the running speed of the rollers.
      For example, where the running speed of the rollers is slow, the frequency
      of vibration may also be relatively small, whereas when the rollers are
      running at a fast speed, the frequency would have to be proportionately
      greater. When the rollers are running at a speed of about 5 cm/sec., the
      frequency of vibration is preferred to be about 1,000 H.sub.z or more.
      When the rollers are running at a speed of about 5 cm/sec., but the
      frequency is only about 100 H.sub.z, the length of each cycle as projected
      on the transfer sheet would be about 0.5 mm, which would cause toner
      transfer in streaks of 0.5 mm intervals, giving an unacceptable print. If,
      however, the frequency is increased to about 1,000 H.sub.z, it is
      difficult to see any streaks because the length of each cycle is reduced
      to about 0.05 mm.
PAR  The vibrator may be driven by a piezoelectric element or a magnetostrictive
      element to which an alternating current is applied in order to obtain the
      desired vibration. Alternatively, the vibrator may utilize a mechanical
      drive.
PAR  Toner transfer from the substrate 3 to the transfer sheet 5 is effected by
      a combination of the vibratory action above-described with the
      simultaneous application of mechanical pressure and/or an electrical
      voltage across the toner substrate and transfer sheet at the point of
      toner transfer. For example, in the case where superimposed rollers are
      used, the pressure is applied between the rollers at the point of contact,
      and can be the result simply of the weight of the upper roller disposed
      upon the lower roller, of if an additional force is desired, the upper
      roller can be weighted. An electrical field across the nip of rollers 1
      and 2 can be provided by dc power source 6. The polarity of the power
      source is selected to provide an opposite polarity on roll 1 backing the
      transfer sheet 5, from the residual electrostatic charge on the toner
      particles 4. A protective resistance R is preferably inserted in the
      electrical circuit which may have a value of between 20 and 1,000
      kilo-ohms.
PAR  The pinch rollers 1 and 2 may, for example, be made of steel, or
      alternatively, one of the rollers can be a metal roller whereas the other
      can comprise a metal core covered with an electroconductive material, a
      semi-conductive material or an insulating rubber. The toner substrate 3
      may comprise, for example, a sheet of paper coated with a mixture of
      photoconductive zinc oxide powder and an insulating resin. However, many
      other electrophotographic materials can be used. The toner image 4 may be
      formed on substrate 3 by either a dry or liquid development process. The
      transfer sheet 5 may be, for example, an ordinary bond paper, a plastic
      film, a sheet of paper provided with a plastic coating or film, or other
      suitable receiving material.
PAR  The following specific examples are given merely as illustrative of the
      present invention and are not to be considered as limiting.
PAC  EXAMPLE I
PAR  The toner image transfer apparatus comprises two superimposed stainless
      steel rollers, each having a smooth surface and a diameter of 20 mm. The
      bearing of the lower roller is fixed and is driven at a speed of 2 cm/sec.
      by means of a motor and through the use of a gear reduction system. The
      upper roller is supported by a bearing which is freely self adjusting
      vertically. The upper roller is superimposed on the lower roller and is
      driven by the friction created by its weight on the lower roller as the
      latter rotates. When a toner substrate together with a transfer sheet are
      feed in face to face contact between the two rollers, the upper roller
      rises from the lower roller a distance equivalent to the thickness of both
      materials, and a pressure equivalent to the weight of the upper roller is
      applied between the rollers. The upper roller is negatively charged from a
      direct current supply of 1500 volts, and for safety purposes a resistance
      of 100,000 ohms is provided in the electrical circuit. A vibrator is in
      contact with the shaft of the lower roller for vibrating the same at 1,000
      H.sub.z.
PAR  An electrophotographic substrate comprising electrophotoconductive zinc
      oxide and an insulating resin coated on a sheet of paper is exposed, and
      developed with a toner of carbon black coated with a resin and suspended
      in kerosene, thereby producing a toner image on the substrate. The toner
      has a positive charge. After the toner image is formed, the toner
      substrate is brought into contact with a transfer sheet while in a wet
      state and passed through the above-described transfer apparatus. Ordinary
      paper is employed as the transfer sheet. Transfer is carried out uniformly
      and a high quality transferred image is obtained. Good results were also
      obtained using a vibration frequency of 10 KH.sub.z.
PAC  EXAMPLE II
PAR  With the same equipment and toner substrate as in Example I, a powder image
      obtained by dry cascade development is transferred from the toner
      substrate to the transfer sheet. The cascade developer comprises a carrier
      of glass beads having a diameter of about 0.8 mm and coated with a thin
      film of nitrocellulose, and the toner powder comprises a mixture of carbon
      black in polystyrene. Ordinary paper is used as the transfer sheet. Good
      results are obtained by setting the running speed of the roller at 5
      cm/sec. and the vibration frequency at 1,000 H.sub.z.
PAC  EXAMPLE III
PAR  Uniform transfer of the toner image from the toner substrate to the
      transfer sheet is obtained using the apparatus, method and materials of
      Example I, except no voltage is applied across the rollers, and instead,
      the roller pressure is increased by the application of a force of 4 Kg
      between the rollers. Good results are also obtained with a vibration
      frequency of 29 KH.sub.z.
PAC  EXAMPLE IV
PAR  In this Example uniform transfer of the toner image from the toner
      substrate to the transfer sheet is obtained as in Example II, except no
      voltage is applied across the rollers, and instead, the roller pressure is
      increased by the application of a force of 6 Kg between the rollers. Also,
      the upper stainless steel roller in Example II is replaced by a roller
      having a 10 mm diameter metal core and a 5 mm thick rubber coating. Using
      a vibration frequency of 1,000 H.sub.z, good transfer results were
      achieved.
PAR  Although, in the above Examples, only one pair of rollers is used, a
      plurality of pairs of rollers may be employed if it is desired to operate
      at high speeds.
PAR  The invention being thus described, it will be obvious to one skilled in
      the art that the same may be varied in many ways. Such variations are not
      to be regarded as departures from the spirit and scope of the invention,
      and all modifications as are embraced by the appended claims are intended
      to be included within the purview of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for transferring a toner image from a toner substrate to a
      transfer sheet which comprises, contact means for bringing the toner
      substrate and the transfer sheet into face to face contact with each
      other, and vibrating means associated with said contact means for
      producing a vibration at the area of contact between said toner substrate
      and transfer sheet.
NUM  2.
PAR  2. The apparatus as set forth in claim 1, wherein the contact means
      comprises at least one pair of superimposed rollers means.
NUM  3.
PAR  3. The apparatus as set forth in claim 2, wherein means are provided for
      rotating at least one of said roller means.
NUM  4.
PAR  4. The apparatus as set forth in claim 2, wherein the means for rotating
      the roller means is associated with the lower roller means.
NUM  5.
PAR  5. The apparatus as set forth in claim 2, wherein at least one of the
      roller means is a metal roller.
NUM  6.
PAR  6. The apparatus as set forth in claim 2, wherein at least one of the
      roller means comprises a metal core covered with a material selected from
      the group consisting of an electroconductive material, a semi-conductive
      material, and an insulating rubber.
NUM  7.
PAR  7. The apparatus as set forth in claim 2, wherein the vibrator means is
      associated with the axis of the lower roller means.
NUM  8.
PAR  8. The apparatus as set forth in claim 1, wherein the vibrator means
      includes a piezoelectric element or a magnetostrictive element associated
      therewith to which an alternating current is applied.
NUM  9.
PAR  9. The apparatus as set forth in claim 1, wherein the vibrator means is a
      mechanical vibrator.
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ABST
PAL  A card dispenser comprising a sheet-like optical information recording
      member bearing a number of indicia for a card recorded thereon,
      positioning means for moving the recording member in the plane thereof, an
      optical system for projecting the indicia recorded on the recording member
      onto a photographic photosensitive paper, means for feeding the
      photographic photosensitive paper through a focussing position of the
      optical means, means for processing the photosensitive paper, means for
      controlling the feeding means to selectively position the recording member
      at the optical focussing position of the optical system, and an input
      means for providing a signal to the controlling means for positioning the
      recording member at a selected indicia. Embodiments include additionally a
      display means for converting an electric image signal into a pattern, an
      optical system for also projecting the indicia indicated on the display
      means onto the photosensitive paper, and means for generating an electric
      image signal input into the display means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an automatic card dispenser for dispensing
      various kinds of cards, tickets and the like, such as lunch tickets, toll
      road tickets, ID-cards, etc. This invention is applicable to a card
      dispenser which dispenses cards containing different entries depending on
      the input signal, and particularly suitable for automatic dispensing of
      monthly, quarterly, etc. railway and subway passes, tickets or commutation
      cards.
PAR  The description appearing herein after is with reference to a particular
      embodiment of a monthly pass dispenser.
PAR  2. Description of the Prior Art
PAR  In general, in issuing monthly railway passes, the name of the starting
      station and the terminal station, the period of validity, and the issue
      date are stamped on a card. This work takes a long time and considerable
      labor is required to check the work to prevent mistakes. It is, therefore,
      strongly desired to do this work automatically to reduce the work required
      in issuing such cards.
PAR  As a conventional ticket dispenser, an automatic ticket dispenser is known
      in the art in which a disc bearing a number of indicia of the names of
      stations, periods of validity and other letters and numerals is rotated to
      select indicia according to the input information and indicia is recorded
      on an electrostatic recording paper using light and an electrostatic
      recording means. Such a device has a defect that the indicia 104 must be
      recorded only in the annular part 102 of the disc 101 as shown in FIG. 1.
      This is because the radial length of the part where the indicia are
      recorded is determined by the size 103 corresponding to the actual size of
      the ticket. In tickets such as railroad tickets, it is only required to
      indicate the start station and the price, and accordingly, the number of
      indicia to be recorded is not so large. In case of a monthly pass,
      however, the items to be recorded are quite large in number, e.g. 1,000.
      If the disc is used for retaining the great number of indicia, the
      diameter of the disc inevitably is large and accordingly the size of the
      dispenser becomes too large. It is also proposed to use a rolled microfilm
      to increase the number of the indicia recorded. In addition, to reduce the
      work load and labor involved in issuing a large number of kinds of tickets
      with indicia storage means of a small size, one additional problem to be
      solved other than space is how to dispense the tickets and a further
      important problem is how to shorten the time for dispensing each ticket.
PAR  A reduction in the number of indicia is one approach and the shortening of
      the dispensing time is another. For instance, in case of dispensing
      monthly tickets, the number of numerals to be entered into the form of the
      ticket is 20 to 30. If these numerals are recorded in advance as different
      indicia on a recording member, the selection and exposure of the indicia
      can be made at once but the number of indicia recorded in advance is quite
      large. If the number of numerals is 20, the theoretically possible
      combinations of the numerals is as large as 10.sup.20.
PAR  If the numeral indicia are recorded in a divided form so as to be composed
      at the time of exposure, for instance, to be composed using twenty
      exposures, the number of numeral indicia can be reduced to 10 .times. 20 =
      200, but the time for selection and exposure is increased by a factor of
      20 times the time for exposure where all the numerals are recorded for the
      different indicia in advance.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a high speed and large capacity indicia recording
      device of small size in which the indicia are recorded on a sheet-like
      recording member and the recording sheet is moved in the two-dimensional
      directions to select indicia, whereby it becomes possible to issue a
      number of kinds of monthly tickets automatically as well as the normal
      railroad tickets.
PAR  The present invention also provides a card dispenser in which the problems
      inherent in the conventional dispenser are solved by indicating on a
      display device a part of the indicia to be recorded on the card and
      composing the indicia displayed and a indicia recorded in a microfilm on a
      sheet-like recording member on a photosensitive material.
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  FIG. 1 is a plan view showing an example of an optical information
      recording member used in the conventional railroad ticket dispenser.
PAR  FIG. 2 is a schematic perspective view showing the construction of the
      present invention.
PAR  FIG. 3 is a plan view showing an example of a monthly ticket made by the
      dispenser of this invention.
PAR  FIG. 4 is a perspective view of a display device used in the present
      invention.
PAR  FIG. 5 is a plan view showing an example of the optical information
      recording member used in the device in accordance with the present
      invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Now the construction of the present invention will be described with
      reference to the embodiment shown in FIG. 2.
PAR  The buyer of a monthly ticket enters the name of the stations and the
      period of validity on an application form and submits the application to
      the ticket window. The clerk at the window inputs a signal using a
      keyboard 1 according to the entries on the application form. Instead of
      the keyboard 1 a mark card 20 and a card reader for generating the input
      can alternatively be used. The input signal is stored in the memory means
      in a control part 2 and then supplies coordinate signals for selection of
      the indicia to a device 4 for moving the optical information recording
      member 3 successively according to the start signals coming from the
      keyboard 1. On the other hand, a part of the numeral indicia indicating
      the ticket number, the date and so forth is indicated on a display device
      5 by a signal from the control part. On the optical information bearing
      member shown in FIG. 3 are recorded a number of indicia (letters,
      numerals, marks etc.) for monthly tickets using a microfilm technique.
PAR  When a first indicia (e.g. the name of the start station) is brought under
      a projection lens 6, a shutter 7 is opened and the indicia is printed on a
      photographic paper 8 by an optical projection system. After the shutter 7
      is closed, a second indicia (e.g. the name of the terminal station) is
      printed on the same photographic paper 8 when the second indicia is
      brought under the projection lens 6 by a transfer device 4. By repeating
      such operations, exposure is repeated on the same photographic paper 8. At
      the same time, the indicia of the numerals and letters indicated on the
      display device 5 is printed on the paper 8 through a half-transparent
      mirror 11 by projection lenses 9 and 10.
PAR  Although the composite optical system which has been described hereinabove
      uses a half-mirror, it will be understood that a composite optical system
      using a total reflecting mirror outside the visual field of the microfilm
      projection system for composing an image by projecting indicia displayed
      on the display device from the skew direction on the photographic paper
      can be employed. However, from the standpoint of quality of the image, it
      is preferred to use the method employing a half-transparent mirror.
PAR  Although two lenses are used as the projection lens system in FIG. 2, only
      one lens is needed if the lens is of a wide angle type.
PAR  Therefore, just by indicating twenty letters on the display device 5 a
      great number of indicia from 200 to 10.sup.20 are not needed to be
      recorded on the optical information recording member 3 and all the
      numerals required for making a monthly ticket can be recorded on a
      photographic paper with only one exposure. Further, by using a composite
      optical system, the projection of the indicia as of Chinese Characters
      from a microfilm can be made simultaneously with the display and the time
      for issuing the monthly ticket can be markedly shortened.
PAR  Further, in this invention, the display device 5 means a device which
      converts an electric image signal to a pattern of numerals and letters and
      indicates the indicia.
PAR  The photographic paper 8 after exposure is fed out of the roll 12 and cut
      by a cutter 13 and held in the position for exposure printing by a feed
      holding device 14. The paper 8 is fed out to a processing station 15 by
      the feed holding device 14 after the exposure. At the processing station
      15, the photographic paper 8 is subjected to the process of development
      and fixation or the process of development and stabilization, and a visual
      image appears on the photographic paper which has passed through the
      processing station 15. This photographic paper can be used as a ticket
      such as a monthly ticket. This paper can be more conveniently used if it
      is laminated with a laminate film fed out of the laminate film roll 16 and
      cut by a formed cutter 17. The laminate film is printed with a certain
      print in advance. By the lamination, therefore, water resistance is
      enhanced and forgery of the tickets becomes difficult. Although an
      ordinary cutter may be used instead of the formed cutter 17, the formed
      cutter 17 is preferred from the standpoint of disposal of scrap paper
      since the scrap paper can simply be wound up in a scrap roll 18 and easily
      disposed when the formed cutter 17 is used. It is possible to project the
      name of the person entered on the mark card 20 together with the indicia
      on the roll paper by use of a mark card projection lens 19.
PAR  Now a detailed description is given with reference to FIG. 3 with respect
      to what part of the indicia is indicated by the display device 5 and the
      optical information recording member 3 when the card is issued.
PAR  The indicia of the start station 21 and 22, the indicia of the terminal
      station 23 and 24, and the indicia of the kind of the monthly ticket 25
      are all combinations of letters, symbols, characters, etc., and
      accordingly, they are desired to be recorded on the optical information
      recording member. On the other hand, the numeral indicia 26 indicating the
      number of months of validity, the numeral indicia 27 indicating the price,
      the numeral indicia 28 indicating the start of the term of validity, the
      numeral indicia 29 indicating the issue date and the numeral indicia 32
      indicating the ticket number are simple combinations of numerals, and
      accordingly easily indicated by use of the display device 5.
PAR  As the display device for indicating the indicia, it is possible to use a
      numeral indicating tube as used in an electric calculator, which can be
      manufactured at a very low cost.
PAR  Further, it is possible to use a slide projector for printing fixed
      information such as the title of the card dispenser 30, the name of the
      railroad company 31, letters common to the tickets (e.g. the price of the
      ticket 34, "till" for the term of validity 35) by selectively energizing a
      light source by the control part 2 and exposing the photographic paper 8
      therewith through the indicia projecting lenses 9 and 10.
PAR  In FIG. 4 is shown an embodiment of the arrangement of indicia as numerals
      and letters in the display device using numeral indicating tubes. The
      reference numerals 26' indicates a numeral indicating tube for indication
      of the number of months of validity, 27' for the price, 28' for the
      beginning date of term, 29' for the issue date, and 32' for the card
      number. The numeral 30' indicates the title of the dispenser, and 34'
      indicates the unit of price. These two are concerned with the fixed
      information, and accordingly, are printed in a slide and illuminated from
      the backside with diffused light. Here, the reference numerals 26', 27',
      28', 29', 32', 30' and 34' shown in FIG. 4 all correspond to the reference
      numerals 26, 27, 28, 29, 32, 30 and 34 shown in FIG. 3, respectively.
PAR  As the display device, a CRT display device using a cathode ray tube can be
      used. In case of the CRT display device, there are advantages that, in
      spite of the high cost thereof, indicia such as the alphabet and other
      special letters can be indicated as well as numerals and the indication
      position of the numerals and letters can be easily changed and the image
      signal from the television camera can be used for indication of the image
      by means of an electric composition.
PAR  The indication of the image signal from the television camera is
      advantageous from the standpoint of convenience in the following respect.
      In case of recording the name of the person who uses the season ticket
      where, as mentioned before, the mark card 20 positioned at the
      predetermined position in FIG. 1 is projected on the photographic paper 8
      by use of a mark card lens 19 for exposure, the relation of
      black-and-white is reversed unless a reversal process is performed if the
      name of the person is entered in the mark card with a pen or pencil.
      However, if the name is recorded using a television camera and indicated
      on a cathode ray tube with the black-and-white reversed, it becomes
      possible to record the name with black lines on a white background.
      Further, in using the card dispenser in accordance with the present
      invention as a dispenser in ID cards, the face of the person is recorded
      by the television camera and is displayed on the display device with the
      black-and-white relation reversed electrically together with information
      for the ID card to make an ID-card with the picture of the person
      immediately. Since the photographic paper used for issuing cards records
      the indicia such as letters and numerals clearly, the gradation thereof is
      usually of high contrast (of high gamma value). With such a photographic
      paper, the record of the face of a person with a soft tone is difficult
      and the high light portion and the shadow portion are not faithfully
      reproduced. By use of the television camera, it becomes possible to record
      the face of the person and electrically indicate the image of the face
      with low contrast on the display device and thereby record the image on
      the card with the favorable gradation together with sharp letters and
      numerals.
PAR  Although it would be proposed to indicate all the information of the card
      on the display device and use no optical information recording medium like
      a microfilm, such a method is disadvantageous in the following respects.
PAR  That is, in order to indicate clearly complex indicia, such as Chinese
      Characters, for indication of the start station and terminal station, a
      CRT display device of considerably high resolving power is necessitated.
      The raster must have at least 3000 lines/frame of resolving power, which
      requires a very costly display device. In addition, the device for forming
      the Chinese letters is costly and the control device therefor is
      complicated. Therefore, it can be understood that the device in accordance
      with the present invention in which the favorable features of the
      microfilm and those of the display device are combined is the most
      advantageous.
PAR  The explanation given hereinbelow demonstrates how much smaller the
      sheet-like optical information recording member (3 in FIGS. 2 and 5) which
      is movable in a two-dimensional direction can be in comparison with the
      prior art disc approach.
PAR  If the lateral width of the indicia to be recorded (104 in FIG. 1, 301 in
      FIG. 3) is 10a and the longitudinal length thereof is a, the peripheral
      length of the disc of the diameter r is 2.pi.r. Accordingly, the number
      N.sub.D of indicia which can be recorded cannot be made larger than
      2.pi.r/a. In this case, the lateral width has no direct relation with
      N.sub.D. Although N.sub.D can be reduced further according to a more
      detailed calculation, it has a maximum upper limit of 2.pi.r/a. The size
      of the sheet which can retain the same number of indicia as the 2.pi.r/a
      is calculated as follows. Assuming that a is 1/500 of r, then N.sub.D
      becomes substantially 6.28 .times. 500 = 3140. The area of the sheet in
      this case becomes 10a.sup.2 .times. 3140 = 31400a.sup.2. If the sheet is a
      square, the length of one side is 177 a.
PAR  On the other hand, if the diameter of the disc becomes 2r = 2 .times. 500a
      = 1000a, which requires a disc of a diameter five times or more larger
      than the length of one side of the sheet. When an further even larger
      number of indicia (e.g. four times) are required, the longitudinal length
      a must be 1/2000 of the radius r in case of the disc. In this case, in
      contrast to a disc of a diameter 4000a, the length of the side of a sheet
      of square shape is only 354a since the area of the sheet should be 6.28
      .times. 2000 .times. 10a.sup.2. Therefore, the same number of indicia as
      those recorded on a disc of a specific diameter can be recorded on a sheet
      of a length of not larger than a tenth of the diameter. The above is true
      in the case of recording indicia having a length to width ratio of 10:1,
      and the difference in size between the two will become even larger in case
      of recording indicia having a square shape. In case of a disc, the central
      part thereof is usually blank and accordingly the number of indicia which
      can be recorded increases in proportion to the diameter. However, in case
      of the sheet-like recording member the number of indicia recorded
      increases in proportion to the square of the length of one side thereof.
      Accordingly, the use of the sheet-like recording member is markedly
      advantageous in constructing a small size recording device.
PAR  A comparison of the sheet recording member with a rolled recording member
      instead of the disc will be made hereinafter.
PAR  In case of a disc, the number of the indicia recorded does not increase as
      greatly as the increase in the diameter since the central part of the disc
      is always blank. In order to improve this disadvantage, a rolled film can
      be used. However, in a rolled film, the time for moving the film for
      selection of indicia increases in proportion to the increase in the number
      of indicia if the film is fed at a constant speed. Further, a plurality of
      lenses can be used with a plurality of rolled films arranged in parallel.
      This method, however, is impractical because 40 lenses are required to
      shorten the time by a fortieth.
PAR  On the other hand, in the sheet-like indicia recording member used in this
      invention, the increase in the film feed time is in proportion to the
      square root of the number of indicia. This is because the sheet is moved
      along two coordinate axes. For instance, if 1600 indicia are selected, the
      time of film feed required in a square sheet film is 1/40 of the time
      required in a rolled film if the film feed speed is the same in the rolled
      film feed and the sheet film feed.
PAR  As described in detail, the use of the sheet-like information recording
      member is quite advantageous from the standpoint of the space occupied and
      the processing speed in comparison with the use of the disc and the rolled
      film approaches.
PAR  As the device for moving the sheet-like optical information recording
      member (indicia recording member) in a two dimensional direction along the
      rectangular axes 302 and 303 in FIG. 5, various devices can be used such
      as a device using a position detecting circuit and a servomotor with its
      driving circuit, and a device using a pulse motor. The most practical
      device is of a type which uses a potentiometer as the position detecting
      circuit and drives the servomotor with a difference between the coordinate
      signal and the detected position signal. This type is preferred from the
      standpoint of speed selection as well.
PAR  Although the movement of the indicia recording member has been considered
      along the rectangular axes, it will be understood that the film can be
      moved along a skew axis included in the plane of the face of the indicia
      recording member.
PAR  Although the present invention has been described with particular reference
      to a railroad ticket like a monthly ticket, it will readily be understood
      that the invention can be applied to a card dispenser for lunch tickets,
      an ID card dispenser, a credit card dispenser, etc.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A card dispenser comprising: a sheet-like optical information recording
      member bearing a number of ordered indicia recorded thereon, positioning
      means for moving said recording member in the coordinate axes of the plane
      thereof, a first optical system for projecting portions of the ordered
      indicia recorded on said recording member onto a photographic
      photosensitive paper at descrete locations thereon, a second optical
      system for projecting a signature, or other random identifying indicia
      onto said photographic photosensitive paper at a location separate from
      said descrete locations, means for feeding the photographic photosensitive
      paper through the focusing position of said first and second optical
      means, means for the development processing of said photosensitive paper,
      means for controlling said positioning means to selectively position said
      recording member relative to said first optical system for projection at
      the optical focusing position of said first optical system, and input
      means for providing a signal to said controlling means for positioning the
      recording member in a selected pattern to define the locations for said
      ordered indicia and said random indicia to be recorded on said
      photographic photosensitive paper.
NUM  2.
PAR  2. The card dispenser of claim 1, including a display means for converting
      an electric image signal into a display pattern, an optical system for
      projecting the display pattern indicated on the display means onto said
      photosensitive paper, and means for generating an electric image signal
      input into said display means.
NUM  3.
PAR  3. The card dispenser of claim 2, wherein said display device comprises an
      array of numeral indicating tubes.
NUM  4.
PAR  4. The card dispenser of claim 2, wherein said display device comprises a
      cathode ray tube display device.
NUM  5.
PAR  5. The card dispenser of claim 1, including means for feeding a laminating
      film into superpositioning over and under said development processed paper
      for lamination of said paper there-between and means for cutting said
      laminated paper sheet into a card.
NUM  6.
PAR  6. The card dispenser of claim 1, wherein a signature or other random
      identifying indicia is contained on a marked card, and said second optical
      system includes a projection lens, projecting said signature on random
      indicia on to said photosensitive paper.
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PAL  An original document holder for application in electrophotographic copiers
      of the instantaneous exposure type which use high intensity xenon flash
      lamps. The holder is a box-shaped cover with at least one movable,
      spring-closed side such that extra large, thick documents such as books
      may be copied without danger of light leakage by virtue of light-tight
      engagement of the movable side with the projecting portions of such
      documents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to electrophotographic reproducing apparatus in
      which sources adapted to emit flashes of high intensity light are used for
      effecting an instantaneous exposure, and more particularly to a
      light-shielding, original-document holder for such apparatus.
PAR  2. Description of the Prior Art
PAR  Generally, in an electrophotographic reproducing apparatus wherein halogen
      lamps emitting relatively mild light are lit for a long period of time for
      effecting exposure of an original document, there is used a flat holder
      for the original document. In this case, if the original document is
      relatively thick, a gap exists between the document and the holder, light
      leaking from the gap when exposure is effected. Light rays through the gap
      are not ordinarily injurious to an operator's eyes because such light rays
      are not very intense. In an instantaneous exposure type
      electrophotographic reproducing apparatus, however, particularly those
      using xenon lamps which emit flashes of intense light, an operator's eyes
      are frequently momentarily incapacitated or might even be injured due to
      the light rays leaking through the gap between the relatively thick
      original document and the flat original-document holder, because such
      light rays are extremely intense.
PAR  Box-like covers for accommodating thick documents in electrophotographic
      copiers of the instantaneous exposure type utilizing high intensity xenon
      lamps are also known, but if the documents, e.g., books, are larger than
      the support plate upon which the documents are placed for exposure, the
      excess portion of the document will interfere with the cover, preventing
      proper closure and allowing the annoying or possibly injurious light
      leakage. One known solution has been to provide an interlock on the cover
      so as to prevent copying when the thickness of the document would preclude
      complete shielding by the cover. The interlock is frustrating to the
      operator and leads to attempts, sometimes successful, to circumvent the
      interlock and operate the machine, subjecting the operator to the hazard
      of light leakage which the interlock should prevent.
PAC  SUMMARY OF THE INVENTION
PAR  The prior art being inadequate, it is accordingly an object of the present
      invention to provide an original document holder suited for an
      electrophotographic reproducing apparatus in which an intense flash of
      light is used for effecting an instantaneous exposure.
PAR  The invention provides an original document holder for use in an
      instantaneous exposure type electrophotographic reproducing apparatus
      having a flash lamp below a transparent support plate for illuminating an
      original document located thereon, the support plate having a plurality of
      edges. The holder is a light-tight, box-like cover overlying the support
      plate and enclosing all edges thereof, the cover having a plurality of
      side panels; the improvement comprising means mounting at least one side
      panel of the cover for movement relative thereto, the one side panel being
      positionable to form a gap between the one side panel and a respective one
      edge of the support plate when an original document larger than the
      support plate is located thereon with a part of the document extending
      beyond the one edge of the support plate, the side panel resting on the
      extending part of the document to stop light rays from the flash lamp from
      passing to the outside of the cover.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in reference to the drawing, in which
PAR  FIG. 1 is a front view schematically illustrating internal mechanisms of an
      electrophotographic reproducing apparatus of the instantaneous exposure
      type;
PAR  FIG. 2 is a perspective view of an original document holder according to
      the present invention;
PAR  FIG. 3 is a side view of an essential part of the holder of FIG. 2; and
PAR  FIG. 4 is a cross-sectional view of the essential part.
DETD
PAC  In these figures, the reference letter B designates an original document
      support plate, the numeral 10 designates an original document holder, the
      numeral 14 designates fixed side plates of holder 10, and numeral 18
      designates a movable side plate of the holder.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In general, in an electrophotographic reproducing apparatus of the
      instantaneous exposure type shown in FIG. 1, intense light from xenon
      lamps 1 passes through a glass sheet 2 of an original document support
      plate B to illuminate an original document 0 placed on glass sheet 2.
      Then, the light reflected from original document 0 is projected, via a
      mirror 3, a lens 4 and a mirror 5, onto the charged surface of belt-like
      sensitive member 6, thereby forming a latent image thereon. In this case,
      although emission of light from the xenon lamps 1 is instantaneous, the
      extreme intensity of the light rays from the xenon lamps requires complete
      shielding from the operator, viewed from the standpoint of safety.
PAR  The original document support plate B provided on the frame A of the
      reproducing apparatus has, in most cases, the aforesaid glass sheet 2
      placed on the top surface thereof. According to the present invention,
      there is provided an original document holder 10 of a box shape so
      constructed as to enclose entirely the circumference of the original
      document support plate B, including glass sheet 2, as well as to cover
      entirely the upper surface thereof, as shown in FIGS. 2, 3 and 4.
PAR  A pair of brackets 11 are rigidly mounted on frame A of the reproducing
      apparatus. Pivotally supported by a shaft 12 spanned between the brackets
      11 are a pair of attaching levers 13, each having one end thereof
      pivotally fastened to substantially the mid-portion of a respective one of
      a pair of side plates 14 of document holder 10, such that this last may be
      opened by rotating levers 13 in the direction of the arrow Y, i.e.,
      counterclockwise in FIG. 2. The side plates 14 may also be termed "side
      panels".
PAR  A handle 17 for opening the original document holder 10 is provided on a
      top plate 16 forming part of holder 10, the handle being mounted opposite
      shaft 12 in usual fashion. A side plate 18 near handle 17 is pivotally
      mounted on top plate 16 by means of a pair of hinges 19 in a manner to
      provide a variable opening with respect to support plate B. Each hinge 19
      has a closure spring 20 incorporated therein, as shown in FIGS. 3 and 4.
      Thus, as best seen in FIG. 4, if the original document 0 to be set on
      glass sheet 2 of support plate B exceeds the dimension of support plate B
      in the direction at right angles to shaft 12, the side plate 18 -- shown
      in its normally closed position by the full lines in FIG. 4 -- is
      pivotally moved in the direction of the arrow X so as to press, under the
      action of springs 20, the surface of that part of the original document
      which extends beyond support plate B.
PAR  The top of holder 10, i.e., the top plate 16, has a backing sheet 27 of a
      resilient, soft material -- for example, urethane foam -- the underside of
      which is bonded in known fashion to a sheet of rubber 22, such that the
      original document 0 on support plate B may be pressed under moderate
      pressure against glass sheet 2, thereby retaining original document 0
      horizontal.
PAR  With the provisions of the present invention, in case a thin original
      document such as a sheet of paper is placed on glass sheet 2 of support
      plate B, the openable side plate 18 stays closed, support plate B being
      entirely and completely covered by holder 10, such that light from xenon
      lamps 1 will be perfectly shielded. On the other hand, in case a thick and
      large-sized original document -- such as a large-sized, bulky book -- is
      placed on glass sheet 2 of original document support plate, with part of
      this thick document extending beyond support plate B, the top surface of
      original document 0 and three sides of support plate B are covered by top
      plate 16 of holder 10 and the three fixed side-plates 14 thereof,
      respectively, while the openable side plate 18, riding on the surface of
      the aforesaid extending part of the thick original document 0, is
      pivotally moved to the position shown in phantom line in FIG. 4, against
      the force of springs 20, whereby the large-sized original document may be
      retained in place on support plate B, with the openable side plate 18
      being spring-urged into light-tight contact with the surface of the
      projecting part of the original document 0. Thus, light from the xenon
      lamps 1 is completely shielded in this case also.
PAR  It will also be noted from FIGS. 2 and 4, that the side members 14
      cooperating with respective ends of the movable side plate 18 may be
      extended somewhat beyond the point of attachment of side plate 18 to top
      plate 16 so that the light-shielding action may be provided even when
      movable side plate 18 is in the pivoted position shown in phantom line in
      FIG. 4.
PAR  As is apparent from the foregoing, holder 10 perfectly and light-tightly
      covers support plate B, irrespective of whether an original document to be
      reproduced is thick or thin, such that an operator may be protected from
      the intense light from the xenon lamps. Thus, safety of an operator is
      ensured while handling of the original document holder 10 is still easy,
      whatever document may be placed on the original document support plate. A
      further advantage is that since light from the xenon lamps is
      light-tightly shielded on the original document support plate B, all light
      rays emanating from the lamps are ultimately utilized in the exposure.
      This results from the absence of leakage of these light rays and saves a
      quantity of the available light for proper use.
PAR  It should be understood that the embodiment described above is merely
      illustrative of the principles of the invention. For instance, attachment
      of original document holder 10 to frame A of the apparatus is not limited
      to the aforedescribed bracket 11/shaft 12 combination, any suitable means
      being applicable. Further, two or even three of the side plates may be
      modified so as to move. Many other modifications may, of course, be made
      thereto without departure from the spirit and scope of the invention as
      set forth in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an instantaneous exposure type electrophotographic reproducing
      apparatus having a flash lamp below a transparent support plate for
      illuminating an original document located thereon, said support plate
      having a plurality of edges, and a light-tight, box-like cover overlying
      the support plate and enclosing all edges thereof, said cover having a
      plurality of side panels; the improvement comprising means mounting at
      least one said side panel of the cover for movement relative thereto, said
      one side panel being positionable to form a gap between said one side
      panel and a respective one edge of the support plate when an original
      document larger than the support plate is located thereon with a part of
      the document extending beyond said one edge of the support plate, the one
      side panel resting on said extending part of the document to stop light
      rays from the flash lamp from passing to the outside of the cover.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said one side panel is pivotally
      mounted on said cover, and further including spring means acting on the
      side panel to urge it toward a pivot position in which the side panel is
      proximate said one edge of the support plate.
NUM  3.
PAR  3. The apparatus of claim 1 wherein an internal surface of the cover
      defines a plane and presses the document against the support plate, said
      one side panel has a lower edge, is pivotable about a horizontal axis
      situated above said plane, and normally rests in a position with said
      lower edge of the side panel situated below said plane.
NUM  4.
PAR  4. The apparatus of claim 3 in which said document is thick and further
      including means for pivoting the cover relative to the support plate,
      adapting said internal surface of the cover for gravitational pressing
      engagement with said thick document, thereby maintaining a light-tight
      relation between the aforementioned document and said cover.
NUM  5.
PAR  5. The apparatus of claim 3 wherein said one side panel has an inner
      surface proximate said one edge of the support plate, an upper portion of
      the side panel extends vertically downwardly from said axis to said plane
      and a lower portion of the side panel has said inner surface angularly
      oriented with respect to the panel's upper portion, whereby the side panel
      is pivotable to a position in which said inner surface of the lower panel
      portion is coplanar with said internal surface of the cover.
NUM  6.
PAR  6. The apparatus of claim 1 further including spring means acting on the
      one side panel to urge it toward a pivot position in which the one side
      panel is proximate said one edge of the support plate.
NUM  7.
PAR  7. The apparatus of claim 5, wherein said box-like cover includes an
      opposing pair of further side panels transverse to said movable side panel
      and having extensions in light-tight cooperation with at least said upper
      portion of the movable side panel when pivoted to the position wherein
      said inner surface of the lower panel portion is coplanar with said
      internal surface of the cover.
NUM  8.
PAR  8. The apparatus of claim 7, in which said document is thick and further
      including means for pivoting the cover relative to the support plate,
      comprising a pair of levers, each having a first end journalled in
      brackets fastened to a surface adjacent the support plate, and each having
      a second end pivotally coupled to a respective one of said opposing pair
      of further side panels at a position near the midpoint of the respective
      side panel, thereby adapting said internal surface of the cover for
      selforienting gravitational pressing engagement with said thick document,
      irrespective of variations in the thickness of the document.
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ABST
PAL  An apparatus for continuous measurement of the density of a liquid within
      prespecified limits, by utilization of the law of refraction,particularly
      for the continuous measurement of acid density of a storage battery of a
      motor vehicle for the purpose of determining the state of charge of the
      battery.
PAL  The apparatus is equipped with a photoconductive rod, a light source which
      radiates a pencil of parallel or nearly parallel rays into the rod toward
      a measuring surface, located at the end of the rod immersed in the liquid.
      The surface is struck by the pencil of rays at an angle with respect to
      the surface that equals at most the total reflection angle occurring at
      the lower limit of liquid density. A photosensitive element is located in
      the path of the ray pencil opposite a surface deflecting the pencil of
      rays, which is refracted by the measuring surface into the liquid.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  Priority of corresponding patent application No. P 23 33 945.9 filed in
      Germany on July 4, 1973 is claimed under the Convention.
PAR  U.S. Pat. applications Nos. 396,560, filed Sept. 12, 1973, for: An
      Apparatus For Measuring The Density Of A Liquid Utilizing Refraction, and
      396,853, filed Sept. 13, 1973, for: An Apparatus For Measuring The Density
      Of A Contained Liquid By Utilizing The Angular Displacement Of The
      Limiting Angle At Total Reflection, both of the same co-inventors, and
      465,241, filed Apr. 29, 1974, for: Apparatus For Measuring The Density Of
      A Liquid Utilizing The Law Of Refraction, are made of record, and
      priorities thereof and of their corresponding German applications Nos. P
      22 47 048.0; P 22 47 095.7; P 23 24 259.3. are claimed for all subject
      matter common with this application.
PAC  BACKGROUND OF THE INVENTION
PAR   1. Field of the invention
PAR  An apparatus for measuring the density of a contained fluid medium by
      utilizing the angular displacement of the limiting angle of rays with a
      light transmitting rod.
PAR   2. Description of the prior art
PAR  The prior art is represented by U.S. Pat. Nos. 2,483,102 to R. M. Pierson
      of Sept. 27, 1949 for "Refractometer Employing Photosensitive Devices and
      Use of the Same", and 2,569,127 to G. C. Eltenton of Sept. 25, 1951 for
      "Refractive Index Measurement of Fluids".
PAR  For measuring the density of a liquid, an apparatus with a glass rod
      immersed in the liquid to be measured is already known. In such a
      structure, a light source is provided at the end of the glass rod that
      projects from the liquid, which produces a pencil of light rays which
      enters parallel to the optical axis of the glass rod. At the end of the
      immersed glass rod, there are two deflecting surfaces and a measuring
      surface. The deflecting and measuring surfaces are arranged in such a way
      that the light pencil passes, by way of one of the deflecting surfaces, at
      the angle of total reflection, to the measuring surface and therefrom, by
      way of the other deflecting surface, to an optical system.
PAR  Such an apparatus presents the disadvantage that the density of the liquid
      can be determined only within very narrow limits and subjectively. A
      continuous measurement of the density by means of this apparatus is
      therefore not possible.
PAR  In another known apparatus, a photoconductive rod is provided. In this
      structure, at the end of the rod that is immersed in the liquid, a front
      surface is provided which is perpendicular to the rod axis and which is
      provided with a reflecting coat. At the rod end that projects from the
      liquid, a light source and a photosensitive element are provided. In such
      an apparatus, the light rays entering the photoconductive rod are
      refracted into the liquid to a greater or smaller extent, depending on the
      density of the liquid, so that the quantity of light that passes into the
      liquid is a criterion for the density of the liquid. Such an apparatus
      makes a continuous measurement possible. However, care must be taken that
      the depth of immersion of the photoconductive rod always remains the same,
      since otherwise substantial errors of measurement may result. However,
      especially in storage batteries, the liquid level varies considerably, so
      that such an apparatus cannot be used for measuring the acid density of a
      storage battery.
PAR  Another apparatus for measuring the acid density of a storage battery is
      known, in which a pencil of rays departing from a light source is directed
      toward several photosensitive receivers through a prism filled with the
      liquid. Depending on the density of the liquid, the pencil of rays is
      refracted to a greater or smaller extent by the prism and therefore
      strikes, according to the index of refraction prevailing in each instance,
      a photosensitive receiver associated with that index of refraction. Such
      an apparatus presents the disadvantage that it is of a relatively large
      structural volume and cannot be installed in the battery casing without
      extensive alterations thereon. Moreover, this type of an apparatus
      consists of expensive structural parts and is therefore itself
      correspondingly expensive.
PAR  Finally, an apparatus for measuring the density of a liquid has been
      proposed which comprises a photoconductive rod with a measuring surface
      and two reflecting deflecting surfaces at the end of the rod immersed in
      the liquid, comprising a light source radiating a parallel pencil of rays,
      and a photosensitive element with a filter wedge arranged in the path of
      the ray in front of the said photosensitive element. The pencil of rays is
      directed toward the measuring surface by way of one of the two deflecting
      surfaces, at an angle with the right angle of the measuring surface, which
      equals at most the total reflection angle occurring at the lower liquid
      density limit, and the ray pencil refracted by the surface into the liquid
      is directed toward a boundary surface of the rod perpendicular to the axis
      of the ray pencil, behind which boundary surface the other deflecting
      surface is positioned. By means of such an apparatus it is possible to
      measure continuously the density of the liquid independently of the liquid
      level prevailing at each instance. In addition, the structure in
      comparison with the known devices is cheaper and consists of fewer
      structural parts, and presents a smaller structural volume so as to be
      particularly suitable for measuring the acid density of a storage battery.
PAC  SUMMARY OF THE INVENTION
PAR  The invention aims at making the apparatus last described still less
      expensive and facilitating the manufacture thereof. This is achieved,
      according to the invention, by means of an apparatus so arranged that the
      imaginary plane normal to the deflecting surface, when struck by the
      refracted pencil of rays, encloses with the pencil of the entering ray the
      Brewster angle occurring at the greatest density of the liquid.
PAR  By this means the pencil of rays reflected by the deflecting surface toward
      the photosensitive element is completely reflected at the greatest density
      of the occurring liquid. When the index of refraction of the liquid
      decreases, which amounts to a decrease in density, the diameter of the
      reflected pencil of rays diminishes until the pencil of rays finally
      remains only as a fine line. Such a change in the diameter of the pencil
      of rays has the effect that, on the one hand, the share of the reflected
      light decreases, and on the other hand, the light efficiency of the pencil
      of rays directed toward the photosensitive element increases.
PAR  This results in a significantly great change in the electric circuit of the
      photosensitive element. Due to this control of the photosensitive element,
      a filter wedge or a polarization filter in the path of the pencil of rays
      in front of the photosensitive element can be completely dispensed with,
      which factor affects favorably the cost of manufacture.
PAR  A further reduction in the cost of the apparatus of this invention can be
      achieved by directing the pencil of rays refracted by the measuring
      surface into the liquid, directly upon the deflecting surface and
      therefrom, by way of a boundary surface, preferably but not necessarily
      perpendicular to the axis of the pencil of rays, into the rod upon the
      photosensitive element. In such a structure of the apparatus a reflecting
      layer on the deflecting surface becomes superfluous.
PAR  The light source advantageously is a gallium arsenide diode with an optical
      system which is arranged in front of this diode and produces a parallel
      pencil of rays. By the use of a gallium arsenide diode the structural
      volume can be kept particularly small. Moreover, a gallium arsenide diode,
      in contrast to an incandescent lamp operated by means of lowtension
      voltage, which may also be used, uses less power. The optical system may
      be constructed of two serially arranged convergent lenses or of one
      condenser lens molded to the end of the rod that faces the light source.
PAR  The photosensitive element employed may be a photoelement, a photodiode, or
      a photoconductive cell, the latter being particularly advantageous with
      regard to photosensitivity and cost.
PAR  In order to improve the reflection properties, the one should provide a
      reflecting layer for at least the deflecting surface arranged in the path
      of the pencil of rays in front of the measuring surface and should cover
      the reflecting layer with a protective layer. In an apparatus for
      measuring the acid density of a storage battery, the protective layer
      applied may, for instance, be bitumen. The reflecting layer may consist of
      silver, aluminum, or, most advantageously, of gold. In connection with a
      gallium arsenide diode or with an incandescent lamp operated at low
      voltage, a gold layer has the advantage that it exhibits an extremely high
      degree of reflection for the spectrum of the light emanated by such a
      light source.
PAR  In an embodiment preferred for the measurement of acid density in a storage
      battery, the photoconductive rod is transformed, at its upper end, into a
      battery closure plug in whose head the light source and the
      photoconductive element are arranged. Such a structure of the apparatus
      not only requires no structural changes whatsoever in the battery casing
      but also requires no additional fastening means for fastening the
      apparatus to the battery casing. This fact results in the advantage that
      the apparatus can be assembled to the battery casing by inexperienced
      personnel and thus also by the motorist himself. The embodiment described
      is therefore excellently suited for reconditioning of storage batteries
      already mounted in the motor vehicle.
PAR  The photoconductive rod may be fastened to the battery closure plug by
      means of a screw or plug connection, in which structure, in the case of a
      screw connection, the rod at the end facing away from the measuring
      surface may be provided with an external thread, and the closure plug with
      a corresponding internal thread. A shaping of the photoconductive rod and
      the battery closure plug as a one-piece unit of plastic material has
      proved particularly suitable. This results in considerable manufacturing
      advantages since such a structure can be manufactured in a single
      operation in an injection molding or pressing process.
PAR  As is known, the density of the acid in a storage battery is a function of
      the temperature, that is to say it decreases when the temperature rises.
      Since, however, the viscosity of the acid likewise decreases with rising
      temperature and this effect outweights the other, the acid of the battery
      yields a greater amount of charge at increasing temperature in spite of
      decreasing density. According to a further concept of the invention, this
      dependence can be taken into account by the device of providing, on or in
      the portion of the photoconductive rod that is immersed in the liquid, a
      thermometer probe, the output signal of which is fed to the indicating
      circuit as a corrective value.
PAR  The invention will be explained in detail with the aid of the drawing which
      in a partly diagrammatical illustration contains an embodiment presented
      by way of example.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE of drawings is a vertical cross-sectional partially
      diagrammatic view of the apparatus of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus contains a photoconductive rod 1, which at one end is
      transformed into a portion 2 shaped as a battery closure plug and forms
      therewith a singlepiece unit of polymethacrylate. The closure plug element
      comprises a head 3 having a periphery provided with a knurl 4 and a
      threaded portion 5.
PAR  A bore 6 is provided in the closure plug 2 which holds a gallium arsenide
      diode 7 mounted in a support 8. The support is longitudinally
      displaceable. A second bore 9 is provided, concentrically to the first
      bore 6. An optical system 12 consisting of two converging lenses 10 and 11
      for producing a pencil of parallel light rays 13 is mounted in the second
      bore. In a third bore 14 is positioned a photoconductive cell 16 serving
      as photosensitive element and connected directly or indirectly, by way of
      an operation amplifier to an indicator current circuit of the measuring
      apparatus, which is mounted in the socket 15.
PAR  At the free end of the photoconductive rod are provided two deflecting
      surfaces 17 and 18, deflecting surface 17 being positioned in the path of
      the pencil of rays in front of the measuring surface 19. The deflecting
      surface 17 reflects the pencil of rays 13 toward the measuring surface 19
      so that the pencil of rays with its longitudinal axis 20 strikes the
      measuring surface at an angle .alpha. with respect to the normal to the
      measuring surface, which angle equals the total reflection angle occurring
      at the lower acid density limit. For a motor vehicle starter battery
      designed for Central Europe, the lower acid density limit is approximately
      1.18 kg/l. It occurs in a discharged lead storage battery. To this value
      corresponds an index of refraction of the acid of about 1.3642, so that,
      at an index of refraction of the photoconductive rod of
      polymethylmethacrylate of about 1.49, the total reflection angle is
      approximately 65.degree..
PAR  The other deflecting surface 18 is positioned in the path of light rays
      behind measuring surface 19 and is struck by a pencil of rays 13'
      refracted by measuring surface 19 into the acid. The deflecting surface 18
      is inclined with respect to the pencil of rays 13' in such a manner that
      its imaginary normal plane 22 encloses with the entering pencil of rays
      13' the Brewster angle (.alpha.B) which results at the greatest acid
      density. In the present case, the upper acid density limit prevailing in a
      charged lead storage battery amounts to about 1.28 kg/l. The index of
      refraction that corresponds to this value is 1.380. Therefrom and from the
      index of refraction of the conductive rod of polymethylmethacrylate, a
      Brewster angle of 47.2 degrees of angle can be calculated. All
      aforementioned density values apply at a temperature of 27.degree.C.
PAR  A pencil of rays 13" reflected by the deflecting surface 18, at the
      greatest acid density, toward the approximately perpendicular boundary
      surface 23 and the photoconductive cell 16 arranged behind the boundary
      surface 23 is completely reflected at surface 18. When the acid density
      decreases, the diameter of the pencil of rays 13" also decreases. When the
      lower limit of acid density is reached, the pencil of rays has degenerated
      to a fine line 13'". The fraction of light refracted at the deflecting
      surface 18 into the photoconductive rod does not affect the measurement.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for the continuous measurement of the density of a liquid
      within prespecified limits by utilization of the law of refraction,
      particularly for the continuous measurement of the acid density of a
      storage battery of a motor vehicle for the purpose of determining the
      state of charge of the battery, comprising:
PA1  an elongated light-transducing rod mounted for immersion into the liquid;
PA1  a measuring surface located at the immersion end of said rod;
PA1  a light source mounted to emit a pencil of rays which is at least nearly
      parallel into said rod toward said measuring surface;
PA1  said measuring surface being positioned on said rod to direct said pencil
      of rays at an angle taken with respect to a normal to the said measuring
      surface that equals at most the total reflection angle occurring at the
      lower density limit of said liquid;
PA1  a deflecting surface 18 arranged in the path of said pencil of rays for
      deflecting rays refracted into the liquid by the measuring surface;
PA1  a photosensitive element located in the path of said pencil of rays
      refracted by the said measuring surface into the said liquid and
      subsequently deflected by the deflecting surface;
PA1  a plane (22) normal to the said deflecting surface being positioned to
      enclose with the said pencil or rays the Brewster angle (.alpha.B)
      occurring at the greatest density of the liquid.
NUM  2.
PAR  2. An apparatus for the continuous measurements of the density of a liquid
      as claimed in claim 1, further comprising:
PA1  a boundary surface mounted at an angle to the axis of the said pencil of
      rays;
PA1  said rod, said measuring surface and the said deflecting surface located
      relative said boundary surface to direct said pencil of rays refracted by
      the said measuring surface into the said liquid to pass directly toward
      the said deflecting surface and therefrom by way of the said boundary
      surface into the said rod toward the said photosensitive element.
NUM  3.
PAR  3. An apparatus for the continuous measurements of the density of a liquid
      as claimed in claim 1, said light source comprising a gallium arsenide
      diode with an optical system arranged in front of the said diode to
      produce a parallel pencil of rays.
NUM  4.
PAR  4. An apparatus for the continuous measurements of the density of a liquid
      as claimed in claim 1, said photosensitive element being a photoconductive
      cell.
NUM  5.
PAR  5. An apparatus for the continuous measurements of the density of a storage
      battery as claimed in claim 1, said photoconductive cell being shaped at
      its upper end into a battery closure plug, said light source and the said
      photosensitive element being provided in the head of said rod.
NUM  6.
PAR  6. An apparatus for the continuous measurements of the density of a storage
      battery as claimed in claim 5, said battery closure plug forming with the
      said photoconductive cell a one-piece integral unit of plastic material.
NUM  7.
PAR  7. An apparatus for the continuous measurements of the density of a liquid
      as claimed in claim 1, further comprising a thermometer probe connected
      with the portion of the photoconductive cell immersed in the liquid.
NUM  8.
PAR  8. An apparatus for the continuous measurements of the density of a liquid
      as claimed in claim 1, at least the said deflecting surface arranged in
      the path of the said pencil of rays in front of the said measuring surface
      being provided with a reflecting layer and the said reflecting layer being
      covered with a protective layer.
NUM  9.
PAR  9. An apparatus for the continuous measurements of the density of a liquid
      as claimed in claim 8, said reflecting layer consisting of gold.
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ABST
PAL  An electro-optical system is disclosed for measuring rotational angle. The
      system includes a radiation source and reference linear polarizer in
      combination with a plurality of linear target polarizers. Photosensors are
      arranged to receive modulated light separately from an adjacent pair of
      target polarizers. Pulsed electrical output signals representative of the
      modulated light received by the photosensors are generated. Means are
      provided for comparing output signals from the sensors and generating a
      signal representative of rotational angle between the reference and
      target. The angle of rotation between the reference linear polarizer and
      the target linear polarizers is thereby converted to a representative
      signal which may be used to drive a servo motor or other device
      operatively connected to a rotatable element directly or indirectly. The
      reference polarizer may be held in a fixed position or it may be mounted
      on an independently rotatable element.
PAL  Angle measurement systems herein disclosed may be used in servo loops, as
      follow-up control devices or angle measurement pick-off applications.
      Devices controlled by an operator head motion can be used for hand-free
      control of machines, tools, weapon systems, or radar antenna positioning
      systems. Because mechanical linkages are not required between most
      elements of the system, systems according to the present invention are
      especially useful for remote optically-coupled sensing and control
      systems.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to angle transducers. In particular, it relates to
      an electro-optical means for measuring the rotational angle of one or more
      devices or to detect relative angular displacement between elements.
PAR  2. Description of the Prior Art
PAR  Transducers which function to convert amount and direction of rotational
      movement to electrical signals are particularly desirable for measurement
      and control. Various systems are known for detecting rotary movement and
      providing an electrical output proportional to the relative motion of two
      mechanical elements, such as shafts or the like. Prior art devices of the
      synchro type or of the type generating a series of pulses to be counted
      are known; however, these are bulky and relatively expensive.
PAR  Remote or optically-coupled rotational angle sensor systems presently
      available ordinarily employ space triangulation measurement techniques.
      These methods require simultaneous solutions to three-dimensional
      geometrical equations and involve use of extensive computer circuitry for
      obtaining the desired measurement. Rotational measurement in a single
      plane becomes a complex operation requiring much equipment when using this
      method. Angle measurement devices which are mechanically or electrically
      coupled to a rotating mechanism, such as used in servo loop follow-up or
      pick-off applications, are in frequent use.
PAR  The known types of angle rotation sensors can be replaced in many cases
      with an optically coupled measurement device described herein.
PAR  Previous techniques for sensing rotary angular position and for providing a
      reference input signal to system electronics, have required either direct
      electro-mechanical couplings to the rotary device or extensive computer
      mechanization for deriving position through optical triangulation methods.
      Optical measuring systems are available which utilize crossed linear
      polarizers for the purpose of detecting angle rotation. Various
      photoelectric, semiconductor or photosensitive elements are used for
      converting electromagnetic energy to a representative signal.
PAR  Typical prior art rotation detectors which employ crossed polarizers
      require careful matching of two or more sensors. In U.S. Pat. No.
      3,474,255, a shaft mounted system employs two light polarizers angularly
      displaced by 90.degree.  on one shaft. A third polarizer is mounted on
      another shaft. Light received by photocells from each of the displaced
      polarizers is converted to a current or voltage differential. The
      displacement or error signal is then used to drive a servo motor to keep
      the two shafts synchronized.
PAR  In U.S. Pat. No. 3,306,159, a polarizing sheet attached to a rotary member
      is illuminated by non-polarized light. A set of four orthogonally related
      polarizing filters have four associated photosensors. These sensors are
      connected in a bridge circuit which provides an output signal whose phase
      angle is representative of the rotation angle of the rotary member.
PAR  Angular measurement devices employing polarized radiation are also
      disclosed in U.S. Pat. Nos. 2,998,746 and 3,521,071.
PAC  SUMMARY OF THE INVENTION
PAR  A rotational angle measurement system has been discovered which provides
      pulsed electrical output signals which are a measure of angular alignment
      of reference and target axes. This system is based upon the principle that
      the amplitude of the electromagnetic waves transmitted through a series of
      linear polarizers varies as the square of the cosine of the included angle
      between the axes of polarization. Disclosed herein is a system for
      measuring rotational angle which includes a suitable radiation means, such
      as a pulsed light-emitting diode (l.e.d.) and comprises means for
      directing electromagnetic waves having random polarization along a
      plurality of paths. A plurality of corresponding sensors is adapted to
      receive the electromagnetic waves separately along these paths and
      provides pulsed electrical signals representative of modulated radiation.
      A first polarizer means is mounted transverse to the wave paths. A
      plurality of second polarizer means is provided. An adjacent pair of
      linear polarizer sheets is angularly disposed with relation to
      polarization direction axes of adjacent polarizers. The second polarizer
      means includes first and second analyzers disposed to each other at a
      fixed angle greater than 0.degree. and less than 90.degree.. Means is
      provided for comparing pulsed electrical signals from the plurality of
      sensors and generating a signal representative of the rotational angle. A
      remote target can be compared to the rotational angle of a fixed index or
      movable reference.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an orthogonal schematic representation of a typical angle
      measuring system according to the present invention;
PAR  FIGS. 2A and 2B are geometric representations of polarizer elements showing
      angular relationships between elements;
PAR  FIG. 3 is an overall block diagram of the circuitry for processing output
      signals derived from the detectors as shown in FIG. 1;
PAR  FIG. 4 is a graphical showing of the envelopes of the outputs of the
      detectors for varying angles .theta..sub.m of rotation between an emitting
      source and a receiving assembly;
PAR  FIGS. 5A and 5B are graphical showings of the pulse signals derived from
      the detectors, FIG. 5C shows the cosinusoidal reference signals against
      which the pulse detectors' signals are compared, FIG. 5D shows the
      envelopes of the product signals derived from the multipliers shown in
      FIG. 6, FIGS. 5E and 5F show, respectively, the pulse reference signal
      indicative of t.sub.o as derived from the cyclical reference generator of
      FIG. 7 and the equality signal as derived from the amplitude window
      detector of FIG. 6, and FIGS. 5G, 5H and 5I are, respectively, the outputs
      of the sawtooth generator, time modulator and peak detector of the system
      shown in FIG. 7;
PAR  FIG. 6 shows diagrammatically the circuit details of the analog ratio
      comparator as shown in FIG. 3;
PAR  FIG. 7 is a diagrammatical showing of the detailed circuits of the time
      demodulator as generally shown in FIG. 3;
PAR  FIG. 8 is an alternative embodiment of this invention employing digital
      components; and
PAR  FIG. 9 is an orthogonal schematic representation of a further embodiment of
      this invention employing two radiation sources and but a single detector.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Throughout the specification reference will be made primarily to the use of
      light as the radiation source with particular emphasis on visible light
      and near infrared as preferred embodiments of the invention. It is
      understood that other portions of the electromagnetic spectrum can be used
      within the inventive concept.
PAR  This sytem pertains to an angle of rotation measurement apparatus based
      upon Malus' Principle that the amount of light transmitted through two
      linear polarizers mounted transversely of an optical path varies as the
      square of the cosine of the included angle .theta. between the axes of
      polarization. It is well-known to those skilled in the art that crossed
      polarizers modulate the light transmitted commonly therethrough as a
      function of the rotational angle between the mechanical axes of the two
      linear polarizers. For instance, by rotating one linear polarizer through
      an angle of 90.degree. with respect to the other polarizer, the amount of
      light passing through both can be modulated from a minimum to a maximum
      amount.
PAR  The system is based upon Malus' Principle which can be shown to have the
      form:
EQU  T = K.sub.1 + K.sub.2 cos 2.theta.,
PAL  where T is light transmittance of two parallel linear sheet polarizers
      having polarization axes with an included angle between them of .theta.,
      and K.sub.1 and K.sub.2 are transmission constants characteristic of the
      polarizing material.
PAR  Referring to FIG. 1, a typical system according to the present invention is
      shown including a suitable radiation source such as light emitting diode
      (l.e.d.) 10 which is controlled by a pulse generator 12 providing a pulsed
      source of non-polarized light. A first polarization means 20 comprises a
      transversely mounted linear sheet polarizer, shown with its polarization
      axis represented by arrows disposed horizontally along axis 22. Polarizer
      element 20 provides a reference position polarizer means usually mounted
      normal to the paths of electromagnetic radiation for plane polarizing the
      waves in a reference orientation. Second polarization means includes a
      first polarization analyzer 30a and a second polarization analyzer 30b
      mounted together on a rotatively movable receiving assembly 28. The
      receiving assembly 28 is rotatively mounted with respect to the first
      polarizer element 20 and includes an assembly axis 32 that forms an angle
      .theta..sub.m with respect to the axis 22 of the first polarization means
      20.
PAR  Associated with each of the polarization analyzers 30a and 30b are means
      responsive to the electromagnetic waves for generating first and second
      electrical output signals from corresponding first and second detectors
      40a and 40b. The polarization analyzers 30a and 30b, and the detectors 40a
      and 40b are mounted in a fixed relation to each other to form the
      receiving assembly 28 as indicated by the dotted line in FIG. 1 and are
      rotatable about axis 35. The electrical output signals represent the
      intensity of modulated waves received by each of the first and second
      detectors along paths corresponding to each of first and second analyzers.
      The electromagnetic wave detectors can comprise photosensitive laminates
      mounted in overlying adjacent or contacting relationship with the
      rotatable analyzers 30a and 30b to form a unitary receiver assembly. In an
      illustrative embodiment of this invention, each of the electromagnetic
      wave detectors 40a and 40b may be comprised illustratively of a plurality,
      typically one to ten, of sensors connected in-parallel with each other to
      provide an output to its respective amplifier 50a or 50b. Further, the
      plural sensors of each detector 40a and 40b may be arranged coplanarly in
      a matrix made up of lines and columns of both sensors, with the sensors of
      the detector 40b interlaced with sensors of the detector 40a. In such an
      embodiment, the polarization analyzers 30a and 30b are interposed between
      the source 10 and the coplanar matrix so as to overlie the matrix of
      sensors. The polarization axis of each sensor element of the composite
      detector 40a shall be aligned to form the same angle with the axis 22, and
      similarly, each element in composite detector 40b shall be aligned to form
      the same with axis 22.
PAR  Referring now to FIGS. 2A and 2B, the polarization means 20 is depicted
      respectively with its angular relationship to the second polarization
      means and assembly 28 comprising first analyzer 30a and second analyzer
      30b, for .theta..sub.m = 0.degree. and for the situation where the axis of
      assembly 28 is rotated to coincide with line 32'. At any rotated angular
      position in a parallel plane, the polarization axes 31a and 31b of
      analyzers 30a and 30b each form an included angle .theta..sub.a and
      .theta..sub.b, respectively with the horizontal polarization axis 22 of
      first polarizer means 20, and the axis 32 of the assembly 28 forms the
      .theta..sub.m angle with the axis 22. Transmission constants K.sub.1 and
      K.sub.2 are held to matching values in adjacent analyzers, and properly
      matched sensors have light intensity-to-voltage characteristics, and
      loading and amplification to provide voltages e.sub.a and e.sub.b (see
      FIGS. 5A and 5B) proportional respectively to their transmittances T.sub.a
      and T.sub. b. The transmittances T.sub.a and T.sub.b are functions of cos
      2.theta..sub.a and cos 2.theta..sub.b and each of the sensor outputs
      e.sub.a and e.sub.b is a measure of its angular relationship to the
      orientation of reference polarizer 20. The analyzers 30a and 30b are kept
      small in area and located close to each other so that angle .alpha.
      between the light paths 29 and 33 to the detectors 40a and 40b, be kept as
      close to zero as possible, and the analyzers may be arranged as an array,
      as shown, to minimize the angle .alpha..
PAR  Referring to FIG. 3, means are provided which are responsive to the output
      signals for determining the amplitude ratio e.sub.a /e.sub.b of the output
      signals. The output signals from detectors 40a and 40b are adapted for
      computation by applying their electrical outputs through coupling
      capacitors C.sub.a and C.sub.b to substantially identical amplifiers 50a
      and 50b, respectively. DC restoration is provided to amplifiers 50a and
      50b for determining a reference for measuring the variable pulse
      amplitudes. Pulsed output signals e.sub.a and e.sub.b are representative
      of light intensity received by the corresponding detectors 40a and 40b.
      The pulsed output signals e.sub.a and e.sub.b are applied to an analog
      ratio comparator 52. Further, a pair of sinusoidal reference signals
      v.sub.a and v.sub.b as shown in FIG. 5C is generated by a cyclical
      reference generator 54 to be applied to the analog ratio comparator 52.
      The cyclical reference generator 54 also provides a synchronizing pulse
      output (see FIG. 5E) at times t.sub.o identifying a reference point in
      time common to both of the reference signals v.sub.a and v.sub.b. The
      output of the analog ratio comparator 52 and the cyclical reference
      generator 54 both are applied to a time demodulator 56. The computation of
      rotational angle .theta..sub.m is a relatively simple process of analog
      comparison of the ratio, e.sub.a /e.sub.b, and a generated,
      repetitively-cycled, variable reference ratio v.sub.a /v.sub.b. At each
      intra-cycle time of ratio amplitude equality, the analog ratio comparator
      52 generates a mark-timing pulse which can be converted by standard time
      demodulation techniques by the time demodulator 56 from a time delay to a
      direct current or voltage representing the angle of rotation, as shown in
      FIG. 3. The time demodulator 56 measures the intra-cycle time
      .DELTA..sub.t between the occurrence of the sync pulse at time t.sub.o and
      the occurrence of the pulse output from the analog ratio comparatorr at
      t.sub.1 to provide the indication of the angle of rotation. Basic
      computation is direct reading by analog waveform comparison techniques.
PAR  The fixed angle between adjacent analyzers 30a and 30b is represented by
      the additive expression .theta..sub.a - .theta..sub.b and is chosen
      optimumly to be 45.degree. to obtain a wide usable rotational angle
      .theta..sub.m = .+-.67.5.degree.. A fixed 45.degree. angle also simplifies
      the ratio comparison since reference signals v.sub.a and v.sub.b are
      90.degree. out-of-phase for this condition, and making it a convenient set
      of reference cosine waves to generate. The reference angle between v.sub.a
      and v.sub.b should be 2[.theta..sub.a - .theta..sub.b ] for the system to
      be properly operative. If (.theta..sub.a - .theta..sub.b) is made some
      other value from 0.degree. to 90.degree. then the reference angle is
      adjusted to 2(.theta..sub.a - .theta..sub.b), but the angular coverage
      will diminish to unusable values as (.theta..sub.a - .theta. .sub.b)
      approaches 0.degree. or 90.degree.. Thus, the fixed angle between adjacent
      analyzers is greater than 0.degree. and less than 90.degree., as shown in
      FIGS. 2A and 2B.
PAR  In FIG. 4, there is shown first and second envelopes 41 and 43 of the pulse
      signals as derived from the detectors 40b and 40a, respectively, as a
      function of varying the physical angle .theta..sub.m between the emitter
      source and in particular the axis 22 of the first polarization means 20,
      and the axis 32 of the receiver assembly 28. Corresponding envelopes 41
      and 43 of the electrical pulsed output amplitudes e.sub.b and e.sub.a,
      when plotted against actual mechanical rotation of the receiver assembly
      28, generate two smoothly varying functions displaced from each other as
      shown in FIG. 4. As previously stated, the light transmittance of two
      parallel sheet polarizers varies as the cosine of twice the mechanical
      angle .theta..sub.m of rotation. Therefore, the plotted envelopes 41 and
      43 are cosine functions with an associated plotted electrical displacement
      angle .theta..sub.n, which is twice the actual mechanical angle
      .theta..sub.m. .theta..sub.n is a single valued function of the ratio of
      e.sub.a to e.sub.b over the mechanical rotation limits of
      .+-.67.5.degree.. This ratio is determined by the analog ratio comparator
      52. Further, .theta..sub.n is indicative of the mechanical angle of
      rotation .theta..sub.m between the axis 22 of the reference polarizer
      source and the reference line 32 of the polarization analyzers 30a and 30b
      of the assembly 28 being twice the value of .theta..sub.m.
PAR  In order to determine the angle .theta..sub.n, two continuous reference
      cosinusoidal time functions v.sub.a = K.sub.t + E.sub.t cos.omega.t and
      v.sub.b = K.sub.t + E.sub.t cos(.omega.t + 90.degree.) separated from each
      other by an angle of 90.degree. are generated as shown in FIG. 5C at a
      frequency considerably less than that of the pulse energizing signal
      repetition rate as applied to the radiation-emitting source 10. Further,
      the amplitudes of the sinusoidal signals v.sub.a and v.sub.b as shown in
      FIG. 5C are substantially equal. The refernce signals v.sub.a and v.sub.b
      have the same relationship to each other in the time domain as the e.sub.a
      and e.sub.b envelopes 43 and 41 have in the mechanical or rotational
      domain. As shown in FIGS. 4 and 5C, K.sub..theta. is the zero bias or
      reference voltage about which the e.sub.a and e.sub.b envelopes 43 and 41,
      each having a maximum amplitude E.sub..theta., vary, while K.sub.t is the
      reference or bias voltage about which the reference voltages v.sub.b and
      v.sub.a, each having a maximum amplitude E.sub.t, vary. K.sub..theta. is a
      function of the transmissive characteristics of the polarized material of
      which the first and second polarization means are made. The reference or
      bias voltages K.sub.t and E.sub.t are set to meet the following equation:
      ##EQU1##
      E.sub..theta. is a function of the characteristic entire system as shown
      in FIG. 1, including those of the light source 10, the first and second
      polarization means 20, 30a and 30b, and the detectors 40a and 40b.
      Generally, the purpose for generating reference signals v.sub.a and
      v.sub.b similar to the envelopes 41 and 43 of the pulse signals e.sub.b
      and e.sub.a, is to provide a method of determining the voltage ratio
      e.sub.a /e.sub.b for rotational angle .theta..sub.n by direct comparison
      with the corresponding ratio of the reference signals v.sub.a /v.sub.b at
      a similar point in the intracycle time. As a result, it is possible to
      detect the point in time t.sub.l at which the ratios are equal, whereby
      the rotational angle .theta..sub.m is measured by time demodulation
      methods, as will be explained.
PAR  Therefore, it is desired to determine the intracycle or time period
      .DELTA..sub.t from a reference point t.sub.o in time to a subsequent point
      in time t.sub.l when the ratio of the amplitudes of the pulses e.sub.a and
      e.sub.b derived from the detectors 40a and 40b and the ratio of the
      sinusoidal reference signals v.sub.a and v.sub.b have the following
      relationship:
      ##EQU2##
      By suitable manipulation, equation (2) may be expressed as follows:
EQU  e.sub.a (v.sub.b) = e.sub.b (v.sub.a)                      (3)
PAL  Equation (3) is solved in the analog ratio comparator 52 and at the point
      when the equation is met, a pulse is generated at time t.sub.l as
      indicated in FIG. 5F, as will now be explained more fully with respect to
      FIGS. 6 and 7.
PAR  In FIG. 6, the signals e.sub.a and v.sub.b as derived from the amplifier
      50b and the cyclical reference generator 54, respectively, are applied to
      an analog multiplier 60 for multiplying the two input values together and
      by a constant term K.sub.m to provide an output K.sub.m (e.sub.a x
      v.sub.b). In a similar manner, the signals e.sub.b and v.sub.a are applied
      to an analog multiplier 62 to derive an output of K.sub.m (e.sub.b x
      v.sub.a). In turn, the outputs of the analog multipliers 60 and 62 are
      applied to an amplitude window detector 64, which derives a pulse output
      at time t.sub.l ; as shown in FIG. 5F, t.sub.l is defined as the time at
      which outputs 61 and 63 are equal. Time demodulation of the pulsed output
      of the amplitude window detector 64 at time t.sub.l in effect solves
      equation (3), given above, and determines the electrical angle
      .theta..sub.n, which in turn defines the mechanical angle .theta..sub.m
      between the reference lines 22 and 32 in accordance with the relation
      .theta..sub.n = 2.theta..sub.m.
PAR  In FIG. 7, there is shown the detailed circuitry of the time demodulator
      56, more generally shown in FIG. 3, and letters E, G, F, H and I are used
      therein to identify the signals shown in FIGS. 5E, 5G, 5F, 5H and 5I,
      respectively. The time demodulator 56 is responsive to the pulse signals
      t.sub.o indicative of the time reference point and the pulse signals
      indicative of the occurrence at time t.sub.l (see FIG. 5D) of equality
      between the ratios v.sub.a /v.sub.b and e.sub.a /e.sub.b, to determine the
      time period .DELTA..sub.t between t.sub.o and t.sub.l and to provide a
      signal indicative thereof which corresponds to the value .theta..sub.n. As
      shown in FIG. 7, the cyclical reference generator 54 includes a reference
      signal generator 70 for providing either of the cosine signals v.sub.b or
      v.sub.a as shown in FIG. 5C. Illustratively, the generator 70 generates
      and applies the cosine signal v.sub.b to a pulse generator 72 which
      responds to the passage of the sinusoidal signal v.sub.b across the zero
      reference line in a positive direction to generate a series of reference
      signals t.sub.o as shown in FIG. 5E. In turn, the train of reference
      pulses t.sub.o is applied to the time demodulator 56 and in particular to
      a sawtooth generator 74, which generates a series of sawtooth waveforms as
      shown in FIG. 5G. Further, the pulse output of the amplitude window
      detector 64 occurring at time t.sub.l is applied to the time demodulator
      56 and in particular to the time modulator circuit 76, which functions to
      control the width .DELTA..sub.t of the sawtooth waveform upon the
      occurrence of the pulse at time t.sub.l. The sawtooth time delay t.sub.s
      is chosen to correspond in the time domain to the rotational angular
      limits of interest (.+-.67.5.degree.). This prevents false signals t.sub.l
      ', as shown in FIG. F, from affecting the computation since the sawtooth
      waveform does not exist at time t.sub.l '. The resultant width-modulated
      sawtooth waveforms (see FIG. 5H) as derived from the time modulator
      circuit 76 are applied to a peak detector 80 to provide a DC output signal
      (see FIG. 5I) indicative of the amplitude of the input waveforms; in turn,
      this amplitude is an indication of the period between t.sub.l and t.sub.o,
      i.e., the mechanical angle .theta..sub.m.
PAR  As shown in FIG. 8, an alternate embodiment of the electronic processing of
      the voltage signals e.sub.a and e.sub.b derived from the detectors 40a and
      40b is carried out in a digital fashion. In particular, the voltage
      signals e.sub.a and e.sub.b are applied to analog-to-digital (A/D)
      converters 82 and 84, respectively, to provide corresponding outputs in
      digital form. The resulting digital outputs are applied to a digital
      divider circuit 86 to obtain the digital ratio R.sub..theta. corresponding
      to e.sub.a /e.sub.b. In order to solve equation (2) in a fashion analogous
      to that explained above with regard to the analog implementation of FIGS.
      6 and 7, a ratio signal indicative of the ratio between a digitized
      reference signal v'.sub.b , taking the form of a B + Acos(.theta.) signal,
      and a v'.sub.a  signal, taking the form of a B + Acos(.theta. +
      90.degree.) is generated by digital divider 88, whose output is a digital
      ratio signal
      ##EQU3##
      More specifically, the reference signals v'.sub.b  and v'.sub.a  are
      generated, respectively, by read-only-memories (ROM's) 92 and 94, which
      are programmed with trigonometric look-up-tables to generate in digital
      form the B + Acos(.theta.) and the B + Acos(.theta. + 90.degree.) signals
      in response to sequenced addresses applied by a counter 96. In a manner
      similar to that required in the analog embodiment, the trigonometric
      functions programmed into the ROM's 92 and 94 must satisfy the following
      equation:
      ##EQU4##
      similar to equation (1) above, in order to render significant the
      comparison of the digital ratios. The ROM's 92 and 94 are programmed to
      have a discrete and equal number of addresses so that after a complete
      synchronized scan of the look-up-tables, the counter 96 resets itself to
      initiate counting again in response to a periodic start signal provided by
      pulse repetition rate timing circuit 98. At the time t.sub.l of equality
      of R.sub..theta. and R.sub.REFERENCE, the digital comparator 90 generates
      and applies a read-load signal to a buffer read-out 95. The resultant
      output of the buffer represents the rotational angle .theta..sub.m in
      digital form. The angle .theta..sub.m is related directly to the number of
      counted pulses from the start of scan.
PAR  In a further embodiment of this invention as shown in FIG. 9, first and
      second pulse light sources 110a and 110b, illustratively taking the form
      of light-emitting diodes, are energized alternatively by pulses generated
      by an alternating pulse generator 112, whereby distinct, non-polarized
      electromagnetic waves are directed along separate paths 124a and 124b,
      respectively. These alternate pulses of radiation are polarized in two
      distinct reference orientations by passing through adjacent reference
      position polarizers 120a and 120b. As illustratively shown in FIG. 9, the
      polarizer 120a serves to polarize the light emitted from the radiation
      source 110a in an orientation corresponding to the arrow displaced an
      angle .theta..sub.a ' from a reference line 122a and in a similar manner,
      the reference position polarizer 120b serves to polarize the pulse
      radiation emitted from the source 110b in an orientation as shown by the
      arrow displaced from a reference line 122b by an angle .theta..sub.b '. It
      is noted that the reference lines 122a and 122b are essentially parallel
      with each other. In a manner similar to that explained above, the
      orientation of polarization as indicated by the aforementioned arrows of
      the polarizers 120a and 120b are angularly displaced from each other by an
      optimum angle of 45.degree.. The alternately-pulsed radiation is passed
      through a single polarization analyzer 130 onto a single radiation
      detector 140, the output of which develops a voltage signal across the
      resistance R. The alternate voltage pulsed signals are amplified by an
      amplifier 150 and applied to a gating circuit 152 operative in response to
      sync signals derived from the generator 112, to separate the signals
      resulting from the alternating pulses of radiation to provide distinct
      outputs e.sub.b ' and e.sub.a '. The output signals e.sub.b ' and e.sub.a
      ' may be processed in a manner(s) similar to that as explained above with
      respect to FIGS. 3, 6 and 7, and 8.
PAR  While particular emphasis is given to those embodiments employing light,
      the electromagnetic spectrum contains several bands which can be plane
      polarized. Existing electromagnetic sensors and polarizers are available
      for the visible portion of the spectrum, as well as infrared, ultraviolet
      and microwave applications.
PAR  The light source may be an incandescent lamp or other means for emitting
      broad band light. Preferred sources for visible and infrared waves
      comprise narrow band or monochromatic light-emitting diodes (l.e.d.),
      well-known in the art. A pulsed l.e.d. peaked at about 9,000A is preferred
      as a source. The electromagnetic source and/or sensor may be provided with
      means, such as dichroic filters, for transmitting selected portions of the
      electromagnetic spectrum. A preferred embodiment of the transmitter
      assembly contains a pulsed light-emitting diode (l.e.d.) peaked at about
      9,000A and radiating through an oriented first plane polarizer to direct
      electromagnetic waves toward a detector. The l.e.d. output can be
      concentrated into a relatively narrow beam by means of an integral lens.
PAR  The radiation source should be substantially unpolarized. Ordinarily, the
      source of electromagnetic waves is pulsed at a steady rate, for example,
      in the range of 1KHz to 100KHz with little fluctuation in average
      intensity. However, alternately pulsed plural sources may be utilized in
      conjunction with comparator means in the output circuitry.
PAR  In its simplest form, a receiver assembly 28 includes a pair of small
      matched sheet polarization analyzers 30a and 30b arranged in side-by-side
      relationship and rotatably mounted transverse to the path of the waves
      directed towards the detectors. The relative orientation of the analyzer
      pair can be fixed by bonding a coplanar assembly to a movable element such
      as a helmet. Multiple pairs of such receiver assemblies can be mounted in
      spaced-apart relationship on the same movable element. This would involve
      an appropriate array of transmitters and receivers arranged within the
      limits of rotary motion.
PAR  The requirements of an illustrative optical system are relatively simple.
      Included in the operatively-connected system are means for projecting
      randomly polarized electromagnetic waves from a source along a plurality
      of paths to a corresponding plurality of electromagnetic detectors. Along
      the paths, the electromagnetic waves are modulated by a pair of linear
      polarizers, mounted as a fixed index, movable reference, or independently
      movable target. The polarizers may be mounted in a position normal to the
      path of rays (angle of incidence = 0), or the polarizers may transmit the
      waves at incident angles up to the Brewsterian angle of the polarizer
      materials. For typical sheet-type optical polarizers, an angle of
      incidence from 0.degree. up to about 67.degree. is operative. The optical
      paths should be clear of additional elements which induce undesired
      polarization. The target and reference polarizers can be remotely located
      with ease as by the use of a telescopic lens assembly.
PAR  One advantage of the proposed system is that it permits computation, except
      for signal to noise effects, which is independent of the absolute pulsed
      light output level. This is due to the matching of receiver channels which
      responds proportionally to level changes to maintain the same ratio for
      any angular rotation .theta..sub.m. If sufficient dynamic range is
      employed for the detector assembly, the absolute value of the ambient
      light, being a relatively slow-changing function compared to pulse
      repetition frequency, can be viewed as essentially a steady state term.
PAR  Several practical applications of this system are suggested. Shaft angle or
      other rotational motion may be measured without mechanical linkage to a
      remotely located instrument. The requirements for use are a clear optical
      path and the capability for affixing a piece of illuminated sheet
      polarizer to the shaft end or otherwise operative with the plane of
      rotation. Illumination sources include pulsed ambient light and pulsed
      waves provided by external projection means. There are considerable
      advantages over mechanical coupling of lowered weight, mechanical
      backlash, and shaft friction for the optical method. Because optical
      coupling may be by means of telescopic lens, the word remote has literal
      meaning in that the sensor may be located at extreme distance. The new
      system can be utilized as a basic sensor for a helmet sight used for
      operator head-motion control of weapon systems or radar antenna
      positioning systems. This would include both airborne and surface
      applications and would be applicable horizontally or vertically to any
      rotary military device requiring directional operator control. Hands-free
      operation allows the operator to perform other manual tasks. An associated
      head-mounted optical sight may be used for accurate positioning.
PAR  The system is especially useful in high-speed aircraft to determine
      line-of-sight angles with the aircraft reference axes to another aircraft
      or ground point as viewed by a crew member. The measurement of these
      angles using an operator headmounted angle monitor can be used to
      automatically aim such devices as radar antennas, missile seekers or other
      airborne sensors and weapons in the exact direction of the viewed object.
      The line-of-sight angles in each of the three aircraft axes (roll, pitch
      and yaw) can be related by using separate sets of head-mounted
      receiver-polarized sensor pairs and reference aircraft-mounted polarized
      transmitter in each axis. For use in an aircraft canopy, the radiation
      means and first polarizer means can be integrally mounted as a fixed index
      transmitter assembly on the canopy wall. In the case of a helmet mounted
      polarization detector, a pair of polarization analyzer sheets can be
      mounted in overlying relationship with a corresponding pair of
      substantially flat electro-optical sensors to form a receiver assembly
      mounted on the helmet. Each analyzer in the receiver assembly is fixed
      with respect to each other, even though the assembly is attached to a
      movable body such as a helmet and can rotate as a monolithic structure.
PAR  In adapting the invention for controlling a mechanical rotation in response
      to motion of the head or other rotary member, a linear polarizer is
      mounted so as to direct a polarized wave from a transmitter position to
      the detector. For instance, a first linear polairzer and associated
      radiation source can be mounted on a helmet, with the polarizer sheet
      disposed horizontally or vertically. A second remote linear polarizer
      assembly can be used as a fixed index or reference. The output signals
      representative of the two polarizers can be adapted to drive or command
      the mechanical position of the device being aimed. Alternatively, the
      head-mounted polarizer can be used as the reference with a polarized
      radiation being directed from the aimed device and an output from the
      phase measuring equipment being utilized in a nulling mode to effect a
      master/slave system.
PAR  An industrial equivalent to the military helmet sight would be extremely
      useful in controlling various fixtures, tools, machinery, such as cranes
      and heavy equipment which move through angle rotation by electrical
      command.
PAR  The output of the signal ratio measuring unit can be adapted to control
      drive electrical or electrohydraulic servo mechanisms. A nulling-type
      closed loop servo system can be utilized with reference/target in a
      master/slave relationship in numerous environments.
PAR  While the invention has been described by reference to particular examples,
      there is no intent to limit the inventive concept except as set forth in
      the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electro-optical system for measuring angular rotation which
      comprises:
PA1  means for providing a pulsed source of non-polarized light;
PA1  first linear polarizer means;
PA1  a plurality of second linear polarizer means mounted adjacent one another
      in a common plane and being angularly disposed about an axis of rotation
      and substantially fixed with regard to their respective directions of
      linear polarization;
PA1  means for directing light along a plurality of paths through said first
      polarizer means and said plurality of second polarizer means;
PA1  photosensor means for detecting light along each of said plurality of paths
      from said first polarizer means and said plurality of second polarizer
      means and for providing output signals representative of light intensity
      received by said photosensor means; and
PA1  processing means responsive to said output signals of said photosensor
      means for determining equality between the amplitude ratio of output
      signals corresponding to adjacent polarizer means and a reference value
      and generating a signal representative of rotation angle between said
      first polarizer means and said plurality of second polarizer means when
      said equality occurs.
NUM  2.
PAR  2. The system of claim 1 wherein adjacent second polarizer means are
      disposed at a fixed mechanical angle greater than 0.degree. and less than
      90.degree..
NUM  3.
PAR  3. The system of claim 1 wherein adjacent second polarizer means are
      disposed with their respective mechanical axes of polarization direction
      at substantially 45.degree..
NUM  4.
PAR  4. The system of claim 1 wherein the pulsed source comprises pulsed
      light-emitting diode means.
NUM  5.
PAR  5. The system of claim 4 wherein there is included energizing means for
      applying pulse signals to said diode means.
NUM  6.
PAR  6. The system of claim 1 wherein said first and second polarizer means
      comprise sheet polarizers mounted transversely between the plurality of
      the paths.
NUM  7.
PAR  7. The system of claim 1 wherein the plurality of second polarizer means
      comprises a pair of matched polarizer sheets mounted in fixed coplanar
      relationship on a rotatable body.
NUM  8.
PAR  8. The system of claim 7, wherein the pulsed source and first polarizer
      means are integrally mounted as a fixed index transmitter assembly.
NUM  9.
PAR  9. The system of claim 7, wherein said pair of polarizer sheets is mounted
      in overlying relationship with a corresponding pair of substantially flat
      electro-optical sensors to form a receiver assembly.
NUM  10.
PAR  10. The system of claim 1, wherein said pulsed source polarizer means, and
      photosensor means comprise matched narrowband spectral width emitter and
      receiver portions.
NUM  11.
PAR  11. The system as claimed in claim 1, wherein said pulsed source means and
      said plurality of second linear polarizer means comprise a first assembly
      mounted at a reference position, said pulsed source means comprising first
      and second devices for emitting light along the paths through
      corresponding ones of said second linear polarizing means; and a second
      assembly comprising said first linear polarizer means and said photosensor
      means mounted rotatively with respect to the first assembly and fixed with
      respect to each other.
NUM  12.
PAR  12. The system as claimed in claim 11, wherein said processing means
      further comprises gating means for separating the signals generated in
      response to the light emitted from the first and second devices onto said
      photosensor means.
NUM  13.
PAR  13. The system as claimed in claim 1, wherein said processing means
      comprises analog-to-digital converter means for converting the analog
      outputs of said photosensor means into digital form, divider means for
      providing a digital output signal indicative of the amplitude ratio of the
      output signals of said photosensor means, read-only memory (ROM) means
      programmed to provide corresponding first and second outputs in digital
      form indicative of cyclical signals displaced from each other by a given
      angle .theta., means for providing in digital form a manifestation of the
      ratio of the first and second outputs, and digital comparator means for
      providing an indication of equality between the reference signals as
      derived from said ratio providing means and said divider means.
NUM  14.
PAR  14. The system as claimed in claim 13, wherein there is further included
      counter means for generating and applying an address signal to each of
      said first and second ROM means, and means coupled to said counter and
      responsive to the output of said digital comparator means to provide a
      digital output signal indicative of the angular rotation.
NUM  15.
PAR  15. Apparatus for measuring rotational angle of a movable target element
      with relation to a reference position, said apparatus comprising:
PA1  means for directing non-polarized electromagnetic waves along paths toward
      first and second electromagnetic wave detectors;
PA1  reference position polarizer means mounted transverse to the paths for
      polarizing the waves in a reference orientation;
PA1  first and second polarization analyzers rotatably mounted on the movable
      target element in a common plane transverse to the paths between said
      reference position polarizer means and said first and second detectors,
      said first and second analyzers being disposed adjacently to provide a
      fixed angle greater than 0.degree. and less than 90.degree. between
      polarization directional axes of said first and second adjacent analyzers,
      said first and second detectors being responsive to the electromagnetic
      waves for generating first and second output signals representing the
      intensity of the waves received by each of said first and second detectors
      along paths corresponding to said first and second analyzers; and
PA1  means responsive to said first and second output signals from said
      detectors for determining equality between the amplitude ratio of first
      and second output signals corresponding to said first and second analyzers
      and a reference value and generating a signal representative of rotational
      angle between the movable element and the reference position when said
      equality occurs.
NUM  16.
PAR  16. Apparatus according to claim 15, wherein said reference position
      polarizer means is mounted as a fixed index and includes a polarizer sheet
      overlying a pulsed light source, thereby forming a transmitter assembly.
NUM  17.
PAR  17. Apparatus according to claim 15, wherein said processing means
      comprises reference means for generating first and second cyclical
      reference signals separated from each other by a given angle and having a
      common reference point, comparator means for determining when the ratio of
      the output signals derived from said first and second detectors equals the
      ratio of the reference signals, and means for determining the time period
      between the reference point and the point at which the ratio equality
      occurs to provide an indication of the rotational angle of the movable
      target element with respect to the reference position.
NUM  18.
PAR  18. Apparatus according to claim 17, wherein said comparator means includes
      first multiplier means for multiplying the first output signal by the
      second reference signal to provide a first product signal indicative
      thereof, second multiplier means for multiplying the second output signal
      by the first reference signal to provide a second product signal
      indicative thereof, and means responsive to the first and second product
      signals to provide an equality signal of the occurrence of an equality
      therebetween.
NUM  19.
PAR  19. Apparatus according to claim 18, wherein said reference means provides
      a signal indicative of the occurrence of the common reference point, and
      said determining means comprises generator means for initiating the
      generation of a ramp signal in response to the occurrence of the reference
      point signal, and means for limiting the amplitude of the ramp signal as
      derived from said generator means in response to the occurrence of the
      equality signal, and means responsive to the limited signal for deriving
      an indication of its amplitude to provide an indication of the angle
      rotation between the target element and the reference position.
NUM  20.
PAR  20. In a device for measuring rotational angle wherein plane polarized
      light is directed to be received by rotatable polarization analyzer means
      operatively connected to a remote rotary body for which rotational angle
      relative to a reference position is measured, the improvement which
      comprises:
PA1  a plurality of polarization analyzers mounted side-by-side transverse to
      plane polarized light received by said analyzer means, each of said
      analyzers having a directional axis of linear polarization;
PA1  means for holding said analyzers to maintain a substantially fixed axial
      angle between said analyzers about an axis of rotation;
PA1  photosensor means for receiving light independently through each of said
      analyzers and generating time pulsed electrical signals with amplitude
      representative of modulated light intensity for each analyzer; and
PA1  means for determining equality between the amplitude ratio of said time
      pulses electrical signals and a reference value adjacent photosensor
      signals and generating an output signal representative of rotational angle
      when said equality occurs.
PATN
WKU  039320405
SRC  5
APN  3719030
APT  1
ART  257
APD  19730620
TTL  Self-equalizing industrial photometer
ISD  19760113
NCL  11
ECL  1
EXA  Evans; F. L.
EXP  McGraw; Vincent P.
NDR  1
NFG  2
INVT
NAM  Warncke; Heinz
CTY  Cologne
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CTY  Leverkusen
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720623
APN  2230731
CLAS
OCL  356201
XCL  250264
XCL  250573
XCL  356218
EDF  2
ICL  G01N 2126
FSC  250
FSS  573-576;564;565
FSC  356
FSS  181;201;188;204-208;218
UREF
PNO  3622795
ISD  19711100
NAM  Dorman et al.
OCL  250576
LREP
FRM  Burgess, Dinklage & Sprung
ABST
PAL  The industrial photometer consists in principle of an optical single-beam
      measuring arrangement with the gas (or liquid) to be investigated flowing
      through the measuring cell. The detector behind the measuring cell
      consists of a photoelectric receiver which is connected to a working
      resistor with a remote-controlled voltage tap. A highly constant counter
      voltage is connected in series with the photovoltage. The measuring cell
      is filled at preselected time intervals with an absorption-free zero
      substance (standard substance), and the difference between the
      photovoltage and the constant voltage is automatically equalised to zero.
      After equalisation, the zero substance is again replaced by the measuring
      gas or liquid. The voltage difference then measured is a measure of the
      concentration to be determined.
BSUM
PAR  This invention relates to an industrial photometer for the continuous
      automatic analysis of gaseous or liquid process streams.
PAR  Continuous, automatic analysers are used to a steadily increasing extent
      for process control, for safety purposes or for protection of the
      environment. These automatic apparatus require regular checking and
      maintenance which, in the past, has mainly been carried out by hand. In
      order to further rationalise process analysis, therefore, the checking
      routine should be automated as far as possible.
PAR  This applies in particular to industrial photometers which are used for
      measuring corrosive gases or which function in the UV-range because they
      require particularly frequent zero-point and sensitivity checks. Despite
      effective filtering and preparation of the measured substance, it is not
      possible to avoid corrosion-induced changes in the measuring zone and
      window deposits through photochemical reactions in the short-wave
      measuring light. The daily or even more frequent checks and adjustments
      necessitated involve considerable maintenance work. In addition, the
      change in the measuring zone is frequently so rapid that the required
      accuracy of measurement can only be maintained for a relatively short
      period after calibration. In a conventional two-beam photometer, these
      changes naturally affect only the measuring branch and not the comparison
      branch, so that advantages of the two-beam process are lost.
PAR  Initially, attempts were made to find a solution to this problem by
      applying a bichromatic one-cell process. The measuring light and
      comparison light differing in wavelength pass through the same cell
      traversed by the measured substance, but it is only the measuring
      wavelength that is absorbed by the measured component. By measuring the
      ratio between the two light intensities, it is possible in this way to
      compensate for contaminations of the cell provided the contaminations
      absorb both wavelengths to the same extent. Unfortunately, the window and
      cell coatings generally do not have a grey effect, but instead show
      greater absorption of the shorter wavelengths (scattering, UV-absorption).
      Accordingly, the bichromatic process genrally cannot be used to compensate
      for cell coatings.
PAR  The only useful alternative is a genuine substitution method, in which the
      zero gas and standard gas are introduced into the measuring cell at
      relatively short time intervals and zero-point and sensitivity are
      automatically equalised. Apparatus for automatic zero and standard control
      in which the measured value is electronically stored during the equalising
      process, were developed for this purpose. However, they involve
      considerable additional outlay. Another disadvantage is that, in addition
      to a zero gas (absorptionfree), a deflection gas (with known absorption)
      has to be kept permanently ready. This is difficult or even totally
      impossible in the case of condensible, corrosive or toxic measured
      components.
PAR  Accordingly, the object of the invention is to provide an industrial
      photometer which
PA1  1. contains an automatic equalizing system,
PA1  2. effects this automatic equalisation without additional outlay, and
PA1  3. only requires the readily prepared zero substance.
PAR  According to the invention, there is therefore provided an industrial
      photometer for the continuous automatic analysis of gaseous or liquid
      process streams, consisting of an optical single-beam measuring
      arrangement incorporating a light source, a measuring cell through which
      the process stream flows, a spectral filtering means and a photoelectric
      receiver whose electrical signal, in the absence of luminous flux, is also
      zero and which shows adequate linearity between luminous flux and
      photocurrent for the measuring wavelength and measuring light intensity
      selected, comprising
PAR  a photoelectric receiver connected to a working resistor having a
      remote-controlled voltage tap, the tapped voltage being proportional to
      the luminous flux,
PAR  means for producing a highly constant counter voltage connected in series
      with the tapped voltage whereby difference between the tapped voltage and
      the counter voltage is formed in a differential circuit,
PAR  a measuring cell which may be connected at preselected time intervals to a
      zero substance source so that the process stream in the measuring cell is
      automatically replaced for a fixed time interval by a zero substance which
      does not have any absorption at the measuring wavelength,
PAR  a regulating device for automatically equalising the tapped voltage and the
      counter voltage at the end of this time interval by varying the tapped
      voltage,
PAR  and valves provided in the pipes through which the zero substance and the
      process stream flow to the measuring cell, which are actuated by control
      circuits in such a way that, on completion of the zero adjustment, the
      zero substance in the measuring cell is automatically replaced by the
      process stream.
PAR  The constant voltage U.sub.g selected is with advantage in a fixed ratio to
      the voltage measuring range of the visual indicators which are acted on by
      the voltage difference U.sub.f - U.sub.g, this voltage ratio determining
      the optical measuring range of the arrangement. In this way, both the
      zero-point and also the sensitivity of the measuring arrangement are
      determined solely by the zero adjustment with the zero substance.
PAR  One preferred embodiment includes a d.c. voltage amplifier for amplifying
      the voltage difference U.sub.f - U.sub.g. The output of this amplifier is
      switched to the visual indicators during the measuring period and, at the
      end of the zero period, is switched for automatic equalisation to a servo
      motor which drives the voltage tap on the working resistor. Accordingly,
      the d.c. voltage amplifier acts as a measuring amplifier during the
      measuring period and, during the zero period, as a power amplifier for
      driving the voltage tap on the working resistor.
PAR  A feedback preamplifier is with advantage connected between the
      photoelectric receiver and the working resistor. In this way, the working
      impedance of the photoelectric receiver determining linearity between
      luminous flux and photocurrent is reduced.
PAR  In many cases, it is best to work with a suppressed zero-point. If, for
      example, the concentration to be measured is in the range from 80 to 100
      %, the full measuring range should correspond to a change in concentration
      of 20 %. According to another aspect of the invention, therefore, the
      zero-substance is temporarily replaced by a standard substance which
      contains the measured component, the concentration of the measured
      component in the standard substance being equal to the initial value or
      end value of the required concentration range.
PAR  If the required measuring range does not include the end value of 100 % it
      is nevertheless still possible to effect an equalisation with a suppressed
      zero-point, providing the measuring cell is preceded by an auxiliary cell
      which is filled during the measuring period with a non-absorbing medium
      and during the zero period with the measuring component in pure form (100
      % concentration), whilst the measuring cell contains the non-absorbing
      medium. The layer thickness of the auxiliary cell in relation to the layer
      thickness of the measuring cell is such that the  absorption of the pure
      measuring component in the auxiliary cell is equal to the absorption in
      the measuring cell at the beginning or end point of the measuring range.
PAR  In one improved embodiment of the invention, the supply voltage for the
      light source is stabilised and the photoelectric receiver thermostatically
      controlled.
PAR  According to one particularly advantageous embodiment of the invention, the
      optical measuring zone is in the form of a remote measuring head and is
      separated in space from the electronic evaluating and equalising unit.
PAR  The advantages afforded by the invention are essentially embodied in the
      fact that zero control can be carried out during operation. In the most
      simple case, the zero substance is air which is available practically
      everywhere. Another particular advantage is embodied in the ready
      adaptability of the measuring range. By suitably selecting the counter
      voltage U.sub.g, it is possible to adjust the sensitivity of the apparatus
      within wide limits. Zero-point suppression is also readily possible.
PAR  Another advantage of the invention is embodied in the relatively simple
      electronics used. The apparatus functions in the direct-current range and,
      for this reason, does not require any interrupters in the beam path.
      Finally, it is pointed out that the single-beam measuring arrangement
      allows the construction of a compact remote measuring head which can be
      separated from the electronics.
DRWD
PAR  Embodiments of the invention are described by way of example in the
      following with reference to the accompanying drawings, wherein:
PAR  FIG. 1 diagrammatically illustrates the structure of an industrial
      photometer according to the present invention with a measuring and
      equalising circuit.
PAR  FIG. 2 illustrates the structure of the remote measuring head.
DETD
PAR  According to FIG. 1, the optical part of the industrial photometer consists
      of the light source 1, the condenser 2, the measuring cell 3, the
      interference filter 4 and the photoelement 5. The measuring cell 3 is
      connected through threeway magnetic valves with the process stream, the
      zero substance and an exhaust-gas pipe. The threeway magnetic valves 6, 7
      are actuated by electrical programme controls 8, 9. For reasons of
      stability, the light source 1 is powered by a stabilised power supply unit
      1a. For the same reasons, the temperature-sensitive photoelement 5 is
      mounted on a thermostatically controlled metal plate 5a.
PAR  The output current of the photoelement 5 is amplified by a feedback
      amplifier 10 and delivered to the working resistor R in the form of a
      motor potentiometer 11. The voltage tap of the motor potentiometer 11 can
      be adjusted by the motor 12. A hand potentiometer 22 is connected in
      parallel with the working resistor 11, being used for rough zero-point
      adjustment. The signal coming from the preamplifier can hence be adjusted
      so that the motor potentiometer 11 always works around the middle of its
      adjusting range. The voltage drop U.sub.f produced in the motor
      potentiometer 11 is compared with a highly constant counter voltage
      U.sub.g in a differential circuit. The differential circuit consists
      essentially of the working resistor 11, the voltage-dividing resistors 13,
      14 (R.sub.1 and R.sub.2) and of the operating amplifier 15. The voltage
      difference U.sub.f - U.sub.g is amplified by the operating amplifier 15 to
      the unit range 0 - 20 mA and is switched through a reversing switch 16
      either to the measuring instrument 17 or to the servomotor 12. The
      measuring arrangement is safeguarded against temporary fluctuations by the
      already mentioned stabilisation of the feed voltage and temperature
      regulation of the photoelement (and optionally even of the entire
      measuring zone).
PAR  Residual long-duration disturbance variables are then the coating of the
      cell window and ageing phenomena of the light source, of the interference
      filter and of the photoelement. An automatic equalising operation is
      carried out to compensate for the disturbance variables. To this end, the
      zero substance (air) flows through the measuring cell 3 by way of the two
      threeway magnetic valves 6 and 7 at preselected time intervals (for
      example every 30 minutes) for a period of 1 to 2 minutes (depending upon
      the cell volume) [zero period]. The pneumatic circuit of the two threeway
      valves is selected in such a way that, even in the event of slight leaks
      in the valves in the blocking direction, there can never be any false
      measurements either in the measuring position or in the equalising
      position.
PAR  At the end of the zero period, the output of the operating amplifier 15 is
      switched for a few seconds to the servomotor 12 by means of the switch 16
      and the differential between the photovoltage U.sub.f and the counter
      voltage U.sub.g is reduced to zero. The counter voltage U.sub.g remains
      switched off even during the following measuring period, so that the
      output signal zero is also obtained for the zero concentration of the
      measuring component. The photovoltage becomes lower as the concentration
      of the measuring component increases, so that its difference in relation
      to the counter voltage is measured of the concentration of the component
      being measured.
PAR  The optical measuring range of the arrangement is determined solely by the
      ratio of the counter voltage to the measuring range of the indicating
      instrument 17, based on the amplifier input. If the measuring range and
      counter voltage are the same, the optical range of 0 to 100 % absorption
      is obtained. With partial absorption ranges, the counter voltage must be a
      corresponding multiple of the measuring range (i.e., for example the
      factor 4 for 0 to 25 % light absorption). The relationship between
      concentration and light absorption is thus determined by the layer
      thickness of the measuring cell 3 and the molar extinction at the
      measuring wavelength. For these reasons, equalisation with the zero
      substance is in itself sufficient to establish the zero-point and
      sensitivity of the arrangement.
PAR  Measuring ranges with a suppressed zero-point are also possible in cases
      where a standard substance corresponding to the beginning or end point of
      the measurement range is available. Thus, equalisation to the end point
      100 % by volume is carried out for example for the measuring range 80 to
      100 % by volume with the pure measuring component. In this case, the
      measuring effect is not an absorption of light, but a brightening effect,
      in comparison with the equalising point. The ratio of luminous flow with
      80 % by volume of measuring component to luminous flow with 100 % of
      measuring substance is again determined solely by layer thickness and
      molar extinction. The measuring and equalising operations take place as
      before, except that the sign of the difference between photovoltage and
      counter voltage is reversed. The measuring substance is, for example, the
      concentration to be determined of a foreign substance in the process
      stream.
PAR  If the required measuring range does not include the 100 % point, it is
      possible inspite of this to find a simple method of carrying out the
      automatic equalisation with the pure measuring component (100 %). For this
      purpose, the measuring cell 3 is preceded by an auxiliary cell 18 whose
      layer thickness in relation to the layer thickness of the measuring cell
      is such that the absorption of the pure measuring component in the
      auxiliary cell 18 is equal to the absorption in the measuring cell 3 at
      the beginning or end of the measuring range.
PAR  The motor potentiometer 11 is equipped with a second coupled potentiometer
      (not shown in FIG. 1) which is used to convert the position of the motor
      potentiometer into an electrical indication. Regular checking of the
      apparatus is initially confined to checking the position of the automatic
      equalising system. When it approaches one end of its adjusting range, it
      is brought back into the middle of its adjusting range by resetting the
      hand potentiometer to "rough zero-point." It is only after this manual
      equalisation has reached the end of its adjusting range that the optical
      measuring zone has to be serviced (cleaning the cell, changing the light
      source or detector). The automatic equalisation system is designed in such
      a way that zero-substance rinsing and equalisation can be initiated not
      only by the programmer installed but also by hand or by remote-control
      (computer).
PAR  In order to adjust the counter voltage, the switch 19 is brought into the
      testing position and a component of the counter voltage U.sub.g measurably
      reduced by the resistance ration R.sub.1 :R.sub. 2 is measured: This is
      necessary to bring the occasionally very much higher counter voltage into
      the measuring range of the operating amplifier 15. In this way, the
      accuracy of the counter voltage is determined solely by the ratio R.sub.1
      :R.sub. 2 and not by the amplification of the operating amplifier. The
      long-term stability of the counter voltage source has to meet stringent
      requirements, although this does not involve any problems.
PAL  Self-equalising photometer with a remote measuring head
PAR  Conventional industrial photometers are generally very susceptible to harsh
      environmental conditions and, for this reason, are usually installed in
      protective atmospheres. Relatively long cables or relatively long dead
      times often have to be accepted. In the past, however, this was the only
      possibility of guaranteeing satisfactory service life and substantially
      interference-free operation. Now that maintenance of the optical section
      has been reduced to a minimum in the self-equalising photometer of the
      present invention and the optics confined to a very simple single-beam
      arrangement, it is possible to design the optical measuring zone in the
      form of a remote measuring head 20 for direct use at the measuring site.
      The need for optical image-forming elements is also eliminated in the case
      of relatively small layer thicknesses. Minimum maintenance of the
      measuring head and automatic equalisation are requirements that have to be
      satisfied for this purpose. FIG. 2 shows such an arrangement for
      measuring-substances at excess pressures of up to about 1 bar. In this
      case, rinsing of the cell with the zero substance is also used for
      backwashing the internal filter 21 at the orifice of the sampling probe in
      the process stream. The relatively simple optical remote measuring head 20
      with its relatively low dissipation factor is also easier to protect
      against explosion than a complete industrial photometer.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A photometer for the continuous automatic analysis of gaseous or liquid
      process streams, comprising an optical single-beam measuring arrangement
      incorporating a light source, a measuring cell through which the process
      stream flows, a spectral filtering means and a photoelectric receiver
      whose electrical signal, in the absence of luminous flux, is zero and
      which shows adequate linearity between luminous flux and photocurrent for
      the measuring wavelength and measuring light intensity selected, and
      further comprising
PA1  a. a working resistor having a remote-controlled voltage tap, the tapped
      voltage being proportional to the luminous flux, connected to said
      photoelectric receiver,
PA1  b. means for producing a highly constant counter voltage connected in
      series with the tapped voltage and a differential circuit for forming the
      difference between the tapped voltage and the counter voltage,
PA1  c. said measuring cell being adapted to be connected at preselected time
      intervals to a zero substance source so that the process stream in the
      measuring cell is automatically replaced for a fixed time interval by a
      zero substance which does not have any absorption at the measuring
      wavelength, and
PA1  d. a regulating device for automatically equalizing the tapped voltage and
      the counter voltage at the end of this time interval by varying the tapped
      voltage.
NUM  2.
PAR  2. A photometer as claimed in claim 1, and a visual indicator which is
      acted upon by the voltage difference between the tapped voltage and the
      counter voltage, the counter voltage being a fixed ratio to the voltage
      measuring range of the visual indicator, this ratio determining the
      optical measuring range of the arrangement so that both the zero-point and
      also the sensitivity of the measuring arrangement are determined solely by
      the zero adjustment with the zero substance.
NUM  3.
PAR  3. A photometer as claimed in claim 2, further comprising a d.c. voltage
      amplifier for amplifying the voltage difference and a servomotor which
      drives the voltage tap on the working resistor, and means for switching
      the output of the voltage amplifier to the visual indicator during the
      measuring period, and, at the end of the zero period, to the servomotor
      for automatic equalization.
NUM  4.
PAR  4. A photometer as claimed in claim 1, wherein a feedback preamplifier is
      connected between the photoelectric receiver and the working resistor so
      that the working impedance of the photoelectric receiver determining
      linearity between luminous flux and photocurrent is sufficiently low.
NUM  5.
PAR  5. A photometer as claimed in claim 1 and means permitting the measurements
      to be carried out with a suppressed zero point, whereby the zero substance
      may be temporarily replaced by a standard substance containing the
      measured component in a concentration equal to the initial value or end
      value of the required concentration range.
NUM  6.
PAR  6. A photometer as claimed in claim 1, comprising a condenser for
      collimating the light from the light source, and an auxiliary cell
      arranged between the measuring cell and the condenser, which auxiliary
      cell may be filled during the measuring period with a non-absorbing medium
      and, during the zero period, with the measuring component in pure form,
      whilst the measuring cell contains a non-absorbing medium.
NUM  7.
PAR  7. A photometer as claimed in claim 1, and means for stabilizing supply
      voltage for the light source and means for thermostatically controlling
      the photoelectric receiver.
NUM  8.
PAR  8. A photometer as claimed in claim 1, wherein the optical measuring zone
      is in the form of a remote measuring head and is separated in space from
      the electronic evaluating and comparison unit.
NUM  9.
PAR  9. A photometer as claimed in claim 1, and a conduit system including
      valves, for flow of the zero substance and the process stream to the
      measuring cell, and control means for actuating the conduit system so
      that, on completion of zero adjustment, the zero substance in the
      measuring cell is automatically replaced by the process stream.
NUM  10.
PAR  10. A photometer as claimed in claim 1, and means for temporarily replacing
      the zero substance by a standard substance containing the measured
      component in a concentration equal to the initial value or end value of
      the required concentration range for operating the device with suppressed
      zero point.
NUM  11.
PAR  11. A photometer as claimed in claim 1, comprising an auxiliary cell
      arranged between the measuring cell and the light source, which auxiliary
      cell may be filled during the measuring period with a non-absorbing medium
      and, during the zero period, with the measuring component in pure form,
      whilst the measuring cell contains a non-absorbing medium.
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ABST
PAL  A cylindrical block is provided with two ducts, forming a V whose legs
      terminate in exit windows in one axial end face of the block. A light
      source is disposed in the bottom of the V to direct light into both ducts.
      The block is further traversed by a bore, terminating as to one end in
      between the windows, avoiding the ducts and terminating in an offset
      position relative to the V-bottom and the light source at the other end of
      the block. A shaft traverses this bore for rotating a shutter in front of
      the windows. A complementary, light receiving unit is disposed with
      misaligned entrance windows in front of the unit windows, but their
      centers are traversed respectively by the optical axes of the ducts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to two beam photometers and more particularly
      to improvements in the construction of such photometers.
PAR  Two beam photometers include, for example, a single light source and means
      to establish two beams, one to serve as measuring beam, the other one as
      reference beam. Light source and beam paths are, for example, included in
      a block with V-shaped ducts of equal lengths, wherein the bottom of the V
      defines the location of the source, and the duct ends (ends of the legs of
      the V) are closed physically by means of windows. Moreover, a rotating
      shutter diaphragm is disposed in the block for rotation so as to intercept
      both beams. The shutter disk or diaphragm is seated on a shaft which
      traverses the block and extends from a motor which, in turn, is affixed to
      the block.
PAR  German printed patent application 2,052,609, and corresponding U.S. Pat.
      No. 3,715,153, issued to Schunck et al, describes a particularly shaped
      rotating shutter with excentric disposition in relation to the exit
      windows of such a block.
PAC  DESCRIPTION OF THE INVENTION
PAR  It is an object of the present invention to improve on the block
      construction for such photometers under utilization of rather simple
      rotating shutters being, for example, of symmetrical wing construction.
PAR  In accordance with the preferred embodiment of the invention, it is
      suggested to provide a block with an optical exit plane for two side by
      side positioned, coplanar windows. A straight bore for the shutter shaft
      traverses the block in a mid-vertical line between and normal to these
      windows. The block includes light ducts extending in V-shaped
      configuration and orientation from the source of radiation, but avoids the
      bore due to oblique position of the ducts. Specifically, these ducts are
      inclined to said window plane and in both, a first plane of symmetry that
      includes said line and bore, and a second plane transversely to said first
      plane but also including said line and bore, so that neither duct is
      passed through by said bore, and the source of light is located in offset
      position relative to the motor shaft traversing the bore.
PAR  In the preferred form, the block should be of cylindrical construction and
      the windows are located in one axial end face of the cylinder. The shaft
      and bore run parallel to, but do not coincide with the axis of that
      cylinder. It can be assumed that a cylindrical unit is connected to that
      end face and which includes test fluid and reference chambers. The optical
      center axes of the ducts should intercept the centers of the entrance
      windows of that second cylinder unit.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention,
      it is believed that the invention, the objects and features of the
      invention and further objects, features and advantages thereof will be
      better understood from the following description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a cross-section through a light source and duct block for a
      photometer in accordance with the preferred embodiment of the present
      invention; and
PAR  FIG. 2 is a cross-section along line 2--2 in FIG. 1, but showing in
      addition attachment to a unit with test fluid and reference chambers.
DETD
PAR  Proceeding now to the detailed description of the drawings, the Figures
      show a metal block 1 of cylindrical configuration; reference numeral 1a in
      particular denotes the cylindrical surface. The cylindrical block has a
      first axial end face 8 and a second axial end face 9. However, a large
      recess 10 is formed in the latter end of the cylindrical block, and the
      flat bottom 22 thereof could be construed as end face of the cylindrical
      block, with an axial rim extending beyond bottom-end face 22.
PAR  The block is traversed by a bore 2 running parallel to but not in the
      center axis of the cylinder (see FIG. 2). Bore 2 is traversed by a shaft
      3, which is connected to a shaft 5, extending from a motor 6. The two
      shafts 3 and 5 are interconnected by means of an elastic coupling. The
      motor is mounted to cylinder face 8 by means of a spacer and support
      element 7.
PAR  A rotating, wing-type shutter 4 is mounted to shaft 3 for rotation in
      recess 10 of the cylindrical block. Shaft 3 is mounted in a bearing block
      21, which slides in a groove transverse to the plane of FIG. 1 and right
      at the location, where the bore 2 terminates in the bottom 22 of recess
      10. The shutter 4 revolves adjacent to that bottom 22.
PAR  A reflector 25 is mounted obliquely to surface 8, adjacent to motor 6, but
      offset from the shafts 3, 5. A filament 13 is disposed in relation to the
      reflector, so that a divergent light beam is formed by the reflector and
      directed into two ducts 11 and 12, forming a V.
PAR  The two ducts end in the plane of the bottom 25 of recess 10 and are
      covered by window panes 14 and 15. The shutter disk 4 rotates in front of
      the two windows 14, 15, whereby interception may occur simultaneously or
      in phase opposition.
PAR  One can see from the drawings that the two ducts 11 and 12 are inclined in
      both planes of the drawings, so that both of them are offset and do not
      traverse or intercept but avoid bore 2. One can also say that the plane of
      the V is inclined by less than 90.degree. to the plane of the two windows,
      so that the two ducts do not interfere with the shaft bore, even though
      the shaft bore terminates in bottom 22 centrally between the two windows
      14, 15.
PAR  FIG. 2 shows also parts of a second cylindrical unit 30, having the same
      cylindrical diameter as block 1. Unit 30 has two tubes 17 and 18 which are
      misaligned in relation to the two windows 15 and 14, particularly with
      regard to axial light entrance windows 19 and 20. The misalignment is
      chosen to that upon mounting or otherwise positioning units 30 and 1 in
      mutual axial end face abutting disposition; the optical axes of the ducts
      11, 12 as extended out of the windows 14, 15 will traverse the mid points
      of the two windows 19, 20.
PAR  As stated, shaft 3 is journalled in a little bearing block 21 which is
      slidably positioned in a groove in the bottom 22. The groove runs
      transversely to the plane of the drawing of FIG. 1. The adjustment range,
      of course, does not exceed the lateral play of shaft 3 in bore 3. The
      position of block 21 may be adjusted in any suitable manner, but once
      adjusted, the block 21 is clamped into position. This particular
      possibility for adjusting the shaft 3 is advantageous when motor shaft (5)
      and shutter shaft (3) are interconnected by an elastic coupling, such as
      26. This facilitates start up, because one usually employs synchronous
      miniature motors, which produce a very small torque only. No large torque
      is needed, because once started, there is very little load on the motor.
      The shutter 4 can be of rather light construction. Adjusting the position
      of shaft 3 actually amounts to adjustment of the shutter phase. Small
      tilting of that shaft has no detrimental consequences.
PAR  Finally, it should be mentioned that an adjusting motor or solenoid 23 is
      laterally affixed to cylindrical block 1. The device 23 adjusts
      disposition of a light stop diaphragm 24 reaching into the light path from
      window 15. This diaphragm 24 shades a small portion of window 15. Such
      shading and light stop function is needed to balance the luminous outputs
      of the two ducts, to obtain optical symmetry in the two light paths before
      reaching the two tubes 18, 19. The diaphragm 24 is introduced inside of
      recess 10 between window 15 and shutter 4.
PAR  The invention is not limited to the embodiments described above, but all
      changes and modifications thereof not constituting departures from the
      spirit and scope of the invention are intended to be included.
CLMS
STM  We claim:
NUM  1.
PAR  1. Unit for two beam photometers using a block, there being a bore
      traversing the block from one end to the other; shaft means traversing
      said bore; a motor mounted to said block and connected to said shaft
      means; a shutter connected to said shaft means, the improvement
      comprising:
PA1  a pair of ducts in the block arranged in V-shaped configuration and having
      one end each terminating in two windows arranged symmetrically to
      termination of the bore at the one end of the block, the shutter rotating
      in front of said windows; and
PA1  the ducts of the V being inclined to avoid said bore, the duct ends at the
      bottom of the V being offset from the bore at the other block end, there
      being a source for radiation disposed in the bottom end of the V as formed
      by the ducts.
NUM  2.
PAR  2. Unit as in claim 1, the windows being co-planar, the ducts each being
      inclined in a first plane of symmetry between the windows and including
      said bore, as well as in a second plane transversely thereto, and also
      including said bore.
NUM  3.
PAR  3. Unit as in claim 2, the block being cylindrical, the windows being in
      one axial end face of the block.
NUM  4.
PAR  4. Unit as in claim 3, the one end having a recess, the shutter running in
      said recess.
NUM  5.
PAR  5. Unit as in claim 2, the shaft means being mounted for slight lateral
      displacement transverse to a connecting line between the centers of the
      windows.
NUM  6.
PAR  6. Unit as in claim 1 and including a light stopping diaphragm adjustibly
      disposed in front of one of said windows.
NUM  7.
PAR  7. Unit as in claim 1 and including a second unit disposed adjacent said
      windows and having a pair of entrance windows being misaligned
      respectively with said windows of the block, so that the center axes of
      the ducts respectively traverse the midpoints of said entrance windows.
NUM  8.
PAR  8. Unit as in claim 1, the shaft means including elastically interconnected
      shafts, one thereof holding the shutter, the other one being a driven
      shaft, the shutter end of the one shaft being mounted for lateral
      displacement.
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ABST
PAL  Apparatus for and method of inspecting transparent containers of the type
      used for food and beverages for the presence of dirt, foreign objects and
      manufacturing defects, such as birdswings. The apparatus includes
      illuminating each container from different angles and in a sequential
      order, and processing the illuminated images by photo-electronic scanning
      apparatus to obtain a response on a change in the illumination level
      within an electronic window of an amount sufficient to actuate a container
      reject mechanism.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The inspection of containers can be accomplished in several ways. One way
      is to look into the container from its filling opening or mouth and either
      rotate the container or not rotate it and rotate the scanning device.
      Another way is to illuminate the container from the side and rotate the
      container while in the view of the scanning device. Still other ways are
      to combine the first two inspection means by using some features and
      omitting other features. High speed container movement greatly restricts
      the character of means that can be used to obtain the desired inspection
      results, such as means wherein the containers must be rotated to obtain a
      scan of the interior. When rotation is not feasible then multiple stop
      inspection stations and individual scanning devices for each station are
      sometimes used.
PAR  An electronic inspection apparatus has been disclosed in Richards U.S. Pat.
      No. 2,798,605 where a plurality of television cameras are used to inspect
      bottles from a plurality of angles. In this disclosure each view of the
      bottle required an individual camera, or several observations could be
      made simultaneously since there were several cameras available for that
      purpose. The cameras in this patent are not capable of making observations
      from several different sides of the container, and as a result the
      apparatus is exceedingly expensive and requires more space along the
      conveyor than is normally available. The complexity of tuning a plurality
      of cameras is very great and the possibilities of the containers deviating
      from a desired path adds to the problem of obtaining sharp pictures and
      accurate inspection.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to apparatus for inspecting transparent containers
      for dirt and foreign objects inside the container, and manufacturing flaws
      without requiring rotation of the container, and the invention also
      relates to a method of inspecting containers.
PAR  The apparatus, by which the method may be put into use, utilizes an
      arrangement of means furnishing a light source which illuminates the
      containers from two directions as the container is moved, without
      rotation, on a suitable conveyor. The light is processed after passing
      through the container by an arrangement of mirrors, lenses and a
      beam-splitting unit so that superimposed images of the different views of
      the container are seen by a single photo-electronic scanning apparatus
      which scan the images sequentially.
PAR  Important objects of the present invention are to illuminate the container
      from different angles to give a total surface illumination through spaced
      apart pulsed light beams, to minimize the effects of stray reflections
      from the exterior surfaces of the container by placement of the light
      source and scanning devices on opposite sides of the container, to project
      two images of the same container through an optical system which combines
      the light rays of each image in a path leading to the scanning means that
      observes the images individually at the same position, to use only one
      scanning means for inspecting the whole body of each container and
      electronically limiting the inspection area to the container contour so
      that non-uniformities around the container edges do not produce false
      signals, and to scan opposite surfaces of containers with a single sensing
      system while the containers are in motion.
PAR  Other objects of this invention will be pointed out in the following
      description of a presently preferred embodiment of container inspection
      apparatus having a conveyor for moving a line of transparent container
      spaced apart through an inspection zone in which illumination is directed
      upon two different sides of the container, and characterized in that the
      container is immersed in a uniformly diffused volume of light so that an
      optical system of mirrors, lenses and beam processing means develops two
      images of the container for successive examination by photo-electronic
      scanning apparatus.
PAR  The embodiment herein disclosed practices the method of inspecting a line
      of containers on the move through an inspection station which illuminates
      the container from two different sides so as to form two images,
      characterized in that each image is directed along a predetermined path by
      means capable of separating the images and sequentially measuring the
      changes in the illumination levels so that significant changes can be
      detected and the offending container removed from the moving line.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the present invention is disclosed in the
      accompanying drawings wherein:
PAR  FIG. 1 is a schematic plan view of a conveyor moving containers in front of
      a source of illumination and a system of mirrors, lenses, beam-splitters
      and photo-electronic scanning means to perform the inspection function;
PAR  FIG. 2 is an elevational view, again in schematic arrangement, taken along
      line 2--2 in FIG. 1;
PAR  FIG. 3 is an elevational view of a transparent container with the side wall
      shadow shown between the outer contour of the container image and the
      field of view or window scanned by the photo-electronic means;
PAR  FIG. 4 is an electrical block diagram of the inspection apparatus seen in
      FIG. 1; and
PAR  FIG. 5 is a schematic plan view of a modification in the apparatus for
      inspecting containers seen in FIG. 1.
DETD
PAC  DESCRIPTION OF THE EMBODIMENTS
PAR  In the drawings a preferred embodiment is seen in FIG. 1, and a
      modification has been disclosed in FIG. 5.
PAR  In view of FIG. 1, the schematic disclosure of apparatus is arranged to
      inspect each transparent container as it is moved through an inspection
      zone. The inspection is performed by photo-electronic means which is
      capable of looking at and responding to the area EW of the container C
      shown, for example, in FIG. 3. This area EW is to be known as the
      electronic window because it is an area which excludes the fringe shadows
      F which can vary in thickness depending on the variations from uniform
      thickness of the wall of the container. The outer limit of the fringe
      shadow F is the silhouette S or image of the container C. Foreign objects
      on the inside surface of the container will be within the electronic
      window EW and will change the transmission of light thrown on the
      container.
PAR  In FIG. 1 the containers C are moved in equally spaced relation on a
      conveyor 10 which is driven rightwardly so that the containers pass
      through the inspection zone which is located by the spaced light beam
      device 11 and 12. The first device 11 directs a light beam across the line
      of container travel to a photocell 11A or other equivalent sensing
      element. The second device 12 is spaced downstream from device 11 about
      the length of one-half the initial spacing length between containers, and
      it too directs a light beam across the line of travel of containers C to a
      sensing element 12A. The equal or uniform spacing is determined by the
      need to prevent a container in front of and also to the rear of a
      container undergoing inspection from blocking off any portion of light
      directed onto the container being inspected. In FIG. 1 the containers C1,
      C2, C3 and C4 are shown in full line, and container C3 has interrupted the
      light beam between the source 11 and the sensor 11A. An inspection of
      container C3 is performed and when that container C3 interrupts the light
      beam between the source 12 and the sensor 12A it will be in the position
      seen in broken line. Thus the spaced containers C are shown first in full
      line for the first inspection station in the zone and then in broken line
      for the second inspection station in the zone.
PAR  The apparatus in FIG. 1 includes a source of light assembled in a light box
      13 located at one side of the path of conveyor 10, an optical system in a
      suitable housing 14 located at the opposite side of the conveyor from the
      light box 13, and beyond the housing 14 there is disposed photo-electronic
      scanning apparatus 15. The light box 13 is divided into compartments by a
      central wall W with linear flash tube 16 in one compartment and a similar
      flash tube 17 in the other. The flash tube 16 is located at the focus of a
      cylindrical parabolic reflector 18 and is connected to a high voltage
      power supply in the housing 13A (FIG. 2). The tube 16 is activated by a
      pulse which is produced each time a container interrupts the light beam
      between devices 11 and 11A. The pulsed light flash is of very short
      duration, being of the order of 0.5 millisecond or less. In a similar
      manner, the other flash tube 17 is connected to the same high voltage
      power supply in housing 13A and is pulsed when a container breaks the
      light beam between the devices 12 and 12A. The duration of this second
      light flash is short and of the same order as for the tube 16.
PAR  The pulsing of the flash tube 16 produces a beam of light which may be
      defined by a central filament 16A and respective marginal filaments 16B
      and 16C which are derived from the polished surface of the reflector 18.
      The total light beam passes through a diffuser plate 19 made of glass or
      plastic, and this plate is set at an angle D of 40.degree. to 50.degree.
      to the line of container travel so that the container in the light beam
      station location corresponding to devices 11 and 11A will be uniformly
      illuminated to down grade the effects of waves and smiles on the container
      walls. The container, and in this case container C3, will be fully
      immersed in the illumination from reflector 18 and travelling in the
      general direction of light filament 16A. The pulsing of flash tube 17,
      likewise produces a beam of light which may be defined by a central
      filament 18A, and respective marginal filaments 18B and 18C, alll derived
      from the polished surface of the reflector 20. The illumination passed
      through a diffuser plate 21, like the plate 19, which is set at an angle D
      of 40.degree. to 50.degree. to the line of conveyor travel. The pulsing of
      the flash tube 17, occurs only when the container C3 reaches the station
      where it interrupts the light beam between devices 12 and 12A (the broken
      line position in FIG. 1). Thus, in the first station of the inspection
      zone the flash tube 16 is energized in response to the interruption of the
      light beam between devices 11 and 11A, and the flash tube 17 is energized
      in response to the interruption of the light beam between devices 12 and
      12A. In each instance the flash tubes 16 and 17 obtain the energy from the
      high voltage power supply in housing 13A, and the pulsed light flash is of
      very short duration, being of the order of 0.5 millisecond or less.
PAR  In FIG. 1 a plurality of containers C1, C2, C3 and C4 are shown in equal
      and uniformly spaced relation in full line. Container C3 is in the first
      station of the inspection zone and is immersed in the light from flash
      tube 16. It is noted that the trailing container C4 does not block any
      part of the light as it is out of the margin of the light as represented
      by the filament 16B. When the container C3 moves to the broken line
      position it attains the second station in the inspection zone and is
      illuminated by the light from flash tube 17. When the second flash occurs
      with container C3 in the broken line position, the leading container C2
      has also moved to the broken line position where it does not block the
      light as represented by the filament 18B. The spacing of the containers,
      therefore, meets the requirement that leading and trailing containers must
      not block or cut into the total light generated by the flash tubes 16 and
      17 at each successive short duration flash.
PAR  The side of the conveyor 10 (FIGS. 1 and 2) opposite the light box is
      occupied by a suitable housing 14 for the optical system. The housing has
      an open side facing the conveyor so that the successive light flashes may
      be received. In the following description it will be understood that
      reference to the path taken by each light filament 16A and 18A will mean
      the general path of the total light beams from the respective flash tubes.
PAR  First, dealing with the light from flash tube 16, it can be seen that the
      filament 16A impinges on the first surface of a mirror 22, whose first
      surface plane is set at right angles to the line of conveyor travel which
      places it at 45.degree. to the incident light filament 16A. It is
      desirable to use first surface mirrors to obtain maximum illumination
      efficency and least irregularity of light path. The reflected light
      filament will pass through the lens 23 with focal point on the
      longitudinal axis of the containers of the first station. The lens 23 will
      collimate the light entering a beam-splitting prism 24, mounted to accept
      the light filament 16A from the lens 23. The prism has a reflective
      surface 24A which is at 45.degree. to the accepted light 16A. The prism
      surface 24A is selected to have equal transmittance and reflectance so
      that there will be a transmitted portion 16D of the filament 16A and a
      reflected portion 16E, each of which emerges from the prism and strikes
      lens 25 which collects the light at its focal point 26. The focal plane of
      lens 25 will have a real image of the container C3 at the point 26.
PAR  Having established a real image of the container C3 at the point 26, it is
      projected by suitably chosen lenses 27 and 28 onto a photo-electronic or
      television scanning unit 29, having a necessary filter 30 of a
      predetermined optical characteristic. The filter 30 is selected from a
      group which are used selectively to compensate for color variations in the
      containers and to attenuate the ambient light reflections. The partition W
      in the light box 13 is provided to optically isolate the two flash tubes
      16 and 17 so that stray light reflections will not enter the optical
      system in housing 14 and produce ghosts in the scanning unit 29.
PAR  When the container C3 moves into the second station in the inspection zone
      it triggers flash tube 17 to obtain a beam of light at right angles to the
      first described beam. The second beam of light is easily followed by
      noting the path of the filament 18A which enters the housing 14 and
      strikes the first surface of mirror 31 at 45.degree. so that the reflected
      path of the filament 18A is at right angles to the reflected path of the
      first light filament 16A. The filament 18A enters lens 32 and passes into
      the beam-splitting prism surface 24A. The transmitted light filament 18E
      is collected by lens 25 at its focal point 26 where an image of the
      container C3 is made. As before described, the lenses 27 and 28 project
      the container image through the filter 30 onto the photo-electronic
      scanning unit 29.
PAR  It appears from the foregoing that the optical system in housing 14
      receives light through the inspection zone. By the use of first surface
      mirrors and a beam-splitting prism the system will produce a reflected
      portion and a transmitted portion for each light beam coming from
      different sides of the container. The optical system recombines the
      reflected portion of the light represented by filament 16E with the
      transmitted portion of the light represented by filaments 18E, and since
      the prism has equal transmittance and reflectance characteristics the
      combined light filaments will have equal intensities when producing the
      container images at the focal plane of lens 25. It is to be remembered
      that the container images are not produced simultaneously, but are
      produced sequentially and are not therefore superimposed. Thus, sequential
      viewing of the same container at two different stations by the same
      scanning unit will fulfill the inspection of the whole container. The
      housing 14 is provided with internal baffles 32 and 33 to intercept stray
      light and prevent ghosts and impairment of the fidelity of the illuminated
      container images.
PAR  While it has not been shown in the drawings, and particularly FIG. 2
      thereof, it is understood that conventional means may be employed to move
      the box 13 and housing 14 vertically so that the light source and optical
      system may be aligned with the position of the containers supported on and
      moved by the conveyor 10. Also, due to the positional tolerances of the
      mirrors 22 and 31 and the beam-splitter prism 24 parallax will be produced
      between two images at the focal plane 26 of the lens 25. Therefore,
      adjustment means (not shown) for the prism 24 is used to vary the angular
      position to compensate for parallax.
PAR  A modification of the apparatus described in connection with FIG. 1 is
      shown in FIG. 5, and wherever possible the same reference characters will
      be used to denote the parts and components previously described. The
      essential difference is that the beam-splitter prism 24 of FIG. 1 is
      eliminated in FIG. 5 and a beam-splitting mirror 24B is substituted. The
      mirror 24B has equal transmittance and reflectance characteristics so that
      the container images at the focal plane 26 will have the same intensities.
PAR  Turning now to FIG. 4 it can be seen that the photoelectronic scanning unit
      29 produces signals due to the individual images of each container. The
      signals are fed to two video amplifiers 34 and 35. Amplifier 34 feeds two
      comparator networks 36 and 37 which detect the AC change in the image
      area. When an unwanted object exists within the container image the
      comparators 36 and 37 will detect the changes in the illumination level at
      the point where the object is located against the uniform character of the
      background illumination. Comparator 36 will detect the light-to-dark
      change, while the comparator 37 will detect the dark-to-light change, due
      to the edges of the object within the image area. Sensitivity control
      means 38 and 39 for the respective comparators 36 and 37 determine the
      threshold setting for comparing signals due to the unwanted object against
      the reference level.
PAR  Amplifier 35 feeds the video signals to the DC comparator 40 and to the
      synchronising pulse separator 41. The DC comparator 40 is used to detect
      the gross change in illumination level and compares this change with an
      adjustable reference level determined by the sensitivity control 42. The
      synchronising pulse separator networks 41 separates the horizontal (H) and
      vertical (V) synchronising pulses from the video signals, and these pulse
      trains feed the window memory network 43 which produces an electronic
      window (EW) within the image of the container as described in reference to
      FIG. 3. As noted before, the electronic window EW is shaped and sized so
      that non-uniformity of the fringe F can be eliminated. This is monitered
      by a video receiver network 44 which receives the video signals from the
      photo-electronic unit 29 (a television camera) and from the window memory
      network 43. The result is that the display of the electronic window can be
      adjusted to be accurately superimposed on the container image or
      silhouette S of FIG. 3.
PAR  The signals from the comparators 36, 37 and 40, and signals from window
      memory network 43 are fed to the logic circuits in network 45 which is the
      central processing network. This central processing network 45 is
      triggered by a timing pulse generated at the interface circuit 46, and the
      latter circuit 46 is alternately responsive to the light beam sensors 11A
      and 12A which detect the arrival of containers at the respective stations
      in the inspection zone. The light sources 11 and 12 are mounted (FIG. 2)
      on the box 13 and each emits a continuous and narrow column or beam of
      light onto the photo-sensitive sensors 11A and 12A respectively. The beam
      of light from source 11 is interrupted by the container which then moves
      to the second station and interrupts the beam from light source 12. The
      first interruption triggers a timing circuit 47 which produces a pulse of
      light from flash tube 16 and simultaneously feeds a signal to the
      interface circuit 46 which, in turn, produces a pulse to trigger the logic
      network 45. The second interruption at light source 12 triggers a pulse of
      light from flash tube 17 and this is accompanied by activity in a timing
      circuit 48 and the interface circuit 46. The latter circuit produces a
      pulse to trigger the logic network 45. Each time the logic network 45 is
      triggered it processes the container image within the electronic window
      area and if there is a foreign object detected the resulting pulse is fed
      to a reject delay network 49. The reject signal from the network 45 is
      delayed by network 49 so that when the faulty container arrives at a
      predetermined position the solenoid control circuit 50 will be energized
      at the expiration of the time delay to operate a solenoid 51 which effects
      removal of the offending container from the conveyor 10 at the
      predetermined place downstream from the inspection zone.
PAR  In operation, the containers on the conveyor 10 travel at such velocity
      that an unblurred image is not possible unless the flash of light is
      bright and of very short duration. The photo-electronic sensors 11A and
      12A are used to ensure that the containers are illuminated when in proper
      position with respect to the light source and photo-electronic scanner.
      The apparatus described herein provides a sharp image of the rapidly
      moving container. The photo-electronic unit 29 transforms the image of
      volume of the container into electrical signals by means of the electron
      beam which scans the sensitive screen. For three inch diameter containers
      moving at the rate of 800 containers per minute, a single container would
      move approximately 0.7 inches during the scanning time of the unit 29.
      This extent of movement requires that the illumination of the container
      must be very short to obtain a sharp image, such as less than 0.5
      millisecond, and on the order of 0.1 millisecond. As before described, if
      there is a change in the light level within the electronic window EW that
      container is removed from the conveyor, and if there is no change in the
      light level the logic networks 45 makes no response.
PAR  The foregoing description has set forth two forms of the apparatus by which
      this invention may be put into practice, but is understood that other
      arrangements may come to mind based on the principles herein disclosed.
CLMS
STM  We claim:
NUM  1.
PAR  1. In container inspection apparatus, the improvement which comprises:
      means to move light transparent containers along a predetermined path
      having spaced apart container inspection stations, said moving means
      positioning each container in a predetermined position free of rotation
      during inspection, a source of illumination for each inspection station to
      project a light beam along a path through an inspection station, the light
      beam for one inspection station illuminating a side of the container
      thereat from an angle different from the angle of the beam of light for
      illuminating a different side of the container in another inspection
      station, such that each container is illuminated from two different sides,
      sensing means at each inspection station to sense the arrival of a
      container and activate the source of illumination for that station, said
      inspection stations being separated a distance such that when one sensing
      means activates its source of illumination the other sensing means is
      inactive, photo-electronic scanning means to scan container images
      illuminated by said sources of illumination, mirror means positioned in
      the light beam paths beyond the containers from said source of
      illumination, said mirror means being set to direct the light beam passing
      through each container toward a common point, light beam directing means
      at said common point to arrange the light beams for travel along a common
      path directed at said photo-electronic scanning means, and means
      responsive to said scanning means to compare the level of illumination in
      each light beam with a predetermined standard level of illumination.
NUM  2.
PAR  2. The inspection apparatus of claim 1 wherein said source of illumination
      is a linear flash tube with an axis of elongation substantially parallel
      with the container axis, and the activation thereof is of short duration
      of the order of less than 0.5 millisecond.
NUM  3.
PAR  3. The inspection apparatus of claim 1 wherein said source of illumination
      is activated sequentially and only as containers are sensed sequentially
      at the inspection stations.
NUM  4.
PAR  4. The inspection apparatus of claim 1 wherein each source of illumination
      includes a linear flash tube, a reflector and diffuser to immerse the
      whole container in a diffused volume of light.
NUM  5.
PAR  5. The inspection apparatus of claim 1, wherein said source of illumination
      consists of a separate linear flash tube adjacent each inspection station,
      said mirror means directs the illumination into paths crossing at right
      angles to each other at said common point, beam-splitting means in the
      crossing paths of illumination to direct the illuminated images in said
      common path, and lens means to collect the illuminated images in said
      common path at its focal plane.
NUM  6.
PAR  6. The inspection apparatus of claim 1 wherein said scanning means sees the
      whole container image when illuminated at each inspection station, and
      said comparing means includes electronic networks creating an electronic
      window less than the size of the whole container image to exclude the
      fringe portion of the container image.
NUM  7.
PAR  7. In container inspection apparatus for inspecting transparent containers
      the improvement which comprises: means to move the transparent containers
      through inspection stations spaced apart so that the containers pass
      through the stations sequentially, said moving means presenting the
      containers in said inspection stations free of rotation, a separate source
      of illumination adjacent each inspection station, each illumination source
      being effective to illuminate the whole container at one time but from
      different sides thereof, means at each inspection station to sense the
      arrival of a container and activate said source of illumination for said
      station, mirror means spaced from each of said inspection stations
      opposite said source of illumination and arranged to receive the
      illuminated images of the containers at said inspection stations and
      reflect the images along paths which have a common point where the images
      sequentially cross, image scanning means directed to look at said common
      point for inspecting the container images illuminated from the different
      sides, and optical means at said common point to direct the reflected
      images into said image scanning means.
NUM  8.
PAR  8. The inspection apparatus of claim 7 wherein said optical means directs
      the separately illuminated images of the container into said image
      scanning means sequentially in the order of energization of said
      illumination means.  pg,20
NUM  9.
PAR  9. The inspection apparatus of claim 7 wherein said sources of illumination
      are elongated tubes which emit a flash of light of less than 0.5
      millisecond duration, and each of said tubes provides a linear flash of
      light to immerse the entire container in illumination.
NUM  10.
PAR  10. The inspection apparatus of claim 7 wherein said angular displacement
      of the illuminated sides of the container illumination means is located in
      spaced relation for illuminating the sides of the containers which are
      displaced by approximately 90.degree..
NUM  11.
PAR  11. The inspection apparatus of claim 7 wherein said optical means includes
      beam-splitting means, lens means cooperating with said beam-splitting
      means to locate real images of the container in the focal plane of said
      lens, and said image scanning means is focused at said focal plane.
NUM  12.
PAR  12. The inspection apparatus of claim 7 wherein said image scanning means
      includes a photo-electronic unit receiving the illuminated image of the
      container and circuit networks connected to said unit to restrict the
      scanning to an electronic window area of the container image.
NUM  13.
PAR  13. Container inspection apparatus comprising means moving light
      transparent containers along a predetermined path, a pair of sources of
      illumination adjacent one side of said container moving means to direct
      the illumination across said moving means and along different paths, each
      path crossing said moving means defining an inspection station, means
      responsive to the movement of containers through said inspection stations
      to energize each of said sources of illumination in sequence and produce
      an entire container image, electronic scanning means positioned at the
      opposite side of said container moving means and spaced from said
      inspection stations, and means in the space between said scanning means
      and said inspection stations to collect the illuminated container image
      from each successive flash and direct the same into the scanning means,
      whereby each container is illuminated by each of said pair of illumination
      sources and is correspondingly scanned.
NUM  14.
PAR  14. The container inspection apparatus of claim 13 wherein said different
      paths for said illumination are at approximately 90.degree. to each other,
      and said collecting means redirects the illumination into a common path.
NUM  15.
PAR  15. The container inspection apparatus of claim 13 wherein said collecting
      means consists of mirrors and beam-splitting means, and said scanning
      means is a photo-electronic device.
NUM  16.
PAR  16. The container inspection apparatus of claim 13 wherein said short
      duration of said brilliant light flashes is in each instance of the order
      of less than 0.5 millisecond.
NUM  17.
PAR  17. The container inspection apparatus of claim 13 wherein said scanning
      means comprises electronic control means adjustable to limit the field of
      scan to less than the entire container image.
NUM  18.
PAR  18. The container inspection apparatus of claim 17 wherein said control
      means adjusts the limits of the field of scan in directions perpendicular
      to each other.
NUM  19.
PAR  19. A method of inspecting transparent containers for foreign objects
      consisting in moving containers through two inspection zones, illuminating
      each container sequentially and from different sides in said inspection
      zones to produce two different illuminated images, transmitting the two
      illuminated images into a common path sequentially, and scanning the two
      images sequentially to detect changes in the level of illumination
      relative to a predetermined desired level of illumination.
NUM  20.
PAR  20. The method set forth in claim 19 and including moving the containers
      through the inspection zone at a speed of the order of approximately 800
      containers per minute, and illuminating the containers in the time span of
      the order of less than 0.5 millisecond to obtain a substantially motion
      free image.
NUM  21.
PAR  21. The method set forth in claim 19 and including directing the two
      illuminated images of each container to cross at a predetermined location,
      and collecting the crossing images in said common path.
NUM  22.
PAR  22. The method set forth in claim 19, and including the illumination of
      each container sequentially from said different sides, directing one of
      the illuminated images along a predetermined first path and directing the
      other one of said illuminated images along a second path which intersects
      said first path, and redirecting one of said images such that both images
      are caused to travel along one of said paths in sequence of illumination.
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PAL  An applicator is described which is especially adapted for applying lane
      conditioner, wax and other fluids to bowling lanes for the purpose of
      cleaning and conditioning the lanes, and to distribute said fluids
      uniformly and quickly thereover. The applicator comprises a pan-like
      member having perforations for passage of said fluids therethrough, a
      mop-like member removably secured to said pan-like member, a pad of highly
      absorbent, porous and compressible material disposed in said pan-like
      member, a fluid distributor reservoir supported by said pad, and means,
      including a handle secured to said distributor reservoir, and effective
      upon pressure applied thereto to compress the pad and cause fluid to be
      ejected from said pad through said perforations directly to the surface
      being conditioned and spread by said mop-like member. Means are provided
      for removably latching said reservoir to said pan-like member.
BSUM
PAR  This invention relates, as indicated, to applicators of the mop type, but
      has reference more particularly to an applicator which is especially
      adapted for application of bowling lane conditioners, sometimes called
      lane oil, while cleaning, wiping and dusting the lane surface.
PAR  A primary object of the invention is to provide and applicator of the
      character described, which is designed not only to apply such fluids to
      the bowling lanes and the like, but to distribute them quickly and easily
      over large areas, with a minimum of effort and time involved.
PAR  Another object of the invention is to accomplish the conditioning of lanes
      while cleaning and dusting them in a short period of time.
PAR  Another object of the invention is to permit conditioning of lanes at any
      time that conditioning is deemed necessary, as, for example, just before
      league play, which is rendered possible due to the short time required to
      accomplish such conditioning with the applicator of the present invention.
PAR  Another object of the invention is to provide an applicator of the
      character described, which is compact, light in weight, and of simplified
      design, to enable the lanes to be conditioned without disturbing bowlers
      at any given period of time.
PAR  Another object of the invention is to provide an applicator of the
      character described, which embodies a pad of porous, compressible
      material, which is highly absorbent, a distributor reservoir for fluid to
      be supplied to said pad, and means responsive to pressure applied thereto
      to compress the pad, to thereby force a portion of the fluid absorbed in
      the pad to be ejected therefrom through restricted perforations in the
      bottom of the pan to the surface being conditioned.
PAR  A further object of the invention is to provide an applicator of the
      character described, which consists of parts which can be quickly and
      easily assembled, and disassembled, for cleaning and maintenance of parts
      thereof.
PAR  Other objects and advantages of my invention will be apparent during the
      course of the following description.
DRWD
PAR  In the accompanying drawings forming a part of this specification, and in
      which like numerals are employed to designate like parts throughout the
      same,
PAR  FIG. 1 is a top plan view of a fluid applicator for bowling lanes and the
      like;
PAR  FIG. 2 is a side elevational view of the applicator of FIG. 1, with a
      portion thereof broken away to more clearly show certain details;
PAR  FIG. 3 is a bottom plan view of the applicator;
PAR  FIG. 4 is a transverse cross-sectional view, taken on the line 4--4 of FIG.
      2;
PAR  FIG. 5 is a longitudinal cross-sectional view, taken on the line 5--5 of
      FIG. 1;
PAR  FIG. 6 is a transverse cross-sectional view, taken on the line 6--6 of FIG.
      2;
PAR  FIG. 7 is a transverse cross-sectional view, taken on the line 7--7 of FIG.
      2;
PAR  FIG. 7A is a fragmentary cross-sectional view, taken on the line 7A--7A of
      FIG. 2;
PAR  FIG. 8 is a transverse cross-sectional view, taken on the line 8--8 of FIG.
      2, and
PAR  FIG. 9 is a fragmentary cross-sectional view, taken on the line 9--9 of
      FIG. 3.
DETD
PAR  Referring more particularly to the drawings, the applicator will be seen to
      comprise an elongated pan consisting of a bottom 10, upright side walls 11
      and 12, and upright end walls 13 and 14.
PAR  The bottom 10 of the pan is provided with a multiplicity of spaced openings
      or holes 15, which, as best seen in FIGS. 3 and 5, are disposed along the
      center of the bottom 10.
PAR  The end walls 13 and 14, as best seen in FIGS. 1, 2, 4 and 5, have secured
      thereto, as by means of bolts 15a, plates 15b.
PAR  The end walls 13 and 14, as best seen in FIGS. 4 and 5, are respectively
      provided with slots 13a and 14a, which are aligned with slots 15c in the
      plates 15b, and which serve a purpose to be presently described.
PAR  The perforations or holes 15 are designed to permit passage of a cleaning
      fluid, lane conditioner, liquid wax or other fluid therethrough and onto
      the bowling lane or other surface, at predetermined intervals, and for the
      purpose of controlling the amount of such fluid, wax or the like, a plate
      18 is provided, which, as best seen in FIGS. 3, 6, 7, 8 and 9, overlies
      the bottom 10, and is secured to the bottom by means of bolts 19, nuts 20,
      and washers 21.
PAR  The bolts 19 pass through slots 22 in the plate 18, so that when the bolts
      are loosened, the plate 18 may be adjusted transversely of the bottom 10,
      to thereby close portions of the perforations 15, and thus control the
      amount of fluid which passes through these perforations. Following such
      adjustment, the bolts 19 may be tightened to maintain the plate 18 in
      adjusted position.
PAR  Disposed within the pan which has been described, is a pad or rectangular
      block 23 of compressible, highly absorbent, porous material, such, for
      example, as foam rubber, polyurethane foam, or a similar foam-like resin
      or plastic, such as cellulose, which is easily compressible, but resumes
      its original shape or form, upon removal of the compressing force.
PAR  Mounted upon the pad or block 23 is a fluid reservoir, which consists of a
      pair of pan-like members of identical construction, designated generally
      by reference numerals 24 and 25.
PAR  The member 24 comprises a bottom 26, an outer side wall 27, and end walls
      28 and 29. The member 25 comprises a bottom 30, an outer side wall 31, and
      end walls 32 and 33.
PAR  The members 24 and 25 are maintained with the inner edges of their bottoms
      26 and 30 in substantial contiguity with each other, as best seen in FIGS.
      1, 5, 6, 7 and 8, by means of bolts 34 and nuts 35. By "substantial
      contiguity," it will be understood that these edges are not in actual
      contact with each other, but spaced apart sufficiently to provide a thin
      slit or slot therebetween which is sufficient to permit passage of a fluid
      therethrough at all times.
PAR  With the members 24 and 25 secured to each other in this manner, they
      conjointly form a distributor reservoir or pan which contains a supply of
      the fluid to which reference has been made, and from which the fluid will
      be slowly drained through the aforesaid slit or slot and distributed to
      the pad or block 23. The width of this slit may be adjusted in a manner to
      be presently described.
PAR  For the purpose of maintaining the members 24 and 25 in the position shown
      in FIG. 7, there is provided at each end, a latch pin or bolt 36, which is
      slidably supported in a retainer 37 (see FIG. 6), which is secured to the
      bottoms 26 and 30, by means of bolts 38 and nuts 39. The bolts 38, as best
      seen in FIG. 6, pass through transverse slots 26a and 30a in the bottoms
      26 and 30, which slots serve a purpose to be presently described.
PAR  The latch pins or bolts 36 are normally maintained in the position shown in
      FIG. 5, in which position, they extend through the slots 15c, 13a and 14a,
      and are resiliently biased against the upper ends of these slots by the
      resiliency of the pad or block 23, which thus assists in maintaining the
      members 24 and 25 in proper position in relation to the bottom 10 of the
      pan to which reference has been made.
PAR  For the purpose of removing the members 24 and 25, for any reason, such,
      for example, when the applicator is to be cleaned, or the pad or block 23
      is to be replaced, the latch pins or bolts 36 may be retracted from the
      slots 15c, 13a and 14a. For this purpose, each of the pins or bolts 36 is
      provided with a donwardly extending pin 40, which extends through a slot
      41 in the retainer 37, and terminates in a head 42 of larger diameter than
      the width of the slot 41, this head 42 thus serving to prevent disassembly
      of the latch pin or bolt 36 from the retainer 37.
PAR  For a purpose to be presently described, a pair of compression coil springs
      43 is provided, which springs encompass the bolts 34, and have their ends
      bearing against the side walls 27 and 31 of the fluid distributor
      reservoir which has been described.
PAR  Interposed between the end walls of the pan or reservoir which has been
      described, and those of the bolts 38 which are closest to the end walls,
      are small pads 44 (see FIGS. 1 and 5), which serve a purpose to be
      presently described.
PAR  The applicator further includes a handle 45, which, as best seen in FIGS.
      1, 2, 5 and 8, is pivotally secured, as by bolt 46 and wing nut 47, to a
      bracket 48, which supports a pin or shaft 49.
PAR  The pin or shaft 49 has its ends pivotally mounted in brackets 50, which
      are removably secured to the bottoms 26 and 30 of the members 24 and 25,
      by means of bolts 50a and nuts 56b (see FIGS. 1, 2, 7A and 8). For a
      purpose to be presently described, the bolts 50a pass through transverse
      slots 26b and 30b in the bottoms 26 and 30.
PAR  By thus mounting the handle 45 for pivotal movement about the axis of the
      bolt 46 and about the axis of the pin or shaft 49, the handle has movement
      in two planes, which movement not only facilitates use of the applicator,
      but also permits the handle to be folded against the applicator to
      facilitate shipment and storage.
PAR  The applicator further includes a mop-like member 51, which is removably
      secured to the bottom, side walls and end walls of the pan in which the
      pad 23 is mounted, by means of tapes 52, the ends of which, as seen in
      FIG. 1, are tied together.
PAR  The bottom of this mop-like member is provided with an opening 53, which as
      best seen in FIGS. 1, 3, 5, 6, 7, 8, and 9, leaves the perforations 15
      exposed, so that fluid can pass through these perforations directly onto
      the bowling lane.
PAR  In the use of the applicator, and initially prior to its first use, the
      applicator pad 23 and mop-like member 51 will be saturated with a
      predetermined amount of lane conditioner, wax or other fluid. Thereafter,
      in the use of the applicator, only the pad 23 will be saturated, so that
      the fluid will be available to pass through the partially restricted
      perforations 15 directly to the surface to be conditioned and distributed
      over this surface by the mop-like member 15, and ejection of the fluid
      from the pad 23 will be caused by manipulation of the handle 45, which, in
      turn, compresses the pad 23.
PAR  Only after about 50 to 75 full ejections of fluid from the pad 23 will it
      be necessary to pour more fluid into the reservoir, thereby replenishing
      the fluid supply for the pad 23.
PAR  In actual practice, it may be noted that in the use of the applicator, one
      full depression or compression of pad 23 will eject enough lane
      conditioner to thoroughly condition not less than four lanes, although one
      slight ejection per lane has been found to be more satisfactory.
PAR  It may be further noted that when the reservoir comprising the members 24
      and 25 is depressed, as shown in FIG. 7, pressure of these members is
      communicated to the pad 23, causing the pad to be squeezed or compressed,
      and a portion of the fluid therein to be expelled through the perforations
      15, and as permitted by adjustment of plate 18, as shown in FIGS. 3, 6, 7
      and 8. Plate 18 may be adjusted to restrict the flow through the
      perforations 18, thereby controlling ejection from pad 23, which ejection
      is also controlled by the amount of pressure applied to handle 45 and the
      number of times such pressure is applied.
PAR  The small pads 44, as best seen in FIGS. 1 and 5, are utilized to act as
      seals to prevent fluid poured into the reservoir from leaking endwise from
      the reservoir, instead of passing through the slit or slot, to which
      reference has been made.
PAR  The width of the aforesaid slit or slot between the inner edges of the
      bottoms 26 and 30, as shown in FIG. 1, may be adjusted by loosening the
      nuts 35 to any desired degree, which, in turn, permits the springs 43 to
      push the members 24 and 25 apart to increase the width of the slit or
      slot. The fluid in the reservoir leaks slowly and evenly through the slot,
      throughout its entire length, onto the pad 23.
PAR  Prior to loosening of the nuts 35, the nuts 39 and 50b are also loosened,
      to permit the members 24 and 25 to move relatively to the bolts 38 and
      50a, due to the provision of the slots 26a, 30a, 26b and 30b.
PAR  It is thus seen that I have provided an applicator which admirably fulfills
      all of the aforesaid objects.
PAR  Instead of utilizing a single pad 23, as described, the pad may be made up
      of a number of smaller pads in end-to-end relation, or, if desired, a
      number of such smaller pads less in number than necessary to extend the
      entire length of the pad-carrying pan, may be used. In some instances, for
      example, where it is desired to condition only the central portion of a
      lane, a number of such smaller pads may be placed at the central portion
      of the pad-carrying pan. Where this is done, seals, similar to the sealing
      pads 44, may be frictionally secured at positions in the reservoir, such
      as to confine the fluid in the reservoir to an area equivalent to the area
      of the smaller pads in the pad-carrying pan.
PAR  It is to be understood that the form of my invention, herewith shown and
      described, is to be taken as a preferred example of the same, and that
      various changes may be made in the shape, size and arrangement of parts
      thereof, without departing from the spirit of the invention or the scope
      of the subjoined claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. In an applicator of the character described a pan-like member having
      perforations in the bottom thereof for passage of a fluid therefrom, a pad
      of porous, compressible material disposed in said member and adapted to
      hold fluid in the pores thereof, a pan-like reservoir resiliently
      supported by said pad and adapted to contain a quantity of said fluid, and
      a handle, said pan-like reservoir being responsive to downward pressure of
      said handle to cause fluid in said pad to be discharged through said
      perforations by compression of the pad.
NUM  2.
PAR  2. An applicator, as defined in claim 1, wherein said reservoir comprises a
      pair of members having bottoms in substantially contiguous relationship
      witheachother, to provide therebetween a slot for exit of fluid from said
      reservoir.
NUM  3.
PAR  3. An applicator, as defined in claim 2, including means for adjusting the
      width of said slot.
NUM  4.
PAR  4. An applicator, as defined in claim 3, wherein said last-named means
      comprises compression coil springs.
NUM  5.
PAR  5. An applicator, as defined in claim 1, including means for releasably
      latching said reservoir to said pan-like member.
NUM  6.
PAR  6. An applicator, as defined in claim 1, including mop-like means removably
      secured to said pan-like member.
NUM  7.
PAR  7. An applicator, as defined in claim 6, wherein said mop-like member has
      an opening in the bottom thereof, whereby said perforations are left
      exposed.
NUM  8.
PAR  8. An applicator, as defined in claim 1, including a plate secured to said
      pan-like member, said plate being adjustable to control the quantity of
      fluid passing through said perforations.
NUM  9.
PAR  9. An applicator, as defined in claim 1, wherein said handle is pivotally
      secured to said reservoir.
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ABST
PAL  Pen point for writing instrument comprising a cylindrical article composed
      of united thermoplastic synthetic resin monofilaments, said cylindrical
      article being provided with an even number of more than 4 of radial curved
      narrow slots having capillary action and extending toward the center of
      the cylindrical article from the inside of the outer periphery, which are
      confined by triangular projected segments, top of which segment is
      circular and side walls of said radial curved narrow slot being formed by
      a plurality of semicircles, which are arranged so that the semicircles in
      the opposite side walls are engaged with each other under writing
      pressure.
BSUM
PAR  The present invention relates to a thermoplastic synthetic resin pen point
      to be used for writing instruments, such as a sign pen and the like.
PAR  A large number of these pen points have heretofore manufactured
      particularly for fine handwriting and the internal structures of these pen
      points have been variously proposed, for example, in Japanese Utility
      Model Application Publication No. 12,349/67, Japanese Pat. Application
      Publication No. 27,448/72, U.S. Pat. Nos. 3,338,216, 3,518,019, 3,586,454,
      3,614,247 and 3,729,270. These structures are roughly classified as
      follows.
PAR  1. Cross-sectional structure having radial capillary tubes: Japanese Patent
      Application Publication No. 27,448/72, U.S. Pat. Nos. 3,338,216,
      3,518,019, 3,614,247 and 3,729,270.
PAR  2. Cross-sectional structure having a lotus root-shaped tubular capillarly
      tubes: Japanese Utility Model Application Publication No. 12,349/67.
PAR  3. Combined capillarly tubes of the above described structures (1) and (2).
      U.S. Pat. No. 3,586,454.
PAR  In general, these pen points aim at fine handwriting as mentioned above and
      accordingly, the pen points are formed of a thermoplastic synthetic resin
      into a hard molding so that the bending of the writing tip of the pen
      point caused by writing pressure is possibly prevented, nevertheless these
      pen points have a variety of defects owing to the incompleteness of the
      structure of the center portion of the cross-section, which is most
      important as the pen point. That is, the pen points having the above
      described structures have the following defects.
PAR  1. Pen point having the above described structure (1):
PAR  The triangular projected segments forming the capillary tubes have smooth
      side walls having no concave and convex projections in the center portion
      of the cross-section and the top ends are sharp and consequently
      divergence is caused between mutual projected segments owing to the
      writing pressure and the writing tip of the pen point is separated.
      Accordingly, the sharp projections of the projected segments, which are
      opposed with each other in the center portion, scratch a paper surface
      upon writing and therefore the feeling is not smooth and the writing tip
      vibrates, so that ink scatters out to the portion to be written and the
      paper surface becomes dirty, furthermore this structure is poor in the
      abrasion resistance.
PAR  2. Pen point having the above described structure (2):
PAR  Since the tubular capillary tubes are independent, unless a large number of
      fine tubular capillary tubes are formed, the writing traces are apt to be
      interrupted and if a large number of fine capillary bores are formed in
      order to solve this drawback, the flow of ink is poor and ink is apt to
      clog in the fine capillary bores.
PAR  3. Pen point having the above described structure (3):
PAR  A core element provided with an independent center fine tubular bore
      opening extending axially therethrough is provided in the center of the
      pen point and this core element is not adhered to the core elements of the
      outside and consequently this core element is difficult to retain its
      place and is apt to be entered into due to the writing pressure and when
      such a pen point is used for fine handwriting, the amount of ink
      discharged from the center bore opening is insufficient, so that the
      writing trace is apt to be interrupted.
PAR  The object of the present invention is to provide the pen point suitable
      for fine handwriting, in which the above described various defects are
      solved, the feeling is smooth, the writing trace is not interrupted and
      the very stable writing performance can be obtained.
PAR  The pen point for writing instruments according to the present invention
      comprises a cylindrical article formed by uniting together a large number
      of molten thermoplastic synthetic resin monofilaments, said cylindrical
      article having conical portion in at least one of the ends, which is
      provided with radial curved narrow slots extending toward the center of
      the cylindrical article from the inside of the outer periphery of the
      article in the transverse section, said radial curved narrow slots being
      confined by an even number of at least 4 of triangular projected segments,
      each top portion of said triangular projected segments being circular,
      said triangular projected segments having two different height, the
      segment having a larger height and the segment having a smaller height
      being arranged in an adjacent relation, said segments having the larger
      height being converged in the center portion to form a space bore and side
      walls of each radial slot being formed by a plurality of semicircles of
      circumference of the monofilaments and said semicircles in opposite side
      walls being arranged so as to engage with each other, and further said
      radial curved narrow slots and the center space bore being axially
      extended from one end of the cylindrical article to the other end.
PAR  For the production of the cylindrical pen points of the above described
      prior arts having fine spaces acting capillary function in the interior,
      an extrusion molding is generally most preferable. Namely, a process for
      extruding a circular rod having various shapes of capillarly tubes, a
      process comprising extruding non-circular rods or a plate having concave
      and convex projections and then shaping them in a tube, and the like have
      been generally adopted.
PAR  However, these processes are difficult in the planning and manufacture of
      dies and further the resulting cylindrical pen points are insufficient in
      accuracy.
PAR  The present invention is als to provide a method for producing the pen
      points, by which these defects are solved.
PAR  In the production of the pen point of the present invention, a
      thermoplastic synthetic resin is subjected to an extruder provided with a
      die having a large number of orifices, by which a similar shape as large
      as several times of the desired cross-sectional shape is obtained, to form
      monofilaments, the extruded molted monofilaments are united together to
      form a circular rod having the desired radial narrow slots in the
      interior, the resulting rod is drawn to the desired diameter and cooled
      and solidified and the solidified rod is cut into desired length and at
      least one end of the resulting rod is ground into sharp conical shape.
DRWD
PAR  The present invention will be explained in more detail with reference to
      Example.
PAR  For a better understanding of the invention, reference is taken to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a side view of the pen point of the present invention;
PAR  FIG. 2 is an enlarged sectional view taken on lines A--A in FIG. 1;
PAR  FIG. 3 is a perspective view of the sign pen provided with the pen point of
      the present invention;
PAR  FIG. 4 is an enlarged sectional view taken on lines B--B in FIG. 3;
PAR  FIG. 5 is a side view showing an outline of an apparatus for producing the
      pen point of the present invention;
PAR  FIG. 6 is an enlarged sectional view of the die taken on lines C--C in FIG.
      5; and
PAR  FIGS. 7-9 show the cross-sectional views of the other embodiments of pen
      points of the present invention.
DETD
PAR  FIG. 1 is a side view of the pen point 1 of the present invention. The pen
      point 1 is formed by extrusion molding of a thermoplastic synthetic resin,
      such as polyacetal, polyphenylene oxide, nylon, polyolefin and the like
      into monofilaments and uniting together the molten monofilaments into a
      rod and then cooling and solidifying the rod and cutting the rod and
      grounding the both ends of the cut rod into conical shapes 1a and 1b as
      mentioned above.
PAR  As shown in FIG. 2, the pen point 1 has six narrow radial curved slots 2
      for passing ink, which extend toward the center from the inside of the
      outer periphery 1' in the transverse section. The distance between the
      opposite side walls 3b and 4b of the narrow slots 2 is within a range of
      2/100 to 15/100 mm and about 5/100 mm is most effective. As the result,
      six triangular projected segments which are connected at the outer
      periphery portion 1', are confined by said six radial slots 2. These
      triangular segments have two different heights, that is a larger height
      and a smaller height and these segments 3 and 4 are alternately arranged
      in an adjacent relation and the top portions 3a of the three projected
      segments having the larger height are converged in the center portion so
      as to form a space bore opening of a central conduit 5 for passing ink. In
      this case, each of the top portions 4a of the projected segments 4 having
      a smaller height is arranged in a regular triangle and each of top
      portions 3a of the projected segments 3 having a larger height is arranged
      in the middle point of a side of the regular triangle and the side walls
      3b and 4b of the projected segments 3 and 4 having semicircles formed by
      the circumference of the monofilaments are arranged so as to engage with
      each other.
PAR  The above described radial curved slots 2 axially extend from one end to
      the other end in the interior of the pen point 1 and act together with the
      center bore 5 as the capillary tube for sucking up ink.
PAR  As shown in FIG. 3, the pen point 1 composed of united monofilaments, if
      necessary, is inserted into a nib holder 7 and is pressed fit thereby and
      then is provided in the pen body 6 of writing instruments, such as sign
      pen and the like. In this case, the pen point 1 is fit to the nib holder 7
      by pressing the nib holder in the arrow P direction (see FIG. 4). When the
      pen point is fixed in the pen body 6 through the nib holder 7 or directly
      by an appropriate means, a terminal end 1b of the pen point 1 is inserted
      into a reservoir 8 arranged in the pen body 6 and filled with ink. This
      has been already known.
PAR  Reference number 9 shows an air passageway formed in the pen body 6.
PAR  The above mentioned thermoplastic synthetic resins to be used for the pen
      point are selected depending upon the desired writing performance. For
      example, when polyacetal is used, the pen point having a hard and smooth
      feeling can be obtained and when polyethylene is used, the pen point
      having a soft and smooth feeling can be obtained.
PAR  The pen point 1 having the above described construction is slightly bent at
      the writing tip 1a under the writing pressure but the side wall portions
      3b and 4b of the projected segments 3 and 4 having the different height,
      which are arranged adjacently with each other, are engaged, so that the
      relative displacement between the projected segments 3 and 4 is prevented
      and the toughness is improved. Accordingly, the separation as in the
      conventional pen points is not caused in the writing tip 1a. Furthermore,
      the top portions 3a and 4 a of the projected segments 3 and 4 are
      substantially circular, so that the writing tip 1a does not scratch the
      paper surface upon writing and moves smoothly and hence the pen tip does
      not vibrate. Accordingly, the smooth write feeling can be obtained and ink
      does not scatter.
PAR  Moreover, when the writing tip 1a is slightly bent by the writing pressure,
      the narrow slot 2 of the pen point 1 comes in contact with the paper
      surface, so that the ink can be surely supplied to the paper surface.
PAR  As mentioned above, the narrow slots 2 have the radial curves, so that the
      surface area is larger and therefore the ink sucking up action as the
      capillary tube is larger and further the flooding of ink on the paper
      surface can be prevented. Moreover, the center bore 5 acting as a very
      fine capillary tube having a large sucking up action is formed at the
      center portion of the writing tip portion 1a by the circular top portions
      3a of the projected segments 3 oppositely arranged at the center, so that
      ink is fully supplied to the writing tip 1a and the writing trace is not
      interrupted. Therefore, this pen point is very suitable for writing fine
      line letters rapidly.
PAR  The pen point in the above described Example is formed by six radial curved
      narrow slots 2 but the present invention is not limited thereto. However,
      the projected segments 3 and 4 having a larger height and a smaller height
      must be arranged alternately, so that the number of the slots must be an
      even number of more than 4.
PAR  As the other embodiments, there may be the pen points having the following
      sectional structures.
PAR  In one embodiment, a small bore for conveying ink is provided at the center
      portion of each triangular projected segment (see FIG. 7). When small
      bores are provided as shown in FIG. 7, even if the writing is effected by
      inclining the pen point, ink is flowed smoothly and the writing trace is
      scarcely interrupted.
PAR  Alternatively, the pen point having the crosssection as shown in FIG. 2 may
      be covered by an outer coating. When the diameter of core portion is 1.2
      mm.phi. and the outer diameter of the coating including the core is 2.0
      mm.phi., the coating protects and reinforces the core, so that the
      strength of the entire pen point is improved and the writing tip is hardly
      bent by the writing pressure upon writing and the write feeling is hard.
PAR  Furthermore, in such a pen point, it is prevented by the coating that the
      capillary tubes are collapsed by holding pressure of the nib holder when
      assembling the writing instrument. Such a pen point is hard and can be
      used for fine handwriting and further the toughness is higher.
PAR  The embodiment when the coating is circular is shown in FIG. 8.
PAR  The coating may be provided with air passageways as shown in FIG. 9.
PAR  The coating material to be used herein may be different from or same as the
      material to form the core portion.
PAR  The coating may be colored.
PAR  The pen point according to the present invention, for example, is produced
      by the following manner and an explanation will be made with reference to
      FIG. 5.
PAR  An extruder 14 is provided with a die 11, which has a large number of
      independent extruding orifices 11' to form a similar shape as large as
      several times of the crosssectional shape as shown in FIG. 2.
PAR  Thermoplastic synthetic resin pellets to produce the pen point are supplied
      from a hopper 13 to a heating zone 10 and are heated therein and
      simultaneously a main screw (not shown) is rotated by a motor 12 and the
      molten resin is supplied to a die 11 under a given pressure. At the same
      time, air is fed from an air supplying tube 15. The molten resin is
      extruded through the extruding orifices 11' of the die 11 into a large
      number of monofilaments and then the molten monofilaments are united
      together to form a circular rod having the desired radial curved slots
      therein. The resulting circular rod is drawn to the desired diameter by a
      device not shown and cooled and solidified and cut into the desired
      length. Both the ends of the cut rod are ground to form a pen point 1 as
      shown in FIG. 1.
PAR  In the above described process, the radial curved slots having a capillary
      action can be formed in the resin rod by providing the extruding orifices
      11' for forming monofilament in the die 11 and these extruding orifices
      11' can be arranged in the desired distance. Accordingly, the planning and
      manufacture of the die are very easy and the accuracy is high, so that the
      accuracy of the shaped article can be noticeably improved as compared with
      the conventional products.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Pen point for writing instruments comprising a cylindrical article
      formed by uniting together a large number of molten thermoplastic
      synthetic resin monofilaments, said cylindrical article having a conical
      portion at least at one end, which is provided with radial curved narrow
      slots extending toward the center of the cylindrical article from the
      inside of the outer periphery of the article in the transverse section,
      said radial curved narrow slots being defined by an even number of at
      least 4 of triangular projected segments, each top portion of said
      triangular projected segments being circular, said triangular projected
      segments having two different heights, the segment having a larger height
      and the segment having a smaller height being arranged in an adjacent
      relation, said segments having the larger height being converged in the
      center portion to form a space bore and side walls of each radial slot
      being formed by a plurality of semicircles and said semicircles in
      opposite side walls being arranged so as to engage with each other under
      writing pressure, and further said radial curved narrow slots and the
      center space bore being axially extended from one end of the cylindrical
      article to the other end.
NUM  2.
PAR  2. The pen point as claimed in claim 1, wherein six radial curved narrow
      slots are provided.
NUM  3.
PAR  3. The pen point as claimed in claim 1, wherein said pen point is composed
      of polyacetal, polyphenylene oxide, nylon or polyolefin.
NUM  4.
PAR  4. The pen point as claimed in claim 1, wherein each of said triangular
      projected segments is provided with a center bore for conveying ink.
NUM  5.
PAR  5. The pen point as claimed in claim 1, wherein said cylindrical article is
      covered with a thermoplastic synthetic resin circular coating.
NUM  6.
PAR  6. The pen point as claimed in claim 1, wherein said cylindrical article is
      covered with a thermoplastic synthetic resin coating provided with a
      plurality of air passageways.
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ABST
PAL  An apparatus is disclosed for a rolling contact joint that is particularly
      useful as a prosthetic joint such as a knee joint, as well as other
      applications requiring relatively movable sections having mechanical
      joints. The joint may take a variety of forms depending upon the
      particular situation, but in essence, includes at least two bodies that
      have surface portions in contact, with the bodies being movable relative
      to one another and constrained in this movement by the nature of the
      surfaces in contact and flexible straps positioned about and also in
      contact with the bodies. Where a basic configuration including a pair of
      cylinders is utilized, the flexible straps may be wrapped completely or
      partially around each of the cylinders to provide a joint having
      substantially no restraint of motion with very low friction due to the
      rolling contact between the contacting surfaces of the cylinders. In
      addition, such bodies may each have a pair of cylindrical surfaces of
      different diameter with respect to one another with the bodies in contact
      at one cylindrical surface and the flexible straps wrapped about the other
      of the cylindrical surfaces. If the cylindrical surfaces are concentric
      with respect to one another and have diameters of proper ratio, there will
      be no substantially resistance to the motion, and because of the rolling
      contact, friction will be very low. If the cylindrical surfaces are not
      concentric, however, then the flexible straps will be strained during
      rotation and a spring action will be provided in the device. Since the
      shape of the bodies and the positioning of the flexible straps determines
      the particular type of motion, various possible combinations have been
      described. In addition, a particular embodiment of a rolling contact joint
      is described for use as a prosthetic knee joint.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to a rolling contact joint and, more particularly,
      to such a joint useful as a prosthetic knee joint.
PAC  Description of the Prior Art
PAR  Friction and wear have always been problems in conventional joint devices.
      In addition, such devices have not always provided satisfactory movement,
      particularly where the necessary movement is complicated and/or exacting,
      such as, for example, in at least some door hinges and in prosthetic knee
      joints.
PAR  While many joint devices for many different purposes have heretofore been
      developed and/or utilized, such devices have not been completely
      successful in all cases where the needed joint has to provide complicated
      and/or exacting movement. This is particularly true with respect to
      prosthetic knee joints. In the past, many hinge pin type joints have been
      proposed for utilization as knee joints, but such joints have met with no
      more than limited success due, at least in part, to an inability to
      provide adequate movement to come as near as possible to matching the
      movement afforded by the healthy human knee and/or to an inability of the
      joint to withstand the wear and friction resulting from sliding contact at
      the joint.
PAR  Recently, a roller-band device, called a "Rolamite" device, was introduced
      (see U.S. Pat. No. 3,572,141). This device includes two rollers inside
      parallel guide surfaces, the rollers being locked in a free-rolling,
      counterrotating cluster by the elastic constraints of an entwined flexible
      metallic band under tension. The geometry of this device was said to
      ensure that the motion of the rollers relative to the guide surfaces is
      accomplished by rolling and not by sliding, and the resulting device
      provides basically linear motion of the cluster of rollers.
PAR  While such a design as brought out hereinabove might be utilized in some
      joint applications, it did not completely solve problems in other joint
      applications, particularly prosthetic knee joint applications. Thus, the
      need for improved rolling contact joints usable in a variety of
      applications remained.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a rolling contact joint that is well suited for use
      in a variety of applications and is particularly well suited for use as a
      prosthetic knee joint. A pair of bodies, the shape of each of which is
      dependent upon the particular usage contemplated, have in contact
      therewith a plurality of flexible straps which maintain the bodies in
      contact and give the resultant joint the desired action.
PAR  It is therefore an object of this invention to provide a rolling contact
      joint that is well suited for use in a variety of applications.
PAR  It is another object of this invention to provide a rolling contact joint
      that is capable of providing satisfactory movement for the use
      contemplated.
PAR  It is another object of this invention to provide a rolling contact joint
      capable of providing a predetermined action when the joint is in use.
PAR  It is still another object of this invention to provide a rolling contact
      joint which includes bodies which are preshaped and have flexible straps
      positioned thereon in a predetermined manner to achieve predetermined
      movement and action as desired.
PAR  It is another object of this invention to provide a rolling contact joint
      which includes bodies which are preshaped and have flexible straps
      positioned thereon in a manner to provide predetermined motion and spring
      action.
PAR  It is yet another object of this invention to provide a rolling contact
      joint that is well suited for use as a prosthetic knee joint.
PAR  It is still another object of this invention to provide an improved
      prosthetic knee joint that is well suited for its intended purpose.
PAR  With these and other objects in view, which shall become apparent to one
      skilled in the art as the description proceeds, this invention resides in
      the novel construction, combination, and arrangement of parts
      substantially as hereinafter described, and more particularly defined by
      the appended claims, it being understood that such changes in the precise
      embodiment of the hereindisclosed invention are meant to be included as
      come within the scope of the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate at least one complete embodiment of
      the invention according to the best mode so far devised for the practical
      application of the principles thereof, and in which:
PAR  FIG. 1 shows an operational sketch of the Rolamite prior art device
      referred to hereinabove;
PAR  FIG. 2 shows a side view operational sketch of a rolling contact joint
      utilizing a single roller and a flat surface;
PAR  FIG. 3 shows an end view operational sketch of the rolling contact shown in
      FIG. 2;
PAR  FIG. 4 shows a side view operational sketch of a rolling contact joint
      utilizing a fixed roller and a movable roller;
PAR  FIG. 5 shows a side view operational sketch of a rolling contact joint
      utilizing rollers having two cylindrical surfaces thereon;
PAR  FIG. 6 shows a side view operational sketch of a rolling contact joint
      utilizing rollers having two cylindrical surfaces thereon, one of which is
      shaped in a predetermined manner and contacts flexible straps to provide a
      predetermined action for the joint;
PAR  FIG. 7 shows a side view operational sketch of a rolling contact joint
      having a plurality of cylindrical surfaces;
PAR  FIG. 8 shows a side view operational sketch of a rolling contact joint
      illustrating the forces present;
PAR  FIGS. 9 through 11 show side view operational sketches of rolling contact
      joints having alternate strap engaging surfaces;
PAR  FIG. 12 shows a side view operational sketch of a roller and flat surface
      held in contact by a plurality of straps;
PAR  FIG. 13 shows an end view sketch of the sketch of FIG. 12;
PAR  FIG. 14 shows a side view operational sketch of a plurality of rollers
      between flat plates;
PAR  FIG. 15 shows an end view sketch of the sketch of FIG. 14;
PAR  FIG. 15 shows a perspective view of a rolling linear device;
PAR  FIG. 17 shows a sketch of a rolling contact joint illustrating that no
      particular shape is necessary;
PAR  FIGS. 18 and 19 show side and end view operational sketches, respectively,
      of a rolling contact joint with rollers having two concentric cylindrical
      surfaces;
PAR  FIG. 20 shows a side view operational sketch of a rolling contact joint
      with rollers having strap engaging surfaces offset from the other
      surfaces;
PAR  FIGS. 21 and 22 show side view operational sketches of alternate rolling
      contact joints;
PAR  FIG. 23 shows a side view operational sketch of a rolling contact joint
      which includes a gas bag between rollers;
PAR  FIG. 24 shows a perspective view of the rolling contact joint of the
      preferred embodiment of this invention utilized as a prosthetic knee
      joint;
PAR  FIG. 25 shows a perspective view of the knee joint shown in FIG. 24 with
      said joint in an open position;
PAR  FIG. 26 shows a side partially broken away view of the knee joint of FIG.
      24 implanted in a human knee for use as a prosthetic knee joint; and
PAR  FIG. 27 shows a front partially broken away view of the knee joint shown in
      FIG. 26.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As stated hereinabove, the rolling contact joint of this invention can take
      many forms depending upon the particular need and/or particular
      requirements to be satisfied. Basically, however, a pair of bodies having
      engaging portions are utilized with the bodies being held together by
      means of flexible straps.
PAR  In the prior art, a system has been disclosed (see U.S. Pat. No. 3,572,141)
      which utilizes rollers between two guide plates. This system is shown in
      FIG. 1 to include a thin metallic band, or strap, 40 to suspend a pair of
      rollers 41 and 42 between two parallel guiding surfaces 43 and 44.
PAR  By suspending the two rollers between the guiding surfaces with the single
      metallic band, the device significantly decreases the bearing pressure of
      the rolling surfaces. This decreased bearing pressure gives the device a
      much improved coefficient of friction. Also, since the surfaces on the
      rollers always make contact with the same surfaces on the band, an
      additional improvement in the coefficient is achieved. It should be noted,
      however, that the prior art device shown in FIG. 1 is a limited-action
      device and therefore cannot sustain motion over a long distance.
PAR  As a basic consideration for the device of this invention, a new approach
      to rolling devices is taken using a single roller 46 and a flat surface
      47, as shown in FIGS. 2 and 3. Straps 49 and 50, under a slight tension,
      exert no external forces or torques on the roller if the straps are in
      line and balanced. Straps 49 and 50 are fastened at one end to roller 46
      and are wrapped therearound to pass between roller 46 and flat surface 47,
      the other end of the straps being fastened to flat surface 47, as
      indicated in FIG. 2. Using the device as shown in FIGS. 2 and 3 as a basic
      building block, variations can be realized.
PAR  For each variation, many subsequent variations can be shown to evolve, as
      brought out hereinafter. As shown in FIG. 4, a moving cylinder 52 rotates
      about a fixed cylinder 53. Straps 55 are attached at the surface of each
      cylinder and extend therebetween, as shown in FIG. 4, with one end of each
      of straps 55 being fastened to cylinder 52 and the other end attached to
      cylinder 53, so that no slippage is exhibited, and therefore the rolling
      cylinder 52 has only rolling friction forces acting upon it.
PAR  If straps 57 and 58 are attached to an inner shoulder 60 and 61 of smaller
      diameter than the cylinder peripheral contact surfaces 63 and 64 of
      cylinder 66 and 67, as shown in FIG. 5, then the straps no longer are
      sandwiched between the rollers but still serve to hold the two cylinders
      together. As before, with no slippage and with shoulders having equally
      sized diameters on which the straps maintain contact, the device should
      not experience any impedance to motion except rolling friction.
PAR  If the contour of the strap-contacting surfaces 70 and 71 (see FIG. 6) of
      cylinders 72 and 73 are made noncircular of uneven diameter then the
      rolling cylinder 72 will, in most cases, experience a particular force and
      thus a torque will be required to move it. Assuming the material of straps
      75 and 76 is elastic, the required torque needed to move cylinder 72 will
      be a function of the contour of the strap-contacting surfaces 70 and 71
      and the angle theta, the general case for a rolling device requiring
      torque to rotate the device being shown in FIG. 6.
PAR  In order for such a rolling device to work correctly it must not slip at
      the point of contact. Similarly, non-circular contacting surfaces can be
      used to create desired motion or torque characteristics.
PAR  From a knowledge of the geometry of the contacting surfaces, the geometry
      of the surfaces to which the straps are attached, and the tension behavior
      of the straps, it is possible to analyze the torque (or spring behavior)
      of the device.
PAR  One example of a set of contours that offers the ability of creating torque
      is made of two strap-contacting shoulders 80 and 81 of cylinder 82 and
      shoulders 83 and 84 of cylinder 85, shoulders 80 and 84 and 81 and 83
      being of different diameters as shown in FIG. 7. In this device, when the
      motion begins, both straps 87 and 88 unwrap from a small cylinder
      (shoulder 80 or 83) onto a larger cylinder (shoulder 81 or 84). This tends
      to stretch both of the straps 87 and 88 by an equal amount, and this
      stretching creates a torque which is related to the angle theta.
PAR  It might be noted that in order for a torque to exist in the rolling
      device, it is necessary for the resultant force between the rolling
      bodies, created by the straps, pass through some other point than the
      point of contact, as shown in FIG. 8 where straps 90 and 91 are shown
      fastened to strap-contacting surfaces 93 and 94 (strap 90) and surfaces 95
      and 96 (strap 91) of cylinders 97 and 98.
PAR  The contours illustrated by way of example in FIGS. 9 through 11 have been
      analyzed with the aid of a computer. In each case a model has been built
      to verify the general results and to insure that there was no tendency to
      slip. As shown in these FIGS., cylinders 100 and 101 (FIG. 9), cylinders
      102 and 103 (FIG. 10), and cylinders 104 and 105 (FIG. 11), have straps
      107 and 108 (FIG. 9), 109 and 110 (FIG. 10), and 111 and 112 (FIG. 12)
      fastened to strap-contacting shoulders 114 and 115 (FIG. 9), 116 and 117
      (FIG. 10), and 118 and 119 (FIG. 11). While the straps have been indicated
      and shown herein as flat bands, the strap contours can also be varied in
      shape to establish a desired torque-theta relationship. In addition,
      springs (not shown) can also be added to the rollers to create
      predetermined torque-theta characteristics.
PAR  Referring back to the general concepts discussed hereinabove, a basic
      building block can be established by a roller 122 on a flat surface 123,
      as shown in FIG. 12, said roller having a plurality of straps 125, 126 and
      127 therearound, as shown in FIG. 13, with straps 125 and 127 being
      connected to flat surface 123 spaced from one side of roller 122 and strap
      126 being connected at the other side of flat surface 123 spaced from the
      other side of roller 122.
PAR  If a second flat plate 129 is attached at the top of the roller 122 in the
      same manner as is flat surface 123, and a second roller 130 attached to
      the flat surface and plate in the same manner as is roller 122 as shown in
      FIGS. 14 and 15 (with straps terminating at top and bottom of roller), a
      linear bearing is created as shown in FIG. 16 which shows a plurality of
      guides 132 at the edges of the top and bottom plates.
PAR  As a linear bearing such a device offers a great deal of potential. The
      straps allow the parts to be held tightly together and all parts meet with
      no relative velocity. The bearing is thought to be an improvement over
      conventional devices since the same points on the surfaces come into
      contact as the device moves back and forth.
PAR  The linear bearing can be made to exert forces as a function of position by
      using the techniques discussed earlier. This includes varying the width or
      geometry of the straps or the preset shape of the strap. It is clear that
      some methods would be more appropriate than others for specific purposes,
      as would be obvious to one skilled in the art.
PAR  Referring now again to the rolling contact joint, FIG. 17 shows that no
      particular shape is mandatory. In other words, it is not necessary in
      applicants' invention that the surfaces be cylindrical, although they may
      be if needed for a contemplated use. As shown in FIG. 17, bodies 136 and
      137 have shoulders 139 and 140 thereon, respectively, which shoulders
      contact strap 142 to hold the bodies in engagement.
PAR  FIGS. 18 and 19 illustrate in greater detail the basic device of this
      invention for general use on a mechanical joint. The basic device shown in
      FIGS. 18 and 19 consists of two bodies 142 and 143 which move relative to
      each other and are constrained in their motion by either or both the
      contact surface between the two bodies and bands, or straps, 145 and 146
      which "wind up" or "unwrap" around the two bodies by being fastened to
      shoulders, or smaller diameter sections, 148 and 149 of rollers 142 and
      143, respectively. Portions of the surfaces of bodies 142 and 143 are in
      contact and held together by the bands 145 and 146 attached to the two
      bodies as shown in FIGS. 18 and 19. As body 142 rotates to the right with
      respect to body 143, band 146 wraps up on body 143 and unwraps from body
      142. The opposite occurs for band 145. The reverse occurs when body 142 is
      rotated to the left. The constraint provided by the bands will result in
      pure rolling contact between the engaging surfaces of bodies 142 and 143
      for certain designed contours.
PAR  Variations from the basic configuration shown in FIGS. 18 and 19 provide
      some very interesting combinations. If shoulder 148 is a cylinder and is
      concentric with the outer periphery of body 142 and shoulder 149 is
      concentric with the outer periphery of body 143, then rotating one body
      with respect to the other causes no increase or decrease in strain in the
      bands resulting in no restraint to the motion. Because of the rolling
      contact between the engaging surfaces of bodies 142 and 143, the friction
      will be very low. If the shoulders are not concentric with the outer
      periphery of the bodies, however, as shown in FIG. 20, the bands are
      strained during rotation providing a spring action to the device. As shown
      in FIG. 20, the shoulders 152 and 153 of rollers 155 and 156 are offset
      with respect to the outer periphery of the rollers, with straps 158 and
      159 holding the rollers in engagement.
PAR  The bodies can, as brought out hereinabove, also be of different shapes to
      provide a particular type of motion.
PAR  FIGS. 20, 21 and 22 illustrate three possible different combinations, with
      bodies 162 and 163 being held in engagement, as shown in FIG. 21 by straps
      165 and 166 which are fastened to shoulders 168 and 169 of bodies 162 and
      163, respectively, while, as shown in FIG. 22, bodies 171 and 172 are held
      in engagement by straps 174 and 175 fastened to the outer periphery of
      each body.
PAR  FIG. 23 illustrates a variation in which the two bodies 178 and 179 are
      separated with a fluid, or gas, filled bag 180, the bodies being held in
      engagement with the bag 180 by straps 182 and 183 fastened to bodies 178
      and 179. This provides a very low friction as well as a possible cushion
      between the two bodies.
PAR  To summarize the advantages of the basic device, these advantages are:
      Possible pure rolling contact which gives low friction; freedom to obtain
      a particular motion; and obtaining a desired spring action to the device.
      There are an infinite number of variations in geometrics to obtain
      different performance behavior. In addition, there are infinite
      combinations of more than just two bodies, some of the variations being
      shown in FIGS. 20, 21, 22 and 23.
PAR  FIGS. 24 through 27 show a preferred embodiment of this invention utilized
      as a prosthetic knee joint. As shown, the knee joint device includes a
      femoral section, or component, 190 and a tibial section, or component,
      191. The joint is implanted as a replacement for the natural hingetype
      knee joint, as indicated in FIGS. 26 and 27. The femoral section 190 has a
      curved surface 192 which rolls on surface 193 of the tibial section, as
      best shown in FIG. 25. The motion between the sections is constrained to
      rolling motion in accordance with this invention by means of a plurality
      of straps 195, 196, 197 and 198. Straps 195 and 196 are fastened at one
      end by means of pins 200 and 201 to the top portion of femoral section
      190. Straps 195 and 196 extend from pins 200 and 201 respectively, over
      the rear edge of femoral section 190 in grooves 203 and 204, respectively,
      and then extend forwardly between the sections, and pass over the front
      edge of tibial section 191 in grooves 206 and 207, respectively, and
      finally are fastened at the other ends by means of pins (not shown) to the
      underside of tibial section 191 in the same manner as the opposite ends
      are fastened to femoral section 190.
PAR  In like manner, one end of straps 197 and 198 are fastened to the top
      portion of the femoral section (near the front thereof as shown best in
      FIG. 24) by means of pins 210 and 211. Straps 197 and 198 extend over the
      front edge of femoral section 190 in grooves 212 and 213, respectively,
      and then extend rearwardly between the sections and over the rear edge of
      the tibial section 191, the ends then being fastened to the bottom rear
      portion of the tibial section 191 by means of pins (not shown) in the same
      manner as the opposite ends are fastened to the top front portion of
      femoral section 190. As shown in FIGS. 24 and 25, straps 195 and 196 are
      spaced inwardly with respect to straps 197 and 198 so that the straps do
      not come into contact with one another.
PAR  Straps 195-198 provide the constraint necessary for rolling motion and hold
      the sections in engagement with one another. While straps have been
      mentioned for usage fastened to the sections by means of pins, cables
      could be used, if desired, and the straps or cables could be fastened in
      any conventional fashion. In addition, the number of straps utilized could
      be varied, if desired.
PAR  A plurality of protrusions 216 extend from the top side of femoral section
      190 and from the bottom side of tibial section 191. These protrusions
      provide an interlock for the cement commonly now used in prosthetic
      fixation methods (see FIG. 27 where a portion of the front of the knee
      joint has been turned downwardly to expose the implanted knee joint).
PAR  A patella slide 218 with protrusions 219 extending outwardly therefrom
      attaches to the underneath side of the patella 220 and when in place (as
      shown in FIG. 26) rides in a groove 222 formed in the forwardly facing
      side of an upstanding tongue 223 of femoral section 190, the rearwardly
      facing portion of patella slide 218 being of convex shape to be better
      received in groove 222. If desired, patella slide 218 can be eliminated as
      could the patella groove 222 in tongue 223 of femoral section 190, at
      least for some applications.
PAR  The device is preferably made of stainless steel and polyethylene and the
      flexible members can be metal straps, rubber bands, or could be made of
      other materials such as leather, plastic, fabric, string or chain.
PAR  In operation, the prosthetic knee joint is surgically implanted in a human
      knee and thereafter performs the function of the natural knee joint. By
      preselecting the contours of the surfaces of the bodies (or rollers) and
      fastening strap positioning, the movement is made to simulate that of the
      natural knee as nearly as possible. By use of the device of this
      invention, friction and wear are also reduced so that the chances of
      troublefree operation over a long period of time is enhanced.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rolling contact joint, comprising: a first body member having a curved
      external surface portion; a second body member movable relative to said
      first body member and having an external surface portion frictionally
      engaging said external surface portion of said first body member to
      establish a non-slipping relationship therebetween during normal
      operation; and flexible strap means fixed to said first and second body
      members to maintain said external surface portions of said body members in
      engagement with one another and constrained to rolling contact
      therebetween during said normal operation.
NUM  2.
PAR  2. The rolling contact joint of claim 1 wherein said external surface
      portions of said body members have non-circular engaging shapes
      preselected for a particular usage.
NUM  3.
PAR  3. The rolling contact joint of claim 1 wherein said body members are
      cylinders and said flexible strap means are wrapped partially about said
      body members and have the ends of said strap means fastened to said body
      members.
NUM  4.
PAR  4. The rolling contact joint of claim 1 wherein said body members include a
      second external surface portion spaced from said other external surface
      portion, said strap means engaging said second external surface portions
      of said body members.
NUM  5.
PAR  5. The rolling contact joint of claim 4 wherein said second external
      surface portion of each said body member is contoured to cause said joint
      to act in a predetermined manner.
NUM  6.
PAR  6. The rolling contact joint of claim 4 wherein said second external
      portion of each of said body member is recessed with respect to said
      external surface portion engaging the external surface portion of said
      other body member.
NUM  7.
PAR  7. The rolling contact joint of claim 4 wherein said second external
      portion of each said body member is offset radially with respect to the
      other said external portion so that a spring action is present in said
      joint.
NUM  8.
PAR  8. The rolling contact joint of claim 1 wherein said first body member is a
      cylinder and said second body member is a flat plate, and wherein said
      joint further includes a second cylinder spaced from said first cylinder
      and a second flat plate positioned so that said cylinders are between and
      engaging both of said plates with said plates being substantially parallel
      to one another and movable relative to one another.
NUM  9.
PAR  9. A rolling contact joint, comprising: a first body member having first
      and second external surface portions spaced from one another with one of
      said surface portions being recessed with respect to the other; a second
      body member having first and second external surface portions spaced from
      one another with one of said surface portions being recessed with respect
      to the other, one of said external surface portions of said first body
      member being in frictional engagement with one of said external surface
      portions of said second body member to establish a non-slip relationship
      therebetween during normal operation; and flexible strap means engaging
      the other of said external surface portions of each of said body members
      and maintaining said one of each of said external surface portions of said
      body members in constant engagement with one another whereby a rolling low
      friction contact is maintained between said body members during normal
      operation.
NUM  10.
PAR  10. The rolling contact joint of claim 9 wherein said external surface
      portions of each of said first and second body members form a pair of
      concentric cylinders having different diameters.
NUM  11.
PAR  11. The rolling contact joint of claim 9 wherein said external surface
      portions of each of said first and second body members define cylinders of
      different diameters, with one of said cylinders being offset with respect
      to the other.
NUM  12.
PAR  12. The rolling contact joint of claim 9 wherein at least one of said first
      and second external surface portions of each of said first and second body
      members in non-circular in shape and has a differing contour so that said
      joint acts in a predetermined manner.
NUM  13.
PAR  13. The rolling contact joint of claim 12 wherein said recessed external
      surface portion of each of said first and second body members is
      non-circular in shape and wherein said flexible strap means engages said
      recessed external surface.
NUM  14.
PAR  14. The rolling contact joint of claim 12 wherein said external surface
      portion of each of said first and second body members that is not recessed
      is non-circular in shape and engages the like non-circular shape external
      surface portion of said other body member.
NUM  15.
PAR  15. The rolling contact joint of claim 12 wherein both said first and
      second external surface portions of each of said first and second body
      members are non-circular in shape and contoured in a predetermined manner.
NUM  16.
PAR  16. The rolling contact joint of claim 9 further including cushioning means
      between said body members so that said other of said external surface
      portions are maintained at opposite sides of said cushioning means and
      therefore out of contact with one another.
NUM  17.
PAR  17. A rolling contact joint, comprising: a first body member having a
      curved external surface portion; a second body member having a external
      surface portion curved in a different direction from said first surface
      portion, said second surface portion frictionally engaging said curved
      external surface portion of said first body member and establishes a
      non-slipping, relatively rotatable relationship therebetween during normal
      operation; and flexible strap means fixed to said first and second body
      members and at least partially encircling the same maintaining said curved
      external surface portions of said body members in frictional engagement
      with one another and constrained to rolling contact therebetween during
      said normal operation.
NUM  18.
PAR  18. The rolling contact joint of claim 17 wherein each of said first and
      second body members has a second external surface portion recessed with
      respect to said curved external surface portion, and wherein said flexible
      strap means are in engagement with, and at least partially encircling,
      said second external surface portions to maintain said curved surface
      portions in engagement with one another.
NUM  19.
PAR  19. The rolling contact joint of claim 17 wherein said first and second
      body members are cylinders and wherein said strap means includes at least
      two resilient straps partially encircling different portions of said body
      members to maintain engagement and rolling contact between said body
      members regardless of the direction of rolling contact movement.
NUM  20.
PAR  20. A rolling contact joint, comprising: a first body member having first
      and second curved external surface portions, said second external surface
      portion being recessed with respect to said first external surface
      portion; a second body member having third and fourth curved external
      surface portions, said fourth external surface portion being recessed with
      respect to said third external surface portion, and said first and third
      curved external surface portions being in frictional engagement with one
      another to establish a non-slipping relationship therebetween during
      normal operation in opposite predetermined directions; and flexible strap
      means including at least first and second straps engaging said second and
      fourth curved external surface portions of said body members, said straps
      being wound in opposite directions about said second and fourth external
      surface portions so as to at least partially encircle the same, said
      flexible strap means maintaining said first and third external surface
      portions of said body members in contact with one another to exclusively
      establish rolling contact therebetween during said normal operation.
NUM  21.
PAR  21. A rolling contact joint, comprising: a first body member having first
      and second external surface portions spaced from one another with one of
      said surface portions being recessed with respect to the other; a second
      body member having first and second external surface portions spaced from
      one another with one of said surface portions being recessed with respect
      to the other, one of said external surface portions of said first body
      member being in frictional engagement with one of said external surface
      portions of said second body member to establish a nonslip relationship
      therebetween during normal operation; and flexible means engaging the
      other of said external surface portions of each of said body members and
      maintaining said one of each of said external surface portions of said
      body members in constant engagement with one another whereby a rolling low
      friction contact is maintained between said body members during normal
      operation.
NUM  22.
PAR  22. The rolling contact joint of claim 21 wherein said external surface
      portions of said body members are curved surface portions and wherein said
      flexible means is a cable engaging said other of said curved external
      surface portions of said body members.
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ABST
PAL  A pipe-connecting device and pipes connected thereto. This connecting
      device comprises a base portion and an indefinite number of plate-like
      inserting members projecting therefrom in any directions, said inserting
      members each having a width wide enough for making pressed contact with a
      pipe at its inside periphery. The inserting member is provided at its
      longitudinal side edges with a pressing portion so as to insert the
      inserting member pressingly in the pipe thereby connecting the two in such
      a way that one can not be slipped off from the other.
BSUM
PAR  The present invention relates to a pipe-connecting device and pipes for
      connecting thereto, said device comprising a base-portion and a plural
      number of plate-like inserting members projecting therefrom, said
      inserting members fitting firmly into said pipes at their end portions
      thereby forming either a plane or a vertical frame of pipes by means of
      their stable unification via said device.
PAR  A first object of this invention is to provide a pipe-connecting device for
      connecting pipes therewith firmly in a simple operation, and also forming
      pipes fittable thereto.
PAR  A second object of this invention is to provide a device for making pipe
      connections either horizontally or vertically in any directions.
PAR  A third object of this invention is to provide a device for connecting
      pipes by a fitting at their connecting portions.
PAR  A fourth object of this invention is to provide a pipe-connecting device
      which can be mass produced at low cost with a simple manufacturing process
      such as punching and the like being applicable thereto.
PAR  A fifth object of this invention is to provide pipes which can be further
      connected to other pipe-like members via the device contemplated.
DRWD
PAR  These objects can be accomplished by the improvement, combination and
      operation of the parts constituting this invention, the preferred
      embodiment of which will be apparent in the following detailed description
      and the annexed drawing in which:
PAR  FIG. 1 is a sectional plan view of the inventive concept in a first
      embodiment wherein pipes are shown in a single plane.
PAR  FIG. 2 is a sectional plan view of the invention in a second embodiment
      also showing a connecting arrangement for pipes.
PAR  FIG. 3 is a longitudinal front view of the embodiment of FIG. 2.
PAR  FIG. 4 is a perspective view of the inventive concept in a disassembled or
      exploded view showing pipes connecting in two directions in the second
      embodiment.
PAR  FIG. 5 is a perspective view of the inventive concept in a disassembled or
      exploded view in a third embodiment.
PAR  FIG. 6 is a longitudinal front view of the inventive concept showing pipes
      in connecting arrangement in the third embodiment.
PAR  FIG. 7 is a sectional plan view of the inventive concept showing pipes in
      connecting arrangement in a fourth embodiment.
PAR  FIG. 8 is a perspective view showing the main parts of FIG. 7 in a
      disassembled or exploded view.
PAR  FIGS. 9 to 11 show a variety of sectional forms of pipes available for
      connection with the invention device herein contemplated.
DETD
PAR  In FIGS. 1 and 2, numeral 21 designates the pipe-connecting device proper,
      called "connector" hereinunder, said connector 21 comprising a base
      portion 22 and an indefinite number of inserting members 23 projecting in
      any directions therefrom.
PAR  In case of FIG. 1 the connector proper 21 comprises four inserting members
      23 projecting in four directions thereby enabling connections for four
      pipes at four sides. Among other forms are connection of two pipes forming
      a right angle as shown in FIGS. 4 and 5, connection of three pipes forming
      a trio of equal angles as shown in FIG. 7, otherwise a (not shown)
      straight connection of two pipes, connection of three pipes forming right
      angles and the like.
PAR  The connector 21 made of a suitably thick metal plate comprises the base
      portion 22 and inserting members 23 combined therewith, said construction
      being done easily by means of punching and the like.
PAR  The inserting member 23 measures a predetermined length ranging to the free
      tip thereof from the base portion 22 so as to be suitably fitted into a
      pipe A, also said inserting member 23 has a predetermined width slightly
      wider than the inside diameter of the pipe A so that said inserting member
      23 can make a pressing contact in a bent state with the pipe A at its
      inside periphery.
PAR  The inserting member 23 forms at one of longitudinal sides thereof a
      pressing portion 24, said pressing portion 24 being spaced from the
      inserting member 23 but linking therewith via a bridge 27, said space
      being provided by the longitudinal formation of two notches 25 and 26 so
      as to abut on each other across said bridge 27 on said side of the
      inserting member 23. In this construction, the metallic pressing portion
      24 has a slight elasticity relative to the inserting member proper 23,
      said elasticity making it possible to bend said pressing portion 24 to
      some extent via said bridge 27 at the application of a pressure thereto
      thereby the inserting member 23 to make a forced entrance into pipe A
      despite the measuring inconsistency between the two as mentioned
      hereinbefore with the result that said inserting member 23 makes a
      pressing contact with the pipe A at its inside periphery and accordingly
      being firmly seated therein.
PAR  Said pressing portion 24 is further provided at the outside edges thereof
      with a longitudinal recessed groove 28 intermediately and at both ends
      thereof forming projections 29 and 30 for additionally preventing the
      pressing portion 24 from sliding off from said pipe A.
PAR  The inserting member 23 measures widest at the tip of the projection 29
      which abuts against the base portion 22, said tip of the projection 29
      having a horizontal, outward slight arcuate shape so as to facilitate the
      insertion of inserting member 23 into pipe A.
PAR  The connector 21 further is provided with ribs from the base portion 22 to
      each of the inserting members and also at the bridge 27 and along the
      pressing portion 24 as a means of durability reinforcement against
      bending.
PAR  Shown in FIG. 9, that sectionally square pipe A forms a concave groove 31
      in axial direction at every corner on the inside periphery thereof. When
      inserting said inserting member 23 in the square pipe A, the inserting
      member 23 at both sides thereof fits diagonally in said concave grooves
      31. In this case, needless to mention, the distance between the innermost
      edges of the diagonally situating grooves 31 corresponds to the inside
      diameter of a sectionally-round pipe A as referred to hereinbefore.
PAR  Sectionally-round pipe A is shown in FIGS. 10 and 11. In case of FIG. 11, a
      quadruplet of the concave grooves 31 as in case of the above square pipe
      are formed axially on the inside periphery thereof keeping equal intervals
      in between each other.
PAR  In case of FIG. 10 as many number of said grooves 31 are arranged in the
      same manner as the foregoing but differing from the above in that said
      groove 31 is formed by two projections 32 instead of recesses on the
      inside surface.
PAR  The pipes A abuts fittingly on each other at their terminal portions in the
      state of their connection to the connector 21 so that they cover the
      entirety of said base portion 22 in the first embodiment.
PAR  The connection of pipes A to the connector 21 is executed in the first
      embodiment as below:
PAR  As referred to already hereinbefore, the inserting member 23 at both sides
      thereof fits in the pipe A at the recess grooves 31 thereof, in this
      insertion said pressing portion 24 at said projections 29 and 30 thereof
      having a metallic elasticity relative to said inserting member 23 via said
      bridge 27 thereby pressing the projections 29 and 30 forcibly against the
      pipe A at the innermost wall of said recess grooves 31 thereof thereby
      enabling to stably fix the inserting member 23 in the pipe A.
PAR  The pipe-connection is complete in the state that each of the pipes A at
      their end portions abut fittingly against each other so that they cover
      said base portion 22 and accordingly the connector 21 at the entirety
      thereof.
PAR  The pipe A can be separated from the connector 21 easily by means of
      pulling it therefrom simultaneously swinging it widewise.
PAR  The second embodiment is illustrated in relation with FIGS. 2 to 4 wherein
      components equivalent with those in FIG. 1 in construction and function
      will have the same numerals but omitted from the explanation.
PAR  Each of the four pipes A in the second embodiment forms vertically-cut
      sections at their terminal on the side of the base portion 22 thereby
      leaving the base portion 22 uncovered. To prevent said uncovered portion
      in a square from presenting a somewhat ridiculous appearance it is
      necessary to prepare an ornamental member to cover said square portion,
      said ornamental member being designated by numeral 41 in FIGS. 2 to 4. For
      the above purpose, two ornamental members 41 are used for covering said
      square portion on the back and front surface thereof.
PAR  The ornamental member 41 at its side abuts on the inserting member 23
      thereby closing the pipe A at the opening terminal thereof simultaneously
      forming a projection 42 thereon in such a way that said projection 42
      tapers at its free forward end and becomes flat at its surface thereby
      laying flat over said inserting member 23. In this formation, said
      ornamental member 41 is prearranged so as to fit pressingly at the
      projection 42 thereof in the pipe A with the insertion of said inserting
      member 23 therein as mentioned hereinbefore, thereby fixing said
      ornamental member 41 to the connector 21 in a stabilized state. The
      projection 42 is provided with an additional projection 43 thereon at its
      arcuate outer periphery, said projection 43 fitting in said recess groove
      31 inside the pipe A thereby adding further to the stability of said
      ornamental member 41 settling down therein.
PAR  Needless to say, the ornamental member 41 varies in number and projecting
      direction to accord with the kinds of the inserting members 23.
PAR  How to connect pipes in the second embodiment follows:
PAR  The ornamental member 41 formed so as to fit on the connector 21 is put on
      the base portion 22 of the plate-like inserting members by engaging a
      recess in the ornamental member with a corresponding rib-like projection
      extending the length of the connector at both back and front surfaces
      thereof. In this state, the inserting member 23 is inserted into the pipe
      A so as to fit at both sides thereof in the recess grooves 31 formed in
      opposite direction inside said pipe A and said projections 43 of the
      ornamental member 41 fit in the other confronting recess grooves 31 inside
      the same pipe A.
PAR  As the inserting member 23 enters into said pipe A until said pipe A at its
      terminal abuts against the ornamental member 41 at the side thereof, the
      foregoing uncovered base portion 22 is totally covered by said ornamental
      member 41 as shown in FIGS. 2 and 3.
PAR  In this case also the pipe connection can be stabilized by means of the
      pressing portion 24 in the same manner as mentioned hereinbefore.
PAR  Illustration on the third embodiment in relation with FIGS. 5 and 6
      follows, wherein components having similar structure and functions as
      those in the foregoing embodiments will be omitted from explanation but
      designated with identical numerals.
PAR  In the third embodiment, the ornamental member 41 is provided at the outer
      side thereof with an inserting member 50 projecting therefrom so as to
      vertically connect pipes via said ornamental member 41. As shown in FIG. 5
      in this embodiment, said ornamental member 41 can be disposed so as to
      accomodate three pipes, i.e., act on three sides as a pipe-connection or
      as a hexagonal connection (not shown) by both changing the structure of
      ornamental member 41 to accomplish the foregoing effect and to the manner
      of the combination of said ornamental member 41 with said connector 21.
PAR  Inserting member 50, with the insertion member 23 is fixed to ornamental
      member 41 by means of screws.
PAR  How to connect pipes with this connector in the third embodiment:
PAR  For connecting pipes A with the connector 21, in the third embodiment, each
      one of said ornamental members 41 is disposed over the base portion 22 at
      both surfaces thereof prior to the connection of pipes, as mentioned
      already hereinbefore, when either one of the ornamental members 41 is used
      with inserting member 50, pipes A can be vertically connected in the same
      manner as the second embodiment thereby obtaining pipes in a frame as
      shown in FIG. 6.
PAR  In the fourth embodiment given below in relation with FIGS. 7 and 8,
      components bearing the same numerals as in the foregoing embodiments will
      be omitted from illustration also.
PAR  In this embodiment, each of the pipes A connected to the connector 21 also
      plays the role of a connector for connection to other pipe-like structures
      51 such as a rectangular piece of lumber and the like. In this case, said
      pipe A has a flat rectangular aperture having a dimension sized so as to
      fit inserting member 23, said pipe A having a recess groove on both of the
      inner side walls thereof 31 for receiving inserting member 23 to fit
      therein.
PAR  The pipe A fixes to the pipe-like structure 51 by fitting in a recess 52
      provided in said structure 51 and further said pipe A at the base terminal
      thereof has a flange 53 on which is provided a sharp projection for
      punching into said pipe-like structure like a pin 51. Said pipe-like
      structure 51 are so formed at their end portions so as to fit on the base
      portion 22 in such a manner as to closely contact each other and
      accordingly covering the base portion 22 as shown in.
PAR  In this case, said pipe A is preferably fitted in said pipe-like structure
      51 in its recess 52 before inserting said inserting member 23 in pipe A.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pipe-connecting device with an elongated insert for connecting pipes
      by inserting the insert so the longitudinal edges thereof enter
      corresponding grooves (31) in the pipes, comprising in combination: an
      elongated flat inserting member (23) having a straight edge with an inner
      base (22) and a rounded far end; a flat pressing portion (24) separated
      therefrom but linked thereto by a bridge (27), said bridge forming a
      straight elongated notch (25) towards said rounded far end and an
      outwardly curved notch (26); a longitudinal recessed groove (28) towards
      the rounded far end, towards the inner base, and in the intermediate
      portion of said pressing portion (24) forming an outer projection (30) and
      an inner projection (29) of slightly arcuate shape towards the outer tip
      thereof disposed next to said base (22), said member (23) being widest at
      the portion having said tip; and a reinforcing rib extending from said
      base along said inserting member, whereby, said inserting member (23) can
      be forcefully inserted into a pipe of slightly smaller diameter, by
      sliding the straight edge on one side and the inner and outer projections
      (29, 30) on the other side into the corresponding grooves (31) in the
      pipe, said bridge (27) and notches (25, 26) providing resiliency to the
      inserting member (23) firmly engaging said pipe, said inner and outer
      projections (29, 30) preventing the engaged pipe from sliding off said
      member (23).
NUM  2.
PAR  2. A pipe-connecting device as claimed in claim 1, including an ornamental
      cover sized to fit over said base (22) by engaging said reinforcing rib.
NUM  3.
PAR  3. A pipe-connecting device as claimed in claim 2, wherein said ornamental
      member is adapted to overlap said base, said ornamental member having a
      projection thereon which fits in the pipe so as to stably attach said
      ornamental member.
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PAL  In a connecting system for connecting a first hollow tubular member to a
      second member the first member is provided with a
      circumferentially-extending slot of a longitudinal extent sufficient to
      receive the second member therein, and the second member is provided with
      an arcuate slot of a width to receive the sidewall of the first member,
      the first member sidewall being engaged in the second member arcuate slot
      by rotation of the former about its longitudinal axis.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention is concerned with improvements in or relating to
      connecting systems, and especially to such systems for connecting a hollow
      tube member to another member.
PAC  REVIEW OF THE PRIOR ART
PAR  The field of connectors for joining together two members to form an
      assembly is extensive, and numerous attempts have been made to provide
      systems that are simple and relatively inexpensive to manufacture, while
      providing a strong and effective joint between the two connected members.
      In many applications also it is desired to provide a system whereby the
      resultant joint is inherently relatively concealed or unobvious, so as to
      enhance the overall appearance of the resultant structure. It is further a
      desirable attribute of the system that the joints shall be capable of
      assembly and disassembly without the use of special tools, and ideally
      without the use of tools at all.
PAC  DEFINITION OF THE INVENTION
PAR  It is an object of the invention to provide a new connecting system for
      connecting together a hollow tube member and another member.
PAR  In accordance with the invention there is provided a connecting system for
      connecting together a first hollow tubular member having a longitudinal
      axis to a second member, wherein the first member has in the
      circumferential wall thereof a circumferentially-extending slot of a
      longitudinal extent to receive the second member therein, and the second
      member has therein an arcuate slot of a width to receive the first member
      side wall therein upon reception of the second member in the first member
      slot, the first member side wall being engagable in the second member
      arcuate slot by rotation of the first member about the said longitudinal
      axis.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Particular preferred embodiments of the invention will now be described, by
      way of example, with reference to the accompanying diagrammatic drawings
      wherein:
PAR  FIG. 1 is a perspective view of a first embodiment of the system as applied
      to a hollow cylindrical first member and a single flat planar second
      member, such as a shelf, the two members being shown in position for
      assembly,
PAR  FIG. 2 is a similar view to FIG. 1 showing an intermediate state of
      assembly,
PAR  FIG. 3 is a similar view of a second embodiment,
PAR  FIG. 4 is a section taken on the line 4--4 of FIG. 3,
PAR  FIG. 5 is a perspective view of a further embodiment as applied to a table
      construction,
PAR  FIG. 6 is a similar view of a further embodiment as applied to a double
      shelf construction,
PAR  FIG. 7 illustrates an embodiment wherein the second member is in the form
      of a bracket for attachment to a further member,
PAR  FIG.. 8 shows an embodiment employing multiple closely-spaced first
      members,
PAR  FIG. 9 shows the application of the invention to a suspension structure,
      and
PAR  FIG. 10 shows a further embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2, the first hollow tubular member of the
      first embodiment comprises a uniform-diameter cylindrical tube 10 having a
      longitudinal axis 12, the side wall being provided with a
      circumferentially extending slot 14 that in this embodiment is
      approximately semi-circular (180.degree.) in extent. The first member is
      intended to be connected to a flat planar straight-sided second member 16,
      such as a shelf, which is provided with an arcuate slot 18 of 90.degree.
      extent struck about the same radii as the walls of the first member and
      with the axis of its radii lying in the plane of the wall to which the
      slot 18 opens. In this embodiment the slot 14 is necessarily of
      180.degree. extent but in other embodiments it may be more or less than
      this amount. Similarly, in this embodiment the slot 18 is of 90.degree.
      extent but in other embodiments it may be more or less than this.
PAR  The longitudinal extent of the circumferential slot 14 between its edges
      14a is just sufficiently larger than the thickness of member 16 for the
      latter to be freely received in the slot without sustantial play, when
      assembled as shown in FIG. 2. The width of the arcuate slot 18 is just
      sufficiently larger than the radial thickness of the wall of the member 10
      for the said wall to be freely received therein without substantial play,
      when the edge 14b is engaged in the slot, as indicated by the arrows 20 in
      FIG. 1. The two members are therefore readily, firmly and securely
      connected together by such engagement and subsequent rotation of the
      member 10 about its longitudinal axis 12, as indicated by the arrow 22 in
      FIG. 2, through an angular extent of about 90.degree..
PAR  The two members are firmly held against movement relative to one another,
      except for the reverse of the rotation employed for assembly, by close
      engagement of the slot walls and edges against adjacent surfaces of the
      other member. The said reverse rotation is sufficiently unusual that it is
      unlikely to occur spontaneously, but only by a definite motion of someone
      wishing to disconnect the members, especially if the members are made to
      fit very closely together with considerable friction between them opposing
      such rotation. The open end or ends of the first member may be closed by a
      closure, such as the disc-like member 24 that is a press fit therein.
PAR  In the embodiment illustrated by FIGS. 3 and 4 the second member 16 is
      planar but is not straight-sided, but may instead be a top for a three- or
      four-legged table or the like. The part 16a of the second member that is
      inserted in the slot 14 is of shape corresponding to the internal
      cross-section of the first member, so that it closes the passage therein
      and will assist in maintaining the cross-section thereof. As illustrated
      the part 16a is provided at the continuous curved edge of a round top, but
      it can also be provided at corners of an appropriately shaped top.
PAR  In this embodiment also a radially-extending hole 26 in the part 16a
      contains a pin 28 that is urged radially outwards by a spring 30 and is
      retained therein by a ring 32. Upon rotation of the first member to the
      maximum extent permitted by the slot 18 the pin snaps into the slot 14 and
      engages the immediately adjacent wall 14b to prevent reverse rotation; the
      joint is thereby positively locked and can only be disassembled following
      deliberate retraction of the pin 28.
PAR  In a modification of this arrangement the pin is engaged in a blind hole 33
      formed in the inside wall of the member 10 just beyond the edge 14b, so
      that the fastening is virtually completely concealed to provide a
      decorative appearance. A small counterbore 34 permits the insertion of a
      fine pin to retract the pin 28 when disengagement is required.
PAR  In the embodiment illustrated by FIG. 5 the second member has an edge 35
      extending from the planar part 16 and a returned flange 36 extending from
      the edge 30 parallel to the part 16, the slot 18 being provided in the
      flange 36. The distance between the facing surfaces of the flange 36 and
      part 16 is equal to that between the top end of the tube 10 and the upper
      edge 14a of slot 14, so that the part 16 rests on the top of the tube. The
      connection can thereby be relieved of the weight of the part 16 and
      anything supported thereby and, in addition, the connection is
      substantially completely concealed from direct view.
PAR  FIG. 6 illustrates the manner in which the invention is applied to a
      structure comprising two spaced first members 10 and/or spaced second
      members 16.
PAR  Also in this embodiment the pin 28 is a simple straight member that is
      inserted into the corresponding holes in the members 10 and 16 when these
      holes have been brought into register by rotation of the member 10.
PAR  FIG. 7 shows the application of the invention to an assembly in which the
      member 16 comprises a preformed bracket, formed for example of wood, metal
      or plastic, that is in turn adapted for fastening, as by screws of vanes,
      to another member, such as a shelf, tabel top, chair member, etc.
PAR  The member 16 illustrated by FIG. 8 is adapted for use with a plurality of
      cylindrical members 10, the spacing of the slots 18 being such that the
      members 10 will be so closely spaced as to touch one another, providing a
      corresponding decorative appearance.
PAR  FIG. 9 shows the application of the invention to a suspension system
      wherein the cylindrical member 10 is a horizontal suspension tube that is
      mounted, for example, to a wall or ceiling by means of two space brackets
      16 of the type illustrated by FIG. 7. Other members 38 are attached to the
      tube 10 by use of the invention and constitute suspension members of any
      required kind.
PAR  FIG. 10 illustrates an embodiment in which the two slots 18 are of opposite
      "hand", so that the respective members 10 must be rotated in opposite
      directions to be mounted therein. This does provide the opportunity of
      using the invention to mount a flexible member under tension. Thus, the
      flexible member 40, such as a piece of canvas, has two members 10 attached
      at opposite parallel-edges and is of such length that it is under the
      desired tension when the members have been rotated into the fully
      assembled position. Such an embodiment is particularly suited for use with
      a chair seat or wall decoration.
PAR  It will be understood that in some embodiments it may be necessary for the
      rotation of the first member about its longitudinal axis to effect the
      simultaneous connection to more than one second member. It will also be
      apparent that the tubular member need not be of uniform diameter along its
      length, but can be tapered, or even stepped, provided that corresponding
      changes are made in the shape and configuration of the slot or slots 18.
PAR  Another application of the invention is, for example, to a staircase in
      which the individual treads are mounted between two vertical post members.
      A spiral staircase may be constructed using a single central post member
      10, while the individual stairs constitute separate member 16; additional
      post members spaced from the central member can of course be provided for
      the treads if the single central post is insufficient. The invention is
      also applicable to a child's construction set using combinations of
      different members 10 and 16.
PAR  The illustrated and described embodiments show only a few of the different
      possibilities of application of the system of the invention and other
      applications and structures within the scope of the appended claims will
      be apparent to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A connecting system for connecting together a first hollow tubular
      member having a longitudinal axis and a second member, wherein the first
      member has in the circumferential wall thereof a
      circumferentially-extending slot of a longitudinal extent to receive the
      second member therein, and the second member has therein an arcuate slot
      of a width to receive the first member side wall therein upon reception of
      the second member in the first member slot, the first member side wall
      being engagable in the second member arcuate slot by rotation of the first
      member about the said longitudinal axis.
NUM  2.
PAR  2. A system as claimed in claim 1, wherein the said first member is a
      cylinder of uniform diameter along its length.
NUM  3.
PAR  3. A system as claimed in claim 1, wherein the said second member is a flat
      planar member.
NUM  4.
PAR  4. A system as claimed in claim 1, wherein the said circumferential slot
      extends over 180.degree. of arc.
NUM  5.
PAR  5. A system as claimed in claim 1, wherein the said arcuate slot extends
      over 90.degree. of arc.
NUM  6.
PAR  6. A system as claimed in claim 1, and including means for closing the open
      end or ends of the tubular member.
NUM  7.
PAR  7. A system as claimed in claim 1, wherein the part of the second member
      that is received in the said circumferential slot is of a shape to fill
      the entire internal cross-section of the first member at that location.
NUM  8.
PAR  8. A system as claimed in claim 1, wherein the second member is provided
      with a spring-loaded retaining member engaging a longitudinal edge of the
      circumferential slot upon connection of the two members to prevent
      disconnection of the members without manual disengagement of the member
      from the edge.
NUM  9.
PAR  9. A system as claimed in claim 7, wherein the part of the second member
      that is received in the circumferential slot is provided with a
      spring-loaded retaining member engaging a longitudinal edge of the
      circumferential slot upon connection of the two members to prevent
      disconnection of the members without manual disengagement of the member
      from the edge.
NUM  10.
PAR  10. A system as claimed in claim 1, wherein the said second member
      comprises a planar top part and a flange part spaced from and parallel to
      the said top part, and the said arcuate slot is provided in the flange
      part.
NUM  11.
PAR  11. A system as claimed in claim 1, wherein the said second member
      comprises a planar top part and a flange part spaced from and parallel to
      the said top part, the said arcuate slot is provided in the flange part,
      and the length of the part of the first member between the flange part and
      the top part is such that the corresponding end of the first member is
      engaged with the top part.
NUM  12.
PAR  12. A system as claimed in claim 1, and comprising two first members each
      connected with a common second member.
NUM  13.
PAR  13. A system as claimed in claim 1, and comprising a single common first
      member connected to two second members.
NUM  14.
PAR  14. A system as claimed in claim 1, and comprising two first members each
      connected with two second members.
NUM  15.
PAR  15. A system as claimed in claim 1, and comprising two first members,
      wherein rotations in opposite directions are required for engagement of
      the first member in their respective second members.
NUM  16.
PAR  16. A system as claimed in claim 1, and comprising two first members,
      having a flexible member connected there-between, wherein rotations in
      opposite directions are required for engagement of the first members in
      their respective second members.
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ABST
PAL  A furniture joint for joining hollow-ended structural sections of modular
      furniture and especially the highly finished elements employed in the
      steel-and-glass-look type of furniture. This type of furniture requires a
      continuity of surface appearances having mirror-like attributes. The
      joining of the hollow-ended sections which advantageously may be cut from
      available lengths of mirrorized plastic tubing is accomplished by the use
      of a splined collar of elastomeric material and connector spuds which fit
      in the annular spaces between the connector arms and the tubing. The
      splines of the collar are adapted to be torsionally distorted
      ("squeegeed") during assembly. This distortion of the splines prevents the
      joint from inadvertently coming apart under the axial strain that the
      furniture joint may be expected to carry in normal use. However, the joint
      may be disassembled and the elements reused if rotational twisting is
      employed together with a pulling effort.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to modular furniture and more particularly to a
      semi-permanent joint structure by means of which components of such
      furniture may be assembled in desired combinations.
PAR  The recent popularity of glass-and-steel "architectural" furniture has been
      reflected by a demand for display cases, tables and racks which bear a
      similar sleek and shiny look.
PAR  The glass-and-steel type of furniture may be constructed using sheets of
      plate glass or plastic and structural elements of polished aluminum,
      stainless steel or chrome plated metal. More recently, mirrorized plastic
      structural elements have become available. One example of the mirrorized
      plastic shapes which have found commercial acceptance are marketed under
      the trademark "Mirron", a trademark for mirrorized thermoplastic extruded
      shapes manufactured and sold by Thermoplastic Processes, Inc. of Stirling,
      N.J. In this type of material, a thin coating of vaporized aluminum is
      applied to plastic rods, bars and tubing to form a highly silvered or
      mirror-like finish. The rods or bars of Mirron when used with clear or
      colored plexiglass or lucite sheets may be arranged to form modules of
      glass-and-steel look furniture. The modules may be arranged to form
      cocktail or other types of household tables or display stands, shelves, or
      racks for the display-case industry.
PAR  Because the attractiveness of mirrorized plastic structural shapes depends
      upon the mirrorized finish being unmarred during the assembly process, the
      type of joining arrangement employed can be critical. Heretofore this has
      necessitated that the structural shapes be assembled in the shop under
      carefully controlled conditions so that the welding or gluing operations
      that are used will not cause marring of the mirror-like finish of these
      elements. Because of the need for shop fabrication, it has been difficult
      for some segments of the display case industry to maintain an adequately
      diverse stock of different sizes and configurations of the tables, racks,
      etc., promptly to respond to orders as they are placed. It would be
      extremely advantageous, therefore, to allow glass-and-steel look furniture
      to be manufactured from a variety of easy pre-stockable components that
      permitted field assembly with no special tools and yet which achieved a
      great variety in assembly combinations.
PAR  When modular furniture is used to build display cases or tables, another
      problem is introduced by the occasional desire of the user to rearrange
      his displays as the assortment of products to be displayed changes.
      Heretofore, this has largely necessitated the junking of existing display
      cases since once assembled, the components cannot be readily taken apart
      and reused. It would be advantageous to provide a joint for especially the
      glass-and-steel look display case that would permit disassembly of the
      display case and rearrangement and reuse of the old components or the
      addition thereto of new components with ease and safety.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects and features of my invention are achieved
      by providing a modular assembly joint for furniture which is particularly
      useful for the glass-and-steel look type of furniture. In accordance with
      my invention, in one illustrative embodiment thereof, extruded plastic
      mirrorized members may be joined together by the use of a die-cast
      mirrorized metallic spud having two or more arms pointing in predetermined
      directions. The extruded sections are joined to the spud arms by the use
      of an intermediary plastic fluted collar.
PAR  The fluted collar which advantageously may be made of elastomeric plastic
      material such as E.V.A. or rubber, has an axial length somewhat less than
      that of the spud arm. The collar is fitted over the spud arm and then the
      open end of the extruded shape is forced over the collar with a twisting
      motion. The fit between the outer diameter of the spud arm and the inner
      diameter of the fluted collar is such as to cause the collar to bend on
      the spud arm while the extruded member is being twisted and pushed over
      the collar. The fit between the fluted collar and the extruded member is
      such as to cause a skewing deformation along the axial length of the
      collar flutes as the extruded member is being twisted and pushed on. The
      skew of the collar flutes remains unrelieved when the extruded member has
      been completely assembled to the spud. When so assembled, the arrangement
      of my invention will sustain the normal axial load forces that may be
      encountered when the furniture item is in use. The skewing of the collar
      prevents normal axial force from allowing the hollow-ended member to
      disengage itself from the collar while the binding of the collar upon the
      spud is responsible for the collar remaining secured to the spud. Since
      the tubing is effectively secured to the skewed collar and the collar is
      secured to the spud, the tubing and the spud are effectively affixed to
      each other.
PAR  Further in accordance with my invention, the joint may be disassembled by
      applying a rotational twisting force and by reversing the axial thrust
      that was used during assembly.
PAR  As mentioned above, the spud is made slightly longer than the length of the
      collar to provide clearance for the elongation of the collar which may
      normally be expected during the assembly operation. This permits a flush
      joint between the spud body and the end of the extruded member with no
      protrusion of the collar skirt into view.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The foregoing and other objects and features of my invention may become
      more apparent by referring now to the drawing in which:
PAR  FIG. 1 shows an exploded view of a two-armed spud, and elastomeric splined
      collar and the open end of and extruded, mirrorized shape to be fitted to
      the spud in accordance with my invention;
PAR  FIG. 2 shows a cross-sectional view of the splined collar fitted over one
      spud arm; and
PAR  FIG. 3 shows the skewed distortion of the collar flutes occurring incident
      to the assembly of the extruded section to the spud arm.
DETD
PAC  GENERAL DESCRIPTION
PAR  In FIG. 1 a two-arm, right-angle bend spud 3 is shown together with a
      splined collar of elastomeric material 8 and the open end section of a
      mirrorized extruded plastic tube 13. The spud 3 may be made of any
      suitably rigid material and is preferably of a die-cast material capable
      of receiving a high luster finish. The left-hand arm 4 of spud 3 has an
      axial length L which is somewhat greater than the axial length L' of a
      collar 8. The outer end of the spline collar 8 is partially closed by a
      ring-shape section 9 on which are positioned a plurality of bumpers 10.
      Bumpers 10 serve to stiffen the flange 9 and also limit the axial
      engagement of collar 8 on spud arm 4 by making contact along the periphery
      5 of arm 4. In assembly, collar 8 is forced over spud arm 4 and then the
      open end 14 of tubing 13 is forced over collar 8 with axial thrust and
      rotation in a continuous direction. Rotation of assembly may be either
      clockwise or counterclockwise.
PAR  In FIG. 2, there is shown a cross-section of the collar 8 fitted onto spud
      arm 4 showing the respective distances L and L' and the internal bumpers
      10 of the collar 8. The distance L minus L' is provided so that when the
      tubing 13 is forced over collar 8, the elongation in the dimension L' of
      collar 8 caused by the straining of the elastomeric material will be
      somewhat less than the clearance distance L minus L'. This will permit a
      flush abutment of the end 15 of tubing 15 with the cheek 5 of spud 3. The
      flush abutment adds to the continuity of appearance of the high luster or
      mirrorized materials comprising tubing 13 and spud 3.
PAR  FIG. 3 is a view showing the use of a transparent tubular section 31
      instead of the mirrorized tubing 13 of FIG. 1. In practice, transparent
      tubing would only be rarely used by the ultimate consumer since the
      consumer demand is for the mirrorized-finish tubing. However, a
      transparent tube may quite advantageously be used by a manufacturer
      incident to choosing the dimensions of collar 8 to mate with a particular
      internal diameter of tubing. This is because the use of a transparent tube
      shows just when the assembly of my invention exhibits the most
      advantageous characteristics of fit. For example, when a new size of
      plastic tubing is to be employed, the exact type of fit required can be
      obtained with minimun experimentation by using transparent tube 31 whose
      internal diameter is chosen so as to produce the squeegeeing effect on the
      splines of the splined collar 8 that is shown in FIG. 3: When the splines
      8' are both helically distorted by the net twist imparted to collar 8 and
      also elongated the amount (L-L' ) by the axial thrust applied during
      assembly, and the fit of collar 8 on spud arm 4 is sufficiently snug so
      that the collar 8 does not itself rotate upon arm 4, the optimum
      dimensions exist.
PAR  The squeegeed splines 8' maintain tube 31 firmly secured to the spud arm 4
      until it is desired to disassemble the joint. At that time, by applying a
      reverse thrust, i.e., pulling instead of pushing and an opposite twist,
      tube 31 may effectively be screwed off splined collar 8 permitting all of
      the components to be reused in another assemblage.
PAR  In FIG. 1 of the drawing, a right angle spud 3 has been shown having two
      arms 4. It will be appreciated that spuds having three, four, or six arms
      at various other angles to each other in addition to the 90.degree. spud
      will be appropriate and may be conveniently manufactured. Furthermore,
      various other shapes of tubing 13 besides the cylindrical may be employed
      so long, of course, as the end portion 14 therof is hollow to receive the
      splined collar 8.
PAR  I have thus shown a simple arrangement for joining hollow-ended sections of
      modular furniture which arrangement can be employed without the use of
      special tools or skilled personnel. The availability of such a joint makes
      possible assembly and disassembly of furniture at the point of ultimate
      use. All that need be stocked are lengths of hollow-ended tubing of a
      particular internal diameter, appropriate splined collars and spuds having
      the desired number of arms. Moreover, the tubing lengths need not be
      stocked by the distributor in custom sizes but can be stocked in standard
      sizes and cut on the job by the customer. The joint so provided is flush
      and continuous in appearance and when used with mirrorized extruded
      plastic shapes and mirrorized spuds provides an attractive structural
      assembly that is especially suitable for glass-and-steel look furniture.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A furniture joint comprising a connector having at least one spud arm, a
      splined collar of elastomeric material adapted to fit snuggly over said
      spud arm, said splined collar having a flange at one end thereof partially
      enclosing said one end and a plurality of bumper elements extending
      inwardly and axially from said flange, said bumper elements being located
      so as to contact an end surface of said spud arm, and a hollow-ended
      member having an internal diameter dimensioned to fit over and helically
      squeegee and elongate the splines of said collar during assembly.
NUM  2.
PAR  2. A furniture joint according to claim 1 wherein said collar is
      dimensioned so as to fit over said spud arm with sufficient snugness to
      prevent rotation thereon when said hollow member is twisted with respect
      to said spud arm during said assembly.
NUM  3.
PAR  3. A furniture joint in accordance with claim 1 wherein said internal
      diameter of said hollow-ended member is so dimensioned and said
      elastomeric material of said splines is so selected as to cause said
      helical squeegee to remain set during the application of a thrust and
      twist opposite to that applied during said assembly.
NUM  4.
PAR  4. A furniture joint in accordance with claim 1 wherein said connector is
      of mirror-finished metal and wherein said hollow-ended member is of
      externally-mirrorized extruded plastic tubing.
NUM  5.
PAR  5. A furniture joint in accordance with claim 4 wherein said spud arm
      includes a portion having an axial length longer than the the axial length
      of said spline collar by an amount sufficient to compensate for the
      elongation of said collar during said assembly whereby said hollow-ended
      externally mirrorized member and said mirror-finished connector may be
      smoothly abutted.
NUM  6.
PAR  6. A collar for insertion in the annular clearance between the male and
      female members of a furniture joint comprising a substantially cylindrical
      elastomeric shell having a plurality of elongate splines thereon, said
      shell being of a material having sufficient resiliency to undergo
      elongation during assembly of said members, a flange at one end of said
      shell partially enclosing said one end, and a plurality of bumper elements
      extending inwardly and axially from said flange, said bumper elements
      being located so as to space said flange a predetermined distance away
      from an end surface of one of said furniture joint members.
PATN
WKU  039320499
SRC  5
APN  5158842
APT  1
ART  353
APD  19741018
TTL  Pipe clasper
ISD  19760113
NCL  1
ECL  1
EXP  Kundrat; Andrew V.
NDR  2
NFG  6
INVT
NAM  Hirato; Motohide
STR  2-13-18 Hase
CTY  Kamakura, Kanagawa
CNT  JA
PRIR
CNT  JA
APD  19740521
APN  49-57011[U]
CLAS
OCL  403397
XCL   24 81CR
EDF  2
ICL  F16B  704
FSC  403
FSS  397
FSC   52
FSS  719;686;685;652;665
FSC   24
FSS  81 CR
UREF
PNO  1185263
ISD  19160500
NAM  Symons
OCL   52719
UREF
PNO  1189297
ISD  19160700
NAM  Schoenthaler
OCL   52685
UREF
PNO  2102566
ISD  19371200
NAM  Briekman et al.
OCL   52719
UREF
PNO  3359019
ISD  19671200
NAM  Pinkney
OCL  403397
LREP
FR2  Oujevolk; George B.
ABST
PAL  A pipe clasper is used to clasp or couple two pipes in a crossed relation
      to each other, which pipes may be used as construction framework. The pipe
      clasper according to this invention is formed of a single elastic wire
      bent in a predetermined form and is of simple structure. With the pipe
      clasper it is easy to couple two pipes firmly in a crossed relation with
      the pipe clasper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a pipe clasper for coupling two pipes in a
      crossed relation to each other. The pipe clasper is formed of a single
      elastic wire bent in a predetermined form. The pipe clasper, which is a
      simple structure, is effective to clasp two pipes firmly in a crossed
      relation with easy manupulation and is inexpensive.
PAR  2. Description of the Prior Art
PAR  Recently, agricultural management has turned from a natural form to a house
      culture and in particular vinyl-house culture is widely employed. Such
      vinyl-house is constructed with framework composed of steel pipes coupled
      to each other and having vinyl sheets attached thereto. In construction of
      the framework, there are a number of places where two pipes are coupled in
      a crossed relation to each other and the most conventional method for
      coupling these two pipes in a crossed relation was to bind them with
      strings. However, the binding with strings has disadvantages that require
      much labor and a sufficient coupling strength cannot be secured. There
      have been proposed various methods of coupling instead of the binding with
      strings, however, these prior art methods have disadvantages in that the
      structure is complicated, coupling operation is difficult and the method
      is expensive.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a pipe clasper suitable
      for coupling steel pipes which may be used as the frame work of vinyl
      houses, in a crossed relation.
PAR  It is another object of the present invention to provide a pipe clasper
      consisting of a single elastic wire bent in a predetermined form, which
      clasper is effective to couple two steel pipes very firmly in a crossed
      relation to each other owing to their elasticity.
PAR  It is further object of the present invention to provide a pipe clasper so
      constructed that the operation of coupling two pipes in a crossed relation
      and of detaching them can be easily achieved.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and advantages will be clearly understood by
      the following description taken by reference to accompanying drawings in
      which:
PAR  FIG. 1 is perspective view showing two pipes coupled in a crossed relation
      to each other with the pipe clasper according to this invention,
PAR  FIG. 2 is a sectional view taken along the line X-X of FIG. 1,
PAR  FIG. 3 is a view of the two pipes coupled with the pipe clasper as viewed
      from the direction Y of FIG. 1 and
PAR  FIGS. 4 to 6 are perspective views showing modified embodiments of the pipe
      clasper.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 through 3, a pipe clasper according to the present
      invention is made of a steel wire having high elasticity, which may have a
      diameter of the order of about 3 mm, and comprises a first retaining
      portion 1 bent in a semi-circular shape for holding the first pipe A, a
      pair of straight portions 2 extending slightly slantwise and downwards in
      parallel from both lower ends of the retaining portion 1 and a second
      retaining portion 3 bent upwards in a semi-circular shape from the lower
      ends of the straight portions 2. The plane containing the second retaining
      portion 3 is at right angles to the plane containing the first retaining
      portion 1 and thus the first and the second pipes A and B held in the
      retaining portions 1 and 3, respectively are located at right angles to
      each other. The maximum height between the first retaining portion 1 and
      the second retaining portion 3 will be substantially equal to the sum of
      the diameter of the pipes A and B. The upward bent portions of the second
      retaining portion 3 extend horizontally in paralled to provide a pair of
      horizontal straight portions 4. The length of the pair of straight
      portions 4 is determined as desired and preferably made longer than the
      length of the vertically parallel straight portions 2 extending slightly
      slantwise. In this way, it is possible to provide rigid coupling of the
      pipes by effective use of elasticity of the horizontal straight portion 4.
PAR  One of the pair of horizontal straight portions 4 has one end bent in a
      semi-circular shape towards the other of the horizontal straight portions
      4 or in the direction perpendicular to their longitudinal direction so
      that an engaging portion 5 is provided to clasp the first pipe A
      elastically. The engaging portion 5 is bent on the same side as the first
      retaining portion 1 so that the portion 5 may engage with the upper
      surface of the pipe A. The engaging portion 5 is turned up at its end in a
      U-shaped to provide a reception and engagement portion 6 for receiving the
      end of the other horizontal straight portion 4. The other horizontal
      straight portion 4 has its end horizontally bent in a triangular shape
      just after passing the reception and engagement portion 6 to provide a
      hook portion 7.
PAR  Two pipes A and B are coupled at right angle to each other by holding the
      pipes A and B at right angle in the first and the second retaining
      portions 1 and 3, bringing the pipe A into engagement with the engaging
      portion 5 elastically and engaging the other horizontal straight portion 4
      with the U-shaped reception portion 6. In this way, the two pipes A and B
      are very firmly coupled to each other since the engaging portion 5 urges
      the pipe A downwards with elasticity of the two parallel horizontal
      straight portions 4, 4.
PAR  Coupling may be taken off by bringing up the hook portion 7 in such a
      manner that the end of the other horizontal straight portion 4 may be
      disengaged from the U-shaped reception portion 6. It is to observed that
      the triangular shape of the hook portion 7 allows ready hooking and taking
      off of the end of the engaging portion 5.
PAR  FIGS. 4 to 6 illustrates another embodiments of the pipe clasper according
      to the present invention in which the engaging portion 5 and the engaging
      end of the other horizontantal straight portion 4 are modified in
      structure. In FIG. 4, the end 40 of the other horizontal straight portion
      4 which is in engagement with the U-shaped reception portion 6 of the
      engaging portion 5 is bent at right angle so that contacting engagement is
      merely provided.
PAR  In FIG. 5, the end 50 of the other horizonal straight portion 4 is bent at
      right angle at the place where the porton 4 is in contact with the
      U-shaped reception portion 6, and is then further turned in the opposite
      direction in the shape of U at 51.
PAR  FIG. 6 shows an embodiment in which the horizontal straight portion 4 has a
      circular portion 60 formed at its end into which the opening end of the
      U-shaped reception portion 6 is brought for engagement.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pipe clasper made of an elastic steel wire comprising a first
      retaining portion bent in a semi-circular shape with two defined lower
      ends at substantially the central part of the wire for holding a first
      pipe, a pair of straight portions extending slantwise in parallel to each
      other from both said lower ends of said first retaining portion, a second
      retaining portion bent in a semi-circular shape at the lower ends of said
      pair of straight portions for holding a second pipe, and a pair of
      straight portions horizontally extending from the both ends of said second
      retaining portion, the end of one of said pair of horizontal straight
      portions being bent in a semi-circular shape to provide an engaging
      portion for said first pipe and a U-shaped reception portion at the end
      thereof and the end of the other horizontal straight portion having its
      end horizontally turned in a triangular shape to provide a hook portion
      adapted to engage with said U-shaped reception portions.
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ABST
PAL  Joint formed by juxtaposed front and rear members fastened together by a
      self-drilling, self-tapping screw is provided with a slot in the front
      surface of the rear member. The slot provides space for receiving the
      chips produced by the drill end of the screw to avoid buildup of chips
      which might fall between and separate the joint members.
BSUM
PAR  The present invention relates to joint structures and particularly to a
      joint structure fastened by a self-drilling, self-tapping screw.
PAR  It is an object of the invention to provide for joint structures of the
      above type wherein the attachment of the self-drilling, self-tapping screw
      is facilitated and the engagement thereof with the joint members is
      improved.
PAR  It is a particular object of the invention to provide for joint structures
      of the above type wherein chips produced by the drill portion of the screw
      do not hinder operation of the screw or prevent tight mating engagement of
      the joint members.
PAR  Other objects and advantages will become apparent from the following
      description and the appended claims.
PAR  With the above objects in view, the present invention in one of its aspects
      relates to a joint structure comprising, in combination, first and second
      juxtaposed members having mating adjacent surfaces, and a screw passing
      through and fastening the juxtaposed members together, the screw
      comprising a shank having a head at one end adjacent the first member, a
      drilling portion at the other end, and a tapping portion between the head
      and the drilling portion, the screw extending through a hole in the second
      member formed by the drilling portion of the screw, the mating surface of
      the second member adjacent the first member being formed with an elongated
      recess intersecting the hole, the tapping portion of the screw being in
      threaded engagement with the second member adjacent the recess, whereby
      chips formed by action of the drilling portion of the screw collect in the
      elongated recess and the mating adjacent surfaces of the juxtaposed
      members are in close mating engagement.
DRWD
PAR  The invention will be better understood from the following description
      taken in conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is an elevational view of a self-drilling, self-tapping screw which
      may be employed in a joint structure embodying the invention;
PAR  FIG. 2 is a cross-sectional view of a joint structure embodying the
      invention;
PAR  FIG. 3 is a cross-sectional view of the rear joint member prior to
      assembly;
PAR  FIG. 4 is a front elevational view of the joint member shown in FIG. 3; and
PAR  FIG. 5 is a front elevational view of the rear joint member with screw
      attached showing collection of chips in the recess of the surface of that
      joint member.
DETD
PAR  Referring now to the drawing and particularly to FIG. 1, there is shown a
      self-drilling, self-tapping screw 1 of known type which may be used in the
      joint structure of the invention. Such screws have been extensively used
      heretofore for dispensing with the need to drill tap holes in metal
      members for the use of the screws therein. Screw 1 is formed with a shank
      1a, drill portion 1b at one end, washer head 1c at the other end, and
      self-tapping helical threads 1d between the opposite ends of the screw.
PAR  FIG. 2 shows a joint structure which may be formed in accordance with the
      invention comprising a frame member 2, made for example of extruded
      aluminum, and a sheet metal member 3 fastened with adjacent surfaces in
      tight engagement by self-drilling screw 1. As seen in FIGS. 3 and 4, frame
      member 2 has a front surface 2a against which the rear surface 3a of sheet
      metal member 3 is pressed in the screw-fastened joint assembly. Member 3
      has a hole 3b through which the shank of screw 1 passes and which is
      preferably oversized to avoid the necessity of drilling and tapping that
      member and the consequent production of metal chips and shavings which
      might fall between joint members 2 and 3. Channel 2c at the exit face of
      frame member 2 in the illustrated embodiment provides for insertion of
      screws at opposite ends to connect adjacent frame members together (not
      shown), and such a channel is not essential for the purposes of the
      present invention.
PAR  In accordance with the invention, an elongated slot or recess 2b is
      provided in the front surface 2a of frame member 2 into which
      self-drilling screw 1 is inserted in assembling the joint members. The
      entrance to slot 2b is beveled at top and bottom as shown. The depth of
      slot 2b is such that the remaining thickness of frame member 2 to be
      penetrated by screw 1 is less than the length of drilling portion 1b of
      the screw. The width of slot 2b is typically only slightly less than the
      diameter of the screw drilling portion, so that a minimum amount of metal
      is removed as that portion of screw 1 passes through slot 2b as it is
      rotated, and so that the threads of self-tapping screw portion 1d come
      into threaded engagement with the walls of slot 2b to thereby provide
      added thrust for drilling and firm anchoring of the screw in frame member
      2. In the illustrated embodiment, the length of the tapping portion 1d is
      at least equal to the combined depth of slot 2b and the hole formed by
      drilling portion 1b.
PAR  In the fastening process, with sheet metal member 3 placed against front
      surface 2a of frame member 2, screw 1 is passed through clearance hole 3b
      of joint member 3 and is guided into slot 2b of frame member 2 by the
      beveled slot entrance. As the drill bit of screw 1 passes through the
      frame wall behind slot 2b, metal chips or shavings C are formed which are
      brought forward toward the entrance face of frame member 2 and collect in
      both directions in and along slot 2b on that surface, as seen in FIG. 5.
      As a result, the chips thus produced are not forced between the mating
      surfaces of the joint members and the possibility of sheet metal member 3
      being outwardly displaced or separated from frame member 2 due to a
      buildup of the chips is entirely avoided.
PAR  In addition to the foregoing advantages, the provision of an elongated slot
      2b as described and shown facilitates starting of screw 1 in the rear
      joint member, as well as locating and uniformly aligning the screws at the
      desired distance from the edge of the joint member to be engaged. Also,
      the provision of such a storage chamber for the chips produced during the
      fastening process avoids the possibility of the chips impeding the
      movement of the screw in that process or the action of the tapping portion
      of the screw.
PAR  While the present invention has been described with reference to particular
      embodiments thereof, it will be understood that numerous modifications may
      be made by those skilled in the art without actually departing from the
      scope of the invention. Therefore, the appended claims are intended to
      cover all such equivalent variations as come within the true spirit and
      scope of the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. Joint structure comprising, in combination, first and second juxtaposed
      members having mating adjacent surfaces, and a screw passing through and
      fastening said juxtaposed members together, said screw comprising a shank
      having a head at one end adjacent said first member, a drilling portion at
      the other end, and a tapping portion between said head and said drilling
      portion, said screw extending through a hole in said second member formed
      by said drilling portion of said screw, said mating surface of said second
      member adjacent said first member being formed with an elongated recess
      intersecting said hole, said tapping portion of said screw being in
      threaded engagement with said second member adjacent said recess, whereby
      chips formed by action of said drilling portion of said screw collect in
      said elongated recess and said mating adjacent surfaces of said juxtaposed
      members are in close mating engagement.
NUM  2.
PAR  2. A device as defined in claim 1, the width of said recess being less than
      the outer diameter of said tapping portion of said screw.
NUM  3.
PAR  3. A device as defined in claim 2, said first member having an aperture
      aligned with said hole through which said screw extends, the diameter of
      said aperture being smaller than the diameter of said screw head and
      larger than the diameter of the remainder of said screw.
NUM  4.
PAR  4. A device as defined in claim 1, the edges of said mating surface at the
      entrance of said recess being beveled.
NUM  5.
PAR  5. A device as defined in claim 1, the thickness of said second member at
      said hole being less than the length of said drilling portion of said
      screw.
NUM  6.
PAR  6. A device as defined in claim 5, the depth of said recess being greater
      than the thickness of said second member at said hole.
NUM  7.
PAR  7. A device as defined in claim 1, said recess extending a substantial
      distance along said second member on opposite sides of said hole.
NUM  8.
PAR  8. A device as defined in claim 1, the length of said tapping portion of
      said screw being at least equal to the combined depth of said recess and
      said hole.
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ABST
PAL  The load bearing capacities of carriageways or pavements of both flexible
      and rigid design are increased and failure thereof is, to a large degree,
      obviated by incorporating therein a sub-surface or surface layer of
      alkali-resistant glass fibre-reinforced cement.
BSUM
PAR  This invention relates to the construction, repair and strengthening of
      highway pavements and other load-bearing pavements, having either a
      flexible or a rigid design of construction.
PAR  Construction of highway pavements of rigid design is carried out in
      reinforced or mass concrete and construction of highway pavements of
      flexible design is carried out in granular materials with bituminous or
      other flexible binders, the thickness of construction and size and
      distribution of granules being dependent upon the load capacities of the
      materials and the necessity to prevent cohesive soils from approaching
      within 0.4m. or so of the surface in order to avoid frost action. The life
      of a carriageway or pavement is dependent upon the inherent ability of the
      materials used to resist flexing action caused by repeated loadings,
      vibrations or reversals. Failure can occur at any level of the
      construction and in turn affects adjacent levels, finally appearing as
      cracks in the surface which causes the construction to become permeable to
      water and susceptible to frost, abrasive wheel action and other demands
      which open up the cracks and cause progressive deterioration.
PAR  Existing macadam roads, carefully constructed and drained by side ditches
      have had to be widened and rendered impervious in recent years to cater
      for higher traffic flows and longer vehicles and generally the width of
      such roads has been increased by about 1 to 2m. on either side.
      Differential movement occurs between the old and new parts of the road and
      causes minute cracks to appear at the surface with consequent
      deterioration and expensive maintenance operations.
PAR  It is the object of the present invention to increase the load-bearing
      capacities of and obviate to a large degree, failure in carriageways or
      pavements of both flexible and rigid design and this is achieved,
      according to the invention, by incorporating therein a sub-surface or
      surface layer of alkali-resistant glass fibre-reinforced cement.
PAR  The invention can be applied to the construction of new carriageways or to
      the repair or improvement of existing carriageways, thus reducing future
      maintenance requirements and can be employed quite economically by
      restricting it to the inside 2 to 3 meters of the carriageway where
      deterioration invariably occurs. The thickness of the said layer may vary
      from 10 to 20 mm. depending upon the loading for which the carriageway is
      designed, but a thickness of 10 mm. will be sufficient in most cases.
      Spalled and cracked concrete carriageways can be repaired and upgraded by
      employing the invention and interposing a non-adhesive mastic, aluminium
      foil or similar material having slip-surface characteristics between the
      said layer and the underlying structure at cracks and joints to allow
      strain in the layer to be spread, thus reducing the chance of reflective
      cracking appearing through the wearing course during thermal movement of
      the concrete. A wearing course comprising a 40-60 mm. thick layer of
      hot-rolled asphalt or resin bound material may be added on roads designed
      to carry a large volume of traffic.
PAR  The said layer is preferably produced by spraying said alkali-resistant
      glass fibre-reinforced cement or a mixture of said cement and a pozzolanic
      material onto the surface of a carriageway under repair or construction
      from vehicle-mounted angle-spray units operated in unison, but can be
      preformed and fixed with a bonding or adhesive agent at any level on or in
      a prepared surface or indentation. The said layer can itself form a
      temporary wearing surface.
DRWD
PAR  Two examples of the invention will be described with reference to the
      accompanying diagrammatic drawing in which:
PAR  FIG. 1 is a part-sectional perspective view of part of a widened highway
      pavement construction of flexible design under repair; and
PAR  FIG. 2 is a longitudinal sectional view of part of a highway pavement
      construction of rigid design under repair.
DETD
PAR  Referring to FIG. 1, a drainage ditch 1, on one or both sides of a tar or
      water bound macadam road 2 of early design having a tar dressing 3, has
      been filled in and the road widened by adding to each side thereof, a
      strip, about 1 to 2m. in width, comprising a lower layer 4 consisting of
      lean concrete or a mixture of bitumen or tar bound macadam and an upper
      layer 5 consisting of bitumen or tar bound macadam of a high density, the
      whole being provided with a surface dressing 6 of tar or bitumen and 6 mm.
      chips. To improve the quality of the wearing surface and reduce the need
      for maintenance a layer of hot-rolled asphalt 8, generally 40-60 mm. thick
      has been added to the former surface dressing 6. In order to prevent or
      minimise the effect of any minute surface cracks 7 appearing along the
      junctions between the old and new parts of the road a layer or membrane
      according to the invention, which is shown at 9 in FIG. 1, generally
      measuring 10 mm. thick and 2 m. wide, is applied by spraying a mixture of
      alkali-resistant glass fibre-reinforced cement and a pozzolanic material
      onto the areas requiring attention. The whole may be subsequently covered
      by a 40-60 mm. thick layer 10 of hot-rolled asphalt or resin bound
      material to form the wearing surface of the road.
PAR  Referring to FIG. 2, a spalled and cracked concrete carriageway comprising
      longitudinally arranged sections 11 reinforced by steel mesh 12 and
      connected by filled joints 13 is repaired by the application of a 10 mm.
      thick layer 14 formed by spraying a mixture of zirconium glass
      fibre-reinforced cement and a pozzolanic material onto the old wearing
      surface 15 of the road and breaking the bond between the membrane 14 and
      surface 15 at each joint 13 by first interposing non-adhesive
      mastic-backed sheets 16 of 400 mm. wide aluminium foil or similar slip
      surface material to allow a spread of strain in the layer and reduce the
      chance of reflective cracking in the wearing course occurring during
      thermal movement of the concrete. As with the construction shown in FIG.
      1, the layer 14 may be covered by a layer 17 of hot-rolled asphalt which
      is 40 to 60 mm. thick and forms a wearing course.
PAR  The function of the membrane is to distribute the stress caused by wheel
      loadings over a wider area of the highway construction and throughout its
      depth. The inherent tensile strength of the layer which is approximately
      16 MN/m.sup.2 at 28 days, prevents a large degree of strain and
      accommodates vibrations and reversals which govern the life of highway
      constructions. Further advantages of the layer are that it is relatively
      impervious and enables a surface to be laid over it within three hours.
      The present invention can be employed in road repairs over reinstated
      trenches, in the construction of new roads, particularly over poor
      load-bearing sub-grades and for the upgrading of existing carriageways to
      enable them to carry heavier loads than those for which they were
      originally designed.
PAR  It will be understood that the dimensions of the said layer can be varied
      to suit different requirements. One example of a mix giving a layer having
      a tensile strength of 2300 lbf/sq.in. (16 MN/m.sup.2) after 28 days is as
      follows:
     Alkali-resistant glass fibre in                                           

     approximately 50 mm. lengths to                                           

     suit bond-length requirements in                                          

     wide design            --         5%                                      

     Ordinary Portland cement                                                  

                            --         55%                                     

     Pulverised fuel ash or china                                              

     clay waste             --         40%                                     

CLMS
STM  I claim:
NUM  1.
PAR  1. A method of constructing, repairing or strengthening a highway or other
      load-bearing pavement which includes the step of incorporating therein a
      layer comprising an alkali-resistant glass fibre-reinforced Portland
      cement.
NUM  2.
PAR  2. A method according to claim 1, wherein said layer is formed by spraying
      onto the substructure of the pavement.
NUM  3.
PAR  3. A method according to claim 1, wherein said layer is preformed and
      secured by a bonding agent at any level on or in a prepared surface or
      indentation.
NUM  4.
PAR  4. A method according to claim 1, wherein said layer is subsequently
      covered by a wearing surface of hot-rolled asphalt or resin bound
      material.
NUM  5.
PAR  5. A method according to claim 1, of repairing a highway pavement of
      flexible design which has been widened after construction, comprising
      applying said layer to the surface of said pavement at and in the region
      of the junction between the original pavement and those parts added during
      the widening thereof and subsequently covering the whole surface of the
      widened pavement with a wearing surface of hot-rolled asphalt or
      resin-bound material.
NUM  6.
PAR  6. A method according to claim 1 of repairing a highway pavement of rigid
      design, wherein a non-adhesive mastic-backed sheet of aluminium foil or
      similar slip-surface material is interposed between said layer and the
      substructure of the pavement at and in the region of each lateral joint
      between sections of the longitudinally extending pavement.
NUM  7.
PAR  7. A method according to claim 1, wherein said cement layer contains a
      pozzolanic material.
NUM  8.
PAR  8. A method according to claim 1, wherein said layer is composed of 5%
      alkali-resistant glass fibre, 55% Portland cement and 40% pozzolanic
      material.
NUM  9.
PAR  9. A method according to claim 8, wherein said alkali-resistant glass fibre
      is employed in 50mm. lengths.
NUM  10.
PAR  10. A method according to claim 8, wherein said pozzolanic material is
      selected from pulverised fuel ash and china clay waste.
NUM  11.
PAR  11. A highway or other load-bearing pavement incorporating a layer
      containing alkali-resistant glass fibre-reinforced Portland cement.
NUM  12.
PAR  12. The pavement defined in claim 11 wherein said cement layer contains a
      distributed pozzolanic material.
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ABST
PAL  A roller attachment for dump trucks has one or more road rollers mounted on
      a shaft which in turn is carried on the end of a pair of hydraulic piston
      and cylinder assemblies mounted on a beam positioned transversely of the
      truck and detachably secured to the frame thereof. Actuation of the
      hydraulic piston and cylinder assemblies from the hydraulic system of the
      dump truck moves the roller toward and away from a road surface so that
      when the roller is engaged on the road surface and the truck is moved
      forwardly and backwardly the roller will compact materials therebeneath.
PARN
PAR  This is a continuation in part of my application Ser. No. 388,480, filed
      Aug. 15, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to a roller attachment for a dump truck so that the
      weight of the dump truck and material therein may be used to weight the
      roller in a compacting rolling action.
PAR  2. Description of the Prior Art:
PAR  Prior devices of this type have mounted rollers on trailing arm assemblies
      secured to truck axles and frames and employed hydraulic piston and
      cylinders for moving the trailing arms toward and away from the truck.
      (See for example U.S. Pat. Nos. 2,962,950 and 3,071,051). A fixed mounting
      of a roller on a truck is disclosed in U.S. Pat. No. 1,458,751 and further
      proposals have been made to mount rollers on spreader boxes and the like
      as disclosed in U.S. Pat. Nos. 2,258,205 and 2,762,276.
PAR  This invention eliminates the problems found with the prior art devices and
      discloses a more practical and conveniently operated effective roller
      attachment for a dump truck.
PAC  SUMMARY OF THE INVENTION
PAR  A roller attachment for a dump truck includes extensions secured to the
      truck frame, a transversely positioned hollow beam detachably secured to
      the extensions, hydraulic piston and cylinder assemblies on the beam
      movably positioning a transverse shaft and rollers thereon directly
      beneath the beam so that when the hydraulic piston and cylinder assemblies
      are connected to the hydraulic system of the dump truck the roller may be
      moved downwardly into engagement with a roadway and upon movement of the
      dump truck will roll and compact material such as for example patching
      material in holes in the roadway. Power operated jacks on the roller
      attachment adjustably position the device relative to the truck to
      simplify attaching and removing the device.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a portion of a dump truck showing the roller
      attachment in position thereon;
PAR  FIG. 2 is an enlarged rear elevational view of one end of the roller
      attachment on line 2--2 of FIG. 1, and
PAR  FIG. 3 is a top plan view of the roller attachment on line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  By referring to FIGS. 1 and 2 of the drawings, it will be seen that the
      roller attachment for trucks as disclosed herein consists of a roller 10
      rotatably positioned on a transverse shaft 11 with the ends of the
      transverse shaft 11 being journeled in bearings 12 on the lower ends of a
      pair of piston rods 13 which are parts of a pair of piston and cylinder
      assemblies 14. The piston and cylinder assemblies 14 are positioned in
      openings 15 in the ends of a transversely positioned hollow beam 16 which
      forms a tank. The openings 15 in the ends of the hollow beam 16 are
      defined by sleeves 17 and the ends of the hollow beam 16 are closed by
      plates 18.
PAR  The hollow beam 16 is preferably formed by welding a pair of channels to
      one another in oppositely disposed relation and subsequently welding the
      end plates 18 thereto. A pair of oppositely disposed, right angular shaped
      brackets 19 are positioned on the upper surface of the hollow beam 16
      adjacent each end thereof and secured thereto and to the uppermost
      portions of the end plates 18 as by welding. The right angular brackets 19
      define cut away areas 20, one at each end of the hollow beam 16 and above
      the openings 15 therethrough and therefore accommodate the upper portions
      of the piston and cylinder assemblies 14. Each of the pairs of piston and
      cylinder assemblies 14 have a pair of extensions 21 on their uppermost
      ends which are positioned on either side of the upper horizontal portion
      of the right angular bracket 19, a pin 22 having a perpendicular threaded
      portion 24 thereon is positioned through openings in the extensions 21,
      the right angular bracket 19 and positioned in the slot 23 and a nut 25 is
      affixed to the threaded perpendicular portion 24 so that by rotating the
      same the piston and cylinder assembly 14 can be moved vertically.
PAR  In FIG. 1 of the drawings, the right hand end of the roller attachment for
      trucks may be seen positioned beneath the dump body of the truck and in
      FIGS. 2 and 3 the left hand end thereof is illustrated and it will occur
      to those skilled in the art that the opposite ends of the hollow beam 16
      each have a piston and cylinder assembly 14 arranged as hereinbefore
      described.
PAR  The hollow beam 16 is also provided with two pairs of upstanding flanges 26
      arranged to be positioned on either side of horizontally disposed
      extension members 27 which in turn are attached to the frame F of a truck
      T as seen in FIG. 1 of the drawings.
PAR  By referring again to FIGS. 1 and 3 of the drawings it will be seen that
      there are a pair of support rods 28 mounted on each end of the roller
      attachment adjacent the plates 17 and the front and back walls of the
      hollow beam 16. The support rods 26 are each positioned in a tubular guide
      29 which has a cutaway opening inwardly of its ends in communication with
      a fluid motor and gear box 30 so that a gear 31 in each of the fluid motor
      and gear boxes 30 is positioned for registry with a rack 32 formed on the
      upper portion of each of the support rods 28. Communication means 33
      extend from each of the fluid motor and gear boxes 30 and there are four
      of them, one adjacent each of the support rods 28 to a control valve, not
      shown, which in turn is connected to the hydraulic power system of the
      truck on which the device is positioned for operation.
PAR  It will thus be seen that by actuating the fluid motor and gear boxes 30
      the support rods 28 may be moved vertically so as to engage the supporting
      surface and thereby hold the roller attachment or lift it as necessary to
      bring the brackets 26 into registry with the extensions 27 by which the
      roller attachment is attached to the dump truck. During operation the
      support rods are retracted to the positions illustrated in the Figures of
      the drawings.
PAR  Communication means 34 extend from each of the hydraulic piston and
      cylinders 14 and there are two of them, to a control valve 35 as seen in
      FIG. 1 of the drawings which also communicates with the hydraulic pressure
      system on the truck T.
PAR  Referring now to FIG. 2 of the drawings, it will be seen that vertically
      positioned guides 36 are positioned in spaced parallel pairs on the inner
      sides of the end plates 18 and slidably engage and guide extending
      portions of the bearings 12 which journel the shaft 11 carrying the roller
      10.
PAR  As best seen in FIG. 2 of the drawings, it will be observed that the roller
      10 is thus held in desirable position by the engagement of the bearings 12
      which are actually bearing blocks with the guides 36 and the end plates
      18.
PAR  It will occur to those skilled in the art that modifications in the
      structure disclosed herein can be made without departing from the spirit
      of the invention and one such modification could be the substitution of
      flexible cable driven means for moving the support rods 28 vertically for
      the fluid motors and gear boxes 30 hereinbefore described with a single
      fluid motor or the like for driving the flexible cable which could be
      continuous and engaged on all four of the actuating means for the four
      support rods.
PAR  It will thus be seen that a practical and efficient roller attachment for
      trucks has been disclosed in which a hollow main support beam 16 rigidly
      holds end assemblies including the plates 18, the right angular brackets
      19 and the piston and cylinder assemblies 14 adjustably secured thereto
      and that the construction provides a freedom of operation enabling the
      roller attachment for trucks to be quickly and easily attached to or
      removed from a conventional dump truck or the like, and when attached
      thereto connected to the fluid power system thereof for actuation as
      hereinbefore described. The hollow beam 16 is provided with fittings so
      that it can be filled with oil such as used in coating the roller 10 when
      it is rolling blacktop materials and the oil or any other liquid carried
      in the hollow beam 16 adds to the effective weight of the device and
      insures the satisfactory performance of the roller in compacting road
      building materials and the like.
PAR  Although but one embodiment of the present invention has been illustrated
      and described, it will be apparent to those skilled in the art that
      various changes and modifications may be made therein without departing
      from the spirit of the invention.
CLMS
STM  Having thus described my invention what I claim is:
NUM  1.
PAR  1. In a hydraulically operated roller attachment for mounting on a dump
      truck having a main frame and a hydraulically operated dump body thereon
      and a hydraulic fluid power system therefor, said roller attachment
      comprising the combination of a transverse hollow beam detachably secured
      to the truck main frame at a point below the rear end of the dump body,
      end plates secured to the ends of the transverse hollow beam for closing
      the same, vertically positioned hydraulic cylinder and piston assemblies
      secured to said transverse beam adjacent said end plates, vertical guide
      members on said end plates, movable means engaging said guide members, a
      roller positioned between said end plates in spaced, parallel relation to
      said transverse beam, axles on said roller engaging said movable means,
      piston rods of said piston and cylinder assemblies engaging said movable
      means for moving said roller toward and away from said transverse hollow
      beam.
NUM  2.
PAR  2. The roller attachment set forth in claim 1 wherein sleeves are
      positioned between registering openings in said transverse hollow beam
      adjacent the ends thereof and wherein said hydraulic piston and cylinder
      assemblies are positioned partially within said sleeves and on the axial
      center line of said beam, means on said beam adjustably engaging the upper
      ends of said piston and cylinder assemblies.
NUM  3.
PAR  3. The roller attachment for trucks set forth in claim 1 and wherein
      tubular guides are positioned in spaced vertical pairs on said end plates
      on either side of said transverse hollow beam and support rods are movably
      positioned in said tubular guides, means for moving said support rods
      vertically so that the roller attachment may be lifted thereby with
      respect to a supporting surface to facilitate attachment of the roller
      attachment to said truck.
NUM  4.
PAR  4. The roller attachment for trucks set forth in claim 1 and wherein
      vertical passageways are formed in said transverse hollow beam and closed
      with respect to the interior thereof and right angular brackets are
      positioned on said transverse hollow beam engaging the upper surface
      thereof and in registry with said passageways and adjustable means on said
      right angular brackets attaching said piston and cylinder assemblies
      thereto.
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ABST
PAL  In the weight correction of workpieces prior to finish-machining, such as
      connecting rods, the dimensions of the pre-machined surfaces are measured
      and employed as a factor in the adjustment of the machine tool for weight
      correction of the workpieces, for example, by machining material off or
      adding material onto the workpiece, so that the workpiece will have the
      desired weight characteristics after final machining.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation in part of copending application Ser.
      No. 342,780 filed Mar. 19, 1973, now U.S. Pat. No. 3,847,055.
BSUM
PAR  The present invention relates to a method for the weight correction of
      workpieces, not yet finish-machined, by removing material therefrom to
      obtain a desired weight. The invention is particularly adaptable to the
      weight correction of connecting rods, for example, automotive connecting
      rods, which have small and big end bores prebored with a machining or
      stock allowance to permit final machining. In such application, the final
      machining is accomplished by removing material off a boss provided at each
      end of the workpiece for this purpose. It will be apparent, of course,
      that the invention alternatively may be employed in the weight correction
      of other workpieces.
PAR  The weight correction or end-to-end balancing of connecting rods and
      similar workpieces is usually accomplished by removing material off bosses
      or lugs which are provided expressly for this purpose. The bores in the
      big and small end of connecting rods for combustion engines are generally
      subjected to a preliminary machining prior to the weight correction, since
      deformations may occur in the workpiece during the removal due to the
      clamping of the connecting rod. Thus, the final machining of the end bores
      is usually done only after weight correction.
PAR  For reasons of economy, the preliminary machining is not done with as great
      a production precision as the final machining. Accordingly, larger
      tolerances are permitted for the end bores in their preliminary machined
      state. Within the range of these permissible tolerances there are possible
      weight variations which may result in weight deviations in the final
      machining. In the past these weight deviations have not been taken into
      account in the preceding weight correction operation.
PAC  OBJECTS OF THE INVENTION
PAR  In view of the foregoing, it is the aim of the invention to achieve the
      following objects singly or in combination:
PAR  TO PROVIDE A METHOD OF THE MENTIONED TYPE FOR PERFORMING SAID CORRECTION BY
      WHICH IN SPITE OF A LARGE TOLERANCE PERMISSIBLE FOR THE PRELIMINARY
      MACHINING A SUBSTANTIALLY COMPLETE WEIGHT CORRECTION MAY BE ACCOMPLISHED
      PRIOR TO THE FINAL MACHINING IN SUCH A MANNER THAT THE FINISHED WORKPIECE
      WILL MAINTAIN A GIVEN RATED WEIGHT VALUE AND WEIGHT DISTRIBUTION WITH HIGH
      PRECISION; DIFFERENCE
PAR  TO PROVIDE A METHOD PARTICULARLY ADAPTABLE TO THE WEIGHT CORRECTION OF
      CONNECTING RODS, E.G. PISTON RODS WHICH HAVE BEEN SUBJECTED TO PRELIMINARY
      MACHINING, WHEREBY THE WEIGHT OF THE MATERIAL WHICH WILL BE REMOVED IN THE
      FINAL MACHINING OPERATION IS TAKEN INTO CONSIDERATION REGARDLESS OF THE
      TOLERANCES OF THE PRELIMINARY MACHINING; AND
PAR  TO PROVIDE A METHOD FOR THE WEIGHT CORRECTION OF CONNECTING RODS AND THE
      LIKE WHICH HAVE BEEN SUBJECTED TO PRELIMINARY MACHINING, WHEREIN THE
      WEIGHT OF MATERIAL WHICH WILL BE REMOVED IN THE FINAL MACHINING IS
      DETERMINED AS A FUNCTION OF THE DIAMETERS AND AXIAL SPACING OF THE BORES
      OF THE PRELIMINARILY MACHINED CONNECTING ROD.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention the above objects are achieved by
      measuring the dimensions of the surface of a not yet finished workpiece
      and comparing these dimensions with a given finished dimension. The
      dimensional difference determined in this manner is supplied to the
      material removal apparatus in order to control the latter so that more or
      less material is removed than that required to obtain the desired finished
      weight. Variations within the range of tolerance of the preliminary
      machining thus do not have any influence on the weight of the finished
      workpiece. If it is ascertained by measuring of the preliminarily machined
      workpiece surfaces that a large machining allowance has remained,
      correspondingly less material will be removed during the weight correction
      in order to take into account that a relatively larger quantity of
      material will be removed during the following finish-machining.
PAR  In accordance with a further embodiment of the invention for the weight
      correction of connecting rods, the diameters of the two preliminarily
      machined end bores are measured to ascertain the difference between the
      predetermined finished dimension of the bores and the just mentioned
      preliminary diameter. The difference value is employed for controlling the
      feed advance movement of the machining means for machining the boss at
      each piston rod end bore. In this case the balancing is accomplished
      separately for each piston rod end bore so that also the feed control of
      the machining means is controlled separately for each end bore in response
      to the preliminary machining dimension of the respective end bore.
PAR  According to a still further embodiment of the invention, the spacing of
      the axes of the preliminarily machined end bores is measured and compared
      with a given distance whereby the resulting difference between the
      preliminary and given dimension is used as an additional control value for
      the feed advance movement of the machining means for machining the boss at
      each end of the rod.
PAR  The apparatus of my above mentioned co-pending application is suitable for
      performing the present method. Briefly, such apparatus comprises a scale
      for weighing the connecting rod at both ends. A control device for the
      weight correction is provided which comprises a computer circuit for
      transforming the difference between the actual measured value and the
      rated value of the weight of the connecting rod into a distance
      information for the feed advance of the machining means for the machining
      or removing of the material from the boss at each end of the rod. The
      scale for weighing the connecting rod comprises a separate pneumatically
      operated diameter measuring device for each of the two end bores. The
      control device for the weight correction includes a comparator circuit for
      comparing the diameter measuring results with the given rated diameters,
      and the comparator supplies the diameter difference to a computer circuit.
      The computer circuit subtracts the weight difference resulting from the
      diameter difference from the measured weight of the respective end. The
      information regarding the diameter of the end bore is converted into a
      distance information signal for controlling the machining device, so that
      the weighing result and the given rated value for final machining and for
      the final weight are taken into account.
PAR  The scale may be provided with separate adapter pins for the end bores; the
      pins also functioning as the plug gauges of the pneumatic measuring
      device. For this purpose, the pins may be provided with radially directed
      measuring nozzles. This feature greatly simplifies the practice of the
      present method since the weighing step and the measuring of the diameter
      of the bore are simultaneously effected on the same apparatus. In case it
      is desired to take the spacing of the axes of the preliminarily machined
      bores into account, in a further embodiment of the invention, the adapter
      pins are provided with additional measuring nozzles for ascertaining the
      spacing of the axes of the preliminarily machined end bores, so that this
      measurement also does not require any additional operational step.
DRWD
PAC  BRIEF FIGURE DESCRIPTION
PAR  In order that the invention may be clearly understood, it will now be
      described, by way of example, with reference to the accompanying drawings,
      wherein the single FIGURE is a simplified illustration of a device for
      supporting and measuring a connecting rod, the apparatus for measuring the
      bore diameter and for controlling the feed advance of the machining
      apparatus which performs the weight correction being represented
      schematically in a block diagram form.
DETD
PAC  DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
PAR  Referring now to the FIGURE, a supporting or base plate 1 for the
      connecting rod 2 is provided with a large adapter pin 3 and a small
      adapter pin 4 respectively for the big end and the small end bores 5 and 6
      of a connecting rod 2 to be balanced, such as a piston rod.
PAR  The adapter pins 3 and 4 center the connecting rod 2 which has a big end
      bore 7 and a small end bore 8 and the rod rests on bearing surfaces 9 of
      the base plate 1 adjacent the respective pins.
PAR  The bosses 10 are provided on the connecting rod adjacent each of the two
      end bores 7 and 8 so that the weight of the connecting rod may be
      corrected by machining off these bosses.
PAR  The end bores 5 and 6 have been machined to an under size before the
      connecting rod 2 is put on the balancing device. The final machining of
      the bores 5 and 6 is done after the connecting rod has been balanced.
PAR  The base plate 1 is supported at both ends on separate weighing means 11
      which are shown in the drawing as simple beam balances. A load transducer
      12, for example, a load cell or the like is connected to one end of each
      balance beam to provide a signal which contains an information regarding
      the weight of the respective connecting rod end. The sum of the net
      weights measured at both ends of the connecting rod constitutes the total
      weight of the connecting rod. The rated weight value for each end of the
      connecting rods is determined separately in order to keep the total weight
      of the connecting rod as well as the position of the center of gravity
      relative to the axes of the two bores within close limits.
PAR  The adapter pins 3 and 4 are drilled to provide radially arranged nozzles
      13, through which air under pressure from a source of air (not shown) is
      directed outwardly for measuring the diameter of the bores 5 and 6. With
      the aid of pneumatic measuring apparatus 14 connected to the holes in the
      pins the difference pressure is measured in a manner known per se, in
      order to measure the bore diameter. In other words, since the pressure in
      the holes in the pins is determined by the radial spacing between the
      nozzle 13 and the bores 5 and 6, the pressure applied to the devices 14 is
      a measure of the bore diameters.
PAR  Each pneumatic measuring device 14 forms part of a separate control device
      15 for weight correction and each device also includes a comparator
      circuit 16 connected to compare the measured value of the bore diameter
      provided by the measuring device 14 with a rated diameter value of the
      finished bore 5 or 6, the rated value is supplied in the form of a
      determined signal at an input 17. The signal corresponding to the diameter
      different determined in this manner is supplied to a computer circuit 18,
      and a signal corresponding to the measured weight of the connecting rod
      end from the load transducer 12 is also applied to the computer circuit
      18. The computer circuit 18 subtracts the signal corresponding to weight
      differences which result from the diameter differences from the signal
      corresponding to the measured weight of the respective connecting rod end
      bore. Thus, a corrected measured weight value signal is obtained, and this
      signal is supplied to a further computer circuit 19 for comparison with a
      rated weight value signal for the respective connecting rod end bore. The
      rated weight value signal is supplied to the input 20. The resulting
      difference signal is converted into a distance information signal for
      controlling the feed advance control device 21 of a machining apparatus
      22. The apparatus 22 then machines the boss 10 at the respective
      connecting rod end until the desired weight balance is achieved, i.e. as
      determined by the signal applied to input 20 and the diameter of the
      bores.
PAR  Without the diameter measuring device 14 and the circuits 16 and 18, the
      material at the boss 10 would be removed only to such an extent that the
      connecting rod would have a predetermined weight. The next following
      boring or final boring operations on the bores 5 and 6 to the final
      dimension would thus reduce the weight of the connecting rod so that the
      connecting rod would have less than its rated weight. However, by
      measuring the bore diameter and by using the information thus ascertained
      in the control device 15, the boss 10 is machined only to such extent that
      the rated weight of the connecting rod 2 may be achieved by the
      finish-machining of the bores 5 and 6 to their rated diameters.
PAR  If it is desired that the weight correction also takes into consideration
      the variations of the spacing between the axes of the connecting rod bores
      5 and 6, it is necessary to provide additional nozzles in the adapter pins
      3 and 4 so that the spacing between said axes may be ascertained in a
      manner similar to the above described manner of ascertaining the bore
      diameters so that the signal representing the spacing between the axes may
      be employed in the control device 15 for weight correction. Thus,
      variations of the spacing of the axes which are possible within the range
      of the preliminary machining tolerance are also taken into account with
      regard to their influence on the final weight of the connecting rods. For
      example, the adapter pins 3 and 4 are drilled to provide nozzles 25 and 26
      respectively, the nozzle 25 being directed toward the center of the
      adapter pin 4 and the nozzle pin 26 being directed toward the center of
      the adapter pin 3. Air under pressure from a source of air (not shown) is
      directed into the nozzles 25 and 26, whereby the spacings between the axes
      of the bores 5 and 6 may be measured by means of a pneumatic measuring
      device 27 connected to the nozzles 25 and 26. In other words, since the
      pressures in the nozzles 25 and 26 is determined by the spacings between
      the nozzles 25 and 26 and the respective sides of the bores 5 and 6, the
      pressure applied to the pneumatic measuring device 27 is a measure of the
      distance between the nearest edges of the bores 5 and 6, and hence of the
      distance between the axes of the bores. The output of the pneumatic
      measuring device 27 is applied to a comparator circuit 28, wherein it is
      compared with a rated value supplied in the form of a determined signal
      applied to the second input 29 of the comparator 28. The output of the
      comparator 28 is thus a signal corresponding to the difference between the
      actual and rated distances between the axes of the bores 5 and 6. This
      signal may be applied to the computer circuits 20 of the two balancing
      control apparatuses 15, so that the variations in the spacings of the axes
      are taken into account in the machining of the ends of the connecting rods
      to achieve balance.
PAR  Instead of the illustrated pneumatic measuring means, other conventional
      measuring means may be employed for measuring the diameters of the bores.
      For example, mechanical sensors may be employed, the measuring results of
      which may be transformed into electrical signals by conventional means. In
      the example shown, the weight correction is accomplished by a material
      removal. However, the correction may alternatively be made by selectively
      applying material to the test sample. In that instance, the stock
      allowance to be taken into consideration at the bores 5 and 6 would result
      in an increase of the material to be added, as compared with the known
      method. The material may be added, for example, by conventional welding
      means, not shown.
PAR  Although the invention has been described with reference to specific
      example embodiments, it is to be understood, that it is intended to cover
      all modifications and equivalents within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method for correcting the weight of a connecting rod to produce a
      close tolerance finished weight of said rod which has a bore in each rod
      end, wherein a preliminary machining permitting wide tolerances and a
      finish operation are performed to vary the weight of the connecting rod to
      produce said finished weight, the improvement comprising boring said bores
      to a wide preliminary tolerance, weighing said connecting rod after said
      preliminary boring but prior to said finish operation to produce a
      measured weight representing signal, measuring the diameter of said
      preliminarily bored end bore to produce a measured bore diameter signal,
      comparing said measured bore diameter representing signal with a rated
      bore diameter signal to provide a diameter difference signal, producing a
      correction signal by combining said measured weight representing signal
      and said diameter difference signal, producing a control signal modified
      in response to said correction signal and performing said finish operation
      in response to said modified control signal whereby said finished weight
      is independent of any variations in said wide preliminary tolerance.
NUM  2.
PAR  2. The method of claim 1, further comprising measuring the spacing between
      the axes of the preliminarily bored end bores, and varying the weight of
      the rod in response to the measured spacing, whereby said finished weight
      of said connecting rod is independent of said spacing.
NUM  3.
PAR  3. The method of claim 2, further comprising comparing the measured spacing
      between the axes of preliminary bored end bores with a given dimension to
      produce a difference measurement signal, and varying the weight of said
      connecting rod in response to said last mentioned difference measurement
      signal, whereby the finished weight of said connecting rod is independent
      of said last mentioned difference measurement.
NUM  4.
PAR  4. The method of claim 1, wherein said connecting rod has bosses of
      material at each end and wherein said finish operation for the weight
      correction comprises removing material from said bosses.
NUM  5.
PAR  5. The method of claim 1, wherein said finish operation comprises adding
      material to said connecting rod.
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ABST
PAL  An axial fan operative to control the developed air volume and pressure by
      varying the pitch of the fan blades. The fan housing is adapted to be
      connected to the main air conduit as an axial continuation thereof and
      centrally mounts a fan motor which directly drives the fan. The blade
      pitch control mechanism adjacent the fan utilizes an axially reciprocable
      actuator coupled through linkages to each of the fan blades whereby the
      pitch of all of the blades is simultaneously changed upon movement of the
      actuator. The control mechanism is contained within the fan hub and within
      a cylindrical central fairing located adjacent the fan and radially
      inwardly of the blades. This protects the control mechanism and reduces
      drag. The actuator is moved axially by means located externally of the
      main air conduit and connected to the actuator by a single lever arm
      extending through the central fairing and main air conduit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an axial fan having variable pitch fan
      blades for controlling the air volume or pressure developed.
PAR  2. Description of the Prior Art
PAR  In large air conditioning installations for multistory buildings and the
      like the demands or loads upon the air conditioning system constantly vary
      as portions of the building are temporarily put out of service, as weather
      conditions change, etc. These load changes are sensed in various ways,
      such as by detecting changes in the volume of air passing through the air
      conditioning fan, or by detecting pressure changes in the main air
      conduit. Regardless of the sensing means, the load changes sensed must be
      quickly and automatically compensated for by changing the output of the
      air conditioning fan.
PAR  One method of the prior art effects compensating adjustments by using inlet
      vane dampers, but this has proved to be noisy and wasteful of power.
      Another method adjusts the fan output by automatically varying the pitch
      of the fan blades, but most of the fans utilizing this approach have been
      unduly expensive, complex, difficult to maintain, and characterized by
      wasteful internal drag.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an axial fan is provided having
      variable pitch blades controlled by a variable pitch mechanism enclosed
      essentially completely within the fan hub and within a central fairing
      located adjacent the fan hub and radially inwardly of the blades. The
      blades sweep through an annular space defining the main air flow path. The
      fan motor, fan hub, and central fairing are axially aligned in the
      relatively low velocity central portion of the means defining the air flow
      path. This greatly reduces drag and simplifies interconnections between
      the fan components.
PAR  The variable pitch mechanism is operative upon the inner ends of the blades
      to pivot them simultaneously and according to the axial position of an
      actuator located within the previously mentioned central fairing. The
      actuator is sensitively responsive to the piston movement of an externally
      located control cylinder, a single lever arm connecting the two and
      multiplying the piston travel several times. This single lever arm is
      essentially the only control element extending from the centrally located
      variable pitch mechanism to the exterior, through the intervening
      relatively high velocity, annular air flow path. Consequently, the fan of
      the present invention provides a relatively straight-forward, low
      maintenance, low drag, and sensitive means for varying fan blade pitch
      continuously and as operational conditions dictate.
DRWD
PAR  Other objects and features of the invention will become apparent from
      consideration of the following description taken in connection with the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal cross-sectional view of a variable pitch, axial
      fan according to the present invention, illustrated in association with
      usual outlet guide vanes;
PAR  FIG. 2 is an enlarged view taken along the lines 2--2 of FIG. 1;
PAR  FIG. 3 is a view taken along the lines 3--3 of FIG. 2; and
PAR  FIG. 4 is a view taken along the lines 4--4 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is illustrated a variable pitch axial
      fan apparatus 10 according to the present invention and comprising,
      generally, housing means which include a fan housing 12 and a vane housing
      14. The inner walls of these housings define a cylindrical air conduit 16
      within which is centrally mounted an axial fan 18 and an adjacent central
      fairing 20. The apparatus 10 also includes blade pitch control mechanism
      22; a fan drive means or motor 24; an actuator shaft 26 for actuating
      portions of the blade control mechanism 22; an operating lever 28 coupled
      to the actuator shaft 26; and an operating means located externally of the
      conduit 16 and including an air cylinder 30 actuable to operate the lever
      28, as will be seen.
PAR  Fan housings 12 and 14 are cylindrical in configuration and are provided
      with complemental circumferential flanges 32 secured together by suitable
      fasteners to define the axially continuous air conduit 16 through the
      housings. The opposite ends of the housings 12 and 14 include similar
      circumferential flanges 34 which enable the housings to be connected to
      complemental flanges (not shown) on the main air conduit of the air
      conditioning system with which the apparatus 10 is to be used. This allows
      the apparatus 10 to be quickly and easily installed in existing air
      conditioning systems by merely interposing the apparatus 10 between spaced
      apart flanged ends of the air conditioning system conduit. The apparatus
      10 is then operative to draw air through the air conduit 16 from left to
      right, as viewed in FIG. 1.
PAR  The fan drive means or motor 24 is an electric motor adapted to handle the
      fan load requirements. It is conveniently mounted on a transversely
      extending, horizontal platform 36 attached at its opposite sides to the
      adjacent walls of the conduit 16, as best seen in FIG. 1.
PAR  The fan motor drive shaft 38 is fixedly received within the central opening
      of a conventional taper lock bushing 40, FIG. 3, mounted to a hub 42 of
      the fan 18 by a circular plate 44. The plate 44 is held in position by a
      plurality of bolts 46 threaded into suitable openings (not shown) provided
      in the hub 42 adjacent the bushing 40. Thus, operation of the fan motor 24
      is effective to rotate the hub 42 of the fan 18 about the longitudinal
      axis of the conduit 16.
PAR  As best seen in FIGS. 2-4, the fan hub 42 is generally circular and
      includes a plurality of circumferentially spaced blade openings 48 which
      each receive a sleeve bearing 50 made of bronze or the like to rotatably
      support the cylindrical inner portion of a radially extending fan blade
      52. Use of the sleeve bearing 50 is an important feature in that it
      provides a substantial bearing area along the axial length of the inner
      portion of the fan blade 52. This provides blade stability, and reduces
      vibration and metal fatigue.
PAR  The fan hub 42 occupies the central portion of the air conduit 16 so that
      the fan blades 52 sweep through an annular space defined by the hub
      periphery and the adjacent inner wall of the air conduit 16. This annular
      space constitutes the main air flow path for air drawn through the conduit
      16.
PAR  As best viewed in FIGS. 1 and 3, the hub 42 includes two sections which
      together form the openings 48 within which the fan blades 52 are received.
      There is a larger main section 54 and an annular second section 56
      attached to the section 54 by a plurality of bolts 58. The roots or inner
      extremities of the fan blades 52 are received within reduced-diameter
      openings formed in the hub sections 54 and 56 adjacent the openings 48.
      Short linkage arms 62 are provided for the blades 52, respectively, to
      effect simultaneous pitch change of the blades 52.
PAR  The inner end of each arm 62 includes an opening to receive the reduced
      diameter end of an associated blade 52, as best viewed in FIG. 3, with the
      linkage arm 62 being constrained against rotation relative to the blade 52
      by means of a pair of pins 60, as seen in FIG. 4. The pins 60 are disposed
      through aligned openings in the arm 62 and the associated blade 52, and
      each arm 62 is secured in the pinned position by a headed bolt 64 which
      extends through the arm 62 and into the blade 52.
PAR  The hub section 56 includes a plurality of slots 66 through which the
      linkage arms 62 extend. The outer end of each arm 62 includes an opening
      which receives the threaded end of a stub shaft 68, and a nut 70 is used
      to secure the shaft 68 to the arm 62. The other end of each stub shaft 68
      is rotatable within a bearing 72 spaced from the arm 62 by a sleeve spacer
      74.
PAR  The bearings 72 rest upon an annular, circumferentially extending edge
      portion 76 of an actuator 78 and are held in position by an annular ring
      80 arranged in opposed relation to the edge portion 76 and defining a
      circumferentially extending space forming seats for the bearings 72. The
      ring 80 is secured in clamping relation to the bearings 72 by a plurality
      of bolts 82 which are threaded through the ring 80 and into adjacent
      portions of the actuator 78. With this arrangement all of the linkage arms
      62 are moved simultaneously, upon axial movement of the actuator 78, to
      simultaneously rotate and thereby change the pitch of the associated
      blades 52.
PAR  The actuator 78 is generally circular with its central axis aligned with
      the axis of the motor drive shaft 38 and fan 18. A central opening 84 in
      the actuator 78 mounts a sleeve bearing 86 which is fitted over a central
      cylindrical portion 88 of a guide 90 to enable relative slidable axial
      movement therebetween. The guide 90 is located adjacent the hub section 54
      and is secured to it by a plurality of bolts 92. Thus, the guide 90 acts
      to confine movement of the actuator 78 to the central axis of fan 18.
PAR  The actuator 78 is moved axially by an elongated actuator shaft 26. The
      inner end of the shaft 26 is received within a spherical roller bearing 96
      and is held in the bearing by a retaining ring 98. The outer race of the
      bearing 96 is carried within a bearing housing 98 and is retained therein
      by a cover 100, both the cover 100 and the housing 98 being secured to the
      actuator 78 by a plurality of bolts 102.
PAR  The actuator 78 and linkage arms 62 constitute portions of the blade pitch
      control mechanism 22 and, as best seen in FIG. 1, these and their
      associated components are completely enclosed within the cylindrical
      central fairing 20. The actuator shaft 26 and a portion of the operating
      lever 28 are similarly enclosed. Moreover, the fairing 20, fan hub 42, and
      motor 24 are all located inwardly of the annular space through which
      passes the high velocity air stream developed by the rotating fan blades
      52. Consequently, internal drag losses are minimized in the present
      apparatus, and this in turn results in lower power consumption and greater
      efficiency.
PAR  The fairing 20 is supported by attachment to the inner extremities of a
      plurality of conventional circumferentially arranged, radially extending
      guide vanes 104 whose outer extremities are attached to the vane housing
      14.
PAR  Axial movement of the operating shaft 26 by the operating lever 28
      simultaneously changes the pitch of all of the blades 52. To accomplish
      this the inner end of the lever 28 is secured to the central fairing 20
      for pivotal movement about a pin 106. Such pivotal movement is imparted to
      the actuator shaft 26 by pivotal attachment of the lever 28 to the shaft
      26 by means of a pin 108. The outer extremity of the lever 28 extends
      upwardly through slots provided in the fairing 20 and in the vane housing
      14. Its outer end is pivotally secured to the outer end of a piston rod
      110 which forms part of the air cylinder 30 which is supported upon the
      fan housing 12 by a support bracket 114.
PAR  In operation, the fan apparatus 10 is installed in the air conditioning
      system as previously described, suitable electrical connections (not
      shown) being made to the fan motor 24 for energization thereof and
      rotation of the fan 18, as will be apparent. The air cylinder 30 forms a
      part of usual and conventional sensing and operating or control apparatus
      operative to sense changes in air pressure or volume and made appropriate
      corrections; as will be apparent to those skilled in the art. In general,
      such a system compares the sensed condition with the desired condition,
      and generates an error signal. This error signal initiates a change in the
      air pressure applied to the air cylinder 30 so that the piston rod 110
      changes its position accordingly, and there is corresponding pivotal
      movement of the operating lever 28 and generally axial movement of the
      actuator shaft 26. The piston rod 110 is normally biased inwardly by
      springs or the like (not shown).
PAR  The pivotal connection of shaft 26 to the lever 28 results in a slight
      pivotal action of the shaft 26, but this is accommodated by the action of
      the spherical roller bearing 96. The bearing 96 also allows relative
      rotation between the nonrotatable shaft 26 and the rotating fan hub 42,
      guide 90, actuator 78, and bearing housing 98.
PAR  As the actuator shaft 26 moves axially, there is a corresponding slidable
      movement of the actuator 78 upon the guide 90 which causes the linkage
      arms 62 to pivot together and thereby change the pitch of all of the fan
      blades 52 simultaneously.
PAR  The present fan apparatus 10 thus provides an inexpensive and relatively
      straight-forward means for adjusting the output of the fan 18 by adjusting
      the pitch of the fan blades 52 through the use of a blade control
      mechanism 22 and associated components essentially completely enclosed in
      the central fairing 20 and in the fan hub 42. Further, such components are
      located in the relatively low velocity central portion of the air conduit
      16, with only the fan blades 52 being located in the annular, relatively
      high velocity air flow region of the conduit 16. It is of particular
      interest that the pivots 106 and 108 are enclosed in the fairing 20, where
      they are protected from dirt, dust and the like in the airstream. This
      prolongs service life of the unit without maintenance. Consequently, drag
      and noise in the system is quite low, and efficiency is relatively high.
      Also, other than the electrical connection to the fan motor 24, the only
      externally extending element is the operating lever 28, which further
      reduces drag in the system.
PAR  Various modifications and changes may be made with regard to the foregoing
      detailed description without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A variable pitch axial fan apparatus comprising: housing means having an
      inner wall defining a cylindrical air conduit;
PA1  a fan centrally mounted in said air conduit for rotation about the axis of
      said conduit, said fan including a hub, a plurality of elongated blades
      radially extending from and carried at their roots by said hub for pivotal
      movement about their axes, respectively, to vary the pitch of said blades,
      said hub including a plurality of openings adjacent the roots of said
      blades, respectively;
PA1  a cylindrical central fairing located in said air conduit and including an
      actuator coaxial with and carried by said hub for axial movement, a
      plurality of linkages extending between said actuator and said blades,
      said actuator including means defining circumferentially arranged seats
      adjacent said plurality of openings, and a plurality of elements pivotally
      carried in said seats, respectively, and said linkages including arms
      coupled to said blades, extending through said openings, and coupled to
      said elements, respectively, whereby said blades are pivoted upon said
      axial movement of said actuator;
PA1  fan drive means coupled to said fan for rotation thereof;
PA1  an actuator shaft extending axially of said actuator and axially movable to
      effect said axial movement of said actuator;
PA1  an operating lever extending generally transversely of said actuator shaft
      and externally of said air conduit; and
PA1  operating means located externally of said air conduit and actuable to
      pivot said operating lever to axially move said actuator shaft.
NUM  2.
PAR  2. A variable pitch axial fan apparatus according to claim 1 wherein said
      fan drive means comprises a motor located within said air conduit in axial
      alignment with said hub, and including means supporting said motor and
      connected to said inner wall of said housing means.
NUM  3.
PAR  3. A variable pitch axial fan apparatus according to claim 1 and including
      sleeve bearings in said fan hub for pivotally supporting said blades on
      said hub, respectively, each of said sleeve bearings constituting a single
      long sleeve extending axially of the inner portion of the associated one
      of said blades and bearing radial loads whereby blade stability is
      promoted and blade vibration is reduced.
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ABST
PAL  A vacuum turbine for a drill has a housing of tubular configuration about
      an axis and has a sleeve disposed within the housing and also of tubular
      configuration about the axis. The sleeve is spaced from the housing to
      provide an annular air passage between them. A pair of bearings within the
      sleeve supports a turbine shaft rotatable about the axis. At one end of
      the shaft is a turbine runner including blades extending across the air
      passage and also including a shroud at the periphery of the blades and
      having a rim face normal to the axis and in very close axial relationship
      to an end face on the housing to reduce the travel of air therebetween.
BSUM
PAR  In the operation of numerous small rotary tools such as dental handpieces,
      drills and the like, it is often convenient to drive the rotary cutting
      member by means of a turbine wheel subjected to an air current induced
      across the wheel by a vacuum, so that the mechanism operates under
      sub-atmospheric pressure. In relatively small tools it is difficult to
      provide an efficient turbine since air leakage is relatively large and the
      efficiency correspondingly is low.
PAR  The cost of such tools is usually relatively small so that the provision of
      precision fits and the like is virturally ruled out.
PAR  It is therefore an object of the invention to provide a vacuum operated
      turbine for small tools such as drills in which the leakage air is reduced
      substantially by the provision of a relatively cheap, precision air
      passage.
PAR  Another object of the invention is to provide a vacuum turbine of good
      efficiency operating in small compass.
PAR  Another object of the invention is the provision of a vacuum turbine driven
      rotary tool having a high efficiency and relatively great power.
PAR  Another object of the invention is to provide a vacuum turbine construction
      especially for rotary tools such as drills in which the cost is relatively
      low.
PAR  A further object of the invention is in general to provide an improved air
      vacuum turbine operated rotary tool.
DRWD
PAR  Other objects, together with the foregoing, are attained in the embodiment
      of the invention described in the accompanying description and illustrated
      in the accompanying drawing, in which:
PAR  The FIGURE is a somewhat diagrammatic showing in cross-section on an axial
      plane of a form of vacuum turbine for a drill pursuant to the invention,
      certain portions being broken away to reduce the figure size and certain
      parts being omitted for clarity.
DETD
PAR  A convenient mechanism pursuant to the invention for driving a drill 6
      about an axis 7 is provided within a housing 8 symmetrical about the axis
      7 and having a generally tubular configuration defined by a housing wall 9
      terminating in an end face 11 that is preferably planar and is normal to
      the axis 7.
PAR  Within the housing 8 and conveniently formed integrally therewith is a
      sleeve 13 also of generally tubular configuration about the axis 7, but
      spaced from the housing sufficiently to afford an intervening, annular,
      air passage 14 that is generally uninterrupted except at intervals wherein
      radial spokes 16 and 17 are provided. The spokes are spaced apart
      circumferentially so that in most places the air passage 14 is continuous.
      Within the sleeve 13 there is provided a pair of anti-friction bearings 18
      and 19 supporting a turbine shaft 21 for rotation about the axis 7. The
      shaft at one end carries a turbine runner 22 inclusive of a hub 23 from
      which extend a plurality of spaced turbine blades 24. The hub 23 is
      extended and is hollowed to receive the shank of the tool 6 and likewise
      carries a set screw 26 so that the shank can be gripped or released.
PAR  Particularly pursuant to the invention, the turbine blades 24 are not
      terminated at their radially outermost portions, but rather merge with an
      integral, circular cylindrical shroud 27 so that radial flow of air from
      the blades is inhibited. Particularly, the shroud terminates in a rim face
      28 that is generally planar and is normal to the axis 7. It is important
      that the rim face 28 be very closely spaced in an axial direction with
      respect to the planar end face 11 of the housing. Since the operating
      thrust on the turbine runner is generally toward the left in the figure,
      the amount of axial clearance or space between the runner and the housing
      is regulated or adjusted by a screw 31 at the left end of the sleeve 13,
      and bearing against the left end of the shaft 21. By a careful and
      critical adjustment of the screw 31, the space or clearance or gap between
      the faces 11 and 28 can be made almost vanishingly small, but is
      sufficient so that the adjacent relatively rotating parts do not actually
      touch but there can be a small air bearing effect.
PAR  The housing 8 is preferably extended by providing a removable cowl 32 that
      fits tightly over the end of the housing and has a contoured entrance
      flange 33 for ready ingress of atmospheric air through the turbine blades
      to the passage 14 itself connected with a source of sub-atmospheric
      pressure (not shown).
PAR  Lubrication of the bearings 18 and 19 is preferably taken care of by the
      provision of a lubricant passage 34 extending radially through the
      enlarged spoke 17 to the interior of the sleeve 13, so that lubricant is
      made available to both the bearings 18 and 19 and likewise can be made
      available, if desired, to the thrust end of the shaft 21 and the thrust
      end of the screw 31.
PAR  Some leakage of lubricant from the bearings may occur. It is desired to
      keep such leakage away from the turbine runner. For that reason a slinger
      36 is pressed onto the shaft 21 near the turbine blades 24 and overlies
      the upstream end of the sleeve 13. Any discharging lubricant is directed
      to join and flow along with the exhausting air and without encountering
      the runner itself. The configuration, position and spacing of the slinger
      are such as to assist in the flow of air as it leaves the turbine runner.
PAR  With this arrangement, when the device is set into operation with a
      sub-atmospheric pressure available in the passage 14 at the left end of
      the figure, incoming atmospheric air is guided by the cowl to flow into
      the runner mechanism through the blades 24 for the most part, but there is
      some inevitable leakage between the rim face 28 and the end face 11. Since
      these are two planar surfaces that can easily and economically be
      precision machined normal to the axis 7 and since the adjustment screw 31
      can make the passage between them extremely small, flow between the
      surfaces tends to be affected by centrifugal force so that in flow tends
      to be balanced by out flow and the net flow is minuscule. There is very
      little air flow through the radial passage so that virtually all of the
      air must go between the blades. There is consequently provided a close,
      high precision fit between the runner and the housing but the parts are
      economical to produce in quantity and do not substantially add to the cost
      of the structure. The shroud and close fit are effective to prevent short
      circuiting air flow around the runner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vacuum turbine for a dental drill or the like comprising a housing of
      tubular configuration about an axis and having an end face normal to said
      axis, a sleeve within said housing and of tubular configuration about said
      axis, said sleeve being intergral with said housing and closed at one end
      and open at the other end and being spaced from said housing to provide an
      annular air passage therebetween, a pair of bearings within said sleeve
      and disposed adjacent the respective ends thereof, a turbine shaft mounted
      in said bearings and rotatable about said axis, said shaft at one end
      terminating within said sleeve adjacent the closed end thereof, a turbine
      runner on said shaft adjacent the other end of said sleeve and including
      blades extending radially across said air passage at the open end of said
      sleeve, and a circumferential shroud on said runner at the periphery of
      said blades and having a rim face normal to said axis in close axial
      spacing from said housing end face.
NUM  2.
PAR  2. A device as in claim 1 including an axially extending screw in said
      closed end of said sleeve and abutting said one end of said shaft for
      shifting said shaft axially to vary the space between said shroud rim face
      and said end face of said housing.
NUM  3.
PAR  3. A device as in claim 1 including means on said shaft adjacent said
      runner and extending across said open end of said sleeve and into said air
      passage as an oil slinger.
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PAL  Damping of turbine or compressor vanes loosely supported in an outer shroud
      is accomplished by means of resilient metal damping pads which have slots
      to accommodate the outer ends of the vanes. The damping pads engage the
      opposite sides of the vanes and the slots are formed so as to provide gaps
      or relief areas between the pads and the side and end edges of the outer
      ends of the vanes.
PARN
PAR  This application is a continuation of my application Ser. No. 401,358 (now
      abandoned) filed Sept. 27, 1973 for Vane Damping.
BSUM
PAR  This invention relates to turbines and compressors and more particularly to
      novel damping means for a vane assembly.
PAR  Much effort has been expended in developing improved vane assemblies for
      turbines and compressors, as exemplified in U.S. Pat. Nos. 3,071,346,
      3,556,675, 3,095,138, 3,519,282 and 2,952,442. One particular problem has
      been to minimize vibration of vane assembly components.
PAR  The primary object of this invention is to provide a novel means for
      damping vane vibration in a gas turbine or compressor.
PAR  Another object is to provide an improved damping structure for a turbine or
      compressor vane assembly.
PAR  A further object and feature of this invention is to provide damping means
      for a vane assembly whereby the extent of damping can be controlled by
      controlling the density of the damping means.
PAR  Still another object is to provide an improved vane assembly wherein the
      individual vanes are damped against vibrations by damping elements made of
      a wire mesh fabric.
PAR  A more specific object is to provide damping means for turbine and
      compressor vanes which can be made and installed so as to have a
      predetermined damping characteristic, can be readily installed or removed
      without need for any special vane treatment, are not directly affixed to
      the vanes, do not radially preload the vanes, and are so designed as to
      withstand structural erosion by relative movement of the vanes.
PAR  Described briefly, in a vane assembly featuring the present invention, a
      plurality of vanes are disposed in a row between an inner shroud and an
      outer shroud, with each vane having one end affixed to the inner shroud
      and an opposite end that extends loosely through a slot in the outer
      shroud and is received in damping means in the form of a wire mesh pad of
      selected density. According to this invention, the wire mesh pad engages
      the opposite sides of the vane but is spaced from its side and end edges
      whereby to effectively vibration damp the vane and also to increase the
      service life of the pad. Each pad may engage one or more vanes.
DRWD
PAR  Other features and advantages of the invention are disclosed or rendered
      obvious from the following detailed description and the accompanying
      drawings wherein:
PAR  FIG. 1 is an axial sectional view through a vane assembly that constitutes
      and incorporates a preferred embodiment of the invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary sectional view taken along line 4--4 of FIG. 1; and
PAR  FIG. 5 is a plan view showing several damping pads constituting a
      modification of the invention.
DETD
PAR  The same numbers are used in the several figures to designate the same
      components or parts thereof.
PAR  Referring now to FIG. 1, the illustrated vane assembly comprises an inner
      shroud ring 2, a row of circumferentially spaced vanes 4 (only one of
      which is shown), and an outer shroud ring 6. The inner shroud ring 2 has a
      plurality of circumferentially spaced slots 8 (only one of which is shown)
      for receiving the inner ends of the vanes. The vanes are secured in slots
      8 by brazing, welding or other suitable means known to persons skilled in
      the art.
PAR  In cross-section, the outer shroud ring 6 is preferably shaped as shown in
      FIG. 1. More particularly, shroud ring 6 has a vane-retaining center
      section 12 that is U-shaped in cross-section and consists of a cylindrical
      wall 14 and annular radially extending walls 16 and 18. This center
      section 12 is preferably formed with axially projecting cylindrical
      flanges 20 and 22 that are formed with radially projecting annular flanges
      24 and 26. The latter are adapted for attachment to suitable supporting
      structure, or to adjacent vane assemblies when forming part of a
      multi-stage compressor or turbine. The outer shroud ring 6 has a plurality
      of circumferentially spaced slots 28 (only one of which is shown) to
      accommodate the outer ends of the vanes as shown. Surrounding the outer
      shroud ring is a cover ring 30 which is preferably attached to cylindrical
      flanges 20 and 22 by rivets 32 as shown. Preferably, cover ring 30 is
      formed with a U-shaped center section 34 which cooperates with the
      U-shaped section 12 of the outer shroud ring to define a chamber 36 that
      extends for the full circumference of the outer shroud ring and serves to
      accommodate a plurality of damping pads 38 (see FIG. 4).
PAR  Damping pads 38 may be made of knitted, woven or braided wire mesh fabric
      or felt metal or steel wool and as such are porous and compressible. A
      preferred form of pad is one made from a stainless steel single filament
      knitted wire fabric which is rolled or folded into a bundle and the bundle
      compressed. The wire may be of any springy metal but a stainless steel
      wire of suitable spring characteristic is preferred since it is resistant
      to rust and corrosion. On compressing the bundle, sufficient pressure is
      applied to overcome the elastic limit of the wire at many points within
      the bundle to form a pad or cushion of desired firmness, i.e. stiffness.
      In the compressed body of the pad or cushion, there is a very large number
      of points of contact of the wire with itself and there will similarly be a
      relatively large number of short spans of the wire between the points of
      contact. As a result, the compressed body is still springy. The pad's
      ability to undergo deflection and recovery under changing compression
      loadings over a wide range of loads may be limited to such an extent as is
      needed for the particular application, and can be controlled by
      appropriate selection of the wire material and the degree to which the
      fabric is compressed. In other words, the density of the pad, i.e. the
      extent to which the bundle of wire mesh fabric is compressed, determines
      the effectiveness of the damping action of the pad on the end of the vane
      with which it is associated. The art of forming cushions from a wire mesh
      fabric for vibration damping applications is well known, as exemplified by
      U.S. Pat. Nos. 3,073,557, 3,250,502, 3,346,302, 2,680,284, 2,869,858 and
      2,426,316. A pad formed of compressed steel wool or felt metal also may
      function effectively with the damping action being related to its density.
      Regardless of whether they are made of a wire mesh fabric, felt metal,
      steel wool, or other wire material, the damping pads may be formed to any
      appropriate shape using suitable forming dies. For the purposes of this
      invention, the pads are formed to a selected shape and size appropriate to
      the specific turbine assembly in which they are to be incorporated. Also,
      as noted below, a separate damping pad may be provided for each vane or
      each pad may be adapted to accommodate two or more vane ends.
PAR  Referring now to FIGS. 1-4, in the preferred embodiment of the invention a
      separate damping pad 38 is employed for each vane. In this case, each pad
      38 is formed with a rectangular configuration and top and bottom surfaces
      40 and 42 that are curved along their shorter dimension (see FIGS. 3 and
      4) and flat along their longer dimension (FIG. 1). Preferably the four
      sides 46, 48, 50 and 52 are bevelled at the bottom of the pad as shown at
      54 in FIGS. 1 and 3 so as to facilitate proper nesting of the pads in the
      chamber 36 formed between the outer shroud ring and cone ring 30.
      Preferably also the upper edges of sides 46-52 and the four corners of
      each pad are rounded off as shown in FIGS. 2 and 3 so as to reduce the
      likelihood of damaging the pads by rough handling. Additionally, each pad
      is formed with a slot or cavity 56 in its proper concave surface 40 to
      receive the outer end of a vane. As seen in FIG. 2, the slot 56 is curved
      in conformity with the cross-sectional shape of the outer end of the
      associated vane; preferably the side walls 58 and the end walls 60 of the
      slot extend at substantially a right angle to the pad's upper surface 40.
PAR  In order to achieve effective vibration damping of the vanes, it is
      essential that the vanes be engaged by the associated damping pads.
      However, the damping pads can be damaged by abrasion and if such
      deterioration occurs it will materially shorten the service life of the
      pads. In this connection it is to be noted that the end edges 59 of the
      vanes and also their leading and trailing edges, i.e. their side edges 61,
      present sharp sections of solid material which could cut and tear the
      metal mesh material of the pads under dynamic load conditions. Accordingly
      each slot 56 is formed so that the spacing between its two side walls 58
      is the same or slightly less than the thickness of the inserted vane.
      Additionally each slot 56 is formed and dimensioned so that (a) the
      distance between its end walls 60 is substantially in excess of the
      corresponding dimension of the associated vane as shown in FIGS. 1 and 2,
      and (b) its depth is sufficient to permit a gap to exist between its
      bottom wall 64 and the end edge 59 of the associated vane when installed
      as shown in FIG. 1. As a consequence and because the pads are resilient,
      the side walls 58 of a given slot 56 are forced apart slightly when the
      end of a vane is inserted in the slot and the spring characteristic of the
      pad urges the side walls to return to their as-formed position so that
      they pinch and exert a gripping force on the outer end of the vane,
      whereby the pad can dampen vane vibration. Because of the engagement of
      the concave and convex side walls 58 of the pad slot with the opposite
      sides of the vane, the outer end of the vane is restrained against
      movement in a direction along the circumference of the outer shroud ring
      and also to a lesser degree in a direction along the chord of the vane.
      Additionally the relief areas provided between the end walls and bottom
      wall of the slot and the side edges and bottom edge of the inserted vane
      prevent or at least substantially minimize cutting and tearing of the
      metal mesh pad. The relief or gap between the end edge of the vane and the
      bottom wall of the pad slot avoids radial pre-loading of the pad by the
      vane and permits more freedom of relative movement. The width and breadth
      of each pad is such that slot 56 is spaced far enough from the sides 48-52
      of the pad to allow sufficient pad material for damping the inserted vane
      and for engaging the U-shaped center section 12 of the outer shroud ring
      as shown in FIG. 1. The thickness of the pads is preferably set so that a
      predetermined degree of pre-loading, i.e., pad compression, occurs in the
      regions engaged between shroud ring 6 and cover ring 30 when the pads are
      captivated in chamber 36. The pads are arranged side by side as shown in
      FIG. 4 so as to extend along the full circumference of chamber 36. The
      curvatures of the upper and lower surfaces 40 and 42 facilitate
      disposition of the pads, maximize the degree of engagement between the
      pads and the shroud and cover rings, and minimize distortion of the pads
      under the retaining force exerted by cover ring 30.
PAR  It also is contemplated to have each pad serve as a vibration damping means
      for more than one vane. However, because of the close spacing of the vanes
      and their cross-sectional shapes, it has been found advantageous to form
      the pads in a diamond or parallelogram shape. This modification is shown
      in FIG. 5.
PAR  Referring now to FIG. 5, a series of vibration damping pads 38A are
      provided which are made of the same material and in the same manner as
      pads 38 of FIGS. 1-4. In this case, however, each pad is preferably formed
      in a diamond shape with parallel opposite end walls 68A and 68B, and
      parallel opposite side walls 70A and 70B. Side wall 70A extends at an
      angle of about 75.degree. to end wall 68A. Also each pad is formed with
      two slots 72 which may be made like slot 56. Preferably, however, slots 72
      do not terminate in end walls like end walls 60 of slot 56, but instead
      extend fully from one to the other of side walls 70 so that their ends are
      open, as shown in FIG. 5. Open ended slots 72 are easier to form than slot
      56 and the absence of end walls 60 eliminates one possible region of pad
      wear.
PAR  The diamond shape shown in FIG. 5 has been found advantageous in assuring
      adequate pad material for vibration damping on each side of the chord of
      each vane. It is to be noted that the typical turbine vane is curved in
      cross-section so as to have a shape similar to the vane cross-section
      shown in FIG. 2, and the chord of the vane is a straight line connecting
      the centers of the opposite side edges of the vane. Depending upon its
      size, a square or rectangular damping pad having two or more vane slots
      may not provide enough material along opposite sides of each vane to
      provide adequate damping. This problem is avoided by employing pads of
      parallelogram shape as shown in FIG. 5. In this case the slots 72 are
      oriented so that the chord line of the inserted vane extends generally
      parallel to the ends 68A and B. As a result, more pad material is
      available on each side of each slot for damping purposes than would be the
      case with a rectangular pad having ends and sides of the same length as
      ends and sides 68A, B and 70A, B. In other words, as between a rectangular
      pad and a parallelogram pad having equal areas and an equal number of like
      vane-receiving slots, more damping material is available on each side of
      each slot in the parallelogram-shaped pad.
PAR  As previously noted the pads may be made with selected densities and
      stiffness. Preferably the pads are made so that they are stressed or
      compressed under dynamic loading to only about 10% of their capacity.
PAR  In summary the invention has the following advantages. First of all the
      damping pads have a long service life due to the relief areas provided at
      the side and end edges of the inserted vane which materially reduce
      deterioration by abrasive wear. Secondly the pads can be made of metals
      that are highly resistant to temperature. Thirdly the damping pads exert
      no radial pressure on the ends of the cones. Fourthly each pad may be
      designed to provide damping for more than one vane. Fifthly the pads allow
      freedom of movement of the vanes in selected directions to allow for
      expansion and contraction under temperature changes. Sixthly the diamond
      shaped pads assure adequate damping material support for each vane on each
      side thereof. Seventhly, no particular preparation is required for the
      outer end of the vane since the associated damping pad is not attached to
      the vane positively in any way. Eighthly, by controlling the density of
      the damping pad when it is made, it is possible to establish a
      predetermined pad stiffness and thereby achieve an effective and
      predictable damping action on the vane. Also since when a vane vibrates
      the vibration-energy is dissipated internally within the associated
      damping pad, the invention requires no structural restraint on the outer
      end of the vane with respect to the outer shroud and serves to reduce
      vibratory stress levels. Still other advantages will be obvious to persons
      skilled in the art.
PAR  It is appreciated that the invention is susceptible of modifications. Thus,
      for example, three or more slots may be provided in each pad to
      accommodate the outer ends of a like number of vanes. Still other
      modifications will be obvious to persons skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A turbine vane or compressor assembly including:
PA1  a plurality of turbine vanes arranged about an axis with each vane
      extending in a generally radial direction relative to said axis, each of
      said vanes having an inner end and an outer end;
PA1  an inner shroud to which the inner ends of the vanes are secured;
PA1  an outer shroud having openings therein through which the outer ends of the
      vanes project;
PA1  a plurality of compressible pads made of metal wire surrounding the outer
      shroud, each of said pads comprising at least one slot in one surface
      thereof with the outer end of one of said vanes extending into said slot;
      and
PA1  means surrounding and secured to said outer shroud for holding said pads in
      position relative to said outer shroud;
PA1  said slots being shaped and sized so that the opposite sides of each outer
      vane end is engaged by said pad and the side edges and the end edge of
      each outer vane end are in non-engaging relation with said pad.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein each pad is made of a plurality
      of layers of a wire mesh fabric which are mechanically interlocked to form
      a porous compressible mass.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein each pad is made up of a number
      of layers of a wire mesh fabric which have been mechanically interlocked
      by compressive deformation.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said vanes are curved in
      cross-section, and said slots have a corresponding longitudinal
      configuration.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein the length of said slots exceeds
      the width of said vanes.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said slots extend from one edge
      to the other of said pads.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein each pad comprises at least two
      slots with an outer end of a vane extending into each of said slots.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein said pads have a rectangular
      configuration.
NUM  9.
PAR  9. Apparatus according to claim 1 wherein said pads have a parallelogram
      configuration.
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ABST
PAL  This invention pertains to turbine-type vibrators in which the rotor member
      has the blade portions arranged in an annular pattern. The blades extend
      substantially at right angles to the plane of rotation of the rotor. The
      blades are carried on and extend from the side of the rotor and may have
      one or two parallel rows. When two rows of blades are provided one row is
      arranged on each side of the rotor and a divider is preferably provided
      between the blades. Each annular grouping has its own inlet and its own
      outlet.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The turbine-type vibrators of this application utilize the same general
      concepts as are described and claimed in my copending applications, Ser.
      No. 355,681 now U.S. Pat. No. 3,870,282 filed Apr. 30, 1973 and entitled,
      "Noiseless Air-Actuated Turbibe-Type Vibrator" and my application, Ser.
      No. 430,082 filed Jan. 2, 1974 and entitled, "Noiseless Air-Actuated
      Turbine-Type Vibrator with Muffler."
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  In accordance with the classification of art as established in the U.S.
      Patent Office this invention is found in the general Class entitled,
      "Agitating" (Class 259) and the subclass therein entitled, "miscellaneous"
      (subclass 1) which has been further identified in this subclass as "1r"
      and "Digest 43". The method of making a vibration apparatus as in the
      embodiment shown is found in the general Class entitled, "Metal Working"
      (Class 29) and the subclass therein of "impellers" (subclass 156.8).
PAR  2. Description of the Prior Art
PAR  Air turbines are not new and making the rotor with an eccentric weight is
      also well known as seen in U.S. Pat. No. 3,074,151 to KROECKEL as issued
      on Jan. 22nd, 1963. Another patent using the same general concept includes
      U.S. Pat. No. 2,875,988 to WYSONG as issued on Mar. 3rd, 1959. Other air
      driven vibrators also generally used include balltype vibrators as seen in
      U.S. Pat. to PETERSON, No. 2,793,009 as issued on May 21st, 1957 and No.
      2,917,290 as issued on Dec. 15th, 1959. In these apparatus as well as
      others known to the applicant the noise levels at and during normal
      operation exceed the tolerance levels for continuous duty operation ie. 85
      db) as established by the Federal Occupational Safety and Health Act of
      1970.
PAR  The turbine-type pneumatic vibrator of this invention and the others noted
      in the cross referenced applications, as reduced to practice and
      extensively tested and used in commercial installations, operate
      substantially continuously at noise levels well below the established 85
      db and with the associated muffler operate at levels of 60 to 70 db. This,
      of course, falls well within the safety limits of this federal standard.
      In sharp contrast to this "quiet" vibrator is the ball-and-race vibrator
      now and for the past several years in extensive use. This ball-and-race
      vibrator is shown and described in U.S. Pat. No. 2,793,009 as issued on
      May 21st, 1957 and No. 2,917,290 as issued on Dec. 15th, 1959 both to
      PETERSON. The noise level usually found in the installations employing
      these ball-and-race vibrators is often in excess of 100 db. This noise
      level for periods of eight or more hours, of course, is unacceptable.
PAR  In the present invention the size of the rotor, the number and depth of
      teeth used therewith and the normal operating range of air pressure used
      to drive the vibrator are closely related factors. The air turbine of this
      invention uses a close limit control of these factors to successfully
      insure that the safe requirements for a "quiet" operation of the vibration
      apparatus is met or exceeded.
PAR  The turbine members in the present invention are formed with the turbine
      blades in an annular or ring-like pattern and with the blades extending
      transversely from and normal to the side of the turbine rotor. The housing
      associated therewith has its inlet and outlet arranged to direct the flow
      to and from the chamber as a bifurcated or diverted flow.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention may be summarized at least in part with reference to
      its objects.
PAR  It is an object of this invention to provide, and it does provide, an
      air-actuated turbine-type vibrator in which the eccentrically weighted
      rotor has an annular pattern of teeth formed with a regular pattern and
      spacing of small tooth forms. These tooth forms are of a determined size
      and configuration commensurate with the size of the rotor and the teeth
      extend transversely from the side of the rotor. The discharge from the
      chamber is 90.degree. or 270.degree. from the inlet and is through an end
      or side wall of the chamber and then an associated muffler.
PAR  It is a further object of this invention to provide, and it does provide,
      an air-actuated turbine-type vibrator in which the air inlet is of a size
      which is proportioned as to the diameter of the rotor. The outlet is also
      proportioned as to the diameter of the rotor and is through the peripheral
      or side wall of the chamber and an associated muffler. The ratio of the
      inlet to the outlet diameter of the smaller diameter vibrators is about 40
      percent of the outlet diameter whereas in the larger diameter rotors the
      ratio of the inlet to the outlet is about 50 percent.
PAR  The air-actuated turbine-type vibrator of this invention, as reduced to
      practice, ranges from a rotor diameter of 13/8  inches to a diameter of 5
      inches and the number of teeth carried in the annular pattern on and by
      one side of the rotor ranges from 50 to 100 teeth. The extent and
      configuration of the tooth forms on the various diameter rotors range from
      1/16 to 1/4 of an inch depending upon the diameter of the wheel. The air
      turbine of this invention includes a standard circumferential chamber. The
      outlet may be from the peripheral wall or the side wall and be disposed
      about 90.degree. or 270.degree. from the inlet which may be through the
      peripheral or through the side wall of the chamber. In the various size
      units the inlet and outlet sizes vary. The outlet may be one or more holes
      in the side wall of the chamber, these holes leading directly to a muffler
      associated with the housing. The threaded portion of the inlet terminates
      at a nozzle bore of about 1/8 to 5/16 of an inch in diameter depending on
      the size of the unit. The unthreaded portion creates a venturi action
      prior to the inlet entering the peripheral path of the turbine wheel. The
      inlet of the silent turbine is of a smaller diameter than is the outlet.
      The turbine has an eccentric weighted rotor and the eccentric weight is
      selected as to the amount of vibratory force to be exerted. The teeth in
      the several embodiments are formed as annular portions of the peripheral
      portion of the rotor and are generally transverse to the axis of the rotor
      and may be blade-like or saw-tooth in form. The number of teeth on the
      rotor is carefully calculated and in actual tests provides the lowest db
      noise level achievement while providing high r.p.m. output. The
      air-actuated turbine-type vibrators hereinafter disclosed are contemplated
      to operate at an air pressure ranging from 30 to 110 p.s.i.
PAR  In addition to the above summary the following disclosure is detailed to
      insure adequacy and aid in understanding of the invention. This
      disclosure, however, is not intended to prejudice that purpose of a patent
      which is to cover each new inventive concept therein no matter how it may
      later be disguised by variations in form or additions of further
      improvements. For this reason there has been chosen several embodiments of
      the housing for the "noseless", air-actuated turbine-type vibrator as
      adopted for use with inlet air pressure of 30 to 110 p.s.i. and showing a
      preferred means for the construction of the turbine chamber and the blade
      profile formed on one or both sides of the peripheral portions of the
      rotor. The several embodiments have been chosen for the purposes of
      illustration and description as shown in the accompanying drawings wherein
     :
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents an exploded isometric view and showing the assembly of a
      turbine-type vibrator in which the turbine blades are arranged as two
      annular sections on the outer face and rim portions of the rotor, the
      inlet and outlet in the housing shown are as formed in the chamber
      peripheral wall;
PAR  FIG. 2 represents a plan view of the housing of FIG. 1, the view taken on
      line 2--2 and looking in the direction of the arrows;
PAR  FIG. 3 represents as exploded isometric view of an alternate arrangement
      whereby the inlet and outlets are carried by and in the side cover plates
      of the turbine chamber, the inlet and outlet in each being arranged in a
      V-like pattern and the turbine rotor being substantially identical to that
      seen in FIG. 1;
PAR  FIG. 4 represents an exploded isometric view of a turbine substantially
      like that of FIG. 1 but with the inlet and outlet arranged so that the
      flow pathway in the chamber is approximately 270.degree.;
PAR  FIG. 5 represents a plan view of the tubine housing member of FIG. 4, this
      view taken on the line 5--5 and looking in the direction of the arrows;
PAR  FIG. 6 represents an exploded isometric view of yet another turbine-type
      vibrator in which the rotor of FIG. 1 is used with a housing in which is
      mounted a ring-like muffler which receives the discharged air from the
      rotor chamber;
PAR  FIG. 7 represents a sectional view of a turbine rotor having its annular
      blade portion disposed only on one side;
PAR  FIG. 8 represents a sectional view of a turbine rotor with the turbine
      blade portions formed on each of the outer corner portions of the rotor
      providing two annular rows of blades;
PAR  FIG. 9 represents a sectional view of an alternate turbine rotor
      construction in which the outer portions of the blades are formed as with
      rounded corners;
PAR  FIG. 10 represents a sectional view of yet another turbine rotor
      construction with the blade corners beveled;
PAR  FIG. 11 represents a side view of the turbine of FIG. 6 with a portion
      partly in section to show the inlet portion of the housing;
PAR  FIG. 12 represents a sectional view of a turbine housing such as in FIG. 11
      with the view taken on the line 12--12 and looking in the direction of the
      arrows;
PAR  FIG. 13 represents a sectional view of a turbine housing like that of FIG.
      12, this housing adapted for a turbine rotor having two annular blade
      sections, and
PAR  FIG. 14 shows a sectional view of an alternate turbine rotor construction
      in which the blade portions are divided by means of a ring separator.
DETD
PAR  In the following description and in the claims various details will be
      identified by specific names for convenience; these names, however, are
      intended to be generic in their application. Corresponding reference
      characters refer to like members throughout the several figures of the
      drawings.
PAR  The drawings disclose certain details of construction but it should be
      understood that structural details may be modified and that the invention
      may be incorporated in other structural forms than shown.
PAC  DESCRIPTION OF THE EMBODIMENT OF FIGS. 1 AND 2
PAR  Referring now to the drawings and in particular to FIGS. 1 and 2, there is
      depicted a housing generally indicated as 20. In this housing the inlet
      and the outlet are approximately ninety degrees apart and both the inlet
      and outlet at their entrance and exit to and from the rotor chamber are
      bifurcated to provide divided inlets and outlets. The input stream is
      directed toward the outer portions of the rotor chamber formed in the
      housing. and the output is from the outer chamber portions toward the
      conductor. As seen particular in FIG. 1, the housing 20 has a circular
      interior chamber indicated as 22 and a back wall 24. The chamber has an
      open front in which is formed a shouldered circular recess 26. An inlet
      boss 28 is seen at the upper right of the housing of FIG. 1 and to the
      left is an outlet boss generally indicated as 30 and formed therein is a
      threaded outlet port 44 into which may be mounted either an outlet
      conductor, not shown, or a porous muffler 32. As seen particular in FIG.
      2, the inlet boss 28 has a threaded inlet portion 34 shown in dashed
      outline. This threaded portion is reduced in diameter to provide a
      generally circular inlet 36 which is then formed into bifurcated
      passageways 38 and 39 which direct the inlet flow of air in substantially
      equal amount to the sides of the circular chamber portion 22. The chamber
      outlet begins with collector recess 40 which is made sufficiently wide to
      receive the air after it has engaged the blades of the turbine rotor and
      from this general collecting portion 40 is directed to a common outlet 42
      which is larger than the inlet 36. As the pressurized air expands this
      greater volume must pass through outlet 42 and then through the threaded
      portion 44 of the discharge boss portion 30. Legs 46 and 47 are
      illustrated as one means of mounting the housing 20 to an apparatus or
      discharge spout to be vibrated.
PAR  A front closing disc 50 has its outer diameter sized so as to be a snug fit
      in circular recess 26 in the housing 20. Centrally positioned in disc 50
      is an aperture 52 adapted to receive a threaded end 54 of an axle 56 sized
      to receive and retain the bore 58 of antifriction bearings 72 carried in a
      bore of the double-bladed turbine rotor generally indicated as 60. A pair
      of snap rings 62 is seated in grooves 64 formed in axle 56 and is
      positioned to retain the turbine rotor 60 centrally in chamber 22. A
      threaded end 66 passes through an aperture 68 formed in rear wall 24 of
      the housing 20. Nuts 70 mounted on threaded ends 54 and 66 and tightened
      secure the turbine rotor 60 in a determined position on the axle 56. This
      rotor 60, as seen in FIG. 1, is also shown in cross-section in FIG. 9
      wherein ball bearings 72 are depicted as carried in a central bore 74 in a
      turbine rotor casting 76. In addition to the mounted bearings the casting
      also includes an indication of the configuration of the near ring of
      turbine blades 78 and far turbine blades 79. The desired number of
      unbalancing weight inserts 80 are indicated as mounted in the central
      portion 76 and also are shown in FIG. 9. The weights carried in the center
      peripheral dividing portion 76 are selected as to number and weight to
      provide the desired eccentric force in the rotor.
PAR  Reference is now made to the performance charts and curves as shown and
      discussed in my U.S. Pat. Ser. No. 355,681 now U.S. Pat. No. 3,870,282 as
      filed on Apr. 30th, 1973. To the extent appropriate the information
      disclosed therein is incorporated by reference in this application. The
      teeth on the several rotors therein discussed range from 48 diametrical
      pitch to 24 diametrical pitch. The teeth 78 and 79, as shown in FIGS. 1
      and 9, are shallow and are close spaced. The spacing and depth of these
      annular teeth groupings of the present invention are contemplated to be as
      close spaced on the smaller rotors as are the teeth of a 48 diametrical
      pitch gear and on the largest rotors as close spaced as 24 or 20
      diametrical pitch. The depth of the blades is shallow so as to reduce the
      turbulence factor and the resulting noise. The discussion of the size
      relationship of the inlet to the outlet diameters and the rotor diameter
      as in the tabulation on page 13 of the reference application also is
      closely paralleled in the present vibrators of this application.
PAC  ASSEMBLY AND OPERATION
PAR  Still referring to FIGS. 1, 2 and 9, the housing 20 is formed with a
      determined sized chamber 22 having a cylindrical configuration. The
      diameter of the chamber 22 is only slightly larger than the outer diameter
      of the turbine 60. The width of the turbine 60 is slightly less than the
      distance between the far wall 24 and the inner face of disc 50 when
      mounted in the recess 26. The axle 56 is inserted into bore 58 of bearings
      72 and the mounted snap rings 62 engage the sides of the bearings to
      position the rotor on the axle 56. Through the aperture 68 the threaded
      portion 66 of the axle 56 is inserted and a nut 70 tightened thereon to
      secure the shaft 56 in a locked condition to rear wall 24. The disc 50 is
      mounted on the threaded portion 54 of the axle 56 and the near nut 70 is
      tightened to position and draw the closing disc 50 into a seated
      engagement in shoulder 26.
PAR  An air conduit may be fitted into the threaded portion 34 of the inlet boss
      28 and after passing through the inlet diameter portion 36 the pressurized
      incoming air is divided to flow through passageways 38 and 39 to the outer
      peripheral portions of the chamber 22. The incoming air engages the
      closely spaced turbine blades 78 and 79 to cause the turbine, as seen in
      FIG. 1, to rotate counterclockwise. After passing approximately ninety
      degrees around the periphery of the chamber 22 the expanded air leaves the
      blades 78 and 79 to pass into the outlet collecting area 40 and then from
      this portion flows into the outlet 42 which is larger in diameter than the
      diameter of inlet conduit 36. From this discharge outlet 42 air is fed to
      and through the muffler 32 mounted in the threaded portion 44 or through a
      conduit, not shown, which carries the air to an outside discharge.
PAC  VIBRATOR OF FIG. 3
PAR  Referring next to FIG. 3, the embodiment shown includes a housing generally
      indicated as 90 and having a central bore 92 which, as depicted, is open
      at both ends. Formed at both ends of this bore 92 are like counterbores
      94. Mountable in these counterbores are end closure discs 96 and 98 which
      except for the mirror image relationship of the inlets and the outlets to
      each other are identical or substantially identical. Formed in and through
      end member 96 is an aperture 99 adapted to receive and pass the threaded
      end 54 of axle 56. In end member 98 is formed a like aperture 100 adapted
      to receive and pass the threaded end 66 of this axle 56. End member 96, as
      shown, has an inlet boss 102 and an outlet boss 104 as integrally molded
      portions thereof. If desired they may be attached as by welding, threaded
      nipples, etc. These bosses are disposed at approximately 30.degree. to the
      plane of the inner face of the end plate 96. The terminating inner
      conducting passageway portions of these bosses are radially approximately
      90.degree. apart.
PAR  In this showing the end closure plate 98 has an inlet boss 106 which is
      substantially identical to inlet boss 102 and in mounted condition is also
      substantially a mirror image of boss 102. The discharge passageway inner
      end through the inlet 106 is identified as 108 and is approximately
      90.degree. from the outlet end 110 of the discharge conduit formed in boss
      112. Carried within the chamber 92 is the turbine rotor 60 mounted on axle
      56 which is arranged in the same manner as described in conjunction with
      FIGS. 1 and 9 above described. In assembled condition the turbine rotor 60
      rotates in a counterclockwise direction as does the rotor 60 in FIG. 1.
PAC  ASSEMBLY AND OPERATION OF THE VIBRATOR OF FIG. 3
PAR  As in the turbine vibrator of FIG. 1, the housing 90 may have legs 46 and
      47 for mounting of the vibrator on the apparatus to be vibrated. The rotor
      60 is carried by bearings 72 on the midportion of the axle 56. The rotor
      is maintained in the desired position on the axle by means of snap rings
      62. End plate 96 is secured to the axle 56 by means of nut 70 and is then
      mounted in the bore 92 for rotating therein when the vibrator is
      assembled. The other end member 98 is next placed upon the threaded
      portion 66 of axle 56 and by means of nut 70 the two end plates 96 and 98
      are drawn into a tight engaging relationship in the counterbores 94. Prior
      to the final tightening the inlets 102 and 106 are rotated to the desired
      orientation which establishes the position of the outlets 104 and 112
      since they are fixed in precise relation to the inlets.
PAR  Pressurized air or gas is connected to the inlets 102 and 106 by means of a
      threaded conduit inserted into the bosses 102 and 106. The threaded
      portions of these bosses are not shown but are conventional in the manner
      of the inlet 34 of the housing of FIG. 2. The reduced diameter inlet may
      be compared to the reduced diameter 36 also seen in FIG. 2. The inlet
      diameter end is in a determined ratio to the diameter of the rotor of the
      particular vibrator being used. The size of the inlet is generally in
      accordance with the chart provided in the above-identified application,
      Ser. No. 355,681. The outlet 110 of end plate 98 is also of a determined
      larger size than the inlet and a like outlet is provided in boss 104 with
      the threaded ends of the outlet being adapted to receive the muffler 32 of
      a threaded discharge conduit, not shown.
PAR  In operation the vibrator is mounted to and on the apparatus to be vibrated
      and pressurized air is fed to and through the bosses 102 and 106 at an
      established pressure. This inflowing air is directed as a jet stream to
      engage the blades 78 or 79 and causes the unbalanced rotor to be rotated
      in a counterclockwise direction and at a contemplated speed. The blades 78
      and 79 are of shallow depth and at a close spacing to provide the low
      noise factor which has been discovered and described in connection with
      the above-identified applications whose disclosures as applicable are made
      a part of this description.
PAR  This embodiment, in particular, provides means for the inlet and outlet to
      direct and collect the flow of air to and from turbine blades. These
      connecting bosses are provided by external members not directly connected
      to the housing 90. It is to be noted that the inlet and outlet bosses 102,
      104, 106 and 112 may be positioned from each other at other than ninety
      degrees. Also the inlet and outlet may be disposed on the end plates at
      other than the suggested or anticipated thirty degrees. The degree of
      angle is a matter of preference, however, the inlet and outlet should be
      disposed at an angle not greater than sixty degrees so that the impingng
      force of the air upon the turbine blades is efficiently derived by the
      directed jet force.
PAC  VIBRATOR OF FIG. 4
PAR  Referring next to the embodiment of FIG. 4, there is provided a housing 114
      whose chamber may have a back wall 115 in which is formed an aperture 116
      sized to receive the threaded end 66 of an axle 56. An inlet boss 117 is
      carried at the near side of the housing 114 and an outlet boss 118 is
      carried at the far end of the housing with the inlet and the outlet
      entrances to chamber 119 disposed approximately 270.degree. from each
      other. The chamber portion of the housing is provided by the bore 119
      whose near side has a counterbore 121 adapted to receive the end member
      50, as previously described. As seen in FIG. 5, in the plan view of the
      housing 114 an inlet 122 as formed in the boss portion 117 is much smaller
      than outlet 124 formed in outlet boss 118.
PAC  USE AND OPERATION OF THE VIBRATOR OF FIG. 4
PAR  The back wall 115 may be an inserted disc 50 if the wall is not cast
      integral with the housing. The inlet 117 has a reduced inlet 122 whose
      determined diameter is commensurate with the diameter of the rotor as
      above discussed and the size and spacing of the blades of the rotor 60, as
      identified as 78 and 79, are close spaced and arranged in an annular
      patter as above-described. The inlet 122 is bifurcated to present two jet
      streams, one directed against the blades 78 and the other against the
      blades 79. After approximately 270.degree. of travel through the turbine
      chamber 119 a collector portion 125 receives the expanded air and directs
      this air into the outlet portion 124 formed in the boss 118. As depicted,
      the rotor 60 rotates in a counterclockwise direction. The muffler 32 may
      be mounted in the threaded bore 126 of the boss 118 or a conductor, not
      shown, may be attached thereto for carrying the air to areas other than
      the environment within which the vibrator operates.
PAC  VIBRATOR OF FIG. 6
PAR  Referring next to the vibrator of FIG. 6, there is depicted a housing 150
      having an inlet boss 152 in which is formed a threaded opening 154 which
      joins a reduced diameter 156 terminating at bifurcated reduced inlets 157
      and 158 as seen in FIGS. 11 and 13. Housing 150 may be made with a through
      bore 160 each of whose ends are formed with a counterbore. These
      counterbores 162 are sized to receive end ring members 164 or as an
      alternate as seen in FIG. 12, a plain back wall 166 may be provided. The
      end walls of the chamber are selected as to whether the chamber is to have
      a rotor with two rows of blades such as rotor 60 depicted in FIG. 6 or as
      a rotor 178 having a single row of blades in the sectional view of FIG. 7.
PAR  Assuming that the rotor 60 of FIG. 6 is to be used, there are provided two
      end members 164 in each of which is mounted a ring-like muffler 170. In
      this recess portion of the end member 164 is a counterbore 172 in which is
      mounted end plate member 174. End member 174 has a plurality of outlet
      holes 176, the purpose and use of which is described in the reference
      application Ser. No. 430,082 and in which the disc-type muffler is
      thoroughly described. In the end member 164 is provided a plurality of
      inlet discharge ports 178.
PAC  ASSEMBLY AND OPERATION OF THE VIBRATOR OF FIGS. 6, 11 AND 13
PAR  Assuming that a rotor 60 having two blades 78 and 79 is to be used with
      this vibrator, the rotor 60 is mounted on axle 56 in the manner
      above-described. Snap rings 62 retain the rotor on the axle in the desired
      position. End member 164 is mounted on the threaded end 54 of the axle 56
      and the muffler member 170 is placed in the muffler receiving chamber
      portion 173. The end plate 174 is then placed in the counterbore 172 with
      the apertures 178 disposed approximately 180.degree. from the apertures
      176. This end member assembly is now positioned in the chamber so that the
      apertures 178 are approximately or more than 90.degree. downstream
      radially from the stream input outlets 157 and 158. A far housing
      identical to the near housing 164 but in a mirror image relationship
      thereto is provided as a closure for the far end of the chamber 160 and
      the two end members are tightened in place by means of the nuts 70.
PAR  In operation the pressurized air is brought in through a conduit mounted in
      the threaded portion 154 and then through the reduced portion 156 and into
      the bifurcated input outlets 157 and 158. The resulting impinging jet
      streams of pressurized air are directed against the blades 78 and 79.
      Their force drives the blades causing rotation of the rotor 60 at a
      selected speed within the chamber 160. After the expanded air has
      travelled for approximately, or a little bit more than 90.degree. within
      the chamber the expanded air is fed out through the apertures 178 and the
      muffler ring 170 and finally through the discharge apertures 176 in plate
      174.
PAC  ALTERNATE TO THE VIBRATOR OF FIG. 6
PAR  As seen in FIGS. 7 and 12 is an alternate vibrator which does not require
      two rows of blades. As an illustration of such an assembly FIG. 12 shows a
      housing 180 made with an integral back wall 181. Inlet 154 has only one
      outlet 158 which directs the input pressurized air against a row of blades
      182 as formed on one side of a rotor 183. Bearings 72 are mounted in a
      bore 74 in the rotor. A single muffler such as is provided by the near end
      member 164, the muffler ring 170 and the end plate 174 is as shown in FIG.
      6. When tightened in place rotor assembly 183 rotates as does the rotor 60
      and the exhaust of the air operates in the same manner as the vibrator of
      FIG. 6.
PAR  In FIG. 13 an alternate form of the housing of FIG. 6 is shown as havng an
      integral back wall rather than an end member 164. A shoulder 140 is
      adapted to receive an end plate 174 while integral wall 142 provides the
      inner left wall of a cavity 124. Bore 144 is adapted to receive and retain
      the threaded end 66 of axle 56. Recess 148 receives a muffler ring 170. A
      seating counterbore 130 receives a ring 164. Assembly of this housing
      proceeds as described in FIG. 6 above.
PAC  THE VARIOUS ROTOR CONSTRUCTIONS
PAR  It is assumed that all rotors will have at least one annular ring of blades
      and these blades are selected as to their spacing and depth in relation to
      the diameter and the desired eccentric weight of rotors used with a
      particular vibrator. The rotor blades are about 1/16 of an inch from the
      outer diameter walls of the chamber and the end plates are also about 1/16
      from the rows of blades. As reduced to practice, this spacing of the rotor
      blades to the end and side walls provides the maximum rotation of the
      rotor.
PAR  The blades may have a small outer radius as seen in FIG. 9 and where the
      blades are attached the juncture with the body of the rotor body may also
      be a radius. It is to be noted that at the juncture fillets are generally
      provided to reduce the turbulence of air in the blade pockets to the very
      minimum. This reduces the noise level produced by the blades as they
      receive the air from the input jets. In FIG. 10 it is to be noted that the
      blades 200 and 201 are beveled at 45.degree.  although any other degree of
      bevel may be made on a more-or-less right-angled basis as shown. The depth
      and spacing of the blades, of course, are established in accordance with
      the size of the rotor. In FIG. 8 it is to be noted that blade portions 210
      and 211 are configured with arcuately contoured corners which may reduce
      air turbulence in the chamber. These blades are also shown as joining the
      body in an arcuate configuration. It is to be noted that in FIG. 14 teeth
      230 and 231 are transversely cut and a ring portion 232 provides the inner
      shoulder for the blades so that the incoming air and the exiting air is
      confined to a very narrow path as it is conducted within the chamber. The
      recesses at the ends of the bearing bore 74 provide spaced for the
      mounting and retaining of the snap rings and also provide an air cushion
      to prevent turbulent action.
PAR  The several embodiments above-described show rotors having one or two
      annular rings of blades. The housings used therewith have air or gas
      inlets which are so directed as to engage the blades at a shallow angle to
      drive the rotos at the desired speed and rotation. The several housings
      depict expanded air removal after about 90.degree. or 270.degree. of
      chamber travel. These embodiments are merely exemplary and are not
      intended to be limting as it is readily apparent that the radial
      relationship of the input to the output is merely a matter of convenience.
      Whether the bosses are cast integral or are attached by welding, threaded
      connection or the like is also merely a matter of selection.
PAR  The teeth spacing and depth is proportional to the diameter and width of
      the rotor and to maintain the silent characteristics the spacing and depth
      follow much the chart of the standard vibrator design as disclosed on Page
      13 of the application, Ser. No. 355,681 above noted. The inlet and outlet
      size also follow these same general design parameters.
PAR  Terms such as "left," "right," "up," "down," "bottom," "top," "front,"
      "back," "in," "out," "clockwise," "counterclockwise" and the like are
      applicable to the embodiments shown and described in conjunction with the
      drawings. These terms are merely for the purposes of description and do
      not necessarily apply to the position in which the noiseless vibrator may
      be constructed or used.
PAR  While particular embodiments of the vibrator, housings and rotors have been
      shown and described it is to be understood the invention is not limited
      thereto and protection is sought to the broadest extent the prior art
      allows.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A relatively silent, compressed gas-actuated, turbine-type vibrator
      having a rotor of not less than 11/4 inches and not more than 51/2 inches
      diameter and when operated within a speed range of 6,000 to 10,000 rpms
      having a noise level not greater than 85 decibels hz., the vibrator
      including: (a) a substantially closed housing having a cylindrical chamber
      therein; (b) a dynamically unbalanced rotor freely rotatable in the
      cylindrical bore of the chamber, the diameter and length of the rotor
      being established so that not less than one thirty-second of an inch
      clearance is provided between the rotor and ends and bore of the chamber,
      the rotor having a plurality of tooth-like configurations formed on its
      outer periphery, the tooth-like configuration further having a radial
      depth which corresponds to a distance not exceeding 7 percent and not less
      than 11/2 percent of the diameter of the rotor, these tooth-like
      configurations form blades of substantially identical configurations
      disposed on at least one of the two sides of the rotor and arranged in an
      annular pattern and extending from its outer periphery a short distance
      inwardly to terminate short of the other side of the rotor, these teeth
      disposed at substantially right angles to the plane or rotation of the
      rotor; (c) an air outlet formed in the housing and extending from the
      rotor chamber to the outside of the housing, and (d) an air inlet formed
      in the housing and extending from the outside of the housing to the rotor
      chamber, the air inlet arranged to carry this air to at least one side of
      the rotor chamber and to direct the incoming pressurized air tangentially
      against the teeth of the mounted rotor and with the tooth-like
      configuration so formed that in a plane normal to the axis of the rotor
      the face of the tooth-like configuration against which the incoming air
      impinges defining an angle of intersection with a theoretical radial line
      of said rotor, said defined angle being as little as zero and as great as
      30.degree. as measured from said point of intersection and inclined in
      such a direction that the circumferential thickness of the tooth-like
      configurations tend to decrease as the radial distance from the axis
      increases, the cross-sectional area of the inlet being 30 to 55 percent of
      the area of the outlet.
NUM  2.
PAR  2. A relatively silent, air-actuated vibrator as in claim 1 in which the
      rotor is formed with one annular row of blades and there is one air inlet
      and one air outlet into and from the rotor chamber.
NUM  3.
PAR  3. A relatively silent, air-actuated vibrator as in claim 1 in which the
      rotor is formed with two annular rows of blades and there is provided a
      barrier portion therebetween and in which the incoming pressurized air is
      directed into the rotor chamber as two separated streams with one stream
      being directed toward one row of blades and the other stream directed
      toward the other row of blades.
NUM  4.
PAR  4. A relatively silent, air-actuated vibrator as in claim 3 in which the
      incoming air is received by a common conductor and then is bifurcated to
      provide separate driving streams and the outlet includes a collector
      recess which receives the expanded pressurized air from both streams and
      carries it from the chamber.
NUM  5.
PAR  5. A relatively silent, air-actuated vibrator as in claim 4 in which the
      collector recess leads to and into a single outlet conductor.
NUM  6.
PAR  6. A relatively silent, air-actuated vibrator as in claim 5 in which the
      outlet for an annular row of blades is about 90.degree. subsequent to the
      inlet.
NUM  7.
PAR  7. A relatively silent, air-actuated vibrator as in claim 2 in which the
      outlet is through apertures in a side wall of the rotor chamber and then
      through a ring-like muffler carried in an attached muffler chamber and
      thence out an end plate having outlet holes, this end plate providing an
      outer cover for the muffler chamber.
NUM  8.
PAR  8. A relatively silent, air-actuated vibrator as in claim 2 in which the
      inlet and the outlet are carried in an end cover plate.
NUM  9.
PAR  9. A relatively silent, air-actuated vibrator as in claim 3 in which there
      are two inlets and two outlets so arranged that one inlet and one outlet
      are carried in an end closure disc forming one end wall of the rotor
      chamber and the other inlet and outlet are carried in a like end closure
      disc forming the other end wall of the rotor chamber.
NUM  10.
PAR  10. A relatively silent, air-actuated vibrator as in claim 3 in which the
      air is received by a common conductor and then bifurcated to provide
      separate driving streams and there are two outlets each through a side
      wall adjacent the annular row of blades, each outlet through a side wall
      member of the muffler chamber and then through a ring-like muffler carried
      in an attached muffler chamber then out an outer end plate having outlet
      holes and providing the outer cover for this muffler chamber.
NUM  11.
PAR  11. A relatively silent, air-actuated vibrator as in claim 5 in which the
      outlet from the rotor chamber for an annular row of blades is about
      270.degree. subsequent to the inlet to said chamber.
NUM  12.
PAR  12. A relatively silent, air-actuated vibrator as in claim 11 in which the
      inlets and outlets are formed through the wall of the rotor chamber.
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ABST
PAL  A control for a variable pitch fan propulsor driven by a turbine type of
      power plant which fan is mounted in an engine bypass duct having a
      variable exit nozzle. The control serves to coordinate the control of fuel
      flow to the engine, the area of the fan exit nozzle, and the pitch of the
      fan blades by biasing the power lever position signal with Flight Mach No.
      An additional feature is the inclusion of fan surge control derived from
      signals of flight Mach No. and corrected free turbine speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to control means for an aircraft propulsor of the
      class known as Q-Fans.sup.TM being developed by the Hamilton Standard
      Division of United Aircraft Corporation and particularly to coordinated
      means for controlling the pitch of the fan blades, engine fuel flow and
      fan exhaust nozzle area.
PAR  To more fully understand the Q-Fan.sup.TM, reference should be made to U.S.
      Pat. No. 3,747,343 granted to Mr. George Rosen and assigned to the same
      assignee. As is the case with all controls for gas turbine power plants,
      it is customary to provide means for monitoring engine operations and
      provide control means to convert those signals to a logic that will
      provide, as best and efficient as possible, optimum engine operations.
      Thus, the control manifests these signals to provide fast thrust response
      during take-off and landing, optimum TSFC (Thrust Specific Fuel
      Consumption) in all cruise conditions, while preventing stall or surge,
      rich or lean blowout, overtemperature, overpressure and overspeed
      conditions.
PAR  Obviously, the incorporation of such variables as variable pitch fans,
      variable area fan exit nozzles and the like will add complexity to the
      control system. The significance of this invention is to provide a
      reliable coordinated control that coordinates fuel flow to the gas turbine
      engine and pitch change of the fan blades and the area of the variable
      exit nozzle of the bypass duct so as to achieve rapid thrust modulation in
      takeoff and landing modes and optimum TSFC in all cruise and long duration
      flight conditions while providing the typical protection to the gas
      generator. In particular this invention contemplates biasing the power
      lever schedules with flight Mach No. to provide control of engine fuel
      flow, fan pitch and area of the exit nozzle in the event this variable is
      included. The surge of the fan is prevented by defining a scheduled
      exhaust nozzle area which is a function of flight Mach No. and corrected
      engine fan speed (N.sub.F /.sqroot..theta.) and feeding it to a selector
      circuit that selects the larger of the normal scheduled area and the
      minimum fan exit area which is required to avoid fan surge. The fan exit
      area nozzle is also utilized to optimize performance (TSFC) for long
      duration flight conditions. Except for the condition lever which is
      typically employed in aircraft for starting, shutting-off and feather,
      this invention contemplates a single power lever that is so coordinated to
      provide engine fuel flow, variable fan pitch change and variable area
      exhaust nozzle control.
PAR  This control also contemplates the aspect of reversing the pitch of the fan
      through feather as opposed to passing through flat or zero pitch. This
      presents a significant problem since the pitch of the fan just prior to
      reversing is at a lower positive blade angle and must move to a higher
      positive blade angle to reach the feather angle position. Without anything
      else being done the higher positive pitch will increase the blade loading
      and produce a higher positive thrust which is obviously undesirable
      inasmuch as this increases forward flight velocity where a decrease is
      required. Of course, once in reverse pitch, maximum reverse thrust is
      obtained. To achieve this end we have found means to coordinate the
      functions of engine fuel flow, blade angle and exhaust nozzle area so as
      to minimize forward thrust by judiciously reducing and increasing fuel
      flow and/or increasing exit fan nozzle area and optimize the transient
      response.
PAR  Thus, in summary, without limiting the scope of this invention the salient
      features are:
PAR  1. The ability to schedule optimum conditions and minimize TSFC at all
      thrust levels in the Mach number range where extended flight conditions
      are expected by coordinating fan pitch, fan exhaust nozzle area and engine
      fuel flow.
PAR  2. The ability to provide rapid thrust response in the takeoff and landing
      conditions by coordinating fan pitch and engine fuel flow so as to
      optimize transient response characteristics.
PAR  3. Provisions for shutting off fuel flow and feathering fan blades to
      prevent fan rotation and excessive drag in the event of engine
      malfunctions.
PAR  4. The ability to modulate thrust smoothly from maximum to near zero thrust
      in both the forward and reverse range on the ground.
PAR  5. Conventional acceleration and deceleration, overtemperature, overspeed
      and overpressure limits are incorporated into the gas generator control
      system to prevent operation outside of the normal envelope.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide an improved control for a
      propulsor powering aircraft.
PAR  A still further object of this invention is to provide control means that
      coordinates fuel flow to a gas turbine engine driving a variable pitch
      ducted fan and the pitch of the fan.
PAR  A still further object of this invention is to provide control means that
      coordinates fuel flow, pitch change of the gas turbine engine driven fan
      and the exhaust nozzle area of the bypass duct surrounding the fan.
PAR  A still further object of this invention is to provide control for a
      propulsor of an aircraft which coordinates the pitch of a variable pitch
      fan and fuel flow to the gas turbine engine by biasing power lever
      position as a function of Mach No. Additionally, the control anticipates
      changes in fan pitch and schedule changes in fuel flow so as to minimize
      fan speed excursions and to optimize thrust response characteristics. The
      control provides additional coordinating means for controlling the area of
      the exit exhaust nozzle of the bypass duct housing the fan, if
      incorporated.
PAR  A still further object of this invention is to provide surge prevention
      means of the fan by controlling the area of the fan exhaust duct nozzle as
      a function of Mach. No. and corrected fan speed.
PAR  Other features and advantages will be apparent from the specification and
      claims and from the accompanying drawings which illustrate an embodiment
      of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view, partly in section and partly diagrammatic
      illustrating the preferred embodiment.
PAR  FIG. 2 is a diagrammatic illustration of this invention.
PAR  FIG. 3 is a diagrammatic illustration of the anticipation circuitry.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is now made to FIGS. 1 and 2 which illustrate the preferred
      embodiment of this invention showing the coordinating control in blank
      referenced by numeral 10 having as schematically shown suitable connecting
      means 12, 14, 16 connecting the actuator 18 for the variable exhaust
      nozzle 20 of bypass duct 22; connecting the pitch change mechanism of the
      variable pitch fan generally illustrated by numeral 24; and connecting the
      fuel control 26, respectively.
PAR  Fuel control 26 may be any well know commercially available fuel control,
      such as the JFC-42-2 or the JFC-26 model manufactured by the Hamilton
      Standard Division of United Aircraft Corporation or the type illustrated
      in U.S. Pat. No. 2,822,666 granted to S. G. Best on Feb. 11, 1958  and
      also assigned to the same assignee suitably modified to complement this
      invention. Suffice it to say that the fuel control serves to meter fuel to
      the engine as a function of the control logic and serves to prevent surge,
      overtemperature and overpressurization in a well known manner. However,
      the control, according to the teachings of this invention, would of
      necessity be suitably modified to reflect the utilization of the
      parameters monitored by and converted into control logic by the control
      10. This aspect of the invention will be more fully appreciated from the
      description to follow, but one skilled in this art would have no
      difficulty in applying the teachings of this invention to the established
      fuel control technology.
PAR  In the instance, the fuel control 26, receiving the control logic from the
      coordinated control 10 serves to meter the proper amount of pressurized
      fuel received from pump 28 to the burner section of the gas turbine engine
      via line 30. Preferably fuel control 26 will provide protection for the
      gas generator so as to prevent overtemperature, overtorque, overspeed and
      overpressure conditions, as well as avoiding surge and flame out as power
      is varied.
PAR  While not specifically limited thereto, as will be appreciated by one
      skilled in the art, the preferred embodiment contemplates a gas turbine
      engine having a free turbine, i.e., the free turbine is not mechanically
      connected to the gas generator and its sole connection is through the
      aerodynamic coupling of the gases which flow through the compressor and
      turbine sections.
PAR  The pitch change mechanism shown in blank by reference numeral 34
      responding to the coordinated control 10 via connection 14, may be any
      suitable type and for the sake of convenience and clarity, a detailed
      description thereof is omitted. Suffice it to say that the pitch change
      mechanism serves to vary the blade angle (.beta.) of fan blades 36 which
      are suitably rotatably supported in hub 38 in any well known manner. In
      this embodiment because of the high blade solidity factor and the response
      characteristics, it is contemplated that the blades are reversed through
      feather, although such a requirement is not germane to this invention. If,
      however, that is the case, it would be desirable to provide a high pitch
      stop, short of feather, to prevent an inadvertent feather. Such a stop
      would be, in concept, similar to the low pitch stop customarily provided
      in all propellers that are powered by gas turbine engines, as for example,
      the 54H60 propeller manufactured by the Hamilton Standard Division of
      United Aircraft Corporation.
PAR  Referring to FIG. 1 it will be appreciated that the control 10 receives
      signals from a pair of control levers 40 and 42, one being the condition
      lever which is utilized for starting, feathering, and shutting-off and the
      power lever, respectively. The conditioning lever and its functions are
      well known and since it is not deemed a part of this invention, a detailed
      description is omitted for the sake of convenience and simplicity.
PAR  The power lever (PLA) serves to provide the input to the control so that
      the control 10 will automatically set the power of the gas generator to
      provide the necessary aircraft operating conditions in both forward flight
      and reverse modes. The control 26 is designed to provide rapid thrust
      modulation in the takeoff and landing modes and optimum TSFC in all cruise
      and long duration flight conditions.
PAR  Reference will next be made to FIG. 2 which schematically describes the
      control logic contemplated for effectuating the above. Ignoring for the
      moment the reversing interlocks 44, 46 and 48, it will be noted that the
      power lever schedules free turbine speed (N.sub.F ref) by generating a
      biased signal responding to flight Mach No. (M.sub.N) and compressor inlet
      temperature (T.sub.2) in the function generator 50. Inlet temperature of
      the engine may be either low pressure compressor inlet temperature, high
      pressure compressor inlet temperature or fan inlet temperature. The actual
      fan speed (N.sub.F) is compared with N.sub.F ref in summer 52 which signal
      is passed to the governing compensation network 54. Network 54 is a
      suitable well known proportional plus integral fan speed governor serving
      to modulate the fuel within the conventional fuel constraints scheduled by
      control 26.
PAR  It is apparent from the foregoing that N.sub.F is set as a function of PLA,
      T.sub.2 and M.sub.N and speed governing through the proportional plus
      integral fan speed governor modulates fuel flow to maintain the speed eror
      at zero.
PAR  In order to compensate for the inertia of the gas generator turbine and
      compressor and obtain fast thrust response by pitch change, it is
      desirable to incorporate an anticipatory circuit. This anticipatory signal
      responding to PLA rapidly changes fuel flow relative to the slow changes
      in N.sub.F so as to provide the change in power needed to hold the desired
      speed of the fan while fan pitch is changed. This anticipatory signal
      which may be a suitable derivative signal, i.e., a reset which is
      proportional to the velocity of the input signal, minimizes fan speed
      excursions and helps to improve the thrust response characteristics during
      transient conditions.
PAR  While a well known
      ##EQU1##
      type of mechanism may be employed as the anticipatory signal, FIG. 3
      describes a preferred embodiment for effectuating the anticipatory
      function. In this instance the basic proportional and integral speed
      control is obtained by time integration of a derivative and proportional
      signal of speed error. Similarly power lever anticipation signal is
      obtained by time integration of a derivative signal.
PAR  In either instance, anticipation is a function of PLA and flight M.sub.N,
      so that below a predetermined PLA and above a predetermined M.sub.N no
      anticipation will occur. This is represented by the curve in box 64. Thus
      at the point of the curve in function generator 56 where the curve becomes
      horizontal, the scheduled output is constant and hence no anticipation
      signal will ensue. It is only when the PLA reaches a predetermined value
      that anticipation will occur and will generate a signal which will pass to
      the derivator 58. The curve in the box 64 is shaped to provide
      anticipation only in the low M.sub.N forward thrust regime where rapid
      thrust modulation is required for take-off and landing.
PAR  Hence, since power lever can change very rapidly, the speed error and
      anticipation derivative can become very large magnitude - short time
      duration signals. To avoid loss of a portion of these signals due to
      unavoidable signal limiting these derivative signals are converted into
      smaller amplitude - longer duration signals. This is accomplished by
      providing a rate - limited first order lag and then computing the
      derivative of this lag output as shown in FIG. 3. The combination of
      summer 60, high gain 61, limits 62 and time integration 63, form a rate
      limited first order lag such that the output from 63 follows the
      anticipation signal from box 64 with a defined maximum rate. It is obvious
      that the derivative of the time integration may be obtained from the input
      to the integration, thus the signal to the integration into box 63 is also
      passed through the anticipation gain 65 to yield the PLA anticipation
      signal.
PAR  The fan speed governor is basically a conventional proportional and
      integral control. This is mechanized in FIG. 3 by forming the speed error
      66 from the difference between N.sub.F REF and N.sub.F SENSED, then
      passing this error signal through a proportional gain 67 and integral gain
      68. A rate - limited derivative of the proportional signal is formed in
      essentially the same manner as used in the anticipation circuit, except
      that the integration 72 has magnitude limits to permit smooth transition
      from fuel limiting to speed governing. Specifically, the combination of
      69, 70, 71, 72 form a rate-limited lag that is also magnitude limited in
      box 72. The derivative 73 of the box 72 output is added to the speed
      integral signal from box 68 and the anticipation signal from box 65 in
      summation 74. The output from summation 74 is a measure of the desired
      rate of change of engine fuel. This signal is passed to the fuel control
      and time integrated 76 (within the fuel constraints 75 scheduled in the
      fuel control) for effecting changes in metered fuel flow.
PAR  Referring back to FIG. 2, PLA and flight M.sub.N are used in function
      generator 70 to generate a commanded steady state fan blade angle signal,
      B.sub.RSS. The fan blade angle is adjusted in a suitable manner to achieve
      this B.sub.RSS.
PAR  Likewise, the PLA and flight M.sub.N are used in function generator 72 to
      create a commanded optimum fan exhaust nozzle area signal, A.sub.FSS. It
      is apparent from the foregoing that PLA and flight m.sub.N are used to
      schedule fan blade angle and fan exhaust nozzle area in order to optimize
      performance in the normal operating regime.
PAR  In order to assure that the fan operates without excursions into the surge
      range the function generator 74 is provided. This schedules A.sub.F as a
      function of corrected
      ##EQU2##
      This generated signal, i.e., the output of function generator 74 is
      compared with the scheduled A.sub.F signal generated by he function
      generator 72 by maximum selector switch 76, permitting solely the higher
      of the two values to pass through, A.sub.FFWD. The area of exhaust nozzles
      20 (A.sub.F) are  adjusted in a suitable manner to achieve this area,
      A.sub.FFWD.
PAR  Thus, by virtue of this invention fan speed, fan pitch and fan nozzle is
      coordinated in such a manner as to optimize TSFC in the normal flight
      regimes and to optimize thrust response at takeoff and landing modes. The
      control minimizes complexities by being compatible with existing types of
      controls that already have provision for preventing surge,
      overtemperature, include acceleration and deceleration schedules and have
      overpressure and overspeed limits necessary for gas turbine engine
      operation.
PAR  As was emphasized above, by virtue of this requirement of reversing through
      feather, the fan in order to accomplish this feature would increase thrust
      until feather position is reached as well as increasing the torque on the
      fan driving shaft. This, obvious, is counter to what is necessary for good
      braking characteristics that are desired for optimum short aircraft
      landing performance.
PAR  Thus, in order to obtain rapid reverse thrust without exceeding shaft
      torque limits and minimize any increased forward thrust excursions, the
      fan pitch, fuel flow and fan exhaust nozzle area are coordinated during
      the transition to reverse thrust. To this end, interlocks 44, 46 and 48
      are included in the speed, blade angle and nozzle area circuitry. The
      interlock 44 includes a fan pitch (.beta.) override, interlock 46 includes
      fan exhaust nozzle area (A.sub.F), fan speed (N.sub.F), fan pitch
      (.beta.), and power lever angle (PLA) overrides and interlock 48 includes
      fan pitch, fan speed and power lever angle overrides so as to perform the
      following control logic.
PAR  When reverse thrust is requested by retarding the power lever angle to the
      reverse thrust range, the fan pitch is scheduled to go to its reverse
      pitch and fan nozzle area is scheduled to the reverse position. In order
      to minimize the increased thrust and shaft torque transient which results
      from increasing fan pitch, fan exhaust nozzle area is opened as rapidly as
      possible and fan speed reference is decreased which causes engine fuel
      flow to decrease to the deceleration limit. During this initial time
      interval fan pitch is either held fixed for a short time or allowed to
      increase at some relatively slow rate until the exhaust nozzle area has
      opened to a prescribed value and fan speed has decreased sufficiently to
      minimize the increased thrust transient. After the fan pitch has increased
      past the feather angle, the blades are allowed to go to their scheduled
      reverse angle at maximum rate and the N.sub.F reference is restored to its
      normal scheduled reverse thrust speed.
PAR  The unreversing coordination of engine fuel flow, fan pitch and exhaust
      nozzle area need be slightly different to prevent fan overspeed and
      excessive shaft torque in the feather region. When unreversing thrust is
      requested by advancing the PLA to the forward thrust regime, the fan pitch
      is scheduled to go to its forward pitch position, and the fan nozzle area
      is scheduled to the position associated with forward thrust. The fan pitch
      is decreased to forward pitch as rapidly as possible, and the nozzle area
      is delayed at reverse area position to avoid fan surge in the feather
      region. The PLA signal, as used in function generators 50 and 56, is
      temporarily reset to a lower power to avoid fan overspeed and excessive
      shaft torque while the fan pitch is moving from reverse to forward pitch.
      The PLA schedule returns to normal, and the exhaust nozzle area is allowed
      to move to the forward area position after the fan pitch has passed
      through the feather region.
PAR  While not specifically limited thereto, the preferred embodiment
      comtemplates the execution of the concept disclosed herein by use of well
      known digital type of electronic controllers.
PAR  It should be understood that the invention is not limited to the particular
      embodiments shown and described herein, but that various changes and
      modifications may be made without departing from the spirit or scope of
      this novel concept as defined by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A control system for a turbine type of power plant powering a variable
      pitch propulsor of the type that is closely coupled to the power plant and
      is supported in a duct bypassing the power plant, said control system
      including coordinating means for controlling the pitch of the propulsor
      and the flow of fuel to the power plant, said coordinating means being
      responsive to a scheduled value of speed derived as a function of flight
      Mach. No., power plant inlet temperature, power lever position and actual
      power plant rotational speed for controlling fuel flow to the power plant
      and being responsive to said flight Mach. No. and said power lever
      position to synchronously control the pitch of the propulsor.
NUM  2.
PAR  2. A control system as claimed in claim 1 wherein said coordinating means
      includes means for ascertaining a value indicative of the difference
      between actual power plant rotational speed and the power lever position
      biased by flight Mach No. and power plant inlet temperature.
NUM  3.
PAR  3. A control system as claimed in claim 1 including means anticipating a
      change in said power lever position to further adjust fuel flow.
NUM  4.
PAR  4. A control system as claimed in claim 3 wherein said anticipating means
      is responsive to flight Mach No.
NUM  5.
PAR  5. A control system as claimed in claim 4 wherein said anticipation means
      produces an output signal which is a time integration of a derivative
      signal.
NUM  6.
PAR  6. A control system as claimed in claim 5 wherein said derivative signal of
      anticipation means is the derivative of the output of the rate-limited
      first order lag of the power lever change input signal.
NUM  7.
PAR  7. For a ducted fan propulsor having variable pitch blades and driven by a
      free turbine of a turbine type power plant, coordinated control means for
      controlling the pitch of said blades and the flow of fuel to said power
      plant, said coordinated control means for controlling fuel flow includes
      scheduling means responsive to power lever position, flight Mach No. and
      another engine parameter for producing a first signal, means responsive to
      free turbine speed for producing a second signal, means responsive to said
      first signal and said second signal for producing an output signal for
      controlling fuel flow and said coordinated control means for controlling
      pitch of the blades being responsive to power lever position and flight
      Mach No.
NUM  8.
PAR  8. For a ducted fan propulsor as claimed in claim 7 wherein said other
      engine parameter is inlet temperature of said power plant.
NUM  9.
PAR  9. For a ducted fan propulsor having variable pitch blades driven by a free
      turbine of a turbine type power plant and variable area duct exit nozzle
      coordinated control means for controlling the pitch of said blades and the
      flow of fuel to said power plant and the area of said nozzle, said
      coordinated control means for controlling fuel flow includes scheduling
      means responsive to power lever position, flight Mach No. and another
      engine parameter for producing a first signal, means responsive to free
      turbine speed for producing a second signal, means responsive to said
      first signal and said second signal for producing an output signal for
      controlling fuel flow, said coordinated control means for controlling
      pitch of the blades being responsive to power lever position and flight
      Mach No., and said coordinated control means being responsive to flight
      Mach No. and power lever position for producing a scheduled signal for
      controlling the area of said nozzle.
NUM  10.
PAR  10. For a ducted fan propulsor as claimed in claim 9 including means for
      further controlling said nozzles to prevent surge by scheduling the surge
      limit as a function of flight Mach No. and corrected free turbine speed.
NUM  11.
PAR  11. For a ducted fan propulsor as claimed in claim 10 including a selector
      for selecting the maximum of the value of said scheduled surge signal and
      the value of said scheduled nozzle area signal.
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ABST
PAL  A fully articulated helicopter rotor having an elastomeric type main
      bearing which is reactive of all blade motions about the intersecting
      blade pitch change, lead-lag, and coning axes, including blade droop
      supporting and limiting members for static and dynamic operating
      conditions wherein coupling influences between the separate blade motions
      are precluded. In reacting these blade weight loadings and dynamic thrust
      forces, the droop members specifically provide full area contact bearing
      surfaces to distribute the large forces from the blades into the rotor hub
      proper while avoiding scuffing or rolling contact between the parts, and
      the high bearing stresses which would result from either point or line
      contact only.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to a helicopter rotor head wherein the blades are
      mounted in a fully articulated manner with three axis support freedom
      provided by an elastomeric type bearing, or bearings, which react the
      compound blade deflections and more particularly to a static and dynamic
      blade droop support and limit stop for use in such a rotor which isolates
      the droop support mechanisms from the effects of blade excursions in
      pitch, lead-lag, and flapping such that contact between the droop members
      not only avoids possible coupling effects but provides continuous full
      area contacting surfaces between the droop supports in reacting gravity or
      thrust loadings of the blades.
PAR  2. Description of the Prior Art
PAR  The droop stop art includes mechanisms that result in full area contact
      between two abutting surfaces which limit blade downward motions while
      avoiding coupling effects due to blade pitch change or blade lead-lag. It
      is significant to note, however, that the type of rotor head to which
      these prior art mechanisms are adapted is the fully articulated type
      having multiple and separate means to support the blades from the rotor
      head in pitch, lead-lag and flapping freedoms. An example of this prior
      art is assignee's U.S. Pat. No. 2,614,640 to Buivid, which shows mechanism
      long utilized by the assignee of the instant invention for Sikorsky type
      helicopters. The droop stop of Buivid comprises an abutment on the
      underside of the flapping link attached to the rotor blade, and a mating
      abutment which is an extension of the drag link. The effects of pitch
      coupling are precluded or isolated by mounting the first abutment inboard
      of the pitch change or stack bearings (not shown). The effects of lead-lag
      coupling are precluded by mounting the second abutment outboard of the
      drag hinge. The flapping hinge is utilized to provide the differential
      flapping motion between the two abutments.
PAR  As an advancement in the helicopter rotor head art, the spherical laminated
      elastomeric bearing rotor is substituted for the fully articulated rotor
      head shown in Buivid. The significant feature of this new type of
      configuration is that the separate support bearings of Buivid for pitch
      change, lead-lag, and flapping are functionally replaced by a single
      elastomeric unit, or units in an array. Examples of these two types of
      elastomeric rotor heads are shown in U.S. Pat. Nos. 3,778,189 to Ferris,
      and 3,782,854 to Rybicki. Various attempts have been made to provide blade
      droop support and coning limiting capability to the elastomeric bearing
      rotor configuration, but heretofore none of these have achieved the full
      area bearing contact of this invention for all combinations of blade
      excursions. While it is the basic function of the elastomeric bearing to
      react all blade motions in a single unit, and thus offer the potential
      benefit of increased reliability and maintainability of a non-lubricated
      member, it is this multiple reaction feature that presents the coupling
      difficulties. The prior art for elastomeric type rotor heads teaches droop
      support mechanisms which provide point or line contact only between the
      droop stop contacting members for all combinations of blade motions, or
      which result in flat bearing area contact for only one specific angle of
      lead-lag. Of the most pertinent of these prior art patents are the
      following:
PAR  Kisovec U.S. Pat. No. 3,282,350 teaches in its FIGS. 2 and 3 configuration
      an elastomeric bearing rotor head having full three axis articulation
      wherein the means to limit rotor blade droop is the contact between a flap
      stop on the hub and the arcuate portion of the blade. It is notable that
      the degree of blade droop will be a function of the amount of cyclic pitch
      imparted to the blade, and that full area contact between the abutting
      droop members will only occur at a single predetermined pitch angle.
PAR  Assignee's Ferris U.S. Pat. No. 3,778,189 provides an improvement over
      Kisovec wherein the pitch coupling effect is eliminated by the use of
      droop members shaped to form intersecting cones with their axes
      specifically located. Such a configuration produces line contact between
      the members, as pure rolling occurs between them under the various
      combinations of blade motions when the conical members are in contact.
      This patent also presents an improvement over the droop limiting mechanism
      shown in the Mosinskis U.S. Pat. No. 3,501,250, which comprised a hub
      mounted conical pad and a blade mounted roller and would produce neither
      pure line rolling contact nor full area bearing contact.
PAR  Assignee's U.S. Pat. No. 3,853,426 issued on Dec. 10, 1974 on improvements
      in "Elastomeric Helicopter Rotor Head with Dynamic and Static Blade Coning
      and Droop Stops," by R. Rybicki presents an improved droop stop
      configuration over the Ferris patent wherein both the static and the
      dynamic mechanisms are supported by the same mounting means and include
      provisions for misalignment of the main elastomeric bearing without
      compromise to the line contact between the droop members. Such
      configuration was successfully incorporated and actually reduced to
      practice in an H-53 six-bladed Sikorsky helicopter.
PAR  The number, size and weight of the blades and rotor are significant factors
      in the design of droop stop mechanisms, since the loading of the members
      must not be allowed to produce stresses which would cause failure of the
      members. Thus, for given weights and loadings, suitable contact surface
      must be provided on the abutting members, and suitable strength must be
      provided in their supporting structures. Also, the size and weight of the
      droop members must be optimum to avoid detrimental drag effects and
      overweight performance limitations.
PAR  This invention provides an improvement over the prior Rybicki application
      in that it teaches a droop stop configuration which provides full area
      contact and is adaptable to the full articulation feature of the
      elastomeric rotor head. For rotor heads in larger sizes and weight than
      the H-53, such configuration has provided these beneficial weight and
      stress advantages.
PAR  To specify these benefits further, it must be realized that the space
      envelope available for incorporation of n droop stop members for an n
      bladed rotor head is generally reduced as the number of blades is
      increased for larger helicopters, and the blade size and load to be
      imposed on those stop members will also be increased. Area contact droop
      members are generally smaller and lighter in weight than line contact
      members and offer less drag resistance. Thus, the configuration offered by
      this invention is attractive to the requirements of the stress, weights,
      and performance engineers. The lack of rolling contact also reduces the
      need for lubrication.
PAC  SUMMARY OF THE INVENTION
PAR  For a helicopter rotor head operating at low speed or at rest, wherein the
      blades are of a flexible configuration and tend to droop at their tips
      because of their weight from a horizontally extending position, or wherein
      such flexible or rigid blades are supported from the hub of the rotor in
      an articulated or free manner, it is possible that such blade droop may
      result in contact by the blades with the ground and/or the fuselage of the
      helicopter unless restricted in their downward inclination by suitable
      means. Further, it is recognized that under full rotational speed of the
      rotor head, the centrifugal loading of the blades will overcome their
      gravity loading, and the severe droop restrictions required at rest or low
      speed will not be required and will actually be a detriment if not
      adjusted to allow a greater downward angular deflection of the blade.
      Various motions of the rotor blades, whether at full or low speed, such as
      abrupt maneuvers in flight or even ground taxiing may cause the blade to
      reach the safe deflection limit provided by the droop stops. As taught in
      the prior art referenced heretofore, and especially discussed in the
      Buivid patent, it is known to provide a blade deflection limiting member
      called a static stop for use when the rotor is stopped or is rotating
      slowly, and to prove a second stop, or an adjustment means to the static
      stop, which is called a dynamic stop for use when the rotor is at a
      greater or at full speed. It is known to provide the static stop member
      with both a spring bias to direct it to its low rotor speed droop limiting
      position and a centrifugally operated counterweight to move the static
      stop member to a by-pass or non-influencing position when the rotor head
      is at a higher rotational speed. It is also known generally to provide
      full area contact surfaces for mating droop stop members as shown in
      Buivid U.S. Pat. No. 2,614,640 but in rotors which do not generate the
      coupling effect problems generated by an elastomeric bearing rotor, but it
      is the primary objective of this invention to apply for the first time the
      full area contact provision to the elastomeric type main rotor system
      while avoiding coupling effects in the droop stop. During the earlier
      development evidenced by the Ferris and Rybicki patents, this objective
      was felt to be contradictory to the inherent compound motion
      characteristics of that type main bearing.
PAR  To illustrate the function of this invention, a typical sequence is
      presented. As parked with rotor blades extended, each blade must be
      limited to a first droop angle, for example, 1/2.degree. below the
      horizontal, and each blade will be positioned by its damper/positioner
      against its lead stop. As the rotor head is engaged by release of the
      rotor brake, and the rotor hub is driven in the usual counterclockwise
      direction, the inertia of each blade wanting to remain at rest, causes a
      blade/rotor hub lag motion to take place until the blade contacts its lag
      stop and starts to be pulled into rotation with the rotor hub. During this
      movement the blade will remain on its static droop stop, and may undergo
      pitch damage as directed by the pilot. The blade static droop angle must
      not be affected by the above lag motion and pitch change. Further, as full
      rotational speed is reached and the blade lifts off its static stop, it is
      desirable that the angular droop restriction be relieved to approximately
      a 6.degree. angle below the horizontal to allow for greater blade
      clearance limits during aircraft flight. Thus, the static droop member
      must automatically shift its position as a function of this speed change,
      and in a reversible manner. In accordance with this invention, the droop
      mechanism presented herein meets the requirements within the environment
      of the elastomeric bearing type rotor head, while providing full area
      bearing droop stop contact for both the static and dynamic droop members.
PAR  In accordance with a further object of this invention, provision is made
      for the possible misalignment of the elastomeric main bearing as a result
      of the difference in its outward deflection due to the degree of
      compression of the rubber laminates caused by the loading of the bearing
      under the centrifugal force created by rotation of the blade, and radial
      deflections of the bearing as its laminates move in a shear manner. It is
      known for example that a blade of a helicopter having a gross weight of
      approximately 40,000 lbs will compress its elastomeric bearing up to 0.150
      inch. Thus, dependent on the rotor's rotational speed and the centrifugal
      load on the blade, the stop members must be able to accommodate a blade
      shift outward of from zero to this maximum amount.
PAR  In accordance with the teaching of this invention, a first flat abutment or
      contact pad is rotatably mounted to and concentric with the pitch axis at
      the inner end of the rotor blade. A second flat abutment or contact pad is
      rotatably mounted to the rotor hub, and concentric to the lead-lag axis.
      By means of their bearing mountings, the first pad is isolated from the
      blade pitch motion, and the second pad is isolated from the hub and is
      thus free to travel in lead-lag, but not in a flapping direction. A
      connecting linkage between these two pads will maintain them in proper
      abutting alignment, such that their respective surfaces will be in
      position to contact each other fully when the blade droops downward to the
      predetermined angle of the second pad, regardless of the particular
      lead-lag angle or pitch angle of the blade.
PAR  A third flat abutment or contact pad is pivotally mounted to the first pad
      by means of a loose pin arrangement. The third pad, when interposed
      between said first and second pads by a biasing spring, limits the blade
      droop angle to -1/2.degree. below the rotor plane, and when centrifugal
      force increases with faster rotation of the hub member so as to overcome
      the spring bias the third pad rotates from its interposition permitting
      increased blade droop limit to -6.degree. below the rotor plane. The loose
      pin arrangement permits the third pad to transmit blade droop loads from
      the first pad to the second pad, when interposed as above, without
      applying these loads to the pivotal mounting.
PAR  The misalignment accommodating feature of the droop stop configuration
      comprises a small portion of a cylindrical elastomeric bearing member
      incorporated in the hub mounted pad. By the inherent capability of the
      bearing to sustain shear deflections under high compression loads, this
      second pad is able to shift laterally to realign itself with the shifting
      of the blade mounted pad which has been shifted due to the compression or
      lateral shift of the main bearing or the centering bearing, which may also
      be of the elastomeric type.
PAR  Other objects and advantages of the present invention may be seen by
      referring to the following description and claims, read in conjunction
      with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial side view of an articulated helicopter rotor head,
      partially broken away for illustration, which shows a spherical
      elastomeric main bearing supporting the rotor blade in pitch, lead-lag,
      and flapping freedoms and with the droop stop members illustrated in the
      static stop and low rotor speed condition position in phantom line view
      and in full line in the full rotor speed condition.
PAR  FIG. 2 is a plan view of the droop stop members alone and showing tension
      springs not depicted in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 we see a helicopter articulated rotor head 10 of the
      link or yoke configuration mounted for rotation about axis of rotation 12
      and having a spherical elastomeric bearing 14 mounted between its outboard
      extremity hub arm 16 and the blade yoke 18 to support blade 19 from hub 21
      with freedom of motion about intersecting feathering axis 26, lead-lag
      axis 48, and flapping axis 25. The rotor blade proper is primarily
      connected to this yoke 18 by its root end cuff attachment 20 by suitable
      fasteners 22, and also by an inwardly directed stub shaft 24 which is
      concentric to the blade pitch axis 26 and to which is mounted the
      centering pin 28 which serves as the inner race 30 for elastomeric
      centering bearing 32. The outer race 34 of the bearing 32 is supported in
      the outboard yoke portion 36 of rotor hub arm 16. The function of bearing
      14 is to react in compression the centrifugal loads resulting from high
      speed rotation of the blades, and to react in shear the various compound
      motions of the blade as it changes its pitch angle both cyclically and
      collectively, and undergoes several degrees of simultaneous motion in both
      lead-lag (horizontal) motion about axis 48 and flapping (vertical) motion
      about axis 25. Since the usual operating flight condition of the main
      rotor will result in an upward cone of the rotor disc and a slight lag
      angle for all blades, it may desirable for stress reasons to install the
      main bearing 14 such that it will assume a substantially neutral
      deflection mode under its flight condition. FIG. 1 depicts the bearing in
      such flight condition, and also shows the centering bearing 36 in its
      flight condition wherein the compression of the main bearing 14 has
      allowed the focal point of both bearings to be displaced outward from
      point A to point B. It is thus from point A that the blade will extend or
      droop downward in its static or low rotor speed condition, while point B
      will be its basic or virtual pivot point when under full rotor speed. Due
      to gust or maneuver conditions, radial loadings on the centering and main
      bearings may momentarily shift these points off the pitch axis in a radial
      direction.
PAR  Droop stop member 38 is rotationally mounted about the blade stub shaft 24
      by bearings 40 concentric to the blade pitch axis 26 and includes a local
      protrusion 42 having a flat surface area 44. This flat abutment surface 44
      is in a transverse plane perpendicular to a plane of the FIG. 1 showing.
PAR  Thus mounted, the droop stop member 38 is isolated by means of the bearings
      40 from all pitch motions of the blade, but will travel with the blade in
      lead-lag and flapping excursions. Droop stop contact member 46 is
      rotationally mounted concentrically to the blade lead-lag axis 48 by
      bearings 50 which are supported by an extension 52 connected to the yoke
      portion 36 of the rotor hub arm 16 by bolt 54. Droop member 46 includes a
      local protrusion 56 having a convex cylindrical outer surface 58 forming
      the inner race of laminated cylindrical elastomeric element 60, which
      comprises alternate joined layers of elastomer and metallic shims.
      Cylindrical concave surface 64 of block 66 forms the outer race of
      elastomeric element 60, which block is provided with a flat abutment
      surface 68 forming a transverse plane perpendicular to a plane of the FIG.
      1 showing. The center for cylindrical element 60 is located on lead-lag
      axis 48, and the cylindrical races and metallic layers of the element are
      tangential to the surface 68. It should be noted that in the FIG. 1
      showing of the blade and its attached members in the rotor flight
      condition, the planes of surfaces 44 and 68 are radially aligned with
      focal point B. Thus configured, the surfaces 44 and 68 are designed for
      full area contact when the blade in full flight operation dips downward
      about point B to the predetermined angular limitation of stop member 46.
PAR  A spring biased static droop stop 70 is incorporated to restrict the
      downward droop of the blade when in a stopped or low rotor speed
      condition. The static stop 70 includes contact member 72 connected to arms
      74 and pivotably supported therefrom by loose fitting pin 76 attached to
      droop stop member 38. The arms 74 are biased by spring means 75 to urge
      the stop 70 in a counterclockwise direction as viewed in FIG. 1 until
      surface 78 contacts surface 44 of stop member 38. In this biased position,
      the opposed surface 80 of contact member 72 is in alignment to strike
      surface 68 of droop stop member 46 when the blade droops downward in its
      low rotor speed condition, and is therefore restricted to a lesser
      downward droop angle than allowed for dynamic or full rotor speed
      conditions. To provide for full contact with the surfaces 44 and 68 of
      droop members 38 and 46, the respective surfaces 78 and 80 are constructed
      in an angular or radial relationship with the apex at point B, forming a
      wedge shape, rather than as purely parallel. The loose mounting of the pin
      76 in stop member 38, allows droop induced loads to be transmitted
      directly and fully from the blade to the stop member 46 and thence to the
      hub arm 16 without imposing severe loads on the arms 74 and pin 76 of the
      static stop member 70. Contact pad 72 acts also as a centrifugal
      flyweight, which under the centrifugal loading imposed by full speed
      rotation of the rotor head, will overcome its spring bias and rotate in a
      clockwise direction to the stand-by or inoperative position shown in full
      lines in FIG. 1.
PAR  FIG. 2 shows parallel tension springs 82 and 84, each of which have one end
      attached to the cylindrical portion of stop 38, and their other ends
      attached to the cylindrical portion of stop 46. The function of these
      springs is to act as a connecting linkage or scissors to cause stop 46 to
      follow the lead-lag motion of the blade as it rotates about vertical axis
      48, and to cause stop 38 to remain in proper orientation regardless of
      blade pitch. Under a counterclockwise rotation of the rotor head, FIG. 2
      illustrates the aligned orientation of stop contact surfaces 44 and 68
      when the related blade is at its slight lag angle as in its flight
      condition. While dual springs 82 and 84 as shown and described, it is
      possible to utilize other mechanisms such as a scissors or telescopic
      mechanism either singly or as a pair. The springs appear preferable
      because of their simplicity, low weight and avoidance of a lubrication
      need.
PAC  MANNER OF OPERATION OF THE PREFERRED EMBODIMENT
PAR  Under full rotational speed of the rotor head 10, where in the centrifugal
      force imposed on the rotor blades by their weight will compress the
      elastomer layers of the elastomeric bearing 14, a pivot or blade focal
      point will be established at point B of FIG. 1, on the pitch axis 26. In
      the elastomeric type rotor head shown, wherein a centering bearing 32 also
      of the laminated elastomeric type is utilized, it is recognized that both
      bearings 14 and 32 will allow slight radial deflections or excursions of
      this pivot eccentric to the pitch change axis 26 as well as the
      aforementioned shift along this axis from point A to B. This is a feature
      inherent and unique to the elastomeric bearing type rotor head. Should the
      helicopter pilot attempt an abrupt maneuver which requires a large cyclic
      input into the rotor head, the downward extension of each blade as it
      reacts to this input will occasionally reach, and tend to go beyond, a
      predetermined low angular limit. This angular limit is defined by the
      angle from point B established between the surfaces 44 of stop 38 and
      surface 68 of stop 46. Generally, such angle will be on the order of
      6.degree. from a horizontal reference plane 27. With the rotor head at
      flight speed, and due to the inertia of the blades, each blade will be in
      a slight angular lag position as measured from pivot point B wherein the
      degree of lag depends on whether the blade is in the advancing or
      retreating section of the azimuth, and the magnitude of its angle of
      attack as measured from a flat pitch position. It may be recognized
      therefore that at any instant, each blade of the rotor system may be at a
      different pitch angle, lead-lag angle, and flapping angle. In limiting
      blade droop excursions to a predetermined angle, the droop stop mechanisms
      shown will not interfere with the pitch or lead-lag tendencies of the
      blade, and the springs 82 and 84 will align the droop stop contact members
      38 and 46 regardless of the lead-lag and pitch position of the blade. When
      the blade mounted droop stop member 38 bottoms against hub mounted droop
      stop 46 with the blade pivot at point B, a full load transfer is made by
      surface contact of the two abutting members. Line or point contact, which
      would otherwise create a damaging high stress condition which could
      precipitate a failure of the stop members, is thus avoided.
PAR  It is thus important for large helicopter rotor heads that such area
      contact droop stops be utilized, and it is to this object that this
      invention is primarily addressed. In the rotor head configuration shown,
      the centering bearing 32 will react the blade radial load, which is a
      function of the blade mass, its inertia, and the distance from its center
      of gravity to its contact point as measured along the blade span. In
      reacting this load at point B, and due to the resilient nature of the
      elastomeric centering bearing, point B will initially shift radially away
      from its depicted location on the pitch axis 26. This shift at the blade
      pivot point will result in an angular shift of the surface 44 of blade
      mounted stop member 38.
PAR  The use of the additional elastomeric element 60 adjacent the contact
      surface 68 of stop member 46 will allow block 66 to shift through shear of
      its elastomer layers such that its flat contact surface 68 will follow the
      shifted motion of mating stop member 38, and surface contact will be
      maintained. As the load is dissipated or removed, and the blade pivot
      returns to its location B on the pitch axis, the element 60 will return to
      its own neutral position under the influence of the forces at the contact
      surfaces.
PAR  When the rotor is at rest or at low rotational speed, the static droop stop
      70 will be positioned by springs 75 such that its contact member is
      interposed between contact members 38 and 46. Due to the relief of the
      centrifugal load from bearings 14 and 32, the blade pivot will approach
      point A. Contact between stops 38, 70 and 46 may produce an initial
      misalignment and shift of the pivot from point A. In the manner described
      above, such misalignment will cause a shear motion in the elastomeric
      element 60 which will allow block 66 to shift such that all flat surfaces
      will remain in full surface contact. Similarly to the action involving the
      dynamic stop only, the blade pivot will return to its location on the
      pitch axis and the element 60 will return to its vertical position as the
      load is dissipated.
PAR  While blade motions have been described as relating to the elastomeric
      centering bearing 32, it should be noted that motions of the main bearing
      14 may cause misalignment problems that are also accommodated by the
      shifting motions allowed by elastomeric element 60. In similar fashion,
      the area contact droop stop as applied to the elastomeric rotor head is
      equally adaptable to those elastomeric bearing rotor heads which do not
      utilize a centering bearing as shown in FIG. 1. Such a rotor head is
      illustrated by Rybicki Pat. No. 3,782,854.
PAR  When the helicopter lands and the engines are shut down, the rotor head
      first slows to a reduced speed by normal decay of its energy; and then the
      application of the conventional rotor brake (not shown) will bring the
      blades to a stop. During the high speed rotation of the rotor head, the
      weight of static stop member 72 will be acted upon by the centrifugal
      force due to its rotational motion, and it will assume the full line
      position shown in FIG. 1. Upon reduction of this centrifugal force below
      the force imposed in the opposite direction by spring 27 at pivot pin 76,
      the stop member or wedge 72 will be rotated by the spring 27 into its
      phantom line position shown in FIG. 1. As a further reduction of
      centrifugal force is made, and the gravity pull of the blade becomes
      dominant, and collective pitch inputs are reduced, the blade will droop
      downward from its root end pivot attachment. Droop stop member 38 with its
      static stop member 72 in contact, will strike droop stop member 46 and
      thus prevent further downward extension. Due to the instant eccentricity
      of the pivot point normally at A as a function of a centrifugal force
      decay, vibration, or other reactionary factors, a slight misalignment
      between contact surfaces 80 and 68 may be present, and will result in the
      initial contact being a line contact. This happening is momentary,
      however, since full area contact will quickly be established by the
      application of light loads as a function of the interrelationship of the
      three elastomeric bearings 60, 32 and 14 working together to relocate the
      blade pivot point back at its point A position.
PAR  While this invention has been described as a droop stop or droop limiting
      mechanism, it must be realized that the configuration presented can be
      used equally as well to limit rotor blade flapping or upward coning
      excursions as well. Likewise, while it is generally desirable to utilize
      secondary members to restrict blade droop to a lesser angular degree in a
      low speed or stopped rotor condition, it is desirable to provide the same
      type of adjustable function to flapping stop mechanisms. Since blade droop
      is a more severe condition than blade flapping, a flat pad droop stop
      providing a full area contact may be used on the same rotor head as a
      conical shaped flapping stop which merely provides line contact.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      details of construction shown and described, for obvious modifications
      will occur to a person skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. Droop stop mechanism for a helicopter rotor head of the type wherein
      each blade is supported for motion about intersecting pitch, lead-lag, and
      flapping axes by an elastomeric type bearing mounted between the rotor hub
      and the blade root attachment comprising:
PA1  A. a first support member rotatably mounted to the blade root attachment by
      bearing means concentric to the pitch axis, including a first flat
      abutment surface in radial alignment with the pivot of the blade,
PA1  B. a second support member rotatably mounted to the rotor hub by bearing
      means concentric to the rotor head lead-lag axis so as to be engaged by
      the first support member, including a second flat abutment surface in
      radial alignment with the pivot of the blade, and
PA1  C. alignment means connecting said first and second support members.
NUM  2.
PAR  2. Droop stop mechanism according to claim 1 wherein said second support
      member includes a laminated cylindrical elastomeric element having
      alternate layers of elastomer and metallic discs.
NUM  3.
PAR  3. Droop stop mechanism according to claim 2 wherein said cylindrical
      elastomeric bearing discs are tangential to said second flat abutment
      surface and concentric with the rotational axis of the second support
      member.
NUM  4.
PAR  4. Droop stop mechanism according to claim 1 wherein said alignment linkage
      connecting said first and second support members comprises a pair of coil
      spring tension members.
NUM  5.
PAR  5. Droop stop mechanism according to claim 1 and including a centrifugally
      responsive static stop means pivotally mounted to said first support
      member and including a wedge shaped contact pad having flat opposed
      surfaces adapted to engage the first and second flat abutment surfaces,
      respectively, and spring means to cause rotation of said static stop means
      to a position wherein one of said pad surfaces is brought into mating
      engagement with the first flat abutment surface of said first blade
      mounted support member and wherein the other of said pad surfaces will
      abut said second flat abutment surface when the blade is in full droop
      position.
NUM  6.
PAR  6. Droop stop mechanism for a helicopter rotor head having a blade mounted
      from a hub by means of an elastomeric bearing for freedom of motion about
      intersecting pitch change, flapping, and lead-lag axes including:
PA1  A. a first support member rotatably mounted to the blade concentric to the
      pitch axis and having a first flat abutment surface in alignment with the
      pivot point of said blade,
PA1  B. a second support member rotatably mounted to the hub concentric to the
      lead-lag axis and having second flat abutment surface in alignment with
      the pivot point of said blade and positioned to engage said first flat
      abutment surface during droop excursions of said blade during rotation of
      said rotor head above a predetermined speed to support said blade and thus
      limiting said blade droop travel to a maximum angle,
PA1  C. alignment linkage connecting said first and second support members and
      adapted during blade lead-lag motions to rotate said second support member
      relative to the hub through a corresponding lead-lag motion so as to
      maintain said first and second abutment surfaces in alignment.
NUM  7.
PAR  7. Droop stop mechanism according to claim 6 wherein said second support
      member includes an elastomeric element having alternate layers of
      elastomer and metal discs.
NUM  8.
PAR  8. Droop stop mechanism for a helicopter rotor head of the type wherein
      each blade is supported for pitch, lead-lag, and flapping motions by an
      elastomeric type bearing mounted between the rotor hub and the blade
      comprising:
PA1  A. a first support member attached to the blade by mounting means adapted
      to isolate said first support member from blade pitch change motion, and
      including a first flat abutment surface,
PA1  B. a second support member attached to the hub by mounting means adapted to
      allow blade lead-lag motion relative to said hub, while isolating said
      second support member from blade pitch change and blade flap motion and
      including a second flat abutment surface adapted to abut said first flat
      abutment surface to limit blade droop, and
PA1  C. alignment linkage connecting said first and second support members so as
      to align said first and second abutment surfaces.
NUM  9.
PAR  9. Droop stop mechanism according to claim 8 wherein said second support
      member includes a laminated cylindrical elastomeric element having
      alternate layers of elastomer and metallic discs.
NUM  10.
PAR  10. A helicopter rotor having:
PA1  1. a hub mounted for rotation about an axis of rotation,
PA1  2. at least one blade projecting substantially radially outwardly from said
      hub,
PA1  3. bearing means supporting said blade from said hub for freedom of motion
      about the blade pitch change, lead-lag and flapping intersecting axes,
PA1  4. a first support member connected to the blade concentrically about the
      pitch change axis and for flapping motion therewith and having a first
      flat abutment surface in alignment with the blade pivot point,
PA1  5. means supporting said first support member from said blade so that the
      first support member is isolated from blade pitch change motions,
PA1  6. a second support member connected to said hub concentrically about the
      lead-lag axis and having a second flat abutment surface in alignment with
      the blade pivot point and positioned to engage said first flat abutment
      surface during droop excursions of said blade so that said first and
      second support members cooperate to act as a droop stop to limit the blade
      droop travel,
PA1  5. means to support said second support member from said hub so that it is
      isolated from said hub during hub lead-lag excursions,
PA1  6. first means to cause said first and second flap abutment surfaces to
      remain in alignment, and
PA1  7. second means to cause said first and second flat abutment surfaces to
      remain in alignment.
NUM  11.
PAR  11. A rotor according to claim 10 and including a member pivotally
      connected to said first support member and operable between a first
      position wherein it is positioned between said first and second flat
      abutment surfaces during rotor low speed and stop condition so as to
      reduce the blade droop limit, and a second position free of said first and
      second flat abutment surfaces during rotor high speed operation to permit
      maximum blade droop motion before said first and second flat abutment
      surfaces contact in droop-stop fashion.
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ABST
PAL  This invention relates to improvements in bifilar vibration dampers, and
      particularly to such dampers for use in absorbing vibrations in a
      helicopter main rotor system.
PAL  The improved bifilar construction prevents detrimental inertia forces
      affecting the tuning of the damper and also prevents the ingress of dirt
      and dust into the moving parts.
BSUM
PAR  This invention relates to bifilar vibration dampers, and particularly to
      such dampers adapted for cancelling vibrations in a helicopter main rotor
      system.
PAR  By a bifilar vibration damper we mean a damper having a mass which is
      connected to a support by two pins so that, during operation, the mass
      moves in a pendulous movement with respect to the support. When the
      pendulum natural frequency is equal to an external exciting frequency the
      pendulum exerts a force on the support which is equal and opposite to the
      force applied by the external excitation, so that vibration is either
      reduced or eliminated.
PAR  One of the parts, usually the mass in existing designs, is of U-shaped
      cross-section, and is arranged to receive the other part, that is the
      support, between its parallel side portions. The pendulous movements of
      the mass are permitted by rolling of the two pins along the surfaces of
      circular apertures through both of the arms of the U-shaped mass and
      through the support. Two large diameter washers are clamped on each pin
      and located between the inner surfaces of the side portions of the
      U-shaped mass and the adjacent surfaces of the support to retain the pins
      in their operative positions.
PAR  When adapted for use in a helicopter rotor system, at least three bifilar
      vibration dampers are arranged symmetrically about the rotational axis of
      the main rotor system at the ends of supports in the form of arms
      extending radially from a rotor hub. The dampers rotate with the rotor
      system in a plane perpendicular to the axis of rotation, and can be
      located either above, below, or coincident with the plane of rotation of
      the main rotor blades.
PAR  According to the invention we provide a bifilar vibration damper having a
      mass connected by two pins to a support so that the mass is capable of
      pendulous movement relative the support, either the mass or the support
      being of U-shaped cross-section arranged to receive the other part between
      its parallel side portions, the side portions being spaced to define a
      spacing distance between each side portion and an adjacent surface of the
      other part, each pin being located in apertures through the side portions
      of the U-shaped part and through the other part, the two apertures through
      both parts having a radiussed section concentric about parallel axes,
      wherein the two pins are located through holes in a spacer member
      positioned in each spacing distance, the holes being arranged to permit
      rotation of the pins, an end plate being secured on an outer surface of
      each side portion of the U-shaped part over the apertures in which the
      pins are located.
PAR  According to another aspect of the invention we provide a helicopter having
      a main rotor system including a plurality of rotor blades arranged for
      rotation about an axis of rotation, and at least three bifilar vibration
      dampers each including a support member arranged to extend radially from
      and to be rotated in a plane about the axis of rotation and having two
      generally semi-circular apertures extending therethrough, each having a
      radiussed section concentric about parallel axes which are parallel to and
      equidistant from the axis of rotation, the apertures being located with
      their radiussed surfaces furthest from the axis of rotation, a pendulous
      member of U-shaped cross-section having substantially parallel side
      portions arranged to be positioned on opposite sides of the support member
      and spaced so as to define a spacing distance from said support member,
      each side portion having two semi-circular apertures extending
      therethrough, each having a radiussed section concentric about parallel
      axes which are parallel to the axis of rotation and being of substantially
      similar dimension as the support member apertures, the apertures in each
      side portion being aligned respectively with the apertures of the other
      side portion and located with their radiussed surfaces closest to the axis
      of rotation, a pin member extending through each of the apertures of the
      support member and the aligned apertures of the side portions to connect
      the pendulous member to the support member, the pin member being of
      substantially circular cross-section and having a radius less than the
      radius of the radiussed section of the apertures, a spacer member
      positioned between the support member and each of the side portions and
      having two holes to permit rolling of the pin members and an external
      shape arranged so that a periphery of the spacer member overlaps the
      apertures in the support member and the side portions with the pendulous
      member in any of its extreme operational positions relative the support,
      and an end plate secured on an outer surface of each side plate portion
      over the apertures to retain the pin members in an operative position.
DRWD
PAR  The invention will now be described by way of example only and with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a helicopter main rotor system,
PAR  FIG. 2 is a plan view of an existing bifilar damper construction,
PA2  Fig. 3 is a sectioned view on lines A--A of FIG. 2,
PAR  FIG. 4 is a plan view of an improved bifilar damper according to the
      invention,
PAR  FIG. 5 is a sectioned view on lines B--B of FIG. 4,
PAR  FIG. 6 is a plan view of a detail part of the improved bifilar, and
PAR  FIG. 7 is a sectioned view on lines C--C of FIG. 6.
DETD
PAR  In FIG. 1, a helicopter main rotor system includes a rotor hub 22 and four
      radially extending rotor blades 23 arranged for rotation with the hub 22
      about a generally vertical axis 24. Three bifilar vibration dampers 25 are
      arranged symmetrically on the hub 22 at the ends of arms 13 extending
      radially from the hub 22 for rotation therewith about the axis of rotation
      24, and are tuned to absorb vibrations in the plane of rotation of the
      rotor system.
PAR  Referring now to FIGS. 2 and 3, an existing bifilar damper construction
      comprises a mass in the form of a U-shaped weight 11 connected by two pins
      12 at an end of a supporting arm 13. The pins 12 are located in circular
      apertures 14 in both of the parallel arms of the weight 11 and in the
      support 13, to permit pendulous movement of the weight 11 relative the
      support 13 by rolling of the pins 12 over the surfaces of the apertures
      14.
PAR  The pins 12 are retained by cylindrical washers 15 located between the
      parallel side portions of the weight 11 and the support 13, the washers 15
      being clamped between annular spacer members 16 retained by nuts 17 (FIG.
      3). The spacer members 16, therefore, form the contact surface during
      rolling movements of the pins 12 around the surfaces of the apertures 14.
PAR  It will be apparent in relation to the existing bifilar dampers shown in
      FIGS. 2 and 3 that the outside diameter of the washers 15 must always be
      greater than the diameter of the apertures 14 in order to retain the pins
      12 in their correct operative position. As the washers 15 are clamped on
      the pins 12, any rolling of the pins 12 will cause rotation of the washers
      15, resulting in the washers 15 having a relatively large inertia which is
      detrimental to the operational efficiency of existing bifilar dampers, as
      is more fully explained hereinafter.
PAR  The bifilar vibration damper of the present invention as shown in FIGS. 4
      and 5 again includes a mass in the form of a U-shaped weight 11 connected
      by two pins 26 at an end of a supporting arm 13 arranged to extend
      radially from and for rotation about an axis of rotation 24. The pins 26
      are located in apertures 27 provided through parallel side portions 28 of
      the weight 11 and in apertures 29 through the supporting arm 13. In the
      embodiment shown the apertures 27 and 29 are of generally semi-circular
      shape having a radiussed section and a straight section joined by radii of
      smaller dimension than that of the radiussed section. The radiussed
      section of the apertures 29 in the support arm 13 are concentric about
      parallel axes which are parallel to and equidistant from the axis of
      rotation 24, the apertures 29 being located with their radiussed section
      furthest from the axis of rotation 24. The radiussed section of the
      apertures 27 in the side portions 28 of the weight 11 are arranged
      concentric about parallel axes which are parallel with the axis of
      rotation 24, the apertures 27 being of similar dimension as the apertures
      29 in the support arm 13, the apertures 27 through each side portion 28
      being aligned with the apertures 27 in the other side portion and located
      with their radiussed section closest to the axis of rotation 24.
PAR  The pins 26 are of circular cross-section having a radius less than that of
      the radiussed section of the apertures 27 and 29 so that pendulous
      movements of the weight 11 are permitted by rolling movements of the pins
      26 around the radiussed sections of the apertures 27 and 29.
PAR  The side portions 28 of the weight 11 are spaced so as to define a spacing
      distance from the surfaces of the support arm 13 when the U-shaped weight
      11 is centred laterally with respect to the arm 13, and a spacer member 20
      is located in each spacing distance to support the pins 26 in their
      operative position.
PAR  The pins 26 have spherical ends and are retained in an operative position
      in the apertures 27 and 29 by an end plate 18 secured by screws 19 in a
      recess in each of the outer surfaces of the parallel side portions 28 of
      the weight 11 so that the outer surfaces of the plates 18 are flush with
      the surface of the weight 11, the plate 18 being large enough to cover
      both apertures 27. In FIG. 4, part of one of the plates 18 has been
      omitted to clearly show the semi-circular shape of the apertures 27 and
      29.
PAR  FIGS. 6 and 7 show details of one of the spacer members 20. As shown, each
      member 20 is of elongated planform having radiussed ends and being
      provided with two holes 21 at similar centre dimensions to the pairs of
      apertures 27 and 29 in both the weight 11 and the support 13. The diameter
      of the holes 21 is such as to permit rotation of the pins 26 within the
      holes 21 and, as will be clear from FIG. 7, in the embodiment shown the
      member 20 is tapered around its edge from a maximum thickness within an
      area encompassing both holes 21 to a minimum thickness around its
      perimeter so as to be wedge shaped tapering in thickness in a direction
      away from the area of maximum thickness. This tapered configuration has
      certain operational advantages, but it is to be understood that the use of
      a spacer member of uniform thickness is not excluded. Preferably also, the
      members 20 are of different material than the weight 11 and the support
      13.
PAR  In operation, a bifilar damper is tuned to cancel vibrations of a
      particular frequency by suitable selection of the mass of the weight 11
      and of the radii of the pins 26 and the radiussed section of the apertures
      27 and 29.
PAR  In the case of existing bifilar dampers as shown in FIGS. 2 and 3, rotation
      of the pins 12 during pendulous movements of the weight 11 also causes
      rotation of the relatively large washers 15, thereby creating a high
      inertia in the washers 15, resulting in a reduction in frequency leading
      to a detuning of the damper. Such detuning will have an adverse effect on
      the operational capabilities, and could well be of sufficient magnitude to
      render existing constructions ineffective. A further disadvantage of
      existing bifilars is that the pins and rolling surfaces are unprotected
      and, therefore, prone to the ingress of dirt and moisture, resulting in
      inefficient operation and high maintenance.
PAR  These problems are overcome by the improved bifilar vibration damper of the
      present invention as shown in FIGS. 4 and 5. The pendulous movements of
      the weight 11 causes rotation of the pins 26 within the holes 21 in the
      spacer members 20. As both pins 26 are located through each of the members
      20, there is no tendency for the members 20 to rotate as do the washers in
      known dampers, which means that there are no inertia problems to adversely
      affect the tuning of the dampers, as hereinbefore explained in connection
      with existing devices. The members 20 are of a size suitable to cover both
      of the apertures 27 in the weight 11 and the apertures 29 in the support
      13, with the weight 11 in any of its extreme positions relative the
      support 13. The generally semi-circular shape of the apertures 27 and 29
      in the present invention enables the spacer members 20 to perform this
      function without being increased to extreme dimensions because the
      apertures have a radiussed section long enough only to permit the
      necessary pendulous movements, the remaining section of each aperture 27
      and 29 being straight and joined to the radiussed section by radii of a
      smaller dimension than that of the radiussed section, thereby effectively
      reducing the area of the apertures 27 and 29 with respect to the circular
      shapes employed in existing devices. The apertures 27 and 29 are
      effectively closed at their other ends in the U-shaped weight 11 by the
      end plates 18 used to retain the pins 26, thereby providing an assembly in
      which the ingress of dirt and moisture into the crucial areas is
      prevented. This arrangement is also effective for retaining a lubricating
      agent within the assembly.
PAR  The wedge shape of the members 20 (FIG. 7) ensures that line contact only
      occurs between the members 20 and the edges of the apertures 27 and 29,
      thereby reducing friction to a minimum during movements of the weight 11
      relative the support 13. The spherical ends of the pins 26 reduces
      friction between the rotating pins 26 and the end plates 18.
PAR  The present invention provides, therefore, an improved bifilar vibration
      damper which is simpler in construction, more efficient, requires less
      maintenance, and is of an aerodynamically cleaner shape than existing
      devices.
PAR  In one application, at least three of our improved bifilar dampers are
      arranged symmetrically about the rotational axis of a helicopter main
      rotor system, each damper being supported at the end of an arm extending
      radially from a hub secured on the upper surface of a rotor head. The
      dampers rotate in a plane perpendicular to the axis of rotation, or
      parallel to the plane of rotation of the rotor, and are tuned to cancel
      in-plane vibration forces acting on the rotor head. In other
      installations, the dampers could be rotated through 90.degree. and tuned
      to absorb moment and/or shear forces effective on the particular
      helicopter rotor system in which they are installed.
PAR  Although one embodiment of the invention has been described and
      illustrated, it is to be understood that modifications can be made without
      departing from the scope of the appended claims. For instance, the parts
      of the assembly could be reversed so that the support comprises a U-shaped
      member and the mass comprises a weight located and retained between
      parallel arms of the support. Although it will be apparent that certain
      advantages derive from the generally semi-circular shape of the apertures
      27 and 29, the invention is not to be considered limited thereto. Other
      suitable shapes, for instance circular, oval or arcuate slot apertures,
      could be used as long as a radiussed section is located and positioned as
      hereinbefore defined along which the pins 26 roll during operation.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A bifilar vibration damper comprising, in combination, a support arm
      arranged to extend radially from and to be rotated in a plane about an
      axis of rotation and having two generally semi-circular shaped apertures
      extending therethrough, said aperture including a radiussed section and a
      straight section, the radiussed section of each aperture being concentric
      about parallel axes which are parallel to and equidistant from the axis of
      rotation, the apertures being located with their radiussed surface
      furthest from the axis of rotation, a pendulous member of U-shaped
      cross-section having substantially parallel side portions arranged to be
      positioned on opposite sides of the support member and spaced so as to
      define a spacing distance from said support member, each side portion
      having two generally semi-circular shaped apertures extending
      therethrough, said apertures including a radiussed section and a straight
      section, the radiussed section of each aperture being concentric about
      parallel axes which are parallel to the axis of rotation and being of
      substantially similar dimension as the support member apertures, the
      apertures in each side portion being aligned respectively with the
      apertures of the other side portion and located with their radiussed
      sections closest to the axis of rotation, said pendulous member being
      capable of pendulous movement relative to the support arm, a pin member
      extending through each of the apertures of the support member and the
      aligned apertures of the side portions to connect the pendulous member to
      the support member, the pin member being of substantially circular
      cross-section, a spacer member positioned in each spacing distance, each
      spacer member having two holes through which the pin members are rotatably
      positioned so as to support the pin members in operative position, an end
      plate secured on an outer surface of each side portion over the apertures
      to retain the pin members in an operative position.
NUM  2.
PAR  2. A bifilar vibration damper as claimed in claim 1, wherein each spacer
      member is arranged so that its periphery overlaps the dimensions of the
      apertures through the support and the side portions of the U-shaped part
      when the U-shaped part is in any operative position relative the other
      part.
NUM  3.
PAR  3. A bifilar vibration damper as claimed in claim 1, wherein each spacer
      member is of maximum thickness within an area encompassing both holes
      through which the pins are located and of minimum thickness around its
      periphery so as to be wedge shaped tapering in thickness in a direction
      away from the area of maximum thickness encompassing both apertures.
NUM  4.
PAR  4. A bifilar vibration damper as claimed in claim 1, wherein the ends of
      each pin are spherical.
NUM  5.
PAR  5. A bifilar vibration damper as claimed in claim 1, wherein the end plates
      are located in recesses in the outer surfaces of the side portions of the
      U-shaped parts so that the outer surfaces of the end plates are generally
      flush with the outer surfaces of the side portions.
NUM  6.
PAR  6. A bifilar vibration damper as claimed in claim 1, further including a
      helicopter main rotor system having a hub wherein said axis of rotation is
      the axis of rotation of said helicopter rotor system, and said support arm
      extending radially from the rotor hub for rotation with the rotor system
      in a plane perpendicular to the axis of rotation.
NUM  7.
PAR  7. A bifilar vibration damper as claimed in claim 6 wherein the damper is
      tuned to absorb vibrations in the plane of the helicopter rotor.
NUM  8.
PAR  8. A helicopter having a main rotor system including a plurality of rotor
      blades arranged for rotation about an axis of rotation, and at least three
      bifilar vibration dampers each including, a support member arranged to
      extend radially from and to be rotated in a plane about the axis of
      rotation and having two semi-circular apertures extending therethrough,
      each having a radiussed section concentric about parallel axes which are
      parallel to and equidistant from the axis of rotation, the apertures being
      located with their radiussed surfaces furthest from the axis of rotation,
      a pendulous member of U-shaped cross-section having substantially parallel
      side portions arranged to be positioned on opposite sides of the support
      member and spaced so as to define a spacing distance from said support
      member, each side portion having two semi-circular apertures extending
      therethrough, each having a radiussed section concentric about parallel
      axes which are parallel to the axis of rotation and being of substantially
      similar dimension as the support member apertures, the apertures in each
      side portion being aligned respectively with the apertures of the other
      side portion and located with their radiussed surfaces closest to the axis
      of rotation, a pin member extending through each of the apertures of the
      support member and the aligned apertures of the side portions to connect
      the pendulous member to the support member, the pin member being of
      substantially circular cross-section and having a radius less than the
      radius of the radiussed section of the apertures, a spacer member
      positioned between the support member and each of the side portions and
      having two holes to permit rolling of the pin members and an external
      shape arranged so that a periphery of the spacer member overlaps the
      apertures in the support member and the side portions with the pendulous
      member in any of its extreme operational positions relative the support,
      and an end plate secured on an outer surface of the side portions over the
      apertures to retain the pin members in an operative position.
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ABST
PAL  Hydrodynamic unit rotor in which a central flange portion of an outer sheet
      metal shell is interleaved with metal connector plates. The connector
      plates and flange portion are secured to each other and to a small steel
      hub by annular electron beam welds.
PARN
PAR  This is a division of application Ser. No. 286,159 filed Sept. 5, 1972.
BSUM
PAR  This invention relates to hydrodynamic torque transmitting units and more
      particularly to new and improved unit rotors for torque converters and
      fluid couplings of rotors.
PAR  The rotor of a hydrodynamic unit, such as the turbine of a torque converter
      or coupling, generally comprises an outer annular shell member of sheet
      metal that has an inwardly extending flange which is riveted to a large
      annular flange of an internally splined hub. These hubs, usually made from
      castings of Armasteel or other suitable metal, are machined to provide
      support shoulders and contact surfaces held at close tolerances to insure
      the proper fit of the flange of the shell member on the hub. Additionally,
      a series of holes arranged in a circle are drilled in the flange of the
      hub to match corresponding holes in the flange of the outer shell to
      accommodate the rivets employed to join these two members. After
      connecting the outer shell to the hub an inner shell is joined to the
      outer shell using a plurality of spaced blades. These blades have inner
      and outer tabs which extend through slots in the two shells and which are
      rolled over to securely fasten the shell together. While these prior
      rotors are highly satisfactory for employment in torque converters and
      couplings the hub casting, machining and drilling as well as the riveting
      to the shell member added substantially to the cost of the rotor.
PAR  In the present invention the prior art cast metal hub is replaced by a
      small steel hub that can be readily made from bar stock on a screw
      machine. The large flange of the prior art hub is replaced by washer-like
      connector plates that can be made from the center discs produced from
      transmission clutch plate stampings. In the preferred embodiment of the
      invention the connector plates are installed on the hub with the flange of
      the outer rotor sandwiched between two of the plates and welded together
      by electron beam welding. In addition to welding the flange to the
      connector plates, the electron beam weld secures the flange on the
      connector plates to the hub.
PAR  It is a feature, object and advantage of this invention to provide a new
      and improved fluid unit rotor in which the inner flange of a rotor shell
      is interleaved with and welded to disc-like connector plates and the
      connector plates and flange are welded to a central hub member.
PAR  Another feature, object and advantage of this invention is to provide a new
      and improved fluid unit rotor that is drivingly connected to a central hub
      member by a central flange drivingly connected between two flange plates
      secured to the hub member.
DRWD
PAR  These and other features, objects and advantages of this invention will
      become more apparent from the following detailed description and drawing
      in which:
PAR  FIG. 1 is a sectional view of a hydrodynamic unit rotor with parts broken
      away illustrating this invention;
PAR  FIG. 2 is a sectional view of a portion of a hydrodynamic unit rotor
      illustrating the prior art;
PAR  FIG. 3 is an exploded perspective view of a portion of the rotor of FIG. 1.
DETD
PAR  As shown in FIG. 1 there is a converter turbine rotor assembly 10 having an
      annular outer shell 12 and an annular inner shell 14. The outer and inner
      shells are sheet metal and are secured together by a plurality of evenly
      spaced blades 16. Each blade is formed with inner and outer tabs 18 and 20
      which extend through slots in the shells and which are rolled over to
      secure the shells to each other. The outer shell is formed with a central
      flange 22 that has a central opening 24 best shown in FIG. 3 for receiving
      a turbine hub 26.
PAR  Hub 26 is a sleeve-like steel member having an enlarged head 28 and a
      reduced diameter cylindrical shank portion 30 that fits into the opening
      24 of flange 22. The hub is internally splined at 31 for driving
      connection with an output shaft, not shown. The flange 22 is sandwiched
      between two of three washerlike connector plates 32 each having a central
      opening 34 of a diameter large enough to permit their installation on the
      shank portion 30 of hub 26. The first or forward plate 32 abuts against a
      locating shoulder 38 formed by the head 28 of hub 26. The flange of the
      outer shell and the plates 32 are secured to each other by concentric
      annular electron beam welds 40 and 42. Weld 40 also rigidly secures the
      plates 32 and the flange 22 to the shank portion 30 of hub 26.
PAR  The hub 26 is preferably made from cylindrical bar stock with the head 28
      and shank portion 30 formed on a screw machine. The internal splines 31
      are made by broaching. The connector plates 32 are identical steel rings
      that can be readily made from the annular disk offal accumulated from the
      stamping of transmission clutch plates such as those shown in U.S. Pat.
      No. 3,081,854 to K. E. Snyder, issued Mar. 19, 1963. The solid disks,
      previously scrapped, have a diameter and are full hard tempered to meet
      the size and material requirements for plates 32. These disks provide
      blanks that are punched with central openings 34 to fit on the shank
      portion 30 of hub 26.
PAR  To weld the parts together the first two plates 32 are placed on the shank
      portion of hub 26 with the outer disk abutting shoulder 38. The outer
      shell of the turbine is then placed in position, with the shank portion of
      the turbine hub extending through opening 24 of shell flange 22 and with
      the front face of flange 22 contacting the intermediate plate 32. The
      third plate 32 is placed on the shank portion of the hub in contact with
      the rear face of flange 22. The parts thus assembled are staked together
      by upsetting a small portion of metal of hub 28 behind the third plate
      radially above the opening 34 at different circumferential points to hold
      the plates 32 and the flange 22 of the outer shell in position.
PAR  The assembly is loaded in a fixture in an electron beam welder. The welder
      is then activated to join the assembly by concentric welds 40 and 42 made
      in separate passes. Preferably the axis of the electron beam is directed
      generally parallel to the axis of the hub 26 and the beam is focused at a
      point coplanar with the front face of the first plate 32.
PAR  Annular welds 40 and 42 can be made by turning the assembly relative to an
      energized stationary electron gun or the electron gun can be tracked in
      fixed concentric circular paths relative to the assembly held stationary.
PAR  Upon completion of the welding, the welded rotor is removed from the welder
      and finished by brushing off any spatter from the inner and outer plates
      32 resulting from the welding operation. Then the plates are roller
      burnished to a smooth finish for contact with thrust members of a
      converter or coupling. The inner shell is then joined to the outer shell
      by employing the tabbed blades 16.
PAR  FIG. 2 illustrates a prior art rotor comprising an annular sheet metal
      shell 48 drivingly secured to an internally splined hub 50. This hub is
      made from a casting of Armasteel or other suitable metal. To provide for
      the proper fit of the hub and the shell, an annular support shoulder 52
      and an offset contact face 54 is machined from the thick flange 56 of the
      hub. The diameter of the shoulder 52 has to be held to close tolerances
      and made concentric with the splines of the hub. Also the face 54 has to
      be precisely located and square with the hub splines for accurately
      positioning and locating the shell on the hub. Front and rear surfaces 57
      and 59 of the hub are machined to provide bearing surfaces for contact
      with thrust washers in the torque converter in which this rotor is
      employed. In addition to this machining, ten rivet holes 58, equally
      spaced, are drilled in the flange 56 at precise positions in relation to
      the diameter of the flange 56.
PAR  The flange of the shell 48 is formed with a central opening to fit on
      shoulder 52 and also is formed with rivet holes that correspond to the
      holes 58 in the flange of the hub. With the parts thus formed they are
      assembled and securely joined by rivets 60. Subsequently an inner shell is
      secured to the outer shell by the vanes as described above.
PAR  From the above it will be appreciated that this invention provides a new
      and improved rotor and a new and improved method of manufacturing such
      rotors. With this invention the hub is materially reduced in size and
      cost. By employing disk-like connector plates between a small hub and
      rotor instead of the prior art hub machined from a casting the rotor can
      be manufactured with little machining, with less effort and at reduced
      costs. Since the connector plates can readily be made from the center
      disks produced as a by product from clutch plate stamping material is more
      efficiently used.
PAR  While a preferred embodiment of this invention has been disclosed for
      purposes of illustrating this invention, the scope of the invention is
      limited only by the following claims.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A rotor assembly for a hydrodynamic unit comprising a metallic hub
      member having an enlarged head portion and having an elongated cylindrical
      shank portion extending medially from said head portion, an annular
      channel-like shell of sheet metal, a plurality of spaced fluid directing
      blades, positioned within said shell, fastener means securing said blades
      to said shell, a flat metal flange integral with said shell and extending
      radially inwardly therefrom, said flange having a central circular opening
      which is smaller than said head portion of said hub and which has a
      diameter slightly greater than the diameter of said shank portion, a
      plurality of annular metallic connector plates, each of said plates being
      entirely flat and each having a central circular opening smaller than said
      head portion and having a diameter slightly greater than the diameter of
      said shank portion, said flange being mounted on said shank portion
      sandwiched between said connector plates mounted on said shank portion,
      first annular electron beam weld means disposed radially outwardly from
      said head portion and concentric with said shank portion, said first weld
      means extending completely through said plates and said flange to rigidly
      secure said flange and said plates together, second annular electron beam
      weld means to secure said flange and said plates to said shank portion,
      said second weld means having a diameter substantially equal to the
      diameter of said circular openings and extending completely through said
      flange and said connector plates and through a peripheral portion of said
      shank portion of said hub.
NUM  2.
PAR  2. A rotor assembly for a hydrodynamic unit comprising a metallic hub
      member having an enlarged head portion with a predetermined diameter and
      having an elongated cylindrical shank portion of a diameter smaller than
      the diameter of said head portion and axially extending from said head
      portion, an annular shell of sheet metal forming a circular channel
      generally U-shaped in cross section, a plurality of fluid directing blades
      secured to the interior of said shell, an annular flat metal flange
      integral with said shell and extending radially inwardly therefrom, said
      flange having a central circular opening which is smaller than said head
      portion of said hub and which has a diameter slightly greater than the
      diameter of said shank portion, said head portion having a radially
      extending inner wall forming an abutment shoulder, a plurality of annular
      metallic stampings provided by the center offal discs of stamped
      transmission clutch plates, each of said stampings being substantially
      identical and having a flat washer configuration with a central circular
      opening smaller than said head portion and having a diameter slightly
      greater than the diameter of said shank portion, said stampings having a
      radial dimension less than that of said flange, said stamping being
      mounted on said shank portion, one of said stampings being abutted against
      said inner wall of said head portion, said flange being mounted on said
      shank portion sandwiched between said stampings, first annular
      electron-beam weld means extending axially and completely through said
      stampings and said flange to rigidly secure said flange and said stampings
      together and second annular electron-beam weld means extending completely
      and axially through said stampings and said flange and through the
      peripheral portion of said shank portion to directly and rigidly secure
      said flange and said stampings to said shank portion.
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ABST
PAL  An improved blower blade for electric motors is disclosed. The blower blade
      comprises from about 50 to about 75% polypropylene, from about 5 to about
      10% glass fibers and from about 15 to about 45% inert filler.
BSUM
PAR  The present invention relates to blower blades for electric motors.
PAR  Blower blades for electric motors are very well known in the art. They are
      affixed to the central shaft of the motor and serve to keep the motor cool
      during operation. One of the primary problems with blower blades is
      securing them in a fixed position on the shaft so that they rotate when
      the shaft rotates and do not slip with respect to the shaft. There are
      many known ways of doing this including set screws, keys and the like but
      such mechanical devices add considerably to manufacturing expense. There
      have also been fan blades which are press fitted onto shafts but it
      sometimes occurs over the life of the motor that there is not sufficient
      frictional force to maintain the blower blade from slipping with respect
      to the shaft.
PAR  One composition for press fitted fan blades which was formerly employed
      comprises about 60% polypropylene and about 40% by weight asbestos fibers.
      However, because of the known difficulties incurred with asbestos fibers,
      especially with respect to OSHA requirements, the use of asbestos has been
      largely discontinued. In its place has been employed glass fibers but
      glass fibers suffer from the fact that they are quite expensive as
      compared to asbestos and thus increase the cost of the blower blade, a
      most undesirable result.
PAR  In accordance with the present invention, it has been found that a blower
      blade can be made with excellent frictional properties from a composition
      comprising from about 50 to about 75% polypropylene, from about 5 to about
      10% glass fibers and from about 15 to 45% inert filler. Quite
      surprisingly, the blower blades with the composition according to the
      present invention have even higher frictional values than had blower
      blades using considerably more glass fibers. Thus, a great economical
      saving is made at the same time that an improvement in frictional
      properties is obtained.
DRWD
PAR  These and other features of the present invention can be more fully
      understood with reference to the drawings in which:
PAR  FIG. 1 shows a side view of a finished blower blade according to the
      present invention, and
PAR  FIG. 2 shows a front view of FIG. 1.
DETD
PAR  Referring to FIG. 1, there is shown shaft 14 of a motor (not shown) having
      blower blade 16 press fit onto the end thereof. The blower blade 16
      comprises a hub 18 and blades 20. As can be better seen in FIG. 2, the
      shaft 14 is round and the hub 18 is press fit onto it and held in place by
      frictional force and without any mechanical aid. The shaft 14 is generally
      a smooth cylindrical steel member and thus the frictional forces at the
      interface 24 between the shaft 14 and the hub 18 are very important since
      it is necessary to the proper functioning of the motor that the fan 16 not
      slip with respect to the rotation of the shaft 14.
PAR  As previously mentioned, the blower blades of the present invention are
      made from a composition comprising from about 50 to about 75%
      polypropylene, from about 5 to about 10% glass fibers, and from about 15
      to about 45% inert filler. The size of the glass fibers of the present
      invention is not critical and they can suitably have a diameter of from
      about 0.3 mils to about 0.55 mils and a length of from about 3/8 inches to
      about 1/2 inches. Similarly, the inert filler employed in the present
      invention is not critical and any inert filler can be used. The principal
      feature of the inert fillers of the present invention is a reduction in
      cost of the total blower blade and it is therefore desirable to use an
      inert filler which is inexpensive. Typical of these are talc, clay,
      diatomaceous earth, sand, silica and the like.
PAR  A number of comparative tests have been made to measure the torque in
      inch-pounds necessary to make the blower blade 16 slip with respect to the
      shaft 14. In each case the same size shaft was used and the same size hole
      was used in the hub 18 of the blower blade 16. The results of the data are
      set forth in the examples below:
PAC  EXAMPLE 1
PAR  In this example a blower blade is made of 60% by weight polypropylene and
      40% by weight asbestos. The blower blade is found to slip with respect to
      the shaft when a torque of approximately 22 inch-pounds is applied.
PAC  EXAMPLE 2
PAR  In this case a blower blade is made with 60% by weight polypropylene and
      40% by weight inert filler. The particular inert filler employed is clay.
      The blower blade is found to slip when a torque of approximately 12
      inch-pounds is applied.
PAC  EXAMPLE 3
PAR  A blower blade is made from a composition of 70% by weight polypropylene
      and 30% by weight glass fibers. The glass fibers have a diameter range of
      0.3 mils to 0.55 mils and a length range of 3/8 inches to 1/2 inches. The
      blower blade slips with respect to the shaft when a torque of
      approximately 37 inch-pounds is applied.
PAC  EXAMPLE 4
PAR  Example 2 is repeated except that 5% of the inert filler is replaced by 5%
      of the glass fibers of Example 3. In this case the blower blade does not
      slip until a torque of approximately 45 inch-pounds is applied thereto.
PAC  EXAMPLE 5
PAR  Example 2 is again repeated except that 10% of the inert filler is replaced
      by 10% of the glass fibers of Example 3. In this case the torque to
      slippage is found to be above 45 inch-pounds.
PAC  EXAMPLE 6
PAR  In this case a blower blade is made from a composition comprising 50%
      polypropylene, 45% inert filler and 5% of glass fibers. Results comparable
      to those in Example 4 are obtained.
PAC  EXAMPLE 7
PAR  A blower blade is made from a composition comprising 75% polypropylene, 5%
      glass fibers and 20% inert filler. Results comparable to those in Example
      4 are obtained.
PAC  EXAMPLE 8
PAR  In this case Example 7 is repeated except that the amount of inert filler
      is reduced to 15% and the amount of glass fibers is increased to 10%. The
      torque necessary to make the blower blade slip with respect to the shaft
      is comparable to that of Example 5.
PAC  EXAMPLE 9
PAR  Examples 2 and 4 are repeated using talc as the inert filler and comparable
      results are obtained.
PAC  EXAMPLE 10
PAR  Examples 2 and 4 are repeated using diatomaceous earth as the inert filler
      and comparable results are obtained.
PAC  EXAMPLE 11
PAR  A blower blade is made from a composition of 50% polypropylene, 5% glass
      fibers and 45% of the inert filler of Example 2. The drag necessary to
      make the blower blade slip with respect to the shaft is comparable to that
      of Example 4.
PAR  It will be understood that the claims are intended to cover all changes and
      modifications of the preferred embodiments of the invention herein chosen
      for the purpose of illustration which do not constitute departure from the
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A blower blade for electric motors comprising from about 50 to about 75%
      by weight polypropylene, from about 5 to about 10% by weight glass fibers,
      and from about 15 to about 45% inert filler.
NUM  2.
PAR  2. The blower blade of claim 1 wherein the inert filler comprises at least
      one ingredient selected from the group consisting of talc, clay,
      diatomaceous earth, sand, and silica.
NUM  3.
PAR  3. A blower blade for electric motors comprising about 60% by weight
      polypropylene, from about 5 to about 10% by weight glass fibers and from
      about 30 to about 35% by weight inert filler.
NUM  4.
PAR  4. The blower blade of claim 3 wherein the inert filler is clay.
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PAL  A liquid ring pump comprising a housing, a substantially oval chamber
      within said housing, and a hub supporting a plurality of radially disposed
      vanes adapted to rotate within said chamber, said pump being such that the
      interstices between said individual vanes are partially blocked by a
      blocking mass which rotates with said vanes and which raises the stall
      pressure ratio of said pump to increase its pumping efficiency. The
      blocking mass is additional to the hub and in the case where the liquid
      ring pump also includes a gas/liquid mixture inlet port and a gas
      discharge port arranged on opposite sides of said pump, then the blocking
      mass forms a weir which gives the additional advantage that it acts to
      prevent the direct axial migration of liquid from said inlet port to said
      gas discharge port, thus enabling said pump to easily separate said gas
      liquid mixture into separate gas and liquid phases.
BSUM
PAR  This invention relates to liquid ring pumps and to systems incorporating
      such pumps.
PAR  Liquid ring pumps are known in which a pumping action is effected by means
      of a plurality of radial vanes which rotate in a liquid in a substantially
      oval chamber in a housing. The vanes rotate on a central rotor and as they
      rotate the liquid is thrown radially outwardly from the rotor towards the
      vane tips and a liquid ring is formed which sweeps around the chamber
      wall. Because the chamber is oval in shape, the vane tips vary in distance
      from the chamber wall and the liquid ring moves inwardly and outwardly as
      the vanes rotate in a manner well known to those skilled in the art. The
      liquid never moves so far inwardly from the chamber wall that it touches
      the central rotor and thus an inner portion of the chamber volume around
      the central rotor is never swept by the liquid. If such pumps are used to
      pump and separate gas/liquid mixtures, it often happens that the pumps
      reach a stage when they stop pumping. This stage is known as stalling and
      it occurs when the ratio of delivery absolute pressure to inlet absolute
      pressure reaches the rotio of total volume of the chamber to unswept
      volume of the chamber.
PAR  It is an aim of the present invention to provide a liquid ring pump which
      has a better stall pressure ratio than many known liquid ring pumps and
      therefore has an increased efficiency when pumping gas or gas and liquid
      mixtures.
PAR  Accordingly, this invention provides a liquid ring pump comprising a
      plurality of radially disposed vanes adapted to rotate within a
      substantially oval chamber in a housing, the interstices between the vanes
      being partially blocked by a blocking mass thereby to raise the stall
      pressure ratio of the pump to increase its pumping efficiency.
PAR  Preferably, the liquid ring pump has a gas/liquid mixture inlet port and a
      gas discharge port arranged on opposite sides of the pump. In this case,
      the blocking mass will form a weir and will prevent the direct axial
      migration of liquid from the inlet port to the gas discharge port and will
      thereby enhance the performance of the pump in the separation mode.
PAR  The pump housing may be constituted by a pair of end plates separated by
      the chamber wall. The various inlet and outlet ports may then be
      appropriately provided in the end plates.
PAR  The invention also extends to systems incorporating the pump of the
      invention and an example of such a system is a high-speed-high altitude
      lubrication and scavenge system of the type described and illustrated in
      our British Pat. No. 1317568.
DRWD
PAR  An embodiment of the invention will now be described by way of example and
      with reference to the accompanying drawings in which:
PAR  FIG. 1 is a plan view of a liquid ring pump in accordance with the present
      invention;
PAR  FIG. 2 is a cross-section on the line A--A shown in FIG. 1;
PAR  FIG. 3 shows somewhat schematically the chamber of the pump in FIG. 1; and
PAR  FIG. 4 is a cross-section on the line B--B shown in FIG. 3.
DETD
PAR  Referring to the drawings, there is shown a liquid ring pump 2 comprising a
      housing 4 of generally oval form having end plates 6. The end plates 6 are
      spaced apart by a peripheral chamber wall 8 enclosing a chamber 9. The end
      plates 6 support the axial ends of a cylindrical rotor 10. The rotor 10
      has a plurality of vanes 12 radially extending therefrom. Each vane 12 has
      its tip lying on the same outer radius.
PAR  The position of the vanes in the chamber 9 is best seen in FIG. 1. As shown
      in FIG. 1, the vanes 12A and 12B very nearly touch the inner surface of
      the wall 8. The remaining vanes 12 get further and further away from the
      inner surface of the wall 8 until the maximum distance of the vanes from
      the cylindrical wall 8 is achieved by the vanes 12C and 12D. It can be
      seen that when the vanes 12 are rotating in a clockwise direction, the
      spacing of the tips of the vanes from the wall 8 increases from vane 12A
      to vane 12C, decreases from vane 12C to 12B, increases from vane 12B to
      vane 12D, and decreases from vane 12D to vane 12A.
PAR  It will be apparent that as the vanes 12 are rotating within the chamber 9,
      liquid in the chamber will be thrown outwardly and will form the liquid
      ring 11 shown in FIGS. 3 and 4. Some liquid will always be positioned
      between the vanes 12 so that there will always be a sealed portion formed
      by an two vanes 12, the rotor 10 and the liquid ring 11. Obviously the
      nearer the vanes are to the wall 8, then the more liquid will be forced
      down between the vanes towards the rotor 10. The various sealed portions
      between the vanes 12 constitute the unswept volume of the chamber 9.
PAR  One end plate 6 is provided with a gas/liquid entry port 18. The shape of
      the port 18 is shown most clearly in FIG. 1 and it will be seen that the
      port increases in area in the clockwise direction of rotation of the rotor
      10 and also that the port 18 is located between the vanes 12B and 12D. Two
      gas outlets 20 are provided in the other end plate 6 and the shape of each
      gas outlet 20 is again shown most clearly in FIG. 1. The position of each
      gas outlet 20 is near the rotor 10, i.e. furthest away from the liquid
      which is thrown outwardly.
PAR  Liquid outlets 22, 23 are provided substantially at vanes 12A and 12B where
      the change-over occurs from minimum casing radius to increasing casing
      radius. The liquid outlets 22, 23, respectively communicate with conduits
      24, 25, and liquid, e.g. oil, taken from the liquid ring 11 via the
      outlets 22, 23, passes along the conduits 24, 25. These conduits 24, 25,
      join together to form a single conduit 26. The conduit 26 is provided a
      restrictor 28 which acts to limit the amount of liquid which can be drawn
      off from the liquid ring 11 through the outlets 22, 23.
PAR  Situated between each pair of vanes 12 as shown most clearly in FIG. 2 is a
      blocking mass 30 which may be of any suitable material. The material
      chosen should obviously not be attacked by the liquid in the pump.
      Preferably, the blocking mass is made of brass or mild steel.
PAR  In operation, the pump imparts an angular velocity to liquid, e.g. oil,
      within the pump casing 4. This angular velocity imparted to the liquid
      causes the liquid to form the ring 11 over the inner surface of the
      peripheral wall 8 of the casing. This liquid ring 11 is moving inwardly
      and outwardly with respect to the rotor 10 as the distance of the vanes 12
      varies from the wall 8. As the liquid moves away from the rotor 10 towards
      the position 16, there is an increasing kinetic energy in the liquid which
      it utilised to suck in a gas/liquid mixture through the port 18. As any
      one vane compartment moves from the position of vane 12D or 12C towards
      vane 12A or 12B, the liquid gets forced back down the vane interstices
      towards the rotor 10 and displaces air out of the gas outlets 20. Liquid
      is taken off as mentioned above from the liquid ring 11 via the outlets
      22, 23.
PAR  The illustrated pump can accept gas/liquid mixtures, foam, mists, etc. It
      can separate them and return a liquid to a reservoir and the gas to
      atmosphere or to a pressurised vessel as required. Foams and mists induced
      near the centre of the pump, where the centrifugal accelerations are low,
      can be carried over to the exhaust sector of the pump by a conventional
      open impeller and pass out of the pump unseparated.
PAR  As indicated above, the interstices between the vanes 12 are blocked by the
      blocking masses 30. Each blocking mass 30 preferably blocks its interstice
      from the central hub to the minimum radius of the liquid ring, leaving
      sufficient axial space on each side to allow the passage of gas and liquid
      to and from the ports 18 and 20.
PAR  The blocking of the unswept volume of the pump increases the total volume
      to unswept volume ratio and thereby the stall pressure ratio of the pump.
      Also, by siting the inlet port 18 on one side of the material 30 and the
      outlet ports 20 on the other side, the blocking mass 30 forms a weir over
      which all fluid entering the pump must pass before leaving. As shown most
      clearly in FIG. 2, the gas has to pass over each mass 30 and along the
      narrow passage 31 formed between the mass 30 and the end plate 6. The mass
      30 ensures that all fluid entering the pump passes through an area of high
      centrifugal acceleration and any liquid entrained in the gas must go
      against the full centrifugal head to leave the pump via the gas outlet
      ports 20.
PAR  There will now be given a typical example using FIGS. 3 and 4, and giving
      actual pump measurements.
PAR  In the following calculation;
PA1  R.sub.1 = radius of solid hub
PA1  R.sub.2 = outer radius of blocking mass 30
PA1  R.sub.3 = casing radius
PA1  R.sub.b = radius of blocking cross-section centroid
PA1  e = eccentricity of casing radii
PA1  A.sub.b = cross sectional area of blocking mass 30
PA1  t = width of pump
PAR  a. Swept volume of pump
EQU  = 2R.sub.2 2et 2et = 4R.sub.2 et
EQU  = 4 .times.  1.06 .times.  0.25 .times.  0.5 =  0.53 cu ins
PAR  b. Total Volume of unblocked pump
EQU  = [.pi.(R.sub.2.sup.2 -  R.sub.1.sup.2) + 4R.sub.2 e]  t
EQU   [.pi.(1.06.sup.2 -  0.53.sup.2) + 1.06] 0.5
EQU  (2.647 +  1.06)0.5 = 3.707 .times.  0.5 = 1.853 cu ins
PAR  c. Total volume of blocked pump
EQU  = (b) - 2 R.sub.B A.sub.B
EQU  = 1.853 -  2 .times.  0.8 .times. .pi.
EQU  =  1.853 - 0.95 = 0.903 cu ins
PAR  d. Unswept volume of unblocked pump
EQU  = (b) - (a) = 1.853 - 0.53 = 1.323 cu ins
PAR  e. Unswept volume of blocked pump
EQU  = (c) - (a) = 0.903 - 0.53 = 0.373 cu ins
PAR  f. Stall pressure ratio of unblocked pump
      ##EQU1##
PAR  g. Stall pressure ratio of blocked pump
      ##EQU2##
PAR  Comparing the performance of (f) to (g)
PAR  When exhausting to an atmosphere of 15 psia, the theoretical stall inlet
      pressure of:
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A liquid ring pump for separating a gas/liquid mixture into gas and
      liquid comprising, in combination, a housing having a pair of end plates
      and a sidewall defining a substantially oval chamber within said housing,
      a rotatable hub disposed within said chamber, a plurality of vanes mounted
      on said hub and projecting radially outward from said hub, a blocking mass
      having a pair of side faces disposed in the interstices between said vanes
      for partially blocking said interstices, one of said side faces being
      disposed in spaced-apart relationship with one of said housing end plates
      to define a radially extending first axial space forming a radially
      outward flow path for the gas/liquid mixture, a gas/liquid inlet port in
      said one housing end plate disposed opposite said blocking mass one side
      face for introducing a gas/liquid mixture into said chamber in an axial
      direction against said one side face, the other of said side faces being
      disposed in spaced-apart relationship with the other of said end plates to
      define a radially extending second axial space forming a radially inward
      flow path for the gas separated from said gas/liquid mixture, a gas outlet
      port in said other housing end plate disposed opposite said blocking mass
      other side face for discharging gas flowing radially inward in said second
      axial space, at least one liquid outlet on said housing for receiving
      separated liquid from said gas/liquid mixture, said liquid passing to said
      liquid outlet from a liquid ring formed in said chamber during operation
      of said pump, said blocking mass being effective to raise the stall
      pressure ratio of said pump thereby increasing its efficiency and to form
      a weir for preventing the axial migration of liquid from said inlet port
      to said outlet port thereby increasing the amount of liquid separated from
      said gas/liquid mixture.
NUM  2.
PAR  2. A liquid ring pump according to claim 1, in which said liquid outlet
      includes restrictor means, said restrictor means being effective to
      restrict the amount of separated liquid passing from said chamber through
      said liquid outlet.
NUM  3.
PAR  3. A liquid ring pump according to claim 1, in which said blocking mass
      extends from said hub of said pump to the minimum radius of said liquid
      ring.
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ABST
PAL  A multiple re-entry compressor of the kind set forth in USA Patent
      application Ser. No. 335,162 now U.S. Pat. No. 3,869,220 is described
      having inter cooling between successive passes of the rotor blading. A
      further improvement is described in which variable aperture arcuate
      segmented flowpaths are provided.
PARN
PAR  This application is a continuation in part application of U.S. Pat.
      application Ser. No. 335,162 now U.S. Pat. No. 3,869,220.
BSUM
PAR  This invention relates to compressors, more particularly to compressors
      requiring a high pressure ratio and/or low mass flows for refrigeration
      and cryogenic pumping as described in U.S. Pat. application Ser. No.
      335,162 now U.S. Pat. No. 3,869,220.
PAR  In cryogenics, pneumatics for instrumentation or control, and refrigeration
      in which high pressure ratios and very low flows are required, pumping of
      its size, weight, and the problem of oil contamination, other solutions to
      the pumping problem have been sought.
PAR  Thus more recently a multistage centrifugal compressor for cryogenic duties
      in the production of liquid helium has been developed. Because of the low
      flows involved, the size of each unit is very small and a very high
      rotational speed (up to 200,000 rpm) is required. No suitable prime mover
      for industrial use is widely available, and such prime movers have proved
      difficult to develop.
PAR  It is therefore an object of the present invention to provide a compressor
      for coping with low flows and/or high pressure ratios of compact size and
      capable of being driven by commonly available prime movers.
PAR  A further object of the invention is to provide a compressor of improved
      isothermal efficiency.
PAR  A subsidiary object is to provide a machine for coping with low flows
      and/or high pressure ratios in which oil contamination is avoided.
PAR  According to the present invention a compressor comprises a rotor; an
      annular aperture coaxial with said rotor and surrounding the periphery of
      said rotor; at least one row of rotor blades circumferentially distributed
      on the periphery of the rotor and projecting into said annular aperture
      dividing the annular aperture into an upstream side and a downstream side;
      a rotor blade passage wherein said row of rotor blades operates and
      intersecting and annular aperture; a row of downstream stator blades
      radially directed and circumferentially distributed around the interior of
      said aperture, disposed adjacent to and downstream of said rotor blades;
      partitions provided in the annular aperture both upstream and downstream
      of the rotor blades, each partition downstream of the rotor blades being
      substantially opposed by a corresponding partition upstream of the rotor
      blades; a plurality of arcuate segmented flowpaths arranged around the
      periphery of the rotor intersecting said row of rotor blades in a
      direction substantially normal to the direction of travel of the rotor
      blades, each of said arcuate segmented flowpaths being formed between
      corresponding partitions upstream and downstream of said rotor blades, the
      arcuate segmented flowpaths being arranged successively from a first
      arcuate segmented flowpath to a last arcuate segmented flowpath; a
      plurality of confined return flowpaths, each of said return flowpaths
      being associated with an arcuate segmented flowpath except the last
      arcuate segmented flowpath, wherein each of the confined return flowpaths
      runs from the downstream side of its associated segmented flowpath to the
      upstream side of the next following arcuate segmented flowpath; an inlet
      to the first arcuate segmented flowpath; an outlet from the last arcuate
      segmented flowpath; and at least one heat exchanger surface provided in at
      least one of the confined return flowpaths.
PAR  Preferably a compressor according to the present invention includes a
      diffuser downstream of the rotor blades.
PAR  Preferably a compressor according to the present invention includes a
      convergent passage on approach to each of the arcuate segmented flowpaths.
PAR  For helium compression it is preferred that heat exchanger surfaces be
      provided in each of the confined return flowpaths.
PAR  It is particularly convenient if a single machine may be constructed to
      work on a variety of fluids. This may be met by having variable aperture
      arcuate segmented flowpaths. In order to achieve this end it is preferred
      that the downstream partition be of variable position according to the
      fluid being worked on.
PAR  One manner in which this last end is achieved is providing slots in the
      downstream partitions and bolts engaging said slots, the bolts to fix the
      partitions in position.
PAR  Furthermore it has been found by mounting the rotor on a shaft which forms
      the solid rotor of an a.c. motor a very economical and simple construction
      of prime mover for the present compressor is achieved. It is preferred
      that in working upon helium, for example, oil contamination should be
      avoided; an elegant way of achieving this end is to provide that fluid
      from the high pressure side of the compressor should act as the lubricant
      in bearings in the machine. It is also preferred that coolant for the
      prime mover be provided using a closed cycle of the same fluid as is
      worked on in the compressor.
DRWD
PAR  In order that the invention might be more fully understood and further
      features appreciated, the following description will refer to the
      accompanying drawings in which:
PAR  FIG. 1 is a longitudinal section of a compressor according to the invention
      sectioned on the line 1--1' of FIG. 3,
PAR  FIG. 2 is a transverse section of the compressor of FIG. 1 sectioned on the
      line 2--2',
PAR  FIG. 3 is a further transverse section of the compressor of FIG. 1
      sectioned on the line 3--3'.
PAR  FIG. 4 is vertical section of a modified compressor in accordance with the
      invention showing also a prime mover particularly adapted for use in
      connection with this invention, and
PAR  FIG. 5 is a partial section through part of a confined flowpath of FIG. 4
      on the line 5--5' of FIG. 4.
DETD
PAR  The compressor of FIGS. 1 to 3 comprises a rotor 1 mounted on a shaft 2
      journalled into case 8 at one end and lateral hub 45 bolted to the case 8
      at the other. A row of radially directed aerofoil sectioned rotor blades 3
      are circumferentially distributed around the rotor 1 and operate in a
      space 4, the rotor blade passage, between a row of upstream stator blades
      5 and a row of downstream stator blades 6, both of said rows of stator
      blades comprising a plurality of radially directed blades
      circumferentially disposed in an annular aperture 44 around the periphery
      of rotor 1. The rows of stator 5 and 6 extend inwards from the inner
      surface of an annulus 7 disposed outside the blade tips of the row of
      rotor blades 3. A toroidal space 9 outside the annulus 7 is formed between
      the case 8 and annulus 7 into which toroidal space the annular aperture 44
      opens at both ends.
PAR  Aperture 44 is divided by radially directed partitions 24 in the row of
      stator blades 6 not less than one rotor blade pitch in width, and similar
      opposed partitions in the row of stator blades 5. These partitions provide
      a plurality of discreet arcuate segmented flowpaths through the row of
      rotor blades 3; in the compressor illustrated there are four arcuate
      segmented flowpaths 13-16. As this compressor is adapted to compress a
      compressible fluid, eg helium gas, the arcuate segmented flowpaths are of
      decreasing aperture from the first 13 to the last 16.
PAR  A convergent passage passes through a lateral hub 45 of the case and forms
      an inlet 20 to the first arcuate segmented pass 13. The wall 21 of inlet
      20 is provided with a flange 22 at its outer end which may be used to
      connect the compressor to a low pressure source of compressible fluid. At
      its inner and the wall 21 is formed integrally with the partitions in the
      row of stator blades 5 defining the arcuate segmented flowpath 13.
PAR  Downstream of arcuate segmented flowpath 13 is provided a feedback flowpath
      46 around the outside of the rotor to the next arcuate segmented flowpath
      14 through a further portion of the row of rotor blades 3. Subsequent
      feedback flowpaths 47, 48 from downstream of arcuate segmented flowpath 14
      to upstream of arcuate segmented flowpath 15, and from downstream of
      arcuate segmented flowpath 15 to upstream of arcuate segmented flowpath 16
      provide a closed confined flowpath from the inlet 20 to an outlet 25
      downstream of arcuate segmented flowpath 16. The wall 26 of outlet 25 has
      a flange 27 which may be connected to a high pressure sink for the
      compressed fluid.
PAR  Feedback flowpaths 46, 47, 48 each comprise a confined path through a
      divergent diffuser 23, an offset 180.degree. bend 49, return duct 50,
      offset 180.degree. bend 51, and convergent channel 52 from the downstream
      side of one arcuate flowpath to the upstream side of the next following
      arcuate flowpath. The side walls of the divergent diffusers 23 are
      integrally formed with the partitions 24. Divergent diffusers 23 are each
      connected through an offset 180.degree. bends 49 to a return duct 50
      around the outside of rotor 1. The return duct 50 is provided with
      intercooling comprising, in this instance, a honeycomb of piping 53
      through which coolant fluid may pass between an inlet 54 and outlet 55.
      The flowpath on leaving return duct 50 enters another offset 180.degree.
      bend 51 to a convergent passage 52 on the upstream side of the next
      following arcuate segmented flowpath through the row of rotor blades 3.
PAR  The provision of intercooling in the return ducts 50 greatly improves the
      isothermal efficiency of machines of this type.
PAR  When the machine is to be used to operate on compressible fluids, such as
      helium gas, the arcuate segmented flowpaths through the row of rotor
      blades are of decreasing aperture from the first 13 to the last 16;
      furthermore the cross-sectional areas of equivalent parts of the feedback
      flowpaths 46, 47, 48 also decrease from the first 46 to the last 48.
PAR  The rotor blades 3 are normally driven from a lower pressure arcuate
      segmented flowpath to a higher pressure arcuate segmented flowpath, that
      is in such a direction as to drive any fluid carried over in the rotor
      blades from a lower pressure to a higher pressure, eg from arcuate
      segmented flowpath 14 to arcuate segmented flowpath 15.
PAR  In this embodiment the partitions are several stator blade pitches in
      thickness, and leakage between successive passes is very small.
PAR  Rotor 1 and its blades 3 are formed from a single disc forging, the blades
      3 being machined to an aerofoil section integrally from the forged disc.
      In order to prevent leakage from the blade tips and between arcuate
      flowpaths, the row of rotor blades 3 are manufactured to have close
      tolerances with the rows of stator blades 5 and 6. Furthermore to prevent
      leakage along the face of the rotor, seals 28 are provided between both
      faces of the rotor and the body of the machine.
PAR  In operation, compressible fluid from a low pressure source enters the
      compressor through convergent entry channel 20 to arcuate segmented
      flowpath 13 through a portion of the row of rotor blades 3. The inlet flow
      makes its first pass through a portion of the upstream row of stator
      blades 5 separated from flows in the adjoining arcuate segmented flowpaths
      14 and 16 by the partitions. After passing through the upstream stator
      blades where the flow is directed towards the rotating rotor blades at the
      required angle, energy before being fed back to the next following arcuate
      segmented flowpath.
PAR  The described method of intercooling in FIGS. 1 to 3 with a honeycomb of
      longitudinal water cooling pipes along the return duct is intended as
      merely being illustrative of the intercooling. Many methods of providing
      intercooling will occur to those versed in the art and any such method
      could be used in the present invention.
PAR  It may be found advantageous in the compressor of FIGS. 1 to 3 to replace
      the 180.degree. offset right angle bends by plenum chambers.
PAR  Moving onto FIG. 4 an alternative compressor 100 according to the invention
      is drivable from a prime mover 200, the whole assembly being mounted on a
      bed plate 300.
PAR  The compressor 100 comprises a rotor 102 mounted on a shaft 104. The shaft
      104 is journalled in a gas bearing 106 itself retained in a housing 108. A
      plurality of radially directed rotor blades 110 are circumferentially
      distributed around the rotor 102 and operate in a recess 112 of the
      housing 108. Near the periphery of the housing 108 an annular aperture 114
      is provided coaxial with the shaft 104 and aligned with the ring of rotor
      blades 110. The aperture 114 is provided with upstream partitions 116
      arranged in a manner as hereinafter described. The housing 108 has a
      flange 118 to which an outlet stator ring 120 is attached. The outlet
      stator ring 120 has an annular aperture 122 in which is provided a
      plurality of radially directed downstream stator blades 124 distributed
      around the interior of the annular aperture 122. Bolted to the outlet
      stator ring 120 is an outlet block 126 having a parallel walled annular
      passage 125 coaxial with the annular aperture 122 and of the same
      diameter. Again bolted to the outlet block 126 is an annular diffuser 130.
      Arranged in the annular apertures 122, 128 and diffuser 130 are a
      plurality of downstream partitions 132 (an equal number to the upstream
      partitions 116) and arranged to be moveable relative to the outlet stator
      ring 120 as described below in relation to FIG. 5. The effect of the
      downstream partitions 132 is to divide the annular apertures 122, 128 and
      diffuser 130 into a plurality of separate passages. The diffuser 130 is
      supported in an end plate 134 having a number of first apertures 136
      corresponding the passages through the diffuser 130 and second associated
      apertures 138 arranged outside the first apertures. The peripheries of the
      first apertures are provided with divergent walls 140 to form diffuser
      extensions. Providing a closed flowpath between each of the first
      apertures 136 and their associated second apertures 138 are a plurality of
      plenum chambers 142. Associated with each plenum chamber are return pipes
      144 whose longitudinal axis are substantially parallel to the rotor axis
      of the machine, some at least of the return pipes 144 are provided with
      intercoolers 146 to provide heat exchange surfaces for fluid passing. The
      pipes 144 are provided with flanges 148 and 150 at each end the flanges
      148 bolted to the end plate 134 and the flanges 150 bolted to bearing
      housing support plate 152.
PAR  The bearing housing support plate 152 has apertures 154 corresponding to
      the return pipes 144 and a large central aperture 156 in which the bearing
      housing 108, outlet stator ring 120, and outlet block 126 are mounted.
      Both the end-plate 134 and the housing support plate 152 are provided with
      feet 158 and 160 respectively engaging the bedplate 300 to support the
      machine.
PAR  Returning to the detailed aspects of the machine itself. The passages
      between the upstream partitions 116 and the downstream partitions 132
      intersect the rotor blades 110 in a plurality of arcuate segmented
      flowpaths successively arranged around the periphery of the rotor between
      a first arcuate segmented flowpath and a last arcuate segmented flowpath.
      Between each arcuate segmented flowpath through the rotor blades is
      provided a confined return flowpath. These confined flowpaths are each
      formed between partitions in the diffuser 130 continuing into a plenum
      chamber 142 and back around the outside of the rotor through a return pipe
      144 and into an inlet end chamber 162. Each inlet end chamber 162 is
      provided with flanges 164 and 166 at opposite ends. Flange 164 is bolted
      to bearing housing support plate 152 such that a continuous flowpath is
      provided from an associated return pipe 144 through an aperture 154 and
      into each inlet end chamber 162. The other flange 166 has bolted thereto
      an end closure cap 168. From each of the inlet end chambers 162 off-set
      90.degree. outlets 170 are connected to convergent inlet elbows 172 by
      bolting together a flange 174 on the outlet 170 to a flange 176 on the
      inlet elbow 172. Thus access to the next arcuate segmented flowpath in the
      series is provided and the return flowpath completed. For example should
      there by five arcuate segmented flowpaths through the rotor blades, four
      return flowpaths each made up as described will be provided. The outlet
      from the last arcuate segmented flowpath is constructed in a similar
      manner to the return flowpaths save that an outlet elbow 178 is provided
      bolted to the bearing housing support plate instead of an inlet end
      chamber. Access to the first arcuate segmented flowpath is provided
      through a first convergent inlet elbow 180. This first convergent inlet
      elbow 180 has a flange 182 to which is bolted a flange 184 of an inlet
      manifold 186.
PAR  It will be seen from the FIG. 4 that the effect of the construction of
      bearing housing 108, outlet stator ring 120, and outlet bloack 126, is to
      provide a rotor blade passage 188 which intersects normally a annular
      passage 190 formed by annular apertures 114, 122 and diffuser 130; the
      annular passage 190 being effectively surrounded by an annulus 192. The
      annular passage is effectively divided by the radially directed partitions
      116 in the upstream side of the rotor blades 110 and 132 in the downstream
      side of the rotor blades 110.
PAR  The machine is driven from a prime mover 200. The shaft 104 of the machine
      is extended to form a solid rotor 204 of an a.c. motor 202. The rotor 204
      is journalled in bearing 106 in the machine on the one hand and into gas
      bearing 206 on the other hand. The gas bearings are served with high
      pressure fluid from the outlet side of the machine. The windings and the
      stator 208 and other parts of the a.c. motor are cooled using a closed
      circuit of the fluid being compressed, for example, helium. The closed
      circuit comprises a centrifugal pump 210 driven from the rotor 204 driving
      fluid around ducting 212 to issue from an aperture 214 in the case 216 of
      the a.c. motor 202 over the stator windings 208. A second aperture 218 is
      provided in the case 216 into which the warmed fluid collects and further
      ducting 220 links this aperture to a heat exchanger 222. From heat
      exchanger 222 a U-bend 224 leads fluid back to the low pressure side of
      the pump 210. An end cover 226 of the motor 202 is extended to a foot 228
      which engages the bed-plate 300 and supports the prime mover.
PAR  The machine was particularly designed to operate upon helium as the working
      fluid. Nevertheless it is equally applicable to use with other gases.
      Furthermore it is possible to adapt the machine to operate upon different
      gases. To achieve this latter end the machine may be constructed with
      variable aperture arcuate segmented flowpaths, such an arrangement is
      illustrated in FIG. 5 which is a partially developed section on the line
      5--5' of FIG. 4.
PAR  In FIG. 5 aperture 114 is illustrated divided by a plurality of partitions
      116 on the upstream side of the rotor blades 110 and aperture 122 divided
      by partitions 132 in the downstream side of rotor blades. As can be seen
      the apertures 114 and 122 in conjunction with aperture 128 and the
      diffuser 130 form an annular passage 190 intersecting the rotor blade
      passage 188 normally. The downstream partitions 132 are offset slightly,
      in the direction of travel of the rotor 102, from the corresponding
      partitions 116. Also illustrated in FIG. 5 are the downstream stator
      blades located in the outlet stator ring 120. To adapt the machine for
      different fluids, the downstream partitions 132 are constructed to have a
      certain freedom of movement circumferentially in the annular passage 190.
      This is achieved by the provision of a pair of slots 194 transversely of
      the partitions 132 and bolts 196 passing through the slots 194 engaging
      the outer and inner walls of the diffuser 130 and outlet block 126. It has
      been found that the amount of movement of the partitions required to adapt
      the machine from say helium to oxygen is quite small and well within the
      range provided for by the slots 194.
PAR  It has been found convenient to construct the rotor blades 110 with ridges
      at their tips to have rubbing contact with the annulus 192. Thus in a
      running-in period these ridges can be worn away and provide a close
      tolerance fit for the rotor blades in the rotor blade passage.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compressor comprising:
PA1  a. a rotor;
PA1  b. an annular aperture coaxial with said rotor and surrounding the
      periphery of said rotor;
PA1  c. at least one row of rotor blades circumferentially distributed on the
      periphery of the rotor and projecting into said annular aperture dividing
      the annular aperture into an upstream side and a downstream side,
PA1  d. a rotor blade passage wherein said row of rotor blades operates and
      intersecting said annular aperture;
PA1  e. a row of downstream stator blades radially directed and
      circumferentially distributed around the interior of said aperture,
      disposed adjacent to and downstream of said rotor blades;
PA1  f. partitions provided in the annular aperture both upstream and downstream
      of the rotor blades, each partition downstream of the rotor blades being
      substantially opposed by a corresponding partition upstream of the rotor
      blades;
PA1  g. a plurality of arcuate segmented flowpaths arranged around the periphery
      of the rotor intersecting said row of rotor blades in a direction
      substantially normal to the direction of travel of the rotor blades, each
      of said arcuate segmented flowpaths being formed between corresponding
      partitions upstream and downstream of said rotor blades the arcuate
      segmented flowpaths being arranged successively from a first arcuate
      segmented flowpath to a last arcuate segmented flowpath;
PA1  h. a plurality of confined return flowpaths, each of said return flowpaths
      being associated with an arcuate segmented flowpath except the last
      arcuate segmented flowpath, wherein each of the return flowpaths runs from
      the downstream side of its associated segmented flowpath to the upstream
      side of the next following arcuate segmented flowpath;
PA1  i. an inlet to the first arcuate segmented flowpath;
PA1  j. an outlet from the last segmented flowpath;
PA1  k. at least one heat exchanger surface provided in at least one of the
      confined return flowpaths.
NUM  2.
PAR  2. A compressor according to claim 1 including a diffuser downstream of the
      rotor blades.
NUM  3.
PAR  3. A compressor according to claim 2 including a convergent passage on
      approach to each of the arcuate segmented flowpaths.
NUM  4.
PAR  4. A compressor according to claim 3 including heat exchanger surfaces in
      each of the confined return flowpaths.
NUM  5.
PAR  5. A compressor according to claim 1 including variable aperture arcuate
      segmented flowpaths.
NUM  6.
PAR  6. A compressor according to claim 5 including downstream partitions being
      variable position according to the fluid to be worked on.
NUM  7.
PAR  7. A compressor according to claim 6 including slots in said downstream
      partitions and both engaging said slots, the bolts to fix the partitions
      in position.
NUM  8.
PAR  8. A compressor according to claim 1 wherein the rotor is mounted on a
      shaft which shaft is a solid rotor of an a.c. motor.
NUM  9.
PAR  9. A compressor according to claim 8 including bearings wherein said shaft
      is journalled said bearings being fluid bearings and adapted to receive
      fluid from the high pressure side of said compressor.
NUM  10.
PAR  10. A compressor according to claim 8 including a fluid circuit to windings
      of said motor, said fluid circuit including the working fluid of the
      machine as the coolant.
NUM  11.
PAR  11. A compressor according to claim 10 wherein said fluid circuit includes
      a pump to drive fluid around said circuit and a heat exchanger to cool
      fluid and wherein said pump is drivable from said shaft.
NUM  12.
PAR  12. A compressor comprising:
PA1  a. a rotor;
PA1  b. an annular aperture coaxial with said rotor and surrounding the
      periphery of said rotor;
PA1  c. at least one row of rotor blades circumferentially distributed on the
      periphery of the rotor and projecting into said annular aperture dividing
      the annular aperture into an upstream side and a downstream side;
PA1  d. a rotor blade passage wherein said row of rotor blades operates and
      intersecting said annular aperture;
PA1  e. a row of downstream stator blades radially directed and
      circumferentially distributed around the interior of said aperture;
      disposed adjacent to and downstream of said rotor blades;
PA1  f. partitions provided in the annular aperture both upstream and downstream
      of the rotor blades each partition downstream of the rotor blades being
      substantially opposed by a corresponding partition upstream of the rotor
      blades;
PA1  g. a plurality of arcuate segmented flowpaths arranged round the periphery
      of the rotor intersecting said row of rotor blades in a direction
      substantially normal to the direction of travel of the rotor blades, each
      of said arcuate segmented flowpaths being formed between corresponding
      partitions upstream and downstream of said rotor blades, the arcuate
      segmented flowpaths being arranged successively from a first arcuate
      segmented flowpath to a last arcuate segmented flowpath;
PA1  h. a plurality of confined return flowpaths, each of said return flowpaths
      being associated with an arcuate segmented flowpath, wherein each of the
      return flowpaths run from the downstream side of its associated segmented
      flowpath to the upstream side of the next following arcuate segmented
      flowpath;
PA1  i. an inlet to the first arcuate segmented flowpath
PA1  j. an outlet from the last arcuate segmented flowpath;
PA1  k. at least one heat exchanger surface provided in at least one of the
      confined return flowpaths;
PA1  l. a diffuser downstream of the rotor blades;
PA1  m. a convergent passage on approach to each of the arcuate segmented
      flowpaths;
PA1  n. the downstream partitions being variable position according to the fluid
      being worked on; and
PA1  o. the rotor being mounted on a shaft which is the solid rotor of an a.c.
      motor.
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ABST
PAL  A pneumatically controlled liquid transfer system for delivering a liquid
      from a source to a delivery location, said liquid source being provided
      with a pneumatic cylinder for driving the liquid from said source, a
      pneumatically operated pinch valve of the make-before-break type and
      flexible conduit paths leading through the valve to the delivery location.
      The make-before-break pinch valve comprises a valve shell having two
      pistons movable laterally therein. The shell has a window. One piston has
      a yoke, each arm thereof having a passageway, one aligned with the other.
      A stop extends between the arms of the yoke. One of the flexible conduits
      is arranged through the window between the first piston and the yoke and
      the other flexible conduit is arranged also through the window but within
      the aligned passageways and between the piston and post. The second piston
      is spring biased to bear against the second conduit to place same in a
      normally closed condition. The first conduit is normally open. The first
      piston is acted upon by an external force such as air pressure to move
      same to a first condition wherein the piston pinches the first flexible
      conduit against the yoke, closing said conduit without overcoming the bias
      of the second piston to open the second conduit. Continued force exercised
      upon said first piston causes the same to move laterally within the
      housing to a second condition overcoming the spring bias of the second
      piston, to open the second conduit while the first conduit is retained in
      closed position. The second piston by virtue of its spring bias, will
      force the yoke back into its first position once the pressure on the first
      piston is laxed. A manual override is provided operative upon the second
      piston to lock the same in open condition so that both conduits are open.
      This last mentioned position is utilized during down time of the apparatus
      concerned.
PARN
PAR  This is a Division, of application Ser. No. 382,741 filed July 26, 1973,
      now U.S. Pat. No. 3,882,899.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to apparatus for automated chemical
      analysis and more particularly concerns the provision of a pneumatically
      controlled liquid transfer system particularly useful with such apparatus.
PAR  It will be appreciated that apparatus intended automatically to make a
      plurality of chemical tests upon a series of individual samples which are
      fed to said apparatus generally is known in the art. Such automated
      chemical analysis apparatus is utilized for example in the medical field,
      for diagnostic and routine informational purposes, and often for research.
      Chemical tests are performed on a series of individual samples. Often
      physical tests are performed additionally on these samples. Classically,
      all such tests were performed manually, by trained technicians in
      laboratories. In a typical chemical test in the medical field, for
      example, a sample of blood would be drawn from a patient, spun in a
      centrifuge to separate the plasma from the cells with the plasma decanted
      and placed in a container identified as to the patient. A small quantity
      of plasma would be measured into a reaction tube, mixed with a proper
      proportion of some chemical reagent, and maintained for a precise time at
      a precisely maintained temperature. Thus a certain chemical reaction would
      be permitted which will change the color of the mixture, providing a
      quantitative indication, say of the concentration in the plasma of the
      particular agent sought in the test being performed. The reaction tube
      would then be decanted into a cuvette, and a beam of light of
      predetermined wavelength directed through the cuvette, and, perhaps
      absorbance measured.
PAR  Over a period of years, these chemical tests have been developed to a
      relatively high degree of acceptance to ascertain such information as for
      example, the total protein of the blood, the presence of certain chemicals
      such as phosphorous, potassium, sodium and calcium; the amount of
      creatinine in the blood; the amounts of different enzymes, albumen, etc.
      Laboratories may perform as little as one or two tests on an available
      sample, or as many as twenty. The reagent composition, the proportions,
      the incubation time and temperature, etc. vary from test to test, but must
      be carefully monitored so that the results may comply with the
      requirements for precision and accuracy. Problems are inherent in the
      manual execution of these tests by a technician and hence, desired
      obviation of these problems have given rise to automated or at least
      semi-automated chemistry testing apparatus.
PAR  Among the problems associated with manual performance of the test concerned
      are the likelihood of human errors promoted by the measurements which must
      be made manually, the need for entering information and data relating to
      the sample and keeping its identification straight, tediousness and
      fatigue of the technician, errors in choosing the proper chemicals and
      using the proper proportions and the failure to keep the equipment clean
      of contamination. Loss of time, expense, waste, etc. are some other
      disadvantages encountered in performance of the classical analytical
      methods.
PAR  The art then has provided many different types of apparatus to perform
      automatic chemical analysis but resolving the problems inherent in varying
      degree with the classical analytical methods. Among structures utilized
      for this purpose, include those where turntables are employed which rotate
      to a sample withdrawing position. Samples are withdrawn thereat, diluted
      and passed to the processing portion of the apparatus. One form of
      apparatus involves the diluted samples passing through conduits one after
      the other separated by quantities of diluent and bubbles. In other
      systems, the diluted samples are carried in reaction tubes placed on
      continuous drums or conveyors.
PAR  One particular problem encountered in known automated chemical analysis
      apparatus involves the efficiency of transfer of liquids in such a manner
      as to provide quantitatively accurate dilutions and satisfactory physical
      transfer of the diluted test samples to the container within which they
      are incubated and later analyzed by way of optical or other methods.
      Transfer of such liquid materials is a serious problem in achieving
      precision and accuracy.
PAR  One persistant problem encountered involves the necessity to switch from
      one fluid source to another. Fluid valves, commonly known as check valves,
      are used to control the direction of fluid flow. Check valves are intended
      to allow fluid flow therethrough in one direction.
PAR  Generally, an apparatus utilizing check valves comprises a cylinder chamber
      with its associated cylinder head for changing the pressure within the
      chamber. The cylinder chamber has a pair of ports to which are coupled a
      pair of check valves having the direction of fluid flow respectively
      oppositely oriented. When the cylinder head is stroked to cause an
      increase in the cylinder chamber's volume, fluid is drawn into the chamber
      with the opening of the first valve and closing of the second.
PAR  The piston on the cylinder is stroked to decrease the cylinder chamber's
      volume whereby the fluid therein is discharged by way of the now opened
      second valve by way of the first valve being in closed position. Accurate
      volume measurements are required when quantities of liquid reactants can
      be transferred say from a source to a test tube or reaction tube for
      subsequent analysis. In some apparatus there are devices for drawing a
      precisely known quantity of first liquid, let us say sample by way of
      example, into a chamber, subsequently washing said chamber with a known
      quantity of diluent transferred thereto from a source thereof and thereby
      discharging the precisely diluted mixture to a delivery location.
PAR  The above described systems depend on check valves in the liquid conduits.
      These are quite often the least reliable elements of the system as a
      whole. Many check valves are subject to sealing or seating problems, which
      may be caused by sedimentary buildup formed upon the sealing mechanism and
      thereby introducing error due to the extra fluid that would leak through
      the valve when the proper sealing has not occurred. Other problems
      associated with the many prior valves involve the mechanical hysterisis or
      "backlash" that occurs due to the time delay between the time the pressure
      is changed to close the valve and the time that the valve actually closes.
      This "backlash" allows additional fluid to pass -- thereby to be
      dispensed, causing additional error in the volume measurement. It also has
      been found that "backlash" error is generally unpredictable because such
      error is a function of the back pressure applied to the valve to cause the
      valve to close. The back pressure is usually a variable in any pumping
      system and may be unpredictable.
PAR  Many prior art valves were subject to sealing or seating problems caused by
      swelling of the sealing parts of the valve so that the valve does not
      properly close or seal. Further, prior art valves of the character
      concerned are not interchangeably capable of handling corrosive fluids
      without utilizing special constructional material.
PAR  Other advantages will be evident in the course of the description of a
      preferred embodiment of the liquid transfer system and the particular
      valve therefor provided by the invention.
PAC  SUMMARY OF THE INVENTION
PAR  A pneumatically controlled liquid transfer system comprising first and
      second chambers and first and second pneumatic drive means associated with
      said first and second chambers respectively, first and second flexible
      conduit paths leading respectively from said chambers to a delivery
      location and pinch valve means interposed in said conduit paths for
      controlling flow therein.
PAR  The pinch valve means of the invention comprise a valve shell having a
      window and a pair of pistons mounted for lateral movement within the shell
      selectively to open and close flexible conduits passed through the valve.
      One of the pistons has a yoke and the shell is provided with a stop
      transverse the yoke in a direction normal to the path of the flexible
      conduits. The first flexible conduit is passed between the first piston
      and the yoke, and the second flexible conduit is passed between the post
      and the second piston. The yoked piston is spring biased normally to close
      the second conduit by pinching same. Means are provided which are capable
      of exerting force upon the first piston to effect lateral movement
      thereof. The first piston thus is acted upon to move to a position
      pinching the first flexible tube against the yoke. The second tube is
      maintained in closed condition and the first tube is urged by said first
      piston against the yoke placing both conduits in closed condition. The
      first piston is urged further in a lateral direction toward the yoke to
      move same to a second condition opening the second conduit while the first
      conduit remains closed. The pressure on the first piston is relaxed. The
      yoke is spring biased to return to its first position during the return of
      the first piston to its first position, thereby opening the first conduit
      and closing the second. Means are coupled to the second piston manually to
      override the spring bias thereof whereby the second conduit as well as the
      first can be maintained in open condition during down time of valve. In
      this way, the elastomeric memory of the flexible conduit which would tend
      to cause the pinched conduit to remain closed after some prolonged period
      of forced closing even when the force is removed, is obviated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of the pneumatically controlled liquid
      transfer system according to the invention.
PAR  FIG. 2 is an exploded view of the pinch valve constructed in accordance
      with the invention.
PAR  FIG. 3 is a sectional view of the pinch valve constructed in accordance
      with the invention and illustrated in its normal condition.
PAR  FIG. 4 is a reduced side view of the pinch valve according to the invention
      illustrated in a first condition of operation, with portions broken away
      and shown in section to show interior detail.
PAR  FIG. 5 is a view similar to that of FIG. 4 but illustrating another stage
      in the operation of the valve.
PAR  FIG. 6 is a view similar to that of FIG. 4 but illustrating the pinch valve
      in its down time condition.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In order to understand the advantages offered by the liquid transfer system
      in accordance with the invention, it will be helpful to review briefly a
      typical liquid transfer system utilized in the prior art and particularly
      in automated chemical testing apparatus.
PAR  The desire is to transport predetermined precisely measured quantity of
      liquid sample to a delivery location. On some occasions the sample is
      mixed and diluted in the course of such transfer. At times it is even
      mixed with a reagent in precise measured quantities during the course of
      such transfer.
PAR  In the prior art expedients such as the use of check valves to assure one
      way movement of the respective liquids in the conduit means provided have
      been successfully utilized. However, such check valves suffer from
      inherent problems such as inability to resist, for any length of time, the
      often corrosive liquids to which they are directly exposed. Likewise,
      sedimentary build-up on the sealing elements, swelling, inability to
      properly seal and a certain lag time in actual operation, as has been
      explained, result in such prior expedients not being as reliable as is
      desired in such automatic testing equipment.
PAR  For example, a syringe like container may be provided in which there is a
      piston reciprocably operated say be programmed electrically operated drive
      means. The measuring chamber of the cylinder is connected by way of a
      check valve to a source of sample liquid with the check valve operable
      only to permit feeding of sample liquid to the chamber. The second
      conduit, perhaps the discharge conduit, is coupled by way of a second
      check valve to a delivery location, let us say a test tube. The second
      check valve is operable to permit flow only in the discharge direction to
      the delivery location. When the piston, within its syringe-like cylinder,
      is raised sample liquid is drawn past the first check valve into the
      chamber. When the syringe piston is moved to compress or reduce the volume
      within the chamber, the liquid therein passes only through the second
      conduit past the second check valve to the delivery location. This is a
      simple form of liquid transfer.
PAR  A slightly more complex arrangement involves the use of three check valves,
      one operable to pass sample liquid into a chamber, a second operable to
      pass diluent into the same chamber, and the third operable to pass the
      resulting mixture from the chamber to a delivery location.
PAR  With the above in mind, a reference is made to FIG. 1 where a liquid
      transfer system constructed in accordance with the invention is
      schematically represented. A pair of flexible tubes 12 and 14 are coupled
      respectively to a source of sample 16 and to a delivery location 18. Such
      conduits 12 and 14 are passed through a single pinch valve 20 to a "Y"
      connection and thence into the chamber of cylinder 24. Cylinder 24 carries
      a reciprocable piston 26 operated by a linkage 28 connected to plunger 30
      of piston 26. A second cylinder 32 carrying a reciprocal piston 34 is
      coupled by way of plunger 36 to the linkage 28. Thus, the cylinder 32
      operates to control the operation of the piston 26 of cylinder 24. The
      chamber 38 of cylinder 32 is coupled by way of conduit 40 to a source of
      compressed air 42. Air also is supplied to cylinder 44 from source 42 to
      operate piston 46 operating the pinch valve 20.
PAR  Normally the pinch valve 20 is arranged so that tube 12 is open while tube
      14 is closed. When air is supplied from source 42 to the cylinder 44, the
      valve 20 is operated to close the tube 12 with tube 14 remaining closed.
      Continued application of air from source 42 to the cylinder 44 thereafter
      will cause the conduit tube 14 to be opened while tube 12 remains closed.
PAR  Simultaneously air is introduced into the chamber 38 of cylinder 32 by way
      of conduit 40 driving the piston 34 down and forcing piston 26 upward in
      cylinder 24 to compress the chamber within said cylinder 24, expelling any
      liquid to the delivery location 18 by way of tube 14, now opened.
      Application of suction by way of tube 40 to the chamber 38 causes the
      piston 34 to be raised thereby lowering the piston 26 and creating a
      suction within the chamber of cylinder 24. Such relaxation or release from
      cylinder 44 likewise causes the pinch valve to reverse its operation,
      closing tube 14 and thereafter opening tube 12. Now, a sample liquid will
      be sucked through tube 12 from source 16 into the chamber of cylinder 24.
      A pinch valve 20' controlled by actuator 21 is shown interposed as a
      switch to enable alternating application of air pressure from source 42
      and vacuum from source 43 to cylinders 32 and 44 by way of T-connections
      45 and 47 respectively.
PAR  Thus it is noted that the fluids transferred never contact the valve as
      would be the case of check valves, and since the valve 20 is of a
      make-before-break variety, there is assurance of swift cutoff in the
      operation of the valve 20.
PAR  Reference is made to FIG. 2 for a description of the construction of the
      pinch valve 20. In FIG. 2 the valve 20 is illustrated in exploded
      perspective view and is shown in assembled condition in FIG. 3 in its
      so-called normal condition.
PAR  The pinch valve 20 according to the invention comprises a housing formed as
      an assembly of a pair of half shells 50 and 52 preferably molded of
      plastic material. Shell 50 has an integral post 54 which is capable of
      being received tightly in an opening 56 of conforming configuration.
      Suitable tabs 58 and 60 are provided to facilitate the force fitted
      assembly of the shells 50 and 52. Each of the half shells 50 and 52 has
      semi-cylindrical portions 60 and 62 each having threaded outer surfaces
      64. Semicircular notches 66 are provided in each of the semicylindrical
      portions 60 and 62 so that when assembled, portions 60 and 62 define a
      cylindrical threaded nipple 68 having an axial passage 70. The end walls
      72 of shells 50 and 52 likewise have semicircular notches 74 which define,
      when assembled, an axial passage 76. The side walls 78 of the shells 50
      and 52 have elongate laterally extending notches 80 formed therein so as
      to define a window 82 in the side walls of the assembled housing. A pair
      of pistons 84 and 86 having plungers 88 and 90 are seated respectively
      within the assembled housing. Plunger 88 is reciprocable through passage
      70 while plunger 90 is reciprocable through passage 76.
PAR  A helical coil spring 100 is arranged on plunger 90 with a suitable seat
      therefor defined, on assembly of the shells 50 and 52, by inwardly
      directed semi-cylindrical protrusions 102 formed on end walls 72 at a
      location adjacent the notches 74. The piston 86 includes a yoke-like
      formation 104. The formation 104 is defined by plate 106 carrying outer
      rib 108 and connected to the piston 86 by corner posts 110. The posts 110
      define windows 112 and 114. Windows 112 are aligned with the windows 82 of
      the housing while the post 54 passes through window 114.
PAR  An eccentric wheel 116 is secured axially to free end 118 of plunger 90 by
      pin 120. The wheel 116 comprises a pair of spaced aligned cylindrical
      members having knurled circumferential surfaces 122 and circumferential
      integral connecting portion 124 having a planar or flat inner surface 125.
      When the wheel 116 is rotated, the plunger 90 is moved laterally with the
      lateral movement of the pin 120 to a condition where it is locked, as
      shown in FIG. 6, by engagement with flat 125. The wheel 116 bears against
      the end of the housing adjacent thereto due to the spring 100 and operates
      in the manner of cam means.
PAR  In FIG. 3 the pinch valve 20 is illustrated in its normally assumed
      operating condition with the tubes 12 and 14 threaded through the windows
      82. The tube 12 passes between the piston 84 and the rib 108 of yoke 92.
      The tube 14 is threaded through windows 82 between the post 54 and the
      piston 86. Normally, the piston 86 is biased by spring 100 to pinch the
      tube 14 closed.
PAR  Application of force to the plunger 88 and thereby to piston 84 moves the
      piston 84 laterally to compress the tube 12 against the rib 108, closing
      the tube 12. This condition is illustrated in FIG. 4, where both tubes 12
      and 14 are pinched closed. Continued application of force to the plunger
      88 drives the piston 84 forcing the yoke formation 104 laterally to the
      right, as illustrated in FIG. 5, to overcome the bias of the spring 100
      opening normally closed tube 14 while the tube 12 remains in closed
      condition. Relaxation of the force applied to piston 88 causes the yoke
      formation 104 to return, same moving laterally to the left. Again both
      tubes 12 and 14 are closed before tube 12 is reopened.
PAR  The eccentric wheel 116 is rotated manually to override the normal bias of
      the spring 100 and move the piston 90 laterally to the right, opening the
      tube 14. The piston 90 is held at the condition until the wheel 116 is
      rotated in the opposite direction. The elastomeric tubes inherently have a
      structural memory. If such tubes are maintained in a closed or pinched
      condition for some length of time, the elastomeric memory thereof to open
      condition can be lost, with the tube remaining pinched notwithstanding
      release of the spring bias causing the pinched condition. Thus, the
      eccentric wheel 116 is rotatable to move the piston 80 to a position
      spaced from the post 54 and to retain that position. This expedient is
      utilized when the apparatus concerned is shut down, for example overnight.
      When operation is desired, the eccentric wheel 116 is rotated in the
      opposite direction releasing piston 90 and placing the valve in normal
      operational condition.
PAR  It is desirable that the valve 20 is made of plastic material and that the
      tubes 12 and 14 are formed of a suitable elastomeric material such as, for
      example, an elastomeric silicone rubber or a fluoraelastomer marked by E.
      I. DuPont DeNemours & Co. under the trademark VITON.
PAR  Any suitable actuator means can be utilized to apply selectively force to
      the plunger 88 to drive the piston 84, and operate the pinch valve 20.
      Preferably pneumatically operated piston means utilizing a source of
      alternately applied compressed air and vacuum has been effectively
      utilized. The valve 20 also can be utilized as switch means controlling
      application of vacuum and pressure to the air cylinder 32, for sample, and
      even to the piston 84, as represented by valve 20' in FIG. 1.
CLMS
STM  What it is desired to be secured by letters Patent of the United States is:
NUM  1.
PAR  1. A pneumatically controlled liquid transfer system comprising a source of
      vacuum and pressure, first and second chambers, each chamber having a
      port, a tube connecting the source of vacuum and pressure to the port of
      one of said chambers, first and second flexible conduit paths coupled to a
      delivery location and a source of liquid respectively, said first and
      second flexible conduit paths connected to the port of the other of said
      chambers, a make-before-break pinch valve including actuating means
      therefor interposed in said respective flexible conduit paths for
      sequentially controlling liquid flow in said paths, the drive means of
      said one chamber being driven by said source of vacuum and pressure and
      driving the drive means in said other chamber, the drive means in said
      other chamber drawing liquid into said other chamber from said source of
      liquid and further delivering said liquid to said delivery location, and
      means coupling said vacuum and pressure source to said actuating means for
      said pinch valve for operation thereof, said pinch valve comprising a pair
      of pistons sequentially operable within a housing, said pair of flexible
      conduit paths being disposed respectively in the path of said pistons, one
      of said conduit paths being normally opened and the other of said conduit
      paths being normally closed, said actuating means causing one of said
      pistons to move in a first direction, and means biasing the other of said
      pistons in a second direction opposed to the first direction, pressure
      being applied from said source of vacuum and pressure to said actuating
      means driving said one piston in said first direction whereby to close the
      open one of said conduit paths while maintaining the other of said conduit
      paths in its normally closed condition, thereafter further to move said
      one piston in said first direction overcoming the bias of said other
      piston to open said normally closed other of said conduit paths.
NUM  2.
PAR  2. The system as claimed in claim 1 in which said drive means comprises a
      piston reciprocably movable within each respective chamber.
NUM  3.
PAR  3. The system as claimed in claim 1 in which said chambers are cylindrical
      and said drive means comprises a piston reciprocable within each
      respective chamber.
NUM  4.
PAR  4. The system as claimed in claim 1 in which there is a pivotal coupling
      linkage between said drive means.
NUM  5.
PAR  5. The system as claimed in claim 1 in which said source of vacuum and
      pressure constitute separate sources and second pinch valve means
      interposed between said separate sources and both of said one chamber and
      said actuating means.
NUM  6.
PAR  6. A pneumatically controlled liquid transfer system comprising a source of
      vacuum and pressure, first and second chambers, each chamber having a
      port, a tube connecting the source of vacuum and pressure to the port of
      one of said chambers, first and second pneumatically operated drive means
      associated with said first and second chambers respectively, first and
      second flexible conduit paths coupled to a delivery location and a source
      of liquid respectively, said first and second flexible conduit paths
      connected to the port of the other of said chambers, a make-before-break
      pinch valve including actuating means therefor interposed in said
      respective flexible conduit paths for sequentially controlling liquid flow
      in said paths, the drive means of said one chamber being driven by said
      source of vacuum and pressure and driving the drive means in said other
      chamber, the drive means in said other chamber drawing liquid into said
      other chamber from said source of liquid and further delivering said
      liquid to said delivery location, and means coupling said vacuum and
      pressure source to said actuating means for said pinch valve for operation
      thereof, said pinch valve comprising a pair of pistons sequentially
      operable within a housing, said pair of flexible conduit paths being
      disposed respectively in the path of said pistons, one of said conduit
      paths being normally opened and the other of said conduit paths being
      normally closed, said actuating means moving in a first direction causing
      one of said pistons to move in a first direction, and means biasing the
      other of said pistons in a second direction opposed to the first
      direction, pressure being applied from said source, of vacuum and pressure
      to said actuating means driving said one piston in said first direction
      whereby to close the open one of said conduit paths while maintaining the
      other of said conduit paths in its normally closed condition, thereafter
      further to move said actuating means in said first direction counteracting
      the bias on said other piston to open said normally closed other of said
      conduit paths.
NUM  7.
PAR  7. The system as claimed in claim 6 in which said drive means comprises a
      piston reciprocably movable within each respective chamber.
NUM  8.
PAR  8. The system as claimed in claim 6 in which said chambers are cylindrical
      and said drive means comprises a piston reciprocable within each
      respective chamber.
NUM  9.
PAR  9. The system as claimed in claim 6 in which said source of vacuum and
      pressure constitute separate sources and a second make-before-break pinch
      valve interposed between said separate sources and both of said one
      chamber and said actuating means.
NUM  10.
PAR  10. A pneumatically controlled liquid transfer system comprising a source
      of vacuum and pressure, a cylinder including a port and a plunger
      reciprocable within said cylinder, first and second flexible conduit paths
      connected to said port and communicatively coupling said port to a source
      of liquid and to a delivery location respectively, means operably
      connected to said source of vacuum and pressure for drivingly
      reciprocating said plunger within said cylinder alternately for drawing of
      liquid from said source to said cylinder and delivery of liquid to said
      delivery location, a make-before-break pinch valve including actuating
      means therefor, interposed in both said flexible conduit paths for
      sequentially controlling liquid flow in said paths, means coupling said
      source of vacuum and pressure to said actuating means for said pinch valve
      for operation thereof, said pinch valve comprising a pair of pistons
      sequentially operable within a housing, said pair of flexible conduit
      paths being disposed respectively in the path of said pistons, one of said
      conduit paths being normally opened and the other of said conduit paths
      being normally closed, said actuating means moving in a first direction
      causing one of said pistons to move in a first direction, and means
      biasing the other of said pistons in a second direction opposed to the
      first direction, pressure being applied from said source of vacuum and
      pressure to said actuating means driving said one piston in said first
      direction whereby to close the open one of said conduit paths while
      maintaining the other of said conduit paths in its normally closed
      condition, thereafter further to move said actuating means in said first
      direction counteracting the bias on said other piston to open said
      normally closed other of said conduit paths.
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ABST
PAL  A cylinder for delivering at limited positive pressure a preselected
      limited volume of breathing gas at a preselected limited flow rate. The
      cylinder includes a cylindrical housing which is substantially closed to
      the atmosphere. A drive weight is movably mounted within the cylinder,
      with a rolling diaphragm being connected between the wall of the cylinder
      and the weight to divide the cylinder into upper and lower chambers. A
      vacuum source is connected to the upper chamber to draw the weight and
      diaphragm upwardly, expanding and drawing breathing gas into the lower
      chamber. By controllably releasing the vacuum in the upper chamber, the
      weight is allowed to fall downwardly, solely under the force of gravity,
      to cause the lower chamber to contract. This creates a positive pressure
      in the lower chamber, forcing the breathing gas out of an outlet for
      delivery to a patient. The weight is slidably mounted on a hollow tube
      which extends axially through the housing, and a follower chain connected
      to the weight passes through the tube to an external indicator. The tube
      may be slotted to accomodate a connection between the follower and the
      weight to provide a positive indication of the exact location of the
      weight, and a bellows arrangement is provided to seal the upper and lower
      chambers from the area occupied by the tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates, in general, to respirator apparatus for
      delivery of breathing gases to a patient, and more particularly to a gas
      delivery cylinder for providing, at a limited positive pressure, a
      preselected limited volume of gas at a preselected limited flow rate.
PAR  This application is related to copending application Ser. No. 402,677, now
      U.S. Pat. No 3,905,362, of Theodore B. Eyrick, Allen C. Brown, and Neil R.
      Hattes, entitled "Volume-Rate Respirator System and Method" filed on even
      date herewith, and to copending application Ser. No. 402,678, now U.S.
      Pat. No. 3,887,795, of Theodore B. Eyrick and Neil R. Hattes, entitled
      "Respiration Ratemeter," filed on even date herewith, the disclosures of
      which are hereby incorporated herein.
PAR  In the treatment of respiratory ailments, in the introduction of
      anesthetics into the breathing gases of patients, in the control or
      regulation of a patient's breathing, and in similar and well known uses of
      respirators or ventilators, it is frequently necessary to provide means
      for accurately and repeatedly controlling or limiting the volume, flow
      rate, and pressure of the breathing gases delivered to the patient. Such
      controls and their accompanying indicators and alarms are necessary in
      order to avoid not only discomfort, but in many cases outright danger to
      the patient. Over the years, a great variety of clinical equipment has
      been developed and employed in the prior art to provide such controls, but
      the various limitations inherent in the existing devices have created a
      need for machines of increased reliability, flexibility, capacity, and
      safety not only to improve the quality of treatment being received by the
      patient, but to insure his safety against any possible failures of the
      equipment or its control system.
PAR  One of the basic elements in any such respirator system is the unit which
      receives the breathing gases from a source of supply and which then
      delivers those gases under pressure through suitable tubing to the
      patient. Such units have taken a variety of forms in the prior art, with
      one of the more common units utilizing a mechanical piston to deliver
      predetermined volumes of air. The piston may be driven, for example, by a
      variable ratio crank and wheel mechanism connected to an electric motor,
      but such devices have been found to have certain limitations. For example,
      such a device is not inherently pressure limiting because of the
      continuous rotation of the crank and wheel mechanism which serves to
      mechanically force the piston through a given path on each cycle.
      Variations in the patient resistance can result in high pressures, and
      such systems therefore require a pressure relief valve to prevent injury.
      However, such valves can fail or can with age change in their
      characteristics, and to this extent are unreliable and unsafe.
      Additionally, in the devices of this type the maximum rate of flow of the
      delivered gas is not directly known or controlled and this is a potential
      source of danger to the patient. Finally, it is very difficult to deliver
      accurate volumes of gas with such devices because too often the actual
      rate of delivery is not known.
PAR  A common alternative to the piston and cylinder arrangement utilizes a
      cylinder with an internal bellows which is pneumatically driven by a
      positive pressure pump. The motion of the bellows is controlled by an
      external potentiometer which senses the position of the bellows, and by
      means of a control system which operates solenoid valves to regulate the
      pneumatic drive lines. Although such systems are satisfactory in many
      cases, the bellows type device presents some problems since it is
      difficult to deliver an accurate volume of gas, due to the high compliance
      of the internal bellows. This compliance allows the position of the
      bellows to vary from the nominal location, and thus prevents accurate and
      repeatable delivery of preset volumes of gas. Further, such systems are
      not inherently pressure limiting, for a failure of the control system
      during delivery of gas can result in an excessive maximum pressure;
      accordingly, such systems require a separate pressure relief valve with
      its attendant shortcomings. The pneumatic drive system normally used with
      devices of this type presents some difficulty in that such systems are
      relatively slow to respond to controls, and thus the flow delivery curves
      are relatively slow. Finally, it is not unusual to find that a substantial
      portion of the volume of gas to be delivered to the patient remains stored
      and compressed within the bellows at the end of a delivery cycle, thereby
      reducing the maximum volume of gas capable of being delivered to the
      patient.
PAR  Other systems of delivering gas to a patient include means for providing a
      mechanical bias which serves to drive a bellows arrangement. However, such
      a biasing arrangement presents difficulties in that the flow rate of the
      system is not limited and it is difficult to deliver accurate volumes of
      gas due to the high compliance of the bellows and because of variations in
      characteristics of such devices. Further, in most such devices substantial
      quantities of gas remain stored within the bellows at the end of a
      delivery stroke.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an air delivery device for use in
      respirator systems and which overcomes the difficulties found in prior
      mechanical and pneumatic devices. A preferred construction is described
      briefly below to summarize several significant features of this invention.
PAR  In its preferred form, the air delivery unit comprises a vertically
      positioned cylindrical housing containing an axially extending hollow
      shaft which forms a guide for a movable weight which is mounted by means
      of suitable bearings on the shaft. A follower chain extends through the
      hollow central shaft and is attached to the weight and to an external
      potentiometer, whereby motion of the weight causes a corresponding
      variation in the output of the potentiometer to provide an indication of
      the exact position of the weight within cylinder. A rolling diaphragm
      seals the circumference of the sliding weight to the inner surface of the
      cylindrical housing to form a weighted piston which divides the housing
      into an upper and lower chamber. The chambers are sealed from the central
      shaft by means of upper and lower bellows which are secured between the
      sliding weight and the upper and lower ends of the housing, and surround
      the shaft.
PAR  A vacuum pump is connected to the upper chamber through a control valve,
      while the lower chamber is open to a supply of breathing gas through an
      inlet check valve and to the patient's lungs through an outlet check
      valve, the valves serving to insure the proper direction of flow.
      Application of a vacuum to the upper chamber allows the breathing gas,
      which is at ambient or slightly higher pressure, to force the sliding
      weight upwardly to a preselected position. The location of the weight is
      sensed by the potentiometer so that the control valve can be closed when
      the weight approaches the desired level.
PAR  Also connected to the upper chamber is a bleeder valve which is variable to
      allow the vacuum in the upper chamber to be released at a predetermined
      rate. By admitting ambient air into this upper chamber, the sliding weight
      is allowed to move downwardly under the force of gravity to force the
      breathing gas out of the lower chamber outlet at a preselected rate. Thus,
      the lower chamber is filled with breathing gases such as air, oxgen, or
      anesthetic gases while the weight is being lifted, and when the weight is
      released the selected volume of breathing gas is delivered to the patient
      at a preselected flow rate that is limited by the setting of the bleeder
      valve.
PAR  An air delivery cylinder so constructed overcomes substantial difficulties
      encountered with prior art devices, and provides a highly accurate,
      repeatable delivery of preselected volumes of air at preselected rates,
      with a high degree of safety. Because of the use of a rolling diaphragm
      arrangement wherein the control, or upper chamber is separated from the
      lower, or delivery chamber by a flexible diaphragm which rolls along the
      wall of the cylinder housing as the weight moves up and down, the delivery
      chamber has a very low compliance. This permits accurate control of the
      volume and pressure of the gas being delivered to the patient.
PAR  The use of a sliding weight to provide the driving force on the delivery
      stroke of the cylinder produces a distinct improvement over prior devices
      in that the air delivery system is inherently safe and does not have to
      rely on complex control systems to protect the patient. This is due to the
      fact that the maximum pressure that can be generated in the delivery
      chamber under any condition is that produced by the force of gravity
      acting on the weight. This weight is selected, in the design of the
      cylinder, to have a mass which will produce only a known maximum pressure
      even under free falling conditions within the cylinder, and the system is
      therefore self-pressure limiting. Accordingly, the need for pressure
      relief valves and the like is avoided, and this not only reduces the
      complexity and cost of the cylinder, but provides a greater margin of
      safety for the patient with fewer components than are required in prior
      art systems.
PAR  Since the weight remains constant as it moves down the central shaft of the
      cylinder during a delivery stroke, the flow of gas to the patient is not
      affected by cylinder compliance, variations in mechanical drive devices,
      or the like, and accordingly, the cylinder produces exceptionally good
      flow delivery characteristics. This flow is an inverse function of the
      breathing gas pressure produced by the weight, the flow gradually
      decreasing as the pressure builds up and ceasing at maximum pressure,
      thereby minimizing patient hazard. Maximum pressure is available
      throughout the length of the delivery stroke, since the maximum driving
      force of the weight is always available.
PAR  With the present device, the selection of a desired volume of the breathing
      gas which is to be delivered to the patient is simple, highly accurate,
      repeatable, and provides an improved safety factor for the patient. In
      many prior systems, the delivery of a gas is initiated from a point of
      maximum volumetric content of the delivery cylinder, i.e., with the
      delivery device containing its maximum air volume, and their control
      systems operate to terminate the delivery stroke when the desired volume,
      rate of flow, or pressure has been reached. In such systems, a failure of
      the control system can result in injury to the patient, for if the control
      does not work, the full volume of air may be delivered. In the present
      system, however, control of the volume to be delivered is regulated by the
      position taken by the cylinder at the end of its upward, or loading
      stroke; the down, or delivery stroke always ends adjacent the bottom of
      the cylinder so that only the preselected volume can be delivered, even in
      the event of a control failure. Because the location of the weight is
      continuously monitored in the present device, the volume to be delivered
      to the patient can be determined before the delivery stroke begins, so
      that if any error or failure of the control system has occured, it can be
      recognized before the stroke begins. Finally, with the drive weight
      bottoming on each stroke, deadspace within the cylinder is minimized and
      virtually the entire capacity of the cylinder is available for delivery to
      a patient.
DRWD
PAR  The foregoing and additional objects, features, and advantages of the
      invention will be more clearly understood from a consideration of the
      following detailed description of a preferred embodiment of the invention,
      taken with the accompanying drawings in which:
PAR  FIG. 1 is a cross-sectional view of a gas delivery cylinder for a
      respirator made in accordance with the present invention and showing the
      gas delivery drive weight in an upper or charged position;
PAR  FIG. 2 is a cross-sectional view of the device of FIG. 1, showning the
      drive weight in its fully lowered or discharged position;
PAR  FIG. 3 is a top view of the cylinder of FIG. 1; and
PAR  FIG. 4 is a diagramatic view of a pneumatic system for operating the
      cylinder of FIG. 1.
DETD
PAR  Referring now to the drawings, there is illustrated generally at 10 a gas
      delivery cylinder suitable for use in a respirator system for delivering
      accurate volumes of gas at limited flow rates and pressures and more
      particularly for delivering at limited positive pressure a preselected
      limited volume of gas at a preselected and limited flow rate. The cylinder
      is formed from an upper cylindrical housing portion 12 which is closed at
      its lower end by a lower cylindrical housing portion 14 and at its upper
      end by a cap 16. The housing portion 12 is formed with a peripheral
      outwardly extending flange 18 which matches a corresponding peripheral
      flange 20 on the upper edge of the lower cylinder housing portion 14.
      These flanged portions are adapted to be secured together by means of
      bolts 22, clamps or other suitable means to form an airtight connection.
      Clamped between the two flanges is the peripheral edge of an annular
      rolling diaphragm 24 of conventional construction of the type shown, for
      example, in U.S. Pat. No 2,849,026. The flexible material of the diaphragm
      serves as a gasket between the flanges; in addition, to insure an airtight
      connection, an O-ring 28, separate (as shown) or integral with the
      diaphragm, may be incorporated in the flange connection.
PAR  The lower housing portion 14 is generally cylindrical in shape and includes
      at its bottom edge an inlet passage 30 and an outlet passage 32, both of
      which include valve means such as the check valves 34 and 36,
      respectively, to limit the direction of fluid flow. The inlet 30 and check
      valve 34 cooperate to permit the flow of gases into the housing portion
      14, while outlet passage 32 and check valve 36 cooperate to permit the
      passage of air from within housing portion 14 to a conduit or the like
      (not shown) leading to the patient who is to be supplied with breathing
      gases from the gas delivery cylinder.
PAR  The bottom of lower cylindrical housing portion 14 is closed by a bottom
      portion 38 which preferably is formed as a part of housing portion 14 but
      which may, if desired, be a separate closure plate. Centrally located in
      the bottom plate is a concavity, or recess, 40 the purpose of which will
      be described hereinbelow. Within the recess, and axially located with
      respect to the cylinder 10, is an aperture 42 which provides acess to the
      interior of the cylinder.
PAR  The upper cylindrical housing portion 12 is provided at its upper edge with
      the cap 16 which closes the upper end of the cylinder. An O-ring 46 is
      provided between the flange 44 and the peripheral edge of cap 16 to
      provide an air tight seal. The cap 16 incorporates a control passageway 48
      which permits air to be drawn out of the upper housing portion 12 of the
      cylinder and which allows air to be returned to that upper portion in
      order to control the operation of the cylinder. A second aperture 50 is
      centrally located in cap 16 at the axis of cylinder 10 to provide entry to
      the interior of the cylinder.
PAR  Secured to the interior of cylinder 10 and extending axially therethrough
      between apertures 42 and 50 is a support tube, or guide shaft 52. The
      lower end of the cylindrical shaft 52 is adapted to fit around and engage
      an upstanding flange 54 surrounding the aperture 42 in bottom plate 38,
      with an O-ring 55 being located between shaft 52 and plate 38 to insure an
      air tight fit. In similar manner, the upper end of the guide shaft 52
      engages a flange 56 which defines the aperture 50 in the cap or top plate
      16. An O-ring 58 insures an air tight seal between the guide shaft and
      flange 56.
PAR  Located within the housing defined by the upper and lower portions 12 and
      14 of cylinder 10 is a drive weight 60 which is generally annular in shape
      and is adapted for motion upwardly and downwardly within the cylinder. The
      weight may be formed from lead to provide the desired mass, and is
      provided with upper and lower bearings 62 and 64. The bearings are mounted
      at the upper and lower end of the interior surface 66 of the annular
      weight and are adapted to slidably engage the exterior surface of guide
      shaft 52. The bearings preferably are made from a filled Teflon
      (polytetrafluoroethylene) material to provide long life as well as ease of
      motion during the up and down cycling of the weight.
PAR  Sealed to the bottom of weight 60, preferably at or adjacent the interior
      surface 66, is secured the upper peripheral edge of a generally tubular,
      collapsible bellows 68. The bellows surrounds the lower portion of shaft
      52, extending downwardly and being secured to the bottom plate portion of
      housing 14, as at the O-ring 55. The bottom peripheral edge of the bellows
      is hermetically sealed to the bottom plate 38 or to the bottom of shaft 52
      and is adapted to extend, as in FIG. 1, when the weight 60 slides upwardly
      on shaft 52 and to collapse into the recess 40 when the drive weight moves
      downwardly, as illustrated in FIG. 2. The upper peripheral edge of the
      bellows 68 may be secured and hermetically sealed to the bottom of weight
      60 by any suitable means. For example, an annular retaining plate 70 may
      extend over the upper edge of the bellows and may be secured by suitable
      means (not shown) to the bottom of the weight to provide an air tight
      seal, thereby isolating the lower part of the shaft from the interior of
      the housing. Preferably, the bellows is reinforced, as by rigid polymeric
      rings (now shown), to withstand internal-to-external pressure
      differentials without excessive lateral distortion.
PAR  Also secured to the bottom surface of weight 60, or to some other
      convenient portion of the weight, is the inner peripheral edge 72 of the
      generally annular diaphragm 26. Edge 72 may be secured to the weight by a
      suitable adhesive, by a retaining ring, or by any other means suitable for
      providing a hermetic seal between edge 72 and the weight. The annular
      diaphragm thus extends from the cylindrical wall defined by housing
      portions 12 and 14 to the movable weight 60; the bottom of weight 60
      extends from the inner peripheral edge of the diaphragm 26 to the upper
      end of bellows 68; and the bellows 68 extends from the bottom of weight 60
      to the bottom plate 38 of lower housing portion 14. These elements,
      together with the housing portion 14, are all air tight and form a lower,
      or delivery chamber 74 within the gas delivery cylinder 10. This chamber
      is connected to a source of breathing gas, which may be the atmosphere, by
      way of inlet 30, and is adapted to be connected to a patient by way of
      outlet 32.
PAR  As may be seen more clearly in FIG. 2, the upper surface 76 of the drive
      weight 60 is formed with a centrally located recess 78 which is adapted to
      receive the lower peripheral edge of an upper bellows 80 which is
      collapsible, generally tubular in shape and adapted to surround the upper
      portion of shaft 52. Preferably, the bellows 80 also is reinforced as
      described above. The lower peripheral edge 82 of the bellows 80 may be
      secured to the weight 60 by any suitable means such as a retainer ring 84
      secured in the bottom of recess 78 and providing an air tight seal between
      the bellows and weight 60.
PAR  The upper peripheral edge 86 of the bellows 80 is sealed to the cylinder
      cap 16 or to the upper end of the guide shaft 52 by any suitable means to
      form an air tight seal with the container housing so that the rolling
      diaphragm 26, the drive weight 60, and the bellows 80 cooperate with the
      cylindrical housing portion 12 and the cylinder cap 16 to form an upper
      control chamber 88, which chamber is isolated from the guide shaft and is
      connected to the exterior of the container 10 only by way of the control
      passage 48.
PAR  It will be seen from FIG. 2 that when the drive weight 60 is in its lower
      position, the bellows 80 is extended to cover shaft 52, while bellows 68
      collapses into recess 40 at the bottom of the cylinder. When the weight is
      raised, as illustrated in FIG. 1, the upper bellows 80 collapses into
      recess 78 while bellows 68 extends to cover the lower portion of shaft 52.
      The bellows 68 and 80 are formed of a polyurethane material, preferably
      reinforced as described above, which is flexible enough to permit easy
      movement of the weight, but which has a substantial memory so that each
      time they are extended, as is bellows 68 in FIG. 1, they will return to
      their proper shapes and the volume of at least the lower chamber 74 will
      be essentially constant for a predetermined location of the weight. Since
      in the operation of this system, it is necessary to have a known volume of
      gas in chamber 74, so that a known quantity of gas can be delivered to the
      patient; the memory feature of the reinforced material used for bellows 68
      is particularly important. The gas drawn into the chamber 74 through inlet
      30 during an upward motion of weight 60 and the gas in the chamber just
      prior to a delivery stroke is normally at or about atmospheric pressure,
      and since the interior of the bellows is also at atmospheric pressure, as
      will be seen, no difficulty has been found (in actual tests) in assuring
      the desired volumetric measurements.
PAR  In accordance with the present invention, the cylinder is so designed and
      operated that each delivery stroke of the weight and rolling diaphragm
      ends with the weight adjacent the bottom of the housing, as indicated in
      FIG. 2. The bellows 68 is virtually collapsed when the weight 60 reaches
      the end of the downstroke, and accordingly any flexing of the bellows that
      might be caused by increased pressure in chamber 74 due to the downward
      motion of weight 60 will not significantly affect the volume of air
      delivered, for by design the chamber 74 will have essentially the same
      volume at the end of each stroke; such volume precisely depends upon final
      inertia of the lowering weight, but in all cases is minimal. Further, it
      will be seen that the flexible diaphragm 26 rolls along the inner wall of
      the upper housing portion 12 and along the outer surface of the weight 60
      during vertical motion of the weight, and is thus always supported by a
      solid wall portion except at that part of the diaphragm which bridges the
      space between drive weight 60 and the cylinder housing. However, since
      this bridging area, indicated at 90 in FIGS. 1 and 2, is relatively small
      as well as being a curved surface, there is a negligible amount of flexing
      due to the pressure of air in chamber 74, again as shown in U.S. Pat. No.
      2,849,026. Thus, the memory effect of the bellows 68, which provides a
      constant volume at the start of a downstroke, taken with the low
      compliance of diaphragm 26 and the fact that bellows 68 is virtually
      collapsed at the end of the downstroke, or delivery stroke, insures that
      with minimal deviation, a known quantity of breathing gas will be
      delivered by cylinder 10 during each cycle. Further, for a given starting
      location of drive weight 60, this quantity will be essentially constant
      for each cycle of operation. Thus, the present device is of extremely low
      compliance, and thereby provides a high degree of accuracy in the delivery
      of preselected quantitites of breathing gas.
PAR  To provide accurate monitoring of the location of the drive weight 60, and
      thus to provide accurate readings of the volume of chamber 74, a follower
      chain 92 is secured to the drive weight for motion therewith. As
      illustrated in the drawings, the chain may be secured to the drive weight
      60 by means of a coupler 94 attached at its upper and lower ends to
      corresponding ends of the chain. The coupler is secured to the drive
      weight 60 by means of a pin 96 which passes through a longitudally
      extending slot 98 formed in the guide shaft 52. The opposite ends of pin
      96 are then secured at diametrically opposed points within the recess 78
      of weight 60, with the pin being secured for motion with weight 60 by
      means of a retainer washer 100. Washer 100 is annular in shape with its
      inner periphery being spaced from shaft 52 and its outer periphery
      engaging the walls of recess 78 to hold pin 96 in place for movement with
      the weight 60. If desired, the washer 100 may in turn be secured in place
      by the retainer ring 84, or the washer may be independently secured in the
      recess. It will be noted that slot 98, which extends diametrically across
      the guide tube 52, is provided along most of the length of the guide tube
      so that pin 96 may move freely with weight 60 as the weight slides up and
      down the tube. This slot provides communication between the exterior of
      the housing and the interior of the bellows 68 and 80 by way of the hollow
      tube 52 and housing apertures 42 and 50, and thereby assures atmospheric
      pressure inside the housing.
PAR  The portion of the follower chain which is secured to the upper end of
      coupler 94 extends upwardly through the hollow center of support tube 52
      and passes out of container 10 through the upper aperture 50. The chain
      passes over a potentiometer drive pulley 102 carried on a support shaft
      104 (FIG. 3) journaled at its end in support frame 106 and 108 secured to
      the top surface of cap 16.
PAR  The drive shaft 104 drives a potentiometer 110 to produce a resistance
      which varies in accordance with the vertical position of weight 60. The
      output of the potentiometer may be utilized to operate suitable indicator
      means, control circuits, or the like (not shown). Shaft 104 also drives an
      indicator pulley 112 connected by way of a cable 114 to a mechanically
      operated volume indicator (not shown) which moves in accordance with the
      motion of weight 60 to provide a continuing visual indication of the
      motion and position of the drive weight.
PAR  After passing over drive pulley 102, the follower chain 92 extends radially
      across the cap 16 to an idler pulley 116, mounted for rotation on a shaft
      118 journaled for rotation in a pair of frame members 120 and 122. The
      chain then extends downwardly along the exterior of container 10 to a
      second idler pulley 124 carried by a shaft 126 journaled in a frame member
      128 secured to the bottom plate 38 of the cylinder. The chain passes
      around a third idler pulley 130 carried by shaft 132 also mounted in the
      frame 128; through the lower aperture 42 formed in the bottom plate and
      passes upwardly through guide shaft 52 to be secured to the lower end of
      the chain coupler 94. If desired, a tension means such as a spring 134 may
      be provided in the chain to insure that it remains taut, thereby
      eliminating lost motion between the weight and the potentiometer and
      assuring accurate readings.
PAR  The operation of the breathing gas supply cylinder 10 may be seen from the
      diagrammatic illustration of the cylinder and a portion of an associated
      control system as illustrated in FIG. 4. In this figure, the control
      aperture 48 of the cylinder is shown as being connected through a conduit
      136 and through a solenoid-controlled valve 138 to a vacuum pump 140
      which, when valve 138 is open, draws air out of the upper control chamber
      88 of cylinder 10. The control aperture is also connected by way of
      conduit 136 to a variable flow limiting valve 142 and a second
      solenoid-controlled valve 144 to atmosphere. When solenoid valve 138 is
      closed and valve 144 is opened, atmospheric air can bleed through the
      variable flow control orifice 142 into conduit 136 and thence through
      control passage 48 into the control chamber 88. The system shown in FIG. 4
      is a highly abbreviated version of the system preferred for use with the
      breathing cylinder; for a more complete description of the system and its
      operation reference is made to copending application Ser. No. 402,677, now
      U.S. Pat. No. 3,905,362, of Theodore B. Eyrick et al. and application Ser.
      No. 402,678, now U.S. Pat. No. 3,887,795, of Theodore B. Eyrick et al.
      referred to hereinabove.
PAR  When valve 144 is closed and valve 138 is opened, the pump 140 produces a
      vacuum in chamber 88 which causes the drive weight 60 to be drawn upwardly
      along the guide shaft 52. As the weight is lifted, the bellows 80
      gradually collapses, the bellows 68 gradually extends, the diaphragm 26 is
      rolled up along the interior wall of housing portion 12, and chamber 74
      expands. The breathing gas from a source such as atmosphere, a supply of
      oxygen, a supply of anesthetic gas, a combination of such sources, or the
      like, flows into the inlet 30 and through valve 34 filling in breathing
      chamber 74.
PAR  The upward motion of the drive weight is sensed by the rotation of the
      potentiometer 110 which produces an electrical signal which may be fed,
      for example by way of a connecting line 146, to suitable control circuitry
      generally indicated at 148. This control circuitry may provide means 150
      for presetting the desired volume that is to be delivered by the breathing
      cylinder. The selected volume corresponds closely to a specific location
      of the drive weight 60 along the support shaft 52 and when this position
      is attained, the signals from the selector 150 and the potentiometer will
      correspond, and a control signal will be sent by way of line 152 to the
      solenoid control for valve 138, shutting off the valve and preventing
      further withdrawal of air from control chamber 88. The weight will come to
      a halt, and remain in a raised, or loaded position indefinitely, until it
      is desired to deliver the selected volume of air.
PAR  To initiate the delivery of breathing gas, the control logic circuit 148
      will provide a signal to the solenoid control for valve 144, opening the
      valve to allow air to flow into chamber 88 through orifice 142 to release
      the drive weight and allow it to slide downwardly under the force of
      gravity. The setting of orifice 142 controls the rate at which air can
      bleed into chamber 88, and thus limits the rate at which the drive weight
      can descend. The downward motion of the drive weight creates a pressure on
      the gas in chamber 74, forcing the gas out of the outlet 32 and through
      check valve 36 to a suitable conduit, breathing mask, or the like which
      directs the discharged breathing gas to the patient.
PAR  By presetting the upper location of the drive weight, the desired amount of
      breathing gas is selected prior to the start of the delivery stroke, so
      that a failure of the control system during the delivery stroke can not
      result in a greater amount of gas being delivered. The passageway 48 may
      be restricted so that even if, for example, the conduit 136 is removed
      from the control passage 48 during a discharge cycle, the weight cannot
      descend freely against the back pressure provided by the output passage 32
      and the patient's lungs. Furthermore, the mechancial monitoring of the
      position of weight 60 permits the operator to ascertain the volume that is
      to be delivered on the next delivery cycle, so that even if the control
      system fails on the upstroke of weight 60 and does not properly locate the
      weight for delivery of the selected volume, the operator has an
      opportunity to correct the error. Thus, by controlling the upstroke in
      this manner, it is possible to obtain monitoring of the system before
      delivery, thereby providing an important safety factor.
PAR  In the present system, a sufficiently high vacuum is provided to insure a
      very fast lifting of the drive weight 60 so that the system is charged
      quickly and is held ready for a subsequent delivery stroke. This not only
      allows extra time for checking the volume to be delivered, but also
      provides a quiescent period during which the location of the weight will
      stabilize prior to the next delivery cycle, allowing an accurate measure
      of the volume to be delivered. Further, since the control takes place
      during upward motion of the weight, any overshoot that might occur in the
      system occurs on the loading cycle, rather than on the discharge cycle,
      thus providing an additional safety factor.
PAR  In a preferred embodiment of the delivery chamber of the present invention,
      it was found that by providing a stroke of 20.2 centimeters in a cylinder
      housing 12.7 centimeters in diameter a displacement of 2.1 liters could be
      obtained in the delivery chamber, giving the system an adequate delivery
      volume. It has been found that a drive weight of 12.1 kilograms will
      provide a maximum effective pressure of 100 centimeters of water, taking
      into account the actual operating conditions of such a cylinder. The
      effective area (for volume meansurements) of diaphragm 26 is 104 square
      centimeters. The foregoing data are approximate and take into
      consideration a lower bellows 68 nominally 5.5 centimeters in outside
      diameter. Thus, there has been disclosed a new and improved breathing gas
      delivery cylinder which is capable of delivering at limited positive
      pressures a preselected volume of gas at a preselected limited flow rate.
      Although a specific embodiment of a preferred form of the cylinder has
      been described, it will be apparent to those skilled in the art that
      numerous variations and modifications can be made without departing from
      the true spirit and scope of the invention as described in the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a fluid delivery cylinder for delivering at limited positive
      pressures a selectable, limited volume of fluid at a selectable, limited
      flowrate:
PA1  housing means;
PA1  diaphragm means dividing said housing into an upper control chamber and a
      lower delivery chamber;
PA1  guide means extending vertically through and secured to said housing;
PA1  fluid delivery drive means within said housing including a weight slidably
      mounted on said guide means and secured to said diaphragm means for
      movement therewith;
PA1  bellows means connected between said fluid delivery drive means and said
      guide means to isolate said control chamber from said delivery chamber,
PA1  means for producing a vacuum in said control chamber for lifting said drive
      means to contract said control chamber and expand said delivery chamber to
      a preselectable volume;
PA1  inlet means for admitting fluid into said delivery chamber when said drive
      means is lifted;
PA1  means for releasing said vacuum to lower said drive means and thereby
      compress said delivery chamber; and
PA1  outlet means for discharging fluid from said delivery chamber when said
      drive means is lowered.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said weight has sufficient mass to
      drive said fluid out of said delivery chamber against positive fluid
      outlet pressure, said fluid being driven at a pressure and rate limited by
      the mass of said weight and controlled by said means for releasing said
      vacuum.
NUM  3.
PAR  3. The apparatus of claim 1, wherein said diaphragm means comprises a
      rolling diaphragm secured between the inner wall surface of said housing
      and said drive means, said drive means being closely spaced from said wall
      surface so that the lifting and lowering motion of said drive means causes
      said diaphragm to roll along the inner wall surface of said housing and
      the outer surface of said drive means, whereby said delivery chamber has
      low compliance.
NUM  4.
PAR  4. The apparatus of claim 1, wherein said guide means comprises a support
      tube axially secured within said housing, and wherein said drive means
      comprises an annular weight slidably mounted on said support tube, said
      weight having sufficient mass to drive said fluid out of said delivery
      chamber against positive fluid outlet pressures.
NUM  5.
PAR  5. The apparatus of claim 4, further including means for providing an
      indication of the motion of said annular weight.
NUM  6.
PAR  6. The apparatus of claim 5, wherein said support tube is hollow, with the
      interior of said support tube opening to the exterior of said housing,
      said means for indicating the motion of said annular weight including
      follower means movable within the interior of said support tube.
NUM  7.
PAR  7. The apparatus of claim 6, further including a slot in the wall of said
      support tube, and linking means extending from said follower means and
      through said slot to mechanically link said follower means to said weight.
NUM  8.
PAR  8. The apparatus of claim 7, wherein said bellows means comprises a first
      bellows connected between said weight and said support tube to isolate
      said control chamber from said slot in said support tube and from the
      interior of said support tube, and a second bellows connected between said
      weight and said support tube to isolate said delivery chamber from said
      slot in said support tube and from the interior of said tube.
NUM  9.
PAR  9. A gas delivery cylinder for delivering at limited positive pressures a
      limited volume of gas at a limited flowrate, comprising:
PA1  a substantially closed housing;
PA1  guide means secured within said housing to define a generally vertical
      path;
PA1  gas delivery drive means movably mounted within said housing for motion
      along the path defined by said guide means;
PA1  diaphragm means secured between the interior surface of said housing and
      said drive means for dividing the interior of said housing into an upper
      control chamber and a lower delivery chamber;
PA1  a control passage leading from the exterior of said housing to said control
      chamber;
PA1  inlet means for admitting gas into said delivery chamber;
PA1  outlet means for discharging gas from said delivery chamber, said inlet
      means and outlet means cooperating with said drive means and said
      diaphragm means to draw gas into said delivery chamber upon upward motion
      of said drive means and to discharge gas under pressure upon downward
      motion of said drive means; and
PA1  bellows means cooperating with said drive means and said guide means for
      isolating said control and delivery chambers from each other and from said
      guide means.
NUM  10.
PAR  10. The apparatus of claim 9, wherein said drive means comprises a weight
      having sufficient mass to discharge gas through said outlet against
      positive gas outlet pressures, the mass of said weight producing the
      required discharge pressure for said gas.
NUM  11.
PAR  11. The apparatus of claim 10, wherein the mass of said weight is selected
      to produce a predetermined maximum pressure on the gas in said delivery
      chamber, and said control passage is sized to produce a predetermined
      maximum rate of flow of gas through said outlet.
NUM  12.
PAR  12. The apparatus of claim 11, wherein said weight is generally annular in
      shape and surrounds and is slidably mounted on said guide means for
      vertical motion thereon.
NUM  13.
PAR  13. The apparatus of claim 11, further comprising means including said
      control passage for producing a vacuum within said control chamber for
      contracting said control chamber to lift said weight and thereby expand
      said delivery chamber and for releasing said vacuum at a selected rate to
      allow said control chamber to expand, whereby said weight will fall
      downwardly to thereby compress and discharge the gas in said delivery
      chamber.
NUM  14.
PAR  14. In a respirator, a breathing gas delivery cylinder for delivering a
      limited positive pressures a selectable volume of breathing gas at a
      limited flowrate,
PA1  a substantially closed housing;
PA1  fixed guide means secured within said housing;
PA1  gas delivery drive means mounted within said housing for motion along said
      guide means and dividing said housing into an upper control chamber and a
      lower delivery chamber:
PA1  a control passage leading from the exterior of said housing to said control
      chamber;
PA1  inlet means for admitting breathing gas into said delivery chamber;
PA1  means connected to said control passage for producing a vacuum in said
      control chamber for lifting said drive means a predetermined distance, the
      lifting of said drive means expanding said delivery chamber and drawing in
      a predetermined volume of breathing gas;
PA1  outlet means for discharging breathing gas under pressure from said
      delivery chamber;
PA1  means connected to said control passage for releasing at a selected maximum
      rate the vacuum in said control chamber to allow said drive means to be
      lowered by gravity to compress said delivery chamber and pressurize the
      breathing gas therein, the gas so pressurized being discharged through
      said outlet means; and
PA1  bellows means secured between said drive means and said guide means for
      isolating said control and discharge chambers from each other and from at
      least a portion of said guide means, whereby the only access to said
      control chamber is by way of said control passage and the only access to
      said delivery chamber is by way of said inlet and discharge passages.
NUM  15.
PAR  15. The apparatus of claim 14, wherein said drive means comprises a weight
      slidably mounted within said housing.
NUM  16.
PAR  16. The apparatus of claim 15, wherein said drive means further comprises a
      rolling diaphragm secured between the interior surface of said housing and
      said weight.
NUM  17.
PAR  17. The apparatus of claim 15, wherein said guide means includes a support
      tube extending axially within said housing, said weight being annular and
      mounted for axial motion along said support tube.
NUM  18.
PAR  18. The apparatus of claim 14, wherein said drive means includes a weight
      and low compliance rolling diaphragm means connected between said weight
      and said housing, the motion of said weight causing said diaphragm to roll
      along the inner surface of said housing and the outer surface of said
      weight to provide accurate control of the volume of breathing gas drawn
      into and discharged by said discharge chamber.
NUM  19.
PAR  19. The apparatus of claim 14, wherein said guide means comprises a support
      tube secured at each end to said housing and supporting said drive means
      for substantially vertical movement between said control and delivery
      chambers, said drive means comprising a weight and diaphragm means
      connected between said weight and said housing whereby the mass of said
      weight determines the maximum pressure of said breathing gas and the rate
      of downward motion of said weight limits the flowrate of said breathing
      gas.
NUM  20.
PAR  20. The apparatus of claim 17, wherein said bellows means for isolating
      said control and discharge chambers comprises a first collapsible bellows
      connected between the top of said weight and said support tube and a
      second collapsible bellows connected between the bottom of said weight and
      said support tube.
NUM  21.
PAR  21. The apparatus of claim 14, wherein said guide means extends axially
      through said housing, and wherein said bellows means is generally tubular
      in shape and is secured coaxially with and surrounding said guide means
      between said drive means and said housing.
NUM  22.
PAR  22. The apparatus of claim 21, wherein said bellows means is reinforced by
      spaced, rigid rings to enable said bellows means to withstand pressure
      differentials without excessive distortion, whereby the volume of at least
      said discharge chamber will have predetermined values at predetermined
      locations of said movable drive means.
NUM  23.
PAR  23. The apparatus of claim 22, wherein said drive means further includes a
      low compliance rolling diaphragm secured between said weight and the
      interior surface of said housing, said weight being spaced from the said
      interior surface of said housing so that the motion of said weight along
      said guide means will cause said diaphragm to roll along said inner
      surface of said housing and along the outer surface of said weight to
      provide accurate control of the volume of breathing gas drawn into and
      discharged by said discharge chamber.
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ABST
PAL  Apparatus used in the field of liquid chromatography. There is disclosed
      pump apparatus for continuously delivering a flow of carrier liquid either
      at a constant rate of flow or at a constant pressure. The pump apparatus
      includes a pair of differential-piston pressure intensifiers which are
      sequentially operated so that the high-pressure sides of the pressure
      intensifiers sequentially supply carrier liquid to the chromatograph
      column. Each pressure intensifier is sequentially operated by a
      constant-rate of flow application of hydraulic liquid, with essentially
      pulseless operating transition between pressure intensifiers occurring
      during constant-pressure application of hydraulic liquid to both of the
      pressure intensifiers at a pressure measured during previous
      constant-volume hydraulic operation. An embodiment of the pump apparatus
      pumps plural carrier liquids in desired fixed or variable proportions.
PAL  There is also disclosed sample introduction apparatus including a valve
      body having at least one fluid passage of precisely defined volume to
      receive a sample material and having another fluid passage delivering
      carrier liquid to a liquid chromatograph. The valve body can be
      manipulated to place the precisely defined volume in the chromatograph
      fluid circuit, so that the sample contained within the volume is
      positively displaced into the chromatograph.
PAL  Chromatograph recycling apparatus is also disclosed which permits a
      selected sample portion to be retained after passing through a
      chromatograph column, and to be subsequently re-introduced into the column
      for further analysis.
PAL  Apparatus is also disclosed for intermixing plural liquids flowing in a
      conduit.
PAL  Improved detector apparatus for use with a chromatograph is also disclosed.
BSUM
PAR  This invention relates in general to the field of chromatography and in
      particular to the field of liquid chromatography.
PAR  Chromatography is recognized by those skilled in the art as a procedure for
      analyzing a sample through the steps of passing the sample through a body
      of material and detecting the relative separations of various sample
      substances which occur during such passage. In the specific field of
      liquid chromatography, the sample undergoing analysis may typically be
      introduced into a carrier liquid which is passed through a chromatographic
      column containing material which adsorbs components of the liquid being
      analyzed. The extent to which these different components are adsorbed in
      the column is determined by a suitable detector connected to analyze the
      liquid effluent from the column.
PAR  Those familiar with the art of liquid chromatography are aware that it is
      essential to provide a flow of carrier liquid which is delivered to the
      chromatograph column at a desired constant rate of flow and which is free
      of any measurable pressure pulsations. The presence of pressure pulsations
      in the carrier liquid supplied to the chromatograph column can vary the
      rates of adsorption occurring within the column, and thus can provide a
      false indication of the adsorption of constituents in the sample being
      analyzed. These false indications amount to "noise" in the detector
      output, and this noise masks or otherwise obscures bona fide signals whose
      amplitude is not significantly greater than that of the pulsation-induced
      noise. The effective sensitivity of a liquid chromatograph can be
      increased, accordingly, by reducing the pressure pulsations in the carrier
      liquid.
PAR  Conventional constant-volume pumps, such as gear pumps and the like, are
      unsatisfactory for supplying carrier liquid flow in a liquid
      chromatograph. Such pumps, when used with the carrier liquids of low
      viscosity typically employed in liquid chromatography, fail to deliver the
      desired degree of pulseless operation, particularly at the higher portions
      of the pressure ranges employed in chromatography. Conventional
      reciprocating piston pumps deliver fluid output in pulses corresponding to
      piston strokes, and therefore have been found undesirable for supplying
      carrier liquid in chromatography applications. It has been proposed to
      utilize a single pumping stroke of a piston pump, suitably driven at a
      predetermined rate by a gear or screw drive mechanism, to provide the
      desired pulseless flow of carrier liquid. While this latter technique is
      acceptably free of pressure pulsations, the volume of carrier liquid and
      thus the time available for chromatographic analysis is obviously limited
      by the maximum practical volume of the cylinder associated with the piston
      pump. For this reason, the single-stroke piston pump has been less than
      satisfactory in applications where an extended duration of chromatographic
      analysis is desired.
PAR  An alternative approach attempts to use pulsation damping techniques to
      dampen the pulsations produced by prior-art pumps. This approach at best
      represents a compromise solution which does not yield the desired
      combination of pulseless operation for an indefinite duration of
      chromatograph operation.
PAR  A related problem in chromatographic analysis is the technique and
      apparatus used to introduce a precisely measured volume of sample fluid
      into the stream of pressurized carrier liquid. One prior art approach to
      the problem involves the use of a septum at an appropriate location in the
      carrier liquid conduit, permitting passage of a syringe which has
      previously been loaded with the desired measured volume of sample fluid.
      The septum requires frequent replacement, however, and it has been found
      in practice that the use of a septum is feasible only where carrier liquid
      pressure does not exceed about 1,000 psi. Another prior art approach to
      sample introduction is shown in U.S. Pat. No. 3,376,694, and involves the
      use of a sample loop conduit which is normally external of the carrier
      liquid conduit and which may be charged with the desired predetermined
      volume of sample fluid. A valve is then actuated to connect the external
      sample loop in series with the carrier liquid circuit, and the sample
      previously disposed in the sample loop is carried to a chromatograph
      column or other analytical apparatus. A significant drawback inherent in
      the external sample loop system is the presence of "dead volume," that is,
      volume containing only air or another gas instead of a liquid, introduced
      into the chromatograph circuit if the measured sample volume does not
      completely fill the external sample circuit. The existence of dead volume
      permits pressure variations and pulsations to occur in the system because
      of the compressibility of the gas in the dead volume, and thus introduces
      potential false readings into the chromatograph system. Other
      disadvantages include the limitation imposed by the sample loop on the
      minimum sample volume.
PAR  Accordingly, it is an object of the present invention to provide improved
      apparatus for use in liquid chromatography.
PAR  It is another object of the present invention to provide improved carrier
      liquid pumping apparatus for use in a liquid chromatograph system.
PAR  It is still another object of the present invention to provide pump
      apparatus for reducing or eliminating pressure pulsations in the flow of
      carrier liquid in a chromatograph system.
PAR  It is still another object of the present invention to provide improved
      apparatus for introducing a sample fluid into a liquid chromatograph
      system.
PAR  It is yet another object of the present invention to provide an improved
      detector apparatus for a liquid chromatograph.
DRWD
PAR  The foregoing problems and other problems and shortcomings associated with
      prior art chromatographic apparatus are overcome by the present
      inventions, with other objects as well as many of the attendant advantages
      being apparent from the following description of the disclosed
      illustrative embodiment thereof, with reference to the drawings in which:
PAR  FIG. 1 is a block flow diagram showing a liquid chromatograph system
      according to a disclosed illustrative embodiment of the present invention;
PAR  FIG. 2 shows a schematic detail view of the carrier liquid pumping system
      according to a disclosed embodiment of the present invention;
PAR  FIG. 3 shows a schematic view of a circuit for controlling the operation of
      the pumping system shown in FIG. 2;
PAR  FIG. 4 shows a schematic diagram of a sequence control circuit included in
      the illustrative embodiment of the present pumping system;
PAR  FIG. 5 is a graphical representation depicting operation of the pump system
      shown in FIGS. 2-4;
PAR  FIG. 6 is a block diagram of a carrier liquid pumping system according to
      another illustrative embodiment of the present invention, used for pumping
      two different carrier liquids;
PAR  FIG. 6A is a block diagram of an alternative system for pumping two
      different carrier liquids according to the present invention;
PAR  FIG. 7 is an exploded view, shown partially broken away, of a sample
      introduction valve according to a disclosed illustrative embodiment of the
      present invention;
PAR  FIG. 8 is a section view of an assembled valve as in FIG. 6;
PAR  FIG. 9 is an enlarged view of the rotor in the sample injection valve of
      FIGS. 7 and 8;
PAR  FIG. 10 is a section view of mixing apparatus used with the illustrative
      embodiment of FIG. 6;
PAR  FIG. 11 is a partially broken-away and sectioned view of an improved
      detector apparatus according to a disclosed illustrative embodiment of the
      present invention;
PAR  FIG. 12 is a schematic diagram showing a waveform serrator according to a
      disclosed embodiment of the present invention;
PAR  FIG. 13 shown several waveforms which occur in operation of the circuit
      shown in FIG. 12; and
PAR  FIG. 14 is a section view taken along line 14--14 of FIG. 6A.
DETD
PAR  Stated in general terms, the carrier liquid pump system of the present
      invention includes at least two pump means each of which is operable to
      supply a finite volume of carrier liquid at a flow rate determined by the
      rate of input drive to the pump means. One of the pump means is operated
      at a constant rate of input drive, so that the pump means supplies carrier
      liquid at a constant rate of flow. At a time before the first pump means
      completes delivery of its finite volume of carrier liquid, the input drive
      to the first pump means changes from a drive providing a constant flow
      rate output to a drive providing a constant pressure output. A second pump
      means commences to operate at this time, also supplied with input drive to
      provide the aforementioned constant pressure output. The particular output
      pressure is determined by the actual output pressure previously measured
      during constant flow rate operation. At a time after the second pump means
      has commenced delivering carrier liquid, drive input is removed from the
      first pump means and the drive input to the second pump means changes to a
      constant-rate drive. While only the second pump means is a receiving input
      drive, the first pump means undergoes a reloading cycle permitting
      introduction of another finite volume of operating liquid to the first
      pump means for subsequent delivery. Carrier liquid delivered by the first
      and second pump means is supplied through a valve arrangement to a liquid
      chromatograph, and the aforementioned alternate operation of first and
      second pump means may be repeated indefinitely. A substantially pulsefree
      delivery of carrier liquid is accomplished through operation of the pump
      means in a constant-pressure mode during the transition between the two
      pump means.
PAR  Stated in general terms, the sample introduction valve of the present
      invention includes a movable valve member having at least one sample
      passage which is contained in the movable valve member and which has a
      volume equal to a desired volume of sample material to be introduced into
      a chromatograph. Another passage provided in the valve member passes a
      flow of carrier liquid to the chromatograph while the sample passage is
      aligned with a sample supply port to receive a quantity of sample
      material. The valve body is movable to place the sample-containing valve
      passage in series with the flow of carrier liquid to the chromatograph,
      whereupon liquid is displaced from the sample passage and is delivered to
      the chromatograph for analysis.
PAR  Stated in general terms, the sample recycling apparatus of the present
      invention is provided by a recycling conduit loop which is selectively
      connectable to receive and retain liquid outflow from the chromatograph.
      The liquid received in the recycling loop can be reintroduced to the
      chromatograph column for subsequent detailed analysis.
PAR  Included in the present invention is a mixing chamber which is useful for
      intermixing two or more carrier liquids, or other liquids occurring in
      discrete quantities in a conduit system. The mixing apparatus, stated in
      general terms, includes a piston reciprocally received in a cylinder of
      slightly greater diameter. The movement of liquid flowing between the
      piston and the cylinder wall, as the piston reciprocates, effectively
      intermixes the liquids.
PAR  Stated in general terms, the improved detector of the present invention
      includes a sample cell which is in heat transfer relation with the liquid
      to be admitted into the sample cell. Ultraviolet illumination passing
      through the sample cell is collected for application to a photosensitive
      device.
PAC  PUMPING SYSTEM
PAR  The pumping system of the present invention is more particularly shown with
      reference to the disclosed illustrative embodiment of apparatus including
      the invention and depicted in FIG. 1 as a liquid chromatograph system
      including a chromatograph column indicated generally at 15 and connected
      in a liquid flow circuit including a reservoir 16 to receive an
      appropriate solvent or other carrier liquid, a pulseless pumping system 17
      as more particularly described below, a sample introduction valve 18 also
      as described below, the column 15, and a suitable detector apparatus 19.
      The detector 19 may be any type of detector apparatus known to the art for
      use in liquid chromatography, or may alternatively be an improved detector
      as described below. The sample introduction valve 18 is connected by a
      conduit 20 to a suitable sample source 21, and by a conduit 22 either to a
      vent to the atmosphere or to a source of suction, as will become more
      readily apparent below. The internal passages of the sample introduction
      valve 18 maintain a chromatograph liquid flow circuit from the pumping
      system 17, the conduit 23, through the valve 18, and onward through the
      conduit 24 and the recycle selection valves 25 a, 25b, to the column 15.
      The purpose and selective function of the recycle selection valves is set
      forth below.
PAR  The pulseless pumping system 17, as illustrated in detail in FIG. 2,
      includes a high-pressure output portion which supplies a substantially
      pulseless and continuous flow of carrier liquid, and a low-pressure input
      portion which utilizes controlled hydraulic pressure to operate the output
      portion of the pumping system. The output portion includes a first
      pressure intensifier 31 and a second pressure intensifier 32 which may be
      identical in construction to the first pressure intensifier. Each of the
      two pressure intensifiers, as exemplified by the first pressure
      intensifier 31, has an input piston 33 received for reciprocation in an
      input cylinder 34 and connected to impart reciprocal movement in an output
      piston 35 received within an output cylinder 36. The interconnected input
      piston 33 and output piston 35 constitute a piston assembly which is
      normally maintained at the position shown in FIG. 2, by a suitable
      biassing device such as the spring 37, whereat the liquid-receiving volume
      of the output cylinder 36 is maximized. The piston assembly of each
      pressure intensifier may be provided with an indicator member 38 which
      extends for reciprocal movement through an opening in the end wall 39 of
      the output cylinder.
PAR  The output cylinder 36 of the first pressure intensifier 31 is connected by
      a conduit 44a to interconnect at the junction of a first set of one-way
      valves 45a, 46a. In a corresponding manner, the output cylinder of the
      second pressure intensifier 32 is connected by the conduit 44b at the
      junction between a second pair of one-way valves 45b, 46b. Each of the
      one-way valves 45a, 45b, 46a, and 46b is of the type which permits fluid
      flow to occur only in the direction shown by the respective arrows
      positioned alongside the valve symbols, and which prevents fluid flow in
      the opposite direction. The inlet side of each one-way valve 46a and 46b
      is connected to receive carrier liquid from the reservoir 16, and the
      output side of each one-way valve 45a, 45b, is connected in parallel to
      supply pumped carrier liquid along the conduit 23 to the sample valve 18.
PAR  The low-pressure input portion of the pumping system 17 includes a source
      of pressurized hydraulic operating liquid such as a constant-volume
      hydraulic pump 50 or the like. The pump 50 can be a conventional gear pump
      or any other pump which operates to supply a volume of liquid at a flow
      rate dependent upon the input speed of the pump. Those skilled in the art
      will recognize that the viscosity of typical hydraulic operating liquids
      permits such hydraulic liquids to be readily pumped at a constant flow
      rate with conventional continuous-operation hydraulic pumps such as gear
      pumps or the like. Such conventional continuous-operation pumps are
      incapable of pumping the relatively low-viscosity liquids employed as
      chromatographic carrier liquids, at the pressures and with the degree of
      stable operation required for liquid chromatography.
PAR  A motor 51 is connected to drive the hydraulic pump 50 and also to drive a
      tachometer 52. Since the hydraulic pump 50 of the illustrative embodiment
      pumps a certain volume of hydraulic liquid for each rotation of the pump
      drive shaft, the volume of hydraulic liquid delivered by the hydraulic
      pump can be determined by counting shaft revolutions. The revolutions of
      the drive shaft are detected by suitable apparatus such as an apertured or
      notched disc 53 mounted on the shaft. A source of illumination 54 and an
      illumination sensor 55 are positioned with respect to the disc 53 so that
      a beam of illumination from the source 54 is allowed to strike the sensor
      55 only when the aperture or notch 56 in the disc is aligned with the
      beam. The sensor 55 thus provides an output signal condition corresponding
      to each revolution of the drive shaft of the hydraulic pump 50.
PAR  The output of the hydraulic pump 50 is connected to a pair of branch lines
      60a and 60b, with each such branch line including a corresponding one-way
      valve 61a and 61b. The branch line 60a is connected to a two-way valve A,
      of the type which is controllable either to be open-circuit or
      closed-circuit. Valve A, as well as valves B, C, and D, identified below,
      may be solenoid-actuated valves and are depicted in FIG. 2 in the "off" or
      deactivated condition in which the valve is "closed" to prevent liquid
      flow therethrough.
PAR  Valve A is connected to a line 62a which leads to the input cylinder 34 of
      the first pressure intensifier 31. The branch line 60b is connected in a
      corresponding manner to the normally-closed valve C, which is connected by
      the line 62b to the input cylinder (not designated on the drawing) of the
      second pressure intensifier 32.
PAR  A pressure relief valve 65 is connected between the output and the input
      lines of the hydraulic pump 50. The pressure relief valve 65 is adjusted
      to open for bypassing hydraulic liquid directly from the output to the
      input of the hydraulic pump 50, so as to bypass the remainder of the
      hydraulic circuit, when the hydraulic pressure within the circuit exceeds
      a predetermined amount in excess of a normal range of operating hydraulic
      pressure. The desirability of the pressure relief valve 65 is explained
      below in further detail.
PAR  The output of the hydraulic pump 50 is connected by the line 216 to a
      smoothing circuit 215. The smoothing circuit 215 includes a
      restricted-flow passage 217 connected in series with a pressure
      accumulator 218, and a one-way valve 219 connected to bypass the
      restricted-flow passage and the pressure accumulator. The one-way valve
      219 permits substantially unrestricted liquid flow in the direction
      indicated by the arrow adjacent the one-way valve, and prevents the liquid
      flow in the opposite direction through the valve. When the hydraulic pump
      50 initially commences operation, pressurized operating liquid flows
      through the line 216 and through the restricted-flow passage 217 at a
      relatively slow rate to charge the pressure accumulator 218. Liquid flow
      through the restricted-flow passage 217 continues until a sufficient
      amount of operating liquid is received in the pressure accumulator 218 to
      balance the pressure in the line 216. A subsequent reduction of the
      operating liquid pressure in the output of the hydraulic pump 50 causes
      operating liquid to be expelled from the pressure accumulator 218 through
      the one-way valve 219 and the conduit 216, at a rate of flow which is
      substantially unrestricted relative to the rate of flow through the
      restricted-flow passage 217, so that the smoothing circuit 215 supplies
      pressurized operating liquid to the low-pressure input portion of the
      pumping system to smooth or to minimize pressure perturbations which might
      otherwise exceed the instantaneous liquid-delivery capacity of the
      hydraulic pump 50.
PAR  The hydraulic circuit as described thus far functions in a manner described
      below to selectively supply hydraulic operating liquid to the pressure
      intensifiers 31 and 32. The return or drain circuits which allow the
      hydraulic operating liquid to flow away from the pressure intensifiers
      include the valves B and D, along with the return line 63 extending to the
      reservoir 64 which is connected to the liquid input of the hydraulic pump
      50. The valves B and D are operationally connected to an initializing
      circuit 66 for a purpose described below.
PAR  It will now be appreciated that hydraulic fluid flows from the hydraulic
      pump 50 to the input cylinder of the first pressure intensifier 31 when
      the valve A is opened. Any carrier liquid which is present in the output
      cylinder 36 of the first pressure intensifier is displaced by the output
      piston 35 and flows through the conduit 44a and the one-way valve 45a to
      enter the conduit 23. The second pressure intensifier 32 is similarly
      operated upon the opening of the valve C to force carrier liquid along the
      conduit 44b and through the one-way valve 45b to enter the conduit 23. The
      piston assembly in either of the pressure intensifiers continues to travel
      in the right-hand direction (as viewed in FIG. 2) either until the piston
      assembly reaches the end of stroke, or until the corresponding supply
      valve A or C is closed. Thereafter, the hydraulic liquid is drained from
      the respective input cylinders by selective opening of valves B and D,
      respectively, so that the piston assembly moves leftward under the
      influence of the spring 37 to displace the hydraulic operating liquid out
      of the input cylinder and through the return line 63 to the reservoir 64.
      The foregoing pumping and return operations of the pressure intensifiers
      occur in a particular sequence of operational steps, as explained
      hereinbelow.
PAR  As the piston assembly of the first pressure intensifier 31 is moved
      leftward by the spring 37, a fresh supply of carrier liquid from the
      reservoir 16 is drawn through the one-way valve 46a to enter the output
      cylinder 36. The output cylinder of the second pressure intensifier 32 is
      similarly recharged with carrier liquid through the one-way valve 46b.
PAR  During the operation of the carrier liquid pumping system of the present
      invention, as described in detail below, carrier liquid is delivered at a
      constant rate of flow during one portion of each complete operating cycle,
      and is delivered at a constant pressure during another portion of the
      operating cycle. The hydraulic pump 50 is selectively operated to provide
      either constant-rate or constant-pressure flow of the carrier liquid in
      accordance with a control circuit as shown in FIG. 3. Operating power is
      supplied to the pump driving motor 51 through a power amplifier 68, and
      the tachometer 52 is driven by the hydraulic pump drive shaft to provide
      an output signal which is a function of the drive motor-hydraulic pump
      rotational speed. The tachometer output signal is supplied as an input
      signal to the differential amplifier 69. The differential amplifier 69
      also receives an input signal 70 which is selectively adjustable to
      correspond to a desired preset constant flow rate of carrier liquid. The
      output signal from the differential amplifier 69 is connected by the line
      71 to one contact of the switch 72. The constant-pressure/constant-rate
      selector switches 78a and 78b are assumed to be in the "flow" position, as
      depicted in FIG. 3, to select constant flow rate operation.
PAR  The pressure of the carrier liquid being pumped into the line 23 is
      measured by a pressure transducer 73, and the pressure-related output
      signal of the transducer 73 is amplified at 74 and supplied to the switch
      75. The switches 72 and 75 are ganged together for concurrent actuation by
      the switch actuator 76. When both of the switches 72 and 75 are operated
      by the actuator 76 to the lower contact position (opposite to the position
      depicted in FIG. 3), the amplified signal from the pressure transducer 73
      is applied to charge a capacitance 77. At the same time, the output signal
      from the differential amplifier 69 is applied along the line 71 and
      through the switch 72 to provide an input control signal to the power
      amplifier 68.
PAR  With the switches 72 and 75 in the aforementioned lower position,
      accordingly, the hydraulic pump motor 51 is operating in a feedback
      control circuit which maintains the rotational speed of the hydraulic pump
      50 at a constant speed which is determined by the set input signal 70 to
      the differential amplifier 69. Since the hydraulic pump 50 pumps hydraulic
      operating liquid at a rate of flow determined by the rotational input
      speed, it will be understood that the constant flow of hydraulic fluid is
      applied to only one of the pressure intensifiers 31 and 32, and that the
      feedback-maintained constant-speed drive of the hydraulic pump provides a
      constant-rate flow of hydraulic operating liquid which can be supplied to
      either one of the pressure intensifiers 31 and 32 to pump carrier liquid
      through the conduit 23 at some constant flow rate which is dependent upon
      the preset speed of the motor 51. The pressure developed in the conduit 23
      during constant-rate of flow of the carrier liquid is measured by the
      pressure transducer 73, and the resultant amplified pressure signal is
      applied to charge the capacitance 77 to a charge level which is dependent
      upon the measured pressure in the conduit 23.
PAR  When the switches 72 and 75 are operated by the actuator 76 to assume the
      upper switch position, depicted in FIG. 3, the input signal to the power
      amplifier 68 is switched from the tachometer-related signal on the line 71
      and is connected to the output of the differential amplifier 80. One input
      to the differential amplifier 80 is received from the capacitance 77 by
      way of the buffer amplifier 81, while another input of the differential
      amplifier 80 is connected to receive the amplified signal from the
      pressure transducer 73.
PAR  With the switches 72 and 75 in the aforementioned upper position, the power
      amplifier 68 receives an operating control signal which is a function of
      the pressure-related charge previously applied to the capacitance 77
      during constant-flow operation of the pumping system, and the motor 51 is
      thus controlled to drive the hydraulic pump 50 to deliver a flow of
      hydraulic fluid sufficient to maintain the carrier liquid pressure in the
      conduit 23 at the pressure previously measured during constant-volume
      operation. At the same time, the pressure signal from the transducer 73 is
      applied along the line 82 to the differential amplifier 80 to provide a
      pressure-related feedback signal to the differential amplifier, thereby
      causing the power amplifier 68 to operate the motor 51 as required to
      maintain the carrier liquid pressure at the pressure previously developed
      during constant-flow operation of the pumping system.
PAR  It will be understood that the buffer amplifier 81 has sufficiently high
      input impedance so as not to materially discharge the capacitance 77
      during the desired time span of constant-pressure operation, as set forth
      below. In an actual embodiment of apparatus according to the present
      invention, a buffer amplifier 81 has been used which will hold a charge of
      the capacitance 77 to within one percent over a period of four minutes,
      although the present invention is not intended to be limited by the
      aforementioned time or tolerance.
PAR  Continuous operation of the present carrier liquid pumping system at a
      selected constant pressure is obtained by moving the selector switches 78a
      and 78b to the "P" position (opposite the respective positions depicted in
      FIG. 3), whereupon the switch actuator 76 is disabled and the switches 72
      and 75 remain in the depicted upper contact positions. The amplifier 80
      now receives one input signal from the pressure-set potentiometer 79,
      corresponding to a desired carrier liquid pressure, and receives another
      input on the line 82 corresponding to the carrier liquid pressure measured
      by the pressure transducer 78. The amplifier 80 provides an output signal
      to operate the motor 51 as required to maintain the carrier liquid
      pressure at the pressure selected by adjustment of the potentiometer 79.
      In the constant-pressure mode of operation, the carrier liquid pressure is
      held steady and the flowrate is allowed to vary as the permeability of the
      chromatograph column changes.
PAR  The operation sequence of the carrier liquid pumping system of the present
      invention is provided in the disclosed embodiment by selective control of
      the hydraulic fluid valves A-D and by the interrelated selective control
      of the pumping system in the aforementioned constant-rate of flow and
      constant-pressure modes of operation. The operational control is provided
      with the sequence control apparatus depicted in FIG. 4, in the disclosed
      illustrative embodiment of the present invention. It will be apparent to
      those skilled in the art, however, that the particular arrangement of
      apparatus shown in FIG. 4 is determined by the specific operational
      sequence of the disclosed embodiment; variations in the aforementioned
      disclosed sequence of operation may be made within the scope of the
      present invention; however, and such variations may require corresponding
      changes in the sequence control system. The sequence control system shown
      in FIG. 4 provides a programmed sequence of operational steps, with the
      programmed sequence being keyed to the drive shaft rotation of the
      constant-volume hydraulic pump 50. The sequence control circuit of FIG. 4
      may, accordingly, be considered as a special-purpose logic control
      circuit. It is considered to be well within the abilities of a skilled
      computer programmer, however, to instruct an appropriate general-purpose
      digital computer to provide the same or a similar sequence of operational
      control function signals of the hydraulic system.
PAR  The control signals provided by the sensor 55 in response to each rotation
      of the drive shaft of the hydraulic pump 50 are supplied to a divider
      circuit 85, which functions to provide an output pulse on the line 86 for
      every other input pulse provided by the sensor 55. The output pulses from
      the divider circuit 85 are supplied as a clock pulse input to the
      twenty-place counter 87. The counter 87 has twenty output states (in the
      disclosed illustrative embodiment) and sequentially steps an output logic
      signal condition in ascending order of output circuits, in response to
      each pulse applied along the line 86 to the clock pulse input. When the
      counter 87 has been counted to position "twenty," the next clock input
      pulse resets the counter to the "one" state. Those skilled in the art will
      recognize that a twenty-position counter may in practice be provided by an
      appropriate combination of a tenposition counter and a flip-flip circuit
      connected to function as a times-two circuit.
PAR  Additional details of the sequence control system are discussed along with
      the following operational description of the carrier liquid pumping system
      as described thus far. It is assumed for the purpose of explanation that
      the counter 87 has just been reset to the "one" position by a clock pulse
      and is being progressively counted upwardly by clock pulses generated in
      response to every other revolution of the input shaft to the hydraulic
      pump 50. Referring to the control sequence diagram shown in FIG. 5, it
      will be seen that the hydraulic supply valve A is open and the hydraulic
      supply valve B is closed, so that the entire hydraulic fluid output of the
      hydraulic pump 50 is being supplied to operate the first pressure
      intensifier 31. The "one" output from the counter 87 is applied through
      the "OR" gate 88 to place the Q output of the mode flip-flop 89 in a low
      state, and this output is inverted at 90 and supplied as an input to the
      switch actuator (FIG. 3). The switches 72 and 75 are operated by the
      switch actuator 76 to assume the constant-rate of flow mode of pumping
      operation, and so the first pressure intensifier 31 presently receives
      hydraulic fluid pumped at a constant flow rate to provide a constant-rate
      of flow of carrier liquid, the exact flow rate of the carrier liquid being
      determined by adjustment of the set input 70.
PAR  This operation of the first pressure intensifier 71 continues until the
      piston assembly of the first pressure intensifier nearly reaches the
      maximum extent of travel. Since the hydraulic pump 50 pumps a certain
      fixed volume of hydraulic liquid in response to each revolution of the
      pump input shaft, and since the effective volume of the input cylinder 34
      can be readily determined, the number of input shaft revolutions necessary
      to provide any predetermined amount of travel of the pressure intensifier
      piston assembly can be readily determined. The hydraulic supply valve A in
      the disclosed embodiment is closed after 17 revolutions of the pump input
      shaft, corresponding to the trailing edge of logic count "nine" applied to
      flip-flop A of the sequence control apparatus.
PAR  Although it might seem desirable to open the hydraulic valve C
      simultaneously with the closure of the supply valve A so that the second
      pressure intensifier 32 could commence delivering carrier liquid
      simultaneously with the termination of the first pressure intensifier 31,
      unwanted pressure pulsations and fluctuations in the carrier liquid supply
      are caused by such a changeover. Among the factors contributing to such
      pressure fluctuations are the expension of the tubing comprising the
      various hydraulic lines and carrier liquid lines, irregularities of volume
      due to expansion of liquid seals in the low-pressure and high-pressure
      portions of the system, and the slight but nonetheless material effect of
      liquid expansion. The one-way valves 45a, 45b, 46 a, and 46b, are another
      source of unwanted volumetric change; although one-way valves are normally
      considered to allow liquid flow in only one direction, the initiation of
      pressure on the conduit 44b (for example) causes the ball (or other
      movable element) of the one-way valve 46b to undergo some slight amount of
      movement while becoming firmly seated in flow-blocking position. This
      initial seating movement of the one-way valves slightly changes the
      overall volume of the carrier liquid conduit system, and the volumetric
      change produces a corresponding fluctuation in the pressure within that
      system.
PAR  These and other flow-rate irregularities are eliminated or greatly
      attenuated by pre-pressurizing the second pressure intensifier before
      completing the transition from the first pressure intensifier to the
      second pressure intensifier. Referring again to FIG. 5, it is seen that
      the hydraulic supply valve C is opened at the eighth clock pulse as
      flip-flop C is shifted to the Q output in response to the trailing edge of
      clock pulse "eight." For a period of two revolutions of the hydraulic pump
      input shaft, accordingly, hydraulic supply valves A and C are both open to
      supply hydraulic liquid to both of the pressure intensifiers 31 and 32.
      The Q output signal from the flip-flop C passes through a serrator 180
      which "serrates" or repetitively interrupts, for an initial period of
      time, the operating signal applied to open the valve C. These serrations
      of the operating signal, which are indicated at 91 on FIG. 5 and which may
      consist of approximately four signal interruptions per second over a
      period of about 4 seconds, allow hydraulic liquid to be supplied to the
      second pressure intensifier 32 in varying increments which initially
      pressurize the input cylinder of that intensifier while avoiding the drop
      in hydraulic pressure which would result if the empty and unpressurized
      input cylinder of the second pressure intensifier were simply dumped onto
      the hydraulic system in parallel with the input cylinder of the first
      pressure intensifier 31.
PAR  An illustrative embodiment of the serrator 180 is shown in FIG. 12, where
      the operating signal from the flip-flop C is applied to the base of the
      transistor Q1 which is connected to operate as an emitter-follower. The
      operating signal turns on the transistor Q1 to apply voltage along the
      line 181 to operate a sawtooth relaxation oscillator including the
      transistor Q2 and the capacitance 182. The conductive state of transistor
      Q1, in response to a valve operating signal, also applies voltage along
      the lines 181 and 183 to commence charging the capacitance 184. The
      positive input of the differential amplifier 185 is connected to the
      capacitance 184, and the negative input of the differential amplifier is
      connected to receive the output of the aforementioned sawtooth oscillator.
      The transistor Q3 is turned on when the transistor Q1 conducts, and
      turning-on of Q3 causes the previously-conducting transistor Q4 to become
      turned off.
PAR  The operation of the serrator 180 is best understood with reference to the
      serrator waveforms shown in FIG. 13. Q1 and Q3 are turned off in the
      absence of a valve operating signal, allowing Q4 to turn on and discharge
      capcitance 184 to zero volts. The negative input of the differential
      amplifier thus receives a small positive bias voltage applied through the
      resistance 188, insuring that the output of the differential amplifier
      will be low whenever the input to Q1 is low. Application of the operating
      signal from the flip-flop C is shown in waveform I of FIG. 13, and
      consists of a rectangular waveform constituting the Q output signal of
      that flip-flop. The transistor Q1 of the serrator becomes conductive in
      response to the operating signal input, and the sawtooth generator
      immediately commences operating to provide the sawtooth waveform of FIG.
      13(II) at the anode of Q2. This sawtooth waveform is applied to the
      negative input of the operational amplifier 185. The capacitance 184
      commences accumulating a charge at the same time that the sawtooth
      oscillator commences operation, since Q4 is now turned off and it will be
      apparent from waveforms II and III of FIG. 13 that the time constant of
      the charge circuit for the capacitance 184 is considerably longer than the
      time constant for charging the capacitance 182 of the sawtooth oscillator.
      The differential amplifier 185 provides a positive output only when the
      amplifier positive input (which receives the ramp signal provided by the
      relatively slow-charging capacitance 184,) exceeds the amplitude of the
      sawtooth signal applied to the amplifier negative input. The amplifier 185
      thus functions as a voltage comparator and commences providing a positive
      output signal as soon as an individual sawtooth waveform falls to zero,
      and continues providing such positive output until the amplitude of the
      next sawtooth cycle rises to the voltage of the ramp signal.
PAR  The positive output of the operational amplifier 185, as shown in waveform
      IV of FIG. 13, thus consists of a series of pulses, with the duration of
      each pulse being greater than the duration of the immediately-preceding
      pulse. At a time determined by the parameters of the serrator circuit, the
      ramp voltage exceeds the maximum sawtooth voltage and the differential
      amplifier 185 provides an uninterrupted output signal 186 thereafter.
      Since the valve C is momentarily opened in response to each of the pulses
      shown in the waveform IV, it can be seen that the serrator initially
      operates to pulse the valve C open for a number of intervals of increasing
      duration, after which the valve C remains continuously open until the
      operating signal from the flip-flop C terminates. The transistor Q1
      thereupon becomes nonconductive, turning off the transistor Q3 and
      allowing the transistor Q4 to become conductive. The capacitance 184 is
      discharged through transistor Q4, whereupon the positive output of the
      operational amplifier 185 terminates.
PAR  The specific number of the serrations or operating pulses shown in the
      waveform IV is not critical, so long as initial precharging of the second
      pressure intensifier is accomplished within the capability of the
      hydraulic system to compensate for the corresponding added volume of fluid
      to be pumped. The duration of the individual operating pulses is shortest
      at the beginning of each valve opening cycle, so that the empty input
      cylinder of the pressure intensifier initially receives commensurately
      small increments of hydraulic liquid.
PAR  The disclosed embodiments of the present invention include other features
      further minimizing the pressure perturbations which might otherwise occur
      when a valve A or C is initially opened to connect the empty and
      unpressurized input cylinder of a pressure intensifier to receive
      operating liquid. The two one-way valves 61a and 61b in the branch lines
      extending to the valves A and B, respectively, prevent operating liquid
      from flowing out of a pressurized pressure intensifier and into the
      unpressurized input cylinder of another pressure intensifier, during the
      times when both valve A and C are concurrently open.
PAR  The smoothing circuit 215 stands ready to return pressurized operating
      liquid from the pressure accumulator 218 into the hydraulic circuit
      through the one-way valve 219, in response to a momentary drop in
      hydraulic system pressure occasioned, for example, by connection of an
      unpressurized pressure intensifier to the hydraulic system. The smoothing
      circuit 215 thus operates to supplement the flow of hydraulic liquid in
      the hydraulic circuit, in response to a transient demand condition which
      might otherwise exceed the volumetric supply capability of the hydraulic
      pump 50. After the transient demand condition terminates, the pressure
      accumulator 218 is recharged through the restricted-flow passage 217 at a
      slow rate, relative to the rate of operating liquid discharge through the
      one-way valve 219, so that recharging of the pressure accumulator occurs
      at a rate which does not overload the volumetric capacity of the hydraulic
      pump 50.
PAR  The hydraulic pumping system is switched from the constant-flow operating
      mode to the constant-pressure operating mode, before the input cylinders
      of the two pressure intensifiers are connected in parallel. This is
      accomplished in response to the leading edge of the eighth clock pulse,
      supplied through the OR gate 96 to shift the mode flip-flop 89 to a high Q
      output, whereupon the switch actuator 76 operates the switches 72 and 75
      to select the constant-pressure mode of pump operation. The circuitry
      including the capacitance 77 functions as a memory circuit to remember the
      carrier liquid pressure measured during the preceding constant-flow
      operation, and the hydraulic pump 50 supplies hydraulic operating liquid
      to operate the first pressure intensifier 31 at a rate which maintains the
      carrier liquid pressure stored in memory. When the valve C is subsequently
      opened (at the trailing edge of the eighth shift pulse) to connect the
      second pressure intensifier 32 in parallel with the first pressure
      intensifier 31, the volumetric output of the hydraulic pump 50 is
      automatically adjusted by the constant-pressure feedback control circuit
      to supply the additional volume of hydraulic liquid necessary to supply
      hydraulic operating liquid to both pressure intensifiers while maintaining
      the carrier liquid pressure at the previously-measured level stored in
      memory. During the time that both of the valves A and C are open and the
      two pressure intensifiers 31 and 32 are thus connected in parallel, it
      will be understood that the hydraulic operating liquid applied to the
      input cylinder of the second pressure intensifier 32 may commence
      operating that pressure intensifier to deliver carrier liquid through the
      conduit 44b concurrent with delivery of carrier liquid through the conduit
      44a by the first pressure intensifier 31. The volume of hydraulic liquid
      applied to the two parallel pressure intensifiers by the hydraulic pump 50
      is automatically adjusted by the constant-pressure feedback circuit to
      maintain the previously-remembered pressure in the conduit 23, however,
      irrespective of the particular division of operation between pressure
      intensifiers and also irrespective of volumetric variables such as
      expansion of tubing, seating of one-way valves, and the like.
PAR  The two pressure intensifiers 31 and 32 are thus operated in parallel for
      the time required to pre-pressurize the second pressure intensifer to the
      pressure previously measured during constant-flow operation. After
      sufficient time has elapsed for satisfactory pre-pressurization, the valve
      A is closed and the sequence control system thereafter reverts to
      constant-flow operation of the second pressure intensifier 32 only. It is
      seen in FIG. 5 that valve A is closed at the trailing edge of clock pulse
      "nine," as applied to flip-flop A, and the constant-flow mode of operation
      is selected in response to the trailing edge of clock pulse "ten" as
      applied through the OR gate 88 to the mode flip-flop 89. Concurrent with
      the closing of valve A, hydraulic drain valve B is opened in response to
      clock pulse "nine" applied to flip-flop B, and the spring 37 in the first
      pressure intensifier 31 returns the piston assembly to the position shown
      in FIG. 2 to draw an additional quantity of carrier liquid into the output
      cylinder 36. The drain valve B remains open until the leading edge of
      clock pulse "eighteen," immediately preceding the opening of valve A for
      the next cycle of operation.
PAR  It is also apparent from FIG. 5 that a similar transition occurs from the
      second pressure intensifier to the first pressure intensifier occurs
      commencing at clock pulse "eighteen" whereat the control mode again
      changes from constant-flow to constant-pressure operation and the valve A
      is opened. The operating signal of the valve A is applied to a serrator
      187, which may be identical in design and operation to the serrator 180,
      and the opening of the valve is serrated as shown at 96 in FIG. 5. The
      first pressure intensifier 31 is thus prepressurized and the second
      pressure intensifier 32 is subsequently (at clock pulse "nineteen")
      closed; the transition from the second pressure intensifier 32 back to the
      first pressure intensifier 31 is completed by the return of operational
      control to the constant-flow mode at the leading edge of the next clock
      pulse "one." The first pressure intensifier 31 is again supplying carrier
      liquid in the constant-flow mode, and so one complete cycle of operation
      of the carrier liquid pumping system has been completed.
PAR  It will be apparent that the foregoing operating cycle of the carrier
      liquid pumping system can be repeated indefinitely so long as a supply of
      carrier liquid is maintained in the reservoir 16. Since the liquid supply
      in the reservoir 16 can be replenished as desired, chromatographic
      analyses of indefinite duration can be accomplished with the present
      invention without pump-imposed limitations on the available amount of
      carrier liquid.
PAR  If the carrier liquid pumping system is turned off at a time when one of
      the pressure intensifiers has partially completed an operating stroke,
      hydraulic liquid is retained in the input cylinder of that pressure
      intensifier. Since the sequence counter 87 becomes reset to zero when the
      system is turned off, it is possible that the first operational cycle of
      subsequent system operation may call for a full cycle of hydraulic liquid
      to be supplied to that pressure intensifier which remains partially filled
      with hydraulic liquid. To prevent overloading and possible damage to the
      hydraulic system, the initializing circuit 66 is connected to open each of
      the return valves B and D, independently of the sequence control system
      shown in FIG. 4, for a period of time which is sufficient to allow all of
      the pressure intensifiers to be returned to the initial position depicted
      in FIG. 2. The initializing circuit can be connected in any appropriate
      manner to function in response to operation of a main switch (not shown)
      for the chromatograph system.
PAR  Further protection against overloading of the hydraulic system is provided
      by the pressure relief valve 65, which opens to limit the maximum
      hydraulic pressure resulting from failure of the initializing circuit or
      from any other malfunction which would otherwise produce excessive
      hydraulic pressure.
PAR  Those skilled in the art will also realize that the single hydraulic pump
      50 which supplies hydraulic operating liquid to each pressure intensifier
      could be replaced, if desired, by a separate hydraulic pump and associated
      plumbing for selectively supplying hydraulic operating liquid to each
      pressure intensifier.
PAR  An actual embodiment of a carrier liquid pumping system as described above
      utilizes a pair of pressure intensifiers each having an output cylinder
      volumetric capacity of 2.5 cc of carrier liquid. With an operating cycle
      based on 40 revolutions of the hydraulic pump drive shaft, it can be seen
      that the volume of each pressure intensifier input cylinder and the
      volumetric output-per-revolution of hydraulic operating liquid from the
      hydraulic pump 50 are selected to provide substantially a complete stroke
      of pressure intensifier operation in response to 40 revolutions of the
      hydraulic pump drive shaft. It will be understood that the selection of 40
      shaft revolutions (as well as the selection of 20 shift pulses) to define
      one cycle of operation is by way of example only, and that either a
      greater or lesser number of shaft revolutions and/or shift pulses can be
      selected to define a complete cycle of operation.
PAR  It is frequently desirable to use more than one carrier liquid during an
      operating run of a liquid chromatograph. For example, it may be desirable
      to selectively change from a first carrier liquid (such as a polar
      solvent) to a second carrier liquid (such as a nonpolar solvent) in a
      preprogrammed manner in the course of chromatographic analyses. A
      modification of the present liquid chromatograph to permit preprogrammed
      use of two different carrier liquids is shown in FIG. 6, wherein like
      reference numerals are used to denote like elements as shown in FIG. 2 and
      wherein primed reference numerals are used to denote elements which
      duplicate corresponding elements shown in FIG. 2. Generally, the elements
      to the left of the dividing line 100 in FIG. 6 are included in the pumping
      system embodiment depicted and previously described with respect to FIG.
      2, and the hydraulic liquid supply valves A, C, and the drain valves B and
      D are operated in the same manner and sequence as previously described
      with respect to FIGS. 2-5.
PAR  With reference to FIG. 6, the pressure intensifiers 31' and 32' are
      provided in addition to the first and second pressure intensifiers 31 and
      32 as previously described. All four of the pressure intensifiers are
      preferably operationally identical. The output cylinder of the additional
      pressure intensifier 31' is connected through a one-way valve arrangement
      45a' and 46a', while the output cylinder of the additional pressure
      intensifier 32' is connected to the arrangement of one-way valves 45b' and
      46b'. The inlet sides of the one-way valves 46a' and 46b' are connected to
      a second carrier liquid reservoir 16'. The second reservoir 16' may for
      convenience be identified as containing "solvent II." The one-way valves
      associated with the pressure intensifiers 31 and 32 are connected as
      before to the reservoir 16, designated in FIG. 6 as containing "solvent
      I."
PAR  The hydraulic line 62a extends from the junction of valves A and B to the
      inlet side of a distribution valve 101, which is selectively operable to
      connect the line 62a to the input cylinders of either pressure intensifier
      31 or 31'. The hydraulic line 62b is correspondingly connected to the
      input side of another distribution valve 102, which is selectively
      operable to connect the line 62b to the input cylinders of either pressure
      intensifier 32 and 32'. Each of the distribution valves 101 and 102 may be
      a solenoid-actuated two-way valve which provides a first flow connection
      when deenergized and which provides a second flow connection when
      energized. The distribution valves 101 and 102 are operated in response to
      control signals provided along respective control lines 103 and 104 from
      the proportional control apparatus 105. The proportional apparatus 105 may
      be provided by any appropriate circuit arrangement which supplies
      operating power to the distribution valves 101 and 102 proportional to the
      desired relative proportions of solvent I and solvent II. Sequencing
      circuits and devices to accomplish the foregoing proportional control are
      within the ability of those skilled in the art, and are not disclosed in
      further detail herein.
PAR  Considering the operation of the embodiment depicted in FIG. 6, it is first
      assumed that only solvent I is desired for use in a chromatograph
      operation. the proportional control apparatus 105 is actuated to control
      the distribution valves 101 and 102 to maintain the pressure intensifiers
      31 and 32 in constant communication with the respective hydraulic lines
      62a and 62b. It will be understood that these flow positions of the
      distribution valves 101 and 102 may be the normal deenergized positions of
      such valves. It will also be seen that the two pressure intensifiers 31
      and 32 function to pump solvent I from the reservoir 16, through the
      one-way valves 45a, 46a, the carrier liquid conduits 106 and 107, the
      mixing chamber 108, and thence by way of the conduit 23 either to the
      sample introduction valve 18 or directly to the chromatograph column.
PAR  If it is desired to supply the chromatograph column with a mixture of
      solvents I and II, the distribution valves 101 and 102 are actuated by the
      proportional control 105 to supply hydraulic liquid to the pressure
      intensifiers 31' and 32'. The pressure intensifiers 31' and 32' must
      receive hydraulic liquid for a proportionate part of each pump operating
      cycle (as defined in FIG. 5) which is equal to the desired proportion of
      solvent II. For example, a carrier liquid mixture consisting of 90%
      solvent I and 10 percent solvent II is provided by operating the
      distribution valves 101 and 102 to supply hydraulic liquid to the pressure
      intensifiers 31' and 32' during 10 percent of each operating cycle. Since
      the combined flow of carrier liquid delivered to the chromatograph column
      should be an intermixture of solvents I and II, and not merely alternate
      segments of unmixed solvent, it is preferred to pulse the distribution
      valves 101 and 102 at some predetermined rate during each complete
      operating cycle of the pumping system. By way of example, the distribution
      valves can be supplied with operating signals from the proportional
      control 105 at a rate of one pulse per second, it being understood that
      the relative duration of "on-time" for each such complete pulse must be
      chosen to provide the corresponding duration of operating time for the
      pressure intensifiers 31' and 32' which is necessary to provide the
      desired proportion of solvent II.
PAR  If a 50--50 ratio of solvents I and II are desired, for example, it will be
      understood that the "on-time" of each such pulse is exactly equal to the
      "off-time" of each complete pulse. If each of the four pressure
      intensifiers has an output cylinder capacity of 2.5 ml and a carrier
      liquid flow rate of one ml per minute into the chromatograph column is
      desired, 2.5 minutes are required for each half-cycle of operation. The
      distribution valves 101 and 102 are pulsed at the rate of 60.times.2.5, or
      150 pulses for each such half-cycle of operation. A complete operating
      cycle of the pump system will require 300 pulses of the distribution
      valves, using the selected illustrative data. During each illustrative
      complete operating cycle of the pumping system, the mixing chamber 108
      receives 150 segments of solvent I and 150 segments of solvent II,
      although the relative amounts of the solvent segments are determined by
      the desired programmed time-proportion of solvents I and II.
PAR  If it is desired to transfer from solvent I to solvent II in some
      predetermined manner of transfer, such as a linear or nonlinear
      progression from solvent I to solvent II over a predetermined time period,
      the proportional control 105 is simply actuated to vary the proportion of
      "on-time" control of the distribution valves 101, 102 in accordance with
      the desired progression of transfer. Since the transfer between solvents
      is controlled by the operation of the distribution valves 101 and 102,
      rather than by any fixed mechanical drive linkage, this transfer need not
      be linear with respect to time and can instead be along a transfer slope
      having any desired curvature which can be programmed into the proportional
      control 105. Carrier solvent transfer can thus be readily accomplished
      along time-based slopes having various convex or concave curvatures at the
      desire of the operator.
PAR  FIG. 6A shows an alternative disclosed embodiment of apparatus for use of
      two different carrier liquids. Whereas the embodiment depicted in FIG. 6
      accomplishes proportional delivery of two carrier liquids by selective
      operation of valves in the low-pressure input portion of the system, the
      alternative system depicted in FIG. 6A uses flow control in the
      high-pressure output portion to accomplish selective use of two carrier
      liquids. The low-pressure or hydraulic portion of the system depicted to
      the left of the line 100 in FIG. 6A is identical with the corresponding
      apparatus previously shown and described with reference to FIG. 6.
PAR  Pressurized operating liquid selectively applied to the line 62a is
      supplied in parallel to the two pressure intensifiers 31 and 31', which
      are respectively connected to pump solvent I and solvent II. The
      pressurized operating liquid selectively applied to the line 62b is
      similarly supplied in parallel to the input cylinders of the two pressure
      intensifiers 32 and 32', respectively connected to pump solvent I and
      solvent II. It will be understood that operating liquid in the line 62a,
      for example, is applied with equal operating force to each of the pressure
      intensifiers 31 and 31', thus causing the simultaneous pumping of solvent
      I through the line 225 and of solvent II through the line 226. It will
      also be apparent that operating liquid in the line 62b causes concurrent
      pumping of solvent I through the line 227 and of solvent II through the
      line 228.
PAR  Proportional selection of the solvents I and II is accomplished, in the
      embodiment depicted in FIG. 6A, through the use of a proportioning valve
      indicated generally at 229. The proportioning valve 229 includes a
      cylinder 230 which is defined by a tubular member 231. A valve shuttle 232
      is reciprocably received within the cylinder 230, and the diameter of the
      shuttle 232 is sufficiently less than the diameter of the cylinder to
      permit solvent to flow in the annular space between the cylinder and the
      valve shuttle; a flow passage 233 extends in communication with the
      annular space and is connected by the line 234 to the mixing chamber 108,
      described below.
PAR  Solvent I is pumped along the lines 225 and 227 to enter the proportioning
      valve at a first inlet 238 in communication with a one-way valve 239
      biassed in flow-blocking relation against an opening 240 (FIG. 14).
      Solvent II is similarly applied at the second inlet 242 of the
      proportioning valve, through a one-way valve 239' and an opening 240'.
PAR  The valve shuttle 232 has a first operating member 243 extending outwardly
      from the shuttle in axial alignment with the opening 240, and has a second
      operating member 244 extending from the opposite end of the shuttle in
      axial alignment with the opening 240'. The longitudinal extent of the
      valve shuttle 32, including the first and second operating members 243 and
      244, is selected to ensure that at least one of the one-way valves 239 and
      239' will always be maintained at least partially unseated by a
      corresponding operating member, so that no position of the valve shuttle
      exists which allows both of the one-way valves 239 and 239' to be
      simultaneously completely closed to block solvent flow.
PAR  As best seen in FIG. 14, the opening 240 is surrounded by a seat member 241
      having a fluid flow channel 245 formed therein to allow solvent to flow
      through the opening 240 and the flow channel 245 notwithstanding abutment
      of the valve shuttle against the seat 241. A similar seat member and flow
      channel is provided in the valve seat 241'. The tubular member 31 defining
      the cylinder 230 is made of a suitable magnetically-permeable material and
      is divided at approximately a midpoint along the longitudinal extent of
      the tubular member by a barrier member 250, which is also made of a
      suitable magnetically-permeable material. A first control winding 251 is
      wound around the exterior of the first half of the tubular member 231,
      extending between the barrier 250 and the first inlet 238. A second
      control winding 252 is wound in a similar manner about the second half of
      the tubular member, extending between the barrier 250 and the second inlet
      end 242. Magnetic paths between the barrier 250 and the two ends of the
      proportioning valve are completed by the bridge members 253a and 253b,
      each of which is also made of a suitable magnetically permeable material.
      The first winding 251 is connected to receive control signals along the
      control line 103, while the second winding 252 is connected to receive
      control signals along the control line 104. It will be understood that the
      signals supplied along the control lines 103 and 104 are connected to a
      suitable source of proportional control signals as described above with
      respect to the embodiment depicted in FIG. 6.
PAR  Considering the operation of the embodiment depicted in FIG. 6A, it will be
      understood that application of a control signal to the first winding 251
      causes the valve shuttle 232 to move toward the first inlet end 238 of the
      proportioning valve 229. It will also be understood that a control signal
      applied to the second winding 252 causes the valve shuttle 232 to move
      away from the first inlet end 238 and toward the second inlet end 242.
      Assuming that the first winding 251 is energized, the first operating
      member 243 of the valve shuttle maintains the one-way valve 239 open,
      allowing solvent I to flow from the pressure intensifier 31 (or 32)
      currently receiving hydraulic operating liquid, through the passage 233,
      and thence to the mixing chamber 108. After the passage of some
      predetermined time determined by the proportional control, the first
      winding 251 is deenergized and the second winding 252 becomes energized to
      shift the shuttle 232 to position whereat the first operating member 243
      allows the one-way valve 239 to close and the second operating member 244
      opens the one-way valve 239', allowing solvent II to enter the second
      inlet 242 of the proportioning valve. During the time that the second
      winding 252 is energized, accordingly, solvent II enters the proportioning
      valve through the second inlet 242 and flows through the passage 233
      toward the mixing chamber 108.
PAR  The alternative embodiment of a solvent proportioning system, as depicted
      in FIG. 6A, provides fail-safe operation which cannot allow both flow
      circuits to be concurrently closed, because of the aforementioned design
      of the proportioning valve 229 to allow at least one of the one-way valves
      thereof to be at least partially opened. Moreover, the use of a single
      flow-switching element, such as the proportioning valve 229, provides a
      transition between liquid flow circuits which is less likely to cause
      unwanted pressure perturbations than is a switching system requiring
      separate valves in each flow line.
PAR  Although the proportioning valve 229, as described, is actuated by windings
      which require constant energization to maintain a valve position, those
      skilled in the art will recognize that the proportioning valve can
      alternatively be provided with a magnetic latch which maintains the valve
      shuttle in either operating position without requiring constant
      application of electrical power to a winding. Valve switching is
      accomplished with a momentary signal pulse, thereby avoiding the heating
      problems associated with coils which must be constantly energized.
PAC  SAMPLE INTRODUCTION VALVE
PAR  The illustrative embodiment of the sample introduction valve 18 in shown in
      FIGS. 7-9 and includes a unitary valve body 115 having a cylindrical
      chamber 116 extending from the end 117 a predetermined distance into the
      valve body. The innermost extent of the chamber 116 is defined by the
      annular plane surface 118, through which extends a shaft passage 119
      coaxial with the centerline of the cylindrical chamber 116. A pair of
      ports 120 and 121 extend downwardly from the surface 118 and are
      respectively connected to the respective conduits 24 and 22. An additional
      port 125 extends into communication with the wall of the chamber at a
      location above the surface 18, as shown in FIG. 7. The valve body 115 may
      advantageously be machined or otherwise formed from a unitary block of
      metal or other material having suitable physical properties, including
      resistance to attach by the liquids flowing therethrough and sufficient
      structural strength to withstand the operating pressures encountered.
PAR  A rotor 122 is received within the chamber 116 for rotation therein, and a
      rotor shaft 123 is connected to the rotor and extends downwardly through
      the shaft passage 119 for access at the other end 124 of the valve body
      115. The rotor 122 has a peripheral surface 128 which is dimensioned to
      permit rotation of the rotor within the cylindrical chamber 116. The rotor
      122, as particularly shown in FIG. 9, includes a pair of spaced-apart
      parallel faces 129a and 129b which are perpendicular to the rotation axis
      of the rotor. Four passages 130, 131, 132, and 133 extend through the
      thickness of the rotor 122 for communication between the two parallel
      faces. Each of the passages 130-133 has a preferably unique volume within
      the rotor 122 equal to a corresponding number of predetermined desired
      volumes of sample material to be introduced into the liquid chromatograph
      circuit; these passages may advantageously be formed by holes of
      appropriate diameter drilled through the thickness of the rotor 122. Each
      of the rotor faces 129a and 129b has an annular land 134a and 134b,
      respectively, surrounding the rotor axis. The passages 130-133 extend
      between and terminate at these lands, and it will become apparent that the
      lands and the corresponding confronting surfaces of the sample
      introduction valve are compressed together to establish a liquid sealing
      contact. The rotor 122 in an actual embodiment of the present invention is
      made of graphite-filled material such as polytetrafluoroethylene (commonly
      available under the trademark Teflon), although other suitable materials
      may be substituted by those skilled in the art.
PAR  The rotor 122 is retained in place within the chamber 116 by the
      compression cap 137, which is attached to the end 117 of the valve body
      115 by suitable fasteners such as bolts or the like. The compression cap
      137 includes an end portion 138 which covers and attaches to the end 117
      of the valve body, and a closure portion 139 which is preferably formed
      integrally with the end portion and which extends into the chamber 116 of
      the valve body 115. The closure portion 139 has an end face 140 which is
      maintained in liquid sealing contact against the land 134a of the rotor
      122, and the land 134b of the rotor is likewise maintained in liquid
      sealing contact with the surface 118 of the valve body 115. A pair of
      ports 141 and 142 extend through the compression cap 137 between the end
      face 140 and the outer surface of the compression cap 137, and the
      conduits 23 and 20 are respectively connected to these two ports. The
      ports 141 and 142 open onto the end face 140 at locations spaced
      90.degree. apart from each other, with reference to the axis of rotation
      of the rotor 122. It will be understood that the two ports 120 and 121 on
      the surface 118 are also spaced 180.degree. apart from each other, and are
      positioned on the surface 118 to place the port 120 in axial alignment
      with the port 141 and to place the port 121 in axial alignment with the
      port 142. The passages 130-133 in the rotor 122 are positioned at
      90.degree. intervals about the rotor, and are radially spaced for
      selective alignment with the ports in the valve body and in the
      compression cap. It will be thus understood that any two
      angularly-adjacent rotor passages 130-133 may be concurrently aligned with
      the two ports in the valve body and in the compression cap, by rotation of
      the rotor shaft 123, to establish a first fluid flow path through the
      conduits 23 and 24, and to establish a concurrent second fluid flow path
      through the conduits 20 and 22.
PAR  Considering the operation of the sample introduction valve, and referring
      once again to the system flow diagram of FIG. 1, it can be seen that a
      flow of carrier liquid from the solvent reservoir 16 is maintained by the
      pumping system 17 through the conduit 23, the port 142, one of the rotor
      passages, the port 120, and the conduit 24 to the valve 25a and thence to
      the chromatograph column 15. Assuming that the rotor 122 is positioned to
      position the rotor passage 130 for the aforementioned carrier liquid flow,
      it will be seen that the rotor passage 131 is positioned between the ports
      121 and 142 of the sample introduction valve. At this time, sample
      material from the sample source 21 can be introduced through the conduit
      20 to fill the rotor passage 131. This flow of sample material can be
      induced by pressurizing the sample source 21, or by applying a partial
      vacuum to the conduit 22 by any suitable type of pump. Since the volume of
      the rotor passage 130 is a precisely predetermined volume corresponding to
      a desired sample volume, it is unnecessary to use a syring or any other
      measuring instrument to meter the quantity of sample withdrawn from the
      sample source 21. It is merely necessary to observe the occurrence of
      sample material emerging from the conduit 22 to be assured that the rotor
      passage 131 is filled with the aforementioned predetermined volume of
      sample material.
PAR  After the rotor passage 131 is filled with sample material, the rotor shaft
      123 can be rotated 90.degree. to place the rotor passage 131 in alignment
      with the ports 120 and 141. The rotor passage 131 is thereby placed in
      communication with the flow of carrier liquid to the chromatograph column,
      and the sample material previously disposed in the rotor passage 131 is
      positively displaced by the carrier liquid flow to leave the rotor passage
      and to move toward the chromatograph column. Since the rotor passage 131
      was entirely filled with sample material, no dead space is introduced into
      the chromatograph system along with the sample material. Moreover, the
      rotor passage 131 is swept clean of sample material by the continuing flow
      of carrier liquid through the passage and so this passage 131 is cleaned
      and made ready to receive another quantity of sample material upon being
      returned to a position aligned with the ports 121 and 142.
PAR  Each of the four passages in the rotor 122 preferably has a volume which is
      different from the volumes of the other rotor passages. For example, the
      four rotor passages can respectively have volumes of 1, 2, 4, and 8
      microliters, thus providing the chromatograph user with four possible
      sample volumes merely by appropriate rotation of the rotor. The present
      sample valve permits any of such sample volumes to be selected and
      repeatably introduced into the chromatograph system, without errors of
      measurement resulting from the need to make separate measurements of each
      sample as in the prior art.
PAR  The rotor 122 also contains a passage extending from a port 135 in
      communication with the rotor face 129a to a port 136 in communication with
      the peripheral surface 128 of the rotor. The port 136 is spaced apart from
      the rotor face 129b a distance along the axis of the rotor which allows
      the port 136 to be selectively aligned with the port 125 on the
      cylindrical chamber 116 of the sample introduction valve. The angular
      position of the port 135 on the rotor face 129a is selected to place the
      port 135 in communication with the port 141 on the end face 140 of the
      compression cap 137, when the rotor 122 is angularly positioned to align
      the peripheral port 136 with the port 125 on the wall of the chamber 116.
      The port 125 is connected to a drain line 126 which can lead to a waste
      container or the like.
PAR  When the rotor 122 is angularly positioned to align the port 135 with the
      port 141, and the port 136 with the port 125, the flow of carrier liquid
      from the pumping system 17 is directly connected to the drain line 126.
      This connection is useful when a change is made in the carrier liquid
      being pumped, since the output cylinders of the pressure intensifiers will
      initially contain a quantity of the previously-pumped carrier liquid. The
      pumping system is simply operated for at least one complete pumping cycle,
      enabling the previous carrier liquid to be flushed out of the pressure
      intensifiers directly through the drain line 126 without any substantial
      back pressure, so that the pumping system will not have to be flushed by
      the time-consuming technique of pumping the previous carrier liquid
      through the substantial back pressure presented by the chromatograph
      column.
PAR  Although the illustrative embodiment of the present sample valve includes a
      rotor having four separate passages, it will be understood by those
      skilled in the art that a greater or lesser number of rotor passages may
      alternatively be provided. The angular spacing between adjacent rotor
      passages, along with the angular spacing between the ports 141, 142 and
      the ports 120, 121, would be adjusted in accordance with the number of
      rotor passages.
PAC  MIXING APPARATUS
PAR  The disclosed illustrative embodiment of the mixing chamber 108 is depicted
      in FIG. 10, where mixing of the interspersed segments of solvent (or of
      any other suitable liquids to be mixed) enters the chamber 150 defined by
      the interior walls of the enclosed cylinder 151. Received within the
      cylinder 150 is a mixing piston 152 of length less than the length of the
      cylinder 151 and configured to permit reciprocal movement of the mixing
      piston within the chamber 150.
PAR  A first portion 153 of the mixing piston 152 is of maximum piston diameter,
      and a second portion 154 is of reduced diameter; the diameter of the first
      portion 153 is selected to provide piston-cylinder clearance which is
      sufficient to allow the mixing piston to reciprocate within the chamber
      150 without frictional contact with the cylinder wall, but which is
      sufficiently small to produce shear-effect flow of liquid around the first
      portion of the mixing piston, as the mixing piston reciprocates. A
      clearance of 0.010 inches between the first portion 153 of the mixing
      piston and the adjacent cylinder wall has provided satisfactory mixing of
      typical solvent liquids used in liquid chromatography.
PAR  A compression coil spring 157 surrounds the second portion 154 of the
      mixing piston and normally biases the mixing piston to one end of the
      chamber 150, as shown in FIG. 10. A solenoid coil 158 is contained within
      a housing 159 in surrounding relation with the opposite end of the
      cylinder 151 from where the mixing piston is normally biased by the spring
      157. The mixing piston 151 is made of steel or another suitable
      magnetically permeable material, preferably encased in a coating of a
      suitable low-friction material such as Teflon or the like. It will be
      understood that the application of electrical power to the solenoid coil
      158 establishes a magnetic field which urges the mixing piston 152 forward
      to become centralized within the solenoid coil, thereby overcoming the
      return bias of the spring 157. As soon as the solenoid coil is
      deenergized, the spring 157 returns the mixing piston to the position
      depicted in FIG. 9.
PAR  The cylinder 151 may be fabricated from a unitary piece of suitable
      material, thereby minimizing the requirement for sealed interconnections.
      Since the cylinder must have an open end for assembly of the piston-spring
      arrangement, the open end is provided with appropriate closure structure
      such as the cap 160 and collar 161 for securely sealing the open end of
      the cylinder.
PAR  In operation of the described mixing apparatus, the operating power
      supplied to the solenoid coil 158 is interrupted at a pulse rate which is
      sufficient, in consideration of the viscosity of liquid flowing into the
      chamber 150, to enable the mixing piston 152 to undergo a substantially
      complete forward stroke for each actuation of the solenoid, and to undergo
      a substantially complete return stroke during the time that the solenoid
      coil remains deenergized. The aforementioned piston-cylinder clearance
      between the first portion of the mixing piston and the surrounding
      cylinder causes the liquid in the chamber 150 to flow past the
      reciprocating mixing piston at a high velocity. The liquid flowing past
      the mixing piston at high velocity suddenly enters the larger volume
      existing behind the end of the moving piston and loses the high velocity
      flow, thereby creating a turbulent mixing effect on alternate sides of the
      reciprocating mixing piston. The liquid inflow to the mixing assembly 108,
      which in the disclosed embodiment consists of alternate segments of two
      different solvents, is thus effectively intermixed to provide a
      substantially homogenous liquid outflow along the conduit 23 to the
      remainder of chromatograph system. The volume of the chamber swept by each
      reciprocation of the mixing piston is preferably large enough to contain
      at least one segment of each liquid being mixed.
PAC  SAMPLE RECYCLING
PAR  The illustrative embodiment of sample recycling apparatus according to the
      present invention is described with reference to FIG. 1. In typical liquid
      chromatograph apparatus, the liquid flows from the chromatograph column to
      a suitable detector, after which the liquid is subsequently drained or
      otherwise removed from the chromatograph system. The liquid outflow from
      the detector 19 of the present system, however, is connected by the
      conduit 165 to the two-way valve 166. The two-way valve 166 selectively
      connects the conduit 165 with either of the output conduits 167 or 168.
      Conduit 167 serves as a conventional drain line to receive the liquid
      outflow from the detector 19 during conventional operation of the
      chromatograph.
PAR  The conduit 168 is connected to a first input of another two-way valve 169.
      A second input of the two-way valve 169 is connected by the conduit 170 to
      an output of the recycle selection valve 25a. The common output line of
      the two-way valve 169 is connected to the input of the recycling loop 171,
      and the output of the recycling loop is connected with the conduit 172 to
      an input of the recycle selection valve 25b.
PAR  The recycling loop 171 is a location for the temporary storage of a segment
      of liquid outflow from the detector 19. The recycling loop 171 may be
      provided most simply by a length of conduit having appropriate inner
      diameter and length to provide the desired storage volume.
PAR  Considering the operation of the present recycling system, those skilled in
      the art will recognize that the ability of a liquid chromatograph to
      identify the constituents of a sample depends, among other things, upon
      the length of the chromatograph column. Practical limitations on the
      maximum length of the column may permit only incomplete separation of two
      or more constituents of a sample, with the result occurring at detector
      output as a single gross signal indication rather than as a series of
      separate signal maxima corresponding to separate constituent ingredients.
PAR  It has been determined that a portion of sample material which has passed
      through the chromatograph can be subject to chromatographic analysis in
      expanded detail if the sample portion is readmitted to the head of the
      chromatograph column and once again passed through the column. In this
      manner, a sample portion which once occupied only a portion of the column
      length now has available the entire length of the column, with the result
      that the individual constituents of the sample are more readily detected
      in the outflow from the column as separate peaks on the detector output.
PAR  Assuming that the system of FIG. 1 is operating in a normal manner, the
      recycle selection valve 25a and 25b and the two-way valve 166 are all in
      the position shown by solid lines in FIG. 1. Carrier liquid and sample
      material passes along the conduit 24, through the valves 25a and 25b, and
      into the chromatograph column 15. Subsequently, the liquid outflow from
      the chromatograph column passes through the detector 19 and through the
      valve 166 to the drain conduit 167. If the operator of the chromatograph
      system desires to obtain an additional analysis of a particular sample
      portion, the two-way valve 166 is operated to place the conduit 165 in
      communication with the conduit 168 and the two-way valve 169 (presently in
      the solid-line position shown in FIG. 1). The outflow from the detector 19
      is thus loaded into the recycling loop 171.
PAR  After the recycling loop is loaded, the two-way valve 166 can be returned
      to the normal position to permit continued operation of the chromatograph.
      The operator of the chromatograph system at this time may continue the
      normal operation as aforementioned, or may alternatively place the valves
      25a, 25b, and 169 in the broken-line positions shown in FIG. 1. The flow
      of carrier liquid in the conduit 24 is diverted into the conduit 170 and
      is applied to the input of the recycling loop 171 to displace the
      previously-loaded sample portion into the conduit 172 and through the
      valve 25b to enter the chromatograph column 15. It will be thus seen that
      the material previously loaded into the recycling loop is reintroduced
      into the chromatograph column, and the sample portion which previously
      occupied only a portion of the column now has available the entire length
      of the column.
PAR  After the material is removed from the recycling loop 171, the valves 25a
      and 25b may again be operated to establish normal operation of the
      chromatograph system.
PAC  IMPROVED DETECTOR APPARATUS
PAR  An embodiment of the improved detector apparatus 19 is shown in FIG. 11,
      and includes a linear elongated sample cell 190 through which the liquid
      from the chromatograph column flows. The sample cell 190 in the disclosed
      embodiment is provided by a passage extending through a sample block 191
      which, in order to provide substantial thermal inertia, is preferably made
      of a metal which is not reactive in the presence of the liquid stream from
      the chromatograph column. The sample block 191 preferably has a
      cylindrical exterior configuration, and the line 192 carrying liquid from
      the chromatograph column is wound around the exterior of the sample block
      as indicated at 193 to enhance the thermal equilibrium in the detector
      apparatus. The line 192 is preferably metallic tubing which is secured in
      good heat transfer relation to the sample block. Securing techniques such
      as welding, soldering, or the like can be used to secure the windings 193
      to the sample block. A first end 195 of the sample cell 190 is connected
      to receive fluid flowing from the line 192, and a second end 194 of the
      sample cell is connected to the exit line 165.
PAR  Positioned on opposite sides of the sample block 191 are a lamp housing 198
      and a detector cell housing 199. The lamp housing 198 contains an
      ultraviolet lamp (omitted in FIG. 11 for clarity) within a receptacle 200,
      and a narrow elongated passageway 201 extends from the lamp housing in
      coaxial alignment with the sample cell 190 to direct a substantially
      collimated beam of ultraviolet illumination into the sample cell. The
      detector cell housing 199 includes an elongated linear passageway 202
      coaxially aligned with the passageway 201 and the sample cell 190. A pair
      of windows 203 and 204 are positioned at the two ends of the sample cell
      190 to enclose the sample cell. The windows 203 and 204 should be of a
      material such as sapphire or the like, which has little or no absorption
      of ultraviolet illumination.
PAR  The ultraviolet illumination passing through the sample cell 190, and the
      liquid sample flowing therethrough, passes along the passageway 202 and
      impinges an illumination converter and multiplier element 208 positioned
      in the detector cell housing 199. The element 208, which is made of
      fluorescent glass or another suitable material capable of converting
      received ultraviolet illumination into visible illumination, has a
      substantially flat surface 209 positioned substantially perpendicular to
      the longitudinal axis of the passageway 202, so that the substantially
      collimated ultraviolet illumination in the passageway 202 impinges the
      element 208 at substantially a right angle thereto.
PAR  The photodetector device 207, which is any device such as a photocell or
      the like that provides an output signal in response to the magnitude of
      impinging visible illumination, is positioned in the detector cell housing
      199 in laterally offset relation to the passageway 202, and with the
      illumination inlet aperture of the device 207 being in perpendicular
      relation to the longitudinal axis of the passageway 202. However, the
      depicted perpendicular relation between the photodetector device 207 and
      the passageway 202 is not considered critical.
PAR  Although the beam of ultraviolet illumination which strikes the element 208
      is substantially collimated by passage through the coaxial passageway 201,
      the sample cell 190, and the passageway 202, the photons of visible
      illumination provided by the element 208 in response to such ultraviolet
      illumination move in directions having no correlation with the collimated
      direction of the incoming ultraviolet illumination. The visible
      illumination produced by the element 208 is uncollimated, as a
      consequence. The sensitivity of the detector apparatus 19 is substantially
      improved by providing the element 208 to be internally reflective of the
      visible light produced in response to ultraviolet illumination, so that
      substantially all of such visible light is internally reflected until the
      visible light impinges the photodetector device 207. The internal
      reflection of visible illumination within the element 208 is provided by
      the total reflection of visible light which internally impinges a surface
      of the element at less than the critical angle, and this internal
      reflection can be enhanced by adding a suitable reflective coating to the
      exterior surface of the element (except for the surface 209 and the
      interface between the element 208 and the photodetector device 207).
PAR  Those skilled in the art will recognize that a complete detection system
      includes not only the sample cell 190, shown in FIG. 11, but additionally
      includes a reference cell to provide a reference signal against which the
      variable signal output of the photodetector device 207 is compared.
      Moreover, the sample cell and the reference cell are connected with
      appropriate electronic circuits, such as a bridge circuit, to provide the
      aforementioned comparison, and the comparison output signal may be applied
      to suitable indicators or recorders to provide a graphical representation
      of the chromatograph output. The reference cell may be of identical
      construction to the sample cell shown in FIG. 11, with the exception that
      liquid from the column does not flow through the sample cell. The sample
      cell may contain either air or pure carrier liquid, as is known to those
      skilled in the art.
PAR  It will be apparent that the foregoing relates only to disclosed
      embodiments of the present inventions, and that numerous alterations and
      modifications may be made therein without departing from the spirit and
      the scope of the inventions as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for delivering a substantially pulseless flow of liquid,
      comprising:
PA1  first means selectively operative to deliver a certain amount of liquid at
      either a certain constant rate of flow or at a constant pressure;
PA1  second means selectively operative to deliver a certain amount of liquid at
      either a certain constant rate of flow or at a constant pressure;
PA1  passage means connected to receive the liquid delivered by each of said
      first and second means;
PA1  control means operatively coupled to operate said first means to deliver
      liquid at a certain constant rate of flow, and responsive to the delivery
      of a predetermined amount of liquid by said first means to commence
      operation of said first means to deliver liquid at a constant pressure;
      and
PA1  said control means operatively coupled to operate said second means and
      operative to commence operation of said second means to deliver liquid at
      said constant pressure while said first means is delivering liquid at
      constant pressure.
NUM  2.
PAR  2. Apparatus as in claim 1, including:
PA1  means sensing the pressure of said liquid delivered to said passage means
      at said constant rate of flow by said first means; and
PA1  said control means responsive to said sensed pressure and operative to
      control said first means and said second means to deliver said constant
      pressure liquid at the pressure previously sensed by said sensing means.
NUM  3.
PAR  3. Apparatus as in claim 1, wherein:
PA1  said control means is operative to operate only said first means at said
      constant rate of flow for delivery of said predetermined amount of liquid,
      is operative to concurrently operate said first and second means at said
      constant pressure during delivery of a second predetermined amount of
      liquid, and is operative in response to delivery of said second
      predetermined amount to operate said second means only and at said
      constant rate of flow.
NUM  4.
PAR  4. Apparatus as in claim 3, including:
PA1  means sensing the pressure of said liquid delivered to said passage means
      at said constant flow rate by said first means; and
PA1  said control means responsive to said sensed pressure and operative to
      control said first means and said second means to deliver said constant
      pressure liquid at the pressure previously sensed by said sensing means.
NUM  5.
PAR  5. Apparatus for delivering a substantially pulseless flow of liquid,
      comprising:
PA1  first pump means and second pump means, each of which is operative to
      deliver a supply of liquid;
PA1  passage means connected to receive the liquid delivered by each of said
      first and second pump means;
PA1  drive means operatively coupled to supply operating power to each of said
      pump means; and
PA1  operating means connected to said drive means and sequentially operative to
      operate only said first pump means to deliver liquid for an initial
      interval at a constant flow rate, and then to operate both of said pump
      means for a subsequent interval at a constant predetermined pressure
      corresponding to the pressure of liquid supplied by said pump means during
      said initial interval, and then to operate only said second pump means at
      said constant flow rate.
NUM  6.
PAR  6. Apparatus for delivering a pressurized flow of output liquid at a
      certain rate of flow, comprising:
PA1  first means selectively receiving an operating liquid and operative to
      deliver a certain amount of output liquid to a discharge line at a rate
      responsive to the delivery rate of said operating liquid;
PA1  second means selectively receiving an operating liquid and operative to
      deliver a certain amount of output liquid to said discharge line at a rate
      responsive to the delivery rate of said operating liquid;
PA1  third means selectively operative to deliver operating liquid either to
      said first means or to said second means at a predetermined constant rate
      of flow;
PA1  fourth means selectively operative to deliver operating liquid to first
      means and said second means at a pressure determined by a parameter of the
      output liquid previously delivered by said first means;
PA1  control means operatively connected to said third means and said fourth
      means and operative to control said third means to deliver said constant
      rate of flow of operating liquid to said first means for delivery of a
      first amount of output liquid, said control means being operative to
      control said fourth means to deliver said operating liquid concurrently to
      both of said first and second means at said determined pressure for
      delivery of a second amount of output liquid; and
PA1  said control means being operative to control said third means to supply
      operating liquid at said constant rate of flow to said second means for
      delivery of a third amount of output liquid after said delivery of said
      second amount of output liquid.
NUM  7.
PAR  7. Apparatus as in claim 6, for selectively delivering a pressurized flow
      of liquid at either a certain constant rate of flow or at a certain
      constant pressure, wherein said control means includes mode selection
      means selectively operative to control said fourth means to supply all of
      the operating liquid for delivery of the first, second, and third amounts
      of output liquid at a predetermined constant pressure of said output
      liquid.
NUM  8.
PAR  8. Apparatus as in claim 6, wherein:
PA1  said control means is operative to supply said constant pressure operating
      liquid to said second means for a time sufficient to pressurize said
      second means sufficiently to deliver said output liquid at said constant
      rate, and said control means is thereafter operative to supply operating
      liquid to said second means at said constant rate of flow.
NUM  9.
PAR  9. Apparatus as in claim 6, wherein:
PA1  said parameter of the output liquid is the pressure of the output liquid
      delivered by said first means in response to operating liquid delivered at
      said constant rate of flow by said third means.
NUM  10.
PAR  10. Apparatus as in claim 8, wherein said control means is operative to
      supply said constant pressure operating liquid to said first means at the
      same time that said second means is being prepressurized.
NUM  11.
PAR  11. Apparatus as in claim 6, further comprising means connected to receive
      the output liquid delivered by both said first means and said second
      means.
NUM  12.
PAR  12. Apparatus as in claim 6, further comprising:
PA1  first unidirectional flow means connected to receive and pass output liquid
      delivered by said first means;
PA1  second unidirectional flow means connected to receive and pass output
      liquid delivered by said second means; and
PA1  means connected to receive the output liquid passed through said first and
      second unidirectional flow means.
NUM  13.
PAR  13. Apparatus for delivering a substantially pulseless flow of liquid,
      comprising:
PA1  first pressure intensifier means;
PA1  second pressure intensifier means;
PA1  each of said pressure intensifier means having an output member disposed
      for liquid displacing movement in an output chamber at a rate responsive
      to the rate of delivery of operating medium to the pressure intensifier;
PA1  output conduit means connected in flow communication with each of said
      output chambers;
PA1  means connecting each of said output chambers to receive a supply of liquid
      to be pumped;
PA1  a source of operating medium selectively connectable to supply operating
      medium to said pressure intensifiers, said source being selectively
      operable to supply operating medium at a selected constant rate of flow or
      at a constant pressure;
PA1  means responsive to the liquid pressure in said output conduit to receive
      and remember a pressure indication signal; and
PA1  sequence control means responsive to the rate of delivery of operating
      medium and operative to establish sequential operation of said first and
      second pressure intensifier means,
PA1  said sequence including supplying operating medium to said first pressure
      intensifier at said constant rate of flow for a first delivery of
      operating medium, supplying operating medium concurrently to said first
      and second pressure intensifiers for a second delivery of operating medium
      at a constant pressure determined by said pressure indication signal,
      supplying operating medium to said second pressure intensifier at said
      constant rate of flow for a third delivery of operating medium, and
      supplying operating medium concurrently to said second and first pressure
      intensifiers for a fourth delivery of operating medium at a constant
      pressure determined by said pressure indication signal.
NUM  14.
PAR  14. Apparatus as in claim 13, further comprising:
PA1  constant pressure control means operatively associated with said source of
      operating medium and selectively operative to control said source to
      supply operating medium at a selected constant delivery pressure
      irrespective of said sequence control means, so that the pressure of
      liquid in said output conduit remains at a constant pressure determined by
      said selected delivery pressure of operating medium irrespective of said
      sequence control means.
NUM  15.
PAR  15. Apparatus as in claim 14, wherein said constant pressure control means
      is responsive to the pressure of liquid in said output conduit to provide
      a control pressure signal to said source of operating medium to maintain
      said selected delivery pressure.
NUM  16.
PAR  16. Apparatus as in claim 13, further comprising initializing means
      operatively associated with each of said pressure intensifiers and
      selectively operative to remove operating medium from said pressure
      intensifiers prior to initial operation of said sequence control means, so
      that the initial cycle of said sequential operation of said first and
      second pressure intensifiers commences with both pressure intensifiers
      empty of operating liquid.
NUM  17.
PAR  17. Apparatus as in claim 13, wherein:
PA1  each pressure intensifier means includes an input member movable in an
      input chamber in response to operating medium supplied to said input
      chamber, said input member connected for said liquid displacing movement
      of said output member;
PA1  first supply line means selectively operative to admit operating medium
      from said source to said input chamber of one of said pressure
      intensifiers;
PA1  second supply line means selectively operative to admit operating medium
      from said source to said input chamber of the other of said pressure
      intensifiers;
PA1  first drain line means selectively operative for removal of operating
      liquid from said input chamber of said one pressure intensifier;
PA1  second drain line means selectively operative for removal of operating
      liquid from said input chamber of said other pressure intensifier;
PA1  said sequence control means operatively connected to said first and second
      supply line means to control delivery of operating liquid to said first
      and second pressure intensifiers in said sequence of operation; and
PA1  said sequence control means operatively connected to said first and second
      drain line means and operative to open each drain line means at a time
      when the supply line means for the corresponding pressure intensifier is
      closed, for removal of operating liquid previously admitted to the input
      chamber.
NUM  18.
PAR  18. Apparatus as in claim 17, further comprising means resiliently biassing
      said input piston of each pressure intensifier in a direction to expel
      operating liquid from said input chamber when the corresponding drain line
      means is opened.
NUM  19.
PAR  19. Apparatus as in claim 17, further comprising initializing means
      selectively operative to open both of said drain line means to enable
      operating liquid to flow from said input chambers before initial
      commencement of said sequential operation.
NUM  20.
PAR  20. Apparatus as in claim 19, wherein:
PA1  said first supply line means includes a first valve operative to control
      the flow of operating liquid to said one pressure intensifier in response
      to a first control signal condition provided by said sequence control
      means;
PA1  said second supply line means includes a second valve operative to control
      the flow of operating liquid to said other pressure intensifier in
      response to a second control signal condition provided by said sequence
      control means;
PA1  each of said first and second valves is connected to receive corresponding
      operating signals from signal serrating apparatus comprising:
PA1  first means operative in response to a corresponding control signal
      condition to provide a first signal having a parameter of increasing
      magnitude;
PA1  second means operative in response to said corresponding control signal
      condition to provide a second signal having a parameter of oscillatory
      magnitude; and
PA1  comparison means responsive to the parameters of said first and second
      means and operative to provide said corresponding valve operating signal
      only during the time in which the magnitude of said first signal parameter
      exceeds the magnitude of said second signal parameter.
NUM  21.
PAR  21. Apparatus as in claim 20, wherein:
PA1  the magnitude of said parameter of said first signal increases at a rate
      which is less than the rate of oscillation of said parameter of said
      second signal; and
PA1  the magnitude of said parameter of said first signal increases to exceed
      the maximum magnitude of said second signal parameter, whereupon said
      comparison means provides a constant operating signal condition.
NUM  22.
PAR  22. Apparatus as in claim 13, further comprising smoothing means operative
      to supply additional operating medium to said pressure intensifiers in
      response to a reduction in the pressure of said operating medium.
NUM  23.
PAR  23. Apparatus as in claim 22, wherein said smoothing means comprises means
      for accumulating a quantity of pressurized operating medium, means
      interconnecting said accumulating means with said source of operating
      medium to admit operating medium to said accumulating means at a first
      rate of flow, and means allowing accumulated operating medium to flow from
      said accumulating means back to said source of operating medium at a
      second rate of flow which is greater than said first rate of flow.
NUM  24.
PAR  24. Apparatus as in claim 13, further comprising one-way valve means
      disposed in said means connecting said output chambers to prevent liquid
      from returning to the supply from said output chambers.
NUM  25.
PAR  25. The method of delivering a substantially pulseless flow of liquid,
      comprising the steps of:
PA1  delivering an initial portion of a first quantity of liquid at a selected
      constant rate of flow;
PA1  determining the pressure at which said first quantity of liquid is
      delivered;
PA1  delivering a final portion of said first quantity of liquid at a constant
      pressure which is a function of said determined pressure;
PA1  commencing delivery of a second quantity of said liquid at the aforesaid
      constant pressure, during said delivery of the final portion of said first
      quantity; and then
PA1  delivering a second portion of said second quantity of liquid at said
      selected constant rate of flow.
NUM  26.
PAR  26. The method of delivering a substantially pulseless flow of liquid to a
      utilization means from plural flow sources, comprising the steps of:
PA1  delivering an initial flow of liquid to the utilization means from a first
      source at a selected constant rate of flow;
PA1  determining the pressure at which said initial flow of liquid is delivered
      to the utilization means; and then
PA1  delivering a final flow of said liquid from said first source at a constant
      delivery pressure which is substantially identical to said determined
      pressure;
PA1  commencing delivery of liquid to the utilization means from a second source
      during said final flow delivery from said first source, while maintaining
      the delivery of said liquid to the utilization means at said determined
      pressure; and then
PA1  delivering a subsequent flow of liquid from said second source to the
      utilization means at said predetermined constant rate of flow.
NUM  27.
PAR  27. The method as in claim 26, wherein said delivery of the final flow of
      liquid from the first source is terminated after commencement of delivery
      from said second source but before delivery of said subsequent flow from
      said second source.
NUM  28.
PAR  28. The method as in claim 26, wherein said final flow delivery from said
      first source is terminated after the flow of liquid delivered by said
      second source has reached a pressure sufficient to maintain said
      predetermined constant rate of flow.
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PAL  A magnetically-coupled centrifugal type of pump characterized in that the
      pump housing comprises two members which can be made by molding, for
      example in plastic, and one of the body members has formed as integral
      parts thereof two reversely opening magnet wells, one for the inner driven
      coupling magnet and the other for the outer driving magnet; and the shaft
      mounting the impeller is footed on either member as an integral part of
      such member. Supplements to the subject: (1) the shaft may be separable
      and if so, has a sealing ring seated in a groove in the wall on which it
      is mounted or in the juxtaposed foot of the spindle; and (2) if the shaft
      is formed integrally, it may include a long metallic internal
      warp-preventing member.
PARN
PAR  This application is a continuation of application Ser. No. 584,171 filed
      Oct. 4, 1966, now abandoned.
BSUM
PAR  This invention pertains to magnetically-driven or coupled pumps of the type
      wherein a rotary impeller is journalled within a sealed pump housing to be
      rotated by torque derived from the shaft of an electric motor or the like
      which is situated outside of the pump housing.
PAR  The motor shaft does not enter the sealed pump housing or chamber but is
      magnetically coupled to the impeller by means of an external ring-shaped
      permanent magnet rotated by the motor shaft about a smaller internal ring
      magnet carried on the impeller hub within a magnet well which is usually
      sealed in assembly with the pump housing or body.
PAR  The larger external ring magnet rotates closely around the outside of the
      magnet well and therefore concentrically about the inner magnet sealed
      therein, and in this way the motor shaft is magnetically coupled to drive
      the impeller without the need for special bearing seals and the like for
      the motor shaft, which otherwise would have to enter the pump chamber in
      order to be connected to the impeller.
PAR  The disclosed improvements relate particularly to magnetically-coupled
      pumps of the type described wherein the impeller is of the centrifugal
      type and a cantilever or stud shaft is disposed at the blade side and end
      of an impeller hub remote from the opposite end and the coupling magnet
      thereat so as to lie in a region where stresses from the pumping load are
      very pronounced, whereby flaring and similar wear on the shaft bore in the
      impeller hub is greatly reduced;
PAR  Wherein the cantilever or stud shaft is disposed in an inlet duct
      terminating opposite this stressed end of the impeller so that the stud
      shaft is supported and largely disposed in a lowpressure zone of the
      entering liquid as it flows into the impeller blades;
PAR  Wherein the stud shaft, so-located, may be a separate or an integral part
      of the pump body or a closure member for the impeller chamber in such pump
      body;
PAR  Wherein a special sealing ring and seat are provided for the stud shaft in
      the non-integral, separate part form of the construction; and
PAR  Wherein a special insert stabilizing means is provided for the form of stud
      shaft which is an integral part of a pump body or cover member therefor
      molded from non-metallic synthetic plastic materials of the class of Epoxy
      resins, whereby the rigidity of the stud shaft is insured against warpage
      due to aging and the effect of very hot liquids;
PAR  Wherein the well for the inner or driven coupling magnet may be formed as
      an integral part of the pump body and may further have the integral stud
      shaft formed as a part of such magnet well;
PAR  Wherein the impeller is molded about an annular coupling magnet.
DRWD
PAR  The invention is further described in view of the annexed drawings in
      which:
PAR  FIG. 1 is an elevational view of one form of the pump;
PAR  FIG. 2 is an exploded perspective of the pump components, excepting the
      motor;
PAR  FIG. 3 is a fragmentary cross-section of the pump with a drive motor shown
      partially in elevation;
PAR  FIG. 3a is a sectional detail of a modified form of spindle attachment for
      FIG. 3;
PAR  FIG. 3b is a modified form of impeller;
PAR  FIG. 4 is a cross-section of a modified form of the pump wherein the stud
      shaft and the magnet well and chamber are formed as integral parts of a
      molded pump housing;
PAR  FIG. 4a is a fragmental sectional detail of the stabilizing means added to
      the integral form of the stud shaft shown in FIG. 4;
PAR  FIG. 4b is a fragmentary sectional detail of a further modification of the
      integral stud-shaft structure wherein a metallic bearing sleeve is
      provided on the spindle portion of the shaft;
PAR  FIG. 5 is a cross-section of the type of pump housing shown in FIG. 4
      further modified so that the stud shaft is an integral part of the inner
      magnet well and the impeller is further provided with thrust limiting
      means in the form of bosses integrally formed on the impeller blades;
PAR  FIG. 5a is a fragmental sectional detail of the construction of FIG. 5
      wherein a rigid stabilizing insert is provided in the integral stud shaft.
DETD
PAR  The embodiment of the device shown in FIGS. 1 and 2 comprises a pump body
      10 having an annular pump chamber 11 recessed therein and into which inlet
      and outlet ducts 12 and 14 communicate, said ducts having internally
      threaded connecting nipples 12A and 14A, respectively, the duct 12
      terminating in a central juncture 12C (FIGS. 1 and 3) with the side of the
      pump body 10. The pump assembly is usually mounted on a motor cage 60 by
      means of the screws 34 engaging in tapped holes 34X, FIG. 3, with a
      suitable motor 23.
PAR  As viewed in FIGS. 2 and 3, the inlet duct structure terminates in a flow
      well 13 opening centrally into the pump chamber 11 while the outlet or
      discharge duct leads outwardly from a side of the pump chamber along a
      line which is essentially tangential to the angular path of a rotary
      impeller 16, FIGS. 1, 2 and 3.
PAR  The impeller 16 is preferably molded from a suitable synthetic plastic
      material having good bearing qualities which is resistant to action of
      most corrosive liquids, and will consist in a hub portion 17 from which
      radiate impelling blades 18, said hub carrying at an opposite end a driven
      permanent magnet 20 adapted to couple magnetically with a driving
      permanent magnet 21 situated externally of the pump chamber in a rotary
      carrier 22 driven by an electric motor 23.
PAR  In the embodiment of FIG. 3, the pump chamber is sealed off by a chambered
      closure member 30 comprising a closure plate 31 having flange portions 32
      adapted to interfit with rim portions 15 on the pump body, there being
      bolt holes 33 on the plate aligning with bolt holes 19 on the pump body
      receiving bolts 34 which clamp the body and closure plate together in
      assembly with a motor mounting member 24 to be described hereafter.
PAR  The closure plate 31 includes a centrally-located, outwardly projecting
      annular magnet chamber 31X formed as an integral part thereof and having
      an internal diameter affording a close clearance for the outer periphery
      of the inner or driven magnet 20 (FIG. 3) so that the latter may rotate
      freely therein but in closest possible magnetic proximity to the field
      from the inner periphery of the encircling outer or driving magnet 21,
      which is disposed to rotate about the exterior of said projecting magnet
      chamber structure with the inner periphery of the outer magnet 21 likewise
      in closest magnetic coupling proximity possible to the field of the inner
      magnet consistent with free rotation about the external surface of said
      chamber structure 31X. It will be observed that a small clearance is
      provided, as at --C-- (in each of the constructions seen in FIGS. 3, 4,
      4a, 5, 5a) permitting axial shift of the impeller responsive to the effort
      of the inner magnet to center itself in the field of the outer magnet
      against the counter effort of the rotating impeller to shift oppositely
      under centrifugal force when operated at high speeds.
PAR  An important feature of novelty and utility in the construction of FIG. 3
      resides in the manner of supporting the impeller for rotation by means of
      a stud shaft or spindle structure which is secured at one of its axial
      ends centrally in the flow well 13 on a wall portion of the junction 13C
      of the inlet duct with the pump body of which it is an integral part.
PAR  As seen in FIGS. 2 and 3, the stud shaft structure comprises a foot or base
      portion 40 having an internally threaded bore 41 to receive a mounting and
      clamping screw 42 passing through the wall of the duct junction 12C in a
      direction into the well 13 in which said base portion is disposed in
      assembled condition so that it lies substantially in the terminal zone of
      the inflowing liquid admitted through the duct 12 where the flow changes
      direction toward the hub of the impeller and the root portions of the
      impeller blades.
PAR  The aforesaid disposition and clamping of the stud shaft is rendered
      leak-proof by the provision of an annular seat 44 recessed into the inner
      wall of junction 12C and into which seat the end of the spindle base seats
      against a sealing means such as a rubber or like O-ring 45 to be clamped
      tight by the screw 42.
PAR  The free end portion of the stud shaft projects from its base portion 40
      and centrally into the magnet well 31X and is reduced in diameter to
      provide a spindle portion 46 upon which the impeller hub structure is
      rotatably carried, as in FIG. 3.
PAR  The stud spindle may be formed of a corrosion-resistant metal such as a
      suitable grade of stainless steel, or in certain other important
      embodiments to be described, said shaft is formed as an integral part of
      the main body structure, whether the latter is metallic or non-metallic.
PAR  As viewed in FIG. 3, the innermost extremity 17X of the impeller hub is
      dimensioned to afford a small clearance with the opposite inner wall
      surface of the magnet well or chamber 31X to permit the
      previously-mentioned axial shift of the impeller on the shaft permitted by
      the clearance at --C--; while at the opposite side of the impeller hub a
      simple thrust bearing or washer 48 of suitable non-ferrous material, such
      as "Teflon" or the like, may relieve wear at this point.
PAR  In the case where the wall thickness of the pump body, particularly at
      junction 12C of the inlet duct structure with the remainder of the body
      cannot be of suitable thickness to reliably carry the load of larger sizes
      of impeller, the shaft-mounting arrangement of FIG. 3a is employed,
      wherein the base portion 40X of the stud shaft has a recessed seat 44X
      formed in its end, rather than in the wall of the housing and junction
      12C, the sealing washer or O-ring 45X being captured in such recessed
      seat, as in the embodiment of FIG. 3, by the same clamping and mounting
      screw means 42X.
PAR  The inner or driven magnet 20 tends to center itself in the field of the
      outer driving magnet 21, and this tendency is aided by rotation of the
      impeller up to a certain speed, the aforementioned clearance at --C--
      permitting freedom of movement of the hub portions 17X for this purpose.
PAR  However, the working load on the impeller in displacing liquid tends to be
      greatest near the tips of the blades, i.e. in the region of the blades
      adjacent the reference character 18 in FIG. 3, and the loading and wear on
      the stud shaft spindle portions 46 tends to be greatest in the region near
      the juncture thereof with the base portion 40, instead of at its free end.
PAR  In other arrangements wherein the stud shaft is required to be attached to
      the inner wall of the magnet chamber 31X, as in the type of pump body
      depicted in FIG. 5, the significant wear appears in the bore of the
      impeller at the opposite end 17X of the hub, that is to say near the
      magnets, because of the previously-mentioned loading of the impeller at
      the tips of the blades, and rocking lever action of the impeller hub
      results, which tends to flare the end of said bore in the impeller as at
      19, FIG. 5, and creates a looseness which becomes progressively worse and
      objectionable in view of the very close clearance required between the
      inner magnet 20 and the inside annular wall of the chamber 31X.
PAR  The construction shown in FIGS. 2 and 3 eliminates wear from such causes
      and is rendered further desirable and feasible by reason of the mounting
      of the foot or base portion 40 of the stud shaft on a wall of the body 10
      in a region in which the incoming liquid changes direction to flow into
      the low-pressure zone created by rotation of the impeller blades.
PAR  In the construction according to FIGS. 2 and 3, the motor mounting cage 24
      is in the form of an open-grid metal casting which provides strength with
      minimized weight and minimal interference with the flow of cooling air
      through the motor 23 attached thereto (FIG. 3). However, many pump
      applications require the pump unit as well as the motor to be wholly
      enclosed and sometimes sealed, and for such purposes a modified type of
      motor cage and mounting means is provided according to the construction of
      FIG. 4 wherein the pump body 60 is molded from an Epoxy-type synthetic
      resin or like plastic material and includes a pump or impeller chamber 61
      communicating with an inner magnet chamber 62 formed as an integral part
      of the body and projecting into a large outer magnet chamber 63 in which
      the motor-driven magnet carrier 22 is received and carries the outer or
      driving magnet 21 for coupling coaction with the inner or driven hub
      magnet 20 on the impeller 17, 18, substantially as in the construction of
      FIG. 3.
PAR  The pump chamber is closed by a cover member 64, also molded from a
      suitable plastic material and having formed as an integral part thereof an
      inlet duct 65 which terminates in a spindle chamber or cavity 66 in axial
      alignment with the blade-end of the hub 17.
PAR  An important feature of this embodiment provides that the stud shaft be
      formed as an integral part of the cover plate with its foot or base
      portion 67 in axial alignment with the bore in the hub and a spindle
      portion 68 projecting inwardly of the magnet chamber 62 toward the inner
      end wall of the latter.
PAR  In the construction of FIG. 4, unlike that of FIG. 3, the cover member 64
      does not include as a part thereof the discharge duct 69, the latter being
      molded instead as a part of the body 60 in alignment with the pump or
      impeller chamber 61 and the construction is completed by attachment of the
      pump body 60 to a suitable motor unit 23 which may itself be encapsulated
      in a molded Epoxy resin jacket 72 attached to the pump body by screws 73.
PAR  The construction of FIG. 3 has the advantage that the stud shaft 40, 46 is
      removable and can be replaced in case of wear by corrosion and the like,
      and in addition shafts of a desired material may be selectively installed
      to meet particular corrosion requirements for various liquids. The form of
      the pump shown in FIG. 4 on the other hand eliminates the cost and
      assembly of an independently formed and installed stud shaft, as well as
      the magnet well structure 30, 31, 31X, such as required in the FIG. 3
      embodiment, while affording the same advantage of having the stud shaft
      supported at the high-load influx end of the impeller hub close to the
      blades. Formation of the stud shaft 67 and magnet well or chambers 62, 63
      as an integral part of the body 60 thus effects economies in both
      fabrication and assembly.
PAR  In those cases requiring exposure of the pump to very hot liquids which may
      tend to have an aging, warping or softening effect on the plastic material
      of which the integral stud shaft 67, 68 is molded, the modification of
      FIG. 4a is employed wherein the construction is otherwise identical to
      that of FIG. 4 and a long rigid metallic reinforcing means, such as a rod
      or screw 70, is extended tightly within the stud shaft through a
      substantial part of the length thereof.
PAR  The adaptability of the integrally-formed stud shaft formed of molded
      plastic material as a part of either the cover plate or magnet well
      structure is enlarged by the use of a metallic bearing sleeve 75 press
      fitted onto the spindle 68, as illustrated in FIG. 4b, this arrangement
      being of added advantage in the case of larger pumps operating at high
      impeller speeds, which have a tendency to pull the impeller toward the
      left in opposition to the centering pull of the magnets 20, 21 when the
      shaft speed rises much beyond 1,500 r.p.m. and under such conditions any
      balancing effect from the self-centering effort of the magnets diminishes
      as the shaft speed rises beyond this value for a given strength of magnet
      couple, so that an increase in wear on the shaft from this imbalance alone
      can be expected in the constructions of FIGS. 3 and in high speed
      operation, and the use of the metallic sleeve 75 may be advantageous in
      units intended for heavy-duty; also it is desirable to form said sleeve
      with a radial thrust flange 76 at the left-hand end of the spindle to
      absorb wear from such imbalance. Optionally, an extra thrust washer 48
      such as shown in FIG. 3 may be used if the sleeve flange 76 is not
      provided.
PAR  The advantages of the integral magnet well and stud shaft construction may
      be utilized in the type of pump which has the stud shaft affixed to the
      bottom or end wall of the magnet well, as in FIG. 5, wherein there is
      illustrated a molded pump body 80 identical to the body described in view
      of FIG. 4 except that the stud shaft 81 is formed as an integral part of
      the magnet well 82 on the inner face of the end wall 83 thereof, the well
      being in turn an integral part of the pump body. As in the case of the
      other forms of the pump, sufficient clearance --C-- is allowed for the
      self-centering action of the magnets in shifting the impeller hub toward
      the right in normal pumping operation; but in this type of construction
      additional means is required to limit axial shift of the impeller in the
      opposite direction, toward the left, and this means preferably takes the
      form of small rounded protuberances or bosses 84 molded on the outer edges
      of the impeller blades in positions in which they can ride against the
      confronting surfaces of the cover member, as at 85.
PAR  In the larger sizes of pump and those exposed to very hot liquids the
      integrally-formed stud shaft means when located on the end wall of the
      magnet well may be rigidified and stabilized by a long metallic insert
      member or screw 86 threaded into the length thereof, as depicted in FIG.
      5a.
PAR  The annular permanent magnets are preferably of the molded ceramic type and
      can be exposed to high temperatures and some corrosive liquids; but pumps
      required to handle active acids, for example hot sulphuric acid, are
      equipped with the unitized impeller and magnet means disclosed in FIG. 3b,
      wherein the hub portions 17W, 17WX, impeller blades 18W, and driven magnet
      20W are molded as a unitary assembly from plastic material suitable for
      the purpose, such as polyhylene, or polypropylene, the wall thickness in
      the hub portions enclosing the peripheral margins of the cylindrical
      magnet, as at 20P, being kept as thin as possible consistently with the
      requirement for strength and a wholly sealed, non-porous envelope in order
      to achieve the smallest air gap possible between the inner and outer
      magnets to assure optimum magnetic coupling efficiency.
PAR  It is to be understood that the described embodiments of the pump structure
      may utilize cast metallic body components or bodies molded from suitable
      synthetic resins, the latter being highly advantageous for reasons of
      economical manufacture and very satisfactory for many applications,
      whereas the more costly metallic construction may be mandatory if the
      pumps are required to withstand extremely high temperatures and certain
      corrosive liquids.
PAR  In general, the pump bodies and impellers may be molded from any of the
      injection or compression types of molding plastics, polypropylene, with or
      without filler material such as glass and asbestos fibres or metallic
      particles, being suitable for allaround usage, including applications
      involving elevated temperatures and exposure to most acids. Polyethylene
      mixed with glass fibres or similar fillers is also suitable for use with
      high temperatures.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a centrifugal pump of the magnetically-coupled type including a pump
      housing with inlet and outlet passages for an impeller having a coupling
      magnet rotatable therewith and adapted to be driven by an annular
      circumambient driving magnet disposed exteriorly of the housing, a housing
      structure adapted for fabrication by molding from either metallic or
      non-metallic moldable materials and comprising first and second body
      members joinable to form a closed pump housing including an impeller
      chamber and a magnet well opening only into said chamber and extending
      away therefrom in axial alignment with the axis of rotation of the
      impeller; impeller means having a hub portion adapted to be disposed in
      said well and impeller formations adapted to rotate in said chamber; a
      driven magnet affixed to said hub portion and rotatable therewith in the
      well; shaft means for the impeller means and comprising an integral
      projection of the material of one of said body members extending from a
      point of conjunction therewith a substantial distance into said impeller
      chamber and magnet well to support the impeller means for rotation as
      aforesaid.
NUM  2.
PAR  2. The pump defined in claim 1 further characterized in that that one of
      the body members of which the stud shaft is an integral part also includes
      integral conformations defining said inlet passage.
NUM  3.
PAR  3. The pump structure defined in claim 1 further characterized in that that
      one of the body members of which the stud shaft is an integral part also
      includes integral conformations defining said magnet well, and said stud
      shaft projects from the inside face of said well as an integral
      conformation of the material thereof.
NUM  4.
PAR  4. The construction defined in claim 2 further characterized in that said
      stud shaft is stabilized by an elongated, rigid metallic member extending
      a substantial distance into said shaft from a point outside of said body
      member and the housing structure with no portion exposed to the pumped
      fluid within the pump housing including said inlet and outlet passages.
NUM  5.
PAR  5. A pump construction according to claim 1 wherein said impeller means and
      hub portion are formed as a unitary structure of integrally molded
      non-metallic material with said driven magnet wholly embedded within said
      hub and thereby totally shielded from contact with corrosive fluids pumped
      relative to said inlet and outlet passages.
NUM  6.
PAR  6. In a magnetically coupled pump of the type employing an impeller with a
      cylindrical driven magnet coaxially attached to a hub region thereof and
      adapted to be rotated by an annular driving magnet rotating
      circumambiently of the driven magnet, improvements comprising: a pump
      housing having inlet and outlet ports and formed of molded plastic
      material to include first and second body members, one of which has
      configurations defining an impeller chamber from which projects a
      cylindrical magnet well into which said driven magnet fits closely but
      freely for rotation with the impeller operatively disposed to rotate
      concentrically therewith in said impeller chamber, the other one of said
      body members constituting a closure for said chamber; and shaft means
      supporting said impeller and attached driven magnet for rotation as
      aforesaid and comprising a shaft element integrally conformed and footed
      at one end with one of said body members to project a substantial distance
      concentrically into said well, said well projecting concentrically with
      the impeller axis into space from said housing in a manner such that the
      driving magnet can rotate closely concentrically thereabout in coupling
      coaction with the driven magnet inside the well.
NUM  7.
PAR  7. A pump construction according to claim 6 wherein said inlet port is
      formed as a part of said closure member and said shaft means projects from
      an inner wall portion thereof and is footed as aforesaid in a relatively
      low-pressure zone in alignment with the axis of rotation of the impeller
      and in the path of fluid flow from said port to the impeller.
NUM  8.
PAR  8. The construction of claim 6 wherein said shaft means is integrally
      conjoined and footed at one end as aforesaid with an interior bottom wall
      portion of said well.
NUM  9.
PAR  9. A pump construction according to claim 6 further characterized in that
      said shaft element includes a metallic rigidifying insert extending
      coaxially lengthwise therein for a substantial part of its length with no
      portion exposed within said impeller chamber or magnet well or other
      interior portion of said housing.
NUM  10.
PAR  10. A pump construction according to claim 6 further characterized in that
      said impeller structure includes integrally conjoined portions of the
      plastic material thereof forming a protective shell about said driven
      magnet.
NUM  11.
PAR  11. A pump construction according to claim 6 further characterized in that
      said impeller structure includes conjoined plastic portions totally
      enveloping all aspects of said driven magnet and sealing it against
      contact with pumped fluid.
NUM  12.
PAR  12. A pump construction according to claim 6 wherein that one of the body
      members which has the magnet well as part thereof further includes a
      second well comprising a magnetic coupling housing and integrally
      conformed therewith and of a diameter to surround the first-mentioned
      magnet well concentrically in sealed relation thereto, the second well
      having an open end remote from the bottom of the first-mentioned magnet
      well with means adjacent said open end attaching the pump housing to a
      driving motor, the driving magnet being disposed and rotatable in the
      coupling housing defined by said second well in which it is supported by
      said motor.
NUM  13.
PAR  13. In a centrifugal pump of the type including a housing having an
      impeller rotated therein by concentrically rotatable annular magnets one
      of which is attached to the impeller inside of the housing with the other
      magnet motor-rotated in circumambient coupling relation thereabout
      externally of the housing, the improvements which comprise: an impeller
      structure and included driven magnet particularly adapted for pumping
      caustics, acids and like chemically active fluids and comprising a unitary
      rigid body of molded plastic material of a type resistant to such fluids,
      said body including a cylindrical hub portion having impelling
      configurations integrally conformed therewith and located in relation to
      the axial ends thereof so as to leave exposed a substantial
      circumferential area of the outer cylindrical periphery thereof exposed
      for rotation in close proximity to a circumscribing enclosing wall portion
      of said housing, together with a cylindrical driven magnet embedded and
      sealed wholly within said structure with a substantial circumferential
      area of the outer cylindrical aspect thereof concentrically close to the
      peripheral margins of said exposed circumferential area of the hub whereby
      to permit close magnetic-coupling contiguity to the circumambiently
      rotated driving magnet.
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ABST
PAL  A motor pump wherein the motor is a variable reluctance motor having a
      rotor which functions as an impellor to provide pumping action as a result
      of centrifugal force acting upon a fluid supplied to the motor pump. The
      motor pump is extremely simple in that it has only one moving part, its
      rotor, which is formed of a plurality of ferromagnetic elements spaced
      from one another with flow passages located between the elements. Fluid
      enters the pump on the radially inner side of the ferromagnetic elements
      and flows radially through the flow passages to the pump discharge outlet.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a motor pump. More particularly, it relates to a
      variable reluctance motor which has a rotor assembly that forms the
      impellor of a centrifugal pump.
PAR  Variable reluctance motors are well known in the prior art and various
      exemplary designs of such motors may be seen in U.S. Pat. No. 3,700,943 to
      Heintz, 3,700,944 to Heintz et al and 3,714,533 to L. E. Unnewehr, one of
      the present inventors. These brushless motors employ an exciting winding
      and a magnetic circuit to produce mechanical torque which is substantially
      proportional to the square of the winding ampere-turns and to the time
      rate of change of the magnetic circuit permeance (reciprocal of
      reluctance), which is a function of the displacement of the rotor in the
      motor. Typically, these motors employ a stator containing a motor winding
      and a rotor containing ferromagnetic elements spaced from one another.
      Displacement of the rotor relative to the stator produces a variation in
      reluctance, and, hence, permeance of the magnetic circuit of the motor
      winding. Of course, displacement of the rotor relative to the stator also
      produces a variation in the self-inductance of the motor winding, this
      self-inductance being directly related to the permeance of the magnetic
      circuit.
PAR  The torque or force produced by a variable reluctance motor is proportional
      to the product of the square of the winding ampere-turns and the rate of
      change of permeance as a function of rotor displacement. From the
      preceding, it is apparent that motor torque or force that is positive with
      respect to some arbitrary reference can only be developed when winding
      ampere-turns are sustained during an interval in which the permeance
      increases with rotor displacement. Conversely, negative motor torque or
      force is developed when winding ampere-turns are sustained during an
      interval in which the permeance decreases with rotor displacement. In
      order to secure continuous rotation of the variable reluctance motor, it
      is necessary to apply ampere-turns to the motor winding during intervals
      of increasing permeance and to decrease or eliminate such ampere-turns
      during intervals of decreasing permeance.
PAR  From the above discussion, it is apparent that the winding of a variable
      reluctance motor must be excited from a time varying source, although
      current flow may be unidirectional. Furthermore, the time variations of
      the source must be synchronized with the mechanical rotation of the
      machine rotor so that winding current is supplied to the motor during
      intervals in which the permeance increases with displacement and so that
      such current is decreased or, preferably, interrupted during the intervals
      in which the permeance is decreasing with rotor displacement. When a
      time-invariant source of electrical energy, such as a direct current
      source, is used, a controller is required to produce synchronized
      pulsations of control circuits, such as that described in U.S. Pat. No.
      3,714,533 mentioned above, also may be used with the motor pump.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a motor pump is formed from a variable
      reluctance motor having a rotor which forms the impellor of a centrifugal
      pump. The motor pump comprises a housing defining an enclosed chamber. The
      housing has fluid inlet and outlet passages communicating with the chamber
      and a shaft is journaled in the housing for rotation about its axis. A
      variable reluctance motor is contained within the housing and comprises a
      stator and a rotor assembly which is attached to the shaft for rotation
      therewith. The rotor assembly includes a plurality of ferromagnetic
      elements equally spaced from one another about the shaft axis. The rotor
      ferromagnetic elements extend radially from the shaft axis. Fluid flow
      passages are formed between the ferromagnetic elements. The ferromagnetic
      elements of the rotor form impellors of a centrifugal pump and permit
      fluid to be drawn into the inlet passage of the housing. The fluid is
      forced, through the flow passages in the rotor assembly, to the fluid
      outlet passage where it is discharged from the motor pump. The
      ferromagnetic elements of the rotor assembly cooperate with a magnetic
      circuit portion within the stator to produce rotation of the rotor
      assembly upon the application of suitable electrical energy to an
      electrical winding in the stator. Of course, the electrical energy for the
      variable reluctance motor pump herein described must be supplied in
      accordance with the requirements for a variable reluctance motor, as
      indicated in the preceding paragraphs.
PAR  The invention may be better understood by reference to the detailed
      description which follows and to the drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a sectional elevational view of a motor pump in accordance with
      the invention;
PAR  FIG. 2 is a sectional view of the stator portion and housing of the motor
      pump of FIG. 1, the section being taken along the line 2--2 of FIG. 1; and
PAR  FIG. 3 is a sectional view of the rotor portion and housing of the motor
      pump of FIG. 1, the section being taken along the line 3--3 in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference now to the drawings, wherein like numerals refer to like
      parts in the several views, there is shown a variable reluctance motor
      pump generally designated by the numeral 10. The motor pump 10 has a
      housing formed from two parts 12 and 14 made of nonmagnetic material, such
      as plastic. Pressed aluminum or the like also could be used. An "O"-ring
      16 forms a fluid-tight seal between the housing portions 12 and 14 which
      are secured together by bolts 18 and nuts 20. The stator assembly of the
      motor pump is located in the housing portion 12 and the rotor assembly is
      located in the housing portion 14. The housing defines a substantially
      cylindrically-shaped chamber 22 in which the rotor assembly is located.
      The housing portion 14 includes a fluid inlet passage 24 that receives an
      inlet tube 26, which may lead to a fluid reservoir. A fluid outlet passage
      is formed by a tube 28 positioned in an opening in the housing portion 14.
PAR  The fluid outlet tube 28 is located radially outwardly with respect to the
      central axis 30 of the motor pump. The axis 30 is the axis of a shaft 32
      which preferably is made from a nonmagnetic material such as brass or
      stainless steel. The shaft 32 includes an integral disc-like portion 34
      used to secure the rotor assembly of the motor pump to the shaft 32 for
      rotation therewith. The shaft 32 is journaled for rotation in bushings 36
      and 38 located, respectively, in suitably sized openings in the housing
      portions 12 and 14. The bushings 36 and 38 may be made of
      polytetrafluoroethylene or other suitable material.
PAR  The rotor assembly of the motor pump 10 includes a disc 40 made from a
      nonmagnetic material, such as fabric-reinforced melamine. The disc 40 is
      suitable bonded to the disc-like portion 34 of the shaft 32 so that the
      shaft and disc rotate together about the axis 30. The disc 40 has a
      plurality of radially extending slots in which a corresponding plurality
      of ferromagnetic elements 42 are located. The elongated ferromagnetic
      elements 42, ten in number in the present embodiment, may be made from
      laminated steel with the length and width dimensions of the laminations
      extending in the axial and generally radial directions. The ferromagnetic
      elements 42 are equally spaced from one another about the axis 30. A
      non-magnetic member 44, having the configuration of a conical washer, is
      axially spaced from the disc 40 and is bonded to the ends, remote from the
      disc 40, of the ferromagnetic elements 42. Thus, an open space or flow
      passage is formed between adjacent ferromagnetic elements 42, the flow
      passage being defined by the adjacent elements 42, by the disc 40 and by
      the member 44. When the rotor assembly rotates, fluid is drawn from a
      reservoir, through the inlet flow passage 24, into the radially inner
      region 46 of the housing chember 22. The fluid continues to flow, through
      the flow passages in the rotor assembly defined by the ferromagnetic
      elements 42 and the disc 40 and the member 44, and is discharged from the
      motor pump 10 through the outlet flow passage 28. This fluid flow is the
      result of centrifugal force imparted to the fluid by the rotation of the
      rotor assembly. The ferromagnetic elements 42 act as impellors which force
      the fluid toward the discharge flow passage 28 located radially outwardly
      with respect to the inlet flow passage 24, and the rotor assembly.
PAR  The stator of the motor pump 10 is contained within a suitable recess
      provided therefor in the housing portion 12. The stator includes an
      electrical coil 48 formed from a number of turns of an electrical
      conductor. The coil is symmetric about the axis 30, and the ends of the
      coil conductor are connected to terminals 50 and 52, which extend to the
      exterior of the housing as shown in FIG. 1, to permit electrical energy to
      be supplied to the electrical coil 48.
PAR  A plurality of U-shaped ferromagnetic elements 54 form a part of the motor
      pump stator. Preferably, the ferromagnetic elements 54 are formed from
      U-shaped pieces of steel laminated together. Epoxy resin or the like, may
      be utilized in the regions 56 and 58 on the radially interior and exterior
      sides of the stator ferromagnetic elements 54 to maintain these in
      position and bond them to the housing portion 12. Preferably, the U-shaped
      stator ferromagnetic elements 54 are equally spaced from one another and
      correspond in number to the ferromagnetic elements 42 in the rotor
      assembly. The leg portions of the U-shaped ferromagnetic elements 54
      extend toward the rotor assembly and are located so that the ferromagnetic
      elements 42 of the rotor assembly alternately come into and go out of
      axial alignment with the U-shaped stator ferromagnetic elements as the
      rotor assembly rotates with the shaft 32.
PAR  When electrical energy is supplied to the electrical coil 48, a magnetic
      field is produced. The path of the magnetic flux produced by this coil
      current is indicated by broken lines 60 and 62 in FIG. 1. It may be seen
      that this flux path is through the stator U-shaped ferromagnetic elements
      54 and through the ferromagnetic elements 42 in the rotor assembly. There
      are two axial air gaps in each flux path, these being located at the ends
      of the legs of the U-shaped stator ferromagnetic elements 54.
PAR  As the rotor assembly rotates, the reluctance of the magnetic circuit
      varies in a periodic fashion. If electrical current is supplied to the
      electrical coil 48 during intervals of decreasing magnetic reluctance
      (increasing magnetic permeance), then motoring torque is produced. This
      motor operation is well described in the prior art exemplified by the
      aforementioned U.S. patents. A permanent magnet 64 (FIG. 2) is positioned
      appropriately in the housing portion 12 to cause the rotor assembly to
      assume a position aligned therewith so that initial application of
      electrical energy to the electrical coil 48 causes motoring torque to be
      produced. This assures starting torque for the motor pump 10 and continued
      rotation of the rotor assembly results from the supply of electrical
      energy to the electrical coil 48 during intervals of decreasing magnetic
      reluctance.
PAR  From the preceding description, it is apparent that a motor pump is formed
      from a variable reluctance motor which has a rotor assembly that produces
      a fluid pumping action. This rotor assembly has a magnetic circuit in it
      which cooperates with a magnetic circuit portion in the stator of the
      motor pump to produce rotation of the rotor assembly when electrical
      energy is suitably supplied to an electrical coil. The motor pump is very
      simple in design and has but one moving part. Of course, various
      modifications may be made in the motor pump described herein without
      departing from the spirit and scope of the invention.
PAR  Based upon the foregoing description, what is claimed is:
CLMS
NUM  1.
PAR  1.  A motor pump comprising, in combination:
PA1  a housing defining a substantially cylindrical enclosed chamber, the axis
      of said cylindrical chamber being the axis of rotation of said motor pump,
      said housing having a fluid inlet passage and a fluid outlet passage, said
      outlet passage being located at or near the radially outer portion of said
      chamber;
PA1  a shaft journalled for rotation in said housing;
PA1  a stator for said motor pump, said stator being mounted in said housing and
      comprising an electrical coil having a plurality of turns, said axis of
      said chamber also being the axis of said coil, a plurality of U-shaped
      stator elements made from a ferromagnetic material, said U-shaped elements
      being equally spaced from one another and each having one of its legs
      located on the radially inner side of said coil and its other leg located
      on the radially outer side of said coil, said coil and said U-shaped
      elements being supported in said housing; and
PA1  a rotor assembly attached to said shaft for rotation therewith in a
      position axially adjacent to, and on one side of said stator, said rotor
      assembly comprising a support structure made from a nonmagnetic material
      and a plurality of rotor ferromagnetic elements, said support structure
      including a disc and a washer-shaped member spaced from one another along
      the axis of said shaft, said disc being secured to said shaft and said
      rotor ferromagnetic element being located between said disc and said
      member, said rotor ferromagnetic elements being positioned in
      equally-spaced locations in said support structure to permit them
      alternately to come into and go out of axial alignment with said U-shaped
      stator ferromagnetic elements when said shaft and rotor assembly are
      rotated, said rotor assembly having radially extending passages between
      said rotor ferromagnetic elements, each of said radially extending
      passages being bounded by said disc, by said member and by two of said
      rotor ferrromagnetic elements, said passages permitting fluid flow
      therethrough from said housing inlet passage to said housing outlet
      passage upon the application of suitable electrical current to said
      electrical coil.
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ABST
PAL  In an electric motor fan unit, a motor section frame enclosing a motor
      ventilating fan moving air through an internal motor cooling air path
      includes an end bracket with an enlarged rim for mounting fan shell and
      interior partition structures defining a fan section housing with a
      chamber for a working air centrifugal impeller mounted on the motor shaft
      outboard of the end bracket and drawing a working air stream into a
      housing axial inlet for discharge at the housing circumference, and with
      an inner chamber for a slinger disk on the shaft to afford bearing
      protection from working air borne moisture, contaminants, and high
      temperature and humidity, by simple, low cost, durable structure.
BSUM
PAR  Though discussion and description here is presented in terms of vacuum
      cleaner motor-fan units, it is to be understood that described inventive
      features may find use in other applications of the motor fan unit.
PAR  In modern vacuum cleaners of various types, commonly the fan system for
      pumping or moving the vacuum cleaning air stream, the so-called "working
      air", and the electric motor therefor, generally a commutating series
      universal type motor, are fabricated as a unit to be assembled into the
      overall appliance, that is, as a motor fan unit, because of various
      considerations relating to overall cost, facility of production,
      fabrication and maintenance, and as well because of the mechanical
      interrelation of the fan system and motor system wherein dynamic balance
      of rotating parts is required.
PAR  Because of the heat generated under the general and normal operating
      conditions, the motor must be cooled by a ventilating air stream
      positively moved, rather than relying upon convection or radiation.
PAR  In the prior art structures, all or part of the working air has been
      directed to the motor section either in reaching the air intake of, or in
      discharging from, the main working fan section; but various disadvantages
      attendant upon such systems have lead to use of a separate motor
      ventilating fan to move a cooling air stream separate and distinct from
      the working air and of structures to define a ventilating air flow path or
      paths through the motor structure.
PAR  Generally speaking such a separate ventilating fan has been mounted on the
      motor shaft at a location axially between the bearings within the main
      motor housing or frame, though at times outboard of one or the other end
      bearing, in enclosure means usually partially defined by part of the motor
      frame structure.
PAR  Especially where the motor fan units may be called upon to handle not only
      dry air, that is, carrying merely the water vapor of the ambient
      atmosphere, but also wet working air streams, as when a vacuum cleaner
      unit is operated on wet floors or shampooed carpeting, or where the unit
      is incorporated in an appliance usually handling dirty or wet air, for
      example, further problems arise. First, the use of the working air as
      ventilating air obviously would be unsuitable not only for the reasons
      which have lead to abandonment of such system even where "dry operations"
      solely are contemplated, but also because of the potential motor damage by
      moisture, unless special and costly preventative expedients are used in
      the motor structure.
PAR  Further, with the working air wet, even where a separate ventilating air
      stream is used, there still exists a definite hazard especially to the
      motor bearing at the fanward end of the unit, as a portion of the
      contained water may find its way along the shaft and through
      shaft-accommodating housing openings, ultimately to the bearing, unless
      special structural precautions are taken to provide effective sealing
      between the shaft and surrounding housing or shell structures to prohibit
      moisture or water access to the bearing. Moreover, the presence of water
      in the motor section from any source presents a shock hazard to a user and
      hence is to be prevented. Prior expedients for these purposes have
      generally involved structure or fabrication operations entailing
      additional costs of parts, and/or inconvenience or cost in assembly.
PAR  Moreover the fact that the working temperature of the air often may be
      rather high engenders a further problem both generally for bearing cooling
      adjacent the fan section and as well through the possibility of
      temperature-accelerated bearing deteriorating action of the moisture.
PAR  It is the general object of the present invention to provide an electric
      motor fan unit wherein by relatively simple and low cost expedients, there
      is afforded, to the fanward end bearing, protection against damage by
      moisture, detergents, or other substances carried into the motor fan unit
      by the working air.
PAR  It is a further object of the present invention to provide a motor fan
      unit, of relatively low cost and of simple and rugged structure (as
      compared to the prior art devices of similar features, performance and
      life ratings), wherein the motor is ventilated or cooled by an air stream
      other than the working air stream, but without ventilating air discharge
      axially along the exterior of such bearing.
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PAR  Other objects and advantages will appear from the following description and
      the drawing wherein:
PAR  FIG. 1 represents a motor fan unit embodying the present invention, shown
      partially in elevation and partially in longitudinal section;
PAR  FIG. 2 is a fragmentary longitudinal sectional view indicating a variation
      of FIG. 1; and
PAR  FIG. 3 is a fragmentary view partially in elevation and partially in
      longitudinal section of a motor fan unit modification embodying the
      invention.
DETD
PAR  In the drawings, FIG. 1 shows a motor fan unit incorporating the invention
      comprising a motor section, here represented as a commutating motor and
      designated as a whole by the general reference letter M, including a
      stator structure S, and rotor R having a shaft 11 upon the commutator end
      of which is mounted an axial flow type ventilating fan V; and a working
      air fan section designated as a whole by the general reference character
      F, including a main or working air suction fan or impeller I mounted on
      the rotor shaft and enclosed in a fan shell or housing as hereinafter more
      fully described.
PAR  In the motor section M, the stator structure includes a first or fanward
      motor end bracket casting 12, to the left end of which a second end
      bracket casting member 13 is secured by bolts 14 passed through arcuate
      rim slots in 13 to provide, for the brush holder structures 15 carried on
      14, an angular adjustability relative to the field core and winding
      assembly 17 secured in member 12; the member 13 being capped by a
      cup-shaped cap member 16, the apertured radial end wall of which affords a
      motor ventilating air inlet.
PAR  The structure thus far described in detail may be considered to be
      conventional.
PAR  The shaft 11 of the commutating armature is supported by appropriate
      bearings 19 and 20 in bearing sockets at central structures of respective
      integral spider portions bridging the open ends of members 13 and 12, the
      latter of which enlarges through radial wall 12a into an integral
      cylindrical rim portion 12b supporting the fan section housing shell
      member 23 and partition members 24 and 25 as hereinafter described.
PAR  As evident in the drawing, the left end bracket member 13 provides an open
      structure permitting cooling air entering the motor section at cap 16 to
      pass both around the bearing socket supporting bridge portion of 13, and
      around the brushes and commutator, and thence to flow lengthwise both
      between the wound field structure and the rotor or armature on the one
      hand and on the other, as permitted by longitudinal passages formed by
      clearances arising by the external shape of the field, particularly in its
      core or lamination stack, externally between the field structure and the
      enclosing motor frame housing formed by members 12 and 13; ultimately to
      discharge through outlet slots 12x in member 12; a portion of the cooling
      air passing between armature and field stack to the fanward bearing
      region, then turning to pass back to outlets 12x.
PAR  At the fan section, a main fan shell 23 is a drawn sheet metal cup-shaped
      member having a generally flat disk-like radial outer end wall 23a
      centrally apertured to provide an axial vacuum intake air inlet 23b.
      Member 23 includes a generally cylindrical wall 23c with one end rounding
      into 23a and the other open end mounted on the exteriorly cylindrical rim
      portion 12b of motor end bracket 12, by being telescoped in a press fit
      upon the somewhat necked-down right end of a cylindrical wall portion 25c
      providing effectively a continuation of wall 23c in a similar drawn sheet
      metal cup-shaped partition member 25 of which radial end wall 25a forms an
      intermediate wall in the housing.
PAR  Ventilating and working air paths are indicated by the unnumbered
      successive arrows in the drawings.
PAR  The innermost wall or partition member 24, which with member 25 defines the
      inner isolating or disk chamber, takes the form of a centrally apertured
      slightly conical disk 24, having an axially inwardly offset rim portion
      24r of narrow U-shaped cross section providing a nearly cylindrical flange
      24f pressed within the rim 12b, to the extent limited by stop lip 24p. The
      central portion is supported by fitting on a circumferential rabbet on the
      end of the bearing socket portion outboard of the spider arm or bridging
      structure.
PAR  Thus member 24 simultaneously serves as an end closure for the motor frame
      and for the inner end of the fan section.
PAR  About the central aperture of the sheet metal member 24 thus supported on
      the external rabbet, an integral drawn cylindrical bearing shield or short
      tubular guard flange 27 directed outwardly oppositely to flange 24p,
      projects well beyond the outboard end of the bearing socket or central
      structure of member 12 toward a flat slinger 28, with which it has a close
      axial running clearance within normal rotor shift tolerance. With further
      the disk 28 centrally disposed in the disk chamber formed between 24 and
      25, and a plurality of spaced vent apertures 25d, the possibility that any
      portion of moisture carried into the condensing in the impeller chamber
      will find its way along shaft-surrounding structure into the slinger
      chamber is minimized by wall 25a; and any liquid passing wall 25a is
      obstructed by disk 28 from reaching the bearing socket, both statically
      and by centrifugal slinging action, whence it may vent, drain or exhaust
      through apertures 25d.
PAR  FIG. 2 shows an alternate way of providing the short tubular bearing
      guarding flange and thereby simplifying production of member 24, by using
      a simple punched or sheared central aperture in which is inserted a
      radially flanged grommet-like element, or a short headed sleeve, to
      provide a projecting cylindrical flange 27a extending through the
      aperture, whereof the radial flange 27b is spot welded to the back of the
      disk 24. Also as in FIG. 2, the tubular bearing guard flange may be
      provided as an integral more or less cylindrical extension 27x from the
      outboard end of the bearing socket, in the central structure of motor end
      frame member 12.
PAR  The member 25 at 25c may be either merely press fitted onto 12b up against
      the integral circumferential stop rib 12f or further secured by a local
      staking as at 25s, into an underlying rim groove.
PAR  Again the flat radial wall 25a has a central opening 25b having a close
      running clearance with shaft-surrounding spacer means extending into the
      chamber for impeller I. The fan shell or impeller housing thus defined by
      members 23 and 25 is provided with discharge outlet means on its
      circumference, here a bolted-on attachment 22 providing a semi-scroll type
      tangential outlet as here shown extending partially circumferentially
      about wall 23c in coincidence with a wall slot, axially inwardly offset
      from alignment with impeller I, for discharge of air from the impeller
      chamber.
PAR  On the portion of shaft 11 projecting to the right through the bearing 20
      into the fan section housing, a spacer sleeve 26 thrusting endwise against
      the inner bearing race at 20, in turn axially located by engagement with a
      shaft shoulder, supports a small flat centrally apertured slinger disk 28
      clamped thereagainst by the tubular hub 29 of the main fan or working air
      centrifugal impeller I, in turn clamped by a clamping nut 31 threaded onto
      the extreme shaft end; the tubular hub being extended through 25a as
      spacing means.
PAR  The impellers I (in FIGS. 1 and 2) are, per se, of generally conventional
      form and structure, as, for example, in FIG. 1 an integrally die cast
      part; or in FIG. 2 made from sheet metal, comprising a centrally apertured
      body disk 29d, a second annular disk 29a defining at its central opening
      the impeller air intake, to which the working or cleaning air flows
      through the housing inlet 23b and a series of appropriately shaped vanes
      or blades 29b with opposite end edges secured to 29d and 29.
PAR  In FIG. 2, variants in ventilating impeller and main impeller clamping and
      discharge arrangements appear, as well as the previously noted variations
      in the bearing shielding flange and in the impeller I. In the fan chamber,
      the sheet metal body disk 29d is clamped against a spacer sleeve 32 by a
      washer 30 and nut 31 threaded onto the outboard shaft end; and again there
      is generally preferred, though not always necessary, a close running
      clearance between spacer 32 and the surrounding central aperture edge of
      wall 25a.
PAR  Here the impeller I is axially located away from the wall 25a toward the
      end wall 23a; and as the working air discharge means, there appears a
      circumferential series of louver-like outlet apertures 23d located in
      axial sense between the plane of wall 25a and the inner end plane of
      impeller I.
PAR  In this modification, the ventilating fan impeller V is disposed axially
      outboard of the commutator end bracket in the distinct ventilating fan
      chamber defined between the inlet end cup member 16a and 13.
PAR  With this invention as described it is apparent that the essential motor
      components are all included as a basic sub-assembly in the motor section,
      and that no special and expensive bearing seal components must be included
      among the motor section components.
PAR  Particularly noteworthy, in the event moisture is carried by the main
      working air stream entering at 23b during operation of the fan unit, there
      is no opportunity for such air to bring entrained water droplets or even
      warm moist air, often occuring with high humidity and temperature,
      anywhere near the fanward bearing region of the motor section, since here
      the disk chamber represents a thermally insulating and spatially or
      mechanically isolating structure with respect to the bearing, thus
      screening the motor end, bearing and innermost wall or partition 24a not
      only from entrained water but also from the moist warm air stream.
PAR  These arrangements obviously may be utilized in multi-stage fan units, for
      example, in a two-stage unit where aperture 23b is the second stage inlet,
      with stationary vanes on the right face of wall 23a; and with another
      cup-shaped member, similar to 25, pressed onto the end of 23 in the manner
      of 23 on 25, to enclose a first stage impeller, like to and similarly
      spaced by a sleeve from I and clamped on a longer shaft extension. Though
      impellers, partition and housing shell means are described and shown as
      metal structures, of course, molded plastic may be used for one or another
      of these; for example, a molded piece integrally providing cylindrical
      portions 23c, 25c and mid-wall 25a, with wall 23a then applied as a
      plastic or metal disk.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an electric motor fan unit, including an electric motor section
      having motor frame structure, supporting and enclosing rotor and stator
      structure, a ventilating fan on the rotor shaft, with motor ventilating
      air passages defined therethrough between motor frame portions open near
      one end and at the other end respectively for discharge and intake of
      ventilating air,
PA1  said frame structure at said one end including a motor end bracket member
PA2  having a central structure providing a socket with a bearing therein for
      the rotor shaft extending therethrough and
PA2  having an end rim portion,
PA1  and said unit further including
PA1  a fan section having therein a main working air impeller clamped outboard
      on a shaft portion extending through said bearing and a fan housing
      structure including housing shell means providing an outer end wall
      centrally apertured to form an axial working air inlet to said main
      impeller and a further wall circumferentially surrounding the said main
      impeller,
PA2  said housing shell means having therein main air outlet means and having an
      open end supported on said end rim portion,
PA1  that improvement comprising:
PA1  partition means mounted to said end bracket member and forming an inmost
      end wall and an intermediate wall of said housing structure,
PA2  said inmost end wall centrally apertured and fitted to an outboard portion
      of said central structure and providing an end closure for the motor frame
      structure, said intermediate wall having a central aperture with said
      shaft extended therethrough and defining with said outer and inmost end
      walls respectively an outer, main impeller chamber and an inner chamber;
PA1  a centrifugal slinger disk secured on said shaft in said inner chamber;
PA1  said inner chamber as a slinger chamber having vent openings in a
      circumferential wall portion thereof; and
PA1  bearing shielding tubular flange means in coaxially spaced relation to the
      extending shaft portion, and projecting from said central structure,
      beyond the centrally apertured portion of the inmost end wall, and into
      close running end clearance with said slinger disk;
PA1  whereby water and other material entrained in working air entering the
      impeller chamber
PA2  is inhibited from entering the inner chamber, and any such material
      entering the inner chamber along the shaft structure is prevented from
      access to the bearing by the cooperating bearing shielding flange and
      slinger disk, and
PA2  the region of the motor section including said bearing is thermally
      insulated by said inner chamber from warm humid working air in the outer
      chamber.
NUM  2.
PAR  2. An electric motor fan unit improvement as described in claim 1, with
PA1  said inmost wall provided by a disk-like member having an apertured center
      supported on said central structure, and having an outer periphery engaged
      with said end rim portion.
NUM  3.
PAR  3. An electric motor fan unit improvement as described in claim 2, with
PA1  the intermediate wall being provided by a second member having
PA2  a short cylindrical wall portion provided with said vent openings and
      mounted on the said rim portion and
PA2  a generally radial centrally apertured wall portion as said intermediate
      wall, and
PA1  said housing shell having its open end secured to the cylindrical wall
      portion of the last said member and thereby supported on said end rim
      portion.
NUM  4.
PAR  4. An electric motor fan improvement as described in claim 2, wherein
PA1  the said disk-like member forming the inmost wall is fabricated with an
      integral cylindrical flange about its central aperture thereby to provide
      said bearing shielding flange means.
NUM  5.
PAR  5. An electric motor fan improvement as described in claim 2, with
PA1  said bearing shielding flange means being provided by a short sleeve member
      projecting through the central aperture and having a radial end flange
      secured to said disk-like member.
NUM  6.
PAR  6. An electric motor fan improvement as described in claim 1, with
PA1  said bearing shielding flange means being provided by an integral outboard
      flange extension of bearing socket structure of said motor end bracket
      member.
NUM  7.
PAR  7. An electric motor fan unit improvement as described in claim 1, with
PA1  said housing shell means including a cylindrical wall portion as said
      further wall and
PA1  said main air outlet means comprising a circumferential series of spaced
      air outlet apertures, adjacent said intermediate wall, in said cylindrical
      wall portion, and
PA1  said main impeller being spaced axially outwardly from the intermediate
      wall beyond the locus of said series.
NUM  8.
PAR  8. An electric motor fan unit improvement as described in claim 1, with
PA1  said housing shell means including a cylindrical wall portion as said
      further wall and
PA1  said main air outlet means comprising an air outlet slot extending in a
      circumferential direction partially about said cylindrical wall portion
      and a semi-scroll attachment over said outlet slot affording a generally
      tangential air outlet structure; and
PA1  said main impeller being spaced axially outwardly from the intermediate
      wall beyond the locus of said outlet slot.
NUM  9.
PAR  9. An electric motor fan unit improvement as described in claim 1, wherein
PA1  a spacer sleeve on said shaft, with one end abutting a part of said bearing
      which is axially fixed on and rotating with said shaft, has its other end
      supporting said slinger disk;
PA1  said main impeller has a hub structure received on the shaft and including
      a hub extension as spacer means extending through the central aperture of
      the intermediate wall to bear against said disk; and
PA1  clamping nut means threaded onto the outboard shaft end applies clamping
      force to said impeller and said disk.
NUM  10.
PAR  10. An electric motor fan unit improvement as described in claim 1, wherein
PA1  a spacer sleeve on said shaft, with one end abutting a part of said bearing
      which is axially fixed on and rotating with said shaft, has its other end
      supporting said slinger disk;
PA1  said main impeller comprises a sheet metal structure including a body disk
      centrally apertured for reception on said shaft, an annular disk disposed
      toward the working air inlet in said outer wall as the impeller air
      intake, and a series of spaced impeller vanes connecting the body and
      annular disks;
PA1  a second spacer sleeve between said slinger disk and said body disk of the
      main impeller locates the latter in the said outer chamber; and
PA1  clamping nut means threaded onto the outboard shaft end clamps the impeller
      against the second spacer sleeve; the aperture of said intermediate wall
      having a close running radial clearance with the second said spacer sleeve
      extending therethrough.
NUM  11.
PAR  11. An electric motor fan unit improvement as described in claim 1, with
PA1  said main air outlet means offset away from the periphery of the main
      impeller toward said intermediate wall, and
PA1  said slinger disk having a smaller diameter than said main impeller.
NUM  12.
PAR  12. An electric motor fan unit improvement as described in claim 1, with
PA1  the said partition means provided by a cup-shaped member and a disk-like
      member;
PA1  said cup-shaped member having a short cylindrical wall portion provided
      with said vent openings and secured on the said rim portion and a
      generally radial, centrally apertured wall portion as said intermediate
      wall;
PA1  said disk-like member being centrally apertured as said inmost end wall and
      having a circumferential flange of narrow U-shaped cross section press
      fitted in said rim portion;
PA1  said housing shell means including a cup-shaped member having its open end
      fitted on the cylindrical wall portion of the first said cup-shaped member
      and thereby supported on said rim portion;
PA1  said main air outlet means comprises a circumferential series of spaced air
      outlet apertures adjacent said intermediate wall in a cylindrical wall
      portion of said housing shell; and
PA1  said main impeller is spaced axially outwardly from the intermediate wall
      beyond the locus of said series.
NUM  13.
PAR  13. An electric motor fan unit improvement as described in claim 1, with
PA1  the said partition means provided by a cup-shaped member and a disk-like
      member;
PA1  said cup-shaped member having a short cylindrical wall portion provided
      with said vent openings and secured on the said rim portion and a
      generally radial, centrally apertured wall portion as said intermediate
      wall;
PA1  said disk-like member being centrally apertured as said inmost end wall and
      having a circumferential flange of narrow U-shaped cross section press
      fitted to said rim portion;
PA1  said housing shell means including a cup-shaped member with a cylindrical
      wall portion having its open end fitted on the cylindrical wall portion of
      the first said cup-shaped member and thereby supported on said rim
      portion;
PA1  said main air outlet means comprises a circumferential series of spaced air
      outlet apertures adjacent said intermediate wall in a cylindrical wall
      portion of said housing shell means;
PA1  said main impeller is spaced axially outwardly from the intermediate wall
      beyond the locus of said series; and wherein
PA1  a spacer sleeve on said shaft with one end abutting a part of said bearing,
      which is axially fixed on and rotating with said shaft, has its other end
      supporting said slinger disk;
PA1  said main impeller comprises a sheet metal structure including
PA2  a body disk centrally apertured for reception on said shaft, an annular
      disk disposed toward the working air inlet in said outer wall as the
      impeller air intake, and
PA2  a series of spaced impeller vanes connecting the body and annular disks;
PA1  a second spacer sleeve between said slinger disk and said body disk of the
      main impeller locates the latter in the said outer chamber; and
PA1  clamping nut means threaded onto the outboard shaft end clamps the impeller
      against the second spacer sleeve;
PA1  the aperture of said intermediate wall having a running radial clearance
      with the second said spacer sleeve extending therethrough.
NUM  14.
PAR  14. An electric motor fan unit improvement as described in claim 13, with
PA1  said bearing shielding flange means provided by an integral tubular flange
      extension of, and at the bearing socket region of, said central structure
      of said motor end bracket member.
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ABST
PAL  Overspeed safety control mechanism for shutting off operating air flow to
      the motor of a rotary surface grinding tool when the motor overspeeds
      beyond a rated governed maximum, including a circular body rotatable with
      the motor and carrying a ball valve which is adapted to be centrifugally
      released and entered into a pocket to block flow of operating air to the
      motor when the latter overspeeds, the speed of the motor being normally
      controlled by a speed governor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is concerned with the improvement of a tool having an air
      driven motor with an overspeed safety mechanism to ensure the air motor
      from developing a speed beyond a predetermined safe limit.
PAR  The overspeed mechanism is especially suited for high speed surface
      grinding tools because of the dangers presented by such tools should they,
      for some reason, overspeed without control. Such tools are usually
      equipped with a speed control governor which functions to maintain the
      operation of the motor within the safe limits of a predetermined speed
      rate. However, there is the possibility of the governor malfunctioning due
      to entry of dirt, breaking of parts, accumulation of rust, and other
      reasons, so that the motor could develop an undesirable overspeed
      condition.
PAR  The safety mechanism of the present invention may be used in rotary tools
      without speed regulating governors as well as in tools having such
      governors. In either case, the safety mechanism is intended to stop flow
      of operating air to the motor when a predetermined overspeed condition
      develops. When incorporated in a tool having a speed regulating governor,
      the latter functions primarily to maintain the speed of the motor
      substantially at a predetermined rate; and, when the motor develops a
      predetermined higher level of speed or overspeed condition, the safety
      mechanism functions automatically to shut off air flow to the motor and
      thus causes the latter to stop.
PAR  The safety mechanism is so designed that when it is caused to operate, the
      tool becomes disabled and cannot be effectively further operated until the
      tool is taken apart and the safety mechanism reset. Normally, the safety
      mechanism would not be reset until after an inspection of the tool as to
      the cause for the overspeeding had first been made and after any necessary
      repairs have been made.
PAR  In accordance with the invention, there is provided for incorporation in a
      tool having an air driven rotary motor centrifugally operable air shut-off
      control mechanism comprising an annular body member mounted to a rotor
      shaft and having a radially extending hole in its periphery in which a
      heavy ball valve is releasably retained by the free ends of a curved
      spring mounted to the periphery of the body member, the ball valve being
      responsive to centrifugal forces developed by an overspeed condition of
      the motor to escape tangently from between the ends of the spring and seat
      in a pocket to seal an inlet port so as to cut off further flow of
      operating air to the motor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In order that the invention may be fully understood and readily carried
      into effect, the same will now be described with reference to the
      accompanying drawing, of which:
PAR  FIG. 1 is a sectional view of a vertical surface grinding tool in which the
      invention is incorporated;
PAR  FIG. 2 is a section taken on line 2--2 of FIG. 1; and
PAR  FIG. 3 is a section taken on line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawing, there is shown a pneumatically powered rotary
      surface grinding tool of the vertical type having a housing 10 in which is
      housed a rotary air driven motor 11 of the slidable vane type.
PAR  The motor has a rotor 12 which operates in a chamber 13 defined by a
      surrounding liner 14, the upper and lower ends of which chamber are
      respectively closed by bearing end plates 15 and 16.
PAR  Upper and lower ends 17 and 18 of the rotor shaft are supported
      respectively in bearings 19 and 20. An externally projecting portion of
      the lower shaft end 18 carries a surface grinding wheel 21 (broken line).
PAR  A pair of the usual handles (a portion of one being shown at 22), extending
      from a side area of the housing, are adapted to be held by the operator
      when using the tool.
PAR  An air inlet passage 23 extending through handle 22 is connectible at the
      outer end of the handle to a source of pressure air. Passage 23 connects
      through the usual lever operable throttle valve at 24 with a passage 25 in
      the housing leading to a first normally open valve controlled inlet port
      26. The latter opens into a governor chamber 27, which in turn connects
      with a second normally open valve controlled safety inlet port 28. The
      latter defines the mouth of a shallow pocket or passage 29 leading to
      ports 31 opening into the motor chamber 13.
PAR  A speed control governor 32 mounted for rotation with the rotor shaft
      carries flyweights 33 (one being shown) which are responsive to
      centrifugal forces developing at a predetermined speed of the motor to
      slide a sleeve valve 34 against the bias of a return spring into
      restricting relation to the first control port 26. This governor action
      regulates the flow of air to the motor and, as a result, curbs the speed
      of the motor to a substantially constant rate.
PAR  The governor has an annular body 36 upon which the flyweights are pivotally
      supported. The governor body has an axially depending stem 37 threadedly
      engaged in the upper end of the rotor shaft, whereby the governor rotates
      in unison with the motor.
PAR  If, for some reason, the governor should fail to properly control air flow
      through the first control port 26 to the motor and thereby cause the motor
      to develop a runaway or overspeed condition, that is, a predetermined rate
      of speed higher than that of the governor controlled rate; a safety ball
      valve 38, releasably retained in the governor body, will respond to
      centrifugal force of a certain level developed by the motor to interrupt
      further flow of operating air to the motor. The ball valve will
      centrifugally escape from the body member and enter the second control
      port 28 to block it against further flow of inlet air to the motor.
PAR  The governor body 36 serves not only as a support for the governor, but
      also as a retainer and carrier for the ball valve 38. The ball valve is
      formed of heavy material such as steel; and it is normally seated in a
      hole 39 extending radially into the periphery of the body member 36. A
      curved leaf snap spring 41 is snapped or fitted about the periphery of the
      body member or ball carrier 36. It serves as a gate releasably confining
      the ball valve in the hole 39. The spring substantially surrounds the
      periphery of the body member so that its free ends partially overlie
      opposite edges of the entrance to the hole as well as the ball valve
      therein, whereby the ball valve is normally retained under the tension of
      the spring in the hole or socket. The ends of the spring are adapted to be
      resiliently forced apart sufficiently to allow the ball valve to escape
      from the hole when the ball valve is centrifugally urged outwardly of the
      latter.
PAR  An internal wall of the housing surrounding the ball carrier 36 defines a
      ball track 42, the course of which is for its greater part concentric with
      the ball carrier. The track has a relatively wider portion at 43 extending
      tangently away from the ball carrier and defining a guide or path for the
      ball valve leading to the pocket 29. The second control port 28 provides
      an entrance to the pocket. The pocket connects with the ports 31 leading
      to the motor chamber 13.
PAR  The ball valve upon entering the second control port settles upon the
      bottom of the shallow pocket with its upper surface protruding out of the
      control port in sealing relation to the latter, as indicated in FIG. 3.
      Means 28a is fitted in port 28 to seal the ball valve in the latter and to
      retain it therein against escape. Means 28a is shown here as a
      conventional oil seal defining a lip about the entrance to port 28. The
      lip is yieldable to allow entry therethrough of the heavy ball valve into
      pocket 29, but operates to prevent its escape from the pocket. The lip
      engages about the surface of the ball valve to block flow of air around
      the latter to the motor.
PAR  In summary, when the throttle valve 24 in the handle is moved to open
      condition, inlet air flows from the source, in order, through the first
      and second control ports 26, 28 to the motor chamber to operate the motor.
      The governor functions in response to centrifugal forces developed by the
      motor to regulate the flow of air to the latter so as to maintain the
      speed of the motor at a substantially constant predetermined rate. If,
      because of failure of the governor or other reason, the speed of the motor
      should develop to a predetermined degree beyond that normally permitted by
      the governor, the resultant centrifugal forces will force the ball valve
      38 outwardly of the hole 39. In this action, the ends of the retaining
      spring 41 yieldably spread apart, allowing the ball valve to enter the
      track 42. The concentric portion of the track has a lateral dimension
      relative to the ball carrier approximating the radius of the ball valve so
      that when the ball valve is forced into this portion of the track it will
      not have fully escaped from the ball carrier and will be rolled about the
      track by the carrier until the broader tangent area 43 of the track is
      reached. The ball valve will then centrifugally roll off along this
      broader area into the pocket 29 to close the second control port 28 and
      block further flow of operating air to the motor.
PAR  Once the ball valve has escaped from the ball carrier through the retaining
      spring and entered the pocket, the tool can no longer be effectively
      operated until the tool is dismantled and the ball valve is removed from
      the pocket and again confined in the hole of the ball carrier. Normally,
      before doing the latter, the operator will inspect the tool for the cause
      of its faulty operation and will make whatever repairs may be needed.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a tool including a rotary air motor having a rotor shaft, an inlet
      port for admitting operating air to drive the rotor, a circular body
      axially mounted to the shaft for rotation with the latter, said body
      member having a radial hole in its periphery, a ball valve slidably
      received in the hole and adapted to be centrifugally expelled from the
      hole upon the motor developing centrifugal force of a certain value, track
      means for receiving the expelled ball valve and guiding it into closing
      relation with the inlet port, and means fitted in the inlet port for
      retaining the ball valve in said closing relation.
NUM  2.
PAR  2. In a tool as in claim 2, wherein a yieldable gate normally restrains the
      ball valve in the hole against release therefrom by centrifugal forces of
      less than said certain value.
NUM  3.
PAR  3. A surface grinding tool including a rotary air motor having a rotor
      shaft, an inlet port for admitting operating air to drive the motor, a
      circular body carried by the shaft disposed in coaxial relation to the
      latter and having a radial hole in its periphery, a ball valve received in
      the hole, a yieldable gate releasably retaining the ball valve in the
      hole, the ball valve being adapted to be centrifugally forced from the
      hole through the gate upon the motor developing a certain degree of speed
      and adapted when so released to enter the inlet port in closing relation
      to the latter, and means fitted in the inlet port for retaining the ball
      valve in said closing relation.
NUM  4.
PAR  4. A surface grinding tool as in claim 3, wherein track means surrounding
      the circular body is provided for receiving the ball from the hole and
      guiding it into the inlet port.
NUM  5.
PAR  5. A surface grinding tool as in claim 3, wherein the yieldable gate is a
      spring carried by the circular body partially overlying both the hole and
      the ball valve in the latter.
NUM  6.
PAR  6. A surface grinding tool, including a rotary air motor having a rotor
      shaft adapted to carry a surface grinding wheel, a circular body carried
      by the shaft in coaxial relation thereto and having a radial hole in its
      periphery, a passage for conducting live air to operate the motor, a first
      valve controlled port arranged intermediately of the passage, speed
      responsive governor controlled valve means carried by the rotor shaft for
      regulating air flow through the first port, a normally open second valve
      controlled port disposed in the passage between the first port and the
      motor, and a ball valve slidably received in the hole of the circular
      body, the ball valve being centrifugally movable out of the hole upon
      development of centrifugal forces of a certain value by the motor, track
      means for receiving the ball valve when thus released and guiding it into
      closing relation with the second port, and means fitted in the second port
      for retaining the ball valve in said closing relation.
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ABST
PAL  A pump composed of a gear pair made up of an inner member having at least
      one external helical thread, and an outer member having internal helical
      threads, there being one more internal helical thread in the outer member
      than the number of threads on the inner member. The inner member is free
      to gyrate but prevented from rotation, and the outer member rotates on its
      true axis. The outer member is fixed in a tubular casing having at least
      one aperture for fluid being pumped, and this member extends beyond the
      gear pair and constitutes a drive shaft for the pump. The tubular casing
      is disposed in a housing and is arranged for rotation in the housing on
      suitable bearings and suitable seals. The housing has a port at each end
      of said gear pair, so that the direction of pumping may be reversed by
      reversing the direction of rotation of said drive shaft.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application Ser.
      No. 411,162 filed Oct. 30, 1973, and now abandoned, entitled "Boat
      Propulsion Apparatus," in the name of the present inventor.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Pumps made up of a helical gear pair have been known since their invention
      by R. J. L. Moineau, and are disclosed in Moineau U.S. Pats. No. 1,892,217
      dated Dec. 27, 1932 and U.S. Pats. No. 2,483,370 dated Dec. 27, 1949, and
      others. Reference may be had to these patents for a basic understanding of
      such pumps, which are generally referred to as progressing cavity pumps.
PAR  Either member of the gear pair may rotate, and it is a characteristic of
      such pumps that one member must gyrate. Thus, the external member may be
      stationary while the internal member rotates and gyrates. The external
      member may be held against rotation and in this case when the internal
      member is rotated on its true axis, the external member will gyrate or
      wobble. Similarly, the external member may be rotated while the internal
      member is held against rotation. If the external member rotates on its
      true axis, the internal member must be permitted to gryrate. If the
      external member is permitted to gyrate, the internal member may be
      stationary.
PAR  Gear pairs as outlined above have been used as motors, as taught, for
      example, in Clark U.S. Pat. No. 3,603,407 dated Sept. 7, 1971.
PAR  Briefly, according to the present invention, a gear pair is provided,
      wherein the inner member is prevented from rotation but is permitted to
      gyrate, while the outer member rotates on its true axis. The outer member
      is fixed in a casing which extends beyond the gear pair and constitutes a
      drive shaft for the pump. The casing is mounted in suitable bearings with
      suitable seals in a housing. Ports are provided in the housing at each end
      of the gear pair, and the casing has one or more apertures for the passage
      of fluid being pumped. The direction of pumping is then determined by the
      direction of rotation of the drive shaft; and thus the pump may be made
      uni-directional in either direction, or it may be made reversible.
      Depending upon the use to be made of the pump, various bearing
      arrangements and various sealing arrangements may be used, which will be
      described in detail hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of a pump according to the invention in
      one embodiment.
PAR  FIG. 2 is a diagrammatic representation of the means for preventing
      rotation of the inner member.
PAR  FIG. 3 is a view similar to FIG. 2 showing a modification of the means for
      preventing rotation of the inner member.
PAR  FIG. 4 is a fragmentary view similar to FIG. 1 showing a modification in
      the bearing structure.
PAR  FIG. 5 is a view similar to FIG. 1 showing a modified seal structure.
DETD
PAC  DETAILED DESCRIPTION
PAR  The pumping units comprise the inner member 10 and the outer member 11. The
      inner member may have one helical thread in which case the outer member
      will have two helical threads. The outer member 11 is fixed in a casing
      indicated at 12 which extends beyond the gear pair 10 and 11 and
      constitutes a drive shaft for the pump. The casing 12 may be rotated by
      means of a pulley 13 from a suitable source of power or by means of a
      prime mover directly coupled thereto as indicated at 14.
PAR  The drive shaft or casing 12 is mounted within a housing 15 by means of
      suitable bearings 16, 17, and 18, and suitable seals are provided at 19
      and 20.
PAR  If the fluid pumped has no lubricity such as, for example, water, the
      bearings 16, 17 and 18 may be conventional marine type bearings known as
      "Cutless" bearings. In this case, the seals 19 and 20 may be floating
      seals which may comprise a plurality of washers of resilient material
      which can float up against the respective marine bearings 16 and 17 or 18,
      depending upon the direction of pumping.
PAR  The casing 12 is provided with one or more apertures 21 for the passage of
      fluid being pumped and ports are provided at 22 and 23.
PAR  The port 23 is provided in a dome-like element 24 suitably secured to the
      housing 15 and within the member 24 means are provided to prevent rotation
      of the inner member 10 of the pump while permitting gyration. Thus, there
      is fixed to the end of the inner element 10 a radial arm 25 which extends
      through the dome 24 into a cylinder 26. Clearance is provided between the
      members 25 and the cylinder 26 so that locking will not occur. The member
      25 will reciprocate and oscillate a small amount as a result of the
      gyration of the member 10. By a suitable dimensional relationship between
      the cylinder 26 and the piston 25a on the end of the radial arm 25, a
      dashpot effect may be achieved which will dampen the vibration of the
      orbiting or gyrating inner element 10. FIG. 2 diagrammatically represents
      the relationship between the members 25, 25a, 26 and 10 during gyrational
      movement of the member 10. In FIG. 2 the piston 25a has been replaced by a
      ball 25b. Either embodiment operates successfully.
PAR  In the modification of FIG. 3, an additional radial arm 27 is provided
      substantially at right angles to the arm 25. It should be noted that while
      the arm 25 is non-rotatably secured to the end of the member 10, the arm
      27 must be permitted a small amount of oscillatory movement. The arm 27
      may terminate in a ball 25b operating in a second cylinder 26. The
      advantage of the construction of FIG. 3 is that the arm 27 and its
      associated parts provide a damping effect at right angles to the damping
      effect of the arm 25 and its associated parts. The result is substantially
      complete damping and a reduction of gyratory vibration to a minimum. In
      FIG. 1 it will be noted that a duct 28 is provided connecting the interior
      of the dome 24 with the remote end of the bearing 16. An adjustable valve
      is shown at 29. Where the member 10 is extremely long, it may be desirable
      to provide an additional arm like the arm 27, working in an additional
      cylinder 26, and disposed opposite the arm 25, to eliminate any cocking
      effect on the inner member.
PAR  It will be clear that in one direction of rotation of the drive shaft 12,
      the port 22 will be the intake port and port 23 will be the pressure port.
      In this condition, the duct 28 serves to provide pressure to the marine
      bearing 16 and thrust washer 16a. The fluid being pumped enters through
      the port 22 and then passes through the apertures 21 and thence through
      the cavities between the inner and outer members 10 and 11 of the pump and
      passes through the dome 24 and through the outlet port 23.
PAR  If the direction of rotation of the drive shaft 12 is reversed, the port 23
      will become the intake port and the fluid will pass through the dome 24
      and through the cavities between the members 10 and 11, and thence through
      the apertures 21 and out the port 22. In this case the duct 28 will
      conduct any leakage passing the seal 19 to the dome 24, which will be the
      intake end.
PAR  Thus, it will be clear that the pump shown in FIG. 1 is a reversible pump
      especially suitable for the pumping of fluids having no lubricity.
PAR  If the fluid being pumped has lubricity, it becomes possible to use ball
      bearings without marine bearings at the pressure end of the gear pair if
      the pump is a uni-directional pump, or at both ends by spring loading the
      bearing races at the suction end to keep the balls and races in contact,
      as indicated at 31a. If the pump is to be a two-directional or reversible
      pump and the fluid being pumped has lubricity, then ball bearings without
      marine bearings may be used at both ends, by spring loading the bearing
      races at both ends to keep the balls and races in contact when on suction.
PAR  In FIG. 4 there is shown a ball bearing comprising the races 30 and 31. It
      will be observed that the race 30 is provided with a projecting annular
      lip 32 arranged to cooperate with a counterbore 33 in the other race. If
      the direction of rotation of the element 11 is such that 23 is the exit
      port, then the end of the pump shown in FIG. 4 is the pressure end and
      pressure fluid has access to the ball bearing. There is thus achieved a
      partially hydrostatic bearing and the lip 32 and counterbore 33 provide a
      rotating seal. The lip 32 will be slightly softer than the bottom of the
      counterbore 33 so that as wear takes place, the seal will be maintained.
      When pumping fluids which adequately lubricate the balls, the seal 20 and
      bearings 17 and 18 may be omitted.
PAR  If the pump of FIG. 4 is to be a uni-directional pump the bearing and seal
      at the other end of the pump may be as in FIG. 1 and of course if the
      direction of pumping is to be reversed and the pump will be
      uni-directional, it will be clear that the bearing structure 30-33 will be
      at the pressure end and the marine bearing at the suction end, and again,
      radial bearings and floating seal can be omitted on the pressure end if
      sufficient lubricity is present in the fluid.
PAR  In the event the pump is to be a reversible or two-directional pump, and
      the fluid being pumped has some lubricity, the structure may be as shown
      in FIG. 5. In this event, the bearings at both ends may be ball bearings
      as just described in connection with FIG. 4, or with conventional races
      without sealing lips. Also in this case, conventional mechanical seals, as
      indicated at 35, may be substituted for other types of seals. Mechanical
      seals are old and well known and it is not necessary to describe the
      details of their construction. Of course one end could be so treated, with
      some other treatment on the other end, for uni-directional pumping.
      However, as described above, ball races on the suction ends should be
      spring loaded when no other radial bearing is employed.
PAR  A clean-out or inspection plug may be provided as at 36 and in the
      embodiment of FIG. 1 this plug may extend far enough within the housing 15
      to serve as a stop for the floating seal 19.
PAR  The invention described herein presents advantages over the conventional
      progressing cavity pump, in that it eliminates the need for universal
      joints and the connecting rod, and thus the attendant difficulties of
      lubricating them. Furthermore, the fact that lubrication is ordinarily
      unnecessary makes it possible to avoid contamination of the fluids being
      pumped, with the lubricant. This is of importance where foods or drugs are
      being pumped.
PAR  It will be clear to those skilled in the art that the devices described
      above may function as motors, if a fluid is pumped therethrough.
PAR  It is believed that the pump has been fully described herein and it will be
      clear that various modifications may be made without departing from the
      spirit of the invention. It should be understood therefore that no
      limitations not expressed in the claims are intended and no such
      limitations should be implied.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A pump constituted of a gear pair made up of an inner member having at
      least one external helical thread, and an outer member having internal
      helical threads, there being one more internal helical thread in the outer
      member than the number of external helical threads on the inner member, a
      radial arm non-rotatably secured at one of its ends to said inner member,
      and fixed means limiting the other end of said radial arm to reciprocatory
      and oscillatory motion, said outer member being free to rotate on its true
      axis, said outer member being fixed in a tubular casing extending beyond
      said inner and outer members and constituting a drive shaft, said casing
      having at least one aperture for the passage of fluid being pumped, and
      being disposed within a housing, said casing being supported for rotation
      within said housing in bearings, said housing having a port at each end of
      said gear pair, whereby the direction of pumping may be reversed by
      reversing the direction of rotation of said drive shaft.
NUM  2.
PAR  2. A pump according to claim 1 wherein an additional radial arm is secured
      at one of its ends to said inner member substantially at right angles to
      said first mentioned radial arm for limited oscillatory movement with
      respect to said first arm, and fixed means for the other end of said
      additional radial arm limiting said other end to oscillatory and
      reciprocatory movement.
NUM  3.
PAR  3. A pump according to claim 1, wherein the fluid being pumped does not
      have lubricity, and said bearings are marine type bearings provided with
      floating seals, and wherein there is a duct connecting the pressure side
      of said gear pair with the marine bearing on the suction side of said gear
      pair, said duct including an adjustable valve.
NUM  4.
PAR  4. A uni-directional pump according to claim 1, wherein the fluid being
      pumped has lubricity, and wherein one of said bearings is on the pressure
      side of the gear pair and the other of said bearings is on the suction
      side of said gear pair, and wherein the bearing on said pressure side is a
      ball bearing including a mechanical seal, and the bearing on said suction
      side is a marine type bearing provided with a floating seal, and wherein
      there is a duct connecting the pressure side of said gear pair with the
      marine bearing on the suction side of said gear pair, said duct including
      an adjustable valve.
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PAL  A screw rotor machine for an elastic working fluid in which the rotors are
      biassed towards the high pressure end wall by means of balancing pistons
      and interposed bearings.
BSUM
PAR  This invention relates to screw rotor machines for use as compressors and
      expanders of an elastic working fluid such as a gas.
PAR  A screw compressor in accordance with this invention is suitable for use in
      air conditioning apparatus, for example, automotive air conditioning
      apparatus. In this specification the term air conditioning is used to
      include the refrigeration of air and other gaseous media as well as air
      conditioning per se.
PAR  In this specification the term "screw rotor machine" refers to a machine
      having a housing structure including a barrel portion comprising
      intersecting bores with co-planar axes forming a working space extending
      longitudinally of the barrel portion which has a high pressure end wall,
      the structure having a low pressure port communicating with one end of the
      working space the major portion of which port is located at one side of
      the plane of the axes of the intersecting bores and a high pressure port
      communicating with the other and high pressure end of the working space
      the major portion of which port is located at the opposite side of the
      said plane. Male and female rotors are rotatably mounted in the respective
      bores and have meshing helical lands and grooves with an effective wrap
      angle of less than 360.degree., the lands of the male rotor having
      substantially convexly curved flanks and intervening grooves the major
      portions of which are outside the pitch circle of the male rotor and the
      lands of the female rotor having substantially concavely curved flanks and
      intervening grooves the major portions of which lie inside the pitch
      circle of the female rotor, the lands and grooves of the rotors
      intermeshing to form with confronting portions of said housing structure
      chevronshaped closed chambers each comprising a portion of the male rotor
      groove and a portion of the communicating female rotor groove. The
      chambers are defined at their base ends by the high pressure end wall of
      the working space and at their apex ends by the places of intermesh
      between the lands of the rotors, the apex ends moving (when the machine is
      used as a compressor) axially towards the high pressure end wall as the
      rotors revolve to decrease the volume of the chambers which move into
      communication serially with said high pressure port means is provided for
      supplying liquid to the working space for sealing the perimeters of the
      chambers and cooling the contents thereof.
PAR  Owing to the pressure difference existing between the high and low pressure
      ports during operation of screw rotor machines of the type described, the
      rotors are subjected to axial forces due at least in part to the forces
      created by the elastic fluid and to the contact forces between the meshing
      rotors. These axial forces necessitate on one hand means for fixing the
      rotors in relation to the housing structure and on the other hand means
      for transmitting the forces from the rotors to the housing structure.
      Hitherto, the axial forces have been carried by thrust bearings.
PAR  The space or clearance between the high pressure end wall of the working
      space and the high pressure ends of the rotors forms a channel between the
      portions of the grooves communicating with the high pressure and low
      pressure ports, respectively, so that too large a space will cause
      considerable leakage losses. For this reason it is of very great
      importance that the space between the rotor ends and the end wall is kept
      as small as possible. The extent of the space depends in the first place
      on the clearance and elasticity of the thrust bearings and the type of
      trust bearings used has, therefore, been an important factor in the design
      of screw rotor machines.
PAR  Our investigations have shown that the space or clearance between the high
      pressure end wall of the working space and the high pressure ends of the
      rotors of diameter (40-400mm) should generally be within the range 0.02 to
      0.15 mm.
PAR  In order to maintain a clearance within such a range, accurate and reliable
      thrust bearings and devices for adjusting the clearance have been included
      in the screw rotor machine. Such bearings and devices are expensive items
      and they represent a higher proportion of the overall cost of smaller
      machines having rotor diameters approaching the lower end of the range
      than of larger machines having rotor diameters approaching the upper end
      of the range given above. Moreover, the clearance for smaller compressors
      is considerably smaller than for larger compressors and this necessitates
      paying greater attention to manufacturing tolerances and requires greater
      skills on the part of the technicians assembling and adjusting the
      machines prior to delivery to a customer.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a screw rotor machine of the type
      described is characterized in that each rotor is connected via an axial
      bearing, for example a needle bearing, to an associated balancing piston
      mounted to impose a biassing force on the appropriate rotor to bias it in
      a direction towards the high pressure end wall of the housing structure,
      at least a part of the said end wall constituting a thrust bearing surface
      for the rotors.
PAR  The rotors may be biassed towards the high pressure end wall by means, of
      gas pressure, liquid pressure or mechanical pressure, for example a
      spring, or any combination of such means. The screw rotor machine of the
      invention is preferably a so-called wet-machine, that is, oil is injected
      into the working space to lubricate the rotors and oil from the
      pressurized lubricating oil system may also be used for biassing the
      rotors towards the high pressure end wall.
PAR  Conveniently, each piston operates directly or indirectly upon a rotor
      extension or shaft located at the low pressure end of the machine.
PAR  Preferably the balancing piston associated with at least the driving rotor,
      for example, the female rotor, is permanently biassed towards the high
      pressure end wall by means of, for example, a spring operating on the
      piston. Such permanent biassing force is additional to the biassing force
      imposed by the balancing piston(s) per se.
PAR  Alternatively, each rotor may be formed with an extension or shaft at the
      high pressure end of the machine. In this alternative, each shaft or
      extension may be fitted or formed with an annular flange sealingly
      disposed within a chamber. A spring or other biassing means may be used to
      bias the said annular flange and, consequently, the rotor in a direction
      towards the high pressure end wall.
PAR  The biassing of the rotor or rotors may, therefore, as indicated, be
      achieved by a spring having a predetermined biassing force and according
      to the working conditions, this force could be supplemented by a piston
      operation on an elastic fluid in a cylinder formed between the piston, the
      annular flange and the chamber wall. Conveniently, the balancing forces
      are sufficiently large to enable available oil pressure, that is the
      pressure of oil used for lubricating the rotors, not only to balance the
      axial forces but also to overbalance them so that the resulting axial
      force is negative, that is, directed towards the high pressure end wall.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A screw rotor machine in accordance with the present invention and adapted
      to operate as a compressor will now be described by way of example with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a section taken along B--B of FIG. 2;
PAR  FIG. 2 is a section taken along A--A of FIG. 1;
PAR  FIG. 3 is a section taken along C--C of FIG. 1; and
PAR  FIGS. 4, 5 and 6 are alternative constructions for biassing the male rotor
      of the compressor.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS
PAR  The compressor shown has a male rotor 10 and a cooperating female rotor 12
      (see FIGS. 2 and 3) having helical lands and intervening grooves. The
      major portions of the lands of the male rotor 10 lie outside the pitch
      circle of the rotor and have substantially convexly curved flanks. The
      major portions of the female rotor 12 lie inside the pitch circle of the
      rotor and have substantially concavely curved flanks. The wrap angle of
      each land is less than 360.degree. on each rotor.
PAR  The rotors 10 and 12 are located in a housing structure having a barrel
      portion 14 and with end walls 16 and 18 enclosing a working space 20
      comprising two intersecting bores. The working space 20 has a low pressure
      port 22 (FIG. 1) and a high pressure port 24 (FIG. 1).
PAR  The male rotor 10 is formed with shaft extensions 10A and 10B (FIG. 2) to
      facilitate mounting of this rotor in the end walls 16 and 18 by means of
      roller bearings 26 and 28 which principally carry radial forces acting on
      the rotor.
PAR  The female rotor 12 which in the case of the compressor exemplified is the
      driving rotor, has a stub extension 12B and a somewhat longer extension
      12A (FIG. 2). The female rotor is supported in the end walls 16 and 18 by
      two roller bearings 30 and 32 which, as in the case of the male rotor,
      principally carry the radial forces acting on the female rotor. Drive to
      the female rotor is effected via a V-pulley which forms a part of a
      magnetic clutch assembly 34 (FIG. 2). A part 36 of the magnetic clutch
      assembly is supported on the outer race of a double roller bearing 37
      whereas a part 38 of the magnetic clutch is keyed and screwed at 36A to
      the extension 12A of the female rotor 12. The inner race of the double
      roller bearing 37 is carried upon a sleeve 40 which, in turn and as shown
      in FIG. 1, is secured by screws 42 into the end plate 16. The sleeve 40 is
      sealed against the end plate 16 by means of an O-ring seal 44. Located
      between the part 38 of the magnetic clutch and the roller bearing 30 is a
      spacer and sealing arrangement comprising a first end spacer sleeve 48 and
      a seal 50, separated from the inner race of roller bearing 30 by a spring
      washer 52.
PAR  A second and outer sleeve 54 is located between the seal 50 and the sleeve
      48 and this also carries a seal 58.
PAR  The axial load applied to the meshing screw rotors 10, 12 is taken up on
      the high pressure end plate 16 and the pressure urging the rotors against
      the end plate 16 is accomplished by means of a piston 67 arrangement
      operable on axial needle or roller bearings 68 carried on the stub shafts
      10B and 12B of the male and the female rotors.
PAR  In FIG. 2 the biassing force applied to the piston 67 and consequently the
      male rotor is achieved by means of fluid pressure in cavity 62 supplied
      via an opening 69 whereas the biassing force on the female rotor is
      accomplished by means of a combination of a spring force obtained from
      spring 64 and fluid pressure fed into the cavity 66 via an opening 71. The
      pressure or biassing force applied to the pistons 67 associated with the
      male and female rotors is transmitted to the repsective rotors by the
      axial bearings 68 and sleeves 70 and 72 which cooperate with the inner
      races of the bearings 28 and 32.
PAR  Three alternative forms of piston arrangements for biassing the male rotor
      towards the high pressure end wall of the compressor are shown in FIGS. 4,
      5 and 6 and these alternative arrangements rely entirely upon fluid
      pressure for biassing the piston and consequently the rotor in a direction
      towards the high pressure end wall.
PAR  In FIG. 6 shaft 10A is provided with a flange portion 97 by means of which
      the balance piston 67 is biassing the rotor towards the high pressure end
      wall 16 under the agency of gas or liquid pressure supplied via an opening
      69' to an interspace between a circular disk 98 forming a part of the
      piston 67 and an annular wall 99 attached to the end wall 16.
PAR  The radial load carrying roller bearing 26 supporting the male rotor 10 at
      the high pressure end is held in place by a disk 76 fitted with
      projections 78 which abut the inner race of the bearing. The disk is
      maintained in position by means of a circlip 82 and an O-ring seal 84
      seals the disk in the high pressure end wall.
PAR  For lubrication purposes a lubricating oil is forced into the working space
      through one or more channels 96 (FIG. 1) which communicate with a
      lubricating oil reservoir 92. The channels 96 may be inclined in an axial
      direction or may be formed at right angles to the axes of the rotors.
PAR  From the foregoing, it will be appreciated that the axial forces resulting
      on the rotors is taken up by the high pressure end wall and the high
      pressure ends of the rotors and that these said surfaces constitute a
      plain thrust bearing. If desired, certain parts of one or more of the said
      surfaces may be relieved.
PAR  With a machine as described the following advantages are obtained.
PAR  1. The machine should be considerably cheaper to manufacture as the axial
      bearings and the device for adjusting the axial clearances are eliminated
      as well as the time consuming work to set up the compressor with exact
      axial clearances.
PAR  2. The leakage over the outlet ends of the rotors should cease almost
      entirely as there should be no axial clearance between the rotors and the
      high pressure end wall. These surfaces are separated only by a supporting
      oil film. Thus, also from the view of efficiency the design should be
      optimal.
PAR  3. By draining the back of the balancing pistons to a close thread the
      negative effect of oil leakage from the balancing plunges to the
      compressor inlet should be considerably reduced if not entirely
      eliminated.
PAR  For certain compressor applications the running conditions will vary
      considerably. This is particularly the case for compressors intended for
      use in atuomotive air conditioning apparatus where the inlet pressure as
      well as the outlet pressure, speed, etc. will constantly vary and which
      will cause difficulties in dimensioning the balancing pistons.
PAR  If the balancing pistons are dimensioned for a adequate over balancing of
      the axial forces for one set of operating conditions they might be under
      balanced for another set of conditions, whereas for a third condition they
      will be over balanced to too high a degree.
PAR  One solution to this problems is to let the inlet and outlet pressures of
      the compressor control the pressure on the balancing pistons by means of
      an automatic valve, for example, an expansion valve, which connects the
      high pressure side of the balancing pistons with a closed chevron-shaped
      chamber in the compressor and so as to control the balancing force to the
      actual working condition.
PAR  The control or automatic valve should operate in such a way that by
      increasing the pressure difference over the compressor the valve will open
      and attain a pressure drop over a throttling device between an oil
      separator and the balancing piston (s) whereby the balancing force
      corresponds to the actual working condition.
PAR  Compressors according to this invention may also be used for other
      applications employing more constant running conditions where ordinary
      thrust bearings are less advisable with regard to the cost and where only
      one size of balancing piston is preferable from the manufacturing point of
      view. In such a case the automatic or control valve could be applied in
      order to adjust the over balancing force to the required working
      condition. From manufacturing and assembly point of view such a
      construction will be simple and cheap. The valve could, if desired, be
      built into the compressor housing, for example, a membrane and spring
      could be used in a space in the inlet housing and the pipe connections for
      transmitting the pressurised lubricant.
CLMS
STM  We claim:
NUM  1.
PAR  1. A screw rotor machine comprising a housing structure including a barrel
      portion having intersecting bores with coplanar axes forming a working
      space extending longitudinally of the barrel portion which has a high
      pressure end wall, the structure having a low pressure port communicating
      with one end of the working space the major portion of which port is
      located at one side of the plane of the axes of the intersecting bores and
      a high pressure port communicating with the other and high pressure end of
      the working space the major portion of which port is located at the
      oppsoite side of said plane, and male and female rotors rotatably mounted
      in the respective bores and having meshing helical lands and grooves with
      an effective wrap angle of less than 360.degree., the lands of the male
      rotor having substantially convexly curved flanks and intervening grooves
      the major portions of which are outside the pitch circle of the male rotor
      and the lands of the female rotor having substantially concavely curved
      flanks and intervening grooves the major portions of which lie inside the
      pitch circle of the female rotor, the lands and grooves of the rotors
      intermeshing to form with confronting portions of said housing structure
      chevron-shaped closed chambers each comprising a portion of the male rotor
      groove and a portion of the communicating female rotor groove, the
      chambers being defined at their base ends by the high pressure end wall of
      the working space and at their apex ends by the places of intermesh
      between the lands of the rotors, characterized by
PA1  a plurality of stationary cavities in the housing structure;
PA1  a plurality of substantially non-rotatable balancing pistons slideably
      mounted to respective ones of said stationary cavities in the housing
      structure and each balancing piston being associated with a respective
      rotor;
PA1  pressure fluid means coupled to said stationary cavities for biassing said
      balancing pistons so as to impose a biassing force on their respective
      rotors to bias the respective rotors in a direction towards the high
      pressure end wall of the housing structure, at least a part of the said
      end wall comrpising a thrust bearing surface for the rotor;
PA1  at least one spring mechanically biassing at least one of said balancing
      pistons in the same direction as said pressure fluid means; and
PA1  a plurality of axial bearings, each connecting a respective rotor to its
      associated balancing piston, said bearings each including a non-rotatable
      part coupled to a respective balancing piston and supporting sealing means
      slideably engaging the inner wall of the respective stationary cavity.
NUM  2.
PAR  2. A machine as claimed in claim 1, wherein at least one rotor includes an
      extension or shaft having an annular flange cooperating its associated
      balancing piston through its associated bearing.
NUM  3.
PAR  3. A machine as claimed in claim 1, wherein the pressure fluid means
      includes means for biassing the balancing pistons towards the high
      pressure end wall under the agency of at least one of gas pressure and
      liquid pressure.
NUM  4.
PAR  4. A machine as claimed in claim 3, wherein oil from a pressurized
      lubricating oil system is injected into the working space to lubricate the
      rotors, the oil from the pressurized lubricating oil system comprising the
      pressure fluid means biassing the balancing pistons towards the high
      pressure end wall.
NUM  5.
PAR  5. A machine as claimed in claim 1, wherein each rotor has an extension or
      shaft located at the low pressure end of the machine and each balancing
      piston is coupled to operate upon a rotor via its extension or shaft.
NUM  6.
PAR  6. A machine as claimed in claim 5 wherein each balancing piston is
      directly coupled to the axial bearings of its respective rotor.
NUM  7.
PAR  7. A machine as claimed in claim 1, wherein the balancing piston associated
      with at least the driving rotor permanently biasses the associated rotor
      towards the high pressure end wall.
NUM  8.
PAR  8. A machine as claimed in claim 7,, wherein the driving rotor is the
      female rotor.
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ABST
PAL  A seal for rotary pumps, engines, and the like, comprises roller means with
      variable effective length held in a variable-length supportive body or
      holder; extension cams maintain longitudinal tolerance of the roller means
      despite mechanical wear, machining imperfections and thermal expansion and
      contraction; wedge means maintain longitudinal tolerance of the holder.
      The seal is effective both at apex and corner areas of the rotary
      apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the field of seals for fluids; more particularly, the
      invention relates to seals for use in rotary pumps, engines, and the like.
PAR  2. Description of the Prior Art
PAR  Devices for handling fluids in various ways are known in the art, and are
      useful in many applications, such as in compressors, pumps, and external
      and internal combustion engines.
PAR  In recent years, rotary engines have been the subject of a great deal of
      engineering development. The most prominent among these is an
      internal-combustion engine commonly called the Wankel. This engine
      comprises a rotary member mounted on eccentric bearings, and operating in
      a trochoidal chamber. Rotation of the rotary member is kept in phase by
      the use of phasing gears, one of which is a stationary reaction gear fixed
      to the end cover plates mounted concentrically with the mainshaft.
PAR  Because of the simplicity of construction, the Wankel-type engine offers
      many advantages such as long life, low vibration, and high power-to-weight
      ratio. However, there are some problems with this engine which have
      persisted despite considerable effort spent on their solution. The
      principal one among these is that of seals in general, and apex and corner
      seals in particular.
PAR  The apex seal in a Wankel engine is generally a strip of material with a
      high hardness rating and/or a low friction value when used in the
      combustion chamber, where it rubs along the interior wall thereof. An
      example of such a material is graphite, suitably held by a metallic
      support, whereby both low friction and good material strength are
      provided, as described in U.S. Pat. No. 3,235,171. Many other materials
      have been used, among them high-chrome alloys, and the like.
PAR  Apex and corner seals serve the function of restricting fluid (gases in the
      case of rotary (Wankel) engines) to a particular portion of the apparatus.
      A considerable amount of effort has been expended in the attempt to
      provide such seals which will maintain a reasonably uniform and effective
      barrier to the working fluid, typically a gaseous mixture. One approach
      has been such as is described in U.S. Pat. No. 3,711,229 to Kurio, where
      the apex seal means is assisted by corner seals which are biased against
      the chamber wall by springs bearing on the rotary member.
PAR  Another problem common to seals for rotary engines, pumps, and the like, is
      the wear on the seal, which allows fluid or gas blow-by and lubricant
      leakage when it becomes extreme. This in itself would not be a severe
      drawback, assuming a reasonable life with respect to the running time of
      the engine or pump, since the problem of seal replacement is of the same
      approximate magnitude as that of ring replacement in a piston engine or
      compressor. However, one aspect of seal wear has been manifested in
      nonuniformity; that is, seals may wear in a fashion which permits the face
      or edge of the seal to conform to a shape different from the optimum
      configuration, which, in turn, may lead to pressure loss, excessive oil
      consumption, or both.
PAR  The problem of lubrication of seals of the type under discussion is an
      acute one, presenting considerations which must be taken into account when
      choosing a seal. Without any lubrication, of course, heat and friction
      would quickly destroy the seal and severely wear the chamber wall.
      Lubrication must be supplied, but it must be done in an economical manner,
      which is to say that a film of oil has to be present, but that a bath of
      oil would be wasteful.
PAR  Systems are known in this field which compensate for mechanical wear, such
      as by the use of wedge- or trapezoidal-shaped members, and the like, which
      displace longitudinally of the seal. There are also means for permitting a
      certain latitude in manufacturing tolerances. However, there have been no
      seal systems heretofore capable of compensating well for thermal expansion
      and contraction with their resulting unpredictable side effects.
      Necessarily, then, no seal system has yet been able to compensate for all
      of these variables.
PAR  With reference particularly to rotary-combustion engines, e.g., the Wankel,
      it is well-known among those skilled in the art that such engines can
      produce unacceptably high quantities of noxious emissions under various
      conditions which can occur readily due either to the construction or the
      operation of these engines. For example, if an apex seal is used which has
      gaps in the seal line, blow-by of unburned hydrocarbon results, and these
      materials then are emitted into the atmosphere unless some sort of
      post-combustion treatment is applied. Similarly, where gaps occur in the
      seal line or where the seal is worn from use, the leakage of hydrocarbon
      reduces combustion efficiency and temperature.
PAR  A further source of hydrocarbon emissions in some rotary-combustion engines
      is the use of oil-metering arrangements to provide lubrication to apex and
      corner seals. Because of the need to maintain a film of oil between the
      chamber wall and the seal, the oil must be supplied in appropriate
      fashion. In earlier designs, this was done by providing oil under pressure
      to the seal area itself; however, in most seal configurations, either
      geometry or economics dictate that the oil be supplied by admixture with
      the fuel. In these cases, some of the oil tends to be carried out unburned
      with the exhaust gases, obviously resulting in a detriment to the
      environment.
PAR  With all of the problems mentioned hereinabove, a concomitant effect is the
      lowering of the fuel economy of rotary-combustion engines below the
      optimum level otherwise possible. With improved seals, blow-by would be
      decreased, and over-all efficiency increased, leading then to improved
      fuel economy.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is the improvement in seals for rotary fluid-handling
      apparatus which comprises a two-part seal body with roller means at the
      tip. An extension cam in the roller means permits the roller means to
      expand and contract in response to wear and temperature changes without
      alteration in its diameter, and without introducing gaps in the sealing
      line. Means are provided to supply lubricant within and around the roller
      means. Extension means in the roller holder allows the holder to change
      length in cooperation with the roller means, thereby maintaining optimum
      tolerances despite wear, machining variations, or thermal contraction or
      expansion.
PAR  Thus, it is a general object of the present invention to provide a new and
      improved apex seal for rotary fluid-handling apparatus. It is another
      object of this invention to provide a new and improved apex seal for
      rotary fluid-handling apparatus which eliminates gaps in the sealing line.
      Further objects of this invention are: to provide a new and improved apex
      seal for rotary fluid-handling apparatus in which wear is constrained to a
      predictable and manageable pattern; to provide a new and improved apex
      seal for rotary fluid-handling apparatus which includes means providing an
      adequate and continuous supply of lubrication to the seal/rotor housing
      interface without the disadvantage of fuel and lubricant being mixed; to
      eliminate separate corner seals; to provide a new and improved
      pre-assembled seal for easy installation in rotary fluid-handling
      apparatus; to provide reduced leakage, reduced hydrocarbon emissions, and
      improved fuel economy in rotary-combustion engines by eliminating the loss
      of unburned gases into adjoining chambers; to provide new and improved
      apex and corner seals with means for automatic adjustment to compensate
      for wear, temperature and machining variations; and to reduce heat
      build-up in the seal to acceptable limits.
PAR  It is an object of this invention to obtain one or more of the objects set
      forth above. These and other objects and advantages of this invention will
      become apparent to those skilled in the art from the following
      specification and claims, reference being had to the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows one embodiment of the invention as the apex seal in a rotary
      combustion engine.
PAR  FIG. 2 is a view in perspective of the roller-seal apparatus of this
      invention.
PAR  FIG. 3 is a perspective view of the extension cams.
PAR  FIG. 4a is a section along lines 4--4 of FIG. 2 showing an embodiment of
      the invention where the roller is retained in the holder by means of a
      pin.
PAR  FIG. 4b shows another embodiment of the invention where the holder extends
      more than halfway around the circumference of the roller.
PAR  FIG. 5 shows a pre-assembled roller-seal apparatus.
PAR  FIG. 6 is an exploded view of the extension cams, showing spring means for
      providing the extending force.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention will be understood by those skilled in the art by
      reference to FIG. 1, which is a view in perspective of one embodiment of
      the present invention installed in, e.g., a rotary combustion engine 15.
      The seal 10 of the present invention is shown at the apex of the rotary
      member 11, disposed within combustion chamber 12.
PAR  In the operation of the rotary combustion engine shown, expanding gases
      from the burning of petroleum fuel cause the rotary member 11 to turn due
      to the pressure generated within the space defined by the wall of
      combustion chamber 12 and a face of the rotary member 11.
PAR  By the reaction of internal gear 13, fixed to the rotary member 11, and
      external gear 14, fixed to the housing, force is transmitted through
      eccentric 16 to the output shaft.
PAR  As the rotary member 11 turns, the unburned mixture and exhaust gases are
      separated by apex seals 10, which move around the interior surface of
      combustion chamber 12. In the prior art, as heretofore described, such
      seals moved slideably along that surface. While such seals worked
      acceptably, it is clear that a rolling seal would inherently be less
      susceptible to mechanical wear.
PAR  In the description of the present invention, the term "roller means" is
      used to describe the apex-seal line generally, while "roller" is used for
      that part of the seal which is freely rotatable.
PAR  As shown in FIG. 2, where 10 is the roller seal generally, the support
      body, or holder 21, maintains roller 22 rotatably disposed therein, the
      roller being held in axial alignment by axis pin 26. Extension cams 23 and
      24 are also disposed on axis pin 26; however, the extension cams are
      movable only with respect to each other, and are restrained to rotate less
      than 360.degree. on axis pin 26; further rotation would cause them to drop
      back to a position of least extension. The rotation of cam 24 is
      restrained by cam-orientation pin 31, and the rotation of cam 23 is
      restrained by its ability to move only far enough to cause roller 22 to
      bear against the end of holder 21. Spring means 25, shown more clearly in
      FIG. 6, disposed on axis pin 26, operates to urge cams 23 and 24 in
      rotatably opposite directions; due to the ramp faces of the cams, the
      effect is to extend the distance between the lower parallel face of cam 24
      and the upper parallel face of cam 23, while obviating any gap between the
      cams at the seal line. By the construction of the roller seal, when the
      parallel faces of cams 23 and 24 are as close together as possible, the
      roller means is at its shortest length. When cam 23 has rotated to its
      most fully extended position relative to cam 24, but less than
      360.degree., roller 22 is urged against holder 21, and the roller means is
      at its greatest length. See FIGS. 3a and 3b. The net effect of the
      operation of the extension cams 23 and 24, then, is to provide a sector of
      a cylinder whose length is variable within limits, and whose radius is
      fixed at all points on that sector. In this manner, a variable-length seal
      without gaps is presented to the wall of the chamber 12 in FIG. 1 in which
      the rotary member 11 moves. Since the major portion of the seal is
      rotating, wear is substantially decreased below what would occur with a
      sliding seal.
PAR  Another advantage in a seal with a circular cross-section is that the
      seal-wall contact is always the same; thus, no considerations of contact
      angle arise, and sealing is uniform without regard to chamber
      eccentricity.
PAR  Axis pin 26 holds the roller 22 and cams 23 and 24 in such relationship
      with holder 21 that a thin film of oil is maintained by capillary action
      therebetween, as more fully described hereinbelow, providing a lubricating
      capability in the seal.
PAR  Referring now to FIG. 3, the extension cams 23 and 24 are shown assembled
      with spring means 25. The action of the spring or the operation of roller
      22 and holder 21 urges cam 23 to move in relation to cam 24 by slideably
      rotating, the ramp surfaces thereof causing the upper face of cam 23 and
      the lower face of cam 24 to move closer together or farther apart while
      maintaining a parallel relationship. Referring back briefly to FIG. 2, it
      will be seen that the movement of cam 23 is limited by the position of
      roller 22; this provides a compensation for wear in roller 22. As the
      roller wears at either or both ends, it becomes shorter; similarly, as
      holder 21 wears at the ends thereof, the space in which the roller can
      move increases, and cam 23 automatically follows the variation in length.
      Conversely, in a moving apparatus which becomes warm through frictional or
      combustion energy, or the like, roller 22 expands against cam 23, forcing
      it part way down the ramps on both cams 23 and 24. Thus, the seal is
      maintained at full effective length. In the embodiment shown in FIG. 2,
      cam-orientation pin 31 holds cam 24 in fixed relationship to holder 21.
PAR  In FIG. 4a, the roller-retention means described in FIG. 2 is shown in
      cross-section. Here, axis pin 26, which can be integral with the holder
      21, holds roller 22 in rotatable relationship with the holder body 21. The
      spacing is chosen such that lubricant used to minimize friction will tend
      to remain in the space between roller 22 and the holder 21, and between
      axis pin 26 and the roller 22, even in the absence of lubricant feed
      supply. In this fashion, lubricant will tend to remain in the seal parts
      when the apparatus is at rest, and will not drain off. In addition to
      reducing wear in start-up, this feature also reduces the tendency for
      component parts to oxidize during periods when the apparatus is not in
      use.
PAR  FIG. 4b shows another method for holding the roller and extension cams in
      position. In this sectional view, the holder 21 partially surrounds roller
      22, and cams 23 and 24, in the same spatial relationship as described with
      respect to FIG. 4a.
PAR  As shown in FIG. 5, wedge 29 is held by the pressure of spring 30 in the
      space between tongue end 21a of the roller holder 21, and groove end 21b
      thereof. Lubricant such as, e.g., hydrocarbon oil, is circulated by pump
      means, not shown, from rotary member 11 through orifices 32, and is
      conducted through the seal mechanism by channels 33. In this embodiment,
      oil seals 34 retain the lubricant within the region bounded by the rotary
      member and the rotary seal apparatus.
PAR  Closely allied to the lubrication problem is the problem of heat build-up.
      Although sufficient lubrication will reduce the amount of heat generated
      by friction, it will have little effect upon the heat absorbed from the
      working fluid (combustion gases in the case of rotary engines).
PAR  The common method of dealing with this accumulated heat is to fashion the
      apex seal means from a material which will perform satisfactory at high
      temperatures. These high temperatures, however, produce adverse side
      effects, including rapid degeneration of lubricants and thermal expansion.
PAR  A further consideration of FIG. 5 discloses that the present invention is
      useful in providing additional cooling for the apparatus in which it is
      used. By pumping oil into channel 33 behind roller 22, two functions are
      accomplished: a thin film of oil is maintained on the roller, to keep
      friction and wear to a minimum, and the oil which circulates through the
      channel carries away waste heat from the operation of the apparatus. As an
      added effect, the thin film of oil on the roller is transferred to the
      wall of chamber 12.
PAR  Referring again to FIG. 1, where the roller seal 10 is shown mounted in
      rotary member 11, it will be observed that wear on the seals comprises
      both apex and corner wear; i.e., the seal wears at the face, or edge, and
      at the ends. Thus, as shown by FIGS. 2 and 3, wedge 29 serves to maintain
      a constant effective length of the holder 21, while extension cams 23 and
      24 hold roller 22 at a similar constant effective length. In operation
      over extended periods, even though roller 22 (and holder 21) may wear at
      the ends thereof, optimum tolerances are maintained by the virtually
      automatic action of extension cams 23 and 24. The holder 21 may likewise
      vary in effective length due to the virtually automatic action of the
      extension cams 23 and 24. Similarly, frictional wear of the holder 21 on
      the chamber side walls is compensated by wedge 29. In this fashion, the
      entire assembly keeps very close to its original dimensions throughout the
      life of the seal. The same analysis obtains with respect to the holder 21
      as it bears on the face of chamber 12.
PAR  It will be further appreciated from a consideration of the drawings that
      roller 22 will retain an essentially circular cross-section, and will wear
      slowly, because of the low-friction rolling contact with the wall; other
      portions of the seal will bear against the wall only as the roller wears
      and permits them so to bear.
PAR  Thus, a constant wear pattern is imposed upon the various parts of the
      seal, and the seal will maintain approximately the same configuration
      throughout its life. It will in this manner adapt to variations in
      apparatus tolerances, operating temperatures, machining finishes, and the
      like. In summarizing this aspect of the invention, it should be noted that
      the portion of the roller seal mechanism with the greatest area, the
      roller, preferably has the highest hardness; that portion with a smaller
      area, the holder, requires a softer material, and the cams, having the
      greatest need to conform as they wear, should be the softest of the three.
PAR  By constructing the seal apparatus of the present invention with different
      hardness ratings of the various component parts thereof, the capability of
      uniform wear patterns is enhanced. Thus, if the roller is fabricated from
      a harder material than the holder, which, in turn, is harder than the
      cams, the wear pattern of the holder and cams will be effectively forced
      to follow that of the roller. The mechanism of this may be explained in
      the following fashion. With cams of an initial size slightly larger than
      the diameter of the roller, for instance, the initial wear will be only on
      the cam, since the roller cannot bear on the wall surface. When the cams
      have worn down to the size of the roller, then the roller begins to bear
      on the chamber wall; the wear on the roller then begins, but proceeds only
      until the roller, cams and holder are bearing on the wall equally.
PAR  A lower-cost construction of rotary fluid-handling devices than heretofore
      possible is made feasible because the chamber wall does not need to be
      hard-surfaced in the operation of the present invention. In fact, the
      chamber wall can be slightly softer than the roller, but somewhat harder
      than the holder, which, in turn, can be slightly harder than the cams. By
      the mechanism described above, the wear on the walls will be optimum, and
      the seal mechanism will wear uniformly and with relative slowness. This
      aspect of the present invention permits a wider choice in materials and
      methods of manufacture than heretofore possible.
PAR  It is also feasible in the operation of this invention to use materials
      which are self-lubricating, thereby eliminating or reducing the problems
      attendant upon supplying lubricant to moving parts, described hereinabove.
PAR  The embodiment shown in FIG. 5 permits the seal to be installed as a unit,
      rather than as individual pieces. In this embodiment, the two portions of
      holder 21 are movably held together by pin 26 extending the length of the
      seal, through roller 22 and cams 23 and 24. Wedge 29 is affixed to spring
      30 by appropriate means such as, e.g., a post 27 movably attached to wedge
      29 through spring 30, and pressed or otherwise held in holder 21 in such
      fashion as to permit relative movement of wedge 29 and holder 21. These
      pieces are also fastened in a manner to prevent any of the constituent
      parts of the seal mechanism from coming loose, such as peening the ends of
      pin 26, which is shortened slightly to fit the recessed ends of holder 21.
      Oil seals 34 can be optionally affixed either to the rotary member 11 or
      to the assembled rotary seal unit 10. This unitary assembly, applied in
      the case of, e.g., a Wankel engine, makes seal replacement a simple task
      by eliminating the need for handling multiple parts.
PAR  Those skilled in the art will note that many variations are possible in the
      construction of the roller seal of this invention without departing from
      the scope or spirit thereof. For example, cam 24 could be fashioned as an
      integral part of holder 21; holder 21 could comprise only two pieces, with
      angled mating surfaces to provide both sealing and extension capabilities,
      or on the other hand, could be assembled from separate end pieces, body
      portions and a plurality of extending wedges. Further, the holder could be
      adapted to maintain an appropriate length by fluid pressure, as could the
      extension cams. Axis pin 26 could be integral with roller 22, being
      adapted to permit the seal to change in length as already described, and
      the holder could also be provided with extension cams to permit variable
      length.
PAR  It will be noted that a differential wear pattern is possible on the walls
      of the chamber where the edge or face of the seal bears, due to the fact
      that one part is rolling while another part is sliding. Even though such a
      differential would be small, as explained hereinabove, it can be minimized
      further by installing at least one of the seals the reverse of the others.
      That is, if the cams on one or more the seals are on the right side of the
      rotary member, the other seal or seals should be installed with the cams
      on the opposite side. This feature is a further improvement over the prior
      art, where existing seals must be replaced not only in the same attitude,
      but in the same order.
PAR  It will be obvious to those skilled in the art that the construction and
      operation of the present invention will permit the rotary-combustion
      engines as hereinbefore described to operate with improved efficiency, due
      to reduced internal friction, improved sealing, and the resultant
      segregation of burned and unburned gases into their respective portions of
      the engine chamber. Thus, fuel economy is improved, and deleterious
      emissions into the atmosphere are reduced.
PAR  Modifications, changes, and improvements to the preferred forms of the
      invention herein disclosed, described and illustrated may occur to those
      skilled in the art who come to understand the principles and precepts
      thereof. Accordingly, the scope of the patent to be issued herein should
      not be limited to the particular embodiments of the invention set forth
      herein, but rather should be limited by the advance of which the invention
      has promoted the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A seal for fluid-handling apparatus, said seal comprising a holder, and
      roller means rotatably disposed in said holder, said holder being adapted
      to vary automatically in effective length, and said roller means including
      at least one extension cam disposed to rotate less than 360.degree. with
      respect to its most fully extended position to vary the effective length
      of said roller means.
NUM  2.
PAR  2. The seal according to claim 1 in which one said extrusion cam includes a
      first ramp surface, said roller means includes a second ramp surface
      complementary to and engaging one said cam ramp surface, and said first
      and second ramp surfaces have relative rotational movement with respect to
      each to vary the effective length of said roller means.
NUM  3.
PAR  3. The seal of claim 2 wherein at least one of said surfaces is integral
      with said holder.
NUM  4.
PAR  4. The seal according to claim 2, including spring means urging said one
      extension cam to rotate said first cam ramp surface relative to said
      second ramp surface to extend the effective length of said roller means.
NUM  5.
PAR  5. The seal according to claim 2 including a second said extension cam,
      said second ramp surface being disposed on said second extension cam.
NUM  6.
PAR  6. The seal according to claim 5 wherein said one and second extension cams
      are urged to rotate to provide maximum length of said roller means by
      spring means interposed cooperatively between said one and second
      extension cams.
NUM  7.
PAR  7. In apparatus for handling fluids, having a chamber, a rotating internal
      member, means for admitting and removing fluid, and a plurality of seal
      means, an improvement in the said seal means comprising a holder, and
      roller means rotatable disposed in said holder, said holder comprising at
      least two pieces, said holder being extensible axially to vary in
      effective transverse length, said roller means comprising first and second
      complementary, mutually engaging ramp surfaces disposed to rotate with
      respect to one another less than 360.degree. relative to their most fully
      extended position to extend said roller means axially to vary in effective
      transverse length in cooperation and conformance with said holder.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said each said ramp surface is carried
      on an extension cam, and said cams are disposed to rotate with respect to
      one another less than 360.degree..
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ABST
PAL  An inexpensive rotor and cooperating sealing grid for trochoidal rotary
      engines, in which the gas seals at each side of the rotor are simple
      circular elements interlocking and coacting with the sealing elements at
      the rotor apexes, whereby the chambers of variable volume formed between
      the rotor working faces and the housing are isolated from each other and
      from axial leakage of gas, the circular gas seals also serving as oil
      seals between the rotor and the housing side walls.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to rotary combustion engines of trochoidal type, and
      more particularly to the means of sealing the operating chambers against
      gas leakage, and of sealing against the leakage of lubricating fluid from
      the shaft region into the operating chambers.
PAR  In the prior art, the customary gas sealing practice for such engines
      requires a slot extending axially across each rotor apex, a sealing bar
      disposed in each slot and resiliently urged in the radially outward
      direction to maintain it in sweeping sealing relation with the inner
      peripheral surface of the housing, a pin in each side face of the rotor in
      each apex region receiving the ends of the apex sealing bar, and a
      plurality of side sealing strips on each side of the rotor with one strip
      close to and approximately parallel to each working face of the polygonal
      rotor, with the ends of the side sealing strips either butting against the
      pins in the apex region or overlapping a shoulder formed on the pin. Oil
      sealing of the shaft region is achieved by one or more rings in each rotor
      side face, coaxial with the rotor axis.
PAR  Such a system is complex, expensive to manufacture, and difficult to
      assemble. Some attempts have been made to simplify the problem, as in U.S.
      Pat. No. 3,853,439 issued Dec. 10, 1974 to Charles Jones, wherein the pins
      at the rotor apexes have been omitted and a circular gas seal used at the
      rotor side faces, with the apex sealing bars butting radially against the
      side seals. However, this arrangement requires that each apex seal be
      formed of four or even five pieces, with the radial legs of the seal ends
      extending deeply into the rotor body, and there is the possibility of gas
      leakage through the spring channel behind the circular seal from one
      chamber to another. Although such an amount of leakage is acceptable for
      some uses, in more critical applications it is preferable that such a
      channel be precluded, as in the present invention.
PAR  U.S. Pat. No. 3,251,541 issued May 17, 1966 to Hanns-Dieter Paschke is a
      similar attempt, but of even greater complexity. The apex seals have
      radially extending legs at each end butting against a circular side seal,
      but the radial legs of the apex seals are composed of four pieces each, so
      that each apex seal assembly consists of nine pieces.
PAR  A further atempt is shown in U.S. Pat. No. 3,193,188 issued July 6, 1965 to
      Max Bentele, wherein in FIG. 13 apex pins nest in notches cut part way
      through the circular side seals. This not only weakens the side seals, but
      can cause ineffective sealing operation of the apex seals, which thus are
      limited in radial travel. Also, good sealing practice requires that the
      apex sealing bars travel back and forth in the circumferential direction
      across the width of their slots, in order to permit gas pressure to each
      the underseal space from the working chamber having the higher pressure at
      any given portion of the cycle. The lodgement of the apex seal legs in the
      notches in the side seals links all the apex seal bars together, so that
      if one seal moves across its slot it must rotate the side seal ring within
      its groove, and hence move the other apex seals in the same direction,
      which is contrary to what is desired. Alternatively, frictional forces on
      the side seals may be sufficient to rotate the rings and move the apex
      seals when no such movement is desired.
PAR  The present invention overcomes these limitations of the prior art.
PAC  SUMMARY
PAR  The present invention provides a sealing system for a rotary engine of
      trochoidal type requiring only a minimum number of parts, with a simple
      gas side seal of circular form which may also serve as an oil seal, seated
      in an easily fabricated circular groove in the rotor side face, the
      circular side seal passing through arcuate grooves in the apex pins in
      such a manner as not to cause interlocking of the pins and apex seals
      which are thus independently movable.
PAR  It is therefore an object of this invention to provide an improved sealing
      system for trochoidal rotary engines.
PAR  A further object is such an improved system having a simplified gas and oil
      seal coacting with the apex sealing assembly.
PAR  Other objects and advantages will become apparent on reading the following
      specification in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a view of a rotary engine according to the invention, with one
      side wall removed, and taken generally along line 1--1 of FIG. 2;
PAR  FIG. 2 is a cross-sectional elevation taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary section of one corner, of the rotor shown
      in FIG. 2;
PAR  FIG. 4 is an enlarged fragmentary section of another corner of the rotor;
PAR  FIG. 5 is an enlarged fragmentary view of one apex of the rotor shown in
      FIG. 1; and
PAR  FIG. 6 is a view of the side seal element.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Although the invention is herein described in terms of a trochoidal engine
      having a two-lobed housing and a three-apexed rotor with the rotor gear
      cast into the rotor body, it is to be understood that the invention may be
      incorporated in engines having other numbers of lobes in the housing and
      generally polygonal rotors, with the rotor gear differently applied.
PAR  In FIGS. 1 and 2 there is shown a rotary engine 11 having a peripheral
      housing 12 with a two-lobed basically epitrochoidal inner surface 13,
      parallel side walls 14, a shaft 16 transpiercing the side walls and having
      an eccentric portion 17 disposed within the engine cavity, and a generally
      polygonal rotor 18 rotatably mounted on a bearing 20 disposed on the
      eccentric. The rotor shown has the generally triangular profile with
      convex arcuate sides which comprises substantially the inner envelope of
      the two-lobed epitrochoid shown. For epitrochoids having a different
      number of lobes, the inner envelope will also be generally polygonal and
      will have one more apex portion than the number of lobes in the
      epitrochoid.
PAR  The engine housing is provided with an inlet port 19 for intake of fresh
      gas by rotation of the rotor, and an exhaust port 21. Either or both of
      the ports may be disposed in the peripheral housing, or in either or both
      of the side walls, but in any case they will be in the general region of
      one of the cusps of the epitrochoid formed by the junction of the lobes.
      Ignition means as indicated by the lightning arrow 22 is provided in the
      compression region of the engine. In the case of an engine operating by
      fuel injection, the inlet port 19 will receive fresh air and a fuel
      injector may be disposed approximately at the location of arrow 22.
PAR  The rotor 18 bears an internal gear 23 in mesh with a fixed spur gear 24
      mounted on a side wall 14 and surrounding the shaft 16, which gears assist
      in maintaining proper phasing relation between the rotor and the
      epitrochoidal surface 13 of peripheral housing 12. In the example shown
      the gear 23 is provided with external splines 27 which are retained and
      positioned by internal splines 28 of the rotor, but the internal gear may
      also be attached to the rotor by bolts, dowels, or other means known in
      the art.
PAR  The working chambers of variable volume formed between the housing and each
      working face 26 of the rotor require sealing against leakage, both from
      one chamber to another and leakage along the sides of the rotor. Each
      rotor apex has therein an axially extending slot 29 in which is disposed
      an apex sealing bar 31 which sweeps the trochoidal surface 13 in sealing
      relation therewith. The apex bars 31 are radially movable within their
      slots 29 and are resiliently urged in the radially outward direction by
      spring members 32.
PAR  On each side of the rotor at each apex portion is a flatbottomed bore 33
      (best shown in FIG. 3) of shallow depth, and in each bore 33 is disposed a
      cylindrical apex pin member 34 with a resilient member such as a
      Belleville washer or wave washer disposed between the pin and the bottom
      of the bore, urging the pin axially outwardly. Each apex pin 34 has in its
      circumference a slot 29a in the axial direction, of such dimension and so
      positioned that when the pin is disposed in its bore slot 29a is aligned
      with slot 29 in the rotor and comprises a portion thereof. Each slot 29a
      receives a radial leg of the apex seal bar 31, or the radially inner
      corner thereof. The apex seal 31 may be a single piece bar as shown in
      FIG. 2, extending the axial width of the engine cavity with its ends
      sweeping the side walls 14, or it may be divided along a slanting line
      from the region of its outward corners into pieces 31a and 31b as shown in
      FIG. 3. In the latter case the spring 32 bears against the generally
      triangular part 31b which comprises the radial leg of the apex sealing
      bar, the wedging action along the slanted division holding the seal parts
      axially and radially outwardly, as is known in the art. The radial
      dimension of the sealing bars, and consequently the depth of slots 29 and
      29a need be no greater than in the prior art.
PAR  The apex pins of the prior art are of relatively small diameter, since they
      are associated with side gas seals which lie in grooves very close to the
      perimeter of the rotor and along curves parallel to the perimeter; such
      side seals therefore point toward the apex portions of the rotor and have
      their ends either butting against the small pins or overlapping a portion
      thereof. The cylindrical pins 34 of the present invention are of much
      greater diameter, sufficiently large to coact with circular side sealing
      elements 37 disposed in annular grooves 38 in each side face of the rotor.
      The annular grooves 38 are formed on as large a circle as can be
      conveniently inscribed within the generally polygonal envelope of the
      rotor profile, as best seen in FIG. 1. Grooves 38 therefore do not
      approach the apex portions of the rotor, but curve progressively further
      inboard in each direction from the center region of each working face 26.
      Grooves 38 are sufficiently deep in the rotor body, as seen in FIG. 4, to
      contain the side sealing elements 37 with resilient members 39 disposed
      under them, wave springs or the like being suitable for members 39. The
      grooves 38 in the rotor may be slightly wider than the radial width of
      circular seals 37 (shown with exaggerated clearance in FIG. 5).
PAR  Grooves 38 run into each of the bores 33, and each large apex pin 34 has in
      its axially outward face a groove 38a of the same circular arc as grooves
      38, so positioned in the pin 34 as to comprise a continuation of groove 38
      when the pins are installed in the rotor, the groove 38a crossing the face
      of pin 34 radially inwardly from the bottom of slot 29a. However, grooves
      38a in the pins have less radial width than the rotor grooves 38,
      providing only sufficient clearance to accommodate the radial thickness of
      side seals 37. Grooves 38a are also of less depth than grooves 38, the
      depth of 38a in the apex pins being only such that when the side seals 37
      are installed their axially outward surfaces lie flush with the axially
      outward surfaces of the pins 34. Spring members 39 do not underlie the
      seals 37 in grooves 38a, resilient loading in the axial direction being
      obtained at the apex portions by the spring members 36 bearing against the
      pins 34.
PAR  This arrangement precludes the existence of a channel behind the side seals
      at the apex portions, which would transfer leakage from one operating
      chamber to another across the apex portions, since gas pressure can enter
      the grooves 38 in the rotor because of their larger clearance.
PAR  The sealing grid described allows the circular side seals 37 to rotate
      within the grooves 38 and 38a if a rotary force develops as a result of
      friction against the side walls. Such rotary thrust will not be
      transferred to the apex seals 31, which remain free to travel to one side
      or the other of their seal slots in response to chamber pressure, without
      interference from any motion the side seals may be subject to.
PAR  The side seals 37 may be formed similar to a piston ring, as shown in FIG.
      6, with the ends forming a lap joint, the ring preferably being of
      resilient construction with a rest state, shown in dotted line in FIG. 6,
      in which it is contracted to a smaller diameter than its operating
      diameter, shown in solid line. Thus, when it is expanded into operating
      position at assembly its inner diameter will bear against the inner wall
      of grooves 38, and gas pressure against its outer diameter from the
      operating chambers will not shift it. If the ring were normally expansive
      in the outward direction it would tend to be thrust away from sealing
      contact with the outer groove wall by gas pressure from the operating
      chambers along the sides of the rotor.
PAR  If movement of apex seals 31 across their slots 29 causes any rotation of
      apex pins 34 within their bores 33, the outer corner edges 41 of grooves
      38a will bear against the side seals 37 if any clearance should exist
      between grooves 38a and seals 37. Such pressure of corners 41 against the
      seals will prevent any minute transfer of gas from the chamber of higher
      pressure to the lower.
PAR  The annular side seals 37 not only act as gas seals, but may also serve as
      oil seals to retain lubrication within the interior of the rotor, since
      the side seals are in scraping relation to the side walls 14. However, if
      additional oil sealing means are desired, oil sealing rings of known type
      may be installed in the rotor side faces radially inside the seals 37.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary mechanism having a housing with a peripheral wall having a
      multilobed inner surface and a pair of axially spaced side walls defining
      an inner cavity having a longitudinal axis, a generally polygonal rotor
      with a plurality of apex portions and having axially spaced side faces
      mounted within the cavity for rotation about a rotor axis parallel to and
      spaced apart from the housing axis, the rotor axis planetating about the
      housing axis, the rotor having a working face between each adjacent pair
      of apex portions and forming with the housing walls a plurality of working
      chambers of variable volume, wherein the improvement comprises:
PA1  a. the rotor having a slot therein at each apex portion extending axially
      from one side face to the other, and an apex sealing bar disposed in each
      apex slot and projecting radially therefrom and in sealing engagement with
      the inner surface of the peripheral housing walls and having its ends in
      sealing engagement with the adjacent side walls;
PA1  b. each rotor side face having a blind bore therein at each apex portion,
      each blind bore having disposed therein a cylindrical pin having a slot in
      its outermost periphery in the axial direction, the slot in the pin being
      aligned with the apex slot in the rotor and receiving a portion of the
      sealing bar;
PA1  c. each side face of the rotor having a circular groove therein coaxial
      with the rotor, and a circular side sealing member disposed in the
      circular groove and in sealing relation with the adjacent side wall and
      with an inner portion of said cylindrical pin;
PA1  d. the apex sealing bars and cylindrical pins and circular side seals all
      coacting and comprising a sealing grid isolating and sealing all the
      working chambers from one another said inner portion of said cylindrical
      pin and the innermost end of said apex seal being radially spaced and said
      cylindrical pin forming a portion of said sealing grid therebetween.
NUM  2.
PAR  2. The combination recited in claim 1, wherein each cylindrical pin has in
      its axially exposed end face an arcuate groove of the same radius as the
      groove in the rotor side face and aligned therewith, a portion of the
      associated circular side sealing member being received in the arcuate
      groove of each pin.
NUM  3.
PAR  3. The combination recited in claim 2, wherein the cylindrical pins and the
      circular side seals are resiliently urged in the axially outward direction
      into sealing contact with the associated side walls.
NUM  4.
PAR  4. The combination recited in claim 3, wherein first resilient urging means
      is disposed in each portion of the rotor grooves between pin bores and
      under the circular side seals, and second resilient urging means is
      disposed in each pin bore under the cylindrical pins.
NUM  5.
PAR  5. The combination recited in claim 4, wherein the arcuate grooves in the
      cylindrical pins are of substantially the same depth as the axial
      dimension of the circular side seals, and the axially outward faces of the
      circular side seals lie in substantially the same plane as the axially
      outward faces of their associated cylindrical pins.
NUM  6.
PAR  6. The combination recited in claim 5, wherein each circular side seal is a
      resilient split ring having a rest diameter less than the diameter of the
      circular grooves in the rotor side faces, so that when the rings are
      expanded and disposed in the grooves the rings bear resiliently against
      the inner walls of the circular grooves.
NUM  7.
PAR  7. The combination recited in claim 6, wherein the arcuate grooves in the
      cylindrical pin faces are disposed radially inwardly from the bottom of
      the apex seal slots and have a radial dimension closely accommodating the
      radial thickness of the circular side seals without excess clearance.
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ABST
PAL  A hydraulic wheel, more specifically a hydraulic energy converting device,
      having an inner stator provided with a peripheral camming surface and a
      rotor, enclosing the stator, and being rotatably mounted relative thereto;
      the rotor being adapted to cooperate with the camming surface of the
      stator to define a plurality of liquid-tight working chambers between the
      camming surface and the stator. Each working chamber has an inlet at one
      end and an outlet at the other end, the stator having a pressurized liquid
      distribution system to distribute pressurized liquid from an outer source
      to the respective inlet of each working chamber and a liquid collection
      system, independent of the distribution system, adapted to collect liquid
      from the respective outlet of each working chamber and direct it to the
      said outer source. A plurality of reciprocating vanes are slidably mounted
      in the rotor for radial inward movement, a longitudinal edge of each vane
      remote from the rotor being biased against the camming surface by springs,
      the vanes being adapted to separate the working chambers into liquid-tight
      sections whereby pressurized liquid entering into each working chamber
      through its respective inlet strikes the vanes and transmits a force
      thereto capable of rotating the rotor while liquid on the side of said
      vanes opposite that being struck urging the liquid within the working
      chamber toward the outlet end thereof.
BSUM
PAR  This invention relates generally to a hydraulic wheel, more specifically a
      hydraulic energy converting device wherein linear movement of a
      pressurized liquid is converted into a rotary motion of the rotor means of
      the hydraulic energy converting device.
PAR  Known hydraulic energy converting devices comprising a rotationally mounted
      rotor means enclosing a stationary stator means have been previously
      disclosed However, such devices only utilize the fluid pressure of
      pressurized liquid to initiate the rotation of the rotor means.
      Accordingly, in such devices the pressurized liquid is directed into
      enclosed chambers at right angles to the direction of rotation of the
      rotor means. As a result, frictional losses within the device are
      substantially increased and the overall efficiency thereof decreased.
PAR  According to a feature of the subject invention, leak-off liquid
      accumulated behind the vanes may be pumped from one vane slot to another
      vane slot through suitable passageways, thereby minimizing
      counter-pressures at high rotational speeds of the rotor means.
PAR  In order to reduct sliding pressure between the side surfaces of the stator
      and the adjacent surfaces of the seal plates, another feature of the
      subject invention makes use of a pressurized liquid balancing system,
      whereby sliding friction between the adjacent rotatably moving surfaces is
      minimized.
PAR  According to the present invention, the hydraulic energy converting device
      comprises a stator and a rotor enclosing the stator, the latter having
      flat side surfaces and a peripheral camming surface while the former has a
      pair of cover plates having flat inner surfaces located adjacent the
      stator side surfaces. The cover plates are jointed together, at the
      periphery, by guide ring means that extends between them. The latter has a
      cylindrical inner surface facing the stator camming surface and defining
      therewith a plurality of successive working chambers. Pressurized fluid is
      fed, through the stator, at one end of each chamber and exhausted from the
      opposite end of each chamber. A plurality of vanes are mounted in the
      rotor power ring radially with respect to the stator, being biassed into
      the working chamber against the stator camming surface. The vanes separate
      the working chambers into at least two sections whereby pressure fluid
      entering the chambers through the inlets engages the vanes successively
      and imparts rotary motion to the rotor and then exhausts through the
      outlets. Sealing assemblies are provided to hinder pressure fluid from the
      chambers to flow between the rotor and the stator flat surfaces, these
      assemblies comprising annular grooves, one in each of the cover plate
      inner surface, such grooves being located to overlap adjacent side
      surfaces of the power ring and stator; annular sealing pistons in the
      grooves sealingly closing the grooves and defining therewith and with the
      cover plates enclosed pressured chambers; second annular grooves, a
      plurality in each one of the stator side surfaces, such second grooves
      being narrower than, and facing, the first grooves; and communications
      means between the enclosed chambers, the second grooves and the working
      chambers whereby pressure fluid from the working chambers creates pressure
      forces in each of the enclosed chambers greater than that in the opposed
      second grooves thereby resulting in a pressure differential pressing the
      sealing plates against the stator side surfaces and the power ring.
DRWD
PAR  In drawings which illustrate one embodiment of the subject invention:
PAR  FIG. 1 is a perspective view of the stator, illustrating in phantom the
      engagement of the reciprocating vanes with the camming surface thereof;
PAR  FIG. 2 is an axial cross-section of the upper portion of the assembled
      stator and rotor means;
PAR  FIG. 3 is a transverse cross-section of the embodiment of FIG. 2, taken
      along the line III--III;
PAR  FIG. 4 is a transverse cross-section of the embodiment of FIG. 2, taken
      along the line IV--IV;
PAR  FIG. 5 is a cross-section of part of the stator and rotor means taken
      through the central axis of the device;
PAR  FIG. 6 appears on the second page of the drawings and illustrates a
      partially broken away side view of the spindle, to which the connecting
      hoses are attached;
PAR  FIG. 7 is an exploded view in perspective, of the rotor means and stator
      when assembled, further illustrating tire rims to be mounted on the sides
      of the hydraulic energy converting device;
PAR  FIG. 8 is a front elevational view of the hydraulic energy converting
      device with the tire rims mounted thereon, the outline of a portion of a
      pneumatic tire mounted on the tire rim being illustrated in phantom;
PAR  FIG. 9 is a side view of the embodiment of FIG. 8 and
PAR  FIG. 10, which appears on the third page of drawings, illustrates
      schematically the use of the hydraulic energy converting device according
      to the invention, being applied to a system comprising a four wheel drive
      for a vehicle.
PAR  In FIGS. 1 to 5, the embodiment illustrated comprises essentially a stator
      indicated by reference numeral 10 and a rotor means indicated by reference
      numeral 12. As best seen in FIG. 1, the stator 10 has a circumferential
      camming surface 14 and two side surfaces 16 and 18. Disposed adjacent each
      of the side surfaces 16 and 18 is a cover plate 20 and 22 respectively,
      the cover plates forming the sides of the rotor means 12.
PAR  The cover plates 20 and 22 are held in position with respect to the stator
      by means of an open-ended cylindrical guide ring means 24 which is secured
      to the cover plates by suitable fasteners, illustrated in FIGS. 5 and 7 as
      comprising studs 26. The guide ring means 24 comprises an outer open-ended
      cylindrical housing member 28 and an inner open-ended power ring 30. The
      power ring 30 has a cylindrical inner surface 32 which cooperates with the
      outer camming surface 14 of the stator to form two surfaces of
      liquid-tight working chambers 34.
PAR  As best illustrated in FIGS. 3 and 4, the hydraulic energy converting
      device according to the preferred embodiment utilizes three liquid-tight
      working chambers, which are equally distributed around the periphery of
      the stator so as to achieve an equilibrium in the application of working
      forces within the device, as will be described later in greater detail.
      While the preferred embodiment of the invention shown in the drawings
      comprises three working chambers, the number of working chambers utilized
      can be varied according to the application of the hydraulic energy
      converting device. With respect to the preferred embodiment, however, each
      of the three working chambers subtends an angle at the center of the
      stator of approximately 12.degree.. The opposite end of each working
      chamber 34 includes sloped portions 36 and, extending between the inner
      edges of the sloped portions 36, are circumferential depressions 38, while
      circumferential hills 40 extend between the outer edges of the sloped
      portions 36. A lubrication clearance is left between ring 30 and hills 40
      for smooth rotation of ring 30.
PAR  As best seen in FIG. 1, sloped portions 36 include ports which form inlets
      42 and outlets 44 for each working chamber 34. Each inlet 42 is associated
      with a respective distribution passage 46, there being therefore three
      inlets and three respective distribution passages for each of the three
      working chambers 34 shown in the preferred embodiment. The distribution
      passages 46 spiral outwardly from the outer periphery of a distribution
      manifold 48 in a counter clockwise direction to the closest chamber inlet.
      The manifold is of toroidal shape and is situated within the interior of
      the stator 10, the distribution passages being substantially tangential
      therto to minimize frictional losses when pressurized liquid passes from
      the manifold 48 to the passages 46. A supply light 50 connects the
      distribution manifold 48 with the side surface 16 of the stator, whereby
      pressurized liquid from a source exterior to the stator can be supplied
      thereto.
PAR  Associated with each outlet 44 of each working chamber 34 is a collection
      passage 52 which spirals inwardly towards the outer periphery of a
      collection manifold 54 in a clockwise direction, the collection manifold
      54 comprising a toroidal chamber within the interior of the stator 10 and
      being connected to the side surface 16 of the stator by a discharge outlet
      56. The collection manifold 54 and collection passages 52 are independent
      from the respective distribution manifold 48 and distribution passages 46
      even though both the distribution and collection systems are situated
      within the stator. By reversing the direction of flow of pressurized
      liquid through the distribution manifold 48 and passages 46, and therefore
      through the collection manifold 54 and passages 56, the opposite direction
      of rotation of the rotor means can be achieved. As a result, the functions
      of the collection system and the distribution system can be reversed by
      reversing the direction of flow of pressurized liquid therethrough.
PAR  Each distribution passage 46 is identical and spirals outwardly from the
      periphery of the distribution manifold 48 in the direction of rotation of
      the rotor means 12 and terminates at the nearest working chamber inlet,
      such that none of the distribution passages overlap within the stator 10.
      The distribution passages 46 increase in cross-section area from the
      distribution manifold to the respective inlets 42 and each cooperates with
      its inlet 42 to direct pressurized liquid into a working chamber 34
      substantially in the direction of rotation of the rotor means. Likewise,
      each collection passage 52 spirals outwardly from the collection manifold
      54 in a direction opposite to the direction of rotation of the rotor means
      and terminates at the nearest working chamber outlet 44. Each collection
      passage 52 and working chamber outlet 44 cooperate to guide pressurized
      liquid out of the working chamber 34 substantially in the direction of
      rotation of the rotor means. As a result, frictional losses of the
      pressurized liquid are minimized within the distribution and collection
      systems.
PAR  To permit rotation of the rotor means 12, each of the cover plates 20 and
      22 is mounted by means of bearing means 58 and 60, respectively, on a
      spindle 62. As illustrated in FIGS. 2 and 6, the spindle 62 comprises a
      flange portion 64 secured to an end of a shaft 66, the shaft 66 being
      adapted to be inserted into an axial bore 68 (FIG. 5) which extends along
      the central axis of the stator 10. The bearing means 58 has an outer face
      70 which is held in position against a shoulder 72 (FIG. 6) of the flange
      portion 64. The bearing means 58 also includes an outwardly extending
      flange 74 adjacent an outer side surface 70 of the bearing means 58, the
      inner edge of which is held in position against a cooperating shoulder 76
      of the cover plate 20. Situated between the outer side surface 70 of the
      bearing means 58 and the flange portion 64 is a seal 78 which is designed
      to prevent leakage of leak-off liquid used to lubricate the bearing means
      58.
PAR  Bearing means 60 has an exterior surface which engages an opening 80 in the
      cover plate 22. In addition, the bearing means 60 includes an outwardly
      extending annular flange 82 adjacent its outer side surface, the inner
      edge of which bears against a step portion 84 within the opening 80. A
      lock nut 86 and washer 88, mounted on the threaded end portion of shaft
      66, further retain the bearing means 60 in position. A cap 90 having a
      cylindrical projection 92 with a threaded exterior is inserted into a
      cooperating threaded portion 81 of the opening 80, thereby forming an
      enclosed reservoir in which leak-off liquid can be by-passed to the
      conduit 174.
PAR  The flange portion 64 of the spindle 62 is adapted to be secured to the
      stator 10 by suitable fasteners means, such as screws which are inserted
      through the flange portion into screw holes 161 in the stator 10. The
      flange portion 64 includes supply line connection means 162 and discharge
      line connection means 164, (FIG. 6) which are adapted to support a
      pressurized liquid supply hose 166 and a discharge hose 168 respectively.
      When the spindle 62 is inserted into the stator 10, the supply line
      connection means 162 and the discharge line connection means 164 are
      aligned adjacent the distribution supply inlet 50 and the collection
      discharge outlet 56 respectively, whereby pressurized liquid can be
      supplied to and remove from the stator through connecting hoses 166 and
      168, which transport pressurized liquid from an exterior supply system to
      the hydraulic energy converting device.
PAR  In order to initiate rotation of the rotor means 12, the power ring 30 of
      the guide ring means 24 includes slots 94 extending parallel to the axis
      of the power ring, as seen in FIGS. 3 and 4. Within each slot 94 is
      reciprocally mounted a vane 96, the radially inner edge of which is biased
      against the camming surface 14 by resilient means 98 mounted between the
      radially outer edge of each vane 96 and the inner surface of the housing
      member 28. The width of each vane 96, the power ring 30 and the stator 10
      are equal to facilitate alignment and prevent leakage of pressurized
      liquid past the vanes within the working chambers. The resilient means 98
      comprises three coil springs associated with each vane 96, the coil
      springs being equally spaced across the width of the power ring 30 in
      order to obtain a uniform application of force across the width of each
      vane. Each vane 96 is adapted to separate a respective working chamber
      into liquid-tight section, whereby pressurized liquid entering each
      working chamber through its respective inlet 42 engages a first transverse
      surface 100 of successive reciprocating vanes and transmits a force
      thereto, thereby initiating rotation of the rotor means while an opposite
      treansverse surface 102 of the successive reciprocating vanes urges liquid
      within the working chamber toward the working chamber outlet 44.
PAR  The power ring 30 includes circumferential liquid transfer passageways 144
      joining vane slots 94, whereby liquid entering each slot past a respective
      reciprocating vane is transferred through the transfer passageways 144
      from one vane slot to an adjacent vane slot as a respective reciprocating
      vane 96 is urged radially outwards by the camming surface 14. The
      passageways 144 prevent the creation of a partial vacuum within the device
      due to the reciprocating movement of the vanes 96, and also avoid
      counterpressures behind the vanes that would interfere with their movement
      during high rotational speeds of the rotor means 12. The coil springs
      providing the resilient means 98, in addition to biasing the vanes against
      the camming surface 14, also serve to suspend and centralize the power
      ring 30 relative to the stator 10.
PAR  Each of the vanes 96 is rectangular in shape, and the length thereof is
      identical to the width of the power ring 30. The vanes are relatively thin
      in order to minimize the area occupied within the working chamber 34, such
      that the force of the resilient means 98 exceeds the pressure of the
      pressurized liquid when advancing the vanes along the sloped portions 36
      of the working chamber from the cylindrical hill 40 to the depression 38.
      At the same time, the vanes 96 must have adequate strength in order to
      resist bending forces caused by the pressurized liquid being applied to
      the first transverse surface 100 thereof. In addition, the weight of the
      vane cannot be so great as to create centrifugal forces due to the
      rotation of the rotor means which would exceed the retracting forces of
      the resilient means 98. To provide the required sealing action so as to
      avoid undesirable leaks, the vanes must at all times be in contact with
      the camming surface 14. The sliding surface of the vanes 96 against the
      camming surface 14 is to be properly coated with a special polymer
      composition having a very low coefficient of friction, as well as having a
      high resistance to wear.
PAR  Proper side sealing for the working chambers 34 is obtained through sealing
      and alignment means according to FIG. 5 which comprise annular wear plates
      106 secured to annular piston cups 110 slidably mounted in cooperating
      annular grooves 108 within the cover plates 20 and 22. The piston cup and
      wear plate assemblies are biased against the ring 30 and the stator 10 by
      resilient means in the form of leaf spring 112 mounted between the
      cooperating annular grooves 108 and the piston cups 110, enclosed chambers
      114 being thus formed between the piston cups and the cooperating annular
      grooves. In each case, at least one passageway 122 passes through the
      annular plate 106 and the piston cup 110, joining the enclosed chamber 114
      and a groove 132 of pressure feed means 118 situated in the stator 10. The
      annular piston cup 110 has several pins 120 rigidly secured to respective
      cover plate 20, 22 at locations within the annular groove 108. The annular
      plates 106 are urged by such pins 120 to rotate with the respective cover
      plate 20, 22 as the rotor 12 rotates with respect to the stator 10. The
      passageway 122 serves for communicating the enclosed chamber 114 with the
      pressure feed means 118, whereby pressurized liquid in the stator 10 and
      thus in the pressure feed means 118 is sent into the enclosed chamber 114.
      Because of the difference in radial extents between chamber 114 and groove
      132, a differential pressure force exists which urges the annular plate
      106 into contact with the side surfaces of the stator and of the power
      ring 30.
PAR  The pressure feed means 118, as indicated, comprises an annular groove 132
      in either side surface 16, 18 of the stator 10. Means 124 are provided
      within the stator 10 to allow communication between the annular groove 132
      and the working chambers 34, whereby pressurized liquid may be directed to
      the annular groove from the chambers 34. The communicating means 124
      comprises pressure feed passages 126 each having a uni-directional valve
      128 which permits the flow of pressurized liquid only in the direction
      from the working chambers to the groove 132. The uni-directional valve 128
      prevents the leakage of pressurized liquid from the pressure feed passage
      126 to the working chambers 34, through passages 46 and 52. The use of the
      uni-directional valves 128 permits the reversing of the direction of
      rotation of the rotor 12. During reverse rotation of the rotor 12, the
      collection manifolds 54 become pressurized, and pressurized liquid within
      the collection passages 52 will be fed through uni-directional valves 128
      to the grooves 132. The uni-directional valves 128 connected to the
      distribution passages 46 will remain closed and prevent escape of
      pressurized liquid through the uni-directional valves 128 to the
      distribution manifold 48.
PAR  By means of the pressurized liquid within the enclosed chambers 114,
      annular plates 106 are, as aforesaid, forced against the power ring 30 and
      the stator 10, thereby forming the sidewalls of the liquid-tight working
      chambers 34.
PAR  The annular plates 106 require sufficient pressure to achieve the sealing
      effect of the working chambers 34. The pressure within the later has a
      bursting effect against the side plates 106 and tends to push them away
      from the side surfaces of the stator 10 which would destroy the power
      effect of the working chambers 34 by permitting the escape of presurized
      liquid past the vanes 96 toward the collection passages 52. To avoid this
      by-pass, the pressure force created within the enclosed chambers 114 must
      exceed at all times the pressure force within the feed grooves 132. As
      aforesaid, the pressurized liquid within the enclosed chambers 114, acting
      on a much larger surface area than the combined areas of the grooves 132
      and the portion of the annular plates 106 forming the sidewalls of the
      working chambers 34, the resulting force will exceed that within the
      grooves 132 and the working chambers 34. If the resulting force being
      applied against the annular plates 106 is too great and could possibly
      result in destructive frictional forces leading to a breaking action, a
      plurality of concentric balancing grooves 103 may be provided in each side
      surface 16, 18 of the stator 10 at locations adjacent the respective
      annular plate 106 and concentrically of the central groove 132. Each
      annular balancing groove is adapted to receive pressurized liquid which
      exerts a force against the annular plate 106 in a direction perpendicular
      to the side surface of the stator 10. The force created by the pressurized
      liquid within the central groove 132 and the balancing grooves 130
      provides a slightly lesser force than the force created by the pressurized
      liquid within the enclosed chambers 114. As best seen in FIG. 1, a series
      of seven such concentric balancing grooves 130 are machined on both side
      surfaces 16 and 18 of the stator 10. As mentioned, the central grooves
      132, which are wider than the others, are aligned with the pressure feed
      passages 126 and uni-directional valves 128, and thereby also functions as
      the pressure feed means 118. The concentric balancing grooves are about
      1/8 of an inch deep and are interconnected by radially extending channels
      134.
PAR  The sliding face of each annular plates 106 is coated with a Teflon (Trade
      Mark) composition, or other appropriate polymer, capable of withstanding a
      wide range of operating temperatures, while exhibiting a very low
      coefficient of sliding friction so as to minimize abrasive wear.
PAR  The rotational force is transferred from the power ring 30 to the housing
      member 28 by means of bosses 138 which are integral with it and extend
      inwardly from the interior surface of the housing member 28. Cooperating
      grooves 140, housing the bosses 138, are situated within the exterior
      cylindrical surface of the power ring 30, the bosses 138 and the
      cooperating grooves 140 being in longitudinal alignment with and parallel
      to the central axis of the rotor 12. As well as functioning as driven
      splines for the power ring 30, bosses 138 serve as reinforcement for the
      housing member 28, and include guiding passages for the studs 26. As best
      seen in FIG. 5, two of the bosses 138 have bores larger in diameter than
      its respective stud 26, thereby forming a tubular channel 142 around the
      stud, which is interconnected with special leak-off channels 146.
PAR  Furthermore, the cover plates 20 and 22 are bored so that the studs 26 can
      be slid therethrough as well as through holes 149 of tire holding rims 154
      and the assembly held together by nuts 155 threaded at the ends of the
      studs 26, as seen in FIGS. 7, 8 and 9. FIG. 8 shows, in phantom, a
      pneumatic tire 160, there being two special bosses 139 carrying inflating
      air valves and air passages 139A (FIGS. 3 and 5) which lead to the top of
      the rim when the device is fitted with a pneumatic tire. As illustrated,
      the two special bosses 139 are double-sized and located 180.degree. apart.
PAR  The above-mentioned leak-off channels 146 are part of a leak-off system
      provided to withdraw oil that will leak from the working chambers 34 (FIG.
      3) around the vanes 96 and into the vane bores 94. For this purpose, the
      leak-off system comprises three circumferential grooves 144 (FIG. 5) which
      are semi-circular in cross-section and extend through the power ring 30 to
      interconnect all vane slots 94. It will also be noted that the grooves 144
      extend into the two diametrically opposed enlarged channels 142 for two of
      the connecting studs 26. The channels 142 in turn connect with the two
      radial leak-off channels 146, the latter being radially drilled and a plug
      152 closing up the outer ends thereof. As a certain amount of oil is
      expected also to leak from the chambers 34 between the power ring 30 and
      the piston 110, additional transverse leak-off channels 145 are provided
      which open into the circumferential grooves 144.
PAR  The inward end of the radial leak-off channels 146 communicate with axial
      holes 148 in cover plate 20, which holes 148 face an annular channel 150
      in the face 16 of the stator 10, the said channel 150 in turn
      communicating with at least one channel 156 extending fully transversally
      of the stator 10 to open up in the opposite face 18 thereof.
PAR  In operation, as the rotor 12 turns around the stator 10, the oil seeping
      into the vane slots 94 is driven into the circumferential grooves 144 by
      the vanes 96 which then act as pump pistons. From the latter grooves 144,
      the leak-off oil successively flows into the transverse stud channels 142,
      the radial channels 146 and the axial holes 148. Some oil flows in a
      lubrication clearance between the facing surfaces of the stator and the
      rotor and the remaining oil flows in transverse channel 156 into a like
      clearance between opposing faces of the stator and rotor and finally,
      referring to FIG. 2, flows across the central shaft bearings 60, in the
      housing formed by cap 90, the central bore 174 of the shaft 66 and out
      through the hose connection 172. A thus convenient way has been achieved
      to remove the leak-off oil while lubricating the faces of the stator and
      rotor facing one another as well as the bearings 58, 60.
PAR  In operation of the device, the operating liquid, such as oil, is supplied
      through the hose 166, enters the manifold supply inlet 50 then the
      distribution manifold 48, the three distribution passages 46 and flows
      into the working chambers 34 to strike the vanes 96 and drive the rotor
      12. Since the preferred embodiment includes three distribution passages
      46, each passage is connected at a tangent to the toroidal distribution
      manifold at points which are 120.degree. apart. The cross-section of each
      distribution passage 46 is one third that of the cross-sectional area of
      the distribution manifold 48, such that an equal flow volume of
      pressurized liquid through each distribution passage 46 is obtained. The
      end of each distribution passage 46 adjacent the inlet 42 is widened to
      encompass the entire width of the sloped portion 36 of the working chamber
      34 and the inlet 42. A plurality of struts 172, (FIG. 5) bridge the mouth
      and serve as reinforcement against strong bursting pressure of the oil at
      peak torque periods.
PAR  Pressurized liquid entering the working chambers 34 through the inlet
      engages a one transverse surface of a reciprocating vane 96, thereby
      applying a force thereto which is transmitted to the power ring 30 to
      cause rotation of the rotor 12. The opposite transverse face of each vane
      96 urges, in turn, liquid within the working chamber towards the outlet
      44, thereby completing the working cycle within the working chamber 34.
      The pressurized liquid then moves into the collection passages 52, into
      the collection manifold 54, and from there into a discharge outlet 56 and
      through the discharge hose 168.
PAR  A control valve 178, as seen in FIG. 10, is utilized to reverse the
      direction of flow of pressurized liquid through the supply hose 166 and
      discharge hose 168 thus to reverse rotation of the rotor 12. By utilizing
      a brake control valve 180 into the pressurized liquid system circuitry, a
      controlled partial reverse flow of pressurized liquid can be obtained,
      thus applying a counterpressure against the vanes 96 within the working
      chambers, thereby decreasing the rotational speed of the rotor 12.
PAR  In FIG. 10, the device according to the invention is utilized in
      association with a four-wheel drive vehicle having penumatic tires 182.
      The pressurized liquid system, exterior to the energy converting device,
      includes a reservoir 184 within which the working liquid is stored.
      Interconnected with this reservoir is a heat exchanger 186 which is
      utilized to remove accumulated heat from the working liquid. Liquid within
      the reservoir 184 is pumped to each of the devices associated with each
      wheel by means of a pump 188 which is operated by means of a motor 190.
      Pressurized liquid discharged from the pump is directed through a control
      valve 178 to supply lines leading to each of the four wheels. Discharge
      lines from each of the four wheels are interconnected to a central
      discharge line 192 which transports the liquid through the brake control
      valve 180 and then to the reservoir 184. A leak-off tube 172 leads from
      each of the four wheels to the reservoir 184, thereby completing the
      working liquid system when utilized in conjunction with a four-wheel drive
      vehicle. When utilized for such application, the subject invention would
      be classified in the light or heavy duty category as to the driving energy
      required.
PAR  While one embodiment of the invention is illustrated with respect to a
      four-wheel drive vehicle, the proposed invention can be utilized for many
      other applications. For example, the subject invention can be utilized in
      combination with V-belt pulleys for industrial drive, for chain drive
      sprocket wheels, and steel flanged rim for railroad use. In mobile
      machinery, the proposed invention eliminates such units as the clutch or
      torque converter, driving shaft and couplings, angular drives, and
      differential, to name just a few.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulic energy converting device comprising: a stator and a rotor,
      said rotor enclosing said stator; said stator having flat side surfaces
      and a peripheral camming surface; said rotor comprising a pair of cover
      plates having flat inner surfaces located adjacent to said stator side
      surfaces, and a guide ring means extending between and joining said cover
      plates at the periphery thereof; a power ring having a cylindrical inner
      surface facing said stator camming surface and defining therewith a
      plurality of successive working chambers; means in said stator to feed
      pressure fluid at one end of each chamber and further means in said stator
      to exhaust said fluid from an opposite end of each chamber; a plurality of
      vanes mounted in said rotor power ring radially with respect to said
      stator and resilient means biassing said vanes into said working chambers
      and against said stator camming surface, said vanes separating said
      working chambers into at least two sections whereby pressure fluid
      entering said chambers through said inlets engages said vanes successively
      and impart rotary motion to said rotor and then exhausts through said
      outlets; sealing means to hinder pressure fluid from said chambers to flow
      between said rotor and stator flat surfaces, said sealing means
      comprising: means defining first annular grooves, one in each of said
      cover plate inner surfaces, said grooves being located to overlap adjacent
      side surfaces of said power ring and stator; annular sealing pistons in
      said grooves sealingly closing said grooves and defining therewith and
      with said cover plates enclosed pressure chambers; means defining second
      annular grooves, one in each of said stator side surfaces; said second
      grooves being narrower than, and facing, said first grooves; and
      communication means between said enclosed chambers, said second grooves
      and said working chambers whereby pressure fluid from said working
      chambers creates pressure forces in each of said enclosed chambers greater
      than those in the opposed second grooves thereby resulting in pressure
      differentials pressing said sealing pistons against said stator side
      surfaces and said power ring.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein said communication means
      comprises first conduits leading from said second grooves into said means
      feeding and exhausting pressure fluid to said working chambers, and second
      conduits extending across said sealing pistons to bring said enclosed
      chambers in communication with said second grooves.
NUM  3.
PAR  3. A device as claimed in claim 2, wherein said second conduits are
      provided with unidirectional valves preventing flow of pressure fluid from
      said second grooves toward said exhausting means.
NUM  4.
PAR  4. A device as claimed in claim 3, wherein said sealing pistons are
      provided with pins extending into holes of said cover plates to urge
      relative rotation therewith during rotation of said rotor, said second
      conduits passing through said pins and opening into said enclosed
      chambers.
NUM  5.
PAR  5. A device as claimed in claim 4, wherein each sealing piston is formed of
      an outer rigid ring and an inner flexible cup-shaped ring, said cup-shaped
      ring being fixed to said rigid ring and lying in said enclosed chambers;
      said cup-shaped ring having lateral flanges forcibly applied against
      sidewalls of said receiving first grooves by the pressure force therein.
NUM  6.
PAR  6. A hydraulic energy converting device comprising: a stator having two
      side surfaces and a peripheral camming surface extending therebetween; a
      rotor means enclosing the stator and being rotatably mounted relative
      thereto, the rotor means adapted to cooperate with the camming surface of
      the stator whereby at least one liquid-tight working chamber is
      established between the camming surface of the stator; each working
      chamber having an inlet adjacent one end thereof an an outlet adjacent an
      opposite end thereof; a pressurized liquid distribution system located
      within the stator, the system adapted to distribute pressurized liquid
      from a source exterior to the rotor to the respective inlet of each
      working chamber; a liquid collection system located within the stator and
      independent of the distribution system, the collection system adapted to
      collect liquid from the respective outlet of each working chamber and to
      direct its flow to the source exterior to the stator; a plurality of
      reciprocating vanes slidably mounted within the rotor means for radially
      inward movement, a longitudinal edge of each vane remote from the stator
      means being biased against the camming surface by resilient means mounted
      within the rotor means, said vanes adapted to separate the at least one
      working chamber into liquid-tight sections, whereby pressurized liquid
      entering each working chamber through its respective inlet engages a first
      transverse surface of successive reciprocating vanes and transmits a force
      thereto, thereby initiating rotation of the rotor means while an opposite
      transverse surface of the successive reciprocating vanes urges liquid
      within the working chamber toward the working chamber outlet; wherein the
      pressurized liquid distribution system comprises a distribution manifold,
      a supply inlet to the manifold, and at least one distribution passage
      which spirals outwardly from the distribution manifold in a direction of
      rotation of the rotor means and which terminates at the nearest working
      chamber inlet, there being a separate distribution passage corresponding
      to each respective working chamber inlet, each distribution passage and
      respective working chamber inlet cooperating to direct pressurized liquid
      which has entered the distribution manifold via the supply inlet and
      passed into the at least one distribution passage into a working chamber
      substantially in a direction of rotation of the rotor means; and wherein
      the liquid collection system comprises a collection manifold, a discharge
      outlet from the collection manifold, and at least one collection passage
      which spirals inwardly towards the collection manifold in a direction
      opposite to the direction of rotation of the rotor means and which
      terminates at the nearest working chamber outlet, there being a separate
      collection passage corresponding to each respective working chamber inlet,
      each collection passage and respective working chamber outlet cooperating
      to guide fluid out of the working chamber substantially in the direction
      of rotation of the rotor means, and into the collection manifold before
      exiting therefrom via the discharge outlet, wherein the rotor means
      includes a cover plate adjacent each of the side surfaces of the stator
      and a guide ring means secured to the cover plates by suitable fastening
      means, the power ring means having a cylindrical inner surface situated
      adjacent the camming surface of the stator, sealing and alignment means
      being mounted between each cover plate and a respective surface of the
      stator, said sealing and alignment means being adapted to be urged against
      a respective side surface of the stator and against an adjacent side of
      the power ring means, whereby leakage from the at least one working
      chamber is controlled and side surface alignment between the power ring
      means and stator maintained, and wherein the sealing and alignment means
      comprises an annular plate mounted in a cooperating annular groove within
      each cover plate, an annular piston cup being biased against the annular
      plate by resilient means mounted between the cooperating annular groove
      and the piston cup, an enclosed chamber being formed between the piston
      cup and the cooperating annular groove, at least one opening passing
      through the annular plate and piston cup between the enclosed chamber and
      pressure feed means situated in the stator, at least one pin being rigidly
      secured to each cover plate within the annular groove therein, each pin
      extending through a respective at least one opening in the annular plate,
      the annular plate being thereby slidable along the pin in a direction
      perpendicular to the cover plate but restrained by the pin from angular
      movement with respect to the cover plate as the rotor means rotates with
      respect to the stator, the at least one pin having a passageway therein
      for communicating the enclosed chamber and the pressure feed means,
      whereby pressurized liquid in the pressure feed means is directed into the
      enclosed chamber, the pressurized liquid thereby urging the annular plate
      into contact with the stator and power ring.
NUM  7.
PAR  7. A hydraulic energy converting device according to claim 1 wherein a
      plurality of concentric annular balancing grooves are situated in each
      side surface of the stator adjacent the respective annular plate, each
      annular balancing groove adapted to receive pressurized liquid which
      exerts a force against the annular plate in a direction perpendicular to
      the side surface of the stator.
NUM  8.
PAR  8. A hydraulic energy converting device according to claim 1, wherein the
      distribution system comprises three identical distribution passages and
      three identical collection passages whereby volume of flow in the passages
      is equal.
NUM  9.
PAR  9. A hydraulic energy converting device according to claim 6, wherein the
      pressure feed means comprises an annular groove in each side surface of
      the stator, means communicating the annular groove with a respective
      distribution passage within the stator, whereby pressurized liquid within
      the distribution passage is directed to the annular groove.
NUM  10.
PAR  10. A hydraulic energy converting device according to claim 9, wherein the
      communicating means comprises a pressure feed passage having a
      uni-directional valve means permitting flow of pressurized liquid only in
      a direction from the distribution passage to the pressure feed means.
NUM  11.
PAR  11. A hydraulic energy converting device according to claim 6 wherein the
      guide ring means comprises an outer open-ended cylindrical housing member
      and an inner cylindrical power ring, the housing member and power ring
      being releasably secured together by projections and cooperating grooves
      between the adjacent surfaces thereof, the reciprocating vanes being
      mounted in respective vane slots in the power ring, the vane slots being
      parallel to the axis of the power ring, each vane being biased radially
      inwards by at least two coil springs seated in a radial opening extending
      through the power ring from a bottom of the vane slot, one end of each
      spring bearing against an inner surface of the housing member and an
      opposite end bearing against a respective reciprocating vane.
NUM  12.
PAR  12. A hydraulic energy converting device according to claim 11, wherein the
      power ring includes at least one circumferential liquid transfer
      passageway joining each vane slot whereby liquid entering each slot past a
      respective reciprocating vane is transferred through the transfer
      passageway from one vane slot to an adjacent vane slot as a respective
      reciprocating vane is urged radially outwards by the camming surface.
NUM  13.
PAR  13. A hydraulic energy converting device according to claim 6, the stator
      having an axial bore therethrough at its centre, a spindle comprising a
      flange portion secured to an end of a shaft, the shaft adapted to be
      inserted into the axial bore of the stator; the flange portion and the end
      of the shaft remote therefrom supporting bearing means, the bearing means
      rotatably supporting the respective cover plates of the rotor means
      relative to the spindle, the flange portion adapted to be secured to the
      stator by suitable fastener means and including supply line connection
      means and discharge line connection means adapted to be aligned adjacent
      the distribution manifold supply inlet and the collection manifold
      discharge outlet respectively, whereby pressurized liquid can be supplied
      to and removed from the stator through connecting hoses connected between
      an external pressurized liquid supply system and the respective connection
      means.
NUM  14.
PAR  14. A hydraulic energy converting device according to claim 13, wherein the
      shaft has a hollow portion intermediate its ends, the flange portion
      including a leak-off hose connection means which communicates with the
      hollow portion of the shaft, a cap releasably secured to the cover plate
      of the rotor means adjacent the end of the hollow shaft opposite from the
      flange portion, the cap forming a leak-off liquid reservoir, at least one
      pin hole in the shaft communicating the reservoir with the hollow portion
      whereby accumulated leak-off liquid is directed through the shaft and
      leak-off connection means.
NUM  15.
PAR  15. A hydraulic energy converting device according to claim 14 wherein
      leak-off system passageways within the stator and rotor means direct the
      passage of leak-off liquid to the reservoir, the leak-off system including
      lubrication clearances between facing surfaces of the cover plates and
      side surfaces of the stator as well as bearings for said rotor shaft.
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ABST
PAL  The crest of a projecting helical thread formed on a rotor is located on a
      surface of revolution with respect to the rotor axis and cooperates in a
      fluid-tight manner with a stationary casing which surrounds the rotor. At
      least one toothed sealing wheel is engaged with the rotor thread so as to
      rotate about a transverse axis with respect to the rotor axis and one face
      of each tooth which is in mesh with the thread is exposed to the
      high-pressure fluid. The portions of each tooth-flank which are adjacent
      to said face are portions of surface of revolution and include those zones
      of the flanks which come into contact with the thread during rotational
      motion.
PARN
PAR  This is a continuation of application Ser. No. 341,791 filed Mar. 15, 1973
      now abandoned.
BSUM
PAR  This invention relates to rotating fluid-compression or expansion machines
      of the type comprising a rotor provided with at least one helical thread
      which is disposed in meshing engagement with the teeth of a rotary sealing
      worm-wheel.
PAR  Machines of this type are already known and have been disclosed in
      particular in French Pat. No. 1,287,593, 1,331,998, 1,586,832 and
      1,601,531. By way of example, the last-mentioned patent describes a
      machine which is illustrated diagrammatically in FIG. 1 of the
      accompanying drawings and comprises a rotor 1 constituted by a globoidal
      worm which is mounted to rotate about an axis 2 and provided with a
      plurality of helical threads 3. The crests of the threads 3 are disposed
      on a cylindrical surface which is symmetrical with respect to the axis 2
      and cooperate with a casing which has not been illustrated. The threads 3
      are in mesh with the teeth 6 of a sealing worm-wheel 4 and this latter is
      mounted to rotate about an axis 5 which, in this example, is substantially
      at right angles to the axis 2 of the rotor.
PAR  The teeth 6 of the sealing worm-wheel delimit with the threads 3 of the
      rotor compression or expansion chambers which are successively put into
      communication with a port for the high-pressure fluid, said port being
      provided in that region of the casing which is located in the vicinity of
      the sealing worm-wheel and designated by the reference numeral 40. The
      reference numeral 20 designates that face of each tooth 6 which is exposed
      to the high-pressure fluid.
PAR  During rotation of the sealing worm-wheel, a predetermined point such as M
      which is located on one flank of a tooth 6 is brought successively into
      contact with points of a thread 3 at which said thread is inclined at a
      variable angle of slope with respect to the plane of rotation of the
      sealing worm-wheel. In the case which is illustrated in FIG. 1, this angle
      of slope A is given substantially by the formula tg A = n.sub.1 r.sub.2
      /n.sub.2 r.sub.1 where n.sub.1 designates the number of threads of the
      rotor, n.sub.2 designates the number of teeth of the worm-wheel and
      r.sub.1 and r.sub.2 represent the distances from the point M respectively
      to the axis 2 of rotation of the rotor and to the axis 5 of rotation of
      the worm-wheel.
PAR  In the case of a predetermined point M of a tooth 6 corresponding to a
      given value of r.sub.2, the angle A is therefore of minimum value when M
      is in contact with a point in the vicinity of the thread crest and of
      maximum value when M is located in the position nearest the root of the
      thread.
PAR  These minimum and maximum values depend on the value of r.sub.2, that is to
      say on the position of the point M on the flank of the tooth as shown in
      FIG. 3 of the accompanying drawings.
PAR  In this figure, r.sub.2 is expressed as a percentage of the diameter of the
      rotor.
PAR  In the case of a machine of the type shown in FIG. 1 in which the rotor and
      sealing worm-wheel have a diameter D, the rotor has six threads, the
      sealing worm-wheel has eleven teeth, and the distance between the axes of
      rotation 2 and 5 is equal to 0.8 D, it is apparent from FIG. 3 that the
      angle A varies substantially between 28 and 42 degrees in respect of a
      point M which is located at the tip of a tooth (r.sub.2 = 50). When the
      point M is located nearer the root of the tooth, the maximum values (curve
      10) and minimum values (curve 11) of A come closer to each other so as to
      coincide at a value of the order of 17 degrees when the point M is at a
      distance of 0.3 D from the axis of the sealing worm-wheel. In the position
      last mentioned, the point M comes into contact only with those points of
      the thread which are located in the vicinity of the crest.
PAR  When the external profile of the rotor is not cylindrical or when the
      arrangement of the worm-wheel teeth is different from that shown in FIG.
      1, the law of variation in the angle A no longer corresponds to the
      formula given above or to the curves 10 and 11 of FIG. 3 but the angle A
      is always comprised between a maximum value and a minimum value as
      represented by curves which are similar to the curves 10 and 11.
PAR  The aforesaid variations in the angle A set limitations on the profile of
      the flanks of the worm-wheel teeth 6 which must come into substantially
      fluid-tight contact with the threads 3 of the rotor.
PAR  In machines of known types, the flanks of the worm-wheel teeth have two
      surfaces which intersect along an edge. In FIG. 2 of the accompanying
      drawings, the sectional view which is taken along line X--X' of FIG. 1
      shows a tooth 6a in contact with threads 3a and 3b of the rotor. It is
      apparent that the flanks of the tooth have two surfaces as designated on
      the one hand by the references 8a and 9a and on the other hand by the
      references 8b and 9b and that said surfaces intersect along edges 7a and
      7b. The portions 8a and 9b are inclined to the axis of rotation 5 of the
      sealing worm-wheel at an angle which is equal to the minimum value of the
      angle A in respect of the value of r.sub.2 which corresponds to the
      tooth-section considered whilst the portions 8b and 9a are inclined to the
      axis 5 at an angle which is equal to the maximum value of A.
PAR  This known technique is subject to a number of disadvantages.
PAR  On the one hand, the contact edges are delicate and liable to sustain
      damage as a result of friction, play thus develops between the flanks of
      the teeth and the threads, which in turn results in leakage of the fluid
      to be compressed or expanded and in reduced efficiency of the machine.
PAR  Furthermore, machining of the rotor threads can be carried out in
      accordance with British Pat. No. 649,412 only by means of a tool which
      does not rotate about its own axis and this prevents the possibility of
      machining by grinding as well as the use of materials which have a high
      degree of hardness. This results in a lower standard of precision in
      machining and lower quality of the state of surface of rotor threads than
      is achieved by the grinding process.
PAR  The primary object of the invention is to overcome the disadvantages
      mentioned in the foregoing.
PAR  In accordance with the invention, the machine for the compression or
      expansion of a fluid comprising a rotor mounted for rotation about an axis
      and provided with at least one thread disposed in a helix and forming a
      projection, the crest of said thread being disposed on a surface of
      revolution with respect to the axis of the rotor and so arranged as to
      cooperate in substantially fluid-tight manner with a stationary casing
      which surrounds the rotor at least to a partial extent, at least one
      sealing worm-wheel mounted to rotate about an axis which is located
      transversely with respect to the axis of the rotor and provided with teeth
      in meshing relation with the rotor thread, one face of each aforesaid
      tooth in meshing relation with the rotor thread being exposed to the
      high-pressure fluid, is characterized in that the portions of each
      tooth-flank of the sealing worm-wheel which are adjacent to that
      tooth-face which is exposed to the high-pressure fluid are portions of
      surfaces of revolution, and that said portions of flanks include those
      zones of the flanks which come into contact with the thread during the
      movement of rotation of the rotor.
PAR  Thus the contacts between the thread of the rotor and the flanks of the
      worm-wheel teeth take place tangentially to a surface of revolution
      instead of being made along an edge. Any risk of wear and consequently of
      leakage are considerably reduced. It will be seen in addition that this
      structure makes it possible to machine the rotor threads by means of tools
      which rotate about their own axes and which can consequently be grinding
      tools.
PAR  The surfaces of revolution aforesaid can be cylindrical and their axes can
      be inclined with respect to a plane at right angles to the axis of
      rotation of the sealing worm-wheel.
PAR  In a preferred embodiment of the invention, the surfaces of revolution
      aforesaid are conical and the axes of the conical surfaces relative to the
      two flanks of any one tooth are substantially perpendicular to the axis of
      rotation of the sealing worm-wheel and intersect said axis of rotation at
      two different points, the directions of the axes of said two conical
      surfaces being inclined with respect to each other.
PAR  Further properties and advantages of the invention will become apparent
      from the following description, a number of embodiments of the invention
      being illustrated by way of non-limitative example in the accompanying
      drawings, apart from FIGS. 1 to 3 which were mentioned earlier and relate
      to the state of the prior art.
DRWD
PAR  In these drawings:
PAR  FIG. 4 is a sectional view of a first form of construction of a sealing
      worm-wheel tooth in accordance with the invention;
PAR  FIG. 5 is a perspective view of a device for machining a rotor in
      accordance with the invention;
PAR  FIG. 6 is a sectional view of the tooth shown in FIG. 4, this view being
      taken at the level of the periphery of the rotor;
PAR  FIG. 7 is a perspective view showing the meshing engagement of a rotor
      thread with the tooth of FIG. 4;
PAR  FIG. 8 is a perspective view of the tooth shown in FIG. 4;
PAR  FIG. 9 is a perspective view of a tool employed for machining a rotor in
      accordance with a second embodiment of the invention;
PAR  FIG. 10 is a partial view of a second form of construction of a sealing
      worm-wheel;
PAR  FIG. 11 is a diagrammatic view of a manufacturing device for a third
      embodiment of the invention;
PAR  FIG. 12 is a perspective view of a third form of construction of a
      worm-wheel tooth;
PAR  FIG. 13 is a diagrammatic view of a manufacturing device for a fourth
      embodiment of the invention;
PAR  FIG. 14 is a sectional view of a fourth form of construction of a
      worm-wheel tooth;
PAR  FIG. 15 is a perspective view of the tooth shown in FIG. 14;
PAR  FIG. 16 is a diagrammatic view of a manufacturing device for a fifth
      embodiment of the invention;
PAR  FIG. 17 is a sectional view of a tool of the device shown in FIG. 16;
PAR  FIG. 18 is a part-sectional view in the direction of the arrow 39 of FIG.
      16 and showing a fifth form of construction of a rotor;
PAR  FIG. 19 is a sectional view to a larger scale along a diametral plane of
      the rotor of FIG. 16;
PAR  FIG. 20 is a perspective view of a fifth form of construction of a
      worm-wheel tooth.
DETD
PAR  There is shown in FIG. 4 a sectional view of a tooth 6b of a sealing
      worm-wheel such as the wheel 4 which is illustrated in FIG. 1 as
      hereinbefore described.
PAR  The portions 12a and 12b of the tooth flanks which are adjacent to the face
      20 of that tooth which is exposed to the high-pressure fluid are
      constituted by portions of surfaces of revolution having axes 14a and 14b.
PAR  In each section of the tooth, the tooth profiles therefore have portions
      constituted by circular arcs such as those designated by the references
      13a and 13b which are parallel to the surfaces of revolution aforesaid.
      The radii of the circles 13a and 13b which terminate at the end points of
      said circular arcs make with a perpendicular to the axis of rotation 5 of
      the worm-wheel angles which are in one case equal at a maximum to the
      minimum value of the angle of slope A of the threads as hereinbefore
      defined and in the other case equal at a minimum to the maximum value of
      said angle A.
PAR  Thus in the example described earlier with reference to FIG. 3, said angles
      will in one case be equal to a maximum of 27.degree..degree. and in the
      other case be equal to a minimum of 42.degree..
PAR  Each thread-flank is extended beyond the portion of revolution by zones 61a
      and 61b which are, for example, portions of planes tangent to the surfaces
      12a and 12b and the slopes of which are respectively higher than the
      maximum slopes and lower than the minimum slopes as defined in FIG. 3.
      Said extensions are located on the side of the tooth which is exposed to
      the low pressure.
PAR  FIG. 5 shows diagrammatically a device for machining the threads of the
      rotor such as the globoidal worm of FIG. 1 in order that said threads
      should be compatible with the tooth profile shown in FIG. 4.
PAR  The rotor 1 is mounted to rotate about its axis 2a. In addition, an
      electric motor 16 is mounted to rotate about an axis 5a which takes up the
      same position with respect to the rotor 1 as the axis 5 of the sealing
      worm-wheel. A tool 18 is mounted on the shaft 17 of said motor. The screw
      threads may already have been rough-formed by casting; the shafts having
      axes 2a and 5a are synchronized in rotation by means of suitable devices
      in order to rotate at speeds which are in the same ratio as the operating
      speeds of the rotor and the sealing worm-wheel, that is to say 11 to 6 in
      the example mentioned above.
PAR  The tool itself consists either of a milling-cutter or of a double blade or
      of a grinding-wheel having an external diameter which corresponds to that
      of the circles 13a and 13b.
PAR  In an initial pass, the motor shaft 17 coincides with the axis 14a (shown
      in FIG. 4). A thread flank such as 3a (shown in FIG. 3) is generated; a
      divider which is fixed on the shaft having an axis 2a makes it possible
      with the tool located outside the rotor to index this latter in a second
      position and to machine the flank 3a of a second thread and so forth.
PAR  When the same flank of all the threads has been machined, the shaft 17 is
      displaced so as to bring this latter into coincidence with the position to
      be occupied by the center 14b and the flanks 3b are machined in the same
      manner. It is clearly possible to arrange a number of tools simultaneously
      so that one, for example, performs the machining of the flank 3a while the
      other machines the flank 3b, provision being also made for a number of
      machining devices such as 5a, 17, 18 which operate simultaneously.
PAR  FIG. 8 shows in perspective a partial view of a sealing worm-wheel in
      accordance with the invention and especially a tooth 6b, the flanks of
      which are cut partly on cylindrical surfaces of revolution such as the
      surface 13b; this view corresponds to the cross-section of FIG. 4.
PAR  On the flanks 12a and 12b are shown lines 30a, 30b, 31a and 31b which
      represent the end positions at which the points of contact between the
      flanks of the tooth and the threads are located on said flanks. Such
      contacts can occur only at points located respectively between the lines
      30a and 31a, and between the lines 30b and 31b. Said lines correspond to
      the extreme values of slopes which were described earlier with reference
      to FIG. 3; the lines 30a and 30b correspond to the slopes of curve 10 of
      FIG. 3 and the lines 31a and 31b correspond to the slopes of curve 11 of
      said figure.
PAR  The planes containing the faces of the sealing worm-wheel cut in the
      cylinders such as 13b sectors of sufficient width to completely encompass
      the lines aforesaid in such a manner as to ensure that the contacts
      between threads and tooth flanks appear as surface-to-surface contacts and
      not surface-to-edge contacts. Finally and above all, it will be noted that
      the contact zones formed respectively between the lines 30a and 31a, and
      30b and 31b  have been brought as close as possible to the face 20 of that
      tooth which is exposed to the high pressure and are located in its
      vicinity.
PAR  However, the replacement of a thread-tooth contact along edges such as 7a
      and 7b of FIG. 2 by the contacts described in FIG. 4 introduces a source
      of leakage, the cause of which can readily be understood by referring to
      FIG. 6 in which a cross-section has been taken parallel to the axis of the
      sealing worm-wheel at the level of the periphery of the rotor and
      therefore of the casing which surrounds said rotor.
PAR  Said casing is provided with a passage for the worm-wheel which is a slit
      in the case of a flat worm-wheel, the lips 19 and 60 of said slit being
      shown in the figure.
PAR  One of said lips, namely the lip 19 which is located on that side of the
      sealing worm-wheel to which the high pressure is applied, is placed in
      fluid-tight contact with that face 20 of the worm-wheel which is exposed
      to said high pressure in such a manner as to limit leakages between the
      planes 19 and 20. However, a shaded zone 22 exists between the thread 3b,
      the flank 12b of the tooth and the lip 19 and, similarly, a shaded zone 21
      exists between the thread 3a, the flank 12a and the lip 19. The
      high-pressure fluid is capable of escaping through said zones towards the
      low-pressure side in the direction of the arrow 23 of FIG. 7, in which is
      shown in perspective a tooth 6b cooperating on one flank with the thread
      3b, a second tooth 6c, the lip 19 shown in a chain-dotted line, and the
      passage 22.
PAR  Provision is actually made between the teeth 6b and 6c for a volume 24
      which is not filled by the thread 3b and is in fact filled to an even
      lesser extent as the thread 3b is of smaller height, which is the case
      towards the end of the worm and especially the high-pressure end or in
      other words the zone 40 as shown in FIG. 1.
PAR  This phenomenon is all the more important by virtue of the fact that the
      generating-line of the surfaces of revolution adopted for the exterior of
      the rotor is a straight line in order to increase the compression ratio in
      the case of compressors or gas expansion machines as described in French
      Pat. No. 1,331,998. Under these conditions, the volume 24 is at a maximum
      when only the end portion of the tooth is in mesh with the thread and the
      pressure within the chamber formed by the thread is of maximum value in
      this position.
PAR  In point of fact, the volume 24 communicates freely with the volume formed
      between the tooth and the lip 60 of FIG. 6 which in turn communicates with
      all the low-pressure zones of the machine.
PAR  In consequence, these machines can operate only if the leakage zones 21 and
      22 are either non-existent or have negligible surface areas since
      considerable leakage would otherwise develop between the high-pressure
      side and low-pressure side.
PAR  In the arrangements adopted in the prior art as shown by way of example in
      FIG. 2, it was possible to reduce the cross-sectional area of the passages
      aforesaid by bringing the contact lines 7a and 7b closer to that face 20
      of the tooth which is subjected to the high pressure and in an extreme
      case to reduce these cross-sectional areas to zero.
PAR  With the present invention, it is impossible to suppress these areas since
      the contact line is no longer located on a stationary edge but is subject
      to displacement within a zone.
PAR  However, it is possible to obtain sufficiently small cross-sectional areas
      21 and 22 to ensure that leakages are negligible at high pressures of the
      order of 7 to 15 bars which are commonly employed in industry. While those
      portions of the tooth flanks which are disposed on surfaces of revolution
      are given a maximum diameter which approximates to the width between two
      adjacent threads, it is necessary to dispose the contact zones between
      each tooth flank and the threads in the vicinity of the tooth face 20
      which is exposed to the high pressure. This would not be possible if both
      flanks of any one tooth were disposed on the same surface of revolution.
PAR  Thus, in the aforementioned example of a rotor with six threads having a
      diameter D and disposed in meshing relation with a sealing worm-wheel with
      eleven teeth having a diameter D, wherein the distance between the axes of
      rotation of the rotor and of the worm-wheel is equal to 0.8 D and the
      widths of the teeth do not exceed 0.18 D, those portions of the tooth
      flanks which are disposed on surfaces of revolution can be given a
      diameter of the order of 0.12 D. Under these conditions, the leakage zones
      21 and 22 in the case of each tooth have a total surface area such that
      the maximum value does not, however, exceed 0.4 .times. 10.sup..sup.-4
      D.sup.2.
PAR  In order to form the threads, it is also possible to employ a tool which is
      not cylindrical but has a smaller diameter at the tip than at the base and
      to give the teeth of the sealing worm-wheel the shape which is shown in
      FIG. 10. A tool 18 of this type is illustrated in FIG. 9. By this means,
      it is possible to ensure that the portions 12a and 12b of the tooth flanks
      (shown in FIGS. 4 and 6) have smaller diameters in the vicinity of the
      tooth crests and consequently to reduce the surface areas of the leakage
      zones 21 and 22 in the vicinity of said crests. In point of fact, the most
      substantial leakages occur at the high-pressure end of the rotor when the
      tooth is partly disengaged from the thread and cooperates with this latter
      only at the tip of said tooth. The reduction of the leakage zones towards
      the tooth crests therefore produces important effects.
PAR  In a preferred alternative embodiment of the invention, FIG. 12 shows a
      worm-wheel tooth 6b, that face of said tooth which is exposed to the
      high-pressure fluid being designated by the reference numeral 20.
PAR  One flank of the tooth 6b comprises a portion 12b disposed on a cylindrical
      surface of revolution 13b, the axis 63 of which makes a small angle B with
      the face 20. Similarly, the other flank of the tooth has a portion 12a of
      a cylindrical surface of revolution, the axis of which (not shown) makes
      an angle B' with the face 20. Because of the perspective illustration of
      FIG. 12, the angles B and B' are not illustrated therein but the magnitude
      of these angles is represented in FIG. 11 by identically referenced angles
      B and B'. The intersections of the tooth face 20 with the cylindrical
      surfaces 12a and 12b are therefore elliptical arcs 32a and 32b.
PAR  As a result of the inclination of the face 20 with respect to the axes of
      the surfaces 12a and 12b, the end contact lines 30b and 31a between the
      tooth flanks and the rotor threads practically coincide with the
      elliptical edges of the tooth 32a and 32b.
PAR  FIG. 11 shows the position of the tool employed for forming the rotor
      threads which are intended to come into mesh with teeth of the type shown
      in FIG. 12. As in the device described with reference to FIG. 5, said tool
      18 is driven in rotation by a motor which is in turn rotatably mounted
      with respect to an axis 5a which coincides with the axis of rotation of
      the sealing worm-wheel.
PAR  The tool 18 is substantially cylindrical and is shown in full lines in the
      position in which the thread flank is formed by the tool for subsequent
      cooperation with the tooth flank 12b, and in which said thread flank is
      inclined at a maximum angle A with respect to the sealing worm-wheel. The
      axis 17b of the tool is then substantially perpendicular to the axis 2 of
      rotation of the rotor and makes with a perpendicular to the axis 5a an
      angle equal to B. It has been found that, under these conditions, the end
      contact line 30b between the tooth flank 12b and the thread is
      substantially in a plane located at right angles to the axis 5a, that is
      to say parallel to the face 20 of each worm-wheel tooth.
PAR  When the tool 18 is in the position shown in chain-dotted lines so as to
      form the thread flank which is intended to cooperate with the flank 12a of
      the tooth 6b, the axis 17a of the tool is inclined at an angle B' with
      respect to a perpendicular to the axis 5a. Under these conditions, the end
      contact line 31a between the flank 12a of the tooth and the thread which
      corresponds to the minimum relative slopes of the thread (curve 11 of FIG.
      3) is substantially in a plane at right angles to the axis 5a and
      therefore parallel to the face 20 of the tooth 6b. The position of the
      tool is adjusted along the axis 5a so that said plane should substantially
      coincide with the plane which contains the line 30b. In addition, the slit
      which is formed in the casing and through which the sealing worm-wheel is
      permitted to pass is located in a position such that the lip 19 of said
      slit which cooperates with the face 20 of the tooth which is exposed to
      the high-pressure fluid (FIG. 6) is located slightly beyond the plane
      which contains the lines 31a and 30b on that side on which the high
      pressure of the fluid is intended to be exerted.
PAR  This arrangement is particularly remarkable since it achieves a
      considerable reduction in the leakage cross-sections 21 and 22 shown in
      FIG. 6.
PAR  In fact, it is found that the leakage cross-section 21 has been reduced and
      could even be totally suppressed if the lines 31a and 32a were brought
      into coincident relation by displacing the face 20.
PAR  As to the leakage cross-section 22, this latter is very appreciably
      reduced. Thus, when the tooth is located at its maximum penetration in the
      rotor, said cross-section is of maximum value in the case of FIG. 8 in
      which the point of contact between the thread and the tooth flank on the
      periphery of the rotor is at a maximum distance from the face 20 whereas
      said cross-section can be zero in the case of FIG. 12.
PAR  In the numerical example which was given earlier, calculation shows that
      the mean value taken for the sum of the cross-sections 21 and 22 during
      rotation is reduced by a factor of about 7 and that these leakages then
      become completely negligible.
PAR  Instead of bringing back the lines 31a and 30b in a plane as explained in
      the case of FIG. 11, it is clearly possible to bring them back on a cone
      or in an extreme case, on a cylinder by suitably changing the angle B and
      correlatively the angle B'. This arrangement can therefore be applied to
      the machines described in French Pat. No. 1,586,832.
PAR  It is also possible to employ non-cylindrical shapes of tooth flanks which
      combine the progressive reduction in diameter towards the end of the tooth
      with the slopes which are shown in FIG. 11.
PAR  The foregoing arrangements can also be employed with rotors other than
      cylindrical rotors such as, for example, curved, conical or flat rotors of
      the type described in French Pat. Nos. 1,331,998 and 1,586,832.
PAR  It is also possible to make use of said arrangements with rotors having
      only one or two threads making several turns around the rotor as described
      in the prior art, especially in U.S. Pat. No. 2,716,861; in this case, the
      variations in the angle of slope are much smaller than those recorded in
      the example given in the present description, thereby readily permitting
      the construction of pumps or hydraulic motors with ground rotors having
      more accurate tolerances than would be possible in the case of machining
      by means of a tool. It is therefore possible to obtain pumps or hydraulic
      motors having small running clearances permitting delivery or utilization
      of high pressures without any substantial leakage.
PAR  A further embodiment of the present invention is illustrated in FIGS. 13,
      14 and 15.
PAR  There is shown in FIG. 13 the rotor 1 and the sealing worm-wheel 4 which
      rotates about its axis 5.
PAR  The axis 5 is no longer perpendicular to the axis of rotation 2 of the
      rotor but is inclined with respect to this latter so as to make an angle u
      with a plane 50 which is perpendicular to the axis of rotation 2.
PAR  The angle u is chosen so as to have a value which is substantially the mean
      value of the angles of slope A of the threads. It is then possible to
      shape both flanks of any one tooth 6b (as shown in FIG. 15) on the same
      surface of revolution 13c while ensuring that the contact zones between
      tooth flanks and threads which are located respectively between the lines
      30a, 31a and 30b, 31b are located in the immediate vicinity of that face
      20 which is exposed to the high pressure.
PAR  Under these conditions, machining is greatly facilitated inasmuch as the
      two flanks of two adjacent threads can be machined simultaneously by the
      same tool without entailing any need to perform two successive operations
      or displacements of tools as indicated in the foregoing description with
      reference to FIG. 5.
PAR  It will be noted in FIG. 14 that the lip 19 of the casing which is in
      fluid-tight contact with the high-pressure face 20 of the sealing
      worm-wheel is no longer parallel to the axis 2 but is inclined with
      respect to said axis at an angle u.
PAR  FIG. 20 shows another form of construction of a worm-wheel tooth 6a in
      accordance with the invention.
PAR  The portions 12a and 12b of the tooth flanks adjacent to the face 20 which
      is exposed to the high-pressure fluid are portions of frusto-conical
      surfaces. There are shown in the figure the large bases 38a, 38b and the
      small bases 37a and 37b of said frusto-conical surfaces, the axes of which
      intersect the axis of rotation (not shown) of the sealing worm-wheel and
      are inclined with respect to each other.
PAR  The portions 12a and 12b of the flanks are extended by flat portions 61a
      and 61b which are joined to the frusto-conical portions 12a and 12b along
      lines 62a and 62b. The angle of inclination of the plane 61a with respect
      to the normal 45 to the tooth face 20 is at least equal to the maximum
      angle at which the thread is inclined to the sealing worm-wheel during
      rotation of this latter whilst the angle at which the plane 61b is
      inclined to said normal 45 is equal at a maximum to the minimum angle of
      inclination of the thread.
PAR  The tangents 43 and 47 to the circles 38b and 37b at the points of
      intersection thereof with the face 20 make angles 44 and 46 with the
      normal 45 to said face, the angle 44 being smaller than the angle 46. As a
      consequence, the end lines of contact between the flanks of the tooth and
      the threads have been brought nearer the face 20 of the tooth, compared
      with the embodiment of FIG. 8 in which said end contact lines were
      designated by the references 30b and 31b. The leakage zone 22 is
      consequently reduced.
PAR  Practically the same result as in the embodiment of FIG. 12 is therefore
      obtained but the machining of the rotor threads is simplified as will
      become apparent hereunder.
PAR  FIG. 16 shows diagrammatically the device which is employed for the purpose
      of forming the rotor threads. As in the devices described in the
      foregoing, the rotor 1 is driven in rotation about its axis 2 and a tool
      18 is driven in rotation about its axis by a motor (not shown), said motor
      being in turn driven in rotation about an axis 5a which coincides with the
      axis of the sealing worm-wheel.
PAR  The axis of the tool 18 is brought either to 17a or to 17b according as the
      flanks 3a or 3b of the thread are to be formed. The axes 17a and 17b
      intersect the axis 5a at 34 and 33 respectively and are both perpendicular
      to the axis 5a. The axis 17a makes an angle 36 with a line parallel to the
      axis 17b. The two work positions of the tool 18 are visible especially in
      FIG. 19.
PAR  The tool 18 (shown in FIG. 17) is of frusto-conical shape. The tip 37 of
      said tool can have different shapes and may be flat, for example, but is
      preferably constituted by the segment of a sphere, the diameter of the
      sphere from which said segment is cut being substantially equal to the
      diameter of the sealing worm-wheel, with the result that the center of the
      spherical segment 37 is located substantially on the axis 5a in the work
      position.
PAR  FIG. 18 shows the circles 37a and 38b which are described by the tip 37 of
      the tool in its two positions, it being assumed that the axes 17a and 17b
      are substantially perpendicular to the axis of rotation 2 of the rotor,
      which corresponds to the positions of maximum penetration of the tool in
      the rotor. The circles 38a and 38b are the circles described on the tool
      by the points of contact between the tool and the external surface of the
      rotor. The trace of these circles is represented at 38 in FIG. 17.
PAR  In FIG. 18, the edges of the threads 3a and 3b which are located on the
      periphery of the rotor are represented at 42a and 42b and the limits of
      the bottom of the groove formed between the threads are designated by the
      references 41a and 41b.
PAR  Compared with the device shown in FIG. 11, the process of machining of the
      rotor is simplified. In fact, since the axes 17a and 17b are both
      perpendicular to the axis 5a, changeover from one position of the tool to
      the other is carried out by translational motion along the axis 5a
      followed by rotational motion about said axis and it is not necessary to
      incline the tool 18 with respect to the axis 17 of its drive motor.
PAR  Furthermore, the cross-section of the groove at the bottom of a thread
      along a diametral plane of the rotor which passes through the center of
      the sealing worm-wheel is a circular arc which is concentric with said
      worm-wheel. The crests of the worm-wheel teeth can therefore be given a
      circular profile which, during operation, remains in fluid-tight contact
      with the bottom of the groove formed between the threads.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A machine for the compression or expansion of a fluid comprising a rotor
      mounted for rotation about an axis and provided with at least one thread
      disposed in a helix and forming a projection, the crest of said thread
      being disposed on a surface of revolution with respect to the axis of the
      rotor and so arranged as to cooperate with substantially fluid-tight
      manner with a stationary casing which surrounds the rotor at least to a
      partial extent, at least one sealing worm-wheel mounted to rotate about an
      axis which is located transversely with respect to the axis of the rotor
      and provided with teeth which advance into and out of root-crest meshing
      relation with the rotor thread within said housing thereby to establish a
      root-crest gap during movement of said teeth into and out of said housing,
      one face of each aforesaid tooth in meshing relation with the rotor thread
      being exposed to the high pressure fluid, wherein portions of each
      tooth-flank of the sealing worm-wheel are portions of surfaces of
      revolution, axes of which are distinct and generally parallel to said one
      tooth face which is exposed to the high pressure fluid, wherein said
      portions of flanks include those zones of the flanks which come into
      contact with the thread during the movement of rotation of the rotor, and
      wherein those zones are adjacent to the tooth-face which is exposed to the
      high-pressure fluid.
NUM  2.
PAR  2. A machine according to claim 1, wherein the portions of each tooth-flank
      which are adjacent to that tooth-face which is exposed to the
      high-pressure fluid are portions of cylindrical surfaces.
NUM  3.
PAR  3. A machine according to claim 2, wherein the diameters of the cylindrical
      surfaces aforesaid have a value approximately equal to or less than the
      distance between two adjacent threads.
NUM  4.
PAR  4. A machine according to claim 2, wherein the axes of the cylindrical
      surfaces are slightly inclined with respect to that tooth-face which is
      exposed to the high-pressure fluid.
NUM  5.
PAR  5. A machine according to claim 4, wherein the axes of the cylindrical
      surfaces relative to the two opposite flanks of any one tooth are inclined
      at a different angle with respect to that tooth-face which is exposed to
      the high pressure fluid.
NUM  6.
PAR  6. A machine according to claim 1, wherein the portions of the tooth-flanks
      of the sealing worm-wheel which are adjacent to that tooth-face which is
      exposed to the high-pressure fluid are portions of conical surfaces.
NUM  7.
PAR  7. A machine according to claim 6, wherein the axes of the conical surfaces
      relative to the two flanks of any one tooth are generally parallel to that
      tooth-face which is exposed to the high-pressure fluid and intersect the
      axis of rotation of the sealing worm-wheel at different points, the
      directions of the axes of said two conical surfaces being inclined with
      respect to each other.
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ABST
PAL  Apparatus for making power transmission belting from an uncured body which
      apparatus includes two concentric cylindrical members of substantially the
      same length which are interpositioned between two generally flat parallel
      plates clamped together by a press means. A bladder assembly disposed
      within and together with the innermost cylindrical member define a mold
      concavity for receiving, molding, and curing power transmission belting.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to apparatus for manufacturing power transmission
      belts, but more particularly, the invention relates to apparatus for
      molding and curing power transmission belting.
PAR  Belting may be processed by apparatus which molds and cures successive
      incremental portions of belting, or by apparatus which simultaneously
      molds and cures an entire uncured body into endless belting. This
      invention is directed to that category of apparatus which simultaneously
      cures and molds an entire body. Apparatus of this category includes the
      "shell" and "mandrel" molds. The invention primarily falls within the
      shell mold category where uncured belting is placed internally of a
      cylindrical mold member. An expansible member such as a bladder or
      expansible stock is positioned inwardly of the expansible member. The
      cylindrical member and expansible member define a mold concavity
      therebetween. Radially outwardly expansion of the flexible member, with
      simultaneous application of heat, pressurizes, molds and cures the uncured
      body. Examples of such apparatus are disclosed in U.S. Pat. Nos. 2,671,244
      to Freedlander; 2,573,643 to Hurry; and 2,883,701 to Sauer.
PAR  The mandrel curing technique is similar to the shell mold curing technique
      except that the rigid and flexible portions of the mold are interchanged.
      The bladder is positioned radially outwardly from the rigid cylindrical
      member. Uncured belting of individual belt strands or sleeves are
      interpositioned between the flexible and rigid mold members. The flexible
      member is displaced radially inwardly under pressure while heat is applied
      to effect curing and molding of the belting.
PAR  The shell and mandrel curing techniques are preferred in the belt making
      art because they effect molding with a minimum number of irregularities in
      one inclusive step.
PAR  While the shell and mandrel apparatus are accepted standards in the belt
      making art, their use require cooperation with a sealed heat chamber such
      as an autoclave. Once placed within an autoclave, special consideration
      must be given to the mold concavity for proper venting. Shell molds may be
      vented by means of tiny apertures manifolded together to a vacuum line
      while the concavity of a mandrel mold may be opened to the autoclave
      environment or a vacuum line. In either case, special consideration must
      be given to the molded product to avoid contamination by the autoclave
      atmosphere. Steam or water may cause blistering of the belting during the
      curing process.
PAR  A problem associated with apparatus that must be placed in an autoclave is
      interchangeability of the rigid portion of the mold or bladder. The
      expansible member of the apparatus has limited deformation characteristics
      and cannot be used with rigid cylindrical members having a circumference
      change of greater than 20 percent. A bladder of larger diameter must be
      used.
PAR  Another problem associated with prior art apparatus is that of removing the
      molded belting from the apparatus after completion of curing. Prior art
      apparatus essentially requires disassembly of component parts of the mold
      to effect removal. For example, in the apparatus of Freedlander supra, the
      entire bladder assembly must be removed from the autoclave and the end
      portions removed before the product can be effectively taken from the
      mold. The disassembly and reassembly are economical disadvantages. In
      other words, the prior art does not disclose means for at least partially
      ejecting molded and cured belting at least partially from the mold so that
      it can be easily grasped and removed for further processing.
PAR  Still another disadvantage with prior art apparatus is that the autoclave
      in which they are placed requires fluids to be entrapped in the end
      closures of the autoclave. Such fluid entrapment in the end closures
      contributes to a heat waste. For example, some belting tensile sections
      shrink with application of heat. An example of such is a tensile section
      of polyester cord. During a typical curing cycle, fluids such as steam are
      directed to all cavities of the mold including the end closures. After a
      sufficient curing period, the steam is expelled. In a shell type process,
      the thermal shrinkage associated with a polyester cord tensile section
      pulls the belting away from the rigid portion of the mold. Fluid under
      pressure must be maintained within a bladder system while the tensile
      section cools in an extended condition. Cold water cannot be used
      immediately with a pressure-heat medium of steam to cool the belting
      because the steam would immediately condense to water causing a
      substantial reduction in the bladder pressure. Hot water or other fluid
      must be used to preclude the bladder from collapsing prematurely. Heat
      used for voluminous end closures is wasted.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, apparatus is provided which retains the
      heat curing benefits of an autoclave system but which excludes many
      deleterious autoclave requirements such as: disassembly and reassembly for
      each curing cycle; and heat loss. In accordance with the invention, two
      generally cylindrical members having the same general longitudinal length
      are interpositioned between upper and lower substantially flat parallel
      plates. One of the cylinders defines a mold member while the other
      cylinder defines a vessel member. Sealing means are disposed between the
      end portions of the cylindrical members and flat plates. A bladder
      assembly with means for contouring the bladder during expansion is
      disposed inwardly of the cylindrical mold member. A mold concavity for
      receiving uncured belting is defined between the mold member and bladder.
      The mold concavity is preferably vented directly to atmosphere. The
      bladder assembly is optionally partially reciprocally extensible from the
      mold member after the upper plate is removed. The bladder and the bladder
      contouring means are usable with old members having substantially
      different circumferences.
PAR  Accordingly, a primary object of the invention is to provide endless belt
      molding apparatus which includes advantages of and excludes the
      disadvantages of an autoclave type molding system.
PAR  Another object of the invention is to provide molding apparatus with
      automatic demolding capability.
PAR  Still another object of the invention is to provide a mold apparatus having
      a bladder which may be used with a plurality of mold members.
PAR  An advantage of the apparatus of the invention is that it provides a system
      that is readily adaptable to frequent mold changes.
PAR  Another advantage of the invention is that it minimizes product and
      apparatus handling during the molding, curing and demolding steps of the
      typical power transmission belt making process.
DRWD
PAR  These and other objects or advantages of the invention will be apparent
      after reviewing the figures and description thereof wherein:
PAR  FIG. 1 is a front view in partial axial cross-section showing apparatus of
      the invention with belting disposed therein;
PAR  FIG. 2 is a view similar to FIG. 1 showing apparatus with the cover plate
      removed, a larger mold member, and belting demolded and ejected from the
      apparatus;
PAR  FIG. 3 is a view illustrating stacked annular rings as a variation for use
      with the apparatus of the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In accordance with the invention, molding apparatus 10 is provided for
      making transmission belting from an uncured heat settable elastomeric body
      12. The apparatus includes a mold member 14 of substantially cylindrical
      shape and a vessel member 16 that is preferably cylindrical and
      substantially concentric with the mold member. The mold and vessel members
      have generally the same length with their upper ends 18, 20 substantially
      coplanar. The mold and vessel members are interpositioned between a
      generally flat upper plate 22 and a lower base plate 24 having at least
      one surface 26 substantially parallel to the coplanar ends 18, 20 of the
      vessel and mold. The base plate may be of two pieces 24, 25 as shown for
      ease of disassembly or it may be a single piece. The plates may be held in
      appropriate relation by fasteners 27. The mold member rests on the planar
      surface of the base plate.
PAR  Of course, the vessel member may be of any shape such as square,
      rectangular, polygonal, etc. For ease of fabrication and for maximum
      strength with minimum material weight, it is preferably cylindrical.
PAR  Sealing means 28 are disposed at each end 18, 30 of the vessel and each end
      20, 32 mold member. The sealing means of the mold member and of at least
      the upper end of the vessel member are preferably of the pressure type
      such as pressure loaded lip seals or O-rings. The ends of the vessel and
      mold members have a groove for receiving the seal. The seal is of an
      elastomeric type such as the natural or synthetic rubbers. A channel 29
      preferably runs from the bottom of the groove to the exterior of the mold
      member and interior of the vessel member to help pressure actuate the
      pressure type lip seals. The lower rim of the vessel member may also have
      the same pressure type seal. The pressure seal is preferred because it
      eliminates thermal stress between the vessel member and base plate when
      the mold is heated and cooled. Of course, any suitable pressure type seal
      may be substituted for the O-ring seals without affecting the intended
      operation of the molding apparatus.
PAR  Preferably, the lower plate 26 is flanged 34 to center and prevent lateral
      movement of the vessel member 18. Although the flange is unnecessary for
      the operation of the apparatus, it aids in the assembly and disassembly of
      the apparatus for repair. The vessel member may be sealed to the lower
      base plate with permanent sealing means such as a weld.
PAR  The volume established by the facing walls of the upper and lower plates,
      and the mold and vessel members define a heat chamber 36. Inlets 38 and
      outlets 40 are provided through the wall of the vessel member for the
      purpose of directing pressurized fluids to and from the heat chamber.
PAR  The upper plate 22 is selectively removable from the plane and sealing
      means 28 of the mold and vessel members as shown in FIG. 2. The upper
      plate may be automatically removed and positioned by any suitable means.
      Preferably, the upper plate is selectively removed by a press means having
      capability of clamping the upper and lower plates together with sufficient
      force F--F to activate the sealing means 28 while simultaneously
      counteracting internal pressures. Any conventional press means may be
      used. One convenient press means that may be readily adapted to apply such
      clamping force F--F is disclosed in U.S. Pat. No. 2,795,664.
PAR  The lower plates 24, 25 have an opening 42 through which extends a bladder
      assembly 43 including a bladder support member 44, a bladder 46, and upper
      and lower disk members 48, 50. The bladder is of the expansible
      elastomeric type and has a generally cylindrical shape with curved end
      portions that are fixedly attached 52 to the bladder support member in
      known fashion. The facing sides of the upper and lower disk members have
      smoothly curved circumferentially concave portions 54, 56 that extend to
      their rims. The rims are substantially normal to the surface of the mold
      member and preferably have predetermined radial thicknesses 58, 60 which
      generally equals the nominal thickness of the belting 12 that is to be
      molded and cured. The lower disk 50 member is operatively attached to the
      bladder support while the upper disk member is removable from the bladder
      support member. The upper disk 48 may be manually removed from the bladder
      support or it may be operatively attached to the upper plate 22 for
      automatic removal. The upper and lower disks may have a conical surface 62
      which nests with mating concical surfaces of the bladder support member
      for the purpose of facilitating attachment or alignment. The rim portions
      of the upper and lower disk members define mold surfaces at the radial
      thicknesses 58, 60 for producing a square corner on a molded piece of
      belting. The rim 60 of the lower disk also operates as part of an ejection
      system that operates in a manner which will later be explained. The mold
      member 14, rim thicknesses 58, 60 surfaces, and bladder 46 define the mold
      concavity 66 of the apparatus.
PAR  Means 68, 70 are provided in the support member to direct pressurized fluid
      to and from the bladder respectively. Preferably, the bladder is also
      deflated by means of a vacuum system having sufficient capability to
      collapse the bladder radially inwardly.
PAR  The mold concavity 66 is sealed from the heat chamber 36 and bladder 46 and
      is directly vented through the lower plate opening 42 to atmosphere.
      Optionally, means may also be provided in the upper plate to further vent
      the mold concavity. The vent allows the bladder to be freely expanded
      while also allowing an escape path for any gases trapped in or around a
      piece of uncured belting.
PAR  It should be emphasized that the substantially flat upper and lower plates
      allow for an arrangement where the advantages of an autoclave system are
      realized while the disadvantages of an autoclave system are rejected. The
      flat plates 22, 26 preclude the unnecessary domeshaped end closure
      structure of the typical autoclave system. They also provide a simple
      means for sealing the heat chamber 36 from the mold concavity 66. The
      sealed bladder arrangement and the vented mold concavity preclude
      contamination of a piece of belting with the curing environmental medium.
      In an autoclave type system, it is possible for the mold concavity to be
      subjected to environmental steam. Other means must be provided to withdraw
      such steam from the system. As previously mentioned, water or water vapors
      may cause blisters in a piece of belting during curing thereof.
PAR  The bladder assembly is optionally reciprocally movable to be at least
      partially extensible from the mold member. Extensibility may be
      accomplished with known mechanisms such as by a lever system, pivot, slip
      joint, and pressure cylinder, not shown. When the bladder assembly is
      extended from the mold by a force p as particularly shown in FIG. 2, the
      lower disk 50 moves upwardly in relation to the mold member 14. As it
      moves upwardly, the lower disk demolds any belting disposed in the mold
      concavity while also ejecting a portion for easy grasping. A vacuum means
      aids in demolding by pulling the bladder away from the belting.
PAR  The substantially flat upper and lower plates provide a feature not found
      in other belt making apparatus. The flat plates facilitate easy
      interchangeability with other size mold members such as of larger
      circumference as is illustrated in FIG. 2. A new mold member 72 is easily
      inserted after removing the upper plate and old mold member. Preferably,
      fastening means are provided between the outer vessel and mold members to
      align and hold the mold member. When compared to prior art autoclave
      systems, it is seen that the need for a new bladder for each mold member
      is eliminated and also the need for new closure plates for each mold
      member is eliminated.
PAR  Optionally, and as shown in FIG. 3, a plurality of stacked rings 76 may be
      provided and placed in each mold concavity to define individual
      concavities 78 of substantially trapezoidal cross-section for receiving
      individual belt bodies 80. Examples of such rings are disclosed in U.S.
      Pat. Nos. 3,398,218 to Richmond and 2,573,643 to Hurry.
PAR  Uncured belting is fabricated in known manner for use with the apparatus.
      The uncured belting may be in the form of individual bodies or it may be
      in the form of a sleeve. For the purpose of this disclosure, both the
      individual belt bodies or sleeve are referred to as an "uncured body."
      Similarly, the term "belting" is used to define individual belt bodies or
      a belt sleeve. The uncured body includes an embedded tensile section that
      is usually of an endlessly spiralled cord.
PAR  When the apparatus of the invention is used for making power transmission
      belting, the upper plate 22 is removed from the coplanar surfaces of the
      mold and vessel members to expose the cavity for receiving the uncured
      body. The upper disk member may be manually removed or attached to the
      upper plate for automatic removal. The bladder 46 is deflated to allow
      easy placement of an uncured body to a position where it rests on the rim
      60 of the lower disk member. The upper disk member 48 is placed over the
      bladder assembly and the upper plate 22 is repositioned. The upper and
      lower plates are clamped together with sufficient force F--F to activate
      the seals. Pressurized fluid is introduced into the bladder which expands
      it against the uncured body. The clamping force must be sufficient to
      counteract the pressure in the heat chamber 36 and the bladder 46. The
      fluids used may be of the conventional type such as hot water, steam, or
      inert gas. Similarly, a fluid is introduced into the heat chamber. The
      fluid directed to a heat chamber does not have to be at a high pressure to
      effect molding of the uncured body. It may be a low pressure fluid with
      high heat capacity.
PAR  The channels 29 drain condensates, such as water, from annular grooves that
      receive the sealing means 28. They also provide means for pressurizing the
      seal from underneath to insure activation.
PAR  As the bladder is expanded, it is contoured to a generally smooth shape by
      the concave portions 54, 56 disk members which effect a smooth transition
      between the bladder 46 uncured body. The contouring effected by the
      concave portions gives the bladder a satisfactory service cycle life. This
      is because the disk members preclude the bladder from being expanded with
      creases, with a minimum bend radius or with reverse bends. The disk
      members also allow one size of bladder to be used for several diameter
      mold members. For example, a bladder having a free diameter of nominally
      15 inches has been used satisfactorily with mold members having diameters
      generally of the range 16 inches to 20 inches. Of course, a larger sized
      bladder may be used with mold members having larger diameters.
PAR  Sufficient pressure is maintained in the bladder to mold the uncured body.
      Heat is sustained in the heat chamber 36 for sufficient time to effect
      curing. For example, a pressure of from generally 200 to 250 psi may be
      adequate to effect molding while heat is applied at 350.degree. F. for 8
      minutes to effect curing. Generally, most rubbers may be cured when heated
      to 300.degree. F. for a period of 30 minutes.
PAR  The upper plate 22 is removed after the belting is cured. The bladder is
      deflated and the bladder assembly is at least partially extended 82 from
      the mold. The lower disk bears on the lower edge of the belting at radial
      thickness 60 which mechanically demolds the belting and positions it to a
      point for easy removal.
PAR  A cured belt sleeve may be cut into individual belts having desired
      cross-sections such as rectangles or trapezoidals.
PAR  If individually stacked rings are used to mold uncured bodies, they are
      loaded in a successive manner in the mold as shown in FIG. 3 and the
      curing process is conducted as explained above. After curing is complete,
      the upper flat plate is removed and the entire assembly is ejected from
      the mold where the stacked rings and individually cured bodies may be
      removed.
PAR  The foregoing detailed description is made for purpose of illustration only
      and it is not intended to limit the scope of the invention which is to be
      determined from the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for making power transmission belting from an uncured body
      comprising:
PA1  a cylindrical mold member having generally parallel open ends;
PA1  a generally cylindrically shaped bladder with inwardly curved end portions,
      the bladder disposed in the mold with the curved end portions generally
      juxtaposed the open ends of the mold member;
PA1  two disk members, each having a smoothly curved circumferential concave
      portion on one side that extends to near it rim, the disk members disposed
      near each end of the mold member with their concave portions facing each
      other, the concave portions defining a generally smooth transition between
      the mold member and disk members;
PA1  closure plates disposed over the ends of the mold;
PA1  press means for selectively holding the closure plates in position over the
      ends of the mold; and
PA1  means for admitting and rejecting pressurized fluid to and from the
      bladder.
NUM  2.
PAR  2. An apparatus for making power transmission belting from an uncured body
      comprising:
PA1  a generally flat lower base plate;
PA1  a selectively removable cylindrical mold member having generally parallel
      open ends with one end removably attached to the base plate;
PA1  a generally cylindrical vessel member having generally parallel open ends
      and a length generally equal that of the mold member, the vessel member
      spaced outwardly of the mold member with one end substantially fixedly
      attached to the base plate;
PA1  a generally flat and removable upper cover plate disposed over the other
      end of the mold and vessel members;
PA1  sealing means disposed at the ends of the mold and vessel members for
      effecting a pressure seal with the base and cover plates, the mold member,
      vessel member, base plate, cover plate and sealing means defining a sealed
      heat chamber;
PA1  a generally cylindrically shaped bladder with inwardly curved end portions,
      the bladder disposed in the mold with the curved end portions near the
      open ends of the mold member, the mold member and bladder defining a mold
      concavity for receiving the uncured body;
PA1  two facing disk members disposed in each end of the mold and having
      smoothly curved circumferential concave portions defining a generally
      smooth transition between the mold and disk members;
PA1  means for venting the mold concavity;
PA1  means for admitting and rejecting pressurized fluid to and from the bladder
      and heat chamber; and
PA1  press means for selectively clamping the cover and base plates relatively
      toward each other.
NUM  3.
PAR  3. An apparatus for making power transmission belting from an uncured body
      comprising:
PA1  a generally flat lower base plate;
PA1  a selectively removable cylindrical mold member having generally parallel
      open ends with one end removably attached to the base plate over the base
      plate opening;
PA1  a generally cylindrical vessel member having generally parallel open ends
      and a length generally equal that of the mold member, the vessel member
      spaced outwardly of the mold member with one end substantially fixedly
      attached to the base plate;
PA1  a generally flat and removable upper cover plate disposed over the other
      end of the mold and vessel members;
PA1  sealing means disposed at the ends of the mold and vessel members for
      effecting a pressure seal with the base and cover plates, the mold member,
      vessel member, base plate, cover plate and sealing means defining a sealed
      heat chamber;
PA1  a bladder support member extending through and movable upwardly
      reciprocally from the base plate opening;
PA1  means for reciprocating the bladder support member to be at least partially
      extensible from the mold member;
PA1  a generally cylindrically shaped bladder with inwardly curved end portions
      operatively connected to the bladder support member, the bladder disposed
      in the mold with the curved end portions near the opened end of the mold
      member when the reciprocating means is in the retracted position, the mold
      concavity for receiving the uncured body defines between the mold member
      and bladder;
PA1  upper and lower disk members having diameters less than and disposed in
      each end of the mold, the disk members having smoothly curved
      circumferential concave portions which extend to a rim of the disk members
      that is substantially normal to the surface of the mold member, the lower
      disk member operatively connected to and reciprocal with the bladder
      support member and the upper disk member supported by and selectively
      removable from the bladder support member, the concave portions defining a
      generally smooth surface transition between an uncured body disposed in
      the mold concavity and the disk members, and the rim portion of the disk
      members defining a mold surface;
PA1  means for venting the mold concavity;
PA1  means for admitting and rejecting pressurized fluid to and from the bladder
      and heat chamber; and
PA1  press means for selectively clamping the cover and base plates relatively
      toward each other.
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ABST
PAL  The pneumatic tire vulcanizing apparatus includes a series of vulcanizing
      presses arranged in a row, the presses including mold assemblies each
      having a top mold section and a bottom mold section, and a manipulator for
      reloading of the molds. The manipulator includes a frame associated with
      drive means for moving the frame along the row of the presses, the frame
      supporting thereon a mold opening mechanism including a cross beam
      provided with clamping means adapted to engage the top mold sections, as
      well as a mechanism for loading green tires into bottom mold sections,
      associated with a carriage supporting green tire holders. The cross beam
      is associated with a drive means for moving the cross beam in a vertical
      direction and in a direction transverse of the row of the presses, the
      cross beam carrying followers adapted for cooperation with vertical
      grooves in the side jaws mounted on the carriages, whereby the cross beam
      is vertically movable relative to the carriage and independently
      therefrom, the carriage moving jointly with the cross beam, as the latter
      moves transversely of the row of the presses.
BSUM
PAR  The present invention relates to production of pneumatic tires and, more
      particularly, it relates to pneumatic tire vulcanizing apparatus.
PAR  There is already known a pneumatic tire vulcanizing apparatus including a
      series of vulcanizing presses arranged in a row and a manipulator movable
      along the row of the presses.
PAR  Each of the vulcanizing presses of the known apparatus includes a mold
      assembly made up by the bottom and top mold sections lockable for a tire
      curing period with a locking device, as well as a bladder assembly.
PAR  The manipulator or crane for reloading the molds of each press includes a
      frame associated with a drive adapted to move the frame along the row of
      the presses, the frame having mounted thereon a mold opening mechanism and
      a mechanism for loading uncured or green tires into the bottom mold
      sections. The frame also supports thereon a mechanism for unloading of
      cured tires. The mold opening mechanism includes a cross beam movable on
      the frame transversely of the row of the presses and carrying clamps
      associated with independent actuators for effecting vertical reciprocation
      of the top mold sections.
PAR  The mechanism for loading green tires into the bottom mold section includes
      a carriage movable transversely of the row of the process and supporting a
      green tire holder associated with an independent actuator for effecting
      vertical reciprocation of the holder. The said carriage of the mechanism
      for loading green tires into the bottom mold section and the cross beam of
      the mold opening mechanism are interconnected to move as an integral
      structure transversely of the row of the presses under the action of the
      independent drive means. Therefore, the said known apparatus has three
      independent drive means, viz. one for vertical reciprocation of the top
      mold sections, the second one for vertical travel of the green tires and
      the third one for simultaneous travel of the top mold sections and green
      tires transversely of the row of the presses.
PAR  The incorporation of two individual drives for vertical and transverse,
      relative to the row of the presses, travel of the top mold section is a
      considerable drawback of the known tire vulcanizing apparatus,
      complicating as it does the structure of the apparatus itself and the
      system of its automatic control.
PAR  It is an object of the present invention to create a structure of a tire
      vulcanizing apparatus, which should be more simple and less complicated to
      control and which should offer increased reliability and improved economy.
PAR  This object is attained in an apparatus for vulcanizing penumatic tires,
      comprising a series of vulcanizing presses arranged in a row and having
      molds including each a top section and a bottom section and a manipulator
      for reloading of the molds, including a frame mounted for motion
      longitudinally of the row of the presses and associated with a drive for
      moving the frame in this direction, the frame having mounted thereon a
      mold opening mechanism including a cross beam movable in a transverse
      direction with respect to the row of the presses and having clamps for
      raising and lowering the top mold sections, and a mechanism for loading
      green tires into the bottom mold sections, including a carriage movable
      transversely of the row of the presses and having mounted thereon a green
      tire holder associated with a drive for effecting vertical reciprocation
      of this holder, in which apparatus, in accordance with the invention, the
      cross beam is provided with drive means for effecting the motion thereof
      in a vertical direction and in a direction transverse of the row of the
      presses, the carriage of the tire loading mechanism having two side jaws
      having made therein closed-end vertical grooves, each such groove
      receiving therein at least two followers mounted on the cross beam of the
      mold opening mechanism, whereby there is effected movement of said cross
      beam independently of said carriage in vertical direction and movement of
      said carriage together with said cross beam upon movement of the latter in
      a direction transverse of the row of the presses.
PAR  The herein disclosed apparatus offers a simple structure simplifying the
      control of the apparatus and, hence, enabling to have fewer control and
      automation means.
DRWD
PAR  The present invention will be further described in connection with an
      embodiment thereof, with reference being has to the accompanying set of
      drawings, wherein:
PAR  FIG. 1 is a general view of a pneumatic tire vulcanizing apparatus in
      accordance with the invention;
PAR  FIG. 2 is a plan view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a view taken along arrow line III in FIG. 2;
PAR  FIG. 4 is a sectional view taken on line IV--IV in FIG. 3;
PAR  FIG. 5 is a sectional view taken on line V--V in FIG. 3;
PAR  FIG. 6 is a sectional view taken on line VI--VI in FIG. 4;
PAR  FIG. 7 is a sectional view taken on line VII--VII in FIG. 3;
PAR  FIG. 8 is a sectional view taken on line VIII--VIII in FIG. 3, with the
      cross beam in the lowermost position;
PAR  FIG. 9 is a sectional view on line IX--IX in FIG. 3, with the cross beam
      retracted transversely of the row of the presses.
DETD
PAR  Referring now in particular to the appended drawings, the pneumatic tire
      vulcanizing apparatus comprises a series of vulcanizing or curing presses
      1 (FIGS. 1 and 2) arranged in a longitudinal row, a manipulator 2 movable
      along the row of the presses 1 and end table 3 for performing maintenance
      and repairs of the manipulator.
PAR  Each vulcanizing press 1 includes a mold 4 (FIG. 1) made up by a bottom
      section 5 and a top section 6 lockable together for a curing period with a
      bayonet lock. In the herein described embodiment each press 1 has two
      molds 5 supported by a single table 8.
PAR  The manipulator 2 comprises a frame 9 with wheels 10 (FIG. 3) supporting
      the frame 9 on tracks 11 running along the respective tables 8 of every
      press 1, the frame 9 being movable along these tracks 11 by a drive
      including motor-reducer combinations 12 (FIG. 1) associated with the front
      wheels 10 (FIG. 3).
PAR  The frame 9 carries a mold opening mechanism including a cross beam 13
      which is reciprocable both vertically and transversely of the row of the
      presses 1 by means of a drive including two crank mechanisms arranged at
      the lateral sides of the frame 9, each mechanism including a crank wheel
      14 and a connecting rod 15.
PAR  The cross beam is reciprocable in L-shaped guide-ways 16 (FIGS. 3 and 4)
      mounted on the lateral side walls of the frame 9, for which purpose the
      frame 9 is provided with wheels 17 (FIG. 3).
PAR  The crank wheels 14 are rotatable from gears 18 mounted on shafts 19
      coupled through respective clutches 20 with a reducer 21 of which the
      input shaft is connected with an electric motor 22.
PAR  Each connecting rod 15 is provided with a follower 23 positioned to (FIGS.
      3 and 4) engage a cam guide 24 in the lateral side wall of the frame 9, as
      the wheels 17 (FIG. 3) roll from the vertical leg or portion of the
      L-shaped guide-ways 16 onto the horizontal leg or portion thereof and vice
      versa.
PAR  The cross beam 13 is provided with clamps for lifting and lowering the top
      mold sections 6, the clamps being in the form of wrenches 25 mounted on
      the cross beam 13. Each wrench 25 has slots 27 adapted to receive therein,
      as the wrench 25 is lowered onto the top mold section 6, abutments 27 of
      the bayonet lock 7, the wrench 25 further having projections 28 which
      become positioned directly under the lifting shoulders 29 of the top mold
      sections 6, following rotation of the wrench 25 for opening of the bayonet
      lock 7 of the respective mold 4.
PAR  The mold 4 is thus being opened by the top section 6 thereof bearing by its
      shoulders 29 upon the projections 28, in which manner the cross beam 13
      lifts off the top mold section 6. Rotation of the wrenches 25 is effected
      by respective hydraulic cylinders 30. The frame 9 further supports a
      mechanism 31 for loading uncured or green tires into the bottom mold
      sections 5 of the presses 1.
PAR  The mechanism includes a carriage 32 reciprocable in horizontal guideways
      33 (FIGS. 4 and 5) of the frame 9 on wheels 34.
PAR  The carriage 32 (FIG. 1) has mounted thereon a pair of side jaws 38 (FIG.
      4) in which there are made closed-end vertical grooves 39.
PAR  Each groove 39 receives therein two followers 40 (FIGS. 4 and 6) carried by
      the cross beam 13 (FIG. 4) of the mold opening mechanism.
PAR  This structure of the tire vulcanizing apparatus enables to effect separate
      vertical motion of the top mold sections 6, as well as joint motion of
      these mold sections 6 with the green tire loading mechanism 31 in a
      direction transverse of the row of the vulcanizing presses 1 under the
      action of a single drive, which simplifies the structure of the apparatus
      and its control and enables to save control and automation means.
PAR  Furthermore, in accordance with the present invention, the connection
      between the cross beam 13 of the mold opening mechanism and the carriage
      of the green tire loading mechanism 31 by means of closed-end vertical
      grooves 39 made in the respective jaws 38 of the carriage and two
      followers 40 received in each groove 39 and belonging to the cross beam 13
      precludes highly unwanted rotation of the cross beam 13 about the axis of
      the wheels 17 (FIG. 3) as the cross beam 13 is moving along the L-shaped
      guideways 16 of the frame 9, whereby more accurate alignment of the
      wrenches 25 with the top mold sections is provided for.
PAR  The carriage 32 of the mechanism 31 for loading green tires into the bottom
      mold sections 5 of the presses 1 includes a tubular beam 41 (FIG. 7)
      journalled means of bronze bushings 42 in the jaws 38 of the carriage 32.
PAR  The tubular beam 41 has mounted thereon a support 36 (FIG. 3) for the
      holders 35, the support 36 being reciprocable along the tubular beam 41 by
      the action of the drive 37 (FIG. 1).
PAR  The wheels 34 (FIG. 7) of the carriage 32 are mounted on the end portions
      of the tubular beam 41 and also about axles 43 and 44 supported by the
      respective jaws 38 of the carriage 32.
PAR  The axle 43 carries thereon a twin gear of which the greater gear 45 meshes
      with a stationary toothed rack 46 mounted on the side wall of the frame 9,
      while the smaller gear 47 meshes with a pinion 48 keyed by means of a key
      49 to the end of the tubular beam 41.
PAR  The above structure of the mechanism 31 (FIG. 3) for loading green tires
      into the bottom mold sections 5 of the presses 1 enables to employ the
      transverse motion of the cross beam 13 (FIGS. 8 and 9) and of the
      mechanism 31 (FIG. 9) relative to the row of the presses 1 to rotate the
      green tire holders 35 and to align the axes of these holders 35 with those
      of the bottom mold sections 5. In this way the overall structure of the
      pneumatic tire vulcanizing apparatus becomes simplified still further on
      account of the apparatus having less drive means. Each bottom mold section
      5 mounted on the table 8 of the press 1 includes a bladder assembly
      including a bladder 50 and a well 51 into which the bladder 50 is
      withdrawn when the press 1 is open.
PAR  The herein disclosed apparatus for vulcanizing pneumatic tires operates, as
      follows.
PAR  The manipulator 2 (FIGS. 3 and 4) is positioned over the molds 4 of the
      first-in-succession curing press 1, the wrenches 25 being axially aligned
      with these molds 4. At this moment the tire curing process has been
      already completed within the said molds 4.
PAR  The holders 35 of the mechanism 31 are facing upwardly and support uncured
      or green tires 52. The cross beam 13 with the wrenches 25 is in its raised
      or topmost position at the vertical leg or portion of the L-shaped
      guideways 16 of the frame 9.
PAR  Then the crank mechanisms are operated to drive the cross beam 13 with the
      wrenches 25 downwardly, the followers 40 of the cross beam rolling in the
      closed vertical grooves 39 of the jaws 38 of the loading mechanism 31,
      which precludes rotation of the cross beam 13 in a vertical plane relative
      to the axis of the wheels 17 of the cross beam 13, whereby the wrenches 25
      engage the top mold sections 6 in the precisely predetermined position.
PAR  Upon having contacted the top mold sections 6 the cross beam 13 is
      arrested, and the wrenches 25 are rotated by the hydraulic cylinders 30,
      thus opening the bayonet locks 7 of the molds 4 and engaging the top molds
      6 by the projections 28. At the same time the respective bladder 50 is
      removed from each one of the two cured tires and forced out into the
      respective one of the wells 51.
PAR  This done, the cross beam 13 is raised as far as the entrance of the
      horizontal portion or leg of the L-shaped guide-ways 16, the cross beam 13
      raising therewith the wrenches 25 and the top mold sections 6 with the
      cured tires 53, whereafter the cross beam 13 travels along this horizontal
      portion of the L-shaped guideways 16 in a direction transverse with
      respect to the row of the presses 1.
PAR  The cross beam 13 starts pulling therealong the green tire loading
      mechanism 31 by the followers 40 received in the closed-end grooves 39 in
      the jaws 38 of the mechanism 31. At this stage of the cycle the cross beam
      13 and the mechanism 31 constitute an integral rigid system driven by the
      crank mechanisms along the horizontal portion of the L-shaped guide-ways
      16 and along the horizontal guideways 33, respectively, on wheels 17 and
      34. Thus, the cross beam 13 is likewise unable during this stage to rotate
      about the longitudinal axis of the wheels 17.
PAR  Simultaneously with the above described retraction of the cross beam 13
      there is effected rotation of the holders 35 carrying green tires 52,
      owing to interaction between the gear 45 (FIG. 3) and the stationary
      toothed rack 46 of the frame 9.
PAR  When the cross beam 13 (FIG. 9) has been retracted, the cured tires 53 are
      unloaded from the top molds 6 by means of a known per se unloading
      mechanism (not shown), while the support 36 of the green tire loading
      mechanism 31 and the holders 35 are driven by the drive 37 (FIG. 1)
      downwardly to place the green tires 52 (FIG. 9) into the respective bottom
      mold sections 5. Thereafter the curing steam is fed under pressure into
      the wells 51, whereby the bladders 50 enter the green tires 52. This done,
      the holders 35 release the green tires 52, and the support 36 of the
      loading mechanism 31 is raised.
PAR  Thereafter the cross beam 31 is driven toward the vertical portion or leg
      of the L-shaped guideways 16, returning the green tire loading mechanism
      31 into the initial position thereof (see FIG. 4). Then the cross beam 13
      is lowered along the vertical portion or leg of the L-shaped guideways 16
      (FIG. 8), the followers 40 rolling along the closed-end vertical grooves
      39 of the now stationary jaws 38 of the loading mechanism 31 and thus
      precluding rotation of the cross beam 13 about the longitudinal axis of
      the wheels 17 thereof.
PAR  The top mold sections 6 settle upon the green tires held in the bottom mold
      sections 5, and simultaneously pressurized steam is fed into the bladders
      50. At the end of the downward stroke of the cross beam 13 the mold
      sections 5 and 6 close upon each other, and the cross beam 13 is arrested.
      The wrenches 25 are operated to lack the bayonet locks 7 of the molds 4,
      whereafter the cross beam 13 is raised into its initial position (FIG. 4).
PAR  The process of curing the green tires begins in the molds mentioned
      hereinabove, whereas the manipulator 2 (FIG. 1) is driven toward the
      next-in-succession curing press 1 in the molds 4 of which the curing
      process has just been completed, and the above described cycle of
      unloading-loading the molds 4 of this press 1 is repeated. As the
      manipulator 2 performes servicing of the respective molds 4 of all the
      successive curing presses 1 in the row, the curing process ends in the
      molds 4 of the first-in-succession press 1 in the row. The manipulator 2
      is driven to overlie this first-in-succession curing press 1, and the
      entire cycle of operation of the herein disclosed tire vulcanizing
      apparatus repeates itself.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Pneumatic tire vulcanizing apparatus comprising a series of tire curing
      presses arranged in a longitudinal row; mold assemblies of said presses,
      each including a top mold section and a bottom mold section; manipulator
      for reloading said mold assemblies; the frame of said manipulator, mounted
      for motion longitudinally of said row of said presses; drive means for
      effecting motion of said frame in the longitudinal direction; a mold
      opening mechanism mounted on said frame; the cross beam of said mold
      opening mechanism; drive means for effecting motion of said cross beam
      vertically and transversely of said row of said presses; clamp means for
      clamping said top mold sections, mounted on said cross beam; mechanism for
      loading green tires into said bottom mold sections, mounted on said frame;
      the carriage of said tire loading mechanism, movable in a direction
      transverse of said row of said presses; a green tire holder mounted on
      said carriage; drive means for reciprocating said green tire holder
      vertically; two side jaws mounted on said carriage, each having a
      closed-end vertical groove; follower means mounted on said cross beam for
      cooperation with said vertical grooves, whereby there is provided
      independent motion of said cross beam with respect to said carriage in a
      vertical direction and joint motion of said carriage and said cross beam,
      as the latter is driven in a direction transverse of said row of said
      presses.
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ABST
PAL  An apparatus for manufacturing a tubular film from thermoplastic resin
      which comprises an extruder fitted with an annular die; a mechanism for
      introducing air into a tubularly inflated film; a cylindrical water cooler
      which consists of an annular cooling water reservoir disposed at the upper
      part, a cap member covering said water cooling reservoir, a vacuum sizing
      chamber positioned below said cooling water reservoir, an annular cooling
      water discharging chamber located below said sizing chamber and an annular
      vacuum suction chamber bored with a suction port so as to remove residual
      water, the underside of said cap member and the upper side of said sizing
      chamber defining an annular passageway of cooling water; a mandrel
      received in the cylindrical water cooler so as to internally cool the
      tubular film; and a film take up mechanism.
PARN
PAR  This is a division of application Ser. No. 330,234, filed Feb. 7, 1973, now
      U.S. Pat. No. 3,886,243.
BSUM
PAR  This invention relates to a method and apparatus for manufacturing by the
      water-cooled inflation process tubular film adapted to make raw film at
      least as thick as 200 microns and thin walled pipes.
PAR  Customary practice of making a tubular film is to extrude molten resin
      through an annular die fitted to an extruder, conduct air into the thus
      obtained tubular film through the control opening of the annular die and
      continuously mold the resin into a tubular film with the inner pressure of
      the tubular film kept at a proper level. This process generally enables a
      tubular film to be molded with a larger diameter than that of the annular
      die. Hitherto, a molded tubular film has been slowly cooled only by air,
      decreasing productivity. Therefore, various methods of cooling a tubular
      film with water have been proposed to eliminate such drawback.
PAR  A typical example of a mechanism for cooling a molded tubular film with
      water comprises, as shown in FIG. 1, a cylindrical water cooler A, a
      cooling water reservoir B provided on the upper surface of said cooler A,
      an annular weir C provided on the upper inner wall of the cooling water
      reservoir B, and is designed to conduct cooling water downward through
      said annular weir C along the outer wall of a tubular film F and take up
      the finished tubular film. With such film cooling mechanism, the tubular
      film tends to be expanded (indicated in broken lines) or contracted
      (illustrated in solid lines), until the film is actually brought into
      contact with the inner wall of the cylindrical water cooler. Said
      expansion temporarily obstructs the downward flow of cooling water due to
      the tubular film sticking to the inner wall of the cooler, resulting in
      the insufficient cooling of the tubular film or the raised water level.
      Conversely, said contraction gives rise to a gap between the periphery of
      the tubular film and the inner wall of the cylindrical water cooler,
      causing cooling water to run rapidly through said gap. During the repeated
      occurrence of said expansion and contraction, the molten tubular film
      eventually sticks itself to the cooler body to obstruct its complete
      molding. Though the cause for appearance of such event has not yet been
      fully understood, it may be pointed out as one reason that the cooling
      capacity has not attained the required level.
PAR  A thick tubular film leads to considerably insufficient cooling with the
      resultant occurrence of the above-mentioned difficulties.
PAR  With the customary inflation process, the inner pressure of a tubular film
      is only kept at about 0.5 mm or 5 mm Aq. However, a film as thin as 10 to
      40 microns, even after cooled, tends to be pressed against the inner wall
      of a cylindrical water cooler by said inner pressure thus retaining a
      tubular form. Conversely, a thicker film, after cooling, hardly presents a
      tubular form under such low pressures. This tendency becomes more
      prominent, as a thicker film is used.
PAR  It is accordingly an object of this invention to provide a method and
      apparatus for manufacturing from thermoplastic resin a tubular film free
      from the aforesaid drawbacks and presenting greater moldings stability.
      Another object of the invention is to provide an improved mandrel for said
      apparatus. Still another object is to provide an improved air precooling
      mechanism so as to attain the more efficient cooling of a tubular film. A
      further object is to provide a method and apparatus for automatically
      controlling the diameter of a tubular film by providing an electric
      element for detecting said diameter.
PAR  According to an aspect of this invention, there is provided an apparatus
      for manufacturing a tubular film from thermoplastic resin which comprises:
PA1  a. an extruder fitted with an annular die;
PA1  b. a mechanism for supplying prescribed volumes of air to form a tubular
      film with a desired diameter;
PA1  c. a round cylindrical water cooler having an annular cooling water
      reservoir disposed at the upper part of said cooler, a cap member covering
      said cooling water reservoir, an annular vacuum sizing chamber positioned
      below said cooling water reservoir and having its inner wall bored with
      suction ports, an annular cooling water discharging chamber located below
      said vacuum sizing chamber and an annular vacuum suction chamber bored
      with a suction port to remove residual water, the underside of the cap
      member and the upper side of the vacuum sizing chamber defining an annular
      passageway of cooling water;
PA1  d. a mandrel received in the cylindrical water cooler to cool the tubular
      film; and
PA1  e. a mechanism for taking up the finished tubular film.
DRWD
PAR  The present invention can be more fully understood from the following
      detailed description when taken in connection with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram showing the step of cooling a tubular film in
      the prior art cylindrical water cooler;
PAR  FIG. 2 shows the arrangement of the apparatus of this invention for cooling
      the tubular film;
PAR  FIG. 3 is a sectional view of the prior art mandrel;
PAR  FIG. 4 is a sectional view of the mandrel of the invention;
PAR  FIG. 5 is a sectional view of the air cooling mechanism of the invention;
PAR  FIG. 6 is a sectional view of air introducing and drawing off mechanisms
      and a mandrel included in the automatic control device of the tubular film
      diameter;
PAR  FIG. 7 is a cross sectional view on line X--X of FIG. 6; and
PAR  FIG. 8 is a diagram of a system for automatically controlling the diameter
      of the tubular film of the invention.
DETD
PAR  The invention will now be described by reference to FIG. 2. A tubular film
      F extruded through an annular die 1 is conducted into a cylindrical water
      cooler 2 which has a cooling water reservoir 3 provided at the upper part;
      a vacuum sizing chamber 4 disposed below said cooling water reservoir 3,
      the upper side of said vacuum sizing chamber 4 and the underside of a cap
      member 5 covering the cooling water reservoir 3 defining an annular
      passageway 6 of cooling water, and the cooling water reservoir 3
      concurrently acting as a hydraulic pressure controlling tank; and an
      integral assembly of a cooling water discharging chamber 5a and a vacuum
      suction chamber 6a located below the vacuum sizing chamber 4. The outer
      wall of the vacuum sizing chamber 4 is made of metal whose slightly rough
      finish has been experimentally found to render the surface of a tubular
      film desirably smooth. The reason is that said slightly rough finish
      prevents the tubular film from sticking to the surface of the metal of
      said vacuum sizing chamber 4. The outer walls of the cooling water
      discharging chamber 5a and vacuum suction chamber 6a are coated with a
      soft cooling element 7 made of, for example, cloth or spongy matter
      bearing mutually communicating fine cells.
PAR  Most of the cooling water supplied to the reservoir 3 through a water pipe
      8 uniformly turns through the annular passageway 6 in the form of flat
      streams along the inner wall of the cylindrical water cooler 2 in contact
      with the outer periphery of the tubular film F. However, some portion of
      the cooling water flows upward opposite to the travelling direction of the
      tubular film F, namely, runs outside of the cooling water reservoir 3
      after passing beyond the cap member 5.
PAR  When subjected to vacuum sizing, therefore, the tubular film F presents a
      smooth surface by the joint action of the slightly roughly finished
      surface of the metal constituting the outer wall of the vacuum sizing
      chamber 4 and the flat streams of cooling water.
PAR  Even when the tubular film F tends perchance to expand and contact the
      upper inner wall of the cylindrical water cooler 2, the cooling water
      delivered through the annular passageway 6 has a higher pressure than the
      inner pressure (about 1 mm Aq) of the tubular film F and presses the
      tubular film F inward to provide a gap between said film F and the inner
      wall of the cylindrical water cooler 2, thereby enabling the cooling water
      to run down smoothly. The cap member 5 has a larger inner diameter d than
      the inner diameter D of the cylindrical water cooler 2. Therefore, even
      where the amount of downward cooling water decreases when the diameter of
      the tubular film F increases as to approach the inner wall of the
      cylindrical water cooler 2 due to the elevated blow molding pressure in
      the tubular film F, then a larger amount of the cooling water runs in the
      opposite direction to that in which the tubular film F travels through a
      gap defined between the inner wall of the cap member 5 and the outer
      periphery of said film F beyond the cap member 5 to the outside of the
      cylindrical water cooler 2, thus preventing the cooling effect from
      appreciably decreasing. To this end, it is necessary to control a water
      valve so as to supply the cylindrical water cooler 2 with both downward
      and upward streams of cooling water. The amount of cooling water thus
      controlled is, for example, 1.25 m.sup.3 /h at normal temperature when a
      tubular film being cooled has a thickness of 700 microns, a folded width
      of 154 mm and is taken up at a speed of 2.4 m/min.
PAR  The overflow of cooling water is drawn off through an overflow pipe 9. In
      this case, the raised portion of the upper surface of the cap member 5
      acts as a weir to fix the amount of overflowing cooling water and
      consequently the height H of the water remaining on the cap member 5,
      thereby enabling the tubular film F to be initially cooled always at a
      fixed point on the cylindrical water cooler while it is travelling
      downward. A downward moving tubular film is subjected to vacuum sucking
      through suction ports 10 bored in the inner wall of the vacuum sizing
      chamber 4 by means of a suction pipe 11 just before the frost line of the
      tubular film (a point at which the film begins to be crystallized). At
      this time, the tubular film is further cooled with a watercooled mandrel M
      positioned therein finally to take a tubular form having a desired
      diameter. The cylindrical water cooler 2 and internal mandrel M according
      to this invention enable a thick-walled tubular film to be uniformly
      formed with a smooth surface under a stable condition. The internal
      mandrel M not only carries out the above-mentioned cooling but also plays
      the following part. A thick tubular film can not be cooled into a solid
      round form simply by the vacuum sizing means and a relatively low pressure
      prevailing in said tubular film, but tends to be deformed inward. However,
      the internal mandrel M prevents such deformation.
PAR  The cylindrical water cooler of this invention ensures that flat streams of
      cooling water always run down the inner wall thereof and the film is
      externally cooled at a constant rate by the joint action of the upward
      flow of cooling water. Further, the internal mandrel attains the effective
      internal cooling of the tubular film and in consequence its smooth
      formation. Namely, a molten tubular film is directly quenched from the
      outside by the downward and upward streams of cooling water as well as
      indirectly by the surface metal of the mandrel and thin layers of air
      adjacent thereto cooled by the water in the mandrel. The internal pressure
      of the tubular film prevents it from sticking to the periphery of the
      mandrel, namely, causes it to remain slightly apart therefrom, thus
      enabling the tubular film to be formed under a stable condition without
      giving rise to any scar on the inner surface of the tubular film while it
      is sliding through the cylindrical water cooler.
PAR  Further, as shown in FIG. 2, it is preferred that the top side of the
      mandrel be disposed at a substantially equal position to the level of
      cooling water. Any excessive increase in either the height of the top side
      of the mandrel or the cooling water level gives undesirable results. If
      the mandrel is positioned higher than said water level, then the tubular
      film will be cooled insufficiently, possibly marring the inner surface of
      the tubular film due to the tubular film sticking to the mandrel. On the
      other hand, a higher water level causes the tubular film to be deformed
      inward due to higher water pressure being applied to the outside of the
      film, making its formation unstable. The aforementioned mandrel will be
      later detailed by reference to FIG. 4.
PAR  When the tubular film is subjected to vacuum sucking, part of the cooling
      water flows downward through the suction ports 10 into the vacuum sizing
      chamber 4 and, after being retained there for some time, it is drawn off
      to the outside through an exhaust 11a. Most of the cooling water is
      conducted into the discharging chamber 5a through an inlet port 12 and
      drained through an exhaust 13. The travelling film is further conducted to
      the cooling element 7 of cloth or spongy material provided on the outer
      wall of the vacuum suction chamber 6a. At this time, suction ports 14
      bored in the inner wall of said chamber 6a attract the film to the surface
      of the cooling element 7, and the cooling water absorbed in said element 7
      is sucked through a vacuum suction pipe 15 and drawn off through an
      exhaust 16. The cooling element concurrently acts as a seal for preventing
      the cooling water from leaking to the outside from the bottom of the
      cylindrical water cooler. The level H of the water remained on the cap
      member 5 is suitably chosen in consideration of the relationship of, for
      example, the internal pressure and the thickness of the tubular film.
PAR  There will now be described a novel type of mandrel according to this
      invention. As previously mentioned, provision of a mandrel in the
      cylindrical water cooler enables a tubular film of thermoplastic resin to
      be uniformly produced under a stable condition. The mandrel is supported
      by a pipe suspended from the underside of an annular die. Hitherto, the
      mandrel M has been formed into a hollow cylindrical shape illustrated in
      FIG. 3, provided at the center of the top wall with a threaded section E
      for engagement with the suspended pipe, and further fitted with an inlet
      pipe G and outlet pipe I of cooling water.
PAR  However, a mandrel of such arrangement has the drawbacks that an additive,
      for example, an antioxidant incorporated in a synthetic resin constituting
      a tubular film sometimes is evaporated by high extrusion temperature; the
      vapors of said additive is condensed on the top side of the mandrel to
      form a solid deposit J; when said deposit prominently grows, part of it is
      carried along with the tubular film F or comes off to attach itself to the
      film F, eventually soiling it; and a noticeable deposition of said solidly
      condensed additive exerts a harmful effect on the film F such as deforming
      its shape or giving rise to scars on its surface while it slides through a
      cylindrical water cooler. Accordingly, the prior art mandrel must have its
      surface cleaned from time to time, decreasing productivity by that extent.
PAR  There will now be further detailed by reference to FIG. 4 the mandrel of
      this invention which has been devised to resolve the aforesaid
      difficulties.
PAR  Referring to FIG. 4, referential numeral 17 denotes a mandrel built into a
      cup shape. In the mandrel 17 is formed an annular cooling water passageway
      18 to which there are connected an inlet pipe 19 and outlet pipe 19a of
      cooling water. To the annular passageway 18 is fitted an arm 20, to which
      there is fixed a mandrel-supporting pipe. The mandrel 17 further contains
      an upright suction pipe 21 whose lower end closely faces the inner bottom
      surface of the mandrel 17. In this case, it is preferred that the mandrel
      17 should have such an outer diameter as gently decreases toward the
      bottom so as to match the extent of contraction of a molten tubular film F
      upon cooling, namely, that the mandrel 17 as a whole should have a
      peripheral surface bearing a conical or similar curvature, or an inwardly
      tapered cross section as shown in FIG. 4. Such shape of the mandrel 17 not
      only prevents the tubular film F from sticking to the peripheral surface
      of the mandrel 17 but also avoids a tight contact therebetween and yet
      eliminates decrease in the cooling effect. The peripheral surface of the
      mandrel 17 is made of metal and should preferably be so roughly finished
      as to cause the resultant fine depressions collectively to present a
      network pattern of about 70 to 150 mesh. Such rough finish has been
      experimentally found to give good results. An extremely smooth mirror-like
      finish of the mandrel surface rather undesirably accelerates the sticking
      of the tubular film to the mandrel surface.
PAR  The above-mentioned construction of the mandrel 17 enables the vapors of an
      additive incorporated in a synthetic resin constituting a tubular film to
      be cooled into a condensate, for example, on the upper surface of the
      mandrel 17 and collected at its bottom by flowing down the inwardly
      tapered peripheral wall of the mandrel 17. Therefore, when collected to a
      prescribed amount during operation, the condensate can be easily drawn off
      to the outside by vacuum suction through the suction pipe 21. Further, the
      mandrel of this invention prevents a condensate deposited on its upper
      surface from being solidified as is the case with the prior art mandrel,
      thus avoiding difficulties resulting from said solidification, and
      offering the advantage of forming a tubular film continuously for long
      hours under a stable condition.
PAR  There will now be described an air precooler included in the apparatus of
      this invention which is intended to cool with air a molten tubular film
      extruded from an annular die before it is conducted into a cylindrical
      water cooler.
PAR  Hitherto, precooling of a tubular film has been effected with air. A
      tubular film can indeed be more effectively precooled by ejecting large
      volumes of air on the periphery of the tubular film than by using small
      amounts thereof. However, ejection of large volumes of air leads to the
      occurrence of its vortical streams around the periphery of the tubular
      film, with the resultant unstable shaking of the tubular film. Once
      started, said shaking is more and more accelerated, presenting
      considerable difficulties in effecting the continuous formation of a
      tubular film under a stable condition. The shaking is supposed to
      originate with a combination of complicated factors including, for
      example, air streams flowing along the periphery of the tubular film and
      the properties displayed by a tubular film while it is cooled. However,
      the theoretical analysis of the actual cause of the shaking has not been
      fully carried out.
PAR  If a tubular film is precooled with sufficiently small volumes of air to
      avoid the appearance of said shaking, then there will arise the
      disadvantages that the film will have to travel a longer distance than
      otherwise before it enters a cylindrical water cooler, in order to attain
      a proper degree of cooling, with the resultant failure to finish the
      tubular film with high dimensional precision.
PAR  There will now be described by reference to FIG. 5 the mechanism of an air
      precooler according to this invention which has been devised to eliminate
      the above-mentioned difficulties.
PAR  Referring to FIG. 5, referential numeral 21 is an annular die, 22 an
      cylindrical water cooler and 23 an annular air cooler. To the annular air
      cooler 23 is fitted a draft tube 25 so as to surround a tubular film 24.
      The annular air cooler 23 has an annular inwardly projecting narrow
      sucking duct 26 fitted to the inner wall and an air suction pipe 27
      provided on the outer wall. Said duct may be replaced by a slit or hole.
      Under the above-mentioned arrangement, sucked air flows in the direction
      of the indicated arrow through a space defined between the inner wall of
      the draft tube 25 and the periphery of the tubular film 24 for its
      cooling. If, in this case, air travels through said space in turbulent
      streams, the tubular film does not present any shaking. Though the reason
      has not been fully understood, it is assumed that said turbulent streams
      of air statically act on the periphery of the tubular film instead of
      dynamically as when air is directly ejected thereto.
PAR  An air precooler of a tubular film according to this invention constructed
      as described above does not give rise to the shaking of the film even when
      larger amounts of air are applied than in the prior art air ejection
      precooler, thereby attaining the stable formation of the film.
PAR  There will now be described by reference to FIGS. 6 to 8 the method and
      device of this invention for automatically controlling the diameter of a
      tubular film extruded through an annular die. Throughout the figures,
      referential numeral 28 denotes an extruder, 29 a die head and 30 an
      annular die. This annular die 30 is bored at the center with a penetrating
      hole 34 through which to insert an air blowing copper pipe 31, a copper
      pipe 32 for supplying a cooling medium (water) to a mandrel 37 and a
      cooling water discharging copper pipe 33. To the top end of the
      penetrating hole 34 is connected a pipe or jacket 36 enveloping the
      aforesaid three copper pipes 31, 32 and 33, said enveloping pipe or jacket
      36 being integrally provided with an air sucking pipe 35. The enveloping
      pipe 36 and penetrating hole 34 jointly serve for suction of air. To the
      bottom end of the penetrating hole 34 is fitted a suspended pipe 38
      supporting a mandrel 37. The suspended pipe 38 has an opening L cut out at
      the intermediate part as shown in FIG. 6. The pipe for supplying a cooling
      medium (water) to the mandrel 37 and the cooling water discharging pipe 33
      are connected to the mandrel 37 through said cutout opening L. The air
      blowing pipe 31 is left open at the lower end.
PAR  Molten resin is extruded through the annular die 30 into a tubular film BF.
      Before reaching the cooling mandrel 37, the tubular film BF has its
      diameter detected by a detecting element consisting of two light
      projectors 39 and 39a and two light receivers 40 and 40a (photocells)
      grouped as 39-40 and 39a-40a (FIG. 8). Namely, where a tubular film BF has
      a larger diameter than prescribed, the light projector 39a gives forth a
      decreased amount of parallel beams and the light receiver or photocell 40a
      detects said decreased parallel beams. Conversely, where the tubular film
      BF has a smaller diameter than prescribed, the light projector 39 produces
      an increased amount of parallel beams and the light receiver or photocell
      40 detects said increased parallel beams.
PAR  Where the tubular film BF has a smaller diameter than desired, the
      resulting amount of parallel beams delivered by the light projector 39 are
      detected by the photocell 40, and an air supply valve 43, for example, a
      solenoid valve is opened through a meter relay 41 and control circuit 42.
      Thus air supplied from a blower 44 has its pressure reduced by a pressure
      reducing valve 45 to a lever required to increase the diameter of the
      tubular film BF and introduced into the tubular film BF through the air
      blowing pipe 31, thereby causing the tubular film BF to have its diameter
      increased as desired. Where the tubular film BF has a larger diameter than
      specified, the parallel beams sent forth by the light projector 39a are
      obstructed in passage by the expanded tubular film BF, failing to reach
      the light receiver or photocell 40a. As the result, operation is
      controlled in the opposite manner to the case where additional air is
      supplied to supplement the insufficient diameter of the tubular film BF.
      Namely, an air suction valve 43a is opened and air in the tubular film BF
      is drawn off by a vacuum pump 46 through the penetrating hole 34 bored in
      the annular die 30 and the suction pipe 35 to reduce the increased
      diameter of the tubular film BF. Ahead of the vacuum pump 46 is disposed
      an accumulator AR to stabilize the pressure of air when it is drawn out of
      the tubular film BF. Ahead of the air suction valve 43a is preferably
      provided a conventional cleaner 47.
PAR  The aforementioned device for automatically controlling the supply of
      compressed air to and its withdrawal from a tubular film by an element for
      detecting the diameter of a tubular film which comprises two independent
      groups each consisting of a light projector and light receiver can be
      operated most economically due to the simplified mechanical and electrical
      equipment, the durability of the device itself and the stability of the
      control system.
PAR  Where there is used a large-scale apparatus for manufacturing a tubular
      film, or where demands are made with respect to operating conditions, the
      aforesaid electric solenoid valve may be replaced by an air servo valve,
      using a device for converting produced electric energy to the
      corresponding pneumatic energy.
PAR  This invention can minimize variation in the diameter of a tubular film by
      automatically controlling the amount of cooling air introduced into or
      withdrawn from the interior of the tubular film, attaining the manufacture
      of a tubular film with uniform quality under a stable condition.
PAR  This invention will be more fully understood with reference to the examples
      which follow.
PAC  EXAMPLE 1
PAR  A nonstretched tubular film was molded using a cylindrical water cooler
      shown in FIG. 2 under the following conditions:
PA1  Raw resin: polypropylene (manufactured by Showa Yuka Company under a
      trademark "Shoallomer") having a melt index (m.I.) of 2 g/10 min.
TBL  ______________________________________                                    

     Extruder temperature:                                                     

     ______________________________________                                    

     Cylinder        C.sub.1   C.sub.2   C.sub.3                               

                     240 .degree.C                                             

                               250 .degree.C                                   

                                         210 .degree.C                         

     Head            H.sub.1   H.sub.2                                         

                     200 .degree.C                                             

                               200 .degree.C                                   

     Die             D                                                         

                     200 .degree.C                                             

     ______________________________________                                    

PA1  Die inner diameter: 100 mm
PA1  Folded width of tubular film: 154 mm
PA1  Thickness of the film: 776 microns
PA1  Degree of vacuum in cylindrical water cooler: 100 mm Hg
PA1  Inner diameter of cylindrical water cooler: 104 mm
PA1  Suction ports arranged in two lines in staggered fashion in the vacuum
      sizing chamber:
PA2  Diameter of each port: 1mm
PA2  Pitch between two adjacent ports: 10 mm
PA1  Mandrel diameter: 100 mm
PA1  Film take up speed: 2.4 m/min.
PAR  A nonstretched tubular film produced under the above conditions presented a
      smooth, scarless surface and was free from the sagging or zigzag
      deformation of its periphery, and displayed such molding stability that no
      difficulties took place during a continuous operation of 120 hours. The
      above raw tubular film was made into an inflated tubular film by biaxially
      stretching it 6.5 times in the machine direction (M.D.) and 6.5 times in
      the transverse direction (T.D.). The product displayed a clear transparent
      sagless appearance with its thickness varied within the range of .+-.6%.
PAC  EXAMPLE 2
PAR  A nonstretched tubular film was molded using the cylindrical water cooler
      of FIG. 2 under the following conditions:
PA1  Raw resin: high density polyethylene (manufactured by Showa Yuka Company
      under a trademark Sholex) having a melt index of 0.2 g/10 min.
TBL  Cylinder    C.sub.1    C.sub.2    C.sub.3                                 

                 203 .degree.C                                                 

                            230 .degree.C                                      

                                       236 .degree.C                           

     Head        H.sub.1    H.sub.2                                            

                 233 .degree.C                                                 

                            213 .degree.C                                      

     Die         D                                                             

                 215 .degree.C                                                 

PA1  Die inner diameter: 100 mm
PA1  Folded width of tubular film: 154 mm
PA1  Thickness of the film: 605 microns
PA1  Evacuation of cylindrical water cooler: 110 mm Hg
PA1  Inner diameter of cylindrical water cooler: 104 mm
PA1  Suction ports arranged in two lines in staggered fashion in the vacuum
      sizing chamber:
PA2  Diameter of each port: 1 mm
PA2  Pitch between two adjacent ports: 10 mm
PA1  Mandrel diameter: 100 mm
PA1  Film take up speed: 2.4 m/min.
PAR  A nonstretched tubular film produced under the above conditions indicated,
      as in Example 1, a smooth, scarless surface and was free from the sagging
      or zigzag deformation of its periphery, and displayed such molding
      stability that no difficulties occurred during a continuous operation of
      144 hours. The above raw tubular film was made into an inflated tubular
      film by biaxially stretching it 6.15 times in the machine direction and
      6.5 times in the transverse direction. The product has a suitable
      toughness like tissue paper and presented a clean, sagless appearance with
      its thickness varied within the range of .+-.6%.
PAC  EXAMPLE 3
PAR  A nonstretched tubular film was produced under the following conditions
      with the view of proving the effect of an air cooler used in the apparatus
      of this invention.
PA1  Raw resin: high density polyethylene having a melt index of 0.2 g/10 min.
PA1  Molding conditions:
PA2  Screw rotation velocity: 72 r.p.m.
PA2  Extrusion speed: 30.5 kg/hr.
PA2  Die outlet temperature: 200 .degree.C
PA2  Diameter of inflated tubular film: 100 mm
PA2  Film take up speed: 3.2 m/min.
PA2  Thickness of the film: 750 microns
PA1  Specification of an air cooler according to this invention:
PA2  Inner diameter of the draft tube: 200 mm
PA2  Length from the underside of the die to the lower end of the draft tube:
      300 mm
PA2  Distance between the lower end of the draft tube and the upper end of the
      cylindrical water cooler: 100 mm
PAR  When a tubular film extruded through an annular die was precooled with air
      sucked at the rate of 3.5 m.sup.3 /min., it did not present any shaking.
      When the effect of the present air cooler was examined by an infrared
      surface thermometer, the tubular film indicated a temperature of
      160.degree.C on the average just before reaching the water cooling
      mandrel, proving that the present air cooler precooled the tubular film as
      much as 40 .degree.C from its initial extruded temperature of 200
      .degree.C.
PAC  CONTROL
PAR  This experiment was made to prove the effect of the present air cooler more
      distinctly. A tubular film was molded under the same conditions as in
      Example 3, but using the conventional cylindrical air cooler which was
      operated by ejecting streams of cooling air at 10 .degree.C on the tubular
      film in the peripheral direction thereof through a slit 2 mm wide bored
      all around said cooler.
PAR  When cooling air was ejected on the tubular film at the rate of 1 m.sup.3
      /min., the film presented shaking, failing to be continuously formed. Said
      shaking was found to have an amplitude of 2 to 3 mm and take place about
      100 times per minute. Further when the effect of said conventional
      cylindrical air cooler was examined by an infrared surface thermometer,
      the tubular film indicated a temperature of 190 .degree.C on the average
      just before reaching the water cooling mandrel, showing that the
      conventional air cooler precooled the tubular film only 10 .degree.C from
      its initial extruded temperature of 200 .degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for manufacture of tubular film from thermoplastic resin
      comprising:
PA1  A. an extruder provided with an annular die for substantially downward
      extrusion of thermoplastic resin in the form of a tubular film;
PA1  B. means for supplying a prescribed volume of air to inflate said tubular
      film;
PA1  C. a cylindrical mandrel positioned below said die for internally cooling
      said tubular film;
PA1  D. a cylindrical water cooler, concentric with said mandrel, provided with
      vacuum sizing means for externally cooling and sizing said tubular film,
PA1  E. said cooler having:
PA2  a. an annular cooling water reservoir disposed at the upper part of said
      cooler,
PA2  b. an annular cap member covering said cooling water reservoir, the upper
      surface of the cap member acting as a weir to fix the level of an upward
      stream of water contacting the external surface of said tubular film,
PA2  c. an annular vacuum sizing chamber positioned below said cooling water
      reservoir and provided with a plurality of air sucking ports for sizing
      said tubular film,
PA2  d. a cooling water inlet into an annular passageway below said cap member
      and above said chamber for providing water to produce a first stream of
      water upwardly to said cap member and a second stream of water downwardly
      past said chamber with both streams contacting the external surface of
      said tubular film,
PA2  e. an annular cooling water outlet below said chamber for discharge of
      water flowing in said second stream of water, and
PA2  f. annular vacuum suction means for removing residual water from said
      tubular film below said water outlet.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said mandrel has an annular
      passageway of cooling water formed close to the inner wall and connected
      to a cooling water supply pipe and a cooling water discharging pipe, and
      an upright condensate sucking pipe received in the mandrel with the lower
      end of said sucking pipe brought near the bottom of the mandrel where
      condensate is collected.
NUM  3.
PAR  3. Apparatus according to claim 1 having air cooling means for precooling
      said tubular film with sucked air contacting the external surface of said
      tubular film provided between said extruder and said water cooler, said
      air cooling means comprising:
PA1  an annular air cooler surrounding said tubular film and provided with
      inwardly projecting annular air sucking means, and
PA1  a draft tube fitted to said annular air cooler.
NUM  4.
PAR  4. An apparatus according to claim 1 wherein said annular die is bored at
      the center with a penetrating hole through which leads an air blowing
      pipe, and pipes for introducing and drawing off a medium for cooling the
      mandrel; said penetrating hole is fitted at the upper end with an envelope
      of said three pipes integrally provided with an air sucking pipe and at
      the lower end with a suspended pipe connected to the mandrel for its
      support and bored with an opening at the intermediate part; said pipes for
      introducing and drawing off a medium for cooling the mandrel pass through
      said suspended pipe to be connected to the mandrel; the lower end of an
      air introducing pipe faces said opening; there are provided near the upper
      peripheral edge of the mandrel a plurality of light projectors and light
      receivers collectively acting to detect an increase or decrease in the
      diameter of a tubular film extruded from the annular die; and there is
      further provided a control circuit for actuating a valve for controlling
      the amount of cooling air introduced or drawn off upon receipt of a signal
      from said light receivers.
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ABST
PAL  An extruder nozzle for an apparatus for producing tobacco fiber from a
      paste, pulp, mash or slurry of comminuted botanics, which may or may not
      contain tobacco, binders, plasticizers and organic and inorganic salts,
      comprises a nozzle surface formed with a multiplicity of orifices through
      which strands of the dryable composition are extruded. Distributed among
      the orifices are openings for a compressed gas, e.g. compressed air, which
      passes along the fibers in the direction of extrusion thereof and hence
      applies an entraining force to the strands tending to break them off into
      fibers.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to an extruder nozzle for shaping a mash, paste or
      slurry of a smokeable composition pulp, introduced under pressure, into
      smoking fibers by extruding the pulp through several pulp outlet openings
      or orifices formed side by side in a nozzle mouthpiece directed in a
      common jet region.
PAC  BACKGROUND OF THE INVENTION
PAR  In the commonly assigned copending application Ser. No. 194,654, filed Nov.
      1, 1971, (now U.S. Pat. No. 3,820,548) there is described a composition
      for the production of tobacco-like smokeable materials in which tobacco
      and non-tobacco botanicals, plasticizers, binders or film forming
      materials, flavoring agents and organic or inorganic salts and fillers are
      combined with water to produce a slurry, paste or mash. The latter, can be
      shaped into foils by casting upon a surface and, when dried, the foil can
      be subdivided into strands and the strands subdivided, in turn, to produce
      fibers of a convenient length. The composition is characterized by
      pleasant smoking characteristics as pipe, cigarette and cigar tobacco and
      when, in the following description, reference is made to a tobacco-like
      composition it is to be understood that the composition described in the
      aforementioned copending application may be employed.
PAR  If herein and hereinafter there is mention of tobacco pulp, then by this
      should be understood a pulp containing natural tobacco and/or tobacco
      substitutes which, by drying, can be molded into a smokeable, regenerated
      tobacco or tobacco substitute.
PAR  Extruder nozzles of the kind referred to above serve the purpose of forming
      the pulp into fiber form, so that the latter, when set by drying, may be
      processed directly into smokeable materials.
PAR  In one known nozzle of the kind referred to above, five pulp outlet
      openings are located side by side, from each of which a continuous tobacco
      strand issues which by drying sets into an extremely long tobacco fiber
      which can then be cut into required lengths.
PAC  OBJECTS OF THE INVENTION
PAR  It is the principal object of the present invention to provide an improved
      system for making tobacco fibers from an extrudable and dryable paste,
      pulp, mash or slurry of a tobacco-containing or tobacco-free composition
      of the character previously described.
PAR  It is an another object of the invention to provide a method and an
      apparatus for the production of tobacco-like fibers whereby multiple
      preparation operations characterizing earlier systems can be obviated.
PAR  It is an object of the invention to avoid the cutting operation and to
      produce from the start tobacco fibers of the required length.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is based upon our discovery that, when a smokeable
      extrudable composition of the character previously described is forced
      through a multiplicity of orifices to form discrete and separate strands
      of a tobacco-containing or tobacco-free composition and a substantially
      constant force is applied to the strands immediately as they extrude from
      the orifices, it is possible to automatically break up each strand into
      individual fibers of a convenient length whereby the comminution technique
      of the prior art can be avoided. We have further discovered that the
      necessary force can most advantageously be applied by directing at the
      nozzle surface a flow of gas in the same direction as that in which the
      strands are extruded, i.e. by providing the nozzle surface with openings
      interspersed with the extrusion orifices and from which a compressed gas,
      preferably compressed air, is discharged.
PAR  It appears that the codirectional flow of air and the extruded material,
      where the air has a higher velocity than the extruded material, results in
      a frictional entrainment of the portion of the strand emerging from the
      extrusion orifices and tends to draw the strand away from the orifices
      with a force which increases as the length of the extruded portion exposed
      to the air stream increases. At a certain point, this force exceeds the
      cohesive force and the exposed length of strand ruptures to separate a
      tobacco-like fiber from the extruding strand.
PAR  The invention provides that between the pulp outlet orifices in the nozzle
      mouthpiece, compressed-gas openings are provided which are connected to a
      compressed-gas supply system. Thus the fibers at a critical point in their
      formation are immediately surrounded by the gas flow and hence at least
      externally dried so that they retain the elongate form obtained by the
      extrusion from the nozzle. They are also carried away, stretched by the
      accompanying stream of air and prevented from adhering to the adjacent
      fibers. By the gas stream surrounding the fibers formed, the fibers are
      torn from the nozzle upon having attained a certain length and the
      operating conditions may be readily chosen so that the fibers are formed
      of the required length from the start.
PAR  The moment of break-away may also be predetermined in that the gas stream
      surrounding the fibers formed is pulsed and/or the pressure load at which
      the pulp is supplied to this extruder nozzle is pulsed.
PAR  According to another feature of this invention, the fibers torn away from
      the respective strands are entrained with the gas stream along a path
      whereby heavier fibers are separated from lighter fibers and the resulting
      classification represents a classification by length. The fibers of
      different size can be processed independently.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which:
PAR  FIG. 1 shows an extruder nozzle according to the invention in
      cross-section;
PAR  FIG. 2 is a plan view in section taken in the direction of the arrow II in
      FIG. 1;
PAR  FIGS. 3 to 5 are sectional views similar to FIG. 2 and illustrating further
      embodiments; and
PAR  FIG. 6 is a diagrammatic elevational view of an apparatus for moulding
      tobacco pulp into tobacco fibers having an extruder nozzle according to
      the invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In accordance with FIG. 1, the numeral 1 generally denotes the extruder
      nozzle which consists of a hemispherical hollow body 2, the flat end face
      of which is formed as nozzle mouthpiece 3 and provided with a plurality of
      openings. The openings comprise pulp outlet orifices 4 which lead directly
      into the interior 5 of the hollow body 2, and compressed-air openings 6
      which are connected by pipe stubs 7 to a compressed-air ring conduit 8 or
      manifold located in the interior of the hollow body. A
      compressed-air-supply pipe 9 communicates with the ring conduit 8 and is
      led in sealed from the outside where it is connected to a
      compressed-air-supply system.
PAR  A pulp supply pipe 10 is connected between the pressure side of a pump, not
      shown, and the interior 5; the pump forces tobacco pulp under pressure
      from a storage container via the pulp supply pipe 10 into the interior 5
      and extrudes the pulp out of the pulp outlet orifices 4. During operation,
      the pulp in form of soft threads or strands is discharged through the pulp
      outlet orifices because of the pressure load. These threads or strands
      arrive in the region of action of the compressed air flow, which is
      generated from the compressed-air openings 6, and are torn off thereby as
      soon as they have reached a certain length which depends upon the
      operating conditions, the consistency of the tobacco pulp and the
      geometric configuration of the nozzle mouthpiece 3.
PAR  To ensure that all the tobacco fibers and strands being formed are engaged
      by the co-directionally flowing compressed air and are also torn off at
      substantially uniform length, the compressed air openings 6 are spread
      uniformly below the pulp outlet openings. All these openings, as shown in
      FIG. 2, are circular. In FIG. 2 for the sake of clarity, the pulp outlet
      orifices 4, are left open while the compressed-air openings 6 are shown
      diagonally hatched. The openings 4, 6 are circular and all of equal
      diameter and are located at the corners and in the centre of regular
      hexagons.
PAR  In FIGS. 3 to 5, the pulp outlet openings 12, 13, 14 are shown open while
      the compressed-air outlets are denoted by 15, 16 and 17 respectively and
      are shown diagonally hatched. In FIG. 3, the openings 12, 15 have a
      regular hexagonal cross-section. According to FIG. 4, the openings 13, 16
      are squares and according to FIG. 5 the openings 14, 17 are rectangles.
PAR  The pulp outlet openings 4, 12, 13 and 14 and the compressed-air openings
      6, 15, 16 and 17 respectively are evenly spread over the outlet surface 11
      of the nozzle mouthpiece concerned so that each pulp outlet opening is at
      least directly adjacent to a compressed-air opening.
PAR  In the embodiments of FIGS. 2, 3 and 4 all the openings mutually are of the
      same size; however the compressed air openings can be smaller than the
      pulp outlet openings.
PAR  In FIG. 6, 30 denotes a machine frame on which the extruder nozzle 1 is
      mounted by means of a holder 31, the compressed air supply pipe 9 of which
      leads to a compressed air supply system 32, while the pulp supply pipe 10
      via a pump 33 communicates with a tobacco pulp reservoir 34. The arrows 35
      and 36 indicate that the compressed air pressure acting on the extruder
      nozzle 1 or that the pressure on the tobacco pulp is adjustable from the
      outside by suitable handles.
PAR  The compressed air openings 6 and the pulp outlet openings 4 in the
      extruder nozzle are directed in the same jet cone, the median axis of
      which is denoted by 29.
PAR  During operation, the tobacco fibers which are still soft and dried only
      externally, are torn-off by the compressed air flow and at first forcibly
      carried along by the compressed air flow, hence in the direction of the
      axis 29, but then, due to their gravity drop downwards so that they
      substantially describe an orbit as represented by the dot-dash lines 37
      and 38. This orbit is directed to two conveyor belts which are formed to
      convey at right angles to the direction of the axis 29, namely in the
      direction of the drawing plane of FIG. 6. The tobacco fibers which do not
      travel very far, i.e. the ligher shorter ones, drop onto the first
      conveyor belt 39, while the tobacco fibers which travel further, i.e. the
      heavy larger ones, drop onto the second conveyor belt 40. Between and on
      both sides of the conveyor belts, sliding plates 41, 42, 43 are located
      which are secured to the frame 30 and serve to conduct the overshooting
      and undershooting tobacco fibers onto the conveyor belts thereon. The two
      conveyor belts are guided over rollers 44, 45, the common shaft 46 of
      which being mounted in end plates 47 to 49 on the frame and are driven by
      a motor 50. The tobacco fibers, dried externally, arrive on the conveyor
      belts where they are further dried until sufficiently set. For this
      purpose, heating and ventilating devices may be provided which are
      directed against the fibers to be dried.
PAR  The numerals 27 and 28 denote two impulse generators which periodically
      superimpose pressure impulses to the pressure produced by the compressed
      air supply system 32 and the pump 33 respectively. Such pressure surfaces
      determine the tearingoff moment forming at the pulp outlet openings 4. A
      single impulse generator 27 or 28 suffices for this purpose. It is also
      possible to dispense entirely with the impulse generators 27 and 28 or to
      switch these off; statistically the fibers formed tear-off when reaching a
      length dependent upon operating conditions, the pulp consistencies and the
      geometry of the nozzle.
PAR  The invention may be used to produce smokeable fibers of tobacco or tobacco
      wastes and can use plants which are not tobacco plants -- i.e. so-called
      nontobacco plants.
PAC  SPECIFIC EXAMPLES
PAC  Example 1
PAR  1000 Grams crushed wheat, 1000 grams wheat straw, 1000 grams rice straw,
      1000 grams oat straw, 500 grams coconut shells with fibers and 500 grams
      cacao shells are ground in a dry state and suspended with 15 liters of
      water and the suspension is milled in a wet state at a maximum temperature
      of 60.degree.C.
PAR  Into the suspension so formed the following components are charged: 50
      grams magnesium formate, 300 grams tartaric acid, 100 grams potassium
      nitrate, 400 grams diammonium hydrogen phosphate, 7.5 grams vanillin, 400
      grams calcium carbonate, 400 grams liquid paraffin, 900 grams NaCMC
      (sodium carboxymethylcellulose), 200 grams raw pectin, 150 grams 40
      percent glyoxal, 100 grams glycerine, 650 grams diethylene glycol, 850
      grams fruit concentrate, 500 grams invert sugar and 50 grams coffee bean
      residue and the mixture so formed is kneaded into a homogeneous pulp in a
      kneading machine.
PAR  The pulp produced in this manner is charged into a pulp storage container
      34 in accordance with FIG. 6 and extruded into fibers as described in
      connection therewith.
PAC  Example 2
PAR  5000 Grams natural tobacco wastes are ground in a dry state, suspended with
      15 liters of water and the suspension ground in a wet state at a maximum
      temperature of 60.degree.C.
PAR  Into the suspension so formed the following components are charged: 50
      grams magnesium formate, 500 grams NaCMC (sodium carboxymethylcellulose),
      200 grams glycerine and 100 grams 40 percent glyoxal and the mixture so
      formed is kneaded into a homogenous pulp in a kneading machine.
PAR  The pulp so produced is charged into a pulp storage container in accordance
      with FIG. 6 and extruded into fibers as described in connection therewith.
PAR  All weight data relate to the pulp components with their natural water and
      water of crystallization content respectively.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an apparatus for the formation of smokeable fibers the improvement
      which comprises an extruder nozzle having a nozzle surface formed with a
      plurality of extrusion orifices and interspersed with said orifices; a
      multiplicity of gas-outlet openings interspersed with said orifices and
      coplanar therewith, a plurality of said openings surrounding each orifice;
      means for forcing an extrudable smokeable composition through said
      orifices to form discrete strands; and means for supplying a compressed
      gas to said openings to produce a gas flow codirectionally with and along
      said strands breaking the  same into fibers by tearing said strands from
      said orifices in the direction in which the strands are extruded.
NUM  2.
PAR  2. The improvement defined in claim 1 wherein said orifices have a jet
      region and said openings are trained on said jet region.
NUM  3.
PAR  3. The improvement defined in claim 2 wherein said openings are located
      side by side with said orifices.
NUM  4.
PAR  4. The improvement defined in claim 3 wherein said orifices are uniformly
      distributed over said surface and said openings are uniformly distributed
      over said surface.
NUM  5.
PAR  5. The improvement defined in claim 4 wherein said nozzle further comprises
      means defining a chamber bounded by a wall forming said surface and
      communicating with said orifices, said composition being forced into said
      chamber, said means for supplying compressed gas to said openings
      including a manifold received in said chamber.
NUM  6.
PAR  6. The improvement defined in claim 5 wherein said means for supplying
      compressed gas to said openings includes pulsing means for applying
      pressure pulses to said gas.
NUM  7.
PAR  7. The improvement defined in claim 5 wherein the means for supplying said
      composition through said chamber includes pulsing means for periodically
      pulsing the pressure of the extruding composition.
NUM  8.
PAR  8. The improvement defined in claim 5 wherein the gas flowing from said
      openings entrains said fibers along a trajectory, further comprising means
      for collecting fiber at locations offset along said trajectory in
      accordance with the fiber length.
NUM  9.
PAR  9. The improvement defined in claim 5 wherein said orifices and said
      openings are of circular configuration.
NUM  10.
PAR  10. The improvement defined in claim 5 wherein said orifices and said
      openings are of polygonal configuration.
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ABST
PAL  Apparatus for constructing reinforced concrete modular construction units
      comprising longitudinally extending multi-sided construction units.
      Reinforcing bars and mesh are formed into a cage of the desired size and
      shape for the particular unit. Such cage is mounted on a rotatable shaft
      which may also be raised and lowered relative to a horizontal bed. Each
      side of the modular construction unit is in turn positioned in a perimeter
      form on the bed in which the concrete is poured and finished flat to form
      each side of the modular unit. After each side has cured a sufficient time
      to insure its structural integrity the cage is raised and rotated to align
      another side of the cage with the horizontal bed. The cage is lowered into
      position adjacent the bed in a suitable form and concrete is poured around
      the reinforcing structure on that side of the cage to form that side of
      the wall of the building. Successive sides are similarly formed until the
      longitudinally extending hollow construction unit has been completed.
      Thereafter, end walls are formed in the tubular member to enclose the
      modular building unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an apparatus for forming reinforced
      concrete modular construction units.
PAR  2. Description of the Prior Art
PAR  Although there are numerous prior art concrete building methods and
      apparatus for forming concrete structures, each of these normally requires
      the use of a multitude of forms, generally requiring forms for each wall
      and thereby require the expenditure of substantial amounts of time in
      setting up and removing the forms for each structure which is made with
      the forms.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a new and improved apparatus for
      constructing reinforced concrete modular buildings. The typical reinforced
      concrete building structures heretofore have required an elaborate forming
      system for shaping the building to the desired contour. This normally
      requires building or assembling of interior and exterior forms to create a
      mold for receiving the liquid concrete to thereby form a wall when the
      concrete cures. One of the obvious disadvantages of this arrangement is
      that inherently it requires a duplication of efforts to first form the
      walls of form material and then form the walls of the reinforced concrete
      a second time. One of the advantages of Applicant's invention is that it
      provides an apparatus whereby a slab is first poured on the ground and
      finished smooth and thereafter is used for receiving the concrete which
      forms each wall as well as the floor and roof. The slab in effect becomes
      a part of the form although it remains permanently in place on the ground.
      A perimeter form is placed on the slab for receiving the steel rod and
      wire reinforcing material and with such wire properly spaced from the
      slab, the liquid concrete is poured into place and finished in a
      horizontal position which is the most efficient way of finishing concrete.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view showing the cage of reinforcing wire and rods
      mounted on a rotatable support;
PAR  FIG. 2 is an end view showing the apparatus for raising and lowering the
      reinforcing cage relative to the slab;
PAR  FIG. 3 is an end view showing the cage reinforcing wire cage partially
      rotated; and
PAR  FIG. 4 is an isometric view of two construction units joined together to
      form a single building.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus of the present invention is designated generally A in FIG. 1
      of the drawings. Such apparatus includes a rotatable shaft R which is
      rotatably mounted at each end on vertical supports M by which the shaft R
      may be raised and lowered, as desired. Such shaft R carries a rotatable
      cage or framework C formed of reinforcing bars and/or reinforcing mesh or
      other suitable concrete reinforcing material which is used in forming the
      walls as well as the top and bottom of the modular structures. As shown, a
      slab or forming surface S is first formed on the ground and finished with
      the smooth upper surface so as to provide a smooth finish in the exterior
      side of the construction unit. A suitable perimeter form F is set on the
      slab for forming the sides of the construction unit.
PAR  Considering now the apparatus of the present invention in more detail, the
      slab S is normally formed at the building site on the ground with a smooth
      upper surface 11 which can be smoothed to the same finish that one desires
      on the exterior walls of the building. It will be appreciated that the
      slab S forms the bottom of the mold or form in which the concrete is
      poured and thus becomes an integral form portion in the apparatus and
      method of the present invention. Also, a steel plate or other suitable
      surface can be used as the bottom of the form, if desired. The upper
      surface 11 is either treated with an oil or other suitable material to
      prevent sticking between the concrete poured on the slab and the slab
      itself or if desired, other steps well known in the art may be taken to
      prevent the side walls of the building from adhering to the upper surface
      of the slab S.
PAR  As shown in FIG. 1 of the drawings the rotatable shaft R is positioned at
      the center of the cage C. Such shaft is rotatably mounted in suitable
      bearing supports 14 which are positioned on a transversely extending beam
      or plate 16 which is supported at its opposite ends by hydraulic cylinders
      or other suitable raising and lowering devices 20. It will be appreciated
      that the beam 16 may be raised and lowered either mechanically such as
      with wenches and lines or hydraulically; however, in the preferred form of
      this invention, the shaft R is shown raised and lowered by the hydraulic
      devices. Further, it will be appreciated that a similar transverse beam
      16' is provided at the opposite end of the rotatable shaft R from the beam
      16 and that such shaft is rotatably mounted in a suitable bearing 14'
      carried on the beam 16'. Such beam 16' is raised and lowered by suitable
      hydraulic piston 20'.
PAR  The cage C is formed of reinforcing bars 22 which run longitudinally of
      such cage as well as bars 23 which run laterally of cage C in the sides 30
      and 31 and also in the top 40 and the bottom 41 of the cage. Further, it
      will be appreciated that wire mesh or other suitable concrete reinforcing
      material may be used to reinforce the concrete forming the sides as well
      as the top and the bottom of each of the construction units. The cage C is
      formed on suitable end members 50 which have substantially the same
      configuration as a cross-section of the housing and such end support
      members have cross beams 60 and 61 extending diagonally from corner to
      corner of the construction unit. Such end 50 is positioned at either end
      of the cage C as are the diagonal cross support members 60 and 61.
      Further, it will be appreciated that intermediate support frames may be
      provided between the opposite ends of the cage C, as desired.
PAR  The form F comprises a perimeter form which includes a top 70, bottom 80
      and ends 81 and 82. During the forming process, the form F extends around
      the walls formed with apparatus A.
PAR  As shown in FIG. 1 of the drawings, the side of the cage C which is
      adjacent of the upper surface of the slab S is provided with additional
      forms such as the window forms W and the door form D. Of course, the
      reinforcing wire mesh is removed from those areas which are encompassed by
      doors, windows or other openings so as to be formed at the same time that
      the wall is formed.
PAR  With the cage C oriented relative to the form F in a position shown in FIG.
      1 of the drawings such cage is lowered so as to space the reinforcing rods
      or wires in the side 31 a suitable distance from the slab S. Thereafter,
      concrete is poured into the form F and then finished smooth inside of the
      cage in a substantially horizontal position.
PAR  After the concrete forming the wall 30' has cured sufficiently to insure
      its structural integrity, the rotatable shaft R on which the cage C is
      mounted is lifted by the hydraulic lifting pistons 20 and 20' into the
      position shown in FIG. 3 of the drawings and the cage C rotated so as to
      position another side of the cage C substantially parallel to the slab S.
      Thereafter, the rotatable shaft R carrying the cage C is lowered by the
      hydraulic lifting devices 20 and 20' to position the lower adjacent side
      of such cage in the form F but to support it a suitable distance from the
      upper surface 11 of the slab for receiving concrete. Thereafter, the
      concrete is poured into the form F so as to cover the wire mesh side of
      the cage C, and thereafter, the upper surface of such concrete is flat
      finished in the perimeter form F. When that side has cured sufficiently to
      insure its structural integrity, the rotatable shaft R is again raised and
      the cage C rotated so as to present a third side to the slab S for forming
      the form F and, after the third side has been formed, a fourth side is
      then formed so as to construct a four-sided unitary concrete modular
      structure. Thereafter, sliding glass doors 84 or other suitable closure
      means are installed in the opposite open ends such as open end 86 of the
      concrete structure so as to provide a closed-in structure. Also, as
      illustrated in FIG. 4 of the drawings, it will be appreciated that two or
      more of such structures may be joined together to provide a structure of
      some desired configuration.
PAR  After the four sides which include the top and bottom of the structure have
      been formed and have cured sufficiently to permit the structure to be
      moved, the concrete structure may be lifted by the hydraulic pistons and
      set on a trailer or other suitable moving carriage and thereafter, the
      rotatable shaft R and its end support members are withdrawn from the
      structure and it may then be moved to another location. Also, the
      rotatable shaft and the associated internal bracing may be left in the
      tubular structure during moving, if desired. Internal X bracing will be
      used at suitable intervals intermediate the ends of the tubular member, as
      shown in FIG. 1.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for use in forming reinforced concrete modular construction
      units, comprising:
PA1  a. support means;
PA1  b. a shaft mounted with said support means for rotational movement with
      respect thereto;
PA1  c. cage means mounted on said shaft for movement therewith for forming a
      plurality of concrete receiving surfaces of concrete reinforcing material
      about which concrete is cast, each of said surfaces with concrete cast
      thereon forming an integral part of a modular construction unit; and
PA1  d. a vertical positioning means mounted with said support means for moving
      said support means and shaft vertically to adjust the vertical position of
      said cage means surfaces between lower position in which concrete is cast
      about said surfaces and an upper position in which said shaft is rotated,
      so that by selective rotation and vertical positioning, said cage means
      surfaces are positioned for casting concrete on each of said surfaces to
      form a reinforced concrete modular construction unit.
NUM  2.
PAR  2. The invention of claim 1, further including:
PA1  a substantially horizontal base mounted beneath said cage means adjacent
      which said cage means surfaces are placed for receiving concretes.
NUM  3.
PAR  3. The invention of claim 1, further including:
PA1  a perimeter form mounted beneath said cage means for forming a confined
      area in which concrete is cast on said cage means surfaces.
NUM  4.
PAR  4. The invention of claim 1, wherein:
PA1  said cage means surfaces are formed into a multi-sided enclosure
      surrounding said rotatable shaft.
NUM  5.
PAR  5. The invention of claim 1, wherein:
PA1  said vertical positioning means includes hydraulic cylinders at each end of
      said shaft.
NUM  6.
PAR  6. The invention of claim 1, further including:
PA1  end members mounted at opposing ends of said shaft for supporting the
      concrete reinforcing material intermediate opposite ends of said shaft.
PATN
WKU  039320839
SRC  5
APN  5282136
APT  1
ART  322
APD  19741129
TTL  Injection molding control
ISD  19760113
NCL  5
ECL  1
EXA  Charvat; R. J.
EXP  Husar; Francis S.
NDR  2
NFG  4
INVT
NAM  Boettner; Jon E.
CTY  Owens Township, Winnebago County
STA  IL
ASSG
NAM  Barber-Colman Company
CTY  Rockford
STA  IL
COD  02
RLAP
COD  74
APN  421115
APD  19731203
PSC  04
CLAS
OCL  425145
XCL  425149
EDF  2
ICL  B29F  102
ICL  B29F  1022
ICL  B29F  106
FSC  425
FSS  145;149;151;155;159
UREF
PNO  3693946
ISD  19720800
NAM  Merritt
OCL  425145
UREF
PNO  3712772
ISD  19730100
NAM  Hunkar
OCL  425141
UREF
PNO  3721512
ISD  19730300
NAM  Ma et al.
OCL  425149
UREF
PNO  3752363
ISD  19730800
NAM  Fegley et al.
OCL  425145
UREF
PNO  3767339
ISD  19731000
NAM  Hunkar
OCL  425149
UREF
PNO  3840312
ISD  19741000
NAM  Paulson et al.
OCL  425149
LREP
FR2  Koch; A. Richard
ABST
PAL  The control system for an injection molding machine providing successive
      fill, compaction, hold, cure and mold open times. The ram position and
      mold pressure are monitored at predetermined times respectively after the
      molding cycle has begun. If the ram position is out of tolerance, the fill
      pressure is adjusted to compensate for the deviation. If the mold pressure
      is out of tolerance, the compaction pressure is adjusted to compensate for
      the deviation in mold pressure.
PARN
PAR  This is a division of application Ser. No. 421,115, filed Dec. 3, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In injection molding of thermoplastic material it is desirable that the
      parts produced be uniform in shape, size, weight, strength and appearance.
      These characteristics are partly dependent upon the properties of the
      material and the design of the mold, but they are also the result of the
      control exercised over the molding operating. Such characteristics are
      dependent upon the temperataure of the material, the rate of flow of the
      plasticized material into the mold and the density of the material in the
      mold.
PAR  The temperature of the plasticized material, or melt, being injected into
      the mold must be maintained within its working range. The rate of flow of
      the plasticized material into the mold determines the flow pattern in the
      mold, how well the mold is filled and the orientation of the molecules of
      the material. The rate of flow is dependent upon the viscosity of the melt
      and the pressure applied to it, the viscosity, in turn, being inversely
      related to temperature. The density of the material in the mold is
      dependent upon the complete filling of the mold, the viscosity of the melt
      in the mold and the pressure applied to it.
PAR  There is a fundamental relationship between the pressure, volume and
      temperature of a plasticized material expressed in the Spencer and Gilmore
      equation:
EQU  (P + .pi.)(V - .omega.) = RT
PAL  in which
PA1  P = plastic pressure
PA1  V = plastic volume
PA1  T = plastic temperature
PA1  .pi. = constant for the plastic
PA1  .omega. = constant for the plastic
PA1  R = constant for the plastic
PAL  It will be seen that a change in any variable will result in a change of at
      least one other variable, so that manipulation of one variable may be
      employed to compensate for changes in another variable.
PAR  During the primary injection portion of the molding cycle, the primary
      injection pressure supplied to move the ram has been held substantially
      constant. As the ram is moved forward by the primary injection pressure
      the ram is moved at a substantially constant speed while the melt is
      injected through a nozzle into the mold cavity until the cavity is
      substantially filled, being limited only by the rate of flow of the melt
      through the gate, which rate is dependent upon melt viscosity. After the
      mold cavity has been initially filled, the ram continues to move forward,
      but at a greatly reduced speed, as the melt is compacted in the cavity,
      until the mold pressure plus the pressure drops in the flow passages
      equals the pressure exerted by the ram on the melt, at which time forward
      movement of the ram ceases. The mold pressure builds up slowly until the
      cavity is initially filled, after which it rapidly increases while the
      melt is being compacted until it equals the pressure exerted by the ram.
PAR  Without any control, if the viscosity of the melt had increased, as in
      response to a variation in composition, the opposing pressure on the ram
      would increase, slowing flow of the melt into the mold cavity and so
      reducing the time for compaction. The melt begins to set-up as soon as it
      enters the mold. With the slower flow the melt has a longer time to set-up
      before the cavity is filled and so builds up a greater resistance to
      compaction, the result being that the peak mold pressure is lower.
      Finally, as a result of the lower peak pressure, the subsequent parts will
      be smaller and lighter than before. If the viscosity of the melt had
      decreased, the cavity would fill faster, the melt would not set-up as much
      before the cavity was filled, the compaction time would be longer, the
      peak pressure would be higher, and the subsequent parts would be larger
      and heavier. The change in length of the finished parts is due to
      resilience when the pressure is removed, while the change in weight is due
      to different densities resulting from the difference in compaction.
PAR  Many different systems have been employed in efforts to provide the most
      consistent results at the lowest possible price. When manual controls are
      employed, the quality of the product is dependent upon the experience and
      skill of the operator. Automatic controls usually produce more uniform
      quality throughout a production run and also from run to run. Some
      automatic controls are so simple that they do not produce satisfactory
      results, while others are so complex they cannot be economically
      justified. Better and less expensive controls are always sought.
PAR  Some automatic controls have controlled the speed of the ram as it injects
      the melt into the mold cavity by adjusting the primary injection pressure.
      This compensates for changes in viscosity while the mold is being filled,
      but the adjusted pressure is also employed to compact the material in the
      mold. If the melt viscosity has increased, the primary pressure is
      adjusted upward to compensate for the resulting reduced flow. This will
      typically produce more dense, heavier and longer parts than without
      controls. Conversely, if the melt viscosity decreases, the primary
      pressure is adjusted downward typically producing less dense, lighter and
      shorter parts than without the control. Controls dependent solely upon ram
      speed tend to overcompensate for viscosity changes.
PAR  Other automatic controls have controlled the pressure in the filled mold
      cavity by adjusting the primary injection pressure, but the adjusted
      pressure is also employed to inject material into the mold during the
      following molding cycles. An increase in mold pressure at a predetermined
      time in the primary injection cycle indicates a decrease in melt
      viscosity, while a decrease in mold pressure indicates an increase in melt
      viscosity. If the melt viscosity has increased, the mold pressure will
      decrease, requiring a compensatory upward adjustment of primary injection
      pressure and typically resulting in production of shorter and lighter
      parts than without the control. Conversely, if the melt viscosity has
      decreased, the mold pressure will increase, requiring a downward
      adjustment of primary injection pressure and typically resulting in
      production of longer and heavier parts. Mold pressure control thus tends
      to under-compensate for viscosity changes.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides for automatically controlling an injection molding
      machine to consistently produce molded parts of satisfactorily uniform
      quality by a relatively simple and inexpensive means. It divides the
      primary injection cycle into two periods -- a fill period and a compaction
      period. It monitors ram position at a predetermined time after initiation
      of a primary injection cycle and while the mold cavity is being filled as
      an indication of the viscosity of the melt flowing into the mold cavity.
      If the sensed position deviates from a predetermined set point, the
      injection pressure applied to move the ram during the fill period,
      hereinafter referred to as fill pressure, is adjusted to compensate for
      the difference in viscosity. At a second predetermined time after
      initiation of the primary injection cycle and after the mold cavity has
      been filled, but before the mold pressure is substantially reduced, it
      monitors mold pressure as an indication of density of the plasticized
      material in the cavity. If the sensed mold pressure deviates from a
      predetermined set point, the injection pressure applied to move the ram
      during the compaction period, hereinafter referred to as compaction
      pressure, is adjusted to compensate for the difference in density.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a primary injection pressure control system
      according to this invention combined with a schematic diagram of an
      injection molding machine and the hydraulic control circuit employed to
      provide injection pressure.
PAR  FIG. 2 is a graph of ram position plotted against time during a typical
      prior art injection molding cycle.
PAR  FIG. 3 is a graph of mold pressure plotted against time during a typical
      prior art injection molding cycle.
PAR  FIG. 4 is a graph of ram position and mold pressure with their setpoint
      limits plotted against time according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a typical injection molding machine, a hydraulic control
      circuit employed to provide injection pressure and that portion of an
      automatic control therefor exercising primary injection cycle control
      according to this invention. The molding machine 10 comprises a mold 11
      having a cavity 12 therein to receive a plasticized molding material.
      Particulate molding material 13 is fed by gravity from a hopper 14 into an
      extrusion barrel 15. A combination screw and ram 16 is rotatable in the
      barrel by a motor 17 to plasticize the molding material by shearing and
      working it, thereby generating heat. An hydraulic injection cylinder 18 at
      the rear end of the barrel has a piston 19 therein movable by hydraulic
      pressure to move the ram 16 lengthwise in the barrel. When the ram is
      moved forward by the piston, plasticized molding material, or melt, is
      injected into the mold cavity 12 through a nozzle 20. Conventional machine
      timers 22, 23, 24 and 25 control the primary injection, secondary
      injection, cure and mold open sequence. The timers are triggered by a mold
      lock-up signal from the machine 10. We are concerned solely with the
      primary injection period.
PAR  a continuously running pump 26 delivers a hydraulic fluid 27 from a sump 28
      through a flow restricting valve 29 to cylinder 18 behind piston 19 so as
      to move the piston forward. The fluid delivered by the pump is at a
      relatively high pressure, which is regulated by a normally open
      electro-hydraulic pressure relief valve 30, controlling return of the
      pressurized fluid to the sump in well-known manner.
PAR  A position transducer, show as a potentiometer 31, is coupled to the ram 16
      to provide a position signal responsive to ram position. Most molding
      machines have a position indicator to which the wiper 32 of the
      potentiometer may be connected. A mold pressure transducer 33, such as a
      strain gauge, is located in communication with the mold cavity 12 to
      provide a signal responsive to mold pressure. The mold pressure could be
      sensed in the mold cavity 12, in the gate 12A, or in the sprue and runner
      system. As shown the mold pressure is transmitted to the pressure
      transducer 33 through a dummy ejector pin 34.
PAR  A position comparator 35 is connected to receive a variable ram position
      signal from the position transducer 31, a predetermined constant setpoint
      signal from an adjustable ram position setpoint 36 and a position sample
      time signal from a position sample timer 37. The comparator delivers a ram
      position deviation signal as a function of the deviation of the sensed ram
      position from the setpoint position and of a polarity corresponding to the
      direction of the deviation when the position sample timer delivers its
      signal at a predetermined time after it receives the mold lock-up signal
      and while the cavity 12 is being filled with the melt. A fill pressure
      control 38 sums the ram position deviation signal and a fill pressure
      reference signal from a fill pressure reference 39 to provide a fill
      pressure control signal.
PAR  A pressure comparator 40 is connected to receive a variable mold pressure
      signal from the pressure transducer 33, a predetermined constant pressure
      setpoint signal from an adjustable mold pressure setpont 41 and a pressure
      sample time signal from a pressure sample timer 42. The pressure
      comparator delivers a mold pressure deviation signal as a function of the
      deviation of the sensed mold pressure from the setpoint pressure and of a
      polarity corresponding to the direction of the deviation. The pressure
      sample timer delivers its signal at a predetermined time after it receives
      the mold lock-up signal from the machine 10 and after the cavity 12 has
      been filled with the melt, but before the pressure in the mold is
      substantially reduced. A compaction pressure control 43 sums the mold
      pressure deviation signal and a compaction pressure reference signal from
      a compaction pressure reference 44 to provide a compaction pressure
      signal.
PAR  A process timer 45 is energized during the primary injection period by a
      signal received from the primary injection timer 22. It divides the
      primary injection period into a fill period and a compaction period.
      During the fill period it delivers the fill pressure signal to a
      programmable power supply 46 and during the compaction period it delivers
      the compaction pressure signal to the programmable power supply. The
      programmable power supply delivers a valve control signal responsive to
      the received fill and compaction pressure signals to the electrohydraulic
      pressure relief valve 30 to control the hydraulic pressure supplied to
      cylinder 18 during the primary injection period, and thereby to adjust
      independently the injection pressures on the plasticized material during
      the fill and compaction portions of the primary injection period as
      required to produce the desired ram position and mold pressure at the
      respective predetermined times.
PAR  FIGS. 2 and 3 show variations in ram position and mold pressure with time
      during a typical injection molding cycle according to the prior art. The
      zero time is determined by the mold lock-up signal provided when the
      halves of the mold are clamped together and the cavity is in condition to
      receive the melt. The primary pressure on time is determined by the
      primary injection timer 22, the secondary pressure on time by the
      secondary injection timer 23, the cure time by the cure timer 24 and the
      mold open time by the mold open timer 25.
PAR  During the primary pressure on time a predetermined high hydraulic pressure
      regulated by pressure relief valve 30 is delivered to the cylinder 18,
      moving the piston 19 and connected ram 16 forward, thereby injecting melt
      from extrusion barrel 15 through nozzle 20 into cavity 12. The time is set
      long enough to permit complete filling of the cavity and compaction of the
      melt in the cavity. It is generally set to allow mold pressure to attain
      its maximum value for any reasonable variation in melt viscosity. It will
      be seen in FIG. 2 that with a low melt viscosity the ram completes its
      stroke filling the mold cavity in less time than with a high melt
      viscosity. FIG. 3 shows that with a low melt viscosity a higher mold
      pressure is obtained than with a high melt viscosity. In order to optimize
      production the primary pressure on time, as well as other cycle times, is
      kept as short as possible.
PAR  During the secondary pressure on time the hydraulic pressure in cylinder 18
      is usually reduced by pressure relief valve 30 to a predetermined holding
      pressure to substantially prevent back flow of the melt. The time is set
      to permit solidification, or curing, of the melt in the gate to such an
      extent that the melt will not flow out of the mold when the pressure is
      removed. The ram does not substantially move during this time, but the
      mold presssure decreases as the temperature of the melt declines and melt
      in the cavity begins to cure. FIG. 2 shows the substantially steady ram
      positions, and FIG. 3 shows the progressively decreasing mold pressures
      with passage of time. The mold pressure curves are similar for both melt
      viscosities, but are offset due primarily to the difference in peak
      pressures. Ideally the mold pressures should fall to zero during this time
      as the high melt viscosity curve does.
PAR  During the cure time hydraulic pressure is released from the cylinder 18 so
      that the ram 16 is permitted to move backward and all mold pressure is
      removed. When the secondary injection pressure is released, the motor 17
      begins to rotate the ram 16, plasticating by shearing and working the
      molding material 13, flowing by gravity from hopper 14 into the extrusion
      barrel 15, as the ram turns. The ram, acting as a screw, moves the
      material forward in the barrel, building up a pressure in the forward end
      of the barrel that forces the ram backward to its initial rearward
      position. This backward movement is generally opposed by a predetermined
      back pressure in cylinder 18. When it has moved into this initial position
      the motor 17 stops rotating and plastication is complete. The cure time
      extends beyond the completion of plastication until the melt forming the
      part being molded in the cavity 12 is cured sufficiently to retain its
      shape when removed from the mold.
PAR  During the mold open time, the mold is unlocked and opened and the molded
      part is removed. The mold open time need only be long enough to permit
      such removal, after which the mold is reclosed and locked-up, ready for a
      new cycle.
PAR  The present invention concerns only the primary pressure on time, which is
      divided into two periods referred to as the fill time and the compaction
      time, the division being accomplished by process timer 45, energized
      through primary injection timer 22. In the examples shown in FIGS. 2 and
      3, the fill time might be typically taken as 3.5 sec., with the compaction
      time occupying the remainder of the 6 sec. primary pressure on time, or
      2.5 sec.. The primary injection pressure is replaced by independent fill
      and compaction pressures delivered to cylinder 18 during the fill and
      compaction times respectively.
PAR  When the mold 12 is closed and locked-up, a lock-up signal is delivered
      from the machine 10 to the primary injection timer 22, the position sample
      timer 37 and the pressure sample timer 42 to start timing. The primary
      injection timer immediately energizes process timer 45, with transfers the
      fill pressure signal to the programmable power supply 46. The power supply
      delivers a valve control signal, responsive to the fill pressure signal,
      to the electro-hydraulic relief valve 30, which partially closes,
      restricting return of hydraulic fluid 27 to sump 28 and so building up
      hydraulic pressure in cylinder 18. The build up in pressure in the
      cylinder is slowed by the flow restricting valve 29. Pressure in cylinder
      18 moves piston 19 and the connected ram 16 forward, extruding melt from
      extrusion barrel 15 through the nozzle 20 and injecting it into cavity 12.
PAR  As the ram moves forward the coupled wiper 32 advances across potentiometer
      31 from the grounded end toward the end connected to a voltage supply V,
      producing a position signal proportional to ram position, which signal is
      delivered to position comparator 35. A position setpoint signal is
      supplied from an adjustable position setpoint means 36 to the position
      comparator, the setpoint signal being equal to the position signal at a
      predetermined position of the ram. At a predetermined time after the
      lock-up signal has been received, the position sample time 37 transmits a
      position sample signal to the position comparator 35. If, when the
      position sample signal is received, there is a difference between the
      position and position setpoint signals, a ram position deviation signal is
      delivered to the fill pressure control 38. A fill pressure reference means
      39 provides a fill pressure reference signal to the fill pressure control,
      which sums the ram position deviation and fill pressure reference signals
      to provide the fill pressure control signal. The ram position deviation
      signal is of such a value that, when added to the fill pressure reference
      signal, it will produce a fill pressure control signal that will modify
      the hydraulic pressure delivered to cylinder 18 sufficiently to correct
      the deviation in ram position on the next cycle. The fill pressure control
      signal then becomes the new fill pressure reference signal for the next
      cycle. The initial fill pressure reference signal is set manually, as by a
      potentiometer, in accordance with prior experience.
PAR  The pressure in the cavity 12 is sensed as by a strain gauge or other
      pressure transducer 33, which provides a proportional mold pressure signal
      to pressure comparator 40.
PAR  A mold pressure setpoint signal is supplied from an adjustable mold
      pressure setpoint means 41 to the pressure comparator, the setpoint signal
      being equal to the mold pressure signal produced by a predetermined mold
      pressure desired to be held at a preestablished time after mold lock-up.
      At said preestablished time after the lock-up signal has been received,
      the pressure sample timer 42 transmits a pressure sample signal to the
      pressure comparator 40. If, when the pressure sample signal is received,
      there is a difference between the mold pressure and mold pressure setpoint
      signals, a pressure deviation signal is delivered to the compaction
      pressure control 43. A compaction pressure reference means 44 provides a
      compaction pressure reference signal to the compaction pressure control,
      which sums the pressure deviation and compaction reference signals to
      provide the compaction pressure control signal. The initial compaction
      pressure reference signal is set manually, as by a potentiometer, in
      accordance with prior experience. Thereafter the compaction pressure
      control signal becomes the new compaction pressure reference signal for
      the next cycle.
PAR  In a preferred embodiment, the position and mold pressure setpoints 36, 41
      cover a range of values defined by upper and lower limits. The comparators
      35, 40 then provide deviation signals only when the transducers 31, 33
      provide signals above the maximum or below the minimum limits. If the
      upper and lower limits coincide, there is but one reference value from
      which deviations are measured. When upper and lower limits are employed,
      the deviation signal produced is usually a predetermined step so that the
      pressure adjustments are made upward and downward in correspondingly
      predetermined increments.
PAR  FIG. 4 shows the relationship between fill and compaction pressures, and
      position and pressure limits as they apply to the low melt viscosity
      material in FIGS. 2 and 3. Fill pressure on time is set to end when mold
      pressure begins to build up more rapidly which marks the beginning of
      compaction of the melt in the cavity 12. The substantially linear forward
      motion of the ram may continue after the fill pressure is replaced by
      compaction pressure due to the relatively small amount of compaction
      initially occurring. The position limits are set at some point along, but
      preferrably near the end of, the substantially linear portion of the
      position curve, regardless of whether they fall within the fill or
      compaction pressure times. The pressure limits are set at some point after
      compaction begins, but before the mold pressure falls appreciably after
      reaching its peak. Preferrably the pressure limits are set near the peak
      mold pressure, regardless of whether they fall within the compaction or
      secondary pressure times. In FIG. 4 the position limits are shown in the
      compaction pressure time at the end of the substantially linear portion of
      the position curve. The pressure limits are shown at the end of the
      compaction time before the peak mold pressure is reached. The curves in
      FIG. 4 are the same as the low melt viscosity curves in FIGS. 2 and 3.
      When the limits are at, or beyond, the ends of the periods during which
      the pressures to be controlled are applied, the correction, if any, occurs
      on the next molding cycle. There is some lag in the application of the
      controlled hydraulic pressures to the piston 19 resulting from mechanical
      delay encountered in the electro-hydraulic relief valve 30 and hydraulic
      delays introduced by the restriction introduced by the restriction
      introduced by flow valve 29. It is primarily the result of such delays
      that the peak mold pressure falls in the secondary pressure on time.
PAR  The embodiment shown and described is only a preferred example of the
      invention and does not define the scope of the invention which is limited
      solely by the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic control system for injection molding machines having a
      reciprocable ram for injecting plasticized materials from an extrusion
      barrel into a mold cavity, said system comprising a position transducer
      producing a position signal varying with the position of the ram, a
      position setpoint means establishing a position setpoint signal, a
      position sample timer producing a position sample signal at a
      predetermined time after initiation of an injection cycle, a position
      comparator supplying a position deviation signal in response to deviation
      of said position signal from the position setpont signal upon occurrence
      of said position sample signal, means for adjusting a fill pressure in
      compliance with the position deviation signal to compensate for said
      position deviation, a pressure transducer producing a pressure signal
      varying with the pressure in said mold cavity, a pressure setpoint means
      establishing a pressure setpoint signal, a pressure sample timer producing
      a pressure sample signal at a predetermined second time after initiation
      of the injection cycle, a pressure comparator supplying a pressure
      deviation signal in response to deviation of said pressure signal from the
      pressure setpoint signal upon occurrence of said pressure sample signal,
      and means for adjusting a compaction pressure in compliance with the
      pressure deviation signal to compensate for said pressure deviation, said
      position sample signal being produced prior to completion of filling of
      the mold cavity, and said pressure sample signal being produced after
      completion of filling of the mold cavity.
NUM  2.
PAR  2. An automatic control system according to claim 1 wherein said sample
      timers produce the sample signals at adjustable times after initiation of
      said injection cycle.
NUM  3.
PAR  3. An automatic control system according to claim 1 wherein said setpoint
      means are adjustable.
NUM  4.
PAR  4. An automatic control system according to claim 1 wherein said setpoint
      means determine upper and lower limits.
NUM  5.
PAR  5. An automatic control system according to claim 1 wherein the deviation
      signals supplied by said comparators are step signals.
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PAL  In inflating a parison via a hollow needle carried on a piston slidably
      reciprocable with respect to a blow mold cavity, the improvement
      comprising means accessible through the forward end of the needle for
      releasably securing the needle to the piston.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  U.S. Ser. No. 447,442, filed Mar. 4, 1974.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to blow molding and more particularly to an improved
      blow needle assembly for expanding a pliable thermoplastic parison within
      a blow mold.
PAR  As described in U.S. Pat. Nos. 3,513,502; 3,752,621; and 3,767,350, it is
      desirable to equip needle assemblies for expanding distendable tubular
      parison portions within a blow mold with means facilitating rapid
      replacement of the needle in order to avoid holding down the molding
      machine, which generally includes a plurality of mold stations, for any
      extended period of time. Heretofore, hhowever, as far as is known, the
      entire assembly including the fluid motor mounting the blow needle had to
      be removed from the mold section in which it was operable in order to
      replace the needle, even though the latter frequently was the only part
      needing attention. With such arrangements, the needle would be removed
      from the actuating assembly and replaced with another while the machine
      was held out of operation or else an entire spare assembly had to be kept
      available to minimize machine downtime.
PAC  SUMMARY OF THE INVENTION
PAR  Now, however, an improved needle assembly has been developed which permits
      changing only the blow needle through the cavity section of the blow mold
      where the parison is blown without disturbing the remainder of the
      assembly actuating system.
PAR  Accordingly, it is a principal object of this invention to provide an
      improved needle assembly for use with a blow mold which facilitates
      replacement of a needle in a remarkably short time.
PAR  An additional object of this invention is to provide such an improved
      assembly which is especially suited for use with each of a plurality of
      mold stations in a wheel type blow molding machine wherein the mold
      sections open and close in a direction radial to a horizontal axis.
PAR  Other objects of this invention will in part be obvious and will in part
      appear hereinafter from the following description and claims.
PAR  These and other objects are accomplished in a needle assembly including
      piston means carrying a hollow needle slidably reciprocable with respect
      to a cavity portion of a blow mold, by providing the improvement which
      comprises, in combination, means accessible through the needle for
      releasably securing the needle to the piston means.
PAR  The preferred means for releasably securing the needle comprises jaw
      members coactive with wall portions of a bore in the piston means for
      tightly embracing a rear portion of the needle on application of a linear
      force thereto and for expanding away therefrom on release of such force.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In describing the overall invention reference will be made to the
      accompanying drawings wherein:
PAR  FIG. 1 is a vertical sectional view of apparatus embodying the invention;
PAR  FIG. 2 is a partial, sectional view similar to FIG. 1 showing the needle
      released from operative position in the assembly;
PAR  FIG. 3 is a perspective view and FIG. 4 a front view of one component of
      the assembly of FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENT
PAR  Referring now to the drawings, there is shown in FIG. 1 a preferred molding
      environment in which the improved needle assembly of the invention is
      especially well suited for use, and includes one station 10 of a
      circularly-arranged multi-station rotary blow molding machine for forming
      hollow articles from portions of an extruded tubular thermoplastic parison
      in general, rather conventional manner. An identical station 11 is
      immediately adjacent station 10 such that accessability to the components,
      to be described in the vicinity and direction of arrow 12 is difficult in
      view of the rather crowded condition of the system in such area. In brief,
      the blow molding machine of which station 10 is a part comprises a driven,
      horizontal central shaft carrying a hub to which a large diameter circular
      plate is secured. A series of spoke-like arms one for each mold station,
      extend radially of the wheel axis and are fastened to this circular plate.
      A mold spacer casting 13 which includes rib 14 and outer platform 20 is
      provided for each mold station 10 and is secured by suitable bolts through
      holes 16 to its radial arm, not shown. This structure is generally
      relatively conventional as is shown in U.S. Pat. No. 2,784,452.
PAR  Each station 10 includes a split blow mold comprising inner mold section 40
      having a molding cavity 42 formed therein opening toward outer mold
      section 41 which is substantially complementary to section 40. Portion 39
      of cavity 42 may be provided for containing a waste moil section, not
      shown, integrally formed with the article during molding and which is
      removed thereafter as part of the finishing operation. Face 46 of section
      40 parallel to and opposite from the side in which cavity portion 42 is
      formed is conventionally secured to support block 26, the latter in turn
      being supported on backup plate 24 which is secured to platform portion 20
      of casting 13.
PAR  A blow needle assembly 48 is provided for each mold station and includes
      cylinder means, generally indicated as 50, and piston means, generally
      indicated as 52 (FIG. 2), slidably reciprocable within cylinder means 50
      and carrying hollow needle 54 on its forward end whereby the latter is
      moved into and out of portion 39 of molding cavity 42. Assembly 48 is in a
      bore in support block 26 which continues on one end into backup plate 24
      and at the other end is in communication with extension 27 in inner mold
      section 40.
PAR  Cylinder means 50 includes hollow cylinder housing 56 seated in the bore in
      support block 26 having a pair 58, 60 of circumferentially extending
      annular slots communicating with sets of circumferentially disposed flow
      orifices 61 in the wall of housing 56, one set being present on either
      side of piston 62. Slots 58 and 60 are aligned and in communication with
      trunk flow passages 66, 68 in block 26, which in turn are conventionally
      operatively associated with a source of fluid pressure, e.g. air,
      including automatically operated valves, not shown, for intermittently
      introducing such pressurized fluid to and venting it from the assembly.
PAR  In accordance with the invention, means, collectively designated 70, are
      provided for releasably securing needle 54 to piston 62 of piston means 52
      and which are conveniently accessible through the forward, cavity-entering
      end 72 of needle 54. Means 70 comprises jaws 74, 76 and 77 (FIGS. 2-4)
      adapted to coact with wall portions of central bore 78 in piston 62 to
      tightly embrace rear section 80 of needle 54 on application of a linear
      force in a direction toward mold parting line 82, and, conversely, to
      expand away from rear portion 80 on release of such force in order to
      allow needle 54 only to be extracted from the assembly through bore
      extension 27 in a direction perpendicular to and toward mold parting line
      82. In the embodiment shown, jaws 74, 76 and 77 are an integral part of
      collet 88 (FIGS. 3 and 4) which is wedge-shaped on its forward end at 90
      for slidable cooperation with complementary surface 92 of reduced diameter
      forward portion of bore 78. Axially extending through passage 94 in collet
      88 is stepped or shouldered at 96 to act as a seat for end face 98 of
      needle 54 (FIG. 1) when the latter is in secured, operational position.
      The circumferential wall defining passage 94 in collet 88 is
      longitudinally slotted at 100, 102 and 104 for a portion 106 of its length
      to permit jaws 74, 76 and 77 to concentrically close on end portion 80 of
      needle 54 as wedgeshaped end 90 is slidably urged along surface 92. Though
      not shown, the wall of needle 54 may be recessed or undercut inwardly
      toward its axis in portion 80 such that the needle-contacting surfaces of
      the jaws seat therein when surface 98 is against step 96 and the jaws are
      closed on the needle, thereby increasing the bite of such jaws thereon and
      more firmly grasping the needle. The linear force in a direction toward
      cavity 42 for closing the jaws is exerted via locknut 108 rearward of
      collet 88 and threaded on its outer surface for cooperation with a
      threaded section 110 of bore 78. Multi-sided, e.g. hexagonal, central
      socket or opening 112 is coaxial with needle 54 in locknut 108.
PAR  Stem portion 114 of piston means 52 projects rearward of piston 62 and is
      threadably secured at 116 to the latter. Biasing means such as compression
      spring 120 may be seated in circular recess 118 in stem portion 114 and
      cushionably biased forward against a circular portion of rear face 122 of
      locknut 108 to resist any tendency of the latter to back off prematurely
      during operation of the system due to vibration and the like. An elongated
      tool such as wrench 136 having a maximum cross section 138 which is less
      than that of the hollow interior 140 of needle 54 and a length somewhat
      greater than that of the latter is part of the means 70 for releasably
      securing needle 54 to piston means 52.
PAR  End cap means 124 of cylinder means 50 includes guide ring 126 threadably
      secured at 128 in the rear end of cylinder housing 56 having a through
      bore 130 therein slidably receiving stem portion 114. Anti-rotation means
      associated with piston means 52 may be provided and in the illustrated
      embodiment comprises a non-round, e.g. square, end section 132 of stem
      portion 114 slidable within a complementary configured cavity 133 of
      stationary end cap 134 when piston 62 moves between its forward and
      rearward positions, section 132 always being within cavity 133 in a
      nonrotating position regardless of the position of piston 62.
PAR  Flow passage 137 in stem portion 114 having a pair of laterally disposed
      ports 138, 140 opening to the interior of housing 56 is in turn in open
      communication with the hollow interior 140 of needle 54.
PAR  Seals such as resilient O-rings shown unnumbered in the drawings may be
      conventionally inserted as required between the various parts of the
      assembly to prevent unwanted leakage of the pressurized air between
      opposing faces of such parts.
PAR  When it is desired to remove needle 54 from operative position on the front
      end of piston 62, mold sections 40 and 41 are held in open position
      separated from each other by the mold opening and closing structure, not
      shown, and the assembly arranged by manipulating valving on the
      pressurized air such that needle 54 is in the forward position of FIG. 2.
      Wrench 136, as illustrated in FIG. 2, is manually inserted through hollow
      interior 140 of needle 54 into socket 112 in locknut 108 (FIG. 2) and then
      rotated to thread locknut 108 rearwardly in bore 78 to a needle-release
      position, while at the same time further compressing spring 120. Needle 54
      is then manually pushed rearwardly in a direction away from parting line
      82 which force, via face 98 acting against shoulder 96, causes the jaws of
      collet 88 to spring open away from end portion 80 of needle 54 such that
      it may be manually extracted through passage 27 in mold section 40. To
      replace such needle, locknut 108 via wrench 136 is threaded forwardly a
      short distance to partially close the jaws of collet 88, another needle is
      inserted in the reverse direction such that its rear face 98 seats against
      shoulder 96, whereupon locknut 108 is further rotated forwardly to bring
      end 90 of collet 88 into wedged engagement with surface 92 and cause jaws
      74, 76, 77 to tightly embrace end portion 80 of needle 54. This completes
      the replacement task which can be limited to a remarkably short time
      without requiring removal of any of the associated parts of the overall
      blow needle assembly from their functional position within the mold
      assembly.
PAR  In operation, a portion of an extruded generally tubular parison (not
      shown) is disposed between inner and outer mold sections 40 and 41 while
      separated from each other about parting line 82. Section 41 is then closed
      on section 40 to clamp the parison portion on either end via pinch
      surfaces on the mold sections such as shown at 23. As station 10 moves in
      the direction of arrow 113 (FIG. 1) around the molding machine, the
      clamped off parison portion is expanded outwardly against the surfaces of
      the mold cavity to form the molded article.
PAR  With respect to the blow needle assembly 48 by means of which this is
      accomplished, during positioning of the parison portion between the mold
      sections, needle 54 is in its retracted position such that tip 71 is at
      the lower end of distance 73 in FIG. 2, which distance represents the
      extent of needle travel. Thereupon pressurized air is admitted through
      passage 66 in support block 26 and orifices 60 and exerted against the
      rear of piston 62 so as to cause it to reciprocate forward in cylinder
      housing 56. Prior to reaching its full forward position, such air cannot
      enter needle 54 since cross ports 138, 140 are rearward of guide ring 126.
      Such advancing movement of piston 62 will cause sharp leading end 71 of
      needle 54 to penetrate the wall of the clamped parison and assume the
      position of FIG. 1. At this point, cross ports 138, 140 are forward of
      guide ring 126 and thereby establish communication between passage 137 and
      the pressurized interior of cylinder housing 56 so that the pressurized
      air can flow into the hollow interior of needle 54 through passage 137 and
      exit into the cavity of the blow mold to expand the parison portion
      outwardly to form the article.
PAR  After the plastic of the formed article has been set by the cooling medium
      flowing through conventional channels in the mold sections, not shown,
      valving associated with passage 66 in support block 26 is actuated,
      preferably automatically, to terminate the flow of air into the mold and
      vent passage 66 to atmosphere. Imposition of air pressure through
      passageway 68 will then cause piston 62 to slide to the rear bringing the
      tip of needle 54 to the lower end of distance 73 to permit ejection of the
      formed article from the mold.
PAR  The above description and particularly the drawings are set forth for
      purposes of illustration only and are not to be taken in a limited sense.
      Various modifications and alterations will be readily suggested to persons
      skilled in the art. For example, though the improved needle assembly has
      been described in conjunction with a particular form of wheel-type blow
      molding machine, it should be realized that it can be used equally well
      with any of a wide variety of other single or multi-station blow molding
      machines wherein a needle-like member is utilized to puncture and act as a
      conduit for a pressurized medium for expanding a thermoplastic parison
      portion within a blow mold. Similarly, though a particular mechanical
      arrangement has been disclosed for releasably holding the needle in place
      while permitting removal and replacement of it alone through the face of
      the mold along the parting line thereof, alternative arrangements for
      carrying out such concept may be employed. It is intended, therefore, that
      the foregoing be considered as exemplary only and that the scope of the
      invention be ascertained from the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a needle assembly including piston means carrying a hollow needle
      slidably reciprocable with respect to a cavity portion of a blow mold, the
      improvement which comprises, in combination, means accessible through said
      needle for releasably securing said needle to said piston means.
NUM  2.
PAR  2. The assembly of claim 1 wherein said means for releasably securing is
      accessible through the forward, cavity-entering end of the needle.
NUM  3.
PAR  3. The assembly of claim 2 wherein said means for releasably securing
      comprises jaw members coactive with wall portions of a bore in the piston
      means to tightly embrace a rear portion of the needle on application of a
      linear force and to expand away therefrom on release of said force.
NUM  4.
PAR  4. The assembly of claim 2 wherein said means for releasably securing
      includes an elongated wrench member having a maximum cross section less
      than that of the hollow interior of the needle and a length greater than
      said needle.
NUM  5.
PAR  5. The assembly of claim 3 wherein said means for releasably securing
      includes:
PA1  a. a locknut rearward of said jaw members linearly movable in said bore
      having a central socket portion; and
PA1  b. a tool insertable in said socket portion through the hollow interior
      needle for turning said locknut.
NUM  6.
PAR  6. The assembly of claim 5 including biasing means in said piston means
      urging said locknut forward in said bore.
NUM  7.
PAR  7. The assembly of claim 5 including anti-rotation means associated with
      said piston means.
NUM  8.
PAR  8. In a needle assembly containing cylinder means and piston means carrying
      a hollow needle slidably reciprocable in said cylinder means, the
      improvement which comprises, in combination, means accessible through said
      needle for releasably securing said needle to said piston means including:
PA1  A. a collet having a wedge-shaped end cooperable with walls of a central
      bore in a piston portion of the piston means and an axially extending
      through-passage containing a shoulder for the end face of said needle,
      said bore having a threaded section along its length;
PA1  B. a locknut in said central bore rearward of said collet cooperable with
      the threaded section thereof and having a central opening therein;
PA1  C. a wrench insertable in said opening through the hollow interior of said
      needle to advance said locknut in one direction against the collet to
      tightly close on a rear portion of said needle and to back said locknut
      off in the opposite direction to permit release of said needle.
NUM  9.
PAR  9. The assembly of claim 8 including a compression spring in said bore
      rearward of said bearing against said locknut.
NUM  10.
PAR  10. The assembly of claim 8 including means preventing relative rotation of
      the piston during movement of the locknut.
NUM  11.
PAR  11. The assembly of claim 8 wherein said cylinder means includes
      longitudinally spaced sets of circumferentially disposed flow orifices
      formed in a wall of said cylinder means on either side of said piston in
      communication with trunk flow passageways in a support block carrying said
      cylinder means.
NUM  12.
PAR  12. The assembly of claim 8 wherein:
PA1  A. said piston means includes a stem portion projecting rearwardly of said
      piston; and
PA1  B. said cylinder means includes end cap means for delimiting rearward
      movement of said piston means including a guide ring having a through-bore
      slidably receiving said stem portion;
PA1  C. said stem portion having a non-round, rotation-preventing end section
      located within a complementary portion of said end cap means.
NUM  13.
PAR  13. In a split mold having an internal cavity, a needle assembly including
      a hollow blow needle, means for reciprocating said needle in a bore formed
      in a section of said split mold to puncture and expand in said cavity a
      clamped off portion of a tubular parison, the improvement which comprises
      means accessible through said needle for releasably securing said needle
      to said means for reciprocating it.
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ABST
PAL  A mold base employs tungsten carbide mold cavities. These hard, brittle
      cavities are supported by softer, more resilient and more malleable metal
      support elements. Cams and sliding surfaces are above the parting line and
      the base is opened from below the parting line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to mold bases for plastic molding
      materials and more particularly to a design which is adapted to employ
      tungsten carbide mold cavities thereby reducing the wear on the mold
      cavity when glass and asbestos fiber and particle filled molding materials
      are used.
PAR  The abrasiveness of many reinforced molding compounds, and in particular
      glass-fiber filled and asbestos-fiber filled molding compounds, creates a
      great deal of wear on the mold cavity pieces. This wear results in
      excessive and costly replacement of the cavity pieces and much equipment
      downtime.
PAR  Accordingly, it is a major purpose of this invention to provide a mold base
      design which will operate for extended periods of time without requiring
      replacement of the mold cavaties when abrasive molding materials are
      employed.
PAR  The material tungsten carbide is known to be a very wear-resistance
      material. It is extremely hard and can withstand the very high pressures
      to which mold cavity pieces are subjected. However, tungsten carbide is a
      very brittle material and as a practical matter, it cannot be used in
      most, if not all, known plastic mold bases because of its tendency to
      crack and shatter.
PAR  Accordingly, another purpose of this invention is to provide a mold design
      and base which can accommodate to the use of tungsten carbide mold cavity
      pieces with minimum risk of the tungsten carbide pieces cracking or
      shattering during use.
PAR  Consistent with the above purposes, it is a further purpose of this
      invention to provide a mold base which will minimize maintenance and
      repair problems.
PAC  BRIEF DESCRIPTION
PAR  In brief, this invention is a mold base which employs tungsten carbide mold
      cavity pieces. The mold cavity pieces are supported or surrounded in the
      mold base by softer metals, such as soft steel, invar and brass. Certain
      of these soft metal units are arranged to absorb the mechanical energy and
      shock upon closing of the mold. Other of these metals are arranged so as
      to give sufficiently to compensate for slight degrees of misalignment
      between the tungsten carbide mold cavity pieces.
PAR  In addition, the supports for the tungsten carbide mold cavity pieces have
      a greater coefficient of thermal expansion than does tungsten carbide so
      that during the molding process any expansion of the mold cavity pieces
      and the mold base will tend to relieve rather than tend to increase the
      twisting or bending strains on the tungsten carbide cavity pieces.
PAR  Further, in those embodiments where portions of the mold cavity have to be
      cammed in and out during closing and opening of the mold, the camming
      action and surface sliding which has to occur is designed to be above the
      parting line. Thus particles of flash and runners will not fall into this
      working mechanism. The result is a plastic mold base which is easier to
      clean, requires less maintenance and, more importantly, minimizes the risk
      that these flash and runner particles will cause mold cavities to break or
      will cause misalignment that will result in straining the tungsten carbide
      mold cavity pieces to the point where they will crack.
PAR  Other features and details of this invention are described in the detailed
      description set forth below.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is an exploded view of the tungsten carbide mold cavity units and
      certain softer support elements in one embodiment of this invention. The
      embodiment shown herein is designed for the molding of bobbins having
      upper and lower flanges.
PAR  FIG. 2 is a vertical cross sectional view through a mold base showing the
      FIG. 1 mold cavity units in cross section. In FIG. 2, the mold base is
      shown fully closed. The complex parting line PL is shown as a heavy line.
PAR  FIG. 3 is a cross sectional view along the line 3-3 of FIG. 2 illustrating
      two mold cavities in a single mold base.
PAR  FIGS. 4 and 5 are cross sectional views along the complex parting line
      labelled P.L. FIG. 4 is a view looking up and thus shows the bottom of
      that portion of the mold cavity and mold base that is above the parting
      line.
PAR  FIG. 5 is a view looking down and thus shows the top of that portion of the
      mold cavity and mold base that is below the parting line.
PAR  FIG. 6 is a plan view of the lower mold cavity unit (which is the unit
      below the parting line) showing the provision made for the terminal holes
      and wire lead slots that are present in the lower flange of the molded
      bobbin.
PAR  FIGS. 7-11 illustrates the opening up of the mold after the bobbin has been
      molded. FIGS. 7-11 are a view along the same cross-section of that of FIG.
      2 except on a larger scale showing primarily the mold cavity and other
      units shown in FIG. 1.
PAR  FIG. 7 shows the mold completely closed with the bobbin molded in place.
PAR  FIG. 8 shows an early stage in the opening of the mold in which the portion
      of the mold base below the parting line is being retracted downwardly.
      FIG. 8 illustrates the support-ejector pins which extend up from the
      bottom of the mold base to hold the runners and thus the bobbin in place
      while hardening on exposure to air occurs.
PAR  FIG. 9 shows a further stage in the opening of the mold in which the
      support-ejector pins have been retracted and the core piece has moved down
      to a point where it clears the bobbin.
PAR  FIG. 10 shows the next stage in the opening of the mold in which the two
      side cavity pieces are operated or cammed outwardly so that the bobbin is
      no longer being held in place and is free to drop.
PAR  FIG. 11 shows the bobbin and associated runner dropping free of the upper
      cavity unit.
PAR  FIGS. 12-15, like FIGS. 7-11, illustrate the opening of the mold after a
      bobbin has been molded. However, FIGS. 11-15 represent a cross section
      similar to that of FIG. 3, except on a larger scale showing primarily the
      mold cavity units and other units shown in FIG. 1.
PAR  FIG. 12 shows the mold closed with the bobbin molded in place.
PAR  FIG. 13 illustrates an early stage in the opening of the mold and is the
      stage also shown in FIG. 8.
PAR  FIG. 14 illustrates a further stage in the opening of the mold and is the
      stage also shown in FIG. 9.
PAR  FIG. 15 illustrates the full opening of the mold in which the bobbin,
      runners and cull are released from the top cavity unit and thus fall free.
      FIG. 15 shows the same opening stage as is illustrated in FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the embodiment shown, the invention is adapted to be used for molding
      bobbins. In such an embodiment, the cavity for the bobbin is defined by
      four cavity mold pieces and a core piece. The core piece is frequently
      called a core pin. As best seen in FIG. 1, these five cavity pieces are an
      upper cavity piece 12, two side cavity pieces 14, 16, a bottom cavity
      piece 18 and the core piece 20. The relationship between these units when
      the mold is closed is shown in FIGS. 2 and 3. In FIGS. 2 and 3 the parting
      line PL is shown as a heavy line.
PAR  The upper cavity piece 12 is positioned within a retainer unit 22. There is
      a slip fit relationship between the walls of the cylinderical upper cavity
      piece 12 and the lower portion of the inner walls of the retainer unit 22.
      An outwardly extending flange 12f of the upper cavity piece 12 rests on a
      shoulder 22s within the central opening of the retainer 22 to determine
      the vertical position of the upper cavity piece 12.
PAR  The material out of which these cavity pieces 12, 14, 16, 18 and 20 are
      made is tungsten carbide. Tungsten carbide is a hard but brittle material
      which is used herein because it provides exceptional resistance to wear.
      This resistance to wear is particularly important where the plastic
      molding material is abrasive. Glass and asbestos particle and fiber filled
      material are among the more abrasive molding materials and their use
      results in substantial mold cavity wear requiring replacement and down
      time.
PAR  The tungsten carbide material is extremely brittle. It is about as brittle
      as fine porcelain. The mechanical energy transmitted to the cavity pieces
      on closing the mold can provide a mechanical shock which will shatter or
      crack the tungsten carbide mold cavity pieces 12, 14, 16, 18, 20.
PAR  In addition, any slight misalignment between mold cavity pieces can result
      in a twist or bend to the material, as the mold completes its closing,
      which will crack this brittle tungsten carbide materials.
PAR  Furthermore, the expansion of the materials in the mold base on heating
      during use tends to create mechanical strains which can result in cracking
      a material as brittle as tungsten carbide.
PAR  The tungsten carbide material can stand substantial compressive forces as
      long as there is no twist or torsion applied to the material.
PAR  This invention provides a mold base in which the risk of having the
      tungsten carbide material crack or shattered is minimized.
PAR  Among the elements of the mold base which protect against the tungsten
      carbide shattering are the relatively soft steel plug 24 which backs up
      the upper cavity piece 12 and the relatively soft steel back-up plate 26
      and base plate 38 which support, respectively, the tungsten carbide core
      20 and lower cavity piece 18. In addition four brass (or invar) washers 28
      provide the bearing contact between the tungsten carbide side cavity
      pieces 14, 16 and the cam follower blocks 32 (see FIG. 2). Two bolts 30
      and two washers 28 hold side cavity 14 to a first cam follower block 32.
      Two bolts 30 and two washers 28 hold side cavity 16 to a second cam
      follower block 32.
PAR  The lower cavity piece 18 has a central opening into which the core piece
      20 and its soft steel back-up plate 26 sit. The lower cavity piece 18 is
      positioned by a retainer unit 40, which unit 40 is bolted to the frame
      (see FIG. 2). The bottom cavity piece 18 and back-up plate 26 rest on the
      soft steel base plate 38.
PAR  The core 20 and its back-up plate 26 have a length that is approximately 1
      mill (0.001 inches) greater than the distance, when the mold is closed,
      between the tungsten carbide upper cavity 12 and the base plate 38. Thus,
      on closing, the initial contact between tungsten carbide cavity pieces is
      between the upper cavity 12 and the core 20. The energy of this mechanical
      closing is, in large part, absorbed and dissipated by the large volume
      relatively soft steel back-up plug 24 and plates 26, 38. In one
      embodiment, the plug 24 is 2.5 inches long and has a 2.0 inch diameter
      while the plate 38 is about 0.5 inches thick. Accordingly, the shock on
      mold closing is not borne by the fragile tungsten carbide cavity pieces
      and the cracking or shattering of these pieces, which might otherwise
      occur, is substantially eliminated.
PAR  This one mill oversize dimension for the core 20 and its back-up plate 26
      is further desirable to reduce the risk of flash-over across the central
      opening of the bobbin being molded.
PAR  The soft steel bakc-up plug 24, soft steel base plates 26 and 38 are, in
      one embodiment, an 8620 steel which is case hardened between 1/32 to 1/16
      of an inch to Rockwell hardness of C-56-58. Thus these energy absorbing
      elements 24, 26 and 38 have a soft steel core to absorb energy during the
      shock of closing the mold yet have a thin hard shell to resist corrosion
      and surface damage during handling. The back-up plug 24 is large in volume
      to provide an appreciable energy sink for absorbing the energy of impact.
      Most of the other steel units, including the four bolts 30 and the
      retaining units 22, 32, are a fully hardened or deep hardened steel having
      a Rockwell hardness of approximately C-55-56 and thus are about as hard as
      the shell of the soft steel units 24, 26 and 38. Such hardness is
      substantially less than the hardness of the tungsten carbide cavity
      pieces. The tungsten carbide employed is a No. CD60, WC grade having a
      Rockwell hardness of A80-83. The base plate 26 may be 1/4 of an inch thick
      with a 1/32 inch skin or may be made of invar or brass.
PAR  In addition to this problem of absorbing the shock of closing, there is the
      problem of compensating for misalignment between the tungsten carbide
      cavity pieces. In large part, the four brass washers 28, which are
      relatively malleable, provide the give and adjustment necessary to take up
      slight degrees of misalignment. It is still important that the mold base
      be designed to close with as much parallelism and flush contact as
      possible between the various tungsten carbide cavity pieces. However, if
      there is, as there inevitably will be, some slight misalignment, the side
      cavity unit 14 and 16 can compensate slightly through give of the four
      brass washers 28 to prevent cracking of the tungsten carbide cavity units.
PAR  During molding, the mold base is raised to a temperature of between
      400.degree.F and 500.degree.F. The mold cavity pieces and retainer units
      expand. If the tungsten carbide cavity pieces were to expand more than the
      retainer units, any strain due to misalignment will be increased thereby
      increasing the risk of cracking. The tool steel retaining elements 22, 32
      and support elements 24, 26, 28 and 38 are selected to have a coefficient
      of thermal expansion greater than that of tungsten carbide. As a
      consequence the differential expansion between the fracturable tungsten
      carbide and the surrounding units will tend to relieve rather than enhance
      strain on the tungsten carbide cavity pieces.
PAR  With the above understanding of the elements and arrangement of the mold
      cavity pieces, the structure and operation of the mold base shown in FIGS.
      2-5 can be readily understood. In connection with the following
      description it is important to keep in mind the location of the somewhat
      complex parting line (PL) shown in FIGS. 2 and 3. This complex parting
      line arises out of a design in which certain moving parts (the side cavity
      pieces 14, 16, and cam blocks 32) are positioned above the parting line.
      The purpose for such an arrangement is to make sure that particles of
      molding material, such as flash, runners, parts, pieces of runner and
      other detritus fall free by gravity and not on the surfaces on which these
      moving parts ride, thereby making the mold base design of this invention
      substantially easier to keep clean and eliminating a source of breakage
      and warping. This "upside-down" feature in which parts that are normally
      below the parting line are above the parting line is one of the factors
      that reduces the risk of misalignment between tungsten carbide mold cavity
      pieces when the mold is closed and thus reduces the risk of breaking these
      brittle tungsten carbide parts.
PAR  The upper cavity unit 12 together with its retainer 22 and soft steel plug
      24 are held in position by the engagement between an outwardly extending
      flange 22f at the top of the retainer 22 and rails 34 in the mold frame.
PAR  Each side cavity unit 14 and 16 is bolted to a separate cam follower block
      32. Each of the cam follower blocks 32 has an opening 32a through which a
      cam 36 passes. The cam 36 is called a dog-legged cam herein because of the
      cam's configuration (best seen in FIG. 2). In operation, as will be
      described in greater detail below, when the mold opens the cam follower
      blocks 32 ride on the surfaces of the dog-legged cams 36 to pull the side
      cavity pieces 14, 16 outwardly.
PAR  The bottom cavity unit 18 rests on the soft steel base plate 38 as does the
      soft steel back-up plate 26. The bottom cavity unit 18 is positioned
      within a retaining unit 40, which retaining unit 40 in turn is bolted to
      the main block 42 below the parting line P.L.
PAR  FIG. 3 illustrates two mold cavity assemblies showing a single assembly on
      each side of the transfer pot 46. In operation, dummy units would be added
      outboard of the two cavity assemblies shown in order to position these
      assemblies and to prevent material from running out the ends of the
      runners 56 as well as to hold the inside cavities in position while
      molding. As can best be seen in FIGS. 3 and 5 the lower flange of the
      bobbin 43 is molded below the parting line. The gate 44 (see FIG. 2) is at
      the parting line while the runners 56 are below the parting line.
PAR  Wear plates 50 permit compensation for wear in the mold cavity and retainer
      units. If there is wear after a period of time, shims of one or two mills
      thickness can be inserted under the wear plates 50 to bring the upper
      surface of the wear plates inboard so as to assure centering of the side
      cavity pieces 14, 16 and the retainer unit 22 which in turn centers the
      top cavity piece 12.
PAR  In operation, the mold base below the parting line is pulled downward by
      hydraulicly operated press platens (not shown) connected to hydraulic
      cylinders (not shown). During the initial stages of retraction of the main
      unit 42 below the parting line, a set of support-ejector pins 54 continue
      in position and remain in contact with the runners 56. Although the
      molding material has been allowed to set for a period of perhaps three
      minutes before the mold is opened and thus the catalytic reaction has
      substantially taken place, there is a certain softness in the resin-rich
      surface of the molded material that provides a rubber-like consistency
      initially. However, the first exposure to air of the runners 56 and the
      rest of the bobbin 43 tends to immediately harden this surface. By
      supporting the runners 56 and thus the bobbin 43 with the pins 54 for
      about one second during the initial opening of the mold, enough time is
      allowed so that the air will contact and harden the surfaces of the
      molding material before support is withdrawn from the molding material. In
      this fashion, the risk of having the runners break free and perhaps damage
      the base flange of the molded bobbin is minimized.
PAR  As may best be seen in FIGS. 2 and 3, the support-ejector pins 54 extend up
      through the unit 42 so that as the unit 42 is retracted downward the pins
      54 remain in position to provide the desired support for the runners 56.
      FIGS. 2 and 3 illustrate the mold base in the closed condition. The
      support-ejector pins 54 have the vertical position shown when the mold is
      closed because the heads of the pins 54 are held between the two plates 58
      and 60. Thus, the position of plates 58 and 60 will determine the position
      of the support-ejector pins 54. The position of the plates 58 and 60 in
      turn, is controlled by the joint action of four return pins 61 (two are
      shown) and of four springs 62 (one is shown). In the closed condition
      shown, the return pins 61 force the plates 58 and 60 to a downward
      position so that the plate 60 contacts plate 63 and thus the springs 62
      are compressed. Thus, as shown, there is a space (3/8 of an inch in one
      embodiment) between the plate 58 and the lower surface of the main lower
      block 42. As the mold opens the block 42 together with the units 64 and
      the plate 63 (all of which are bolted together) retract downward. However,
      plates 58 and 60 together with support-ejector pins 54 are biased upward
      by the springs 62 thereby maintaining the pins 54 in the protracted
      position shown in FIG. 8. After 3/8 of an inch of travel, the unit 42
      contracts the plate 58 and thereafter carries the plates 58, 60 downward.
      Thus only after 3/8 of an inch of mold base opening do support-ejector
      pins 54 start to retract away from the runners 56. This relationship
      between pins 54 and runners 56 is shown in FIGS. 8, 9, 13 and 14.
PAR  On closing the mold, upward travel of the plate 63 carries the plates 58,
      60 and pins 54 to the point where the return pins 61 contact the units 65
      in the upper half of the mold base. Once the return pins 61 have contacted
      the unit 65, those pins 61 can travel no further up. These return pins 61
      are attached to the plates 58 and 60 and thus further closing of the mold
      forces plate 58 and 60 downward to compress the springs 62 until the plate
      60 contacts the plate 63 as shown in FIGS. 2 and 3.
PAR  The cams 36, which are referred to herein as dog-legged cams because of the
      shape shown in FIG. 2 are mounted in the base unit 42 and thus retract
      downwardly as the base unit 42 retracts downwardly. After the base unit 42
      has retracted about 1 1/2 inches, the surface 36s of the dog-legged cam 36
      contacts the interior surface 32s of the cam follower unit 32. Further
      travel of the dog-legged cam 36 downward pulls the cam follower block 32
      in an outboard direction, thereby carrying the side of the cavity units
      14, 16 outwardly to the position shown in FIG. 10.
PAR  As may best be seen in FIGS. 2, 7 and 8, the portion of the mold cavity
      that forms the upper flange 43f of the bobbin 43 is formed in part by a
      recess area in the upper cavity 12 and in part by the side cavities 14,
      16. This setting of the upper flange 43f partially into the upper die
      piece 12 is important so that during opening of the mold, when the side
      cavities 14, 16 move outwardly, there will be no risk that the bobbin 43
      will travel with one or the other side cavities 14, 16. The seating of the
      upper flange 43f into the shallow recess in the upper cavity 12 tends to
      hold the bobbin 43 centered during the opening of the mold and aids in
      preventing twisting, racking or travel of the bobbin during the opening
      process. This assures that the bobbin 43 will be positioned as shown in
      FIG. 10 at that stage in opening of the mold. This is particularly
      important because there may be adhesion between the surface of one of the
      moving side cavities 14, 16 and the molded surface of the bobbin 43. The
      support pins 54 aid somewhat in making sure that this seating of the upper
      flange 43f in the upper cavity 12 is maintained until the side cavities
      14, 16 have broken free of the bobbin. Because of this arrangement, there
      is no need for knock out pins to separate the bobbin 62 from the side
      cavities 14, 16.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a mold base, the improvement adapting said mold base for long life
      use with abrasive molding material comprising:
PA1  a frame,
PA1  at least two tungsten carbide mold cavity pieces, at least a first one of
      said mold cavity pieces being above a parting line and at least a second
      one of said mold cavity pieces being below a parting line, said mold
      cavity pieces having surfaces in contact with one another when the mold
      base is closed,
PA1  a plurality of support elements supporting said mold cavity pieces within
      said frame,
PA1  said support elements comprising a material substantially softer than
      tungsten carbide, said support elements being the sole force transmitting
      elements in contact with said mold cavity pieces,
PA1  a first set of said support elements receiving the energy of impact on
      closing the mold to absorb and dissipate said energy, said first set of
      said support elements having substantial resilliency,
PA1  a second set of said support elements having substantial malleability, said
      second set of said support elements mechanically giving on closing the
      mold to provide alignment of said contacting surfaces of said tungsten
      carbide mold cavity pieces with one another.
NUM  2.
PAR  2. The improvement of claim 1 adapted for the molding of an article, such
      as a bobbin, having at least one upper flange, further comprising:
PA1  said mold cavity pieces including first and second side cavity pieces, said
      side cavity pieces being movable between an inboard position and an
      outboard position,
PA1  a cam and cam follower pair coupled to said side cavity pieces to move said
      side cavity pieces between said inboard and outboard positions as the mold
      closes and opens respectively,
PA1  said first and second side cavity pieces and said cam and cam follower pair
      all being above said parting line.
NUM  3.
PAR  3. The improvement of claim 1 adapted for the molding of an article having
      a through-opening requiring a core piece further comprising:
PA1  a tungsten carbide core piece having opposite first and second end
      surfaces,
PA1  said first end surface of said core piece in contact with a predetermined
      one of said tungsten carbide mold cavity pieces when the mold is closed,
PA1  said second end surface of said core piece in contact with a first one of
      said first set of said support elements when the mold is closed,
PA1  said predetermined one of said mold cavity pieces in contact with a second
      one of said first set of said support elements when the mold is closed,
PA1  said core piece being outsize in the axial direction by approximately one
      mil (0.001 inches) to provide impact when closing the mold between said
      core and predetermined cavity pieces and said first and second ones of
      said first set of support elements prior to contact between any other of
      said mold cavity pieces.
NUM  4.
PAR  4. The improvement of claim 2 adapted for the molding of an article having
      a through-opening requiring a core piece further comprising:
PA1  a tungsten carbide core piece having opposite first and second end
      surfaces,
PA1  said first end surface of said core piece in contact with a predetermined
      one of said tungsten carbide mold cavity pieces when the mold is closed,
PA1  said second end surface of said core piece in contact with a first one of
      said first set of said support elements when the mold is closed,
PA1  said predetermined one of said mold cavity pieces in contact with a second
      one of said first set of said support elements when the mold is closed,
PA1  said core piece being outsize in the axial direction by approximately one
      mil (0.001 inches) to provide impact when closing the mold between said
      core and predetermined cavitypieces and said first and second ones of said
      first set of support elements prior to contact between any other of said
      mold cavity pieces.
NUM  5.
PAR  5. The improvement of claim 2 further comprising:
PA1  a tungsten carbide upper cavity piece having a recess defining a portion of
      the thickness of the upper flange of the bobbin to be molded,
PA1  said side pieces each having an upper recess defining the remainder of the
      thickness of the upper flange of the bobbin to be molded,
PA1  whereby said recess of said upper cavity piece will retain the bobbin being
      molded in position when said side pieces are moved outwardly.
NUM  6.
PAR  6. The improvement of claim 4 further comprising:
PA1  a tungsten carbide upper cavity piece having a recess defining a portion of
      the thickness of the upper flange of the bobbin to be molded,
PA1  said side pieces each having an upper recess defining the remainder of the
      thickness of the upper flange of the bobbin to be molded,
PA1  whereby said recess of said upper cavity piece will retain the bobbin being
      molded in position when said side pieces are moved outwardly.
NUM  7.
PAR  7. The improvement of claim 1 further comprising:
PA1  support-ejector pins positioned to abut against the under side of the
      runners created during molding, and
PA1  lost motion means to maintain said pins protracted against the runners
      during a pre-determined travel of the mold base on initial opening of the
      mold.
NUM  8.
PAR  8. The improvement of claim 3 further comprising:
PA1  support-ejector pins positioned to abut against the under side of the
      runners created during molding, and
PA1  lost motion means to maintain said pins protracted against the runners
      during a pre-determined travel of the mold base on initial opening of the
      mold.
NUM  9.
PAR  9. The improvement of claim 2 further comprising:
PA1  support-ejector pins positioned to abut against the under side of the
      runners created during molding,
PA1  lost motion means to maintain said pins protracted against the runners
      during a pre-determined travel of the mold base on initial opening of the
      mold, and
PA1  said pins and lost motion means being below the parting line.
NUM  10.
PAR  10. The improvement of claim 4 further comprising:
PA1  support-ejector pins positioned to abut against the under side of the
      runners created during molding,
PA1  lost motion means to maintain said pins protracted against the runners
      during a pre-determined travel of the mold base on initial opening of the
      mold, and
PA1  said pins and lost motion means being below the parting line.
NUM  11.
PAR  11. The improvement of claim 5 further comprising:
PA1  support-ejector pins positioned to abut against the under side of the
      runners created during molding,
PA1  lost motion means to maintain said pins protracted against the runners
      during a pre-determined travel of the mold base on initial opening of the
      mold, and
PA1  said pins and lost motion means being below the parting line.
NUM  12.
PAR  12. The improvement of claim 6 further comprising:
PA1  support-ejector pins positioned to abut against the under side of the
      runners created during molding,
PA1  lost motion means to maintain said pins protracted against the runners
      during a pre-determined travel of the mold base on initial openings of the
      mold, and
PA1  said pins and lost motion means being below the parting line.
NUM  13.
PAR  13. The improvement of claim 1 wherein:
PA1  The volume of a first one of said first set of support elements is
      substantially greater than the volume of the one of said mold cavity
      pieces in contact with said first one of said support elements.
NUM  14.
PAR  14. The improvement of claim 2 wherein:
PA1  The volume of a first one of said first set of support elements is
      substantially greater than the volume of the one of said mold cavity
      pieces in contact with said first one of said support elements.
NUM  15.
PAR  15. The improvement of claim 3 wherein:
PA1  The volume of said second one of said first set of support elements is
      substantially greater than the volume of the one of said mold cavity
      pieces in contact with said second one of said support elements.
NUM  16.
PAR  16. The improvement of claim 4 wherein:
PA1  The volume of said second one of said first set of support elements is
      substantially greater than the volume of the one of said mold cavity
      pieces in contact with said second one of said support elements.
NUM  17.
PAR  17. The improvement of claim 5 wherein:
PA1  The volume of a first one of said first set of support elements is
      substantially greater than the the volume of the one of said mold cavity
      pieces in contact with said first one of said support elements.
NUM  18.
PAR  18. The improvement of claim 6 wherein:
PA1  The volume of said second one of said first set of support elements is
      substantially greater than the volume of the one of said mold cavity
      pieces in contact with said second one of said support elements.
NUM  19.
PAR  19. The improvement of claim 7 wherein:
PA1  The volume of a first one of said first set of support elements is
      substantially greater than the volume of the one of said mold cavity
      pieces in contact with said first one of said support elements.
NUM  20.
PAR  20. The improvement of claim 10 wherein:
PA1  The volume of said second one of said first set of support elements is
      substantially greater than the volume of the one of said mold cavity
      pieces in contact with said second one of said support elements.
NUM  21.
PAR  21. The improvement of claim 12 wherein:
PA1  the volume of said second one of said first set of support elements is
      substantially greater than the volume of the one of said mold cavity
      pieces in contact with said second one of said support elements.
NUM  22.
PAR  22. The improvement of claim 1 wherein:
PA1  said support elements have a coefficient of thermal expansion greater than
      that of said tungsten carbide mold cavity pieces.
NUM  23.
PAR  23. The improvement of claim 2 wherein:
PA1  said support elements have a coefficient of thermal expansion greater than
      that of said tungsten carbide mold cavity pieces.
NUM  24.
PAR  24. The improvement of claim 3 wherein:
PA1  said support elements have a coefficient of thermal expansion greater than
      that of said tungsten carbide mold cavity pieces.
NUM  25.
PAR  25. The improvement of claim 5 wherein:
PA1  said support elements have a coefficient of thermal expansion greater than
      that of said tungsten carbide mold cavity pieces.
NUM  26.
PAR  26. The improvement of claim 7 wherein:
PA1  said support elements have a coefficient of thermal expansion greater than
      that of said tungsten carbide mold cavity pieces.
NUM  27.
PAR  27. The improvement of claim 10 wherein:
PA1  said support elements have a coefficient of thermal expansion greater than
      that of said tungsten carbide mold cavity pieces.
NUM  28.
PAR  28. The improvement of claim 21 wherein:
PA1  said support elements have a coefficient of thermal expansion greater than
      that of said tungsten carbide mold cavity pieces.
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ABST
PAL  Improvement of a melting extruder in which a material is moved by the screw
      by providing a communicating path which permits reverse flow of the
      material in the passage throttle part in which the material is compressed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus which melts and extrudes
      synthetic resin materials.
PAR  Generally, synthetic resin compounds, prepared by mixing great quantities
      (for example, equivalent to a resin) of extenders such as gypsum or
      calcium carbonate in thermoplastic resin such as polyethylene, or
      polypropyrene are incombustible or produce less noxious gas even when
      these compounds burn and therefore the compounds are widely used as
      various types of molded products, packing materials and architechtural
      materials. Furthermore, the resin can be saved by using the materials in
      this type of composition and the demands for these synthetic resin
      compounds will increase in the future.
PAR  In case of producing the pellets of synthetic resin compounds which are
      thus greatly extended, the thermoplastic resin and extenders should be
      kneaded while being melted and the mixture should be homogenized.
PAR  If the kneading efficiency of the extruder is low, great quantities of
      extender cannot be added, the compound cannot be homogenized and the
      producing speed becomes slow.
PAR  The principal object of the present invention is to provide an extruder
      capable of highly efficient kneading of the resin compounds, in view of
      the problems described above.
PAR  This principal object can be applied to the cases other than production of
      extended resin compounds. That is, it is applied to production of a
      compounded resin by mixing a plurality of different kinds of resin
      materials and production of bonding agents and paints by blending the
      resin and specific materials.
PAR  With respect to the bonding agents, since the conventional solvent-type,
      emulsion-type or water-soluble bonding agents provides its adhering force
      to objective materials through evaporation of a medium and drying and
      solidifying of the bonding agent, the industrial use of this type of the
      bonding agent is confronted with various problems such as the necessity of
      large-capacity drying equipment, deterioration of the productivity and
      environmental pollution and danger of fire due to production of a great
      volume of solvent vapor when the solvent type bonding agent is dried.
PAR  Instead of using bonding agents with the accompanying various problems, the
      hot-melt type bonding agents have recently been developed and their use is
      spreading.
PAR  This hot-melt type bonding agent is a solid bonding material containing no
      water or solvent and readily becomes a low-viscosity fluid when it is
      heated.
PAR  When this hot-melt type bonding agent is used, it is melted to a fluid by
      heating and applied to objective materials, and the materials are
      instantaneously bonded after spontaneous cooling.
PAR  Accordingly, the hot-melt type bonding agent requires a shorter time for
      the bonding work than other bonding agents for which the drying equipment
      is required, and this bonding agent is economical because the drying
      equipment is unnecessary and therefore provides high productivity and does
      not produce a solvent vapor as in case of a solvent type bonding agent.
      Thus it is forecast that the demands for the hot-melt type bonding agent
      will increase more and more in the future.
PAR  The blending of materials for the hot-melt type bonding agent can be varied
      in accordance with the applications. Generally it contains the base
      polymer (for example, EVA, polyethylene with low molecular weight, APP,
      polyisobutylene, styrenebutadiene, etc.) as the principal component,
      viscous resin (for example, rosin, terpene resins, petrochemical resins,
      cumarone, indene resins, etc.), various waxes and stabilizing agent.
PAR  As described above, a blended resin compound of an extremely low viscosity
      (viscosity: 100 .about. 100,000 cps) when it is melted as compared with
      general thermoplastic resins (usual viscosity: 1,000,000 cps or over) can
      be widely used for other applications such as, for example, coating,
      painting, printing, etc. in addition to the bonding applications, and the
      blended resin compounds can be integrally referred to as the hot-melt
      materials.
PAR  In general, hot-melt materials are supplied to users in the form of
      pellets, biscuits or small blocks; however, it is difficult to mold the
      hot-melt material by the extruders for general plastic materials for its
      specific characteristic, that is, extremely low viscosity when it is
      melted.
PAR  When an extruder for general plastic materials is used to extrude the
      hot-melt material, the molten hot-melt material has a small low friction
      with the internal surface of the extrusion cylinder, the hot-melt slips
      and the extrusion screw cannot perform conveying function of the hot-melt
      material.
PAR  Therefore, a complicated expensive plant as shown in FIG. 16 is operated
      for melting and processing the conventional hot-melt materials. In FIG.
      16, raw materials of the hot-melt material are melted in the melting tank
      T1 and T2 and the molten hot-melt material is sent to the third tank T3
      through the valves and the flow passage A1 shown with solid lines in the
      figure. In the third tank T3, the temperature of the molten material is
      adjusted and the mixing is more promoted. The first melting tank T1 and
      the second melting tank T2 are provided to perform continuously the
      operation by melting and stirring the material in one melting tank while
      the molten material is being discharged from the other tank. The molten
      material discharged from the third tank T3 is filtered by the strainer S1
      or S2 and is sent under pressure to attachment AT such as the T dies by
      the pump P with internally rotating gears, whereby the molded products are
      obtained. In this case, strainers S1 and S2 are properly changed over in
      accordance with their filtering conditions.
PAR  In a plant like this, the melting tanks, strainers and pump should be
      heated to maintain the temperature of the molten material at a certain
      specified temperature. For this purpose, the heating medium boiler B and
      feeder F should be installed to form the pipe passage of the heating
      medium as shown with broken line A2 in the figure, flow passage A1 for the
      molten material should be made by dual piping and heated by said heating
      medium and many valves and cocks should be provided in the piping. In
      addition, the cooling water piping is required for the pump.
PAR  As described above, the conventional plants have been complicated and
      expensive in their constructions. In actual operation, these plants are
      disadvantageous in that it takes long until the material is melted and the
      hot-melt material should be completely discharged from all the pipings
      after extruding operation.
PAR  Furthermore, the pump type machines cannot process the hot-melt material of
      high viscosity (100,000 cps or over) for which the demands are expected to
      increase.
PAR  Another object of the present invention is to supply an extruder which is
      capable of extruding a hot-melt material as described above likewise
      general extruding machines and to vastly improve the efficiency and
      economy in melting and molding operations of the hot-melt material.
PAR  Further another object of the present invention is calrified in the
      detailed description of the construction based on the drawings.
PAC  SUMMARY
PAR  The extruder of the present comprising a cylinder which has the rear
      tubular part with large diameter, the front tubular part with small
      diameter and the tapered intermediate part between said front and rear
      tubular parts. The extruder is provided with the material supplying port
      for supplying the material at the periphery of the rear tubular part and
      the material extruding outlet for extruding the material at the front
      tubular part. A screw, which is provided with a spiral ridge on its
      periphery, is rotatably housed in said cylinder and has the rear part with
      large diameter, the front part with small diameter and the tapered
      intermediate part corresponding to said parts of said cylinder
      respectively. A material flow passage, which is formed by said spiral
      ridge between the external surface of said screw and the internal surface
      of said cylinder, communicates with said material supplying port and said
      material extruding outlet whereby the internal capacity per turn of said
      spiral ridge in a tapered throttle part formed by and between the tapered
      intermediate parts of said screw and cylinder decreases as the taper
      advances from the rear side to the front side. A rotary driving means
      rotates the screw and a heating means is provided on said cylinder to heat
      the material in said material flow passage. A material supplying means
      supplies the material to said material supplying port, for example, a
      kneading mechanism having rotary blades with edged ends to pulverize the
      material and to feed the pulverized material to said material supplying
      port, wherein the material reversely flows in reference to the direction
      of extrusion in said communicating path.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The present invention is illustrated in detail by the accompanying drawings
      whereon:
PAR  FIG. 1 is a front view with a partial cross section showing the overall
      construction of the extruder according to the present invention,
PAR  FIG. 2 is a magnified view showing the rear part of the screw of said
      extruder,
PAR  FIG. 3 is a magnified view showing the intermediate part of the screw of
      said extruder,
PAR  FIG. 4 is a magnified view showing another embodiment of the intermediate
      part of the screw of said extruder,
PAR  FIG. 5 is a cross section of the screw as viewed from line 5--5 in FIG. 4,
PAR  FIG. 6 is a magnified view showing another embodiment of the screw of said
      extruder,
PAR  FIG. 7 is a partial cross sectional view to show the overall construction
      of another embodiment of the extruder according to the present invention,
PAR  FIG. 8 is a cross sectional view of the screw employed in the extruder
      shown in FIG. 7, illustrating the flow of cooling water,
PAR  FIG. 9 is a graph showing the temperature distribution of the screw and the
      surface roughness of the internal surface of the cylinder, correspondingly
      drawn to the illustration of the cylinder and the screw,
PAR  FIG. 10a is a magnified partial cross sectional view illustrating the
      cylinder of extruder shown in FIG. 7,
PAR  FIG. 10b is a magnified partial front view of the intermediate part of the
      screw of the extruder shown in FIG. 7,
PAR  FIGS. 10c and 10d are cross sectional views illustrating the assembly of
      the cylinder shown in FIG. 10a and the screw shown in FIG. 10b; FIG. 10c
      shows the groove of the cylinder matched with the groove of the screw and
      FIG. 10d shows that the both grooves are not aligned,
PAR  FIG. 11 is a view illustrating the material flow passage between the
      cylinder and the screw, showing the material being kneaded,
PAR  FIG. 12 is a graph indicating the relationship between the temperatures and
      MI indexes of the hot-melt material and other general thermoplastic
      synthetic resins,
PAR  FIG. 13 is a brief front view illustrating an equipment which produces
      laminated materials, using the extruder shown in FIG. 7,
PAR  FIGS. 14 and 15 are partial cross sectional views illustrating another
      embodiment of the shapes of the screw and cylinder of the extruder
      according to the present invention, and
PAR  FIG. 16 is a block diagram of the conventional hot-melt material
      manufacturing plant.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, there is shown an overall construction of the extruder
      according to the present invention.
PAR  Screw 1 provided with spiral ridge 11 on its periphery is rotatably housed
      in cylinder 2.
PAR  Said screw 1 comprises rear part 1a with a large diameter, front part 1c
      with a small diameter and tapered intermediate part 1b between said front
      and rear parts.
PAR  Said cylinder 2 comprises rear tubular part 2a with a large inside
      diameter, front tubular part 2c with a small inside diameter and tapered
      intermediate part 2b with a diameter which varies in accordance with the
      taper, whereby said cylinder fits the outmost contour of screw 1.
PAR  Material supplying port 21 for supplying materials is provided at the
      periphery of rear tubular part 2a of cylinder 2 and material extruding
      outlet 22 is provided at the front extreme end of front tubular part 2c of
      the cylinder. Nozzle 23 or a type of dies is mounted on outlet 22 in
      accordance with purposes or applications.
PAR  Material flow passage 3 is spirally formed by spiral ridge 11 of screw 1
      between screw 1 and cylinder 2 and is communicated to said material
      supplying port 21 and material extruding outlet 22.
PAR  Heating means 4 is provided on the periphery of cylinder 2 to heat the
      material in material flow passage 3.
PAR  The rear end of screw 1 is connected to rotary driving mechanism 5
      including a motor and gear mechanism to rotate said screw around the axis
      of the screw.
PAR  Said rotary driving mechanism is adapted to rotate screw 1 counterclockwise
      if spiral ridge 11 is provided in the direction of right thread and
      clockwise if said spiral ridge 11 is provided in the direction of left
      thread.
PAR  Accordingly, when screw 1 is rotated, a material fed from material
      supplying port 21 into material flow passage 3 is pushed to the left in
      the figure by spiral ridge 11, gradually melted by heating means 4 while
      being stirred and extruded from material extruding outlet 22.
PAR  The capacity per turn of the spiral ridge in rear passage part 3a formed by
      and between the front parts of cylinder 2 and screw 1 is smaller than that
      in front passage part 3c formed by and between the rear parts of cylinder
      2 and screw 1 and the internal capacity per turn of the spiral ridge in
      passage throttle part 3b formed by and between the intermediate parts of
      cylinder 2 and screw 1 decreases as the passage advances from the rear
      part to the front part. Accordingly, the material fed from material
      supplying port 21 is compressed in passage throttle part 3b.
PAR  Top end 11a of the spiral ridge of rear part 1a of screw 1 is made in the
      form of cutting edge as shown in FIG. 2 and the internal surface of rear
      tubular part aa of cylinder 2 is knurled to be extremely coarse as
      compared with the outer periphery of screw 1.
PAR  Accordingly, the material fed from material supplying port 21 is engaged
      into material flow passage 3 by cutting edge type spiral ridge 11 and is
      smoothly forwarded by virtue of friction with the internal coarse surface
      of said cylinder since the material is prevented from being otherwise
      moved back due to friction with screw 1.
PAR  Though a material to be fed is of a lump type or a tacky and elastic type,
      it is cut into appropriate sizes by the cutting edge shaped spiral ridge
      and smoothly moved forward.
PAR  Passage throttle part 3b of material flow passage 3 is provided with at
      least one communicating path 6 which communicates the adjacent parts which
      are otherwise isolated by spiral ridge 11 in the material flow passage.
PAR  Communicating path 6 is formed by groove 61 made up by cutting away part of
      spiral ridge 11 in passage throttle part 3b.
PAR  Groove 61 is preferably made by omitting partly the spiral ridge as long as
      one-fourth to one turn around the screw as shown in FIG. 3 for producing
      synthetic resin compounds containing large quantities of extenders. Also,
      groove 61 can be made by chipping off in a small width the spiral ridge at
      a plural number of positions as shown in FIGS. 4, 5 and 6.
PAR  The material in passing through throttle part 3b is in a state of fluid due
      to heating and the capacity per turn of the spiral ridge of the material
      flow passage decreases as the spiral ridge advances from the rear side to
      the front side; accordingly, a fluid material is strongly compressed.
      Therefore, the material is usually saturated in front part 3c and is
      excessively pressurized and the excess of the fluid material is returned
      back through communicating path 6.
PAR  When the material at front part 3c side is insufficient, the pressure of
      front part 3c side becomes small and the material is filled in front part
      3c through communicating path 6, and the equivalent amount of the material
      is sucked from rear part 3a side.
PAR  Thus, the fluid material is mixed and stirred and, at the same time, the
      quantity of material to be supplied to front part 3 is fixed.
PAR  In other words, the material to be extruded is homogenized by means of
      communicating path 6 and the extruding quantity of the material is fixed.
PAR  In the conventional machines which are not provided with communicating path
      6, abnormally high pressure occurs around passage throttle part 3b to
      front part 3c and there is a fear of damaging the machines. However, in
      case of the extruder according to the present invention, excessive
      pressure can be avoided by virtue of the reverse flow effect of
      communicating path 6.
PAR  The air fed together with the material into material flow passage 3 when
      the material is fed and volatile substances produced from the material
      flow in reverse by providing communicating path 6 as described above, thus
      preventing the air and volatile gas from being contained in the material
      to be extruded.
PAR  When a number of thin grooves 61 are provided as communicating path 6, the
      grooves can be arranged so that the grooves provided adjacently in the
      spiral ridge may be aligned on the same line as shown in FIG. 4 or so that
      the grooves are not aligned in the same line as shown in FIG. 6, that is,
      the extension line of each groove is interrupted by the spiral ridge.
PAR  Particularly, in the embodiment shown in FIG. 1, kneading mechanism 7 is
      provided to pulverize the materials and feed the pulverized materials to
      material supplying port 21 of cylinder 2.
PAR  Kneading mechanism 7 comprises the rotary blade unit with blades 71 which
      are edged at their ends and rotary blades 71 are provided to be rotated by
      a rotating means (not shown) in reference to the axial line in parallel
      with screw 1.
PAR  The kneading mechanism pulverizes and mixes resin materials and extenders
      in the form of block when, for example, a great amount of extenders are to
      be added to a synthetic resin material, and the material and extenders are
      forced into material flow passage 3 of cylinder 2.
PAR  Accordingly, if kneading mechanism 7 is provided, various shapes of resin
      scraps can be fed into the material flow passage through the kneading
      mechanism and reused.
PAR  Needless to say, the kneading mechanism need not be provided, depending on
      the type of primary materials.
PAR  Referring to FIG. 7, there is shown an embodiment of the extruder which is
      modified so that it can extrude a material, which has a low viscosity when
      it is melted, for example, a hot-melt material.
PAR  Though the basic configuration of cylinder 2, screw 1 and material flow
      passage 3 is the same as the embodiment shown in FIG. 1, screw 1 of the
      embodiment shown in FIG. 7 is provided with cooling mechanism 8 which
      cools the screw internally.
PAR  Cooling hole 12 is provided along the axial direction in screw 1.
PAR  Cooling hole 12 is provided so that its capacity decreases in the sequence
      of cooling hole rear part 12a corresponding to rear part 1a of screw 1,
      cooling hole intermediate part 12b corresponding to intermediate part 1b
      of screw 1 and cooling hole front part 12c corresponding to front part 1c
      of screw 1 and the cooling hole does not reach extreme front end 1c' of
      front part 1c of screw 1, that is, the part located nearest extruding
      outlet 22.
PAR  Cooling water pipe 82 to supply a cooling water through rotary joint 81 is
      inserted into cooling hole 12 from its rear side.
PAR  Said cooling water pipe 82 is arranged so that extreme end 82a of said
      cooling water pipe is positioned in tapered intermediate part 12b of the
      cooling hole and is closed, and a number of small holes 82b to supply the
      cooling water are provided at the outer periphery slightly behind said
      extreme end 82a.
PAR  Accordingly, the cooling water is circulated through cooling water pipe 82
      as shown with a dot-broken line in FIG. 8 and is not much circulated to
      cooling hole front part 12c. Therefore, the cooling efficiency of screw 1
      is the highest at rear part 1a, followed by tapered intermediate part 1b
      and the lowest at front part 1c. Extreme front end 1c' of screw 1 is not
      nearly cooled.
PAR  Accordingly, the temperature distribution of screw 1 is expressed with line
      l1 in FIG. 9, and the temperature distribution of screw 1 gradually
      increases from the rear side to the front side of cylinder 2.
PAR  On the other hand, inner periphery Ra of rear tubular part 2a of cylinder 2
      is provided multiple streak grooves 25 inclined in a reverse direction to
      the direction of the spiral ridge of screw 1 so that said inner periphery
      is greatly coarsened. To make inner periphery Ra of said rear tubular part
      coarse, it can be simply knurled but, if the directivity of the grooves is
      determined as described, the material is favorably fed into the material
      flow passage.
PAR  Inner periphery Rb of intermediate part 2b of cylinder 2 can be slightly
      smoother than inner periphery Ra of said rear tubular part, for example,
      it can be coarsened surface with unevenness shallower than said thread
      groove 25 or a knurl.
PAR  The inner periphery of front tubular part 2c of cylinder 2 can be divided
      into part Rc1 nearest intermediate part 2b, part Rc3 nearest the extreme
      front end and intermediate part Rc2 between part Rc1 and part Rc3.
PAR  Part Rc1 is made to be slightly smoother (for example, the height of
      surface roughness is 560.mu. or less) than inner periphery Rb of said
      intermediate part, part Rc3 is made to be smoothest (for example, the
      height of surface roughness is 6.mu. or less) and middle part Rc2 is made
      to have an intermediate degree of smoothness (for example, the height of
      surface roughness is 25.mu. or less).
PAR  Accordingly, the surface roughness of the inner periphery of cylinder 2
      becomes gradually finer from the rear side to the front side as shown with
      line l2 in FIG. 9.
PAR  Viewing the effects of the surface roughness of the inner periphery of
      cylinder 2 and the temperature difference of cylinder 2 and screw 1 on the
      feeding and kneading of the material, it is found that the coarser the
      surface roughness of the cylinder 2 compared to that of the outer
      periphery of screw 1, the stronger the adhering force of the material to
      cylinder 2 and the lower the temperature of screw 1 compared to that of
      cylinder 2, the relatively stronger the adhering force to cylinder 2
      becomes.
PAR  Thus, the stronger the adhering force of the material to cylinder 2 is, the
      smoother the flow of material becomes along with rotation of screw 1.
PAR  On the other hand, if the adhering force of the material to cylinder 2 is
      small, the material is not moved forward even by rotation of screw 1
      whereas the material locally turns about in the material flow passage and
      is consequently kneaded by the spiral ridge as shown in FIG. 11.
PAR  The surface roughness of rear tubular part 2a of cylinder to which the
      material is supplied is coarsest and the temperature of screw 1 is
      extremely low as compared with that of the inner periphery of cylinder 2.
      Accordingly, since the adhering force of the material to the inner
      periphery of cylinder 2 in said rear tubular part is mechanically and
      thermally strong, the material is powerfully forwarded by screw 1 and thus
      smoothly moved.
PAR  On the other hand, the surface roughness of the inner periphery of front
      tubular part 2c of cylinder 2 is fine and the temperature of screw 1 is
      high. Accordingly, the adhering force of the material to the inner
      periphery of the cylinder is weak and the material feeding force is also
      weak but the material kneading force becomes strong.
PAR  Since the surface roughness of inner periphery Rc3 of the front tubular
      part, especially extreme front end 2c' of cylinder 2 is extremely fine and
      screw 1 is not almost cooled, the adhering force of the material to inner
      periphery Rc3 of cylinder 2 is extremely weak and the kneading effect of
      the material is extremely high. Therefore, the distribution of temperature
      in the extreme front end part of the material flow passage is uniform.
PAR  The viscosity of the hot melt material suddenly changes in accordance with
      the variation of the temperature. That is, the MI index of general
      thermoplastic resins does not vary so greatly as variation of the
      temperature as shown with line l3 in FIG. 12 while the MI index of the hot
      melt material abruptly changes as shown with line l4. Accordingly, when
      extruding the hot melt material, the material flow becomes uneven if there
      is a difference in temperatures between screw 1 and cylinder 2 and the
      quality of extruded products is not uniform.
PAR  However, in the embodiment shown in FIG. 8, the temperature distribution
      near the extruding outlet is uniform and therefore the qualitative
      uniformity of the extruded material can be maintained.
PAR  The communicating path in intermediate passage throttle part 3b of the
      material flow passage is formed so that the inner periphery of
      intermediate part 2b of cylinder 2 is provided with at least one streak
      groove 62 along the axial direction and spiral ridge 11 is provided with
      at least one groove 61 as shown in FIGS. 10a and 10b. In this case, said
      both grooves 61 and 62 are preferably aligned when screw 1 is rotated by a
      specified angle.
PAR  When the positions of both grooves 61 and 62 are aligned as shown in FIG.
      10c, the material flow resistance of the communicating path is small and
      when the positions of the both grooves are not aligned as shown in FIG.
      10d the material flow resistance of the entire communicating path is
      large.
PAR  When screw 1 rotates and both grooves 61 and 62 are alternately aligned and
      separated, the reverse flow effect of the fluid material in the
      communicating path is alternately increased and decreased and the material
      with air and volatile contents is reversed by the pumping effect.
PAR  When producing the hot melt material by the apparatus shown in FIG. 7,
      primary materials (resins, rubber, wax, stabilizer, extender, etc.) are
      mixed in advance by the intensive mixer, kneader or rolls and the mixed
      materials which are semi-fluid or completely fluid are fed into material
      supplying port of the extruder according to the present invention. Then,
      the fluid material is moved forwardly while being prevented from slipping
      by multiple streak groove 25 or the knurl on the inner periphery of rear
      tubular part 2a of cylinder 2 and is extruded from extruding outlet of the
      extruder through similar processes to the embodiment shown in FIG. 1. If
      the sheet dies or the strand dies are provided at extruding outlet 22, the
      hot melt material in a desired shape can be produced by using the cooling
      water basin and the cutter.
PAR  Furthermore, laminate coating can be easily performed by providing the
      faced-up fountain T dies at extruding outlet 22. FIG. 13 shows an example
      of the laminate coating process. Primary paper 101 is fed to fountain T
      dies 104 through preheating rolls 102 and expander rolls 103 and is coated
      with a hot melt bonding agent supplied from extruder 105 according to the
      present invention by fountain T dies 104, coated primary paper 101 is
      laminated with secondary paper 106, a laminated sheet is bonded by cooling
      through cooling rolls 107 and thus laminate sheet 108 is completed. In
      many cases, however, cooling rolls 107 are unnecessary.
PAR  Cylinder 2 and screw 1 can be formed as shown below, regardless of said
      embodiments.
PAR  Referring to FIG. 14, there is shown an embodiment of cylinder 2 in which
      the inside diameters from front tubular part 2c to rear tubular part 2a
      are equal anywhere therebetween. In this case, front part 1c of screw 1 is
      given a larger diameter, rear part 1a is given a smaller diameter and
      intermediate part 1b is tapered so that the capacity of material flow
      passage 3 per turn of the spiral ridge in front passage part 3c is smaller
      than that of rear passage part 3a and decreases gradually in intermediate
      passage throttle part 3b.
PAR  Referring to FIG. 15, there is shown an embodiment of screw 1 in which the
      outside diameters of the screw from front part 1c to rear part 1a are
      equal anywhere therebetween. In this case, cylinder 2 is tapered for the
      same purpose as above.
PAR  As described heretofore, the extruder according to the prevent invention is
      adapted to provide such advantages that the fluid material can be
      reversely moved through the communicating path to ensure high material
      kneading effect, a great quantity of extenders can be added to the
      material, the homogeneous quality of general materials to be extruded can
      be improved and uniformly colored products can be made using the master
      color batch of resins.
PAR  Moreover, the extruder according to the present invention is advantageous
      in that the extruding quantity of the material can be fixed by the
      communicating path, overload is avoided to prolong the service life of the
      extruder, and foams or volatile substance can be removed from the material
      since the communicating path serves to release them.
PAR  In addition, other advantages such as the edged top end of the rear part of
      the spiral ridge which makes mixing and kneading more efficient and
      effective are described in detail in respective embodiments in the
      foregoing paragraphs.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An extruder comprising:
PA1  a. a cylinder which has a front tubular part, rear tubular part and an
      intermediate part between said front tubular part and said rear tubular
      part and is provided with a material supplying port for supplying a
      material at a periphery of said rear tubular part and a material extruding
      outlet at said front tubular part;
PA1  b. pulverizing means positioned at said material supply port, which
      pulverizes primary materials and feeds pulverized materials under pressure
      into said material supplying port, said means for pulverizing and feeding
      the materials comprising rotary blades which are edged at the blade ends;
PA1  c. a screw which is provided with a spiral ridge on its outer periphery,
      rotatably housed in said cylinder, said screw having a front part, rear
      part and intermediate part corresponding to the parts of said cylinder;
PA1  d. a material flow passage spirally formed by said spiral ridge between the
      outer periphery of said screw and the inner periphery of said cylinder,
      said passage communicating with said material supplying port and said
      material extruding outlet and adapted so that a capacity per turn of the
      spiral ridge in a front part formed by the front parts of said cylinder
      and screw is smaller than that of a rear part formed by the rear parts of
      said cylinder and screw and a capacity per turn of the spiral ridge in a
      passage throttle part formed by the intermediate parts of said cylinder
      and screw gradually decreases as said spiral ridge advances from the rear
      side to the front side;
PA1  e. a communicating path connecting adjacent partial sections of said
      material flow passage which are separated by said spiral ridge in said
      passage throttle part;
PA1  f. a rotary driving means which rotates said screw; and
PA1  g. a heating means provided on said cylinder to heat said material flow
      passage.
NUM  2.
PAR  2. An extruder in accordance with claim 1, wherein an outermost end of said
      spiral ridge on the rear part of said screw is formed as a cutting edge.
NUM  3.
PAR  3. An extruder in accordance with claim 1, wherein the surface roughness of
      the inner periphery of the rear tubular part of said cylinder is more
      coarse than that of the outer periphery of the rear part of said screw.
NUM  4.
PAR  4. An extruder in accordance with claim 3, wherein a number of grooves
      which are inclined in an opposite direction to the inclination angle of
      said spiral ridge are provided to roughen the inner periphery of the rear
      tubular part of said cylinder.
NUM  5.
PAR  5. An extruder in accordance with claim 1, wherein said communicating path
      is formed by a gap in said spiral ridge in a direction across the spiral
      ridge.
NUM  6.
PAR  6. An extruder in accordance with claim 1, wherein said communicating path
      comprises grooves from the front side to the rear side on the inner
      periphery of the intermediate part of said cylinder.
NUM  7.
PAR  7. An extruder in accordance with claim 1, wherein said communicating path
      comprises grooves formed by spaces in the sprial ridge in a direction
      across the spiral ridge and grooves formed by recessing the inner
      periphery of the intermediate part of the cylinder wherein the grooves on
      the spiral ridge and the grooves on the inner periphery of the cylinder
      are alternately aligned and not aligned when the screw is rotated.
NUM  8.
PAR  8. An extruder in accordance with claim 1, wherein said cylinder is made so
      that an inside diameter of the front tubular part is smaller than that of
      the rear tubular part and the intermediate part is tapered and said screw
      is made so that an outside diameter of the front part is smaller than that
      of the rear part and the intermediate part is tapered, to internally fit
      said screw to said cylinder.
PATN
WKU  039320871
SRC  5
APN  5382084
APT  1
ART  322
APD  19750102
TTL  Arrangement in moulding presses with parted press tools for the
      production of hot-pressed plastic material products, especially
      grammophone records
ISD  19760113
NCL  20
ECL  1
EXP  Flint, Jr.; J. Howard
NDR  6
NFG  12
INVT
NAM  Nilsson; Osten Karl Alf
CTY  Spanga
CNT  SW
INVT
NAM  Lindell; Curt
CTY  Taby
CNT  SW
ASSG
NAM  Toolex Alpha Aktiebolag
CTY  Sundbyberg
CNT  SW
COD  03
PRIR
CNT  SW
APD  19740107
APN  7400162
PRIR
CNT  SW
APD  19741219
APN  7416026
CLAS
OCL  425215
XCL  425444
XCL  425810
XCL  425116
EDF  2
ICL  B29D 1700
FSC  425
FSS  114;116;123;511;810;444;215
UREF
PNO  2743478
ISD  19560500
NAM  Harlow et al.
XCL  425511
UREF
PNO  3186029
ISD  19650600
NAM  Joseph
OCL  425123
UREF
PNO  3526690
ISD  19700900
NAM  Bachman
OCL  425114
UREF
PNO  3528127
ISD  19700900
NAM  Damm et al.
OCL  425116
UREF
PNO  3635622
ISD  19720100
NAM  Wechsler
OCL  425116
UREF
PNO  3663136
ISD  19720500
NAM  Westermann
OCL  425116
LREP
FRM  Stevens, Davis, Miller & Mosher
ABST
PAL  In a moulding press with parted press tools for producing hot-pressed
      products of plastic materials, particularly grammophone records, an
      arrangement for holding and handling the products, which is movable
      between the pressing area and a stripping apparatus situated outside said
      area, said arrangement incorporating a holder provided with means for
      anchoring the pressed product to it while utilizing the excess material
      exuding during pressing from between the tool halves.
BSUM
PAR  The present invention relates to an arrangement in moulding presses with
      parted press tools for the production of hot-pressed products of plastic
      material, especially grammophone records, a holder for the pressed product
      being arranged, before starting the pressing operation to be entered into
      an exuding zone for the excess material from the pressing operation to
      assure its position in the press, and subsequent to the termination of the
      pressing operation, in company with the ready-pressed product attached
      thereto through the intermediary of the excess material exuded during the
      pressing operation, to be moved away to an apparatus for releasing the
      ready-pressed product from the holder, situated outside the pressing area.
PAR  Through the German Offenlegungsschrift No. 2,016,749, for example, it has
      earlier been proposed, in moulding presses of the kind set forth above, to
      arrange two holding elements, diametrically opposed with relation to the
      centre of the press tool, outside its edge zone whereto the excess
      material from the pressure moulding operation exudes, said elements being
      on the one hand mounted for parallel movement by means of guiding
      elements, and on the other hand each presenting a T-shaped groove. These
      grooves are mutually parallel, placed in the plane of movement of the
      holding elements and open out towards each other in the said edge zone,
      whereto the excess material from the pressing operation exudes.
PAR  Before starting a pressing operation, both the holding elements are entered
      into position in relation to the press tool, whereafter the pressure
      moulding is performed. Simultaneously therewith the excess material exudes
      substantially annularly around the pressed grammophone record, the excess
      material appearing in front of the holding elements making its way into
      both the T-shaped grooves, to fill the same in such a way that the pressed
      grammophone record subsequent to solidification is anchored in the holding
      elements via the excess material in the slots. When the press tool halves
      are thereafter moved apart to expose the ready-pressed record with
      attached excess material, both holding elements are commonly displaced
      from the pressing area in company with the record and the excess material
      to a station situated outside said area, in which T-shaped ribs of excess
      material formed in said T-shaped grooves are pushed completely out of said
      grooves by relative movement between said ribs and said holding elements.
      The holding elements with the grooves liberated from the excess material
      are thereafter returned to their active position in the press in readiness
      for a repeated pressing operation, while the record itself it cut free
      from excess material by a cutting wheel in a cutting apparatus, and
      possibly edge trimmed.
PAR  Although the device described above shows good retaining characteristics
      per se, with relation to the pressed grammophone record, and furthermore
      simplifies conveyance and the further handling of said record, it causes
      in practice a number of inconveniances, especially in mass production.
PAR  Since, immediately after a terminated press operation the plastic material
      has not yet solidified to a solid consistency, and because the
      ready-pressed record can only be held, for obvious reasons, at two
      diametrically opposed places, it may happen that the unsupported portions
      of the record are deflected out of the intended plane of the record and
      solidify to form a curved disc which is not acceptable as a final product,
      and must be rejected.
PAR  In order to avoid or at least lessen these drawbacks, the thickness of the
      pressed product can indeed be increased, but an uneconomical measure is
      thereby introduced into the process, at the same time as the cooling time
      has to be increased considerably, which further contributes to
      deterioration of the economical gain in fabrication.
PAR  Furthermore it involves unnecessary circuitousness and time delay in having
      first to release the excess material from the holding elements by a
      special device in order to release the grammophone record itself,
      thereafter cutting the excess material away from the periphery of the
      record by means of a cutting wheel.
PAR  The object of the invention is therefore to provide an arrangement in
      moulding presses of the kind in question, which enables grammophone
      records having a small thickness to be manufactured, especially in series,
      in an economically advantageous manner, even from the point of view of
      time.
PAR  In accordance herewith, the invention is mainly characterized in that the
      holder presents a ring, encircling at least the major portion of the
      perimeter of the pressed product, comprising a plurality of anchoring
      means distributed in and along the exuding zone of the excess material for
      attaching the pressed product to the holder by the excess material exuding
      onto, and solidifying in engagement with said anchoring means, and that
      said apparatus includes a shearing means, movable essentially transverse
      to the plane of the ring of anchoring means, for breaking the pressed
      product loose in the region of said anchoring means.
DRWD
PAR  The invention will now be more closely described with reference to an
      embodiment diagrammatically shown on the attached drawing, and in
      connection therewtih further characterizing features and advantages of the
      invention will be apparent.
PAR  FIG. 1 is a side view of a preferred embodiment of a grammophone record
      press according to the invention.
PAR  FIG. 2 is a horizontal section taken essentially along the line II--II in
      FIG. 1.
PAR  FIG. 3 is a fragmentary vertical section taken along the line III--III in
      FIG. 2, which shows an auxiliary tool for metering and preforming a
      plastic compound from which the product is to be pressed, and for
      introducing this compound into the pressing area.
PAR  FIG. 4 is a fragmentary vertical section showing a portion of an auxiliary
      tool for removing ready-pressed grammophone records from the working area
      of the press and for delivering the same to an edge trimming station.
PAR  FIG. 5 illustrates in section and to a larger scale a portion of the
      apparatus according to FIG. 4, showing a preferred embodiment of an
      anchoring means according to the invention for attaching the exuding
      excess material to the holder.
PAR  FIGS. 5A, 5B, 5C, 5D, 5E and 5F show alternative embodiments of said
      anchoring means according to the invention for attaching the excess
      material to the holder.
PAR  FIG. 6 is a vertical section through the press itself, with the press tool
      and auxiliary tools removed.
PAR  On the drawing, similar or essentially similar details in all the Figures
      are provided with the same reference numerals.
DETD
PAR  The grammophone record press according to FIGS. 1-6 includes a stand 10
      carrying guiding columns 11, 12, 13 and press tables 14, 15. With the
      assistance of abutments 16 (FIG. 6) and nuts 17 the columns 11, 12, 13 are
      clamped between two pressure slabs, one of which is designated by 18 and
      in its turn is attached to the stand, while the other is formed by the
      upper press table 15. Each of the press tables 14, 15 carry a half 19, 20
      of a substantially conventional grammophone record pressing tool.
      Auxiliary tools 21, 22, 23 are further associated with the press to feed
      the starting material to and remove pressed products from the working area
      of the press. In the embodiment illustrated only the one press table 14 is
      movable by means of driving equipment 24, 25 for moving the tool halves
      19, 20 towards and away from each other, but it is also within the scope
      of the invention to have both press tables movable, although further
      driving equipment would be required here for the second press table and a
      further pressure slab would be required at the opposite ends of the
      columns 11, 12, 13 to the pressure slab 18.
PAR  The driving equipment for the press table 14 is shown in more detail in
      FIG. 6. This equipment comprises a pressure cylinder 24 for forcing the
      press table 14 in a direction towards the press table 15, and a number of
      return cylinders only one of which is visible and is designated by 25 in
      FIGS. 1 and 6, for returning the lower press table 14 to its lower
      position, in which it is shown on the drawing.
PAR  In the preferred embodiment shown each of the auxiliary tools 22 and 23 is
      mounted on guiding columns 11 and 12 respectively for swinging between a
      position outside the working area of the press and a position of alignment
      in relation to the central axis of the tool halves 19, 20.
PAR  It is naturally within the scope of the invention for the auxiliary tool to
      be alternatively mounted so that it can be displaced along a rectilinear
      path between both said positions.
PAR  In coordination with the press there is also a device 26, essentially of
      the known type sold by Toolex Alpha AB, Sundbyberg, Sweden under the
      designation Extromat 3, for pre-working, heating and metering plastic
      compound. The device 26 is well-known to one skilled in the art, and will
      therefore only be described to the extent in which it is modified to suit
      the shown embodiment of the press according to the invention, and to the
      extent required for explaining the invention.
PAR  On and in the upper portion of the device 26 there is mounted, as shown in
      FIGS. 1-3, a metering device generally designated by 27, the device being
      coordinated with means for feeding a moulded cake of preheated plastic
      compound, essentially cylindrical in the example shown, to a position
      between the tool halves 19, 20. The metering device 27 includes a mould
      consisting of three parts 28, 29, 30 of which the parts 28, 29 are
      arranged to be moved apart by means of respective pressure cylinders 31
      and 32 to expose a ready-moulded cake for introduction into the working
      area of the press, while the remaining mould part 30 is displaceable by
      means of pressure cylinder 33 for taking a cake with it from the position
      shown to a position in which the cake is located substantially centrally
      between the two tool halves 19, 20. As shown, the part 30 forms only a
      portion of the cylindrical inner wall of the mould, and to enable
      retention of the cake after the mould portions 28, 29 have been parted,
      part 30 is provided with two commonly parallel forwardly projecting
      retaining prongs 34, tapering therefrom. An injection head 35 is connected
      to one end of an only partially shown cylindrical housing 36 (FIG. 3),
      incorporated in the device 26 in a conventional manner, the housing
      containing a screw device for working and feeding the plastic material
      from which grammophone records are to be made. The injection head is
      adapted with a nozzle-like portion 37 to be fitted into a portion of the
      upper side of the mould part 28 and an opening formed by a recess in the
      form part 30, during the formation of a cake. In the formation of a cake,
      the screw device situated in the housing 36 is thus driven by a driving
      mechanism, not shown, so that plastic compound passes via the head 35 and
      its nozzle 37 into the moulding cavity bounded by the parts 28, 29, 30.
      The piston rods of the cylinders 33 are then in their retracted positions,
      while the piston rods of the cylinders 31, 32 are in their extended
      position. The cylinder 31 associated with the mould portion 28 exerts a
      weaker force than the cylinder 32 associated with the mould portion 29,
      and is furthermore not capable of withstanding the pressure of the plastic
      compound discharging through the injection head 35 when the moulding
      cavity has been completely filled. Thus, when the cavity is filled, the
      mould part 28 is pressed downwards, and after a short distance of travel,
      substantially less than the stroke of the cylinder 31, it operates a limit
      switch 38 located in its path, thereby causing the screw device drive to
      stop and consequently also the feed of the plastic material to the
      injection head 35. To open the mould, the piston rods of the cylinders 31,
      32 are thereafter moved to their retracted positions, whereafter the
      moulded plastic cake carried by the prongs 34 on the form part 30 can be
      introduced into the working area of the press by means of the cylinders
      33, where it is gripped, together with two labels, in a manner more
      closely described below, whereafter the piston rods of the cylinders 33
      and the mould part 30 can be returned to the position shown in FIGS. 1-3.
      The mould part 30 is carried by the outer ends of the piston rods of the
      cylinders 33 via holders 39. Each mould part 28, 29 is similarly carried
      by the outer end of the piston rod of the respective associated cylinder
      31 and 33. The cylinders 31, 32 and the limit switch 38 are carried by the
      device 26 via a bracket means 40. The limit switch 38 contact means 41
      causes a break practically as soon as it is engaged by the mould portion
      28, but can move downwards from the breaking position so that the piston
      of the cylinder 31 can be retracted completely without being hindered by
      the limit switch 38,
PAR  The auxiliary tool 22 intended for introducing grammophone record labels
      into the working area of the press comprises two arms 42, 43 which at 44
      (FIG. 1) are commonly mounted on the guiding column 11. As is most clearly
      shown in FIGS. 2 and 3, the arms 42, 43 are hollow at least at their free
      ends, and the cavities 45 are connectable to a source of negative pressure
      by means not shown. Both arms 42, 43 are situated with their free ends at
      such a distance from each other that the mould portion 30 with a plastic
      cake can pass between them without hindrance. The arms, in the sides
      facing away from each other are provided at their free ends with holes 46.
      The arms 42, 43 are mutually pivotable about the column 11 by means of a
      pressure cylinder 47, one end of which is pivotably connected to the arm
      42 and the other end of which is pivotably connected to the upper
      stationary press table 15, between the illustrated position outside the
      working area of the press, in which they are each arranged to pick up a
      grammophone label from a label magazine generally designated by 48, and a
      position aligned in relation to the central axis of the tool halves 19 and
      20, in which they are arranged to deliver the labels carried. In the
      latter position, the labels together with a plastic cake fed in by the
      auxiliary tool 21, are gripped by means of centre pins coordinated with
      the tool halves 19, 20, and more closely described below. To allow for
      return swing of the arms 42, 43 when said central pins have passed through
      the labels and into the plastic cake, arcuate slots 49 are formed in the
      arms. The label magazine 48, which does not form part of the invention and
      therefore is not shown and described in detail, is provided with spaces
      for stacks of labels for the respective upper and lower sides of the
      records. By means of weights 50, 51, the label stacks are urged against
      conveying means not shown for conveying the labels one at a time from each
      stack to zones 53 between the free ends of the arms 42, 43, when the
      latter are in the position shown in FIGS. 1-3, and guiding plates 52
      incorporated in the magazine 48, in which zones the labels are attached to
      the holes 46 by the provision of sub-pressure in the cavities 45. When the
      labels are delivered to the working area of the press, communication of
      the cavities 45 with the source of sub-pressure is disrupted.
PAR  In the next following the particularly outstanding arrangement according to
      the invention in moulding presses of the kind in question will be
      described with reference to the preferred embodiment of the auxiliary tool
      23 shown in FIGS. 1, 2, 4 and 5 for extracting ready-pressed objects from
      the working area of the press. This auxiliary tool 23 includes an arcuate
      portion or a holding means 54, which is carried by an arm 55 which in turn
      is supported by a bearing sleeve 56, mounted for rotation about the column
      12 and for being longitudinally displaced to a limited extent along said
      column. The arm 55 is arranged to be swung by means of a pressure cylinder
      57, which at 58 (FIG. 2) is pivotably connected with the arm 55 at one of
      its ends, and is pivotably connected at 59 (FIG. 1) to the press table 15
      at its other end. The longitudinal displaceability of the sleeve 56 is
      limited by stops 60, 61, each of which is supported by the press tables
      14, and 15 respectively and which are arranged, in a manner more closely
      described below, to engage each one of the end flanges 62 and 63 on the
      sleeve 56. The auxiliary tool 23 is pivotable between the extracting
      position shown in full lines in FIGS. 1 and 2, and the delivery position
      indicated in FIG. 2 by chain-dotted lines, in which latter position, the
      ready-pressed object 64 extracted from the working area of the press as
      shown in detail in FIG. 4, is located directly above a rotatable, raisable
      and lowerable supporting plate 66 incorporated in an edge trimming device
      65.
PAR  The edge trimming device 65 is mounted on a bracket 67 attached to the
      lower slab 18, and includes in a conventional manner a housing 68
      containing necessary driving and operating means, and a trimming head 69
      pivotable about a vertical axis and provided with rotatable cutting wheels
      or the like, which are adapted to be brought into engagement with and to
      trim the peripheral edge of the pressed object 64, so that said edge is
      relieved of flash and the like formed during the pressing operation.
PAR  The sleeve 56 also carries a further arm 70, forming an angle with the arm
      55, and which is provided with a number of suction cups 71 which can be
      connected to a source of subpressure. The angle between the arms 55 and 70
      is such that the arm 70 is located with its suction cups 71 immediately
      above the supporting plate 66 when the arm 55 is located in its extracting
      position. Trimmed objects 64 can be picked up from the supporting plate 66
      by means of the suction cups 71, and simultaneously as the arm 55 is swung
      to its delivery position, the object 64 is conveyed to a magazine 72 for
      finished grammophone records, where communication with a source of
      subpressure to the suction cups 71 is interrupted and the conveyed record
      is released onto the magazine 72. The magazine 72 is shown to consist of a
      plate 73, carried by a bracket 74 attached to the slab 18, and provided
      with an upstanding centre pin 75 for aligning the grammophone records 76
      delivered onto the magazine.
PAR  In the pressing operation itself, when the tool halves 19, 20 are moved
      together and therebetween press a received cake of thermoplastic material
      into a record, an excess of the thermoplastic material exudes out at the
      peripheral boundary zones between the tool halves. The holder 54 of the
      auxiliary tool 23 is adapted for location immediately outside the
      juxtaposed tool halves 19, 20 during the pressing operation, and is
      arranged to be adhered to the excess material exuding out at a plurality
      of separate places distributed along substantially the entire extension of
      said boundary zones for the purpose of retaining the pressed object while
      extracting it from the pressing area. Outside the pressing area there is
      furthermore a device or an apparatus for separating the excess material
      from the holder 54 at said places. In accordance with the invention, the
      holder 54 in the example shown on FIG. 5 is provided with a plurality of
      projections 77 distributed in a ring, and taking the shape of radial studs
      or pins directed towards the centre of the holder, which in the
      illustrated, preferred embodiment are each provided with a cylindrical
      hole 78 directed towards the centre of the holder. The direction of the
      holes is however in no way critical, since what is important in this
      connection is that they are directed or open out in such a way that the
      excess material from pressing penetrates thereinto and after
      solidification is anchored therein and consquently also to the holder.
PAR  Within the scope of the invention there are many alternative arrangements
      and modifications of the example shown in FIG. 5 of the holes 78 serving
      as anchoring means, principle examples thereof being schematically shown
      in FIGS. 5A, 5B, 5C, 5D, 5E and 5F.
PAR  In FIG. 5A, showing in section a portion of an annular holder especially
      intended for a pressed product in the shape of a grammophone record, the
      holder body is denoted by reference numeral 110. Along the inner periphery
      of the holder body 110 a large number or recesses or holes 111 are taken
      up at a desired pitch, said holes being intended to form the anchoring
      means for the plastic compound exuding towards them during pressing. In
      this embodiment the recesses 111 are made as spherical segments. In as far
      as it is desired to carry out their easy cleaning when breaking the
      solidified excess material around the grammophone record for releasing it
      from the holder 110, the recesses 111 are made at most hemispherical, but
      usually less than a hemisphere, whereby the cap-shaped knobs cast in the
      recesses 111 loosen by themselves at or after shearing off the excess
      material along the inner periphery of the holder.
PAR  In the case where it is desired to retain solidified excess material in the
      recesses 111 permanently, the recesses are suitably formed as more than a
      hemisphere. The excess material exuding during pressing then melts
      together with the solidified and anchored hemispherically shaped bodies
      already in the recesses, the former thus joining the grammophone record
      with the holder via the new excess material which after terminated
      pressing operations is each time sheared off from the permanently anchored
      knobs.
PAR  In FIG. 5B, is shown a similar example to the last-mentioned application
      with permanent anchorage of plastic knobs or the like directly in the body
      of the holder. In this Figure the holder is denoted by 112 and a large
      number of undercut holes in the body of the holder by reference numeral
      113, said holes suitably being in the shape of a truncated cone. The
      surfaces of the recesses or holes 113 are thus also in this embodiment
      made so that they prevent unintentional forcing out of the plastic filling
      solidified therein, especially during the shearing operation carried out
      when the grammophone record itself is separated from the holder.
PAR  The FIGS. 5A and 5B apply to the simplest-alternative, in which the
      anchoring recesses are made directly in the body of the holder 110 or 111.
      According to the invention, these anchoring recesses can however,
      similarly to the example according to FIG. 5, be made with suitable
      projections which are attached to the holder. An example hereof is shown
      diagrammatically in FIG. 5C, wherein such a projection has for example the
      form of a chamfered stud 114 which by means of a screw 115 is screwed onto
      a holder not shown, and which is provided with a hole 116 in the shape of
      a truncated cone, tapering towards the apex 117 of the stud 114 and which
      is intended permanently to retain the excess material 118 cast therein
      against unintentional expulsion. This embodiment is in principle agreement
      with the embodiment according to FIG. 5B.
PAR  A modified embodiment of FIG. 5C is shown in FIG. 5D, in which the outer
      contour of the illustrated stud 119 is in substantial agreement with the
      corresponding shape of the stud according to FIG. 5C, while a screw 120 in
      the same way as the screw 115 in the latter figure is intended to serve
      the purpose of attaching the stud 119 to a holder not shown in the figure.
      The embodiment according to FIG. 5D is intended to illustrate in principle
      such embodiments according to the invention in which the necessary
      anchoring hole does not necessarily extend radially and axially in a
      projection attached to the holder, or radially when it is made directly in
      the body of the holder. As an example and for the sake of simplicity, a
      cylindrical anchoring hole 121 is shown in FIG. 5D, the axis of the hole
      forming an oblique angle to the axis of the stud 119.
PAR  Finally and while referring to FIGS. 5E and 5F, two further variations of
      the inventive object will be discussed, which in certain cases can have
      especially advantageous anchoring characteristics.
PAR  In FIG. 5E a portion of a holder is denoted by 122, in the body of which
      slots are made, wherein projections in the shape of flat strips or the
      like 123 are inserted and fixed in a radial direction. In each such strip
      123 a through-going anchoring hole 124 is made, into which excess material
      can flow on passing along the strip 123 to be anchored therein after
      solidification.
PAR  In FIG. 5F a modified embodiment of FIG. 5E is shown, the holder being
      denoted by 125 and the strip fixed therein by 126. Compared with the
      embodiment according to FIG. 5E, the strips 126 are each provided at their
      free ends with two prongs or tongues 127 which are bent outwards in
      opposite directions, so that between themselves they form a concavity or
      grip 128 for the excess material coming out from the pressing operation.
      In as far as it is required, each tongue 127 can be provided with a
      through going anchoring hole 129. The concavity 128 formed between the
      tongues 127 of each strip is considered a modified anchoring hole in
      itself.
PAR  The anchoring holes may otherwise be varied within wide limits both with
      regard to their shape and to their direction.
PAR  In order to separate the pressed object 64, in the delivery position of the
      auxiliary tool 23, from the holding means 54 at the joining places formed
      by the studs 77 where the object while being pressed is moulded together
      with the holder 54, there is arranged a raisable and lowerable,
      substantially circular plate or disc 80 directly above the plate 66, the
      diameter of the disc 80 exceeding the distance between diametrically
      opposed projections 77 but less than the inner diameter of the holding
      means 54. In the periphery of the disc 80 there are recesses or notches
      81, which enable the disc 80 to be lowered through the holding means 54
      while breaking the material joint between the object 64 and the anchoring
      means 77. According to what has been indicated above, a portion of
      thermoplastic material hereby remains in the holes 78, said material
      flowing together or being welded together at a new pressing operation with
      the excess material exuding at the boundary zones between the tool halves
      19, 20. The holes 78 can also initially be filled with a material with a
      propensity for being welded together with the thermoplastic material
      exuding between the tool halves 19, 20.
PAR  A tool similar to the auxiliary tool 23 can to advantage be used in other
      connections for extracting hot pressed products of plastic material of
      varying configurations from parted press moulding tools, where excess
      material exudes in the boundary zones between the tool halves when
      pressing the products. Instead of holed studs 77, suitably undercut holes
      or slots made in the holder itself may be used according to the above, or
      such studs may be used, of a material which in itself has a propensity for
      adhering to the excess material exuding in the boundary zones, or the
      studs can alternatively be so shaped that the excess material is forced to
      flow onto them in such a way as to form gripping contact.
PAR  The disc 80 is carried by the piston rod 82 of a pressure cylinder 83 which
      in its turn is carried by the pressure head 15 (FIG. 1).
PAR  The press tool halves 19, 20 can also be mounted so that they can be
      pivoted about one of the press columns. In FIG. 2 the tool half 20 is
      shown mounted on an arm 84 which is pivotally mounted on the column 13.
      Since it is of very great importance that the tool halves are very exactly
      aligned to each other, special aligning devices shown in more detail in
      FIG. 6 are arranged for the tool halves, there being a certain play
      between the arm 84 carrying the tool half and the column 13, as is
      exaggeratedly shown in FIG. 2 at 85. At 86 is indicated a connection which
      allows turning the tool half 20 about an axis at right angles to the
      column 13, after the arm 84 with the tool half 20 has been swung out so
      far that the tool half 20 is no longer supported by the press table 14.
      The said pivotability facilitates inspecting the tool halves and
      exchanging the dies thereon. Flexible hoses for supplying heating and
      cooling media are denoted by 87, said hoses also allowing for the swinging
      and pivoting movements of the tool half 20.
PAR  The aligning devices for the tool halves are shown in FIG. 6. In the chosen
      example, said devices are coordinated with center pins for gripping cakes
      of thermoplastic material and grammophone labels supplied to the working
      area of the press, and for making central holes in the pressed objects.
      Center pins 88, 89 are arranged in the chosen example to pass through a
      central hole in the respective associated tool half 19 or 20, while each
      of the aligning devices comprises an essentially cylindrical portion 90,
      91 which is arranged to be fitted with a tight fit in a recess in the
      respective associated tool half 19 or 20, while the respective half is
      kept pressed against the associated press table 14 or 15 by means not
      shown.
PAR  For bringing together the press tool halves 19, 20, the pneumatic cylinder
      24 is connected via suitable holes and ducts to a pressure source, whereas
      parting the tool halves in the illustrated example takes place by means of
      special pressure cylinders 25. The latter are always pressurized on their
      minus side but exert less force than the pressure cylinder 24, so that
      they can retract the press table 14 first after the communication of
      cylinder 24 with the pressure source is interrupted and the pressure
      medium is allowed to leave cylinder 24. At 92 and 93 stopping means are
      shown for limiting the stroke of the cylinder 24.
PAR  The center pin 89 and the aligning portion 91 for the lower tool half 20
      are incorporated in a pressure cylinder assembly wherein the centre pin 89
      is connected to a piston 95 and the aligning portion 91 is a portion of
      piston 94. Pressure medium can be supplied to the plus side of the piston
      94 via a duct 96, whereas pressure medium can be supplied between the
      pistons 94, 95 via a duct 97. In the illustrated position, both ducts 96,
      97 are connected to the pressure medium source, which in the present case
      is a compressed air source. To lower the pin 89 the duct 96 is
      depressurized. To lower the aligning portion 91 both ducts 96 and 97 are
      depressurized.
PAR  The center pin 88 and the aligning portion 90 for the upper tool half 19
      are incorporated in a pressure cylinder assembly, wherein the center pin
      88 is connected to a piston 98 and the aligning portion 90 is a portion of
      piston 99. Pressure medium can be supplied to the plus side of the piston
      98 via a duct 100, and pressure medium can be supplied between the pistons
      98 and 99 via a duct 101. In addition, a pressure cylinder 102 is
      arranged, which via a connection 103 can be pressurized on the plus side
      of a piston 104. The piston 104 carries a latching means 105 which is
      adapted to be brought into engagement with a holder 106 for the pin 88. In
      the embodiment shown, the pressure medium is compressed air, and in the
      position shown in FIG. 6 the ducts 100 and 103 are connected to the
      pressure medium source, whereas the piston 99 is kept pressed down by the
      piston 98. To raise the pin 88 the duct 100 is depressurized and the duct
      101 connected to the pressure medium source. The piston 98 with the holder
      106 and the pin 88 is hereby raised until the upper end of the holder 106
      is stopped by the latching means 105, whereas the pressure medium supplied
      via the duct 101 keeps the piston 99 and the aligning portion 90 pressed
      down. The ducts 100 and 103 are depressurized to raise the aligning
      portion 90, whereas the duct 101 is connected to the pressure medium
      source. The holder 106 with the pin 88 will first rise, until a stop 107
      on the holder 106 engages an abutment 108 on the piston 99, bringing the
      piston 99 with it upwards.
PAR  The force applied by the piston 98 is greater than that of the piston 95,
      enabling the upper pin 88 to press down the lower pin 89 when the piston
      95 is pressurized on its plus side. The necessity is hereby avoided of so
      exactly adapting the lengths of the pins 88 and 89 that their ends will
      first meet when the tool halves 19 and 20 are completely brought together.
PAR  Pressing a grammophone record utilizing the press according to FIGS. 1-6
      takes place in the following manner.
PAR  The tool halves 19 and 20 are assembled on the respective associated press
      table 14, 15 and parted to a maximum extent. The centre pins 88, 89 are
      retracted but the aligning portions 90, 91 are protruding. The auxiliary
      tools 21 and 22 are in the position shown in FIGS. 1-3, whereas the
      auxiliary tool 23 is in the position indicated in FIG. 2 by dotted lines.
      Using the device 26, a cake of pre-plasticized thermoplastic material is
      now made, and record labels are sucked onto the free ends of the arms 42,
      43. Thereafter, the cylinders 31 and 32 are pressurized on their minus
      side and the cylinders 33 and 47 on their plus side, the cake being
      conveyed on the prongs 34 and the labels on the arms 42, 43 to a central
      position between the tool halves 19, 20. The center pins 88, 89 are now
      moved towards each other, whereat, in the working area of the press, they
      pass through the central holes in the labels and into the cake, the
      nagative pressure in the chambers 45 of the arms 42, 43 being caused to
      cease and the pistons 33 and 47 being pressurized on their minus side so
      that the auxiliary tools 21 and 22 return to their positions shown in
      FIGS. 2 and 3, whereas the cylinder 57 is pressurized on its minus side so
      that the holder 54 is swung in between the tool halves 19, 20. Pressure
      medium is simultaneously supplied to the cylinder 24 so that the press
      table 14 is brought towards the press table 15, thereby bringing the tool
      half 20 against the tool half 19. In a known way, heating medium is passed
      through the tool halves 19, 20 to heat the surfaces facing each other and
      carrying the dies. The holding means 54 is engaged and taken upwards in
      such a way by the lower tool half 20 that it will be located with the
      means 77 opposite to the boundary zone between the tool halves 19, 20 when
      the latter have been moved into contact with each other. Immediately
      before the tool halves have come into contact with each other, the ends of
      the pins 88, 89 abut each other while making a central hole in the object
      64, the pin 89 being pressed backwards slightly by the pin 88.
PAR  During the pressing operation itself, excess thermoplastic material is
      pressed out in the boundary zone between the tool halves 19, 20, passing
      into the holes 78 in the means 77 or being moulded or welded together with
      the thermoplastic material possibly already in said holes, as well as
      forming flash in the areas between the means 77. After a completed press
      operation, cooling medium is passed through the tool halves in a known
      manner to cool the pressed product 64 so that at least its outer layers
      solidify. The pressure medium is thereafter caused to leave the cylinder
      24 so that the press table 14 and the tool half 20 is lowered by means of
      the cylinders 25. The holding means 54 and the object 64 carried by it
      accompanies the tool half 20 downwards, possibly after having first been
      forcibly separated from the upper tool half 19 by the stop 61 engaging the
      flange 63. After a certain amount of movement downwards, the holder 54 is
      arrested by the stop 60 engaging the flange 62. The pins 88, 89 have
      hereby left the central hole of the pressed object 64.
PAR  Thereafter the plus side of the cylinder 57 is pressurized so that the
      holder 54 is swung to an alignment position above the plate 66, which is
      raised so that its centre pin enters a small distance into the central
      hole of the object 64, simultaneously with the disc 80 being lowered for
      shearing off the connections between the object 64 and the means 77.
      Following this, the disc 80 is raised and the disc 66 lowered into a
      position wherein the peripheral edge of the object 64 is located opposite
      to the trimming head 69, which is now turned towards the object 64 and
      caused to cut its edge clean so that a completed grammophone record is
      obtained.
PAR  During the edge trimming, a new cake and new labels have been introduced
      into the working area of the press in the above described manner, while
      the holder 54 has been swung into the position shown in full lines in FIG.
      2. After edge trimming, the trimming head 69 is swung away again, and the
      disc 66 is raised until the completed grammophone record comes into
      contact with the suction cups 71 which are connected to a source of
      sub-pressure for vacuum retention of the grammophone record, while the
      disc 66 is lowered again. Upon the subsequent extraction of a pressed
      article 64 from the working area of the press by pressurizing the cylinder
      57 on its plus side, the arm 70 and the trimmed grammophone record
      supported thereby is swung to a position of alignment above the magazine
      72, wherein the grammophone record is deposited by breaking the
      communication of the suction cups 71 with the source of sub-pressure.
PAR  It will be appreciated that the pressing operation can preferably be made
      completely automatic.
PAR  The invention is not limited to the embodiment described and shown on the
      attached drawing, but its construction can be modified in many ways within
      the scope of the following patent claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An arrangement in moulding presses with parted press tools for the
      production of hot-pressed products of plastic material, especially
      grammophone records, a holder for the pressed product being arranged,
      before starting the pressing operation to be entered into an exuding zone
      for the excess material from the pressing operation to assure its position
      in the press, and subsequent to the termination of the pressing operation,
      in company with the ready-pressed product attached thereto through the
      intermediary of the excess material exuded during the pressing operation,
      to be moved away to an apparatus for releasing the ready-pressed product
      from the holder, situated outside the pressing area, characterized in that
      the holder presents a ring, encircling at least the major portion of the
      perimeter of the pressed product, comprising a plurality of anchoring
      means distributed in and along the exuding zone of the excess material for
      attaching the pressed product to the holder by the excess material exuding
      onto, and solidifying in engagement with said anchoring means, and that
      said apparatus includes a shearing means, movable essentially transverse
      to the plane of the ring of anchoring means, for breaking the pressed
      product loose in the region of said anchoring means.
NUM  2.
PAR  2. An arrangement as claimed in claim 1, characterized in that the
      anchoring means consists of holes or concavities in the holder itself or
      projections united with its body.
NUM  3.
PAR  3. An arrangement as claimed in claim 2, the anchoring means being arranged
      directly in the material of the holder, characterized in that the
      anchoring means constitute cavities having the surface of a spherical
      segment, for facilitating their cleaning from excess material solidified
      therein when preparing the holder for a subsequent pressing operation.
NUM  4.
PAR  4. An arrangement as claimed in claim 2, the anchoring means being arranged
      directly in the material of the holder, characterized in that the
      anchoring means constitute open recesses formed with surfaces which lock
      the solidified excess material which has flowed thereinto against
      unintentional expulsion through the openings of the recesses.
NUM  5.
PAR  5. An arrangement as claimed in claim 4, characterized in that the recesses
      constitute undercut holes, slots or the like.
NUM  6.
PAR  6. An arrangement as claimed in claim 5, characterized in that the holes
      have the form of a truncated cone with the lesser base area facing away
      from the holder.
NUM  7.
PAR  7. An arrangement as claimed in claim 2, the holes or concavities being
      arranged in projections attached to the holder, characterized in that the
      projections consist of studs with a central hole enlarging from the
      opening towards the body of the holder, preferably shaped as a truncate
      cone.
NUM  8.
PAR  8. An arrangement as claimed in claim 2, the holes or concavities being
      arranged in projections attached to the holder, characterized in that the
      projections constitute studs narrowing towards their free ends and that
      the holes are directed at an oblique angle towards the central axis of the
      studs.
NUM  9.
PAR  9. An arrangement as claimed in claim 2, the holes or concavities being
      arranged in projections attached to the holder, characterized in that the
      projections constitute strips anchored in the holder body and provided
      with through-going holes extending at right angles thereto.
NUM  10.
PAR  10. An arrangement as claimed in claim 2, the holes or concavities being
      arranged in projections attached to the holder, characterized in that the
      projections consist of strips anchored in the holder body, from the free
      ends of which extend two tongues commonly converging towards the holder
      body, said tongues forming between themselves a rataining or inwardly
      guiding concavity for the flowing excess material and furthermore being
      provided where so required with through-going holes for receiving excess
      material flowing thereinto.
NUM  11.
PAR  11. An arrangement as claimed in claim 1, characterized in that the holder
      consists of a frame encircling at least the major portion of the perimeter
      of the pressed product, the parts of the frame facing said perimeter being
      provided with the anchoring means.
NUM  12.
PAR  12. An arrangement as claimed in claim 4, characterized in that the holes
      are arranged permanently to retain excess material, solidified therein
      from press operation to press operation, to be melted at repeated press
      operations together with excess material flowing thereonto.
NUM  13.
PAR  13. An arrangement as claimed in claim 7, characterized in that the
      anchoring means are arranged in projections having such a design that the
      excess material advancing during pressing is guided by the contour of said
      means and after solidification creates extra anchorage for the pressed
      product in relation to the holder.
NUM  14.
PAR  14. An arrangement as claimed in claim 7, characterized in that the
      projections extend radially from the holder.
NUM  15.
PAR  15. An arrangement as claimed in claim 14, characterized in that the holes
      extend radially through the projections.
NUM  16.
PAR  16. An arrangement as claimed in claim 14, characterized in that the holes
      extend at right angles to the general axial direction of the projections.
NUM  17.
PAR  17. An arrangement as claimed in claim 1, characterized in that the holder
      is guided for carrying out translatory movements between its positions in
      the pressing area and the apparatus for breaking the ready-pressed product
      away from the holder, situated outside the pressing zone.
NUM  18.
PAR  18. An arrangement as claimed in claim 1, characterized in that the holder
      is pivotally mounted for carrying out swinging movements between its
      position in the pressing area and its position in the apparatus for
      breaking the ready-pressed product away from the holder, situated outside
      the pressing zone.
NUM  19.
PAR  19. An arrangement in a moulding press of column type, preferably of the
      three-column type according to claim 18, characterized in that the holder
      is pivotally mounted about one of the mounding press columns.
NUM  20.
PAR  20. An arrangement as claimed in claim 11, characterized in that the frame
      is broken in one place to provide an opening which is sufficiently large
      and so placed as to enable the frame to be introduced into its position in
      the pressing area past a cake of plastic material from which the product
      is to be press-moulded and which is placed in the plane of movement of the
      frame between the tool halves of the moulding press.
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ABST
PAL  A flexible annular core for the production of hollow toroidal rubber
      shells, particularly pneumatic tires, composed of a pair of bead portions,
      each of which is composed of beads, a reinforcing layer folded back so as
      to enclose the beads, and elastomer layers covering the reinforcing layer,
      and a flexible shell portion composed of the reinforcing layer covered
      with the elastomer layers and extending across the bead portions. The bead
      portion of said flexible annular core is composed of the reinforcing layer
      and the elastomer layer adhered with each other. The flexible shell
      portion of said core is composed of the reinforcing layer and the
      elastomer layer not adhered with each other.
BSUM
PAR  The present invention relates to a flexible annular core enclosed in a mold
      to form a cavity, into which a viscous high molecular compound is injected
      and molded to produce hollow toroidal rubber shells, such as pneumatic
      tires, bladders for producing pneumatic tire, foamed hollow cores and the
      like, particularly pneumatic tires.
PAR  There have been proposed various cores in order to define the inner surface
      of a hollow toroidal rubber shell at the production by an injection
      molding as in the case of the production of pneumatic tires by a casting
      method.
PAR  For example, there has been disclosed a core made of several separable
      metal sections for the purpose of facilitating its removal from the inside
      of the molded hollow toroidal rubber shell. However, it is troublesome to
      assemble and disassemble this core and automatic operation by means of a
      machine is difficult. Therefore, it is difficult to improve the
      productivity and further the shape and thickness of the resulting hollow
      toroidal rubber shell at the joint of different sections are not uniform.
PAR  In the core disclosed in Japanese Patent Application Publication No.
      4,144/72, a substance admitted into the inside space of the core is kept
      solid so as to support the flexible shell of the core during a molding
      operation, and is fluidized after completion of the molding so as to
      release the molded article. However, in this core, the material to be
      molded cannot be sufficiently heated under a proper pressure from the core
      at the molding, and a long curing time is required for the molding.
      Further, the molded article cannot be released from the mold until the
      substance admitted into the inside space of the core has been fluidized,
      and the productivity is low. Moreover, in this case, the vulcanization and
      curing of the material to be molded are predominantly influenced by the
      heating from the mold which defines the outer surface of an article to be
      molded and the degree of curing of the molded article is apt to be
      nonuniform.
PAR  Further, there has been also known a core modified from a molding bladder
      composed of rubber layers reinforced with cords and rubber layers, said
      reinforcing cord layers being adhered integrally and the reinforcing cord
      layer and rubber layer being integrally adhered, and adapted mainly for
      use in the second building step of a radial tire. However, this core has
      the reinforcing cord layers fixed with each other and the reinforcing cord
      layer and rubber layer fixed with eath other so as to make the core
      resistant against pressure and heat at the injection and curing, and it is
      difficult to move the relative position between the reinforcing cord
      layers and between the reinforcing cord layer and rubber layer.
PAR  That is, when it is intended to deform the shape of the core by changing
      the distance between a pair of bead portions, which is formed in the
      innermost circumference of the core and by changing the internal pressure
      of the core, the reinforcing cord layer restrains and prevents the core
      from being deformed freely in shape. Accordingly, the inner surface of a
      hollow toroidal rubber shell to be molded is limited in shape and further
      the molded shell is difficult to be released from the mold, and the
      productivity becomes low.
PAR  Moreover, the shape of the core can be fairly deformed by applying an
      extremely high pressure to the interior of the core or by enlarging the
      distance of the bead portions of the core with an extremely strong force.
      In this case, the reinforcing cord layer is peeled off from the rubber
      layer to cause breakage of the core, and the durability of the core
      becomes poor.
PAR  An object of the present invention is to provide a flexible annular core
      for the production of hollow toroidal rubber shells, which can obviate the
      above described drawbacks of the conventional cores.
PAR  The present invention provides an improved core, which can produce hollow
      toroidal rubber shells, for example, cast tires, having a desired inner
      surface in a short period of time by injecting and curing a viscous high
      molecular compound, and which can be easily released from the molded
      shells and can be used repeatedly for a very large number of times.
PAR  A feature of the present invention is the provision of a flexible annular
      core used for the production of hollow toroidal rubber shells, comprising
      a pair of bead portions and a flexible shell portion, each of said bead
      portions having beads, which are looped in a circumferential direction of
      the core in an inextensible fashion, and at least one reinforcing layer
      reinforced with cords inextensible in the lengthwise direction thereof and
      folded back so as to enclose the beads and elastomer layers covering the
      reinforcing cord layer, said flexible shell portion being composed of said
      reinforcing layer and said elastomer layers covering both sides of the
      reinforcing layer and extending across a pair of the bead portions, said
      core being fixed at its bead portions to movable ring molds which can be
      moved to and fro and being deformed by the movable ring molds so as to
      deform repeatedly the flexible shell portion in a reversible manner
      between a cylindrical shape at the largest distance of the movable ring
      molds and a toroidal shape at the shortest distance of the molds, said
      bead portions fixed to the movable ring molds being composed of said
      reinforcing layers adhered with each other and said reinforcing layer and
      said elastomer layer adhered with each other to form an integral body, and
      said flexible shell portion being composed of said reinforcing layers not
      adhered with each other and said reinforcing layer and said elastomer
      layer not adhered with each other.
DRWD
PAR  For a better understanding of the invention, reference is taken to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a radial sectional view of a core according to the present
      invention;
PAR  FIG. 2 is a graph showing relations between the internal pressure and the
      degree of deformation of a core at various cord angles of the reinforcing
      layer; and
PAR  FIGS. 3a, 3b and 3c are sectional views of a mold assembly showing the
      steps for producing a cast tire by using a core of the present invention.
DETD
PAR  Referring to FIG. 1, a pair of bead portions 2 of a core 1 are fixed to
      respective movable ring molds 3, which allow the bead portions 2 to move
      to and fro. The numeral 4 represents a flexible shell portion of the core
      1 toroidally deformed by the approach of the movable ring molds 3 and 3.
      The numeral 5 represents beads which are embedded in the bead portions 2
      and are inextensible in a circumferential direction of the core 1. The
      numeral 6 represents a reinforcing layer. Both ends of the reinforcing
      layer 6 are folded back in the bead portions 2 so as to enclose the beads
      5 from the inner side to the outer side thereof. The numeral 7 represents
      an elastomer layer composed of an outer layer 7a and an inner layer 7b
      adhered to the outer and inner surfaces of the reinforcing layer 6
      respectively, and extending across the bead portions 2 and 2.
PAR  The elastomer layer 7 is made of rubber, rubbery plastic and the like. It
      is preferable that the materials to be used in the elastomer layer 7 has a
      heat resistance which can resist the temperatures at the injection and
      curing of high polymer molecular compound, and at the heating of the
      interior of the core under pressure, and has a heat aging resistance at
      the elongation of the core, and further has a creap resistance so that the
      elongation of the core due to the reversible deformation between the
      cylindrical shape and the toroidal shape of the core (even when an
      ordinary passenger car tire is produced, the core is elongated to about
      200%) can be easily recovered, and further has a resistance against the
      penetration of pressurized heating fluid. For example, butyl rubber
      vulcanized with phenolic resin is advantageously used as the elastomer
      layer 7. Particularly, since the outer elastomer layer 7a is directly
      brought into contact with a viscous high molecular compound to form the
      inner surface of a hollow toroidal rubber shell, it is necessary that the
      layer 7a is made of a material which can be easily released from the cured
      high molecular compound. While, since the inner elastomer layer 7b is
      directly brought into contact with a pressurized heating fluid, it is
      necessary that the layer 7b is made of a material which is not
      deteriorated by the heating fluid.
PAR  Both ends of the reinforcing layer 6 are folded back so as to enclose the
      beads 5 and are firmly fixed in the bead portions 2 together with the
      beads. The layer 6 extends across the beads 5 and 5 to form the flexible
      shell portion 4 of the core 1 together with the elastomer layer 7.
PAR  The cord of the reinforcing layer 6 may be made of organic fibers for tire
      carcass cords, such as rayon, nylon, polyester, vinylon, etc., and/or
      inorganic fibers for tire carcass cords, such as glass fiber, carbon fiber
      and steel wire, etc. As the reinforcing layer 6, tire fabric is preferably
      used. The layer 6 may be of single layer or multiple layers depending upon
      the reinforcing purpose.
PAR  In the core of the present invention, both the reinforcing layers 6 on the
      one hand and the reinforcing layer 6 and the elastomer layer 7 on the
      other hand are adhered to each other only at the bead portions 2, that is,
      only at the end portions of the layers 6 and 7 wherein these layers are
      fixed to the movable ring molds 3, and at least one interface between the
      above layers in the major part of the flexible shell portion 4 is not
      adhered.
PAR  In order to reinforce the interfaces between the reinforcing layers 6 and
      between the reinforcing layer 6 and the elastomer layer 7 with the
      reinforcing action of the reinforcing layer 6, both the reinforcing layers
      6 and the reinforcing layer 6 and elastomer layer 7 must be adhered with
      each other in the portion wherein these layers are fixed to the movable
      ring molds 3. However, at least one interface between the reinforcing
      layers 6 and between reinforcing layer 6 and the elastomer layer 7 must
      not be adhered in the region, wherein the outer surface of the flexible
      shell portion 4 is brought into contact with the inner surface of the
      hollow toroidal rubber shell to be molded, except its bead portions, so
      that the core 1 can be reversely deformed easily between the cylindrical
      shape and the toroidal shape.
PAR  Such non-adhered interface can be advantageously formed by previously
      applying, for example, on the surface of the reinforcing layer 6 liquid
      lubricants, such as silicone grease, Teflon grease and the like, or
      powdery lubricants, such as graphite, molybdenum disulfide, calcium
      stearate and the like. Due to the lubricating action of these lubricants
      on the interfaces between the reinforcing layers 6 and/or between the
      reinforcing layer 6 and the elastomer layer 7, the core 1 can be deformed
      more freely. Alternatively, the reinforcing layer 6 and the elastomer
      layer 7 can be also made into non-adhesive and lubricating state by
      compounding powders of molybdenum disulfide, calcium stearate, graphite,
      etc. having lubricating action to the elastomer layer 7. Both the
      reinforcing layers 6 and the reinforcing layer 6 and elastomer layer 7 can
      be adhered with each other by using conventional adhesive or by carrying
      out vulcanization adhesion.
PAR  The beads 5 may be made of metallic wires, as in the case of conventional
      automobile tires. It is not always necessary to use the metallic wires as
      such. For example, the metallic wires can be used in the form of cables or
      cords. It is also possible to form the bead with non-metallic materials,
      for example, inorganic fibers, such as glass fibers and the like, organic
      fibers, such as nylon, polyester and the like, composite materials, such
      as FRP and the like, and elastomers having a high hardness. That is, any
      materials capable of bearing the internal pressure of the core 1 can be
      used as the beads 5.
PAR  Relations between the inner pressure and the degree of deformation of the
      core 1 shown in FIG. 1 at various cord angles of the reinforcing layer
      were measured in following manner. In the core shown in FIG. 1, the
      reinforcing layer 6 was made of two tire fabric layers reinforced with
      rayon cords. Both the reinforcing layers 6 and the reinforcing layer 6 and
      elastomer layer 7 were made non-adhesive with each other by means of
      silicone grease. The bead portions 2 and 2 of the core 1 were fixed to the
      movable ring molds 3 and 3, and then distance of the molds 3 and 3 was
      shortened so as to deform the core into a toroidal shape and a relation
      between the internal pressure and the degree of deformation of the core 1
      was measured. This test was carried out with respect to cores having
      various cord angles of the reinforcing layer. The results thus obtained
      are shown in FIG. 2.
PAR  The degree of deformation of the core, which is shown in the ordinate of
      FIG. 2, is calculated from the following formula:
      ##EQU1##
      In the above formula, the initial radius of core is a radius of a core to
      be tested when the core forms a cylindrical shape.
PAR  The same test was effected with respect to a conventional core, wherein
      reinforcing layers 6 are composed of two layers of the same tire fabric as
      used in the above test, but both the reinforcing layers 6 and the
      reinforcing layer 6 and elastomer layer 7 are wholly adhered with each
      other in both the bead portions 2 and the flexible shell portion 4. The
      results thus obtained are also shown in FIG. 2.
PAR  In FIG. 2, the curves A, B and C show the behaviors of the core of the
      present invention when the cord angles of the reinforcing layer are
      90.degree., 60.degree. and 30.degree., respectively. The curves a and b
      show the behaviors of the conventional core when the cord angles are
      90.degree. and 60.degree., respectively.
PAR  It can be seen from the curves A, B and C of FIG. 2 that, in the cores of
      the present invention, even when the cord angle of a core is small, the
      degree of deformation of the core is relatively high. That is, the radial
      sectional shape of the core changes gradually from circle to oval as the
      decrease of the cord angle from 90.degree.. While, as seen from the curves
      a and b of FIG. 2, in the conventional cores, when the cord angle of a
      core is a little smaller than 90.degree., the degree of deformation of the
      core becomes considerably low. That is, when the cord angle of the core is
      decreased from 90.degree., the radial sectional shape of the core changes
      rapidly from circle and becomes flat. Therefore, the conventional core is
      not suitable for the formation of cores having various toroidal shapes.
PAR  The core A of the present invention and the conventional core a were
      repeatedly subjected to reversible deformations between the cylindrical
      shape and the toroidal shape respectively until the cores were broken, and
      the number of repeated times of deformation was measured. The results thus
      obtained are shown in the following table.
TBL  ______________________________________                                    

                          Number of                                            

                          repeated times                                       

                          of deformation                                       

     ______________________________________                                    

     Core A of the present  20,000                                             

      invention                                                                

     Conventional core a    15,000                                             

     ______________________________________                                    

PAR  It can be seen from the above table that the cords of the reinforcing layer
      of the conventional core a fatigues considerably rapidly as compared with
      that of the core A of the present invention. Therefore, the durability of
      the conventional core a is considerably lower than the core A of the
      present invention.
PAR  FIGS. 3a, 3b and 3c show radial sectional views of a mold assembly showing
      the steps for producing a cast tire by using the core 1 according to the
      present invention. In the figures, the numeral 8 represents a cast tire,
      and the numeral 9 represents a separable outer molds.
PAR  Referring to FIGS. 3a-3c, a process for producing the cast tire 8 will be
      explained. The molds 9 are tightly closed, and the distance between
      movable ring molds 3 and 3 is kept at a given distance by a piston 10.
      Pressurized heating fluids, such as air, steam, mineral oil, low melting
      point metal and the like, are injected and filled in the inside space of
      the core 1 through a passage 11 formed in the movable ring molds 3 to keep
      the shape of the core 1 to the same toroidal shape with the inner shape of
      a tire to be cast. Thus, a cavity 12 having the same shape as the outer
      and inner shapes of a tire to be cast is formed by the outer molds 9 and
      the core 1.
PAR  The outer shape of the core 1, that is, the inner shape of a tire to be
      cast, is highly influenced by the injection pressure of the viscous high
      molecular compound and by the internal pressure of the core 1, and
      therefore the internal pressure of the core 1 is preferred to be
      sufficiently higher than the injection pressure.
PAR  Then, a viscous high molecular compound is injected from an injecting gate
      13 formed in the molds 9 into the cavity 12 and filled therein as shown in
      FIG. 3b. Then, the high molecular compound is cured by heating from both
      the molds 9 and the core 1.
PAR  After the viscous high molecular compound has been cured to form a cast
      tire, the separable outer molds 9 and 9 are opened, and then the fluid
      filled in the core 1 is exhausted through the passage 11, and the distance
      of the movable ring molds 3 and 3 are enlarged by means of a piston 10 to
      deform the core 1 into the cylindrical shape as shown in FIG. 3c. The
      resulting cast tire 8 can be easily taken out from the molds 9 by moving
      the tire along the periphery of the core 1 in the axial direction of the
      tire.
PAR  As described above, the core according to the present invention can be
      smoothly deformed between the cylindrical shape and the toroidal shape,
      and is excellent in the durability and releasability. Further, raw
      material of high molecular compounds can be fully heated and cured at the
      production of hollow toroidal rubber shells by the use of the core.
      Accordingly, hollow toroidal rubber shells can automatically be produced
      in a simple process and in a high productivity while ensuring the
      dimension and the degree of curing of the resulting hollow toroidal rubber
      shells.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flexible annular core used for the production of hollow toroidal
      rubber shells comprising, a pair of bead portions and a flexible shell
      portion, each of said bead portions having beads which are looped in a
      circumferential direction of the core in an inextensible fashion, at least
      one reinforcing layer reinforced with cords inextensible in the lengthwise
      direction thereof and folded back so as to enclose the beads, said
      flexible shell portion being comprised of said reinforcing layer and
      elastomer layers covering both sides of the reinforcing layer and
      extending across a pair of the bead portions, said core being fixed at its
      bead portions to movable ring molds which can be moved to and fro and
      deformed by the movable ring molds so as to deform repeatedly the flexible
      shell portion in a reversible manner between a cylindrical shape at the
      largest distance of the movable ring molds and a toroidal shape at the
      shortest distance of the molds, said bead portions fixed to the movable
      ring molds being composed of said reinforcing layers adhered with each
      other and said reinforcing layer and said elastomer layer adhered with
      each other to form an integral body, and said flexible shell portion being
      composed of said reinforcing layers not adhered with each other and said
      reinforcing layer and said elastomer layer not adhered with each other.
NUM  2.
PAR  2. A core accoding to claim 1, wherein the surface of said reinforcing
      layer of the flexible shell portion is applied with liquid lubricant or
      powdery lubricant.
NUM  3.
PAR  3. A core according to claim 1, wherein said elastomer layer of the
      flexible shell portion is compounded with powders having lubricating
      action.
NUM  4.
PAR  4. A core according to claim 1, wherein said reinforcing layer is tire
      fabric reinforced with organic fiber cords or inorganic fiber cords.
NUM  5.
PAR  5. A core according to claim 1, wherein said elastomer layer is butyl
      rubber vulcanized with phenolic resin.
NUM  6.
PAR  6. A core according to claim 1, wherein said hollow toroidal rubber shell
      is pneumatic tire.
NUM  7.
PAR  7. A core according to claim 2, wherein said liquid lubricant is silicone
      grease or Teflon grease.
NUM  8.
PAR  8. A core according to claim 2, wherein said powdery lubricant is graphite,
      molybdenum disulfide or calcium stearate.
NUM  9.
PAR  9. A core according to claim 3, wherein said powders having lubricating
      action are powders of molybdenum disulfide, calcium stearate or graphite.
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ABST
PAL  An apparatus for manufacturing waved noodles comprises a pair of oppositely
      rotating rollers, each roller having a surface formed with a plurality of
      spaced grooves, the transversely spaced grooves extending
      circumferentially around the roller, and the peripheral portions of the
      rollers between at least two adjacent of the grooves constituting lips. At
      least one of the lips on at least one roller has a face set back from the
      other roller and defining a linking space between the adjacent grooves.
      The grooves are radially wider (i.e. of greater cross section) than the
      linking space, and there is a means for passing a sheet of dough between
      the rollers whereby the dough is pressed into the grooves and linkage
      space, thereby forming a waved noodle having at least two generally
      parallel bulky portions connected by at least one transversely extending
      linking portion.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part application to my co-pending U.S. Pat.
      application Ser. No. 128,382 filed Mar. 26, 1971 now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an apparatus for the manufacturing of
      improved noodles and to such improved noodles.
PAC  BACKGROUND OF THE INVENTION
PAR  In the manufacture of thick noodles used in cooking Lao-mien and other,
      dishes various inconveniences as set forth below occur. Examples of such
      thick noodles are Udon (Japanese noodle) and spaghetti.
PAR  1. The thickness of the noodle is in direct proportion to the time required
      to gelatinize the noodle to its center, that is, the thicker the noodle,
      the longer is the required gelatinizing time, and the more difficult it is
      to obtain uniformly gelatinized noodles.
PAR  2. When boiling noodles, the thicker the noodle, the greater the cooking
      time.
PAR  3. In dried noodles or instant Lao-miens, it is difficult to maintain
      uniform porosity in their structure because the noodles take a long time
      to dry or fry.
PAR  4. In fried noodles, the noodle is treated rapidly at high temperature for
      frying. When the noodle is thin, water and gas in the noodle is easily
      vaporized and released because the ratio of the surface area to the volume
      is large. When the noodle is thick, the ratio is reduced. Additionally,
      with the hindrance of the gelatinized starch layer in the surface of the
      noodle, water and gas in the noodle are vaporized and released only with
      difficulty and easily builds up foam. The resulting noodles have a rough
      surface, bad appearance, and unpalatability.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide an apparatus for
      manufacturing a waved noodle whereby the above-mentioned defects of thick
      noodles are removed in accordance with the present invention.
PAR  It is another object of the present invention to provide an apparatus for
      manufacturing a waved noodle wherein one of the features is that the
      noodle is formed in waved shape in which two or more bulge portions of the
      noodles are linked together.
PAC  SUMMARY OF THE INVENTION
PAR  An apparatus for manufacturing a waved noodle, according to the invention
      comprises a pair of oppositely rotating rollers, each roller having a
      cross-section surface forming a plurality of spaced grooves extending
      circumferentially around the roller, portions of the rollers between the
      grooves forming lips or lands, and at least, one of the lips having a
      surface being inwardly truncated (radially set back) so as to define
      between the adjacent grooves a transverse linking space communicating with
      the adjacent circumferential grooves, the grooves being radially wider
      (thicker and of greater cross section) than the linking space and means
      for passing a sheet of dough between the rollers, whereby the dough is
      pressed into the grooves and linking spaces, thereby forming a waved
      noodle having at least two bulky portions connected by linking portions.
PAR  According to the present invention some of the lips have roller lands on
      which corresponding surfaces of the two rollers, abut one another.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other objects will become apparent, from the following detailed
      description, reference being made to the accompanying drawings, in which:
PAR  FIG. 1 is a side elevation, in longitudinal section, of the main part of
      the apparatus for manufacturing wavy noodles according to the present
      invention;
PAR  FIG. 2 is a perspective view of the main part of the apparatus of FIG. 1;
PAR  FIG. 3 is a fragmentary, enlarged cross-sectional view of the rollers of
      the apparatus;
PAR  FIG. 4 is a cross-section of a waved noodle manufactured by the apparatus
      in accordance with the present invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As can be seen from FIGS. 1 and 2, a pair of oppositely rotating rollers 2,
      2' is provided. A sheet of dough 1, previously rolled into the form of a
      strip by a laminator (not shown), is passed between the two rollers 2 and
      2'.
PAR  FIG. 3, shows that the surfaces 2a and 2a' of the rollers are formed into a
      plurality of semi-circular cross-section grooves 3 and 3', respectively,
      which are recessed continuously around the circumferential surfaces of the
      rollers. Opposite grooves 3 and 3' of the respective rollers 2 and 2'
      mutually are aligned, forming circular cross-sectional toroidal confined
      spaces.
PAR  On the lateral borders or edges of adjacent semi-circular grooves 3 and 3',
      on each roller, lip portions 4 are formed. Some of the lip portions are
      set back inwardly, relative to the radially outermost roller surface 2a,
      to form cuts 5a and 5a', which cuts on opposite rollers are spaced apart
      to define therebetween annular confined spaces 5b; the annular spaces 5b
      form connecting or linking spaces between some of the circular section
      confined spaces formed by the adjacent grooves 3 and 3'.
PAR  In the confined spaces 3, 3' and 5b of the rollers, the dough is pressed
      and shaped and the resulting noodle product 6 conforms thereto and is
      shown in FIG. 4. Accordingly, as illustrated, although not limited
      thereto, by the form of the rollers 2 and 2' of FIG. 3, the noodle product
      6 comprises: a noodle 8 having three circular section thick or bulge
      portions 7 with two interconnecting portions 5b' therebetween, at the left
      hand side of FIG. 4 (corresponding to the left hand side of the rollers of
      FIG. 3); a noodle 10, next to the left-most noodle, having two circular
      bulge portions 7 and one connecting portion 5b'; a noodle 11, second
      noodle from the right-hand side, having four circular bulge portions 7 and
      three interconnecting portions 5b'; and a right-hand noodle 12 which is
      similar to noodle 10. The noodle parts 5b' thus link together two or more
      adjoining bulge portions 7.
PAR  The opposed roller peripheries of the lips 4 which abut each other
      cooperatively on the facing rollers 2 and 2', prevent communication of the
      adjacent grooves 3 and 3', and accordingly divide the noodle product 6
      into the several noodles 8, 10, 11 and 12.
PAR  Each noodle which was rolled out between the rollers 2 and 2' has at least
      two peaks, i.e., bulge portions 7.
PAR  The rollers 2 and 2' are also formed with inwardly directed recesses 13 and
      13', alternating respectively from every second semicircular groove 3 and
      3', respectively, on each roller. The sets of recesses 13 and 13' are
      staggered relative to each other.
PAR  Combs 9 and 9' are provided in contact respectively with the recesses 13
      and 13' and are positioned against the rollers 2 and 2', respectively. The
      combs 9 and 9' lift or comb off the noodles as they leave the rollers at
      the bottom thereof, as illustrated in FIGS. 1 and 2.
PAR  The resulting noodle product does not have any noodle portion corresponding
      to where the recesses 13 and 13' were located. The recesses 13 and 13' are
      provided merely for the combs 9 and 9'.
PAR  The produced noodle 6, after leaving the rollers, falls against and turns
      by a guide plate 14 and then is deposited on a conveyor belt 15.
PAR  In the embodiment of the present invention described above, the noodle thus
      obtained is a wide one which has two or more peaks 7, i.e., the thick
      portions 7 and the thin, linking portions between the peaks (i.e., dells).
      In spite of the thickness of the noodle, uniform gelatinization of this
      noodle is possible and too long a time is not required to boil, dry, or
      fry it. Because the ratio of the surface area to the volume is large, in
      addition, water and gas in the noodle are easily vaporized and released
      during frying. Thus, there is obtained a noodle of good appearance and
      pleasant feeling on the tongue.
PAR  Particularly, the term "lips" 4 represent the peripheral surface portions
      of the rollers between adjacent recesses 3 on each roller, e.g., either
      surfaces 4 (dividing noodle 7 groups) or spaced surfaces 5a, 5a', (forming
      linking portions 5b').
PAR  In accordance with the present invention a pair of rollers 2, 2', are so
      formed that parallel linked noodles are produced (as illlustrated in FIG.
      4 of the present invention).
PAR  In accordance with the present invention the cross-sectionally shaped, e.g.
      semi-circular, recesses 3 are directly opposite each other on both rollers
      and at the edge portions there are provided surfaces 5a, 5a' to define
      therebetween linking portions 5b, which produce parallel noodles 7 linked
      with linking portions 5b'. To divide noodle groups 8 (a three parallel
      noodle group), 10 (a two noodle group), 11 (a four noodle group), and 12
      (a two noodle group), from each other the peripheral surfaces of the
      opposed rollers abut each other (e.g. the surfaces numbered 4 in FIG. 3
      immediately to the right of the third circular recess from the left hand
      side) to provide no space therebetween.
PAR  The peripheral surface (or face) portions of the rollers between adjacent
      grooves 3 or 31 on each roller which constitute spaced surfaces 5a, 5a'
      (FIG. 3 forming linking portions 5b).
PAR  In accordance with the structure in FIG. 3, after passing a material such
      as dough between the rollers there is produced different connected groups
      of noodles such as shown in FIG. 4.
PAR  The present invention further provides another benefit that larger amounts
      of seasoning can be accommodated on the surface of the noodle because of
      existence of the peaks 7 and the dells 5b', and then its palatability is
      improved.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for making noodles comprising a pair of oppositely rotating
      rollers adapted to receive a dough strip between them, said rollers being
      formed with transversely spaced circumferential grooves registering with
      one another to form cavities of large cross section and lands between said
      grooves and outwardly thereof, the lands outwardly of said grooves
      contacting each other at the nip of the rollers and the lands between said
      grooves being formed with circumferentially spaced recesses
      interconnecting the grooves and of a smaller cross section than said
      grooves; means for feeding a dough strip between said rollers whereby the
      dough of said strip is passed into said grooves and recesses to form
      noodles, consisting of at least two transversely spaced large cross
      section portions corresponding to said grooves and transverse connecting
      portions corresponding to said recesses, said grooves and said recesses
      being of semicircular cross section and said rollers being cylindrical,
      each of said rollers being provided with cavities extending radially
      inwardly from the respective grooves; and
PA1  comb means reaching into said cavities.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein said cavities are provided in
      alternate grooves along the rollers.
NUM  3.
PAR  3. The apparatus defined in claim 2 wherein the cavities of the two rollers
      are offset from one another.
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ABST
PAL  Extruded articles having integral ribs and/or integral rows of spaced apart
      elements extending transverse to the direction of extrusion are formed by
      forcing a melt flowable material such as a thermoplastic polymer through
      an extrusion opening. The material is continuously extruded in a first
      lateral or annular extrusion zone in the extrusion opening while the
      material being extruded in a second lateral or annular extrusion zone,
      which is contiguous with the first zone, is periodically interrupted,
      modulated and/or restricted.
BSUM
PAC  BACKGROUND
PAR  This invention relates to the process and apparatus for forming extruded
      articles having integral ribs and/or integral rows of spaced apart
      elements such as gripping elements extending transverse of the direction
      of extrusion.
PAC  SUMMARY
PAR  The present invention provides extruded articles capable of having
      intricate, varied and three-dimensional structures which can be rapidly
      and efficiently mass produced from readily available raw materials.
PAR  The extruded articles of the invention have integral ribs and/or integral
      rows of spaced apart elements such as gripping elements which extend
      transverse to the direction of extrusion and are formed by forcing a
      flowable material such as a thermoplastic polymer through an extrusion
      opening, continuously extruding the material in a first lateral or annular
      extrusion zone in the extrusion opening while periodically interrupting,
      modulating, and/or restricting the material being extruded in a second
      lateral or annular extrusion zone in the extrusion opening, the second
      zone being contiguous with the first.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of an extrusion opening divided into
      extrusion zones according to the invention;
PAR  FIGS. 2 through 6 are perspective views in cross section and partly broken
      away of extruded articles according to the present invention;
PAR  FIG. 7 is a diagrammatic view of an extrusion opening having a plurality of
      extrusion zones according to the invention;
PAR  FIGS. 8a and 8b are front views of extrusion openings having zones which in
      transverse profile define a row of spaced apart elements;
PAR  FIG. 9 is a perspective view of an extruded article according to the
      invention formed in an extrusion opening similar to FIG. 8a;
PAR  FIG. 10 is a perspective view of an extruded multielement self-gripping
      device formed according to the invention;
PAR  FIG. 11 is a front view of an extrusion opening of the invention for
      forming a multi-layer integral open grid article;
PAR  FIG. 12 is a perspective view of an extruded integral open grid article
      formed using the extrusion opening of FIG. 11;
PAR  FIG. 13 is a diagrammatic view of an annular extrusion opening for forming
      articles according to the invention;
PAR  FIGS. 14a is a diagrammatic view and FIG. 14b is a sectional view of an
      annular extrusion opening having a plurality of extrusion zones according
      to the invention;
PAR  FIGS. 15a and b are plan views of suitable means of interrupting material
      extruded in a zone in an annular extrusion opening according to the
      invention;
PAR  FIG. 16a through 16e are side elevational views of examples of gripping
      elements that can be formed in integral rows by the extrusion technique of
      the invention;
PAR  FIG. 17a through 17f are perspective views of additional gripping elements
      that can be formed in spaced apart rows according to the invention;
PAR  FIG. 18 is a diagrammatic view of an extrusion opening of the invention
      having a plurality of extrusion zones for forming a multi-layer article
      having a intermediate honeycomblike layer;
PAR  FIG. 19 is a cross sectional view of a complex multi-layer extruded article
      formed according to the invention;
PAR  FIG. 20 is a front view of a star-shaped extrusion opening with iris means
      for interrupting or restricting the material extruded in an annular zone
      in the star-shaped opening;
PAR  FIG. 21a is a side elevational view and FIGS. 21a' through 21d are cross
      sectional views of several extruded articles formed according to the
      invention by restricting the flow of material in the second extrusion
      zone;
PAR  FIG. 22 is a front view of an extrusion opening having a zone defining a
      row of spaced apart gripping elements and iris means for interrupting
      material extruded in this zone;
PAR  FIGS. 23a is a front view of an annular extrusion opening including iris
      means and thread forming means;
PAR  FIG. 23b is an exploded diagrammatic view of an annular extrusion opening
      having dual iris means and left and right hand thread forming means.
PAR  FIGS. 23c and 23d are perspective views partly broken away on a greatly
      enlarged scale illustrating further embodiments of the thread forming
      means utilized in the present invention.
PAR  FIG. 24 is a diagrammatic view in side elevation illustrating suitable
      apparatus for extruding a hollow article such as a tube having integral,
      simultaneously extruded uniformly or randomly spaced apart dividing
      elements.
PAR  FIGS. 25a and b are perspective views of screwtype devices that can be
      formed according to the present invention with biased means thereon in
      various combinations such that little resistance is offered to the
      advancing motion of the screw device but unscrewing is strongly resisted.
PAR  FIGS. 25c and d are perspective views and FIG. 25f is a sectional view
      illustrating various ways in which screw device of the invention can be
      provided with biased means.
PAR  FIG. 25e is a sectional view taken along line 25e of FIG. 25c.
PAR  FIG. 26 is a perspective view of means according to the invention for
      peripherally varying an extrusion opening via sliding plate means and for
      interiorly varying an extrusion zone via a movable needle type valve
      member.
PAR  FIG. 27a is a front view of apparatus according to the invention for
      extruding an interiorly threaded article. FIG. 27b is a perspective view
      of an article produced using the apparatus of FIG. 27a which can be cut
      along the dotted lines to form individual interiorly threaded nuts.
PAR  FIG. 28 is a diagrammatic side view of extrusion apparatus suitable for use
      in the invention with means for compensating for changes in back pressure
      due to interruptions, modulation and/or restriction of extrusion zone A.
DETD
PAC  DESCRIPTION
PAR  Referring now to the drawing and in particular FIG. 1 an extrusion opening
      for forming articles having integral ribs (FIG. 2-5) or integral rows of
      spaced apart elements (FIG. 9) such as integral rows of spaced apart
      gripping elements (FIG. 10), all of which extend transverse to the
      direction of extrusion, is shown to include a first lateral zone A in the
      extrusion opening and a second lateral zone B in the extrusion opening
      which is contiguous with the first zone A. One of the zones A or B is
      designed to permit the substantially continuous extrusion of melt flowable
      material therein and the other of the zones A or B is adapted to
      periodically interrupt and/or restrict the material being extruded
      therein. Also, the function of zones A and B can be alternated in sequence
      during the same extrusion operation.
PAR  For example, in FIGS. 2, 3, and 4 the material being extruded through the
      extrusion opening shown in FIG. 1 can be considered to be continuously
      extruded in zone B while the material being extruded in Zone A is
      periodically interrupted to form the transverse ribs 12 integral with base
      10 as shown in FIGS. 2 and 3. In FIG. 4, the material extruded in zone A
      is interrupted periodically to form ribs 12 integral with base 10 (from
      zone B) and is also restricted to form the secondary ribs 14 on the
      primary ribs 12 as well as the wavy pattern comprising crests 15 with
      troughs between the base 10 and between the ribs 12.
PAR  It should be noted that the structures shown in FIGS. 2, 3, and 4 can all
      be readily extruded using the same apparatus having an extrusion opening
      as diagramatically shown in FIG. 1. Thus, there is no need to change dies,
      etc., and apparatus having an extrusion opening is illustrated in FIG. 1
      is capable of extruding an infinite variety of regular, irregular or
      random shapes or patterns.
PAR  It is also possible to extrude more complex shapes such as that shown in
      FIG. 5 having alternating transverse ribs 12 on both sides of a base 10.
      Such a shape can be extruded through an opening as shown in FIG. 1 by
      alternately and periodically extruding material continuously in one zone
      and then the other while at the same time interrupting the material being
      extruded in the contiguous zone.
PAR  A structure such as that shown in FIG. 5 can also be extruded in an
      extrusion opening having three zones wherein material is continuously
      extruded in zone B to form base 10 and periodically interrupted in zones A
      and C alternately to form the ribs 12 as shown in FIGS. 5 or at the same
      time or random times to form extruded structures having transverse ribs on
      both sides of the base in a predetermined or random pattern.
PAR  The material being extruded in a zone can be restricted or interrupted in
      either direction in the case of the extrusion openings shown in FIGS. 1
      and 7 and illustrated by the double headed arrows a and b in FIG. 7. Also
      in the case of the linear extrusion openings illustrated in FIG. 7, it
      should be obvious that the material being extruded can be regulated in a
      wide variety of ways and the character of the extrusion, for example
      continuous or interrupted, can be changed, interchanged or alternated in
      any desired manner. Thus, for example, by continuously extruding any one
      zone while interrupting the material extruded in the continuous zone or
      zones and causing the continuous extrusion zones to move up and down in
      the extrusion opening, it is possible to extrude the transversely
      corrugated structure shown in FIG. 6, for example.
PAR  Referring now to FIGS. 8a and 8b, it is also possible for one or more zones
      in the extrusion opening to define in transverse profile a row of spaced
      apart elements. This embodiment is adapted to extrude articles such as
      those shown in FIGS. 9 and 10 having integral rows of spaced apart
      elements 16 as shown in FIG. 9 or spaced apart integral rows of gripping
      elements 18 as shown in FIG. 10 all of said rows being transverse to the
      direction of extrusion as indicated by the arrows shown in FIGS. 9 and 10.
      In FIG. 8a there is shown an extrusion opening capable of forming an
      integral extruded article such as that shown in FIG. 9. Zone B identified
      by reference numeral 22 is adapted for continuous extrusion to form the
      base 10 of an extruded article while zone A contiguous with zone B in
      transverse profile defines a row of spaced apart elements 24. A
      reciprocating gate member 26 is adapted to periodically interrupt the flow
      of material being extruded in zone A, thus forming rows of spaced apart
      integral elements illustrated in FIG. 9. FIG. 8b shows a similar
      arrangement having zones A and C which define a row of spaced apart
      elements 24 on both sides of and contiguous with central zone B. FIG. 8b
      also illustrates the use of a sliding or oscillating member 28 having
      openings 24 which are adapted to slide into register with the profile zone
      A defining the elements 24. The member 28 can slide back and forth to
      interrupt the extrusion in zone B or it can be a continuous belt-like
      member which slides across zone A in one direction. A reciprocating gate
      member 26 is illustrated for interrupting the extrusion in zone C for FIG.
      8b and it should be understood that an oscillating element such as that
      illustrated by element 28 can also be used in zone C in FIG. 8b or in zone
      A of FIG. 8a.
PAR  From FIGS. 8a and 8b it should be clear that one or more zones may define
      in transverse profile a random or uniform row of spaced apart elements 24
      which may have any desired shape such as the rectangular shape shown in
      FIG. 9 or the shape of gripping elements 18 as shown in FIG. 10, 16 and 17
      wherein the gripping means forming part of the gripping element 18 such as
      barbs, hooks, etc. are oriented in the direction of the transverse
      integral row.
PAR  FIGS. 11 and 12 illustrate an arrangement similar to that of FIG. 8b but
      the continuous zone B is relatively thin and the spaced apart elements
      alternate on opposite sides in Zones A and C. Interrupting the flow fron
      zones A and C using a reciprocating gate 26 or an oscillating member 28 as
      shown in FIG. 8b results in a structure which is a multi-layer, integrally
      open grid-type article. FIG. 18 illustrates the opposite arrangement
      wherein the material is continuously extruded in zones A and C and
      interrupted in Zone B to form a honeycomb-like multi-layer structure.
PAR  FIG. 19 illustrates that complex multi-layer structures can be extruded in
      a single operation by continuously extruding in zones B, D and F while
      interrupting the extrusion in zones A, C, E and G each of which defines a
      row of differently shaped spaced apart elements.
PAR  Referring now to FIGS. 13-15 and 20-22, there are shown annular extrusion
      openings for forming articles having integral ribs such as shown in FIG.
      21 or integral rows of spaced apart elements (FIG. 20) such as integral
      rows of spaced apart gripping elements (FIG. 22) all of which extend
      transverse to the direction of extrusion. In FIG. 13 material is
      continuously extruded in annular zone A and is periodically interrupted,
      modulated, or restricted in annular zone B which is contiguous with
      surrounding continuous extrusion zone A.
PAR  FIGS. 14a and b illustrate three extrusion zones, Zone B a continuous
      extrusion zone and zones A and C being adapted to be periodically
      interrupted, modulated or restricted. In zone A means such as iris 30
      which is adapted to move in and out of zone A to control and modulate
      extrusion as indicated by the arrow in Zone A.
PAR  Zone C extrusion is modulated and controlled by member 32 which can be
      cylindrical or can be truncated as a needle valve and which can rotate
      and/or reciprocate in zone C as shown by the arrows in FIG. 14b. Extrusion
      barrel 36 defines the outer perifery of zone A and iris 30 is shown
      mounted on the front thereof in FIG. 14b withdrawn to the outer boundary
      of Zone A as represented by the dotted line behind iris 30 in FIG. 14a.
      Member 32 shaped as a valve can also be provided with a thread forming
      member 35 carried on bar 34 slotted into the nose or forward portion of
      member 32. The position of member 35 can be shifted by moving bar 34 as
      indicated by the arrow in FIG. 14b. The position of member 35 can be fixed
      in this way or it can change or move continuously during the extrusion
      operation to obtain a wide variety of extruded shapes which can vary in
      external (Zone A) and internal (Zone C) profile and have internal threads
      of fixed or varying pitch and/or depth.
PAR  The device of FIG. 15a is similar to the arrangement of FIG. 14 wherein
      needle valve member 32 is provided with grooves 37 converging towards the
      point thereof. Member 32 in FIG. 15a can reciprocate and/or rotate as in
      FIG. 14 to provide for a wide variety of internal extruded shapes and
      surfaces.
PAR  Other neddle valve arrangements are shown in FIGS. 26 and 27. In FIG. 26
      movable plates 31 can be used in place of iris 30 in FIG. 14 to vary the
      external profile of the extruded article and needle valve member 32 can be
      profiled to conform the internal profile to the external profile defined
      by plates 31. In the embodiment shown, plates 31 cooperate to form a
      diamond shaped profile which can vary in size by moving plates 31 in or
      out with respect to the center line of extrusion. Obviously, other shapes
      such as square, oval and the like can be formed by appropriately shaped
      plates 31. Member 32 in FIG. 26 can also have any desired shape
      approximating or differing from the external profile formed by plates 31.
PAR  In FIG. 27a, plate 33 defines Zone A which is hexagonal in shape in this
      illustration. Extrusion in zone B is modulated by rotating member 32 which
      carries thread former 35. The internally threaded article formed is shown
      in FIG. 27b. The profile 38 with internal threads can be cut along the
      dotted lines to form individual nuts. The thread 39 can be varied and/or
      biased as described herein in reference to FIGS. 14, 23 and 25.
PAR  The use of a needle valve in the invention as shown and described in FIGS.
      14, 15, 24, 26, and 27, for example, has several advantages. The member 32
      can have any desired cross-sectional shape and/or external profile and is
      capable of reciprocating and/or rotating during extrusion to obtain a
      variety of effects. A tooth, groove or member of another shape can be
      carried by the neddle valve member and is capable of independent or tandem
      rotational, oscillatory or other such motion with respect to the valve
      member itself.
PAR  FIG. 15b illustrates an arrangement of annular extrusion zones wherein Zone
      B is adapted for continuous extrusion and Zone A surrounding continuous
      zone B defines an annular row of spaced apart elements 24. Iris type
      device 30 is adapted to periodically interrupt, modulate or restrict the
      flow of material extruded in Zone A.
PAR  In FIG. 20, the extrusion opening is shown to be star-shaped and the
      continuous extrusion Zone B is within the interior thereof and the tops or
      ends of the arms of the star define zone A and iris member 30 is used to
      interrupt or modulate the flow of material in extrusion zone A. It will be
      evident that a wide variety of unusual shapes can be extruded using the
      arrangement shown in FIG. 20 simply by programming or controlling the
      movement of the iris 30 without otherwise changing or modifying the
      apparatus.
PAR  FIG. 22 is similar to FIG. 15b and illustrates a semi-annular continuous
      extrusion zone B and Zone A which in cross-section defines a plurality of
      gripping elements. Iris 30 is used to periodically interrupt the flow of
      material in extrusion zone A to initially form a self-gripping device with
      an annular base 10 and integral rows of gripping elements 18 extending
      transverse to the direction of extrusion. The self-gripping device
      extruded in FIG. 22 can be later treated to flatten the base out to form a
      planar device if desired.
PAR  Referring now to FIGS. 23 and 25, there is illustrated a highly
      sophisticated application of the present invention. Referring now in
      particular to FIG. 23a, material is continuously extruded in zone B and is
      interrupted or modulated in zone A by an iris-type device 30 which also
      carries a thread forming member 60. Thus, it is possible utilizing the
      present invention to directly extrude threaded articles which may be round
      or which may have any other transverse cross-sectional shape desired and
      which can greatly vary in longitudinal cross-section. By utilizing an
      iris-type device behind the extrusion opening within the exterior of an
      extruder, as in FIG. 23a for instance, and by progressively making the
      extrusion opening smaller using this iris device and by following this
      movement with the iris device 30 in Zone A, it is possible to also form
      tapered threaded articles.
PAR  FIG. 23b illustrates just one modification of the basic arrangement shown
      in FIG. 23a wherein two iris devices 30 each having a thread forming
      member 60 are used in counter-rotating relationship to form articles
      having both left and right handed threads. One of the iris devices can be
      actually inside the extrusion device or both of the irises can be outside
      of the extrusion device and directly adjacent to each other. The right
      hand and left hand thread forming devices are shown separated in FIGS. 23b
      for ease of understanding.
PAR  FIGS. 25a and b show screw devices having biased means which can be
      extruded and formed simultaneously according to the invention. The bias
      means can be on the edge of the thread indicated by the letter x, on the
      face indicated by the letter y, or within the trough of the thread
      indicated by the letter z. A thread forming member 60 such as that shown
      in FIG. 23c can be designed to be fixed in relation to the iris 30 and
      associated therewith is a movable thread forming member 61 which can be
      programmed to move in the directions as shown by the arrows to form biased
      (tilted) teeth on the faces y or in the troughs z of the extruded screw.
      FIG. 23d shows a modification of the movable thread forming member 61
      which includes an overhand portion 62 which upon reciprocation of the
      member 61 can be used to form biased means on the edge of the thread at x.
      The devices shown in FIGS. 23c and d can also be incorporated into the
      devices shown in FIGS. 13, 14, 15, 20, 26 and 27 to make threaded articles
      with biased threads of all possible configurations, e.g. screw, nuts, etc.
PAR  The biased means which can be directly and simultaneously formed with the
      extruded screw device are shown in greater detail in FIGS. 25c-e. There
      the thread 70 is shown to have biased teeth 72 formed on the edge of the
      thread x, said teeth 72 being formed in or on the edges x. On the face y
      biased teeth 74 are shown and in the trough z biased teeth 76 are shown
      flat in FIG. 25d and V-shaped FIG. 25c. It should be understood that the
      biased teeth 74 and 76 can be formed as indentations in the face y or the
      trough z or they can be formed as raised teeth on the face y or in the
      trough z.
PAR  The screw devices shown in FIGS. 25a and b can have biased means at x, y or
      z or any combination of these, the means being biased (tilted) in a
      direction opposite to that of the helical motion of an advancing screw.
      The biased means are designed to offer relatively little resistance to the
      advancing motion of the screw but because of their bias unscrewing is
      greatly resisted and effectively prevented. Eventual cold forming of the
      material into which the screw has been turned aids in preventing
      unscrewing.
PAR  FIG. 25a indicates that extruded threaded articles can be continuously
      reinforced with load bearing backbone means of high tensile strength such
      as any of the materials mentioned herein for reinforcing means 11.
PAR  The unique threaded articles with biased threads as shown in the drawing
      can also be characterized as threaded articles such as screws, bolts, and
      nuts of all sizes and types having polarized threads such that the forward
      torque is normally different than the reverse torque. Stated in different
      terms, the torque required to advance the thread will be usually
      (preferably) less than the torque reuired to reverse the thread. Thus a
      normal amount of torque will be required to set a screw or nut with
      polarized threads but a much greater torque will be required to unscrew a
      bolt or nut because reverse motion of the thread is resisted and prevented
      by the polarized threads.
PAR  FIG. 25f illustrates that a conventional threaded article such as a screw,
      bolt, nut, speed nut, etc. can be used as the base in which biased means
      as shown in FIGS. 25c and d can be formed or to which a layer 77 of softer
      or harder material can be applied containing polarized (biased) grooves,
      notches nicks, etc. or polarized particles 75, short fibers and the like.
      The particles or fibers 75 can be attached or bonded directly to the
      thread 70 in the x, y and/or z positions in a polarized configuration or
      they can be applied randomly and become polarized upon the application of
      forward torque to the threaded article. Such a layer or such particles can
      be made of metal, plastic, glass, or composites of any of these.
PAR  The threaded article embodiment of the invention can be applied to all
      conventional threaded devices such as screws, bolts, nuts, nuts stamped
      and bent from thin sheet metal (commonly known as a speed nut) and the
      like. Specific screws include machine screws, sheet metal screws,
      selftapering screws, wood screws, lag bolts, carriage bolts, Molly bolts,
      and the like. Threaded devices with internal polarized threads (nuts) can
      be used with conventional externally threaded articles or with externally
      threaded articles also having polarized threads and vice versa. Varying
      differences in reverse torque will be obtained depending on the
      internal/external threaded coupling or the material into which an
      externally threaded device is screwed. For instance, certain materials
      will become cold more quickly or readily than others thereby engaging the
      biased means of the polarized threads and building up reverse torque.
PAR  The direct extrusion of a further sophisticated and unusual article is
      shown in FIG. 24 wherein material is cotinuously extruded in annular zone
      B and periodically interrupted in zone A, which is surrounded by zone B,
      by means of a reciprocating pin gate device 56. The opening is defined by
      a tapered extrusion die 54 which enlarges at 55 to accommodate extrusion
      of a disc-like member 52 in Zone A from tube 51. When the pin gate 56 is
      moved in the direction opposite to the direction of extrusion and returned
      to the position shown in FIG. 24, what results is a hollow member 50 which
      may have any cross-section desired having a series of cells therein
      divided by disc-like extruded members 52. It is clear that the members 52
      can have any thickness and can be randomly or uniformly spaced within the
      hollow member 50 simply by programming or regulating the movement of the
      pin gate device 56.
PAR  A similar pin gate type arrangement operable axially within an extruder as
      illustrated in FIG. 24 can be utilized in the linear arrangement shown in
      FIG. 18 for closing the square-shaped openings in Zone B.
PAR  To provide support for an extruded article with respect to its ultimate use
      or to aid in the initial extrusion operation, supporting members such as
      filaments, tapes, cables, webs or screens can be incorporated into the
      continuous extrusion zones provided by the invention. For example, in FIG.
      7 a thin, non-woven web represented by dotted line 11 can be fed through
      extrusion zone B at a rate equal to the speed of extrusion. In FIGS. 21a
      and 25a, a centrally located filament, yarn or cable 11 can be
      incorporated into continuous extrusion zone A in a similar manner. FIG. 4
      shows a similar arrangement where stands 11 are incorporated into the base
      of the extruded article. The supporting member 11 can be a monofilament or
      a plurality of strands such as yarn or rope. Member 11 can also be a strip
      or width of woven or non-woven fabric made of synthetic or natural fibers,
      separately or tandem extruded articles such as tubing, rods and other
      profiles, or wire, knitted mesh and the like. Members 11 support the
      freshly extruded article and prevent sagging as well as lend reinforcement
      for the finished (cooled) article such as a support is particularly
      valuable where plastic foams are extrusion formed by the invention.
PAR  The freshly extruded article can also be supported by floating on a liquid
      of proper density or by a cushion of gas such as air.
PAR  FIG. 28 shows suitable extrusion apparatus for use in the invention. Motor
      M or other conventional drive means turns extruder E which can be of any
      of the known types, that is, single screw, twin screw, reciprocating screw
      and the like. Accummulation means N is located between the Extruder E and
      the extrusion die and compensates for changes in back pressure when plate
      26 moves in and out of zone A to interrupt or modulate extrusion while
      extrusion continues in Zone B. The use of an accumulator preferably
      equipped with a powered metering piston and valves (as shown) eliminates
      the need to regulate pressures in the extruder itself and prevents surges
      or non-uniformities in extrusion.
PAR  Pressure in the extruder can be modulated and controlled to produce a
      varying continuous or discontinuous pressure-time profile including
      complete arrest of pressure which can be related to the rate of extrusion
      through the dynamic or changing extrusion opening of the invention. Such
      pressure changes can be obtained by regulating and changing the extrusion
      rate by modulating screw speed or rate of feed from the accumulator and
      the like. Other forces, such as a steady or varying centrifugal force, or
      fluid pressure, can be exerted on the extruded mass. It will be
      appreciated that the pressure over face of the extrusion opening may
      either be uniform or non-uniform. The pressure will be non-uniform
      particularly if the extrusion opening has areas of non-uniform
      cross-section or areas which are changing in shape or cross-section as
      described herein, or if several types of plastic or other extrudate or
      reinforcement are forced together through the extrusion opening to form a
      coherent extruded product.
PAR  The rate of cooling as an extruded article exits from an extrusion opening
      may be vary sharp to effectively freeze the extruded shape as it exits
      from the extrusion opening or cooling can be more gradual to allow for
      post-treatment to modify the physical or chemical properties of the
      extruded article or post-forming to modify the shape or surface
      characteristics of the extruded article such as hardness, stiffness,
      chemical resistance, and the like.
PAR  Techniques for post-treating and post-forming include air cooling, quench
      cooling, using an inert medium having a matched specific gravity or a
      higher specific gravity to float an extruded article, annealing and the
      like or stretching transversely and/or longitudinally. Additional
      post-treating can also include electric and/or chemical treatments for
      modifying the physical and/or chemical properties of the extruded
      structure.
PAR  Extruded product made according to the invention can also be used as
      molding stock for various molding processes such as the continuous molding
      processes described in copending application Ser. No. 317,034, filed Dec.
      20, 1972.
PAR  It is also within the purview of the present invention to use secondary
      operations such as bending, melting down, cold heading, clipping and the
      like. Further progressive or successive hot and cold post-forming
      operations include heading, rolling, swaging, bending, jogging, die
      forming, cutting, slitting, punching perforating, etching, embossing,
      calendaring, nip-rolling and the like. The base 20 can also be composite
      laminated, oriented, etc., or reinforced by forming the base with a metal
      or similar strip sheathed in plastic or the like, or by using other
      reinforcing members such as wires, mesh, fibers, filaments, fabric or
      fillers as discussed previously.
PAR  The extruded articles of the invention including selfgripping devices can
      be extruded from any material capable of flow such as putty, plaster or
      Paris, cement, etc., and melt fabricable materials including metals, metal
      alloys, plastics, ceramics, glass, and the like. Suitable metals include
      aluminum and aluminum alloys, magnesium and its alloys, copper, copper
      alloys, such as berylium copper, iron, carbon and stainless steels and the
      like. Suitable plastics include thermosetting phenolic compositions,
      melamines, epoxy resins and the like and thermoplastics such as
      polyethylene, polypropylene, polystyrenes, polycarbonates, polysulfones,
      nylons, fluorinated polymers and the like.
PAR  Preferably the material to be extruded contains fillers in amount such that
      extruded articles made according to the invention will retain their shape
      after extrusion and during cooling and setting or hardening. A useful
      range for filler materials is from 5 to 80  percent by weight based on the
      total weight of the material being extruded. Any of the commonly used
      particulate filler materials can be used. Examples of fillers are clays,
      chalk, silica, alumina, mica, talc, asbestos, natural, synthetic and glass
      fivers and wire and the like. Particularly good fillers are those that
      produce highly non-Newtowan flows in plastics and give materials
      resembling thick doughs are organo-clays produced by the reaction of
      fibrous or plate like minerals and clays with selected organic compounds,
      for example, derived from amines.
PAR  The self-gripping devices of the invention are adapted to penetrate and
      become lodged in a receiving material or layer which can be formed from a
      wide variety of materials including woven, non-woven, and knitted fabrics
      and fibers, carpets and carpet-like materials, foamed rubber and plastics,
      wood, cork, sponge, leather, paper, cardboard, corrugated cardboard, metal
      and plastic mesh, expanded and perforated sheet materials and composites
      and laminates including any of the foregoing. Preferred are fibril
      containing receiving materials. Fibrils include fibers, yarns, filaments
      and fibrous portions of materials such as the dividing wall in a cellular
      structure.
PAR  Especially suitable receiving materials and structures are disclosed in my
      copending applications Ser. Nos. 126, 708, and 126, 706, both filed Mar.
      22, 1971 and Ser. No. 154,589, filed June 18, 1971.
PAR  The cellular article of FIG. 24 can be formed from metals or plastics and
      is characterized by excellent thermal and electrical insulating properties
      and also resists compression. The same holds true for the extruded
      articles from FIG. 18.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for extruding articles which comprises extrusion means having
      an annular extrusion opening divided into an outer extrusion zone and an
      inner extrusion zone contiguous with the outer zone, said extrusion means
      being adapted to melt a melt flowable material and force same through said
      extrusion opening, said inner zone being adapted to continuously extrude
      said material and said outer zone having means associated therewith for
      simultaneously forming a thread in the material being extruded in said
      outer zone said thread forming means including means for simultaneously
      forming biased means on one or more of the edge, face or trough of the
      thread formed in the material being extruded in said outer zone.
NUM  2.
PAR  2. Apparatus of claim 1 wherein said thread forming means is adapted to
      form left hand and right hand threads in the material being extruded in
      the outer zone.
NUM  3.
PAR  3. Apparatus of claim 1 wherein said thread forming means are constricting
      and expanding iris means.
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ABST
PAL  A pellet mill for making food pellets from a flour product comprising a
      vertically arranged driven annular rotary die having radial die openings
      and a number of extrusion rollers inside this annular die and cooperating
      with the inner cylindrical wall of the die, which rollers are mounted for
      rotation in a common roller frame carried by a shaft which is held
      stationary by shear pins under normal operating conditions. The roller
      frame supports a number of feed tubes, one for each extrusion roller,
      which tubes each extend axially through the interior of the annular die
      between the rollers and near the inner die surface and the flour product
      is fed to these tubes by screw conveyors adjoining the open ends of the
      feed tubes with minimum clearance, the other, inner ends of the tubes
      being closed. Each feed tube has a side opening having the same axial
      length as the associated roller and having a circumferential width which
      gradually increases inwardly whereby the flour product discharged through
      the side opening of each feed tube is evenly distributed over the length
      of the roller and the effective width of the annular die.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a pellet mill for the production of extruded
      pellets, in particular animal food pellets from a flour product. The
      pellet mill may form part of an assembly comprising a feeding section to
      which the flour product is supplied, a conditioning section for blending
      the flour product with additives, such as molasses and/or for heating and
      moistening the mixture, and a press section or pellet mill for extruding
      the prepared flour product in the form of hard pellets of, f.i.
      cylindrical cross section. An assembly of this type is disclosed in U.S.
      Pat. No. 3,828,661.
PAR  Conventional pellet mills of the present type usually comprise a rotary
      annular die having a great number of radial die openings and enclosing an
      interior die space which is closed on one side and open on the opposite
      feed side. At its closed side the die is supported on one end of a
      horizontally mounted hollow drive shaft. A number of extrusion rollers,
      f.i. two such rollers are rotatably mounted in a common roller frame
      arranged in the interior of the die, the extrusion rollers cooperating
      with the inner cylindrical surface of the annular die in pressing the
      flour product fed to the die radially outwardly through the die openings.
      The roller frame is secured on one end of a second shaft extending through
      and rotatably mounted in the hollow drive shaft, shear pin means or the
      like connecting the opposite end of this second shaft to the frame of the
      mill for holding the second shaft and thus the roller frame stationary
      during normal operation of the mill. Feed means are arranged opposite the
      open side of the rotary annular die for feeding the flour product to be
      pressed to the interior of the die.
PAR  During the operation of a pellet mill of the above-described type the feed
      means should preferably feed the flour product to the die forwardly of the
      extrusion rollers (as seen in the direction of rotation of the die)
      allowing these rollers to press the material through the die openings
      whereby bar-shaped pellets are extruded which are cut to length by cutters
      engaging the cylindrical outer surface of the die. For a proper and
      efficient operation of the pellet mill it is obviously of importance that
      the material to be pressed is not only fed in equal portions to the
      several extrusion rollers but is also distributed evenly over the axial
      length of each roller and thus also over the effective width of the
      annular die in order to make full use of the capacity of the pellet mill
      and to avoid uneven wear of the rollers and of the die. However, for
      obtaining such an even distribution it is generally not allowable to use
      feed means which extend from outside the die into the die interior. The
      reason for this is that the extrusion rollers and the die must be
      protected against possible damage caused by overloading or by the
      occurence of foreign hard matter such as a piece of iron or stone, in the
      supplied flour product. If such a foreign hard body is clamped between a
      roller and the die and consequently the driven die exerts a rotational
      force on the roller frame, the shear pins normally holding the shaft of
      the roller frame stationary will break whereby the roller frame can rotate
      together with the die before the hard body can cause rupture of the die or
      other damage. Rotation of the central shaft supporting the roller frame
      causes the drive motor of the mill to be switched off. Since thus the
      roller frame must be free to rotate in cases of emergency, there should be
      no stationary parts, such as feed members, extending into the interior of
      the die. For this reason, in the conventional pellet mills of the present
      type the flour product is supplied to the open front side of the die from
      which the material must spread out across the die under centrigual action
      and sometimes with the help of suitable blades attached to the rotating
      die or by means of scraper elements mounted on the stationary central
      shaft. Generally, the material is fed at a single location at the lower
      side of the die independently of the number of the extrusion rollers and
      it will be clear that in this manner the above-mentioned even distribution
      of the supplied material over the several rollers and over the width of
      the die is rather illusory. A further consequence of this situation is
      that the die and the extrusion rollers can only have a limited axial
      dimension. Furthermore in these conventional feeding systems the
      distribution of the material in the die depends to a great extent on the
      properties of the flour product, such as the bulk density, the particle
      size and the fluidity thereof while also the rotational speed of the die
      has its influence.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide a pellet mill which obviates the
      above-discussed draw backs of the conventional pellet mills and which
      provides an individual feed means for each of the extrusion rollers
      assuring an even distribution of the flour product over the axial length
      of these rollers.
PAR  According to the invention the pellet mill thus is provided with a feed
      assembly for feeding the flour product to the interior of the annular die
      which feed assembly has a plurality of seperate feed means one associated
      with each of the several extrusion rollers. Each feed means comprises a
      product conveying means, such as a screw conveyor, having a discharge end
      situated just outwardly of the die and a feed tube supported by the roller
      frame and extending axially through the interior of the die spaced from
      the inner cylindrical die surface and, as seen in the direction of
      rotation of the die, forwardly of the associated roller. Each feed tube is
      closed at its inwardly facing end and has an open inlet end situated with
      a minimum clearance directly opposite the conveying means discharge end.
      Each feed tube is further provided with a side opening having an axial
      length corresponding to the axial length of the associated roller and
      having a circumferential width which gradually increases inwardly whereby
      the flour product supplied to the feed tube by the conveying means and
      discharged through the side opening of the tube is evenly distributed over
      the axial length of the associated extrusion roller and over the effective
      width of the annular die.
PAR  The flour product to be pressed is thus not merely supplied to the open
      side of the die but is led by the feed tubes into the interior of the die.
      Since each extrusion roller has its own associated feed tube there is no
      problem in supplying the several rollers with equal quantities of flour
      product per unit of time. The side openings of the feed tubes then take
      care of an even distribution of the discharged material lengthwise of the
      rollers. Because the feed tubes are secured to the roller frame they will
      rotate together with this frame when the shear pins break as a result of
      extreme overloading or of the presence of a hard body between a roller and
      the die. The arrangement of the invention thus makes it possible to obtain
      a uniform feed independently of the properties of the flour product and of
      the rotational speed of the die whereby the mill can be loaded to its full
      capacity and no uneven wear will occur. At the same time, in designing the
      mill one is not restricted in the choise of the width of the die by feed
      problems so that dies of relatively great width can be used if the
      capacity of the mill is to be increased.
PAR  Preferably, each feed tube has a circular cross section, the side opening
      of the tube being bounded by two circumferentially extending lateral edges
      and two longitudinal edges, one situated higher than the other in which
      the higher longitudinal edge extends in the axial direction of the tube
      and the lower longitudinal edge follows a substantially helical edge
      course which as seen in the circumferential direction may extend through
      an angle of f.i. 70.degree. - 90.degree.. The feed tube may be so arranged
      that the vertical plane through the axis of the tube intersects the lower
      helical of the side opening. As a result of this shape of the lower edge
      of the side opening of each feed tube and the gradually inwardly
      increasing circumferential width of this opening following therefrom the
      material supplied to the feed tube will be gradually and progressively
      discharged through the side opening, part of this material only falling
      through this opening on reaching the closed inner end of the tube. In this
      manner, the desired even distribution of the material over the axial
      length of the associated extrusion roller can be obtained. Preferably each
      feed tube is mounted on the roller frame for angular adjustment about its
      axis whereby the position of the said lower helical edge of the side
      opening can be varied depending on the properties of the material to be
      processed.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings show a preferred embodiment of the pellet mill according to
      the invention.
PAR  FIG. 1 is an elevation and partly a vertical axial section of the pellet
      mill;
PAR  FIG. 2 is on an enlarged scale a section on the line II--II of FIG. 3 of
      the annular die, the extrusion rollers therein and the feed means of the
      pellet mill of FIG. 1;
PAR  FIG. 3 is an end view taken on the line III--III of FIG. 2 of the annular
      die, the extrusion roller assembly and the feed tubes; and
PAR  FIG. 4 shows schematically an end view of the feed assembly.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring to the drawings and particularly to FIG. 1 thereof, the
      illustrated pellet mill is intended for pressing flour products and
      similar material, particularly animal food, to pellets. The pellet mill
      has a box-shaped frame 1 forming at the same time a gear case and
      rotatably supporting, by means of roller bearings 2 and 3, a hollow shaft
      4. Secured on the hollow shaft 4 is a drive gear 5 which through suitable
      transmission means can be driven by an electric motor in a conventional
      manner not shown in the drawings. At its forward end the shaft 4 is
      provided with an integral flange 6 supporting an annular die 7 which die
      is releasably secured to the flange 6 by means of a split locking collar
      in a conventional manner (see also FIG. 2). The annular die 7 is
      circumferentially provided with a plurality of die openings 9 of circular
      cross section extending radially through the whole thickness of the die.
PAR  A central solid shaft 12 extends coaxially through the hollow drive shaft 4
      and is rotatably mounted therein by means of roller bearings 10 and a
      bearing bush 11. A sleeve 13 is fixedly mounted on the rear end of the
      shaft 12 which sleeve has a conical flange 14 and supports the bearing
      bush 11. A conical flange member 15 is fixedly mounted at the rear side of
      the frame 1 which conical member 15 encloses the conical flange 14.
      Conical parts 14 and 15 have corresponding holes receiving two shear pins
      16 preventing rotation of the central shaft 12 during the normal operation
      of the mill.
PAR  A sleeve 18 having a radial flange 17 is fixedly mounted on the forward end
      of the central shaft 12 and a seal ring 19 is arranged between the flange
      portion 6 of the hollow shaft 4 and this sleeve 18. The flange 17 supports
      two extrusion rollers 20 situated diametrically opposite one another
      inside the interior space of the annular die 7 for cooperation with the
      inner cylindrical surface of the die. At the other side the extrusion
      rollers 22 are supported by a substantially diamond-shaped front plate 21
      which is connected to the central shaft 12 by means of a central bolt 22
      passing through the front plate 21 and threadedly received in an axial
      screw hole in the end face of the shaft 12. The flange 17, front plate 21
      and bolt 22 thus form a roller frame for the extrusion rollers 20 fixedly
      secured to the central shaft 12. The extrusion rollers 20 are each in a
      conventional manner mounted for free rotation on a roller shaft having an
      excentric stud portion formed at each end thereof which stud portions are
      adjustably received in corresponding bores in the flange 17 and the front
      plate 21, respectively. Only the forward stud portion 23 of this roller
      shaft structure is visible in FIG. 3. Adjusting means cooperate with the
      stud portion 23 of each roller shaft which means comprise a part 24
      secured to the stud portion 23 and having two abutments 25 engaged by the
      bolt heads of two adjusting bolts 27 which are received in threaded
      sleeves 26 secured to the front plate 21. The bolts 27 thus maintain the
      part 24 in a fixed angular position. By adjustment of the adjusting bolts
      27 the angular position of the stud portion 23 of the roller shaft can be
      changed for a readjustment of the extrusion rollers 20 with respect to the
      inner surface of the annular die 7 if this is necessary f.i. on account of
      wear of these rollers and/or of the die.
PAR  In the operation of the pellet mill the driven hollow shaft 4 rotates the
      annular die 7 in the direction of the arrow of FIG. 3 in which the roller
      frame carried by the central shaft 12 remains stationary and the two
      extrusion rollers 20 supported in this roller frame are set in motion by
      the rotating die rolling on the inner cylindrical surface thereof. The
      flour product to be processed is fed to the die 7 in a manner yet to be
      described and is pressed by the extrusion rollers 20 into the die openings
      9 to be extruded at the outer circumference of the die as compressed
      bar-shaped bodies which are cut to length by cutting means (not shown) in
      a known manner. The die 7 is enclosed by a housing 28 (FIG. 1) releasably
      supported on the frame 1 and having a discharge opening 2 at its lower
      side, the cut-off pellets falling downwardly through this opening 29 onto
      suitable conveyor means or the like (not shown).
PAR  Two scraper means 30 supported by the front plate 21 engage the inner wall
      of the die 7 forwardly of the die openings 9 which scraper means, as seen
      in the direction of rotation of the die, are situated in front of the
      respective extrusion rollers 20.
PAR  The pellet mill as far as described in the foregoing is of conventional
      design and structure and for this reason a more detailed description of
      the afore-mentioned pars of the mill may be omitted. However, the feed
      assembly for supplying the flour product or other material to be processed
      to the die 7 has a novel design and will now be discussed.
PAR  As can be seen in FIG. 3 the two extrusion rollers 20 are arranged
      diagonally with respect to the vertical plane through the die axis in
      which, as seen in FIG. 3, the roller on the left side of this vertical
      plane has a higher position than the roller to the right side of this
      plane. Each extrusion roller 20 has its own product feed means associated
      therewith which, as seen in the direction of rotation of the annular die
      7, is situated forwardly of the roller. Each of these two feed means
      comprises a feed tube 31 and 31', respectively, which feed tubes fittingly
      extend through openings in the front plate 21 into the interior of the die
      7 and are secured to the flange 17 at their inner ends. The two feed tubes
      are each others mirror image so that a description of the feed tube 31,
      shown in cross section in FIG. 2, may suffice.
PAR  The feed tube 31 has a forward end projecting outside the front plate 21
      and a rear end which is closed by an end disc 32 fixedly secured therein.
      The disc 32 has a central circular boss 33 fittingly received in a recess
      34 in the flange 17. The disc 32 is secured to the flange 17 by an axial
      bolt 35 passing through a central hole in the disc 32 and the boss 33 and
      screwed into the flange 17 whereby on loosenings the bolt 35 the feed tube
      may be angularly adjusted about its axis and again be secured in any
      desired angular position. The feed tube 31 is provided with a retaining
      spring clip 36 mounted in a circumferential groove of the tube, the front
      plate 21 abutting this spring clip when the feed tube is properly mounted.
PAR  A side or discharge opening 37 is provided in the cylindrical side wall of
      the feed tube 31 which side opening is bounded by two longitudinal edges
      38 en 39 and two circumferentially extending lateral edges 40 and 41. The
      axial length of the side opening 37 between the forward lateral edge 40
      and the rear lateral edge 41, which coincides with the front face of the
      end disc 32, is equal to and covers the axial length of the extrusion
      rollers 20 and the width of the effective perforated portion of the die 7.
      The upper edge 38 of the side opening 37 extends axially close to the
      highest point of the feed tube 31. The lower edge 39 of the side opening
      37 follows a helical line from its forward point of intersection 42 with
      the lateral edge 40 to its rear point of intersection 43 with the lateral
      edge 41 in such a manner that the circumferential width of the side
      opening 37 gradually increases inwardly from the lateral edge 40 to the
      lateral edge 41. In the normal position of the feed tube 31 the lower
      helical edge 39 intersects the vertical plane through the axis of the feed
      tube, the arrangement being such that the side openings 37 of the two feed
      tubes 31 and 31' form each others mirror image with respect to the
      vertical plane through the die axis and are turned outwardly towards the
      inner surface of the die 7 (see also FIG. 3). The total area of each side
      opening is at least approximately equal to the cross sectional area of
      each of the feed tubes 31 and 31'.
PAR  The feed assembly further comprises two hoppers 44 and 44' (FIG. 1 and 4),
      one for each feed tube which hoppers form a single structure and have a
      common front wall 45. The two hoppers 44 and 44' have immediately
      adjoining inlet openings at their upper ends which are surrounded by a
      common flange 46 for the connection of the hoppers to a common supply duct
      for the flour product. The hoppers 44 and 44' are removably mounted in a
      conventional manner not shown and are provided with a common circular
      connecting plate 47 which fits against a ring member 48 mounted in a
      circular opening in the front side of the housing 28. A ring member 49 of
      angular cross sectional shape is secured by bolds 50 against the end face
      of the die 7 which ring member 49 has a tapering forward edge situated
      with a minimum clearance opposite a corresponding tapering surface of the
      ring member 48 to prevent leakage of the supplied flour product to a
      minimum.
PAR  Each hopper 44, 44' terminates at its lower side into a screw housing or
      trough 51 having the same inner diameter as the feed tubes 31, 31' and
      extending through the plate 28 coaxially with the feed tubes 31 and 31',
      respectively. These inwardly directed open discharge ends of the screw
      housings 51 meet the outwardly facing open forward ends of the feed tubes
      31 and 31' with a minimum clearance so that the feed tubes are free to
      move past the ends of the screw housings 51 on rotation of the flange 17
      and central shaft 12. Each screw housing 51 contains a screw conveyor 52
      having a hollow tubular shaft 53 which tapers in the direction of feed.
      The tubular shaft 53 is closed at its free end by a plug member 54 forming
      a nozzle with a bore 55 directed at an angle to the coinciding axes of the
      feed tube 31 and the conveyor screw 53. The tubular shaft 53 of the
      conveyor screw 52 is supported on the free end of a rotatably mounted
      hollow drive shaft 56 or 56', respectively, sealingly extending through
      the outer wall of the screw housing 51. Sheaves 57 and 57' on the drive
      shafts 56 and 56', respectively, are coupled by means of a rope 58 to a
      sheave 59 which is driven in a manner not shown by a suitable
      variable-speed driving motor or motor variator preferably through a
      slipping clutch for limiting the maximum torque. Swivel connections 60
      mounted on the outer ends of the hollow shafts 56, 56' serve to connect
      flexible tubes 61 leading to a source of compressed air (not shown).
PAR  The flour product to be processed can be supplied in equal amounts to the
      two hoppers 44 and 44' from any suitable source, for instance from a flour
      conditioning apparatus which may be mounted on the pellet mill in a
      conventional manner. When the pellet mill is operating, the screw
      conveyors in the screw housings 51 and 51' feed the flour to the feed
      tubes 31 and 31'. As a result of the tapering shape of the hollow screw
      shafts 53 the flour is propelled in a uniform flow from the hoppers into
      the feed tubes, the flour leaving these tubes through the side openings 37
      thereof. Because of the helical form of the lower edge 39 of the side
      opening 37 that part of the flour material which is not pushed over the
      higher first part of this edge 39 moves further inwardly, finally leaving
      the feed tube at the inner end thereof adjacent the end disc 32. By
      properly choosing the helical shape of the edge 39 it is possible to
      attain that the material is evenly discharged over the full length of the
      side opening 37 for uniform distribution across the axial length of the
      extrusion roller 20 and of the effective width of the die 7. For each type
      of flour optimum distribution can be obtained by proper angular adjustment
      of the feed tubes 31 and 31'. To that effect the bolt 35 and also the bolt
      22 are loosened and, after adjustment of the feed tubes, again tightened.
PAR  The flour discharged through the side opening 37 of the feed tube 31 falls
      onto the inner cylindrical surface of the rotating annular die 7 and is
      carried by this moving surface to the associated extrusion roller 20 (on
      the left hand side of FIG. 3) situated above this feed tube 31 while the
      material discharged from the feed tube 31' falls onto the associated
      extrusion roller 20 (on the right side of FIG. 3) situated therebelow and
      is moved by this rotating roller towards the nip between this roller and
      the inner die face. The two extrusion rollers are thus fed individually
      and in equal measure and the material supplied to each roller is evenly
      distributed over the axial length thereof.
PAR  The feed tubes 31 and 31' can be provided with a suitable coating at their
      inner side to prevent adhesion of the flour thereto. If nevertheless some
      four material still adheres to the feed tubes, removal thereof is possible
      by periodically feeding compressed air to the hollow shafts 56 and 56',
      the hollow screw conveyor shafts 52 and the nozzles 54 at the end thereof
      whereby these rotating nozzles direct an air jet against the inner wall of
      the feed tubes. By adjustment of the speed of the conveyor screws 52 it is
      possible to regulate the rate of feed independently of the rotational
      speed of the annular die 7 and thus to adapt this rate of feed to the type
      of the flour material to be processed.
PAR  While the invention has been illustrated and described with reference to a
      specific embodiment thereof it will be understood that other embodiments
      may be resorted to within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pellet mill for making pellets from flour products or similar
      material, comprising
PA1  a frame,
PA1  a first horizontally extending hollow drive shaft mounted for rotation in
      said frame and having two ends,
PA1  an annular die member mounted coaxially on said first drive shaft at one of
      said ends thereof, said annular die having an inner cylindrical surface
      and a plurality of radial die openings extending through the annular body
      of said die, said annular die enclosing an interior die space open at the
      side of the die removed from said drive shaft,
PA1  an extrusion roller assembly including a plurality of extrusion rollers
      arranged in spaced relationship in the interior of said annular die for
      cooperation with said cylindrical inner surface thereof, and a common
      roller frame supporting each of said rollers for free rotation,
PA1  a second shaft extending through said first hollow drive shaft and having
      two ends, said roller frame being secured to one end of said second shaft,
      bearing means rotatably supporting said second shaft, shear pin means
      connecting said second shaft to said frame for holding said second shaft
      stationary during normal operating conditions of the mill, and
PA1  a feed assembly for feeding the material to be pelleted to the interior of
      said annular die, said feed assembly including a plurality of separate
      feed means one associated with each of said extrusion rollers,
PA1  each of said feed means comprising conveying means for said material having
      a discharge end situated opposite said open side of said annular die, and
      a feed tube supported by said roller frame and extending axially through
      the interior of said die spaced from said inner cylindrical die surface,
      said feed tube having an open inlet end situated with a minimum clearance
      directly opposite said discharge end of the associated conveying means,
      means closing said feed tube at its end opposite of said inlet end, said
      feed tube further having an opening in its side wall, said side opening
      having an axial length corresponding to and coinciding with the axial
      length of said associated extrusion roller and said side opening having a
      circumferential width gradually increasing inwardly towards said closed
      feed tube end whereby the material supplied to the feed tube by said
      conveying means and discharged through said side opening is substantially
      evenly distributed over the axial length of said associated extrusion
      roller and over the corresponding effective width of said annular die.
NUM  2.
PAR  2. The pellet mill of claim 1 in which the area of said side opening of
      each of said feed tubes is at least approximately equal to the
      cross-sectional area of the feed tube.
NUM  3.
PAR  3. The pellet mill of claim 1 in which each of said feed tubes have a
      circular cross-section and in which the side opening of each feed tube has
      two generally longitudinally extending edges, one of said edges situated
      higher than the other edge, the higher one of said two edges extending in
      the axial direction of the feed tube and the lower one of said two edges
      following a substantially helical course.
NUM  4.
PAR  4. The pellet mill of claim 3 in which said helical lower edge of said side
      opening extends through an angle of approximately 70.degree.-90.degree.
      circumferentially of the feed tube.
NUM  5.
PAR  5. The pellet mill of claim 3 in which said lower helical edge of said side
      opening intersects a vertical plane passing through the axis of the feed
      tube.
NUM  6.
PAR  6. The pellet mill of claim 1 further comprising means for adjustably
      securing each of said feed tubes for angular adjustment about its axis.
NUM  7.
PAR  7. The pellet mill of claim 6 in which said roller frame comprises a radial
      flange on said one end of said second shaft, a front plate spaced from
      said flange and a central bolt member securing said front plate to said
      one end of said second shaft, said extrusion rollers being supported
      between said flange and said front plate, said front plate having a
      plurality of openings therein, each of said feed tubes being fittingly
      received in one of said openings to extend through said front plate, said
      closing means of each of said feed tubes being secured to said flange.
NUM  8.
PAR  8. The pellet mill of claim 7 further comprising bolt means releasably and
      adjustably securing said closing means of each of said feed tubes to said
      flange.
NUM  9.
PAR  9. The pellet mill of claim 1 in which each of said feed means further
      comprises individual hopper means leading to said conveying means
      associated with the feed tube, said hoppers of said several feed means
      having inlet openings at their upper sides adapted for connection to a
      common supply means for said material.
NUM  10.
PAR  10. The pellet mill according to claim 1 in which said conveying means each
      comprises a screw conveyor having a shaft tapering in the direction of
      feed.
NUM  11.
PAR  11. The pellet mill of claim 1 in which said conveying means of each of
      said feed means comprises a screw conveyor having a hollow tubular shaft,
      a source of compressed air connectable to said hollow shaft and nozzle
      means arranged in the end of said hollow shaft opposite said feed tube for
      directing an air jet against the interior surface of said feed tube.
NUM  12.
PAR  12. The pellet mill of claim 1 further comprising drive means for said
      conveying means and means for adjusting the speed of said drive means
      independently of the rotational speed of said annular die.
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ABST
PAL  A plastics mesh structure comprises continuous filaments in the
      longitudinal direction and discontinuous connecting strands in the lateral
      direction.
PARN
PAR  This is a division, of application Ser. No. 304,818 filed Nov. 8, 1972, now
      U.S. Pat. No. 3,874,969.
BSUM
PAR  This invention relates to openwork structures, more particularly to a novel
      kind of flat or tubular mesh structure of plastics which is dimensionally
      stable in the machine direction but which can have transverse stretch.
PAR  A mesh structure of this kind comprises a body of continuous filaments in
      the machine direction and discontinuous strands bracing the continuous
      filaments in the transverse direction.
PAR  In a first form of the invention, the mesh structure according to the
      invention has curvilinear meshes and comprises in the machine direction a
      tubular or flat body of continuous curvilinear filaments and in the
      transverse direction discontinuous strands each interposed between two
      adjacent continuous filaments, the strands being welded by their ends to
      the continuous filaments in the places of minimum spacing between the
      continuous filaments without overlapping the same at the junctions, the
      strands of any one row being offset from the strands of the adjacent row.
PAR  In a variant of this first form, the continuous curvilinear filaments are
      interconnected in pairs by discontinuous transverse strands whose ends are
      placed on the continuous filaments, the strands of any two adjacent
      longitudinal rows being disposed alternately on either side of the body of
      filaments.
PAR  In a second form, the mesh structure according to the invention has
      staggered meshes and comprises in the machine direction a flat or tubular
      body of parallel straight continuous filaments and in the transverse
      direction discontinuous strands aligned in transverse rows placed on the
      continuous filaments on one side of the body thereof, and similar
      discontinuous strands aligned in transverse rows disposed on the other
      side of the filaments and offset from the first row.
PAR  In a variant of this form, the discontinuous strands extend over some but
      not all of the continuous filaments.
PAR  The invention also relates to a process for making plastics flat or tubular
      mesh structures and other forms of openwork, the structures being
      dimensionally stable in the machine direction and possibly having
      transverse stretch, the process comprising separately extruding:
      continuously, a flat or tubular body of continuous filaments, which may or
      may not be straight, parallel to the extrusion direction, and periodically
      and transversely to the continuous filaments, discontinuous strands of a
      length at least equal to the between-filaments spacing, whereafter the
      strands are thrust between or on to the filaments to be welded thereto.
PAR  More particularly, two rows of discontinuous transverse strands are
      extruded alternately on to alternate sides of the body of continuous
      filaments opposite the spaces between the filaments, and one row of
      extruded strands is, in alternation with the other row, pressed between
      the continuous filaments in one part of the spaces while the other row of
      extruded strands is pressed into the other part of the spaces, to weld the
      strands by their ends to the filaments.
PAR  In a variant leading to a mesh structure having staggered or offset meshes,
      two rows of discontinuous transverse strands are extruded simultaneously
      and alternately on to both sides of the body of continuous filaments
      opposite the spacings between the filaments, and all the extruded strands
      are thrust simultaneously between the continuous filaments in all the
      spaces therebetween to weld the strands by their ends to the filaments.
      The mesh structure thus devised has square or rectangular meshes.
PAR  Another variant comprises: extruding a body of continuous filaments
      parallel to the extrusion direction; periodically extruding on to one side
      of such body a first row of discontinuous aligned transverse strands
      longer than the between-filaments spacing; and periodically extruding on
      to the other side of the body of filaments a second row of discontinuous
      aligned transverse strands longer than the between-filaments spacing and
      offset from the first-row strands, the first row of extruded strands being
      thrust on to the continuous filaments so as to position each transverse
      strand on at least two adjacent continuous filaments but not on all the
      filaments of the body, the second row of extruded strands being thrust
      alternately or simultaneously on to the continuous filaments so as to
      place each transverse strand on at least two adjacent continuous filaments
      not joined together by the first-row strands, and so on. The resulting
      mesh structure has staggered meshes or rectangular or square meshes with
      transverse strands straddling the continuous filaments.
PAR  In another variant, two rows of discontinuous aligned transverse strands
      are extruded alternately just on to one side of the body of continuous
      filaments opposite the spaces therebetween, and alternately some of the
      extruded strands are thrust between the continuous filaments into some of
      such spaces and the remainder of the extruded strands are thrust between
      the continuous filaments in another part of the spaces, to weld the
      strands by their ends to the filaments. The resulting structure is a mesh
      structure having staggered meshes.
PAR  In another variant, a single row of discontinuous transverse strands is
      extruded just on to one side of the body of continuous filaments opposite
      the spaces therebetween and such strands are thrust simultaneously between
      the continuous filaments into all the spaces simultaneously, to weld the
      strands by their ends to the filaments. The resulting mesh structure has
      square or rectangular meshes.
PAR  According to another feature of the invention, the extruded mesh structure
      is given simultaneous two-directional drawing and cooling treatment. If
      the discontinuous strands have greater mechanical strength transversely
      than the transverse strength of the continuous filaments before
      two-directional drawing, the result is a mesh structure whose continuous
      filaments are curvilinear.
PAR  The invention also relates to an apparatus for carrying out the process
      just described.
PAR  Such an apparatus comprises an extrusion head adapted to be fed with
      plastics from an appropriate source such as an extruder, the head
      comprising:
PAR  a. a die plate having a row of continuously open aligned or coplanar
      orifices for extruding a body of continuous filaments parallel to the
      extrusion direction;
PAR  b. at least one other die plate having a row of discontinuous-extrusion
      slits in length at least equal to the spacing between the extrusion
      orifices, the slits being aligned or distributed in one plane different
      from the plane of the extrusion orifices and opposite the spaces
      therebetween, to extrude discontinuous transverse strands;
PAR  c. at least one moving blade associated with such other die plate and
      reciprocating past the extrusion slits, the amplitude of the reciprocation
      being greater than slit width, to open and close the slits alternately and
      fundamentally to thrust the extruded discontinuous transverse strands
      between the extruded continuous filaments and weld the strands thereto,
      and
PAR  d. if necessary, a cooling template for simultaneous two-directional
      orientation and cooling of the extruded mesh structure to impart the final
      shape and orientation thereto during cooling.
PAR  In a first embodiment of the apparatus according to the invention, the
      extrusion head comprises:
PAR  a. a die plate having a row of aligned or coplanar continuous-extrusion
      orifices for extruding continuous filaments;
PAR  b. two other die heads disposed one on each side of the die head and each
      formed with a row of extrusion slits in length substantially equal to the
      between-orifices spacing and offset from one die head to the other, for
      extruding the transverse strands;
PAR  c. two moving blades associated one each with one of the two other die
      plates and moving past the openings of the extrusion slits in the
      corresponding die plate and periodically reciprocating to the same hand or
      in opposite directions, to open and close the die plate extrusion slits
      alternately or simultaneously and basically to thrust the extruded strands
      between the extruded filaments and weld the strands by their ends of the
      filaments, and
PAR  d. if necessary, a cooling template for simultaneous two-directional
      orientation and cooling of the extruded mesh structure so as to impart the
      final shape and orientation thereto during cooling.
PAR  In a variant of this form, the continuous-extrusion orifices are disposed
      radially in a single plane, and the strand extrusion slits are disposed
      opposite the between-orifices spaces but alternately above and below the
      plane, the transverse dimension of the extrusion slits being greater than
      the between-orifices spacing, the extrusion head having two parallel
      blades whose operative surfaces are near one another and which reciprocate
      in the same direction so that they can open the extrusion slits above the
      extrusion orifices and thrust the extruded strands below on to the
      continuous filaments by placing the strands thereon on one side of the
      body of filaments, the extrusion slits for the bottom strands then being
      closed, whereafter conversely the extrusion slits disposed below the
      extrusion orifices are opened and the extruded strands are thrust from
      above on to the strands by being placed thereon on the other side of the
      body of continuous filaments, whereafter the top strand extrusion slits
      are closed.
PAR  In a variant, the extrusion slits for one of the rows are connected
      individually to the extrusion orifices by passages, so that each slit
      which is disposed opposite the space between two adjacent orifices is
      connected thereto by passages, so that the discontinuous transverse
      strands extruded through the slits are welded to the continuous filaments
      extruded through such orifices before any action by the blades.
PAR  In another embodiment of the apparatus according to the invention, the
      extrusion head comprises:
PAR  a. a die plate formed with a row of aligned or coplanar
      continuous-extrusion orifices for extruding the continuous filaments;
PAR  b. a second die plate disposed above or below the first die plate and
      formed with a row of extrusion slits in length substantially equal to the
      spacing between the extrusion orifices and disposed opposite the spaces
      therebetween, to extrude the transverse strands, and
PAR  c. a moving blade associated with a second die plate and reciprocating past
      the orifices of the extrusion slits to open or close the same and
      fundamentally to thrust the extruded strands between the extruded
      filaments and weld the strands by their ends of the filaments.
PAR  In a variant of this form, two complementary moving blades are associated
      with a second die plate, one blade reciprocating past some of the
      extrusion slits and the other blade reciprocating past the remainder
      thereof.
PAR  Consequently, in the embodiments hereinbefore described the exit of the
      extrusion slits is alternately or simultaneously opened or closed by
      reciprocating blades which also have the basic job of thrusting the
      extruded strands between the continuous filaments. The strands are
      therefore either interposed between the continuous filaments or placed
      thereon. The welding step is performed immediately upon leaving the die
      plate, the plastics still being hot enough for a satisfactory weld to be
      made between the longitudinal filaments and the transverse strands. Since
      the extrusion orifices are independent of one another, the moving blades
      must, after they have closed the extrusion slits, thrust the extruded
      transverse strands between or on to the continuous filaments so as to form
      a mesh structure. If the moving blades move synchronously to the same
      hand, the resulting mesh structure has alternate meshes whose shape
      depends upon the relative orientation of the filaments and the strands on
      the exit sizing rolls; if, on the other hand, the moving blades move
      synchronously but to opposite hands, the resulting mesh structure has
      square or rectangular meshes.
PAR  A very wide variety of mesh structure shapes can usually be provided by
      varying the shape, dimension and arrangement of the various extrusion
      orifices and slits and the relative movement of the two blades.
PAR  Another great advantage of the invention is that, since the extrusion
      orifices and slits are all completely independent of one another,
      combinations of colours or even of different materials can be arranged for
      by means of different feeds, to provide multicolour mesh structures or
      mesh structures having a variety of characteristics.
PAR  The preferred shape of the device is a shape of revolution. Some devices of
      this kind have been shown flat in the accompanying drawings to simplify
      the illustration.
DRWD
PAR  The invention will be described in greater detail hereinafter with
      reference to the accompanying drawings wherein:
PAR  FIG. 1 is a sectioned elevation of an extrusion head having circular die
      plates according to the invention for making tubular mesh structures;
PAR  FIG. 2 is a partial view of the extrusion head of FIG. 1 in very simplified
      form, the aim of the figure being to show just the arrangement of the
      three die plates and the blades, shown in section, and a piece of the
      tubular mesh structure produced;
PAR  FIG. 3 is a diagrammatic view of another form of extrusion head according
      to the invention for mesh making;
PAR  FIGS. 4 and 5 are views of the extrusion head of FIG. 3 with the blades in
      one end position in FIG. 4 and in another end position in FIG. 5;
PAR  FIG. 6 is a view of a mesh structure comprising staggered rectangular
      meshes, produced by the extrusion head of FIG. 3;
PAR  FIG. 7 is a view of the staggered rectangular mesh pattern in which
      interlaced strands straddle the body of continuous filaments alternately
      on both sides of such body;
PAR  FIGS. 8 and 9 are views of an alternative form of FIG. 3;
PAR  FIG. 10 shows a rectangular mesh structure produced by the head of FIG. 8;
PAR  FIGS. 11 and 12 are views of another alternative form of FIG. 3;
PAR  FIGS. 13 and 14 show the curvilinear mesh structures produced by the head
      of FIG. 11;
PAR  FIGS. 15 and 16 are views of an alternative form of FIG. 11, the blades
      being shown in one operative position in FIG. 15 and in another in FIG.
      16;
PAR  FIG. 17 shows a mesh structure produced by the head of FIG. 15;
PAR  FIGS. 18 and 19 are views of another embodiment of the extrusion head
      according to the invention, the blade being shown in two operative
      positions, and
PAR  FIG. 20 shows the mesh structure produced by the head of FIGS. 18 and 19.
DETD
PAR  As can be seen in FIGS. 1 and 2, an extrusion head according to the
      invention mainly comprises a cylindrical block 1 having a chamber 2 for
      the plastics to pass through, chamber 2 communicating by way of orifice 3
      with an appropriate source of plastics (not shown) such as an extruder.
      Chamber 2 flares downwardly and outwardly in the form indicated by wall
      element 4, which is followed by a wall element 5 disposed in a plane
      perpendicular to the extrusion head axis.
PAR  Disposed at the centre of the head is an axial core 6 having a
      screw-threaded shank 7 screwed into a tapped portion 8 of the extrusion
      head and extending therebeyond to receive, with the interposition of a
      washer 10, a locknut 9. Core 6 terminates at the bottom in a disc 11 of
      the same diameter as the block 1. Disc 11 has a shoulder 12 to which the
      secured a disc-like die plate 13 having radial extrusion passages 14-19
      whose exit orifices are disposed vertically in line with the periphery of
      block 1 and whose entry apertures, which are on the same side as the
      extrusion head axis, communicate with the chamber 2 by way of wide
      apertures 20, 21 with which disc 13 is formed to supply all the radial
      passages 14-19.
PAR  Bottom surface 22 of die plate 13 cooperates with top surface 23 of disc 11
      to form a second die plate whose exit orifice, in the form of an annular
      extrusion slot, is open in vertical alignment with the periphery of block
      1. Top surface 24 of die plate 13 cooperates with surface 5 of block 1 to
      form a third extrusion die plate similar to the one formed by the surfaces
      22, 23 on the other side of die plate 13.
PAR  A rod 25 guided without backlash in core 6 bears at the top, with the
      interposition of a plate 26 and cross-members 27, 28, a short tubular
      member 29 whose bottom edge 30 is bevelled to form a knife or blade or the
      like. Secured to the bottom end of rod 25 is a domed member 31 having a
      bevelled lip 32 forming a second blade or knife or the like having a lip
      so disposed relatively to the lip of blade 30 that, when blade 32 closes
      the bottom annular extrusion orifice bounded by surfaces 22, 23, blade 30
      is completely clear of the top annular extrusion orifice bounded by
      surfaces 24 and 5.
PAR  The moving system formed by the two blades interconnected by the integers
      27, 28, cross-piece 26 and rod 25 is reciprocated axially in the direction
      indicated by a double arrow 33, by means which are not shown.
PAR  The domed member 31 is formed with two apertures 34, 35 through which two
      screwed fasteners 36, 37 extend, the same being screwed into the core 6
      and bearing a template or jig or the like 38.
PAR  To produce non-contiguous transverse strips of a kind to be described
      hereinafter, the annular extrusion orifices have the following features:
PAR  Disposed in the top extrusion orifice bounded by surfaces 5 and 24 are
      radial partitions, as 39-41, which are disposed in registration with the
      gaps between a pair of two adjacent radial passages of the passages 14-19.
      Disposed in the bottom extrusion orifice bounded by surfaces 22 and 23 are
      radial partitions 42, 43 which are offset from the previous radial
      partitions 39-41. The radial partitions 39-43 are contrived, e.g. by
      machining of the surfaces 22, 24 of the disc 13 on its periphery. The top
      die plate therefore comes to be formed with extrusion orifices, as 44, 45,
      each extending to two radial passages 14-19; the bottom die plate is
      formed with extrusion orifices, as 46 and 47, which are so offset from the
      orifices 44, 45 as to extend to two passages 14-19 to which the top die
      plate orifices 44, 45 do not extend.
PAR  The apparatus as described operates as follows:
PAR  With the blades positioned as in FIG. 1 relatively to the various die
      plates, which are stationary, the radial passages 14-19 are open and the
      plastics issues from them in the form of a body of continuous vertical
      filaments, as 48-56. No material can discharge through the bottom die
      plate bounded by the orifices 46, 47 since the same are blocked by the
      bottom blade 32. However, plastics can discharge through the top die
      plates bounded by the extrusion orifices 44, 45 in the form of
      discontinuous transverse strands or pieces or the like, as 57, 58,
      formation thereof being interrupted when the blade assembly descends into
      the bottom position visible in FIG. 2 in which the top blade 30 closes the
      orifices 44, 45 and thrusts the extruded strands 57, 58 e.g. against the
      pairs of continuous filaments 49, 50 and 51, 52 respectively, the strands
      becoming welded to the filaments, whereas the bottom blade 32 opens the
      orifices 46, 47 for the extrusion of discontinuous transverse strands, as
      59, 60, which are thrust against and welded to the other surface of the
      vertical filaments when the blades rise, to interconnect, e.g. the
      continuous filament pairs 50, 51 and and 52, 53 not connected by the
      previously extruded strands 57, 58.
PAR  Clearly, therefore, while the blade assembly moves between its two end
      positions, the continuous vertical filaments of the openwork structure are
      extruded continuously while discontinuous transverse pieces 57, 58 (on one
      side) and 59, 60 (on the other side) are formed alternately on the two
      surfaces of the body of continuous filaments, the integers 59, 60 being
      offset axially and transversely from the integers 57, 58.
PAR  The resulting openwork structure is a tubular mesh structure having
      alternate meshes comprising parallel straight continuous filaments in the
      machine direction and, transversely, discontinuous strands or the like
      aligned in rows applied to the filaments on one side of the body thereof,
      and similar discontinuous webs aligned in rows and applied to the
      filaments on the other side of the body thereof and with an offset from
      the strands applied to the first side.
PAR  In the embodiment shown in FIGS. 3 to 5 of the drawings, extrusion head 61
      comprises:
PAR  a row of equidistant extrusion passages 62 which are e.g. of substantially
      circular cross-section and which form a die plate to extrude continuous
      filaments 63, and
PAR  two rows of extrusion orifices 64, 65 which are in cross-section e.g.
      substantially rectangular, in length substantially equal to the spacing
      between individual passages 62 and in width substantially equal to the
      diameter thereof, the orifices 64, 65 being distributed alternately above
      and below the passages 62 and opposite the spaces therebetween to form two
      more die plates for extruding cross-strands 68, 69.
PAR  Two moving blades or knives or the like 66, 67 which are vertically
      reciprocated periodically and synchronously, the amplitude of such
      movement being equal to the distance between the bottom edge of the
      extrusion orifices 65 and the bottom edge of the passages 62, move past
      the openings of the two series of orifices 64, 65. Consequently, when the
      blades 66, 67 are at the end of their downwards movement, as shown in FIG.
      3, the top blade 66 completely closes the top orifices 64 and the bottom
      blade 67 leaves fully open the bottom orifices 65 and a number of
      cross-strands 68 are extruded through the bottom orifices 65, as can be
      seen in FIG. 6.
PAR  During the rising movement, as shown in FIG. 4, the bottom blade 67 closes
      the bottom orifices 65 and forces the extruded strands 68 between the
      continuous filaments 63, e.g. in the even spaces or intervals between the
      continuous filaments, so as to weld the strand ends to the filaments,
      whereas the top blade 66 leaves the top orifices 64 completely clear and a
      further series of cross-strands 69 are extruded therethrough.
PAR  During a further descent, as shown in FIG. 5, the top blade 66 closes the
      top orifices 64 and forces the extruded strands 69 between the continuous
      filaments 63 in the odd spaces therebetween so as to weld the ends of
      strands 69 to the filaments, whereas the bottom blade 67 opens up the
      bottom orifices 65 for the extrusion of a further series of cross-strands
      68, and so on.
PAR  The die plates therefore deliver a structure of offset rectangular meshes
      which, after two-directional drawing on a sizing roll, with simultaneous
      cooling, are of the shape shown in FIG. 6. The meshes comprise, in the
      machine direction, straight parallel continuous filaments 63 joined
      together in pairs by straight cross-pieces 68, 69 of substantially the
      same cross-section as the filaments 63, between which the integers 68, 69
      are interposed and to which they are rigidly secured by their ends but
      without straddling them at the junctions.
PAR  A mesh structure of this kind is dimensionally stabilized in the direction
      of the continuous filaments (in the direction of machine length) but has
      stretch in the direction of the cross-pieces (transversely).
PAR  If, however, the orifices 64, 65 are longer than the separation between the
      passages 62 and if the amplitude of the reciprocating movement of the
      blades 66, 67 is appreciably less than the distance between the bottom
      edge of the orifices 64 and the top edge of the passages 62, the mesh
      structure produced by two-directional drawing is of the kind comprising
      offset rectangular meshes, comprising a body of straight parallel
      continuous filaments joined together in pairs by cross-strands straddling
      the continuous filaments alternately on either side of the body thereof,
      as shown in FIG. 7; the mesh structure shown therein is identical to the
      mesh structure shown in FIGS. 1 and 2.
PAR  In the variant shown in FIGS. 8 and 9, the moving blades 66, 67
      periodically make opposite simultaneous reciprocations of an amplitude
      substantially equal to the distance between the top edge of the orifices
      64 and the top edge of the passages 62. In this case, at the end of the
      downwards travel of the bottom blade 67 and of the upwards travel of the
      top blade 66 (FIG. 8) the extrusion orifices 64, 65 are both
      simultaneously opened up by the blades and the two series of cross-strands
      68, 69 are extruded simultaneously through the two series of orifices 64,
      65.
PAR  On the other hand, when the bottom blade 67 finishes its rising movement
      and the top blade 66 finishes its descending movement (FIG. 9), the
      orifices 64, 65 are closed by the blades and the extruded strands 68, 69
      are thrust simultaneously between the continuous filaments 63 extruded
      through the channels 62 (for instance, the strands 68 are thrust into the
      even spaces and the strands 69 into the odd spaces between the filaments)
      so as to weld the strand ends to the filaments without overlapping thereof
      at the junctions. The mesh structure obtained after two-directional
      drawing on a template is shown in FIG. 10 and has substantially
      rectangular meshes.
PAR  In another variant, shown in FIGS. 11 and 12, the extrusion head 61 has:
PAR  a row of substantially circular cross-section extrusion channels 62
      separated from one another by a distance substantially equal to the
      diameter of the passages, the whole forming a die plate for extruding the
      continuous filaments 63, and
PAR  two other rows of substantially circular cross-section extrusion passages
      64, 65 which are identical in cross-section to the passages 62 and which
      are distributed alternately thereabove and therebelow opposite the spaces
      between the passages 62, to form two more die plates for extruding the
      transverse strands 68, 69.
PAR  Two periodically and synchronously vertically reciprocating blades 66, 67
      move past the apertures of the two systems of passages 64, 65, the
      amplitude of their movement being substantially equal to the distance
      between the bottom edge of the passages 65 and the bottom edge of the
      passages 62. When the blades are at the end of their downwards movement
      (FIG. 11), the bottom passages 65 are completely clear and a number of
      transverse strands 68 are extruded therethrough; the top passages 64 are
      closed by the top blade 66, but the strands 69 extruded through the
      passages 64 are thrust by the blade 66 against the continuous filaments 63
      extruded through the passages 62 (e.g. in the odd spaces between the
      filaments 63) so as to weld the strands to the filaments. When the blades
      reach the end of their rising movement (FIG. 12), the top passages 64 are
      clear to extrude a further series of strands 69 but the bottom passages 65
      are closed by the bottom blade 67, which thrusts the extruded strands 68
      between the continuous filaments 63 (for instance, into the even spaces
      therebetween) so as to weld the strands to the filaments, and so on.
PAR  FIGS. 13 and 14 show the mesh structure prepared after two-directional
      drawing on a template with simultaneous cooling. The structure has
      staggered meshes formed by curvilinear continuous filaments 63
      interconnected in pairs by cross-pieces 68, 69 which can be either
      straight, as shown in FIG. 13, or have curved edges, as shown in FIG. 14;
      the integers 68, 69 are interposed between the continuous filaments and
      rigidly secured thereto in places of minimum spacing between the
      filaments.
PAR  This kind of net has a very slight stretch in the machine direction and
      high transverse stretch and is of use inter alia for packing nets for
      citrus fruits (the absence of overlap at junctions greatly reduces the
      risk of damaging fragile citrus fruits), reinforcements for large-capacity
      bags and sacks, and mesh structures for closures. These features are the
      result of the transverse strands having greater mechanical transverse
      strength than the continuous filaments, for instance, because the strands
      are of larger cross-section or are of considerable size or have a
      thickened part at their centre, and so on. Also, the various extrusion
      passages can be fed independently with plastics of different colours and
      even of different kinds to provide multiple combinations of colour and
      mechanical features.
PAR  In a variant of the apparatus of FIG. 11, shown in FIGS. 15 and 16, the top
      die plate passages 64 for extruding transverse strands are connected
      individually to the continuous filament extrusion orifices 63 of the
      central die plate; to this end, each passage 64 disposed opposite the
      space between two adjacent orifices 63 is connected thereto by two side
      passages 70. Consequently, the transverse strands extruded through the
      passages of the top die plate are first welded to the continuous filaments
      extruded through the passages of the centre die plate, before any action
      by the top blade 66, but the bottom die plate passages 65 for extruding
      transverse strands remain the same.
PAR  The resulting mesh structure is shown in FIG. 17 and has staggered meshes
      embodied in the machine direction by continuous straight parallel
      filaments 63 interconnected in pairs by rows of cross-pieces 68, 69
      interposed between the continuous filaments. The cross-members or
      transverse strands 68 coming from the modified passages 64 are slightly
      curved at their ends, whereas the strands 69 from the unmodified passages
      65 are straight.
PAR  In another embodiment, shown in FIGS. 18 and 19, the extrusion head 71 has:
PAR  a row of substantially circular cross-section, permanently open extrusion
      passages 72 spaced apart by a distance substantially equal to passage
      diameter, the whole forming a first die plate for extruding continuous
      filaments, and
PAR  another row of extrusion passages 73 of the same circular cross-section as
      the passages 72 and distributed above the row of extrusion passages of the
      first die plate opposite the spaces therebetween, forming a second die
      plate for extruding transverse strands.
PAR  A single moving blade 74 periodically reciprocates vertically past the
      orifices of the second die plate passages 73, the amplitude of blade
      reciprocation being substantially equal to the distance between the top
      edges of the passages 72 and 73. Consequently, when the blade 74 is at the
      end of its downwards movement (FIG. 18), it completely closes the top die
      plate extrusion passages 73, and only the continuous filaments are
      extruded through the bottom die plate passages 72. When the blade 74 rises
      (FIG. 19), the top die plate passages 73 are opened and a number of
      transverse strands 76 are extruded therethrough. Upon its next descent the
      blade 74 recloses the passages 73 of the top die plate and simultaneously
      thrusts all the extruded strands 76 between the continuous filaments 75 so
      as to weld the strands thereto. The results is a mesh structure having
      substantially rectangular meshes and patterned as shown in FIG. 20.
PAR  Of course, to produce a staggered mesh structure by the apparatus shown in
      FIG. 18, all that is necessary is just to replace the single blade 74 by
      two complementary blades which move alternately one past the odd extrusion
      passages and the other past the even extrusion passages of the top die
      plate.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for making plastics mesh structures and other forms of
      extruded plastics openwork, characterized in that it comprises an
      extrusion head adapted to be fed with plastics from an appropriate source
      such as an extruder, the head comprising:
PA1  a. means, including a filament extruding die member having a row of
      continuously open extrusion orifices distributed in one plane in spaced
      apart relation, for extruding a plurality of continuous filaments parallel
      to the direction of extrusion and transversely spaced apart;
PA1  b. a strand extruding die member having a row of spaced apart extrusion
      slits distributed in a plane different from the plane of the extrusion
      orifices, each extrusion slit being in length at least as great as the
      spacing between two adjacent extrusion orifices but less than the entire
      extent across all of the extrusion orifices; and
PA1  c. means, including a blade associated with the strand extruding die member
      and mounted for reciprocation relative to the extrusion slits therein
      between a first position at which the slits are open and a second position
      at which the slits are closed, for separately extruding, periodically and
      transversely of the continuous filaments, strands that are discontinuous
      in a transverse direction and extend across less than all of the plurality
      of continuous filaments, and for urging the extruded strands into
      engagement with the extruded continuous filaments.
NUM  2.
PAR  2. An apparatus as described in claim 1 further comprising a cooling
      template for simultaneous two-directional orientation and cooling of the
      extruded mesh structure to impart a final shape and orientation thereto.
NUM  3.
PAR  3. An apparatus as described in claim 1, wherein the transverse length of
      each extrusion slit is substantially equal to the spacing between the
      extrusion orifices such that each strand may be urged into engagement with
      two adjacent continuous filaments and engaged by its ends thereto.
NUM  4.
PAR  4. An apparatus according to claim 1, wherein the extruding and urging
      means includes two complementary blades associated with the strand
      extruding die member, one blade reciprocating past some of the extrusion
      slits and the other blade reciprocating past the remainder thereof.
NUM  5.
PAR  5. An apparatus for making plastics mesh structures and other forms of
      extruded plastics openwork, characterized in that it comprises an
      extrusion head adapted to be fed with plastics from an appropriate source
      such as an extruder, the head comprising:
PA1  a. means, including a filament extruding die member having a row of
      continuously open extrusion orifices distributed in one plane in spaced
      apart relation, for extruding a plurality of continuous filaments parallel
      to the direction of extrusion and transversely spaced apart;
PA1  b. two strand extruding die members, disposed one above and one below the
      filament extruding die member, each strand extruding die member having a
      row of spaced apart extrusion slits distributed in a plane different from
      the plane of the extrusion orifices, wherein the extrusion slits of each
      strand extruding die member are each in length at least as great as the
      spacing between two adjacent extrusion orifices but less than the entire
      transverse extent across all of the extrusion orifices, and wherein the
      extrusion slits of one strand extruding die member are offset from the
      extrusion slits of the other strand extruding die member; and
PA1  c. means, including two moving blades, each associated with a respective
      one of the two strand extruding die members and mounted for reciprocation
      relative to the extrusion slits therein between a first position at which
      the extrusion slits are open and a second position at which the extrusion
      slits are closed, for seaprately extruding, periodically and transversely
      of the continuous filaments, two corresponding sets of strands, one set
      above and the other below the plurality of extruded continuous filaments,
      said strands being discontinuous in a transverse direction and extending
      across less than all of the plurality of continuous filaments, and for
      urging the extruded strands into engagement with the extruded continuous
      filaments.
NUM  6.
PAR  6. An apparatus as described in claim 4, wherein the two moving blades are
      arranged to simultaneously reciprocate in opposite directions in relation
      to the strand extruding die members.
NUM  7.
PAR  7. An apparatus as described in claim 4, wherein the two moving blades are
      arranged to simultaneously reciprocate in the same direction in relation
      to the strand extruding die members.
NUM  8.
PAR  8. An apparatus as described in claim 4, wherein the transverse length of
      each extrusion slit is greater than the spacing between the extrusion
      orifices.
NUM  9.
PAR  9. An apparatus as described in claim 4, wherein the extrusion slits formed
      in at least one of the strand extruding die members are connected to the
      extrusion orifices by strand extruding passages.
NUM  10.
PAR  10. An apparatus as described in claim 4, wherein the transverse length of
      each extrusion slit is substantially equal to the spacing between the
      extrusion orifices such that each strand may be urged into engagement with
      two adjacent continuous filaments and engaged by its ends thereto.
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ABST
PAL  A tube expander apparatus having an axially displaceable central shaft, a
      plurality of convex expander shoes in succession circumferentially around
      the shaft, and pivoted linkage arms between the shaft and the expander
      shoes and including:
PA1  A. first linkage arms pivoted to the expander shoes and to a fixed support
      collar which slidably passes the shaft;
PA1  B. and second and third linkage arms which are pivoted to the expander
      shoes above and below the latters' axial midpoint and to collars fixed to
      the shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various mechanisms have been proposed heretofore for radially expanding an
      annular workpiece. Examples of such prior proposals are disclosed in the
      following U.S. Pat. Nos. 72,904, Rees; 629,444, Hem; 752,153, Grotnes;
      980,399, Bauroth; 1,039,885, Bauroth; 1,058,669, Goddard; 1,982,400, Reim;
      2,089,476, Grotnes; 1,779,377, Swern; 2,413,103, Forbes; 2,931,416, Krise;
      3,109,477, Avera; 1,067,115, Hufford; and 1,285,982, Goodard.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a novel apparatus for radially
      expanding the tubular workpiece of thermoplastic material so as to form
      outwardly projecting hollow ribs or flutes in the workpiece at successive
      circumferential locations.
PAR  In the present apparatus, an axially displaceable central shaft operates a
      plurality of laterally displaceable expander shoes through sets of pivoted
      linkage arms. In accordance with the preferred embodiment, the linkage
      arms of a first set have their outer ends pivotally connected to the
      expander shoes near one end and their inner ends pivotally connected to a
      fixed support collar which slidably passes the central shaft. Second and
      third sets of linkage arms have their outer ends pivotally connected to
      the expander shoes on opposite sides of the axial midpoint of the latter
      and have their inner ends pivotally connected to collars attached to the
      central shaft. Preferably, each expander shoe is narrow circumferentially
      and is convex longitudinally at its outer face.
PAR  The principal object of this invention is to provide a novel and improved
      apparatus for expanding a tubular workpiece, particularly a thermoplastic
      workpiece which is rigid before being heated and expanded.
PAR  Another object of this invention is to provide such an apparatus which is
      more reliable and durable in its operation because of the improved
      stability of its mechanism for imparting outward thrusts to the workpiece
      at different circumferential locations on the latter.
DRWD
PAR  Further objects and advantages of this invention will be aaparent from the
      following detailed description of a presently preferred embodiment
      thereof, which is shown in the accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal vertical section through a tube to be expanded by
      the present apparatus, which is shown in elevation in its fully retracted
      position inside the tube;
PAR  FIG. 2 is a longitudinal section through this expander apparatus, taken
      along the centerline 2--2 in FIG. 1;
PAR  FIG. 3 is a horizontal cross-section taken along the line 3--3 in FIG. 1;
PAR  FIG. 4 is a horizontal cross-section taken along the line 4--4 in FIG. 1;
PAR  FIG. 5 is a longitudinal vertical section showing the present expander
      apparatus partly expanded (full lines) and further expanded (phantom
      lines);
PAR  FIG. 6 is an elevational view of one of the expander shoes in the present
      apparatus, viewed from its radially outward side of the apparatus;
PAR  FIG. 7 is a longitudinal section taken along the line 7--7 in FIG. 6;
PAR  FIG. 8 is a longitudinal vertical section showing the present expander
      apparatus fully expanded;
PAR  FIG. 9 is a top plan view of a hollow article produced from a plastic tube
      by the present expander; and
PAR  FIG. 10 is a perspective view of this article.
DETD
PAR  Before explaining the disclosed embodiment of the present invention in
      detail, it is to be understood that the invention is not limited in its
      application to the details of the particular arrangement shown, since the
      invention is capable of other embodiments. Also, the terminology used
      herein is for the purpose of description and not of limitation.
PAR  The present apparatus is constructed and arranged to produce from a
      cylindrical rigid tube of thermoplastic material, such as polyvinyl
      chloride, a hollow fluted or ribbed article as shown in FIG. 10, having a
      cylindrical stem 11 and a plurality of circumferentially spaced hollow
      ribs or flutes 12 projecting radially outward from the upper end of this
      stem. Each of these ribs presents a rounded outer end face 12a which is
      convex longitudinally. Neighboring ribs are joined to each other by
      rounded concave walls 13.
PAR  Referring to FIG. 1, this article is produced from the original cylindrical
      workpiece W by an expander apparatus having a plurality of rigid expander
      shoes 14 spaced apart circumferentially about a central shaft 15 at the
      same location along the latter. In the embodiment illustrated, there are
      four such expander shoes, but it will be understood that the number may
      vary from two to 24, depending upon the number of hollow flutes or ribs to
      be formed in the finished article.
PAR  As shown in FIG. 3, each expander shoe 14 is relatively narrow
      circumferentially and, as shown in FIG. 1, it presents a rounded outer
      face 14a which is convex axially of the shaft 15 (FIGS. 2 and 7) and is
      substantially symmetrical with respect to a centerline 16 passing through
      the longitudinal or axial midpoint of the shoe. Consequently, the
      outermost point of each expander shoe is located at this centerline.
PAR  The central shaft 15 passes up through an opening 17 in an overlying,
      fixed, horizontal support wall 18 (FIG. 1). Above this wall, the shaft is
      connected to a rack 19 driven by a pinion gear 20, so that by rotating
      this gear the shaft may be displaced axially.
PAR  A flanged annular retainer plate 21 is bolted to the underside of the
      support wall 18 around the opening 17 in the latter. A flanged support
      collar 22 is held by this retainer plate against the underside of the
      support wall 18 so as to be fixedly carried by the latter. As shown in
      FIG. 2, this collar has a central axial opening 23 through which the shaft
      15 passes slidably. The collar also is formed with four circumferentially
      spaced, radial slots 24 (two of which appear in FIG. 2), which are open at
      the outer periphery of this collar. These slots are aligned,
      circumferentially of the assembly, with the respective four expander shoes
      14.
PAR  A first set of four rigid linkage arms 25 have their upper ends received
      individually in the slots 24 the support collar 22, and there they are
      pivotally connected to this collar by respective horizontal pivot pins 26.
      These first linkage arms are straight for most of their length downward
      from the fixed support collar 22 and near their lower ends they are bent
      outward at 27, at a location spaced slightly above the upper ends of the
      expander shoes 14. The long, straight upper segment of each first linkage
      arm 25 extends substantially vertical when the expander is in its fully
      retracted position as shown in FIGS. 1 and 2. The outwardly bent lower
      ends of the linkage arms 25 extend down into narrow radial recesses 28
      (FIG. 2) formed in the upper ends of the expander shoes 14, and there they
      are pivotally connected to the expander shoes by respective horizontal
      pivot pins 29.
PAR  Toward its lower end, the axially displaceable central shaft 15 in the
      present expander apparatus carries a bottom cylindrical sleeve or bushing
      30, which is fastened to it by a cross pin 31 (FIG. 2). A lower collar 32
      rests on the upper end of bushing 30 and provides an attachment means for
      additional linkage arms in the apparatus, as explained hereinafter. As
      shown in FIG. 4, this lower collar fits snugly on shaft 15, and it is
      cross-shaped, presenting four outwardly projecting, bifurcated radial arms
      33, each having a radial slot 34 that is open at its outer end.
PAR  Referring to FIG. 2, a generally cylindrical bushing or sleeve 35 extends
      directly above the lower collar 32 and at its upper end presents an
      external annular flange 36. Sleeve 35 fits snugly on shaft 15.
PAR  An upper collar 37, similar to the lower collar 32, rests on top of this
      flange 36 and has its upper end abutting against a downwardly facing,
      transverse, annular shoulder 38 on the central shaft 15. This upper collar
      fits snugly on shaft 15, and it is cross-shaped, as shown in FIG. 3,
      presenting four outwardly projecting, bifurcated, radial arms 39, each
      having a radial slot 40 that is open at its outer end.
PAR  It will be evident that the shoulder 38 on the central shaft 15 and the
      cross pin 31 hold the assembly of the lower collar 32, intermediate sleeve
      35 and upper collar 37 tightly on the shaft 15, such that these elements
      move axially in unison with the shaft when it is displaced.
PAR  An elongated cylindrical sleeve 41 fits snugly around shaft 15 above the
      collar 37 and at the inside of the expander shoes 14. The upper end of
      this sleeve is engageable with the lower end of the support collar 32 for
      the first linkage arms 25 (FIG. 8) to limit the upward axial displacement
      of shaft 15 and thereby limit the outward movement of the expander shoes
      14.
PAR  A second set of four rigid linkage arms 42 have their lower ends received
      in the slots 40 in the upper collar 37, and there they are pivotally
      connected to this collar by horizontal pivot pins 43. In the fully
      retracted position of the expander apparatus (FIG. 2), these second
      linkage arms extend straight up from collar 37 and into recesses 44 in the
      respective expander shoes 14 which are open at the lower ends of the
      latter. Just slightly below the centerline 16 of the expander shoe, each
      second linkage arm is bent outward at 45 and presents a short outwardly
      inclined upper end segment 46 whose upper end is pivoted to the expander
      shoe by a horizontal cross pin 47.
PAR  A third set of four rigid linkage arms 48 have their upper ends received in
      the slots 44 in the respective expander shoes and pivotally connected to
      the latter by horizontal pivot pins 49. The pivot pins 49 for the upper
      ends of the third linkage arms 48 are vertically aligned with the pivot
      pins 47 for the upper ends of the second linkage arms 42. The pivot pins
      49 are spaced below the centerline 16 of the expander shoes by the same
      amount that the pivot pins 47 are spaced above it. In the fully retracted
      position of the expander apparatus, the third linkage arms 48 extend
      substantially straight down from their pivoted upper ends, closely spaced
      outside the second linkage arms 42 and substantially parallel to the
      latter. Just slightly below the collar 37 for the second linkage arms 42,
      each third linkage arm 48 is bent inward at 50 and below this bend it
      presents an inwardly inclined short, lower end segment 51 which extends
      down into the corresponding radial slot 34 in the lower collar 32. Here it
      is pivotally connected to the lower collar by a horizontal pivot pin 52.
PAR  The pivots 52 for the lower ends of the third linkage 48 are spaced
      vertically below the pivots 43 for the lower ends of the second linkage
      arms 42 by the same amount as the spacing between the respective pivots 49
      and 47 at the upper ends of these linkage arms. With this arrangement, a
      parallelogram linkage is provided between the collars 32 and 37 on shaft
      15 and each expander shoe 14.
PAR  In the operation of this apparatus, when the shaft 15 is moved upward
      (e.g., from the full line position to the phantom line position in FIG.
      5), the second and third linkage arms 42 and 48 push the respective
      expander shoes outward from the shaft 15 and upward by the same amount
      that the shaft is displaced upward. The first linkage arms 15 act between
      the fixed support collar 22 and the expander shoes to stabilize the
      expander shoes and apply the reaction force on the expander shoes to
      collar 22.
PAR  The foregoing expansion of the present apparatus may be carried out in an
      open-topped container 53 filled with hot water which heats and softens the
      thermoplastic tubular workpiece W. After the tube has been expanded, as
      shown, the expander apparatus may be removed from the water-filled
      container, and then the expander apparatus may be contracted for removal
      from the expanded workpiece.
PAR  The expander apparatus just disclosed has been found to give improved
      performance because of the stability of the linkage arms, particularly the
      second and third sets of linkage arms 42 and 47, which act between the
      central shaft 15 and the expander shoes 14 to force the expander shoes
      outward in response to axial displacement of the central shaft in one
      direction.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for expanding a tubular workpiece, said apparatus
      having:
PA1  an axially displaceable central shaft;
PA1  a fixed support having an opening which slidably passes said shaft;
PA1  attachment means fixed to said shaft for movement in unison therewith
      toward and away from said fixed support;
PA1  a plurality of expander shoes in succession circumferentially around said
      shaft;
PA1  and linkage arms acting between said fixed support and said expander shoes
      and between said attachments means and said expander shoes for moving said
      shoes outward from the shaft upon axial movement of the shaft in one
      direction and for moving said shoes inward toward the shaft upon axial
      movement of the shaft in the opposite direction;
PAL  the improvement wherein said linkage arms comprise:
PA1  a plurality of circumferentially spaced, first, rigid linkage arms, each
      pivotally connected at its inner end to said fixed support and pivotally
      connected at its outer end to a corresponding expander shoe at an
      off-center location on the latter toward said fixed support;
PA1  a plurality of circumferentially spaced, second, rigid linkage arms, each
      pivotally connected at its outer end to a corresponding expander shoe at
      an off-center location on the latter toward said fixed support but farther
      from said fixed support than the pivotal connection of the corresponding
      first linkage arm to said shoe, and each pivotally connected at its inner
      end to said attachment means on the shaft;
PA1  and a plurality of circumferentially spaced, third, rigid linkage arms,
      each pivotally connected at its outer end to a corresponding expander shoe
      at an off-center location on the latter away from said fixed support, and
      each extending outside the corresponding second linkage arm and pivotally
      connected at its inner end to said attachment means at a location on the
      latter spaced from the pivotal connection thereto of the inner end of the
      corresponding second linkage arm in a direction away from said fixed
      support.
NUM  2.
PAR  2. An expander apparatus according to claim 1, wherein the outer ends of
      the corresponding second and third linkage arms are spaced apart axially
      by the same amount as their inner ends.
NUM  3.
PAR  3. An expander apparatus according to claim 2, wherein:
PA1  each second linkage arm has a long straight segment extending from its
      inner end and is bent transversely outward near its outer end;
PA1  and each third linkage arm has a long straight segment extending from its
      outer end and is bent transversely inward near its inner end.
NUM  4.
PAR  4. An expander apparatus according to claim 3, wherein the pivots for the
      outer ends of the corresponding second and third linkage arms are
      substantially equidistantly spaced on opposite sides of the axial midpoint
      of the corresponding expander shoe.
NUM  5.
PAR  5. An expander apparatus according to claim 1, wherein the pivots for the
      outer ends of the corresponding second and third linkage arms are spaced
      from the axial midpoint of the corresponding expander shoe substantially
      equidistantly on opposite sides of said midpoint.
NUM  6.
PAR  6. An expander apparatus according to claim 1, wherein said attachment
      means comprise:
PA1  an upper collar on said shaft having a plurality of circumferentially
      spaced radial slots therein which are open at the outside of said collar
      and which receive the pivoted inner ends of said second linkage arms;
PA1  and a lower collar on said shaft below said upper collar and having a
      plurality of circumferentially spaced radial slots therein which are open
      at the outside of said lower collar and which receive the pivoted inner
      ends of said third linkage arms.
NUM  7.
PAR  7. An expander apparatus according to claim 6, wherein the pivots for the
      outer ends of the corresponding second and third linkage arms are located
      substantially equidistantly on opposite sides of the axial midpoint of the
      corresponding expander shoe.
NUM  8.
PAR  8. In an apparatus for expanding a tubular workpiece, said apparatus
      having:
PA1  an axially displaceably central shaft;
PA1  first and second collar means spaced apart along said shaft, said first
      collar means slidably passing said shaft, said second collar means being
      attached to said shaft to move axially in unison therewith;
PA1  a plurality of expander shoes in succession circumferentially around said
      shaft;
PA1  and linkage arms acting between said first and second collar means and said
      expander shoes for moving said shoes outward from the shaft upon axial
      movement of the shaft in one direction and for moving said shoes inward
      toward the shaft upon axial movement of the shaft in the opposite
      direction;
PAL  the improvement wherein said linkage arms comprise:
PA1  a plurality of circumferentially spaced, first, rigid linkage arms, each
      pivotally connected at its inner end to one of said collar means and
      pivotally connected at its outer end to a corresponding expander shoe at
      an off-center location on the latter toward said one collar means;
PA1  a plurality of circumferentially spaced, second, rigid linkage arms, each
      pivotally connected at its outer end to a corresponding expander shoe at
      an off-center location on the latter toward said one collar means but
      farther from said one collar means than the pivotal connection of the
      corresponding first linkage arm to said shoe, and each pivotally connected
      at its inner end to the other of said collar means;
PA1  and a plurality of circumferentially spaced, third, rigid linkage arms,
      each pivotally connected at its outer end to a corresponding expander shoe
      at an off-center location on the latter away from said one collar means,
      and each extending outside the corresponding second linkage arm and
      pivotally connected at its inner end to said other collar means at a
      location on the latter spaced from the pivotal connection thereto of the
      inner end of the corresponding second linkage arm in a direction away from
      said one collar means.
NUM  9.
PAR  9. An expander apparatus according to claim 8, wherein each of said
      expander shoes is narrow circumferentially and elongated longitudinally of
      the shaft, and each expander shoe has an outside face which is convex
      longitudinally.
NUM  10.
PAR  10. An expander apparatus according to claim 9, wherein the pivots for the
      outer ends of the corresponding second and third linkage arms are spaced
      from the longitudinal midpoint of the corresponding expander shoe
      substantially equidistantly on opposite sides of said midpoint.
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ABST
PAL  A multiple station plastic pipe belling machine in which an endless
      conveyor periodically receives one of a series of plastic pipes as each
      pipe is dumped from a V-trough receiving such pipes in sequence after
      their extrusion and cutting into predetermined pipe lengths, disposes the
      pipes so received parallel to, but spaced from, each other and advances
      the thus-disposed pipes in predetermined increments; positions the pipes
      in such a manner that their ends to be belled are first passed in such
      increments through a heater adjacent the edge of the endless conveyor,
      while the pipes are continuously rotated until each pipe passes out of the
      heater and is then carried in such increments by the endless conveyor into
      the first of a plurality of belling stations where a pair of semi-circular
      clamps encircle the pipe end and a mandrel or plug is inserted therein.
      After insertion of the plug, the clamps are removed and the thus-plugged
      pipe is further moved incrementally through several additional belling
      machine stations in a cooling area until the pipe end is sufficiently
      cooled, whereupon the plug is withdrawn so that the pipe may be further
      advanced by the endless conveyor for discharge from the machine. As soon
      as one pipe is moved into the cooling area from this first clamping and
      plugging station, the next pipe is clamped and belled in that station. The
      plugs project from blocks which, after first being moved into the first
      station transversely to the path of the pipe end carried by the endless
      conveyor, thereby to enable the plug to be inserted in a pipe end, are
      then moved along the incremental path of the pipe end to the last belling
      station, whereupon the block is moved back transversely from and out of
      said path to a point behind the other blocks so that it may be shifted
      back behind the other blocks to a position for removement back into the
      first station. All movements of the machine are synchronized through
      appropriate clutching, gearing, sprocket and chain devices, and this
      synchronism is characterized by being of predictable and repeatable time
      span.
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PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  This invention relates generally to apparatus for belling the ends of
      plastic pipe, and, in particular, to apparatus for providing a greatly
      accelerated rate for receiving cut plastic pipe and belling the same.
PAR  B. DESCRIPTION OF THE PRIOR ART
PAR  Within the last two decades, plastic piping has been accepted for a
      multitude of uses. It is ordinarily produced by a process of continuous
      extrusion and cut into desired lengths. The preferred manner of joining
      these lengths is by providing one end of each pipe with a "bell" of
      expanded inside diameter such that it permits a close fit within such
      belled end of the unbelled end of another pipe to be joined end-to-end
      thereto.
PAR  The belling process, as illustrated by the following patents and patent
      applications, viz. U.S. Pat. Nos. 3,360,826; 3,553,780 and 3,205,535.
      British Pat. No. 1,087,168 and U.S. patent applications Ser. Nos. 62,100
      and 41,267 essentially involves conveying the pipe to be belled to a
      location where its end is disposed in proximity to a heater for softening,
      and a mandrel is inserted in the softened end to expand it into contact
      with some type of surrounding mold or clamping device to shape the outside
      of the pipe end. The thus-expanded pipe end must then be cooled so that
      the plastic sets in this outwardly forced new configuration. After
      cooling, both the mold or clamp and the mandrel are removed.
PAR  In all such belling apparatus heretofore devised, the belling process has
      been found to delay production of belled plastic pipe. Thus, extrusion and
      pulling the pipe from the extruder may occur at a rate as high as 2 feet
      per second. Cutting of the pipe with a saw may be almost instantaneous.
      Conveyors may be constructed to carry pipe as rapidly as each cut length
      of pipe is deposited in a conveyor. The belling process, however, has not
      been anywhere near as rapid. This is because it takes time both to heat up
      the pipe end for insertion of the mandrel or plug, and then to cool it
      down after the mandrel has been so inserted in the heatsoftened pipe end.
      At a very minimum, a period in excess of 30 seconds has been required to
      accomplish the belling of the end of a pipe.
PAR  Because of this time requirement of the belling process, either a
      belled-pipe manufacturing production line cannot be operated at the full
      speed of the extruder, puller, cutter and conveyor; or provision must be
      made to have the cut pipe lengths delivered sequentially to a battery of
      separate belling machines. The first alternative is costly from a
      production time standpoint, or may require that pipe production prior to
      belling be entirely separated from the belling operation, thereby
      introducing expensive handling and storage factors. The other alternative
      introduces some complex pipe-handling and transfer problems and also
      requires the pipe producer to purchase, set up and maintain the battery of
      separate belling machines.
PAR  Thus, prior to the present invention, the state of the art has been such
      that the belling of plastic pipe has constituted a severe limitation upon
      what would otherwise comprise a rapid pipe production line, with resultant
      increase in the cost of producing lengths of belled plastic pipe.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention solves the principal production line problem created
      by belling machines heretofore available for use in plastic pipe
      production apparatus. The solution is accomplished by providing a multiple
      station plastic pipe belling apparatus in which belling may be
      accomplished at approximately the same rate at which sections of plastic
      pipe are pulled from the extruder, cut and conveyed away therefrom. To
      this end, in the apparatus of the present invention, as each cut section
      of plastic pipe arrives at a predetermined point in a V-trough from a pipe
      cutter, it triggers a switch which sets in motion with an entire
      synchronized system, commencing with the dumping of such section of
      plastic pipe onto an endless belt conveyor. This conveyor, upon receipt of
      a particular length of pipe, while constantly rotating the same, moves it
      both in a direction transverse to the direction in which the plastic pipe
      has been pushed in said V-trough, as well as slightly further in said
      direction until one end of the pipe comes into contact with a stop or
      positioning plate. This vectoral direction is accomplished by disposing
      the axis of the endless belt conveyor at an angle to the V-trough, thereby
      imparting a slight helical movement to the pipe length so that, as the
      belt rotates, it works the pipe, both transversely as well as in the
      direction the pipe has been pushed in the V-trough. As the pipe is thus
      worked to where its leading end contacts a stop or positioning plate, it
      is picked up by one of the discrete sections of a second endless-conveyor
      which periodically moves transversely to the direction of the V-trough in
      predetermined increments. The positioning plate is so located that it
      disposes the opposite end of the pipe to project beyond the edge of the
      second endless conveyor a predetermined distance in order that such end of
      the pipe may pass through a heating area while it is still being
      continuously rotated by the endless belt conveyor.
PAR  As soon as the pipe end passes out of the heater area, it moves beyond the
      belt conveyor so as to cease further rotation, but, as it passes from the
      heater by its last incremental movement, it arrives at a first belling
      station. Upon such arrival, the cool and thus rigid area of the pipe just
      behind the heat-softened end is immediately surrounded by a pair of
      semi-circular clamps, the inside diameter of which is equal to the outside
      diameter of the pipe. This may be accomplished by a pair of synchronized
      crank means. One of the pair of clamps (preferrably the lower one) is
      brought to a rigidly held position which aligns the clamp's center axis,
      and hence the axis of the pipe which the clamp surrounds, precisely with
      the axis of the belling mandrel for concentric entry by the latter into
      the pipe. The other of the clamp pair has a path of movement which, if
      there should be no obstruction, would permit it to travel slightly further
      than the point at which the axes of the two clamp halves would coincide.
      The crank means by which the upper clamp half is brought downwardly into
      position is spring-loaded so that the portion of the pipe disposed in the
      orifice defined by the two clamp halves is positively squeezed between
      them, even if the pipe diameter is somewhat irregular. The clamp friction
      thus achieved serves to maintain the pipe in its position against any
      longitudinal force acting against it by the belling mandrel when the
      latter is inserted in the softened pipe end. Holding of this predetermined
      position without permitting the pipe end to creep, is necessary to achieve
      and maintain the prescribed belling depth.
PAR  As soon as the clamps have firmly gripped the pipe, a mandrel is thrust
      coaxially into the softened pipe end protruding from the clamps to expand
      the same radially, forming the desired inside configuration as defined by
      the shape of the mandrel. For most belling requirements the outside
      surface of the belled pipe end need not be enclosed, so that the pipe end
      merely free-forms as a result of expansion from the inside. However, for
      certain critical bell configurations the clamping halves may be so
      constructed as to extend from the normal gripping area on the pipe toward
      the softened end of the clamped pipe, incorporating an inside diameter
      equal to the pipe diameter within the clamping length and an appropriately
      greater diameter for the belled length, including a desirable angle of
      inclination at the point of transition.
PAR  Adjusting means incorporated in the upper clamp crank arm permits the
      clamping pressure to be varied as required, i.e. light pressure for
      smaller diameter and/or thin wall pipes to prevent crushing, and higher
      pressure for larger diameter and/or thick wall pipes, which may be
      subjected to greater longitudinal forces during mandrel insertion.
PAR  A further important purpose of providing adjustable clamping pressure is to
      set the same to such a value as is needed to prevent slipping or creeping
      of any given size and type of pipe during the belling of the properly
      heated pipe end, yet to actually permit slipping of the pipe when the
      mandrel is inserted into an improperly heated or unheated pipe end,
      thereby preventing jamming of the mechanism. Improper heating may occur as
      a result of maladjustment or failure of the heating means. Clamp pressure
      adjustment may thus provide fail-safe means to assure continual machine
      operation even under adverse conditions.
PAR  In the first belling station, the mandrel is thrust into the pipe end by
      the movement of a mandrel-bearing block from a position rearward of a
      series of blocks disposed in several further parallel belling stations.
      After the mandrel has been inserted into the pipe end in the first belling
      station, the two semi-circular clamps are separated from each other so
      that the pipe, with the mandrel inserted in its heat-softened end, may now
      be moved to the second belling station. This second belling station is
      disposed in the cooling zone in which cooling air is blown about the pipe
      end. This cooling zone preferably extends to a third and a fourth belling
      station into which each block with its projecting mandrel is moved
      sequentially to coincide with incremental movement of the pipe by the
      endless conveyor. As the hot pipe end is being cooled in these subsequent
      stations with the mandrel still inserted, the plastic shrinks tightly on
      the stepped-up portion of the mandrel. It is this shrinkage over the solid
      core until cooled to approximately room temperature that maintains
      dimensional integrity of the interior of the bell end. When the pipe
      reaches the fourth belling station, the mandrel in the pipe end is
      withdrawn by movement of its block to the rear of the blocks disposed in
      the second and third belling stations. With such withdrawal of the
      mandrel, the belled pipe may now be moved by the endless conveyor to
      discharge the pipe from the apparatus.
PAR  In order to accomplish the operational steps which have thus been
      described, the movement of the various components which move periodically
      in increments or in reciprocating fashion, must be synchronized. To
      accomplish such synchronization, a special drive system is provided in the
      belling unit, which drive system is coupled through a universal joint to
      the conveyor drive system. The entire system cycles each time a pipe
      arrives at a certain point in the V-trough and trips an electrical
      micro-switch; and, once a pipe has been dumped from the V-trough onto the
      endless conveyor, the apparatus is thereby, or by independent timed means,
      actuated to start one complete cycle, after which it stops and waits for
      the next successive actuation signal from either another pipe tripping of
      the micro-switch or from said independent timed means. Each successive
      complete cycle moves the pipes in the order of their entry incrementally
      through the heater and through the belling stations until they are
      discharged from the apparatus.
PAR  It may be seen, therefore, that with the present invention, the time
      required for both heating and cooling a single pipe and has not been made
      a limiting factor in the production line. Instead, in the particular
      embodiment of the invention herein described with reference to the
      drawings, three other pipes are simultaneously undergoing various stages
      of heating, belling and cooling, with the result that once the apparatus
      is placed in continuous operation, it in effect delivers a belled pipe at
      such fraction of the time normally required as is determined by taking
      such time as a numerator and dividing it by a denominator equal to the
      number of belling stations in the belling unit. While the belling unit
      hereinafter described provides four such belling stations, thereby to cut
      belling time to one-fourth of normally required belling time, it would
      obviously be possible to provide more or less stations and thereby
      increase or decrease belling time respectively.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings,
PAR  FIG. 1 is a front elevation of the apparatus;
PAR  FIG. 2 is a plan view of the apparatus shown in FIG. 1;
PAR  FIG. 2A is a detail of the V-trough and switching mechanism;
PAR  FIG. 3 is an elevational view of the heating and belling units looking in
      the direction of the arrows in FIG. 1 and showing the frame and conveyor
      in section along the lines 3--3;
PAR  FIG. 3A is an enlarged and more detailed elevational view of a portion of
      the belling units shown on the right-hand side of FIG. 3.
PAR  FIG. 3B is a section taken on the line 3B--3B of FIG. 3A.
PAR  FIG. 4 is an enlarged section of the heater-beller unit taken on the line
      4--4 of FIG. 2;
PAR  FIG. 5 is an enlarged plan view, partly broken away, looking down in the
      direction of the arrows on the line 5--5 of FIG. 3;
PAR  FIG. 6 is a partial enlarged sectional view looking in the direction of the
      arrows 6--6 in FIG. 4;
PAR  FIG. 6A is a fragmentary perspective view of the damper mechanism shown in
      FIG. 6;
PAR  FIG. 6B is a fragmentary section of a pipe end not only surrounded by the
      clamps shown in FIG. 6, but with bell molding clamps.
PAR  FIG. 7 is a partial enlarged plan view of the beller block moving
      mechanism;
PAR  FIG. 8 is an enlarged detail of the endless chain which moves the blocks
      from their first to their fourth belling stations;
PAR  FIG. 9 is a plan view of the block movement pattern;
PAR  FIG. 9A is a perspective view taken from the rear and underside of a
      mandrel block;
PAR  FIG. 10 is a plan view of the main drive system;
PAR  FIG. 11 is an elevation, partly in section, taken on the line 11--11 in
      FIG. 10 and looking in the direction of the arrows;
PAR  FIGS. 12A-F are schematic diagrams of the movements of the various gears
      and cams by which operation of the apparatus may be synchronized;
PAR  FIG. 13 is an enlarged circular cam showing in a composite manner all pin
      locations utilized in the cams of FIGS. 12A-F;
PAR  FIG. 14 is a section of a pipe end after having been belled by the
      apparatus; and
PAR  FIG. 15 is a section showing belled pipe being connected with a spigot end
      of another pipe.
PAR  FIGS. 16A-G are schematic diagrams showing the sequencing and timing of the
      movement of the pipes, belling blocks and clamps.
PAR  FIG. 17 is a chart showing the synchronism of the various moving components
      of the apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  a. The Components of a Complete Apparatus
PAR  As may be best seen in FIG. 2, apparatus constructed in accordance with the
      present invention may comprise:
PAR  i. a V-trough 10 which receives sections 12 of extruded pipe 12a pushed
      onto it by a saw 14 and cut by the latter into such sections 12; (ii) a
      transversely directed conveyor 16 which receives the pipe sections 12
      dumped from the V-trough 10 and conveys and positions them so that their
      ends 12b project into a heater 18 through which they are carried into the
      belling unit 20 and finally discharged; (iii) the said heater 18; (iv) the
      multiple station belling unit 20; and (v) the synchronized drive system.
PAR  Although all five components listed above are shown in FIG. 2, and the
      V-trough 10 is included for convenience in disclosing a complete system to
      accomplish feeding pipe sections to the transversely directed conveyor 16,
      it would be possible to utilize the principal teaching of the present
      invention in an apparatus wherein pipe sections 12 are hand fed or
      otherwise deposited on the transversely directed conveyor 16 which then
      passes the pipe ends through the heater 18 and multiple station belling
      unit 20.
PAR  There now follows a description of each of the several components
      hereinabove referred to and an explanation of how their operations are
      coordinated and synchronized in order to constitute an integrated
      pipe-belling line:
PAL  i. The Pipe-Dumping V-trough
PAR  The V-trough 10 is shown in FIGS. 1, 2 and 3. It is disposed at the exit
      opening 14a and in alignment therewith of the pipe cutter 14. Such a
      cutter forms no part of the present invention and is well understood in
      its construction by those in the plastic pipe extending and handling art.
      The cutter 14 receives continuously extruded plastic pipe 12a from the
      extruder (not shown), passes such pipe 12a through it and out of the
      orifice 14a and cuts the continuously extruded plastic pipe into
      predetermined lengths 12. As such pipe lengths 12 are pushed out of the
      orifice 14a, they enter the V-trough 10 and continually advance to the
      left, as shown in FIG. 2, so long as a pushing force is applied either
      directly by the cutter 14 or indirectly by a second pipe following
      sequentially a prior pipe which has already been completely discharged
      from the orifice 14a. Depending upon the length of the pipe which is to be
      belled, a micro-switch 22 is disposed in the V-trough at a preselected
      point 24. This point 24 should be located with reference to the entrance
      10a of the V-trough at a distance of approximately the length of the pipe
      being handled.
PAR  As may be seen in FIG. 2a and the left side of FIG. 3, the V-trough is
      comprised of a stationary left side plate 26 and a movable right side
      angled plate 28. The movable plate 28 is pivotable about a shaft or axle
      30 which may extend substantially the length of the V-trough and is
      supported independently by framing 32. The plate 28 swings through the
      angle X between a position where it abuts the lowermost edge 26a of the
      stationary plate 26 and a substantially vertical position shown in dotted
      lines. The swinging of the movable plate 28 between its two positions is
      accomplished by means of a pneumatic cylinder 34 located in the apparatus
      framing 32 and which moves a pneumatic ram 36 and crank arm 37. The arm 37
      extends integrally upward from shaft 30 to which the plate 28 is also
      fixedly secured. The shaft 30 rotates on the axle 30. The cylinder 34 is
      actuated when the switch 22 is triggered, to pivot the plate 28 to its
      substantially vertical position for a brief moment, thereby permitting a
      pipe 12 which, at this instant, is advancing in the V-trough formed by the
      two plates 26 and 28, to drop down by gravity, or in other words, to be
      "dumped" in a downward direction transverse to the direction in which the
      pipe had been advancing in the V-trough 10. Although the switch 22 is
      shown to be located at the far left of the V-trough 10 in FIG. 2, it will
      be understood that if smaller cut pipe sections are to be belled, this
      switching mechanism 22 would be moved to the right to any point in the
      V-trough which is located such distance from the entrance 10a to the
      V-trough as is substantially equal to the length of the pipe to be belled.
      Thus, for a pipe of half the length of the V-trough shown in FIG. 2, the
      switch 22 might be located at the point 24'.
PAR  When the movable plate 28 reaches its vertical position, an arm 38 which is
      also secured to shaft 30 in proper angular position contacts a switch 39
      which causes cylinder 34 to return to its normal position thereby again
      forming the closed V-trough.
PAR  When the switch 22 is triggered to actuate the dump cylinder, it
      simultaneously sends a signal to the belling unit 20 to actuate a complete
      machine cycle in the manner hereinafter to be described. If this actuation
      of the machine cycle should be too infrequent or too irregular due to
      fluctuations in the extrusion speed of the actuating pipe, then the
      actuating signal from switch 22 may be cancelled by a by-pass switch and
      replaced by a timed signal of adjustable and precisely repeatable
      interval.
PAL  ii. The Transversely Directed Conveyor
PAR  This conveyor 16 is also shown in FIGS. 1, 2 and 3, but also partially in
      some detail in FIG. 5. The conveyor 16 is actually comprised of two
      endless conveyors, the first being a series of endless belts 40, each of
      which is disposed at an angle with respect to the direction in which the
      pipe 12 has been advancing in the V-trough 10 and a second series of
      endless conveyors 42, each of which is perpendicular to the V-trough and
      runs partially concurrently with one of the endless belts 40. As may be
      best seen from FIG. 3, the endless belt 40 moves in the direction of the
      arrow 40" with its upper surface 40' beginning just below the movable
      plate 28 and the V-trough 10 so that such upper surface 40' may receive
      any pipe dumped from the V-trough 10 as the plate 28 is swung to its
      vertical position by the pneumatic cylinder 34. When the thus-dumped pipe
      12 lands on the left upper surface 40' of the endless belt 40, it will be
      carried by the latter in the direction toward the heating and belling
      units 18 and 20, and, in addition, toward the stop or positioning plate
      41. The stop plate 41 is so positioned with respect to the heater 18 and
      beller unit so that the end of each pipe to be belled is properly disposed
      in the heater 18 and beller unit 20. The endless belts 40 are continuously
      rotated by the motor 44 through the gearing 46 and 50 and the chain 48 so
      they not only serve to move each pipe 12 transversely to the V-trough 10
      and toward the stop or positioning plate 41, but they also continuously
      rotate in counterclock direction each pipe so long as the pipe contacts
      the upper surfaces 40' of the belts 40.
PAR  Each of the second endless conveyors 42 overlaps the endless belts by
      approximately one-half of the upper surfaces 40' of the endless belt.
      However, the endless conveyor 42 does not move continuously but instead
      only by predetermined increments at predetermined intervals.
PAR  The endless conveyor 42 has mounted about its outer periphery 42' a series
      of outwardly facing carrier receptacles 52, each by means of a strut 54
      secured to the periphery 42'. Each of these carrier receptacles 52 has a
      transverse V-shape at 56 to accommodate a pipe 12 after the pipe leaves
      the end of the endless belt 40 at 58. Each carrier 52 is also provided
      with an outwardly projecting stake 60 which serves as a separator for the
      pipes 12 so they are deposited by the endless belt conveyor 40 at the
      point 62 where the course of the second endless conveyor 42 begins to run
      concurrently with the course of the endless belt conveyor 40. As may be
      seen from FIGS. 3 and 5, the respective courses of the endless conveyors
      40 and 42 are not concurrent for their full extents, but only between the
      points 62 to 58. Because of this concurrence, however, the pipes 12 are
      continuously rotated while their ends to be belled are disposed in the
      heater unit 18. Beyond point 58, the endless conveyor 42 continues to move
      the pipes 12 incrementally, but not rotatingly, at predetermined intervals
      past the belling stations designed generally at 20 on FIG. 3. Upon passing
      the last of said belling stations, the endless conveyor 42 returns
      downwardly and back to its opposite end. The incremental movement of the
      endless conveyor 42 is accomplished by connecting a sprocket 64 by a chain
      66 to a sprocket 68 on a shaft 70, which, in turn, is coupled by a
      universal joint 51 to the main drive shaft 73 of the belling unit 20
      hereinafter to be described.
PAL  iii. The Heater Unit
PAR  As previously stated in reference to FIG. 2, the heater unit 18 is located
      beside the belling unit 20 and is disposed in such a manner that the ends
      12b of the pipes 12 (which pipes are picked up at 62 by the endless
      conveyor 42 (FIG. 3) and are moved by predetermined increments at
      predetermined intervals), pass under the electrical or other heating
      element 72, and between such heating element 72 and a reflector 74
      disposed below the heater element 72. Both the heater element 72 and the
      reflector may be moved toward or away from each other by turning the wheel
      72 (FIGS. 3 and 4) which in turn rotates a threaded shaft 78 on which both
      the heater element 72 and the reflector 74 are mounted. By providing for
      such movement, the heater may be adjusted to increase or decrease the
      quantum of heat which is actually applied to pipe ends 12b passing
      thereunder, as well as to permit the passage through the heating area 18a
      of pipe ends of greater or lesser size.
PAL  iv. The Belling Unit Per Se
PAR  The construction and operation of the belling unit are best illustrated in
      FIGS. 3-9 inclusive. In the embodiment of the invention illustrated in
      these figures of the drawings, the belling unit includes four stations 80,
      82, 84 and 86. For a specific short time period during each of the
      predetermined intervals, the endless carrier 42 temporarily disposes an
      end 12b of a pipe 12 in each of the four said belling stations 80, 82, 84,
      86. During this short time period, when a pipe end 12b is temporarily
      disposed in station 80, a pair of transverse plates 88 and 90, each of
      which plates has secured on its ends and facing the other plate, a
      semi-circular clamp 92, are moved toward each other to bring the opposed
      clamps 92 together to define a cylindrical surface. This movement is
      accomplished by having each of the plates 90 and 92 connected by a
      swivelling joint 94 to one of two reciprocating arms 96-97 which is in
      turn connected to a rotating disc 98 by a further swivelling connection
      100 located eccentrically with respect to the axis of the circular disc
      98. Extending oppositely from the opposed faces of the plates 88 and 90
      are a pair of cylindrical guide members 102, each of which is closely
      slidable through a block 104 which is attached to a back plate 106 held
      fixedly by the housing 109 of the heater-beller units. With this
      arrangement, upon the rotation of each circular disc 98 to cause
      reciprocation of the arm 96 connected eccentrically to the disc 98, each
      plate 88, 90 will be moved between a first position in which the opposed
      semi-circular clamps 92 are spaced apart from each other, to a second
      position where the two semi-circular clamps 92 are brought together to
      define a cylindrical passage.
PAR  By properly dimensioning the thus-brought together semi-circular surfaces
      93 (FIG. 6B), the latter will define a cylindrical passage having the
      diameter of the outside of the cylindrical wall of the pipe 12b.
PAR  The reciprocating arm 97 may be fixed in its longitudinal dimension and
      formed of either a tube or a solid member with threaded ends to receive
      the threaded elements 94a and 100a extending from the connections 94,100
      100 respectively. Its stroke may be such that its clamp 92, when it
      reaches its zenith, aligns the clamp's center axis, and hence the axis of
      the pipe 12 which the clamp surrounds, precisely with the axis of the
      belling mandrel 110 for concentric entry by the latter into the pipe 12.
      The crank arm 96, however, as may be seen in FIGS. 3A and 3B, is of a
      telescoping spring-biased type with an extendable length which, if there
      should be no obstruction, would permit the clamp 92 extending downwardly
      from the plate 88 to travel slightly further than the point at which the
      axes of the two clamps would coincide. Thus when the two clamps are
      brought together by their respective crank arms 96,97 97, the portion of
      the pipe 12 encompassed by the clamps is positively squeezed between them,
      even if the pipe diameter should be somewhat irregular. As heretofore
      explained the clamp friction thus achieved serves to maintain the pipe 12
      in its position against any longitudinal force acting against it by the
      belling mandnrel when the latter is inserted in the softened pipe end, and
      holding of this predetermined position without permitting the pipe end to
      creep is necessary to achieve and maintain the prescribed belling depth.
PAR  While it is contemplated that the clamp 92 may define a single cylindrical
      surface of the outside diameter of the pipe 12 before insertion into its
      end 12b of the belling mandrel 110, there could also be provided, as
      illustrated in FIG. 6B a pair of bell shaping clamp halves 92a, which,
      when brought together, define the outer surface of the pipe end 12b after
      the mandrel 110 has been inserted into it.
PAR  To accomplish the actual belling of the pipe end there is moved into the
      first belling station 80 a block 108 from the end of which projects a
      mandrel 110. The mandrel 110 is comprised of a first section 110a which is
      substantially cylindrical and of an outside diameter equal to the inside
      diameter of the end of the pipe 12b after it is belled; and a second
      smaller coaxial section 110b of reduced diameter which is equal to the
      inside diameter of the unbelled portion of the pipe. A bevelled face 112
      extends between the two sections where they come together. When the
      opposed semicircular clamps 92 are brought together in the first belling
      station 80, the block 108, which immediately prior thereto is disposed in
      a position 114 (FIG. 9) directly to the rear of belling station 80, is
      moved in the direction of the arrow 116 into its station 80 position. When
      this movement occurs, the mandrel 110 is forced into the pipe end 12b
      disposed in belling station 80 to expand that portion of the pipe end 12b
      into which the section 110a  of the mandrel 110 extends, radially
      outwards. Such expansion may readily be accomplished because the pipe end
      12b in station 80 has been softened by exposure to the heater 18, having
      just been moved out of the heater station 118, which is the last of
      several positions 120, 122, and 124, where the pipe ends rotatingly pass
      between the heating element 72 and the reflector 74 in the heating unit
      18.
PAR  The movement of the block 108 from its position 114 to belling station 80
      is accomplished by movement of a rod 128 which is reciprocated in a
      bearing 130 by the crank 129 controlled by the cam 131 in the arrangement
      shown schematically in FIG. 12E. Disposed on one end of the rod 128 is an
      engaging head 132, which slidably fits in a transverse slot 136 in the
      rear of the block 108. The underside of each block 108 is further slotted
      at 138 (FIG. 8) to receive one of the ribs 142 which project outwardly and
      upwardly from the endless carrier 140. One of such ribs 142 will be
      disposed in belling station 80 at the time the block 108 is moved by the
      rod 128 from position 114 into belling station 80, and the slotting 138
      thus permits the block 108 to be moved transversely to the endless carrier
      140 and to engage one of the ribs 142. The endless carrier 140 is
      synchronized in its movement with the endless conveyor 42 to move the same
      predetermined distance at the same predetermined intervals. Such an
      interval may be on the order of eight seconds. It may be seen, then, from
      FIGS. 8 and 9 that when the predetermined interval terminates, by virtue
      of engagement of the rib 142 in the slotting 138 in the block 108, the
      latter will be moved the distance A by the endless carrier 140 from
      belling station 80 to station 82. After a further such interval, such
      block 108 will be moved the distance B from belling station 82 to station
      84; and finally the distance C, from belling station 84 to station 86.
      Each of the distances A, B, and C is equal. As each block 108 is thus
      moved by the carrier 140, the pipe 12, the end 12b of which has a mandrel
      110 inserted in it, is moved simultaneously and correspondingly by the
      endless conveyor 42.
PAR  As the block 108 slides in the direction of the arrow 145 from belling
      station 84 to station 86, the head 146 of a second rod 148 is received in
      the block slotting 136, thereby enabling the block 108 to engage the head
      146 of the rod 148. This rod 148 operates in a manner similar to the rod
      128 by another cam operated crank 150. Thus, when the rod 148 is retracted
      in the direction of the arrow 152, the engaged block 108 is slid off its
      rib 142 on the endless carrier 140, so that the block no longer continues
      to move with the endless carrier. Instead, the block 108 which had been in
      station 86 is pulled by the rod in the direction of the arrow 152 until it
      is first disposed in position 154.
PAR  It should be pointed out at this juncture that, as may be seen from FIGS. 4
      and 6, a notched stripping plate 106a is removably secured against the
      back-plate 106 at least partially closed to encircle the mandrel 110 when
      it arrives in the belling station 86 still inserted in a pipe end 112b.
      Lateral arrival is permitted because of the configuration of the notch 107
      and its disposition to receive the mandrel as it is moved from belling
      station 84 to station 86. Because the diameter of the notch 107 is less
      than the outside diameter of the belled pipe and 112b, it will be
      appreciated that when the block 108, with its mandrel in station 86, is
      moved in the direction of the arrow 152 until it is disposed in position
      154, the stripping plate 106a will prevent the pipe 112 from following the
      mandrel 110 in the direction of the arrow 152. Thereby, the pipe 112 is
      effectively stripped from the mandrel 110 so that the latter may be moved
      further by the endless carrier 42 for dumping from the belling unit. From
      the position 154, the block 108 is pushed transversely by a pair of rods
      155 operated by a cam controlled crank 157, as shown in FIG. 12F, first
      into an intermediate position 156, thereby disengaging the rod head 146
      from the slot 136; and then further back to its original position 114 for
      return to belling station 80. As the block 108 is pushed into position
      114, there is awaiting it the head 132 of the rod 128, and this head 132
      is received in the block slotting 136 so that the block may be moved back
      into station 80 by the rod 128. The movement of the block 108 out of
      belling station 86 first to position 154, then to position 156, next to
      position 114, and finally back into belling station 80 is all accomplished
      during the predetermined interval, which, as hereinabove stated, may be on
      the order of eight seconds. The block movements are illustrated
      ideogrammatically in FIGS. 16A-B.
PAR  During the portion of the interval that the semicircular clamps are brought
      together, a damper plate 162 (FIGS. 4, 6, and 6A) is opened to permit air
      from each of an upper and a lower blower 158, 160, respectively, to enter
      the passage 161, defined by the walls 106, 163 (FIG. 6) and 165, 167 (FIG.
      6A) and to pass around the plugged pipe ends 12b in belling stations 82
      and 84 to cool them. However, because there is no baffling between
      stations 80 and 82 and stations 84 and 86, some cooling air arriving at
      stations 82 and 84 will also reach the pipe ends 12b in stations 80 and
      86.
PAR  Since it is not desirable to have any of the cooling air pass over a pipe
      end 12b as it arrives in the belling station 80 and before it has been
      plugged with a mandrel 110, it is a feature of the present invention to
      shut off substantially all flow of cooling air from the blowers 158, 160
      to all four stations 80, 82, 84, 86 during that portion of the interval as
      is consumed by the moving of pipe and 12b from the last heater station 118
      down to belling station 80 and plugging it with a mandrel 110. This
      shutting off of the air flow to the plugged pipe end 12b is accomplished
      by closing the damper plate 162 in synchronism with the movement of the
      plates 88, 90 apart from each other. Although FIGS. 6 and 6A illustrate
      the damper mechanism arrangement only for the lower blower 160, it should
      be understood that a similar damper mechanism (not shown) is provided
      oppositely above the belling stations 80, 82, 84, 86 to shut off the air
      from the blower 158.
PAR  The damper system is constructed as follows: Within the four walls 106,
      163, 165 and 167 which define the passage 161 of rectangular cross
      section, is slidably disposed a damper assembly 162 comprised of a pair of
      corner posts 171, secured at their upper ends to a frame 173, itself
      attached to plate 90 to be movable therewith, and from three sides of
      which frame 173 extend downwardly walls 175, 177 and 179. The damper plate
      162 is trunnioned at the lower ends of posts 171 to be pivotable about a
      rod 181. Because the assembly 162 is attached to the plate 90, it will
      move upwardly and downwardly from the latter within the passage 161
      defined by the four walls 106, 163, 165 and 167. A cam 162d projects
      inwardly along one side of said passage in the manner shown in FIG. 6A.
PAR  The damper plate 162 is provided with a striker tab 162a having secured
      thereto an over-center spring 162b attached to wall 163. When tab 162a is
      struck by the end of shaft 164 as it is reciprocated to the left and
      through orifice 169 in wall 106, the damper plate 162 is pivoted to its
      open position shown in dotted lines in FIG. 6A and is held there by the
      over-center spring 162b. Reciprocation of shaft 164 is accomplished by
      connecting it to move with rod 128 so that damper opening coincides with
      full insertion of mandrel 110. The shaft 164 may pass through an outer
      sleeve 166, secured perpendicularly at 166a to the wall 106. Subsequently,
      the shaft 164 is shifted to the right and out of orifice 169. When plate
      90 is moved to its lowermost position by arm 96, the entire damper
      assembly moves with it, the open damper 162 striking the curved end of
      stationary cam 162d with its edge 162c, thus closing the damper first
      partially as the downward travel progresses, then fully as spring 162b
      goes over the center. When plate 90 is again raised to close the clamps,
      the damper still remains closed. However, tab 162a is once again poised in
      the path of shaft 164, to be struck open during the next forward movement
      of shaft 164.
PAR  As may be best seen from FIGS. 4 and 6, the discs 98 are driven in
      synchronism by chain 172 which extends about a sprocket 170 on a shaft 174
      to which discs 98 is mounted, and additionally around a sprocket 176
      connected by a further chain 176a to a sprocket 168 in the main drive
      system hereinafter to be described. The chain 172 additionally passes
      around idlers 178, 180, 182. The rotation of the sprocket 168 is
      synchronized by a cam arrangement shown in FIG. 12c and hereinafter to be
      described.
PAL  v. The Synchronized Drive System
PAR  This system is illustrated and partially described in FIGS. 10, 11, 12A
      through 12F, 16A-G and 17. As may be seen from FIG. 2, the main drive
      system is located in the housing to the right of the heating unit 18 and
      the multiple belling unit 20. This main drive system is shown in more
      detail in FIG. 10. The power source for the main drive system may be a
      one-half horsepower constant or variable speed motor 200 which through
      pulley 202, belt 204 and pulley 206 rotates shaft 208 at a fraction of the
      rpm at which the motor 200 is being operated. The shaft 208 is interrupted
      by a slip clutch 209 to prevent damage through overload. A shaft extension
      208a extends from slip clutch 209 to a gear 210. By chain 212 and gear 214
      rotation of gear 210 is imparted to shaft 216 at a still slower speed.
      Through bevel gears 218 and 220 rotation of shaft 116 causes shaft 222 to
      rotate. Clutch 246, controlled by cam 247 permits gear 246a to rotate to a
      limited extent shown in FIG. 12F, and is connected by a chain (not shown)
      to gear 246b (FIG. 7) to operate the crank 157. Bevel gears 228 and 230
      and shaft 232 are caused to rotate.
PAR  When shaft 236 is rotated, shaft 222 through cam 240 and clutch 238
      operates gearing 240a connected by a chain (not shown) to rotate the gear
      244 (FIG. 7) which operates rod 128. Shaft extension 222a operates clutch
      239 as permitted by cam 241, in the manner disclosed in FIG. 12C, to drive
      gear 239a connected by a chain (not shown) to gear 239b (FIG. 7) and
      thereby rotates the crank 150 which reciprocates the rod 148.
PAR  As may be seen from FIG. 12A, the main drive shaft 216 is provided with a
      worm gear 235 which meshes with the gear 224 to turn therewith. A slip
      disc 233 is attached to one side of the gear 224. Rotation of the slip
      disc 233 as well as the shaft 236 is prevented, however, by the solenoid
      clutch 234, through which shaft 236 extends, until the clutch 234 is
      electrically actuated by the switch 22 when triggered by the dropping of
      the movable plate 28 of the V-trough 10 (FIG. 3), or by independent
      interval timing means. When such triggering occurs, the solenoid 270 will
      be momentarily energized to draw the rod 272 upwardly pulling with it the
      arm 274 over the detent 276. Thereby shafts 236 and 232 and all cams
      thereon are rotated one revolution, thus initiating the cycling of the
      entire system and effecting the required synchronism of the entire main
      drive and cam system.
PAR  The rotation of shaft 216 through clutch 248, gear 247, chain 250, gears
      252 and 256, chain 258 and gear 260, effects the rotation of shaft 72 and
      its extension 70, shown on the lower right hand side of FIG. 3, thereby to
      drive the endless conveyors 42 and 140 via universal joint 51, sprockets
      68, chains 66 and sprockets 64 hereinabove described in synchronism with
      the other moving members of the apparatus.
PAR  The clutching by clutch 248 of rotating shaft 216, as permitted by cam 248a
      is shown in FIG. 12d. Clutch 249, controlled by cam 251, rotates sprocket
      168 in the manner shown in FIG. 12c, to drive the chain system comprising
      chains 176a and 172, shown in FIG. 4.
PAR  The single or multiple revolution solenoid clutch 234 (FIG. 12a) which may
      be of SA Series type manufactured by the PSI Division of Warner Electric
      Brake and Clutch Company, located at Pitman, N.J., while each of the other
      clutches 238, 239, 246, 248 and 249 may be mechanically actuated single or
      multiple revolution wrap spring clutches of the PSI series of the same
      manufacturer. However, as one skilled in the art will readily appreciate,
      solenoid clutch brakes (Type CB) may be substituted for the mechanical
      came to accomplish the cycling functions, substituting a multiple central
      cam for limit switches, but employing the same program of sequencing.
PAR  FIG. 13 discloses a cam disc of the type which may be preferably utilized
      to effect the timing of the various shaft and gear movements hereinabove
      described. Each of the cam discs is provided with a certain number of
      orifices 277 spaced at substantially equal radial and circumscribing
      displacements about the disc axis. Although the precise number of orifices
      may be varied by those skilled in the art to effect the same or similar
      results, in the embodiment of the invention illustrated in FIG. 13, 15
      orifices 277 are provided. This number corresponds to the total number of
      full or partial incremental steps to be accomplished by the synchronous
      mechanism. Since cam shafts 232 and 236 are driven via worm gears 235 and
      224 from main drive shaft 216 at the speed reduction ratio of 15:1, this
      results in shafts 232 and 236 making exactly one full revolution for every
      15 revolutions of drive shaft 216. With a 2:1 speed reduction at gears 218
      and 220, for every 71/2 revolutions of shaft 222 and its extension 222a,
      shafts 232 and 236 will similarly make one revolution. Shafts 216 and 222
      rotate continuously, but the clutches 238, 239, 246, 248 and 249 mounted
      thereon are inactive, i.e. their output gears 240a, 239a, 246a, 247 and
      168 respectively, remain at rotational standstill, thus holding their
      respective driven loads at a precise fixed position, until commanded in a
      sequentially programmed order to turn at the rate of shaft 216 or shaft
      222 for either one or more full revolutions to accomplish the desired full
      or partial reciprocation or rotational advancement of their respective
      output aggregates. The command to so engage and then stop again is
      imparted to the clutches by their respective cams 240, 241, 247, 248a and
      251. It occurs when the cam rotates and an advancing cam pin 280 contacts
      the pivotable cam dog 400 and lifts it momentarily as it passes under it
      at point 402. This moves cam dog surface 403 out of contact with an
      opposing detent surface on the periphery of the clutch, thereby engaging
      the clutch, so that its output gear is now rotating at the same speed as
      the clutch input shaft 216 or 222. The relative motion between cam pins
      280 and the clutches is such that cam pin 280 will have passed under point
      402 well before the clutch has completed one revolution. Consequently, cam
      dog surface 403 is back in contact with the clutch periphery, biased
      toward it by spring 401, before the opposing detent surface has reached
      it. When it does, after a turn of 360.degree., it contacts the cam dog
      surface at the same rotational position, thus disengaging the clutch and
      stopping all rotation of its output member. All five clutches 238, 239,
      246, 248 and 249 are operated in this manner, the only difference being
      the timing with respect to one another and the number of full revolutions
      allowed. For reasons of speed and torque, as well as cranking distance,
      the sequencing may require either one, two or more revolutions from one or
      more of the several clutches. For one revolution, one pin 280 on a defined
      position of the cams is used. For two uninterrupted revolutions it
      requires two pins in adjacent 1/15 radical positions with a third centered
      between them to provide cam dwell and thus prevent harsh stop-go action.
      For three revolutions, three pins and two intermediate dwell pins (five
      total) are used.
PAR  As can be seen, since cam shafts 216 and 236, once actuated to rotate on
      command to solenoid clutch 234, make one full revolution to actuate the
      five load clutches 238, 239, 246, 248 and 249 at the predetermined
      intervals, all these load clutches will perform and complete their
      functions within fifteen revolutions of drive shaft 216. Thereupon, shafts
      216 and 222 will continue to rotate, while the cam shafts and the cams
      mounted thereon will stop when the last fifteenth cycle is completed, and
      no further action will occur until solenoid 234 is again actuated to
      rotate the cam shafts.
PAR  The heater 18 and beller unit 20, as well as the entire main drive
      transmission system shown in FIG. 10, are mounted on a platform 300. This
      platform, together with side housing 302 attached thereto by the bracket
      304, is supported at each of its corners by a threaded shaft 306 which
      fits telescopically in a sleeve 308 extending between and supported by
      underframing plates 310 and 312 held in spaced relationship to each other
      by U-shaped members 314. A sprocket 320 has its internal bore threaded to
      match the threaded shaft 306, and is rotatable with respect to shaft 306.
      A thrust bearing 316 bears the weight of the assembly, which is
      transferred from platform 300 through shafts 306 to sprockets 320. All
      sprockets 320 are connected to rotate together by a chain 322. Independent
      reversible motor means with a two-way switch (not shown) may be provided
      to drive the chain 322 through a further pulley 324. Thus, when the motor
      (not shown) is switched on and the pulley 324 is rotated in one direction,
      each of the pulleys 320 will be driven in that direction to cause the
      axles 306 to rise up within sprockets 306 and thus within the sleeve 308.
      By reversing the motor direction the axles may be lowered. Thereby, the
      entire platform 300 with the heater 18, beller 20 and the transmission
      system may be raised or lowered at will in relation to the fixed level of
      the endless conveyors 40 and 42.
PAL  vi. Operation of the Apparatus
PAR  In operation, the apparatus accomplishes rapid belling at pipe ends to the
      configuration shown in FIG. 14 so that the unbelled spigot end 12a of
      another pipe may be inserted in the belled end 12b of the pipe 12 as shown
      in FIG. 15. A pipe 12 is initially received in the V-trough 10 from the
      saw unit 14. When this pipe 12 is advanced down the V-trough to where it
      trips a dumping switch 22, the movable side plate 28 drops away from the
      stationary side plate 26 to dump the pipe onto the endless belt conveyor
      40 and, at the same time, triggers the switch 39 to initiate a complete
      cycle of the heating and belling apparatus.
PAR  The pipe 12 is first rotatingly conveyed by the endless belt conveyor 40
      until it rests against the first stake 60 projecting upwardly from the
      endless carrier 42. During this period of conveyance, the pipe is moved
      transversely until its one end 12a abuts the positioning plate 41. With
      one end 12a of each pipe abutting the positioning plate 41, the other end
      12b of the pipe will be properly disposed to pass through the heater 18
      and the beller unit 20 in appropriate processing positions. As each pipe
      12 is picked up between stakes 60 of the endless conveyors 42, the pipe is
      advanced periodically through the heater 18 while being continuously
      rotated by the belt 40' of the endless belt conveyor 40. When the pipe
      reaches the last heater station 118, it leaves the belt 40' of the endless
      conveyor 40 and drops down into a V-shaped receptacle 52 on the endless
      conveyors 42.
PAR  The first carrier receptacle 52 is indexed so as to dispose the pipe end
      12b in the first belling station 80 in the belling unit. Upon the arrival
      of the pipe end in the station 80, the semi-circular clamps 92 are brought
      together about the pipe 12 and, in the next automatic sequence, a mandrel
      110 is pushed into the pipe end 12b to expand the same to conform with the
      outer cylindrical surface formed by the mandrel 110. The upper and lower
      dampers 162 are thereupon opened to permit cooling air to flow down over
      stations 82 and 84 and laterally onto stations 80 and 86 until the plates
      88 and 90 are reciprocated apart from each other, thereby effecting a
      re-closing of the dampers 162. As the plates 88 and 90 are thus moved away
      from each other, the carrier 42 is indexed to move by one increment so
      that the pipe end 12b in station 80 is moved to station 82, while the next
      pipe in heater station 118 is dropped down into station 80. This cycling
      is further repeated until the pipe end 12b is moved from station 82 to
      station 4 and from there, to station 86 and is finally dumped off the
      endless carrier 42 as the stake 60 thereof swings down and under the gear
      64.
PAR  Thus, it may be seen that the embodiment of the invention herein disclosed
      five pipe ends are simultaneously being subjected to heat provided by the
      heater 18 for additional periods of time, and four pipe ends are
      simultaneously being subjected to various steps in the belling process,
      starting with the initial step of inserting the mandrel into the pipe end
      to expand the same, continuing with cooling the pipe ends into each of
      which a mandrel has been inserted with the mandrel still therein; and
      concluding with the step of stripping the mandrel from the belled end
      cooled pipe and prior to its discharge from the apparatus. The apparatus
      thus eliminates the necessary time delay which is inherent in attempting
      to take pipe ends one at a time and heat it, bell it, cool it and strip
      it, as has been the case with prior art apparatus.
PAR  In addition, because of the feature whereby the platform on which the
      heater, beller, and its transmission apparatus is mounted may be raised or
      lowered, it is possible for the apparatus to be readily reset to
      accommodate different sizes of pipe to be belled. Of course, where a
      different pipe size is to be belled from that for which the machine has
      been once set up, it is necessary to change the diameters of both the
      mandrel 110 as well as the inside diameters of the semi-circular clamps
      92, and the dimensions of the stripper plates. Synchronism of all
      movements of the apparatus is accomplished through the clutch cam
      transmission system herein disclosed in the drawings and discussed above.
CLMS
STM  We claim:
NUM  1.
PAR  1. High speed plastic pipe belling apparatus, said apparatus comprising:
PA1  A. endless conveyor means, one end of said conveyor means being disposed to
      receive lengths of pipe sequentially and transversely deposited on said
      end of said conveyor and to convey said lengths of pipe periodically a
      predetermined distance in a first substantially horizontal direction, said
      conveyor means including:
PA2  i. a series of receptacles about said conveyor means, each receptacle
      serving to receive and retain a pipe at a discrete location on said
      endless conveyor means as it moves periodically in said first direction;
PA2  ii. a positioning plate at one edge of the endless conveyor means;
PA2  iii. continuously moving endless belt means, the last said means extending
      concurrently with, for at least a part of the course of said endless
      conveyor means, and the upper surface of said endless belt means being in
      contact with the lowermost portion of each pipe disposed in each of said
      receptacles, said endless belt means serving continuously to rotate said
      pipes, the axis of said belt means being slightly canted with respect to
      the axis of said conveyor means thereby to cause each pipe to be moved
      vertically transversely to the first direction toward the positioning
      plate until one end of said pipe abuts said stop plate; said stop plate
      being so disposed in relation to each length of pipe as to project the
      opposite end of each said pipe beyond the edge of the conveyor opposite
      that adjacent the stop plate, for heating and belling;
PA1  B. a first drive shaft;
PA1  C. first chain and sprocket means, the last said means being engaged to
      said first drive shaft and adapted to move said endless conveyor means in
      predetermined increments in said first direction in accordance with the
      amount of rotation imparted to said first drive shaft;
PA1  D. heater means, said heater being disposed along a portion of the opposite
      edge of the endless conveyor means from that adjacent the stop means, and
      about the projecting end of each rotating pipe while said pipe is (i)
      disposed in a receptacle on said endless conveyor means, (ii) being
      rotated by said endless belt means and (iii) positioned with its distal
      end abutting said stop plate;
PA1  E. multiple station belling means, said belling means extending in said
      first direction from the end of said heater means; and comprising:
PA2  i. a first station including:
PA3  a. a pair of clamps having a pair of mating jaws, which jaws in their
      closed position define a cylindrical opening coaxial with the end of a
      pipe when it is disposed in said first station after having been moved
      past said heater means, and said opening being of a diameter equal to the
      outside diamter of the pipe, said clamps being reciprocable between a
      first position in which said opening is so defined and said clamps
      surround the pipe inwardly of the heat-softened end to be belled, and a
      second position in which said jaws are sufficiently separated from each
      other to permit a pipe to be moved in said first direction in and out of
      said first belling station; and
PA3  b. means to effect such reciprocation of said jaws at predetermined
      intervals;
PA2  ii. at least one other station adjacent said parallel to said first
      station, said at least one other station including an air cooling area in
      which a belled pipe end may be retained for a predetermined cooling
      period;
PA2  iii. air blower means directing cooling air into said area;
PA2  iv. a plurality of blocks from each of which extends in said second
      direction a bevelledended cylindrical plug, each of said blocks being
      movable:
PA3  a. in said first direction at said predetermined increments from said first
      station to the last of said other stations;
PA3  b. from said last station in said first direction a predetermined distance
      to a position from which the block may be further moved to pass around the
      other blocks while the latter are disposed to their second and other
      respective stations;
PA3  c. from said position around the other blocks in a fifth direction to
      another position in alignment with said first station for return movement
      therewith; and
PA3  d. from the last said position, in said fourth direction back into the
      first station;
PA2  v. the said plug in each block, upon the last said movement of the block
      back into the first station, being inserted in the pipe end then disposed
      in the said first station and outwardly of said cylindrical opening, to
      expand said pipe end to conform generally to this configuration of the
      outer surface of the block plug; and said this inserted plug being
      retained in the pipe end as its block moves from said first station
      progressively to the last of said other stations, whereupon, when the
      block is moved in the first direction, the plug is withdrawn from the pipe
      end, and the thus-belled pipe may thereafter be discharged from the
      apparatus by said endless conveyor means; and
PA1  F. synchronized power means, said means, when triggered to commence
      operation, initiating a cycle which includes:
PA2  i. providing at predetermined intervals a predetermined angular rotation of
      said first drive shaft to move said endless conveyor a predetermined
      increment in said first direction;
PA3  ii. reciprocating the jaws of the pair of clamps to and apart from each
      other at each such predetermined interval;
PA2  iii. moving the block in the said last station in the first direction to
      its position from which it may be further moved to pass around the other
      blocks, thereby withdrawing the plug projecting from the said thus-moved
      block from the end of the pipe in which it has been inserted and retained,
      so that such pipe, as thus belled, will be discharged by the apparatus
      upon further incremental movement of the endless conveyor means;
PA2  iv. moving each other block in a station preceding said last station to the
      next station thereby vacating the first station and disposing a block in
      each succeeding station including said last station;
PA2  v. moving the block in its position from which it may be further moved to
      pass around the other blocks to its position in alignment with the first
      station, and, upon vacation of the first station, further in the first
      direction into the said vacated first station, whereupon the cylindrical
      plug projecting from the last moved block is forced into the pipe end
      which has just moved into the said first station by the endless conveyor
      said predetermined increment from the end of the heater area;
PA1  whereby a series of pipe ends may be sequentially and rapidly heated,
      belled, cooled to set the belled end, and discharged from the apparatus.
NUM  2.
PAR  2. High speed plastic pipe belling apparatus, said apparatus comprising:
PA1  A. v-trough means to receive and permit a length of plastic pipe to be
      advanced therein in a first direction, said trough means including:
PA2  i. a movable element, said element serving in part to contain said pipe as
      it is being advanced, and when said element is moved, to dump said pipe
      downwardly in a second direction transverse to said first direction; and
PA2  ii. electrical switching means, the last said means being triggered when a
      length of pipe reaches a predetermined disposition in said trough means;
PA1  B. continuously moving endless belt conveyor means, the last said means
      extending in a third substantially horizontal direction at least partially
      transverse to the first direction and having one end below the movable
      element to receive each pipe as it is dumped from the trough conveyor
      means and to convey it both further in the first direction as well as
      transversely thereto,
PA1  C. second endless conveyor means, said conveyor means being disposed
      partially concurrently with the endless belt conveyor means and directed
      to convey pipes being placed therein by the last said means in said third
      direction, said second conveyor means including a series of receptacles
      about said second conveyor means, each receptacle serving to receive and
      retain a pipe at a fixed location on said second endless conveyor means as
      it moves in said third direction;
PA1  D. a stop plate at the edge of the second endless conveyor means closest to
      the leading ends of the lengths of pipe being dumped, said stop plate
      being so disposed in relation to each length of pipe as to project the
      opposite end of each said pipe in a fourth direction opposite the first
      direction beyond the edges of the two endless conveyors for heating and
      belling; said endless belt conveyor means moving each pipe in said first
      direction until its leading end abuts said stop plate; said endless belt
      conveyor means continuously rotating the pipes dumped thereon and conveyed
      thereby;
PA1  E. a first drive shaft;
PA1  F. first chain and sprocket means, the last said means being engaged to
      said first drive shaft and adapted to move said movable element to dump a
      length of pipe onto said endless belt conveyor means, to drive
      continuously said endless belt conveyor means, and further to move said
      second endless conveyor means in predetermined increments in said third
      direction in accordance with the amount of rotation imparted to said first
      drive shaft;
PA1  G. heater means, said heater being disposed along a portion of the edges of
      the two said endless conveyor means which are distal from the stop means,
      and about the projecting end of each rotating pipe while said pipe is (i)
      disposed in a receptacle on said second endless conveyor means, (ii) being
      rotated by said endless belt means and (iii) positioned with its distal
      end abutting said stop plate;
PA1  H. multiple station belling means, said belling means extending in said
      third direction from the end of said heater means; and comprising:
PA2  i. a first station including:
PA3  a. a pair of clamps having a pair of mating jaws, which jaws in thier
      closed position define a cylindrical opening coaxial with the end of a
      pipe when it is disposed in said first station after having been moved
      past said heater means, and said opening being of a diameter equal to the
      outside diameter of the pipe, said clamps being reciprocable between a
      first position in which said opening is so defined and surround the pipe
      inwardly of the heat-softened end to be belled, and a second position in
      which said jaws are sufficiently separated from each other to permit a
      pipe to be moved in said third direction in and out of said first belling
      station; and
PA3  b. means to effect such reciprocation of said jaws at predetermined
      intervals;
PA2  ii. at least one other adjacent and parallel to said first station, said at
      least one other station including an air cooling area in which a belled
      pipe end may be retained for a predetermined cooling period;
PA2  iii. air blower means directing cooling air into said area;
PA2  iv. a plurality of blocks from each of which extends in said first
      direction a bevelled-ended cylindrical plug, each of said blocks being
      movable:
PA3  a. in said third direction at predetermined increments from said first
      station to the last of said other stations;
PA3  b. from said last station in said fourth direction a predetermined distance
      to a position from which the block may be further moved to pass around the
      other blocks while the latter are disposed in their second and other
      respective stations;
PA3  c. from the last said position around the other blocks in a fifth direction
      opposite said third direction to a further position in alignment with said
      first station for return movement therewith; and
PA3  d. from said further position, in said first direction back into the first
      station;
PA2  v. the said plug in each block, upon the last said movement of the block
      back into the first station, being inserted in the pipe and then disposed
      in the said first station and outwardly of said cylindrical opening, to
      expand said pipe end to conform generally to the configuration of the
      outer surface of the block plug; and said thus inserted plug being
      retained in the pipe end as its block moves from said first station
      progressively to the last of said other stations, whereupon, when the
      block is moved in the fourth direction, the plug is withdrawn from the
      pipe end, and the thus-belled pipe may thereafter be discharged from the
      apparatus by said endless conveyor means; and
PA1  G. synchronized power means, said means, when said electrical switching
      means is triggered, initiating a cycle which includes:
PA2  i. providing at predetermined intervals a predetermined angular rotation of
      said first drive shaft to move said second endless conveyor a
      predetermined increment in said third direction;
PA2  ii. reciprocating the jaws of the pair of clamps to and apart from each
      other at each such predetermined interval;
PA2  iii. moving the block in the said last station in the fourth direction to
      its position from which it may be further moved to pass around the other
      blocks, thereby withdrawing the plug projecting from the said thus-moved
      block from the end of the pipe in which it had been inserted and retained,
      so that such pipe, as thus belled, will be discharged by the apparatus
      upon further incremental movement of the endless conveyor means;
PA2  iv. moving each other block in a station preceding said last station to the
      next station thereby vacating the first station and disposing a block in
      each succeeding station including said last station;
PA2  v. moving the block in its position from which it may be further moved to
      pass around the other blocks to its said further position in alignment
      with the first station, and, upon vacation of the first station, further
      in the first direction into the said vacated first station, whereupon the
      cylindrical plug projecting from the last moved block is forced into the
      pipe end which has just moved into the said first station by the endless
      conveyor said predetermined increment from the end of the heater area;
PA1  whereby a series of pipe ends may be sequentially and rapidly heated,
      belled, cooled to set the belled end, and discharged from the apparatus.
NUM  3.
PAR  3. In a high speed plastic pipe belling apparatus having an endless
      conveyor means disposed to receive lengths of pipe sequentially and
      transversely deposited on said conveyor means and to convey said lengths
      of pipe periodically a predetermined distance in a first substantially
      horizontal direction, said conveyor means further having a series of
      receptacles thereabout each receptacle serving to receive and retain a
      pipe at a discrete location on said endless conveyor means as it moves
      periodically in said first direction; a positioning plate at one edge of
      the endless conveyor means; and continuously moving endless belt means,
      the last said means extending concurrently with, for at least a part of
      the course of said endless conveyor means, and the upper surface of said
      endless belt means being in contact with the lowermost portion of each
      pipe disposed in each of said receptacles, said endless belt means serving
      continuously to rotate said pipes, and to move each pipe vectorally
      transversely to the first direction toward the positioning plate until one
      end of said pipe abuts said stop plate; said stop plate being so disposed
      in relation to each length of pipe as to project the opposite end of each
      said pipe beyond the edge of the conveyor opposite that adjacent the stop
      plate, for heating and belling; said apparatus further having heater means
      disposed along a portion of the opposite edge of the endless conveyor
      means from that adjacent the stop means, and about the projecting end of
      each rotating pipe while said pipe in (i) disposed in a receptacle on said
      endless conveyor means, (ii) being rotated by said endless belt means and
      (iii) positioned with its distal end abutting said stop plate;
PA1  A. multiple station belling means, said belling means extending in said
      first direction from the end of said heater means; and comprising:
PA2  i. a first station including:
PA3  a. a pair of clamps having a pair of mating jaws, which jaws in their
      closed position define a cylindrical opening coaxial with the end of a
      pipe when it is disposed in said first station after having been moved
      past said heater means, and, said opening being of the desired outside
      diameter for the pipe end being belled, said clamps being reciprocable
      between a first position in which said opening is so defined, and a second
      position in which said jaws are suffciently separated from each other to
      permit a pipe end to be moved in said first direction in and out of said
      first belling station; and
PA3  b. means to effect such reciprocation of said jaws at predetermined
      intervals;
PA2  ii. at least one other station adjacent and parallel to said first station
      said at least one other station including an air cooling area in which a
      belled pipe end may be retained for a predetermined cooling period;
PA2  iii. air blower means directing cooling air into said area;
PA2  iv. a plurality of blocks from each of which extends in said second
      direction a bevelled-ended cylindrical plug, each of said blocks being
      movable;
PA3  a. in said first direction at said predetermined increments from said first
      station to the last of said other stations;
PA3  b. from said last station in said first direction a predetermined distance
      to a position from which the block may be further moved to pass around the
      other blocks while the latter are disposed in their second and other
      respective stations;
PA3  c. from said position around the other blocks in a fifth direction to
      another position in alignment with said first station for return movement
      therewith; and
PA3  d. from the last said position, in said fourth direction back in to the
      first station;
PA2  v. the said plug in each block, upon the last said movement of the block
      back in to the first station, being inserted in the pipe end then disposed
      in the said first station and in said cylindrical opening, to expand said
      pipe end to where the outside surface of the pipe end is pressed outwardly
      against the walls defining said opening; and said thus inserted plug being
      retained in the pipe end as its block moves from said first station
      progressively to the last of said other stations, whereupon, when the
      block is moved in the first direction,the plug is withdrawn from the pipe
      end, and the thus-belled pipe may thereafter be discharged from the
      apparatus by said endless conveyor means; and
PA1  B. synchronized power means, said means, when triggered to commence
      operation, initiating a cycle which includes:
PA2  i. providing at predetermined intervals movement of said endless conveyor a
      predetermined increment in said first direction;
PA2  ii. reciprocating the jaws of the pair of clamps to and apart from each
      other at each such predetermined interval;
PA2  iii. moving the block in the said last station in the first direction to
      its position from which it may be further moved to pass around the other
      blocks, thereby withdrawing the plug projecting from the said thus-moved
      block from the end of the pipe in which it had been inserted and retained,
      so that such pipe, as thus belled, will be discharged by the apparatus
      upon further incremental movement of the endless conveyor means;
PA2  iv. moving each other block in a station preceding said last station to the
      next station thereby vacating the first station and disposing a block in
      each succeeding station including said last station;
PA2  v. moving the block in its position from which it may be further moved to
      pass around the other blocks to its position in alignment with the first
      station, and, upon vacation of the first station, further in the first
      direction into the said vacated first station, whereupon the cylindrical
      plug projecting from the last moved block is forced into the pipe end
      which has just moved into the said first station by the endless conveyor
      said predetermined increment from the end of the heater area;
PA1  whereby a series of pipe ends may be sequentially and rapidly heated,
      belled, cooled to set the belled end,and discharged from the apparatus.
NUM  4.
PAR  4. Pipe belling apparatus, said apparatus comprising a heater, a multiple
      station belling unit, an endless conveyor, and a powered transmission
      system
PA1  A. said heater having a heating element extending adjacent a linear area,
PA1  B. said belling unit having
PA2  i. a series of belling stations the first of which is disposed in the
      vicinity of the end of said linear area;
PA2  ii. a plurality of mandrels each adapted to be inserted in a pipe disposed
      in the first of said belling stations and transversely to said linear
      area, then moved incrementally and periodically from said first station
      into each of said other belling stations substantially in the same
      direction as that of said linear area, then transversely from said
      direction, next oppositely to said direction and finally transversely back
      to said linear area,
PA2  iii. semi-circular clamping means, said means being reciprocable between a
      first position wherein they are brought together and grip a pipe in the
      first belling station at a point near, but inwardly from the heated end of
      said pipe, and a second position wherein said clamping means are spaced
      from each other, and
PA2  iv. air cooling means directing a flow of cooling air onto each pipe end
      after a mandrel has been inserted therein for at least a portion of the
      time the pipe end is disposed in each belling station;
PA1  C. said endless conveyor receiving pipes, one end of each of which is to be
      belled, rotatingly moving each said pipe end incrementally and
      periodically through said linear area to expose the same to the heater for
      softening, then passing each pipe end sequentially into each of the
      belling stations in said belling unit, and finally discharging the same
      from the apparatus; and
PA1  D. the powered transmission system providing power to operate the carrier
      and the belling unit and including synchronizing means whereby said
      carrier means and belling unit are synchronized in their respective
      movements, so that as a pipe end is moved from the said linear area to the
      first belling station in the belling unit, the clamping means are brought
      into their first position and a mandrel is inserted into the pipe end,
      cooling air flow is initiated, the clamping means are then reciprocated to
      their second position, and the pipe end with the mandrel inserted is then
      moved sequentially into each of the others of the series of belling
      stations for further cooling until the last station is reached, whereupon
      the mandrel is withdrawn from the pipe end and the pipe is discharged from
      the apparatus.
NUM  5.
PAR  5. The apparatus as described in Claim 4 wherein a stripping plate is also
      provided in the last belling station to enable the mandrel to be withdrawn
      from the pipe end without distorting the same.
NUM  6.
PAR  6. The apparatus as described in claim 4 wherein closeable damper means are
      provided between the air cooling means and the belling stations, said
      damper means being operated by the clamping means during a portion of the
      reciprocation thereof to shut off the flow of cooling air to the belling
      stations at the proper instant, in order to prevent premature cooling
      prior to belling of a pipe end as it enters the first belling station, and
      during the last portion of mandrel insertion, to permit such air flow not
      sooner than but at the earliest desirable instant following full insertion
      of the mandrel.
NUM  7.
PAR  7. The apparatus as described in claim 4 wherein automatically actuated
      damper means deliver and shut off cooling air at the most desirable
      instants, thereby to permit the air cooling means to operate continuously.
NUM  8.
PAR  8. The apparatus as described in claim 4 wherein the synchronizing means
      comprises a series of clutches and circular cams set to actuate the
      several moving elements of the apparatus at predetermined relative periods
      of time and sequences and at predetermined angles of rotation of the
      transmission components.
NUM  9.
PAR  9. The apparatus as described in claim 4 wherein the heater and belling
      unit are disposed on a platform the level of which may be raised or
      lowered in relation to the level at which pipes are carried on the carrier
      means and the inside diameter of the clamping means and one of the
      mandrels may be changed, whereby the size of the pipes belled by the
      apparatus may be changed.
NUM  10.
PAR  10. The apparatus as described in claim 4 wherein each mandrel is mounted
      to extend laterally from a block, said block being recessed across its
      bottom and on the side opposite that from which the mandrel extends; a
      second endless carrier means is disposed below the belling stations to
      move parallel to the endless conveyor, said second endless carrier means
      having a plurality of projections each of which may be slidably received
      in the bottom recess of a block when said block and its mandrel are moved
      back to the first belling station, said second endless carrier means being
      indexed to move simultaneously with the first carrier means; a first
      beaded rod is provided, the bead of said rod being receivable in and
      removable from the recess in the back of each block when the block is
      moved parallel to the path of the endless carrier means, said first rod
      reciprocating transversely to said path between a first position in the
      recess of a block when in the first belling station, and a second position
      remote from said belling station to the rear of the other blocks; and a
      second beaded rod similar and parallel to the first beaded rod and
      reciprocable between a first position with its bead received in the recess
      in the rear of a block in the last belling station and a second position
      remote from said belling station to the rear of the other blocks; and
      means to move a block from its disposition to the rear of the other blocks
      to which it has been drawn when the bead of the second rod has been
      received in the recess in the rear of said block and said second rod has
      been reciprocated from its first to its second position, behind the other
      blocks to the disposition of the block when the bead of the first rod has
      been slid into the last said recess when said rod is in its second
      position; whereby each said block and its mandrel may be moved from each
      belling station to the next, starting in the first belling station, with
      the pipe end into which the block mandrel has been inserted, until the
      block is disposed in the last belling station, whereupon the second rod
      withdraws said block from said last belling station and reciprocates to
      its second position to dispose the block remotely from said last belling
      station and behind the other blocks, from which disposition said block is
      then pushed back in a path parallel to the endless carrier towards the
      bead of the first rod in its second position where said bead is received
      and from which said first rod reciprocates and block back to the first
      belling station.
NUM  11.
PAR  11. The apparatus as described in claim 5 wherein one of both the clamping
      means and the stripping plates is disposed for upward movement and one for
      downward movement from their first to second positions on a common
      horizontal reciprocating member.
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ABST
PAL  A blow molding apparatus including a rotary frame located adjacent a
      parison heating oven and having a plurality of blow molds mounted thereon
      for rotation therewith about the frame axis. A separate transfer arm is
      provided for each blow mold, the transfer arms also being located on the
      rotating frame for rotation therewith, each transfer arm being operable to
      transfer heated parisons from the oven to its respective blow mold.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to blow molding, and in particular it relates to
      increasing the production rate of a cold parison blow molding apparatus.
PAR  Numerous products such as foods, liquid soaps, etc. are now packaged and
      sold in non-breakable containers, generally referred to as "plastic
      bottles". These containers, which are commonly made from a polyolefin such
      as polyproplylene are normally manufactured, inter alia, by extruding the
      material into an elongated endless hollow tube and then cutting this tube
      into sections, referred to as parisons, and blow molding these parisons
      into finished articles. While numerous different materials may be used,
      for convenience this application will refer specifically to polypropylene.
PAR  The two basic procedures for forming parisons into finished articles are
      known as the hot parison technique wherein the extruded parisons, while
      still hot from the extrusion process, are cut into sections and
      immediately blow molded, and the cold parison technique wherein the
      extruded tube is cut into parisons which are then stored and then at a
      subsequent point in time reheated and blow molded into finished articles.
      A feature of this cold parison technique includes stretching of the heated
      parisons just prior to blow molding thereof.
PAR  In my copending application Ser. No. 276,071, filed July 28, 1972, now U.S.
      Pat. No. 3,765,813, issued on Oct. 16, 1973, which is a continuation of my
      earlier application Ser. No. 3003, filed Jan. 15, 1970, now abandoned,
      there is described a new and improved cold parison blow molding method and
      apparatus. In that basic arrangement, the parisons are placed on a
      conveyor and moved through an oven for a period of time sufficient to heat
      the parisons to the proper forming temperature, whereupon a transfer arm
      removes the heated parisons and transfers the same to a blow mold.
PAR  While the arrangement of my said previous application represents a major
      step forward in the art of cold parison blow molding, there exists a
      continuing need for new and improved arrangements, especially for
      increasing the output rate per unit of machine cost.
PAR  The present invention is an improvement of my said earlier patent and
      consequently my said earlier U.S. Pat. No. 3,765,813 is incorporated
      herein for all of the details described therein, the present specification
      being directed essentially to the improvements thereof.
PAR  One possible arrangement for increasing the production rate of any blow
      molding apparatus is to provide a plurality of blow molds on a rotating
      frame. Such an arrangement is shown for example as applied to the
      formation of disc shaped preforms into wide mouth containers in my earlier
      U.S. Pat. No. 3,661,489, issued May 9, 1972. For details of such a rotary
      multiple blow molding arrangement, per se, my said earlier U.S. Pat. No.
      3,661,489 is incorporated herein by reference.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, it is a purpose of the present invention to provide a new and
      improved cold parison blow molding apparatus having an increased
      production output rate relative to presently known apparatus.
PAR  This purpose of the present invention is accomplished by providing, in
      combination, a parison heating oven of the type wherein a large number of
      parison are mounted on support means within an oven and moved
      therethrough, a rotary frame having a plurality of blow molds mounted
      thereon for rotation therewith about the frame axis, together with
      transfer means including a separate transfer arm for each of the blow
      molds, the transfer arms being mounted on the rotary frame for rotational
      movement therewith about the frame axis and also for additional movement
      for bringing the heated parison from the oven to their respective blow
      molds.
PAR  In accordance with a preferred embodiment, both the oven conveyor
      supporting the parisons and the rotary frame are movable continuously, as
      opposed to intermittently, and the transfer arms are adapted to move,
      relative to the oven conveyor chain, such that zero relative movement is
      effected between the transfer arms and the oven conveyor chain at the
      moment when the transfer arm grasps and removes a parison from the oven
      conveyor chain so that the said continuous movement of the various parts
      need not be interrupted.
PAR  In accordance with a preferred arrangement of the present invention, the
      rotating frame includes a plurality of blow molds of the type illustrated
      in my said U.S. Pat. No. 3,661,489, wherein the mold halves are mounted on
      clamp arms which are pivotable about a pivot axis and which extend
      outwardly from this pivot axis. The transfer arm for each blow mold
      preferably comprises a vertical post rotatable about a vertical axis
      spaced angularly about the rotary frame from its respective blow mold and
      including a horizontally extending arm having a gripper means at the end
      thereof remote from the vertical post, the horizontal transfer arm being
      turnable about said vertical axis so as to move its gripper means between
      the oven and its respective blow mold. In operation, the transfer arm
      preferably moves in the same angular sense as the rotary frame as its
      respective blow mold approaches the oven. As the transfer arm enters the
      oven and is about to grasp a parison, it reverses its direction of
      rotation, thereby momentarily moving with the conveyor chain so as to
      effect said zero relative movement as it grasps and removes a parison,
      after which the transfer arm continues in said reverse direction to carry
      the parison back to its respective blow mold.
PAR  In accordance with a preferred operation of the present invention, and in
      accordance with the blow molding techniques as set forth in my said
      earlier U.S. Pat. No. 3,765,813, as the parison is lowered to its
      respective blow mold, the bottom of the parison is grasped beneath the
      mold halves whereupon the transfer arm, while still gripping the top of
      the parison, moves upwardly as as to stretch the same, after which the
      mold halves close onto the parison. Air is then introduced under pressure
      into the parison through the bottom thereof for forming the parison into a
      finished article. Subsequently the mold halves are opened for ejection of
      the finished article, after which the transfer arm returns to the oven to
      grasp another parison.
PAR  Thus, it is an object of the invention to increase the production rate for
      a cold parison blow molding operation.
PAR  It is another object of this invention to provide a new and improved blow
      molding arrangement of the type wherein parisons are heated within an
      oven, including, in combination with this oven, a plurality of blow molds
      and improved transfer means for transferring the parisons to these blow
      molds.
PAR  It is another object of this invention to provide a cold parison blow
      molding apparatus combining an oven of the type wherein a plurality of
      parisons are heated by moving through the oven with a plurality of blow
      molds mounted on a rotatable frame, including individual transfer means
      associated with each of the blow molds.
PAR  Other objects and advantages of the present invention will become apparent
      from the detailed description to follow, together with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  There follows a detailed description of a preferred embodiment of the
      invention to be read together with the accompanying drawings wherein:
PAR  FIGS. 1, 2 and 3 are schematic plan views of a blow molding apparatus
      incorporating the features of the present invention, the three views
      illustrating the arrangement in three successive positions.
PAR  FIG. 4 is an enlarged partial sectional view taken along line 4-4 of FIG. 1
     .
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, like elements are represented by like
      numerals through out the several views.
PAR  Referring to FIGS. 1 and 4, there is shown a blow molding apparatus
      including an oven 10 having therein a plurality of sprocket wheels 12
      supporting a chain conveyor 11 having a number of upwardly extending
      support means for supporting parisons No. Some of these sprocket wheels 12
      will be idler wheels while one or more would be drive wheels for driving
      the chain 11. Details of the oven including details of the conveyor chain
      11 and the means for supporting the individual parisons 15 are clearly
      shown in my said U.S. Pat. No. 3,765,813. It will be understood, however,
      that the oven can take many different forms, so long as it is capable of
      moving the parisons therethrough and heating the parisons to a forming
      temperature. An example of another type of oven is shown in my copending
      application Ser. No. 271,714 now U.S. Pat. No. 3,801,263. In that case the
      various elements are arranged somewhat differently and the air flow is
      horizontally across the oven rather than vertically through the oven.
PAR  The apparatus includes a stationary frame 16 having mounted thereon a
      rotating frame 17 in the form of a rotating table having mounted thereon
      for rotation about the axis 0 a plurality of blow molds 20, 30, 40, 50, 60
      and 70. All of the blow molds and their respective transfer arms are
      identical, and therefore only the blow mold 20 will be described in
      detail. Elements of the other blow molds corresponding to the detailed
      21-29 of the blow mold 20 and its respective transfer arm carry the first
      digit of the numeral referring generally to the blow mold and a last digit
      corresponding to the last digit of the elements 21-29.
PAR  Referring now to FIGS. 1 and 4, the blow mold 20 includes a pair of clamp
      arms 21 and 22 pivotally connected together at a pivot axis 23, which axis
      is fixed to the frame 17 for rotation therewith about the frame axis 0. At
      their outer ends, the clamp arms 21 and 22 carry mating mold halves 25 and
      26 which are movable towards and away from each other under the action of
      a clamping unit 24. This curved toggle type of clamping unit is further
      described in both my said U.S. Pat. No. 3,765,813 and also in my said U.S.
      Pat. No. 3,611,489. It is sufficient to note that as the circular element
      24 rotates about its axis under the action of a rotary motor, the clamp
      arms 21 and 22 are urged together when the element 24 turns
      counterclockwise and are separated from each other when the element 24
      turns clockwise.
PAR  Referring to FIG. 4, each blow molding station includes a thread clamp unit
      18, details of which are clearly described in my said U.S. Pat. No.
      3,765,813, which includes a threaded circular opening for grasping the
      exterior of the bottom of the parison and a plug 19 movable up into the
      interior of the bottom of the parison. The clamp 18 performs the dual
      function of holding the bottom of the parison during blow molding and also
      forming a threaded exterior on the bottom of the parison which will become
      the threaded opening of the finished bottle. The nozzle 19 also preforms a
      dual function. Firstly, it supports the interior bottom of the parison
      during blow molding. Secondly, air is introduced through this nozzle for
      the blowing operation after the mold halves have closed onto the parison.
      Means for raising and lowering the nozzle 19 and for introducing air
      thereinto are clearly shown in my said earlier U.S. Pat. No. 3,765,813,
      and hence details thereof are not included, these elements being
      represented schematically by the box 80 in FIG. 4.
PAR  Unlike the arrangement in my said earlier application, in the present case
      the fluid lines to the plurality of blow molds is further complicated by
      the fact that the molds are rotating whereas the fluid source is generally
      stationary. Valve means for delivering fluids under pressure between a
      stationary source and a plurality of rotating elements are well known per
      se and need not be described in detail herein. Merely as one example,
      reference may be made to the Cote U.S. Pat. No. 3,365,748, issued Jan. 30,
      1968.
PAR  Associated with the mold 20 is a transfer member comprising a vertical post
      28 rotatable about its axis and movable vertically along its axis.
      Connected thereto is a horizontal transfer arm 27, to the outer end of
      which is attached a gripper 29 having gripper fingers at the lower end
      thereof which are movable towards and away from each other for grasping
      and releasing a parison. In accordance with the present invention, the
      fingers of gripper 29 must be movable towards and away from each other and
      the post 28 must be movable about its axis and vertically. The details for
      accomplishing these movements are known and hence, such details need not
      be included herein. Means for rotating the arm 28 are represented
      schematically by the box labeled R while means for moving the post 28
      vertically are represented by the box V. As an example of one arrangement
      for so moving the various portions of the transfer member, reference may
      be had to my said copending application Ser. No. 276,071. It will be
      understood, however, that other means may be used for carrying out these
      functions.
PAR  Referring now to the figures, the operation of the invention will now be
      described. Referring first to FIG. 1, note the position of the transfer
      arms 57, 67 and 77 and note also the position of these transfer arms in
      FIG. 2. As the mold halves are closed during blow molding (positions of
      molds 30, 40, 50 and 60 in FIG. 1) the transfer arm conveniently remains
      in position over its respective mold. As each mold then moves around to
      approximately the position of mold 60 in FIG. 1, its respective transfer
      arm starts moving about its vertical axis clockwise, i.e. in the same
      angular direction as that of the rotating frame 17 about axis 0. At first,
      the transfer arm swings around such that it gripper is beyond the
      periphery of stationary frame 16 as shown at 67 in FIG. 2. At this point
      the transfer arm grippers may be released to release the upper scrap piece
      of the parison into a suitable receptacle. Also, in this general area, the
      mold halves can separate from each other to eject the finished article.
      This clockwise movement of the transfer arm about its vertical axis
      continues until it extends radially relative to the axis 0 as shown at 77
      in FIG. 2. At this point the arm 77 is moved downwardly to grasp a parison
      15 on the conveyor chain 11 and concurrently the arm 77 starts turning
      counterclockwise about the axis of its posts 78. As a result of this
      counterclockwise movement, coupled with the clockwise movement of the
      rotatable frame 17, the grippers move with the conveyor chain 11 at zero
      speed relative thereto as the transfer arm 77 moves from its FIG. 2
      position to its FIG. 3 position. During this time, the grippers have
      gripped a parison and moved it upwardly off of its support means. After
      this, the transfer arm 77 continues moving counterclockwise as the
      rotating frame 17 moves clockwise until the parison is directly over the
      central point between its corresponding mold halves, whereupon the
      transfer arm moves downwardly, lowering the parison, whereupon the bottom
      of the parison is gripped by the clamp 18. This position is shown at the
      mold 20 in FIG. 1 and in FIG. 4. After this the transfer arm 27 will rise
      upwardly stretching the parison, after which the mold halves will close
      for the molding process as mentioned earlier, and as illustrated at the
      position of molds 30, 40 and 50 in FIGS. 1, 2 and 3.
PAR  Although the invention has been described in considerable detail with
      respect to a preferred embodiment thereof, it will be apparent that the
      invention is capable of numerous modifications and variations apparent to
      those skilled in the art without departing from the spirit and scope of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A blow molding apparatus comprising:
PA1  an oven, an oven support means within the oven for supporting a plurality
      of parisons in the oven and moving them through the oven,
PA1  a rotating frame positioned adjacent the oven, a plurality of blow molds
      mounted on said frame to rotate therewith, and
PA1  a separate transfer member associated with each of said plurality of blow
      molds and distinct from its respective blow mold, each transfer member
      being mounted on the rotating frame to rotate therewith and hence with its
      respective blow mold, and each transfer member being movable between at
      least a first position and a second position, the transfer member
      including means for engaging a parison at said first position while the
      parison is on said oven support means and removing the parison therefrom
      and carrying the parison to said second position at which it loads that
      removed parison into its respective blow mold.
NUM  2.
PAR  2. An apparatus according to claim 1, said support means being operable to
      move the parison through the oven continuously, and said transfer members
      being mounted to move concurrently with the support means as it removes a
      parison from the oven, thereby effecting essentially zero relative
      movement between the transfer member and the support means as the transfer
      member removes a parison from the continuously moving support means.
NUM  3.
PAR  3. An apparatus according to claim 1, each transfer member including a
      horizontal transfer arm having a gripper extending downwardly therefrom,
      said transfer arm being movable to move said gripper horizontally between
      its respective blow mold and the oven and also vertically at the oven to
      grasp and remove a parison and vertically at the blow mold to lower the
      parison into place at the blow mold.
NUM  4.
PAR  4. An apparatus according to claim 1, each transfer member including a
      vertical post turnable about a vertical axis and spaced angularly about
      the frame axis from the center of its respective blow mold, and a transfer
      arm extending horizontally from said post and turnable about said post
      axis for movement between said first and second positions.
NUM  5.
PAR  5. An apparatus according to claim 4, each transfer member post being
      located angularly ahead of its respective blow mold, taken in the
      direction of rotation of the frame, and movable in the same angular sense
      as the frame when the transfer arm moves into the oven to grasp a parison
      and in the reverse angular sense as it grasps the parison and carries it
      back to the mold.
NUM  6.
PAR  6. An apparatus according to claim 5, wherein the transfer arm is mounted
      to change its rotational direction just prior to its engaging a parison
      and moving with said support means at essentially zero relative movement
      with respect to said support means as it grasps and removes a parison.
NUM  7.
PAR  7. An apparatus according to claim 6, each blow mold including a pair of
      mold halves closable onto each other on a central plane passing through
      the said frame axis, and a pair of clamping arms extending outwardly from
      a pivot connection located on said central plane and spaced radially
      outwardly from the frame axis, said mold halves connected onto each of
      said clamp arms, and means for moving the clamp arms towards and away from
      each other for closing and opening the blow mold, respectively.
NUM  8.
PAR  8. An apparatus according to claim 7, each blow mold including a means on
      its central plane for engaging the bottom of a parison and for blowing air
      into the parison upon closing of the blow mold, and said transfer arm
      being movable, after the blow mold has been closed, to carry the upper
      scrap piece of the parison horizontally away from the blow mold to deposit
      the same off to the side of the rotating frame.
NUM  9.
PAR  9. An apparatus according to claim 8, including six said blow molds spaced
      equiangularly about said frame axis.
NUM  10.
PAR  10. An apparatus according to claim 1, each blow mold including a pair of
      mold halves closable onto each other on a central plane passing through
      the said frame axis, and a pair of clamp arms extending outwardly from a
      pivot connection located on said central plane and spaced radially
      outwardly from the frame axis, said mold halves connected one to each of
      said clamp arms, and means for moving the clamp arms towards and away from
      each other to close and open the mold, respectively, each blow mold
      further including a means on its central plane for engaging the bottom of
      a parison and for blowing air thereinto upon closing of the mold halves.
NUM  11.
PAR  11. An apparatus according to claim 1, including lower clamp means at each
      blow mold for grasping the bottom of a parison and blowing air thereinto,
      said transfer member including a transfer arm movable horizontally between
      the blow mold and the oven, movable vertically at the oven to grasp and
      remove a parison, and movable vertically at the blow mold to lower the
      bottom of the parison to the lower clamp means, and to stretch the parison
      by moving the top thereof upwardly while the bottom is held by said lower
      clamp means.
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ABST
PAL  A molding apparatus for thermoforming plastic sheet material having upper
      and lower matching molding blocks, each molding block having a thin rigid
      shell. The shell has a die cavity therein with the exposed face of the
      shell defining the die cavity surface. A porous body of metallic filler
      material is contained within the central portion of each molding block and
      is in contact with the inner surface of the rigid shell. Inlet and outlet
      means are provided for circulating a coolant fluid through the central
      portion of each molding block.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the control of temperature in molding apparatus,
      and more particularly to a molding apparatus or thermoforming plastic
      sheet material having improved temperature control throughout the
      apparatus.
PAR  2. Description of the Prior Art
PAR  Heretofore, it has not been practical to employ plastic molds for
      thermoforming plastic sheeting. Plastic and synthetic resin dies have been
      considered in connection with the molding of small articles, but such dies
      have not been adapted to the molding of larger articles for various
      reasons including, particularly, adequate temperature control. Synthetic
      resin materials such as epoxy or phenolic resins which might possibly be
      used in the dies are heat and electrical insulators of a type which
      increases the temperature control problem. The poor heat conductivity of
      such material would ordinarily materially increase the molding cycle in
      view of the additional time required to heat or cool the entire body of
      the resin. Although it has been suggested that using an epoxy resin filled
      with metal particles would impart semi-thermal conductivity to the mold,
      it has been found that conventional potting resins are too poor in heat
      transfer characteristics even when a metal powder or alumina filler is
      used. It has further been suggested that mounting or embedding cooling
      coils in the body of the resin through which water is circulated will
      enhance the temperature control characteristics of the mold. It has been
      found, however, that even when the body of the resin is cooled by such
      coils embedded therein and is filled with metal particles the heat
      transfer problem is not alleviated to the extent necessary to permit high
      speed operation of the mold. The practicability of any commercial molding
      apparatus is greatly dependant upon the speed and efficiency with which
      such apparatus can be operated.
PAR  U.S. Pat. Nos. 2,869,179 and 2,907,070 disclose molding apparatus of the
      type described above in which the body of the resin which forms the mold
      is filled with metal particles and has cooling coils through which water
      is circulated embedded therein. The heat transfer characteristics of the
      patented apparatus do not permit the high speed molding operations which
      can be employed in the operation of the molding apparatus of the present
      invention. In the operation of the patented apparatus, the metallic outer
      surface of the mold is gradually heated to a temperature above the chill
      temperature of the plastic sheet. Thus, when the mold is closed, the
      plastic sheet is deformed but does not take a "set" because it is not
      quenched to a temperature below its deformation temperature. As a result,
      a dwell period is required to cool the mold and plastic sheet together.
PAC  SUMMARY OF THE INVENTION
PAR  The disadvantages and limitations of the prior art are alleviated by the
      present invention. The present invention includes a molding apparatus for
      thermoforming plastic sheet material having upper and lower matching
      molding blocks. The molding blocks may be, for example, in the shape of
      matching male to female members, the body of each molding block being
      formed of a thin rigid shell. The lower molding block shell has a die
      cavity which is a male to female match to the die cavity of the upper
      molding block shell, with the exposed face of each shell defining the
      surface of each die cavity. The central portion of each molding block is
      filled with a porous body of metallic material, such as chopped wires,
      wool-like shavings, irregular shaped particles, spherical beads, or the
      like. Although the shape of the filler material is not a significant
      factor, particles having an irregular shape are more likely to break up
      any channeling of the coolant fluid through the molding block. The porous
      body of filler material may comprise a relatively continuous mass such as
      the metallic shavings in steel wool or it may comprise particulate
      metallic material loosely contained within each molding block or
      permanently fixed in position to prevent it from being compacted during
      the flow of a coolant fluid therethrough or under the stamping pressure of
      the molding operation.
PAR  If superior heat transfer characteristic is desired, the thin rigid shell
      may comprise a layer of sheet metal, such as aluminum which has excellent
      heat transfer properties. Likewise, a superior heat transfer
      characteristic may be obtained by employing a shell comprising a metallic
      material that has been suitably treated to promote adhesion and a high
      temperature epoxy resin. The metallic material used in the shell may be in
      the form of metallic flakes, wires, rods, or the like, and the metallic
      content of the shell is maximized in order to impart the best possible
      heat transfer characteristic to the shell. When metallic material is
      included within the shell, it should preferably be potted such that it
      contacts the surfaces of the metallic filler material contained within the
      central portion of the molding block. In this regard, it is additionally
      preferable that the metallic material in the shell be of irregular shape
      so that there will be more metallic surface area available to contact the
      metallic filler material in the central portion thereby increasing the
      heat transfer capabilities of the mold. To further enhance the heat
      transfer characteristic of the mold, the body of metallic filler material
      preferably consists of particulate metallic material loosely contained
      within the central portion of each molding block since the mobility of the
      particulate filler material is directly related to the heat transfer
      capabilities of the mold. Baffles may be included within the central
      portion of the molding block to insure that the flow of the coolant fluid
      through the mold will be directed close to the surface of the die cavity
      in order to enhance the heat transfer characteristics of the mold and also
      to deter compacting of the particulate filler material. This can also be
      accomplished by forming the central protion of the lower molding block
      such that the body of metallic filler material follows the contour of the
      die cavity surface.
PAR  In molding applications where rigidity of the mold is required, the
      particulate filler material may be permanently fixed in position within
      the central portion of the molding block. In order to permanently fix the
      particulate filler material into a continuous rigid porous structure, the
      particulate material within each molding block is first coated with an
      epoxy resin solution, whereupon each filled molding block is subjected to
      elevated temperatures to cure the thin resinous coating on each filler
      particle and attach it to its neighboring filler particles at their points
      of contact. Coating of the particulate filler material in this manner
      reduces heat transfer substantially and should only be done when process
      conditions require it.
PAR  For a further understanding of the present invention and for advantages and
      features thereof, reference may be made to the following description in
      conjunction with the following drawing which show, by way of example, the
      preferred embodiments of the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a sectional elevational view of a mold constructed in accordance
      with the preferred embodiments of the present invention; and
PAR  FIG. 2 is a sectional elevational view of a modification of the mold
      constructed according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the FIG. 1, the mold apparatus designated generally by the
      reference numeral 10 comprises an upper molding block 12 and a lower
      molding block 14. The body of upper molding block 12 is formed of a thin
      rigid shell 16 of sheet metal, such as aluminum, or of a metallic
      material, such as metallic flakes, that have been suitably treated to
      promote adhesion, and a high temperature epoxy resin. The shell may be
      formed entirely of epoxy resin in molding applications which do not
      require exceptional heat transfer characteristics. The exposed face 18 of
      shell 16 defines the surface of the die cavity of the upper molding block.
      The central portion of upper molding block 12 is filled with particulate
      metallic material, shown in the FIG. 1 as spherical beads 20. The
      spherical beads may be loosely contained within the upper molding block or
      they may be permanently fixed, by the method described above, into a
      continuous rigid porous structure. When permanently fixed, the spherical
      beads 20 are coated with a layer of epoxy resin 21 which holds adjacent
      beads together at their points of contact 23. The particulate filler
      material is enclosed within the central portion of upper molding block 12
      by means of a shell 21 formed of a metallic material such as metallic
      flakes, and a high temperature epoxy resin, or entirely of an epoxy resin.
      A coolant fluid such as water is introduced into the central portion of
      the upper molding block by means of inlet tube 22, circulated through the
      porous body formed of the spherical beads and is withdrawn through outlet
      tube 24 on the opposite side of the mold.
PAR  Similarly, the body of lower molding block 14 is formed of a thin rigid
      shell 26 formed of the same materials used to form shell 16. The exposed
      face 28 of shell 26 defines the surface of the die cavity of the lower
      molding block which is the male to female match of the die cavity of the
      upper molding block. The central portion of lower molding block 14 is
      filled with particulate metallic material, shown in the figure as
      spherical beads 30. The spherical beads may be loosely contained within
      the lower molding block or they may be permanently fixed, by the method
      previously described, into a continuous rigid porous structure. When
      permanently fixed, the spherical beads 30 are coated with a layer of epoxy
      resin 31 which holds adjacent beads together at their points of contact
      37. The particulate filler material is enclosed within the central portion
      of lower molding block 14 by means of a shell 31 formed of the same
      materials used to form shell 26. The central portion of lower molding
      block 14 is provided with baffles 33 and 35 to insure that the flow of the
      coolant fluid through the mold will be directed close to the surface of
      the die cavity in order to enhance the heat transfer characteristics of
      the mold and also to deter compacting of the particulate filler material.
      The coolant fluid is introduced into the central portion of the lower
      molding block by means of inlet tube 32, circulated through the porous
      structure formed of the spherical beads and is withdrawn through outlet
      tube 34 on the opposite side of the mold.
PAR  Upper molding block 12 is supported by a framework comprising an upper
      platen or sheet 36 made of metal or other suitable strengthening material,
      and supporting cross members 38 and 40. Similarly, lower molding block 14
      is supported by a framework comprising a reinforcing member 42 which is
      suitably mounted on base members 44 and 46 which are secured to a
      foundation or floor 48 for substantially permanent assembly. Upper molding
      block 12 is the movable member of mold assembly 10 and is movable upwardly
      in order to separate from lower molding block 14 by means not shown. Such
      means are connected to cross members 38 and 40 and to upper platen 36
      which is firmly connected to guide pin posts 50 and 52 on opposite sides
      of mold assembly 10. The guide pin posts 50 and 52 mount guide pins 54 and
      56, respectively, which are received in guide pin sleeves 58 and 60,
      respectively, secured to opposite sides of reinforcing member 42 in order
      to perfect alignment between the two molding blocks 12 and 14. The
      supporting framework shown in FIG. 1 is representative of conventional
      framework used with molding apparatus and it is to be understood that any
      suitable supporting framework may be used to support the molding apparatus
      of the present invention. FIG. 2 illustrates a modification of the
      particulate metallic filler material used in the upper and lower molding
      blocks constructed according to the present invention. A plurality of
      metallic filler materials of irregular shape are disposed within the upper
      and lower molding blocks 12 and 14 respectively. These irregular shaped
      filling materials 70 comprise choped wires, wool-like shavings, or
      irregularly shaped particles. Each of the filler materials 70 is coated
      with a layer of epoxy resin 72 so that it is rigidly attached to adjacent
      filler materials at points of contact 74 therewith. The rigid attachment
      of adjacent filler materials 70 together prevents the upper and lower
      molding blocks 12 and 14 from being compacted during the flow of current
      fluid therethrough or under the pressure of molding operations.
PAR  The molding apparatus of the present invention is made by first coating a
      pattern in the shape of the article to be molded with a gel coat of an
      epoxy resin paste to form a shell. The epoxy resin is applied to the
      pattern until the gel coat reaches a thickness of one-eighth to one-fourth
      inch. If superior heat transfer characteristics are desired, metallic
      material, such as metallic flakes, are included in the epoxy resin which
      is applied. Instead of the epoxy gel coat, a drawn metal sheet, such as an
      aluminum sheet, in the shape of the article to be molded may be used to
      form the shell. The shell is then filled with the porous body of metallic
      filler material and inlet and outlet conduits through which the coolant
      fluid will flow are inserted into the particulate filler material. The
      body of the metallic filler material is then coated with a gel coat of the
      epoxy resin paste to enclose it within the central portion of the molding
      block formed of the shell. If the mold is to be used in a pressure molding
      operation such as blow molding, suitable reinforcing materials may be
      included in the gel coats during fabrication of the mold.
PAR  The gel coats preferably are prepared from basic epoxy resin materials such
      as the diglycidyl ether of bisphenol A or epoxylated novolac resins, or
      from similar thermally suited materials such as polyimides or polyesters.
      The epoxy resins preferably are cured by using a reactive crosslinking
      agent such as acid dianhydrides and/or anhydrides, and aliphatic and/or
      aromatic amines, in the presence of suitable catalysts which are well
      known in the art.
PAR  The mold apparatus of the present invention is used in a thermoforming
      operating for molding a sheet of thermoplastic material, such as
      polystyrene, into a number of useful articles, such as egg cartons, cups
      and the like, in which speed of production is required. In the
      thermoforming operation, a sheet of thermoplastic material is first heated
      above its deformation temperature. In the case of polystyrene, this
      temperature is about 275.degree.F. Upper molding block 12 is moved upward
      to an open position and the preheated thermoplastic sheet is placed
      between upper molding block 12 and lower molding block 14. Since the
      thermoforming process is a quenching process, a temperature differential
      of about 100.degree.F. must be maintained between the surfaces 18 and 28
      of the die cavities and the preheated thermoplastic sheet. In the case of
      polystyrene, therefore, the mold surfaces should be maintained at a
      temperature of about 170.degree.-175.degree.F. This is done by introducing
      a coolant fluid such as water into the central portions of each molding
      block through tubing on one side of the mold, circulating the fluid
      through the porous body of the metallic filler material, and withdrawing
      the fluid through tubing on the opposite side of the mold. The operation
      cooling rate of the mold is established by the flow rate of the coolant
      fluid through the mold. The flow of the coolant fluid through the upper
      molding block may be countercurrent to that through the lower molding
      block if such flow is required by the particular molding operation
      employed. After the preheated thermoplastic sheet is placed between the
      upper and lower molding blocks, the upper molding block is lowered and the
      sheet is cooled to a temperature below its deformation temperature and
      takes a set in a configuration conforming to the shape of the mold
      surface. The greater the temperature differential between the preheated
      thermoplastic sheet and the surface of the mold, the faster the cycle
      which can be adapted to the thermoforming process. Sheets of polystyrene
      may be thermoformed using the mold apparatus of the present invention at
      the rate of about 1 to 2 cycles per second.
PAR  It will be understood that modifications and variations may be effected
      without departing from the scope of the novel concepts of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mold for thermoforming plastic sheet material, comprising:
PA1  upper and lower matching molding blocks, said molding blocks each
      comprising:
PA1  a shell having an exterior surface and an interior surface defining a
      closed cavity;
PA1  a pourous body of filler material contained within said closed cavity of
      said shell, said filler material being in surface contact with said
      interior surface of said closed cavity and comprising a plurality of
      metallic particles, said pourous body 0f metallic filler particles
      comprising a continuous rigid mass in which said plurality of metallic
      filler particles are attached to each other at points of surface contact
      by resinous material;
PA1  inlet means for introducing coolant fluid from said molding block;
PA1  a frame work for supporting said molding blocks at a fixed distance from
      each other; and wherein part of said exterior surfaces of said upper and
      lower matching molding blocks define a die cavity.
NUM  2.
PAR  2. A mold according to claim 1 having at least one means for deflecting the
      flow of the coolant fluid toward the surface of the die cavity, said means
      being located within the closed cavity of at least one of said molding
      blocks.
NUM  3.
PAR  3. A mold according to claim 2 in which the thin rigid shell is formed of
      sheet metal.
NUM  4.
PAR  4. A mold according to claim 2 in which the thin rigid shell is formed of a
      metallic material, suitably treated to promote adhesion, and a high
      temperature epoxy resin with the metallic content being maximized.
NUM  5.
PAR  5. A mold according to claim 4 in which the metallic material in said shell
      consists of metallic flakes.
NUM  6.
PAR  6. A mold according to claim 2 in which the porous body of metallic filler
      material consists of particulate metallic material.
NUM  7.
PAR  7. A mold according to claim 6 in which the particulate metallic filler
      material consists of spherical metallic beads.
NUM  8.
PAR  8. In a mold as recited in claim 1 wherein said plurality of metallic
      filler particles comprise:
PA1  a plurality of metallic spheres.
NUM  9.
PAR  9. In a mold as recited in claim 1 wherein said plurality of metallic
      filler particles comprise:
PA1  a plurality of irregularly shaped metallic particles.
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ABST
PAL  Machinery for manufacturing a record which includes a first stamper and a
      second stamper. Means are associated with each stamper for cooling the
      stampers so the outer periphery of plastic that is formed into a record
      between said stampers solidifies and there is a minimum amount of flash.
BSUM
PAC  BACKGROUND OF THE INVENTION
PA1  1. field of the Invention
PAR  Record manufacturing equipment
PAR  2. Description of the Prior Art
PAR  All records are now manufactured by automatic machinery. Usually a
      record-making machine includes a lower record press platen and an upper
      record press platen. Mechanical means are provided for moving the record
      press platens towards each other. Attached to each record press platen is
      a record mold. Conduits extend through each record mold through which
      steam and a cooling liquid (e.g. water) are alternately passed.
PAR  A center hold down ring is provided for securing a record stamper to each
      record mold. Each record stamper stamps grooves on a side of the record.
      Usually each record stamper is provided with a conical edge and outwardly
      of said conical edge said record stamper slopes towards the record press
      platen with which it moves.
PAR  In molding a record, a plastic charge is placed between the upper record
      press platen and the lower record press platen when the respective record
      press platens are spaced apart from each other. The record press platens
      are brought immediately adjacent each other. Steam is directed through
      each record mold to increase the flow of the plastic. The movement of the
      stampers towards each other causes the plastic to fill the grooves of the
      respective stampers and flow outwardly. A cooling liquid is passed through
      the respective record molds to assist in cooling the plastic. Usually the
      plastic flashes beyond the edge of the stampers since it continues to flow
      radially outwardly as the stamping continues. This is undesirable in that
      the flash constitutes wasted material which is usually recycled.
PAR  It is extremely desirable for the time cycle for stamping a record be as
      low as possible for economic reasons. Still further, with many of the
      prior art record-pressing machines, there was a tendency for voids to be
      formed in the grooves not providing the desired fidelity. This, of course,
      was undesirable.
PAR  It is clear that if a record press machine could be devised which could
      minimize flash, have a low cycling time and minimize the amount of voids
      formed while providing better grooves that such a machine would find
      widespread use.
PAC  SUMMARY OF THE INVENTION
PAC  Purpose of the Invention
PAR  It is an object of the present invention to provide an improved record
      press machine.
PAR  Still another object of the present invention is to provide an improved
      record press machine which minimizes the amount of flash that is formed
      during a record pressing operation.
PAR  A further object of the present invention is to provide an improved record
      pressing machine which minimizes the formation of voids and provides
      better defined grooves than heretofore available with prior art record
      pressing machinery.
PAR  Another object of the present invention is to provide an improved record
      pressing machine which minimizes the amount of flash that is formed.
PAR  A further object of the present invention is to provide an improved record
      press machine capable of achieving the above and other objects and which
      is reliable in operation.
PAR  Still another object of the present invention is to provide means for
      modifying an existing record press machine so that the modified record
      press machine will be able to produce records having a minimum amount of
      flash, a low cycle time, a minimum amount of voids and well defined
      grooves.
PAR  Other objects in part will be obvious and in part will be pointed out
      hereinafter.
PAC  Brief Description of the Invention
PAR  According to the present invention, the foregoing as well as other objects
      are achieved by a record press machine including an upper record press
      platen and a lower record press platen. Secured to the upper record press
      platen is a first record mold and secured to the lower record press platen
      is a second record mold. The means of securing each record mold to its
      respective record press platen can be conventional.
PAR  Secured to the first record mold is a first record stamper which is
      designed so as to impress upon one side of a record of a certain sound. A
      center hold down is provided and extends through the center of the first
      record stamper and into a tapped opening in the first record mold.
PAR  A second record stamper is provided which is adapted to impress a second
      sound on the remaining side of a record to be molded. A center hold down
      is provided for securing the second stamper to the second record mold.
PAR  A first hold down ring is provided about the periphery of the first stamper
      and overlays a portion of said first stamper. A flow passage extends
      through the first hold down ring for a purpose that will soon be readily
      apparent.
PAR  In a similar fashion, an identical hold down ring is provided for the
      second stamper.
PAR  During a record pressing operation, a predetermined measured charge of
      plastic is located between the first and second stampers when said
      stampers are spaced apart from each other. As the distance between the
      platens is diminished, the plastic flows outwardly and the grooves on the
      respective stampers form grooves on the opposite sides of the record.
PAR  A cooling liquid is passed through the hold down rings which provides a
      relatively low temperature area for the outwardly flowing plastic to abut
      resulting in the outer periphery of the flowing plastic to solidify
      thereby minimizing flash. Since flash is minimized, the loss of plastic in
      an outward direction during molding is minimized. A greater force can be
      applied to the plastic so that deeper grooves can be formed on the
      opposite sides of the record with a corresponding reduction in the number
      of formed voids since none of the force is used to direct the plastic past
      the hold down rings.
PAR  The invention accordingly consists in the features of construction,
      combination of elements, and arrangement of parts which will be
      exemplified in the record manufacturing equipment hereinafter described
      and of which the scope of application will be indicated in the appended
      claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an exploded side elevational view of a record press machine
      according to the present invention;
PAR  FIG. 2 is an enlarged sectional view taken substantially along the line 2--
      2 of FIG. 1; and
PAR  FIG. 3 is a sectional view taken substantially along the line 3-- 3 of FIG.
      2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings a record press machine according to the present invention
      is shown and includes a lower record press platen 10. Drive means is
      provided for elevating and lowering the record press platen and said drive
      means can be hydraulic or electric motor operated. Record press platen 10
      is conventional and includes an upper surface 12. Secured to upper surface
      12 of lower record press platen 10 is a record mold 14 which is circular.
      Extending through record mold 14 are passages 16 which are near the upper
      surface of record mold 14.
PAR  Passages 16 form a spiral with there being an inlet and an outlet for the
      respective ends of the spiral.
PAR  Record mold 14 includes an upper surface 17. Extending downwardly from
      upper surface 17 is a sloped annular surface 18 and extending downwardly
      from sloped annular surface 18 is an annular axial surface 20. Extending
      radially outwardly from surface 20 is an outwardly extending surface 22.
      Surfaces 20 and 22 define a shoulder 25. Depending downwardly from surface
      22 is a vertical surface 24 which is annular and defines the outer
      extremity of record mold 14. Extending from surface 17 into the interior
      of record mold 14 is a tapped opening 26.
PAR  Located on top of surface 17 is a record stamper 30. Record stamper 30
      includes grooves on its upper surface which are used to form the grooves
      on a record in the conventional manner. Stamper 30 includes a stepped
      central opening. A central hold down 32 is provided which includes a shaft
      34. Center hold down 32 is located so that the head 35 thereof is received
      on the step of the stepped central opening of stamper 30 and the shaft is
      threaded into opening 28. The head of center hold down 32 includes a
      shoulder which mates with the step on the portion of stamper which defines
      the central opening and the stamper is firmly secured to record mold 14.
PAR  Located near the periphery of record stamper 30 is a conical edge 36 which
      is slightly elevated above the central portion of record stamper 30.
      Sloping towards record press platen 10 from conical edge 36 is a sloping
      surface 38.
PAR  A hold down ring 40 is provided which is annular in configuration. Hold
      down ring 40 includes a cross section such as shown in FIG. 3 and
      extending through said hold down ring is a passageway 42. Passageway 42 at
      its opposite ends is connected to tubes 44 and 46 for a purpose that will
      soon be readily apparent. Hold down ring 40 includes an upper surface 48
      which is slightly below the upper surface of stamper 30 for the
      orientation of FIG. 3. Several bolts are provided which extend through
      bolt clearance holes in hold down ring 40. Each bolt is in threaded
      engagement with a tapped opening in the periphery of record mold 14 so
      that the hold down ring is securely fastened to the record mold.
PAR  It is to be appreciated that hold down ring 40 includes an outside surface
      50 which is perpendicular to surface 22 of mold 14. Still further, hold
      down ring 40 includes a base surface 52 which contacts surface 22 of
      record mold 14. Extending upwardly from the inner surface of base surface
      52 on hold down ring 40 is a vertical annular surface 54 which is spaced
      from surface 20. Extending radially inwardly and upwardly from vertical
      annular surface 54 is an inclined surface 56 which rests against sloping
      surface 38 of stamper 30. A vertical surface 58 extends outwardly from
      surface 54 to surface 48.
PAR  An upper record press platen 110 is provided and has associated therewith
      the same structure (i.e. record mold, stamper, center hold down and hold
      down ring) as is associated with the lower record press platen. The
      structure associated with the upper record press platen has the same
      reference numerals for the corresponding structure associated with the
      lower record press platen only the reference numerals for the structure
      associated with the upper record press platen are prefaced by the number
      1. Some of the structure associated with the upper record press platen is
      not shown in the drawings but is referred to hereinafter by its
      appropriate reference numeral. The upper stamper is identified by
      reference numeral 130 whereas the stamper associated with record press
      platen 10 is identified by reference numeral 30, etc.
PAR  It is to be appreciated that stamper 30 is used to stamp one side of the
      record (e.g. side "A") whereas stamper 130 is used to form the grooves on
      the other side of the record (e.g. side "B").
PAR  In operation, the record press platens are spaced apart from each other and
      a charge of plastic is placed between the respective stampers. Steam is
      directed through passages 16 and 116 and the distance between the record
      press platens is diminished. A cooling fluid continuously circulates
      through passages 42 and 142 as the plastic is compressed between the
      stampers. The plastic is subjected to a high pressure and heat and is
      forced outwardly becoming thinner and thinner. After the plastic has
      become relatively thin, a cooling liquid is passed through passages 16 and
      116 to assist in cooling the plastic. The cooling liquid in passages 42
      and 142 ensures that as the plastic moves outwardly above surfaces 48 and
      148 the plastic solidifies. The conical edges 36 and 136 never touch and
      since the plastic solidifies there is a minimum of flash, i.e. waste
      material outside of the hold down ring. Since the outer periphery of the
      plastic solidifies, the continued diminishing of the distance between the
      stampers results in the formation of deep grooves on the opposite sides of
      the plastic. This is because since the plastic can no longer flow
      outwardly as the distance between the stampers diminishes, the full force
      of the stampers is applied to the plastic in forming grooves and not in
      forcing the plastic outwardly. The result is deep grooves with less voids
      that provides a high quality record.
PAR  Using the structure of the present invention a faster cycle is obtainable
      than with conventional record manufacturing machinery.
PAR  It is to be appreciated that each hold down ring, in addition to
      solidifying the plastic as it flows outwardly, also serves the important
      function of preventing the outside periphery of the stamper it is
      associated with from freely moving.
PAR  It thus will be seen that there is provided record manufacturing equipment
      which achieves the various objects of the invention and which is well
      adapted to meet the conditions of practical use.
PAR  As various possible embodiments might be made of the above invention, and
      as various changes might be made in the embodiment above set forth, it is
      to be understood that all matter herein described or shown in the
      accompanying drawings is to be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  Having thus described the invention there is claimed as new and desired to
      be secured by Letters Patent:
NUM  1.
PAR  1. Machinery for manufacturing a record comprising a first record press
      platen, a first record mold secured to said first record press platen, a
      first stamper having a central portion and a periphery, a second record
      press platen, a second record mold, said second record mold secured to
      said second record press platen, a second stamper having a central portion
      and a periphery, means for securing a first portion of said first stamper
      to said first record mold, means for securing the periphery of said first
      stamper to said first record mold and for cooling the outer periphery of
      plastic that is being formed into a record between said first and second
      stampers during a stamping operation means for securing a first portion of
      said second stamper to said second record mold, and means for securing the
      periphery of said second stamper to said second record mold and for
      cooling the outer periphery of plastic that is being formed into a record
      between said first and second stampers during a stamping operation.
NUM  2.
PAR  2. Machinery according to claim 1 wherein said means for securing the
      periphery of said first stamper to said first record mold includes a first
      hold down ring, said first hold down ring holding the periphery of said
      first stamper in contact with said first record mold, and fluid passage
      means extending through said first hold down ring.
NUM  3.
PAR  3. Machinery according to claim 2 wherein said first hold down ring
      includes a surface that is flush with the periphery of said stamper.
NUM  4.
PAR  4. Machinery according to claim 2 wherein said first hold down ring
      includes an upper surface spaced from said first record press platen, said
      first stamper including a central portion parallel to said first record
      press platen, said first stamper central portion being parallel to said
      hold down ring upper surface and spaced further from said first record
      press platen than said first hold down ring upper surface.
NUM  5.
PAR  5. Machinery according to claim 2 wherein said means for securing the
      periphery of said second stamper to said second hold down ring and for
      cooling the outer periphery of plastic that is being formed into a record
      between said first and second stampers during a stamping operation is
      identical to said means for securing the periphery of said first stamper
      to said first record mold and for cooling the outer periphery of plastic
      that is formed into a record between said first and second stampers during
      a stamping operation.
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PAL  The case assembly for a ceramic tile die includes a die cavity assembly
      formed by an insert support member and a plurality of inserts mounted on
      the upper surfaces of the insert support member. The inserts are
      preferably formed of tungsten carbide and may be universally mounted on
      the insert support member to provide a plurality of usable wear surfaces.
      A rigid frame surrounds the die cavity assembly, and mounting means are
      provided to permit limited, pressure induced movement between the die
      cavity assembly and the rigid frame. This minimizes the tensile stress to
      which the walls of the die cavity assembly are subjected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The requirements which must be built into a ceramic tile die for forming
      granular ceramic material into dry pressed tile blanks for ceramic floor
      and wall tile will be better understood by being aware of the conditions
      to which such a die is subjected in forming ceramic tile and the type of
      presses used. All ceramic tile dies in general consist of a case of female
      member having one or more through openings which form the outer dimensions
      of the tile to be shaped, a lower punch or male member entering from the
      bottom of the case and operating vertically with respect to the case, and
      an upper punch or male member entering the top of the case to compress the
      ceramic material. Regardless of the press used, the action of the die
      members must be the same to produce structurally sound tile, free of
      laminations, or so-called "air blows".
PAR  Laminations in ceramic dry-pressed tile are fully explained in U.S. Pat.
      No. 3,671,618 Huber et al., which clearly defines the die and press action
      necessary to produce structurally sound tile.
PAR  Of three types of presses used in the tile industry, the friction type is
      the most common; but also, the most abusive for the tile dies. A
      horizontal fly wheel is mounted on a vertical worm screw threaded through
      the press crown, with a ram bearing upper punches being attached to the
      lower end of the worm by a ball joint. Two friction discs driven by a
      horizontal shaft, one on each side of the fly wheel act to change the fly
      wheel direction. The case is mounted to rods extending through the
      stationary press bed and is actuated by an air cylinder from below, and
      lower punches are secured to the press bed. As a friction disc contacts
      the fly wheel, the worm drives the ram containing the upper punches
      downwardly. Just before the punches enter the case, the friction disc is
      disengaged, and the inertia of the fly wheel drives the upper punches
      downwardly until the pressure of the punches on the compacted material is
      sufficient to absorb the energy. As the fly wheel comes to rest, the
      expansion of the compacted material causes the fly wheel to reverse its
      rotation. A play in the ball joint allows the worm screw to reverse
      without lifting the ram, thus allowing the weight of the ram and upper
      punches to remain on the compacted tile with enough pressure to allow the
      release of internal stresses, but not permitting the displacement of
      fractured parts. The air in the cylinder supporting the case permits the
      case to recede under the pressure stroke as stops on the upper ram come
      into contact with the case to position the punches at the correct depth in
      the case. However, there is not enough air pressure to lift the weight of
      the ram and upper punches, and thus the compressed tile remains sandwiched
      between the upper and lower punches. Just before the reversed worm screw
      moves sufficiently to take up the amount of play in the ball joint, a
      second downward clutching is made reversing the fly wheel rotation for a
      second impact stroke. As this stroke is completed, the fly wheel is
      clutched for the return of the ram to rest position.
PAR  The above described press cycle imparts a hammer-like blow to the material
      within the die. When considered these blows represent an impact of around
      125 tons or 2,000 PSI on the compact material.
PAR  The toggle acting press is probably the fastest acting press of the three
      types of presses. While its strokes are more of a squeeze than an impact,
      the increased speed accounts for severe shock to the ceramic tile die. The
      operation of the toggle acting press is fully described in U.S. Pat. No.
      3,523,344 to Huber et al.
PAR  Some hydraulic presses are used in the industry, but due to their slower
      action they are used mostly where high pressures are required, such as
      around 3,000 PSI. Their action is relatively the same as the friction and
      toggle presses, but completely controlled by the slower hydraulic action.
PAR  Conventionally, ceramic tile die assemblies have been provided with a
      multiple cavity case constructed of an outer frame with cross members
      interlocked to this outer frame forming openings equal to the outer
      dimension of the tile to be formed. With cases having tandum rows, other
      members extend across the case at right angles to the first cross members
      and are interlocked thereto. General practice has been to make the parts
      from hardened and tempered alloy steels to provide the wearing surfaces of
      the cavity. The alloy steel held up well agains the shock and abuse, but
      the abrasive ceramic material resulted in a short wear life. Also, the
      machining, grinding and fitting of these members with the accuracy
      required to assure that each opening is dimensionally the same is
      expensive, resulting in high tooling costs.
PAR  Methods have been developed to avoid replacing these expensive members when
      worn by facing the wear portion of the cavity with less expensive
      removable inserts and replacing them when worn. Many problems arise in
      attempting to secure these inserts, especially on the cross members,
      without increasing the width of said members and thereby reducing the
      number of openings permissable within the die area. Also, problems occur
      if the means of attaching the insert requires a screw having a head on the
      wearing side of the insert or that portion within the operating range of
      the lower punch. With this attachment method, there exists the danger of
      the screw backing out and binding the action of the lower punch.
      Additionally, the opening created by the screw head invites the buildup of
      ceramic material which will pack causing the binding of the lower punch as
      well as causing undue wear on the face of the insert due to the grinding
      action of the ceramic material as the lower punch is actuated to eject the
      pressed tile. Once an alloy steel insert becomes worn, it must be
      discarded.
PAR  Ideally, a material such as cemented tungsten carbide, having a wear
      resistance many times that of handened alloy steels, should be used in the
      manufacture of ceramic tile dies. However, the costs of machining the same
      eliminate the use of this material for the tile die. Tungsten carbide
      could be employed for tile die inserts, but unfortunately a character of
      tungsten carbide is that as the hardness and wear resistance is increased,
      the brittleness increases and shock resistance is lowered. Under the
      conditions present in a conventional ceramic tile die, tungsten carbide
      inserts chip or fracture immediately and become worthless.
PAR  Tungsten carbide inserts have previously been found to be practically
      impossible to operatively attach to a case assembly. Braising or silver
      soldering a tungsten carbide insert to the case members, especially in the
      lengths required, 41/4 .times. 41/4/ and 6 .times. 6 dies, is not
      successful due to the difference in expansion of the two metals when
      heated. Under heated conditions fracturing of the tungsten carbide occurs.
PAR  Screw connections for the tungsten carbide inserts present the same
      problems experienced with other screw connected inserts. In fact, it has
      been found that the rigid connection in any manner of tungsten carbide
      inserts to the case assembly results in the chipping or fracture of these
      inserts during a tile pressing cycle due to the high tensile stresses
      experienced by the inserts. These seemingly insurmountable problems have
      tended to discourage the use of cemented tungsten carbide as a material
      adapted for use in ceramic tile dies.
PAR  A primary object of the present invention is to provide a novel and
      improved case assembly for a ceramic tile die which is adapted to include
      tungsten carbide inserts to provide die cavity wear surfaces. This is
      accomplished by providing an insert support assembly which is permitted to
      move relative to a case assembly frame to relieve shock under extreme
      conditions which would normally damage the inserts.
PAR  Another object of the present invention is to provide a novel and improved
      case assembly for a ceramic tile die having a novel insert support
      assembly to support inserts so that at least two wear surfaces thereof may
      be effectively utilized. The individual inserts are provided with bottom
      attachments to the insert support assembly so that the side wear surfaces
      of the inserts are free for use as wear surfaces. This bottom attachment
      also permits the inserts to be used without increasing the thickness of
      the die cavity defining structure.
PAR  A further object of the present invention is to provide a novel insert
      structure for use in a ceramic tile die which is universally adapted to be
      positioned at any location in a die cavity defining assembly to provide a
      wear surface for the die cavity. This insert structure may be repositioned
      to provide a minimum of two usable wear surfaces for the die cavity, and
      all inserts for the ceramic tile die are the same size and shape.
PAR  A still further object of this invention is to provide a novel tungsten
      carbide insert structure for use in a ceramic tile die having a tapered
      entry edge conforming to the maximum misalignment angle of a tile press to
      minimize chipping of the insert.
DRWD
PAR  These and other objects of the invention will become readily apparent upon
      a consideration of the following specification and claims taken in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is an isometric view of a typical ceramic tile die;
PAR  FIG. 2 is an exploded view of the case assembly frame and insert support
      member for a ceramic tile die constructed in accordance with the present
      invention;
PAR  FIG. 3 is an isometric view of the die insert structure of the present
      invention;
PAR  FIG. 4 is a cross sectional view of the die insert of FIG. 3 mounted upon
      the case frame and insert support member of FIG. 2; and
PAR  FIG. 5 is a plan view of the case assembly of the present invention.
DETD
PAR  Ceramic floor and wall tile are formed under pressure from granular ceramic
      material which is pressed within a case assembly that constitutes the
      female portion of a tile die. All ceramic tile dies normally include this
      case assembly which has one or more through openings to define the outer
      dimensions of the tile to be shaped. A lower punch or male member enters
      from the bottom of the case assembly and operates vertically between two
      positions, the lower position being represented by the depth of the fill
      required and the upper position being flush with the top of the case
      assembly to facilitate ejection of the formed piece. An upper punch or
      male member enters the top of the case assembly to compress the ceramic
      material therein.
PAR  FIG. 1 illustrates a conventional ceramic tile die assembly indicated
      generally at 10 which consists essentially of three primary parts; namely
      a case assembly 12, an upper punch assembly 14, and a lower punch assembly
      16. This case assembly is a multi-cavity assembly including an outer frame
      18 having cross members locked thereto to provide a plurality of cavities.
      Each of these cavities is lined by cavity liners 20 which in actuality
      define the outer edge configuration of the tiles formed in the case
      assembly, and these cavity liners may include impressions 21 for forming
      spacer lugs on the outer edges of the tile.
PAR  The upper punch assembly 14 includes a base 22 which supports a heater
      plate 24 through which heating elements 26 are installed. Upper punches 28
      are mounted upon the heater plate and are provided with peripheral male
      projections 30 which mate with the impressions 21. Downwardly projecting
      limit stops 32 engage the case assembly 12 to limit the entry of the upper
      punches into the die cavities. When the limit stops engage the case
      assembly, downward movement of both the upper punches and case assembly
      occurs until the upper punch has compressed the ceramic material against
      the lower punch sufficiently to absorb the flywheel energy, or, in the
      case of a toggle press, until peak pressure is reached and the lower
      hydraulic cushion recedes. The case assembly, when contacted by the limit
      stops, moves downwardly against the low air pressure in the case
      supporting cylinder.
PAR  The lower punch assembly 16 includes a base 34 upon which is mounted a
      heater plate 36 containing heating elements 38. Riser blocks 40 are
      mounted upon the heater plate 36 and support lower punches 42. Guide pins
      44 secured to the base 34 extend through bushings 46 in the case assembly
      and bushings 48 in the base 22 for the upper punch assembly. These guide
      pins align the case assembly and the upper and lower punch assemblies.
      Also, four supporting rods 50 at the corners of the case assembly operate
      to actuate the case assembly.
PAR  A fill box 52 activated by a connection 54 is mounted between guide rails
      56 which align the movement of the fill box across both an apron 58 and
      the case assembly 12. The forward end of the fill box is provided with
      punsh out fingers 60 to eject finished tile from the case assembly.
PAR  The operation of the ceramic tile die assembly 10 of FIG. 1 in conjunction
      with the structure of a conventional ceramic tile press to form ceramic
      tile is well known in the art and is described in a number of publications
      such as U.S. Pat. Nos. 3,523,344 and 3,671,618 previously mentioned.
      However, the operation of the ceramic tile die assembly of FIG. 1 will be
      briefly described to provide a basis for understanding the function of the
      novel case assembly with tungsten carbide inserts of the present
      invention. At the end of a pressing cycle, relative movement is initiated
      between the case assembly 12 and the lower punches 42 to cause the punches
      to raise pressed tile upwardly out of the cavities of the case assembly.
      At the same time, the upper punch assembly is raised upwardly to permit
      the fill box 52 to move forward along the guide rails 56 into position
      over the cavities in the case assembly. As the fill box 52 moves forward,
      the push out fingers 60 engage the finished ceramic tile and move these
      tiles clear of the upper surface of the face of the case assembly.
      Immediately, relatiae movement is again initiated between the case
      assembly and the lower punches so that the lower punches are dropped
      within the case assembly to a depth equal to the fill required. This
      occurs before the fill box 52 reaches a position over the cavities of the
      case assembly.
PAR  It will be noted from FIG. 1 that the fill box 52 consists of a box-type
      frame which is open at the top and bottom and which has dimensions
      slightly greater than the combined openings of the cavities in the case
      assembly. In the retracted position, the fill box is supported by the
      apron 58 which provides a bottom therefor and enables the fill box to
      receive ceramic material from a feed hopper. Thus, the forward movement of
      the fill box along the guide rails 56 ejects the finished tile from the
      case assembly and subsequently provides powered ceramic material to fill
      the cavities of the case assembly for the next pressing cycle.
PAR  Once the cavities of the case assembly are filled, the fill box returns to
      a position on the apron 58 to allow the upper punches 28 to enter and seal
      the openings in the cavities of the case assembly. As the upper punch
      assembly 14 moves downwardly, to press the ceramic material within the
      case assembly, the limit stops 32 engage the case assembly to limit the
      entry of the upper punches 28 into the cavities of the case assembly 12.
PAR  Of the three units constituting the ceramic tile die assembly 10, the case
      assembly receives the greatest wear. Normal operation of the ceramic tile
      press exposes the case assembly to pressure induced shock coupled with the
      abrasive action of ceramic material. Additionally, the ceramic material
      will sometimes become unevenly packed during the transfer of such material
      from the primary feed hopper to the fill box and then to the die cavity.
      This causes unequal filling of the various cavities within the case
      assembly, and the punches entering the die cavity are thereby thrown out
      of parallelism at the point of peak pressure. With the punches out of
      parallelis, undue side thrust against the sidewalls of the cavity occurs.
PAR  An additional distorted force can be applied to the case assembly if
      ceramic material builds up on the face of the punches. Should this ceramic
      material buildup go undetected, compressed parts may adhere to the upper
      punch while the fill box refills the cavity. When the upper punch again
      re-enters the cavity with the pressed tile adhered thereto, a press occurs
      with double the fill of the remaining cavities. This double press can
      cause havoc with the case assembly.
PAR  A novel case assembly of the present invention including a novel tungsten
      carbide insert structure is designed to replace the case assembly 12 of
      FIG. 1 to provide a structure better suited to withstand the abrasion and
      shock forces to which a ceramic tile die assembly is subjected. The high
      compressive and abrasion resistive characteristics of tungsten carbide
      inserts are employed in combination with a novel case assembly frame
      structure which operates to minimize the tensile stress applied to the
      inserts.
PAR  With reference to FIG. 2, the frame 18 for the case assembly 12 includes
      two long side rails 62 of identical construction. These side rails may be
      formed from a tough alloy steel tempered to Rockwell 30/35C. Each side
      rail is provided with a keyway 64 which is cut to extend the entire length
      of the side rail, this keyway being dimensioned to receive a key strip 66.
      With this key strip in place, a portion of the key strip indicated at 68
      extends outwardly beyond the surface of the supporting side rail.
PAR  The case frame side rails 62 are spaced apart with the keyways 64 in
      facing, spaced relationship by case frame end rails 70. These case frame
      end rails are of substantially identical construction and, like the case
      frame side rails 62 are formed of tough, tempered alloy steel. Each of the
      end rails is provided with a keyway 72 which extends along one
      longitudinal face of the end rail and also across the extent of both end
      faces thereof. The keyways 72 are positioned to correspond with the
      position of the keyways 64 in the side rails 62. The portion of the keyway
      72 extending across the side face of the end rails 70 is adapted to
      receive a key 74 having a length which is equal to the length of the end
      rail 70 minus the amount that the keys 66 project beyond the side rails
      62. These keys 74 also extend in like manner outwardly from the keyways 72
      beyond the side face of the end rail 70.
PAR  In addition to the end rails 70, a center support rail 76 may be provided
      having a keyway 78 which extends around all four sides thereof. The center
      support rail is formed of the same material as the side rail 62 and end
      rail 70 and has a length which is equal to the length of the end rails.
      However, the center support rail neednot be as wide as the end rails as it
      is intended only to join the central portion of the side rails to prevent
      bulging thereof under load pressure.
PAR  The keyways extending along the side faces of the center support rail 76
      are adapted to receive keys 80 which are equal in length with the keys 74
      and which project beyond the side faces of the center support rails.
PAR  To facilitate assembly of the frame 18, spaced bolt holes 82 and 84 are
      drilled through the case frame side rails 62 and are adapted to align with
      tapped holes 86 and 88 formed in the opposite ends of the end rails 70 and
      the center support rails 76. These holes are adapted to receive assembly
      bolts 90.
PAR  The case assembly frame 18 is formed to receive and mount an insert support
      assembly 92 so that the insert support assembly is rigidly secured against
      movement in the direction that the upper and lower punches 28 and 42, FIG.
      1, move into the die cavity while being permitted limited movement
      relative to the case assembly frame in directions normal to the direction
      of punch movement. This insert support assembly may be formed of a
      plurality of sections when a center support rail such as the rail 76 is
      included in the frame 18 or, in the absence of the center support rail,
      the insert support assembly may be unitary. Basically, however, the
      overall construction of the sectional or unitary insert support assembly
      is the same.
PAR  The insert support assembly 92 of FIG. 2 includes two identical sections 94
      and 96 with the latter being illustrated in assembled condition. These
      sections each include side supports 98 having a plurality of aligned upper
      and lower slots 100 spaced equally along the length thereof. A centrally
      located projecting tongue 102 is cut along the entire outer surface of
      each side support and across the end of the projecting tongues 102.
PAR  The side supports 98 are held in spaced relationship by end supports 106
      and divider supports 108 of equal length. The ends of these divider and
      end supports are all provided with centrally located slots 110 which
      define upper and lower tongues 112. As will be noted with reference to the
      assembled section 96 the upper and lower tongues 112 of the end supports
      106 are adapted to engage the projecting tongues 102 while the upper and
      lower tongues 112 of the divider supports 108 slide into and engage the
      slots 100. A keyway 114 is formed to extend across the outer surface of
      both end support members 106 and is positioned to mate with the keyways
      104 in the side support members when the insert support assembly is
      formed.
PAR  To mount inserts on the insert support assembly 92 in a manner to be
      subsequently described, equally spaced mounting bolt receiving holes 116
      are drilled vertically through the side support, end support and divider
      support members 98, 106 and 108. As will be noted from the assembled
      section 96, two equally spaced mounting bolt receiving holes 116 are
      provided upon each cavity defining wall of the insert support assembly.
PAR  To assemble the complete unit illustrated by FIG. 2, the components of the
      insert support sections 94 and 96 are mated to complete two assembled
      sections as illustrated at 96. Then the assembled insert support sections
      are mounted within the case assembly frame 18 with the keys 74 and 80
      extending into the keyways 114 while the keys 66 extend into the keyways
      104. Once this is accomplished, the assembly bolts are tightened so that
      the end keyways 72 and 78 receive the keys 66. This locks the insert
      support assembly 92 in place within the case assembly frame 18, and when
      all dimensions are checked and each cavity is squared, dowl holes 118 are
      drilled to receive locking dowls 120. The entire assembly may now be
      disassembled and later reassembled to the original dimensions.
PAR  It should be noted that the keys 66, 74 and 80 positively preclude movement
      of the insert support assembly 92 in the direction of movement of the
      punches 28 and 42 of FIG. 1. However, even though the parts of the insert
      support assembly are closely mated with the parts of the case assembly
      frame 18, the combined key and keyway supporting structure permits limited
      movement of the insert support assembly in directions normal to the
      direction of punch movement to absorb shocks. Thus the insert support
      assembly 92 is allowed to move slightly in response to shock and pressures
      which would cause damage if the support assembly was secured against all
      movement to the case assembly frame 18.
PAR  Referring now to FIG. 3, a tungsten carbide insert 122 is formed in
      accordance with the present invention to provide an upper rim for the
      insert support assembly 92 of FIG. 2. The body of the tungsten carbide
      insert is formed of cemented tungsten carbide and a centrally located
      projecting tongue 124 extends from one end thereof. Plug holes 126 are
      formed to extend vertically through the insert 122 and the central axes of
      these plug holes are spaced apart for a distance substantially equal to
      the distance between the central axes of the mounting holes 116. Normally,
      the plug holes 126 are of greater diameter than the mounting holes 116,
      and these plug holes are adapted to receive soft steel plugs 127 (FIG. 4).
      These soft steel plugs are brazed into the plug hole and extend
      therethrough for the full height of the insert 122.
PAR  The sides of the insert 122 are cut away adjacent the upper and lower edges
      thereof to provide spaced pockets 128 which operate to form the spacer
      lugs on the pressed ceramic tile. These pockets correspond to pockets 20
      of FIG. 1, and may be eliminated for tile having no spacer lugs. Also, the
      pockets may be conformed to any configuration to provide a tile spacer lug
      of any desired shape. The vertical dimension of the pockets 128 is
      approximately two times the height of the spacer lug to be formed in the
      compressed tile.
PAR  The upper and lower edges extending lengthwise of the insert are tapered as
      indicated at 130 for a purpose to be subsequently described. It should be
      noted that the taper extends throughout the upper and lower edges of the
      pockets 128. However, the taper ends short of the square end of the insert
      for a distance which is equal to the distance that the tongue 124 projects
      from the opposite end of the insert.
PAR  To mount the insert 122 on the insert supporting assembly 92, a tapped hole
      132 is formed in the steel plugs 127, (FIG. 4). Than a mounting bolt 134
      is inserted from the bottom of the insert mounting assembly 132 up through
      each mounting hole 116 and is screwed into the overlying tapped hole 132
      in the plug 122. By this method, each insert is secured to the underlying
      insert mounting assembly. It will be noted in FIG. 4 that the height of
      the combined insert and the insert mounting assembly is equal to the
      height of the case assembly frame 18.
PAR  A character of tungsten carbide is that as the hardness and wear resistance
      is increased, the brittleness increases and shock resistance is lowered.
      If the tungsten carbide inserts were to be held rigidly to the case
      assembly frame by mechanical or other means, they become very prone to
      chipping and fracture under the conditions prevalent in a ceramic tile
      die. Instead, in accordance with the present invention, the inserts are
      mounted upon the top edges of sections of the insert support assembly 92,
      and these sections are not rigidly mated but instead are capable of slight
      relative movement in response to pressure. This, coupled with the ability
      of the insert support assembly to move relative to the case assembly frame
      imparts to the novel case assembly of this invention the ability to
      effectively absorb shock and to minimize the tensile stress experienced by
      the walls of the die cavity. With tensile stress minimal, the forces on
      the walls of the die cavity are confined to high compressive stress, and
      the excellent compressive and abrasion resistive characteristics of
      tungsten carbine inserts may be effectively employed.
PAR  FIG. 5 provides an illustration of a complete case assembly constructed in
      accordance with the present invention with the tungsten carbide inserts
      assembled within the case assembly frame 18 above the supporting insert
      support assembly 92. For purposes of better illustration, FIG. 5 shows a
      six impression, two row tandem die rather than the single row die formed
      by the assembly of FIG. 2. With the case assembly frame 18 defining a
      dimensionally correct opening as well as providing a mounting support for
      the insert support assembly 92. The individual inserts 122 are positioned
      in such a way that each is responsible for the location of its neighbor.
      Also, since the tongue 124 is formed at only one end of each insert and
      since the pockets 128 and the taper 130 are provided on both the upper and
      lower edges of each insert, the insert becomes adapted for universal use.
      The insert can be used on any die regardless of the number of cavities,
      and when one of the dividing inserts, such as the insert indicated at C in
      FIG. 5, becomes worn or damaged, it need only be turned upside down. By
      drilling and tapping a new hole 132 in the steel plug 127, this worn
      insert C can be reinstalled in the same position. When the outer rim
      inserts, such as those indicated at A and B in FIG. 5, become worn or
      damaged, they can be reused by simply shifting the location of insert A to
      that of insert B and replacing insert A with insert B. When both sides of
      these rim inserts become worn, they can be turned upside down and
      reattached to provide two new wear areas. Thus, four usable wear areas are
      provided with the rim inserts, such as inserts A and B, and two usable
      wear areas are provided with the dividing inserts, such as insert C. In
      the use of these inserts, the open area exposed at all the joints may be
      filled with a silicon liquid cement which is elastic and will not restrict
      any movements of the inserts when strained. This material is easily peeled
      off when changing an insert, but operates effectively to prevent any
      material build-up in the voids between inserts.
PAR  For purposes of description only, a tile die assembly for producing square
      tile has been disclosed. With an assembly of this type, all inserts are of
      equal length. The invention is equally effective with die assemblies for
      rectangular, oblong, hexagon or other shaped tiles. Obviously for these
      die assemblies, the inserts would not all be of equal length but would
      still be interchangeable with inserts of like length.
PAR  It will be noted from a brief review of FIGS. 2 and 4 that the sections
      forming the insert support assembly 92 are not positively connected
      together but are retained in assembled relationship by the case assembly
      support frame 18. Thus the only movement of the combined insert support
      and insert assembly within the case assembly frame 18 which is positively
      prevented is movement in the direction of movement of the upper and lower
      punches. Limited movement of the insert support assembly and the inserts
      in directions perpendicular to punch movement is possible under the
      extreme pressures employed in the pressing of ceramic tile. This limited
      movement is obviously extremely small, but is enough to prevent subjecting
      the inserts to high tensile stresses which would be present if the inserts
      and/or insert support assembly were positively connected to the case
      assembly frame 18.
PAR  Since the inserts 122 constitute the upper or leading edge of the cavity
      into which the male projection or punch of the upper die assembly 28
      extends during the pressing operation, the taper 130 is necessary to
      protect the edges of the insert from chipping. This taper extends
      approximately 1/16th of an inch into the insert at a very slight angle to
      provide more clearance as the male punch enters the die cavity. Since the
      male punch enters more than 1/16th of an inch, the taper does not effect
      the die in any way and does allow for misalignment of the male punch
      without resulting in insert damage. The angle of the taper should conform
      with the maximum angle that the upper die assembly can become misaligned.
PAR  Whenever a hard material is struck or pressed against a carbide edge
      (meaning a corner or a point adjacent to an angle) this edge will tend to
      chip. If the blow or pressure is applied to a surface (as bringing two
      parallel surfaces together) no chipping will occur. In the instance of a
      right-angle corner, there is an extreme with a flat surface and the
      remaining extreme, a right-angle corner, is suppored by a 90.degree.
      adjacent angle. If a 45.degree. angle is formed on the corner, it would
      increase the chipping resistance by having a 135.degree. supporting
      adjacent angle. By increasing the angle, more strength is added to the
      point where the angle meets the side wall. At a four degree angle off the
      side wall, there is created a supporting adjacent angle of 176.degree..
      Now, if the upper punch is within alignment to clear the upper portion of
      the angle but comes in contact with the insert somewhere on the angle, it
      will be forced to bear against the angle intersection point of the side
      wall. Since the edge is well supported, however, it will not chip. If the
      misalignment is sufficient that the punch strikes the top surface of the
      insert, chipping will occur.
PAR  Generally, misalignment of the upper die assembly under pressure will not
      be greater than four degrees, and therefore, with such an upper die
      assembly, the angle of the taper 130 should be 4.degree.. With a four
      degree angle and the taper extending only one sixteenth of an inch within
      the die cavity, only 0.004 inches of additional die clearance is provided
      over normal male punch 28 clearance to die cavity for the male punch to
      enter the die cavity. However, this, coupled with the limited floating
      motion of the insert support assembly within the case frame 18 minimizes
      the tensile stress to which the inserts 122 are subjected, and permits the
      utilization of tungsten carbide inserts.
PAR  In all but the extreme conditions, the upper punch does enter within the
      taper or well within the die clearance. The greatest danger lies after the
      punch is well entered into the insert and the squeeze pressure commences,
      for now the upper punches may be caused to shift sideways when unequal
      fill is present, bearing against the insert. Since the 4.degree. angle is
      well supported, no chipping occurs.
CLMS
STM  We claim:
NUM  1.
PAR  1. A case assembly for defining at least one die cavity for receiving
      material to be compacted by at least one press member which moves into
      said die cavity during a pressure cycle and being operative to minimize
      the tensile stress to which the walls of said die cavity are subjected by
      said press member comprising a die cavity assembly formed to define the
      peripheral walls of said die cavity, a substantially rigid frame means
      surrounding said die cavity assembly, and mounting means to mount said die
      cavity assembly within said frame means to substantially preclude movement
      thereof relative to said frame means in the direction of movement of said
      press member into the die cavity while permitting limited pressure induced
      movement of said die cavity assembly relative to said frame means in
      directions normal to the direction of movement of said press member into
      the die cavity.
NUM  2.
PAR  2. The case assembly of claim 1 wherein said die cavity assembly includes
      an insert support member mounted within said rigid frame means and a
      plurality of inserts mounted upon the peripheral edge surfaces at one end
      of said insert support member, said inserts defining cavity walls for the
      reception of said compacting press member.
NUM  3.
PAR  3. The case assembly of claim 2 wherein said mounting means extends between
      said rigid frame means and said insert support member to mount said insert
      support member to said rigid frame means.
NUM  4.
PAR  4. The case assembly of claim 3 wheerein said rigid frame means includes
      two sidewalls rigidly connected to two end walls to form an open ended
      enclosure, said insert support member including sidewalls and endwalls
      mounted within said open ended enclosure against the sidewalls and
      endwalls of said rigid frame means, said mounting means including a first
      keyway formed in the inner surfaces of the side and endwalls of said rigid
      frame means within said open ended enclosure to extend around the extent
      of said enclosure, a second keyway formed in the outer surfaces of the
      side and endwalls of said insert support member to extend in opposed
      relationship to said first keyway about the outer extent of said insert
      support member, and key members extending into said first and second
      keyways.
NUM  5.
PAR  5. The case assembly of claim 4 wherein the sidewalls and endwalls of said
      insert support member are provided with cooperating projecting tongue and
      groove structures which interlock when said insert support member is
      assembled, said rigid frame means operating to maintain said insert
      support member in assembled condition within the open ended cavity
      thereof.
NUM  6.
PAR  6. The case assembly of claim 5 wherein said inserts mounted upon said
      insert support member are coextensive with said insert member to define
      die cavity walls extending between the open ends of the open ended
      enclosure formed by said rigid frame means, said inserts forming the entry
      walls to said die cavity at one end of said open ended enclosure.
NUM  7.
PAR  7. The case assembly of claim 6 wherein said inserts are formed by bars of
      tungsten carbide, the edges of said inserts defining the open end of said
      die cavity being tapered to increase the entry opening for reception of
      said press member.
NUM  8.
PAR  8. The case assembly of claim 7 wherein said inserts are all of equal
      length.
NUM  9.
PAR  9. The case assembly of claim 1 wherein said rigid frame means includes a
      plurality of elongated wall members rigidly connected to form at least one
      open ended enclosure, said die cavity assembly including an insert support
      member within said open ended enclosure, said insert support member
      including a plurality of wall members interconnected to define at least
      one cavity having at least one open end spaced inwardly from an open end
      of said rigid frame means, and a plurality of elongated inserts mounted on
      the surfaces of said insert support member wall members which define the
      terminal edges of said cavity.
NUM  10.
PAR  10. The case assembly of claim 9 wherein said inserts extend from said
      insert support member to the open end of the enclosure formed by said
      rigid frame means.
NUM  11.
PAR  11. The case assembly of claim 10 wherein said inserts extend along each
      terminal edge of the cavity defined by the wall members of said insert
      support member and are coextensive with said insert support member wall
      members to form substantially uninterrupted cavity walls, said inserts
      defining an open entry end for said die cavity.
NUM  12.
PAR  12. The case assembly of claim 11 wherein said insert support member
      includes a plurality of outer wall members interconnected to define a
      central cavity and a plurality of divider wall members interconnected with
      said outer wall members to divide said central cavity into a plurality of
      cavities of substantially equal size.
NUM  13.
PAR  13. The case assembly of claim 12 wherein each of said plurality of
      cavities is substantially square in cross section, the inserts mounted on
      said insert support member being of substantially equal length and of
      sufficient length to span one wall of one of said plurality of cavities.
NUM  14.
PAR  14. The case assembly of claim 11 wherein at least the edges of said
      inserts bordering the open entry end of said die cavity are tapered to
      increase the area of said die cavity adjacent the open entry end thereof.
NUM  15.
PAR  15. The case assembly of claim 14 wherein the tapered edges of said inserts
      are tapered to an angle substantially equal to the maximum angle to which
      said press member can become misaligned.
NUM  16.
PAR  16. The case assembly of claim 14 wherein each such insert is formed by an
      elongated bar, the longitudinal edges of said bar being tapered.
NUM  17.
PAR  17. An insert for attachment to an insert support in the case assembly of a
      ceramic tile die to form a wall section of the die cavity comprising an
      elongated unitary body having top and bottom walls, sidewalls joining said
      top and bottom walls and mounting means formed in the bottom wall of said
      body to facilitate attachment of said insert to the insert support.
NUM  18.
PAR  18. The insert of claim 17 wherein at least one sidewall is tapered from a
      point adjacent to but below said topwall toward said topwall.
NUM  19.
PAR  19. The insert of claim 17 wherein mounting means to facilitate attachment
      of said insert to the insert support are formed in the topwall and in the
      bottom wall of said body, each of said sidewalls being tapered from a
      point adjacent the juncture thereof with said top and bottom walls
      inwardly toward said top and bottom walls to form tapered longitudinal
      edges for said insert body.
NUM  20.
PAR  20. The insert of claim 19 wherein said body is formed of tungsten carbide.
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ABST
PAL  Cooperating guide means are provided on a vibratory mold and a cover plate
      reciprocable into and out of the open top of the mold. The guide means are
      arranged to guide the cover plate during its vertical stroke just before
      it enters into the mold and to prevent any but vertical movements between
      the mold and the cover plate when the cover plate is within the mold. The
      operative length of the guide means is less than the length of the
      vertical stroke.
BSUM
PAR  The present invention relates to improvements in a molding apparatus
      comprising a vibratory mold having an open top and a cover plate
      reciprocable through a vertical stroke into and out of the open top of the
      mold.
PAR  In molding apparatus of this type which is useful, for instance, for the
      manufacture of carbon anodes used in the electrolytic production of
      aluminum, the mold is filled with the desired particulate material through
      the open top and the cover plate is then introduced into the mold through
      the top to press against the material while the mold is vibrated.
PAR  It is the primary object of this invention to provide an apparatus of this
      type which is of simple construction and which permits the length of the
      molding cycle to be reduced.
PAR  The above and other objects and advantages are accomplished in accordance
      with the invention by cooperating guide means on the mold and the cover
      plate. The guide means are arranged to guide the cover plate during the
      vertical stroke just before it enters into the mold and to prevent any but
      vertical movements between the mold and the cover plate when the cover
      plate is within the mold. The operative length of the guide means is less
      than the length of the vertical stroke of the cover plate.
DRWD
PAR  The present invention will become more apparent from the following detailed
      description of a now preferred embodiment thereof, taken in conjunction
      with the accompanying drawing wherein.
PAR  FIG. 1 is a side elevational view of a molding apparatus according to this
      invention; and
PAR  FIG. 2 is a side elevational view of the apparatus viewed at 90.degree.
      from the view of FIG. 1, partly in section.
DETD
PAR  Referring now to the drawing, the illustrated molding apparatus is shown to
      comprise a mold of rectangular cross section two of whose side walls are
      constituted by vertical panels 12, 14 rigidly affixed to a vibratory
      support 16 and braced at their upper ends. The two other side walls of the
      mold are constituted by doors or gates 18, 20 whose edge slide in vertical
      guideways at the adjacent edges of panels 12, 14. The doors are opened and
      closed by hydraulic jacks 22 mounted on fixed frame 24. As shown, the jack
      cylinders are carried by the frame while the piston rods of the jacks are
      linked with some play to flanges 26 affixed to, or integral with, the
      doors whereby the transmission of the vibrations of the mold to the jacks
      is avoided.
PAR  To enable the molded product to be removed from the mold, with the doors 18
      and 20 open, a thrust or pushing device is disposed adjacent the mold.
      This device is constituted in the illustrated embodiment by vertical plate
      27 affixed to the piston rod of a horizontal hydraulic jack 28 mounted on
      a stationary support (not shown) in front of door 20. After the molding
      operation is completed, the mold doors are opened and the jack is operated
      to push the molded product out of the mold onto roller conveyor 30 mounted
      adjacent door 18 on the level of the mold bottom. The conveyor then moves
      the molded product away from the mold. Obviously, other transport means
      for the molded product may be used.
PAR  Two rotary shafts 42 carrying unbalanced weights 43 are mounted in the
      vibratory support 16 and are rotated by motor 44 to impart vibrations to
      the support. The support rests on two rows of springs or rubber blocks 46.
PAR  A heavy cover plate 48 is rigidly affixed to beam 50 which, in turn, is
      mounted on hydraulic jack 54 hanging on frame 51 so that the cover plate
      may be reciprocated through a vertical stroke into and out of the open top
      of the mold.
PAR  Beam 50 is mounted on lifting jack 54 by means of a universal joint
      connecting the lower end of rod 56 to the beam, the universal joint
      comprising joint part 58 mounted on the lower rod end and mounted with
      play in a recess 59 in the cover plate beam 50. The joint part 58 has a
      spherical surface cooperating with a like spherical surface of the recess,
      as clearly shown in FIG. 2. The upper end of rod 56 may be linked to the
      piston rod of lifting jack 54, or the rod 56 may constitute the piston
      rod. Fixed frame 51 supports the lifting jack which is mounted thereon by
      means of cardan joint 55. The universal joints between the cover plate
      mounting and the lifting jack and between the lifting jack and its support
      permit the cover plate to be freely oriented and prevent the vibrations to
      which it is submitted during the molding operation to be transmitted to
      the lifting jack.
PAR  According to the present invention, cooperating guide means are provided on
      the mold and the cover plate. The guide means are so arranged that the
      cover plate is guided during the vertical stroke just before it enters the
      mold to facilitate its movement thereinto and any but vertical movements
      are prevented between the mold and the cover plate when the cover plate is
      within the mold. The operative length of the guide means is less than the
      length of the vertical stroke.
PAR  The illustrated guide means comprises vertical guide rods 60 rigidly fixed
      to, and extending from, the cover plate beam 50 and cooperating with
      bushings 62 carried by frame 64 rigidly affixed to the upper edges of mold
      side wall panels 12 and 14. Obviously, this arrangement could be reversed,
      i.e. the guide rods may be affixed to the mold and the bushings to the
      cover plate.
PAR  The length of the guide rods is so selected that the guide rods enter into
      the bushings, i.e. guide the vertical movement of the cover plate, just
      before the cover plate 48 enters into the mold through the open top
      thereof. When the cover plate is outside the mold, its vertical movement
      is guided by guideways 66, 66 affixed to a support frame.
PAR  Hopper 68 is mounted on rollers on horizontal rails 67 mounted on support
      frame 24 and has an openable bottom for feeding molding material through
      the open top of the mold. A hydraulic jack (not shown) is arranged to move
      the hopper into and out of vertical alignment with the mold to facilitate
      the delivery of molding material thereto and remove the hopper after the
      mold has been filled and during the molding cycle when the cover plate is
      lowered into the mold.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A molding apparatus comprising
PA1  1. a vibratory mold having an open top,
PA1  2. a beam,
PA1  3. a cover plate rigidly affixed to the beam and reciprocable through a
      vertical stroke into and out of the open top of the mold,
PA1  4. a frame affixed to the mold, and
PA1  5. cooperating guide means on the mold and the cover plate, the guide means
      being arranged to guide the cover plate during the vertical stroke just
      before it enters into the mold and to prevent any but vertical movements
      between the mold and the cover plate when the cover plate is within the
      mold, the guide means comprising
PA2  a. vertical guide rods carried by the beam and having an operative length
      less than the length of the vertical stroke of the cover plate, and
PA2  b. vertical bushings cooperating with the guide rods, the vertical bushings
      being mounted on the frame and the length of the bushings being such that
      the guide rods enter into the bushings just before the cover plate enters
      into the mold.
NUM  2.
PAR  2. A molding apparatus comprising
PA1  1. a vibratory mold having an open top,
PA1  2. a cover plate reciprocable through a vertical stroke into and out of the
      open top of the mold,
PA1  3. cooperating guide means on the mold and the cover plate, the guide means
      being arranged to guide the cover plate during the vertical stroke just
      before it enters into the mold and to prevent any but vertical movements
      between the mold and the cover plate when the cover plate is within the
      mold, the operative length of the guide means being less than the length
      of the vertical stroke,
PA1  4. a lifting means for the cover plate,
PA1  5. a fixed support for the lifting means, and
PA1  6. universal joints respectively mounting the cover plate on the lifting
      means and the lifting means on the support.
NUM  3.
PAR  3. The molding apparatus of claim 2 further comprising a beam rigidly
      carrying the cover plate, the universal joint between the lifting means
      and the cover plate comprising a joint part connected to the lifting means
      and mounted with play in a recess in the cover plate beam, the joint part
      having a spherical surface cooperating with a spherical surface of the
      recess.
NUM  4.
PAR  4. The molding apparatus of claim 2, further comprising fixed guide members
      for guiding the cover plate only during the upper part of its vertical
      stroke.
NUM  5.
PAR  5. The molding apparatus of claim 2, further comprising a beam, the cover
      plate being rigidly affixed to the beam, and a frame affixed to the mold,
      and the cooperating guide means comprises vertical guide rods carried by
      the beam and having an operative length less than the length of the
      vertical stroke of the cover plate, and vertical bushings cooperating with
      the guide rods, the vertical bushings being mounted on the frame, and the
      bushings being so disposed that the guide rods enter into the bushings
      just before the cover plate enters into the mold.
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ABST
PAL  A device for moulding "green" blocks or electrodes for the manufacture of
      anode and cathode carbons for the smelting industries, with particular
      reference to the electrolytic smelting of aluminium, utilizing a vibratory
      or shaking motion, in which the paste which is to form the blocks or
      electrodes is filled into a mould. The mould comprises a plane, horizontal
      base or table, vertical walls or sides of which at least one is removable
      to facilitate the ejection or discharging of the finished block, and a
      pressure weight slidable in vertical guides, the downward-facing surface
      of which weight covering essentially the whole of the cross section of the
      mould. On the weight, and only on the weight, there is disposed at least
      one vibration generator. The base of the mould is stationary, and the
      walls or sides of the mould are so arranged as to be firmly fixed to the
      base during the moulding process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the electro-smelting industry, with particular reference to the
      electrolytic smelting of aluminium, the production of anodes and cathodes
      often accounts for a large part of the operations and of the production
      cost of the final metal yield. An important process in the manufacture of
      anode and cathode carbons for such industries is the moulding of the
      socalled green blocks or electrodes which, after further processing --
      particularly baking --, become the various types of anode carbons and
      cathode carbons required.
PAR  The paste compound which is used for producing anode and cathode carbons of
      this type usually consists, when required for the aluminium smelting
      industry, of pitch and petroleum coke as the main components, and this
      paste is tamped or compressed in a mould in order to produce the green
      electrodes which are subsequently subjected to a baking process.
PAR  A vibratory or shaking motion has for a long time been used for compacting
      the ingredients constituting the paste in a mould for forming the green
      electrodes. The equipment used for this vibrating process performs a key
      operation in the procedure for producing anode and cathode carbons. A
      number of strict demands are made of this vibratory equipment, which can
      be summarized as follows:
PA0  1. It must produce green electrodes of good quality for the subsequent
      baking operation, and for use in the smelting or electrolytic reduction
      process, i.e. blocks of high density.
PA0  2. The equipment must be operationally reliable and as little prone as
      possible to faults or damage resulting from wear or other stresses.
PA0  3. The costs of procuring, installing and operating the equipment must be
      as low as possible.
PA0  4. Noise and vibration from the vibratory equipment to the surroundings
      must be reduced to the lowest possible level, so as to give an acceptable
      work environment, and also because of wear and other stresses on the
      equipment.
PAR  The type of equipment under discussion here has, for a number of years,
      been the object of a great many major and minor improvements and, almost
      up to the time of writing, numerous proposals for new ways of improving
      the process and the equipment used have been put forward. The technique
      which is standard usage to-day is thus the result of a long development,
      originating from the manual operation of pneumatic tamping (ramming) tools
      for compacting the paste in a mould. Using the manual method it was often
      found necessary to ram the paste into the mould, layer upon layer, in
      order to achieve the desired density throughout the entire body of the
      resultant block.
PAR  On account of the difficulty of obtaining adequate compaction throughout
      the whole of the block by ramming manually from above, it was considered
      necessary, on changing over to mechanized equipment, to make use of a
      shaking table, i.e. a vibrating base in the mould. All known equipment of
      this type has been based on vibration from below, and usually vibration of
      the bottom of the mould, or the mould table, and also of the vertical
      mould walls or sides.
PAR  One of the main reasons why experts in this field have assumed the
      vibration of the base or the table to be an unavoidable necessity in this
      connection, is probably that previous experience had shown that only the
      upper part of the paste was sufficiently compacted when worked from on top
      with manually manipulated tamping or ramming device.
PAR  As examples of the present state of the art, reference may be made to
      German Patent No. 1,758,297.4, which relates to complicated devices for
      the application of a vacuum in the vibrating or shaking process. French
      Patent No. 2,033,909 discloses a large number of different proposals
      aimed, inter alia, at furnishing equipment less liable to damage, fatigue
      failure and wear. In addition to the use of a vibratory table as base, it
      is also proposed to vibrate a cover plate over the paste which is to be
      compacted. The mould walls are supported independently of the vibratory
      table, and also independently of the cover plate. The device is thus of
      very complicated design, and comprises a large number of parts, with the
      result that it is difficult to achieve the stated objective because the
      larger the number of parts, the greater the likelihood of damage and
      faults occurring. Another significant problem is that the oscillatory
      system becomes very complicated and intricate.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, in consideration of the above, refers to a device of
      the type in which the paste which is to form the green electrode is filled
      into a mould comprising a plane, horizontal base or table, vertical walls
      or sides of which at least one is removable for discharging the finished
      electrodes, and a press-weight, movable in a vertical guiding device, the
      downward-facing surface of which essentially covers the entire cross
      section of the mould.
PAR  Contrary to the principles on which the conventional technique described
      above is based, it has, surprisingly, in connection with the present
      invention, been found that a fully satisfactory compacting effect is
      achieved by there being disposed one or more vibration generators on the
      cover or pressure weight only, by the base being stationary, and by the
      walls of the mould being so arranged that they are firmly fixed to the
      base during the forming process. This solution, which is completely
      contrary to all theories on which experts hitherto have based their work,
      brings a number of advantages when manufacturing green blocks for the
      production of anode and cathode carbons for the smelting industries, with
      particular reference to the electrolytic smelting of aluminium. A
      significant advantage is that the oscillatory system becomes substantially
      simplified and thus less intricate, so it is easier to make adjustments to
      suit varying operating parameters, particulary variations in the paste
      compound to be compacted. Further, the construction is of simpler design,
      making the device much cheaper to procure and install. Last but not least,
      it must also be pointed out that the noise generated by equipment based on
      this new solution can be reduced to a level lower than that usual hitherto
      in such equipment. An improvement of this aspect is of significant
      importance, as the working environment around such plants is at times very
      exposed. The reduction of noise and vibration, coupled with the simpler
      design and construction, further results in equipment suffering less wear
      and requiring less maintenance. This, understandably, is due to the fact
      that the number of vibrating parts is smaller.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will, in the following, be explained in more detail
      with reference to the attached drawing which, purely in diagram form and
      greatly simplified, depicts a device according to the invention intended
      for the moulding of green electrodes for producing anodes for use in the
      industrial electrolytic smelting of aluminium.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The device in the drawing consists of a mould 1 comprising a base 2 and
      mould walls or sides 3 and 4 which are firmly fixed to the base 2 by means
      of fixing members 11 and 12. To facilitate the removal of the green
      electrodes 10 when they are finished, at least one of the mould walls is
      made removable in that the appertaining fixing member(s) can be loosened.
PAR  A cover or pressure weight 5, in similarity with conventional embodiments,
      is arranged to enter the mould 1 from above in such a manner that the
      downward-facing surface 6 of the weight 5 essentially fills the whole of
      the cross section of the mould between the vertical walls 3 and 4. For
      vertically guiding the weight 5 there are disposed, also in accordance
      with the conventional technique, guides 7 and 8 which operate in
      conjunction with guide members 13 and 14 on weight 5.
PAR  On weight 5 there are disposed two vibration generators 9a and 9b which
      provide the requisite vibratory or shaking movement of the device. These
      vibration generators may be of per se known and conventional type. The net
      mass forces of these vibration generators cancel each other out in the
      horizontal plane thus producing net components solely in the vertical
      direction. If required, a number of such vibration generators can be
      mounted on weight 5. In addition to impressing vibrations on the weight,
      the latter can, also in known manner, be subjected to a constant pressure
      force, for example by means of a hydraulic ram 16. In such an event, a
      lighter weight can be used.
PAR  The stationary base 2 with its appertaining walls 3 and 4 is, in practice,
      expediently placed on a solid foundation 15 which may, for example,
      consist of a large concrete block resting on vibration dampers, for
      example rubber blocks 17.
PAR  The embodiment illustrated here in outline can, of course be modified in
      various ways within the scope of this invention. Thus, for example, the
      mould, instead of consisting of four separate walls, could be round, i.e.
      have a circular mould wall; the cross section of the cover weight being of
      corresponding shape. Further, a separate ejector plate could be fitted
      over the base 2 to facilitate the removal from the mould of the finished
      green electrode.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for molding green blocks or electrodes for the manufacture of
      anode and cathode carbons for smelting industries, particularly for the
      electrolytic smelting of aluminum, said device comprising:
PA1  a mold including a stationary, plane, horizontal base, and vertical walls
      firmly fixed to said base and extending upwardly therefrom, thereby
      providing a chamber for the receipt of paste to be formed into a block, at
      least one of said vertical walls being removable from said base to
      facilitate the discharge of a finished block from said mold;
PA1  a pressure weight slidably mounted for vertical movement into said chamber,
      said weight having a lower downwardly facing surface of a configuration to
      cover substantially the entire horizontal cross-sectional area of said
      chamber; and
PA1  vibration generator means mounted only on said weight for imparting thereto
      vibratory motion for compacting paste positioned in said chamber.
NUM  2.
PAR  2. A device as claimed in claim 1, including four of said vertical walls
      forming a chamber of rectangular horizontal cross-section.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein said vertical walls form a
      chamber of circular horizontal cross-section.
NUM  4.
PAR  4. A device as claimed in claim 1, further comprising vertical guide means
      for guiding vertical movement of said weight.
NUM  5.
PAR  5. A device as claimed in claim 1, further comprising constant pressure
      means for applying a constant downward force to said weight.
NUM  6.
PAR  6. A device as claimed in claim 1, wherein said vibration generator means
      comprises a plurality of vibration generators mounted on the top of said
      weight.
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PAL  A corner finishing tool for applying mastic material along a wall joint
      comprising an angular retainer plate having a pair of integral sides
      resiliently joined at a corner, a pair of L-shaped rigid frame members
      secured thereto, one side and frame member being resiliently movable
      relative to the other side and frame member while together defining a
      cavity reservoir for mastic material, and a wheel having substantially
      conical side surfaces that converge to a center rim. The corner finishing
      tool also provides means for setting the L-shaped rigid frame members to a
      preset position under an adjustable resilient biasing force.
BSUM
PAR  This application relates to corner finishing tools for applying mastic
      material along a wall joint. Tools of this general kind are presently
      known, and the invention described herein is believed to be an improvement
      thereon.
PAR  One principal object of the present invention is to provide a corner
      finishing tool having superior action and ease of movement along a wall
      joint.
PAR  Another object of the invention is to provide a corner finishing tool
      having features that enhance its manufacture and increase the accuracy of
      applying mastic material under a range of conditions.
PAR  Other objects and advantages of this invention will become apparent in view
      of the following detailed description.
DRWD
PAR  In the drawings forming a part of this application and in which like parts
      are identified by like reference numerals throughout the same:
PAR  FIG. 1 is a perspective view of a preferred embodiment of the invention in
      a corner finishing tool;
PAR  FIG. 2 is a top plan view of the finishing tool;
PAR  FIG. 3 is a vertical section taken on the lines 3--3 of FIG. 2;
PAR  FIG. 4 is a vertical section taken on the lines 4--4 of FIG. 2; FIG. 5 is a
      front elevation of the tool;
PAR  FIG. 6 is a rear elevation of the tool; and
PAR  FIG. 7 is a bottom plan view of the tool.
DETD
PAR  Referring to FIG. 1 in particular, finishing tool 10 essentially comprises
      a container means for mastic material defining a cavity that is open in
      two convergent and substantially perpendicular planes and having surfaces
      that converge peripherally of the cavity for doctoring mastic material
      that flows thereunder. In that regard, tool 10 is not unlike the prior
      art. Notwithstanding, however, and unlike other corner finishing tools
      known to applicants, tool 10 embodies novel features of construction
      including a wheel 11 formed with substantially conical side surfaces 11a
      and 11b that converge to a center rim. The included angle between two
      generating elements of the conical side surfaces is approximately
      90.degree., as best shown in FIGS. 2, 5 and 6; and this shape is important
      in locating the tool cavity and maintaining the cavity in precise
      relationship to a wall joint. In addition, the wheel facilitates movement
      of the tool along a wall joint.
PAR  Tool 10 possesses other structural features which enhance its operation.
      More particularly, the tool comprises an angular retainer plate 15 made of
      resilient material, such as spring steel, and having a pair of integral
      sides 15a and 15b resiliently joined at a corner 15c. A pair of ears 15d
      and 15e, also integrally formed on plate 15, serve as a support for wheel
      11. Plate 15 further includes a pair of upper flanges 15f and 15g which
      partially define the cavity for retaining mastic.
PAR  A socket bracket 16 is mounted to plate 15 for connecting tool 10 to a
      mastic dispenser having a ball terminal, the construction of which are
      well known in this art. Details of the socket bracket 16 are also
      generally known, including the spring retainer clip 17 that holds tool 10
      on the ball terminal of the dispenser. Socket 16 is secured to retainer
      plate 15 by means of a screw 18 and angle nut 18a.
PAR  A pair of L-shaped rigid frame members 19 and 20 are mounted to the lower
      and side edges of retainer plate 15 with machine screws 21. The lower and
      side legs of each frame member is slotted to receive a pair of doctor
      blades 22 and 23. The pair of doctor blades 22 come together near the
      corner 15c, while doctor blades 23 extend upward from the ends of blades
      22, thereby framing the cavity.
PAR  It is to be noted that doctor blades 22 and 23 are mounted in the slots of
      L-shaped frame members 19 and 20 with great precision. In that regard, it
      is customary to mount blades 23 to produce a "feathering" action during
      the application of mastic material. More particularly, and referring to
      FIG. 4, blades 23 are set in vertical slots of members 19 and 20 with the
      upper ends slightly spaced from planes that are defined by doctor blades
      22 and the contact surfaces 11a and 11b of wheel 11. The lower ends of
      blades 23, however, are in surface alignment with doctor blades 22. This
      structural relationship is important in obtaining an even application of
      mastic material along a wall joint.
PAR  Tool 10 further provides means for setting the L-shaped frame members 19
      and 20 to a preset angular position under an adjustable resilient biasing
      force. For this purpose a link member 24, formed with slotted openings at
      both ends, interconnects a pair of posts 25 mounted to frame members 19
      and 20; and, in the preferred construction, plate 15 is given an
      angularity in an unstressed condition that, when assembled to the frame
      members and with link 24 in place, the plate will be under a resilient
      stress, the slotted ends of the link contacting post 25 and holding the
      frame members in their preset position. The preferred preset position
      places doctor blades 22 at an angle of approximately 95.degree.. Of
      course, this position changes when the tool is held under pressure in a
      corner of 90.degree.. At such time, plate 15 will flex at its corner 15c,
      thereby accommodating the precise angularity of the wall joint.
PAR  Although the resiliency of plate 15 may be sufficient in its manufacture,
      repeated use of the tool may reduce that resiliency or its responsiveness.
      Accordingly, additional means may be provided to return the frame members
      19 and 20 to the preset position. For this purpose, an auxiliary spring 26
      is provided, as best shown in FIG. 7. Spring 26 engages a lip 24a formed
      on the link, and opposite ends of the spring are secured in slotted
      brackets 27, one bracket being mounted on each frame member 19 and 20. The
      tension of spring 26 is adjusted by selectively locating the ends of the
      spring in one of three slots formed in each bracket 27.
PAR  Although a preferred embodiment of this invention has been illustrated and
      described, various modifications and changes may be resorted to without
      departing from the spirit of the invention or the scope of the appended
      claims, and each of such modifications and changes is contemplated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A corner finishing tool for applying mastic material along a wall joint
      comprising container means defining a cavity that is open in two
      convergent and substantially perpendicular planes and having surfaces in
      each of said planes that converge peripherally of said cavity for
      doctoring mastic material that flows thereunder; and a wheel having
      substantially conical side surfaces that converge to a center rim, said
      wheel being rotatably mounted from said container means to contact the
      walls of a wall joint with the conical side surfaces and position the
      cavity relative thereto.
NUM  2.
PAR  2. The corner finishing tool of claim 1, the included angle between two
      generating elements of the conical side surfaces being approximately
      90.degree..
NUM  3.
PAR  3. The corner finishing tool of claim 1, said container means comprising an
      angular retainer plate having a pair of integral sides resiliently joined
      at a corner; a pair of L-shaped rigid frame members secured to said pair
      of integral sides, respectively, one side and frame member being
      resiliently movable relative to the other side and frame member while
      together defining a cavity reservoir for mastic material.
NUM  4.
PAR  4. The corner finishing tool of claim 3, and further comprising a pair of
      convergent doctor blades, one doctor blade being mounted in each frame
      member, said pair of convergent doctor blades coming together proximate
      the corner of said retainer plate.
NUM  5.
PAR  5. The corner finishing tool of claim 3, and further comprising link means
      connecting said frame members, said link means allowing said angular
      retainer plate to be resiliently flexed at the corner in a direction that
      lessens the included angle between the integral sides but limits movement
      in an opposite direction to a preset angle.
NUM  6.
PAR  6. The corner finishing tool of claim 5 and further comprising means for
      adjusting the resilient force biasing said pair of integral sides and
      retainer members to the preset angle determined by said link means.
NUM  7.
PAR  7. The corner finishing tool of claim 3, said retaining plate having a pair
      of integrally formed parallel ears for mounting said wheel, said ears
      extending from the pair of integral sides, respectively.
NUM  8.
PAR  8. A corner finishing tool for applying mastic material along a wall joint
      comprising: container means defining a cavity that is open in two
      convergent and substantially perpendicular planes and having surfaces in
      each of said planes that converge peripherally of said cavity for
      doctoring mastic material that flows thereunder, said container means
      comprising an angular retainer plate having a pair of integral sides
      resiliently joined at a corner; a pair of L-shaped rigid frame members
      secured to said pair of integral sides, respectively, one side and frame
      member being resiliently movable relative to the other side and frame
      member while together defining a cavity reservoir for mastic material; and
      a pair of convergent doctor blades supported in one leg of each frame
      member and coming together proximate the corner of said retainer plate.
NUM  9.
PAR  9. The corner finishing tool of claim 8 and further comprising a pair of
      brackets mounted to said frame member respectively, each bracket having
      slots; a spring member selectively engageable with the slots of said
      brackets to allow an adjustment in spring tension; and link means
      connecting said frame members, said link means allowing said angular
      retainer plate to be resiliently flexed at the corner in a direction that
      lessens the included angle between the integral sides but limits movement
      in the opposite direction to a preset angle.
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ABST
PAL  A pipehead for an extruder includes a die body and a die pin having a
      central bore, a plurality of radial ports, and a corresponding plurality
      of helical grooves with a region of decreasing depth. The helical grooves
      are located at the blind end of an annular channel having a constricted
      area and terminating in a die opening. The channel is defined by the die
      body and the die pin. A breaker plate having a multiplicity of openings
      may be provided downstream of the grooves to generate a multiplicity of
      filament-like streams that are subsequently recombined as they pass
      through the constriction of the annular channel. The diameter of the
      annular channel generally decreases axially along the head. The pipehead
      is provided with internal and external heating means for temperature
      control.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to heads for extruders. More particularly,
      this invention is concerned with a head for extruding hollow thick-walled
      cylindrical articles of indefinite length from plasticized synthetic
      resinous materials.
PAR  During the extrusion of hollow cylindrical articles of indefinite length,
      such as pipe, weld lines frequently occur in the finished article. Such
      weld lines are not indications of welding in the classical sense of the
      word, but result from the flow of plasticized polymeric material around
      streamline bodies in conventional spider pipeheads. The streamline bodies
      radially cut the material flow and have a tendency to align polymeric
      chains in the direction of material flow. As the flow recombines
      downstream of each streamline body, adhesion must be obtained between
      radially aligned surfaces.
PAR  Many polymeric materials do not readily adhere and recombine after having
      been cut. This property in combination with partially aligned polymeric
      chains results in non-isotropic structural properties of a finished
      article in addition to visual imperfections in the surface thereof.
PAR  Many other polymeric materials do readily adhere and recombine after being
      cut. However, for these materials the weld lines are actually visual
      imperfections in the finished article and, in many applications, it is
      highly desirable to avoid and eliminate the presence of such visual
      imperfections.
PAR  Another problem, frequently encountered in the extrusion of large diameter
      pipe, concerns the physical mass and weight of the pipehead assembly.
      Conventionally, spider designs are used for extrusion of large diameter
      pipes. As a result of high extrusion pressures in the plasticized material
      and the large surface areas internally of the pipehead, substantial forces
      are acting to separate parts of the pipehead. These forces necessitate
      large and heavy parts to withstand the fluid pressure developed during the
      extrusion process.
PAR  In the past it has been proposed to design a pipehead so as to overcome the
      problems usually associated with the conventional spider designs. One such
      pipehead, illustrated by U.S. Pat. No. 3,270,371 to Schiedrum et al.,
      includes a confined helical channel of constant cross-sectional area that
      spirals radially outwardly to an annular distributing channel from which a
      pipe is extruded. However, this proposal is believed to be of limited
      practical utility as far as commercial operations are concerned.
PAR  In commercial applications, tolerance to variations in throughput rate, the
      particular polymeric material used and melt temperature is necessary,
      since pipes of different materials are often extruded with the same
      pipehead. Also, in most commercial applications, it is desirable and
      frequently a practical necessity to have a finished product with isotropic
      structural properties. Moreover, since polymeric materials exhibit poor
      pressure transmitting features, pipeheads which supply a plenum by a
      single channel frequently exhibit a poor circumferential pressure
      distribution at the extrusion orifice.
PAR  The general problem of transforming a solid cylindrical flow of plastic
      material into a uniform annular flow has also been the subject of various
      proposals in the field of blowing plastic films. See, for example, U.S.
      Pat. No. 3,689,192 to Upmeier, where a horizontal stream entering the
      periphery of a vertically oriented blowhead is split into circumferential
      streams which enter helical channels with decreasing depth. Aside from the
      basic unsuitability of the vertical blowhead devices for use in the
      extrusion of pipe, this construction is believed incapable of
      accommodating the variables necessarily incident to practical pipe making
      operations.
PAR  Where material may flow from an upstream portion of one channel over a
      downstream portion of another channel, a radially laminated wall
      construction occurs which may be free from weld lines. However, if the
      throughput rate, temperature or polymeric material, varies, the helical
      channel empty earlier or later thereby developing a weld line which
      corresponds to the end of the channel. Moreover, where material discharged
      from a few channels is promptly discharged from an extrusion orifice, a
      pressure maldistribution is likely to occur.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is, therefore, a general object of this invention to provide a novel
      pipehead for thick-walled articles which alleviates problems of the type
      previously noted.
PAR  In a preferred embodiment of the present invention, the pipehead includes a
      die pin means having a central bore for receiving a flow of plasticized
      material from suitable plasticizing and pressurizing apparatus and
      furcating means, for separating the flow into a plurality of streams and
      directing the streams radially outwardly. By providing the furcating means
      internally of the die pin means, pressure forces from the material are
      reacted directly by the die pin means thereby eliminating the need for
      fasteners capable of reacting large forces and permitting the die pin
      means to be lighter and to be fabricated from cheaper materials than
      heretofore practical.
PAR  A die body means is coaxially positioned with respect to the die pin means
      such that a blind annular channel is defined therebetween. The channel
      terminates in a die opening and includes a constricted annular area. At
      the blind end of the channel, flow laminating means is provided to
      recombine the streams of plasticized material into a laminated flow having
      generally annular strata or laminae.
PAR  In this manner, the streams are recombined such that large surface areas
      contact one another to enhance adhesion therebetween. As the annular flow
      moves through the annular channel toward the die opening, the constricted
      annular area exerts shearing forces on the flow and squeezes the laminae
      together to ensure radial adhesion and thereby substantially improve
      structural isotropy. The constricted area is effective to control back
      pressure on the flow laminating means and the plasticizing apparatus and
      to control potential high temperature problems which might cause polymer
      discoloration.
PAR  The die pin means preferably includes a substantially empty internal cavity
      for improving the transient thermal response thereof. Moreover, by
      providing internal heating means for the die pin means and external
      heating means for the die body means, effective temperature control of the
      plasticized material passing through the pipehead is possible.
PAR  In another preferred embodiment of the present invention, the pipehead is
      provided with breaker means across the annular channel between the flow
      laminating means and the constricted area for splitting the annular flow
      of material into a multiplicity of filaments which recombine and pass
      through the constricted area. The breaker means is particularly suitable
      for use with polymeric materials which readily recombine.
PAR  When variations in material throughput rate, temperature or rheological
      composition occur, there is sometimes a possibility that weld lines may
      result from the flow lamination means. By using the breaker means, the
      recombination of the multiplicity of filaments downstream of the flow
      laminating means is effective to substantially eliminate those weld lines
      as visual imperfections.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      to those skilled in the art when the appended claims are read in
      connection with the detailed description of preferred embodiments and the
      accompanying drawings wherein:
PAR  FIG. 1 is an elevational view in longitudinal cross-section of a spiral
      design pipehead according to one preferred embodiment of the invention;
PAR  FIG. 2 is a transverse cross-sectional view taken along line 2--2 of FIG.
      1;
PAR  FIG. 3 is an elevational view of one embodiment of the die pin of FIG. 1;
PAR  FIG. 4 is an elevational view of another embodiment of the die pin of FIG.
      1;
PAR  FIG. 5 is a partial view which illustrates the hole configuration of the
      breaker plate of FIG. 1; and
PAR  FIG. 6 is an elevational view in longitudinal cross-section of another
      embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Depicted in FIG. 1 is a spiral design pipehead according to a preferred
      embodiment of the invention. The pipehead includes a generally cylindrical
      tubular adaptor 10 having an annular projection 12 extending axially from
      one end and a radially outwardly extending connecting plate 14 suitably
      connected to one end. The adaptor 10 is provided with a generally
      cylindrical bore 18 which may include a countersunk portion 20 in the one
      end. If desired, the adaptor 10 may include a suitable band heater wrapped
      circumferentially around the cylindrical surface thereof.
PAR  The adaptor 10 may be suitably connected to the outlet end of a rotary
      screw extruder (not shown) which supplies plasticized synthetic resinous
      material to the pipehead. The bore 18 is preferably sized to receive a
      flow of plasticized synthetic resinous material directly from the extruder
      outlet.
PAR  Suitable fastening means, such as bolts 17, may be used to connect the
      connecting plate 14 to a first end of a die pin member 24 of die pin means
      23 such that the projection 12 is received by a counterbore 33 to
      coaxially position the adaptor 10 relative to the die pin member 24. The
      die pin member 24 includes a generally radially extending flange 26 at the
      first end, a surface 28 and an axially projecting mandrel 30 at the second
      end. The first end of the die pin member 24 is provided with a coaxial
      cylindrical bore 32 which has a blind end and a diameter approximately
      equal to the opening of the countersunk portion 20. A flow diverting
      member 34 having a conical end, a generally cylindrical side and a
      frustoconical base, may be disposed in the coaxial bore 32 to assist in
      turning plasticized material received from the plasticizing apparatus. As
      illustrated in FIG. 1, the apex 36 of the conical end of the member 34 may
      project beyond the countersunk portion 20 and into the bore 18 of the
      adaptor 10. In this configuration, the flow diverting member 34 may also
      be used to define a restricted area in an annular channel 38 between the
      countersunk portion 20 the bore 32 and the member 34.
PAR  With continued reference to FIG. 1, the cylindrical bore 32 communicates
      with a plurality of generally radial ports 40 provided in the die pin
      member 24 which comprise a furcating means. Each radial port 40 may be
      gun-drilled, for example, from the surface 28 at a position near the
      generally radial flange 26 until the port intersects the coaxial bore 32.
      By referring to FIG. 2, one may readily observe ports 40 in a plane
      perpendicular to the axis of the bore 32 and the die pin member 24. While
      FIG. 2 illustrates only four radial ports for the sake of clarity, the
      number of radial ports 40 will generally be at least six and commonly may
      be eight, sixteen, twenty-four or more. The diameter of the radial ports
      40 is preferably sufficient for the ports 40 to accommodate the flow of
      plasticized material supplied by the plasticizing apparatus.
PAR  The external surface 28 (see FIG. 1) of the die pin member 24 may include a
      generally cylindrical surface portion 42 and a generally frustoconical
      surface portion 44. The generally cylindrical surface portion 42 is
      provided with flow laminating means comprising a plurality of spiral or
      helical grooves 46 (see FIGS. 3 and 4). A spiral groove or channel
      corresponds to each of the plurality of radial ports 40 and includes a
      deep end 48 in communication with the end of the corresponding radial port
      40 at the cylindrical portion 42 of the surface. Each spiral groove 46 has
      an arcuate region 50 in which channel depth decreases. The grooves 46
      illustrated in FIG. 3 have a configuration in which the depth of each
      groove 46 uniformly decreases from the port 40 to the downstream end of
      the groove 46.
PAR  The spiral grooves 46 illustrated in FIG. 3 extend through an angle of
      approximately 180.degree. measured from the axis of the die pin member 24
      in a plane generally perpendicular to the axis. Depending on the base
      polymer used, the grooves 46 might be shorter and subtend a smaller angle
      such as 90.degree. or may be longer and subtend a greater angle such as
      360.degree..
PAR  Alternatively, each groove 46 may be fabricated with a substantial region
      of constant depth which communicates with the corresponding radial port
      40. The region 50a of decreasing depth as shown in FIG. 4, may then
      comprise the last 45.degree. of the groove by withdrawing the milling
      cutter when that portion of the groove 46 is reached. A groove having a
      region of constant depth is preferable in terms of manufacturing economy.
PAR  Returning to FIG. 1 the die pin member 24 preferably includes a large
      internal cavity 41 which is effective to reduce the thermal mass of the
      die pin 24 and to shorten the transient thermal response thereof. In
      addition, the die pin 24 may be provided with a plurality of conventional
      cartridge heating elements 43 which are disposed in equiangularly spaced
      bores 45 (see FIG. 2) parallel to the axis of the die pin member 24. A
      suitable gas passage 47 (see FIG. 1) is provided in the die pin member 24
      for communication with the cavity 41 and is operable to supply pressurized
      gas for internal support of the extruded article as will be more fully
      explained.
PAR  The surface 28 of the die pin member 24 includes a generally cylindrical
      area 51 (see FIGS. 3 and 4) adjacent to the radial flange 26 and adjacent
      to the openings of the radial ports 40 in the surface 28. The area 51
      serves to coaxially position a generally annular die body member 52 of die
      body means 53 with respect to the die pin member 24 (see FIG. 1). The die
      body member 52 may be secured to the radial flange 26 of the die pin
      member 24 by suitable fastening means such as bolts 54 and includes a
      generally cylindrical internal surface 56 having an axial length
      substantially coextensive with the external surface 28 of the die pin
      member 24. The diameter of the cylindrical surface 56 is slightly greater
      than the diameter of the cylindrical surface portion 42 of the die pin
      member 24. Accordingly, a portion of a blind annular channel 58 is defined
      between the die pin member 24 and the die body member 52.
PAR  A conventional band heater 62 may be wrapped circumferentially around an
      external surface 60 of the die body member 52 if desired. The downstream
      end of the die body member 52 includes an annular recess 64 which is
      approximately axially coextensive with the mandrel 30 and which is aligned
      radially therewith.
PAR  Positioned across the blind annular channel 58 and between the mandrel 30
      and the recess 64 is a breaker means which includes an annular breaker
      plate 66 having a generally rectangular cross section and a multiplicity
      of parallel small-diameter openings 68 extending therethrough. As
      illustrated in FIG. 5, the openings 68 are preferably arranged in radially
      overlapping relationship.
PAR  The radially innermost edge of the breaker plate 66 is carried by the
      mandrel 30 (FIG. 1) and is secured thereto by threaded fasteners which
      draw a disc member 70 toward the mandrel 30. The radially outermost edge
      of the breaker plate is carried by the die body member 52 and is securely
      held in the annular recess 64 by threaded fasterners which draw a ring
      member 72 toward the die body member 52.
PAR  The ring member 72 and the disc member 70 are concentric, define a pair of
      surfaces which bound the annular channel 58 and define a region 74 of
      constricted or restricted cross-sectional area downstream of the breaker
      plate 66. Conventional band heaters 76 may be provided on the
      circumferential surface of the ring member 72. The disc member 70 is
      provided with a recess 77 that defines a mandrel-like projection 78 on
      which a conventional band heater 80 may be disposed. In addition, a
      plurality of suitable openings 81 are provided in the projection 78 of the
      disc member 70 so that pressurized gas in the cavity 41 may pass through
      the disc member 70.
PAR  In addition to the disc member 70, the die pin means 23 also includes a
      generally cylindrical die core 82 which is provided with a lip 84 at the
      upstream end thereof to concentrically position the die core 82 with
      respect to the recess 77 and the disc member 70.
PAR  The die core 82 includes an external surface having a cylindrical land 86
      which comprises the inside diameter of the article to be extruded. In
      addition a plurality of equiangularly spaced bores 90 in the die core 82
      receive cartridge heaters 88. The bores 90 are generally parallel to the
      axis of the die core 82.
PAR  The downstream end of the die core 82 has a recess 92 which receives an
      annular seal 94 and a generally circular push plate 96. Disposed at the
      center of the push plate 96 is an opening 98 which receives one end of a
      shaft 100 the second end of which is securely attached to the projection
      78 of the disc member 70. The first end of the shaft 100 is threaded and
      provided with a suitable nut 102 which may be tightened thereon to provide
      compressive forces between the push plate 96, the die core 82 and the disc
      member 70. The push plate 96 also includes a plurality of longitudinal
      openings 104 which allow pressurized gas entering a die core cavity 106
      from the openings 81 to escape into the interior of an extruded article.
      Suitable plugging apparatus for maintaining a pressure seal internally of
      the extruded article may be attached to the push plate 96 as required.
PAR  Positioned coaxially with respect to the die core 82 is a generally
      cylindrical die 108 having an interior surface with a cylindrical land 110
      a generally radially outwardly extending flange 112 at the upstream end.
      The land 110 is substantially coextensive with land 86. The flange 112 is
      engaged by an overlapping radially inwardly extending flange 114 of a die
      adjustment ring 116. The cylindrical land 110 defines the external surface
      of the article to be extruded and, in cooperation with the cylindrical
      land 86 of the die core 82, defines a die opening or orifice 118 at the
      downstream end of the annular channel 58. The external cylindrical surface
      of the die 108 may be provided with conventional band heaters 120, as
      required.
PAR  The die adjustment ring 116 also includes an annular axial projection 122
      on the upstream face thereof. The axial projection 122 is received by a
      mating recess 123 provided at the downstream end of the ring member 72.
      Suitable fasterners, such as bolts 124, may be provided to securely attach
      the die adjustment ring 116 to the ring member 72. In addition, radially
      oriented bolts 126 may be equiangularly spaced around the die adjustment
      ring 116 such that they bear on the radial flange 112 in order to
      concentrically position the die 108 with respect to the die core 82. A
      conventional band heater 136 may be provided circumferentially on the
      exterior surface of the die adjustment ring 116.
PAR  At the downstream end of the die 108, a plurality of clevis mounted swing
      bolts 128 may be provided to connect sizing or processing apparatus with
      the pipehead.
PAR  Turning now to FIG. 6, an alternate embodiment of the invention is
      illustrated with the subscript a appended to elements analogous to those
      of FIG. 1. The adaptor 10a is provided with a counterbore 130 at the
      downstream end thereof having a diameter substantially the same as the
      diameter of the counterbore 33a in the die pin member 24a. The
      counterbores 33a, 130 cooperate to receive a stainless steel restrictor
      member 132 having a restricted flow area 134 therein. The flow area 134
      may be enlarged as necessary to properly match the output of the
      plasticizing apparatus to the pipehead. An adjustment to the flow area 134
      may be desirable, for example, when material in the rotary screw
      plasticizing apparatus bleeds from one channel to another of the
      plasticizing screw due to excessive back pressure caused by the pipehead.
PAR  One distinction between the embodiment illustrated in FIG. 1 and the
      embodiment illustrated in FIG. 6 is the absence of a breaker plate.
      Accordingly, the die core 82a is provided with an axial projection 140
      which is concentrically mounted on the mandrel 30a of the die pin member
      24a to coaxially align the die core 82a and the die pin member 24a. In
      addition, the die adjustment ring 116a is directly secured to the die body
      member 52a by the bolts 124a such that the die 108a may be coaxially
      positioned with respect to the die body member 52a and concentrically
      adjusted with respect to the die core member 82a.
PAR  To maintain the die core 82a in proper position, the periphery of the push
      plate 96a (FIG. 6) bears on the die core 82a and the center of the plate
      96a is connected to the shaft 100a which, in turn, is connected to the die
      pin member 24a. The shaft 100a includes a longitudinal passage 142 which
      communicates at one end with the cavity 41a and at the other end with
      several radial openings 144 of the shaft 100a. Each radial opening 144
      receives a plug 146 which prevents communication with the die cavity 106a.
      In addition, each radial opening 144 communicates with a corresponding
      axial channel 148 such that pressurized gas admitted through passage 47a
      to the cavity 41a, the longitudinal passage 142 and the radial openings
      144 may be discharged from the pipehead to the interior of an article
      being extruded.
PAR  The blind annular channel 58, 58a of each embodiment of this invention is
      preferably designed in accordance with two criteria. The first criterion
      is a ratio defined as the largest annulus area downstream of the spiral
      grooves to the annulus area of the constricted area 74, 74a. This
      criterion determines the amount of radial force exerted to ensure
      relamination of the plasticized material downstream of the spiral grooves
      46, 46a. In addition, this first criterion provides a means for
      controlling back pressure on the plasticizing apparatus and a means for
      controlling polymer temperature which could result in discoloration of the
      finished product.
PAR  The second criterion is the ratio defined as the annulus area of the
      constricted area 74, 74a divided by the annulus area of the die opening
      118, 118a. This second criterion is functionally related to the axial
      length of the lands 86, 86a, 110, 110a which, in turn, are related to the
      velocity of material leaving the die opening 118, 118a and provides both
      quality and dimensional control of the finished product.
PAR  Having described the structural features of the present invention, the
      operation of the pipehead in combination with an extruder to fabricate a
      hollow thick-walled cylindrical article of indefinite length will now be
      described. With the adaptor 10 (FIG. 1) suitably secured to the outlet
      portion of an extruder or other suitable plasticizing apparatus,
      plasticized synthetic resinous material will be received within the bore
      18 at substantially the diameter at which the material leaves the
      extruder. The plasticized material will subsequently pass through the
      annular passage 38 and enter the cylindrical bore 32 of the die pin member
      24.
PAR  At the blind end of the bore 32, the plasticized material received from the
      adaptor 10 is separated or furcated into a plurality of streams by the
      radial ports 40 which allow the material to pass radially outwardly
      through the pin member 24. At the radially outermost end of each radial
      port 40 each stream of plasticized material is discharged into the deep
      end of a corresponding spiral groove 46. Due to the small radial clearance
      between the cylindrical surfaces 42, 56, each spiral groove 46 directs the
      corresponding stream of plasticized material generally tangentially around
      the die pin member 24.
PAR  The annular space 58 between the die pin means 23 and the die body means
      53, in combination with the region of decreasing depth of each groove 46,
      causes each stream of plasticized material to move axially with respect to
      the die pin member 24. In a properly designed pipehead the last portion of
      each stream of material in each groove 46 will turn to the axial direction
      at the end of the groove. With reference to the arrows 145 of FIG. 3, it
      will be apparent that as each stream leaves the corresponding groove 46 it
      provides a thin layer of material flowing axially across the adjacent
      downstream groove.
PAR  Accordingly, the streams of plasticized material are recombined in annular
      channel 58 downstream of the spiral grooves 46 into a radially laminated
      annular flow having a plurality of strata each of which is attributable to
      one of the upstream grooves 46. With the laminated flow moving axially of
      the die pin member 24, the flow of material enters a region of increasing
      area in which the plasticized material is relaxed and decompressed (see
      FIG. 1).
PAR  At the downstream end of the relaxation area the breaker plate 66 may be
      disposed. The multiplicity of small diameter openings 68 in the breaker
      plate 66 splits the annular flow into a corresponding multiplicity of
      filament-like streams of plasticized material. These filament-like streams
      are coalesced and recombined into a plasticized continuum upon passage
      through the area restriction 74 defined between the ring member 72 and the
      disc member 70. The area restriction exerts high shear stress for a very
      short time duration on the continuum of material moving therethrough.
PAR  In a properly designed pipehead, each stream will just fill the entire
      length of the corresponding groove. Accordingly, the radially laminated
      flow will be free of the visual imperfections known as weld lines.
      However, variations in the rheological composition of the plasticized
      material and thermal variations may cause the streams to underflow or
      overflow the corresponding grooves thereby causing objectionable visual
      imperfections. Since the distribution of a given polymer is highly
      dependent on temperature, the ability to control temperature by
      controlling the cartridge heaters 43, 88, and band heaters 62, 76, 80,
      120, 136 provides a means for improving the rheological tolerance of the
      pipehead.
PAR  To further improve rheological tolerance when dealing with polymeric
      materials which readily adhere and recombine, the breaker plate 66 splits
      the annular flow into the multiplicity of filaments which are recombined
      into a continuum, as noted above. The application of a high shear stress
      to the plasticized continuum downstream of the breaker plate 66 is
      effective to eliminate any visual imperfections which might otherwise
      result from the presence of the breaker plate 66. It should be noted that
      there may be a hundred or more of the openings 68.
PAR  After the plasticized continuum leaves the restricted area 74, it continues
      through the annular channel 58 to the extruding orifice 118 defined
      between the cylindrical land 86 of the die core 82 and the cylindrical
      land 110 of the die 108. A thick-walled cylindrical article, such as a
      pipe, which is free from visual imperfections is thus extruded from the
      pipehead.
PAR  The operation of a pipehead according the the embodiment illustrated in
      FIG. 6 is substantially the same as the operation described above except
      that there is no breaker plate and the annular flow is thus not split into
      filaments before the die opening. In pipeheads for large diameter pipe,
      e.g. 24 inch diameter, the breaker plate is useful to improve tolerance.
      In smaller diameter pipes, however, the spiral design pipehead along with
      the temperature control has been adequate to improve the rheological
      tolerance.
PAR  When dealing with a polymeric material which does not readily adhere and
      recombine with itself, a pipehead according to either of the embodiments
      described above may be used; however, it ordinarily would be preferable to
      use a pipehead without a breaker plate since the resulting article would
      be more likely to have isotropic structural properties.
PAR  It is now apparent that there has been provided in accordance with this
      invention a spiral design pipehead that substantially satisfies the
      objects set forth above. Although the present invention has been described
      in conjunction with specific embodiments thereof, it is evident that many
      alternatives, modifications, variations and equivalents will be apparent
      to those skilled in the art in light of the foregoing disclosure of the
      invention. Accordingly, it is expressly intended that all such
      alternatives, modifications, variations and equivalents which fall within
      the spirit and scope of the invention as defined in the appended claims be
      embraced thereby.
CLMS
STM  I claim;
NUM  1.
PAR  1. In an extruder pipehead for extruding thick-walled plastic pipe, said
      pipehead being of a type which includes a central inlet bore, a plurality
      of generally radial ports communicating with said bore, a plurality of
      helical channels communicating with said ports, a generally annular
      channel communicating with said helical channels and terminating in a die
      opening, the improvement comprising:
PA1  breaker means for splitting the flow of plasticized material into a
      multiplicity of filaments being positioned across said annular channel
      downstream of said helical channels; and
PA1  restricting means for creating a region of high shear stress on the
      filaments being provided downstream of said breaker means.
NUM  2.
PAR  2. The pipehead of claim 1 wherein said breaker means includes an annular
      plate having a multiplicity of openings therethrough.
NUM  3.
PAR  3. The pipehead of claim 1 wherein said restricting means comprises a pair
      of concentric members which define a reduced channel area therebetween;
      one member being disposed radially inwardly of the annular channel of the
      die assembly and the other member being disposed radially outwardly of the
      annular channel.
NUM  4.
PAR  4. A rheologically tolerant die assembly for extruding a thick-walled
      article of indefinite length from plasticized synthetic resinous material
      comprising:
PA1  die pin means having a blind bore in one end and being operable to receive
      a pressurized flow of plasticized material from a suitable source;
PA1  die body means having an end carried by said die pin means such that a
      blind annular channel having a die opening is defined between said die pin
      means and said die body means;
PA1  furcating means integral with said die pin means, communicating with said
      bore, and being operable to separate the flow of plasticized material into
      a plurality of streams;
PA1  flow laminating means communicating with said furcating means at the blind
      end of said annular channel and being operable to recombine the streams
      into an annular flow having generally annular strata;
PA1  filament forming means disposed in said annular channel downstream of said
      flow laminating means and being operable to subdivide the annular flow
      into a multiplicity of filaments; and
PA1  restricting means within said annular channel downstream of said filament
      forming means and being operable to recombine the filaments and to provide
      a region of high shear stress on the plasticized material.
NUM  5.
PAR  5. The die assembly of claim 4 wherein said furcating means comprises a
      plurality of generally radial ports which intersect said bore and
      communicate with said annular channel.
NUM  6.
PAR  6. The die assembly of claim 4 wherein said flow laminating means comprises
      a plurality of helical grooves in said die pin means, each groove having a
      deep end in communication with said furcating means and a region in which
      depth decreases in a downstream direction thereby causing material flowing
      helically through the groove to move axially and form a generally annular
      stratum radially inwardly of material already moving axially from upstream
      portions of other helical grooves.
NUM  7.
PAR  7. The die assembly of claim 6 wherein:
PA1  said region of decreasing groove depth subtends an angle of approximately
      45.degree. measured in a plane normal to the axis of said die pin means.
NUM  8.
PAR  8. The die assembly of claim 4 wherein said filament forming means includes
      a breaker plate disposed across said blind annular channel and having a
      multiplicity of radially staggered generally parallel openings
      therethrough.
NUM  9.
PAR  9. The die assembly of claim 8 wherein said restricting means comprises a
      pair of concentric members defining a radially constricted area of said
      blind annular channel.
NUM  10.
PAR  10. The die assembly of claim 9 wherein the radially outermost concentric
      member is carried by said die body means and the radially innermost
      concentric member is carried by said die pin means.
NUM  11.
PAR  11. The die assembly of claim 4 wherein said die pin means includes a
      substantially empty internal cavity which is operable to reduce thermal
      transient response of said die pin means.
NUM  12.
PAR  12. A rheologically tolerant head for continuously extruding a large
      diameter thick-walled conduit having an indefinite length from plasticized
      synthetic resinous material supplied under pressure by a rotary screw
      extruder, the head comprising:
PA1  a die pin having two ends, a blind coaxial bore in one end, a generally
      cylindrical surface, a plurality of generally radial ports communicating
      with said coaxial bore and with said cylindrical surface, and a
      corresponding plurality of helical grooves in said cylindrical surface
      which communicate with said ports;
PA1  a core member carried by the second end of said die pin and having an
      internal cavity which is operative to improve thermal response
      characteristics of said core member;
PA1  a die body coaxially carried by said die pin; defining a blind annular
      channel with said die pin;
PA1  a die member coaxially disposed about said core member such that a blind
      annular channel having a die opening and a constricted area is defined
      between said die pin, said core member, said die body, and said die
      member;
PA1  concentricity adjustment means carried by said die body and being operable
      to position said die member coaxially with respect to said core member;
PA1  internal heating means carried internally of said die pin and said core
      member and being operable to control the temperature thereof; and
PA1  external heating means carried circumferentially by said die body and said
      die member and being operable to control the temperature thereof.
NUM  13.
PAR  13. The head of claim 12 including:
PA1  a breaker plate having a multiplicity of openings therethrough and being
      disposed across said annular channel downstream of said plurality of
      helical grooves; and
PA1  said radially constricted area of said annular channel being provided
      downstream of said breaker plate, whereby the head is rendered more
      tolerant of different rheological compositions.
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ABST
PAL  A die for extruding plastic film is provided wherein such die comprises a
      die body having an inlet therein for receiving a plastic melt under
      pressure and having an annulus in the die in flow communication with the
      inlet and having a discharge orifice for extruding the plastic melt
      therefrom in tubular form. A heat conductive band is provided and
      supported by the die body and such band has a circumferential heat
      conductivity which is better than its radial heat conductivity; and, a
      heater is employed for heating the band with the band assuring heat is
      transmitted so that practically all points of an annular portion of the
      die body located immediately adjacent the band are substantially at the
      same temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are numerous dies for and methods of extruding plastic film in
      current use which employ electrical resistance type heaters fastened
      against the outer surface of the die. Although such resistance heaters are
      very simple and economical they do not always provide uniform heating of
      the die being heated.
PAR  The main reasons for this lack of uniform heating are the nonuniformity of
      heat evolution from the resistance heater itself which is inherent in any
      such heater and the ususlly spotty contact between the resistance heater
      and the surface it engages. The nonuniformity of heat evolution in the
      resistance heater is due to normal variations in the gauge of the
      electrical resistance wire, wire spacing, insulation between wires or
      heating elements and in the case of a band heater the usual gap at the end
      of the band. The spotty contact is due to the fact that, in general, the
      heater and heated surfaces are both usually made of stiff metallic
      materials whereby adjoining surfaces do not readily conform to each other
      to provide optimum contact therebetween. Accordingly, it has been found
      that conductive heat transfer to the areas of contact is good while the
      locations not being contacted by the heater must be heated by convection
      and radiation only.
PAR  It is also well known that conductive heat transfer is much more efficient
      than non-contact heat transfer at the typical temperatures utilized in
      processing plastic film. Further, it has also been found that uniform
      contact by a heater against a die is limited by surface roughness, rust
      and scale, clamping pressure, differential thermal expansion and other
      factors which are difficult to control.
PAR  As a result of the above factors there is large spot-to-spot variation of
      heat flowing into the surface of a plastic film extrusion die being heated
      with electrical resistance heaters which causes large temperature
      variations within such die; and, these variations cause difficulities in
      processing the film and result in poor quality film.
PAR  In particular, it is well known that when heat degradable polymers are
      exposed to an erratic and poorly controlled environment there is greater
      tendency for such polymers to degrade. Further, differential thermal
      expansion within a die causes warpage thereof and creates undesirable
      internal stresses which distort the flow channels and thus cause poor
      gauge uniformity of the die and hence poor gauge uniformity of the plastic
      film being extruded from such die. Finally, variations of melt viscosity
      due to temperature differences cause gauge and profile control problems in
      the associated die.
PAR  Temperature variations that result from non-uniform surface heat rates are
      reflected as temperature variations at the melt wetted surface and cause
      degradation of the polymer and poor gauge control in the die. In general,
      there is some smoothing effect of melt wetted surface temperature in a die
      because heat spreads from the hottest spot in the die toward the coolest
      spot in such die; however, in the currently used dies this is not rapid
      enough.
PAR  It has been found that the temperature variations at the melt wetted
      surfaces could be substantially reduced in amplitude or smoothed, if not
      entirely eliminated, if the resistance to circumferential heat conduction
      could be significantly decreased and the resistance to radial conduction
      significantly increased. Thus, if the spreading of heat from hot spots to
      cold spots could be accelerated by using materials having better
      circumferential heat conductivity than radial heat conductivity there
      would be minimum temperature variations of a plastic melt flowing through
      a die.
PAC  SUMMARY
PAR  This invention provides an improved die for extruding plastic film wherein
      such die comprises a die body having an inlet therein for receiving a
      plastic melt under pressure and having an annulus in the die in flow
      communication with the inlet and having a discharge orifice for extruding
      the plastic melt therefrom in tubular form. A heat conductive band is
      provided and supported by the die body and such band has a circumferential
      heat conductivity which is better than its radial heat conductivity; and,
      a heater is employed for heating the band with the band assuring heat is
      transmitted so that prectically all points of an annular portion of the
      die body located immediately adjacent the band are substantially at the
      same temperature.
PAR  Other details, uses, and advantages of this invention will be readily
      apparent from the exemplary embodiments thereof presented in the following
      specification, claims, and drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings show present preferred embodiments of this
      invention together with test apparatus used in testing this invention and
      a graph of data obtained during tests, in which:
PAR  FIG. 1 is a schematic side elevation with parts in cross section and parts
      broken away illustrating one exemplary embodiment of the die of this
      invention including the emerging tubular film bubble and associated pinch
      rolls;
PAR  FIG. 2 is an enlarged cross-sectional view of the die of this invention
      taken essentially on a vertical plane as viewed in FIG. 1 and particularly
      illustrating the construction and arrangement of a plurality of heat
      conductive bands in the die body with the material used to make the heat
      conductive bands shown with an exaggerated thickness;
PAR  FIG. 3 is a greatly enlarged fragmentary cross-sectional view particularly
      illustrating the heat conductive band of FIG. 2 with the band material
      still drawn to an exaggerated thickness;
PAR  FIG. 4 is a view similar to FIG. 3 and illustrates a modified form of heat
      conductive band which may be used interchangeably with the band of FIG. 2;
PAR  FIG. 5 is a fragmentary cross-sectional view of a test apparatus used to
      prove the concept of this invention and showing an electrical resistance
      heater fastened in position on an ordinary steel ring;
PAR  FIG. 5A is a cross-sectional view showing only the one side of the steel
      ring which has the electrical resistance heater attached thereagainst;
PAR  FIG. 5B is a view similar to FIG. 5A showing one test embodiment of a heat
      conductive band used with the heater and a steel ring similar to the steel
      ring of FIG. 5;
PAR  FIG. 5C is a view similar to FIG. 5B showing another test embodiment of a
      heat conductive band used with the heater and steel ring of FIG. 5B;
PAR  FIG. 6 is a view taken essentially on the line 6--6 of FIG. 5 illustrating
      the arcuate length and placement of the electrical resistance heater used
      in the test apparatus of FIG. 5 and also illustrating the placement of
      thermocouples on the steel ring to measure the temperature thereof; and
PAR  FIG. 7 is a graph presenting the results of tests made using the apparatus
      of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Reference is now made to FIG. 1 of the drawings which illustrates an
      exemplary apparatus which is designated generally by the reference numeral
      20 and is particularly adapted for extruding a polymeric or a plasticlike
      material such as polyvinyl chloride, nylon, or the like to produce a thin
      plastic film and the apparatus 20 comprises an extrustion die which is
      designated generally by the reference numeral 21. The die 21 has a die
      body 22 which has an inlet 23 therein for receiving a hot plastic melt 24,
      see FIG. 2, under pressure and the die 21 has an outlet in the form of a
      discharge orifice 25 for extruding the plastic melt therefrom in tubular
      form. The die 21 has simple and unique means for uniformly heating and
      thus assuring precision control of the temperature of the plastic melt as
      it flows through the die and as will be described in detail subsequently.
PAR  The apparatus 20 comprises an extruder 26 which supplies hot plastic melt
      24 to the inlet 23 and such extruder 26 has a supply bin 27 which feeds
      the extruder 26 with a suitable solid plastic material 30 in flowable
      particulate form, such as, pellets, flakes, powder, or the like. The
      extruder has heating means (not shown) of known conventional construction
      for melting the plastic material 30 and a helical screw 31 is provided for
      forcing the molten material or melt 24 through an outlet 32 of the
      extruder 26 and through a conduit 33 to the die inlet 23.
PAR  The plastic melt 24 is supplied to the inlet 23 at a controlled temperature
      which is based on the physical and chemical properties of the plastic
      material 30 and the apparatus 20 has means which is designated generally
      by the reference numeral 34 for supplying a suitable gas, such as air,
      which is designated by dotted arrows 35 to the die 21 to inflate a tube
      produced by extrusion of the plastic melt 24 through the discharge orifice
      25 and the tube is pinched by a pair of cooperating rollers 36 to trap a
      moving film bubble 37 between the die outlet and the rollers 36. The film
      tube 38 passing from the rollers 36 may be further processed in any
      suitable manner known in the art. For example, such film tube may be slit
      and the film stretched to increase its area and then chilled to retain it
      in its stretched condition whereupon the film is in condition for
      subsequent use for packing purposes including heat shrinking, or the like,
      and the film may be wound on a supply roll thereof.
PAR  The air 35 is supplied to the die 21 through a conduit 40, see FIG. 1, from
      a suitable air pressure source 41 and an adjustable air pressure regulator
      42 may be provided in the conduit 40 to control the air pressure within
      precise limits. As seen in FIG. 2, the conduit 40 is connected to a
      suitable connector 43 provided in one of a plurality of screws 44, of
      different sizes, used to fasten together various component portions of the
      die body 22. The connector 43 communicates with a passage 45 which extends
      axially through the one screw 44 and the passage 45 communicates at its
      inner end with another passage 46 which extends approximately axially
      through the central portion 47 of the die body 22 to thereby provide a
      complete flow path for the air 35 used to inflate the film bubble 37 in
      the manner previously mentioned.
PAR  The plastic melt 24 which is received in the inlet 23 of the die body 22 is
      radially expanded or flowed in a diverging manner using any suitable means
      within the die body 22 and as shown at 50 in this example is expanded by
      flowing the melt 24 in a plurality of radially diverging passages which
      may be defined by a spider assembly, or the like. The melt 24 then
      continues through an annulus 51 defined in the die body 22 and the annulus
      51 has the outlet or discharge orifice 25 of the die 21 provided as and
      integral part thereof, whereby plastic melt 24 is extruded from the
      orifice 25 in tubular form as previously mentioned.
PAR  The die 21 has a heat conductive band which is designated generally by the
      reference numeral 52 supported by the die body 22 and in particular is
      supported by a ring-like portion 53 at the discharge end of the die body
      22. The band 52 is made so that it has a circumferential heat conductivity
      which is better than its radial, radially inwardly in this example, heat
      conductivity whereby the conductivity of band 52 about the periphery of
      the die and thus about the periphery of the annulus 51 and its discharge
      orifice 25 is better than the heat conductivity toward a central
      longitudinal axis 55 through the die 21.
PAR  The die 21 has a heater 56 for heating the band 52 about the periphery of
      such band; and, the band 52 is constructed and arranged so that is assures
      that the heat is transmitted so that practically all points of an annular
      portion indicated at 57 in FIG. 2 of the die body 22 and in particular
      annular portion 57 in the ring-like portion 53 of such die body located
      immediately adjacent the band 52 are substantially at the same
      temperature. This assures uniform heating of the melt in the annulus 51
      and practically no concentrated hot spots or cold spots in the plastic
      melt 24 flowing through the melt annulus 51 thereby assuring precision
      flow of the melt therethrough with a minimum likelihood of degradation.
PAR  The die 21 has a second heat conductive band also designated by the same
      reference numeral 52 arranged in axially spaced relation (as measured
      along axis 55) from the first band and the second band 52 is positioned
      adjacent the inlet end of the die 21. The second band 52 also has a
      circumferential heat conductivity which is better than its radial heat
      conductivity; and, the second band 52 has a second heater also designated
      by the same reference numeral 56 for heating the second band 52 so that
      all points of an annular portion in this instance indicated at 60 of the
      die body and in particular the points of annular portion 60 in a portion
      61 of the die bady arranged closely adjacent the inlet 23 are
      substantially at the same temperature. Thus, the plastic melt in the
      diverging portion 50 is precisely controlled to minimize local hot spots
      or cold spots thereby assuring precision diverging flow of the plastic
      melt toward the inlet end of the melt annulus 51.
PAR  The die body 22 has an annular cutout or annular recess 62 therein at two
      axially spaced locations and each recess is adapted to receive an
      associated heat conductive band 52. Each recess is defined by a plurality
      of cooperating walls which when viewed in cross section at one side
      thereof appear to have a roughly U-shaped configuration and the walls of
      each annular recess 62 include a right circular cylindrical wall 63 which
      is arranged concentrically around the central axis 55 of the die 21. Each
      cylindrical wall 63 is defined as an integral part of the die body and is
      arranged so that it presents a maximum surface area to the associated
      annular portion either 57 or 60 which it is heating.
PAR  The bands 52 provide precision heating at two axially spaced locations in
      the die body 22 so that an annular portion arranged radially inwardly of
      each heat conductive band 52 is maintained at substantially the same
      precise temperature which is determined by the temperature of its
      associated heater 56 which is externally controlled in temperature by a
      suitable temperature control device (not shown) of known construction.
PAR  Each of the heaters 56 is preferably an electrical resistance heater
      preferably in the form of a belt-like band or strap of known construction
      and operation whereby there is no need for further description thereof. It
      will also be seen that each heater 56 has an axial length 64 which is no
      greater than the corresponding axial length of its heat conductive band 52
      whereby the heat from each heater 56 is primarily a conductive heating and
      is transmitted directly to its associated heat conductive band rather than
      to adjoining structure. Each heater 56 also has suitable terminals
      indicated at 66 which are made in accordance with techniques which are
      well known in the art and the terminals 66 are particularly adapted to be
      provided with electrical power from a suitable power source (not shown).
PAR  Thus, it is seen that this invention provides the use of a simple
      electrical resistance heating band or heater 56 in cooperation with a
      unique heat conductive band 52 and the band 52 is such that there is rapid
      heat conduction about its entire periphery whereupon there is heat
      conduction radially inwardly and hence substantially uniform heating about
      the entire periphery of the die beneath the heating band 52. The
      circumferential heat conduction in band 52 is so rapid as compared to the
      radial heat conduction that there is a smoothing effect of the heating
      action and a tendency for the die temperature to be the same adjacent an
      annular strip or part of the die surrounding the melt flowing
      therethrough. Also, there is a minimum tendency for differential thermal
      expansion and contraction of the die body and minimum possibility for
      variations in the viscosity of the melt 24 because the temperature of such
      melt is substantially uniform.
PAR  Each heat conductive band 52 is made of a heat conductive material having a
      heat conductivity which is better than the conductivity of the material,
      usually steel, used to make the die 21 and its component portions. In the
      example of FIG. 2 the band 52 is made of an elongated strip of metallic
      material and as shown in FIG. 3 such material is designated generally by
      the reference numeral 70. The strip 70 for many applications may be made
      of an aluminous material; however, such strip 70 may be made of copper,
      nickel, iron, or other materials having the desired heat conductivity. The
      strip 70 is wound in coil form within its associated recess 62 and with
      its inner turn, indicated at 71, wound against the right circular
      cylindrical surface or wall 63. The elongated strip 70 is preferably in
      the form of a metal foil and when wound to define the band 52 has a large
      number of coils or turns thereby providing many metal-to-metal interfaces
      which provide relatively poor radial conductivity. It will also be
      appreciated that the thickness of the strip of metallic material can be
      precisly controlled to thereby more precisely control the circumferential
      heat conductivity and simultaneously control the number of interfaces in
      the band 52 and hence the radial heat conductivity as well.
PAR  The band 52 may be made of a suitable metallic wire 73 which in the example
      of FIG. 4 is shown as having a circular cross-sectional configuration;
      however, it will be appreciated that such wire may have any suitable
      cross-sectional configuration. The wire 73 for many applications may be
      made of copper; however, as in the case of the strip 70 the wire 73 may be
      made of aluminum, nickel, iron, or other materials having the desired heat
      conductivity. The wire 73 is wound in a spool-like manner within its
      associated recess 62 and so that the inner turn 74 thereof is wound
      directly against the right circular cylindrical wall 63.
PAR  However, regardless of the material selected to make the heat conductive
      band 52, it will be appreciated that such band is constructed so that it
      provides a circumferential heat conductivity which is substantially better
      than its radial conductivity.
PAR  Various tests were conducted to prove the concept of this invention and
      such tests will now be discussed in connection with FIGS. 5, 5A, 5B, 5C, 6
      and 7 In particular, a test fixture 75, as shown in FIG. 5, was used to
      conduct these various tests. The fixture 75 comprises a supporting
      structure 76 having a central opening 77 therethrough which is provided
      with compressed air designated by arrows 80 at 5 psig through a one-inch
      inside diameter pipe 81. The fixture 75 has a cylindrical central portion
      82 suitably supported in the top portion thereof so as to provide a flow
      passage from the center of the pipe radially outwardly and concentrically
      around the central portion 82 as shown by the air flow arrows. The air
      under pressure flows from the outlet of the pipe 81 into a disc-like
      recess and then out a right circular cylindrical annulus defined between
      the outside cylindrical surface 84 of a portion 82 and the inside
      cylindrical surface 85 of a readily interchangeable ring assembly 86 used
      with the fixture 75. The thickness of the air flow annulus between
      surfaces 84 and 85 is indicated at 87 and is one-fourth inch. During the
      tests air was supplied to the fixture 75 at an air inlet temperature of
      80.degree.F and for these tests the heat transfer coefficient was assumed
      at 13 BTU/hour .times. Ft.sup.2 .times. .degree.F. A plurality of
      assemblies 86 were installed and tested in the test apparatus 75 and such
      assemblies included the assembly 86 also shown in FIG. 5A, an assembly
      also designated 86 and shown in FIG. 5B, and an assembly also designated
      86 and shown in FIG. 5C.
PAR  As seen in FIG. 6, the assembly 86 has a steel ring 88 which has an inside
      diameter shown at 90, an outside diameter shown at 91, a thickness
      indicated at 92, and a height indicated at 93 in FIG. 5A. Typical
      dimensions for the steel ring 88 of assembly 86 are 4 inches, 51/4 inches,
      five-eighths inch, and 2 inches for the respective dimensions at 90, 91,
      92, and 93.
PAR  The assembly 86 also uses an electrical resistance heater 95 of
      conventional construction and such heater has a height 96 of 11/2 inches.
      The heater 95 is 6 inches long as measured along the circumference thereof
      as shown at 97 in FIG. 6.
PAR  To measure the heat conductivity of a ring made of the usual steel material
      used to make a die and shown in FIG. 5A, as compared with a ring using a
      heat conductive band of this invention (whether made of aluminum foil as
      shown in FIG. 5B or copper as shown in FIG. 5C) thermocouples were placed
      on the inside surface of the steel band 88 at locations or points 100,
      101, 102 and 103. The thermocouples were at various angles from the
      diametral line 105 which passes through the center of the heater. With the
      thermocouples thus placed and 80.degree.F, 5 psig air flowing through the
      fixture 75 as indicated by the arrows in FIG. 5 the heater was turned on
      and the whole apparatus was allowed to equilibrate to steady state
      conditions while using point 102 as the control point set at 200.degree.F.
      The temperatures at points 100--103 were recorded and plotted versus
      angular position around ring from the heater centerline 105 as indicated
      in FIG. 7.
PAR  The heater 95 being only 6 inches long provided a grossly nonsymmetrical
      heating of the ring 88 and this made possible a test of the ability of the
      ring to spread the heat around the entire inside surface 85. Measurement
      of the surface temperatures at points 100-103 angularly spaced from the
      heater center provided a direct measurement of the quality of heat
      distribution on the test apparatus.
PAR  It will be appreciated that for these tests the assemblies of FIGS. 5B and
      5C were provided with heat conductive bands similar to the bands of FIGS.
      3 and 4 respectively and such heat conductive bands were embedded in an
      annular recess of a steel ring identical to steel ring 88 except for such
      recess.
PAR  Referring now to the graph of FIG. 7 it will be seen that three curves are
      presented and designated by the numerals 5A, 5B, and 5C to correspond to
      the data obtained using the assemblies of FIGS. 5A, 5B, and 5C. The curves
      of FIG. 7 represent a plot of inner surface temperatures in .degree.F at
      angularly spaced positions from the heater center as measured by
      thermocouples 100, 101, 102, and 103.
PAR  In each instance when using a heat conductive band similar to the band of
      this invention the temperature differentials between thermocouples 100-103
      were significantly reduced. For example, equivalent temperature
      differentials on the inner surface 85 of ring 88 were reduced about 68
      percent when comparing the assembly of FIG. 5C with the assembly of FIG.
      5A and such temperature differentials were reduced about 56 percent when
      comparing the assembly of FIG. 5B with the assembly of FIG. 5A.
PAR  The test data presented above was obtained using a 6 inch long electrical
      heater 95 which only stretches around a small arcuate portion of the ring
      88. It will be appreciated that in actual practice the heater will extend
      substantially completely around the entire periphery of the associated
      heat conductive band and die. Therefore, it will be appreciated that the
      circumferential heat conductivity of the band will be almost instantaneous
      about the entire periphery of the band whereupon the band then operates to
      conduct heat radially inwardly in a manner which is controlled by the
      number of interfaces in the material defining the band.
PAR  In this disclosure of the invention each heat conductive band and
      electrical resistance heater is shown arranged concentrically outwardly of
      the melt annulus and the plastic material flowing through the die;
      however, it is to be understood that the concept of this invention is
      fully applicable to the utilization of such a heat conductive band and
      electrical resistance heater within the die itself whereupon suitable
      electrical leads may be provided externally of the die and in accordance
      with techniques which are well known in the art.
PAR  The plastic melt is expanded or diverged outwardly in the die disclosed
      herein to define a larger tubular portion through a spider assembly;
      however, it will be appreciated that any suitable technique known in the
      art may be provided to achieve this melt expanding or diverging action.
PAR  The heat conductive bands of this invention may be employed in any desired
      number including a single band, two bands as shown, or more than two
      bands, together with their associated heaters.
PAR  It will also be appreciated that this invention is fully applicable to
      stationary extrusion dies, oscillating disc, or fully rotating dies and in
      each instance suitable mechanisms are provided and suitable electrical
      connections as is known in the art.
PAR  While present exemplary embodiments of this invention and method of
      practicing the same, have been illustrated and described, it will be
      recognized that this invention may be otherwise variously embodied and
      practiced within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A die for extruding plastic film comprising, a die body, an inlet in
      said body, an inlet in said body for receiving a plastic melt under
      pressure, an annulus in said die in flow communication with said inlet and
      having a discharge orifice for extruding said plastic melt therefrom in
      tubular form, a heat conductive band having an inner portion and an outer
      portion with said inner portion thereof being supported against said body,
      said band being made solely of an elongated material wound in a plurality
      of closely wound adjoining turns which provide a plurality of interfaces
      between turns thereby assuring said band has a circumferential heat
      conductivity which is better than its radial heat conductivity, and a
      heater for heating said band, said heater being supported against said
      outer portion of said band and said band assuring heat is transmitted so
      that practically all points of an annular portion of said die body located
      adjacent said band are substantially at the same temperature.
NUM  2.
PAR  2. A die as set forth in claim 1 in which said die body has an annular
      recess thereing defined by a plurality of cooperating walls including a
      cylindrical wall concentrically around a central axis of said die and
      defined as an integral part of said die body and being closely adjacent
      said annular portion of said die body, said band being supported within
      said recess with said inner portion thereof against said cylindrical wall.
NUM  3.
PAR  3. A die as set forth in claim 2 in which said recess and thus said
      cylindrical wall is arranged substantially concentrically round said
      annulus near said outlet orifice
NUM  4.
PAR  4. A die as set forth in claim 2 in which said elongated material is an
      elongated strip of aluminous material wound in coil form within said
      recess with the inner turn thereof defining said inner portion and being
      against said cylindrical wall.
NUM  5.
PAR  5. A die as set forth in claim 2 in which said elongated material is a wire
      material containing copper and is wound in a spoollike manner within said
      recess with an inner turn thereof defining said inner portion and being
      against said cylindrical wall.
NUM  6.
PAR  6. A die as set forth in claim 2 wherein said heater has a length along
      said axis which is no greater than the corresponding length of said band.
NUM  7.
PAR  7. A die as set forth in claim 1 in which said heater is an electrical
      heater.
NUM  8.
PAR  8. A die as set forth in claim 1 in which said heater is an electrical
      resistance heater in the form of a heating band which has an axial length
      which is no greater than the corresponding length of said band.
NUM  9.
PAR  9. A die as set forth in claim 2 in which said elongated material is copper
      wire having a circular cross-sectional configuration and being wound in a
      spool-like manner within said recess with the inner turn thereof defining
      said inner portion and being against said cylindrical wall and with said
      plurality of turns providing a radial heat path across many metal-to-metal
      interfaces which is comparatively poor while the circumferential heat path
      is along high conductivity windings which assure said better
      circumferential heat conductivity.
NUM  10.
PAR  10. A die as set forth in claim 2 in which said elongated material is an
      elongated rectangular strip of aluminum foil wound in coil form within
      said recess with the inner turn thereof defining said inner portion and
      being against said cylindrical surface, said foil defining a right
      circular cylindrical coil having many adjoining turns and hence many
      metal-to-metal interfaces which give a comparatively poor radial heat
      conductivity while the circumferential heat path is along high
      conductivity turns which assure said better circumferential heat
      conductivity.
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ABST
PAL  Apparatus is disclosed herein for blow forming a double-walled container or
      body using either injection or extrusion molding techniques. A mold is
      provided having a movable sleeve which separates and defines a pair of
      coaxial wall cavities in parallel relation for receiving a parison during
      injection molding. A mold is further provided for movably positioning its
      halves about a pair of coaxial cylindrical parisons so as to close the
      opposite ends of a predetermined length, this latter procedure being an
      extrusion molding technique.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to blow forming mechanisms for mass production of
      double-walled bodies and, more particularly, to a novel blow forming
      apparatus in which a parison is extruded or injected into a blowing mold
      in the form of coaxial parison, defining the double walls of the body.
PAR  2. Description of the Prior Art
PAR  In the past, it has been conventional practice to employ blow mold
      techniques and procedures for forming single-walled bodies or containers
      such as pill bottles, cosmetic containers, liquid storage bottles and the
      like. In this practice, it is the usual procedure to either inject or
      extrude a parison into a defined cavity followed by introduction of high
      pressure air which forces the parison against the shaped walls of the
      cavity. Upon removal of the mold from around the blown part, the part is
      then separated from the mold and another part commences formation. Other
      methods may also be employed for producing single walled vessels or
      containers. However, it has heretofore been unknown to automatically
      produce double walled containers on a mass production basis wherein the
      double walls merge at their opposite ends into an integral sealing and
      joining formation. It is known that double-walled vessels can be
      fabricated by using separately produced inner and outer vessels which are
      inserted within one another and held in place by support pieces such as
      collars, couplings and the like. Solvent application, ultra sonic or
      heat-sealing at the junction of the two vessels provides a single air
      and/or vacuum trapped double walled vessel. An example of this prior art
      double-walled vessel may be a conventional vacuum bottle or thermos
      bottle.
PAR  Another disadvantage of conventional single-walled vessel production
      apparatus resides in the necessity of moving the partially formed part
      from one place to another or from one station to another so that different
      phases of the formation can be completed. In other words, means are not
      provided whereby the parison may be completely formed and shaped at one
      station in the machine operation. The partially shaped parison must be
      moved from one portion of the mold to another portion in order to
      successively shape the whole parison into a desired configuration. This
      problem again makes the formation of double-walled vessels impossible if
      not extremely difficult when employing conventional molding machines.
PAR  Therefore, a need has long existed to provide a suitable apparatus for
      producing double-walled vessels by either injection-blow-molding
      techniques or by employing extrusion-blow molding practices.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the problems and difficulties encountered with the prior art
      are obviated by the present invention which provides an apparatus for
      producing double-walled vessels on a mass production basis. The apparatus
      includes a means for supplying heated plastic-like material through an
      extrusion die under high pressure into coaxially defined cavities
      separated by an elongated cylindrical movable sleeve so that the parison
      downwardly depends through the cavities in parallel coaxial relationship.
      This relationship defines coaxially disposed cylindrical extruded parisons
      that are disposed between opposing halves of a shaped mold. High pressure
      air discharge means are provided communicating with the bore of the inner
      parison cylinder whereby the introduction of high pressure air forces the
      parisons into conformity with the shaped walls of the mold. Mating of the
      mold halves severs the parisons from the extrusion apparatus and closes
      the opposite ends of the cylinders constituting the double walled vessel.
      Means are provided for opening the mold and to release or remove the
      formed vessel from the apparatus.
PAR  In another form, an injection molding apparatus is provided for forming
      double-walled vessels which includes a mold having a pair of coaxial
      cavities into which a heated plastic material is formed into an inner and
      outer parison by forcing the material through the dispensing nozzle under
      suitable pressure. Once the cavities have been loaded with the double
      parison, a sleeve separating the parison walls is removed and air is
      introduced to a selected one of the spaces separating the walls so as to
      below the outer wall outwardly into conformity with the shaped cavity of
      the mold. Means are provided to seal the bottom of inner and outer walls
      with the residual heat of the vessel material so as to trap air between
      the walls. Means are employed for opening the mold to expose the formed
      part and for removing the part from the apparatus so that the forming
      cycle of the next vessel may be initiated.
PAR  Therefore, it is among the primary objects of the present invention to
      provide a novel blow forming apparatus that is suited for production of
      double-walled bodies that may be produced by means of extrusion or
      injection-molding techniques.
PAR  Another object of the present invention is to provide a novel blow forming
      apparatus in which the coaxial tubular parison-formed inner and outer
      walls of a double-walled vessel are produced simultaneously and whereby
      the opposite ends of the parison tubes may be joined in an integral
      relationship constituting the formed double-walled vessel.
PAR  Another object of the present invention is to provide a novel blow forming
      apparatus wherein a double-walled cylindrical vessel may be fabricated
      employing injection-molding techniques wherein the double walls of the
      vessel are simultaneously formed and wherein movement of the mold halves
      together effects an integral joint at the opposite ends of the coaxially
      disposed parisons forming the double walls to seal an internal cavity
      defined between the walls.
PAR  Yet another object of the present invention is to provide a novel blow
      forming apparatus employing extrusion-molding techniques wherein a pair of
      coaxial parisons downwardly depends from the extrusion die so as to form a
      pair of coaxial walls and wherein the halves of the shaped mold come
      together to integrally join the opposite ends of a selected length of the
      coaxial parison to form the top and bottom of the vessel.
PAR  Still a further object of the present invention is to provide a novel blow
      extrusion or injection forming apparatus in which a double-walled vessel
      is formed in place without movement from station to station in order to
      transfer shape of the parison (preform) to that of the mold (cavity).
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with further objects and advantages thereof, may best be understood by
      reference to the following description, taken in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a cross-sectional view of an extrusion-blow molding machine with
      apparatus for producing a double-walled body or container and illustrating
      a pair of coaxially disposed cylindrical parisons downwardly depending
      from the extrusion die preparatory to shaping;
PAR  FIG. 2 is a transverse cross-sectional view of the blow molding apparatus
      shown in FIG. 1 as taken in the direction of arrows 2--2 and illustrating
      the disposition of the coaxial parisons between the shaped halves of the
      mold;
PAR  FIG. 3 is an enlarged fragmentary view, in section, of the air discharge
      means incorporated into the blow mold machine of FIG. 1 as taken in the
      direction of arrows 3--3 thereof;
PAR  FIG. 4 is a view similar to the view shown in FIG. 1 showing the mold
      halves moved together to close the opposite ends of the parison tubes;
PAR  FIG. 5 is a view similar to the view of FIGS. 1 and 4 illustrating
      expansion of the double-walled parison tubes into the shape of the mold
      cavities upon introduction of air into the central bore of the parisons;
PAR  FIG. 6 is an enlarged view of the extrusion mold immediately at the upper
      end of the double-walled vessel as it is formed and illustrating the
      closure of the mold halves to form one end of the vessel;
PAR  FIG. 7 is another embodiment of the present invention illustrated in
      cross-section showing a blow forming apparatus employing injection-molding
      techniques for producing a double-walled body;
PAR  FIG. 8 is a view similar to the transverse cross-sectional view of FIG. 7
      showing the formation of an internal closed cavity defining the coaxial
      inner and outer walls of the double-walled vessel;
PAR  FIG. 9 is a view of the double-walled injection-blow molding apparatus
      shown in FIGS. 7 and 8 illustrating introduction of air into the inner
      closed parison so as to expand and seal the double-walled preform into the
      shape of the mold; and
PAR  FIG. 10 is a view of the double-walled injection blow molding apparatus
      illustrating separation of the mold halves to expose the completed
      double-walled vessel after formation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the novel blow forming machine of the present
      invention is illustrated in the general direction of arrow 10 and takes
      the form of a blow extrusion machine wherein an automatic feeder is
      provided having a worm screw 11 movably supported by any suitable means
      within a chamber formed in a body 12 through which a quantity of heated
      plastic-like material 13 is passed under pressure. In the present
      illustration, continuous extrusion is performed in the screw-type
      mechanical machine and current practice permits extrusion of thermoplastic
      materials such as cellulose derivatives and polystyrene and vinylidene
      chloride having the most commercial significance. However, it is also
      possible to process thermosetting materials as well.
PAR  The screw-type feeder is suitable connected to a hopper (not shown) via a
      heating cylinder and externally heated by bands (not shown). The granular
      molding compound is squeezed from the heated cylinder around body 19
      through an extrusion die, as indicated by numeral 14, by means of the
      revolving screw or other suitable pressure device. For intermitten
      extrusion, passage of the material may be in a hydraulic-ram type
      cylinder. The die 14 is preferably heated to obtain full plasticity of the
      plastic-like material passing through it.
PAR  It is to be particularly noted that the extrusion die 14 comprises a pair
      of coaxial passageways which are occupied by the plastic-like material
      which is indicated by numerals 15 and 16 so as to represent the inner and
      outer walls of the double-walled vessel to be produced. The parisons
      constituting coaxial portions 15 and 16 are separated by means of a
      cylindrical sleeve 17 which forms a part of the extrusion die and is
      secured in fixed spaced relationship between a central core 18 and an
      outer housing or body indicated by numeral 19. Body 19 is further formed
      with an annular chamber interconnecting the discharge end of the outlet
      part of the revolving screw with the coaxial passageways occupied by
      parisons 15 and 16. Therefore, it can be seen that the parison is forced
      by the revolving screw through body 12 into the annular chamber formed in
      body 19 and then into the elongated coaxial passageways separated by
      sleeve 17. The discharge or nozzle end of the extrusion die 14 permits the
      parisons to downwardly depend in a pair of coaxial tubes identified by
      numerals 20 and 21 which constitute the inner and outer walls of the
      double-walled vessel to be formed. The extruded parisons 20 and 21 extend
      downwardly from the extrusion die 14 through an aperture 22 formed in base
      23 of the machine. The base 23 supports a shaped mold comprising mold
      half-sections 24 and 25 which are formed with opposing cavities defining
      the desired shape of the end product. In FIG. 1, the mold is open.
PAR  It is to be particularly noted that once the parisons 20 and 21 have been
      forced through the extrusion die 14, they remain coaxial to define a
      circular passageway or cavity between their opposing wall surfaces and
      this passageway is identified by numeral 26. The width of the passageway
      26 is substantially equal to the thickness of the sleeve 17 forming a part
      of the extrusion die.
PAR  It is also to be noted that the core 18 includes an elongated passage 27
      which terminates at one end with a pipe 28 connected to a suitable source
      of high pressure air. The opposite end of passageway 27 is closed by means
      of a valve closure 30 carried by a stem 31 movably disposed within the
      passageway 27. The closure 30 is normally biased in its position to close
      passageway 27 by means of a compression spring 32 operating at one end
      against an internal shoulder 33 and at its other end operating against a
      nut 34 carried on the end of stem 31. Upon the application of high
      pressure air from pipe 28 into passageway 27, the closure 30 will open to
      expel the high pressure air into the central opening 29 of the parison 20.
PAR  In the extrusion process, no restraint is imposed on the extruded material
      after it has passed through the orifice of the extrusion die 14. The
      parison stabilizes without being restrained in a form as in injection
      molding and owing to the elevated temperatures involved, the parison can
      be easily deformed. The shape of the discharge nozzle or orifice and the
      functioning of any take-off device and/or gravity (elongation) are the
      only means available to assist in maintaining the proper shape and size of
      the product without causing distortion, surface marring or stains in the
      material.
PAR  In FIG. 2, it can be seen that the parison tubes 20 and 21 occupy an area
      midway between the opposing shaped surfaces 35 and 36 of the mold
      half-sections 24 and 25, respectively. The opposite ends of the mold
      half-sections 24 and 25 include off means 37 and 38 associated with the
      top and bottom of the end product or vessel and is more clearly seen in
      FIG. 1. The mold halves 24 and 25 are movably placed on base 23 so that
      they may be readily moved together to form a complete mold or shaped
      cavity about the downwardly depending parison tubes 20 and 21. The mold
      half-sections may be moved by any suitable means such as a lead screw,
      hydraulic plunger or the like.
PAR  In FIG. 3, it can be seen that the sleeve 17 is in communication with a
      plurality of apertures, such as aperture 40 in the sleeve 17 which permits
      the parison material under high pressure to pass from the revolving screw
      11 to the extrusion die 14 through apertures to inner space 15 providing
      double extruded tubes.
PAR  The compression spring 32 maintains the valve closure 30 in its closed
      position against any plastic inflow into pasageway 27. The proper air
      pressure supplied via pipe 28 at the proper time will operate against the
      compression of the spring to open the valve closure 30. Preferably, the
      valve stem is formed with at least four flutes so that a sufficient
      quantity of air may be processed through the passageway 27 regardless of
      its relatively small diameter.
PAR  As shown in FIG. 4, the mold half-section 24 and 25 have been moved
      together on base 23 so that the opposing shaped mold surfaces 35 and 36
      combine to surround and confine the parisons 20 and 21. In this process,
      it is noted that the upper cutting means 37 and the lower cutting means 38
      engage with the parison and pinch or separate the length of parison
      confined between the cutting means from the parison supplied by the
      extrusion die 14 or extending through the aperture 22 in the base 23. This
      pinching movement serves to close off the lower part of the pair of
      parison tubes so as to form the bottom of the vessel to be produced. The
      upper end of the parison tubes 20 and 21 fill certain areas of the mold
      shape which, in the present instance, represent the neck of the vessel to
      be produced and its attendent screw threads for accommodating a cap or
      screw-type closure. It is also to be noted in FIG. 4 that the tubular
      parisons 20 and 21 have now been separated from the die orifice 14 and
      that the sleeve 17 no longer defines or occupies the internal cavity 26
      separating the opposing walls of the coaxial parisons 20 and 21. Pinch off
      on core 18 seals and prevents air from blowing up into spaces 15 and 16
      and acts as an anvil to compression form threads by members 24 and 25.
PAR  Referring now in sequence to FIG. 5, it can be seen that the extrusion die
      14 along with the sleeve 17 may be moved upwardly about the central core
      18. Also, it can be seen that not only do the upper closure means 37 sever
      the downwardly depending parisons from the material being extruded from
      the die orifice, but forms a weld of the outer wall to the inner wall
      under residual heat and compression. This annular weld is identified by
      numeral 40 and it is to be understood that another heat-compression weld
      is formed at the location of the lower pinch by severing means 38 as
      indicated by numeral 41.
PAR  FIG. 5 further illustrates the introduction of high pressure air through
      passageway 27 and the fluted stem 31 so that the closure 30 opens to
      intercommunicate passageway 27 with the interior of the inner parison tube
      20. By pressurizing the central bore of parison 20, not only will the
      inner and outer walls of the tubes be forcibly urged outwardly into
      conformity with the shape of the mold wall surfaces 35 and 36 but the
      bottom will be formed as well as the top or neck of the vessel. The cavity
      26 traps or entrains air therein and therefore, by forcing inner wall 20
      outwardly, outer wall 21 is similarly forced out. Welds 40 and 41 suitably
      seal cavity 26 so that a "thermos" bottle effect is produced.
PAR  After the high pressure air has been introduced into the center of the
      double-walled vessel so as to expand the parisons outwardly into
      conformity with the shape of the mold, the air pressure is reduced and the
      mold opening by spreading mold half-sections 24 and 25 apart so that the
      end product or vessel is released. The product may then be removed from
      between the mold half-sections by an air jet which blows the product away
      or by a knockoff arm or any suitable device.
PAR  As illustrated in FIG. 6, the inner and outer walls are joined in a
      heat-compression weld indicated by numeral 40. The external surface of the
      outer wall conforms to the indentation of the mold surface so as to
      provide threads for receiving a threadable cap or closure device for the
      end product bottle or vessel. The mouth of the vessel is maintained
      constant by means of the extrusion die 14 which is removed after air has
      been injected into the central bore of the inner wall 20.
PAR  The resultant bottle may be used for insulative purposes since air is
      captured within passageway or cavity 26 or the double-walled vessel may be
      used in instances where double-walled strength is required, such as for
      containing pressurized fluids as aerosols, or other compressed air or
      spray dispensers. Furthermore, air shock insulation is provided by the
      double-walled construction so that volatile liquids, such as acids,
      explosives or flammable materials may be adequately stored with stability
      and safety.
PAR  Referring now to FIG. 7, another embodiment of the present invention is
      illustrated which involves an injection molding procedure. The mold is
      generally indicated by numeral 50 and is supported on a base plate 51 so
      that a central cavity of the mold shell 50 is substantially occupied by a
      core 52 which is inserted through the top opening of the mold shell. The
      central cavity of the mold is indicated by numeral 53 and is illustrated
      as being occupied in a central portion by the core 52, a cylindrical
      sleeve 54, and parison material 55 which is introduced through a sprue 56
      to the mold cavity. The discharge orifice leading into the mold cavity is
      indicated by numeral 57 and the material flow is indicated in the general
      direction of the arrows as shown. It can be seen that the parison occupies
      a pair of coaxial passageways separated by the sleeve 54 and that the
      bottom of central core 52 is in fixed spaced relationship with respect to
      a guide cylinder 58.
PAR  Also, FIG. 7 discloses that the central core 52 includes an elongated
      passageway 63 in which a closure valve 64 is arranged by its stem to
      effect closure at the end of the central core 52. In this instance, the
      passageway 63 is employed to conduct high pressure air from an air line 65
      into the cavity of the mold for blowing the parison. In a similar fashion
      to that illustrated with respect to the embodiment in FIG. 1, a spring 66
      is employed for normally biasing the valve closure in its closed position
      and the stem of the valve is fluted to permit passage of air when the
      valve seat or closure 64 is opened.
PAR  Referring now to FIG. 8, the parison material is initially injected into
      the cavity of the mold so that it is completely occupies and is confined
      in the cavity. The core 52 serves as a central portion of the mold while
      the sleeve 54 is illustrated as having been removed by lowering so as to
      create a circular void or passageway 67 defined by the opposing wall
      surfaces of parisons 60 and 61.
PAR  Referring to FIG. 9, the next step is illustrated in which air is
      introduced from duct 65 and through passageway 63 against the parison 62.
      As the high pressure air impinges against the parison 62, the parison is
      forcibly urged outwardly from the exterior side surfaces of the central
      core 52. As air continues to be supplied through the valve closure 64, the
      parison 60 separates from central core 52 and expands outwardly. Air is
      trapped within the passageway 67 so that parison 61 moves outwardly into
      conformity with the shaped surface of the mold shell. The surface of the
      mold is indicated by numeral 68 and the outer parison 61 will conform to
      the shape thereof.
PAR  It is also to be noted that as the inner and outer parisons 60 and 61
      outwardly expand in a radial direction, the lower portion of the parisons
      will merge together in a heat-compressive weld and indicated by numeral
      70. This weld completely seals off the passageway 67 and the parisons 60
      and 61 provide the inner and outer walls of the resultant end product or
      vessel.
PAR  In FIG. 10, the end product has been formed and the mold shell 50 is
      actuated so that its respective half-sections 71 and 72 move in opposite
      directions to release and expose the double-walled vessel indicated by
      numeral 73. The central core 52 is moved out of the mouth of the vessel
      and the support base 58 is moved out of the way in a downward direction.
      At this time, it is to be noted that the finished product or vessel 73
      rests on the extreme top or terminating end of sleeve 54 which was
      previously removed from the mold cavity to provide passageway 67. The end
      product or vessel 73 may now be removed by an air jet stream or knockout
      bar or any other suitable device so that another vessel may be injection
      molded in the mold 50.
PAR  Therefore, it can be seen that a double-walled vessel having captured or
      entrained air within a circular cavity or passageway is readily provided
      employing either extrusion or injection molding techniques. The present
      invention is not concerned with preparation of the granulated material or
      the specific means by which the material is introduced into the mold
      cavity. The invention relates to the apparatus and method for producing
      double-walled vessels which envisions the concept of extruding or
      injecting material for the double walls in a coaxial relationship followed
      by terminating the ends of the tubular parisons so as to seal off the
      passageway between the opposing wall surfaces of the inner and outer walls
      and then removing the finished product from the forming or mold station.
PAR  While particular embodiments of the present invention have been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from this invention in its
      broader aspects and, therefore, the aim in the appended claims is to cover
      all such changes and modifications as fall within the true spirit and
      scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for blow forming of hollow bodies so as to produce a
      double-walled vessel, the combination comprising:
PA1  a mold including a pair of mated halves having an open cavity defined by
      the shape of opposing internal wall surfaces;
PA1  sleeve means disposed over said open cavity for separating supplied parison
      within said mold cavity into coaxial inner and outer tubes;
PA1  means forming a portion of said mold at its extreme opposite ends for
      joining the opposite ends of said coaxial inner and outer tubes to seal
      said circular space between said inner and outer tubes so as to constitute
      the double walls of said vessel;
PA1  an extrusion die for extruding the parison into said cavity;
PA1  said sleeve comprising a part of said die whereby parison is divided into a
      pair of downwardly depending coaxial tubes into said mold cavity;
PA1  said joining means comprises cut-off portions at opposite ends of said mold
      cavity for severing said parisons and engaging the terminating ends of
      said tubes together in an integral joint;
PA1  means for trapping air between the opposing surfaces of said inner and
      outer tubes comprising;
PA1  air means for introducing pressurized air into the center of said coaxial
      tubular parisons urging the parisons into the form of said cavity.
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ABST
PAL  Equipment and process for lining an assembled carton tray made from
      foldable paperboard or similar material with a thermo-plastic film by use
      of a vacuum applied in a recessed mold containing the tray. The tray and
      mold are moved beneath a sheet of film which is heated or a hot sheet of
      film extruded over the top of the tray. The film must be severed around
      the edges of the tray after the lining is drawn. A tray may be used with
      the lid laid back so that the inner facing surface of the lid is also
      coated with the film. In so doing, a later seal may be formed between the
      lid and the tray or use of the two films contacting around the edges of
      the tray.
PARN
PAR  This is a division of application Ser. No. 506,945, filed 9/18/74.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to the lining of paper receptacles, and
      more particularly to the use of sheet or extruded films placed over an
      assembled carton and vacuum drawn into contiguous relationship with the
      bottom and sides of the receptacle.
PAR  2. Description of the Prior Art
PAR  There are many applications in the art which call for receptacles having a
      surface which incorporates a barrier of some sort. Since paperboard is a
      readily useable and relatively inexpensive medium, the use of coated and
      laminated paperboard has been common for some time in making boxes and
      trays. However, when paperboard is used which is coated or laminated prior
      to folding or cutting, the resulting side seams and corner flaps have a
      greater tendancy to leak or wick since the scores and folds are areas of
      stress and they are inclined to crack and leak during cutting, scoring,
      and/or folding. The use of solid plastic materials to make unsupported
      trays or boxes results in a container having side walls much thicker than
      is required for purposes of the barrier characteristics, and much thinner
      wall thicknesses can be used if they are in combination with a paperboard
      structure. Bag in a box packages, however, require separate handling and
      sealing of the bag, and these packages usually waste some space because
      the bag does not conform well to the inside corners of the paperboard
      structure.
PAC  SUMMARY OF THE INVENTION
PAR  An assembled paperboard carton tray is placed on a conveyor and advanced
      underneath either an extruded sheet of film or a conventional sheet of
      thermo-plastic film which is then heated, the tray and mold are then
      introduced to a vacuum station which draws the film down into contiguous
      relationship with the entire inner surfaces of the carton tray, and the
      tray is then separated from the surrounding film not in contact with the
      edges of the tray.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a carton tray lined in accordance with the
      present invention;
PAR  FIG. 2 is a plan view of a carton tray blank adapted to be folded into a
      carton tray having flange edges suitable for use with the present
      invention;
PAR  FIG. 3 is a side elevation view of apparatus embodying the present
      invention;
PAR  FIG. 4 is a side elevation view of an alternative form of apparatus
      similarly embodying the present invention;
PAR  FIG. 5 is a cross sectional elevation view showing the relationship of
      adjacent trays after the lining process but before separation;
PAR  FIG. 6 is a side elevation view in section of a portion of the apparatus
      shown in FIGS. 3 and 4, showing the liner in partially formed condition;
PAR  FIG. 7 is an elevational sectional view of the fully formed lined carton
      tray shown in FIG. 1 taken along section line 7--7;
PAR  FIG. 8 is a sectional elevation view of an alternative configuration
      embodying a recessed tray holder employed in the conveyor;
PAR  FIG. 9 is a perspective view of a carton tray including a lid shown prior
      to the lining;
PAR  FIG. 10 is a perspective view of the blank in FIG. 2 assembled with a sheet
      of film draped over its top to show how the flange may be used to seal the
      film to the carton;
PAR  FIG. 11 is a cross section elevation view of the carton tray shown in FIG.
      9 with the lining partially drawn into place;
PAR  FIG. 12 is a cross section elevation view of the carton tray shown in FIG.
      9 with the lining completely in place;
PAR  FIG. 13 is a partial section shown in perspective of the carton tray of
      FIG. 9 after processing;
PAR  FIG. 14 shows a completely sealed carton with lid;
PAR  FIG. 15 is a cross section elevation view of a portion of the completed
      carton shown in FIG. 14, taken along section line 15--15;
PAR  FIG. 16 is a perspective of the carton in FIG. 14 showing in dashed lines
      how the film is folded to permit the top to be folded down.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention provides novel equipment for producing a carton tray
      such as shown in FIG. 1 with a continuous liner of thermo-plastic film.
      Since in some applications the incidental mechanical adhesion between the
      film and paperboard from which the carton tray is made will provide
      sufficient adhesion to keep the liner in place, no special provisions may
      be made for additional adhesive. It should be understood, however, that
      the inside of the carton tray may be provided with a thermo-plastic
      coating to provide chemical bonding between the film and paperboard. As
      can be seen in FIG. 1 the carton tray 10 is assembled by any conventional
      means prior to lining. The liner 15 closely assumes the inside
      configuration of the sides and bottom 12 of the tray 10, as well as
      overlapping the top edges of the tray 10.
PAR  FIG. 2 illustrates a typical carton tray blank 11 which may be used in such
      a process, but it should be understood that the possible carton designs
      which may be employed are almost limitless. The blank includes a bottom
      panel 20, side and end wall panels 21 and 22 respectively and wrap-around
      corner flaps hingedly connected to the opposite ends of the side panels 21
      designated as 23. The tray may or may not be constructed with a top cover
      panel 24, the significance of this top cover panel in the process to be
      described later. This style tray 11 is provided with a narrow flange for
      sealing which will be described later. As previously mentioned, it is
      common in the art to take the blank in this form and laminate a film to it
      or apply a barrier coating on it prior to folding into its final
      configuration. The scoring and bending, however sometimes weakens this
      barrier and increases chances of failure.
PAR  FIGS. 3 and 4 show alternate forms of equipment which may be used to
      practice the present invention. The apparatus in FIG. 3 includes a
      conveyor 30 which is continuous and advanced by support rollers 31 located
      to provide tension and motion. The trays 10 are loaded at one end of the
      conveyor in close relationship in the assembled state. They advanced in
      ordered relationship beyond a roller 32 which locates a sheet of film 35
      directly over the tops of the carton trays 10 as it is unwound from a
      storage spool 36. The cartons 10 and film 35 are then advanced at an
      uniform speed beneath any means common in the art for heating the film to
      soften it. The heater is shown as 36 and since the film is of the
      thermo-plastic type it is ready to be formed after leaving the vicinity of
      the heater 36. The advancing cartons 10 and film 35 are then presented to
      means for drawing the film down into contiguous relationship with the
      interior surfaces of the carton tray 10, this means being shown in FIG. 3
      as a pair of vacuum positions beneath the conveyor 30.
PAR  It should be remembered that the paperboard from which the cartons are made
      is porous and allows a vacuum to be drawn therethrough from the bottom
      panel of the carton. Two vacuum stations 39 and 40 are shown but it may be
      possible to eliminate the preliminary vacuum station 39 and accomplish the
      entire drawing process at one station only. Those skilled in the art will
      appreciate that the relative dimensions of depth and area in the tray 10
      can affect the ability of the system to draw the thermo-plastic film down
      inside the carton tray 10. Also the thickness of film 35 desired and the
      potential rate at which it may be heated by the heater 36 will play a part
      in determining the vacuum sequence and perameters.
PAR  The film 35 is pulled down over the outside edge of the tray 10 as well and
      to some extent, sags over the outside edges as a result of the heating.
      When the trays and liners reach the opposite end of the conveyor 30 they
      are separated by some standard means such as a knife or sliter shown
      generally in FIG. 3 as 50.
PAR  In FIG. 4 an alternate embodiment is shown and for convenience similar
      parts will have assigned similar numbers including the conveyor 30,
      conveyor rollers 31, preassembled cartons 10 located on the conveyor and
      the vacuum stations 39 and 40 which are connected to a source of negative
      pressure and finally the means for severing the cartons after completion
      50. This embodiment employs an extruder such as those manufactured by the
      Possis Corporation of Minneapolis, Minn., and described in U.S. Pat. No.
      3,596,432 to Straub issued Aug. 3, 1971. The cartons 10 are moved beneath
      the cascading sheet of molten plastic film labeled 60 being extruded from
      the extrusion apparatus commonly labeled 61 since the film is relatively
      hot no preheating is necessary before applying the vacuum to the cartons.
PAR  Because it is not feasible to operate the apparatus described in FIG. 4 in
      an intermittent motion manner, since to do so would create uneven
      distribution of the film which must be continuously extruded, the carton
      trays 10 are moved into the regions of vacuum such that the advancing part
      of the carton tray 10 is exposed to vacuum before the entire bottom
      surface 20 can be exposed to the vacuum. Also, there must be some spacing
      between adjacent carton trays 10 on the conveyor 30 and in order to
      prevent vacuum leakage in this spacing it is necessary as shown in FIG. 5
      to put a spacer bar 70 which assures an even spacing between the cartons
      and reduces the vacuum leakage from between the carton trays 10. It is
      desireable of course, that the film 60 extend down the outside edges of
      the tray 10 to assure a proper seal.
PAR  FIG. 6 illustrates the general configuration of film in the carton while
      located over the first vacuum station. It is anticipated that this first
      vacuum station 39 should only partially expand the film 60 in order to
      distribute it so that the second and final vacuum station 40 can
      completely draw the film into conforming relationship and not, at the same
      time, create unnecessary thinning or weakening of the film 60 especially
      in the corners. FIG. 6 shows only a single tray 10, and it should be noted
      that depending on the environment in which this operation is conducted,
      that additional reheating stations might be necessary above the film prior
      to drawing the final vacuum at station 40 to insure the film 60 is of the
      proper workable viscosity. As can be seen in FIG. 6 it is best to have a
      vacuum station which covers nearly all the surface area of the bottom of
      the tray 20. FIG. 7 shows in cross section a completed and lined tray
      severed from adjacent trays 10 with the lining in place contiguous with
      the entire inner surface of the tray 10 and overlapping the top edges.
PAR  FIG. 8 shows an alternate embodiment of a recessed mold located at one of
      the two vacuum stations which would allow the film to be drawn not only
      against the bottom of the carton tray 20 but also against the sides. In
      other words, the carton is subjected to vacuum on all sides by recessing
      it in the mold 80 which is made of porous material similar to the rest of
      the conveyor 30. The film is deposited on top of the carton tray 10 in
      either of the two methods shown in FIG. 3 and FIG. 4 and a means must be
      provided to seal the vacuum chambers 39 and 40 so that while the mold 80
      is spaced therein, the vacuum will not be allowed to leak but will be
      directed at the carton tray 10. The particular carton shown has a lid 24
      connected thereto and spaced in flush relation against the surface of the
      conveyor 30. The film 35 or 60 is shown completely drawn into contiguous
      relation with the inner surface of the tray 10 and the surface of the lid
      24.
PAR  FIGS. 9, 11 and 12 show an embodiment which allows a carton 10 having a lid
      24 to be used on a flat conveyor such as originally described in FIGS. 3
      and 4. A wedge shaped support 85 located in abutting relation to the side
      wall of the carton 10 adjacent to the hinged top cover 24, and provides
      support for the top cover 24 yet also includes porosity or other means for
      conducting the vacuum to the surface of the top 24. Thus when the carton
      tray 10 is moved beneath the film depositing means be it extrusion or roll
      type, the film is deposited on the top 24 as well and when the vacuum is
      drawn in the later operations, the film is closely adhered to the top 24
      as well as the reaminder of the carton 10. A portion of this finished
      lined container with lid is shown in FIG. 13, and the desireability of
      this type of method is that the top may then be folded over the remainder
      of the open tray and if heat sealed in such a manner as to fuse the
      thermo-plastic films adhered to both the tray 10 and the top 24, the
      completely sealed package results, as seen in FIGS. 14 and 15. FIG. 15
      clearly shows how the contents would be completely surrounded and sealed
      by the film barrier after such a closing step is accomplished.
PAR  As previously mentioned there are almost no limits to the number of designs
      which may be employed in the present invention. The carton 11 shown in
      FIG. 10 is noteworthy since the flange 86 around its edges makes it easy
      to trim the excess film from around it and also to seal a cover or lid
      thereto. By contrast the simpler style carton 10 in FIG. 1 must be trimmed
      with the film draped over its edges after vacuum forming.
PAR  When a cover is added, however, as in FIGS. 11 through 16 to a conventional
      tray 10 with no flange the tray 10 is processed with the lid and lid flaps
      26 in flat relationship so they are coated with film 35. Thus the sides of
      the tray 10 have film draped down their outer surfaces and when the lid 24
      is brought down the flaps 26, each coated with film 35, contact the tray
      to permit a film to film seal to be made by applying heat or other
      suitable means. FIG. 16 shows how the excess film 35 in the corners of the
      assembled tray lid must be folded in or gusseted as shown by the dashed
      lines.
PAR  Any of the cartons described can be processed after filling through a
      similar operation without the application of vacuum to give a sealed cover
      of film which may be attached around the periphery of the carton by a
      film-to-film seal with the film making up the liner.
PAR  It should also be understood that in certain configurations it may be
      desirable to use positive air pressure from above to help the film assume
      the proper shape in the carton, either alone or in combination with vacuum
      from beneath the carton. Although it would require more sophisicated
      mechanical apparatus which is not shown it could also be possible to use
      contacting plunger or plug means for engaging the film and forcing it into
      conformity with the inside of the carton. It is felt in nearly all
      applications the use of vacuum alone will be sufficient.
PAR  In accordance with the Patent Statutes, I have described the principles of
      construction and operation of my improvement in APPARATUS FOR LINING
      CARTONS; and while I have endeavored to set forth the best embodiment
      thereof, I desire to have it understood that obvious changes may be made
      within the scope of the following claims without departing from the spirit
      of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus adapted to line a tray having a flat bottom and upright side
      walls made from foldable paperboard or similar sheet-like material with a
      continuous strip of thermo-plastic film, comprising:
PA1  continuous conveyor means for holding a plurality of said trays in close
      spaced relationship;
PA1  means for advancing said trays and said conveyor;
PA1  means for dispensing a continuous strip of said thermo-plastic film into
      juxtaposition above said trays on said conveyor;
PA1  means positioned beneath said conveyor for pulling a vacuum through the
      bottom of said tray which can pull down that portion of said film directly
      above said tray into contiguous conforming relationship with the inside
      surfaces of said tray; and
PA1  means for separating said tray and contiguous conforming portion of said
      film from that film positioned between adjacent trays and not in contact
      therewith.
NUM  2.
PAR  2. The apparatus of claim 1 including means for heating said thermo-plastic
      film prior to pulling a vacuum through the bottom of said tray.
NUM  3.
PAR  3. The apparatus of claim 1 including a second preliminary vacuum means for
      partially drawing said thermo-plastic film into said tray.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said means for dispensing film
      comprises extrusion means for extruding a continuous strip of heated
      thermo-plastic film.
NUM  5.
PAR  5. The apparatus of claim 1 including mold recesses formed within said
      conveyor to allow vacuum to be pulled through the sides as well as the
      bottom of said tray.
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ABST
PAL  In accordance with the teachings of the instant invention, there is
      disclosed an injection molding head for forming honeycombed structures of
      thermoplastic materials, which comprises a fixed mouthpiece having a
      plurality of strand channels extending longitudinally therethrough; a
      plurality of guide channels extending longitudinally therethrough and
      interposed between said strand channels; a strand deviation guide
      mechanism comprising a plurality of elongated members each slidably
      mounted in one of said guide channels; a frame arrangement attached to one
      end of each of a group of the elongated members for moving in a
      longitudinal direction one end of each of the elongated members beyond the
      exit end of the fixed mouthpiece for the provision of high thrust, lateral
      forces proximate to the output of said strand channels, and withdrawing
      the ends of the said elongated members from said extended position to
      within said fixed mouthpiece; and a drive apparatus coupled to the frame
      arrangement for moving the frame arrangement toward and away from the
      fixed mouthpiece in an oscillatory manner. The elongated members may be
      configurated as organ-type pipes for directing high pressure jets
      obliquely and rearward toward the output end of the fixed mouthpiece, as
      such pipes are extended beyond the exit end of the fixed mouthpiece.
      Alternatively, the elongated members comprise bundles of elongated spring
      lamellas which spread laterally when they are extended beyond the output
      end of the fixed mouthpiece. In either case, longitudinally moving strands
      of thermoplastic material that are emitted from the strand channels are
      momentarily deviated in a lateral direction by the high pressure jets or
      spreading spring lamellas, to achieve precisely controlled welding contact
      between adjacent strands.
BSUM
PAC  BACKGROUND AND THE INVENTION
PAR  This invention relates to apparatus for manufacturing honeycombed
      thermoplastic structures and, more particularly, to such apparatus
      comprising laterally moving oscillating groups of the elongated members
      that alternatively extend beyond the exit end of a fixed mouthpiece of an
      injection molding head to provide periodic lateral deviation of
      longitudinally moving strands of thermoplastic material so that they
      periodically engage each other to achieve a selective welding therebetween
      to form a honeycombed structure.
PAR  A conventional injection molding head for making thermoplastic honeycombed
      structures used as an insulating component of an electrical cable is
      disclosed in German Patent 1,099,680. With such a conventional injection
      molding head, longitudinally moving thermoplastic material exits from the
      head in strands from the exit ends of a multiplicity of nozzles in the
      head, and the injection direction of the strands are continuously changed
      by admitting oscillatory rotary movements to the individual nozzles, thus
      causing the various strands of thermoplastic material exiting the head to
      come into periodic contact with each other immediately beyond the exit end
      of the injection molding head.
PAR  Another priorly known injection molding head for making honeycombed
      thermoplastic structures is described in German DOS 1,779,330. As therein
      depicted, the injection molding head is provided with a fixed mouthpiece
      having a plurality of strand forming nozzle channels between which
      separate guide channels are provided for the passage of gas under pressure
      for periodically alternating the lateral movement of the strands exiting
      the strand forming nozzle channels, such guide channels being
      substantially parallel to the nozzle channels.
PAR  It is a principal object of the instant invention to provide an improved
      injection molding head of the immediately aforementioned type with the
      capability of controlling, with a high degree of exactness, the lateral
      deviation of the longitudinally moving strands of thermoplastic material.
      Preferably an extended after pressure is provided, avoidance of weld
      density problems is achieved, and high strength welds are realized.
PAR  In accordance with the teachings of the instant invention, an improved
      injection molding apparatus is set forth wherein such apparatus comprises
      an injection molding head having a fixed mouthpiece positioned at the exit
      end thereof. Such mouthpiece includes a plurality of strand channels
      extending longitudinally therethrough and a plurality of guide channels
      also extending longitudinally therethrough and interposed between various
      ones of the plurality of strand channels. Longitudinally extending through
      the plurality of guide channels are a plurality of elongated members
      alternately separated into a first and second group of such members. The
      first group of such elongated members are attached at one of each of their
      respective ends to a first distribution frame mechanism which serially
      connects each of such elongated members of the first group to each other.
      In a similar fashion, the second group of such elongated members are
      attached at one of each of their respective ends to a second distribution
      frame mechanism which serially connects each of such elongated members of
      the second group to each other. A drive mechanism is coupled to the first
      and second distribution frame mechanisms for providing recipricating
      displacement of such mechanisms longitudinally toward and away from each
      other so as to alternately extend the unattached opposite ends of the
      first and second groups of elongated members beyond the exit end of the
      fixed mouthpiece so that lateral oscillatory forces are applied to the
      freshly extruded thermoplastic strands formed at the exit end of the
      plurality of strand channels to provide a large periodic lateral deviation
      in the direction of adjacent strands so as to achieve an improved weld as
      the adjacent longitudinally moving strands are periodically deviated in
      their path of movement so as to come into contact with each other,
      resulting in longitudinally spaced welds.
PAR  In accordance with a first embodiment of the invention, the elongated
      members comprise a plurality of organ pipes, each slidably mounted in one
      of the plurality of guide channels for permitting a lateral high pressure
      discharge of gas or liquid to deviate the longitudinal movement of the
      immediately adjacent thermoplastic strands as they exit the strand
      channels of the fixed mouthpiece. The sequential movement of the
      unattached ends of the first and then the second group of organ pipes
      beyond the exit end of the fixed mouthpiece provides strictly controlled
      exit openings for a high pressure gas or liquid material in the organ
      pipes to escape therefrom in a lateral direction with respect to theh
      longitudinally moving, freshly extruded plastic strands. The oscillatory
      opening and closing of the exit openings of the organ pipes of each of the
      two groups results in high lateral forces being periodically applied to
      the extruded plastic strands in view of the dynamic effect of the
      resulting intermittent jet effect, especially in the case where warm air
      pressure is used as the strand deviating material in the organ pipes.
      Additionally, when the ends of the organ pipes extending beyond the exit
      end of the fixed mouthpiece are moved in a direction away from the exit
      end, a venturi nozzle effect is obtained, that is, an additional suction
      effect is realized on the sides of the strands being welded.
PAR  In a second embodiment of the instant invention, the elongated members
      extending through the guide channels of the injection molding head are
      comprised in a plurality of bundles of pretensioned spring lamellas, each
      having an end thereof which is extendable beyond the exit end of the fixed
      mouthpiece. Upon the ends of one of the groups of such bundles of lamellas
      being extended beyond the exit end of the fixed mouthpiece, the guide
      channel through which they pass no longer restrict lateral spreading and,
      accordingly, the extending portions of such bundles spread apart in a high
      thrust manner to engage in a lateral direction the thermoplastic strips
      exiting the immediately adjacent strip channels in a highly controlled and
      precise manner. The utilization of pretensioned bundles of spring lamellas
      permits a highly precise configuration with highly viscous plastic
      materials on a consistent basis. The outer spring lamellas of each bundle
      may consist of a layer of anti-bonding material, for instance,
      polytetrafluorethylene or be covered by such a material. The bunching of a
      plurality of thin spring lamellas into a package to define each of the
      elongated member is advantageous because the spring width of the released
      spring lamellas is rather large while the bending tension spring remains
      small.
DRWD
PAR  The invention will be more clearly understood by reference to the following
      detailed description of exemplary embodiments thereof, in conjunction with
      the accompanying drawings in which:
PAR  FIG. 1 is a longitudinal sectional view of an exemplary embodiment of the
      instant invention for injection molding of a honeycombed structure of
      thermoplastic material about a metal or plastic pipe;
PAR  FIG. 2 is a schematic view illustrating the intercooperation of various
      elements of the embodiment depicted in FIG. 1 to achieve precisely
      controlled formation of the honeycombed structure in accordance with the
      instant invention;
PAR  FIG. 3 is a partial cross-sectional side view taken along the line A--B of
      FIG. 1;
PAR  FIG. 4 is a schematic view illustrating alternative elongated members
      comprising bundles of spring lamellas for controlled deviation of the
      longitudinal movement of the thermoplastic strips as they exit into the
      atmosphere;
PAR  FIG. 5 is a schematic view illustrating one of the bundles of spring
      lamellas depicted in FIG. 4 in a compressed condition when its left end is
      withdrawn from the atmosphere into the fixed mouthpiece of the injection
      molding head; and
PAR  FIG. 6 is a schematic view of the spring lamellas of FIG. 5 in an expanded
      condition when the left end thereof is extended beyond the fixed
      mouthpiece into the atmosphere.
DETD
PAR  Referring now to the drawings and more particularly to FIG. 1, an injection
      molding head 1 comprises a longitudinal bore 3 through which a metal or
      plastic pipe 2 may be axially moved in a conventional manner by drive
      mechanisms (not shown) through the head 1 in the direction of the arrow.
      Within the injection molding head 1 there is provided a conventional
      charge opening 4 for the provision of plasticized theremoplastic material
      that is moved by a conventional worm thread screw (not shown) to an
      annular space 5. In communication with such annular space 5 there is
      provided a fixed mouthpiece 6 having a plurality of nozzle openings 7 from
      which the thermoplastic material continuously exits into the atmosphere in
      strand form. The fixed mouthpiece 6 further comprises a plurality of guide
      channels 8 which are alternately interposed between the nozzle openings 7.
      As illustrated in FIG. 2, there are provided a plurality of organ pipes 9
      divided into two groups, the first of which are attached at one of each of
      their respective ends to a distribution frame 16a, and a second group are
      attached at one of each of their respective ends to a distribution frame
      16b. The organ pipes 9 are so attached to the distribution frames 16a and
      16b that their axial alignment permits their opposite unattached ends to
      be slidably positioned within the plurality of guide channels 8 of the
      fixed mouthpiece 6 in such an arrangement that immediately adjacent guide
      channels 8 alternatively include an organ pipe 9 attached to distribution
      frame 16a and an organ pipe 9 attached to the distribution frame 16b. The
      distribution frames 16a and 16b are configurated so as to provide an
      airtight chamber which communicates with each of the organ pipes 9
      attached thereto. The organ pipes 9 attached to distribution frame 16a are
      in series with each other for the transmission of air pressure in the
      direction of the exit end of the injection molding head 1, as for the
      organ pipes 9 attached to the distribution frame 16b. The distribution
      frames 16a and 16b are in communication, respectively, with connecting
      pipes 10a and 10b which are in turn coupled to a conventional pressure
      generator or air pressure compressor (not shown).
PAR  Longitudinal countermotion of the distribution frames 16a and 16b is
      provided by a cam drive 17 positioned between the distribution frames 16a
      and 16b so as to force them apart against a tension force provided by a
      spring 18 connected between distribution frames 16a and 16b. The cam drive
      17 provides a simple solution to adjust various control programs of the
      longitudinal movements of the two groups of organ pipes 9 by merely
      changing the shape of the cam which may be driven by an electrical motor
      (not shown).
PAR  As depicted in FIG. 2, the organ pipes 9 are in the position assumed when
      the distribution frames 16a and 16b are forced apart, the organ pipes 9
      attached to the distribution frame 16a exiting through the guide channels
      8 of the fixed mouthpiece 6. Each of the organ pipes 9 at their ends
      positioned within or extending beyond the exit end of the fixed mouthpiece
      6 are axially closed but include two opposite slots 13 in thier sidewalls
      for directing jets of air pressure obliquely and somewhat rearward with
      respect to the direction of the injection molding. As the organ pipes 9
      exit the mouthpiece 6, high pressure jets of air are released through the
      organ slots 13 since they are no longer blocked by the internal surfaces
      defining the guide channels 8 of the fixed mouthpiece 6. As the jets of
      air pressure emitting from the organ slots 13 engage the strands 11 in an
      oblique direction, such strands 11 are deviated laterally from their
      normal longitudinal direction of movement to engage each other and to form
      therebetween periodic weld contacts 12. As the distribution frame 16a is
      moved in the direction toward the fixed mouthpiece 6, the distribution
      frame 16b is moved in the opposite direction carrying with it the group of
      organ pipes 9 attached thereto. Thus, the unattached ends of these organ
      pipes 9 are retracted by the distribution frame 16b to a position with the
      plurality of guide channels 8 through which they extend. Accordingly, the
      plurality of organ slots 13 located within the side portions of the last
      mentioned organ pipes 9 are blocked by the internal surfaces of the fixed
      mouthpiece 6 defining the guide channels 8 through which they extend, thus
      completely closing off any air pressure jets that would be realized if
      organ pipes 9 extended beyond the fixed mouthpiece into the atmosphere. A
      further turning in a clockwise direction of the cam drive 17 beyond the
      state illustrated in FIG. 1 permits the distribution frames 16a and 16b to
      move toward each other because of the forces applied thereto by the spring
      18 connected between distribution frames 16a 16b. Upon the distribution
      frames 16a and 16b moving toward each other, the axial positions of the
      organ pipes 9 are changed so that the group of such organ pipes 9
      connected to distribution frame 16b extend beyond the exit end of the
      fixed mouthpiece 6, while the organ pipes 9 attached to the distribution
      frame assembly 16a are axially moved in a direction to withdrawn the
      unattached opposing ends of such organ pipes 9 from a position beyond the
      exit point of the fixed mouthpiece 6 into the guide channels 8 through
      which they extend so as to block the organ slots 13 of such organ pipes 9.
      It will be evident that the continuous rotation of the cam drive 17 in the
      clockwise direction indicated by the arrows depicted in FIG. 1 will cause
      the connecting frames 16a and 16b to continuously slide in an oscillatory
      manner away and toward each other which will result in extending the
      unattached ends of the organ pipes 9 of the first group of such pipes
      beyond the exit point of the fixed mouthpiece 6, while withdrawing the
      unattached ends of the second group of organ pipes 9 from beyond the exit
      point of the fixed mouthpiece 6 into the guide channels 8 through which
      they pass, and continuing such extension and withdrawal of the ends of the
      two groups of organ pipes 9 in an oscillatory manner so as to achieve hard
      thrusts of jets of air in a lateral direction from the first group of
      organ pipes 9 and then from the second group of organ pipes 9 and
      continuing thereafter in a cyclic manner.
PAR  As illustrated in FIG. 2, at the moment that the group of organ pipes 9
      which are attached to the distribution frame 16a exit from the guide
      channels 8 of the fixed mouthpiece 6, jets of air pressure are released in
      a lateral or oblique direction through the organ pipe slots 13, and such
      jets of pressure cause the adjacent thermoplastic strips 11 in their path
      to deviate from their longitudinal direction of movement into engagement
      with each other to achieve welds at the contact points 12.
PAR  In the embodiment depicted in FIG. 1, the organ slots 13 are guided in very
      close proximity to the freshly extruded adjacent strands 11, thus enabling
      a maximum lateral deviation to be achieved by the high pressure jets,
      which preferably comprise warm air to assist in the welding process.
      Further, the withdrawal of one of the groups of organ pipes 9 while the
      other group is being extended, provides a Venturi-nozzle effect that
      provides a suction force on the sides of the strands 11 opposite to which
      the jets of air are applying lateral deviation forces. As will be readily
      apparent, the operation of the deviation of the strands 11 in this
      embodiment is purely dynamic, that is, the sudden release of the jets of
      air with high thrust and the aforesaid suction effect, determines the
      strand guidance and the pressure force.
PAR  The shape of the organ slots 13 is important. As indicated in FIG. 2,
      opposite organ slot 13 are provided in each of the organ pipes 9. With
      this arrangement the jets of air are directed obliquely rearward toward
      nozzle channels 7 when the pipes extend beyond the exit point of the fixed
      mouthpiece 6. Advantageously, two opposite lateral bores are utilized to
      form the organ slots 13. Further, electric valve switches (not shown) may
      be provided in each of the organ pipes 9 to provide additional control of
      the jet release mechanism. In those situations wherein an extended welding
      effect is desired, the lateral movement of the organ pipes 9 are
      synchronized with the longitudinal lateral speed of movement of the metal
      or plastic pipe 2 so as to achieve an extended engagement of the air
      pressure jets from the organ slots 13 when the thermoplastic strips 11 to
      maximize the length of weld contacts 12. Further, the speed of the axial
      movement of the metal or plastic pipe 2 through the bore 3 of the
      injection molding head 1, as well as the force and sequence of the
      periodic jets applied to the adjacent strips 11 as they exit from the
      nozzle openings 7, may be varied so that the rigidity and shape of the
      honeycombed structure may be varied prior to its solidifying. Further, if
      desired an outer jacket or casing 14 may be provided of a like of
      different plastic material by the injection molding head 1 of FIG. 1 by
      means of a jacket nozzle 15 which is obliquely directed to the external
      ends of the nozzle openings 7. The jacket and honeycombed material may be
      of thermoplastic material which weld together upon contact. In order to
      provide water tightness in the jacket 14 it is advantageous to coat the
      metal or plastic pipe 2 before its entrance into the injection molding
      head 1 with a thin layer of copolymer. This copolymer layer provides an
      intimate bond between the pipe 2 and the honeycombed structure with
      respect to the latter's internal surface.
PAR  As an alternative means for driving the distribution frames 16a is an
      electromagnetic drive arrangement as shown in the right hand portion of
      FIG. 1. This arrangement comprises anchor rings 20a and 20b of
      magnitizable material mounted on the distribution frames 16a 16 b. The
      distribution frames 16a and 16b are retracted and ejected by means of an
      engaging spring supports 21a and 21b as determined by the current flow
      through a pair of electromagnetic coils 19a and 19b. When this alternative
      drive arrangement is utilized, the aforesaid cam drive 17 and spring 18
      are eliminated.
PAR  Referring to FIGS. 4, 5 and 6, there is depicted a mechanical alternative
      to the strand deviating arrangement previously described as comprising
      groups of reciprocating organ pipes 9 from which high pressure jets of air
      are emitted. As schematically represented in FIG. 4, there is provided two
      groups of bundles of elongated spring lamellas 22, the first group being
      attached at one of each of their respective ends to a distribution frame
      21a, and a second group of bundles of elongated spring lamellas 22
      attached at one of each of their respective ends to a distribution frame
      21b. The axial movement of the distribution frames 21a and 21b is similar
      to that described frames 16a and 16b depicted in FIG. 1. As schematically
      represented by FIG. 4, when the distribution frames 21a and 21b are spread
      apart a maximum distance as determined by the cam drive 17 configuration,
      the unattached ends of the bundles of elongated spring lamellas 22
      associated with distribution frame 21a extend through and beyond the exit
      point of guide channels 8 of the fixed mouthpiece 6, thus permitting the
      portions of such bundles of elongated lamellas 22 that extend beyond the
      exit point to spread laterally and engage, in a thrust manner, the
      immediately adjacent longitudinally moving, thermoplastic strands 11
      exiting from the nozzle openings 7 of the fixed mouthpiece 6.
      Consequently, the various thermoplastic strands 11 are momentarily
      laterally deviated from their longitudinal direction of movement and
      engage each other to achieve welding contacts 12 between adjacent strands.
PAR  As depicted in FIG. 4, the bundles of elongated spring lamellas 22 which
      are driven by the distribution frame 21b are in their retracted positions
      and are restrained from spreading in a lateral direction by those surfaces
      of the fixed mouthpiece 6 that define the guide channels 8 in which such
      bundles are positioned. FIG. 5 depicts the condition of a bundle of
      elongated spring lamellas 22 when the end thereof remote from the
      distribution frame is positioned within or withdrawn into a guide channel
      8, while FIG. 6 depicts the condition of such bundle of elongated spring
      lamellas when such end is extended beyond the exit point of the fixed
      mouthpiece 6 as the distribution frame to which it is connected is moved
      toward the mouthpiece. The outer springs of each bundle of spring lamellas
      22 may preferably be covered with a material which does not adhere with
      the thermoplastic material of the strands 11, in order to avoid sticking
      and friction when such outer springs engage the strands exiting from the
      nozzle openings 7 of the fixed mouthpiece 6.
PAR  The injection molding head 1 described with regard to FIG. 1, as well as
      the alternative strand deviating mechanism for such head described with
      regard to FIGS. 4, 5, and 6, may in accordance with the instant invention
      be utilized to make exactly dimensioned honeycombed structures even in the
      absence of the internal metal or plastic pipe 2. In the absence of forming
      such a honeycombed structure about a pipe, the structure initially has a
      tubular configuration but may be opened into a continuous strip by the
      provision of a cutting knife at a point beyond the exit point of the
      injection molding head. The welding factor achieved by the utilization of
      the equipment herein described is almost unity, that is, the welding bond
      at the contact point 12 is as strong as the base material. The honeycombed
      structures made in accordance with the instant invention, are especially
      suitable for heat as well as electrical insulation, but of course may be
      utilized for other purposes with respect to which he insulating qualities
      or structural configuration are of advantage.
PAR  While the invention has been described in conjunction with exemplary
      embodiments thereof, it will be understood that many modifications will be
      readily apparent to those of ordinary skill in the art; and that this
      application is intended to cover any adaptations or variations thereof.
      Therefore, it is manifestly intended that this invention be limited only
      by the claims and the equivalents thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. Injection molding head for forming honeycombed structures of
      thermoplastic materials, comprising:
PA1  a fixed mouthpiece having a plurality of apertures extending longitudinally
      therethrough for providing extrusion orifices each having a permanent
      cross-sectional configuration in an output surface of said mouthpiece, and
      a plurality of guide channels extending longitudinally therethrough and
      interposed between but spacially separated from said apertures;
PA1  strand deviation guide means including:
PA1  a plurality of elongated members each slidably mounted in one of said guide
      channels;
PA1  a frame means attached to one end of each of a group of said elongated
      members for moving in a longitudinal direction one end of each of said
      elongated members beyond the exit end of said fixed mouthpiece for the
      provision of high thrust, lateral forces only beyond said output surface
      but proximate to the output of said extrusion orifices, and withdrawing
      said ends of the said elongated members from said extended position to
      within said fixed mouthpiece; and
PA1  drive means coupled to said frame means for moving said frame means toward
      and away from said fixed mouthpiece in an oscillatory manner.
NUM  2.
PAR  2. An injection molding head in accordance with claim 1, wherein said
      plurality of elongated members form a first and a second group of such
      members, said frame means including a first distribution frame and a
      second distribution frame attached, respectively, to said first and second
      groups of elongated members, and said drive means being coupled to said
      first and second distribution frames in a manner to move one of said
      frames toward said fixed mouthpiece while moving the other of said frames
      away from said mouthpiece, in an oscillatory countermovement manner.
NUM  3.
PAR  3. An injection molding head in accordance with claim 2, wherein said
      elongated members comprise bundles of elongated spring lamellas slideably
      mounted in said guide channels and extendable beyond the output end of
      said fixed mouthpiece, whereat the lamellas spread apart in front of the
      output ends of the immediately adjacent strand channels of said
      mouthpiece.
NUM  4.
PAR  4. Injection molding head for forming honeycombed structures of
      thermoplastic materials, comprising:
PA1  a fixed mouthpiece having a plurality of strand channels extending
      longitudinally therethrough, and a plurality of guide channels extending
      longitudinally therethrough and interposed between said strand channels;
PA1  strand deviation guide means including:
PA1  a first and a second group of organ-type pipes each slidably mounted in one
      of said guide channels;
PA1  a frame means including a first distribution frame and a second
      distribution frame attached, respectively, to one end of each of said
      first and second groups of pipes so as to provide air tight chambers
      serially connected thereto, and for moving in a longitudinal direction one
      end of each of said pipes beyond the exit end of said fixed mouthpiece for
      the provision of high thrust, lateral forces proximate to the output of
      said strand channels, and withdrawing said ends of said pipes from said
      extended position to within said fixed mouthpiece; and
PA1  drive means coupled to said first and second distribution frames to move
      one of said frames toward said fixed mouthpiece while moving the other of
      said frames away from said mouthpiece, in an oscillatory, countermovement
      manner.
NUM  5.
PAR  5. An injection molding head in accordance with claim 4, wherein said
      organ-type pipes are axially closed at their ends within or extending
      beyond the exit end of said fixed mouthpiece, but include organ slots in
      their side walls for directing high pressure jets obliquely and rearward
      toward the output end of said strand channels when said organ slots of
      said elongated members are positioned beyond the exit end of said fixed
      mouthpiece.
NUM  6.
PAR  6. An injection molding head in accordance with claim 5, wherein said organ
      pipes comprise two opposite organ pipe slots having lateral bores in their
      side walls for directing high pressure jets obliquely rearward when said
      pipes are extended beyond the exit end of said fixed mouthpiece.
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ABST
PAL  Apparatus for forming a composite article including an inflatable center
      adapted to retain a predetermined shape covered with a covering of molded
      material and preferably an inflatable composite article such as a game
      ball with a covering of more uniform thickness. Surfaces of complementary
      elements of a mold are adapted to define, when the mold is closed, a
      molding cavity corresponding to the outer surface of a desired composite
      article. Said surfaces are electrostatically sprayed with a molding
      material to form a layer of molding material over said surfaces.
      Preferably, electrostatic spraying is performed while heating the mold
      preferably to a temperature above 135.degree.C. and most desirably between
      150.degree. and 190.degree.C. An inflatable center is then inserted into
      the mold and the mold is closed to define the molding cavity with the
      inflatable center therein. Thereafter, the inflatable center is inflated
      preferably to a pressure greater than 600 kilopascals and most desirably
      between 1100 and 1250 kilopascals to compress the molding material against
      the surfaces of the molding cavity to produce mold details. The mold is
      then heated preferably to a temperature greater than 135.degree.C. and
      most desirably to a temperature between 150.degree. and 190.degree.C. to
      fuse the molding material to the desired covering for the inflatable
      composite article. Subsequently, the mold is cooled and the composite
      article is removed from the mold.
PARN
PAR  This is a continuation-in-part of application Ser. No. 469,987, filed May
      15, 1974, and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to apparatus for covering composite articles
      and particularly inflatable composite articles such as game balls with
      coverings of more uniform thickness.
PAC  BACKGROUND OF THE INVENTION
PAR  Inflatable game balls are balls such as volleyballs, basketballs, footballs
      and softballs, which are pressurized for use. Other inflatable composite
      articles are boat buoys, flotation gear and the like.
PAR  Inflatable game balls as well as other kinds of inflatable composite
      articles have been variously made and covered by rotocasting, plastisol
      flooding, plastisol dipping, vacuum forming and application of individual
      panels. The difficulties with such manufacturing techniques have been that
      they do not provide a covering of uniform thickness over the surface of
      the ball. It is essential to the quality of game balls as well as certain
      other inflatable composite articles that the covering be molded to a
      thickness as uniform as possible.
PAR  Electrostatic spraying and coating of molds with molding materials has been
      variously utilized in molding. The technique provides for uniform and
      selective application of molding material over the surfaces of the mold
      and in turn molded articles of uniform thickness. Exemplary of the art is
      believed to be U.S. Pats. No. 3,182,103, No. 3,374,500, No. 3,408,432, No.
      3,478,387, No. 3,491,170, No. 3,504,063, No. 3,607,998 and No. 3,660,547.
      Such electrostatic techniques have not been adapted to provide for the
      covering of inflatable composite articles and particularly inflatable game
      balls with coverings of substantially uniform thickness.
PAR  Inflatable inner molds have been utilized in molding and forming plastic
      articles that have constricted openings, such as milk bottles and
      Christmas tree ornaments. Such inflatable molds provide for the making of
      such hollow bodies in one piece, rather than in two or more pieces
      followed by assembly. Illustrative of the disclosures utilizing inflatable
      molds are believed to be those set forth in U.S. Pats. No. 3,530,208 and
      No. 3,607,998. Such inflatable molds have not heretofore been adapted to
      provide composite articles and particularly inflatable composite articles
      with coverings of substantially uniform thickness. Other somewhat related
      disclosures are set forth in U.S. Pats. No. 2,614,955, No. 3,135,640 and
      No. 3,151,196.
PAC  SUMMARY OF THE INVENTION
PAR  An apparatus is provided for covering composite articles and particularly
      inflatable composite articles and specifically game balls with a covering
      of more uniform thickness than is generally provided with prior art
      molding techniques. First, a mold is formed of complementary elements
      having surfaces adapted to form, when the mold is closed, a molding cavity
      corresponding to outer surfaces of a desired composite article.
PAR  While open, the surfaces of the elements of the mold defining the mold
      cavity are electrostatically sprayed with a molding material to form a
      substantially uniform layer of molding material over said surfaces. The
      molding material may be deposited on the surfaces of the molding cavity in
      the form of fine droplets or particulate solid materials by spraying the
      molding material in a powder or liquid form. The liquid state may be
      produced with a carrier fluid such as steam or a solvent, or by heating
      the molding material to a molten or semi-molten state before spraying.
PAR  Preferably, the molding material is electrostatically sprayed onto said
      surfaces in a powder form while the mold is heated preferably to a
      temperature greater than 135.degree.C. and most desirably between
      150.degree. and 190.degree.C. The molding material is thereby partially
      fused during the spraying step. Accordingly, a thicker and more uniform
      covering can be produced because the insulating effects of the molding
      material can be reduced, and because a high electrical charge can be
      maintained between the mold and the spray nozzle more uniformly and for a
      longer length of time.
PAR  Suitable molding materials are powders or plastisols of thermoplastic
      resins such as polyvinylchloride, polyethylene, polypropylene, polyacetate
      and polystyrene. Typically, the molding material utilized for covering
      game balls is polyvinylchloride (PVC). Other molding materials
      contemplated for use are thermosetting resins such as epoxides,
      polyesters, phenolics, ureaformaldehyde polyamides and polyimides. Even
      certain powder glasses and other ceramics as well as certain powdered
      metals and carbon may be utilized in certain applications.
PAR  After spraying, an inflatable center is inserted into the mold, and the
      mold is closed to define the molding cavity with the inflatable center
      therein. Typically, the inflatable center is comprised of vulcanized
      rubber bladder covered with nylon twisted yarn or another textile fiber to
      retain the center in a predetermined shape when inflated. The center is
      then inflated preferably to a pressure greater than about 600 kilopascals
      and most desirably between 1100 and 1250 kilopascals to compress the
      molding material uniformly against the surface of the molding cavity to
      produce mold details.
PAR  Thereafter, the molding material is fused (or cured) by heating the mold
      preferably to a temperature greater than 135.degree.C. and most desirably
      between 150.degree. and 190.degree.C. The mold is typically heated by
      passing steam through passageways in the elements of the mold. Thereafter,
      the mold is cooled typically by water quenching or refrigeration, the mold
      is opened, and the composite article removed from the mold.
PAR  Other details, objects and advantages of the invention will become apparent
      as the following description of the presently preferred embodiments for
      making and practicing the same proceeds.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings, the presently preferred embodiments for
      practicing the invention are illustrated, in which:
PAR  FIG. 1 is a side elevational view of a mold and electrostatic spray
      apparatus suitable for practicing the present invention;
PAR  FIG. 2 is an end elevational view of the mold and electrostatic spray
      apparatus shown in FIG. 1;
PAR  FIG. 3 is a side elevational view, with portions broken away, of the mold
      and electrostatic spray apparatus shown in FIG. 1, with the electrostatic
      spray apparatus positioned for electrostatically spraying a molding
      material into the mold cavity;
PAR  FIG. 4 is a fragmentary side elevational view, with portions broken away,
      of the mold and electrostatic spray apparatus shown in FIG. 1, with the
      electrostatic spray retracted and the mold closed; and
PAR  FIG. 5 is a schematic view of an alternative turntable molding apparatus
      suitable for practicing the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, molding apparatus is shown suitable for covering a
      composite article and particularly an inflatable game ball with a covering
      of substantially uniform thickness. The apparatus is comprised of a mold
      10 formed of top element 11 and bottom element 12, which have
      hemispherical mold cavity surfaces 13 and 14, respectively, as shown in
      FIG. 3. When closed as hereinafter described in connection with FIG. 4,
      the complementary mold elements 11 and 12 define a spherical mold cavity
      15 corresponding to the outer surfaces of a desired game ball. The mold
      elements are typically cast of metal such as iron. Mold cavity surfaces 13
      and 14 may contain relief such as ribs or pebble marks to correspond to
      the desired outer surface for the game ball, e.g. basketball, soccer ball,
      volleyball, football, etc.
PAR  The mold elements 11 and 12 are slidably mounted on support frame 16 to
      provide for vertical closing of the mold 10. Alternatively, one of the
      mold elements 11 and 12 may be fixed to support frame 16 and the other
      element slidably supported on frame 16 to provide for closing of mold 10.
      Mold elements 11 and 12 also have closed steam cavities 17 and 18 therein
      for heating the mold elements as hereinafter described. The steam is inlet
      to cavities 17 and 18 through inlets 19 and 20, respectively, and outlet
      from cavities 17 and 18 through outlets 21 and 22, respectively.
PAR  The molding apparatus also includes electrostatic spray unit 23 having
      spray nozzles 24 and 25 which are adapted to utilize fluids under pressure
      such as air to forcefully disperse and spray the molding material in
      finely divided form such as fine droplets of liquid or finely divided
      solid particulates in powder form. The spray nozzles are commercially
      available spray heads such as those made by Volstatic of Canada, Ltd.,
      1323 Matheson Blvd., Mississauga, Ontario, Canada. Spray unit 23 is
      slidably mounted on spray frame 26 horizontally from mold 10. Spray frame
      26 is in turn rigidly positioned on base 27 which also supports frame 16.
PAR  The molding material is electrostatically sprayed on cavity surfaces 13 and
      14 of the mold cavity 15 by inserting electrostatic spray unit 23 between
      mold elements 11 and 12. As shown in FIG. 3, spray nozzles 24 and 25 are
      preferably positioned at the centers of the hemispheres of surfaces 13 and
      14. A substantially uniform electrostatic potential is then established
      between spray nozzles 24 and 25 and cavity surfaces 13 and 14 of mold
      elements 11 and 12, respectively. And the electrostatic spraying is
      commenced, preferably with the molding material in powdered form.
PAR  Electrostatic spraying is continued typically for about 1/2-4 minutes to
      form layer 28 of substantially uniform thickness over cavity surfaces 13
      and 14. Typically layer 28 is between 0.040 and 0.100 inch (1.02 mm and
      2.54 mm) in thickness. Molding material will no doubt also be deposited on
      mating surfaces 29 and 30 of mold elements 11 and 12, respectively.
      However, this molding material can be readily removed as flashing from the
      finished article after molding.
PAR  Preferably, before electrostatic spraying, mold 10 is heated by passing
      steam through cavities 17 and 18 of mold elements 11 and 12, respectively.
      The mold elements are preferably heated to a temperature greater than
      about 135.degree.C. and most typically between 150.degree. and
      190.degree.C. The optimum heating temperature will, of course, depend on
      the molding material used. By this arrangement, the molding material can
      be fused during electrostatic spraying to provide a more uniform layer 28
      and the rate and uniformity of buildup can be more better controlled.
      Additionally, a thicker layer 28 can be formed because the insulating
      effects of the air spaces between the particulate particles is reduced,
      and the electrostatic charge between spray nozzles 24 and 25 and mold
      elements 11 and 12, respectively, can be maintained for a longer length of
      time.
PAR  Suitable molding materials are powders, as well as plastisols, of
      thermoplastic resins such as polyvinylchloride, polyethylene,
      polypropylene, polyacetate and polystyrene. Typically, the molding powders
      utilized for covering game balls is polyvinylchloride (PVC).
      Alternatively, other molding materials contemplated for use for various
      inflatable composite articles are thermosetting resins such as epoxides,
      polyesters, phenolics, unreaformaldehyde polyamides and polyimides. Even
      certain powder glasses and other ceramics as well as certain powdered
      metals and carbon may be suitable in certain applications other than
      inflatable game balls where rigid coverings are desired. In this
      connection, it should be noted that the liquid state may be produced with
      a carrier fluid such as steam or solvent, or by heating the molding
      material to a molten or semi-molten state before spraying.
PAR  After spraying of layer 28, electrostatic spray unit 23 is retracted as
      shown in FIG. 4, and inflatable center 31 is inserted into mold cavity 15.
      Inflatable center 31 is preferably a vulcanized rubber bladder 32 wound
      with nylon twisted yarn or other textile fiber 33 to provide shape
      retension of the finished composite article when pressurized such as a
      basketball, for example. Center 31 has bladder stem 34 extending from an
      opening therein through half-round openings 35 and 36 in mold elements 11
      and 12 and bifurcated guide member 37 fixed to mold element 12.
PAR  The mold is then closed as shown in FIG. 4; and inflatable center 31 is
      inflated by attaching a suitable pressurized source of air (not shown) to
      bladder stem 34. Center 31 is inflated preferably to a pressure greater
      than about 600 kilopascals and most desirably between 1100 and 1250
      kilopascals. Because of the construction weight of the typical center,
      e.g. 2.5 newtons, 1400 kilopascals is a practical upper limit for the
      inflation pressure. In any case, the inflated center 31 uniformly
      compresses the molding material against cavity surfaces 13 and 14 of mold
      elements 11 and 12 to produce mold details by the relief in the cavities
      surfaces. Layer 28 of the molding material by this arrangement extends
      over the outer surface of center 31 in a substantially uniform thickness.
PAR  Mold 10 is then heated by passing steam through cavities 17 and 18 of mold
      elements 11 and 12, respectively. The mold is preferably heated to a
      temperature greater than about 135.degree.C. and most desirably between
      150.degree. and 190.degree.C. The optimum heating temperature will,
      however, depend on the specific molding material utilized. The molding
      material of layer 28 is thus fused (or cured) into the desired covering
      for the inflatable composite element. Typically, for polyvinylchloride
      molding powder, the heating is continued for at least about 2 to 4
      minutes.
PAR  Thereafter mold 10 is cooled by simply setting in air, or more preferably
      by quenching the mold with water. Typically a water quench is performed
      over at least about 5 to 7 minutes. Thereafter, the mold is opened by
      sliding mold elements 11 and 12 vertically along frame 16, and removing
      the finished inflatable composite article from the mold.
PAR  Referring to FIG. 5, an alternative turntable molding apparatus 40 is
      utilized for commercial performance of the inventive method. Turntable
      apparatus 40 has 12 stations 41 through 52 equally spaced around its
      periphery with a mold 10' identical to the mold above described at each
      station. The turntable rotates about shaft 53 by indexing from
      station-to-station in one minute intervals, so that an entire rotation is
      completed in 12 minutes.
PAR  The operation of the apparatus relates to the various stations about the
      periphery of the turntable. An electrostatic spray unit similar to that
      described above is positioned adjacent the turntable at station 41. As
      each mold is indexed to that station, the spray nozzles are positioned as
      above described and the layer of molding material is electrostatically
      sprayed over the cavity surfaces of the mold. The mold may be preheated at
      this and the previous station 52 to provide for fusing of the molding
      material sprayed on the cavity surfaces. Each mold is then indexed in turn
      to station 42 where the inflatable center is inserted, the mold closed and
      the center inflated.
PAR  During the indexing through stations 43 through 46, the mold is heated to
      fuse (or cure) the molding material and form the desired covering for the
      composite article. The heating thus comprises 25 to 30% of the molding
      cycle. During the indexing through stations 47 through 51, the mold is
      then cooled typically by a water quench or refrigeration. At station 52,
      the mold is opened and the composite article such as an inflatable game
      ball is removed. At this station also heating may again commence
      preparatory to electrostatic spraying for recycling to station 41.
PAR  While the preferred embodiments for practicing the invention have been
      described with particularity, it is distinctly understood that the
      invention may be otherwise embodied and performed within the scope of the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for forming an inflatable composite article including an
      inflatable center covered with a molded material formed under heat and
      pressure, said center being adapted to retain said article in a
      predetermined shape after being formed, comprising:
PA1  A. molding means including interconnected complementary metal elements
      movable between an open position and a closed position, said elements
      having surfaces which define, when said elements are in closed position, a
      molding cavity substantially corresponding to the desired shape and
      surface finish of said composite article, said metal elements including
      means to open and close said molding means;
PA1  B. electrostatic pressure spraying means movably inserted into said molding
      means when said elements are in open position to respectively spray all
      said surfaces concurrently, while said elements remain in open position,
      for a selected time period with a finely divided molding material to form
      a substantially dried uniform layer of selected thickness of said molding
      material onto said surfaces, and to be movably retracted from said molding
      means before said elements are moved to a closed position;
PA1  C. adjustable pressurizing means to inflate said center to a selected
      pressure, as said center is disposed within said molding cavity after said
      elements have been moved to a closed position, and thereby to compress
      said molding material into forceful contact with said center and with said
      surfaces to produce details in said molding material conforming to said
      surfaces;
PA1  D. heating means to heat said molding means for a selected time and at a
      selected temperature while said center is maintained by said pressurizing
      means at said selected pressure until said molding material is finally
      formed into a finished covering to complete said composite article; and
PA1  E. cooling means to cool said molding means before said elements are moved
      to open position for removal of said composite article from said molding
      means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said layer of molding material formed
      on said surfaces is of thickness typically about 0.040 inch to 0.100 inch
      (1.02 mm and 2.54 mm.)
NUM  3.
PAR  3. The apparatus of claim 1 wherein said selected pressure provided by said
      pressurizing means is greater than about 600 kilopascals and typically
      about 1100 to 1250 kilopascals with about 1400 kilopascals as the upper
      limit.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said selected temperature provided by
      said heating means until said molding material is finally formed is at
      least about 135.degree.C. and typically about 150.degree.C. to
      190.degree.C.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said electrostatic spraying means
      includes a respective spray nozzle to spray each of said surfaces.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said electrostatic spraying means is
      adapted to spray said molding material in the form of a finely divided
      particulate solid material.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said electrostatic spraying means is
      adapted to spray said molding material in the form of fine droplets of a
      liquid.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said heating means is further adapted
      to heat said elements in open position in combination with the spraying of
      said electrostatic spraying means.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said heating means is adapted to heat
      said elements in open position to a temperature of at least 135.degree.C.
      and typically about 150.degree.C. to 190.degree.C.
NUM  10.
PAR  10. The apparatus of claim 1 wherein: (a) said layer of molding material
      formed on said surfaces is of thickness typically about 0.040 inch to
      0.100 inch (1.02 mm to 2.54 mm); (b) said selected pressure provided by
      said pressurizing means is greater than about 600 kilopascals and
      typically about 1100 to 1250 kilopascals with about 1400 kilopascals as
      the upper limit; (c) said selected temperature provided by said heating
      means until said molding material is finally formed is at least about
      135.degree.C. and typically about 150.degree.C. to 190.degree.C.; and (d)
      said electrostatic spraying means includes a respective spray nozzle to
      spray each of said surfaces.
NUM  11.
PAR  11. Apparatus for forming an inflatable composite game ball including an
      inflatable center covered with a molded material formed under heat and
      pressure, said center being adapted to retain said article in a
      predetermined shape when inflated after being formed, comprising:
PA1  A. molding means including interconnected complementary metal elements
      movable between an open position and a closed position, said elements
      having surfaces which define, when said elements are in closed position, a
      molding cavity substantially corresponding to the desired shape and
      surface finish of said composite game ball, said metal elements including
      means to open and close said molding means;
PA1  B. electrostatic pressure spraying means movably inserted into said molding
      means when said elements are in open position to respectively spray all
      said surfaces concurrently, while said elements remain in open position,
      for a selected time period with a finely divided molding material to form
      a substantially dried uniform layer of selected thickness of said molding
      material onto said surfaces, and to be movably retracted from said molding
      means before said elements are moved to a closed position;
PA1  C. adjustable pressurizing means to inflate said center to a selected
      pressure, as said center is disposed within said molding cavity after said
      elements have been moved to a closed position, and thereby to compress
      said molding material into forceful contact with said center and with said
      surfaces to produce details in said molding material conforming to said
      surfaces;
PA1  D. heating means to heat said molding means for a selected time and at a
      selected temperature while said center is maintained by said pressurizing
      means at said selected pressure until said molding material is finally
      formed into a finished covering to complete said composite game ball; and
PA1  E. cooling means to cool said molding means before said elements are moved
      to open position for removal of said composite game ball from said molding
      means.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said layer of molding material formed
      on said surfaces is of thickness typically about 0.040 inch to 0.100 inch
      (1.02 mm and 2.54 mm).
NUM  13.
PAR  13. The apparatus of claim 11 wherein said selected pressure provided by
      said pressurizing means is greater than about 600 kilopascals and
      typically about 1100 to 1250 kilopascals with about 1400 kilopascals as
      the upper limit.
NUM  14.
PAR  14. The apparatus of claim 11 wherein said selected temperature provided by
      said heating means until said molding material is finally formed is at
      least about 135.degree.C. and typically about 150.degree.C. to
      190.degree.C.
NUM  15.
PAR  15. The apparatus of claim 11 wherein said electrostatic spraying means
      includes a respective spray nozzle to spray each of said surfaces.
NUM  16.
PAR  16. The apparatus of claim 11 wherein said electrostatic spraying means is
      adapted to spray said molding material in the form of a finely divided
      particulate solid material.
NUM  17.
PAR  17. The apparatus of claim 11 wherein said electrostatic spraying means is
      adapted to spray said molding material in the form of fine droplets of a
      liquid.
NUM  18.
PAR  18. The apparatus of claim 11 wherein said heating means is further adapted
      to heat said elements in open position in combination with the spraying of
      said electrostatic spraying means.
NUM  19.
PAR  19. The apparatus of claim 11 wherein said heating means is adapted to heat
      said elements in open position to a temperature of at least 135.degree.C.
      and typically about 150.degree.C. to 190.degree.C.
NUM  20.
PAR  20. The apparatus of claim 11 wherein: (a) said electrostatic spraying
      means includes a respective spray nozzle to spray each of said surfaces;
      and (b) said electrostatic spraying means is adapted to spray said molding
      material in the form of a finely divided particulate solid material.
NUM  21.
PAR  21. The apparatus of claim 11 wherein: (a) said electrostatic spraying
      means includes a respective spray nozzle to spray each of said surfaces;
      and (b) said electrostatic spraying means is adapted to spray said molding
      material in the form of fine droplets of a liquid.
NUM  22.
PAR  22. Apparatus as set forth in claim 1 adapted to form a continuous series
      of composite articles as defined wherein: said electrostatic spraying
      means as defined is adapted to spray a successive series of molding means
      as defined; said adjustable pressurizing means is adapted to inflate a
      successive series of said centers as defined as said centers are disposed
      in said molding cavities of said series of molding means as defined; said
      heating means is adapted to heat each molding means of said successive
      series of molding means as defined; said cooling means is adapted to cool
      each molding means of said series of molding means as defined; and with
      each molding means of said series of said molding means being adapted to
      again be sprayed by said electrostatic spraying means after cooling by
      said cooling means and removal of said composite article from said molding
      means.
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ABST
PAL  A technique of installing a tip on a tube for making a probe cover
      comprising: axially, movably supporting the tube on an axially movable
      support pin with the pin extending beyond the end of the tube; placing a
      tip on the end of the pin that extends beyond the tube; applying a force
      to the tip to engage the tip with the end of the tube; applying a force to
      the end of the tube engaged with the tip to curl that end of the tube
      inwardly about the tip; and applying heat to the tip to soften that end of
      the tube engaged with the tip and cause it to reform about the tip in the
      inwardly curled form induced by the force applied to the end of the tube.
PARN
PAR  This is a division of application Ser. No. 474,419, filed May 30, 1974.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to an improved method and apparatus for making a
      disposable probe cover for an electronic thermometer system.
PAC  BACKGROUND OF INVENTION
PAR  Electronic thermometers are becoming ever more widely used especially in
      the field of medicine and patient care. Although such thermometers are
      initially relatively expensive compared to mercury thermometers, they are
      comparable in overall cost to mercury thermometers when the electronic
      thermometers are used with disposable probe covers, and further, when the
      breakage costs and routine sterilization costs of mercury thermometers are
      considered. Electronic thermometers are capable of much faster temperature
      measurement which significantly reduces the time required of costly and
      scarce medical personnel. Probe covers are a significant portion of the
      operating costs of electronic thermometers. One conventional technique for
      manufacturing them employs injection molding techniques which utilize very
      expensive machines and dies and require costly skilled labor. In addition
      injection molding techniques require that the probe covers have a certain
      minimum wall thickness which is in excess of that required for its
      function as a probe cover.
PAC  SUMMARY OF INVENTION
PAR  It is a further object of this invention to provide a simple and
      inexpensive apparatus for making probe covers.
PAR  It is a further object of this invention to provide such an apparatus which
      reduces the amount of material used to make each probe cover.
PAR  The invention features a technique for installing a tip on a tube to form
      an electronic thermometer probe cover. Initially a tube is supported on an
      axially movable support pin with the pin extending beyond one end of the
      tube. A tip is installed on the end of the pin that extends beyond the
      tube and a force is applied to the tip to engage the tip with the end of
      the tube. A force is also applied to the end of the tube engaged with the
      tip to curl that end of the tube inwardly about the tip. Heat is applied
      to the tip to soften the end of the tube engaged with the end of the tip
      to cause it to reform about the tip in the inwardly curled form induced by
      the force supplied to the end of the tube.
PAR  In a preferred embodiment the technique further includes forming a flange
      on the tube by installing a precut section of tube on a pin within a hole
      in the die member, with the first end of the pin extending a first
      predetermined distance beyond the die member in one direction and a second
      predetermined distance beyond the die member in a second direction. Heat
      is applied to the second end of the tube extending beyond the die member
      in the second direction to cause that end of the tube to expand and turn
      outwardly from the pin and downwardly toward the die member to form a
      flange.
PAR  The invention simultaneously features apparatus for forming an electronic
      thermometer probe cover from a piece of tube including apparatus for
      installing a tip in a piece of tube. There is a pin member for receiving
      the tube and for holding a tip at its free end. A mounting block receives
      the other end of the pin member and includes a first biasing device for
      urging the pin member outwardly of the mounting block and a second bias
      device for urging the tube installed on the pin member away from the
      mounting block. A forming member has a cavity contoured for inwardly
      curling the end of the tube about the tip and there is a hole in the
      cavity for gripping the tip. A drive system urges the forming member
      toward the end of the tube to engage the tip with the end of the tube. The
      heater device heats the tip and the end of the tube and causes the end of
      the tube to soften and reform about the tip in the inwardly curled form
      induced by the cavity contour.
PAR  In a preferred embodiment the apparatus also includes a first stop member
      having a first surface for abutting a first end of the tube, a die member
      having a hole for receiving the second end of the tube, a pin member for
      receiving the tube and extending from the first surface of the stop member
      through the first surface, a hole, and the second surface, successively,
      of the die member and beyond the second surface. The second surface of the
      die member and the first surface of the stop member are spaced apart by a
      predetermined distance. A heater device heats the second end of the tube
      extending beyond the second surface to cause the second end to turn
      outwardly from the pin member and downwardly towards the second surface
      and form a flange.
DRWD
PAC  DISCLOSURE OF PREFERRED EMBODIMENT
PAR  Other objects, features and advantages will occur from the following
      description of a preferred embodiment and the accompanying drawings, in
      which:
PAR  FIG. 1 is a side view of a piece of tubing which may be formed into a probe
      cover according to this invention;
PAR  FIG. 2 is a tip which may be fitted into one end of the tube shown in FIG.
      1 to form a probe cover according to this invention;
PAR  FIG. 3 illustrates the tube of FIG. 1 combined with the tip of FIG. 2 to
      form a probe cover according to this invention;
PAR  FIG. 4 illustrates the probe cover of FIG. 3 with a flange formed at one
      end;
PAR  FIG. 5 discloses an apparatus for installing a tip in a tube according to
      this invention;
PAR  FIG. 6 is a simplified diagram of the apparatus of FIG. 5 with the tip in
      the tube being formed together;
PAR  FIG. 7 is a diagram of an apparatus for forming a flange on one end of a
      tube according to this invention;
PAR  FIG. 8 is a diagram of the apparatus of FIG. 7 in the initial stage of the
      flange forming operation;
PAR  FIG. 9 shows the final stage of the flange forming operation carried out
      with the apparatus of FIG. 7; and
PAR  FIG. 10 is a diagram of an alternative apparatus for installing a tip on a
      tube to form a probe cover according to this invention.
DETD
PAR  There is shown in FIG. 1 a tube 10 of plastic, typically made by an
      extrusion process to be very thin walled. Tip 12, FIG. 2, is typically
      made of aluminum and is hollow having a tapered inner surface 14 which
      engages with the temperature sensing probe of the electronic thermometer.
      Probe cover 16, FIG. 3, is made by forming tube 10 with tip 12. In one
      configuration the probe cover 16 may include a flange 18, FIG. 4, at the
      opposite end of tube 10 from tip 12 for being engaged with the gripping
      mechanisms of certain electronic thermometers. Probe cover 16 may be
      formed using apparatus 20, FIG. 5, which includes a frame 22 which
      supports mounting block 24, pin 26, forming die 28, heater 30 and a drive
      mechanism 32 for moving heater 30 and forming die 28 toward and away from
      mounting block 24.
PAR  Mounting block 24 receives pin 26 in bore 34 and inner bore 36. Spring 38
      bears against plate 40 fixed to pin 26 urging pin 26 outwardly of block
      24. Shoulder 42 in mounting block 24 engages with plate 40 to limit the
      outward motion of pin 26. Partition 44 engages with plate 40 to limit the
      inward motion of pin 26. Spring 46 bears on washer 48 to urge tube 10
      upwardly on pin 26. The upper end 50 of pin 26 is shaped to fit the inner
      taper 14, FIG. 2, of tip 12. Forming die 28 includes a cavity 52 contoured
      specifically in curved area 54 to provide a force on the upper end 56 of
      tube 10 to curl it inwardly about the upper end 50 of pin 26. Hole 58 in
      the upper end of cavity 52 is sized to grip tip 12. Heater 30 is fixed at
      a predetermined distance D from the top of forming die 28. Heater 30 and
      forming die 28 are moved toward and away from mounting block 24 by means
      of drive system 32 which includes one or more actuator handles 60
      interconnected with a conventional gearing mechanism 68 which is fixed to
      the back 22a of frame 22 and engages with heater 30 and forming die 28.
PAR  In operation tube 10 is placed on pin 26 and then tip 12 is placed on the
      protruding end of pin 26. Handle 60 is rotated in the direction as shown
      by arrow 63 causing forming die 28 and heater 30 to move downwardly as
      shown in FIG. 6. Hole 58 in forming die 28 first grips tip 12 and moves it
      and pin 26 downwardly engaging it with the upper end 56 of tube 10; then
      tip 12, pin 26 and tube 10 are moved jointly by forming die 28 against the
      bias of springs 46 and 38. The force of spring 46 urges the upper end 56
      of tube 10 firmly against the curved portion 54 of cavity 52. The downward
      motion of forming die 28 and heater 30 continues as heater 30 comes in
      contact with tip 12 and then comes to rest. The heat applied to tip 12
      softens the upper end 56 of tube 10 and causes it to conform to shoulder
      54 of cavity 52. Handle 60 may then be reversed and tube 10 with tip 12
      installed may be removed.
PAR  The steps illustrated and explained with respect to FIGS. 5 and 6 may be
      accomplished with automated machinery rather than the apparatus 20 or may
      be done entirely by hand. In practice apparatus 20 may include a number of
      mounting block mechanisms and pins 26 ganged together and operated on by a
      number of cavities 52 disposed in a single forming die.
PAR  Flange 18, FIG. 4, may be formed by placing tube 10 on a support plate 70,
      FIG. 7, whose upper surface 72 is separated from the upper surface 74 of
      die plate 76 by one or more rods 78 by the distance L, the desired
      distance between the flange and the other end of the tube. A pin 80
      mounted in support plate 70 extends upwardly through an enlarged bore 82
      in die plate 76. Bore 82 is large enough to receive tube 10 mounted on pin
      80. Tube 10 extends a predetermined distance beyond surface 74 of die
      plate 76 in the direction toward support plate 70 and for a shorter
      distance in the other direction above surface 74.
PAR  In operation tube 10 is installed on pin 80 and heater 84 is energized or
      if already energized is brought closer to the upper end 86 of tube 10
      until the heat begins to cause upper end 86 to curl outwardly away from
      the upper end 88 of pin 80. After a period of time end 86 completely curls
      over away from end 88 of pin 80 and downwardly toward surface 74 of die
      plate 76 where it flattens and forms flange 18, FIG. 9. The outward and
      downward curling which occurs in FIG. 8 is the result of the fact that
      tube 10 has been formed by an extrusion process in which the final
      diameter of the tube is obtained by drawing down a larger diameter tube.
      Memory of stress patterns induced by this action causes end 86 to expand
      outwardly recalling the larger diameter from which it was drawn.
PAR  Heater 84 could be a resistive pad, an infra-red source, an ultra-sonic
      source or any other conventional heating device.
PAR  A continuous method of installing tips 12 on tube 10 is shown in FIG. 10
      where like parts have been given like numbers primed with respect to FIGS.
      5 and 6. In FIG. 10 mounting block 24' is rotated about an axis 100;
      mounting block 24' indexes first to a tube supply bin 102 in which a
      single column stack of tubes 10' is contained. Upon indexing to this
      position, plunger 104 may be actuated to push one tube 10' onto pin 26' .
      As mounting block 24' continues to rotate in the direction of arrow 106
      the end 50' of pin 26' will engage the lead tip 12' in supply channel 108
      drawing it out of supply channel 108 under the pressure of plunger 110 of
      piston 110 driven by spring 112 in cylinder housing 114. The force of
      piston 110 is applied to tip 12' through a cup-shaped holder 116 connected
      by means of a ball joint 118 to the end of piston 110. As pin 26'
      continues its rotation it indexes to a position beneath heater 30' and
      forming die 28' which forms the end 56' of tube 10 to tip 12' . Continued
      rotation brings pin 26' with probe cover 16 over collection bin 120 into
      which probe cover 16 falls.
PAR  The apparatus in FIG. 10 may be made more productive by providing more than
      one pin 26' about the circumference of mounting block 24' and enlarging it
      sufficiently so that it may contain all the necessary mechanisms for each
      of the pins. In such an operation the loading and supply bin 102 and the
      supply channel 108 and the heating and forming performed by heater 30' and
      forming die 28' and the collection bin 120 may all be set to perform
      simultaneously on tubes 10' mounted on different ones of pins 26' . In
      addition to providing additional pins 26' about the circumference of
      mounting block 24' , mounting block 24' may be axially enlarged in the
      direction perpendicular to the drawings to accommodate numbers of pins 26'
      extending axially along it on its circumference. In that case collection
      bin 120 would be extended in the direction perpendicular to the drawings.
      Tube supply bin 102 would have a number of partitions dividing it for
      aligning a number of columns of tubes and plunger 104 would contain a like
      number of plungers. Similarly there would be a number of supply channels
      108 for tips 12' , a number of pistons 110 and associated equipment and a
      number of heaters 30' and forming dies 28' .
PAR  Other embodiments will occur to those skilled in the art and are within the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for forming an electronic thermometer probe from a piece of
      tube comprising:
PA1  a stop member having a first surface abutting a first end of said tube;
PA1  a die member having a hole and a second surface for receiving the second
      end of said tube;
PA1  a first pin member for receiving said tube and extending from said first
      surface of said stop member, through the first surface, said hole, and the
      second surface, successively, of said die member and beyond said second
      surface;
PA1  said second surface of said die member and said first surface of said stop
      member being spaced apart a distance; and
PA1  a heater means for heating said second end of said tube extending beyond
      said second surface to cause said second end to turn outwardly from said
      first pin member and downwardly toward said second surface to flatten and
      form a flange.
NUM  2.
PAR  2. The apparatus of claim 1 further including:
PA1  a second pin member for receiving said tube with its said first end at a
      first end of said second pin member and for holding a tip at its said
      first end;
PA1  a mounting block for receiving the second end of said second pin member and
      including a first biasing device for urging said second pin member
      outwardly of said mounting block, and a second bias device for urging a
      tube installed on said second pin member away from said mounting block;
PA1  a forming member having a cavity contoured for inwardly curling said first
      end of said tube about said tip at said first end of said second pin
      member;
PA1  said forming member having a hole at one end of said cavity for gripping
      said tip;
PA1  a drive system for urging said forming member toward said first end of said
      tube to engage said tip with said first end of said tube; and
PA1  a heater means for heating said tip and said first end of said tube for
      causing said first end of said tube to soften and reform about said tip in
      the inwardly curled form induced by said cavity contour.
NUM  3.
PAR  3. Apparatus for forming an electronic thermometer probe from a piece of
      tube comprising:
PA1  a stop member having a first surface abutting a first end of said tube;
PA1  a die member having a hole and a second surface for receiving the second
      end of said tube;
PA1  a first pin member for receiving said tube and extending from said first
      surface of said stop member, through the first surface, said hole, and the
      second surface, successively, of said die member and beyond said second
      surface;
PA1  said second surface of said die member and said first surface of said stop
      member being spaced apart a predetermined distance;
PA1  a heater means for heating said second end of said tube extending beyond
      said second surface to cause said second end to turn outwardly from pin
      member and downwardly toward said second surface to flatten and form a
      flange;
PA1  a second pin member for receiving said tube with its said first end at a
      first end of said second pin member and for holding a tip at its said
      first end;
PA1  a mounting block for receiving the second end of said second pin member and
      including a first biasing device for urging said second pin member
      outwardly of said mounting block, and a second bias device for urging a
      tube installed on said second pin member away from said mounting block;
PA1  a forming member having a cavity contoured for inwardly curling said first
      end of said tube about said tip at said second end of said second pin
      member;
PA1  said forming member having a hole at one end of said cavity for gripping
      said tip;
PA1  a drive system for urging said forming member toward said first end of said
      tube to engage said tip with said first end of said tube; and
PA1  a heater means for heating said tip and said first end of said tube for
      causing said first end of said tube to soften and reform about said tip in
      the inwardly curled form induced by said cavity contour.
NUM  4.
PAR  4. Apparatus for installing a tip in a piece of tube for forming an
      electronic thermometer probe comprising:
PA1  a pin member for receiving a tube and for holding a tip at one end;
PA1  a mounting block for receiving the other end of said pin member and
      including a first biasing device for urging said pin member outwardly of
      said mounting block and a second bias device for urging a tube installed
      on said pin member away from said mounting block;
PA1  a forming member having a cavity contoured for inwardly curling the end of
      the tube about the tip;
PA1  said forming member having a hole at one end of the cavity for gripping the
      tip;
PA1  a drive system for urging said forming member toward the end of said tube
      to engage said tip with said end of said tube; and
PA1  a heater means for heating said tip and said end of said tube for causing
      said end of said tube to soften and reform about said tip in the inwardly
      curled form induced by said cavity contour.
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ABST
PAL  An improved burner assembly, especially useful to heat a thermoelectric
      generator, comprising an ultrasonic atomizer for atomizing liquid fossil
      fuels into a mist of fine particles; baffle means for causing an
      appropriate mixture of fuel and air; and, usually, a mantle for uniformly
      distributing the heat of combustion over a cylindrical hot plate against
      which thermoelectric legs are disposed.
PARN
PAR  This is a division of application Ser. No. 334,749 filed Feb. 22, 1973, and
      now Pat. No. 3,808,056.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Interest in heating thermoelectric generators with liquid fossil fuels was
      enhanced several years ago when an ultrasonic atomizer capable of
      atomizing liquid fuels into a mist of fine particles was developed. The
      art had previously desired generators heated with liquid fossil
      fuels.sup.1 but had been inhibited by deficiencies in traditional
      techniques for atomizing such fuels..sup.2 Ultrasonic atomizers gave
      promise of overcoming these deficiencies because of the low fuel pressures
      used in ultrasonic atomization, the very fine size of the atomized
      particles, and the compact size of the mist of atomized particles. Designs
      for thermoelectric generators using ultrasonic atomizers followed after
      the introduction of such atomizers; see paper CP 66-3 presented at the
      American Petroleum Institute Research Conference on Distillate Fuel
      Combustion for 1966 (API Publication No. 1705)(for suggestions of other
      burner assemblies generally intended for uses other than in thermoelectric
      generators see other papers in the series CP 66-1 through CP 66-6 of that
      publication, API publications for other years, and U.S. Pat. No.
      3,275,059).
FNT  1. For one reason, gaseous fuels such as propane, which are today generally
      used to heat commerical thermoelectric generators, require large, heavy,
      pressurized storage tanks. These tanks add expense to installation and
      operation of thermoelectric generators, and they conflict with the
      advantages of portability and small size offered by thermoelectric
      generators. Also, if the variety of liquid fossil fuels that are
      commercially available could be used to heat a thermoelectric generator, a
      flexibility in fuel selection would result that is desirable for many
      installations of thermoelectric generators.
FNT  2. Some of the deficiencies in the traditional technique of forcing liquid
      fuel under pressure through a nozzle include: (a) the pressure-atomized
      spray of fuel is too large for the small combustion chambers desired in
      compact thermoelectric generators; (b) the pressure-atomized fuel
      particles are relatively large and require large supplies of air for
      combustion, meaning that unduly high percentages of the output of the
      generator are required to drive an air blower; (c) the small-diameter
      nozzle orifice necessary for low rates of fuel flow such as used in a
      thermoelectric generator is susceptible to clogging; and (d) the technique
      permits only limited adjustment of the amount of electricity generated or
      the variety of fuel used.
PAR  However, despite the prior suggestions for thermoelectric generators
      incorporating burner systems based on ultrasonic atomizers, and despite
      significant efforts based on those suggestions, no successful
      thermoelectric generator of this type has ever been produced until the
      present invention. None of the previous suggestions was able to satisfy
      the rather severe requirements for a burner system in a thermoelectric
      generator. A primary requirement leading to other requirements is that the
      burner system must be compact to make the generator compact. Yet the
      system must operate at a peak efficiency so as to maximize the efficiency
      of the generator. Further, the system must be capable of long, unattended
      operation, and the burning must be stable so as to provide a stable supply
      of heat distributed uniformly over the hot ends of the thermoelectric legs
      in the generator.
PAR  We have found that a prinicpal reason for the failure of the previous
      designs lies in the scheme provided in those designs for controlling the
      movement of fuel and air through the burner system. The prior suggestions
      have not provided a mixing of fuel and air that was rapid, thorough, and
      uniform enough; the mixture of fuel and air was not compact enough; and
      too large volumes of air were required. The failure of the burner systems
      previously suggested for thermoelectric generators--they have generally
      been incapable of long, stable, and trouble-free operation, and they have
      been inefficient in use of fuel and in use of generated electricity to
      power movement of air--may be traced directly to failure to properly
      control the movement of fuel and air through the burner system. Proper
      control of that movement of fuel and air is critical to providing
      long-lasting, efficient burner systems based on ultrasonic atomizers for
      use in thermoelectric generators.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a new burner assembly that, as a result of
      its control of atomized liquid fossil fuel and oxidizing gas moving
      through the assembly, is useful in a thermoelectric generator to achieve
      high efficiency and reliable operation. Briefly, a burner assembly of the
      invention, which is especially useful in those thermoelectric generators
      that include a cylindrical hot plate against which the hot-junction ends
      of thermoelectric legs are disposed, comprises, in alignment with said
      cylindrical hot plate on a central axis, (A) blower means spaced on said
      axis from said hot plate and arranged to blow an oxidizing gas along said
      axis toward the hot plate; (B) an ultrasonic atomizer between the blower
      means and hot plate, connected to a source of liquid fuel, and having a
      vibrating horn located on said axis from which the fuel emanates
      downstream as a fine mist; (C) a cylindrical wall spaced radially around
      said horn and connected to said blower means so as to convey said
      oxidizing gas downstream from said blower means past said horn; and (D)
      baffle means disposed around said horn and consisting essentially of a set
      of overlapping vanes that are attached to the inside of said wall, extend
      radially toward said axis, and are disposed at an angle to said axis so as
      to direct a first part of the oxidizing gas conveyed downstream by the
      cylindrical wall into a vortex; the innermost edge of the vanes being
      adjacent to, but spaced from, said horn so as to define an area through
      which a second part of said oxidizing gas passes unimpeded; and the
      outermost edge of at least part of the vanes being spaced from the
      cylindrical wall so as to permit a third part of said oxidizing gas to
      pass unimpeded along the wall so as to contain said vortex into a compact
      area, whereby the flame of fuel supplied by said ultrasonic atomizer is
      kept compact.
PAR  A cylindrical burner housing is generally aligned on said axis and extends
      from said cylindrical wall; and a cylindrical, closed-end mantle is
      aligned on said axis, connected to said burner housing, and juxtaposed
      within said cylindrical hot plate. This mantle preferably comprises a
      solid cylindrical wall perforated by a set of holes distributed over the
      mantle so as to provide a uniform distribution of heat over the
      cylindrical hot plate.
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PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of a thermoelectric generator of the
      invention, with parts broken away;
PAR  FIG. 2 is a section along the lines 2--2 of FIG. 1;
PAR  FIG. 3 is an end view of components from the thermoelectric generator of
      FIG. 1, including a baffle means and ultrasonic atomizer mounted inside a
      cylindrical wall;
PAR  FIG. 4 is a schematic view of a vane of the baffle means of the
      thermoelectric generator shown in FIG. 1, shown with respect to a
      longitudinal axis through the generator; and
PAR  FIG. 5 is a sectional view of the baffle means, ultrasonic atomizer, and
      cylindrical wall of the thermoelectric generator of FIG. 1, taken along
      the lines 5--5 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  A typical thermoelectric generator 10 of the invention is shown in FIGS.
      1-5. This generator comprises an array of thermoelectric legs 11 (only
      three representative legs are shown in FIG. 1) disposed regularly around a
      cylindrical hot plate 12 and arranged in heat-conductive relation with the
      hot plate (the legs 11 are pressed by spring-biased followers 5 that slide
      in bores 6 in a cold plate 7, and the cold plate 7 is surrounded by a cold
      shell 8, to which heat-dissipating fins 9 are attached; the hot plate in a
      thermoelectric generator of the invention could, in less preferred
      embodiments, be flat, and "cylindrical" hot plates may have a
      cross-sectional shape other than a true cylinder, even being square in
      some cases).
PAR  Heat is supplied to the inside of the cylindrical hot plate 12 with a
      burner means of the invention that comprises, in alignment on a central
      axis 13, a blower means 14; an ultrasonic atomizer 15 connected by tube
      means 16 to a source of fuel; a cylindrical wall 17 spaced radially around
      the atomizer; baffle means 18 disposed around the tip of a horn 19 of the
      ultrasonic atomizer 15; a cylindrical burner housing 20 which receives the
      blower means 14, atomizer 15, cylindrical wall 17 and baffle means 18 and
      which extends beyond the cylindrical wall 17 in a right-angle extension to
      form a combustion chamber 21; and a cylindrical mantle 22 connected to
      said burner housing. An insulating jacket 23 surrounds the burner housing
      20 and is filled with a generally fibrous thermal insulation. Openings 24
      are provided in the housing 20 in this embodiment to reduce impedance to
      the flow of air caused by the blower means 14.
PAR  Ultrasonic atomizers have been described in several patents including U.S.
      Pat. Nos. 3,275,059 and 3,214,101. As shown best in FIGS. 2-5, a typical
      atomizer useful in the invention comprises a stepped horn 19 that will
      vibrate at an ultrasonic frequency and that includes a base portion 19a
      and a tip portion 19b, a dummy horn 25 to balance the vibrating horn, two
      piezoelectric crystals 26 between the vibrating horn and dummy horn, an
      electrode 27 positioned between the piezoelectric crystals and connected
      through leads 28 to an ultrasonic-frequency electric power source, and
      flanges 29 on the vibrating and dummy horns by which the atomizer parts
      are clamped together and to a mounting bracket 30 with screws 31. Plastic
      sleeves 31a around the screws 31 extend between the flanges 29 and through
      the electrode 27.
PAR  The atomizer 15 is attached to the cylindrical wall 17 by screws 32 which
      extend through arms 33 of the mounting bracket and through tabs 34
      extending inwardly from the cylindrical wall. A fuel passage 35 runs from
      the tube means 16 through the vibrating horn 19 to an outlet 36 in the
      center of the end of the tip portion 19b of the horn. Fuel fed through the
      passage 35 forms as a thin film on the end of the vibrating horn and then
      is vibrated off the horn as a mist of fine particles or droplets.
PAR  The baffle means 18 of the thermoelectric generator of the invention
      illustrated in the drawings consists of vanes 37 fastened (as by welding)
      at a point 38 on their outer edge to the inside of the cylindrical wall 17
      and positioned at an angle to the axis 13 (that is, the angle .theta.
      shown in FIG. 4). The forward edge 39 of the vanes 37 terminates in a
      plane that extends approximately through the longitudinal axis 13. Over
      most of their outer edge, the vanes 37 are spaced from the inside of
      cylindrical wall 17 to form a space 40. And the downstream portions 41 of
      the vanes 37 are gradually curved inwardly, which increases the distance
      of those portions of the vanes from the inside of the cylindrical wall 17.
      The innermost edge of the vanes is spaced from the horn to form a central
      space 42 around the horn.
PAR  Oxidizing gas (generally air) passing through the baffle means 18 and
      atomized fuel from the atomizer 15 mix and pass into the combustion
      chamber 21 formed by the burner housing 20. Ignition means are provided
      inside the combustion chamber by two wires 43 and 44 of a
      high-temperature-resistant alloy separated narrowly at their ends to form
      a sparking gap. The wire 43 is connected to the outer insulating jacket
      23, which in turn is connected to ground through a grounding lug not
      shown, while the wire 44 is insulated from the housing 20, jacket 23, and
      other structure and is connected to a source of electric voltage through
      an insulated lead 45 (see FIG. 2).
PAR  In the illustrated thermoelectric generator, the burner housing 20 is
      formed with a right angle so that the burning and heated fuel and
      oxidizing gas mixture moves upwardly into the mantle. In other
      embodiments, which are generally preferred for efficiency of burning, the
      blower means 14, ultrasonic atomizer 15, burner housing 20 and mantle 22
      are arranged on a straight longitudinal axis (note that for purposes
      herein the blower means, ultrasonic atomizer, burner housing, and mantle
      are all regarded as being on the same longitudinal axis 13, though that
      axis is bent at a right angle).
PAR  As previously noted, the baffle means 18 shapes oxidizing gas blown past
      the horn of the atomizer by the blower means 14 into three components: a
      component deflected by the vanes 37 into a swirl or vortex pattern; a
      center stream passing through the space 42 between the vanes 37; and an
      outside annular component passing along the inside of the cylindrical wall
      17 through the space 40 between the outer edge of the vanes and the inside
      of the cylindrical wall 17. Each of these components has an important
      function. Because of the low pressure caused by the swirling movement
      within the vortex component, the mist of atomized fuel is rapidly drawn
      into the stream of oxidizing gas. Also, the low pressure of the vortex
      component causes the flame to remain closely spaced from the horn. Even if
      the flame is extinguished because of an air bubble in the fuel supply, the
      heat of the system will quickly reignite fuel just off the end of the
      horn. And burning generally can be initiated with fuel and air flowing at
      their maximum rate, which makes electronic control apparatus in the
      generator less costly and complex.
PAR  The center component moving through the space 42 between the vanes 37 keeps
      the flame away from the atomizer horn 19, and cools the horn. The outside
      annular component traveling through the space 40 provides an outer
      envelope that tends to confine the vortex component. It has been found
      that if the vortex component spreads outwardly too much, fuel is deposited
      on the sides of the burner housing, resulting in carbon accumulation and
      reducing the efficiency and the uniformity of the heating operation. In
      general, baffle configurations that provide for movement of oxidizing gas
      having the described three components are useful in the invention.
PAR  To develop a vortex component of sufficient magnitude to achieve a desired
      mixing of oxidizing gas and fuel, there are preferably five or more vanes
      in the baffle means. Also, the angle .theta. between the vanes and the
      axis 13 is generally more than about 20.degree., and preferably is more
      than about 40.degree.. On the other hand, the angle .theta. is generally
      less than about 70.degree., and preferably is less than about 60.degree.,
      so as to avoid formation of "dead" spaces (areas in which the air is not
      moving), to minimize impedance for the blower means, to cause a desired
      amount of oxidizing gas to enter the vortex, and to keep the flame spaced
      from the tip of the atomizer horn. The vanes overlap sufficiently so that
      a summation of the surface areas on one side of the vanes is at least 1.2
      times, and preferably at least 1.6 times, as great as the area subtended
      by the vanes (that is, the area on a plane perpendicular to the central
      axis of the baffle means that would be covered if the vanes were projected
      onto the plane).
PAR  As the heated gases of the combustion process pass into the mantle 22 from
      the combustion chamber 21 inside the burner housing 20, there is a
      pressure drop, because the cross-sectional area of the mantle is greater
      than the cross-sectional area of the housing 20 (in this embodiment by
      about 600 percent ); and this pressure drop draws the heated gases into
      the mantle. It is desirable for almost all burning to occur before the
      mixture of fuel and oxidizing gas leaves the housing 20, though the flame
      will often extend into the mantle. Because the burning is in large part
      completed within the housing 20, the distribution of heat throughout the
      mantle 22 is subject to more control.
PAR  Once in the mantle, the heated gases travel through openings 46 in the
      mantle, then upwardly through the space 47 between the mantle and the hot
      plate, which is preferably divided into longitudinally extending
      passageways by heat-collecting fins 48, and then out through openings 49
      in the top of the mantle. The center portion of the top end of the mantle
      in FIG. 1 is closed so as to force the gases out through the openings 46.
      The hot plate 12 is heated both by convection of the heated gases in the
      space 47 and also by radiation from the heated mantle. The openings 46 in
      the mantle are arranged in a pattern that is empirically determined to
      cause heating of the hot plate 12 uniformly over its surface, and thus
      will provide a more uniform, efficient operation of the thermoelectric
      legs. In the illustrated embodiment, there is a greater open area (because
      of more and/or larger openings 46) at the two axial ends of the mantle
      than there is in the area between those two end portions, with the largest
      open area being at the downstream end of the mantle.
PAR  As a specific example of a thermoelectric generator of the invention, one
      illustrative thermoelectric generator was made in the arrangement shown in
      the drawing with parts of the following description: The blower means 14
      comprised a vane-axial-type fan, capable of blowing about 10 cubic feet of
      air per minute at a pressure drop of 0.55 inch of water column. The inside
      diameter of the cylindrical wall 17 was 1.95 inches. There were six vanes
      37 in the baffle means 18, disposed at an angle of 52.degree. to the
      longitudinal axis 13 of the baffle means, and occupying about 1.8 times
      the area subtended by the vanes. Of the total cross-sectional area inside
      the cylindrical wall 17, 2.5 percent was occupied by the diameter of the
      tip 19b of the vibrating horn of the atomizer, about 5 percent was
      occupied by the space 42 between the tip of the horn and the inside edge
      of the vanes 37, about 70 percent was occupied by the vanes, and about 22
      percent was occupied by the space 40 between the outer edge of the vanes
      and the inside of the cylindrical wall. The ultrasonic atomizer 15 was a
      full-wave, resonant, stepped-horn ultrasonic atomizer, vibrating at about
      77 kilohertz. The burner housing 20 had a height from the point 50 in FIG.
      1 of 4 inches and an inside diameter of 2 inches. The mantle 22 had an
      inside diameter of 5.25 inches and a length of 8.5 inches; and the
      cylindrical hot plate 12 had an inside diameter of 6 inches.
      Five-hundred-twelve thermoelectric legs were disposed around the hot plate
      12, and the hot end of the legs was generally heated during operation of
      the generator to a temperature of 1050.degree.F, with a variation between
      hot ends of less than 50.degree.F.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Burner means for achieving high-efficiency burning of liquid fuels
      comprising, in alignment on a central axis, (A) blower means arranged to
      blow an oxidizing gas along said axis; (B) an ultrasonic atomizer
      downstream from the blower means, connected to a source of liquid fuel,
      and having a vibrating horn located on said axis from which the fuel
      emanates downstream as a fine mist, (C) a cylindrical wall spaced radially
      around said horn and in line with said blower means so as to convey said
      oxidizing gas downstream from said blower means past said horn; and (D)
      baffle means disposed around said horn and consisting essentially of a set
      of overlapping vanes that are attached to the inside of said wall, extend
      radially toward said axis, and are disposed at an angle to said axis so as
      to form a first part of the oxidizing gas that is conveyed downstream by
      the cylindrical wall into a vortex; the innermost edge of the vanes being
      adjacent to, but spaced from, said horn so as to define an area through
      which a second part of said oxidizing gas passes unimpeded; and at least
      part of the outermost edge of the vanes being spaced from the cylindrical
      wall so as to permit a third part of said oxidizing gas to pass unimpeded
      along the wall so as to contain said vortex into a compact area, whereby
      the flame of fuel supplied by said ultrasonic atomizer is kept compact.
NUM  2.
PAR  2. Burner means of claim 1 in which the vanes are disposed at an angle of
      between about 20.degree. and 70.degree. to said axis.
NUM  3.
PAR  3. Burner means of claim 1 in which the vanes are disposed at an angle of
      between about 40.degree. and 60.degree. to said axis.
NUM  4.
PAR  4. Burner means of claim 1 in which the total surface area on one side of
      the vanes is 1.6 times as great as the area subtended by the vanes.
NUM  5.
PAR  5. Burner means of claim 1 in which part of the downstream edge of the
      vanes curves inwardly toward said axis from the point of connection of the
      vanes to the cylindrical wall.
NUM  6.
PAR  6. Burner means for achieving high-efficiency burning of liquid fuels
      comprising, in alignment on a central axis, (A) blower means arranged to
      blow an oxidizing gas along said axis; (B) an ultrasonic atomizer
      downstream from the blower means, connected to a source of liquid fuel,
      and having a vibrating horn located on said axis from which the fuel
      emanates downstream as a fine mist; (C) a cylindrical wall spaced radially
      around said horn and in line with said blower means so as to convey said
      oxidizing gas downstream from said blower means past said horn; and (D)
      baffle means disposed around said horn and consisting essentially of a set
      of overlapping vanes that are attached to the inside of said wall, extend
      radially toward said axis, have a total surface area on one side equal to
      at least about 1.6 times the area subtended by the vanes, and are disposed
      at an angle of between about 20.degree.  and 70.degree. to said axis so as
      to form a first part of the oxidizing gas that is conveyed downstream by
      the cylindrical wall into a vortex; the innermost edge of the vanes being
      adjacent to, but spaced from, said horn so as to define an area through
      which a second part of said oxidizing gas passes unimpeded; and at least
      part of the outermost edge of the vanes being spaced from the cylindrical
      wall so as to permit a third part of said oxidizing gas to pass unimpeded
      along the wall so as to contain said vortex into a compact area, whereby
      the flame of fuel supplied by said ultrasonic atomizer is kept compact.
NUM  7.
PAR  7. Burner means of claim 6 in which the vanes are disposed at an angle
      between about 40.degree. and 60.degree. to said axis.
NUM  8.
PAR  8. Burner means of claim 6 in which part of the downstream edge of the
      vanes curves inwardly toward said axis from the point of connection of the
      vanes to the cylindrical wall.
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ABST
PAL  An apparatus comprising a number of rotatable vanes, situated around the
      periphery of an annular duct, which can be opened and closed so as to
      control the flow of gas entering the duct. The axis of rotation of the
      vanes is parallel with the axis of the duct. The vanes are divided into
      groups, each vane of a group being connected to another vane of that group
      and each group of vanes being connected to a common drive means so that
      rotation of the drive means causes the vanes to open or close in unison.
BSUM
PAR  This invention relates to an apparatus for controlling the flow of gas
      entering an annular duct. More particularly it relates to an apparatus
      containing vanes which are capable of being rotated about axes parallel to
      the axis of an annular duct to control the amount of gas entering the
      duct, the axes of the vanes being angularly evenly spaced around the
      periphery of a circle whose axis is coincident with the axis of the
      annular duct, the vanes being arranged to cause the gas to follow a
      swirling path in the duct. Such an apparatus may, for example, be used to
      control the flow of secondary air entering certain types of burner.
PAC  BACKINGROUND OF THE INVENTION
PAR  An apparatus for controlling the flow of gas entering an annular duct may
      comprise a plurality of vanes mechanically linked to one another so that
      the vanes can all be opened or closed in unison by rotating a single drive
      shaft linked to one of the vanes. By rotating the vanes it is possible to
      allow a controlled amount of gas to enter the annular duct and to cause
      the gas which passes over them to follow a swirling path in the duct. When
      the apparatus is used to control the flow of air passing into a burner the
      production of a swirling motion helps to ensure a satisfactory mixing of
      the air and fuel; and efficient combustion and elimination of undersirable
      gaseous pollutants results.
PAR  The problem inherent in existing apparatus of this type is excessive
      tightness in or jamming of, the vanes this is a direct result of their
      excessive free motion resulting from the fact that each vane is
      mechanically operated by an adjacent vane, this mechanical operating of
      each vane by an adjacent vane occuring right the way round the circle of
      vanes. The problem is made more acute by distortion of the front plate
      supporting the vanes. The jamming causes damage to the gearbox controlling
      the drive shaft and shearing of the drive shaft shear pins. Attempts to
      overcome the problem have so far been unsuccessful.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to the invention there is provided an apparatus for controlling
      the flow of gas entering an annular duct, which apparatus comprises: a
      plurality of vanes capable of being rotated about an axis parallel to the
      axis of the annular duct to control the amount of gas entering the duct
      wherein;
PA1  A. the axis of the vanes are angularly evenly spaced around the periphery
      of a circle whose axis is coincident with the axis of the annular duct;
PA1  B. the vanes are arranged to cause the gas which passes over them to follow
      a swirling path in the duct.
PA1  C. the vanes are divided into groups of one or more vanes, which groups are
      mechanically linked to a common drive means and,
PA1  D. the vanes of each group are mechanically linked to one another so that
      rotation of the drive means causes the vanes to open or close in unison.
PAR  The invention allows the above-mentioned problem to be mitigated since the
      drive to each vane is more direct. The free motion of the vanes is reduced
      and slight distortion of the front plate does not result in jamming of the
      vanes since the rotation of each vane is not dependent upon the free
      movement and correct alignment of all the vanes in the apparatus. The free
      motion is dependent only on a proportion, depending on the number of
      groups, of the vanes. Furthermore, the apparatus of the invention is
      simple and existing apparatus can be modified relatively easily.
PAR  In a preferred embodiment of the invention the groups of vanes are
      mechanically linked to the common drive means by sets of levers connected
      to a drive shaft attached to a single vane of each group. If the drive
      shaft is attached to the central vane of each group the directness of the
      drive to each vane can be increased even more. The common drive means may
      be a drive shaft connected to the central vane of one of the other groups.
PAR  There may, for example, be three groups of vanes and in this case the
      movement of each vane will depend only on the correct alignment of
      one-third of the total number of vanes. Distrotion of the front plate is
      less likely, therefore, to effect the case of rotation of the vanes.
PAR  The set of levers connecting the common drive means with the groups of
      vanes may take the form of a lever fixed to the main drive shaft and
      pivotably attached to one end of a connecting rod the other end of which
      rod is pivotably attached to a lever fixed to the end of the drive shaft
      which is attached to the central vane of a group.
PAR  Preferably each connecting rod has means for adjusting its length, such as
      a turn buckle, and the ends of the connecting rod are linked to the levers
      via clevises to avoid any bending movement at the joints.
PAR  The apparatus of the invention may be used to control the flow of gases,
      such as secondary air, into a burner provided with heat exchange tubes for
      generating vapours.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be illustrated by way of example with reference to
      the accompanying drawings in which,
PAR  FIG. 1 is a perspective view of a burner containing a conventional
      apparatus for controlling air flow into a cylindrical duct;
PAR  FIG. 2 is a vertical section through the apparatus shown in FIG. 1;
PAR  FIG. 3 is a section taken along the line X--X of FIG. 2 with the fuel duct
      removed and part of the front plate cut away;
PAR  FIG. 4 is an end view of the apparatus shown in FIGS. 1 to 3 but modified
      in accordance with the invention; and
PAR  FIG. 5 is a section taken along the line Y--Y of FIG. 4 with the fuel duct
      removed.
DETD
PAR  The burner 10 shown in FIG. 1 comprises a fuel duct 12 through which fuel
      etc is passed to the combustion chamber 14. Surrounding this chamber 14
      are tubes 16 in which vapour is generated by heat exchange between the
      fluids in the tubes and the hot gasses produced in the chamber. Steam, for
      example, may be produced. At one end of the combustion chamber 14 and
      surrounding the end of the fuel duct 12 is an apparatus 18 for controlling
      secondary air flow into the chamber 14.
PAR  The apparatus 18 shown in FIGS. 1 to 3 is of conventional design and
      comprises a circular front plate 20 positioned around the fuel duct 12.
      The front plate 20, together with a back plate 22, define an annular duct
      21 for the secondary air the direction of flow of which is indicated by
      the arrows 23 (FIG. 2) and arrow 25 (FIG. 3). The apparatus 13 is
      strengthened by stiffeners 19.
PAR  A plurality of vanes 24 are arranged in a circular manner about the fuel
      duct 12 and are supported on pivots 26 secured to the front plate 20 and
      back plate 22 by nuts 27.
PAR  In a conventional apparatus a single drive shaft 28 is attached to a vane
      30, and the vane 30 (FIG. 3) is linked to all the other vanes 24 of the
      apparatus by means of levers 32 pivoted at 34 to pairs of linking arms 36.
      The end of each lever 32 has four pivot points 38 for attachment to the
      linking arms which are arranged in pairs.
PAR  Rotation of the drive shaft 28, operated by an actuator 27 and containing a
      universal coupling 29, causes the vane 30 to rotate which in turn causes
      the other vanes 24 of the apparatus to rotate.
PAR  The vanes 24 and vane 30, of which there may be for example 34, can be
      closed or opened by rotation of the vanes about their pivots 26 to allow a
      controlled amount of secondary air to enter the circular duct 21 evenly
      right the way round the periphery of the apparatus 18, the gas, as it
      enters the duct 21 being caused to follow a swirling path in the duct.
      Owing to the free motion of the vanes 24 and 30 and the fact each one is
      mechanically operated by an adjacent vane any distortion of the front
      plate 20 produces tightness and makes the vanes 24 and 30 difficult to
      rotate.
PAR  The invention provides a modified apparatus as shown in FIGS. 4 and 5 which
      substantially overcomes these problems. The apparatus of the invention has
      its vanes divided into three groups 40, 41 and 42. The vanes of each group
      are linked to one another by arms 32 and linkes 36, as shown in FIG. 3, so
      that rotation of any one vane results in rotation of the other vanes in
      its group.
PAR  The two groups 40 and 41 are provided with drive shafts 44 and 46
      respectively, and each drive shaft is attached to a lever 43 and 50
      respectively. The group 42 is provided with a main drive shaft 52 to which
      are attached two integral levers 54. Each of the levers 54 is pivoted at
      56 to a clevis 58 screwed onto the threaded end of a shaft 60. The
      opposite end of the shaft 60 is threaded and screwed onto a clevis 62
      which is pivoted on the arms 48 and 50.
PAR  The drive shaft 52 has a universal coupling 64 and rotation of the drive
      shaft 52 causes the vanes of group 42 to open or close depending on the
      direction of rotation. The rotational movement is transmitted via the
      levers 54, rods 60 and arms 48 and 50 to the drive shafts 44 and 46 which
      results in rotation of the vanes of groups 40 and 41. All the vanes thus
      rotate in unison.
PAR  The drive to each of the vanes is more direct than is the case with the
      existing apparatus, thus tightening and jamming of the vanes is avoided,
      even when the front plate 20 is slightly distorted.
PAR  Existing apparatus can readily be modified and it will usually be necessary
      to reposition the existing universal coupling 29 to accomodate the new
      levers 54 on the drive shaft 52 so as to keep the levers clear of the
      stiffeners 19.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An apparatus for controlling the flow of gas entering an annular duct
      wherein a plurality of vanes are rotatably mounted between front and rear
      walls of the duct about an axis parallel to the axis of the annular duct
      to control the amount of gas entering the duct when actuated, each vane
      being angularly evenly spaced around the periphery of a circle whose axis
      is coincident with the axis of the annular duct and arranged to cause the
      gas which passes over them to follow a swirling path in the duct, the
      improvement comprising:
PA1  an arrangement of the vanes into three groups of vanes, means for
      mechanically interconnecting the vanes of each group to one another so
      that actuation of one of said vanes causes the vanes of the group to open
      and close in unison;
PA1  a single drive shaft connected to one vane of each group, a mechanical
      linkage means coupling the drive shaft of each group of vanes so as to
      operate same in unison, common drive means coupled to the mechanical
      linkage for actuating same thereby operating all the groups of vanes in
      unison.
NUM  2.
PAR  2. The apparatus as described in claim 1 wherein the common drive means is
      linked to three groups of vanes which are arranged to operate at angles of
      approximately 120.degree. about the circle.
NUM  3.
PAR  3. The apparatus described in claim 1 wherein the common drive means is
      coupled to the drive shaft of one of said groups and the linkage means
      comprises: a lever attached to the drive shaft of each of the remaining
      groups and a shaft pivoted at each end connecting the lever and the common
      drive means such that actuation of the common drive means actuates the
      other drive shafts.
NUM  4.
PAR  4. The apparatus as described in claim 3 wherein the common drive means
      includes a drive lever fixed to the shaft having a triangular geometry,
      the drive shaft of the group coupled to a vertex point of said lever and
      the levers of the two remaining groups are coupled, one each to the
      vertices of the drive lever through the pivoted shafts, and wherein the
      remote shaft levers extend generally in a tangential direction generally
      parallel to edges of the triangular drive lever relative to the vertex
      coupled to the first mentioned group.
NUM  5.
PAR  5. The apparatus according to claim 3 wherein the mechanical connections
      coupling the fixed end drive levers through said pivoted shafts are
      affected by clevises.
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ABST
PAL  The present invention relates to apparatus for incinerating combustible
      wastes wherein a pilot light for igniting the wastes is provided at a
      location remote from a source of fuel for said pilot light. By the present
      invention, a pilot light burner is provided at the remote location and a
      fuel jet-ejector for producing a combustible mixture of fuel and air is
      provided at the location of the source of fuel. A first conduit connects
      the fuel-air mixture discharge connection of the jet-ejector to the pilot
      light burner and a second conduit connects the source of fuel to the fuel
      inlet connection of the jet-ejector. A third conduit is provided connected
      to the second conduit and to the pilot light burner for conducting fuel
      directly to the burner separately from the fuel-air mixture conducted
      thereto by way of the first conduit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to apparatus for incinerating
      combustible wastes, and more particularly, but not by way of limitation,
      to flare type incinerators wherein a pilot light is provided for igniting
      the combustible wastes being incinerated.
PAR  2. Description of the Prior Art
PAR  Many various arrangements of apparatus and techniques have been utilized
      for incinerating or flaring combustible wastes. For example, oil
      refineries and gasoline plants commonly utilize flare stacks for
      incinerating combustible wastes in both the liquid and vapor state. These
      combustible wastes are generally hydrocarbons which must be incinerated
      because of equipment failures. While the duration of such waste
      incineration is generally short, in order to insure the safety of
      personnel and the surrounding environment as well as to prevent pollution
      of the atmosphere, the incineration is often required to take place at a
      distance above ground level so that the heat and combustion products
      generated are effectively dispersed into the atmosphere.
PAR  In operation of flare stacks and similar apparatus for incinerating wastes,
      a pilot light or flame is continuously provided at the point where the
      waste is discharged into the atmosphere so that ignition thereof
      automatically occurs. Numerous problems have been experienced in
      continuously maintaining such pilot flames due to wind gusts and the
      necessity of locating the pilot burner at inaccessible remote locations
      above ground level. Often monitoring of the pilot flame is carried out
      manually, and consequently, is unreliable. On the other hand, automatic
      pilot light apparatus have been expensive and have included elaborate
      provisions for automatically igniting and reigniting the pilot flames
      remotely.
PAR  By the present invention an improved apparatus for incinerating combustible
      wastes is provided which obviates the above-mentioned problems.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to apparatus for incinerating combustible
      wastes comprising a flare stack connected to the source of the combustible
      wastes and a pilot light burner attached to the flare stack and positioned
      with respect thereto so that combustible wastes discharged from the flare
      stack are ignited by the pilot light. A first conduit is provided attached
      to the pilot light burner for conducting fuel and air to the burner, and a
      fuel jet-ejector for producing a combustible mixture of fuel and air is
      provided having a fuel inlet connection, an air inlet connection and a
      fuel-air mixture discharge connection. The fuel-air mixture discharge
      connection of the jet-ejector is connected to the first conduit, and a
      second conduit is provided connecting the fuel inlet connection of the
      jet-ejector to a source of fuel. A third conduit is provided connected to
      the second conduit and to the pilot light burner for conducting fuel
      directly to the burner separately from the fuel-air mixture conducted
      thereto by the first conduit.
PAR  It is, therefore, an object of the present invention to provide an improved
      apparatus for incinerating combustible wastes which is relatively
      inexpensive to install and operate.
PAR  A further object of the present invention is the provision of an improved
      apparatus for incinerating combustible wastes whereby a continuous stable
      pilot light is provided for igniting the wastes.
PAR  Another object of the present invention is the provision of apparatus for
      providing a stable pilot light at a remote and inaccessible location which
      can be simply and easily serviced, ignited and reignited and the intensity
      thereof adjusted.
PAR  Yet a further object of the present invention is the provision of improved
      apparatus for incinerating combustible wastes wherein a continuous pilot
      flame is provided which can be readily ignited and adjusted remotely
      without the need for expensive and elaborate equipment.
PAR  Still another object of the present invention is the provision of an
      improved apparatus for incinerating combustible wastes which achieves
      reliable monitoring of the pilot flame whereby a flame failure condition
      is immediately detected.
PAR  Other objects, features and advantages of the invention will be readily
      apparent to those skilled in the art upon a reading of the description of
      preferred embodiments of the invention which follows taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of the apparatus of the present invention,
      and
PAR  FIG. 2 is an enlarged view of a portion of the apparatus illustrated in
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and particularly to FIG. 1, the apparatus of
      the present invention is illustrated and generally designated by the
      numeral 10. The apparatus 10 includes a flare stack 12 which is connected
      to a source of combustible wastes to be incinerated. The flare stack 12
      may take a variety of forms, but generally is comprised of a relatively
      high vertical conduit or stack so that incineration of the combustible
      wastes takes place at a location above ground level. However, as is well
      understood by those skilled in the art, the flare 12 can be positioned
      horizontally or otherwise and the incineration can take place at or below
      ground level, such as in a waste material pit.
PAR  The upper open end 15 of the flare stack 12 includes a conventional shroud
      14 attached thereto for deflecting wind gusts and facilitating stable
      flame patterns.
PAR  A pilot light burner generally designated by the numeral 16 is provided
      attached to the flare stack 12 for igniting combustible wastes discharged
      therefrom. A first conduit 18 is connected to the pilot light burner 16
      which extends to a location remote from the end 15 of the flare stack 12.
      Generally, the conduit 18 extends to a location at ground level a desired
      distance from the flare stack 12, at which location there is a source of
      fuel gas and from where it is desirable to remotely operate the pilot
      light burner.
PAR  A conventional fuel jet-ejector 20 is provided at the operating location
      remote from the flare stack 12 having an adjustable air inlet 22, a fuel
      inlet connection 24 and a fuel-air mixture discharge connection 26. The
      fuel-air mixture discharge connection 26 of the ejector 20 is connected to
      the conduit 18. A second conduit 28 is provided connected to the fuel
      inlet connection of the jet-ejector 20 and to a source of fuel gas.
PAR  A conventional downstream fuel gas pressure regulator 30 is provided
      disposed in the conduit 28 and a conventional pressure indicator or gauge
      32 is provided downstream of the regulator 30. A shut-off valve 34 is also
      disposed in the conduit 28, and a third conduit 36 is connected to the
      conduit 28 between the pressure gauge 32 and the shut-off valve 34. The
      third conduit 36 includes a conventional shut-off valve 38 disposed
      therein and is connected to the pilot light burner 16 at its location
      remote from the fuel jet-ejector 20, the conduit 28 and other equipment
      associated therewith.
PAR  A conventional electric ignitor 40 is disposed within the first conduit 18
      just downstream of the jet-ejector 20, and a conventional high voltage
      electric power source 42 is operably connected to the ignitor 40.
PAR  A fuel combustion detection device 44 is provided attached to the burner
      16. The device 44 is operably connected to a conventional combustion
      detector control panel 46 and a safety shut-down valve 48 is provided
      disposed in the conduit 28 operably connected to the combustion detection
      control panel 46.
PAR  Referring now to FIG. 2, an enlarged view of the upper portion of the flare
      stack 12, the burner 16 and the combustion detection device 44 are shown.
      As illustrated, the burner 16 is positioned with respect to the upper open
      end 15 of the flare stack 12 so that the pilot flame produced extends over
      and above the end 15 whereby combustible wastes discharged therefrom are
      readily and automatically ignited.
PAR  The burner 16 is comprised of a nozzle 50 connected to a mixing tube 51.
      The mixing tube 51 is connected to the first conduit 18 by a conventional
      union or other connector 54. The third conduit 36 is connected to an inlet
      conduit 56 attached to the mixing tube 51 by means of a conventional union
      or other connector 58.
PAR  The combustion detection device 44 is attached to the burner nozzle 50 in a
      manner such that it extends into the pilot flame produced by the burner.
      As will be understood, a variety of combustion detection devices are
      commercially available and can be used in accordance with the present
      invention. However, a conventional thermocouple is suitable for use with
      the apparatus 10 connected to a conventional combustion detection control
      panel 46 by a lead wire 47.
PAC  OPERATION OF THE SYSTEM 10
PAR  In operation of the system 10, a stream of fuel gas is caused to flow
      through the pressure regulator 30 wherein the pressure level thereof is
      reduced to a desired level, through the conduit 28 and the valve 34 and
      into the fuel inlet connection 24 of the jet-ejector 20. As the stream of
      fuel gas passes through the jet-ejector 20, air is inspirated into the
      jet-ejector 20 by way of the adjustable air inlet 22 and mixes with the
      fuel. As will be understood, the ratio of air to fuel produced by the
      jet-ejector 20 is adjusted by opening or closing the adjustable inlet
      connection 22 on the jet-ejector 20 and/or by increasing or decreasing the
      flow and/or pressure level of the fuel gas stream conducted to the
      jet-ejector 20.
PAR  The resulting combustible mixture of air and fuel flows through the
      discharge connection 26 of the ejector 20 and into the first conduit 18
      connected to the burner 16.
PAR  The ignitor 40 is next provided with high voltage electric power from the
      source 42 so that the fuel-air mixture passing through the conduit 18 is
      ignited. Combustion or flame is propagated from the ignitor 40 within the
      conduit 18 to the burner 16 and through the burner nozzle 50 thereof so
      that a pilot flame is provided at the burner 16 for igniting combustible
      wastes discharged from the flare stack 12.
PAR  In order to provide stability to the pilot flame extending above the burner
      nozzle 50 of the burner 16, a separate stream of fuel is caused to flow
      through the third conduit 36 connected to the mixing tube 51 by opening
      the valve 38. This separate stream of fuel gas flows into the mixing tube
      51 of the burner 16 wherein it mixes with the fuel-air mixture flowing
      through the mixing tube 52 from the first conduit 18. By providing this
      separate stream of fuel gas to the burner 16 by way of the third conduit
      36 an extremely stable flame can be maintained at the burner 16, the
      characteristics of which can be readily adjusted remotely without risking
      total loss or outage of the pilot flame. This is, the rate of fuel
      provided by way of the third conduit 36 is adjusted to provide an air-fuel
      mixture of the desired fuel richness and a resulting pilot flame of the
      desired stability and characteristics. In addition, the fuel provided by
      way of the third conduit 36 insures that on start-up of the system 10, the
      flame front propagated from the ignitor 40 within the conduit 18 comes
      into contact with ignitable gas at the burner 16.
PAR  The combustion detection device 44 senses the presence of combustion at the
      burner 16 and provides an electric signal to the combustion detection
      controller 46. The controller 46 functions in a conventional manner to
      maintain the safety shut-down valve 48 in an open position so long as
      combustion is detected at the burner 16. When the pilot flame is
      extinguished and combustion is not detected, the controller 46 functions
      to close the valve 48 thereby shutting off the flow of fuel to the burner
      16. Also, the controller 46 is generally operably connected to an alarm
      and/or other shut-down devices so that the outage of the pilot flame is
      brought to the attention of operating personnel and prevents the flow of
      uncombusted wastes into the atmosphere.
PAR  As will be understood, reignition of the pilot flame can be accomplished
      manually by closing the valves 34 and 38 in the conduits 28 and 36
      respectively, opening the safety shut-down valve 48 and then repeating the
      ignition procedure described above. Alternatively, conventional
      instruments and controls for automatically relighting the pilot flame can
      be provided with the system 10.
PAR  While presently preferred embodiments of the invention have been described
      for purposes of this disclosure, numerous changes in the arrangement and
      construction of the various parts can be made which will readily suggest
      themselves to those skilled in the art and which are emcompassed within
      the spirit of this disclosure and the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for incinerating combustible wastes comprising:
PA1  a flare stack connected to the source of said combustible wastes;
PA1  a pilot flame burner attached to said flare stack and positioned with
      respect thereto so that combustible wastes discharged therefrom are
      ignited by said pilot flame;
PA1  a first conduit attached to said pilot flame burner for continuously
      conducting fuel and air to said burner;
PA1  a fuel jet-ejector for producing a continuous stream of a combustible
      mixture of fuel and air having a fuel inlet connection, an air inlet
      connection and a fuel-air mixture discharge connection, said discharge
      connection being connected to said first conduit;
PA1  a second conduit connecting the fuel inlet connection of said fuel
      jet-ejector to a source of fuel; and
PA1  a third conduit connected to said second conduit and to said pilot flame
      burner for conducting a continuous stream of fuel to said burner
      separately from the fuel-air mixture conducted thereto by said first
      conduit.
NUM  2.
PAR  2. The apparatus of claim 1 which is further characterized to include valve
      means disposed in the third conduit for controlling the rate of fuel
      flowing therethrough to said pilot flame burner.
NUM  3.
PAR  3. The apparatus of claim 2 which is further characterized to include valve
      means disposed in said second conduit for controlling the rate of fuel
      flowing therethrough to the fuel inlet connection of said fuel
      jet-ejector.
NUM  4.
PAR  4. The apparatus of claim 3 which is further characterized to include
      ignition means disposed in said first conduit for igniting the fuel-air
      mixture flowing therethrough to said pilot flame burner.
NUM  5.
PAR  5. The apparatus of claim 4 which is further characterized to include means
      attached to said pilot flame burner for detecting the presence of fuel
      combustion at said burner.
NUM  6.
PAR  6. The apparatus of claim 5 which is further characterized to include valve
      means disposed in said second conduit operably connected to said means for
      detecting the presence of fuel combustion at said pilot flame burner so
      that the flow of fuel to said jet-ejector and to said third conduit is
      shut off when combustion at said pilot light burner is not detected by
      said detection means.
NUM  7.
PAR  7. Apparatus for providing a pilot light at a location remote from a source
      of fuel which comprises:
PA1  a pilot light burner positioned at said remote location;
PA1  a fuel jet-ejector for producing a continuous stream of a combustible
      mixture of fuel and air positioned at the location of said source of fuel,
      said jet-ejector having a fuel inlet connection, an air inlet connection
      and a fuel-air mixture discharge connection;
PA1  a first conduit connecting the fuel-air mixture discharge connection of
      said jet-ejector to said pilot light burner;
PA1  a second conduit connecting said source of fuel to the fuel inlet
      connection of said jet-ejector; and
PA1  a third conduit connected to said second conduit and to said pilot light
      burner for conducting a continuous stream of fuel to said burner
      separately from the fuel-air mixture conducted thereto by said first
      conduit.
NUM  8.
PAR  8. The apparatus of claim 7 which is further characterized to include valve
      means disposed in the third conduit for controlling the rate of fuel
      flowing therethrough to said pilot light burner.
NUM  9.
PAR  9. The apparatus of claim 8 which is further characterized to include valve
      means disposed in said second conduit for controlling the rate of fuel
      flowing therethrough to the fuel inlet connection of said fuel
      jet-ejector.
NUM  10.
PAR  10. The apparatus of claim 9 which is further characterized to include
      ignition means disposed in said first conduit for igniting the fuel-air
      mixture flowing therethrough to said pilot light burner.
NUM  11.
PAR  11. The apparatus of claim 10 which is further characterized to include
      means attached to said pilot light burner for detecting the presence of
      fuel combustion at said burner.
NUM  12.
PAR  12. The apparatus of claim 11 which is further characterized to include
      valve means disposed in said second conduit and operably connected to said
      means for detecting the presence of fuel combustion at said pilot light
      burner so that the flow of fuel to said jet-ejector and to said third
      conduit is shut off when combustion at said pilot light burner is not
      detected by said detecting means.
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ABST
PAL  Devices relying on the Inverse Wiedemann Effect. In all instances,
      magnetostrictive rods are circularly magnetized and exhibit hysteresis
      when plotting axial induction vs. twist. Hysteresis, especially when
      rectangular, yields high d.phi./dt upon twisting to result in large output
      voltage across terminals of coil wound about the rod. In other
      embodiments, rectangular hysteresis gives rise to one-shot electric push
      button or sequential switch. Hysteretic magnetostrictive circularly
      magnetized rods also serve as recording devices to detect mechanical
      movement or shock.
BSUM
PAC  RELATED APPLICATIONS
PAR  This application is related to four applications of even date filed by the
      inventor hereof, which other applications are entitled ELECTROMAGNETIC
      ANISOTROPIC DEVICES, Ser. No. 488,209, ELECTROMECHANICAL TRANSDUCERS, Ser.
      No. 488,219, MECHANICAL MAGNETS, Ser. No. 488,841, and METHOD AND
      APPARATUS FOR CIRCULARLY MAGNETIZING A CONDUCTIVE HELICAL ROD, Ser. No.
      488,220, the contents of all of which are hereby incorporated by reference
      in their entireties.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to devices which rely on the Inverse Wiedemann
      Effect, which devices may be employed in a number of applications, such as
      voltage generators and magnetic memory devices.
PAR  2. The Prior Art
PAR  For many years, the so-called Wiedemann Effect has been well known. The
      Wiedemann Effect is the resulting twist produced in a wire that exhibits
      magnetostriction when the wire is placed in a longitudinal magnetic field
      and has an electric current flowing therethrough. The converse or inverse
      of this phenomenon has also been long recognized and is commonly called
      the Inverse Wiedemann Effect. In the Inverse Wiedemann Effect, axial
      magnetization is produced by a magnetostrictive wire that carries current
      therethrough when the wire is twisted.
PAR  There have been a number of attempts to employ the Wiedemann and Inverse
      Wiedemann Effects in practical applications. Such attempts are discussed
      at length in an article by J. A. Granath entitled Instrumentation
      Applications of Inverse Wiedemann Efffect which appeared in the Journal of
      Applied Physics, Vol. 31, pp. 178S - 180S (May, 1961) and in a publication
      by The International Nickel Company, Inc. of New York, New York entitled
      Magnetostriction. At least two U.S. patents disclose devices reupon the
      Inverse Wiedemann Effect, namely, U.S. Patent No. 2,511,178 granted to H.
      C. Roters on June 12, 1950, and U.S. Patent No. 3,083,353 granted to A. H.
      Bobeck on Mar. 26, 1963. In the Roters patent, devices are disclosed which
      rely upon a central core or rod of magnetostrictive material that exhibits
      a substantially linear, non-hysteretic magnetic induction (B) versus twist
      ( .alpha. ) curve. The reliance on such a material yields a significant
      limitation in the achievable rate of change of the axial magnetic field
      produced by twisting magnetostrictive element, whereby to limit the
      practical voltage output of such devices. The devices described by Bobeck
      in his aforementioned patent do not vary the amount of twist on the
      magnetostrictive element, but rely on the interrelationship of a fixedly
      twisted magnetostrictive element and magnetic fields induced by current
      flowing through that element and by current flowing through conductive
      coils surrounding discrete portions of the element.
PAC  SUMMARY OF THE INVENTION
PAR  The devices of the present invention have a variety of applications.
      However, irrespective of the application employed, the device must
      comprise a circularly magnetized rod or magnetostrictive material which
      exhibits remanence and hysteresis when one plots a curve for the material
      showing axially magnetic induction (B.sub.ax) versus angular twist (
      .alpha. ) of the magnetostrictive rod. If the device is to be employed as
      a voltage generator, a conductive coil is wound about the circularly
      magnetized rod and the terminals of the coil may be connected to any
      suitable load, such as, for example, a battery charger, a spark generator
      or the like. One of the ends of the rods is held fixed relative to the
      twistable other end of the rod, which when twisted will cause a change in
      axial flux within the rod, which change will induce a voltage across the
      terminals of the surrounding conductive coil.
PAR  Other applications for the device above described are in the field of
      detecting and recording the occurrence of an event. Thus, for example, if
      the device is to be employed to determine whether or not something has
      been moved, such as, for example, whether a window or a door has been
      opened, one end of the rod is fixed and the other end is mechanically
      connected to the article to be detected so that the other end will be
      twisted upon movement of said article. When the article is moved, the rod
      will be twisted to thereby exhibit magnetic induction. When the twist is
      removed, the axially magnetic induction in the rod will not disappear due
      to the fact that the device is hysteretic. At some time subsequent to the
      event of movement, the device can be placed in a suitable detector to
      determine the presence of axial flux. The detector could be a Hall Effect
      sensor, or it may be a coil into which the device may be inserted or
      withdrawn to induce a voltage. Still another means for detecting the fact
      that the rod had been twisted would be to dispose the twisted rod in a
      coil and then pass a current through the rod to change the remanent field
      therein from axial to circular. The change is abrupt and the abrupt change
      will induce a significant voltage in a surrounding coil to give a voltage
      indication that the device had in fact been twisted. If it had not been
      twisted, there would be no output. The advantage of this third means of
      detection is that it resets the device for subsequent detections by virtue
      of its removing all axial fields from the device and restoring the
      magnetization to circular. Still another application of such a
      electromechanical device would be in a device for generating a voltage
      once and only once upon a particular sequence of events occurring. In the
      absence of the sequence, no voltage will be produced. Such a device would
      include a rod of the type described which upon its becoming circularly
      magnetized is armed to produce a signal upon the twisting of the rod. When
      the device is twisted, no further output can be obtained from it because
      the device exhibits rectangular hysteresis. Thus, the only way to obtain
      any additional output from the device is to recircularly magnetize it by
      passing a direct current through the rod at above a given minimum value.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a view partly diagrammatic and partly in elevation showing an
      electromechanical element embodying the present invention incorporated in
      a spark producing device for a gas burner;
PAR  FIG. 2 is a view partly in section and partly in elevation showing a signal
      generating push button embodying the element of the present invention;
PAR  FIG. 3 is a view similar to FIG. 2 showing a modification thereof;
PAR  FIG. 4 is a view similar to FIG. 2, but showing a signal generating push
      button that must be armed prior to operation and is capable of only a
      single voltage output subsequent to arming without another arming of the
      device;
PAR  FIG. 5 are graphs of various hysteresis loops showing axial magnetization
      (B.sub.ax) as a function of angular twist ( .alpha. );
PAR  FIG. 6 is a graph plotting axial magnetic induction (B.sub.ax) against
      angle of twist ( .alpha. );
PAR  FIG. 7 is a view similar to FIG. 1, but showing the electromechanical
      element of the present invention in a device for detecting maximum twist
      of the rod-like device from the movement of a monitored object or from
      shock or the like; and
PAR  FIG. 8 is a graph plotting axial magnetic induction (B.sub.ax) versus angle
      twist ( .alpha. ) for the device of FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail and particularly to FIG. 1 thereof,
      an electromechanical element 10 of the present invention is shown
      incorporated in a voltage producing mechanism, especially for use as a
      spark producing device for a gas burner. The element is shown in the form
      of a longitudinally extending rod 12 that is fixed at one end 14 and that
      is twistable at the other end 16 by the application of a torque thereto
      from a suitable mechanical force producing mechanism shown
      diagrammatically and referred to by the reference character 18. The
      twisting mechanism may be, for example, the control knob for the shut off
      valve 19 of a gas burner 21 fed by a gas line 23. The rod 12 is made of
      magnetically remanent magnetostrictive material that has been circularly
      magnetized. The material from which the rod 12 is made exhibits a
      hysteresis when one plots axially magnetic induction (B.sub.ax) versus the
      angle of twist ( .alpha. ) of the rod.
PAR  Examples of B.sub.ax vs. .alpha. curves for materials which would be
      satisfactory for use as the rod 12 are shown in FIG. 5, wherein three
      hysteresis loops are shown, one in dashed lines, one in solid lines, one
      in dashed-dot lines. Any of these three would be satisfactory for use for
      the material from which rod 12 is made although it would be preferred that
      the hysteresis loop exhibit approximately a rectangular pattern or more
      so. That is to say, it would be preferred that the material exhibit the
      solid line hysteresis loop of FIG. 5 or the dash-dot hysteresis loop of
      FIG. 5 rather than the dashed line hysteresis loop of FIG. 5 which
      exhibits a more or less minimum desirable form of hysteresis for
      embodiment in the present invention.
PAR  A number of different materials may be employed which will exhibit the type
      of hysteresis above referred to and diagrammatically illustrated in FIG.
      5. Thus, all steels known as tempered martensites, that is, steels having
      a martensitic crystalographic structure with the presence of carbides will
      exhibit the desirable form of hysteresis loops shown in FIG. 5.
      Specifically, carbon steels such as AISI 1040 and 1065 steels may be
      employed, low alloy steel, AISI 6150 steel, is suitable, high chrome
      steels such as AWS 502 and 505 and AISI 410, 416, 420 and 440C are all
      satisfactory.
PAR  Surrounding the rod 12 is a conductive coil which may be made of any
      suitable conductive material, such as a fine copper wire or the like,
      preferably insulated as by lacquer. The conductive coil is generally
      referred to by the reference numeral 20 and as shown has a pair of spaced
      apart terminals 22 and 24, the space between them here providing for a
      spark gap 26. When it is desired to cause a spark to appear across the gap
      26, the mechanical twisting mechanism 18 is actuated to twist the rod end
      16 and, hence, the rod 12, the other end 14 being held against twisting.
      With reference to FIG. 5, assuming the hysteresis characteristic is the
      solid line substantially rectangular curve, and further assuming the rod
      12 has previously been twisted, it will be found that the rod will be in
      one of its two .alpha. = 0 positions, that is, either position A or
      position B in FIG. 5. Through a suitable indicating or sequence mechanism
      not forming part of the present invention, it could be indicated which
      position the rod is in. Assuming the rod to be in the A position as shown
      in FIG. 5, then it must be twisted in a negative direction to bring it
      into the third quadrant of its hysteresis loop which will cause the axial
      magnetic induction to change rapidly from the positive value of the second
      quadrant to the negative value of the third quadrant along substantially a
      vertical line. This will cause a very high d.phi./dt in an axial direction
      which will couple with the turns of the coil 20 to induce a large voltage
      across the terminals 22 and 24, which voltage will exceed the breakdown
      voltage between the two terminals and cause a spark to jump therebetween.
      If, for example, the device 10 is close to gas burner 21, assuming the gas
      has been turned on, the spark would be sufficient to ignite it. This would
      obviate the need for a pilot light and thereby save gas. It would also be
      significantly safer than a pilot light which often blows out in actual
      use. When the twist is removed, the device will return to the .alpha. = 0
      position, but this time it will be in position B so that the next
      operation of the device will require a twisting in the opposite direction
      from the preceding twisting to bring it from the point B through the
      fourth quadrant of the hysteresis loop and back to point A.
PAR  As an alternative to the sequential one-short operation above described,
      the mechanical mechanism may be of such a nature as to "twang" the end 16
      with a suitable inertia producing means such as a ball or the like at the
      end 16 to set it into oscillation upon being twanged. This oscillation
      will clearly progress the rod 12 through a number of cycles of hysteresis
      and cause a spark to appear in rapid succession across the gap 26 a number
      of times, whereby to insure the ignition of the gas, assuming the device
      to be coupled with gas burner 21. As shown, mechanical mechanism 18 is a
      portion of the operating mechanism that turns the gas for burner 21 on,
      thereby to simultaneously turn on the gas and cause a spark to appear
      across the gap 26 for igniting the gas as it begins to flow through the
      burner.
PAR  The mechanism 10 may be employed for numerous applications other than that
      of a spark generator. Thus, for example, this mechanism may also be
      employed in marine buoys to generate electric energy for charging a
      battery that operates a lamp or a radio transmitter or the like, thereby
      to keep the battery fully charged at all times. In such an application,
      the mechanical mechanism 18 would preferably be of an inertial type that
      would cause a twisting of the rod in response to the pitching of the buoy
      as it rides on the waves. In lieu of using the output of the generator
      shown in FIG. 1 to charge a battery, it could be employed directly with a
      suitable illumination device such as a neon tube or the like to cause the
      tube to flash on and off as the waves actuate the device through twisting,
      thereby obviating the need for a battery or a battery charging circuit.
PAR  Referring now to FIG. 2, a push button suitable for generating a voltage
      V.sub.o at its output terminals 22 and 24 is shown. The button is
      generally designated by the reference character 30 and may be incorporated
      in any device requiring an electrical output in response to the pressing
      of a button. Thus, for example, electric typewriters, electric and
      electronic calculators and the like would all be suitable end uses for
      buttons of the type designated by the reference character 30. The push
      button 30 is comprised of a longitudinally extending rod 12' here shown to
      have been wound into the form of a helical coil for convenience of
      operation and for certain advantages which will be noted hereinafter.
      However, with obvious modification, the device would work with an unwound
      elongated rod 12' if desired. The rod 12' is permanently circularly
      magnetized, preferably in the manner described in my co-pending
      application of even date entitled METHOD FOR CIRCULARLY MAGNETIZING A
      HELICAL ROD, Ser. No. 488,220, which has already been incorporated herein
      by reference. Rod 12' is made of magnetostrictive material that exhibits
      hysteresis in its axial magnetic induction versus twist strain curve.
      Thus, the rod 12' may be made of any of the materials heretofore discussed
      with respect to rod 12 of FIG. 1 or any materials exhibiting the
      characteristics above set forth. Wound about the rod 12' is a conductive
      coil 20 which may be in all respects similar to the conductive coil 20 of
      FIG. 1. As noted, the coil 20 has output terminals 22 and 24. The coiled
      rod 12' is fixed at its lower end 14 to a suitable support 32 and is fixed
      at its upper end 16 to a suitable planar member 34 generally configured as
      the head of a push button. Extending between the members 32 and 34 is a
      compression spring 36 which biases the member 34 away from the base 32 and
      in doing so stresses the rod 12' into the first quadrant as seen in FIG.
      5. It will be recognized that the compression or extension of a coiled rod
      causes the individual increments of said rod to be twisted and, hence, the
      compressing or extending of the coiled rod 12' yields precisely the same
      effect as the twisting of the rod 12 of FIG. 1.
PAR  Whenever the button 30 is depressed, which depression will compress the
      coiled rod 12' against the bias of the compression spring 36, irrespective
      of which of the three hysteresis loops the material of the rod 12'
      operates along, there will be a twisting of the rod 12' from position
      .alpha..sub.a which it is in due to the spring 36 to .alpha..sub..sub.-a
      to thus operate to its opposite point in the third quadrant and thus
      induce a large change in axial magnetic induction, which change will occur
      extremely rapidly in materials exhibiting a somewhat rectangular
      hysteresis characteristic, such as exemplified by the solid line
      hysteresis curve in FIG. 5. However, even if the dashed line hysteresis
      curve were followed, there will be a significant d.phi./dt encountered by
      the conductive coil 20, whereby to produce a significant voltage V.sub.o
      across the terminals 22 and 24 of the coil 20. This voltage may be
      employed to cause the operation of a key striker of an electric typewriter
      or the illumination of a light emitting diode in a minature calculator or
      any of a large number of other functions which will be obvious to those
      skilled in the art. When the finger is removed from the key face 34, the
      spring 36 will be effective to restore the coiled rod 12' to its initial
      condition of twist, namely, .alpha..sub.a in the first quadrant, whereby
      to condition the push button 30 for its next operation.
PAR  In the embodiment of FIG. 2, the circular magnetization of the coiled rod
      12' is present by virtue of magnetic remanence, the rod having previously
      been magnetized by the passage of an electric current therethrough. The
      order of magnitude of the current employed to permanently circularly
      magnetize the rod 12' is dependent upon the operating parameters desired
      and may be of the order of 1 to 10 amperes or the like, although under
      certain circumstances, it might be of the order of magnitude of hundreds
      of amperes. The amount of current employed for achieving circular
      magnetization is dependent upon the coercive force of the material from
      which the rod 12' is made.
PAR  Referring now to FIG. 3, a modified form of push button 30' is shown, which
      is in all respects identical to the push button 30 of FIG. 2 save for the
      fact that the circular magnetization of the rod 12" is not obtained by
      virtue of permanent circular magnetization, but instead by virtue of the
      continuous passage of a direct current therethrough. While it would appear
      at first blush to be a disadvantage to employ current flow as a means of
      obtaining circular magnetization, as shown in the FIG. 3 embodiment, by
      employing this approach for securing circular magnetization of the rod
      12", the material requirements for the rod 12" are changed significantly
      and somewhat advantageously. Thus, for example, the material from which
      the rod 12' is preferably made is a relatively hard material exhibiting a
      high degree of magnetic remanence. Magnetic remanence is not at all
      important to the embodiment of FIG. 3 as this phenomenon is not relied on
      in connection with the device 30'. Thus, softer materials such as ingot
      iron and nickel steel alloys, may be employed in the rod 12" in the FIG. 3
      embodiment, whereas they would not be particularly desirable for
      incorporation in the FIG. 2 embodiment. Thus, for example, the permalloy
      alloys may be employed in the FIG. 3 embodiment and would require very low
      currents from the DC source here shown as battery 38, the currents being
      of the order of magnitude of less than 1 ampere. Again, as was true with
      FIGS. 1 and 2, by employing materials exhibiting a large hysteresis, there
      will necessarily be a rapid rate of change of axial flux when the rod 12"
      is twisted from the .alpha..sub.a to the .alpha..sub.-.sub.a positions in
      the graphs of FIG. 5, whereby to induce a significant and useful voltage
      V.sub.o across the output terminals 22 and 24. The applications for this
      form of push button 30' would essentially be the same as for the push
      button 30 heretofore described.
PAR  Referring now to FIG. 4, still another form of push button is shown. This
      push button is generally designated by the reference character 40 and is
      comprised of a rod 42 that is made of a circularly magnetized
      magnetostrictive material exhibiting a significant hysteresis. For
      convenience of operation, the rod 42 is preferably wound into a helix,
      although it may be employed in a straight configuration similar to that
      shown in FIG. 1. In the helical form shown in FIG. 4, the bottom 44 of the
      rod 42 is secured to a suitable supporting base 46 and the top 48 of the
      rod 42 is secured to the movable face 50 of the push button 40. Unlike
      push buttons of FIGS. 2 and 3, there is no restoring spring 36. There is,
      however, a conductive coil 52 wound around the coil rod 42, which
      conductive coil 52 is similar in all respects to coils 20 of the FIGS. 2
      and 3 embodiments and is provided with output terminals 54 and 56.
PAR  As previously noted, the coiled rod 42 is made of a permanently circularly
      magnetized material similar to the materials suitable for the rod 12' of
      FIG. 2. The rod 42 is untwisted at the beginning of its use. That is to
      say, there is no residual twist and there is no axial magnetic induction
      present. Thus, the material of rod 42 is at the origin of the B.sub.ax vs.
      .alpha. curves of FIG. 5. When the push button face 50 is depressed by the
      operation of a finger or the like to compress the coil in which rod 42 is
      shaped, the various increments of the rod 42 will experience a twisting,
      whereby to operate the rod along the portion C of the B.sub.ax vs. .alpha.
      curves of FIG. 5 into the first quadrant. This will cause the appearance
      of axial magnetic induction in rod 42 which will induce a voltage across
      the output terminals 54 and 56 of the coiled conductor 52. Assuming that
      the hysteresis loop of the material of rod 42 is essentially rectangular,
      that is, the solid line hysteresis loop of FIG. 5, when the operator of
      the push button 40 releases his finger to thereby permit the rod 42 to
      restore itself by its own resiliency to the .alpha. = 0 position, this
      will have no effect on the coiled conductor 52 as there will be no change
      in axial flux in coiled rod 42, the axial flux being the same in the first
      quadrant as it is at the point A where the rod 42 will come to rest.
      Thereafter, all subsequent operations of the button 40 without
      recircularly magnetizing the device will yield a zero output. That is, rod
      42 will travel back and forth between the A position and the first
      quadrant position and, because the curve is flat in this region, never
      experience a significant change in axial magnetization. Thus, the device
      will yield only one pulse. The advantage of this arrangement is that there
      are a number of applications where one wishes to require the arming of a
      switch or actuating button prior to each operation for reasons of safety.
      The push button 40 of FIG. 4 yields precisely that form of operation.
      Thus, it will be noted that secured to the ends 44 and 48 of the coil rod
      42 are the terminals of a suitable DC source, here shown as a battery 58,
      controlled by a suitable on-off switch 60. Once the button 40 has been
      operated, it cannot be employed a second time until the switch 60 is
      closed to cause a current to flow through the rod 42 to recircularly
      magnetize the rod 42. Once the pulse of current has passed through the
      rod, then the push button 40 may be employed again in precisely the same
      manner as heretofore described.
PAR  Examples of suitable applications for the push button 40 are the control of
      the energization of a photoflash bulb for a camera, wherein the film must
      be advanced a frame prior to the reoperation of the photoflash. Each time
      the film is advanced, the switch 60 will be closed to recircularly
      magnetize the rod 42 and then when the shutter is operated after the film
      is advanced, rod 42 will be twisted (i.e., the coiled rod compressed) to
      rapidly change axial flux and thus cause a pulse to appear across the
      output terminals 54 and 56 to energize the bulb. Another application for
      device 40 would be as a switch that operates in response to the travel of
      an actuating mechanism in one direction but not in the other direction.
      Thus, assuming a device is moving longitudinally back and forth, as it
      moves forth, it will first encounter the switch 60 to circularly magnetize
      the rod 42 and it will then encounter the push button face 50 to compress
      the push button and, hence, twist the rod 42, whereby to put out a signal.
      When it moves back, it will first hit against the push button 50, but this
      will have no effect since the device 42 has axial magnetic induction and
      is operating along the horizontal portion of the hysteresis loop. However,
      as the device continues back, it will disengage from the member 50 and
      will engage the actuating mechanism for the switch 60 to recircularly
      magnetize the device. Thus, it will only operate in one direction; not in
      the other. In this connection, it will be recognized that a device similar
      to the helically wound rod 42 and the conductive coil 52 can be
      substituted for the battery 58 and the switch 60. That is to say, when the
      second device puts out a voltage V.sub.o, that voltage would be applied to
      the terminals of the rod 42 to circularly magnetize it. When the device 42
      is compressed to put out a voltage V.sub.o, that voltage would be used to
      trigger some exterior mechanism and at the same time to recircularly
      magnetize the second coiled rod.
PAR  Referring now to FIG. 6, a different characteristic curve of B.sub.ax vs.
      .alpha. is shown for certain materials, which characteristic surve
      demonstrates that upon the commencement of twisting in a positive
      direction, axial magnetic induction will appear, but as the twist
      continues up to a predetermined value .alpha..sub.-.sub.b in FIG. 6, axial
      magnetic induction will fall to a zero value. Thereafter, if the device is
      released and, henced, untwisted, it will return along the axis of the
      curve and, hence, no magnetic induction will appear. Thus, upon the
      twisting of a device such as the rod 42 in FIG. 4, which rod shows the
      characteristic curve of FIG. 6 rather than of FIG. 5, a signal will be
      produced but upon the return, there will be no second pulse. Thereafter,
      the device will operate back and forth along the abscissa and give no
      further output unless it is recircularly magnetized by closing the switch
      60 to connect the battery 58 to the materials exhibiting the
      characteristics such as that shown in FIG. 6 are materials, such as
      annealed nickel or annealed iron.
PAR  Referring now to FIGS. 7 and 8, devices of the present invention may be
      employed for detecting a particular event and for storing information
      concerning that event, especially where the event is translatable into a
      mechanical movement. Thus, for example, the device of the present
      invention may be employed to detect that a window or a door has been
      opened or that a particular package has been subjected to a predetermined
      amount of shock. Thus, for example, with reference to FIGS. 7 and 8, a rod
      70 made of circularly magnetized magnetostrictive material has one end 72
      fixed to a suitable support 74 and the other end 76 connected to a
      mechanical linkage 78 for twisting the end 76. The mechanical linkage 78
      may be connected to a window or to a door for twisting the end 76 in
      response to movement of the window or the door, or it may be connected to
      some inertial device, such as a large weight or the like, for imparting a
      twisting movement to the end 76 when the weight is moved in response to a
      given shock. In the latter example, the device 69 may be mounted within a
      package being monitored by the device. Assuming that the material from
      which the rod 69 is made is hysteretic, such as any of the materials
      heretofore mentioned with respect to the FIG. 2 embodiment of the
      invention, if a door or window that is being monitored by the device 69 is
      opened to thus twist end 76 relative to end 72, an axial magnetic
      induction will appear in the rod 69, which axial magnetic induction will
      not entirely disappear when the twist is removed from the rod as the rod
      has hysteresis. Thus, at any time after the event has taken place, the rod
      70 can be examined as by a Hall Effect sensor or as by placing it into the
      center of a coil which is part of a flux measurement instrument and the
      existence of axial magnetic induction will establish that the door or
      window has been opened.
PAR  When the device 69 of FIG. 7 is employed as a shock detector, it must be
      permitted to twist only in the positive direction as viewed in FIG. 8 and
      it has the special desirable property of recording the maximum shock
      encountered by it. All lesser shocks are superseded by the single greatest
      shock encountered. This will be readily understood from a persual of FIG.
      8 of the drawings showing a magnetization curve. Clearly, the largest
      shock encountered by the device 69 will impart the largest twist to the
      rod 70, which twist will cause the largest axial magnetic induction in the
      rod. SInce the rod exhibits hysteresis, the rod, upon being untwisted as
      by the dissipation of the shock force, will return to the .alpha. = 0
      position, which in the case of the largest shock will be at a point of
      B.sub.4. Any shocks of lesser strength than that giving rise to the
      magnetic induction B.sub.4 will simply have no effect upon the magnetic
      properties of the rod 70. Thus, when the monitored package arrives, the
      device 69 may be removed and the rod 70 may be examined by a magnetic flux
      indicator to determine the amount of axial magnetization present. That
      amount can be translated directly into the amount of shock encountered by
      the device and, hence, the package.
PAR  In the preceding specification, I have referred to rods. As used herein,
      the term "rod" is intended to include tubes as well as solid rods.
      Moreover, while the rods are sometimes referred to as longitudinally
      extending, they may be wound into the form of a helix and will still be
      considered, for the sake of this specification and the claims annexed
      hereto, to be longitudinally extending.
PAR  It will be understood that the reason for the preference in a number of
      embodiments for the helically wound rods is that they give rise to a more
      compact instrument than one that has not been helically wound. In
      addition, in the helical configuration, the rod can be tailored to yield a
      particular desired ratio of mass to spring constant and thereby yield
      particular mechanical properties that will be convenient for use in the
      particular application. When these advantages are not desired, the
      straight rod embodiments, as for example shown in FIGS. 1 and 7, are
      suitable. Moreover, it will be understood that with obvious modification,
      the helically wound rods of FIGS. 2, 3 and 4 could be straight without
      departing from the invention.
PAR  While I have herein shown and described the preferred forms of the present
      invention, and have suggested modifications thereof, other changes and
      modifications may be made therein within the scope of the appended claims
      without departing from the spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electromechanical element, comprising:
PA1  a circularly magnetized, magnetostrictive rod that exhibits hysteresis in
      its magnetic induction vs. twist strain curve.
NUM  2.
PAR  2. The element of claim 1, wherein the hysteresis curve is such that the
      magnetic induction at zero twist is not less than one-half the induction
      at maximum twist.
NUM  3.
PAR  3. The element of claim 1, wherein the hysteresis curve is such that the
      magnetic induction at zero twist is not less than about the same value of
      magnetic induction at maximum twist.
NUM  4.
PAR  4. A voltage producing device, comprising:
PA1  a circularly magnetized, magnetostrictive rod that exhibits hysteresis in
      its magnetic induction vs. twist strain curve;
PA1  a conductive coil wound on said rod, said coil having a pair of output
      terminals; and
PA1  means for twisting said rod, whereby to produce a voltage between said
      output terminals.
NUM  5.
PAR  5. The voltage producing device of claim 4 in combination with a fluid fuel
      burner, said output terminals being disposed at said burner for igniting
      said fluid fuel.
NUM  6.
PAR  6. The combination of claim 5, further comprising a valve for controlling
      the supply of fluid fuel to said burner, and means for connecting said
      twisting means to said valve for opening said valve when said rod is being
      twisted.
NUM  7.
PAR  7. The electromechanical element of claim 1, wherein said rod is
      magnetically remanent and said circular magnetization is due to said
      magnetic remanence.
NUM  8.
PAR  8. The electromechanical element of claim 1, further comprising means for
      causing a DC current to flow through said rod, whereby to produce said
      circular magnetization.
NUM  9.
PAR  9. The voltage producing device of claim 4, wherein said rod is wound into
      a helical coil, and said means for twisting said rod is a means for
      changing the length of said coil.
NUM  10.
PAR  10. The voltage producing device of claim 9, wherein said rod is
      magnetically remanent and said circular magnetization is due to said
      magnetic remanence.
NUM  11.
PAR  11. The voltage producing device of claim 9, further comprising means for
      causing a DC current to flow through said rod, whereby to produce said
      circular magnetization.
NUM  12.
PAR  12. The voltage producing device of claim 4, wherein the hysteresis curve
      is such that the magnetic induction at zero twist is not less than about
      the same value of magnetic induction at maximum twist, and means for
      passing a DC current through said rod to recircularly magnetize said rod
      after twisting.
NUM  13.
PAR  13. A voltage producing device comprising:
PA1  a circularly magnetized magnetostrictive rod that exhibits a magnetic
      induction vs. twist strain curve that starts at coordinates zero-zero and
      then shows magnetic induction as said rod is twisted and shows a drop in
      said induction to about zero as more twist is put into said rod;
PA1  a conductive coil wound on said rod, said coil having a pair of output
      terminals; and
PA1  means for twisting said rod.
NUM  14.
PAR  14. In combination with the electromechanical element of claim 1, means for
      twisting said element.
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ABST
PAL  A candle holder unit whereby a number of candles of different sizes may be
      accommodated and in which similar units can be mounted together to assume
      different heights and configurations.
BSUM
PAR  The present invention relates to an improved candelabra and more
      particularly to an improved candelabrum unit which may be used together in
      order to assume different heights and shapes and to accommodate candles of
      different sizes.
PAR  An object of the present invention is the provision of an improved
      candelabra unit which may be used alone or with a plurality of other
      similar units to assume different heights and shapes.
PAR  Another object of the present invention is an improved candelabra unit
      which is adapted to be stacked on top of each other to assume different
      heights and shapes.
PAR  Another object of the present invention is a provision of an improved
      candelabra unit which may be stacked with other similar units in different
      manners in order to assume different shapes.
PAR  Another object of the present invention is a provision of an improved
      candelabra unit which may also be used as a candy dish.
PAR  Other and further objects of the invention will be obvious upon an
      understanding of the illustrative embodiment about to be described or will
      be indicated in the appended claims, and various advantages not referred
      to herein will occur to one skilled in the art upon employment of the
      invention in practice.
DRWD
PAR  A preferred embodiment of the invention has been chosen for purposes of
      illustration and description and is shown in the accompanying drawings,
      forming a part of the specification, wherein:
PAR  FIG. 1 is a perspective view showing one of the candelabra units in use;
PAR  FIG. 2 is a sectional view of the unit shown in FIG. 1;
PAR  FIG. 3 is a perspective view showing one manner in which a pair of
      candelabra units can be combined together;
PAR  FIG. 4 is a sectional view showing another manner in which the candelabra
      units can be combined together;
PAR  FIG. 5 is a sectional view showing another manner in which the units can be
      combined together;
PAR  FIG. 6 is a perspective view showing still another manner of combining the
      units; and
PAR  FIG. 7 is still another manner combining two units to act as a candy dish.
DETD
PAR  Referring more particularly to the drawings, it will be seen that the
      candelabra unit 1 comprises a bowl-shaped upper body portion 2 with a foot
      portion 3 extending downwardly from the body portion 2. The bowl-shaped
      body portion 2 is hollow and has two candle-supporting ledges 4 and 5 at
      different levels so that each ledge 4 or 5 is adapted to support a candle
      of different size. If the ledge 5 is not being used to support a candle,
      it serves as a drip pan to catch dripping wax.
PAR  The foot portion 3 is also hollow and comprises a well 6 to accommodate a
      small candle and is also provided with a ledge 7 at a different level to
      either accommodate larger candles or to act as a drip pan, as the case may
      be.
PAR  The ledges 10 and 11 of the bowl and foot portions 2 and 3, respectively,
      are formed in an undulating shape comprising alternating low areas and
      high areas. The undulating edge 10 of the bowl portion 2 is adapted to
      match the undulating edge 10 of the bowl portions of other units with the
      high areas of one fitting into the low areas of the other. Hence, a
      plurality of units can rest and mesh with each other in bowl-to-bowl
      manner to form a solitary unit, for example, as shown in FIG. 3. Likewise,
      the undulating edge 11 of the foot portion 3, is adapted to match with the
      high and low foot portions of the foot portions 3 of other units so that
      they can mesh and rest with each other in foot-to-foot fashion as shown in
      FIG. 4.
PAR  While the drawings show the edges 10 and 11 to be comprised of smooth
      undulating curves, it will be understood that the high and low areas of
      the edges 10 and 11 may be differently shaped, such as toothed, as long as
      the edges are able to mesh and interlock with each other.
PAR  In addition and preferably, ledge 5 within the bowl portion 1 is wide
      enough to accommodate the edge 11 of the foot 3 of any unit so one is able
      to rest on the other to permit the two units to nest within each other as
      shown in FIGS. 5 and 6.
PAR  It will thus be seen that each unit can be used by itself, as shown in
      FIGS. 1 and 2, with candles of different sizes mounted within the bowl
      portion 2 or within the foot portion 3 of each unit, as may be desired. It
      will be noticed that candles of different sizes can be used depending on
      which ledge is used to hold the candle or on which the candle may rest.
      Furthermore, each unit can be used with the foot portion 3 down or can be
      inverted and used with the bowl portion 2 down.
PAR  As shown in FIG. 7, the bowl portions 13 of the two units can be made to
      mate with each other to form a container for articles, such as candy or
      the like. In the particular situations shown in FIG. 7, the interior of
      the bowl portion is shown being slightly different (in that it does not
      have a candle holding ledges) and the interior of the foot portion is
      shown as not having a deep candle main well. However, it is within the
      province of the invention that the construction of the units shown in FIG.
      7 can be identical with the units shown in FIG. 3 when used without
      departing from the spirit of the invention.
PAR  It will thus be seen that the present invention provides an improved
      candelabra units which may be used singly or in a plurality to assume
      different shapes and are adapted to be stacked with relationship to each
      other to assume different heights; and which may also be used together to
      act as a candy dish.
PAR  As many and varied modifications of the subject matter of this invention
      will become apparent to those skilled in the art from the detailed
      description given hereinabove, it will be understood that the present
      invention is limited only as provided in the claims appended hereto.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A bowl shaped unit comprising a bowl portion and an annular foot
      portion, said portions each having socket means for receiving an article
      and a corrugated edge, the edges of each of said portions comprising a
      corrugated surface which is adapted to mesh with a corrugated edge of a
      similar unit to permit the units to stack relative to each other and to
      prevent movement of the units relative to each other, said bowl portion
      having an interior ledge and said foot portion being of a size so as it
      may seat on the ledge of a similar unit.
NUM  2.
PAR  2. A bowl shaped unit as claimed in claim 1 wherein said corrugated edge is
      an undulating surface.
NUM  3.
PAR  3. A bowl shaped unit as claimed in claim 1 wherein the ledge acts as a
      dripping pan.
NUM  4.
PAR  4. A bowl shaped unit as claimed in claim 1 wherein the foot portion has a
      ledge surrounding the socket to act as a drip pan.
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ABST
PAL  A method and apparatus for warming thermoplastic articles such as eyeglass
      frames quickly up to the softening temperature of the thermoplastic, but
      not exceeding the temperature at which degradation of the thermoplastic
      would take place by means of temperature controlled infrared radiators and
      also preferably using a body of heated air to blanket the thermoplastic
      article from ambient air.
PARN
PAR  This is a division of application Ser. No. 207,086, filed on Dec. 13, 1971,
      now U.S. Pat. No. 3,816,705.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention particularly relates to a machine used in the
      opthalmic profession for the fitting and/or glazing of lenses in eyeglass
      frames. These frames made of thermoplastic materials must be properly
      warmed to soften them to allow insertion of the lenses or to bend and form
      them to fit the face and head of the user. The warming of frames has been
      accomplished in many ways such as by hot plates, hot air blowers, and
      infra-red lamps, but none of these were satisfactory since the operator in
      all cases would never know when the plastic material was warm enough to
      bend without cracking and when too hot it would blow or sponge and then
      scorch.
PAR  My "Air Tempering Device" U.S. Pat. No. 2,789,200 issued Apr. 16, 1957 was
      created to eliminate these difficulties and faults. In this patent air is
      tempered or warmed to a precise temperature for use in warming the
      thermoplastic, thus warming it in a short period of time and yet never
      allowing overheating of the air stream to cause scorching.
PAR  In all previous warmers that used infrared rays for heating, the warming
      and scorching problems were aggravated since the color of the
      thermoplastic or its transparency to the rays affected its response to
      heat absorption, and by the necessity for critical distance gaging, due to
      the fact that the temperature varied by the square of the distance from
      the source.
PAR  In all of these examples the infrared ray radiation sources were of very
      high temperature and of concentrated origin or from a very small high
      temperature radiator.
PAR  The term radiation refers to the continual emission of energy from the
      surface of all bodies. This energy is called radiant energy and is in the
      form of electromagnetic waves. These waves travel with the velocity of
      light. When they fall on a body which is not transparent to them they are
      absorbed and their energy converted to heat.
PAR  The radiant energy emitted by a surface, per unit of time and per unit
      area, depends upon the nature of the surface and on its temperature. At
      low temperatures the rate of radiation is small and the radiant energy is
      chiefly of relatively long wavelength. As the temperature is increased,
      the rate of radiation increases very rapidly, in proportion to the 4th
      power of the absolute temperature, also the wavelength shifts toward
      shorter wavelengths. At each temperature a radiator might be radiating at,
      its radiant energy emitted is a mixture of waves of different wavelengths.
PAR  One general object of this invention, therefore, is to provide a new and
      improved infrared radiation type of machine for warming eyeglass frames or
      the like of thermoplastic material. More specifically, it is an object of
      this invention to provide a machine of the character indicated which will
      emit temperature controlled heat rays to warm eyeglass frames to a
      temperature not exceeding the scorch temperature of the particular plastic
      being heated.
PAR  Another object of the invention is to provide radiation of heat rays to
      more than one side of the object to be heated.
PAR  Another object of this invention is to provide lenticulated surface
      radiatiors for focusing heat rays from locations on the radiators where
      not needed, to where more heating is needed on the article.
PAR  A further object of the invention is to provide thermostatically controlled
      radiators having integral heating elements.
PAR  A still further object of the invention is to provide an infrared radiator
      having the temperature of its radiation controlled by an increase or
      decrease in the frequency or wavelength source.
PAR  Another object of this invention is to provide for quick disassembly of the
      case from the parts that might require service by having these parts all
      on one base, thus making servicing as simple as possible and providing a
      single location for electrical connections to the power cord.
PAR  A further object is to eliminate the need of acquiring the skill to know
      how far away the unit to be heated must by held from the heat source to
      prevent burning.
PAR  Another object is to prevent the danger of exposing the operator's eyes to
      high intensity infrared rays.
PAC  SUMMARY
PAR  In one preferred embodiment of the invention, the machine includes a
      thermostatically controlled enbloc radiator, forming a channel or space
      for receiving and positioning the eyeglass frame for radiation of heat
      rays to both sides simultaneously thereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention, as well as further objects and features thereof,
      will be understood more clearly and fully from the following detailed
      description of the preferred embodiment, when read in conjunction with the
      accompanying drawings, in which;
PAR  FIG. 1 is a top plan view of a machine in the form of an eyeglass frame
      warmer embodiment of the invention;
PAR  FIG. 2 is a side elevation of FIG. 1;
PAR  FIG. 3 is a vertical central sectional view of the machine taken along line
      3--3, FIG. 1, showing the heat radiators, the heating element thereof, the
      blower and its motor and the enclosure therefor;
PAR  FIG. 4 is a horizontal sectional view taken along line 4--4 of FIG. 3,
      showing the radiators, blower wheel and scroll casing therefor;
PAR  FIG. 5 is a bottom view of the machine shown in FIG. 1, having a portion of
      the bottom plate removed to show the heating element, its thermostat
      control and enclosure, and the blower motor;
PAR  FIG. 6 is a fragmentary front elevation of one of the radiators, showing in
      detail its lensed face and a carpeted floor of the heating element;
PAR  FIG. 7 is a bottom plan view of the machine showing the thermostatic
      control knob for adjusting the heat of the machine;
PAR  FIG. 8 is a fragmentary greatly enlarged section showing the lens facets
      for focusing the heat rays and is taken along the line 8--8 of FIG. 6.
DETD
PAR  In order to facilitate the detailed description of the machine illustrated
      in the drawings, there will first be given a discussion of the operation
      of the machine.
PAC  GENERAL OPERATION
PAR  The machine housing 10 comprises an open bottom enclosure having continuous
      side walls 11 and a top wall 12. An opening 14 across the top wall 12 from
      side wall 11 to side wall 11 provides a recess for insertion of glass
      frames F for exposure to radiant heat from a pair of radiators 15 and 16.
      A top opening 18 provides a louvered air inlet for a blower 20 and another
      top louvered opening 22 provides a jet exhaust 23 for cooling air.
PAR  A bottom base plate 24 closes off the open bottom of the housing 10 and
      serves to mount the radiators 15 and 16 and the blower 20.
PAR  After the device has been turned on and warmed to the temperature set at,
      if glazing is being done, plastic eyeglass frames F are placed in the
      opening 14 and exposed to radiation from the radiators 15 and 16,
      whereupon they are heated by the infrared rays, radiating from the
      radiators 15 and 16.
PAR  When sufficient softening has taken place the frames F are removed, the
      lenses L snapped in place and then the frames are cooled in the cooling
      jet 23 of air from the exhaust opening 22 to freeze or harden them.
PAR  If other portions of the eye glass frames such as the temples T require
      shaping, these parts may be properly exposed to the infrared rays by
      holding them in the opening 14 until they are softened to a proper degree,
      formed to shape and then hardened in the air jet 23 from the exhaust
      opening 22.
PAC  DETAILED DESCRIPTION
PAR  The housing 10 preferably may be of molded construction such as "Fiber
      glass" or any other suitable reinforced plastic able to meet the strength
      and temperature requirements of the machine. Vertical ribs 25 of which
      there are eight shown provide anchorage for screws 26 which are used to
      retain the bottom plate 24 in place over the bottom opening of the housing
      10 against a shoulder 27 around the lower periphery of inside walls 11.
PAR  Four of the screws 26 also retain four feet 30, located as shown in FIG. 5,
      onto the housing 10 to form a suitable cushioned non-scratch footing for
      the machine.
PAR  This bottom plate 24 forms not only an air tight closure for the housing 10
      but a support base for a motor 32 of the blower 20 and for the stove 34.
PAR  The motor 32 is fastened to the plate 24 by means of the screw 35 and
      spacer 36 arrangement shown and carries above its upper bearing a thin
      resilient panel 37 which closes off a spiral shaped blower casing 38 from
      the lower area of the housing 10, by contact with a ledge 39. The vertical
      walls 40 form the spiral casing 38 and are molded integral with the upper
      top wall 12 and side walls 11 in such a way as to define a discharge
      opening 42 for the blower.
PAR  The largest volume of air flows upward through the louvered jet opening 22,
      where it is directed at about a 60.degree. angle to the horizontal away
      from the opening 14.
PAR  A motor shaft 33 above the panel 37 mounts a blower wheel 43 which upon
      couterclockwise rotation as seen in FIG. 4 draws air into its blades
      through the louvered air inlet 18.
PAR  These louvers are set at a 45.degree. angle to the horizontal as seen in
      FIG. 3.
PAR  Looking now at FIG. 4 it will be seen that the panel 37 is cut away at 45
      which allows the rest of the air, a smaller volume, to be circulated down
      and around both the blower motor 32 to cool it and the aforementioned
      stove 34. This pressurizes the entire interior of the closed housing 10 to
      above atmospheric pressure so that air can only pass out of the housing
      10, or into the stove 34.
PAR  The stove 34 is essentially an enclosure, having, in this case four side
      walls 46, an open bottom and a top wall 47. The bottom periphery of the
      side walls 46 are flanged either inwardly or outwardly and provided with
      threaded nuts 48 integral therewith. Spacers 49 lift the stove and side
      wall 46 flanges from the bottom plate 24 to provide a space all around for
      entrance of air as indicated by the arrows in FIG. 3. Additional air
      entrance is available by means of vents 50 having bendable tabs 51, these
      deflecting the air downwardly and providing adjustment of the air volume
      entering the stove, besides its even distribution.
PAR  The top wall 47 of the stove supports a cast heating block 52 provided with
      a cast enbloc electrical heating element 54, having terminals 56 and 58.
      Screws 60 thread into base flanges 61 of the radiators 15 and 16 and clamp
      therebetween the inner edges of the top wall 47 of the stove 34. A
      thermostat generally indicated at 62 controls the current to the heating
      element 54 and thus controls its temperature according to the setting of a
      thermostat control cam 63 fixed to rotate with a control connector 64. A
      connecting shaft 66 communicates with a knobbed dial 68 through an opening
      70 in the bottom plate 24.
PAR  Apertures 72 in the upper wall 47 provide passage for air into the spaces
      74 between the radiators 15 and 16 and their covers 76 and 78. These
      covers provide the spaces 74 for the heating of air in the spaces and the
      provision of passages for heated air at above atmospheric pressure to flow
      to vents 80 in the radiators 15 and 16. The heating of this air is
      accomplished by convection and radiation of lost heat from the radiators
      15 and 16.
PAR  As will be seen in FIGS. 3 and 4 these vents 80 lead to the recess provided
      by the opening 14 across the top wall 12 of the housing 10 and the
      companion facing radiators 15 and 16.
PAR  When the machine is in operation the heated air flowing from the passages
      80 into the recess area fill it with air of approximately the same
      temperature as the radiators 15 and 16 and the act of filling and flowing
      out of the recess area prevents the entrance of exterior cooler unheated
      air.
PAR  As mentioned before air enters the stove along its bottom edge by means of
      the space provided by the spacers 49 and the adjustable vents 50. The area
      of the edge space and vents is large for the entering air in relation to
      the small area of the radiator exiting vents 80. This causes the air to
      enter the stove slowly and smoothly with out turbulence and surrounds the
      thermostat 62 with a quiescent blanket of warmed air allowing it to
      control the temperature of the radiators more accurately, by being more
      responsive to the temperature of the heating block 52 and by not being
      trapped in a blanket of hot stagnent air.
PAR  A heat insulating pad or carpet 84 cushions and prevents contact of eye
      glass frames F with the block 52 to prevent marring of these frames. The
      carpet or pad 84 covers any bottom exposed surface of the block 52.
      Fiberglass fabric has been found to fill this need very satisfactorily.
PAR  Abutments 86 may also be formed on the top wall 12 to form a support for
      the temple T hinges of the frames F to rest upon.
PAR  Adjustable lifts 88 as seen in FIG. 2 may be used to support the eye glass
      frames F in proper position in the recess 14.
PAR  As will more clearly be seen in FIGS. 3, 4, 6 and 8 the radiating faces of
      the radiators 15 and 16 are textured and facetted or lenticulated.
PAR  These radiators in this example are planar or have flat surfaces but of
      course could be concave or convex. Their faces are sand blasted to provide
      greatly increased radiation area and then are anodized a dull jet black
      for more efficient thermal radiation of the infrared.
PAR  Since the instant example of the invention illustrated and described is
      shown for use with eye glass frames, the surface of the radiators 15 and
      16 may be developed to act as a lensed surface for concentration of the
      radiated waves to certain areas.
PAR  Details of this feature are shown in FIGS. 6 and 8. As shown in FIG. 6
      circular facets 90 have been formed into the faces of the radiators 15 and
      16 to concentrate radiation into circular focal patterns 91 approximately
      where the eye glass frame rims F are located. In most cases lens frame
      rims F are generally circular but other focal patterns other than circular
      could be developed into the surfaces 15 and 16.
PAR  For concentration of radiation on other parts of the eye glass frames such
      as the bridge B, other facetted or lenticulated areas 92 may be provided.
PAR  These facets 90 as shown in FIG. 8 are in step form, each step at an angle
      to focus or radiate rays to the focal point or line 91.
PAR  Thus radiation is directed from areas such as the lens L, where it is not
      needed, to the lens frame rims F where it is wanted.
PAR  Air passages 95 around the periphery of the radiators 15 and 16, where they
      come in close proximity to the machine housing 10 may be provided, to
      ventilate these areas with cooling air from the pressurized interior of
      the housing 10 and thus keep them cool to the touch of the operator.
PAR  Power may be supplied by the electrical supply cord 100 and turned on or
      off by the switch 101.
PAC  OPERATION
PAR  As previously described when the machine is used for glazing eyeglass
      frames they are positioned in the opening 14 between the radiators 15 and
      16. The frame F with the hinges of the frame temples T rest on the
      abutments 86 or the carpet 84 while the main portions of the temples rest
      on the adjustable lifts 88. As they are heated by the radiation they are
      surrounded by hot air from the vents 80 and this outward flow from the
      space 14 prevents the entrance of cold drafts.
PAR  Since the amount of radiation is controlled by the thermostat 62, burning
      of the frames F will not take place, with proper adjustment, no matter how
      long exposed to the infrared rays.
PAR  Also since we are using large area and low temperature controlled radiators
      the frames F cannot get higher temperature radiation than the temperature
      of radiators themselves. Further since radiation varies to the square of
      the distance, the fixed distance used here eliminates the problem of
      gaging distance, just by placing the frames F in the machine rests. They
      are radiated from two sides and with concentrations of the infrared rays
      to places needed.
PAR  After softening, the frames F may be bent for fitting to a patient and then
      rapidly cooled in the air jet 23.
PAR  If only the bridge area B is to be softened it may be placed diagonally
      across and between the corners of radiators 15 and 16, while being held by
      the fingers of the operator.
PAR  Also any portion or the whole of a temple may be held between the radiators
      15 and 16 for warming.
PAR  It should be mentioned here that it is not sufficient to have, only, the
      means to readily heat and soften the eyeglass frames or any other article,
      for what accomplishment does it avail if a bent or formed part does not
      keep its bend or form. Hence the provision of a large and heavy blower
      motor 32 driving a large blower wheel 20 to motivate a vigorous air jet 23
      for fast cooling of the bent object.
PAR  If the frames F are formed to fit and not fully cooled or frozen they will
      feel hot to the patient and also will relax and unbend, thus defeating a
      good fit.
PAR  From the foregoing it may be seen that the apparatus just described is
      fully capable of providing fast and efficient heating and cooling of an
      article such as plastic eyeglass frames for example, and may be used or
      varied in its design to do similar work on other thermally responsive
      materials and/or articles.
PAR  The terms and expressions which have been employed are used as terms of
      description and not of limitation, and there is no intention, in the use
      of such terms and expressions, of excluding any equivalents of the
      features shown and described, or portions thereof, it being recognized
      that various modifications are possible within the scope of the invention
      claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of heating a thermoplastic article to a predetermined softening
      temperature comprising the steps of providing opposed rays of radiation
      into a space having a sufficiently unobstructed portion in communication
      with the ambient environment so as to permit passage of said article
      directly into said space; placing said article into and holding it in said
      space for radiation of its opposite sides; and pumping heated air into
      said space to cause said heated air to pass around said article and out of
      space through said unobstructed portion to prevent entrance of cooler
      ambient air into said space.
NUM  2.
PAR  2. The method according to claim 1 wherein said air is caused to pass
      through the source of said radiation to effect said heating thereof.
NUM  3.
PAR  3. A method as set forth in claim 1 including the step of controlling the
      temperature of said opposed rays of radiation.
NUM  4.
PAR  4. The method according to claim 1 wherein said opposed rays of radiation
      are provided in a predetermined pattern.
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ABST
PAL  An apparatus and method for feeding polymeric material to processing and
      mixing equipment is disclosed which includes a hopper located radially
      from the axis of rotation of the processing equipment in the direction of
      rotation and with walls that are inclined at angles which direct the feed
      material toward the direction of rotation. In addition, a passage is
      provided within the apparatus for venting gases. The rate of egress of
      feed material from the hopper to the processing equipment is controlled in
      response to the need of the processing equipment.
PAL  The disclosed apparatus includes a casing, a hopper inclined in the
      direction of rotation of the processing equipment, a control means acting
      as a gate for the introduction of new material and forming a passage in
      conjunction with the casing to provide a space for the escape and removal
      of volatile material from the processing equipment.
PAL  The control means may be moved about a pivot in such a manner as to
      encourage the feed material into the processing equipment. Such motion may
      be controlled by an automatic system that responds to the need of the
      processing equipment for additional feed material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In polymer processing and mixing equipment new feed material falls from a
      hopper into the processing equipment. The present invention discloses a
      new type of hopper that obviates some of the undesirable features
      attending such existing methods and apparatus.
PAR  Recently, a new type of mixing extruder has been developed which is
      commonly known as the elastic melt extruder. This apparatus comprises the
      subject matter of U.S. Pat. No. 3,046,609, U.S. Pat. No. 3,545,041 and
      U.S. Pat. No. 3,790,328 all issued to the present inventor on July 31,
      1962, Dec. 8, 1970, and Feb. 5, 1974, respectively. The present invention
      provides a means of introducing new feed material into elastic melt
      extruders that overcomes some of the undesirable features of the current
      apparatus.
PAR  In addition, the disclosed invention may be used to feed material into the
      processing apparatus described in applicant's pending application U.S.
      Ser. No. 358,656, filed May 9, 1973, now U.S. Pat. No. 3,863,905. It
      should be noted the disclosed invention may be used advantageously to feed
      material into other types of processing equipment.
PAR  Although the above identified processing machines have proven to be highly
      useful and desirable pieces of equipment for melting, mixing, devolatizing
      and extending polymer materials, some difficulty has been encountered in
      the introduction of new feed material in these machines.
PAR  Unless some means is provided to facilitate the introduction of new feed
      material into the processing equipment and to control the rate of input of
      new feed material, the output rate of the processing equipment varies from
      time to time in an undesirable manner. This variation in output rate is
      caused by material bridging in the hopper thereby cutting off the input of
      new material or by hot, melted material flowing backwards into the hopper
      when too much feed material has entered the processing equipment. This hot
      melted material can plug or block the subsequent flow of new feed material
      from the hopper.
PAR  In addition, the current hoppers are designed in a manner that causes any
      volatile material resulting from the melting of the polymer to flow
      backwards through the hopper thereby contaminating the new feed material.
      It is an objective of the present invention to prevent such contamination.
PAR  Past efforts in devising apparatus for properly introducing feed materials
      into polymer processing equipment have resulted in hopper designs that
      require additional power driven apparatus. Examples of current practice
      include the use of power rotated augers in the hopper and power activated
      rams to push material from the hopper. The present invention in some of
      its manifestations require no external source of power.
PAR  It is desirable if an improved apparatus and method were provided for
      introduction of feed material into processing equipment that would obviate
      the above discussed problems.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved method and
      apparatus for introducing feed material into processing equipment which is
      relatively uncomplicated, lends itself to ease of manufacture, and is not
      difficult to operate or maintain.
PAR  It is a further object of the present invention to provide a method and
      apparatus for introducing feed material into processing equipment in a
      positive manner without the use of additional sources of power.
PAR  It is still a further objective of the present invention to provide a
      method and apparatus for introducing feed material into processing
      equipment at a controlled rate.
PAR  It is a still further object of the present invention to provide a method
      and apparatus for introducing feed material into processing equipment
      without contamination by volatile material generated by the melting of the
      polymer.
PAR  It is a major objective of the present invention to provide a method and
      apparatus for the introduction of feed material into processing equipment
      which method and apparatus solve at least some of the problems confronting
      the industry.
PAR  The above cited objectives may in whole or in part be achieved by the
      provision of a hopper or reservoir located in a position displaced toward
      the direction of rotation from the axis of rotation of the processing
      equipment and consisting of a fixed first surface inclined toward the
      direction of rotation, a second surface also inclined toward the direction
      of rotation and having a surface section that presses the new feed
      material against the rotating surface of the processing equipment, and a
      third surface that provides a passageway with respect to the second
      surface for the escape of volatile materials. In addition, the above cited
      objectives may be further achieved by providing a sensing apparatus that
      determines when the processing equipment is in need of additional feed
      material and an activating system that moves the said second surface to
      allow additional feed material to enter the processing equipment, either
      continuously or in batch form.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  While the invention is particularly pointed out and distinctly claimed in a
      concluding part of the specification, preferred embodiments are set forth
      in the following detailed description which may best be understood when
      read in connection with the accompanying drawings, in which:
PAR  FIG. 1 is an axial section view of an apparatus which represents prior art;
PAR  FIG. 2 is an axial section view of the preferred embodiment of the present
      invention;
PAR  FIG. 3 is an axial section view of another embodiment of the present
      invention; and
PAR  FIG. 4 is an axial section view of still another embodiment of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in which like numerals are used to indicate
      like parts throughout the various views thereof, FIG. 1 is a vertical
      cross section view of equipment which is typical of the prior art as
      disclosed in U.S. Pat. No. 3,790,328.
PAR  An essentially cylindrical rotor 10 is centrally located within the hollow
      bore of a stationary case 12 and is rotated about the axis 14. A
      stationary guide means or "scroll" 16 is located in the annular region 18
      as taught by U.S. Pat. No. 3,790,328. A feed hopper 20 is located
      vertically above the axis of rotation 14 and supplies new feed material 22
      to the annular region 18 through a feed port 24 by gravity fall.
PAR  The rotation 26 of the rotor 10 causes the new feed material to move into
      the annular region 18 where it joins with previously melted material to
      form a rolling bank of polymer melt material 28 which rotates in the
      direction of the arrow 30 in response to the rotation of the rotor 10. As
      the processing is continued the new feed material is transported axially
      forward by the guide means 16 in accordance with the teachings of U.S.
      Pat. No. 3,790,328.
PAR  Typically, in such a prior art apparatus, the flow of polymer material may
      vary from time to time due to fluctuations in the location of the rolling
      bank of polymer melt 28 which fluctuations take place in response to
      operating conditions such as temperature, rate of introduction of new feed
      material, rotational speed of the rotor 10 and variations in the nature
      and composition of the feed material. Under some conditions, the melted
      material may flow backward into the feed port 24 thereby plugging the feed
      port and preventing new material from entering the processing equipment.
PAR  In other cases, the rotation of the rotor with respect to the new feed
      material does not supply as much feed material as the apparatus is capable
      of processing. This condition arises when the rotating surface of the
      rotor 10 does not drag enough new feed material into the rolling bank of
      melt 28 to supply the needs of the apparatus. Under such conditions, the
      apparatus is said to be "starved."
PAR  Referring now to FIG. 2, it can be seen that a rotor 110 is centrally
      located in the hollow bore of a stationary case 112 and said rotor can be
      rotated about axis 114. A guide means or "scroll" 116 is provided to
      encourage forward axial transport of polymer material. The rotor 110 is
      separated from the inside surface of the bore of the case 112 by an
      annular region 118. A hopper 120 to provde new feed material 122 to the
      region 118 in response to the rotation 126 of the rotor 110 is located
      above the rotor 110 but horizontally displaced from the vertical position
      directly above the axis of rotation 114 in the direction of rotation 126.
      As new feed material falls from the hopper 120 onto the cylindrical
      surface of the rotor 110 it is dragged into the rolling melt bank of
      previously melted feed material 128 and is mixed, combined and heated with
      this material while the bank 128 rotates in the direction 130 in response
      to the rotation of the rotor 110.
PAR  The hopper apparatus comprises a hopper 120, a case 112 and a control means
      comprising a first surface 132 inclined in the direction of rotation 126
      and a third surface 134 located, at its lowest point, tangenial to the
      inner surface of the bore of the case 112 and extending upward therefrom.
      A second surface 136 is located between the first surface 132 and the
      third surface 134. Said second surface may be inclined in the direction of
      rotation 126 of the rotor 110.
PAR  The second surface 136 may be supported on a pivot axis 138 so that it may
      swing or pivot back and forth in the directions indicated by arrows 140
      and 142. Said second surface 136 may be controlled in its rotation around
      pivot 138 by a lever arm 144 and a weight 146 which combination tends to
      push the tip 148 of the second surface 136 toward the surface of the rotor
      110.
PAR  The various surfaces of the processing equipment and hopper may be heated
      or cooled as may be desirable for efficient operation by channels 150
      filled with heat transfer liquids or other conventional means.
PAR  In the operation of the apparatus as shown in FIG. 2, the feed material 122
      falls onto the surface of the rotor 110 and is dragged toward the rolling
      bank 128 by the rotation of the rotor 110. The tip 148 of the second
      surface 136 pushes the new feed material against the surface of the rotor
      thereby increasing the adhesion of the feed material to the rotor surface
      and increasing the efficiency of the transport of feed material to the
      rolling bank 128.
PAR  The amount of feed material transported by the rotor may be controlled by
      adjusting the weight 146 as to mass to accomodate different operating
      comditions and various feed material forms and species. In addition, as
      the feed material enters the zone between the tip 148 of the second
      surface 136 and the surface of the rotor 110, the second surface is caused
      to oscillate back and forth in the directions 140 and 142 due to the
      irregular shapes of the feed material particles. This oscillation of the
      second surface agitates and vibrates the new feed material in the region
      between the first surface 132 and the second surface 136 thereby reducing
      any tendency for bridging and suspension of flow of new feed material.
PAR  In addition, in the apparatus as depicted in FIG. 2, the passageway between
      the second surface 136 and the third surface 134 may act as a port or
      outlet for volatile material resulting from the heating and melting of the
      material in the rolling bank 128. These volatile materials, some of which
      are lighter than air, may flow up the passage between surfaces 136 and
      134, as indicated by arrow 152, to be exhausted in the atmosphere, or a
      vacuum chamber or collected for use as a recycled material. By this means,
      the volatile materials do not come in contact with or contaminate the new
      feed material 122.
PAR  The present invention as shown in FIG. 2 provides a method and apparatus
      for improving control of the introduction of feed material into processing
      equipment and an apparatus for agitating or vibrating the feed material in
      the hopper to prevent hold-up or bridging and a passage for the exit or
      removal of volatile material resulting from the heating and melting of the
      feed material. All of these functions are of advantage in the operating
      and control of processing equipment to produce improved rate of
      processing, consistency of product and quality of product.
PAR  It should be noted further with respect to the apparatus as shown in FIG.
      2, the pressure of the tip 148 of the second surface 136 against the
      surface of the rotor 110 may be established by other means, such as,
      fixing the pivot 138 and making surface 136 of an elastic material, such
      as spring steel, adjusted in position to produce the desired pressure of
      tip 148 against rotor 110 or by replacing weight 146 by a spring attached
      to lever arm 144 at one end and at the other end attached to a base, fixed
      with respect to the case 112 and so adjusting the spring as to produce the
      desired pressure between tip 148 of the second surface 136 and the surface
      of the rotor 110.
PAR  Referring now to FIG. 3, the parts are numbered to correspond to the
      previous figures; rotor 210, case 212, axis of rotation 214, guide means
      216, annular region 218, hopper 220 feed material 222, direction of rotor
      rotation 226, rolling bank of polymer melt 228, direction of rotation of
      rolling bank 230, first surface of hopper 232, third surface of hopper
      234, second surface 236, pivot 238, directions of second surface's motion
      about pivot 240, 242, tip of second surface 248, heating and cooling ports
      250, exiting volatiles 252.
PAR  In the embodiment of the invention as shown in FIG. 3, the annular region
      218 is enlarged in the region of the rolling bank of polymer material to
      supply a greater volume of material for the guide means 216 to axially
      transport through the processing apparatus.
PAR  In addition, pressure sensing transducers, 264, 268, (such as those
      commonly used in the industry to determine die pressure in extruders) are
      located in the wall of the case 212 in the area of the rolling bank of
      polymer melt 228. These pressure sensing transducers 264, 268 are used to
      control the rate of introduction of new feed material 222 into the
      processing apparatus. As the pressure sensed by the transducers 264, 268
      decreases when the rolling bank becomes smaller, a valve (not shown) is
      opened allowing hydraulic fluid under pressure to enter port 266 of a
      hydraulic cylinder 258 thereby pushing piston 260 towards the right.
      Piston 260 is connected through linkage 256 and pinion 254 to the second
      surface 236 of the hopper. As hydraulic fluid enters port 266 the second
      surface 236 pivots around pivot 238 in the direction of arrow 242 thereby
      moving the tip 248 of the second surface away from the surface of the
      rotor 210 and thereby providing a larger space between the tip 248 and the
      rotor 210 for new material to enter the rolling bank of polymer material
      228.
PAR  Conversely as the pressure sensed by the transducers 264, 268 increases as
      the rolling bank 228 becomes large, a valve (not shown) is opened allowing
      hydraulic fluid under pressure to enter port 262 of a hydraulic cylinder
      258 thereby pushing piston 260 towards the left and thereby through
      linkage and pivots 256, 254 and 238 causing the tip 248 of the second
      surface 236 to pivot in the direction 240 thereby reducing the space
      between the tip 248 and the rotor surface 210 thereby restricting the
      entrance of new feed material 222 into the rolling bank 228. In this
      manner, the amount of material in the rolling bank 228 may be controlled
      by using the second surface 236 as a control means.
PAR  It should be noted that the hydraulic system 258, 260 and linkage 256, 254
      and 238 is not the only possible manner of activating the motion of the
      tip 248 of the second surface 236 with respect to the surface of the rotor
      210. Any suitable kinemetic mechanical system available in the current art
      of pressure transducer activated mechanical motion may be used.
PAR  Referring now to FIG. 4 in which like numerals are used to indicate like
      parts, a method is presented of automatically controlling the introduction
      of charges or doses of new feed material into the hopper 320 and hence
      into the processing apparatus in response to the need of the apparatus for
      new feed material as determined by the size of the rolling bank 328.
PAR  It should be noted that in certain processing operations the objective is
      to mix and compound together various ingredients of the final product that
      may in the feed form have very different physical forms. An example is the
      compounding of rubber formulations for vehicle tires wherein the feed is
      composed of large pieces of rubber, such as bails or chunks of rubber,
      together with carbon black in fine particulate form and curing agents such
      as sulphur in powder form in combination with lubricants and other desired
      additives that may be fed to the processing equipment in liquid form.
PAR  If such a charge or dose were used as the feed material 22, 122, 222 of
      FIGS. 1, 2, 3, the liquid would enter the processing apparatus first and
      the smaller particulate material would enter the processing apparatus with
      the liquid or shortly thereafter leaving behind the larger particulate
      material such as the bails or chunks of rubber which would require a much
      larger opening between the tip of the second surface 148, 248 and rotor
      110, 210 in order to pass into the processing apparatus and to join into
      the rolling bank 128, 228.
PAR  The embodiment of the present invention shown in FIG. 4 overcomes this
      problem by intermittently supplying a charge or dose of all the
      ingredients of the formulation to be processed in an automatic manner as
      from time to time the rolling bank 128, 228, 328 requires additional feed
      material.
PAR  Specifically the embodiment of the present invention as shown in FIG. 4
      operates in the following manner. When the rolling bank of polymer melt
      material is becoming exhausted, its upper surface moves to a lower
      position in the radial gap 318 as shown by the position indicated by
      number 328 in FIG. 4. The second surface 336 of the hopper system is then
      free to move in the direction 342 about the pivot 370 due to the mass of
      the tray or charge basket 380 acting about the pivot 382 through lever
      arms 378 and 372. As a result, hinge means 374 moves away from latch
      surface 376 allowing the tray 380 to fall downward, pivoting about pivot
      382 and to dump the charge onto the first surface 332 of the hopper 320.
      Because the second surface 336 is free to move in the direction 342 about
      pivot 370 the entire charge or dose is free to easily and concurrently
      move under the tip 348 due to the drag of the rotor 310 and to enter the
      rolling bank and to contribute to its size so that its upper surface rises
      to the position shown by 386.
PAR  When the rolling bank 386 is full, it pushes the tip of second surface 348
      against the surface of the rotor 310 and holds it there under the rolling
      action as indicated by the arrow 388. At this point in time the charge
      tray or basket 380 may be repositioned to the configuration shown by the
      figure and a new charge or dose placed therein by any suitable means such
      as hand or weigh feeders as practiced in the current art of batch charging
      of processing equipment. When the rolling bank becomes exhausted again the
      surface moves to position shown by 328 and the process is repeated.
PAR  A further embodiment of the present invention uses the pressure sensing
      devices 264 and 268 to activate the dumping of charges or doses 384 into
      the hopper 120, 220, 320 without the need for the reaction of the second
      surface 136, 236 and 336, wherein upon the sensing by elements 264 and 268
      of a need for more feed material in the rolling bank 128, 228 and 328 any
      conventional batch feeder is activated to dump a new charge of feed
      material into the rolling bank 138, 238 and 338.
PAR  A still further embodiment of the present invention provides a manner of
      improving the introduction of new feed material into the processing
      apparatus by means of a forced oscillation of the second surface 236 of
      FIG. 3 which oscillation about pivot 238 in directions 240 and 242 results
      in a motion of tip 248 away from and then toward the surface of the rotor
      210. This oscillation can be achieved by alternately introducing hydraulic
      fluid under pressure into ports 264 and 262 of the hydraulic cylinder 258
      by means of any conventional alternating valving system (not shown) or by
      any other mechanical means of causing an oscillation such as a cam
      activated vibrating apparatus. Such oscillation of tip 248 alternately
      pushes new feed material against the surface of rotor 210 thereby
      increasing the frictional drag of the feed material against the rotor to
      increase the drag transport of feed material into the apparatus and then
      alternately increasing the flow of new material 222 from the hopper 220 by
      moving the second surface 236 in the direction 242 to supply new feed
      material to be pressed against the rotor surface 210 upon the reverse
      oscillation, in the direction 240, to again increase the rotor drag
      transport upon the reverse cycle of the tip, 248.
PAR  It can thus be seen that an apparatus and method have been herein described
      that improves the introduction of new feed material to processing
      equipment by means of a second surface 136, 236 and 336 inside the feed
      hopper which encourages the feed material to enter the processing
      equipment by pushing it against the surface of the rotor to improve the
      drag of the rotor on the new feed material thereby enhancing the entrance
      of the feed material into the processing apparatus. In addition, a method
      and apparatus has herein been presented that permits the control of the
      entrance of new feed material into the processing equipment by means of a
      second surface 136, 236 and 336 within the feed hopper which acts as a
      gate controlling the entrance of feed material in response to pressure
      sensoring elements which control the position of the second element and in
      addition a method and apparatus is herein presented whereby said second
      surface acts as an activating element controlling the introduction of
      charges or batches of new feed material in response to the need of the
      processing apparatus for the introduction of said feed.
PAR  It can therefore be seen that an improved method and apparatus are herein
      provided which is uncomplicated, and provides ease of manufacture,
      maintenance and operation. Apparatus according to the present invention
      obviates the problem of bridging of feed material in the hopper or
      reservoir of processing equipment and obviates the problem of melted
      material clogging the exit of the hopper (thereby reducing the in-flow of
      new feed material) and in addition the method and apparatus herein
      described provides a system of feed processing equipment that controls the
      introduction of new material to the processing equipment when needed by
      the equipment to produce a continuous supply of output product therefrom.
PAR  It should now be appreciated that the method and apparatus described herein
      include a control means which is extremely simple in construction and yet
      provides a multitude of functions including limiting the effective area of
      the inlet opening for the introduction of new material, urging the
      material that is to be introduced into contact with the rotor to increase
      the drag thereon, providing a wall surface of the inlet hopper, providing
      a portion of the outlet for venting undesirable gases and controlling the
      amount of new material introduced in response to the amount of hot melted
      material.
PAR  While what has been described herein are the preferred embodiments of the
      present invention, it is of course to be understood that various
      modifications and changes may be made therein without departing from the
      invention. Accordingly, it is intended to cover in the following claims
      all such modifications and changes as may fall within the true spirit and
      scope of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hopper apparatus with an improved feed system for polymer processing
      comprising:
PA1  a. a casing having a generally cylindrical inner surface;
PA1  b. a rotatably mounted rotor having generally cylindrical surface
      concentric with said inner surface of said casing and spaced inward
      therefrom to define an annular region therebetween;
PA1  c. a hopper having a downwardly facing discharge opening communicating with
      said annular region; and
PA1  d. a control means movably attached to said casing and positioned extending
      into said annular region adjacent said rotor for varying the effective
      area of said discharge opening, said control means being actuated by
      material located in said annular region.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said control means is
      movable toward said rotor to increase the drag imposed on new material by
      said rotor.
NUM  3.
PAR  3. The apparatus as defined in claim 1 wherein said control means defines
      at least a portion of a vent outlet for removing gases from said annular
      region.
NUM  4.
PAR  4. The apparatus as defined in claim 1 wherein said inner casing surface
      includes an enlarged portion which increases the size of said annular
      region adjacent said control means.
NUM  5.
PAR  5. The apparatus as defined in claim 1 including a guide means extending
      downward from said hopper and abutting said rotor.
NUM  6.
PAR  6. The apparatus as defined in claim 1 wherein said control means is a
      surface movable to abut said rotor.
NUM  7.
PAR  7. The apparatus as defined in claim 6 wherein said control means includes
      a tip thereon extending the tangential area of abutment between said
      control means and said rotor.
NUM  8.
PAR  8. The apparatus as defined in claim 1 wherein said control means further
      comprises:
PA1  a. an axis with the upper end of said control means pivotally mounted
      thereon; and
PA1  b. a counterbiased shaft pivotally mounted to said axis and fixedly mounted
      to bias said control means into abuttment with said rotor.
NUM  9.
PAR  9. The apparatus as defined in claim 1 wherein said control means
      comprises:
PA1  a. means for sensing the amount of hot melted material; and
PA1  b. piston and cylinder means activated by said sensing means to vary the
      bias of said control means against said rotor.
NUM  10.
PAR  10. The apparatus as defined in claim 1 wherein said control means
      comprises:
PA1  a. a tip extending said control means tangentially along the surface of
      said rotor, said tip extending into the hot melted material when the
      material is in a fully supplied condition thereby urging said tip to abut
      said rotor to decrease the size of said discharge opening;
PA1  b. a hinge means secured to said control means, said hinge means being
      releasable upon movement of said control means away from abutment with
      said rotor; and
PA1  c. a charge tray attached to said hinge and adapted to release a charge of
      new polymer material into said hopper upon the release of said hinge.
NUM  11.
PAR  11. A method for feeding polymeric material into processing and mixing
      equipment which comprises:
PA1  a. introducing new polymeric material into a hopper;
PA1  b. controlling the amount of new material released into the hot melt
      material in response to the amount of hot melt material;
PA1  c. heating the melting material while in an annular region about a rotor;
      and
PA1  d. urging the released new material into contact with an essentially
      cylindrical rotating rotor to facilitate movement of new material into the
      previously melted hot material.
NUM  12.
PAR  12. The method as defined in claim 11 further comprising venting the melted
      material to allow the removing of gases.
NUM  13.
PAR  13. The method as defined in claim 12 wherein said venting is performed
      through a path entirely distinct from the hopper.
NUM  14.
PAR  14. The method as defined in claim 11 wherein said controlling is
      responsive to the amount of hot melted material located within the hopper.
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ABST
PAL  A method of burning pulverous or granular material in a plant including a
      suspension preheater and a rotary kiln having an integrally mounted
      planetary cooler for cooling the burnt material exiting from the kiln by
      means of air subsequently used for combustion and preheating in the plant.
      The method comprises directing the heated cooling air from the planetary
      cooler into the rotary kiln, dividing the heated cooling air into two
      streams, directing the divided cooling air out of both ends of the kiln in
      its divided streams, directing at least one of the streams of the heated
      cooling air into the rotary kiln and utilizing the stream as combustion
      air in the rotary kiln, thereafter directing the stream as part of a waste
      gas out of one end of the kiln to the preheater for use in preheating the
      raw material fed into said preheater, drawing the other stream of heated
      cooling air out of the other end of the kiln and directing said other
      stream of cooling air to the suspension preheater for use in preheating
      raw material fed into said preheater. An apparatus for practicing the
      method of the invention is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in burning pulverous or granular
      materials. More particularly it pertains to such improvements as applied
      to burning cement raw meal to cement clinker.
PAR  2. Description of the Prior Art
PAR  Many plants for burning or sintering of ores, lime and cement raw materials
      have been developed in recent years and are of well known design.
      Frequently the suspension preheater consists of a number of cyclones
      through which the raw material is passed in succession from the inlet to
      the outlet of the preheater while exchanging heat with the waste gases
      from the rotary kiln passing in the opposite direction through the
      preheater to a dust precipitator. A typical example of such a dust
      precipitator is an electrostatic precipitator.
PAR  The cooler, which generally forms an integral part of the rotary kiln and
      thus rotates with the kiln, usually comprises a number of cooler tubes
      mounted in planetary fashion around the kiln. The material burnt in the
      rotary kiln is passed through chutes into the cooler tubes in which it is
      cooled by means of atmospheric air drawn through the cooler tubes in
      countercurrent flow to the hot material.
PAR  By the action of heat exchange in the planetary cooler between atmospheric
      air and the hot clinker the air is brought to a rather high temperature
      (of the order of 800.degree. to 900.degree.C) so that the heated cooling
      air has a high heat content which it is important to recover. This is
      preferably done by using the heated cooling air in the preheating and
      burning process, thereby improving the overall heat economy of the plant.
      However, it is not always possible to correlate the amount of cooling air
      needed to cool the burnt material to an acceptable temperature for
      handling after discharge from the cooler with the amount of combustion air
      necessary for the burning process performed in the rotary kiln.
PAR  In plants having stationary coolers such as grate coolers it is well known
      to use part of the heated cooling air in the preheater for recovering part
      of the heat. However, in planetary coolers associated with a rotary kiln
      it is a complicated matter to branch off part of the cooling air and still
      ensure sufficient cooling of the hot material. I have invented a method
      and plant for utilizing the heat of the preheated cooling air in such an
      improved manner as to improve the efficiency of such plants.
PAC  SUMMARY OF THE INVENTION
PAR  A method of burning pulverous or granular material in a plant including a
      suspension preheater and a rotary kiln having an integrally mounted
      planetary cooler for cooling the material exiting from the kiln by means
      of air subsequently used for combustion and preheating in the plant,
      comprising directing the heated cooling air from the planetary cooler into
      the rotary kiln, dividing the heated cooling air into two streams, and
      directing the divided cooling air out of both ends of the kiln in its
      divided streams. The method further comprises directing at least one
      stream of the heated cooling air into the rotary kiln and utilizing said
      stream as combustion air in the rotary kiln and thereafter directing said
      stream as part of a waste gas out of one end of the kiln to the preheater
      for use in preheating raw material fed into said preheater, drawing the
      other stream of heated cooling air out of the other end of the kiln, and
      directing said other stream of cooling air to the suspension preheater for
      use in preheating raw material fed into said preheater.
PAR  By dividing the heated cooling air in this manner whereby the kiln proper
      serves as distributor it becomes possible to use amounts of cooling air
      sufficient to cool the hot product in the planetary cooler without
      affecting the amount of combustion air to be used in the kiln in the
      burning process. The amount used for combustion is fairly constant, and is
      usually independent of the amount of cooling air required in the planetary
      cooler. In the known methods of burning it has more or less been a
      question of accepting a compromise. For example in some instances amounts
      of cooling air have been fixed in accordance with the requirements as to
      combustion air. This resulted in less cooling of the hot product.
      Alternately increasing the cooling air to cool the hot clinker
      sufficiently resulted in too much combustion air being accepted and passed
      through the kiln.
PAR  In burning methods in which only part of the burning is performed in the
      rotary kiln, it is particularly necessary to adjust the amounts of
      combustion air in order to carry out the burning in the most economical
      manner. Thus, the material may be partly burned by means of fuel
      introduced into the suspension preheater or part thereof. In particular,
      when burning cement raw material to cement clinker it may be advantageous
      to divide the process so that a preheating and at least partial
      calcination of the raw material is performed in the suspension preheater.
      The sintering process is then performed in the rotary kiln. In this case
      the amount of combustion air needed for the burning process in the rotary
      kiln proper will be limited and will be below the amount of heated cooling
      air resulting from the heat exchange process in the planetary cooler. Thus
      the excess of heated cooling air may be advantageously used together with
      the fuel in the preheating and calcining process in the suspension
      preheater.
PAR  The invention also relates to a rotary kiln plant for burning pulverous or
      granular material, the plant comprising a suspension preheater, a rotary
      kiln having an integral mounted planetary cooler which includes a
      plurality of cooler tubes mounted in planetary fashion about the kiln.
      Both ends of the rotary kiln are provided with ducts communicating with
      the suspension preheater. These ducts direct to the preheater both the
      waste gas from the combustion (or burning) in the kiln and part of the
      cooling air which has been heated by passage through the cooler. The
      preheater has a material discharge pipe communicating with one end of the
      rotary kiln for charging the kiln with the material preheated by the
      heated cooling air and the waste gas in the preheater. In this
      construction the heated cooling air is divided into two streams, one for
      combustion inside the rotary kiln and another which is discharged from the
      kiln without participating in the burning process inside the kiln. This
      allows the combustion air to be adjusted exactly to suit the burning
      process without affecting the cooling process in the planetary cooler. A
      correct division of the heated cooling air may thus be performed by means
      arranged outside the kiln, for instance by suitable dimensioning of the
      ducts and the exhaust fan or fans. With the use of a planetary cooler in
      this manner all the heated cooling air is used in the rotary kiln and in
      the suspension preheater in order to recover the heat contents of the air
      and gases as far as possible.
PAR  Furthermore, in a plant constructed according to the invention dust
      problems resulting from the spent cooling air exiting from the cooler are
      eliminated because all the air is used in the plant. This is contrary to
      the practice in a plant having a separate cooler in which part of the
      heated cooling air having a low heat content is normally discharged as
      waste air. In those plants it is usually necessary to install costly air
      cleaning equipment such as electrostatic precipitators, to correct the
      resulting dust problems.
PAR  In the present invention the suspension preheater preferably includes means
      for supplying additional fuel to a riser pipe or a stationary burning
      chamber forming part of the suspension preheater together with a part of
      the heated cooling air leaving the kiln, so that a partial burning of the
      material may be carried out. However it should be understood that such
      additional fuel is not necessary to the practice of the present invention.
PAR  The means for supplying additional fuel to the preheater may consist of a
      pipe connected to the riser pipe leading to a cyclone of the suspension
      preheater and forming the duct for the part of the heated cooling air
      which does not participate in the burning performed in the kiln. This
      cooling air however, is discharged from that end of the kiln where the
      cooler tubes are connected with their inlets for hot material. The supply
      means for fuel is preferably connected to the riser pipe together with the
      material discharge pipe discharging preheated raw material into the riser
      pipe in order to obtain a thorough mixing of material and fuel in the
      suspension. Thus calcining may be carried out in the riser pipe before the
      mixture is separated off by a separator of the suspension preheater. The
      material discharge of the separator is through a feed pipe connected to
      the material inlet end of the rotary kiln.
PAR  The ducts for waste gas and heated cooling air from the kiln may be joined
      at their inlets to the preheater so as to use both streams for heat
      exchange throughout the preheater. By connecting both ends of the rotary
      kiln to the suspension preheater of the plant the complicated
      installations for cleaning the air and the combustion gas become
      unnecessary. The entire excessive amount of heated cooling air may be
      directed in a simple manner to the suspension preheater. The proper
      division of the amounts of combustion gas and excess heated cooling air
      may be provided by choosing adequate cross-sections for the chutes and/or
      the outlet openings in the ends of the rotary kiln.
PAR  The plant may have a by-pass for discharge of a minor part of the waste gas
      from the waste gas duct. A by-pass of this kind may be arranged by means
      of a branch pipe from the waste gas duct near the connection to the kiln
      gas outlet so as to dispose continuously of part of the volatilized
      alkalies from the raw material to keep the circulation of these
      constituents in the plant at an adequately low level.
PAR  In an alternate embodiment of the invention, the suspension preheater may
      be comprised of separate halves, one of which is connected to the waste
      gas duct and the other of which is connected to the duct carrying the
      heated cooling air.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Preferred embodiments of the invention are described hereinbelow with
      reference to the drawings wherein:
PAR  FIG. 1 is a side elevational view of a rotary kiln plant illustrating the
      principles of the present invention; and
PAR  FIG. 2 is a side elevational view of an alternate embodiment of the rotary
      kiln plant of FIG. 1
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 a rotary kiln 1 is shown mounted on roller bearings 2 supported
      by foundations 3 and 4. The rotary kiln 1 has an integrally mounted
      planetary cooler comprising a number of cooler tubes 5 communicating with
      the rotary kiln by means of chutes 6. The discharge ends of the cooler
      tubes are surrounded by a common casing 7, which is stationary and which
      has a bottom discharge 8 for the cooled material.
PAR  The rotary kiln has a burner arrangement 9 at one end and at the other end,
      a discharge port 10 (for the combustion gases) which is connected through
      a duct 11 to a suspension preheater comprising three heat exchange
      cyclones 12, 13 and 14 and two separator cyclones 15 and 16. The cyclone
      16 has a gas outlet 17 with an exhaust fan 18, which leads to dedusting
      equipment which may be for example, an electrostatic precipitator. The
      suspension preheater has an inlet 19 for feeding raw material to the plant
      and a material outlet pipe 20 connected to a duct 21 which forms a
      communicating passage from the burner end 22 of the rotary kiln with the
      separator cyclone 15. The duct 21 has a fuel inlet pipe 23.
PAR  The separator cyclone 15 is provided with a material discharge pipe 24
      communicating with the material inlet end 10 of the rotary kiln 1. The
      exhaust gas channel from the rotary kiln is provided with a by-pass 25
      from duct 11 for by-passing minor amounts of the gas so as to control the
      contents of alkalies in the final product and in the gases, so that the
      formation of caking on the walls of the ducts and the cyclones is avoided
      as far as possible.
PAR  Raw material is fed to the plant through the inlet 19 and passes through
      the suspension preheater in a well known manner in a heat exchange process
      with the hot gases from the rotary kiln. In the example, the raw material
      contemplated is cement raw meal. The preheated raw material is discharged
      into the duct 21 from the cyclone 12 through the pipe 20. A suitable
      amount of fuel is supplied through the pipe 23 and the fuel and preheated
      raw material are carried as a mixture upwards in the duct 21 by heated air
      from the kiln outlet 22. During its passage through the duct the preheated
      raw material, the fuel, and the oxygen of the heated air participate in an
      approximately isothermal process in which the raw material is at least
      partially calcined. The mixture is separated off in the separator cyclone
      15 and discharged through the feed pipe 24 into the kiln. A final burning
      or sintering is performed during the passage of the material through the
      kiln by means of the heat produced by the fuel from the burner arrangement
      9. The hot product is discharged from the kiln through the chutes 6
      communicating with the planetary cooler tubes 5.
PAR  The product passes through the cooler tubes 5 in countercurrent flow to
      cold atmospheric air passing from the casing 7 into the tubes. The cooled
      product collects in the bottom of the casing 7 and is discharged through
      the outlet 8.
PAR  The cooling atmospheric air drawn through the cooler tubes and preheated in
      the heat exchange process performed therein is passed into the rotary kiln
      1 through the chutes 6. Inside the rotary kiln the heated cooling air is
      divided into two streams as indicated by the arrows. One stream passes up
      through the kiln as combustion air for the fuel delivered through the
      burner arrangement 9, and the other stream of heated cooling air passes
      directly out of the burner end of the kiln into the duct 21. Air is drawn
      through the plant by means of the exhaust fan 18 and the proper division
      of the two streams is obtained by careful choice and construction of the
      cross-sections of the various passages and ducts, etc.
PAR  In the example the rotary kiln shown is truncated and tapers toward the
      material inlet end to control the gas passage. This form of rotary kiln
      allows the use of an "up-hill" planetary cooler arranged slightly inclined
      so that material is transported from the inlet to the outlet under the
      effect of gravity.
PAR  By removing part of the heated cooling air from the rotary kiln only the
      amount of air necessary for the combustion is passed through the kiln so
      that the dimensions of the rotary kiln may be reduced. Clearly this
      reduces substantially the dust problems otherwise arising when great
      amounts of air or gas have to be passed through the kiln.
PAR  Furthermore, after passing out of the burner end of the kiln, the preheated
      cooling air may be passed to the preheater by simple means as shown, and
      the heat of the cooling air may be thus utilized in the calcining process
      in the riser pipe 20. Thus it can be seen that in riser pipe 21, the
      heated cooling air serves as combustion air.
PAR  FIG. 2 shows a rotary kiln 31 of a known type, mounted on roller bearings
      32 supported by foundations 33 and 34. The rotary kiln 31 has an
      integrally mounted planetary cooler similar to the kiln illustrated in
      FIG. 1. The cooler comprises a number of cooler tubes 35 communicating
      with the rotary kiln 31 by means of chutes 36. The discharge ends of the
      cooler tubes extend towards the upper end of the rotary kiln 31 to form an
      uphill planetary cooler. The cooler is surrounded by a common casing 37
      which is stationary and which has a bottom discharge 38 for the cooled
      material.
PAR  The rotary kiln 31 also has a burner arrangement 39 at its lower end and at
      the other end a discharge opening 40 for the discharge of the combustion
      gases into a conventional smoke gas chamber 41 supported on a foundation
      42. The smoke gas outlet from the smoke gas chamber 41 is connected
      through a duct 43 to one half 44 of a suspension preheater having four
      separator cyclones as shown. The preheater 44 has a smoke gas fan 45 and a
      smoke gas discharge 46. Further it has an inlet 47 for the introduction of
      cold fine grained material and an outlet 48 for the preheated material.
PAR  The lower end of the rotary kiln 31 has a distribution chamber 49 for
      preheated cooling air, which chamber communicates, through a duct 50, with
      a stationary burning chamber 51 associated with the other half 52 of the
      suspension preheater. The other half 52 of the suspension preheater also
      has four separator cyclones and a smoke gas fan 53 and a smoke gas
      discharge 54. The suspension preheater 52 also has a material inlet 55 and
      outlet 56. Material from both preheater units 44 and 52 is discharged
      through these outlets 55 and 56 to the upper end of the rotary kiln 31
      after having passed through the stationary burner chamber 51.
PAR  The plant of this embodiment operates in the same manner as the plant shown
      in FIG. 1. The cooling air to be used for cooling the hot product passes
      through the casing 37 into the cooler tubes in which it is preheated
      during heat exchange with the hot product. The preheated cooling air
      passes into the rotary kiln in which it is divided into two streams of
      preheated cooling air as shown by the arrows in FIG. 2. One stream is
      utilized as combustion air in the rotary kiln proper, and the other is
      utilized as combustion air in the stationary burning chamber 51.
PAR  The stream of preheated cooling air is divided by means of the fans 53 and
      45 as soon as it has passed through the chutes 36 in such a manner that
      the fan 53 draws part of the heated cooling air out of the lower end of
      the rotary kiln and through the stationary burning chamber 51 while the
      fan 45 draws the remainder of the heated cooling air up through the rotary
      kiln and out of its upper end.
PAR  The control of the ratio between the two streams of preheated cooling air
      may be established by any suitable and well known means in connection with
      the fans 53 and 45.
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NUM  1.
PAR  1. A method of burning pulverous or granular material in a plant including
      a suspension preheater and a rotary kiln having a burner means positioned
      at one end portion and having an integrally mounted planetary cooler
      having a series of cooler tubes for cooling the burnt material exiting
      from the kiln by means of air subsequently used for combustion and
      preheating in the plant, comprising directing the heated cooling air from
      the planetary cooler tubes into the rotary kiln, dividing said cooling air
      into two streams, at a location adjacent the burner end portion of the
      kiln, directing the divided cooling air out of both ends of the kiln in
      its divided streams, directing at least one stream of the heated cooling
      air comprising a portion of the total volume of heated cooling air into
      the rotary kiln and utilizing said stream as combustion air in the rotary
      kiln and thereafter directing said stream as part of a waste gas out of
      one end of the kiln to the preheater for use in preheating raw material
      fed into said preheater, drawing the other stream of heated cooling air
      out of the other end of the kiln and directing said other stream of
      cooling air to the suspension preheater for use in preheating raw material
      fed into said preheater.
NUM  2.
PAR  2. The method according to claim 1 further comprising partially burning
      said preheated raw material in a stationary portion of said preheater
      prior to feeding said material into said kiln.
NUM  3.
PAR  3. The method according to claim 2 further comprising partially burning
      said preheated raw material in at least one of a riser pipe and stationary
      burning chamber forming part of the preheater, feeding said other stream
      of air to said riser pipe or burning chamber to be utilized as combustion
      air for partially burning said preheated raw material, and feeding fuel to
      said riser pipe or burning chamber for partially burning said preheated
      raw material.
NUM  4.
PAR  4. A method of burning pulverous or granular material in a plant including
      a suspension preheater which is divided into at least two preheater
      half-sections and a rotary kiln having a material inlet end portion and a
      material outlet end portion with a burner means positioned at the material
      outlet end portion and an integrally mounted planetary cooler comprising a
      plurality of cooler tubes for cooling the burnt material exiting from the
      kiln by means of air subsequently used for combustion and preheating in
      the plant, comprising directing the heated cooling air from the planetary
      cooler tubes into the rotary kiln, dividing said heated cooling air into
      two streams at a location adjacent the burner end portion, directing the
      divided cooling air out of both end portions of the kiln in its divided
      streams, directing at least one of said streams into the rotary kiln and
      utilizing said streams as combustion air in the rotary kiln and thereafter
      directing the waste gas from the combustion or burning in the kiln to at
      least one halfsection of the suspension preheater, directing the other
      stream of heated cooling air from the other end of the kiln to at least
      one of a riser pipe and stationary burning chamber forming a part of said
      other preheater half-section, supplying additional fuel to said riser pipe
      or stationary burning chamber such that together with said part of said
      heated cooling air, a partial burning of the preheated raw material fed to
      said other section of said suspension preheater is thereby carried out.
NUM  5.
PAR  5. A rotary kiln plant for burning pulverous or granular material
      comprising a suspension preheater, a rotary kiln having a material inlet
      end portion and a material outlet end portion with a burner means
      positioned at the material outlet end portion and having an integral
      rotary cooler, the cooler including a plurality of cooler tubes mounted in
      planetary fashion about the kiln, means to direct the cooling air passing
      through the planetary cooler tubes into the kiln at a location adjacent
      the burner end portion so as to divide the cooling air into two streams
      directed to both end portions of the kiln, at least one duct means at each
      end portion of the rotary kiln communicating with the suspension
      preheater, one duct means directing the waste gas from the combustion or
      burning in the kiln from the waste gas outlet end portion of the kiln to
      the preheater, the other duct means directing part of the cooling air
      heated by passage through the cooler tubes to the preheater for preheating
      raw material, and a material discharge pipe extending from the material
      discharge end portion of the preheater and connected to the material inlet
      end portion of the kiln for charging the kiln with the material preheated
      in the preheater by the heated cooling air and kiln waste gas.
NUM  6.
PAR  6. The rotary kiln plant according to claim 5 wherein the suspension
      preheater further comprises at least one of a riser pipe and stationary
      burning chamber forming at least part of said suspension preheater and
      said duct means from said rotary kiln communicating with said suspension
      preheater is adapted to direct a part of said heated cooling air to said
      riser pipe or burning chamber, and means for supplying additional fuel to
      said riser pipe or stationary burning chamber such that together with said
      part of said heated cooling air, a partial burning of the preheated raw
      material is carried out.
NUM  7.
PAR  7. The rotary kiln plant according to claim 5 wherein said ducts for waste
      gas and heated cooling air are joined to said preheater such that both
      streams of heated cooling air are utilized for heat exchange in said
      preheater.
NUM  8.
PAR  8. The rotary kiln plant according to claim 6 wherein said ducts for waste
      gas and heated cooling air are joined to said preheater such that both
      streams of heated cooling air are utilized for heat exchange in said
      preheater.
NUM  9.
PAR  9. The rotary kiln plant according to claim 5 wherein the waste gas duct
      extending from said rotary kiln futher comprises a by-pass duct for
      discharging at least a part of said waste gas to prevent caking of the
      plant ducts due to excessive alkali content of the waste gases.
NUM  10.
PAR  10. The rotary kiln plant according to claim 6 wherein the waste gas duct
      extending from said rotary kiln further comprises a by-pass duct for
      discharging at least a part of said waste gas to prevent caking of the
      plant ducts due to excessive alkali content of the waste gases.
NUM  11.
PAR  11. The rotary kiln plant according to claim 7 wherein the waste gas duct
      extending from said rotary kiln further comprises a by-pass duct for
      discharging at least a part of said waste gas to prevent caking of the
      plant ducts due to excessive alkali content of the waste gases.
NUM  12.
PAR  12. The rotary kiln plant according to claim 5 wherein said preheater
      comprises two separate sections, the duct extending from the waste gas
      outlet end portion of the kiln being connected to one half-section of the
      preheater and the duct for directing heated cooling air from the material
      outlet end portion of the kiln being connected to the other half-section
      of the preheater.
NUM  13.
PAR  13. The rotary kiln plant according to claim 6 wherein said preheater
      comprises two separate sections, the duct extending from the waste gas
      outlet end portion of the kiln being connected to one half-section of the
      preheater and the duct for directing heated cooling air from the material
      outlet end portion of the kiln being connected to the other half-section
      of the preheater.
NUM  14.
PAR  14. The rotary kiln plant according to claim 7 wherein said preheater
      comprises two separate sections, the duct extending from the waste gas
      outlet end portion of the kiln being connected to one half-section of the
      preheater and the duct for directing heated cooling air from the material
      outlet end portion of the kiln being connected to the other half-section
      of the preheater.
NUM  15.
PAR  15. A rotary kiln plant for burning pulverous or granular material which
      comprises a suspension preheater divided into at least two preheater
      half-sections, a rotary kiln having a material inlet end portion and a
      material outlet end portion with a burner means positioned at the material
      outlet end portion of the rotary kiln and having an integral rotary
      cooler, the cooler including a plurality of cooler tubes mounted in
      planetary fashion about the kiln, means to direct the cooling air passing
      through the planetary cooler tubes into the kiln at a location adjacent
      the burner end portion so as to divide the cooling air into two streams
      directed to both end portions of the kiln, duct means at both end portions
      of the kiln communicating with the suspension preheater, one duct means
      positioned and adapted to direct the waste gas from the combustion or
      burning in the kiln from the gas outlet end of the kiln to one
      half-section of the preheater, the other duct being connected to at least
      one of a riser pipe and stationary burning chamber forming at least part
      of the other half-section of said suspension preheater, means for
      supplying additional fuel to said riser pipe or stationary burning chamber
      such that together with said part of said heated cooling air, a partial
      burning of the preheated raw material fed to said other section of said
      suspension preheater is thereby carried out.
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ABST
PAL  A method of burning or sintering fine-grain material which agglomerates
      above a critical temperature, such as cement raw meal, lime, dolomite,
      magnesite, in which the material is first preheated in a first zone, then
      flame heated in a second zone to a final treatment temperature and
      thereafter separated in a third zone from the hot exhaust gases of the
      second zone, the exhaust gases of the second zone being used for
      preheating the material in the first zone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known to burn, calcine or sinter fine-grain material by heating of
      preheated material to the final treatment temperature in a rotary kiln.
      However, this method involves considerable plant costs and careful
      maintenance, particularly of rotating parts.
PAR  It is further known (German Pat. No. 474,727) to burn fine-grain material
      in a vertical shaft through which the material passes from the top to the
      bottom and the gas from the bottom to the top, a burning zone equipped
      with burners being provided in the center portion of the shaft. The
      upwardly flowing exhaust gases preheat the material while the burnt
      material is cooled in the lower portion of the shaft by the rising
      secondary air. Because in such methods the material must move in
      counterflow relationship to the gases where fine-grain material is
      involved, it is impossible to use high gas velocities and thus impossible
      to attain high throughput capacities.
PAR  A largely uncontrolled relative movement of material and gas is also
      present in a further known method (German Pat. No. 498,406) in which the
      material is blown from the bottom upwardly into a shaft furnace and
      allowed to drop down in the form of a cloud through the rising hot gases.
      The hot gases in this case are produced by burners disposed in the lower
      region of the furnace just above the material injection point. Because in
      this known method the residence time of the individual particles in the
      hot zone cannot be controlled exactly, uniform burning of the entire
      material is not possible.
PAR  A method is also known (German Pat. No. 1,218,927) in which fine material
      preheated in cyclones is introduced into a conduit which leads from a
      burning chamber to a fine material separator. The fine material however
      does not come into contact with the zone of highest temperature, i.e. with
      the actual flame zone. Consequently, with this method the relatively short
      path over which the hot exhaust gases of the burning chamber are in
      contact with the fine material does not transmit the high quantity of heat
      necessary to achieve the final treatment temperature uniformly to the
      entire material.
PAR  Furthermore, a method of treating fine-grain ore is known (German Pat. No.
      423,620) in which the mixture of ore dust, air and fuel is set in
      turbulent motion in a space in front of a reaction chamber and then blown
      into the reaction space. The ore particles melt in the reaction chamber
      and are withdrawn from the latter in the molten state. Such a method
      however easily leads to formation of deposits in the reaction chamber and
      this involves considerable maintenance work. Moreover, because of the
      largely undefined turbulent motion of the ore particles in the reaction
      chamber the thermal treatment of the ore is very irregular.
PAC  SUMMARY OF THE INVENTION
PAR  To obviate the foregoing disadvantages of presently used methods a further
      method (DT-AS 1,807,292) developed by applicants provides for introducing
      the preheated fine material mixed with combustion air and fuel through the
      end face of a tubular burning or sintering chamber to cause the material
      to pass through the burning or sintering zone with high velocity over a
      predetermined time interval and to pass with the hot gases into a fine
      material separator connected to the other end face of the burner or
      sintering chamber. In this manner all material is uniformly exposed to a
      high temperature treatment defined by the flight time and reliably brought
      to the final treatment temperature. Because with this method the fine
      material is uniformly exposed to the zone of maximum temperature, flow
      rates can be used which are high enough to permit greater throughput
      capacities to be achieved with a relatively small constructional
      expenditure.
PAR  The invention is based on the problem of further developing the method
      referred to above so that material which agglomerates or forms the melt
      phase above a critical temperature less than the final treatment
      temperature and thus tends to adhere or form deposits (for example cement
      raw meal) can be burned or sintered, uniformly and without formation of
      troublesome deposits in the apparatus.
PAR  According to the invention this problem is solved by passing the hot
      exhaust gases from the second zone (in which the material is heated to the
      final treatment temperature) into the first zone (in which the material is
      preheated) and by adding additional heat and combustion air to these
      exhaust gases in the first zone to supply the heat quantity necessary to
      enable the final treatment temperature of the material to be achieved
      during a rapid transit of the flame in the second zone while not exceeding
      the critical temperature while the material is in the first zone.
PAR  The invention is based on the knowledge that the exceedingly short time in
      which the fine material passes the flame of the second zone with high
      velocity is enough to enable the entire fine material to be brought
      uniformly to the final treatment temperature only if the material is
      supplied to the second zone in an already highly heated state. As has been
      found in more exact investigations for various materials this high
      preheating of the material cannot be achieved solely with the hot exhaust
      gases of the second zone. For this reason, according to the invention
      additional heat is also introduced into the first zone. However, in the
      proportioning of this heat it must be ensured on the other hand that in
      the first zone the critical temperature (above which the preheated
      material agglomerates and thus tends to adhere and form deposits) is not
      exceeded.
PAR  The method according to the invention is distinguished above all in that
      with an extremely small technical expenditure for plant, fine-grain
      material can be burned or sintered very uniformly and with a high
      throughput capacity. A particular advantage is that the burned or sintered
      material remains in the fine-grain state so that after separation and
      cooling thereof it is generally not necessary to conduct an appreciable
      grinding. A considerable reduction of the construction or expenditure
      necessary for the cooling of the calcined or sintered material is also
      achieved.
PAR  The method of the invention also provides an air flow surrounding the flame
      in the second zone which protects the wall of the flame chamber from
      deposit formation, this flow also cooling the material and the hot exhaust
      gases on the way to the third zone to a value beneath the critical
      temperature and finally being supplied with the preheating gases as
      combustion air for the additional fuel burned in the first zone.
PAR  A triple utilization of the air flow first enables a large part of the
      otherwise wasted heat of radiation present in the second zone and the heat
      of the calcined or sintered material to be utilized for preheating the
      combustion air for the additional fuel of the first zone.
PAR  The method also utilizes air flows extracted from after-cooling of the
      material in the third zone both as air flow surrounding the flame and as
      combustion air for the second zone.
PAR  Further optimization resides in that the after-cooling of the material
      deposited in the third zone is effected in several stages with a cooling
      air supply such that the cooling air of higher temperature forms the
      combustion air of the second zone and the cooling air of lower temperature
      the air flow surrounding the flame.
PAR  Two examples of embodiment of a plant for carrying out the method according
      to the invention are illustrated in the drawings.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of one form of the invention; and
PAR  FIG. 2 is a schematic diagram of a modification to the system of FIG. 1.
DETD
PAR  The plant illustrated in FIG. 1 for burning fine-grain material, such as
      cement raw meal, includes a preheater 1 containing two (or more) cyclones
      2, 3 and a conduit 4 with burners 5 which forms a preheating zone 6 which
      will be referred to as the "first zone" or "preheating zone" of the method
      according to the invention.
PAR  The plant according to FIG. 1 further contains a burner or sintering means
      7 whose essential component is a relatively short tubular burning chamber
      8 representing the "second" or "final heating" zone of the method
      according to the invention. The burning chamber 8 is preceded by a mixing
      chamber 9 into which passes both combustion air (arrow 11) from an
      injection nozzle 10 and preheated material (arrow 12) from the cyclone 3.
      The mouth of the mixing chamber 9 in this example is coaxially surrounded
      by a fuel supply conduit 13.
PAR  Material and hot exhaust gases pass from the fuel chamber 8 via a conduit
      14 to a separator 15 forming the "third" or "separation-cooling" zone of
      the method according to the invention.
PAR  Hot gases are separated from the material in cyclone 15, the gases passing
      upwardly (arrow 24) into the preheating zone 6 and the material passing
      downwardly (arrow 29) into conduit 19. From conduit 19 the material, mixed
      with cooling air introduced at 30, passes into cyclone 16 where a second
      separation occurs, the gases passing upwardly through conduit 18 and the
      material passing downwardly (arrow 31) into a conduit 20. Cooling air
      (arrow 32) is mixed with the material in conduit 20 and conducts the
      material to a third cyclone 17 where a final separation occurs, gases
      separated in cyclone 17 passing upwardly (arrows 28) through conduit 21 to
      burning chamber 8.
PAR  The mode of operation of the plant is as follows:
PAR  The material whose movement is indicated by the full-line arrow (the gas
      flow being represented by dash-line arrows) is introduced into the conduit
      22 (arrow 23) and passes with the exhaust gases of the cyclone 3 into the
      cyclone 2, being separated therein and dropping into the preheating zone 6
      formed by the burners 5. The hot exhaust gases (arrows 14 and 24) coming
      from burner chamber 8 via separator 15 deflect the material beneath the
      preheating zone 6 and entrain the material upwardly so that it passes
      through the preheating zone at least twice. The material is very highly
      preheated, preferably almost approaching the critical temperature above
      which the agglomerates form. Thus, when burning cement raw meal
      practically the entire calcining of the material takes place in this
      preheating zone 6.
PAR  The material then passes with the gases through conduit 4 into the
      separator 3. The material separated in separator 3 (arrow 12) enters
      mixing chamber 9 where it is intimately mixed with the combustion air
      (arrow 11) supplied through nozzle 10 before the mixture (arrow 25) enters
      combustion chamber 8. The material is blown at high velocity into
      combustion chamber 8 and passes through the flame 27 in a very short
      defined time. Flame 27 is surrounded by an airflow (arrow 28) which is
      introduced into chamber 8 from conduit 21 in the form of a tangentially
      directed twisting flow about the flame axis. The air flow deflects or
      guides material through chamber 8 in a path such that the material, now
      well above its critical temperature does not contact the wall of
      combustion chamber 8 to form deposits and sedimentation on the chamber
      wall. At the same time the air flow from conduit 28 cools the material and
      the hot exhaust gases on their way to the separator 15 to such an extent
      that when the material reaches cyclone 15 its temperature is below the
      critical temperature above which deposits form.
PAR  The material introduced into separator 15 (arrow 29) is discharged into
      conduit 19 and transported by cooling air (arrow 30) into the cyclone 16.
      From cyclone 16 the material (arrow 31) is transported by cooling air
      introduced (arrow 32) into conduit 20 into cyclone 17 from which the now
      cooled material is discharged. Cooling air flows via conduit 21 to the
      combustion chamber 8.
PAR  Material from the final heating zone or burner chamber 8 is thus subjected
      to a three-stage separation and cooling sequence in which fresh cooling
      air is introduced and mixed with the material between each stage. The
      hottest gases are separated from the material in the first stage (cyclone
      15) and utilized for preheating and combustion air in the preheated 6.
      Cooling air introduced at 30 between the first and second stages extracts
      heat from the material and is then separated in the second stage in
      cyclone 16 and conducted via conduits 18 and 9 to serve as combustion air
      for burner chamber 8. Cooling air introduced at 32 between the second and
      third stages is separated in the third stage at cyclone 17 and then
      employed as the guiding and cooling air flow in burner chamber 8.
PAR  FIG. 2 shows a modified embodiment of the preheating zone 6'. The material
      preheated in the cyclone 2 (arrow 33) is introduced via a conduit 34 into
      the conduit 4 leading from the separator 15 to the cyclone 3. Prior to its
      complete dissolution in the rising hot gas stream (arrow 24) coming from
      the separator 15 fuel is added to the material, which may for example be
      done by means of a fuel conduit 34 arranged in the conduit 34. The mixing
      of material and fuel may be done partly in the conduit 34 and partly in
      the region of the entry of the conduit 34 into the conduit 4.
PAR  As in the example of embodiment according to FIG. 1 in the plant according
      to FIG. 2 as well the high preheating of the material (close to the
      critical temperature) is effected on the one hand by the hot exhaust gases
      from the chamber 8 and on the other by the fuel introduced additionally
      into the preheating zone 6 or 6'.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of burning or sintering fine-grained material, such as
      cement raw meal, lime, dolomite, magnesite or hydrate of alumina, which
      agglomerates above a critical temperature wherein a gas-carried flow of
      material is passed successively through a preheating zone, a final heating
      zone wherein the material is heated to a final treatment temperature
      higher than said critical temperature by passing a flame, and a
      separation-cooling zone wherein the material is separated from the hot
      exhaust gases of said final heating zone and the separated hot exhaust
      gases are conducted to said preheating zone to preheat material therein;
      the improvement comprising the steps of introducing material into an
      elevated portion of said preheating zone to cause said introduced material
      to fall downwardly through said zone, and introducing the exhaust gases
      from said final heating zone into a lower portion of said preheating zone
      in an upwardly directed stream establishing an upwardly directed flow
      operable to carry the introduced material upwardly through said preheating
      zone to an elevated discharge opening, the path of said material through
      said preheating zone including a downwardly directed section and an
      upwardly directed section and supplementing the preheating of said
      material by said exhaust gases by adding heat to said preheating zone at a
      location traversed by both the upward and downward sections of said path
      to supply enough additional heat to said preheating zone to heat the
      material therein to a temperature less than said critical temperature but
      high enough to enable the material to be heated to said final temperature
      during transmit of said final heating zone.
NUM  2.
PAR  2. The invention defined in claim 1, further comprising the steps of
      introducing a first flow of air into said final heating zone to guide
      material passing therethrough along a predetermined path and to cool the
      material to a temperature less than said critical temperature during
      transit from said final heating zone to said separation-cooling zone, and
      conducting gases separated from said material in said separation-cooling
      zone to said preheating zone to preheat material therein.
NUM  3.
PAR  3. The invention defined in claim 2, further comprising the step of
      extracting said first flow of air from a region of relatively cool air in
      said separation-cooling zone.
NUM  4.
PAR  4. The invention defined in claim 3, further comprising the steps of
      cooling and separating gases from said material in said separation-cooling
      zone in a plurality of successive separation-cooling stages, conducting
      the gases separated from said material in one of said stages to said final
      heating zone as said first flow of air, and conduting the gases separated
      from the material in another of said stages to said final heating zone to
      supply said combustion air.
NUM  5.
PAR  5. The invention defined in claim 4 further comprising the steps of
      introducing cooling air into the flow of material between each of the
      successive stages of said separation-cooling zone.
NUM  6.
PAR  6. The invention defined in claim 5 futher comprising the steps of passing
      material and gases from said final heating zone successively to a first, a
      second, and a third of said plurality of stages, conducting the gases
      separated from said material in said first stage to said preheating zone,
      conducting the gases separated from said material in said second stage to
      said final heating zone to supply combustion air thereto, and utilizing
      gases separated from said material in said third stage as said first flow
      of air.
NUM  7.
PAR  7. The invention defined in claim 2 wherein said final heating zone is
      located within an enclosed chamber further comprising the step of
      introducing said first flow of air into said chamber in a path such that
      the flow of material through said chamber is maintained out of contact
      with the walls of said chamber by said first flow of air until the
      material has cooled by said first flow of air from its final treatment
      temperature to a temperature less than said critical temperature.
NUM  8.
PAR  8. The invention defined in claim 7 wherein said combustion air from said
      second stage is mixed with said material prior to the introduction of said
      material to said final heating zone.
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ABST
PAL  This application describes a continuous method of removing polyvinyl
      chloride insulation or other volatilizable material from items such as
      copper wire without producing undesirable by-products. The method involves
      the pyrolysis of the insulation on the wire in a fluidized bed reactor
      charged with small particles of calcium carbonate. The calcium carbonate
      reacts with the gaseous chlorine from the insulation to produce calcium
      chloride which then is collected and can be used for snow removal, road
      construction, and the like. After removal of the insulation, the copper
      wire is cooled and cleaned. The products of combustion are passed through
      an afterburner to a HCl scrubber containing CaCO.sub.3 where any remaining
      chlorine is reacted with calcium carbonate to produce CaCl.sub.2. The
      application also describes apparatus for moving the items across the
      heated reactor. An alternative process involves pyrolysis of the
      insulation in a pyrolysis chamber, passing the products of pyrolysis
      through an afterburner and thence to a fluidized bed reactor which uses
      fluidized particles of CaCO.sub.3 to remove any chlorine from the products
      of combustion of the afterburner. An HCl scrubber is also used as a final
      processing step in this form of the process to remove particulate matter
      and to prevent HCl emissions in the event of a system failure.
BSUM
PAC  REFERENCE TO OTHER APPLICATIONS
PAR  This application contains subject matter in common with co-pending
      application of Wigger and Eggers Ser. No. 355,287, filed Apr. 27, 1973
      entitled PROCESS OF REMOVING INSULATION FROM WIRE.
PAC  BACKGROUND OF THE INVENTION
PAR  Conventionally, insulation is removed from scrap copper wire by burning or
      by mechanical stripping processes. These have disadvantages particularly
      with respect to fine copper wire. In the burning process undesirable
      ecological effects are produced and fine copper wire tends to be oxidized.
      The stripping process is not particularly satisfactory for smaller wire.
PAR  The present invention provides a continuous process for removing a gas
      producing insulation from an item such as copper wire and particularly for
      removing insulation containing polyvinyl chloride. This type insulation
      when subjected to a conventional pyrolysis or vaporization process
      produces chlorine. The chlorine is produced either as a gas or more likely
      as hydrochloric acid, as water vapor is present in the products of
      decomposition or combustion. Both of these are undesirable products from
      an ecological point of view.
PAR  As used in this application the term chlorine includes the gas and the acid
      form. The present process provides for the reaction of the hydrochloric
      acid (HCl) with a calcium containing substance such as calcium oxide,
      calcium carbonate, dolomite (part MgCo.sub.3 and part CaCO.sub.3), and the
      like, to produce calcium chloride as a by-product. The calcium chloride is
      used by many street and highway departments to apply to snow and ice
      covered streets and highways. The present process has the advantage that
      there are not undesirable by-products, and the emissions are conventional
      such as hot air, nitrogen, water vapor, and carbon dioxide.
PAR  Accordingly, one of the principal objects of the present invention is to
      provide a continuous process for removing insulation containing polyvinyl
      chloride from items such as copper wire without the formation of
      undesirable chlorine containing by-products. Another object is to provide
      an economical process which operates continuously and which produces
      cleaned copper wire from the process. Still another object is to provide a
      reaction method whereby copper wire coated with polyvinyl chloride
      insulation is passed through a heated fluidized bed of small particles of
      calcium carbonate to decompose the insulation and react the chlorine from
      the insulation with the calcium carbonate to produce usable calcium
      chloride.
PAR  These and other objects and advantages will become apparent hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a continuous process for removing gas producing
      insulation from articles, and specifically involves the chemical reaction
      in a fluidized bed of a calcium compound with chlorine released from
      chlorine producing insulation to produce useful calcium chloride and
      eliminate other undesirable by-products. This invention also comprises the
      use of a fluidized bed reactor after the decomposition of the chlorine
      containing insulation and combinations of the foregoing processes.
DRWD
PAC  DRSCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic flow diagram of the process of this invention;
PAR  FIG. 2 is an enlarged fragmentary vertical sectional view of the fluidized
      bed reactor;
PAR  FIG. 3 is an enlarged fragmentary vertical view of the discharge end of the
      fluidized bed reactor;
PAR  FIG. 4 is a fragmentary horizontal sectional view of the discharge end of
      the fluidized bed reactor,
PAR  FIG. 5 is a fragmentary sectional view taken along lines 5--5 of FIG. 3;
PAR  FIG. 6 is a sectional view taken along lines 6--6 of FIG. 4; and
PAR  FIG. 7 is a schematic flow diagram of a modification of the process of this
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The continuous system of this invention (as shown in FIG. 1) comprises a
      fluid bed decomposition and reaction chamber 10, which includes a wire
      scrap advancing mechanism 11 (which is shown in FIGS. 2-6 and will be
      described in detail hereinafter), and a fluidized bed hearth 12; an
      afterburner 13; an HCl scrubber 14; and an induced draft fan 15. The input
      material, which preferably is insulated copper wire having polyvinyl
      chloride insulation, is pre-chopped in a shearing machine (not shown) from
      its conventional 1500 pound bale form to a size suitable for this process.
      The chopped wire is continuously fed from the shear to the chamber 10 at a
      controlled rate by a conveyor 16. The wire preferably is chopped to less
      than about 6 inches in size in the shearing machine. The chopped wire
      passes through a water seal 17 which seals the inlet of the decomposition
      chamber 10 from the atmosphere. The decomposition chamber 10 is divided
      into a pyrolysis section 53 and a decomposition section 52. The pyrolysis
      section 53 is provided with a pyrolysis burner 18. The burner 18 normally
      is gas fired and maintains the first zone or pyrolysis section 53 of the
      chamber 10 at an operating temperature of about 600.degree.F. with a
      reducing atmosphere.
PAR  A combustion burner 19 operates beneath the bed hearth 12 with reducing gas
      or excess air to remove the residue in the second zone or combustion
      section 52 of the chamber 10.
PAR  A pilot burner 19A provides mixing and safety ignition to prevent a
      build-up of combustible atmosphere and resulting explosion within the
      upper portion of the chamber 10.
PAR  A fluidizing air fan 20 keeps the bed 12 in fluidized condition.
PAR  The cut feed material is pulled over the hearth 12 by the advancing
      mechanism 11 through the first section 53 of the chamber 10 where it is
      subjected to pyrolysis and is decomposed in a controlled atmosphere void
      of excess oxygen and controlled with respect to analysis and temperature
      by the burner 18. A calcium based compound is deposited into the top of
      the chamber 10 from storage 21 by a conveyor 22. The calcium based
      compound, preferably calcium carbonate, is from about -10 to about -200
      mesh in size and is heated in the second portion 52 of the chamber 10 to a
      temperature sufficient to decompose the insulation on the feed. The feed
      material generally is heated to a temperature from about 600.degree. to
      1200.degree.F. for best decomposition of the insulation.
PAR  The calcium carbonate is fluidized by the discharge from the burners 18 and
      19 and surrounds the feed while in fluidized condition. The insulation on
      the feed usually contains polyvinyl chloride insulation which, when
      decomposed, releases chlorine. The chlorine reacts with the calcium
      carbonate to produce calcium chloride.
PAR  The details of construction of the chamber 10 are shown in FIGS. 2-6. The
      chamber 10 generally is circular in cross-section as seen in FIGS. 5 and
      6. The hearth 12 is positioned in the lower half of the chamber 10 and
      divides the chamber into upper and lower sections. The hearth 12 is
      provided with a plurality of openings 50 therethrough which connect the
      upper chamber 51 and the two lower chambers 52 and 53. The pyrolysis
      burner 18 is positioned in the plenum chamber 53 in the fluidizing air
      inlet.
PAR  The plenum chamber 53 constitutes a pyrolysis zone and is maintained at
      about 600.degree.F. Discharges 54 and 54a from the fluidizing air fan 20
      supply fluidizing gases to the chambers 53 and 52, respectively. At the
      end of the upper chamber 51 are the wire scrap inlet 55 and the calcium
      carbonate inlet 56. The gas in the chambers 52 and 53 passes through the
      openings 50 to fluidize the calcium carbonate above the chambers 52 and
      53.
PAR  The scrap is pulled along the hearth 12 by the advancing mechanism 11. The
      advancing mechanism 11 comprises a rake assembly 57 and a ramp assembly
      58. The rake assembly 57 and the ramp assembly 58 are movable
      independently and in unison.
PAR  The ramp assembly 58 comprises a base member 59 positioned in a track 60
      mounted at the sides of the furnace 10 (FIG. 6). The base member 59 has
      spaced cam blocks 61 with inclined faces 62 mounted thereon. The base 59
      is attached to a ramp pull rod 64 which is connected to a ramp drive chain
      65 and thence to a variable speed reversible motor 66 through a drive axle
      and gear 65'. A clutch 67 allows the ramp drive to be disconnected from
      the motor 66. Thus, the base 59 and the cam blocks 61 can be reciprocated
      longitudinally in the chamber 10 along the tracks 60.
PAR  The other part of the advancing mechanism 11 is the rake assembly 57 which
      consists of parallel side bars 68 which are connected by spaced cross rake
      members 69 which have downwardly projecting tines 70 depending therefrom
      (FIGS. 2 and 6). The side bars 68 have inclined surfaces 71 aligned with
      the inclined surfaces 62 and cutout portions 72. This allows the rake
      assembly 57 to be reciprocated longitudinally and vertically in the
      chamber 10 with a rectilinear motion. Thus, the scrap is pulled in a
      raking action along the hearth 12 as will be more fully explained
      hereinafter.
PAR  The rake assembly 57 has a rake pull 73 connected to a rake drive chain 74
      which is connected through a drive pulley 74' to the variable speed
      reversible motor 66 by a clutch 75 so that the rake drive 74 can be
      disconnected from the motor 66.
PAR  In operation, the rake 57 and the ramp 58 are both at their leftmost
      position toward the intake end of the chamber 10. This is shown by the
      broken lines in FIG. 2. The rake side bars 68 have track engaging surfaces
      68a on the track 60. The rake tines 70 are in their lowermost position
      engaged with the scrap on the hearth 12. The ramp assembly 58 and the rake
      assembly 57 are moved in unison toward the discharge end of the chamber 10
      by the motor 66 through the drives 65 and 74 until the rightmost ramp
      member 61 engages a stop 76. This disengages the clutch 67 and the ramp
      assembly 58 stops. The rake assembly 57 continues to move up the surfaces
      62 and thus moves longitudinally and vertically independently of the ramp
      assembly 58. This disengages the tines 70 from the scrap on the hearth 10.
      This is the solid line position shown in FIG. 2.
PAR  When the rake assembly 57 engages a stop the motor 66 is reversed, the
      clutch 67 and 75 are re-engaged, and the rake assembly 57 and the ramp
      assembly 58 are moved leftward in unsion toward the intake end of the
      chamber 10. When the ramp assembly 58 and the rake assembly 57 are in
      their leftmost position, the motor 66 again is reversed and the rake
      clutch 75 is disengaged so that the ramp assembly 58 is moved rightwardly
      or toward the discharge end of the bed 12 independently of the rake
      assembly 57. This causes the rake assembly to drop vertically so that the
      rake tines 70 are in engagement with the feed on the bed 12. When the rake
      drive clutch 75 is re-engaged, the rake assembly 57 is moved rightwardly
      toward the discharge end of the bed 12 in concert with the ramp assembly
      58 to move feed lineally along the hearth 12.
PAR  The foregoing cycle is repeated to move the scrap along the hearth 12 by
      the rightward movement of the tines 70 while in their lowermost position.
PAR  As the feed is moved along the bed 12 by the ramp 58 and rake 57, it is
      surrounded and engaged by the heated particles of calcium carbonate which
      is fluidized as hereinbefore explained. The heated calcium carbonate
      engages and decomposes the insulation on the feed as the feed moves along
      the bed 12. Some of the calcium carbonate reacts with the chlorine or
      hydrochloric acid produced from the insulation to produce calcium chloride
      in the chamber 10.
PAR  The calcium carbonate material flows across the bed to a weir 23 (FIG. 5)
      where it is discharged from the chamber 10 and collected in a receiver at
      24. The calcium chloride is in the fines which falls over the weir 23 to
      provide constant removal of a mixed dust of calcium carbonate and calcium
      chloride. The removal of product is through a rotary air lock feeder 25.
PAR  The product collected at 24 is about 10% to about 12% calcium chloride and
      about 88 to about 90% calcium carbonate.
PAR  As mentioned the insulation on the feed material is removed as the feed
      moves through the chamber 10 on the bed 12. The clean copper wire leaves
      the decomposition chamber 10 through an exit water seal 26 which also acts
      as a quench for the wire scrap, thereby cooling and further cleaning the
      product. The product from the water seal 26 is collected in a receptacle
      27 or a bailer for further handling.
PAR  The quench tank 26 also is used to dewater and collect any solid calcium
      carbonate which has been carried over with the wire or which is deposited
      therein from the HCl scrubber 14 as will be hereinafter explained in more
      detail. The dewatering device 28 is conventional in the art.
PAR  The gases and smoke generated during decomposition in the chamber 10 may
      contain small amounts of chlorine dependent on the efficiency of the bed
      reaction. The products of decomposition and any chlorine pass into the
      afterburner 13 where all of the remaining combustible products are
      consumed. The afterburner includes a burner 29 and an excess combustion
      air inlet 30.
PAR  The burned gases from the after burner 13 may still contain chlorine as
      well as the products of combustion. The products of combustion, including
      the chlorine, from the afterburner 13 are passed through an HCl scrubber
      14 where the remaining chlorine and the dust is removed.
PAR  The scrubber 14 is of a conventional bubble plate-type and the water on the
      plates contains CaCO.sub.3 so that any chlorine in the gas is neutralized
      and reacted to form CaCl.sub.2. The entering gas is cooled with a water
      spray containing suspended particles of the calcium carbonate at 31. Water
      containing the CaCl.sub.2 dissolved therein is withdrawn from the scrubber
      14 at a pump 32 and sprayed at 33 over the wire leaving the quench tank
      26. The CaCl.sub.2 stays in solution in the quench tank 26. Some of the
      solution is bled into the chamber 10 for temperature control where the
      solids are recovered at 24. Some CaCl.sub.2 is also introduced into the
      chamber 10 with the dewatered CaCO.sub.3, and recovered at 24.
PAR  The scrubber 14 also removes any dust such as CaCO.sub.3 dust, which also
      passes through the quench tank 26 and via the dewatering device 28 to the
      CaCO.sub.3 storage 21.
PAR  From the top of the scrubber 14 are passed the gases free of dust and
      chlorine. These gases pass through the induced draft fan 15 which provides
      the pressure differential causing the gases to flow through the system.
      From the fan 15 the cleaned gases are discharged to the atmosphere through
      a stack 34.
PAR  An emergency by-pass 35 connects the afterburner discharge to the stack 34.
PAR  A specific example of the system is designed to process 3000 pounds of
      material per hour. This system generates 6500 cubic feet per minute of
      burned gases to the HCl scrubber 14. The afterburner 13 operates at
      1600.degree.F. and the decomposition chamber 10 at 1000.degree.F.
PAC  MODIFICATION
PAR  A modification of the process of this invention is shown in FIG. 7. This
      system comprises a decomposition chamber 100 including an afterburner 111,
      a fluidized bed reactor 112, a dust collector 113, and an induced draft
      fan 114. The chopped input material (usually insulated copper wire
      containing polyvinyl chloride insulation) is continuously fed at a rate
      controlled by a conveyor 115 through a water trap 116 to the chamber 100.
PAR  The cut feed material is moved on the bed 119 by a conveying means 119A
      similar to the conveying means 11 of FIGS. 1-6, through the decomposition
      chamber 100 where it is ignited and decomposed in a controlled atmosphere
      void of excess oxygen and controlled with respect to analysis and
      temperature by the burners 117. The feed material generally is heated to a
      temperature from about 600 to 1200.degree.F. for best decomposition.
PAR  The insulation on the feed material decomposes and burns in the
      decomposition chamber 100. The clean copper wire leaves the decomposition
      chamber 100 through an exit water seal 120 which also acts as a quench for
      the wire scrap, thereby cooling and further cleaning the product. The
      product from the water seal 120 is collected in a receptacle 121 or a
      bailer for further handling.
PAR  The gases and smoke generated during decomposition, which contain chlorine,
      pass into an afterburner 111 where all of the remaining combustible
      product are consumed. The afterburner includes a burner 122 and an excess
      combustion air inlet 123.
PAR  The burned gases from the afterburner 111 still contain chlorine as well as
      the products of combustion. The products of combustion, including the
      chlorine from the afterburner 111, are passed through a fluidized bed
      reactor 112 where the fluidized bed material is a calcium containing
      substance in a granular form of about -10 to about -200 mesh. The
      substance preferably is calcium carbonate (CaCO.sub.3). The gases from the
      afterburner 111 act as the fluidizing medium. The intimate contact of the
      exhaust gases with the calcium carbonate causes a chemical reaction to
      take place in which the chlorine is reacted with the calcium carbonate to
      produce calcium chloride. This is similar to that described for the
      structure of FIGS. 1-6.
PAR  The calcium carbonate is deposited in a conveyor 124 where it is carried to
      a hopper 125 and then passed through a rotary air lock feeder 126 to the
      fluidized bed reactor 112. The same passes across the bed in fluidized
      condition to the exit rotary air lock 127. The air lock feeder 126
      controls feed of make-up calcium carbonate to the reactor 112 to replace
      that consumed in the reaction.
PAR  From the fluidized bed reactor 112 the gases, less the chlorine, are passed
      through the mechanical dust collector 113 and then exit through the
      induced draft fan 114 which provides the pressure differential to flow the
      gases through the entire system.
PAR  A further modification of the system combines the features of FIGS. 1-6 and
      FIG. 7 and uses a secondary fluidized bed converter to remove any chlorine
      not reacted in the primary fluidized bed converter.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for treating material with fluidized particles comprising:
PA1  1. a chamber provided with means for fluidizing particles.
PA1  2. means for heating said particles,
PA1  3. a bed in said chamber on which the material to be treated resides during
      treatment,
PA1  4. means for depositing material to be treated on said bed,
PA1  5. reciprocating means for moving said material being treated lineally on
      said bed, said means comprising first and and second members, said first
      member being movable in unison with and independently of the second
      member, said first member including means for engaging material to be
      treated and moving said material longitudinally along said bed, and means
      for disengaging said first member from said material to be treated by
      raising said engaging means above said bed, and
PA1  6. means for removing material after treatment from said chamber.
NUM  2.
PAR  2. A device for treating a solid particulate feed material comprising: 1.
      an elongated treating chamber, 2. a substantially horizontal bed
      positioned longitudinally in said chamber, 3. entrance means for
      depositing material to be treated onto one end of said bed, 4. exit means
      for removing said material from said chamber after treatment, 5. means for
      heating said chamber, 6. means for moving said treated material lineally
      along said bed from said entrance means to said exit means, said moving
      means comprising
PA2  a. track means on each side of the bed,
PA2  b. ramp means slidable in the track, and
PA2  c. rake means movable in a rectilinear path in unison with and
      independently of said ramp means.
NUM  3.
PAR  3. The device of claim 2 which includes openings through the bed providing
      movement of fluidized material through the bed.
NUM  4.
PAR  4. A device for treating material with fluidized particles comprising:
PA1  1. a chamber provided with means for fluidizing particles,
PA1  2. means for heating said particles,
PA1  3. a bed in said chamber on which the material to be treated resides during
      treatment,
PA1  4. means for depositing material to be treated on said bed,
PA1  5. means for moving said material being treated on said bed, said means
      comprising two relatively movable members, one of which reciprocates and
      is provided with means for engaging the feed material and moving the same
      in one direction,
PA1  6. means for disengaging said one member from said feed material and
      maintaining said member disengaged from said feed material as said member
      moves in reverse direction during its reciprocation, and
PA1  7. means for removing material after treatment from said chamber
NUM  5.
PAR  5. A device for treating a solid particulate feed material comprising:
PA1  1. an elongated treating chamber,
PA1  2. a substantially horizontal bed positioned longitudinally in said
      chamber,
PA1  3. entrance means for depositing material to be treated onto one end of
      said bed,
PA1  4. exit means for removing said material from said chamber after treatment,
PA1  5. means for heating said chamber,
PA1  6. means for moving said treated material along said bed from said entrance
      means to said exit means, said moving means comprising
PA2  a. track means on each side of the bed,
PA2  b. ramp means slidable in the track and comprising a base and spaced cam
      means along said base, and
PA2  c. rake means movable in unsion with and independently of said ramp means,
      said rake means comprising side bars having inclined surfaces engageable
      with the cam means to raise the rake means, and a series of rake members
      connecting the side bars for moving the particular material along the bed.
NUM  6.
PAR  6. The device of claim 5 including ramp drive means and rake drive means
      operable to move said ramp means and said rake means in unison and
      independently to oscillate said ramp and rake means longitudinally along
      said bed and to raise and lower said rake means with respect to said ramp
      means.
NUM  7.
PAR  7. A device for treating a solid particulate feed material comprising:
PA1  1. a treating chamber,
PA1  2. a substantially horizontal bed positioned in said chamber, said bed
      having a first and a second end,
PA1  3. entrance means in said chamber for depositing material to be treated
      onto the first end of said bed,
PA1  4. exit means in said chamber adjacent to the second end of said bed for
      removing said material from said bed after treatment,
PA1  5. means for treating said feed in said chamber as the feed is on said bed,
PA1  6. and reciprocating means for moving said treated material lineally along
      said bed from said entrance means to said exit means, said reciprocating
      moving means comprising two members movable in unsion and independently,
      one of said members having means for engaging said feed material and
      moving same longitudinally along said bed in a first direction as said
      members move in that direction, said one member also being movable in a
      vertical direction to engage with and disengage from said feed material.
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ABST
PAL  A grain dryer is disclosed in which a blower forces air past a burner and
      then through a duct into a bin made of oppositely curved columns of grain
      defining between them and an end wall a plenum chamber for drying the
      grain in the bin. The invention resides in the use of a plurality of
      spaced baffles of particular configuration designed to take a stream of
      air of non-uniform pressure and temperature over a cross section of the
      stream, and transforming said stream into a stream in the plenum chamber
      of substantially uniform pressure and temperature over any cross section
      thereof, said stream, if desired, having a predetermined temperature
      gradient lengthwise of the bin which compensates for a lengthwise dryness
      gradient in the grain in the bin.
BSUM
PAR  This invention relates to grain dryers, and particularly to a means for
      supplying heated air of uniform temperature and pressure to a dryer to
      effect uniform drying of the grain. For purposes of illustration, this
      invention will be described with reference to its use with batch type
      grain dryers.
PAR  It is a prime objective of commercial grain dryers to extract a
      predetermined quantity of moisture from a batch of grain in the shortest
      possible time consistent with uniformity of drying and preservation of the
      quality of the grain. The speed of the moisture extraction process depends
      upon moving large quantities of heated air over the grain so that as the
      air absorbs the moisture from the grain it is rapidly supplanted by dryer
      air. The quality of the grain is preserved by ensuring that the air moving
      over it is of uniform temperature and velocity.
PAR  The heated air for the drying process is derived from a blower which moves
      air rapidly from the exterior of the dryer past a burner located in a duct
      leading to the interior of the dryer. The air used to heat the grain
      therefore is a mixture of exterior air and products of combustion. It is
      desirable for reasons of economy of space and materials to make the duct
      as short as possible. The quantity of heated air required per unit time to
      effect the fastest drying of the grain in a duct of reasonable size,
      however, results in an air velocity past the burner in the range of 4,000
      to 5,000 feet per minute. With a blower of the centrifugal type this
      velocity is too rapid to permit the air to mix so that the fuel will be
      completely burned and products thereof mixed with ambient air within the
      duct and prior to its entry into the plenum chamber in the dryer. For
      example, if the air were moving at 1,000 feet per minute, a duct 8 feet
      long would be required for evenness of temperature in the duct, and at
      5,000 feet per minute a duct 40 feet long would be required which, of
      course, is impractical. If, on the other hand, an 8 foot duct is used with
      an air velocity of 5,000 feet per minute, a short flame would result and
      there would be a great unevenness of air velocities and air temperatures
      entering the drying bin to create undesirable hot spots which in turn
      would result in uneven drying and possible burning of the grain.
PAR  Other factors which influence the distribution of heated air over the cross
      section of a duct are the type of fan used to blow the external air into
      the duct and the shape and location of the burner in the duct. A radial
      bladed fan will cause a concentration of air around the periphery of the
      duct, and a centrifugal blower with double inlet will concentrate the air
      midway of the axial length of the blower and at the outside of the
      involute duct forming the exit of the blower. The burner is an obstruction
      in the duct which will deflect air passing therethrough in accordance with
      the shape of the burner.
PAR  In U.S. Pat. No. 3,386,715 to E. E. Alms dated June 4, 1968 there is
      disclosed one approach to the solution of the problem of uneven heat
      distribution in the air duct of a dryer. In this approach, the burner is
      placed in the entrance side of a blower, along with a baffle to limit the
      amount of air passing around instead of through the burner. The blower,
      being located downstream of the heated air, acts as a mixer to agitate the
      air so that the exit side of the blower produces a stream of uniformly
      heated air. The blower itself, however, introduces a variation in the
      velocity of the air over the cross section of the duct leading to the bin
      and results in an uneven distribution of heated air in the bin.
      Furthermore, the blower operates upon heated air which is less dense than
      cold air and hence moves a lesser mass or weight of air per unit time than
      it would if placed upstream of the burner.
PAR  Another approach to the solution of the problem of uneven heat distribution
      in the air is disclosed in U.S. Pat. No. 3,749,551 to E. E. Alms et al
      dated July 31, 1973 by which two separate blowers are used one above the
      other, both moving heated air into a common duct. Each influences one half
      of the air in the duct so that such concentration of the stream as occurs
      is broken up into two smaller concentrations. Although the result is an
      improvement over that produced by a single blower, the device of the
      patent is a space heater wherein the air velocities encountered are
      considerably less than those found in grain dryers. Such a dual blower
      construction would not eliminate unevenness in the distribution of heated
      air issuing from the duct when air velocities past the burner approach
      those used for drying grain.
PAR  It is an object of this invention to provide for controlling the flow and
      temperature of a stream of heated air moving into the plenum chamber of a
      batch type grain dryer so that rapid and substantially uniform drying of
      the grain will result.
PAR  Another object of this invention is to provide a controlled stream of
      heated air to the plenum chamber of a grain dryer which stream is produced
      by a fan, burner, and duct combination wherein a duct of minimum length is
      required for efficient utilization of the fuel.
PAR  As a specific object, this invention has within its purview the provision
      of a series of baffles spaced axially from one another in a duct, the
      function of the baffles being to interpose obstructions selectively to the
      stream of air flowing in the duct to make the velocity of the stream
      uniform and to promote complete combustion of the fuel in the duct prior
      to the entrance of the stream into the plenum chamber of a dryer connected
      to the outlet of the duct.
PAR  A more specific object of this invention is to provide a first baffle in a
      duct around a burner therein to compel movement of the air in the duct
      over the burner for complete heating of the air, a second baffle
      downstream from the first and at the point of maximum velocity of the
      stream to produce uniform movement of the stream through the duct, and a
      third baffle axially spaced downstream of the second baffle and at the
      entrance of the plenum chamber of the dryer to (a) further mix the
      products of combustion from the burner with the air from a blower, (b)
      retard the movement of the air into the dryer, and (c) deflect the air
      radially outwardly of the duct. A fourth baffle may or may not be required
      at the entrance to the plenum chamber if the outward shift of the air is
      greater than desired, and also if the mixing of the air and products of
      combustion is not deemed to be sufficient.
DRWD
PAR  These and other objects of this invention will become apparent from the
      following detailed description of a preferred embodiment thereof when
      taken together with the accompanying drawings in which:
PAR  FIG. 1 is a side elevation in section of a batch type dryer incorporating
      this invention;
PAR  FIG. 2 is a transverse section through the dryer of FIG. 1 taken along line
      2--2 thereof and looking toward the left in said FIG. 1;
PAR  FIG. 3 is a fragmentary plan view in section of the blower and duct taken
      along line 3--3 of FIG. 1; and
PAR  FIGS. 4-7 are elevational views of the baffles of this invention, the view
      being taken in the direction of the arrows at the ends of the lines 4--4,
      5--5, 6--6 and 7--7 of FIG. 1.
DETD
PAR  In its preferred form this invention comprises a duct having one end
      directed into the plenum chamber of a batch type grain dryer and its
      opposite end connected to the outlet from a centrifugal blower. A gas type
      burner having a general configuration corresponding to that of the duct is
      disposed at the entrance end of the duct. A first baffle having a
      perimeter engaging the interior wall of the duct is disposed at the
      downstream edge of the burner, the first baffle having transverse walls
      extending inward of the duct a predetermined distance to retard axial flow
      of the airstream at the perimeter of the duct and to deflect said
      perimeter flow inward of the duct into the path of the products of
      combustion of the burner. A second baffle, also of the perimeter type is
      disposed downstream of the first baffle and is shaped to direct any cool
      or high velocity segment of the stream created by the burner or its
      supports inwardly into the main stream. A third baffle, of the disc target
      type, is suspended in the middle of the duct downstream of the second
      baffle to retard and further mix the air with the products of combustion
      and to spread the stream to increase its cross-sectional area while
      decreasing its velocity as it enters the plenum chamber in the dryer. The
      size of the target baffle is influenced by the temperature gradient
      desired in the plenum chamber to compensate for variation in dryness of
      the grain lengthwise of the dryer. A fourth baffle, also of the perimeter
      type may be disposed downstream of the third baffle, the fourth baffle
      serving when necessary to control the velocity of the air entering the
      plenum chamber of the dryer.
PAR  Referring now to the drawings for a more detailed description of the
      invention, the dryer to which the invention has been applied, as shown in
      FIGS. 1 and 2, is comprised of a pair of oppositely curved bins 10 and 11
      made of perforated walls and having common inlet ends 13 at the top and
      common outlet ends 14 at the bottom. Grain to be dried is introduced into
      the dryer from an inlet opening 15 at the top of the dryer appropriately
      connected to a source of grain to be dried (not shown) and the dried grain
      is removed through an opening 16 at the bottom of the dryer. An inlet
      auger 17 extends across the top of the dryer and moves incoming grain
      horizontally across the tops of the bins 10 and 11 as they are
      progressively filled from the inlet end of the dryer. An outlet auger 18
      extends across common bottom openings of the bins 10 and 11 to move dried
      grain out of the dryer. Augers 17 and 18 are driven by motors 19 and 20
      shown in dotted outline in FIG. 1. Suitable controls, such as those
      described in U.S. Pat. No. 3,056,214 to A. Andersen, Jr., dated Oct. 2,
      1962 may be used to activate motors 19 and 20 for augers 17 and 18 in a
      predetermined sequence.
PAR  Chamber 12, the curved sides of which are defined by bins 10 and 11, is the
      plenum chamber of the dryer. One end of chamber 12 is closed by a wall 21
      and the opposite end of said chamber is closed by a wall 22 in which is
      formed an opening 23 of the size and shape of a rectangular duct 24. Said
      duct is connected at its opposite end to a burner section duct 25 which,
      in turn, is connected to the rectangular outlet of a centrifugal blower
      26. The shaft of the blower is shown at 27 and the two opposed inlet ends
      28 and 29 of the blower are shown in FIG. 3. The involute outlet end is
      shown at 30, said outlet end terminating in a rectangular opening to which
      the similarly shaped inlet opening of burner section 25 is attached.
PAR  In burner section 25 is disposed a gas type burner 31 which may be
      comprised of a plurality of sections of drilled pipe connected together to
      form a grid having a generally rectangular frontal configuration. A gas
      inlet pipe 32 at the outlet of a burner control valve 33 supplies fuel to
      the burner 31. Air from blower 26 passes around each of the pipe sections
      through diverging perforated deflectors 34 secured to each section in a
      known manner.
PAR  In the dryer chosen to illustrate this invention the bins 10 and 11 are
      filled through the top opening 13 by the auger 17, the filling taking
      place progressively from left to right as viewed in FIG. 1. After the bins
      are filled and the burner is operative, the grain shrinks and in addition
      is shaken down by the normal vibration of the blower so that the upper
      ends of the bins may be empty. Make-up grain is then brought in by the
      auger, and as the make-up grain moves along the tops of the bins it
      becomes heated and partly dried so that a temperature and dryness gradient
      is formed in the grain in the direction of the burner.
PAR  It has been found that if the products of combustion and air passing
      through duct 24 are not modified in any respect, the burning of the gases
      continues in the bin and, due to the velocity of the stream from duct 24,
      the region of each bin adjacent the duct will be cooler than the region
      remote from the duct. This produces a non-uniformity of grain dryness
      within a batch which is undesirable. Although dried grain when stored
      tends to even itself out, i.e., moisture from the wetter grain will
      migrate to the drier grain, a true measure of the dryness of the grain
      coming from the dryer is more difficult to obtain when there are
      variations within a batch of grain.
PAR  Because of the characteristic construction of a centrifugal type blower,
      air will enter from opposite directions to create a central pressure zone
      as shown by the two arrows 34a and 34b in FIG. 3. Then as the air is given
      a circular motion about the center of shaft 27, centrifugal force will
      concentrate the air along the outer surface of the blower, the greatest
      air velocity and pressure will be at the top and center of the exit
      opening.
PAR  In the burner section 25, the products of combustion expand with heat and
      are mixed with the air from the outlet of the blower. The products of
      combustion are forced downward by the higher velocity and pressure of the
      air at the top and center of the exit opening so that a layer of
      relatively cold, fast moving air is formed along the top of the duct 24. A
      similar but shallower layer is formed along the sides and bottom of the
      duct because of the central location of the stream of burning gas. If this
      relatively unmixed stream of air and products of combustion were permitted
      to enter the plenum chamber 12 unmodified, the drying of the grain would
      be correspondingly non-uniform.
PAR  According to the present invention, a first correction of the stream is
      effected at the outlet end 35 of the burner section. The correction
      comprises a baffle 36 having an outer shape and size to fit over the edge
      of the opening and then extending inward as shown more clearly in FIG. 4.
      The sides 37 and 38 and bottom 39 of baffle 36 define three sides of an
      opening 40 which is approximately the size and shape of the outer profile
      of deflector 34 at the frontal or posterior portion of the burner 31. The
      top 41 of the baffle, however, is wider than sides 37 and 38 and bottom 39
      so that top 41 extends well below the horizontal extension of the upper
      edge of burner 31. Baffle 36 is placed in close proximity to deflector 34
      and thus blocks air moving along the outer regions of the duct 24, and
      creates retarding eddies and an inward flow of the cold air into the gases
      in the deflector and also into the central unburned gases and products of
      combustion. At the top, where the greatest velocity and pressure exist,
      baffle 36 is wider to cover a larger area, hence exerts a greater
      retarding force as well as inwardly directing the cold air into the
      central stream.
PAR  Combustion continues in duct 24 downstream of baffle 36 and the burning
      gases expand toward the perimeter of the duct. To promote further mixing
      and uniformity of temperature and velocity a second baffle 42 (FIG. 5) is
      provided downstream of baffle 36. Baffle 42, like baffle 36, is a
      perimeter baffle and is designed to deflect the stream of air and burning
      gas inward toward the center of the duct. It performs one additional
      function, however, in that it provides a means for correcting any
      non-uniformity not corrected by baffle 36. Thus it has been found that in
      the dryer, burner and fan combination chosen to illustrate this invention,
      a concentration or pressure is developed in the lower right hand corner of
      the duct as viewed in FIG. 5 and hence. To disperse this local high
      pressure segment of the stream, baffle 42 is formed with a gussett 43
      extending across the corner of the opening defined by baffle 42. Said
      concentration results from the particular form of burner and pipes 44 used
      to conduct the fuel to the burner. The inward extent of the baffle 42 on
      all sides is otherwise uniform and of slightly less extent than sides 37,
      38 and 39 of baffle 36.
PAR  A target baffle 45 is used downstream of baffle 42. Target baffle 45 is
      disposed in the center of the stream and is supported from the sides of
      the duct by relatively thin braces 46. The function of this baffle is
      similar to that of such baffles used in other burners where it breaks up
      the concentration of hot gases that is formed in the center of the duct by
      burner 31 and retards the movement of the products of combustion
      downstream. In the present environment, it also directs the stream of hot
      gases outward so that if no further downstream baffle is used, the gases
      as they pass into the bin section of the dryer, i.e., into the plenum
      chamber, are closer to the grain to be dried.
PAR  Where the target baffle 45, though effecting an improved mixture of the hot
      gases, introduces a concentration of flow of the mixed gases at the
      perimeter of the duct, the fourth baffle 47 may be used at the exit end 23
      of duct 24, i.e., where the duct enters the plenum chamber 12. As shown in
      FIG. 7, baffle 47 is a perimeter baffle with substantially identical top,
      bottom and sides, but it may have instead a central opening which
      approximates the cross-section shape of plenum chamber 12.
PAR  Absolute uniformity of temperature and pressure of the gases in the plenum
      chamber 12 is not always desired. The method of operating the dryer may
      result in either a non-uniform wetness of the grain or in a non-uniform
      distribution or compactness resulting from foreign material in the grain
      such as fines. If the pattern of non-uniformity is known and predictable,
      baffles 36, 42, 45 and 47 may be used to provide a compensating
      non-uniformity in the distribution of the hot gases in plenum chamber 12.
      The location, shape and size of the baffles will determine the ultimate
      distribution of the gases in the plenum chamber.
PAR  By selecting the appropriate area of the target baffle 45, the temperature
      gradient in the hot gases entering the plenum chamber measured lengthwise
      of the chamber can be made to compensate for the temperature gradient of
      the grain in the bin. Thus a larger baffle will reduce the temperature
      gradient and a smaller baffle will increase the gradient. The velocity of
      the stream measured around the perimeter of the baffle 45 can be
      regulated, in turn, by the size and shape of perimeter baffles 36 and 42.
      The length of the flame in the duct and hence the uniformity of the gases
      in the plenum chamber can also be regulated by the shape and location of
      the baffles. Thus, if desired, a substantially straight-line increase can
      be produced in the temperature of the air as it moves through the bin
      toward the end wall of the plenum chamber remote from the duct. If the
      flow around target baffle 45 is still too peripherially oriented, a
      radially inward correction can be effected by baffle 47.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination, a grain drying bin comprising a pair of oppositely
      curved columnar bins having a common feed opening at the top and a common
      discharge opening at the bottom thereof and defining the sides, top and
      bottom of a plenum chamber, a wall closing one end of the plenum chamber,
      a burner, a blower adjacent the burner and having a discharge opening
      communicating with the burner, and a duct surrounding the burner and
      connecting the burner outlet with the plenum chamber at the end thereof
      opposite the said wall, said blower providing air in the duct at different
      velocities over the cross section of the duct and at an average velocity
      producing a temperature differential lengthwise of the plenum chamber,
      baffle means in the duct selectively deflecting the air in the duct to
      create a predetermined pattern of temperature variation over the cross
      section of the duct whereby to produce a predetermined and different
      temperature differential in the plenum chamber from the front wall to the
      rear wall thereof, wherein said blower is disposed on the side of the
      burner remote from the plenum chamber and discharges air into said duct,
      said burner having a rectangular configuration, said baffle means
      comprising a first baffle disposed in the duct adjacent the burner and
      reducing flow of air adjacent said burner at locations where the air flow
      is a maximum, a second baffle disposed downstream of the burner and
      adjacent the walls of the duct to deflect peripheral air inward of the
      duct, and a third baffle disposed centrally of the duct and downstream of
      the second baffle to deflect the central air stream radially outwardly,
      said baffles mixing the heated air from the burner with the air from the
      blower while retarding the flow of the mixed air whereby to provide a
      stream of air to the drying bin having the aforesaid predetermined and
      different temperature differential in the plenum chamber, wherein said
      blower is a centrifugal blower having a rectangular outlet, said duct is
      rectangular and connected to the rectangular outlet of the blower, said
      centrifugal blower having opposed inlet openings through which air is
      drawn by the blower in directions transverse to the general axis of the
      duct, said air, upon passing through the blower entering the duct with a
      maximum velocity at the outer central region of the rectangular outlet,
      and said first baffle reducing flow of air at said outer central region,
      and said first baffle comprising a substantially flat sheet extending
      across said duct and having a rectangular opening therein conforming in
      size, orientation and configuration to the size, orientation and
      rectangular configuration of the burner except for the outer central
      region of the duct corresponding to the outer central region of the
      rectangular blower outlet at which point the baffle extends inward to
      block a portion of the flow from said burner.
NUM  2.
PAR  2. The combination defined in claim 1, wherein said feed opening at the top
      of the bin comprises a longitudinal chamber extending along the top of
      said bin, said chamber having an opening at one end thereof and an auger
      extending across said opening and through said longitudinal chamber for
      feeding grain to be dried along the top of said bin, said grain becoming
      progressively dryer as it proceeds through the said longitudinal chamber
      and thus requiring a compensating temperature gradient in the air passing
      through the bin, and said baffles producing said required compensating
      temperature gradient in the air passing through the bin.
NUM  3.
PAR  3. The combination defined in claim 2, wherein said gradient comprises a
      substantially straight line increase in temperature as the air moves
      through the bin toward the end wall.
NUM  4.
PAR  4. The combination defined in claim 1, there being a fourth baffle at the
      end of the duct downstream of the third baffle to deflect peripheral air
      inward of the duct.
NUM  5.
PAR  5. The combination defined in claim 1, said second baffle comprising a
      substantially flat sheet extending across said duct and having a
      rectangular opening therein conforming in size, orientation and
      configuration to the size, orientation and configuration of the burner,
      said burner having an area of less resistance to the stream from the
      burner at one corner of the duct, and said baffle having a gusset
      extending across a corner of the opening therein downstream of said area
      of less resistance.
NUM  6.
PAR  6. In combination, a grain drying bin comprising a pair of oppositely
      curved columnar bins having a common feed opening at the top and a common
      discharge opening at the bottom thereof and defining the sides, top and
      bottom of a plenum chamber, a wall closing one end of the plenum chamber,
      a burner, a blower adjacent the burner and having a discharge opening
      communicating with the burner, and a duct surrounding the burner and
      connecting the burner outlet with the plenum chamber at the end thereof
      opposite the said wall, said blower providing air in the duct at different
      velocities over the cross section of the duct and at an average velocity
      producing a temperature differential lengthwise of the plenum chamber,
      baffle means including first, second and third baffles in the duct
      selectively defelcting the air in the duct to create a predetermined
      pattern of temperature variation over the cross section of the duct
      whereby to produce a predetermined and different temperature differential
      in the plenum chamber from the front wall to the rear wall thereof, said
      first baffle comprising a substantially flat sheet extending across said
      duct and having a rectangular opening therein conforming in size,
      orientation and configuration to the size, orientation and rectangular
      configuration of the burner except for the outer central region of the
      duct corresponding to the outer central region of the rectangular blower
      outlet at which point the baffle extends inward to block a portion of the
      flow from said burner, said second baffle comprising a substantially flat
      sheet extending across said duct and having a rectangular opening therein
      conforming in size, orientation and configuration to the size, orientation
      and configuration of the burner, said burner having an area of less
      resistance to the stream from the blower at one corner of the duct, and
      said second baffle having a gusset extending across a corner of the
      opening therein downstream of said area of less resistance, and said third
      baffle comprising a disc and means supporting said disc substantially in
      the center of said duct in transverse relation thereto.
NUM  7.
PAR  7. The combination defined in claim 6, said combination including a fourth
      baffle downstream of the third baffle and substantially at the entrance to
      the plenum chamber, said fourth baffle being a perimeter baffle and
      comprising a substantially flat sheet having a centrally located
      rectangular opening conforming in shape to the shape of the duct.
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ABST
PAL  A device for positively positioning a tubular workpiece on a carrier, and
      in particular for positioning a tubular parison on a carrier of a conveyor
      within a parison heating oven. The parisons are engaged by a cam operated
      positioning cap which exerts a downward force on the top of the parison to
      position the parison on its carrier member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to positioning of tubular workpieces, and in
      particular it relates to the correct positioning of a tubular parison on a
      carrier member associated with a parison heating oven.
PAR  In the art of blow molding, the starting material delivered to the blow
      mold is usually a hollow cylindrical tube knwon as a parison. Since the
      parisons must be hot when they are formed into finished articles, the
      original technique was to take the parison as soon as it was formed by the
      extrusion apparatus, and while still hot transfer it directly to the blow
      molding apparatus. However, since it has been found undesirable to
      necessarily link together the process of forming the parisons and the
      process of forming the finished articles, a further technique has been
      developed, known as the cold parison technique, wherein the parisons, upon
      being formed, are first of all cooled down and usually stored for a period
      of time after which they are reheated and blow molded. The separation of
      these two functions provides the significant advantage that the process of
      forming the parisons may be separated in time and geographically from the
      process of forming the finished articles. The separation of these two
      functions of course means that the process of forming the finished
      articles must start with cold parisons which must first be heated.
      Consequently, this latter technique has become known as the cold parison
      technique.
PAR  A method and apparatus for carrying out the cold parison technique is shown
      and described in commonly owned U.S. Pat. No. 3,765,813, issued Oct. 16,
      1973. This patent illustrates an oven into which the parisons are placed
      and in which the parisons are heated to a forming temperature, after which
      the heated parisons are removed and carried to a blow mold, whereat the
      parisons are stretched longitudinally and then blow molded into finished
      articles.
PAR  As shown in the said patent, the parisons are loaded by gravity onto
      upwardly extending carrier members which then carry the parisons through
      the oven. It is of critical importance that the parisons be heated
      uniformly as they travel through the oven. Except for the case where
      non-uniformed heating is applied and carefully controlled for obtaining
      certain conditions, it is necessary that the parison be heated uniformly
      so that the subsequent stretching and blow molding steps will act upon the
      parison in a uniform manner. Otherwise, for example if the parison is not
      heated uniformly along its length or around its circumference, the
      finished article will have an improper weight distribution and hence will
      have to rejected. Obviously rejects constitute waste which is expensive
      and should be minimized if not totally eliminated.
PAR  Many methods and structural features are provided in the parison heating
      oven to achieve this required uniformity. For example the airflow through
      the oven is carefully controlled and the parisons are rotated about their
      axes.
PAR  However, these procedures designed to enhance heating uniformity presume in
      the first instance that the parison is at a specified position relative to
      its carrier member, i.e. that it is properly positioned on its carrier
      member. However, it has been found that with the present technique of
      loading the parisons onto their carrier members by dropping them
      vertically thereonto, many of the parisons have not in fact moved
      downwardly onto the intended, proper position on their respective holders.
      Moreover, with the presently known apparatus there is no further means for
      positively positioning a parison which did not achieve the proper position
      at the loading station. Consequently, many of the parisons remain in an
      improper position as they travel through the oven. For example, a parison
      might not fall downwardly far enough, whereupon it would sit high on its
      carrier member and perhaps tilt to one side. Such improperly positioned
      parisons would then continue through the oven and be heated in an
      unintentional, undesirable non-uniform manner, whereupon that parison
      would be stretched and blow molded in a non-uniform manner, resulting in a
      reject. Such improper positioning might be caused for example if the
      parison is slightly out of round, as a result of which the inside would be
      slightly oval, resulting in at least one short inside diameter preventing
      the complete downward movement of the parison onto its carrier member.
PAR  Previous attempt to assure proper positioning of parisons onto their
      respective carrier members have centered on tightening tolerances of the
      parison and the carrier member. However, the cost of very close tolerances
      are unreasonably high and they still cannot prevent an unreasonably high
      number of rejected parisons.
PAR  Thus, there is a need for an improvement which will economically and
      reliably assure that the parisons are properly positioned on their carrier
      members.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, it is a purpose of the present invention to provide a new and
      improved arrangement for assuring proper positioning of parisons on their
      carrier members.
PAR  This purpose of the present invention is achieved by providing a device
      located along the oven conveyor, preferably just downstream from the
      loading station, which engages a just loaded parison from above and exerts
      a downward force onto the parison so that a parison which was not properly
      positioned on its carrier member will be moved downwardly into the proper
      position.
PAR  In accordance with a preferred embodiment, the present invention comprises
      a positioning cap mounted to move vertically down onto the parison while
      concurrently moving in a horizontal path with the conveyor for at least a
      portion of the travel of the conveyor. This positioning cap may be mounted
      on a rod adapted to move vertically, and this vertical movement can be
      controlled by a cam means engaged by follower means associated with the
      said rods.
PAR  In accordance with one preferred embodiment, the rods can have followers at
      their upper ends which engage a fixed cam, and in another embodiment the
      rods can be connected to horizontal arms which in turn engage the cam,
      said arms being further connected to means which permit the arms to slide
      vertically while spring biassing the said arms against the cam.
PAR  In a parison heating oven, this positive placement means may be located at
      a turn in the conveyor, i.e. wherer the conveyor engages a sprocket wheel
      or the like for a 90.degree. or 180.degree. turn. The various rods and
      positioning caps can then be connected to a mounting means turnable with
      the sprocket while a circular cam may be fixedly connected with respect to
      the oven housing so as to cooperate with the various means rotating with
      the sprocket.
PAR  Thus, it is an object of the present invention to provide a new and
      improved device for centering and positioning a workpiece on its holder.
PAR  It is still another object of this invention to provide an apparatus for
      properly positioning a parison on its carrier in a parison heating oven.
PAR  It is still another object of this invention to provide for a parison
      heating oven an arrangement including a plurality of positioning caps
      which, under the action of suitable cam and follower means, are operable
      to move downwardly to exert a downward force on parisons which have just
      been gravity loaded onto their respective carrier members to assure proper
      positioning of these parisons on their carrier members.
PAR  Other objects and the advantages of the present invention will become
      apparent from the detailed description to follow, together with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Preferred embodiments of the invention will now be described in detail with
      reference to the accompanying drawings which are provided solely for
      purposes of illustration and in which:
PAR  FIG. 1 is a schematic view of a parison heating oven which incorporates the
      features of the present invention.
PAR  FIG. 2 is a perspective view of a first embodiment of a parison positioning
      apparatus constructed in accordance with the features of the present
      invention, this view being taken generally in the direction of the arrow A
      in FIG. 1.
PAR  FIG. 3 is an enlarged cross-sectional view of a portion of FIG. 2 taken in
      the plane indicated by the line 3--3 of FIG. 2.
PAR  FIG. 4 is a cross-sectional view of a further embodiment of a parison
      positioning apparatus constructed in accordance with the features of the
      present invention, this figure illustrating the apparatus as viewed in a
      plane through the line B--B of FIG. 1.
PAR  FIG. 5 is a reduced cross-sectional view taken along line 5--5 of FIG. 4.
PAR  FIG. 6 is a partial view illustrating a modification of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, like elements are represented by like
      numerals throughout the several views.
PAR  FIG. 1 illustrates diagramatically a parison heating oven 10 having a
      conveyor means 11 preferably in the form of an endless chain conveyor
      having carrier members attached thereto for carrying the parisons through
      the oven 10 in an upright position to be heated therein to a forming
      temperature. The parisons are loaded onto the carrier members at a loading
      station 12. The carrier members are then carried through the oven along a
      path of sufficient length to assure that the parisons remain in the oven
      for a sufficient period of time. In practice, the endless conveyor may
      pass back and forth through the oven numerous times as shown for example
      in the said earlier patent. For purposes of the present invention,
      however, this extensive path through the oven is indicated simply by the
      dotted line portion 14. When the parisons have been heated to the proper
      forming temperature, they reach the discharge station 13 where suitable
      means are provided for grasping the upper end of the heated parison and
      removing it upwardly out of the oven and for then carrying the heated
      parison to a blow molding station.
PAR  If a heated parison is to ultimately result in an acceptable finished
      article, it is important that the parison be heated uniformly along its
      length and about its circumference. (This disregards certain specialized
      situations wherein parisons are intentionally heated in a non-uniform
      manner to intentionally achieve non-uniform weight conditions in the
      finished article.) To achieve this uniformity the flow of heating air
      through the oven is carefully controlled and in accordance with one
      arrangement, the individual carrier members are rotated about their axes,
      thereby rotating the parisons carried thereon to achieve uniformity in the
      circumferential direction. In addition, the various means provided for
      controlling the juxtaposition of the heating means and the parisons
      assumes that the parisons are properly positioned on their respective
      carrier members. Hence, if a parison is not properly positioned on its
      carrier member, it will most likely be heated in an unintentional
      non-uniform manner resulting in scrap rather than an acceptable finished
      article. Indeed, even if an improperly positioned parison does get heated
      in a uniform manner as it travels through the oven, it will no doubt
      become defective at the discharge station where the gripping means which
      would be positioned to grasp a properly positioned parison would grasp the
      improperly positioned parison at the incorrect point thereon. Since this
      gripping means also holds the parisons during the subsequent stretching
      and blow molding operations, it will be immediately apparent that this
      improperly gripped parison will be positioned incorrectly at the
      stretching and molding stations, once again resulting in an unacceptable
      finished article, i.e. scrap.
PAR  The difficulty can be best explained by referring to FIG. 3. The assumption
      has been that the cold parisons loaded vertically by gravity onto the
      carrier members at the loading station 12 have a precise inside diameter
      and are perfectly round. If this is the case, then the parisons will fall
      down over the carrier member 40 and rest on the flange surface 40a.
      However, the difficulty is that the parison inside diameter might be
      smaller than anticipated or it might be slightly oval rather than round.
      In either event the parison will not fall all the way to the flanged
      portion 40a. Indeed, if the carrier member 40 were provided with a uniform
      diameter throughout its length, the parison might simply hit the top
      thereof and fall off. However, to assure at least a temporary tentative
      positioning of the parison onto its respective carrier member, the carrier
      member 40 is provided with a reduced diameter portion 40b so that the
      parison will at least be retained by this portion 40b with the bottom of
      the parison resting on the shoulder 41.
PAR  The present invention is particularly concerned with an apparatus for
      positively locating the parison onto its carrier member with the bottom of
      the parison resting on the flange 40a. This positive placement station is
      shown at 15 in FIG. 1. From a purely manipulative point of view, the only
      requirement is that this positive placement stage be located downstream
      from the loading station 12. However, it is preferred to allow the
      parisons to complete one or two passes through the oven before reaching
      the positive placement station. This will permit the parison to become
      somewhat softer and more pliable so that it will more easily conform to
      the size and shape of the lower portion of carrier member 40 while it is
      still stiff enough not to buckle under the forces that are now to be
      applied downwardly to it.
PAR  Referring now to FIGS. 2 and 3, there is shown a first embodiment of a
      parison positioning apparatus. In this case the apparatus includes a
      central column 21 operatively fixed to the sprocket 20 of the endless
      conveyor 11 to rotate therewith. A plate member 22 is fixed to the column
      21 so that it also rotates therewith. A cam 25 is located above the plate
      22 and is fixed relative to the oven housing. This cam will preferably
      include a single "high" portion 25a with the cam progressing to a low
      point 180.degree. removed therefrom (not shown in the figures).
PAR  The plate 22 includes a plurality of vertical openings 23 spaced
      thereabout, each directly over a carrier member on the endless conveyor 11
      as the latter passes about the axis of column 21. A rod 30 extends
      vertically through each of the openings 23. At its upper end, the rod is
      biforated at 31 and rotatably receives a cam follower 32. A flange 33 is
      fixed to the rod and extends outwardly therefrom. A spring 34 mounted
      between the upper surface of plate 22 and the lower surface of flange 33
      urges the rod 30 and hence also the follower 32 into engagement with the
      surface of cam 25. At its lower end the rod 30 has slidably mounted
      thereon a positioning cap 35. The downward limit of this cap is formed by
      a nut 37 attached to the rod 30. The cap is movable upwardly opposing the
      downward force of spring 36.
PAR  As illustrated in FIG. 3, the positioning cap 35 includes a downwardly
      convex, i.e. essentially conical surface with the lower portion thereof
      having a diameter smaller than the inside diameter of the parison. This
      will permit the bottom of positioning cap 35 to easily enter the parison
      and then properly center it on the carrier member 40 while urging it
      downwardly against flange 40a. The lower surface of the positioning cap
      can also be constructed with a rather wide conical surface so that the
      same cap will be applicable to parisons with different inside diameters.
      Although the dimensions of the various elements will depend on specific
      operating conditions and will be apparent to one skilled in the art, it
      might be noted that the cam surface 25 should be constructed so that the
      positioning cap 35 is sufficiently high for a parison to pass beneath it
      as the positioning cap and its respective parison move into vertical
      alignment with each other. The rod 30 then must be moved downwardly a
      sufficient distance to enter the parison and urge it downwardly onto the
      flange 40a.
PAR  Referring now to FIGS. 4 and 5, there is shown a further embodiment of the
      present invention. In some situations the vertical height within the oven
      might be too limited to permit the type of arrangement shown in FIG. 2. In
      this case it might be necessary to somewhat "compact" in a vertical
      direction the overall positioning apparatus, and especially the cam and
      follower means. Such an arrangement is shown in FIGS. 4 and 5 and is
      referred to generally by the numeral 15a.
PAR  Referring now to these figures there is shown a central column 50 which is
      fixedly connected to the sprocket 20 by any suitable means. A weld 54 is
      diagramatically indicated in FIG. 4. The column 50 is mounted for rotation
      with the sprocket 20 by any suitable means. Suitable upper and lower
      bearings 52 and 53 are indicated schematically in FIG. 4, the bearings 52
      being located adjacent the low ceiling 51.
PAR  A cam 55 is fixed with respect to the ceiling 51 and includes a high point
      and a low point 55a and 55b, respectively, as shown in FIG. 4. In this
      sense the cam 55 is similar to the cam 25. However, to preserve space this
      cam is essentially a hollow cylinder above its lower operative surface.
PAR  Upper circular flanges 60 and 61 are fixed with respect the column 50 to
      rotate therewith. A rod 62 is provided for each positioning cap and this
      rod extends vertically and is fixed to the flanges 60 and 61 by suitable
      means such as nuts 62a.
PAR  Surrounding the rod 62 is a cylindrical housing 63 which operatively
      engages the rod 62 for sliding movement therealong by means of upper and
      lower bushings 64 and 65. An arm 66 is fixed with respect to the housing
      63 and extends outwardly therefrom. A rod 67 is fixedly secured to the arm
      66 by suitable means such as threading 67a. At the lower end of the rod 67
      there is provided a positioning cap 68, the lower limit of which is
      limited by nut 69 on the rod 67, this positioning cap being urged
      downwardly by a spring 70 acting between the bottom of arm 66 and the top
      of positioning cap 68. This cap 68 is of course similar to the positioning
      cap 35 in the embodiment of FIG. 2.
PAR  As will be evident from FIG. 4, the upper surface of the arms 66 engage the
      operative lower surface of cam 55. As the arm 66 moves to the high point
      55a of the cam 55 this arm 66 is moved downwardly against the force of a
      spring 71 acting between the bottom of housing 63 and the upper surface of
      the lower flange 61. The operation of the embodiment of FIG. 4 is
      identical to that of FIG. 2, i.e. a separate positioning cap 68 is
      provided in vertical alignment with each parison passing therebeneath on
      the endless conveyor 11 and the cam, the positioning caps and the spring
      means are so constructed and arranged that the positioning caps will
      easily move over improperly positioned parisons as they move into vertical
      alignment therewith and will then move downwardly a sufficient distance to
      urge the respective parison against its respective base flange 40a.
PAR  In both of the illustrated embodiments the positioning cap is not rigidly
      secured to its respective rod, but rather it is slidable thereon urged
      downwardly by a spring means. This is to provide some resilience between
      the positioning cap and the parison so that the positioning cap will not
      damage the parison when the latter offers some resistence to the downward
      force applied to it.
PAR  As mentioned above, a main advantage of the FIG. 4 embodiment is that it
      saves space in the vertical direction. It might also be necessary to
      conserve space in the radial direction. Consequently, and referring to
      FIG. 5, rather than have the arms 66 extend radially relative to the axis
      of column 50, it might be preferable to have these arms extend at an angle
      to the radius as shown for example in FIG. 5.
PAR  FIG. 6 illustrates a modification of the positioning cap as shown in either
      of the illustrated embodiments. In this case the positioning cap is
      constructed so as to be downwardly concave rather than downwardly convex.
PAR  Although the invention has been described in considerable detail with
      respect to a preferred embodiment, it will be apparent that the invention
      is capable of numerous modifications and variations apparent to those
      skilled in the art without departing from the spirit and scope of the
      invention as defined in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for positioning tubular workpieces comprising:
PA1  a conveyor means having a plurality of carrier members thereon, each
      positioned to receive a tubular workpiece and to hold the same in an
      upright position,
PA1  and a positive placement station along said conveyor means including a
      positioning cap, and means for moving the positioning cap downwardly
      against the top of a workpiece to positively position it on its respective
      carrier member,
PA1  said positioning cap having a substantially symmetrical portion engageable
      with an inner peripheral portion of a workpiece for the centering of a
      workpiece on its respective carrier member.
NUM  2.
PAR  2. A device according to claim 1, including a cam and follower means for
      urging the positioning cap downwardly against the workpiece.
NUM  3.
PAR  3. A device according to claim 2, said positioning cap being movable with
      the conveyor means for a portion of the conveyor means travel, and said
      cam and follower means being operable to lower the positioning cap against
      the top of said portion and then to raise the positioning cap away from
      the workpiece.
NUM  4.
PAR  4. A device according to claim 1, said positioning cap being downwardly
      convex, the apex thereof being smaller in diameter than the inside
      diameter of a workpiece receivable on the carrier member.
NUM  5.
PAR  5. A device according to claim 1, said positioning cap being downwardly
      concave, the inside diameter at the lower end of the cap being larger than
      the outside diameter of a workpiece receivable on the carrier member.
NUM  6.
PAR  6. In an oven having a conveyor means with a plurality of carrier members
      thereon for receiving hollow tubular parisons and supporting them in an
      upright position while carrying them through the oven for heating them to
      a forming temperature, the improvement comprising:
PA1  a positive placement means for positively engaging the tops of the parisons
      while the parisons are on their respective carrier members, and exerting a
      downward force thereon to assure that each parison is positively
      positioned on its respective carrier member,
PA1  said placement means having a symmetrical portion engageable with an inner
      peripheral portion of a parison for the centering of a parison on its
      respective carrier member.
NUM  7.
PAR  7. An oven according to claim 6, including a loading station for loading
      the parisons by gravity onto their respective carrier members, and
      positive placement means being located within the oven a short distance
      downstream from said loading station, whereby the parisons are at least
      slightly heated in the oven before reaching the positive placement means.
NUM  8.
PAR  8. An oven according to claim 7, said positive placement means being
      movable with the conveyor for a portion of the conveyor travel.
NUM  9.
PAR  9. An oven according to claim 6, said conveyor means including at least one
      horizontal turn about a vertical axis, said positive placement means being
      located inside said turn so that the said portion comprises a portion of
      said turn.
NUM  10.
PAR  10. An oven according to claim 9, said positive placement means including a
      positioning cap operatively associated with a cam and follower means which
      imparts vertical movement thereto for engaging the parisons.
NUM  11.
PAR  11. A device for positively positioning tubular workpieces comprising:
PA1  a conveyor means having a plurality of carrier members thereon, each
      positioned to receive a tubular workpiece and to hold the same in an
      upright position,
PA1  a positive placement station along said conveyor means including a
      positioning cap, and means for moving the positioning cap downwardly
      against the top of a workpiece to positively position it on its respective
      carrier member,
PA1  a cam and follower means for urging the positioning cap downwardly against
      the workpiece,
PA1  said positioning cap being movable with the conveyor means for a portion of
      the conveyor means travel, and said cam and follower means being operable
      to lower the positioning cap against the top of said portion and then to
      raise the positioning cap away from the workpiece,
PA1  said positive placement station located inside of a horizontal turn of the
      conveyor means about a vertical axis, and including a mounting means
      turnable about a vertical axis and including a plurality of positioning
      caps thereon, said cam and follower means being operable against all of
      said positioning caps to lower each of them during a certain portion of
      said turn.
NUM  12.
PAR  12. A device according to claim 11, said positioning caps being vertically
      slidably mounted on their respective rods, and including spring means for
      urging each said positioning cap to the lower end of its respective rod.
NUM  13.
PAR  13. A device according to claim 11, each positioning cap mounted at the
      lower end of a vertically extending rod, which rod is in turn to an arm
      extending inwardly toward the mounting means, means mounting each said arm
      for vertical sliding movement and including spring means urging each arm
      upwardly, said cam and follower means comprising a fixed cam above said
      arms, said arms engaging the cam and constituting the follower.
NUM  14.
PAR  14. A device according to claim 13, said positioning caps being vertically
      slidably mounted on their respecitve rods, and including springs means for
      urging each said positioning cap to the lower end of its respective rod.
NUM  15.
PAR  15. In an oven having a conveyor means with a plurality of carrier members
      thereon for receiving parisons and supporting them in an upright position
      while carrying them through the oven for heating them to a forming
      temperature, the improvement comprising:
PA1  a positive placement means for positively engaging the tops of the parisons
      while parisons are on their respective carrier members, and exerting a
      downward force thereon to assure that each parison is positively
      positioned on its respective carrier member.
PA1  a loading station for loading the parisons by gravity onto their respective
      carrier members, said positive placement means being located within the
      oven a short distance downstream from said loading station, whereby the
      parisons are at least slightly heated in the oven before reaching the
      positive placement means,
PA1  said positive placement means being movable with the conveyor for a portion
      of the conveyor travel,
PA1  said conveyor means including at least one horizontal turn about a vertical
      axis, said positive placement means being located inside said turn so that
      the said portion comprises a portion of said turn,
PA1  said positive placement means including a positioning cap operatively
      associated with a cam and follower means which imparts vertical movement
      thereto for engaging the parisons,
PA1  each positioning cap mounted at the lower end of a vertically extending
      rod, said cam and follower means including a cam follower at the upper end
      of each rod and a fixed cam located above and engaged by all of said cam
      followers, said cam including a high point at said portion of the conveyor
      travel, and including spring means for urging the said followers against
      the cam.
NUM  16.
PAR  16. In an oven having a conveyor means with a plurality of carrier members
      thereon for receiving parisons and supporting them in an upright position
      while carrying them through the oven for heating them to a forming
      temperature, the improvement comprising:
PA1  a positive placement means for positively engaging the tops of the parisons
      while the parisons are on their respective carrier members, and exerting a
      downward force thereon to assure that each parison is positively
      positioned on its respective carrier member,
PA1  a loading station for loading the parisons by gravity onto their respective
      carrier members, said positive placement means being located within the
      oven a short distance downstream from said loading station, whereby the
      parisons are at least slightly heated in the oven before reaching the
      positive placement means,
PA1  said positive placement means being movable with the conveyor for a portion
      of the conveyor travel,
PA1  said conveyor means including at least one horizontal turn about a vertical
      axis, said positive placement means being located inside said turn so that
      the said portion comprises a portion of said turn,
PA1  said positive placement means including a positioning cap operatively
      associated with a cam and follower means which imparts vertical movement
      thereto for engaging the parisons,
PA1  each positioning cap mounted at the lower end of a vertically extending
      rod, which rod is in turn fixed to an arm extending generally toward said
      axis, means mounting each said arm for vertical sliding movement and
      including spring means for urging each arm upwardly, said cam and follower
      means comprising a fixed cam above said arms, and arms engaging the cam
      and constituting a follower.
NUM  17.
PAR  17. In an oven having a conveyor means with a plurality of carrier members
      thereon for receiving parisons and supporting them in an upright position
      while carrying them through the oven for heating them to a forming
      temperature, the improvement comprising:
PA1  a positive placement means for positively engaging the tops of the parisons
      while the parisons are on their respective carrier members, and exerting a
      downward force thereon to assure that each parison is positively
      positioned on its respective carrier member,
PA1  a loading station for loading the parisons by gravity onto their respective
      carrier members, said positive placement means being located within the
      oven a short distance downstream from said loading station, whereby the
      parisons are at least slightly heated in the oven before reaching the
      positive placement means,
PA1  said positive placement means being movable with the conveyor for a portion
      of the conveyor travel,
PA1  said conveyor means including at least one horizontal turn about a vertical
      axis, said positive placement means being located inside said turn so that
      the said portion comprises a portion of said turn,
PA1  a mounting means turnable about said vertical axis, said positive placement
      means connected to the mounting means to rotate therewith, said mounting
      means being integral with a sprocket of the conveyor means at said turn to
      turn therewith.
NUM  18.
PAR  18. An oven according to claim 17, including a cam and follower means for
      imparting vertical movement to said positive placement means.
NUM  19.
PAR  19. An oven according to claim 18, said positive placement means comprising
      a plurality of separate positioning caps spaced about said mounting means
      and turnable therewith, a cam follower associated with each positioning
      cap and turnable therewith about said axis, and a fixed cam engaged by
      said followers for determining the vertical movement of said positioning
      caps.
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ABST
PAL  A novel process for the dyeing of modified polyester fibers containing
      sulfonate group, as well as mixed fibers and union fabrics thereof with
      other fibrous materials with cationic dyestuff is provided. The dyeing is
      carried out in the presence of one or more of aliphatic dicarboxylic acid
      diesters containing 8 to 14 carbon atoms. The resulting dyeings possess an
      outstanding fastness properties especially fastness to light.
BSUM
PAR  This invention relates to an improved process for the dyeing of modified
      polyester fibers containing sulfonate group, as well as their mixed fibers
      and union fabrics with other fibrous materials.
PAR  More particularly, the present invention is directed to a process for
      dyeing of the modified polyester fibers containing sulfonate group of a
      type capable of dyeing with a cationic dyestuff, whereby the dyeing
      properties of the fibers with cationic dyestuff are considerably improved
      by the aid of a specific aliphatic dicarboxylic acid diester as dye
      assistant.
PAR  It is known that fabrics made of the hitherto known polyester fibers
      generally possess excellent physical properties such as tough and
      resilient feelings, anti-creasing, pleats-durability, dimensional
      stability and wash-and-wear properties. Unfortunately, the polyester
      fibers are inferior to polyamide fibers with respect to their dyeability
      with acid dyestuff, on the one hand, and to acrylic fibers with respect to
      their dyeability with cationic dyestuff, on the other.
PAR  Many efforts and studies have been made for establishment of imparting an
      improved dyeability to the known polyester fibers with basic dyestuff, and
      at present, modified polyester fibers meet with such a requirement are
      available in the market.
PAR  Although these modified types of polyester fibers featuring dyeability with
      basic dyestuff possess a good absorbing capacity of cationic dyestuff, it
      was found that the dyeability of the modified polyester fibers with
      cationic dyestuff are not as excellent as those of acrylic fibers with
      cationic dyestuff.
PAR  In addition, cationic dyestuff does not usually yield a satisfactory dyeing
      on the modified polyester fibers, unless otherwise the dyeing is conducted
      at considerably high temperatures such as 120.degree. to 130.degree.C.
PAR  In carrying out the dyeing at such high temperatures, there are, however,
      the disadvantages of requiring a high temperature dyeing machine, on the
      one hand, and limiting the types of cationic dyestuff adaptable for this
      process, on the other. This is because some of the known cationic
      dyestuffs are apt to thermal decomposition at high temperatures such as
      120.degree. to 130.degree.C.
PAR  Under the circumstances, a provision of dyeing method adaptable for
      carrying out at a relatively low temperature has been wanted in the art of
      this field.
PAR  For the purpose of enhancing dye-absorbability of the dyeing materials, a
      dyeing procedure that can be effected at a relatively low temperature was
      proposed, which is characterized by the presence of a carrier.
PAR  The carrier recommended in that process was a nonionic carrier such as
      Latyl Carrier A, a commercial name given to a product manufactured by E.
      I. du Pont de Nemours & Company of U.S.A. [See "American Dyestuff
      Reporter", 50, No. 12, pp 445-450 (1961).]
PAR  It was, however, found that with such a known carrier, dyeings are obtained
      which possess a poor fastness to light that makes them worthless from a
      commercial viewpoint.
PAR  Now, as a result of our extensive researches on improvement of cationic
      dye-absorbability of the modified polyester fibers which contain sulfonate
      group, as well as mixed fibers and union fabrics thereof with other known
      fibrous materials, a novel process for dyeing of said fibrous materials
      has been established, which is capable of producing the dyeings having
      improved fastness to light, unlike the dyeings of poor fastness to light
      such as aforementioned, which have been obtained by the known process in
      which the carrier is employed.
PAR  According to the process of this invention, the dyeing of the
      abovementioned modified polyester fibers is carried out in the presence of
      one or more of aliphatic dicarboxylic acid diesters containing 8 to 14
      carbon atoms in their molecular structure as dye assistant, which may also
      be called "Carrier". By adding the specified diester or diesters to the
      baths for dip-dyeing and pad-dyeing or to a printing paste, a considerable
      enhancement of absorbability of cationic dyestuff on the modified
      polyester fibers is attained.
PAR  In this regard, it has further been found that an inferior dye
      absorbability is attained when an aliphatic dicarboxylic acid diester or
      diesters containing carbon atoms less than 8 or more than 14 is/are
      employed as carrier instead of those specified in the process of this
      invention.
PAR  The specific aliphatic dicarboxylic acid diester employed in carrying out
      the process of this invention embraces saturated and unsaturated aliphatic
      dicarboxylic acid diesters so far as they contain 8 to 14 carbon atoms as
      aforementioned.
PAR  Typical examples of the saturated dicarboxylic acid diesters include the
      diesters of oxalic, malonic, succinic, glutaric, adipic, piperic, suberic,
      acelaic, sebacic and the like acids; and the typical examples of
      unsaturated aliphatic dicarboxylic acid diesters include the diesters of
      maleic, fumaric, itaconic, citraconic, mesaconic, glutaconic, and the like
      acids. Other types of the corresponding diester which may be employed are
      those of alkyl-substituted aliphatic saturated and unsaturated
      dicarboxylic acids such as .beta.-methyl adipic, .alpha.-methylglutaric
      and methyl malonic acids.
PAR  The alkyl radicals which form said diesters of dicarboxylic acids include
      linear alkyl groups such as methyl, ethyl, n-propyl and n-butyl, and the
      branched alkyl radicals such as iso-propyl, sec-butyl and tert-butyl.
      Allyl radical may further be added as unsaturated alkyl group. Same or
      different alcohol components may be used for imparting the alkyl radicals
      required for the formation of the aforementioned various diesters.
PAR  Amongst the aforementioned aliphatic dicarboxylic acid diesters that we can
      employ are the alkyl diesters such as di-n-butyl oxalate, diethyl
      ethylmalonate, di-n-propyl malonate, di-n-butyl malonate, diethyl
      methylmalonate, diethyl allylmalonate, dimethyl diethylmalonate, diethyl
      maleate, di-n-butyl maleate, diallyl maleate, diethyl fumarate, diethyl
      succinate, di-n-butyl succinate, diallyl succinate, diethyl glutarate,
      diethyl itaconate, di-n-butyl itaconate, dimethyl adipate, diethyl
      adipate, di-iso-propyl adipate, di-n-butyl adipate, dimethyl sebacate,
      diethyl sebacate, tert-butyl ethylmalonate and the like. As is apparent,
      the above diesters are mere exemplification for the sake of well
      understanding of the invention, and accordingly, the invention, needless
      to say, should not be restricted to use only these compounds.
PAR  The quantity of the aliphatic dicarboxylic acid diesters employed may vary
      to some extent being dependent partly on the intended depth of the shade
      of dyeing and partly on the method used for dyeing. As for dip dyeing, the
      diester may be used in an amount of from about 0.1 grams to about 50 grams
      and preferably from about 1 gram to about 20 grams per liter of the bath;
      as for pad-dyeing, the diester in an amount of from about 0.1 grams to
      about 100 grams and preferably from about 5 grams to about 50 grams per
      liter of the bath; and as for printing, the diester in an amount of from
      about 0.1 grams to about 100 grams and preferably from about 5 grams to
      about 50 grams per kilogram of the printing paste.
PAR  Since most of the diesters possess a relatively low solubility in water,
      the same is desirably added to dip and pad dyebaths and to printing paste
      in a form of an aqueous dispersion previously prepared by the aid of a
      nonionic surfactant as emulsifier.
PAR  As suitable nonionic surfactant that can be employed for this purpose,
      there may be mentioned polyoxyethylene alkylphenol ether, polyoxyethylene
      acyl ester, polyoxyethylene sorbitan aliphatic acid ester, polyoxyethylene
      alkyl ether and the like.
PAR  Amount of the nonionic surfactant used for formation of a homogeneous
      dispersion of the aforementioned diester in a contemplated dyebath for
      dipping or padding may vary in the range of from 1/10 to 2 times and
      preferably from 1/5 to 1/2 times by weight on the basis of the weight
      quantity of the diester employed.
PAR  It will be understood that the modified polyester fibers of the type
      dyeable with cationic dyestuff to be used in carrying out the dyeing
      process according to the present invention are those which contain
      sulfonate group as the dyeing site for the cationic dyestuff.
PAR  As concrete examples of the abovementioned modified polyester fibers, there
      may be mentioned various types of Dacron spun fibers such as Dacron Types
      64, 65, 651, 89, 161, 167, 62, 92 and 69, all manufactured by E. I. du
      Pont de Nemours & Company of U.S.A.; Fortrel Types 402 and 404
      manufactured by Cellanese Corp. of U.S.A.; Kodel Types 511 and 541
      manufactured by Tennecy Eastman Chemical Products Inc. of U.S.A.; Trevira
      Type 440 manufactured by Hystron Fibers Inc. of U.S.A.; Tetoron Type A
      manufactured by Toray Company of Japan and so forth.
PAR  As the cationic or basic dyestuffs suitable for use in carrying out the
      process of the present invention, there may be mentioned various dyestuffs
      of methin and azomethin series which contain indolenium, pyrrazonium,
      imidazolium, triazolium, oxazolium, thiaziazolium, oxazolium, thiazolium,
      pyridinium, pyrymidium or pyrazinium ring; the dyestuffs of
      diphenylmethane, triphenylmethane, oxazine, thiazine and xanthene series;
      the dyestuffs of heterocyclic azo and anthraquinone series; and the
      so-called non-conjugated type arylazo dyestuffs which contain an external
      onium group.
PAR  The process of this invention, as is aforementioned, is applicable for pad
      dyeing and printing in addition to dip-dyeing.
PAR  According to the process of this invention, there are obtained the dyeings
      of heavy shades with outstanding fastnesses to light at a lowered dyeing
      temperature.
PAR  In a preferred practice of the dip-dyeing according to the present
      invention, a cationic dyestuff suitably chosen is first mixed thoroughly
      with an about half amount of the total volume of acetic acid required for
      keeping the pH of a dyebath about 4. The resulting paste is subsequently
      dissolved into an appropriate quantity of hot water together with the
      remaining acetic acid. If desired, there may further be added a suitable
      amount of sodium sulfate to the solution. Sodium sulfate serves not only
      to prevent lowering of mechanical strength of the fibers, but also to
      retard velocity of the dyestuff taken up by the fibers to result in an
      even dyeing.
PAR  Sodium sulfate as anhydrous state may advisably be added in an amount of
      from 1 gram to 5 grams per liter of the bath. To the bath thus obtained,
      there is added the specified aliphatic dicarboxylic acid diester or
      diesters of the present invention. In this occasion, the diester may
      preferably be added in combination of an amount of a nonionic surfactant,
      in order to obtain a homogeneous dispersion of the diester or diesters
      into the bath. Alternatively, the aliphatic dicarboxylic acid diester or
      diesters may be added to the bath in a form of an aqueous dispersion
      previously prepared by the aid of said nonionic surfactant.
PAR  The dyebath may preferably be kept at a pH of from 3 to 5 with acetic acid
      or any other organic acid conventionally employed in the dyeing process
      with cationic dyestuff, although the pH may be held to that lower than 3
      or higher than 5, if desired.
PAR  When the dyebath at a desired liquor ratio is prepared, a definite amount
      of the fibrous material to be dyed is placed thereinto. At that time, the
      bath may be kept at a room temperature to 80.degree.C.
PAR  The dyeing operation is carried out at 90.degree.C. to 120.degree.C. and
      preferably at 100.degree.C to 110.degree.C. for 60 to 90 minutes. It is
      recommendable to carry out the dyeing under ordinary pressure and at a
      temperature up to 100.degree.C. If the dyeing is carried out under
      pressure and at a higher temperature, the dyeing operation can be
      completed in a shorter time than the case where the particular aliphatic
      dicarboxylic acid diester of the present invention is absent.
PAR  The dyed material thus obtained may further be worked up in a usual manner
      by washing with water and then with hot water and soaping. If necessary,
      the material may be subjected to a reductive scouring.
PAR  In practice of the dyeing by means of a pad-dyeing, the dyestuff is first
      mixed with a suitable quantity of an organic acid such as acetic or
      tartaric acid and the resulting mixture is then dissolved in a hot water.
      To the solution, there is added a suitable amount of a pasting material
      dissolved in a cold or warm water as thickening agent conventionally
      employed in the art of the pad-dyeing and printing. As the pasting
      materials, there may be mentioned starch and its derivatives, cellulose
      derivatives, locust bean paste, crystal gum and mixture thereof.
PAR  The aliphatic dicarboxylic acid diester(s) may be added, like in the
      dip-dyeing, as a mixture previously prepared with a nonionic surfactant to
      the pad liquor or may be added in a form of aqueous dispersion previously
      emulsified with the surfactant. Alternatively, the nonionic surfactant as
      in the case of dip-dyeing may be added afterwardly to the padliquor with
      through stirring. In case there occurs a considerable foaming, there may
      be added an anti-foaming agent. To the resulting padliquor, there is
      placed a dyeing material and the liquor is brought to evenly penetrate
      into the fibers. Excess liquor on the fibers is removed by squeezing on a
      mangle. The fibers after drying or without drying are subjected to
      steaming. The steaming is effected at a temperature of 95.degree.C. to
      135.degree.C. for 20 seconds to 60 minutes to result in a complete
      fixation of the dyestuff onto the fibers.
PAR  After the steaming, any stuck dyestuff unfixed is removed either by washing
      the pad fibers with hot water and then with cold water, or by treating the
      pad fibers in accordance with a usual manner with an aqueous bath at
      40.degree.C. to 70.degree.C. for 5 to 20 minutes, which contains a
      suitable surfactant selected from the group consisting of the nonionic,
      anionic and cationic surfactants and finally washed with water. If
      necessary, the dyed fibers may be worked up by subjecting them to a
      reductive washing.
PAR  Finally, in carrying out the printing method according to the present
      invention, a printing paste is first prepared in the procedure almost the
      same as that employed in the preparation of the abovementioned padliquor,
      with exception of the use of a smaller quantity of water. In case there is
      a difficulty is dissolution of the dyestuff into such a small quantity of
      water, it is desirable to add an amount of a dyestuff-dissolution aid to
      the liquor such as thiodiethylene glycol, for example. Consistency of the
      resulting printing paste may be adjusted by adding an additional amount of
      the pasting material to an extent suitable for carrying out a usual screen
      printing.
PAR  Addition of the specified aliphatic dicarboxylic acid diester(s) to the
      contemplated printing paste can be effected in a manner wholly same as
      those used in the preparations of the dyebaths for dip- and pad-dyeings.
PAR  In practice of the printing, the fabric woven with the modified fibers is
      printed as usual with the abovementioned printing paste, dried and steamed
      at a temperature of 95.degree.C. to 135.degree.C. for 20 seconds to 60
      minutes. After then the printed fabric is washed with water or subjected
      to a soaping as usual. If necessary, the printed fabric may be worked up
      by further subjecting it to a reductive washing to scour any stuck
      dyestuff unfixed.
PAR  The process of this invention will be illustrated more in detail by the
      following working Examples, part being by weight and percentages of the
      used substances being based on parts by weight of the materials to be
      dyed.
PAR  The rate of absorption of the dyestuff by the material is calculated on the
      data of the estimation of absorbance of the comparative solutions which
      are prepared by equally diluting the respective samples with acetic acid
      and methanol, one of the samples having been taken from the original
      dyebath unused, and the other of the samples from the spent liquor of the
      dyeing operation.
PAR  Fastness to light of the dyed material is measured in accordance with the
      procedure of AATCC 16A-1964.
DETD
PAC  EXAMPLE 1
PAR  Dyeings including a control dyeing were prepared on each 10 grams of Dacron
      Type 62 of E. I. du Pont de Nemours, a modified polyester fibers dyeable
      with basic dyestuff, with 2% of the dyestuff represented by the formula
      ##SPC1##
PAL  which was prepared in accordance with the method disclosed in U.S. Pat. No.
      2,972,508.
PAR  The dyebaths of the following composition were used for the above dyeings,
      which, with exception of the bath used for dyeing of the control,
      contained 5 grams per liter of a mixture consisting of 80 parts of
      dimethyl sebacate of the formula CH.sub.3 OOC(CH.sub.2).sub.8 COOCH.sub.3
      containing 12 carbon atoms as carrier, and 20 parts of Nissan Nonion
      NS-230, the trade name given to a nonionic surfactant consisting of
      polyoxyethylene nonylphenol ether manufactured by Nippon Oils and Fats
      Company of Japan, as dispersant for the carrier.
TBL  ______________________________________                                    

     Composition                                                               

     Dyestuff as aforementioned                                                

                           2%                                                  

     Anhydrous sodium sulfate                                                  

                           4%                                                  

     Mixture of dimethyl sebacate                                              

     and Nissan Nonion NS-230                                                  

                           5grs./1                                             

     ______________________________________                                    

PAL  pH of each of the dyebaths was adjusted to 4 with acetic acid.
PAR  The dyeing operations were conducted at the liquor ratio of 50:1 starting
      at 80.degree.C. The temperature of the dyebaths were gradually raised to
      100.degree.C. over 20 minutes, and the dyeings were continued at that
      temperature for further 60 minutes.
PAR  In comparative observation of the resulting dyeings with regard to their
      rate of dye absorption, there were obtained 99.3% dye absorptions on the
      dyeing obtained by the aid of the aforementioned carrier and 32.7% dye
      absorption on the control dyeing. From the data, it is noted that the dye
      absorption of the former amounts to about three times greater than that of
      the latter.
PAR  Further observation on the fastness to light of these dyed materials
      exhibited the fastness of Grade 6 with the material obtained by the aid of
      the carrier, while the dyed material obtained without use of the carrier
      exhibited the fastness of Grade of 4 - 5. Here again, it is noted that the
      favourable effect of the carrier is obtained on the enhancement of the
      fastness to light of the resulting dyeing.
PAC  EXAMPLE 2
PAR  Dyeings including a control dyeing were prepared on each 10 grams of Dacron
      Type 62 under the dyeing conditions same as those employed in Example 1
      with each 2% of the dyestuff of the formula
      ##SPC2##
PAL  which had been prepared by the method disclosed in U.S. Pat. No. 2,972,508.
PAR  Apart from the above, a mixture was prepared with 80 parts of diethyl
      adipate of the formula C.sub.2 H.sub.5 OOC(CH.sub.2).sub.4 COOC.sub.2
      H.sub.5 containing 10 carbon atoms as carrier, and 20 parts of Noigen HC,
      the trade name given to polyoxyethylene oleylether manufactured by
      Dai-ichi Kogyo Seiyaku K. K. (The First Industrial Chemicals Manufacturing
      Company of Japan).
PAR  With exception of the bath used for the control, 3 grams of the above
      resulting carrier mixture were added per liter of the bath, and the total
      mixture was thoroughly stirred to obtain a homogeneous dispersion.
PAR  The dyeing operations were conducted for the respective dyebaths in the
      manner same as that employed in the preceding Example.
PAR  In inspection of the dyeings with respect to their dye absorption, a good
      rate of the dye absorption amounting to 99.1% was observed on the dyeing
      obtained by the aid of the carrier, in comparison with 60.6% dye
      absorption in the control dyeing.
PAR  Further, in estimation of the fastness to light of the dyed fibers, the
      dyeing obtained by the aid of the carrier exhibited the fastness of Grade
      5, while the dyeing obtained without use of the carrier exhibited the
      fastness to light of Grade 3-4.
PAR  Still further, observation under microscope of the cross sections of the
      dyed fibers gave that the dyestuff employed thoroughly penetrated up to
      the central portion of the sectional area of the fibers which were dyed by
      the aid of the carrier, whereas the penetration of the dyestuff was
      limited only to the external area of the fibers of the control dyeing.
PAC  EXAMPLE 3
PAR  Dyeings were carried out in accordance with the dyeing procedure equal to
      that employed in Example 2 with exception of the use of dyeing temperature
      at 105.degree.C. and the dyeing duration for 45 minutes instead of those
      employed in said Example 2.
PAR  On the resultant dyeings, the rate of dye absorption and the light fastness
      were comparatively observed. The data of the observations are tabulated
      below:
TBL  Diethyl adipate                                                           

                  Rate of dye-                                                 

                              Fastness to light                                

      as carrier  absorption (%)                                               

                              (Grade)                                          

     ______________________________________                                    

     Without addition                                                          

                  81.6        3 - 4                                            

     With addition                                                             

                  99.8        5 - 6                                            

     ______________________________________                                    

PAR  As can be seen from the above Table, there were considerable improvements
      in the rate of dye absorotion and the fastness to light of the dyeing
      obtained with the dyebath which contained the diethyl adipate carrier over
      those of the control dyeing.
PAC  EXAMPLE 4
PAR  A bath for pad-dyeing having the following composition was prepared by
      using diethyl fumarate of the formula C.sub.2 H.sub.5 OOCCH:CHCOOC.sub.2
      H.sub.5 as carrier, which contains 8 carbon atoms.
TBL  ______________________________________                                    

                           Parts                                               

     Dyestuff obtained by Example 1                                            

     of U.S. Patent 3,132,132                                                  

                             3                                                 

     30% Acetic acid         10                                                

     50% Tartaric acid       3                                                 

     Hot water               30                                                

     5% San-print AFP (Trade name given                                        

     to a paste manufactured by Sansho                                         

     Company of Japan)       20                                                

     Diethyl fumarate        3                                                 

     Noigen HC (vide supra)  1                                                 

     Water                   30                                                

     Total                   100                                               

     ______________________________________                                    

PAR  Dacron Type 62 were placed in the bath. The fibers, when thoroughly
      impregnated with the liquor, were squeezed on a mangle to a 100% moisture
      content, which without drying was subjected to steaming at the temperature
      of 100.degree.C. for 10 minutes, washed with hot water followed by washing
      with cold water and dried. There was obtained a dyed material having a
      heavy and even shade of excellent fastness without shrinkage and the
      original touch.
PAR  As for control, a dyeing was separately prepared on the fibers in the same
      manner as to the preceding paragraphs with a pad-dyebath having the
      similar composition to the above but contained no carrier.
PAR  The resulting dyeing had a lighter shade which was evidently distinguished
      from the shade of the above dyeing obtained by the aid of diethyl fumarate
      as carrier.
PAC  EXAMPLE 5
PAR  A fabric of Dacron Type 62 was printed with a printing paste of the
      following composition which contained di-n-butyl maleate of the formula
      C.sub.4 H.sub.9 OOCCH:CHCOOC.sub.4 H.sub.9 containing 12 carbon atoms as
      carrier.
TBL  ______________________________________                                    

                            Parts                                              

     Aizen Cathilon Orange GLH, the trade                                      

     name given to C. I. Basic Orange 21                                       

     (C. I. 48035) prepared by Hodogaya                                        

     Chemical Company of Japan)                                                

                              3                                                

     50% Acetic Acid          3                                                

     50% Tartaric acid        3                                                

     Cold (hot) water         27                                               

     20% San-print AFP (vide supra)                                            

                              60                                               

     Di-n-butyl maleate       3                                                

     Noigen HC (vide supra)   1                                                

     Total                    100                                              

     ______________________________________                                    

PAR  The fabric was printed as usual with the printing paste of above
      composition, dried, steamed at the temperature of 105.degree.C. for 20
      minutes, washed with hot water followed by washing with cold water and
      again dried. There was obtained a print on the fabric having a brilliant
      heavy orange shade of a marked dye fixation.
PAR  A control print was produced on the same fabric as the above with a
      printing paste similar to the abovementioned composition with exception of
      elimination of di-n-butyl maleate.
PAR  In comparison of the printings, it was found that the former print obtained
      by the aid of the carrier possessed a marked improvement in the dye
      fixation and a brilliant heavy shade in contrast to those of the control
      print.
PAC  EXAMPLE 6
PAR  5 Grams of Dacron Type 62 were dyed with 3% of Aizen Cathilon Yellow 3GLH,
      the trade name given to C. I. Basic Yellow 11 (C. I. 48055) which was
      manufactured by Hodogaya Chemical Company of Japan.
PAR  The dyebath used was prepared by adding 5 grams per liter of di-n-butyl
      malonate of the formula C.sub.4 H.sub.9 OOC-CH.sub.2 -COOC.sub.4 H.sub.9
      containing 11 carbon atoms as carrier, and 1 gram per liter of Noigen HC
      to facilitate dispersion of the carrier. A homogeneous emulsion was
      obtained by thoroughly stirring the total mixture.
PAR  Dyeing was conducted under the conditions same as those employed in Example
      1.
PAR  Comparison was effected with respect to the rate of dye absorption and the
      fastness to light of the former dyeing with the control dyeing which was
      obtained with a dyebath similar to that used in the preceding dyeing bath
      but not contained di-n-butyl malonate. The data obtained are tabulated
      bellow.
TBL  ______________________________________                                    

     Di-n-butyl malonate                                                       

                    Rate of dye-                                               

                                Fastness to                                    

       as carrier   absorption (%)                                             

                                light (Grade)                                  

     ______________________________________                                    

     Without addition                                                          

                    83.0        4 - 5                                          

     With addition  99.5        5 - 6                                          

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  Dyeings including a control dyeing were produced on Dacron Type 62 in
      accordance with the procedure given in Example 1 with 2% of a basic dye
      prepared in accordance with Example 1 of U.S. Pat. No. 3,679,656. With
      exception of the bath for the control dyeing, there were further added 4
      grams per liter of the bath of a mixture consisting of 80 parts of diethyl
      ethylmalonate of the formula C.sub.2 H.sub.5 OOC-CH(C.sub.2
      H.sub.5)-COOC.sub.2 H.sub.5 containing 9 carbon atoms as carrier and 20
      parts of Nissan Nonion NS-230 (vide supra) as dispersant for the carrier.
PAR  In comparative observation of the rate of dye absorption and the fastness
      to light of the resultant dyeings, there were obtained the following data.
TBL  ______________________________________                                    

     Diethyl ethylmalonate                                                     

                     Rate of dye-                                              

                                 Fastness to                                   

       as carrier    absorption (%)                                            

                                 light (Grade)                                 

     ______________________________________                                    

     Without addition                                                          

                     78.5        4 - 5                                         

     With addition   99.8        5 - 6                                         

     ______________________________________                                    

PAR  As can be seen from the above data, there is a marked enhancement over the
      control in the rate of dye absorption and the fastness to light of the
      dyeing obtained from the dyebath where diethyl ethylmalonate was added as
      carrier.
PAC  EXAMPLE 8
PAR  Dyeings including a control dyeing were produced on Dacron Type 62 with a
      dyeing mathod similar to that employed in the Example 1.
PAR  3% of the dyestuff was employed which was the same as that employed in
      Example 4. With exception of the dyebath for the control, there was added
      to the bath di-n-butyl adipate of the formula [--CH.sub.2 CH.sub.2
      COO(CH.sub.2).sub.3 CH.sub.3 ].sub.2 containing 14 carbon atoms, as
      carrier.
PAR  The dyeing operations were conducted under the conditions same as those
      employed in Example 1. The carrier in an amount equal to that employed in
      Example 1 was added to the bath in a manner same as that mentioned in
      Example 1.
PAR  In comparative observation of the resulting dyeings with respect to the
      rate of dye absorption and the fastness to light, data were obtained which
      were tabulated bellow.
TBL  ______________________________________                                    

     Di-n-butyl adipate                                                        

                    Rate of dye-                                               

                                Fastness to                                    

       as carrier   absorption (%)                                             

                                light (Grade)                                  

     ______________________________________                                    

     Without addition                                                          

                    85.5        4                                              

     With addition  98.8        5 - 6                                          

     ______________________________________                                    

PAR  As can be seen from the above data, there is a marked enhancement over
      those of the control in the rate of dye absorption and the fastness to
      light of the dyeing obtained from the dyebath where di-n-butyl adipate was
      added as carrier.
PAC  EXAMPLE 9
PAR  Dyeings including a control dyeing were produced on each 5 grams of Dacron
      Type 62 with 3% of Aizen Cathilon Pure.Blue-5GH, the trade name given to
      C. I. Basic Blue 3 (C. I. 51005), manufactured by Hodogaya Chemical
      Company of Japan. With exception of the bath used for the control, carrier
      was added per liter of the bath 3 grams of a mixture prepared by warming
      80 parts of a 1 : 2 mixture of di-n-butyl adipate of the formula
      [--CH.sub.2 CH.sub.2 COO(CH.sub.2).sub.3 CH.sub.3 ].sub.2 containing 14
      carbon atoms and di-n-butyl maleate of the formula [=CHCOOC.sub.4 H.sub.9
      ].sub.2 containing 12 carbon atoms, both of the carriers belonging to the
      aliphatic dicarboxylic acid diester specified in the instant invention,
      and 20 parts of Nissan Nonion NS-230 (vide supra) as the dispersant for
      the carriers. At the time the mixture of the carriers was introduced into
      the bath, there was additionally added 1% of Noigen HC as dispersant for
      the carriers. The dyeing operations were conducted under the conditions
      same as those employed in Example 1.
PAR  Comparative observation was conducted on the resultant dyeings with respect
      to their rate of dye absorption and the fastness to light. Data were
      obtained which were listed below.
TBL  ______________________________________                                    

     The 1 : 2 mixture of di-n-                                                

                        Rate of dye-                                           

                                   Fastness                                    

     butyl adipate and di-n-                                                   

                        absorption to light                                    

     butylmaleate as carrier                                                   

                        (%)        (Grade)                                     

     ______________________________________                                    

     Without addition   88.2       4                                           

     With addition      99.5       5                                           

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for dyeing modified polyester fibers containing sulphonate
      groups, either alone or in the form of mixed fibers or fabrics containing
      them, with a cationic dyestuff selected from the group consisting of
      methines, azomethines, diphenylmethanes, triphenylmethanes, oxazines,
      thiazines, xanthenes, heterocyclic azos, anthraquinone series dyestuffs
      and non-conjugated type arylazo dyestuffs having an external onium group,
      wherein the dyeing is performed in the presence of one or more aliphatic
      dicarboxylic acid dialkylesters or diallylesters containing from 8 to 14
      carbon atoms.
NUM  2.
PAR  2. A process according to claim 1 wherein the aliphatic dicarboxylic acid
      diester is di-n-butyl maleate of said acid.
NUM  3.
PAR  3. A process according to claim 1 wherein the aliphatic dicarboxylic acid
      diester is diethyl diadipate of said acid.
NUM  4.
PAR  4. A process according to calim 1 wherein the aliphatic dicarboxylic acid
      diester is di-n-butyl malonate of said acid.
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ABST
PAL  Azo compounds of the formula
      ##SPC1##
PAL  Wherein D represents the radical of a diazo component, R.sub.1 and R.sub.3
      each represent a hydrogen atom or a substituent and R.sub.2 represents a
      substituent, and which contain at least one carboxy group that may not,
      however, be bonded in the adjacent position to the azo bridge directly to
      the ring.
PARN
PAR  This is a Divisional of application Ser. No. 190,678, filed on October 19,
      1971, now abandoned.
BSUM
PAR  The present invention relates to new azo compounds of the formula
      ##SPC2##
PAL  Wherein B represents the radical of a diazo component, R.sub.1 and R.sub.3
      each represent a hydrogen atom or a substituent and R.sub.2 represents a
      substituent, and which contain at least one carboxy group that may not,
      however, be bonded in the adjacent position to the azo bridge directly to
      the ring.
PAR  D is preferably the radical of a diazo component of the benzene or
      naphthalene series.
PAR  The carboxy group can be contained both in the radical D of the diazo
      component and in the substituents R.sub.1 and R.sub.2. It can also be in
      the form of a salt, for example of a potassium, sodium or ammonium salt.
PAR  The carboxy group that is not in the adjacent position to the azo bridge is
      preferably bonded in the form --X--COOH, wherein X represents a direct
      bond or a divalent radical, in particular a radical of the formula
      --CH.sub.2, --CH.sub.2 --CH.sub.2 --, --OCH.sub.2, --SCH.sub.2 --,
      --NHCOCH.sub.2 --CH.sub.2 -- or represents
      ##SPC3##
PAL  Wherein X represents a divalent radical if the group --X--COOH is bonded to
      D in the adjacent position to the azo bridge, or if R.sub.2 is a group
      --X--COOH.
PAR  As substituents R.sub.1, R.sub.2 and R.sub.3 there may be considered
      especially: R.sub.1 is a hydrogen atom, an alkyl radical, by which a
      cycloalkyl radical is also to be understood, an aryl or aralkyl radical, a
      heterocyclic radical or an amino group, which radicals may also be
      substituted; R.sub.2 is an alkyl, aryl or aralkyl radical, which radicals
      may also be substituted, also a heterocyclic radical, an ester or
      carbonamide group; R.sub.3 is a hydrogen or halogen atom, in particular a
      chlorine atom, a cyano, sulphonyl, ester, acyl, carbonamide or
      sulphonamide group.
PAR  If the carboxy group is in the substituent R.sub.1, this latter preferably
      has the form
PA1  -alkyl-X-COOH, -alkyl-aryl-X-COOH,
PA1  -aryl-X-COOH, heterocycle-X-COOH,
PA1  -nr-alkyl-aryl-X-COOH,
PA1  -nr-aryl-alkyl-X-COOH,
PA1  -nr-co-alkyl-X-COOH or
PA1  -NR-CO-aryl-X-COOH,
PAL  where R represents a hydrogen atom or a low molecular alkyl or aryl radical
      and X has the meaning indicated above.
PAR  The radical D of the diazo component can also contain a further azo group
      besides the usual substituents in the case of azo compounds, especially
      groups which not impart solubility in water such, for example, as halogen
      atoms, nitro, alkyl, alkoxy, acylamino, carbalkoxy, alkylsulphone, acyloxy
      or trifluoromethyl groups. In particular, D can contain a second
      hydroxypyridone radical bonded via an azo bridge and which has the
      structure illustrated in the formula (1). Also possible are therefore azo
      compounds of the formula
      ##SPC4##
PAR  The invention relates furthermore to azo compounds of the formula
      ##SPC5##
PAL  in which between the two nitrogen atoms of the pyridone radical there is
      located a carbon bridge to form a second ring, and wherein the symbols D,
      R.sub.2 and R.sub.3 have the meanings indicated above.
PAR  The new azo compounds are obtained by coupling diazo compounds of amines of
      the formula D-NH.sub.2 with hydroxypyridone compounds of the formula
      ##SPC6##
PAL  or of the formula
      ##SPC7##
PAL  to the above cited compounds of the formulae (1) or (3), the starting
      materials being so chosen that the molecule of the azo compound contains a
      carboxy group that is not bonded in the adjacent position to the azo
      bridge directly to the ring.
PAR  As examples of amines whose diazo compounds are suitable for the
      manufacture of compounds of the formulae (1) or (3) there may be
      mentioned:
PA1  3-aminobenzoic acid,
PA1  3-aminophenoxyacetic acid,
PA1  4-aminoazobenzene-4'-carboxylic acid,
PA1  3-nitroaniline,
PA1  3,3'-diaminodiphenylmethane,
PA1  3,5-diaminobenzoic acid.
PAR  As examples of coupling components of the formulae (4) or (5) there may be
      mentioned:
PA1  3-cyano-6-hydroxy-4-methyl-2-pyridone,
PA1  1-.beta.-hydroxyethyl-3-cyano-6-hydroxy-4-methyl-2-pyridone,
PA1  3-cyano-6-hydroxy-4-carboxy-methyl-2-pyridone,
PA1  3-cyano-6-hydroxy-4-carboxy-methyl-1-ethyl-2-pyridone,
PA1  the compounds of the formulae
      ##SPC8##
PAR  The diazotisation of the cited diazo components can be carried out, for
      example, with the assistance of aqueous mineral acid and sodium nitrite or
      with a solution of nitrosylsulphuric acid in concentrated sulfuric acid.
PAR  The coupling can likewise be carried out in a manner which is in itself
      known, for example in a neutral to acid medium, optionally in the presence
      of sodium acetate or similar buffer substances which influence the rate of
      coupling, such as, for example, dimethylformamide, pyridine or its salts.
PAR  The azo compounds according to the invention are valuable dyestuffs.
PAR  The new dyestuffs, their mixtures with one another and their mixtures with
      other azo dyestuffs are outstandingly suitable for dyeing and printing
      leather, wool, silk and above all synthetic fibres, such as, for example,
      acrylic or acrylonitrile fibres, of polyacrylonitrile or of copolymers of
      acrylonitrile and other vinyl compounds, such as acrylic esters,
      acrylamides, vinylpyridine, vinyl chloride or vinylidene chloride, or of
      copolymers of dicyanoethylene and vinyl acetate, as well as of
      acrylonitrile block copolymers, fibres of polyurethanes, polypropylene
      fibres and also cellulose triacetate and cellulose 21/2-acetate and
      especially fibres of polyamides, such as nylon-6, nylon-6,6 or nylon-12,
      or of aromatic polyesters, such as those of terephthalic acid and ethylene
      glycol or 1,4-dimethylcyclohexane, and copolymers of terephthalic and
      isophthalic acid and ethylene glycol.
PAR  For dyeing in aqueous liquors, the water-insoluble dyestuffs are
      appropriately used in a finely divided form and dyeing is carried out with
      the addition of dispersing agents, such as sulphite cllulose waste lye or
      synthetic detergents, or a combination of different wetting agents and
      dispersing agents. As a rule it is advisable to convert the dyestuffs to
      be used, before dyeing, into a dyeing preparation which contains a
      dispersing agent and finely divided dyestuff in such a form that on
      dilution of the dyestuff preparations with water a fine dispersion
      results. Such dyestuff preparations can be obtained in a known manner, for
      example by grinding the dyestuff in the dry or wet form, with or without
      the addition of dispersing agents in the grinding process.
PAR  To achieve strong dyeings on polyethylene terephthalate fibres it proves
      advisable to add a swelling agent to the dyebath, or to carry out the
      dyeing process under pressure at temperatures above 100.degree.C, for
      example at 120.degree.C. Suitable swelling agents are aromatic carboxylic
      acids, for example salicyclic acid, phenols, such as, for example, o- or
      p-hydroxydiphenyl, and aromatic halogen compounds, such as
      o-dichlorobenzene, or diphenyl.
PAR  For thermofixing the dyestuff, the padded polyester fabric is heated,
      appropriately after prior drying, for example in a warm stream of air, to
      temperatures of above 100.degree.C, for example between 180.degree. and
      210.degree.C.
PAR  The dyeings obtained in accordance with the present process can be
      subjected to an after-treatment, for example, by heating with an aqueous
      solution of a non-ionic detergent.
PAR  Instead of being applied by impregnation, the dyestuffs indicated can,
      according to the present process, also be applied by printing. For this
      purpose a printing ink, for example, is used, which contains the finely
      disperse dyestuff in addition to the auxiliaries which are customary in
      printing, such as setting agents and thickeners.
PAR  The present process yields strong dyeings and prints of good fastness
      properties.
PAR  The new water-insoluble dyestuffs can also be used for the spin dyeing of
      polyamides, polyesters and polyolefines. The polymer to be dyed is
      appropriately mixed, in the form of powders, granules or chips, as a
      ready-to-use spinning solution or in the fused state, with the dyestuff
      which is introduced in the dry state or in the form of a dispersion or
      solution in a solvent, which is volatile if desired. After homogeneous
      distribution of the dyestuff in the solution or melt of the polymer, the
      mixture is processed in a known manner by casting, pressing or extrusion
      to give fibres, yarns, monofilaments, films and the like.
PAR  The new dyestuffs are also suitable for the multicolour printing of textile
      materials which consist of hydrophobic, synthetic, organic fibres which
      are free of amino groups, because resist effects are achievable on textile
      materials of such fibres with the new dyestuffs. Here, the procedure is
      that the textile material is padded with the new dyestuffs containing
      carboxyl groups, the padded textile material is dried and printed with an
      alkaline printing paste which can contain optical brighteners which are
      free of carboxyl groups, white pigments which are free of carboxyl groups
      or other dyestuffs which are free of carboxyl groups, the fabric is
      heat-set, and the salt of the dyestuff containing carboxyl groups is
      subsequently eluted from the printed areas.
PAR  As synthetic fibres which can be dyed or printed in this manner there may
      be mentioned acrylic fibres, fibres of polyurethanes, fibres based on
      polyepoxy compounds or polyolefine fibres, such as polypropylene,
      especially nickel-modified or unmodified polypropylene, and above all
      fibres of aromatic polyesters, such as those from terephthalic acid and
      ethylene glycol or 1,4-dimethylolcyclohexane, and of copolymers of
      terephthalic acid and isophthalic acid and ethylene glycol, as well as
      cellulose triacetate and cellulose 21/2-acetate. The fibres to be printed
      must not contain any free amino groups.
PAR  Further possibilities are mixed fabrics of the abovementioned fibres and
      hydrophilic fibres, especially cellulose fibres and wool fibres.
      Polyester-cotton and polyester-wool mixtures may also be mentioned.
PAR  The textile materials will as a rule be woven fabrics, knitted fabrics or
      other sheet-like structures, such as fleeces (non-wovens).
PAR  The new dyestuffs containing carboxyl groups can be in the form of salts of
      volatile organic bases or in the form of ammonium salts.
PAR  The padding liquor will as a rule be aqueous. In addition to the dyestuff
      it can also contain, if required, further auxiliaries, such as sodium
      salts of highly concentrated naphthalenesulphonic acid-formaldehyde
      resins, sulphite cellulose waste lye products, condensation products of
      higher alcohols and ethylene oxide, polyglycol ethers of fatty acid amides
      and alkylphenols, sulphosuccinic acid esters or Turkey-red oil. The
      padding liquor can however also be a solution of the dyestuff.
PAR  After squeezing out to 20-200% by weight of the fibre weight, the textile
      material is dried. The drying can for example be effected with steam or
      preferably with a stream of warm air at between 70.degree. and
      150.degree.C for 10 to 300 seconds.
PAR  Thereafter, the fabric is printed with an alkaline printing paste which
      contains a heat-resisitant alkaline compound, such as an alkali carbonate,
      such as sodium carbonate or potassium carbonate, or above all alkali
      hydroxides, such as sodium hydroxide or potassium hydroxide. The amount of
      the alkali has to be so chosen that the dyestuff present on the fibre is
      reliably converted into the alkali salt. If the resist remains white, the
      resist paste can contain white pigments, such as titanium dioxide or zinc
      oxide. The printing paste furthermore contains the customary additives,
      such as thickeners, for example gum arabic or methylcellulose.
PAR  In order to achieve two colour prints, dyestuffs which are resistant to
      alkali, in particular dispersion dyestuffs, such as are listed, for
      example, in the Colour Index, will further be added to the printing paste.
      These dyestuffs must not contain any carboxyl groups.
PAR  Furthermore, optical brighteners which possess an affinity for the organic
      fabric (such as nylon fabric and above all cellulose acetate and polyester
      fabric) can also be introduced into the alkaline printing paste. In
      addition to a dispersion dyestuff free of carboxyl groups, the printing
      paste can also contain dyestuffs of other tinctorial categories, such as,
      for example, water-soluble or water-insoluble dyestuffs possessing
      fibre-reactive groups, such as dichlorotriazinee or monochlorotriazine
      groups, chloroacetylamino groups and acrylamide groups. The use of
      water-soluble fibre-reactive dyestuffs is of interest particularly in
      those cases where mixed fabrics containing cellulose or containing wool,
      and especially mixed fabrics containing polyester fibres, are used as the
      substrate. If printing pastes with fibre-reactive dyestuffs are used, the
      alkali treatment can be adapted to the modern methods for fixing reactive
      dyestuffs (for example alkali-shock treatment).
PAR  Further possible dyestuffs for printing are also optical brighteners.
PAR  After printing, the textile material can be dried either with steam or with
      hot air or can, as it is, be subjected to fixing.
PAR  The fixing of the dyestuff or dyestuffs on the textile material is carried
      out hot at 100.degree. to 260.degree.C, preferably from 150.degree. to
      230.degree.C, but at lower temperatures in the case of polymers of low
      softening point, preferably by means of dry heat (thermosol process), in
      suitable equipment for this purpose. Superheated steam can also be used.
      Prints on polypropylene are thermofixed at temperatures below
      140.degree.C.
PAR  After fixing, the printed material is washed. It can be washed either in
      organic or, preferably, in aqueous liquors. The usual surface-active
      agents or detergents are used for this purpose.
PAR  In the examples which follow the parts denote parts by weight unless
      otherwise stated and the percentages denote percentages by weight.
DETD
PAC  EXAMPLE 1
PAR  6.85 Parts of 3-aminobenzoic acid are made into a paste with 15 parts by
      volume of concentrated hydrochloric acid and the resulting paste is
      diluted with 100 parts of water. 12.5 Parts by volume of 4N sodium nitrite
      solution are added dropwise at 0.degree.-5.degree.C and stirring is
      continued for 30 minutes. The resulting diazo solution is filtered clear
      and added at 0.degree.-5.degree.C to a solution of 7.5 parts of
      3-cyano-6-hydroxy-4-methyl-2-pyridone which has been dissolved brilliantly
      alkaline in 650 parts of water and sodium hydroxide. The reaction mixture
      is rendered neutral to Congo red with sodium acetate solution. Upon
      completion of the coupling the precipitated dyestuff is filtered, washed
      with water and dried, to yield the dyestuff of the formula
      ##SPC9##
PAL  which dyes polyester and cellulose acetate fibres in yellow shades.
PAC  EXAMPLE 2
PAR  8.35 Parts of 3-aminophenoxyacetic acid are made into a paste with 15 parts
      by volume of concentrated hydrochloric acid and the resulting paste is
      diluted with 100 parts of water. 12.5 Parts by volume of 4N sodium nitrite
      solution are added dropwise at 0.degree.-5.degree.C and stirring is
      continued for 30 minutes. 9.7 Parts of
      1-.beta.-hydroxyethyl-3-cyano-6-hydroxy-4-methyl-2-pyridone are dissolved
      brilliantly alkaline in 650 parts of water to which sodium hydroxide is
      added. The reaction mixture is rendered neutral to Congo red with sodium
      acetate solution. Upon completion of the coupling the precipitated
      dyestuff is filtered, washed with water and dried, to yield the dyestuff
      of the formula
      ##SPC10##
PAL  which dyes polyester fibres in yellow shades.
PAC  EXAMPLE 3
PAR  12.05 Parts of 4'-aminoazobenzene-4-carboxylic acid are made into a paste
      with 15 parts by volume of concentrated hydrochloric acid and the
      resulting paste is diluted with 1,500 parts of ice water. 12.5 Parts by
      volume of 4N sodium nitrite solution are added dropwise at
      0.degree.-5.degree.C and stirring is continued for 2 hours.
PAR  7.5 Parts of 3-cyano-6-hydroxy-4-methyl-2-pyridone are dissolved
      brilliantly alkaline in 650 parts of water to which sodium hydroxide is
      added. The above resulting diazo solution is added at 0.degree.-5.degree.C
      to the pyridone solution. The reaction mixture is rendered neutral to
      Congo red with sodium acetate solution. Upon completion of the coupling
      the precipitated dyestuff is filtered, washed with water and dried, to
      yield the dyestuff of the formula
      ##SPC11##
PAL  which dyes polyester fibres in orange shades.
PAC  EXAMPLE 4
PAR  6.9 Parts of 3-nitroaniline are made into a paste with 15 parts by volume
      of hydrochloric acid and the resulting paste is diluted with 200 parts of
      ice water. 12.5 Parts by volume of 4N sodium nitrite solution are added
      dropwise at 0.degree.-5.degree.C and stirring is continued for 1 hour. The
      diazo solution is filtered clear and added to a solution of 9.7 parts of
      3-cyano-6-hydroxy-4-carboxymethyl-2-pyridone in 200 parts of alcohol. The
      coupling mixture is rendered neutral to Congo red with sodium acetate
      solution. Upon completion of the coupling the precipitated dyestuff is
      filtered, washed with water and dried. The dyestuff of the formula
      ##SPC12##
PAL  dyes polyester fibres in yellow shades having very good fastness
      properties.
PAR  The coupling component was obtained by saponification of
      3-cyano-6-hydroxy-4-ethoxycarbonylmethyl-2-pyridone with 5% alcoholic
      sodium hydroxide solution.
PAR  According to the same process dyestuffs of the formula
      ##SPC13##
PAL  wherein the meaning of D, R.sub.1, R.sub.2 and R.sub.3 is stated in the
      following table, are obtained which dye polyester fibres in the shades
      indicated in the last column.
TBL        D                        R.sub.1                                    

                                               R.sub.2                         

                                                        R.sub.3 Shade          

     __________________________________________________________________________

     1                         --CH.sub.3 --CH.sub.3  --CN      yellow         

     2                         --C.sub.2 H.sub.5                               

                                          "           "         "              

     3 HOOC--H.sub.2 CH.sub.2 C                                                

                               --C.sub.2 H.sub.4 OCOCH.sub.3                   

                                          "           "         "              

     4                                    "           "         "              

     5                         --C.sub.2 H.sub.4 OH                            

                                          "           "         "              

     6 "                       --C.sub.3 H.sub.6 OCH.sub.3                     

                                          "           "         "              

     7                         --C.sub.3 H.sub.6 OC.sub.2 H.sub.5              

     8 HOOCH.sub.4 C.sub.2 S-- --CH.sub.2 COOC.sub.2 H.sub.5    "-             

                                          --CH.sub.3  --CN      yellow         

     9 HOOCH.sub.4 C.sub.2 OCHN--                     "         "              

     10                        --CH(CH.sub.3).sub.  2                          

                                          CH.sub.3    SO.sub.2 CH.sub.3        

                                                                orange         

     11                                   "           --CN      yellow         

     12                                   "           "         "              

     13                        --C.sub.2 H.sub.4 Cl                            

                                          --iso C.sub.4 H.sub.9                

                                                      "         "              

     14                                   CH.sub.3    "         "              

     15                                   --CH.sub.2 CONHC.sub.3 H.sub.6       

                                          OC.sub.2 H.sub.5                     

                                                      "         reddish        

                                                                yellow         

     16                                               CN        orange         

     17                        --C.sub.2 H.sub.4 CN                            

                                          CH.sub.3    "         yellow         

     19                        --C.sub.3 H.sub.6 OCOCH.sub.2                   

                                          "                     orange         

     20                                                                        

       HOOCHC=HC--             --C.sub.2 H.sub.4 OCOCH.sub.2 O                 

                                          "           CN        yellow         

     21                        --C.sub.2 H.sub.4 OCO                           

                                          "           SO.sub.2 N(CH.sub.3).sub.

                                                      2         "              

     22                        --C.sub.2 H.sub.4 OCOO                          

                                          CH.sub.3    CON(CH.sub.              

                                                                yellow.2       

     23                        --C.sub.2 H.sub.4 OCON(CH.sub.3).sub.2          

                                          "           CN        "              

     24                        --CH.sub.2 COCH.sub.3                           

                                          "                     orange         

     25                                   "           CN        reddish        

                                                                yellow         

     26                                   "           "         orange         

     27                                   "           "         red            

     28                        --C.sub.2 H.sub.4 NHCO                          

                                          CH.sub.3    CN        red            

     29                                   "           "         scarlett       

     30                                   "           COOC.sub.2 H.sub.5       

                                                                orange         

     31                                   "           CN        "              

     32                                   "           "         yellow         

     33                                   "           "         reddish        

                                                                yellow         

     34                        --NH.sub.2 CH.sub.3    CN        yellow         

     35                                   --C.sub. 2 H.sub.4 OCH.sub.3         

                                                      "         "              

     36                        --NHCH.sub.3           "         scarlet        

     37                                                                        

       HOOC--H.sub.2 C         N(CH.sub.3).sub.2                               

                                          CH.sub.3    "         yellow         

     38                                                                        

       HOOCHC=HC--                        "           "         "              

     39                        NHC.sub.6 H.sub.13                              

                                          "           "         orange         

     40                                   "           "         yellow         

     41                                                                        

       HOOC--H.sub.6 C.sub.3 S--          --C.sub.2 H.sub.5                    

                                                      CN        yellow         

     42                                   --CH.sub.2 CN                        

                                                      "         "              

     44                                   "           "         "              

     45                        H          "           "         orange         

     46                        H          --CH.sub.3  CN        orange         

     47                        "          "           "         yellow         

     48                        "          "           "         orange         

     49                        "          "           "         "              

     50                        "          "           "         scarlet        

     51                        "          ""          red                      

     52                        H                      --SO.sub.2 CH.sub.3      

                                                                yellow         

     53                        "                      --CN      "              

     54                                                                        

       "                       "                      "         "              

     55                                                                        

       "                       "                                "              

     56                                                                        

       "                       "          --CH.sub.2 COOC.sub.2 H.sub.5        

                                                      --CN      "              

     57                                                                        

       "                       "          --CH.sub.3  --COOH.sub.3             

                                                                "              

     58                                                                        

       "                       "                      --CN      "              

     59                        "          --CH.sub.3  "         "              

     60                        H          --CH.sub.2 COOH                      

                                                      --CN      yellow         

     61                        --CH.sub.3 "           "         "              

     62                        --C.sub.2 H.sub.4 OH                            

                                          "           "         "              

     63                        --C.sub.4 H.sub.9                               

                                          "           "         "              

     64                        H          "                     scarlet        

     65                        "          "                     yellow         

     66                        --CH.sub.2 COOH                                 

                                          --CH.sub.3  --CN      "              

                                                                Sha-           

             D                      R.sub.1                                    

                                               R.sub.2                         

                                                        R.sub.3 dow            

     67                        --C.sub.2 H.sub.4 COOH                          

                                          --CH.sub.3  --SO.sub.2 CH.sub.3      

                                                                scarlet        

     68                                   "           --CN      "              

     69                                   --CH.sub.2 COOH                      

                                                      "         yellow         

     70                                   --CH.sub.3  "         scarlet        

     71                                                                        

       (CH.sub.3).sub.2 NCO--                         "         yellow         

       .parallel.                                                              

       O                                                                       

     72                                                                        

       H.sub.5 C.sub.2 OOC--   H          --C.sub.2 H.sub.4 COOH               

                                                      "         "              

     73                        --NHC.sub.2 H.sub.4 COOH                        

                                          --CH.sub.3  "         orange         

             D                      R.sub.1                                    

                                               R.sub.2                         

                                                        R.sub.3 Shade          

     74                                   --CH.sub.3  --CN      scarlet        

     75                        --C.sub.3 H.sub.6 OCH(CH.sub.3).sub.2           

                                          --CH.sub.2 COOH                      

                                                      "         orange         

     76                        "          "           "         "              

     77                        "          "           "         scarlet        

     78                        --C.sub.2 H.sub.5                               

                                          "           "         "              

     79                        "          "           "         "              

     80                        H          --COOC.sub.2 H.sub.5                 

                                                      "         yellow         

     81                                                                        

       "                       "          --CON(CH.sub.3).sub.2                

                                                      "         "              

     82                                                                        

       HOOCCH.sub.2 O--        H          --CH.sub.3  --CN      "              

                D           Coupling Component                                 

                                              Shade                            

     __________________________________________________________________________

     83                                       yellow                           

     84                                                                        

       HOOCCH.sub.2 O--     "                 "                                

     85                     "                 orange                           

     86                                       yellow                           

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  19.8 Parts of 3,3'-diaminodiphenylmethane are dissolved in 58 parts by
      volume of concentrated hydrochloric acid and 400 parts of water. The
      solution is diazotised at 0.degree.-5.degree.C by addition of 50 parts by
      volume of 4N sodium nitrite solution. The diazo solution is added to a
      solution of 44.4 parts of
      3-cyano-6-hydroxy-4-carboxymethyl-1-ethyl-2-pyridone in 1000 parts of
      alcohol. The coupling mixture is rendered alkaline to Congo red with
      sodium acetate solution. Upon completion of the coupling the precipitated
      dyestuff is washed with water and dried. The dyestuff of the formula
      ##SPC14##
PAL  dyes polyester fibres in yellow shades having very good fastness
      properties.
PAC  EXAMPLE 6
PAR  4.55 Parts of sodium nitrite are sprinkled into 54 parts of concentrated
      sulphuric acid at 0.degree. to 10.degree.C. The mixture is heated to
      65.degree.C until everything is dissolved and the solution then cooled to
      0.degree.C. 60 Parts by volume of a mixture of glacial acetic acid and
      propionic acid in the ratio 4:1 are then added dropwise. A solution of
      4.56 parts of 3,5-diaminobenzoic acid in 60 parts by volume of a mixture
      of glacial acetic acid and propionic acid (4:1) are added dropwise to the
      resulting solution and the reaction mixture is stirred for 2 hours at
      0.degree. to 5.degree.C. To this diazo solution are added 4.55 parts of
      urea by small amounts. The resulting diazo solution is added at 0.degree.
      to 5.degree.C to a solution of 9.45 parts of
      3-cyano-6-hydroxy-4-methyl-2-pyridone in 200 parts of alcohol. The mixture
      is further stirred for 15 minutes and then rendered alkaline to Congo red
      with sodium acetate solution. The precipitated dyestuff is filtered off,
      washed with water until free from salt and dried. The dyestuff of the
      formula
      ##SPC15##
PAL  dyes polyester fibres in yellow shades having very good fastness
      properties.
PAR  A dyestuff possessing similar properties is obtained if m-phenyldiamine is
      diazotised according to the same process and coupled with
      3-cyano-6-hydroxy-4-carboxymethyl-2-pyridone.
PAC  EXAMPLE 7
PAR  133 Parts of a 10% paste of the dyestuff obtained according to Example 1,
      200 parts of 2.5% sodium alginate solution, 1.5 parts by volume of 40% of
      acetic acid are made up to 1000 parts with water. Polyester fabric is
      padded with this dyebath and squeezed out to a 75% retention of liquid.
      The fabric is dried for 1 minute at 120.degree.C and a portion of the
      dried fabric is printed with a white resist as follows: a paste consisting
      of 20 parts of soda and 950 parts of 2.5% sodium alginate solution is
      printed in stripes on the fabric. The fabric is thermofixed in this state
      for 1 minute at 200.degree.C and subsequently thoroughly washed with a
      solution which contains the adduct of 9 moles of ethylene oxide with 1 mol
      of nonylphenyl. A yellow dyed fabric is obtained wiith a white resist.
PAR  The printing paste can furthermore be prepared with additives such as
      alumium sec.-butylate or m-nitrobenzenesulphonate.
PAC  EXAMPLE 8
PAR  1 Part of the dyestuff obtained according to Example 3 is ground wet with 2
      parts of a 50% aqueous solution of the sodium salt of
      dinaphthylmethanedisulphonic acid.
PAR  This dyestuff preparation is stirred with 40 parts of a 10% aqueous
      solution of the sodium salt of
      N-benzyl-.mu.-heptadecyl-benzimidazole-disulphonic acid and 4 parts of a
      40% acetic acid solution are added. A dyebath of 4000 parts is prepared
      therefrom by dilution with water.
PAR  100 Parts of a purified polyester fabric are introduced into this bath at
      50.degree.C, the temperature is raised within half an hour to
      120.degree.-130.degree.C and dyeing is carried out for 1 hour in a sealed
      vessel at this temperature. The fabric is subsequently thoroughly rinsed.
      A powerful, pure, orange dyeing is obtained.
CLMS
NUM  1.
PAR  1.  A process for coloring synthetic polyester textile materials which
      comprises applying to said materials, by a dyeing, padding or printing
      process, an aqueous dispersion of an azo compound of the formula
      ##SPC16##
PAL  wherein
PA1  D represents the radical of a diazo component,
PA1  R.sub.1 and R.sub.3 each represent a hydrogen atom or a substituent and
PA1  R.sub.2 represents a substituent, said compound containing at least one
      carboxy group, that may not, however, be bonded in the adjacent position
      to the azo bridge directly to the ring.
NUM  2.
PAR  2. A process for coloring synthetic polyester textile materials which
      comprises applying to said materials, by a dyeing, padding or printing
      process, an aqueous dispersion of an azo compound of the formula
      ##SPC17##
PAL  wherein the two nitrogen atoms of the pyridone radical are bonded to one
      another via a carbon bridge to form a second ring,
PA1  D represents the radical of a diazo component,
PA1  R.sub.3 represents a hydrogen atom or a substituent and
PA1  R.sub.2 represents a substituent, said compound containing at least one
      carboxy group that may not, however, be bonded in the adjacent position to
      the azo bridge directly to the ring.
NUM  3.
PAR  3. A process according to claim 1, wherein the process is a printing
      process.
NUM  4.
PAR  4. A process according to claim 3, wherein the printing process is a resist
      printing process.
NUM  5.
PAR  5. The colored synthetic polyester textile materials produced by the
      process of claim 1.
NUM  6.
PAR  6. The colored synthetic polyester textile material produced by the process
      of claim 2.
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ABST
PAL  Hexamethyl phosphorous triamide is reacted with cotton cellulose, thereby
      imparting flame retardancy and cationexchange properties to the cellulose.
GOVT
PAR  A non-exclusive, irrevocable, royalty-free license in the invention herein
      described, throughout the world for all purposes of the United States
      Government, with the power to grant sublicenses for such purposes, is
      hereby granted to the Government of the United States of America.
BSUM
PAR  The present invention relates to processes for making cellulosic materials
      flame retardant and cation exchangeable by the chemical reaction of said
      cellulosic materials with hexamethyl phosphorous triamide having the
      following graphic formula:
PAC  [(CH.sub.3).sub.2 N ].sub.3 P
PAR  The main object of the invention is to provide processes for imparting
      improved flame retardancy to cotton and other cellulosic textiles.
PAR  It has been shown by several workers [Petrov, et al., Zhur Obshchei Khim,
      31, 2377-80, (1961); Houalla, et al., Bull. Soc. Chim. France, 1965,
      2368-73; Vetter and Noeth, Ber., 96, 1308-15 (1963); Burgada, Ann. Chim.
      8, 347-81 (1963); Nifant'ev et al., Zhur Obshch Khim, 36, 765, (1966)]
      that phosphorous amides and phosphoramidous acids react with alcohols to
      produce the corresponding esters. It has been further shown that dialkyl
      phosphorous amides [Emmons and Wadsworth, U.S. Pat. No. 3,068,060] and
      tetraalkylphosphorous amides [Jones and Noone, J. Appl. Chem., 12, 397-405
      (1962)] will react with cellulose. These reactions were always considered
      as occurring by displacement of an --NH.sub.2 or --Cl group and not by
      displacement of a dialkylamino group (R.sub.2 N--). No one has examined
      the reactions of cellulose with hexaalkyl phosphorous triamides.
PAR  We have discovered that the dimethylamino group can be replaced by reaction
      with cellulose to yield a product illustrated by the following formula:
      ##EQU1##
      Where R is H in 79% to 93% of the ester molecules and R is Cell in 7% to
      21% of the ester molecules. This trivalent phosphorus ester is readily
      susceptible to oxidation and during the air drying step the phosphine
      oxide is produced.
      ##EQU2##
PAR  We have also discoverd that the cellulose product of this invention has
      cation exchange properties and is thereby capable of exchanging hydrogen
      for metal ions or ammonium ions (NH.sub.4.sup.+). Certain of the metal
      ions, and in particular the NH.sub.4.sup.+ ion, enhance the flame
      retardance of the phosphorus containing cellulosic material.
PAR  The reaction proceeds moderately at room temperature, about 25.degree.C,
      but can be speeded up by heating. The reaction with cellulosic textiles
      will occur in the neat hexamethyl phosphorus triamide, hereinafter
      referred to as HPT, or in chlorinated solvents such as chloroform or in
      amides such as dimethylformamide. The HPT can also be applied to
      cellulosic textiles by conventional methods used for padding textiles and
      then the textiles heated in an oven to effect reaction.
PAR  We have also discovered that it is advantageous to use an acid catalyst to
      improve the efficiency and increase the rate of the reaction of HPT with
      cellulosic materials. Catalysts particularly suitable for this reaction
      are latent acid catalysts of the amine salt type, such as dimethylamine
      hydrochloride and diethylamine hydrochloride.
PAR  The process has the advantage of adding almost pure phosphorus to the
      cellulosic textile under basic conditions so that strength loss in
      minimal. There is crosslinking of the cellulose as evidenced by
      insolubility in aqueous 0.5 molar cupriethylenediamine hydroxide,
      hereinafter abbreviated "cuene."
PAR  Although cotton cellulose is the preferred material for use in this
      invention, other suitable cellulosic materials include paper, flax, ramie,
      and regenerated cellulose. The cellulosic fibrous material may suitably
      contain non-cellulosic materials such as nitrogenous resins or even be
      blended with other fibers such as polyester or nylon in a textile
      structure.
PAR  In accordance with the present invention the reaction of cotton cellulose
      with HPT may be conveniently carried out by treating the cotton with neat
      HPT at about from room temperature to 120.degree.C for periods of time
      about from 5 minutes to 90 minutes.
PAR  Alternatively, the reaction of HPT with cotton may be carried out in an
      organic solvent such as chloroform or dimethylformamide at temperatures
      ranging about from room temperature to 120.degree.C for periods of time
      ranging about from 5 minutes to 90 minutes.
PAR  Another alternative method of reacting HPT with cotton involves applying
      the HPT to the cotton either neat or in a suitable solvent by the use of a
      textile padder, and finally heating the cotton in an oven to effect
      reaction.
PAR  Still another alternative is to treat the cotton with a nitrogenous resin
      such as trimethylol melamine, or ureaformaldehyde type resins. The
      nitrogenous resins may be applied to the cotton either before treatment
      with HPT or after treatment with HPT. Nitrogen acts synergistically with
      phosphorus in making cellulosic materials flame retardant.
PAR  Flame retardancy of cotton textiles produced by the processes of this
      invention was tested by the strip angle flame test described in the
      following reference: Reeves, W. A., McMillan, Jr., O. J., and Guthrie, J.
      D., Textile Research J., 23, 527-32 (1953).
PAR  The following examples illustrate but do not limit the scope of this
      invention.
DETD
PAC  EXAMPLE 1
PAR  Covered 0.84 g of 8 oz white cotton sateen with 8 g of neat HPT in a beaker
      covered with parafilm. The fabric was cut in small strips and the mixture
      of fabric and HPT stirred at room temperature for 1 hour. The fabric was
      then rinsed in CHCl.sub.3 to remove unreacted HPT for 5 minutes and then
      rinsed in running hot water for 30 minutes. The air-equilibrated fabric
      contained 0.50% phosphorus.
PAC  EXAMPLE 2
PAR  Treated about 1 g of 8 oz white cotton sateen in approximately 10 g of neat
      HPT. The container was a microware reaction kettle fitted with a condenser
      and a gas inlet tube for argon. A slight positive pressure of inert gas
      was maintained throughout the reaction. The fabric was covered by the HPT
      which was warmed by a water bath at 80.degree.C for ninety minutes. The
      rinsing procedure as in Example 1 was followed. The equilibrated fabric
      contained 2.23% phosphorus.
PAC  EXAMPLE 3
PAR  Neat HPT was padded onto white cotton sateen (8 oz) at 75 psi to give
      approximately 60% wet pickup. The sample was divided into three parts and
      each heated 5 minutes at different temperatures. Results are shown in
      Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     Cure       %           %          Flame test                              

     temperature                                                               

                Phosphorus  Nitrogen   strip angle                             

     ______________________________________                                    

      85.degree.C                                                              

                1.19        0.10       50.degree.                              

     120.degree.C                                                              

                1.34        0.10       50.degree.                              

     155.degree.C                                                              

                1.01        --         50.degree.                              

     ______________________________________                                    

PAR  From the flame test it is evident that the fabric had improved flame
      retardancy since untreated cotton has a strip angle of 0.degree..
PAC  EXAMPLE 4
PAR  A 40% solution of HPT in dimethylformamide was prepared and used in
      treating a series of samples of white cotton sateen (8 oz). The samples
      were coiled and immersed in the solution at 110.degree. or 150.degree.C in
      the container described in Example 2. Typical results are shown in Table
      II.
TBL                Table II                                                    

     ______________________________________                                    

     Reaction Reaction  %         %      Flame test                            

     temperature                                                               

              Time      Phosphorus                                             

                                  Nitrogen                                     

                                         strip angle                           

     ______________________________________                                    

     110.degree.C                                                              

               5 min.   1.57      0.36    90.degree.                           

     110.degree.C                                                              

              40 min.   1.94      0.20   105.degree.                           

     150.degree.C                                                              

               5 min.   0.86      0.47    75.degree.                           

     150.degree.C                                                              

              30 min.   1.73      0.61    90.degree.                           

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  Six hundred grams of 40% hexamethyl phosphorus triamide (HPT) in dimethyl
      formamide (DMF) was prepared. This was transferred to a reaction cylinder
      which was wrapped with heating tape to produce a temperature of
      110.degree.C in the solution. The solution was stirred by bubbling argon
      through it from a gas inlet tube in the bottom of the cylinder.
PAR  Samples of cotton fabric were cut in 6 inch .times.12 inch rectangles and
      lowered into the heated solution. Both 8 oz cotton sateen and 3 oz cotton
      printcloth (abbreviated P.C.) were used. Reaction was carried out for the
      times shown in Table III. The fabric samples were then rinsed in 21/2 l.
      of CHCl.sub.3 for 10 minutes to remove unreacted HPT and then washed in
      running hot water for 30 minutes. The physical and chemical properties
      were determined on the air-dried samples. A catalytic amount of
      dimethylamine hydrochloride (1%), (abbreviated DMA. HCl), was used on
      samples 5-8. The cation exchange values were determined by the method of
      Hoffpauir and Guthrie [Textile Res. J. 20, p. 617-620 (1950)].
TBL                                    TABLE III                               

     __________________________________________________________________________

     Chemical Properties of HPT Fabrics                                        

                         Match    Meq of exchanger                             

     Sample                                                                    

         Fabric                                                                

             Time of     Test     per kg                                       

     No. Type                                                                  

             Treatment                                                         

                   Catalyst                                                    

                         angle                                                 

                              % P (dry basis)                                  

     __________________________________________________________________________

     1   P.C.                                                                  

             10 min.                                                           

                   None  .about.10.degree.                                     

                              1.69                                             

                                  430.3                                        

     2   P.C.                                                                  

             30 min.                                                           

                   None  .about.50.degree.                                     

                              1.93                                             

                                  515.9                                        

     3   Sateen                                                                

             10 min.                                                           

                   None  .about.90.degree.                                     

                              1.80                                             

                                  507.3                                        

     4   Sateen                                                                

             30 min.                                                           

                   None  .about.90.degree.                                     

                              2.24                                             

                                  601.3                                        

     5   P.C.                                                                  

              5 min.                                                           

                   DMA.HCl                                                     

                         .about.10.degree.                                     

                              1.64                                             

                                  401.6                                        

     6   P.C.                                                                  

             15 min.                                                           

                   DMA.HCl                                                     

                         .about.70.degree.                                     

                              2.06                                             

                                  556.9                                        

     7   P.C.                                                                  

              5 min.                                                           

                   DMA.HCl                                                     

                         .about.85.degree.                                     

                              1.47                                             

                                  421.9                                        

     8   P.C.                                                                  

             15 min.                                                           

                   DMA.HCl                                                     

                         .about.100.degree.                                    

                              2.08                                             

                                  584.6                                        

     __________________________________________________________________________

PAL  The samples were all treated in the same solution so there was some
      depletion of HPT with each sample. However, the catalytic effect of
      DMA.HCl can be seen since only half the reaction time is necessary to give
      essentially the same phosphorus add-on. Also, the experiments using the
      catalyst were run after some depletion of HPT had occurred. The cation
      exchange values are quite high being on the order of 40-50% of that
      obtained for cellulose which has been phosphorylated with phosphoric acid
      (based on 1st hydrogen).
PAR  The breaking strength retention of all of the fabric samples was good,
      varying from a gain of 7.4% to a loss of only 13.8%.
PAC  EXAMPLE 6
PAR  The maximum effect of the DMA.HCl catalyst was not obtained in Example 5
      because the HPT in the DMF solution had been partially depeleted before
      the catalyst was added.
PAR  Therefore, another experiment was conducted in which two separate solutions
      were used - one without the catalyst and one with the catalyst.
PAR  Three samples of 8 ounce white cotton sateen (21/2inch .times.5 inch) were
      treated in the same manner as in Example 2 at 110.degree.C for varying
      time periods in a 40% solution of HPT (by weight) in DMF.
PAR  A fresh solution was prepared containing 40% HPT and 1% DMA.HCl (by weight)
      in DMF. The DMA.HCl dissolved when the solution was heated. Three
      additional samples of cotton sateen were treated under the same conditions
      as the first three samples.
PAR  The results on flame retardancy and phosphorus content of the cotton
      samples are shown in Table IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Sample Reaction                Match test                                 

     No.    Time        Catalyst    angle    % P                               

            (minutes)               degrees                                    

     ______________________________________                                    

     1       5          none        120.degree.                                

                                             1.33                              

     2      10          none        110.degree.                                

                                             1.72                              

     3      20          none        110.degree.                                

                                             1.91                              

     4       5          DMA.HCl     &gt;135.degree.                               

                                             2.74                              

     5      10          DMA.HCl     &gt;135.degree.                               

                                             3.26                              

     6      20          DMA.HCl     180.degree.                                

                                             3.65                              

     ______________________________________                                    

PAR  Much better flame retardancy was obtained in a shorter reaction time than
      was obtained on the samples shown in Table III of Example 5.
PAC  EXAMPLE 7
PAR  One-hundred grams of trimethylol melamine (TMM) solution containing 7, 10,
      and 13% TMM were prepared. Each solution contained also 1% of a citric
      acid-magnesium chloride hexahydrate mixed catalyst and 1% of Triton X-100
      wetting agent. Two samples of cotton printcloth (abbreviated P.C.) and
      sateen were padded through the solution to about 90% wet pick-up, dried 4
      minutes at 85.degree.C and cured 4 minutes at 155.degree.C. The cured
      sample was washed in running hot tap water for 30 minutes and then the
      sample air-dried. One of the samples at each TMM level was then treated
      with HPT by the procedure described in Example 5.
PAR  The HPT treatment was for 20 minutes at 110.degree.C. The results of this
      dual treatment are shown in Table V.
TBL                TABLE V                                                     

     ______________________________________                                    

     Properties of Fabric Treated with TMM, then HPT                           

           % TMM                         Match                                 

     Sample                                                                    

           in pad   %       %      %     Test   Fabric                         

     No.   bath     Add-on  Nitrogen                                           

                                   Phos- Angle, Type                           

                                   phorus                                      

                                         degrees                               

     ______________________________________                                    

     1      7       5.3     2.86   0.41  0      P.C.                           

     2      7       5.1     2.37                P.C.                           

     3      7       3.2     1.68   0.85  90.degree.                            

                                                Sateen                         

     4      7       2.9     2.12                Sateen                         

     5     10       7.7     3.87   0.52  45.degree.                            

                                                P.C.                           

     6     10       7.8     3.58                P.C.                           

     7     10       6.3     3.29   0.69  90.degree.                            

                                                Sateen                         

     8     10       6.2     3.23                Sateen                         

     9     13       11.1    5.16   0.40  45.degree.                            

                                                P.C.                           

     10    13       10.5    5.03                P.C.                           

     11    13       7.8     3.86   0.52  90.degree.                            

                                                Sateen                         

     12    13       8.1     4.15                Sateen                         

     ______________________________________                                    

PAR  It is readily apparent that by adding a nitrogenous resin such as TMM to
      the cotton that flame retardancy can be obtained at a much lower
      phosphorus content. For example, sample No. 4 in Table III contained 2.24%
      phosphorus but no nitrogen and had a 90.degree. match test angle, whereas
      sample No. 1 in Table V contained only 0.52% phosphorus and 3.86% nitrogen
      and also had a match test angle of 90.degree..
PAC  EXAMPLE 8
PAR  Two samples of cotton sateen which had been treated previously with HPT and
      which had match test angles of 110.degree. were treated with 7% and 10%
      TMM, respectively, as in Example 7. Both samples had match test angles
      greater than 135.degree..
PAR  Thus Examples 7 and 8 illustrate that flame retardancy can be improved by
      applying TMM either before or after treatment with HPT.
PAC  EXAMPLE 9
PAR  A sample of cotton sateen which had been treated with HPT and which had a
      match test angle of 110.degree. was soaked in 2% ammonium hydroxide and
      then dried to remove excess ammonia. The flame retardancy was greatly
      improved, as shown by an increase in the match test angle to 180.degree..
      This treatment illustrates the ability of the HPT treated fabric to
      exchange cations.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing a flame resistant and cation exchangeable
      cellulosic material which process comprises crosslinking a cellulosic
      material by reacting said material with hexamethylphosphorus triamide and
      allowing the phosphorus ester crosslinking of said material to take place
      at a temperature ranging from room temperature to about 120.degree.C. for
      a period of about 5 minutes to 90 minutes.
NUM  2.
PAR  2. The process of claim 1 wherein the hexamethylphosphorus triamide is
      dissolved in dimethylformamide.
NUM  3.
PAR  3. The process of claim 1 wherein the hexamethylphosphorus triamide is
      dissolved in a chlorinated solvent.
NUM  4.
PAR  4. The process of claim 2 wherein the reaction is catalyzed by a latent
      acid catalyst.
NUM  5.
PAR  5. The process of claim 4 wherein the reaction is catalyzed by
      dimethylamine hydrochloride.
NUM  6.
PAR  6. The process of claim 1 wherein the cellulosic material contains a cured
      nitrogenous resin.
NUM  7.
PAR  7. A process for producing a flame-resistant and cation exchangeable
      cellulosic material, which process comprises reacting a cellulosic
      material with a solution consisting essentially of hexamethylphosphorus
      triamide and solvent, and allowing the reaction to take place at a
      temperature ranging from room temperature to about 120.degree. C. for a
      period of about 5 minutes to 90 minutes.
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ABST
PAL  Wool or other protein textiles are provided with a durable set by arranging
      them in a predetermined pattern, and while constrained in such pattern
      contacting them with a hydroxylic liquid--i.e., ethylene glycol, propylene
      glycol, glycidol, glycerol, or diethylene glycol--under controlled
      conditions of time and temperature.
PARN
PAR  This is a continuation-in-part of our co-pending application, Ser. No.
      436,264, filed Jan. 24, 1974.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention relates to and has among its objects the provision of novel
      procedures for setting wool or other protein textile, that is, for
      imparting to the textile durable creases, pleats, folds, or other
      structural arrangements as may be desired by the operator. Further objects
      of the invention will be evident from the following description wherein
      parts and percentages are by weight unless otherwise specified.
PAR  In the following description the application of the invention to wool is
      emphasized. This is by way of example, not limitation. In its broad
      compass the invention may be utilized for the setting of all kinds of
      proteinous textiles.
PAR  Wool is a very useful fiber and is employed in the fabrication of numerous
      articles, particularly weaving apparel. It is well-known that garments of
      all types need to be provided with some sort of fabric arrangement, for
      example, pleats, creases, folds, etc. Such arrangements are conventionally
      produced by ironing the garment while constrained in the desired pattern.
      However, these arrangements are but temporary and when the garment is
      subjected to wear or is exposed to humid conditions, the creases, pleats,
      etc. disappear, leaving the garment in a shapeless condition. Procedures
      are also known wherein chemicals such as sodium bisulphite or ethanolamine
      are applied to the textile which is then steamed while held in the desired
      pattern. Although such procedures provide better results than pressing
      alone, the setting is not durable so that when the garment is laundered,
      the creases, pleats, or other arrangements are largely dissipated. Another
      disadvantage resulting from setting with bisulphites and/or amines is that
      they impart disagreeable odors to the product and these odors are
      intensified when the product is subjected to moisture and warmth, for
      example, when the treated garments are worn in warm or humid places.
PAR  The present invention provides a means for obviating the problems outlined
      above. A primary advantage is that the fabric arrangements provided by the
      invention are durable, that is, they are essentially permanent in
      practical consideration. The treated textiles may be subjected to soaking
      in cold or even boiling water without loss of the structure imparted
      thereto. Garments treated in accordance with the invention may be worn in
      the rain or subjected to other humid conditions without less of pleats,
      creases, etc. The treated textiles may be subjected to dry cleaning or
      even washing in conventional aqueous soap or detergent formulations with
      little or no detriment to the creases, pleats, or other arrangements as
      may be present.
PAR  A most significant advantage of the invention is that the durable
      arrangements are established without impairing the desirable properties of
      the textile. That is to say, such properties as color, hand, elasticity,
      porosity, resilience, strength, wear-resistance, etc. are not harmed. For
      example, textiles treated in accordance with the invention exhibit
      essentially the same hand as the original fabric. This is in utter
      contrast to prior processes which depend for their effectiveness on the
      application of shellac, gums, starches, resins, or other high-molecular
      weight materials. In those cases there is a substantial stiffening of the
      material so that the original hand of the fabric is impaired.
PAR  Another advantage of the invention is that no unpleasant odor is imparted
      to the textile. Other items to be mentioned are that the agents used in
      the process are inexpensive, commercially-available, and non-corrosive.
      Moreover, the process is outstanding in its utter simplicity and
      efficiency.
PAR  A further advantage is that the invention has extensive utility and can be
      applied to textiles which consist entirely of protein fibers (e.g., wool;
      mohair; silk; camel or other animal hair; regenerated protein fibers such
      as those prepared from casein, soybeans, peanut protein, zein, gluten, egg
      albumin, collagen, or keratins such as feathers, animal hoof or horn,
      etc.) and to textiles which contain at least 25% of protein fibers,
      typically blends of wool or other protein fibers with other natural or
      synthetic fibers such as cotton, linen, hemp, jute, ramie, sisal,
      cellulose acetate, cellulose acetate-butyrate, saponified acetate rayons,
      viscose rayons, cuprammonium rayons, ethyl cellulose, polyurethane,
      polyacrylonitrile, polyesters such as polyethylene terephthalate, and the
      like. The term "proteinous textile" is used herein as inclusive of
      all-protein textiles and blends which contain at least 25% protein fibers.
      The textile material to which the invention is applied may be in the form
      of bulk fibers, yarns, sliver, roving, top, webbing, card, tape, or woven
      or knitted fabrics, garments, or garment parts.
PAR  As noted above, an advantage of the invention is that it does not cause any
      damage to the intrinsic properties of the textile. Thus it does not
      decrease such vital attributes as hand and abrasion resistance. As a
      consequence, the treated textiles are suitable for all conventional uses
      of textiles as in fabrication of suits, shirts, skirts, and garments of
      all kinds. It is further to be noted that the process of the invention is
      outstanding in its simplicity and can be carried out with conventional
      equipment to be found in any textile-treating plant.
PAR  Another advantage of the invention is that the herein-described procedure
      may be used in conjunction with conventional textilefinishing
      techniques--such as dyeing, shrinkproofing, setting, and the like--
      without interfering with the results attained by such finishing
      treatments. In fact, enhanced results are often attained as explained
      below.
PAR  An additional advantage of the invention is that the treated textiles are
      more easily dyed in that they have enhanced dye-receptivity. Moreover, the
      treated fibers can be dyed by conventional dyes and the imparted colors
      are essentially permanent and not removed by laundering.
PAR  In our copending application (Ser. No. 436,234) referred to above, we have
      described a process for increasing the stretchability of wool textiles by
      contacting the textile with a hydroxylic liquid under controlled
      conditions of time and temperature. The instant process is related to that
      of 436,234 in that the same hydroxylic liquids are used (ethylene glycol,
      propylene glycol, glycidol, glycerol, or diethylene glycol) and they are
      applied under the same conditions of time and temperature. However, the
      instant process differs from 436,234 in the following respect:
PAR  In a practice of the present invention, the textile is first arranged in a
      desired pattern. This arrangement may involve laying the material flat, or
      folding the material, or arranging it in desired creases or pleats, or
      shaping it on suitable mandrels or dies. For example, in applying the
      process to garments, these articles are laid on a flat surface with the
      desired areas folded over, creased, or otherwise arranged as conventional
      in preparing garments for pressing. Where more complex configurations are
      involved the textile may be compressed between dies having the desired
      shape. For example, ribbed effects may be obtained by constraining the
      fabric between dies having corrugated surfaces; pleated effects may be
      obtained by constraining the fabric between dies having mating V-shaped
      projections. Yarns may be crimped by compressing between corrugated
      surfaces, by knitting them into fabrics, by twisting them about themselves
      or about a rod, or by forcing them into a stuffing box. Further extensions
      of these principles will be obvious to those versed in the textile art.
PAR  In any event, the textile while constrained in the arranged pattern is
      contacted, under particular conditions, with any one of certain hydroxylic
      liquids, namely, ethylene glycol, glycidol, propylene glycol, glycerol, or
      diethylene glycol. The conditions of the treatment have been found to be
      critical and the desired results are attained by a correlation of time and
      temperature for each particular liquid.
PAR  In the case of treatment with ethylene glycol or glycidol, the temperature
      of treatment may range from 120.degree. to 180.degree. C., and the time of
      treatment is governed by the equation -
EQU  T = 175 .+-. 10 - 16.7 log t                               (I)
PAL  wherein T is the temperature in degrees Centigrade, and t is the time in
      seconds.
PAR  By operating within the limits of Equation I, the desired results of the
      invention are realized. Most importantly, the desired durable set is
      imparted to the textile. Moreover, by operating under such conditions,
      there is little or no discoloration of the textile, it suffers little or
      no loss of tensile strength, and it retains its original hand. Typical
      examples of operating conditions within the limits of Equation I are given
      below by way of illustration:
TBL  Temp., .degree.C  Time, sec.                                              

     ______________________________________                                    

     140            31 to 495, preferably 260                                  

     150             8 to 124, preferably 30 to 60                             

     160             2 to 31, preferably 16                                    

     ______________________________________                                    

PAR  Our researches have shown that both under- and over-treatment are
      undesirable since they do not attain the results of the invention. For
      example, if the process is carried out at a selected temperature within
      the specified range but for a time less than that calculable from Equation
      I, a useful set is not attained. Any degree of set which may be obtained
      is not durable, and disappears when the textile is exposed to water.
      Moreover, if the time is increased above that calculable from the
      equation, inferior results are also obtained. These include discoloration,
      weakening of the fibers, and deterioration of hand so that in aggravated
      cases the product is rubbery when wet but boardy and brittle when dry.
PAR  In the case of treatment with propylene glycol, glycerol, or diethylene
      glycol, the temperature may range from 140.degree. to 180.degree. C., and
      the time of treatment is governed by the equation -
EQU  T = 188 .+-. 8 - 16.7 log t                                (II)
PAL  wherein T is the temperature in degrees Centigrade, and t is the time in
      seconds.
PAR  In the same way as explained above, if the treatment is carried out at
      times or temperatures below or above those governed by Equation II,
      inferior results are obtained. Typical examples of operating conditions
      within the limits of Equation II are given below by way of illustration:
TBL  Temp., .degree.C Time, sec.                                               

     ______________________________________                                    

     150              63 to 562, preferably 300                                

     160              16 to 142, preferably 130                                

     170               4 to 34, preferably  20                                 

     ______________________________________                                    

PAR  Contact between the hydroxylic liquid and the constrained textile may be
      accomplished in various ways. The simplest and preferred method is to
      immerse the constrained textile in a heated bath of the hydroxylic liquid.
      After the period of time necessary to produce the benefits of the
      invention, the textile is removed from the bath, and while still under
      constraint, is immediately cooled to below 100.degree. C.--usually to room
      temperature--in order to quench (arrest) the reaction.
PAR  In an alternative procedure the treatment with the hydrolytic liquid is
      carried out as follows: The constrained textile is impregnated with the
      selected hydrolytic liquid and passed through an oven or other heating
      chamber wherein it is brought to the desired temperature and held thereat
      for the appropriate time. The treated textile is then removed from the
      oven and immediately cooled while still under constraint.
PAR  Other methods for effecting contact between the hydroxylic liquid and the
      constrained textile will be obvious to those skilled in the art. It should
      be noted that the process of the invention is readily adapted to
      continuous or batch procedures, whichever is desired.
PAR  The cooling operation can be carried out in various ways. For example, the
      treated textile while still constrained can be immersed in cold (tap)
      water, or in water which is cooled by addition of ice or by the use of
      refrigerated coils, or the like. Alternatively, the constrained textile
      can be cooled by subjecting it to a blast of cold air or a spray of cold
      water or carbon dioxide snow. Another plan is to cool the constrained
      textile by contact with a chilled non-aqueous inert liquid such as
      trichloroethane, perchloroethane, hexane, or a fluorocarbon such as
      difluorodichloromethane. After cooling, the textile need no longer be held
      under constraint; the setting has been accomplished.
PAR  After cooling, the textile is treated to remove any hydroxylic liquid which
      remains on it. Since the hydroxylic liquids are soluble in water, this is
      most readily accomplished by washing with water. Alternatively, the
      residual hydroxylic liquid is removed by washing with a non-aqueous,
      volatile, inert solvent such as methanol, ethanol, trichloroethane,
      perchloroethylene, and the like.
PAR  After removal of residual hydroxylic liquid, the treated textile is dried
      in conventional manner and is then ready for use or sale.
PAR  In an alternative modification of the invention, a minor amount (about 0.01
      to 0.5%) of an acid is added to the hydroxylic liquid prior to contact
      with the textile, whereby to minimize possibility of discoloration of the
      textile. For this purpose one can use acids such as p-toluene sulphonic
      acid, benzene sulphonic acid, sulphuric acid, sulphamic acid, phosphoric
      acid, hydrochloric acid, ascorbic acid, etc. Preferably, p-toluene
      sulphonic acid is used in a concentration of about 0.2%.
DETD
PAC  EXAMPLES
PAR  The invention is further demonstrated by the following examples provided by
      way of illustration and not limitation.
PAC  EXAMPLE 1
PAR  A sample of mohair top was arranged in a thin layer between two stainless
      steel screens with mating serrated configuration which imparted crimp to
      the fibers. The assembly was immersed for 1 minute in ethylene glycol (at
      a temperature of 150.degree. C.) which contained 0.2% p-toluene sulfonic
      acid. The assembly was removed from the bath and rinsed for a minute in
      running tap water (16 to 20.degree. C.). The crimped fibers were removed
      from the assembly and were dried. The fibers retained their crimped
      configuration even after being placed in boiling water for 30 minutes.
PAC  EXAMPLE 2
PAR  The procedure described in Example 1 was applied to a sample of wool top.
      The imparted crimp was retained although the treated sample was immersed
      in boiling water for 30 minutes.
PAC  EXAMPLE 3
PAR  Very tightly-knit fabrics were made from fine crimp-free mohair yarn and
      from coarse, relatively crimp-free, carpet wool yarn. These knitted
      materials were each immersed for 60 seconds in ethylene glycol at a
      temperature of 150.degree.-152.degree. C. The treated knits were removed
      from the bath, were rinsed in cool tap water, and then were dried.
PAR  The treated fabrics were unraveled and the recovered yarns examined. It was
      found that in both cases, the yarns had acquired a high degree of crimp.
      For example, microscopic examination of the treated mohair yarn revealed
      that the individual fibers had a high degree of crimp, whereas the
      untreated mohair fibers were characteristically smooth and lacking in
      crimp. The crimped yarns could be re-knit to form fabrics having a
      desirable high bulk and greatly improved resiliency.
PAC  EXAMPLE 4
PAR  Samples of wool fibers and mohair fibers were wound tightly around a glass
      rod (about 3/16 inch diameter). The assembly was immersed in ethylene
      glycol at 145.degree. C. for a period of 75 seconds. Afterward, the
      assembly was removed from the bath, was rinsed with tap water, and was
      dried. The treated fibers were removed from the rod and they exhibited a
      curled configuration, which was retained even after prolonged soaking in
      hot water.
PAC  EXAMPLE 5
PAR  A worsted wool fabric (4.5 oz. per sq. yd., plain weave) was constrained in
      a pleated configuration between two stainless steel screens having mating
      V-shaped conformation. The assembly was immersed for 60 seconds at a
      temperature of 150.degree. C. in ethylene blycol containing 0.2% p-toluene
      sulfonic acid. After this treatment the assembly was immersed in cool
      water. The wet fabric was removed from the assembly and was dried. The
      sharply-pleated fabric was immersed in boling water for 30 minutes after
      which time the pleats still remained.
PAR  Control: A similar piece of fabric was treated conventionally to set
      pleats. Thus, the fabric was constrained in the same stainless steel
      screen as above. The assembly was immersed for 5 min. in a boiling 2%
      solution of sodium bisulfite, was removed from the bath and rinsed with
      water, and finally was dried. The fabric was removed from the assembly and
      was immersed in boiling water. After 20 min. the imparted pleats were only
      slightly retained.
PAC  EXAMPLE 6
PAR  A plain weave, worsted wool fabric (6.2 oz. per sq. yd.) was treated in a
      conventional manner to impart shrinkproofing. The conventional process
      entailed treating the fabric with a 2% solution of a commercial
      shrinkproofing agent (a polyurethane having terminal isocyanate groups) in
      perchloroethylene, pressing the so-treated material in a Hoffman steam
      press, and curing the fabric at 65% RH and 70.degree. F. for one week.
PAR  A 10 in. .times. 14 in. swatch of the shrink-proofed fabric was constrained
      in both the warp and fill directions in a pin-tenter frame (device with
      pins on a frame useful for constraining fabrics). The assembly was
      immersed for 60 seconds at 150.degree. C. in ethylene glycol containing
      0.1% p-toluene sulfonic acid and then was rinsed with cool water and
      dried.
PAR  The so-treated fabric exhibited a desirable flat set, which was retained
      after repeated aqueous launderings.
PAR  The treated fabric was tested for retention of smoothness as follows. It
      was subjected to three washings and tumble dryings. The triple-washed
      fabric was then evaluated according to AATCC test method 88A-III-C, using
      overhead lighting procedure. In this test the fabric is rated on a scale
      of 1 to 5, with 5 being the most smooth and 1 being the least smooth. The
      treated fabric gave a rating in this test of 4.5. As a control, a sample
      of the same fabric was subjected to the shrinkproofing treatment alone.
      This fabric when tested as described had a smoothness rating of only 2.
CLMS
STM  Having thus described our invention we claim:
NUM  1.
PAR  1. A method for imparting a stable set to a proteinous textile, which
      consists of -
PA1  a. arranging the textile in a predetermined pattern,
PA1  b. while constraining it in such pattern immersing the textile in a bath
      consisting of ethylene glycol at a temperature in the range 120 to
      180.degree. C. and for a time governed by the limits of the equation -
EQU  T = 175 .+-. 10 - 16.7 log t
PA1  wherein T is the temperature in degrees Centigrade, and t is the time in
      seconds,
PA1  c. while still constraining the textile in the predetermined pattern
      immediately arresting the treatment by cooling the textile,
PA1  d. washing the textile to remove residual ethylene glycol, and drying the
      textile.
NUM  2.
PAR  2. The method of claim 1 wherein the bath consists of ethylene glycol and
      about 0.2% of p-toluene sulfonic acid.
NUM  3.
PAR  3. A method for importing a stable set to a proteinous textile, which
      consists of
PA1  a. arranging the textile in a predetermined pattern,
PA1  b. while constraining it in such pattern immersing the textile in a bath
      consisting of ethylene glycol at a temperature of about 150.degree. C. for
      a period of about 30 to 60 seconds,
PA1  c. while still constraining the textile in the predetermined pattern
      immediately quenching the so-treated textile in cold water,
PA1  d. washing the textile with water to remove residual ethylene glycol, and
      drying it.
NUM  4.
PAR  4. The method of claim 3 wherein the bath consists of ethylene glycol and
      about 0.2% of p-toluene sulfonic acid.
NUM  5.
PAR  5. A method for imparting a stable set to a proteinous textile, which
      consists of
PA1  a. arranging the textile in a predetermined pattern,
PA1  b. while constraining it in such pattern immersing the textile in a bath
      consisting of glycidol at a temperature in the range 120.degree. to
      180.degree. C. and for a time governed by the limits of the equation -
EQU  T = 175 .+-. 10 - 16.7 log t
PA1  wherein T is the temperature in degrees Centigrade, and t is the time in
      seconds,
PA1  c. while still constraining the textile in the predetermined pattern
      immediately arresting the treatment by cooling the textile,
PA1  d. washing the textile to remove residual glycidol, and drying the textile.
NUM  6.
PAR  6. The method of claim 5 wherein the bath consists of glycidol and about
      0.2% of p-toluene sulfonic acid.
NUM  7.
PAR  7. A method for imparting a stable set to a proteinous textile, which
      consists of
PA1  a. arranging the textile in a predetermined pattern,
PA1  b. while constraining it in such pattern immersing the textile in a bath
      consisting of propylene glycol at a temperature in the range 140.degree.
      to 180.degree. C. and for a time governed by the limits of the equation
EQU  T = 188 .+-. 8 - 16.7 log t
PA1  wherein T is the temperature in degrees Centigrade, and t is the time in
      seconds,
PA1  c. while still constraining the textile in the predetermined pattern
      immediately arresting the treatment by cooling the textile,
PA1  d. washing the textile to remove residual propylene glycol, and drying the
      textile.
NUM  8.
PAR  8. The method of claim 7 wherein the bath consists of propylene glycol and
      about 0.2% of p-toluene sulfonic acid.
NUM  9.
PAR  9. A method for importing a stable set to a proteinous textile, which
      consists of -
PA1  a. arranging the textile in a predetermined pattern,
PA1  b. while constraining it in such pattern immersing the textile in a bath
      consisting of glycerol at a temperature in the range 140.degree. to
      180.degree. C. and for a time governed by the limits of the equation -
EQU  T = 188 .+-. 8 - 16.7 log t
PA1  wherein T is the temperature in degrees Centigrade, and t is the time in
      seconds,
PA1  c. while still constraining the textile in the predetermined pattern
      immediately arresting the treatment by cooling the textile,
PA1  d. washing the textile to remove residual glycerol, and drying the textile.
NUM  10.
PAR  10. The method of claim 9 wherein the bath consists of glycerol and about
      0.2% of p-toluene sulfonic acid.
NUM  11.
PAR  11. A method for imparting a stable set to a proteinous textile, which
      consists of
PA1  a. arranging the textile in a predetermined pattern,
PA1  b. while constraining it in such pattern immersing the textile in a bath
      consisting of diethylene glycol at a temperature in the range 140.degree.
      to 180.degree. C. and for a time governed by the limits of the equation -
EQU  T = 188 .+-. 8 - 16.7 log t
PA1  wherein T is the temperature in degrees Centigrade, and t is the time in
      seconds,
PA1  c. while still constraining the textile in the predetermined pattern
      immediately arresting the treatment by cooling the textile,
PA1  d. washing the textile to remove residual diethylene glycol, and drying the
      textile.
NUM  12.
PAR  12. The method of claim 11 wherein the bath consists of diethylene glycol
      and about 0.2% of p-toluene sulfonic acid.
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ABST
PAL  Wool textiles of enhanced stretch properties are prepared by contacting the
      textile with a hydroxylic liquid, i.e., ethylene glycol, propylene glycol,
      glycidol, glycerol, or diethylene glycol, under controlled conditions of
      time and temperature.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to and has among its objects the provision of novel
      processes for increasing the stretchability of wool textiles. Further
      objects of the invention will be evident from the following description
      wherein parts and percentages are by weight unless otherwise specified.
PAR  Wool is a very useful fiber and is employed in the fabrication of numerous
      articles. A major use of wool is in the production of wearing apparel.
      Although clothes made of wool have many desirable properties, they are
      sometimes avoided by the present-day consumer because they do not have
      sufficient stretch.
PAR  Methods are known in the art for imparting some degree of stretch to wool
      textiles. Typically, these methods rely on the use of reductive setting
      (with sodium bisulphite, or the like) of constrained yarns or fabric.
      Often such setting treatments are combined with special mechanical systems
      for compacting, crimping, or twisting the yarns as they are being set.
      Products prepared by these techniques are generally unstable to laundering
      and other treatments involving the application of aqueous media thereto.
      In addition, the known processes are expensive in that they require
      special machinery and increased labor and time.
PAR  The present invention provides a means for obviating the problems outlined
      above. A primary advantage of the invention is that it provides wool
      textiles of greatly enhanced stretchability. The invention has extensive
      utility and can be applied to all-wool textiles and to textiles which
      contain at least 25% wool, typically blends of wool with other natural or
      synthetic fibers such as cotton, linen, hemp, jute, ramie, sisal,
      cellulose acetate, cellulose acetate-butyrate, saponified acetate rayons,
      viscose rayons, cuprammonium rayons, ethyl cellulose, animal hair,
      polyurethane, polyacrylonitrile, polyesters such as polyethylene
      terephthalate, and the like. The term "wool-containing textile" is used
      herein as inclusive of all-wool textiles and wool blends which contain at
      least 25% wool. The textile material to which the invention is applied may
      be in the form of bulk fibers, yarns, sliver, roving, top, webbing, card,
      tape, or woven or knitted fabrics.
PAR  Another advantage is that the treatment of the invention does not cause any
      damage to the intrinsic properties of the textile. Thus it does not
      decrease such vital attributes as hand and abrasion resistance. As a
      consequence, the treated textiles are suitable for all conventional uses
      of textiles as in fabrication of suits, shirts, skirts, and garments of
      all kinds. It is further to be noted that the process of the invention is
      outstanding in its simplicity and can be carried out with conventional
      equipment to be found in any textile-treating plant. Moreover, the process
      of the invention yields stretchable products from fabrics which are of
      conventional construction. In other words, the fabrics used as starting
      materials in the process of the invention are conventional woven or
      knitted ones.
PAR  Another advantage of the invention is that the imparted stretchability is
      essentially permanent. Thus the result obtained by the process of the
      invention is retained where the treated textile is subjected to repeated
      dry cleaning and even repeated aqueous laundering.
PAR  Another advantage of the invention is that the hereindescribed procedure
      may be used in conjunction with conventional textile-finishing
      techniques--such as dyeing, shrinkproofing, setting, and the like--without
      interfering with the results attained by such finishing treatments. In
      fact, enhanced results are often attained as explained below.
PAR  An additional advantage of the invention is that the treated textiles are
      more easily dyed in that they have enhanced dyereceptivity. Moreover, the
      treated fibers can be dyed by conventional dyes and the imparted colors
      are essentially permanent and not removed by laundering.
PAR  Another advantage of the invention is that the treated textiles exhibit an
      increased ability to take a set, that is, they have increased settability.
      Thus, for example, creases that are steamed into the treated textiles are
      more durable and long-lasting than with the untreated textiles. Moreover,
      such creases, pleats, or other configurations provided to the treated
      textiles are retained even after aqueous laundering. Moreover, if the
      treated textiles are subjected to conventional setting--as with a
      bisulphite--they are more resistant to wrinkling and mussing when
      subjected to wear and to aqueous laundering than is the case where flat
      setting is applied to the untreated textile.
PAR  The objects of the invention are attained by contacting the wool textile,
      under particular conditions, with any one of certain hydroxylic liquids,
      namely, ethylene glycol, glycidol, propylene glycol, glycerol, or
      diethylene glycol. The conditions of the treatment have been found to be
      critical and the desired results are attained by a correlation of time and
      temperature for each particular liquid.
PAR  In the case of treatment with ethylene glycol or glycidol, the temperature
      of treatment may range from 120.degree. to 180.degree. C., and the time of
      treatment is governed by the equation -
EQU  T = 175 .+-. 10-16.7 log t                                 (I)
PAL  wherein T is the temperature in degrees Centigrade, and t is the time in
      seconds.
PAR  By operating within the limits of Equation I, the desired results of the
      invention are realized. Most importantly, a great increase in
      stretchability is achieved. In typical cases where the starting material
      is an all-wool woven fabric, there is obtained an 8-fold increase in
      stretchability in the warp direction and a 2-fold increase in
      stretchability in the fill direction. Moreover, by operating under such
      conditions, there is little or no discoloration of the textile, it suffers
      little or no loss of tensile strength, and it retains its original hand.
      Typical examples of operating conditions within the limits of Equation I
      are given below by way of illustration:
TBL  Temp., .degree.C                                                          

                      Time, sec.                                               

     ______________________________________                                    

     140            31 to 495, preferably 260                                  

     150             8 to 124, preferably 30 to 60                             

     160             2 to 31, preferably 16                                    

     ______________________________________                                    

PAR  Our researches have shown that both under- and over-treatment are
      undesirable since they do not attain the results of the invention. For
      example, if the process is carried out at a selected temperature within
      the specified range but for a time less than that calculable from Equation
      I, the product has poor stretchability. If the time is increased above
      that calculable from the equation, inferior results are also obtained.
      These include discoloration, weakening of the fibers, and deterioration of
      hand so that in aggravated cases the product is rubbery when wet but
      boardy and brittle when dry.
PAR  In the case of treatment with propylene glycol, glycerol, or diethylene
      glycol, the temperature may range from 140 to 180.degree. C., and the time
      of treatment is governed by the equation -                T = 188 .+-.
      8-16.7 log t                                              (II)
PAL  wherein T is the temperature in degrees Centigrade, and t is the time in
      seconds.
PAR  In the same way as explained above, if the treatment is carried out at
      times or temperatures below or above those governed by Equation II,
      inferior results are obtained. Typical examples of operating conditions
      within the limits of Equation II are given below by way of illustration:
TBL  Temp., .degree.C                                                          

                     Time, sec.                                                

     ______________________________________                                    

     150            63 to 562, preferably 300                                  

     160            16 to 142, preferably 130                                  

     170             4 to  34, preferably  20                                  

     ______________________________________                                    

PAR  Contact between the hydroxylic liquid and the textile to be treated can be
      accomplished in various ways. The simplest and preferred method is to
      immerse the textile in a heated bath of the hydroxylic liquid. After the
      period of time necessary to produce the benefits of the invention, the
      textile is removed and immediately cooled to below 100.degree. C.--usually
      to about room temperature--in order to quench (arrest) the reaction.
PAR  In an alternative procedure, the treatment with the hydroxylic liquid is
      carried out as follows: The textile is impregnated with the selected
      hydroxylic liquid and then passed through an oven or other heating chamber
      wherein it is brought to the desired temperature and held thereat for the
      appropriate time. The treated textile is then removed from the oven, and
      immediately cooled.
PAR  Other methods for effecting contact between the hydroxylic liquid and the
      textile will be obvious to those skilled in the art. It should be noted
      that the process of the invention is readily adapted to continuous or
      batch procedures, whichever is desired.
PAR  The cooling operation can be carried out in various ways. For example, the
      treated textile can be immersed in cold (tap) water, or in water which is
      cooled by addition of ice or by the use of refrigerated coils, or the
      like. Alternatively, the treated textile can be cooled by passing it
      between chilled rollers, or it can be subjected to a blast of cold air or
      a spray of cold water or carbon dioxide snow. Another plan is to cool the
      treated textile by contact with a chilled non-aqueous inert liquid such as
      trichloroethane, perchloroethane, hexane, or a fluorocarbon such as
      difluorodichloromethane.
PAR  After cooling, the textile is treated to remove any hydroxylic liquid which
      remains on it. Since the hydroxylic liquids are soluble in water, this is
      most readily accomplished by washing with water. Alternatively, the
      residual hydroxylic liquid is removed by washing with a non-aqueous,
      volatile, inert solvent such as methanol, ethanol, trichloroethane,
      perchloroethylene, and the like.
PAR  After removal of residual hydroxylic liquid, the treated textile is dried
      in conventional manner and is then ready for use or sale.
PAR  In an alternative modification of the invention, a minor amount (about 0.01
      to 0.5%) of an acid is added to the hydroxylic liquid prior to contact
      with the wool textile, whereby to minimize possibility of discoloration of
      the textile. For this purpose one can use acids such as p-toluene
      sulphonic acid, benzene sulphonic acid, sulphuric acid, sulphamic acid,
      phosphoric acid, hydrochloric acid, ascorbic acid, etc. Preferably,
      p-toluene sulphonic acid is used in a concentration of about 0.2%.
DETD
PAC  EXAMPLES
PAR  The invention is further demonstrated by the following examples provided by
      way of illustration and not limitation.
PAR  The tests referred to in the examples were carried out as follows:
PAR  Stretchability: Strips of fabric, 1 inch in width and 10 inches long, were
      stretched in an Instron tester under a force of 2 lbs. The elongation of
      the strip resulting therefrom was measured and from this the percent
      stretch was calculated.
PAR  Abrasion resistance: The Stoll flex abrasion test described in ASTM-D
      1175-71 was employed. Resistance to flexing and abrasion is measured by
      subjecting the specimen to unidirectional reciprocal folding and rubbing
      over a bar having specified characteristics, under known conditions of
      pressure and tension. The results are expressed as the number of cycles
      required to break the specimen.
PAR  Breaking strength: Carried out according to ASTM-D 1682-64. A continuously
      increasing load is applied to a one-inch wide sample of the fabric and the
      test is carried to rupture, at which time the force is measured.
PAC  EXAMPLE 1
PAR  I. Various fabrics (identified below) were each treated as follows: The
      fabric was immersed in a bath of ethylene glycol at 150.degree. C. for 30
      seconds, then removed and immediately quenched in a bath of cold water.
      The fabric was then washed in warm water and dried.
PAR  The resulting products and samples of the untreated fabrics were then
      tested for stretch, abrasion, resistance, and breaking strength.
PAR  The fabrics to which the procedure was applied were as follows:
PA1  A. worsted wool, undyed, 6 oz./sq. yd.
PA1  B. worsted wool, dyed brown, 6.3 oz./sq. yd.
PA1  C. 90:10 blend of wool and polyester, dyed brown, 4.22 oz./sq. yd.
PA1  D. 80:20 blend of wool and polyester, dyed brown, 6.76 oz./sq. yd.
PA1  E. 60:40 blend of wool and polyester, dyed gold, 6.9 oz./sq. yd.
PAR  It was observed that in all cases the hand of the treated fabrics was
      identical with that of the untreated fabrics.
PAR  The results of the various tests are summarized below.
TBL                          Abrasion                                          

                             resistance                                        

                                     Breaking                                  

                             cycles  strength,                                 

                     Stretch, %                                                

                             to break                                          

                                     %                                         

     Sample  Fiber*  Warp                                                      

                         Fill                                                  

                             Warp                                              

                                 Fill                                          

                                     Warp                                      

                                         Fill                                  

     __________________________________________________________________________

     A (treated)                                                               

             W       15.8                                                      

                         14.5                                                  

                             3494                                              

                                 4140                                          

                                     45.2                                      

                                         30.7                                  

     A (untreated)                                                             

             W        2.0                                                      

                          9.0                                                  

                             2681                                              

                                 2474                                          

                                     50.1                                      

                                         31.6                                  

     B (treated)                                                               

             W       10.5                                                      

                         11.9                                                  

                             1600                                              

                                 1458                                          

                                     43.4                                      

                                         29.6                                  

     B (untreated)                                                             

             W        3.2                                                      

                          6.2                                                  

                              978                                              

                                  950                                          

                                     45.9                                      

                                         32.7                                  

     C (treated)                                                               

             W/PE, 90/10                                                       

                     12.0                                                      

                         --  --  1692                                          

                                     35.3                                      

                                         --                                    

     C (untreated)                                                             

             W/PE, 90/10                                                       

                      2.6                                                      

                         --  2245                                              

                                 1674                                          

                                     38.2                                      

                                         24.8                                  

     D (treated)                                                               

             W/PE, 80/20                                                       

                     15.0                                                      

                         12.4                                                  

                             3690                                              

                                 3350                                          

                                     57.4                                      

                                         46.1                                  

     D (untreated)                                                             

             W/PE, 80/20                                                       

                      3.6                                                      

                         11.7                                                  

                             2830                                              

                                 2868                                          

                                     65.7                                      

                                         43.4                                  

     E (treated)                                                               

             W/PE, 60/40                                                       

                     12.5                                                      

                         11.7                                                  

                             2760                                              

                                 3099                                          

                                     67.6                                      

                                         53.4                                  

     E (untreated)                                                             

             W/PE, 60/40                                                       

                      2.6                                                      

                         10.7                                                  

                             2567                                              

                                 2666                                          

                                     82.2                                      

                                         52.6                                  

     __________________________________________________________________________

      * W = wool                                                               

       PE = polyester                                                          

PAC  EXAMPLE 2
PAR  Samples of undyed worsted wool fabric were immersed in a bath of ethylene
      glycol at various times and temperatures (as given below) and the samples
      were then immediately quenched in cold water, washed, and dried.
PAR  The stretchability of the fabrics was measured before and after treatment,
      and the results are tabulated below.
TBL  ______________________________________                                    

             Treatment                                                         

             conditions                                                        

     Sample    Temperature Time     Stretch (warp)                             

               .degree.C.  sec.     %                                          

     ______________________________________                                    

     1         160         10       10.4                                       

     2         150         30       9.5                                        

     3         150         60       8.8                                        

     4         140         60       5.0                                        

     5         140         180      10.8                                       

     6         130         300      7.9                                        

     7         130         600      10.2                                       

     Control   --          --       2.9                                        

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  A lot of undyed worsted wool fabric was divided into a series of samples. A
      series of these were treated as described in Example 1, Part I. The
      treated fabric had a stretchability of 16% (warp), 15% (fill) compared to
      2% (warp) and 9% (fill) for the untreated fabric.
PAR  Samples of the treated and untreated fabric were then tested for dyeability
      by dyeing them in conventional manner with various types of dyes as set
      forth below, each applied at 2% in the dyebath.
PA1  Chrome dyes:
PA1   Chrome fast yellow ME (C.I. mordant yellow 30)
PA1   Chrome fast blue RLL (C.I. mordant blue 12)
PA1  Neutral pre-metallized dyes:
PA1   Supralan blue NB (C.I. acid blue 179)
PA1   Supralan red NB (C.I. acid red 182)
PA1   Supralan yellow NR (C.I. acid yellow 121)
PA1  Acid pre-metallized dyes:
PA1   Neolan blue 2R (C.I. acid blue 154)
PA1   Calcofast yellow N (C.I. acid yellow 54)
PA1   Calcofast pink N (C.I. acid red 186)
PA1  Acid leveling dyes:
PA1   Lanasyn brilliant red RL (C.I. acid red 263)
PA1   Alizarine sky blue 5GLW (C.I. acid blue 232)
PA1  Fiber-reactive dyes:
PA1   Lanasol red G (C.I. reactive red 83)
PA1   Lanasol red 5B (C.I. reactive red 66)
PAR  It was observed that satisfactory dyeings were obtained with the treated
      fabric. Indeed, with the treated fabric the color developed at a much
      faster rate than with the untreated fabric. In addition, the treated
      samples attained deeper colors than did the untreated samples.
PAC  EXAMPLE 4
PAR  The fabric used in these tests was brown-dyed worsted wool cloth, 6.3
      oz./sq. yd.
PAR  A. Samples of the fabric were treated as described in Example 1, Part I.
PAR  B. Samples of the fabric were given a conventional shrinkproofing
      treatment. To this end there was applied 1% (based on the weight of
      fabric) of a commercially-available polyurethane containing free
      isocyanate groups, prepared by reaction of a triol with hexamethylene
      diisocyanate, having a molecular weight of about 3,000 and containing
      about 3.5 to 4.0% free NCO. The so-treated fabric was then treated as
      described in Example 1, Part I.
PAR  The treated samples and samples of the untreated (original) fabric were
      then washed in conventional manner in a top-loading, agitator-type
      household washer five times. After each washing, the samples were
      tumble-dried. Shrinkage was determined after the 3rd and 5th washings and
      dryings. The results are tabulated below.
TBL  ______________________________________                                    

              Treatment                                                        

              Shrink-                                                          

                     Ethylene Area shrinkage, %                                

     Sample     proofing glycol   3rd wash                                     

                                         5th wash                              

     ______________________________________                                    

     Untreated                                                                 

     control    No        No      15     24                                    

     A          No       Yes      10     16                                    

     B          Yes      Yes       0      1                                    

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  Small tabs were attached to single wool fibers at each end, using a small
      amount of adhesive. The fibers were wetted with water and stretched so
      that their length increased by 14% as determined on an Instron tester. The
      amount of stress necessary to achieve this elongation was measured.
PAR  The fibers were dried and treated by immersing in hot (150.degree.C.)
      ethylene glycol containing 0.2% of p-toluene sulphonic acid for various
      times (5,10,20, and 30 sec.). The fibers were then quenched in cold water
      and washed.
PAR  The wet treated fibers were then subjected to the above test to determine
      the stress necessary to stretch the fibers by 14%. From these figures
      there was calculated the decrease in stress required to attain the 14%
      elongation. The results are tabulated below.
TBL  ______________________________________                                    

                           Percent decrease in                                 

             Time of treatment,                                                

                           stress necessary to                                 

     Sample  sec.          extend fibers 14% (wet)                             

     ______________________________________                                    

     A        5            6.5                                                 

     B       10            13                                                  

     C       20            17                                                  

     D       30            26                                                  

     ______________________________________                                    

PAR  The experiments on single fibers were repeated, but this time the
      elongation properties of the fibers were measured on the dry fibers,
      before and after treatment. The results are given below.
TBL                             Stress                                         

                                to    Percent decrease                         

             Time of  Elongation                                               

                                break in                                       

             treat-   to        gms/  stress to                                

             ment,    break, %  tex.  extend fiber 14%,                        

     Sample  sec.     (dry)     (dry) (dry)                                    

     ______________________________________                                    

     E        5       44.3      12.2   7.1                                     

     F       20       43.2      12.3  15.4                                     

     G       30       38.8       9.3  17.8                                     

     Untreated                                                                 

     control --       30.7      10.4  --                                       

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  Samples of undyed worsted wool fabric were treated as in Example 1, Part I,
      except that 0.2% of p-toluene sulphonic acid was added to the ethylene
      glycol prior to the treatment.
PAR  The treated, dried samples were shrinkproofed with the same
      commercially-available polyurethane as described in Example 4. To this end
      the fabrics were immersed in a 2% solution of the polyurethane in methyl
      chloroform. Following immersion, the samples were passed through squeeze
      rolls to a wet pick-up of 60% and then air dried. The so-treated samples
      were cured by steaming in a tailor's press for 3 minutes. For comparative
      purposes, samples of the untreated fabric were also subjected to the
      shrinkproofing operation.
PAR  All the samples were then given a flat setting as follows: The samples were
      immersed in an aqueous 2% solution of sodium bisulphite (conventional
      setting agent) and passed through squeeze rolls to obtain a 60% wet
      pick-up. The damp samples were arranged flat on a tailor's press and
      steamed for 2 minutes.
PAR  All the samples were then subjected to 5 cycles of washing and drying, each
      washing being in a household-type washer and each washing being followed
      by tumble-drying.
PAR  After each cycle of washing (and drying), the samples were evaluated for
      fabric smoothness and crease retention, using the following tests:
PAR  Fabric smoothness: Determined by AATCC method 88A-III-C which employs an
      overhead lighting procedure. Higher values in this test indicate a greater
      degree of smoothness.
PAR  Crease retention: Measured by AATCC method 88C-III-C. Higher values in this
      test indicate greater crease retention.
PAR  The results are summarized below.
TBL  ______________________________________                                    

     No. of   Smoothness     Crease retention                                  

     washings Untreated Treated  Untreated                                     

                                         Treated                               

     ______________________________________                                    

     1        2.5       2.5      2.0     4.0                                   

     2        2.0       3.0      1.0     3.5                                   

     5        2.0       3.0      1.0     3.0                                   

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  A 6 inch .times. 11 inch sample of 80:20 wool:polyester blend fabric was
      immersed in ethylene glycol at 145.degree. C. for 60 sec., then quenched
      in cold water, washed in warm water, and dried.
PAR  The treated sample from above and an untreated (6 inch .times. 11 inch)
      sample were steam-pressed until smooth and then were conditioned for 24
      hours in a chamber held at 85.degree. F. and 85% Relative Humidity (RH).
      Afterwards, the samples were wrinkled with a 500-gm. weight for 5 minutes
      on an AATCC wrinkle tester. The samples were removed and were allowed to
      freely hang in a room held at 70.degree. F. and 65% RH.
PAR  Wrinkle resistance and wrinkle recovery were determined by the AATCC - 128
      test. The degree of wrinkling was assessed visually by comparison with a
      series of photographs graded as follows: Most wrinkled - 1, least wrinkled
      - 5. Grading was carried out by three trained technicians at time
      intervals of 5 min., 1 hour, and 24 hours.
PAR  The results are tabulated below.
TBL  ______________________________________                                    

                Wrinkle rating (average)                                       

     Sample       5 min.    1 hr.     24 hrs.                                  

     ______________________________________                                    

     Treated      2.3       3.0       4.5                                      

     Untreated    1.5       2.0       3.2                                      

     (control)                                                                 

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  A lot of undyed worsted wool fabric was divided into a series of samples.
      These samples were each contacted under selected time and temperature (as
      given below) with a particular liquid. The liquids used included glycidol,
      propylene glycol, glycerol, and diethylene glycol. In each liquid, 0.2%
      p-toluene sulphonic acid was included. Following contact with the liquid,
      the fabrics were immediately quenched in cold water, washed to remove
      occluded liquid, and dried.
PAR  The products were examined for color and hand, and tested for
      stretchability. In all cases, there was no discoloration and the products
      retained their original hand.
PAR  The results of the stretch tests are tabulated below.
TBL  ______________________________________                                    

     Hydroxylic  Treatment conditions                                          

                                  Stretch (warp)                               

     liquid      Temp., .degree.C                                              

                            Time, sec.                                         

                                      %                                        

     ______________________________________                                    

     Glycidol    150        30        11.0                                     

     Propylene glycol                                                          

                 160        30        8.0                                      

     Glycerol    150        60        7.0                                      

     Glycerol    160        60        10.3                                     

     Diethylene glycol                                                         

                 150        60        6.0                                      

     Untreated control                                                         

                 --         --        3.0                                      

     ______________________________________                                    

CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A process for enhancing the stretchability of a wool-containing textile,
      which consists of
PA1  a. immersing the textile in a bath consisting of ethylene glycol at a
      temperature in the range 120.degree. and 180.degree. C. and for a time
      governed by the limits of the equation
EQU  T = 175 .+-. 10 - 16.7 log t
PA1  wherein T is the temperature in degrees Centigrade, and t is the time in
      seconds,
PA1  b. immediately arresting the treatment by cooling the textile,
PA1  c. washing the textile to remove residual ethylene glycol, and drying the
      textile.
NUM  2.
PAR  2. The process of claim 1 wherein the bath consists of ethylene glycol and
      about 0.2% of p-toluene sulphonic acid.
NUM  3.
PAR  3. A process for enhancing the stretchability of a wool-containing textile,
      which consists of
PA1  a. immersing the textile in a bath consisting of ethylene glycol at a
      temperature in the range 120.degree. to 180.degree. C. and for a time
      governed by the limits of the equation
EQU  T = 175 .+-. 10 - 16.7 log t
PA1  wherein T is the temperature in degrees Centigrade and t is the time in
      seconds,
PA1  b. immediately quenching the so-treated textile in cold water,
PA1  c. washing it with water, and drying it.
NUM  4.
PAR  4. The process of claim 3 wherein the bath consists of ethylene glycol and
      about 0.2% p-toluene sulphonic acid.
NUM  5.
PAR  5. A process for enhancing the stretchability of a woven wool-containing
      textile, which consists of
PA1  a. immersing the textile in a bath consisting of ethylene glycol at a
      temperature of about 150.degree. C. for a period of about 30 to 60
      seconds.
PA1  b. immediately quenching the so-treated textile in cold water,
PA1  c. washing it with water, and drying it.
NUM  6.
PAR  6. The process of claim 5 wherein the bath consists of ethylene glycol and
      about 0.2% p-toluene sulphonic acid.
NUM  7.
PAR  7. A process for enhancing the stretchability of a wool-containing textile,
      which consists of
PA1  a. immersing the textile in a bath consisting of glycidol at a temperature
      in the range 120.degree. to 180.degree. C. and for a time governed by the
      limits of the equation
EQU  T = 175 .+-. 10 - 16.7 log t
PA1  wherein T is the temperature in degrees Centigrade, and t is the time in
      seconds,
PA1  b. immediately arresting the treatment by cooling the textile,
PA1  c. washing the textile to remove residual glycidol, and drying the textile.
NUM  8.
PAR  8. The process of claim 7 wherein the bath consists of glycidol and about
      0.2% p-toluene sulphonic acid.
NUM  9.
PAR  9. A process for enhancing the stretchability of a wool-containing textile,
      which consists of
PA1  a. immersing the textile in a bath consisting of propylene glycol at a
      temperature in the range 140.degree. to 180.degree. C. and for a time
      governed by the limits of the equation
EQU  T = 188 .+-. 8 - 16.7 log t
PA1  wherein T is the temperature in degrees Centigrade, and t is the time in
      seconds,
PA1  b. immediately arresting the treatment by cooling the textile,
PA1  c. washing the textile to remove residual propylene glycol, and drying the
      textile.
NUM  10.
PAR  10. The process of claim 9 wherein the bath consists of propylene glycol
      and about 0.2% p-toluene sulphonic acid.
NUM  11.
PAR  11. A process for enhancing the stretchability of a wool-containing
      textile, which consists of
PA1  a. immersing the textile in a bath consisting of glycerol at a temperature
      in the range 140.degree. to 180.degree. C. and for a time governed by the
      limits of the equation
EQU  T = 188 .+-. 8 - 16.7 log t
PA1  wherein T is the temperature in degrees Centigrade, and t is the time in
      seconds,
PA1  b. immediately arresting the treatment by cooling the textile,
PA1  c. washing the textile to remove residual glycerol, and drying the textile.
NUM  12.
PAR  12. The process of claim 11 wherein the bath consists of glycerol and about
      0.2% toluene sulphonic acid.
NUM  13.
PAR  13. A process for enhancing the stretchability of a wool-containing
      textile, which consists of
PA1  a. immersing the textile in a bath consisting of diethylene glycol at a
      temperature in the range 140.degree. to 180.degree. C and for a time
      governed by the limits of the equation
EQU  T = 188 .+-. 8 - 16.7 log t
PA1  wherein T is the temperature in degrees Centigrade, and t is the time in
      seconds,
PA1  b. immediately arresting the treatment by cooling the textile,
PA1  c. washing the textile to remove residual diethylene glycol, and drying the
      textile.
NUM  14.
PAR  14. The process of claim 13 wherein the bath consists of diethylene glycol
      and about 0.2% p-toluene sulphonic acid.
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ABST
PAL  A process is disclosed for coloring a polyester material, which comprises
      impregnating the same by padding, printing or cascading with an aqueous
      solution or printing paste of one or more acid dyes incorporated with both
      (a) an organic nitrogen compound and (b) an organic carboxylic acid,
      drying the impregnated polyester material and then exposing same to dry
      heat at a temperature between 150.degree.C. and 230.degree.C. for a period
      of 5 to 60 seconds, thereby effecting fixation of said acid dye or dyes on
      the polyester material and uniform distribution thereof within the
      polyester material. The organic nitrogen compound with which the polyester
      material is treated is an alkyleneamine, an alkanolamine, or an
      alkylamine. Suitable lengths (in the direction of travel) of the polyester
      yarn or other form of polyester material undergoing the said impregnation
      is contacted in a precise, controlled manner according to a predetermined
      pattern to produce any desired variegated pattern contour in the final
      dyed polyester material. The process is preferably carried out
      continuously. The acid-dyed polyester material in various forms is also a
      part of the invention.
BSUM
PAR  In my copending application Ser. No. 396,805, filed Sept. 13, 1973, I
      describe and claim the coloring of polyester materials with acid dyes
      which comprises imgregnating the same, preferably continuously, at a
      temperature between 90.degree.C. and 250.degree.C. and at ordinary
      atmospheric pressure with a mixture of (a) an organic nitrogen compound
      and (b) a glycol, an alcohol, a ketone, an ether, or water; then
      flash-cooling the thus-treated material with cold water or mixture of a
      carboxylic acid with cold water and thereby imparting affinity for acid
      dyes to the treated polyester material, and then coloring the same,
      preferably continuously, by methods of padding, printing or cascading acid
      dyes from an aqueous solution or a printing paste whereby to effect
      fixation of said acid dyes on the treated material with substantially
      uniform distribution thereof within the material.
PAR  The present invention is in the nature of a still further improvement over
      the general procedure just described, and concerns itself primarily with
      still another novel process for coloring polyester materials, preferably
      but not necessarily continuously, with acid type dyes.
PAR  Polyester materials are mainly dyed with disperse and azoic dye
      combinations and certain vat dyes, as more fully described on pages 21-267
      of The Dyeing of Polyester Fibers, Imperial Chemical Industries Limited,
      Third Edition, November 1964, published by Raithby, Lawrence and Company,
      Great Britain. Also, modified polyesters are dyeable with basic type dyes,
      as more fully described and claimed in the Griffing et al. U.S. Pat. No.
      3,018,272. However, mere staining of polyester materials is obtained with
      other well known classes of dyes, such as direct, reactive, acid, chrome
      and sulphur dyes. These stains are almost always restricted to surface
      coloration, and possess poor fastness properties.
PAR  Accordingly, it is an object of this invention to provide a process for
      coloring shaped or preformed polyester materials with acid type dyes under
      novel conditions whereby to produce strong, very bright, uniform dyeings,
      well penetrated into the substrate. It is a further object of this
      invention to provide a novel process as aforesaid which is especially well
      adapted for continuous dyeing; that is, the dyeing of the polyester
      materials with acid dyes on a continuous roll by such per se known methods
      as padding, printing or cascading. Yet another object is to provide a
      shaped or preformed article produced from polyester material dyed in the
      manner described hereinafter. Additional important objects of this
      invention will appear more fully as the description proceeds.
PAR  My novel process consists essentially in impregnating the polyester
      material by padding, printing or cascading with an aqueous solution or
      printing paste of one or more acid dyes incorporated with various organic
      nitrogen compounds and organic carboxylic acids, drying the impregnated
      polyester material, and then giving it a final dry heat treatment at a
      temperature of between 150.degree.C. and 230.degree.C. (or in some cases
      as high as 250.degree.C.) for a brief interval of time, usually less than
      1 minute, and more often of the order of 20 to 60 seconds or even merely 5
      seconds.
PAR  Surprisingly, I find that this heat-treatment in conjunction with the
      presence of organic nitrogen compounds and organic carboxylic acids in the
      dyebath in some manner (which I am not able fully to explain) causes the
      acid dye particles deposited on the surface of the polyester material to
      penetrate the same, and to distribute the acid dye particles evenly over
      or throughout the entire cross section of the polyester material. The
      result is commercially important, inasmuch as very bright, strong and
      uniform coloration of the polyester material is obtained.
PAR  Alternatively, suitable portions of the shaped polyester material (such as
      yarn) may be impregnated with the above-mentioned dyebath in the direction
      of yarn travel whereas other portions of the yarn in the direction of yarn
      travel are not impregnated with the above-mentioned dyebath, drying the
      impregnated polyester material, and then giving it the above-mentioned dry
      heat treatment. This selective impregnation of the polyester material with
      the above-mentioned dyebath may be varied in a precise controlled manner
      according to any predetermined pattern by means per se well known in the
      art. Very strong and bright and uniform coloration is produced in those
      localized regions of the yarn which were impregnated with the
      above-mentioned dyebath whereas no coloration is produced in those
      localized regions of the yarn which were not impregnated with the
      above-mentioned dyebath. The result is selective coloration of the
      polyester material in a predetermined manner to produce a pleasing pattern
      in the final yarn. Any desired pattern contour may be produced in this
      way, whether random or repetitive.
PAR  The initial drying of the impregnated polyester material, which for
      convenience may be called a predrying, may be carried out in any
      convenient equipment per se well known in the art, such as a dielectric
      heater, a microwave heater, an infrared radiant heater, operating at
      temperatures of the order of about 450.degree. to 550.degree.F. and for a
      time (e.g., up to about 60 seconds) sufficient to effect substantially
      complete removal of the moisture from the impregnated polyester material
      preparatory to the subsequent dry heat color fixation step.
PAR  Examples of preferred organic nitrogen compounds include alkyleneamines,
      alkanolamines and alkylamines, such as diethylenetriamine,
      triethylenetetramine, tetraethylenepentamine, hexamethylenediamine,
      hexamethylenetetramine, mono-, di- and tri-ethanolamine, triethylamine, di
      and tripropylamine, and di- and tributylamine.
PAR  Suitable organic carboxylic acids are for example oxalic acid, sebacic
      acid, citric acid and adipic acid.
PAR  Other methods of applying the principles of this invention may be employed
      instead of those specifically mentioned inasmuch as it will be apparent
      that obvious modification thereof may be made within the skill of the art
      without departing from the spirit of the invention and the scope of the
      appended claims. Without limiting my invention, therefore, the following
      examples are given in order still better to illustrate the details of
      operation. Unless otherwise indicated, parts mentioned are by volume.
PAR  These examples include actual runs made in the laboratory to test the
      chemical validity of the process. Because of the laboratory scale of the
      test, the experiments were done on a relatively limited quantity of
      polyester yarn and fabric using a batch process. The convertibility of the
      process in each instance into continuous operation on a plant scale (using
      conventional apparatus appropriate for plant scale operation) is perfectly
      obvious from the short period of time required for both the predying of
      the polyester material and the subsequent color fixation.
DETD
PAC  EXAMPLE 1
PAR  A printing paste containing the following ingredients was prepared:
TBL  Merpacyl Blue SW (C.I. 25)                                                

                             1         gram                                    

     Triethylenetetramine (commercial, b.p.                                    

                             20        cc.                                     

      276.degree.C.                                                            

     Water                   200       cc.                                     

     Oxalic acid (the commercial dihydrate,                                    

                             0.5       gram                                    

      m.p.101.degree.C.)                                                       

     Sulphuric acid concentrated)                                              

                             0.2       cc.                                     

     Polygum 560 (a commercial thickener or                                    

                             0.6       gram                                    

      printing gum)                                                            

PAR  A strip of polyethylene terephthalate fabric was printed with this paste at
      67.degree.C. and dried. It was then slowly passed through a flue drier
      maintained at 204.degree.C., the rate of feed being regulated to give an
      exposure time of 60 seconds. The fabric was then rinsed to remove any
      residual, loosely adhering, superficial dye particles and dried. A deep,
      strong, bright blue shade was obtained.
PAR  In contrast, a control sample of polyethylene terephthalate fabric printed
      with a similar printing paste of this same color, but without the
      triethylenetetramine and oxalic acid, produced essentially no coloration
      even after prolonged heating.
PAR  In a similar manner, uniform, bright and strong dyeings of shades as
      indicated were obtained on polyethylene terephthalate fabric with the
      following dyes when applied as described above:
TBL  Dye Employed             Shade Obtained                                   

     ______________________________________                                    

     Merpacyl Blue 2GA, C.I. Acid Blue 40                                      

                              Blue                                             

     Anthralan Violet 3B, C.I. Acid Violet 43                                  

                              Violet                                           

     Du Pont Anthraquinone Green GNN, C.I. Acid                                

     Green 25                 Green                                            

     Telon Fast Violet EF, C.I. Acid Violet 103                                

                              Bright Violet                                    

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  A printing paste containing the following ingredients was prepared:
TBL  Merpacyl Blue 2GA (C.I. 40)                                               

                             1         gram                                    

     Du Pont Anthraquinone Green GNN (C.I.                                     

                             1         gram                                    

      25)                                                                      

     Tetraethylenepentamine (commercial, b.p.                                  

                             20        cc.                                     

      340.degree.C.)                                                           

     Adipic acid (commercial, m.w. 146.14,                                     

                             0.5       gram                                    

      m.p. 152.degree.C.)                                                      

     Sulphuric acid (concentrated)                                             

                             0.2       cc.                                     

     Polygum 560 (a commercial thickener or                                    

      printing gum)          0.6       gram                                    

     Water                   200       cc.                                     

PAR  Selected portions of polyethylene terephthalate staple fiber yarn about 10
      inches long in the direction of yarn travel were printed with this paste
      at 67.degree.C. and dried, whereas adjacent portions of the same yarn
      about 10 inches long were left unprinted. The yarn was then slowly passed
      through a gas drier maintained at 200.degree.C., the rate of feed being
      regulated to give an exposure time of 60 seconds. The yarn was then rinsed
      and dried. A deep, greenish-blue shade was obtained in those localized
      regions of the yarn which had been printed with the above-mentioned
      printing paste. In contrast, no coloration was produced in those localized
      regions of the yarn which had not printed with the above-mentioned
      printing paste.
PAR  In this manner, a definite pattern was obtained in the final yarn, with
      greenish-blue colored localized regions along the direction of yarn travel
      followed by adjacent localized regions with no coloration, and this is
      repetitive. An extremely beautiful variegated effect was obtained in this
      manner.
PAC  EXAMPLE 3 -- MIXED DYES
PAR  A paste containing the following ingredients was prepared:
TBL  (A)                                                                       

     Palanil Yellow 3G (C.I. 64)                                               

                             1         gram                                    

     Nylomine Acid Blue C-2G (C.I. 175)                                        

                             0.2       gram                                    

     Diethylenetriamine (commercial, b.p.                                      

                             20        cc.                                     

      206.7.degree.C.)                                                         

     Adipic acid (commercial, m.w. 146.14,                                     

                             0.5       gram                                    

      m.p. 152.degree.C.)                                                      

     Sulphuric acid (concentrated)                                             

                             0.2       cc.                                     

     Polygum 560 (a commercial thickener or                                    

                             0.6       gram                                    

      printing gum)                                                            

     Water                   200       cc.                                     

PAR  Similarly, a paste containing the following ingredients was prepared:
TBL  (B)                                                                       

     Celliton Pink RF (C.I. 4)                                                 

                             1         gram                                    

     Polygum 560 (a commercial thickener or                                    

                             0.6       gram                                    

      printing gum)                                                            

     Water                   200       cc.                                     

PAR  Selected portions of polyethylene terephthalate staple fiber yarn about 10
      inches long in the direction of yarn travel were printed with paste (A)
      whereas adjacent portions of the same yarn about 10 inches long were
      printed with paste (B) and the whole dried. The thus-treated yarn was then
      passed continuously between two metal surfaces maintained at 210.degree.C.
      in such a way that the exposure time was 45 seconds. The yarn was then
      rinsed and dried. An extremely beautiful variegated effect was obtained
      showing different colors, some blue, some yellow, some green, some red,
      some orange, some brown, and some involving various blends of colors.
PAR  It will be clear from the above examples that my invention is applicable
      with a wide variety of polyester materials. Multi-filament, continuous
      filament or staple fiber yarns and fabrics are the preferred structures of
      the present invention. These polyester materials treated according to my
      invention produce commercially important, very bright, strong (and, if
      desired, variegated) coloration suitable for the usual textile
      applications. A complete range of hues can be obtained, many of them being
      very bright.
PAR  These polyester materials may be employed in the knitting, weaving or
      tufting of fabrics of all types as well as in the production of carpets
      and non-woven felt-like products produced by known methods.
PAR  By an "acid dye" is meant a colored anionic organic substance such as those
      containing azo, anthraquinone, quinoline, triphenylmethane, azine,
      xanthene, ketonimine, nitro or nitroso compounds. Among the acid dyes
      which may be applied to the polyester materials in accordance with the
      present invention may be mentioned Merpacyl Blue SW (C.I. 25); Merpacyl
      Blue 2GA (C.I. 40); Nylomine Acid Blue C-2G (C.I. 175); Telon Fast Violet
      EF (C.I. 103); Du Pont Anthraquinone Green GNN (C.I. 25); Chinoline Yellow
      O (C.I. 3); Levalan Red 3B (C.I. 80); and the like. Not all of these acid
      dyestuffs are applicable with equal advantage to all classes of polyester
      material. Thus, anthraquinone type acid dyes are of special interest in
      connection with polyethylene terephthalate fiber. But in all cases,
      heat-treatment in conjunction with the presence of organic nitrogen
      compounds and organic carboxylic acids in the dyebath according to my
      invention surprisingly produces commercially important, very bright,
      strong, variegated coloration, even though the nature of the gain may
      depend on the particular combination of polyester material and acid dye
      under consideration. The acid dyes are preferably applied from an aqueous
      solution at a temperature between about 50.degree.C. and 125.degree.C.
PAR  If desired, the aqueous dye solutions may be rendered strongly acidic in
      conventional manner such as by the addition of an appropriate amount of an
      acid such as sulphuric acid. Other dyebath additives, such as thickeners,
      foaming agents, wetting agents, levelling agents, retarders or buffers may
      also be present.
PAR  When reference is made in the subjoined claims to an acid dye, it will be
      understood that mixtures of different acid dyes are contemplated as being
      within the invention.
PAR  To summarize, the practice of my invention achieves a broadening of the
      base of applicable colors in the case of polyester materials, resulting in
      commercially important, very bright, strong, variegated (if desired)
      coloration when dyed with acid dyes in the manner indicated.
PAR  I do not wish to be limited to the treatment of any particular kind of
      polyester material, especially since polyester materials are old and well
      known and per se form no part of the present invention. Consequently, I
      consider it sufficient for background disclosure purposes to refer broadly
      to the following literature source for further information on these per se
      old materials: Mark-Gaylord's Encyclopedia of Polymer Technology, Vol. 11,
      1969, pages 1-128. The polyethylene terephthalate specially mentioned
      above by way of example is of course a well-known kind of commercially
      available polyester material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for coloring a polyester material, which comprises
      impregnating the same by padding, printing or cascading with an aqueous
      solution or printing paste of one or more acid dyes in admixture with both
      (a) a separate organic nitrogen compound selected from the class
      consisting of diethylenetriamine, triethylenetetramine,
      tetraethylenepentamine, hexamethylenediamine, hexamethylenetetramine, and
      mono-, di- and tri-ethanolamines, and (b) a separate organic carboxylic
      acid, drying the impregnated polyester material and then exposing same to
      dry heat at a temperature between 150.degree.C. and 250.degree.C. for a
      period of 5 to 60 seconds, thereby effecting fixation of said acid dye or
      dyes on the polyester material and substantially uniform distribution
      thereof within the polyester material.
NUM  2.
PAR  2. A process as defined in claim 1, wherein the impregnating and drying and
      dry-heating steps are carried out continuously.
NUM  3.
PAR  3. A process as defined in claim 1, wherein predetermined portions of the
      polyester material undergoing the said impregnation are contacted in a
      precise, controlled manner according to a predetermined pattern to produce
      any desired variegated pattern contour in the final dyed polyester
      material.
NUM  4.
PAR  4. A process as defined in claim 3, wherein the impregnating and drying and
      dry-heating steps are carried out continuously.
NUM  5.
PAR  5. A process as defined in claim 3, wherein the impregnation of the
      polyester material is random but controlled in a precise manner to obtain
      variegated effect in the final dyed polyester material.
NUM  6.
PAR  6. A process as defined in claim 5, wherein the impregnating and drying and
      dry-heating steps are carried out continuously.
NUM  7.
PAR  7. An acid-dyed polyester material that has been first impregnated with an
      aqueous solution or printing paste of one or more acid dyes in admixture
      with (a) a separate organic nitrogen compound selected from the class
      consisting of diethylenetriamine, triethylenetetramine,
      tetraethylenepentamine, hexamethylenediamine, hexamethylenetetramine, and
      mono-, di- and tri-ethanolamines, and (b) a separate organic carboxylic
      acid, dried, and then exposed to a dry heat-treatment to fix the acid dye
      or dyes in the polyester material.
NUM  8.
PAR  8. The acid-dyed polyester material of claim 7, wherein the polyester
      material is in the form of a fiber or filament.
NUM  9.
PAR  9. The acid-dyed polyester material of claim 7, wherein the polyester
      material is in the form of a multifilament continuous filament or staple
      fiber yarn.
NUM  10.
PAR  10. The acid-dyed polyester material of claim 7, wherein the polyester
      material is in the form of a woven, nonwoven, knitted, tufted,
      needle-punched, flocked or laminated fabric.
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ABST
PAL  Process for dyeing, by exhaustion, textile fibres of basic character with
      anionic dyestuffs in a solvent medium in the presence or absence of water
      wherein the dyebath is a homogeneous ionising liquid medium and the
      cations of the bath are replaced by H.sup.+ protons in the course of the
      dyeing, the latter being effected at a temperature equal to or less than
      80.degree.C. and apparatus for use of this process which comprises
      apparatus for dyeing according to the process claimed in claim 1 which
      comprises a dyeing vessel for dyeing with solvents, a circuit for removing
      the dyebath continuously or by fractions, means for substituting the
      cations of the bath with H.sup.+ protons, a recycling circuit ensuring the
      reintroduction into the vessel of the bath from which all or part of its
      cations have been removed, means for regulating the flow and means for
      regulating the temperature.
BSUM
PAR  The invention relates to a new process for dyeing, by exhaustion, fibres
      and textile material of basic character with anionic dyestuffs in a
      solvent medium; and to apparatus for carrying out this process.
PAR  When dyeing is effected in purely aqueous baths, it is customary to add a
      mineral or organic acid to the dye bath in order to cause the dyestuff to
      be absorbed on the fibres and to encourage the exhaustion of the bath.
      When, on the contrary, dyeing is effected in a pure solvent medium, the
      addition of acid does not generally allow complete exhaustion to be
      obtained. On the other hand, the purification and recycling of the baths
      containing acid raise problems of great complexity.
PAR  An object of the invention is to provide an advantageous solution to the
      relative needs of the exhaustion of the baths and the regeneration of the
      latter.
PAR  According to the present invention a process for dyeing, by exhaustion,
      textile fibres of basic character with with anionic dyestuffs in a solvent
      medium, possibly containing water, is provided in which a dyebath is used
      which comprises a homogeneous ionising liquid medium, the cations of the
      bath being replaced by H.sup.+ protons in the course of the dyeing.
PAR  A dyebath usually contains cations of very diverse origin. For example,
      there may be those of anionic dyestuffs of which the sulphonic or
      carboxylic groups have formed salts with alkali metal atoms; those of the
      products from mixtures, such as sodium sulphate, sodium chloride, when the
      dyestuff is not delivered in the pure state; and those of electrolytes
      which impregnate the fibres.
PAR  It has been found that on substituting protons for these cations during the
      dyeing operation itself that is in proportion to the absorption of the
      anionic dyestuff, it is possible to obtain a complete exhaustion of the
      dyebaths and, also to obtain exhausted baths which may be used directly
      for a subsequent operation.
PAR  This substitution may be effected by various means such as for example the
      use of cation exchange resins, dialysis, electrodialysis,
      electromigration. The use of resins enables the invention to be effected
      in a simple, convenient and effective way.
PAR  The cation exchange resins which may be used for carrying out the process
      of the invention may be of very diverse types for example, copolymer of
      styrene + sulphonated divinyl benzene, m-hydroxybenzenesulphonic acid
      +formaldehyde, polymethacrylate, polyacrylate, polystyrene aminodiacetate,
      polyalkylphosphonate or phosphate. Such resins are known on the market by
      the names "Amberlite", "Dowex", "Duolite", "Lewatit", "Permutite",
      "Wofatit", "Zeo-Karb".
PAR  The large variety of cationic resins enables one to select the resin
      charged with H.sup.+ protons which is most suitable, having regard to the
      nature of the textile fibre of basic character and the constitution of the
      anionic dyestuff to be applied.
PAR  Thus it is that with acid dyestuffs which, in aqueous medium, need the
      addition of sulphuric acid in order to dye wool with complete exhaustion,
      a resin with sulphonate functional group charged with H.sup.+ protons is
      preferably chosen for dyeing in a homogeneous solvent medium.
PAR  With acid dyestuffs which, for dyeing wool in aqueous medium, only need a
      very weak acidity, a resin with a carboxylate or aminodiacetate functional
      group charged with H.sup.+ protons is preferably used for dyeing in a
      homogeneous solvent medium.
PAR  The dyebaths for the process according to the invention are generally
      homogeneous organic media having ionising properties. They may comprise
      for example polar solvents, mixtures of polar and non-polar solvents,
      mixtures of water and polar solvents, or ternary mixture of water, polar
      solvent and non-polar solvent. The proportions which it is advisable to
      select are those for which the constituents are miscible. Aliphatic
      alcohols having 1 to 7 carbon atoms may be particularly mentioned as polar
      solvents, while halogenated aliphatic hydrocarbons may be mentioned as
      nonpolar solvents. The dyeing may be effected at temperatures from ambient
      temperature up to 80.degree.C.
PAR  By "anionic dyestuffs" are meant in a general way, within the compass of
      the invention, dyestuff having one or more acid groups in their molecule,
      such as sulphonic, carboxylic or phosphonic groups in the acid state or
      converted into a salt by an alkali metal. It is advantageous to use
      non-blended dyestuffs, inasmuch as the blending agents are insoluble in
      the solvents and, on the other hand, the saturation of the resins is
      effected more rapidly in their presence.
PAR  The textile fibres of basic character capable of being dyed by the new
      process are, for example, the natural fibres, such as wool and silk,
      synthetic fibres such as fibres based on polyamides, polyurethanes,
      basified polyalkylenes or modacrylic fibres. They may for example be in
      forms as diverse as flocks, slivers, threads, fabrics, knitted fabrics or
      non-woven materials.
PAR  The process according to the invention, with mixtures of fibres with
      differential dyeing affinity also enables contrast or reserve effects to
      be obtained which are very superior to those which are generally obtained
      on dyeing by exhaustion in a solvent medium.
PAR  the invention inclues apparatus enabling the dyeing to be carried out under
      the conditions of the present process which comprises essentially the
      following elements: a dyeing vessel for dyeing with solvents; a circuit
      for removing the dyebath continuously or in fractions; means for
      substituting the cations of the bath with H.sup.+ protons and a recycling
      circuit ensuring the reintroduction into the vessel of the bath from which
      all or part of its cations have been removed. As accessories one may add
      for regulating the temperature and the flow of the bath liquid withdrawn
      from the vessel.
PAR  This invention will be more fully understood by reference to the drawing
      which is a diagram of apparatus that can be used in practicing this
      invention.
PAR  The attached drawing gives by way of example an installation diagram.
PAR  The dyeing vessel 1 is fitted with heating or cooling members as well as
      apparatus for controlling the dyebath and heat regulation 2. The choice of
      vessel is made having regard to the textile material to be dyed and may be
      for example a drum machine, paddle machine, vat or autoclave.
PAR  A system of pipes 3 for removing liquid from the dyebath is fixed on the
      vessel. A diaphragm for measuring the flow 4, a regulating valve 5 and a
      control 6 enable one to regulate the flow from the discharge pipe, and its
      recording. A heat exchanger 7 permits cooling of the dyebath when
      necessary and a suitable delivery pipe brings in the liquid at the head of
      the device and ensures the exchange of the cations.
PAR  When cation resin exchangers are used, the apparatus may comprise
      conventional columns known as "with fixed resin" or columns known as "with
      movable resin" which operate in countercurrent. It may also consist of
      interchangeable shells or cartridges which it is sufficient to replace
      when the resin is saturated. In a general way, it is well to provide a
      battery of two columns for each type of resin, of which one is in service
      while the other is being regenerated. The recycling circuit for the liquid
      leaving the exchanger 8 is constituted by a pipe 11 fitted with a pump 9
      and possibly with a heater 10. Variants of the assembly shown in the
      drawing may be used, for example, a by-pass with a regulated flow, not
      fixed on the dyeing vessel but on the conventional circuit for circulating
      the bath, upstream or downstream of the pump, or the cation exchanger may
      be placed not on a by-pass or branch but directly on the circulation
      circuit of the bath; the whole of the bath in circulation then passes
      continuously over the cation exchanger. This variant is operated in
      particular cases such as dyeing at a temperature lower than 60.degree.C.,
      or dyeing with dyestuffs which, when used in an aqueous medium, require
      the medium to be strongly acid (pH lower than 3).
PAR  In the following Examples which are purely illustrative the parts are parts
      by weight unless the contrary is indicated.
PAC  EXAMPLE 1
PAR  0.3 parts of the red dyestuff consisting of the sodium salt of
      N-phenyl-N-ethyl-2'-sulphonamido-1-phenylazo-2-amino-8-hydroxy-naphthalene
     -6-sulphonic acid are dissolved in 1000 parts of methanol. This bath is
      introduced into an autoclave with circulation of the bath containing 40
      parts of polyamide 6--6 in the form of a fibre yarn. A circuit similar to
      that shown in the drawing enables the bath to be passed if desired into a
      cylindrical column, provided with 4 parts by volume of the copolymer
      styrene-sulphonated divinyl-benzene, having a bridge-building rate of 8%
      and an exchange capacity of 4.24 milli-equivalents per gram of dry resin
      in the H.sup.+ form. This resin is previously swollen in methanol. The
      height of the packing of the column is 5 times greater than its interior
      diameter. The bath conveyed at 55.degree.C. is simultaneously pulsated
      through the textile material and the column of resin. After dyeing for 1
      hour 86% of the dyestuff is fixed on the fibre.
PAR  The dyeing effected under the same conditions, but without passing the bath
      over the column of resin, leads to only 7% of the dyestuff being fixed on
      the textile material.
PAC  EXAMPLE 2
PAR  One operates under the conditions of Example 1 with a bath comprising 100
      parts by volumn of methanol in which the dyestuff has previously been
      dissolved and 900 parts by volume of perchlorethylene. The dyeing is
      effected at a constant temperature of 55.degree.C. for 30 minutes.
PAR  The bath is passed over the resin throughout the dyeing, rate of fixation
      of the dyestuff 98.3%. Dyeing carried out without passing over the resin
      leads to a rate of fixation of only 36.4%.
PAC  EXAMPLE 3
PAR  Under the conditions indicated in Example 2, 40 parts of wool which has
      been previously dehydrated, are dyed. On passing the bath over the resin
      throughout the dyeing, a rate of fixation of 62.2% is obtained. Without
      this passage, the of fixation is only 5.5%.
PAC  EXAMPLES 4 to 6
PAR  40 parts of wool, previously dehydrated, are dyed. The operation is
      effected by the process of Example 2 and 0.6 parts of the blue dyestuff
      consisting of the sodium salt of 2', 4',
      6'-trimethyl-4-phenylamino-1-amino-anthraquinone-2-sulphonic acid are
      used. Dyeings for a period of half an hour are carried out at the three
      following temperatures: 55.degree.C, 40.degree.C, and 25.degree.C. the
      rates of fixation (TF) of the dyestuff with and without passage of the
      bath over the resin are given in Table I.
TBL                Table I                                                     

     ______________________________________                                    

                      Temperatures                                             

                      55.degree.C                                              

                             40.degree.C                                       

                                     25.degree.C                               

     ______________________________________                                    

     Without passing over resin TF=                                            

                        12.2%     3%      1.5%                                 

     With passage over resin  TF=                                              

                        97 %     94%     92.3%                                 

     ______________________________________                                    

PAR  These figures show that the passage of the bath over the resin enables the
      temperature of dyeing to be appreciably lowered, therefore making the most
      of the wool, without notable reduction of the rate of exhaustion, which is
      not the case when the circulation of the batch over the resin is omitted.
      The fastness of the dyeings effected at 25.degree.C., 40.degree.C. and
      55.degree.C. in the presence of resin are also practically identical with
      one another.
PAC  EXAMPLES 7 to 10
PAR  0.6 parts of the dyestuff of Example 1 are dissolved in a bath having the
      following gravimetric composition:
TBL  Methanol             450 parts                                            

     Condensed water      440 parts                                            

     Methylene chloride   110 parts                                            

PAR  With the apparatus described in Example 1, the following are dyed for one
      hour at ambient temperature with and without passage over resin.
PA1  a - 40 parts of polyamide 6--6 in the form of fibre yarn
PA1  b - 40 parts of polyamide 6--6 in the form of a continuous thread
PA1  c - 40 parts of polyamide 6--6 in the form of yarn for carpet.
PA1  d - 40 parts of wool.
PAR  The rates of fixation (TF) of the dyestuff on the fibres at the end of the
      dyeing are indicated in Table II.
TBL                                    Table II                                

     __________________________________________________________________________

                            Polyamide 6-6                                      

                       Fibre                                                   

                            Continuous                                         

                                   Carpet                                      

                                        Wool                                   

                       yarn thread yarn                                        

     __________________________________________________________________________

     Without passage over resin TF                                             

                       50%   9.6%  12.9%                                       

                                         3.5%                                  

     With passage over resin  TF                                               

                       97.7%                                                   

                            54.5%  63%  78.6%                                  

     __________________________________________________________________________

PAC  EXAMPLE 12
PAR  the apparatus described in Example 1 is used, and the styrene-sulphonated
      divinylbenzene copolymer resin is replaced by the equivalent quantity of
      polyacrylate resin with functional carboxylate groups, having an exchange
      capacity of 9.5 millequivalents per gram of dry resin in the H.sup.+ form.
      This resin is previously swollen in methanol. The dyebath consists of a
      mixture of 900 parts by volume of perchloroethylene and 100 parts by
      volume of methanol, in which 0.15 parts of the blue dyestuff constituted
      by the disodium salt of
      bis-4,4'-(4-amino-3-sulpho-antraquinonylamino)-3,3',5,5'-tetramethyl-diphe
     nylmethane having previously been dissolved.
PAR  The bath is passed for 15 minutes at ambient temperature over the resin, 40
      parts of wool in bobbin form are introduced and the temmperature is raised
      to 55.degree.C. Dyeing is effected for an hour at this temperature with
      continuous circulation of the bath over the resin. 92.5% of the dyestuff
      used is then fixed on the fibres. A dyeing test effected under identical
      conditions but without passage of the bath over the resin leads to a
      fixation of 76.2% of the dyestuff.
PAC  EXAMPLE 13
PAR  In the process of Example 12, the carboxylic resin used is replaced by the
      sulphonic resin of Example 1, and the bath is passed over the resin in the
      following manner: after 10 minutes of normal circulation of the bath,
      there follow 2 minutes of circulation over resin, this being carried out
      four consecutive times, then follows 12 minutes of normal circulation
      without passage over resin to finish the dyeing. A rate of fixation of
      92.5% is obtained.
PAC  EXAMPLE 14
PAR  0.3 parts of the direct blue dyestuff consisting of the disodium salt of
      bis-3,10-(4-chloro-phenylamino)-2,9-disulpho-6,13-dichloro-triphenodioxine
      are dissolved in 400 parts by volume of methanol and the solution is
      diluted with 600 parts by volume of perchloroethylene. The batch is
      introduced into the autoclave apparatus of Example 1 provided with the
      same ion exchanger. 40 parts of polyamide 6--6 in the form of fibre thread
      are introduced and dyed for 15 minutes at ambient temperature, heated up
      to 55.degree.C. in a period of 15 minutes and maintained for 30 minutes at
      this temperature, the bath passing over the resin throughout the whole of
      the dyeing period. The rate of fixation of the dyestuff on the fibre is
      95%. the same test carried out without passage of the bath over the resin
      leads to a rate of fixation of the dyestuff of 66%.
PAC  EXAMPLE 15
PAR  0.1 parts of acid blue dyestuff 40 C.I. No. 62,125 are dissolved in 100
      parts of methanol and the solution is then diluted with 900 parts by
      volume of perchloroethylene. 40 parts of material consisting of a carpet
      of polyamide 6--6 thread of differential affinity (deep-normal and basic
      dyeability) are rolled up on a cloth-beam and the bath is introduced into
      the circulation apparatus. During the first phase of the dyeing, a device
      allows the bath to pass over a column of resin having characteristics
      identical with those described in Example 1. When the batch is passing
      over the resin, the dyeing begins at 30.degree.C. and is continued for 15
      minutes at this temperature. It is then raised progressively to a
      temperature of 60.degree.C. in a period of 25 minutes. At this stage the
      resin is short-circuited and the dyeing is continued while the temperature
      rises to 70.degree.C. in 10 minutes. The dyeing vessel being then under
      pressure, the methanol of the bath is progressively eliminated according
      to the technique described in Example I of French Pat. No. 2,088,081.
PAR  Exactly the same operation is then carried out again but wihout passage of
      the bath over the column of resin at the start of the dyeing.
PAR  In the second case, the final exhaustion of the dyestuff is total, but
      while in the first case the "basic dyeable" nylon is perfectly reserved in
      pure white, in the second case, it is fairly strongly contaminated with
      blue, reducing very appreciably the contrast effect which is particularly
      appreciated for this kind of article.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for dyeing, by exhaustion, textile fibres of basic character
      with anionic dyestuffs in an organic solvent medium wherein the dyebath is
      a homogeneous ionizing liquid medium and the cations of the bath are
      replaced by H.sup.+ protons by a cation exchange resin in the course of
      the dyeing, the dyeing being effected at a temperature equal to or less
      than 80.degree.C.
NUM  2.
PAR  2. The process according to claim 1 wherein the textile fibres are selected
      from the group consisting of wool, silk, polyamides, polyurethanes,
      basified polyalkylenes and modacrylic fibres.
NUM  3.
PAR  3. The process according to claim 1 wherein the homogeneous ionizing medium
      is selected from the group consisting of a polar solvent, a mixture of
      polar and non-polar solvents, a mixture of water and polar solvent and a
      mixture of water, polar solvent and non-polar solvent.
NUM  4.
PAR  4. The process according to claim 1 wherein the organic solvent is an
      aliphatic alcohol having 1 to 7 carbon atoms.
NUM  5.
PAR  5. The process according to claim 3 wherein the nonpolar solvent is a
      halogenated aliphatic hydrocarbon.
NUM  6.
PAR  6. The process according to claim 3 wherein the homogeneous ionizing medium
      is a mixture of an aliphatic alcohol having 1 to 7 carbon atoms and a
      halogenated aliphatic hydrocarbon having 1 to 3 carbon atoms.
NUM  7.
PAR  7. The process according to claim 6 wherein the anhydrous homogeneous
      ionizing medium comprises a mixture of 60% to 99% of perchloroethylene and
      40% to 1% of methanol.
NUM  8.
PAR  8. A process according to claim 6 wherein the homogeneous ionizing medium
      additionally contains water.
NUM  9.
PAR  9. In a process for the dyeing, by exhaustion, of textile fibres of basic
      character with anionic dyestuffs in an organic solvent medium, the
      improvement comprises using a homogeneous ionizing liquid medium as the
      dyebath and the cations of the bath are replaced by H.sup.+ protons by a
      cation exchange resin in the course of the dyeing, the dyeing being
      effected at a temperature equal to our less than 80.degree.C.
NUM  10.
PAR  10. In a process for the dyeing, by exhaustion, of textile fibres of basic
      character with anionic dyestuffs in an organic solvent medium, the
      improvement which comprises using a homogeneous ionizing liquid medium as
      the dyebath and contacting the dyebath with cation exchange resin to
      replace the cations in the dyebatch with H.sup.+ protons in the course of
      dyeing, wherein the dyeing is effected at a temperature of equal to or
      less than 80.degree.C.
PATN
WKU  039321282
SRC  5
APN  5448913
APT  1
ART  144
APD  19750129
TTL  Dye carriers for polyamide fibers
ISD  19760113
NCL  16
ECL  1,6,11
EXA  Clingman; A. L.
EXP  Levy; Donald
INVT
NAM  Beaulieu; Robert J.
CTY  Bronx
STA  NY
ASSG
NAM  Millmaster Onyx Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL    8173
XCL    8 41B
XCL    8 42B
XCL    8 74
XCL    8165
XCL    8169
XCL    8178R
XCL    8175
EDF  2
ICL  D06P  504
FSC    8
FSS  173;169
UREF
PNO  3184436
ISD  19650500
NAM  Magat
OCL  260 78
UREF
PNO  3282886
ISD  19661100
NAM  Gadecki
OCL  260 45.7
UREF
PNO  3393210
ISD  19680700
NAM  Speck
OCL  260371
UREF
PNO  3510891
ISD  19700500
NAM  Luongo
OCL    8173
UREF
PNO  3702229
ISD  19721100
NAM  Campana
OCL    8 62
UREF
PNO  3756773
ISD  19730900
NAM  Isharani
OCL    8173
UREF
PNO  3836327
ISD  19740900
NAM  Bartsch
OCL    8173
LREP
FR2  Jacobs, Esq.; Arthur A.
ABST
PAL  Carriers for dyes for polyamide fibers of DuPont's Type 472 nylon Qiana
      wherein the carriers contain a mixture of (a) either para-tertiary butyl
      phenol or para-tertiary amyl phenol and (b) normal butyl benzoate, such
      mixture comprising a swelling agent.
BSUM
PAR  It is well known in the art of dyeing fibers that special auxiliary
      chemicals are often necessary to achieve the even and rapid exhaustion of
      dyes from an aqueous dye bath onto hydrophobic fibers. Such auxiliary
      chemicals are usually required when the dyestuff has very little affinity
      for, or solubility in, the fiber. When the dyestuff and the fiber have
      great affinity for each other, the fiber usually absorbs the dye directly,
      without the aid of auxiliary chemicals; and when the dyestuff is "soluble"
      in the fiber, the fiber that is immersed in an aqueous dispersion of the
      dyestuff acts, in principle, like an immiscible organic solvent would
      behave if the dye were being partitioned between the water and the
      solvent.
PAR  On the other hand, when the chemical and physical properties of the fiber
      and dyestuff are such as to preclude the possibility of an adequate rate
      of either "absorption" or "solution" then it is generally necessary to
      utilize certain physical or chemical techniques. Among the physical
      techniques is the use of higher temperatures at higher pressures, while
      one of the chemical techniques involves the use of carriers.
PAR  The term "carrier", as used herein, means a chemical compound, or a
      formulation of chemical components, which acts towards fibers much as a
      plasticizer acts towards a solid polymer. It swells, and softens the
      fibers and facilitaties the even diffusion of dyestuff molecules into the
      filaments.
PAR  Although some polyamide fibers may be readily dyed without the aid of
      carriers, a number of such fibers require such carriers. Furthermore, even
      with the use of the ordinary carriers, it has been found that certain
      polyamide fibers cannot be satisfactorily dyed. More specifically, such
      difficulty has been found in the dyeing of polyamide fibers that are made
      by the condensation of the monomers 4,4'-diaminodicyclohexyl methane, or
      alkylated derivatives thereof, and dodecanedioic acid. The structure and
      properties of these fibers, which are often referred to by the "Du Pont"
      trade names "Nylon type 472" or "Qiana", are disclosed in U.S. Pat. No.
      3,393,210. This same patent also discloses that these fibers may be dyed
      under high pressure and temperature with the aid of some of the carriers
      customarily used for dyeing polyester fibers. But actual practice has
      shown that the conventional carriers used for polyester dyeing were not
      entirely satisfactory for these materials. In this respect, although it
      was, at first, believed that butyl benzoate, by itself, was satisfactory,
      subsequent experience has proved otherwise.
PAR  Although disperse dyes are somewhat more readily applied than acid or
      pre-metalized dyestuffs, many of the disperse dyes have lower light and
      wash resistance than acid dyes or pre-metalized dyes. In addition, they
      generally lack the brightness of shade of acid dyes. It is, therefore,
      important that the carrier be capable of utilization with all three types
      of dyes.
PAR  It is also well known in the art that carriers which contain
      water-insoluble components must be formulated with certain additives which
      cause these water-insoluble components to be evenly emulsified or
      dispersed in the aqueous dye bath without separation into aqueous and
      non-aqueous phases during the dyeing procedure. Such separation of phases
      during dyeing, often referred to as "oiling out", leads to "spotted" or
      "speckled" fabrics.
PAR  It is, therefore, one object of the present invention to provide a carrier
      for dyestuffs which is highly satisfactory for the dyeing of polyamide
      fibers that are made by the condensation of 4,4'-diamino-dicyclohexyl
      methane or its alkylated derivatives and dodecandioic acid.
PAR  Another object of the present invention is to provide a carrier of the
      aforesaid type that is effective for the application to such polyamide
      fibers not only of disperse dyes but also of acid dyes and pre-metalized
      dyes, thereby avoiding the necessity of storing different carriers for
      different types of dyes.
PAR  Another object of the present invention is to provide a carrier of the
      aforesaid type which can be dispersed evenly and completely throughout the
      aqueous phase in the dye without "oiling out" during the dyeing process.
PAR  A further object of the present invention is to indicate the best mode of
      using the carrier of the present invention with either disperse dyes, acid
      dyes or pre-metalized dyes in such manner that an even and rapid build-up
      of the dyestuff is attained on the fibers.
DETD
PAR  Other objects of the present invention will be evident from the following
      description and claims:
PAR  In accordance with the present invention, a carrier is used which contains
      a swelling agent consisting of a mixture of (a) either para-tertiary butyl
      phenol or para-tertiary amyl phenol and (b) normal-butyl benzoate. A
      carrier containing this synergistic mixture is much more effective in
      accelerating dye exhaustion, and produces a much higher quality of dyeing
      on the polyamide fibers here concerned than can be achieved by a carrier
      containing either of these compounds alone, or with any of the carriers
      described in the prior art. In addition, the carrier of the present
      invention can be used with a wider range of dyes, including disperse dyes,
      acid dyes and pre-metalized dyes, than any of the carriers of the prior
      art.
PAR  Preferably, the normal-butyl benzoate and alkyl phenol are present in the
      swelling agent in a ratio of about 1 to 1 by weight, although acceptable
      results are also obtained when these components are present in the range
      of between about 1 to 2 to about 2 to 1 by weight.
PAR  The complete carrier should, preferably, contain no more than about 80% of
      the swelling agent, the remainder of the carrier comprising any compatible
      material which will permit the swelling agent to be dispersed evenly in
      the aqueous dye composition. Preferably, it should permit the swelling
      agent to be evenly dispersed in about 10 to 50 times its weight of water.
PAR  As indicated above, the essence of the present invention is the use of the
      particular swelling agent. Any dispersing agent that will permit the
      swelling agent to be properly dispersed in the water is within the scope
      of the invention. However, it has been found that a particularly
      satisfactory dispersing agent is one which includes anionic surfactants,
      non-ionic surfactants, and coupling solvents (sometimes called
      compatiblizers, misciblizers or solubilizers), and most preferably where
      these components are present in the proportions of about 10% by weight
      anionic surfactants, about 5% by weight non-ionic surfactants, and about
      5% by weight coupling solvent, based on the total weight of the carrier.
PAR  The above may be expressed by the following general formula:
     Components              Parts by Weight                                   

     ______________________________________                                    

     Para-tertiary butyl phenol                                                

     or para-tertiary amyl phenol                                              

                             30-50                                             

     Normal-butyl benzoate   50-30                                             

     Anionic surfactant       10                                               

     Non-ionic surfactant    5.0                                               

     Coupling solvent        5.0                                               

     ______________________________________                                    

PAR  The following Table 1 lists six different formulations made with specific
      components of the above type. In these formulations, a specific, readily
      available anionic surfactant, a specific, readily available non-ionic
      surfactant, and a specific, readily available coupling solvent is used.
      However, although these are preferable compounds, they are merely
      illustrative of the variety of such compounds that may be used to perform
      the same purposes. In this respect "ICONOL-PNP-4", a product of the
      Whitestone Chemical Co., Spartanburg, S.C., is a phosphorylated and
      ethoxylated nonyl phenol and "CONCO Sulfate 912" is the sodium salt of a
      sulfated ethoxylated alcohol, both being anionic surfactants, while "CONCO
      NI-40" is a non-ionic ethoxylated nonyl phenol. The latter two substances
      are commercially available from the Continental Chemical Company, Clifton,
      N.J.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Formula number                                                            

                   I    II   III  IV   V    VI                                 

     Components                                                                

     __________________________________________________________________________

     para-tertiary butyl phenol                                                

                   40.0 30.0 50.0                                              

     para-tertiary amyl phenol    40.0 30.0 50.0                               

     butyl benzoate                                                            

                   40.0 50.0 30.0 40.0 50.0 30.0                               

     "ICONOL-PNP-4"                                                            

                   7.5  7.5  7.5  7.5  7.5  7.5                                

     "CONCO Sulfate 912"                                                       

                   2.5  2.5  2.5  2.5  2.5  2.5                                

     "CONCO NI-40" 5.0  5.0  5.0  5.0  5.0  5.0                                

     hexamethylene glycol                                                      

                   5.0  5.0  5.0  5.0  5.0  5.0                                

     __________________________________________________________________________

PAR  The quantity made of any formulation depends on the weight of the fabric to
      be dyed. For light shades about 8-10% of pre-emulsified carrier, based on
      the weight of the fabric (O.W.F.), is preferable. For medium shades, about
      10-15% (O.W.F.) of carrier is preferable. For darker shades, about 15-20%
      (O.W.F.) of carrier is preferable.
PAR  The quantity of dye used depends on the shade. It has been found that the
      present carrier is effective when the dye concentration is as low as 0.1%
      (O.W.F.) and as high as 8.0% (O.W.F.). Preferably, however, the dye
      concentration should be from about 0.5% to about 5.0% (O.W.F.).
PAR  Generally, the required concentration of the carrier increases as the dye
      concentration increases. The carrier should, preferably, be added in
      pre-emulsified form. Therefore, in compounding the carrier, in such
      pre-emulsified form, allowance must be made for the water in which it will
      be emulsified, so the container must be large enough to accomodate about
      15-20 times as much liquid as the volume of carrier.
PAR  The following example illustrates a typical formulation where 100 pounds of
      carrier are to be used on 800 pounds of fabric (or 12.5%, O.W.F.).
PAC  EXAMPLE 1
PAR  In a 400 gallon steam jacketed kettle, place 40 pounds of normal-butyl
      benzoate and, with constant stirring, add 40 pounds of tertiary butyl
      phenol. While stirring, heat the mixture to 120.degree.F and add 7.5
      pounds of "1-CON-PNP-4" in one-half pound portions over a period of about
      5-10 minutes and mix until dissolved then add 2.5 pounds of "CONCO Sulfate
      912" in one-half pound portions over a period of about 3-5  minutes and
      mix until dissolved. Then add 5.0 pounds of "NI-40" in one-half pound
      portions over a period of about 5 minutes and mix until dissolved, and
      finally, pour in 5.0 pounds of hexamethylene glycol and stir. The stirring
      should continue for about an additional hour while the kettle cools to
      room temperature. The resulting mixture is a dark brown, slightly viscous
      liquid which constitutes the carrier.
PAR  When the carrier is added to the dyebath in preemulsified form, it is
      emulsified as follows:
PAC  EXAMPLE 2
PAR  To 100 pounds of carrier in the 400 gallon steam jacketed ketted kettle add
      100 pounds of water and maintain agitation of the mixture while heating it
      to 80.degree.-100.degree.F. Stirring is maintained until a reasonably
      homogeneous viscous slurry is obtained, at which time water is added in
      portions until an additional 1000 pounds is added, while maintaining a
      temperature of 80.degree.-100.degree.F. Stirring is continued until the
      carrier is dispersed homogeneously.
PAR  This is an example of a dispersed or pre-emulsified carrier that is added
      directly to the dye bath.
PAR  Following is a convenient method of testing the properties of the carrier
      of this invention:
PAC  EXAMPLE 3
PAR  1. Load 10 grams of Qiana Type 472 Nylon fabric into each of the 12 jars of
      a "Ahiba Low-Boy Dying Machine". Each jar has a capacity for holding about
      20 grams of fabric, and about 500 grams of aqueous solution.
PAR  2. Add 40 times the fabric weight of water.
PAR  3. Warm to 80.degree.-100.degree.F.
PAR  4. Add 90% formic acid drop by drop, until the pH is lowered to about 3.0
      .+-. 0.2 (about 0.2 ml is generally required).
PAR  5. Let the machine run for 5 minutes.
PAR  6. Add 8%-20% (O.W.F.) of carrier, depending on the quantity of dye to be
      used, and the depth of shade required.
PAR  Since the carrier is added in pre-emulsified form, and since the aqueous
      emulsion weighs about 12 times as much as the carrier, about 12 times the
      calculated weight of carrier approximates the weight of the pre-emulsified
      carrier to be used.
PAR  7. Let the machine run for 5 minutes at 80.degree.-100.degree.F.
PAR  8. Add the dyestuff.
PAR  9. Let the machine run for 5 minutes.
PAR  10. Raise the temperature to about 160.degree.F at a rate of about
      1.degree. per minute.
PAR  11. Let the machine run at about 160.degree.F for about 10 minutes.
PAR  12. Raise the temperature to about 180.degree.F at a rate of about
      1.degree. per minute.
PAR  13. Let the machine run for about 10 minutes.
PAR  14. Raise the temperature to about 210.degree.F at a rate of about
      1.degree. per minute.
PAR  15. Hold the temperature at 210.degree.F, while the machine is running, for
      about 60 to 120 minutes, depending on the shade desired. Remove the fabric
      from the jar.
PAR  16. View visually for shade. If shade is too light, then replace the fabric
      in the jar and let the machine run for additional time; or add more
      dyestuff, replace the fabric in the jar, and let the machine run for
      additional time. If more dye should be added, let the temperature cool to
      180.degree.F before adding the dye, then proceed as above starting with
      step 14.
PAR  16.(a) If the fabric is "on shade", then let the bath cool down to
      160.degree.F.
PAR  17. When the fabric is on shade, drain the bath after cooling.
PAR  18. Recharge the dying machine jars with about 40 times the fabric weight
      of fresh water.
PAR  19. Add about 1% (O.W.F.) of a non-ionic scour, such as "SCOUR CO.", an
      ethoxylated alcohol made by the Refined Onyx division of the Millmaster
      Onyx Corporation, Lindhurst, New Jersey.
PAR  20. Add about 1% by weight (O.W.F.) of tetrasodium pryophosphate.
PAR  21. Heat to 160.degree.F, and scour at 160.degree.F for 30 minutes.
PAR  22. Drain the water.
PAR  23. Recharge the jar with 40 times the fabric weight of fresh water.
PAR  24. Let the machine run for 15 minutes at room temperature.
PAR  25. Take the fabric from the jar, and dry it in a conventional manner, such
      as by using a "tenter frame".
PAR  The following representative dyes were tested with the carrier of the
      present invention.
TBL  __________________________________________________________________________

     Monosulfonated       Manufacturer                                         

     __________________________________________________________________________

       "Fastusol Turquoise LG"                                                 

                          GAF Corporation, New York, N.Y.                      

     Polysulfonated                                                            

       "Sulpho-Rhodamine B extra"                                              

                          GAF Corporation, New York, N.Y.                      

       "Brilliant Sulpho Flavine FFA"                                          

                          GAF Corporation, New York, N.Y.                      

     Neutral metalized dyes                                                    

                          Sandoz Colors and Chemicals,                         

       "Lanasyn Bordeaux GRL"                                                  

                          East Hanover, N.J.                                   

     Disperse dyes/acid dyes                                                   

       "Intrasil Red M.G." acid dye                                            

                          Cronipton and Knowles, Fairlawn                      

       alone or mixed with                                                     

                          N.J.                                                 

       "Resolin Blue GRL" disperse dye                                         

                          Verona Dyestuffs, Union, N.J.                        

       "Intrasil Red MG" acid dye                                              

                          Cronipton and Knowles, Fairlawn                      

        mixed with        N.J.                                                 

       "Resolin Blue GRL" disperse dye                                         

                          Verona Dyestuffs, Union, N.J.                        

        and                                                                    

       "Anthraquinone Green GNN"acid dye                                       

                          Du Pont Chemical Co.,                                

                          Wilmington, Del.                                     

     __________________________________________________________________________

PAR  Each of these dyes was used with each of the six carrier formulations
      described above. In general, it was found that there was a faster and more
      complete exhaustion of dye on the Qiana Type 472 Nylon fabric when the
      proportion of phenol to ester was higher. However, when the proportion of
      phenol in the carrier was greater than about 50% by weight, emulsification
      problems arose, and dyeing was often spotted or speckled. But when the
      proportion of phenol in the carrier was less than about 30% by weight, dye
      exhaustion from the bath was much slower and poorer than desirable. The
      preferable range of proportions of phenol to ester is, therefore, between
      about 1:1 to about 3:7.
PAR  It was found that normal-butyl benzoate, when used as the sole swelling
      agent in the carrier, gave very poor, and very slow dye exhaustion, and
      resulted in poor shades. On the other hand, when the phenols were used as
      the sole swelling agent, the polyamide fibers were often degraded, or,
      because of poor emulsification, the dyeing was often spotted or speckled.
      It was found that an approximately equal (by weight) mixture of
      normal-butyl benzoate and a phenol chosen from para-tertiary butyl phenol
      and para-tertiary amyl phenol provided the most satisfactory results when
      used as a swelling agent in carriers because it permits ready
      emulsification in water, does not degrade the polyamide fibers, and
      permits the rapid and complete exhaustion of many common dyes from the
      dyebath onto the fabric.
PAR  The efficacy of dyeing was determined by matching the depth of shade of the
      dyed fabrics visually. When the identical dyestuff was used under
      identical conditions with different carriers, the carrier based on a
      swelling agent mixture of normal-butyl benzoate and one of the phenols
      selected from para-tertiary butyl phenol and para-tertiary amyl phenol
      gave the deepest shades in the least time.
PAR  The rate of dye exhaustion was also followed by viewing the residual
      dyebath solutions in matched cells. The deeper the color of the
      transmitted light, the more residual dye in the bath and the less the dye
      exhaustion. The results of these tests indicate that the carriers of the
      present invention permit the fastest and most complete exhaustion of dyes
      as compared to carriers of the prior art.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A carrier for a dye for polyamide fibers made by the condensation of the
      monomers 4,4'-diamino-dicyclohexyl methane, or alkylated derivatives
      thereof, and dodecanoic acid comprising a swelling agent consisting of a
      mixture of normal-butyl benzoate and an alkyl phenol selected from the
      group consisting of para-tertiary butyl phenol and para-tertiary amyl
      phenol, said butyl benzoate and alkyl phenol being present in a ratio to
      each other of between about 1:2 to about 2:1 by weight.
NUM  2.
PAR  2. The carrier of claim 1 including a compatible dispersing agent for said
      swelling agent.
NUM  3.
PAR  3. The carrier of claim 2 wherein said dispersing agent consists of at
      least one anionic surfactant, at least one non-ionic surfactant and at
      least one coupling solvent.
NUM  4.
PAR  4. The carrier of claim 3 wherein about 10% by weight of the total carrier
      is anionic surfactant, about 5% by weight of the total carrier is
      non-ionic surfactant and about 5% by weight of the total carrier is
      coupling solvent.
NUM  5.
PAR  5. The carrier of claim 2 wherein said swelling agent comprises about 80%
      by weight of the carrier and the dispersing agent comprises about 20% by
      weight of the carrier.
NUM  6.
PAR  6. A dyeing composition for polyamide fibers made by the condensation of
      the monomers 4,4'-diamino-dicyclohexyl methane, or alkylated derivatives
      thereof, and dodecanoic acid a dye, a carrier for said dye and water, said
      carrier comprising a swelling agent consisting of a mixture of
      normal-butyl benzoate and an alkyl phenol selected from the group
      consisting of para-tertiary butyl phenol and para-tertiary amyl phenol,
      said butyl benzoate and alkyl phenol being present in a ratio to each
      other of between about 1:2 to about 2:1 by weight.
NUM  7.
PAR  7. The composition of claim 6 wherein said carrier includes a compatible
      dispersing agent for said swelling agent.
NUM  8.
PAR  8. The composition of claim 7 wherein said dispersing agent consists of at
      least one anionic surfactant, at least one non-ionic surfactant and at
      least one coupling solvent.
NUM  9.
PAR  9. The composition of claim 8 wherein about 10% by weight of the total
      carrier is anionic surfactant, about 5% by weight of the total carrier is
      non-ionic surfactant and about 5% by weight of the total carrier is
      coupling solvent.
NUM  10.
PAR  10. The composition of claim 6 wherein said swelling agent comprises about
      80% by weight of the carrier and the dispersing agent comprises about 20%
      by weight of the carrier.
NUM  11.
PAR  11. A method of dyeing polyamide fibers made by the condensation of the
      monomers 4,4'-diamino-dicyclohexyl methane, or alkylated derivatives
      thereof, and dodecanoic acid which comprises applying to said fibers a
      dyeing composition comprising a dye, a carrier for said dye and water,
      said carrier comprising a swelling agent consisting of a mixture of
      normal-butyl benzoate and an alkyl phenol selected from the group
      consisting of para-tertiary butyl phenol and para-tertiary amyl phenol,
      said butyl benzoate and alkyl phenol being present in a ratio to each
      other of between about 1:2 to about 2:1 by weight.
NUM  12.
PAR  12. The method of claim 11 wherein said carrier is incorporated in an
      aqueous emulsion prior to admixture with said dye.
NUM  13.
PAR  13. The method of claim 12 wherein the aqueous emulsion of said carrier
      includes water and a dispersing agent that is compatible with said
      swelling agent.
NUM  14.
PAR  14. The method of claim 13 wherein said dispersing agent consists of at
      least one anionic surfactant, at least one non-ionic surfactant and at
      least one coupling solvent.
NUM  15.
PAR  15. The method of claim 14 wherein about 10% by weight of the total carrier
      is anionic surfactant, about 5% by weight of the total carrier is
      non-ionic surfactant and about 5% by weight of the total carrier is
      coupling solvent.
NUM  16.
PAR  16. The method of claim 11 wherein said swelling agent comprises about 80%
      by weight of the carrier and the dispersing agent comprises about 20% by
      weight of the carrier.
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ABST
PAL  This invention relates to an effect coloration process for pseudorandom
      dyeing of yarns in package or skein form by force filling regions of the
      yarns with dye formulations immoblized in foam followed by microwave
      heating to accelerate the diffusion and reaction of the dyes.
BSUM
PAR  Preliminary search revealed the following references:
TBL  3,120,422     Weir        Feb.  4, 1964                                   

     3,145,398     Wyatt       Aug. 25, 1964                                   

     3,484,179     Adams       Dec. 16, 1969                                   

     3,599,450     Giesler     Aug. 17, 1970                                   

PAC  OBJECTS OF THE INVENTION
PAR  The object of this invention is to produce simultaneous dyeing of multiple
      colors on yarns.
PAR  The process has advantages over conventional effect dyeing processes in
      that it is more versatile and requires minimal time, chemicals, and
      energy.
PAC  DESCRIPTIONS OF THE INVENTION
PAR  The process consists of forcing or injecting foamed dye or dye resist
      mixtures into different portions of a container in which a textile is
      packed or through a perforated tube on which a textile is wound. The
      textile may be a spun yarn, roving or a texturized continuous filament
      yarn. The textile may be composed of most natural or synthetic fibers or
      mixtures of these, e.g. cotton, wool, viscose rayon, acetate rayons,
      nylons, polyesters, acrylics, etc. Likewise, many classes of dyes
      appropriate for these fibers may be used e.g. acid, basic, disperse,
      reactive, and vat etc. The wide applicability of the process is due to the
      fact that the yarn container or package can be quickly and uniformly
      heated using microwave energy which accelerates the diffusion and reaction
      of the dyes. The use of microwave heating, which is usually prohibitively
      expensive, is made economical because the quantity of high heat capacity
      water is kept extremely small. The formulations used in this process are
      essentially the same as atmospheric pressure dyeing formulations for the
      given dye and fiber combinations with foaming components added and as much
      water as possible deleted.
PAR  In accordance with one aspect of this invention a polyester knitting yarn,
      which can be undyed or dyed with a solid base shade, is wound on a plastic
      tube using a winder in which the package is in contact with a drum which
      drives the package and traverses the yarn by way of a cam grove in the
      drum. This type of winder, commonly referred to as a drum type winder,
      produces in theory a package in which the length of yarn in the horizontal
      color zones indicated in FIG. 1 are equal. The package is placed on a stem
      through which foam may be directed to each of the color zones. The number
      of colors is limited in practice by the effective viscosity of the foam,
      the uniformity of the wind, and the height of the package. Typically the
      zones can be about one half inch in length.
PAR  A foam formulation for polyester consists of a foamer, foam stabilizer,
      carrier, disperse dye, propellant, and a quanity of water about equal to
      the total weight of the other components. Sufficient propellant is used to
      produce approximately a 20-fold increase in volume. The foam is allowed to
      penetrate about half way through the package before it is removed from the
      stem. The dense foam is light and immobile, thus preventing undesired
      color mixing even with somewhat abusive handling. Heating can be done by
      placing the package in a container then in a hot-air oven or steamer.
      However, the heating can most advantageously be done in a plastic
      container in a microwave oven in which, because of low water content,
      heating is uniform, rapid, and energy efficient. The package is heated
      from room temperature to near the boil during which time the foam
      continues to expand to more than fill the package. While not wishing to be
      bound there by, this expansion occures because the propellant comes out of
      solution in the carrier. It may be necessary on some color patterns to
      protect the outside of the package from excess foam run off. This can be
      done by wrapping the package with a perforated plastic film. The excess
      foam serves a beneficial purpose in that it keeps the outer yarns damp so
      that they dye uniformly.
PAR  The hot package is then stored for a short time in an insulated container,
      which may be the same container used in the microwave oven, until heat
      accelerated diffusion of the dye is complete. The package is then rinsed
      and dryed. Rinsing of the foam is easily performed, compared to the use of
      polymeric thickeners to immobilize the dyes. The rinse procedure must
      avoid excessive transfer of color from area to area. Due to the method of
      drum winding and zone filling of the package a pattern is produced which
      repeats in a fabric made from the yarn; however, due to minor variations
      in winding tensions and foam pressures, the zones are not perfectly formed
      and the repeat is not perfect. When made into a fabric this assures an
      average color uniformity throughout the fabric yet prevents unattractive
      pattern repeats.
PAR  The pattern may be modified by changing winding patterns, foaming patterns,
      or by injecting some portions of the package asymmetrically with a hollow
      needle through which foam is forced. These techniques produce a fabric
      which changes appearance throughout its length because the yarn is
      randomly dyed.
PAR  For all the advantages of foam there is one disadvantage; this is a strong
      tendency to channel, that is to seek a path of low fiber density. For this
      reason, winding must be carefully controlled.
PAR  In accordance with another aspect of this invention, skeins of nylon carpet
      yarn are packed in a perforated plastic bag which is then packed in a
      perforated container, as shown in FIG. 2. The bottom of the container is
      provided with foam nozzles which, on compressing the skeins to a density
      of one quarter to one half kilogram per liter, penetrate the bag. The foam
      is forced into the bag which is then heated, rinsed and dryed as before.
      For nylon the foam requires a greater portion of water to obtain
      satisfactory results because the nylon sorbs more water than polyester.
      The carrier is not required and acid dyes may be substituted for the
      disperse dyes. The pattern is obtained by folding of the skeins as they
      are placed in the bag so that different portions of each skein receives
      different color foams.
PAR  The foams for all of these processes are produced from a pressure vessel
      using liquified propellant gases such as hydrocarbons and halogenated
      hydrocarbons. Typically these must develop 5 to 20 atmosphers pressure at
      room temperature in order to produce sufficient pressure to force the foam
      through the fibers. Gases which can be used are dichlorodifluoromethane,
      monochlorodifluoromethane, methyl chloride, and propane. Mixtures of these
      gases with inert nitrogen, inert carbon dioxide, and air can be used to
      increase economy or reduce flammability. The foam formulation consists of
      a foamer such as a sodium or potassium salt of a fatty alcohol sulfate or
      an alkyl naphthalene sulfonic acid and a foam stabilizer which may be a
      fatty acid diethanolamine or acyl sarcosine adduct. The amount of each of
      these required depends on the foaming and defoaming characteristics of the
      dyes and dyeing assistants used. For example, with some highly emulsified
      commercially available polyester dye carriers, no foamer or stabilizer is
      required. The formulation containing a minimal amount of water is poured
      into a pressure vessel which is then closed and charged with sufficient
      liquid propellant to leave 5 to 40 grams of liquid propellant emulsified
      per liter of liquid. This amount of propellant is in addition to that
      which is vaporized to produce an equilibrium vapor pressure in the vessel.
DRWD
PAC  DESCRIPTIONS OF THE DRAWINGS
PAR  The invention will be more fully described by reference to the accompanying
      drawings where in:
PAR  FIG. 1 is a sectional view of a two-color device for filling a yarn package
      with foam.
PAR  FIG. 2 is a diagram of a foam supply.
PAR  FIG. 3 is a sectional view of a device for filling skeins with foam.
DETD
PAR  Referring more particularly to FIG. 1, there is shown the yarn 1 wound on a
      perforated tube 2 which is set on a stem 3 provided with a broad base
      plate 4. The package is topped with a plate 5, which along with the bottom
      plate, prevents foam flow through the ends of the package. The top plate
      is held down by a nut 6. This assures the foam will proceed radially in
      zones 7, 8, 9, 10, 11, 12, and 13 fed by the center portion of the stem.
      The stem is connected to the foam supplies at 14 and 15.
PAR  The foam supply, shown in FIG. 2, can be filled with dye formulation at
      valve 16 and drained at valve 17. The foam supply 18 can be brought to a
      controlled pressure using regulator 19 on inert gas container 20. Then a
      known amount of propellant from vessel 21 is added through the metering
      valve 22. Feed of the foam to the devices in FIG. 1 and FIG. 3 is
      controlled by electric valve 23 which connects to the devices at fitting
      24.
PAR  In FIG. 3 folded skeins 25 are placed in a perforated bag 26 and then in an
      open-top box 27. A porous top 28 is used to compress the skeins until the
      pointed foam supply nozzels 29, mounted on a separate frame 30 from the
      box, penetrate the bag. The locking pins 31 are used to hold the skeins
      while they are filled with foam. The nonmetallic box is placed in a
      microwave oven to fix the dyes. Operation
PAR  The following examples are given to illustrate the invention.
PAC  EXAMPLE I
PAR  The apparatus shown in FIG. 1 is used on a one pound package of undyed, 100
      denier, texturized, continuous filament, polyethylene terephthalate,
      knitting yarn wound on a 6 and 5/8 inch polyvinylchloride dyeing tube
      using a drum winder to produce a package with density of 0.26 kilograms
      per liter. Two formulations are forced into the package simultaneously:
TBL  38% by weight                                                             

                water                                                          

     30% by weight                                                             

                sodium lauryl sarcosinate (foam                                

                stabilizer)                                                    

     20% by weight                                                             

                sodium lauryl sulfate (foamer-emulsifier)                      

      5% by weight                                                             

                meta-cresol (carrier)                                          

      5% by weight                                                             

                dye (see formulations below)                                   

      2% by weight                                                             

                sodium lignin sulfonate (dispersing agent)                     

      Formulation 1 dye used was Color Index disperse blue 27                  

      Formulation 2 dye used was Color Index disperse red 4                    

PAR  The foam supply vessels, which have a volume of 2,100 cubic inches each,
      are depressurized and 15 kilograms of each formulation is added to their
      respective vessel. The vessels are pressurized to 100 p.s.i.g. with carbon
      dioxide and 1 pound of liquid propane is then metered into each vessel.
      The pressure is maintained at 115 p.s.i.g. with carbon dioxide while
      filling packages.
PAR  After a total of 180 grams of foam is added to a package, it is then placed
      in an isotatic polypropylene snap-lid container with a small hole in the
      lid. This is heated for 2 minutes in a 1600 watt microwave oven after
      which it is at 98.degree.C. The container and package are then placed in a
      foamed polystyrene insulated box for 30 minutes after which the
      temperature falls to 82.degree.C. The package is then removed and rinsed
      in cold water, then in warm water with 5 grams per liter of sodium
      hydroxide and sodium hydrosulfite, followed by a running rinse and drying.
PAR  When a large number of the yarns produced are knitted on a multiple feed
      weft knitting machine, regions are produced which vary in size from 1
      square millimeter to 1 square centimeter, in shape from bars to spots, and
      in color from red to purple to blue.
PAC  EXAMPLE II
PAR  Using the apparatus shown in FIG. 3, two 48 inch skeins of undyed, 1,200
      denier, polyhexamethylenediamine adipate, spun, carpet yarn, each 3 pounds
      in weight, are folded serpentine style three times and placed in a
      polyester bag then in a foamed polystyrene open-top box 12 by 14 inches
      and 8 inches deep. The skeins are compressed to 0.29 kilograms per liter
      and the foam is injected through 30 nozzels of unequal height. The foam
      formulations used are the same as in example I with the metacresol
      replaced with water.
PAR  The skeins containing 1200 grams of foam are heated for 9 minutes in a 1600
      watt microwave oven, after which the yarn is at 97.degree.C. The box,
      which is self-insulating, is stored for 15 minutes after which time the
      yarn is at 75.degree.C. The skeins are then removed and rinsed as in
      EXAMPLE I.
PAR  When tufted into a carpet, regions are produced which vary in size from one
      tuft to 1 square centimeter, in shapes which are generally heathery, and
      in color from red to violet to blue and white.
CLMS
STM  Having described my invention, what I claim and wish to secure is:
NUM  1.
PAR  1. The process which comprises forcing different colored foamed dye
      solutions or foamed dye resist solutions into yarn packages followed by
      microwave heating to accelerate the diffusion and reaction of the dyes in
      the fiber.
NUM  2.
PAR  2. The process which comprises forcing different colored foamed dye
      solutions or foamed dye resist solutions into skeins followed by microwave
      heating to accelerate the diffusion and reaction of the dyes in the fiber.
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PAL  Corrosion of aluminum metal by sulfuric acid solution is inhibited by
      addition of soluble fluoride compounds to the acid solutions. Such
      corrosion inhibition allows use of aluminum as a construction material in
      process units, particularly sulfuric acid alkylation units, heretofore
      constructed of heavier and/or more expensive materials.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method for inhibiting corrosion of
      aluminum and its alloys when placed in contact with strong sulfuric acid
      solutions. More particularly, the present invention relates to dissolving
      corrosion inhibiting amounts of fluoride containing compounds in sulfuric
      acid solutions containing from about 0-20 wt. percent water, thereby
      inhibiting corrosion of aluminum metal in contact with such sulfuric acid
      solutions.
PAR  It is well-known that aluminum and aluminum alloys are subject to corrosion
      when placed in contact with strong sulfuric acid solutions. For this
      reason, aluminum is not commonly used as a material of construction in
      situations where prolonged contact of the aluminum with strong sulfuric
      acid solutions may be expected.
PAR  One particular application wherein materials of construction are subjected
      to prolonged contact with strong sulfuric acid solutions is in a sulfuric
      acid catalyzed light olefin alkylation process. In such a process, carbon
      steel is commonly employed as a material of construction and shows good
      corrosion resistance of sulfuric acid solutions of from about 87 to 98
      weight percent H.sub.2 SO.sub.4 at temperatures below about 40.degree.C.
      The corrosion resistance of carbon steel to acids other than H.sub.2
      SO.sub.4 and at temperatures above about 40.degree.C may decrease sharply.
      For instance, in processes for alkylating light olefins with isoparaffin
      hydrocarbons, such as disclosed in U.S. Pat. No. 3,231,633, wherein the
      acid catalyst comprises a mixture of sulfuric acid and fluorosulfuric
      acid, carbon steel may undergo moderate to severe corrosion in the
      presence of such mixed acid catalyst. Particularly, in alkylation
      processes employing acid catalysts comprising mixtures of sulfuric and
      fluorosulfonic acid, the fluorosulfonic acid must be removed from the
      spent acid catalyst prior to regeneration of the remaining spent sulfuric
      acid. One means for separating fluorosulfonic acid is to treat the spent
      catalyst at an elevated temperature in the neighborhood of 100.degree.C at
      a reduced pressure. Under these conditions the fluorosulfonic acid breaks
      down to form hydrogen fluoride which is recovered as a vapor. At elevated
      temperature, such as 100.degree.C, carbon steel may undergo moderate to
      severe corrosion in the presence of either strong sulfuric acid solutions
      or acid mixtures of sulfuric acid and fluorosulfonic acid. Consequently,
      other materials of construction than carbon steel must be used in
      processes and systems wherein such material will be in prolonged contact
      with mixtures of sulfuric acid and fluorosulfonic acid or with strong
      sulfuric acid solutions at elevated temperatures.
PAR  Specially formulated alloys, such as Hastelloy C and Monel 400 are known to
      have superior corrosion resistance in acid environments; additionally,
      lead is commonly used in an environment where contact with sulfuric acid
      may be expected. These metals are, however, expensive and difficult to
      fabricate.
PAC  SUMMARY OF THE INVENTION
PAR  Now, according to the present invention we have discovered a method for
      imparting resistance to aluminum and aluminum alloys when in prolonged
      contact with sulfuric acid solutions containing from about 0 to 20 weight
      percent water.
PAR  In a preferred embodiment a soluble compound containing fluoride is
      dissolved in said sulfuric acid solution to provide a fluoride
      concentration of at least 300 ppm, and more desirably 3000 ppm and higher
      in the acid solution. The presence of such fluoride in the sulfuric acid
      solution serves to substantially retard corrosion of aluminum in contact
      therewith, and higher fluoride concentrations in the range of
      10,000-25,000 ppm essentially prevent corrosion of the aluminum.
PAR  One major advantage of the present invention is that aluminum may be
      effectively used as a material of construction in systems wherein the
      aluminum will be in contact with sulfuric acid solutions containing from
      about 0 to 20 weight percent water, and at temperatures up to about
      200.degree.C. Thus, aluminum may be used in many situations where carbon
      steel would fail. Aluminum is relatively inexpensive and easy to fabricate
      compared to other acid resistant alloys and metals having suitable
      corrosion resistance to hot sulfuric acid solutions.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  During experiments to determine materials of construction which would be
      corrosion resistant to spent alkylation catalysts comprising H.sub.2
      SO.sub.4, HFSO.sub.3, and H.sub.2 O as well as alkylation by products, it
      was unexpectedly discovered that aluminum was very resistant to corrosion
      by the hot, c.a. 100.degree.C, spent acid. This discovery was particularly
      unexpected at it is well-known that aluminum undergoes corrosive attack by
      sulfuric acid, even though it has been disclosed that aluminum is
      corrosion resistant to boiling fluorosulfonic acid in the absence of water
      and sulfuric acid. For instance, see J. N. Brazier and A. A. Woolf,
      Journal Chemical Society, "The Reactivity of Fluorosulphuric Acid and
      Metals," (1967), p. 99.
PAR  The discovery of this unexpected corrosion resistance to aluminum was
      followed by additional experiments which developed the conditions under
      which aluminum could be made corrosion resistant in the presence of
      sulfuric acid solutions comprising 0-20 weight percent water and
      containing dissolved fluoride containing compounds.
PAR  Aluminum which may be treated by the method of the present invention
      includes pure aluminum and commercial grades of aluminum as well as
      aluminum alloys. Examples of commercial grades of aluminum which may be
      treated to impart corrosion resistance thereto by the method of the
      present invention include (ASME) grades 3003, 2SF, 7024 and 6061-T6.
PAR  Aluminum, when treated according to the method of the present invention, is
      corrosion resistant in strong sulfuric acid solutions at temperatures from
      below 0.degree.C to about 200.degree.C. Water content of such strong
      sulfuric acid solution may range from about 0 weight percent to about 20
      weight percent. According to the present invention, as the water content
      of the sulfuric acid increases, higher concentrations of fluoride
      containing compounds are required to impart corrosion resistance to
      aluminum in contact with the sulfuric acid solution. In sulfuric acid
      solutions containing about 50 weight percent water, fluoride will not
      impart corrosion resistance to aluminum in contact with such sulfuric acid
      solution at a temperature of about 100.degree.C. However, at 20 weight
      percent water in sulfuric acid solution, 3000 ppm of fluoride imparts
      substantial corrosion resistance to aluminum at 100.degree.C.
PAR  Fluorine compounds which are useful for imparting corrosion resistance to
      aluminum in contact with sulfuric acid solutions are those fluorine
      compounds which are soluble in the sulfuric acid solutions. For example,
      HFSO.sub.3, HF, LiF, NaF, KF, CaF.sub.2, MgF.sub.2, RbF, CsF, NH.sub.4 F,
      SrF.sub.2, BaF.sub.2, PbF.sub.2, etc. A fluorine compound which is very
      effective in the method of the present invention is sodium fluoride.
      Particularly preferred as a fluorine compound for use in the present
      invention is fluorosulfonic acid (HFSO.sub.3). In order to impart
      substantial corrosion resistance, the concentration of fluoride in the
      sulfuric acid solution must be at least 300 ppm, and preferably is 3000
      ppm or more. As stated above, the concentration of fluoride required
      increases with increasing water content of the sulfuric acid solution. The
      mechanism by which fluorine compounds impart corrosion resistance to
      aluminum in contact with strong sulfuric acid solutions is not completely
      understood and we do not wish to be bound by any theory presented here.
      One suggested mechanism, which is currently unproved, is that fluoride ion
      from the dissolved fluorine containing compound reacts to form a
      continuous coating of aluminum fluoride on the surface of the aluminum in
      contact with the sulfuric acid and provides protection against corrosion
      for the underlying aluminum. Aluminum fluoride is, however, soluble in
      warm water and as the temperature or amount of water in the sulfuric acid
      solution increases, the aluminum fluoride film will tend to dissolve. This
      dissolution of the aluminum fluoride film can be counteracted to a great
      extent by increasing the concentration of fluoride dissolved in the
      sulfuric acid solution. At temperatures of about 100.degree.C, and
      sulfuric acid solution water concentrations above about 20 weight percent
      however, the aluminum fluoride film dissolves as fast as it is formed.
      Consequently, the corrosion rate of the aluminum increases rapidly as
      these conditions are exceeded.
PAR  In order to further demonstrate the present invention, the following
      examples showing specific embodiments of the present invention are
      included. These examples are for the purpose of demonstration only and not
      as limitation upon the scope of the invention which is set out in the
      appended claims.
PAR  Experiments were originally undertaken to determine preferable materials of
      construction for an acid digester vessel to be used in the separation of
      HFSO.sub.3 from spent alkylation catalyst comprising HFSO.sub.3, H.sub.2
      SO.sub.4, H.sub.2 O and acid oil impurities. Separation of HFSO.sub.3 from
      spent catalyst in such an acid digester vessel is accomplished by treating
      the spent acid at high temperatures and reduced pressures thereby
      converting HFSO.sub.3 to HF. The HF is recovered as a vapor from the acid
      digester vessel.
PAR  Corrosion tests were performed on several metals which were potential
      candidates as materials of construction for the acid digester vessel.
      These corrosion tests were performed using coupons of the selected metals
      suspended in a teflon reactor vessel equipped with a closed top,
      thermowell, mixer, and external heating means. Coupons of the metals to be
      tested were polished to remove surface defects and weighed prior to use.
      Upon completion of the corrosion tests, the coupons were dried and weighed
      to determine the weight of metal lost. This metal loss was converted
      mathematically from grams to mils per year of metal thickness lost.
      Subsequent to the corrosion tests, the metal coupons were subjected to
      metallurgical examination to determine visible cracking, pitting and
      evidence of general corrosive attack.
PAC  EXAMPLE I
PAR  In the first experiment, coupons of selected metals to be tested for
      corrosion resistance were prepared and installed in the teflon lined
      reactor vessel, wherein the coupons were contacted with an acid solution
      comprising 83.83 weight percent H.sub.2 SO.sub.4, 14.35 weight percent
      HFSO.sub.3 and 1.8 weight percent water, under conditions of mild mixing,
      at a temperature of 100.degree.C for a period of 96 hours. Results of this
      first experiment are shown in Table I below:
TBL                                    TABLE I                                 

     __________________________________________________________________________

     CORROSION OF METALS IN CONCENTRATED ACID                                  

     COMPRISING H.sub.2 SO.sub.4 and HFSO.sub.3                                

                  Acid Composition-Wt. %      Coupon                           

              Run                  Coupon                                      

                                         Coupon                                

                                              weight                           

                                                   Corrosion                   

        Coupon                                                                 

              Length                                                           

                  H.sub.2 SO.sub.4                                             

                       HFSO.sub.3                                              

                            H.sub.2 O                                          

                                Temp                                           

                                   initial                                     

                                         final                                 

                                              loss Rate                        

     Run                                                                       

        Material                                                               

              (hrs.)                                                           

                  wt. %                                                        

                       wt. %                                                   

                            wt. %                                              

                                .degree.C                                      

                                   wt.(gm)                                     

                                         wt.(gm)                               

                                              (gm) (mils/year)                 

     __________________________________________________________________________

     1  Carbon                                                                 

              96  83.84                                                        

                       14.35                                                   

                            1.8 100                                            

                                   7.1230                                      

                                         6.8637                                

                                              0.2593                           

                                                   131.                        

        Steel                                                                  

     2  Hastelloy                                                              

              96  83.84                                                        

                       14.35                                                   

                            1.8 100                                            

                                   8.8271                                      

                                         8.8202                                

                                              0.0069                           

                                                   3.1                         

          C                                                                    

     3  Lead  96  83.84                                                        

                       14.35                                                   

                            1.8 100                                            

                                   18.0183                                     

                                         (Coupon dissolved)                    

     4  Monel 96  83.84                                                        

                       14.35                                                   

                            1.8 100                                            

                                   8.4815                                      

                                         8.4120                                

                                              0.0695                           

                                                   31                          

         400                                                                   

     5  3003  96  83.84                                                        

                       14.35                                                   

                            1.8 100                                            

                                   2.5784                                      

                                         2.5782                                

                                              0.0002                           

                                                   0.3                         

        Aluminum.sup.1                                                         

     __________________________________________________________________________

      .sup.1 3003 Aluminum contains about--0.20 wt.% Copper; 1.2% Manganese,   

      0.1% Zn; 0.6% Si; 0.7% Fe: "Metal Handbook," 8th Edition, Vol. I, Taylor 

      Lyman, Editor (1961), p.917.                                             

PAR  From Table I, it can be seen that the 3003 Aluminum, which is a commercial
      construction grade aluminum demonstrated superior corrosion resistance to
      the hot acid solution over the other metals tested. This result was
      unexpected, since aluminum is not recommended for use in the presence of
      sulfuric acid. The other metals tested, carbon steel, lead, Hastelloy C
      and Monel 400 are commonly used materials of construction showing good
      corrosion resistance to sulfuric acid. Metallurgical inspection of the
      aluminum coupon failed to show any signs of cracking or pitting.
PAC  EXAMPLE II
PAR  In view of the corrosion resistance of the 3003 Aluminum to the acid
      mixture employed in Example I, another experiment was performed to
      demonstrate corrosion resistance of various grades of aluminum and other
      selected metals to a spent alkylation catalyst similar to that which would
      be encountered in a commercial process. Spent acid catalyst was obtained
      by reacting isobutane with butylene in the presence of an acid catalyst
      comprising 83.84 weight percent H.sub.2 SO.sub.4, 14.35 weight percent
      HFSO.sub.3 and 1.8 weight percent water. The alkylation reaction was
      continued until the acid catalyst's titrateable acidity had decreased from
      an original 19.16 milliequivalents per gram to a spent acid acidity of
      18.0 milliequivalents per gram. Coupons of the metals to be tested were
      installed in the teflon lined reactor wherein they were contacted with the
      spent acid under conditions of mild mixing, at a temperature of
      100.degree.C for a period of 90 hours. Operating conditions and tests
      results of this experiment are shown in Table II below:
TBL                                    TABLE II                                

     __________________________________________________________________________

     CORROSION OF METALS IN SPENT ALKYLATION                                   

     ACID COMPRISING H.sub.2 SO.sub.4 and HFSO.sub.3                           

                         H.sub.2 O in                                          

                Run Acid Spent    Coupon                                       

                                       Coupon                                  

                                            Coupon                             

                                                 Corrosion                     

         Coupon Length                                                         

                    Strength                                                   

                         Acid Temp.                                            

                                  initial                                      

                                       final                                   

                                            wt. loss                           

                                                 Rate                          

     Run Material                                                              

                (hrs)                                                          

                    (meg/g)                                                    

                         wt. %                                                 

                              .degree.C                                        

                                  wt. gm                                       

                                       wt. gm                                  

                                            gm   mils/yr.                      

     __________________________________________________________________________

     6   Carbon 90  18.0 4    100 6.8637                                       

                                       6.7391                                  

                                            0.1246                             

                                                 67                            

         Steel                                                                 

     7   Hastelloy                                                             

                90  18.0 4    100 8.8202                                       

                                       8.8175                                  

                                            0.0027                             

                                                 1.3                           

         C                                                                     

     8   Monel 400                                                             

                90  18.0 4    100 8.4120                                       

                                       8.3438                                  

                                            0.0602                             

                                                 33                            

     9   3003   90  18.0 4    100 2.5782                                       

                                       2.5785                                  

                                            (0.0003)                           

                                                 --                            

         Aluminum                           (gain)                             

     10  2SF Al.sup.(1)                                                        

                90  18.0 4    100 3.1446                                       

                                       3.1445                                  

                                            0.0001                             

                                                 0.2                           

     11  2024 Al.sup.(1)                                                       

                90  18.0 4    100 2.9679                                       

                                       2.9675                                  

                                            0.0004                             

                                                 0.6                           

     12  6061 Al.sup.(1)                                                       

                90  18.0 4    100 2.5208                                       

                                       2.5203                                  

                                            0.0005                             

                                                 0.8                           

     __________________________________________________________________________

      .sup.(1) 2SF(or1100) Aluminum contains about 1.0% Si + Fe, 0.2% Cu, 0.05%

      Mn, 0.10% Zn; 2024 Aluminum contains about 4.5% Cu, 0.6% Mn, 1.5% Mg; and

      6061 Aluminum contains about 0.6% Si, 0.27% Cu, 1.0% Mg, 0.2% Cr, 0.7% Fe

      0.15% Mn, 0.25% Zn, 0.15% Ti:                                            

      Reference: "Metal Handbook", 8th Edition, Vol. I, Taylor Lyman, Editor   

      (1961), p. 917.                                                          

PAR  Examination of the results contained in Table II show that all tested
      grades of aluminum (except 3003 Aluminum) are more corrosion resistant to
      the hot spent acid catalyst than Carbon Steel, Hastelloy C or Monel 400.
      Results for the 3003 Aluminum indicate a weight gain for the test coupon,
      which is probably due to an error in weighing the coupon.
PAR  In view of the commercial grades of aluminum showing superior corrosion
      resistance to rather concentrated mixtures of H.sub.2 SO.sub.4 and
      HFSO.sub.3, additional experiments were performed to determine (a) the
      effect of increased water in the acid solution upon corrosion resistance
      to aluminum, (b) whether other compounds other than HFSO.sub.3, containing
      fluorine would impart sulfuric acid corrosion resistance to aluminum, and
      (c) the minimum concentration of fluoride which imparts sulfuric acid
      corrosion resistance to aluminum. Results of these experiments are shown
      in Tables III, IV, and V below.
TBL                                    TABLE III                               

     __________________________________________________________________________

     CORROSION OF ALUMINUM IN H.sub.2 SO.sub.4 - HFSO.sub.3 - H.sub.2 O        

     SYSTEM                                                                    

                      Acid Composition - wt. %                                 

                                               Coupon                          

              Run                    Coupon                                    

                                          Coupon                               

                                               weight                          

                                                    Corrosion                  

        Coupon                                                                 

              Length                                                           

                  Temp.              initial                                   

                                          Final                                

                                               loss Rate                       

     Run                                                                       

        Material                                                               

              (hrs.)                                                           

                  .degree.C                                                    

                      H.sub.2 SO.sub.4                                         

                           HFSO.sub.3                                          

                                H.sub.2 O                                      

                                     wt. (gm)                                  

                                          wt. (gm)                             

                                               (gm) (mil/year)                 

     __________________________________________________________________________

     13 6061-T6                                                                

               96 100 83.84                                                    

                           14.35                                               

                                1.81 2.5784                                    

                                          2.5782                               

                                               0.0002                          

                                                    0.3                        

        Aluminum                                                               

     17 6061-T6                                                                

              113 100 76.85                                                    

                           13.15                                               

                                10   2.2520                                    

                                          2.2513                               

                                               0.0007                          

                                                    0.4                        

        Aluminum                                                               

     18 6061-T6                                                                

              113 100 76.85                                                    

                           13.15                                               

                                10   2.4764                                    

                                          2.4761                               

                                               0.0003                          

                                                    0.2                        

        Aluminum                                                               

     19 6061-T6                                                                

               90 100 68.31                                                    

                           11.69                                               

                                20   1.6965                                    

                                          1.6989                               

                                               0.0024                          

                                                    wt. gain                   

        Aluminum                                                               

     20 6061-T6                                                                

               90 100 68.31                                                    

                           11.69                                               

                                20   1.6850                                    

                                          1.6894                               

                                               0.0044                          

                                                    wt. gain                   

        Aluminum                                                               

     21 6061-T6                                                                

               2   25 42.69                                                    

                            7.31                                               

                                50   2.0201                                    

                                          1.7230                               

                                               0.2971                          

                                                    11,226                     

        Aluminum                                                               

     __________________________________________________________________________

PAR  In order to have a basis for comparison of the results reported in Table
      III, above, a second set of corrosion tests was performed on aluminum
      employing acid solutions containing only H.sub.2 SO.sub.4 and water. The
      water concentration in these acid solutions was varied from 2.1 to 50
      weight percent. Operating conditions and results of these corrosion tests
      are shown in Table IV below.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     CORROSION OF ALUMINUM IN H.sub.2 SO.sub.4 - H.sub.O SYSTEM                

                      Acid Composition                                         

                                Coupon                                         

                                     Coupon                                    

                                          Coupon                               

              Run               initial                                        

                                     final                                     

                                          weight                               

                                               Corrosion                       

        Coupon                                                                 

              Length                                                           

                  Temp.                                                        

                      H.sub.2 SO.sub.4                                         

                           H.sub.2 O                                           

                                weight                                         

                                     weight                                    

                                          loss Rate                            

     Run                                                                       

        Material                                                               

              Hrs.                                                             

                  .degree.C                                                    

                      wt.% wt.% wt.(gm)                                        

                                     wt. gm                                    

                                          wt. gm                               

                                               (mil/year)                      

     __________________________________________________________________________

     22 6061-T6                                                                

              118 100 97.9 2.1  2.266                                          

                                     2.237                                     

                                          0.029                                

                                               16.8                            

        Aluminum                                                               

     23 6061-T6                                                                

              118 100 97.9 2.1  2.480                                          

                                     2.463                                     

                                          0.017                                

                                               8.6                             

        Aluminum                                                               

     24 6061-T6                                                                

              117 100 97.9 2.1  2.2513                                         

                                     2.2292                                    

                                          0.0221                               

                                               12.8                            

        Aluminum                                                               

     25 6061-T6                                                                

              117 100 97.9 2.1  2.4761                                         

                                     2.4586                                    

                                          0.0175                               

                                               9.2                             

        Aluminum                                                               

     26 6061-T6                                                                

              117 100 97.9 2.1  2.5012                                         

                                     2.4891                                    

                                          0.0121                               

                                               6.3                             

        Aluminum                                                               

     39 6061-T6                                                                

               94 100 95.2 4.8  2.3540                                         

                                     2.1103                                    

                                          0.2442                               

                                               168                             

        Aluminum                                                               

     40 6061-T6                                                                

               94 100 95.2 4.8  2.4673                                         

                                     (Extensive Coupon Corrosion)              

     27 6061-T6                                                                

              0.2 100 88.3 11.7 2.2292                                         

                                     (Coupon Dissolved)                        

        Aluminum                                                               

     28 6061-T6                                                                

              0.2 100 88.3 11.7 2.4586                                         

                                     (Coupon Dissolved)                        

        Aluminum                                                               

     29 6061-T6                                                                

              0.2 100 88.3 11.7 2.4891                                         

                                     (Coupon Dissolved)                        

        Aluminum                                                               

     30 6061-T6                                                                

              0.2  25 50   50   1.7230                                         

                                     1.6850                                    

                                          0.038                                

                                               166                             

        Aluminum                                                               

     __________________________________________________________________________

PAR  From Table III it can be seen that corrosion resistance of aluminum to
      H.sub.2 SO.sub.4 - HFSO.sub.3 - H.sub.2 O solutions is very good up to 20
      weight percent water. The results for the 20 weight percent water
      solutions (Runs 19 and 20) are not conclusive, as the aluminum coupons
      showed a weight gain rather than loss at the conclusion of the corrosion
      test. This indicates an error in weighing the coupons, or buildup of Al-F
      film on the surface. However, visual examination of the coupons from Runs
      19 and 20 indicate that corrosion was not severe. In Run 21 of Table III,
      where the H.sub.2 SO.sub.4 -HFSO.sub.3 acid solution comprised 50 weight
      percent water, corrosion of the aluminum coupon was very severe, thus
      indicating that aluminum is not a satisfactory construction material for
      contact with dilute H.sub.2 SO.sub.4 -HFSO.sub.3 solutions.
PAR  In Table IV it is seen that aluminum experiences moderately high corrosion
      rates (6.3-16.8 mil/year) in concentrated H.sub.2 SO.sub.4 solutions
      containing 2.1% water. In H.sub.2 SO.sub.4 solutions containing 4.8 weight
      percent water, corrosion of the aluminum coupon was substantial (168 +
      mils/year) and at 11.7 weight percent water the aluminum coupons dissolved
      rapidly. Corrosion of aluminum by dilute H.sub.2 SO.sub.4 solution (50
      weight percent water) was substantially less than for a H.sub.2 SO.sub.4
      solution containing 11.7 weight percent water, and approximately the
      corrosion rate of H.sub.2 SO.sub.4 solution containing only 4.8 weight
      percent water.
PAR  From a study of the results shown in Tables III and IV it is apparent that
      aluminum shows good corrosion resistance to H.sub.2 SO.sub.4 -HFSO.sub.3
      acid solutions containing up to 20 weight percent water and a substantial
      weight percent HFSO.sub.3. Further, aluminum in contact with H.sub.2
      SO.sub.4 solutions containing very low water concentrations (2.1 weight
      percent) suffers moderate corrosion. At water concentrations of 4.8-50
      weight percent, aluminum in contact with H.sub.2 SO.sub.4 solutions
      undergoes substantial corrosion.
PAC  EXAMPLE III
PAR  An Experiment was undertaken to demonstrate that ionizable fluoride
      compounds other than HFSO.sub.3, are effective to prevent corrosion of
      aluminum in the presence of H.sub.2 SO.sub.4 solutions. In this
      experiment, three series of corrosion tests were performed upon aluminum
      coupons using H.sub.2 SO.sub.4 solutions containing about 2.1 weight
      percent water, 4.8 weight percent water and about 10 weight percent water.
      In each series of corrosion tests at a particular water concentration, the
      concentration of fluoride was varied to determine the minimum amount of
      fluoride required to impart corrosion resistance to the aluminum coupons.
      Sodium fluoride was used as the source of fluoride in this experiment to
      demonstrate that sources of fluoride other than HFSO.sub.3 are effective
      to impart corrosion resistance to aluminum in contact with H.sub.2
      SO.sub.4 solutions. Results of this experiment are shown in Table V,
      below:
TBL                                    TABLE V                                 

     __________________________________________________________________________

     CORROSION OF ALUMINUM IN H.sub.2 SO.sub.4 - H.sub.2 O SYSTEM              

     CONTAINING VARYING AMOUNTS OF IONIZABLE SODIUM FLUORIDE                   

                      Acid Composition                                         

              Run                      Coupon                                  

                                            Coupon                             

                                                 Coupon                        

                                                      Corrosion                

        Coupon                                                                 

              Length                                                           

                  Temp.                                                        

                      H.sub.2 SO.sub.4                                         

                           H.sub.2 O                                           

                                Fluoride                                       

                                       initial                                 

                                            final                              

                                                 weight                        

                                                      Rate                     

     Run                                                                       

        Material                                                               

              Hrs.                                                             

                  .degree.C                                                    

                      wt. %                                                    

                           wt. %                                               

                                ppm    wt. gm                                  

                                            wt. gm                             

                                                 loss gm                       

                                                      (mil/yr)                 

     __________________________________________________________________________

     22 6061-T6                                                                

              118 100 97.9 2.1                                                 

     0-                                2.266                                   

                                            2.237                              

                                                 0.029                         

                                                      16.8                     

        Aluminum                                                               

     23 6061-T6                                                                

              118 100 97.9 2.1                                                 

     0- 2.480                                                                  

        2.463 0.017                                                            

                  8.6                                                          

        Aluminum                                                               

     24 6061-T6                                                                

              117 100 97.9 2.1                                                 

     0- 2.2513                                                                 

              2.2292                                                           

                  0.021                                                        

                      12.8                                                     

        Aluminum                                                               

     25 6061-T6                                                                

              117 100 97.9 2.1                                                 

     0- 2.4761                                                                 

              2.4586                                                           

                  0.0175                                                       

                      9.2                                                      

        Aluminum                                                               

     26 6060-T6                                                                

              117 100 97.9 2.1                                                 

     0- 2.5012                                                                 

              2.4891                                                           

                  0.0121                                                       

                      6.3                                                      

        Aluminum                                                               

     43 6061-T6                                                                

              64  100 97.9 2.1   10(NaF)                                       

                                       2.5215                                  

                                            2.5112                             

                                                 0.0103                        

                                                      9.7                      

        Aluminum. -44                                                          

              6061-T6                                                          

                  64  100  97.9 2.1     10(NaF)                                

                                            2.5050                             

                                                 2.4904                        

                                                      0.0146                   

                                                            14.0               

        Aluminum                                                               

     41 6061-T6                                                                

              64  100 97.9 2.1   30(NaF)                                       

                                       2.4980                                  

                                            2.4869                             

                                                 0.0111                        

                                                      10.4                     

        Aluminum                                                               

     42 6061-T6                                                                

              64  100 97.9 2.1  30(NaF)                                        

                                       2.5147                                  

                                            2.5053                             

                                                 0.0094                        

                                                      9.1                      

        Aluminum                                                               

     39 6061-T6                                                                

              94  100 95.2 4.8                                                 

     0- 2.3540                                                                 

              2.1103                                                           

                  0.2442                                                       

                      168                                                      

        Aluminum                                                               

     40 6061-T6                                                                

              94  100 95.2 4.8                                                 

     0-                                2.4673                                  

                                            (Extension Coupon Corrosion)       

        Aluminum                                                               

     37 6061-T6                                                                

              93  100 95.2 4.8  300(NaF)                                       

                                       2.4282                                  

                                            2.3540                             

                                                 0.0742                        

                                                      50.1                     

        Aluminum                                                               

     38 6061-T6                                                                

              93  100 95.2 4.8  300(NaF)                                       

                                       2.4622                                  

                                            2.3840                             

                                                 0.0782                        

                                                      51.9                     

        Aluminum                                                               

     27 6061-T6                                                                

              0.2 100 88.3 11.7                                                

     0-                                2.2292                                  

                                            (Coupon Dissolved)                 

        Aluminum                                                               

     28 6061-T6                                                                

              0.2 100 88.3 11.7                                                

     0- 2.4586                                                                 

        (Coupon Dissolved)                                                     

        Aluminum                                                               

     29 6061-T6                                                                

              0.2 100 88.3 11.7                                                

     0- 2.4891                                                                 

              (Coupon Dissolved)                                               

        Aluminum                                                               

     31 6061-T6                                                                

              89  100 90   10   300(NaF)                                       

                                       1.7005                                  

                                            (Coupon Dissolved)                 

        Aluminum                                                               

     32 6061-T6                                                                

              89  100 90   10   300(NaF)                                       

                                       2.4934                                  

                                            (Coupon Dissolved)                 

        Aluminum                                                               

     33 6061-T6                                                                

               2  100 90   10   300(NaF)                                       

                                       2.5131                                  

                                            1.7823                             

                                                 (Coupon Badly Pitted)         

        Aluminum                                                               

     34 6061-T6                                                                

               2  100 90   10   300(NaF)                                       

                                       2.5320                                  

                                            1.9293                             

                                                 (Coupon Badly Pitted)         

        Aluminum                                                               

     35 6061-T6                                                                

              42  100 90   10   3000(NaF)                                      

                                       2.4521                                  

                                            2,4282                             

                                                 (Localized Corrosion)         

        Aluminum                                                               

     36 6061-T6                                                                

              42  100 90   10   3000(NaF)                                      

                                       2.4686                                  

                                            2.4622                             

                                                 0.0064                        

                                                      9.2                      

     __________________________________________________________________________

PAR  From an examination of the results of the first set of corrosion tests in
      Table V, wherein water content of the H.sub.2 SO.sub.4 solution was 2.1
      weight percent, and wherein fluoride concentration was varied from 0 to 30
      ppm, it appears that 30 ppm fluoride concentration is not sufficient to
      impart any substantial corrosion resistance to the aluminum. In the second
      series of corrosion tests, however, increasing fluoride concentration from
      0 to 300 ppm substantially reduced the aluminum corrosion rate from about
      168 mils/year to about 50.1 mils per year. This second series employed
      H.sub.2 SO.sub.4 solutions containing 4.8 weight percent water.
PAR  The third series of corrosion tests employed H.sub.2 SO.sub.4 solutions
      containing 11.7 and 10 weight percent water. Tests were performed at 0,
      300 and 3000 ppm fluoride in the acid solution. With no fluoride present
      in the H.sub.2 SO.sub.4 solution, the aluminum coupons rapidly dissolved
      within 0.2 hrs. At a level of 300 ppm fluoride in the H.sub.2 SO.sub.4
      solution, aluminum coupons were badly pitted at the end of 2 hours.
      However, at the 300 ppm fluoride concentration, the corrosion rate was
      substantially less than the corrosion rate of 0 ppm fluoride
      concentration. At a fluoride level of 3000 ppm the rate of aluminum
      corrosion was greatly reduced to only 9.2 mils per year. One test (Run 35)
      at the 3000 ppm fluoride level resulted in localized corrosion of the
      aluminum coupon at the point of attachment to the reactor test vessel. It
      is thought that this localized corrosion resulted from a faulty connection
      which left spaces sufficient for formation of concentration cells.
PAR  From the above description and examples it is shown that substantial
      corrosion resistance can be imparted to aluminum in contact with H.sub.2
      SO.sub.4 solutions containing up to at least 20 weight percent water by
      the addition of minor amounts of fluoride compounds to the H.sub.2
      SO.sub.4 solutions. And, although we have described particular embodiments
      of our invention, many changes and modifications will be obvious to those
      skilled in the art. Therefore, only such limitations as appear in the
      appended claims are intended to restrict the scope of the present
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for inhibiting corrosion of aluminum and its alloys in contact
      with sulfuric acid solutions comprising at least about 68 weight percent
      H.sub.2 SO.sub.4 and from about 0 to about 20 weight percent water, which
      method comprises dissolving fluoride containing compounds in said sulfuric
      acid solution to provide a fluoride concentration of at least about 300
      ppm.
NUM  2.
PAR  2. The method of claim 1 wherein the fluoride concentration in said
      sulfuric acid solution is at least 3000 ppm.
NUM  3.
PAR  3. The method of claim 2 wherein the fluoride containing compound is
      fluorosulfonic acid.
NUM  4.
PAR  4. The method of claim 2 wherein the fluoride containing compound is sodium
      fluoride.
PATN
WKU  039321312
SRC  5
APN  4836219
APT  1
ART  171
APD  19740627
TTL  Method and device (analysis machine) for simultaneous performance of a
      number of analyses, especially microanalyses, of standard type on
      chemical objects
ISD  19760113
NCL  14
ECL  1
EXP  Reese; Robert M.
NDR  7
NFG  10
INVT
NAM  Rolfo-Fontana; Gudrun Birgitta Margareta
CTY  Monte-Carlo
CNT  MC
ASSG
NAM  Monega Anstalt
CTY  Vaduz
CNT  FL
COD  03
PRIR
CNT  SW
APD  19740207
APN  7401657
CLAS
OCL   23230R
XCL   23253R
XCL  141 25
XCL  141 92
XCL  141130
EDF  2
ICL  B67C  300
ICL  G01N 3100
ICL  G01N 3118
FSC   23
FSS  230 R;230 B;253 R;259
FSC  195
FSS  103.5;127
FSC  141
FSS  25;92;130
UREF
PNO  3484206
ISD  19691200
NAM  Loebl
XCL   23259
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PNO  3544272
ISD  19701200
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UREF
PNO  3575692
ISD  19710400
NAM  Gilford
OCL   23253R
UREF
PNO  3617222
ISD  19711100
NAM  Matte
OCL   23230R
ABST
PAL  Methods and apparatus for the simultaneous performance of a series of
      analyses upon a multiplicity of samples disposed in an upright array of
      cuvette receptacles therefor, said array being in mating facial
      juxtaposition with similarly disposed arrays of reagent dispensing means,
      sample dispensing means, treatment means, analytic means and receptacle
      cleaning means such that individual operative means are coordinately
      positioned for simultaneous engagement with a plurality of receptacles;
      and executing steps in the analytic sequence by moving the receptacle
      array to a series of spaced positions sequentially whereby individual
      receptacles are simultaneously progressed in a series of steps through a
      cycle of sample treatment and analysis to cleaning.
BSUM
PAR  The invention relates to a method for simultaneous performance of a number
      of analyses, especially microanalyses, of standard type on chemical
      (clinical, biological, agricultural or industrial chemical) objects
      (patient samples, food samples, water samples, soil samples) as also for a
      device (analysis machine) for performance of the method.
PAR  The invention relates especially to simplification of the entire analysis
      procedure in the laboratory by using, for qualitative and quantitative
      microanalysis of very small quantities of substance, unit reagent doses
      especially prefabricated and exactly measured for the purpose.
PAR  Chemical analysis, i.e. the establishment of the nature and quantity of the
      constituents of a specific sample substance by use of chemical or
      physico-chemical methods, especially microanalysis, has extremely great
      practical importance, especially within medicine and within public health
      and environmental protection, for food control within agricultural and
      within the chemical industry.
PAR  In such an analysis one makes use of every observable property of the
      element the occurrence of which in a given substance is to be established.
      It is primarily a question of the mode of reaction of the element, i.e.
      whether one can produce with it, for example, a colour which can be
      measured or whether the concentration of the element can be established
      through its catalytic (e.g. enzymatic) effect. But in addition the colour,
      for example, of the element itself can be determined, or its solubility,
      density, electrical conductivity, emission and absorption of light, the
      effect on it of polarized light, its refraction index, crystal structure,
      atomic configuration, etc. The number of possible methods of analysis in
      each particular case is thus dependent on the number of such properties of
      the element.
PAR  The kinds of analysis which may be of interest are dependent, apart from
      the sample material, also on the intention of the analysis.
PAR  Of most interest in conjunction with the invention are so-called wet
      chemical analysis methods, i.e. methods in which chemical reactions are
      performed in solutions.
PAR  Sample and reagent are in this case treated by means of volume
      measurements, i.e. with pipettes, burettes and other measuring vessels.
      The event in the solution can then be followed by different methods, such
      as photometric, spectrophotometric, fluorimetric, turbidimetric,
      nephelometric, polarimetric or other optical methods. These are the
      commonest methods for clinical analysis.
PAR  There is, however, a great need for exact volumes of reagent also for
      electrochemical analysis methods, e.g. methods in which one uses specific
      ion electrodes or measures electrical conductivity, or methods such as
      polarography and electrometrical titrations.
PAR  Also for the serological methods, especially important for medicine, in
      which for example, one wishes to find the agglutinizing capacity of blood
      corpuscles or precipitation of antigen-antibody aggregates, one can use
      reagent unit doses. Certain bacteriological analyses are also dependent on
      an exactly dispensed reagent.
PAR  For all the aforementioned kinds of analysis the usual procedure at present
      is to use reagents in the form of solutions, the reagent solution being
      added by pipetting.
PAR  But strict demands must be placed on the accuracy of measurement of the
      quantity of reagent solution added to the investigated substance.
      Especially as a result of the increasing automatation of laboratory work
      in recent years it is desirable to limit the number of samplings on
      patients and to subject the samples taken to increasing numbers of
      analyses. This has the result that the quantity of substance available for
      each analysis becomes increasingly smaller. Consequently the quantity also
      of reagent solution added to each sample must also be measured in
      increasingly small volumes under simultaneous observation of satisfactory
      accuracy. Using the current pipetting procedures one can at present, by
      automatic technique, measure liquid volumes down to about 30 .mu.l within
      an error of below .+-. 1 percent.
PAR  It appears impossible to come below these figures with conventional
      devices, owing to the capillary effect, drops at the tip of the pipette,
      small leakages etc.
PAR  According to the present invention an attempt to solve the difficulties is
      made though decentralization of the part of the analysis work relating to
      the measurement of the reagent by transferring this work to specialized
      pharmacological enterprises, so that in the laboratory one has access to
      small, accurately measured unit reagent doses.
PAR  The reason for this is that it has been found that smaller doses of, inter
      alia, reagents can be achieved with simultaneous increase of the accuracy
      by changing the physical properties of the solution, such as its
      viscosity, through the effect of temperature or vacuum, blasting and/or
      addition or inert substances, so that the reagents are obtained in
      gelatinized or more or less dry form and that the dispensing thereafter
      takes place by mechanical division or sectioning. Additions of agar-agar
      mixtures, pectins, gelatine and various cellulose derivatives have given
      good results.
PAR  One can also scrape off drops of the liquid with higher viscosity,
      expressed from the tip of a pipette with the aid of a corrugated band or
      the like which is thereafter cut into pieces along the corrugations.
PAR  One may also imagine that on a band fed past the tip of a pipette, drops of
      the reagent solution with elevated viscosity are applied, the which are
      thereafter left to dry, after which the strip is divided into pieces with
      one or more drops in each piece.
PAR  Another method is, by means of a pipette, to apply a continuous bead of a
      liquid with elevated viscosity, of constant width and thickness, on a band
      fed past the tip of the pipette and thereafter, by microsectioning, to cut
      the band and the bead of reagent applied to it in accurately proportioned
      units.
PAR  Finally one may conceive of filling a very thin-walled tube of plastic or
      the like with a gelatinized reagent liquid, after which the thin tube with
      the solidified reagent liquid is sectioned into thin, accurately
      proportioned discs. If so desired, the influence exerted on the physical
      properties of the liquid can, alternatively or simultaneously, be effected
      by means of blasting or cooling.
PAR  By changing the physicochemical properties of solutions in this way the
      handling of the reagent is transferred from handling by means of pipettes
      to handling by means of apparatus for treatment of highly viscous or
      gelatinous bodies in the same way as is done, for example, in
      microsectioning for preparation of tissue specimens for microscopic
      investigation. Surprisingly, one thereby attains an accuracy of dossage
      which exceeds that in the dispensing of low-viscosity liquids by several
      orders of magnitude. At the same time the advantage is gained that every
      dispensed dose can be added to the corresponding sample substance
      separately, in contra-distinction to the case of pipetting, in which the
      pipette must be used for a series of different samples, whereby some risk
      of pollution arises, a risk which is avoided through the present
      invention.
PAR  Through the virtual elimination of pipetting in the analysis work it is
      possible to use a unit cuvette both as sample vessel and measuring vessel,
      which implies that, in contradistinction to known procedures, in which the
      same cuvette has been used for different samples, the invention allows the
      use of different cuvettes for different samples, which is made possible
      through the fact that a microcomputer is used to make individual
      corrections for optical dissimilarities in the cuvettes. Through this use
      of a unit cuvette an extremely simple analysis procedure and an extremely
      compact and simple analysis machine is obtained.
PAR  The method according to the invention is thus essentially characterized in
      that a number of reagent vessels (cuvettes) are first arranged along an
      essentially vertical coordinate surface, the cuvettes for the different
      kinds of analysis forming essentially horizontal planes (one or more) and
      the individual cuvettes on the various planes assuming positions one above
      the other, so that for each object (patient sample etc.) an essentially
      vertical column of cuvettes is formed, that the various columns are
      thereafter moved stepwise laterally in relation to a likewise essentially
      vertical feed unit (tower) marking the starting position of the coordinate
      surface, that for each step a basic solution is first dispensed into the
      cuvettes in the first column, that thereafter, possibly in the next step
      of said column, unit doses of reagent intended for a first object,
      accurately measured in advance and bound to carriers, are dispensed into
      the cuvettes in the first column, while at the same time basic solution is
      dispersed into the cuvettes in a second column, and that finally possibly
      in a third step, accurately measured microdoses of sample substance
      relating to the first object are dispensed into the cuvettes in the first
      column, while at the same time accurately measured unit doses of reagent
      relating to a second object and bound to carriers are dispensed into the
      cuvettes in the second column and basic solution is simultaneously
      dispensed into the cuvettes in the third column and so on, that the
      reaction in the various cuvettes is allowed to proceed during the stepping
      operation, that the carrier, suitably after a number of dispensing steps
      (possibly corresponding to the analysis with the longest reaction time),
      is removed from the cuvettes, that thereafter the desired optical
      (photometric, spectrophotometric, nephelometric, fluorimetric,
      turbidimetric, polarimetric) measurement is performed by radioscopy of the
      cuvettes in a measuring step, and that finally the reaction mixture in all
      cuvettes in a column is suctioned off and the cuvettes are cleaned with
      washing liquid in order to be reusable in new sample analyses.
PAR  The reaction mixture in the various cuvettes should preferably be agitated
      during the stepping procedure. Likewise the temperature of the reaction
      mixture in the various cuvettes should preferably be regulated during the
      stepping procedure so as to obtain the desired reaction process
      (incubation). The coordinate surface may suitably consist of a cylinder,
      so that each column of cuvettes completes one revolution when an analysis
      process has been completed.
PAR  According to the invention the dispensing of at least the basic solution
      and reagent unit, but appropriately also the sample substance, can take
      place in the same step.
PAR  Through the use of reagent units with carrier bodies the advantage is
      gained that the carrier body constitutes a sort of intermediate body
      between the dispensing device and the cuvette, so avoiding contamination.
PAR  The carrier bodies should preferably contain magnetic material so that,
      after they have been introduced into the cuvettes, through the application
      to the cuvettes of a pulsating or alternating magnetic field, the bodies
      can be caused to move up and down in their cuvettes and thus agitate the
      reaction mixture.
PAR  According to the invention the reaction temperature in the cuvettes can
      also be regulated by means of heating or cooling elements (Peltier
      effect). For this purpose one may possibly use the impulse currents which
      generate the alternating magnetic field.
PAR  The time for stepping of the columns of cuvettes is so chosen that the
      reaction process in all cuvettes on the various planes has been completed
      when the cuvette cylinder has completed one revolution.
PAR  In an appropriate position of the column, optical measurement can be done
      through the reaction mixture and the cuvettes after the carrier has been
      removed from the cuvette by magnetic means.
PAR  According to a modification of the invention the sample substance can also
      be dispensed in the manner described above for the reagent or can be fed
      out by a syringe pipette in exact quantities into a row of carriers
      containing magnetic material and movable in a path past the mouth of the
      syringe pipette, after which the carriers are brought up one by one to an
      elevator in the feed unit or the tower and, by means of magnetically
      operating lift arms on the elevator, are taken up to the various cuvette
      planes in the column of cuvettes allotted to the object until all cuvettes
      of the column have been filled with sample substance, after which the
      columns of cuvettes are fed forward one step and the process is repeated
      for a new object.
PAR  The aforesaid carriers may appropriately be included in prefabricated
      reagent units absorbing exact doses of reagent, the sample substance fed
      out in exact quantities being absorbed by an inert absorbent placed on the
      carriers or within recesses which may be arranged on their covers.
PAR  The invention also relates to a device (analysis machine) for performance
      of the method, characterized chiefly in that the reagent vessels (the
      cuvettes) for the analyses are arranged along an essentially vertical
      coordinate surface, the cuvettes for the various types of analyses forming
      essentially horizontal planes (one or more) and the individual cuvettes on
      the various planes being placed one above the other, so that for each
      object (patient sample etc.) they form an essentially vertical column of
      cuvettes, in addition to which the various columns are arranged to be
      moved stepwise laterally in relation to a likewise essentially vertical
      feed unit (tower) marking the starting point of the coordinate surface,
      the which feed unit has elevating devices, which in engagement with
      feed-ways are arranged to deliver to the cuvettes in the various columns
      of objects accurately measured quantities of sample substance in
      preferably tubular carriers containing magnetic material, and possibly
      sealed with a cover, as well as stacks of feed devices which, by means of
      cassettes inserted at different planes corresponding to the planes of the
      cuvettes, successively during stepping of the columns feed the cuvettes on
      the various planes with reagent units intended for the respective type of
      analysis.
PAR  In operation the sample substance for a given object is, through for
      example, a syringe pipette driven by a synchronous motor and furnished
      with a plunger, fed out in exact quantities into a row of tubular carriers
      movable in a path past the mouth of the syringe pipette and containing
      magnetic material. The individual carries may by means of their upper
      edge, scrape off drops of sample substance fed to the mouth of the
      pipette. These carriers are brought up one by one to an elevator in the
      feed unit and are carried up by the elevator by means of magnetically
      operating arms to the various cuvette planes in the column of cuvettes
      allotted to the object until all cuvettes in the column have been filled
      with sample substance, after which the columns of cuvettes are stepped
      forward one step and the process is repeated for a new object.
PAR  The coordinate surface may in such case well form a cylinder, each column
      of cuvettes, after termination of an analysis process, completing one
      revolution of the cylinder.
PAR  The cylinder may be either of metal, such as aluminum, or of plastic and
      furnished with planes consisting of a number of rings of, for example,
      aluminum arranged one above the other at a given mutual spacing,
      appropriately formed of several segments, the rings being provided at
      fixed mutual distances round their periphery with seatings for the
      cuvettes, and the plastic cylinder, at least at its lower edge, being
      provided with a driving gear-ring which during its rotational movement,
      slides in an axial bearing on the base of the cylinder, possibly through
      the action of spokes and hubs on the gear-ring. If desired, the rings can
      have a meander-shaped contour and, on the various planes, can be mutually
      displaced one step so that access to a cuvette on a lower plane can take
      place through a meander gap in the plane above.
PAR  To permit optical measurement through the cuvettes the cuvette seatings
      have through-holes running radially in relation to the cylinder surface.
      By means of a microcomputer the result can then be corrected according to
      optical peculiarities of the cuvettes. The cylinder wall can also
      advantageously have through-holes arranged immediately above the cuvette
      seatings to allow access to the cuvettes by means of pipettes from the
      inside of the cylinder.
PAR  The device can also appropriately be furnished with a device for adjusting
      the energy content of the impulses in order thereby to regulate the
      reaction temperature in the cuvettes.
PAR  For service of the cuvettes the device according to the invention may be
      characterized also in that the feed unit or tower is arranged along the
      outer side of the coordinate surface in close association with it and that
      the elevating means of the tower and the stack of feed means are provided
      with individual access means corresponding to the various cuvette levels,
      the access means at each step of the coordinate surface (cylinder surface)
      supplying the cuvettes in a given column of objects with reagent units or
      measured doses of sample substance, the movement of all access means of
      the tower to active feed position in towards the cuvettes being
      simultaneous and parallel, so that several columns of cuvettes are served
      simultaneously.
PAR  Meanwhile the movement of the access means is achieved by movement of the
      entire tower in towards the cylinder surface under movement in parallel
      with itself.
PAR  The feed unit also has access means for optical measurement on cuvettes,
      e.g. when they have completed their cycle of analyses, and access means
      also for supply of basic solution to or washing and flushing of the
      cuvettes.
PAR  According to one embodiment of the invention the analysis machine is also
      characterized in that, to permit service of the cylinder also from its
      inside the cylinder has, within its periphery, an internal feed unit or
      internal tower on its base provided both with pipettes for supply of basic
      solution to the cuvettes and with nozzles for washing and flushing of the
      cuvettes, and finally with access means provided with sources of light for
      optical measurement against light-sensitive elements on corresponding
      access means on the outer tower.
PAR  On the external and internal towers all feed, measurement and flushing
      means required for starting and termination of the analysis processes may
      appropriately be concentrated, all means after a completed revolution of a
      cylinder being actuated simultaneously by means of the common drive units
      of the two towers.
PAR  The main principles for the invention are thus the following:
PAL  1. Extreme simplicity of the entire mechanical system
PAR  The number of moving parts, including pipettes, photometers etc., has been
      considerably reduced compared with earlier known systems.
PAL  2. Extreme decentralization of components and functions
PAR  Everything which is not absolutely necessary to have in the vicinity of the
      analysis machine or all procedures which can be carried out prior to the
      analysis and/or elsewhere have been removed from the analysis procedure of
      conventional type.
PAL  3. Supervision of the stability of the machine
PAR  To attain a higher degree of precision and repeatability, exact supervision
      and control are maintained of the temperature in the reagent vessels and
      of the other functions of the machine.
PAL  4. Through the use of microcomputers (analogue, hybrid or digital) the
      reaction tube equipment has been reduced to a minimum
PAR  Computer operations can often be performed at an early stage. A simplified
      printout may suffice if the analysis machine is connected to a larger
      computer.
PAL  5. Extreme simplification of the movements of the analysis machine
PAR  The concentration of similar components into large units which are moved
      jointly and simultaneously, and the use of very simple and reliable
      functional methods, increase the reliability. Ease of access for
      supervision of the various parts of the machine has also been taken into
      account.
DRWD
PAR  The invention will now be described with reference to the attached
      drawings, which show the following:
PAR  FIG. 1 the chief parts of an analysis machine according to the invention
PAR  FIG. 2 a schematic picture of the operations which occur in the procedure
      according to the invention and with the analysis machine according to the
      invention
PAR  FIG. 3 in perspective an analysis cylinder according to one embodiment of
      the invention
PAR  FIG. 4 another embodiment of the same
PAR  FIGS. 5 and 6 schematically how the analysis cylinder and its external and
      internal feed units or towers can be moved
PAR  FIGS. 7 and 8 two different ways for direct photometry in the reagent
      cuvettes, while
PAR  FIG. 9 shows how so-called kinetic photometry can take place in conjunction
      with an analysis process, and
PAR  FIG. 10 a diagram in which the various measurement points from a so-called
      kinetic photometry measurement have been introduced.
DETD
PAR  As appears from FIG. 1, the analysis machine according to the invention
      consists essentially of the following parts.
PAR  A cylinder 1, which on its outer surface carries a large number of sample
      cuvettes.
PAR  A feed unit or tower 2, on the outside or inside of cylinder 1, or on both
      sides, which can dispense the components necessary for the analysis.
PAR  A stand or table 4 to carry the cylinder 1, tower 2, and their motor 5.
PAR  A plastic casing, not shown in the drawing, which covers the cylinder and
      towers, and
PAR  a supervisory unit 3 with multiplexor and device for write-out of the
      results.
PAR  In conjunction herewith some general points of view concerning the analysis
      machine according to the invention may be adduced.
PAR  The analysis machine is intended to deal only with samples which have been
      pretreated in a specific way. Also most chemicals which are used in the
      analysis machine are intended to be predispensed by means of equipment not
      belonging to the analysis machine.
PAR  The outside of the cylinder carries horizontal rings, each of which is
      divided into four segments. Each ring is used as a holder for sample
      cuvettes in a row round the cylinder, each ring being assigned for one
      kind of chemical analysis. The rings for the various kinds of analysis are
      arranged one above the other on different planes, so that the height of
      the cylinder limits the number of possible analyses, which usually is
      25-50.
PAR  The analysis machine is intended to perform solely the following movements:
PAR  Stepping of the cylinder in one direction from one position to the next.
PAR  Movement of the towers so that the components can be brought up to the
      cuvettes on the various planes of the cylinder. The tower on the inside of
      the cylinder is also moved as an independent whole, so that its components
      simultaneously reach the desired position, i.e the intended sample
      cuvette.
PAR  In this way a very simple analysis machine is obtained with few parts,
      which, however, since they are concentrated into a relatively small
      volume, must be capable of release for inspection, which is done by
      lifting of the plastic casing and raising the entire cylinder with its
      cuvettes from the base, after which the towers can be swung out by means
      of a simple movement so that their sets of components, which are arranged
      in vertical rows, can be inspected and examined.
PAR  The following principles of construction have therefore been adopted in the
      invention.
PAR  A. As noted, a large number of moving parts have been combined so that the
      movement of a large number of similar parts takes place at one time. This
      implies, for example, that turning of a body, which contains a large
      mumber of components, by means of a simple and reliable movement
      simplifies the machine as a whole, although it has been necessary to move
      a large number of components.
PAR  In the application of this principle to the cylinder, which comprises a
      number of rings arranged one above the other, intended as holders for the
      sample cuvettes, the advantage is gained that all cuvettes in the cylinder
      assume new positions on movement of the cylinder one step.
PAR  Another important application of this principle is that a large number of
      moving parts, which distribute the sample substance and reagent, as also
      the washing and rinsing devices together with the measuring equipment, are
      combined into feed units -- the inner and outer tower -- which are moved
      in their entirety.
PAR  B. To reduce the number of pipettes required, reagents are used in the form
      of unit doses intended for use in conjunction with a given sample. This
      means that one uses prefabricated reagent units which are dispensed with
      high precision. In this way the work in the analysis machine is reduced to
      handling extremely small quantities of reagent and to ensuring agitation
      of the reaction mixture, whereas the responsibility for high
      reproducibility and extreme exactness in respect of the reagent doses has
      been transferred to their manufacturer.
PAR  C. Since the analysis procedure is directed to very small volumes (1 up to
      200 .mu.l) it is possible to reduce the distance of transport for the
      solutions which are to be dispensed or measured. This necessitates special
      devices for measurement, which implies among other things that the sample
      cuvettes in the cuvette rings of the cylinder can be reached both from a
      feed unit on the inside of the cylinder through the cylinder wall and from
      a feed unit on the outside.
PAR  D. The final measurement operation, generally photometry, can be done in
      different ways. In principle one can use individual lamps for each sample,
      but it is also conceivable to use large lamps with light distributed by
      means of fibre optics or halogen lamps, tungsten band lamps, hydrogen gas
      lamps, etc.
PAR  E. The extreme concentration of the functions in the analysis machine
      according to the invention makes it possible and desirable to use
      individual microcomputers for different tests, which at an early stage
      convert the results of the measurement into the desired form.
PAR  In FIG. 2 are shown schematically a number of important operations which it
      is intended shall be performed according to this method of analysis. The
      various operations are illustrated schematically in relation to a number
      of reaction tubes 40-47 movable along an imaginary path 49. The various
      tubes are imagined to be situated in specific working positions. Tube 40,
      for example, is in a position where basic solution is dispensed by means
      of a feed pipette 12. Tube 41 is imagined to be in a position where the
      measured quantity of sample is to be added. Before this can be done, the
      samples must first be collected, marked and arranged and thereafter
      measured, e.g. by means of a sample pipette, e.g. in the way indicated
      above in respect of the reagent doses.
PAR  The sample is thereafter transported, bound to a carrier 51 on a conveyer
      belt, not shown in FIG. 2, and in an elevator, and is fed down into
      cuvette 41 by means of an arm 15 on the elevator. In the next analysis
      position a tube 42 is situated in which there is already basic solution
      and a sample carrier 51. Into the latter a carrier 52 for reagent is fed
      down in a similar manner by means of an arm 15. In the next working
      position is a tube 43, where carriers 51 and 52 which contain magnetic
      material are shown. The carriers contain sample substance and reagent. The
      mixture is agitated since the tube is surrounded by a coil 34 which is
      supplied with pulsating current or impulses of alternating direction.
PAR  In another working position is shown a tube 44, the coil 34 of which is
      supplied with prolonged pulses which thereby at the same time heat the
      tube and its content.
PAR  From tube 45, which is imagined to be in a final position on path 49,
      carriers 51, 52, which are then empty, are raised by means of a
      magnetically acting device 16.
PAR  With reference to tube 46 shown in a subsequent position, it is shown how
      direct photometry can be done through the tube with a lamp 29, lens 33 and
      a photocell 17. The measured values from the photocell are taken to an A/D
      micro-computer 48 and thence to a printer 50.
PAR  Finally, at the end of path 49 is shown a tube 47, in which flushing liquid
      is introduced through a nozzle 12' and suctioned off through a hose 18.
PAR  The reaction thus proceeds during the main part of the movement of the
      tubes, incubation taking place at a constant temperature. Heat regulation
      is achieved, as already mentioned, by regulating the duration of the
      agitation impulses.
PAR  At the termination of the reaction, measurement is done either as indicated
      above by direct photometry through the tube, in which case the
      microcomputer corrects for any optical perculiarities in the tube, or by
      means of transmission to, for example, a multipath photometer for
      so-called kinetic photometry.
PAR  On completion of the measurement washing and flushing of the tube take
      place as shown.
PAR  The chief analysis operations in this analysis procedure are the following:
PA1  1. Sample measurement technique
PA1  2. Addition of reagent in different ways
PA1  3. Reaction tubes, cuvettes,
PA1  4. Incubation as regards time and temperature
PA1  5. Agitation
PA1  6. Photometry (if a colour has developed) or other measuring procedure
PA1  7. Washing and drying.
PAR  The common principle for transfer of a given quantity of sample for
      analysis or for dispensing of reagent is that the additions to the
      reaction tubes are prepared, i.e. measured and bound to carriers, so that
      they can be easily and reliably handled by the machine.
PAR  Since sample substance and reagent must generally be added in highly
      viscous form, an initial quantity of liquid -- basic solution -- is
      needed,  which may be pure water or a simple salt or buffer solution to
      which sample and reagent are to be added.
PAR  The intended chemical reaction proceeds in a reaction tube, called a
      cuvette if the vessel furthermore has optically ground walls to allow
      light measurements on light rays passing through the solution.
PAR  The carrier or carrier body generally consists of short plastic tubes with
      magnetic material in their walls. It must either be able to receive a
      small quantity of sample and transport it to the reaction tube or be able
      to contain a reagent dose which will likewise be taken to the reaction
      tube. Alternatively the carrier body must be able to receive both the
      reagent dose and a small quantity of sample and carry them both to the
      cuvette. Finally it must be able to perform the mixing in the cuvette,
      which is an important element in the present method of analysis and which
      is achieved through the fact that the magnetic field from an electric coil
      surrounding the cuvette alternates through intermittent activation from
      electrical impulses. The carriers may be formed in such a manner as to be
      enclosed with covers which then of course must be opened as by a gripper
      device. The devices may, for example, open the carrier covers and lower
      the carriers into the cuvette.
PAR  7. Sample Measurement
PAR  The procedure which at present is considered to be most exact, and is
      therefore most used for addition of a small but exactly measured volume of
      the sample material intended for analysis, is carried out with a so-called
      dilutor. For this purpose the desired volume is suctioned up into a narrow
      tube, appropriately of hydrophobic plastic, and the sample is later
      extruded with a specific quantity of diluent liquid which at the same time
      flushes the tube clean for new use. This procedure presumes that a
      considerable dilution is always effected, which sometimes is very
      advantageous, and that the time is extended, since the dispensing of
      sample must await the addition of diluent.
PAR  According to the invention it is not necessary to add any diluent in the
      dispensing of the sample, and one therefore avoids this delay.
PAR  For the actual measurement of the sample there are three courses, depending
      on the size of the sample. For the largest volumes, more than 30 .mu.l, an
      injection syringe is used which is filled with, for example, blood serum
      and is so manoeuvred that predetermined quantities are dispensed for each
      analysis. For a smaller volume the sample is suctioned up into a
      thin-walled plastic tube which is cut into lengths corresponding to the
      desired volumes for different analyses. For the very smallest quantities
      one must press out the insignificant sample volume with a screw type
      pipette and then either scrape off the part of a drop which has emerged
      and is suspended under the tip or cut it off with a sharp edge after
      carbon dioxide freezing of the drop, whereby the dispersion of sample
      liquid is prevented which otherwise lowers the precision and the
      reproducibility.
PAR  The transport of the sample to the reaction tube must be done with the
      carrier body in the same way as the reagent.
PAR  2. Addition of reagent to the cuvettes over and above what may exist in the
      basic solution
PAR  Reagents of considerable volume, i.e. more than 50 .mu.l, and in liquid
      form, are added with a conventional syringe pipette of the type which has
      a reversing valve which, on a plunger movement, discharges a specific
      volume of liquid in one direction and, on the reverse movement of the
      plunger fills the reagent into the syringe pipette from a storage vessel.
PAR  Since such addition cannot take place simultaneously with the addition of
      the basic solution, special hoses are required, usually attached to an
      inner feed unit (tower) in the machine.
PAR  For reagent in solid form, which is assumed to consist of a small quantity
      which is easily and quickly soluble, as also for the reagents which exist
      in small volumes, less than 30 .mu.l, ready-made carrier bodies are used
      which contain the desired quantity of reagent measured with the necessary
      exactness. These reagent units will also follow the carrier body (without
      loss of substance) until it arrives in the cuvette, which then contains
      the basic solution.
PAR  3. Basic solution is added through plastic tubes on the inside of the
      analysis cylinder, the tubes being so arranged that they follow the
      movements of the inner feed tower. The basic solution is then added
      through an appropriate syringe pump to the cuvette.
PAR  It is thus important that between the sample liquid containers (syringe and
      hose) there is a device, the carrier body, as intermediate link prior to
      the cuvette. This prevents the contamination which otherwise may arise
      when the tip of a hose or pipette is dipped in a solution. In the
      indicated procedure this carrier body receives, on the one hand, the small
      quantity of sample and serves as storage vessel during the transport to
      the liquid in the reaction tube (cuvette) and, on the other hand, has the
      important function of mixer in the solution.
PAR  4. Incubation
PAR  The chemical reaction must also proceed at a given temperature. The
      temperature in the cuvettes is kept constant by automatic variation of the
      length in time of the electrical impulse. Sets of impulses during a few
      seconds with about 100 impulses per minute and with a duration of 0.5 -
      1.0 sec have proved suitable for the carrier bodies tested.
PAR  In the sequel a survey will be given of the various variants which can be
      selected for an analysis programme, as it is necessary to be able to
      combine different procedures in order to obtain a good result in different
      kinds of analyses so that the analysis machine can have an extended use.
PAR  Examples will also be given of different analyses which can advantageously
      be performed with an analysis machine according to the invention.
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     SURVEY OF TYPICAL OPERATIONS WHICH ARE COMBINED IN DIFFERENT WAYS FOR AN  

     ANALYSIS                                                                  

     __________________________________________________________________________

     1. Sample material                                                        

                 2. Incubation                                                 

                            3. Type of reac-                                   

                                      4. Agitation and                         

                                                 5. Washing                    

     (serum of blood                                                           

                 temperature                                                   

                            tion tube mixing     and drying                    

     plasma)                                                                   

     __________________________________________________________________________

     1.1 in precision                                                          

                 2.1 Variation of                                              

                            3.1 Plastic tube                                   

                                      4.1 Magnetic                             

                                                 5.1 Evacuation                

     syringe programmed                                                        

                 length of the                                                 

                            circular  agitator   (only)                        

     for desired volumes                                                       

                 electric impulse                                              

                            3.2 Glass tube,                                    

                                      4.2 Mixing body                          

                                                 5.2 Evacuation                

     1.2 in plastic hose    circular  with magnetic                            

                                                 and flushing with             

     cut in exact pieces                                                       

                 2.2 Cooling with     material actuated                        

                                                 reagent                       

                 Peltier element                                               

                            3.3 Tube with                                      

                                      by coil with inter-                      

                            flat bottom                                        

                                      mittent current                          

                                                 5.3 Evacuation,               

                            (optically ground)   flushing with                 

     1.3 in thin-walled                                                        

                 2.3 Through                     water, drying in              

     soft plastic hose                                                         

                 temperature-re-                 dry hot air.                  

     which is cut in frozen                                                    

                 gulated water flow-                                           

                            3.4 Square cuvette                                 

     state       ing around the                                                

                 reaction tube                                                 

                            3.5 Ditch-shaped                                   

                            bottom (for very                                   

                            small volumes)                                     

     __________________________________________________________________________

PAR  1. Analysis with only one reagent (basic solution)
PAR  The simplest procedure is that a specific quantity of sample to be analysed
      is mixed with a specific quantity of a single reagent, thereby forming or
      extinguishing a colour.
PAR  The technique of combining chemical substances so that a single reagent is
      sufficient for qualified analysis is being increasingly developed. There
      are already a considerable number of important chemical analyses which,
      under suitable conditions, can be performed by this simple means. One then
      follows a procedure which is largely determined by the quantity of sample
      material for analysis and the volume of reagent of which the composition
      has been published by the presenter of the method. As an example of such
      an analysis may be mentioned the determination:
PA0  Example: Determination of total protein in serum by the biuret method
      modified from that of Weichselbaum: T. E.: An. J. Clin. Pathol. 10 (1946),
      p. 40
PA0  Sample: 8 .mu.l serum
PA0  Basic solution: 500 .mu.l with biuret reagent
PA0  Photometry at 550 nm
PAR  2. Analysis with one reagent and blank (blank determination)
PAR  A common complication is that sample or reagent, or both, have a colour or
      other characteristic which prevents direct measurement of that to which
      the chemical method relates. Correction for such a disturbance can be made
      by establishing the disturbance due to colour in a specific quantity of
      reagent and deducting it from the result of colour measurement for the
      entire sample or by determining the disturbing colour from the sample
      separately as a "blank". An analysis machine shall be capable of making
      both corrections, but also of performing analysis in which both types of
      disturbance occur simultaneously. An example of such a determination is:
PA0  Example: Serum iron determination by direct method, modified from that of
      Ness M. T. and Dickerson H. C.: Clin. Chim. Acta 12 (1965), p. 579
PA0  a. Sample: 100 .mu.l serum
PA0  Basic solution: 500 .mu.l nitroso-R-reagent with acetate buffer solution
PA0  b. Blank 100 .mu.l serum
PA0  Basic solution: acetate buffer solution
PA0  Photometry at 720 nm. Automatic correction for reagent colour and serum
      blank.
PAR  3. Analysis with corrosive and volatile reagent
PAR  A reagent sometimes contains corrosive or malodorous constituents. For
      automatic analysis it is seldom possible in such case to work in open
      tubes, as corrosive vapors might attack the apparatus. The analysis
      machine has been furnished with devices which allow analysis by "acid
      methods" with volatile reagents etc.
PAR  One of the commonest methods in clinical chemistry, the determination of
      cholesterol in serum, may serve as example.
PA0  Example: Determination of total quantity of cholesterol and serum, modified
      after Zurkowski P.: Clin. Chem. 10 (1964) 5, p 451-453.
PA0  Sample: 1 .mu.l serum
PA0  Basic solution 500 .mu.l sulphuric acid acetic acid acetate reagent The
      reaction tubes are covered with a teflon disc which does not follow the
      cylinder movement and has holes for additions of sample and reagent,
      washing and photometry.
PA0  Photometry at 575 nm.
PAR  4. Analysis after dilution for special analysis
PAR  Certain physico-chemical analysis methods may be used directly on the
      sample material, but usually some simple procedure is required such as
      dilution to a suitable concentration, possibly combined with addition of
      reagent chemicals. Electrochemical methods arer becoming increasingly
      common, but analysis of metals is still the completely predominant method.
      By way of example is cited:
PA0  Example: Flame photometric determination of Na, K, Ca and other metals in
      serum.
PA0  Sample: 8 .mu.l, serum (for certain trace metals a larger quantity)
PA0  Basic solution: 500 .mu.l 0.65 M is isopropanol. After measurement of, for
      example. Ca in the dilution (approx 1:60), further dilution by addition of
      deionized water for determination of, for example. Na (at dilution 1:200).
PA0  Flame photometry with three corrections, namely narrowband interference
      filters (for example for Ca 622 nm, for K 767 nm and for Na 585 nm), fixed
      corrections for interference between the spectra of different metals, and
      individual correction for each serum in respect of the effect on the serum
      concentration of the various metals.
PAR  5. Analysis after dilution of sample and delayed addition of reagent
PAR  Often reagent must be added in a specific time sequence. The analysis
      machine therefore has the means of adding reagent in specific positions,
      i.e. at specific times. One of the commonest clinical chemical forms of
      analysis may serve as example, namely
PA0  Example: Determination of "blood sugar" by analysis of the glucose content
      in serum according to Heedman's (unpublished) modification of Raabo, E.
      and Terkildsen, T. C.: Scand. J. Clin. Lab. Invest. 12 (1950), p 62
PA0  Sample: 5 .mu.l serum
PA0  Basic sol: 300 .mu.l distilled water
PA0  Reagent: (which is added in a position 8 min prior to photometry): 150
      .mu.l glucose oxidase-orthotoluidine-peroxidase reagent.
PAR  6. Analysis with basic solution and reagent in mixer.
PAR  Sometimes it may be advantageous to add reagent in solid form. This
      requires that the analysis machine performs effective mixing and that the
      reagent quickly dissolves. As example of such a method is cited:
PA0  Example: Creatinine determination in serum, essentially in accordance with
      Henry's textbook (Henry, R. J.: Clinical Chemistry (1964), p. 292.
PA0  Sample: 40 .mu.l serum
PA0  Basic solution: 500 .mu.l 0.15 M NaOH
PA0  Reagent in the mixer body: 2.3 mg picric acid.
PAR  In the analysis serum and NaOH are first mixed, followed immediately
      afterwards by the main part of the picric acid. The time for the
      photometric reading (at 15560 nm) can be so assigned that a kinetic
      determination is made, if so desired, instead of conventional reading at a
      later stage.
PAR  7. Analysis with several reagents in sequence
PAR  Some analyses may, in respect of the reagent, be specially exacting and
      require high precision and exact time intervals. As example of analyses
      with such sequences of addition of reagent is cited the following:
PA0  7.1 Example with solid and liquid reagents: Determination of "iron binding"
      capacity (TIBC) by the TPTZ method according to Schade A. L., et al.,
      Proc. Soc. exp. Biol. Med 87 (1954), p. 443.
PA0  a. Sample: 80 .mu.l serum
PA0  Basic solution: 380 .mu.l tris buffer, pH 8.5
PA0  Reagent: in a mixer body: 0.4 .mu.g Fe in 5 .mu.g 0.01 M HCl
PA0  Reagent with TPTZ: 120 .mu.l
PA0  b. Blank: 80 .mu.l serum
PA0  Basic solution: 385 .mu.l tris buffer, pH 8.5
PA0  Reagent with TPTZ: 120
PA0  7.2 example with three reagents: Determination of urea in serum with
      Berthelot's reaction modified according to Kaplan, A: Stand. Methods Clin.
      Chem 5 (1965), p. 245-256.
PA0  Sample: 1.5 .mu.l serum
PA0  Basic solution: 50 .mu.l distilled water
PA0  Reagent:
PA1  1. in mixer body: 0.02 unit urea (sigma) in 2 .mu.l EDTA buffer
PA1  2. with phenol: 225 .mu.l
PA1  3. with hypochloride: 225 .mu.l
PA0  N.b. phenol and hypochloride reagents are added from an inner tower.
PA0  Photometry at 560 nm.
PAR  8. Enzyme determination with one- or two-point analysis (so-called
      colorimetric determination).
PAR  Medical laboratory diagnosis is becoming increasingly directed to
      determinations of enzyme activities. The simplest methods, and the
      commonest in routine work, are based on determination of the difference of
      concentration before and after a time of enzyme action. Even if in certain
      cases an analysis machine should be able to permit the use of a more
      advanced method of determination, an analysis machine must be usable for
      routine analyses. With small alterations the technique can be varied for
      different purposes. Here is cited as example of an ordinary clinical
      analysis.
PA0  Example: Determination of GPT (glutamic acidpyrodruvic acid-transaminase,
      aminoferase) modified from Reitman S., Frankel S., Am. J. Clin. Pathol. 28
      (1957), p. 56.
PAL  By change of substrate GOT can be determined and with small changes for a
      large number of enzymes and substances.
PA0  Sample: 5 .mu.l serum
PA0  Basic solution: 40 .mu.l substrate in phosphate buffer, pH 7.40
PA0  Reagent 1: 40 .mu.l dinitrophenyl hydrazine in hydrochloric acid
PA0  Reagent 2: 420 .mu.l 0.4 M NaOH
PA0  Photometry at 505 nm
PAR  9. So-called kinetic determinations (see description with reference to FIG.
      9).
PAR  Measurements of processes of enzyme reactions are in great demand. For
      rapid analysis machines this implies difficulties, since the enzyme
      activity in blood serum in different morbid conditions may vary very
      greatly and it is difficult to combine demands for rapidity of analysis
      with the desire to observe an enzyme process during a given time, at least
      for a minute or so. As a rule it has proved most favourable, therefore, to
      have special analysis machines for the so-called kinetic determinations.
PAR  The suggested analysis machine combines two procedures by following the
      initial enzyme action during a short time and, if the enzyme activity is
      high, by determining it. One can also measure the enzyme action on the
      same sample after a lengthy time and thus fully automatically obtain
      values also for low enzyme activites. There is a great demand for
      so-called kinetic determination of enzyme and the analysis machine can be
      furnished with accessories which permit these measurements. Many enzyme
      determinations are commonly made in clinical laboratories and here lactic
      acid dehydrogenase is cited as example.
PAR  Enzyme determination from repeated measurements in long-wave ultra-violet
      light (340 nm) modified according to Wroblewski F. et al., Proc. Soc. exp
      Biol. Med. 90 (1955), p. 210.
PAR  The method requires a 6-cell photometer, a sextuple valve in order to be
      able to dispense five successive samples to different cuvettes. Each
      sample can then be kept during five work cycles in its cuvette for
      consecutive measurements during that time. Much later, furthermore,
      immediately before washing, part of the remaining reaction quantity is
      transferred also to the sixth photometer cuvette for final measurement.
PA0  Example: LDH (Lactic Acid Dehydrogenase), but by change of the substrate
      the method can be used for a large number of enzymes,
      nicotinamide-adenine-dinucleotide being oxidized or reduced so that a
      change in light absorption takes place which can be measured and followed.
      The conditions are given for room temperature.
PA0  Sample: 10 .mu.l serum
PA0  Basic solution: 500 .mu.l, substrate
PA0  Reagent: 25 .mu.l pyruvate reagent which initiates the reaction.
PAR  A microcomputer calculates the mean value of the change of absorbance per
      minute, checks that the process has been linear and decides whether the
      last value is needed for sufficient exactness (at low enzyme activity).
PAR  The analysis machine itself will now be described.
PAR  FIG. 3 shows in perspective the central analysis unit of the machine,
      namely cylinder 1 in perspective. The external feed unit or tower 2
      conceals a part of the cylinder, while an internal feed unit or an
      internal tower 6 appears above the upper edge of the cylinder. The
      cylinder 1 may be made of metal, for example aluminium or copper, or of
      plastic and on its outer surface has a number of metal rings in meander or
      toothed pattern. The various tooth-shaped projections 7 are intended as
      seatings for the test tubes or cuvettes and for this purpose are furnished
      with vertically drilled holes 8. The rings form a number of planes lying
      one above the other -- each plane being intended for use for one type of
      analysis -- the teeth on the various planes being displaced one step in
      relation to one another so that on each overlying plane a gap is formed
      through which access is obtainable to a cuvette on the plane below. In
      this way the entire cylinder obtains to some extent the appearance of a
      cylindrical honeycomb.
PAR  On its lower edge the cylinder has a driving gear-ring 9 which is intended
      for stepwise feed of the cylinder in the direction of the arrow P. In the
      example shown the cylinder is imagined to have 50 steps with a stepping
      rate of two steps per minute. One would thus have available a reaction
      time of 25 minutes for reaction components inserted in the cuvettes.
PAR  Thus, whereas the various cuvette planes are reserved for the various kinds
      of analyses, the various cuvettes in a column of cuvette seatings are
      intended for a single object, for example a patient sample. If the
      cylinder, accordingly, is thought to have 20 planes, one can
      simultaneously dispense a patient sample to 20 planes and thus subject the
      sample to 20 kinds of analysis. In the arrangement of the cuvette seatings
      shown in FIG. 3 the height of the cylinder would then be 40 planes, since
      only each second plane in a column can be used by a cuvette.
PAR  To permit direct photometry on the reagent mixture, the various cuvette
      seatings have radial through-holes 10. There are also arranged in the
      cylinder additional radial holes 11 through which pipetting can be done
      with pipettes 12 arranged on the internal feed tower 6. On the internal
      tower there are also lamps 29 for direct photometry through holes 10. The
      various cuvette rings may suitably be divided into a number of segments,
      e.g. four, and e.g. by means of screws fixed in the cylinder.
PAR  It is obvious that cylinder 1 must be controllable by some bearing on the
      table 4 in FIG. 1, although no such bearing has been shown in the
      drawings. Likewise it is necessary to have some form of holders which
      slide on the upper edge of cylinder 1 and keep it upright. One may imagine
      two or three such holders arranged on posts which are easily swung out so
      that the cylinder with cuvettes can be readily lifted up for inspection,
      and to permit inspection also of the feed units or feed towers 2 and 6.
      The latter may also be duplicated and confronted or placed in inverted
      relation to one another, so providing an arrangement which in
      cross-section is shown in FIG. 5 and viewed from above in FIG. 6. In this
      case it is advisable to double the cylinder periphery so as to complete
      one reaction process during a movement of the cylinder corresponding to
      half the periphery.
PAR  The function of the internal feed unit or tower 6 is to dispense basic
      solution, which in FIG. 3 is imagined to take place by means of the two
      pipettes 12 on the left. The functions of the external tower are the
      dispensation of sample substance and reagent, which is imagined to take
      place by means of elevators 14 which interwork with sets of vertical feed
      arms 15, the raising of carrier bodies from the cuvettes with preferably
      magnetic arms 16 after completion of the reaction process, direct
      photometry by means of lamps 29 on the internal tower and sets of
      photocells 17 arranged in stacks on the external tower, and finally
      washing and rinsing of the cuvettes in their final position by means of
      the rinsing nozzles 12' on the righthand columns in the internal tower 6
      and corresponding columns of evacuation devices 18 on the external feed
      towers 2.
PAR  It also has on the internal feed tower electrical leads for delivery of
      impulses for feed to coils 34 in the cuvette seatings (FIGS. 7 and 8)
      intended to actuate the carrier bodies in the cuvettes for agitation of
      the reagent mixture.
PAR  As already noted, it is characteristic of the analysis machine according to
      the invention that a large number of devices -- cuvettes -- have been
      combined on a common surface so that all together can be moved by means of
      a simple movement mechanism, as also that a large number of feed devices
      and service devices are combined on the external feed tower 2 and on the
      internal feed tower 6. For simultaneous movement of all devices on the
      feed towers in towards the cylinder surface with the cuvettes and out from
      it the towers are movable in their entirety. This provides an extremely
      massive and concentrated effect in every phase of movement of the analysis
      machine.
PAR  FIG. 5 indicates how the movement of towers 2, 6, 6' and 2' can be
      controlled by means of a common endless screw 19 which can be operated by
      means of a reciprocating motor 20. In this simple way, accordingly, as a
      result of the direction of thread in the engagements with the drive nuts
      in the various towers, one obtains a movement of the towers 2 and 6 and of
      2' and 6' in towards the cylinder wall and out from it. By allowing the
      towers to move up and down in relation to their drive nuts on the endless
      screw 19 and by simultaneously steering the movement of the towers with a
      cam 23 and ball-shaped rollers 24 on the towers one can also obtain a
      reciprocal motion of the towers, as indicated in FIG. 3 by arrows P1 and
      P2. In this way, as will be readily realized, pipettes and nozzles 12 are
      introduced into the cuvettes, as well as reagent units and sample
      substance doses, by means of the sets of arms 15.
PAR  In FIG. 3, for the sake of simplicity, the various feed, service and
      pipette devices are shown to have radial directions; in reality, however,
      they must be arranged in parallel in order to permit the simultaneous
      parallel movement of all devices.
PAR  Furthermore, in reality towers 2 and 6 must be one level higher than
      cylinder 1 in order to be able to feed and serve also the uppermost level,
      but for the sake of simplicity the towers are shown in FIG. 3 as being on
      the same level as the cylinder.
PAR  In FIG. 3 the feed of reagent units and test substance doses is indicated
      entirely schematically through two feedways B1 and B2 which bring up a
      number of carrier bodies 25 which are considered to consist of reagent
      units, on which accurately measured doses of sample substance have also
      been added in the laboratory. It is assumed that the carrier bodies
      contain magnetic material and therefore that, when the bodies are brought
      into their paths, one can successively grip the carrier bodies with arms
      26 on the elevator 14 which, every time it has gripped a couple of carrier
      bodies, is raised up a double step so that two new arms 26 can grip two
      new carrier bodies. In this way, accordingly, all arms 26 on elevator 14
      will be furnished with carrier bodies when the elevator reaches its
      topmost position. It is thereafter turned in the direction of the arrow P3
      and delivers all carrier bodies to the set of feed arms 15. It is assumed
      that there are two elevators 14, so that both sets of arms 15 can be
      furnished with carrier bodies.
PAR  Simultaneously with the feed of two columns in this way by means of the
      feed sets 15, washing of two preceding columns is done with the two
      washing sets 12', 18 on the right in the internal and the external tower,
      at the same time as basic solution has been dispensed to the first two
      columns through the two sets of pipettes 12 on the left in the internal
      tower. At the same time photometry is done in the two preceding columns.
PAR  One may thus say that these initial measures for starting a set of analyses
      for a given sample take place simultaneously with the measurements for a
      set of analyses relating to another sample and simultaneously with the
      final measures on the cuvettes used for a set of analyses in respect of a
      third sample.
PAR  Another advantage of the invention is that there are essentially only three
      movable, alternatively five movable, parts in the analysis machine which
      need to be controlled, namely the cylinder and an external and an internal
      tower, alternatively two external and two internal towers. One therefore
      obtains very simple supervisory means and simple control electronics.
PAR  The cuvettes need not be moved out of their seatings but sample and reagent
      are fed into the same cuvettes, which thereafter serve as reaction vessels
      and also as measuring vessels. By means of a microcomputer one can then
      introduce the corrections necessitated by differences in the optical
      characteristics of the cuvettes. Regulation of the temperature conditions
      during the reaction and the agitation or mixing is also done in the same
      cuvettes, since the cuvette seatings are furnished with coils which are
      fed with pulsating or alternating current which actuates magnetic material
      in the carriers lowered into the cuvettes. Thus agitation is obtained both
      by regulation of the length of the impulses and also by regulation of the
      reaction temperature.
PAR  FIGS. 5 and 6 indicate in rather greater detail how the driving of the
      cylinder 1 by means of gearwheel 27 via the gear-ring 9 can take place,
      and how the various towers 2, 6, 6' and 2' are driven and how they can be
      made available for inspection.
PAR  The various towers are steered in vertical U-shaped guides 53-56. In such
      case, when the shaft 19 with the endless screws is driven by the motor 20,
      the towers will accordingly be lowered, as the balls 24 successively slide
      down from the plane surfaces of the cam surface, through the fact that the
      screws engage with the nuts 22 in the lower portions of the U-shaped
      guide. In the same way the towers will be raised when the shaft 19 is
      driven in the opposite direction.
PAR  Over a part of their length, corresponding to the height of the towers, the
      guides can be swung out sideways around the piano hinges 53" - 56" so that
      the towers 2, 6, 6' and 2' as well can be swung out in the positions shown
      by dashes in FIG. 6. The feed, measurement and control devices of the
      towers thus become available for inspection.
PAR  FIGS. 7 and 8 indicate how the direct photometry can take place.
PAR  According to FIG. 7 the cuvette 28 is illuminated by the rays from a lamp
      29 through the lens 33 and hole 10, and after passing the reagent mixture
      30 the beam of light enters a photometer 17 which transfers the result
      electrically to a microcomputer for evaluation and transfer to the
      printer.
PAR  According to the alternative shown in FIG. 8 a glass body 31 is instead
      immersed in the reaction mixture 30; the body 31 has a ground surface 32
      against which the beam of light is directed from the light source 29 via a
      lens 33 and the hole 10 in the cylinder wall 1. If in the latter case the
      glass body or glass rod is made movable within certain limits in a guide
      in a bracket 39, one can imagine making measurements of the turbidity and
      colour of a bottom sediment, which is of great interest, for examples, for
      serological measurement with precipitin reactions. If, in the proposed
      manner, the rod is slowly moved towards the bottom, there is initially no
      change in the reading, but as one approaches the bottom of the vessel the
      reading increases asymtotically and thus produces a reliable measurement.
      One can combine this measurement procedure with a comparator and then
      obtain an extremely suitable method for blood group determination through
      the so-called haemaglutinin reaction. In FIGS. 7 and 8 coils 34 have also
      been drawn with which agitation in the reaction mixture and regulation of
      its temperature can take place in the manner earlier referred to.
PAR  FIG. 4 shows another embodiment of the invention. In this case the cylinder
      1 is furnished with cuvette holder rings 7 which have cuvette seatings 8
      for every step of the movement of the cylinder. The cuvette holder rings 7
      are arranged at a given distance from one another in order that the
      cuvettes may be accessible for pipettes and nozzles for feed of reagent
      units and sample substance doses. External tower 2 and internal tower 6
      are only schematically indicated. As in the earlier described embodiment,
      in this case as well the cylinder has through-holes 10 for optical
      measurement and holes 11 to provide access from the inside of the cylinder
      to the cuvettes for pipettes 12 and nozzles 12'. The function of the
      devices 29 and 17 for direct photometry is the same as earlier indicated
      in conjunction with the description of the embodiment according to FIG. 3.
      Likewise washing and rinsing of the cuvettes after completion of the
      analysis take place through the right-hand nozzles 12' on the internal
      tower 6 and the devices 18 in the same way as earlier described. As
      regards the dispensation of sample substance and reagent, however, this is
      assumed to take place somewhat differently in this case than earlier
      described.
PAR  The sample substance to be analysed, for example serum, is inspected in
      respect of quality and sufficiency of the samples and is suctioned up into
      a dispensing syringe as described earlier. The syringes 58 are freed from
      air and placed in holders so arranged that in one position the syringe can
      deliver through a bent tip a small quantity of serum as sample volume.
PAR  The measured quantity of serum, the volume of which may vary depending on
      the analysis, is placed in a carrier of essentially the same type as the
      earlier described carrier body with or without reagent. The carriers are
      kept in cassettes 35 so shaped that the carriers 25 can be removed one by
      one to a feed device which transports the carriers 25 up to a double
      sample elevator 14. Each elevator may, for example, be so shaped that it
      consists of a half cylinder which in its domed portion has recesses with
      grooves and shoulders to take up and accommodate the carriers. Each half
      cylinder has a number of such recesses corresponding to the number of
      planes in the cylinder, so that on upward movement it successively fills a
      carrier for each plane, i.e. for each type of analysis. The half cylinders
      are so arranged that they have an alternating function, i.e. one moves
      upwards and successively fills carriers, as already described, while the
      other half cylinder supplies carriers to the feed arms 15, which transfer
      them to the cuvettes, and then returns to starting position. The function
      is made possible through the fact that the half cylinders rotate half a
      turn so that they can alternatively be charged with carriers 25 on the way
      up or deliver them to the feed arms, which transfer them to the cuvettes
      on the respective planes.
PAR  The holder for the dispensing syringes 58 can be arranged for throw-away
      syringes, the holder being automatically emptied of syringes after the
      dispensation and serving as store for the remaining quantity of sample
      solution. For other syringes automatic cleaning is arranged through
      repeated rinsing.
PAR  As regards the reagent units, these are fed in through cassettes 35, which
      are introduced at the various levels, so that the various reagent carriers
      are in due course fed into the feed devices 15 on the various levels and
      are magnetically dispensed into the cuvettes.
PAR  As is seen, the cassettes 35 are so shaped, that packages arranged in
      parallel, for example by spring pressure, can press forward one reagent
      carrier at a time so that it is easily withdrawable through the feed
      device 15.
PAR  During storage the cassette 35 is closed and by suitable means can be given
      the atmosphere favourable to the reagent. Fur use a small cover is removed
      at the opening of cassette 35 and, by means of slide-grooves and
      snapp-fasteners, it can be connected to the point of use on the level in
      question. Both the carrier body 25 and the cassette 35 may suitably be
      made of plastic and contain no other magnetizable material than exists in
      the carrier bodies.
PAR  In cases when it is desired to make special measurements, this is also
      possible according to the invention. FIG. 9 shows an example of so-called
      kinetic photometry which is suited for determinations according to the
      earlier described example 9.
PAR  One sees in this case that, from the cuvettes 28, a given quantity of
      reaction mixture is fed successively, as cylinder 1 steps forwards, from
      the various cuvettes 28 through a multiple valve 37 and a suction pump 38
      connected to it. In this way the reaction mixture is distributed among six
      photometers and can thereafter, through use of the latter, determine the
      change of enzyme acitivity.
PAR  Since in every working cycle there is a new sample in cuvette 28, which is
      filled into the photometer vessels by the suction device, a second sample
      will be suctioned into the second photometer, the third sample into the
      third photometer, the fourth sample into the fourth photometer, the fifth
      sample into the fifth photometer and the sixth sample into the sixth
      photometer. Subsequent samples will successively replace earlier ones,
      starting again in the first, second etc. photometer. Each sample must
      therefore remain in a photometer during six working cycles, which allows
      following of the reaction during its first stage.
PAR  Most important is that a certain quantity of the reaction mixture is left
      in cuvette 28 on each occasion.
PAR  FIG. 10 shows a diagram illustrating what is to be determined, i.e. the
      absorbance A as function of time T. One measures the consumption of NADH
      in the reaction at 340 nm, which is one of the most common procedures, see
      example 9 above.
PAR  In the case of high activity one can obtain, by means of successive
      measurements, a measure of the slope of the curve corresponding to the
      enzyme acitivity. The slope may be so steep that the substrate is consumed
      after only a minute or so. In this case the effect is great and easy to
      measure.
PAR  The difficulty is, instead, if the enzyme activity is low, which is common
      in normal cases. In such case the effect during the first minutes will be
      too small for estimation and one must make a determination also after a
      considerably longer time.
PAR  The remaining quantity in the cuvettes 28, therefore, is subjected to the
      same reaction. Since, at the end of a revolution of the cylinder (with
      suitable arrangement and duplication of analysis channels possibly two
      revolutions), and the introduction of the reaction mixture in a further
      cuvette, the latter point in the reaction process can be established.
PAR  In purely general terms it should be recognized also that the method of
      using predivided reagent doses often places great demands on exactness,
      and in such case it is to be noted, that this applies to the final
      quantity of reagent. Durability is also a factor and, to increase it, one
      can count on being able to preserve individual doses, often dry, of
      reagent chemicals better than in solution.
PAR  The quantities usually involved in analyses in which the reaction volume in
      the final measurement is around 0.5 ml (500 .mu.l) amount to about 0.5 -
      50 mg. This means that the absolute error may at times be at most 1 .mu.g,
      e.g. 0.20 mg .+-. 0.001 mg (200 .+-. 1 .mu.g).
PAR  In principle the use of reagent units implies that the exactness must be
      attained in the manufacture instead of in the analysis.
PAR  In the sequel examples will be given of chemicals etc. which are required
      for analyses and which may be used in reagent units, and of the procedure
      and of the various alternatives between which the laboratory may choose.
PAR  The chemicals may have amorphous or microcrystalline form in order to
      easily solute. Inert substances having a very high solubility may be
      added.
PAC  A. Chemical substances
PA0  Dl-alanine
PA0  4-Aminoantipyrine = 4-amino-1.5-dimethyl-2-phenyl-3-pyrazolone
PA0  2-Amino-2-methyl-1-propanol
PA0  Ammonium hepta-molybdate, 4 aq.
PA0  Ascorbic acid
PA0  Bromcresol green = 3.5', 5.5'-tetrabromo-m-cresol sulphon phthalein
PA0  Brij 35 = polyethylene lauryl alcohol
PA0  Citric acid, 1 aq.
PA0  Caffeine
PA0  O-dianisidine = 3.3'-dimethoxybenzidine
PA0  Dextran sulphate
PA0  Edta = ethylene diamine tetra-acetic sodium salt
PA0  Fast Red B salt = 5 nitro-2-amino-methoxybenzene diazotate, Sigma
PA0  Phenol
PA0  Phenyl phosphate di-sodium salt
PA0  Hydroquinone
PA0  Hbab = 2-(4'-hydroxybenzazo)-benzoic acid
PA0  Int = 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyl-tetrazolium chloride
PA0  Isopropanol = 2-propanol
PA0  Dipotassium hydrogen phosphate
PA0  Dipotassium oxalate, 1 aq.
PA0  Potassium-ferricyanide = potassium hexacyanoferrate (III)
PA0  Potassium-sodium-tartrate, 4 aq.
PA0  alpha-ketoglutamic acid = 2-oxo-glutamic acid
PA0  Copper sulphate, 5 aq.
PA0  Magnesium chloride, 6 aq.
PA0  Magnesium sulphate, 7 aq.
PA0  Dl-lactic acid, 85 % by weight (DL-Lactic acid 85 % W/W)
PA0  L-lactic acid, 98-100 % by weight (L-Lactic acid 98 %-100% W/W)
PA0  Nad = nicotinamide adenine dinucleotide
PA0  Nadh = reduced nicotinamide adenine dinucleotide
PA0  alpha-Naphthyl phosphate = sodium naphthyl(1) phosphate
PA0  Sodium acetate
PA0  Sodium azide
PA0  Sodium benzoate
PA0  tri-Sodium citrate, 2 aq.
PA0  Sodium hydroxide
PA0  Sodium hypochlorite
PA0  Sodium carbonate
PA0  Sodium nitrite
PA0  Sodium disulphite (Na2-S2-O5)
PA0  Sodium sulphite
PA0  di-Sodium tetraborate, 10 aq.
PA0  Neocuproine = 2.9-dimethyl-1, 10 phenanthroline
PA0  di-Nitrophenylhydrazine = 2.4-dinitrophenylhydrazine
PA0  Nitroprussid sodium, 2 aq. = disodium pentacyanonitrosyl ferrate
PA0  Nitroso-R = 1-nitroso-2-hydroxy-3.6-naphthaline-disodium-sulphonate
PA0  Pms = 5-methyl-phenazinium methyl sulphate
PA0  Picric acid
PA0  Sulphanilic acid
PA0  5-Sulphosalicylic acid, 2 aq.
PA0  Tptz = 2.4.6-tri(2-pyridyl)-1.3.5-triazine
PA0  Tibc
PA0  thymol
PA0  Zinc sulphate, 7 aq.
PAC  B. Standards
PAR  1. For the preparation of primary absolute standard solutions the following
      examples may be given:
PAR  They require an extreme exactitude of the unity doses.
PA0  Pyruvic acid
PA0  Glucose
PA0  Ferrinitrate, 9 aq.
PA0  Calcium carbonate
PA0  Potassium dihydrogen phosphate
PA0  Potassium nitrate
PA0  Cholesterol
PA0  Creatinine
PA0  Lactic acid
PA0  Nadh (reduced nicotinamide adenine dinucleotide)
PA0  Sodium nitrite
PA0  Oxaloacetic acid
PA0  Uric acid
PA0  Urea
PAR  2. Certain primary standards require control analyses. This is true with
      respect to the following examples:
PA0  Albumin, human and animal serum albumin
PA0  Bilirubin
PA0  Enzyme preparations, such as amylase, various esterases, glycose oxidase,
      peroxidases, urease, uricase
PA0  Hemoglobin derivatives such as oxihemoglobin, cyanhemoglobin
PA0  Combinations for multiple channel analyzers.
PA0  Apparatus standards and chemical mixtures for control of the apparatus
      function, for instance photometry (Colorimetric standard)
PA0  Standard serum preparations, commercially available with different
      concentrations and enzyme activities.
PAC  C. Reagents in buffer solutions.
PAR  A chemical reaction very much depends on the acidity and also on the ion
      density. The acidity, pH, is given by the relation between acidity and
      basicity, while the absolute amount or concentration is of minor
      importance within certain limits.
PAR  These reagents are often used in the basic solution. The following examples
      give an idea of what is used.
PAR  Citric acid/sodium hydroxide, barbital/barbital sodium, EDTA/sodium
      hydroxide, glycin/sodium hydroxide, primary and secondary orthophosphate
      of sodium or potassium salts, tris buffer base/tris buffer hydrochloride
      and acetic and sodium acetate.
PAC  Examples of procedure for use of reagent unit in chemical analysis.
PAC  EXAMPLE 10
PAR  Evaluation of alternative means for determination of the creatinine content
      in blood serum with Jaffe's picrate reaction. The alternatives differ as
      regards the composition of the basic solution.
PA0  1. Basic solution, 500 .mu.l containing alkaline picrate to which is added
      40 .mu.l blood serum.
PA0  2. This alternative is the commonest for analyses in large series and thus
      especially for automation. Its main disadvantage is the poor durability of
      the reagent, which undergoes continuous disintegration. The need for
      precision determines whether the reagent must be prepared daily or several
      times a day. Preferably the reagent should always be newly prepared.
PA0  3. Basic solution in form of 500 .mu.l 0.15 M NaOH to which, after mixture,
      is added a reagent dose of 2.3 .+-. 0.01 picric acid which, through
      effective mixing, is quickly dissolved and then reacts with the
      creatinine.
PA0  4. Basic solution in form of 500 .mu.l pure water, to which, as reagent
      unit, is added 40 .mu.l blood serum and 3 .+-. 0.015 mg NaOH. Through
      effective mixing the sodium hydroxide is dissolved and mixed with the
      serum sample. Thereafter 2.3 .+-. 0.01 mg picric acid is added to the
      reagent unit.
PAR  In all alternatives photometry is done at 560 nm wavelength and one has the
      choice of so-called kinetic determination, i.e. the use of the first part
      of the reaction time as best expression for the creatinine concentration
      or, by the old conventional method, reading of the formation of reddish
      colour after a specific, somewhat longer time, in which case, however,
      certain non-specific side-reactions with elements which are not creatinine
      are more or less included.
PAR  Evaluation
PAR  Under given conditions alternatives 2 and 3 are best from the analytical
      point of view but require reagent units and effective mixing. The choice
      between 2 and 3 would probably depend on whether basic solution containing
      0.15 M NaOH is used (for other analyses performed simultaneously).
      Practical and economical reasons would appear to favour this procedure.
      Pure water is a common additive.
PAC  EXAMPLE 11
PAR  Determination of the enzyme activity for so-called alkaline phosphatase in
      blood serum.
PAR  Of various methods available for determination of this enzyme activity the
      choice has been to determine the quantity of phenol which is enzymatically
      liberated from phenyl phosphate under standardized conditions and during a
      given time, after which the reaction is interrupted and a red quinone is
      formed by chemical reaction with 4-aminoantiphyrine (AAP) and potassium
      ferricyanide.
PAR  The following alternatives may be considered:
PA0  1. Conventionally the method is that, to 400 .mu.l of a basic solution
      containing a borate/carbonate buffer with magnesium addition for optimal
      enzyme effect and containing 0.44 .+-. 0.002 mg sodium phenyl phosphate as
      substrate, is added a quantity of 6 .mu.l blood serum. After mixing, the
      enzyme is allowed to act during a specific time, after which 0.61 .+-.
      0.006 mg AAP is added, for example in 50 .mu.l water, and 4.8 mg potassium
      ferricyanide, for example in 50 .mu.l water.
PA0  2. To a basic solution of borate/carbonate buffer with magnesium activator
      is added a reagent unit containing 6 .mu.l blood serum and a quantity of
      0.4 .+-. 0.002 mg sodium phenyl phosphate. After incubation a reagent unit
      is added containing 0.61 .+-. 0.006 mg AAP and a reagent unit containing
      4.8 mg potassium ferricyanide, possibly in the same reagent unit.
PAR  In both cases the determination is made by photometry at 505 nm and the
      activity is indicated in units based on the quantity of phenol liberated
      in the reaction.
PAR  Evaluation
PAR  The latter alternative is superior, as the critical reagent consists of
      sodium phenyl phosphate in solution and has poor durability. On the other
      hand the buffer solution is durable and it is advantageous to have the
      enzyme substrate separate and in dry form, in addition to the gain of not
      needing to take into account that in the analysis the pipetting will not
      be completely successful and exact.
PAR  Although the invention has been described with reference to a number of its
      embodiment, it can nevertheless be arbitrarily varied within the scope of
      the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the simultaneous performance of a number of analyses,
      comprising disposing a multiplicity of receptacles for analysis of treated
      samples in a fixed relationship in vertical columns and horizontal planes
      to form a receptacle array in mating interfacial juxtaposition to
      similarly disposed arrays of operative means comprising reagent dispensing
      means, sample dispensing means, treatment means, analytic means, and
      receptacle cleaning means respectively such that individual operative
      means are coordinately positioned for simultaneous engagement with a
      multiplicity of receptacles; said receptacle array is periodically
      progressed laterally in stepwise manner to maintain said juxtaposed
      relationship in a series of spaced positions; executing steps in the
      analytic sequence simultaneously with said operative means, respectively
      upon a multiplicity of selected individual receptacles, in sequence at
      each of the progressive positions whereby individual receptacles are
      simultaneously progressed in a series of steps through a cycle of sample
      treatment and analysis to cleaning.
NUM  2.
PAR  2. The method of claim 1, wherein a wet chemical analysis is employed
      utilizing photometric analytic techniques upon individually calibrated
      cuvettes.
NUM  3.
PAR  3. The method of claim 1, wherein the horizontal planes of receptacles are
      associated with a specific analytic object, and the vertical columns of
      receptacles are associated with a specific subject.
NUM  4.
PAR  4. The method of claim 1, wherein reagent is supplied in the form of
      reagent unit dosages constituted by a precise quantity of reagent in
      association with a carrier therefor comprising magnetic material.
NUM  5.
PAR  5. The method of claim 4, wherein the individual receptacles are agitated
      by the action of a magnetic field upon the reagent unit dosages.
NUM  6.
PAR  6. The method of claim 4, wherein at the completion of the desired
      reaction, the carrier is removed from the receptacle by magnetic means.
NUM  7.
PAR  7. An apparatus for the simultaneous performance of a series of analyses
      upon a multiplicity of samples comprising
PA1  a support providing an array constituted by a multiplicity of cuvette
      receptacles in fixed vertical columns and horizontal planes to form a
      checkerboard configuration;
PA1  at least one dispensing means providing a plurality of dispensing stations
      in a series of fixed vertical planes, said stations being individually
      displaceable, respectively, along the said vertical planes;
PA1  said support and said dispensing means being in upright facial
      juxtaposition; and being relatively displaceable horizontally to
      simultaneously engage respective dispensing means in a series of vertical
      planes with a multiplicity of cuvette receptacles supported in a series of
      juxtaposed vertical columns;
PA1  at least one analysis means providing a plurality of analysis stations
      capable of simultaneous engagement with the said cuvette receptacles at a
      plurality of the said fixed positions thereof,
PA1  whereby upon relative horizontal or vertical displacement of sample
      receptacles dispensers and analysis means, a multiplicity of analytic
      sequences can be performed simultaneously.
NUM  8.
PAR  8. The apparatus of claim 7, further comprising means for controlling
      temperature and degree of agitation within the supported cuvettes, means
      for analysis of individual supported cuvettes, and means for cleaning
      individual supported cuvettes.
NUM  9.
PAR  9. The apparatus of claim 7, further comprising a multiplicity of electric
      coils associated with the individual cuvette receptacles.
NUM  10.
PAR  10. The apparatus of claim 7 wherein the cuvette receptacles are formed in
      and about an arcuately curved surface to form a cylinder.
NUM  11.
PAR  11. The apparatus of claim 10, wherein the cylinder is mounted through an
      axial bearing engaging the periphery of said cylinder for rotational
      movement thereof, and is driven through a gearing mechanism in a stepwise
      manner.
NUM  12.
PAR  12. The apparatus of claim 10, wherein the cylinder is hollow, and at least
      one additional upright juxtaposed feed unit for the cuvette receptacles is
      located within said cylinder.
NUM  13.
PAR  13. The apparatus of claim 12, wherein the dispensing means and feed units,
      respectively, are movable toward and away from engagement with the cuvette
      support.
NUM  14.
PAR  14. The apparatus of claim 12, wherein the dispensing means and the feed
      unit are arcuately curved in a matching manner to the cuvette support such
      that several columns of cuvette receptacles are in juxtaposition with
      individual dispensing and/or feed means simultaneously.
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ABST
PAL  A system for detecting the particular chemical constituent of a fluid which
      comprises a photoelectric conversion device for giving forth an electric
      signal having an amplitude exactly corresponding to the changed color of
      an absorptive carrier containing a reagent which results from a chemical
      reaction between a test fluid and the reagent contained in said carrier; a
      calibration device for eliminating unnecessary components from said
      electric signal; a device for comparing an output signal from the
      calibration device with referential data having preset values to determine
      the sequential position which the measured degree of chemical reaction
      between the reagent and the test fluid occupies among the various values
      of said referential data; a printing device for printing out an output
      from said comparing device representing the content of the desired
      chemical constitutent of the test fluid.
BSUM
PAR  This invention relates to a system for detecting the particular chemical
      constituent of a fluid which consists in measuring the degree of chemical
      reaction between a reagent contained in an absorptive reagent carrier and
      a test fluid by an output electric signal from a photoelectric conversion
      device which exactly corresponds to an optical change in the reagent
      carrier.
PAR  The known chemical reaction-testing piece is formed, as shown in FIG. 1, of
      a plurality of carriers 11a to 11g coated or impregnated with different
      kinds of chemical reagents and spatially bonded on a narrow transparent
      substrate 11. This testing piece is generally used in examining a test
      fluid, for example, urine. The prior art examination of a test fluid using
      said testing piece has been effected by immersing the testing piece in the
      test fluid or dripping the test fluid on the respective reagent carriers
      to impregnate them with the test fluid and continuing a chemical reaction
      between the test fluid and the various reagents for a prescribed length of
      time. Since the reagents, namely, the reagent carriers present different
      colors according to the various degrees of chemical reactions, comparison
      is made between the changed colors of the respective reagent carriers and
      those given in a colorimetric chart to examine what degrees of chemical
      reactions are represented by the changed colors, namely the sequential
      positions of the respective degrees of chamical reaction thereby
      determining the physical properties of the test fluid, such as the pH
      value of the whole fluid and the concentration of a particular constituent
      thereof.
PAR  The customary test using the above-mentioned chemical reaction-testing
      piece has the drawback that since the colors of the respective reagent
      carriers are determined by naked eye with reference to the colorimetric
      chart, the test is accompanied with the possibility of test results being
      affected by the mental differences of individuals engaged in the test.
      Therefore, strong demand has been made for the development of a system
      capable of more accurately determining the degrees of chemical reactions
      between the test fluid and the reagents of carriers, namely, the colors
      appearing thereon as the result of said reactions.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly the object of this invention to provide a system for
      detecting the particular chemical constituent of a fluid which always
      gives accurate test results. This object is attained by a system according
      to this invention wherein a photoelectric conversion device gives forth an
      electric signal representing a degree of chemical reaction between a test
      liquid and a reagent contained in a carrier, namely, the changed color of
      the reagent carrier; and the electric signal is calibrated, if required,
      to eliminate unnecessary components therefrom, thereby attaining the
      accurate determination of the degree of said chemical reaction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 is an oblique view of a prior art chemical reaction testing piece;
PAR  FIG. 2 is an oblique view of the electric signal-detecting section of the
      chemical constituent-detecting system of this invention;
PAR  FIG. 3 is a block circuit diagram of the detecting system of the invention;
PAR  FIG. 4 is a concrete block circuit diagram showing the analog-digital
      conversion circuit of FIG. 3 and a calibration circuit included in the
      arithmetic operation circuit of FIG. 3;
PAR  FIG. 5 is a graph showing the relationship of an input to and an output
      from the A-D conversion circuit of FIG. 4;
PAR  FIG. 6 is a block circuit diagram of the arithmetic operation circuit of
      FIG. 3;
PAR  FIG. 7 is a schematic graphic representation of counted data obtained on
      various measured reagents;
PAR  FIG. 8 is the graphic representation of counted data of FIG. 7;
PAR  FIG. 9 is a graph showing the condition of counted data of FIG. 7 after
      completion of arithmetic operation;
PAR  FIG. 10 is a concrete block circuit diagram of the comparator of FIG. 3;
PAR  FIG. 11 is a plan view of one form of the chemical reaction testing pieces
      used in this invention; and
PAR  FIG. 12 is a plan view of another form of the chemical reaction testing
      pieces used in the invention.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS
PAR  Referring to FIG. 2, a chemical reaction testing piece 11 used in this
      invention comprises of a plurality of absorptive reagent carriers 11a to
      11g containing different reagents and spatially bonded on a transparent
      substrate 10. The testing piece 11 is shifted each time for a distance
      equal to the pitch between the respective reagent carriers 11a to 11g. A
      photoelectric conversion device 12 is always positioned on each reagent
      carrier so as to determine the degree of a chemical reaction between a
      test fluid and the reagent contained in each reagent carrier. Provided
      near the underside of the testing piece 11 is a photoelectric element 13a
      included in a device for distinguishing the type of testing piece used
      (represented by a code detector shown in FIG. 3). The photoelectric
      conversion device 12 projects the light generated by a lamp 12a on the
      surface of, for example, the reagent carrier 11d through a focusing lens
      12b and light guide 12c, and conducts a light reflected from said surface
      to another photoelectric element 12e through another light guide 12d for
      photoelectric conversion. When testing piece 11 passes over the
      photoelectric element 13a prior to the measurement by the photoelectric
      conversion device 12 of the degrees of chemical reactions between a test
      fluid and the reagents contained in the respective reagent carriers 11a to
      11g, the testing piece type-distinguishing device 13 receives a light
      passing through the transparent substrate 10 to detect a code representing
      the arrangement of said reagent carriers 11a to 11g on the substrate 10.
      Now, let it be assumed that when shut off from light passing through the
      transparent substrate 10, the photoelectric conversion device 12 generates
      an output of 0 and, when exposed to light passing through said
      photoelectric conversion device 12, gives forth an output of 1. Further
      where, in the case of FIG. 2, the testing piece 11 is supposed to move in
      the direction of the indicated arrow, then the photoelectric element 13a
      produces a coded output of 0101010 for the reagent carrier 11d, and a
      coded output of 010 for the reagent carrier 11b. A device 13 for
      distinguishing the type of testing piece 11 detects coded signals denoting
      the reagent carriers 11a to 11g arranged on the substrate 10 as shown in
      FIG. 2, namely, the kinds of reagents contained in said carriers 11a to
      11g thus arranged, that is, the type of testing piece 11 formed of these
      carriers.
PAR  On the other hand, a light projected on, for example, the reagent carrier
      11d from the lamp 12a through the light guide 12c is reflected according
      to the kind of color appearing on the reagent carrier 11d which
      corresponds to a degree of chemical reaction between a test fluid and the
      reagent contained in said carrier 11d. The reflected light is converted to
      an analog signal by the photoelectric element 12e and conducted to an
      analog-digital converter 14, where the signal is changed into a digital
      signal having a frequency (or a number of pulses) corresponding to the
      amplitude of said analog signal. A digital output from the A-D converter
      14 is calibrated in an arithmetic operation circuit 15 and produced as a
      signal denoting the measured degree of a chemical reaction between the
      test fluid and the reagent contained in the carrier 11d. Said signal is
      conducted to a comparator 16.
PAR  FIG. 4 concretely shows the A-D converter 14 and the calibration circuit
      included in the arithmetic operation circuit 15. An output analog signal
      from the photoelectric element 12e is amplified by an amplifier 31 and
      conducted to the A-D converter 14 consisting of a voltage-frequency
      conversion oscillator, namely, a voltage controlled oscillator having
      input voltage-frequency characteristics as illustrated in FIG. 5. This A-D
      converter or oscillator 14 makes oscillations at a maximum frequency f0
      when the input voltage is zero volt and has its oscillation frequency
      linearly decreased in inverse proportion to increasing input voltage, and,
      when the input voltage reaches C volts, has its oscillation stopped.
      Actually, however, the oscillator 14 presents a frequency f1 or a minimum
      frequency when input voltage is X1 volts and, when the input voltage
      further decreases, has its oscillation stopped.
PAR  When, therefore, input voltage stands at X volts, the frequency fx of the
      above-mentioned oscillator 14 may be expressed as
      ##EQU1##
PAR  Accordingly, when used in detecting the particular chemical constituent of
      a referential sample of fluid, the oscillator 14 makes oscillations at a
      frequency f1 expressed as follows:
      ##EQU2##
      When the oscillator 14 continues oscillations at a frequency f1 for a time
      t1, then pulses will be generated in the following number P1:
      ##EQU3##
PAR  The above equation (3) represents the case where it is supposed that a
      light projected on the referential sample of fluid does not change in
      luminosity, and drift current does not occur in the photoelectric element
      12e. In practice, however, the detecting system is used for long hours,
      giving rise to the decreased luminosity of a light projected on samples of
      fluid, the occurrence of drift current in the photoelectric element 12e
      and changes in the level of an analog signal as well as in the frequency
      f1 of the oscillator 14.
PAR  Where, therefore, it is assumed that an analog signal supplied to the
      oscillator 14 has its level reduced to 1/n of X1, namely, X2, then the
      oscillator 14 will make oscillations at a frequency f2 expressed as
      follows:
      ##EQU4##
      At this time, the oscillator 14 produces pulses in the following number
      P2':
      ##EQU5##
      Thus the pulse number P2' is different from the first mentioned pulse
      number P1.
PAR  Now let it be assumed that the time of measurement at an oscillation
      frequency f2 is changed to n times t1, namely, to t2, then pulses will be
      given forth in the following number P2:
      ##EQU6##
      Therefore,
      ##EQU7##
      Thus the pulse number P1 may be expressed as follows:
EQU  P1 = f0.sup.. t1(1-n) + f2 .sup.. nt1 = nt1(f2 - f0) + f0 .sup.. t1 (8)
PAR  If, therefore, there is provided a circuit capable of carrying out the
      arithmetic operation of the above equation (8) to determine the value of
      nt1 from said circuit, measurement is made on a given fluid sample, whose
      particular chemical constituent is unknown by continuing reaction between
      said fluid and the reagents for a time nt1, and the number of pulses
      generated during said measurement is counted, then it will be possible to
      produce prescribed numbers of pulses with respect to the respective
      reagents contained in the carriers, regardless of whether a light
      projected on said sample decreases in luminosity or whether drift current
      appears in the photoelectric element 12e with the resultant change in the
      frequency of the oscillator 14, thereby attaining the accuracy of said
      measurment.
PAR  Referring to FIG. 4, an output from the oscillator 14 is supplied to the
      up-counting input terminal of an up-down counter 34 through a NAND gate 32
      and pulse mixer 33 to cause said counter 34 to carry out up-counting.
      Further, a referential signal generator 35 is provided to deliver
      referential pulses of a prescribed frequency to the down-counting input
      terminal of the up-down counter 34 through a NAND gate 36 and pulse mixer
      33 to cause said counter to carry out down-counting. The referential
      pulses are also conducted to the elements of the timer counter 37
      successively through a NAND gate 36 to be counted thereby. A program
      circuit 39 operated upon receipt of a measurement-instructing signal from
      an input terminal 38 supplies a gating signal to the NAND gates 32, 36.
      While these gates 32, 36 are kept open by said gating signal, the up-down
      counter 34 and timer counter 37 continue counting. The pulse mixer 33 is
      intended to suppress the erroneous operation of the up-down counters 34
      resulting from the abnormal simultaneous supply of output signals from the
      NAND gates 32, 36 to said counter 34 by offsetting said output signals.
      When counts made by the up-down counter 34 amount to a preset level, said
      counter 34 delivers a counted output to the program circuit 39 through
      NAND gates 40, 41 to prevent the NAND gates 32, 36 of the program circuit
      39 from being supplied with any gating signal, thereby stopping the
      operation of the up-down counter 34 and timer counter 37. The NAND gate 40
      is opened by being supplied with a calibration-instructing signal through
      an input terminal 42 only when measurement is made on a referential sample
      of fluid. Conversely where measurement is made on a test fluid whose
      particular chemical constituent is unknown, said NAND gate 40 remains
      closed to obstruct the passage of outputs from the up-down counter 34 and
      timer counter 37. The NAND gate 41 receives an output signal from a
      flip-flop circuit 43, and, when supplied with a reset output signal
      therefrom, allows the passage of a counted output signal from the NAND
      gate 40. When the flip-flop circuit 43 is set while not supplied with said
      counted output signal, then said circuit 43 delivers a set signal to the
      program circuit 39 in place of said counted output signal. When the NAND
      gate 36 is temporarily closed and the referential signal generator 35
      ceases the supply referential pulses, then the timer counter 37 causes a
      register 44 to be stored with a complementary count to the capacity count
      of the timer counter 37. When measurement is made on a test fluid whose
      particular chemical constituent is unknown, the timer counter 37 is
      supplied with the complementary count stored in the register 44. The
      up-down counter 34 delivers its counted output in the digital form to the
      outside through an inverter 15.
PAR  Now let it be assumed that the referential signal generator 35 gives forth
      referential pulses at a frequency f0; the full count made by the up-down
      counter 34 amounts to f0t1; the up-down counter 34 delivers pulses having
      a number P1; and counting by the up-down counter 34 is previously brought
      to a state capable of making counts up to its capacity.
PAR  Where measurement is made on a referential sample of fluid under the
      above-mentioned conditions with the program circuit 39 supplied with a
      measurement-instructing signal through the input terminal 38, then the
      up-down counter commences up-down counting by being supplied with
      referential pulses from the referential signal generator 35 and, when
      supplied with an oscillation output from the voltage-frequency conversion
      oscillator 14, carries out up-counting. When the oscillation output is
      assumed to have a frequency f2, then the up-down counter 34 carries out
      down-counting of f2-f0 per unit time. Since f2&lt;f0, counts stored in the
      up-down counter 34 gradually decrease from its capacity counts fot1. When
      the pulses counted by the up-down counter 34 reach the number P1, then a
      counted output signal from said counter 34 is conducted through the NAND
      gates 40, 41 to the program circuit 39 which in turn closes the NAND gates
      32, 36. Now let it be assumed that the timer counter 37 continues counting
      for a time nt1. Then said time ntl is stored in the register 44. Namely,
      when the NAND gate 36 is closed, the register 44 is stored with a
      complementary number of pulses to those already counted by the timer
      counter 37 relative to the capacity of said timer counter 37. When the
      timer counter 37 again commences counting, it is stored with said
      complementary number of pulses from the register 44. Where, therefore, the
      timer counter 37 counts the same number of pulses as those previously
      counted, namely, where the timer counter 37 continues counting for a time
      nt1, that element of said timer counter 37 which is adjacent to the
      flip-flop circuit 43 supplies an overflow signal to said circuit 43 for
      setting. Then the NAND gate 41 supplies an output to the program circuit
      39 to close the gates 32, 36 as previously described. As the result, the
      gates 32, 36 are left open for the aforesaid counting time nt1, thereby
      limiting the time for which the up-down counter 34 continues to count the
      number of pulses corresponding to analog signals derived from a fluid
      sample whose particular chemical constituent is unknown to the same length
      of time as the aforesaid counting time nt1. Since this counting time nt1
      is stored in the register 44, the subsequent counting of pulses obtained
      from the unknown sample of fluid is also limited to said time nt1.
PAR  Even though a light-projected from the lamp 12a of FIG. 2 on, for example,
      the reagent carrier 11d may decrease in luminosity or drift current may
      appear in the photoelectric element 12e with the resultant change in the
      frequency of an oscillation output signal from the voltage-frequency
      conversion oscillator 14, yet the detecting system of this invention
      previously defines the time nt1 of counting continuously made by the timer
      counters 37 until the pulses counted thereby with respect to a referential
      sample of fluid reach the number P1, and determines the number of pulses
      used for measurement on the unknown sample of fluid and later counted by
      the up-down counter 34 for the above-mentioned time nt1. Namely, the
      detection system of this invention carries out determination by making
      compensation for the changed conditions such as the decreased luminosity
      of a light projected on a sample of fluid by means of automatic
      calibration, thereby attaining the accurate detection of the particular
      chemical constituent of a fluid. Further according to this invention, the
      arrangement of the calibration circuit is simplified, because said
      arrangement is based on a length of time for which the timer counter 37
      continues to count pulses used in carrying out measurement on a
      referential sample of fluid. As mentioned above, therefore, even though a
      light projected from the lamp 12a on the respective reagent carriers may
      decline in luminosity or drift current may arise in the photoelectric
      element 12e, compensation can be effected by a simple circuit arrangement
      quickly with high precision for these changed conditions of measurement.
PAR  Measured digital data which has been calibrated is subjected to arithmetic
      operation in the arithmetic operation circuit of FIG. 6. An output
      measured digital signal from the inverter of FIG. 5 thus calibrated is
      delivered to one input terminal of the NAND gate 50 of FIG. 6. Where no
      calibration is required, said output signal may be supplied directly from
      the A-D converter 14 to said NAND gate 50. Further, there is provided a
      clock pulse oscillator 51, whose output clock pulse is directly delivered
      to a 4-bit frequency conversion counter 52, which in turn generates a
      referential pulse f0 having a frequency equal to one-sixteenth of that of
      the clock pulse. This referential pulse f0 is supplied to one input
      terminal of a NAND gate 53. The other input terminals of the NAND gates
      50, 53 are supplied with a gate control signal from a program circuit 54
      to be opened for a prescribed length of time, during which an up-down
      counter 55 continues counting. Said up-down counter 55 consists of three
      4-bit up-down counter elements 551, 552, 553 connected in series, namely,
      a 12-bit counter arrangement as a whole. An output fx from the NAND gate
      50 is supplied to the up-counting input terminal of said counter
      arrangement 55 through a pulse mixer 56. An output f0 from the NAND gate
      53 is conducted to the down-counting input terminal of said counter
      arrangements 55 through said pulse mixer 56.
PAR  Further, there are provided first and second 12-bit arithmetic operation
      counters 57, 58 consisting of two groups of three series connected 4-bit
      counter elements at 571-572-573 and 581-582-583; and a third 8-bit
      arithmetic operation counter 61 consisting of two 4-bit counter elements
      59, 60. A referential pulse f0 from the referential pulse generator 52 is
      supplied to the first and second arithmetic operation counters 57, 58 by
      passing through the series connected counter elements thereof. On the
      other hand, a clock pulse from the clock pulse generator 51 is delivered
      to the third arithmetic operation counter 61 through a fourth NAND gate 63
      by passing through the series connected elements of said counter 61.
PAR  Parallel output signals from the up-down counter 55 are delivered in
      parallel to the respective elements of the first arithmetic operation
      counter 57 through the corresponding inverters 641, 642 . . . 648 so as to
      supply said first arithmetic operation counter 57 with a complementary
      number of pulses to those Px already counted. The second and third
      arithmetic operation counters 58, 61 are supplied from a memory device 65
      with complementary numbers of pulses to the first and second counted
      operation data pulses PN.S corresponding to the kinds of the aforesaid
      counted pulses Px, namely, the kinds of various reagents measured by the
      photoelectric element 12e.
PAR  Those complementary numbers of pulses to the first and second counted
      operation data pulses PN.S which are delivered from memory device 65 in
      the forms corresponding to the kinds of measured reagents are read out
      from the addresses designated by an address-designating circuit 66
      according to the kinds of measured reagents. The second and third
      arithmetic operation circuits 58, 61 are stored with said readout signals,
      before the third and fourth gates 62, 63 are opened to allow said
      arithmetic operation circuits 58, 61 to commence counting.
PAR  The program circuit 54 gives forth a different gate control signal from
      that which is used to control the first and second gates 50, 53. Said
      different gate control signal is supplied to the third gate 62 to open it
      in synchronization with the closing of said first and second gates 50, 53.
      At this time, the first arithmetic operation counter 57 is stored with a
      complementary number of pulses to those counted by the up-down counter 55,
      namely, the counted data pulses Px.
PAR  Outputs from the series connected elements 571, 572, 573 of the first
      arithmetic operation counter 57 are successively delivered to the program
      circuit 54 to convert the aforesaid gate signals into gate-closing
      signals, which in turn are supplied to the fourth gate 63 through a
      flip-flop circuit 67 to close said fourth gate 63 through the resetting of
      said flip-flop circuit 67.
PAR  Outputs from the series connected elements 581, 582, 583 of the second
      arithmetic operation counter 58 are successively transmitted to the fourth
      gate 63 through the flip-flop circuit 67 to open said fourth gate 63
      through the setting of said flip-flop circuit 67.
PAR  An output signal from the series connected elements 59, 60 of the third
      arithmetic operation counter 61 which consists of a series of pulses is
      produced in the form of an arithmetic operation signal OP through a
      monostable multivibrator 68 and thereafter fed back to the third
      arithmetic operation counter 61 in the form of a presetting signal. Each
      time said arithmetic operation signal OP is generated, complementary
      numbers of pulses to the second operation data S corresponding to the
      respective measured reagents are read out as often as required from the
      memory device 65 as signals for presetting the distinguishing counter 74.
PAR  The program circuit 54 commences operation when supplied with a
      measurement-instructing signal IP introduced in synchronization with
      measurement by the photoelectric element 12e. When, under such condition,
      the photoelectric element 12e commences measurement, and the program
      circuit 54 receives a measurement-instructing signal IP, then the first
      and second gates 50, 53 are opened to deliver calibrated pulses fx
      denoting the measured degrees of chemical reactions between a test fluid
      and the respective reagents from the terminal 45 to the up-counting input
      terminal of the up-down counter 55. At this time, referential pulses f0
      from the referential pulse generator 52 are supplied to the down-counting
      input terminal of said up-down counter 55. Thus the up-down counter 55
      simultaneously carries out the up-counting of said data pulses fx and the
      down counting of referential pulses, causing the number of pulses
      introduced into said counter 55 to be repeatedly increased and decreased.
      If, in this case, both pulses fx, f0 are going to be simultaneously
      introduced, then the pulse mixer 56 will offset them, preventing the
      up-down counter 55 from being supplied with any more pulses.
PAR  Upon lapse of a preset time, the first and second gates 50, 53 are closed,
      bringing the counting of the up-down counter 55 to an end. At this time,
      determination is made of a difference between the number of pulses fx
      counted for a preset time by the up-down counter 55 and that of
      referential pulses f0 counted during the same period, thereby providing
      data pulses Px whose number is made to fall within a prescribed range
      regardless of the changed luminosity of measured reagent carriers by
      presetting a combination of various factors such as the frequency of
      referential pulses f0, the voltage-frequency conversion rate of the
      voltage control oscillator 14, the capacity of the up-down counter 55 and
      the time of counting. As soon as determination is made of the pulses Px
      counted by the up-down counter 55, the first arithmetic operation counter
      57 is supplied with a complementary number of pulses to said counted data
      pulses Px. At this time, the second and third arithmetic operation
      counters 58, 61 receive those complementary number of pulses to the first
      and second operation data pulses PN.S corresponding to the kinds of
      measured reagents which are read out from the addresses designated by the
      address-designating circuit 66 according to said measured reagents.
PAR  Under this condition, the third gate 62 is opened, and the first and second
      airthmetic operation counters 57, 58 are supplied with referential pulses
      f0 to commence the counting of said referential pulses f0. Since, at this
      time, the flip-flop circuit 67 is reset, and the fourth gate 63 is closed,
      the third arithmetic operation counter 61 is not actuated.
PAR  When the pulses counted by the second arithmetic counter 58 have the same
      number as the first data pulses PN, then said counter 58 gives forth an
      output to set the flip-flop circuit 67 and open the fourth gate 63. As the
      result, the third arithmetic operation counter 61 is supplied with clock
      pulses to commence counting, and generates an output operation signal OP,
      each time said counter 61 counts the second arithmetic operation signal S.
PAR  The first arithmetic operation counter 57 which has counted a Px number of
      pulses produces an output to close the third gate 62 through the program
      circuit 54 and resets the flip-flop circuit 67 to close the fourth gate
      63, thus bringing the action of all the arithmetic operation counters 57,
      58, 61 to an end.
PAR  The first arithmetic operation counter 57 again commences counting to
      change the counted data pulses Px with reference to referential pulses,
      and the second arithmetic operation counter 58 counts the first operation
      data pulses PN corresponding to the kinds of measured reagents. As the
      result, the third arithmetic operation counter 61 is supplied with a
      difference between the numbers of pulses counted by the first and second
      arithmetic operation counters 57, 58, namely, a difference between the
      number of counted data pulses Px and the first operation data pulses PN,
      thereby carrying out a subtraction of Px-PN.
PAR  The third arithmetic operation counter 61 gives forth an arithmetic
      operation signal OP, each time said counter 61 counts the second operation
      data pulses S. Said arithmetic operation signal OP denotes the number of
      times the counting of the second operation data pulses S is repeated
      relative to a difference between the number of the counted data pulses Px
      and that of the first operation data pulses PN, namely, a quotient arrived
      at by dividing said difference by the number of the second operation data
      pulses S, that is, carrying out a division of (Px-PN)/S.
PAR  In this case, the third arithmetic operation counter 61 supplied with clock
      pulses, actually counts pulses 16 times as many as pulses representing the
      aforesaid difference between the number of counted data pulses Px and that
      of the first operation data pulses PN. To meet this situation, arithmetic
      operation is effected by multiplying the number of the second operation
      data pulses S similarly sixteen times in order to elevate the precision of
      arithmetic operation undertaken by the third arithmetic operation counter
      61.
PAR  As mentioned above, the up-down counter 55 carries out up- and
      down-counting at the same time to determine the number of data pulses Px;
      a complementary number of pulses to said data pulses Px are supplied to
      the first arithmetic operation counter 57 to be counted again with
      reference to referential pulses f0; simultaneously with said second time
      counting, the second and third arithmetic operation counters 58, 61
      respectively carry out subtraction between the number of counted data
      pulses Px and that of the first operation data pulses PN and division of
      said difference by the second operation data pulses S, namely, an
      arithmetic operation of (Px-PN)/S, thereby attaining an arithmetic
      operation using the counted data pulses Px by a very simple arrangement.
PAR  Now let it be assumed that as shown in FIG. 7, the counted pulses Pxa to
      Pxg representing the various measured reagents a to g have numbers falling
      within the ranges denoted by the broad portions of the respective lines
      extending from the level of 1 to that of 0. Further, let it be assumed
      that the minimum numbers of these counted data pulses Pxa to Pxg are
      represented by PNa to PNg, a coefficient by which the lengths of the
      above-mentioned broad portions or the ranges of the varying numbers of the
      pulses Pxa to Pxg can be equalized is designated as 1/S (where S is taken
      to have any optional value) and the aforesaid arithmetic operation is made
      of said counted data pulses Pxa to Pxg under such conditions. Then, the
      subtraction of Px-PN aligns the lower limits of the numbers of said
      counted data pulses Pxa to Pxg to a zero level as shown in FIG. 8, and the
      division of (Px-PN)S brings the upper limits of the numbers of the pulses
      Pxa to Pxg to the same level as shown in FIG. 9. Namely, the numbers of
      the pulses Pxa to Pxg vary within the range between the zero level and the
      same upper level according to the kinds of the measured reagents a to g.
      The above-mentioned process attains the very easy treatment of data pulses
      and elevates the precision of measurement thereof.
PAR  The data pulses which have been subjected to the above-mentioned arithmetic
      operation are supplied to one input terminal of the comparator 16. An
      output signal from the code detector 13 which denotes the type of a
      chemical reaction testing piece is supplied to the A-D conversion gate
      circuit 17 to be converted into a testing piece type-distinguishing
      digital signal which is transmitted as a readout-instructing signal to the
      memory device 18 which is previously stored with digital data signals
      obtained from a referential testing piece so as to define the sequential
      positions occupied by the degrees of chemical reactions between a test
      fluid and the reagents contained in the carriers constituting an actually
      measured testing piece 11. The testing piece type-distinguishing data
      cause the referential digital data pulses which correspond to the reagents
      of the carriers constituting an actually measured testing piece 11 to be
      successively read out from the memory device 18 according to the order in
      which the reagent carriers of said testing piece are measured, thereby
      determining the kinds of the reagents used.
PAR  Data on the degrees of referential chemical reactions successively read out
      from the memory device according to the above-mentioned testing
      piece-distinguishing data are delivered to the comparator 16 to be
      compared with data obtained on the degrees of reaction between a test
      fluid and the reagents of the carriers constituting an actually measured
      testing piece 11, thereby determining the sequential positions of the
      degrees of said chemical reactions. Data denoting said sequential
      positions are conducted to a printer 19 (FIG. 3) used as a final output
      device. This printer 19 is also supplied with testing piece
      type-distinguishing data delivered from the code detector 13 and prints
      out the results of measurement on a test report form 20 by selective
      operation of the printing mechanism by a combination of both types of
      data. If, in this case, a particular reagent carrier included in a given
      testing piece is intended for determination of the pH of, for example,
      urine, then selection is made from among the digit types (for example, 5,
      6, 7, 8, 9) included in those of the printer 19 according to the testing
      piece type-distinguishing data and the digit type 5 is selected by data
      showing the degree of chemical reaction occurring in said particular
      reagent carrier to print out "pH5" on a test reporting form 20.
PAR  The memory device 18 is successively stored with a plurality of groups of
      different numbers of pulses corresponding to the preset ranks, namely, a
      difference between the largest and the smallest numbers of pulses
      constituting each rank, starting with the lowest order rank. A readout
      address-designating circuit 70 causes a counter 71 for designating the
      readout address of the memory device 18 to be supplied with a signal
      denoting the address bearing the data (or a difference between the largest
      and the smallest numbers of pulses) of the lowest order rank. A
      complementary number of pulses to the rank data stored in said address is
      read out from the memory device 18 and supplied to the testing piece
      type-distinguishing counter 74 consisting of two series connected 4-bit
      counter elements 72, 73. Said distinguishing counter 74 counts the number
      of introduced pulses constituting the arithmetic operation output OP used
      as measurement data. An output signal from the distinguishing counter 74
      consisting of a series of bits is conducted through the monostable
      multivibrator 75 to the rank recording counter 76 and the readout address
      designating counter 71 so as to be counted thereby. Thereafter, the
      distinguishing counter 74 is supplied with the rank data stored in the
      immediately succeeding address designated by the readout
      address-designating circuit 70.
PAR  When, under the above-mentioned arrangement, the readout address
      designating circuit 70 is operated, then the readout address-designating
      counter 71 is supplied with a signal denoting the address bearing the data
      of the lowest order rank, and the distinguishing counter 74 receives that
      complementary number of counts to the rank data which is stored in said
      address and read out from the memory device 18.
PAR  Where, under the above-mentioned condition, the distinguishing counter 74
      is supplied with an arithmetic operation output OP, the pulses
      constituting said output OP begin to be counted, and the distinguishing
      counter 74 counts an equal number of pulses to those representing the data
      of the lowest order rank, then the distinguishing counter 74 produces a
      rank signal, which in turn is delivered to the readout address-designating
      counter 71 to increase the number of pulses previously counted thereby by
      one, causing the distinguishing counter 74 to be supplied with the
      immediately following rank data. Since, at this time, the address
      designated by the readout address-designating counter 71 is shifted up by
      one address, the memory device 18 delivers data denoting a rank occupying
      an immediately higher position and supplies said data to the
      distinguishing counter 74.
PAR  Where the distinguishing counter 74 continues to count the number of pulses
      constituting the measurement data OP until an equal number of pulses to
      those denoting the lowest order rank are counted, then said distinguishing
      counter 74 generates the succeeding rank signal. This operation is
      repeated thereafter.
PAR  Each time the distinguishing counter 74 previously supplied with a
      complementary number of pulses to the rank data pulses counts an equal
      number of pulses to said rank data pulses, then said counter 74 produces
      the following rank signal to shift upward the address designated by the
      address-designating counter 71 by one address and is successively supplied
      with a complementary number of pulses to those constituting each rank of
      higher order.
PAR  Accordingly, each time the upper limit of the number of pulses constituting
      each rank is exceeded by the number of pulses of measurement data OP
      counted by the distinguishing counter 74, the succeeding rank signal is
      given forth by said counter 74. Therefore, the rank represented by the
      pulses of the measurement data OP can be determined from the pulses
      supplied to the rank recording counter 76. For example, where no pulse is
      supplied to the recording counter 76, then it means that the number of
      pulses denoting the measurement data OP is smaller than that of the lowest
      order rank, namely, that the pulses of the measurement data OP represent
      the lowest order rank. Where only one pulse is counted by the rank
      recording counter 71, then it shows that the count of the measurement data
      OP represents a rank immediately higher than the lowest order rank.
PAR  As mentioned above, the detecting system of this invention has a very
      simple arrangement comprising a memory device 18; a readout
      address-designating circuit 70 for designating the readout address of the
      memory device 18; a readout address-designating counter 71 for shifting
      the position of a readout address upward successively by one address, each
      time a rank signal is supplied to said counter 71; a distinguishing
      counter 74 for counting the pulses of the measurement data when supplied
      from the memory device 18 with a complementary number of pulses to that of
      rank data; a monostable multivibrator 75 for converting an output rank
      signal from the distinguishing counter 74 into pulses; and a rank
      recording counter 76 for counting pulses constituting said rank signal,
      thereby carrying out an easy operation consisting of the steps of
      successively supplying the memory device 18 with rank data represented by
      a difference between the largest and smallest numbers of pulses
      constituting each rank, starting with the lowest order rank; designating
      the address bearing the data of the lowest rank by a readout
      address-designating circuit 70; counting the pulses constituting the
      measurement data by the distinguishing counter 74; finding the number of
      pulses counted by the rank recording counter; and determining the rank
      denoted by the measurement data OP according to the number of pulses
      constituting said data OP.
PAR  Further, when the memory device 18 is stored with rank data associated with
      various kinds of measured reagents and the readout address designated by
      the readout address-designating circuit 70 is changed according to the
      kinds of said measured reagents, then it will be possible to determine the
      ranks represented by the various kinds of measured reagents.
PAR  According to the embodiment of FIG. 3, the code detector 13 detected the
      kinds of reagents mounted on the chemical reaction testing piece 11 and
      the sequential positions of the reagent carriers arranged on said testing
      piece 11. Referential data were read out from the memory device 18 and the
      types of the printer 19 were selected according to data on the kinds of
      reagents and the sequential positions of reagent carriers. However, a
      chemical reaction-testing piece used in such test is not limited to the
      form used in this embodiment. As shown in FIG. 11, however, there are many
      other forms of testing pieces such as the testing pieces 111, 112, 113,
      114, of which the testing piece 111 bears numerous reagent carriers 11a to
      11g mounted on the transparent substrate 101, and of which the testing
      piece 114 has a single carrier 11b disposed on the transparent substrate
      104. Further, there are used, though not shown, still other forms of
      testing pieces, such as those which have the same number of reagent
      carriers containing different kinds of reagents and arranged in different
      patterns or fitted at different points. Therefore, the forms of chemical
      reaction-testing pieces have to be distinguished before determination is
      made of the degrees of chemical reactions between a test fluid and the
      reagents contained in the carriers, giving rise to the problem of
      rendering an automatic detection system complicated.
PAR  The testing piece of FIG. 12 has the form developed to eliminate the
      above-mentioned difficulties. Namely, according to this form, one or more
      reagent carriers are arranged on a substrate in the order and at the
      points specified for the reagents used, enabling the degrees of chemical
      reactions between a test fluid and the reagents contained in the carriers
      thus arranged to be successively determined in the specified order. In
      FIG. 12. the carriers 11a to 11g bearing different reagents are arranged
      on narrow transparent substrates 101 to 104 in the order and at the points
      specified for said different reagents. In this case, the reagent carriers
      11a to 11g are not always disposed on all the substrates 101 to 104.
      Namely, the testing piece 112 is provided with the reagent carriers 11a to
      11e and 11g, the testing piece 113 with the reagent carriers 11b, 11c, 11e
      and 11g, and the testing piece 114 with the reagent carrier 11b alone,
      said carriers being provided on the substrate in the order and at the
      points specified for the reagents contained therein. Therefore, the
      chemical reaction-testing pieces 111 to 114 of FIG. 12 can be regarded to
      have the same form, admitting of automatic detection, without the
      necessity of previously distinguishing the form of the testing pieces. The
      reason is that where any of such testing pieces as shown in FIG. 12 is set
      in a prescribed position in an automatic detecting device, then the
      reagent carriers are located at the points specified for the reagents
      contained therein, and that where any of said testing pieces is not
      provided with a carrier corresponding to any specified point, then it will
      be sufficient to confirm the absence of a carrier at said point. The fact
      that the testing pieces of FIG. 12 can be regarded to have the same form
      enables determination to be carried out in a uniform length of time,
      thereby elevating the precision of said determination.
PAR  As mentioned above, the automatic detection system of this invention draws
      upon the facts that the rate at which light reflects from a given reagent
      carrier varies with the degree of a chemical reaction occurring between a
      test fluid and the reagent contained in said carrier and that the number
      of pulses constituting measurement data obtained from a photoelectric
      element linearly varies with the degree of said chemical reaction, and is
      further characterized in that the sequential position of the degree of a
      given chemical reaction is determined electrically or automatically by
      comparing data on the measured degree of a chemical reaction with data on
      the prescribed referential chemical reaction. Accordingly, the automatic
      detection system of this invention carries out measurement on a chemical
      reaction-testing piece without giving rise to errors resulting from the
      mental differences of individuals engaged in measurement, as is the case
      with the prior art process based on the naked eye collation of measured
      degrees of chemical reactions occurring in the respective reagent carriers
      provided on a testing piece with a colorimetric chart.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for detecting the particular chemical constituent of a fluid
      which comprises a chemical reaction-testing piece including a plurality of
      absorption reagent carriers arranged on a narrow transparent substrate at
      a prescribed interval, such that the kinds of the respective reagents and
      the positions of their carriers on the substrate can be indicated by coded
      signals representing said arrangement and the positions of the exposed
      transparent portions of the substrate intervening between said reagent
      carriers; a memory device for storing data corresponding to reference
      chemical reactions used to determine the sequential positions of the
      degrees of cheimcal reactions between a test fluid and the reagents
      contained in the plural absorptive carriers mounted on the chemical
      reaction-testing piece; a first photoelectric conversion element for
      successively scanning the exposed transparent portions of the substrate of
      the chemical reaction-testing piece and the reagent carriers spatially
      arranged on the substrate to provide a coded signal distinguishing the
      type of said testing piece; a code detector coupled to said first
      photoelectric conversion element for obtaining from an output signal from
      said first photoelectric conversion element the data which distinguishes
      the type of the testing piece and the positions of the reagent carriers
      disposed on the substrate of said testing piece; a second photoelectric
      conversion element for providing electric signals denoting those optical
      changes occurring in the respective reagent carriers mounted on the
      substrate of the testing piece which correspond to the degrees of the
      chemical reactions between a test fluid and the reagents contained in said
      carriers; an analog-digital converter for converting said electric signals
      into digital signals denoting the measured degrees of chemical reactions;
      an arithmetic operation device for providing data on the measured degrees
      of chemical reactions from digital output signals from said analog-digital
      converter; a gate circuit for reading out from the memory device the data
      on the reference chemical reactions which correspond to the measured
      reagents by using said testing piece type-distinguishing data; a
      comparator for comparing the readout data on the reference chemical
      reactions with the data on the measured degrees of chemical reactions in
      the tested reagent carriers to determine the sequential positions of said
      measured degrees of chemical reactions; and a printing device for printing
      out the results of said determination on a recording sheet of paper
      according to the data on the sequential positions of the measured degrees
      of chemical reactions and the testing piece type-distinguishing data.
NUM  2.
PAR  2. A detection system according to claim 1, wherein said analog-digital
      converter comprises a voltage controlled oscillator for generating a
      signal whose frequency denoting measured data varies with the level of
      said electric signal; and means for supplying the voltage controlled
      oscillator with an analog signal derived from a reflector of prescribed
      reflectivity so as to provide a signal having a reference frequency; and
      said arithmetic operation device comprises means for counting output
      pulses from said voltage controlled oscillator; means for storing a signal
      corresponding to a length of time required to count a prescribed number of
      pulses constituting said signal of reference frequency; means coupled to
      said counting means and storing means for causing said counting means to
      count the pulses of said signal of reference frequency for the stored
      length of time; and a calibration device for calibrating the number of
      pulses constituting the signal whose frequency denotes measured data by
      the number of pulses constituting the signal of reference frequency.
NUM  3.
PAR  3. A detection system according to claim 1, wherein the arithmetic
      operation device comprises a clock pulse generator; an up-down counter
      whose up-counting terminal is supplied with an output signal from the
      analog-digital converter and whose down-counting terminal is supplied with
      an output signal from said pulse generator; an arithmetic operation
      counter; means for supplying the arithmetic operation counter with those
      complementary numbers of pulses to the pulses already counted which are
      still stored in the up-down counter; and means for causing the arithmetic
      operation counter to count said clock pulses and at the same time carry
      out arithmetic operations.
NUM  4.
PAR  4. A detection system according to claim 1, wherein the comparator
      comprises a distinguishing counter supplied with those complementary
      numbers of pulses to data on reference chemical reactions which were
      previously stored in the memory device; means for causing the
      distinguishing counter thus supplied to count pulses constituting data on
      the measured degrees of chemical reactions; means for coupling out a rank
      signal from the distinguishing counter, each time the number of pulses
      constituting data on the measured degree of a chemical reaction which is
      counted by the distinguishing counter coincides with that of pulses
      constituting rank data; a rank recording counter for counting the pulses
      of said rank signal; means for supplying the distinguishing counter with
      pulses representing a rank of immediately higher order than the rank whose
      sequential position was previously determined; and means for
      distinguishing the ranks of data on the measured degrees of chemical
      reactions from the number of pulses supplied to the rank recording
      counter.
NUM  5.
PAR  5. A detection system according to claim 1, wherein the chemical
      reaction-testing piece comprises of one or more absorptive reagent
      carriers arranged on a narrow transparent substrate at a prescribed
      interval in the order and at the points specified for the kinds of the
      reagents contained in said absorptive reagent carriers.
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ABST
PAL  A chemical reaction test piece having arranged at prescribed intervals on
      its elongate substrate a plurality of carriers having impregnated therein
      reagents and test fluids is mounted on a table, and the reflection light
      of a light irradiated onto the carrier from a lamp is converted into a
      measurement electrical signal by a photoelectric converter. A reference
      reflection carrier is further provided on said substrate or table, and a
      light reflected from said reference reflection carrier is converted into a
      reference electrical signal by the photoelectric converter, and said
      measurement electrical signal is calibrated relative to a change with time
      in a signal detection system including said lamp and photoelectric
      converter using said reference electrical signal. The calibrated
      measurement electrical signal is subjected to data processing to be
      converted into a test data, and this test data is compared with a reaction
      comparison data previously stored in a memory, and the comparison result
      is printed on a recording paper by a printer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a system for detecting the particular chemical
      component of a test fluid, for obtaining an electrical signal for
      detecting the particular chemical component of the test fluid in
      accordance with a change in the color of a carrier, i.e., reagent effected
      due to the chemical reaction of a reagent impregnated or contained in the
      carrier on a chemical reaction test piece with a test fluid added to said
      carrier.
PAR  Conventionally, as shown in FIG. 1, a chemical reaction test piece 11 is
      known which has arranged on at prescribed intervals and adhered onto its
      elongate transparent substrate 10 a plurality of carriers 11a, 11b, 11c
      and 11d having coated thereon or impregnated therein different types of
      chemical reaction reagents. Said test piece is generally used for test of
      a test fluid, e.g., the urine. The usual method for testing a test fluid
      using said test piece comprises immersing the test piece in the test fluid
      or dropping the test fluid onto a reagent carrier to impregnate said test
      fluid in said test piece, subjecting the test fluid and reagent to a
      chemical reaction for a prescribed length of time, comparing the color of
      the reagent, i.e., reagent carrier changing in accordance with the degree
      of said chemical reaction with the colors of a color comparison table
      thereby to investigate what reaction degree said color indicates, in other
      words, the sequential position of said reaction degree, thus to determine
      the nature, for example, concentration, pH and the like of the test fluid.
PAR  Accordingly, since the usual test using the foregoing chemical reaction
      test piece is carried out by artificially comparing the color of a reagent
      carrier with that of a color comparison table, such test is troublesome,
      inefficient and inaccurate, and also insanitary because, for example, in
      the urine test, the urine is directly manually handled.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is intended to provide a system for detecting the particular
      chemical component of a test fluid which is adapted to enable an efficient
      and accurate test to be performed sanitarily, and this object can be
      attained by constructing a system for detecting the particular chemical
      component of a test fluid wherein a chemical reaction test piece having
      those carriers containing reagents to which a test fluid is added is
      mounted on a table; and a detector including a light source and a
      photoelectric converter is moved relative to the chemical reaction test
      piece thereby obtaining an electrical signal indicating the degree of the
      reaction of the reagent with the test fluid from the photoelectric
      converter, thus carrying out the test of the test fluid.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating a chemical reaction test piece
      used for the test of the particular chemical component of a test fluid;
PAR  FIG. 2 is a perspective view illustrating aa photoelectric detector in a
      testing system according to the invention;
PAR  FIG. 3 is a block circuit diagram illustrating a testing system according
      to an embodiment of the invention;
PAR  FIG. 4 graphically shows the manner in which the chemical reaction test
      piece in the photoelectric converter shown in FIG. 2 is intermittently
      moved during testing;
PAR  FIG. 5 is a perspective view illustrating an example of the method of
      detecting a position signal for controlling the intermittent movement of
      the chemical reaction test piece;
PAR  FIG. 6 is a plan view illustrating a device for intermittently moving the
      chemical reaction test piece;
PAR  FIG. 7 is a longitudinal sectional view of the device shown in FIG. 6;
PAR  FIG. 8 is a block circuit diagram illustrating a position signal detector
      for detecting the position signals of carriers on the chemical reaction
      test piece;
PAR  FIG. 9 shows examples of the chemical reaction test piece used in the
      testing system of the invention;
PAR  FIG. 10 shows the relationship between the number of reagents in the test
      piece and codes indicating said reagents;
PAR  FIG. 11 is a block circuit diagram illustrating a circuit for judging the
      type of the reagents using the codes of FIG. 10;
PAR  FIG. 12 is a block diagram illustrating a circuit for judging the type of
      reagent carriers;
PAR  FIG. 13 shows signal waveforms showing the operation of the circuit shown
      in FIG. 11;
PAR  FIG. 14 is a perspective view illustrating an example of a test table for
      use in the testing system of the invention;
PAR  FIG. 15 is a block circuit diagram illustrating a control circuit for
      controlling the operation of the testing mechanism of FIG. 14;
PAR  FIG. 16 shows waveforms of signals of FIG. 15;
PAR  FIG. 17 is a block circuit diagram illustrating an alarm device used in
      association with the light source of the photoelectric detector for use in
      the testing system of the invention;
PAR  FIG. 18 is a perspective view illustrating a device adapted to calibrate
      the operation of the photoelectric detector using a reference reflection
      carrier;
PAR  FIG. 19 is a perspective view illustrating a printing mechanism of the
      printer shown in FIG. 3;
PAR  FIG. 20 is a development view of the printing plane of a printing drum
      illustrated in FIG. 19;
PAR  FIG. 21 is a block circuit diagram illustrating a circuit for controlling
      the printing mechanism of FIG. 19;
PAR  FIG. 22 shows signal waveforms showing the operation timing of respective
      sections of FIG. 21;
PAR  FIG. 23 is a block circuit diagram illustrating the print controlling
      device of another printer;
PAR  FIG. 24 is a view for explaining the content of test data supplied to the
      device illustrated in FIG. 23; and
PAR  FIG. 25 shows the relationship between the characters of the printing drum
      and the respective corresponding contents of the counters of FIG. 23.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 2, a light transmitting and receiving means 12 and a
      photoelectric conversion element 13 are arranged in a manner facing each
      other at a prescribed interval. Between the light transmitting and
      receiving means 12 and the photoelectric conversion element a chemical
      reaction test piece 11 is mounted on a transparent table 14 so as to cause
      reagent carriers 11a to 11d to oppose the light transmitting and receiving
      means 12, and, when the transparent table 14 is intermittently moved by a
      table driving device as later described, one of the reagent carriers 11a
      to 11d is stopped in turn between the light transmitting and receiving
      means 12 and photoelectric conversion element 13. Two light guides 15 and
      16 are connected at one end to the light transmitting and receiving means
      12. A lamp 18 is connected to the other end of the light guide 15 via a
      lens 17, and a test data detecting-photoelectric conversion element 19 is
      connected to the other end of the light guide 16. The photoelectric
      conversion element 13 is provided for the purpose of detecting the type of
      the test piece 11 and is intended to draw out a signal indicating a code
      formed correspondingly to the arrangement of the carriers 11a to 11d of
      the test piece 11 and portions of the transparent substrate 10 between the
      carriers. For instance, suppose that the table 14 is moved in an
      arrow-indicated direction to cause the carrier 11d to be brought to the
      shown position, then a light from the lamp 18 will intermittently be shut
      off by the carriers 11a, 11b, 11c and 11d. Further, when one of said
      substrate portions is brought below the means 12, said light passes
      therethrough to reach the element 13. As the result, the output of the
      element 13 becomes a signal indicating a code of (0101010). This code
      represents the carrier 11d of the test piece 11. Further, the
      photoelectric conversion element 19 produces an electrical signal
      corresponding to a light reflected from, for example, the carrier 11d.
      Since this reflected light bears a color corresponding to the chemical
      reaction of a reagent contained in the carrier 11d with a test fluid added
      thereto, said electrical signal has an amplitude corresponding to the
      degree of said chemical reaction. Thus, an analog signal obtained from the
      photoelectric converter 19 is converted into a digital signal by an
      analogdigital converter 20, and processing of data calibration, unifying
      of data size and so on are effected by an operation circuit 21 to obtain a
      reaction measurement data, which is then input to a comparator 22.
PAR  A detection signal obtained from a type detector 23 is converted into a
      type detection data by a gate circuit 24.
PAR  On the other hand, a memory 25 is provided in which there are previously
      stored reaction comparison data for determining the sequential positions
      of the respective reaction degrees of various reagent carriers. Said type
      detection data is the one for sequentially reading out, in accordance with
      the measurement order of the reagent carriers on the test piece 11, the
      reaction comparison data corresponding to said reagent carriers, from said
      memory 25, and is intended sequentially to designate the type of reagents.
PAR  The reaction comparison data sequentially read out from the memory 25 by
      said type detection data is supplied to the comparator 22.
PAR  The comparator 22 compares the reaction measurement data with the reaction
      comparison data, thereby forming rank data obtained by determining the
      sequential positions of said reaction measurement data, i.e., data
      presenting the reaction degrees of test reagent carriers, said rank data
      being input to a printer 26 as an output device. Further, this printer 26
      is supplied with said type detection data, and causes both the rank data
      and the type detection data to be combined selectively to operate the
      printing mechanism, thereby printing test results obtained by determining
      the sequential positions of the respective reagent carriers, on a test
      paper. For example, where the reagent carrier 11d is the one used for the
      pH test of the urine, printing characters "5", "6", "7", "8" and "9" are
      selected by the type detection data and, for example, the character "5" is
      selected from said printing characters by the rank data, whereby the test
      result of "pH 5" is printed on the test paper.
PAR  It is preferred that said chemical reaction test piece 11, as shown in FIG.
      4, is intermittently moved and that measurement is not carried out during
      said movement but during the stoppage of the test piece 11. In this case,
      accordingly, it is necessary to detect the position of the test piece 11
      or the position of the table 14 and commence such measurement in
      accordance with the detected position signal. In the case shown in FIG. 2,
      position detection is made utilizing a charge in the output level of the
      photoelectric element 13 disposed below the table 14, namely, a reduction
      in said output level more attained when, for example, the reagent carrier
      11d is positioned above the element 13 than when the transparent substrate
      10 is positioned above the element 13. In this case, a position signal is
      generated at the edge portion of the reagent carrier. However, since, at
      this time, the photoelectric element 19 is still situated in a position
      facing the end portion of said reagent carrier, the commencing of
      measurement under this condition renders a measurement error large.
PAR  As shown in FIG. 5, apertures 30 may be formed in the table 14 in a manner
      corresponding to the respective carriers 11a to 11d on the test piece 11,
      and a lamp 31 and a photoelectric conversion element 32 are respectively
      provided above and below the table 14 with the aperture 30 corresponding
      to the measurement position of the test piece 11 interposed therebetween,
      whereby a position signal is drawn out from said element 32.
PAR  FIGS. 6 and 7 show a device capable of generating a position signal under
      the condition in which the table 14 is stopped with the element 13 and the
      head section of the element 19 arranged exactly to oppose the central
      portion of the reagent carrier. Provided is a stepped cam 33 rotating
      about a shaft 34 with a predetermined speed. Further, a test table 14 is
      provided approachably to or withdrawably from said cam. By a spring (not
      shown) a biasing force toward the cam is imparted to said test table 14
      thereby causing a roller 35 provided for the tip end portion of the test
      table 14 to elastically abut againt the cam plane of said cam 33. A
      plurality of position indication apertures 36 are formed in the periphery
      of the shaft 34 of the cam 33 at intervals with which the reagent carriers
      are adhered or attached to the test piece 11 mounted on said test table
      14, that is, at intervals respectively corresponding to a pitch at which
      the test table 14 approaches to or withdraws from the cam 33, and the lamp
      31 and the element 32 are provided with said aperture 36 interposed
      therebetween. The photoelectric conversion element 19 for detecting the
      reagent carriers on the test piece 11 is provided above said test table 14
      as shown in FIG. 2, though not illustrated. A reagent carrier detection
      signal obtained from the first photoelectric conversion element 19 and an
      aperture detection signal obtained from the second photoelectric
      conversion element 32 are respectively amplified by amplifiers 39 and 40,
      and are respectively subjected to wave-shaping by wave shaping circuits 41
      and 42, and thereafter are supplied to an AND circuit 43, and a logical
      product output of both signals obtained from said circuit 43 is used as a
      position detection signal or measurement start command signal. If circuit
      arrangement is made as such, the reagent carrier detection signal will be
      obtained from the first element 19 when the test table 14 is
      intermittently moved with the rotation of the cam 33, and the aperture
      detection signal will be obtained from the second element 32 in a small
      length of time after said test table 14 has been moved, namely, when the
      head section 12 of the element 19 of FIG. 2 has been positioned exactly to
      face the central portion of, for example, the reagent carrier 11d.
PAR  Since a logical product output of said both signals is used as the position
      detection signal, this position detection signal can be generated when the
      element 19 has been positioned exactly to face the central portion of the
      reagent carrier, and if measurement is commenced by this signal, a precise
      measurement will be carried out. Further, since the test table 14 is moved
      by the stepped cam 33 approachably to or withdrawably from the same, it is
      possible to keep the cam rotated even under the condition in which the
      test table 14 is stopped. As the result, a reliable generation of said
      aperture detection signal is enabled.
PAR  In the preceding embodiment, said position detection signal was used as a
      measurement start command signal, but may of course be used as a signal
      playing other roles.
PAR  There will now be described in detail the code detector provided for
      judging the type of reagent carriers on the test piece, shown in FIG. 3.
      Used for this code detection are test pieces each having such a coded
      carrier arrangement as shown, for example, in FIG. 9. Referring to FIG. 9,
      a test piece 11-1 has six reagent carriers 11a to 11f corresponding to
      attachment positions t3 to t8, and further a light-impermeable pad 11w is
      additionally attached onto the test piece correspondingly to an attachment
      position t1. Similarly, the pads 11w and prescribed reagent carriers are
      attached onto test pieces 11-2, 11-3 and 11-4 correspondingly to
      prescribed attachment positions. If light-impermeable sections having said
      reagent carriers and pads attached correspondingly to the attachment
      positions t1, t2, . . . t8 are now expressed as "1" and the remaining
      light-permeable sections having no reagent carrier or pad are expressed as
      "0", the test pieces 11-1, 11-2, 11-3 and 11-4 different in type, shown in
      FIG. 9 will be able to be expressed in terms of their type by codes. For
      example, the test piece 11-1 is expressed by a code of 10111111 and the
      test piece 11-2 is expressed by a code of 01111111. As the result, said
      both test pieces can easily be distinguished from each other even if the
      number of reagent carriers on one test piece is identical to the number of
      reagent carriers on the other. Particularly, if, as later described,
      scanning is carried out by the photoelectric conversion element, a
      detection signal obtained by such scanning will directly become a
      specified coded signal denoting the type of the scanned test piece, so
      that the foregoing test pieces are desirable as a test piece for use in an
      automatic testing apparatus.
PAR  If, in case, as shown in FIG. 10, coding of test pieces is effected using
      the pad 11w as previously described, eight pad or reagent carrier
      attachment positions t1, t2, . . . t8 are provided, 28 types of test
      pieces in all will be able to be distinguished from each other. This
      number is sufficient in practice. A circle-enclosed digit 1 of FIG. 10 is
      a type judgment mark.
PAR  There will now be described a type judgement device for judging the type of
      chemical reaction test pieces. As shown in FIG. 5, in this device, the
      test table 14 is provided which is lengthwise moved and on which said test
      piece is mounted. Above the test piece 11 the light projection and
      reception head 12 of the first photoelectric conversion element 19 is
      arranged to face, for example, the reagent carrier 11b. The apertures 30
      are formed in the test table 14 correspondingly and adjacently to the
      respective attachment positions t1, t2, . . . t8 of the pad 11w and
      reagent carriers on the test piece 11 mounted on said test table. The
      light source 31 and photoelectric conversion element 32 are disposed with
      the aperture 30 interposed therebetween.
PAR  Said transparent test table 14 is formed with a slit in the test
      piece-mounted section thereof for the purpose of preventing a light from
      being reflected from those portions of the substrate 10 of the test piece
      11 onto which the pads or reagent carriers are not attached, so as to
      cause a light to pass through said slit, though said slit is not shown. If
      arrangement is made as such, movement of the test table 14 will cause the
      first element 19 to scan the test piece 11 and the second element 32 to
      scan the aperture 30. Therefore, such a coded signal designating a test
      piece as shown by a of FIG. 13 is obtained from the first element 19 via
      an amplifier 39 and Schmitt circuit 45. Further, such an aperture
      detection signal as shown by b of FIG. 13, in other words, the measurement
      position indication signal of the second element 32 is obtained from the
      second element 32 via an amplifier 40 and a Schmitt circuit 46.
PAR  Accordingly, if arrangement is made such that said measurement position
      indication signal is counted by a counter 48 via a one-shot circuit 47,
      the counted output is decoded by a decoder 49, from which is obtained such
      step-advancement signals as shown by c to j of FIG. 13; these signals are
      respectively differentiated by a differential circuit 50 and thereby
      converted into differential signals as shown by k to r of FIG. 13, which
      are respectively supplied to AND gates 51; and simultaneously said coded
      signal is supplied to flip-flops F1 to F8 constituting a temporary memory
      device 52 via a parallel circuit of said AND gates 51, said coded signal
      will be supplied to the flip-flop correspondingly to said measurement
      position indication signal.
PAR  Accordingly, if the coded signal has, for example, a code of 10111111, the
      stored content of the flip-flops F1 to F8, i.e., temporary memory device
      52 will also have a code of 10111111.
PAR  If outputs from the temporary memory device 52, namely, outputs shown by s
      to z of FIG. 13 are passed through a judgement-logical gate circuit
      constituted by an inverter group 53 and a group of AND gates 54-1, 54-2,
      54-3 and 54-4, type judgement signals S1, S2, S3 and S4 will be obtained
      from the AND gates 54-1 to 54-4, respectively. The type judgement signals
      S1, S2, S3 and S4 of said judgement-logical gate circuit are made to
      correspond to the above-mentioned test pieces 11-1, 11-2, 11-3 and 11-4 of
      FIG. 9, respectively.
PAR  If arrangement is made such that, as shown in FIG. 12, the type judgement
      signals S1, S2, S3 and S4 obtained as above and the step advancement
      signals t2, t3 . . . t8 obtained from said decoder 49, corresponding to
      the attachment positions t1 to t8 shown in FIG. 9 are ANDed by a
      judgement-logical product gate circuit consisting of AND gates 55 and OR
      gates 56, type distinguishment signals A, B, C, D, E, F, G and H
      representing the reagent carriers 11a to 11h, respectively, will be
      obtained.
PAR  In the case of, for example, a urine test, there are about 15 types of test
      items and yet the reactions of the urine with the respective reagents
      require different lengths of time. For this reason, where the cam shown
      in, for example, FIG. 6 is used, it is difficult to match in timing said
      reaction time with the rotation speed of the cam 33, that is, the moving
      speed of the test piece 11.
PAR  An example of a photoelectric detector improved in the above-mentioned
      respect is shown in FIG. 14. Referring to FIG. 14, the chemical reaction
      test piece 11 having the reagent carriers 11a, 11b and 11c is mounted on
      the table 14. These carriers 11a to 11c respectively contain a reagent for
      detecting, for example, the pH value, protein component or sugar component
      in the urine, and are disposed at prescribed intervals respectively
      defined utilizing the differences in the length of time required for
      reaction of the urine with the respective reagents and in association with
      a later described transferring mechanism. On the underside of the test
      table 14 a rack 60 is provided along the direction in which the table 14
      is moved, and the table 14 is moved by rotating a pinion 61 intermeshed
      with the rack 60 through driving the motor 62.
PAR  An electrical signal from the photoelectric conversion element 19 is
      amplified by an amplifier 63 of FIG. 15 and then is supplied to one input
      terminal of a comparator 64. The output of the comparator 64 is supplied
      to the input terminal of an AND gate 67 together with the respective
      outputs of a pulse oscillator 65 and switch 66. A signal for a timer 68 is
      supplied to the AND gate 67 via an OR gate 69a and the contact C1 of the
      switch 66. The output of the AND gate 67 is supplied to a pulse counter 70
      and a plurality of judgement AND gate circuits 71a to 71f disposed
      correspondingly to the lengths of the respective reaction times of the
      reagents. The outputs of the pulse counter 70 are converted into an analog
      signal by a digital-analog converter 72 and then said analog signal is
      supplied to the other input terminal of the comparator 64.
PAR  The timer 68 is so formed as to generate those signals of test items
      correspoonding to reagents, for each length of reaction times designated
      in accordance with the test items, for example, for each length of times 0
      . . . 6, 8, 10, 13 . . . and 60 seconds.
PAR  Signals from said timer 68 are supplied to a plurality of OR gate circuits
      69a, 69b and 69c corresponding to the reagent carriers 11a, 11b and 11c,
      respectively, on the test piece 11.
PAR  Outputs from the OR circuits 69a, 69b and 69c are supplied to said AND
      circuit 67 via the contacts C1, C2 and C3, respectively, of the
      change-over switch 66 and simultaneously are supplied to the drive control
      circuit (not shown) of said motor 62.
PAR  Outputs from the timer 68 are supplied to the AND gate circuits 71a, 71b,
      71c . . . 71f provided in accordance with the respective lengths of
      reaction times, and outputs from these AND gate circuits 71a to 71f are
      supplied to the operation circuit 21 of FIG. 3 so as to detect the
      respective reaction conditions of the reagent carriers.
PAR  The photoelectric measurement means of the automatic analysis device having
      the foregoing construction draws off the test piece 11 immersed in, for
      example, the test urine, and intermittently feeds the test piece 11 by
      means of the transferring mechanism, and detects the respective reaction
      conditions of the reagent carriers 11a, 11b and 11c in turn.
PAR  The reaction condition of the carrier 11a is detected by the photoelectric
      detector 19, and the resulting detection signal is amplified by the
      amplifier 63 and then supplied to the comparator 64 the output (shown by a
      of FIG. 16) of which is supplied to the AND circuit 67.
PAR  A pulse signal (shown by c of FIG. 16) from the pulse oscillator 65 is
      always supplied to the AND circuit 67 and simultaneously a timing pulse t1
      from the timer 68 is also supplied to the AND circuit 67, which generates
      an output pulse (shown by d of FIG. 16). That is, the timing pulse t1 from
      the timer 68 previously set in accordance with the lengths of reaction
      times of reagents is supplied to the OR circuit 69a, the output of which
      is supplied to the AND circuit 67 and the control circuit of the motor 62
      via the switch 66.
PAR  For this reason, an output signal from the AND circuit 67 is supplied to
      the pulse counter 70 and simultaneously is also supplied to the judgement
      AND circuit 71a.
PAR  This judgement AND circuit 71a opens its gate upon receipt of a signal from
      the AND circuit 67 and the timing pulse t1 from the timer 68, and then
      supplies its output to the operation circuit 21 of FIG. 3 for operating
      the reaction condition of the reagent carrier 11a.
PAR  The counter 70 counts an output pulse (shown by d of FIG. 16) generated
      from the AND circuit 67 while the gate thereof is opened, and the
      resulting count is converted into a voltage signal by the D-A converter 72
      and always supplied to the comparator 64. Accordingly, this comparator 64
      compares an output signal from the photoelectric detector 19 with an
      output signal from the D-A converter 72 and, when outputs from the D-A
      converter 72 are increased in number to become identical in number to
      outputs from the detector 19, is turned off to cease supply of its output
      signal to the AND circuit 67, so that the gate of the AND circuit 67 is
      closed and on this account the gate of the judgement AND circuit 71a is
      also closed. For this reason, an output being supplied to the operation
      circuit 21 via the AND circuit 71a is supplied to the operation circuit 21
      during a period of time starting at the time at which supply of the pulse
      t1 from the timer 68 is effected and ending at the time at which supply of
      a signal from the comparator 64 is stopped. This output is subjected to
      operation by the operation circuit, thereby printing for indication the
      reaction condition of, for example, pH on a recording paper 27.
PAR  When, in this manner, measurement of the first reagent carrier 11a is
      completed, the test piece 11 is moved by the motor 62 so as to permit the
      second reagent carrier 11b to be measured. The second carrier 11b is used
      for test on, for example, grape sugar, and is so arranged as to be
      synchronized with a third timing pulse t3 from the timer 68, so that the
      output of the carrier 11b is supplied to the corresponding AND circuit 71c
      to the pulse t3, and simultaneously is subjected to the same processing as
      that of the carrier 11a via the first OR circuit 69a quickly to judge the
      reaction condition of the carrier 11b.
PAR  Similarly, a pulse t6 from the timer 68 corresponding to the carrier 11c is
      supplied to the corresponding AND circuit 71f, thereby to judge the
      reaction condition of the carrier 11c.
PAR  Where another type of test piece is used, a clinical test is carried out in
      accordance with the lengths of reaction times corresponding to the set
      lengths, i.e., t2, t3 and t4 of time different from those of the first
      test piece 11 only by changing-over, for example, the switch 66 to the
      contact C2.
PAR  Where, in still another type of test piece, items being tested are provided
      in a number of two, arrangement is so made that only the pulses t5 and t6
      from the timer 68 are supplied to the third OR circuit 69c. If, in this
      case, for example, the pulse t5 is made to correspond to a test item being
      measured in an extremely small length of time and the pulse t6 to a test
      item being measured in a relatively large length of time, the
      corresponding carriers will be disposed substantially on the ends alone of
      the substrate 10 of the test piece and no carrier will be disposed on the
      intermediate portion of the substrate 10.
PAR  In this manner, a reliable and precise measurement is enabled only by
      selecting the contacts of the change-over switch 66 in accordance with the
      carrier arrangement previously made correspondingly to the lengths of
      reaction times of reagents. Furtheremore, if, in case arrangement of
      carriers is carried out, the lengths of reaction time are given in the
      manner of "at once", "at once", "5 sec", "10 sec" and so on in the order
      mentioned, carriers corresponding to "5 sec" and "10 sec" are arranged in
      a manner immediately following a carrier corresponding to the initial "at
      once", and a carrier corresponding to the remaining "at once" is arranged
      in a given position of the substrate having no carrier. If arrangement is
      made as such, no time loss will be produced to enable an extremely high
      precision measurement.
PAR  This invention is not limited to the device of FIG. 15, but enables a free
      setting of the number or arrangement condition of carriers on the test
      piece, the length of a timer-setting time, i.e., the number of timing
      pulses generated and the like, and enables the provision in various
      manners of the contacts of the change-over switch, OR gate circuits, AND
      gate circuits and the like. Further, transferring of the test piece may be
      effected not intermittently but continuously, and arrangement or
      configuration of carriers on the test piece can be variously modified.
PAR  When, in the photoelectric detector of FIG. 2, the lamp 18 or photoelectric
      conversion element 19 is deteriorated, the output voltage of an electric
      signal from the element 19 is decreased in level to render the measurement
      impossible. FIG. 17 shows a device so constructed that when the output
      voltage level of the element 19 has been reduced to below a prescribed
      level, a warning or alarm is given in order to eliminate such drawback.
      Referring to FIG. 17, a light from the lamp 18 is reflected by the reagent
      carrier, for example, 11d on the chemical reaction test piece and then
      guided to the element 19 to be converted into an analog electric signal.
      After amplified by an amplifier 39, this electrical signal is supplied to
      a voltage-frequency converter, for example, a voltage control oscillator
      (VCO) 20, thereby being converted into a pulse signal having a frequency
      corresponding to the voltage level. This pulse signal is supplied to a
      counter 77 via an AND gate 76 having its gate opened by a start signal
      from a start signal generator 75, and is counted there. The content of the
      counter 77 is supplied to a specific value detector 78. The specific value
      detector 78 continues to supply a gate signal to an AND gate 79 to keep a
      gate 79 open up to detecting the specific value. The start signal also
      opens an AND gate 80, so that a clock pulse generated at prescribed
      intervals from a clock pulse generator 81 is supplied to a counter 82
      after passing through the gate 79, and is counted there. When the content
      of the counter 77 has reached a specific value, the gate 79 is closed to
      stop the counting operation of the counter 82.
PAR  When, at this time, a reduction in the amount of a light from the lamp 18
      or deterioration of the element 19 is caused, the output level of the
      element 19 is decreased to render the output pulse frequency to the VCO 20
      low, so that a larger length of time is required for the content of the
      counter 77 to reach a specific value. When the counted value of the
      counter 82 is increased during said larger length of time to exceed a
      boundary value, an output is supplied from a boundary value detector 83 to
      a warning or alarm device 84 to cause an alarm to be given. Information
      about a reduction in the amount of a light from the lamp 18 or about
      deterioration of the element 19 is given by said alarm.
PAR  When the output level of the element 19 is sufficiently high, the content
      of the counter 77 reaches a specific value prior to the lapse of a set
      length of time to close the gate 79, thereby preventing the generation of
      an alarm signal.
PAR  Where test is made of the chemical reaction test piece by the
      above-mentioned device, the problem arises that an error is produced in
      the test result due to, for example, a drift caused by change with time in
      the brightness of the lamp 18 or by temperature variation in the
      electrical circuit section including the element 19, though not to such an
      extent as to require an alarm device. For the purpose of solving the
      foregoing problem, it is considered that a reference reflection carrier is
      arranged on the chemical reaction test piece in addition to the reagent
      carriers, and, prior to measuring the reaction degree of a test fluid, is
      positioned between the reagent reaction testing section, i.e., the
      measurement head of the photoelectric converter 19 and the photoelectric
      element 13, thereby causing said testing section to perform the
      calibration operation using the reference reflection carrier.
PAR  In this case, however, it is necessary to attach such reference reflection
      carrier onto each of the test pieces, which is troublesome and which
      causes an increase in the manufacturing cost of the device.
PAR  FIG. 18 shows a device further improved in this respect. The device is
      constructed such that the table 14 for retaining the chemical reaction
      test piece 11 at a predetermined position is provided; a reference
      reflection carrier 11s having a reference reflection factor is previously
      mounted on the table 14; the reflection carrier 11s and the respective
      carriers 11a, 11b . . . on the chemical reaction test piece 11 are
      positioned in turn between the reagent reaction testing section disposed
      at a prescribed position namely, the measurement head 12 of the
      photoelectric conversion element 19 and the photoelectric element 13 of
      the type detector, by moving the table 14 intermittently; and the
      reflection carrier 11s is positioned below said testing section prior to
      measuring the reaction degree of the respective test fluids of the
      carriers 11a, 11b . . . , thereby causing the testing section to carry out
      the calibration operation using the reflection carrier.
PAR  The foregoing construction eliminates the necessity of providing the
      reference reflection carrier for each of the chemical reaction test pieces
      and enables the testing section as well as the test piece to have an
      extremely simplified construction, thereby enabling the device to be put
      to practical use.
PAR  There will now be described in detail the construction of the printer 26
      shown in FIG. 3. A signal indicating the type of a reagent carrier on the
      chemical reaction test piece, namely, a signal indicating a test item is
      supplied to the printer 26 from the code detector 23, and simultaneously a
      measurement data for selecting the print character having a prescribed
      rank corresponding to the degree of the chemical reaction of a reagent
      with a test fluid from the corresponding print characters to said test
      item is supplied to the printer 26 from the comparator 22. Accordingly,
      the printer 26 is constructed such that a prescribed print item is first
      selected from a plurality of print items each having a plurality of print
      characters arranged therein in a prescribed sequential order, and the
      print character having a prescribed sequential position or rank is then
      selected from said prescribed print item, thereby effecting printing.
PAR  There will now be described an example of such printer 26 by reference to
      FIGS. 19 to 22.
PAR  Referring to FIG. 19, a reference numeral 91 denotes a printing drum having
      a plurality of print characters provided on its circumference. Said
      printing drum 91 is fitted to a rotation shaft 92 so as to make a high
      speed rotation. A hammer 93 is provided for the printing drum 91 in a
      manner facing the circumference thereof. A printing paper 27 is inserted
      between the hammer 93 and the circumference of the printing drum 91. A
      rotation circular plate 95 is fitted to said rotation shaft 92 at a
      position below the printing drum 91. The rotation circular plate 95 is
      formed with position signal generation apertures 96 at positions of its
      flat surface respectively corresponding to those of said plurality of
      print characters provided on the circumference of the printing drum 91 and
      simultaneously with reset signal generation apertures 97. An aperture
      detection head 98 consisting of two lamps 98a and two photoelectric
      elements 98b is provided in a manner close to the rotation circular plate
      95 so as to detect the respective apertures 96 and 97. When said print
      character is brought to a position at which it is to be printed by said
      hammer 93, the detection head 98 detects the position signal generation
      aperture 96 corresponding to said position of the print character to
      generate a later described position signal P. That is, as shown in FIG.
      20, a plurality of print characters provided at equal intervals for the
      printing drum 91 are divided into three test items of A, B and C, and the
      print characters of these respective test items are arranged in the
      sequential order of A-0 to A-2, B-0 to B-4 and C-0 to C-6. Said position
      signal P is supplied to a test item judgement circuit 100 of FIG. 21, and
      simultaneously to a first gate circuit 102 via a delay circuit 101, and
      simultaneously to the down count input terminal of a reversible counter
      104 via a second AND gate 103. Further, the test item judgement circuit
      100 is supplied with test item designation signals a, b and c for
      designating said test items. The up count input terminal of said
      reversible counter 104 is supplied with a rank designation signal S for
      designating the print character of said test item bearing a specified
      rank. The test item judgement circuit 100 consists of a counter 105,
      decoder 106 and an AND gate 107. Said position signal P is counted by the
      counter 105, and the counted outputs are detected by the decoder 106, and
      said test item designation signals a, b and c are supplied to the gates
      107a, 107b and 107c, respectively, of the AND gate 107. Said counter 105
      makes counts in turn from the position signal corresponding to the print
      character A-0 to the one corresponding to the print character C-6, and is
      finally supplied with a reset signal r from the detection head 98 to be
      reset. Said decoder 106, when the counter 105 has made counts from A-0 to
      A-2, supplies a gate opening signal to the gate 107a, and when the counter
      105 has made counts from A-0 to B-4, supplies a gate opening signal to the
      gate 107b, and when the counter 105 has made counts from A-0 to C-6,
      supplies a gate opening signal to the gate 107 c. Said AND gate 107
      supplies the respective outputs of the gates 107a, 107b and 107c to said
      first gate circuit 102. The first gate circuit 102 is supplied with a set
      output from a first flip-flop 108 for making a setting operation upon
      receipt of a print command signal d. The first gate circuit 102 supplies
      its gate output to a second flip-flop 109 so as to cause it to perform a
      setting operation. Said second flip-flop 109 supplies its set output to
      said second gate circuit 103. The reversible counter 104 performs a
      count-up operation upon receipt of said rank designation signal S, and
      performs a count-down operation upon receipt of said position signal P,
      and when the total number of counts becomes -1, supplies a borrow signal
      to a hammer driver 110 to cause it to be operated and simultaneously
      resets the first and the second flip-flops 180 and 109. Said hammer 93 is
      driven by an output signal from the hammer driver 110, thereby tapping
      said printing drum 91 to effect printing on said printing paper 27. It is
      to be noted here that said rank designation signal S, when designating the
      minimum values of the print character rank, namely, A-0, B-0 and C-0, has
      a pulse number of 0 and, as the rank of a print character becomes high,
      increases in pulse number one by one.
PAR  With the foregoing construction, as shown in FIG. 22, the position signal P
      having a prescribed pulse interval which corresponds to the position of a
      print character is generated by rotation of the printing drum 91. This
      position signal P is counted in turn by the counter 105 from the print
      character A-0 to the print character C-6. Upon completion of counting up
      to the print character C-6, the counter 105 is reset by the reset signal r
      to start again the counting operation.
PAR  Under this condition, the print command signal d is supplied to the first
      flip-flop 108, thereby performing measurement of the test item A, and the
      rank designation signal S of this measurement result is supplied to the
      reversible counter 104. When the print command signal d is supplied to the
      first flip-flop 108 with the test item designation signal a supplied to
      the judgement circuit 100, the judgement circuit 100 is maintained in a
      condition wherein a signal for closing the gate 107c is generated from the
      decoder, until the position signal P being supplied to the counter 105
      corresponds to the test item A, and when said position signal P has
      corresponded to the test item A, is brought to a condition wherein a
      signal is supplied from the decoder 106 to the gate 107a, resultantly to
      supply its output to the first gate 102. The gate 102 is already supplied
      with the set output of the flip-flop 108 and also supplied with the
      position signal P via the delay circuit 101, resultantly to supply its
      output to the second flip-flop 109. Since, as a result, a set signal from
      the flip-flop 109 is supplied to the gate 103, the position signal P
      corresponding to the test item A is supplied to the down-count input
      terminal of the reversible counter 104 via said gate 103. Accordingly,
      when the counter 104 carries out the count-down operation to cancel said
      rank designation signal S heretofore counted by the counter 104 and then
      further carries out the counting operation, then the counter 104 generates
      a borrow signal to energize the hammer driver 110. At this time,
      accordingly, the print character of the printing drum 91 facing the hammer
      93 is printed on the printing paper 27. When, under this condition,
      consideration is given to the case where the rank designation signal S is
      supplied to the reversible counter 104, the count of the reversible
      counter 104 is zero and the judgement circuit 100, when the counter 105
      has counted the position signal P corresponding to the print character
      C-6, opens the gate 103 via the gate 102 and the flip-flop 109. Since,
      accordingly, the reversible counter 104 is first supplied with the
      position signal P corresponding to the print character A-0 and, under this
      condition, the counter 104 generates a borrow signal to energize the
      hammer driver 110, the print character A-0 is printed on the printing
      paper 27. The same procedure applies to the other print characters. That
      is, the test item of the printing drum 91 is selectively determined by the
      test item designation signal supplied to the judgement circuit 100, and
      the print character of said test item having a prescribed rank is
      selectively determined by the rank designation signal S supplied to the
      reversible counter 104, whereby printing of said print character onto the
      printing paper is effected. It is to be noted here that said flip-flops
      108 and 109 are reset by the borrow signal of the reversible counter 104.
PAR  In this manner, a simple circuit construction renders it possible
      automatically to select a prescribed test item from a plurality of test
      items having a plurality of print characters arranged in a prescribed
      sequential order and select a print character having a prescribed rank
      from those of said prescribed test item, thereby effecting printing.
PAR  The circuit construction of the test item judgement circuit is not of
      course limited to that described above. Further, the method of detecting
      the printing operation position of the hammer with respect to a print
      character provided for the printing drum is not of course limited to the
      preceding one.
PAR  In FIG. 23, another example of the control device of the printer 26 is
      shown. Test results being printed are first divided into three test items
      A, B and C as shown in, for example, FIG. 24, and each of said three test
      items A, B and C is then divided into ranks 1, 2, 3 . . . . The digits in
      each column denote the number of pulses of test data. As a printing
      mechanism in this case, there is used the mechanism shown in FIG. 19.
PAR  A pulse corresponding to the position of a print character provided for the
      printing drum 91 is obtained from the photoelectric detector 98c of FIG.
      19, and after wave-shaped by a pulse wave shaper 120 of FIG. 23, is
      supplied to a counter 121 and counted there. The content of the counter
      121 is cleared by a clear pulse similarly obtained for each rotation of
      the drum 91 from the photoelectric detector 98d of FIG. 19 via a pulse
      wave shaper. The relationship between the counts 1, 2, 3 . . . 11 of the
      counter 121 and the respective corresponding print characters A-1, A-2 . .
      . D-2 is as illustrated in FIG. 25.
PAR  The operation of the device shown in FIG. 23 will hereinafter be described
      by taking the test item B as an example. First, since the corresponding
      count of the counter 121 to the print character B-1 is 4 as seen from FIG.
      25, a signal from a preset input terminal 123 which indicates the 4 is
      preset in a counter 124. The content 4 of this counter 124 designates the
      address 4 of a memory device 125 to cause a numerical value stored in the
      address 4 of the memory device 125 to be supplied to a counter 126. The
      numerical value read out, at this time, from the memory device 125 is a
      complement of the number n1 of pulses in the first rank of the test item
      B, and said number n1 of pulses ranges from 0 to 5 as seen from FIG. 24.
      Accordingly, this complement is a maximum value -5 countable by the
      counter 126. Next, a test pulse is supplied to an input terminal 127, and
      is counted by the counter 126. When the number of test pulses exceeds n 1
      (=5), counter 126 overflows to cause a carry signal from the counter 126
      to be supplied to the counter 124 via a pulse wave shaper 128, so that the
      content of the counter 124 is increased by 1 to become 5. As the result,
      the content in the address 5 of the memory device 125 is set in the
      counter 126. This content is a complement of the number 3 of pulses,
      ranging from 6 to 8, in the second rank of the test item B. The counter
      126 is sequentially supplied with test pulses, and if the number of these
      test pulses exceeds 3, a similar shift operation from the second to the
      third rank will be performed whereas if said number does not exceed 3, the
      counter 126 will not overflow, so that the division operation is
      completed.
PAR  Upon completion of the division operation, the content of the counter 121
      is compared with that of the counter 124 by a coincidence detector 129.
      When the former coincides with the latter, an output from the coincidence
      detector 129 is supplied to the hammer driver 110 to drive the hammer 93
      of FIG. 19. In this example, the content of the counter 124 is 5.
      Therefore, when the content of the counter 121 is 5, the hammer 93 is
      driven to cause a print character B-2 to be printed on the paper 27 as
      seen from FIG. 25.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for detecting a particular chemical component of a test fluid
      comprising:
PA1  a test table including thereon a chemical reaction test piece mounted
      thereon, said test piece having reagent carriers attached thereto, each
      reagent carrier containing therein a reagent for measuring the degree of
      chemical reaction with the test fluid;
PA1  a first photoelectric detector including means for irradiating a light onto
      said reagent carrier; a first photoelectric converter receiving light
      reflected from said reagent carrier for generating an electric signal
      which is a function of said light reflected from said reagent carrier; a
      timer having a pre-set timing period for generating measurement command
      signals in accordance with the respective lengths of reaction times of
      reagents with a test fluid; a voltage controlled oscillator coupled to
      said first photoelectric converter for generating pulse signals
      corresponding in number to outputs from said first photoelectric
      converter; and a gate circuit coupled to said timer and to said voltage
      controlled oscillator for supplying output pulse signals corresponding in
      number to said measurement command signals;
PA1  means for intermittently moving one of said photoelectric detector and said
      test table relative to the other;
PA1  type data detection means for detecting a type data indicating the type of
      the chemical reaction test piece mounted on the test table, which includes
      a second photoelectric converter for scanning a chemical reaction test
      piece having reagent carriers attached onto one end side of its elongate
      light-permeable substrate and a light-impermeable pad attached onto the
      other end side and permitting the type of said reagent carriers to be
      coded by the number of the reagent carriers and a distance between said
      pad and a reagent carrier adjacent the same; means for generating a coded
      type data from the output of said second photoelectric converter;
      temporary memory means for temporarily storing therein said generated
      coded type data; and means for reading out the individual type data from
      said temporary memory means;
PA1  an operation circuit coupled to the output of said gate circuit and to said
      reading out means for deriving a test from said type data read out from
      said temporary memory means;
PA1  a memory having comparison data pre-stored therein, said comparison data
      indicating the respective ranks of a plurality of test items;
PA1  means coupled to said memory and to said operation circuit for comparing
      the stored comparison data with the test data; and
PA1  printing means for printing the test data on a recording paper as a
      function of the output of said comparison means and the output of said
      type data detection means.
NUM  2.
PAR  2. A system according to claim 1 wherein a reference reflection carrier is
      provided on said test table; and a reference data corresponding to a light
      reflected from said reference reflection carrier is detected in advance of
      the reagent carrier by said first photoelectric detector, thereby
      calibrating said test data by said reference data.
NUM  3.
PAR  3. A system according to claim 1 wherein said first photoelectric detector
      includes a first counter for counting output pulses from said voltage
      control oscillator; a specific value detector coupled to said first
      counter for generating an output only until the count of said first
      counter reaches a specific value; a source of clock pulses; a second
      counter coupled to said clock pulse source and to said specific value
      detector for counting clock pulses during the period of time in which
      outputs are generated from said specific value detector; a boundary value
      detector for generating an output when the count of said second counter
      exceeds a predetermined boundary value; and an alarm signal generation
      device driven by the output of said boundary value detector.
NUM  4.
PAR  4. A system according to claim 1 wherein said first photoelectric detector
      includes a light transmitting and receiving means; first and second light
      guides connected at one end to the light transmitting and receiving means;
      a lamp for irradiating light from the other end of said first light guide
      onto said reagent carrier through said first light guide and a light
      transmitting and receiving means; a first photoelectric conversion element
      connected to the other end of said second light guide for receiving light
      reflected from said reagent carrier through the second light guide; a
      second photoelectric conversion element for receiving light transmitted
      through the chemical reaction test piece and arranged in a manner facing
      said light transmitting and receiving means at a prescribed spacing in
      which said chemical reaction test piece is to be inserted.
NUM  5.
PAR  5. A system according to claim 1 wherein said means for intermittently
      moving includes a stepped cam rotating at a given speed and a device
      coupled too said stepped cam for reciprocatingly moving said test table in
      accordance with the rotation of said stepped cam; and said type data
      detection means includes a position signal detector including position
      indication apertures formed in said stepped cam at pitches each
      corresponding to the amount of movement of said table, said second
      photoelectric converter detecting said position indication aperture, and
      means for forming a position signal corresponding to a logical product of
      the output of said first photoelectric converter and that of said second
      photoelectric converter.
NUM  6.
PAR  6. A system according to claim 5 wherein said coded type data generating
      means include a first amplifier coupled to said position signal forming
      means for amplifying said position signal; a first Schmitt circuit
      responsive to the amplified position signal for generating a first pulse
      signal corresponding to a prescribed level of said position signal; a
      one-shot circuit for generating a one-shot pulse signal in response to the
      output of said Schmitt circuit; a counter for counting the output pulses
      of said Schmitt circuit; a decoder coupled to said counter for generating
      step-advancement signals in accordance with the contents of said counter;
      a plurality of differential circuits for differentiating each of said
      step-advancement signals; a second amplifier coupled to said first
      photoelectric converter for amplifying said electric signal generated
      thereby; a second Schmitt circuit responsive to the amplified electric
      signal for generating a second pulse signal corresponding to the amplified
      electric signal; a plurality of AND gates having respective first inputs
      coupled to respective ones of said differential circuits and respective
      second inputs coupled in common to said second Schmitt circuit; a
      plurality of flip-flops respectively coupled to said AND gates for
      temporarily storing the outputs of said AND gates; and a judgement-logical
      gate circuit coupled to the outputs of said flip-flops for producing type
      judgement signals corresponding to the test pieces.
NUM  7.
PAR  7. A system according to claim 3 which further comprises a
      judgement-logical product gate circuit including AND gates and OR gates
      for producing type distinguishing signals representing said reagent
      carriers responsive to said type judgment signals produced by said
      judgment-logic gate circuit and to said step-advancement signals generated
      by said decoder.
NUM  8.
PAR  8. A system according to claim 1 wherein said printing means includes a
      rotatable printing drum having its side circumference divided into a
      plurality of sections and having a plurality of print characters belonging
      to the same print item provided for each section with the respective ranks
      of said print characters determined; a printing hammer provided facing
      said rotatable printing drum; a driver for driving said hammer; means for
      obtaining a print item designation signal from said type data generated by
      said type data detection means; means for obtaining a rank designation
      signal for designating a print character in the print item having a
      prescribed rank; a reversible counter having one input terminal supplied
      with said rank designation signal; means for obtaining the rank signals of
      print characters from said printing drum; means for selecting from said
      rank signals position signals corresponding to a print item designated by
      said rank signals and for supplying said position signals to the other
      input terminal of said reversible counter; means for generating, when said
      position signals have been counted by the reversible counter by the number
      of said rank designation signals supplied thereto, a borrow signal from
      said reversible counter; and means coupled to said borrow signal
      generating means for driving by said borrow signal.
NUM  9.
PAR  9. A system according to claim 1 wherein said printing means includes means
      for converting the output of said first photoelectric detector into a
      measurement pulse signal; a first counter for counting the measurement
      pulse signals; a memory device coupled to said counter for storing the
      rank width of the measurement value of said measurement pulse signals
      which is indicated by the number of pulses; a second counter for
      generating a signal for designating an address in said memory device; a
      character printing drum; a third counter coupled to said printing drum for
      detecting the type of a character provided on said printing drum; and a
      comparator for comparing the contents of the second counter with that of
      the third counter.
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ABST
PAL  Temperature time integrating indicator device in which a gas generating
      material located at one end of the device and activated at time of use of
      the device is absorbed by an indicating wick extending in the device in a
      direction away from the gas source, which wick changes color to denote a
      time-temperature integral and hence the temperature history of a product,
      there being a gas barrier means extending along the longitudinal sides of
      the wick for inhibiting gas transport to insure that substantially all gas
      absorbed by the wick makes first contact with the wick at the end nearest
      the gas source thus precluding first gas contact with the wick at more
      remote location with consequent erroneous temperature history indication.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Pending U.S. application Ser. No. 469,851, filed on May 14, 1974 discloses
      a time-temperature integrating indicator. The device disclosed in said
      application includes an elongated envelope of upper and lower walls of gas
      impermeable material which are heat sealed together in a continuous course
      extending about the periphery of each, with the walls further having a
      transverse cross-seal intermediate the ends of the envelope so as to
      define first and second compartments in the envelope. A gas generating
      material is disposed in the first compartment and wick means extends from
      the first compartment to the second compartment and intervenes the
      cross-seal whereby the wick means is the only gas communication between
      the first and second compartments. Further an indicator composition is
      deposited on the wick with the indicator composition producing a color
      change in the presence of gas generated by the gas generating material.
      The function of such device is to provide a temperature history, e.g., of
      a product associated with the device in visual display as a color front on
      the indicator wick with the distance of the front advancement being a
      function of the temperature time interval, the visual display serving to
      inform a user whether or not the product has been unduly subjected to
      adverse temperature conditions as might affect the ultimate product usage.
      The device is particularly suited for providing indication of the
      condition of foods, films, pharmaceuticals, biological preparations and
      the like to give indication of any decomposition, deterioration or change
      in the sterile character of such products.
PAR  While the device disclosed in said pending application functions well and
      accurately in many monitoring applications, there are certain utilizations
      wherein the device does not provide optimum results because the cross seal
      is not effective in all situations to prevent gas communication from the
      first compartment to the second compartment except through the wick means.
      As a practical consideration, it is not possible to effect a cross-seal of
      the envelope that does not leave small passages at either side of the
      wick. Thus gas transport from the first to the second compartment can
      occur without the gas contacting the wick in the region of the cross-seal.
      If there exists free passage space in the second compartment of any
      significant lateral expanse, as for example as depicted in FIG. 1 of said
      patent application, random gas molecules may transport through the second
      compartment to a location well beyond the cross-seal before first
      contacting the wick means. Also, the previous design is not effective in
      preventing gas escaping from the wick before reacting, reentering the wick
      at some location leading the indicator front, and reacting on the wick at
      this location. In either event, the indicator in the wick will change
      color at such location possibly giving an erroneous indication, since the
      indication front should advance progressively along the wick in a
      direction away from the cross-seal as a direct function of the
      time-temperature integral to which the device has been subjected. In other
      words, absorption of gas by the wick and reaction on it desirably should
      be confined to occurring progressively from the wick end nearest the gas
      source.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention relates to an improved time-temperature integrating
      indicator device of the type described in pending application Ser. No.
      469,851, the disclosure of which is incorporated herein by reference.
PAR  The device of said patent application includes an elongated envelope having
      generally co-extensive upper and lower walls each of a gas impermeable
      material with the walls being sealed together in a continuous course
      extending about the periphery of each, and the walls further being sealed
      together at a position intermediate their ends by a transverse cross-seal
      so as to define first and second compartments within the envelope. A gas
      generating material is disposed in the first compartment and a wick
      extends from the first compartment to the second compartment and
      intervenes the cross-seal whereby the wick is intended to provide the only
      gas communication between the two compartments. Finally, an indicator
      composition producing a color change in the presence of a gas generated by
      the gas generating material. When it is desired to employ the device, the
      gas generating material, which normally is confined in a further enclosure
      within the device first compartment, is activated by rupturing the
      enclosure causing the gas generating material to produce a gas which is
      communicated from the first to second compartments through the cross-seal
      and onto the wick. According to the time and temperature exposure of the
      product with which the device is used, the said exposure as an integral of
      time and temperature will be recorded in the device on the wick.
PAR  In accordance with the present invention spurious, random gas molecules
      transport within a time-temperataure integrating indicator device of the
      type disclosed in said application is eliminated as a factor in the
      operation of the device by providing a longitudinally disposed gas barrier
      means extending between the indicator envelopes upper and lower walls
      immediately adjacent each longitudinal side margin of the wick and along
      substantially the full length of the wick. If any gas should bypass the
      end of the wick nearest the gas source, the spaces between the barrier and
      the wick side margin is sufficiently small to insure that the gas will not
      travel longitudinally of the wick to any appreciable or significant
      distance before it is caused to come into contact with the wick. Thus
      substantially all gas absorbed by the wick is caused to make first contact
      with the wick at or right adjacent to the end of the wick closest to the
      gas source.
PAR  Desirably the gas barrier means is provided by sealing the upper and lower
      walls of the envelopes together in a course along each side of the wick
      longitudinal margins. Most conveniently, and where the envelope walls are
      heat sealable materials, the barrier is achieved by effecting a heat
      sealed joinder of the walls.
PAR  The present invention also provides an improved manner of confining the gas
      generating material in the device, the said material being confined in a
      readily rupturable or frangible ampule. Conveniently the ampule can be
      provided as an elongated glass cylinder with the glass cylinder being
      sealed at the opposite ends thereof, the gas generating material being
      activated when the glass cylinder is ruptured. Additionally, the ampule is
      fixedly positioned in the envelope by an overlaying strip of gas permeable
      material which is fixedly secured to the inner surface of one of said
      upper and lower walls by means of a heat seal encircling the ampule.
      Further, the ampule can be enclosed in a resilient sleeve so that when it
      is ruptured, particles of the broken glass are prevented from damaging the
      envelope as by piercing the same when the ampule is ruptured.
PAR  The invention accordingly comprises the temperature-time integrating
      indicator device possessing the features, properties and relation of
      elements which will be exemplified in the device hereinafter described and
      the scope of the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects of the invention will be in part obvious and will in part
      appear from the following detailed description taken in conjunction with
      the accompanying drawings, wherein like reference numerals indicate like
      parts throughout and which
PAR  FIG. 1 is a plan view of a temperature-time integrating indicator device
      constructed in accordance with the principles of the present invention,
      portions of the upper wall and the ampule positioning strip being broken
      away for purposes of clarity in depicting constructional details.
PAR  FIG. 2 is a longitudinal vertical sectional view as taken along the line
      II--II in FIG. 1.
PAR  FIG. 3 is a transverse sectional view on enlarged scale as taken along the
      line III--III in FIG. 2.
PAR  FIG. 4 is a fragmentary plan view of the device showing an additional
      manner in which the sealing together of the envelope walls can be carried
      out.
PAR  FIG. 5 is a side view of the ampule in which the gas generating material is
      confined, the ampule being enclosed in a resilient sleeve.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the ensuing descriptinon reference is made to gas permeable and gas
      impermeable materials as well as to gas generating materials, wick means,
      and indicator compositions. Various types of materials can be employed for
      such components as is described in more elaborate detail in said pending
      applicaton Ser. No. 469,851 and for which purpose the disclosure of said
      application is incorporated herein by reference. Further description
      herein is intended to include for such components, the materials disclosed
      in said application as well as such other materials as would be apparent
      to those skilled in the art.
PAR  With continuing reference to FIGS. 1-3, there is depicted a temperature
      time indicator which includes an envelope 10 comprised of elongated,
      generally co-extensive upper and lower walls 12 and 14 of gas impermeable
      material. The walls 12 and 14 while depicted as single ply components of
      transparent material could be plural ply and be laminated to include a
      metal foil layer as well as being in part opaque. The important
      consideration is that said walls be gas impermeable. Walls 12 and 14 are
      joined together to form the envelope structure by sealing them together in
      a continuous course extending about the periphery of each, e.g., by
      heat-sealing, the material of the walls of course being compatible to that
      purpose, and such peripheral seal being shown generally at 16 in FIG. 2.
      The device also embodies a wick 18, the wick being disposed longitudinally
      of the envelope 10, in a longitudinal portion thereof which constitutes an
      indicating section 26, and being treated with an indicator composition as
      described in said earlier-mentioned pending patent application. The device
      also includes an ampule 22 disposed in another longitudinal portion of the
      envelope constituting a gas generation section 28 in which is confined a
      gas generating material, the ampule being disposed intermediate the upper
      and lower walls 12 and 14 and being fixedly positioned there-between as by
      connection of an overlaying gas permeable sheet 24 with one of said walls,
      the wick 18 having one tip end as at 19 in gas generation section 26 and
      its other tip end 21 remote from said gas generation section.
PAR  In accordance with the present invention, there is provided a gas barrier
      40 at each longitudinal side of the wick 18, the gas barrier extending
      between walls 12 and 14 and in the instance where walls 12 and 14 are
      amenable to heat sealing being provided by effecting a heat sealed joinder
      of the walls in the pattern depicted best in FIG. 1. The heat seal is
      positioned immediately adjacent the said wick longitudinal side margins.
      "Immediately adjacent" as used herein is intended to mean effecting the
      heat seal as close to the wick as practical manufacturing will permit
      without causing adherance of any melted wall material to the wick
      material. Thus any spacing 51 as may exist between the sides of the wick
      at the barrier is of insignificant consequence with respect to the
      possibility of gas transport occurring along said space without making a
      contact with the wick 18 at or very close to tip end 19. In this manner
      the possibility of random gas molecules transport through said space and
      into first contact with the wick at location remote from tip end 19 is
      inhibited.
PAR  The important requirement in the construction of the device is that the
      longitudinal gas barrier extend immediately adjacent the wick side margins
      substantially along the full length of the wick. If desired, however, the
      sealed joinder of the envelope walls can be extended laterally outwardly
      from the wick sides in the pattern 55 depicted in FIG. 4.
PAR  Further in accordance with the present invention, the gas generating
      component is confined within ampule 22, and the ampule 22 is fixedly
      secured to the inner surface of one of the envelope upper and lower walls,
      in the depicted embodiment the ampule 22 being fixedly positioned by
      securing the same to the inner surface of lower wall 14 with the gas
      permeable sheet 24, the latter being heat sealed to the lower wall in the
      generally oval course seal pattern 57 depicted in FIG. 1. The ampule 22 in
      which the gas generating material is confined desirably is an elongated
      component, closed at its ends and made of a frangible material, glass
      being preferred. Thus, when it is desired to activate the device, the user
      need only apply a bending force to the envelope in the region of the
      position of the ampule and generally applied intermediate the ends of the
      ampule to fracture the same and permit the gas to escape in the first
      section 26 of the envelope from whence it can flow onto the wick located
      in the second section 28. To provide that when ampule 22 is ruptured,
      resulting jagged particles of the same will not pierce or damage any of
      the envelope structure, the ampule can be enclosed in a resilient sleeve
      60 as shown in FIG. 5, the resilient sleeve for example being a braided
      fiberglass member.
PAR  The improved device of the present invention is used in the same manner as
      the device described in the earlier-mentioned pending application, being
      used in association with a product that is received in a particular
      environment wherein the temperature history is to be measured in order to
      determine how if at all departure from a desired norm as might affect the
      product. At the time the product is placed in the environment and it is
      desired to provide a history of the storage of the product, the device is
      activated by breaking the glass ampule and the operation of the device
      thereafter proceeds as is set forth in said pending application.
PAR  In summary, this application discloses an improvement in design of the time
      temperature intergrating indicator of pending U.S. application Ser. No.
      469,851, whose purpose is twofold. First, to insure that no significant
      amount of gas leaves the first compartment and enters the second
      compartment other than through the wick means. Second, to prevent any
      significant amount of gas leaving the wick and reentering and reacting at
      a location as to give erroneous indication.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A temperature time integrating indicator device which comprises
PA1  an elongated envelope having generally co-extensive upper and lower walls
      each of a gas impermeable material, the walls being sealed together in a
      continuous course extending about the periphery of each, a first
      longitudinal portion of said envelope comprising a gas generation section
      within said envelope and a second longitudinal portion of said envelope
      comprising an indicating section within said envelope,
PA1  a gas generating material disposed in the gas generation section of said
      envelope,
PA1  an elongated wick disposed longitudinally of the envelope with one end
      thereof in said gas generation section, said wick extending a distance
      along said envelope indicating section and the other end thereof being
      remote from said gas generation section,
PA1  an indicator composition deposited on said wick, said indicator composition
      producing a color change in the presence of gas generated by said gas
      generating material, and
PA1  longitudinally disposed gas barrier means extending between said upper and
      lower walls immediately adjacent each longitudinal side margin of said
      wick and along substantially the full length of said wick for inhibiting
      gas transport at the longitudinal side margins of said wick whereby
      substantially all gas absorbed by said wick makes first contact with said
      wick at said one end thereof.
NUM  2.
PAR  2. The device of claim 1 in which said gas barrier means comprises a sealed
      together connection of said upper and lower walls.
NUM  3.
PAR  3. The device of claim 2 in which said upper and lower walls are each of
      material amenable to heat sealing, said gas barrier means comprising a
      heat-sealed joinder of said upper and lower walls.
NUM  4.
PAR  4. The device of claim 1 in which said gas generating material is confined
      in an ampule of readily rupturable material, said ampule being fixedly
      disposed in the gas generation section of said envelope.
NUM  5.
PAR  5. The device of claim 4 in which said ampule is a glass cylinder.
NUM  6.
PAR  6. The device of claim 4 in which said ampule is enclosed in a resilient
      sleeve for preventing damaging the envelope structure when said ampule is
      ruptured.
NUM  7.
PAR  7. The device of claim 4 in which said ampule is fixedly positioned in said
      first compartment by a strip of gas permeable material sealed to an inner
      surface by one of said upper and lower walls in a course encircling said
      ampule.
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PAL  An immersible probe for determining the oxygen content of a steel bath,
      having a disposable tip that contains aluminum, calcium, magnesium,
      titanium, zirconium or a rare earth metal that reacts exothermically with
      the bath oxygen to cause a temperature rise whose magnitude is
      proportional to bath oxygen content. In preferred embodiments, the probe
      tip captures a predetermined volume of the molten metal in a chamber
      having a closure of the metal of the bath which accordingly melts and
      exposes the chamber when the probe tip has penetrated beneath the slag.
      Plural chambers, one with oxidizable metal and one without, may be
      provided for precise comparison.
BSUM
PAR  The present invention relates to an immersible probe for the determination
      of the oxygen content of metallic baths.
PAR  More particularly, the invention relates to an immersible probe for
      determining, in a simple, rapid and precise manner, the oxygen content of
      metallic baths as a function of the heat of reaction of the oxygen in a
      predetermined volume of the bath, with a substance that forms stable
      oxides.
PAR  As is known, during a number of metallurgical processes, and in particular
      in steelmaking, the problem arises of measuring one or more times the
      composition of the bath, particularly its oxygen content. In the case of
      steelmaking, for example, the carbon and oxygen contents are of particular
      interest owing to their great sensitivity to the variations of the
      operating parameters of the process as well as to their influence on the
      quality and properties of the product.
PAR  In steelmaking, a known method for measuring the oxygen content is to
      remove a sample from the bath, solidify it, and then analyze it in the
      laboratory by means of known methods. Although this method achieves high
      levels of precision, it is no longer of much use in steelmaking,
      especially in the case of oxygen steelmaking, as it takes too long to be
      acceptable.
PAR  Another known method consists in measuring the difference between the
      temperatures of the liquidus of a sample as cast and of a sample killed
      with aluminum. This method is faster than the first-mentioned method, but
      is less reliable both as to precision and as to sensitivity.
PAR  Still another method consists in the measurement of the electromotive force
      of a galvanic cell made up, on the one hand, of a reference electrode with
      constant oxygen activity as well as a solid electrolyte with transport of
      oxygen ions, and, on the other hand, of the steel bath which constitutes
      the electrode of unknown oxygen activity. This emf is a function of the
      oxygen activity in the bath and of temperature. A computer corrects the
      signal of the galvanic cell as to oxygen activity with respect to
      temperature and records the corrected result. This method is rapid but it
      has certain disadvantages, such as the high cost of the probe which must
      of necessity be of the expendable type, that is, utilizable only once.
      Also, this method is plagued by poor precision both at high and at low
      values of oxygen concentration, and by the need for frequent checks and
      calibration of the data transmission and display system.
PAR  Accordingly, it is an object of the present invention to provide apparatus
      for the determination of the oxygen content of metallic baths, which will
      overcome the above drawbacks and be rapid, economical, precise, sensitive,
      and low in cost.
PAR  Briefly, the objects of the present invention are achieved, by providing
      apparatus characterized by the measurement of temperature variation caused
      in part of the bath by the heat evolved by the reaction of a substance
      which forms a stable oxide with the oxygen in a predetermined volume of
      the bath.
PAR  More particularly, in the metallic bath whose oxygen content is to be
      measured, a probe having a disposable tip is inserted, having in the probe
      tip a device for the measurement of temperature and containing a
      predetermined quantity of a substance that forms a stable oxide. The
      substance is preferably a metal selected from the group consisting of
      aluminum, calcium, magnesium, titanium, zirconium, and a rare earth metal.
      By "rare earth metal" is meant lanthanum, cerium and other metals of
      atomic number 57-71 used for deoxidizing steel, yttrium, misch metal, etc.
PAR  Both the temperature measuring device and the oxide-forming substance are
      temporarily shielded by a consumable material such as a metal that melts
      in the bath, preferably the very metal of the bath, so as to allow the
      temperature-measuring device to reach thermal stability before the
      oxide-forming substance begins to react. The shield also permits the metal
      to react only when the end of the probe which carries the device is
      immersed in the metal bath and not in the slag.
PAR  When the metal bath and probe tip and temperature-measuring device are all
      at thermal equilibrium, the shield will be consumed or melted and the bath
      will come into contact with the oxide-forming substance in the immersed
      end of the probe, which in turn will react with the oxygen in the bath
      according to the equation
EQU  x Me + y O.sub.2 = Me.sub.x O.sub.2Y -.DELTA.H
PAL  .DELTA.h, which is the exothermic heat of reaction, causes a temperature
      rise which is directly proportional to the quantity of oxygen which has
      reacted and to the mass of steel which contained that oxygen and inversely
      proportional to the thermal capacity of the system.
PAR  From this temperature rise, the oxygen concentration of the bath can be
      easily derived, as will be shown hereinafter.
PAR  An advantage of the present invention is that for determining the
      concentration of oxygen in a metallic bath, it is not necessary to know
      the temperature of the bath or the mass of steel containing the oxygen
      which has reacted. As regards the temperature of the bath, in fact, the
      quantity of heat which is evolved by the reaction of one mol of oxygen
      with the metal is constant, within 1 per cent, between 1300.degree. and
      1800.degree.C., as is also the thermal capacity of the system.
      Accordingly, the temperature rise caused in the system by the said
      reaction of 1 mol of oxygen with the metal is also constant. As to the
      mass of steel involved in the reaction, the formula for temperature rise
      is as follows:
EQU  .DELTA.T = Q Me.sub.x O.sub.2y /Mcp = C.sub.02 M H / Mcp = C.sub.02 H /cp,
PAL  from which:
EQU  C.sub.02 =.DELTA.Tcp / H
PAL  the thermal capacity of the measuring device, relative to that of the
      steel, is considered to be negligible in this instance, as in fact it is
      in reality.
PAR  In the above equations, the terms have the following meaning:
PA1  .DELTA.T is the recorder change in temperature;
PA1  QMe.sub.x O.sub.2y is the heat evolved by the reaction of formation of the
      oxide;
PA1  cp is the specific heat of the steel;
PA1  M is the mass of steel involved in the reaction;
PA1  C.sub.02 is the oxygen content of the bath in grams/liter;
PA1  H is the enthalpy of formation of the oxide Me.sub.x O.sub.2y.
PAR  It will be noted that the mass of steel involved in the reaction is not a
      factor in the final formula for the determination of the oxygen
      concentration.
PAR  Although it is not necessary to know the temperature of the steel bath in
      order to determine its oxygen content, as was pointed out above,
      nevertheless the measurement of this parameter is important for the
      correct operation of the steelmaking process. Thus, the
      temperature-measuring means of the present invention can also be used to
      measure the temperature of the bath at the same time as its oxygen
      content.
PAR  The procedure by which the present invention is practiced can comprise the
      following steps:
PAR  1. Measurement of the bath temperature;
PAR  2. Bringing into contact with the bath a quantity of a substance that
      reacts exothermically with oxygen dissolved in the bath to form a stable
      oxide, the quantity of this substance being in excess of that
      stoichiometrically required.
PAR  3. Measuring the variation in temperature caused locally in the bath by the
      reaction between the oxide-forming substance and the dissolved oxygen.
      From the value of this temperature variation it is possible, by use of the
      formula
EQU  C.sub.02 =.DELTA.T cp / H
PAL  or by the use of suitable standard curves, to derive readily the oxygen
      content of the metallic bath.
PAR  The oxide-forming material is preferably present in excess of that
      necessary to react with the oxygen presumably contained in at least one
      cubic decimeter of metallic bath. In other words, under the operating
      conditions it is in stoichiometric excess.
PAR  The apparatus for practicing the present invention comprises a probe at
      least the tip of which is expendable, the tip comprising a hollow body
      containing the temperature-sensing element of a thermometric system,
      together with a substance that reacts exothermically with oxygen dissolved
      in the bath to form a stable oxide. The walls of the hollow body are
      formed, at least in part, by a consumable shield.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from a consideration of the following disclosure, taken in
      connection with the accompanying drawing, in which:
PAR  FIG. 1 is a cross-sectional view of the tip of a consumable probe according
      to the present invention, in a first embodiment thereof;
PAR  FIG. 2 is a view similar to FIG. 1 but showing a modified form of the probe
      tip; and
PAR  FIG. 3 is a view similar to FIGS. 1 and 2 but showing still another
      embodiment thereof.
DETD
PAR  Referring now to the drawing in greater detail, and first to FIG. 1
      thereof, there is shown a probe having a body 1 in the form of a hollow
      tube and a hollow body 2 of refractory material in the end thereof. Body 2
      has an internal cavity 3 which communicates with the exterior through a
      hole 4 closed by a consumable shield 5, preferably of the same metal as
      the bath whose oxygen content is to be determined. In cavity 3 is disposed
      the thermosensitive element 6 of a thermometric device which is otherwise
      not shown but which is conventional. Element 6 may for example be a
      thermocouple.
PAR  A metallic capsule 7 contains the substance that reacts exothermically with
      the oxygen dissolved in the bath to form a stable oxide.
PAR  When the probe is immersed in the metallic bath, the consumable shield 5
      allows the tip of the probe to penetrate the slag layer floating on the
      bath without the slag entering the cavity 3. Shield 5 and the walls of
      capsule 7 are of a thickness such as to permit the probe to reach the
      chosen measurement position, and to allow the thermometric system and the
      refractory body 2 to reach thermal equilibrium with the bath, before the
      molten metal of the bath melts shield 5 and comes into contact with the
      oxide-forming substance contained in capsule 7.
PAR  When this contact occurs, an exothermic reaction takes place which locally
      raises the temperature of the bath, the variation of bath temperature
      obtained in this way being directly correlated with oxygen content of the
      bath on the basis of the equation given above.
PAR  The reactive substance in capsule 7 is in stoichiometric excess relative to
      the oxygen in the molten metal in cavity 3, and so there will remain some
      unreacted substance when the exotherm ceases and the detected temperature
      stops rising.
PAR  FIG. 2 shows a second embodiment of probe tip according to the present
      invention. In this embodiment, differential measurements are carried out,
      the hollow body 2 having an internal vertical diaphragm 8 which is also of
      refractory material and which divides the internal cavity of body 2 into
      two separate compartments 3' and 3". Compartment 3' contains the sensing
      element 6' of a thermometric device which is otherwise not shown but is
      conventional, for the measurement of the temperature of the metallic bath;
      while compartment 3" contains the sensing element 6" of a second
      thermometric device and the metallic capsule 7 containing the
      oxide-forming substance. Both compartments are provided with openings 4'
      and 4", which are closed by a common consumable metal shield 5. The
      accuracy of measurement of the temperature rise due to the exotherm is
      thus improved by the side-by-side standardization provided by the
      embodiment of FIG. 2.
PAR  FIG. 3 shows a third embodiment in which the walls of the hollow body 2'"
      are entirely metallic and also perform the function of the shield 5 of the
      embodiments of FIGS. 1 and 2. A connector 10 joins this cup-shaped hollow
      body 2'" to the probe 1.
PAR  The oxide-forming material in the embodiment of FIG. 3, instead of being in
      a capsule 7, is now in the form of a sheath 9 enclosing the
      temperature-sensing element 6 of the thermometric device. Sheath 9 is
      contacted by and reacts with the oxygen in the molten metal when hollow
      body 2'" melts.
PAR  In all embodiments, temperature sensed by elements 6, or the temperature
      difference sensed by elements 6' and 6", will be displayed and/or recorded
      in a conventional manner by conventional apparatus which need not be
      further described, in terms of temperature as such and/or the correlative
      oxygen content.
PAR  From a consideration of the foregoing disclosure, therefore, it will be
      evident that the initially recited objects of the present invention have
      been achieved.
PAR  Although the present invention has been described and illustrated in
      connection with preferred embodiments, it is to be understood that
      modifications and variations may be resorted to without departing from the
      spirit of the invention, as those skilled in this art will readilly
      understand. Such modifications and variations are considered to be within
      the purview and scope of the present invention as defined by the appended
      claims.
CLMS
STM  Having described our invention, we claim:
NUM  1.
PAR  1. Apparatus for the determination of the quantity of oxygen dissolved in a
      metallic bath, comprising a probe having at its tip a hollow body, a
      thermometric device in said hollow body, a substance in said hollow body
      that reacts exothermically with oxygen dissolved in the bath to form a
      stable oxide, and a consumable shield comprising at least a portion of
      said hollow body to prevent contact between said substance and the
      metallic bath until after said thermometric device has reached thermal
      equilibrium with the bath.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, said hollow body being of refractory
      material having at least one opening therethrough that is closed by said
      shield.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, said hollow body being of refractory
      material having two chambers in one of which is disposed said thermometric
      device and said substance and in the other of which is disposed a second
      thermometric device for comparison, both said chambers being closed by a
      consumable shield.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, in which said substance is a member
      selected from the group consisting of calcium, magnesium, aluminum,
      titanium, zirconium and a rare earth metal.
NUM  5.
PAR  5. Apparatus as claimed in claim 1, said consumable shield comprising a cup
      surrounding said substance.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, in which said substance is in the form
      of a sheath about said thermometric device.
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PAL  High Resolution Mixer for the Study of the Kinetics of Rapid Reactions in
      Solution, R. L. Berger et al., The Rev. of Scientific Instruments, Vol.
      39, No. 4, pp. 493-498.
PAL  High Speed Optical Stopped-Flow Apparatus, R. L. Berger et al., The Rev. of
      Scientific Instruments, Vol. 39, No. 4, pp. 486-492.
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ABST
PAL  A flow path block having capability for storing a plurality of reactant
      volumes and for delivering the reactants through separate paths to a
      common mixing chamber where the reactants are mixed and delivered through
      reactant outlet means. Reactant outlet means may include a measurement
      chamber for determining the stopped flow kinetics of reactions in the
      mixture or may be a path for delivery of the mixed reactants to an
      external vessel for some subsequent intended use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an integrated flow path block for storage,
      delivery, and mixing of a plurality of reactants, and more particularly to
      such a flow path block having a measurement chamber for determination of
      stopped flow reaction rates in the mixture.
PAR  The mixing of a plurality of reactants rapidly and thoroughly is often
      desirable. The mixed reactants may be utilized as one ingredient in a
      subsequent mixture where a precisely measured amount of the mixture is
      required and/or where addition of the reactants singley into the
      subsequent mixture is undesirable. Rapid and complete mixture of a number
      of reactants is required when the purpose is to measure reaction rates
      within the mixture. One such technique commonly used to measure reaction
      rates is called stopped flow spectrophotometry. In this technique the
      measurement of optical absorption versus time is the basis for rate
      determination. Alternate means of measurement such as fluorescence,
      electrical conductivity, etc., may be used.
PAR  When engaged in the study of the kinetics of chemical reactions in a
      solution the capability for mixing all of the reactants rapidly is of
      primary importance. This capability sets a lower limit on the time
      interval for the solution to travel from the point where mixing begins to
      the point of measurement. This is a determining factor in the resolution
      of the measurement system. This time interval is defined as the dead time
      of the mixer, and extends from the time when initial contact is made
      between the plurality of reactants to the point in time at which first
      measurements may be made.
PAR  Normally a precise flow volume or stopped flow measurement device requires
      positive flow stopping means. Generally a drain valve is necessary in
      conjunction with the positive flow stopping means. Input valving is also a
      general requirement as the reactants are transferred from reservoirs
      storing the reactants to drive syringes preparatory to causing flow to the
      mixer from the drive syringes. An apparent need exists for an integrated
      flow path block for containing amounts of the reactants, delivering the
      reactants to a mixer, mixing the reactants thoroughly and rapidly, and
      delivering them to a means for subsequent use which may be a means for
      measuring reaction rates in the mixed solution.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  In general the disclosed invention provides a flow path block integrating
      the containers for holding the various reactants to be mixed, the inlet
      paths from each container, a mixer in communication with all of the inlet
      paths for rapid and thorough mixing of the reactants, and an outlet means
      for delivering the mixed reactants for their ultimate purpose. The
      reactant outlet means may include means for measuring the kinetics of
      reaction rates in the mixed solution of reactants. The measuring means may
      be an optical path for measurement of light energy transmission
      characteristics, an electrical path for measurement of electrical
      conductance characteristics, or any other type of path for extraction of a
      characteristic of the reactant mixture indicative of the kinetics of
      reaction rates within the mixed solution.
PAR  In general it is an object of the present invention to provide an
      integrated flow path block incorporating reactant containers, a mixer for
      the reactants, measurement means for determining a physical characteristic
      of the mixed reactants, and the necessary communications therebetween to
      provide the desired flow sequence.
PAR  Another object of the invention is to provide an integrated flow path block
      of the above character having receptacles for drive syringe bodies
      containing the reactants.
PAR  Another object of the invention is to provide an integrated flow path block
      of the above character providing rapid and thorough mixing of the
      reactants internally.
PAR  Another object of the present invention is to provide an integrated flow
      path block of the above character having an optical path for measuring
      light absorbence in the mixture of reactants.
PAR  Another object of the invention is to provide an integrated flow path block
      of the above character having a light seal on the two faces of the block
      in communication with the optical path.
PAR  Another object of the invention is to provide an integrated flow path block
      of the above character which does not require positive flow stopping
      means.
PAR  Another object of the invention is to provide an integrated flow path block
      of the above character which does not require valves for direction of the
      reactant or mixture flow.
PAR  Another object of the invention is to provide an integrated flow path block
      providing a precisely measured amount of thoroughly mixed reactants for
      subsequent use externally of the block.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiments have been set
      forth in detail in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation view of an assembly utilizing one embodiment of
      the integrated flow path block.
PAR  FIG. 2 is a plan view of the integrated flow path block shown in FIG. 1.
PAR  FIG. 3 is a sectional view along the line 3--3 of FIG. 1.
PAR  FIG. 3a is an additional sectional view along the line 3--3 of FIG. 1.
PAR  FIG. 4 is a side elevational view showing the complex mixer detail.
PAR  FIG. 5 is a sectional view along the line 5--5 of FIG. 2 showing an
      integral flow path block using a complex mixer.
PAR  FIG. 5a is another sectional view along the line 5--5 of FIG. 2 showing an
      integral flow path block using a simple mixer.
PAR  FIG. 6 is a side elevational view showing the simple mixer detail.
PAR  FIG. 7 is an additional sectional view along the line 5--5 of FIG. 2
      showing an additional embodiment of the integrated flow path block.
PAR  FIG. 8 is a perspective view of another embodiment of the integrated flow
      path block.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The integrated flow path block mixes a plurality of contained reactants
      rapidly and thoroughly, directing the mixture of reactants through an
      outlet means leading from the mixer. In one embodiment the outlet means
      including means for measuring physical characteristics of the mixed
      reactants. Referring to FIG. 1 this embodiment of an integrated flow path
      block 11 is shown in association with a spring syringe drive mechanism 12.
      The spring syringe drive 12 is disclosed in copending patent Application
      Ser. No. 365,969 filled June 1, 1973 concurrently with this application.
      Spring syringe drive mechanism 12 includes a triggering knob 13 supported
      atop a support rod 14 for actuating the mechanism and driving the ram 16
      through a predetermined distance with a predetermined force derived from
      drive spring 17. A housing 18 encloses spring syringe 12 and it is
      generally supported on base 19. Keeper rods 21 extend below base 19,
      attached thereto by nuts 22, and supporting a keeper 23 at their lower
      ends.
PAR  A block body 24 is attached to keeper 23 and, in this embodiment, contains
      a pair of syringe barrels 26 each having a syringe piston 27 inserted
      therein having upper portions 28 in contact with ram 16. Syringe barrels
      26 have handling flanges 29 extending outwardly from their upper ends.
PAR  An optical path 31 is shown centrally disposed in the face 32 of block body
      24 and an efflux tube 33 is shown for conducting reactant efflux from the
      block body 24.
PAR  Turning now to FIG. 2 the embodiment having a block body 24 for receiving
      syringe barrels 26 as in FIG. 1 is shown. Cavities 34 are formed in one
      side of block 24 having a conical bottom or countersink 36 as best seen in
      FIGS. 5 and 5a matching the conical surface at the bottom of the syringe
      barrel 26. A smaller bore 37 having a standard Luer taper extends from the
      bottom of the countersink 36 and communicates with an inlet path 38. A
      plurality of inlet paths 38 extend through the block body 24 to a mixing
      chamber 39 which is in communication with a passage 41 extending through
      the block 24 to the optical path 31. An efflux passage 42 extends from the
      downstream end of optical path 31 to the exterior of block 24.
PAR  Referring now to FIG. 3 a sectional view of the integrated flow path block
      11 is shown revealing the sealed optical path 31. Optical path 31 encloses
      a volume corresponding to a stopped flow volume. Block body 24 has a front
      face 32 and a rear face 43. Front and rear faces 32 and 43 respectively
      are both in communication with optical path 31. Faces 32 and 43 have
      threaded bores 44 extending into the block body 24. The assemblies
      contained in bores 44 are identical. A first compliant washer 46 is
      located in the bottom of bore 44 having a hole centrally disposed therein.
      A hollow cylindrical insert 47 having internal and external threads with
      the external threads mating with the threads of threaded bore 44 is
      advanced to the bottom of bore 44. A window 48 is placed within the hollow
      threaded insert 47 overlying the first compliant washer 46. A second
      compliant washer 49 having a centrally disposed hole therethrough is
      placed within insert 47 overlying window 48. A hollow cylindrical window
      retainer 51 having external threads mating with the internal threads in
      hollow threaded insert 47 is advanced within insert 47 to achieve firm
      contact with the second compliant washer 49. The bottom of block body 24
      has a groove 52 extending from the front face 32 to the rear face 43.
      Block body 24 has a mixer insert bore 53 extending upward from bottom
      groove 52 and communicating with mixing chamber 39.
PAR  Referring to FIG. 4 the details of a complex mixer 54 are shown. The mixing
      principles of the mixer 54 are described in the article "High Resolution
      Mixer for the Study of the Kinetics of Rapid Reactions in Solution" from
      The Review of Scientific Instruments, Volume 39, No. 4. April 1968, by
      Robert L. Berger et al. The mixer described therein is more complex than
      that in the instant disclosure, but the mixing chamber 39 is of the form
      described by Berger. The complex mixer 54 has a lower base flange 56 and a
      mixer body 57 extending thereabove. Mixer body 57 has a lower sealing land
      58 around the top portion of the mixer body 57. A first cylindrical collar
      59 is located above the lower sealing land 58. A second cylindrical collar
      61 is located above the first cylindrical collar 59 and an upper sealing
      land 62 provides means for blocking flow between the first and second
      cylindrical collars 59 and 61 respectively. A hemisphere 63 is formed
      above the second cylindrical collar 61.
PAR  Complex mixer 54 has a central bore with a larger diameter 64 reaching to
      the height of the lower end of lower sealing land 58, and a smaller
      diameter 66 extending further inside hemisphere 63. A plug 67 having an
      outside diameter matching bore 64 is inserted therein having a length
      completely filling bore 64 and seating so that the plug end is flush with
      the bottom of mixer base flange 56. First cylindrical collar 59 has a
      through radial hole 68 in communication with smaller bore 66. Hemisphere
      63 has a plurality of radial holes 69, four in the embodiment shown, also
      in communication with bore 66.
PAR  Turning now to FIG. 5 the operation of the embodiment disclosed above will
      be described. Syringe barrels 26 containing reactants are inserted into
      cavities 34 having their bottom openings extending into the standard Luer
      taper bores 37 placing the reactants in communication with inlet paths 38.
      The conical bottom or countersink 36 guides the small diameter tip on the
      syringe body 26 into the bores 37. Syringe pistons 27 when simultaneously
      moved in a downward direction causes reactants to flow from the syringe
      barrels 26 through the inlet paths 38 to the mixer 54. Inlet path 38a
      communicates with first cylindrical collar 59 forcing reactant from inlet
      path 38a through hole 68, into bore 66, and through holes 69 outwardly
      into mixing chamber 39. Reactant flowing from syringe barrel 26 through
      inlet path 38 is directed against second cylindrical collar 61, flowing
      thereabout and also continuing into mixing chamber 39. The two reactants
      in this embodiment are joined in the space between the hemisphere 63 and
      the walls of mixing chamber 39, and experience considerable turbulence
      immediately downstream of hemisphere 63. Mixing occurs in the area of
      turbulence, and the mixed reactants proceed through passage 41 into the
      optical path 31. When the force is removed which simultaneously depresses
      syringe pistons 27, the motion of pistons 27 stops substantially
      immediately. Flow through the block body 24 thereby stops substantially
      instantaneously. Observations may now be made through the optical path 31
      which contains a stopped flow volume for observations of the kinetics of
      reaction rates in the mixed solution of reactants.
PAR  Referring now to FIG. 3a a sectional view of a configuration is shown
      similar to that of FIG. 3. Similar parts are shown with the suffix letter
      a affixed. In this embodiment electrodes 71 are disposed at each end of a
      measuring path 72 for measuring the electrical conductance of the mixed
      reactants which are caused to flow into conducting path 72 in the same
      manner as that described above for causing reactants to flow into optical
      path 31. In the embodiment shown in FIG. 5 and the modification shown in
      FIG. 3a the reactants contained in optical path 31 and conducting path 72
      respectively are caused to exit through efflux path 42 of FIG. 2 by the
      ensuing volume of reactants caused to flow through block body 24 and 24a
      respectively by subsequent downward motions of syringe pistons 27.
PAR  Turning now to FIG. 6 the description of a simple mixer 73 follows. A mixer
      base flange 74 is located at the bottom of simple mixer 73 having a mixer
      body 76 extending thereabove. A cylindrical collar 77 is formed above
      mixer body 76 having a sealing land 78 disposed therebetween. A hemisphere
      79 is formed above cylindrical collar 77.
PAR  Referring now to FIG. 5a a block body 81 for use with the simple mixer 73
      is shown. Syringe pistons 27 are inserted in syringe barrels 26 which in
      turn are inserted in cavities 34 having countersunk bottoms 36 and
      standard Luer taper bores 37 as in FIG. 5 above. Optical path 31 is in
      communication with passage 41 which extends from mixing chamber 39 forming
      a portion of a flow conduit identical to that described in FIG. 5 above.
      Inlet paths 82 and 82a in FIG. 5a both lead from the bottom of the
      standard Luer taper 37 to the mixing chamber 39. Mixer insert bore 53
      receives simple mixer 73 and inlet paths 82 and 82a are positioned to
      discharge reactants from their respective syringe barrels 26 to impinge on
      opposite sides of cylindrical collar 77. Flowing reactants continue into
      the space between hemisphere 79 on simple mixer 73 and the walls of mixing
      chamber 39. Considerable turbulence is generated downstream of hemisphere
      79. The mixed reactants flow through passage 41 to optical path 31 where
      they are available for measurement when the flow is stopped.
PAR  FIG. 5a may also incorporate the modification of FIG. 3a involving
      electrodes 71 and conducting path 72 in lieu of optical path 31 in the
      same manner as described for the embodiment depicted in FIG. 5 above. It
      should also be noted that efflux path 42 as shown in FIG. 2 exists in the
      embodiment of FIG. 5a for discharge of the volume of mixed reactants
      contained in optical path 31 or conducting path 72 upon subsequent flow
      through block body 81 caused by further downward motion of syringe pistons
      27. By way of example both complex mixer 54 and simple mixer 73 may be
      made of a relatively soft material such as polytetrafluoroethylene.
PAR  Referring now to FIG. 7 a block body 83 is shown having cavities 84 formed
      therein to accept syringe pistons 27. Inlet paths 86 are shown
      communicating one one end with a mixing chamber 87. A pair of paths 90
      extend inwardly from the exterior of block 83. First and second valves 85
      are disposed to select paths 86 or 90 for communication with cavity 84.
      Passage 88 is in communication with mixing chamber 87 and leads to optical
      path 89. Block body 83 has a groove 91 from the front face to the rear
      face and a mixer insert bore 92 extending from the groove 91 communicating
      with the mixing chamber 87. Simple mixer 73 is shown in mixer insert bore
      92 in this embodiment.
PAR  The operation of the integral flow path shown in FIG. 7 involves depositing
      reactants into cavities 84 which serve as containers in block body 83.
      Deposition of reactants into cavities 84 involves turning valves 85 to
      place paths 90 in communication with cavities 84 and injecting the
      reactants therethrough. After filling cavities 84 valves 85 are
      repositioned to place paths 86 in communication with the container
      reactants in cavities 84. Syringe pistons 27 are positioned in cavities 84
      above the reactants contained therein, causing reactants to flow through
      inlet paths 86 when they travel through a downward stroke. Reactants
      emerge from inlet paths 86 to impinge upon cylindrical collar 77, flowing
      together in the space formed between hemisphere 79 and the walls of mixing
      chamber 87, thereby mixing as a result of the turbulence immediately
      downstream of hemisphere 79 as described before. Flow continues through
      passage 88 into optical path 89 providing a fresh charge of thoroughly
      mixed reactants for observation. The reactant mixture occupying optical
      path 89 prior to a downward stroke of syringe pistons 27 is discharged
      through an efflux passage (not shown) similar to that at 42 in FIG. 2.
PAR  It should be understood that complex mixer 54 could be used in mixer insert
      bore if inlet paths 86 were directed one to first cylindrical collar 59
      and another to second cylindrical collar 61. It should also be noted that
      optical path 89 could be replaced by a conducting path similar to 72 and
      electrodes 71 in FIG. 3a.
PAR  Another embodiment of the present invention is shown in FIG. 8. Syringe
      bodies 26 having syringe pistons 27 disposed therein are placed in a block
      body 93. A third cavity (not shown) is formed in body 93 to accept a third
      syringe body 94 having a third syringe piston 96 disposed therein. The
      efflux passage similar to that at 42 is directed from optical path 31 as
      in FIG. 2 to a third valve 97. An efflux tube 98 is also directed to valve
      97. Valve 97 places either efflux tube 98 or the efflux passage similar to
      that at 42 in communication with the third cavity (not shown) which is in
      communication with syringe body 93. A stop 99 is disposed for contact with
      syringe piston 96.
PAR  The embodiment of FIG. 8 operates as follows. Syringe body 94 is initially
      empty and syringe piston 96 is bottomed out. Syringe bodies 26 initially
      have reactants contained. The system is initially full of reactant
      mixture. Valve 97 is turned to place the third syringe body 94 in
      communication with the efflux passage similar to that at 42 in FIG. 2. A
      driving force simultaneously depresses the syringe pistons 27. Reactant
      mixture is forced into the channels of flow path block 11 as described
      above. Reactant is displaced into syringe 94, termed a "stop syringe"
      raising piston 96 until it contacts stop 99 creating a hydraulic lock.
      Pistons 27 may be moved no further due to the hydraulic lock and a
      measured charge of mixed reactants is available for observation in block
      11. Subsequent to an observation, valve 97 is turned to place syringe in
      communication with efflux tube 98. Syringe piston 96 is depressed fully in
      syringe body 94 discharging its contents through tube 98. Valve 97 is
      repositioned to place syringe body 94 in communication with the efflux
      passage similar to that at 42 in FIG. 2. The system is now ready for
      another driving stroke at pistons 27.
PAR  The embodiments described above all display reactant storage, flow,
      observation and efflux within a minimal volume. This feature substantially
      eliminates thermal gradients within the reactants. There are minimum
      length flow paths involved. This provides low flow impedance and minimum
      sample quantity or hold-up volume. There is less flushing volume required.
      This is an important consideration since many reactants are in the form of
      small hard to get quantities. The embodiment using a stop syringe further
      reduces flow path length and dead time for a given driving force.
PAR  It is apparent that an integrated flow path block has been provided which
      in one embodiment has no need for a stop syringe, a drain valve, or
      syringe filling valves. Another embodiment may use a fill valve. Yet
      another embodiment may use a fill valve, stop syringe and drain valve. The
      flow path block embodiments described herein are of minimal volume and
      include integral containers for a plurality of reactants, a mixer of the
      "ball" type providing rapid thorough mixing, and a chamber for determining
      a physical characteristic of the mixture. In the event a measured volume
      of mixed reactants is desired without a measurement of a physical
      characteristic of the mixture, the mixed reactants are simply collected
      for their intended subsequent use at the downstream end of an efflux
      passage. In the event optical measurement of the mixed reactants is
      desired proper light seals are provided at front and rear faces of the
      block body.
CLMS
STM  I claim:
NUM  1.
PAR  1. An integrated flow path block for mixing a plurality of reactants,
      comprising a block body, a plurality of wells integral with said block
      body for separately storing the reactants, a syringe piston for
      cooperation with each of said plurality of wells, said block body having a
      plurality of short reactant paths therein, one reactant path communicating
      with each one of said plurality of wells, said block body further having a
      plurality of internal walls defining a chamber proximate to said plurality
      of wells and in communication with said short reactant paths, said chamber
      having a substantially hemispheric wall at one end and a right circular
      cylindrical wall at the other, said chamber having a plurality of openings
      in said cylindrical walls, said openings being in communication with said
      plurality of short reactant paths, a mixer for insertion into said chamber
      in spaced relation with said internal walls of said chamber, said mixer
      comprising a cylindrical body configured to fit within said cylindrical
      walls, a first cylindrical collar on said cylindrical body disposed in
      communication with a first one of said openings, a second cylindrical
      collar disposed in communication with a second one of said openings, means
      for blocking flow between said first and second collars, a hemisphere
      attached to said first cylindrical collar extending into said one end of
      said chamber and spaced therefrom, said second cylindrical collar having a
      channel extending from the exterior of said second cylindrical collar to
      the interior of said hemisphere, and said hemisphere having a plurality of
      holes extending therethrough in communication with said chamber, whereby
      reactants introduced through said first and second ones of said openings
      flow into the space between said hemispheric wall of said chamber and said
      hemisphere, and are thereby mixed immediately downstream of said
      hemisphere due to the flow turbulance, and reactant outlet means within
      said block body leading from said chamber, whereby reactants in minimum
      volume are completely mixed and delivered to said reactant outlet means in
      minimum time after said syringe pistons are depressed.
NUM  2.
PAR  2. An integrated flow path block for mixing a plurality of reactants and
      presenting said mixer for analysis within a minimum volume, comprising a
      unitary block body, said block body having a plurality of reservoirs
      formed therein for separately storing the reactants, means forming a
      plurality of short reactant paths communicating with each of said
      plurality of reservoirs, said block body having a chamber in communication
      with said plurality of short reactant paths, said one end of said chamber
      being hemispheric and said chamber being cylindrical on the other end, a
      mixer insert formed to be received in said chamber, a first cylindrical
      collar formed on said mixer insert for disposition in said other end of
      said chamber opposite a first one of said means forming a plurality of
      short reactant paths, a second cylindrical collar formed on said mixer
      insert for disposition in said other end of said chamber opposite a second
      one of said means forming a plurality of short reactant paths, means
      blocking flow between said first and second collars, said mixer insert one
      end surface being a hemisphere formed adjacent to said first cylindrical
      collar and surrounded by and spaced from said hemispheric one end of said
      chamber, said second cylindrical collar having a channel extending from
      the exterior thereof to the interior of said mixer insert hemisphere, said
      mixer insert hemisphere having a plurality of holes extending therethrough
      in communication with said channel, whereby reactants introduced through
      said first and second ones of said plurality of short reactant paths flow
      into said one end of said chamber, and are mixed immediately downstream of
      said hemisphere solely due to flow turbulence, a syringe piston positioned
      in each of said reservoirs, whereby advancing said syringe piston delivers
      reactant from a respective reservoir to said chamber, cell means in
      communication with said chamber for receiving and retaining a
      predetermined volume of mixed reactants so that reaction characteristics
      may be measured therein, and means for carrying a reactant efflux in
      communication with said cell means, whereby said predetermined volume,
      thermal gradients therein, and flow impedance thereto are minimized.
NUM  3.
PAR  3. An integrated flow path block as in claim 2 wherein said unitary block
      body has front and rear faces thereon, said cell means therethrough
      extending between said front and rear faces, optical windows at each end
      of said optical path, means for sealing said optical windows at said front
      and rear faces, said front and rear faces providing a light seal for
      barring ambient light from said optical path whereby reactant
      characteristics may be measured optically.
NUM  4.
PAR  4. An integrated flow path block as in claim 2 wherein said cell means
      comprises a flow path section having electrically nonconductive walls and
      electrodes in communication with opposite ends of said flow path section
      whereby reactant characteristics may be measured electrically.
NUM  5.
PAR  5. An integrated flow path block for mixing a plurality of reactants,
      comprising a block body, a plurality of wells integral with said block
      body for separately storing the reactants, a syringe piston for
      cooperation with each of said plurality of wells, said block body having a
      plurality of short reactant paths therein, one reactant path communicating
      with each one of said plurality of wells, said block body further having a
      plurality of internal walls defining a chamber proximate to said plurality
      of wells and in communication with said short reactant paths, said chamber
      having a substantially hemispheric wall formed at one end thereof and a
      right circular cylindrical wall at the other, said chamber further having
      a plurality of openings in said cylindrical wall in communication with
      said plurality of short reactant paths, a mixer for insertion into said
      chamber in spaced relation with said internal walls of said chamber, said
      mixer comprising a cylindrical body configured to fit within said
      cylindrical wall, a cylindrical collar disposed on said cylindrical body
      in communication with said plurality of openings, a hemisphere attached to
      said collar positioned within said one end of said chamber and spaced
      therefrom, whereby reactants flowing through said plurality of short
      reactant paths impinge on said cylindrical collar and flow around said
      hemisphere and through said one end of said chamber, thereby becoming
      thoroughly mixed due to turbulence immediately downstream of said
      hemisphere and reactant outlet means within said block body leading from
      said chamber, whereby reactants in minimum volume are completely mixed and
      delivered to said reactant outlet means in minimum time after said syringe
      pistons are depressed.
NUM  6.
PAR  6. An integrated flow path block as in claim 5 wherein each well of said
      plurality of wells has a tapered bore formed in the bottom thereof, said
      block body being of unitary construction, and a plurality of syringe
      bodies for fitting in said plurality of wells for receiving said syringe
      pistons, each syringe body having one end formed to fit in each of said
      tapered bores, said one end having an opening in communication with one of
      said plurality of short reactant paths.
NUM  7.
PAR  7. The integrated flow path block as in claim 5 further comprising means
      for providing reactants to said wells, said means for providing reactants
      to said wells comprising a plurality of reactant supply paths extending
      from the exterior of said block body to each of said wells, said means
      further comprising a plurality of valve means in said block body for
      alternately communicating each of said wells with one of said reactant
      supply paths and with one of said plurality of short reactant paths,
      whereby fresh reactant supply may be directed through ones of said
      reactant supply paths to said wells without removing said syringe pistons
      or to said mixer through said short reactant paths.
NUM  8.
PAR  8. An integrated flow path block as in claim 5 wherein said reactant outlet
      means includes means for retaining a predetermined volume of mixed
      reactants received from said chamber, an additional well in said block
      body for receiving said mixed reactants from said means for retaining a
      predetermined volume, an additional syringe piston adapted to fit in said
      additional well, a stop spaced from said additional syringe piston for
      limiting the outward travel thereof, an efflux tube leading from said
      block body, and valve means for selectively communicating said additional
      well with said efflux tube and said means for retaining a predetermined
      volume of mixed reactants, said additional syringe piston and stop
      operating to limit flow quantity through the integrated flow path block,
      as determined by said stop, to said predetermined volume when said valve
      means communicates said additional well with said means for retaining
      mixed reactants.
NUM  9.
PAR  9. An integrated flow path block as in claim 5 wherein said reactant outlet
      means includes means for retaining a predetermined volume of mixed
      reactants received from said chamber and efflux means communicating with
      said means for retaining reactants.
NUM  10.
PAR  10. An integrated flow path block as in claim 9 wherein said means for
      retaining a predetermined volume comprises a sealed optical path, and
      front and rear faces on said block body through which said optical path
      extends, said faces providing a light seal for barring ambient light from
      said optical path, said predetermined volume corresponding to a stopped
      flow volume for the observation of reaction rates within said mixed
      reactants.
NUM  11.
PAR  11. An integrated flow path block as in claim 9 wherein said means for
      retaining a predetermined volume comprises a sealed flow path section
      having electrically nonconductive walls, and electrodes in communication
      with the ends of said sealed flow path section, said predetermined volume
      corresponding to a stopped flow volume for electrical measurement of
      reaction rates within said mixed reactants.
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ABST
PAL  Burner apparatus in which fuel and airborne combustible debris to be
      incinerated are received in a burner while fuel delivered to the burner is
      decreased in quantity in the absence of debris to be incinerated so that
      delivery of excess fuel in the absence of debris is avoided.
BSUM
PAR  Recent efforts to control air pollution otherwise possibly occurring due to
      the release of airborne combustible debris have directed attention to the
      desirability of burners which receive fuel and the airborne debris and
      dispose of the debris by incineration. For certain air pollutants, such
      incineration is the preferred manner of control, notably in conjunction
      with certain food service operations typically employed in fast-service
      restaurants.
PAR  One difficulty heretofore encountered with certain burners for disposing of
      air pollutants has been unacceptably high fuel cost. Where this difficulty
      has been encountered, it usually has resulted from continuous delivery of
      the quantities of the fuel necessary to maintain a high intensity flame
      for incineration of the particular airborne combustible debris being
      controlled.
PAR  With the aforementioned difficulty and disadvantage particularly in mind,
      it is an object of the present invention to accomplish control over the
      delivery of excess fuel in the absence of debris to be incinerated. In
      realizing this object, through the apparatus of this invention, the
      quantity of fuel delivered to a burner is decreased in the absence of
      debris to be incinerated, responsive to a sensor which detects the
      presence of debris to be incinerated.
DRWD
PAR  Some of the objects of the invention having been stated, other objects will
      appear as the description proceeds, when taken in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view, partly broken away, of an installation of
      apparatus in accordance with this invention;
PAR  FIG. 2 is a schematic diagram of an arrangement in accordance with this
      invention;
PAR  FIG. 3 is a partly perspective and partly schematic view indicating a
      detail of the arrangements of FIGS. 1 and 2;
PAR  FIG. 4 is an elevation view, partly in section and partly schematic,
      illustrating one form of sensor in accordance with this invention; and
PAR  FIG. 5 is a view similar to FIG. 4, illustrating a second form of sensor in
      accordance with this invention.
DETD
PAR  The description which follows and the drawings to which the description
      refers set forth the best arrangements in accordance with this invention
      presently known to the inventor. However, it is contemplated that the
      specific arrangements hereinafter described may have more general utility
      and, in a broad range of applications, may be modified in some details.
      Accordingly, the description and illustrations are to be taken as broad
      teachings of this invention, rather than as restrictions upon the scope to
      which the invention is properly entitled.
PAR  Air pollutants created by certain fast-service restaurants typically are
      controlled by arrangements such as that illustrated in FIGS. 1 and 2,
      wherein a hood generally indicated at 10 overlies a cooking area such as a
      charbroiler. A flow of air is induced through the hood and through a duct
      11 which typically rises through the roof 12 of a building enclosing the
      cooking area. The duct guides a flow of air withdrawn from the cooking
      area and airborne combustible debris such as grease particles entrained
      therewith. Outside of the building is located an incinerator device
      indicated at 14 which includes a combustion chamber and a burner disposed
      at the upstream end of the combustion chamber. A blower located downstream
      of the combustion chamber induces the flow of air and airborne combustible
      debris through the hood 10 and duct 11.
PAR  Typically, the burner (more fully illustrated in FIG. 3 and there generally
      indicated at 15) is supplied with fuel from a suitable fuel supply
      (schematically illustrated in FIGS. 2 and 3). In accordance with certain
      operating embodiments of the apparatus in accordance with this invention,
      the fuel supply is a source of natural gas. In any event, fuel is supplied
      to the burner 15 through a main fuel valve as schematically illustrated in
      FIGS. 2 and 3. Where the fuel is natural gas, a pilot fuel valve typically
      supplies a pilot flame. As is known to persons familiar with gas fuel
      valves, provision is made for a flame-sensing device which detects the
      presence of the pilot flame and interrupts the delivery of fuel through
      the main fuel valve in event that the pilot flame is extinguished.
PAR  In accordance with this invention, the main fuel valve is placed under the
      control of a secondary flame control means schematically illustrated in
      FIG. 1. The flame control means is responsive to the presence of debris to
      be incinerated and cooperates with the main fuel valve for decreasing the
      quantity of fuel delivered to the burner in the absence of debris to be
      incinerated. Two specific forms for the flame control means are
      illustrated in FIGS. 4 and 5.
PAR  Referring particularly to the disposal of airborne combustible debris
      originating in a cooking area, it has been determined that the presence of
      such debris to be incinerated may be sensed by a photoelectric detection
      means mounted in predetermined relation to the duct 11 for sensing the
      optical density of the flowing stream of air and conveyed debris. Such an
      arrangement is illustrated in FIG. 4, where a light source 18 directs
      light across the duct 11 to a reflective surface 19, from which light
      returns to a photoelectric sensor 20. Upon the quantity of airborne
      combustible debris being conveyed dropping below a predetermined threshold
      level, the increase in light impinging on the photoelectric means 20
      becomes sufficient to actuate the main fuel valve and decrease the fuel
      flow to only that amount required for the pilot flame. While FIG. 4
      illustrates a photoelectric detection means which senses optical density
      of flowing air and conveyed debris within the duct 11, the invention
      contemplates also that the photosensitive means may be disclosed in the
      hood 10 or at the point of junction of the hood 10 with the duct 11.
PAR  In the context to which reference was had in describing the arrangement of
      FIG. 4, it has been determined that the presence and absence of conveyed
      debris influences the temperature conditions of the air flowing through
      the duct 11, particularly where the generation of airborne combustible
      debris results from active cooking operations performed beneath the hood
      10. For this reason, and as illustrated in FIG. 5, a temperature sensing
      device 21 may be mounted within the duct 11 or hood 10 and employed in a
      manner similar to the photoelectric detection means of FIG. 4.
PAR  While described herein with particular reference to a main fuel valve
      arrangement in which the reduction of fuel flow does not interrupt the
      delivery of the small quantity of fuel required to maintain a pilot flame,
      this invention also contemplates that the reduction of fuel flow in the
      absence of debris to be incinerated may involve the cessation of fuel
      delivery in circumstances where the burner control makes provision for
      automatic reignition.
PAR  In the drawings and specification, there has been set forth a preferred
      embodiment of the invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. In an arrangement for incinerating combustible debris and having means
      for entraining combustible debris in a flowing stream of air including fan
      means for inducing a flow of air and duct means for guiding the flowing
      stream of air and the combustible debris entrained therewith, means for
      supplying fuel, and burner means operatively communicating with said fuel
      supply means for receiving fuel therefrom and operatively interposed in
      said duct means for passage of the flowing stream of air and entrained
      debris therethrough and for disposal of entrained debris by burning, an
      improvement which facilitates economical operation in disposal of
      intermittently varying quantities of debris and comprising means for
      distinguishing between concentrations of conveyed entrained debris in said
      duct means above and below a threshold concentration and including sensing
      means for detecting upstream of said burner means the presence in the
      flowing stream of air of conveyed entrained debris, and fuel control means
      interposed between said fuel supply means and said burner means and
      operatively connected with and responsive to said concentration
      distinguishing means for varying the quantity of fuel delivered to the
      burner means in response to distinguished concentrations of conveyed
      entrained debris whereby the fuel required to dispose of the debris is
      delivered only as needed and excessive fuel usage is avoided during
      periods when the concentration of conveyed debris is below the threshold
      concentration.
NUM  2.
PAR  2. An arrangement according to claim 1 wherein said sensing means comprises
      photoelectric detection means mounted for sensing the optical density of
      the flowing stream of air and conveyed entrained debris passing through
      said duct means and toward said burner means.
NUM  3.
PAR  3. An arrangement according to claim 1 wherein said sensing means comprises
      temperature detection means mounted for sensing the temperature of the
      flowing stream of air and conveyed entrained debris passing through said
      duct means and toward said burner means.
NUM  4.
PAR  4. An arrangement according to claim 1 wherein said fuel control means
      responds to said concentration distinguishing means for decreasing the
      quantity of fuel delivered to said burner means in the absence of debris
      to be incinerated.
NUM  5.
PAR  5. An arrangement according to claim 1 wherein said fuel control means
      responds to said concentration distinguishing means for increasing the
      quantity of fuel delivered to said burner means in the presence of debris
      to be incinerated.
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ABST
PAL  In a liquid decomposing system including a decomposer having an inlet
      located at its bottom, a liquid tank having an outlet at its bottom, a
      reservoir connected between the outlet of the tank and the inlet of the
      decomposer, and a buffer and condensate vessel, the gas pressure at the
      outlet of the decomposer is maintained constant with the aid of a back
      pressure regulator connected between the vessel and the reservoir to set
      up constant driving pressure in the liquid inlet of the decomposer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a liquid decomposing system of the type
      including a decomposer, a liquid tank and a buffer and condensate vessel.
PAR  As is known, the specific energy content, per unit volume, of liquid fuels
      is substantially greater than that of gaseous fuel. If it is desired to
      supply a gas which cannot be liquefied at normal temperatures, such a gas
      can be produced by decomposing a liquid, thus keeping the weight and
      volume of the fuel storage unit at lower values.
PAR  It is known, for example, to produce the hydrogen required for operating
      fuel cell batteries by decomposing methanol or benzene. In such a case it
      is necessary that the gas pressure in the load, i.e. the fuel cells, be as
      constant as possible, even in the event of fluctuating discharge rates, so
      that a correspondingly fluctuating input of liquid into the decomposer is
      required.
PAR  In such cases the regulation may be effected by a dosaging pump whose
      operation is controlled in dependence on the gas pressure produced by the
      decomposer in that the dosaging pump is switched on and off by a pressure
      switch. This, however, produces pressure fluctuations which are greater
      than the range between the pressure values at which the pressure switch
      turns the pump on and off, respectively. Also, the dosaging pump requires
      auxiliary electrical energy and constitutes a part subject to wear.
      Systems of the type under consideration generally include the decomposer,
      a liquid tank and a buffer and condensate vessel, and the dosaging pump is
      disposed between the tank and the decomposer.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to achieve automatic regulation to
      a constant pressure at the decomposer outlet without employing parts
      subject to wear and with refilling during operation and initiation of the
      operation taking place without any auxiliary electrical energy.
PAR  This and other objects of the present invention are achieved by the
      provision of a back pressure regulator which is set to a selected
      operating pressure and which has its input side in communication with the
      gas under pressure in the buffer and condensate vessel, and which has its
      back pressure, or outlet, side connected to a reservoir disposed below the
      liquid tank, which reservoir has one opening connected to the outlet of
      the tank, via a shutoff valve. The reservoir has a further opening, via
      which the reservoir is connected directly to the decomposer inlet located
      at the bottom of the decomposer. The back pressure regulator is of a type
      which permits fluid to set up constant driving pressure in the liquid
      inlet of the decomposer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a schematic pictorial view of a preferred embodiment
      of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The system illustrated in the FIGURE includes a known decomposer 1, a known
      liquid tank 2 provided with a closeable fill opening 2' , and a known
      buffer and condensate vessel 3 provided with an outlet 11 for the gas
      consumption unit (not shown), which may for example be a gas fuel cell
      battery.
PAR  According to the present invention, a shutoff valve 4 is provided at the
      underside of tank 2 and is connected with a small reservoir 5. This
      reservoir 5 is also connected directly with the inlet to decomposer 1
      which is disposed at the bottom of the decomposer. Reservoir 5 is also
      connected, via a back pressure regulator 6, with the condensate vessel 3.
      Finally, a safety valve 7 is disposed at the upper end of the tank 2. The
      decomposable liquid capacity of reservoir 5 is selected to be sufficient
      for permitting refilling of tank 2 during operation.
PAR  The FIGURE also shows the required physical heights of the components with
      respect to one another. The input of decomposer 1 is disposed at the
      lowest point of the system.
PAR  The system operates as follows:
PAR  If, after filling the system, and with valve 4 open and liquid filling
      reservoir 5, the fixed pressure p of the back pressure regulator 6 is
      greater than the hydrostatic pressure h, determined by the fill level in
      tank 2, gas is forced through regulator 6 and into reservoir 5, from which
      it bubbles through opening 10 and to the upper end of tank 2 from the
      buffer vessel 3 until, at the intake point 8 of the reservoir 5, the sum
      of the hydrostatic pressure h and the gas pressure g inside the tank 2
      have become equal to the set, or constant, pressure p, i.e. h + g = p.
PAR  This constant pressure "p" drives liquid from tank 2 into decomposer 1
      where the resulting gas pressure counteracts the pressure at the outlet of
      reservoir 5, which is essentially the same as the pressure at the outlet
      of tank 2. The feeding of liquid into decomposer 1 is thus very sensitive
      to differences between the driving pressure p, as the rated value, and the
      gas pressure in decomposer 1, as the actual value. As soon as the driving
      pressure p at the outlet of reservoir 5 becomes higher than the pressure
      in decomposer 1, more liquid is fed into the decomposer 1 and thus the
      rate of decomposition is increased. If, however, the resulting gas
      pressure in the decomposer is higher than the rated valve, liquid can not
      flow into decomposer 1 and the decomposition rate decreases.
PAR  In order to refill the tank 2, during operation, via inlet 2' , the shutoff
      valve 4 is closed so that the reservoir 5 can continue to provide more
      fuel. The reservoir 5 must here carry such a supply of liquid that the
      refilling time for tank 2 can be bridged, inasmuch as the operation of the
      system should not be interrupted during the refilling period.
PAR  Tank 2 has a fill level indicator (not shown) so that the need for
      refilling can be readily determined. The refilling can take place as soon
      as the excess pressure in tank 2 has been released via safety valve 7.
PAR  When the system is to cease operation, the shutoff valve 4 is closed in
      order that no equalization of the liquid levels in decomposer 1 and liquid
      tank 2 will take place.
PAR  The system is put into operation by starting up the decomposer 1 until the
      required gas pressure p has been developed with the liquid present in
      reservoir 5, whereupon the shutoff valve 4 is opened.
PAR  A liquid decomposing system including a decomposer, a liquid tank, a buffer
      and condensate vessel is shown in U.K. Pat. No. 1,230,616.
PAR  Example of a decomposing system for fuel cells decomposing methanol:
PA1  a liquid tank 2 for 20 l of methanol,
PA1  a decomposer 1 with a maximum performance of 0.5 l/h methanol with a
      maximal flow rate of about 1000 l gas/h,
PA1  a buffer and condensate vessel 3 of 2 l,
PA1  a back pressure regulator 6 of the type "Regulus" by
PA1  Drager West Germany, fixed to a pressure p = 600 mm Wc. The fill height in
      the tank may be such that the liquid measured above the intake point 8
      produces a pressure h up to 600 mm Wc. In the degree that this liquid
      pressure h diminishes, gas is furnished by the back pressure regulator 6
      through 8 and 4 into 2, so as to build up the gas pressure g that is added
      to the liquid pressure h to establish the fixed pressure value p for
      driving the liquid into the decomposer 1
EQU  p = g + h = constant. The pressure variations of the gas in the buffer
      vessel 3 will come to maximum when the maximal flow rate is suddenly
      stopped or is suddenly needed again. The occuring pressure difference
      (drift) mainly depends on the construction of the decomposer and the
      volume of the total buffer room. In the application of the above described
      decomposing system in connection with a fuel cell of a maximum power
      output of 500 Watts, switching off the maximum load gave an increase of
      the gas pressure in the buffer vessel of maximal 15 % of the nominal
      pressure value of 600 mm Wc. In the case of normal variation of the fuel
      cell load within a range of 30 % the gas pressure remains constant with
      less than 5 % of fluctuation.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a liquid decomposing system including a decomposer having a liquid
      inlet at its bottom, said liquid inlet constituting the lowest point of
      the system, the decomposer further having a gas outlet, a liquid tank
      whose upper portion constitutes a normally hermetically sealed enclosure
      and having an outlet in the vicinity of its bottom, a buffer and
      condensate vessel having a gas inlet and a gas outlet, and conduit means
      connecting the decomposer gas outlet to the vessel inlet, the improvement
      comprising: a reservoir disposed below said tank; a shutoff valve
      connecting said reservoir to the outlet of said tank; a back pressure
      regulator, which is set to a fixed operating pressure; conduit means
      connecting the inlet end of said back pressure regulator to said gas
      outlet of said vessel; conduit means connecting the back pressure end of
      said regulator to said reservoir; and conduit means directly connecting
      said reservoir to said decomposer inlet.
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ABST
PAL  A reactor for the catalytic synthesis of ammonia at high temperature and
      pressure from nitrogen and hydrogen wherein the intertubular spaces of the
      heat exchange zone are filled with metallic balls; the tubular spaces
      contain metal bars with square cross section; triple concentric tubes are
      present in the preheating and reaction zone to reach optimal temperature
      conditions; a demister is provided for the retention of oil at the
      entrance of the synthesis gas into the intertubular spaces of the
      heat-exchange zone; and a bag-shaped distribution chamber is provided
      between the reaction and preheating zone and the heat exchange zone.
PARN
PAR  This application is a continuation-in-part of patent application Ser. No.
      164,582, filed July 21, 1971 now abandoned.
BSUM
PAR  Field of the Invention
PAR  THe present invention relates to a reactor for catalytic ammonia synthesis
      from nitrogen and hydrogen, and represents an advance over our prior
      invention as described in patent application Ser. No. 164,582.
PAR  Background of the Invention
PAR  The reactor according to the prior application is composed of a heat
      exchanger equipped with a packing of either inert or catalytically
      effective metal balls, both in the tubular space (within the tubes) as
      well as in the intertubular space (around and in contact with the tubes)
      to facilitate maintaining temperature conditions in the catalytic mass
      with heat transfer; double concentric or coaxial tubes are used within the
      catalytic mass, of which the inner tubes with variable thickness present a
      tapered profile, and are provided at their lower end, over a substantial
      part of their length, with insulation by means of synthesis gas cushions.
PAR  When the reactor is operated with synthesis gas having an inert-gas content
      of less than 20%, an adiabatic zone with a thin catalyst layer and with
      radial gas flow is used, while at the outlet of the gas from the adiabatic
      zone, the latter is provided with a mixing chamber with normal or helical
      gas flow.
PAR  With synthesis gas having an inert-gas content in excess of 20%, the
      catalytic layer with radial gas flow and the mixing chamber are replaced
      by an adiabatic catalytic layer surmounting the heat-transfer catalytic
      layer and in direct contact therewith. We have now found that, although
      the reactor system described in the aforementioned application represents
      a major advance over the art therein cited, there are some disadvantages:
PAR  A. The use of metal balls in the tubular space (within the tubes) of the
      lower heat exchanger results in excessively high gas velocities and in an
      undesirable pressure drop within the reactor, leading to an additional
      mechanical loading of the interior of the column having a collapsing
      effect on the latter, a pressure increase inside the synthesis unit thus
      limiting the capacity of the entire plant, and additional power
      consumption for the gas circulation.
PAR  To clarify this point, we wish to observe that the use of metal balls
      within the tubes of the lower heat exchanger may be effective for low and
      moderate gas speeds utilized most frequently. However, for high speeds of
      the gas in these tubes, the balls have been found to be disadvantageous.
      We describe below, a solution to this problem whereby metal bars with
      square cross-section may be used in place of the metal balls. Thus the
      bars are preferred in the case of high speeds where the use of the metal
      balls may lead to an undesirable pressure in the reactor.
PAR  b. The double concentric tubes with a tapered inner tube of variable
      thickness are difficult to manufacture owning to their considerable length
      (e.g. about 10m.)
PAR  The double concentric tubes with a tapered inner tube of variable thickness
      and an insulating cushion as described in the prior application are
      preferred for small or intermediate lengths. We have described below a
      system in which three concentric tubes are used in place of the
      above-described structure for increased or considerable lengths.
PAR  c. Deterioration of heat transfer in the reactor due to carbonization of
      the oil entrained with the synthesis gas entering the reactor. Ammonia
      synthesis units generally use reciprocating, oil-lubricated compressors
      for the circulation of the synthesis gas.
PAR  The penetration of oil drops or solid particles into the reactor is a
      generally undesirable phenomenon and for this reason it has been found to
      be important to remove them before they enter the intertubular space of
      the heat exchanger. However, we have found it to be possible to avoid
      carbonization in the metal ball packing but nevertheless desire to exclude
      such particles.
PAR  In ammonia synthesis reactors are settling of the catalyst takes place with
      time, which is more significant with smaller grain size. In reactors of
      the type described, this may cause premature elimination from the reaction
      process of the adiabatic catalytic zone with radial gas circulation by the
      formation of preferential channels (channeling of the catalyst bed). To
      eliminate the channeling effect, it is necessary to supply an additional
      quantity of catalyst. Such an operation, however, is not possible in the
      case of welded constructions because it is generally not possible to
      reweld a material which has already operated in a corrosive hydrogen and
      nitrogen medium. Moreover, the dismantling and removal of the inner
      elements of a column involve significant losses of production, time and
      labor.
PAR  Description of the Invention
PAR  The reactor, according to the present invention, represents an improvement
      over our earlier system by replacing the metal balls inside the tubular
      space with metal bars with square cross-section; for cooling the catalyst,
      instead of double concentric tubes, three ordinary concentric (coaxial)
      tubes are used; and for the retention of the oil entrained by the
      synthesis gas, at the inlet for the synthesis gas into the intertubular
      space of the lower heat exchanger, an oil demister consisting of metal
      screens, is provided with the oil thus separated being collected at the
      base of the reactor wherefrom it is withdrawn periodically to compensate
      for settling of the catalyst mass, we provide tubes of a suitable size and
      material while employing a generally flat pill-box or bag-shaped gas
      distribution chamber between the catalytic zone and the lower heat
      exchanger.
DRWD
PAR  Description of the Drawing
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which:
PAR  FIG. 1 is an axial cross-sectional view of the reactor disclosed in the
      prior application;
PAR  FIG. 2 is a transverse section taken along the line A -- A of FIG. 1;
PAR  FIG. 3 is an axial cross-sectional view through another embodiment of the
      invention;
PAR  FIG. 4 is a cross-sectional view through a double concentric tube
      arrangement with tapering wall thickness; and
PAR  FIG. 5 is an axial cross-sectional view through a further development of
      the basic concept.
DETD
PAR  Specified Description and Examples
PAR  The catalytic reactor illustrated in the drawing, comprises a generally
      tubular body formed with passages and the like for the movement of the
      gases through the system in their distinct passes, as will be apparent
      hereinafter. Initially the synthesis gases move downwardly through the
      tubular structure, then upwardly through a lower heat exchange zone,
      distribution chamber, an upper heat exchange zone and catalyst zone (in
      succession), and downwardly through the upper heat exchange zone and
      catalyst zone and then through the lower heat exchange zone prior to being
      discharged from the reactor. In addition, at least in the upper heat
      exchange and catalyst zones, a threedirection system is provided whereby
      the gas first flows upwardly, then downwardly and thereafter upwardly. Of
      course, the number of passes may be increased.
PAR  In the structure described below, similar reference numerals are used to
      identify identical structural elements.
PAC  EXAMPLE 1
PAR  When using synthesis gases with a low inert gas content, below 20%,
      designed for current production processes, the synthesis reactor according
      to the invention is that presented in FIG. 1.
PAR  The synthesis gas enters the reactor at its top 1, passes by a downward
      helical motion through an annular space "a" between the resisting jacket 2
      of the reactor and sleeve 3, where it is heated to 50.degree. -
      60.degree.C on account of heat losses of the sleeve 3.
PAR  By this flow, heating above 100.degree.C of the tubular housing 2 is
      avoided.
PAR  Subsequently, the gas passes through metallic sieves or openings 4 and
      enters the intertubular space "b" of a heat exchanger 5, where it is
      heated by the heat of the reaction gases leaving the reactor, the openings
      4 being intended for the retention of mechanical particles eventually
      carried along by the gas and for supporting the ball packing 6. The metal
      balls 6, made of plain carbon steel with a determined degree of surface
      finish, fill the intertubular space "b" of the heat exchanger 5 in order
      to intensify the heat transfer. The level of ball filling of the
      intertubular space "b" allows for fluidization of these balls and provides
      a means for self-cleaning in case these balls are clogged up with
      impurities deposited during the operation. The balls with a pre-catalytic
      character within the intertubular space "b" occupy a determined volume of
      this latter, namely, the upper half of the metal ball layer 6; this
      depends on the catalyst and on the minimal reduction temperature, selected
      so that the time for reducing the catalytic metal balls is shorter than
      the time for reducing the synthesis catalyst.
PAR  From the intertubular space "b" of the heat exchanger 5, the gas heated to
      a temperature of 300.degree. - 350.degree.C passes through a perforated
      plate 7, which is intended to prevent the eventual carrying along by the
      gas of the metal balls 6 in case of their fluidization or in case of flow
      rate fluctuations.
PAR  Subsequently, the gases are collected in a distribution chamber "c",
      wherefrom they enter into double concentric tubes consisting of an outside
      tube 8 and an inside concentric tube 9, between tubes 8 and 9 being
      disposed guiding ribs 10, FIG. 4.
PAR  The gas passes through the double concentric tubes by entering at the lower
      end of the inside tube 9, where it is heated up to 370.degree.C, passing
      then through the upper end into the annular space "d" between the
      concentric tubes 8 and 9 and flowing downwards is further heated up to
      400.degree. - 410.degree.C by the reaction heat within a catalyst layer 11
      with heat transfer within which are disposed the concentric tubes.
PAR  As seen in FIG. 4, the construction of the inside tube 9 presents at the
      upper part a variable thickness with conical profile which ensures, by
      variable gas velocity, a controlled heat transfer, in order to attain the
      optimal temperature curve in the catalyst mass.
PAR  Moreover, in order to attain the optimal temperature curve in the catalyst
      mass and to ensure the temperature necessary for starting the reaction at
      the inlet of the gas into another catalyst layer 12, disposed at the upper
      part of the reactor, the inside tube 9, as seen in FIG. 4, is provided at
      its lower part with a portion "e" of thermal insulation with a gas
      cushion; tube 9 is also fitted with releases "f" for pressure equalizing
      (FIG. 4).
PAR  Subsequently, the gas leaves the double concentric tubes through the lower
      end of tube 8 and enters into the annular space "g" between a central pipe
      13 and an electric heater 14, where it is heated up to a temperature of
      410.degree.-420.degree.C, the gas entering then at this temperature
      radially into the catalyst layer 12.
PAR  The catalyst layer 12 is placed in a tapered perforated basket lined with
      sieves 15 and forms an adiabatic catalytic zone in which the gas
      temperature rises up to 510.degree.-520.degree.C, the evolved heat
      self-accelerates the reaction of the gases leaving the catalyst zone 12
      and entering a mixing chamber 16. The height to thickness ratio of the
      catalyst layer 12 is of about 5:1. The role of the catalytic zone 12 is to
      prevent the rise of the gas temperature above 520.degree.C by a
      corresponding heat dispersion, as well as tempering the reaction from the
      kinetic point of view; this reaction may be further controlled in the
      catalyst layer 11 by suitably constructing this latter.
PAR  Into the mixing chamber 16 (FIG. 2), the gases enter through the orifices
      "h", being directed tangentially by the blades 17 placed between ring 18
      and the bottom of the catalyst basket 15; the resulting whirling motion is
      such that the gases are homogenized so as to eliminate the negative effect
      eventually produced by the formation of preferential gas channels flowing
      through the catalyst layer 12.
PAR  Thus, the catalyst basket lined with sieves 15 and the mixing chamber 16
      provided with normal or helical gas flow are integral, their assembly may
      be dismounted from the rest of the sleeve 3 by means of the tube 19
      gliding on the central pipe 13.
PAR  From the mixing chamber 16, the gases pass through a perforated plate 20,
      lined with metallic sieves 21 and enter then into the catalyst layer 11
      with heat transfer.
PAR  The gases then flow through the annular space "i" between the distribution
      chamber "c" and the sleeve 3, entering into a tubular space of the heat
      exchanger 5, also filled with metal balls 25 of the same size as the balls
      6 and 22, the metal balls 25 being sustained by rings 26.
PAR  The clogging of the tubular space "j" containing the metal balls 25 with
      catalyst particles carried along by the gas is not possible, because the
      gas velocity by its traversing this layer of balls 25 is about 4 times
      greater than by its traversing the layer of balls 22.
PAR  At higher velocities of the gas, the metal balls 25 may be replaced by
      square section rods.
PAR  The gases then leave the heat exchanger 5, cooled down to a temperature of
      200.degree.-250.degree.C, and leave the reactor at its lower part.
PAR  To regulate the temperature conditions in the catalyst layers 11 and 12,
      the reactor is provided with a cold gas supply 27, bringing cold gas into
      the intertubular space "b" of the heat exchanger.
PAR  To measure the temperature in the catalyst layers 11 and 12, the reactor is
      provided with two symmetrically disposed sheaths 28.
PAR  Since the heat exchanger 5 has a small size, concentrating high temperature
      gradients, it is fitted with tubular plates, tube sheets 29, thermally
      protected with asbestos sheets 30.
PAC  EXAMPLE 2
PAR  When using synthesis gas with a high inert gas content of more than 20%,
      when using purge gas from the synthesis aggregates of ammonia plants, the
      synthesis reactor used is that in FIG. 3.
PAR  This constructional alternative is similar to that corresponding to FIG. 1.
      However, the reactor is no longer provided with the adiabatic catalyst
      layer 12, with radial flow of gas and mixing chamber 16, these being
      replaced with the adiabatic catalyst layer 31, placed directly over the
      catalytic layer 11 with heat transfer (FIG. 3).
PAR  The advantages of the reactor, according to the invention, are the
      following:
PA1  twofold production capacity with respect to the existing reactors, this
      being achieved by increasing the catalyst volume by 50%, and by attaining
      and maintaining optimal operational temperature conditions;
PA1  the use of the metal-ball-heat-exchanger has a simple and robust
      construction and a volume about four times smaller than the usual heat
      exchanger;
PA1  local overheating is avoided, a particularly important fact for the life
      and activity of the catalyst;
PA1  safety in operation by avoiding thermal stresses;
PA1  flexible construction, as the adiabatic catalyst layer with radial gas flow
      and the mixing chamber are dismountable.
PAR  The reactor of FIG. 5, according to the invention, comprises an upper and a
      lower lid 101, 101' in the form of disk-shaped cover plates having
      frustoconical central bodies seated axially against frustoconical inner
      edges of a tubular housing 102. Thus cylindrical tubular housing is
      threaded at its end to receive retaining nuts flanged to cover plates 101
      and 101' by the usual flange bolts (not illustrated) enabling the cover
      plates 101 and 101' to be drawn axially and sealingly against the
      respective seats if the tubular housing 101.
PAR  The housing 102 receives a sleeve 103 which is coaxial with the housing
      wall and defines an annular space b therewith extending substantially the
      full length of the housing between the cover plates 101 and 101'. At its
      upper end, the sleeve 103 is fitted with a plate mounted on this cover
      plate 101 by a tubular fitting while, at its lower end, the sleeve 103 is
      positioned and axially retained by a centering ring at the upper part of a
      lower heat exchanger represented generally at 105.
PAR  The lower heat exchanger 105, which occupies the remainder of the axial
      space between the cover plates, defines with the tubular housing 102 an
      extension of the space b which opens via a demister 104 into the interior
      of the lower tubular housing 105.
PAR  The upper cover plate 101 is formed with an inlet a for the synthesis gas
      and defines with the upper positioning plate of the sleeve 103 a
      gas-distribution space communicating with space b.
PAR  The demister 104, as will be described in greater detail hereinafter,
      comprises openings formed at the lower end of the heat exchanger 105 and
      is provided with a number of metal screens designed to remove oil droplets
      entrained by the gases, prior to entry of the latter into the lower heat
      exchanger 105.
PAR  The lower heat exchanger 105 comprises a pair of axially spaced tube sheets
      124, 124', spaced apart by a sleeve integral with the tube 124 and
      extending axially downwardly from tube sheet 124 and welded, close to the
      demister 104, to the tube sheet 124'. This sleeve is formed with the
      radial ports which are closed between the inner tubular space of the heat
      exchanger 105 and the annular space b, forming the demister via screens
      provided over or within these ports. The tubed i of heat exchanger 105
      terminate at opposite ends in the tube sheets 124 and 124' while the
      intertubular space c is filled with metal balls B. Each of these tubes i
      is provided with a respective rod or bar 121 of square cross-section, at
      least over the major part of the length of tube i, the upper ends of the
      rods or bars being pointed and terminating in a common plane. The pointed
      lower ends of the rods or bars 121 rest upon the inwardly and downwardly
      convergent frustoconical surfaces formed by a recess in the lower cover
      plate 101'  so that the lengths of the rods or bars increase outwardly
      from tube i to tube i. Within the next exchanger 105, there is provided an
      upper screen plate 107 to limit upward movement of the mass of balls B and
      a central tube 122 which extends through a sealing gland in the lower
      plate 101', passes through the lower tube sheet 124' and terminates, with
      radial openings, at the upper portion of the mass of balls B filling the
      interior tubular space c of the lower heat exchanger 105.
PAR  The lower heat exchanger 105 is provided, at its upper tube sheet, with an
      upwardly extending duct 111 passing through the sleeve 103 coaxially
      therewith over substantially the entire length of this sleeve but
      terminating immediately below the upper end-closing and centering plate
      thereof. The central duct 111 is subdivided axially into a lower portion
      communicating between the interior tubular space c of the lower heat
      exchanger into the compartment d of a distribution chamber. The latter is
      of flat pillbox configuration and is centrally subdivided by the partition
      by the upper and lower chambers the latter chamber being that represented
      at d. The partition supports an array of free-standing tubes 109 which
      rise within the catalyst and heat exchange mass generally represented at C
      in the drawing. The free-standing tubes 109 are provided, at their lower
      end, with central bodies 110 and extend coaxially with the tubes 110, into
      blind-end tubes 108. The upper extremities of the tubes 108 are closed and
      the lower extremities of these tubes are anchored in the upper wall of the
      flat distribution chamber which has a disk configuration when, as in the
      embodiment illustrated, the reactor has a right-circular-cylindrical
      configuration.
PAR  The flat-disk-shaped distribution chamber defines a space b within the
      sleeve 103 between the upper tube sheet 124 and a perforated plate 120,
      filling the sleeve 103 around the upper portion of central duct 111. The
      latter is provided in the upper compartment of the distribution chamber
      with inlets which permit gases to flow through the interior of this duct
      to the upper end of the sleeve 103 around an electrical heating element
      112 extending coaxially from the upper plate 101 into the duct 111. Above
      the upper heat exchange mass, there is provided a partition 117, the inner
      portion of which is formed as a screen plate and is lined with sieve-like
      metal plates 118. The partition 117 is surmounted by a cylindrical
      perforated wall through which gas may pass in the inner direction as
      represented at g. A horizontal plate closes the top of the chamber g and
      rests upon laterally inwardly extending supports 114 of the sleeve 103.
      This plate forms the bottom of a screen lined frustoconical basket 113
      having a pair of downwardly convergent frustoconical walls with the same
      angle of conicity defining between them an annular space field with a
      catalyst C' of constantly-diminishing flow cross-section in the downward
      direction but constant interference width. The upper catalyst chamber is
      likewise described in greater detail below.
PAR  The synthesis gas enters the reactor through channel a provided in an upper
      lid 101 of the reactor and flows in a downward helical movement through
      the annulus b situated between a supporting jacket tubular housing 102 of
      the reactor and a sleeve 103, where the gas is heated to a temperature of
      50.degree. - 60.degree. C due to the heat losses of the sleeve 103.
PAR  Due to this circuit the heating beyond 100.degree. C of the tubular housing
      102 of the reactor is avoided.
PAR  The gas then passes through a demister 104 consisting of metal screens, and
      then enters an intertubular space c of a heat exchanger 105, where it is
      heated at the expense of the heat of the reacted gas leaving the reactor.
      The demister 104 ensures a thorough screening of the gas and it supports a
      layer of metal balls B with which the intertubular space c is filled,
      while the separated-out oil droplets are bled-off periodically through
      nipple 106.
PAR  Balls B, with or without catalytic action and having a certain degree of
      superficial finish, fill the intertubular space c of the heat exchanger
      105 in order to intensify the heat exchange as well as to achieve a final
      precatalytic action of the gas, i.e. methanization of CO and CO.sub.2
      traces in the synthesis gas.
PAR  The metal ball packing B with precatalytic character inside the
      intertubular space c occupy a predetermined volume therein, namely the
      upper half of the layer of balls B, depending on the nature of the
      catalyst and on the minimum reduction temperature, provided the reduction
      time of the catalytic balls B is less than the reduction time of the
      ammnonia synthesis catalyst.
PAR  From the intertubular space c of heat exchanger 105 the gas, preheated to a
      temperature of 300.degree. - 350.degree. C passes through a strainer plate
      107 provided to retain possible metal balls B being entrained by the gas
      in case of fluidization or of flow surges.
PAR  The gas is then collected in a distribution chamber d from where it enters
      a set of catalyst cooling systems C each cooling system being three common
      concentric tubes 108, 109, 110, placed inside the catalytic mass C.
PAR  The distribution chamber d being designed in the shape of a bag, does not
      support the weight of the catalytic layer C but only the difference in
      pressure from inside towards the exterior.
PAR  The gas flows through the three concentric tubes as follows: it enters the
      central tube 110 through the lower end, and flowing upwards, enters the
      intermediate concentric tube 109, where it is heated up to 370.degree.C,
      and then enters the upper part of the annulus e between concentric tubes
      108 and 109, and then, flowing downwards, is further heated to 400.degree.
      - 410.degree. C at the expense of the reaction heat of the catalytic layer
      C. The mutual arrangement of tubes 108, 109 and 110 is designed to obtain
      optimum temperature.
PAR  After leaving the concentric tubes 108, 109 and 110 through the lower part
      of tube 108, the gas enters the annulus f between a central tube 111 and
      an electric heater 112, where it is further heated to a temperature of
      410.degree. - 420.degree. C, this being the temperature at which the gas
      passes radially through a catalytic layer C'.
PAR  The catalytic layer C' is placed in a tapered arrangement in a perforated
      basket 113 lined with metal screens and constitutes an adiabatic catalytic
      zone C' where the gas temperature increases up to 510.degree. -
      520.degree. C, the discharged heat self-accelerating the reaction of the
      gas leaving the catalytic zone C' and entering a mixing chamber g with a
      centrifugal mixing effect.
PAR  The screen lined basket 113 and the mixing chamber g are built as a single
      unit resting on supports 114, and this assembly may be dismantled from the
      sleeve 103 with the aid of a tube 115 gliding on a central tube 111.
PAR  For the supplementation of the settled-down catalyst in the taper-shaped
      catalytic layer C', tubes 116 are provided, enabling expansion of basket
      113, at the same time a good seal being achieved with the aid of a
      convenient system of bushings not shown on the drawing. not shown on the
      drawing.
PAR  From the mixing chamber g, the gas passes through a screen plate 117 lined
      with metal sieves 118 in order to anihilate the grinding effect of the
      catalyst C' by the turbulent currents created inside the mixing chamber g.
PAR  Then the gas passes through the catalytic layer C where by a suitable
      cooling of the gas the optimum temperature is achieved.
PAR  Upon leaving the catalytic zone C the gas which has not reacted passes
      through a layer of balls B' where the particles of catalyst C are
      retained, and then through sieves 119 and a screen plate 120'.
PAR  The reacted gas passes through an annulus h between the distribution
      chamber d and the sleeve 103 and enters the annulus i of heat exchanger
      105 provided with square metal bars 121 supported by the lower cap 101' of
      the reactor, or by an inner cap or other constructive variants.
PAR  The reacted gas leaves heat exchanger 105 cooled down to a temperature of
      200.degree. - 300.degree. C, and then leaves the reactor through its lower
      part through channel j.
PAR  For adjustment of the temperature inside the catalytic layers C and C', the
      reactor is provided with a gas supply duct 122 through the ball filling B,
      supplying cool gas into the intertubular space c of heat exchanger 105.
PAR  For the measurement of temperatures inside the catalytic layers C and C',
      the reactor is equipped with thermo-wells 123.
PAR  Because of the small dimensions of the heat exchanger 105 concentrating
      high temperature gradients, the heat exchanger is provided with the tube
      sheets 124, protected by asbestos sheets A.
CLMS
STM  We claim:
NUM  1.
PAR  1. A reactor for the catalytic synthesis of ammonia from a gas mixture,
      comprising:
PA1  a. a tubular elongated housing formed with an inlet at one end thereof for
      introduction of said gas mixture;
PA1  b. a sleeve received within said housing and defining an annular space
      therewith communicating with said inlet;
PA1  c. at heat exchanger received within said housing and axially aligned with
      said sleeve while defining an extension of said space with said housing,
      said heat exchanger comprising a pair of axially spaced-apart sheets, a
      plurality of heat exchanger tubes extending parallel to the axis of said
      housing between said tube sheets, and a packing of metal balls between
      said tube sheets and within an intertubular space defined between said
      tubes and between said tube sheets;
PA1  d. respective metal rods extending through said tubes with clearance;
PA1  e. means in said heat exchanger proximal to the other end of said housing
      for communicating between said annular space and said intertubular space;
PA1  f. a distribution chamber within said sleeve and communicating with said
      intertubular space;
PA1  g. a porous catalyst body within said sleeve between said distribution
      chamber and said one end of said housing;
PA1  h. a plurality of heat-exchanger tubes extending from said distribution
      chamber into said porous catalyst body for conducting the gas mixture from
      said distributor into heatexchanging relationship with said catalyst body;
PA1  i. duct means for passing said gas mixture through said catalyst body upon
      traversal by said mixture of said heatexchange tubes in the direction of
      said heat exchanger to form a reaction gas mixture, said reaction gas
      mixture passing through the tubes of said heat exchanger;
PA1  j. means for conducting said reaction gas mixture from said housing at said
      other end thereof, said means at said heat exchanger proximal to said
      other end of said housing being a demister for removing oil droplets from
      said gas mixture prior to entry of said gas mixture into said heat
      exchanger; and
PA1  k. means for removing collected oil from said demister at said other end of
      said housing.
NUM  2.
PAR  2. The reactor defined in claim 2 wherein said heat exchange tubes each
      comprise at least three coaxial tubes of different length.
NUM  3.
PAR  3. The reactor defined in claim 2, further comprising means at said one end
      of said housing for replenishing the catalyst of said body.
NUM  4.
PAR  4. The reactor defined in claim 2, further comprising a tube in said sleeve
      at said one end of said housing for replenishing catalyst of said body
      upon the settling thereof.
NUM  5.
PAR  5. A reactor for the catalytic synthesis of ammonia from a gas mixture,
      comprising:
PA1  a. a tubular elongated housing formed with an inlet at one end thereof for
      introduction of said gas mixture;
PA1  b. a sleeve received within said housing and defining an annular space
      therewith communicating with said inlet;
PA1  c. a heat exchanger received within said housing and axially aligned with
      said sleeve while defining an extension of said space with said housing,
      said heat exchanger comprising a pair of axially spaced-apart sheets, a
      plurality of heat exchanger tubes extending parallel to the axis of said
      housing between said tube sheets, and a packing of metal balls between
      said tube sheets and within an intertubular space defined between said
      tubes and between said tube sheets;
PA1  d. respective metal rods extending through said tubes with clearance;
PA1  e. means in said heat exchanger proximal to the other end of said housing
      for communicating between said annular space and said intertubular space;
PA1  f. a distribution chamber within said sleeve and communicating with said
      intertubular space;
PA1  g. a porous catalyst body within said sleeve between said distribution
      chamber and said one end of said housing;
PA1  h. a plurality of heat-exchanger tubes extending from said distribution
      chamber into said porous catalyst body for conducting the gas mixture from
      said distributor into heatexchanging relationship with said catalyst body;
PA1  i. duct means for passing said gas mixture through said catalyst body upon
      traversal by said mixture of said heatexchange tubes in the direction of
      said heat exchanger to form a reaction gas mixture, said reaction gas
      mixture passing through the tubes of said heat exchanger;
PA1  j. means for conducting said reaction gas mixture from said housing at said
      other end thereof, said distributor comprising a flat circular chamber and
      a partition subdividing said chamber into a first compartment turned
      toward said heat exchanger and a second compartment turned toward said
      catalyst body, said heat-exchanger tubes including tubes mounted on said
      partition and communicating with said one compartment and blind tubes
      coaxially receiving said first tubes and communicating with said other
      compartment, said means at said heat exchanger at said other end of said
      housing including a demister for removing oil droplets from said mixture;
      and
PA1  k. means for removing collected oil from said demister.
NUM  6.
PAR  6. The reactor defined in claim 5 wherein said duct means includes a duct
      extending centrally through said catalyst body and communicating with said
      other compartment, said catalyst body comprising an upper body portion
      received in a basket surrounding said duct and a lower portion mounted on
      a perforated sieve plate, said duct communicating at said other end of
      said housing with the interior of said upper body portion.
NUM  7.
PAR  7. The reactor defined in claim 6, further comprising an electric heater
      received in said duct for initially heating said gas mixture to an
      elevated temperature.
NUM  8.
PAR  8. The reactor defined in claim 7 wherein said rods are of square
      cross-section.
NUM  9.
PAR  9. A reactor for the catalytic synthesis of ammonia from a mixture of gases
      at high temperature and pressure, comprising:
PA1  a. a tubular housing;
PA1  b. a sleeve within said housing and defining an annular space therewith;
PA1  c. first means forming an inlet at one end in said housing communicating
      with said space for passing a reactive gas mixture through said space to
      the other end of said housing;
PA1  d. openings provided at said other end in said sleeve for admitting said
      gas mixture to the interior thereof;
PA1  e. a metal ball packing in said sleeve adjacent said other end and forming
      a heat-exchange zone traversed by said mixture in the direction of said
      one end and in direct contact with said mixture;
PA1  f. a reaction and preheating zone in said sleeve ahead of said
      heat-exchange zone in said direction and filled with a reaction-promoter
      catalyst;
PA1  g. second means for passing said mixture from said heat-exchange zone
      through said reaction and preheating zone in indirect heat exchange with
      said reaction-promoter catalyst;
PA1  h. a central tube extending through said reaction and preheating zone and
      traversed by said mixture following passage thereof through said reaction
      and preheating zone;
PA1  i. heating means in said tube for initiating a reaction on said mixture;
PA1  j. third means at said one end of said housing for feeding the reacting gas
      mixture from said tube through said reaction and preheating zone in direct
      contact with said catalyst in the opposite direction;
PA1  k. tubes containing another metal ball packing extending through said heat
      exchange zone in indirect exchange relation with the first-mentioned metal
      ball packing;
PA1  l. means for passing said reacting gas mixture from direct contact with
      said catalyst through said tubes containing said other metal ball packing;
PA1  m. means at said other end for passing cold gas through the intertubular
      spaces in said heat-exchange zone;
PA1  n. a tapered-sieve frustoconical catalyst basket filled with a catalyst
      layer to serve as an adiabatic zone at said one end traversed by said
      reacting gas mixture following passage thereof through said tube and prior
      to passage thereof through said reaction and preheating zone in direct
      contact with reaction-promoter catalyst; and
PA1  o. a mixing chamber adjacent said basket, said chamber having at one side a
      homogenizing compartment and at the other side a quiescent compartment
      formed with a perforated plate traversed by said gas mixture following
      passage thereof through said basket and prior to passage thereof through
      the reaction and preheating zone in direct contact with said
      reactionpromoter catalyst, said mixing chamber being provided with means
      for inducing helical gas flow.
NUM  10.
PAR  10. A reactor for the catalytic synthesis of ammonia from a mixture of
      gases at high temperature, comprising:
PA1  an elongated tubular upright housing;
PA1  a sleeve received within said housing and defining an annular space there
      around said sleeve leading from an upper end of said housing toward the
      lower end thereof;
PA1  a lower heat exchanger in said sleeve, said lower heat exchanger
      communicating with said space at its bottom through a plurality of
      orifices in said sleeve and comprising a packing of metal balls and a
      multiplicity of upright tubes traversing said packing and filled with
      metal balls, at least the metal balls of said packing in the upper half
      thereof having catalytic activity;
PA1  a body of a reaction-promoter catalyst within said sleeve above said lower
      heat exchanger and communicating at its lower end with the tubes of said
      lower heat exchanger;
PA1  a plurality of double concentric tubes extending through said body and each
      including an inner tube communicating with the packing of said lower heat
      exchanger upwardly through said body, and an outer tube surrounding each
      inner tube for conducting the gases traversing the latter downwardly
      around the respective inner tube and discharging them below said body,
      said inner tubes being of progressively diminishing wall thickness
      upwardly and being provided at least at their lower ends with means
      forming annular compartments around said inner tubes and orifices
      communicating between the interior of said inner tubes and said annular
      compartments;
PA1  duct means extending through said body for collecting gases discharged by
      said outer tubes and leading the latter gases upwardly through said body
      for subsequent passage downwardly therethrough around said double
      concentric tubes and said duct means;
PA1  means for recovering an ammonia-containing gas from the tubes of said lower
      heat exchanger at the bottom of said housing;
PA1  means for feeding a mixture of ammonia-producing gas into said housing at
      the upper end thereof; and
PA1  means for controlledly admitting cool gas into the spaces between the tubes
      of said lower heat exchanger for controlling the reaction condition in the
      reactor.
NUM  11.
PAR  11. A reactor for the catalytic synthesis of ammonia from a mixture of
      gases at high temperature, comprising:
PA1  an elongated tubular upright housing;
PA1  a sleeve received within said housing and defining an annular space there
      around said sleeve leading from an upper end of said housing towards the
      lower end thereof;
PA1  a lower heat exchanger in said sleeve, said lower heat exchanger
      communicating with said space at its bottom through a plurality of
      orifices formed in said sleeve and comprising a packing of metal balls and
      a multiplicity of upright tubes traversing said packing and filled with
      metal balls, at least the metal balls of said packing in the upper half
      thereof having catalytic activity;
PA1  a body of a reaction-promoter catalyst within said sleeve above said lower
      heat exchanger and communicating at its lower end with the tubes of said
      lower heat exchanger;
PA1  a plurality of double concentric tubes extending through said body and each
      including an inner tube communicating with the packing of said lower heat
      exchanger upwardly through said body, and an outer tube surrounding each
      inner tube for conducting the gases traversing the latter downwardly
      around the respective inner tube and discharging them below said body,
      said inner tubes being of progressively diminishing wall thickness
      upwardly and being provided at least at their lower ends with means
      forming annular compartments around said inner tubes and orifices
      communicating between the interior of said inner tubes and said annular
      compartments;
PA1  duct means extending through said body for collecting gases discharged by
      said outer tubes and leading the latter gases upwardly through said body
      for subsequent passage downwardly therethrough around said double
      concentric tubes and said duct means;
PA1  means for recovering an ammonia-containing gas from the tubes of said lower
      heat exchanger at the bottom of said housing;
PA1  means for feeding a mixture of ammonia-producing gas into said housing at
      the upper end thereof;
PA1  means for controlledly admitting cool gas into the spaces between the tubes
      of said lower heat exchanger for controlling the reaction condition in the
      reactor;
PA1  means forming an adiabatic zone between the outlet of said duct means at
      said upper end of said housing and said body of reaction-promoter
      catalyst, said adiabatic zone being formed as a tapered catalyst body;
PA1  means providing radia gas circulation through the tapered catalyst body;
      and
PA1  means forming a mixing chamber at a lower portion of said adiabatic zone.
NUM  12.
PAR  12. A reactor for the catalytic synthesis of ammonia from a mixture of
      gases at high temperature, comprising:
PA1  an elongated tubular upright housing;
PA1  a sleeve received within said housing and defining an annular space there
      around said sleeve leading from an upper end of said housing toward the
      lower end thereof;
PA1  a lower heat exchanger in said sleeve, said lower heat exchanger
      communicating with said space at its bottom through a plurality of
      orifices formed in said sleeve and comprising a packing of metal balls and
      a multiplicity of upright tubes traversing said packing and filled with
      metal balls, at least the metal balls of said packing in the upper half
      thereof having catalytic activity;
PA1  a body of a reaction-promoter catalyst within said sleeve above said lower
      heat exchanger and communicating at its lower end with the tubes of said
      lower heat exchanger;
PA1  a plurality of double concentric tubes extending through said body and each
      including an inner tube communicating with the packing of said lower heat
      exchanger upwardly through said body, and an outer tube surrounding each
      inner tube for conducting the gases traversing the latter downwardly
      around the respective inner tube and discharging them below said body,
      said inner tubes being of progressively diminishing wall thickness
      upwardly and being provided at least at their lower ends with means
      forming annular compartments around said inner tubes and orifices
      communicating between the interior of said inner tubes and said annular
      compartments.
PA1  duct means extending through said body for collecting gases discharged by
      said outer tubes and leading the latter gases upwardly through said body
      for subsequent passage downwardly therethrough around said double
      concentric tubes and said duct means;
PA1  means for recovering an ammonia-containing gas from the tubes of said lower
      heat exchanger at the bottom of said housing;
PA1  means for feeding a mixture of ammonia-producing gas into said housing at
      the upper end thereof;
PA1  means for controlledly admitting cool gas into the spaces between the tubes
      of said lower heat exchanger for controlling the reaction condition in the
      reactor; and
PA1  an adiabatic catalyst layer overlying said body and interposed between the
      latter and the outlet of said duct means and said upper end of said
      housing.
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ABST
PAL  Spheroidal aggregates of highly absorbent, low bulk density, readily
      soluble, high surface area, hydrated, amorphous alkali metal silicate are
      provided by contacting discrete alkali metal silicate particles with an
      aqueous solution of hydrogen peroxide, absorbing the peroxide into the
      alkali metal silicate hydrated structure and heating the silicate to
      destroy substantially all of the hydrogen peroxide.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of copending application Ser. No. 425,970,
      filed Dec. 19, 1973, which is, in turn, a continuation-in-part of
      application Ser. No. 355,498, filed Apr. 30, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There is an increasing need in modern technology for high surface area,
      rapidly soluble, hydrated alkali metal silicate solid materials. Such
      products find utility as binders for "gunning mixes" of refractory
      powders. In steel making furnaces such as basic oxygen furnaces, open
      hearth furnaces, and electrical furnaces, erosion occurs in particular
      areas of the furnace due to a combination of heat, chemical corrosion, and
      the abrasive solid materials which are melted in the furnace. Prior to the
      advent of suitable patching compounds called gunning mixes, it was
      necessary to halt production of these furnaces and rebuild them when this
      erosion proceeded to a substantial degree. Now, however, these furnaces
      can be patched with refractory grain which is shot into the molten furnace
      along with a binder in aqueous solution. This mixture adheres to the walls
      and patches the eroded areas, thus avoiding the necessity of furnace
      shutdown. In many instances a high rate of solution of the binder in water
      is critical since the dry binder powder is shot through a nozzle and
      sprayed with water immediately as it leaves the nozzle. The powder wet by
      water is propelled by air pressure into the white-hot furnace and hits the
      walls where it adheres to form the patch. It is vital for the success of
      this operation that the binder sodium silicate go into solution with
      extreme rapidity, since the total contact time is exceedingly short. While
      existing sprayed-dried hydrated sodium silicates perform reasonably well
      in this application, an even more rapidly soluble powder is desired.
PAR  In another application, modern detergent formulations which do not contain
      phosphate, do contain much larger quantities of nonionic surfactants than
      previous phosphate formulations. Nonionic surfactants are desirable in
      such applications, since they are not sensitive to the calcium and
      magnesium ions present in hard waters and are not precipitated or
      inactivated by them. It is difficult, however, to supply the nonionic
      surfactant by spray drying in a spray-drying tower, as is conventional
      with formulating detergent compositions. This is because the liquid
      nonionic is steam distilled by the water in the mixture which is
      sprayed-dried and escapes from the composition creating a severe air
      pollution problem. There is therefore a need for highly absorbent powders,
      preferably of constituents which would normally be present in detergents,
      and which are ecologically acceptable. Thus, highly absorbent alkali metal
      silicate powders can be very helpful in formulating such compositions by
      allowing the nonionic detergent to be absorbed into its structure.
      Subsequently, the carrier silicate can be post-blended with the other
      constituents which have been spray-dried, thereby avoiding putting the
      nonionic liquid through the spray tower and thus avoiding air pollution.
      Unfortunately, existing water-soluble alkali metal silicate powders such
      as spray-dried sodium silicate, have little or no absorbency.
PAR  Finally, it is desirable to prepare very low bulk density refractory
      powders of silica for use as catalyst supports and as insulating
      materials.
PAR  Existing hydrated alkali metal silicates, such as spray-dried sodium
      silicate, have large particle sizes; low porosity, relatively low surface
      area, ranging around one square meter per gram; a relatively high bulk
      density ranging around 0.6 gram/cc. and a low absorbency. Such materials
      generally absorb a maximum of only 10 percent by weight of nonionic
      surfactant without experiencing typical caking problems.
PAR  Canadian Pat. No. 917,884 issued on Jan. 2, 1973 to Robert H. Sams et al.,
      discusses a method for making crystallized alkaline sodium silicates by
      reacting silicon with water in the presence of alkaline sodium silicate to
      produce hydrogen and form bubbles in the crystallizing mass. Even when
      such a process is used, the absorbency of the silicate product is only
      about 3.3 percent of its weight.
PAR  Techniques for agglomerating discrete particles of spray dried sodium
      silicate powders into aggregates having a somewhat larger size and lower
      bulk density have been described, for example, in U.S. Pat. No. 3,687,640
      issued on Aug. 29, 1972 to Robert H. Sams et al. Although such techniques
      do lead to agglomeration and cause some reduction in bulk densities, the
      surface area and rate of solution are not thereby increased, nor are the
      bulk densities lowered sufficiently since bulk densities of less than 0.3
      g./cc. are not thus attained.
PAR  Grinding hydrated sodium silicate glasses is another technique employed to
      prepare sodium silicate powder. However, because of the somewhat plastic
      nature of sodium silicate, it is difficult to prepare finely divided
      hydrated sodium silicate when a grinding technique is used. In addition, a
      silicate thus produced tends to be dense and irregular, typically having
      high bulk densities on the order to 1 to 1.4 g./cc. and an absorbency of
      only about 10 percent by weight based on its own weight of nonionic
      detergents before caking occurs.
PAR  U.S. Pat. No. 3,177,147 issued on Apr. 6, 1965 to B. B. Dugan discloses the
      preparation of complex detergent compositions which may contain sodium
      silicate. In the method outlined, a completed detergent formulation is
      mixed with water and an oxygen-liberating compound to form a paste capable
      of retaining small oxygen bubbles without coalescing. Minimal mixing is
      carried out in order to lose as little of the oxygen from the per compound
      as possible from the paste mass. The oxygen is liberated from the per
      compound in sufficient amounts to both bleach and expand the paste until
      the paste is at least twice its initial volume. The paste is allowed to
      set by the absorption of water to make hydrates of the various builder and
      filler salts such as sodium sulfate and sodium phosphate which are
      introduced in an anhyrous form or in a lower state of hydration. The set
      paste is a friable mass which is then granulated. Such a process for
      treating detergent compositions does not yield excellent results when used
      with a sodium silicate alone since silicates tend to agglomerate once they
      lose their free-flowing state and form a paste. As a result, the mass or
      heat transfer necessary to cause the evolution of volatiles (H.sub.2 O and
      H.sub.2 O.sub.2) becomes impossible, particularly at a sufficiently rapid
      rate to avoid non-uniform, relatively non-porous structures. In such
      instances, water can be removed rapidly at the surface of such a large
      coalesced mass of material, but the anhydrous skin which forms is a very
      good insulating barrier to minimize further heat and mass transfer. Under
      such conditions, it is found that one may heat for hours, achieving a
      completely anhydrous outer surface, while the interior of the expanded
      structure is still moist. Not only is such a highly heterogeneous
      structure undesirable in terms of product uniformity, but rates of drying
      overall are quite slow and the competing process of sintering proceeds to
      an excessive degree, forming a product with an unsatisfactory amount of
      absorption.
PAR  Other methods for using hydrogen peroxide and silicates in other complex
      formulations have been disclosed in the prior art. British Patent No.
      996,563 issued on June 30, 1965 to Bedrich Cibulka, for example, discloses
      a method for preparing pre-cast building materials wherein a silicate, an
      inert inorganic filler, a hardening agent to accelerate the setting of the
      mixture, hydrogen peroxide, elementary iron and a copolymer are fashioned
      into a paste and shaped in a mold. Such a process yields a water insoluble
      material that is useless in detergent formulations. The product is also
      devoid of residual binding affinity and unless as a gunning mix. Clearly,
      the product is not as amorphous silicate.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that spheroidal aggregates of highly absorbent, low
      bulk density, readily soluble, highly porous, high surface area, hydrated,
      amorphous alkali metal silicate granules and powders can be prepared which
      answer the needs of the art. The unique silicates of this invention are
      prepared by contacting essentially discrete alkali metal silicate
      particles with aqueous solutions of hydrogen peroxide, absorbing the
      peroxide into the alkali metal silicate hydrated structure and heating the
      silicate to destory substantially all of the hydrogen peroxide, thereby
      causing the silicate to swell and form a high surface area, more
      absorbent, aggregated structure. The silicate may be a compound of
      SiO.sub.2 and any suitable alkali metal oxide including, for example,
      sodium oxide, potassium oxide, lithium oxide and the like at a mol ratio
      of SiO.sub.2 :alkali metal oxide of 1:1 to 3.75:1, preferably 2:1 to 3:1
      and sodium silicates are preferred.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  The Products
PAR  Stereoscan electron micrographs show that the products of this invention
      are composed of minute grape-like clusters of spheroidal particles which
      form absorbent aggregates. The specific surface area of the silicates of
      this invention as measured by nitrogen absorption lies between 2.5 and 7
      m..sup.2 /g. compared to values of 1 m..sup.2 /g. and less, which are
      characteristic of spray-dried or ground hydrated alkali metal silicates.
      The higher surface areas of the products of this invention lead to much
      more rapid rates of solution.
PAR  The products of the invention are also characterized by very low bulk
      densities. While the bulk density will depend somewhat on the bulk density
      of the starting powder and the amount of hydrogen peroxide used in
      treating it, values of less than 0.5 g./cc. and preferably less than 0.3
      g./cc. are obtained.
PAR  The alkali metal silicates of this invention have a high degree of
      absorbency for nonionic surfactant and absorb from 35 percent by weight of
      nonionic based on the weight of the silicate to 400 percent by weight,
      preferably from 70 to 400 percent. The degree of absorbency may be
      measured by adding nonionic surfactant slowly to a weighed amount of the
      silicate in a glass container, stirring after each addition. The
      percentage of the nonionic surfactant that can be added before the glass
      becomes wet with surfactant is the percent absorption; the mix is
      free-flowing at this point.
PAR  It should be understood that the absorption capacity of the products of the
      invention or other absorbent materials are to some degree determined by
      kinetic factors as well as the absolute porosity and degree of openness of
      pores in the structure. Absorption, like other physical and chemical
      processes, is not necessarily instantaneous and finite periods of time are
      required for the liquids to be absorbed to penetrate from the outer edges
      of the absorbing particles into the interior. This process is more rapid
      for larger pores and, as a consequence, the surfactant on the side of the
      beaker test just described, tends to measure pores of the general size
      range of 100 microns to about 5 microns. The capacity of the products of
      this invention for absorption considerably exceeds that measurable by this
      test since the smaller pores in the structure also can be filled if
      sufficient time is allowed. The very free-flowing characteristics of the
      products of this invention derive in part from this large reservoir of
      absorptive capacity in the form of finer pores. After an apparently
      saturation amount of the liquid has been added, the product will continue
      to improve in flowability with the passage of time as these smaller pores
      are gradually filled.
PAR  A more accurate measure of the true absorption capacity can be obtained by
      measuring the total pore volume and pore diameters by mercury porosimetry
      measurements. A mercury porosimeter is used to measure pore volume and
      pore diameters in such a case. This is a device which forces mercury under
      pressure into the pores of a porous material. The smaller the pore
      diameter, the higher the pressure of mercury required to penetrate and
      fill the pore. From 0.7 cc. to 5.0 cc. of mercury is absorbed per gram of
      hydrated alkali metal silicate of this invention at pressures of about
      15,000 psi, corresponding to an average pore diameter of 0.02 micron. At
      least half of the total porosity of the products of this invention will
      have a pore diameter between 10 microns and 0.02 micron.
PAR  The silicates of this invention at a comparable water content dissolve in
      water under equivalent conditions of agitation and temperature at a rate
      at least twice that of the precursor powders from which they are prepared.
      Stated in quantitative terms, at least 90 percent of the particles totally
      dissolve in 100 cc. of water in 5 minutes at 25.degree.C. The rate of
      solution can be determined by dissolving a one gram sample in 100 ml. of
      water, filtering after a specified time, and titrating with a mineral acid
      to determine the dissolved alkalinity. Another factor which is of some
      importance is the percentage remaining undissolved. If the insolubles are
      too high in a detergent composition, they show up as white specks on dark
      clothing. For this reason, more than 90 percent should dissolve and
      preferably more than 99.5 percent at concentrations which are comparable
      to those normally encountered when detergents are used or approximately 1
      to 50 grams of silicate for each 16 gallons of water.
PAR  The silicate products of this invention have a final water content of no
      greater than 25 percent by weight of water and an active oxygen content of
      no more than 1.33 percent by weight. Preferably, the active oxygen content
      is much lower and should be below 0.5 percent by weight. In other words,
      any active oxygen present would remain essentially as an impurity because
      hydrogen peroxide is one of the starting materials used in the practice of
      the invention. The negligible active oxygen content is important since
      appreciable amounts of active oxygen may adversely effect the chemical
      properties and reactivities of the compositions in which the silicates are
      used. For example, in gunning mixes the presence of air bubbles, dirt,
      oxide residues, moisture and so on at the boundary layer reduces adhesive
      and cohesive strength considerably and an appreciable active oxygen
      content in the composition would result in the evolution of oxygen bubbles
      at the temperature of application.
PAR  On the other hand, even in those end uses in which active oxygen releasing
      agents are used such as in laundry and dishwashing detergents, cleansers
      and the like, the addition of further quantities of active oxygen may be
      deleterious. For example, indiscriminate addition of active oxygen
      containing compounds to detergents can result in destruction of or damage
      to fabrics, optical brighteners, fabric dyes, perfumes, disinfectants and
      other readily oxidizable organic ingredients in the detergent
      compositions. Use of active oxygen containing compounds in dishwashing
      detergents containing citrate or nitrilotriacetate sequestering agents
      will result in an oxidative attack of the peroxide on the organic
      moieties. No such results arise when the products of this invention are
      used since they either contain no active oxygen or else only harmless
      residual amounts as an impurity.
PAR  The properties of the products of this invention further represent a
      significant advance in the art, particularly when compared against the
      properties of the most closely related prior art compositions as
      disclosed, for example, in U.S. Pat. No. 3,687,640. The aggregated
      hydrated sodium silicate powder products of that patent have a general
      bulk density within the range of from about 0.32 g./cc. to 0.8 g./cc.;
      however, their surface areas are a factor of three lower on the average
      than the surface areas of the instant products; their absorptivity is two
      to three times lower as determined by mercury porosimeter measurements;
      they have substantially no porosity lower than 10 microns while the
      products of this invention possess a large amount of relatively fine-pore
      structure below a pore diameter of 10 microns; and they are noticeably
      slower to dissolve in water than are the products of this invention.
PAC  The Process
PAR  In the process of this invention, discrete, hydrated alkali metal silicate
      particles are contacted with an aqueous solution of hydrogen peroxide. The
      hydrogen peroxide is allowed to diffuse into and become part of the
      hydrated amorphous silica structure. The silicate is then heated to a
      temperature of about 60.degree.C to bring about the destruction of the
      hydrogen peroxide and the liberation of oxygen from the internal structure
      of the silicate. A threefold or more increase in surface area, a higher
      rate of solution and lower bulk density are thus achieved in a product
      composed of minute, grape-like clusters which form from the original,
      larger spherical particles of hydrated alkali metal silicate powder. To
      achieve such a structure, a number of processing variables must be
      critically controlled. These include the amount of hydrogen peroxide and
      the concentration of hydrogen peroxide in the aqueous hydrogen peroxide
      solutions with which the silicate particles are contacted, the temperature
      at the time of contact and during diffusion of the peroxide into the
      silicate, the length of time after contact and before the temperature is
      elevated and the time and temperature used to destroy the peroxide after
      it has diffused into the hydrated alkali metal silicate structure.
PAR  The process of this invention is unique in combining the agglomeration of
      fine particles into larger granules while simultaneously substantially
      increasing the specific surface area of the powders. Most prior art
      processes as typified by the process disclosed in U.S. Pat. No. 3,687,640,
      inevitably cause a decrease in specific surface area, or at best the
      maintenance of the original area, because at least the area at which the
      particles are joined is lost as available surface for absorption.
PAR  Surprisingly, by the process of this invention, agglomeration of particles
      on a macroscopic scale (i.e., dimensions of the order of 50 to 1,000
      microns) is achieved as well as new surface area on a microscopic scale
      (i.e., 0.5 to 50 microns dimensions). The new surface created greatly
      exceeds that lost via agglomeration, so that an actual several-fold
      increase in surface area can be obtained.
PAR  The processes of the invention are also useful in achieving agglomeration
      of already highly absorbent high surface area alkali metal silicate
      powders at substantially lower temperatures than those required in other
      processes such as the process disclosed in U.S. Pat. No. 3,687,640.
      Relatively small amounts of peroxide near the lower limit of 2 percent
      based on the weight of hydrated alkali metal silicate which do not
      necessarily lead to large increases in surface area are sufficient in such
      instances. The processes of the invention essentially prevent the loss of
      an existing high surface area, absorbent, porous structure while achieving
      agglomeration into granules.
PAR  Polish Pat. No. 40,766 issued to Stanislav Karczewski, Apr. 1, 1958,
      discloses adding up to 15 percent by weight of hydrogen peroxide to a
      hydrated sodium silicate waterglass containing about 25 percent water. The
      hydrogen peroxide-silicate mixture is held for 12 hours during which it
      very slowly swells and coagulates. The product is then dried at a
      temperature not exceeding 30.degree.C. for about 3 hours to yield a
      product having a high active oxygen content due to the quantity of
      peroxide contained in its interstices. Because of the very long diffusion
      times and the fact that the silicate is never taken to a high enough
      temperature to rapidly decompose the hydrogen peroxide, the rapid
      evolution of oxygen gas with the corresponding formation of multicellular,
      grape-like, high surface area structure in accordance with this invention
      never takes place. As a matter of fact, because no care is taken to avoid
      heat build-up and premature decomposition of peroxide, agglomeration into
      one undifferentiated "bread dough" formation occurs. If this congealed
      mass were heated to destroy the peroxide, the temperature would
      unavoidably increase to the point at which steam is generated since
      adequate heat transfer out of such a structure is not possible.
PAR  The processes of this invention are applicable to a variety of alkali metal
      silicate substrates. Either hydrated or anhydrous particles may be
      employed, and the mol ratio of silica to alkali metal oxide may vary from
      about 1:1 to 3.75:1. For many uses, particularly in surfactant
      applications, the lower ratio silicates having a mol ratio between 2:1 and
      3:1 are highly preferred. This creates some complications in applying the
      process of the case since the decomposition of hydrogen peroxide is
      greatly accelerated in more alkaline media, particularly as the pH gets as
      high as 12. For this reason, silicates having ratios between 1:1 and 2:1
      are not preferred substrates, although they can be employed in special
      cases. Ratios higher than 3:1 are not preferred, because the rate of
      solution of high ratio silicates is substantially slower than that of
      lower ratio silicates. In washing operations, particularly in cold water,
      this can be an important property. Higher ratio silicates are also less
      preferred in many binding applications because of their higher viscosity
      at a given solids concentration. For example, a ratio of 3.25:1 to 3.75:1
      has a viscosity several times higher than the viscosity of ratios between
      2:1 and 3:1.
PAR  Hydrated alkali metal silicates are preferred substrates compared to
      anhydrous. While useful products can be obtained from anhydrous particles
      treated by the processes of this invention, the rate of diffusion of the
      peroxide into anhydrous materials is relatively slow, adding to the
      expense of preparing the products because of the longer residence times
      and larger equipment required. In general, it is preferred that the
      products to be treated contain at least 5 percent by weight of water of
      hydration, preferably up to 25 percent. Higher water contents are not
      preferred since the silicate particles become excessively plastic and the
      open, high surface area structure achieved by the processes of the
      invention can be easily lost in subsequent processing steps such as drying
      and other handling operations.
PAR  The particle size is a factor of importance. It is preferred that the
      particles to be treated by the process of this invention be of a very fine
      size. Preferably the particle size should be less than 60 U.S. Standard
      mesh (250 microns), and it is more highly preferred that they be between
      200 U.S. Standard mesh (74 microns) and about 1/2 micron in size. This is
      particularly important when dealing with anhydrous particles, since
      diffusion times for an anhydrous particle of large particle size are
      exceedingly slow.
PAR  It is also important that the alkali metal silicate particles to be treated
      by the processes of the invention do not contain substantial quantities of
      transition metal ions as impurities. Elements such as copper, iron, nickel
      and so on either in the metallic state or as oxides, should be at as low a
      level as possible, preferably not greater than 500 parts per million,
      because such materials are extremely active catalysts in bringing about
      the destruction of hydrogen peroxide. Substantial quantities or greater
      than 500 ppm will lead to a premature destruction of the peroxide before
      it has an opportunity to diffuse into the structure of the alkali metal
      silicate particles.
PAR  Finally, it is important that the silicate particles of the invention
      comprise essentially discrete particles as opposed to large aggregated
      masses of particles. Treatment of aggregated masses or excessive
      aggregation which might occur due to the improper operation of the
      processes of the invention can be extremely harmful. If a large mass of
      aggregated particles is treated with hydrogen peroxide, the exothermic
      decomposition of peroxide can cause either localized or general evolution
      of heat and a resultant rapid increase in temperature to the point where
      the hydrogen peroxide is destroyed before it has an opportunity to diffuse
      into the structure of the alkali metal silicate particles. Thus it is
      important to get finely divided, discrete powders, and to operate the
      processes of the invention in such a fashion as to maintain these powders
      in a relatively discrete form throughout the operation. Aggregates larger
      than 1 cm. in diameter should not be allowed to form because of this
      problem.
PAR  In the process of this invention, the quantities of hydrogen peroxide based
      on the weight of hydrated amorphous alkali metal silicate can range from
      as little as 2 percent by weight to as high as 100 percent. Lower
      quantities of hydrogen peroxide do not result in a sufficient change in
      the bulk density, nitrogen surface area, and absorptivity, whereas
      quantities higher than 100 percent are seldom necessary, even to prepare
      particles of exceedingly low bulk density, such as 0.1 g./cc.
PAR  The hydrogen peroxide concentration in aqueous solution ranges from about 5
      to 100 percent, preferably 15 to 70 percent by weight. Concentrations of
      lower than 5% require the addition of large amounts of water which must
      then be evaporated off. This is disadvantageous because of the sensitivity
      of hydrated alkali metal silicates to sintering which causes a loss of
      surface area. While 100 percent peroxide can be used very effectively in
      this application, the hazards associated with handling and using such
      concentrated peroxide solutions make this a less preferred concentration.
      The preferred concentrations of from 15 to 70 percent hydrogen peroxide
      are safe, effective and easy to handle.
PAR  The concentration of peroxide in the process of the invention is not only
      important to provide sufficient oxygen to expand the structure, but it
      also determines the rate at which the decomposition occurs. This is
      because peroxide decomposition in this system is a second order chemical
      reaction. Consequently, a molecule of hydrogen peroxide and a molecule of
      peroxide ion interact to form the transition complex which later
      decomposes into oxygen and water. The rate at which decomposition occurs
      at any given temperature is thus proportional to the square of the
      peroxide concentration. If the concentration of aqueous peroxide gets too
      low, as for example substantially below 2 percent, based on the weight of
      the total composition, the rate of peroxide decomposition also gets quite
      slow. It should be recognized that with such second order reaction
      kinetics, cutting the peroxide concentration by a given factor cuts the
      rate of the decomposition by the square of that factor. Thus, for example,
      if the concentration is decreased by a factor of five, the reaction rate
      is decreased by a factor of 25-fold. It is for this reason that relatively
      low concentrations which were taught for decomposition of a peroxide in
      some of the aqueous solutions of the prior art cannot be employed in the
      process of this invention. The hydrated silicate solid material which is
      being processed has viscosities very much higher than most aqueous
      solutions, and their pastes and reaction rates are substantially slower
      because of this factor. Thus, a 2 percent concentration of peroxide
      represents about the minimum level which will give sufficiently rapid
      decomposition to expand the structure to a satisfactory degree.
PAR  The hydrogen peroxide treatment of this invention may be used with any
      desired alkali metal silicate composition having any desired degree of
      hydration provided that the composition is free flowing. The water of
      hydration expressed as percent by weight water based on the weight of the
      composition is generally 18 to 25 percent. The ratio of silicon dioxide to
      alkali metal oxide in the silicate generally ranges from 1:1 to 3.75:1. A
      ratio of from 2:1 to 3:1 is best for surfactant manufacture and is
      preferred. lithium
PAR  While, as described above, the ranges of operability of the processes of
      this invention are relatively broad, it must be understood that the
      extremes of these ranges cannot always be simultaneously applied. For
      example, one may, if desired, employ finely divided anhydrous silicate
      starting materials, and one may, if desired, use concentrations of
      hydrogen peroxide as high as 100 percent and one may use concentrations of
      hydrogen peroxide as low as 2 percent by weight, based on the weight of
      the silicate. It would not be possible, however, to do all of these
      simultaneously. That is, one could not expand anhydrous silicates using
      100 percent peroxide at the rate of 2 percent by weight of the silicate.
      The success of the processes of this invention depends upon bringing the
      hydrated silicate particles being treated to the right internal viscosity
      such that it is plastic enough to expand as a result of the pressure of
      oxygen gas created by the hydrogen peroxide decomposition, but
      sufficiently internally viscous that the expanded structure thereby
      created does not rapidly collapse. Successful operation of the processes
      of this invention thus require certain relationships between the variables
      of chemical composition and processing conditions to be maintained which
      are defined by the internal viscosity of the hydrated silicate solid
      particles in the peroxide-treated free flowing mass.
PAR  The viscosity of hydrated amorphous silicate structures is influenced by a
      number of factors, including the total liquid content (i.e., the sum of
      the hydrogen peroxide and water available), the SiO.sub.2 /Na.sub.2 O
      ratio, and the temperature. In general, the viscosity is lower the higher
      the liquid content, the lower the SiO.sub.2 /Na.sub.2 O ratio, and the
      higher the temperature. Substantially identical considerations apply to
      mol ratios of SiO.sub.2 to potassium or lithoum oxide.
PAR  Although the factors influencing the viscosity of amorphous alkali metal
      silicate-liquid systems are complex, fortunately the viscosity itself is
      relatively easily measured experimentally. This can be determined by
      techniques normally used for measuring the viscosity of highly viscous
      systems, such as the falling ball viscosimeter method or the rising bubble
      method. The rate of elongation of solid fibers of hydrated silicate glass
      of the composition can also be used to estimate the viscosity. The
      viscosity range which can be used broadly in the processes of the
      invention is from 5,000 to 100,000 poise, with the most preferred being
      from 8000 to about 50,000 poise.
PAR  Viscosities substantially lower than the lower limit do not work
      satisfactorily in the processes of the invention, because the collapse of
      the structure after having been expanded by the hydrogen peroxide
      decomposition is too rapid. Thus, pores, even if formed, are closed and
      sinter at too rapid a rate.
PAR  Viscosities higher than 100,000 poise are not satisfactory because the
      silicate-liquid system is too brittle and expansion of the structure into
      the required open-pored system would require too high an oxygen
      decomposition pressure. For the preferred 2:1 to 3:1 ratio silicates of
      the invention and operating near the preferred 60.degree.C. decomposition
      temperature, the appropriate liquid composition to give the correct
      viscosity is from about 25 percent by weight to about 45 percent by
      weight. The most preferred range is from 32.5 to 42.5 percent. That is,
      the sum of the weight percent of hydrogen peroxide and water in the system
      should be within this range. Above 45 percent by weight of total liquids
      (or total volatiles), coalescence and collapse of the structure,
      accompanied by excessive agglomeration, takes place. Below 25 percent by
      weight in this general temperature range, the structure simply does not
      expand sufficiently to give the degree of porosity required for the
      products of this invention. In computing total liquid, the initial hydrate
      water of hydrated silicate starting materials should be added to that
      introduced along with the hydrogen peroxide. Alternatively, the product
      after spraying with the peroxide solution can be fired to above
      600.degree.C. and the loss in weight or total volatiles is equal to the
      total liquid content.
PAR  The hydrogen peroxide may be added, applied, sprayed onto or in any other
      manner introduced to the silicate free flowing powder or granules.
      Generally, the hydrogen peroxide is sprayed at a temperature of from
      0.degree. to 45.degree.C., preferably 0.degree. to 30.degree.C., onto a
      moving bed of silicate granules using any standard device for spraying a
      liquid onto a solid. In one particularly efficient operation, the silicate
      is placed inside a rotating drum mixer having the shape on an elongated
      cylinder, the interior walls of which are scraped by a rotating screw
      which simultaneously mixes the contents and moves them slowly along the
      length of the cylinder. The hydrogen peroxide solution may be sprayed onto
      the silicate granules by jets located near the entrance of the cylinder.
      The particles thus contacted are then conveyed through the cylinder which
      may have a residue time of from 5 minutes to several hours. The cylinder
      preferably contains a zone in which the temperature can be controlled
      within the range of 0.degree. to 45.degree.C., preferably 0.degree. to
      30.degree.C., during the diffusion time in which the hydrogen peroxide
      diffuses into the inner hydrated alkali metal silicate structure. If
      desired, the granules may be subjected to a current or dry air or inert
      gas may be blown over the tumbling powder in the mixer.
PAR  If the temperature is raised slowly, the decomposition of hydrogen peroxide
      is correspondingly slow and diffusion of the oxygen resulting from the
      decomposition will take place through the thin walls of the bubbles which
      form without rupturing the bubble wall. residence a slow rate of increase
      of the temperature at this point is undesirable, since there is always a
      competing reaction of sintering tending to close the pores and lose
      porosity which must complete with the creation of new pores resulting from
      the decomposition of the hydrogen peroxide. As noted previously, the
      success of the process of the invention depends upon achieving a
      relatively plastic condition leading to good expansion on decomposition of
      the peroxide, followed by the "freezing" of this structure by relatively
      rapid removal of water once the structure has been expanded. As the
      volatiles content (i.e., H.sub.2 O and H.sub.2 O.sub.2) drops below 30
      percent and particularly below 25 percent, the system will become quite
      rigid and the rate of sintering will not result in a serious loss of the
      structure achieved. It is for this reason that it is necessary throughout
      the process to keep agglomeration at a minimum. If, as in several prior
      art procedures, the whole mass of silicate is allowed to coalesce to form
      one large unitary structure, it becomes almost impossible to effect either
      mass or heat transfer sufficiently rapidly to avoid non-uniform and
      relatively nonporous structures as discussed hereinbefore. If the amount
      of peroxide in the silicate is fairly high and the temperature is
      increased rapidly, the walls will be ruptured and a more highly absorbent
      structure will be obtained.
PAR  It is usually preferred that the powder is tumbled or mixed while the
      addition, diffusion and decomposition of hydrogen peroxide is carried out
      to avoid the formation of excessively large agglomerates.
PAR  After the peroxide and the bulk of the water associated with it have been
      destroyed and removed, it is possible to dry the silicate at somewhat
      higher temperatures since excessive agglomeration due to heat liberated by
      peroxide decomposition will no longer occur. The water content at this
      point should not exceed 30 percent by weight, however. At higher water
      contents the silicate is too plastic to be dried at temperatures above
      60.degree.C. without excessive sintering and loss of porosity and
      absorbency. Once the water content is below 30 percent the temperature can
      be raised to as high as 100.degree.C. or even as high as 200.degree.C. as
      long as the volatiles content is below about 25 percent. Temperatures
      between 60.degree. and 200.degree.C. can also be used for short periods of
      time to complete decomposition of peroxide.
PAR  If desired, the bulk density of the product may be lowered still further by
      repeating the process of this invention sequentially. In other words, the
      powder product can be recontacted with additional aqueous hydrogen
      peroxide solution at 0.degree. to 45.degree.C., the peroxide can then be
      allowed to diffuse into the alkali metal silicate structure and then
      destroyed by heating and the process can be continued until the desired
      bulk density is achieved. Such sequential processes need not be
      consecutive. For example, the silicate can be subjected to one or more
      treatments, stored and/or shipped and then further treated in accordance
      with this invention at some later time.
PAR  The products of this invention are amorphous alkali metal silicate
      materials. The art is familiar with lower ratio crystalline water-soluble
      sodium silicates such as sodium metasilicates, sodium orthosilicates, and
      sodium sesquisilicates. These very low ratio (alkaline) silicates are
      rapidly water-soluble, but their high alkalinity makes them unsuitable for
      many uses, including uses in general purpose detergents. Silicates having
      mol ratios of SiO.sub.2 to Na.sub.2 O within the range of the preferred
      products of this case, that is from a mol ratio of 2:1 to 3:1, cannot be
      crystallized and exist, so far as is known, only as amorphous materials.
      The amorphous nature can be determined by examination with X-rays. When so
      examined, the products of the invention show only broad diffuse rings
      characteristic of amorphous materials.
PAR  While the invention has been discussed primarily with reference to sodium
      silicates, it is to be understood that the invention is applicable to any
      alkali metal silicate including, for example, sodium, potassium and
      lithium silicates at the SiO.sub.2 :alkali metal oxide ratios set out
      hereinbefore.
PAR  The highly absorbent products of this invention are particularly important
      in the formulation of nonpolluting detergents since they can absorb the
      nonionic detergent into their structures thereby allowing the manufacturer
      to avoid the air pollution which results when the nonionic fluid is put
      through a spray tower. The products of this invention can also be used to
      prepare very low bulk density refractory powders of silica for use as
      catalyst supports and as insulating materials by acidifying the silicate
      with carbon dioxide gas, or with a suitable mineral acid such as aqueous
      HCl, sulfuric acid, nitric acid, and the like. The salt, such as the
      carbonate, chloride, sulfate and so on formed by the neutralization
      reaction can then be leached out of the silica gel pseudomorph of the
      original alkali metal silicate product and the product dried to give a
      refractory silica structure similar in shape and physical form to the
      starting silicate.
PAR  The invention is further illustrated but is not intended to be limited by
      the following examples in which all parts, percentages and ratios are by
      weight unless otherwise specified. The tests described in Example 1 are
      also used in characterizing the products described in the subsequent
      examples.
PAC  EXAMPLE 1
PAR  One hundred grams of a spray-dried, hydrous silicate having a 2.44 to 1
      SiO.sub.2 to Na.sub.2 O weight ratio and containing 19.81 percent water,
      and having a bulk density of 0.61 g./cc., a nitrogen surface area of 1.4
      m..sup.2 /g., and 70 percent of which passed a 100 mesh screen, were mixed
      in a Hobart mixer (a bread dough type of mixer typically used in baking
      operations), with 29.4 grams of 34 percent hydrogen peroxide aqueous
      solution, representing 10% H.sub.2 O.sub.2 based on the weight of the
      silicate. The hydrogen peroxide aqueous solution was sprayed on the sodium
      silicate powder while the powder was being mixed at the top speed of the
      Hobart mixer. Mixing was continued for 10 minutes. The material was then
      placed in a rotating tumbler and heated to 60.degree.C. over a period of
      15 minutes by the use of an infrared lamp and a heat gun. It was then
      taken to 100.degree.C. over a 5 minute period and held for 5 minutes at
      100.degree.C. It was noted that the bulk of the expansion to form an
      expanded, porous, granular structure occurred within the temperature range
      of from 60.degree.  to 80.degree.C. The material was then passed through a
      10 mesh screen, and had the following properties: tamped bulk density was
      0.12 g./cc.; the oil absorption, determined by feeding a nonionic
      surfactant dropwise into a stirred beaker of the product of the invention
      to the first appearance of a thin film of surfactant on the side of the
      beaker (beaker test), was 100 percent by weight. The amount of nonionic
      surfactant which could be absorbed when heavily loaded was determined by
      suspending the product of the invention in an excess of nonionic
      surfactant and filtering to remove the excess. In this instance, it
      absorbed 218 percent of its own weight of nonionic surfactant. The
      nitrogen surface area of this material was 4.15 m..sup.2 /g., which is
      about three times that of the starting material, and its absorption as
      determined by mercury porosimetry measurements at 15,000 psi pressure was
      4.8 cc. of mercury per gram of product.
PAC  EXAMPLE 2
PAR  One hundred grams of the sodium silicate of Example 1 was mixed with 29.4
      grams of a 17% aqueous solution of hydrogen peroxide, representing 5%
      hydrogen peroxide based on the weight of the sodium silicate powder in a
      Hobart mixer for a period of 10 minutes as described in Example 1. The
      product was then treated in the rotating dryer of Example 1, and given the
      same temperature treatment schedule. After the product of the invention
      was screened through a 10 mesh screen, its tamped bulk density was 0.17
      g./cc.; it absorbed 95% of nonionic surfactant before the surfactant
      appeared on the side of the beaker in the beaker test described in Example
      1, and 196 percent using the immersion and filtration test described in
      Example 1. The nitrogen surface area of this material was 2.74 m..sup.2
      /g. and the total porosity determined at a pressure of 15,000 psi by a
      mercury porosimetry test was 3.18 cc. of mercury per gram of sample.
PAC  EXAMPLE  3
PAR  One hundred grams of the sodium silicate of Example 1 were treated with
      18.2 grams of a 19.6% hydrogen peroxide solution, representing 2.5%
      hydrogen peroxide based on the weight of the hydrated silicate powder.
      This was mixed and heat-treated as described in Example 1. The product of
      the invention in this instance had a tamped bulk density of 0.22 g./cc.,
      showed a 70 percent surfactant absorption in the beaker test and a 100
      percent absorption by the contacting and filtration test, both as
      described in Example 1. The nitrogen surface area was 2.78 m..sup.2 /g.,
      and the internal porosity as determined by mercury porositmeter at 15,000
      psi pressure was 2.08 g./cc.
PAC  EXAMPLE 4
PAR  This example illustrates the applicability of the process of the invention
      to a silicate having a 3.25 ratio of SiO.sub.2 to Na.sub.2 O. About 1,000
      grams of a spray-dried hydrous silicate having a 3.25 to 1 SiO.sub.2 to
      Na.sub.2 O weight ratio, a water content of 19.8 percent, and a nitrogen
      surface area of 1.0 m..sup.2 /g. were mixed in a large Hobart mixer with
      357 grams of a 28 percent hydrogen peroxide solution. This represents 10
      percent hydrogen peroxide based on the weight of the hydrated silicate.
      The result was heated with stirring to a powder temperature of
      65.degree.C. over a period of 15 minutes and was then heated with stirring
      to a temperature of 100.degree.C. over an additional 15 minutes. During
      the second heating the material expanded and agglomerated to form a
      typical product of the invention which, after screening through a 10 mesh
      screen, gave a tamped bulk density of 0.21 g./cc., a 95 percent absorption
      of nonionic surfactant by the beaker test, a 138 percent absorption by the
      contacting and filtering test, a residual active oxygen level of 0.4
      percent and a water content of 13.5 percent.
PAC  EXAMPLE 5
PAR  Nine hundred grams of a spray dried sodium silicate powder having a
      SiO.sub.2 to Na.sub.2 O ratio of 2 to 1, a water content of 18 percent,
      and an initial nitrogen surface area of 1.2 m..sup.2 /g., were mixed with
      200 grams of 40 percent aqueous hydrogen peroxide solution, representing
      9% H.sub.2 O.sub.2 based on the weight of the silicate, in a large mixer
      and mixed for 10 minutes as in Example 1. The result was placed in a large
      tumbling rotary dryer and heated to 60.degree.C. over a period of 1 hour,
      during which time substantial expansion and agglomeration occurred. It was
      then taken to 100.degree.C. in 45 minutes and held there for 10 minutes.
      After screening through a 10 mesh screen the product had a tamped bulk
      density of 0.18 g./cc., a surfactant absorption of 100 percent based on
      weight of product in the beaker test and 150 percent in the filtration
      test. It contained 0.32 percent active oxygen, had a 0.31 g./cc. bulk
      density when loaded with 100 percent of surfactant and a water content of
      14.74 percent. Its nitrogen surface area was 3.99 m..sup.2 /g.
PAC  EXAMPLE 6
PAR  About 100 grams of a solid hydrated amorphous sodium silicate having a bulk
      density of 0.7 g./ml., a SiO.sub.2 /N..sub.2 /Na.sub.O ratio of 3.22 and a
      moisture content of about 17 percent were introduced into a one liter
      stainless steel beaker fitted with baffles. The sodium silicate was
      fumbled at 35 rpm at an angle of about 30.degree. compared to the
      horizontal and 47.1 grams of a finely divided spray of a 70% aqueous
      solution of hydrogen peroxide containing 1 gram of magnesium sulfate
      heptahydrate were introduced to the sodium silicate at a temperature of
      about 40.degree.C. The temperature was maintained by heating the silicate
      with hot air during the peroxide addition. When all of the peroxide had
      been added, the sodium silicate had expanded in volume and become light.
      Granules of agglomerated silicate of approximately 35 mesh screen size
      were obtained. The granules were dried at room temperature for one hour
      and then at 50.degree.C. for one hour, the temperature being raised from
      room temperature to 50.degree.C. as rapidly as possible (about 7.degree.C.
      per minute). The resulting product had a bulk density of 0.34 g./ml. and a
      residual active oxygen content of 2.8 percent as determined by the
      following test:
PAR  About 0.3 to 0.5 gram of silicate was weighed accurately and transferred
      into well-stirred acidified water (10 ml. of 25% H.sub.2 SO.sub.4 in 200
      ml. water) in a 400 ml. beaker. After all of the solid dissolved, 1 to 2
      ml. of 2 percent ammonium molybdate solution are added. Immediately
      thereafter 15 ml. of 25% KI solution are added and stirring was continued
      for two minutes before the liberated iodine was titrated against 0.1
      normal sodium thiosulfate using 5 to 10 ml. of 1percent starch solution as
      the indicator. The end point is a color change from blue to colorless. %
      active oxygen = (ml. of 0.1N thiosulfate .times. 0.08)/sample weight in
      grams.
PAR  The product was then placed in a 60.degree.C. oven having a controlled
      relative humidity of 85 percent for one hour. The final product contained
      no peroxide as shown by analysis for active oxygen and had the following
      characteristics:
PAR  Stereoscan electron micrographs showed the amorphous products to consist of
      grapelike clusters in which the aggregate size ranged from a minimum of 15
      microns to approximately 1000 microns, with the ultimate units (the grapes
      in the cluster) ranging in particle size from 1 micron to 10 microns. The
      shells of these spherical clusters were broken in many places, so that the
      internal porosity within the grapelike clusters was available for
      absorption.
PAR  The water content was 17.5 percent and the specific surface area as
      measured by nitrogen absorption was 2.76 m..sup.2 /g. The ASTM oil
      absorption was 1.5 grams of linseed oil per gram of sample. Mercury
      porosimeter measurements showed a range of pore volumes of from about 60
      microns to 0.02 microns, with a total absorption of 0.92 cc. of mercury
      per gram of product and the quantity of transition metal impurities as
      measured by atomic absorption amounted to less than 200 ppm. Essentially
      100 percent of a one gram sample dissolved in 100 cc. of water in two
      minutes at room temperature. This rate of solution was such that no
      undissolved material remained upon filtration.
PAR  This product absorbed 60 percent of its own weight of Neodol Ethoxylate
      25-12 (a Shell Chemical Company linear alcohol ethoxylate comprising a
      mixture of alcohols having 12 to 15 carbon atoms condensed with twelve
      mols of ethylene oxide to an average molecular weight of 745 a density of
      1.003 and a melting point of 30.degree. to 33.degree.C.) nonionic surface
      active agent before the nonionic surfactant was deposited on the walls of
      the glass beaker used for mixing the nonionic surfactant with the porous
      absorbent silicate.
PAR  The tamped bulk density was 0.34 g./cc., which was unchanged from the
      peroxide containing intermediate product obtained before heating to
      destroy the peroxide.
PAC  EXAMPLE 7
PAR  One hundred grams of sodium silicate having a bulk density of 0.73 g./cc.,
      an SiO.sub.2 to Na.sub.2 O weight ratio of 2 to 1 and a water content of
      about 18% were sprayed as described in Example 1 with 24.1 g of 70 percent
      hydrogen peroxide containing 1.8 g. of magnesium sulfate heptahydrate.
      From an initial temperature of 25.degree.C. the temperature of the
      reaction mixture rose to a temperature of about 40.degree.C. during the
      peroxide addition. The product expanded as in Example 6 and agglomerated
      into approximately 35 mesh granules with no particles greater than
      approximately 1 cm. in diameter. Following the reaction with peroxide, the
      product was dried at 50.degree.C. for three hours as described in Example
      1. This intermediate product had an active oxygen content of 4.30 percent.
      The tamped bulk density at this point was 0.145 g./cc. To lower the active
      oxygen content, the product was then heated in an air circulating oven at
      60.degree.C. for two hours at a relative humidity of 85 percent.
      Substantially all of the peroxide was destroyed so that the active oxygen
      content was less than 1.33 percent.
PAR  The amorphous product was examined by electron stereoscan micrography and
      showed even smaller ultimate units in grapelike clusters than the product
      of Example 6. The aggregate size, however, was approximately the same as
      in Example 1. The product had a water content of 21.2% a specific nitrogen
      surface area of 5.28 m..sup.2 /g. an ASTM oil absorption of 2.8 g. of oil
      per gram of sample, a nonionic surfactant absorption of 95 percent of the
      nonionic surfactant of Example 6 based on the weight of the product, less
      than 200 ppm. of transition metal impurities, a rate of solution of 100
      percent and a mercury absorption as measured by mercury porosimetry of
      1.95 cc. of mercury per gram of sample. The pore diameters were
      essentially linear between a diameter of 80 microns and a diameter of 0.2
      microns. The tamped bulk density after destruction of the peroxide was
      essentially identical with that measured for the intermediate product.
PAC  EXAMPLE 8
PAR  One hundred fifty grams of a hydrated amorphous sodium silicate having an
      SiO.sub.2 to Na.sub.2 O weight ratio of 2, and 18 percent water content
      and a bulk density of 0.7 g./cc. were contacted sequentially using the
      equipment and procedure described in Example 6 with a total of 10 percent
      by weight of hydrogen peroxide based on the weight of the hydrated
      amorphous silicate supplied in the form of a 30 percent peroxide solution.
      In the first addition, 5 percent of the peroxide was introduced at
      30.degree.C. The temperature rose to 60.degree.C. and the silicate
      expanded and became aggregated. The silicate was then heated at
      60.degree.C. to destroy the peroxide. The second half of the peroxide was
      applied after the silicate had been cooled back to 30.degree.C. and the
      above procedure was repeated. The resulting product was vacuum dried at
      60.degree.C. and had a water content of 18 percent by weight and an active
      oxygen content of 0.8 percent.
PAR  The amorphous silicate product had a tamped bulk density of 0.31 g./cc., a
      100 percent rate of solution, less than 200 ppm. of transition metal
      impurities and stereoscan electron micrographs showed that it consisted of
      spheroidal, grapelike clusters as described in Example 1. The particle
      size was less than 60 mesh with an aggregate size considerably less than 1
      cm. in diameter. The mercury porosimeter data showed a striking bimodal
      distribution of pores. One group of pores was in the general size range of
      80 microns to 20 microns, which was essentially identical with the
      porosimetry curve of the starting spray-dried silicate. The porosity
      involved in this part of the porosimetry curve was about 0.4 g./cc. A
      second family of pores with an average pore diameter of about 2 microns,
      and amounting to an additional 0.8 g./cc., was clearly the result of the
      peroxide treatment. The total porosity was thus 1.20 cc. of mercury per
      gram of sodium silicate.
PAR  The ASTM-D-281-31 oil absorption was 1.00 g./g. of sample compared to 0.4
      g. for the starting spray-dried silicate. The specific surface area of the
      product as determined by nitrogen absorption was 3.16 m..sup.2 /g.,
      compared with a surface area of 1.14 m..sup.2 /g., for the starting
      spray-dried silicate powder. Thus, the absorption as measured by mercury
      porosimetry measurements had increased by a factor of three. The
      absorption as measured by oil absorption was increased by a factor of more
      than two and the bulk density was decreased by a factor of more than two
      by treatment with only 10 percent by weight of peroxide. The nonionic
      surfactant absorption using Neodol Ethoxylate 25-12 to the first
      appearance of oil on the walls of the glass beaker in which the absorption
      experiment was run was 60 percent by weight of the product or more than
      six times that of the starting material which absorbed only 10 percent of
      its own weight of the same nonionic surfactant.
PAC  EXAMPLE 9
PAR  Three thousand fifty-two grams of a 3.25 SiO.sub.2 to Na.sub.2 O weight
      ratio anhydrous sodium silicate powder were mixed in a blender with a
      solution of 656 grams of 50 percent sodium hydroxide and 320 grams of
      water. After mixing for about 5 minutes the composition was placed in a
      Teflon lined stainless steel pressure cooker which was placed in an oven
      at 100.degree.C. and held at that temperature for 16 hours. Upon cooling a
      large cake of hydrated silicate having an SiO.sub.2 to Na.sub.2 O ratio of
      2 was obtained. This was put through a jaw crusher and then through a
      micropulverizer until the hydrated amorphous silicate powder was -60 mesh.
      One thousand grams of the -60 mesh powder were placed in a 5 gallon cement
      mixer equipped with internal baffles and sprayed with a 35 percent
      hydrogen peroxide solution containing 1 percent of magnesium sulfate
      heptahydrate in an amount sufficient to deposit 10 percent by weight of
      peroxide based on the weight of the silicate powder. This was done in two
      stages as described in Example 8, with 5 percent being applied at
      30.degree.C. The temperature was then raised to 60.degree.C. to destroy
      the peroxide, the reactor was cooled to 30.degree.C., the remaining
      peroxide was applied and the silicate was again heated to 60.degree.C. to
      destroy the peroxide. Agglomerated granules having an average 35 mesh
      particle size, a water content of 20.19 percent and a tamped bulk density
      of 0.43 g./cc. were thus prepared. The nitrogen surface area of this
      powder was 2.78 m..sup.2 /g., which is approximately two times the surface
      area of the starting hydrated ground powder. The final bulk density of
      0.43 g./cc. is obtained compared to the 1.3 g./cc. bulk density of the
      starting powder. The absorption on nonionic surface active agent described
      in Example 1 was 40 percent by weight based on the weight of the hydrated
      amorphous silicate product compared to less than 10 percent by weight
      absorption of the same nonionic for the starting ground, hydrated,
      amorphous silicate powder. In this case, as in the preceding example,
      essentially no peroxide remained as active oxygen in the product and a
      100% rate of solution with less than 200 ppm. of transition metal
      impurities was obtained. Mercury porosimeter measurements showed a total
      absorption of 0.8 cc. of mercury per gram of product.
PAC  EXAMPLE 10
PAR  This example shows the advantage of starting with a finer particle sized
      spray-dried material.
PAR  A hydrated sodium silicate powder having an SiO.sub.2 to Na.sub.2 O weight
      ratio of 2.44 containing 19.81% water and having a nitrogen surface area
      of 1.4 m..sup.2 /g. was screened on a mechanical screen and the -200 mesh
      fraction representing about 5 percent of the total, was recovered. One
      hundred fifty grams of this material were contracted with two 25 gram
      portions of 30% aqueous hydrogen peroxide as described in Example 9 while
      tumbling the spray-dried silicate powder in the equipment described in
      Example 1. The resulting product was heated at 60.degree.C. while tumbling
      until the destruction of the peroxide was substantially complete as
      indicated by analysis for the active oxygen content. It was dried in an
      air circulating oven at 40.degree.C. for 4 hours and then dried in a
      vacuum oven for 2 hours at 45.degree.C. The bulk density of the amorphous
      product was 0.26 g./cc., the rate of solution was 100 percent and less
      than 200 ppm. of transition metal impurities were present. The absorption
      of the nonionic surfactant described in Example 1 was 85 percent by
      weight, the nitrogen surface area was 5.23 m..sup.2 /g., and examination
      by stereoscan electron micrograph showed a porous, sponge-like structure
      in which the grapelike clusters had coalesced into one open, spongy
      network. The ultimate units comprising the network of spheroidal particles
      averaged about one micron in size. The surface area was three to four
      times as great as that of the starting material and the nonionic
      absorption is approximately 8.5 times as great. The water content was 24.2
      percent and mercury porosimeter measurements showed a total absorption of
      2.0 cc. of mercury per gram of product.
PAR  It is to be understod that any of the components and conditions mentioned
      as suitable herein can be substituted for its counterpart in the foregoing
      examples and that although the invention has been described in
      considerable detail in the foregoing, such detail is solely for the
      purpose of illustration. Variations can be made in the invention by those
      skilled in the art without departing from the spirit and scope of the
      invention except as set forth in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing spheroidal, amorphous, water soluble alkali
      metal silicates having a mol ratio of SiO.sub.2 to alkali metal oxides of
      1 to 3.75, a specific nitrogen surface area between 2.5 and 7 m.sup.2 /g.,
      a bulk density of less than 0.5 g./cc., an absorbency for nonionic
      surfactants of from 35 to 400 percent by weight of silicate, a maximum
      water content of 25 percent by weight and a maximum active oxygen content
      of 1.33 percent by weight which comprises contacting granules of alkali
      metal silicate having less than 500 ppm. of transition metal ions at a
      temperature of from 0.degree. to 45.degree.C. with from 2 to 100 percent
      by weight of hydrogen peroxide, based on the weight of alkali metal
      silicate, in an aqueous solution having a concentration of from 5 to 100
      percent by weight of hydrogen peroxide, diffusing the hydrogen peroxide
      into the hydrated alkali metal silicate structure for from about 5 minutes
      to about 1 hour at a temperature of from 0.degree. to 45.degree.C. while
      maintaining the alkali metal silicate in discrete particulate form having
      an average aggregate particle size of a maximum of 1 cm. and having a
      viscosity of from 5000 to 100,000 poise, and rapidly heating the silicate
      to from about 45.degree. to 60.degree.C. to destroy substantially all of
      the hydrogen peroxide.
NUM  2.
PAR  2. The process of claim 1 wherein the concentration of the hydrogen
      peroxide is 15 to 70 percent by weight.
NUM  3.
PAR  3. The process of claim 1 wherein the contact and diffusion temperatures
      range from 0.degree.C. to 30.degree.C.
NUM  4.
PAR  4. The process of claim 1 wherein the silicate is heated to a temperature
      of about 60.degree.C. to destroy the hydrogen peroxide.
NUM  5.
PAR  5. The process of claim 4 wherein the alkali metal silicate in discrete
      particulate form prior to the rapid heating has an SiO.sub.2 to alkali
      metal oxide mol ratio of 2 to 3 and in the alkali metal silicate and the
      aqueous hydrogen peroxide a total liquid content of from about 25 to 45
      percent by weight.
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ABST
PAL  A test apparatus for the determination of immunoassays of antigens and
      their antibodies which comprises a receptacle tray having a plurality of
      wells for receiving and samples, a holder for receiving and holding balls,
      coated with an immunologic composition and for depositing the balls into
      the wells of said receptacle tray, a ball-release piece fitting over one
      end of the holder, the ball-release piece being arranged to release the
      balls from the holder when pressed, and a cap to fit on the open end of
      the ball-release piece.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to diagnostic apparatus for use in radioimmunoassay
      for antigens and their antibodies. More particularly, this invention
      relates to a diagnostic apparatus for a direct radioimmunoassay for
      determining hapatitis associated antigen or its antibodies or antigens and
      antibodies.
PAR  Although there have been methods for determining the presence of
      antigenically active macromolecules such as intact viruses, virus capsids,
      subunits, bacteria, membranes, cell walls, hormones, etc., there has been
      a lack of a simple yet sensitive test method and apparatus for determining
      the presence of these materials. Viral hepatitis, including so called
      serum hepatitis, which is a relatively common disease, has not been
      heretofore easily detected by a sensitive test which is both specific and
      reproducible for quickly determining whether or not the serum from a
      patient or a donor contains hepatitis associated antigens or antibodies.
PAR  Furthermore, radioimmunoassay techniques have been developed in the past
      for various antigen-antibody materials. However, these radioimmunoassay
      techniques, such as disclosed in articles by Kevin Catt et al. in the
      Journal of Biochemistry, 1966, Volume 100, pages 31c and 33c and in
      Science, Volume 158, page 1570, 1967, are an indirect radioimmunoassay
      technique wherein the amount of antigen present is roughly proportional to
      the amount of radiation emitted by the tracer material. These procedures
      required the use of correlation tables and other materials which generally
      rendered the results less than reproducible and exact.
PAR  According to the present invention, it has been discovered that the
      above-noted difficulties, i.e., lack of reproducibility and exactness,
      have been overcome by utilizing the present diagnostic apparatus with the
      associated radioimmunoassay technique.
PAR  More specifically, the diagnostic test apparatus of the present invention
      comprises a receptacle tray having a series of wells for receiving
      samples, a holder arranged to receive, hold and deposit coated balls into
      the wells of the tray, a ball-release piece fitting over one end of the
      holder which is arranged when pressed to release the balls from the
      holder, and a cap to fit over the open end of the ball-release piece.
DRWD
PAR  Other objects and advantages of the diagnostic test apparatus of the
      present invention will become more apparent from the following detailed
      description when taken in conjunction with the figures wherein:
PAR  FIG. 1 is a perspective view of the test apparatus of the present
      invention;
PAR  FIG. 2 is a partial-sectional side view of the holder and ball-release
      piece fitted on one end of the holder, illustrating the coated balls being
      held in the holder; and ball-release piece;
PAR  FIG. 3 is an enlarged partial-sectional, plan view of the ball-release
      piece on the end of the holder;
PAR  FIG. 4 is a partial cut-away side view of the assembled holder,
      ball-release piece and cap;
PAR  FIG. 5 is a partial-sectional view of the cap;
PAR  FIG. 6 is an enlarged side view of the ball-release piece on the end of the
      holder, illustrating the release of a coated ball from the ball-release
      piece; and
PAR  FIG. 7 is a plan view of the ball-release piece on the holder, illustrating
      the configuration of the ball-release piece when pressed to release a
      coated ball.
DETD
PAR  Referring to FIGS. 1 and 4, the test apparatus of the present invention
      comprises a receptacle tray 1, a ball holder 2, a ball-release piece 3 and
      a cap 4 that fits over the ball-release piece. The receptacle tray 1 has a
      plurality of wells 5, which are arranged to receive samples of blood or
      serum, and balls 7 which are coated with an immunologic composition and
      which are to be used in determining the presence of hepatitis antigens in
      the samples of blood or serum. The wells 5 are of sufficient depth and
      size to hold a coated ball 7 and a sample of blood. The receptacle tray 1
      may have a series of wells 5 from as few as six to nine wells to as many
      as 50 to 60 wells, depending on the size of the receptacle tray desired.
      The wells 5, as shown, may be arranged in rows which are parallel to one
      another and arranged so that the tray 1 can be placed on a flat surface
      when the coated balls and samples are deposited in the respective wells 5.
PAR  The ball holder 2 is a hollow tube with one end 9 closed, of a diameter
      larger than that of the coated balls or beads 7 so they can move through
      the tube with little resistance. The coated balls 7 are loaded by a
      conventional method into the tube 2 through the end opposite the closed
      end 9. As many balls 7 that are able to be fitted into tube 2 are loaded
      therein. The beads 7 are loaded by a means where they are not
      contaminated.
PAR  The ball-release piece 3 includes a flange portion 10 arranged to fit over
      one end of the ball holder tube 2. Extending from the flanged end of the
      ball-release 3 is a reduced portion 11 which has a beveled opening 8
      through which the coated balls 7 are released into the wells 5. As shown,
      particularly in FIGS. 3 and 7, on the inner circumferential edge of the
      opening 8 there are a series of nibs 6 which restrict the movement of the
      coated balls 7 through the opening 8. The balls 7 are released from the
      ball-release piece 3 through the opening 8 when the piece 3 is pressed at
      the beveled opening 8 near the lower nib 6 as illustrated in FIG. 6.
      Accordingly, when it is desired to deposit one of the coated balls 7 into
      one of the wells 5 of the receptacle tray 1, the beveled end 11 of the
      ball-release 3 at the opening 8 is pressed on its extended exterior
      surface to release a ball into a well 5.
PAR  As shown in FIG. 4, a cap 4 is provided to fit snugly over the reduced
      beveled end 11 of the ball-release piece 3. The cap 4 has a flange portion
      13 which is arranged to fit over the flange portion 10 of the ball-release
      3. The cap 4 has a closed end 15 to prevent the release of any of the
      coated balls 7 when not needed or when the apparatus is not in use.
PAR  The receptacle tray 1 is preferably made of a plastic material which is
      durable and can be easily molded into the configuration shown in the
      drawings. The holding tube 2 and ball-release 3 as well as the cap 4 are
      preferably made of a durable plastic material which may be transparent to
      the eye. However, it is not necessary that the pieces be transparent
      except for the holding tube 2. The balls or beads 7 should be made of a
      material, i.e., plastic, which will not float in the sample of blood or
      serum in which it is placed in the wells 5. A plastic material which has
      been sound to be satisfactory for the balls 7 is polystyrene.
PAR  The wells 5 are of such a contour as to provide coverage of the balls 7
      with a minimum sample of blood or serum while large enough so as to
      prevent the entrapment of air between the ball and well. With this
      arrangement, the sample is able to come into contact with the ball surface
      and to flow adequately between the ball and well.
PAR  The size of the receptacle tray 1 may be any size desired, such as a tray
      having as few as six to nine wells or as many as 50 to 60 wells. The
      holding tube 2 may be any length, but is preferably of a sufficient length
      to hold several balls or an amount of balls equal to the number of wells 5
      in the receptacle tray 1. The ball-release piece 3 and cap 4 are made of a
      corresponding size to fit snugly over the holding tube 2 and ball-release
      piece 3, respectively.
PAR  In order to form the apparatus of the present invention, the polystyrene
      balls 7 must be coated with either an antigen or antibody. A hepatitis
      associated antibody solution of anti-australia antigen having a
      concentration of about 1 to about 100 micrograms of protein per milliliter
      is prepared in from about 0.005 to about 0.02 molar Tris-HC1, i.e.,
      2-amino-2-hydroxymethyl-1,3-propanedio1-HC1 utilizing an anti-australia
      antigen serum. The Tris-HC1 buffers the solution to a pH from about 7.1 to
      about 9.5 along with about 0.01 percent to about 0.05 percent sodium
      azide. One milliliter of this hepatitis associated antibody is then coated
      on the balls surfaces by incubating at room temperature from about 6 to 72
      hours. These coated polystyrene balls 7 are then washed with about 0.05 to
      about 0.02 molar Tris-HC1 at a pH of 6.9 to 8.4 plus from about 0.01
      percent to about 0.05 percent sodium azide. Following this washing and
      rinsing step, test bodies may be stored at 4.degree.C. until necessary for
      use for radioimmunoassay.
PAR  It is preferred to utilize a 0.01 molar solution of Tris-HC1 hydrochloride
      and 0.2 percent sodium azide buffered at a pH of 7.1 for both the
      incubation medium and the washing medium.
PAR  The amount of antibody coated on the surfaces of the polystyrene balls is
      preferably one thin layer. No standard curves or charts are necessary for
      the tests of the present invention; therefore, no specific amount of
      antigen in the coating is required as long as two similar balls are used.
PAR  Although the diagnostic apparatus of the present invention can be used for
      determining the presence of any appropriate antigen or its antibody by a
      simple yes-no technique, the use of the apparatus of the present invention
      will now be described with respect to the procedure for determining the
      presence of hepatitis associated antigen.
PAR  According to the present invention, the cap 4 is removed from the holding
      tube 2 that contains the antibody coated balls 7 and the ball-release
      piece 3 is held over the top of the receptacle tray 1 directly over a well
      5 and a ball 7 is released therefrom by pressing down on the extended
      exterior of the release-piece 3 with the index finger, into a well 5 for
      each sample to be tested. Then, by using precision pipettes, there is
      added 0.2 milliliters of serum or blood and positive and negative controls
      on the bottom of the respective wells 5. It is important to make certain
      that each antibody coated ball 7 is completely surrounded by the serum or
      blood sample. To insure this, the tray 1 should be lightly tapped to
      release any air bubbles that may be trapped in the serum sample. After the
      balls 7, with the serum samples, have been placed in the respective wells
      5 of the tray 1, a cover seal is applied to the tray 1 which is then
      incubated in a 45.degree.C. water bath for two hours. At the end of the
      two hours, the tray is removed from the water bath and the cover sealer is
      removed and discarded.
PAR  With the use of a semi-automated aspiration and rinsing system and an
      automatic delivery system and vacuum source, each well 5 and ball 7 is
      rinsed with a total of 5 milliliters of distilled or deionized water. This
      wash procedure should be repeated one additional time. After this washing
      procedure, 0.2 milliliters of .sup.125 I-hepatitis associated antibodies
      (Human) are deposited in the bottom of each well 5. It is important that
      the antibody coated balls 7 are completely surrounded by the labeled
      antibody solution. As done before, the tray 1 is tapped to release any air
      bubbles that may be trapped in the solution. Then, a new cover sealer is
      placed on the tray and the tray is incubated in a 45.degree.C. water bath
      for one hour. At the end of this period, the tray is removed from the
      water bath and the cover sealer is removed and discarded. Then, the
      antibody solution from each well 5 is aspirated and each well 5 and
      antibody coated bead 7 therein is rinsed with a total of 5 milliliters of
      distilled or deionized water as done before.
PAR  After being rinsed, the beads 7 are transferred from their respective wells
      to a properly identified counting tube which is arranged in a rack of
      oriented counting tubes. The beads 7 are transferred to the tubes by first
      invertedly aligning the rack of tubes over the receptacle tray 1 and then
      pressing the tubes tightly over the wells. With the tray inverted together
      with the tubes, the beads 7 fall into the properly labeled tubes. The
      counting tubes are then placed in a suitable well type gamma scintillation
      counter to determine the count rate. The position of the bead at the
      bottom of the counting tube is not important. Although it is not critical
      that the counting be done immediately, it should be performed as soon as
      possible. All control samples and unknowns must be counted together. The
      amount of radiation is recorded and compared with a control sample which
      has been run simultaneously, in order to determine the background count
      rate. The unknown test samples for the count rate, above that of the
      background rate, would be considered antigen positive providing a simple
      yes-no test without resorting to correlation tables and graphs.
PAR  While the test apparatus of the present invention has been utilized by way
      of the foregoing embodiment, the test apparatus of the present invention
      should be in no way limited thereto, but should be construed as broadly as
      any and all equivalents of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A test apparatus for use in a direct radioimmunoassay for antigens or
      antibodies comprising:
PA1  a receptacle tray having a plurality of wells for receiving samples;
PA1  balls coated with an immunologic composition;
PA1  a ball holder having a first end and a second end, said holder arranged to
      receive and hold said coated balls and to deposit the balls into said
      wells of said receptacle tray; and
PA1  a ball-release piece arranged to fit over the first end of said ball
      holder, said ball-release piece having an opening arranged to release said
      balls therefrom when said ball-release piece is pressed on its extended
      exterior surface.
NUM  2.
PAR  2. A test apparatus according to claim 1, wherein a cap is provided to fit
      over the opening of said ball-release piece.
NUM  3.
PAR  3. A test apparatus according to claim 1, wherein said receptacle tray has
      a series of wells arranged in rows parallel to each other.
NUM  4.
PAR  4. A test apparatus according to claim 1, wherein said ball holder is a
      hollow tube with a closed second end.
NUM  5.
PAR  5. A test apparatus according to claim 1, wherein said ball-release piece
      has a beveled open end with a series of nibs spaced along the inner
      circumferential edge of said beveled opening.
NUM  6.
PAR  6. A test apparatus according to claim 5, wherein said ball-release piece
      has a flange portion arranged to fit snugly over one end of said ball
      holder.
NUM  7.
PAR  7. A test apparatus according to claim 5 wherein said nibs of said
      ball-release piece are arranged to release one of said coated balls when
      said ball-release piece is pressed on its extended exterior surface at
      said opening.
NUM  8.
PAR  8. A test apparatus according to claim 1 wherein said wells are
      hemispherical in shape.
NUM  9.
PAR  9. A test apparatus according to claim 1 wherein said balls are polystyrene
      balls.
NUM  10.
PAR  10. A test apparatus according to claim 1 wherein said wells are contoured
      to provide coverage of one of said coated balls with a minimum of a blood
      sample and to prevent the entrapment of air between said ball and the
      well.
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ABST
PAL  A process and apparatus for obtaining crystals of a particular substance
      from a flowing solution thereof, by supplying the seeding crystals to one
      n.sup.th portion of the saturated solution and supplying one n.sup.th
      portion of the solution to the crystalliser further downstream at each of
      (n-1) places. The supersaturation of the solution is maintained at the
      required value by keeping the static pressure so low that
      self-vaporisation occurs, whereas this static pressure is caused to drop
      gradually in the crystalliser from its inlet end toward its discharge end.
PARN
PAR  This application is a continuation of Ser. No. 61,635, filed Aug. 6, 1970,
      now abandoned, based upon Dutch application No. 69.14625, filed Sept. 26,
      1969 and to which priority is claimed under 35 USC 119.
BSUM
PAR  The invention relates to a process for continuously obtaining crystals of a
      particular substance from a continuously flowing solution thereof, by
      inspissating the solution in a concentrator to at least the saturated
      condition, adding seeding crystals to such saturated solution or allowing
      them to form therein, and converting the solution into the supersaturated
      condition and maintaining it therein, so that the crystals can grow to the
      required sizes. The prior art processes of the kind specified have the
      disadvantage that the initial rate of growth of the crystals is fairly
      high, whereafter it quickly decreases, so that the yield of the process is
      low in relation to the size of the apparatus. It is an object of the
      invention to provide a process ensuring a more uniform rate of crystal
      growth. To this end according to the invention the seeding crystals are
      supplied to or caused to develop in only a portion of the solution; such
      portion of the solution is converted into a supersaturated and
      homogeneously mixed condition and supplied to a crystalliser; and the
      remainer of the saturated solution is added to the first portion of the
      solution further downstream at one or more place in the crystalliser, a
      course of supersaturation being maintained in the crystalliser such that
      the crystals grow under optimum conditions. On condition that the
      supersaturation follows the correct course, the rate of crystal growth as
      the solution flows through the crystalliser can be made much more uniform.
PAR  Very conveniently according to the invention the seeding crystals are
      supplied to one n.sup.th portion of the saturated solution or are formed
      therein, and one n.sup.th portion of the solution is supplied to the
      crystalliser at each of (n-1) places. A process of the kind specified
      enables a constant rate of crystal growth to be maintained throughout the
      whole crystalliser.
PAR  According to the invention the supersaturation of the solution is
      maintained at the required value by keeping the static pressure so low
      that self-vaporisation occurs, the static pressure being caused to drop
      gradually in the crystalliser from its inlet and towards its discharge
      end. Due to the vaporisation of the liquid, cooling occurs, so that the
      supersaturation is maintained, even though the dissolved substance is
      deposited from the solution in the form of the crystals. Moreover, the
      vaporisation makes inspissation more reliable, thus further contributing
      towards the maintaining of the supersaturation.
PAR  According to the invention a constant rate of crystal growth is
      automatically ensured by the fact that the static pressure is caused to
      decrease by making the solution flow upwardly through an oblong
      crystalliser whose longitudinal axis forms an angle with the horizontal
      plane, the absolute pressure at the bottom of the crystalliser being
      maintained at a predetermined value, all the fluid particles being caused
      to pass through each cross-section at a substantially equal speed. When
      the solution flows through the crystalliser, the static pressure gradually
      drops, so that self-vaporisation occurs. Optimum conditions of
      crystallisation are ensured by the constant addition of fresh saturated
      solution.
PAR  According to a possible feature of the invention the solution is
      inspissated to a predetermined concentration in the concentrator and
      maintained at a predetermined temperature, and the required degree of
      supersaturation is produced before entry into the crystalliser by the
      supplying of heat or the adding of non-inspissated solution, the degree of
      supersaturation and the minimum quantity of seeding crystals to be added
      being determined in dependence on the purity of the solution. Since the
      purity of the solution has a considerable influence on the conditions of
      crystallisation, it is very important that the degree of supersaturation
      and the quantity of seeding crystals are adapted to the purity of the
      solution at any particular moment, thus very effectively enabling the
      optimum conditions of crystallisation to be obtained.
PAR  The invention also relates to a crystalliser for the performance of one or
      more of the processes disclosed hereinbefore. The crystalliser has means
      for supplying saturated or substantially saturated solution, means for
      maintaining the supersaturation, and means for discharging the crystals
      formed, and according to the invention is subdivided into a number of
      portions which are connected in series and in which in addition to the
      first portion at least one subsequent portion has an extra supply
      connection for fresh saturated or substantially saturated solution, and
      each portion having an extra supply connection has a larger volume than
      the preceding portion, so that the residence time in all the portions is
      substantially identical during operation.
PAR  According to a possible feature of the invention each portion has means for
      intensively mixing the solution in such portion. This is a very simple way
      of ensuring that all the particles of the solution spend an identical time
      in any particular portion of the crystalliser.
PAR  According to another possible feature of the invention at least a portion
      of the crystalliser is constructed in the form of an oblong vessel whose
      longitudinal axis forms an angle with the horizontal plane and which has,
      at least, a supply connection for the saturated or substantially saturated
      solution adjacent its bottom end, a discharge connection for the vapour
      adjacent its top end, and a discharge connection for the saturated
      solution containing the crystals formed. If the crystalliser is
      constructed in this way, the static pressure of the solution flowing
      through the crystalliser gradually decreases in the direction of its end.
      The course of supersaturation can therefore readily be maintained at the
      required value by the fact that self-vaporisation occurs. Since each
      portion of the crystalliser has means for intensively mixing the solution
      therein, the temperature of the solution in any particular portion is in
      accordance with the absolute pressure at the top of such portion.
PAR  According to the invention the flow cross-section of the crystalliser can
      increase in the direction of flow. This is a very simple way of ensuring
      that the speed of flow of the solution in the cyrstalliser is constant.
      The flow cross-section can be increased by making the diameter of the
      vessel increase, or by using a conical core with a cylindrical vessel.
DRWD
PAR  A number of embodiments of the invention will now be described in greater
      detail with reference to the drawings, wherein:
PAR  FIG. 1 shows a first embodiment of a crystalliser for the performance of
      the process according to the invention, and
PAR  FIG. 2 shows a variant embodiment of a crystalliser for the performance of
      the process according to the invention.
DETD
PAR  The apparatus illustrated in FIG. 1 consists of a conical vessel 1 mounted
      at an angle to the horizontal plane. At its bottom end the vessel 1 is
      attached via the agency of a horizontal hinge 2 to a frame 3 (not shown in
      detail). The angle formed by the centre line of the vessel 1 with the
      horizontal plane can be adjusted via the agency of a hydraulic cylinder 4
      which is pivotably attached to the frame 3 and whose piston rod 4 is
      hingeably attached to the vessel 1.
PAR  The crystalliser 1 is subdivided into chambers 6-14 separated from one
      another by partitions 15 formed with apertures 16, 17. A shaft 18 is
      mounted in the end walls of the crystalliser 1 and extends through the
      chambers 6-14 via the apertures in the partitions 15. Helically extending
      strips 19 are disposed on the shaft 18. When the shaft 18 is driven, the
      helically extending strips 19 exert an intensive agitating action on the
      liquid in each chamber. Each of the chambers 6-14 has a supply connection
      20-28. The chamber 14 has a liquid discharge 29 and a vapour discharge 30.
PAR  Saturated solution coming from a vessel 31 is supplied by a pump 32 to
      pipes 33, 34. Pipe 33 has a mixing apparatus 33' which has an agitating
      mechanism and to which seeding crystals can be supplied via a pipe 35. The
      pipe 33 adjoins the supply connection 20 of chamber 6. The pipe 33
      includes a cut-off valve 36 which can be operated by a regulator 37
      reacting to the pressure in the chamber 6. Via a distributing pipe 38, the
      pipe 34 is connected to the supply connections 21-28 of the chambers 7-14.
      Cut-off valves 39-46 are included in the pipes extending to the chambers.
      The cut-off valves 39-46 can have means so to adjust such valves, in
      dependence on the position of the cut-off valve 36, that the solution
      supplied by the pump 32 is uniformly distributed via the supply
      connections 20-28 to the chambers 6-14.
PAR  In the embodiment illustrated, the saturated solution leaving the vessel 31
      can have, for instance, a temperature of 95.degree.C, corresponding to a
      vapour tension of 425 mm Hg. There can be a pressure of, for instance, 360
      mm Hg in the mixing apparatus 33'. The seeding crystals are homogeneously
      distributed throughout the solution in the mixing apparatus 33', the
      supersaturation at the top of the mixing apparatus 33' possibly reaching a
      value of about 1.11 at a temperature of 91.degree.C. In chamber 6 the
      pressure decreases by 30 mm Hg, so that the absolute pressure drops to 330
      mm Hg. As a result of this drop in pressure, self-vaporistaion occurs,
      accompanied by a further concentration and cooling. The resulting increase
      in supersaturation is substantially cancelled out by the growth of the
      seeding crystals, which are still very small. The temperature associated
      with this pressure is 88.5.degree.C. The drop of 30 mm Hg in pressure
      depends on the size of the crystalliser and the inclination thereof. For
      all the chambers the drop in pressure is identical, so that
      self-vaporisation and therefore a further concentration and cooling again
      occurs in each chamber. The supersaturation therefore also gradually
      increases. If the crystalliser has the correct conicity, the time taken to
      flow through each chamber remains identical, even though the quantity
      flowing increases. The result of the process disclosed hereinbefore is
      that the rate of crystal growth remains constant.
PAR  With the crystalliser illustrated, the differences in vapour pressure
      between the successive chambers are automatically adjusted, on condition
      that a constant initial pressure is maintained at the bottom of the
      chamber 6. By adjusting the duration of the process when using the
      crystalliser illustrated, the course of supersaturation can also be
      adjusted. The rate of crystal growth is adjusted to a predetermined value,
      the result being a self-regulating process affording great advantages. The
      following table shows how the boiling temperature changes and the
      supersaturation increases for a particular change in the absolute pressure
      over the successive chambers.
     Place         Absolute pressure                                           

                             Boiling temperature                               

                                        Supersaturation                        

                   in mm Hg  in .degree.C                                      

     __________________________________________________________________________

     inlet to chamber 6                                                        

                   360       91.1       1.11                                   

     at the top of chamber 6                                                   

                   330       88.5       1.11                                   

     at the top of chamber 7                                                   

                   300       85.6       1.12                                   

     at the top of chamber 8                                                   

                   270       82.7       1.13                                   

     at the top of chamber 9                                                   

                   240       79.4       1.14                                   

     at the top of chamber 10                                                  

                   210       75.9       1.15                                   

     at the top of chamber 11                                                  

                   180       72.0       1.16                                   

     at the top of chamber 12                                                  

                   150       67.5       1.175                                  

     at the top of chamber 13                                                  

                   120       62.2       1.195                                  

     at the top of chamber 14                                                  

                    90       55.9       1.22                                   

     __________________________________________________________________________

PAR  Self-vaporisation is also used in the embodiment illustrated in FIG. 2. In
      this embodiment the required lowering of the pressure in the successive
      chambers is produced by artificial means.
PAR  In this embodiment the crystalliser is formed by a horizontal cylindrical
      vessel 50. The vessel 50 is subdivided into chambers by partitions 51, 52
      disposed in pairs, the partitions 51 extending from the lower side and a
      partition 52 extending from the upper side, the partitions 51, 52 forming
      a liquid lock. The various chambers 53-61 are of increasing volume, so
      that an increasing quantity of solution flowing through the chambers has a
      constant dwell time therein. In the same way as that illustrated with
      reference to FIG. 1, an equal quantity of saturated solution is supplied
      from a vessel 62 by a pump 63 to all the chambers. In a mixing apparatus
      64 seeding crystals are mixed with the saturated solution, which is
      supplied to the first chamber 53. In this embodiment each of the various
      chambers has its own vapour discharge 65. The vapour evolved in each
      chamber 53-61 is discharged via the associated discharge pipe 65, the
      pipes 65 discharging into a vessel 66 at a predetermined depth below the
      liquid level 67 therein. The vessel 66 is connected to a condenser at a
      place 68. The liquid level 67 is maintained via the agency of an overflow
      69. Since each of the chambers disposed further to the right is connected
      to a pipe 65 whose end discharge further below the liquid level 67, the
      pressure in the successive chambers 53-61 decreases. In a similar way to
      that illustrated with reference to the embodiment shown in FIG. 1, the
      result is a self-vaporisation, the supersaturation increasing and the rate
      of crystal growth remaining as constant as possible. Just as in the
      embodiment illustrated in FIG. 1, the vessel 50 has a shaft 70 extending
      through all the chambers. The shaft 70 can be driven, and bears helically
      extending blades which make sure that the solution is intensively mixed in
      each chamber. If care is taken that the difference in level between the
      ends of the pipes 65 corresponds to a difference in pressure of 30 mm Hg.
      and other conditions are maintained, the same as in the embodiment
      illustrated in FIG. 1, it can be assumed that the above table also applies
      to the temperature, pressure and degree of supersaturation in the various
      chambers 53-61.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for continuously obtaining crystals of a particular substance
      from a continuously flowing solution thereof, which comprises the steps
      of:
PA1  a. providing a crystallizer having a number n of stages which are in serial
      flow relation, there being an initial stage at one end of the crystallizer
      and a final stage at the opposite end thereof;
PA1  b. continuously introducing equal volumes of at least saturated solution of
      said particular substance into each of said n stages with continuous
      stirring in each stage, the solution being at a predetermined pressure and
      a predetermined temperature;
PA1  c. introducing seed crystals of said particular substance into that
      solution flowing into said initial stage and maintaining the pressure in
      said initial stage and in all the other stages at values less than said
      predetermined pressure so that supersaturated solution containing seed
      crystals flows from said initial stage serially through the remaining
      stages;
PA1  d. maintaining the pressures in said n stages at linearly decreasing values
      from said initial stage to said final stage so that self evaporation
      occurs in each stage with continuous and substantially constant growth of
      said seed crystals from said initial through said final stage; and
PA1  e. continuously withdrawing said solution with size-increased seed crystals
      from said final stage.
NUM  2.
PAR  2. The method as defined in claim 1 wherein each stage is pressure-isolated
      from the others and the pressures in the different stages are step-wise
      adjusted to differ by equal amounts sequentially through the stages.
NUM  3.
PAR  3. The method as defined in claim 2 wherein said stages are of
      progressively increasing lengths such that the residence time of solution
      in each stage is the same.
NUM  4.
PAR  4. The method as defined in claim 1 wherein said stages are formed in an
      elongate vessel having its axis inclined at an acute angle with the
      horizontal whereby said linearly decreasing values of pressure are
      effected continuously from the lower to the upper end of the vessel.
NUM  5.
PAR  5. The method according to claim 4, wherein said stages are of equal
      lengths but of progressively increasing volume such that the residence
      time of solution in each stage is the same.
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ABST
PAL  A building product, such as a roofing shingle or the like, is provided with
      flame resistance and protected against actinic degradation, and fouling by
      algae and micro-organisms by flame-spraying a metal coating on at least
      one side of the product and thereafter applying a second flame-sprayed
      coating, of copper, on the first layer to cover completely at least the
      one side of the product.
BSUM
PAR  The present invention relates to building products, and in particular to a
      building product such as roofing elements or wall boards, which are
      treated to improve their appearance, durability and flame retardant
      properties.
PAR  Various types of building elements presently used in the construction
      industry for forming the exterior walls and roofs of houses or other
      structures suffer from a number of serious disadvantages. In particular,
      most typical roofing materials such as asphalt or wood shingles are
      extremely flammable. Asphalt shingles are also subject to actinic
      degradation by untraviolet light from the sun. However, these materials
      are highly desirable for use in the building industry because these are
      relatively light in weight and inexpensive.
PAR  Other previously proposed building elements, particularly for use in
      roofing materials, such as concrete and clay tiles, while generally being
      fireproof, suffer from additional disadvantages particularly throughout
      the southern areas of this country. In southern climates, algae and other
      micro-organisms, quickly grow on and adhere to concrete or clay tiles.
      This requires that the concrete and clay tiles be cleaned periodically to
      remove the unsightly and possibly harmful algae. On the other hand, these
      products are desirable for use, again particularly in the southern
      climates, because they resist actinic degradation.
PAR  Accordingly, it is an object of the present invention to provide a building
      element which is formed of a desirable existing building material but
      which is treated to extend its life and make it flame resistant.
PAR  Yet another object of the present invention is to provide a building
      element formed of presently existing flammable materials, but made fire
      resistant and protected against actinic degradation.
PAR  Yet another object of the present invention is to provide a building
      element which is protected against unsightly algae and microorganism
      growth thereon.
PAR  A still further object of the present invention is to provide a method
      which will make flammable building material fire resistant while
      protecting them against actinic degradation, and which will also protect
      presently available building materials against attack by algae and the
      like.
PAR  In accordance with one aspect of the present invention a building element,
      such as a shingle or the like, is provided which can be formed of any
      conventional existing building material such as asphalt, clay or concrete
      tile, certain woods such as cedar, oak and maple, compressed mineral wool
      boards, or compressed vermiculite. The roofing element is flame-sprayed on
      at least one side thereof with a first coating of a metal such as
      aluminum, zinc or brass. Thereafter, the building element is treated with
      a second flame-sprayed coating, of copper, over the first metal coating,
      thereby to cover completely at least one side of the roofing element. A
      single coat of copper could be used. However, it has been found to be more
      economical to flame-spray first with aluminum, zinc or brass particularly
      on wood substrates where copper does not coat efficiently. The two metal
      coatings provide additional strength to the building element while
      rendering the same fire resistant. Where the element is formed of an
      asphaltic or plastic material, subject to actinic degradation, the
      metallic coatings on the element protect the same against such
      degradation. On the other hand, where the building element is formed of a
      clay or concrete material, which is subject to attack by algae, the
      metallic coatings on the element will mitigate the algae problem, avoiding
      of minimizing the necessity of periodically cleaning the clay or concrete
      building element.
DRWD
PAR  The above, and other objects, features and advantages of the present
      invention will be apparent in the following detailed description of
      illustrative embodiments thereof, which description is to be read in
      connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a partial perspective view of a roofing element constructed in
      accordance with one embodiment of the present invention; and
PAR  FIG. 2 is a partial perspective view similar to FIG. 1 of another
      embodiment of the roofing element of the present invention.
DETD
PAR  Referring now to the drawing in detail, and initially to FIG. 1 thereof, it
      will be seen that a building element 10, constructed in accordance with
      the present invention, consists of a base element 12 having a pair of
      distinct coatings 14 and 16 applied thereto. Base element 12 can be formed
      of any existing building material which can be used to form exterior
      siding or roofing elements for houses and the like. A wood shingle is
      preferred. Thus, for example, element 12 can be a conventional roofing
      element or shingle formed of asphalt, compressed mineral wool, or
      compressed vermiculite, asbestos or wood. As mentioned, such materials are
      widely used in the building trades to form exterior siding and roofing
      elements. However, there are certain disadvantages with such materials in
      that some are highly flammable and certain of the materials are subject to
      actinic degradation under the effects of ultraviolet light from the sun so
      that their useful life is substantially shortened when used to form
      exterior building elements such as roofing shingles.
PAR  By the present invention it has been found that such materials can be made
      fire resistant and protected against actinic degradation by coating at
      least the exposed side thereof with a metallic layer or layers. This is
      conveniently done in accordance with the present invention by
      flame-spraying a metal coating, preferably of copper, onto the surface of
      the base element 12. Copper is preferred because it provides excellent
      resistance to algae growth and gives an appearance of a high quality
      product. The techniques of flame-spraying metals on a base element are
      well known. This process consists essentially of feeding a metallic wire
      through an oxygen-acetylene flame-spraying gun wherein the metallic wire
      is melted, atomized and sprayed onto the substrate being treated. Such
      spraying operations can be used to build up a coating or layer of varying
      thicknesses, from 1 mil up to at least 15 mils. The coating applied to the
      substrate by flame-spraying consists essentially of a layer of the metal
      itself, since the density of the sprayed metal is 85 to 95 percent of the
      solid metal. Thus, the flame-spraying of the wire is a convenient method
      of providing a solid metal layer on a substrate or base.
PAR  In accordance with the present invention it is contemplated that, in one
      embodiment, a single layer of copper of about one mil or more in thickness
      on one side of a roofing element, such as a wood shingle or an asphalt
      shingle, will satisfactorily protect the shingle against fire and actinic
      degradation. However, in the preferred embodiments of the invention, two
      coatings of metal are supplied to at least one side of the element 12 in
      order to introduce more efficient fire retardation and protect base
      element 12. Thus, for example, as seen in FIG. 1, two layers or coatings
      14, 16 of separately flame-sprayed metal are applied to one side 18 of
      base 12. It has been found that satisfactory building elements formed in
      accordance with the present invention have the first or lowermost coating
      14 on building element 12, formed of flame-sprayed aluminum, zinc, or
      brass. These metals are preferred for the lowermost layer 14 because they
      impede the degradation of copper and are lower in cost than copper. They
      also appear to coat temperature sensitive substrates such as wood and
      asphalt more efficiently than copper.
PAR  The outer or exterior layer 16 on the element 10, in the embodiment of FIG.
      1, consists of a flame-sprayed coating of copper which also may have a
      thickness of approximately one mil or more. Copper is a highly desirable
      metal for the exterior coating on the building element since it is an
      architecturally accepted material. That is, it is a characteristic of
      copper that after being applied it changes to a characteristic and
      classical color which is desirable and accepted in a building industry. In
      addition, it has been found that where copper is coated over a previously
      flame-sprayed layer of zinc, the color changes to a highly attractive
      pinkish beige color.
PAR  Although the illustrative embodiment of the invention illustrates two metal
      coatings 14, 16 on base 12, it is contemplated that more than two such
      layers can be applied to the base 12 as required. Thus, for example, where
      the degree of fireproofing must be increased, the number of layers applied
      can be increased, or their thickness can be increased. In this connection,
      it is noted that the metal layers add additional strength to the base 12
      and by increasing their number and thickness, the amount of increased
      strength or reinforcement provided by the metal layers can of course be
      also increased.
PAR  In any case, it will be seen that by flame-spraying the metal layers on the
      base 12, the base is protected against fire. Of course, the entire base
      can be flame-sprayed about its entire periphery, prior to application or
      use in a building construction, so that it is entirely covered by a fire
      retardant layer. It is also contemplated that the flame-spraying will be
      performed only on the exposed side of the base 12, after the building is
      completed. In addition, by the provision of the metal coatings on base 12,
      where the base is formed of asphalt, vermiculite, or other materials
      subjected to actinic degradation, it will be protected against the
      ultraviolet radiation from the sun so that the useful life of the base
      will be significantly extended.
PAR  In addition, as mentioned above, where base 12 is formed of a material
      which is subject to attack by algae or other micro-organisms, the metal
      coatings on the exterior surface will prevent formation and growth of
      algae or other micro-organisms on the relatively rough surface of the
      concrete and tile because of the natural inhibition which copper has for
      algae growth. This avoids the periodic cleaning now required with such
      building materials. In addition, it will further be appreciated that by
      the construction of the present invention the building element retains
      substantially the same dimensions and weight as it originally had, while
      having the additional desirable characteristics of fire and rot
      resistance. Moreover, the flame-spraying process which achieves these
      desirable results is relatively inexpensive.
PAR  In addition to simply spray coating all or one side of a base building
      element, it has been found that the roofing elements can be further
      treated to extend their useful life and appearance by treating or
      impregnating the builiding element, after the flame-spray coating process,
      with methyl benzotriazole (MBT), or by impregnating the element with MBT
      and thereafter coating the entire element with an acrylic lacquer 20, as
      shown in FIG. 2. The acrylic coating may also be restricted to covering
      the flame-sprayed surface only.
PAR  The MBT is applied from an alcohol or other solvent solution (1/2% MBT in
      methanol is sufficient) by either brush or spray. Once the alcohol has
      evaporated the element is protected by coating with any acrylic lacquer
      such as Krylon Clear Spray or Sears & Robuck's clear Acrylic Enamel. It is
      expected that any other clear weather-resistant coating could also be used
      in place of the acrylic.
PAR  The MBT, as is known to those skilled in the art, retards the oxidation of
      copper. Similar materials which would provide protection similar to methyl
      benzotriazole would be benzotriazole, mercaptobenzotriazole,
      benzothiazole, dithiotoluol, and thioresorcinol. Many other azo- and
      thiocompounds would undoubtably act similarly.
PAR  In tests of wooden shingles flame-sprayed with metal in accordance with the
      present invention, it has been found that shingles coated with both MBT
      and an acrylic lacquer, after having been flame-sprayed, either with
      copper alone, or with combinations of a copper top layer and an aluminum,
      or zinc under layer, have retained essentially their same appearance after
      six month exposure and have darkened only slightly after 12 months.
PAR  The preferred construction and metals used in accordance with the present
      invention are a combination of a zinc undercoating 14 and a copper
      overcoating 16, both applied by the flame-spraying method. It has been
      found that a shingle treated in this manner provides an outer coating
      which appears to be self-cleaning since there was no stain on specimen
      samples constructed in accordance with this embodiment which were exposed
      to the elements for over twelve months. Moreover, the unstained copper
      outer layer changed, as mentioned above, to an attractive pinkish beige
      color which will provide an attractive exterior surface for building
      structures.
PAR  Although illustrative embodiments of the present invention have been
      described herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to those precise embodiments,
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A building product comprising a base formed of a material selected from
      the group consisting of wood, mineral wool, asphalt, concrete, clay,
      asbestos, vermiculite, and mixtures thereof; a first flame-sprayed metal
      coating on at least one side of said base, said first flame-sprayed metal
      coating selected from the group consisting of aluminum, zinc and brass,
      and the second flame-sprayed coating of copper applied to said first metal
      coating.
NUM  2.
PAR  2. The building product as defined in claim 1 wherein said product is
      treated and impregnated with a material selected from the group consisting
      of methyl benzotriazole, benzotriazole, mercaptobenzotriazole,
      benzothiazole, dithiotoluol, and thioresorcinol.
NUM  3.
PAR  3. The building product as defined in claim 2 wherein said product is
      coated with acrylic lacquer.
NUM  4.
PAR  4. A roofing element comprising of roofing shingle, a first flame-sprayed
      metal coating on at least one side of said shingle with the metal of said
      first coating being selected from the group consisting of aluminum, zinc
      and brass, and a second flame-sprayed coating of copper applied to said
      first coating to completely cover said first coating.
NUM  5.
PAR  5. The roofing element as defined in claim 4 wherein said shingle is formed
      of a material selected from the group consisting of wood, mineral wool,
      asphalt, concrete, clay, asbestos, and vermiculite.
NUM  6.
PAR  6. The roofing element as defined in claim 5 wherein said shingle is
      treated and impregnated with a material selected from the group consisting
      of methyl benzotriazole, benzotriazole, mercaptobenzotriazole,
      benzothiazole, dithiotoluol, and thioresorcinol.
NUM  7.
PAR  7. The roofing element as defined in claim 6 wherein said product is coated
      with acrylic lacquer.
PATN
WKU  039321444
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ABST
PAL  A coated metallic sheet adapted for use in making a can for foodstuff or
      other container. This sheet can be made by coating, upon a material sheet,
      a composition of a resol-type thermosetting phenolformaldehyde resin and a
      bisphenol "A" type epoxy resin. In said phenol-formaldehyde resin, the
      ratio by weight of orthocresol to phenol is between 60:40 and 10:90. Said
      epoxy resin has a mean molecular weight of 800 or more and is used in an
      amount of 0.2 to 1.5 part by weight per 1 part by weight of said
      phenol-formaldehyde resin in said composition. This composition used for
      the sheet displays an excellent adhesiveness particularly with respective
      to the use of a polyamide type adhesive.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It has heretofore been a practice to use a tin-plate for many metallic
      containers such as a general can for foodstuffs including an 18l can. The
      use of such tin-plate still preserves a high level as compared with the
      other materials for cans. However, instead of using this tin-plate, such
      new materials as a thin chrome-plated steel sheet (Japanese Pat.
      No.308065), a nickel-plated steel sheet having about 0.001.mu. to 0.01.mu.
      of metallic nickel, an aluminium-plated steel sheet having about 0.001.mu.
      to 0.01.mu. of vacuum-evaporated aluminium and an aluminium sheet having
      the anode-treated surface, etc. have sequentially been developed for
      practical use. In case of using these new materials, the joint part of the
      body of the can not be soldered as with the tin-plate. Accordingly, the
      body of the can must be made by means of welding or by means of jointing
      with an adhesive agent as with the case of TFS-CT (Tin-free steel-chromium
      type). Particularly when an adhesive agent of polyamide type is used, the
      adhesive strength of the joint part is required to have a high level in
      view of the circumstances under which it is practically used. Also there
      is a great problem of deterioration by aging incidental thereto.
PAR  Thus, even when a coating material for can which has conventionally been
      considered as having good adhesiveness with respect to the tin-plate or
      the TFS-CT sheet, etc. is applied to the cold-rolled steel sheet, the
      nickel-plated steel sheet, the aluminium-plated steel sheet, etc. and a
      can body is manufactured therefrom by means of the lap-seam process using
      the adhesive agent, the can body thus obtained is incomplete with respect
      to its function because the adhesive strength between the coated film and
      the surface of the metal at the joint part becomes degraded rapidly owing
      to the moisture or other corrosive elements existing in the interior
      surface of the can. For example, when the body of the No. 5 can (Size 301)
      is made by means of the lap seam process, filled with water and subjected
      to the sterilizing treatment by steam for 90 minutes, the adhesive
      strength at the joint part is so insufficient that the joint part will
      often be peeled off, which gives rise to leakage of the can body. Also
      during a relatively long storage, the exfoliation will occur from the
      joint part whereby the content of the can leaks out. Accordingly, there is
      a serious problem left regarding the commercialization of the can to be
      subjected to the sterilizing treatment by steam or the can of a large size
      requiring the strength of the can.
PAR  The very thin nickel-plated steel sheet is disclosed in Japanese Patent
      appln. No. 3274/69. The amount of nickel contained is in the order of
      0.001.mu. to 0.02.mu.. This is one of the unique material for the can
      which can be made by the simple process as disclosed in said application.
      The aluminium-plated steel sheet refers chiefly to the vacuum-evaporated
      aluminium-plated steel sheet. The amount of aluminium deposited thereby is
      in the order of 0.001.mu. to 0.1.mu.. This is also a promissing material
      for the can, taking the place of the tin-plate or the TFS-CT material in
      future. However, for these new materials as well as for the cold-rolled
      steel sheet, the paint or coating for the can having high adhesive
      strength have not been obtained so far and it is thus the desideratum to
      obtain a new paint or coating necessary for the primary coat, if the can
      body is to be jointed together by means of the jointing process.
PAR  After various studies about paints or coatings, the inventors have found
      that the metallic sheet of this invention can have a complete function
      enough to be used as the material under the above conditions.
PAR  It is therefore an object of the invention to provide a coated metallic
      sheet for the container or can which will overcome the disadvantages
      encountered in the prior art.
PAR  It is another object of the invention to provide a composition for use in
      the coated metallic sheet having excellent characteristics in adhesiveness
      particularly for the polyamide adhesive agent.
PAR  The material sheet for coating used in this invention is the cold-rolled
      steel sheet, the very thin nickel-plated steel sheet, the aluminium-plated
      steel sheet and the aluminium sheet.
PAR  The point of this invention is to obtain a coated metallic sheet adapted
      for use as a container or can which comprises a composition coated on a
      material sheet selected from the group consisting of the cold-rolled steel
      sheet, the very thin nickel-plated steel sheet, the aluminium-plated steel
      sheet and the aluminium sheet, said composition consisting of the
      resol-type thermosetting phenol-formaldehyde resin and the bisphenol A
      type epoxy resin at the ratio of one part by weight of said
      phenol-formaldehyde resin to 0.2 to 1.5 part by weight of said epoxy
      resin, said phenol-formaldehyde resin comprising orthocresol and phenol at
      the weight ratio of 60:40 to 10:90, and said epoxy resin having a mean
      molecular weight of 800 or more.
PAR  The resin to be coated upon the metallic sheet for the container or can of
      this invention is a composition consisting of the resol-type thermosetting
      phenol-formaldehyde resin and the bisphenol A type epoxy resin at the
      ratio of one part by weight of said phenol-formaldehyde resin to 0.2 to
      1.5 part by weight of said epoxy resin, said phenol-formaldehyde resin
      comprising orthocresol and phenol at the weight ratio of 60:40 to 10:90,
      and said epoxy resin having a mean molecular weight of 800 or more.
PAR  This composition is further described in detail as follows.
PAR  The weight ratio of the orthocresol to the phenol in the thermal reaction
      type phenol resin should preferably be in the range between 60:40 and
      10:90, and if so, the adhesive power to the polyamide type adhesive agent
      becomes very excellent. Also, in the mixing of the orthocresol and the
      phenol, a certain amount of other cresols, xylenols, naphthols, bisphenol
      A, or other monohydric or polyhydric phenols can be substituted. The
      thermosetting or heat-reaction type phenol resin of this kind can be
      obtained by subjecting an aqueous solution of phenol, orthocresol and
      formaldehyde to a heating reaction in the normal alkaline catalyst and
      thereafter dehydrating the same. On the other hand, as for the bisphenol A
      type epoxy resin having a mean molecular weight of at least 800, the
      commercial product under the trade name of EPIKOTE 1001, 1004, 1007 and
      1009 made by Shell Oil Co., Ltd. and ARALDITE 6097 made by Ciba, Ltd.,
      etc. are suitable.
PAR  In this invention, when the bisphenol A type epoxy resin having a mean
      molecular weight of less than 800, the alicyclic epoxy resin or the tetra
      epoxy resin, etc. are used, a desired strength can not be obtained. Also
      in this invention, when the bisphenol A type resin is used in an amount
      more than 1.5 part by weight per 1 part by weight of the thermosetting
      phenol resin, it is necessary to conduct the curing at a temperature above
      the 210.degree.C at which the normal curing has been conducted. On the
      other hand, if the former resin is used in an amount less than 0.2 part by
      weight, a satisfactory adhesion strength can not be obtained.
PAR  In case that a composition having already the thermosetting phenol resin
      and the bisphenol A type epoxy resin is coated, it is possible to dissolve
      the same in such solvent as ketones, for example, acetone, methyl ethyl
      ketone, methyl isobutyl ketone, etc., benzene, toluene, xylene, ethyl
      acetate, n-butanol, butyl cellosolve, cellosolve acetate, butyl cellosolve
      acetate, diacetone alcohol, cyclohexanone, isophorone, methyl cellosolve,
      etc. or a mixture thereof. Then the solution may be coated on the material
      sheet, and thereafter the solvent is dried and removed, followed by
      curing, to finally obtain various coated metallic sheet of this invention.
PAR  As for the polyamide type adhesive agent, the Nylon 11, Nylon 12, Nylon
      610, Nylon 612, etc. which have relatively long methylene groups are
      preferable because they have low water absorption and good stability in
      size. In addition, various kinds of copolymerized Nylons can be used. The
      homo- or copolymerized Nylons used should preferably have more than six
      methylene groups per one acid amide bond in the main chain of the
      polyamide, from the viewpoint of durability.
PAR  It is preferable that the polyamide adhesive agent used for various coated
      metallic sheet of this invention is the polyamide having normally the
      melting point ranging about 140.degree.C to 270.degree.C. The jointing
      work may be done at a temperature enough to melt the same. For example,
      when the Nylon 12 is used, the adhesion temperature may be 200.degree.C to
      300.degree.C, preferably 220.degree.C to 270.degree.C and the time
      required therefor may be 1 to 10 seconds.
DETD
PAR  The following examples show the specific embodiments of the invention using
      the cold-rolled steel sheet, the very thin nickel-plated steel sheet, the
      aluminium-plated steel sheet and the aluminium sheet as the respective
      material sheets for coating.
PAC  EXAMPLE 1
PAR  70 g of phenol and 30 g of orthocresol were dissolved in 75 g of 37%
      formalin, to which 10 g of 25% aqueous ammonia solution was added. The
      resulting mixture was subjected to a heating reaction at 90.degree.C for
      one hour. Then the resinous layer was dissolved in 100 g of n-butanol, to
      which 100 g of benzene and 100 g of ethanol were added. It was then washed
      three times with 200 g of water whereby the organic layer was concentrated
      under reduced pressure to produce a yellow-brown, viscous
      orthocresol-denaturated phenol-formaldehyde resin (the thermal-reaction
      type phenol resin). The resin thus obtained and the EPIKOTE 1007 (mean
      molecular weight: 2900) made by Shell Oil Co., Ltd. as the bisphenol A
      type epoxy resin were dissolved in methyl ethyl ketone in the mixing ratio
      shown in Table 1 to produce a solution having the resin concentration of
      20 percent. This solution was coated on a 0.24 mm cold-rolled steel sheet,
      which was then dried in the ventilation dryer at 60.degree.C, followed by
      curing at 240.degree. C for 3 minutes. The amount of the resin after
      curing was 50 mg/100 cm.sup.2.
PAR  A dried film of Nylon 12 having thickness of 100.mu. (PLATILON "L" made by
      Toagosei Chemical Industry Co., Ltd.) was pinched between the metals and
      heat-pressed at 280.degree.C for 3 seconds. After allowed to stand at
      normal temperature for one day, it was tested by a tensile strength
      testing machine having a thermostatic bath at 120.degree..+-.1.degree.C
      and the tensile velocity of 200 mm/minute to obtain the T-peel strength.
      The result is shown in Table 1, which clarifies the range of the desirable
      ratio of the thermosetting phenol resin to the bisphenol A type epoxy
      resin.
TBL                Table 1                                                     

     ______________________________________                                    

     Effect of the epoxy phenol                                                

              Bisphenol "A"                                                    

              type epoxy resin     T-peel                                      

              Thermosetting phenol strength                                    

              resin                (Kg/                                        

     Runs     (Weight ratio)       25mm)                                       

     ______________________________________                                    

     1        0.5/9.5     (=0.05/1)    8.0                                     

     2        2/8         (=0.25/1)    26.2                                    

     3        4/6         (=0.67/1)    28.0                                    

     4        6/4         (=1.5/1)     24.4                                    

     5        8/2         (=4.0/1)     9.6                                     

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  A very thin nickel-plated steel sheet (amount of nickel: 0.005.mu.) having
      the thickness of 0.24 mm was used as the material sheet. The resins used
      were the same as those used in Example 1. The weight ratio of the
      bisphenol A type epoxy resin to the thermosetting phenol resin was made
      constant. The Nylon 11 (PLATILON "E" made by Toagosei Chemical Industry
      Co., Ltd.) was used as the adhesive film having the thickness of 100.mu..
      The test was conducted with varied temperatures for tension as shown in
      Table 2, other conditions being equal to those of Example 1. The result of
      the test is shown in Table 2, which shows that the strong peel strength is
      given over wide range of temperatures, especially above 100.degree.C.
TBL                Table 2                                                     

     ______________________________________                                    

               Temperature for                                                 

                              T-peel strength                                  

     Runs      tension (.degree.C)                                             

                              (Kg/25mm)                                        

     ______________________________________                                    

     6         -20            38.6                                             

     7          0             42.0                                             

     8          50            52.0                                             

     9         100            36.0                                             

     10        130            20.6                                             

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  A vacuum-evaporated aluminium-plated steel sheet (amount of aluminium
      plated: 0.1.mu.) and an anodetreated aluminium sheet were used as the
      respective material sheets. The test was conducted under the same
      conditions as in Example 1 except that the kind of the bisphenol A type
      epoxy resin was changed and the weight ratio of the epoxy resin to the
      thermosetting phenol resin was made 4/6. The result of the T-peel strength
      at the temperature of 120.degree..+-.1.degree.C is shown in Table 3. The
      result shows that the mean molecular weight of EPIKOTE should preferably
      be 1400 to 2900.
TBL                Table 3                                                     

     ______________________________________                                    

             Epoxy resins used                                                 

                              T-peel strength                                  

     Runs    (mean molecular weight)                                           

                              (Kg/25mm)                                        

     ______________________________________                                    

     1       EPIKOTE 828       6.0                                             

             (380)                                                             

     2       EPIKOTE 1004     26.2                                             

             (1400)                                                            

     3       EPIKOTE 1007     32.0                                             

             (2900)                                                            

     4       EPIKOTE 1031     10.3                                             

             (703)                                                             

     5       EPIKOTE 828      6.2                                              

             (380)                                                             

     6       EPIKOTE 1004     26.8                                             

             (1400)                                                            

     7       EPIKOTE 1007     30.2                                             

             (2900)                                                            

     8       EPIKOTE 1031      9.6                                             

             (703)                                                             

     ______________________________________                                    

      Note:                                                                    

      The material sheet used is the aluminum-plated steel sheet in Runs 1 to 4

      and the anode-treated aluminium sheet in Runs 5 to 8. The EPIKOTE resins 

      used are those made by Shell Oil Co., Ltd.                               

CLMS
STM  We claim:
NUM  1.
PAR  1. A coated metallic sheet adapted for use as a container or can which
      comprises a composition coated on a material sheet selected from the group
      consisting of cold-rolled steel sheet, very thin nickel-plated steel
      sheet, aluminium-plated steel sheet and aluminium sheet, said composition
      consisting of resol-type thermosetting phenol-formaldehyde resin and
      bisphenol A type epoxy resin at the ratio of one part by weight of said
      phenol-formaldehyde resin to 0.2 to 1.5 part by weight of said epoxy
      resin, said phenol-formaldehyde resin comprising orthocresol and phenol at
      the weight ratio of 60:40 to 10:90, and said epoxy resin having a mean
      molecular weight of 800 or more.
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ABST
PAL  A fuel is produced by cleaning coal using an oil as a cleaning medium
      whereby the sulfur content of the fuel is substantially reduced and the
      heat content per pound is substantially increased by the reduction of
      water and other non-combustibles. The process may be used to produce a
      coal-oil fuel directly.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to fuel preparation processes, and particularly to a
      process for preparing a fuel consisting at least in part of coal which
      reduces the sulfur content of the combustion products and which increases
      the heat content per pound of fuel.
PAR  While coal is by far the most plentiful fossil fuel, its use in the
      electric power industry has recently become subject to objections which
      are difficult to overcome economically. Chief among these is the objection
      to sulfur dioxide in the combustion products of the coal because of its
      airpolluting character. The electric power industry accordingly has been
      required to purchase more expensive low-sulfur coal, and in some
      instances, plants have been forced to use products of petroleum as fuel
      rather than coal even though petroleum is much more expensive and less
      plentiful.
PAR  The principal object of this invention is to enable power plants to use
      coal as a fuel while satisfying strict air quality standards. In order to
      accomplish this object, the coal which is to be burned is passed through a
      cleaning apparatus in which oil is used as a cleaning medium. The sulfur
      content of coal is mostly in the form of iron pyrites (FeS.sub.2) and
      gypsum (CaSO.sub.4 2H.sub.2 O). That part of the sulfur content which is
      in the form of iron pyrites is greatly reduced by cleaning with oil. Even
      more importantly, however, the process of cleaning with oil eliminates the
      entrainment of water by the coal in the cleaning process and also removes
      some of the water which is inherently present in the coal. The elimination
      of entrainment and the removal of water greatly increases the heat content
      of the coal per unit weight.
PAR  The coal preparation process in accordance with the invention may be used
      to produce a coal-oil fuel consisting of coal particles suspended in oil.
      The coal-oil fuel has all of the advantages of ordinary fuel oil: low
      sulfur content, reduction of fly ash, elimination of the need for ash
      removal, and ease of handling. Furthermore, the treatment of coal using
      oil as a cleaning medium produces a fuel having a high efficiency in terms
      of cost per B.T.U. of heat generated. The invention is capable of use in
      producing a low-sulfur coal-oil fuel which is especially suitable for
      producing heat for electric power generation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a schematic diagram of an apparatus for producing and
      burning a coal-oil fuel, the apparatus being adapted for the preparation
      of fuel for use in an electric generating plant.
DETD
PAC  DETAILED DESCRIPTION
PAR  The plant shown in the drawing is designed to receive a low grade of coal
      and oil, and to convert the coal and oil into a coal-oil fuel with hot oil
      being used to effect removal of pyrite, water and other unwanted products
      from the coal.
PAR  Coal is stored in a main storage and blending bin 2. From bin 2, the coal
      is delivered to a vibrating screen 4 from which small particles are passed
      to a second storage bin 6. The large particles which are separated out by
      the screen are reduced by a pair of rolls 8 and then delivered to bin 6.
      The coal particles in bin 6 are thus more consistent with one another in
      size than those in main storage bin 2.
PAR  Oil is stored in tank 10. The oil may be any grade of petroleum oil,
      preferably having a low sulfur content. If desired, by reason of its
      availability, ordinary sludge of the kind obtained in the sulfuric acid
      refining of lubricating oil may be used. The sludge is preferably
      neutralized as by the process described in U.S. Pat. No. 2,309,633 which
      issued on Feb. 2, 1943 to F. I. Du Pont and myself. Further, the sludge is
      heated to reduce its viscosity to an extent making it suitable as a
      cleaning medium and may have other heated petroleum products added to
      reduce its viscosity further.
PAR  The oil which is delivered from the storage tank passes through a heat
      exchanger 11 so that the oil is maintained in a hot (preferably above the
      boiling point of water) condition.
PAR  Coal is delivered from bin 6 through a weightometer 12 to a heater 14 which
      raises the temperature of the coal prior to its introduction into the
      concentrator in order to prevent the heat of the oil from being utilized
      primarily to heat the coal rather than to remove water. The weightometer
      controls a proportioning valve 16 which controls the flow of oil from heat
      exchanger 11. If necessary to prevent agglomeration of small particles,
      dispersing agent stored in tank 18 may be added to the oil passing out of
      proportioning valve 16 by means of a proportioning valve 20 designed to
      maintain a substantially constant percentage of dispersing agent in the
      oil. The oil and coal are mixed together and fed into a chip and wood
      remover 22 and the mixture is delivered from the chip and wood remover to
      a mill 24 in which the coal particles are reduced in hot oil to the
      desired size for the concentrator 26. The chip and wood remover may also
      include magnetic iron removing means. The mill may be, for example, a rod
      mill, a ball mill, or a cylindro-conical mill, and is desirably jacketed
      in order to maintain the oil at a high temperature. A water outlet is
      provided at 25.
PAR  The mixture is delivered from the outlet of the mill to a concentrator 26
      which effects cleaning of the coal. For the purpose of this application, a
      concentrator is any device which utilizes a liquid medium to accomplish
      separation of particles in which particles having a high specific gravity
      settle out of the liquid under the influence of gravity and particles of
      lower specific gravity are carried away from the settled particles by the
      liquid. A wide variety of concentrators may be used in accordance with the
      invention. For example, concentrators which utilize sliding friction such
      as Wilfley tables, Deister tables, or Vanners may be used. Similarly,
      devices which utilize primarily the properties of a liquid to effect
      gravity concentration may be used. Examples of the latter include
      launderers and rake classifiers, and concentrators of the hindered
      settling type. Hindered settling concentrators are preferred for use in
      the practice of this invention, and when so used are characterized by an
      upward current of hot oil which effect separation of coal particles from
      undesired components. The Fahrenwald classifier is an example of a
      suitable hindered settling concentrator. Surface current classifiers such
      as the Spitzkasten classifier and numerous other types of concentrators
      may also be used.
PAR  When used in the invention, all of the above processes utilize heated oil
      instead of the usual liquid medium. The oil is preferably heated to a
      temperature above the boiling point of water for the most effective
      removal of water from the coal being treated. However, oil at a
      temperature substantially above ambient will cause effective evaporation
      of water, the higher the temperature, the greater the evaporation. "Hot"
      and "heated" as used herein refer to temperatures above approximately
      50.degree.C.
PAR  Heavy particles, which include a large proportion of the pyrites content of
      the coal are removed by concentrator 26, and are delivered through
      thickener 28 to Deister table 30 which effects a further separation of
      pyrites from coal in the mixture which settled out in concentrator 26.
PAR  Pyrites which is separated out by table 30 is delivered along with oil to
      basket centrifuge 32, which effects a separation of oil from the pyrites,
      the oil being delivered to the inlet of mill 24, and the pyrites being
      delivered to a storage tank 34.
PAR  Refuse and oil are delivered from the table 30 to a second basket
      centrifuge 36 which partially separates oil and refuse, delivering the
      separated oil to the inlet of mill 24, and delivering the remaining oil
      and refuse to burner 37, the exhaust of which is used to operate heater 14
      and heat exchanger 11. The exhaust is delivered to the atmosphere through
      a sulfur dioxide and nitrogen oxide absorption tower 39. A precipitator
      may be used if desired, to remove particulate matter.
PAR  Coal and oil separated out by table 30 are returned along path 38 to the
      inlet of mill 24.
PAR  A coal-oil mixture is delivered by concentrator 26 to a storage tank 42.
      Additional oil may be added by means of a proportioning valve 43
      controlled by weightometer 40. The mixture in the storage tank is
      mechanically agitated in order to keep the coal particles in suspension.
PAR  A burner is indicated at 44, and it receives the coal-oil mixture from
      storage tank 42 through a pair of pressure feed tanks 46 and 48. The
      mixture in tank 42 is delivered to pressure feed tank 46 through valve 50
      and to pressure feed tank 48 through valve 52. A compressor 54 is provided
      with an accumulator 56 and is arranged to deliver air to tanks 46 and 48
      through valves 58 and 60 respectively and the four valves associated with
      the pressure feed tanks are operated automatically so that valves 52 and
      58 are open while valves 50 and 60 are closed and valves 50 and 60 are
      open while valves 52 and 58 are closed. The valves are alternated between
      the above two conditions so that a constant flow of coal-oil fuel is
      delivered to burner 44.
PAR  The apparatus and process exemplified by FIG. 1 and the foregoing
      description produce a number of beneficial results.
PAR  In the first place, the invention provides a simple process for producing a
      coal-oil fuel having a low sulfur content. By using oil as a cleaning
      medium to clean raw coal which has been comminuted, the process of
      producing a coal-oil fuel is greatly simplified.
PAR  The second principal benefit afforded by the invention is the production of
      low sulfur fuel having a high efficiency in terms of cost per B.T.U. of
      heat generated. The greater efficiency of the fuel results partly from the
      fact that sulfur-containing compounds are separated from the coal without
      the addition of water to the coal. The low water content of the fuel means
      that the large quantity of heat which would otherwise be wasted in
      converting water in the coal to steam is available for useful purposes.
      The use of oil not only prevents cleaning water from entering the coal,
      but actually removes water from the coal which is residually present as a
      result of prior washing or as a result of natural causes. The removal of
      residual water is enhanced by the use of hot oil. In addition, the hot
      condition of the oil reduces its viscosity and therefore increases the
      effectiveness of the oil as a separation medium. The removal of residual
      water by the oil is further enhanced by the fact that the coal is reduced
      to a comminuted condition by mill 24.
PAR  Other subsidiary benefits of the apparatus and process disclosed above
      include the fact that the use of oil removes moisture from the comminuted
      coal without resulting in a dangerously explosive dry dust. Another
      benefit results from the use of refuse to produce heat used in the
      process. In addition, part or all of the refuse removed from basket
      centrifuge 36 may be treated by additional tabling to recover sulfur
      compounds which may then be used for manufacturing or agricultural
      purposes. In the event that the refuse is so treated, the residue from the
      treatment may be burned to provide heat for the overall process. The fuel
      produced by the process disclosed above is a very high B.T.U., low sulfur
      coal-oil fuel, an ideal fuel for power generation, particularly in view of
      the relatively innocuous characteristic of its combustion products and its
      low cost per available B.T.U. The process, of course, may be readily
      modified, by providing for the separation of oil from the coal particles
      to produce a high quality solid fuel having a low sulfur content and,
      because of the substantial absence of water, a very high heat content per
      unit weight.
PAR  Various modifications of the apparatus and process specifically disclosed
      herein may be made without departing from the scope of the invention which
      is defined in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of producing a low-sulfur fuel consisting essentially of coal
      particles suspended in an oil comprising the steps of:
PA1  a. introducing a mixture of coal particles, and undesired particles having
      a higher specific gravity than coal, into a concentrator;
PA1  b. introducing oil into the concentrator;
PA1  c. cleaning said mixture in the concentrator, using oil as the cleaning
      medium, by effecting settling of undesired particles; and
PA1  d. removing from the concentrator a suspension of coal particles in oil for
      use as a fuel.
NUM  2.
PAR  2. The method according to claim 1 in which the oil is brought into contact
      with the coal in a heated condition.
NUM  3.
PAR  3. The method according to claim 1 in which the oil is brought into contact
      with the coal at a temperature above the boiling point of water.
NUM  4.
PAR  4. The method according to claim 1 including the steps of removing refuse
      from the concentrator, separating heavy components from lighter components
      of said refuse, burning the lighter components, and using the heat
      generated in the burning step to heat the oil prior to its being brought
      into contact with the coal.
NUM  5.
PAR  5. The method according to claim 1 including the steps of removing refuse
      from the concentrator, separating heavy components from lighter components
      of said refuse, burning the lighter components, and using the heat
      generated in the burning step to heat the coal prior to its introduction
      into the concentrator.
NUM  6.
PAR  6. The method of claim 1 including the steps of removing the undesired
      particles from the concentrator along with oil, separating the oil so
      removed from the undesired particles, and returning the oil to the
      concentrator for use as a cleaning medium.
NUM  7.
PAR  7. The method of claim 1 in which the mixture of coal particles and
      undesired particles is comminuted in the presence of oil prior to
      introduction of the mixture into the concentrator.
NUM  8.
PAR  8. The method according to claim 1 in which the concentrator is a hindered
      settling concentrator.
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ABST
PAL  Feed coal particles are mixed with fine particles of devolatilized
      carbonaceous material having an average particle diameter less than about
      25% of that of the coal and then injected into a high temperature
      fluidized bed gasification zone. The devolatilized material adheres to the
      coal particles as they soften and forms a nonsticky coating which hinders
      the formation of large coal agglomerates. During the gasification process
      the adhering particles are retained in the bed and at least partially
      gasified, resulting in better carbon utilization than might otherwise be
      obtained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to the gasification of carbonaceous solids and is
      particularly concerned with the fluidized bed gasification of
      agglomerating coals.
PAR  2. Description of the Prior Art
PAR  The formation of agglomerates is a problem frequently encountered in the
      fluid bed gasification of caking coals. This is caused by plastic
      properties which develop when such coals are subjected to temperatures
      above their softening point. Upon reaching this point, generally between
      about 700.degree. and about 900.degree. F., the coal particles begin to
      swell and deform due to the formation of bubbles during devolatilization.
      As the temperature increases, deformation becomes more severe, the coal
      becomes plastic and sticky, and may eventually become fragile. The sticky
      particles tend to agglomerate and form large clusters which interfere with
      operation of the fluidized bed. The fragile particles break into fragments
      which are further attrited to produce fines. These fines are entrained in
      the rising gases and carried overhead from the bed. The fines may contain
      from 10 to 20 percent of the carbon fed to the process. The loss of this
      carbon before it can be gasified decreases the efficiency of the process.
PAR  The traditional method for dealing with fines produced during gasification
      operations is to separate them from the product gas and return them
      directly to the gasifier. This technique, however, is generally
      unsatisfactory because the returned particles are rapidly entrained in the
      product gas and carried overhead from the fluid bed at a velocity
      approximately equal to that of the gas. The residence time of the fines in
      the reactor is therefore quite short and little additional carbon is
      gasified.
PAR  Several methods have been devised to alleviate agglomeration problems
      encountered when caking coals are gasified. These involve low temperature
      carbonization in a pretreating zone, carbonization at progressively higher
      temperatures in a series of fluidized beds, injection of the coal into the
      gasifier as a very fine powder, or passage of the coal through a free-fall
      pretreatment zone in the presence of steam and oxygen. Although these
      techniques can be useful under certain conditions, they all have
      pronounced disadvantages. They are either expensive, result in the loss of
      valuable volatile constituents from the coal, or require the use of
      complex equipment.
PAR  An additional method which has been proposed for controlling agglomeration
      involves withdrawing char particles from the fluidized bed gasifier,
      mixing these with raw feed coal of comparable size, and injecting the char
      particles and coal into the fluidized bed. This procedure is intended to
      prevent sticky feed coal particles from coming in contact with one another
      to form agglomerates but large amounts of char must be injected into the
      fluidized bed with the coal if it is to be effective. Unless the ratio of
      char to feed coal is large, the probability of coal particles contacting
      one another to form agglomerates will be very high. Normally, a weight
      ratio of char to feed coal ranging from 10:1 to 30:1 is required to insure
      that agglomeration will not interfere with the continuous operation of the
      gasification process. Moreover, the average particle size of the char will
      be approximately the same as that of the feed coal. The shear forces in
      the turbulent fluidized bed are often sufficient to break the relatively
      weak bonds between the sticky coal particles and devolatilized char
      particles of comparable size and hence some agglomeration may occur even
      though the char is present.
PAR  Although the technique referred to above may aid in controlling
      agglomeration, it has pronounced disadvantages. The necessity for
      withdrawing large quantities of unconsumed char from the fluidized bed
      gasifier, mixing it with the coal, and then returning the combined stream
      to the gasifier limits the amount of coal that can be injected into the
      gasifier, necessitates the inclusion of equipment for withdrawing and
      handling the hot char particles, reduces the overall char gasification
      rate in the system, tends to decrease the thermal efficiency of the
      process, requires the use of higher fluidizing gas velocities than might
      otherwise be required, and may give rise to other difficulties. As a
      result, this technique leaves much to be desired.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides an improved fluidized bed coal gasification process
      which alleviates coal agglomeration problems and is considerably more
      effective than processes proposed in the past. In accordance with the
      invention, it has now been found that agglomeration can be controlled by
      combining finely divided, devolatilized carbonaceous material having an
      average particle diameter less than about 25 percent of that of the coal
      particles with the raw coal at a temperature below the softening point of
      the coal and then injecting the mixture of feed coal and fine carbonaceous
      material into the gasifier. The devolatilized carbonaceous particles
      injected through the feed nozzles coat and adhere to the feed coal as it
      softens and becomes plastic. The resulting nonsticky coating prevents the
      feed coal particles from agglomerating and produces only an insignificant
      increase in the size of the feed coal particles. In carrying out the
      process, the feed coal is maintained at a temperature below its softening
      point as it is transported through the feed line into the gasifier.
      Otherwise, an interruption in the flow of devolatilized material could
      cause the particles of ccoal to agglomerate and block the feed line.
PAR  The process of the invention has numerous advantages over methods for
      controlling agglomeration which have been proposed heretofore. The use of
      fine particles with an average diameter substantially smaller than that of
      the feed coal permits the injection of smaller quantities of devolatilized
      material than would be required if char particles of substantially the
      same size as the feed coal were withdrawn from the gasifier and mixed with
      the coal, makes possible higher coal injection rates than might otherwise
      be feasible, results in higher char gasification rates and better thermal
      efficiency than can be obtained where char withdrawn from the fluidized
      bed is used, and provides more effective control of agglomeration than can
      generally be obtained with other methods.
PAR  Fine devolatilized carbonaceous particles which have an average particle
      diameter less than about 25 percent of that of the feed coal particles and
      are suitable for purposes of the invention can be derived from a variety
      of different sources. Fluid coke, metallurgical coke, and char removed
      from the gasifier, for example, can be crushed, screened and employed if
      desired. It is preferred, however, to recover fines entrained and carried
      overhead from the gasifier in the raw product gas and employ these as the
      devolatilized carbonaceous particles. These fines generally have an
      average particle diameter considerably less than that of the feed coal and
      can be mixed with the coal without any size reduction or screening. The
      fines carried overhead are normally removed from the gas by means of
      cyclone separators and returned to the gasifier through cyclone dip legs.
      Studies have shown that the returned particles are rapidly entrained in
      the product gas and again carried overhead at a velocity approximately
      equal to that of the gas. Their residence time in the gasifier is
      therefore short and hence little additional carbon is gasified. Mixing the
      fines with the feed coal rather than returning them directly to the
      gasifier, not only aids in controlling agglomeration but also increases
      the residence time of the particles adhering to the feed coal, thus
      resulting in better carbon utilization and greater process efficiency.
      These and other advantages make the process of the invention considerably
      more attractive than processes proposed in the past.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE in the drawing is a schematic flow sheet of a fluid bed
      coal gasification process carried out in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The process depicted in the drawing is one for the production of a
      synthetic gas by the fluid bed gasification of bituminous coal,
      sub-bituminous coal, lignite or similar carbonaceous solids which contain
      volatilizable hydrocarbon constituents and may tend to agglomerate at
      elevated temperatures. The solid feed material employed in the process is
      introduced into the system through line 10 from a preparation plant, not
      shown, in which the coal or other material may be crushed, dried, and
      screened or from a storage facility which does not appear in the drawing.
      To facilitate handling of the solid feed material in a fluidized state,
      the coal or other carbonaceous solid is introduced into the system in a
      finely divided state, normally less than about 8 mesh on the U.S. Sieve
      Series.
PAR  The system shown in the drawing is operated at elevated pressures and hence
      the coal introduced through line 10 is fed into vessel 11, from which it
      is discharged through star wheel feeder or similar device 12 into line 13
      at the system operating pressure or a slightly higher pressure. Other
      apparatus can be used to raise the input coal stream to the required
      pressure level. The use of such equipment for handling coal and other
      finely divided solids at elevated pressures has been described in the
      patent literature and will therefore be familiar to those skilled in the
      art.
PAR  A carrier gas, which can be high pressure steam, product gas, flue gas or
      the like, is injected into feed line 14 where it entrains the feed coal
      particles and finely divided carbonaceous solids used to coat the coal and
      carries them into the gasifier 15. The use of recycle product gas tends to
      avoid significant reductions in the hydrogen concentration in the gasifier
      and improve methane yields and is therefore normally preferred. The
      carrier gas is introduced into the system at a pressure between about 50
      and about 1000 pounds per square inch gauge, depending in part upon the
      pressure at which the gasifier 15 is operated and the nature of the solid
      feed material utilized. Finely divided devolatilized carbonaceous solids
      having an average particle diameter less than about 25 percent that of the
      coal particles are introduced into the gas in line 14 from line 63 and
      entrained in the gas stream. These solids may be derived from external
      sources but will preferably be recycled fines recovered from the product
      gas or flue gas as described hereafter. Alternatively, the fines or other
      solids may be mixed with the coal or other feed material in vessel 11 and
      introduced into the gas stream with the feed material.
PAR  The feed stream containing the coal or other feed material and fine
      carbonaceous solids is introduced into the gasifier through one or more
      shrouded nozzles 23 which may be provided with steam through line 16 to
      keep the coal and solids at a temperature below 600.degree. F. and thus
      avoid any possibility of fouling the nozzles. If a caking coal is utilized
      as the feed material, injection nozzles designed to promote intimate and
      extremely rapid mixing of the injected material with the hot solids in the
      gasifier may be employed. Nozzles suitable for this purpose have been
      described in the prior art.
PAR  The gasifier vessel 15 utilized in the system depicted in the drawing
      contains a fluidized bed of char particles which are introduced into the
      lower part of the vessel through line 17. Steam for reacting with the char
      and maintaining the particles in the fluidized state is introduced through
      lines 18 and 19. The total steam rate will normally vary between about 0.5
      and about 2.0 pounds of steam per pound of coal feed. The upflowing steam
      and char form a fluidized bed which extends upwardly above the
      distribution grid 20 to a level above the point at which the coal feed is
      injected into the gasifier. The lower portion of the gasifier above grid
      20, indicated by reference number 21, serves as a steam gasification zone.
      It is here that the steam introduced through lines 18 and 19 reacts with
      the carbon in the hot char to form synthesis gas in accordance with the
      reaction: H.sub.2 O + C .fwdarw. H.sub.2 + CO. At the bottom of the
      reactor the hydrogen concentration in the gaseous phase of the fluidized
      bed is essentially zero. As the steam ascends through the fluidized char
      particles, it reacts with the carbon, and the hydrogen concentration in
      the gaseous phase increases. The temperature in steam gasification zone 21
      will normally range between about 1450.degree. and about 1800.degree. F.
      The gas velocities in the fludized bed will vary between 0.2 and 3.0 feet
      per second.
PAR  The upper part of the fluidized bed in reactor vessel 15, which is
      designated by reference number 22, serves as a hydrogasification zone.
      Here the feed coal is devolatilized and a part of the volatile matter
      produced reacts with hydrogen generated in zone 21 to produce methane as
      one of the principal products. The coal particles reach the softening
      point as they emerge from the nozzles and become coated with the fine
      carbonaceous solids almost instantaneously. The fines adhere to the sticky
      particles of coal and prevent them from forming large coal agglomerates.
      This behavior will be described in more detail hereafter. The point at
      which the coal feed stream is introduced into the gasifier and thus the
      location of the steam gasification and hydrogasification zones depends
      primarily on the properties of the particular coal which is employed as
      the feedstock. It is generally preferred to maximize the methane yield
      from the gasifier and minimize the tar yield. Generally speaking, the
      amount of methane produced increases as the coal feed injection nozzle is
      moved nearer the top of the reactor. The tar, which has a tendency to foul
      downstream processing equipment, generally increases as the coal injection
      point is moved upwardly in the gasifier and decreases as the coal input
      point is moved nearer the bottom of the reactor, other operating
      conditions remaining constant. The coal feed should normally be injected
      into gasifier 15 at a point where the hydrogen concentration in the gas
      phase is in excess of about 15% by volume, preferably between 25% and 50%
      by volume.
PAR  The upper surface of the fluidized bed will normally be located at a level
      sufficiently above the feed injection point to provide at least 4 seconds
      of residence time for the gas phase in contact with the fluidized solids
      in the hydrogasification zone 22. It is preferred in general that the
      residence time for the gas in contact with the solid phase above the point
      of coal feed injection be between 7 and 20 seconds. It will be understood,
      of course, that the optimum hydrogen concentration at the coal injection
      point and gas residence time above the point of coal injection will vary
      with different types and compositions of feed coal and with variations in
      the gasifier temperature, pressure, steam rate, and other processing
      conditions. Higher rank coals normally require somewhat more severe
      reaction conditions to obtain practical reaction rates than do coals of
      lower rank. Similarly, higher reactor temperatures and steam rates
      normally tend to increase the hydrogen concentration in the gas phase and
      thus reduce the solids residence time required for gasification of a given
      coal feed.
PAR  As previously discussed, the temperature in gasifier 15 is normally
      maintained between about 1450.degree. and about 1800.degree. F. The heat
      required to sustain the overall endothermic reaction taking place in the
      gasifier and maintain this operating temperature is provided by
      withdrawing a portion of the char solids from the fluidized bed through
      line 24 and passing this material into the lower end of the transfer line
      burner 25. Steam may be injected into line 24 in the vicinity of the bend
      in order to promote smooth flow of the solids and avoid any danger of
      clogging. Similarly, a diluent gas, flue gas for example, may be injected
      through line 26 to further aid in suspending the solids and entrain them
      in dilute phase flow as they rise through the transfer line burner. An
      oxygen-containing gas, preferably a mixture of air and sufficient recycle
      flue gas to give a molecular oxygen content less than about 10% by volume,
      is introduced into the lower end of the burner through line 27 and
      peripherally spaced nozzles 28 in a quantity sufficient to establish
      dilute phase flow of the solids and initiate combustion of the char
      particles.
PAR  The use of a gas of relatively low oxygen content at the lower end of the
      burner aids in avoiding the formation of hot spots which may result in
      localized temperatures that exceed the ash fusion temperature and may lead
      to the formation of deposits and fouling of the burner. Oxygen containing
      gas having a higher molecular oxygen content than that introduced in the
      lower end of the burner may be supplied to the burner through line 29 and
      peripherally spaced nozzles 30. It is preferable to introduce this
      additional oxygen-containing gas at two or more vertically spaced levels
      along the burner in order to achieve a better controlled combustion
      process and again avoid localized overheating and the problems that may
      accompany it. In the system shown in the drawing, air or other
      oxygen-containing gas is introduced at two additional levels by means of
      line 31 and peripherally spaced nozzles 32 and 33. The levels at which the
      oxygen-containing gas is introduced into the burner are generally
      sufficiently separated so that substantially all the oxygen introduced at
      one level is consumed before the gas and entrained solids reach the next
      level. This generally provides better control of the temperatures within
      the burner, results in more efficient combustion, and reduces the carbon
      monoxide content of the gas stream. The total amount of oxygen introduced
      in this manner should be sufficient to raise the temperature of solids
      passing upwardly through the burner by about 50.degree. to about
      300.degree. F. and thus provide sufficient heat upon return of the solids
      to the gasifier to maintain the gasification reactions.
PAR  The gases and entrained solids leaving the upper portion of the transfer
      line burner 25 are passed into a cyclone separator of similar separation
      unit 34 where the larger solids are removed from the gas stream and
      returned through dip leg 35 to the gasifier bottom intake line 17. Steam
      may be introduced into the solids return system through line 36, if
      desired, to promote proper flow of the solids stream and avoid clogging
      difficulties. The hot char particles thus returned to the gasifier provide
      the heat required to sustain both the steam gasification reaction taking
      place in steam gasification zone 21 and the hydrogasification reactions
      taking place in hydrogasification zone 22.
PAR  The overhead gas stream from separator 34 will contain fine particles of
      char. To separate these particles from the flue gas, the separator
      overhead is fed through line 37 to cyclone separators 38 and 39. These
      separators further decrease the concentration of fine particles in the
      flue gas. The overhead flue gas stream leaving separator 39 and entering
      line 40, however, may still contain entrained fine particles of char. To
      further cleanse the flue gas of fine particulate matter, the overhead
      stream from separator 39 may be fed through line 40 to a venturi scrubbing
      system including venturi scrubber 41 and circulating water pump around
      system 42. Here the flue gas is scrubbed with water and the fines removed
      from the gas are recovered as a slurry. The slurry exists the pump-around
      system through line 44 while the flue gas leaves the system for further
      processing through line 43.
PAR  The overhead product gas stream leaving gasifier 15 through line 45 will
      normally also contain a substantial concentration of fine particulates.
      The product gas is handled in a manner similar to that in which the flue
      gas is handled. The gasifier overhead is fed through line 45 to cyclone
      separators 46 and 47. The overhead from separator 47 enters line 48 and is
      transported for further fines removal to the venturi scrubbing system
      including venturi scrubber 49 and water circulating pump-around system 50.
      Here the fines are separated from the product gas by scrubbing it with
      water. The resultant slurry is removed from the pump-around system by line
      51, while the product gas leaves the system for further processing through
      line 52.
PAR  The fines removed from the product gas stream by cyclone separators 46 and
      47 will generally contain a significant amount of ungasified carbon. To
      obtain additional conversion of this ungasified carbon, the fines may be
      returned to gasifier 15 through dip legs 53 and 54 and lines 55 and 56. A
      similar procedure may be followed for the fines removed from the flue gas
      by separators 38 and 39. These fines can be returned to the transfer line
      burner to supply carbon fuel for combustion by means of dip legs 57 and 58
      and lines 59 and 60. If fines are returned directly to the gasifier,
      however, they may be rapidly entrained in the upflowing gas and carried
      overhead from the fluidized bed at a velocity approximately equal to that
      of the gas. The residence time of the fines in the reactor may be so short
      that little additional carbon will be gasified.
PAR  A preferred procedure which avoids the difficulty pointed out above and
      results in more efficient conversion of carbon in the gasifier is to pass
      at least a portion of the fines recovered from the product and flue gas
      streams through lines 66, 67, 68, and 69 into line 62. Here the fines are
      entrained in steam and recycled through line 63 to feed line 14 where they
      are mixed with the feed coal and reinjected into gasifier 15 through
      nozzle 23.
PAR  The recycled fines, devolatilized during their first passage through the
      gasifier, do not become sticky when again heated to high temperatures in
      the gasifier but will adhere to the sticky particles of devolatilizing
      feed coal. This results in a greater residence time than if the fines are
      recycled directly to the gasifier and hence permits more of the carbon
      present in the fines to be gasified. At the same time, the fines serve to
      reduce and control agglomeration problems.
PAR  The temperature in feed line 14 should be maintained at a level below the
      softening point of the feed coal to insure that agglomerates will not form
      in the feed line if the flow of devolatilized fines into line 14 is
      interrupted by upsets in the process. The softening point is a function of
      the composition of the feed coal and is usually above 700.degree. C.
PAR  The amount of devolatilized fines recycled to the gasifier with the feed
      coal is determined primarily by the concentration of fines needed in the
      feed coal to effectively control agglomeration and the amount of fines
      produced in the process. The smaller the average particle size of the
      fines, the fewer the fines that will normally be required to control
      agglomeration. Under normal operating conditions, a system such as that
      shown in the drawing may generate fines having an average particle
      diameter of about 20 microns from a feed coal having an average particle
      diameter of about 350 microns. Such a system can generally be operated at
      a weight ratio of fines to feed coal as low as 0.1:1 but, since this
      normally represents only a portion of the total fines produced, a higher
      ratio is usually preferred. In most cases the mixing of fines and feed
      coal in weight ratios in excess of 5:1 reduces the amount of feed coal
      which can be gasified per unit of time to an unduly low level. The
      preferred range for operation of the system is generally at a weight ratio
      of fines to feed coal of from about 0.5:1 to about 3:1.
PAR  The amount of fines returned to the gasifier with the feed coal may be
      controlled by regulating the quantity of fines fed from dip legs 53, 54,
      57, and 58 to line 62 through lines 66, 67, 68, and 69. If desired, all
      the fines removed from the product and flue gases by cyclone separators
      38, 39, 46 and 47 can be recycled with the feed coal. In most cases,
      however, flue gas fines will not be recycled without also recycling at
      least a portion of the product gas fines.
PAR  Normally, the fines removed from the flue gas and the product gas by
      venturi scrubbers 41 and 49, respectively, are continuously withdrawn from
      the gasification system to control the ash content of the system. The
      slurries containing these fines, withdrawn from water circulating
      pump-around systems 42 and 50 through lines 44 and 51 respectively, may be
      combined in line 61 and removed from the gasification system through ash
      removal line 65. In the event that the carbon content of the scrubbed
      fines is such that it becomes desirable to recycle them for further
      gasification, however, a portion of the slurry in line 61 may be pumped by
      means of pump 70 to heat exchanger 64 where the water is vaporized. The
      resultant steam entrains the fines and transports them through line 63
      back to feed line 14 where they are mixed with feed coal and reinjected
      into gasifier 15. The scrubbed fines will not normally be recycled in this
      fashion without recycling at least a portion of the product and flue gas
      fines.
PAR  It will be apparent from the preceeding discussion that the invention
      provides an improved process for the gasification of coal which inhibits
      agglomeration and results in better carbon utilization than might
      otherwise be obtained. The process is not restricted to coal gasification,
      however, and can be used in the gasification of lignite and carbonaceous
      materials containing volatilizable hydrocarbons. Similarly, although the
      invention has been described primarily in terms of a fluid bed gasifier
      utilizing external heat generated in a transfer line burner, it should be
      understood that the process is not limited to this particular system and
      can be used with other systems using fluidized bed combustion zones and
      the like. It may also be used in a fluidized bed gasification process in
      which heat is generated internally by injecting oxygen or air directly
      into the gasifier and burning a portion of the carbon contained in the
      char particles. As indicated earlier, the fines mixed with the feed coal
      will preferably be particles removed from the product and flue gases but
      can come from other sources as long as the particles are devolatilized and
      are of the required size.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process wherein carbonaceous solids containing volatilizable
      hydrocarbons which solids tend to agglomerate at elevated temperatures are
      fed into a high temperature fluidized bed reactor and gasified to produce
      a synthetic gas, the improvement which comprises mixing fine particles of
      devolatilized carbonaceous material having an average particle diameter
      less than about 25% of that of said carbonaceous solids with said
      carbonaceous solids in a weight ratio between about 0.1:1 and about 5:1 at
      a temperature below the softening point of said carbonaceous solids and
      introducing the resulting mixture of fine particles of devolatilized
      carbonaceous material and carbonaceous solids at a temperature below said
      softening point into said fluidized bed reactor.
NUM  2.
PAR  2. A process as defined by claim 1 wherein said carbonaceous solids
      comprise particles of an agglomerating coal.
NUM  3.
PAR  3. A process as defined by claim 1 wherein said fine particles of
      devolatilized carbonaceous material comprise particles of fluid coke.
NUM  4.
PAR  4. A process as defined by claim 1 wherein said fine particles of
      devolatilized carbonaceous material are fines recovered from the gas
      produced in said fluidized bed reactor.
NUM  5.
PAR  5. A process as defined by claim 1 wherein said fine particles of
      devolatilized carbonaceous material are produced by crushing larger char
      particles withdrawn from said fluidized bed reactor.
NUM  6.
PAR  6. A process as defined by claim 1 wherein said fine particles of
      devolatilized carbonaceous material are mixed with said carbonaceous
      solids in a weight ratio between about 0.5:1 and about 3:1.
NUM  7.
PAR  7. A process for the gasification of a bituminous coal which comprises:
PA1  a. introducing at a temperature below the softening point of said coal a
      mixture of particles of said coal and fine char having an average particle
      diameter less than about 25% of that of said coal particles in a weight
      ratio between about 0.1:1 and about 5:1 into a fluidized bed gasification
      zone;
PA1  b. withdrawing a product gas overhead from said fluidized bed;
PA1  c. recovering fine particles of char having an average particle diameter
      less than about 25% of that of said coal from said product gas; and
PA1  d. mixing said char particles recovered from said product gas stream with
      particles of coal to be fed into said fluidized bed gasification zone at a
      temperature below the softening point of said coal.
NUM  8.
PAR  8. A process as defined by claim 7 wherein said fine particles of char are
      mixed with said coal in a weight ratio between about 0.5:1 and about 3:1.
NUM  9.
PAR  9. A process as defined by claim 7 including the additional steps of:
      circulating a stream of solid char particles continuously between said
      fluidized bed gasification zone and a combustion zone; introducing an
      oxygen-containing gas into said combustion zone in a quantity sufficient
      to burn a portion of the carbon present in said char particles and raise
      the temperature of said char particles to a predetermined level;
      withdrawing flue gas overhead of said combustion zone; recovering fine
      particles of char having an average particle diameter less than about 25%
      of that of said coal from said flue gas; and mixing char particles
      recovered from said flue gas stream with particles of coal to be fed into
      said fluidized bed gasification zone at a temperature below the softening
      point of said coal.
NUM  10.
PAR  10. A process as defined by claim 9 wherein at least part of said fine
      particles of char recovered from said flue gas is returned to said
      combustion zone.
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ABST
PAL  The present invention relates to a method of manufacturing a gas rich in
      methane by subjecting two varieties or more of hydrocarbons having more
      than 2 carbon atoms per molecule and different mean molecular weights to
      steam-reforming process comprising at least two stages, wherein a mixture
      consisting of hydrocarbons whose means molecular weight is relatively
      small and steam is introduced to the nickel-containing catalyst bed for
      the first stage at a temperature in the range of 350.degree. to
      550.degree.C, and subsequently, the resulting product is mixed with
      hydrocarbons whose mean molecular weight is larger than that of the
      preceding hydrocarbon -- along with steam, if necessary -- and is
      introduced to the nickel-containing catalyst bed at a temperature in the
      range of 300.degree. to 550.degree.C for the second stage.
PARN
PAR  This is a continuation of application Ser. No. 264 849, filed June 21,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  The present invention relates to a method of steam-reforming of
      hydrocarbons, and it particularly relates to a method of manufacturing a
      methane-containing gas by steam-reforming of feeds of different kinds
      within one combined reaction system.
PAR  B. Description of the Prior Art
PAR  The method of manufacturing a methane-containing gas by steam-reforming of
      a mixture consisting mainly of such paraffin hydrocarbons as butane, light
      naphtha, etc. and steam at a temperature in the range of 400 to
      500.degree.C by the use of nickel-containing catalyst has heretofore been
      known (cf. British Pat. No. 820,257). In the case of steam-reforming of
      hydrocarbons having a large mean molecular weight, however, in view of the
      fact that the carbonaceous material is apt to be deposited onto the
      nickel-containing catalyst in use for the steam-reforming, rendering it
      difficult to maintain the life of the catalyst for a long time and
      hampering smooth operation of the apparatus, it has been usual to resort
      to employment of an excess of steam to minimize the deterioration of the
      activity of the catalyst. But the employment of an excess of steam not
      only is uneconomical from the viewpoint of the construction cost of the
      apparatus as well as the thermal requirements, but also it does not always
      bring about an ideal composition of the resulting gas as is evident from
      the fact that the steam-reforming reaction of hydrocarbons may be
      expressed by various chemical equilibrium formulas.
PAR  As a means of overcoming such troubles, there has been proposed a method
      comprising the steps of introducing a mixture of hydrocarbons into the
      reaction zones of two or more catalyst beds distributively while
      introducing the whole amount of the steam into the reaction column of the
      first stage, thereby augmenting the ratio of the steam to the mixture of
      hydrocarbons within the respective reaction zones (cf. the Japanese patent
      publication No. 22413/1969).
PAR  British Pat. No. 1,053,855 discloses the method of introducing hydrogen
      into the reaction system instead of the employment of an excess of steam
      as a means of maintaining the life of the catalyst for a long time. And,
      as to the source of hydrogen for this purpose, direct application of the
      gas arising from a high-temperature reformer and the like have been taught
      therein.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is to provide a method of manufacturing a
      methane-containing gas, which has further improved the afore-mentioned
      prior art and renders it possible to effect the steam reforming of even
      comparatively heavy hydrocarbons smoothly.
PAR  The present invention relates to a method of reforming hydrocarbons in at
      least two stages which is characterized by the steps: adiabatically
      effecting the steam reforming reaction of hydrocarbons having a relatively
      small mean molecular weight among those hydrocarbons having 2 or more
      carbon atoms per molecule, in the reaction zone of the first stage, after
      mixing with the hydrocarbons from 1.0 to 5.0 mols of steam per 1 carbon
      atom of said hydrocarbons, by contacting that mixture with a
      nickel-containing catalyst at a temperature in the range of 350 to
      550.degree.C; and subsequently, a diabatically effecting the steam
      reforming reaction of a mixture consisting of the reaction product gas
      coming out of the reaction zone of the first stage and other hydrocarbons
      having a relatively large mean molecular weight among the above-defined
      hydrocarbons -- together with newly added steam, as occasion demands -- at
      a temperature in the range of 300 to 550.degree.C by the use of a
      nickel-containing catalyst.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The appended drawing is a graph showing the relation between the
      temperature and the length of the catalyst bed as observed at the time of
      effecting the steam reforming of naphtha employed as the hydrocarbon
      starting material.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The hydrocarbons having 2 or more carbon atoms per molecule to be treated
      by the method of the present invention include petroleum refinery gas, wet
      natural gas, liquefied petroleum gas, light naphtha, heavy naphtha,
      kerosene, etc. As to the relation between the hydrocarbons to be treated
      in the reaction zone of the first stage and the hydrocarbons to be treated
      in the reaction zone of the second stage, they are classified by their
      mean molecular weight: the mean molecular weight of the hydrocarbons to be
      subjected to treatment in the reaction zone of the second stage is to be
      larger than that of the hydrocarbons to be subjected to treatment in the
      reaction zone of the first stage, such as, for instance: butane is treated
      in the reaction zone of the first stage while naphtha is treated in the
      reaction zone of the second stage; light naphtha is treated in the
      reaction zone of the first stage while the heavy naphtha is treated in the
      reaction zone of the second stage; the light fraction obtained by
      fractionating a mixture of hydrocarbons into light fractions and heavy
      fractions is treated in the reaction zone of the first stage while the
      heavy fraction obtained as above is treated in the reaction zone of the
      second stage. That is, the hydrocarbons to be treated in the reaction
      zones of the first and second stages can be appropriately selected.
PAR  In the reaction zone of the first stage, to begin with, the low-temperature
      steam-reforming reaction of hydrocarbons having a comparatively small
      molecular weight or relatively small molecular weight is adiabatically
      effected under the condition that the molar ratio of steam to the feed
      hydrocarbons supplied is to be in the range of 1.0 to 5.0 moles per 1
      carbon atom, the temperature at the inlet of the reaction zone be in the
      range of 350.degree. to 550.degree.C and the pressure be in the range of 0
      to 100 Kg/cm.sup.2 G by the use of a nickel-containing catalyst. This
      nickel-containing catalyst can be a conventional catalyst for use in
      low-temperature steam-reforming reactions, including catalysts comprising
      a nickel component and additional components such as metals belonging to
      Group VIII, metals belonging to the left column of Group VII, metals
      belonging to the left column of Group VI, metals belonging to Group II or
      metals belonging to the right column of Group I of the Periodic Table and
      alkali metals, etc. as the active component or auxiliary component or
      catalysts comprising these components combined with any known promoter
      and/or carrier. The product gas coming out of the reaction zone of the
      first stage is a gas containing methane, hydrogen, carbon monoxide, carbon
      dioxide and unreacted steam.
PAR  According to the method of the present invention, the product gas coming
      out of the reaction zone of the first stage is subsequently subjected to
      the steam-reforming reaction in the reaction zone of the second stage upon
      mixing with newly added steam, if necessary, and another hydrocarbon whose
      mean molecular weight is larger than that of the hydrocarbon subjected to
      the treatment in the reaction zone of the first stage, at the inlet
      temperature in the range of 300.degree. to 550.degree.C and under the
      pressure optionally chosen - preferably in the range of 0 to 100
      Kg/cm.sup.2 G -- in the presence of a nickel-containing catalyst. As the
      nickel-containing catalyst to be employed on this occasion, the same as
      that employed in the reaction zone of the first stage will do.
PAR  Although the steam-reforming reaction in the reaction zone of the second
      stage is effected on comparatively heavy hydrocarbons, inasmuch as this
      steam-reforming reaction is performed in the presence of the product gas
      coming out of the reaction zone of the first stage which contains methane,
      hydrogen, carbon dioxide, etc., the life of the catalyst is long,
      accomplishing a smooth reaction in spite of the lowered ratio of steam
      applied as compared with the conventional steam-reforming of hydrocarbons.
      In this connection, the quantitative ratio of the hydrocarbons to be
      treated in the reaction zone of the first stage to the hydrocarbons to be
      treated in the reaction zone of the second stage may be determined
      appropriately.
PAR  Therefore, according to the method of the present invention, even such
      feeds as heavy naphtha, kerosene, etc., whose employment for the purpose
      of obtaining a methane-containing gas through gasification reaction
      thereof has heretofore been considered unprofitable from the economic
      point of view, can be effectively treated as a result of combination of
      these feeds with a hydrocarbon having mean molecular weight smaller than
      theirs. Besides, on the occasion of steam-reforming reaction of
      hydrocarbons, a sharp decrease of the added steam entails as increase of
      methane contained in the resulting gas. Accordingly, the product gas to be
      obtained by the method of the present invention is best suited for use as
      a city gas or fuel gas.
PAR  Further, the present invention is characterized by the fact that the
      hydrogen-containing gas which serves for decreasing the excess steam
      employed in order to maintain for a long time the life of the catalyst for
      effecting the steam-reforming reaction, is the hydrogen-containing gas
      produced within the same reaction system. Moreover on the occasion of
      steam-reforming of comparatively heavy hydrocarbons, the
      hydrogen-containing gas resulting from the low-temperature steam-reforming
      reaction of comparatively light hydrocarbons is used instead of the
      hydrogen-containing gas produced by a high-temperature reformer such as
      disclosed in the aforesaid British Pat. No. 1,053,085. The effect of the
      employment of the product gas arising from the low-temperature
      steam-reforming reaction will be clearly understood from comparison of the
      examples embodying the method of the present invention and the comparative
      example as shown in the following.
PAR  According to the method of the present invention, it is of course possible
      to interlink a plurality of reaction zones, such as the first one, second
      one, third one and so on, to perform the foregoing treatment by stepping
      up the mean molecular weight of hydrocarbons to be treated in the
      respective reaction zones in order, thereby manufacturing said
      methane-containing gas.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Hereunder will be given examples embodying the present invention.
PAC  EXAMPLE 1
PAR  In this example, a variety of tests as follows were conducted for the sake
      of comparison. As the feed hydrocarbons, naphtha having 7.0 carbon atoms
      on the average per 1 molecule, IBP of 40.degree.C, FBP of 185.degree.C and
      specific gravity (d.sub.4.sup.15) of 0.7 and butane were employed.
PAC  Test 1
PAR  When the feed naphtha mixed with steam at the rate of 2.0 moles of steam
      per 1 carbon atom of naphtha was fed to an adiabatic reactor packed with a
      nickel-containing catalyst employing kieselguhr as the carrier at the mass
      velocity of 20,000 Kg/m.sup.2 hr and the inlet temperature of 500.degree.C
      and held under the pressure of 33 Kg/cm.sup.2 G, the outlet temperature
      became 530.degree.C. On this occasion, the distribution of temperature in
      the catalyst bed of the adiabatic reactor changed with the lapse of time
      assigned for the test as shown in the appended drawing (the solid line A
      shows the state of distribution after .theta. hours from start of test and
      dotted line B shows the state of distribution .theta. + .DELTA..theta.
      hours after the start of test.). This indicates the fact that the activity
      of catalyst is gradually deteriorated which causes the requirement of
      still more catalyst to complete the reaction and to attain an equilibrium.
      It is possible to figure out the amount of catalyst being required for
      completion of the reaction on this occasion through measurement of the
      distribution of temperature. Therefore, by applying this method, the
      amount of catalyst being required for completion of the reaction after 500
      hours from the start of test was estimated. Further, the composition of
      the product gas on this occasion was also analyzed.
PAC  Test 2
PAR  When the feed butane mixed with steam at the rate of 5.0 moles of steam per
      1 carbon atom of butane was fed to an adiabatic reactor of the first
      reaction stage packed with the same nickel-containing catalyst as that in
      Test 1 above at the mass velocity of 20,000 Kg/m.sup.2 hr and the inlet
      temperature of 544.degree.C and held under the pressure of 33 Kg/cm.sup.2
      G, the outlet temperature became 500.degree.C.
PAR  Next, when the gas arising from this first reaction stage containing steam
      was mixed with the feed naphtha and newly added steam at the rate of 1.5
      mols of the total steam per 1 carbon atom of naphtha and fed to an
      adiabatic reactor of the second reaction stage packed with the same
      nickel-containing catalyst as above at the mass velocity of 20,000
      Kg/m.sup.2 hr and the inlet temperature of 435.degree.C to be held under
      the pressure of 33 Kg/cm.sup.2 G, the outlet temperature became
      530.degree.C. In the same way as in Test 1, the amount of catalyst being
      required for completion of the reaction after 500 hours from the start of
      the test and the composition of the product gas were measured. In this
      connection, the weight ratio of butane to be treated in the first reaction
      stage to naphtha to be treated in the second reaction stage was 1.0:3.43.
PAC  Test 3
PAR  When the feed hydrocarbon composed of butane and naphtha at the weight
      ratio of 1:3.43 was mixed with steam at the rate of 1.8 moles of steam per
      1 carbon atom of said feed hydrocarbon and fed to an adiabatic reactor
      packed with the same nickel-containing catalyst as that in Test 1 above at
      the mass velocity of 20,000 Kg/m.sup.2 hr and the inlet temperature of
      495.degree.C to be held under the pressure of 33 Kg/cm.sup.2 G, the outlet
      temperature became 530.degree.C. In the same way as in Test 1, the amount
      of catalyst being required for completion of the reaction after 500 hours
      from the start of test and the composition of the product gas were
      measured.
PAC  Test 4
PAR  The feed butane mixed with steam at the rate of 5.0 mols of steam per 1
      carbon atom of butane was fed to an adiabatic reactor of the first
      reaction stage packed with a nickel-containing catalyst for use in
      high-temperature reforming at the temperature of 400.degree.C and held
      under the pressure of 33 Kg/cm.sup.2 G, whereby the outlet temperature of
      800.degree.C was attained.
PAR  When the product gas together with unreacted steam coming out of this first
      reaction stage was mixed with the feed naphtha and newly added steam at
      the rate of 1.5 mols of the total steam per 1 carbon atom of naphtha and
      fed to an adiabatic reactor of the second reaction stage packed with the
      same nickel-containing catalyst as that in Test 1 at the inlet temperature
      of 435.degree.C, the outlet temperature became 625.degree.C.
PAR  On this occasion, the weight ratio of butane to naphtha was made to be
      1:3.43.
PAC  TEST 5.
PAR  Except for making the weight ratio of butane to naphtha to be 1.0:15.7, the
      same treatment as in Test 4 was performed. As a result, the temperature at
      the outlet of the adiabatic reactor of the second reaction stage became
      537.degree.C.
     Result of Test                                                            

     __________________________________________________________________________

     Test      1     2           3     4           5                           

     number of 1     1     2     1     1     2     1     2                     

     stage                                                                     

     wt. ratio of                                                              

     hydrocarbon to        3.43              3.43        15.7                  

     be treated                                                                

     temperature                                                               

                500.about.                                                     

                      544.about.                                               

                            435.about.                                         

                                  495.about.                                   

                                        400.about.                             

                                              435.about.                       

                                                    400.about.                 

                                                          435.about.           

     (.degree.C)                                                               

               530   500   530   530   800   625   800   537                   

          CH.sub.4                                                             

               26.1  11.6  37.2  28.7  2.0   29.4  2.0   29.8                  

     Composi-                                                                  

     tion of                                                                   

          H.sub.2                                                              

               9.9   8.7   9.0   9.9   33.8  17.7  33.8  10.2                  

     product                                                                   

     gas  CO   0.5   0.1   0.8   0.5   4.8   2.6   4.8   0.7                   

          CO.sub.2                                                             

               10.8  5.3   13.0  11.0  7.6   12.3  7.6   11.7                  

     (vol.%)                                                                   

          H.sub.2 O                                                            

               52.7  74.3  40.0  49.9  51.9  38.0  51.8  47.6                  

          total                                                                

               100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0                 

     amount                                                                    

     of                                                                        

     catalyst                                                                  

          at                                                                   

     being                                                                     

          each 0.72  0.24  0.48  0.86        0.92        0.48                  

     required                                                                  

          stage                                                                

     for                                                                       

     comple-                                                                   

     tion of                                                                   

     reaction                                                                  

     500 hrs                                                                   

     after                                                                     

          total                                                                

               0.91* 0.72        0.86                                          

     the start                                                                 

     of test                                                                   

     __________________________________________________________________________

      *To equalize the quantity of hydrocarbons employed, 1.9 Kg of catalyst   

      necessary for the treatment of butane was added (when the molar ratio of 

      steam per 1 carbon atom of butane was 1.5).                              

PAR  As seen in this Table, inasmuch as Tests 4 and 5 above were conducted by
      employing a high-temperature steam-reforming apparatus requiring
      comparatively expensive equipment in the first stage of the reaction, it
      is impossible to compare directly the results of measurement of the amount
      of catalyst required for completion of reaction after 500 hours from the
      start of test, but the concentration of methane in the product gas is
      obviously lower than that in Test 2 corresponding to the embodiment of the
      present invention.
PAR  And this Result of Test verifies that the product gas obtained in Test 2 is
      high in concentration of methane and best suited for fuel gas.
PAR  In the case of Test 4 wherein the weight ratio of butane to naphtha was
      1:3.43, because of the presence of plenty of hydrogen in the reaction
      system, there concurrently took place a hydrogenating decomposition
      reaction and a rise in the temperature of the catalyst at the time of the
      steam-reforming reaction, rendering long retention of the activity of
      catalyst difficult.
PAR  The retention of the activity of catalyst has heretofore required to
      raising of the molar ratio of steam to the feed hydrocarbons. But, this
      Result of Test proves that, if the amount of catalyst necessary for
      completion of the reaction after 500 hours from the start thereof is
      equal, the molar ratio of steam to the feed hydrocarbon is minimized by
      the method employed in Test 2.
PAC  EXAMPLE 2
PAR  By making a light fraction of hydrocarbon having A.P.I. Gravity of
      78.85.degree. and a boiling point range of 37.degree. to 119.degree.C
      mixed with steam at the rate of 4 mols of steam to 1 carbon atom pass
      through a nickel-containing catalyst employing kieselguhr as the carrier
      at the inlet temperature of 517.degree.C for the first reaction stage and
      the feed rate of 0.1580 l/hr under the pressure of 33 Kg/cm.sup.2 G, a
      steam-reforming reaction was performed. As a result, the outlet
      temperature of the first reaction stage was 500.degree.C, and the
      composition of the gas coming out of the first reaction stage was as
      follows:
     CH.sub.4        14.25 % (Vol)                                             

     H.sub.2          8.49                                                     

     CO               0.16                                                     

     CO.sub.2         6.53                                                     

     H.sub.2 O       70.57                                                     

PAR  Subsequently, by making a heavy fraction of hydrocarbon having A.P.I.
      Gravity of 47.60.degree. and a boiling point range of 143.degree. to
      238.degree.C and mixed with the foregoing product gas as well as unreacted
      steam at the rate of 2 mols of the total steam including the steam coming
      out of the first reaction stage plus newly added steam per 1 carbon atom
      of said heavy fraction of hydrocarbon pass through a nickel-containing
      catalyst employing kieselguhr as the carrier at the inlet temperature of
      469.degree.C for the second reaction stage and the feed rate of 0.60 l/hr
      under the pressure of 33 Kg/cm.sup.2 G, a steam-reforming reaction was
      performed. As a result, the outlet temperature of the second reaction
      stage was 540.degree.C, and the composition of the gas coming out of the
      second reaction stage was as follows:
TBL  CH.sub.4        28.68 % (vol)                                             

     H.sub.2         10.15                                                     

     CO               0.73                                                     

     CO.sub.2        12.68                                                     

     H.sub.2 O       47.76                                                     

PAR  As the result of measurement of the temperature distribution in the
      catalyst bed, the amount of catalyst required for completion of reaction
      after 50 hours, after 100 hours and after 150 hours from the start of
      reaction was 0.530 Kg, 0.588 Kg and 0.600 Kg, respectively.
PAC  COMPARATIVE EXAMPLE
PAR  When the same feed mixture containing hydrocarbons having A.P.I. Gravity of
      47.60.degree. and the boiling point range of 143.degree. to 238.degree.C
      as that employed in Example 2 above was mixed with steam at the rate of 2
      mols per 1 carbon atom of said feed hydrocarbons and treated with a
      nickel-containing catalyst employing kieselguhr as the carrier at the
      first reaction stage by applying the inlet temperature of 484.degree.C,
      the pressure of 33 Kg/cm.sup.2 G and the charging feed of 0.6 l/hr, the
      composition of the resulting gas was as follows:
TBL  CH.sub.4        25.41 % (vol)                                             

     H.sub.2         10.35                                                     

     CO               0.66                                                     

     CO.sub.2        12.10                                                     

     H.sub.2 O       51.48                                                     

PAR  However, after 10 hours from the start of reaction, the catalyst showed a
      remarkable deterioration, the pressure drop of the reaction column was
      increased and the test would not be continued. When the catalyst was taken
      out and examined after the test, there was observed a carbonaceous
      material deposited onto the catalyst.
PAC  EXAMPLE 3
PAR  The feed hydrocarbons having IBP of 45.degree.C and FBP of 243.degree.C
      were distilled to obtain a light fraction having IBP of 37.degree.C and
      FBP of 152.degree.C and a heavy fraction having IBP of 144.degree.C and
      FBP of 249.degree.C.
PAR  The thus obtained light hydrocarbon fraction was mixed with steam in the
      ratio of 4 mols of steam to 1 carbon atom of hydrocarbon, and then the
      mixture was fed into an adiabatic reactor packed with a catalyst in a
      quantity as shown below, for reaction therein at the inlet temperature of
      515.degree.C and under the inside pressure of 33 Kg/cm.sup.2 G. During
      said reaction, the hydrocarbon was supplied at the rate of 0.155 l/hr and
      the outlet temperature was measured as 500.degree.C.
PAR  Subsequently, the thus produced gas was mixed with a heavy fraction of
      hydrocarbon in the ratio of 2 mols of steam, including unreacted steam
      arising from the first reactor as well as additional steam, to 1 carbon
      atom of hydrocarbon, so that a further reaction was carried out within the
      second reactor by feeding said mixture therein at the inlet temperature of
      465.degree.C, under the pressure of 33 Kg/cm.sup.2 G and with the supply
      of the heavy fraction at the rate of 0.61 l/hr.
PAR  The outlet temperature of the second reactor was measured as 540.degree.C
      and the gas composition was observed as below.
TBL  ______________________________________                                    

            CH.sub.4     28.78 Vol%                                            

            H.sub.2      10.12  "                                              

            CO            0.71  "                                              

            CO.sub.2     12.65  "                                              

            H.sub.2 O    47.74  "                                              

     ______________________________________                                    

PAR  In addition, it should be noted that the first and second reactors were
      packed with a nickel-containing catalyst, employing kieselguhr as a
      carrier, in the quantity of 0.6 Kg and 0.8 Kg respectively, and it was
      after 540 hrs from the outset of reaction that the unreacted hydrocarbon
      was observed being blown out therefrom.
PAC  COMPARATIVE EXAMPLE
PAR  Without fraction distillation the feed hydrocarbons (having IBP of
      45.degree.C and FBP of 243.degree.C), which had been used in Example 3,
      was brought into contact with a nickel-containing catalyst bed together
      with steam at the rate of 2 mols of H.sub.2 O to 1 carbon atom of
      hydrocarbon. The nickel-containing catalyst was just the same was used in
      Example 3.
PAR  On this occasion the inlet temperature of the reactor was kept at
      487.degree.C while the pressure therein was 33 Kg/cm.sup.2 G; however the
      reaction was stopped after the elapse of 15 hrs from the start, since a
      gradual increase of the pressure drop was observed in the catalyst bed,
      whereby an immense deterioration of activity thereof was expected, as
      apparent from the graph illustrating the temperature distribution in the
      catalyst bed.
PAR  When the catalyst bed was taken out for examination after the test, there
      was observed the deposition of carbonaceous material upon the catalyst.
PAC  EXAMPLE 4
PAR  0.5 liter of the feed butane mixed with 0.72 Kg/hr of steam in the ratio of
      1 mol of butane to 2 mols of steam was fed into the first reactor packed
      with a nickel-containing catalyst employing kieselguhr as the carrier at
      the inlet temperature of 487.degree.C, while the pressure in said reactor
      was kept at 25.9 Kg/cm.sup.2 G, thus inducing the outlet temperature of
      500.degree.C.
PAR  The gas arising from the first reaction stage was mixed with naphtha
      (having IBP of 40.degree.C, FBP of 175.degree.C and specific gravity
      56.degree.C) at the rate of 0.37 l/hr, in order that the mixture was
      subsequently fed into the second reactor which was packed with a
      nickel-containing catalyst just like the first reactor was at the inlet
      temperature of 489.degree.C. When the pressure in said reactor was kept
      constantly at 25.9 Kg/cm.sup.2 G, the outlet temperature thereof rose to
      530.degree.C. The following is the composition of the product gas on this
      occasion:
TBL  CH.sub.4            64.2 % (Vol)                                          

     H.sub.2             12.1 %                                                

     CO                   1.6 %                                                

     CO.sub.2            22.1 %                                                

PAR  In addition, the first and second reactors were packed with catalyst in the
      quantity of 0.4 Kg and 0.5 Kg, respectively. Even after an operation of
      600 hrs of the reactor, no unreacted naphtha was blown out therefrom.
PAC  COMPARATIVE EXAMPLE
PAR  A mixture of 0.5 l/hr of butane and 0.37 l/hr of naphtha was mixed with
      0.72 Kg/hr of steam at the rate of 0.99 for steam to mixture, so as to be
      fed into an adiabatic reactor packed with a nickel-containing catalyst
      just the same as was employed in Example 4.
PAR  However, the test was stopped of necessity after it was started, since a
      continuous increase of the pressure drop in the catalyst bed was observed.
      When the catalyst was taken out therefrom after the test, the deposition
      of carbonaceous material was found upon the catalyst.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing gas rich in methane by reforming hydrocarbon
      having an average of two or more carbon atoms per molecule, in at least
      two stages, which comprises;
PA1  feeding into a first reforming zone a first reactant gas consisting
      essentially of a mixture of steam and first hydrocarbon having a low mean
      molecular weight with said reactant gas containing from 1.0 to 5.0 mols of
      steam per one carbon atom of said first hydrocarbon, and adiabatically
      effecting a first reforming reaction in said first reforming zone by
      contacting said reactant gas, at a pressure of 0 to 100 kg/cm.sup.2 gauge,
      with a first bed of nickel-containing reforming catalyst, effective to
      maintain the gas in the first reforming zone at a temperature of
      350.degree. to 550.degree.C, to produce a first reaction product gas
      consisting essentially of methane, hydrogen, carbon monoxide, carbon
      dioxide and steam,
PA1  feeding into a second reforming zone a second reactant gas comprising a
      mixture of said reaction product gas from said first zone and second
      hydrocarbon having a mean molecular weight higher than that of said first
      hydrocarbon wherein the ratio of steam per 1 carbon atom of said
      hydrocarbon in said second reactant gas is lower than the corresponding
      ratio in said first reactant gas,
PA1  and adiabatically effecting a second reforming reaction by contacting said
      second reactant gas, at a pressure of 0 to 100 Kg/cm.sup.2 gauge, with a
      second bed of nickel-containing reforming catalyst, effective to maintain
      the gas in said second reforming zone at a temperature of 300.degree. to
      550.degree.C to produce a second reaction product gas which is rich in
      methane, the difference between the mean molecular weight of said first
      and second hydrocarbon and the relative amount of said first and second
      hydrocarbon fed to the first and second zones respectively being
      sufficient to substantially prolong the life of the reforming catalyst as
      compared to the use of a mixture of the first and second hydrocarbon as a
      feed for both the first and second reforming zones.
NUM  2.
PAR  2. A process according to claim 1, wherein said hydrocarbons having an
      average of two or more carbon atoms per molecule are selected from the
      group consisting of petroleum refinery gas, liquefied petroleum gas, light
      naphtha, heavy naphtha and kerosene.
NUM  3.
PAR  3. A method according to claim 1, wherein the number of the reaction zones
      is two.
NUM  4.
PAR  4. A method according to claim 1, wherein said hydrocarbons having low mean
      molecular weight and hydrocarbons having higher mean molecular weight are
      obtained by fractionating hydrocarbons having an average of two or more
      carbon atoms per molecule, recovering separately two fractions having
      lower and higher boiling point range respectively, utilizing said fraction
      having a lower boiling point range as said first hydrocarbon and utilizing
      said fraction having a higher boiling point range as said second
      hydrocarbon.
NUM  5.
PAR  5. A process according to claim 1, in which said second reactant gas
      consists essentially of a mixture of said reaction product gas from said
      first zone, said second hydrocarbon and an additional quantity of steam
      fed directly into said second reforming zone.
NUM  6.
PAR  6. A process according to claim 1, in which said second reactant gas
      consists essentially of a mixture of said reactant product gas from said
      first zone and said second hydrocarbon.
NUM  7.
PAR  7. A process according to claim 1 wherein the temperature of the first
      reaction product gas at the outlet end of said first reforming zone is
      lower than the temperature of the reactant gas fed into the inlet end of
      said first reaction zone, and the temperature of the second reaction
      product gas at the outlet end of said first reaction zone is higher than
      the temperature of the second reactant gas fed into the inlet end of said
      further reaction zone and is higher than the temperature of the first
      reaction product gas at the outlet end of said first reforming zone.
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PAL  Complex aspheric optical surfaces may be made reliably and relatively
      rapidly by a method in which one surface of a relatively thick glass block
      is ground and polished to the desired aspheric surface, which may be
      tested in a system including master optics of the remaining components.
      This master die block may then be used to generate reverse die plates by
      drawing thin glass blanks against the configured surface thereof and
      polishing to an optical flat. These reverse die plates are then mounted on
      a base die block and deformable glass blanks are drawn against the
      configured surface thereof and the opposite surface polished to an optical
      flat. Upon removal, the glass blanks assume a curvature identical to the
      original aspheric surface of the master die block.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various methods have been used for making complex aspheric optical
      surfaces, particularly for Schmidt corrector plates used in
      Schmidt-Cassegrain telescopes and Schmidt cameras. Various techniques have
      been proposed involving the drawing of the glass blank into contact with a
      die surface to facilitate reproduction to high accuracy. Illustrative of
      two of such methods are U.S. Pat. No. 3,837,124 granted Sept. 24, 1974 to
      Thomas J. Johnson and John F. O'Rourke, and U.S. Pat. No. 3,837,125
      granted Sept. 24, 1974 to Thomas J. Johnson, both patents directed to a
      vacuum deformation technique using a configured die surface.
PAR  In Johnson U.S. Pat. No. 3,837,124, a two piece Schmidt corrector plate die
      assembly comprises a glass block and a thin glass die plate optically
      contacted therewith and having the inverse of the desired curve. This die
      plate is produced by first grinding and polishing a glass blank to the
      desired figure, locating its optical center, optically contacting this
      plate to a solid block with the central axis of the plate coinciding with
      the rotational axis of the block, and vacuum deforming a third glass piece
      onto this combination. This third glass piece is then ground and polished
      to become the inverse die plate in the master die.
PAR  Johnson U.S. Pat. No. 3,837,125 uses a thick one piece master die which
      itself is ground and polished to a curve inverse to that of the desired
      curve, rendering testing of the curve somewhat involved as test corrector
      plates must be produced therefrom for testing as the surface is being
      figured. The configuration of these test plates must be optically analyzed
      and the apparent corrections to the figure of the master die estimated.
      Then these corrections must be figured into the master die. If any changes
      are desired in the production plates which would necessitate refiguring
      the master die, this indirect testing procedure must be repeated.
PAR  Accordingly, it is an object of this present invention to provide a novel
      and relatively facile method for producing complex aspheric optical
      surfaces efficiently and accurately.
PAR  It is also an object to provide such a method wherein a one piece master
      die is used to make inversely curved die plates and is relatively rugged
      and is figured to the curve to be produced, thus facilitating direct
      optical testing.
PAR  Another object is to provide an apparatus for use in such a method.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the foregoing and related objects of the
      invention are readily attained in a method for making complex aspheric
      optical surfaces wherein a glass block is initially formed with a pair of
      substantially parallel flat surfaces. One parallel surface of the block is
      ground and polished to the desired aspheric configuration to form a master
      die block and then there is brought into contact with the aspheric surface
      of the master die block an optically flat surface of a deformable glass
      blank. A vacuum is drawn through the master die block to deform the glass
      blank into optical contact with the aspheric surface, and the opposite
      surface of the glass blank is ground and polished to substantially an
      optical flat to provide a die plate. Upon releasing the vacuum and
      removing the die plate from the master die block, the opposite surface of
      the die plate assumes a configuration substantially inverse to that of the
      aspheric surface of the master die block. Thereafter the optically flat
      surface of the die plate is brought into optical contact with an optically
      flat surface of a base die block to form a die block assembly with the
      aspherically configured surface of the die plate being exposed and
      providing a configuration substantially inverse to that of the aspheric
      surface of the master die block.
PAR  Once a die block assembly has been formed a finished optical surface is
      made therefrom by bringing into contact with the aspherically configured
      surface of the die block assembly an optically flat surface of a
      deformable glass plate and drawing a vacuum through the die plate to
      deform the glass plate into optical contact with the aspherically
      configured surface. The opposite surface of the glass plate is ground and
      polished to substantially an optical flat, the vacuum is released and the
      glass plate is removed from the die block assembly. The opposite surface
      of the glass plate then assumes a configuration substantially conforming
      to that of the aspheric surface of the master die block.
PAR  In its preferred aspect the method of the present invention includes the
      additional step of forming at least one passage through the master die
      block extending from the aspheric surface to another surface thereof and
      drawing the vacuum therethrough. Grooves are formed in the optically flat
      surface of the glass blank and communicate with the passage through the
      master die block to facilitate drawing the vacuum between the glass blank
      and master die block. In customary practice, the opposite surface of the
      glass blank is normally ground and polished to an optical flat.
PAR  Also in its preferred aspect, the method includes the additional step of
      forming at least one passage through the base die block and die plate, the
      passage through the base die block and die plate communicating upon
      formation of the die block assembly and extending from the aspherically
      configured surface to another surface thereof. Grooves are formed in the
      aspherically configured surface of the die plate and communicate with the
      passage therethrough to facilitate drawing the vacuum between the die
      plate and the glass plate to be figured thereon. The opposite surface of
      the glass plate is normally ground and polished to an optical flat.
PAR  Thus the present invention utilizes a unique assembly for making inverse
      curve die plates for the production of complex aspheric optical surfaces
      comprising a master die block and a deformable glass blank wherein the
      master die block has one surface with the desired aspheric configuration
      and at least one passage extending therethrough from the aspheric surface
      to another surface thereof and may be tested to ensure that it has the
      desired figure. The glass blank has an optically flat surface with grooves
      therein disposed adjacent and drawn into optical contact with the aspheric
      surface of the master die block to conform thereto, and its grooves
      communicate with the passage in the master die block for drawing of the
      vacuum therebetween. In accordance with usual practice, the exposed
      surface of the glass blank opposite the optically flat surface is ground
      optically flat while in this assembly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of a glass block used in the present
      invention prior to grinding and polishing;
PAR  FIG. 2 is a cross sectional view of the glass die block formed into a
      master die block;
PAR  FIG. 3 is a bottom view of a thin glass blank used to produce a reverse die
      plate;
PAR  FIG. 4 is a cross sectional view of the glass blank along the line 4--4 of
      FIG. 3;
PAR  FIG. 5 is a cross sectional view of the thin glass blank of FIG. 3 vacuum
      deformed into optical contact with the master die block of FIG. 2;
PAR  FIG. 6 is a cross sectional view of the assembly of FIG. 5 with the upper
      surface of the glass blank ground and polished flat to provide a die
      plate;
PAR  FIG. 7 is a cross sectional view of the assembly of FIG. 6 after the vacuum
      is released and the die plate removed;
PAR  FIG. 8 is a cross sectional view of a die block assembly provided by the
      die plate of FIG. 7 mounted upon a base die block;
PAR  FIG. 9 is a cross sectional view of the assembly of FIG. 8 with a thin
      glass blank vacuum deformed into optical contact therewith;
PAR  FIG. 10 is a cross sectional view of the assembly of FIG. 9 with the upper
      surface of the glass blank ground and polished flat; and
PAR  FIG. 11 is an elevational view of the finished optical piece after removal
      from the assembly of FIG. 10 and release into undeformed condition.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the attached drawings in detail, FIGS. 1 and 2 illustrate
      the method of generating the initial thick master die block. In FIG. 1,
      there is shown a thick glass block generally designated by the numeral 10
      which is selected to ensure good optical properties and has good anneal.
      Its diameter is greater than that of the desired aspheric of the final
      optical product and the composition of the glass is one which will ensure
      long life. Its thickness may vary but should be sufficiently great to
      ensure freedom from deformation and a high degree of structural strength.
      As seen the die block 10 is of disc-shaped configuration and it has its
      major parallel surfaces 22, 23 initially polished to an optical flat and
      substantially absolute parallelism.
PAR  Known methods are used to grind and polish the surace 23 to the desired
      aspheric configuration to form the curved surface 26 illustrated in FIG.
      2. Using a die block 10 with parallel optically flat surfaces 22, 23
      effectively eliminates any tendency for a wedge effect which might result
      in the event that the surfaces were not parallel prior to figuring. After
      grinding and polishing the estimated rough curve, the die block 10 may be
      tested readily and directly to determine the further figuring required by
      assembling the die block 10 in an optical test stand (not shown) which
      simulates the complete optical system for which the final optical piece is
      intended. The master die block 10 substitutes for the final optical
      element which is to be produced therefrom and thus any deviations from the
      desired curve may be determined readily against precisely formed master
      optical components for the other elements of the optical system. Standard
      testing methods may be used to determine any portion of the curved surface
      26 of the die block which is overcorrected or undercorrected and/or zonal
      problems. The corrections required to the curved surface 26 may thus be
      determined directly upon that curved surface and these corrections
      polished into the curved surface 26 during further figuring operations.
      This process of polishing, direct testing and refiguring may be repeated
      until the curved surface 26 reaches the desired degree of optical
      perfection.
PAR  The final master die block 10 is illustrated in FIG. 2 and includes a
      central passage 18. This passage may be provided prior to the grinding and
      polishing operation or subsequent thereto; if provided previously, it
      should be plugged during the grinding and polishing operation and
      unplugged thereafter.
PAR  Following completion of the master die block 10 shown in FIG. 2, it is then
      used to produce large numbers of inverse die plates generally designated
      by the numeral 14 by the method partially diagrammatically illustrated in
      FIGS. 3-7. Turning first to FIGS. 3 and 4, a relatively thin deformable
      glass blank generally designated by the numeral 14 is of disc-shaped
      configuration with parallel surfaces 24 and 25. The surface 24 is
      initially ground and polished to an optical flat and is provided with a
      circumferential and radial grooves 20. The surfaces of the glass blank 14
      must be free from burrs and the glass must be free of striae.
PAR  As seen in FIG. 5, the glass blank 14 is placed upon the master die block
      10 with its optically flat surface 24 against the curved surface 26 of the
      master die block 10. The grooves 20 communicate with the passage 18 in the
      master die block 10 and a sealant compound 15 is placed about the
      circumferential joint between the die block 10 and glass blank 14. When
      vacuum is now drawn through the central passage 18, the glass blank 14 is
      drawn downwardly and deformed into optical contact with the aspheric
      surface 26 of the master die block 10 to produce the assembly illustrated
      in FIG. 5.
PAR  In the next step, while the vacuum maintains the glass blank 14 in the
      deformed condition, the surface 25 of the glass blank is ground and
      polished to an optical flat as seen in FIG. 6. Upon release of the vacuum
      and separation of the glass blank 14 from the master die block 10, the
      glass blank 14 returns to its undeformed condition and assumes the
      configuration shown in FIG. 7 wherein the surface 25 becomes the aspheric
      surface 28 with a curve inverse to that of the curve 26 of the master die
      block 10. The die plate 14 is then provided with a central passage 23
      (shown in FIG. 8) and it may be provided with a similar pattern of
      circumferential and radial grooves 21 (also seen in FIG. 8) in the
      aspheric surface 28 at this stage of operation. The surfaces of the
      inverse die plate 14 thus produced are thoroughly cleaned and the die
      plate is checked to ensure freedom from flaws.
PAR  The inverse die plate 14 is thereafter utilized to form a die block
      assembly illustrated in FIG. 8. More particularly, a relatively thick
      glass block generally designated by the numeral 12 having its parallel
      surfaces polished to optical flatness is of generally disc-shaped
      configuration and has a central passage 27 extending therethrough. This
      glass block 12 forms the base portion of the die block assembly and should
      be carefully selected for good optical properties and be of durable
      composition. Its surfaces are scrupulously cleaned, and the grooved
      surface 24 of the inverse die plate 14 is then brought into optical
      contact with one of the optically flat surfaces of the base die block 12
      so that the central passages 23 and 27 are aligned. A sealant 17 is placed
      about the circumferential joint between the inverse die plate 14 and base
      die block 12. If so desired, the circumferential and radial grooves 21 in
      the die plate surface 28 may be ground at this point because of the
      increased support for the die plate 14 rather than at the prior stage
      following separation from the master die block 10. The resultant composite
      structure comprises the die block assembly generally designated by the
      numeral 16.
PAR  In the next step of the method, a deformable glass blank 30 of generally
      disc-shaped configuration is carefully selected to ensure good optical
      properties. It is ground and polished to optical flatness on at least one
      of its parallel surfaces 32, 34 and one of the optically flat surfaces 34
      is placed in contact with the aspheric surface 28 of the die block
      assembly 16. Sealant 19 is placed about the circumferential joint between
      the glass blank 30 and inverse die plate 14, and a vacuum is then drawn
      through the passages 27 and 23 to deform the glass blank 30 into optical
      contact with the surface 28 of the die block assembly 16, as seen in FIG.
      9.
PAR  In the next step, the exposed surface 32 of the glass blank 30 is ground
      and polished to optical flatness with the glass blank 30 maintained in
      deformed optical contact with the inverse die plate 14 of the die block
      assembly 16. The resultant condition of the glass blank 30 is illustrated
      in FIG. 10 prior to release of the vacuum and removal of the glass blank
      30 therefrom.
PAR  Lastly, the vacuum being drawn through the passages 27 and 23 of the die
      block assembly 16 is released, the sealant 19 removed and the glass blank
      30 separated from the die block assembly 16. Upon separation the glass
      blank 30 assumes its undeformed condition with the surface 32 as seen in
      FIGS. 9 and 10 assuming an aspheric curved configuration 33 identical to
      the aspheric surface 26 of the master die 10. The opposite surface 34
      which has previously been polished to an optical flat returns to its
      normal optical flat condition. The finished optical plate 30 is thereafter
      cleaned and inspected to ensure freedom from flaws and may be tested
      directly in a same or similar optical test bench.
PAR  In order to ensure complete optical contact of the glass plate being formed
      over the full surface area to be configured, it is frequently desirable to
      make the master die and die block assembly somewhat larger than the
      intended diameter for the finished piece, particularly where th curve is
      relatively steep on the order of f/2. This accommodates the tendency for
      the glass plate to tend to pull up about the circumference during the
      grinding and polishing operations in the event that the seal about the
      joint therebetween should fail. For example, in the manufacture of
      finished Schmidt corrector plates of 8 inches diameter, the dies and the
      glass blanks employed are conveniently 10 inches in diameter with the
      circumferential portion being removed at the end of the fabricating
      operation. However, where the curve is relatively shallow (on the order of
      f/5), it is much easier to draw the plate into full contact over the
      entire surface.
PAR  It is extremely important that the dies and the glass plates being formed
      into the finished product be coaxially aligned to ensure concentricity
      within the system and to permit interchangeability. This is most
      conveniently accomplished by grinding the disc-shaped pieces being
      employed to fabricate the die components and the glass blanks being
      processed to close tolerance as to diameter and to circumference. In
      practice a tolerance of not more than about 0.001 inch should be held to
      obtain superior results. The disc-shaped elements may then be
      concentrically aligned using the ground circumferential edges and dial
      indication to ensure dimensional and configurational accuracy.
PAR  This high degree of control of the circumferential dimension and
      configuration facilitates other operations such as the coring operations
      necessary to provide the through passages for drawing the vacuum and the
      cutting operations to provide the grooves. The glass disc may be disposed
      within a precision cavity of a jig or other suitable holding apparatus and
      the various points determined from the periphery. Moreover, after
      precision coring of the center passage of the final product, the
      peripheral portion may be removed by then locating in the precision core a
      radial arm cutter which will cut away the peripheral portion as it is
      rotated about the core.
PAR  The number and pattern of the grooves to assist in drawing the vacuum over
      the entire contact surface area may vary depending upon the size of the
      components, the amount of vacuum to be drawn and the amount of deformation
      desired as well as the thickness of the glass elements being deformed. The
      wheel and spoke pattern illustrated serves efficiently with the
      circumferential groove being located close to the outer edge of the glass
      area intended to be used. As seen the grooves communicate with the passage
      through which the vacuum is being drawn and serve to distribute the
      applied vacuum over the contact surface. The grooves should be relatively
      shallow to maintain the strength of the glass and should be relatively
      narrow to preclude any tendency of the glass being deformed thereinto.
PAR  In the described process only a central passage through the master die
      block and die block assembly is shown, but a plurality of passages may be
      used and may extend from anywhere on the curved surface of the die block
      to the opposite or a lateral surface. The surfaces of the master die block
      are generally ground and polished parallel prior to figuring one surface
      thereof but any wedge may be ground out during the figuring process.
PAR  The surfaces of the vacuum deformed glass blank and glass plate are
      generally ground and polished optically flat, but a curvature may be
      figured thereinto if changes are desired in the finished optical surface
      while retaining the configuration of the master die block. Otherwise, the
      master die block may be refigured, tested, and optical pieces having
      completely different aspheric surfaces produced therefrom.
PAR  The master die block, base die block, and reverse die plate are most
      preferably formed of Cervit, quartz or fused silica, but may be of any
      glass having comparable durability and a low thermal coefficient of
      expansion. The corrector plates are normally made from plate glass having
      good optical qualities, but certainly other glass may be used. The sealing
      substance used is wax or, if a semi-permanent bond is desired, fingernail
      polish, but clearly comparable substitutes may be used therefor.
PAR  Thus, it can be seen from the foregoing specification and drawings that the
      method of the present invention provides a novel and relatively facile
      method for producing complex aspheric optical surfaces. A solid, rugged
      master die with one surface having the curve to be produced is used, thus
      facilitating direct testing thereof.
CLMS
STM  Having thus described the invention, I claim:
NUM  1.
PAR  1. In a method for making complex aspheric optical surfaces, the steps
      comprising:
PA1  a. forming a thick, non-deformable integral glass block with a pair of
      substantially parallel flat surfaces;
PA1  b. grinding and polishing one parallel surface of said block to the desired
      aspheric configuration to form a thick, non-deformable integral master die
      block;
PA1  c. bringing into contact with said aspheric surface of said master die
      block an optically flat surface of a deformable glass blank;
PA1  d. drawing a vacuum through said master die block to deform said glass
      blank into optical contact with said aspheric surface;
PA1  e. grinding and polishing the opposite surface of said glass blank to
      substantially an optical flat to provide a die plate;
PA1  f. releasing said vacuum and removing said die plate from said master die
      block, said opposite surface of said die plate assuming a configuration
      substantially inverse to that of said aspheric surface of said master die
      block;
PA1  g. bringing said optically flat surface of said die plate into optical
      contact with an optically flat surface of a base die block to form a die
      block assembly with the aspherically configured surface of said die plate
      being exposed and providing a configuration substantially inverse to that
      of said aspheric surface of said master die block;
PA1  h. bringing into contact with said aspherically configured surface of said
      die block assembly an optically flat surface of a deformable glass plate;
PA1  i. drawing a vacuum through said die plate to deform said glass plate into
      optical contact with said aspherically configured surface;
PA1  j. grinding and polishing the opposite surface of said glass plate to the
      desired flatness; and
PA1  k. releasing said vacuum and removing said glass plate from said die block
      assembly, said opposite surface of said glass plate assuming a
      configuration substantially conforming to that of said aspheric surface of
      said master die block.
NUM  2.
PAR  2. In the method of claim 1, the additional step comprising forming at
      least one passage through said base die block and at least one passage
      through said die plate, said passage through said base die block extending
      from the optically flat surface to another surface thereof and said
      passage in said die plate extending from the optically flat surface to the
      aspherically configured surface thereof, said passages in said base die
      block and die plate communicating upon formation of said die block
      assembly, and wherein said vacuum is drawn through said passages.
NUM  3.
PAR  3. In the method of claim 2, the additional step comprising forming grooves
      in said aspherically configured surface of said die plate, said grooves
      communicating with said passage through said die plate to facilitate
      drawing the vacuum between said die plate and the glass plate to be
      configured thereon.
NUM  4.
PAR  4. In the method of claim 1, the additional step comprising forming at
      least one passage through said master die block, said passage extending
      from said aspheric surface to another surface thereof and wherein said
      vacuum is drawn through said passage.
NUM  5.
PAR  5. In the method of claim 4, the additional step comprising forming grooves
      in said optically flat surface of said glass blank, said grooves
      communicating with said passage through said master die block to
      facilitate drawing the vacuum between said glass blank and said master die
      block.
NUM  6.
PAR  6. The method of claim 1 wherein both of said surfaces of said glass block
      are ground and polished to parallel relationship and an optical flat.
NUM  7.
PAR  7. The method of claim 1 wherein said opposite surface of said glass blank
      is ground and polished to an optical flat.
NUM  8.
PAR  8. In a method for making complex aspheric optical surfaces, the steps
      comprising:
PA1  a. forming a thick, non-deformable integral glass block with a pair of
      substantially parallel flat surfaces;
PA1  b. grinding and polishing one parallel surface of said glass block to the
      desired aspheric configuration to form a thick non-deformable integral
      master die block;
PA1  c. forming at least one passage through said master die block extending
      from said aspheric surface to another surface thereof;
PA1  d. forming grooves in an optically flat surface of a deformable glass
      blank;
PA1  e. bringing said optically flat surface of said glass blank into contact
      with said aspheric surface of said master die block;
PA1  f. drawing a vacuum through said passage to deform said glass blank into
      optical contact with said aspheric surface, said grooves communicating
      with said passage to facilitate drawing the vacuum between said glass
      blank and said master die block;
PA1  g. grinding and polishing the opposite surface of said glass blank to
      substantially an optical flat to provide a die plate;
PA1  h. releasing said vacuum and removing said die plate from said master die
      block, said opposite surface of said die plate assuming a configuration
      substantially inverse to that of said aspheric surface of said master die
      block;
PA1  i. bringing said optically flat surface of said die plate into optical
      contact with an optically flat surface of a base die block to form a die
      block assembly with the aspherically configured surface of said die plate
      being exposed;
PA1  j. forming grooves in said aspherically configured surface of said die
      plate;
PA1  k. forming at least one passage through said die plate communicating with
      said grooves and at least one passage through said base die block, said
      passage through said die plate extending from the optically flat surface
      to the aspherically configured surface, said passage through said base die
      block extending from the optically flat surface to another surface
      thereof, said passages in said die plate and said base die block
      communicating upon formation of said die block assembly;
PA1  l. bringing into contact with said aspherically configured surface of said
      die block assembly an optically flat surface of a deformable glass plate;
PA1  m. drawing a vacuum through said communicating passages in said die block
      assembly to deform said glass plate into optical contact with said
      aspherically configured surface;
PA1  n. grinding and polishing the opposite surface of said glass plate to the
      desired flatness; and
PA1  o. releasing said vacuum and removing said glass plate from said die block
      assembly, said opposite surface of said glass plate assuming a
      configuration substantially conforming to that of said aspheric surface of
      said master die block.
NUM  9.
PAR  9. The method of claim 8 wherein said opposite surface of said glass plate
      is ground and polished to an optical flat.
NUM  10.
PAR  10. The method of claim 8 wherein said opposite surfaces of said glass
      blank is ground and polished to an optical flat.
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ABST
PAL  The invention relates to a method of purifying sulphuric acid containing
      mercury in a plant for the production of sulphuric acid according to the
      contact process which involves drying moist roaster gases containing
      sulphur dioxide in at least two drying towers where the major part of the
      water content is absorbed in the first drying tower. The sulphuric acid
      containing mercury is in a quantity suitably measured to maintain the
      concentration between 70 and 80 percent by weight led to the first drying
      tower. To the second drying tower is led a sulphuric acid so that the
      concentration can be maintained between 95 and 103 percent by weight. The
      mercury is separated from a partial current from the circulating sulphuric
      acid in the first drying tower.
BSUM
PAR  The present invention relates to the purification of sulphuric acid
      containing mercury in plants where moist roaster gases containing sulphur
      dioxide are available to be used in, for example, the preparation of
      sulphur trioxide or sulphuric acid.
PAR  The presence of mercury in industrial processes and the risks which this
      involves have recently been attracting growing attention. These problems
      are naturally of particularly great importance when connected with
      products such as fertilizers and animal feedstuffs. Sulphuric acid is used
      in very large quantities in the manufacturing of these products. This
      requires that the mercury content of the sulphuric acid be low. Even in
      other processes which have no direct connection with the products
      mentioned mercury can be introduced by way of sulphuric acid into process
      or product chains where evident contamination risks are present. Such a
      process is the preparation of hydrochloric acid and sodium sulphate from
      rock salt and sulphuric acid, in which the mercury largely passes to the
      hydrochloric acid and by way of this acid is passed on to new processes
      and products.
PAR  Sulphuric acid containing mercury can be obtained from sulpuric acid
      factories using the method of roasting metallic sulphides, for example,
      pyrites or zinc blende, and where the roaster gas is insufficiently
      purified. Even if adequate purification of the gas is carried out
      operational irregularities in plants of this type can temporarily lead to
      high Hg content in the acid produced. In such cases purification of the
      sulphuric acid is necessary.
PAR  A purification method for this purpose must ensure that low residual
      contents of mercury in the sulphuric acid are obtained and that the
      precipitated material containing Hg can be removed from the acid. Other
      toxic substances such as lead and arsenic must not be introduced into the
      acid either in the purification process. In certain cases several
      processes in rapid succession are required, for example, to limit the
      extent of corrosion on the apparatus of the purification plant in the
      handling of diluted acids.
PAR  German Pat. No. 1,216,263 describes a method by which concentrated
      sulphuric acid is treated with relatively large-grained elementary
      sulphur. Residual contents of 5 - 7.mu.g/g are exemplified and it states
      that contents as low as 1.mu.g/g can be reached. These contents are
      unacceptable in view of the strict purity requirements with respect to
      heavy metals now enforced by many countries.
PAR  Mercury can also be precipitated from sulphuric acid diluted or
      concentrated by treating with sulphides or hydrogen sulphides. The
      disadvantages of these methods described, for example, in German Pat. Nos.
      1,054,972 and 1,124,024, are that the acid can be contaminated by metals
      introduced as metal sulphides and that the separation of precipitated
      mercury compounds and the acid is difficult to carry out. The hygienic
      risks in the formation of hydrogen sulphide must also be taken into
      consideration.
PAR  Swedish patent application No. 11,517/72 describes a method where mercury
      is first removed from the roaster gases by means of washing with sulphuric
      acid solutions and then from the sulphuric acid solutions by precipitation
      as sulphide or selenide sometimes by reduction with certain metals. The
      used washing acids have concentrations of between 30 and 99%. Mercury
      absorption by acids of such low concentration as 30o/o is extremely
      insignificant and it must be assumed that the method functions very
      unsatisfactorily as a mercury absorber if this low concentration is used.
      In the examples quoted an acid concentration of at least 77% H.sub.2
      SO.sub.4 is used, which accords better with the known fact that mercury
      absorption to any significant extent begins with an acid concentration of
      approx. 70% H.sub.2 SO.sub.4. The possibilities of controlling the water
      balance are also unfavourably affected when an over-diluted acid is used
      in the first step of the treatment. Sulphuric acid purification combined
      with washing systems suffers also from the disadvantages described above
      concerning the introduction of other impurities into the acid and problems
      of separation.
PAR  The treatment of roaster gases in two (or more) steps with different acid
      concentrations as was used in previous processes is otherwise already
      known. German Pat. No. 1,792,573 describes a method for avoiding the
      production of "black" acid from roaster gases containing organic
      compounds. The first drying is effected in a step where the acid
      concentration is between 50 and 70%, which is so low that no oxidation of
      the organic compounds can take place. In a second tower the final drying
      takes place at the same time as the partially carbonized organic compounds
      are absorbed by the black sulphuric acid. Because of the pre-drying a
      relatively small quantity of the "black" acid is thereby produced in the
      second step.
PAR  According to German Pat. No. 1,124,024 diluted sulphuric acid (20%
      according to example in the patent specification) can be purified of
      dissolved mercury by treating with small quantities of hydrogen sulphide
      of sulphides in the presence of active carbon. The treatment can suitably
      be effected by allowing the acid after the addition of sulphide to pass
      over a bed of active carbon so that they are in contact with each other
      for 5 - 10 minutes and after the addition of hydrogen peroxide to destroy
      remaining quantities of sulphide to pass over a further bed of active
      carbon with a contact time of 3 - 6 mins. Residual contents of mercury
      corresponding to &lt; 0.1 g/t concentrated acid are recorded.
PAR  The present invention relates to a process for the purification of
      sulphuric acid by use of the drying system in a roasting gas purification
      plant by which the concentrated sulphuric acid containing mercury wholly
      or partially derived from sulphuric acid produced in another plant is led
      to a circulating sulphuric acid in a first drying tower in a plant for the
      production of sulphuric acid according to the contact process which
      involves drying moist roaster gases containing sulphur dioxide in at least
      two drying towers, where the major part of the water content is absorbed
      in the first drying tower. The quantity of sulphuric acid should be
      suitably measured to maintain a concentration of between 70 and 85 percent
      by weight and in that sulphur trioxide, oleum or sulphuric acid is led to
      a circulation circuit of sulphuric acid in the second drying tower so that
      the concentration can be maintained at between 95 and 103 percent by
      weight and that a partial current from the circulating sulphuric acid in
      the second drying tower is led to the circulating sulphuric acid in the
      first drying tower and that a partial current from the circulating
      sulphuric acid in the first drying tower is removed and purified of
      mercury by a normal known method and is led off as product acid or led to
      the absorber which is an integral part of a sulphuric acid plant using the
      contact process.
PAR  The removal of mercury from the above mentioned partial current from the
      circulating sulphuric acid can be effected by addition of at least one
      thiosulphate in such a quantity that mercury present is bound or absorbed
      to a considerable extent to precipitated solid sulphur particles.
PAR  The method thus involves using the water content of the moist gases to
      dilute the acid containing mercury by which more economic purification
      process is obtained. It is thus possible to purify sulphuric acid
      containing mercury at the same time as moist roaster gases are purified of
      any mercury content and the method makes possible an optimization leading
      to significant technical advantages in the process. It has been
      demonstrated that the present method makes it possible to obtain larger
      quantities of mercury-free sulphuric acid from an already-existing plant.
PAR  This result is obtained by diluting the acid to 70 - 85%, a concentration
      which makes advanced drying of the gas possible at the same time as
      considerable mercury absorption from the gas is achieved. The removal of
      any mercury from the gas is promoted by the fact that mercury in
      concentrated sulphuric acid is present practically exclusively as divalent
      mercury which in solution gives the following reaction:
EQU  Hg.degree.(g) + HG.sup.2.sup.+ .fwdarw.Hg.sub.2.sup.2.sup.+
PAL  This reaction is aided by a high mercury (II) ion content in the acid.
PAR  By "a thiosulphate" is meant a soluble thiosulphate preferably of an alkali
      metal. Since sodium thiosulphate is the cheapest thiosulphate it is
      preferable to use this. Potassium thiosulphate, ammonium thiosulphate,
      iron thiosulphate, lithium thiosulphate and other soluble thiosulphates
      can also be used. It is essential that the metallic ion impurity that is
      thereby introduced can be accepted in the final product. A certain content
      of sodium is normally not injurious. Thiosulphate is added in the
      proportion of 0.04 to 10 kg/m.sup.3 sulphuric acid and suitably 0.2 - 5 kg
      sodium thiosulphate (calculated as pentahydrate) in a water solution.
DRWD
PAR  The drawing illustrates a flow diagram for the method of removing mercury
      from a sulfuric acid containing gas stream.
DETD
PAR  A drying plant for sulphuric acid consisting of a first drying tower 1, a
      second drying tower 2, a converter 3 and an absorber 4. A moist roaster
      gas containing sulphur dioxide and possibly also elementary mercury is led
      via 5 to the first drying tower 1. If the roaster gases after roasting
      contains solid or gaseous mercury compounds, these are effectively
      collected in the wash which takes place in a washing tower (not shown)
      which normally precedes drying devices according to, for example, Swedish
      Pat. No. 334,598 and where the gas is saturated with water. In the first
      drying tower the gas is dried with the sulphuric acid containing mercury
      which is to be purified and which is led to drying tower 1 by conduit 6
      and further by conduit 7. In drying tower 1 the gas flows in
      countercurrent to the sulphuric acid stream whereby the major part of the
      water content of the gas is absorbed by the acid. The concentration of the
      acid thereby falls but it is tried not to let this fall below approx.
      70-85% since the water-vapour pressure above the acid thereby becomes much
      too high to enable the gas to be dried effectively. If mercury in
      elementary form accompanies the gas this will be absorbed by the acid to a
      great extent. The acid is led from the first drying tower 1 through
      conduit 8 to the circulation tank 9 and from there by means of a
      circulation pump 10 to an acid cooler 11 where the acid is cooled
      indirectly to a temperature of 20.degree. - 100.degree.C, preferably
      30.degree. - 80.degree.C, by water supplied through conduit 12 and led off
      through conduit 13. After cooling the acid is returned to the first drying
      tower by conduit 14. By means of conduit 15 the cooled acid is drained and
      led to the mixing tank 16 where a thiosulphate solution is supplied
      through conduit 17 and possibly also water through conduit 18 so as to
      improve the precipitation.
PAR  From the mixing tank 16 the sulphuric acid is led through conduit 19 to a
      separation device 20 where the precipitated solid material carrying the
      mercury content of the sulphuric acid is separated. Device 20 can consist
      of a filter press, a centrifugal filter, a centrifuge, a flotation cell or
      any other suitable device for separating precipitated material. The
      separated material can with advantage be transferred to the roasting
      furnace and be combusted. In this case 100% of the mercury will accompany
      the roaster gases and approximately 90% of this will be separated from the
      gases in the gas purification device located prior to the drying tower.
      Mercury can thus be led out of the process without any risk of
      accumulating in the purification system.
PAR  From the separation device 20 the sulphuric acid is led through conduit 21
      in a circulation circuit 22 connected to the absorber 4. If the sulphuric
      acid supplied is insufficient to absorb the sulphur trioxide formed in the
      converter 3 water can be led through conduit 23 into the circulation
      circuit. The sulphuric acid is led through conduit 24 to the absorber and
      from there via conduit 25 to a circulation tank 26 and a circulation pump
      27. The acid in the circulation circuit is indirectly cooled in cooler 28
      by means of water supplied through conduit 29 and led off through conduit
      30. The concentrated acid formed in the absorber 4 is led away through
      conduit 31 as product acid. In the process of sulphuric acid purification
      shown in the FIGURE a partial current of concentrated acid is led to a
      circulation circuit 33 for the second drying tower 2. Concentrated
      sulphuric acid is led in this to the second drying tower 2 through conduit
      34 where the roaster gas is dried sufficiently to be led to the converter.
      In the second drying tower any possible remains of mercury will also be
      absorbed by the sulphuric acid.
PAR  From the second drying tower 2 the sulphuric acid is led through conduit 35
      to a circulation tank 36 and a circulation pump 37. If necessary the acid
      is indirectly cooled in a cooler 38 whereby water is led to the cooler by
      conduit 39 and led off through conduit 40.
PAR  The gas is led from the first drying tower 1 through conduit 41 to the
      second drying tower 2 and thereafter through conduit 42 to the converter 3
      and thence through conduit 43 to the absorber 4 and finally as waste gases
      to the atmosphere through conduit 44.
PAR  Since, as mentioned above, the purifying mercury-absorbing effect of the
      sulphuric acid is greater in the presence of mercury (II) ions the
      sulphuric acid containing mercury can alternatively wholly or partially be
      led to the circulation circuit 33 of the second cooling tower through
      conduit 45. This method can be used to advantage in those cases where a
      concentrated sulphuric acid containing mercury is available. In this case
      the partial current need not be led to the second drying tower 2 through
      conduit 32. To compensate the quantity of acid added to the circulation
      circuit 33 sulphuric acid is led off from this through conduit 46 to the
      circulation circuit in the first drying tower 1. This acid must be
      purified of mercury in some suitable way because it contains mercury
      absorbed in the second drying tower 2 or present in the added acid.
      Through conduit 15 the sulphuric acid then reaches the precipitation
      device 16 and the separation device 20.
PAR  If large quantities of sulphuric acid are to be purified with lesser
      quantities of roaster gases a diluted acid can be led off through conduit
      47 as product acid in a partial current from conduit 21.
PAR  The sulphuric acid concentration in the first step is maintained by the
      addition of acid with a higher concentration either from the absorber of
      the sulphuric acid factory or from outside. By virtue of the fact that
      both of these possibilities are available, the running of the first step
      can be made very flexible and contribute to the total economy of the plant
      by the fact that sulphuric acid containing mercury supplied from outside
      when available can be purified in the sulphuric acid factory's
      purification system. Without altering the water balance a factory with
      access to outside sulphuric acid containing mercury with a concentration
      of 95% can deliver approx. 50% more mercury-purified acid compared with
      running without the addition of external acid. It is also feasible to add
      external acid of a lower concentration without the concentration of the
      produced acid falling below 95%. In this way a maximum of approx. 75% more
      Hg-purified acid with 95% H.sub.2 SO.sub.4 can be delivered. Even greater
      production of Hg-purified acid can be obtained but a certain proportion of
      the production must thereby be led off in the form of diluted acid. By the
      addition of 85% acid containing mercury from outside a total of approx.
      115% more Hg-purified acid can be produced, for example, but approx. 1/5
      of this must be led off as 78% acid.
PAR  In the second stage a strongly oxidizing environment is maintained in order
      to facilitate the absorption and oxidation of mercury. The concentration
      of H.sub.2 SO.sub.4 in this step can be held at 95-103% by adding
      concentrated 98.5% acid from the absorption circuit of the plant or of
      oleum from a separate oleum production tower or by introducing SO.sub.3
      directly into a separate tower in circulation connection with the washing
      tower or directly into the second washing step. The advantages of a high
      H.sub.2 SO.sub.4 in this step are that a high oxidation potential is
      reached and also that production of sulphuric acid in this step is low. A
      system in which the acid concentrations are 78% and 99.5% in the first and
      second steps of the process and in which the second step is supplied with
      oleum with 106% H.sub.2 SO.sub.4, can be mentioned as example. Acid
      production in the second step is then of a total acid production of
      approx. 30 t 100% H.sub.2 SO.sub.4 /h only approx. 0.26 t/h i.e. less than
      1% of the total production. An even smaller acid production is achieved by
      using SO.sub.3 ; in the abovementioned case only approx. 90 kg H.sub.2
      SO.sub.4 /h is thereby produced in the second washing step which can, for
      example, be destroyed in the roasting furnace.
PAR  Mercury in the form of HgSO.sub.4 can be extracted from the second step of
      the treatment if the Hg content of the acid is allowed to rise to the
      solubility level for Hg for that particular acid concentration. A pure
      mercury compound is hereby extracted.
PAR  In the purifying step mercury is removed to very low residual contents by
      the addition of thiosulphate to the washing acid which by the absorption
      of water from the roaster gas and/or through the addition of external acid
      is diluted to 70-85% H.sub.2 SO.sub.4. Thiosulphate which is added in the
      form of an approx. 50% water solution of Na.sub.2 S.sub.2 O.sub.3 .sup..
      5H.sub.2 O is hereby transformed into the final products SO.sub.3
      .sup.2.sup.- and S. The sulphur so formed precipitates in solid form and
      it has been shown that the sulphur particles under these conditions are at
      first present in colloidal fine powder of a highly reactive form but that
      an agglomeration successively takes place. This means that in the
      beginning there is a large homogeneously-distributed, highly reactive
      sulphur surface in the acid which can absorb Hg very effectively and that
      at a later stage there is a change to relatively large agglomerates of
      sulphur particles which can with ease be separated from the acid by, for
      example, filtering, flotation or some other suitable technique without the
      difficulties that apparently accompany sulphide precipitation of Hg.
PAR  The formation of the large highly-reactive sulphur surface in the early
      stage of the precipitation process also means that the required quantity
      of thiosulphate is small.
PAR  The required quantity of thiosulphate in relation to the quantity of
      mercury in the acid and the residual content of mercury obtained are
      presented in the table below. Sulphate is added in the form of a solution
      of sodium thiosulphate and water.
TBL  ______________________________________                                    

                            Added quantity of thio-                            

     Hg .mu.g/g             sulphate kg/m.sup.3 (calculated                    

     Initial content                                                           

               Residual content                                                

                            as Na.sub.2 S.sub.2 O.sub.3 .sup.. 5H.sub.2        

     ______________________________________                                    

                            O)                                                 

     50        0.5          2.0                                                

     50        0.2          5.0                                                

     25        0.5          1.0                                                

     25        0.2          2.0                                                

     15        0.5          0.3                                                

     15        0.2          0.5                                                

     15        0.1          1.0                                                

     8         0.2          0.5                                                

     8         0.1          0.7                                                

     8         0.05         1.7                                                

     ______________________________________                                    

PAR  A separation step in the process (filtering, centrifuging, flotation) has
      the added advantage that mercury in particle form which, particularly in
      irregular running but to a less extent during normal running, can
      accompany the roaster gases is absorbed by the sulphuric acid and removed
      in the separation step.
PAR  To illustrate the invention an example is given below where the process
      variables in an actual plant are given.
PAC  EXAMPLE
PAR  A 95% sulphuric acid containing 24.5 .mu.g Hg/g was to be purified and 16.3
      t/h were led to a drying tower. 53000 Nm.sup.3 roasting gas previously
      purified in cyclones, electro-filters and water wash were also led into
      the drying tower. The gas contained 13% sulphur dioxide and 70 g H.sub.2
      O/m.sup.3. The temperature of gas introduced was 45.degree.C. The
      sulphuric acid was supplied to a circulation circuit in which the
      sulphuric acid content was held at approx. 78% and the temperature at
      30.degree.C by cooling. From the circulation circuit 21.3 tons 78%
      sulphuric acid per hour were extracted which corresponded to the 16.3 tons
      which were supplied to the circulation circuit together with 1.1 t/h from
      an additional gas-drying tower. This diluted acid was led to a mixing tank
      where 9 kg sodium thiosulphate (calculated as penta-hydrate) were added in
      the form of a water solution. The mercury present was precipitated on the
      sulphur which was formed in the acid as very fine particles. The sulphur
      particles thus formed were thereafter separated in a filter press and then
      the separated solid material containing mercury was led to destruction in
      the roasting furnace in which the gas was formed. The purified acid was
      led to a sulphur trioxide absorption tower where the concentration was
      raised by absorption of sulphur trioxide to 98.5%. The sulphur trioxide
      used for absorption was produced by the oxidation of sulphur dioxide in
      the dried gas of the converter to sulphur trioxide. Before the gas could
      be introduced into the converter it was further dried in a second drying
      circuit with 97% sulphuric acid at 60.degree.C. This acid was circulated
      and the circuit was supplied with 1.1 ton 98.5% sulphuric acid per hour,
      in this case product acid, after which a corresponding quantity (1.1
      ton/h) was led out of the circuit and transferred to the circulation
      circuit in the first drying tower. The gas introduced contained 15 mg Hg
      per m.sup.3 as well. This quantity of mercury was absorbed by the
      circulating sulphuric acid in the two drying towers and separated together
      with the quantity of mercury that was originally present in the acid.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of purifying sulphuric acid containing mercury and producing a
      substantially mercury-free sulphuric acid in a plant for the production of
      sulphuric acid according to the contact process, which involves drying
      moist roaster gases containing sulphur dioxide in at least two drying
      towers, where the major part of the water content is absorbed in the first
      drying tower, characterized in adding the sulphuric acid containing
      mercury wholly or partially deriving from sulphuric acid produced in
      another plant to a circulating sulphuric acid in the first drying tower,
      the quantity suitably measured to maintain a concentration of between 70
      and 85 percent by weight;
PA1  leading sulphur trioxide, oleum or sulphuric acid to a circulation circuit
      of sulphuric acid in the second drying tower so that the concentration can
      be maintained at between 95 and 103 percent by weight;
PA1  leading a partial current from the circulating sulphuric acid in the second
      drying tower to the circulating sulphuric acid in the first drying tower;
PA1  removing a partial current from the circulating sulphuric acid in the first
      drying tower;
PA1  purifying said acid current by means of precipitating mercury; leading off
      said purified acid current as product acid or leading it to the absorber
      which is an integral part of a sulphuric acid plant using the contact
      process.
NUM  2.
PAR  2. A method according to claim 1, characterized in that the concentration
      of the sulphuric acid in the first drying tower is regulated to between 77
      and 85 percent by weight.
NUM  3.
PAR  3. A method according to claim 1, characterized in that the acid containing
      mercury is led to the circulating circuit of sulphuric acid in the second
      drying tower and from there transferred to the circulating sulphuric acid
      circuit in the first drying tower.
NUM  4.
PAR  4. A method according to claim 1, characterized in that mercury is
      precipitated by the addition of a thiosulphate to the sulphuric acid in
      such quantity that any mercury present is to a considerable extent bound
      to or absorbed on precipitated sulphur particles and that the sulphuric
      acid is purified of mercury by the separation of the above mentioned
      precipitated sulphuric particles.
NUM  5.
PAR  5. A method according to claim 1, characterized in that the thiosulphate
      used is a thiosulphate of an alkali metal or iron.
NUM  6.
PAR  6. A method according to claim 1, characterized in that the thiosulphate
      used is an alkali thiosulphate in a proportion of 0.04 to 10 kg per
      m.sup.3 sulphuric acid.
NUM  7.
PAR  7. A method according to claim 6, characterized in that 0.2 - 5 kg
      sodium-thiosulphate solution is added to each m.sup.3 of sulphuric acid.
NUM  8.
PAR  8. A method according to claim 1, characterized in that the temperature of
      the acid is regulated to between 20.degree. - 100.degree.C, preferably
      30.degree. - 80.degree.C.
NUM  9.
PAR  9. A method according to claim 1, characterized in that the sulphuric acid
      is supplied to the second drying tower to which the roaster gas is led
      after preparatory drying in the first drying tower and in that the
      sulphuric acid is thereafter transferred to the above mentioned first
      drying tower where the water content of gas is absorbed.
NUM  10.
PAR  10. A method according to claim 1, characterized in that the mercury
      absorbed by the solid sulphur particles is transferred to a roasting
      furnace for sulphidic material and combusted.
NUM  11.
PAR  11. A method according to claim 1, characterized in that the separation of
      the precipitating solid sulphur particles is effected in a filter press.
NUM  12.
PAR  12. A method according to claim 1, characterized in that the separation of
      precipitated solid sulphur particles is effected by means of centrifuging
      preferably by a filter centrifuge.
NUM  13.
PAR  13. A method according to claim 1, characterized in that the separation of
      precipitating solid sulphur particles is effected by means of flotation.
NUM  14.
PAR  14. A method according to claim 1, characterized in that the temperature of
      the gas introduced is held and maintained at 20.degree. - 100.degree.C,
      preferably 30.degree. - 60.degree.C.
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ABST
PAL  A vacuum deaerator is provided with a plurality of low pressure chambers
      disposed in a multi-stage fashion. The pressures in the aforesaid low
      pressure chambers are so adjusted that the difference between the
      temperature at treated water which flows into respective low pressure
      chambers and the temperature in the low pressure chambers may be
      maintained constant.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a vacuum deaerator for deaerating dissolved gas
      contained in water.
PAR  2. Description of the Prior Art
PAR  The prior art deaerators have been primarily developed for use with a
      condenser in a thermal power plant, while a boiled deaeration system
      including a heating step has been mainly adopted to this end. On the other
      hand, with a desalination plant of a multi-stage flash evaporation type,
      there have been generally adopted an external deaeration system, in which
      a deaerator is incorporated in a pretreatment system, including the step
      of decarbonation of the feed sea water introduced into a flash chamber,
      and a system, in which flash evaporation chambers are used as deaeration
      chamber. The former deaerator is of a packed column vacuum deaeration type
      which requires accessories such as deaerator, water delivery pump and the
      like, and thus is costly. On the other hand, in the adsence of stripping
      steam vapor, deaerated water of a low concentration may not be obtained,
      unless packing and like are increased in amount, so that the height of a
      column should be increased, thus resulting in a bulky plant. From
      viewpoints of operation, a high loading treatment incurs a flooding
      problem and the like, and thus the amount of brine to be treated should be
      limited to a range between 50  and 60 m.sup.3 /m.sup.2 h. The deaerator
      using the flash evaporation chambers utilizes flashing effect of feed sea
      water. However, it is a common practice to charge a packing, such as a
      tray, for obtaining deaerated water of a desired low concentration.
      However, this in turn poses a disadvantage in that the pressure loss due
      to charging of packings then lowers desired evaporation characteristics.
      In addition, a study has been under way to reduce the size of an
      evaporation chamber in a flash evaporator, by increasing the flow speed of
      brine. However, the reduction in size of the evaporation chamber leads to
      the increase in the height of a column for obtaining deaerated water of a
      low concentration, because liquid load on packing will be increased. In
      this case, difficulties are encountered when the shape of only the last
      stage evaporation chamber is changed, because of the arrangement of a
      heating pipe which has a considerable length and yet extends through 3 to
      5 chambers. On the other hand, for providing temperature difference for
      the treated water, the number of the heat reject stage should be increased
      or a heater should be provided separately, resulting in the increase in
      cost of the apparatus. In addition, the flash temperature difference in
      the treated water is neutralized due to only one cycle of flashing, so
      that the temperature of the treated water after flashing will be equal to
      the temperature corresponding to a saturated vapor pressure within low
      pressure chambers. As a result, even if a vapor-to-liquid contacting area
      is widened and the dwelling time is extended, a less deaeration
      performance results, because of the least temperature difference between
      the treated water and the chambers. Thus, for obtaining deaerated water of
      a low concentration, the amount of packings should be increased or the
      load on treated water should be lessened.
PAR  It is accordingly an object of the present invention to provide a deaerator
      which is compact in size and deaerates brine to a lowered concentration by
      utilizing the flash deaerating effect of treated water according to a
      vacuum deaeration process.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a vacuum deaerator
      which avoids the deaeration of treated water due to heating and the use of
      packing in a deaeration chamber, which deaerator is small in size and
      presents a high deaeration performance.
PAR  According to one aspect of the present invention, there is provided a
      vacuum deaerator which comprises: a plurality of low pressure chambers
      having nozzles for spraying treated water therein, and disposed in a
      multi-stage fashion; treated water supply pipes, each of which supplies
      the treated water present in the forward stage low pressure chamber to
      nozzles in the succeeding low pressure chamber; a treated water inlet pipe
      for supplying the treated water to nozzles in the first stage low pressure
      chamber; a treated water outlet pipe for discharging the treated water
      from the last stage low pressure chamber to the exterior thereof; a flow
      control valves, each of which attaches midway in the respective supply
      pipes and the outlet pipe; a pressure deductor for lowering the pressure
      in the low pressure chambers; vent lines, each of which communicates the
      respective low pressure chambers with the pressure deductor; vent control
      valves, each of which attaches midway in the respective vent lines;
      temperature detectors, each of which detects the difference between the
      temperature of the treated water flowing through nozzles into the low
      pressure chamber and the temperature in the same low pressure chamber;
      level detectors, each of which detects the level of the treated water
      within the respective low pressure chambers; whereby the opening of the
      respective vent control valves, i.e., the pressure within the respective
      low pressure chambers is so adjusted as to maintain constant the
      respective temperature difference to be detected, while the opening of the
      respective flow rate control valves is so adjusted as to maintain constant
      the level of water to be detected in the respective chambers.
PAR  According to the other embodiments of the present invention, adjustment of
      the aforesaid temperature difference and/or water level are contemplated
      to be accomplished automatically.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a vacuum deaerator according to one
      embodiment of the present invention;
PAR  FIG. 2 is a schematic view of a desalination plant using a deaerator
      according to the present invention; and
PAR  FIG. 3 is a graph representing deaeration characteristics of the two stage
      deaerator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention is directed to providing a deaerated water of a low
      concentration from treated water containing a high concentration of
      dissolved gas, by effectively utilizing the flashing effect of treated
      water. More specifically, there is provided a vacuum deaerator, in which
      the temperature of the treated water present within a plurality of low
      pressure chambers (deaeration chambers), during the flashing operation, is
      maintained at a temperature above the temperature of cooling water or use
      in a vacuum generator used for pressure deduction, while the treated water
      is provided with a flash temperature difference automatically or manually
      in the low pressure chambers, whereby the treated water is sequentially
      subjected to flashing within the low pressure chambers in the presence of
      the flash temperature difference.
PAR  The respective low pressure chambers contain only nozzles for
      flash-spraying treated water into the low pressure chamber, thus
      dispensing with the vapor-to-liquid contacting surfaces such as a packed
      tower.
PAR  Description will be given in more detail of one embodiment of the present
      invention in conjunction with FIG. 1.
PAR  A deaerator 1 consists of a tower-shaped container, with its interior
      partitioned into three low pressure chambers 3.sub.1, 3.sub.2, 3.sub.3 by
      means of partition plates 2. Provided in the upper parts of the respective
      low pressure chambers 3.sub.1, 3.sub.2, 3.sub.3 are nozzles 4.sub.1,
      4.sub.2, 4.sub.3 for spraying the treated water into the chambers. A
      treated water inlet pipe 5 is connected to the nozzle 4.sub.1 in the first
      low pressure chamber 3.sub.1 from outside. Connected to the nozzles
      4.sub.2, 4.sub.3 in the second and third low pressure chambers 3.sub.2,
      3.sub.3 are the treated water supply pipes 6.sub.1, 6.sub.2 which are open
      in the lower parts of the first and second low pressure chambers 3.sub.1,
      3.sub.2, respectively, while an outlet pipe 7 is connected to the bottom
      of the third low pressure chamber 3.sub.3 and a liquid delivery pump 8 is
      provided midway in the outlet pipe 7. Connected to the bottom portions of
      the respective low pressure chambers 3.sub.1, 3.sub.2, 3.sub.3 are level
      controllers 10 for controlling the levels of the treated water 9 dwelling
      on the bottoms of the chambers therein, whereby the flow rate adjusting
      valves 11 provided midway in the usupply pipes 6.sub.1, 6.sub.2 and the
      outlet pipe 7 and the opening of the treated water pipes 6.sub.1, 6.sub.2
      may be adjusted to maintain constant the levels of treated water 9 in the
      respective low pressure chambers.
PAR  Ejector 12 and vent condenser 13 are provided for deducting the pressure in
      the low pressure chambers, while vent pipes 14.sub.1, 14.sub.2, 14.sub.3
      are connected to the condenser 13 on one hand and are open in the upper
      parts of the respective low pressure chambers 3.sub.1, 3.sub.2, 3.sub.3.
      In addition, there is provided a temperature indicating controller 16
      which is adapted to detect the difference between the temperatures of
      treated water introduced into the respective low pressure chambers
      3.sub.1, 3.sub.2, 3.sub.3 and the temperatures in respective low pressure
      chambers 3.sub.1, 3.sub.2, 3.sub.3, and to adjust the openings of the vent
      adjusting valves 15.sub.1, 15.sub.2, 15.sub.3  attached midway in the vent
      pipes 14.sub.1, 14.sub.2, 14.sub.3 of a gas discharging system. Designated
      17 is a cooling pipe for a condenser 13, and shown at 18 is a water
      delivery pump and at 19 a drain outlet pipe.
PAR  Now, description will be given of the principle of the present invention in
      conjunction with the accompanying drawings. The most important feature of
      the present invention lies in the fact that the differences between the
      temperatures of the treated water introduced into each of the low pressure
      chambers in a deaerator and the temperature within the same chambers are
      detected, whereby the pressures within the chambers are automatically
      controlled to thereby maintain the above temperature differences constant,
      while the treated water is deaerated in multi-stage fashion in the
      presence of the optimum flashing temperature difference. More
      particularly, the treated water is introduced through the treated water
      inlet pipe 5 into the deaerator 1 to be sprayed through nozzles 4.sub.1
      in the first low pressure chamber 3.sub.1. In this respect, the
      temperature of the treated water introduced into the low pressure chamber
      3.sub.1 as well as the temperatures in the chambers are detected at the
      temperature indication controller 16, while the opening of the vent
      adjusting valve 15.sub.1 attached in the vent pipe 14.sub.1 is manipulated
      so as to maintain the temperature difference constant, whereby the
      pressure in the low pressure chamber 3.sub.1 may be adjusted. The
      adjustment of this vent degree permits to spray the treated water in the
      low pressure chamber 3.sub.1, maintaining the flash temperature difference
      constant, and thus dissolved gas in the treated water may be effectively
      discharged due to flash deaeration effect. The treated water after
      flashing within the low pressure chamber 3.sub.1 reaches a saturated vapor
      pressure temperature prevailing within the low pressure chamber 3.sub.1.
      In this respect, because of a low concentration of dissolved gas being
      contained in the treated water, there will result lesser deaeration
      effect, even if the vapor-liquid contacting takes place by causing the
      treated water to drop within the low pressure chambers. For this reason,
      the distance between the lower edge of nozzles 4.sub.1 and the partition
      wall 2 within the low pressure chamber 3.sub.1  may be reduced, with the
      result of low pressure chamber of a compact size. The above-mentioned
      circumstances may apply to the low pressure chambers downstream. The
      treated water 9 which has been subjected to flash deaeration in the first
      low pressure chamber 3.sub.1 in this manner is in turn fed to the second
      and third low pressure chambers 3.sub.2 and 3.sub.3 having different
      levels of pressures, followed by the flash deaeration as in the first low
      pressure chamber 3.sub.1, to give deaerated water of a low concentration,
      after which the water is delivered by means of the delivery pump 8 from
      the third low pressure chamber 3.sub.3 to the exterior of the system.
PAR  FIG. 2 shows an embodiment of the present invention including, in
      combination, a desalination plant of a multi-stage flash evaporation type.
PAR  Cooled brine is introduced by means of a brine pump 21 from the side of the
      last stage evaporation chamber 23'" into a heat reject portion of a
      desalination plant 22 having a plurality of evaporation chambers 23. In
      this respect, during the passage through a heat transmission pipe 24, the
      aforesaid cooled brine condenses steam 26 evaporated from the brine 25,
      within the evaporator 23, while receiving heat therefrom with the
      accompanying temperature rise, and is then introduced into the forward
      stage evaporation chamber 23 for heat exchange in a manner similar to the
      previous case, with the resultant further increased temperature rise,
      after which a majority of the brine thus treated is discharged by way of a
      pipe 27 to the exterior of the system, while the remaining part thereof is
      used as a supplementary brine. The supplementary brine is introduced by
      way of the inlet pipe 5 into the deaerator 1 of the deaeration apparatus
      as shown in FIG. 1, and deaerated as in the previous manner, after which
      the brine is mixed with a condensed brine which has been extracted by
      means of a brine circulation pump 28 from the last stage evaporation
      chamber 23'" of the heat reject portion 22 by way of the outlet pipe 7.
      The brine thus mixed is then introduced from the side of the last stage
      evaporation chamber 23"  into the heat recovery stage 29 of a water
      producing apparatus. Then, the mixed brine heat-exchanges with steam 26
      evaporated from the brine 25 during its passage through the
      heat-conductive pipe 24, and then heated again by means of a brine heater
      30, followed by repeated evaporation in the respective evaporation
      chambers 23, and eventual feeding to the last stage evaporation chamber
      23'" of the heat reject portion 22. Part of the brine thus condensed and
      reaching the last stage evaporation chamber 23' " is discharged by means
      of a blow-down pump 31 to the exterior of the system, while the remaining
      part of the brine is recirculated by a recycle pump 28 and then mixed with
      supplementary brine which has been deaerated, after which the brine thus
      mixed is fed to the heat recovery portion 29 as in the manner described
      earlier. Shown at 32 is a receiving container for plain water condensed by
      means of heat conductive pipe 24, at 33 is a delivery pump and at 34 an
      exhaust gas pipe for non-condensible gas.
PAR  The deaerator as used in the deaeration apparatus embodying the present
      invention and shown in FIG. 2 has a column of a diameter of 0.45m and a
      height of 2m, and is divided into two chambers, while a box type multiple
      orifice nozzles are used. The test results obtained by using this
      deaeration apparatus is shown in FIG. 3 as an example. The test conditions
      for the deaeration apparatus of the present invention are as follows:
PA1  Flash temperature difference . . . 1.0 deg. (total 2.0 deg.)
PA1  Amount of treated water . . . 20m.sup.3 /h (120m.sup.3 /m.sup.2. h)
PA1  The test results are shown by a curve A.
PAR  In contrast thereto, the test conditions for the packed tower according to
      the prior art are as follows:
PA1  Diameter of the tower . . . 0.8m
PA1  Height of the tower . . . 5m
PA1  Flash temperature difference . . . 1,7deg.
PA1  Amount of treated water . . . 20m.sup.2 /h (40m.sup.3 /m.sup.2. h)
PA1  The test results are shown by a curve B.
PAR  In addition, the test conditions for the last stage desalination system, in
      which a deaerator is incorporated in the last stage flash chamber of a
      disalination plant of a multi-stage flash evaporation type are as follows:
PA1  Flash temperature difference . . . 2.2 deg.
PA1  Height of tray packed . . . 1m
PA1  Amount of treated water . . . 40m.sup.3 /h (66m.sup.3 /m.sup.2.h)
PAR  The test results obtained by using a multi-orifice type nozzle is shown by
      a curve C. FIG. 3 shows that the deaeration effect due to the two stage
      flash system (curve A) according to the present invention is higher than
      those of the other packed tower system (curve B) and the last stage
      deaeration system (curve C), in terms of substantially the same flash
      temperature difference. The flash system according to the present
      invention permits high loading treatment and minimizes the height of the
      column, presenting many other excellent characteristics.
PAR  A.sub.s is apparent from the foregoing description, the deaerator according
      to the present invention enables the flash deaeration according to a
      multi-stage system, which is proved to be highly effective for deaeration,
      yet in the presence of a minor temperature difference. In addition, the
      deaerator according to the present invention presents the following
      advantages:
PA1  i. When compared with the packed tower deaeration system:
PA2  1. The former enables the treatment of the treated water of about three
      times as much as that of the treated water according to the latter system,
      in terms of the same tower diameter. In addition, this dispenses with the
      vapor-to-liquid contacting surface, thus presenting a tower height as low
      as 1/5 to 2/5 of that of the latter.
PA2  2. The former permits easy operation, because of the absence of flooding
      and the like.
PA1  ii. When compared with the last stage deaeration system:
PA2  1. The former need not provide a special heater nor a multi-stage heat
      discharging system for obtaining a flash temperature difference. Thus, a
      water producing apparatus is low in cost.
PA2  2. There is no external corrosion due to non-condensible gas nor decrease
      in heat conductivity. Thus, a low cost material may be used for the heat
      conductive pipe in the heat discharging stage.
PA2  3. The former permits consistent supply of deaerated water, regardless of
      temperature change in the water producing apparatus.
PAR  It should be appreciated that the present invention may provide a deaerator
      which is small in size and high in the deaeration effect.
PAR  When the deaerator according to the present invention is used for the
      disalination plant, if acid is added to the brine to be introduced into
      the deaerator, then the simultaneous treatment of decarbonation and
      deaeration within the deaerator will be possible. It is needless to
      mention that the provision of the flash temperature difference and the
      adjustment of the level of treated water within the low pressure chambers
      may be effected manually rather than automatically.
PAR  The deaerator according to the present invention may be used not only for a
      desalination plant but also for thermal power plant and chemical plant.
PAR  Various changes and modifications may be made without departing from the
      scope and spirit of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vacuum deaerator comprising:
PA1  a plurality of low pressure chambers having nozzles, through which is
      sprayed treated water therein, said chambers being disposed in a
      multi-stage fashion;
PA1  treated water supply pipes, each of which supplies treated water in the
      forward stage low pressure chamber to the nozzles in the succeeding stage
      low pressure chamber;
PA1  a treated water inlet pipe for supplying the treated water to nozzles in
      the first stage chamber;
PA1  a treated water outlet pipe for discharging treated water within the final
      stage low pressure chamber, to the exterior of a system;
PA1  flow rate adjusting valves, each of which attaches midway in said
      respective supply pipes and said outlet pipe;
PA1  a pressure reducing means for reducing the pressure in said low pressure
      chambers;
PA1  vent pipes, each of which communicates the respective low pressure chambers
      with said pressure reducing means;
PA1  vent adjusting valves, each of which attaches midway in said respective
      vent pipes;
PA1  temperature detecting means, each of which detects the difference between
      the temperature of treated water introduced by way of said nozzles into
      said low pressure chambers and the temperature in said low pressure
      chambers; and
PA1  level detecting means, each of which detects the level of treated water
      within said respective low pressure chambers.
NUM  2.
PAR  2. A vacuum deaerator as set forth in claim 1, wherein said deaerator
      further comprises means for maintaining constant the level of treated
      water within the respective low pressure chambers by bringing said level
      detecting means in cooperative with said flow rate adjusting valve.
NUM  3.
PAR  3. A vacuum deaerator as set forth in claim 1, wherein said deaerator
      further comprises: means for maintaining constant the difference between
      the temperature at the treated water introduced by way of nozzles into
      said low pressure chambers and the temperature in said low pressure
      chambers by bringing said temperature detecting means in cooperation with
      said vent adjusting valve.
NUM  4.
PAR  4. A vacuum deaerator as set forth in claim 1, wherein said deaerator
      further comprises: means for maintaining constant the level of treated
      water within said low pressure chambers by bringing said level detecting
      means in cooperation with said flow rate adjusting valve; and
PA1  means for maintaining constant the difference between the temperature at
      the treated water introduced by way of nozzles into low pressure chambers
      and the temperature in said low pressure chambers.
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ABST
PAL  A paint spray booth for removing excess atomized paint from the air in the
      vicinity of a spray painting operation comprises a spray booth structure
      having a working or spray painting area, an exhaust chamber and an exhaust
      stack, which together define an air passage having an inlet at the spray
      painting area and an outlet at the stack, within which a fan is mounted
      for drawing air through the inlet and out the outlet at high velocity. A
      plurality of generally vertical baffles are disposed in the passage
      between the spray painting area and the exhaust chamber for the purpose of
      removing overspray or excess atomized paint from the air before it is
      exhausted out the stack. Mineral oil is continuously flowed over the front
      surface of the baffles so as to entrain therein paint solids in the air
      stream, and the oil is received in a reservoir or holding tank wherein the
      paint solids are allowed to settle, and from which the oil is recirculated
      for downward flow over the baffles.
PARN
PAC  Cross Reference
PAR  This application is a continuation-in-part of my co-pending application,
      Ser. No. 331,505, filed Feb. 12, 1973, now abandoned.
BSUM
PAC  Background of the Invention
PAR  This invention relates to a method and apparatus for collecting excess
      paint spray particles in a paint spraying operation.
PAR  The term "spray booth" is a term of art generally denoting a large sheet
      metal structure or housing having a so-called working area or space with
      which spray painting operations are carried out, an exhaust chamber with
      an associated stack communicating with the working area, a fan in the
      stack for drawing fresh air into and through the working area to maintain
      it well ventilated, and means between the working area and the exhaust
      chamber for removing paint particles from the air before the air is
      exhausted up the stack. In essence then, the booth structure defines an
      air flow passage through which air is moved at high velocity to eliminate
      mists created by a spray paint operation. Removal of air laden with spray
      mist and overspray is necessary, among other reasons, to prevent excessive
      or explosively high concentration of volatile solvents and other flammable
      materials, to protect personnel in the vicinity from exposure to toxic
      materials, and to maintain a clean environment for proper finishing of the
      ware. Current standards require a minimum air flow rate at the face of the
      booth of 60 cubic feet per minute per square foot, or at least 60 linear
      feet per minute at each point at the face of the booth for unattended
      booths, and 100 cfm per square foot or 100 linear feet per minute for
      attended booths. In order to collect the paint particles and minimize
      pollution of the atmosphere, especially at the high rates of air flow, the
      exhaust air laden with spray residue is circulated through an eliminating
      device or medium, which serves to remove the paint particles before the
      air is exhausted into the atmosphere.
PAR  Eliminating media in current use include the dry baffle system, the dry
      filter system, and the water wash system. In the dry baffle system, the
      air is circulated in a tortuous path over solid baffle surfaces disposed
      between the working area and the exhaust chamber, which causes the paint
      residue to be deposited thereon. The dry filter system employs filters of
      a variety of types through which the air is circulated. Both of these dry
      systems involve frequent cleaning and maintenance problems due to paint
      accumulation, and also the problem of disposal of waste matter and spent
      filters as well as presenting a fire hazard.
PAR  In the water wash booth, such as that described in the Pearson U.S. Pat.
      No. 2,545,672, water is caused to flow downward over an imperforate wall
      at the back of the working area and across an open gap between the bottom
      of said wall and the liquid level in an underlying water reservoir in the
      form more or less of a water fall, thereby to form a curtain of descending
      water against and through which the paint laden air is drawn at high
      velocity, and whereby the paint is entrained in the water and collected in
      the reservoir. Principal drawbacks of the water system are that the water
      must be treated with chemicals to prevent growth of algae and to control
      the paint collected in the reservoir, and that the waste water is a
      pollutant. Also, since the area for passage of air into the exhaust
      chamber is relatively small in comparison with the booth size, and located
      solely at the bottom regions of the booth, the air flow rate is not
      uniform within the booth, and a high horsepower fan must be used to
      maintain the minimum prescribed air flow rate in all areas at the face of
      the booth. Moreover, the accumulated paint solids cannot be reclaimed and
      reused and tend to clog the system. Rusting of the booth interior is also
      a problem, and a severe loss of efficiency in paint removal is experienced
      if the water curtain is interrupted.
PAR  In a development entirely separate from the paint spray booth art,
      proposals were made during the 1930's to remove dust particles from air by
      drawing the air at low velocity in a tortuous path through an oil coated
      baffle system. Representative patents relating to this development include
      Hines U.S. Pat. No. 1,751,999; Adams et al, U.S. Pat. No. 1,807,950; Gagen
      U.S. Pat. No. 1,895,619; Dauphinee U.S. Pat. No. 1,899,017; and Weisgerber
      U.S. Pat. No. 1,083,764. Hines U.S. Pat. No. 1,751,999, for example,
      discloses a low velocity air filter having a plurality of closely spaced,
      angularly disposed baffles, together with means to circulate oil over the
      baffles and through a filter.
PAR  Notwithstanding general similarities between the arts of dust particle air
      filters and spray booths, and a high degree of further development in the
      art of spray booths since the above development, the use of oil or other
      viscous liquid as an eliminating medium in a spray booth of the structure
      hereinafter described has not been developed in the prior art, and the art
      of air filters has developed separately and independently from the art of
      spray booths. One fair supposition for this divergence is that the use of
      oil in a conventional water wash booth would cause contamination of the
      external atmosphere with oil, due to the high velocity air flow.
      Conversely, the requirement of a high velocity air flow in a spray booth
      would be incompatible with the aforesaid air filter devices because large
      amounts of oil would be stripped off the baffle surfaces, causing such
      devices to become inoperable.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a supported moving film of oil is
      used as the paint collecting medium in a specially designed paint spray
      booth. The booth comprises an enclosure having an inlet opening therein
      through which air is drawn at a high velocity, or in excess of 60 cfm per
      square foot of opening. Spaced inward from said opening are a plurality of
      rows of baffles arranged substantially perpendicular to the air flow. The
      front row of baffles are substantially planar with wide frontal faces, and
      are closely spaced to define narrow vertical spaces therebetween through
      which air may pass. A film of oil is continuously flowed over the front
      surfaces of the baffles in order to entrain therein paint mist carried by
      the air stream, and the oil is circulated through a reservoir wherein the
      paint settles and may be removed and reclaimed. Means downstream of the
      baffles are also provided to remove oil droplets from the high velocity
      air before it is exhausted into the atmosphere.
PAR  The use of mineral oil as a permanent paint collecting or eliminating
      medium provides unexpected and unique benefits not attainable by prior art
      methods. The paint is not chemically modified by the oil and may be easily
      separated and reclaimed. The oil is continuously recirculated through the
      system, which allows for self-cleaning of the booth interior and prevents
      adherence of paint on any exposed surface, and the self-contained oil
      circulation system eliminates pollution problems. The baffle arrangement
      provides for a uniform high velocity flow of air through the working area
      of the booth without stripping the oil from the baffles.
PAR  The benefits herein recited are unexpected because both oil and paint mist
      are combustible materials, and it would be expected that the combination
      of the two would be unacceptable because of the possible fire hazard.
PAR  Unexpectedly, for reasons explained in detail herein, the combination of
      mineral oil and paint mist in a spray booth does not result in a flammable
      mixture at normal or above normal operating temperatures. The high rate of
      air flow through the booth prevents absorption of the volatile and highly
      flammable paint components into the thin film of oil, whereas the paint
      solids are entrained in the oil in a highly efficient manner. The
      entrained paint solids are thus coated with non-flammable mineral oil and
      tend to collect in a harmless manner at the bottom of the oil reservoir.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a perspective view of a simplified form of spray booth, which
      incorporates features of the present invention;
PAR  FIG. 2 is a vertical sectional view taken substantially on line 2--2 of
      FIG. 1;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2; and
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 illustrate a spray booth 10 having a forwardly extending
      sheet metal enclosure defining a spray painting or working area 11 and an
      air intake opening 12 at one side thereof, and a rearwardly disposed
      exhaust outlet 14 at the top. Objects to be spray painted, such as
      indicated at 16, are supported in the working area 11 inwardly of the
      opening 12, and a spray of paint or coating material is directed toward
      the objects by use of a spray device, such as shown schematically at 18.
      The paint may comprise any number of the known coating materials,
      including but not limited to water and solvent based materials, such as
      alkyds, nitrocellulose laquers, water base enamels, polyurethanes and
      epoxy resins.
PAR  Means are provided for forcibly drawing air horizontally through the inlet
      opening 12 and vertically up and out through the exhaust outlet 14 in
      substantially an L-pattern, such as a power driven fan 20 located in the
      exhaust outlet. Excess paint mist and paint overspray at the inlet is thus
      drawn into the interior of the spray booth by a high velocity air flow.
PAR  The working area leads rearwardly to the solids eliminator portion of the
      spray booth or baffle section and is surrounded by a top wall 22 and side
      walls 24. Spaced rearwardly from the working area are a plurality of rows
      of baffle plates 26, 28 and 30, the first row of plates 26 in effect
      constituting the rear wall of the working area. In general, the rows of
      baffle plates are arranged in a parallel relationship, and each row
      comprises a plurality of spaced, generally vertical members rigidly
      supported by their ends in a fixed position.
PAR  The baffle plates 26 comprising the outermost row, as shown in FIGS. 2 and
      3 are substantially flat and are arranged substantially in a common plane
      which is substantially perpendicular to the direction of air flow at the
      inlet, as indicated schematically by the arrows. Adjacent plates are
      spaced from one another to define narrow open vertical slots 32
      therebetween. The baffles are from about four to about seven times wider
      than the width of the slots, and the side edges thereof are bent
      rearwardly on an obtuse angle for reasons hereinafter more fully
      described.
PAR  The second set of baffle plates 28 are similar to the first set in terms of
      width and spacing from each other, except said plates are slightly
      V-shaped or concave relative to the direction of air flow, with the side
      edges being bent rearward on an obtuse angle. The longitudinal centerline
      of the second set of plates 28 coincides with the transverse centerlines
      of the slots 32 whereby the first and second rows of baffles are arranged
      in a staggered relationship.
PAR  The third row of plates 30 are relatively narrower than the plates of the
      first two rows and are located behind and are coextensive with the
      vertical slots 34 between the plates of the second row. The side edges of
      the plates are bent forwardly, and the space between the third and second
      rows is less than the space between the first and second rows. The
      described spacing causes a progressive increase in velocity of air passing
      through successive rows of baffles.
PAR  It will be noted that the respecitve second and third rows of baffles 28
      and 30 are not entirely vertically coextensive with the first row 26;
      instead, the former are shorter than the first row and are suspended in a
      spaced relationship from a solid or non-permeable web 36 extending
      downward and supported from the top of the enclosure in parallel with the
      first row of baffles. Preferably, the length of the web 36 is about
      one-third of the length of the first row of baffle plates 26. The web 36
      serves to alter the normal rate of air flow from the top to bottom of the
      first two rows of baffle plates, such that the flow is equalized or
      uniform from top to bottom of the plates and no area of the plates will be
      subjected to an excessively high flow that would strip the oil therefrom.
PAR  The rows of baffle plates are arranged in a spaced staggered relationship
      to provide for successive positive and at least right angle deflection of
      any paint and oil particles which emerge through the first group of
      vertical slots 32, and the final row of baffle plates 30 serve as
      collectors of oil and solids particles which may be carried through the
      downstream passages by the high velocity air flow. The air velocity is
      also rapidly increased up to the final row of baffles in order to increase
      the straight line momentum of any oil particles, which would otherwise
      tend to move in a tortuous path with the air flow around the baffles
      instead of collecting on the final row of baffles as desired.
PAR  Means are provided for establishing a continuous and uniform flow of oil
      down from the front surfaces of the first and second rows of baffle
      plates, 26 and 28 respectively. A reservoir 38 of mineral oil is provided
      in the bottom of the enclosure, and is connected, via a suitable pump 40
      and line 42, to the top of the enclosure. The line 42 is connected to a
      bifurcated branch 44 leading into respective troughs 46 and 48 located
      respectively over and coextensive with the first and second rows of baffle
      plates 26 and 28. The troughs 46 and 48 have lowered forward edges which
      allow the oil to spill over and down the front surfaces of the first row
      of baffle plates 26 and web 36.
PAR  As shown in FIG. 4, the lower edge portion of the web 36 is provided with a
      spaced series of V-shaped channels 50 located above respective individual
      baffle plates of the second row 28. The channels 50 serve to funnel or
      concentrate the oil moving downward on the web into the central portion of
      the front surfaces of baffles 28, which has been found to minimize
      stripping and loss of oil by the air flow as the oil moves down the
      baffles. The third row of baffle plates 28 are not directly supplied with
      oil and are supported by a bracket 51 secured to the rear side of the web
      36.
PAR  The lower ends of the front baffles 26 are connected to a substantially
      horizontal drain board 52 spaced slightly above the oil level in the
      reservoir 38, such that the paint laden oil falls a short distance into
      the reservoir, which has been found to minimize splashing and build-up of
      paint scum on the surface of the oil reservoir. The mere draining of oil
      onto the surface of the reservoir may allow the paint solids to float and
      cling together, whereas a slight drop allows for penetration of the
      surface. The lower edges of the rear baffles 28 and 30 are spaced above
      the reservoir oil level to provide the same effect.
PAR  It will be noted that the baffles 26, 28 and 30 are preferably inclined
      downward and outward on a slight vertical angle, preferably in the order
      of 3.degree. to 4.degree. and no greater than 5.degree., in order to
      enhance the continuity of oil flow thereon. An angle greater than
      5.degree. from vertical is not desirable due to the tendency of the baffle
      edges to lose their oil coating.
PAR  Important features of the baffle system include the substantial width or
      frontal surface area of the baffles in comparison to the width of the air
      passage slots therebetween, and the arrangement of the baffles in a plane
      which is substantially perpendicular to the path of air flow through the
      booth. These features allow for a maximum exposure of the moving films of
      oil to the contaminated air. Also, the planar or slightly concave quality
      of the baffles, together with the uniform spacing of the air slots
      therebetween, permits a very high air flow thereover without the oil being
      wiped from the surface, which would allow the undesirable accumulation of
      paint on the bare surfaces. The baffles are free from sharp corners, or
      corners which are less than 90.degree., because sharp corners would be
      wiped clean of oil by the high velocity air, especially in the vicinity of
      the slots. Hence, the baffle design described herein is particularly
      adapted to present large and efficient oil coated surfaces which retain
      their oil coating under conditions of high velocity air flow, which, at
      the first set of baffles may be 125 linear feet per minute and at the
      second set of baffles, in the order of 2300 linear feet per minute.
PAR  Another important feature in the design of the baffle system is the
      existance of a substantially uniform air flow from top to bottom and from
      side to side in the inlet opening. In contrast with a water wash booth
      having a relatively small waterfall area and high resistance to air flow,
      the present baffle system offers relatively low resistance to air flow due
      to the length of the slit openings and spacing of the baffle rows, thus
      allowing the use of a relatively low horsepower motor.
PAR  As shown in FIG. 2, located rearwardly or downstream of the first baffle
      system is a second baffle system, the primary purpose of which is to
      collect and remove oil particles which escape from the first baffle
      system. Whereas the first baffle system is arranged in substantially a
      vertical plane, the second system is arranged horizontally in a vertical
      exhaust chamber 54 upstream from the exhaust outlet 14. The chamber 54
      comprises a forward vertical wall 56 spaced rearwardly from the first
      baffle system, which extends downward from the top of the enclosure and
      terminates at a location above a forwardly sloping base 58 and below the
      tops of the rear baffles 28 and 30, preferably at a point approximately at
      the horizontal center line of said baffles. As shown by the arrows
      indicating air flow, air entering at the top of the first set of baffles
      is swept downward around the wall 56 and then upward into the vertical
      chamber 54.
PAR  As shown, the second baffle system comprises, at the lower entrance of the
      chamber 54, a first pair of upwardly converging baffles 60 connected to
      opposite chamber walls by respective horizontal portions 62 having covered
      openings 64 therein to collect and drain away accumulated oil. The
      respective end edges of the baffles 60 are supported upon rods 66, said
      edges having a relatively wide space therebetween to channel and
      concentrate air flowing therethrough.
PAR  A deflecting baffle 68 supported on rods is provided upstream from and in
      the outlet path of the converging baffles 60. The baffle 68 comprises a
      horizontal portion which is wider than the outlet of baffles 60 and is
      connected to opposite legs 70, which are disposed in a downward obtuse
      angle from the horizontal portion, the ends of said legs being spaced
      outward from and about on the same level as the ends of the baffles 60.
      The legs 70 are spaced from the sides of the chamber 54, and air is caused
      to flow in a tortuous path around the legs, causing oil to accumulate
      thereon and fall downward onto horizontal portions 62.
PAR  A pair of downwardly angled baffles 72 are connected from the chamber walls
      above the legs 70 of the deflecting baffle 68. The baffles 72 are
      substantially planar and have terminal edges which extend over the
      juncture between the legs 70 and the horizontal portion of baffle 68.
      Thus, the baffles 72 are disposed in the path of the air which emerges
      around the baffle 68 and serve to further deflect the air flow toward the
      top of the underlying baffle 68.
PAR  Disposed above baffles 72 are a pair of permeable air filters 74 arranged
      in an inverted V-configuration. The filters 74 may be composed of a mesh
      material composed of metal, glass fibers, or the like, supported in a
      frame. The filters 74 serve to remove the final finite traces of the oil
      before the air reaches the exhaust outlet 14.
PAR  The type of oil employed is preferably a mineral oil without detergents or
      other additives, and having a viscosity to easily flow down the baffles at
      room temperature without undue vaporization. A mineral oil having a
      viscosity of 660 Standard Saybolt Units at 100.degree.F have been found to
      be suitable, although other viscosities may be employed. A suitable flow
      rate is approximately 8 gallons per minute for each foot of width of
      baffles, and the reservoir preferably contains at least about 25 gallons
      per foot of baffle width, to provide sufficient volume for settling of the
      paint solids.
PAR  Mineral oil offers several advantages, including a high flash point and
      burning point, and is incompatible and chemically unreactive with paint
      solids in current use. Because the oil has a lower density than the paint
      solids, the solids tend to settle to the bottom of the reservoir where
      they may be removed. Moreover, the flammable volatile solvent components
      of the paint are not absorbed by the oil and do not lower the flash point
      or burning point thereof. The presence of paint solids which may remain
      entrained in the circulating oil do not substantially affect the
      efficiency of the eliminator baffles.
PAR  In operation, the fan 20 and oil pump 40 are activated, such that oil is
      pumped from the reservoir 38 upward through the line 42 into the troughs
      46 and 48. A continuous supply of oil flows down over the first and second
      rows of baffles, 26 and 28, and air is drawn through the inlet opening 12
      at a rate of at least 60 linear feet per minute and preferably in excess
      of 100 linear feet per minute.
PAR  With the booth in readiness, objects, such as inidicated at 16, are
      disposed in or near the opening 12, and the paint spray device 18 is
      located upstream of the object and is aimed at the object.
PAR  Atomized paint which does not adhere to the object 16 is carried by the
      high air flow into contact with the first baffles 26, which are entirely
      covered with a continuously moving film of oil. As a result, the solid
      paint particles are entrained in the oil and flow downward into the
      reservoir 38, where the paint solids are allowed to settle. Paint
      particles which avoid the first baffles 26 and pass through the air slots
      32 increase in momentum and are deposited on the second set of baffles 28,
      and any particles passing the baffles 28 through the slots 34 are
      collected by the baffles 30, which are normally wetted by oil removed from
      the first two rows of baffles.
PAR  After the air has passed through the eliminator baffles, it passes under
      the barrier wall 56 and moves upwardly in the chamber 54, thereby
      encouraging elimination of oil mist by gravity forces. Also, the chamber
      54 presents a relatively larger volume than the volume near the eliminator
      baffles, which causes a reduction in air velocity and decreases the
      ability of the air to carry any residual oil.
PAR  The air is deflected off the successive baffles 60, 68 and 72 such that
      virtually all residual oil is removed from the air and is returned to the
      reservoir. The filters 74 serve as a final precaution to the escape of the
      minute particles into the air.
PAR  After the booth has been used over a period of time, the paint solids which
      have collected in the bottom of the reservoir may be removed and
      reclaimed.
PAR  In comparison to other known spray booths, the spray booth offers the
      following advantages: very low emission of particulates into the
      atmosphere since the booth will normally operate at 99 or 100% efficiency;
      easy collection and reclaimation of coating material solids and ability to
      accommodate a greater variety of coatings; easier cleaning of booth and no
      corrosion of booth materials; quieter operation and uniform air velocity
      at face; less electrical power required; and various other advantages
      mentioned hereinbefore.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A paint spray booth comprising, in combination, an enclosure having side
      and top walls defining therein a spray painting chamber, an air inlet in
      one side of said chamber and an air outlet in the other side of said
      chamber, means for drawing air through said inlet and said chamber and
      discharging it through said outlet, substantially vertical wall means in
      said enclosure between said chamber and said outlet extending from side
      wall to side wall and from top to bottom thereof, said vertical wall means
      including a plurality of longitudinally spaced sets of vertically
      extending laterally spaced baffle plates, the baffles plates of the first
      set having broad front faces exposed to said chamber and forming a rear
      wall for said chamber against which spray painting operations may be
      performed, the baffles of said first set being mounted closely adjacent to
      define narrow vertical slits between said plates for escape of air from
      said chamber, the baffle plates of each succeeding set being staggered
      relative to the plates of the preceding set with each plate of each
      succeeding set being aligned with and laterally broader than a respective
      one of the spaces between the plates of the preceding set and spaced
      slightly rearwardly therefrom as to cause air passing through said sets of
      plates to be diverted into tortuous paths around the plates of each set,
      the sets of baffle plates succeeding said first set being shorter than the
      first set and suspended therebehind by an imperforate web coextensive with
      the upper portions of the baffle plates of the first set, said web
      equalizing the greater air flow over and through said first set of baffle
      plates and thus throughout said chamber, an oil reservoir in said
      enclosure beneath said baffle plates, oil in said reservoir the level in
      which is spaced below the lower ends of said baffle plates, means between
      the lower ends of said baffle plates and the oil in said reservoir for
      preventing passage of air below said baffle plates and for constraining
      the air to pass through said sets of baffle plates, means for continuously
      pumping oil from said reservoir to the upper ends of the baffle plates of
      at least the first and second sets and for gravitationally flowing a film
      of oil uniformly over the front faces of the baffle plates of the first
      and second sets, whereby particles of paint sprayed against the baffle
      plates of the first set and carried in the air passage through the slits
      between the baffle plates of the first set are entrained in the oil and
      flushed thereby into the reservoir, the oil flowing over said baffle
      plates being returned to said reservoir and having a free fall from the
      lower edges of said baffle plates to the level of the oil in the reservoir
      whereby to cause the entrained paint particles to penetrate the surface of
      the oil and become immersed therein and to sink to the bottom on the
      reservoir, the baffle plates of the first set having the side edges
      thereof bent rearwardly toward the baffle plates of said second set and
      the baffle plates of said second set having a central concave portion for
      catching and retaining oil and paint particles passing thereto from the
      preceding set of plates, the baffle plates of the last set each having the
      side edges thereof bent forwardly into spaced generally parallel relation
      with the side edges of the respective plates of the preceding set for
      catching and retaining oil and paint particles passing thereto from the
      preceding set, whereby the paint particles are entrained in the oil and
      deposited in the reservoir and air substantially free of paint and oil
      particles is delivered to said outlet, and a second baffle system in said
      enclosure between the last set of said baffle plates and said outlet, said
      second baffle system comprising a vertical chamber rearwardly of said last
      set of baffle plates extending from sidewall to sidewall of said enclosure
      and including a vertical wall spaced rearwardly from said last set of
      baffle plates and terminating at its lower edge in upwardly spaced
      relation to the lower ends of said baffle plates to define an entrance
      into the lower end of said vertical chamber, a pair of laterally spaced
      baffles converging upwardly from the walls of said vertical chamber above
      said entrance, and a horizontal deflecting baffle mounted centrally in
      said vertical chamber above the upper ends of said converging baffles,
      said horizontal baffle being wider than the space between the upper ends
      of said converging baffles and having side edges bent downwardly into
      spaced generally parallel overlying relation with an adjacent one of said
      converging baffles, said baffles in said vertical chamber causing the air
      passing therethrough to strike several baffle surfaces and to travel in a
      tortuous path having several sharp turns therein for removing
      substantially all traces of paint and oil from the air, said vertical
      chamber having a bottom wall sloping toward said reservoir for returning
      to the reservoir all oil removed from the air.
NUM  2.
PAR  2. A paint spray booth as set forth in claim 1, wherein the succeeding sets
      of baffle plates are at least two in number and wherein the longitudinal
      spacing between successive sets of baffle plates is progressively smaller
      so as to cause a progressive increase in the velocity of the air passing
      through the successive rows of the baffles plates to increase the air
      scouring action thereof.
NUM  3.
PAR  3. A paint spray booth as set forth in claim 1, wherein said means for
      pumping oil from said reservoir to the upper end of said baffle plates
      includes header means at the upper end of said first set of baffle plates
      and header means at the upper edge of said imperforate web, the lower edge
      of said web being provided with a spaced series of channels located above
      the central concave portion of each respective baffle plate of the second
      row to funnel a flow of oil onto the front surface of the central portion
      of each of the baffle plates in the second row.
NUM  4.
PAR  4. A paint spray booth as set forth in claim 1, wherein said second baffle
      system includes a pair of laterally spaced baffles converging downwardly
      from the walls of said vertical chamber above said horizontal baffle, the
      lower ends of said downwardly converging baffles being spaced above said
      horizontal baffle and having terminal edges which extend over the juncture
      between said horizontal baffle and the downwardly bent side edges thereof,
      and permeable air filter means above said downwardly converging baffles
      for removing the last finite traces of oil from the air.
NUM  5.
PAR  5. A paint spray booth comprising, in combination an enclosure having side
      and top walls defining therein a spray painting chamber, an air inlet in
      one side of said chamber and an air outlet in the other side of said
      chamber, means for drawing air through said inlet and said chamber and
      discharging it through said outlet, substantially vertical wall means in
      said enclosure between said chamber and said outlet extending from side
      wall to side wall and from top to bottom thereof, said vertical wall means
      including a plurality of longitudinally spaced sets of vertically
      extending laterally spaced baffles plates, the baffles plates of the first
      set having broad front faces exposed to said chamber and forming a rear
      wall for said chamber against which spray painting operations may be
      performed, the baffle plates of said first set being mounted closely
      adjacent to define narrow vertical slits between said plates for escape of
      air from said chamber, the baffle plates of each succeeding set being
      staggered relative to the plates of the preceding set with each plate of
      each succeeding set being aligned with and laterally broader than the
      respective one of the spaces between the plates of the preceding set and
      spaced slightly rearwardly therefrom so as to cause air passing through
      said sets of plates to be diverted into tortuous paths around the plates
      of each set, an oil reservoir in said enclosure beneath said baffle
      plates, oil in said reservoir the level of which is spaced below the lower
      ends of said baffle plates, means between the lower ends of said baffle
      plates and the oil in said reservoir for preventing passage of air below
      said baffle plates and for constraining the air to pass through said sets
      of baffles plates, means for pumping oil from said reservoir to the upper
      ends of the baffle plates of at least the first and second sets for
      gravitationally flowing a flim of oil uniformly over the front faces of
      the baffle plates of the first and second sets, whereby particles of paint
      sprayed against the baffle plates of the first set and carried in the air
      passage through the slits between the baffle plates of the first set are
      entrained in the oil and flushed thereby into the reservoir, the baffle
      plates of the first set having the broad front faces thereof in
      substantially a common plane and having the side edges thereof bent
      rearwardly toward the baffle plates of said second set, the baffle plates
      of said second set having a central concave portion aligned with the slits
      between the baffle plates of the first set for receiving the flowing film
      of oil and for catching and retaining oil and paint particles passing
      thereto from said first set of plates, and a third set of baffle plates
      rearwardly of said second set to which oil is not supplied, the baffle
      plates of said third set having the side edges thereof bent forwardly into
      spaced generally parallel relation with the side edges of the respective
      plates of the second set for catching and retaining oil and paint
      particles passing thereto from said second set, the longitudinal spacing
      between successive sets of baffle plates being progressively smaller so as
      to cause a progressive increase in the velocity of the air passing through
      the successive rows of the baffle plates to increase the air scouring
      action threreof, the spacing of said baffle plates above the oil level
      causing the oil flowing over said baffle plates to be returned to said
      reservoir with a free fall from the lower edges of said baffle plates to
      the level of the oil in the reservoir whereby to cause the entrained
      particles to penetrate the surface of the oil and become immersed therein
      to sink to the bottom of the reservoir.
NUM  6.
PAR  6. A paint spray booth as set forth in claim 5, wherein the sets of baffle
      plates succeeding said first set are shorter than the first set and are
      suspended therebehind by an inperforate web co-extensive with the upper
      portions of the baffle plates of the first set.
NUM  7.
PAR  7. A paint spray booth as set forth in claim 5, including a second baffle
      system in said enclosure between the last set of said baffle plates and
      said outlet, said second baffle system comprising a vertical chamber
      rearwardly of said last set of baffle plates and having an entrance into
      the lower end thereof, means in said vertical chamber immediately above
      said entrance for causing the air entering through said entrance to be
      converged upon itself generally centrally of said vertical chamber, and a
      horizontal deflecting baffle mounted centrally in said vertical chamber
      above said converging means and having side edges bent downwardly
      laterally outwardly from said converging means, said converging means and
      said horizontal baffle causing the air passing through said vertical
      chamber to strike said baffle and to travel in a tortuous path having
      several sharp turns therein for removing substantially all traces of oil
      from the air.
NUM  8.
PAR  8. A paint spray booth comprising, in combination, an enclosure having side
      and top walls defining therein a spray painting chamber, an air inlet in
      one side of said chamber and an air outlet in the other side of said
      chamber, means for drawing air through said inlet and said chamber and
      discharging it through said outlet, substantially vertical wall means in
      said enclosure between said chamber and said outlet extending from
      sidewall to sidewall and from top to bottom thereof, said vertical wall
      means including a plurality of longitudinally spaced sets of vertically
      extending laterally spaced baffle plates, the baffle plates of the first
      set having broad front faces exposed to said chamber and forming a rear
      wall for said chamber against which spray painting operations may be
      performed, the baffle plates of said first set being mounted closely
      adjacent to define narrow vertical slits between said plates for escape of
      air from said chamber, the baffle plates of each succeeding set being
      staggered relative to the plates of the preceding set with each plate of
      each succeeding set being aligned with and laterally broader than a
      respective one of the spaces between the plates of the preceding set and
      spaced slightly rearwardly therefrom so as to cause air passing through
      said sets of plates to be diverted into tortuous paths around the plates
      of each set, the sets of baffle plates succeeding said first set being
      shorter than the first set and suspended therebehind by an imperforate web
      coextensive with the upper protions of the baffle plates of the first set,
      an oil reservoir in said enclosure beneath said baffle plates, oil in said
      reservoir, means for pumping oil from said reservoir to the upper ends of
      the baffle plates of at least the first and second sets for
      gravitationally flowing a film of oil uniformly over the front faces of
      the baffle plates of the first and second sets, whereby particles of paint
      sprayed against the baffle plates of the first set and carried in the air
      passing through the slits between the baffle plates of the first set are
      entrained in the oil and flushed thereby into the reservoir, the oil
      flowing over said baffle plates being returned to said reservoir for
      recirculation over said plates.
NUM  9.
PAR  9. A paint spray booth as set forth in claim 8, wherein the oil is pumped
      from the reservoir to the upper ends of the baffle plates of the first set
      and to the upper edge of said imperforate web, whereby oil is flowed
      downwardly over the front faces of the baffle plates of the first set, the
      front face of said imperforate web and the front faces of the baffle
      plates of the second set, the lower edge of said imperforate web being
      provided with a spaced series of channels located above the central
      portion of each of the respective individual baffle plates of the second
      set to funnel a flow of oil into the central portion of the front surface
      of each of the baffles of the second set.
NUM  10.
PAR  10. A paint spray booth as set forth in claim 9, wherein the baffle plates
      of the first set have the side edges thereof bent rearwardly toward the
      baffle plates of said second set, the baffle plates of said second set
      have a central concave portion aligned with the slits between the baffle
      plates of the first set for receiving the flow of oil from said
      imperforate web and for catching and retaining oil and paint particles
      passing thereto from said first set of plates, and a third set of baffle
      plates rearwardly of said second set to which oil is not supplied, the
      baffle plates of said third set having the side edges thereof bent
      forwardly into spaced generally parallel relation with the side edges of
      the respective plates of the second set for catching and retaining oil and
      paint particles passing thereto from said second set.
NUM  11.
PAR  11. A paint spray booth comprising, in combination, an enclosure having
      side and top walls defining therein a spray painting chamber, an air inlet
      in one side of said chamber and an air outlet in the other side of said
      chamber, means for drawing air through said inlet and said chamber and
      discharging it through said outlet, means in said enclosure between said
      chamber and said outlet for removing from the air passing through said
      chamber the majority of said paint particles resulting from the spray
      painting operations, and a baffle system between said particle removing
      means and said outlet for further cleaning the air and removing therefrom
      substantially all traces of paint, said baffle system comprising a
      vertical chamber rearwardly of said particle removing means having an
      entrance into the lower end thereof, means immediately above said entrance
      for converging the flow of air into the central portion of said vertical
      chamber at the lower portion thereof, and horizontal deflector means
      spaced from the sides of said vertical chamber and positioned in said
      converging air flow immediately above said converging means.
NUM  12.
PAR  12. A paint spray booth as set forth in claim 11, wherein said converging
      means comprises a pair of laterally spaced baffles converging upwardly
      from the walls of said vertical chamber immediately above said entrance,
      and wherein said deflector means comprises a horizontal baffle mounted
      centrally in said vertical chamber above the upper ends of said converging
      baffles, said horizontal baffle being wider than the space between the
      upper ends of said converging baffles and having side edges bent
      downwardly into overlying relationship relative to said converging
      baffles.
NUM  13.
PAR  13. A paint spray booth as set forth in claim 12, including a pair of
      laterally spaced baffles converging downwardly from the walls of said
      vertical chamber above said horizontal baffle, the lower ends of said
      downwardly converging baffles being spaced above said horizontal baffle
      and having terminal edges which extend over the juncture between said
      horizontal baffle and the downwardly bent side edges thereof, and
      permeable air filter means above said downwardly converging baffles, said
      baffles causing the air passing through said vertical chamber to strike
      several baffles and to travel in a tortuous path having several sharp
      turns therein for removing substantially all traces of paint from the air,
      said permeable air filter means removing the last finite traces of paint
      from the air.
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ABST
PAL  An improved multi-jet nozzle construction for pulse-jet dust collectors
      including a multi-stage blow-pipe assembly incorporating at least one
      selectively located internal restriction disposed in facing relation to
      the direction of flow of compressed cleaning gas therethrough.
BSUM
PAR  This invention relates to dust collector construction and particularly to
      improved multi-jet nozzle system constructions for pulse-jet type dust
      collectors.
PAR  Fabric media dust collectors employing pulse-jet cleaning systems as
      broadly disclosed in Church Reissue U.S. Pat. No. 24,954 are currently in
      widespread use for effecting the separation of particulates from gaseous
      streams. A conventional construction for such type of unit employs one or
      more blow-pipes each having a plurality of apertures therein for delivery
      of the cleaning gases in jet form into desired proximity with the open end
      of the filter chambers or the like. Each of said apertures is normally
      disposed in spaced coaxial alignment with the open end of an elongate
      filter sock and each of said blow pipes is normally connected to a remote
      source of compressed cleaning gas, usually air, through a quick acting
      valve member so as to permit simultaneous cleaning of a plurality of
      filter socks with a single valve actuation. While employment of a minimum
      number of such quick acting valves is economically desirable, maximum
      realization thereof has been practically limited by the number of jet
      nozzle apertures that may be effectively included in a given length of
      blow pipe without effecting undesirable deterioration in emitted pulse-jet
      performance characteristics.
PAR  This invention may be briefly described as an improved nozzle construction
      for pulse-jet type dust collectors which includes, in its broader aspects,
      a multi-stage blow pipe assembly incorporating at least one selectively
      located internal restriction disposed in facing relation to the direction
      of flow of compressed cleaning gas therethrough.
PAR  Among the advantages attendant the practice of the subject invention is a
      permitted reduction in the number of quick acting valve elements required
      for use in pulse-jet dust collectors with attendant reduction in cost and
      simplification of construction. Another advantage is the provision of more
      uniform pulse emission characteristics and distribution of energy along
      the length of a blow tube. Still further advantages of the subject
      invention include permitted increases in the number of jet nozzles
      includable in blow pipes associated with a single quick acting valve
      member and the provision of more rapid and uniform jet emission patterns
      that will be generally productive of better shock effects and improved
      filter bag cleaning.
PAR  The object of this invention is the provision of an improved multi-jet blow
      pipe system for emission of cleaning air in pulse-jet type dust
      collectors.
PAR  Other objects and advantages of the subject invention will become apparent
      from consideration of the following portions of this specification and
      from the appended drawings, which illustrate, in accordance with the
      mandate of the patent statutes, a presently preferred blow pipe
      construction incorporating the principles of this invention.
DRWD
PAR  In the Drawings:
PAR  FIG. 1 is a schematic elevational view, partially in section, of the
      essentials of a multi-jet blow pipe assembly incorporating the principles
      of this invention.
PAR  FIGS. 2a and 2b are schematic representations of comparative pressure
      traces obtained from conventionally constructed multi-jet nozzle
      assemblies and those constructed in accord with the principles of this
      invention.
DETD
PAR  Referring to the drawings and particularly to FIG. 1, thereof, there is
      schematically set forth some of the essential operating components of
      pulse-jet type of dust collectors. Such type collectors conventionally
      include a perimetric housing section, normally of modular character and
      generally designated 10, having a transverse tube sheet 12 mounted therein
      which operatively sub-divides the interior of the housing module into
      clean and dirty air plenum chambers 14 and 16, respectively. Dependently
      supported by the tube sheet 12 within the dirty air plenum 16 are a
      plurality of elongate cylindrical filter socks 18 mounted on suitable
      retainers (not shown). Such filter socks 18 are conventionally formed of
      felted or fabric material or other suitable dry type filter medium and the
      interiors of the filter chambers defined thereby are disposed in fluid
      communication with the clean air plenum chamber 14 through the upper open
      ends thereof which normally include individual venturi means 20. In normal
      filter flow operation of such units, the gaseous carrier is induced to
      flow from the dirty air plenum 16 through the filter socks 18, upwardly
      therewithin and through the venturi means 20 into the clean air plenum 14
      and from thence externally of the housing section 10 by a fan or other
      prime movant disposed downstream in the clean air exhaust conduit 22.
PAR  In conventional pulse-jet dust collectors, each housing section or module
      10 will normally contain a plurality of such filter socks 18 positioned in
      predetermined geometric arrangement to facilitate economic cleaning
      thereof. In the larger modular units often as many as 16 separate filter
      socks 18 are disposed in line and are adapted to be subjected to
      simultaneous cleaning. Disposed in coaxial alignment with and in spaced
      relation from each of the venturis 20 is a jet nozzle 30, suitably in the
      form of a small aperture, as for example of 1/4 inch to 1/2 inch diameter,
      in the wall of an elongate blow pipe unit 32 having one terminal end
      sealed, as at 38, and the other end connected to a source of compressed
      cleaning gas 34 through a quick acting valve assembly 36. Conventionally,
      a single blow pipe having appropriately located nozzle apertures 30 is
      adapted to operatively service a plurality of lineally arranged filter
      socks in the general manner illustrated in the drawings.
PAR  In the cleaning cycle phase of operation of such pulse jet type dust
      collectors, the quick acting valve 36 is periodically actuated to permit
      the transfer of compressed cleaning gas from the source 32 thereof into
      the interior of the blow-pipe 32 and from which it exits in jet form from
      the nozzles 30 as pulses of high energy gas of very short duration, i.e.
      -- normally of 1/10 second or less. In a properly designed pulse-jet dust
      collector, such emitted pulses operate to momentarily halt the normal
      filter flow of cleaned gas upwardly through the venturis and create an
      abrupt pressure rise within the interior of the filter socks with a
      concomitant shockwave like action to effect a cleaning thereof. Uniformity
      of high efficiency cleaning of the filter socks dictates that character of
      the pulse-jets of cleaning gas emitted along the length of the blow pipes,
      and in particular the rapidity of the pressure rise effected thereby, be
      of essentially uniform character. However, a marked deterioration in the
      pulse characteristics results when a blow-pipe served by a single quick
      acting valve is unduly elongated to serve an increased number of filter
      sections.
PAR  FIG. 2a is, by way of example, schematically illustrative of the
      pressure-time characteristics of such pulses as would be emitted from 1/4
      inch diameter terminal jet nozzles No. 1 and No. 16 of an elongated
      blow-pipe of 1 inch standard pipe adapted to serve 16 lineally arranged
      filter socks in conventional construction. As is apparent, the character
      of the pulse emanating from the jet nozzle No. 1, i.e. -- the jet nozzle
      30 disposed closest to the valve member 36, is of markedly different and
      less effective character than that emanating from jet nozzle No. 16
      disposed adjacent to the sealed terminal end 38 thereof. The difference in
      the nature of the initial pressure rise characteristics is particularly
      apparent. The trace for nozzle No. 16 is of the desired abrupt character
      productive of the efficacious shock-wave effects, whereas the trace for
      nozzle No. 1 is, quite unexpectedly, of markedly deteriorated character.
      Similar deterioration but of progressively lesser magnitude occurs on the
      nozzles adjacently downstream of nozzle No. 1.
PAR  In accordance with the principles of this invention, the blow-pipe 32 is
      provided with at least one selectively located internal restriction. As
      shown in FIG. 1 by way of example, the blow-pipe 32 includes a single
      intermediately located internal restriction, generally designated 40,
      which serves to define an internal abutment or shoulder 42 disposed in
      substantially perpendicular facing relation to the direction of flow of
      cleaning fluid within said blow-pipe. The inclusion of such restriction
      and selective location thereof is conveniently effected by making the
      blow-pipe 32 of two different sizes of standard pipe, so that the
      downstream portion 44 thereof is of lesser external and internal diameter
      than that of the upstream portion 46 thereof. By way of specific example,
      the initial or upstream portion 46 may suitably be constituted of 1 inch
      diameter Schedule 40 pipe and the downstream portion 44 constituted by 3/4
      inch Schedule 40 pipe. Where a single internal restriction 40 is employed
      it should desirably be located in the vicinity of the mid-length of the
      blow-pipe 32 considered in terms of cumulative jet nozzle area and which
      for blow-pipes having uniformly spaced jet nozzles will be in the middle
      thereof plus or minus about 10%. Preferably such restriction will be
      disposed somewhat closer to the valve 36 than to the sealed terminal end
      38 thereof. Information available to date for a 16 hole blow-pipe
      incorporating substantially equally spaced 1/4 inch jet nozzle apertures
      in standard pipe of the dimensions set forth above indicates that the
      preferred location for a single internal restriction 40 lies between holes
      7 and 8. In more general terms, a single internal restriction 40 should
      desirably be located slightly in advance of the location where a 50%
      dividing line appears in cumulative jet nozzle area. In a similar manner,
      when a plurality of restrictions are employed, they should be located in
      relatively uniform spacing, intermediate the terminal jet nozzles.
PAR  Although not fully understood at the present time, operations to date
      appear to indicate that the inclusion of the restriction 40 in a blow-pipe
      in the manner described above results in the emission of substantially
      equal amounts of energy through the first jet nozzle of the blow-pipe as
      is emitted through the last jet nozzle thereof. Moreover, the inclusion of
      such restriction, as is apparent from FIG. 2b, results in a marked
      improvement in abruptness of the pressure rise, i.e. -- a shorter rise
      time, and in markedly improved characteristics of the initial pressure
      time trace for the upstream nozzles which provides a markedly improved
      shock effect and better and more uniform cleaning of all the filter socks
      being served by a given blow pipe.
CLMS
STM  Having thus described my invention, I claim
NUM  1.
PAR  1. In a pulse-jet dust dust collector wherein a plurality of elongate open
      ended filter socks are simultaneously subjected to cleaning by the abrupt
      emission of short duration jet pulses of cleaning gas selectively directed
      into the open ends thereof,
PA1  the improvement comprising
PA1  terminally sealed elongate hollow blow-pipe means connected to a remote
      source of pressurized cleaning gas through a quick acting valve and having
      a plurality of selectively located apertures therein for effecting the
      delivery of said selectively directed pulses of said cleaning gas
      therefrom into the open ends of said filter socks upon actuation of said
      valve to effect cleaning thereof,
PA1  and means defining an internal gas impervious restriction at about the mid
      length of said blow pipe means extending inwardly from the internal
      defining wall of said blow pipe and disposed substantially perpendicular
      to the direction of flow of cleaning fluid within said blow-pipe means to
      abruptly reduce the cross-sectional area of said blow-pipe means available
      for cleaning gas flow therethrough and to increase the rate of emission of
      cleaning gas from said apertures disposed adjacent to said valve.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 wherein said internal gas impervious
      surface is located slightly in advance of a location defined by 50% of
      accumulated jet nozzle area therein measured in the downstream direction.
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ABST
PAL  A bacteria filter includes a pair of generally conical housing sections
      having confronting marginal flanges adapted to be welded together to seal
      the sections into an integral filter housing. The flanges have a pair of
      tongue-in-groove connectors to facilitate alignment of the sections during
      assembly and to automatically stretch a filter element between the two
      sections during assembly to optimize the filtering capacity of the filter.
      Each section of the filter device has a co-axial tubular neck extension
      defining an inlet and outlet of the filter device.
PARN
PAR  This application is a continuation-in-part of my application Ser. No.
      442,682 filed Feb. 14, 1974 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to filter devices and more
      particularly to a new and improved bacteria filter device designed to
      automatically condition a filter element during assembly for optimum
      filtering capacity and to the method of assembling the filter device.
PAR  2. Description of the Prior Art
PAR  In certain artificial respiratory systems, such as intermittent positive
      pressure breathing apparatus (IPPB) used in assisting asthma patients with
      breathing, air purifiers or bacteria filters are used to remove
      undesirable bacteria from the fluid sprayed into the patient's mouth. The
      IPPB system has a nebulizer nozzle designed to spray the desired fluid
      into the patient's mouth and the nozzle frequently includes a bacteria
      filter to purify the air before passage into the patient's mouth. It is
      important that these filters be simple and compact in construction yet
      leak-proof so that all air passing through the filter is subjected to the
      filtering medium and bacteria is reliably removed therefrom. In the past
      it has been difficult to obtain the desired leak-proof construction
      without the use of clamping devices to effect the desired seal and the use
      of such clamping devices renders the filter undesirable for use with
      nebulizer nozzles because of the bulkiness and complexity of construction.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a new and improved
      filter device of simplified construction and a method of assemblying the
      filter device.
PAR  It is another object of the present invention to provide a new and improved
      compact bacteria filter designed to optimize the removal of bacteria from
      an air stream.
PAR  It is another object of the present invention to provide a filter device
      which during assembly automatically stretches or tensions a filter element
      so that the cross-sectional area of the openings in the filter element are
      decreased from their normal size to optimize the filtering affect upon
      bacteria being trapped by the filter.
PAR  It is another object of the present invention to provide a filter device
      which is comprised of two sections which have been designed to be
      integrated by sonic welding or the like and to automatically grip a filter
      element during assembly to circumferentially stretch the filter element to
      decrease the cross-sectional area of the openings in the filter element.
PAR  These and other objects of the present invention are obtained with a
      simplified and compact filter device that is easily assembled with three
      component parts to obtain the desired optimum filtering capacity.
PAR  More particularly, the device includes two housing sections having
      confronting flanges which have been designed to grip and stretch a filter
      element sandwiched therebetween when the confronting flanges are
      compressed against each other. The flange of one section has a pair of
      continuous grooves therein while the confronting flange of the other
      section has a pair of aligned continuous protrusions or beads adapted to
      be received in the grooves in the first section. One mating groove and
      protrusion is adapted to facilitate alignment and positive integral
      connection of the sections during assembly while the other groove and
      protrusion serves to grip and apply an outward stretching force to the
      filter element uniformly in all directions and to establish a positive
      leak-proof seal between the filter and the opposing or confronting
      sections.
PAR  Each section, of course, has an opening passing therethrough, one of which
      serves as an inlet to the filter and the other the outlet. In assembly of
      the filter device, the sections are placed in confronting relationship
      with the filter element sandwiched therebetween so that the protrusions
      mate with the associated grooves. The flanges are then sonically welded to
      be positively bonded together in sealed integral relationship with a
      peripheral area of the filter element so that the device is leak-proof and
      will affectively trap bacteria entrained by fluid passed through the
      device.
PAR  Other objects, advantages and capabilities of the present invention will
      become more apparent as the description proceeds taken in conjunction with
      the accompanying drawings.
DRWD
     cl BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the filter device of the present invention,
PAR  FIG. 2 is an exploded perspective view of the filter device of FIG. 1,
PAR  FIG. 3 is an enlarged top plan view of the filter device of FIG. 1,
PAR  FIG. 4 is an enlarged side elevation of the filter device of FIG. 1,
PAR  FIG. 5 is an enlarged section taken along line 5--5 of FIG. 3,
PAR  FIG. 6 is an enlarged fragmentary vertical section taken through the filter
      element of the filter device of FIG. 1, and
PAR  FIG. 7 is an enlarged fragmentary vertical section taken through the filter
      device of FIG. 1 with the sections of the filter device spaced from the
      filter element.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 1 through 5, the filter device 10 of the present
      invention is seen to include upper and lower housing sections 12 and 14
      respectively, positioned in confronting relationship with a filter element
      16 sandwiched therebetween. For purposes of description and not
      limitation, the upper section 12 may be termed an inlet section and the
      lower section 14, the outlet section, it being understood that depending
      upon the type and/or orientation of the filter element 16, that either
      section could serve as the inlet or outlet section.
PAR  Each of the inlet and outlet sections 12 and 14 respectively, can be seen
      to have a conically shaped body portion 18 with a peripheral or marginal
      ring-like flange 20 extending radially outwardly from the base of the
      conical body portion 18.
PAR  Referring to FIGS. 5 and 6, the flange 20 of the inlet element 12 has an
      annular protrusion 22 on its lower face spaced slightly inwardly from the
      outer periphery of the flange. The protrusion 22 is continuous around the
      periphery of the flange 20 and in the disclosed form, is of rectangular
      transverse cross-section. The outlet element 14 has a mating annular
      groove 24, also of rectangular transverse cross-section in its upper
      surface adapted to receive the annular protrusion 22 on the inlet element.
      Therefore, the annular groove 24 and protrusion 22 are equally spaced
      inwardly from the outer periphery of the respective flanges. Spaced
      radially inwardly from the annular protrusion 22 on the lower face of the
      flange of the inlet element 12 is an annular ridge 26 of triangular
      transverse cross-section which is slightly spaced in a radial direction
      outwardly from the innermost periphery of the flange 20. The outlet
      element 14 similarly has an annular groove 28 of triangular transverse
      cross-section slightly spaced radially outwardly from the innermost
      periphery of the flange 20 in a position to receive the annular ridge 26
      on the inlet element. Accordingly, when the inlet and outlet elements are
      placed in confronting relationship, as illustrated in FIG. 5, the annular
      protrusion 22 and the annular ridge 26 project into and mate with the
      corresponding grooves 24 and 28 respectively, provided in the flange of
      the outlet element.
PAR  At the apex of the conical body portion 18 of each section and extending
      along the central longitudinal axis of the section is a generally
      cylindrically shaped rigid tubular neck 30 having a continuous passing
      therethrough establishing communication between the ambient environment
      and an enclosed cavity formed by the conical body portions 18 of the
      sections when they are disposed in confronting engagement as shown in FIG.
      5. Each neck 30 has a frusto-conical head 32 on its distal end which
      serves as a gripping means for a flexible elastic tube (not shown) of a
      conventional type used to transmit fluids into and out of the filter
      device 10. Accordingly, as best illustrated in FIG. 5, the elements 12 and
      14, when placed in confronting relationship with the filter element 16
      sandwiched therebetween establish a confined passage through the filter
      device which is bisected by the filter element so that fluid flowing
      through the filter device must pass through the filter element.
PAR  Referring to FIG. 6, the filter element 16, which in the preferred form is
      primarily adapted for filtering bacteria out of dry fluids, is a thin
      flexible circular disk having a porous, teflon impregnated micro-glass
      fiber sheet 34 on one face and a laminated sheet 36 of nylon or glass
      cloth reinforcement on the other face. It is to be noted that the filter
      element 16 could be any suitable filtering medium having the
      characteristics desirable for a particular application even though for
      best results, the filtering element should be virtually inextensible so
      that it can be stretched tightly between the flanges of the housing
      sections as described hereinafter. In the disclosed form, the filter
      element 16 is positioned between the inlet and outlet elements 12 and 14
      respectively, so that an outer peripheral area of the filter element lies
      between the confronting flanges 20 of the elements with the porous, teflon
      impregnated micorglass fiber face 34 of the filter element facing the
      inlet element 12.
PAR  In assemblying the device, the filter element 16 is placed upon the outlet
      element 14 so as to overlie the innermost groove 28 in the upper surface
      of the flange 20. The inlet element 12 is then placed upon the outlet
      element 14 so that the flanges 20 are in face-to-face relationship with
      the filter seat 16 disposed therebetween. The inlet and outlet elements
      are easily aligned with the annular protrusion 22 on the flange of the
      inlet element 12 which fits into the outermost annular groove 24 in the
      flange of the outlet element 14. When the elements are appropriately
      aligned and positioned, as in FIG. 5, the circular ridge 26 on the inlet
      element overlies the filter sheet 16 so that when the inlet element 12 is
      moved axially and compressed against the outlet element 14, the filter
      sheet is depressed along a continuous circular path into the groove 28
      which radially stretches and tensions the filter sheet 16 between the
      housing sections. It should be appreciated that the housing sections are
      compressed against each other only by axial movement along the central
      longitudinal axes of the sections so that the filter element 16 is
      uniformly stretched in a radial direction through 360.degree..
      Accordingly, it is not necessary to twist or pivot the sections relative
      to each other when assembling the device as this could distort or wrinkle
      the filter element possibly decreasing the efficiency of the device.
PAR  With the device assuming the orientation shown in FIG. 5, it is placed in a
      conventional sonic welding apparatus (not shown) which sonically welds the
      flanges 20 of the two elements into an integral unified flange thereby
      sealing the filter sheet 16 between the elements and establishing a
      circumferential hermetic seal so that fluids passing through the device
      must pass through the filter sheet. Preferably, the housing sections 12
      and 14 are made of a polycarbon plastic material which is well-suited for
      sonic welding operations. In production, polycarbon housing sections have
      been suitably welded by applying a force of 40 lbs. to the flanges of the
      sections for 1.1 seconds during actual welding and leaving the 40 lbs.
      pressure on the sections for an additional 0.4 seconds while the sections
      cool.
PAR  After the device has been assembled and fully integrated as described, the
      device may be autoclaved, depending upon its intended use, by passing
      steam through the device at approximately 300.degree.F for approximately
      fifteen minutes. The autoclaving treatment not only sterilizes the filter
      but also shrinks and thereby further tensions the filter element 16 to
      further reduce the cross-sectional area of the openings in the filter
      element improving the effectiveness of the filter device 10. After
      autoclaving, and in actual production, the aforedescribed laminated filter
      element 16 retained between polycarbon housing sections has been tensioned
      to approximately 160 PSI and will withstand pressures of 90-135 PSI with a
      pressure drop of approximately 0.3 to 0.75 PSI at an air flow rate of 10
      liters per minute.
PAR  It will be appreciated, that the filter device 10 of the present invention
      is easily assembled through use of an alignment tongue-in-groove system,
      and the filter sheet 16 is automatically radially tensioned for optimum
      filtering conditions. When the filter sheet is initially tensioned during
      assembly of the elements, it will be appreciated that the size of the
      openings in the filter sheet are reduced and that upon autoclaving, the
      openings in the filter are further reduced to further increase the
      filtering capacity.
PAR  Through experiments, it has bee discovered that the rate at which the
      housing sections are compressed together has a bearing on the uniformity
      and degree of tensioning obtained in the filter element. It has been found
      that by compressing the housing sections together at a rate of 300 inches
      per second, optimum tension can be placed on the filter element.
PAR  Although the present invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that changes in details of structure may be made
      without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A filter device comprising in combination a pair of housing sections,
      each section having an opening therethrough and a peripheral flange in
      confronting relationship with the peripheral flange of the other section
      to define an enclosed chamber, a continuous ridge on the peripheral flange
      of one section and a continuous complementary groove on the flange of the
      other section adapted to receive said ridge, an annular protrusion in the
      peripheral flange of said one section spaced from and radially outwardly
      of said ridge, a second groove in said flange of said other section
      radially spaced outwardly from said complementary groove to receive the
      protrusion on the flange of said one section and align said sections with
      respect to each other, a planar filter element disposed between said
      sections and extending radially outwardly of said flange to an extent
      sufficient to overlie said radially innermost groove and ridge such that
      the ridge on the one flange forces a portion of the filter into the groove
      of the flange of the other section and the protrusion on the one flange
      and the second groove on the flange of said other section cooperate to
      align said housing sections while simultaneously tensioning said filter
      element, and means uniting said housing sections and said filter element
      along the peripheral surface of said flanges to seal the filter element in
      said chamber.
NUM  2.
PAR  2. The filter device of claim 1 wherein said annular protrusion and said
      second annular groove constituting an aligning means for said housings are
      disposed radially outwardly from the annular ridge and the first annular
      groove constituting the tensioning means for said filter, said filter
      element dimensioned to extend radially beyond said tensioning means and
      terminating short of said aligning means.
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ABST
PAL  Refrigeration is produced by compressing a multi-component refrigerant to a
      high pressure, cooling the high pressure refrigerant to produce a
      refrigerant having a vapor phase and a liquid phase, separating the two
      phase refrigerant into a vapor phase and a liquid phase, passing the
      refrigerant vapor phase through heat exchanger means to cool and condense
      it to a liquid, expanding the so-formed cold stream of condensed liquid to
      a colder low pressure stream, passing it back through the heat exchanger
      means to provide low temperature refrigeration thereto to cool the high
      pressure vapor stream fed therethrough and have extra refrigeration for
      removing heat from a product, and expanding the separated high pressure
      liquid phase to a low pressure cool stream, feeding the low pressure cool
      stream to an intermediate point in the heat exchanger means, combining
      said stream with the cold low pressure stream formed from the vapor
      removed from the vessel to provide warm temperature refrigeration to
      remove heat from the high pressure vapor stream fed therethrough, and
      compressing the combined refrigerant to repeat the process, said process
      developing extra refrigeration for removal of heat from a product.
PARN
PAR  This is a continuation-in-part of our copending application Ser. No.
      260,982, filed June 8, 1972, now abandoned.
BSUM
PAR  This invention relates to refrigeration apparatus and processes. More
      particularly, this invention is concerned with a novel refrigeration
      process, and apparatus useful therein, for producing low temperature
      refrigeration adequate among other things for liquefying low boiling gases
      and particularly for producing cryogenic liquids.
PAR  In all mechanical refrigeration cycles, thermal energy is transferred from
      a region of lower temperature to a region of higher temperature by using a
      fluid which will evaporate and condense at suitable pressures and
      temperatures for practical equipment designs. The cycle is usually
      illustrated by a conventional pressure-enthalpy (heat content) diagram. In
      the simplest refrigeration cycle, a compressor is used to raise the
      pressure of a given refrigerant vapor sufficiently high for its saturation
      temperature to be above the temperature of a heat rejection medium which
      is usually air or water. Heat is transferred from the vapor to the heat
      rejection medium and causes the refrigerant vapor to condense. The
      refrigerant liquid is then expanded to a pressure sufficiently low for its
      saturation temperature to be below the temperature of the product to be
      cooled. The difference in temperature transfers heat from the product to
      the refrigerant and cause the refrigerant to evaporate. The compressor
      removes the refrigerant vapor, recompresses it and the cycle is repeated.
      A simple cycle, such as described, can be used to obtain temperatures down
      to about -55.degree.F. depending on the refrigerant used and the
      compressor limitations.
PAR  Compound refrigeration cycles employing two or three stages of compression,
      with a cooler between stages, is often used to obtain colder temperatures.
      To obtain these lower temperatures it is common to employ a cascade cycle
      which employs at least two and generally three separate refrigeration
      cycles. A cascade cycle using only propane and ethylene will produce
      -150.degree.F. In a three stage cascade cycle the refrigerants
      methane-ethylene-propane can be used in the separate refrigeration cycles
      to produce temperature to -260.degree.F. Propane provides the first level
      of refrigeration to condense a second level ethylene refrigerant. The
      ethylene in turn provides second level refrigeration and condenses the
      third level methane refrigerant. Methane provides third level
      refrigeration, and it can be used to condense lower levels which can use
      nitrogen, hydrogen or helium.
PAR  The cascade cycle is quite widely used in the liquefaction of low boiling
      gases such as natural gas (methane), nitrogen, helium, oxygen and mixtures
      of these and other low boiling gases. It is used because, when operating
      properly, it is highly efficient and provides refrigeration with low power
      consumption. A cascade cycle however involves a large capital investment
      because of the compressors, coolers, and evaporators needed in the cycle.
      In addition, cascade cycles lack flexibility, and variations in the feed
      stream flow require adjustments in the refrigeration stages which are not
      easily made or controlled. Also, a small change in the flow rate of a low
      temperature refrigerant requires a large change in the flow rate of the
      warm refrigerant. Even if the refrigeration load is maintained relatively
      uniform, cascade cycles quite often go out of synchronization or balance
      with a loss in efficiency.
PAR  Another method used to produce low temperature refrigeration is by means of
      an expander-type cycle. Such a system requires that the gas to be used as
      the refrigerant be initially available as a high pressure feed stream or
      be brought to a high pressure. In an expander-type cycle the high pressure
      gas is first precooled and then expanded through a turbo-expander to
      produce a low temperature gaseous stream which is utilized to cool a
      product by counter-current heat exchange. Cycles of this type generally
      require ratios of expander flow to product flow of about 10 to 1 for an
      expander pressure ration of 6 to 1. Horsepower requirements for
      expander-type cycles are generally about twice the power needed for a
      cascade cycle and the cycles require large heat exchangers to accommodate
      the high mass flow rates.
PAR  Another system used to obtain low temperature refrigeration employs a
      multicomponent refrigerant. Systems of this type are described in Grenier
      U.S. Pat. No. 3,218,186; Grenier et al. U.S. Pat. No. 3,274,787; and
      Perret U.S. Pat. No. 3,364,685. In such systems, a multicomponent
      refrigerant at high pressure is partly condensed by air, water or
      evaporative-type heat rejection means and then directed to a vapor-liquid
      separation vessel from which a gaseous high pressure refrigerant stream
      rich in light components is removed for further processing. Successive
      steps of vapor-liquid separations of the refrigerant are required after
      liquid expansions to ultimately produce the low temperature refrigeration.
      In this system, the refrigerant composition is adjusted by adding
      components of natural gas. This may require fractionating equipment to
      produce the refrigerant. Depending on the number of vapor-liquid
      separations required, the complexity of the process approaches that of a
      cascade cycle. Operation of a plant using such a system is very sensitive
      to the composition of the liquid and vapor refrigerant streams. This
      requires chromatographic monitoring of the refrigerant streams because
      they operate with different refrigerant compositions. Also, because of the
      vapor-liquid separations, the flow rate of these separate phases must be
      regulated to control the process.
PAR  While the described system of the prior art can be used to produce low
      temperature refrigeration there is a clear need for a system which can be
      operated and controlled easier and which involves lower investment in
      apparatus.
PAR  According to the present invention there is provided a novel refrigeration
      system or cycle, and apparatus therefor, which utilizes a multicomponent
      normally gaseous refrigerant consisting essentially of methane (about
      35-55 mole percent), ethane (about 10-30 mole percent), propane (about
      10-30 mole percent) and butane (about 5-30 mole percent), the sum of the
      methane and ethane contents of the refrigerant being not more than about
      70% and the sum of the propane and butane contents being not more than
      about 50%.
PAR  The refrigerant is compressed to a suitable high pressure by a compressor
      means and thereafter heat is rejected to a suitable heat sink, such as air
      or water. At least partial condensation of the refrigerant occurs at this
      point. The partially condensed high pressure refrigerant stream is then
      fed to a separator vessel in which the refrigerant vapor phase is
      separated from the liquid phase. The high pressure vapor is removed from
      the separator and passed to a heat exchanger where it is cooled and
      condensed. The now cooled high pressure stream is removed from the heat
      exchanger and expanded to a low pressure stream, further reducing its
      temperature, and it is passed through the heat exchanger countercurrent to
      flow of the high pressure refrigerant vapor to provide cold refrigeration
      to cool the refrigerant vapor and have extra refrigeration for removing
      heat from a product stream which can be passed through the heat exchanger.
      The low pressure refrigerant stream leaving the heat exchanger is then
      sent to the compressor means.
PAR  Liquid phase refrigerant is withdrawn from the separator vessel, expanded
      to a low pressure and fed to the heat exchanger at an intermediate point
      to provide additional refrigeration to cool the vapor stream from the
      separator vessel and incoming product. This low pressure stream is
      advisably injected into the low pressure refrigerant stream formed from
      the refrigerant vapor removed from the separator vessel, after the latter
      has passed at least partially through the heat exchanger. The resulting
      combined stream provides refrigeration to the warm temperature end of the
      head exchanger to cool incoming vapor from the separator vessel and
      incoming product. Alternatively, these streams can be kept separate in
      their passage through the heat exchanger. In either case, however, the
      streams are combined to form a single refrigerant stream before being
      returned to the suction side of the compressor means.
PAR  The refrigeration produced as described can be used for any purpose
      desired, e.g., partial or total liquifaction of a low boiling gas product,
      such as natural gas.
PAR  The invention also provides a refrigeration system or refrigeration
      apparatus. It includes a compressor, a high pressure refrigerant conduit
      from the compressor to a heat rejector, a high pressure refrigerant
      conduit from the heat rejector to a refrigerant separator vessel for
      separating the refrigerant into a liquid phase and a vapor phase, a high
      pressure refrigerant vapor conduit from the separator vessel to a heat
      exchanger for passage of the vapor therethrough to cool the same, a high
      pressure refrigerant liquid conduit from the heat exchanger to an
      expansion valve for delivery of cooled high pressure refrigerant from the
      heat exchanger to the expansion valve, a cold low pressure refrigerant
      conduit from the expansion valve to the same said heat exchanger for
      delivery of cold low pressure refrigerant vapor to the heat exchanger to
      supply refrigeration thereto, a low pressure refrigerant conduit from the
      heat exchanger to the compressor for delivery of the low pressure
      refrigerant from the heat exchanger to the compressor, a high pressure
      refrigerant liquid conduit from the separator vessel to a second expansion
      valve for delivery of high pressure refrigerant liquid from the separator
      vessel to the second expansion valve, a cool low pressure refrigerant
      conduit from the second expansion valve to an intermediate point in the
      heat exchanger for delivering cool refrigerant which is part liquid and
      part vapor, formed from the refrigerant liquid, from the second expansion
      valve to the heat exchanger for providing refrigeration thereto, and means
      delivering said vapor to the compressor, and a multicomponent mixed gas
      refrigerant in said system.
PAR  The described refrigeration system or apparatus can be used in a
      refrigeration plant, such as for liquefying gases. A gas product feed
      stream conduit extending from a source for said gas product to the heat
      exchanger can convey a warm gas product to the heat exchanger for passage
      therethrough. A conduit extending from the heat exchanger to a gas product
      expansion valve can be used to deliver partially or fully condensed gas
      product from the heat exchanger to the valve and a conduit from the gas
      product expansion valve to a tank can convey cooled gas product to
      storage. The refrigeration supplied by the apparatus can be used to
      liquefy many gases, including nitrogen, natural gas, ethane, oxygen and
      hydrogen.
PAR  The refrigeration process and system of this invention uses a
      multicomponent refrigerant effectively and presents no problems with heavy
      hydrocarbon liquids at compressor suction. The refrigeration cycle is very
      easily controlled with separation of the liquid phase. The refrigerant
      amount in each phase will readily and automatically adjust itself to the
      right proportion for load and ambient changes.
PAR  Because of the efficiency of the refrigeration cycle, lower horsepower is
      needed, and a smaller heat exchanger can be used, than in many other
      refrigeration cycles to obtain an equal quantity of refrigeration. By
      permitting use of a smaller heat exchanger, it is possible in some
      installations to use only one heat exchanger for the complete
      refrigeration system. Also, the cycle lends itself to use with a
      centrifugal compressor as the compressor means in the cycle. Furthermore,
      instead of using water as the refrigerant cooler, ambient air can be used
      with only a small increase in horsepower.
PAR  A refrigeration plant can be built utilizing the described system which
      will have fewer pieces of equipment and lower capital costs. Because there
      is less equipment, less interconnecting piping is needed. The heat
      exchanger can be of relatively simple construction, usually not requiring
      a cold box. The system is also easy to control and operate since it
      employs only one multicomponent refrigerant and the phases are separated
      but once. The prior art processes require control of the refrigerant with
      each separation of the refrigerant into phases. Such multiple control is
      avoided by the system of this invention. Adjustment in the system of this
      invention is effected by the changing of the refrigerant composition or by
      changing of the refrigerant composition or by changing the compressor
      suction and/or discharge pressure.
PAR  The specific conditions to be employed in any refrigeration plant which
      utilized this invention will depend initially on the product composition
      and pressure. The refrigeration system must then be engineered to produce
      temperatures cold enough to permit the feed gas, at an intial temperature
      and pressure, to be cooled and condensed. The product gas fed to the
      system may have to be pressurized before it is cooled. While there is thus
      a careful balance of conditions needed to produce low temperature product
      feed, this is well understood and known by those skilled in the art. The
      main problem has been to supply the quantity of refrigeration at a proper
      temperature level required by the product gas undergoing refrigeration.
PAR  In designing a refrigeration plant employing this invention, the enthalpy
      vs. temperature curves for a mixed refrigerant, with pressure as a
      parameter, are observed for the high pressure and low pressure portions
      under consideration for use in the process. The quantity of refrigeration
      available at any temperature level between the two pressure curves can be
      read from the graph. By observing such plots, a set of pressures and a
      refrigerant mixture is picked which will yield the required quantity of
      refrigeration.
PAR  The invention will now be described further in conjunction with the
      accompaying drawing which is a schematic illustration of a novel
      combination of apparatus used in practicing the refrigeration process.
PAR  With reference to the drawing, a refrigerant comprising a gaseous mixture
      consisting essentially of methane, ehtane, propane and butane, is
      compressed by compressor 11 to a high pressure in the range of about 300
      psig to 650 psig at about 200.degree. to 400.degree.F. A centrifugal
      compressor usually can be used for this purpose. The warm high pressure
      refrigerant is fed from compressor 11 by conduit 12 to heat rejector 13
      which removes heat from the high pressure refrigerant and lowers it to
      about 50.degree.F to 120.degree.F and usually to just about ambient
      temperature. Air and/or water is advisably used as the heat sink to absorb
      heat from the refrigerant as it passes through heat rejector 13. The
      composition of the refrigerant is selected so that about 10 to 40 mole
      percent of the refrigerant is condensed by passage through the heat
      rejector thereby forming a refrigerant liquid phase and a refrigerant
      vapor phase. The refrigerant exiting from heat rejector 13 to conduit 14
      can be at a temperature of about 50.degree. to 120.degree.F, and a
      pressure of about 300 psig to 650 psig.
PAR  The refrigerant is fed by conduit 14 to separator vessel 15 where
      refrigerant liquid and refrigerant vapor are separated. Refrigerant vapor
      is removed from vessel 15 by conduit 16 and fed through heat exchange tube
      17, in heat exchanger 20, to conduit 18. The cold high pressure
      refrigerant vapor is fed by conduit 18 at about 300 to 650 psig and
      -300.degree.F to -100.degree.F to expansion valve 19 through which the
      vapor is isenthalpically expanded to conduit 21 which feeds the colder low
      pressure vapor at about 15 to 100 psig and -300.degree.F to -100.degree.F
      to heat exchange tube 22 in heat exchanger 20. Low temperature
      refrigeration is provided by the cold refrigerant as it boils and passes
      through tube 22. As the low pressure vapor passes through tube 22 it is
      warmed and is mixed with refrigerant from conduit 26, and is fed to
      conduit 23 which returns it to compressor 11 for recycling.
PAR  The refrigerant liquid phase is withdrawn from separator vessel 15 by
      conduit 24 simultaneously with withdrawal of vapor therefrom by conduit
      16. The high pressure refrigerant liquid phase is fed by conduit 24 to
      expansion valve 25 and expanded isenthalpically through it to conduit 26
      to form cool low pressure refrigerant advisably at about 15 to 100 psig
      and -50.degree.F to 50.degree.F. The cool low pressure refrigerant which
      is part vapor and part liquid is advisably fed by conduit 26 to heat
      exchange tube 22 intermediate its length so that the two low pressure
      vapor streams fed by conduits 21 and 26 can be combined and the
      refrigeration of each utilized. It is however within the purview of the
      invention to feed the low pressure vapor from conduit 26 into a separate
      heat exchange tube, such as tube 27 shown in dotted lines, at an
      intermediate point in the length of heat exchanger 20 and to thereafter
      feed the stream to conduit 23. The combined refrigerant stream is
      advisably fed by conduit 23 at 15 to 100 psig and 40.degree. to
      110.degree.F to the suction side of compressor 11.
PAR  The cold low pressure refrigerant passing through tube 22 in heat exchanger
      20 cools the high pressure refrigerant vapor fed countercurrent thereto
      through tube 17 and provides extra refrigeration which can be used to cool
      a product.
PAR  The refrigeration system as described can be used to cool a product gas
      feed stream to a suitable temperature which will result in partial or
      total condensation of the product gas feed. A gas feed stream, advisably
      under substantial pressure, can be fed by conduit 31 to heat exchanger 20
      for passage therethrough by heat exchange tube 32. The gas feed stream is
      advisably passed through the heat exchanger countercurrent to flow of the
      low pressure-low temperature refrigerant which flows through tube 22. The
      cooled product feed stream, which may be partially or all condensed, is
      fed from heat exchanger 20 by tube 32 to conduit 33, which communicates
      with expansion valve 34. The feed stream is expanded through vavle 34 to a
      low pressure and by conduit 35 it is fed to storage tank 36. If the cooled
      feed stream is warmer than the storage temperature, then a portion of the
      feed stream will flash to vapor upon expansion. Flash and boil-off vapors
      are removed from storage tank 36 by conduit 37 from which it can be
      returned to conduit 31 or a distribution line. Liquefied gas can be
      removed from tank 36 by conduit 38.
PAR  The arrangement described above permits the attainment of the lowest
      possible temperatures with a refrigerant of a given composition operating
      over a fixed pressure range. The lower temperatures are achieved because
      the low pressure refrigerant is used to further subcool the high pressure
      refrigerant before throttling. The process also takes full advantage of
      the multicomponent refrigerant to minimize the temperature differences
      between the product being cooled and the refrigerant stream, thus
      improving the efficiency of the process.
PAR  The following example is presented to further illustrate the invention.
PAC  EXAMPLE
PAR  A refrigerant mixture consisting of 37 mole percent methane, 21 mole
      percent ethane, 18.5 mole percent propane and 23.5 mole percent butane
      (including small concentrations of heavier hydrocarbons) is used in the
      refrigeration cycle shown in the drawing to liquefy a feed stream of
      natural gas.
PAR  The refrigerant is fed by line 12 at 25 psig and 105.degree.F to compressor
      11. The refrigerant is fed by conduit 12 at 450 psig and 370.degree.F to
      heat rejector 13. Heat is there rejected to the air and the refrigerant
      temperature is lowered to about 114.degree.F. The refrigerant is then fed
      by conduit 14 at 445 psig and 114.degree.F to separator vessel 15.
      Refrigerant vapor (46.34 mole percent methane, 23.23 mole percent ethane,
      16.42 mole percent propane and 14.01 mole percent butane and heavier
      hydrocarbons) is removed from vessel 15 by conduit 16 and sent through
      heat exchange tube 17 from which it passes to conduit 18 at 435 psig and -
      205.degree.F. After being expanded through valve 19, the low pressure cold
      refrigerant is fed by conduit 21 at 30 psig and -208.degree.F to heat
      exchange tube 22.
PAR  The liquid phase refrigerant (8.36 mole percent methane, 13.62 mole percent
      ethane, 25.2 mole percent propane and 58.82 mole percent butane and higher
      hydrocarbons) in vessel 15 is conveyed by conduit 24 at 444 psig and
      114.degree.F to expansion valve 25 from which it is fed to conduit 26 at
      28 psig and 28.degree.F which delivers it to heat exchange tube 22
      intermediate its length to provide refrigeration therein.
PAR  The recombined refrigerant stream is fed from heat exchange tube 22 to
      conduit 23 at 25 psig and 105.degree.F and is thereby recycled to
      compressor 11.
PAR  A feed or product stream of natural gas at 75.degree.F and 578 psig is
      delivered by conduit 31 to heat exchange tube 32 in heat exchanger 20. The
      feed stream emerges from the heat exchanger at -205.degree.F and 569 psig
      and by means of conduit 33 it is fed to expansion valve 34. The feed
      stream emerges from the expansion valve and is fed by conduit 35 to
      insulated storage tank 36. The liquefied natural gas is stored at about
      -256.degree.F and 1.7 psig in tank 36 and the vapor phase from the flash
      expansion is removed by conduit 37 and fed to a service line and/or
      alternatively compressed such that it can be fed to conduit 31. Conduit 38
      is used to remove liquefied natural gas from tank 36 as needed.
PAR  The flow rates through the apparatus in this example are as follows:
TBL  Apparatus identifying                                                     

                       Million standard cubic                                  

     number in the drawing                                                     

                       feet per day                                            

     ______________________________________                                    

     12 & 14           15.5                                                    

     16, 18 & 21       11.67                                                   

     24 & 26           3.83                                                    

     23                15.5                                                    

     31                6.73                                                    

     33                6.67                                                    

     36                5                                                       

     37                1.67                                                    

     ______________________________________                                    

PAR  Various changes and modifications of the invention can be made and, to the
      extent that such variations incorporate the spirit of this invention, they
      are intended to be included within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A refrigeration process consisting essentially of:
PA1  compressing a normally gaseous multicomponent refrigerant to an elevated
      pressure by compressor means, said refrigerant consisting essentially of
      about 35-55 mole percent methane, about 10-30 mole percent ethane, about
      10-30 mole percent propane, and about 5-30 mole percent butane, the sum of
      the methane and ethane concentrations being not more than about 70
      percent, and the sum of the propane and butane concentrations being not
      more than about 50 percent,
PA1  cooling the high pressure refrigerant to a temperature of about 50.degree.F
      to 120.degree.F by heat rejection to the ambient to produce a refrigerant
      having a vapor phase and a liquid phase consisting of about 10 to 40 mole
      percent of the refrigerant,
PA1  directly passing the two phase refrigerant to a phase separating vessel
      without further cooling,
PA1  withdrawing the vapor phase as a high pressure stream from the vessel and
      passing said high pressure stream through a heat exchanger to cool and
      condense said high pressure stream to a liquid,
PA1  removing the liquefied high pressure stream of condensed liquid from the
      heat exchanger, expanding said liquefied high pressure stream to produce a
      cold low pressure stream, passing said cold low pressure stream through
      the heat exchanger to provide low temperature refrigeration to cool the
      high pressure vapor stream fed through said heat exchanger and provide
      extra refrigeration for removing heat from a gas product, and then feeding
      the cold low pressure stream to the compressor means,
PA1  withdrawing the liquid phase from said vessel, expanding said liquid phase
      to a low pressure without cooling prior to expansion, feeding the
      resultant low pressure cool stream to an intermediate point in the heat
      exchanger, passing said resultant low pressure cool stream through the
      heat exchanger in the same direction as the stream formed from vapor
      removed from said vessel, combining said low pressure cool stream and said
      vapor stream from said vessel to form a single stream at a pressure below
      about 100 psig, and returning the combined stream to the inlet of said
      compressor; and
PA1  passing a gas product feed stream under pressure through the heat exchanger
      to cool the gas product feed stream by heat exchange with the refrigerant
      passed through said heat exchanger, to a temperature which can provide at
      least partial liquefaction of the gas product feed stream.
NUM  2.
PAR  2. A refrigeration process according to claim 1, in which the high pressure
      cooled refrigerant passed to the phase separating vessel is at a pressure
      of about 300 psig to 650 psig, and the low pressure refrigerant fed to the
      suction side of the compressor means is at a temperature of about
      40.degree. to 110.degree.F.
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ABST
PAL  Methods for providing an expendable refrigerant which is emitted from a
      snow horn at a low velocity thereby enabling snow agglomeration at a close
      proximity to the horn exit and accurately delivering a charge of snow with
      minimum vapor loss. The desired snow is produced by introduction of the
      relatively warm liquid refrigerant into an insulated compartment and in
      heat exchange relation with a tube therein having a plurality of
      length/diameter ratios. The liquid refrigerant is effective to warm the
      tube walls and results in a slight cooling of such liquid which is then
      passed to a sub-cooler and returned to the tube inlet for expansion in
      several stages therein to form the snow. The product snow is emitted from
      this horn at a relatively low velocity and may be accurately directed into
      cavities of such products as eviscerated fowl. In automated systems, a
      plurality of horns may be selectively operated to inject snow into a
      plurality of food products or alternately, such horns may be operated
      intermittently to deposit a blanket of snow over food products to be
      chilled or a continuous ribbon of snow atop products on a moving conveyor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to refrigeration systems and more particularly, to
      methods and apparatus for producing a soft, pliable CO.sub.2 snow and
      accurately delivering the same to a point of end use as an expendable
      refrigerant.
PAR  In order to economically transport refrigerated food products such as meat,
      it has been found necessary to cool such products to a temperature just
      above freezing upon completion of slaughtering and trimming operations.
      In-transport cooling requires bulky and expensive refrigeration equipment
      and consumes undue periods of time and power to adequately refrigerate
      food products. Such cooling delays have the deleterious effect of enabling
      the growth of bacteria which, of course, results in increased spoilage,
      and consequently complete reliance on intransport cooling of food products
      is clearly uneconomical. Accordingly, refrigerated transport systems are
      typically designed so as to maintain previously chilled food products at a
      desired temperature by merely compensating for heat leakage into the
      transport vehicle or container.
PAR  In the past, various techniques for chilling food products such as
      slaughtered and trimmed meat have been utilized. One such technique is
      commonly referred to as a "community bath" which is extensively utilized
      for chilling dressed fowl, such as chickens. Chilling is accomplished by
      immersing a dressed fowl in an ice water bath for a predetermined period
      of time. In recent years, however, it has become apparent that this
      chilling technique suffers from certain disadvantages. More specifically,
      the spread of bacteria from one contaminated fowl to other fowl being
      chilled in the bath has been found to occur through the medium of the
      chilled or ice water bath. Accordingly, the contamination of a plurality
      of fowl in a bath is deleterious and hence, a clear need for economical
      chilling of processed food products, while avoiding contamination of a
      multiplicity of such products, exists.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide methods
      and apparatus for producing an expendable refrigerant in the form of soft,
      pliable, expanding snow.
PAR  It is another object of the present invention to provide methods and
      apparatus for accurately delivering an expendable refrigerant such as
      carbon dioxide snow to a confined region such as the cavity of an
      eviscerated fowl thereby enabling economical and uniform chilling of the
      same.
PAR  It is a further object of the present invention to provide methods and
      apparatus for producing a soft, pliable and expanding carbon dioxide snow
      with a minimum of vapor loss.
PAR  It is yet another object of the present invention to provide methods and
      apparatus for dispensing carbon dioxide snow through a snow horn assembly
      wherein adherence of snow to interior walls of the horn, formation of
      large lumps of CO.sub.2 snow and clogging of the horn assembly are
      substantially inhibited.
PAR  It is still another object of the present invention to provide methods and
      apparatus for selectively dispensing discrete charges of carbon dioxide
      snow to a plurality of locations in an automated manner.
PAR  It is yet another object of the present invention to provide methods and
      apparatus for accurately depositing carbon dioxide snow from a plurality
      of snow horn assemblies in a pre-determined pattern.
PAR  Other objects of the present invention will become apparent from the
      detailed description of an exemplary embodiment thereof which follows and
      the novel features of the present invention will be particularly pointed
      out in conjunction with the claims appended hereto.
PAC  SUMMARY
PAR  In accordance with the present invention, a method of providing
      refrigeration by accurately delivering an expendable refrigerant as a
      soft, pliable expanding snow to a point of end use comprises the steps of
      introducing the refrigerant in liquid phase into an insulated compartment,
      withdrawing the same from said compartment, subcooling said liquid,
      passing sub-cooled liquid to a tube having a plurality of length/diameter
      ratios and disposed in said compartment such that the subcooled liquid
      refrigerant is expanded in plurality of said stages to form said soft
      pliable snow while slightly cooling said introduced warm liquid and
      delivering said snow to a point of end use.
PAR  In order to produce a soft, pliable snow such as CO.sub.2 snow in
      accordance with the foregoing method, subcooled liquid carbon dioxide,
      preferably at a temperature of approximately -30.degree. to -35.degree.F
      is expanded in stages from a pressure lower than typical CO.sub.2 receiver
      pressures, i.e. at a pressure of approximately 150 p.s.i.g. Accordingly,
      by expanding subcooled liquid carbon dioxide in a series of stages from
      the foregoing pressure to substantially atmospheric pressure, the desired
      CO.sub.2 snow is emitted from the snow horn assembly according to this
      invention at a relatively low velocity which in turn enables the
      agglomeration of snow at a point in close proximity to the outlet or exit
      of this assembly. Production of carbon dioxide snow in the foregoing
      manner is particularly beneficial with respect to the chilling of certain
      food products such as fowl, wherein the delivery of snow into the cavity
      of an eviscerated fowl is readily facilitated. Furthermore, by
      intermittently passing subcooled carbon dioxide liquid to the
      aforementioned multistage snow horn assembly, charges of snow in
      predetermined weights can be accurately metered and delivered to an item
      to be chilled with little wastage of such snow and with a minimum vapor
      loss.
PAR  The aforedescribed method of producing carbon dioxide snow according to
      this invention may be implemented in an automated system wherein a
      plurality of snow horn assemblies are appropriately rotatably mounted or
      adapted to be reciprocated and are selectively supplied with the foregoing
      warm and subcooled liquid carbon dioxide. For example, a plurality of snow
      horn assemblies together with an appropriate manifold and conduit
      arrangement may be disposed in a "carousel" fashion such that by
      selectively supplying a liquid carbon dioxide feed, a plurality of
      distinct food products such as fowl may be injected with carbon dioxide
      snow as such products are translated on a typical conveyor means thereby
      enabling the rapid and efficient chilling of food products in automated
      manner while avoiding the spread of contamination from one fowl to another
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more clearly understood by reference to the following
      detailed description of an exemplary embodiment thereof in conjunction
      with the following drawing in which:
PAR  FIG. 1 is an isometric view of an exemplary embodiment of a snow horn and
      subcooler assembly for producing a carbon dioxide snow in accordance with
      the present invention.
PAR  FIG. 2 is an elevational view of an exemplary embodiment of a snow horn
      assembly according to the present invention.
PAR  FIG. 3 is a partial isometric and elevational view of an exemplary
      embodiment of a subcooler and associated pressure regulator in accordance
      with the present invention.
PAR  FIG. 4 is a diagrammatic view of an exemplary embodiment of an arrangement
      of a plurality of snow horn assemblies.
PA1  Fig. 5 is a partial elevational view of a plural snow horn assembly mounted
      for rotation in accordance with the present invention.
PAR  FIGS. 6-8 represent diagrammatic views of snow horn assemblies wherein a
      plurality of individual snow horns are configured in linear or cluster
      arrays to enable the delivery of carbon dioxide snow in a predetermined
      geometrical pattern.
PAR  FIG. 9 is an isometric view of an exemplary embodiment of a snow horn
      assembly adapted for reciprocating motion in accordance with the teachings
      of the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is illustrated an exemplary embodiment of a
      snow horn assembly generally comprised of snow horn 10, subcooler 13, back
      pressure regulator 18 and suitable valves, conduits, and pressure
      indicating gauges. Snow horn 10 is a novel device adapted to receive
      liquid carbon dioxide, preferablly subcooled liquid CO.sub.2, and is
      effective to expand such liquid therein and thereby generate a soft,
      pliable and expanding carbon dioxide snow. By expanding is meant the
      tendency of snow to fill a cavity in which it is injected. In accordance
      with the teachings of this invention, injection of such CO.sub.2 snow has
      been found to "expand" once placed inside the cavity of an eviscerated
      fowl thereby providing a homogeneous chilling of this product. More
      particularly and with additional reference to FIG. 2, snow horn 10 is
      comprised of an insulated housing 25 defining a compartment 27 therein
      which, for example, may be of a cylindrical configuration. A conduit 11
      which, for example, may be formed of a material such as stainless steel of
      sufficient strength to stand pressures therein of 300 p.s.i.g. or greater
      is preferably disposed to extend into a sidewall of housing 25 and
      downwardly therethrough to communicate with compartment 27 in the lower
      reaches thereof. An outlet conduit 12 which may also be comprised of a
      material such as stainless steel is disposed to communicate with the upper
      reaches of compartments 27 and extend exteriorally of housing 25 as
      depicted in FIG. 2. Tube 28 is also preferably comprised of a material
      such as stainless steel and is configured to exhibit a plurality of
      distinct sections each of which section 28', 28", 28'", etc. have
      different length/diameter ratios. An inlet conduit 26 is disposed to
      extend exteriorally of housing 25 through a top portion thereof into
      communication with the uppermost section 28' of tube 28. The
      length/diameter ratio of sections of tube 28 preferably decreases
      generally downwardly throughout the length of tube 28 thereby enabling an
      expansion of a liquid refrigerant such as subcooled liquid carbon dioxide
      flowing downwardly therethrough. In this manner, liquid carbon dioxide is
      expanded to form a soft, pliable and expanding carbon dioxide snow which
      is emitted at a relatively low velocity from the exit of section 28'".
PAR  Referring again to FIG. 1, conduit 12 is connected through a valve 14 which
      may be manually operable and conventional and a solenoid valve 15,
      preferably of a type well known to those skilled in the art, to an inlet
      of subcooler 13. A liquid level sensing means 16 which may take the form
      of a device effective to sense the level of a liquid within a vessel such
      as subcooler 13 and, well known to those skilled in the art, is coupled to
      solenoid 15. Thus, upon the level of liquid carbon dioxide in subcooler 13
      exceeding a predetermined level, controller 16 is effective to generate an
      electrical signal which actuates solenoid valve 15 by closing the same
      thereby inhibiting the passage of further liquid carbon dioxide to
      subcooler 13, which is preferably comprised of a pressure vessel adapted
      to retain liquid carbon dioxide therein under a predetermined pressure.
      Preferably, subcooler 13 includes an insulated housing portion 30 together
      with an exterior metal surface and is adapted to withstand pressures of at
      lest 300 p.s.i.g. Subcooler 13 is connected to a liquid outlet conduit 26
      with a vapor outlet conduit 13' coupled through a suitable valve 17 to a
      back pressure regulator 18, which device is conventional and well known to
      those skilled in the art. By disposing conduit 26 to extend upwardly into
      subcooler 13, liquid withdrawn therefrom is taken from just below the
      liquid surface. Any solid or "slush" CO.sub.2 that may form in the lower
      reaches of subcooler 13 will not impede the withdrawal of subcooled liquid
      and clogging of conduit 26 is thus substantially inhibited. In operation,
      back pressure regulator 18 is set to maintain a predetermined pressure of,
      for example, 150 p.s.i.g. in the vapor space above liquid carbon dioxide
      within subcooler 13. Liquid CO.sub.2 is introduced into subcooler 13 via
      conduit 12 and as a result of evaporation or "boil-off" of liquid CO.sub.2
      therein, and consequently a removal of heat therefrom, liquid carbon
      dioxide is subcooled preferably to a temperature of -30.degree. to
      -35.degree.F. Vapor generated by such evaporation is either vented to
      atmosphere through back pressure regulator 18 or is collected by a vapor
      recovery system (not shown) for liquefaction and return to a receiver
      supply of liquid carbon dioxide for further use as a CO.sub.2 feed. The
      liquid carbon dioxide sub-cooled within device 13 may then be continuously
      or selectively removed through conduit 26 as will be described in greater
      detail hereafter.
PAR  A pressure relief valve 19 and pressure regulator 20 are connected to
      outlet conduit 13'. Relief valve 19 may take the form of any conventional
      device adapted to vent to atmosphere vapor within subcooler 13 upon the
      pressure therein exceeding a predetermined level such as, for example 350
      p.s.i.g. Pressure regulator 20, which may comprise a conventional pressure
      regulating device well known to those skilled in the art is preferably
      adjusted to supply carbon dioxide vapor to conduit 22 at a pre-determined
      pressure of, for example, 70 p.s.i.g. In addition, a pressure gauge 21 may
      also be coupled to conduit 13' for the purpose of providing a visual
      indication of the pressure therein. Conduit 22 may comprise a flexible
      hose or the like capable of withstanding pressures on the order of
      approximately 70 p.s.i.g. and is connected to a valve actuator 23 which in
      turn is coupled to ball valve 23'. In operation, application of an
      electrical signal through a suitable energizing means (not shown) to
      actuator 23 is effective to actuate ball valve 23' as a consequence of the
      application of a pneumatic (CO.sub.2) pressure of approximately 70
      p.s.i.g. thereto. Such pneumatic actuator and ball valve devices are
      conventional and are commercially available from Worcester Valve Company.
      In addition, a manual shutoff of sub-cooled liquid carbon dioxide exiting
      from subcooler 13 may be effected by closure of manually operable valve 24
      in the event that ball valve 23' were to jam in an open position or need
      to be replaced or cleaned because of malfunction.
PAR  Operation of the overall snow horn assembly depicted in FIGS. 1-3 will now
      be described. Initially, liquid carbon dioxide from a suitable supply
      thereof is passed through conduit 11 at a pressure of approximately 300
      p.s.i.g. and temperature of approximately 0.degree.F and is then
      introduced to compartment 27 of snow horn 10. This relatively warm liquid
      carbon dioxide has the effect of slightly heating the walls of the tube 28
      thereby inhibiting the accumulation of large lumps of CO.sub.2 snow on the
      interior thereof and hence, clogging of tube 28 is substantially
      precluded. Liquid carbon dioxide introduced into compartment 27 is
      slightly cooled to a temperature of 0.degree.-5.degree.F, for example, and
      is then passed through conduit 12 to subcooler 13 wherein such liquid is
      subcooled by evaporation thereof to a temperature of, for example,
      -30.degree. to -35.degree.F and is maintained under a pressure of
      approximately 150 p.s.i.g. Upon the application of a suitable signal, such
      as an electrical energizing signal supplied to actuator 23, valve 23' is
      pneumatically operated to enable a flow of subcooled liquid carbon dioxide
      through previously opened manual valve 24 to inlet conduit 26 of snow horn
      10. Expansion of the aforementioned subcooled liquid CO.sub.2 occurs in
      stages within sections of tube 28 of snow horn 10 and by expanding such
      liquid in stages, carbon dioxide snow of a soft pliable nature will be
      discharged from tube 28 at a relatively low velocity and will agglomerate
      at a point in close proximity (e.g. 1.0 inch) to the lower end or exit of
      section 28'". Accordingly, the foregoing snow horn assembly is
      particularly well suited to the production of carbon dioxide snow and the
      accurate delivery thereof in relatively small amounts into confined and
      somewhat inaccessible volumes such as the cavity of an eviscerated fowl or
      other animal. In addition, the expansion of subcooled liquid CO.sub.2 has
      also been found to result in lower vapor losses inherent in the production
      of CO.sub.2 snow.
PAR  Referring now to FIG. 4, there is illustrated a further embodiment of the
      present invention wherein a plurality of snow horns (not shown) may be
      mounted on corresponding translatable support elements 35 in the form of a
      carousel assembly 34. Items such as eviscerated fowl 33 to be chilled may
      be translated by suitable means such as conveyor 32 in cooperation with
      assembly 34 such that upon alignment of individual snow horns with a
      particular food product, a charge of carbon dioxide snow may be injected
      therein, or thereon, thereby chilling such product. Detecting means (not
      shown) such as a conventional photoelectric sensing device may be utilized
      to detect alignment of a food product to be chilled and a particular snow
      horn device. In this manner, assembly 34 may be rotatably translated such
      that upon the selective production of CO.sub.2 snow, food products such as
      eviscerated chickens, translated sequentially by conveyor means 32 into a
      juxtaposed relationship with respect to individual corresponding snow
      horns, will be chilled upon receipt of a charge of snow.
PAR  In FIG. 5, the exemplary embodiment of the snow horn assembly
      diagrammatically illustrated in FIG. 4 is depicted in somewhat greater
      detail. Assembly 34 is comprised of a plurality of snow horns 10 and a
      suitable rotary joint 36 together with appropriate valves and conduits.
      Rotary joint 36 is comprised of an upper stationary portion 37 and a lower
      rotating portion 38. Upper portion 37 is provided with a suitable inlet 44
      and is adapted to receive subcooled liquid carbon dioxide at a pressure of
      approximately 150 p.s.i.g. as heretofore described. In addition, sealing
      means such as pressure spring 46 are provided between upper and lower
      portions 37 and 38. A carbon graphite guide 45 is appropriately disposed
      between portions 37 and 38 of rotary joint 36 and a suitable conduit 42
      which extends upwardly into lower portion 38 in a sealed relationship
      therewith is disposed to receive subcooled liquid carbon dioxide. In
      addition, conduits 43 and associated valves 44 are disposed in
      communication between the lower reaches of conduit 42 and the upper inlet
      of each of a plurality of associated snow horns 10. A conduit 39 is
      disposed to receive liquid carbon dioxide at, for example, a pressure of
      300 p.s.i.g. at the upper inlet thereof and is in communication with
      conduits 19 and subsequently, compartment 27 (FIG. 2) of snow horn 10.
      Return conduits 20 also communicate with compartments 27 as well as
      conduit 40 to enable the return of slightly cooled liquid carbon dioxide
      to subcooler 13. In addition, suitable drive means (not shown) are
      provided for rotating the carrousel arrangement of snow horns 10, conduits
      19, 20 and 43 by driving the lower rotating portion 38 of joint 36 in
      known manner.
PAR  Operation of the exemplary apparatus illustrated in FIG. 5 entails the
      introduction of relatively warm (0.degree.F) liquid CO.sub.2 through
      conduit 39 and conduits 19 into the compartment 27 (FIG. 2) of snow horns
      10. The slightly cooled liquid (-1.degree., -2.degree.F) is returned from
      such compartments via conduits 20 and 40 to subcooler 13 (FIG. 1) with
      subcooled liquid CO.sub.2 being introduced through inlet 41 of the upper
      stationary portion of rotary joint 36 under a pressure of approximately
      150 p.s.i.g. By selectively applying subcooled liquid CO.sub.2, such as by
      selectively operating valve actuator 23 and ball valve 23' (FIG. 1)
      subcooled liquid carbon dioxide will be applied to snow horn 10 and
      consequently, charges of CO.sub.2 snow will be emitted therefrom at a
      relatively low velocity and in a predetermined and controlled manner.
      Thus, by synchronizing the production of charges of CO.sub.2 snow in the
      foregoing manner with, for example, the translation of food products, such
      as eviscerated chickens, to be chilled, a rapid and efficient injection of
      CO.sub.2 snow into such product will be achieved with a minimum vapor loss
      in accordance with the teachings of the present invention. It will be
      appreciated that conventional photoelectric and logic means may be
      utilized to effect the aforementioned synchronization. In the foregoing
      manner the production and accurate delivery of carbon dioxide snow may be
      substantially automated and thus made particularly beneficial for use in
      industrial food processing plants.
PAR  In certain applications, translation of a snow horn assembly may not be
      necessary although it will be required to accurately deliver an expendable
      refrigerant such as CO.sub.2 snow in a predetermined geometrical pattern
      in order to attain certain refrigeration objectives. For example, with
      relatively wide conveyor surfaces in certain food processing plants, it
      may be desirable to dispose a plurality of products to be chilled in a
      line transverse to the direction of conveyor motion. Accordingly, a snow
      horn pack 50 as illustrated in an exemplary manner in FIG. 6 will be
      effective to accurately deliver a plurality of charges or continuing
      amounts of CO.sub.2 snow. Snow horn pack 50 is generally comprised of a
      housing or shell 51 for retaining and supporting a plurality of aligned
      snow horns 10, which preferably comprise the snow horn illustrated in FIG.
      2 and described heretofore. In addition, an inlet conduit and manifold
      arrangement 53 is provided for passing relatively warm liquid carbon
      dioxide to the compartment of each snow horn while an outlet manifold and
      conduit arrangement 54 is provided for collecting slightly cooled liquid
      carbon dioxide and passing the same to a subcooler (not shown). In
      addition, a further conduit 51 is appropriately connected to supply
      subcooled liquid carbon dioxide to a manifold 52 with each outlet of such
      manifold coupled to corresponding snow horns 10. Accordingly, upon the
      appropriate energization of an actuating device, such as actuator 23 and
      ball valve 23' (FIG. 1), CO.sub.2 snow will be delivered simultaneously
      from each of snow horns 10 thereby enabling refrigeration of a plurality
      of distinct food products.
PAR  In FIGS. 7 and 8, exemplary apparatus which enables the delivery of carbon
      dioxide snow in a predetermined geometric pattern is depicted. Initially,
      with reference to FIG. 7, a snow horn assembly 55 is provided having a
      housing or support means 56 for retaining in an appropriately configured
      arrangement and array of snow horns 10. Liquid carbon dioxide inlet and
      outlet conduits 57 and 58 are provided together with conduits 59 for
      supplying subcooled liquid carbon dioxide to corresponding ones of snow
      horns 10. Accordingly, upon passing subcooled liquid CO.sub.2 through
      conduits 59 to snow horns 10, separate streams of CO.sub.2 are emitted
      therefrom in a geometrical pattern corresponding to the geometric array of
      horns 10. Thus, the delivery of CO.sub.2 snow in clusters or other
      particular geometrical configurations is enabled upon utilization of the
      snow horn assembly depicted in FIG. 7. With reference to FIG. 8,
      illustrated therein is a snow horn assembly 60 wherein a plurality of snow
      horns 10 are provided for expansion therein of subcooled liquid CO.sub.2
      and hence the production of individual streams of CO.sub.2 snow in a
      rectangular type cluster array. Accordingly, in those applications wherein
      a plurality of streams of charges of CO.sub.2 snow is required over a
      rectangular area, the snow horn assembly 60 will find particular
      application.
PAR  In FIG. 9, a further exemplary embodiment of the present invention is
      illustrated and which is generally comprised of snow horn assembly 50 and
      related conduits, reciprocating drive means 67-72 and conveyor means 74.
      Snow horn assembly 50 which preferably comprises the apparatus previously
      described and illustrated in FIG. 6 is provided with a plurality of
      flexible conduits 65, 66 and 67 which are couples to manifold 52 and
      conduits 53 and 54, respectively. While manifold 52 is illustrated as
      capable of supplying subcooled liquid carbon dioxide through four inlet
      connections to snow horns 10, it will be appreciated that any desired
      number of inlet connections and snow horns may be utilized. In addition,
      it is preferred that housing 51 together with the appropriate internal
      supporting members (not shown) are provided with sufficient rigidity to
      withstand rather rapid reciprocating motion of assembly 50.
PAR  An electrical motor 67, which may be provided with conventional clutching
      and gearing equipment, is effective to rotatably drive an output shaft 68
      and wheel 69 affixed thereto. A chain or belt 71 is entrained about drive
      wheel 69 and idler wheel 70 and, for example, may be driven in a clockwise
      direction as indicated in FIG. 9. A rigid arm or support member 72 is
      preferably secured to chain or belt 71 and is journaled to a suitable base
      or support 73 rigidly affixed to snow horn assembly 50. A conveyor means
      74, which may be a conventional conveyor belt well known to those skilled
      in the art, is disposed preferably below the aforedescribed snow horn
      assembly 50 and the aforedescribed drive means therefor. Furthermore,
      suitable means (not shown) for driving conveyor 74 at a desired speed are
      also provided.
PAR  Operation of the exemplary refrigeration apparatus illustrated in FIG. 9
      requires a synchronization between the reciprocating motion of snow horn
      assembly 50 and the application of sub-cooled liquid CO.sub.2 thereto.
      Thus, upon motor 67 supplying a drive to wheel 69 and hence belt or chain
      71, snow horn assembly 50 is translated in a reciprocating fashion. Thus,
      as the portion of chain or belt 71 whereat support arm 72 is affixed is
      traversing the upper run of the oval path generally defined by wheels or
      rollers 69 and 70, and as shown in FIG. 9, assembly 50 will be raised
      upwardly above conveyor 74 and upon traversing roller 70, support arm 72
      will be lowered such that the lower extremities of snow horns 10 will be
      appropriately spaced above products 75 on conveyor 74. As support arm 72
      traverses the lower run of the path defined by wheels or rollers 69 and
      70, a timed electrical signal will be supplied to actuator 23 thereby
      opening valve 23' to pass subcooled liquid CO.sub.2 to snow horns 10 and
      thus deliver a stream or charge of carbon dioxide snow to products 75. For
      example, in chilling eviscerated fowl, a charge of CO.sub.2 snow will be
      injected into the cavity of such a product. As support arm 72 affixed to
      chain or belt 71 begins to ascend as this belt traverses wheel or roller
      69, the aforementioned electrical signal supplied to actuators 23 is
      terminated thereby discontinuing the production and delivery of CO.sub.2
      snow until snow horn assembly 50 is returned to an appropriate position
      along the lower run of chain or belt 71 adjacent to wheel 70 as heretofore
      described. It will be appreciated, however, that as no carbon dioxide snow
      is delivered by assembly 50 during traversal of the upper run of chain or
      belt 71, it may be necessary to provide a second assembly and drive means
      therefor (not shown) in the event that products 75 are continually
      presented for receipt of carbon dioxide snow in a refrigeration process.
      Accordingly, the operation of such second drive means and snow horn
      assembly (not shown) would be synchronized with the aforedescribed
      operation of snow horn assembly 50 and drive train 67-72. In this manner a
      substantially continuous and uniform yet rapid and efficient accurate
      delivery of carbon dioxide snow to individual food products 75, such as
      eviscerated fowl, will be attained in accordance with the teachings of the
      present invention.
PAR  Although it is preferred to supply subcooled liquid carbon dioxide to snow
      horns 10 at a pressure of approximately 150 p.s.i.g., tests have indicated
      that such horns will operate satisfactorily upon receiving liquid CO.sub.2
      at pressures up to approximately 280 p.s.i.g. At such higher pressures, a
      greater volume of snow is produced in a similar pattern as at lower
      pressures; however, the velocity at which snow is dispensed and the vapor
      produced are likewise increased. In dispensing snow at such higher
      velocities, minor shielding may be provided to curtail dispersal of stray
      snow thereby increasing the deposition of snow in the desired pattern.
PAR  While the present invention has been particularly described in terms of
      specific embodiments thereof, it will be understood that numerous
      variations upon the invention are now enabled to those skilled in the art,
      which variations are yet within the instant teachings. Accordingly, the
      present invention is to be broadly construed and limited only by the scope
      and the spirit of the claims now appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of providing refrigeration by accurately delivering carbon
      dioxide as soft pliable expanding snow to a point of end use comprising
      the steps of: introducing carbon dioxide liquid at a pressure of
      approximately 300 psig and at a temperature of approximately 0.degree.F
      into a compartment in heat exchange relation with a tube having a
      plurality of different length/diameter ratios; withdrawing said carbon
      dioxide liquid from said compartment; sub-cooling said withdrawn liquid
      CO.sub.2 ; and passing said sub-cooled carbon dioxide liquid to said tube
      to expand the same in stages and thereby form said soft pliable snow which
      is subsequently delivered to said point of end use while said introduced
      liquid CO.sub.2 is effective to warm the walls of said tube and thereby
      substantial inhibit agglomeration of said snow within said tube.
NUM  2.
PAR  2. The method as defined in claim 1 wherein the last of said stages
      comprises an outlet of said tube through which outlet said snow is
      discharged and upon discharge of said soft, pliable and expanding snow,
      agglomeration thereof commences at a distance approximately 1.0 inch from
      the outlet of said tube.
NUM  3.
PAR  3. The method as defined in claim 1 wherein pre-determined amounts of said
      sub-cooled liquid CO.sub.2 are selectively passed to said tube to form
      charges of said snow and additionally comprising the step of positioning
      items to be chilled in a snow receiving relationship such that said charge
      is contacted with said items.
NUM  4.
PAR  4. The method as defined in claim 3 wherein said items are eviscerated fowl
      and said step of positioning said items comprise conveying said fowl into
      alignment with said tube during emission therefrom of said soft, pliable,
      expanding CO.sub.2 snow.
NUM  5.
PAR  5. The method as defined in claim 4 wherein said charge is injected into
      the cavity of an eviscerated fowl.
NUM  6.
PAR  6. The method as defined in claim 1 wherein the step of passing sub-cooled
      liquid carbon dioxide includes passing said sub-cooled liquid CO.sub.2 to
      a plurality of tubes to enable concurrent chilling of a plurality of items
      to be refrigerated.
NUM  7.
PAR  7. A method of providing refrigeration by accurately delivering carbon
      dioxide as soft, pliable expanding snow to a point of end use comprising
      the steps of: introducing carbon dioxide liquid into a compartment in heat
      exchange relation with a tube having a plurality of different
      length/diameter ratios; withdrawing said carbon dioxide liquid from said
      compartment; sub-cooling said withdrawn liquid CO.sub.2 by boiling off
      liquid CO.sub.2 in a sub-cooler and maintaining a pressure of
      approximately 150 psig on said sub-cooled liquid carbon dioxide in said
      sub-cooler; and passing said sub-cooled liquid carbon dioxide to said tube
      to expand the same in stages and thereby form said soft pliable snow which
      is subsequently delivered to said point of end use.
NUM  8.
PAR  8. A method as defined in claim 1 wherein said step of introducing said
      carbon dioxide liquid comprises supplying said liquid CO.sub.2 to said
      compartment at a pressure of approximately 300 psig and a temperature of
      approximately 0.degree.F to warm the walls of said tube and thereby
      substantially inhibit agglomeration of snow within said tube.
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ABST
PAL  A gas recovery system primarily to recover propane and heavier hydrocarbons
      from a natural gas stream whereby separation is accomplished at lower
      pressures and higher temperatures normally required.
PARN
PAR  This is a continuation of application Ser. No. 294,225, filed Oct. 2, 1972,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The separation of heavier hydrocarbons from natural gas is known and an
      example of such development is in the U.S. Pat. No. 3,622,504, to Strum.
      In such case, certain cryogenic techniques are disclosed to minimize the
      loss of the heavier hydrocarbons. An earlier U.S. Pat. No. 2,973,834, to
      Cicalese, also involves the separation of heavier hydrocarbons from
      natural gas by condensation and distillation.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with my invention, I recover C.sub.3 and heavier hydrocarbons
      from a natural gas stream by the use of a two drum flash system so that
      improved yields are possible operating at lower pressures and
      substantially higher temperatures. Together with the use of an expander,
      it is possible to operate at the lowest temperature level that will permit
      the drums to operate isothermally. A lean oil stream, recovered in the
      system is used to contact and recontact the gas.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic illustration of the principal elements of a low
      temperature gas separation process.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The feed gas, an example of which is hereinafter disclosed, is a typical
      Kuwait natural gas stream which enters the system at 10. Preferably this
      gas is at about 240 psig, either by compressing or otherwise, and its
      temperature is approximately ambient in the order of 50.degree.F and is
      water free. It is cooled by heat interchange in multiple section heat
      exchange 12 to a temperature of approximately 3.5.degree.F. It is then
      further cooled in exchanger 14 by interchange with a refrigerant such as
      propane to about -16.5.degree.F. The cooled gas at 16 is now blended with
      a liquid stream 18, hereinafter described, and the combined stream 20 is
      then further cooled in heat exchanger 22. A temperature in the order of
      -25.degree.F and pressure of about 240 psig then prevails in flash
      separator 24.
PAR  The vapor stream removed at 26 is blended with a lean oil stream 28 and
      further cooled in exchanger 30 to form a combined liquid-vapor stream 32
      which enters the second separator drum 34. This drum is also at
      approximately -25.degree.F and approximately 235 psig. The liquid removed
      at 18 is suitably pressurized at 36 to make up for pressure losses.
PAR  The overhead stream 38 from separator drum 34 is primarily methane. It is
      heated in exchanger 12 to about 35.degree.F and combined with line 60 is
      then expanded in expander 40 from about 225 psig to about 25 psig. The
      temperature is thus reduced to about -91.degree.F. The low pressure stream
      42 is then warmed in exchanger 30 to about -42.degree.F and further warmed
      in exchanger 22 to about -25.degree.F. It discharges through exchange 12
      at approximately ambient temperature and relatively low pressure. This
      stream is substantially free of hydrocarbons greater than C.sub.3.
PAR  The liquid fraction removed from separator 24 at 50 is reduced in pressure
      through valve 52 to develop refrigeration for the heat exchanger 22. By
      flashing in chamber 54 at about -25.degree.F and 95 psig, a substantial
      amount of methane and ethane are removed in line 56. The liquid removed at
      58 then passes to the downstream equipment including a debutanizer. Being
      free of C.sub.1 and C.sub.2 fractions, it imposes a smaller load on the
      C.sub.4 separation.
PAR  A supplemental high pressure stream 60 may also be used in the expander 40,
      such stream being a vent stream from the deethanizer downstream of the
      system.
PAR  In this operation, due to the low economic value for the methane and
      ethane, it is possible to recover substantially all of the higher
      hydrocarbons and still operate at temperatures as high as -25.degree.F and
      pressures in the order of 235 to 250 psig.
PAR  One example of operation is as follows:
     Line No. 10   28  56  58  60  62   42                                     

     __________________________________________________________________________

       C.sub.1                                                                 

              11690                                                            

                   --  641 235 384 149.2                                       

                                        11049                                  

      C.sub.2 3835 --  356 1398                                                

                               1637                                            

                                   270.0                                       

                                        3448                                   

      C.sub.3 2555 --  83  1743                                                

                               142 534.6                                       

                                        336                                    

     i C.sub.4                                                                 

              345  --  3   203 --  136.3                                       

                                        3                                      

     n C.sub.4                                                                 

              831  30  4   457 --  393.7                                       

                                        7                                      

     i C.sub.5                                                                 

              203  495 2   536 --  139.5                                       

                                        20                                     

      C.sub.5 223  550 1   592 --  161.2                                       

                                        18                                     

      C.sub.6 plus                                                             

              183  455 0.2 470 --  165.2                                       

                                        3                                      

      H.sub.2 S                                                                

              20   --  2   5   2   1.1  14                                     

      CO.sub.2                                                                 

              406  --  32  25  34  9.1  374                                    

     Total    20291                                                            

                   1530                                                        

                       1126                                                    

                           5664                                                

                               2199                                            

                                   1959.9                                      

                                        15272                                  

     PSIG     240      90                                                      

     __________________________________________________________________________

PAR  It will be apparent that the lean oil stream 28 which enters flash chamber
      34 through line 32 and passes by way of line 18 to act as an absorbent for
      part of the gases in line 16, separates out in drum 24 through line 50.
      This liquid then passes back to the debutanizer by means of line 58.
PAR  While I have shown and described a preferred form of embodiment of my
      invention, I am aware that modifications may be made thereto within the
      scope and spirit of the description herein and of the claims appended
      hereinafter.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for recovering C.sub.3 and higher hydrocarbons from a feed
      stream of natural gas largely composed of methane which comprises:
PA1  a. cooling said feed stream to a temperature of about -25.degree.F at a
      pressure of about 240 psig;
PA1  b. adding a lean oil to said cooled stream and flashing said mixture to
      form a gasiform overhead and a condensate;
PA1  c. adding a lean oil to said gasiform overhead and cooling to about
      -25.degree.F at a pressure of about 235 psig;
PA1  d. separating the mixture of step (c) to form the lean oil of step (b) and
      a gaseous overhead;
PA1  e. expanding said gaseous overhead of step (d) to about 25 psig;
PA1  f. recovering the refrigeration of said expanded overhead in the prior
      cooling steps;
PA1  g. flashing the condensate of step (b) to separate some methane and ethane;
PA1  h. and returning the balance of the condensate of step (b) to downstream
      equipment from which C.sub.3 and higher hydrocarbons are recovered.
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ABST
PAL  A lever for operating a damper door of an air conditioner includes a
      rotatable shaft extending through an orifice of a wall in the air
      conditioner, the shaft having a pair of spaced collars for receiving
      therebetween the edges of the wall which define a slot receiving the
      lever. One collar is slightly bowed and has a tooth which engages an edge
      of the orifice to hold the lever in place in the wall when the shaft has
      been positioned in the slot.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to means for mounting rotatble shafts in thin
      walls, and in particular to means for mounting a damper door operating
      lever in a wall of an air conditioning unit.
PAR  2. Description of the Prior Art
PAR  Air conditioning units such as room air conditioners generally include
      refrigeration circuits having an evaporator and a condenser. The unit is
      generally divided by a partition into an evaporator section and a
      condenser section. The unit is normally mounted with the evaporator
      section being adjacent the space being cooled by the unit and in
      communication with the air in that space, and the condenser section is in
      communication with outdoor air. Refrigerant flows through the
      refrigeration circuit and absorbs heat from the room air flowing through
      the evaporator section causing the refrigerant therein to evaporate and
      flow towards the condenser section. Refrigerant in the condenser section
      gives up absorbed heat to the outdoor air flowing over the condenser
      causing the refrigerant to condense. In addition to the capability of
      controlling the temperature of the air in the space being conditioned, it
      is often desirable to remove stale air from the space or to admit fresh,
      outdoor air to the space. This is accomplished in various air conditioning
      units by the provision of appropriately positioned ports in the foregoing
      partition which can be selectively opened and closed to control the flow
      of air between the evaporator and condenser sections. Although it is
      common to provide a port for exhaust air and a second port for ventilation
      air, it is entirely possible to provide but one of the foregoing ports.
PAR  Ports of the aforementioned type are usually located to make use of
      pressure differentials for forcing the air in the desired direction
      through the partition. Such pressure differentials are normally created by
      means of appropriate fans and blower wheels disposed in the respective
      sections. The use of such ports is known in the art, as evidenced by U.S.
      Pat. No. 2,986,016 which issued on May 30, 1961, to Gillham et al.
PAR  Damper doors are conventionally provided for selectively opening and
      closing exhaust and vent port doors in room air conditioners. An effective
      construction of damper doors of the foregoing type and the associated
      apparatus for selectively opening and closing the doors is disclosed in
      U.S. Pat. No. 3,823,574 which issued on July 6, 1974 to Theodore S.
      Bolton. The latter patent discloses a pair of pivotally mounted damper
      doors which are biased towards the closed positions by compression springs
      connected at one end to the partition and at the other end to one of the
      doors. The doors are opened by means of a lever which selectively engages
      the doors and overcomes the bias of the respective springs.
PAR  The lever provided by the foregoing patent comprises a rotatable shaft, an
      actuating arm extending from the shaft adapted to be positioned between
      tabs on the exhaust and vent doors of the air conditioning unit, and a
      control arm extending from the shaft and including a manually accessible
      portion. The shaft is selectively rotated by the control arm to cause the
      actuating arm to rotate the tab of either of the foregoing doors to open
      that door. Once the tab is disengaged from the door, springs bias the door
      to its closed position.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to mount a rotatable lever in a thin
      wall in a manner which facilitates the assembly of the lever in the wall.
PAR  A more particular object of the present invention is to provide means for
      mounting a damper door operating lever of an air conditioning unit in a
      wall of the unit in a manner which facilitates the assembly of the lever
      in the wall and is effective in maintaining the lever in the wall.
PAR  A further object of the present invention is to provide means for mounting
      a lever of the foregoing type which further facilitates the select removal
      of the lever from the wall.
PAR  Other objects will be apparent from the description to follow and from the
      appended claims.
PAR  The preferred embodiment of the invention described below provides an
      arrangement for mounting a damper door operating lever for a room air
      conditioner in a sheet metal wall of the air conditioner. The wall is
      provided with an orifice having a wide portion which is configured like a
      segment of a circle having a slot connected to the intersecting straight
      portions of the orifice. The lever includes a shaft having a pair of
      spaced collars, one of the collars being resilient and bowed towards the
      other collar to define therebetween a distance less than the thickness of
      the wall. The lever is assembled in the wall by passing one of the collars
      through the orifice and by sliding the portion of the shaft between the
      collars into the foregoing slot until the shaft abuts against the end of
      the slot. A tooth is provided on the bowed collar for engaging an edge of
      the wide portion of the orifice to retain the operating lever in position
      in the wall.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial representation of a portion of the interior of a room
      air conditioner showing damper doors over the vent and exhaust ports in a
      partition in the unit.
PAR  FIG. 2 is a perspective view of the interior portion of a room air
      conditioner incorporating the present invention.
PAR  FIG. 3 is a detailed perspective drawing of a damper door operating lever
      according to the present invention and an associated portion of a wall in
      which such lever is to be assembled.
PAR  FIG. 4 is a side view of a portion of an operating lever according to the
      present invention.
PAR  FIGS. 5 and 6 are side views of an operating lever according to the present
      invention in sequential stages of its assembly in a wall of the air
      conditioning unit in which it is being inserted.
PAR  FIG. 7 is a view taken in a direction indicated by the arrow 7--7 in FIG. 6
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment of the invention provides an operating lever for
      controlling the opening of damper doors in air conditioning units such as
      exhaust and ventilation doors found in room air conditioning units. The
      preferred embodiment of the invention is described as incorporated in a
      room air conditioning unit having a ventilation door and an exhaust door
      covering ports in a wall or partition dividing the air conditioning unit
      into an evaporator section and a condenser section. The doors are presumed
      biased to their closed positions, and the operating lever described below
      selectively opens the doors upon the manual rotation of the lever.
PAR  Referring now to FIG. 1, their is shown in schematic form a self-contained
      room air conditioning unit having appropriately placed exhaust and vent
      ports. The unit includes a condenser section in which are located a
      condenser 1 and a fan 3 for directing ambient air over the condenser coils
      as indicated by the arrow, and an evaporator section including an
      evaporator 5 and a blower wheel or other fan 7 for drawing room air over
      the evaporator coil and directing that air back into the room as indicated
      by the arrow. The two sections of the unit are separated and isolated by a
      partition or wall 9. The unit is adapted for installation in a room so
      that the evaporator section communicates with the room air while the
      condenser section communicates with the outdoor air. The condenser and
      evaporator are part of a conventional refrigeration circuit which also
      includes a compressor and an expansion device (not shown), with the
      evaporator serving to absorb heat from room air drawn over the evaporator
      coils by the blower which then returns the cooled air back into the room.
      The heat absorbed by the refrigerant in the evaporator is thereafter
      transferred to the air being blown across the condenser coils by fan 3.
      Partition 9 is located considerably closer to blower wheel 7 and to fan 3
      so that the pressure P.sub.2 in the region of blower wheel 7 is less than
      the pressure P.sub.1 in the condenser side of partition 9. Both of the
      pressures P.sub.2 and P.sub.1 are suction pressures and thus below the
      ambient pressure P.sub.AMB. The pressure P.sub.3 above blower wheel 7 is
      higher than the ambient pressure and is also higher than the pressure
      P.sub.4 above fan 3 because of the relative characteristics of the two air
      moving devices. An exhaust port 13 is defined in wall 9 between the region
      of pressure P.sub.3 and the region of pressure P.sub.4 so that when port
      13 is open, air flows through the port into the condenser section.
      Similarly, a vent port 15 is defined in partition 9 between the region of
      pressure P.sub.2 and the pressure P.sub.1 so that when port 15 is opened,
      air flows from the condenser section into the evaporator section and
      thereafter into the room.
PAR  FIG. 2 depicts apparatus for controlling the opening and closing of ports
      13 and 15. The apparatus depicted enables the alternate opening of one of
      the ports and permits the closing of both ports; however, the apparatus is
      not adapted to open both ports simultaneously, since this would have the
      undesirable effect of simply circulating air between the ports rather than
      transferring air to and from the room being air conditioned. An exhaust
      port door 17 has a portion 18 configured to cover and close exhaust port
      13 and is mounted for pivotal movement about an axis by a pair of tabs
      (not shown) extending through wall 9 adjacent port 13 and also adjacent
      the axis of rotation. Door 17 is spring biased to its closed position by
      an open-ended, over-center leaf spring 19 connected at one end to door 17
      and at its other end to wall 9 on the other side of the axis of rotation
      of the door. Spring 19 is of the type described in commonly-assigned,
      co-pending, U.S. patent application Ser. No. 517,795 filed Oct. 25, 1974.
      A portion 21 of wall 9 is configured to enable the air conditioning unit
      to accommodate a control box 23 which contains the operating buttons or
      the like for the unit. A tab 25 extends from door 18 across the axis of
      rotation of the door and includes a first section 27 which is coplanar
      with portion 18 of door 17, a second section 29 bent back transversely
      towards wall portion 21, and third section 31 which is generally parallel
      to section 27. The function of tab 25 will be apparent from the
      description to follow.
PAR  A gasket 33 fabricated from some suitable material such as urethane foam is
      advantageously applied to door portion 18 engaging the wall surface
      surrounding exhaust port 13 when the door is moved to its exhaust port
      closing position. The engagement of gasket 33 and the port edge enhances
      the degree to which the door seals the port against the passage of air. In
      order to prevent any material which could damage the air conditioning unit
      from passing through discharge port 13, a filter 35 can be affixed across
      the port. Filter 35 may comprise a common filtering material such as a
      fine mesh screen.
PAR  Vent port 15 is disposed between fan 3 and blower 7 to take advantage of
      the previously described pressure differential existing in this area. A
      vent port door 37 is mounted for pivotal movement to open and close vent
      port 15. Vent port door 37 includes a vent port closing portion 39 which
      is dimensioned to shut port 15 to the passage of air. Door 37 may include
      a tab similar to tab 25. Means are provided for biasing door 37 to its
      closed position, and it is contemplated that a spring similar or identical
      to spring 19 be connected to door 37 and partition 9 for this purpose in a
      manner similar to spring 19. However, for the sake of clarity, the
      provision of the tab and such biasing means has been omitted with regard
      to door 37. For the purposes of this description, it should be assumed
      that spring means are provided for biasing door 37 about an axis parallel
      to the axis of door 17 towards the vent port closing position. A gasket 49
      fabricated from urethane foam or other appropriate material is attached to
      door 37 for engaging the wall surface around vent port 15 when door 37 is
      in its port closing position. A filter 51 such as the fine mesh screen
      mentioned previously is advantageously provided across vent port 15 for
      preventing potentially damaging materials from passing through the vent
      port.
PAR  In order to effect the selective opening and closing of the two ports, an
      operating lever 53 is provided in the unit. Lever 53 is preferably a
      unitary piece which can be fabricated from molded plastic, and comprises
      an actuating arm 55 engageable with tab 25 of door 17 and a control arm 57
      having a manually engageable portion 59 for operating the lever. Arms 55
      and 57 extend transversely from a rotatable shaft 61 having a longitudinal
      axis of rotation which is parallel to the axes of rotation of exhaust port
      door 17 and vent port door 37. A pair of spaced collars 63 and 65 also
      extend from shaft 61 and, as described below, are adapted to engage a wall
      67 of control box 23 to mount operating lever 53 in the air conditioning
      unit.
PAR  Actuating arm 55 includes at its end portion furthermost spaced from shaft
      61, a pair of cylindrical portions 69 and 70 which are engageable with tab
      25 of exhaust door 17. Additionally, arm 55 may include a portion
      engageable with the actuating means for door 37. However, again for the
      sake of clarity, this provision has been omitted. Preferably, control arm
      57 is angularly displaced from actuating arm 55 so that when the vent and
      exhaust doors are in their closed positions, manually engageable portion
      59 is centrally disposed in a slot 71 in the exterior of control box 23.
      In other words, the foregoing elements are arranged so that when both
      doors are shut, control arm 57 is movable left or right as shown in FIG.
      2. When both exhaust port door 17 and vent port door 37 are closed,
      cylindrical portions 69 and 70 of actuating arm 55 are in engagement with
      parallel section 27 of tab 25, as indicated in FIG. 2. When control arm 57
      is moved counterclockwise or to the right as indicated in FIG. 2, a force
      is exerted transversely on section 27 of tab 25 of the exhaust door with
      the resulting torque causing door 17 to pivot about its axis to open
      exhaust port 13. When control arm 57 has been so moved to a predetermined
      extent, cylindrical portions 69 and 70 slide over section 29 onto section
      31. When arm 57 is moved clockwise or to the left, cylindrical portions 69
      and 70 are forced back onto section 27 and thereby exert a force on tab 25
      to return door 17 to its closed position. The mechanism can be suitably
      designed so that rotation of arm 57 will cause door 37 to open when
      movement of the arm is in a clockwise direction and to close, when
      movement is in a counterclockwise direction.
PAR  FIGS. 3 through 7 indicate the construction provided for the assembly of
      operating lever 53 in the air conditioning unit. Collar 65 is a planar
      disc concentrically positioned on shaft 61. Collar 63 is spaced from
      collar 65 and is bowed towards collar 65 so as to be concave towards the
      latter collar. Collar 63 is resilient and is substantially larger than
      collar 65. A tooth 73 extends from collar 63 in the direction of collar 65
      and has a beveled edge 75 and an abutment edge 77 which is substantially
      perpendicular to collar 63. As indicated in FIG. 5, the distance between
      the lowermost part of collar 63 and the plane of collar 65 is less than
      the thickness of wall 67. Wall 67 is provided with an orifice which, as
      shown in FIG. 3, includes a wide portion 79 which has the general
      configuration of the segment of a circle and has connected thereto a
      relatively narrow slot 81.
PAR  In order to assemble operating lever 53 in wall 67, the lever is inserted
      into the wide portion 79 of the orifice so that collar 65 is on one side
      of wall 67 and collar 63 is on the other side as shown in FIG. 5. In order
      to achieve this result, force must be exerted against collar 63 as
      indicated in FIG. 5 to reverse the direction of bowing of collar 63. Once
      the operating lever has been so inserted, a portion of shaft 61 between
      the two collars is moved into slot 81 until that portion of the shaft
      abuts against the end of slot 81 and tooth 73 drops into the wide portion
      79 of the orifice as shown in FIG. 6. The tooth is positioned so that the
      latter occurrence, e.g. the engagement of shaft 61 with the edge of slot
      81 and the dropping of tooth 73 into the orifice occur at the same time
      period. At this time, operating lever 53 is securely assembled in wall 67
      and cannot be inadvertently removed. Now, operating lever 53 can be
      rotated as shown in FIG. 7 without danger of removal of the lever from
      wall 67. It should be understood, since the main function of tooth 73 is
      to maintain lever 53 locked in position relative to the orifice, the tooth
      can be placed on the top surface of wall 67 to engage the outer edge of
      collar 63 to achieve the same result.
PAR  While a preferred embodiment of the invention has been described and
      illustrated, the invention should not be limited thereto, but may be
      otherwise embodied within the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. The combination comprising:
PA1  a thin wall including an orifice having a wide portion connected to a
      narrow slot, said wall forming a part of the housing of an air
      conditioner, said air conditioner including a damper door mounted for
      pivotal movement to open and close a port; and
PA1  a member mountable in said wall for rotation relative to said wall, said
      member including a shaft, and first and second collars on said shaft, said
      collars having opposing faces spaced to receive portions of said wall
      therebetween, one of said collars being resilient and bowed towards the
      other collar to reduce the distance between the opposed faces of said
      collars to an amount less than the thickness of said wall, said member
      further including an arm for engaging and pivoting said damper door in
      response to rotation of said member, said combination further including a
      projection to lock said member in place when the portion of said shaft
      between said collars is engaged with the end edge of said narrow slot.
NUM  2.
PAR  2. The invention according to claim 1 wherein said projection extends from
      said one collar towards the plane of said other collar and is positioned
      to engage an edge of the wide portion of said orifice when said shaft
      portion is engaged with the end edge of said narrow slot.
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ABST
PAL  An object, such as a superconductive magnet, is cooled by a coolant
      operating with a single or multistage coolant cycle in which the coolant,
      in the last stage, is partially expanded, cooled in a separator-evaporator
      and fed to the object to be cooled. At least a portion of the coolant
      fluid, following passage through the object, is expanded through a
      throttle to form a liquid-gas phase mixture which is separated in the
      separator-evaporator, the gas phase being recirculated. The expansion of
      the coolant fluid prior to entry into contact with the object is carried
      out according to the invention in one or more ejectors whose suction side
      or sides draws a portion of the cooling fluid from part of the cycle
      elsewhere into the stream fed to the object to increase the mass flow.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a system for the cooling of an object, e.g., a
      supercondutive magnet or other superconductor system and, more
      particularly, to a single or multistage system in which a coolant is
      expanded prior to entry into heat-exchanging relation with the object.
PAC  BACKGROUND OF THE INVENTION
PAR  In the cooling of cryogenic devices, e.g. superconductive magnets, cable
      systems and the like, a recirculated coolant is brought to a low
      temperature in one or more stages and, in the last state, is partially
      expanded and fed to the object, preferably after passing in indirect heat
      exchange with the coolant fluid in a separator-evaporator. The
      separator-evaporator contains a body or bath of liquified coolant, e.g.,
      helium, which may be partially evaporated in the indirect heat exchange
      with the coolant fed to the object. The cooling fluid, after traversing
      the object, may be further expanded to produce a liquid-gas phase mixture
      which is passed into the separator-evaporator so that the gas phase can be
      recirculated while the liquid phase is accumulated.
PAR  In general, the expansion of the fluid prior to its passage through the
      separator-evaporator in indirect heat exchange and into the object to be
      cooled takes place through a conventional throttle valve.
PAR  Such systems are known for helium circulation cycles in the cooling of
      superconductive magnets and may include one or more precooling stages in
      which the cooling fluid, previously compressed, is cooled by heat exchange
      and by subsequent expansion. Generally there is at least one expansion
      stage ahead of the final heat exchanger which, as described, may be a
      separator-evaporator containing a bath of the liquefied coolant so that
      the expanded stream is supercooled in indirect heat exchange with the
      liquid bath and then supplied to the object. The gas phase leaving the
      separator-evaporator may be used for heat exchange cooling of the
      compressed cooling fluid in one or more heat exchangers separated by
      expansion stages and is ultimately compressed to be recirculated to the
      stream flowing to the object.
PAR  The cooling effectiveness at the object to be cooled is proportional to the
      enthalpy difference across the inlet and outlet of the object multiplied
      by the mass flow of the coolant through the object. For superconductive
      magnets, to coolant through the object. For superconductive magnets, to
      maintain the superconductive state against the increase in enthalpy of the
      coolant, the temperature difference across the cooling object must be
      maintained as small as possible so that, for a given temperature and type
      of coolant, the desired result can only be maintained by increasing the
      mass flow of the coolant through the object.
PAR  However, in conventional systems this mass flow is established by the
      maximum throughput at the warm end of the last stage of the cooling cycle.
      It should be apparent that dimensioning the last stage of the coolant
      cycle to accommodate an initially large mass flow of coolant requires, in
      conventional arrangements, a corresponding increase in the dimensions of
      the capacities of the previous stages. This results in unnecessary both
      for operating energy and construction.
PAC  OBJECTS OF THE INVENTION
PAR  It is the principal object of the present invention to provide an improved
      method of cooling an object so that, for a given object and cooling
      effectiveness, the system can operate at lower cost and be less expensive.
PAR  It is another object of the invention to provide a method of cooling an
      object to cryogenic temperatures whereby disadvantages of earlier systems
      may be obviated.
PAR  It is still another object of the invention to provide an improved cooling
      system for superconductive magnets and the like.
PAC  SUMMARY OF THE INVENTION
PAR  These objects and others which will become apparent hereinafter are
      attained, in accordance with the present invention, by providing along the
      path of the coolant to be fed to the object, one or more expansion stages
      in the form of ejectors whose suction sides can draw cooling fluid
      emerging from the object to be cooled.
PAR  By the substitution of ejectors for throttle valves for the expansion of
      the coolant, I obtain the significant advantage that additional energy
      from a foreign source is not required nor are moving parts necessary to
      increase the mass flow of the coolants through the object to maintain a
      constant cooling effectiveness and maintain the enthalpy loss within the
      object as small as possible. The overall result is a more uniform
      efficient cooling of the object.
PAR  The cost of cooling the object is reduced and the system has been found to
      be especially suitable for the low cost of superconductive systems,
      especially magnets and low temperature cables, where only minimum
      temperature increases can be tolerated.
PAR  Depending upon the temperature of the coolant which is desired at the
      outlet of the ejector, the suction side may be connected to a source of
      gaseous or liquid coolant.
PAR  When expansion is carried out in two stages in cascade, it is preferred to
      expand the coolant in the first expansion stage in a first ejector to an
      intermediate pressure and more fully expand the coolant in the second
      stage to approximately the pressure at which the coolant is to enter the
      object. Either or both of the expansion steps can make use of an ejector
      and, where only one ejector is used, a conventional expansion valve may be
      employed for the other expansion step.
PAR  When the first expansion step is carried out with an ejector, the suction
      side thereof may be connected to a branch from the outlet line of the
      object directly or after the induced coolant has been passed through a
      heat exchanger to be warmed.
PAR  When the second expansion stage is constituted by the ejector, the suction
      side of the latter can draw either liquid from the bath of the
      separator-evaporator or fluid from the outlet of the object before the
      fluid enters the separator-evaporator, or fluid from the second
      separator-evaporator, or gas from the separator-evaporator, or gas from a
      heat exchanger fed by fluid drawn from the separator-evaporator.
PAR  Where both expansion steps utilize ejectors, the systems descibed
      immediately above can be combined, i.e. the ejectors may draw the fluid
      from the same source or from difference sources.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages will become more
      readily apparent from the following description, reference being made to
      the accompanying drawing in which FIGS. 1 - 15 are flow diagrams
      illustrating various embodiments of the present invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In the description below of the several embodiments of the invention,
      similarly functioning and similarly construction parts are designated by
      similar reference numerals.
PAR  In the drawing only part of the cooling system is shown in detail, i.e.,
      the portions corresponding to the last cooling stage. The coolant or
      refrigerant is helium and in each embodiment the last stage makes use of
      two-stage expansion of the coolant.
PAR  FIG. 1 shows a feed conduit 1 for delivering gaseous helium through an
      indirect heat exchanger 2 and into a venturi-type ejector 3 of
      conventional design, the ejector constituting an expansion device
      replacing the usual expansion throttle. The structure of the ejector 3 may
      be similar to that of the ejector shown at page 9 - 101 of MARK'S
      MECHANICAL ENGINEERS' HANDBOOK, McGraw-Hill Book Company, New York, 1958.
PAR  The gaseous helium is expanded from its original high pressure to an
      intermediate pressure in the ejector 3 which constitutes the first
      expansion stage of the last part of the cooling system. After this initial
      expansion, the coolant is passed through a further heat-exchanger 5 and is
      additionally cooled therein before being expanded through a conventional
      throttle valve 6 in the second expansion stage.
PAR  Partly liquified helium or helium at a supercritical pressure passes into a
      separator-evaporator 7, in which it is subjected to indirect heat exchange
      with the liquid phase or both accumulated in this unit. The helium is thus
      supercooled and is directed into the body or object 8 to be cooled, e.g. a
      superconductive magnet or a chamber enclosing same. The helium abstracts
      heat from the object 8 and is thereby slightly warmed.
PAR  The helium stream emerging from the object 8 is split into two streams by a
      flow splitter or distributing valve 10. One stream is expanded through a
      throttle valve 9 into the separator-evaporator 7 wherein the liquid phase
      of the expanding mixture accumulates to form the liquid-helium bath where
      the gas phase collects on top of the liquid phase. The throttle valve 9
      thus partly liquifies liquefies helium after it has abstracted heat from
      the object 8.
PAR  The vapor phase is drawn from the separator-evaporator 7 and passed by
      conduit 4 through the heat-exchangers 5 and 2 in succession, preferably
      before being fed to earlier stages of cooling cycles not shown. These
      earlier stages can comprise compressors, expansion nozzles and
      heat-exchangers for disipating the thermal energy picked up by the gaseous
      helium in this last stage.
PAR  The other partial stream from object 8 is partly warmed in the
      heat-exchanger 5 in indirect heat exchange with the gaseous helium passing
      through the conduit 4, ejector being drawn into the suction side 11 of the
      efector 3. In the ejector 3, this gaseous partial stream of helium is
      entrained with the helium cooled in heat-exchanger 2 through the
      separator-evaporator 7 and then again into the body 8 to be cooled.
PAR  The system of FIG. 1 is relatively simple and eliminates the need for
      external energy to be supplied to the system for increasing the mass flow
      of helium through body 8 by comparison with the mass flow of helium at the
      duct 1. The advantage in this system is that the ejector 3 induces (draws)
      helium of higher enthalpy than is supplied to the pressure inlet of the
      ejector, into the latter, thereby increasing the enthalpy of the fluid
      emerging from the ejector by comparison with the fluid fed from heat
      exchanger 2, and increasing the temperature difference across the heat
      exchanger 5.
PAR  In FIG. 2 I show a modification of the base system of FIG. 1 wherein the
      suction side of the upstream ejector 3 is tied at 20 to a flow splitter
      connected to conduit 4 between the heat exchanger 5 and the heat exchanger
      2. In this case the helium stream from the object 8 need not be diverted
      and all can pass through the throttle 9 and into the separator-evaporator
      7. Only the gas phase from this separator continues along conduit 4 and is
      branched after it traverses the heat exchanger 5 to flow partly to the
      heat exchanger 2 and partly to the suction side of the ejector 3.
PAR  This embodiment has the advantage that the helium introduced on the suction
      side of the ejector need not pass through a separate section of the heat
      exchanger 5 to be warmed.
PAR  A further modification of FIG. 1 is shown in FIG. 3 wherein the upstream
      expansion is effected with a conventional throttle valve 30 disposed along
      the line 1 between the heat exchanger 2 and the heat exchanger 5. In this
      case the throttle valve 6 of the embodiment on FIG. 1 is replaced by a
      ejector 31 whose suction side 32 is connected through a heat exchange
      section (tube, coil or the like) of the separator-evaporator 7 and is in
      contact with the liquid bath thereof.
PAR  The gases discharged from object 8 to be cooled are split into two partial
      streams, namely, a first stream which passes through the throttle valve 9
      as previously described into the separator-evaporator 7 so that the liquid
      phase of the partial condensate collects in the liquid bath of this
      separator 7. The gas phase is passed above the liquid bath into the duct
      4.
PAR  The remaining partial stream flows through the heat exchange section 33 and
      is cooled in indirect heat exchange with the liquid bath in the
      separator-evaporator 7 to a two-phase mixture, to a gas at supercritical
      pressure, or to a liquid prior to entry into the suction side of the
      ejector.
PAR  This embodiment permits the charging, at the ejector 31 of liquified or
      supercritical helium at high pressure (i.e., the pressure at the discharge
      side at the object 8) into the helium stream before it traverses the heat
      exchange portion of separator-evaporator 7 to increase the helium mass
      flow through the object 8 without any moving parts.
PAR  In the modification of FIG. 4 the ejector 31 is again placed between the
      heat exchanger 5 and the separator-evaporator 7, at the suction side 32 of
      the ejector is connected at 40 to the line 4 passing between the gas space
      of unit 7 and the cold end of the heat exchanger 5. This embodiment, as in
      the embodiment of FIG. 2, eliminates the need for the second heat exchange
      section 33 of the system of FIG. 3.
PAR  The helium gas drawn from the gas space of the separator-evaporator 7 is
      split into two partial streams, the first proceeding directly to the heat
      exchanger 5, while the other is introduced at 32 into the suction side of
      the ejector to increase the mass flow of helium traversing the object to
      be cooled. A distributing valve 40 may be provided to split the gas stream
      into two partial streams.
PAR  As has previously been noted in connection with FIG. 3 it is particularly
      desirable to introduce a fluid into the stream to increase the mass flow
      of helium through the object to be cooled in the form of a liquid. Where
      in the system of FIG. 3 this liquid could be obtained by condensation in
      the heat exchange section 33, in the embodiment of FIG. 5, the liquid is
      drawn directly from the liquid bath of the separator-evaporator 7. This
      embodiment likewise has the advantage over FIG. 3 that a separate heat
      exchange section in the separator-evaporator 7 is unnecessary.
PAR  Of course, the portion of the helium stream diverted from the outlet of the
      object 8 need not be passed through the cooler 33 in order to feed the
      ejector 31. A simplified construction utilizing this principal has been
      shown in FIG. 6. In this system, the suction side 32 of the ejector 31 is
      connected directly with the outlet of the object 8 through the flow
      splitter 10 previously described. While this system eliminates the heat
      exchanger with liquid a separator-evaporator 7, there is the advantage
      that a smaller suction froce is required at the ejector 31 since the fluid
      induced into the ejector is primarily in a gaseous state.
PAR  As suggested above it is possible to combine one or more of the basic
      principles illustrated in FIGS. 1 - 6 and to further increase the mass
      flow of the cooling gas. There is in FIG. 7, a first ejector 3 is provided
      as the first expansion stage between the heat-exchanger 2 and the
      heat-exchanger 5 which has a separate heat exchange section as described
      in connection with FIG. 1. The ejector 31 is also disposed between the
      heat exchanger 5 and the separator-evaporator 7 which has a cooling
      section 71 as described in connection with FIG. 3. Combining features of
      FIGS. 1 and 3, the arrangement of FIG. 7 taps a partial stream from the
      coolant emerging from the object 8 through the heat exchange section 71
      and into the suction side 32 of the ejector 31. To this extent the system
      operates identically to that of FIG. 3.
PAR  One portion of fluid emerging from the object 8 is split at 10 to pass
      through the throttle valve 9 and into the separator-evaporator 7 so that
      condensate liquid may collect therein. The other portion of the stream
      effluent from the object 8 traverses the separate section of heat
      exchanger 5 and is drawn into the suction side 11 of the
      separator-evaporator 7. The mass flow of helium is thus augmented at each
      expansion stage. In the first ejector of each of the systems of FIGS. 7 -
      14, the helium is expanded to an intermediate pressure and in the second
      ejector 31 to the input pressure at the object 8.
PAR  In the embodiment of FIG. 8 a system having characteristics to those of
      FIGS. 1 and 4 has been illustrated. In this arrangement, the ejector 3
      draws at its suction side 11, a partial stream of the fluid emergent from
      the object 8 (through the separate section of heat exchanger 5) after the
      effluent fluid is split at 10. The ejector 31, however, draws its gaseous
      stream from a junction 40 with line 4 connected to the gas space of the
      separator-evaporator 7. Of course the system operates as described in
      connection with FIGS. 1 and 4.
PAR  FIG. 9 illustrates an embodiment which operates as described in connection
      with FIGS. 1 and 5 since here the second ejector 31 draws liquid into its
      suction side 32 from the liquid helium bath of the separator-evaporator 7.
PAR  FIG. 10 shows a modification of the system of FIG. 7 which combines
      features of FIGS. 1 and 6 and operates as described in connection
      therewith. In other words, where the suction side 11 of ejector 3 is
      connected to a junction 100 with the fluid discharged from the object 8,
      via a separate section of the heat-exchanger 5, the other partial stream
      of the effluent fluid is passed directly into the suction side 32 of the
      ejector 301. Here, of course, ejector 31 draws gas, rather than liquid,
      into the recirculating mass flow. However, this system has been found to
      be advantageous when the object 8 is cooled at supercritical pressure so
      that during the cooling there is no phase transformation of the helium.
PAR  A further variant has been shown in FIG. 11 which combines characteristics
      of the system of FIG. 2 and that of FIG. 3 and operates similarly. The
      second ejector 31 draws a portion of the gas stream from the outlet side
      of the object 8 into its intake side after its intake side after this
      portion of the fluid has been cooled in the tube coil 71 of the bath of
      separator-evaporator 7.
PAR  FIG. 12 represents a modification combining features of FIGS. 2 and 4 and
      operating as described in connection with these figures. In the system of
      FIG. 12 the suction side 32 of the second ejector 31 draws a portion of
      the gas phase from the top of the separator-evaporator 7 into the coolant
      helium stream while the first ejector 31 withdraws from line 4 at flow
      splitter 20, another portion of the same gas stream, although after it has
      been traversed the heat exchanger 5 and prior to its entry into heat
      exchanger 2.
PAR  The modification of FIG. 13 represents a system of the features of FIGS. 2
      and 5 and is operable as described in connection with these figures. In
      this case the system differs from that of FIG. 12 only in that, a portion
      of the liquid helium in the bath of separator-evaporator 7 is drawn into
      the suction side of ejector 31.
PAR  FIG. 14 represents an embodiment combining features of FIGS. 2 and 6, the
      system deviating from FIG. 13 in that the suction side of the ejector 31
      is connected to a flow splitter 10 served by the outlet side of object 8.
PAR  A somewhat more complex arrangement has been shown in FIG. 15 and this
      system has been found to be especially suitable when the helium effluent
      from the object 8 constitutes a two-phase mixture. In this case the
      two-phase mixture is fed, e.g., by an expansion valve 150, to a further
      gas liquid separator 151 in which a phase separation of the helium takes
      place at a slightly higher pressure than that of separator-evaporator 7.
      The liquid phase is delivered totally or partially to the suction side of
      ejector 31 where a part of the helium vapor (gas phase) is supplied to the
      suction side of ejector 3 and another part to the throttle valve 9
      communicating with the separator-evaporator 7.
PAR  The modification of FIG. 15 operates in principal as described in the
      embodiment of FIG. 10.
PAR  The additional separator 151 can also be used in the embodiments of FIGS.
      1, 6 - 9 and 14. When the separator 151 is provided in these systems, the
      fluid outlet is omitted in the arrangements of FIGS. 1, 8 - 9 and the gas
      outlet is omitted in the arrangements of FIGS. 6 - 14. When it is used in
      the variant of FIG. 7, the liquid outlet is omitted and the separator 151
      is provided at the branch 10 where the throttle valve 150 is provided
      between branch 170 and the separator 151.
CLMS
STM  I claim:
NUM  1.
PAR  1. The system for cooling of an object comprising
PA1  a first heat exchanger traversed by a stream of compressed coolant;
PA1  a first expansion stage downstream of said first heat exchanger for
      expanding said coolant to an intermediate pressure;
PA1  a second heat exchanger downstream of said first stage and traversed by the
      fluid at intermediate pressure;
PA1  a second expansion stage downstream of said second heat exchanger for
      expanding the fluid traversing same to a pressure substantially equal to
      the fluid pressure to be maintained at the inlet to said object;
PA1  a separator-evaporator having a bath of liquefied fluid and a gas space for
      vapor thereof above said bath;
PA1  means for passing fluid from said second expansion stage in indirect heat
      exchange with the said bath and into said object;
PA1  means for feeding fluid effluent from said object through a throttle into
      said separator-evaporator;
PA1  means for passing gas from said space through said heat exchangers in
      cascade, at least one of said expansion stages being constituted by an
      ejector having a suction side; and
PA1  means for feeding a portion of fluid emerging from said object to said
      suction side.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein the fluid effluent from said
      object is branched into at least two partial streams, at least one of said
      streams being fed to said suction side by the last mentioned means.
NUM  3.
PAR  3. The apparatus defined in claim 1 wherein liquid from said
      separator-evaporator is fed to said suction side by the last mentioned
      means.
NUM  4.
PAR  4. The apparatus defined in claim 1 wherein the last mentioned means
      includes a section of said second heat exchanger.
NUM  5.
PAR  5. The apparatus defined in claim 1 wherein the last-mentioned means
      includes a section in said separator-evaporator in heat exchanging
      relation with the liquid therein.
NUM  6.
PAR  6. The apparatus defined in claim 1, further comprising a liquid-gas phase
      mixture separator connected to said object for separating said effluent
      into gas and liquid portions.
NUM  7.
PAR  7. The apparatus defined in claim 6 wherein the last mentioned means
      includes a duct communicating with said separator to draw liquid therefrom
      into said suction side.
NUM  8.
PAR  8. The apparatus defined in claim 6 wherein the last-mentioned means
      includes a duct connected with said separator to draw gas therefrom.
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ABST
PAL  An expander compressor unit for a vapor compression refrigeration system is
      disclosed. The unit has a rotor which is provided with radial passageways
      terminating in tangentially oriented nozzles for expanding the
      high-pressure fluid and utilizing the kinetic energy of the expanding
      fluid to propel the rotor. The rotor is in driving engagement with a
      compressor which serves to compress fluid in the cycle. By this means the
      expander compressor unit substantially improves the efficiency of the
      cycle through efficient expansion of the refrigerant prior to
      evaporization and through reduction of the net work input into the system.
PARN
PAR  This is a division of application Ser. No. 422,759, filed Dec. 7, 1973, now
      U.S. Pat. No. 3,864,065.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates generally to refrigeration systems, and more
      particularly, to an expander compressor unit which utilizes the work
      expended in direct expansion of a refrigerant to power a turbine which
      drives a small compressor to aid the primary compressor of a refrigeration
      system in compressing gaseous vapors from evaporator pressure to condenser
      pressure.
PAR  Vapor compression refrigeration cycles and apparatus for carrying out these
      cycles are well known. In theoretical vapor compression refrigeration,
      saturated vapor refrigerants at low pressure enter a compressor and
      undergo isentropic compression. The high pressure vapor enters a condenser
      and heat is rejected from the fluid at constant pressure from the
      condenser. The working fluid leaves the condenser as a saturated liquid.
      An isenthalpic throttling process follows across an expansion valve or
      capillary tube. The working fluid is then evaporated at constant pressure
      with the working fluid absorbing heat to complete the cycle.
PAR  In the past, the design of direct expansion refrigeration units has not
      generally taken advantage of the energy or available work lost in the
      execution of the cycle through the throttling or free expansion of the
      liquid refrigerant into the evaporator of the refrigeration machine.
      Generally, only limited use has been made of the conversion into
      mechanical energy of the kinetic energy possessed by the refrigerant which
      flows from the high pressure side to the low pressure side of the
      refrigeration system. For example, it is known to power a compressor with
      the refrigerant discharged from the capillary tube. The compressor is
      arranged in the auxiliary circuit which includes a second evaporator. In
      this way, a two temperature system is provided in which the additional
      evaporator can be operated within a temperature range lower than that of
      the evaporator in the main circuit. Typical of systems of this type is the
      refrigeration system method shown in U.S. Pat. No. 2,519,010.
PAR  Other attempts at utilizing the kinetic energy of refrigerant expansion
      have concentrated mainly on pumping or recirculating refrigerant or
      lubricants. For example, U.S. Pat. No. 2,763,995 discloses the use of high
      pressure refrigerant directed against the blades of a turbine. The turbine
      has a shaft which is connected to a centrifugal pump. The pump serves to
      recirculate oil rich liquid refrigerant back to the compressor.
PAR  Generally, however, systems as described above which utilize or attempt to
      utilize the work expanded in the throttling or expansion process have not
      found wide acceptance. As pointed out, most of these systems attempt to
      utilize the kinetic energy to perform some auxiliary operation such as the
      circulation of lubricating fluid. Accordingly, the equipment necessary for
      its recovery has not been thought to be economically feasible. Very little
      work has been done in utilizing this energy to improve the performance and
      efficiency of the basic vapor compression refrigeration cycle.
PAR  The present invention provides an expander compressor in which the
      saturated liquid from the condenser is expanded and flashed through
      nozzles of a shaft mounted rotor causing a tangential propelling force to
      be applied to the rotor and an attached turbine shaft. The turbine shaft
      drives an axial compressor unit. On the compressor side, saturated vapor
      from the evaporator enters the vane chamber of the compressor and is
      compressed into the super heat region and is discharged into an annular
      chamber either to the primary compressor or directly to the condenser of
      the air conditioning unit. A small fraction of the saturated liquid
      refrigerant entering the unit is utilized to provide full film lubrication
      of the shaft bearings. The compressor section of the unit may include an
      appropriate inducer section to pull the refrigerant into the blades of the
      compressor section. The rotor can be modified for various capacity systems
      by changing the nozzle size or by adding more discharge passages to the
      expander section.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and advantages of the present invention will
      become apparent from reading the following claims, specifications and
      drawings in which:
PAR  FIG. 1 is a graphical representation of a vapor compression refrigeration
      cycle on the temperature (T) and entropy (S) coordinates;
PAR  FIG. 2 is a schematic representation of the vapor compression refrigeration
      cycle;
PAR  FIG. 3 is a longitudinal sectional view showing the expander compressor of
      the present invention;
PAR  FIG. 4 is a sectional view taken along lines 4--4 of FIG. 3;
PAR  FIG. 5 is a longitudinal sectional view showing another embodiment of the
      expander compressor of the present invention; and
PAR  FIG. 6 is a sectional view taken along lines 6--6 of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  The theoretical ideal cycle for vapor compression refrigeration is shown in
      FIG. 1 and represented as cycle 1,2,3,4,1. The cycle of operation is shown
      on the T-S plane. Point 1 represents the state of the refrigerant entering
      the compressor. Usually in this state the refrigerant is nearly dry
      saturated vapor. The saturated vapor at low pressure enters the compressor
      and undergoes adiabatic compression 1-2. During the compression, the
      refrigerant is usually super-heated. In state 2, the super-heated vapor
      passes into the condenser and is cooled at constant pressure and then
      condensed at constant temperature. Heat is rejected in the process 2 to 3.
      The working fluid leaves the condenser as a saturated liquid. A throttling
      process follows from 3-4 and the working fluid is then evaporated in
      process 4 to 1, to complete the cycle. During the evaporation process, the
      refrigerant is vaporized. As is well known in thermodynamics, the amount
      of heat (QL) removed by the refrigerant is represented by the change in
      entropy occurring in the process 4 to 1 as projected on the horizontal
      coordinate as a-b. The work (W) expended in achieving this amount of heat
      removal represented along  a-b is represented by the energy expended in
      compression from 1 to 2 as seen in FIG. 1. The coefficient of performance
      (COP) of a refrigeration cycle is represented by the equation:
      ##EQU1##
PAR  The present invention utilizes conversion of the kinetic energy of the
      refrigerant to mechanical energy to drive a turbine in the system located
      between the condenser and the evaporator. The high pressure refrigerant is
      expanded through nozzles located on a turbine rotor. The turbine is
      mechanically connected to drive a centrifugal compressor located
      downstream of the evaporator which serves to partially compress the
      refrigerant prior to entry at the intake of the main compressor. The
      schematic representation of the system of the present invention is shown
      in FIG. 2.
PAR  As can be seen in FIGS. 1 and 2 a small expander-compressor can boost the
      performance of the refrigeration cycle by two mechanisms. A discussion of
      the theoretical advantages derived from the present invention will assist
      in understanding the present invention. The first mechanism by which
      efficiency is improved is removal of energy from the saturated liquid
      vapor mixture during throttling prior entry to the evaporator to improve
      the heat absorbing capability of the mixture. As the vapor mixture reaches
      the evaporator at lower entropy, the vapor is able to absorb an additional
      amount of heat equal to the work dissipated by the fluid in reaching the
      evaporator to the expander turbine. Referring to FIG. 1, isentropic
      expansion through the nozzle is shown by the dotted line 3-4'. Thus the
      amount of heat which can be absorbed by the refrigerant in the evaporator
      is increased by the amount represented between a'-a on the entropy
      coordinate.
PAR  The second mechanism by which the overall efficiency or coefficient of
      performance of the refrigeration cycle is improved is through the
      reduction of the amount of external work brought in the system during
      compression of the refrigerant between 1 and 2'. Thus by compressing or
      partially compressing the gas exiting from the evaporator, the suction
      pressure on the compressor is increased and the amount of work brought
      externally into the system is reduced.
PAR  FIGS. 3 and 4 show in detail the expander compressor of the present
      invention. The machine of the present invention is generally designated by
      the numeral 10. The unit has cooperating housing members 12 and 14 which
      respectively define the expander section 13 and compressor section 15 of
      the machine. Housing sections 12 and 14 may be integrally joined or may be
      cooperatively fitted together at annular threaded section 16. Housing
      section 12 is formed with a projecting boss 18. Boss 18 is bored at 20 for
      reception of precision shaft bearings 21 which are pressed into the bore.
      Circular expansion chamber wall 33 is generally concentric with bore 20.
      The radial face 26 of housing portion 12 is provided with a concentric
      series of labyrinth seals 28 formed in the surface. Outlet port 30
      communicates with expansion chamber 24 near the periphery of the chamber.
PAR  Compressor chamber 34 is formed in housing member 14 by peripheral surface
      31 and generally convex surface 32. Boss 36 axially projects from housing
      member 14 and is counterbored at 38 for reception of precision shaft
      bearings 39. Axial inlet passageways 40 and 41 communicate with compressor
      chamber 34 through boss 36.
PAR  The turbine unit is generally designated by the numeral 44 and includes an
      expander rotor 46 and a compressor section 48. Turbine unit 44 is mounted
      on axial shaft 50 which has its opposite ends mounted for rotation in
      bearings 21 and 39 in the expansion and compression sections of the unit.
      Turbine 44 is preferably of steel or a high quality precision molded or
      machined synthetic such as nylon. An axial passageway 51 extends through
      shaft 50 communicating at the expander side with inlet 25 in boss 18.
      Inlet 25 is internally threaded to accommodate a refrigerant line fitting.
      Small radial clearance passageways 52 and 53 are provided in the bearing
      bores at the opposite end of shaft 50 to permit fluid within axial
      passageway 51 to be admitted to bearings 21 and 39 for lubrication.
PAR  Rotor 46 of turbine 44 has a generally circular peripheral edge 55 which,
      with housing wall 33, defines the annular expansion chamber 24. A
      plurality of radial passages 56 extend in rotor 46 and communicate with
      axial passageway 51. As best seen in FIG. 4, the ends of radially opposite
      passageways 56 terminate in oppositely directed tangential nozzles 58. The
      number and location of the passageways 56 and associated nozzles 58 will
      vary with the capacity of the refrigeration unit. It is to be understood
      that evenly spaced, oppositely disposed passageways and nozzles are
      required so that expanding fluid exerts a balanced tangential force to
      propel the turbine rotor. Expansion chamber 24 is sealed by labyrinth
      seals 28 and 29 provided on the parallel radial surfaces of housing
      section 12.
PAR  The compressor side of turbine 44 includes a generally circular impeller
      plate 60 which has one surface in sealing engagement with labyrinth seals
      28. A plurality of compressor vanes 62 are radially positioned on the
      opposite side of impeller plate 60. As seen in FIG. 3, the vanes are
      formed having outer converging edge 64 which closely cooperates with
      interior housing surface 32. The outer tip of the compressor vanes 62 and
      housing wall 31 define annular compressor chamber 34. Outlet 65
      communicates with chamber 34 and is adapted to be connected in the
      refrigeration system.
PAR  With the expander compressor unit connected in a refrigeration system as
      shown schematically in FIG. 2, the operation of the unit will be as
      follows. A saturated liquid refrigerant is supplied to the expander
      compressor unit 10 at inlet 25. The liquid refrigerant flows into axial
      passageway 51 and is admitted along radial passageways 52 and 53 to
      lubricate bearings 21 and 39 at the opposite ends of shaft 50. The high
      pressure saturated liquid refrigerant also flows through radial
      passageways 56 in the rotor and expands and flashes through nozzle
      openings 58 at the ends of passageways 56. The expansion through nozzles
      58 imparts a tangential force propelling turbine 44. The rotor and nozzle
      arrangement is a particularly efficient expansion device. The expansion
      through the nozzle is substantially isentropic. The energy normally lost
      by expansion through a valve or capillary is conserved in the instant case
      with the resulting two phase mixture having lesser velocity than a mixture
      having been expanded through an expansion valve. The discharge from the
      nozzle enters the annular exhaust chamber 24 at a lower quality than if
      the mixture had been expanded through a fixed nozzle. The mixture is
      discharged from chamber 24 at passage 30 where it enters the evaporator.
PAR  On the compressor side 15 of the unit, saturated vapor returning from the
      evaporator enters the compressor at passages 40 and 41. The rotating vanes
      62 compress the entering vapor into the superheat region and the vapor is
      admitted into annular compressor chamber 34 and is discharged at
      passageway 65. From discharge passageway 65 the pressurized vapor flows
      either to the primary compressor or directly to the condenser of the
      apparatus.
PAR  Another embodiment of the present invention is shown in FIGS. 5 and 6 and
      is generally designated by the numeral 70. The unit of embodiment 70
      includes a housing 71 enclosing expander section 72 at one end and a
      compressor section 73 at the other end. The interior of housing 71 has a
      generally cylindrical bore 74 enclosed by end plate 84. A series of
      annular labyrinth seals 76 are peripherally arranged in bore 74. An
      annular expander chamber 75 is provided in the housing wall.
PAR  In the compressor end of the unit, the interior of chamber bore 74 has a
      radially outwardly converging end wall 77 which defines compressor chamber
      94.
PAR  A turbine member 80 is rotatively mounted within housing 71 at opposite
      stub shafts 81 and 82 supported in appropriate non-friction bearings 83.
      The turbine rotor 85 has cylindrical outer surface 86 in close
      relationship with bore 74. An axial passage 88 in stub shaft 81
      communicates with radially extending passages 89. Bleed passageways 78 and
      79 provide for positive lubrication of bearings 83 with liquid
      refrigerant. The end of radial passages 89 communicate with chamber 75
      across nozzles 90 propelling turbine 80 with a tangential force. Nozzles
      90 preferably are in threaded engagement at the end of passage 89 to
      facilitate replacement with various other size nozzles to change the
      capacity of the unit.
PAR  Forwardly curved inducer blades 92 are located in compressor section 73
      immediately adjacent the inlet 93 to the compressor section. Inducer
      blades 92 serve to induce or pull the saturated vapor into the compressor
      section. Compression takes place by means of the rotating reversed-curved
      compressor blades 95 which impart energy to the fluid as it flows along
      the impeller blades. Discharge from compression chamber 94 is at outlet
      96.
PAR  In operation, the expander compressor of the present embodiment is similar
      to that described above with reference to the previous embodiment.
      Saturated liquid is supplied at inlet passage 81 to the unit. The
      saturated liquid expands and flashes through nozzles 90 causing a
      tangential force propelling the turbine 80. The flashed vapor liquid is
      discharged into annular chamber 75 and from there it enters the
      evaporator. A small fraction of the saturated liquid refrigerant may be
      diverted to the bearing annulus area through bleed passageways 78 and 79
      to provide for full film lubrication of the rotor bearings. On the
      compressor side, saturated vapor from the evaporator enters inlet 93
      assisted by the inducer blades 92. The saturated vapor is compressed into
      the superheat region by compressor vanes 95 and discharged into the
      compressor chamber and finally through discharge passageway 96 to either
      the compressor or directly to the condenser in the air conditioning unit.
      The high and low pressure side of the unit are separated by peripheral
      labyrinth seals 76.
PAR  It will be noted that in embodiment 70 of FIG. 5, the rotor section of the
      turbine is of greater diameter than the turbine compressor blades. Several
      considerations must be taken into account to insure that the expander can
      operate efficiently as an isentropic expander. For effecient operation
      there is also need for torque matching between the expander and the
      compressor.
PAR  The present compressor expander provides a unit which can substantially
      increase the efficiency of a vapor compression refrigeration cycle. As
      explained, a small expander boosts performance in cooling machines by two
      mechanisms: (1) removal of energy from the saturated liquid vapor mixture
      as it enters the evaporator to improve the heat absorbent capability of
      the mixture. (2) reduction of the amount of work required externally to
      the system. Thus, with the present invention the equation for coefficient
      of performances becomes
      ##EQU2##
      Note that with the present invention that should the turbine fail to
      function, there is no appreciable loss to the system. However, any work
      transferred through the turbine centrifugal compressor adds considerably
      to the performance of the cycle.
PAR  An example of the increased efficiency theoretically obtainable with the
      present invention has been worked out for a simple refrigeration cycle
      working between 140.degree. F and 40.degree. F, assuming reasonable
      efficiencies for all mechanical components:
      ##EQU3##
PAR  Thus from the foregoing, it will be seen that the present invention
      provides an expander compressor adaptable for use with conventional vapor
      compression refrigeration cycles. The unit is simple having an integral
      single piece expander and centrifugal compressor rotor without an
      intermediate bearing support. The expander turbine uses the flashed and
      saturated liquid propulsion energy that is generally not utilized in
      conventional systems. The use of the liquid refrigerant for simple full
      pressure general bearing lubrication adds to the efficiency of the unit.
PAR  It will be obvious to those skilled in the art to make changes and
      modifications to the device of the present invention. To the extent that
      these changes, alterations and modifications do not depart from the spirit
      and scope of the present invention, they are intended to be encompassed
      herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A refrigeration system comprising:
PA1  a condenser adapted to receive high pressure refrigerant;
PA1  an expander unit including a housing with an axially extending shaft
      mounted for rotation therein, said shaft having a fluid inlet passageway
      formed therein communicating with the discharge from said condenser and a
      rotary impeller mounted on said shaft for rotation therewith, said
      impeller including a passageway communicating between said inlet
      passageway and nozzle means adapted to effect refrigerant discharge at a
      distance from said inlet passageway and perpendicular to a radial line
      between said inlet passageway and said nozzle means to impart rotation to
      said impeller by reaction to the refrigerant discharge from said nozzle
      means;
PA1  an evaporator communicating with the low pressure discharge from said
      expander; and
PA1  a compressor connected to the outlet of said evaporator, said compressor
      including a rotary member in driven engagement with said impeller whereby
      the energy of expansion is partially recovered in the cycle.
NUM  2.
PAR  2. The system of claim 1 including a primary compressor receiving the
      discharge from said compressor and wherein said compressor serves as a
      secondary compressor to effectively reduce the net work introduced into
      the system.
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ABST
PAL  A method is disclosed for fabricating an optical fiber by drawing a preform
      whose manufacture involves the deposition of a borosilicate layer. The
      method calls for borosilicate deposition by high temperature pyrolysis of
      two gases, with processing parameters chosen so as to cause an acicular
      structure in the deposited layer, a structure which contributes to the
      uniformity of the drawn fiber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention is concerned with the manufacture of transmission lines for
      visible and near-visible electromagnetic radiation.
PAR  2. Description of the Prior Art
PAR  The emerging technology of fiber optics promises to be of commercial
      significance in broad bandwidth communications, a field which is currently
      dominated by microwave transmission. In particular, where cable space is
      at a premium, a significant increase in transmission capacity can
      potentially be realized by replacing presently used microwave carriers
      with hair-thin fibers carrying modulated visible or near-visible
      electro-magnetic radiation. In the following, such radiation (more
      specifically, electromagnetic radiation of a wavelength in the range of
      from 0.5 to 2 micrometers) will be designated as "light." For the purpose
      of transmitting light, glass fibers of a clad structure have been
      proposed. In such fibers, light guiding is effected by a decrease in
      refractive index from the center of the fiber outwards towards its
      periphery. Typically, the fiber is of a structure which comprises a core
      portion throughout which the refractive index is essentially constant and
      a cladding of a lower constant refractive index. Alternatively, a
      structure of graded index has been proposed in which the refractive index
      decreases gradually in directions away from the center line. In this
      latter structure the grading can be chosen so as to minimize mode
      dispersion when the fiber is intended for multimode use, a parabolic
      grading being particularly advantageous for this purpose.
PAR  A number of manufacturing processes have been proposed for the fabrication
      of optical fibers. For example, according to the method disclosed in U.S.
      Pat. No. 3,775,075 issued to Keck et al. on Nov. 27, 1973, a cylindrical
      fused silica rod doped, to increase its refractive index, with a material
      such as titanium dioxide is coated with a layer of silica soot. The
      resulting assembly is heated, first to sinter the soot into a glass, and
      then to draw the assembly into a thin fiber. Conversely, U.S. Pat. No.
      3,778,132 issued to Pinnow et al. on Dec. 11, 1973, discloses an optical
      fiber with a core of essentially pure silica and a cladding of silica
      doped with a sufficient amount of boron trioxide to achieve a refractive
      index of at least 0.1 percent lower in the cladding as compared with that
      of the core. This silica-core, borosilica-clad fiber has a number of
      desirable features, among which are purity and homogeneity of the core
      material, ease of joining of fibers by heat fusing the cladding without
      disturbing the core, and hermetically sealing the fiber through pyrex. The
      latter feature is due to a close match in thermal expansion coefficients
      between borosilicate and pyrex and is of importance in connecting optical
      fibers to pyrex-encapsulated optical devices.
PAC  SUMMARY OF THE INVENTION
PAR  A method is described for manufacturing a high-grade optical fiber. The
      method includes a step of depositing a layer of radially positioned,
      needle-shaped particles of borosilicate. In part, the high quality of the
      resulting drawn fiber is ascribed to the acicular structure preventing the
      inclusion of air bubbles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows the deposition of acicular borosilicate particles on a silica
      core by means of flame pyrolysis.
PAR  FIG. 2 is a magnified cross sectional view of the coated rod prior to
      fusing.
DETD
PAC  DETAILED DESCRIPTION
PAC  1. The Drawing
PAR  FIG. 1 shows silica rod 11 being coated with acicular borosilicate
      particles 12 by means of a process of flame pyrolysis effected by flame 13
      of burner 14.
PAR  FIG. 2 shows silica core 21 covered with borosilicate 22 of an acicular
      structure.
PAC  2. The Method
PAR  A cylindrical rod of silica of an acceptable cross sectional roundness is
      flame polished at a temperature within the range of from
      2,000.degree.-2,200.degree.C. Such polishing removes microscopic surface
      irregularities which could possibly serve as pinning points for tiny gas
      bubbles which, in turn, would act as light scattering centers at the
      rod-cladding interface. A borosilicate is deposited on the polished
      surface of the rod by high temperature pyrolysis of a mixture of silane
      (SiH.sub.4) and borane (B.sub.2 H.sub.6). For a core-clad structure which
      does not have a graded index the molecular ratio between these components
      is chosen in the range of from 6:1 to 2:1 and preferably not greater than
      4:1 to achieve a suitable refractive index difference between the core and
      the clad. For a graded refractive index structure the molecular ratio
      between these components is chosen to vary over the range of 30:1 to 2:1
      and preferably within the range of 9:1 to 2:1. Alternatively, silicon
      halides SiCl.sub.4 and SiBr.sub.4 and boron halides BCl.sub.3 and
      BBr.sub.3 can be used in a molecular ratio in the range of from 12:1 to
      4:1 and preferably not greater than 8:1. To create the acicular structure
      of the borosilicate deposit, it is further required that the pyrolysis be
      carried out at a temperature dependent on the composition of the deposit
      and within the range of from 900.degree.C to 1,200.degree.C. Temperatures
      below this range lead to a deposit in the form of soot, whereas
      temperatures above 1,150.degree.C cause premature fusing.
PAR  If the reactants are supplied in a proportion within the range specified,
      and if the temperature is within the range of from
      900.degree.-1,200.degree.C, the deposit, when viewed in cross section,
      exhibits an acicular structure; that is, a structure of radially oriented
      needles. This acicular structure aids in the achievement of a uniform,
      bubble-free cladding upon fusing of the borosilicate coating which, at
      least in part, may be due to the ease with which air can escape during
      formation of the deposit as well as during fusing.
PAR  The heat necessary to maintain the reaction temperature can be supplied to
      the rod and the reactants in a variety of ways. For example, the pyrolysis
      can be carried out in a reaction furnace which heats the gases as well as
      the rod. Alternatively, heat may be supplied to the rod by infrared
      irradiation as generated by an optical source. The pyrolysis can also be
      carried out in a flame of burning natural gas, with enough oxygen supplied
      to maintain the reaction temperature.
PAR  As a means for regulating the reaction temperature, an inert carrier gas
      such as helium, argon, or nitrogen is beneficially employed. Helium is
      particularly suited for this purpose due to its high rate of diffusion
      through glass, a feature which largely prevents the inclusion of bubbles
      in the deposit.
PAR  The borosilicate deposit may be fused by firing at a temperature in the
      range of from 950.degree. to 1,250.degree.C depending upon composition.
      For the 3SiO.sub. 2 :1 B.sub.2 O.sub. 3 composition .about.1,075.degree.C
      is convenient. For the sake of physical protection, a very thin outer
      layer of high silica content material, either pure silica or silica
      enriched borosilicate, counters the effects of thermal expansion
      differences and acts to immobilize the borosilicate during fiber drawing.
      The outer layer may be deposited subsequent to fusing the borosilicate or
      may result from burning B.sub.2 O.sub.3 out of the surface using, for
      example, a gas torch.
PAR  The description above has been in terms of an effective cladding of uniform
      refractive index. A graded index cladding is easily achieved by varying
      the silane to borane ratio during deposition of the cladding material. In
      either case the cladding is preferably deposited without intermediate
      steps of fusion to avoid the creation of silica-rich layers caused by the
      evaporation of boron trioxide.
PAR  While the discussion above has largely been in terms of the deposition of
      borosilicate on an essentially pure silica rod (the former becoming the
      cladding and the latter the core of the drawn fiber), other arrangements
      are not precluded. For example, the rod may be made of doped silica,
      borosilica, or some other suitable glass. Also, a tube may be used instead
      of a rod upon which the borosilicate is deposited. Finally, the rod or
      tube need not become a part of the final drawn fiber as is the case in
      manufacturing processes calling for its removal (for example, by etching)
      prior to drawing of the fiber. What is essential, however, is the step of
      depositing an acicular layer of borosilicate glass on a suitable body of
      cylindrical shape and fusing the deposited layer prior to drawing into a
      fiber.
PAC  3. Example
PAR  Commercially available, high-purity silica rods of a diameter between 3 mm
      and 8 mm were flame polished and coated with a layer of acicular
      borosilicate particles by oxydizing a mixture of 1 part (by volume)
      diborane and 3 parts silane in the presence of 96 parts helium in a torch
      flame burning natural gas with oxygen. The thickness of the deposited
      acicular layer was on the order of a few millimeters. The layer was fused
      into a glass at a temperature of 1,075.degree.C under helium and capped
      with a layer of pure silica of a thickness of approximately 0.2 mm,
      deposited over the fused borosilica cladding by pyrolysis of silane. The
      resulting assembly was drawn into a fiber of a diameter of approximately
      200 micrometers.
PAR  Attenuation loss was measured at wavelengths in the range of from 0.82 to
      0.88 micrometers of the Al.sub.1.sub.-X Ga.sub.X As injection laser and at
      the wavelength of 1.06 micrometers of the YAG:Nd laser. In the former
      range, attenuation loss was no greater than 5 dB/km and at the latter
      wavelength it was found to be no more than 3 dB/km.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for fabricating an optical fiber by means of drawing a preform
      whose manufacture comprises the deposition of borosilicate on a
      cylindrical member by means of a process of high temperature pyrolysis of
      a first reactant chosen from the group consisting of SiH.sub.4,
      SiCl.sub.4, and SiBr.sub.4 and a second reactant chosen from the group
      consisting of B.sub.2 H.sub.6, BCl.sub.3, and BBr.sub.3, heating said
      preform to the fusing temperature of said deposited borosilicate layer,
      further heating said preform to the drawing temperature, and drawing said
      preform into a fiber, characterized in that
PA1  1. said first and second reactants are used in a ratio within the range of
      from 2:1 to 30:1 by volume in case said second reactant is borane and from
      4:1 to 60:1 otherwise, and
PA1  2. said high temperature pyrolysis is carried out at a temperature within
      the range of from 900.degree.C to 1,200.degree.C,
PA1  whereby said layer of borosilicate is deposited in the form of radially
      oriented needles.
NUM  2.
PAR  2. Method of claim 1 in which said ratio between reactants is in the range
      of from 2:1 to 4:1 in case said second reactant is borane and from 4:1 to
      8:1 otherwise.
NUM  3.
PAR  3. Method of claim 1 in which said ratio between reactants is varied over
      the range of 2:1 to 9:1 in case said second reactant is borane and from
      4:1 to 18:1 otherwise.
NUM  4.
PAR  4. Method of claim 1 in which said high temperature pyrolysis is carried
      out by means of flame pyrolysis.
NUM  5.
PAR  5. Method of claim 1 in which said high temperature pyrolysis is carried
      out by means of infrared radiation.
NUM  6.
PAR  6. Method of claim 1 in which said high temperature pyrolysis is carried
      out in a reaction furnace.
NUM  7.
PAR  7. Method of claim 1 in which an inert carrier gas is used along with
      reactants.
NUM  8.
PAR  8. Method of claim 7 in which said carrier gas is used in an amount
      relative to reactants of at least 10:1.
NUM  9.
PAR  9. Method of claim 7 in which said carrier gas is selected from the group
      consisting of helium, nitrogen, and argon.
NUM  10.
PAR  10. Method of claim 9 in which said carrier gas is helium constituting
      approximately 96 percent of the mixture of carrier gas and reactant gases.
NUM  11.
PAR  11. Method of claim 1 in which said deposit is essentially three parts
      SiO.sub.2 and one part B.sub.2 O.sub.3.
NUM  12.
PAR  12. Method of claim 1 in which said borosilicate is enriched in silica
      content prior to drawing by burning B.sub.2 O.sub.3 out of the surface.
NUM  13.
PAR  13. Method of claim 1 in which a protective layer of silica-enriched
      borosilicate is deposited on said borosilicate prior to drawing.
NUM  14.
PAR  14. Method of claim 1 in which a protective layer of essentially pure
      silica is deposited on said borosilicate prior to drawing.
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ABST
PAL  Heat-insulating ceramic pieces are made, suitable for assembly to form the
      internal linings of gas turbine engine ducts, by producing and shaping an
      adherent mass of short fibre ceramic filaments and silica sol. After the
      shaped pieces have been dried, the surface of each is coated with fresh
      silica sol and the coated surfaces subjected to high intensity heating by
      means of an impinging flame which forms a very hard erosionresistant skin
      on each piece.
PARN
PAR  This is a continuation of application Ser. No. 95,374, filed Dec. 4, 1970,
      now abandoned.
BSUM
PAR  This invention relates to fibrous insulating materials used for heat or
      sound insulation purposes and, in the case of heat insulation,
      particularly in connection with equipment or apparatus in which very high
      temperatures are encountered.
PAR  One object of the invention is to provide insulating material which can be
      manufactured in a simple manner, lending itself to large scale production
      and affording a high degree of insulation in addition to being capable of
      a wide range of uses.
PAR  According to the present invention a method of producing an insulating
      material comprises the steps of treating a mass of fibrous filaments to
      the action of a binding agent, coating the surface of the mass with a
      material which, when subjected to heat, produces a hard skin on said mass
      and treating said coating to heat of the requisite intensity to result in
      the production of a hard skin.
PAR  In a particular method of carrying out the invention the binding agent used
      is a silica sol, the surface of the treated mass is coated with silica sol
      and the coating is subjected to heat at flame temperature.
PAR  Preferably, in carrying out the invention, a propane flame is applied to
      that part of the surface of the fibrous material at which it is desired to
      produce the hard skin. The material may be pre-formed to assume any
      desired shape.
PAR  A method of producing insulating material embodying the invention will now
      be described in greater detail by way of example.
PAR  Ceramic fibrous material consisting of a mass of filaments produced from
      china clay has good heat insulating qualities but for most heat insulating
      purposes requires some form of mechanical support or binding in order to
      maintain it as a handleable coherent mass. The material itself cannot be
      used as a heat insulating lining on, for example, the interior wall of a
      gas turbine and must be encased in a relatively rigid covering.
PAR  It has already been proposed to stabilise the filaments mechanically by
      treating them with a binding or stiffening agent.
PAR  In one method of carrying out the present invention a quantity of china
      clay filaments is chopped into short lengths of the order of one eighth of
      an inch, care being taken to avoid reducing the filaments to powder. The
      chopped up filaments are treated with a silica sol, such as that known
      under the trade name "SYTON X30.revreaction. and it is desirable to
      ensure, as far as possible, that the individual filaments become coated
      with the silica sol. Accordingly, the chopped filaments should be fluffed
      up to loosen the mass and if the chopping apparatus used is such that the
      mass of filaments is insufficiently loose, then the mass is fluffed up so
      that the volume it occupies is increased to say about 10 times the volume
      occupied by the chopped filaments prior to being fluffed up. The mass of
      treated filaments is then lightly squeezed to remove excess silica sol and
      applied by flocking onto a support which may be a mould or a metal surface
      which it is desired to provide with insulation. If it is desired that the
      mass shall permanently adhere to the surface to which it is applied, that
      surface should preferably be roughened. After any necessary spreading or
      shaping of the deposited mass of treated filaments, hot air at a
      temperature of about 140.degree.F is passed over the surface of the mass
      to effect drying. As drying proceeds, the mass of treated filaments tends
      to stick to the supporting surface and the drying process results in some
      degree of stiffening of the mass and hardening of the outer surface of the
      mass sufficient to permit rubbing down to conform to a desired shape. The
      exterior surface of the mass has then applied to it by, for example,
      brushing, undiluted silica sol and the surface is then dried fairly
      quickly in a stream of hot air. If necessary, additional coats of the
      silica sol, say three coats in all, are then similarly applied and dried,
      the treated surface finally presenting a shiny appearance. The final
      coating produced consists almost wholly of silica sol but exhibiting the
      presence of ends of filaments of china clay. A torch flame from a propane
      gas bottle is then applied over the surface of the material until it glows
      pink. The heat treatment is maintained for about one minute or longer if
      necessary and results in the production of a very hard skin due to
      combination of the silica sol and the filaments. The thickness of the skin
      so produced will depend on the flame temperature and duration of treatment
      of the surface. Preferably the flame treatment is continued until a skin
      thickness of one sixteenth of an inch is produced.
PAR  The fibrous material may be pre-formed to any desired shape depending on
      the purpose to which it is to be put. For example, the process known as
      vacuum forming may be used to produce desired shapes from filaments in a
      suspension and surfaces of the shapes so produced are subsequently
      subjected to the flame treatment.
PAR  The hard surface skin provides additional heat protection to that provided
      by the fibrous material.
PAR  Although reference has been made to silica sol as a binding or stiffening
      agent, other materials, providing they serve the desired purpose, may be
      used. For example, ceramic cement known under the trade name "FIXWOOL" may
      be employed. Again, while reference has been made to the use of a propane
      flame torch, any appropriate heat source may be used providing it is
      capable of producing the requisite heating temperature at the surface of
      the material. That temperature should be of the order of 1000.degree.F.
PAR  The invention is applicable to fibrous materials other than those composed
      of filaments of china clay, for example, quartz, mineral fibres or
      mixtures of such fibres or filaments. Again, although reference has been
      made to a particular fibrous material composed of a mass of filaments, the
      invention is applicable to woven fibres.
PAR  It will be apparent that a heat insulating material made in accordance with
      the invention is capable of a very wide range of uses including, for
      example, furnace linings, gas generating and circulating plants and heat
      exchangers.
PAR  Although emphasis has been laid on the use of fibrous material made in
      accordance with the invention for heat insulating purposes, the material
      is very effective as a sound insulator with especially advantageous
      application for silencing purposes in aircraft, motor car or lorry
      engines. The hard skin produced as described resists erosion under
      conditions of high rates of gas flow.
PAR  The insulating material described may be formed into any desired shape
      depending on the contours of the surfaces to be insulated. Where only a
      simple shape of product is required it may be completely formed on the
      article to be insulated but final products of complex shape are preferably
      built up from several simpler shapes secured together by an adhesive such
      as a high temperature resistant glue. When building up an insulator in the
      duct of a gas turbine, for example, separately made parts are assembled
      with their abutting faces angled at 45.degree., the adhesive being applied
      to these faces. The inclined abutting faces are so disposed in the duct
      that they are inclined rearwardly with respect to the direction of flow of
      the hot gases and the insulator compound of the assembled parts may be
      secured in position by glue applied to its outer surface which contacts
      the wall of the duct. Instead of, or in addition to, a cementing medium
      such as high temperature resistant glue, the separate parts used to build
      up a complex shape may be formed with co-operating keying projections or
      recesses.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of producing an insulating body consisting of an outer hard
      skin covering a mass of short bound fibrous filaments which are adhered
      together by a binding agent and is suitable for use as the internal lining
      of gas turbine engine ducts, which comprises contacting a mass of short
      fibrous ceramic filaments with silica sol in an amount sufficient to cause
      the filaments to adhere to one another to form an adherent fibrous mass,
      shaping the adherent mass into a predetermined form, drying the shaped
      mass, applying a coating of silica sol to the surface of the dried shaped
      fibrous mass and thereafter flame heating said applied coating at a
      temperature and for a period of time sufficient to form a hard, highly
      erosion-resistant skin on the surface of said fibrous mass to thereby form
      the desired insulating body.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein said ceramic filaments are
      China clay filaments and the drying of the adherent fibrous mass is
      achieved by application of a stream of hot air thereto.
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ABST
PAL  A method of forming an optical waveguide by forming a first layer of glass
      having a predetermined refractive index on the outside peripheral wall
      surface of a substantially cylindrical mandrel. Thereafter, a second layer
      of glass is applied to the surface of the first layer, the second layer
      having a refractive index less than that of the first layer. The mandrel
      is removed from the assembly and the resultant cylindrical, hollow
      assembly is heated and drawn to reduce the cross-sectional area thereof,
      thereby forming an intermediate fiber. At least a portion of the
      intermediate fiber is disposed within a hollow glass cylinder having a
      refractive index similar to that of the second layer of glass of the
      intermediate fiber. The resultant composite structure is heated and drawn
      to reduce the cross-sectional area thereof and to collapse the inner,
      first layer of glass and to cause the inner surface of the glass tube to
      collapse upon the outer surface of the intermediate fiber to form a fiber
      having a solid cross-sectional area.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of making high quality glass optical
      waveguides having small diameter cores, and more particularly, to a method
      of making optical waveguides of the type that are adapted to propagate
      only one or a few modes.
PAR  High capacity communication systems operating around 10.sup.15 Hz are
      needed to accommodate future increases in communication traffic. These
      systems are referred to as optical communication systems since 10.sup.15
      Hz is within the frequency spectrum of light. Optical waveguides, which
      are the most promising medium for transmission at such frequencies,
      normally consist of an optical fiber having a transparent core surrounded
      by transparent cladding material having a refractive index which is lower
      than that of the core. A very thorough and complete discussion concerning
      the operational theories of optical waveguides is contained in U.S. Pat.
      No. 3,157,726 issued to Hicks et al., and in the publication "Cylindrical
      Dielectric Waveguide Modes" by E. Snitzer, Journal of the Optical Society
      of America, Vol. 51, No. 5, pages 491-498, May, 1961. Another excellent
      source of information concerning optical waveguides is "Fiber Optics --
      Principles and Applications" by N. S. Kapany, Academic Press, 1967.
PAR  The propagation of light waves is governed by laws of physics similar to
      those that govern microwave propagation and therefore can be studied in
      terms of modes. Each of these modes has its own propagation and
      distribution characteristics. The conditions under which propagation of a
      particular mode will no longer be localized within and around the core of
      an optical fiber can be expressed in terms of a cutoff value or parameter
      U. An exceptionally complex equation, and an explanation thereof, from
      which the value U for a particular mode can be determined may be found on
      page 55 of the aforementioned book by N. S. Kapany. Kapany also expresses
      a fiber characteristic term R, now commonly referred to as V, in terms of
      the optical fiber variables by the equation
EQU  V = (2.pi.a/.lambda.) .sqroot.n.sub.1.sup.2 - n.sub.2.sup.2 (1)
PAL  Where a is the core radius of the waveguide, .lambda. is the wavelength of
      light to be transmitted and n.sub.1 and n.sub.2 are the refractive indices
      of the core and cladding, respectively. Equation (1) can be rewritten as
EQU  V = (2.pi.a/.lambda.) .sqroot.(n.sub.1 + n.sub.2) (n.sub.1 - n.sub.2) (2)
PAL  Then, as explained in Kapany, for a particular mode to propagate within an
      optical fiber having a particular fiber characteristic term V, V must be
      greater than or equal to the cutoff value U for said mode.
PAR  Typical multimode waveguides have core diameters between 50 micrometers and
      100 micrometers and corecladding refractive index differences of several
      percent. Thousands of modes propagate, each mode traveling at a slightly
      different group velocity. A short input pulse that is shared by many
      guided modes thus splits up into a sequence of pulses that arrive at the
      output end at different times. This pulse dispersion limits the
      information carrying capacity of multimode waveguides. The total number of
      modes that can be supported by a waveguide fiber is given approximately by
      the equation
EQU  N = 1/2 V.sup.2                                            (3)
PAL  Equations (3) and (2) indicate that more modes can be guided if the core
      radius is large of if the refractive index difference is large. It is
      noted that equation (3) is not very accurate for small values of N, but it
      is useful for approximating the number of modes that will be propagated by
      a multimode optical waveguide.
PAR  It is possible to design an optical waveguide so that only one mode, the
      HE.sub.11 mode, is propagated, thereby eliminating the aforementioned mode
      delay distortion and opening the way to gigabit transmission. It has been
      determined that for such single mode operation, V must be less than 2.405.
      If V is set equal to 2.405, and equation (2) is evaluated, it can be seen
      that a method of limiting light propagation of a desired wavelength to one
      mode is to coordinate the waveguide parameters a, n.sub.1, and n.sub.2.
      That is, if the difference between the two indices of refraction (n.sub.1
      - n.sub.2) increases, the core radius must decrease, and if (n.sub.1 -
      n.sub.2) decreases, the core radius must increase. Producing waveguides
      having core and cladding indices of refraction within limits necessary to
      maintain single mode propagation is difficult even for waveguides with
      very small cores. The difficulty is markedly increased in producing
      waveguides with larger cores, since the difference in refractive indices
      must be correspondingly decreased. As an example, if the optical waveguide
      is to have a small core, that is, a core diameter of approximately one
      micron, the required difference in the two indices of refraction will be
      of the order of 10.sup.-.sup.2 , and if the optical waveguide is to have a
      large core, that is, a core diameter of approximately one millimeter, the
      required difference in the two indices of refraction would be even
      smaller, that is, on the order of 10.sup.-.sup.4 .
PAR  Even though single mode waveguides exhibit extremely low pulse dispersion,
      the use thereof for long distance transmission of light is not feasible
      unless they are capable of providing low loss light transmission.
      Absorption losses can be minimized by employing high purity glasses having
      an extremely low content of impurity ions. Although some intrinsic
      scattering due to inhomogeneities of the dielectric material is
      unavoidable, scattering losses also result from corecladding interface
      irregularities caused by the trapping of numerous tiny air bubbles and
      foreign particles at that interface and by core diameter variations due to
      inadequate dimensional control. The present invention relates to a method
      of forming an optical waveguide in which these latter mentioned scattering
      losses are minimized.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  A present method of producing a conventional optical fiber is disclosed in
      U.S. Pat. No. 3,227,032 issued to L. O. Upton. This method comprises
      inserting a rod of glass possessing the desired core characteristics into
      a tube of glass possessing the desired cladding characteristics. The
      temperature of this combination is then raised until the viscosity of the
      materials is low enough for drawing. The combination is then drawn until
      the tube collapses around and fuses to the inside rod. This resulting
      combination rod is then further drawn until its cross-sectional area is
      decreased to the desired dimensions. This method is normally used to
      produce glass optical fibers having a large core and a thin outside
      cladding. As an example, the total diameter to core diameter ratio of such
      a fiber might be 8:7.
PAR  The stringent optical requirements placed on the transmission medium to be
      employed in optical communication systems has negated the use of
      conventional glass fiber optics, since attenuation therein due to both
      scattering and impurity absorption is much too high. Since pure fused
      silica has the lowest known optical attenuation of any glass in the red
      and near infrared portion of the spectrum where optical communications
      appears most promising, pure fused silica and doped fused silica were
      among the earliest considered materials for use in the fabrication of
      optical waveguides. For example, single mode optical waveguides have been
      formed by inserting a titania doped silica fiber into a silica capillary.
      The tubing is heated and collapsed onto the central fiber, and the
      resulting cane is redrawn to waveguide dimensions. Waveguides produced by
      this method are unsatisfactory since the occurrence of numerous tiny air
      bubbles and foreign particles at the core-cladding interface and
      variations in core diameter cause very high attenuation.
PAR  U.S. Pat. No. 3,711,262 issued to D. B. Keck et al. discloses a method of
      forming a single mode waveguide having an unusually clean and strong bond
      between the core and cladding materials. Waveguides made in accordance
      with the method of that patent exhibit lower attenuation resulting from
      light scattering centers at the core-cladding interface. The method of
      that patent comprises the steps of forming by the flame hydrolysis process
      a coating of glass soot on the inside wall of a glass tube, heating the
      resultant structure to consolidate the glass soot and form a dense glass
      layer free from particle boundaries, and thereafter drawing the glass tube
      and glass layer combination to reduce the cross-sectional area thereof and
      to collapse the layer of glass to form a fiber having a solid
      cross-sectional area. Although an improved core-cladding interface can be
      formed, it is difficult to form by this method single mode waveguides in
      which the core diameter is controlled to the desired tolerance because of
      the difficulty encountered in forming such a thin glass layer of uniform
      thickness on the inner surface of the glass tube.
PAR  Multimode fibers having a relatively low total diameter to core diameter
      ratio have been made by the method set forth in U.S. Pat. No. 3,737,292
      issued to D. B. Keck et al. In accordance with the method of that patent a
      multimode optical waveguide is formed by applying by the flame hydrolysis
      process a first layer of glass having a predetermined refractive index on
      the outside peripheral wall surface of a substantially cylindrical mandrel
      and thereafter applying by the flame hydrolysis process a second layer of
      glass to the outside surface of the first coating, the refractive index of
      the second layer being less than that of the first layer. The mandrel is
      removed by acid etching, drilling or the like. The resulting cylindrical
      hollow assembly is heated and drawn to reduce the cross-sectional area
      thereof and to collapse the first and inner layer of glass to form a solid
      fiber having a high quality core-cladding interface. To employ this method
      to form single mode optical waveguides having large total diameter to core
      diameter ratios, the thickness of the first applied glass layer must be
      drastically decreased and that of the second applied glass layer must be
      correspondingly increased, and it is therefore extremely difficult to
      control the diameter of the resultant waveguide core to the required
      tolerance.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a method of
      forming optical waveguides having relatively high ratios of total diameter
      to core diameter, wherein the core diameter can be controlled to tight
      tolerances. Another object is to provide a method of forming low loss
      single mode optical waveguides.
PAR  Briefly, according to this invention an optical waveguide is produced by
      applying a first layer of glass to the outside peripheral surface of a
      cylindrical mandrel. Thereafter, a second layer of glass having a
      refractive index less than that of the first layer is applied over the
      peripheral outside surface of the first layer. The mandrel is removed from
      the assembly following the application of either the first or second layer
      of glass. The resultant substantially cylindrical hollow assembly is then
      heated to a temperature at which the materials thereof have a low enough
      viscosity for drawing, and it is drawn to reduce the diameter thereof,
      thereby forming an intermediate fiber. At least a portion of the
      intermediate fiber is disposed within a glass tube having a hole extending
      axially therethrough. This final composite structure is heated to the
      drawing temperature thereof and is drawn to reduce the cross-sectional
      area thereof and to collapse any air spaces existing therein, thereby
      forming an optical waveguide fiber having a solid cross-section.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 illustrate the application of first and second coatings of
      glass soot to a mandrel.
PAR  FIG. 3 is a cross-sectional view of a first dense glass composite structure
      formed in accordance with the method of the present invention.
PAR  FIG. 4 is a graph illustrating the light intensity distribution as a
      function of the radial distance from the center of an optical waveguide.
PAR  FIG. 5 is a cross-sectional view of an intermediate fiber obtained by
      drawing the composite structure of FIG. 3.
PAR  FIG. 6 is a fragmentary elevation, partially in cross-section, illustrating
      an optical waveguide being formed in accordance with the present
      invention.
PAR  FIG. 7 is a cross-section taken along lines 7--7 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  It is to be noted that the drawings are illustrative and symbolic of the
      present invention, and there is no intention to indicate the scale or
      relative proportions of the elements shown therein.
PAR  One method of forming a single mode optical waveguide fiber is illustrated
      in the drawings. Referring to FIG. 1, a coating 10 of glass soot is
      applied to cylindrical mandrel 12 by means of flame hydrolysis burner 14.
      Fuel gas and oxygen or air are supplied to burner 14 from a source (not
      shown). This mixture is burned to produce flame 16 which is emitted from
      the burner. A gas-vapor mixture is hydrolyzed within flame 16 to form a
      glass soot that leaves the flame in a stream 18, which is directed toward
      mandrel 12. The flame hydrolysis method of forming soot coatings on
      cylindrical mandrels is described in greater detail in the aforementioned
      U.S. Pat. No. 3,737,292. Mandrel 12 is supported by means of support
      portion 20 and is rotated and translated as indicated by arrows adjacent
      thereto in FIG. 1 for uniform deposition of soot. Uniform soot deposition
      can also be obtained by causing the flame to traverse the length of the
      rotating mandrel. This first soot coating should be sufficiently thick
      that the diameter thereof can be measured with reasonable precision. It is
      presently thought that the minimum thickness of coating 10 is about 5 mm,
      which will result in a glass layer about 1.7 mm thick after the soot is
      consolidated.
PAR  A second coating of soot is applied over the outside peripheral surface of
      first coating 10 as shown in FIG. 2. In accordance with well-known
      practice the refractive index of coating 22 is made lower than that of
      coating 10 by changing the composition of the soot 24 being produced in
      flame 16. This can be accomplished by changing the concentration or type
      of dopant material being introduced into the flame, or by omitting the
      dopant material. Mandrel 12 is again rotated and translated to provide a
      uniform deposition of coating 22, the composite structure including first
      coating 10 and second coating 22 constituting an optical waveguide soot
      preform 30. The outside diameter of preform 30 is made as large as
      possible so that the diameter of the intermediate cladding layer of the
      resultant waveguide fiber is relatively large. If the diameter of the soot
      preform is too large, it will be likely to encounter mechanical breakage
      due to thermal shock to which it is subjected upon cooling after soot
      deposition or after consolidation. Also, the quality of the consolidated
      glass tends to become poorer due to increased seed count as the preform
      diameter increases. Soot preforms having diameters as large as about 60 mm
      have been found to be satisfactory.
PAR  In the manufacture of optical waveguides, the materials of the core and
      cladding of the waveguide should be produced from a glass having minimum
      light attenuation characteristics, and although any optical quality glass
      may be used, fused silica is a particularly suitable glass. For structural
      and other practical considerations, it is desirable for the core and
      cladding glasses to have similar physical characteristics. Since the core
      glass must have a higher index of refraction than the cladding for proper
      operation, the core glass may desirably be formed of the same type of
      glass used for the cladding and doped with a small amount of some other
      material to slightly increase the refractive index thereof. For example,
      if pure fused silica is used as the cladding glass, the core glass can
      consist of fused silica doped with a material to increase its refractive
      index.
PAR  There are many suitable materials that can satisfactorily be used as a
      dopant alone or in combination with each other. These include, but are not
      limited to, titanium oxide, tantalum oxide, tin oxide, niobium oxide,
      zirconium oxide, aluminum oxide, lanthanum oxide and germanium oxide.
      Optical waveguides can also be made by forming the core from one or more
      of the aforementioned dopant oxides, the cladding being made from one or
      more materials having a lower refractive index. For example, a core made
      of pure germanium oxide may be surrounded by a cladding layer of silica
      doped germanium oxide. A core of germania doped fused silica is
      advantageously provided with a cladding layer of fused silica doped with
      boron oxide which provides a refractive index slightly lower than that of
      pure fused silica and also gives the cladding layer a somewhat higher
      thermal coefficient of expansion than pure fused silica, thereby providing
      a better match between the coefficients of expansion of the core and
      cladding materials.
PAR  After a soot preform of the desired dimensions has been formed on the
      mandrel, the mandrel-preform composite is inserted into a furnace wherein
      the soot is subjected to a temperature within the consolidation
      temperature range thereof. The particles of soot fuse and consolidate to
      form a dense glass body free from particle boundaries. The consolidation
      temperature depends upon the composition of the glass soot. For example,
      the consolidation temperature is in the range of about 1250.degree.C to
      1700.degree.C for high silica content soot, consolidation at 1250.degree.C
      requiring a very long time. The preferred consolidation temperature for
      high silica content soot is between 1400.degree.C and 1500.degree.C. The
      consolidation temperature for soot of other compositions is lower than
      that for silica, high germania content soot being easily consolidated at
      about 900.degree.C. Moreover, if the surface upon which the glass is being
      deposited is maintained at a sufficiently high temperature, a layer of
      consolidated dense glass can be directly deposited on the mandrel by flame
      hydrolysis. This can be accomplished by the use of auxiliary heating means
      and/or increasing the temperature of the flame in which the vapor is
      hydrolyzed. Glass consisting of germania and up to 25% silica has been
      deposited in this manner directly upon a mandrel.
PAR  The first and second soot coatings need not be simultaneously consolidated
      as described hereinabove. Coating 10 may be consolidated and its exterior
      surface suitably finished before coating 22 is applied. In such an
      embodiment coating 22 would thereafter be consolidated before subsequent
      drawing. In addition, mandrel 12 may be removed from the assembly before
      the second soot coating is applied, or it may be removed after both the
      first and second soot coatings are applied and consolidated.
PAR  The first and second glass layers may be applied by a variety of methods
      including but not limited to radio frequency sputtering, consolidating a
      layer of soot deposited by the flame hydrolysis process, chemical vapor
      deposition, depositing a glass frit, and the like. Clearly, the first and
      second glass layers may be applied by either the same or different
      methods.
PAR  The mandrel may be removed by etching, reaming, core drilling or the like.
      Since the mandrel is ultimately removed, the material thereof need only be
      such as to have a composition and coefficient of expansion compatible with
      the waveguide cladding and core materials. Suitable materials are glass,
      ceramic, graphite and the like. It is preferred to employ as the mandrel a
      hollow tube which can be removed by pumping acid therethrough. After the
      mandrel is removed, the hollow, cylindrical, dense glass composite
      structure 34 of FIG. 3 remains. Composite structure 34 comprises first and
      second dense glass layers 36 and 38, respectively, the refractive index of
      layer 36 being greater than that of layer 38.
PAR  Composite structure 34 is an intermediate product that is obtained by the
      method set forth in the aforementioned U.S. Pat. No. 3,737,292. The final
      product produced by the method of that patent is obtained by heating
      structure 34 to the drawing temperature of the materials thereof and
      drawing the heated structure to reduce the cross-sectional area thereof
      and to collapse the hole therein, thereby forming a multimode optical
      waveguide fiber having a solid cross-section. Typical final multimode
      waveguide dimensions may be a core diameter of 120 .mu.m and a cladding
      thickness of about 40 .mu.m. To continue drawing such a fiber until the
      core diameter thereof is small enough for single mode propagation, i.e., a
      core diameter of a few micrometers, would result in an extremely weak
      fiber due to the small outside diameter thereof. The light intensity
      distribution of an optical signal propagating in such a waveguide is
      illustrated in FIG. 4 wherein r.sub.1 and r.sub.2 are the core and
      cladding radii, respectively. Since the light intensity is greater than
      zero at the cladding radius r.sub.2, a single mode waveguide of such small
      cladding thickness will be adversely affected by radiation loss, phase
      shift problems and cross talk between adjacent fibers.
PAR  An apparent solution to this problem is to increase the thickness of second
      glass layer 38 while maintaining the thickness of the first applied layer
      36 constant. However, as mentioned hereinabove, this would increase the
      possibility of mechanical failure and decrease the quality of the glass.
      If the overall diameter of composite structure 34 is maintained constant
      and the thickness of the first glass layer 36 is decreased, local
      thickness variations will become a greater percentage of the total
      thickness of layer 36. The core diameter of a waveguide formed from such a
      preform cannot be controlled to the necessary tolerance.
PAR  In accordance with the present invention composite structure 34 is heated
      to the drawing temperature of the materials thereof and drawn to reduce
      the cross-sectional area thereof, thereby forming intermediate fiber
      structure 40 of FIG. 5. This preliminary drawing step need not collapse
      the first applied layer 36. Drawing is continued until the outside
      diameter of structure 40 is small enough to permit its insertion into the
      center of a thick wall tube 42 as illustrated in FIG. 6 wherein elements
      similar to those of FIGS. 3 and 5 are represented by primed reference
      numerals. A piece of fiber structure 40 about equal in length to tube 42
      is inserted into tube 42, there preferably being a snug but clearance fit
      therebetween. The two-part structure including intermediate fiber
      structure 40' and tube 42 are heated by furnace 46 until the materials
      have a viscosity low enough for drawing. The structure is then drawn to
      reduce the cross-sectional area thereof, to collapse layer 36' and to
      collapse the inner surface 44 of tube 42 into fused relation with the
      outer surface of structure 40', thereby forming a fiber having a solid
      cross-section. Thereafter, continued drawing of this composite structure
      further reduces the diameter thereof to form a glass optical waveguide
      fiber which possesses the desired characteristics. Waveguide fiber 48,
      which is additionally illustrated in FIG. 7, comprises a core 50 having a
      radius r.sub.1 surrounded by a layer 52 of cladding material having a
      radius r.sub.2 which in turn is surrounded by an outer cladding layer 54
      having a radius r.sub.3 (see FIG. 4). An interface 56 exists between core
      50 cladding layer 52, and an interface 58 exists between cladding layers
      52 and 54. The quality of interface 56 is higher than that of interface 58
      because of the methods by which these two interfaces are formed. The
      required quality of interface 56 decreases as the diameter of layer 52
      increases. Generally, the fraction of the optical signal that propagates
      in layer 54 becomes negligible when the diameter of layer 52 exceeds about
      10 .mu.m. It is noted, however, that the highest quality optical waveguide
      is formed by ensuring that interfaces 56 and 58 are both of the highest
      possible quality.
PAR  Since, as explained in conjunction with FIG. 4, the intensity of the light
      propagated by the waveguide is only a minimal value at radius r.sub.2 and
      can be made substantially zero within the exterior structural portion
      formed from tube 42, the material of tube 42 need not be of the high
      purity required of the light propagating core 50 or cladding layer 52. The
      material of tube 42 may be normally produced glass having an ordinary or
      even excessive level of impurities or entrapped bubbles that would render
      it unsuitable for effective light propagation; however, it must have a
      viscosity and coefficient of expansion compatible with the waveguide
      cladding and core materials. Since some portion of the optical signal
      propagates in cladding layer 54, it is preferred that tube 42 be made of
      material having a purity which equals that of composite structure 34.
      Thus, the preferred method of producing tube 42 is to deposit on a mandrel
      a soot coating by the flame hydrolysis process illustrated in FIG. 1. The
      composition of this soot is preferably the same as that employed to
      produce coating 22 of FIG. 2. As described in connection with the
      formation of composite structure 34, this soot coating is consolidated to
      form a dense glass layer, and the mandrel is thereafter removed to form
      the hollow tube 42. Although it is preferred that cladding layers 52 and
      54 be formed from the same materials, they could be formed from different
      materials having similar refractive indices or from materials having
      slightly different refractive indices, the material having the lower
      refractive index preferably forming the outer cladding layer 54.
PAR  Tube 42 could also be produced by core drilling a solid glass rod, the
      rough surfaces left by drilling being smoothed by one or more methods
      such, for example, as laser milling, mechanical polishing, fire polishing,
      acid etching, or the like. A particularly suitable method for smoothing
      the inside wall of tube 10 comprises first mechanically polishing the
      rough surface and thereafter flame polishing the mechanically polished
      surface. Hydrofluoric acid washing of the surface before and after all
      polishing operations is desirable to avoid contamination.
PAR  A specific example of an optical waveguide produced in accordance with the
      present invention is as follows. A fused quartz tube mandrel,
      approximately 5 mm in diameter and 25 cm long is sealed to a suitable
      handle. Liquid SICl.sub.4 is maintained at 33.degree.C in a first
      container, and liquid GeCl.sub.4 is maintained at 43.degree.C in a second
      container. Nitrogen carrier gas is bubbled through the first container at
      2.2 liters per minute and through the second container at 0.5 liters per
      minute. The resultant vapors entrained within the nitrogen carrier gas are
      combined and passed through a gas-oxygen flame where the vapors hydrolyze
      to form a steady stream of particles having a composition of 10% by weight
      GeO.sub.2 and 90% weight SiO.sub.2. The stream of particles is directed to
      the mandrel and a soot layer of these particles is built up to a diameter
      of about 3.7 cm. A second coating of 100% SiO.sub.2 is then applied over
      the first soot coating by terminating the flow of nitrogen to the liquid
      GeCl.sub.4, thereby causing the introduction of only SiCl.sub.4 vapor to
      the flame. This second stream of particles is continued until a diameter
      of about 6.1 cm is obtained. The resulting soot preform is placed in a
      muffle furnace having a hot zone of about 1,450.degree.C to permit the
      soot particles to fuse and consolidate, thereby forming dense glass layers
      which are free from particle boundaries. The outside diameter of the outer
      dense glass layer is about 2.2 cm, and it is about 15 cm long.
      Concentrated HF is pumped through the hole in the quartz tube mandrel
      until the entire mandrel and a thin portion of the inner surface of the
      inner dense glass layer are removed, the resultant composite structure
      having an inside diameter of about 0.8 cm. The composite structure is then
      heated to about 1,800.degree.C and drawn to form an intermediate fiber
      structure having an outside diameter of about 0.35 mm.
PAR  To form the outer cladding tube nitrogen carrier gas is bubbled through the
      first container and the resultant vapor is passed through a gas-oxygen
      flame where the vapors hydrolyze to form a stream of 100% SiO.sub.2 soot
      particles. The stream of particles is directed to a 5 mm diameter, 25 cm
      long quartz mandrel tube until a 6.1 cm diameter soot coating is obtained.
      This soot coating is then consolidated in a furnace having a maximum
      temperature of about 1,500.degree.C to form on the quartz tube a 15 cm
      long dense glass layer free from particle boundaries. Concentrated HF is
      pumped through the mandrel until it is completely removed, and a central
      hole having a diameter of about 0.8 cm is obtained, the outside tube
      diameter being about 2.2 cm. A portion about 15 cm long is cut from the
      partially drawn intermediate fiber of FIG. 5 and is inserted into hole 44
      which extends axially through tube 42. The final composite structure so
      formed is heated to a temperature of about 1,900.degree.C and is drawn to
      reduce the cross-sectional area thereof, to collapse the first applied
      layer and to collapse the inner surface of the tube into fused relation
      with the outer surface of the intermediate fiber structure, thereby
      forming an optical waveguide fiber having a solid cross-section. The
      resultant fiber has a core diameter of approximately 3 micrometers and an
      overall diameter of about 100 micrometers. This fiber is capable of single
      mode propagation at wavelengths as low as 633 nanometers.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of forming a clad optical waveguide fiber comprising the steps
      of
PA1  providing a substantially cylindrical mandrel,
PA1  applying a first layer of glass to the outside peripheral surface of said
      mandrel,
PA1  applying a second layer of glass having an index of refraction less than
      that of the glass of said first layer over the outside peripheral surface
      of said first layer,
PA1  removing said mandrel,
PA1  heating the structure so formed to the drawing temperature of the materials
      thereof,
PA1  drawing the heated structure to reduce the cross-sectional area thereof,
      thereby forming an intermediate fiber,
PA1  providing a glass tube having a hole extending axially therethrough,
PA1  disposing at least a portion of said intermediate fiber within said tube,
PA1  heating the final composite structure so formed to the drawing temperature
      thereof, and
PA1  drawing said final composite structure to reduce the cross-sectional area
      thereof and to form an optical waveguide fiber having a solid
      cross-section, said first layer forming the core and said second layer and
      said tube forming the cladding of said optical waveguide fiber.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein said first coating of glass
      is formed by the steps comprising
PA1  depositing a coating of glass soot on the outside peripheral surface of
      said mandrel by flame hydrolysis, and
PA1  heating said soot until it consolidates and forms a dense glass layer free
      from particle boundaries.
NUM  3.
PAR  3. A method in accordance with claim 2 wherein said coating of glass soot
      is at least 5 mm thick.
NUM  4.
PAR  4. A method in accordance with claim 2 wherein said mandrel is removed
      before said second layer is applied.
NUM  5.
PAR  5. A method in accordance with claim 2 wherein said second layer of glass
      is formed by the steps comprising
PA1  depositing a second coating of glass soot over the outside peripheral
      surface of said first layer of glass by flame hydrolysis, and
PA1  heating said first layer and said second coating of glass soot until said
      second layer of soot consolidates and forms a dense glass layer free from
      particle boundaries.
NUM  6.
PAR  6. A method in accordance with claim 1 wherein said mandrel is a hollow
      tube of material selected from the group consisting of glass, ceramic and
      glass ceramic, and said step of removing said mandrel comprises flowing
      acid through said tube until said tube is completely removed by etching.
NUM  7.
PAR  7. A method in accordance with claim 1 wherein said first and second layers
      of glass are formed by the steps comprising
PA1  depositing a first coating of glass soot on the outside peripheral surface
      of said mandrel by flame hydrolysis,
PA1  depositing a second coating of soot over the outside peripheral surface of
      said first coating by flame hydrolysis, and
PA1  heating the resultant assembly until each coating of glass soot
      consolidates and forms a dense glass layer free from particle boundaries,
      said first consolidated coating of soot forming said first layer of glass
      and said second consolidated layer of soot forming said second layer of
      glass.
NUM  8.
PAR  8. A method in accordance with claim 7 wherein the step of providing a
      glass tube comprises
PA1  depositing a coating of glass soot on the outside peripheral surface of a
      mandrel by flame hydrolysis,
PA1  heating said soot until it consolidates and forms a dense glass layer, and
PA1  removing said mandrel.
NUM  9.
PAR  9. A method in accordance with claim 1 wherein the refractive index of said
      tube is equal to the refractive index of said second layer of glass.
NUM  10.
PAR  10. A method in accordance with claim 1 wherein the refractive index of
      said tube is less than the refractive index of said second layer of glass.
NUM  11.
PAR  11. A method of forming a clad optical waveguide fiber for propagating a
      single mode of optical wave energy of wavelength .lambda. comprising the
      steps of
PA1  providing a substantially cylindrical mandrel,
PA1  applying a first layer of glass of refractive index n.sub.1 to the outside
      peripheral surface of said mandrel,
PA1  applying a second layer of glass having a refractive index n.sub.2 over the
      outside peripheral surface of said first layer, n.sub.1 being greater than
      n.sub.2,
PA1  removing said mandrel,
PA1  heating the structure so formed to the drawing temperature of the materials
      thereof,
PA1  drawing the heated structure to reduce the cross-sectional area thereof,
      thereby forming an intermediate fiber,
PA1  providing a glass tube having a hole extending axially therethrough,
PA1  disposing at least a portion of said intermediate fiber within said tube,
PA1  heating the final composite structure so formed to the drawing temperature
      thereof, and
PA1  drawing said final composite structure to reduce the cross-sectional area
      thereof and to form an optical waveguide fiber having a solid
      cross-section, said first layer forming a core of radius a, wherein a is
      determined by the equation
EQU  2.pi.a/.lambda.) .sqroot.(n.sub.1 +n.sub.2) (n.sub.1 -n.sub.2) &lt; 2.405
PA1   and said second layer and said tube forming the cladding of said optical
      waveguide fiber.
NUM  12.
PAR  12. A method in accordance with claim 11 wherein said first and second
      coatings of glass are formed by the steps comprising
PA1  depositing a first coating of glass soot on the outside peripheral surface
      of said mandrel by flame hydrolysis,
PA1  heating said soot until it consolidates and forms a first dense glass layer
      free from particle boundaries,
PA1  depositing a second coating of glass soot over the outside peripheral
      surface of said first layer of glass by flame hydrolysis, and
PA1  heating said first layer and said second coating of glass soot until said
      second coating of soot consolidates and forms a second dense glass layer
      free from particle boundaries.
NUM  13.
PAR  13. A method in accordance with claim 12 wherein said first coating of
      glass soot is at least 5 mm thick.
NUM  14.
PAR  14. A method in accordance with claim 11 wherein said first and second
      layers of glass are formed by the steps comprising
PA1  depositing a first coating of glass soot on the outside peripheral surface
      of said mandrel by flame hydrolysis,
PA1  depositing a second coating of soot over the outside peripheral surface of
      said first coating by flame hydrolysis, and
PA1  heating the resultant assembly until each coating of glass soot
      consolidates and forms a dense glass layer free from particle boundaries,
      said first consolidated coating of soot forming said first layer of glass
      and said second consolidated layer of soot forming said second layer of
      glass.
NUM  15.
PAR  15. A method in accordance with claim 14 wherein said first coating of
      glass soot is at least 5 mm thick.
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ABST
PAL  Apparatus for and the method of producing a sliver-like fibrous product
      including forming glass fibers, conveying the glass fibers in a body of
      gas and depositing them on the porous rim of a rotating wheel to form a
      coherent web, advancing the porous rim with the web thereon over an
      opening having a progressively reducing size in the direction of rim
      movement, establishing a zone of reduced pressure within the wheel to draw
      air through the fibers into the opening to progressively condense the web
      into a loosely associated longitudinal coherent sliver-like grouping of
      fibers, and discharging the longitudinal sliver-like fiber grouping from
      the rim.
PARN
PAR  This is a continuation of application Ser. No. 425,589, filed Dec. 17,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Textile yarn made of continuous synthetic filaments are dense and are
      artificial feeling. Hence, there has been a need to produce synthetic
      filament textile yarns that look and feel like natural fiber yarns.
PAR  Yarn texturing is one conventional commercial way to produce a more natural
      appearance and feel to continuous synthetic fiber yarn. Here continuous
      filament yarn is processed in one of several conventional ways. For
      example, the yarn can be processed by false-twist, knit-de-knit or air
      bulking apparatus. Such apparatus produces bulky continuous filament yarn
      that meets some textile needs.
PAR  Another conventional commercial approach produces what is known as "spun
      yarn." Continuous filaments are formed into a heavy weight bundle called a
      tow that is subsequently crimped and chopped into short lengths. These
      chopped fibers, called staple fibers, are then processed through modified
      spinning apparatus into "spun yarn." This yarn has a softer feel and more
      natural appearance than continuous synthetic filament yarn.
PAR  Each of these basic conventional methods starts with the manufacture of a
      continuous filament yarn that must undergo secondary processing to avoid
      its hard and unnatural characteristics. The conventional approaches, such
      as those mentioned and their many variations, require one or more
      secondary processes; these are expensive and in many cases difficult to
      control. Hence, there is a need for a fresh approach in producing natural
      feeling and appearing yarn of synthetic filaments.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is an improved sliver-like product of
      discontinuous synthetic fibers that can be made into a yarn and apparatus
      for and method of producing such a product, especially in a filament
      forming operation.
PAR  Another object of the invention in an improved sliver-like product
      including discontinuous fibers that is ready for twisting into a yarn.
DRWD
PAR  Other objects and advantages will become apparent as the invention is more
      fully described in connection with the following drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of apparatus for producing a fibrous glass
      product according to the principles of the invention. The apparatus
      includes a rotary fiber forming means, a rotatably driven hollow fiber
      collecting and condensing wheel and associated fluid flow apparatus.
PAR  FIG. 2 is a front elevation view of the apparatus shown in FIG. 1 together
      with a container arrangement for collection of the fibrous glass product.
PAR  FIG. 3 is an enlarged front view of the fiber collecting and condensing
      wheel and the flow apparatus shown in FIGS. 1 and 2.
PAR  FIG. 4 is an exploded perspective view of the fiber collecting and
      condensing wheel and associated apparatus shown in FIGS. 1-3.
PAR  FIG. 5 is an enlarged showing an of air nozzle within the hollow collecting
      and condensing wheel. The air nozzle is used to direct a jet of air to
      push the fibrous glass product from the circumferential surface of the
      wheel. FIG. 6 is a front view of another hollow fiber collecting and
      condensing wheel according to the principles of the invention.
PAR  FIG. 7 is a side elevation view of other apparatus for producing a fibrous
      glass product according to the principles of the invention in a fiber
      forming operation.
PAR  FIG. 8 is a view in elevation of apparatus for twisting a fibrous product
      made from the apparatus shown in FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The fibrous product produced according to the invention can be made of
      organic or inorganic discontinuous synthetic fibers. For example, a
      fibrous product according to the invention can be made of discontinuous
      inorganic fibers such as glass and organic fibers such as nylon,
      polyesters, and the like. So it is to be understood the term synthetic
      fiber as used in the specification and claims refers to both organic and
      inorganic synthetic fibers.
PAR  The apparatus of the invention produces a fibrous product by first grouping
      individual synthetic fibers in sufficient interengaging relation to form a
      thin coherent web or network. The fibers of the web are laterally
      condensed or gathered together into a fibrous product that is a loosely
      associated linear wispy sliver-like grouping of fibers possessing
      sufficient coherency to establish dimensional stability, especially
      longitudinal dimensional stability.
PAR  In practice, it has been useful to produce the fibrous product directly in
      a fiber forming operation.
PAR  FIGS. 1 and 2 show a preferred embodiment of apparatus for producing a
      fibrous glass product according to the principles of the invention
      directly in a glass fiber forming operation. A rotary fiber forming means
      or instrumentality 20 supplies individual discontinuous glass fibers of
      sufficient length that the fibers can be interengaged into a coherent web
      or network. In practice the length of the fibers is normally in a range of
      from 2 to 12 inches. Blasts of fiber attenuating gases from the
      instrumentality 20 carry the individual fibers to and deposit them on the
      moving porous circumferential or rim surface 21 of a rotating hollow fiber
      collection wheel 22 in sufficient number and such interengaging relation
      to form a thin coherent web or network. Other sources might be used to
      supply discontinuous fibers. And fibers from the instrumentality 20 might
      be mixed with fibers from another source to effect a blend of the same or
      different fibers, e.g., organic and inorganic synthetic fibers.
PAR  A web condensing arrangement including means defining a stationary opening
      of progressively reducing size communicating with the circumferential
      surface 21 and means for establishing reduced pressure within the wheel 22
      to draw a fluid such as air into the opening through the fibers of the
      web. The moving fluid selectively laterally condenses the web into a
      longitudinal fibrous product 23 according to the invention.
PAR  Means within the wheel 22 clears or releases the product from the surface
      of the rotating wheel 22. And the tangential energy imparted to the
      product by rotation of the wheel 22 is sufficient to project the product
      tangentially away from the wheel 22. The product can be projected
      downwardly to form a mat or other nonwoven product on a collection
      surface. FIG. 4 shows the product 23 being collected in a rotating
      container 24. A winder can be used to collect the product as a wound
      package.
PAR  In the embodiment illustrated a feeder 30 supplies a stream of molten glass
      32 from a tubular outlet 34 downwardly to the interior of an inclined
      hollow centrifuging spinner or rotor 36. The feeder 30 can connect to a
      forehearth that supplies molten glass from a furnace or can connect to
      other means for supplying molten glass in a conventional manner.
PAR  FIG. 1 illustrates a partial cross section of components of the fiber
      forming assembly or instrumentality 20, which includes the hollow spinner
      or rotor 36 fixed on the end of a rotatable shaft or quill 38, a burner 40
      that provides a heated environment for primary filaments or centrifuged
      streams of glass from the spinner 36 and a blower 42 for delivering a
      gaseous blast into engagement with the primary fibers or small streams of
      glass to attenuate them into discontinuous glass quill 38, a burner 40
      that provides a heated environment for primary filaments or centrifuged
      streams of glass from the spinner 36 and a blower 42 for delivering a
      gaseous blast into engagement with the primary fibers or small streams of
      glass to attenuate them into discontinuous glass fibers.
PAR  The assembly 30 is shown in a inclined disposition. In practice an
      inclination of 45.degree. from the horizontal has given good results.
PAR  An electric motor 44 drives the quill 38, and hence the spinner 36, in high
      speed rotation. The quill 38 is shown disposed in an inclined position
      extending through a housing 46. Bearings within the housing 46 journally
      support the quill 38 for rotation.
PAR  The spinner 36 as shown is a one piece hollow disc-like member including a
      circular solid bottom wall 48; a cylindrical circumferential side wall 50
      having rows of glass outlet openings or passageways 52 communicating with
      the interior of the spinner 36; and an inwardly extending circular flange
      54 defining an opening 56 at the upper region of the spinner.
PAR  The glass stream 32 moves downwardly along a path through the opening 56 to
      the inclined bottom wall 48. As the motor 44 rotates the spinner 36, the
      molten glass of the stream moves outwardly along the interior of the
      circumferential wall 50 and leaves the rotating spinner 36 through the
      openings 52 as primary fibers or streams.
PAR  In practice, the spinner 36 is normally from 4 to 8 inches in diameter and
      normally includes from 1,000 to 4,000 glass outlet openings. In operation
      the spinner is normally rotated at an angular speed of from 3,000 to 7,500
      rpm's.
PAR  The burner 40 includes an annular shaped mixing and distributing chamber 58
      with an inlet tube 60. The tube 60 connects at one end with a supply of
      fuel and air mixture and delivers the mixture to the burner 40. A valve 62
      is disposed along the length of the tube 60 to control delivery of the
      combustible mixture into the annular chamber 58.
PAR  The burner 40 provides a variously sized annular discharge passageway 64.
      The combustible mixture from the chamber 58 is burned in the region of a
      screen 66 in the passageway 64. Flames or hot gases of combustion from the
      region of the screen 66 leave the passageway 64 to provide a heated
      environment for the primary filaments or small streams centrifuged from
      the openings 52 in the circumferential wall of the rotating spinner 50.
PAR  The blower 42 includes a member providing an annular chamber 70 having an
      air outlet nozzle 72 including circumferentially spaced slots or orifices.
PAR  The chamber 70 is supplied with gaseous fluid under pressure, such as
      compressed air, from a supply through an inlet tube 74. The compressed gas
      is delivered through the slots of the nozzle 72 as a high velocity gaseous
      fiber-attenuating blast. A valve 76 is along the tube 74 to regulate the
      admission of gas to the chamber 70 and hence the velocity of the fiber
      attenuating blast.
PAR  In operation the high velocity products of combustion discharged from the
      burner 40 flow over the circumferential moving surface of the spinner 36
      to engage the primary fibers or streams leaving the openings 52 of the
      circumferential wall 50. Thereafter the fibers are further engaged by the
      gaseous blast from the blower 42. Hence, the attenuated fibers are moved
      by an envelope or body of moving gaseous media; a body 80 of gases and
      fibers is produced.
PAR  The body 80 is, in a sense, an envelope or body of gas and glass fibers
      moving with generally reducing cross section away from the rotating
      spinner 36 as more fully explained hereinafter. In practice, the
      transverse cross sectional shape of the body 80 is generally circular. And
      in practice, a 31/2 inch width wheel 22 (width of the surface 21) has
      given good results.
PAR  Rotation of the spinner 36 imparts a considerable component of angular
      velocity to the primary glass fibers in a plane substantially
      perpendicular to the axis of the quill 38. But, the moving blasts of
      gaseous fluids from the burner 40 and blower 42 modify this initial
      spinner imparted velocity until the major component of fiber velocity is
      in a direction moving towards the fiber collection region on the
      circumferential surface 21 of the rotating wheel 22. Similarly, the
      initial generally spiral paths imparted to the attenuated fibers by the
      spinner 36 become a more or less linear path moving in the direction of
      gas movement toward the circumference of the wheel 22.
PAR  The reducing size of the body 80 brings the attenuated fibers into closer
      and closer relationship. The flow in the body 80 at a location spaced from
      the spinner 36 brings the fibers together into what can be considered an
      inchoate or incipient network of gas borne but interconnected fibers. And
      the wheel 22 is located with its circumferential surface 21 in this region
      of the body 80. It has been a practice to make the width of the wheel
      (width of the surface 21) 22 substantially the same size as the diameter
      of the body 80 in the fiber depositing region.
PAR  The fibers are continuously deposited on the moving porous circumferential
      surface 21 of the hollow wheel 22 in sufficient number and in such
      interengaging relation that a thin coherent web or network of fibers is
      continuously formed at a circumferential collection region on the wheel.
      Fibers of the network are continuously removed from the zone of deposition
      by the advancing surface 21 and are progressively laterally condensed into
      a fibrous product. The deposition of the fibers as they are deposited and
      the "combining" action effected by the movement of the surface 21 work
      together to orient the fibers generally parallel to the circumferential
      axis of the surface 21.
PAR  Referring to FIGS. 1-4 the web processing apparatus of the wheel 22 and
      associated apparatus can be seen to include a rotary assembly 84 and a
      stationary flow directing assembly 86.
PAR  In the embodiment shown the rotary assembly 84 includes the wheel 22, which
      is a one piece bowl shaped member, having a porous circular peripheral
      wall or rim 88 defining the exterior circumferential surface 21. The
      surface 21 has a groove 90 fashioned at one edge; the groove 90 extends
      around the entire circumference of the wheel 22 to form a circular groove
      and is generally "U" shaped in cross-section. As shown the groove 90 is at
      the open end of the bowl shaped wheel 22 and extends in the direction
      parallel to the circumferential axis of the wheel 22.
PAR  As shown the wall 88 of the wheel 22 is somewhat tapered towards the closed
      end of the wheel. Tha angle of taper, shown as angle B in FIGS. 3 and 4,
      is normally a small angle of from 5.degree. to 20.degree.. The inclined
      surface 21 promotes a drafting of the fibers and hence an orientation of
      the fibers in a direction parallel to the circumferential axis of the
      surface 21 during lateral gathering or condensing of the fibers of the web
      towards the groove 90 during rotation of the wheel 22.
PAR  The wheel 22 is fixed on the end of a shaft 92, which is generally held
      horizontally for rotation in bearing member 94. The bearing member 94
      forms part of the stationary portion of the rotary assembly 84. A motor 98
      (see FIG. 2) rotates the wheel 22 through the rotation of the shaft 92.
PAR  It is possible to use other means providing a fiber deposition or
      collection surface. For example, it is possible to use a hollow disc or a
      hoop such as a wheel with a flat surface. Also, it is possible to use a
      continuous belt.
PAR  Referring more specifically to FIGS. 1 and 4, the stationary assembly
      includes a circular mounting plate 100, the bearing member 94 and means
      defining three chambers, viz. chambers 102, 104 and 106.
PAR  In the embodiment shown, an enclosure 108 and a partition 110 within the
      enclosure defines the compartments or chambers 104 and 106. The enclosure
      108 includes a sidewall 112, end walls 114 and 116 and a curved top wall
      118. The shape of the top wall 118 and of the top of the partition 110
      conform to the interior shape of the rim 88 of the wheel 22. The top wall
      118 includes a circumferential opening 120 of progressively narrowing
      dimension. The partition 110 within the enclosure 108 divides its interior
      into the compartments 104 and 106. One or more compartments can be used.
PAR  A partition 122 and the end wall 116, together with the closed end of the
      wheel 22, form the compartment 102.
PAR  A pressure deferential, conventionally accomplished by suction, is
      maintained across the opening 120.
PAR  Each of the compartments communicates with a reduced pressure zone, which
      can be established in a convention manner. Tubes 124, 126 and 128 each
      communicate at one end, through an opening in the plate 100, with
      compartments 102, 104 and 106 respectively. The other end of each of these
      tubes communicates with an individual reduced pressure zone. Hence, a
      fluid media such as air can be sucked through the porous rim 88 into each
      of the compartments. In practice, the tubes 126 and 128 connect the
      compartments 104 and 106 with zones of unequal reduced pressure to effect
      a substantially uniform flow of air into the narrowing opening 120 along
      its entire length. In practice, the suction applied to the chamber 104 is
      normally in a range of from 5-20 inches of water; the suction applied to
      the chamber 106 is normally in a range of from 15-20 inches of water.
PAR  In practice, the chamber 102 is below the fiber deposition zone of the
      circumferential surface 21 of the wheel 22. The reduced pressure
      established in the chamber 102 draws attenuating gases of the body 80
      through the porous wall 88 of the wheel 22. Further, the suction traps or
      holds glass fibers of the body 80 on the moving circumferential surface
      21. Normally the suction is sufficient to draw the gases of attenuation
      into the chamber 102 at a rate that overcomes blow back of these gases
      from the surface 21. Such blow back tends to disrupt fiber deposition on
      the surface 21. A suction in the range of from 5-8 inches of water is
      commonly used.
PAR  Further, the motor 98 rotates the wheel 22 sufficiently fast to withdraw
      the coherent fiber web from the deposition zone at a rate substantially
      equal to the rate of web formation. However, the speed of the pulling
      wheel 22 may be varied to change the thickness of the coherent fiber web.
PAR  The moving surface 21 advances the web across the top of the enclosure 108
      to the opening 120 for condensing. The largest width of the opening 120 is
      normally substantially the width of the opening of the compartment 102 at
      the surface 21. As shown the largest width of the opening is somewhat
      smaller than the width of the compartment 102. The width of the opening
      120 can progressively reduce along its entire length, or as shown, can
      include a narrowing portion 120a and a substantially constant width
      portion 120b. The portion 120b is generally under the groove 90 into which
      the product 23 is moved.
PAR  In practice air drawn into the opening 120 moves the fibers of the web
      laterally into the groove 90 as the linear fibrous product 23.
PAR  Porosity of the circumferential wall 88 is important. The porosity of the
      wall 88 must be sufficient to permit fluid flow into the interior of the
      wheel 22 with sufficient energy to withdraw the gases of fiber attenuation
      and hold the web onto the advancing surface 21 at the region of fiber
      deposition. Further, the porosity of the wall 88 must permit sufficient
      air to flow across the fibers of the web into the opening 120 to
      progressively condense the web as the web moves across the opening 120.
      Yet, the openings in the surface 21 should not be so large that fibers
      become trapped in them. In practice good results have been obtained using
      a rim 88 with openings having a diameter of 0.070 inches. In such an
      arrangment these holes are aligned in 24 rows, each having 336 equally
      spaced openings where the wheel 22 is 14 inches in diameter (smallest
      diameter) and where the rows are 9/64 of an inch apart.
PAR  The stationary assembly includes means for releasing the product from the
      rotating wheel 22. As more clearly shown in FIGS. 6 and 7, an air tube
      within the wheel 22 located immediately below the enclosure 108 discharges
      a stream of air through the porous circumferential wall of the wheel 22.
      This stream or blast of air directed outwardly through the porous wall 88
      wheel 22 effects disengagement of the sliver-like product from the moving
      wheel. The tube 130 is connected to any supply of suitable gas, e.g., air,
      under pressure.
PAR  Referring more particularly to FIGS. 1-3, the assembly 86 is at the upper
      side of the wheel 22. And as shown the assembly 86 includes two spaced
      apart opposing stationary curvilinear wall members or flow director
      elements 140 and 142 oriented traverse to the axis of the wheel 22 and at
      the edge regions of the wheel's circumferential surface 22. These members
      promote reduction in the cross section of the body of gas and fibers 80.
      The members reduce induced air flow into the body. This keeps the fluid
      energy of the body 80 high, which effects a contraction of the body 80.
      The pressure rise of the gaseous fluid of the body 80 must be kept low
      enough for substantially uniform flow towards the collection surface 21. A
      steep pressure gradient can cause disturbed fluid flow of the gases.
PAR  The wall members 140 and 142 include flow director or control surfaces 140s
      and 142s, which are inclined to the circumferential surface 21 of the
      wheel 122. The member 142 is adjacent to the groove 90; as shown the
      member 142 is at the other edge of the surface 22. A web of substantially
      uniform fiber concentration across its width is deposited on the rim 88.
PAR  The fibers of the web are laterally condensed or gathered as the porous rim
      88 of the wheel 22 moves the web across the stationary opening 120 of
      progressively decreasing or narrowing dimension. Air is moved, e.g.,
      drawn, into the compartments 104 and 106 through the fibers of the web and
      the porous surface 21 with sufficient energy to progressively laterally
      move the fibers of the web to condense or gather them as they are moved
      towards the groove 90. Fiber condensing progressively occurs generally in
      accordance with the diminishing width of the opening 120.
PAR  Normally the reduced pressure zones for both the compartments 104 and 106
      are adjusted to effect a uniform drawing of air into them through the
      fibers of the web along the entire length of the opening 120.
PAR  The jet of air from the nozzle 130 within the wheel 22 effects a release of
      the product 23 from the product delivery groove 90 as the product leaves
      the compaction or condensing region.
PAR  The tangential energy imparted to the product by the rotating wheel 22
      projects the product outwardly along a path tangential to the wheel 22.
PAR  In FIG. 2 the rotating wheel 22 projects the product 23 downwardly into the
      container 24. A rotatably driven platform 154 supports the container 24.
      In other embodiments the product is released more horizontally for
      collection.
PAR  The product is a light wispy and fragile grouping of fibers. Hence, the
      collection apparatus includes means for drawing air into the open upper
      end of the container 24 to assist product collection. As shown, the
      container 24 has a porous bottom wall and the support 154 includes a
      porous support portion 156. A tubular member 158 is immediately below the
      container 24; at its remote end the member 158 communicates with a zone of
      reduced pressure.
PAR  The sliver-like fibrous product 23 is capable of being further processed.
PAR  FIG. 6 illustrates another embodiment of a fiber collection wheel and
      associated fluid flow apparatus for laterally condensing a coherent fiber
      web into a longitudinal fibrous product. The apparatus is shown without
      flow directing elements like elements 140 and 142 illustrated with the
      apparatus of FIGS. 1-3.
PAR  FIG. 6 shows a driven rotatable wheel 222 having a porous rim 221 with a
      circumferential groove 224 fashioned on the exterior surface of the rim.
      The wheel 222 is fixed on a drive shaft 225. The wheel 222 is tapered
      towards the groove 224 at a angle of inclination denoted as angle C. Angle
      C is small, e.g., from 10.degree. to 20.degree., with angles of around
      15.degree. being preferred.
PAR  In FIG. 6 a web condensing opening 236 is shown. And this opening 236
      progressively narrows like the web condensing opening 120 shown in FIGS.
      1-4. Fluid suction tubes 228, 230 and 232 are in communication with the
      interior of the fiber collection wheel. These tubes draw air from the
      interior of the wheel to establish reduced pressure therein as discussed
      in relation to the operation of the wheel 22. Further, the embodiment
      shown in FIG. 6 includes an air supply tube 234 for supplying air under
      pressure from a suitable source to a nozzle within the wheel 222. The
      nozzle discharges a stream of air for releasing the fibrous product from
      the groove 224 as previously discussed with relation to the nozzle 130
      within the wheel 122.
PAR  FIG. 7 shows another embodiment of apparatus according to the invention.
      FIG. 7 shows the apparatus of FIG. 1 without the flow directing elements
      140 and 142. Instead a hollow member provides a guide passageway through
      which the body of gases and fibers from the spinner 36 travel to the web
      forming region on the rim of the wheel 22. Suction means in communication
      with the guide passageway draws hot gases of the body 80 through the
      passageway to a remote location for discharge.
PAR  As shown an elongated tubular member 250 provides a guide passageway 252; a
      flexible tube 254 connects the passageway 252 with a suction means 256.
PAR  The entrance region of the tubular member 250 includes a flared portion 258
      to assist guidance of the body of gas and the fibers 80 into the
      passageway 252.
PAR  The position of the wheel 22 is the same as shown in FIG. 1. So, as
      explained, the reducing size of the body 80 brings the attenuated fibers
      into closer and closer relationship. The flow in the body 80 at a location
      spaced from the spinner 36 brings the fiber together into what can be
      considered an inchoate or incipient network of gas borne but
      interconnected fibers. And the wheel 22 is located with its
      circumferential surface 21 in this region.
PAR  The suction means 256 draws hot gases from the body 80 through the
      passageway 252 beyond the fiber deposition location on the rim of the
      wheel 22 for exit at a remote location without disturbing formation of the
      fibrous web on the porous rim of the wheel 22.
PAR  As shown the suction means 256 includes a housing 260 within which is
      located a fan 262 including a blade 264 driven by a motor 266. The fan 262
      is mounted on brackets within the hollow housing 260. The screen 268 is
      located upstream of the fan 262 within the housing 260.
PAR  In operation the suction means 256 draws air from the passageway 252
      through the flexible tube 254 for exhaust at the discharge end 270 of the
      hollow housing 260.
PAR  FIG. 8 shows apparatus for twisting fibrous product 23. As illustrated a
      pair of rotatably driven product engaging rollers 280 and 282 advance the
      product 23 from the container 24 to a conventional textile twisting
      station 284 including a rotatably driven strand 286, a ring rail 288 and a
      traveler 290 on the ring rail 288. The twisted product collects as a yarn
      on a vertically disposed bobbin. The product travels upwardly to turn on a
      pigtail 292. Thence, the product moves horizontally to turn on a pigtail
      294 and thereafter the rollers 280 and 282 pull the product across a
      sizing applicator 296 and provide the sized product to the twisting
      station 284 through a guide 298.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for producing a sliver-like fibrous glass product comprising:
PA1  a porous surface upon which a coherent web of discontinuous glass fibers is
      formed;
PA1  means defining an elongated opening reducing in size along its lengthwise
      dimension;
PA1  means for moving the surface and the opening relative to each other to
      effect advancement of a web on the surface lengthwise across the opening
      in a direction from the larger end of the opening to the smaller end
      thereof; and
PA1  means effective to draw air through the porous surface into the opening
      with sufficient energy to condense a coherent web on such surface
      laterally into a loosely associated longitudinal coherent sliver-like
      fibrous glass product during advancement of the web across the opening.
NUM  2.
PAR  2. Apparatus for producing a sliver-like fibrous glass product comprising:
PA1  a perforated surface upon which discontinuous glass fibers are deposited to
      form a thin coherent fiber web;
PA1  means defining an elongated opening reducing in size along its lengthwise
      dimension;
PA1  means for moving the surface to effect advancement of a web on the surface
      lengthwise across the opening in a direction from the larger end of the
      opening to the smaller end thereof; and
PA1  suction means effective to draw air across a coherent web on the surface
      into the opening with sufficient energy to condense the web laterally into
      a loosely associated longitudinal coherent sliver-like fibrous glass
      product during advancement of the web across the opening.
NUM  3.
PAR  3. Apparatus for producing a sliver-like fibrous glass product comprising:
PA1  a hollow fiber collection means including a rotatable porous rim upon the
      exterior surface of which is advanced a coherent web of discontinuous
      glass fibers;
PA1  means for rotating the rim;
PA1  means within the hollow collection means defining an opening across which
      the porous rim is advanced during rotation, the opening reducing in size
      in the direction of rim advancement during rotation thereof; and
PA1  means for establishing reduced pressure within the hollow collection means
      effective to draw air across a coherent web into the opening with
      sufficient energy to condense the fibers of the web laterally into a
      loosely associated longitudinal coherent sliver-like grouping of fibers
      during advancement of the web on the porous surface across the opening.
NUM  4.
PAR  4. Apparatus for producing a sliver-like fibrous glass product comprising:
PA1  a hollow fiber collector including a rotatable porous rim upon the exterior
      surface of which discontinuous glass fibers are deposited in a fixed
      region to form a coherent fiber web;
PA1  means for rotating the rim and thereby advance a coherent fiber web on the
      exterior surface from the fixed region;
PA1  means within the hollow collector defining a web condensing opening across
      which the porous rim with a coherent web thereon is advanced during
      rotation, the opening reducing in size in the direction of rim advancement
      during rotation thereof; and
PA1  means for establishing reduced pressure within the hollow collector
      effective to draw air into the opening through the porous rim and through
      a coherent web on the rim with sufficient energy to laterally compact the
      web into a loosely associated longitudinal coherent sliver-like grouping
      of fibers during advancement of the web across the opening.
NUM  5.
PAR  5. The apparatus of Claim 4 in which the exterior surface of the rim
      includes a groove into which the sliver-like grouping of fibers is moved.
NUM  6.
PAR  6. Apparatus for producing a fibrous product comprising:
PA1  a rotatable fiber collection wheel including a porous rim portion upon
      which fibers are deposited;
PA1  means for rotating the wheel;
PA1  means for forming a plurality of discontinuous glass fibers of sufficient
      length to interengage themselves and for conveying the formed fibers in a
      body of moving gaseous media to the wheel for collection on the porous rim
      in sufficient interengaging relation to form a coherent web;
PA1  means for establishing a zone of reduced pressure within the wheel to draw
      gaseous media through the porous rim and thereby hold the web on the rim;
PA1  means within the wheel defining a longitudinal opening having a
      progressively reducing size in the direction of the circumferential axis
      of the rim; and
PA1  means for establishing reduced pressure within the wheel to draw air
      through the fibers of the web into the longitudinal opening to
      progressively laterally condense the web into a loosely associated
      coherent sliver-like product during rotation of the wheel.
NUM  7.
PAR  7. Apparatus of claim 6 wherein the means for forming and conveying the
      discontinuous glass fibers includes a rotatably driven spinner.
NUM  8.
PAR  8. Apparatus of claim 4 further including means defining within the hollow
      fiber collector a chamber providing a stationary open region at the fixed
      fiber deposit region across which the porous rim is advanced during
      rotating and means for establishing a reduced pressure within the chamber
      to draw air into the opening through the porous rim to promote formation
      of the fibers into the coherent web on the porous rim in the fixed region.
NUM  9.
PAR  9. Apparatus of claim 7 wherein the circumferential surface of the rim
      includes a groove at one edge of the rim into which the web is condensed,
      the groove extending around the entire circumference of the rim in a
      direction parallel to the circumferential axis of the wheel.
PATN
WKU  039321649
SRC  5
APN  4959167
APT  1
ART  173
APD  19740808
TTL  Method of manufacturing miniature incandescent lamps
ISD  19760113
NCL  5
ECL  1
EXA  Miga; Frank W.
EXP  Lindsay, Jr.; Robert L.
NDR  1
NFG  3
INVT
NAM  Gebhardt; Karl
CTY  Stolberg-Busbach an Kurths-Muhle
CNT  DT
ASSG
NAM  U.S. Philips Corporation
CTY  New York
STA  NY
COD  02
PRIR
CNT  DT
APD  19730814
APN  2341028
CLAS
OCL   65 32
XCL   65 34
XCL   65 36
XCL   65152
EDF  2
ICL  C03B  516
ICL  C03B 2320
FSC   65
FSS  34;43;32;36;152
UREF
PNO  1398033
ISD  19211100
NAM  Maurer
XCL   65 34
UREF
PNO  1448351
ISD  19230300
NAM  Kirlin
OCL   65 34
UREF
PNO  2006568
ISD  19350700
NAM  Gustin et al.
XCL   65 34
UREF
PNO  2945327
ISD  19600700
NAM  Malm et al.
XCL   65 43
UREF
PNO  3409342
ISD  19681100
NAM  Anderson et al.
XCL   65 32
UREF
PNO  3505050
ISD  19700400
NAM  Huston, Jr.
OCL   65 34
UREF
PNO  3688812
ISD  19720900
NAM  Fredericks
OCL   65 34
UREF
PNO  3798491
ISD  19740300
NAM  Malm
XCL   65 34
FREF
PNO  507,999
ISD  19541200
CNT  CA
OCL   65 34
FREF
PNO  261,398
ISD  19251100
CNT  UK
OCL   65 34
LREP
FR2  Trifari; Frank R.
ABST
PAL  In the manufacture of miniature incandescent lamps having a pinched glass
      cap, an inert cooling gas is blown through the exhaust tube during the
      pinching operation so as to keep the exhaust tube open.
BSUM
PAR  The invention relates to a method of manufacturing miniature incandescent
      lamps having a pinched glass cap in which during the pinching operation a
      sealing of the exhaust tube, whose inside diameter is smaller than 1 mm,
      with the lamp envelope occurs simultaneously.
PAR  Such miniature incandescent lamps have a diameter of the envelope smaller
      than 12 mm. The connection wires first project beyond the pinched glass
      cap downwards and are then bent back along the glass cap. The dimensions
      of the glass cap are in accordance with DIN or IEC prescriptions. The
      glass caps have essentially a rectangular cross-section.
PAR  For pinching the glass cap and for the simultaneous seal of the exhaust
      tube with the envelope of the lamp, the exhaust tube and the envelope
      should first be heated to the softening temperature of the glass types.
      During the subsequent pinching of the glass cap the danger exists that the
      inner cross-section of the exhaust tube is considerably squeezed and even
      closed by the pressure. The cross-section required for the subsequent
      evacuation of the lamp envelope is then no longer available. The inside
      diameter of the exhaust tube actually is smaller than 1 mm (outside
      diameter is smaller than 2 mm) and thus is in a range in which the pumping
      quality is substantially independent of the suction capacity of the pump
      and is determined only by the conductivity resistance of the exhaust tube.
      Any increase in the cross-section of the exhaust tube thus automatically
      results in a deterioration of the pumping quality.
PAR  It has already been tried in known methods of the above type to avoid the
      described drawbacks by choosing for the exhaust tube a type of glass
      having a higher melting point than the type of glass of the envelope. For
      example, the envelope has been chosen to consist of lead glass and the
      exhaust tube of lime glass. However, the resulting effect was not
      sufficient to avoid a deformation of the exhaust tube during the quenching
      operation.
PAR  It is the object of the invention to provide a method of manufacturing
      miniature incandescent lamps having a pinched glass cap in which during
      the pinching operation no deformation or squeezing of the exhaust tube can
      occur.
PAR  In a method of the type mentioned in the preamble this is achieved
      according to the invention in that, in order to keep the exhaust tube
      open, an inert cooling gas is blown through the exhaust tube during the
      pinching operation at such a temperature and flow rate that the
      temperature of the inner wall of the exhaust tube remains below the
      transformation temperature of the glass while the outer wall of the
      exhaust tube assumes a temperature which ensures a tight seal of exhaust
      tube and envelope.
PAR  Due to the blowing-in of an inert cooling gas during the pinching operation
      it is achieved that the inner wall of the exhaust tube remains so cold
      that a deformation of the exhaust tube cannot occur without, however,
      cooling the outer wall of the exhaust tube so strongly that no perfect
      seal is obtained any longer between the exhaust tube and the lamp
      envelope.
PAR  The temperature of the cooling gas is preferably chosen to be slightly
      below room temperature, preferably at approximately 18.degree.C.
PAR  According to an advantageous embodiment of the method according to the
      invention, the scavenging gas and/or filling gas of the lamp is used as a
      cooling gas. It is to be noted that it is known from the German
      Auslegeschrift No. 1,279,180 in the case of halogen lamps to blow an inert
      or reducing gas, for example nitrogen, through the exhaust tube during the
      manufacture of a pinch. However, the only object of said blown-in inert
      gas is to protect the metal parts in the lamp from oxidation. In this case
      the pinching tools are recessed or notched in the centre so that the
      inside of the wall of the envelope and the outside of the wall of the
      exhaust tube are sealed in an air-tight manner without the passage through
      the interior of the exhaust tube being closed. In halogen lamps, however,
      the envelope of the lamp and the exhaust tube consist of quartz glass
      having a comparatively high melting point. The dimensions of the pinch can
      freely be chosen since the pinch is not used as a glass cap. Normally, in
      halogen lamps the inside diameter of the exhaust tube is approximately 2.5
      mm and its outside diameter is approximately 4.5 mm; this means that the
      wall thickness of the exhaust tube is 1 mm and hence comparatively large.
      For this reason, cooling of the inner wall of the exhaust tube in halogen
      lamps is not necessary during pinching, since the temperature which occurs
      at the inner wall as a result of the large wall thickness of the exhaust
      tube is not sufficient for any deformation in normal cases. Moreover, the
      shape of the pinching tool may be adapted by suitable recesses in such
      manner that, also when the deformation temperature should be reached,
      there exists no danger of pinching of the exhaust tube. If, contrary to
      expectations, a slight reduction in cross-section of the exhaust tube
      should nevertheless occur, this will have no influence on the pumping
      quality as a result of the comparatively large inside diameter of the
      exhaust tube.
PAR  Quite different is the case, however, in the miniature incandescent lamps
      according to the present application, in which both the envelope and the
      exhaust tube consist of normal glass (lead glass or lime glass) and the
      exhaust tube has a wall thickness of approximately 0.5 mm which is so
      small that during the pinching operation the danger of a deformation of
      the exhaust tube exists, the more so since the prescribed dimensions of
      the pinched glass cap exclude a design of the pinching tool which avoids
      certainly the squeezing of the exhaust tube.
DRWD
PAR  The invention will now be described in greater detail with reference to an
      embodiment shown in the drawing.
PAR  FIG. 1 shows diagrammatically a pinching operation according to the
      invention in which the individual lamp and device components are shown on
      a strongly exaggerated scale.
PAR  FIGS. 2 and 3 show the finished miniature incandescent lamp in two side
      elevations.
DETD
PAR  Reference numeral 1 denotes a lamp envelope of a miniature incandescent
      lamp, for example, of lead glass. 2 denotes an exhaust tube of, for
      example, lime glass. The envelope 1 has, for example, an outside diameter
      of approximately 10 mm and the exhaust tube 2 has an inside diameter of
      0.85 mm and a wall thickness of 0.55 mm. Both parts are held in a device
      which is not shown. The lower, shaded part 3 of the envelope is heated by
      a burner not shown. The upper part 4 of the exhaust tube 2 present in the
      envelope 1 is heated simultaneously by heat transmission. After the
      deformation temperature has been reached, the shaded part 3 of the
      envelope is pinched around the end 4 of the exhaust tube by means of two
      pinching tools 5 the operative surfaces of which correspond to the sides
      of a standardized glass cap. During the pinching operation an inert
      cooling gas is blown from the lower side through the exhaust tube 2 (arrow
      P) at such a temperature and flow rate that the temperature of the inner
      wall of the exhaust tube remains below the transformation temperature of
      the glass, while the outer wall of the exhaust tube assumes a temperature
      which ensures a tight seal of the exhaust tube 2 and the lamp envelope 1.
      The cooling gas is preferably the scavenging and/or filling gas itself.
      After the pinching operation the lamp is pumped to the prescribed
      pressure, filled with a filling gas, if desired, and the exhaust tube 2 is
      sealed immediately below the pinching zone 9.
PAR  A lamp manufactured in this manner is shown in two side elevations in FIGS.
      2 and 3. Accommodated in the lamp is a bead set which consists of an
      insulating bead 6, a filament 7 and two current supplies 8. The current
      supplies 8 project from below from the pinching zone 9 and are bent
      outwardly along the pinch. The bead set is not shown in FIG. 1 for clarity
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing miniature incandescent lamps having an
      envelope having a glass pinch and an exhaust tube extending within the cap
      having an inside diameter smaller than 1 mm, which comprises heating the
      envelope and then mechanically pinching the envelope to form a pinch and
      simultaneously form the seal between the exhaust tube and the heated glass
      cap, and blowing an inert cooling gas through the exhaust tube during the
      pinching operation to keep it open, the temperature and flow rate of the
      cooling gas being selected to keep the inner wall of the exhaust tube
      below the transformation temperature of the glass, while the outer wall of
      the exhaust tube assumes a temperature which ensures a tight seal of the
      exhaust tube and the envelope.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein the temperature of the cooling
      gas is chosen to be slightly below room temperature, preferably at
      approximately 18.degree.C.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein the cooling gas is simultaneously
      used for a second purpose other than cooling.
NUM  4.
PAR  4. A method as claimed in claim 3 wherein said second purpose is
      scavanging.
NUM  5.
PAR  5. A method as claimed in claim 3 wherein said second purpose is filling
      the envelope.
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ABST
PAL  A layer of molten glass is discharged from a pool of molten glass in a
      glassmaking furnace and delivered along a substantially horizontal path
      onto a pool of molten metal in a forming chamber; the glass is then
      advanced along the surface of the pool of molten metal while being cooled
      to form a continuous sheet of glass. Prior to discharge and delivery, the
      molten glass is conditioned to establish an accelerated flow of molten
      glass in the direction of its delivery. The glass is conditioned by
      selectively cooling the glass at different depths in the pool of molten
      glass across the width of the delivery path just prior to delivery to
      preferentially decelerate the flow of hotter, less viscous glass at one
      location in the pool of molten glass relative to the flow of cooler, more
      viscous glass at another location in the pool. In this way the molten
      glass is caused to uniformly flow into a region for discharge from the
      pool and delivery for forming.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 338,497 filed Mar. 6, 1973 by Charles K. Edge and Gerald E. Kunkle.
      That application, entitled "Manufacture of Glass by Contiguous Float
      Process," is specifically incorporated by reference herein to show the
      environment and generic concepts embracing this invention. That
      application is now U.S. Pat. No. 3,843,346 having issued Oct. 22, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the making of flat glass by delivering molten
      glass onto a pool of molten metal and supporting it thereon while cooling
      and forming the glass into a continuous sheet of flat glass. More
      particularly, this invention relates to conditioning molten glass just
      prior to delivery onto the molten metal for forming.
PAR  2. Description of the Prior Art
PAR  Molten glass may be delivered as a layer of molten glass onto molten metal
      and then formed into a continuous sheet or ribbon of glass according to
      the teachings of Heal, U.S. Pat. No. 710,357, or Hitchcock, U.S. Pat. No.
      789,911. According to the teachings of Hitchcock and the later
      improvements of Edge and Kunkle disclosed in the application incorporated
      herein, it is useful to discharge the molten glass for forming from a pool
      of molten glass in a glassmaking furnace and deliver it along a
      substantially horizontal path onto the surface of the pool of molten
      metal. In one aspect the invention disclosed by Edge and Kunkle provides
      for cooling the molten glass beneath the surface of the pool of molten
      glass to establish an increased flow of molten glass at and near the
      surface of the pool of molten glass toward a discharge region of the pool
      of molten glass. This improves the quality of the formed glass sheet,
      particularly along its marginal edges where "herringbone" distortion is
      encountered in the methods disclosed by Hitchcock and Heal.
PAR  The present invention provides a method and apparatus for adapting the
      invention of Edge and Kunkle for improved performance when a forming
      chamber is connected to a glassmaking furnace in an unsymmetrical manner,
      particularly to allow the furnace to accommodate a plurality of forming
      chambers.
PAC  SUMMARY OF THE INVENTION
PAR  Glass batch materials are reacted and melted to form molten glass; the
      molten glass is maintained at elevated temperatures to refine it and
      condition it for forming by adjusting its temperature to a temperature
      suitable for delivery for forming; this is followed by forming.
PAR  The molten glass is maintained as a pool of molten glass in a refining or
      conditioning section of a glassmaking furnace during such refining and
      conditioning. From near the surface of the pool of molten glass a layer of
      molten glass is withdrawn or discharged and caused to flow through a
      delivery facility for delivery onto the surface of a pool of molten metal
      contained in a forming chamber. The layer of glass is discharged from the
      upper portion of the pool of molten glass while the molten glass in the
      pool is cooled to establish a circulating flow in the pool. The
      circulation of the molten glass is sufficient to enhance the flow of
      molten glass at and near the surface of the pool toward a discharge region
      of the pool and on toward the delivery facility. In this way the velocity
      of the flowing layer of glass is made more uniform across the width of the
      layer being discharged, and "herringbone" distortion associated with steep
      velocity gradients otherwise occuring in a delivered layer of glass is
      avoided.
PAR  Following delivery of the layer of molten glass onto the surface of the
      pool of molten metal, the layer of glass is advanced along the surface
      along a path substantially aligned with its delivery path which is in
      substantial alignment with the path of the circulating flow of the molten
      glass at and near the surface of the pool of molten glass in the furnace
      conditioner just prior to discharge and delivery. While the glass is
      advancing, it is cooled to form a dimensionally stable, continuous sheet
      of glass which continues to advance along the surface of the molten metal
      until it is removed from it and withdrawn from the forming chamber. The
      glass sheet may be removed from the forming chamber in any convenient
      manner, such as, for example, the methods shown by Hitchcock or by Edge
      and Kunkle in the incorporated application wherein a sheet of glass is
      shown being lifted slightly from the surface of a pool of molten metal and
      then conveyed horizontally therefrom. The sheet of glass may be lifted
      upwardly from the molten metal in the manner shown by G. E. Kunkle in
      copending application Ser. No. 483,508 filed June 27, 1974, which is
      incorporated by reference herein.
PAR  In order to make a full range of flat glass products, it has been found
      desirable to construct a glassmaking facility having several forming
      chambers connected to a common furnace. These forming chambers may be
      either the kind shown by Edge and Kunkle or the kind shown by Kunkle. The
      present process may be carried out successfully using a forming chamber
      connected to the refiner of an existing sheet glass furnace to which there
      are connected one or more sheet drawing kilns, such as Pittsburgh drawing
      kilns. The present process has a sufficiently broad range of acceptable
      temperatures for delivering molten glass for forming so that sheet drawing
      kilns connected to the same refiner as the present forming chamber may be
      operated in the conventional manner with the molten glass in the refiner
      having its temperatures and flows controlled to satisfy the more sensitive
      and less stable sheet drawing processes being carried out from the drawing
      kilns.
PAR  It is more preferred, however, to employ a glassmaking facility having no
      sheet drawing kilns attached to the furnace but, rather, having several
      forming chambers of the vertical lift-off kind disclosed by Kunkle or a
      combination of that kind with one or more horizontal lift-off forming
      chambers of the contiguous forming kind described in U.S. Pat. No.
      3,843,346. A particularly preferred glassmaking facility comprises a
      furnace having a single, end-connected, wide, horizontal lift-off forming
      chamber and one or more side-connected, vertical lift-off forming
      chambers. Such a facility is ideally suited for continuously producing a
      full range of flat glass products of differing widths and thickness. The
      most common thicknesses comprising the bulk of the facility's output may
      be produced on the wide, horizontal lift-off forming chamber with
      thickness changes being infrequent. The less common thicknesses may be
      produced in the smaller, vertical lift-off forming chambers and thickness
      changes may be made frequently for these chambers. Such frequent changes
      cause little loss of production since the residence time and heat capacity
      of the short, vertical lift-off forming chambers are small.
PAR  The forming chambers that are connected to the sides of a furnace, as well
      as any connected at an end wall, are employed in conjunction with an
      apparatus for enhancing or accelerating glass flow into the forming
      chambers. A submerged cooler extends across the opening into each forming
      chamber. The cooler is inserted in the pool of molten glass in the refiner
      or conditioner of the furnace and beneath the elevation of the molten
      glass delivery facility. Such coolers are particularly beneficial in
      converted sheet glass furnaces having relatively deep refiners and are
      most useful in furnaces serving sheet glass kilns in addition to one or
      more of the present forming chambers.
PAR  The submerged coolers are constructed in a manner suitable for cooling
      molten glass closer the surface of the pool of molten glass near one side
      of a delivery facility than near the other side of the delivery facility.
      Thus, each cooler is sloped upwardly from a greater depth near one side of
      a delivery facility to a relatively shallow depth near the other side of
      the delivery facility. Even at its shallow end a cooler is maintained at
      an elevation beneath that of the delivery facility so that molten glass
      flowing forwardly toward its discharge and delivery location flows above
      the cooler.
PAR  The shallow end of a cooler is placed near the side of a delivery facility
      where, in the absence of such a cooler, the temperature of the molten
      glass flowing toward delivery is highest. This side of a delivery facility
      is generally the side closest the centerline of the glassmaking furnace to
      which the delivery facility is connected in the instance of a delivery
      facility connected to a furnace end wall that is remote from the furnace
      melting section; and this side of highest expected glass temperature is
      generally the melter side of a delivery facility connected to a furnace
      side wall.
PAR  The effect of using a sloped, submerged cooler, such as described here, is
      to establish a thermally-induced driving force in a pool of molten glass
      which varies across the width of a portion of a glassmaking furnace
      refiner or conditioner which portion acts as an entrance opening into a
      molten glass delivery facility which is characterized as a discharge
      region of the pool of glass in the furnace. The thermally induced driving
      force is caused to be greatest where the glass is coldest, most viscous
      and least responsive to flow-causing forces and least where the glass is
      hottest, least viscous and most responsive to flow-causing forces. In this
      way the acceleration of the forwardly flowing molten glass close to the
      surface of the pool is made substantially uniform across the width of the
      entrance into the delivery facility. As a result, the delivered glass is
      more easily and uniformly formed into a continuous sheet of glass without
      yielding a sheet of glass having a differing thickness across its width
      and without the marginal edge portions of the sheet exhibiting offensive
      "herringbone" distortion. The sloped submerged cooler has the effect of
      generally enhancing the flow of molten glass near the surface of the pool
      toward the discharge region of the pool while the proximity of the cooler
      to the surface of the pool at its most elevated end causes a local
      deceleration of molten glass flow due to a localized viscosity increase in
      the vicinity of the cooler.
DRWD
PAR  This invention may be more fully appreciated with reference to the
      accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial longitudinal sectional elevation of a glassmaking
      furnace with a forming chamber connected to it at its end wall through a
      delivery facility showing a suitable cooler arrangement for practicing
      this invention;
PAR  FIG. 2 is a partial sectional plan of the glassmaking furnace, delivery
      facility and forming chamber illustrated in FIG. 1 showing the
      unsymmetrical connection of the delivery facility to the furnace in order
      to accommodate the connection of a second forming facility to the same end
      wall of the furnace;
PAR  FIG. 3 is a partial transverse or lateral sectional elevation of the
      delivery facility entrance region of the apparatus shown in FIGS. 1 and 2,
      the view being taken on section line 3--3 of FIG. 1;
PAR  FIG. 4 is a partial sectional plan view of a glassmaking furnace having
      three forming chambers connected to it, one at its front end wall and two
      at its opposing side walls;
PAR  FIG. 5 is a partial sectional elevation of an entrance region serving a
      side wall delivery facility and forming chamber of the apparatus shown in
      FIG. 4, the view being taken on section line 5--5 of FIG. 4;
PAR  FIG. 6 is a partial sectional elevation of an entrance region such as shown
      in FIG. 5 but illustrating a cooler combination comprising separate
      coolers, one on one side of the entrance and one on the other; and
PAR  FIG. 7 is a partial sectional elevation of an entrance region such as shown
      in FIGS. 5 and 6, but illustrating a sloped cooler entering the region
      from beneath the glass line.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1, 2 and 3, there are shown two views of suitable
      apparatus for carrying out the present invention. The glassmaking
      apparatus shown in FIGS. 1, 2 and 3 comprises a furnace 11, a delivery
      facility 13, a forming chamber 15 and a vertical conveyor 17 which may be,
      and preferably is, included in an annealing lehr.
PAR  The glassmaking furnace 11 which is shown in FIGS. 1, 2 and 3 includes a
      melting section (not shown) and a refiner, the end of which is shown. The
      refiner or conditioning section of the furnace 11 comprises a furnace
      bottom 19, side walls 21 and a front basin wall 23. The front basin wall
      23 is maintained in position by structural members 24. The furnace further
      comprises an upper front wall 25, which is preferably suspended or
      supported from above, and a roof overlying the upper portion of the
      furnace, the roof not being shown. Contained within the furnace is a pool
      of molten glass 27 and submerged in the glass and extending transversely
      across the portion of the furnace serving as an entrance to the delivery
      facility is a cooler 28. This cooler 28 is sloped with respect to the
      surface of the pool of molten glass 27 as seen best in FIG. 3. The cooler
      is closer the surface near the center of the furnace and deeper near the
      side wall 21 adjacent the delivery facility. The cooler 28 may be rotated
      so that its higher end that is remote from the side wall 21 is closer to
      or farther from the delivery facility than the lower end that is closest
      to side wall 21. This aids in further adjusting the cooling gradient
      across the width of the entrance region.
PAR  The delivery facility 13 includes a threshold 31 resting on a cooling block
      33 or other support which is supported by structural member 34. A cast
      refractory seal 35 or the like is disposed between the threshold 31 and
      the cooling box 33. Extending through holes in the threshold 31 are
      conduits or pipes 36 for transporting coolant or the like through the
      interior of the threshold 31 and for controlling its temperature during
      use. At the ends of the threshold 31 there are side wall portions or jambs
      37 which define the sides of a channel through which molten glass may be
      delivered from the pool of molten glass 27 residing in the bottom portion
      of the furnace 11. The top of the delivery facility 13 is defined by a
      roof 39, generally of flat arch construction, which is supported by
      supporting means (not shown) extending above it and connected to flat arch
      holders 40 embedded in the flat arch itself. Extending transversely across
      the delivery facility 13 are two gates or tweels. The first is a backup
      tweel 41 connected to a support assembly 43 (not fully shown) for raising
      and lowering it into engagement with the molten glass in the pool of
      molten glass 27. The second tweel is a control tweel 45 supported by a
      support assembly 47 (not fully shown) for raising and lowering the tweel.
      The tweel is held in operating position in contact with the molten glass
      to be delivered for forming. The control tweel 45, along with the
      threshold 31 and the jambs 37, defines an opening through which a layer of
      molten glass 49 may be delivered for forming.
PAR  The forming chamber 15 comprises a bottom casing 51 supported on support 52
      in addition to support 34. This casing is preferably a casing constructed
      of metal, such as steel. The casing is preferably impervious to the molten
      metal in the chamber. The forming chamber 15 further comprises a top
      casing 53 and an end casing 55. Both of these casing members are also
      preferably constructed of impervious metal. Disposed within the bottom
      casing 51 is a refractory bottom 57, preferably a refractory bottom that
      has been cast in place inside the bottom casing 51. Preferably embedded
      within the bottom refractory 57 are pipes 59 through which coolant or
      other fluid may be directed for controlling the temperatures of the
      forming chamber 15 at discrete locations along its length.
PAR  Also extending transversely across the forming chamber 15 are dams or weirs
      61 mounted in the refractory bottom 57 and extending across its width.
      These dams are preferably inserted in slots and are held down at their
      ends at each side of the forming chamber. They are preferably constructed
      of a material that is less dense than the molten metal in the forming
      chamber so that their vertical position may be varied upwardly or
      downwardly by controlled adjustment of their holddown devices at their
      ends.
PAR  The forming chamber 15 further comprises refractory side walls 63 and a
      refractory exit lip 65. These, along with the bottom refractory 57 and the
      threshold 21, define a container in which a pool of molten metal 66,
      preferably molten tin or an alloy of tin, is disposed. At the downstream
      end of the forming chamber there are provided extensions 67 of the bottom
      container portion of the forming chamber which serve as cavities into
      which dross floating on the surface of the molten metal 66 may be drawn
      for removal from the forming chamber. The upper portion of the forming
      chamber includes an end wall liner 69, preferably constructed of
      refractory material. This liner 69 and the end casing 55 to which it is
      connected may include a suitable opening 70 through which a continuous
      sheet of glass may be withdrawn from the forming chamber along a
      substantially horizontal path in the event that such removal is desired.
      Generally, however, such an opening will be closed and sealed as shown.
      The upper portion of the chamber further includes a lintel 71 at its
      upstream or inlet end. This lintel 71 may be used as a means for
      supporting the delivery means roof 39. Additionally, the upper portion of
      the chamber includes a ceiling or rool 73 preferably or refractory
      material which is suitable for radiating and absorbing heat uniformly over
      the area facing the glass beneath it during operation. Extending through
      the ceiling of the forming chamber are controllable heating elements 75
      used to control the rate of heat removal from the glass during forming.
      These heating elements 75 are connected to bus bars 77 which are connected
      in turn to a source of power (not shown). The upper portion of the forming
      chamber 15 preferably includes a top casing end wall 79 which provides a
      space between the upper portion of the forming chamber 15 and the upstream
      or furnace side of the conveyor mechanism 17.
PAR  Advancing along the surface of the pool of molten tin 66 is a continuous
      sheet of glass 81 formed from the layer of molten glass 49 delivered onto
      the pool of molten tin for forming.
PAR  Extending into the forming chamber through its side walls are edge
      contacting devices for applying outward tractive forces to the layer of
      glass 49 during its advance along the surface of the pool of molten metal
      for forming. These devices are preferably driven wheels disposed and
      driven in such manner as to apply opposing outward forces to the glass to
      maintain its width during attenuation and to cause it to be attenuated to
      thicknesses less than that which would be attained by the glass if allowed
      to remain on the surface of the molten metal for sufficient time to come
      to equilibrium with it.
PAR  The vertical conveyor 17 comprises a machine casing 91 and thermally
      insulated machine walls 93. The machine walls 93 are preferably
      constructed of refractory material. Within the vertical conveyor there is
      a series of supporting rolls 95 for engaging a continuous sheet of glass
      81 and for conveying it upwardly through the conveyor. These machine rolls
      are operated in a coordinated manner. They are used to apply sufficient
      tractive force to the glass to convey it upwardly and to transmit tractive
      forces along the glass downwardly and about the curved glass to the
      hotter, more fluid glass within the advancing layer of glass on the
      surface of the pool of molten metal in the forming chamber. Disposed
      across the internal space within the conveyor casing at several intervals
      along its length are machine seals 97 for retarding the flow of gases
      either upwardly or downwardly through the enclosed space surrounding the
      rolls 95. Extending through the walls of the enclosed conveyor are
      openings 99 through which cullet may be directed in the event the
      continuous sheet of glass is chipped or broken in an upper portion of the
      conveyor. A space is provided between the top casing of the forming
      chamber and the wall of the vertical conveyor for accommodating cullet
      removal. This space is characterized as a cullet chamber 101.
PAR  In a preferred embodiment of this invention, coolers 103 are disposed
      across the bottom of the vertical conveyor to control the removal of heat
      from a continuous sheet of glass 81 as it is conveyed upwardly from the
      surface of the pool of molten metal in the forming chamber.
PAR  Referring now specifically to FIG. 2 there is shown a glassmaking furnace
      11 to which there is connected, in addition to a glass forming and
      conveying apparatus in accordance with this invention, a conventional
      sheet drawing kiln 109. The sheet drawing kiln and the delivery means 13
      of the present apparatus suitable for carrying out the practice of this
      invention are separated from one another by a diverter 111 disposed within
      the refiner portion of the furnace 11. A conventional shutoff 113 extends
      across the opening of the drawing kiln 109 and the location of a sheet of
      glass drawn from a meniscus 115 is shown in the drawing. Of course, a
      second forming chamber similar to forming chamber 15 could be connected to
      the furnace 11 in place of the illustrated drawing kiln 109.
PAR  With an understanding of a suitable apparatus for use in practicing this
      invention, the method of making glass according to this invention may be
      readily appreciated. The following embodiment of this invention
      exemplifies it:
PAR  Raw batch materials are blended and fed along with cullet to the melter of
      a glassmaking furnace. These materials are melted to form a pool of molten
      glass, filling the lower portion of both the melter and refiner of the
      furnace. Molten glass flows from the melter to the refiner and, by control
      of temperatures within the pool of molten glass, convective flows also
      occur within the pool. As the molten glass passes through the refiner, it
      is gradually cooled and refined.
PAR  As the molten glass near the surface of the pool of molten glass flows over
      the sloped, submerged cooler 28, it is caused to flow substantially
      uniformly across the width of the entrance region (that width being
      effectively the length of the cooler 28). The hotter glass coming near the
      shallow end of the cooler is subjected to a driving force acting over the
      short space between the surface and the cooler, and the cooler glass
      coming near the deep end of the cooler is subjected to a drawing force
      acting over the long space between the surface and the cooler. There is
      incidental to this a preferential cooling of the hotter glass at the
      surface of the pool near the center of the furnace while the cooler glass
      at the surface of the pool over the more deeply submerged portion of the
      cooler is cooled less. Thus, the temperature, as well as the velocity, of
      the glass flowing toward delivery is made more uniform across the width of
      the entrance to the delivery facility.
PAR  Molten glass is then discharged from the pool of molten glass 27, in the
      refiner 11 and delivered over the threshold 31 and onto the surface of the
      pool of molten metal 66 in the forming chamber 15. There, the delivered
      layer 49 of molten glass is advanced from the vicinity of the threshold 31
      toward the location for lifting a sheet of glass 81 from the pool of
      molten metal. As the glass is advanced, it is gradually cooled and outward
      forces are applied to it by the rotation of the angled edge wheels 83.
      Water is directed through the pipes 59 embedded in the bottom 57 of the
      forming chamber 15 and the dams 61 are positioned so that their upper
      surfaces are in close proximity to the surface of the pool of molten
      metal. In this way the glass is uniformly cooled as it advances over the
      spaces between adjacent dams. The heating elements 75 in the ceiling 73 of
      the forming chamber form a matrix having at least three separately
      controllable heater zones across the width of the chamber. They are
      separately controlled to cause the central portion of the advancing layer
      of glass to cool at least about as rapidly as the marginal portions of the
      advancing layer of glass.
PAR  The glass is cooled as it advances along the surface of the pool of molten
      metal. Shortly after the glass has passed from beneath the final pair of
      edge wheels, it has assumed its ultimate width and thickness and is
      sufficiently cooled as to lack susceptibility to further stretching or
      attenuation. The glass is then a dimensionally stable, continuous sheet 81
      of glass.
PAR  As the dimensionally stable, continuous sheet 81 of glass is advanced along
      the surface of the pool of molten metal 66, it further cooled, and
      desirably its temperatures at all locations through its thickness and
      across its width are caused to approach a common temperature by
      controllably cooling the glass from both above using cooler 64 and from
      below using the embedded coolers 59 in the vicinity of glass lift-off. In
      this way the glass will be substantially free of stress as it approaches
      the location at which it is to be lifted from the pool of molten metal.
      Desirably, the glass is cooled to a temperature such that its viscosity
      will be between 10.sup.5 to 10.sup.10 poises for lifting.
PAR  The dimensionally stable, continuous sheet of glass is then lifted upwardly
      from the surface of the molten metal and is conveyed upwardly from the
      forming chamber in the manner described in the referenced copending
      application of Kunkle.
PAR  Referring now to FIGS. 4 and 5, there is seen another embodiment of this
      invention. A glassmaking facility is shown which comprises a furnace 11
      including a melter and refiner with three flat glass forming chambers
      connected to it. Two glass forming chambers 15 are connected to the
      refiner of the furnace 11 through its side walls. One glass forming
      chamber 16 is connected to the refiner of the furnace 11 through its front
      wall. The side forming chambers 15 are of the kind already described.
PAR  Molten glass is delivered from a pool of molten glass 27 in the refiner to
      the side forming chambers 15 and there it is formed into a continuous
      sheet of flat glass 81. The molten glass delivery is controlled by a tweel
      45, and the glass is outwardly constrained by edge wheel apparatus 85
      during forming. During forming the glass 81 is supported on molten metal
      66 which is contained within the refractory liner 65 of the forming
      chamber casing 55.
PAR  Prior to delivery to the forming chamber the molten glass in the refiner is
      subjected to thermal conditioning to controllably maintain its temperature
      and to control and enhance its flow into the forming chamber. This is
      accomplished by providing submerged coolers 30 across the entrances of the
      side forming chambers 15. The coolers 30, as seen in FIG. 5, are sloped
      with a shallow end closest the upstream or feed end of the furnace where
      batch materials are fed to the melting section of the furnace. Since there
      is general cooling of the molten glass as it passes through the refiner or
      conditioning section of a furnace, the molten glass close to an upstream
      entrance wall 22 is hotter than that near a downstream entrance wall 24.
      The coolers 30 serve to cause the flow of molten glass to uniformly flow
      into the forming chambers connected to the side walls. These forming
      chambers 15 are like the forming chamber 15 of FIGS. 1, 2 and 3.
PAR  A forming chamber 16 having a substantially horizontal liftoff for glass at
      its exit end is connected to the refiner through its front wall. This
      forming chamber has at its entrance end a molten glass delivery facility
      including a tweel 45' for controlling the rate at which a layer of molten
      glass is delivered for forming. The bottom of the forming chamber includes
      a casing 51' having a refractory liner 63' containing a pool of molten
      metal 66' for supporting the glass during the forming of a continuous
      sheet of glass 81'. During such forming the glass may be outwardly
      constrained by forces applied to it by edge wheels 83' or other edge
      constraining devices. Once formed the glass sheet 81' is advanced along
      the surface of the pool of molten metal 66' and cooled until its
      temperature is sufficiently low as to avoid ready marking by contact with
      a solid object and to avoid substantial sagging between support points if
      supported in a horizontal position. The sheet of glass 81' is then lifted
      slightly (5.degree. to 20.degree. from the horizontal) over an exit lip
      and onto the first of a series of conveyor rolls called "lift-out" rolls.
      The sheet of glass 81' is then permitted to again assume a horizontal
      position as it is conveyed from the forming chamber to an annealing lehr.
PAR  A glassmaking facility having a furnace such as just described is well
      suited for the production of a variety of flat glass products to supply
      many differing market needs. Also, the space of a plant site is
      efficiently utilized by a glassmaking facility of this kind. The two side
      forming chambers produce glass sheets that are conveyed upwardly to
      cutting and processing floors located above the end forming chamber and
      its subsequent annealing lehr. Cooling conveyors carrying cut cap sizes of
      glass sheets from the side forming chambers may run over the space above
      the end forming chamber and its lehr to utilize the waste heat rising from
      them to gradually cool the glass in a controlled thermal environment.
      Meanwhile, the glass sheet from the end forming chamber may proceed at the
      lower elevation to cutting and processing stations. The glass from the
      side forming chambers may be conveyed after cutting down to the lower
      elevation to meet the glass from the end forming chamber in a common
      packing and shipping area. This provides substantial flexibility for
      filling orders for mixtures of glass sizes and thicknesses.
PAR  Referring now to FIGS. 6 and 7, there are shown two other embodiments of
      this invention. In FIG. 6 a pair of separate coolers are shown. One cooler
      101 is slightly submerged in the pool of molten glass 27 near the hot or
      upstream side wall member of an entrance region for a side wall connected
      forming chamber. A second cooler 103 is mounted on the outer face of
      downstream side wall member 24 beneath the surface of the pool of molten
      glass 27. This combination is effective for carrying out the invention and
      simple to use and maintain since both coolers are easily installed, moved
      to desirable positions or removed as needed. In some instances it is
      possible to use either cooler 101 or cooler 103 alone.
PAR  In FIG. 7 there is shown a cooler 105 that is sloped and extends across an
      entrance region from one wall member 22 to the other wall member 24. The
      cooler conduit extends through wall member 24 beneath the glass surface.
      This arrangement permits glass cooling at the deeply submerged end of the
      cooler without unnecessary cooling of glass along a vertical extention of
      the cooler to carry coolant to or from the submerged end when the cooler
      extends from the glass in the manner of the cooler shown in FIG. 5.
PAR  While the several embodiments of this invention have been described and
      illustrated by reference to detailed specific examples, those skilled in
      the art will recognize that variations may be made from the described
      methods and devices without departing from the substance of this
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the method of continuously forming a layer of glass on a supporting
      pool of molten metal wherein molten glass is discharged from a region of a
      pool of molten glass having an upper surface and the discharged molten
      glass is delivered substantially horizontally from the discharge region as
      a layer having a first edge portion and a second edge portion onto the
      supporting pool of molten metal which has an upper surface at
      substantially the same elevation as that of the discharged layer of glass,
      the improvement comprising
PA1  the step of cooling the molten glass adjacent the discharge region
      sufficiently to cause molten glass in the layer of molten glass within the
      pool of molten glass to flow toward the discharge region wherein molten
      glass immediately subjacent the surface of the pool of molten glass being
      discharged as the first edge portion is cooled at a greater rate than is
      molten glass at the same depth subjacent the surface of the pool of molten
      glass which is being discharged as the second edge portion, the difference
      in cooling being sufficient to cause the molten glass of both edge
      portions to be discharged at substantially the same velocity.
NUM  2.
PAR  2. The method according to claim 1 wherein the layer of molten glass is
      discharged from a pool of molten glass contained in a glassmaking furnace
      having side walls and providing a path between the side walls and
      substantially parallel to them for the general movement of molten glass
      through the furnace, wherein the layer of molten glass is discharged along
      a path offset from the path of general glass movement, and wherein said
      greater cooling of molten glass is accomplished at a location closer to
      the path of general glass movement than to a side wall of the furnace.
NUM  3.
PAR  3. The method according to claim 1 wherein the layer of molten glass is
      discharged from a pool of molten glass contained in a glassmaking furnace
      having a melter and a refiner having side walls and the discharge is
      through an opening in a refiner side wall, the opening having a side
      closest the melter, and wherein said greater cooling of molten glass is
      accomplished at a location closer to the side of the opening closest to
      the melter than to the other side of the opening.
NUM  4.
PAR  4. In an apparatus for making flat glass comprising
PA1  a glass melter; a glass refiner and conditioner having side walls extending
      from the glass melter and an end wall joining the side walls at their ends
      remote from the glass melter, the glass refiner and conditioner being
      adapted for containing a pool of molten glass and for adjusting its
      temperature for discharge and delivery to a forming chamber; a forming
      chamber containing a pool of molten metal for supporting glass during
      forming connected to the glass conditioner through a delivery facility
      adapted for delivering a layer of molten glass having a first edge and a
      second edge along a substantially horizontal path onto the pool of molten
      metal in the forming chamber; means for advancing the delivered glass
      along the surface of the pool of molten metal and cooling the glass to
      form a continuous sheet of glass; and means for withdrawing the formed
      continuous sheet of glass from the forming chamber and conveying it
      therefrom; the improvement comprising
PA1  means for cooling the molten glass immediately subjacent the surface of the
      pool of molten glass and adjacent to a region in the refiner and
      conditioner for discharging the layer of molten glass through the delivery
      facility, said cooling means being adapted for cooling a portion of molten
      glass to be discharged and delivered as the first edge of the layer of
      glass to a greater extent than a portion of molten glass to be discharged
      and delivered as the second edge of the layer of glass and having capacity
      for cooling the molten glass portions sufficiently differently for causing
      the molten glass of both edge portions to be discharged at substantially
      the same velocity.
NUM  5.
PAR  5. The apparatus according to claim 4 wherein the delivery facility is
      connected to the end wall of the furnace through an opening in the end
      wall, the opening having two sides, a first side remotely spaced from a
      first side wall of the furnace and a second side closely spaced from a
      second side wall, and wherein the cooling means is adapted for cooling to
      a greater extent the molten glass immediately subjacent the surface of the
      pool of molten glass at a location adjacent the side of the opening
      remotely spaced from the first side wall than for cooling the molten glass
      immediately subjacent the surface of the pool of molten glass at a
      location adjacent the side of the opening closely spaced from the second
      side wall.
NUM  6.
PAR  6. The apparatus according to claim 5 wherein said cooling means comprises
      a conduit adapted for having a coolant directed through it, said conduit
      extending at least partially across the glass conditioner and spaced from
      the end wall and sloping downwardly from a first end submerged in the pool
      of molten glass at a location adjacent the first side of the opening to a
      second end more deeply submerged than the first end and located adjacent
      the second side of the opening.
NUM  7.
PAR  7. The apparatus according to claim 6 wherein said conduit extends across a
      region in the glass conditioner having refractory wall members and through
      at least one of said members such that a portion of said conduit adjacent
      the more deeply submerged second end of said conduit passes through said
      member.
NUM  8.
PAR  8. The apparatus according to claim 4 wherein the delivery facility is
      connected to a side wall of the furnace through an opening in the side
      wall, the opening having two sides, a first side spaced closest to the
      melter and a second side spaced farthest from the melter, and wherein the
      cooling means is adapted for cooling to a greater extent the molten glass
      immediately subjacent the surface of the pool of molten glass at a
      location adjacent the first side of the opening spaced closest to the
      melter.
NUM  9.
PAR  9. The apparatus according to claim 8 wherein said cooling means comprises
      a conduit adapted for having a coolant directed through it, said conduit
      extending at least partially across a discharge region in the glass
      conditioner adjacent the opening, and said conduit sloping downwardly from
      a first end submerged in the pool of molten glass at a location adjacent
      the first side of the opening to a second end more deeply submerged than
      the first end and located adjacent the second side of the opening.
NUM  10.
PAR  10. The apparatus according to claim 9 wherein said conduit extends across
      a region in the glass conditioner having refractory wall members and
      through at least one of said members such that a portion of said conduit
      adjacent the more deeply submerged second end of said conduit passes
      through said member.
NUM  11.
PAR  11. The apparatus according to claim 4 wherein the cooling means comprises
      two coolers, a first cooler located substantially adjacent molten glass
      immediately subjacent the surface of the pool of molten glass and a second
      cooler located substantially adjacent molten glass a greater depth beneath
      the surface of the pool of molten glass, the coolers being spaced one from
      the other providing for molten glass to flow between them toward the
      delivery facility.
NUM  12.
PAR  12. The apparatus according to claim 11 wherein at least one of said
      coolers is submerged in the pool of molten glass.
NUM  13.
PAR  13. The apparatus according to claim 12 wherein the first cooler is
      submerged in the pool of molten glass.
NUM  14.
PAR  14. The apparatus according to claim 11 wherein at least one of said
      coolers is located outside the glassmaking furnace adjacent a wall member
      for confining molten glass in a discharge region of the furnace.
NUM  15.
PAR  15. The apparatus according to claim 14 wherein the second cooler is
      located outside the glassmaking furnace.
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ABST
PAL  A method for converting organic waste materials into inert humus-like
      materials by charring the organic waste materials by heating and drying
      same in the presence of certain water-soluble inorganic acids, removing
      residual acid and other water-soluble contaminants by washing the crude
      char product with water, and utilizing the resulting inert material as a
      landfill. If desired, the humus-like char products can be reacted with an
      alkali at elevated temperatures, and the resulting alkali salts of
      humic-acid-like materials can be mixed with the soil to provide an
      improved and/or fertilized topsoil.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of U.S. application Ser. No. 260,502, filed
      June 7, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is well known, the problem of disposing of organic wastes has reached
      crisis proportions. Originally, waste products from human civilization
      were disposed of by merely pouring them into lakes and rivers or dumping
      them on unused land. However, as the human population has grown and as
      civilization has become more and more complex these are no longer suitable
      solutions to the problem of waste disposal, because, at the present time,
      our rivers and lakes have become so polluted that animal and plant life
      growing therein has gradually been destroyed. Moreover, such a large
      amount of waste material is now being disposed of in such a manner that
      even the oceans are no longer adequate to take care of it.
PAR  In recent times many methods have been devised to solve the problem of
      disposing of organic wastes. However, for the most part, the methods are
      so expensive that so far very little has been done in solving the problem.
PAR  In addition to the pollution problem created by the ever-growing population
      of the world, the excess population has also created a need for more food
      material. However, arable land is decreasing because of the loss of
      topsoil, and even if arable land were not decreasing, there would still be
      a need for more and more food grown on the existing arable land, which,
      inter ali, requires increased production of cheap and inexpensive
      fertilizers.
PAR  From the foregoing, it is apparent that it is a desideratum in the art to
      provide an inexpensive method for disposal of organic wastes in a way
      which would not pollute the environment. Moreover, an excellent solution
      to the problem of disposing of such wastes would be to utilize them to
      create topsoil and/or fertilizer in order to better feed the ever-growing
      population.
PAR  The primary object of the present invention therefore is to disclose and
      provide a method for easily converting organic wastes into inert materials
      which are easily disposed of without pollution of the ennvironment.
PAR  Another object of the present invention is to disclose and provide a
      process for compacting the diverse organic waste materials of society,
      such as garbage, sewage solids and manures, rubbish and trash, by
      converting the wastes into uniform granular char products, of considerably
      reduced weight and volume, which are suitable for use as non-polluting
      landfill; by reacting the organic wastes with certain acids under drying
      conditions, removing residual acid and other water-soluable contaminants
      by washing the resultant crude char product with water (from which the
      acid may be recovered for re-use), and utilizing the resulting inert
      product as a landfill.
PAR  Another object of the present invention is to diclose and provide a method
      for disposing of organic wastes which includes converting said organic
      wastes into the alkali salts of humic-acid-like materials and mixing said
      humic-acid-like materials into soil in order to condition or build up the
      topsoil and/or to fertilize the soil; by reacting the organic humus-like
      char product of the acid charring of wastes with alkalis at elevated
      temperatures to produce the alkali salts of humic-acid-like materials,
      neutralizing said alkali salts with appropriate fertilizing substances
      (e.g. phosphoric acid), and mixing the resultant materials into the soil.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a process for converting the organic waste
      materials of civilization into uniform, nonflamable, non-offensive and
      useful products. This invention converts these organic wastes into dry,
      easily friable materials of considerably reduced weight and volume, which
      greatly facilitates handling and transportation while simultaneously
      aiding disposal of such waste materials by extending the capacities of
      landfill sites. Another benefit of the process of this invention is the
      conversion of the aforesaid organic wastes into easily friable alkali
      salts of humic-acid-like materials, which can be utilized as topsoil
      conditioners and/or fertilizers. Said alkali salts of the humic-acid-like
      material can be produced so as to contain potash, nitrogen, phosphates,
      and other minerals and trace elements which normally will be present in
      the organic waste materials of human society.
PAR  The present invention converts such diverse organic waste materials as
      animal manure and sewage solids, paper and grass clippings, coffee grounds
      and table scraps, into useful products. Moreover, the present invention
      simplifies sewage treatment by allowing present facilities to be used
      primarily for purification of the liquids because the present invention
      can be utilized on the sewage solids, thereby eliminating the
      time-consuming digestion of sewage solids presently performed by sewage
      treatment plants.
PAR  Additionally, the present invention is able to convert agricultural wastes
      and industrial wastes having substantial carbohydrate and protein content
      to useful products, such waste materials including: wood, sawdust, straw,
      cardboard, cane bagasse, oat hulls, cottom gin wastes, animal manures,
      bark, paper, etc.
PAR  The present invention converts all of the above wastes into a dry, easily
      friable, inert black product, somewhat resembling natural humus, by
      charring the waste materials by reacting them with certain acids at
      moderately high temperatures (about 220.degree. to 240.degree.F) under
      strongly dehydrating conditions. When freed of residual acid and other
      water-soluble contaminants by washing with water, this humus-like char
      product can be utilized as a landfill, and additionally may be useful as
      an intermediate for the production of chemicals such as plastics or fuels
      by, e.g., hydrogenation, pyrolysis, catalytic reductive cracking,
      gasification as with coal, etc. Reaction of the humus-like char product
      with alkalis at elevated temperatures (about 500.degree.F) yields the
      alkali salts of high-molecular-weight polycarboxylic acids which resemble
      natural humic acids, (C.sub.40 H.sub.30 O.sub.13).sub.n, and which can be
      utilized as soil conditioners, fertilizers, flocculants, etc.
PAR  Generally speaking, the excellent results of the present invention are
      obtained by adding a certain amount of water soluble inorganic acid to the
      shredded or ground waste materials and heating this mixture of acid and
      waste under strongly dehydrating conditions to a sufficient temperature
      and for a sufficient length of time to "char" the material. During this
      charring process gasses are given off, which primarily consist of
      SO.sub.2, NO.sub.2, and other acid gasses which can be prevented from
      contaminating the atmosphere by passing them through alkaline scrubbing
      towers, etc. The resulting inert black humus-like product is insoluble in
      water; it can be freed of residual acid and other water-soluble
      contaminants by washing it with water, from which the acid can be
      recovered for re-use where economically feasible. The easily-friable black
      humus-like product thus formed can be utilized as an inert, non-polluting
      landfill. If desired, the inert, black humus-like product can be mixed,
      wet or dry, with a strongly alkaline material and this mixture heated to a
      temperature above 240.degree.F, and preferably above 450.degree.F, which
      causes the humus-like product to react with the alkaline material, forming
      the water-soluble alkali salts of black, humic-acid-like materials.
PAR  During the charring process it is believed that the acid is acting as a
      dehydration catalyst to change the cellulose and other carbohydrates,
      protein, and fats, etc. found in organic waste material into the inert
      humus-like char product. Maximum shredding, grinding, and pre-soaking of
      the organic waste material with acid will insure complete contact of the
      acid with the waste material which substantially reduces the amount of
      acid utilized and the length of time required to obtain complete charring.
PAR  Some of the acid utilized during the charring process will be neutralized
      by the ammonia, amines, and other cations present in the raw material. The
      free acid remaining after charring can be recovered from the crude char
      product by washing it with water, or the residual acid can be neutralized
      by adding e.g. ammonia or potassium hydroxide in order to increase the
      fertilizing capacity of the product. Since the humus-like char product is
      insoluble in water, when washed free of residual acid and soluble salts it
      is an inert, non-polluting material, suitable for use as landfill. Also,
      since the weight and volume of the char product are reduced by 40% or more
      as compared to the raw waste materials, this would greatly extend the
      capacity of landfill sites. Furthermore, being inert, the humus-like
      product can be used to loosen heavy soils just as sand or silt does; in
      this case neutralizing the residual acid in the crude char product with
      suitable alkaline compounds will add fertilizing properties to the soil
      filler or loosener.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The charring process is more economical if the acid is thoroughly dispersed
      in the organic waste material so that the acid will contact as much of the
      organic waste material as feasible. In order to insure this, it is
      preferred if the organic waste material is crushed, ground, or chopped
      into small pieces, depending on the particular organic waste material
      being treated. These relatively small particles of organic waste material
      are then allowed to remain in contact with the acid until all of the waste
      material has been penetrated by the acid.
PAR  Where the waste materials, such as city rubbish, contain metals, glass,
      etc., it is preferred that the current processes for shredding and
      removing metals, glass etc. be utilized prior to treating the organic
      waste material with the acid.
PAR  With finely divided, absorbent solids, uniform contact of all the solid
      with concentrated acid is readily accomplished. With coarse solids such as
      wood chips, however, which absorb the acid slowly, it is desirable that
      the waste be soaked in a large volume of dilute acid long enough to allow
      complete penetration and wetting of the solid waste by the acid solution.
      After soaking, it is generally desirable that any excess acid solution be
      removed. This can be accomplished by any convenient means such as
      filtering or squeezing the organic waste material between screens or
      rollers, leaving the waste uniformly wet with sufficient acid to effect
      the desired charring. It should be noted that this is not critical, but
      only convenient, inasmuch as if it is desirable that the organic material
      be neutralized after charring, less alkali will be required to neutralize
      the residual acid if any acid in excess of that required to effect
      charring has been removed prior to the charring. It is self evident that
      city rubbish, for example, might contain cement, plaster, or other caustic
      materials which would neutralize a portion of the acid used. This is no
      problem when an excess of dilute acid is used to soak the waste prior to
      charring, but the presence of such caustic materials should be taken into
      account when determining the amount of acid needed when the material is
      simply wet with acid and charred.
PAR  Acids which are generally usable in the present invention are inorganic
      water-soluble mineral acids such as SO.sub.3, sulfuric acid, and
      hydrochloric acid. The term water-soluble inorganic acid includes those
      water-soluble salts which when dissolved in water produce a strong acid
      and a weak base which will not neutralize the strong acid. Exemplary of
      such water-soluble acid-producing salts are aluminum chloride, AlCl.sub.3
      ; ferric chloride, FeCl.sub.3 ; zinc sulfate, ZnSO.sub.4 ; sodium hydrogen
      sulfate, NaHSO.sub.4 ; and similar chlorides, sulfates and mono-hydrogen
      sulfates.
PAR  The use of the various acid-producing salts such as those listed above
      suggests that many industrial waste acids can be used in the charring
      step. Such waste acids or sludges which can be used would contain the
      acid-producing sulfates or chlorides of copper, tin, iron, nickel,
      chromium, aluminum, zinc, etc. The crude chars thus obtained might in some
      cases be acceptable as landfill when neutralized with appropriate alkaline
      materials such as lime, limestone, or soda ash, provided the nitrate ion
      concentration in the product were kept below a specified level. Where such
      chars are to be further converted to the humic-acid-like soil
      conditioner/fertilizer mixes, the industrial wastes can be selected for
      incorporation into the acid charring step so that the final product would
      contain the most beneficial concentrations of various metal ions and trace
      elements.
PAR  From the foregoing, it is apparent that the important criterion of the acid
      charring step is to have the organic waste in contact with hydrochloric or
      sulfuric acid, regardless of the state in which the acid is added to the
      organic waste material, during the heating and drying process which forms
      the char.
PAR  Since the acid is acting as a catalyst, and is concentrated during the
      heating and drying processes of the charring step, the starting
      concentration of the acid is not important, and one can utilize 98% or
      100% acid to as low as 10% or even 5%, and still obtain the char. Economic
      considerations suggest that as little water be added with the acid as
      processing details permit, since this water along with water formed in the
      deyhdration reaction in the charring step must be evaporated. Similarly,
      the total amount of acid added to the organic waste material is not
      particularly critical: as little as 3% acid based on the weight of the raw
      waste material will cause substantial charring and weight reduction,
      whereas if maximum weight reduction and/or maximum conversion of the waste
      to the humus-like char product is desired, the weight ratio of acid to
      waste material should be about 8% to 10% or higher However, utilizing
      large amounts of acid will entail removing considerable residual acid
      after the charring process is completed, or in the alternative, utilizing
      large amounts of alkali material to neutralize the residual acid.
      Therefore, it is preferred if the amount of available acid utilized is
      less than about 50%, with the preferred range being from 5% to 20% by
      weight, based on the dry weight of the organic waste material.
PAR  The rate and extent of charring are variable, and depend to some extent on
      the temperature of reaction and the starting concentration of the acid
      used. For example, utilizing a concentrated acid results in more rapid
      charring and lower starting temperatures may be used. The temperature at
      which the charring starts will vary from around 180.degree.F when
      concentrated sulfuric acid is used, to above about 212.degree.F with
      dilute acid, since both the water of dilution and the water formed in the
      charring process must be evaporated as the char forms.
PAR  If concentrated sulfuric acid in the amount of about 50% or more by weight
      of the organic waste material is added, an extreme exotherm can occur even
      when the starting materials are at room temperature if the organic waste
      material contains moisture. The initial rise in temperature is no doubt
      due to the high heat of hydration of H.sub.2 SO.sub.4. Though charring
      appears to start in concentrated sulfuric acid at about 180.degree.F, it
      is impossible to determine the temperature exactly, since in the
      laboratory the heat of reaction and hydration raises the temperature of
      the reaction mass to above 350.degree.F within seconds. Excessive
      oxidation is evident under these conditions, since large amount of
      SO.sub.2 are evolved at the higher temperature. Charring with concentrated
      sulfuric acid could be controlled by mixing the acid and waste just prior
      to spraying them into an air cyclone, for example, where the reaction
      temperature would be controlled by the temperature of the large volume of
      air involved, to between about 220.degree. and 240.degree.F. In this case,
      the crude char product would contain a very large amount of residual acid,
      which could be removed by washing with water and then concentrated for
      re-use.
PAR  When dilute acids, e.g., sulfuric acid of less than about 90%
      concentration, are used, in order to obtain maximum yields of the desired
      humus-like char product the reaction must be carried out at temperatures
      above about 212.degree.F under conditions which remove the water, thus
      concentrating the acid, as rapidly as possible so as to minimize
      decomposition side-reactions. Since both the water used in diluting the
      acid and the water formed by the dehydration charring reaction must be
      removed rapidly once heating is begun, it is preferred that the charring
      reaction be carried out at about 220.degree. to 240.degree.F. However,
      since charring with concentrated sulfuric acid starts at around
      180.degree.F this lower temperature could be employed if a special means
      of rapidly removing water from the zone of reaction were also used. For
      example, the charring of the organic waste with concentrated sulfuric acid
      at 200.degree.F under partial vacuum would be entirely satisfactory. The
      acid catalyzed dehydration reaction has also been carried out in refluxing
      toluene, using benzene sulfonic and toluene sulfonic acids, or sulfuric
      acid, as catalysts. In this case the water was removed from the zone of
      reaction by the toluene and collected from the refluxing toluene by a
      water trap. This would not appear practical in terms of preparing a
      landfill or fertilizer/soil conditioner. However, it might be the most
      economical procedure for preparing a humus-oil slurry for converting the
      humus to liquid and gaseous fuels and other useful chemicals by processes
      similar to those used for gasification, reductive cracking, and
      liquification of coal. That is, sufficient toluene or similar solvent,
      along with the acid catalyst, could be added to a slurry of the organic
      waste material in an appropriate fraction of oil. Subsequent heating while
      refluxing the solvent would remove the water as the humus formed, the
      solvent could then be distilled off for re-use, leaving the humus slurried
      in the oil in what may be an excellent form for subsequent hydrogenation,
      etc.
PAR  Commercially, the charring process would be carried out in various suitably
      designed equipment, most likely rotary kilns, continuous tray dryers, or
      hot-air-cyclone reactors, etc.
PAR  If volatile acids or acid-producing gases such as HCl or SO.sub.3 are used,
      it is necessary to carry out the charring reaction in a system wherein the
      acid volatilized along with the water produced in the dehydration process
      is recovered. Excess acid can be used initially, or the acid concentration
      in the reaction zone can be augmented periodically as required to maintain
      the charring reaction. When HCl is added as an aqueous solution of
      AlCl.sub.3 or FeCl.sub.3, etc., this volatilization does not occur to any
      significant extent. An advantage of the use of HCl is that reaction
      conditions might be so controlled that most of the HCl would be driven off
      during the charring process, leaving a char product nearly free of
      residual acid.
PAR  One can tell when the reaction is completed in forming the humus-like char
      product, because this char is black, resinous, water-insoluble material.
      The crude reaction product also contains residual acid and other
      water-soluble contaminants which are absorbed onto the easily friable
      humus-like char material. These residual acids and water-soluble
      contaminants can be removed by washing the crude char product with water,
      from which they may be recovered if desired. The washed char product is an
      inert material, well suited to use as a non-polluting landfill.
      Alternatively, if it is desired that the char product be used as a soil
      loosener, etc., wherein the water-soluble side-products might be of value
      as fertilizers, it is preferrable that the residual acid be neutralized by
      the addition of alkaline substances of fertilizing value, such as ammonia,
      potash, or lime, etc., rather than washing the crude char product.
PAR  The humus-like char product can be converted to the water-soluble alkali
      salts of black, humic-acid-like materials by reacting the char product
      with alkalis at elevated temperatures. After the crude char is washed or
      neutralized, the char is then mixed with an alkali-metal or alkaline-earth
      hydroxide, or an alkali metal carbonate or silicate, or a mixture of an
      alkaline earth carbonate with hydroxide, both the char and the alkaline
      material being in powder form, or slurried together in a water solution.
      This mixture is then heated to above 240.degree.F when the alkaline
      material used is e.g. potassium hydroxide, or above 450.degree.F when
      other less alkaline materials are used, which causes the humus-like char
      product to react with the alkaline material, producing the water-soluble
      alkali salts of the black humic-acid-like materials. These salts can be
      neutralized for use as soil conditioners and fertilizers, preferrably by
      adding phosphoric acid, potassium dihydrogen phosphate, ammonium
      dihydrogen phosphate, or other suitable acidic materials which would
      augment the fertilizing capacity of the final product. If desired, the
      humic-like acids can be recovered from solutions of the alkali salts by
      acidifying the solutions and filtering off the resultant humic-acid-like
      precipitates.
PAR  The precise temperature of the reaction of the humus-like char product with
      the alkaline material depends on the strength and concentration of the
      hydroxides, carbonates, or silicates used. The amount of alkali used is
      not critical, as partial converson of the inert humus-like char to the
      soil-conditioning humic-acid-like materials will occur with a dry weight
      ratio of about 5% alkali to humus-like char. Where essentially complete
      conversion is desired, it is necessary to use about 30% by weight of
      sodium hydroxide based on the dry weight of the humus-like char, or an
      equivalent amount of any of the other alkaline materials, for example 40%
      by weight of potassium hydroxide.
PAC  EXAMPLES
PAR  In the following examples, which are solely for the purpose of
      clarification and are not to be considered limiting, the temperatures
      given are in degrees Fahrenheit unless expressly stated otherwise. Unless
      specifically stated otherwise, all the charring reactions described below
      were carried out in a pre-heated drying-oven, with the acid-soaked raw
      organic waste material spread out in a thin, 1/2 to 1 inch layer in a
      shallow pyrex dish, so as to favor rapid evaporation of water from the
      reaction zone.
PAC  I. Conversion of Organic Wastes to Humus-like Char Products
PAR  Several samples approximating normal garbage were prepared as follows: each
      sample totalled 100 grams, containing 10 grams of each of the following:
      sawdust, paper (1/2 inch squares), thin cardboard (1/2 inch squares),
      heavy corrogated cardboard (1/2 inch squares), coffee grounds, sausage,
      egg shells, canned whole kernel corn, peanuts, carrots, and bones with
      meat and gristle. The last five ingredients were crushed to pieces of
      approximately 1/8 inch or smaller before being added to the mix.
PAC  EXAMPLE 1
PAR  To the first sample 5 ml. of conc. (93%) H.sub.2 SO.sub.4 mixed with 195
      ml. H.sub.2 O was added, the mixture was stirred and allowed to stand for
      one hour. After one hour, the excess liquid was removed by squeezing the
      sample between two coarse strainers. Approximately 110 ml. of a light
      brown acidic liquid of pH 1 or lower was recoverd. The sample was then
      placed in a preheated drying oven at approximately 200.degree.F. After one
      hour, no reaction was apparent. After several hours a slight charring
      occurred on the edges of the mass. After overnight (16 hour) heating at
      higher temperatures (up to 270.degree.F), the sample was almost entirely
      charred, some of the thicker pieces were brown rather than black, however,
      and there were a few pieces of peanuts which had not blackened. Egg shells
      also did not blacken. Two minutes grinding broke the dry product into a
      coarse shiny black powder, with bits of egg shell and a few large pieces
      of brownish black material. Total weight: 65.2 grams.
PAC  EXAMPLE 2
PAR  To the second sample, 10 ml. of conc. (93%) H.sub.2 SO.sub.4 mixed in 190
      ml. of H.sub.2 O was added. This sample was then processed as in the first
      example, 105 ml. of liquid being removed after soaking. This sample also
      did not char appreciably during the first hour, but was slightly charred
      after three to four hours, and was completely charred after overnight
      heating. Except for the egg shells, the sample produced a very fine and
      uniform dull black dry powder, with only a very few larger pieces of a
      brownish-black color. Total weight: 49.0 grams.
PAC  EXAMPLE 3
PAR  To the third sample, 15 ml. of conc. (93%) H.sub.2 SO.sub.4 mixed with 185
      ml. H.sub.2 O was added, 110 ml. of liquid was recovered after soaking one
      hour. This sample was considerably charred after one hour's heating.
      Grinding the completely charred mix after overnight heating produced a
      coarse, slightly flocculent black powder, containing bits of egg shell and
      a very few slightly larger brownish-black pieces. Unlike the other two
      samples, there was a slight somewhat sweet odor, similar to certain plant
      foods or artificial fertilizers. Total weight: 71.4 grams.
PAC  EXAMPLE 4
PAR  The fourth sample was soaked in a mixture of 60 ml. conc. HCl and 140 ml.
      H.sub.2 O for one-half hour. The treatment and results were identical to
      samples 1 and 2. 49 grams of dry black solid were produced, which appeared
      only slightly more charred than samples 1 or 2.
PAC  EXAMPLE 5
PAR  Samples of raw sewage sludge and fresh horse manure were obtained from the
      Hyperion Sewage Treatment Plant in El Segundo, Calif., and from the Long
      Beach Riding Stables, Long Beach, Calif., respectively. Two samples of the
      manure were treated as follows:
PAR  a. 50 grams of manure was mixed with 10 ml. of conc. H.sub.2 SO.sub.4
      dissolved in 40 ml. H.sub.2 O.
PAR  b. 50 grams of manure was mixed with 50 ml. of conc. HCl.
PAR  Both samples were heated at 240.degree.F for about one hour, sample (a.)
      yielded 22 grams of black char, sample (b.) yielded 7.5 grams of brown
      char. Neither dark char was soluble in water.
PAC  EXAMPLE 6
PAR  Four samples were prepared from the sewage sludge:
PAR  a. 100 ml. of raw sewage was mixed with 20 ml. of conc. (93%) H.sub.2
      SO.sub.4.
PAR  b. 100 ml. of raw sewage was mixed with 10 ml. of conc. H.sub.2 SO.sub.4.
PAR  c. 100 ml. of raw sewage was mixed with 50 ml. of conc. (37%) HCl.
PAR  d. 100 ml. of raw sewage was mixed with 25 ml. of conc. HCl.
PAR  These samples were heated overnight at 240.degree. - 260.degree.F. Sample
      (a.) yielded 16.5 grams of a black, rubbery char; sample (b.) yielded 10.1
      grams of a dry cake char; sample (c.) yielded 7.5 grams of gummy black
      char; and sample (d.) yeilded 7.5 grams of a slightly gummy black char.
PAC  EXAMPLE 7
PAR  Three 20 -gram samples of "garbage" were prepared, each consisting of 2
      grams sawdust, 2 grams paper, 2 grams cardboard, 2 grams coffee grounds, 2
      grams egg shells, 2 grams ground bone and gristle, 2 grams crushed
      carrots, 2 grams sausage, 2 grams peanuts, and 2 grams crushed corn.
PAR  a. The first sample was sprayed during mixing in a blender with 2.0 grams
      of H.sub.2 SO.sub.4, using a medical atomizer. The cardboard began to
      disintegrate into loose fibers as soon as the first of the acid was added.
      Heating the same at 240.degree.F for an hour produced 11.5 grams of dark
      black dry char which powdered easily.
PAR  b. The second sample was sprayed with 5 grams of conc. HCl. Heating
      overnight at 240.degree. - 260.degree.F produced 13.2 grams of brown,
      partially-charred material.
PAR  c. The third sample was sprayed with 10 grams of conc. HCl. 14 grams of
      partially-charred material resulted.
PAC  EXAMPLE 8
PAR  a. 100 grams of raw sewage sludge from the Lomita Sewage Treatment Plant
      was dried on a hot plate for 10 minutes, yielding 5.5 grams of dry fibrous
      residue and ash. It appears that the water content of the sludge is in
      excess of 90%.
PAR  b. 7.5 grams of residue (as above) was pulverized in a blender, and 3.5
      grams of H.sub.2 SO.sub.4 was sprayed into the stirred material. 10.0
      grams of the acid-wetted matter was heated at 240.degree.F for about 3
      hours, yielding a black fibrous char with a few pieces of unreacted tan or
      grey fibers which had apparently not been wetted by the acid. 6 grams of
      crude char was produced.
PAC  EXAMPLE 9
PAR  Three sample were prepared by mixing raw sewage sludge from the Lomita
      Sewage Treatment Plant with sawdust. These samples were treated with
      H.sub.2 SO.sub.4 and charred as follows:
PAR  a. 10 ml. of conc. H.sub.2 SO.sub.4 was added to 70 grams of sludge, and
      the resulting mixture was mixed with 30 grams of sawdust. After standing
      for 1 hour to insure thorough wetting of the sawdust, the mixture was
      heated to 240.degree.F for about 2 hours. The resultant crude char was
      rinsed with H.sub.2 O and dried, yielding 6.5 grams of humus-like char
      material.
PAR  b. 10 ml. of H.sub.2 SO.sub.4 was mixed with 80 grams of sludge, then this
      mixture was added to 20 grams of sawdust and stirred thoroughly and
      treated as in the above examples. This procedure yielded 15 grams of
      rinsed and dried humus-like char.
PAR  c. 10 ml. of H.sub.2 SO.sub.4 was mixed with 90 grams of sludge and 10
      grams of sawdust as above, which yielded 18.3 grams of unrinsed char which
      gave a pH of about 2 when rinsed in 500 ml. of H.sub.2 O. After rinsing
      and drying, the humus-like char weighed 13 grams.
PAC  EXAMPLE 10
PAR  a. 20 grams of garbage as in (9) above, were preheated to 240.degree.F,
      then sprayed with 2 ml. of H.sub.2 SO.sub.4 using a medical atomizer.
      Charring of the sample occurred immediately wherever droplets of the acid
      made contact with it. Subsequent overnight heating resulted in complete
      charring except where no acid had contacted the bottom of the sample.
PAR  b. 20 grams of garbage was preheated to 240.degree.F, then sprayed with
      con. HCl using a medical atomizer. The 4.5 ml. of acid used produced
      copious fumes, and appeared to evaporate from the hot sample before
      sufficient contact for charring. Subsequent heating overnight produced a
      sample which was only slightly charred. Reaction with HCl apparently must
      be done under conditions where the acid is allowed to soak into the sample
      or is constantly added to the zone of reaction.
PAC  EXAMPLE 11
PAR  a. 100 grams of similar shredded rubbish mix, uniformly wetted with 50
      grams of 50% sulfuric acid, was placed in a 1 liter flask equipped with a
      sealed stirrer and set up to operate at the reduced pressure obtained by a
      water aspirator. The waste was stirred at 76.degree.F under the indicated
      partial vacuum for about 1/2 hour; no blackening of the solids occurred.
      The reaction flask was then immersed above the level of the solids in a
      water bath preheated to 200.degree.F. Within a few minutes some of the
      solids began to blacken. At the end of three hours heating at 200.degree.F
      the solids appeared totally black and dry. The crude char product was
      washed and dried to yield 62 grams of the black, humus-like product. Upon
      fusion with NaOH by the method described in example 12, below, a high
      conversion to black humic-acid-like material was obtained.
PAR  b. In a similar preparation, using 30 grams of FeCl.sub.3 dissolved in
      water in place of the sulfuric acid, 56 grams of black humus-like product
      was obtained.
PAC  EXAMPLE 12
PAR  a. 10 grams of shredded organic waste mix was mixed with 150 ml. toluene in
      a flask equipped with a reflux condenser and water trap. During about 1/2
      hour of refluxing to dry the system, 0.6 ml. of water collected in the
      trap; no apparent change in color was noted. One ml. of concentrated (93%)
      sulfuric acid was then added, and refluxing continued. The organic solids
      began to turn black, and water again began to collect in the trap almost
      immediately. Refluxing was continued until no more water was collecting in
      the trap, a total of 3.7 ml. of water was collected, the solids were
      considerably blackened. A second ml. of sulfuric acid was added and
      refluxing continued. Further water collected, giving a total of 4.6 ml.
      water. The crude black char was separated from the toluene by filtration,
      washed with water, and dried, yielding 4.8 grams of black humus-like
      product. 2 grams of this humus-like material was intimately ground with 2
      grams of KOH (C.P.) and the mix gently heated over a flame in a metal
      spoon while stirring, until a soft melt was formed. The black melt was
      dissolved in 100 ml. of water, giving a dark reddish-black strongly
      alkaline solution from which only a trace of insoluble material was
      removed by filtration. The solution was acidified with dilute acid; a
      voluminous precipatate of black humic-acid-like product was formed, which
      slowly settled leaving a colorless water layer.
PAR  b. Almost identical results were obtained using 3 grams of benzene sulfonic
      acid in place of the sulfuric acid to yield 5.2 grams of the humus-like
      product from 10 grams of shredded organic waste.
PAC  Water-Soluble Acid-Producing Salts and Acid Sulfate Salts
PAR  The procedure is essentially the same as with the mineral acids; the waste
      material is soaked in a water solution of the salt, the excess solution
      drained or filtered off, and the material charred by heating.
PAC  EXAMPLE 13
PAR  Four samples approximating "normal" garbage were prepared as in (7) above.
PAR  a. 20 grams of garbage was soaked for one-half hour in 50 ml. of solution
      containing 10 grams of AlCL.sub.3.6H.sub.2 O. The sample was then heated
      to 240.degree.F. Slight charring occurred after one hour, and moderate
      charring occurred after overnight heating. 13 grams of unwashed char was
      obtained, which produced a pH of 6 in 100 ml. of water used as a rinse.
      Further rinsing and drying yielded 13 grams of black to brown humus-like
      char, mixed with some uncharred paper and cardboard.
PAR  b. 20 grams of "garbage" was soaked for one-half hour in 50 ml. of solution
      containing 10 grams of FeCl.sub.3.sup.. 6H.sub.2 O. Upon heating to
      240.degree.F, some charring was observed almost immediately. Overnight
      heating at 240.degree.F resulted in a dry dark black char. There was no
      evidence of uncharred starting material. 11 grams of unwashed char was
      produced, which gave a pH of 3 to the first 100 ml. of wash water. Further
      rinsing and drying yielded 9 grams of humus-like char.
PAR  c. 20 grams of garbage was soaked for one-half hour in 50 ml. of solution
      containing 10 grams of ZnSO.sub.4.sup.. H.sub.2 O. Treatment as above
      yielded 13.5 grams of unwashed, partially-charred material, which produced
      a pH of 6 in 100 ml. of wash water. The rinsed and dried char weighted 10
      grams.
PAR  d. 20 grams of garbage was soaked for one-half hour in 50 ml. of H.sub.2 O
      containing 10 grams of NH.sub.4 HSO.sub.4. Charring was nearly complete
      after overnight heating at 240.degree.F. 14 grams of unwashed char was
      produced, which gave a pH of 2 in 100 ml. of rinse water. After rinsing
      and drying, the humus-like char weighed 12.5 grams.
PAC  Rinsing the Char
PAR  In examples (9) (a), (b), (c), and (13) (a), (b), (c), and (d) above, the
      char was crushed, soaked or slurried in tap water, and the excess water
      decanted. The wet char was then placed on a No. 200 mesh screen, and
      remaining water drained off. This process was repeated with each sample
      until the rinse water showed a pH of 7.
PAR  Examples (15) (a-i), (b-i), (c-i), (17) and (18) below, illustrate the poor
      results of not rinsing the char prior to alkali fusion. If the sample is
      not rinsed, the residual acid, especially in the sulfuric acid-produced
      chars, requires that excess alkali be added in order to neutralize the
      acid so that the alkali fusion can occur.
PAC  Preparation of Humic Acid Salts
PAR  A. Using alkali Metal or Alkaline-Earth Hydroxides.
PAC  EXAMPLE 14
PAR  a. 6 grams of dry humus-like char and 6 grams of NaOH (C.P.) were ground
      together, charged into a small pressure bomb, and heated at 480.degree. -
      500.degree.F for one hour. The fused mass was dried to a constant weight
      of 11.5 grams. The resultant brownish black salts were very soluble in
      water.
PAR  b. 6 grams of humus-like char and 4.8 grams of NaOH treated as above
      yielded 10.4 grams of soluble sodium salts.
PAC  EXAMPLE 15
PAR  Three 10-gram samples from each of the above powdered chars, examples (1)
      through (3) above, were soaked with 25 ml. samples of H.sub.2 O containing
      KOH to prepare the following nine samples for alkali-fusion tests:
PAC  a.
PA1  i. 10 grams of char (1) and 2 grams of KOH in 25 ml. H.sub.2 O.
PA1  ii. 10 grams of char (1) and 5 grams of KOH in 25 ml. H.sub.2 O.
PA1  iii. 10 grams of char (1) and 8 grams of KOH in 25 ml. H.sub.2 O.
PAC  b.
PA1  i. 10 grams of char (2) and 2 grams of KOH in 25 ml. H.sub.2 O.
PA1  ii. 10 grams of char (2) and 5 grams of KOH in 25 ml. H.sub.2 O.
PA1  iii. 10 grams of char (2) and 8 grams of KOH in 25 ml. H.sub.2 O.
PAC  c.
PA1  i. 10 grams of char (3) and 2 grams of KOH in 25 ml. H.sub.2 O.
PA1  ii. 10 grams of char (3) and 5 grams of KOH in 25 ml. H.sub.2 O.
PA1  iii. 10 grams of char (3) and 8 grams of KOH in 25 ml. H.sub.2 O.
PAR  the nine samples were allowed to soak for 3 hours to achieve uniform
      wetting of the char with the KOH solution, and then dried for one-half
      hour in an oven at about 250.degree.F.
PAR  The samples were then transferred to a high-temperature oven and heated for
      45 minutes. The initial oven temperature was 350.degree.F., and the
      maximum temperature reached was 440.degree.F, at the end of the heating
      period.
PAR  The samples were then tested for solubility in water: Solubility of char
      samples:
PA1  a. Char (1) -- Insoluble -- black particles floated on top settled to
      bottom.
PA1  b. Char (2) -- Insoluble -- same as above.
PA1  c. Char (3) -- Insoluble -- same as above.
PAR  Solubility of alkali fusion samples:
PAC  a.
PA1  i. Very slightly soluble -- formed a brown color in H.sub.2 O.
PA1  ii. Soluble -- formed a dark brown color, few solids left.
PA1  iii. Soluble -- same as above.
PAC  b.
PA1  i. Very slightly soluble -- formed a faint brown color in water.
PA1  ii. Soluble -- dark brown, few solids left undissolved.
PA1  iii. Soluble -- same as above.
PAC  c.
PA1  i. Insoluble -- water remained clear, black solids settled or floated.
PA1  ii. Soluble -- brown color in H.sub.2 O.
PA1  iii. Soluble -- dark brown color.
PAC  EXAMPLE 16
PAR  A 25-gram sample of the HCl-char sample (4) above, was then prepared for
      fusion with KOH by soaking the sample in 50 ml. of a solution containing
      0.2 grams of KOH per ml. There was a slight brownish color produced in the
      liquid portion of this slurry, indicating that some of the crude char was
      dissolving in the KOH solution. The sample was dried at 240.degree.F.
PAR  The samples were then placed in an oven at 530.degree.F. for above five
      minutes. Product yield and solubility was then determined after cooling
      the sample.
PAR  Char (4) yielded 29.5 grams of product. The dark brown solid which resulted
      was soluble in water and had a pH of 9 or 10.
PAC  EXAMPLE 17
PAR  The chars from samples (5) (a.) and (b.) were soaked with KOH solution as
      follows:
PAC  a.
PA1  i. 10 grams of char (5) (a.) was mixed with 25 ml. of solution containing 5
      grams of KOH. The slurry became hot and gave off steam, indicating that
      not all the acid had evaporated during heating.
PA1  ii. 7.5 grams of char (5) (b.) was mixed with 25 ml. of solution containing
      5 grams of KOH. This char did not wet easily, and soaked up more liquid
      than char 1).
PAR  These were then dried at 240.degree.F for two to three hours. The dry
      sample (ii.) was moderately soluble in water, yielding dark brown
      solutions. This indicates partial fusion even at this low temperature.
      Further heating, at 530.degree.F for five minutes, yielded a black powder
      from sample (i.), and a dark brown powder from sample ii.
PAR  b. The solubility of the black sample (i.), even after heating at
      530.degree.F, was negligible. o.25 grams placed in 50 ml. of H.sub.2 O
      yielded a pH of 3, indicating that the KOH had been insufficient even to
      neutralize the acid remaining in the char. This sample was treated with 10
      ml. of reagent KOH solution, and again dried at 240.degree.F. The pH of
      the mixture before drying was about 13. After this second KOH treatment
      and heating, the sample was transformed into a brown material of moderate
      solubility, 0.5 grams of which in 50 ml. of H.sub.2 O gave a pH of 11.
PAR  The solubility of the dark brown sample (ii.) was quite high. The pH of the
      dark brown solution was about 9.
PAC  EXAMPLE 18
PAR  The crude chars from the sewage, example (6) above, were prepared for
      fusion with KOH as follows:
PAC  a.
PAR  i. 10 grams of char (6) (a.) was mixed with 25 ml. of solution containing 5
      grams of KOH.
PA1  ii. 10 grams of char (6) (b.) was mixed with 25 ml. of solution containing
      5 grams of KOH.
PA1  iii. 7.5 grams of char (6) (c.) was mixed with 25 ml. of solution
      containing 5 grams of KOH.
PA1  iiii. 7.5 grams of char (6) (d.) was mixed with 25 ml. of solution
      containing 5 grams of KOH.
PAR  the slurry of char (6) (a.) and KOH became hot and gave off steam,
      indicating excess acid remained. Char (6) became warm.
PAR  The slurries were dried overnight at 240.degree. - 260.degree.F, and then
      heated to 530.degree.F for five minutes.
PAC  b.
PAR  i. Sample (i.) yielded a gray powder containing some white chunks. The
      sample was not soluble. 0.25 grams placed in 50 ml. of H.sub.2 O gave a pH
      of 3, indicating acid remained after heating. This sample was then soaked
      in 10 ml. of reagent KOH, and dried at 240.degree.F. After this second
      attempt at fusion with KOH, the sample was transformed into a brown
      material which was highly soluble, yielding a dark brown solution. 0.5
      grams in 50 ml. of water gave a pH of 11 or above.
PAR  ii. Sample (ii.) yielded a gray powder which was not soluble. 0.25 grams in
      50 ml. of water gave a pH of 6. This sample was also soaked with 10 ml. of
      KOH and dried, as above. The results of the re-treatment with KOH were the
      same as with sample (i.) above. 0.5 grams of sample (ii.) yielded a dark
      brown solution in 50 ml. of water, having a pH of 11 or above.
PAR  iii. Sample (iii.) yielded a moderately soluble light brown powder. 0.25
      grams in 50 ml. gave a pH of 11 or above. This solution also showed
      suspended fine particles as in sample (iii.).
PAC  EXAMPLE 19
PAR  2.5 grams of KOH in 20 ml. of water was added to 5.0 grams of each of the
      crude chars produced in (7) above. These were then dried for 30 minutes in
      an oven at 530.degree.F.
PAR  a. Sample (7) (a.) yielded a dark brown powder, 0.25 grams of which in 50
      ml. of water gave a dark brown solution of pH 10.
PAR  b. Sample (7) (b.) yielded a similar dark powder which was less soluble
      than (17) (a.) or (b.) 0.25 grams in 50 ml. of water gave a pH of 9.
PAC  EXAMPLE 20
PAR  10-gram samples of the chars from the first garbage tests, samples (1), (2)
      and (3) above, were each soaked in 25 ml. of water containing 5 grams of
      Ca(OH).sub.2, dried at 240.degree. - 260.degree.F, and heated for five
      minutes at 530.degree.F. The pH was tested with 0.25 grams of sample
      dissolved in 50 ml. of water.
PAR  a. Sample (1) yielded a dark brown powder which was soluble, with a few
      undissolved solids. The pH was about 10.
PAR  b. Sample (2) yielded a black powder which was somewhat soluble, giving a
      brown solution with many undissolved solids, and a pH of 9.
PAR  c. Sample (3) yielded a brown powder which was slightly soluble, giving a
      light brown solution, of pH 8 or 9.
PAC  EXAMPLE 21
PAR  15 ml. of reagent KOH was added to char (8) above, and this slurry was
      heated at 240.degree.F for 11/2 hours, yielding a brownish-black product
      with some white alkali residue. This material was somewhat soluble in
      water, producing a brown solution. Further heating at 240.degree.F for 2
      hours yielded a brown solid of low solubility.
PAC  EXAMPLE 22
PAR  a. 15 ml. of reagent KOH and 3 ml. of water were added to water washed char
      (9) (a.) above, and mixed thoroughly, then heated to 450.degree.F for 15
      minutes. The black residue produced weighed 18.7 grams and was highly
      soluble in water. 1 grams dissolved in 100 ml. of water gave a dark brown
      solution of pH 10 to 11.
PAR  b. 15 ml. of reagent KOH and 20 ml. of water were added to char (9) (b.)
      above, and mixed thoroughly. This slurry was heated to 450.degree.F for 15
      minutes, yielding 25 grams of black solid residue. This residue is of
      moderate solubility, giving a brown solution and much suspended fines. 1
      gram in 100 ml. of water gives a pH of about 11.
PAR  c. 15 ml. of reagent KOH and 10 ml. of water were added to char (9) (c.)
      above, and the resultant slurry was heated to 450.degree.F for 15 minutes.
      16 grams of brownish-black material resulted. 1 gram of this material gave
      a pH of about 11 when dissolved in 100 ml. of water. The material was
      quite soluble, forming a dark brown solution with some suspended fines.
PAL  B. using Alkali-Metal Carbonates.
PAC  EXAMPLE 23
PAR  a. 4 grams of humus-like char (13) (a.) was then soaked in 20 ml. of a
      solution containing 2 grams of K.sub.2 CO.sub.3. Overnight heating at
      240.degree.F produced a brownish-black residue of moderate solubility in
      water. 1 gram placed in 100 ml. of water produced a light brown solution
      of pH 7. Fusion had apparently occurred with those portions of the sample
      which had charred in the first step.
PAR  b. 4 grams of char (13) (b.) was fused overnight at 240.degree.F with 2
      grams of K.sub.2 CO.sub.3. The resultant dark brown material was highly
      soluble in water, 1 gram in 100 ml. of water giving a dark brown solution
      of pH 9.
PAR  c. Fusion of 4 grams of char (13) (c.) with 2 grams of Na.sub.2 CO.sub.3,
      as above, yielded a partially-soluble dark brown material. Extent of
      fusion apparently corresponds to extent of charring in first step.
PAR  d. Fusion of 4 grams of char (13) (c.) with 2 grams of Na.sub.2 CO.sub.3
      gave mostly soluble dark brown material, which produced a dark brown
      solution of pH 9 when 1 gram was added to 100 ml. of water. Extent of
      fusion appears to correspond to extent of charring.
PAC  IV. Miscellaneous Examples
PAC  EXAMPLE 24
PAR  The sodium salts of examples (14) (a.) and (b.) were acidified using HCl to
      a pH of 6.5 to yield black humic acid precipitates, which were separated
      by decantation and subsequent filtration. The precipitates were washed
      with very dilute HCl and dried.
PAR  Analyses of these and similar products shows them to be humic-acid-like
      compounds, containing carboxylic acid and hydroxyl groups, of a basic
      structure approximately (C.sub.23 H.sub.22 O.sub.6)n.
PAC  EXAMPLE 25
PAR  The humic acid salts from examples (15), (16), (17), (19) and (20) were
      mixed together, dissolved in water, and acidified with dilute sulfuric
      acid to a pH of approximately 7 to yield precipitates. These were not
      rinsed, but were dried by evaporation so as to avoid loss of trace
      minerals present in the original sample and salts added in steps I through
      IV. The dried sample was analyzed for nitrogen, potash, and phosphate to
      determine possible value as a fertilizer. The results of this analysis
      showed:
     Total nitrogen            1.51%                                           

     Potash                    17.35%                                          

     Phosphate (as phosphoric acid)                                            

                               1.30%                                           

PAC  EXAMPLE 26
PAR  Examples (21) and (22) were mixed together and treated in a similar manner,
      giving the following results:
TBL  Total nitrogen            0.14%                                           

     Potash                    35.65%                                          

     Phosphate (as phosphoric acid)                                            

                               0.58%                                           

PAR  The potash content of the final product could be decreased (or increased)
      by controlling the amount of potassium hydroxide or carbonate so as to
      give optimum concentration for use as fertilizer. Ammonium acid phosphate
      could be used in the neutralization to control nitrogen and phosphate
      content.
PAC  EXAMPLE 27
PAR  Attempts to ignite char (3), humus salts (20) and (22) (a.,) (b.) and (c.),
      and humus (26) and (27), using an 1,800.degree.F oxyacetylene torch caused
      a reddish glow in the samples, but no self-sustaining combustion could be
      initiated.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for providing a soil conditioner for arable land which
      comprises:
PA1  a. intimately admixing organic waste material with a water-soluble
      inorganic acid selected from the group consisting of hydrochloric acid,
      sulfuric acid, and sulfur trioxide, until said acid penetrates and
      contacts substantially all of the organic waste material, the ratio of
      acid to organic waste on a dry weight basis being between about 1:30 and
      1:2;
PA1  b. reacting the resulting mixture by heating to a temperature between about
      200.degree. and 300.degree.F under conditions which rapidly remove water
      from the reaction zone, until said organic waste material is converted to
      an essentially dry, water-insoluble black, humus-like char which is
      substantially insoluble in alkaline solutions below about 240.degree.F;
PA1  c. contacting said char material with a reactant selected from the group
      consisting of alkaline substances and water to remove residual acids from
      said char;
PAR  d. mixing an alkaline compound with said char, said alkaline compound being
      selected from the group consisting of alkali-metal hydroxides, silicates,
      and carbonates, and alkaline-earth hydroxides, the ratio of said alkaline
      compound to said humus-like char being from about 1:20 to 2:3 on a dry
      weight basis;
PA1  e. heating said char/alkaline compound mixture to a temperature between
      about 240.degree. and 550.degree.F until the char reacts with the alkaline
      compound to produce water-soluble salts of black, humic-acid-like
      materials.
NUM  2.
PAR  2. A process as in claim 1, wherein said char includes residual inorganic
      acids and said acids are recovered for re-use by contacting said char with
      water.
NUM  3.
PAR  3. A method as in claim 1, wherein the acid-charring reaction is conducted
      at a temperature between about 220.degree. and 240.degree.F.
NUM  4.
PAR  4. A method as in claim 1, wherein the reaction of the humus-like material
      in the char with the alkaline compound is conducted at a temperature
      between about 475.degree. and 530.degree.F.
NUM  5.
PAR  5. A method as in claim 2, wherein the reaction of the humus-like material
      in the char with the alkaline compound is conducted at a temperature
      between about 475.degree. and 530.degree.F.
NUM  6.
PAR  6. A method for easily disposing of organic waste materials without
      polluting the environment, which comprises:
PA1  a. intimately admixing organic waste material with a water-soluble
      inorganic acid selected from the group consisting of hydrochloric acid,
      sulfuric acid, and sulfur trioxide, until said acid penetrates and
      contacts substantially all of the organic waste material, the ratio of
      acid to organic waste being between about 1:30 and 1:2 on a dry weight
      basis;
PA1  b. reacting the resulting mixture by heating under conditions which rapidly
      remove water from the reaction zone to a temperature above 200.degree.F
      until the organic waste material is converted to as essentially dry,
      water-insoluble, humus-like black char which is substantially insoluble in
      alkaline solutions below about 240.degree.F, said char including residual
      acids and water-soluble impurities therein;
PA1  c. removing said residual acid and water-soluble impurities from said char
      by washing said char with water.
NUM  7.
PAR  7. A method as in claim 6, wherein the acid recovered in the wash water is
      reused in the charring reaction.
NUM  8.
PAR  8. A method for easily disposing of organic waste materials without
      polluting the environment, which comprises:
PA1  a. intimately admixing organic waste material with a water-soluble
      inorganic acid selected from the group consisting of hydrochloric acid,
      sulfuric acid, and sulfur trioxide, until said acid penetrates and
      contacts substantially all of the organic waste material, the ratio of
      acid to organic waste being between about 1:30 and 1:2 on a dry weight
      basis;
PA1  b. reacting the resulting mixture by heating under conditions which rapidly
      remove water from the reaction zone to a temperature above 200.degree.F
      until the organic waste material is converted to an essentially dry,
      water-insoluble, humus-like black char which is substantially insoluble in
      alkaline solutions below about 240.degree.F, said char including residual
      acids and water-soluble impurities therein;
PA1  c. neutralizing said residual acid in the crude char with an alkaline
      compound of accepted fertilizing value, said alkaline compound being
      selected from the group consisting of ammonia and ammonium compounds, and
      compounds of sodium, potassium, magnesium, and calcium.
NUM  9.
PAR  9. A process as in claim 1, wherein said char includes residual inorganic
      acids and said acids are neutralized by contacting said char with an
      alkaline substance.
NUM  10.
PAR  10. A method for easily disposing of water-containing organic waste
      materials without polluting the environment, which comprises:
PA1  a. admixing organic waste material with toluene and refluxing the mixture;
PA1  b. separating the vaporizing and recondensing water from the toluene in a
      water trap;
PA1  c. adding to said refluxing waste material and toluene an acid selected
      from the group consisting of sulfuric acid, sulfur trioxide, hydrochloric
      acid, benzene sulfonic acid and toluene sulfonic acid, the ratio of
      acid-to-organic waste being between about 1:30 and 1:2 on a dry weight
      basis;
PA1  d. reacting the resulting mixture by heating under conditions which rapidly
      remove water from the reaction zone to a temperature above 200.degree.F
      until the organic waste material is converted to an essentially dry,
      water-insoluble, humus-like black char which is substantially insoluble in
      alkaline solution below about 240.degree.F, said char including residual
      acid and water-soluble impurities therein; and
PA1  e. removing said residual acid and water-soluble impurities from said char
      by washing said char with water.
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PAL  This invention relates to the use of substituted s-triazine compounds as
      herbicides.
PARN
PAR  This is a division of application Ser. No. 301,561, filed Oct. 27, 1972,
      now U.S. Pat. No. 3,816,419.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to chemicals for herbicidal use.
PAR  2. Description of the Prior Art
PAR  S-triazines are well known as herbicidal agents. One disclosure in the
      patent literature of s-triazines containing haloalkyl groups is claimed by
      Geigy British Pat. No. 922,587, (1963) (U.S. Pat. No. 3,086,855, 1963).
      Further some of the compounds in our invention are described in a paper by
      Shapiro, Parrino and Feedman, Journal of Organic Chemistry 25, p. 379,
      (1960) and a method of preparation of certain amino substituted
      perfluoroalkyl-s-triazines by J. T. Shaw and F. J. Gross, Journal of
      Organic Chemistry 24, 1809, (1959), and a patent to American Cyanamid
      Company by J. T. Shaw, U.S. Pat. No. 3,305,390 (1963), relating to the
      preparation of some of these compounds.
PAR  Our invention, however, is the first to describe herbicidal haloalkyl
      s-triazines containing cycloalkylamino or aralkylamino substituents and it
      describes the advantageous activity and uses of these compounds.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is novel s-triazine compounds of the formula:
      ##SPC1##
PAL  Where Z is haloalkyl C.sub.1 -C.sub.3 or haloalkenyl C.sub.1 -C.sub.3
      containing from 1 to 5 halogen atoms; R.sub.1 and R.sub.2 each represent
      hydrogen, alkyl C.sub.1 -C.sub.4 or cyanoalkyl wherein the alkyl group
      contains 1 to 4 carbon atoms; Y is hydrogen, halogen, alkyl C.sub.1
      -C.sub.2, nitro, cyano, alkoxy C.sub.1 -C.sub.2, haloalkyl C.sub.1
      -C.sub.2 or alkyl S(O).sub.n, and n is an integer 0, 1 or 2. The invention
      includes a method for controlling undesirable plant species with
      s-triazine compounds of the formula:
      ##SPC2##
PAL  Wherein R.sub.1, R.sub.2, Y, Z and n are as described above and R.sub.3 is
      cycloalkyl C.sub.3 -C.sub.7 optionally substituted with methyl or ethyl,
      ##SPC3##
PAL  Furyl, tetrahydrofurfuryl, pyridyl or heteroalkyl, wherein the hetero ring
      is furyl, tetrahydrofuryl or pyridyl and the alkyl group contains 1 to 4
      carbon atoms.
DETD
PAC  DETAILED DESCRIPTION
PAR  In accordance with this invention s-triazine compounds having the
      structure:
      ##SPC4##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3 and Z are as described above, can be
      prepared by suspending or dissolving an appropriately substituted
      biguanide (II) or its salt (HX) in a solvent such as ethanol, methanol,
      n-propanol, methoxyethanol, ethoxyethanol or the like. If the HX salt is
      used, sufficient base such as sodium methoxide, potassium t-butoxide or
      the like is added to neutralize the HX group. It is also advantageous to
      add up to one additional mole of base in order to increase the rate of
      s-triazine formation for the less reactive substituted biguanides (II).
      The neutralized biguanide solution is then treated with a lower alkyl
      ester of a haloalkylcarboxylic acid or haloalkenylcarboxylic acid. The
      reaction generally proceeds satisfactorily at a temperature between about
      10.degree. and 50.degree.C., however, in some instances the mixture may be
      heated to about 100.degree.C. to improve the reaction rate. The reaction
      mixture is then poured into an ice and water mixture and the solid
      s-triazine product filtered off and crystallized. This reaction may be
      graphically illustrated as follows:
      ##SPC5##
PAR  As used in this application the terms "halo" and "halogen", unless
      otherwise defined, mean chlorine, fluorine, bromine and iodine.
PAR  Preferred new compounds of the invention are of the formula:
      ##SPC6##
PAL  wherein Z is haloalkyl C.sub.1 -C.sub.2, and R.sub.1 and R.sub.2 each
      represent hydrogen or methyl.
PAR  Although trichloromethyl s-triazines (I, Z = CCl.sub.3) can be prepared in
      very poor yields by the procedure described above, we have found that
      these compounds can be prepared by an alternative process characterized by
      a marked improvement in product yield. This process involves the treatment
      of tris-2,4,6-trichloromethyl-s-triazine with one mole of an amine having
      the structure: HNR.sub.1 R.sub.3 where R.sub.1 and R.sub.3 are as
      described above. The reaction is generally carried out at a temperature
      between about 10.degree. and 50.degree.C. in a lower alcohol such as
      methanol in the presence of a tertiary amine such as triethylamine. This
      reaction yields the intermediate monoamino-s-triazine (III) which is
      further reacted with an amine having the structure: NH.sub.2 R.sub.2 where
      R.sub.2 is as described above. The latter reaction is preferably carried
      out under conditions similar to those described for preparation of the
      intermediate monoamino-s-triazine (III) and produces the
      trichloromethyl-s-triazine (I, Z = CCl.sub.3). The reaction may be
      illustrated as follows:
      ##SPC7##
PAL  Although the intermediate biguanides (II) herein described are well known
      compounds aralkyl and cycloalkylbiguanides were only inconveniently and
      inefficiently produced by fusion reactions between dicyanamide and the
      appropriate aralkylamine hydrochloride or cycloalkylamine hydrochloride.
      Additionally, cycloalkylbiguanides have been prepared from the fusion of
      guanyl isoureas and amines, or the fusion of cyanoguanidines with ammonium
      sulfonates. A reaction between biguanides and arylamines in the presence
      of copper sulfate and a solvent such as alcohol has also been reported and
      preparation of cyclohexylbiguanide by this method is indicated.
PAR  Of these above procedures, dicyanamide and alkylamine hydrochlorides afford
      the most convenient starting materials. Unfortunately, only arylamine
      salts are reported to react with dicyanamide in solvents below 100.degree.
      and fusion reactions are necessary for reaction to proceed for
      cycloalkylamines and aralkylamine salts in the temperature range
      130.degree.-165.degree.C. We now find that cycloalkyl and aralkylbiguanide
      salts may be prepared almost quantitatively by conducting the above
      reactions in the temperature range 120.degree.-200.degree.C. and
      preferably between 140.degree. and 150.degree. in a high boiling solvent
      of preferably low dielectric constant. Thus, a preferred solvent is
      o-dichlorobenzene. Highest yields are attained by efficient stirring of
      the reaction mixture. A reaction time in the range of 0.5 hour to 3 days
      is usually sufficient. The biguanide hydrochloride thus precipitates out
      and on cooling the reaction may be filtered off in almost quantitative
      yield, in analytical purity. This procedure offers considerable advantages
      over the previous art, due to increased yield (quantitative), due to ease
      of operation of a liquid phase reaction rather than a hazardous fusion,
      due to the easy removal and isolation of the precipitated biguanide salt
      by filtration. The reaction may be illustrated as follows:
      ##EQU1##
      R.sub.3 = cycloalkyl; R.sub.3 = aralkyl.
PAR  The compounds of this invention are useful as herbicidal agents. They
      exhibit a high degree of postemergence activity against a wide variety of
      undesirable monocotylendonous and dicotylendonous plants and can be
      applied with conventional type applicators in solid or liquid
      formulations. The compounds of the invention are also highly effective
      preemergence herbicides and can be effectively used for the selective
      control of undesirable broadleaf weeds and grasses in the presence of
      agronomic crops such as corn, cotton, soybeans and rice. Moreover, the
      compounds of the invention may be used alone or in combination with other
      pesticides, including other herbicides, fungicides, insecticides,
      bactericides and acaricides.
PAR  Among the solid formulations which can be prepared are dusts, dust
      concentrates, wettable powders and granular formulations.
PAR  Dusts are usually prepared by grinding together from about 1% to 15% by
      weight of the substituted s-triazine and about 99% to 85% by weight of an
      inert carrier such as attapulgite, kaolin, diatomaceous earth, talc,
      silica or the like. The dusts may also be prepared by dissolving the
      s-triazine in acetone or similar solvent and spraying the thus prepared
      solution on the carrier.
PAR  Dust concentrates are prepared in the same manner as dusts excepting that
      about 16% to 85% by weight of the substituted s-triazine is used.
PAR  Wettable powders are made up in the same way dust concentrates are
      prepared; however, about 1% to 10% by weight of a surface active agent is
      usually added. Where desired about 1% to 5% of a dispersant may also be
      added to the formulation.
PAR  Among the surfactants which may be used in the above-mentioned formulations
      are naphthalene sulfonic acid condensate, polyoxyethylated vegetable oil
      alkylphenoxypolyoxyethylene ethanol, mono and diglycerides of fatty acids
      and alkali metal alkylnaphthalene sulfonates.
PAR  Sodium lignin sulfonate and the calcium salt of a polymerized alkyl aryl
      sulfonic acid are typical of the dispersants which can be used in the
      wettable powder formulations.
PAR  Granular formulations can be prepared on either sorptive or nonsorptive
      carriers. With sorptive carriers such as particulate attapulgite,
      activated carbon, corn cob grits or the like, the active compound can be
      dissolved in a solvent such as acetone, methyl ethyl ketone or methanol,
      and the solution sprayed on an agitated or tumbling bed of particulate
      material. When nonsorptive carriers such as granular limestone, sand or
      coconut shell is used, the carrier is usually treated with a binder
      solution such as a solution of sodium lignin sulfonate or sugar solution
      and coated with the active material applied either alone or as a dust or
      dust concentrate.
PAR  In practice, the active compounds are generally applied as the formulated
      products in sufficient amount to provide about 0.06 to 10 pounds of active
      ingredient per acre of treated area. At the higher rates of application
      (e.g. about 4.0 to 10 lbs. per acre) excellent control of a very wide
      variety of broadleaf weeds and grasses is generally achieved. However,
      where selective pre or postemergence control of undesirable broadleaf
      weeds and grasses is sought, the active compound is usually applied at
      about 0.06 to 4.0 pounds per acre depending upon the undesirable plant
      species involved and/or the crop which may be present.
PAR  The invention is further illustrated by the examples set forth below.
PAC  EXAMPLE 1
PAC  Preparation of 2-Amino-4-cyclohexylamino-6-(trifluoromethyl)-s-triazine
PAR  To a suspension of N-cyclohexylbiguanide hydrochloride (600 g., 2.73 mole)
      in methanol (37 l.) is added at 54.degree. powdered sodium methoxide (294
      g., 5.44 mole) followed by methyl trifluoroacetate (350 g., 2.74 mole)
      dropwise with stirring over 1.5 hours. The addition is exothermic and the
      reaction temperature rises to 65.degree. during the addition. The reaction
      is stirred at 60.degree. for 16 hours and poured into ice-water to give a
      precipitate that is filtered off, water washed and air dried to give a
      white powder, 520 g., 73%, m.p. 164.degree.-7.degree.. Crystallization of
      a small sample from acetonitrile gives the product m.p.
      167.degree.-8.degree..
PAR  The s-triazines in Table I are prepared by this procedure employing the
      appropriate substituted biguanide II and haloalkylcarboxylic acid ester.
PAR  Following the above procedure and substituting
      N-(2-methylcyclohexyl)biguanide hydrochloride or
      N-(2-ethylcyclohexyl)biguanide hydrochloride for the above biguanide
      yields 2-amino-4-(2-methylcyclohexyl)amino-6-(trifluoromethyl)-s-triazine
      and 2-amino-4-(2-ethylcyclohexyl)amino-6-trifluoromethyl)-s-triazine,
      respectively.
PAC  TABLE I
PAC  Preparation of s-triazines by the biguanide route as in Example 1 by the
      equation
      ##SPC8##
TBL                                        Anal.                               

     Z      R.sub.2                                                            

                   R.sub.1                                                     

                       R.sub.3                                                 

                              m.p.(.degree.C)                                  

                                       Calc.                                   

                                           (%)                                 

                                              Found                            

     __________________________________________________________________________

     --CF.sub.3                                                                

            H      H   C.sub.6 H.sub.5                                         

                              185-186                                          

     --CF.sub.3                                                                

            H      H   C.sub.6 H.sub.11                                        

                              167-8                                            

     --CF.sub.3                                                                

            H      H          186.5-187                                        

                                     C 41.49  C 41.45                          

                                     H  2.43  H 2.29                           

                                     N 24.17  N 24.23                          

                                     F 19.67  F 19.30                          

                                     Cl 12.24 Cl 12.32                         

     --CF.sub.3                                                                

            --C(CH.sub.3).sub.3                                                

                   H          102-103                                          

                                     C 48.63  C 48.87                          

                                     H 4.37   H 4.23                           

                                     N 20.26  N 20.11                          

                                     Cl 10.25 Cl 10.13                         

                                     F 16.48  F 16.69                          

     --CHClF                                                                   

            H      H   --C.sub.6 H.sub.5                                       

                              152-155                                          

                                     N 27.62  N 27.48                          

     --CClF.sub. 2                                                             

            H      H   --C.sub.6 H.sub.5                                       

                              184-185                                          

                                     C 44.26  C 44.50                          

                                     H 2.97   H 2.84                           

                                     N 25.79  N 25.85                          

                                     F 13.99  F 13.69                          

                                     Cl 13.05 Cl 13.25                         

     --CHF.sub.2                                                               

            H      H   --C.sub.6 H.sub.5                                       

                              157-158                                          

                                     C 50.63  C 51.22                          

                                     H 3.82   H 3.62                           

                                     N 29.53  N 29.90                          

     --CF.sub.3                                                                

            --CH(CH.sub.3).sub.2                                               

                   H          135-136                                          

                                     C 47.08  C 47.14                          

                                     H 3.95   H 3.99                           

                                     N 21.12  N 21.05                          

                                     F 17.19  F 16.93                          

                                     Cl 10.69 Cl 10.91                         

     --CF.sub.3                                                                

            H      H          180.5-181.5                                      

                                     C 49.10  C 49.12                          

                                     H 3.70   H 3.76                           

                                     N 26.00  N 25.97                          

                                     F 21.17  F 21.33                          

     --CF.sub.3                                                                

            H-- CH(CH.sub.3).sub.2                                             

                       --C.sub.6 H.sub.5                                       

                              164-165                                          

                                     C 52.86  C 52.47                          

                                              H 4.10                           

                                                    H 4.79                     

                                              N 23.72                          

                                                    N 23.64                    

                                              F 19.31                          

                                                    F 19.25                    

     --CF.sub.2 --CF.sub.3                                                     

            H      H   --C.sub.6 H.sub.5                                       

                              187-188                                          

     --CF.sub.3                                                                

            H      CH.sub.3                                                    

                       --C.sub.6 H.sub.5                                       

                               147-147.5                                       

                                     C 49.10  C 49.31                          

                                     H 3.70   H 3.86                           

                                     N 26.00  N 26.11                          

                                     F 21.17  F 20.94                          

     --CHCl.sub.2                                                              

            H      H          119.5-120                                        

                                     C 43.48  C 43.72                          

                                     H 5.47   H 5.43                           

                                     N 25.36  N 25.44                          

                                     Cl 25.67 Cl 25.63                         

     --CClF.sub.2                                                              

            H      H          153-154                                          

                                     C 43.24  C 43.73                          

                                     H 5.68   H 5.16                           

                                     N 25.23  N 25.63                          

                                     Cl 12.76 Cl 12.79                         

     --CHF.sub.2                                                               

            H      H           151-151.5                                       

                                     C 49.37  C 49.77                          

                                     H 6.22   H 6.11                           

                                     N 28.79  N 29.00                          

     --CHFCl                                                                   

            H      H          139.5-140                                        

                                     C 46.24  C 46.97                          

                                     H 5.82   H 5.90                           

                                     N 26.98  N 27.05                          

                                     Cl 13.66 Cl 13.55                         

     --C.sub.2 F.sub.5                                                         

            H      H          127-128                                          

                                     C 42.41  C 42.76                          

                                     N 22.49  N 22.32                          

     --CHClCH.sub.3                                                            

            H      H           127-128.5                                       

                                     C 51.52  C 51.95                          

                                     H 7.09   H 7.66                           

                                     N 27.38  N 26.45                          

                                     Cl 13.87 Cl 13.37                         

     --CFCl.sub.2                                                              

            H      H          140-141                                          

                                     C 40.83  C 40.92                          

                                     H 4.80   H 4.68                           

                                     N 23.81  N 23.50                          

     --CHBr.sub.2                                                              

            H      H          150-151                                          

                                     C 32.89  C 33.82                          

                                     H 4.14   H 4.23                           

                                     N 19.19  N 18.89                          

     __________________________________________________________________________

PAC  EXAMPLE 2
PAC  Preparation of 2-Amino-4-benzylamino-6-(trifluoromethyl)-s-triazine
      ##SPC9##
PAR  To benzylbiguanide hydrochloride (11.3 g., 0.05 mole) in methanol (270 ml.)
      is added powdered sodium methoxide (5.4 g., 0.1 mole) followed by methyl
      trifluoroacetate (6.4 g., 0.05 mole) dropwise with stirring. The solution
      is stirred at room temperature for 64 hours, then poured into ice-water
      (500 ml.) and a white solid precipitated and is filtered off, m.p.
      183.degree.-185.degree.C. Crystallization from acetonitrile affords
      colorless cubic crystals, m.p. 184.degree.-185.degree.C. Yield 8 g. (60%)
PAC  TABLE II
PAC  Preparation of aralkylamino-s-triazines by the route as in Example 2 by the
      equation
      ##SPC10##
TBL                                  Anal.                                     

     Z      R.sub.2                                                            

               R.sub.1                                                         

                  R.sub.3 m.p.(.degree.C)                                      

                                  Calc.                                        

                                     (%) Found                                 

     __________________________________________________________________________

     --CF.sub.3                                                                

            H  H          184-185                                              

                                 C 49.26 C 48.76                               

                                 H 3.38  H 3.58                                

                                 N 26.12 N 26.01                               

                                 F 21.25 F 21.85                               

     --CF.sub.3                                                                

            H  H          127-128                                              

                                 C 50.87 C 50.86                               

                                 H 4.27  H 4.15                                

                                 N 24.73 N 24.88                               

                                 F 20.12 F 20.23                               

     --CF.sub.2 --CF.sub.3                                                     

            H  H          100.5-101                                            

                                 C 45.14 C 45.37                               

                                 H 3.16  H 3.42                                

                                 N 21.95 N 21.59                               

                                 F 29.77 F 29.51                               

     --CClF.sub.2                                                              

            H  H          135-136                                              

                                 C 46.24 C 46.54                               

                                 H 3.53  H 3.70                                

                                 N 24.52 N 24.60                               

                                 F 13.30 F 13.19                               

                                 Cl 12.41                                      

                                         Cl 12.30                              

     --CHCl.sub.2                                                              

            H  H           150-150.5                                           

                                 C 46.66 C 46.88                               

                                 H 3.56  H 3.80                                

                                 N 24.74 N 24.43                               

                                 Cl 25.04                                      

                                         Cl 24.48                              

     --CH.sub.2 Cl                                                             

            H  H          135-136                                              

                                 C 52.90 C 53.24                               

                                 H 4.85  H 5.01                                

                                 N 28.05 N 27.74                               

                                 Cl 14.20                                      

                                         Cl 14.00                              

     --CHClCH.sub.3                                                            

            H  H          126-127                                              

                                 C 54.66 C 55.8                                

                                 H 5.35  H 5.7                                 

                                 N 26.57 N 26.46                               

     __________________________________________________________________________

PAC  EXAMPLE 3
PAC  Preparation of 2-Benzylamino-4,6-bis-trichloromethyl-s-triazine
PAR  Benzylamine (3.21 g., 0.03 mole) is added to
      2,4,6-tris(trichloromethyl)-s-triazine (13 g., 0.03 mole) in dry benzene
      (75 ml.). Triethylamine (3.24 g., 0.03 mole) is then added to the reaction
      mixture and the solution set aside for 3 days. Evaporation to a residual
      oil and crystallization from methanol-water (9:1) gives the product 10.7
      g., 85%, m.p. 96.5.degree.-97.degree..
PAR  Anal.:  Calc'd. for C.sub.12 H.sub.8 N.sub.4 Cl.sub.6 : C, 34.25; H, 1.92;
      N, 13.31; Cl, 50.54.   Found: C, 34.10; H, 1.92; N, 13.40; Cl, 50.61.
PAC  EXAMPLE 4
PAC  Preparation of 2-Amino-4-benzylamino-6-(trichloromethyl)-s-triazine
PAR  To a solution of 2-benzylamino-4,6-bis-trichloromethyl-s-triazine (3.15 g.,
      0.0075 mole) in methanol (70 ml.) is added concentrated ammonium hydroxide
      (10 ml.) and the temperature raised to 60.degree. for 0.5 hour, cooled and
      the solvent removed under reduced pressure to give a solid.
      Crystallization from methanol gives the product, m.p.
      210.degree.-212.degree..
PAR  Anal.:  Calc'd. for C.sub.11 H.sub.10 N.sub.5 Cl.sub.3 : C, 42.43; H, 3.16.
       Found: C, 43.33; H, 2.82%.
PAR  In a similar manner, substituting aqueous methylamine for ammonia,
      2-benzylamino-4-methylamino-6-(trichloromethyl)-s-triazine m.p.
      86.degree.-87.degree. was prepared.
PAR  Anal.:  Calc'd. for C.sub.12 H.sub.12 N.sub.5 Cl.sub.3 : C, 43.33; H, 3.64.
        Found: C, 43.08; H, 3.60%.
PAC  EXAMPLE 5
PAR  The postemergence herbicidal activity of the compounds of the present
      invention is demonstrated by the following tests, wherein a variety of
      monocotyledonous and dicotyledonous plants are treated with test compounds
      dispersed in aqueous acetone mixtures. In the tests, seedling plants are
      grown in 2 inch square plastic pots for about two weeks. The test
      compounds are dispersed in 50/50 acetone/water mixtures containing 0.5%
      surfactant in sufficient quantity to provide the equivalent of about 0.06
      to 10 pounds per acre of active compound when applied to the plants
      through a spray nozzle operating at 40 psi. for a pre-determined time.
      After spraying, the plants are placed on greenhouse benches and are cared
      for in the usual manner, commensurate with conventional greenhouse
      practices. Two weeks after treatment, the seedling plants are examined and
      rated according to the rating system provided below. The data obtained are
      reported in the Table below where it can be seen that the test compounds
      are highly effective for the control of undesirable broadleaf weeds and
      grasses.
     Plant Abbreviations: LA                                                   

                       -- Lambsquarters                                        

     MU                -- Mustard                                              

     PI                -- Pigweed                                              

     RAG               -- Ragweed                                              

     MG                -- Morningglory                                         

     BA                -- Barnyard grass                                       

     CR                -- Crabgrass                                            

     GRF               -- Green foxtail                                        

     WO                -- Wild oats                                            

     COR               -- Corn                                                 

     COT               -- Cotton                                               

     SOY               -- Soybean                                              

     SB                -- Sugar beets                                          

     RI                -- Rice                                                 

                         % Difference in Growth                                

     Rating System:      from the Check*                                       

     0 --  no effect         0                                                 

     1 --  possible effect    1 - 10                                           

     2 --  slight effect     11 - 25                                           

     3 --  moderate effect   26 - 40                                           

     5 --  definite injury   41 - 60                                           

     6 --  herbicidal effect 6 - 75                                            

     7 --  good herbicidal effect                                              

                             76 - 90                                           

     8 --  approaching complete kill                                           

                             91 - 99                                           

     9 --  complete kill     100                                               

     4 --  abnormal growth, i.e. a definite physiological malformation but     

           with an overall effect less than a 5 on the rating                  

     ______________________________________                                    

           scale.                                                              

      *Based on visual determination of stand, size, vigor, chlorosis, growth  

      malformation and overall plant appearance.                               

TBL                                    TABLE III                               

     __________________________________________________________________________

     Postemergence Herbicidal Activity                                         

                       Treatment                                               

                             Annual Weeds              Crops                   

     Structure         lb./Acre                                                

                             LA MU PI                                          

                                     RAG                                       

                                        MG BA CR GRF                           

                                                    WO COR                     

                                                          COT                  

                                                             SOY               

                                                                SB             

                                                                  RI           

     __________________________________________________________________________

                       9     9  9  9 9     8  8  9  3  9  3  8  9              

                       3     9  9  9 9     8  5  8  3  9  8  8  9              

                       1     9  9  7 9     8  3  8  5  9  8  9  9              

                       0.5   9  9  7 6     3  2  2  2  3  3  8  9              

                       9     9  9  9 9     9  9  9  9  9  9  9  9              

                       3     9  9  8 9     9  9  9  9  9  9  9  9              

                       1     9  9  9 9     9  7  9  8  9  9  9  9              

                       .25   8  9  9 9     2  6  8  3  8  9  9  9              

                       9     9  9  9 9     9  7  9  3  9  9  9  9              

                       3     9  9  9 9     8  7  9  2  9  9  8  9              

                       1     9  9  9 9     6  6  9  2  7  9  9  9              

                       0.5   9  9  9 8     7  2  7  1  9  8  7  9              

                       9     9  9  9 9     9  9  9  8  9  9  9  9              

                       3     9  9  9 9  9  9  9  9  9  9  9  9  9              

                       .25   8  9  9 9     8  7  9  7  9  9  9  9              

                       .13   8  9  9 9     3  5  9  3  9  9  9  9              

                       4     9  9  7 9     3  8  7  2  9  5  8  8              

                       1     8  9  2 7     7  3  5  2  2  2  7  8              

                       0.5   2  9  1 1     2  5  3  1  9  2  5  3              

                       .25   1  9  0 1     0  1  1  0  2  1  1  2              

                       1     5  9  2 3     1  2  2  1  2  1  3  5              

                       0.5   1  1  1 0     0  0  1  0  7  3  1  2              

                       4     8  9  9 9     8  7  6  1  2  9  8  9              

                       1     9  9  9 9     2  3  8  2  7  9  5  9              

                       0.5   2  9  8 6     3  2  2  2  9  5  5  7              

                       .25   2  7  2 3     1  1  1  1  1  3  2  3              

                       4     8  9  8 5     5  1  5  3  7  9  6  3              

                       1     1  3  2 1     1  1  1  1  2  5  3  1              

                       0.5   1  1  1 0     0  0  0  0  1  3  2  1              

                       4     9  9  9 9     6  5  9  8  9  9  8  9              

                       1     9  9  9 6     6  2  9  7  9  7  8  9              

                       0.5   7  9  9 6     5  1  7  1  8  6  5  9              

                       .25   8  9  9 7     5  1  7  1  7  6  5  9              

                       4     9  9  9 9     9  9  9  9  9  9  9  9              

                       1     9  9  9 9     9  9  9  9  9  9  9  9              

                       .25   9  9  9 9     6  5  9  8  9  9  9  9              

                       .13   9  9  9 9     5  5  7  3  9  9  9  9              

                       10    9  9  9 9  8  3  7  2  8                          

                       4     9  9  9 9  9  9  9  9  9  9  9  9                 

                       1     9  9  9 9  9  8  8  7  9  7  6  9                 

                       0.5   9  9  9 9  9  3  7  2  8  5  5  3                 

                       10    9  9  9 9  8  7  7  9  6                          

                       4     9  9  9 9  9  9  9  9  9  9  9  9                 

                       1     9  9  9 9  9  9  8  7  5  9  9  9                 

                       0.5   9  9  9 9  9  5  5  3  3  9  3  9                 

                       1     9  9  9 9  9  5  3  5  9  7  5  9                 

                       .25   9  9  9 5  9  2  1  3  8  9  8  8                 

                       .13   9  9  9 5  1  1  1  2  7  1  2  2                 

                       .06   9  9  9 0  1  1  1  1  2  1  2  9                 

                       4     9  9  9 9  9  9  9  9  8  9  9                    

                       1     9  9  9 9  9  9  8  9  8  9  9  9                 

                       .25   9  9  9 7  5  3  5  1  1  2  9  8                 

                       .06   9  9  9 0  0  0  1  0  0  0  0  0                 

                       10    9  9  9 9  3  2  8  9  7                          

                       4     9  9  9 9  9  9  9  9  9  9  9  9    3            

                       1     9  9  9 9  9  9  9  8  6  2  9  9    1            

                       0.5   9  9  9 9  9  5  9  5  5  0  9  8    1            

                       10    9  9  9 9  9  7  8  9  9                          

                       1     9  9  9 9  9  9  9  9  8  9  9  9    6            

                       .25   9  9  9 9  9  9  9  9  5  9  9  9    2            

                       .13   9  9  5 5  9  9  9  9  2  5  9  9    2            

                       10    9  9  9 9  9  6  6  9  5                          

                       4     9  9  9 9  9  9  9  9  9  9  9  9    6            

                       0.5   9  9  9 8  9  7  7  8  3  5  9  8    2            

                       .13   9  7  5 0  9  5  3  7  0  0  0  7    0            

                       10    9  9  9 9  8  9  9  9  7                          

                       1     9  9  9 9  9  9  9  9  9  9  9  9    7            

                       .25   9  9  9 9  9  7  7  8  5  9  9  9    2            

                       .06   9  7  9 7  9  7  5  3  0  0  9  7    2            

                       10    9  9  9 9  9  8  9  9  8                          

                       1     9  9  9 9  9  9  9  9  9  9  9  9    6            

                       .25   9  9  9 8  9  8  9  9  3  9  9  9    5            

                       .06   9  9  3 0  9  7  8  8  2  0  5  7    3            

                       4     9  9  9 9  9  9  9  9  7  9  9  9    3            

                       1     9  9  9 9  9  9  8  9  5  9  9  9    3            

                       .50   9  9  9 9  9  6  3  9  0  3  9  9    3            

                       .25   9  7  8 5  9  5  3  9  0  2  8  7    0            

                       4     9  9  9 9  9  9  9  9  9  9  9  9    5            

                       1     9  9  8 9  9  5  8  9  6  8  9  9    3            

                       .50   9  9  9 7  9  3  7  7  5  0  9  8    1            

                       .25   9  2  6 3  9  0  3  3  3  0  9  9    1            

                       4     9  9  9 9  9  9  9  9  9  8  9  9    8            

                       1     9  9  9 9  9  9  9  9  7  9  9  9    7            

                       .50   9  9  9 9  9  9  9  9  5  9  9  9    6            

                       .13   9  9  0 1  9  7  5  7  3  5  9  7    2            

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  The selective preemergence herbicidal activity of the compounds of the
      invention is exemplified by the following tests in which the seeds of a
      variety of monocotyledonous and dicotyledonous plants are separately mixed
      with potting soil and planted on top of approximately one inch of soil in
      2 inch square plastic pots. After planting, the pots are sprayed with the
      selected aqueous acetone solution containing the test compound in
      sufficient quantity to provide the equivalent of about 0.25 to 10 pounds
      per acre of test compound per pot. The treated pots are then placed on
      greenhouse benches and cared for in accordance with greenhouse procedures.
      Three weeks after treatment, the tests are terminated and each pot is
      examined and rated according to the rating system set forth in the
      preceding example. The tabulated results of these tests establish the
      selective herbicidal proficiency of the test compounds, when properly
      applied, for controlling a variety of undesirable plant species. The
      specificity of the test compounds for control of undesirable weeds and
      grasses in the presence of corn, cotton, soybeans and rice is well
      demonstrated by these tests. Results are reported in the Table below.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Preemergence Herbicidal Activity                                          

                       Treatment                                               

                             Annual Weeds              Crops                   

     Structure         lb./Acre                                                

                             LA MU PI                                          

                                     RAG                                       

                                        MG BA CR GRF                           

                                                    WO COR                     

                                                          COT                  

                                                             SOY               

                                                                SB             

                                                                  RI           

     __________________________________________________________________________

                       9     9  9  9 9     7  7  9  9  0  0  2  9              

                       3     9  9  9 7     3  3  2  7  0  0  1  9              

                       1     8  9  8 3     1  1  1  1  0  0  0  5              

                       0.5   8  7  8 0     0  0  0  0  0  0  0  3              

                       9     9  9  9 9     9  9  9  9  2  9  9  9              

                       3     9  9  9 9     9  9  9  9  2  3  8  9              

                       1     9  9  9 8     9  7  8  8  1  0  6  9              

                       .13   9  9  7 0     0  1  0  0  0  0  0  9              

                       9     9  9  9 9     1  7  7  1  0  0  3  9              

                       3     9  9  9 9     0  2  1  0  0  0  0  9              

                       1     7  7  8 2     0  0  0  0  0  0  0  5              

                       .5    5  0  2 0     0  0  0  0  0  0  0  0              

                       9     9  9  9 9     9  9  9  9  9  9  9  9              

                       3     9  9  9 9     8  8  9  8  5  3  9  9              

                       1     9  9  9 8     5  9  6  8  1  1  1  9              

                       .25   9  9  9 3  1  7  6  0  1  0  0  0                 

                       4     7  9  7 0     0  2  0  0  0  0  0  7              

                       1     1  3  0 0     0  0  0  0  0  0  0  2              

                       4     8  8  8 8     5  2  2  5  3  1  0  8              

                       1     6  5  1 2     1  0  0  1  1  0  0  3              

                       .5    3  1  0 0     0  0  0  0  0  0  0  1              

                       4     9  8  7 8     1  2  0  0  0  0  0  7              

                       1     2  7  0 1     0  0  0  0  0  0  0  7              

                       4     1  6  7 2     2  2  1  1  1  0  0  6              

                       4     7  3  7 0     0  1  1  0  0  0  0  0              

                       4     9  9  9 9     8  9  9  9  2  2  9  9              

                       1     9  9  9 9     7  8  7  7  1  1  1  9              

                       .5    9  9  9 9     2  7  1  1  1  1  0  9              

                       .25   9  8  8 2     0  1  0  1  0  0  0  8              

                       4     9  9  9 9  5  9  9  9  1  0  1  2  1              

                       1     9  9  9 0  1  0  2  0  0  0  0     0              

                       .5    9  9  0 0  0  0  0  0  0  0  0     0              

                       4     9  9  9 9  9  9  9  9  1  0  5  3  2              

                       1     9  9  9 9  0  8  8  3  0  0  0  2  0              

                       .5    9  9  9 0  0  0  2  0  0  0  0  0  0              

                       1     5  1  2 9  0  0  0  0  0  1  1  1  0              

                       4     3  9  9 7  0  3  7  2  1  0  0  0  0              

                       4     9  9  9 9  9  6  7  5  9  0  8  8    0            

                       1     9  9  9 9  8  3  2  0  8  0  8  8    0            

                       .5    9  9  5 2  0  0  0  0  0  0  0  0    0            

                       4     9  9  9 8  9  9  9  9  9  0  9  9    9            

                       1     9  9  9 3  8  9  7  7  6  0  3  9    5            

                       .5    9  9  5 0  5  8  6  5  3  0  0  3    2            

                       .25   9  9  0 0  2  2  2  0  0  0  0  3    0            

                       4     9  9  9 3  7  5  8  5  2  0  3  7    3            

                       1     9  9  0 3  2  3  3  2  0  0  0  7    0            

                       .5    9  9  0 0  0  0  3  0  0  0  0  0    0            

                       4     9  9  9 9  9  9  9  9  9  6  9  9    9            

                       1     9  9  9 9  9  9  9  9  9  2  9  9    9            

                       .5    9  9  9 8  9  9  9  8  8  0  8  8    5            

                       .25   8  9  9 8  7  8  8  5  5  0  1  7    5            

                       4     9  9  9 3  9  9  9  9  6  0  5  8    2            

                       1     9  9  9 0  9  8  8  3  0  0  0  3    0            

                       .5    9  9  7 0  9  3  7  3  0  0  0  3    0            

                       .25   9  9  0 0  0  0  5  0  0  0  0  2    0            

                       4     2  9  8 0  0  0  0  2  0  0  0  0    0            

                       4     9  9  9 7  8  5  9  8  7  2  6  8    5            

                       1     9  8  3 3  0  2  5  3  3  2  2  5    3            

                       .5    8  7  0 3  0  0  0  3  3  0  0  2    2            

                       10    9  9  9 0  8  7  8  9  3                          

                       4     9  9  6 6  9  8  9  9  1  0  7  7    0            

                       1     9  9  0 0  2  3  6  0  0  0  0  0    0            

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the control of undesirable plant species comprising,
PA1  contacting the undesirable plant species or soil containing seeds of
      undesirable plant species with a herbicidally effective amount of a
      compound of the formula:
      ##SPC11##
PAL  where Z is haloalkyl C.sub.1 -C.sub.3 or haloalkenyl C.sub.1 -C.sub.3
      containing from 1 to 5 halogen atoms; R.sub.1 and R.sub.2 each represent
      hydrogen, alkyl C.sub.1 -C.sub.4 or cyanoalkyl wherein the alkyl group
      contains 1 to 4 carbon atoms; R.sub.3 is  phenyl, chlorophenyl,
      methylphenyl, cyclohexyl, methylcyclohexyl, benzyl or 2-methylbenzyl.
NUM  2.
PAR  2. A method according to claim 1 for the postemergence control of
      undesirable plant species wherein the herbicidally active compound is
      applied to the foliage of the undesirable plant species at a rate
      sufficient to provide from about 0.06 to 10 pounds of active compound per
      acre.
NUM  3.
PAR  3. A method according to claim 1 for the selective preemergence control of
      undesirable plant species wherein the herbicidally active compound is
      applied to soil containing seeds of the undesirable plant species to
      provide from about 0.06 to 10 pounds of active compound per acre.
NUM  4.
PAR  4. A method according to claim 1 wherein the compound is
      2-amino-4-cyclohexylamino-6-(difluoromethyl)-s-triazine.
NUM  5.
PAR  5. A method according to claim 1 wherein the compound is
      2-amino-4-cyclohexylamino-6-(trifluoromethyl)-s-triazine.
NUM  6.
PAR  6. A method according to claim 1 wherein the compound is
      2-amino-4-benzylamino-6-(chlorodifluoromethyl)-s-triazine.
NUM  7.
PAR  7. A method according to claim 1 wherein the compound is
      2-amino-4-cyclohexylamino-6-(pentafluoroethyl)-s-triazine.
NUM  8.
PAR  8. A method according to claim 1 wherein the compound is
      2-amino-4-cyclohexylamino-6-(chlorodifluoromethyl)-s-triazine.
NUM  9.
PAR  9. A method according to claim 1 wherein the compound is
      2-amino-4-benzylamino-6-(trifluoromethyl)-s-triazine.
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SRC  5
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ABST
PAL  Covers substituted aryloxyacetamido nitrile derivatives having the
      following general formula:
      ##SPC1##
PAL  Wherein X, Y and Z are selected from the group consisting of hydrogen,
      loweralkyl and halo, R and R' are selected from the group consisting of
      hydrogen and loweralkyl, R", R'" and R"" are selected from the group
      consisting of hydrogen, loweralkyl, alkenyl, alkynyl, aryl, substituted
      aryl, and benzyl and R'" and R"" when taken together are cycloalkane,
      which derivatives are useful in increasing carbohydrate deposition in
      plants such as sugar cane.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our copending application,
      dated Nov. 17, 1971, bearing Ser. No. 200,263 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Considerable research effort has been expended in developing compounds
      which are useful in influencing the growth and development of a wide
      variety of plants. One of the specific aims in such broad endeavors is to
      develop a series of compounds which can benefit useful plants such as
      sugar cane by increasing sucrose content via treatment with chemical
      compounds.
PAR  It therefore becomes an object of the invention to provide a class of
      compounds which influence the growth and development of a wide variety of
      plant species.
PAR  A specific object of the invention is to provide a group of compounds which
      increase carbohydrate deposition in a variety of useful plants.
PAR  A particular object of the invention is to provide a method of increasing
      sucrose content in plants such as sugar cane via treatment with a broad
      class of compounds.
PAR  Other objects will appear hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention a class of nitrile compounds has been
      discovered which can be used to benefit useful plants by increasing
      carbohydrate deposition. These substituted aryloxyacetamido nitrile
      derivatives have the following general formula:
      ##SPC2##
PAL  Wherein X, Y and Z are selected from the group consisting of hydrogen,
      loweralkyl and halo, R and R' are selected from the group consisting of
      hydrogen and loweralkyl, R", R'" and R"" are selected from the group
      consisting of hydrogen, loweralkyl, alkenyl, alkynyl, aryl, substituted
      aryl and benzyl, and R'" and R"" when taken together are cycloalkane. In a
      greatly preferred embodiment, the herewith described compounds are used to
      treat sugar cane to increase the sucrose yield in the sugar cane.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The compounds described here may be prepared via a variety of synthetic
      techniques. However, the following is a preferred synthetic route due to
      ease of reaction and excellent overall yields.
PAR  Essentially, the substituted aryloxyacetamido nitrile derivatives are
      prepared by first reacting a ketone or aldehyde with HCN and an amine to
      produce an aminoacetonitrile. The aminoacetonitrile in turn is reacted
      with an unsubstituted, halo substituted, or loweralkyl substituted
      phenoxyacetyl chloride, The phenoxyacetyl chloride is generally prepared
      by refluxing the parent acid with thionylchloride in a solvent such as
      benzene for several hours. Thereafter, the solution is concentrated to an
      oil and distilled under reduced pressure to produce a purified
      phenoxyacetyl chloride. This procedure is set out in J. Am. Chem. Soc. 68,
      2112 (1946).
PAR  The phenoxyacetyl chloride is then reacted with a wide variety of amino
      nitriles to produce the corresponding amido nitrile.
PAR  The following lists typical amino nitriles used to make the corresponding
      amido nitriles.
      ##EQU1##
PAR  In more detail, in order to prepare the amido nitriles the following
      general procedure is carried out:
PAR  A solution of the halo substituted, loweralkyl substituted or unsubstituted
      phenoxyacetyl chloride (1 equivalent) in benzene is added to a stirred
      solution of 1 equivalent of the aminoacetonitrile derivative and 1
      equivalent triethylamine. The triethylamine is employed as an acid
      acceptor and other equivalent acid acceptors such as picolines;
      triethylamine, morpholine, pyridine, etc. may be employed. Likewise, the
      reaction solvent may be other than benzene such as ether, chloroform,
      methylene chloride, etc. If an aminoacetonitrile salt is used it is
      necessary to employ two equivalents of acid acceptor. AFter the solution
      is stirred several hours it is washed successively with water, dilute
      alkali, water again, dilute acid and finally water. It is then
      subsequently dried over a dessicant such as magnesium sulfate. The drying
      agent is removed and the filtrate is concentrated under vacuum to give the
      desired product.
PAR  The following examples illustrate typical useful compounds of the invention
      and their method of preparation:
PAC  EXAMPLE I
PAC  N-Cyanomethyl 2,4-Dichlorophenoxyacetamide
PAR  2,4-Dichlorophenoxyacetyl chloride was prepared according to the procedure
      described in J. Am. Chem. Soc. 68, 2112 (1946). The acid chloride had a
      boiling point of 155.degree.-157.degree. C. at 22 mm., and a melting point
      of 44.degree.-45.degree. C.
PAR  A solution of 11.95 g. (0.05 mole) of 2,4 dichlorophenoxyacetyl chloride in
      50 ml. of benzene was added slowly to a stirred mixture of 10.1 g. (0.10
      mole) of triethylamine and 4.2 g. (0.05 mole) aminoacetonitrile
      hydrochloride in 200 ml. of benzene. The mixture was stirred for 2 hours
      at room temperature and then washed successively with water, 5% sodium
      hydroxide solution, water, 5% hydrochloric acid solution, and water and
      then dried over magnesium sulfate. The resultant filtrate was concentrated
      under vacuum to give a solid which was crystallized from dilute ethanol to
      give 8.6 g. (66% yield) of product having a melting point of
      107.degree.-108.degree. C.
PAR  A number of other compounds were prepared according to the procedure just
      described by reacting 2,4-dichlorophenoxyacetyl chloride with a variety of
      aminonitriles. These compounds have the following general formula:
      ##SPC3##
PAL  where R', R'" and R"" are radicals as previously defined.
PAR  Table II below sets out the physical constants and analyses of these
      compounds.
      ##EQU2##
PAR  The active ingredient may be utilized in diverse formulations, including
      the adjuvants and carriers normally employed for facilitating the
      dispersion of active ingredients for agricultural applications. Thus, the
      just-described nitrile derivatives may be formulated as a solution or
      dispersion, in aqueous or nonaqueous media, as a powdery dust, as a
      wettable powder, as an emulsifiable concentrate, as a granule, or as any
      of several other known types of formulations. These growth regulatory
      compositions may be applied as sprays, dips, dust, or granules to the
      plant situs. These formulations may contain as little as 0.0005% or as
      much as 95% or more by weight of active ingredient, and applications may
      be at rates equivalent to less than 2 to over 400 lbs./acre, more often 2
      - 100 lbs./acre.
PAR  In order to provide compositions in the form of dusts, high-strength
      concentrates, granules, pellets, water-dispersible powders, aqueous
      solutions, dispersions, or emulsions and solutions or dispersions in
      organic liquids, the carrier or diluent agent in such formulations may be
      a finely divided solid, an organic liquid, water, a wetting agent, a
      dispersing agent, or emulsifying agent, or any suitable combination of
      these. Generally, when liquids and wettable powders are prepared a
      conditioning agent comprising one or more surface-active agents or
      surfactants is present in amounts sufficient to render a given composition
      containing the active compounds readily dispersible in water or in oil.
PAR  The surface active agent used in the invention here can be a wetting,
      dispersing or emulsifying agent which will assist dispersion of the
      compound. The surface-active agent or surfactant can include such anionic,
      cationic and nonionic agents as have heretofore been generally employed in
      plant control compositions of similar type. Suitable surface-active agents
      are set forth, for example, in "Detergents and Emulsifiers" 1971 Annual by
      John W. McCutcheon, Inc.
PAR  In general, less than 10% by weight of the surface-active agent will be
      used in compositions of this invention, and ordinarily the amount of
      surface-active agent will range from 1 - 5% but may even be less than 1%
      by weight.
PAR  Additional surface-active agents can be added to the formulations to
      increase the ratio of surfactant:active ingredient up to as high as 5:1 by
      weight. Such compositions may have a greater biological effectiveness than
      can be expected from a consideration of the activity of the components
      used separately. When used at higher rates, it is preferred that the
      surfactant be present in the range of one-fifth to five parts surfactant
      for each one part of active agent.
PAC  WETTABLE POWDERS
PAR  Wettable powders are water-dispersible compositions containing the active
      material, an inert solid extender, and one or more surfactants to provide
      rapid wetting and prevent heavy flocculation when suspended in water.
PAR  The inert extenders which are preferred for use in the wettable powders of
      this invention containing the active compounds are of mineral origin.
PAR  The classes of extenders suitable for the wettable powder formulations of
      this invention are the natural clays, diatomaceous earth and synthetic
      mineral fillers derived from silica and silicate. Most preferred fillers
      for this invention are kaolinites, attapulgite clay, montmorillonite
      clays, synthetic silicas, synthetic magnesium silicate and calcium sulfate
      dihydrate.
PAR  Among the more preferred surfactants are the nonionic and anionic types,
      and those most suitable for the preparation of the dry, wettable products
      of this invention are solid forms of compounds known to the art as wetters
      and dispersants. Occasionally a liquid, nonionic compound classified
      primarily as an emulsifier may serve as both wetter and dispersant.
PAR  Most preferred wetting agents are alkylbenzene and alkylnapthalene
      sulfonates, sulfated fatty alcohols, amines or acid amides, long chain
      acid esters of sodium isothionate, esters of sodium sulfosuccinate,
      sulfated or sulfonated fatty acid esters, petroleum sulfonates, sulfonated
      vegetable oils, and ditertiary acetylenic glycols. Preferred dispersants
      are methyl cellulose, polyvinyl alcohol, lignin sulfonates, polymeric
      alkylnaphthalene sulfonates, sodium napthalene sulfonates, polymethylene
      bis-napthalene sulfonate, and sodium-N-methyl-N-(long chain acid)
      tautrates.
PAR  Wetting and dispersing agents in these preferred wettable powder
      compositions of the invention are usually present at concentrations of
      from about 0.5 weight percent to 5 weight percent. The inert extender then
      completed the formulation.
PAR  Thus, wettable powder formulations of the invention will contain from about
      25 to 90 weight percent active material, from 0.5 to 2.0 percent wetting
      agent, from 0.25 to 5.0 weight percent dispersant, and from 9.25 to 74.25
      weight percent inert extender, as these terms are described above.
PAC  HIGH-STRENGTH COMPOSITIONS AND AQUEOUS SUSPENSION CONCENTRATES
PAR  High-strength compositions generally consist of 90 to 99.5 percent active
      ingredient and 0.5 to 10 percent of a liquid or solid surfactant such as
      those described in "Detergents and Emulsifiers" 1971 Annual by John W.
      McCutcheon, Inc. Such high-strength compositions can often be used in a
      manner similar to the wettable powders but they are also suitable for
      further formulation.
PAR  The aqueous suspension concentrates are prepared by mixing together and
      sand grinding an aqueous slurry of water-insoluble active ingredient in
      the presence of dispersing agents until a concentrated aqueous slurry is
      obtained in which the particles of active ingredient are substantially all
      below 5 microns in size. This concentrated aqueous suspension is
      characterized by its extremely small particle size so that upon diluting
      and spraying, a very uniform coverage is obtained.
PAR  These just-described aqueous suspension concentrates will contain from 15
      to 40% of active ingredient, from 45 to 70% water, with the remainder made
      up of surfactants, corrosion inhibitors and suspending agents.
PAR  Suspensions in organic liquids can be prepared in a similar manner such as
      by replacing the water with mineral oil.
PAC  DUSTS
PAR  Dusts are dense powder compositions which are intended for application in
      dry form. Dusts are characterized by their free-flowing and rapid settling
      properties so that they are not readily windborn to areas where their
      presence is not desired. They contain primarily an active ingredient and a
      dense, free-flowing, solid extender. Their performance is sometimes aided
      by the inclusion of a wetting agent, and convenience in manufacture
      frequently demands the inclusion of an inert absorptive grinding aid.
PAR  The wettable powder as described above can also be used in the preparation
      of dusts. While such wettable powders can be used directly in dust form,
      it is more advantageous to dilute them by blending with the dense dust
      diluent. In this manner, dispersing agents, corrosion inhibitors, and
      antifoam agents may also be found as component of a dust.
PAR  Thus, the dust compositions of this invention will comprise from about 5 to
      20 weight percent active ingredient, 5 to 25 weight percent filler, 0 to
      1.0 weight percent wetting agent and from about 30 to 90 weight percent
      dense, free-flowing extender, as these terms are used herein.
PAC  EMULSIFIABLE OILS
PAR  Emulsifiable oils are usually solutions of active material in nonwater
      miscible solvents together with a surfactant.
PAR  For the compounds of this invention, emulsifiable oils can be made by
      mixing the active ingredient with a solvent and surfactant. Suitable
      solvents for the compound of this invention are chlorinated solvents,
      nonwater miscible ethers, esters, or ketones alone or in admixture with
      aromatic hydrocarbons. Suitable surfactants are those ionic or nonionic
      agents known to the art as emulsifying agents.
PAR  Emulsifying agents most suitable for the emulsifiable oil compositions of
      this invention are long-chain alkyl or mercaptan polyethoxy alcohols,
      alkylaryl polyethoxy alcohols, sorbitan fatty acid esters, polyoxyethylene
      ethers with sorbitan fatty acid esters, polyethylene glycol esters with
      fatty rosin acids, fatty alkylol amide condensates, calcium and amine
      salts of fatty alcohol sulfates, oil soluble petroleum sulfonates or,
      preferably mixtures of these emulsifying agents. Such emulsifying agents
      will comprise from about 1 to 10 weight percent of the total composition.
      As described above, however, up to 5 parts of emulsifying agent for each
      part of active ingredient can be used.
PAR  Thus, emulsifiable oil compositions of the present invention will consist
      of from about 10 to 50 weight percent active ingredient, about 40 to 82%
      solvents, and about 1 to 10 weight percent emulsifier, as these terms are
      defined and used above.
PAR  In some instances the oil solution may be intended merely for extension
      with other oils, and in this instance, the emulsifying agent may be
      omitted and may be replaced by additional solvent.
PAC  GRANULES AND PELLETS
PAR  Granules and pellets are physically stable, particulate compositions
      containing a compound of this invention which adheres to or is distributed
      through a basic matrix of a coherent, inert carrier with microscopic
      dimensions. In order to aid leaching of the active ingredient from the
      granule or pellet, a surfactant can be present.
PAR  The inert carrier is preferably of mineral origin, and suitable carriers
      are natural clays, some pyrophyllites and vermiculite. Suitable wetting
      agents are anionic or nonionic.
PAR  For the granule compositions of this invention, most suitable carriers are
      of two types. The first are porous, absorptive preformed granules, such as
      preformed and screened granular attapulgite or heat expanded, granular,
      screened vermiculite. On either of these, a solution of the active agent
      can be sprayed and will be absorbed at concentrations up to 25 weight
      percent of the total weight. The second, which are also suitable for
      pellets, are initially powdered kaolin clays, hydrated attapulgite or
      bentonite clays in the form of sodium, calcium or magnesium bentonites.
      Water-soluble salts such as sodium salts may also be present to aid in the
      disintegration of the granules or pellets in the presence of moisture.
      These ingredients are blended with the active components to give mixtures
      that are granulated or pelleted, followed by drying to yield formulations
      with the active component distributed uniformly throughout the mass. Such
      granules or pellets can also be made with 25 to 30 weight percent active
      components but more frequently a concentration of about 10 weight percent
      is desired for optimum distribution. The granular compositions of this
      invention are most useful in a size range of  15 - 30 mesh.
PAR  The most suitable wetting agents for the granular compositions of this
      invention depend upon the type of granule used. When preformed granules
      are sprayed with active material in liquid form, the most suitable wetting
      agents are nonionic, liquid wetters miscible with the solvent. These are
      more generally known to the art as emulsifiers and comprise alkylaryl
      polyether alcohols, alkyl polyether alcohols, polyoxyethylene sorbitan
      fatty acid esters, polyethylene glycol esters with fatty or rosin acids,
      fatty alkylol amide condensates, oil soluble petroleum or vegetable oil
      sulfonates, or mixtures of these. Such agents will usually comprise up to
      about 5 weight percent of the total composition.
PAR  When the active ingredient is first mixed with a powdered carrier and
      subsequently granulated or pelleted, liquid nonionic wetters can still be
      used, but it is usually preferable to incorporate at the mixing stage one
      of the solid, powdered anionic wetting agents such as those previously
      listed for the wettable powders. Such agents will comprise from about 0 to
      2 weight percent of the total composition.
PAR  Thus, the preferred granular pelleted formulations of this invention
      comprise about 5 to 30 weight percent active material, about 0 to 5 weight
      percent wetting agent, and about 65 to 95 weight percent inert mineral
      carrier, as these terms are used herein.
PAC  AQUEOUS SOLUTIONS
PAR  Certain compounds of this invention are soluble in mild acid or alkaline
      solutions and can be formulated and applied in aqueous solution in
      concentrations up to about 20%.
PAR  As noted above the compounds here have been found to promote a modification
      or alteration to the normal sequential development of plants to
      agricultural maturity. For example, in carbohydrate depositing plants, the
      application of the compounds of this invention leads to an earlier
      deposition of the carbohydrate and usually in a greater amount. Thus,
      through the application of the compounds of this invention, this "maximum"
      deposition period can be advanced in the maturity cycle. Such plant
      species as Irish potatoes, sweet potatoes, sugar beets, sugar cane,
      grapes, melons, silage crops, and citrus and other tree fruits show an
      earlier accumulation of carbohydrates upon application to this plant
      species of a compound or combination of compounds of this invention.
PAR  The compounds have shown particular activity in controlling the maturation
      and sucrose accumulation in growing sugar cane. It appears that
      application to the upper portion of the sugar cane plant particularly the
      leaves and growing point (spindle area), of the compounds here several
      weeks before harvest leads to suppression of the terminal growth of the
      sugar cane, thereby, in effect, inducing an early ripening of the sugar
      cane and thus increasing the sucrose content of the sugar cane. It also
      appears that various carbohydrates in the plant are converted to sucrose,
      leading to a significant increase in the total yield of sucrose in the
      plant.
PAR  The compounds of the present invention are applied to the tops of growing
      sugar cane, preferably about two to ten weeks before harvesting time by
      any of the usual means well known in the art, for instance, by
      appropriately spraying them in the form of an aqueous solution containing
      one or more of the above-discussed surfactants in order to provide more
      effective wetting of the plant. The spraying can be accomplished either by
      mechanical or hydraulic agricultural sprayers, or alternately from an
      airplane, the exact mode depending upon the size of the area to be
      sprayed. Yields of sucrose from sugar cane so treated, are considerably
      increased as compared to those obtained from nontreated sugar cane.
PAR  The compounds can also be applied to the sugar cane in any of the forms
      discussed above.
PAR  The amount of compound applied to the sugar cane normally varies from about
      two to about ten pounds per acre.
PAR  As noted above, the compounds of the present invention are usually applied
      to the growing sugar cane about two to ten weeks before harvest, and
      preferably about four to five weeks before harvest.
PAR  In order to demonstrate the efficacy of the invention in this area,
      individual sugar cane stalks were treated with representative compounds
      several weeks before harvest. To avoid sampling errors, older cane,
      preferably 13 to 23  months old were employed in the test. In order to
      improve the accuracy of the analyses, only the terminal 15 joints of each
      stalk were used. An identical number of untreated sugar cane stalks, of
      the same age, were similarly processed to provide a control. A comparison
      of the values obtained for the treated cane provides with the control
      sample a convenient means of determining the effectiveness of these
      compounds as ripening agents.
PAR  The analyses are carried out by the press method of cane analyses,
      developed by T. Tanimoto and reported in Hawaiian Planters' Record, Vol.
      57, p. 133. The data is expressed as juice purity and pol percent cane.
      Pol percent cane is a polarimetric determination and will equal the
      percentage of sucrose if it is the only substance in the solution which
      will rotate the plane of polarized light. In any event the determination
      of pol percent is considered by those skilled in the art as an effective
      means of determining the sucrose content of sugar cane juice.
PAR  In the first series of tests, about four weeks before harvesting, a number
      of compounds of the invention were applied in solution form to the tips of
      each of ten 23 month old sugar cane stalks. Table III which gives the
      results of these tests shows that application of these compounds resulted
      in a very substantial improvement in both juice purity and pol percent
      cane. The compound number in each case corresponds to the example number
      of the compounds shown in Table II as well as in Example I.
TBL                TABLE III                                                   

     ______________________________________                                    

     Compound        Juice         Pol                                         

     No.             Purity        Percent                                     

     ______________________________________                                    

      1              74.1          7.4                                         

      7              72.8          7.8                                         

      8              81.7          10.2                                        

      9              77.3          9.2                                         

     10              74.8          8.1                                         

     14              73.4          7.8                                         

     Control         73.7          7.7                                         

     ______________________________________                                    

PAR  A still further group of compounds were tested by applying them five weeks
      before harvest. Results are shown in Table IV below.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Compound       Juice        Pol                                           

     No.            Purity       Percent                                       

     ______________________________________                                    

      2             71.7         9.5                                           

      4             82           11.4                                          

      5             79.3         12.1                                          

     15             72.9         8.9                                           

     16             73.8         8.9                                           

     18             76.3         10.0                                          

     Control        73.2         8.3                                           

     ______________________________________                                    

PAR  In the last series of the testing, still further compounds were tested by
      applying them five weeks before harvest. Results are given in Table V
      which again demonstrates the increase in juice purity and pol percent gain
      via application of the herewith described compounds.
TBL                TABLE V                                                     

     ______________________________________                                    

     Compound        Juice         Pol                                         

     No.             Purity        Percent                                     

     ______________________________________                                    

      1              78.9          10.5                                        

      9              75.6          9.7                                         

     10              75.3          10.9                                        

     11              74.5          9.5                                         

     14              79.5          10.5                                        

     20              79.6          9.7                                         

     Control         73.6          8.8                                         

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. A method of increasing carbohydrate deposition in plants which comprises
      applying to the maturing plant 2 to 10 weeks before harvest thereof an
      effective amount of a compound of the formula:
      ##SPC4##
PAL  wherein X, Y and Z are selected from the group consisting of hydrogen,
      loweralkyl and chloro, R, R', R", R'" and R"" are selected from the group
      consisting of hydrogen and loweralkyl.
NUM  2.
PAR  2. A method for accelerating the maturation of and sucrose accumulation in
      growing sugar cane which comprises application to the tops of the growing
      cane 2 to 10 weeks before harvest thereof an effective amount of a
      compound having the formula:
      ##SPC5##
PAL  where X, Y and Z are selected from the group consisting of hydrogen,
      loweralkyl and chloro, R, R', R", R'" and R"" are selected from the group
      consisting of hydrogen and loweralkyl.
NUM  3.
PAR  3. The method of claim 2 wherein R" is H, R'" is CH.sub.3 and R"" is H.
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ABST
PAL  Inert gas is used to effect a seal between external oxygen-containing
      atmospheric gas and internal explosive or combustion-prone dust containing
      gases in a briquette making machine. The sealing system requires no
      mechanical contact and permits viewing of the moving briquette roll.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to briquetting machines and methods such as are used
      to form shapes from particulate materials. In particular it relates to
      means for forming briquettes from partially reduced iron ore. The
      invention in one embodiment represents an improvement on the device shown
      in U.S. Pat. No. 3,077,634 to Komarek et al., the specification of which
      is adopted as part of this disclosure.
PAR  Komarek shows a briquetting machine characterized by a cylindrical central
      body having U-shaped recesses for accommodating mold inserts. These
      cylindrical units are placed in tandem so that faces of two molds oppose
      each other as the cylinders turn, compressing the particulate material
      which falls between them. Temperatures of the gas inside the briquetting
      machine are about 1,100.degree. - 1,400.degree.F. Because of the large
      quantity of dust which is generated inside the hopper leading to the
      compressing zone, it has been necessary to seal off the entire machine
      from the atmosphere in order to prevent explosions. The large opaque
      housing, however, has rendered it difficult to cool the machine with water
      sprays and impossible to see the mold inserts for inspection; moreover, it
      has not been entirely free from the hazards of combustion.
PAR  Accordingly, the principal object of this invention is to provide a means
      of permitting the briquetting roll to rotate from the inside sealed
      portion of the machine to an exposed outside unsealed portion of the
      machine, with a seal or barrier between the inside and outside portions of
      the machine that does not physically contact the rotating roll. The
      reasons for not having a physical contact are (1) uneven surfaces on the
      roll of up to 0.010 inch, (2) differences in roll dimensions of up to
      0.060 inch due to expansion caused by operating temperature changes, and
      (3) movement within the briquette machine of the briquetting roll of up to
      1 inch due to operating adjustments. Benefits of the invention include
      longer roll life, a reduction of "stickers" in the roll pockets, and
      operator ability to see problems develop on the roll face before they
      become serious.
PAC  SUMMARY OF THE INVENTION
PAR  My invention is a sealing apparatus and method as illustrated in the
      accompanying drawings.
PAR  My invention provides for the continual low-pressure insertion of inert gas
      into the sealing edge or encasement of the briquette machine, thus
      allowing a clear view of empty mold inserts, and allowing the use of
      cooling spray also within view of the operation.
DRWD
PAR  A preferred embodiment of my invention is illustrated in FIGS. 1 and 2 in
      which
PAR  FIG. 1 is a side sectional view of a briquetting machine having two rolls;
      and
PAR  FIG. 2 is an overhead view of the same machine.
DETD
PAR  In FIG. 1, a side sectional view of the invention, two adjacent axially
      parallel briquette mold rolls 1 are shown in position for compressing and
      molding particulate material (not shown) fed from hopper 3 through chute
      5. Both rolls are housed in a case or cover 7.
PAR  My sealing mechanism is made up of side radial seals 11, end rolls face
      seals 13, housing seals 15, and inert gas piping 17 to the radial 11 and
      end 13 seals.
PAR  Left- and right-hand side radial seals 11 are firmly attached on their
      outside ends to the machine bearing blocks 20. The inside ends of radial
      seals 11 are in maximum proximity (0.010 to 0.030 inch) to the sides of
      the rotating briquetting roll 1 when the machine is cold and also when it
      is hot and in its most expanded state, since both the roll and seal expand
      outwardly.
PAR  Top and bottom end roll face seals 13 are firmly attached to the left- and
      right-hand side radial seals and are approximately 0.07 to 0.09 inch from
      the briquette roll face when the machine is cold; when it is hot, the
      expansion closes the seal to about 0.01 to 0.03 inch.
PAR  From the perspective of FIG. 1, the housing seals 15 are firmly attached to
      the side radial seals 11 and the end roll face seals 13, and are placed
      against the machine housing 7 and machine bearing blocks 20, allowing for
      relative operating movement between the "roll-bearing block-seal" assembly
      and the housing, and temperature-caused expansion movement between the
      roll and the seal parts as well as the "bearing block-seal" assembly and
      the roll. Seal spacing throughout the machine while hot and operating is
      maintained at about 0.01 to 0.03 inch.
PAR  In FIG. 2, an overhead view of the device, the machine bearing blocks 20
      can be seen supporting shafts 24 which hold the rolls 1 having
      peripherally mounted molds 26 meeting in tandem at 28 as in the prior art.
      Piping 17 carries inert gas to sealing edges 13 and 15 where it fills the
      space between the moving parts and the stationary parts.
PAR  My invention operates as follows:
PAR  Inert gas is introduced substantially perpendicularly into the space of the
      side radial seals 11 and the end roll face seals 13 through a piping
      system 17. The inert gas is preferably controlled to a pressure of about 2
      inch water column greater than the atmosphere on either side of the seal.
      The inert gas flows from the seal space out of the small slot-like
      openings between the seals and the roll. Some of the gas flow is into
      housing 7 and some of the flow is to the outside atmosphere. The positive
      flow of inert gas from the seal chambers prevents outside air from
      entering the inner portion of the briquette machine (within the housing 7)
      and also prevents the hot dusty combustible atmosphere on the inside of
      the briquette machine from escaping to the outside atmosphere. Either
      condition could cause a fire. The flow of inert gas into the machine
      housing results in a slight flow of gas through the briquette exit 30 at
      the bottom of the machine.
PAR  My invention permits the roll to rotate to an outer portion of the machine
      where inspection and cooling as by sprays 22 can take place.
PAR  No physical contact exists between the rotating roll and the seal parts.
      The inner briquette machine gaseous atmosphere is separated from the outer
      air atmosphere. The clearance between the seal and the rotating parts
      while in operation should be between about 0.01 inch and about 0.03 inch.
PAR  The flow of inert gas, to ensure the prevention of contact between the
      combustible internal gas and the oxidizing external atmospheric gas should
      be from 60 - 150 ft/sec in velocity; however, any flow rate will suffice
      if it is steady. Any inert gas may be used, but in particular, I prefer
      nitrogen, argon, and carbon dioxide. A mixture of nitrogen and carbon
      dioxide may be used.
PAR  I do not intend to be restricted to the specific illustrations and
      embodiments of my invention discussed above. It may be otherwise variously
      practiced within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of making briquettes wherein particulate matter is fed
      through a housing to a point between two mold rolls for compression into
      briquettes, and wherein the atmosphere within the housing contains a
      combustible dust, and wherein the escape of such dust through seal
      openings is a fire hazard, the improvement comprising flowing inert gas
      into seal openings to effect flow of said inert gas both into said machine
      and external of said machine thereby preventing air from entering and
      containing the combustible dust within said housing.
NUM  2.
PAR  2. Method of claim 1 in which the inert gas is mostly nitrogen.
NUM  3.
PAR  3. Method of claim 1 in which the passages are from about 0.01 to b 0.03
      inch wide when the machine is hot.
NUM  4.
PAR  4. A briquette machine comprising two revolving cylindrical rolls for
      compressing particulate matter in mold inserts, a housing therefor and
      means for providing a view of empty mold inserts while sealing gases
      inside the machine comprising an opening in said housing having a sealing
      edge when heated from 0.01 to 0.03 inch away from the roll, and means for
      flowing inert gas into the sealing edge thereof through the edge of the
      housing to effect flow of inert gas into and out of said machine to
      contain the combustible dust wherein and prevent outside air from entering
      said housing.
NUM  5.
PAR  5. Apparatus for inhibiting contact of dust-laden gases confined in a
      housing for briquetting machines comprising a sealing edge in said housing
      having a clearance from said machinery of from about 0.01 to 0.03 inch, a
      piping system for conveying inert gas to said sealing edge, and means for
      introducing inert gas from said piping system through the wall of said
      housing perpendicularly into the clearance to effect flow of gas
      transverse of said clearance, whereby the dust-laden gases are contained
      within and outside air prevented from entering said housing.
NUM  6.
PAR  6. Apparatus of claim 5 in which the machines are roll-type briquetting
      machines.
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ABST
PAL  Sulfide ores are reduced directly to metallic values such as nickel, copper
      and iron, by use of a scavenger such as calcium oxide to combine with the
      sulfur and prevent sulfurous gas from escaping into the atmosphere. The
      separate metals, copper, nickel and iron can then be recovered as by
      leaching.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to methods for the recovery of metal
      values from sulfide ores by reduction and more particularly, to the use of
      scavengers to combine with the sulfur in conducting the reduction
      procedures and reducing air pollution.
PAR  2. Description of the Prior Art
PAR  The metal industries are finding it very difficult to meet the air
      pollution regulations and standards promulgated by federal and state
      agencies within the last few years. The use of conventional
      pyrometallurgical processes in the production of metals from sulfide ore
      concentrates results in the emission of suspended particulate matter and
      sulfur oxides. Of these air contaminants, it has been found that sulfur
      oxides are much more difficult to control. Sulfur oxide emissions result
      from the smelting of sulfur-bearing materials. For example, copper exists
      in various other forms in nature, such as native copper and copper oxides,
      carbonates and silicates, but the primary sources of copper exist as
      low-grade deposits of copper sulfide ores in which the principal copper
      mineral is chalocopyrite, and which in most instances also contain some
      iron sulfide.
PAR  In an effort to comply with sulfur oxide air pollution regulations, the
      metal companies have initiated research programs to develop methods for
      recovering the sulfur oxides being emitted from their smelters. So far,
      however, no economical method for reducing sulfur oxide emissions to
      acceptable levels has been reported.
PAR  While the metal industry is making an all-out effort to develop an
      economical method to control sulfur oxide emissions so as to comply with
      present regulations and standards, there is an ever-increasing demand from
      the public for further improvement in the quality of the nation's
      atmosphere. This is resulting in the promulgation of even more restrictive
      regulations and standards. The continuation of this trend of more
      restrictive standards may eventually result in the metal producers finding
      it economically unfeasible, if not technically impossible, to comply with
      these standards.
PAR  Most proposed methods for controlling sulfur dioxide, the major sulfur
      oxide contaminant, contemplate the conversion of sulfur dioxide to
      sulfuric acid. However, even if an economically feasible method is found
      for converting substantially all the sulfur dioxide to sulfuric acid, the
      disposal of large amounts of sulfuric acid presents another pollution
      problem.
PAR  In their combined state, metals such as copper, nickel and iron are usually
      chemically combined in the ores with non-metallic elements such as sulfur
      and oxygen. In winning these latter metals from their ores it usually is
      necessary to perform a reduction operation where the anions or
      non-metallic elements such as oxygen, sulfur, etc. which have a negative
      charge, are separated from the cation metal constituent which has a
      positive charge. In the reduction process, the metal is separated from the
      oxygen or sulfur by virtue of the combination of the oxygen or sulfur with
      reducing gas and by virtue of the diffusion or migration of the metal
      ions. The rate at which reducing gas combines with the non-metallic
      elements, sulfur and oxygen, can be controlled by controlling the
      pressure, temperature, rate of the flow of reducing gas, composition of
      the local gas phase and surface area of the solid.
PAR  Of particular interest in processes of this type is the recovery of metals
      such as nickel and copper which are extremely valuable. The United States
      leads the free world in nickel consumption, about 30%, while producing
      less than 3.3% of the free world nickel output. This imbalance provides
      enouh impetus to explore the possibilities of obtaining nickel from the
      various sulfide ores such as Duluth Gabbro, the largest nickel sulfide ore
      body in the United States, and copper from ores such as chalcopyrite and
      the like.
PAR  The specific present day procedure for extracting nickel and copper from
      sulfide ores involves an initial roasting operation in which the sulfur
      level of the concentrate is adjusted to an optimum level for smelting
      operation. In the smelting operation, a copper-nickel-iron matte is
      produced, which matte is then blown to white metal in a converter by
      selective oxidation of iron sulfide and its removal in the form of a slag.
      Thereafter, the white metal is annealed over a period of several days to
      promote differential crystallization. This results in a separation of
      copper and nickel sulfides. The nickel sulfide and copper sulfide are then
      separated by flotation and the nickel sulfide product is processed further
      by roasting or electrolytic refining and marketed as NiO or Ni.
PAR  The present day procedure for extracting copper from sulfide ores involves
      preliminary roasting for partial elimination of sulfur contained in the
      copper concentrate followed by smelting in a reverberatory furnace to
      concentrate copper into matte, followed by conversion or Bessemerization
      of matte to blister copper which is then cast into anodes for electrolytic
      refining.
PAR  These procedures involve many steps and a substantial possibility is
      inherent in these processes for pollution of the atmosphere by SO.sub.2.
      Under the present environmental restrictions and regulations, it is highly
      desirable that there be provided procedures which will simplify the
      operations by which nickel, copper and other metals are recovered from
      sulfide slags and also to provide a process which will not pollute the
      atmosphere in its operation.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly one object of this invention to provide a method for the
      extraction of nickel and copper from sulfide ores which overcome or
      otherwise mitigate disadvantages of the prior art.
PAR  A further object of the invention is to provide a method for the reduction
      of sulfide ores directly to metallic values in one step wherein pollution
      of the atmosphere by sulfur dioxide evolution is minimized.
PAR  A still further object of the invention is to provide a method for the
      reduction of sulfide ores directly to metallic values in one step wherein
      a scavenger material is used to combine with the sulfur and thus prevent
      sulfurous gas from escaping into the atmosphere.
PAR  Other objects and advantages of the present invention will become apparent
      as the description thereof proceeds.
PAR  In satisfaction of the foregoing objects and advantages, there is provided
      by this invention a method for the reduction of sulfide ores directly to
      metallic values which comprises contacting an ore such as Duluth Gabbro or
      chalcopyrite concentrate with a reducing agent such as hydrogen or carbon
      monoxide or mixture thereof at a temperature of from
      600.degree.-1,000.degree.C. in the presence of a scavenging agent
      comprising an alkaline earth oxide, hydroxide, carbonate, or mixture
      thereof, the amount of scavenging agent present being sufficient to
      combine with all the sulfur present in the ore, separating the sulfide
      products and recovering the metallic values.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As indicated, the process of this invention is concerned with the recovery
      of valuable metallic values such as nickel and copper from ores which
      contain sulfur and in which these metallic values are present in combined
      form. Particularly suitable ores for use in this invention include
      pentlandite (a sulfide of iron and nickel), gabbro float concentrate and
      chalcopyrite concentrate. On reduction, the pentlandite provides an
      iron-nickel alloy, the gabbro float concentrate after reduction roasting
      and magnetic separation, yields a magnetic concentrate containing most of
      the nickel and copper in metallic form, and the chalcopyrite (CuFeS.sub.2)
      concentrate yields metallic copper and iron. Mixtures of ores may also be
      used as starting materials as well as other ores such as covellite (CuS),
      chalcocite (Cu.sub.2 S), bornite (CU.sub.5 FeS.sub.4), enargite,
      tetrahedite, tennantite and the like. Other ores not specifically
      mentioned which contain the metallic values in question can also be used.
PAR  According to this invention, it has been found that valuable nickel, copper
      and iron values can be extracted from sulfide ores of these types by
      reduction where, in the process, there is employed a scavenger in
      sufficient amounts to react with and thus combine with the sulfur
      liberated during the extraction procedure. The use of the scavenger
      results in the substantial elimination of air pollution in conducting the
      extraction processes and also yields a higher quality metallic extract
      from which the metals can be easily recovered by conventional means.
PAR  According to the present invention, the scavengers which may be used in the
      process comprise alkaline earth metal derivatives, in particular the
      alkaline earth metal oxides, hydroxides, carbonates and bicarbonates.
      Calcium oxide, calcium hydroxide, magnesium oxide, magnesium hydroxide,
      calcium carbonate, magnesium carbonate and mixtures thereof are
      particularly preferred for use in the process of this invention. A
      sufficient amount of the scavenger agent is utilized in the process to
      react with all the sulfurous gas which is produced in the reduction
      process or sufficient scavenging agent to combine with the sulfur present
      in the starting ore. As a practical matter, sufficient scavenger should be
      used to combine with all the sulfur calculated to be theoretically present
      in the starting ore.
PAR  It has been found that use of the scavenger or sulfide-acceptor material in
      the reduction process of this invention provides a number of advantages.
      It eliminates a number of the steps required in the prior art and also
      prevents sulfur from escaping into the atmosphere. Further, it provides
      procedures by which all the metallic elements present, particularly
      copper, nickel and iron, may be recovered. Moreover, the scavenger
      enhances the rate and extent of recovery of these metals as the addition
      of the acceptor or scavenger has been found to enhance the rate and extent
      of sulfide reduction of the concentrate to obtain metallic values. The
      scavenger or acceptor reacts with the sulfides during the reaction to form
      alkaline earth sulfides which thereby minimizes the escape of sulfurous
      gas to the atmosphere.
PAR  The reaction is carried out by contacting the ore with a gaseous reducing
      agent at a temperature of from about 600.degree.-1,000.degree.C. Reducing
      agents for general use in processes of this type include hydrogen, which
      is ordinarily used, carbon monoxide and the like. While the reducing agent
      is usually hydrogen, there may also be used a combination of hydrogen with
      other reducing gases at any desired pressure. Under these conditions,
      reduction of the ore takes place with the evolution of sulfurous gases
      containing sulfur usually in the form of sulfur dioxide, hydrogen sulfide,
      or mixtures.
PAR  As indicated above, the scavenging agent is preferably mixed with the ore
      or ore concentrate at the beginning of the reaction in sufficient amounts
      to combine with all the sulfur theoretically present in the ore or
      concentrate. The starting material may be in the form of powder or pellets
      for initiation of the reaction. Any desired apparatus may be employed,
      including those well known to the art, which will be suitable for
      obtaining good mixing of the reducing gas and for withstanding the high
      temperatures used in the presence of the corrosive materials present.
      Generally in this invention it is highly preferred to use a horizontal
      resistance furnace or graphite-lined rotary stainless steel drum for
      conducting the reaction. Apparatus of this type are well known to the art
      and need not be further described here.
PAR  After the basic procedure of contacting the ore with the reducing agent in
      the presence of the scavenging agent, the metallic products are then
      generally preferably separated by magnetic separation in order to isolate
      them from the oxides and sulfides contained in the mixture. Where mixtures
      of metallic values are obtained, they may be separated from each other by
      leaching which is a well known metallurgical procedure for the separation
      of metals and ores.
PAR  As indicated, when mixtures of metallic values are obtained, leaching
      procedures may be carried out to effect final separations. The leaching
      operations may be conducted by any of the methods well known to those
      skilled in the art such as those set forth, for example, in U.S. Pat. Nos.
      2,563,623, 3,574,599 and 3,785,944. Generally the leaching step may be
      carried out by mixing the product from the reducing or magnetic separation
      step with ammonia solution or an acid such as HCl or H.sub.2 SO.sub.4,
      usually in the form of aqueous solution. The resulting leach solution is
      then treated further to effect precipitation of the metal values for
      recovery by filtration.
PAR  The theory of operation of this process is that it operates to enhance
      thermodynamically the rate and extent of the reduction process to
      completion by lowering the activity of product sulfurous gas, such as
      H.sub.2 S, by capturing it with the scavenger, such as CaO. It is well
      known of course that thermodynamics is an important tool in defining the
      limits of a process as the knowledge of physical and kinetic parameters,
      along with the thermodynamics, are required to judge the feasibility of a
      process.
PAR  In general, the hydrogen reduction of metal sulfides is quite unfavorable,
      but the addition of a scavenging agent, such as CaO for sulfurous gas,
      results in a favorable thermodynamics for hydrogen reduction of several
      metal sulfides. This can be easily explained by thermodynamics
      consideration of the hydrogen reduction of cuprous sulfide with and
      without additions of CaO at 1,000.degree.K.
EQU  CaO + H.sub.2 S = CaS + H.sub.2 O; .DELTA.F.sub.1 .degree. = -14,780
      cal/mol                                                   (1)
EQU  Cu.sub.2 S + H.sub.2 = 2Cu + H.sub.2 S; .DELTA.F.sub.2 .degree. = 14,300
      cal/mol                                                   (2)
PAL  Combination of reactions (1) and (2) gives:
EQU  CaO + Cu.sub.2 S + H.sub.2 .fwdarw. CaS + 2Cu + H.sub.2 O;
      .DELTA.F.sub.1.sub.+2 .degree. = -480 cal/mol             (1+2)
PAR  Free energy values of reactions (1), (2) and (1+2) imply that reaction (1)
      is most favorable, reaction (2) is unfavorable and reaction (1+2) is
      slightly favorable.
PAR  Equilibrium constants K.sub.1 =(P.sub.H.sbsb.2O /P.sub.H.sbsb.2S), K.sub.2
      =(P.sub.H.sbsb.2S /P.sub.H.sbsb.2) and K.sub.1.sub.+2 =(P.sub.H.sbsb.2O
      /P.sub.H.sbsb.2) calculated from reaction:
EQU  .DELTA.F.degree. = -RT 1n K
PAL  are 1.7 .times. 10.sup.3, 7.6 .times. 10.sup.-.sup.4 and 1.1, respectively.
      Low equilibrium constant K.sub.2 =P.sub.H.sbsb.2S /P.sub.H.sbsb.2 = 7.6
      .times. 10.sup.-.sup.4 imposes a severe kinetic limitation on reduction
      because hydrogen sulfide must be transported out of the system at
      concentrations of only a few hundred ppm. Only extremely high gas flow
      rates may be able to reduce the metal sulfide. The addition of CaO to
      Cu.sub.2 S gives an equilibrium constant of K.sub.1.sub.+2 =
      P.sub.H.sbsb.2O = 1.1 for the hydrogen reduction of Cu.sub.2 S. The
      chemical driving force for reduction (1+2) will be inversely proportional
      to P.sub.H.sbsb.2O and P.sub.H.sbsb.2O can be lowered to a required level
      by flowing H.sub.2 gas fast enough through the system so that the sulfide
      reduction to metal will occur and at the same time the metal oxidation
      will be avoided. From this example, one can conclude that the addition of
      scavenger, such as CaO, will make hydrogen reduction of any metal sulfide
      possible as far as .DELTA.F.sub.1 .degree. + .DELTA.F.sub.2 .degree.
      .ltoreq. 0. From a practical point of view, if hydrogen is flowing fast
      enough to drive most of H.sub.2 O out of the systems then H.sub.2
      reduction of any metal sulfide should be feasible even if .DELTA.F.sub.1
      .degree. + .DELTA.F.sub.2 .degree. is slightly positive.
PAR  The following examples are presented to illustrate the invention but it is
      not considered as limited thereto. In the examples and throughout the
      specification parts are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  A laboratory horizontal resistance furnace, and graphite-lined rotary
      stainless steel drum were used for the reduction experiments. Five grams
      of pentlandite were mixed with equal amounts of Ca(OH).sub.2 and heated in
      various H.sub.2 -He mixtures from 1 to 24 hours in a tube furnace. CaO and
      CaS were removed from the product by magnetic separation and the final
      product contained mainly Fe-Ni alloy or metallic copper and iron. Copper
      and iron were separated from each other by leaching.
PAC  EXAMPLE 2
PAR  A laboratory horizontal resistance furnace, and graphite-lined rotary
      stainless steel drum were used for the reduction experiments. Five grams
      of chalcopyrite were mixed with equal amounts of Ca(OH).sub.2 and heated
      in various H.sub.2 -He mixtures from 1 to 24 hours in a tube furnace. CaO
      and CaS were removed from the product by magnetic separation and the final
      product contained, mainly, Fe-Ni alloy or metallic copper and iron. Copper
      and iron were separated from each other by leaching.
PAC  EXAMPLE 3
PAR  Fifty-two grams of gabbro concentrate are mixed with 22.5 grams of
      Ca(OH).sub.2 and placed, in the form of a powder, in a graphite-lined
      rotating stainless steel drum. Reducing gas, H.sub.2, was passed through
      the drum and heated for several hours in the range of 600.degree. to
      900.degree.C. in a muffle furnace. The roast product is subjected to
      magnetic separation in a Davis tube. The magnetic concentrate contained
      most of the metallic values.
PAC  EXAMPLE 4
PAR  Twenty-five grams of chalcopyrite concentrate are mixed with 25 grams of
      Ca(OH).sub.2 and placed, in the form of pellets, in a graphite-lined
      rotating stainless steel drum. Reducing gas, (CO) is passed through the
      drum and heated for several hours in the range of 600.degree. to
      900.degree.C. in a muffle furnace. The roast product is subjected to
      magnetic separation in a Davis tube. The magnetic concentrate contained
      most of the metallic values.
PAR  The following Table I shows the effect of CaO on the pentlandite reduction
      in H.sub.2 flowing at 500 cc/min. Here CaO and CaS were removed by
      dissolving the product in 5 percent acetic acid. X-ray analysis showed
      that the final product in Examples 7 and 8 was mainly iron-nickel (1:1)
      alloy.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Effect of lime on the reduction of pentlandite                            

     for 3 hours in H.sub.2 at 500 cc/min                                      

     __________________________________________________________________________

                               WEIGHT PCT. SULFUR IN                           

     EXAMPLE                                                                   

             SAMPLE      TEMP.degree.C.                                        

                               REDUCED PENTLANDITE                             

     __________________________________________________________________________

     5     Pentlandite                                                         

           (Theory-Maximum                                                     

           S-36%)        750   23.0                                            

     6     Pentlandite   800   15.2                                            

     7     Pentlandite+Ca(OH).sub.2                                            

                         750   0.21                                            

     8     Pentlandite+Ca(OH).sub.2                                            

                         800   0.81                                            

     __________________________________________________________________________

PAR  The following Table II shows the effect of CaO additions to chalcopyrite
      reduction in H.sub.2 flowing at 1,300 cc/min at 800.degree.C. CaO and CaS
      were removed from the product by magnetic separation. X-ray results showed
      the presence of Cu.sub.2.sub.-x S, Fe.sub.1.sub.-x S, and some metallic Cu
      and Fe in Examples 9 and 10, while in Examples 11 and 12, the product
      contained merely metallic Cu and Fe. This observation is confirmed by the
      presence of a large amount of sulfur in Examples 9 and 10, compared with
      the remaining tests.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Effect of lime on the reduction of chalcopyrite                           

     in H.sub.2 (1,300 cc/min) at 800.degree.C.                                

     __________________________________________________________________________

                  REDUCTION                                                    

     EXAMPLE                                                                   

           MATERIAL                                                            

                  TIME IN                                                      

                         CHEMICAL ANALYSIS OF THE PRODUCT                      

                  HOURS  Fe    Cu    S                                         

     __________________________________________________________________________

      9    Chalcopyrite                                                        

                  1      39.25 36.72 22.13                                     

     10    Chalcopyrite                                                        

                  7      40.04 43.67 15.09                                     

           Chalcopyrite                                                        

     11    +      1      44.12 47.83  3.57                                     

           Ca(OH).sub.2                                                        

           Chalcopyrite                                                        

     12    +      2      45.27 49.60  2.08                                     

            Ca(OH).sub.2                                                       

     __________________________________________________________________________

PAR  The following Table III shows the effect of lime on the reduction of bulk
      gabbro flotation concentrate in H.sub.2 at 600.degree. to 900.degree.C.
      X-ray analysis of the magnetic concentrate showed the metallic values of
      the ores were mainly present as sulfides in Example 13, while in Examples
      14 and 15 the iron, copper and nickel were mainly present as metallic
      iron, metallic copper and iron-nickel alloy, respectively. The beneficial
      effect of lime at 900.degree. and 600.degree.C. is evident from the
      chemical analysis.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Percent Magnetic grade and recovery of bulk-                              

     gabbro concentrate* roasted for 2 hours                                   

     __________________________________________________________________________

     ROAST CONDITIONS CHEMICAL ANALYSES, PERCENT                               

                                           RECOVERY, PERCENT                   

     __________________________________________________________________________

     EXAMPLE                                                                   

           T.degree.C                                                          

               REDUCTANT                                                       

                      Ni                                                       

                        Cu  Fe S   SiO.sub.2                                   

                                       Al.sub.2 O.sub.3                        

                                           Ni Cu Fe S   SiO.sub.2              

                                                           Al.sub.2 O.sub.3    

     __________________________________________________________________________

     13    900 H.sub.2                                                         

                      5.2                                                      

                        8.9 34.8                                               

                               10.4                                            

                                   19.6                                        

                                       6.2 85.3                                

                                              31.5                             

                                                 32.4                          

                                                    31.1                       

                                                        9.3                    

                                                           9.6                 

     14    900 H.sub.2 -CaO                                                    

                      4.5                                                      

                        17.6                                                   

                            44.0                                               

                               &lt;0.5                                            

                                   15.2                                        

                                       5.1 90.0                                

                                              85.0                             

                                                 50.0                          

                                                    &lt;1.0                       

                                                        7.0                    

                                                           8.3                 

     15    600 H.sub.2 -CaO                                                    

                      4.8                                                      

                        22.4                                                   

                            55.0                                               

                               2.3 6.3 1.6 82.9                                

                                              81.0                             

                                                 50.0                          

                                                    4.4 2.7                    

                                                           3.0                 

     *Head analysis of                                                         

     bulk concentrate 0.9                                                      

                        4.2 17.1                                               

                               7.2 35.6                                        

                                       10.5                                    

     __________________________________________________________________________

PAR  The invention has been described herein with reference to certain preferred
      embodiments. However, as obvious variations thereon will become apparent
      to those skilled in the art the invention is not to be considered as
      limited thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the reduction of metal sulfides selected from the group
      consisting of copper, iron and nickel sulfides and mixtures thereof to
      obtain an elemental metal without production of volatile sulfur compounds
      which comprises:
PA1  mixing the metal sulfide with a compound reactive with sulfur, said
      compound selected from the group consisting of alkaline earth oxides,
      alkaline earth hydroxides, alkaline earth carbonates and mixtures thereof,
      the amount of said compound being at least sufficient to combine with all
      of the sulfur contained in said metal sulfide to form an alkaline earth
      sulfide which is stable at the reaction conditions;
PA1  contacting the mixture with a reducing gas selected from the group
      consisting of hydrogen, carbon monoxide and mixtures thereof at a
      temperature in the range of 600.degree. to 1000.degree.C but below the
      melting point of any of the components of the mixture for a time
      sufficient to convert substantially all of the metal content of the metal
      sulfides to the elemental state, and
PA1  separating elemental metal from the other components of the mixture.
NUM  2.
PAR  2. A method according to claim 1 wherein the reduction reaction is carried
      out for about 1 to 24 hours.
NUM  3.
PAR  3. A method according to claim 1 wherein the reducing gas is hydrogen.
NUM  4.
PAR  4. A method according to claim 3 wherein the scavenger is Ca(OH).sub.2.
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ABST
PAL  A continuous electrical discharge arc column is moved bodily through a
      closed arcuate path. Particulate material is fed into the moving column at
      an angle such that the particles of the material travel through the column
      in substantially spiral paths. After emerging from the column, the arc
      treated particles are collected at a point of deposit spaced vertically
      below the column. During its movement, which is at a controlled rate, the
      arc column is expanded.
PARN
PAC  CROSS REFERENCE
PAR  This is a continuation of application Ser. No. 399,972 filed Sept. 24,
      1973, abandoned, which application in-turn is a division of my copending
      allowed application Ser. No. 225,892 filed Feb. 14, 1972, titled HIGH
      TEMPERATURE TREATMENT OF MATERIALS, now U.S. Pat. No. 3,783,167.
BSUM
PAC  BACKGROUND
PAR  The field of the present invention is the art of pyrometallurgy,
      particularly processes for high temperature treatment of particulate
      material by subjection to the action of an electrical discharge arc.
PAR  The prior art concerned with such processes teaches that in order to
      achieve a complete and controlled changed in materials subjected to the
      action of electrical discharges, all such materials must pass through the
      zone of discharge and their time of residence in this zone must be of a
      certain controlled duration. In an effort to accomplish such control, use
      has been made of an arc spread into a fan-like shape, known as an expanded
      arc. Methods of obtaining and expanding an arc column were known before
      the Second World War and described by W. Weizel and R. Rompe in "Theorie
      Elektrischer Lichtbogen und Funken" (Leipzig, Barth, 1949), however such
      methods, although of scientific interest, do not lend themselves to
      industrial exploitation. The inevitably high thermal losses in the
      rotating cylinder and inability to inject sufficiently large quantities of
      feedstocks without affecting the stability of the discharge proved the
      main obstacles preventing industrial utilization of such devices.
PAC  SUMMARY OF THE INVENTION
PAR  A preferred apparatus by which the process of the present invention is
      carried out is the plasma arc furnace disclosed in my copending allowed
      application Ser. No. 225,892 filed Feb. 14, 1972. The illustration and
      description of the apparatus, its operation and functions as given in that
      application are incorporated herein by reference as matter essential to an
      understanding of the process comprising the present invention.
PAR  The invention which is the subject of this application is a process for
      high temperature treatment of particulate material in an expanded
      electrical arc column moving in a closed arcuate path. The particles of
      the material may be of any individual size and shape compatible with
      conditions imposed by structure of apparatus by which the process is
      practiced. The term "treatment" as used herein includes calcinating,
      roasting, smelting, melting and refining of metals in general,
      comminuting, spheroidizing, coating, chemical reactions including the
      reduction and separation of ores, compounds of nonmetallic elements,
      formation of compounds of the hard metals, and any use to which the
      apparatus of my aforesaid application may be put.
PAR  The process comprising the present invention is carried out by the steps
      of: establishing an electrical discharge arc column having upper and lower
      terminals, moving the column through a closed arcuate path, expanding the
      column during the course of its travel along the path, passing particulate
      material through the expanded column at an angle such that the particles
      comprising the material pass into and through the column in spiral paths
      which substantially prolong the period of their residence in the column,
      and collecting the arc treated particles emerging from the column at a
      point of deposit spaced below the lower terminal of the arc. The
      longitudinal axis of the arc column may be either vertical or inclined
      from the vertical. The locus of either arc terminal may optionally be at a
      movable electrode or a fixed electrode. If one is at a fixed electrode,
      the other must be at a movable electrode, and vice versa. In either case,
      the terminal of the arc at the movable electrode is moved by and with that
      electrode, and the terminal of the arc at the fixed electrode moves on and
      along the fixed electrode sliding longitudinally thereon.
PAR  Various reactant substances may be entrained in the arc column to effect
      selective chemical treatment of particles in addition to the heat
      treatment of the arc. Other treatment substances and atmospheres may be
      introduced at various stages of the process as additional steps.
DETD
PAC  DETAILED DESCRIPTION
PAR  In its simplest form, the process of the present invention is carried out
      by establishing a continuous electrical discharge arc column, moving the
      column bodily through a closed arcuate path, passing particulate material
      into and through the moving column at an angle thereto such that the
      particles of the material in passing through the column travel in spiral
      paths between their points of entry into the column and their points of
      exit therefrom, and collecting the arc treated particles at a point of
      deposit after they emerge from the moving column.
PAR  In the preferred mode of practicing the invention, the arc column is
      initiated and maintained as a plasma stream arc inclined with respect to
      the vertical. It discharges between an upper electrode moving in a closed
      circle path and a stationary lower electrode which provides a concentric
      closed circle path along which the lower terminal of the arc moves in
      correspondence with movement of the upper electrode. After the arc is
      struck, it is expanded to a fan-like shape by moving the upper electrode
      through its circle path and also by moving it upwardly to increase the
      vertical spacing from the stationary electrode. As a result of the
      combined movements of the upper electrode, the plasma stream arc revolves
      in its entirety through a path which has the geometric configuration of a
      frustrum of a cone, so that the expanded arc becomes, in effect, an
      inclined, continuously revolving, sector-shaped curtain.
PAR  During revolution of the plasma stream arc, particulate material to be
      treated is fed downwardly into the upper end of the stream in which it is
      entrained and carried by and with the arc until it has passed entirely
      therethrough. Due to the revolving movement of the arc, and its
      inclination, each particle of the material travels down the arc in a
      spiral path which substantially prolongs its period of residence in the
      plasma stream. This prolongation is a salient feature of the process.
      After emerging from the under face of the plasma stream, the treated
      material is deposited in a refractory crucible in which it may be
      subjected to further treatment.
PAR  The process optionally includes other steps by which, in combination with
      the electrical arc discharge, various other treatments affecting the
      nature and composition of the treated material may be effected; for
      example, oxidizing, reducing or neutral atmospheres may be introduced into
      the treatment zone or zones, chemical reactants may be introduced in the
      plasma stream or elsewhere, and rapidly expanding cold gases which are
      non-reactive with injected substances may be introduced for rapid
      quenching of reaction products; gases may be withdrawn from atmospheres
      resulting from action of the arc on the material being treated; various
      powders and fluids may be introduced into the plasma stream.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for high temperature treatment of particulate material, which
      comprises the steps of:
PA1  establishing a continuous electrical discharge arc column; moving the
      column continuously in a closed arcuate path in such a manner as to expand
      said arc in the course of its movement; passing particulate material into
      and through the moving column so that the particles of the material travel
      in substantially spiral paths while passing through the column; and
      collecting the arc treated material at a point of deposit spaced from the
      column.
NUM  2.
PAR  2. In the process of claim 1, the expanded arc column being a plasma
      stream.
NUM  3.
PAR  3. In the process of claim 2, the additional step of moving the arc column
      into selective positions of inclination from the vertical to alter its
      length.
NUM  4.
PAR  4. In the process of claim 3, the arcuate path of the plasma stream having
      the geometrical configuration of a truncated cone.
NUM  5.
PAR  5. In the process of claim 3, the arcuate path of the plasma stream having
      the geometrical configuration of a cylinder.
NUM  6.
PAR  6. In the process of claim 2, the additional step of entraining in the
      plasma stream arc chemical substances reactant with the material passing
      through the stream to provide selective treatment other than the heat
      treatment of the arc.
NUM  7.
PAR  7. In the process of claim 2, the additional step of creating in the
      immediate vicinity of the treatment zone of the plasma stream atmospheres
      of selective constituency to provide treatment other than the heat
      treatment of the arc.
NUM  8.
PAR  8. A process for high temperature treatment of particulate material, which
      comprises the steps of: establishing and maintaining an electrical
      discharge arc between a stationary electrode in the form of a circle and a
      movable electrode rotatable on the vertical axis of the circular electrode
      through a path comprising a circle of a diameter different from the
      diameter of the circular electrode; moving the movable electrode axially
      along its axis into a position elevated with respect to the circular
      electrode; rotating the movable electrode on its axis to expand the arc
      and carry it through a path having the geometrical configuration of a
      truncated cone; passing particulate material downwardly through the moving
      expanded arc; and collecting the arc treated material at a point of
      deposit below the circular electrode.
NUM  9.
PAR  9. In the process of claim 8, the electrical discharge arc being in the
      form of a plasma stream.
NUM  10.
PAR  10. A method of treating particulate material which comprises moving at
      least one source of plasma around a closed circular substantially
      horizontal path and directing a stream of plasma from said source
      downwardly towards ring-shaped horizontal stationary electrode means of a
      diameter greater than said circular path, said plasma source being moved
      around its path at a speed sufficient to develop a plasma-filled zone in
      at least a major part of the space lying between the path of said source
      and said ring-shaped stationary electrode means and feeding said
      particulate material into the upper part of said space in the form of a
      substantially uniform cylindrical curtain.
NUM  11.
PAR  11. A method of producing metals which comprises supplying a metal-bearing
      material in particulate form into an enclosed zone and feeding a
      substantially cylindrical curtain of said metal-bearing material into the
      upper part of a plasma zone within said enclosed zone, said plasma zone
      being developed by directing a stream of plasma downwardly from at least
      one source of plasma, moving in an endless horizontal path, towards
      ring-shaped horizontal stationary electrode means of greater dimension
      than said endless path, said plasma source being moved around said path at
      a speed sufficient to maintain the space between said path and said
      annular electrode means substantially filled with plasma, converting said
      metal-bearing material in highly heated condition to the metallic state
      and recovering metal from the lower part of said enclosed zone below said
      ring-shaped stationary electrode means.
NUM  12.
PAR  12. A method according to claim 11 in which a carbon-bearing liquid or
      solid material is fed into said plasma zone for reaction with said
      metal-bearing material.
NUM  13.
PAR  13. A method according to claim 11 in which the metal-bearing material in
      highly heated condition is contacted with hydrogen for reduction of said
      metal-bearing material.
NUM  14.
PAR  14. A method according to claim 11 in which the metal-bearing material in
      highly heated condition is contacted with gaseous hydrocarbon for
      reduction of said metal-bearing material.
NUM  15.
PAR  15. A process for the production of aluminum which comprises supplying a
      finely divided particulate alumina-containing material into an enclosed
      zone and feeding said particulate alumina-containing material into the
      upper part of a plasma zone within said enclosed zone, said plasma zone
      being developed by directing a stream of plasma downwardly from at least
      one source of plasma, moving in a closed circular horizontal path, towards
      ring-shaped horizontal stationary electrode means of greater diameter than
      said plasma source path, said plasma source being moved around said path
      at a speed sufficient to maintain the space between said path and said
      annular electrode means substantially filled with plasma, introducing a
      carbon-bearing material into said enclosed zone for reaction with said
      alumina and recovering aluminum from the lower part of said enclosed zone
      below said ring-shaped electrode means.
NUM  16.
PAR  16. A process for the production of titania from a titaniferous ore
      containing iron compounds which comprises supplying said ore in
      particulate form into an enclosed zone and feeding said ore into the upper
      part of a plasma zone within said enclosed zone, said plasma zone being
      developed by directing a stream of plasma downwardly from at least one
      source of plasma, moving in a closed circular horizontal path, towards
      ring-shaped horizontal stationary electrode means of greater diameter than
      said plasma source path, said plasma source being moved around said path
      at a speed sufficient to maintain the space between said path and said
      annular electrode means substantially filled with plasma, maintaining a
      reducing atmosphere in said enclosed zone, collecting the reaction
      products at the bottom of said enclosed zone and allowing them to separate
      into an iron-rich bottom layer and a titania-rich upper layer, removing
      the titania-rich upper layer and treating it with oxygen.
NUM  17.
PAR  17. A process for treating particulate material to effect a physical and/or
      chemical change thereof which comprises moving at least one source of
      plasma around a closed circular path within an enclosed zone and directing
      a stream of plasma from said source downwardly towards a stationary
      electrode, said plasma source being moved around its path at a speed
      sufficient to maintain an expanded arc column in at least a major part of
      the space lying between the path of said source and said stationary
      electrode and feeding said particulate material into the upper part of
      said space.
NUM  18.
PAR  18. A process according to claim 17 for the production of zirconia which
      comprises supplying a zirconium silicate-containing material in
      particulate form into said enclosed zone, feeding said ore into the upper
      part of said expanded arc column maintained within said enclosed zone,
      whereby to effect the thermal decomposition of zirconium silicate to
      zirconia and silica, collecting the reaction product and separating
      zirconia from silica present in such reaction product.
NUM  19.
PAR  19. A process according to claim 18 further including the introduction of a
      sodium compound into the enclosed zone for reaction with the silica.
NUM  20.
PAR  20. A process according to claim 17 for the production of copper which
      comprises supplying a copper-sulphide ore in particulate form into said
      enclosed zone, feeding said ore into the upper part of said expanded arc
      column maintained within said enclosed zone, introducing a reductant into
      said enclosed zone and withdrawing copper from said enclosed zone.
NUM  21.
PAR  21. A method according to claim 20 further including withdrawing
      sulphur-rich gases from an upper portion of said enclosed zone and
      introduction of reductant into the enclosed zone in the vicinity of or
      below said stationary electrode.
NUM  22.
PAR  22. A method of melting metals, such as copper cathodes, which comprises
      moving at least one source of plasma around a closed circular path within
      an enclosed zone and directing a stream of plasma downwardly towards a
      stationary electrode, said plasma source being moved around its path at a
      speed sufficient to maintain an expanded arc column in at least a major
      part of the space lying between the path of said source and said
      stationary electrode and feeding said metal into or into close proximity
      with the plasma in said space.
NUM  23.
PAR  23. A method according to claim 22 in which the said stationary electrode
      is constituted by rods or bars of said metal which are progressively fed
      toward said space.
NUM  24.
PAR  24. A process according to claim 17 in which said particulate material is
      introduced in the form of a substantially uniform cylindrical curtain.
NUM  25.
PAR  25. A process according to claim 17 in which said stationary electrode is
      constituted by a ring-shaped electrode of greater diameter than said path
      and mounted about the bottom of said enclosed zone.
NUM  26.
PAR  26. A process according to claim 10 in which products of the process
      collecting in the bottom of said enclosed zone are connected in the main
      electric circuit of the expanded arc column.
NUM  27.
PAR  27. A process according to claim 10 in which the counter electrode is
      constituted by electrically conductive deposits in the bottom of said
      enclosed zone, which is formed of an electrically conductive material.
NUM  28.
PAR  28. A process according to claim 10 in which the particulate material is
      subject to treatment in the expanded arc column extending between said
      plasma source and said ring-shaped electrode and in a tail flame region
      below said ring-shaped electrode.
NUM  29.
PAR  29. A process according to claim 17 in which said particulate material is a
      metal-bearing material and said process includes converting said
      metal-bearing material to the metallic state and recovering metal from the
      bottom of the enclosed zone.
NUM  30.
PAR  30. A process according to claim 17 in which, in addition to the
      particulate material for treatment, a reductant is introduced into said
      enclosed zone for reaction with said particulate material.
NUM  31.
PAR  31. A process according to claim 28 in which a hydrocarbon, circulated
      through the counter electrode, is injected into the tail flame region.
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ABST
PAL  Pig-iron is refined into steel by blowing oxygen and a protective screen of
      an encasing gas through injecting means located at or near the bottom of a
      converter containing a melt of molten metal. The encasing gas while
      protecting the injecting means, allows it to be consumed at substantially
      the same rate as the bottom of the converter so that the injecting means
      is not left projecting from the bottom of the converter. The encasing gas
      can be one which is inert to the melt or the metal of the injecting means
      or both, or it can be a gas which reacts sluggishly with the melt or the
      material of the oxygen feed pipe or both. Desirably, the oxygen jet is
      circular in cross-section and the encasing gas is in the form of a
      concentric jet.
PAL  A converter for carrying out the method is made up of a pear-shaped
      sheet-steel casing having a refractory lining and an inserted bottom
      provided with nozzles in the form of metal tubes for the oxygen and
      encasing gas. Preferably, a substantial portion (for example about half)
      of the converter bottom is free of nozzles. The nozzles can be arranged in
      groups and there can be rows running parallel with the tilting axis of the
      converter. The nozzles may also be arranged to cause circulation of the
      molten metal in the converter. The nozzles can be constructed to provide
      for swirling movement of the encasing gas. Examples of encasing gas which
      may be used are hydrogen, nitrogen, noble-gases, carbon monoxide, carbon
      dioxide, ammonia, hydrogen-fluoride, furnace-mouth gas, coke-oven gas,
      natural gas and other gases containing hydrocarbons.
PARN
PAR  This application is a divisional of U.S. Pat. application Ser. No. 800,892,
      filed Feb. 20, 1969.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to a method and a converter for refining pig-iron
      into steel, in which oxygen is blown into the melt from below its surface.
PAR  2. Description of Prior Art
PAR  Even about 100 years ago, the relevant literature mentioned the possibility
      of blowing pure oxygen instead of air through the converter bottom in the
      case of bottom-blown converters. The unusually rapid wear in the converter
      bottom associated with the blowing-in of pure oxygen prevented this
      proposal from being realized. Moreover, the quality of steel refined with
      air was adequate for decades, and there was therefore no need to use
      oxygen instead of air. At a later date, for the purpose of eliminating the
      harmful action of high nitrogen contents in steel on the welding and
      cold-working properties of converter-refined steel, the practice of using
      oxygen-enriched air was initiated. The increase in oxygen-air
      contamination results in a considerable loss of iron in the form of brown
      smoke consisting mainly of iron oxide, and the yield was correspondingly
      low.
PAR  Failures in attempts to blow pure oxygen into bottom-blown converters
      finally resulted in the known oxygenblowing process, in which pure oxygen
      is blown from above on to the iron melt by a lance. Although this process
      is very economical for manufacturing ordinary low-carbon steels, it has a
      number of disadvantages in comparison with the bottom-blown converter. For
      instance, it requires costly lances which are subject to considerable wear
      from splashes of iron and slag and from high temperatures in the region of
      the stream of oxygen impinging on the surface of the bath. Moreover, the
      mixing of the bath, and thus the equalization of concentrations, with the
      oxygen-blowing process is not as good and intensive as with the
      bottom-blown converter. Another disadvantage is that a substantial portion
      of the oxygen passes to the melt through the slag, the iron-oxide content
      of which is correspondingly high. This, and the large volume of brown
      smoke, results in relatively high iron losses. Thus, in the oxygen-blowing
      (lance) process, the Fe content of the slag amounts to up to 30%, and the
      iron loss through brown smoke, to about 1.5% of the weight of the steel.
      This renders necessary costly gas-cleaning installations, to remove the
      large amounts of iron oxide contained in the waste gas.
PAR  Furthermore, in the oxygen-blowing (lance) process, only a portion of the
      oxygen issuing from the lance is utilized, while a not inconsiderable
      amount of oxygen reacts with the waste gas of the refining reactions.
      Since in the said oxygen-blowing process, the carbon contained in the
      pig-iron is burned only to carbon monoxide, the waste gases still contain
      about 75% of the theoretical combustion heat of carbon to carbon dioxide.
      Although for this reason further utilization of these waste gases is
      advantageous, it is difficult and costly with the said process since, due
      to the frequent strong ejection of these converters, the gases are hard to
      collect and must also be subjected to costly cleaning because of the high
      content of brown smoke. Additional considerable heat losses arise from
      vaporization of the iron in the region of the burning spot, which is the
      cause of the brown smoke. Other disadvantages of this process arise from
      the absence of the stirring motion essential to the homogenization of the
      melt, usually produced by the blast in conventional bottomblown
      converters.
PAR  Because of the increased iron-oxide enrichment of the slag in this process,
      and the considerable increase in the amount of slag arising during the
      refining of a pig-iron rich in phosphorus (basic Bessemer pig-iron), in
      comparison with the refining of pig-iron poor in phosphorus, it is
      necessary, to ensure a quiet refining operation, to reduce the silicon and
      manganese content of the pig-iron far below the usual limits. The
      manganese content which is basic Bessemer pig-iron amounts, as a rule, to
      1% must be reduced to a maximum of 0.6% with the oxygen-lance process,
      while the silicon content must be reduced to a maximum of 0.3%. This leads
      to a corresponding restriction in the choice of blast-furnace charge
      material, and thus to increased costs.
PAR  Because of the reduced bath movement in comparison with the basic Bessemer
      process in the bottom-blown converter, de-phosphorizing with the
      oxygen-lance process, with a given slag composition, is not as effective
      as in the bottom-blown basic Bessemer converter. In order to obtain low
      phosphorus contents, two slags must therefore be used, resulting in a
      lengthening of the overall process and higher wear in the converter.
      Furthermore, varying amounts of the first slag, of varying composition,
      remain behind in the converter, and this affects the course of the second
      refining operation in an uncontrollable manner. The slag change also
      brings about considerable heat losses.
PAC  SUMMARY OF THE INVENTION
PAR  An aim of the present invention is to utilize the advantages of refining
      with pure oxygen in producing steel in bottom-blown converters, while
      eliminating the disadvantages of the oxygen-lance process, especially the
      large volume of brown smoke and the use of costly gas-cleaning
      installations rendered necessary thereby.
PAR  The invention is also concerned with a refining method combining quiet
      blowing with high yield, i.e. low iron losses in comparison with
      oxygen-lance process. The new method aims also to provide for the highest
      possible utilization of the oxygen and to produce a relatively low FeO
      content in the slag.
PAR  Another aim of the invention is to provide for refining a
      phosphorus-containing pig-iron, which is relatively cheaper than a
      pig-iron poor in phosphorus, into a steel of high quality with a low
      nitrogen content, with pure oxygen, in a bottom-blown converter, producing
      a slag which may be utilized as a phosphorus-containing fertilizer.
PAR  Finally, the durability of the converter bottom, provided with nozzles, is
      increased by the method of the invention, and a higher proportion of scrap
      may be added in the charge or a higher tapping temperature may be
      achieved, or both.
PAR  The method of the invention is based on the principle of slowing down the
      violent reaction of the oxygen with the melt and the high wear in the
      nozzles and converter bottom, in such a manner that only a small amount of
      brown smoke, or none at all, is formed and the wear in the nozzles and
      bottom is reduced. According to the invention, this is accomplished by
      introducing a stream of oxygen into the melt through at least one nozzle
      located in the converter bottom, the said stream being surrounded by a
      haze or screen of shielding gas which reacts sluggishly, or is inert, to
      the melt and/or the material of the nozzle. The encasing gas acts as a
      coolant and slows down the reaction velocity of the oxygen emerging from
      the nozzle to such an extent that bottom wear and nozzle burning are
      reduced and substantially less brown smoke arises. By altering the ratio
      of oxygen to encasing or shielding gas, and by the choice of an
      appropriate gas, optimal conditions may be obtained in practice.
PAR  With a view to the desired slowing down of the reaction of the oxygen with
      the melt, and because of the cooling effect, the encasing gas should
      surround the stream of oxygen in the form of a concentric flow of uniform
      thickness. Hydrogen, which has a positive action on the solidification
      behaviour of the refined steel, and nitrogen, which is relatively cheap,
      may be considered for encasing gases, but noble gases, ammonia, gaseous
      hydrogen fluoride or hydrogen fluoride, carbon monoxide, carbon dioxide,
      or hydrogen-containing gases are also suitable as encasing gases. The
      vapour of a liquid which evaporates at the temperature of the bath may
      also be blow-in as an encasing or cooling gas. Hydrocarbons, for example,
      methane, propane, butane, or light oil in the form of vapour may also be
      blown-in as encasing gases. However, casing gases containing a high
      proportion of hydrocarbons, such as natural gas or coke-oven gas may also
      be used.
PAR  When using combustible encasing gases, to prevent a flow-back of oxygen
      into the encasing-gas ducts and to prevent possible damage to the mouth of
      the nozzle, the gases are introduced into the melt at a pressure at least
      half that of the oxygen pressure.
PAR  The above mentioned gases may be blown-in individually, side by side,
      mixed, or consecutively. For instance, refining may be carried out
      initially with oxygen surrounded by an encasing-gas haze of hydrogen. The
      resulting increased water content of the melt may be reduced later by
      blowing for a short period with nitrogen or argon. In this case, in
      addition to slowing down the oxygen reaction, the nitrogen or argon act as
      scavenging gases to remove the hydrogen from the melt. Thus by
      after-blowing for 30 to 60 seconds, the hydrogen content of the melt may
      be reduced to about 50%.
PAR  A somewhat unduly high nitrogen content may also be reduced by subsequent
      blowing with carbon dioxide or argon. As a rule, however, this is not
      necessary, tests having shown that the nitrogen contents arising from the
      use of nitrogen as an encasing gas are far below those of steel melts
      refined by using oxygen-enriched air. By blowing with commercially pure
      oxygen and nitrogen-free encasing or cooling gases, according to the
      method of the invention, nitrogen contents between 0.001 and 0.002% may be
      obtained. These values are below the minimal nitrogen contents obtainable
      by the oxygenlance process.
PAR  The use of hydrocarbons as encasing or cooling gases results in a
      relatively high hydrogen content in the steel, especially if the volume of
      encasing gas is increased at the end of the blow. To this extent, the
      method according to the invention is particularly suitable for producing
      steels semi-killed by a relatively high hydrogen content, even if the
      content of other elements having an affinity for oxygen is relatively
      high. If a steel of this kind is killed prior to pouring in the
      conventional manner, e.g. with about 0.3% of silicon, and is cast into
      ingots, then the ingots solidify like semi-killed steels because of the
      relatively high hydrogen content of the melt. In addition to the pouring
      advantages associated therewith, a high yield of about 93% is produced in
      rolling.
PAR  Another advantage of the high hydrogen content arising from the encasing
      gas surrounding the oxygen is that with a steel having an oxygen content
      of 0.08%, about half of the hydrogen is burned within the melt into steam
      (water vapour), thus adding a large amount of heat. This makes it possible
      to vary the bath temperature within wide limits by adjusting the ratios of
      oxygen to hydrocarbon- or hydrogen-encasing gas. However, a
      high-temperature melt permits a correspondingly high addition of scrap and
      thus to a more economical operation. With the method according to the
      invention, the addition of scrap may be up to 35%, whereas in the
      traditional refining of basic Bessemer pig-iron with an oxygen-enriched
      blast or the oxygen-lance process, the scrap content runs to only about
      20%.
PAR  The method according to the invention may also be carried out by blowing-in
      streams of oxygen through a plurality of jets, the said streams being
      surrounded by different encasing gases. Moreover, for the purpose of
      homogenizing and cleaning the melt, certain jets may be supplied with an
      inert scavenging gas, for example argon, instead of oxygen and an encasing
      gas. A scanvenging gas introduced in this way may also be used to reduce
      the hydrogen content, too high for certain qualities, resulting from a
      prior blowing with a hydrogen encasing gas.
PAR  The method of the invention is of special significance in the refining of
      pig-irons containing phosphorus; in this case, in contrast to the known
      oxygen-lance process, a single slag having an iron content of only 10 to
      15% may be used. Such low slagging of the iron, and the practically
      ejection-free refining process of the method according to the invention,
      result in a high metallic yield. Thus, for example, with a scrap addition
      of 30%, an iron yield of 92% was obtained in refining basic Bessemer
      pig-iron.
PAR  The low FeO contents of the slag, in comparison with the oxygen-lance
      process, has a particularly favourable effect in refining alloy pig-irons
      by the method of the invention. For example, when refining a
      chromium-alloy pig-iron, a lower final carbon content can be obtained than
      by the oxygen-lance process, and even a lower proportion of the chromium
      contained in the iron is slagged.
PAR  The quiet course of the blow also permits better utilization of the
      converter since, in comparison with a bottom-blown converter operated with
      oxygen-enriched air, may be increased by about 50%. In contrast to the
      oxygen-lance process or conventional refining in a bottom-blown converter,
      the quiet blow is not disturbed even when the pig-iron is at a relatively
      low temperature or has a high silicon and manganese content. Another
      advantage of the quiet blow is that the mouth of the converter no longer
      builds up with steel and slag deposits. For these reasons, and due to the
      elimination of the slag change, the sequence of charges may be increased
      which results in, among other things, a highly economical process.
PAR  It is an essential constituent of the method according to the invention
      that the volume and type of encasing gas and the type of material used for
      the oxygen feed pipe are matched in such a manner that the nozzles wear
      away at approximately the same rate as the refractory compound of the
      converter bottom in which the said nozzles are embedded. At the same time,
      care must be taken to ensure that solid deposits on the mouths of the
      nozzles, which may build up from the melt to be refined, are avoided. Such
      a combination of encasing gas and oxygen feed-pipe material, by means of
      which the effect according to the present invention may be obtained,
      consists in using about 3% by volume of propane as the encasing gas,
      related to the throughput of oxygen, and a 15% chromium steel for the
      oxygen feed pipe. If a copper pipe, for example, is used in place of the
      15% chromium steel, the amount of propane must be reduced to about one
      half, which leads to a substantial increase in the formation of brown
      smoke. Another combination consists, for example, in using about 1% of
      coke-oven gas as the encasing gas (approximate composition: 55% H.sub.2,
      25% CH.sub.4, 10% CO, remainder inert gases) and an oxygen feed pipe of
      15% chromium steel. By using a steel with about 25% of chromium and 2% of
      molybdenum, the percentage of coke-oven gas may be reduced by about 1/3,
      but this again leads to increased formation of brown smoke.
PAR  If, on the other hand, for example, 20% of methane or 10% of propane and a
      copper oxygen feed pipe are used, heavy deposits are formed within a short
      time on the nozzle mouths, which reduce the throughput of oxygen and
      result in a substantial lengthening of the refining time. Furthermore,
      while the scrap is being charged-in or during the blow, the deposits on
      the converter bottom may be so deformed by the lumps of scrap, already
      present in the bath, that the flow of gases is largely cut off, which may
      endanger operational safety.
PAR  It has been found, surprisingly enough, that with extreme requirements for
      the suppression of brown smoke, higher proportions of reactive encasing
      gases may be used if these are admixed to an oxygen-containing gas, e.g.
      air. Under the above mentioned conditions, for instance, the amount of
      propane could be doubled by mixing propane and air in the ratio of 1:1.
PAR  On the other hand, there is no particular significance in the material used
      for the outer and encasing-gas pipe; simple steel pipes generally suffice.
      If the above mentioned conditions relating to the combination of nozzle
      material and encasing-gas proportions are adhered to, the life of the
      converter bottom with the method according to the invention is about 200
      melts, whereas the bottom of the traditional bottom-blown converter has to
      be renewed after about 50 melts. Since the converter lining itself usually
      withstands 400 melts, only one bottom change is necessary with the method
      and converter according to the invention. However, if by chance, for
      example due to non-uniform distribution of the encasing gas to individual
      nozzles, deposits are formed on the nozzle outlet openings, such deposits
      may, within the scope of the method according to the invention, be melted
      away by brief blowing with a mixture of nitrogen and oxygen, the oxygen
      content of which is preferably between 10 and 20%. If the oxygen content
      is kept to within 10 to 20%, the said deposits are usually removed within
      about one minute. This is preferably accomplished by afterblowing at the
      end of the refining time. If the nozzles are individually adjustable, the
      cleaning blow according to the invention may be restricted to those
      nozzles on which deposits are observed. The mixture is preferably blown
      through both the oxygen pipe and the encasing-gas pipe.
PAR  A quiet refining operation in the converter is of critical importance for
      the economics of the method. It was found, surprisingly enough, that quiet
      refining is greatly influenced by the number of nozzles in relation to the
      filling level of the converter. For reasons of economics, and for the
      simplest possible supervision of the process, it is naturally of interest
      to keep the number of nozzles as small as possible. The minimal number of
      nozzles and the maximal permissible nozzle diameter may be calculated from
      the following relationships.
PAR  The total nozzle area in cm.sup.2 should correspond approximately to the
      weight of the pig-iron to be refined in tons. Moreover, the maximal nozzle
      diameter is determined by the height of the bath; it should amount, at the
      most, to 1/35 of the depth of the bath in the refining vessel. These data
      are valid for the oxygen pressure of about 5 to 10 atm. normally used in
      refining, but are also approximately correct in other pressure ranges. By
      way of example, it may be stated here that the converter used had an
      average capacity of 30 t and a bath depth of 70 cm. This gives a maximal
      nozzle diameter for the oxygen feed pipe of 20 mm; the number of nozzles
      is then calculated from the overall nozzle area of 30 cm.sup.2 as being
      10.
PAR  Nozzles larger than those calculated from the foregoing relationships may
      be used if the axis of the nozzles is, rather than being perpendicular to
      the surface of the bath, at a certain angle of inclination to the
      longitudinal axis of the converter, or is built into the wall of the
      converter parallel with the surface of the bath. If the nozzles are
      incorporated obliquely, e.g. at an angle of about 30.degree. to the
      vertical arrangement, the maximal nozzle diameter may be increased by
      about 20%. If the nozzles are incorporated horizontally into the side wall
      of the converter, the nozzle diameter calculated in accordance with the
      above relationship may even be doubled. In this case, therefore, only 3
      nozzles with a diameter of 36 mm are needed for the oxygen feed pipe for a
      30 t melt.
PAR  The oxygen and the encasing gas may be blown-in at one or two opposing
      locations in the converter bottom. This imparts to the melt a definite
      circulating movement, which is of considerable significance for the
      thorough mixing of the melt, in view of the small volume of gas as
      compared with the traditional bottom-blown converter. When blowing-in
      takes place on one side, the flow of metal above the nozzles is in an
      upward direction and, in the remainder of the converter, in a downward
      direction, whereas if the blowing-in is on two sides, the outside of the
      melt rises while the melt at the center of the converter flows downwards.
      The cooperation of the oxygen and the encasing gas with the circulating
      movement induced by the type of gas supply over the converter bottom leads
      to a rapid exchange of material, lower iron-oxide contents in the slag,
      and thus to very low iron losses.
PAR  The method according to the invention is preferably carried out in a
      converter having the following characteristics. It has a pear-shaped steel
      casing with an inserted bottom and a refractory lining. The nozzles are
      located in the converter bottom, a substantial portion of which is free of
      nozzles. The result of this is that the melt rises in the nozzle region,
      sweeps partly through the layer of slag, and is drawn down again in the
      nozzle-free area of the bottom. The nozzles are preferably arranged
      entirely in one half of the bottom, and may be arranged in groups so that
      a strong suction arises at the converter bottom. Satisfactory mixing of
      the gases introduced and the melt also leads to a sort of gas-lift effect
      and thus to rapid rising of the melt above the nozzles. The distance
      between individual groups of nozzles is preferably selected in such a
      manner that the funnel-shaped upward currents intersect to some extent
      just below the surface of the bath, thus ensuring near the surface of the
      melt a uniform distribution of gases which contributes to a reduction in
      ejection.
PAR  Special advantages are obtained when all of the nozzles on the diameter of
      the bottom lie parallel with the tilting axis of the converter. A
      converter of this kind, in which the nozzles are arranged along a central
      strip on the bottom, may be made rotationally symmetrical with its
      longitudinal axis, the rows of nozzles terminating at a distance from the
      side walls of the converter which is dependent, in the individual case,
      upon the number of nozzles. The rotationally symmetrical converter with a
      row of nozzles lying, for example, parallel with the axis of rotation
      (tilting axis) and along the diameter, makes it possible to tilt the
      converter in both directions. In this way, slag may be removed by tilting
      in one direction, while the melt may be tapped by tilting in the other
      direction. During the tilting, gas is fed continuously through the nozzles
      to prevent them from becoming blocked and, above all, to prevent them from
      coming into contact with the steel and the highly aggressive slag.
PAR  If the nozzles are arranged obliquely, it then becomes possible, with the
      method to remove the refining slag by means of jets of gas impinging
      obliquely on the surface of the bath when the converter is in the
      horizontal position. Slag removal may then be effected by means of hot
      gases, for example, the combustible gases of an oxygen/hydrocarbon-gas
      mixture which forms at the outlet apertures of the nozzles when the oxygen
      is blown through the inside pipe and hydrocarbon gas through the outside
      pipe.
PAR  For the purpose of slag removal, the converter need merely be tilted beyond
      the horizontal position, so that the level of the bath is at an acute
      angle to the longitudinal axis of the converter and to the jet of gas
      issuing from the nozzles. The degree of tilt is determined in the
      individual case by the curvature of the converter lining or casing and, is
      greater in the case of a non-rotationally symmetrical converter than in
      the case of a rotationally symmetrical converter.
PAR  Particularly satisfactory slag removal conditions are obtained if the
      longitudinal axes of some or all of the nozzles are at an angle to the
      longitudinal axis of the converter so that the emerging jets of gas
      impinge upon the slag cover or bath surface at an acute angle when the
      rotationally symmetrical converter is in the horizontal position.
      Individual nozzles among those arranged along a central strip may be
      inclined, or several nozzles with inclined axes may be located in one half
      of the bottom. The said nozzles may also be inclined at different angles.
      Tests have shown that the nozzles may, with advantage, be inclined in such
      a manner that their longitudinal axes intersect in the upper part of the
      converter with the longitudinal axis thereof, so that, when the converter
      is on its side, the gas jets impinge on the slag or on the surface of the
      bath approximately between the center of the bath surface and the mouth of
      the converter. If only a few nozzles are inclined in relation to the
      longitudinal axis of the converter, these nozzles may have a separate gas
      connection, so that they may be supplied with gas independently of the
      other nozzles. The slag-removal nozzles arranged at an angle to the
      longitudinal axis of the converter may also be operated at a pressure
      which is substantially higher than the gas pressure during refining and
      which may amount, for example, to 60 atm., whereas the gas pressure for
      refining is only 6 atm. If the nozzles are at different angles of
      inclination, this produces a more or less widely fanned-out jet which, at
      a correspondingly high pressure, provides effortless and rapid slag
      removal.
PAR  Commercially pure oxygen is generally used for the execution of the method.
      At 99.7% purity, and with nitrogen-free encasing gases, nitrogen contents
      of less than 0.002% are obtained in the finished steel. However, a higher
      nitrogen content is required for certain qualities of steel. In contrast
      to the oxygen-lance process, the method according to the invention offers
      the advantage of producing higher nitrogen contents in the steel by mixing
      nitrogen with the oxygen. The simplest way of doing this, of course, is to
      mix air with oxygen. If, for example, nitrogen contents between 0.008 and
      0.10% are required in the liquid steel, this can be obtained with 4% of
      nitrogen in the oxygen. It is also within the scope of the present
      invention to add the additional nitrogen only towards the end of the
      refining, approximately during the last 1/3 of the process. The increase
      in nitrogen may also be obtained by using ammonia as the encasing gas.
DRWD
     BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is explained in greater detail hereinafter with the aid of
      practical examples illustrating preferred embodiments. In the drawings:
PAR  FIG. 1 is a plan view of a horizontally sectioned converter with an example
      of the construction of a converter bottom according to the invention;
PAR  FIG. 2 is a vertical section through the converter in FIG. 1, along the
      line II--II;
PAR  FIGS. 3 to 6 are converter bottoms with differently arranged nozzles;
PAR  FIG. 7 shows nozzles according to the invention for oxygen and encasing or
      cooling gas, on an enlarged scale incorporating a non-return valve;
PAR  FIG. 8 is a vertical longitudinal section through a rotationally
      symmetrical converter according to the invention;
PAR  FIG. 9 is a horizontal section along the line X--X is FIG. 8;
PAR  FIG. 10 shows a converter according to the invention with nozzles inclined
      to the longitudinal axis of the converter;
PAR  FIG. 11 shows a converter, with a plurality of nozzles at different angles,
      in the tilted position during slag removal;
PAR  FIG. 12 is an enlarged representation of a nozzle according to the
      invention with a wire spiral used as a spacer between the nozzle pipes;
PAR  FIG. 13 is a cross-section through a nozzle according to the invention with
      spacer ribs;
PAR  FIG. 14 is a cross-section of a nozzle according to the invention with
      porous refractory material in the annular space between the two nozzle
      pipes;
PAR  FIG. 15 is a schematic illustration of a converter according to the
      invention, having a common oxygen line for the oxygen pipes and individual
      connections for the encasing-gas pipes.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The converter according to the invention (FIG. 2) consists of the usual
      steel casing 1 having a refractory lining 2 and a refractory bottom 3 on a
      bottom plate 13. The one-sided arrangement of nozzles 4 in bottom 3 has
      the advantage that when the converter is tilted to the right in the
      drawing - for charging, the nozzles are not damaged and the scrap can be
      accommodated in the nozzle-free half of the bottom. Moreover, when the
      converter is on its side, it can be filled up to the level of the first
      row of nozzles. Finally, and again when the converter is on its side, the
      scrap in the lower, nozzle-free half of the converter may be pre-heated by
      introducing oxygen and hydrocarbon through nozzles 4, as in an open-hearth
      furnace. When the converter is on its side, the nozzles are protected from
      melting by the introduction of a gas, preferably an inert gas.
PAR  In the converter according to the invention, the bottom half provided with
      nozzles 4 may also be made interchangeable, while the other half of the
      bottom is a fixed part of the lining.
PAR  The nozzles may also be arranged in circular or triangular groups (FIGS. 3,
      4) in several rows of two (FIG. 6) or may also be distributed uniformly
      over one half of the bottom (FIG. 5). The relatively great distance
      between individual nozzles or groups of nozzles results in a nozzle-free
      space in the converter bottom, allowing unimpeded access of the metal to
      the nozzles and to the gas/metal jets forming above the nozzles. The
      nozzles (FIG. 7) consist of an internal pipe 6 for oxygen and a concentric
      external pipe 7 for the encasing or cooling gas. The pipe ends projecting
      from the converter bottom carry a T-shaped connecting piece 8 with an
      adaptor 9 for the encasing or cooling gas and a connection 11 for the
      oxygen.
PAR  The converter illustrated in FIG. 8 is rotationally symmetrical in relation
      to the longitudinal axis 12 of the converter and also consists of a
      steel-plate casing 1 and a refractory lining 2. Inserted into the
      converter 1, 2 and resting upon a bottom plate 13, is a bottom 3 of
      refractory material, for example burned coal-tar dolomite. The converter
      bottom 3 has a plurality of nozzles 4 arranged in a row along bottom
      diameter 15 and parallel with the tilting axis (not shown) of the
      converter. Nozzles 4 consist of an external pipe 7 and a concentric
      internal pipe 6 which are connected to a gasline for the encasing gas 19
      and a common oxygen line 21.
PAR  The refining of pig-iron with the converter shown in FIGS. 8, 9 is
      accomplished by blowing pure oxygen through internal pipe 6, and an
      encasing gas, for example propane, through external pipe 7 into the
      converter which is approximately half full of pig-iron. The hydrocarbon
      gas acts as an encasing gas and prevents rapid melting away of the nozzles
      mouths and thus premature wear of converter bottom 3. When the refining
      slag resulting from the oxidation products and the additives is to be
      removed, the converter is tilted out of the position shown in FIG. 8 to
      beyond the horizontal, so that the level of the bath, as shown in FIG. 11
      for another converter, is at an acute angle to the longitudinal axis 12 of
      the converter. During the tilting, blowing with oxygen and propane is
      continued in order to prevent damage to nozzles 4 by the melt of the slag.
PAR  Since hydrocarbons are gases which burn with a high development of heat, a
      very hot flame is produced. In accordance with the arrangement of the
      nozzles, a widely fanned-out jet of gas is produced which, at the high
      blowing pressure, forces the slag from the surface of the bath to the
      mouth of the converter. The high temperature of the jet of combustion gas
      produces a very liquid slag which easily runs out of the converter.
PAR  The example illustrated in FIG. 10 contains a plurality of nozzles 4 in
      converter bottom 3, these nozzles being at an angle to the longitudinal
      axis 12 of the converter. A main advantage of these inclined nozzles 4 is
      that they produce a relatively deeply staggered jet of combustion gas
      during slag removal in the tilted position, which, as shown in FIG. 11,
      moves the slag towards the mouth of the converter and then out of the
      converter. However, in addition to nozzles 4 running at an angle to the
      axis of the converter, but parallel with each other, the converter bottom
      3 may also contain a plurality of nozzles running parallel with the
      longitudinal axis 12 of the converter. In this case, however, it is
      advisable to provide the inclined nozzles with their own gas connections,
      in order to be able to vary the pressure, and if necessary the type, of
      the gases issuing from the inclined nozzles independently of the other
      nozzles.
PAR  Another improvement in slag removal is obtained if the inclined nozzles do
      not run parallel with each other, but are at different angles to
      longitudinal axis 12 of the converter. In this case, the jets of gas,
      issuing from individual nozzles 4, cover most of the slag and bath
      surfaces in the tilted position according to FIG. 11, so that the slag may
      be very quickly removed from the converter. Individual adjustment of
      individual nozzles, or rows of nozzles, allows very rapid slag removal
      without any assistance from mechanical means. Furthermore, the converter
      is in a tilted position in which, as may be seen in FIG. 11, there is no
      longer any danger of steel running out of the converter with the slag,
      whereas in removing the slag from the traditional converter, the said
      converter must be tilted until the level of the bath reaches at least the
      upper edge of the lower part of the converter mouth, if the slag is to be
      poured off the surface of the bath as far as possible under the influence
      of gravity. In this way, considerable steel losses cannot be avoided.
PAR  As already mentioned in connection with FIG. 7, the nozzles consist of an
      internal pipe 6 for oxygen and an external pipe 7 for encasing gas.
      Located between the two pipes 6, 7 is a wire spiral 25 which maintains a
      constant annular space 26 between the two pipes 6 and 7 (FIG. 12). The
      said wire spirals also cause the encasing or cooling gas to enclose the
      oxygen jet, closely and uniformly, when it leaves oxygen pipe 6, since the
      said wire spirals 25 impart a twist to the said encasing gas. Instead of a
      separate wire spiral 25, encasing-gas pipe 7 may also be provided with
      internal ribs 27 acting as spacers (FIG. 13).
PAR  The annular space 26 between the oxygen pipe and the encasing-gas pipe may
      also be filled, as shown in FIG. 14, with a porous material 28, for
      example, a porous sintered metal or a refractory substance.
PAR  For the purpose of increasing operational safety and preventing the entry
      of oxygen into the encasing-gas system in the event of one or more oxygen
      pipes becoming blocked, a non-return valve 30 (FIGS. 7, 15) is located in
      line 19 to encasing-gas pipe 7. This non-return valve is set to a specific
      pressure at which it closes immediately. While the oxygen pipes are
      generally connected to a common oxygen line, the encasing-gas pipes
      preferably have their own supply lines with flow meters 31 and regulating
      valves 32. In this case, the supply of encasing gas to each nozzle may be
      adjusted individually, so that the said nozzle may be fed with different
      encasing gases and different volumes of encasing gas.
PAR  In an operational melt in a bottom-blown converter according to the
      invention, the nozzles were arranged in a converter bottom made of
      coal-tar dolomite in four rows of five nozzles each, 20 nozzles in all,
      the oxygen pipes thereof having an inside diameter of 12 mm and the
      encasing-gas pipes an inside diameter of 18 mm. The oxygen pipes were made
      of a steel consisting of 18% chromium, 10% nickel, and the remainder
      mainly iron. The wall thickness was about 1 mm. This left a concentric
      annular gap of about 1 mm between the internal and external pipe for the
      introduction of the propane. The encasing-gas pipe was a steel pipe having
      a wall thickness of about 2 mm. The encasing-gas pipes were connected to a
      nitrogen line, a propane line, and an air line.
PAR  6 tons of scrap and then 21 tons of liquid basic Bessemer pig-iron at
      1250.degree.C and with the following analysis were charged into the
      converter in the tilted position:
PA1  3.5% carbon
PAR  0.6% silicon
PA1  1.7% phosphorus
PA1  1.0% manganese
PA1  0.50% sulphur
PA1  remainder mainly iron.
PAL  During charging, both nozzle tubes were supplied with atmospheric air at 3
      atm.
PAR  After charging, the air supply was shut off and propane was fed to the
      encasing-gas pipe and oxygen to the oxygen pipe. After the propane had
      ignited, the converter was returned to the vertical position and 3 t of
      lime were added. The volume of propane gas amounted to 170 Nm.sup.3 /h and
      the volume of oxygen to 4000 Nm.sup.3 /h. After about 10 minutes, an
      additional 2 t of scrap were charged from above into the blowing
      converter. The volume of oxygen was then increased to 5000 Nm.sup.3 /h
      while the volume of propane gas was kept constant. During the entire
      blowing time, the converter blew quietly without developing any
      appreciable noise and without ejection. After about 17 minutes of blowing
      time, the converter was tilted and at the same time the internal pipe was
      charged with air, while nitrogen was fed to the external pipe. On the
      basis of a chemical analysis of a sample, the converter, as described
      above, was tilted back up again and was afterflown for about 60 seconds,
      in order to obtain the desired steel composition. The converter was then
      tilted to the horizontal again and the slag was removed. The composition
      of the slag was as follows:
PA1  14% Fe (in the form of FeO)
PA1  45% caO
PA1  16% p.sub.2 p.sub.5
PA1  remainder MnO, SiO.sub.2
PAR  The steel was tapped at 1620.degree.C and analyzed as follows:
PA1  0.02% carbon
PA1  0.15% manganese
PA1  0.026% phosphorus
PA1  0.023% sulphur
PA1  0.002% nitrogen
PA1  0.0010% hydrogen
PAR  The advantages of the method according to the invention, as compared with
      the known oxygen-lance process, are the substantially lower iron-oxide
      content of the slag, which therefore attacks the converter lining less,
      resulting in a longer life for the lining. In spite of the low FeO content
      of the slag, very good de-phosphorizing is obtained, as shown by the
      foregoing analysis. As a result of optimal utilization of the oxygen
      introduced into the melt, blowing times are short, the blow is quiet in
      spite of the high proportion of scrap, and production is therefore
      increased. Finally, because of the quiet blow, the method according to the
      invention is almost independent of the pig-iron composition, whereas the
      known oxygen-lance process requires a pig-iron analysis held within narrow
      limits and thus the use of pig-iron mixers to equalize fluctuations in
      analysis.
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STM  We claim:
NUM  1.
PAR  1. A process for refining steel comprising:
PA1  a. adding to a refractory lined steelmaking vessel a charge comprising a
      mixture of hot metal and solid steel scrap, said scrap being in an amount
      of at least about 20% by weight of charged metal;
PA1  b. introducing into said charge at least one stream of oxygen through at
      least one chromium steel injector, said injector extending through the
      refractory lining and terminating substantially at the surface of the
      refractory lining and in contact with and below the surface of the liquid
      metal charge; surrounding each such injector with a protective jacket
      fluid comprising a hydrocarbon and introducing said fluid into said
      charge; controlling the amount of said fluid with respect to each said
      oxygen stream to maintain the wear rate of each such injector
      substantially equal to the wear rate of the adjacent refractory lining
      while refining the charge to a desired extent;
PA1  c. tapping the refined steel; and
PA1  d. repeating the above steps for at least about 200 times.
NUM  2.
PAR  2. The process of claim 1 wherein said scrap is in an amount of from at
      least about 20% to about 35% by weight of charged metal.
NUM  3.
PAR  3. The process of claim 1 wherein said scrap is in an amount of from at
      least about 28% to about 35% by weight of charged metal.
NUM  4.
PAR  4. The process of claim 1 wherein said scrap is in an amount of from at
      least about 30% to about 35% by weight of charged metal.
NUM  5.
PAR  5. The process of claim 1 wherein said scrap is in an amount of about 35%
      by weight of charged metal.
NUM  6.
PAR  6. The process of claim 1 wherein said hydrocarbon includes at least one
      member selected from the group consisting of methane, propane, butane,
      natural gas, coke oven gas, and light oil.
NUM  7.
PAR  7. The process of claim 1 wherein said hydrocarbon includes propane.
NUM  8.
PAR  8. The process of claim 1 wherein said hydrocarbon includes natural gas.
NUM  9.
PAR  9. The process of claim 1 wherein said oxygen is under a pressure of about
      5-10 atmospheres.
NUM  10.
PAR  10. The process of claim 1 wherein said steel injectors have a chromium
      content of from about 15 to about 25%.
NUM  11.
PAR  11. The process of claim 1 wherein said steel injectors have a chromium
      content of from about 15 to about 18% chromium.
NUM  12.
PAR  12. The process of claim 1 wherein at least one of the repetitions of the
      steel refining includes:
PA1  a. adding to a refractory lined steelmaking vessel a charge comprising a
      mixture of hot metal and solid steel scrap, said scrap being in an amount
      of at least about 20% by weight of charged metal;
PA1  b. introducing into said charge at least one stream of oxygen through at
      least one chromium steel injector, said injector extending through the
      refractory lining and terminating substantially at the surface of the
      refractory lining and in contact with and below the surface of the liquid
      metal charge; surrounding each such injector with a protective jacket
      fluid comprising a hydrocarbon and introducing said fluid into said
      charge; controlling the amount of said fluid with respect to each said
      oxygen stream to maintain the wear rate of each such injector
      substantially equal to the wear rate of the adjacent refractory lining
      while refining the charge to a desired extent;
PA1  c. thereafter introducing into the charge through said injectors a
      scavenger gas for reducing the hydrogen content of said charge during the
      terminal portion of refining; and
PA1  d. tapping the refined steel.
NUM  13.
PAR  13. The process of claim 12 wherein said scavenger gas includes nitrogen or
      argon.
NUM  14.
PAR  14. The process of claim 12 wherein said scavenger gas is nitrogen.
NUM  15.
PAR  15. The process of claim 12 wherein said scavenger gas is argon.
NUM  16.
PAR  16. The process of claim 1 wherein at least one said injector extends
      through the side wall of said refractory lined steelmaking vessel.
NUM  17.
PAR  17. A process for refining steel comprising:
PA1  a. adding to a refractory lined steelmaking vessel a charge comprising a
      mixture of hot metal and solid steel scrap, said scrap being in an amount
      of from at least about 20% to about 35% by weight of charged metal;
PA1  b. introducing into said charge at least one stream of oxygen through at
      least one chromium steel injector, said injector extending through the
      refractory lining and terminating substantially at the surface of the
      refractory lining and in contact with and below the surface of the liquid
      metal charge, said steel injectors having a chromium content of from about
      15 to about 25%; surrounding each such injector with a protective jacket
      fluid comprising a hydrocarbon and introducing said fluid into said charge
      wherein said hydrocarbon includes at least one member selected from the
      group consisting of methane, propane, butane, natural gas, coke oven gas
      and light oil; controlling the amount of said fluid with respect to each
      said oxygen stream to maintain the wear rate of each such injector
      substantially equal to the wear rate of the adjacent refractory lining
      while refining the charge to a desired extent;
PA1  c. tapping the refined steel; and
PA1  d. repeating the above steps up to about 200 times.
NUM  18.
PAR  18. The process for refining steel of claim 17 including during at least
      one of the repetitions of step (d): introducing through said injectors a
      scavenger gas for reducing the hydrogen content of said charge during the
      terminal portion of said refining.
NUM  19.
PAR  19. The process of claim 1 wherein said charge comprises a pig
      iron-chromium alloy.
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ABST
PAL  A method for reducing iron oxide in a melt of iron by maintaining a
      reduction layer on the surface of the molten iron and passing the molten
      metal from the melt through vertical channels which communicate at the
      bottom of the metal melt an with a space at the top of the melt which is
      above that of the reduction layer so as to pass the melt including the
      oxide there through the reduction layer, the molten metal being lifted up
      through the channel by means of a gas lift pump action and heating the
      molten metal by inductive heating while it is flowing through the channel.
BSUM
PAR  According to known methods, iron oxides can be reduced with carbon at a
      temperature exceeding the melting point of the raw iron obtained,
      so-called melt-reduction, by supplying finely powdered material rich in
      iron oxide, for example, iron ore concentrate, to a reaction layer resting
      on a melt of raw iron. The reaction layer consists of red-hot coke and
      possibly slag, the coke usually forming a layer on top of the floating
      layer of slag, which in turn rests on the raw iron melt. The reaction
      layer also contains reducing gases formed during the reaction between iron
      oxide and carbon. The reaction layer is kept supplied by the addition of
      coke or a solid fuel which will produce coke and may even be mixed with
      the material containing ferric oxide. Slagformer is also added when
      necessary so that the impurities, rock and ashes in the additives, form an
      easily floating slag.
PAR  The reduction of ferric oxides with carbon takes place in accordance with
      the reaction FeO.sub.x + X . C - FE + X . CO, which is an endothermic
      reaction and consequently requires heat in the reaction layer. However, in
      the technical design of equipment for performing this method of melt
      reduction, it has been so difficult to arrange the supply of this heat
      that this type of reduction has had no commercial success in the
      manufacture of iron.
PAR  Extensive experiments have been performed, supplying the heat by combustion
      of carbon monoxide formed and the fuel added above the reaction layer, but
      this has resulted in unacceptably high costs for the refractory lining.
PAR  The heat requirement for the reduction process can also be provided by
      electricity which liberates heat in the coke layer, the slag or the iron
      melt. For high power it is advantageous to use induction furnaces to
      generate heat in the iron, but then the problem remains of how to transfer
      the heat to the coke layer. Since the heat transfer is made more difficult
      by the slag layer in between, the contents of the furnace must be mixed so
      vigorously that direct contact is created between the iron melt and the
      coke layer. This is difficult to accomplish with only inductive bath
      movement. Mixing is performed more efficiently by the supply or
      development of gas below the surface of the raw iron. However, not even
      this gives a completely satisfactory result.
PAR  The present invention relates to a method for melt-reducting a metal oxide,
      for example iron oxide, by introducing the material containing metal oxide
      to a reaction layer resting on a metal melt, preferably heated by
      induction to a temperature greater than the temperature of the reactor
      layer, while improving the heat transmission from the metal melt to the
      reaction layer. The invention also relates to a furnace for performing
      this method. The furnace is suitable for the production of raw iron by
      melt-reducing iron ore concentration or pre-reduced concentrate in a
      reaction layer resting on a layer of molten raw iron, but it can also be
      used for performing other processes where it is necessary for the heat to
      be supplied to a reaction layer from a metal melt.
PAR  According to the invention, molten metal is lifted from the metal melt to a
      level above the reaction layer and is then brought to run down through
      this. The molten metal thus emits heat to the reaction layer and is then
      re-united with the metal melt. The metal is preferably lifted in vertical
      channels which are in communication at the bottom with the molten bath and
      at the top with the space above the coke layer, this being effected by
      supplying a gas to the lower part of these vertical channels. An air lift
      pump action is thus produced. The inductive heating process is preferably
      performed in areas separated from the reaction layer and which may consist
      entirely or partially of the channels in which the metal is lifted by the
      gas flow. This prevents the slag in the reaction layer from coming into
      contact with the furnace wall between the induction winding and the metal
      melt, giving longer life to the lining.
DRWD
PAR  The furnace and its function will be described in the following with
      reference to FIGS. 1 - 8.
PAR  FIG. 1 shows a furnace in a vertical section and FIG. 2 a horizontal
      section of the same furnace through two planes indicated in FIG. 1. FIG. 3
      shows a vertical section of a furnace according to an alternative
      embodiment with a larger area for the reaction layer. FIG. 4 shows a view
      from above and FIG. 5 a side view of an embodiment consisting of three
      furnaces in accordance with FIG. 3 which have been combined at the top.
      FIG. 6 shows one embodiment of the upper part of the brickwork. FIGS. 7
      and 8 show the use of the invention in a furnace constructed as a
      horizontal cylinder.
DETD
PAR  The melting furnace according to FIGS. 1 and 2 consists of a sheet-metal
      casing 1, cylindrical and drawn in at the top, provided with a
      water-cooled induction loop 2 to heat the melt. The field of force of the
      loop is screened off from the sheet-metal casing by radially located
      stacks of sheet metal 3. The furnace is provided with a refractory lining
      4 giving protection and insulation from the sheet-metal casing and the
      loop. Inside this lining is a walled cylinder 5 which rests on the bottom
      brickwork 6 of the furnace and the upper flange 7 of the sheet-metal
      casing. Between the cylinder and the furnace wall is a gap which is
      divided into a number of vertical channels 8 by means of columns of bricks
      9, 9' , providing support in the radial direction for the cylinder 5. At
      the bottom of the cylinder are openings 10 leading to each channel so that
      the melt 11 inside the furnace and the channels can communicate. Openings
      12 are also provided at the top of the cylinder, communicating between the
      channels and the inside of the furnace. These are sufficiently far above
      the surface of the molten metal to allow space for a reaction layer
      consisting of a coke layer 13 and a slag layer 14 between the iron bath
      and the lower edge of the openings.
PAR  Non-oxidizing gas, or liquid which vaporizes in heat (for example
      hydrocarbon) is supplied under pressure through ceramic or metal-ceramic
      tubes in the brick columns to the lower part 15 of the channels in such a
      quantity that the gas is able to lift the molten metal in the channels and
      spray it out through the openings 12 above the coke layer. Since fresh
      melt flows through the lower openings in the cylinder, the metal melt 11
      is circulated and is heated inductively in the channels, to deliver the
      heat to the reaction layer 13, 14.
PAR  FIG. 6 shows a preferred embodiment of the upper part of the brickwork 5
      designed to reduce slag corrosion on this brickwork. In this embodiment a
      layer of liquid metal 25 is obtained close to the brickwork so that the
      slag does not come into contact with the lining as long as circulation of
      the metal is in progress. It is advisable to direct the addition of ore
      and coke towards this layer of liquid metal. This results in rapid and
      intimate contact between the hot metal melt and the material added, thus
      accelerating the reaction.
PAR  The gas or gas-generating liquid is supplied through a tube 16 with
      connections to each inlet so that the flow in these can be adjusted by
      control valves 17 for each channel individually Openings 18 are provided
      at the top of the brick columns 9, 9'  between adjacent channels. If the
      gas supply is cut off to one of the channels, the melt will flow through
      these openings from adjacent channels down so that the metal circulation
      is maintained in spite of a cut in the gas supply to one of the channels.
      If the gas supply to alternate channels is cut off and some of the lifted
      melt is permitted to flow down through these channels, the heating of the
      melt is increased but the quantity of melt sprayed out over the reaction
      layer decreases. The increased temperature of the melt compensates the
      decreased quantity and the same heat transmission is obtained with a
      smaller quantity of gas. The gas requirement can be further decreased by
      supplying gas only to every third channel. When making use of downflow in
      some of the channels, the supply of gas may be systematically and
      frequently directed from one channel to the next in order to achieve
      uniform load on all the channels and so that a successive cyclic
      displacement of the up-flow is obtained through every second or every
      third channel. Even further reduction of the metal flow and gas
      requirement can be achieved by intermittent gas supply to all the channels
      or intermittent gas supply to every second or every third channel with
      systematic displacement in accordance with the above. When a channel is
      not being used to lift the melt, however, sufficient gas flow should be
      maintained to prevent the melt from entering the inlet conduits for the
      gas or the gas-generating liquid.
PAR  The furnace is provided with a tightly fitting roof 19 with gastight
      lead-ins for one or more charging tubes 20 for raw products, reducing
      agent and slag-former, these being preferably distributed over the whole
      of the reaction layer. Gas produced during the reduction and gas for
      circulation of the melt is withdrawn through a gas conduit 21. It consists
      substantially of carbon monoxide and can with advantage be used as fuel in
      a steam power plant for the generation of electricity for the melting
      furnace.
PAR  In order to reduce the electricity requirement, some of the gas can be
      burnt with air above the coke bed, the air being supplied through one or
      more nozzles 26 in the upper part of the furnace. By directing the air
      flow towards the coke bed some of the coke can also be consumed. This is
      particularly valuable when, after prereduction of the concentrate with
      solid carbon, a pre-reduced product is sometimes obtained which is mixed
      with more coke than the quantity required for final reduction and the
      carburization of the melt. By regulating the air flow through the nozzles
      26, it is possible to regulate the consumption of the carbon and thus burn
      off any coke excess in the charge.
PAR  Metal reduced in the coke layer releases carbon and forms metal drops which
      unite with the circulating metal melt. In order to keep the level of the
      bath in the furnace constant, a quantity of metal and slag is tapped off
      continuously, corresponding to the melting capacity of the furnace,
      through a tapping opening 22 leading through a widened brick column 9
      between two channels above the induction loop 2. The bath level in the
      furnace by means of a dam arrangement in the channel 23 outside the
      furnace. Slag separation and further processing of the raw iron is
      performed according to known methods. So that the furnace can be emptied,
      for example for re-bricking, it is provided with a bottom opening 24 which
      is plugged with refractory mortar which can be removed from below.
PAR  FIG. 3 shows an alternative embodiment having a furnace casing 1 enlarged
      at the top. Around the upwardly extended crucible wall 4 is an annular
      hearth 30 in which the coke layer 13 and the slag layer 14 rest on a metal
      melt which communicates with the melt inside the cylinder 5 through an
      opening 31 arranged in the same way as the tapping opening 22 in FIG. 2.
      In accordance with this embodiment, the metal melt sprays out over the
      reaction layer through the opening 12 in the extended crucible wall. In
      order to secure the lining 4, cylinder 5 and brick columns 9, 9' in
      vertical direction, the tightly fitting roof 19 of the furnace is provided
      with a superstructure 32 having clamping screws 33 which are screwed into
      a support ring 34 resting on the roof of the furnace. To keep the level of
      the bath constant, metal and slag are tapped off continuously through a
      tapping aperture 35 to a channel 23 provided with a dam 36.
PAR  The furnace according to FIG. 3 is complicated in comparison with the
      furnace according to FIGS. 1 and 2 with the drawn in top, but it has the
      advantage that the area of the reaction layer can be increased in relation
      to both the power supplied and the contents of the furnace. In order to
      further increase the efficacy of the furnace, three induction furnaces of
      the type shown in FIG. 3 can be combined as shown in FIGS. 4 and 5, with a
      common hearth for the reaction layer. Each induction furnace can then be
      supplied with single-phase alternating current without causing uneven
      loading of the power supply.
PAR  In the embodiment shown in FIGS. 1 and 3, the cylinder 5 reaches right down
      to the bottom brickwork. This has the advantage that the circulating iron
      will be extremely free from slag, which increases the life of the
      brickwork 4, 5, 9. 9'. If an acceptable strength of the lining is obtained
      without this effective separation of the slag, however, it is possible
      within the scope of the invention to permit the cylinder and the brick
      columns with the gas outlets 15 reach just below the level of the metal
      melt. In this case the cylinder and the brick columns can be anchored in
      the upper part of the furnace.
PAR  Another way of enlarging the furnace volume is to construct the furnace as
      a horizontal cylinder. FIG. 7 shows two  half vertical cross sections and
      FIG. 8 a part of a vertical longitudinal section through such a furnace.
      The furance comprises a horizontal, cylindrical sheet-metal casing 1
      provided with a refractory lining 4. Openings 27 are provided in the
      lining and the casing, to which inductors 28 are connected. The melt 11 is
      heated in these channels.
PAR  Gas-driven circulation channels 8 are built in to partial partitions 29
      suitably spaced from each other in the furnace. At the bottom of the
      partitions are openings 10 to each channel so that the melt 11 in the
      furnace communicates with the channels. Openings 12 are also provided in
      the upper part of the cylinder between the channels and the furnace
      chamber. These are sufficiently far above the surface of the molten metal
      to allow place for the reaction layer consisting of a layer of coke 13 and
      a layer of slag 14 between the iron bath and the lower edge of the
      openings.
PAR  Non-oxidizing gas, for example nitrogen, or liquid which vaporizes in heat,
      for example hydrocarbon, is supplied under pressure through apertures 15
      in the lower part of the channels in such quantities that the gas is able
      to lift the melt in the channels and spray it out through the openings 12
      above the layer of coke. The gas or liquid is supplied through a tube 16
      with regulating valves 17 for each inlet.
PAR  The furnace is also provided with charging tubes 20 for raw material as
      well as inlets, not shown, for any combustion air used and outlets for
      exhaust produced.
PAR  Since the partitions 29 are only partial, equalization occurs in the
      longitudinal direction of the furnace and slag and metal melt produced can
      be tapped off at the end of the furnace. The furnace is made pivotable so
      that the inductors can be replaced without the furnace having to be
      emptied.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for reducing a metal oxide by introducing a material rich in
      metal oxide to a reaction layer resting on a metal melt, the improvement
      which comprises lifting molten metal from the metal melt to a level above
      that of the reaction layer through vertical channels which communicate at
      the bottom with the metal melt and at the top with a space at a level
      above that of the reaction layer by supplying a non-oxidizing gas to the
      lower part of the channels so that the molten metal is lifted up through
      the channel by means of the gas lift pump action, heating said molten
      metal inductively to a temperature greater than the temperature of the
      reaction layer while it is flowing through the channels to supply
      additional heat to the reaction layer and then allowing the thus lifted
      heated molten metal to exit from the top of the channels and pass down
      through said reaction layer and return to the metal melt.
NUM  2.
PAR  2. The method of claim 1, wherein the molten metal is heated inductively in
      the lower portion of said channels thereby aiding the upward motion of the
      molten metal through said channels.
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ABST
PAL  A ferritic alloy having inherent postwelding ductility and high corrosion
      resistance containing, in general ranges, 27-32.50% chromium, 1.8-5.8%
      molybdenum, 100 ppm carbon maximum, 200 ppm nitrogen maximum, the sum of
      carbon plus nitrogen being 250 ppm maximum, to which small amounts of one
      of the following: Pt, Ir, Os, Ru, Ru plus Al, Ru plus Ni, Rh, and Au are
      added.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a division of application Ser. No. 122,529, filed Mar. 9, 1971,
      which in turn is a continuation-in-part of U.s. Pat. application Ser. No.
      46,428 filed June 15, 1970, now abandoned.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Generally, this invention comprises a corrosion-resistant especially
      pitting-resistant ferritic alloy having good post-welding ductility
      containing, as principal alloying element, chromium and molybdenum in the
      combinations lying within areas A.sub.1, A.sub.2, B, C.sub.1, C.sub.2 and
      D of FIG. 1 of this Application, carbon 100 ppm maximum, nitrogen 200 ppm
      maximum, and carbon plus nitrogen 250 ppm maximum, the remainder being
      iron and incidental impurities.
PAR  The essential components of the alloys of this invention are Fe, Cr, Mo and
      certain metal additives hereinafter identified. As in all alloys of the
      class involved, there may also be present incidental impurities. In
      commercial practice these might consist of the following, in the
      approximate weight percentages reported: S, 0.010%; P, 0.010%; (together
      with, typically, 0.80% Mn and 0.50% Si as deliberate additions).
DRWD
PAC  DRAWINGS
PAR  The following drawings present the essential requirements in terms of
      percent chromium as abscissa and percent molybdenum as ordinate together
      with the permissible carbon and nitrogen contents required according to
      this invention, in which:
PAR  FIG. 1 is a plot of four different regions of different corrosion
      resistance and post-weld ductility for alloys containing C equal to or
      below 100 ppm, N equal to or below 200 ppm, and C+N equal to or below 250
      ppm, and
PAR  FIG. 2 is an overlay of the same regions of corrosion resistance and
      post-weld ductility as FIG. 1 within which are plotted typical ferritic
      Cr, Mo alloy compositions matching those of FIG. 1, except that the C
      content is above 100 ppm, or the N content is above 200 ppm, or C+N is
      above 250 ppm.
DETD
PAR  In the early development of the stainless steels, chromium steels
      containing 12-14% Cr and 1-4% C were the first, large-volume products.
      Attempts were soon made (Br. Pat. No. 18,212 accepted on July 9, 1914) to
      improve the corrosion resistance properties by the addition of molybdenum;
      however, it was noted that molybdenum, when applied in sufficient quantity
      to make the alloy passive, also made it too hard and brittle. Brittleness
      contributed by Mo addition was confirmed by Reitz et al. in U.S. Pat. Nos.
      2,110,891 and 2,207,554. Franks U.S. Pat. No. 2,183,715 taught additions
      of 1-5% of Mo to iron, chromium alloys but found this addition
      insufficient to overcome even his mild service exposures and recommended
      the addition of niobium to the extent of four times the carbon content, at
      least, to overcome his problems of pitting corrosion. Finally, Moneypenny,
      in Stainless Iron and Steel, Vol. 1, Chapman & Hall, London, 1947, p. 48,
      reported certain contemporaneous work done in Germany to improve the
      usefulness of iron chromium alloys by adding about  2% Mo to them. While
      resistance to corrosion by a number of organic acids and other compounds
      was reported to be markedly increased, especially at Cr contents above
      about 18%, the mechanical properties were not improved. Thus, the alloys
      were classed as notch-brittle and subject to marked grain growth when
      heated to high temperatures, as, for example, during welding.
PAR  It has been generally recognized, up to this date, that Fe, Cr alloys as a
      class develop a high degree of brittleness in or adjacent to welds, and
      this inadequacy has severely limited uses of the alloys containing more
      than about 20% Cr wherever welding is essential as, for example, in the
      manufacture of chemical processing and other vessels, pipes and similar
      equipment.
PAR  Early investigators were able to reduce the impact brittleness of ferritic
      chromium alloys by limiting combined carbon and nitrogen contents to about
      0.023% maximum, as reported in U.S. Pat. No. 2,624,671; however, marked
      post-welding brittleness persisted and, in U.S. Pat. No. 2,624,670, it was
      reported necessary to convert the alloys to at least a partially
      austenitic state in order to cure the difficulty. But austenitic alloys
      are subject to chloride stress-corrosion cracking, and so one valuable
      attribute was lost in the acquisition of another. Moreover, these
      investigators deemed it necessary to heat treat by annealing at
      900.degree.C., followed by rapid quenching, in order to minimize
      brittleness in weldments, and this is an exceedingly troublesome and
      expensive expedient.
PAR  Corrosion is an extremely complex combination of phenomena constituting
      numerous well-recognized types. To detect and overcome susceptibility to
      the individual types of corrosion requires individually designed
      techniques for each. It is also not generally true that a material
      resistant to one form of corrosion is resistant also to others. For
      example, a nickel-bearing stainless steel may be highly resistant to
      nitric acid, and yet prone to disastrous cracking when exposed under
      stress to chloride environments.
PAR  The alloys of this invention have been developed to resist exposures to a
      wide variety of corrosive environments, while still having high post-weld
      ductility and good economy in the fabrication.
PAR  Important types of corrosion include the following:
PAR  1. Pitting corrosion in halide environments
PA1  a. Extreme exposure, as in oxidizing chloride environments, e.g., 10%
      FeCl.sub.3.sup.. 6 H.sub.2 O at 50.degree.C., accentuated by crevices,
PA1  b. Severe exposure, as in chloride waters containing permanganate ions at
      90.degree.C.,
PAR  2. Intergranular corrosion in acid and chloride environments
PAR  3. Stress-corrosion cracking in chloride-containing environments
PAR  4. General surface corrosion
PA1  a. Organic acids, such as sulfamic, formic, acetic, and oxalic acids,
PA1  b. Oxidizing acids, such as 65% nitric,
PA1  c. Inorganic reducing acids, such as boiling 10% sulfuric,
PAR  (This latter category can best be appraised in three different aspects:
PAR  (I) Active alloys, which are active at once, or within a few hours, these
      dissolving at rates in excess of 50,000 mils per year, (II) Passive
      alloys, which are passive upon immersion in the corrosive media,
      dissolving relatively uniformly therein at rates less than 100 mils/yr.
      These alloys become activated when contacted with an activating electrode
      and remain active when contact is broken, and (III) Self-repassivating
      alloys, which are passive upon immersion, become active when in contact
      with a galvanically activating electrode, but become passive again on the
      electrode's removal.)
PAR  My invention constitutes an improved pitting resistant ferritic chromium,
      molybdenum alloy in which, by close and critical control of chromium
      content, interrelated molybdenum content, and limited carbon and nitrogen
      contents, there is obtained an enhanced environmental breadth of very high
      corrosion resistance coupled with high post-welding ductility. In yet
      other embodiments of this invention, additional ingredients provide even
      better specific corrosion resistance properties.
PAC  A. SPECIMEN PREPARATION
PAC  1. Ingredients
PAR  All specimens were prepared by the technique hereinafter described, using
      high purity ingredients as detailed in Table I:
TBL                TABLE I                                                     

     ______________________________________                                    

     Ingredient                                                                

              Supplier         Analysis                                        

     ______________________________________                                    

     Iron     Glidden Co.      99.91% Fe, C 20 ppm,                            

                               N 40 ppm                                        

     Chromium Union Carbide    99.95% Cr, 0.01% Fe,                            

              Corp.            C 50 ppm, N 60 ppm                              

     Chromium Shieldalloy Corp.                                                

                               98.2% Cr, C 85 ppm,                             

                               N 284 ppm                                       

     Molybdenum                                                                

              Fansteel Co.     99.9% Mo, C 20 ppm,                             

                               N 10 ppm                                        

     Molybdenum                                                                

              Climax Molybdenum                                                

                               99.7% Mo, C 32 ppm,                             

                               N 12 ppm                                        

     ______________________________________                                    

PAR  Where nickel was utilized, the ribbon form was employed. Silicon was
      reagent grade, aluminum was in lump form analyzing 99.992% Al, carbon was
      of High Purity lump grade, free of filler or in the form of high carbon
      ferro-chrome alloy, and nitrogen was supplied as Cr.sub.2 N powder.
PAC  2. Melting
PAR  The alloying ingredients were melted in high purity alumina crucibles in a
      vacuum induction furnace, which was sealed and evacuated to 10.sup..sup.-3
      to 10.sup..sup.-5 Torr before the power was switched on. The power was
      increased gradually to minimize thermal shock and, when melting was
      incipient, the furnace was filled with gettered argon (a purified
      commercial grade of argon especially low in oxygen and nitrogen content)
      to an absolute pressure of 5 inches Hg in order to inhibit vaporization of
      the alloying ingredients. At the completion of the melting operation, the
      heat was cast through a fire brick funnel into a vertically disposed
      cylindrical copper mold placed in the argon atmosphere. After cooling, the
      ingot was removed and the hot top containing the shrinkage cavity was cut
      off.
PAC  3. Heat Treatment and Working
PAR  Each ingot was soaked for 3 hours at 2200.degree.F. in an electric furnace
      (air atmosphere) and then forged to a rectangular cross section.
PAR  The forged ingot was then reheated to 2150.degree.F. and rolled to a
      thickness of 100 mils in light passes, interspersed with four reheats to
      2150.degree.F., each requiring about 10 mins.
PAR  After the final rolling, the sheet was heated at 2000.degree.F. for 1 hour
      and water-quenched. Alloys containing titanium as a stabilizing additive
      were given a lower final heat treatment of 2 hours at 1750.degree.F.
PAR  Specimens subjected to corrosion, mechanical and analytical tests were cut
      with a power saw and were thereafter ground to an 80 grit finish using a
      watercooled silicon carbide belt.
PAC  4. Welding
PAR  To investigate the effects of welding on corrosion resistance and on
      mechanical properties, autogenous welds were made as follows:
PAR  Welded samples for bend and stress corrosion tests measured approximately 3
      inches long .times. 1 inch wide by 0.1 inch thick, and these were given a
      lengthwise fusion weld using the argon gas-tungsten arc welding process
      and an energy input per pass of approximately 16,000 joules/inch [the
      energy input per pass in joules/inch = arc voltage (volts) .times. arc
      current (amperes)/torch travel speed, in./sec.] During the welding, the
      back of the sample was concurrently shielded with argon, to reduce
      oxidization and safeguard against pickup of nitrogen. In further
      explanation, there was no fusion of two pieces of alloy here, the
      electrode simply being given a single pass longitudinally of the sample
      piece. During this pass, the energy input was sufficient to melt the metal
      in the immediate region of the electrode traverse for almost the entire
      thickness of the sample and for a width of approximately one-fourth inch.
      The specimens were then allowed to cool in the air to room temperature,
      thereby duplicating usual welding practice.
PAR  Three specific sample regions are of particular interest in tests
      hereinafter reported, these being the visually apparent weld zone, where
      the torch had melted the surface metal, the remote base-plate zone
      (abbreviated BP), which is all metal one-half inch or more away from the
      weld, and the intervening heat-affected zone (HAZ).
PAC  5. Analyses
PAR  The data hereinafter reported, and plotted in FIGS. 1 and 2, are based on
      "weighed out" proportions of iron, chromium and molybdenum. Confidence in
      this approach has been provided by a weight balance established by
      weighing cast ingots and rolled sheets made from these ingots and
      comparing the results with the total weight of the metals charged in
      making the alloys. The average detectable change in weight between the
      weighed-in ingredients, the ingots and the rolled sheets amounted to only
      0.1 gm out of a total weight of 400 gms. Additional confidence in the
      practice arises from the consistency and sharp definition of the pitting
      test results plotted in the FIGURES.
PAR  Carbon was determined by combustion with a Leco Carbon Analyzer. Nitrogen
      analyses were made by the micro Kjeldahl method using Nessler's Reagent.
PAR  Titanium, niobium and aluminum were determined by X-ray fluorescence.
PAC  B. ALLOY TESTING
PAC  1. Pitting Corrosion: Potassium Permanganate-Sodium Chloride Test
PAR  This is a new test applied by applicant to simulate chloride pitting in
      severely corrosive natural waters, such as Ohio River water used in heat
      exchangers. Such waters contain some manganese and must be chlorinated to
      prevent the accumulation of organic slime in the heat exchangers. A
      propensity towards severe pitting attack results, probably due to the
      conversion of tetravalent, insoluble manganese to soluble permanganate
      (Mn.sup..sup.+7) by chlorine and the simultaneous reduction of chlorine to
      chloride (Cl.sup.- ) ions.
PAR  Service tests at plant locations require relatively large amounts of
      material and 6-18 month test exposures for alloy evaluation, so that this
      accelerated test was developed as a substitute.
PAR  A 2% KMnO.sub.4 -2% NaCl water solution with pH adjusted to 7.5 was
      employed. Large test tubes 111/2  inches long .times. 11/2  inches dia.
      containing 150 ml of the test solution were immersed in a 90.degree. C.
      thermostatically controlled water bath. (The 90.degree.C. temperature was
      selected to simulate conditions in heat exchangers.) The test tubes were
      covered with a rubber stopper fitted with a glass tube for venting, and
      the specimens placed therein were 1 .times. 2 .times. 0.08 inch thick
      pieces ground to an 80 grit finish.
PAR  Pitting attack in the solution is evidenced by extensive formation of a
      surface coating of insoluble manganese oxides. It appears that, as the
      alloy dissolves at anodic sites (pits), insoluble manganese oxide is
      precipitated at the unpitted cathodic areas where permanganate ions are
      reduced to the tetravalent state in an electrochemically equivalent
      reaction.
PAR  The coating is removed at room temperature without attack on the metal by
      immersion of the specimen in a solution disclosed in applicant's U.S. Pat.
      No. 3,481,882, consisting of: 900 ml H.sub.2 O, 27.4 ml 96.5% H.sub.2
      SO.sub.4, 14.4g oxalic acid, 0.2g Alkanol WXN and 0.2g
      diorthotolylthiourea. The cleaned specimen clearly reveals evidence of
      pitting attack to the unaided eye.
PAR  Only specimens which were free of all pitting attack, and of manganese
      oxide coating, were classified "resistant". Those which displayed any
      pitting at all were rated "failed". Commercially available ferritic and
      austenitic stainless steels (e.g., A.I.S.I. 446, 316 and 310) were readily
      pitted by this solution at room temperature. Generally, specimens
      resistant to attack for the first 24 hours were found to be resistant for
      as long as 16 months.
PAR  In the tests hereinafter reported, samples resistant to this hot
      permanganate-chloride test were classified as "highly resistant" and of
      "high resistance"  to pitting corrosion.
PAC  2. Pitting Corrosion: Ferric Chloride Test
PAR  This test is commonly used when conducted at room temperature; however,
      applicant chose to accelerate it by elevating the test temperature to
      50.degree.C. and by providing tight crevices. As accelerated, this test is
      more severe than the permanganate-chloride pitting test at 90.degree.C.
PAR  The test was conducted in a thermostatically controlled water bath at a
      temperature of 50.degree.C. using 150 ml of 10% FeCl.sub.3.sup.. 6H.sub.2
      O in water in individual 111/2  .times. 11/2  inch dia. test tubes vented
      through tube-fitted rubber stoppers. The unwelded test specimens, ground
      to 80 grit finish, measured 1 .times. 2 .times. 0.08 inch thick. Crevices
      were created on the edges and surfaces of the specimens by employing
      polytetrafluoroethylene blocks on the front and back held in position by
      pairs of rubber bands stretched at 90.degree. to one another in both
      longitudinal and transverse directions. This created two sharp crevices at
      top and bottom of the specimen where the longitudinal elastic touched the
      metal, two somewhat less sharp crevices at the side edges and two crevices
      under the polymer blocks. Contraction of the elastics provided constant
      crevice conditions during progressive metal corrosion at the points of
      contact.
PAR  At room temperatures, it was found that, if an alloy pits with a crevice it
      will eventually also pit without a crevice, but the exposure required to
      reveal this may be as long as 4 months' duration. In applicant's
      accelerated test, pitting occurred within 24 hours in the case of alloys
      susceptible to this type of pitting. Resistant alloys were exposed for
      weeks, and, in some cases, for as long as 12 months, without any pitting
      attack.
PAR  As hereinafter reported, samples that resisted attack in the hot ferric
      chloride test were classified as "extremely resistant". Almost all of the
      same analyses that passed this test had already passed the
      permanganate-chloride test.
PAC  3. Stress Corrosion: Boiling Magnesium Chloride Test
PAR  This test, while not yet actually adopted as a standard by the American
      Society of Testing Materials, is nevertheless already widely utilized. It
      is conducted in accordance with the procedures described by applicant in
      association with A.J. Sweet, published in "Corrosion", Vol. 25, No. 1, pp.
      1-6 (1969) January.
PAR  The test solution is boiling (155.degree.C.) 45% MgCl.sub.2. The test
      specimens were 3 .times. 3/4 inch wide, 80 mil thick, in most cases having
      a lengthwise autogenous weld, because welded specimens reveal
      susceptibility to stress corrosion more readily than unwelded specimens.
      The welded specimens were bent 180.degree. over a 0.366 inch dia.
      cylindrical mandrel. Stress was applied by tightening a Hastelloy C bolt
      through holes at each end of the specimen, the bolt being electrically
      insulated from the specimen by polytetrafluoroethylene bushings.
PAR  Austenitic stainless steels fail by cracking in 1-4 hours during exposure
      to this test. In contrast, it was found that alloys according to this
      invention did not crack within 100 days of exposure. Alloys which did not
      fail sooner were routinely left on test for 100 days to demonstrate their
      immunity to stress corrosion.
PAR  The boiling MgCl.sub.2 test is a very severe one, not usually encountered
      in industry. Nevertheless, I have found a correlation between it and the
      stress corrosion propensity of such Cr- containing alloys as AISI-430 and
      -446 to cracking in NaCl solutions containing only 50 ppm Cl.sup.-. The
      latter is much more like a simulated service corrosion test; however, test
      exposures of 250 hours or more are often required to detect corrosion
      susceptibility. Thus, for ferritic alloys, the MgCl.sub.2 test can be
      considered to be a valid, rapid test for evaluating stress corrosion
      cracking.
PAR  Since preparation of welded stress-corrosion cracking specimens requires
      cold bending welded specimens transversely of the weld, there was
      incidentally afforded a severe test of ductility. Some test alloys outside
      this invention cracked during bending and were therefore not tested in the
      MgCl.sub.2 solution. Consolidated test data are set out in the Table II
      hereinafter set forth.
PAC  4. Intergranular Attack (IGA): Ferric Sulfate-Sulfuric Acid Test
PAR  To detect susceptibility to intergranular attack (hereinafter abbreviated
      IGA), welded specimens were exposed for 120 hours to boiling 50% H.sub.2
      SO.sub.4 containing 41.6 gm/1 Fe.sub.2 (SO.sub.4).sub.3.sup..  .times.
      H.sub.2 O. This rapid test was originally developed by applicant for
      austenitic stainless steels (M. A. Streicher, ASTM Bulletin No. 229, pg.
      77 (1958) April, and ASTM-A262-68 "Recommended Practice for Detecting
      Susceptibility to Intergranular Attack in Stainless Steels"). Applicant's
      extensive investigation has now established that this test is also valid
      for the determination of susceptibility to IGA in commercial ferritic
      stainless steels of the class represented by AISI-430, -446 and of this
      invention, as a function of heat treatment and Cr, C and N contents.
PAR  The test was conducted on specimens ground to 80 grit finish, measuring
      about 1 .times. 2 .times. 0.08 inch thick with an autogenous weld across
      the width of the specimens. The specimens were immersed in 600 ml of test
      solution held in a 1 liter Erlenmeyer flask fitted with an Allihn
      condenser.
PAR  Specimens tested were evaluated by both weightloss measurements and,
      especially, by 80 .times. microscopic examination for evidence of grain
      dropping. Three zones were particularly examined for dislodged grains, the
      base plate (BP), the weld metal (Weld) and the heat-affected zone (HAZ).
      Any evidence of dislodged grains was cause for rejection of the particular
      alloy sample. The results are tabulated in Table II.
PAC  5. General Corrosion in Acids
PAR  As hereinafter set out in Table III, a comparison was made of commercial
      alloys with alloys within the limits of this invention as regards general
      corrosion occurring in representative acid environments, including
      oxidizing, reducing, organic and inorganic. The acids, techniques and data
      for commercial alloys have been previously published by applicant in
      "Corrosion", Vol. 14, No. 2, p. 59t-70t, February (1958).
PAR  Briefly, all tests were conducted on unwelded specimens measuring 1 .times.
      2 inches .times. about 80 mils thick, with surfaces ground to an 80-grit
      finish. Boiling test solutions of 600 ml volume were employed using
      Erlenmeyer flasks fitted with reflux condensers. Tests showing
      "astronomical" corrosion rates lasted only 5 minutes, but for samples
      corroding at less than 100 mils/year, the tests were prolonged for 100
      hours.
PAR  Especially significant, as detailed later, is a group of tests utilized to
      show the development and/or loss of passivity, and the corrosion rate in
      boiling 10% sulfuric acid.
PAC  6. Mechanical Tests
PAR  In addition to the bend tests made preliminary to the MgCl.sub.2 stress
      corrosion test of Section B(3) supra, a number of additional mechanical
      tests were made to obtain a comparison with commercial steels of the same
      general class and, in any case, to establish critical strength data.
PAR  Thus, a tensile test was conducted on alloy Q-202-H made according to this
      invention, the analysis of which was 28.5% Cr, 4.0% Mo, C, 23 ppm, N, 130
      ppm. The results, as compared with commercial steels having properties
      tabulated in the "Stainless Steel Handbook" published by the Allegheny
      Ludlum Steel Corp., pp. 2-5 (1951) were as follows:
TBL                           Ultimate                                         

                Yield Stress  Strength  Elongation                             

     Alloy      (psi)         (psi)     (%)                                    

     ______________________________________                                    

     AISI-316   30,000        75,000    40                                     

     430        35,000        60,000    20                                     

     446        45,000        75,000    20                                     

     Q-202-H    58,675        73,980    24                                     

     (this inven-                                                              

      tion)                                                                    

     ______________________________________                                    

PAR  From the foregoing, it is seen that the yield stress of my composition is
      higher than that of commercial alloys, and the elongation is superior to
      that of commercial ferritic alloys.
PAR  Another test conducted was a low temperature bend test transverse the weld
      for specimens of the following three compositions of this invention on 3
      .times. 3/4 .times. 0.51 inch to 0.68 inch thick specimens autogenously
      welded lengthwise and then ground to an 80-grit finish. This test was
      carried out on an Instron machine using a 0.4 inch dia. mandrel in a
      controlled temperature chamber.
TBL  ______________________________________                                    

     Alloy          75.degree.F.                                               

                            -25.degree.F.                                      

                                    -50.degree.F.                              

                                           -75.degree.F.                       

     ______________________________________                                    

     Q-433          bent    bent    bent   cracked                             

     [Cr 28.5%, Mo 4.0%                                                        

      C 18 ppm, N 37 ppm]                                                      

     Q-436          bent    --      --     bent                                

     [Cr 28.0%, Mo 4.0%                                                        

      C 28 ppm, N 83 ppm]                                                      

     Q-437          bent    --      --     cracked                             

     [Cr 27.5%, Mo 4.0%                                                        

      C 29 ppm, N 65 ppm]                                                      

     ______________________________________                                    

PAR  Yet another mechanical test was a cold rolling test in which the following
      alloys of this invention, which had previously been hot-rolled to a
      thickness of about 100 mils, were cold-rolled to about 25 mils, the limit
      of the rolls:
TBL                                         Per Cent                           

     Alloy    Cr(%)    Mo(%)    C(ppm)                                         

                                      N(ppm)                                   

                                            Reduction                          

     ______________________________________                                    

     Q-120    30.0     3.0      --    --    90                                 

     Q-202A   28.5     4.0      20    25    81                                 

     Q-562    35.0     3.5      14    20    69                                 

     Q-557    33.0     4.5      28    35    70                                 

     Q-514    30.5     4.0       5    170   67                                 

     ______________________________________                                    

PAR  In every case, there was excellent ductility, i.e., there was no cracking,
      either at the edges or in the surfaces.
PAR  In still another investigation, comparative Charpy impact tests were run on
      a 29.0% Cr, 4.3% Mo, 25 ppm C, 110 ppm N specimen according to this
      invention, labeled "Invention" in the tabulation infra, along with
      AISI-446 and -316 commercial steels.
PAR  All Charpy specimens were half-size, i.e., 2.16 .times. 0.197 .times. 0.394
      inch, with a 45.degree. notch having a 0.010 inch radius. These specimens
      were machined from 1/4 inch thick plates with the root of the notch lying
      in the rolling direction.
TBL  ______________________________________                                    

                Charpy Impact                                                  

     Alloy       (ft.-lb.)    Type of Fracture                                 

     ______________________________________                                    

     AISI-446   1.75, 2.0     Complete and brittle.                            

     AISI-316   42.75, 47.5 45.0                                               

                              Bent, ductile rupture.                           

     "Invention"                                                               

                44, 51        Bent, ductile, some                              

                               intergranular                                   

                               fracture.                                       

     ______________________________________                                    

PAR  From the foregoing, the Charpy impact values for alloys of this invention
      were about the same as for AISI-316 and much superior to those of
      AISI-446.
PAC  C. EVALUATION OF Fe-Cr-Mo ALLOYS LIMITED IN C AND N CONTENTS BUT CONTAINING
      NO OTHER ADDITIVES BEYOND INCIDENTAL IMPURITIES
PAR  Referring to FIG. 1, a great number of alloy compositions are plotted which
      collectively precisely define a number of different regions A.sub.1 and
      A.sub.2 (which can, for some purposes, be considered together to be an
      entity A), B, C.sub.1 and C.sub.2 (which can, for some purposes, be
      considered together to be an entity C) and D according to this invention
      which are characterized by improved corrosion resistance, especially
      pitting resistance, over the prior art. In addition, these several regions
      are characterized by different corrosion resistances among themselves,
      generally showing increasing corrosion immunity with increase in both Cr
      and Mo contents within the overall perimeter enclosing all of the regions.
PAR  The vertical division line at 27.5% Cr defining the areas made up of
      regions A.sub.1 and C.sub.1 to the left and A.sub.2 and C.sub.2 to the
      right can be disregarded in the general consideration of corrosion
      resistance as to which Table II pertains; however, this dividing line has
      significance in Section E, infra relating to the effects of other
      additives.
PAR  For purposes of brevity Table II is abridged to report only preselected
      analyses, segregated by specific FIG. 1 region, or near-peripheral
      specimens which define the boundaries thereof. The plot points
      corresponding to representative Alloy Nos. are denoted in FIGS. 1 and 2.
      Unless specifically noted in the "Remarks", all Alloys were subjected to
      all of the tests.
PAC  TABLE II
PAR  a. Regions A.sub.1 and A.sub.2 collectively, characterized by resistance to
      pitting under exposure to (1) the permanganate-chloride test and (2) the
      ferric chloride test, (3) resistant to intergranular corrosion attack
      [IGA] under exposure to the ferric sulfate-sulfuric acid test, (4) ductile
      in the 180.degree. transverse weld bend test of as-received (unannealed)
      welded specimens and (5) resistant to stress corrosion [S.C.].
TBL  ______________________________________                                    

             Composition in                                                    

             Per Cent by Wt.                                                   

     Alloy   Cr and Mo, ppm                                                    

     No.     C and N       Remarks                                             

     ______________________________________                                    

     Region A.sub.1                                                            

             Cr     Mo    C   N                                                

     ______________________________________                                    

     665     25.0   5.5   75  150  Not tested for stress                       

                                    corrosion                                  

     438     27.0   4.0   24   68  Passed all 5 tests                          

     577     25.5   5.5   25   63  Test 3 [IGA] omitted                        

     549     27.5   5.5   15  195  Passed all 5 tests                          

     548     27.5   5.0   10   5   Tests Nos. 1 & 3 [IGA] omitted              

     496     27.5   4.5   31  155       "                                      

     489     26.0   5.5   19  108  Test No. 1 (KMnO.sub.4 -NaCl)               

                                   onitted                                     

     488     26.0   5.0   22  110  Passed all 5 tests                          

     ______________________________________                                    

TBL         Composition in                                                     

            Per Cent by Wt.                                                    

     Alloy  Cr and Mo, ppm                                                     

     No.    C and N        Remarks                                             

     __________________________________________________________________________

     Within                                                                    

     Region A.sub.2                                                            

            Cr  Mo  C  N                                                       

     __________________________________________________________________________

     656    28.5                                                               

                4.0 23 100 Tests No.2 and No.5 for FeCl.sub.3                  

                            and stress corrosion,                              

                            respectively, omitted                              

     611    29.5                                                               

                4.7 25 118 Tests No.3 [IGA] and No.5                           

                            [S.C.] omitted                                     

     610    28.5                                                               

                3.5 25  55 Tests No.1, No.3 and No.5 omitted                   

     585    28.5                                                               

                4.5 20  93 Passed all 5 tests                                  

     559    30.0                                                               

                4.0 24 150 Tests No.3 [IGA] and No.5                           

                            [S.C.] omitted                                     

     554    28.5                                                               

                4.2 23  17 Tests No.3 [IGA] and No.5                           

                            [S.C.] omitted                                     

     548    27.5                                                               

                5.0 10  5  Tests No.1 and No.3 [IGA]                           

                            omitted                                            

     547    27.5                                                               

                3.8 15  5  Tests No.3-5 omitted                                

     544    29.5                                                               

                3.2 24 118 Tests No.3 [IGA] and No.5                           

                            [S.C.] omitted                                     

     543    29.0                                                               

                4.7 27  13 Test No.1 KMnO.sub.4 -NaCl omitted                  

     541    29.5                                                               

                4.5 38  80 Tests No.1-3, incl., omitted                        

      539A  30.0                                                               

                3.5 15 128 Test No.3 [IGA] omitted                             

     538    28.5                                                               

                4.5 29  15 Passed all 5 tests                                  

     537    28.5                                                               

                4.5 23 133      "                                              

     518    31.0                                                               

                4.0 21  88 Tests No.1 and No.3 [IGA]                           

                            omitted                                            

     517    31.0                                                               

                3.0 14 188 Test No.3 [IGA] omitted                             

     513    30.0                                                               

                4.5 19 150 Tests No.1 and No.3 [IGA]                           

                            omitted                                            

     436    28.0                                                               

                4.0 28  83 Passed all 5 tests and,                             

                            in addition, was ductile                           

                            at -75.degree.F.                                   

     __________________________________________________________________________

TBL        Composition in                                                      

           Per Cent by Wt.                                                     

     Alloy Cr and Mo, ppm                                                      

     No.   C and N       Remarks                                               

     __________________________________________________________________________

     Peripheral                                                                

           Cr  Mo  C  N                                                        

     Analyses                                                                  

     Outside Regions                                                           

     A.sub.1 and A.sub.2 (Underscored Alloy Nos. plotted on FIG.               

     __________________________________________________________________________

     2)                                                                        

     595   24.0                                                                

               6.0  7  38                                                      

                         Failed Test No.4 (Bend),                              

                          Tests No.3 & No.5 omitted                            

     593   24.5                                                                

               6.0 14 120                                                      

                            "                                                  

     490   26.0                                                                

               6.0 26 108                                                      

                         Failed Test No.4 (Bend),                              

                          Tests No.1, 3 and 5 omitted                          

     494   27.0                                                                

               6.0 10 305                                                      

                         Failed Test No.4 (Bend),                              

                          Tests No.1 and 5 omitted                             

     502   28.0                                                                

               6.0  9 165                                                      

                            "                                                  

     504   28.5                                                                

               5.5 10 160                                                      

                         Failed Test No.5 (S.C.),                              

                          Test No.1 omitted                                    

     511   29.5                                                                

               5.0 11  5 Failed Test No.4 (bend),                              

                          Tests No.1, No.3 & No.5                              

                          omitted                                              

     481   29.5                                                                

               4.8 93   88                                                     

                         Failed Test No.5 (S.C.),                              

                          Test No.1 omitted                                    

     558   33.0                                                                

               5.0 22  5 Failed Test No.4 (Bend),                              

                          Tests No.3 & No.5 omitted                            

     616   35.0                                                                

               5.0 20 203                                                      

                         Failed Test No.4 (Bend),                              

                          Test No.5 omitted                                    

     603   35.0                                                                

               4.5 11 115                                                      

                         Failed Test No.4 (Bend),                              

                          Tests No.3 and No.5 omitted                          

     __________________________________________________________________________

PAR  b. Regions C.sub.1 and C.sub.2 collectively, characterized by resistance to
      pitting under exposure to (1) permanganate-chloride test, (3) resistance
      to intergranular corrosion attack (IGA) under exposure to ferric
      sulfate-sulfuric acid test, (4) ductile in the 180.degree. transverse weld
      bend test of as-received (unannealed) welded specimens and (5) possessed
      of stress-corrosion resistance to extent tested. The following specimens
      all failed Test No. 2, the ferric chloride pitting test.
TBL      Composition in                                                        

         Per Cent by Wt.                                                       

     Alloy                                                                     

         Cr and Mo, ppm                                                        

     No. C and N        Remarks                                                

     __________________________________________________________________________

     Regions C.sub.1 and C.sub.2 (except Alloy No.568, which is just below)    

     Cr      Mo  C  N                                                          

     __________________________________________________________________________

     625 27.0                                                                  

             4.0 15 190 Passed Tests No.1, 3 and 4.                            

                         Not tested for S.C. (No.5)                            

     624 26.0                                                                  

             3.5 17 150      "                                                 

     576 23.0                                                                  

             6.0  6  43 Test No.3 IGA omitted.                                 

                         Passed S.C. test                                      

     571 26.5                                                                  

             3.0 10 115 In addition to Test No.2, Test                         

                         No.1 (KMnO.sub.4 -NaCl) alone run                     

                         (and passed)                                          

     568 27.0                                                                  

             2.5  5 120 Failed Test No.1. Tests No.3                           

                         and No.5 omitted                                      

     567 25.5                                                                  

             4.0  5  75 In addition to Test No.2, Test                         

                         No.1 (KMnO.sub.4 -NaCl) alone run                     

                         (and passed)                                          

     666 22.0                                                                  

             6.0 52 110 Passed Tests No.1, 3 & 4.                              

                         Not tested for S.C.                                   

     597 30.0                                                                  

             2.0 12  78      "                                                 

     570 28.0                                                                  

             2.7 13  98 In addition to Test No.2, Test                         

                         No.1 (KMnO.sub.4 -NaCl) alone run                     

                         (and passed)                                          

     520 32.0                                                                  

             2.0 17  50 Passed Tests No.1, 3 & 4.                              

                         Not tested for S.C.                                   

     516 31.0                                                                  

             2.5  7 175      "                                                 

     508 29.5                                                                  

             3.0 15 163 Tests No.2, No.3 & No.4 alone run.                     

                         Failed No.2 and No.3 (IGA)                            

     457 29.0                                                                  

             3.0 25 128 Tests No.1, No.2 & No.3 alone run.                     

                         Failed No.2, passed No.1 & No.3                       

     503 28.5                                                                  

             3.4  5 160 Tests No.2, No.3 and No.4 alone                        

                         run. Passed No.3 and No.4                             

     435 29.0                                                                  

             3.0 46  70 Passed Tests No.1, 3, 4 & 5,                           

                         failed No.2                                           

     __________________________________________________________________________

PAR  c. Region B, characterized by resistance to pitting under exposure to (1)
      permanganate-chloride test and (2) ferric chloride test, (3) resistant to
      intergranular corrosion attack (IGA) under exposure to the ferric
      sulfate-sulfuric acid test, (4) ductile in the 180.degree. transverse weld
      bend test of as-received (unannealed) welded specimens and (5) resistant
      to stress corrosion (S.C.). In addition, all region B and D specimens are
      passive in boiling 10% H.sub.2 SO.sub.4 as hereinafter set out in Table
      IV; however, region D specimens otherwise have the properties of regions
      C.sub.1 and C.sub.2, i.e., they fail the ferric chloride Test No. 2.
TBL  __________________________________________________________________________

           Composition in                                                      

           Per Cent by Wt.                                                     

     Alloy Cr and Mo, ppm                                                      

     No.   C and N        Remarks                                              

     __________________________________________________________________________

     Region B                                                                  

           Cr  Mo  C  N                                                        

     __________________________________________________________________________

     631   35.0                                                                

               3.5  8 75  Passed all 5 tests                                   

     606   35.0                                                                

               3.5  8 135 Passed all 5 tests                                   

     556   33.0                                                                

               2.5 46 98  Passed Tests No.1-4, incl.                           

                           Test No.5 (S.C.) omitted                            

     561   33.0                                                                

               2.5 21 18       "                                               

     557   33.0                                                                

               4.5 28 35  Passed Tests No.1, 2, 4 and                          

                           5. Test No.3 (IGA)                                  

                           omitted                                             

     555   33.0                                                                

               3.0 48 23       "                                               

     521   32.0                                                                

               4.0 15 45  Passed Tests No.2, 4 & 5.                            

                           Tests No.1 and No.3 (IGA)                           

                           omitted                                             

     Region D                                                                  

     560   33.0                                                                

               2.0 16 85  Passed Tests No.1, 3 and 4.                          

                           No.5 (S.C.) omitted                                 

     __________________________________________________________________________

PAR  As hereinbefore mentioned in Section B(5), comparative general corrosion
      resistance to typical common acid environments, including oxidizing,
      reducing, organic and inorganic acids, is set out in the following Table
      III:
TBL                                    TABLE III                               

     __________________________________________________________________________

     COMPARISON OF GENERAL CORROSION OF ALLOYS IN ACIDS*                       

     General Corrosion (Boiling)                                               

     (mils per year)                                                           

                     50% Sulfuric                                              

                     with Ferric                    Sodium                     

                                                          Sulfuric             

     Alloy       Nitric                                                        

                     Sulfate Sulfamic                                          

                                   Formic                                      

                                        Acetic Oxalic                          

                                                    Bisulfate                  

                                                          Acid                 

     __________________________________________________________________________

                 65%         10%   45%  20%    10%  10%   10%                  

     AISI 430    20  312     144,000                                           

                                   84,700                                      

                                        3,000  6,400                           

                                                    91,200                     

                                                          252,000              

     AISI 446    8    36     150,000                                           

                                   9,700                                       

                                        0      7,000                           

                                                    64,800                     

                                                          270,000              

     AISI 304    8    23      1,300                                            

                                   1,715                                       

                                        300     570  2,760                     

                                                           16,420              

     AISI 316    11   25        75  520 2        96   170   855                

     Carpenter 20                                                              

                 8    9         16   7  2        7    11     43                

     Hastelloy C 450 240        8    5  0        8     8     17                

     Titanium    1   140       285  873 0       950   250  6,290               

     Fe-28% Cr-4% Mo (1)                                                       

                 2    6         0    1  0        13    9   52,180              

     Fe-33% Cr-3% Mo (2)                                                       

                 --  --      --    --   --     --   --       60                

     __________________________________________________________________________

      (1) Alloy Q 202, having C 23 ppm, N 130 ppm                              

      (2) Alloy Q 555, having C 48 ppm, N 23 ppm                               

      *Acid concentrations in per cent by weight                               

PAR  The following tests, reported in Table IV, illustrate the critical
      compositional relationship necessary to achieve the high resistance to
      boiling 10% sulfuric acid corrosion possessed by alloys lying within
      regions B and D, FIG. 1.
TBL                TABLE IV                                                    

     ______________________________________                                    

     CORROSION OF Fe-Cr-Mo ALLOYS IN BOILING 10% SULFURIC ACID                 

             Composition             Corrosion                                 

             Per Cent by Wt.                                                   

                       ppm      State (1)                                      

                                         Rate (2)                              

     Alloy No. Cr       Mo     C   N           (mils/yr)                       

     ______________________________________                                    

     513       30.0     4.5    19  150     active                              

                                                 44,200                        

     539-A     30.0     3.5    15  128     active                              

                                                 195,200                       

     612 (FIG.2)                                                               

               31.0     5.0    25  290     active                              

                                                 48,000                        

     519       31.0     4.5    18  100     active                              

                                                 53,200                        

     518       31.0     4.0    21  88      active                              

                                                 62,500                        

     627 (FIG.2)                                                               

               31.0     3.5    10  265     active                              

                                                 72,100                        

     628 (FIG.2)                                                               

               31.5     3.0     7  235     active                              

                                                 83,400                        

     521       32.0     4.0    15  45      passive                             

                                                 75                            

     629       32.0     3.0    16  75      passive                             

                                                 45                            

     659       32.0     2.75   45  140     passive                             

                                                 80                            

     589 (FIG.2)                                                               

               32.0     2.5    22  215     passive                             

                                                 55                            

     520       32.0     2.0    17  50      active                              

                                                 116,000                       

     484       32.0     0.0    25  170     active                              

                                                 54,000                        

     557       33.0     4.5    28  35      passive                             

                                                 70                            

     522       33.0     4.0    25  53      passive                             

                                                 65                            

     555       33.0     3.0    48  23      passive                             

                                                 60                            

     556       33.0     2.5    46  98      passive                             

                                                 50                            

     560       33.0     2.0    16  85      passive                             

                                                 45                            

     587       33.0     1.5    22  195     passive                             

                                                 40                            

     668 (FIG.2)                                                               

               35.0     4.0    39  320     passive                             

                                                 50                            

     562       35.0     3.5    14  20      passive                             

                                                 45                            

     596 (FIG.2)                                                               

               35.0     1.0    14  250     passive                             

                                                 45                            

     ______________________________________                                    

      (1) Condition when immersed in the acid. Active = profuse evolution of   

      hydrogen, high corrosion rate. Passive = no visible evolution of hydrogen

      low corrosion rate.                                                      

      (2) Rates on active alloys determined in 5-min. test. Rates on passive   

      alloys determined in 100-hr. test.                                       

PAR  The following Table V lists the analyses and test results for a large
      number of Fe-Cr-Mo alloys which do not meet the compositional limits of
      this invention, particularly as regards C and N contents. These Alloy Nos.
      are plotted within the overlay of FIG. 2, and the several causes of test
      failure are denoted by characteristic point symbols defined in the drawing
      legend. From Table V, taken in conjunction with FIG. 2, it can be seen
      that the contents of both C and N are sharply critical, and that this
      criticality is also affected, to some degree, by the associated Cr and Mo.
TBL                                    TABLE V - FIG. 2 DATA                   

     __________________________________________________________________________

                        TEST RESULTS                                           

           COMPOSITIONS IN                                                     

                        KMnO.sub.4 -                                           

                               FeCl.sub.3                                      

                                      Fe.sub.2 (SO.sub.4).sub.3 -              

     ALLOY WT. PER CENT Cr & Mo.                                               

                        NaCl                     BEND   STRESS                 

     NO.   PPM C AND N  Test No.1                                              

                               Test No.2                                       

                                      H.sub.2 SO.sub.4 Test No.3               

                                                 TEST No.4                     

                                                        CORROSION TEST No.5    

     Cr       Mo C  N                  HAZ                                     

                                          WELD                                 

                                              BP                               

     __________________________________________________________________________

     529   27.5                                                                

              4.2                                                              

                 16 208 P      P      P   P   P  P      P                      

     **532 28.5                                                                

              4.5                                                              

                 24 353 P      P      F   P   P  P      P                      

     627   31.0                                                                

              3.5                                                              

                 10 265 P      P      P   P   P  P      P                      

     668   35.0                                                                

              4.0                                                              

                 39 320 P      P      P   P   P  P      --                     

     493   27.0                                                                

              5.5                                                              

                 20 223 --     P      P   P   P  P      P                      

     453   29.0                                                                

              4.0                                                              

                 18 239 --     P      P   P   P  P      P                      

     492   27.0                                                                

              5.0                                                              

                 10 283 --     P      P   P   P  P      F                      

     628   31.5                                                                

              3.0                                                              

                 7  235 P      P      F   P   P    P(F)*                       

                                                        --                     

     612   31.0                                                                

              5.0                                                              

                 25 290 P      P      P   P   P  F      --                     

     615   35.0                                                                

              2.5                                                              

                 23 100 P      F      P   P   P  F      --                     

     630   35.0                                                                

              3.5                                                              

                 7  185 P      P      P   P   P  F      --                     

     657   28.5                                                                

              4.0                                                              

                 56 198 P      P      P   P   P  F      --                     

     458   28.5                                                                

              4.0                                                              

                 114                                                           

                    208 --     P      F   F   P  P      F                      

     459   28.5                                                                

              4.0                                                              

                 118                                                           

                    65  --     F      P   F   F  P      F                      

     599   33.0                                                                

              3.0                                                              

                 109                                                           

                    68  P      F      F   F   P  P      P                      

     494   27.0                                                                

              6.0                                                              

                 10 305 --     P      P   P   P  F      --                     

     613   34.0                                                                

              2.0                                                              

                 26 300 P      F      P   P   P  F      --                     

     497   28.0                                                                

              3.5                                                              

                 29 209 --     F      F   P   P  P      --                     

     594   25.0                                                                

              5.0                                                              

                 18 268 P      F      F   P   P  F      --                     

     463   28.5                                                                

              4.0                                                              

                 14 239 --     F      P   P   F  F      --                     

      409B 29.0                                                                

              4.7                                                              

                 856                                                           

                    219 P      F      F   F   P  F      --                     

     450   27.5                                                                

              3.0                                                              

                 14 204 P      F      P   F   F  --     --                     

     452   28.5                                                                

              3.0                                                              

                 33 267 P      F      F   F   P  --     --                     

     460   28.5                                                                

              4.0                                                              

                 171                                                           

                    70  P      F      F   F   F  P      F                      

     464   28.5                                                                

              4.0                                                              

                 22 239 P      F      F   P   P  F      --                     

     487   26.0                                                                

              1.0                                                              

                 26 204 --     F      F   F   F  P      P                      

     589   32.0                                                                

              2.5                                                              

                 22 215 P      F      F   F   P  F      --                     

     ***531                                                                    

           28.5                                                                

              4.5                                                              

                 334                                                           

                    25  P      F      F   F   F  F      --                     

     461   28.5                                                                

              4.0                                                              

                 189                                                           

                    89  P      F      F   F   F  F      --                     

     582   27.0                                                                

              3.0                                                              

                 48 255 F      F      F   P   P  P      P                      

     587   33.0                                                                

              1.5                                                              

                 22 195 F      F      P   P   P  F      --                     

     530   26.0                                                                

              1.0                                                              

                 15 90  F      F      F   F   P  P      P                      

     408   29.0                                                                

              4.7                                                              

                 48 372 --     --     F   F   F  F      --                     

     __________________________________________________________________________

       *Second Sample                                                          

       **Deficiency cured by heating 1 hr. at 2000.degree.F. and water         

      quenching.                                                               

      ***Deficiency not cured by heating 1 hr. at 2000.degree.F. and water     

      quenching.                                                               

      -- not tested                                                            

      P -- Passed                                                              

      F -- Failed                                                              

PAC  D. SUMMARY
PAR  From the foregoing, it will be seen that the alloys of my invention have
      post-welding ductility and good stress corrosion resistance besides being,
PAR  1. In area A, made up of regions A.sub.1 and A.sub.2, collectively,
      extremely resistant to pitting corrosion as regards both Tests No. 1,
      permanganate-chloride, and No. 2, ferric-chloride,
PAR  2. In area C, made up of regions C.sub.1 and C.sub.2, collectively, highly
      resistant to pitting corrosion as regards Test No. 1,
PAR  3. In region B, equally resistant as area A, plus passive and resistant to
      corrosion in boiling 10% H.sub.2 SO.sub.4,
PAR  4. In region D, equally resistant as area C, plus passive and resistant to
      corrosion in boiling 10% H.sub.2 SO.sub.4.
PAR  Outside of areas A and C and regions B and C, taken together, Fe-Cr-Mo
      alloys are deficient in one or more respects. For example, below region C
      the alloys suffer both serious pitting corrosion in the less severe Test
      No. 1 (permanganate-chloride exposure) and may also be subject to
      intergranular attack, with resultant grain dropping, although they may be
      ductile after welding.
PAR  Below region D, the alloys suffer not only pitting corrosion and
      intergranular attack but are also brittle after welding. To the right of
      regions B and D, the alloys are brittle after welding, whereas, above area
      A and region B, the alloys are either brittle, so that they break during
      bending after welding, or otherwise they crack during the stress corrosion
      test.
PAR  The lines of demarcation of the regions are surprisingly sharp, a change of
      less than 0.1% Mo or Cr producing the critical change in pitting
      resistance from good to bad, or from acceptance to rejection.
PAR  As regards the Alloys of FIG. 2, most of the specimens failed by
      intergranular corrosion attack, although some also failed in the pitting
      corrosion test, were brittle after welding, or failed by stress corrosion.
PAC  E. ADDITION OF OTHER METALS TO Fe-Cr-Mo ALLOYS
PAR  In order to determine possible benefits of other additives, a number of
      specimens were made up containing 28-29% Cr, 4-4.5% Mo, plus single metals
      in the ranges set forth in Table VI. The specific purposes for which the
      several additions were made are indicated, together with a brief report of
      side effects noted.
TBL                                    TABLE VI                                

     __________________________________________________________________________

      Component              Achievement of Purpose                            

     and Amounts    Purpose    Other Effects                                   

     __________________________________________________________________________

     Aluminum     Grain refiner                                                

                             Yes                                               

     0.10-0.60%                                                                

     Titanium or                                                               

                a)                                                             

                  To prevent IGA                                               

                           a)                                                  

                             No.                                               

                                I.G.A. above inven-                            

     Niobium                    tion's specified C, N                          

     0.20-0.60% b)                                                             

                  Grain refiner limits. Bend cracking                          

                                tendency increased.                            

                           b)                                                  

                             Yes.                                              

                                Grain was refined.                             

     Platinum     Field A.sub.2 -C.sub.2                                       

     0.006-0.30%  passivity in                                                 

                             Yes.                                              

                                Continued region A.sub.2,                      

                  boiling 10%   C.sub.2 properties.                            

                  H.sub.2 SO.sub.4                                             

     Palladium    Passivity in                                                 

                             Yes.                                              

                                Lost pitting re-                               

     0.02-0.20%   boiling 10%   sistance in both                               

                  H.sub.2 SO.sub.4                                             

                                Tests No.1 and No.2.                           

     Iridium        "        "  Continued region                               

     0.015-0.10%                A.sub.2 + C.sub.2 properties.                  

     Rhodium        "        "  Resistant in Test No.1                         

     0.005-0.10%                but not in Test No.2.                          

                                One sample, near the                           

                                N limit of 200 ppm                             

                                showed I.G.A.                                  

     Osmium         "        "  Osmium oxide has                               

     0.02-0.10%                 high vapor pressure                            

                                and is toxic.                                  

                                Continued A.sub.2, C.sub.2                     

                                properties.                                    

     Ruthenium      "        "  No deleterious effects                         

     0.020-1.50%                observed up to 0.30%                           

                                Ru. Suffered                                   

                                stress corrosion                               

                                above 0.30% level.                             

     0.02% Ruthenium                                                           

                  Passivity in                                                 

                             Yes.                                              

                                No deleterious                                 

     + 0.30% Aluminum                                                          

                  boiling 10%   effects observed.                              

                  H.sub.2 SO.sub.4                                             

                                Grain refinement                               

                                noted.                                         

     0.01% Ruthenium                                                           

                    "        Yes.                                              

                                Region A.sub.2 require-                        

     + 0.20% Nickel             ments met, and no                              

                                stress corrosion                               

                                on welded specimen                             

                                despite Ni.                                    

     0.20% Gold      "       Yes.                                              

                                Resistant in Test No.1,                        

                                but not Test No.2.                             

     Nickel 0.25 to                                                            

                    "        Yes.                                              

                                Stress corrosion                               

     2.0%                       resistance pro-                                

                                gressively de-                                 

                                creases as nickel                              

                                content increases.                             

     Nickel 2.0-3.0%                                                           

                    "        Yes.                                              

                                Self-repassivating,                            

                                and resistant in                               

                                Test No.1, but not                             

                                Test No.2.                                     

     Cobalt 2.0-4.0%                                                           

                    "        Yes.                                              

                                Stress corrosion re-                           

                                sistance seriously                             

                                decreased. Not re-                             

                                sistant in Test No.2.                          

     Addition of sili-                                                         

                  Mo re-     Yes.                                              

                                Resistant in Tests                             

     con in range 1.5-                                                         

                  placement     No.1 and No.2.                                 

     2.0% to alloys                                                            

     containing 27-30%                                                         

     Cr and 1.5-2.0%                                                           

     Mo.                                                                       

     0.80% Mn + 0.50%                                                          

                  Commonly   Yes.                                              

                                No harm done to                                

     Si           present in    any Region A.sub.2                             

                  commercial    properties.                                    

                  heats.                                                       

     0.20% Cu or  Commonly present                                             

                             Yes.                                              

                                No harm done to                                

     0.15% Ni, singly,                                                         

                  in commercial Region A.sub.2                                 

     or 0.10% Cu +                                                             

                  heats         properties.                                    

     0.10% Ni                                                                  

     __________________________________________________________________________

PAR  The research work culminating in the data set out in Table VI showed that
      additives in quantities less than the minima reported for individual
      ranges were ineffective in producing the desired results.
PAR  For the additions of ruthenium and nickel, respectively, the entries of
      Table VI are expanded as Tables VII and VIII, where the individual results
      for several samples are shown. In addition, these Tables show the
      self-repassivating effect obtained when sufficient of either additive, Ru
      or Ni, respectively, is present.
TBL                                    TABLE VII                               

     __________________________________________________________________________

     EFFECT OF RUTHENIUM ADDITIONS TO Fe -- 28% Cr -- 4% Mo ALLOY              

                   Behavior in                  Stress                         

                   Boiling 10% H.sub.2 SO.sub.4                                

                                 Pitting Corrosion                             

                                                Corrosion (3)                  

     __________________________________________________________________________

          Ruthenium                                                            

     Alloy                                                                     

          Addition      Corrosion Rate                                         

     No.  (% by Weight)                                                        

                   State                                                       

                        (mils/year)                                            

                                 KMnO.sub.4 -NaCl (1)                          

                                          FeCl.sub.3 (2)                       

                                                (Boiling 45%                   

     __________________________________________________________________________

                                                MgCl.sub.2)                    

     338  0.015    active                                                      

                        62,200   --       --          --                       

     477-A                                                                     

          0.017    active                                                      

                        --       --       P           --                       

     334  0.020    passive                                                     

                        60       P        P     Resistant                      

                                                      (not welded)             

     542  0.20     passive                                                     

                        9        --       P           --                       

     475  0.30     passive                                                     

                        2        P        P     Resistant                      

                                                      (welded)                 

     683  0.50     passive*                                                    

                        7        --       P     Failed                         

                                                      (welded)                 

     671  0.75     passive*                                                    

                        2        P        P     Failed                         

                                                      (welded)                 

     684  1.50     passive*                                                    

                        2        P        P     Failed                         

                                                      (welded)                 

     476-A                                                                     

          0.010                                                                

          plus 0.20 Ni                                                         

                   passive                                                     

                        40       P        P     Resistant                      

                                                      (welded)                 

     __________________________________________________________________________

      *self-repassivating                                                      

      (1) 2% KMnO.sub.4 -- 2% NaCl at 90.degree.C.                             

      (2) 10% FeCl.sub.3.6 H.sub.2 O at 50.degree.C. with crevices.            

      (3) Magnesium chloride test.                                             

      P = No pitting                                                           

      -- = Not tested                                                          

TBL                                    TABLE VIII                              

     __________________________________________________________________________

     EFFECT OF NICKEL ADDITIONS TO Fe -- 28% Cr -- 4% Mo ALLOY                 

                 Behavior in                                                   

                 Boiling 10% H.sub.2 SO.sub.4                                  

                               Pitting Corrosion                               

         Nickel                                                                

     Alloy                                                                     

         Addition,    Corrosion Rate             Stress                        

     No. (% by Weight)                                                         

                 State                                                         

                      (mils/year)                                              

                               KMnO.sub.4 -NaCl (1)                            

                                        FeCl.sub.3 (2)                         

                                                Corrosion (3)                  

     __________________________________________________________________________

     436 0.00    active                                                        

                      52,000   P        P     Resistant (welded)               

     677 0.10    active                                                        

                      63,000   P        P     Resistant (welded)               

     239 0.20    active                                                        

                      --       P        P     Resistant                        

     217 0.25    passive                                                       

                      56       P        P     Failed  (welded)                 

     183 0.30    passive                                                       

                      52       P        P     Failed after                     

                                               119 hours                       

     191 0.40    passive                                                       

                      29       P        P     Failed after                     

                                               261 hours                       

     241 0.50    passive                                                       

                      24       P        P     Failed after                     

                                               16 hours                        

     245 1.50    passive                                                       

                      6        P        P     Failed in less                   

                                               than 16 hours                   

     681 1.80    passive                                                       

                      11       P        P     --                               

     664 2.00    passive*                                                      

                      8        P        P     --                               

     658 2.50    passive*                                                      

                      10       P        F     --                               

     649 3.00    passive*                                                      

                      9        P        F     --                               

     __________________________________________________________________________

      *These alloys are also self-repassivating.                               

      (1) 2% KMnO.sub.4 -- 2% NaCl at 90.degree.C.                             

      (2) 10% FeCl.sub.3 . 6 H.sub.2 O at 50.degree.C. with crevices.          

      (3) Magnesium chloride test on unwelded specimens except as noted.       

      P = Passed, no pitting                                                   

      F = Failed, pitted                                                       

      -- = Not tested                                                          

PAR  The effectiveness of nickel in conferring passivity in H.sub.2 SO.sub.4 is
      a function of both chromium and molybdenum, as shown in TABLE IX. Thus,
      positive benefits accrue above a molybdenum content of about 2.0% and with
      the approximate lower essential limit for chromium 27.5%, thereby locating
      the broken vertical line of demarcation setting off area A.sub.2 from
      A.sub.1 and C.sub.2 from C.sub.1 in FIG. 1.
PAR  In addition, as indicated by Alloy No. 634 in TABLE IX, alloys containing
      the specified minimum of ruthenium appear to require the same 27.5%
      minimum chromium.
TBL                                    TABLE IX                                

     __________________________________________________________________________

     EFFECT OF NICKEL AND RUTHENIUM ADDITIONS TO Fe-Cr-Mo ALLOYS               

                        Boiling 10%             Stress                         

     Composition (1)    Sulfuric Acid                                          

                                 Pitting Corrosion                             

                                                Corrosion (4)                  

     Alloy                                                                     

          Cr  Mo  Nickel                                                       

                        State    KMnO.sub.4 -NaCl (2)                          

                                          FeCl.sub.3 (3)                       

                                                (not welded)                   

     __________________________________________________________________________

     Q-231                                                                     

          25.0                                                                 

              4.0 0.40  active   F        F     Failed after 447 hrs.          

     Q-232                                                                     

          26.0                                                                 

              4.0 0.40  active   P        F     Resistant                      

     Q-233                                                                     

          27.0                                                                 

              4.0 0.40  active   P        F     Failed after 447 hrs.          

     Q-632                                                                     

          26.0                                                                 

              1.0 0.25  active   F        F        --                          

     Q-191                                                                     

          28.0                                                                 

              4.0 0.40  passive  P        P     Failed after 261 hrs.          

     Q-196                                                                     

          28.5                                                                 

              0.0 0.40  active   F        F        --                          

     Q-195                                                                     

          28.5                                                                 

              1.0 0.40  active   F        F        --                          

     Q-194                                                                     

          28.5                                                                 

              2.0 0.40  passive  F        F        --                          

     Q-193                                                                     

          28.5                                                                 

              3.0 0.40  passive  P        F        --                          

     Q-192                                                                     

          28.5                                                                 

              3.5 0.40  passive  P        P        --                          

                  Ruthenium                                                    

     Q-634                                                                     

          26.0                                                                 

              1.0 0.02  active   F        F        --                          

     __________________________________________________________________________

      (1) Per cent by weight.                                                  

      (2) 2% KMnO.sub.4 -- 2% NaCl at 90.degree.C.                             

      (3) 10% FeCl.sub.3.6 H.sub.2 O at 50.degree.C. with crevices.            

      (4) Magnesium chloride test on unwelded specimen.                        

      P = resistant                                                            

      F = pitted                                                               

PAR  The research on additives of Table VI indicates that:
PAR  1. Aluminum can be added up to 0.60% to the compositions of this invention
      in order to obtain grain refinement.
PAR  2. Titanium and niobium, in contrast with the opposite expectation based on
      prior art, were not effective in my Fe-Cr-Mo-containing alloys to fix
      excessive C or N, although they did produce a grain refinement similar to
      that obtained with Al.
PAR  3. The noble metals aided region A.sub.2 compositions to achieve passivity
      in boiling 10% H.sub.2 SO.sub.4, but palladium especially, and rhodium to
      a lesser degree, reduced the pitting corrosion resistance. Of the noble
      metals, ruthenium is especially attractive because of moderate cost,
      effectiveness in small amounts, and freedom from loss in pitting corrosion
      resistance.
PAR  4. Nickel is effective in producing passivation, but the quantities
      required make the alloys prone to stress corrosion cracking in MgCl.sub.2
      solution. However, 0.01% Ru + 0.20% Ni provided passivation without loss
      of stress corrosion resistance.
PAR  5. Nickel in the range of 2.0-3.0% causes the alloy to acquire the property
      of self-repassivation (refer Table VIII). There is, however, accompanying
      loss in pitting resistance in the ferric chloride test, and in the
      magnesium chloride stress corrosion test.
PAR  6. In alloys containing 27-30% Cr and 1.5-2.0% Mo minima, it is feasible to
      obtain enhanced corrosion resistance (i.e., the properties of Region
      A.sub.2) by additions of 1.5-2.0% Si.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A corrosion-resistant ferritic iron-chromium-molybdenum alloy having
      good postwelding ductility consisting essentially of chromium and
      molybdenum in weight percentages within areas A.sub.2 and C.sub.2 of FIG.
      1, carbon 100 ppm maximum, nitrogen 200 ppm maximum, and carbon plus
      nitrogen 250 ppm maximum, together with one of the following eight listed
      additions in the weight percent range recited:
PA1  a. 0.006-0.30% Pt
PA1  b. 0.015-0.10% Ir
PA1  c. 0.020-0.10% Os
PA1  d. 0.020-0.30% Ru
PA1  e. 0.020-0.30% Ru plus not in excess of 0.60% Al
PA1  f. 0.010-0.02% Ru plus 0.15-0.20% Ni
PA1  g. 0.005-0.10% Rh
PA1  h. 0.15-0.20% Au the balance being iron and incidental impurities.
PATN
WKU  039321754
SRC  5
APN  1225294
APT  1
ART  111
APD  19710309
TTL  Chromium, molybdenum ferritic stainless steels
ISD  19760113
NCL  8
ECL  1
EXA  Steiner; Arthur J.
EXP  Rutledge; L. Dewayne
NDR  2
NFG  2
INVT
NAM  Streicher; Michael A.
CTY  Wilmington
STA  DE
ASSG
NAM  E. I. Du Pont de Nemours and Company
CTY  Wilmington
STA  DE
COD  02
RLAP
COD  72
APN  46428
APD  19700615
PSC  04
CLAS
OCL   75126C
EDF  2
ICL  C22C 3822
FSC   75
FSS  126 C
UREF
PNO  2183715
ISD  19391200
NAM  Franks
OCL   75126C
UREF
PNO  2220690
ISD  19401100
NAM  Stupakoff
OCL   75126R
UREF
PNO  2274999
ISD  19420300
NAM  Allen
OCL   75126C
UREF
PNO  2624671
ISD  19530100
NAM  Binder
OCL   75126C
ABST
PAL  A ferritic alloy containing, in general ranges, 22-35% chromium, 1.8-6.2%
      molybdenum, 100 ppm carbon maximum, 200 ppm nitrogen maximum, the sum of
      carbon plus nitrogen being 250 ppm maximum, having inherent post-welding
      ductility and high corrosion resistance.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      46,428 filed June 15, 1970.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Generally, this invention comprises a corrosion-resistant especially
      pitting-resistant ferritic alloy having good post-welding ductility
      containing, as principal alloying elements, chromium and molybdenum in the
      combinations lying within areas A.sub.1, A.sub.2, B, C.sub.1, C.sub.2 and
      D of FIG. 1 of this Application, carbon 100 ppm maximum, nitrogen 200 ppm
      maximum, and carbon plus nitrogen 250 ppm maximum, the remainder being
      iron and incidental impurities.
PAR  The essential components of the alloys of this invention are Fe, Cr, Mo and
      certain metal additives hereinafter identified. As in all alloys of the
      class involved, there may also be present incidental impurities. In
      commercial practice these might consist of the following, in the
      approximate weight percentages reported: S 0.010%, P 0.010% (together
      with, typically, 0.80% Mn and 0.50% Si as deliberate additions).
DRWD
PAC  DRAWINGS
PAR  The following drawings present the essential requirements in terms of
      percent chromium as abscissa and percent molybdenum as ordinate together
      with the permissible carbon and nitrogen contents required according to
      this invention, in which:
PAR  FIG. 1 is a plot of four different regions of different corrosion
      resistance and postweld ductility for alloys containing C equal to or
      below 100 ppm, N equal to or below 200 ppm, and C+N equal to or below 250
      ppm, and
PAR  FIG. 2 is an overlay of the same regions of corrosion resistance and
      postweld ductility as FIG. 1 within which are plotted typical ferritic Cr,
      Mo alloy compositions matching those of FIG. 1, except that the C content
      is above 100 ppm, or the N content is above 200 ppm, or C+N is above 250
      ppm.
DETD
PAR  In the early development of the stainless steels, chromium steels
      containing 12-14% Cr and 1-4% were the first, large-volume products.
      Attempts were soon made (Br. Pat. No. 18,212 accepted on July 9, 1914) to
      improve the corrosion resistance properties by the addition of molybdenum;
      however, it was noted that molybdenum, when applied in sufficient quantity
      to make the alloy passive, also made it too hard and brittle. Brittleness
      contributed by Mo addition was confirmed by Reitz et al. in U.S. Pat. Nos.
      2,110,891 and 2,207,554. Franks Patent 2,183,715 taught additions of 1-5%
      of Mo to iron, chromium alloys but found this addition insufficient to
      overcome even his mild service exposures and recommended the addition to
      niobium to the extent of four times the carbon content, at least, to
      overcome his problems of pitting corrosion. Finally, Moneypenny, in
      Stainless Iron and Steel, Vol. 1, Chapman & Hall, London, 1947, p. 48,
      reported certain contemporaneous work done in Germany to improve the
      usefulness of iron chromium alloys by adding about 2% Mo to them. While
      resistance to corrosion by a number of organic acids and other compounds
      was reported to be markedly increased, especially at Cr contents above
      about 18%, the mechanical properties were not improved. Thus, the alloys
      were classed as notch-brittle and subject to marked grain growth when
      heated to high temperatures, as, for example, during welding.
PAR  It has been generally recognized, up to this date, that Fe, Cr alloys as a
      class develop a high degree of brittleness in or adjacent to welds, and
      this inadequacy has severely limited uses of the alloys containing more
      than about 20% Cr wherever welding is essential as, for example, in the
      manufacture of chemical processing and other vessels, pipes and similar
      equipment.
PAR  Early investigators were able to reduce the impact brittleness of ferritic
      chromium alloys by limiting combined carbon and nitrogen contents to about
      0.023% maximum, as reported in U.S. Pat. No. 2,624,671; however, marked
      post-welding brittleness persisted and, in U.S. Pat. No. 2,624,670, it was
      reported necessary to convert the alloys to at least a partially
      austenitic state in order to cure the difficulty. Bue austenitic alloys
      are subject to chloride stress-corrosion cracking, and so one valuable
      attribute was lost in the acquisition of another. Moreover, these
      investigators deemed it necessary to heat treat by annealing at
      900.degree.C., followed by rapid quenching, in order to minimize
      brittleness in weldments, and this is an exceedingly troublesome and
      expensive expedient.
PAR  Corrosion is an extremely complex combination of phenomena constituting
      numerous well-recognized types. To detect and overcome susceptibility to
      the individual types of corrosion requires individually designed
      techniques for each. It is also not generally true that a material
      resistant to one form of corrosion is resistant also to others. For
      example, a nickel-bearing stainless steel may be highly resistant to
      nitric acid, and yet prone to disastrous cracking when exposed under
      stress to chloride environments.
PAR  The alloys of this invention have been developed to resist exposures to a
      wide variety of corrosive environments, while still having high post-weld
      ductility and good economy in the fabrication.
PAR  Important types of corrosion include the following:
PA1  1. Pitting corrosion in halide environments
PA2  a. Extreme exposure, as in oxidizing chloride environments, e.g., 10%
      FeCl.sub.3.sup.. 6  H.sub.2 O at 50.degree.C., accentuated by crevices,
PA2  b. Severe exposure, as in chloride waters containing permanganate ions at
      90.degree.C.,
PA1  2. intergranular corrosion in acid and chloride environments
PA1  3. Stress-corrosion cracking in chloride-containing environments
PA1  4. General surface corrosion
PA2  a. Organic acids, such as sulfamic, formic, acetic, and oxalic acids,
PA2  b. Oxidizing acids, such as 65% nitric,
PA2  c. Inorganic reducing acids, such as boiling 10% sulfuric.
PAR  (This latter category can best be appraised in three different aspects:
PAR  (I) Active alloys, which are active at once, or within a few hours, these
      dissolving at rates in excess of 50,000 mils per year, (II) Passive
      alloys, which are passive upon immersion in the corrosive media,
      dissolving relatively uniformly therein at rates less than 100 mils/yr.
      These alloys become activated when contacted with an activating electrode
      and remain active when contact is broken, and (III) Self-repassivating
      alloys, which are passive upon immersion, become active when in contact
      with a galvanically activating electrode, but become passive again on the
      electrode's removal.)
PAR  My invention constitutes an improved pitting resistant ferritic chromium,
      molybdenum alloy in which, by close and critical control of chromium
      content, interrelated molybdenum content, and limited carbon and nitrogen
      contents, there is obtained an enhanced environmental breadth of very high
      corrosion resistance coupled with high post-welding ductility. In yet
      other embodiments of this invention, additional ingredients provide even
      better specific corrosion resistance properties.
PAC  A. SPECIMEN PREPARATION
PAC  1. Ingredients
PAR  All specimens were prepared by the technique hereinafter described, using
      high purity ingredients as detailed in Table I:
TBL                TABLE I                                                     

     ______________________________________                                    

     Ingredient                                                                

               Supplier          Analysis                                      

     ______________________________________                                    

     Iron    Glidden Co.    99.91% Fe, C 20 ppm, N 40                          

                            ppm                                                

     Chromium                                                                  

             Union Carbide  99.95% Cr, 0.01% Fe, C 50                          

             Corp.          ppm, N 60 ppm                                      

     Chromium                                                                  

             Shieldalloy Corp.                                                 

                            98.2% Cr, C 85 ppm, N 284                          

                            ppm                                                

     Molybdenum                                                                

             Fansteel Co.   99.9% Mo, C 20 ppm, N 10                           

                            ppm                                                

     Molybdenum                                                                

             Climax Molybdenum                                                 

                            99.7% Mo, C 32 ppm. N 12                           

                            ppm                                                

     ______________________________________                                    

PAR  Where nickel was utilized, the ribbon form was employed. Silicon was
      reagent grade, aluminum was in lump form analyzing 99.992% Al, carbon was
      of High Purity lump grade, free of filler or in the form of high carbon
      ferro-chrome alloy, and nitrogen was supplied as Cr.sub.2 N powder.
PAC  2. Melting
PAR  The alloying ingredients were melted in high purity alumina crucibles in a
      vacuum induction furnace, which was sealed and evacuated to 10.sup.-.sup.3
      to 10.sup.-.sup.5 Torr before the power was switched on. The powder was
      increased gradually to minimize thermal shock and, when melting was
      incipient, the furnace was filled with gettered argon (a purified
      commercial grade of argon especially low in oxygen and nitrogen content)
      to an absolute pressure of 5 inches Hg in order to inhibit vaporization of
      the alloying ingredients. At the completion of the melting operation, the
      heat was cast through a fire brick funnel into a vertically disposed
      cylindrical copper mold placed in the argon atmosphere. After cooling, the
      ingot was removed and the hot top containing the shrinkage cavity was cut
      off.
PAC  3. Heat Treatment and Working
PAR  Each ingot was soaked for 3 hours at 2200.degree.F. in an electric furnace
      (air atmosphere) and then forged to a rectangular cross section.
PAR  The forged ingot was then reheated to 2150.degree.F. and rolled to a
      thickness of 100 mils in light passes, interspersed with four reheats to
      2150.degree.F., each requiring about 10 mins.
PAR  After the final rolling, the sheet was heated at 2000.degree.F. for one
      hour and water-quenched. Alloys containing titanium as a stabilizing
      additive were given a lower final heat treatment of 2 hours at
      1750.degree.F.
PAR  Specimens subjected to corrosion, mechanical and analytical tests were cut
      with a power saw and were thereafter ground to an 80 grit finish using a
      water-cooled silicon carbide belt.
PAC  4. Welding
PAR  To investigate the effects of welding on corrosion resistance and on
      mechanical properties, autogenous welds were made as follows:
PAR  Welded samples for bend and stress corrosion tests measured approximately 3
      long .times. 1 wide by 0.1 inch thick, and these were given a lengthwise
      fusion weld using the argon gas-tungsten arc welding process and an energy
      input per pass of approximately 16,000 joules/inch [the energy input per
      pass in joules/inch = arc voltage (volts) x arc current (amperes)/torch
      travel speed, in./sec.] During the welding, the back of the sample was
      concurrently shielded with argon, to reduce oxidization and safeguard
      against pickup 119 of nitrogen. In further explanation, there was no
      fusion of two pieces of alloy here, the electrode simply being given a
      single pass longituudinally of the sample piece. During this pass, the
      energy input was sufficient to melt the metal in the immediate region of
      the electrode traverse for almost the entire thickness of the sample and
      for a width of approximately 1/4 inch. The specimens were then allowed to
      cool in the air to room temperature, thereby duplicating usual welding
      practice.
PAR  Three specific sample regions are of particular interest in tests
      hereinafter reported, these being the visually apparent weld zone, where
      the torch had melted the surface metal, the remote base-plate zone
      (abbreviated BP), which is all metal 1/2 inch or more away from the weld,
      and the intervening heat-affected zone (HAZ).
PAC  5. Analyses
PAR  The data hereinafter reported, and plotted in FIGS. 1 and 2, are based on
      "weighed out" proportions of iron, chromium and molybdenum. Confidence in
      this approach has been provided by a weight balance established by
      weighing cast ingots and rolled sheets made from these ingots and
      comparing the results with the total weight of the metals charged in
      making the alloys. The average detectable change in weight between the
      weighed-in ingredients, the ingots and the rolled sheets amounted to only
      0.1 gm out of a total weight of 400 gms. Additional confidence in the
      practice arises from the consistency and sharp definition of the pitting
      test results plotted in the FIGURES.
PAR  Carbon was determined by combustion with a Leco Carbon Analyzer. Nitrogen
      analyses were made by the micro Kjeldahl method using Nessler's Reagent.
PAR  Titanium, niobium and aluminum were determined by X-ray fluorescence.
PAC  B. ALLOY TESTING
PAC  1. Pitting Corrosion: Potassium Permanganate-Sodium Chloride Test
PAR  This is a new test applied by applicant to simulate chloride pitting in
      severely corrosive natural waters, such as Ohio River water used in heat
      exchangers. Such waters contain some manganese and must be chlorinated to
      prevent the accumulation of organic slime in the heat exchangers. A
      propensity towards severe pitting attack results, probably due to the
      conversion of tetravalent, insoluble manganese to soluble permanganate
      (Mn.sup.+.sup.7) by chlorine and the simultaneous reduction of chlorine to
      chloride (Cl.sup.- ) ions.
PAR  Service tests at plant locations require relatively large amounts of
      material and 6-18 month test exposures for alloy evaluation, so that this
      accelerated test was developed as a substitute.
PAR  A 2% KMnO.sub.4 - 2% NaCl water solution with pH adjusted to 7.5 was
      employed. Large test tubes 111/2 long .times. 11/2 inches dia. containing
      150 ml of the test solution were immersed in a 90.degree.C.
      thermostatically controlled water bath. (The 90.degree.C. temperature was
      selected to simulate conditions in heat exchangers.) The test tubes were
      covered with a rubber stopper fitted with a glass tube for venting, and
      the specimens placed therein were 1 .times. 2 .times. 0.08 inch thick
      pieces ground to an 80 grit finish.
PAR  Pitting attack in the solution is evidenced by extensive formation of a
      surface coating of insoluble manganese oxides. It appears that, as the
      alloy dissolves at anodic sites (pits), insoluble manganese oxide is
      precipitated at the unpitted cathodic areas where permanganate ions are
      reduced to the tetravalent state in an electrochemically equivalent
      reaction.
PAR  The coating is removed at room temperature without attack on the metal by
      immersion of the specimen in a solution disclosed in applicant's U.S. Pat.
      No. 3,481,882, consisting of: 900 ml H.sub.2 O, 27.4 ml 96.5% H.sub.2
      SO.sub.4, 14.4g oxalic acid, 0.2g Alkanol WXN and 0.2g
      diorthotolylthiourea. The cleaned specimen clearly reveals evidence of
      pitting attack to the unaided eye.
PAR  Only specimens which were free of all pitting attack, and of manganese
      oxide coating, were classified "resistant." Those which displayed any
      pitting at all were rated "failed." Commercially available ferritic and
      austenitic stainless steels (e.g., A.I.S.I. 446, 316 and 310) were readily
      pitted by this solution at room temperature. Generally, specimens
      resistant to attack for the first 24 hours were found to be resistant for
      as long as 16 months.
PAR  In the tests hereinafter reported, samples resistant to this hot
      permanganate-chloride test were classified as "highly resistant" and of
      "high resistance" to pitting corrosion.
PAC  2. Pitting Corrosion: Ferric Chloride Test
PAR  This test is commonly used when conducted at room temperature; however,
      applicant chose to accelerate it by elevating the test temperature to
      50.degree.C. and by providing tight crevices. As accelerated, this test is
      more severe than the permanganate-chloride pitting test at 90.degree.C.
PAR  The test was conducted in a thermostatically controlled water bath at a
      temperature of 50.degree.C. using 150 ml of 10% FeCl.sub.3.6H.sub.2 O in
      water in individual 111/2 .times. 11/2 inches dia. test tubes vented
      through tube-fitted rubber stoppers. The unwelded test specimens, ground
      to 80 grit finish, measured 1 .times. 2 .times. 0.08 inch thick. Crevices
      were created on the edges and surfaces of the specimens by employing
      polytetrafluoroethylene blocks on the front and back held in position by
      pairs of rubber bands stretched at 90.degree. to one another in both
      longitudinal and transverse directions. This created two sharp crevices at
      top and bottom of the specimen where the longitudinal elastic touched the
      metal, two somewhat less sharp crevices at the side edges and two crevices
      under the polymet blocks. Contraction of the elastics provided constant
      crevice conditions during progressive metal corrosion at the points of
      contact.
PAR  At room temperatures, it was found that, if an alloy pits with a crevice it
      will eventually also pit without a crevice, but the exposure required to
      reveal this may be as long as 4 months' duration. In applicant's
      accelerated test, pitting occurred within 24 hours in the case of alloys
      susceptible to this type of pitting. Resistant alloys were exposed for
      weeks, and, in some cases, for as long as 12 months, without any pitting
      attack.
PAR  As hereinafter reported, samples that resisted attack in the hot ferric
      chloride test were classified as "extremely resistant." Almost all of the
      same analyses that passed this test had already passed the
      permanganate-chloride test.
PAC  3. Stress Corrosion: Boiling Magnesium Chloride Test
PAR  This test, while not yet actually adapted as a standard by the American
      Society of Testing Materials, is nevertheless already widely utilized. It
      is conducted in accordance with the procedures described by applicant in
      association with A. J. Sweet, published in "Corrosion," Vol. 25, No. 1,
      pp. 1-6 (1969) January.
PAR  The test solution is boiling (155.degree.C.) 45% MgCl.sub.2. The test
      specimens were 3 .times. 3/4 inches wide, 80 mil thick, in most cases
      having a lengthwise autogenous weld, because welded specimens reveal
      susceptibility to stress corrosion more readily than unwelded specimens.
      The welded specimens were bent 180.degree. over a 0.336 inch dia.
      cylindrical mandrel. Stress was applied by tightening a Hastelloy C bolt
      through holes at each end of the specimen, the bolt being electrically
      insulated from the specimen by polytetrafluoroethylene bushings.
PAR  Austenitic stainless steels fail by cracking in 1-4 hours during exposure
      to this test. In contrast, it was found that alloys according to this
      invention did not crack within 100 days of exposure. Alloys which did not
      fail sooner were routinely left on test for 100 days to demonstrate their
      immunity to stress corrosion.
PAR  The boiling MgCl.sub.2 test is a very severe one, not usually encountered
      in industry. Nevertheless, I have found a correlation between it and the
      stress corrosion propensity of such Cr- containing alloys as AISI-430 and
      -446 to cracking in NaCl solutions containing only 50 ppm Cl.sup.+ . The
      latter is much more like a simulated service corrosion test; however, test
      exposures of 250 hours or more are often required to detect corrosion
      susceptibility. Thus, for ferritic alloys, the MgCl.sub.2 test can be
      considered to be a valid, rapid test for evaluating stress corrosion
      cracking.
PAR  Since preparation of welded stress-corrosion cracking specimens requires
      cold bending welded specimens transversely of the weld, there was
      incidentally afforded a severe test of ductility. Some test alloys outside
      this invention cracked during bending and were therefore not tested in the
      MgCl.sub.2 solution. Consolidated test data are set out in the Table II
      hereinafter set forth.
PAC  4. Intergranular Attack (IGA): Ferric Sulfate-Sulfuric Acid Test
PAR  To detect susceptibility to intergranular attack (hereinafter abbreviated
      IGA), welded specimens were exposed for 120 hours to boiling 50% H.sub.2
      SO.sub.4 containing 41.6 gm/l Fe.sub.2 (SO.sub.4).sub.3. X H.sub.2 O. This
      rapid test was originally developed by applicant for austenitic stainless
      steels (M. A. Streicher, ASTM Bulletin No. 229, pg. 77 (1958) April, and
      ASTM-A262-68 "Recommended Practice for Detecting Susceptibility to
      Intergranular Attack in Stainless Steels"). Applicant's extensive
      investigation has now established that this test is also valid for the
      determination of susceptibility to IGA in commercial ferritic stainless
      steels of the class represented by AISI-430, -446 and of this invention,
      as a function of heat treatment and Cr, C and N contents.
PAR  The test was conducted on specimens ground to 80 grit finish, measuring
      about 1 .times. 2 .times. 0.08 inch thick with an autogenous weld across
      the width of the specimens. The specimens were immersed in 600 ml of test
      solution held in a 1 liter Erlenmeyer flask fitted with an Allihn
      condenser.
PAR  Specimens tested were evaluated by both weightloss measurements and,
      especially, by 80 .times. microscopic examination for evidence of grain
      dropping. Three zones were particularly examined for dislodged grains, the
      base plate (BP), the weld metal (Weld) and the heat-affected zone (HAZ).
      Any evidence of dislodged grains was cause for rejection of the particular
      alloy sample. The results are tabulated in Table II.
PAC  5. General Corrosion in Acids
PAR  As hereinafter set out in Table III, a comparison was made of commercial
      alloys with alloys within the limits of this invention as regards general
      corrosion occurring in representative acid environments, including
      oxidizing, reducing, organic and inorganic. The acids, techniques and data
      for commercial alloys have been previously published by applicant in
      "Corrosion", Vol. 14, No. 2, p. 59t - 70t, February (1958).
PAR  Briefly, all tests were conducted on unwelded specimens measuring 1 .times.
      2 inches .times. about 80 mils thick, with surfaces ground to an 80-grit
      finish. Boiling test solutions of 600 ml volume were employed using
      Erlenmeyer flasks fitted with reflux condensers. Tests showing
      "astronomical" corrosion rates lasted only 5 minutes, but for samples
      corroding at less than 100 mils/year, the tests were prolonged for 100
      hours.
PAR  Especially significant, as detailed later, is a group of tests utilized to
      show the development and/or loss of passivity, and the corrosion rate in
      boiling 10% sulfuric acid.
PAC  6. Mechanical Tests
PAR  In addition to the bend tests made preliminary to the MgCl.sub.2 stress
      corrosion test of Section B(3) supra, a number of additional mechanical
      tests were made to obtain a comparison with commercial steels of the same
      general class and, in any case, to establish critical strength data.
PAR  Thus, a tensile test was conducted on alloy Q-202-H made according to this
      invention, the analysis of which was 28.5% Cr, 4.0% Mo, C 23 ppm, N 130
      ppm. The results, as compared with commercial steels having properties
      tabulated in the "Stainless Steel Handbook " published by the Allegheny
      Ludlum Steel Corp., pp. 2-5 (1951) were as follows:
TBL             Yield Stress  Ultimate                                         

     Alloy      (psi)         Strength  Elongation                             

                              (psi)     (%)                                    

     ______________________________________                                    

     AISI-316   30,000        75,000    40                                     

     AISI-430   35,000        60,000    20                                     

     AISI-446   45,000        75,000    20                                     

     Q-202-H    58,675        73,980    24                                     

     (this inven-                                                              

     tion)                                                                     

     ______________________________________                                    

PAR  From the foregoing, it is seen that the yield stress of my composition is
      higher than that of commercial alloys, and the elongation is superior to
      that of commercial ferritic alloys.
PAR  Another test conducted was a low temperature bend test transverse the weld
      for specimens of the following three compositions of this invention on 3
      .times. 3/4 .times. 0.51 to 0.68 inch thick specimens autogenously welded
      lengthwise and then ground to an 80-grit finish. This test was carried out
      on an Instron machine using a 0.4 inch dia. mandrel in a controlled
      temperature chamber.
TBL  ______________________________________                                    

     Alloy         75.degree.F.                                                

                           -25.degree.F.                                       

                                    -50.degree.F.                              

                                           -75.degree.F.                       

     ______________________________________                                    

     Q-433         bent    bent     bent   cracked                             

     [Cr 28.5%, Mo 4.0%                                                        

      C 18 ppm, N 37 ppm]                                                      

     Q-436         bent    --       --     bent                                

     [Cr 28.0%, Mo 4.0%                                                        

      C 28 ppm, N 83 ppm]                                                      

     Q-437         bent    --       --     cracked                             

     [Cr 27.5%, Mo 4.0%                                                        

      C 29 ppm,]                                                               

     ______________________________________                                    

PAR  Yet another mechanical test was a cold rolling test in which the following
      alloys of this invention, which had previously been hot-rolled to a
      thickness of about 100 mils, were cold-rolled to about 25 mils, the limit
      of the rolls:
TBL                                        Per Cent                            

     Alloy   Cr(%)    Mo(%)    C(ppm)                                          

                                     N(ppm)                                    

                                           Reduction                           

     ______________________________________                                    

     Q-120   30.0     3.0      --    --    90                                  

     Q-202A  28.5     4.0      20    25    81                                  

     Q-562   35.0     3.5      14    20    69                                  

     Q-557   33.0     4.5      28    35    70                                  

     Q-514   30.5     4.0       5    170   67                                  

     ______________________________________                                    

PAR  In every case, there was excellent ductility, i.e., there was no cracking,
      either at the edges or in the surfaces.
PAR  In still another investigation, comparative Charpy impact tests were run on
      a 29.0% Cr, 4.3% Mo, 25 ppm C, 110 ppm N specimen according to this
      invention, labeled "Invention" in the tabulation infra, along with
      AISI-446 and -316 commercial steels.
PAR  All Charpy specimens were half-size, i.e., 2.16 .times. 0.197 .times. 0.394
      inch, with a 45.degree. notch having a 0.010 inch radius. These specimens
      were machined from 1/4 inch thick plates with the root of the notch lying
      in the rolling direction.
TBL  ______________________________________                                    

              Charpy                                                           

     Alloy    Impact (ft.-lb.)                                                 

                             Type of Fracture                                  

     ______________________________________                                    

     AISI-446 1.75, 2.0     Complete and brittle.                              

     AISI-316 42.75, 47.5 45.0                                                 

                            Bent, ductile rupture.                             

     "Invention"                                                               

              44, 51        Bent, ductile, some                                

                            intergranular fracture.                            

     ______________________________________                                    

PAR  From the foregoing, the Charpy impact values for alloys of this invention
      were about the same as for AISI-316 and much superior to those of
      AISI-446.
PAC  C. EVALUATION OF Fe-Cr-Mo ALLOYS LIMITED IN C AND N CONTENTS BUT CONTAINING
      NO OTHER ADDITIVES BEYOND INCIDENTAL IMPURITIES
PAR  Referring to FIG. 1, a great number of alloy compositions are plotted which
      collectively precisely define a number of different regions A.sub.1 and
      A.sub.2 (which can, for some purposes, be considered together to be an
      entity A), B, C.sub.1 and C.sub.2 (which can, for some purposes, be
      considered together to be an entity C) and D according to this invention
      which are characterized by improved corrosion resistance, especially
      pitting resistance, over the prior art. In addition, these several regions
      are characterized by different corrosion resistances among themselves
      generally showing increasing corrosion immunity with increase in both Cr
      and Mo contents within the overall perimeter enclosing all of the regions.
PAR  The vertical division line at 27.5% Cr defining the areas made up of
      regions A.sub.1 and C.sub.1 to the left and A.sub.2 and C.sub.2 to the
      right can be disregarded in the general consideration of corrosion
      resistance as to which Table II pertains; however, this dividing line has
      significance in Section E, infra relating to the effects of other
      additives.
PAR  For purposes of brevity Table II is abridged to report only preselected
      analyses, segregated by specific FIG. 1 region, or near-peripheral
      specimens which define the boundaries thereof. The plot points
      corresponding to representative Alloy Nos. are denoted in FIGs. 1 and 2.
      Unless specifically noted in the "Remarks," all Alloys were subjected to
      all of the tests.
PAC  TABLE II
PAR  a. Regions A.sub.1 and A.sub.2 collectively, characterized by resistance to
      pitting under exposure to (1) the permanganate-chloride test and (2) the
      ferric chloride test, (3) resistant to intergranular corrosion attack
      [IGA] under exposure to the ferric sulfate-sulfuric acid test, (4) ductile
      in the 180.degree. transverse weld bend test of as-received (unannealed)
      welded specimens and (5) resistant to stress corrosion [S.C.]
TBL  __________________________________________________________________________

               Composition in                                                  

               Per Cent by Wt.                                                 

     Alloy     Cr and Mo, ppm                                                  

     No.       C and N                                                         

     Region A.sub.1                                                            

               Cr  Mo  C  N         Remarks                                    

     __________________________________________________________________________

     665       25.0                                                            

                   5.5 75 150   Not tested for stress corrosion                

     438       27.0                                                            

                   4.0 24 68    Passed all 5 tests                             

     577       25.5                                                            

                   5.5 25 63    Test 3 [IGA] omitted                           

     549       27.5                                                            

                   5.5 15 195   Passed all 5 tests                             

     548       27.5                                                            

                   5.0 10 5     Tests Nos. 1 & 3 [IGA] omitted                 

     496       27.5                                                            

                   4.5 31 155   Tests Nos. 1 & 3 [IGA]omitted                  

     489       26.0                                                            

                   5.5 19 108   Test No. 1 (KMnO.sub.4 -NaCl) omitted          

     488       26.0                                                            

                   5.0 22 110   Passed all 5 tests                             

               Composition in                                                  

               Per Cent by Wt.                                                 

     Alloy     Cr and Mo, ppm                                                  

     No.       C and N                                                         

     Within                                                                    

     Region A.sub.2                                                            

               Cr  Mo  C  N      Remarks                                       

     __________________________________________________________________________

     656       28.5                                                            

                   4.0 23 100   Tests #2 and #5 for FeCl.sub.3 and             

                                stress corrosion, respectively,                

                                omitted                                        

     611       29.5                                                            

                   4.7 25 118   Tests #3 [IGA] and #5 [S.C.]                   

                                omitted                                        

     610       28.5                                                            

                   3.5 25 55    Tests #1, #3 and #5 omitted                    

     585       28.5                                                            

                   4.5 20 93    Passed all 5 tests                             

     559       30.0                                                            

                   4.0 24 150   Tests #3 [IGA] and #5 [S.C.]                   

                                omitted                                        

     554       28.5                                                            

                   4.2 23 17    Tests #3 [IGA] and #5 [S.C.]                   

                                omitted                                        

     548       27.5                                                            

                   5.0 10 5     Tests #1 and #3 [IGA] omitted                  

     547       27.5                                                            

                   3.8 15 5     Tests #3-5 omitted                             

     544       29.5                                                            

                   3.2 24 118   Tests #3 [IGA] and #5 [S.C.]                   

                                omitted                                        

     543       29.0                                                            

                   4.7 27 13    Test #1 KMnO.sub.4 -NaCl omitted               

     541       29.5                                                            

                   4.5 38 80    Tests #1-3, incl., omitted                     

      539A     30.0                                                            

                   3.5 15 128   Test #3 [IGA] omitted                          

     538       28.5                                                            

                   4.5 29 15    Passed all 5 tests                             

     537       28.5                                                            

                   4.5 23 133   Passed all 5 tests                             

     518       31.0                                                            

                   4.0 21 88    Tests #1 and #3 [IGA] omitted                  

     517       31.0                                                            

                   3.0 14 188   Test #3 [IGA] omitted                          

     513       30.0                                                            

                   4.5 19 150   Tests #1 and #3 [IGA] omitted                  

     436       28.0                                                            

                   4.0 28 83    Passed all 5 tests and, in                     

                                addition, was ductile at -75.degree.f.         

               Composition in                                                  

               Per Cent by Wt.                                                 

     Alloy     Cr and Mo, ppm                                                  

     No.       C and N                                                         

     Peripheral                                                                

               Cr  Mo  C  N         Remarks                                    

     __________________________________________________________________________

     Analyses                                                                  

     Outside Regions                                                           

     A.sub.1 and A.sub.2 (Underscored Alloy Nos. plotted on FIG.               

     __________________________________________________________________________

     2)                                                                        

     595       24.0                                                            

                   6.0  7 38    Failed Test #4 (Bend), Tests                   

                                #3 & #5 omitted                                

     593       24.5                                                            

                   6.0 14 120       "        "                                 

     490       26.0                                                            

                   6.0 26 108   Failed Test #4 (Bend),                         

                                Tests #1, 3 and 5 omitted                      

     494       27.0                                                            

                   6.0 10 305   Failed Test #4 (Bend), Tests                   

                                #1 and 5 omitted                               

     502       28.0                                                            

                   6.0  9 165       "        "                                 

     504       28.5                                                            

                   5.5 10 160   Failed Test #5 (S.C.), Test                    

                                #1 omitted                                     

     511       29.5                                                            

                   5.0 11 5     Failed Test #4 (Bend), Tests                   

                                #1, #3 and #5 omitted                          

     481       29.5                                                            

                   4.8 93 88    Failed Test #5 (S.C.), Test                    

                                #1 omitted                                     

     558       33.0                                                            

                   5.0 22 5     Failed Test #4 (Bend), Tests                   

                                #3 & #5 omitted                                

     616       35.0                                                            

                   5.0 20 203   Failed Test #4 (Bend),                         

                                Test #5 omitted                                

     603       35.0                                                            

                   4.5 11 115   Failed Test #4 (Bend),                         

                                Tests #3 and #5 omitted                        

     __________________________________________________________________________

PAR  b. Regions C.sub.1 and C.sub.2 collectively, characterized by resistance to
      pitting under exposure to (1) permanganate-chloride test, (3) resistance
      to intergranular corrosion attack (IGA) under exposure to ferric
      sulfate-sulfuric acid test, (4) ductile in the 180.degree. transverse weld
      bend test of as-received (unannealed) welded specimens and (5) possessed
      of stress-corrosion resistance to extent tested. The following specimens
      all failed Test number 2, the ferric chloride pitting test.
TBL  __________________________________________________________________________

         Composition in                                                        

         Per Cent by Wt.                                                       

     Alloy                                                                     

         Cr and Mo, ppm                                                        

     No. C and N            Remarks                                            

     Regions C.sub.1 and C.sub.2 (except Alloy #568, which is just             

     __________________________________________________________________________

     below)                                                                    

     Cr      Mo  C    N                                                        

     __________________________________________________________________________

     625 27.0                                                                  

             4.0 15   190   Passed Tests #1, 3 and 4. Not                      

                            tested for S.C. (#5)                               

     624 26.0                                                                  

             3.5 17   150       "        "                                     

     576 23.0                                                                  

             6.0 6    43    Test #3 IGA omitted. Passed                        

                            S.C. test                                          

     571 26.5                                                                  

             3.0 10   115   In addition to Test #2, Test #1                    

                            (KMnO.sub.4 -NaCl) alone run (and                  

                            passed)                                            

     568 27.0                                                                  

             2.5 5    120   Failed Test #1. Tests #3 and                       

                            #5 omitted                                         

     567 25.5                                                                  

             4.0 5    75    In addition to Test #2, Test #1                    

                            (KMnO.sub.4 -NaCl) alone run (and                  

                            passed)                                            

     666 22.0                                                                  

             6.0 52   110   Passed Tests #1, 3 & 4. Not                        

                            tested for S.C.                                    

     597 30.0                                                                  

             2.0 12   78        "        "                                     

     570 28.0                                                                  

             2.7 13   98    In addition to Test #2 , Test #1                   

                            (KMnO.sub.4 -NaCl) alone run (and -     passed)    

     520 32.0                                                                  

             2.0 17   50    Passed Tests #1, 3 & 4. Not                        

                            tested for S.C.                                    

     516 31.0                                                                  

             2.5 7    175       "        "                                     

     508 29.5                                                                  

             3.0 15   163   Tests #2, #3 & #4 alone run.                       

                            Failed #2 and #3 (IGA)                             

     457 29.0                                                                  

             3.0 25   128   TEsts #1, #2 & #3 alone run.                       

                            Failed #2, Passed #1 & #3                          

     503 28.5                                                                  

             3.4 5    160   Tests #2 #3 and #4 alone run.                      

                            Passed #3 and #4                                   

     435 29.0                                                                  

             3.0 46   70    Passed Tests #1, 3, 4 & 5,                         

                            failed #2.                                         

     __________________________________________________________________________

PAR  c. Region B, characterized by resistance to pitting under exposure to (1)
      permanganate-chloride test and (2) ferric chloride test, (3) resistant to
      intergranular corrosion attack (IGA) under exposure to the ferric
      sulfate-sulfuric acid test, (4) ductile in the 180.degree. transverse weld
      bend test of as-received (unannealed) welded specimens and (5) resistant
      to stress corrosion (S.C.). In addition, all region B and D specimens are
      passive in boiling 10% H.sub.2 SO.sub.4 as hereinafter set out in Table
      IV; however, region D specimens otherwise have the properties of regions
      C.sub.1 and C.sub.2, i.e., they fail the ferric chloride Test No. 2.
TBL  __________________________________________________________________________

           Composition in                                                      

           Per Cent by Wt.                                                     

     Alloy Cr and Mo, ppm                                                      

     No.   C and N                                                             

     Region B                                                                  

           Cr  Mo  C    N     Remarks                                          

     __________________________________________________________________________

     631   35.0                                                                

               3.5 8    75    Passed all 5 tests                               

     606   35.0                                                                

               3.5 8    135   Passed all 5 tests                               

     556   33.0                                                                

               2.5 46   98    Passed Tests #1-4, incl. Test                    

                              #5 (S.C.) omitted                                

     561   33.0                                                                

               2.5 21   18    #5 (S.C.) omitted                                

     557   33.0                                                                

               4.5 28   35    Passed Tests #1, 2, 4 and 5.                     

                              Test #3 (IGA) omitted                            

     555   33.0                                                                

               3.0 48   23    Test #3 (IGA) omitted                            

     521   32.0                                                                

               4.0 15   45    Passed Tests #2, 4 & 5. Tests                    

                              #1 and #3 (IGA) omitted                          

     Region D                                                                  

     560   33.0                                                                

               2.0 16   85    Passed Tests #1, 3 and 4.                        

                              #5 (S.C.) omitted                                

     __________________________________________________________________________

PAR  As hereinbefore mentioned in Section B(5), comparative general corrosion
      resistance to typical common acid environments, including oxidizing,
      reducing, organic and inorganic acids, is set out in the following Table
      III:
TBL                                    TABLE III                               

     __________________________________________________________________________

     COMPARISON OF GENERAL CORROSION OF ALLOYS IN ACIDS*                       

     General Corrosion (Boiling)                                               

     (mils per year)                                                           

     __________________________________________________________________________

                     50% Sulfuric                                              

                     with Ferric                  Sodium                       

                                                        Sulfuric               

     Alloy       Nitric                                                        

                     Sulfate Sulfamic                                          

                                   Formic                                      

                                        Acetic                                 

                                             Oxalic                            

                                                  Bisulfate                    

                                                        Acid                   

                 65%         10%   45%  20%  10%  10%   10%                    

     __________________________________________________________________________

     AISI 430    20  312     144,000                                           

                                   84,700                                      

                                        3,000                                  

                                             6,400                             

                                                  91,200                       

                                                        252,000                

     AISI 446    8    36     150,000                                           

                                   9,700                                       

                                        0    7,000                             

                                                  64,800                       

                                                        270,000                

     AISI 304    8    23     1,300 1,715                                       

                                        300  570  2,760 16,420                 

     AISI 316    11   25     75    520  2    96   170   855                    

     Carpenter 20                                                              

                 8    9      16    7    2    7    11    43                     

     Hastelloy C 450 240     8     5    0    8    8     17                     

     Titanium    1   140     285   873  0    950  250   6,290                  

     Fe-28% Cr-4% Mo (1)                                                       

                 2    6      0     1    0    13   9     52,180                 

     Fe-33% Cr-3% Mo (2)                                                       

                 --  --      --    --   --   --   --    60                     

     __________________________________________________________________________

      (1) Alloy Q 202, having C 23 ppm, N 130 ppm                              

      (2) Alloy Q 555, having C 48 ppm, N 23 ppm                               

      *Acid concentrations in per cent by weight                               

PAR  The following tests, reported in Table IV, illustrate the critical
      compositional relationship necessary to achieve the high resistance to
      boiling 10% sulfuric acid corrosion possessed by alloys lying within
      regions B and D, FIG. 1.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     CORROSION OF Fe-Cr-Mo ALLOYS IN BOILING 10% SULFURIC ACID                 

     __________________________________________________________________________

             Composition                                                       

     __________________________________________________________________________

                                        Corrosion                              

             Per Cent by Wt.                                                   

                       ppm        State (1)                                    

                                        Rate (2)                               

     Alloy No.                                                                 

             Cr   Mo   C    N           (mils/yr)                              

     __________________________________________________________________________

     513     30.0 4.5  19   150   active                                       

                                        44,200                                 

     539-A   30.0 3.5  15   128   active                                       

                                        195,200                                

     612 (FIG.2)                                                               

             31.0 5.0  25   290   active                                       

                                        48,000                                 

     519     31.0 4.5  18   100   active                                       

                                        53,200                                 

     518     31.0 4.0  21   88    active                                       

                                        62,500                                 

     627 (FIG.2)                                                               

             31.0 3.5  10   265   active                                       

                                        72,100                                 

     628 (FIG.2)                                                               

             31.5 3.0  7    235   active                                       

                                        83,400                                 

     521     32.0 4.0  15   45    passive                                      

                                        75                                     

     629     32.0 3.0  16   75    passive                                      

                                        45                                     

     659     32.0 2.75 45   140   passive                                      

                                        80                                     

     589 (FIG.2)                                                               

             32.0 2.5  22   215   passive                                      

                                        55                                     

     520     32.0 2.0  17   50    active                                       

                                        116,000                                

     484     32.0 0.0  25   170   active                                       

                                        54,000                                 

     557     33.0 4.5  28   35    passive                                      

                                        70                                     

     522     33.0 4.0  25   53    passive                                      

                                        65                                     

     555     33.0 3.0  48   23    passive                                      

                                        60                                     

     556     33.0 2.5  46   98    passive                                      

                                        50                                     

     560     33.0 2.0  16   85    passive                                      

                                        45                                     

     587     33.0 1.5  22   195   passive                                      

                                        40                                     

     668 (FIG.2)                                                               

             35.0 4.0  39   320   passive                                      

                                        50                                     

     562     35.0 3.5  14   20    passive                                      

                                        45                                     

     596 (FIG.2)                                                               

             35.0 1.0  14   250   passive                                      

                                        45                                     

     __________________________________________________________________________

      (1) Condition when immersed in the acid. Active = profuse evolution of   

      hydrogen, high corrosion rate. Passive = no visible evolution of hydrogen

      low corrosion rate.                                                      

      (2) Rates on active alloys determined in 5-min. test. Rates on passive   

      alloys determined in 100-hr. test.                                       

PAR  The following Table V lists the analyses and test results for a large
      number of Fe-Cr-Mo alloys which do not meet the compositional limits of
      this invention, particularly as regards C and N contents. These Alloy Nos.
      are plotted within the overlay of FIG. 2, and the several causes of test
      failure are denoted by characteristic point symbols defined in the drawing
      legend. From Table V, taken in conjunction with FIG. 2, it can be seen
      that the contents of both C and N are sharply critical, and that this
      criticality is also affected, to some degree, by the associated Cr and Mo.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     FIG. 2 DATA                                                               

     TEST RESULTS                                                              

     __________________________________________________________________________

          COMPOSITIONS IN   KMnO).sub.4 -                                      

                                 FeCl.sub.3                                    

                                      Fe.sub.2 (SO.sub.4).sub.3 -              

                                                 BEND STRESS                   

     ALLOY                                                                     

          WT. PER CENT Cr & Mo                                                 

                            NaCl      H.sub.2 SO.sub.4 Test                    

                                                 TEST CORROSION                

     NO.  PPM C AND N       Test #1                                            

                                 Test #2                                       

                                      #3         #4   TEST #5                  

     __________________________________________________________________________

     Cr       Mo  C     N             HAZ WELD                                 

                                              BP                               

     __________________________________________________________________________

     529  27.5                                                                 

              4.2 16    208 P    P    P   P   P  P    P                        

     **532                                                                     

          28.5                                                                 

              4.5 24    353 P    P    F   P   P  P    P                        

     627  31.0                                                                 

              3.5 10    265 P    P    P   P   P       P                        

     668  35.0                                                                 

              4.0 39    320 P    P    P   P   P  P    --                       

     493  27.0                                                                 

              5.5 20    223 --   P    P   P   P  P    P                        

     453  29.0                                                                 

              4.0 18    239 --   P    P   P   P  P    P                        

     492  27.0                                                                 

              5.0 10    283 --   P    P   P   P  P    F                        

     628  31.5                                                                 

              3.0 7     235 P    P    F   P   P  P(F)*                         

                                                      --                       

     612  31.0                                                                 

              5.0 25    290 P    P    P   P   P  F    --                       

     615  35.0                                                                 

              2.5 23    100 P    F    P   P   P  F    --                       

     630  35.0                                                                 

              3.5 7     185 P    P    P   P   P  F    --                       

     657  28.5                                                                 

              4.0 56    198 P    P    P   P   P  F    --                       

     458  28.5                                                                 

              4.0 114   208 --   P    F   F   P  P    F                        

     459  28.5                                                                 

              4.0 118    65 --   F    P   F   F  P    F                        

     599  33.0                                                                 

              3.0 109    68 P    F    F   F   P  P    P                        

     494  27.0                                                                 

              6.0 10    305 --   P    P   P   P  F    --                       

     613  34.0                                                                 

              2.0 26    300 P    F    P   P   P  F    --                       

     497  28.0                                                                 

              3.5 29    209 --   F    F   P   P  P    --                       

     594  25.0                                                                 

              5.0 18    268 P    F    F   P   P  F    --                       

     463  28.5                                                                 

              4.0 14    239 --   F    P   P   F  F    --                       

     409B 29.0                                                                 

              4.7 856   219 P    F    F   F   P  F    --                       

     450  27.5                                                                 

              3.0 14    204 P    F    P   F   F  --   --                       

     452  28.5                                                                 

              3.0 33    267 P    F    F   F   P  --   --                       

     460  28.5                                                                 

              4.0 171    70 P    F    F   F   F  P    F                        

     464  28.5                                                                 

              4.0 22    239 P    F    F   P   P  F    --                       

     487  26.0                                                                 

              1.0 26    204 --   F    F   F   F  P    P                        

     589  32.0                                                                 

              2.5 22    215 P    F    F   F   P  F    --                       

     ***531                                                                    

          28.5                                                                 

              4.5 334    25 P    F    F   F   F  F    --                       

     461  28.5                                                                 

              4.0 189    89 P    F    F   F   F  F    --                       

     582  27.0                                                                 

              3.0 48    255 F    F    F   P   P  P    P                        

     587  33.0                                                                 

              1.5 22    195 F    F    P   P   P  F    --                       

     530  26.0                                                                 

              1.0 15     90 F    F    F   F   P  P    P                        

     408  29.0                                                                 

              4.7 48    372 --   --   F   F   F  F    --                       

     __________________________________________________________________________

       * Second sample                                                         

       ** Deficiency cured by heating 1 hr. at 2000.degree.F. and water        

      quenching.                                                               

      *** Deficiency not cured by heating 1 hr. at 2000.degree.F. and water    

      quenching.                                                               

      (--not tested)                                                           

      (P--Passed)                                                              

      (F--failed)                                                              

PAC  D. SUMMARY
PAR  From the foregoing, it will be seen that the alloys of my invention have
      post-welding ductility and good stress corrosion resistance besides being,
PAR  1. In area A, made up of regions A.sub.1 and A.sub.2, collectively,
      extremely resistant to pitting corrosion as regards both Tests number 1,
      permanganate-chloride, and number 3, ferric-chloride,
PAR  2. In area C, made up of regions C.sub.1 and C.sub.2, collectively, highly
      resistant to pitting corrosion as regards Test number 1,
PAR  3. In region B, equally resistant as area A, plus passive and resistant to
      corrosion in boiling 10% H.sub.2 SO.sub.4,
PAR  4. In region D, equally resistant as collectively, C, plus passive and
      resistant to corrosion in boiling 10% permanganate-chloride 2SO.sub.4.
      S.C.]
PAR  Outside of areas A and C and regions B and C, taken together, Fe-Cr-Mo
      alloys are deficient in one or more respects. For example, below region C
      the alloys suffer both serious pitting corrosion in the less severe Test
      number 1 (permanganate-chloride exposure) and may also be subject to
      intergranular attack, with resultant grain dropping, although they may be
      ductile after welding.
PAR  Below region D, the alloys suffer not only pitting corrosion and
      intergranular attack but are also brittle after welding. To the right of
      regions B and D, the alloys are brittle after welding, whereas, above area
      A and region B, the alloys are either brittle, so that they break during
      bending after welding, or otherwise they crack during the stress corrosion
      test.
PAR  The lines of demarcation of the regions are surprisingly sharp, a change of
      less than 0.1% Mo or Cr producing the critical change in pitting
      resistance from good to bad, or from acceptance to rejection.
PAR  As regards the Alloys of FIG. 2, most of the specimens failed by
      intergranular corrosion attack, although some also failed in the pitting
      corrosion test, were brittle after welding, or failed by stress corrosion.
PAC  E. ADDITION OF OTHER METALS TO Fe-Cr-Mo ALLOYS
PAR  In order to determine possible benefits of other additives, a number of
      specimens were made up containing 28-29% Cr, 4-4.5% Mo, plus single metals
      in the ranges set forth in Table VI. The specific purposes for which the
      several additions were made are indicated, together with a brief report of
      side effects noted.
TBL                                    TABLE VI                                

     __________________________________________________________________________

     Component                Achievement of Purpose-                          

     and Amounts   Purpose    Other Effects                                    

     __________________________________________________________________________

     Aluminum      Grain refiner                                               

                              Yes                                              

     0.10 - 0.60%                                                              

     Titanium or   a) To prevent IGA                                           

                              a) No. I.G.A. above inven-                       

     Niobium                  tion's specified C, N                            

     0.20 - 0.60%  b) Grain refiner                                            

                              limits. Bend cracking                            

                              tendency increased.                              

                              b) Yes. Grain was refined                        

     Platinum      Field A.sub.2 - C.sub.2                                     

     0.006 - 0.30% passivity in                                                

                              Yes. Continued region A.sub.2,                   

                   boiling 10%                                                 

                              C.sub.2 properties                               

                   H.sub.2 SO.sub.4                                            

     Palladium     Passivity in                                                

                              Yes. Lost pitting re-                            

     0.02 - 0.20%  boiling 10%                                                 

                              sistance in both                                 

                   H.sub.2 SO.sub.4                                            

                              Tests #1 and #2                                  

     Iridium       "          Yes. Continued region A.sub.2 +                  

     0.015 - 0.10%            C.sub.2 properties                               

     Rhodium       "          Yes. Resistant in Test #1                        

     0.005 - 0.10%            but not in Test #2.                              

                              One sample, near the N                           

                              limit of 200 ppm                                 

                              showed I.G.A.                                    

     Osmium        "          Yes. Osmium oxide has high vapor                 

     0.02 - 0.10%             pressure and is toxic.                           

                              Continued A.sub.2, C.sub.2                       

                              properties.                                      

     Ruthenium     "          Yes. No deleterious effects                      

     0.020 - 1.50%            observed up to 0.30%                             

                              Ru. Suffered stress                              

                              corrosion above 0.30%                            

                              level.                                           

     0.02% Ruthenium                                                           

                   Passivity in                                                

                              Yes. No deleterious effects                      

     + 0.30% Aluminum                                                          

                   boiling 10%                                                 

                              observed. Grain re-                              

                   H.sub.2 SO.sub.4                                            

                              finement noted.                                  

     0.01% Ruthenium                                                           

                   "          Yes. Region A.sub.2 requirements                 

     + 0.20% Nickel           met, and no stress corro-                        

                              sion on welded specimen                          

                              despite Ni.                                      

     0.20% Gold    "          Yes. Resistant in Test #1,                       

                              but not Test #2.                                 

     Nickel 0.25 to                                                            

                   "          Yes. Stress corrosion re-                        

     2.0%                     sistance progress-                               

                              ively decreases as                               

                              nickel content in-                               

                              creases.                                         

     Nickel 2.0-3.0%                                                           

                   "          Yes. Self-repassivating,                         

                              and resistant in Test                            

                              #1, but not Test #2.                             

     Cobalt 2.0 - 4.0%                                                         

                   "          Yes. Stress corrosion re-                        

                              sistance seriously                               

                              decreased. Not re-                               

                              sistant in Test #2.                              

     Addition of silicon in                                                    

                   Mo re-     Yes. Resistant in Tests # 1                      

     range 1.5 - 2.0% to                                                       

                   placement  and #2.                                          

     alloys containing 27-30%                                                  

     Cr and 1.5 - 2.0% Mo.                                                     

     0.80% Mn +    Commonly   Yes. No harm done to any                         

     0.50% Si      present in Region A.sub.2 properties.                       

                   commercial                                                  

                   heats.                                                      

     0.20% Cu or   Commonly present                                            

                              Yes. No harm done to Region                      

     0.15% Ni, singly,                                                         

                   in commercial                                               

                              A.sub.2 properties.                              

     or 0.10% Cu + heats.                                                      

     0.10% Ni                                                                  

     __________________________________________________________________________

PAR  The research work culminating in the data set out in Table VI showed that
      additives in quantities less than the minima reported for individual
      ranges were ineffective in producing the desired results.
PAR  For the additions of ruthenium and nickel, respectively, the entries of
      Table VI are expanded as Tables VII and VIII, where the individual results
      for several samples are shown. In addition, these Tables show the
      self-repassivating effect obtained when sufficient of eitehr additive, Ru
      or Ni, respectively, is present.
TBL                                    TABLE VII                               

     __________________________________________________________________________

     EFFECT OF RUTHENIUM ADDITIONS TO Fe - 28% Cr - 4% Mo Alloy                

     __________________________________________________________________________

                  Behavior in                  Stress                          

                  Boiling 10% H.sub.2 SO.sub.4                                 

                                Pitting Corrosion                              

                                               Corrosion (3)                   

     __________________________________________________________________________

          Ruthenium                                                            

     Alloy                                                                     

          Addition     Corrosion Rate                                          

     No.  (% by Weight)                                                        

                  State                                                        

                       (mils/year)                                             

                                KMnO.sub.4 -NaCl(1)                            

                                         FeCl.sub.3 (2)                        

                                               (Boiling 45% MgCl.sub.2)        

     __________________________________________________________________________

     338  0.015   active                                                       

                       62,200   --       --     --                             

     477-A                                                                     

          0.017   active                                                       

                       --       --       P      --                             

     334  0.020   passive                                                      

                       60       P        P     Resistant (not welded)          

     542  0.20    passive                                                      

                       9        --       P      --                             

     475  0.30    passive                                                      

                       2        P        P     Resistant (welded)              

     683  0.50    passive*                                                     

                       7        --       P     Failed (welded)                 

     671  0.75    passive*                                                     

                       2        P        P     Failed (welded)                 

     684  1.50    passive*                                                     

                       2        P        P     Failed (welded)                 

     476-A                                                                     

          0.010                                                                

          plus 0.20 Ni                                                         

                  passive                                                      

                       40       P        P     Resistant (welded)              

     __________________________________________________________________________

      *self-repassivating                                                      

      (1)2% KMnO.sub.4 -- 2% NaCl at 90.degree.C.                              

      (2)10% FeCl.sub.3.6 H.sub.2 O at 50.degree.C. with crevices.             

      (3)Magnesium chloride test.                                              

      P = No pitting                                                           

      -- = Not tested                                                          

TBL                                    TABLE VIII                              

     __________________________________________________________________________

     EFFECT OF NICKEL ADDITIONS TO Fe - 28% Cr - 4% Mo ALLOY                   

     __________________________________________________________________________

                 Behavior in                                                   

                 Boiling 10% H.sub.2 SO.sub.4                                  

                               Pitting Corrosion                               

     __________________________________________________________________________

         Nickel                                                                

     Alloy                                                                     

         Addition,    Corrosion Rate          Stress                           

     No. (% by Weight)                                                         

                 State                                                         

                      (mils/year)                                              

                               KMnO.sub.4 -NaCl(1)                             

                                        FeCl.sub.3 (2)                         

                                              Corrosion(3)                     

     __________________________________________________________________________

     436 0.00    active                                                        

                      52,000   P        P     Resistant (welded)               

     677 0.10    active                                                        

                      63,000   P        P     Resistant (welded)               

     239 0.20    active                                                        

                      --       P        P     Resistant                        

     217 0.25    passive                                                       

                      56       P        P     Failed (welded)                  

     183 0.30    passive                                                       

                      52       P        P     Failed after                     

                                              119 hours                        

     191 0.40    passive                                                       

                      29       P        P     Failed after                     

                                              261 hours                        

     241 0.50    passive                                                       

                      24       P        P     Failed after                     

                                              16 hours                         

     245 1.50    passive                                                       

                       6       P        P     Failed in less                   

                                              than 16 hrs.                     

     681 1.80    passive                                                       

                      11       P        P     --                               

     664 2.00    passive*                                                      

                       8       P        P     --                               

     658 2.50    passive*                                                      

                      10       P        F     --                               

     649 3.00    passive*                                                      

                       9       P        F     --                               

     __________________________________________________________________________

      *These alloys are also self-repassivating.                               

      Footnotes for Table VIII                                                 

      (1)2% KMnO.sub.4 -- 2% NaCl at 90.degree.C.                              

      (2)10% FeCl.sub.3.6 H.sub.2 O at 50.degree.C. with crevices.             

      (3)Magnesium chloride test on unwelded specimens except as noted.        

      P = Passed                                                               

      F = Failed                                                               

      -- = Not tested                                                          

PAR  The effectiveness of nickel in conferring passivity in H.sub.2 SO.sub.4 is
      a function of both chromium and molybdenum, as shown in TABLE IX. Thus,
      positive benefits accrue above a molybdenum content of about 2.0% and with
      the approximate lower essential limit for chromium 27.5%, thereby locating
      the broken vertical line of demarcation setting off area A.sub.2 from
      A.sub.1 and C.sub.2 from C.sub.1 in FIG. 1.
PAR  In addition, as indicated by Alloy No. 634 in TABLE IX, alloys containing
      the specified minimum of ruthenium appear to require the same 27.5%
      minimum chromium.
TBL                                    TABLE IX                                

     __________________________________________________________________________

     EFFECT OF NICKEL AND RUTHENIUM ADDITIONS TO Fe-Cr-Mo ALLOYS               

     __________________________________________________________________________

                        Boiling 10%             Stress                         

     Composition (1)    Sulfuric Acid                                          

                                 Pitting Corrosion                             

                                                Corrosion (4)                  

     __________________________________________________________________________

     Alloy                                                                     

          Cr  Mo  Nickel                                                       

                        State    KMnO.sub.4 -NaCl (2)                          

                                          FeCl.sub.3 (3)                       

                                                (not welded)                   

     __________________________________________________________________________

     Q-231                                                                     

          25.0                                                                 

              4.0 0.40  active   F        F     Failed after 447 hrs.          

     Q-232                                                                     

          26.0                                                                 

              4.0 0.40  active   P        F     Resistant                      

     Q-233                                                                     

          27.0                                                                 

              4.0 0.40  active   P        F     Failed after 447 hrs.          

     Q-632                                                                     

          26.0                                                                 

              1.0 0.25  active   F        F     --                             

     Q-191                                                                     

          28.0                                                                 

              4.0 0.40  passive  P        P     Failed after 261 hrs.          

     Q-196                                                                     

          28.5                                                                 

              0.0 0.40  active   F        F     --                             

     Q-195                                                                     

          28.5                                                                 

              1.0 0.40  active   F        F     --                             

     Q-194                                                                     

          28.5                                                                 

              2.0 0.40  passive  F        F     --                             

     Q-193                                                                     

          28.5                                                                 

              3.0 0.40  passive  P        F     --                             

     Q-192                                                                     

          28.5                                                                 

              3.5 0.40  passive  P        P     --                             

                  Ruthenium                                                    

     Q-634                                                                     

          26.0                                                                 

              1.0 0.02  active   F        F     --                             

     __________________________________________________________________________

      (1)Per cent by weight.                                                   

      (2)2% KMnO.sub.4 - 2% NaCl at 90.degree.C.                               

       (3)10% FeCl.sub.3.6 H.sub.2 O at 50.degree.C. with crevices.            

      (4)Magnesium chloride test on unwelded specimen.                         

      P = resistant                                                            

      F = Pitted                                                               

PAR  The research on additives of Table VI indicates that:
PAR  1. Aluminum can be added up to 0.60% to the compositions of this invention
      in order to obtain grain refinement,
PAR  2. Titanium and niobium, in contrast with the opposite expectation based on
      prior art, where not effective in my Fe--Cr--Mo--containing alloys to fix
      excessive C or N, although they did produce a grain refinement similar to
      that obtained with Al.
PAR  3. The noble metals aided regin A.sub.2 compositions to achieve passivity
      in boiling 10% H.sub.2 SO.sub.4, but palladium especially, and rhodium to
      a lesser degree, reduced the pitting corrosion resistance. Of the noble
      metals, ruthenium is especially attractive becausee of moderate cost,
      effectiveness in small amounts, and freedom from loss in pitting corrosion
      resistance.
PAR  4. Nickel is effective in producing passivation, but the quantities
      requiring make the alloys prone to stress corrosion cracking in MgCl.sub.2
      solution. However, 0.01% Ru + 0.20% Ni provided passivation without loss
      of stress corrosion resistance.
PAR  5. Nickel in the range of 2.0-3.0% causes the alloy to acquire the property
      of self-repassivation (refer Table VIII). There is, however, accompanying
      loss in pitting resistance in the ferric chloride test, and in the
      magnesium chloride stress corrosion test.
PAR  6. In alloys containing 27-30% Cr and 1.5-2.0% Mo minima, it is feasible to
      obtain enhanced corrosion resistance (i.e., the properties of Region
      A.sub.2) by additions of 1.5-2.0% Si.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A corrosion-resistant ferritic iron-chromium-molybdenum alloy having
      good post-welding ductility consisting essentially of chromium and
      molybdenum in the weight percentages within areas A.sub.1, A.sub.2, B,
      C.sub.1, C.sub.2 and D of FIG. 1, carbon 100 ppm maximum, nitrogen 200 ppm
      maximum, and carbon plus nitrogen 250 ppm maximum, the balance being iron
      and incidental impurities.
NUM  2.
PAR  2. A corrosion-resistant ferritic iron-chromium-molybdenum alloy according
      to claim 1 incorporating 28.5-30.5% Cr and 3.5-4.5% Mo.
NUM  3.
PAR  3. A corrosion-resistant ferritic iron-chromium-molybdenum alloy according
      to claim 1 wherein said chromium and molybdenum are incorporated in weight
      percentages within areas A.sub.1 and A.sub.2 of FIG. 1.
NUM  4.
PAR  4. A corrosion-resistant ferritic iron-chromium-molybdenum alloy according
      to claim 1 wherein said chromium and molybdenum are incorporated in weight
      percentages within area B of FIG. 1.
NUM  5.
PAR  5. A corrosion-resistant ferritic iron-chromium-molybdenum alloy according
      to claim 4 incorporating 32-34% Cr and 2.75-3.75% Mo.
NUM  6.
PAR  6. A corrosion-resistant ferritic iron-chromium-molybdenum alloy according
      to claim 1 wherein said chromium and molybdenum are incorporated in weight
      percentages within areas C.sub.1 and C.sub.2 of FIG. 1.
NUM  7.
PAR  7. A corrosion-resistant ferritic iron-chromium-molybdenum alloy according
      to claim 1 wherein said chromium and molybdenum are incorporated in weight
      percentages within area D of FIG. 1.
NUM  8.
PAR  8. A corrosion-resistant ferritic iron-chromium-molybdenum alloy according
      to claim 1 wherein said chromium and molybdenum are incorporated in weight
      percentages within areas A.sub.1, A.sub.2, B, C.sub.1, C.sub.2 and D of
      FIG. 1, including, additionally, up to 1% Mn and up to 1% Si.
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PAL  New diacrylates are obtained by a process in which oxalkylated
      bis-hydantoins are esterified with acrylic acid and/or methacrylic acid,
      or transesterified with acrylic acid ester and/or methacrylic acid ester.
PAL  The new diacrylates are low-viscous liquids, which can be easily processed
      by virtue of their consistency; and the polymerisates produced therefrom,
      are distinguished by good flexural strength and high transparency.
PARN
PAR  This is a division of application Ser. No. 241,386, filed on Apr. 5, 1972,
      now U.S. Pat. No. 3,852,302 issued Dec. 3, 1974.
BSUM
PAR  The present invention relates to new diacrylic acid esters of the general
      formula:
      ##EQU1##
      wherein R.sub.1, R.sub.1 ', R.sub.3 and R.sub.3 ' each independently stand
      for a hydrogen atom or the methyl group, R.sub.2 and R.sub.2 ' each
      independently stand for a hydrogen atom, an alkyl group, an alkyl group
      interrupted by oxygen atoms, or a phenyl group, or wherein R.sub.2 and
      R.sub.3 or R.sub.2 ' and R.sub.3 ' together represent the trimethylene or
      tetramethylene radical, m and n each stand for a whole number to the value
      of 1 to 30, preferably 1 to 4, and A represents an organic radical
      containing at least once the grouping:
      ##EQU2##
      wherein Z represents a bivalent radical necessary for the completion of a
      five- or six-membered, unsubstituted or substituted, heterocyclic ring.
PAR  The radical Z in the N-heterocyclic grouping of formula I preferably
      contains only carbon and hydrogen atoms, or carbon, hydrogen and oxygen
      atoms. It can, for example, be a radical of the formulae:
      ##EQU3##
      wherein R', R", R'", and R"" can each independently represent a hydrogen
      atom or, e.g. an alkyl radical, preferably a lower alkyl radical having
      1-4 carbon atoms, an alkenyl radical, preferably a lower alkylene radical
      having 1-4 carbon atoms, a cycloalkyl radical, or an optionally
      substituted phenyl radical.
PAR  The new diacrylic acid esters of formula I can be produced by a process in
      which dihydroxy compounds of the general formula
      ##EQU4##
      wherein R.sub.2, R.sub.2 ', R.sub.3, R.sub.3 ', m, n and A have the same
      meanings as in formula I are esterified, in a manner known per se, with
      acrylic acid and/or methacrylic acid; or transesterified, in a manner
      known per se, with acrylic acid ester and/or methacrylic acid ester.
PAR  With the direct esterification of dihydroxy compounds of formula II with
      acrylic acid and/or methacrylic acid, the reactants are preferably
      condensed in approximately stoichiometric amounts with the use of an inert
      azeotropiser. These reactions are usually catalysed with acid. In the
      processing of the reaction solutions they are washed until free from acid,
      concentrated by evaporation, provided with stabilisers, and then dried in
      vacuo to constant weight.
PAR  With regard to the transesterification of dihydroxy compounds of formula II
      with acrylic acid esters and/or methacrylic acid esters, it is preferable
      to use acrylic acid esters or methacrylic acid esters of lower aliphatic
      alcohols, and preferably in a stochiometric excess. The
      transesterification reactions are catalysed with acids. The lower
      aliphatic alcohol forming during this reaction is continuously distilled
      off from the mixture. The excess monoacrylic acid ester or monomethacrylic
      acid ester is likewise removed by distillation from the reaction mixture.
      The crude product is then dissolved in an organic inert solvent, e.g. in
      benzene, and processed according to the procedure for the reaction
      solutions obtained by esterification.
PAR  The dihydroxy compounds of formula II are known compounds and can be
      produced by the addition to the NH-groups of N-heterocyclic compounds
      containing at least once the grouping:
      ##EQU5##
      wherein Z represents a bivalent radical which is necessary for the
      completion of a five- or six-membered, unsubstituted or substituted
      heterocyclic ring, of alkene oxides of the formulae:
      ##EQU6##
      wherein R.sub.2 and R.sub.3 or R.sub.2 ' and R.sub.3 ' have the same
      meaning as in formula I, in the presence of a suitable catalyst. The
      following are mentioned as suitable representative alkene oxides: ethylene
      oxide, propylene oxide, a-butylene oxide, 1,2-cyclopentene oxide or
      1,2-cyclohexene oxide, styrene oxide and glycidol alkyl ether, such as
      butyl-, amyl-, octyl- or dodecenylglycidol.
PAR  The dihydroxy compounds of formula II used for the production of the new
      diacrylic acid esters of formula I are, in particular, mononuclear and
      binuclear N-heterocyclic dihydroxy compounds.
PAR  The mononuclear dihydroxy compounds of formula II correspond to the general
      formula:
      ##EQU7##
      wherein R.sub.2, R.sub.2 ', R.sub.3, R.sub.3 ', m and n have the same
      meanings as in formula I, and A' represents an organic radical containing
      once the grouping:
      ##EQU8##
      wherein Z represents a bivalent radical which is necessary for the
      completion of a five- or six-membered, unsubstituted or substituted
      heterocyclic ring.
PAR  A preferred subclass of mononuclear N-heterocyclic dihydroxy compounds of
      formula IV corresponds to the formula:
      ##EQU9##
      wherein R.sub.2, R.sub.2 ', R.sub.3, R.sub.3 ', m and n have the same
      meanings as in formula IV, and wherein R.sub.4 and R.sub.5 each represent
      a hydrogen atom or a lower alkyl radical having 1 to 4 carbon atoms, or
      wherein R.sub.3 and R.sub.4 together represent a trimethylene or
      tetramethylene radical; representative of this class of compounds are,
      e.g.:
PAR  1,3-di-(.beta.-hydroxyethyl)-5,5-dimethylhydantoin,
      1,3-di-(.beta.-hydroxy-n-propyl)-5,5-dimethylhydantoin,
      1,3-di-(.beta.-hydroxyethoxyethoxyethyl)-5,5-dimethylhydantoin,
      1,3-di-(.beta.-hydroxy-n-propyl)-5-isopropylhydantoin,
      1,3-di-(.beta.-hydroxy-n-propyl)-5,5-diethylhydantoin,
      1,3-di-(.beta.-hydroxy-n-propyl)-5-ethyl-5-methylhydantoin,
      1,3-di-(.beta.-hydroxy-n-butyl)-5,5-dimethylhydantoin,
      1,3-di-(.beta.-hydroxy-n-butyl)-5,5-dimethylhydantoin,
      1,3-di-(.beta.-hydroxy-.gamma.-n-butoxy-n-propyl)-5,5-dimethylhydantoin,
      1,3-di-(.beta.-hydroxycyclohexyl)-5,5-dimethylhydantoin,
      1,3-di-(.beta.-hydroxy-.beta.-phenylethyl)-5,5-dimethylhydantoin,
      1,3-di-(.beta.-hydroxy-.beta.-phenylethoxy-.beta.-phenylethoxy-.beta.-phen
     ylethyl)-5,5-dimethylhydantoin and
      1,3-di-(.beta.-hydroxy-.beta.-phenylethyl)-5-isopropylhydantoin.
PAR  A further subclass of mononuclear N-heterocyclic dihydroxy compounds
      according to formula IV corresponds to the formula:
      ##EQU10##
      wherein R.sub.2, R.sub.2 ', R.sub.3, R.sub.3 ', m and n have the same
      meanings as in formula IV, and wherein R.sub.6 and R.sub.7 each
      independently represent a hydrogen atom or a lower alkyl radical having 1
      to 4 carbon atoms; representative of this class of compounds are, e.g.:
PAR  1,3-di-(.beta.-hydroxy-n-propyl)-5-methyluracil,
      1,3-(.beta.-hydroxy-n-butyl)-uracil and
      1,3-di-(.beta.-hydroxy-.beta.-phenylethyl)-6-methyluracil.
PAR  A further preferred subclass of mononuclear N-heterocyclic dihydroxy
      compounds of formula IV correspond to the general formula:
      ##EQU11##
      wherein R.sub.2, R.sub.2 ', R.sub.3, R.sub.3 ', m and n have the same
      meanings as in formula IV, and wherein R.sub.8 and R.sub.9 each represent
      a hydrogen atom or identical or different alkyl radicals, preferably alkyl
      radicals having 1 to 4 carbon atoms, and R.sub.10 and R.sub.11 each
      independently represent a hydrogen atom or a preferably lower alkyl
      radical having 1-4 carbon atoms.
PAR  Representative of this class of compounds are, e.g.
      1,3-di-(.beta.-hydroxyethyl)-5,5-dimethyl-6-isopropyl-5,6-dihydrouracil,
      1,3-di-(.beta.-hydroxy-n-propyl)-5,5-dimethyl-6-isopropyl-5,6-dihydrouraci
     l, 1,3-di-(.beta.-hydroxycyclohexyl)-5,5-dimethyl-5,6-dihydrouracil and
      1,3-di-(.beta.-hydroxy-.beta.-phenylethyl)-5,5-dimethyl-6-isopropyl-5,6-di
     hydrouracil.
PAR  A further preferred subclass of mononuclear N-heterocyclic dihydroxy
      compounds of formula IV corresponds to the general formula:
      ##EQU12##
      wherein R.sub.2, R.sub.2 ', R.sub.3, R.sub.3 ', m and n have the same
      meanings as in formula IV, and wherein R.sub.12 and R.sub.13 each
      independently represent a hydrogen atom, an alkyl radical, an alkenyl
      radical, a cycloalkyl or -alkenyl radical, or an unsubstituted or
      substituted phenyl radical. The following are mentioned as being
      representative of this class of compounds:
PAR  1,3-di-(.beta.-hydroxyethyl)-5-phenyl-5-ethylbarbituric acid,
      1,3-di-(.beta.-hydroxy-n-propyl)-5,5-diethylbarbituric acid,
      1,3-di-(.beta.-hydroxycyclohexyl)-5,5-dimethylbarbituric acid and
      1,3-di-(.beta.-hydroxy-.beta.-phenylethyl)-5-ethyl-5-phenylbarbituric
      acid.
PAR  Furthermore, reference is made to the corresponding dihydroxy compounds of
      parabanic acid.
PAR  The binuclear dihydroxy compounds according to formula II used for the
      production of the new diacrylic acid esters of formula I correspond to the
      general formula:
      ##EQU13##
      wherein R.sub.2, R.sub.2 ', R.sub.3, R.sub.3 ', m and n have the same
      meanings as in formula I, and A" represents an organic radical of the
      formula:
      ##EQU14##
      in which Z.sub.1 and Z.sub.2 each independently represent a bivalent
      radical which is necessary for completion of a five- or six-membered,
      unsubstituted or substituted heterocyclic ring, and B stands for a
      bivalent aliphatic, cycloaliphatic or araliphatic radical, preferably for
      an alkylene radical or for an alkylene radical interrupted by oxygen
      atoms.
PAR  A preferred subclass of bivalent dihydroxy compounds of formula IX
      corresponds to the general formula:
      ##EQU15##
      wherein R.sub.2, R.sub.2 ', R.sub.3, R.sub.3 ', m and n have the same
      meanings as in formula IX, and wherein R.sub.14, R.sub.15, R.sub.16 and
      R.sub.17 each represent a hydrogen atom or a lower alkyl radical having 1
      to 4 carbon atoms, or wherein R.sub.3 and R.sub.4 or R.sub.5 and R.sub.6
      together represent a trimethylene or tetramethylene radical.
      Representative compounds of this class are, e.g.:
PAR  1,1'-methylene-bis-[3-.beta.-hydroxyethyl)-5,5-dimethylhydantoin],
      1,1'-methylene
      -bis-[3-(.beta.-hydroxyethoxyethoxyethyl)-5,5-dimethylhydantoin],
      1,1'-methylene-bis-[3-(.beta.-hydroxy-n-propyl)-5,5-dimethylhydantoin],
      1,1'-methylene-bis-[3-(.beta.-hydroxy-n-propyl)-5-isopropylhydantoin],
      1,1'-methylene-bis-[3-(.beta.-hydroxy-n-butyl)-5,5-dimethylhydantoin],
      1,1'-methylene-bis-[3-(.beta.-hydroxy-.beta.-phenylethyl)-5,5-dimethylhyda
     ntoin],
      1,1'-methylene-bis-[3-(.beta.-hydroxy-.beta.-phenylethyl)-5,5-isopropylhyd
     antoin] and
      1,1'-methylene-bis-[3-(.beta.-hydroxycyclohexyl)-5,5-dimethylhydantoin].
PAR  A further preferred subclass of binuclear dihydroxy compounds of formula IX
      corresponds to the general formula:
      ##EQU16##
      wherein R.sub.2, R.sub.2 ', R.sub.3, R.sub.3 ', R.sub.14, R.sub.15,
      R.sub.16, R.sub.17, m and n have the same meanings as in formula X, and B
      stands for a bivalent aliphatic, cycloaliphatic, araliphatic radical,
      preferably alkylene of 1-12 carbon atoms, or for an alkylene radical
      interrupted by oxygen atoms. Representative of this class of compounds
      are, e.g.:
PAR  1,4-bis-[1'-(.beta.-hydroxyethyl)-5',5'-dimethylhydantoinyl-3']-butane,
      1,6-bis-[1'-(.beta.-hydroxyethyl)-5',5'-dimethylhydantoinyl-3']-hexane,
      1,6-bis-[1'-(.beta.-hydroxy-n-propyl)-5',5'-dimethylhydantoinyl-3'
      -hexane, 1,6-bis-[1'-(.beta.-hydroxy-n-butyl)-5',5'-dimethylhydantoinyl-3'
      -hexane,
      2,2'-bis-[1-(.beta.-hydroxy-n-butyl)-5,5-dimethylhydantoinyl-3]-diethyl
      ether, 2,2'-bis-[1-(.beta.-hydroxy-.beta.-phenyl
      ethyl)-5,5-dimethylhydantoinyl-3]-diethyl ether and
      1,12-bis-[1'-(.beta.-hydroxy-.beta.-phenyl
      ethyl)-5,5-dimethylhydantoinyl-3']-dodecane.
PAR  A further suitable preferred subclass contains binuclear dihydroxy
      compounds of the following formula:
      ##EQU17##
      wherein R.sub.2, R.sub.2 ', R.sub.3, R.sub.3 ', m and n have the same
      meanings as in formula IX, and R.sub.18, R.sub.19, R.sub.20 and R.sub.21
      each independently represent a hydrogen atom or a lower alkyl radical
      having 1 to 4 carbon atoms; representative of this class of compounds are,
      e.g.:
PAR  1,1'-methylene-bis-[3-(.beta.-hydroxyethyl)-5,5-dimethyl-5,6-dihydrouracil]
      and
      1,1'-methylene-bis-[3-(.beta.-hydroxy-n-propyl)-5,5-dimethyl-5,6-dihydrour
     acil].
PAR  The new diacrylic acid esters of formula I are mostly low-viscous liquids
      which, by virtue of their consistency, can be easily processed.
PAR  The new diacrylic acid esters can be prevented from prematurely
      polymerising by the addition of the usual inhibitors, e.g. hydroquinone,
      phenothiazine, Cusalts, etc., and are distinguished by good stability in
      storage.
PAR  The diacrylic acid esters of formula I produced according to the invention
      are valuable resins which can be polymerised, either on their own or
      together with other polymerisable monomers, as moulded shapes or as
      flat-shaped articles. The polymerisates obtained in this manner are
      distinguished by high flexural strength and transparency.
PAR  Suitable monomers which can be added to the new diacrylic acid esters of
      formula I are, in particular, compounds of the acrylic acid series, such
      as esters from acrylic acid or methacrylic acid and alcohols or phenols,
      e.g. methylacrylate, ethylacrylate, butylacrylate, dodecylacrylate,
      methylmethacrylate, acrylonitrile, methacrylonitrile, ethylene glycol
      dimethacrylate. It is moreover possible to use other reactive olefinic
      unsaturated monomers such as, e.g. styrene, divinylbenzene, vinyl acetate,
      etc..
PAR  For polymerisation or copolymerisation the usual free-radical-forming
      catalysts are preferably used; mention may be made of hydrazine
      derivatives, e.g. hydrazine hydrochloride, organometallic compounds such
      as tetraethyllead, as well as, in particular aliphatic azo compounds such
      as .alpha.,.alpha.'-azobisisobutyronitrile and organic peroxides or peroxy
      salts such as, e.g. peroxyacetic acid, acetyl peroxide, chloroacetyl
      peroxide, trichloroacetyl peroxide, benzoyl peroxide, chlorobenzoyl
      peroxide, benzoylacetyl peroxide, propionyl peroxide,
      fluorochloropropionyl peroxide, lauryl peroxide, cumene hydroperoxide,
      cyclohexanone hydroperoxide, tert.-butyl hydroperoxide, di-tert.-butyl
      peroxide, di-tert.-amyl peroxide, p-menthane hydroperoxide; also inorganic
      peroxide compounds such as sodium peroxide, alkali percarbonates, alkali
      persulphates or alkali perborates, and especially hydrogen peroxide, which
      can advantageously replace the more expensive benzoyl peroxide. The
      addition thereof is governed, in a known manner, by the desired course of
      reaction, or by the desired properties of the polymerisate;
      advantageously, about 0.05 to 10 per cent by weight of catalyst is used,
      calculated on the total weight of the polyacrylate or polyacrylate/monomer
      mixture, the total amount of catalyst being added either altogether at the
      commencement or in portions during the course of the polymerisation
      process.
PAR  In certain cases it is also possible to use cationic or anionic catalysts.
PAR  The new diacrylic acid esters produced according to the invention, or
      mixtures thereof with other polymerisable monomers, can be used for
      surface protection, in moulding materials, as casting resins, etc..
PAR  The present application hence relates also to curable mixtures which are
      suitable for the production of shaped articles including flat-shaped
      products, and which contain the diacrylic acid esters according to the
      invention, optionally together with other polymerisable monomers, and the
      polymerisation catalysts usually employed for polymerisation curing.
PAR  The polymerisable mixtures suitable for the production of coatings and
      moulding materials may additionally contain flexibilising agents, fillers
      and, preferably, pigments, e.g. titanium dioxide.
PAR  Where otherwise not stated, the term "parts" in the following examples
      denotes parts by weight, and percentages are expressed as per cent by
      weight; temperatures are given in degrees Centigrade.
DETD
PAC  PRODUCTION EXAMPLES
PAC  Example 1
PAR  A mixture of 432.2 g of 1,3-bis-(.beta.-hydroxyethyl)-5,5-dimethylhydantoin
      (2 moles), 361.2 g of freshly distilled methacrylic acid (4.2 moles), 0.1
      g of phenothiazine, 1200 ml of benzene and 10 ml of concentrated sulphuric
      acid is heated, with vigorous stirring at 130.degree.C bath temperature,
      to obtain an internal temperature of 78.degree.C. At the same time an
      azeotropic circulation distillation process is initiated by means of
      which, as the benzene separated by cooling flows back, the water present
      in the reaction mixture is continuously removed from the reaction mixture
      and separated. An amount of 48 ml of water has been separated after 5
      hours, and after 18 hours an amount of 70 ml of water (97.2% of theory).
PAR  The reaction mixture is then cooled to room temperature, and the benzene
      solution washed first with a 20% aqueous ammonia solution containing 5%
      ammonium sulphate, and then with a 5% aqueous ammonium sulphate solution.
      An addition is made to the organic phase of 3.5 g of hydroquinone (0.5
      percent by weight relative to the amount theoretically to be expected at
      the final point), and concentration by evaporation performed in a rotary
      evaporator at 50.degree.-60.degree.C under a water-jet vacuum; drying is
      subsequently carried out at 55.degree.C under 0.2 Torr to obtain constant
      weight.
PAR  An amount of 621 g (88.2% of theory) of a pale yellow, clear, low-viscosity
      resin is obtained in this manner.
PAR  The titrimetrically determined content of methacrylate groups corresponds
      to 100% of the theoretical content. These determinations of content are
      performed by the addition of dodecylmercaptan, and iodometrical back
      titration of the mercaptan excess. The unreacted methacrylic acid
      molecules are not affected by the method of determination so that this
      test procedure is also applicable for the assessment of the progress of
      the reaction. This titration is described by K. Muller in Zeitschrift fuer
      analytische Chemie 18, 135-137 (1961), and by D. W. Beesing et al. in
      Analytical Chemistry 21, 1073 (1949).
PAR  The infrared spectrum (capillary absorption) shows, amongst other things,
      by the absorptions at 1637 cm.sup.-.sup.1, 1718 cm.sup.-.sup.1 and 1776
      cm.sup.-.sup.1  that, in addition to the hydantoin and ester-carbonyl
      frequencies, the C=C absorption is present.
PAR  The elementary analysis shows: found: 57.9% C, 6.9% H and 7.8% N
      (calculated: 57.9% C, 6.9% H, 7.9% N).
PAR  The proton-magnetic resonance spectrum (60 Mc-HNMR, taken in
      deuterochloroform (CDCl.sub.3), against tetramethylsilane (TMS) as
      internal standard) shows by the following signals, amongst others, that
      the structure given below agrees:
      ##EQU18##
PAC  EXAMPLE 2
PAR  A mixture of 216.1 g of
      1,3-bis-(.beta.'-hydroxyethyl)-5,5-dimethylhydantoin (1 mole), 400 g of
      methacrylic acid methyl ester (4.0 moles), 0.08 g of phenothiazine and 5
      ml of concentrated sulphuric acid is stirred in a glass apparatus provided
      with stirrer, internal thermometer and 40 cm packed column with
      fractionating head, at 140.degree.C heating bath temperature. In the
      course of the reaction the reaction temperature increases from 92.degree.
      to 96.degree.C. The reflux ratio at the fractionating head is so adjusted
      that practically only methanol is initially distilled off, this stage
      taking about 5 hours. The excess methyl methacrylate is then distilled off
      within 3 hours.
PAR  The mixture is diluted with 200 ml of benzene, and washed as described in
      Example 1. An addition is made to the benzene phase of 1.5 g of
      hydroquinone and a trace of sodium nitrite, and the whole concentrated in
      the rotary evaporator at 50.degree.C under a water-jet vacuum; drying is
      performed at 50.degree.-55.degree.C under 0.15 Torr. A clear yellow resin
      is obtained (269 g, corresponding to 77% of theory), the acrylate content
      of which, determined as described in Example 1, corresponds to 100% of
      theory.
PAR  The product is identical to the compound produced according to Example 1.
PAC  EXAMPLE 3
PAR  The test described in Example 2 is repeated; in this case, however, 457 g
      of methacrylic acid ethyl ester are used instead of 400 g of methyl
      methacrylate. At 142.degree.-150.degree.C bath temperature, the reaction
      time is 5 hours with an internal temperature of 105.degree.-110.degree.C.
      An amount of 80 ml of ethanol is distilled off in this time (K.sub.p =
      78.degree.C) (corresponding to 87% of theory). The subsequent procedure is
      as described in Example 2; the processing is likewise according to Example
      2. An amount of 256.4 g of a clear yellow resin is obtained of which the
      content of acrylate groups corresponds to 100% of the theoretical content.
      This dimethacrylic acid ester is likewise identical to the compound
      produced according to Example 1.
PAC  EXAMPLE 4
PAR  An amount of 216.1 g of
      1,3-bis-(.beta.'-hydroxyethyl)-5,5-dimethylhydantoin (1 mole) and 151.2 g
      of acrylic acid is esterified with the aid of 5 ml of concentrated
      sulphuric acid in 600 ml of benzene, with the addition of 0.08 g of
      phenothiazine, as described more precisely in Example 1. Processing and
      stabilisation are likewise according to Example 1. An amount of 290 g of a
      pale-yellow liquid (89.4 % theory) is obtained, the purity of which,
      relative to the content of acrylate groups, is 83% of theory. The
      proton-magnetic resonance spectrum (60 Mc-HNMR, in CDCl.sub.3 against TMS)
      shows, by the presence of the following signals, that essentially the
      below given structure is in agreement:
      ##EQU19##
PAC  EXAMPLE 5
PAR  Corresponding to Example 2, 216.1 g of
      1,3-bis-(.beta.-hydroxyethyl)-5,5-dimethylhydantoin (1 mole) are
      transesterified with 400.5 g of acrylic acid ethyl ester (4 moles) with
      the use of 0.08 g of phenothiazine and 5 ml of concentrated sulphuric
      acid. The procedure followed is exactly as described in Examples 2 and 3,
      and a bisacrylate compound is obtained, in good yield, which completely
      corresponds to the compound produced according to Example 4.
PAC  EXAMPLE 6
PAR  An amount of 151.2 g of acrylic acid is esterified with 388 g of crude
      1,3-bis-(.beta.-hydroxy-.gamma.-n-butoxy-n-propyl)-5,5-dimethylhydantoin
      in 900 ml of benzene with the aid of 5 ml of concentrated sulphuric acid
      and 0.08 g of phenothiazine, the procedure being as given in Example 4. By
      carrying out the reaction and processing as in Example 4 a product is
      obtained (447 g, corresponding to 90.2% of theory) of which the purity,
      relative to the acrylic ester content, is 72% of theory. The bisacrylate
      compound corresponds essentially to the following structure:
      ##EQU20##
PAC  EXAMPLE 7
PAR  Following the procedure given in Example 4, 123 g of
      1,3-bis-(.beta.-hydroxy-n-propyl)-5,5-dimethyl-6-isopropyl-5,6-dihydrourac
     il (0.41 mole) are reacted with 62 g of acrylic acid (0.861 mole) in 300 ml
      of benzene with the use of 3 ml of concentrated sulphuric acid and 0.04 g
      of phenothiazine.
PAR  Processing and stabilisation are carried out as described in Example 1. An
      amount of 128 g of a yellowish and highly viscous resin (73% of theory) is
      obtained, of which the content of acrylate groups corresponds to 62% of
      the theoretical content. The bisacrylate compound corresponds essentially
      to the following structure:
      ##EQU21##
PAC  EXAMPLE 8
PAR  According to the procedure given in Example 2, an amount of 244 g of
      1,3-bis-(.beta.-hydroxy-n-propyl)-5,5-dimethylhydantoin (1 mole) is
      esterified with 457 g of methyl methacrylate (4 moles), an addition being
      made of 0.08 g of phenothiazine and 5 ml of concentrated sulphuric acid.
      After reaction and processing of the product as in Example 2, an amount of
      205 g of a brown medium-viscous liquid (54% of theory) is obtained of
      which the methacrylate content is 70% of theory. The new substance
      corresponds essentially to the following structure:
      ##EQU22##
PAC  EXAMPLE 9
PAR  Analogously to Example 4, an amount of 384.5 g of
      1,1'-methylene-bis-[3-(.beta.-hydroxy-n-propyl)-5,5-dimethylhydantoin]
      (1.0 mole) is esterified with 151 g of acrylic acid (2.1 moles) in 1300 ml
      of benzene with 25 g of p-toluenesulphonic acid as catalyst under the
      inhibiting action of 0.08 g of phenothiazine.
PAR  Processing and purification are carried out as described in Example 1.
PAR  An amount of 418.3 g of a highly viscous, clear, light-ochre-coloured
      liquid is obtained of which the content of acrylic ester double bonds
      corresponds to 86.5% of theory. The new diacrylic acid ester corresponds
      essentially to the following structure:
      ##EQU23##
PAC  EXAMPLE 10
PAR  In a similar manner to that described in Example 1, an amount of 135.3 g of
      1,1'-methylene-bis-[3-(.beta.-hydroxy-n-propyl)-5,5-dimethyl-5,6-dihydrour
     acil] (0.328 mole) is esterified with 59.5 g of methacrylic acid in 400 ml
      of benzene.
PAR  The catalyst used consists of 20 g of an acid ion exchanger (exchange
      capacity: 4.5 m val/g); and the stabiliser of 0.03 g of phenothiazine and
      0.01 g of triphenylphosphite. After the reaction is completed, the ion
      exchange resin is removed by filtration, and processing carried out
      according to Example 1. An amount of 114 g of a clear, colourless to
      slightly yellowish viscous resin is obtained of which the content of
      acrylate double bonds is 69.5% of theory. The substance corresponds
      essentially to the formula:
      ##EQU24##
PAC  EXAMPLE 11
PAR  Analogously to the procedure described in Example 1, an amount of 118 g of
      2,2'-bis-[1-(.beta.-hydroxypropyl)-5,5-dimethyl-hydantoinyl-3]-diethyl
      ether (0.261 mole) is esterified with 39.5 g of acrylic acid (0.548 mole)
      in 400 ml of benzene, the esterification reaction being catalysed with 18
      g of the ion exchange used in Example 10, and the formed diacrylic acid
      diester inhibited with 0.03 g of phenothiazine + 0.1 g of triphenyl
      phosphite. The procedure is carried out as given in Example 10 to obtain
      140.2 g (95.7% of theory) of a clear light-ochre-coloured resin. The new
      diacrylic acid diester corresponds essentially to the following structure:
      ##EQU25##
PAC  EXAMPLE 12
PAR  By means of the procedure described in Example 1, the following mixture is
      reacted in a glass reaction flask:
PA1  366.5 g of 1,3-bis-(.beta.-hydroxy-n-propyl)-5,5-dimethylhydantoin (1.5
      moles),
PA1  433 g of acrylic acid (3 moles),
PA1  900 ml of toluene,
PA1  0.3 g of phenothiazine,
PA1  1.5 g of triphenylphosphite.
PAR  An amount of 25 ml of 50% sulphuric acid is used as catalyst, the addition
      being made dropwise by degrees.
PAR  The above mixture is stirred at 168.degree.C bath temperature, the internal
      temperature rising in the course of the reaction from 109.degree. to
      113.degree.C. The amount of water theoretically to be expected has been
      separated after about 5 hours. The reaction mixture is then cooled to
      25.degree.C and processed. The solution, filtered until clear, is washed
      twice with 500 ml of water containing 10% of ammonia and 5% of ammonium
      sulphate. After separation of the aqueous phase, the following inhibitor
      system of the organic phase is added: 1.7 g of hydroqinone; 0.006 g of
      pyrocatechol; 0.1 g of 8% copper naphthenate and 0.14 g of sodium nitrite
      in 0.4 ml of water. The organic phase is subsequently concentrated at
      55.degree.C in a rotary evaporator under a water-jet vacuum; and drying to
      constant weight is afterwards carried out within 2 hours under 0.3 Torr at
      55.degree.C. An amount of 468.3 g (88.6% of theory) of a pale yellow, low
      viscous liquid is obtained containing 5.21 acrylate equivalents/kg, which
      corresponds to a content of acrylate double bonds of 91.8% of theory. The
      new diacrylate corresponds essentially to the following structure.
      ##EQU26##
PAC  APPLICATION EXAMPLES
PAC  EXAMPLE I
PAR  An amount of 100 g of the heterocyclic bismethacrylate produced according
      to Example 1 is mixed with 0.8 g of lauryl peroxide at 60.degree.C, and
      the mixture poured into an aluminium mould. Polymerisation is carried out
      for 4 hours at 70.degree.C, 4 hours at 85.degree.C, 4 hours at
      100.degree.C and 24 hours at 150.degree.C.
TBL  ______________________________________                                    

       A pale yellow, clear-transparent moulded shape is obtained having the   

     following properties:                                                     

     flexural strength according to VSM 77103:                                 

                           10.0-11.5 kp/mm.sup.2,                              

     deflection according to VSM 77103:                                        

                           4.3-4.5 mm,                                         

     dimensional stability at elevated                                         

     temperatures according to Martens,                                        

     DIN 53 458:           57.degree.C,                                        

     dimensional stability according to                                        

     DIN 53461:            78.degree.C,                                        

     cold water absorption (4 days/20.degree.C):                               

                           1.1%.                                               

     ______________________________________                                    

PAC  EXAMPLE II
PAR  An amount of 100 g of the bismethacrylate produced according to Example 2
      is mixed with 1.2 g of lauryl peroxide at 60.degree.C; the mixture is then
      cured for 4 hours at 70.degree.C, 4 hours at 85.degree.C, 4 hours at
      100.degree.C, and 24 hours at 120.degree.C. A flexible moulded shape is
      obtained having a deflection value according to VSM 77103 of 18.6 to over
      20 mm.
CLMS
STM  We claim:
NUM  1.
PAR  1. A diacrylic acid ester of a bis-hydantoin of the formula
      ##EQU27##
NUM  2.
PAR  2. A diacrylic acid ester according to claim 1 of the formula:
      ##EQU28##
NUM  3.
PAR  3. A diacrylic acid ester according to claim 1 of the formula:
      ##EQU29##
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ABST
PAL  An article such as a collar having a setscrew for enabling securing the
      collar on a shaft member which is telescopically received in an opening of
      the collar characterized by the collar having a pair of cavities with one
      cavity in communication with the opening and extending from one end and
      the other cavity extending from the opposite end and in communication with
      an outer surface of the collar. Each of the cavities terminates in a
      partial annular threaded segment which segment coacts to form an opening
      having interrupted threads to receive a setscrew. The threads on each of
      the annular segments extends transversely to a direction of application of
      pressure when forming the collar such as by compacting metal powder which
      is subsequently sintered.
PARN
PAR  This is a division of application Ser. No. 290,445, filed Sept. 20, 1972,
      now U.S. Pat. No. 3,851,985.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  1. Field of the Invention
PAR  The present invention is directed to an article such as a collar having a
      setscrew opening and to the method of making the article.
PAR  2. Prior Art
PAR  In many instances, collars having setscrews are utilized on shafts to
      either locate the shaft in a supporting structure or to maintain a
      critical position of a part carried by the shaft. At the present time,
      collars are usually cut from bar stock and the setscrew hole is formed by
      drilling and tapping operations. This method of forming a collar or other
      articles requires expensive machining processes which increase the cost of
      the article.
PAR  To provide an article which can be held onto a shaft by a setscrew without
      requiring expensive drilling and tapping operations, it has been suggested
      to form the article as a block member with a groove having a partial
      annular section of threads which threads cooperate with a retaining clip
      subsequently assembled on the block to complete the setscrew hole. An
      example of this article is disclosed in U.S. Pat. No. 3,600,013 which
      issued to J. P. Doering on Aug. 17, 1971. While the structure of this
      article removes the need for expensive steps of drilling and tapping a
      setscrew hole, it requires an additional step of assemblying the clip onto
      the body of the article to complete the setscrew hole.
PAR  In the powder metallurgy art, several processes have been utilized to form
      complex structures, for example a valve sleeve which has ports and is
      disclosed in U.S. Pat. No. 3,353,249 which issued to MacFarlane et al. on
      Nov. 21, 1967 or a pulley wheel which has helical teeth and is disclosed
      in the U.S. Pat. No. 3,429,700 which issued to Wiegand et al. on Feb. 25,
      1969. In both of these processes, the final article is subdivided into
      components which are formed by compacting metal powders with a subsequent
      sintering operation and then the subcomponents are joined together by a
      bonding process to complete the article. While the process disclosed in
      both of these patents, enable producing radially extending ports or other
      complex configurations, each process requires a step of joining the
      subcomponents to form the final article. Thus, while eliminating many
      machining steps these disclosed processes still require assembly or
      joining steps which prevent a sizable reduction in the cost of the
      article.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to the structure of an article such as a
      collar having a setscrew hole which structure enables the fabrication of
      the entire article in a simple molding process without requiring
      additional steps of drilling and tapping to form the setscrew hole which
      receives a setscrew for securing the article on a member. Preferably, the
      article is formed in the desired configuration by compacting metal powders
      and is subsequently sintered. The structure of the article provides an
      opening for receiving a member, a second opening extending at an angle
      thereto which second opening has partial annular segments which are
      provided with threads and which coact to provide interrupted threads for
      the second opening. Preferably, each of the partial segments is on an end
      wall of a cavity extending axially towards a surface of the body with
      adjacent cavities extending in opposite directions and over lapping each
      other at the end walls so that a threaded elements can be threadably
      received in the second opening.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the article of the present invention utilized
      for positioning another element on a shaft;
PAR  FIG. 2 is a view of one end of the article of the present invention;
PAR  FIG. 3 is a view of the other end of the article of the present invention;
PAR  FIG. 4 is a cross section of the article of the present invention taken
      along lines IV--IV of FIG. 3;
PAR  FIG. 5 is a top view of the article of the present invention; and
PAR  FIG. 6 is a cross-sectional view of a die arrangement which can be utilized
      in the method of forming the article of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The principles of the present invention are particularly useful in an
      article such as a collar 10 which is telescopically received on a member
      such as a shaft 11 and detechably secured on the shaft 11 by a setscrew 12
      to maintain the shaft 11 and a second structure 13 in the desired position
      or relationship. The structure 13 can be any article such as a roll which
      is rotatably supplied on the shaft 11 or it can be a portion of a frame or
      supporting structure for supporting the shaft in which case the collar 10
      is utilized for maintaining the shaft in the desired axial position in the
      supporting structure.
PAR  As illustrated in FIG. 2, 3, and 4, the article 10 is a one-piece body with
      a pair of end surfaces 15 and 16 and an outer surface 17 which is
      illustrated as being a cylindrical surface. However, the outer surface 17
      of the collar can have any desired configuration.
PAR  The article 10 has a first opening 18 which extends inwardly from one of
      the end surfaces 15 and 16 and preferably extends completely through the
      one-piece body. The opening 18 can be a cylindrical opening, as
      illustrated, or if desired can have any configuration for being received
      telescopically on a member having an exterior surface other than a
      cylindrical surface.
PAR  The article has a pair of cavities 19 and 20 which extend inwardly from
      each of the end surfaces 15 and 16. The cavity 19, as illustrated, is in
      communication with the outer surface 17 and the cavity 20 is in
      communication with the first opening 18. The cavity 19 has a bottom wall
      21 and an end wall 22 a portion of which has a semi-circular depression 23
      to form a partial annular segment with threads extending through an arc of
      approximately 180.degree.. In a similar manner, the cavity 20 has a bottom
      wall 24 and terminates in an end wall 25 which has a portion forming a
      partial annular segment 26, which has threads. The cavities 19 and 20 are
      radially offset from an axis of the opening 18 so that the bottom walls 21
      and 24 are on substantially the same plane. Each of the cavities 19 and 20
      have a length and they extend inwardly from the end surface 15 and 16,
      respectively, so that the end walls 22 and 25 are on substantially the
      same plane with the segments 23 and 26 over lapping and coacting to define
      a second opening 28 which has an axis lying in the plane defined by the
      end walls 22 and 25. The offset and facing orientation of the segments 23
      and 26 provides the opening 28 with interrupted or discontinuous threads
      for threadably receiving a threaded element.
PAR  When using the collar or the article 10, a setscrew such as 12 is
      threadably received in the second opening 28, which preferably extends
      substantially perpendcular to the axis of the opening 18. The setscrew 12
      can be any standard setscrew which when tightened will hold the collar or
      article 10 in the desired position on the shaft 11.
PAR  The collar 10 is preferably formed by a method utilizing a minimum number
      of forming steps. The preferred method utilizes powder metal technology in
      which metal powders are pressed into the configuration of the collar with
      the axis of the setscrew opening 28 formed by the segments 23 and 26
      extending transversely to the direction of pressing to enable the complete
      compacting of the powder into the article in a single pressing operation.
      Subsequent to the pressing of the powder into a green compact, the
      operation is completed by sintering the green compact. If desired, the
      sintered compact is then subjected to a coining operation.
PAR  An example of a die which can be utilized in the method is generally
      indicated at 30 in FIG. 6. The die 30 consists of two relatively movable
      parts 31 and 32. The part 31 has a substantially annular cavity 33 formed
      by a continuous side wall 34 and a center member 35. To form the cavity
      such as at 19 with the threaded portions 23 as the powder is compacted, a
      projection 36 extends into the annular cavity 33 along the side wall 34
      and is provided with an end portion 37 of the desired configuration to
      form the threaded segment 23. The part 32 has an annular compacting
      surface 38 with a projection 39 which has an end portion 40 to form the
      threaded annular segment 26 as the projection 38 forms cavity 20. The part
      32 is slidably received in the part 31, and, as illustrated, is connected
      with a spline connection 41 to prevent relative rotation therebetween.
PAR  To utilize a die during the compacting process, the cavity 33 is charged or
      filled with the metal powders and then pressure is applied to force the
      part 32 into the annular cavity 33 for compacting the powders to
      substantially the final configuration of the collar or article 10 which
      final configuration is obtained when part 32 assumes the position
      illustrated in broken lines. After completion of pressing the powder into
      a green compact, the part 32 is withdrawn to enable removal of the green
      compact for a subsequent sintering step. If desired, the sintered article
      can be coined by a conventional coining process in the same die or a
      similar die to size the article. To facilitate stripping of the green
      compact from the die cavity 33, the die member may be subdivided into
      several movable parts. Thus is should be understood that the die 30 is
      only an example of a die which can be used to press the powder into a
      green compact.
PAR  Due to the provision of the cavities 19 and 20 adjacent the segment 23 and
      26 and due to the position of the threads with respect to the pressing
      direction, the single body article can be produced from powder metal by a
      simple compacting process which is followed by a sintering operation. The
      cavities 19 and 20 enable pressure to be applied on the metal powder to
      form the threaded segment without requiring expensive machining operations
      such as drilling and tapping.
PAR  While the preferred method of forming the article or collar 10 is by
      compacting metal powders, the collar can also be formed by molding a
      plastic material in a molding chamber having forming surfaces providing
      the desired configuration. After the material is molded, some or all of
      the molding surfaces are withdrawn to enable removal or stripping of the
      one-piece body of the article 10. For example, the article can be formed
      in a mold similar to die 30 which mold is capable of applying heat and
      pressure on a plastic powder to cause conglomeration of the powder into
      the article which is subsequently stripped from the mold after some of the
      forming surfaces are withdrawn.
PAR  Other articles having a setscrew can be formed from metal powders or
      plastic material by the method of the present invention. For example gears
      having a hub with a setscrew can be provided with a hub configuration of
      article 10 and can be produced by the method of the present invention.
PAR  Although various minor modifications may be suggested by those versed in
      the art, it is understood that I wish to include within the scope of the
      patent granted hereon all such modifications that reasonably and properly
      come within my contribution to the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for forming a one-piece article having a first opening
      extending inwardly from an end surface and second opening extending from
      the first opening at an angle thereto, said second opening being defined
      by a plurality of threaded segments of a partial annular configuration,
      said segments being axially offset to each other along an axis of the
      second opening and coacting to provide the second opening with interrupted
      threads, each of said segments being on an end wall of a cavity extending
      axially towards an end surface of the body with adjacent cavities
      extending in opposite directions, the method comprising providing a
      plurality of forming surfaces movable into the configuration of the
      article, molding material with the forming surfaces to form the article in
      a single molding step, and subsequently retracting some of the forming
      surfaces to enable removal of the method article from the forming
      surfaces.
NUM  2.
PAR  2. A method according to claim 1 wherein the forming surfaces are in a die
      for compacting metal powder, and said step of molding includes introducing
      powder in the die, and applying pressure to move the forming surfaces
      relative to each other to compact the powder to the configuration of the
      article with the interrupted threads of the annular segments extending on
      an axis that is transverse to the direction of application of the pressure
      during compacting and which further includes the step of subsequently
      sintering the compacted article after removal from the forming surface to
      produce the one-piece article.
NUM  3.
PAR  3. Method according to claim 1, wherein the plurality of forming surfaces
      form a closed configuration of a compacting die and wherein the step of
      molding includes the steps of introducing the material, applying heat and
      pressure to compact the material and to cause conglomeration thereof, said
      step of applying pressure applies pressure along a predetermined direction
      with the threads of the partial annular segments extending in a direction
      transversely thereto.
NUM  4.
PAR  4. A method according to claim 1, wherein the step of molding is
      accomplished by compacting and sintering powder metal with the sintering
      being accomplished on the compacted metal article subsequent to removal
      from a die formed by the forming surfaces.
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ABST
PAL  In isostatic hot pressing of powder in a collapsible container, the powder
      is enclosed in a container which is provided with one or more evacuation
      openings, and a conical support is held in position adjacent the
      evacuation openings. A funnel-shaped body of sheet metal is secured above
      the support and the evacuation openings by welding its edge to the wall of
      the container. The body is evacuated through a suction tube connected to
      the funnel and the tube is sealed. Thereafter the container is subjected
      to heat and pressure, and the funnel-shaped member collapses into
      engagement with the conical support.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method for manufacturing products by
      bonding together the powder in a shaped object to form a dense body by
      means of isostatic hot pressing of the powder under high pressure,
      (pressure sintering). During the sintering the powder billet is enclosed
      in a metal container which is placed in a pressure furnace and is
      subjected in this furnace simultaneously to a high, all-sided gas pressure
      and high temperature. As a rule, the object formed by the powder is
      degassed during the first part of the heating prior to the sintering by
      means of vacuum suction in the container, in order to remove gases which
      have combined with the powder or been bound to the surface of the powder
      grains. As a rule, this degassing takes place at very low pressure by
      connecting the container enclosing the powder body to a vacuum pump. The
      invention is of particular interest in the manufacture of billets, for
      example billets of material of high-speed steel type or so-called
      superalloys, said billets being further processed to the desired shape by
      rolling, forging or machining.
PAR  2. The Prior Art
PAR  Powder Metallurgy 1964 Vol. 7 No. 14, pages 168- 201 , contains a detailed
      article on pressure sintering by E.S. Hodge, Interceram No. 4 1967 and
      Nos. 1,2, and 3 1978 contain a detailed description of Isostatic pressing
      by E.L.J. Papen. The invention can be applied in the method described in,
      for example, Lundstrom application Ser. No. 866,885, filed Oct. 16, 1969,
      of which a continuation-in-part application, Ser. No. 68,665 was filed on
      Sept. 1, 1970. The equipment described therein may be used.
PAR  The method according to the invention relates to a way of connecting a
      suction line to a metal container which encloses a powder body, and the
      design of the connection of an evacuation tube to the container.
PAR  Metal powder which is brought into contact with air absorb gases present in
      the air on its surface and forms compounds with these, especially oxides.
      These absorbed gases and oxides are removed to the greatest possible
      extent since the powder is degassed during the heating prior to the
      sintering. In the degassing of powder bodies which are enclosed in a metal
      container, the container, mostly a lid, has been provided with a welded-on
      tube which is connected to a vacuum pump during the degassing process.
      However, it has proved very difficult to arrange a large evacuation
      opening in the container which gives little resistance to evacuation of
      gases, and at the same time achieve a connection between the container and
      a welded-on tube which withstands the following isostatic pressure
      sintering. The weakest spot is the welded joint between the container and
      the tubular element, by means of which the container is connected to the
      vacuum pump. This welded joint has burst when affected by the gas pressure
      acting on the container during the sintering. The difficulties in
      achieving a solid welded joint have increased with the increased size of
      the evacuation opening and the resultant increased diameter of the
      connection tube welded round the opening.
PAC  SUMMARY OF THE INVENTION
PAR  By means of the invention, it has become possible to use a large evacuation
      opening which permits a quick evacuation and in spite of this achieves a
      connection to a vacuum line which withstands the pressure sintering, and
      this is an important condition for obtaining the intended bonding and
      density in the treated body.
PAR  According to the invention, a body of powder is enclosed within a
      collapsible chamber having an evacuation opening or openings. A conical
      outwardly extending support is held by the container in the area of the
      evacuation opening or openings. A funnel-shaped element of sheet metal
      having a tube attached thereto is applied over the opening or openings and
      its edge is welded to the wall of the container. The evacuation opening or
      openings are thus left substantially unobstructed. A tube is welded to the
      funnel-shaped element and connected to vacuum so that the powder is
      degassed. Thereafter the tube is sealed, thereby also sealing the
      funnel-shaped member, and the container is subjected to isostatic pressure
      while being heated. The pressure is sufficient to collapse the
      funnel-shaped member against the support.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described with reference to the accompanying
      drawings which show a cylindrical body of powder, for example a billet for
      further machining to the desired shape by means or rolling or forging,
      said body being enclosed in a metal container.
PAR  FIGS. 1-5 show perspective sketches of the metal container with a
      connection tube for the vacuum pump and enclosed powder body of powder
      billet at different times of a work cycle, and
PAR  FIGS. 6-8 show sections and views of the invention more in detail.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a powder billet which is enclosed in a collapsible container
      having an exposed evacuation opening 1 in the lid 3 of the container 2, or
      an evacuation opening made in said lid. In the opening 1, the end surface
      of the powder billet 4 is visible. The powder billet may be packed to high
      density in connection with the filling or, besides this, be further
      compressed by means of isostatic cold pressing in a pressure chamber while
      being exposed to a liquid or gas with high pressure. In the evacuation
      opening 1 a conical support element 5 is placed on the powder billet 4.
      The support element can be fixed in the middle of the opening 1 by means
      of holders 6, as shown in FIG. 2. Over the opening 1 a funnel-shaped
      element is placed, this being constituted by a sheet metal cone 7. A tube
      8 is welded to said sheet metal cone, said tube being intended for
      connection to a vacuum line during the degassing period. The cone 7 and
      the tube 8 are joined by means of a weld 10. The cone at its larger end is
      provided with a flange 11. This is connected to the lid 3 by means of a
      weld 12. The appearance after the attachment of the funnel-shaped
      connection element is clear from FIGS. 3 and 6. FIGS. 4 and 8 show the
      appearance of the funnel-shaped element after the pressure sintering. FIG.
      7 shows the funnel-shaped element when the cone 7 has collapsed under an
      external gas pressure, but before this pressure has been able to compress
      the tube 8.
PAR  In the alternative embodiment shown in FIG. 5, there are a number of
      openings 9 in the container within an annular area on the lid 3. The cone
      5 is placed in the middle of the group of holes. If the powder is only
      mechanically packed in connection with the filling, the powder body has
      low firmness. In order to prevent loose powder from running out through
      the opening or openings in the handling of the container filled with
      powder or during the vacuum suction, a mat of steel whool having suitable,
      generally low, carbon content can be positioned between the lid 3 and the
      end surface of the powder billet 4.
PAR  As is shown in FIG. 6, the conical support element 5 has three different
      angles of conicity. The acute angle 2 .beta. of the central part 5 b is
      larger than the acute angles 2 .alpha. and 2 .gamma. of the lower and
      upper parts. The angles .alpha. and .gamma. may be equally large. The
      acute angle of the sheet metal cone 7 is preferably as large as the acute
      angle of the part 5 b, that is 2.beta.. The diameter of the evacuation
      opening is d.sub.1 and the bottom diameter of the support element 5 is
      d.sub.2. Between the lid 3 and the support element 5 an annular surface is
      thus formed having a width l.sub.1, where gases may escape unimpededly. In
      addition to this, it is possible to place the support element 5 somewhat
      above the upper surface of the powder body so that gases may freely escape
      also below the support element. A mat of steel wool may be used. Because
      of the large, free surface of the powder body, the escape of gases during
      the degassing is made easier, making it possible to obtain efficient
      degassing in a short time.
PAR  The relative strength of the tube 8 and the cone 7 is preferably chosen so
      that the cone 7 when the pressure increases in the pressure furnace is
      first pressed downwards against the central part 5 b of the support
      element 5 and then downwards against the powder billet 4 in the annular
      space between the lid 3 and the lower part 5 a of the support element 5.
      After this is done, the tube 8 is compressed as shown in FIG. 7. In the
      embodiment according to FIG. 6, the sum of the distance l.sub.1 and
      l.sub.2 is somewhat larger than l.sub.3. If the difference between l.sub.1
      + l.sub.2 and l.sub.3 is chosen to be approximately equal to the decrease
      in diameter of the powder billet and the container, this results in
      insignificant extension of the cone material during the pressing. In this
      way, the strain in the welds 10 and 12 is moderate when the cone is
      pressed down. After the cone 7 has been pressed down, the tube 8 is
      compressed, as shown in FIG. 7. Because of the support from the conical
      part 5 c, the weld 10 is exposed only to insignificant strain.
CLMS
STM  We claim:
NUM  1.
PAR  1. Method of isostatic hot pressing of powder which comprises enclosing a
      body of powder within a collapsible container having at least one
      evacuation opening, arranging an outwardly extending support within the
      area of the evacuation opening and held by the container, applying a
      funnel-shaped member having a tube attached thereto above the opening and
      securing the outer edge of said funnel-shaped member of the container,
      said funnel-shaped member when so applied leaving the evacuation opening
      substantially unobstructed, applying suction to said tube to evacuate
      gases from the powder, sealing the funnel-shaped member, and subjecting
      the evacuated container to heat and pressure, the pressure being
      sufficient to collapse the funnel-shaped member against the support.
NUM  2.
PAR  2. A method as claimed in claim 1, in which said container has a single
      evacuation opening and the support is mounted above the evacuation
      opening.
NUM  3.
PAR  3. Method as claimed in claim 1, in which said container has a plurality of
      evacuation openings with a wall portion therewithin and said support is
      mounted on such wall portion.
NUM  4.
PAR  4. Method as claimed in claim 1, which includes the steps of pouring powder
      into said container, isostatically compacting the powder, and then forming
      said evacuation opening in the container.
NUM  5.
PAR  5. Method as claimed in claim 1, which includes the step of applying a
      layer of steel wool between the part of the container containing the
      opening and the powder in the container.
PATN
WKU  039321797
SRC  5
APN  3657906
APT  1
ART  166
APD  19730531
TTL  Electrophotographic element containing a polymeric multi-phase interlayer
ISD  19760113
NCL  14
ECL  1
EXA  Goodrow; John L.
EXP  Klein; David
INVT
NAM  Perez-Albuerne; Evelio A.
CTY  Rochester
STA  NY
ASSG
NAM  Eastman Kodak Company
CTY  Rochester
STA  NY
COD  02
CLAS
OCL   96  15
XCL   96 87A
EDF  2
ICL  G03G  504
FSC   96
FSS  1 R;1.5;1.7;87 A;115 P
UREF
PNO  3640708
ISD  19720200
NAM  Humphriss
OCL   96  1.5
UREF
PNO  3656949
ISD  19720400
NAM  Honjo et al.
OCL   96  1.5
UREF
PNO  3682632
ISD  19720800
NAM  Fumiaki Arai
OCL   96  1.5
UREF
PNO  3745005
ISD  19730700
NAM  Yoerger et al.
OCL   96  1.5
LREP
FR2  Hilst; R. P.
ABST
PAL  This application describes a multilayer electrophotographic element
      composed of a conducting layer, a photoconductive layer, and a polymeric
      interlayer having a surface resistivity greater than about 10.sup.12
      ohm/sq. between the conducting layer and the photoconductive layer. The
      interlayer comprises a blend of at least two distinct polymeric phases
      comprising: (a) a film-forming, water- or alkali-soluble polymer, and (b)
      a film-forming hydrophobic polymer.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to electrophotography, and in particular to a novel
      electrophotographic element comprising several functional layers. Most
      particularly, the invention relates to the formulation of one of these
      layers, the barrier layer.
PAC  RELATED ART
PAR  Many procedures can be utilized to obtain an electrostatic charge pattern
      and to obtain a developed image. Early work is described in Carlson U.S.
      Pat. No. 2,297,691, issued Oct. 6, 1942, wherein a charge pattern is
      formed and developed on a photoconductive element.
PAR  Electrophotographic processes and elements have been described in numerous
      patents and other literature, for example, in the patent of Carlson, U.S.
      Pat. No. 2,297,691, issued Oct. 6, 1942 and in more recent works such as
      "Electrophotography" by R. M. Schaffert, and "Xerography and Related
      Process" by Dessauer and Clark, both published by Focal Press, Ltd., 1965.
PAR  Electrophotographic processes employ electrophotographic or photoconductive
      elements which are commonly assembled as a multilayer element on a
      support. A typical arrangement of layers comprises a support having coated
      on it an electrically conducting layer which has substantial dark
      conductivity. The outer layer is a photoconductive layer which is an
      insulator in the dark and under illumination becomes sufficiently
      conductive to allow a charge leakage through the layer. Between the
      electrically conducting layer and the photoconductive layer a barrier
      layer may be inserted to prevent interaction between the photoconductive
      species in the outer layer and the dark-conductive species in the layer
      closest to the support, such interaction being quite common in many known
      photoconductive systems. In addition, use of a barrier layer in
      combination with certain known types of photoconductive layers which
      generally are useful when charged one way only, i.e., positively or
      negatively, has been found to modify the properties of such
      photoconductive layers so that they may provide useful electrostatic
      images with either negative or positive charging. Alternatively or
      concomitantly, the barrier layer may serve to improve the adhesion of the
      multilayer system. Due to these facts, the presence of the barrier layer
      is found to be advantageous in many electrophotographic elements.
PAR  Various references in the technical literature have been made to suitable
      kinds of barrier layer materials. For example, U.S. Pat. No. 2,901,348;
      U.S. Pat. No. 3,573,906; and U.S. Pat. No. 3,640,708 describe various
      polymeric materials, including certain mixtures of these materials, which
      have been used as barrier layer materials.
PAR  The properties of the entire multilayer element clearly depend upon the
      nature of each layer and its interaction with the other layers. In
      particular the barrier layer should have suitable electrical, adhesive,
      cohesive, and solvent properties to provide a useful electrophotographic
      element. It is known in the art that the exact formulation of this barrier
      layer determines, in many cases, the performance of the
      electrophotographic element. However, the reasons why a given barrier
      layer performs in a desirable way are not clearly understood at present
      making it virtually impossible to select a priori the composition of a
      useful barrier layer. Consequently, there has been a constant search for
      formulations of useful barrier layers to enhance the utility of multilayer
      electrophotographic elements.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is the object of the present invention to provide an
      electrophotographic element containing a useful barrier layer which
      enhances the utility of many photoconductive and dark-conductive layers,
      hitherto not utilized due to lack of a suitable barrier layer.
PAR  It is likewise an object of the present invention to provide an improved
      multilayer electrophotographic element having a single interlayer serving
      as a barrier layer and as an adhesive interlayer.
PAR  Yet another object of the present invention is to provide a multilayer
      electrophotographic element with improved cohesive properties.
PAR  Still another object of the present invention is to provide an
      electrophotographic element which contains an organic photoconductive
      layer coated on a barrier layer which is resistant to solvent attack by
      conventional organic solvents, for example, chlorinated hydrocarbons, used
      to coat organic photoconductive compositions.
PAC  SUMMARY OF THE INVENTION
PAR  In accord with the present invention there is provided a unitary
      electrophotographic element comprising a conductive layer, a
      photoconductive layer, and a polymeric interlayer having a surface
      resistivity of greater than about 10.sup.12 ohm/sq. between the conductive
      layer and the photoconductive layer, said interlayer comprising a blend of
      at least two distinct polymeric phases comprising; (a) an electrically
      insulating, film-forming, hydrophobic polymer as a first polymeric phase,
      and (b) a film-forming, water- or alkali-soluble polymer as a second
      polymeric phase. In accord with the invention a single polymeric
      interlayer of the type described above may serve both as a barrier layer
      and as an adhesive layer for the electrophotographic element.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The multi-phase polymeric interlayer used in the elements of the present
      invention have numerous advantages. Among other advantages, the polymeric
      interlayer, because of its multi-phase properties, possesses useful
      barrier layer properties; that is, the layer substantially reduces charge
      leakage from the photoconductive layer to the conductive layer in the
      absence of activity radiation (i.e. "dark decay") but does not prevent
      proper charge dissipation of the photoconductive layer in the presence of
      activating radiation.
PAR  In addition, because of its multi-phase properties, the polymeric
      interlayer used in the present invention readily adheres to a
      photoconductive layer coated thereon, particularly to an organic
      photoconductive layer coated thereon from conventional organic solvents,
      for example, chlorinated hydrocarbons. Nevertheless, the multi-phase
      polymeric layer used in the elements of the present invention is resistant
      to destruction by these same organic solvents.
PAR  A further advantage of the polymeric multi-phase interlayer used in the
      present invention is that this layer, again because of its multi-phase
      characteristic, may enhance solid area development on the surface of the
      overlying photoconductive layer.
PAR  The hydrophobic polymer phase of the multiphase interlayer used in the
      present invention, due to the electrical insulating properties and
      hydrophobicity of this phase, contributes substantially to the overall
      resistivity of the multi-phase interlayer and to its adhesive properties,
      especially its adhesion to organic solvent coated photoconductive layers
      applied to the surface of the polymeric interlayer.
PAR  On the other hand, the water- or alkali-soluble polymeric phase, because of
      its general incompatibility with most organic solvents, particularly
      chlorinated hydrocarbon solvents, prevents the destruction of the
      multiphase interlayer by conventional organic solvents used to apply an
      overlying photoconductive layer. In addition, the water- or alkali-soluble
      polymeric phase, because of its intermediate electrical resistivity,
      provides the resultant multi-phase interlayers with areas of differential
      resistivity, corresponding to the different polymeric phases present in
      the interlayer. These areas of differential resistivity characteristic of
      the multiphase interlayers used in the present invention may be identified
      by observing differences in image density of electron micrographs taken of
      these multi-phase interlayers. It is these areas of differential
      resistivity within the multi-phase interlayers which are believed to be
      responsible for (a) permitting sufficient charge dissipation of the
      overlying photoconductive layer in the presence of activating radiation
      and (b) enhancing solid area development of the overlying photoconductive
      layer.
PAR  The multi-phase characteristic of the polymeric interlayer used in the
      present invention is discernible, as noted above, by observing differences
      in image density appearing in electron micrographs of these interlayers.
      In addition, the multi-phase character of the polymeric interlayer is
      responsible for the generally hazed appearance this layer possesses when
      coated and dried on the surface of the underlying conductive layer used in
      the multilayer electrographic elements of the present invention. This
      hazed appearance contrasts to the optically clear layers which are
      characteristic of prior art polymeric barrier layers such as those
      described in Humphriss et.al. U.S. Pat. No. 3,640,708 which are composed
      of a blend of cellulose nitrate and a tetrapolymer of methyl acrylate,
      acrylonitrile, acrylic acid and vinylidene chloride. See Column 3, lines
      65-70 of U.S. Pat. No. 3,640,708. The optical clarity of the polymeric
      barrier layer described in U.S. Pat. No. 3,640,708 is due to the single
      polymer phase, i.e., the homogeneity of the polymer blend, used in these
      prior art barrier layers.
PAR  It may be observed that the hazed appearance of the multi-phase interlayers
      does not substantially detract from the resultant multilayer
      electrographic elements of the present invention which contain these
      multi-phase interlayers. This is because it has been found that the hazed
      appearance of the interlayer is substantially reduced upon overcoating the
      dried interlayer with an organic solvent-containing photoconductive
      composition. As a result, the overcoated interlayer appears essentially
      clear. Although the hazed appearance of the interlayer can be visually
      reduced as explained above, the hydrophobic and water- or alkali-soluble
      polymer components of the interlayer remain in a multi-phase or
      heterogeneous form. That is, the above-described reduction in haze of the
      layer does not convert the layer to a homogeneous polymer blend.
PAR  The multi-phase polymeric property of the interlayers used in the present
      invention is due to the incompatibility existing between the hydrophobic
      and the water- or alkali-soluble polymer materials of the layer. Because
      of the incompatibility of these materials, the resultant interlayer
      possesses the heterogeneous, multiple polymeric phase structure described
      above.
PAR  The surface resistivity of the dry, multi-phase polymeric interlayer of the
      present invention is greater than about 10.sup.12 ohms/sq. as measured at
      room temperature (25.degree.C) and one atmosphere pressure under 40%
      relative humidity conditions. This degree of electrical resistivity is
      needed to prevent the layer from becoming too conductive and functioning
      simply as an electrically conducting layer, rather than as a barrier
      layer.
PAR  To attain a multi-phase polymeric interlayer having an electrical
      resistivity of greater than about 10.sup.12 ohms/sq., it is desirable to
      employ as the hydrophobic film-forming polymeric component of the layer an
      electrically insulating hydrophobic film-forming polymer or mixture of
      such polymers. As the water- or alkali-soluble film-forming polymeric
      component of the multi-phase interlayer, it is desirable to employ one or
      more film-forming, water- or alkali soluble polymers which has an
      effective electrical resistivity which at 40% relative humidity is less
      than that of the hydrophobic polymer, preferably at least one order of
      magnitude less than that of the hydrophobic polymer. The lower resistivity
      of the water- or alkali-soluble polymeric component ensures that the
      resultant multi-phase interlayer does not become so highly resistive that
      it prevents the overlying photoconductive insulating layer from
      discharging when exposed to activating radiation.
PAR  A variety of film-forming, water- or alkali-soluble polymers may be used in
      the multi-phase interlayer of the electrophotographic element of the
      present invention. The term "water- or alkali-soluble polymer(s)" as used
      herein is defined to mean polymer(s) soluble in aqueous media having a pH
      of 7.0 to less than 12. Representative useful film-forming, water- or
      alkali-soluble polymeric materials are (1) gelatin, (2) poly(vinyl
      alcohol), and (3) polymers, including homopolymers and copolymers,
      comprising a backbone chain of repeating hydrocarbon units and acidic
      groups containing up to ten carbon atoms as pendant side chains chemically
      bonded to the backbone chain. Useful acidic groups may be selected from
      the group consisting of sulfonic acids, carboxylic acids, and carboxylic
      acid anhydrides. Pendant sidechains composed of other groups, for example,
      such as hydroxy, alkoxy, and ester groups having up to ten carbon atoms
      may also be present in the aforementioned type (3) polymers. Typically,
      the type (3) polymers have at least 3 or more repeating units in the
      backbone chain. Exemplary of suitable type (3) polymers are polymers of
      .alpha.,.beta.-ethylenically unsaturated carboxylic acids such as
      poly(acrylic acid) and poly(methacrylic acid), copolymers of
      .alpha.,.beta.-ethylenically unsaturated carboxylic acids and other
      polymerizable .alpha.,.beta.- ethylenically unsaturated monomers such as a
      copolymer of an alkyl acrylate and/or alkyl methacrylate polymerized with
      methacrylic acid and/or acrylic acid or a copolymer of a vinylene ether
      and a maleic monomer; polymers and copolymers of .alpha.,.beta.-
      ethylenically unsaturated sulfonated monomers such as a polymer of a
      sulfonated styrene or a polymer of a sulfoalkyl acrylate or a polymer of a
      sulfoalkyl methacrylate.
PAR  Especially useful water- or alkali-soluble polymers for use in the
      multi-phase polymeric interlayer are copolymers of one or more maleic
      monomers and one or more vinylene ethers. Useful maleic monomers include
      maleic anhydride, maleic acid and the half esters of maleic acid.
      Representative of such maleic monomers are compounds having the following
      formula:
      ##EQU1##
      wherein R.sup.1 and R.sup.2, when taken separately, represent a hydroxy
      group or an alkoxy group containing one to about six carbon atoms, with
      the proviso that at least one of these groups, i.e., either R.sup.1 or
      R.sup.2, is a hydroxy group; and, when taken together, R.sup.1 and R.sup.2
      represent an oxa group (i.e., --O--). Particularly good results have been
      obtained in accord with the invention using maleic anhydride as the maleic
      monomer.
PAR  Particularly useful vinylene ethers are alkyl vinyl ethers wherein the
      alkyl is acyclic, i.e., CH.sub.2 =CH--O--R wherein R is alkyl, straight-
      or branched-chain, having from 1 to 6 carbon atoms or substituted alkyl,
      wherein the substituents are those having no deleterious effect on the
      polymerization, e.g., halogen, hydroxy, etc. Copolymers of vinylene ethers
      and maleic monomers suitable for use in the present invention are
      copolymers of vinyl alkyl ethers and maleic monomers which contain
      repeating units which may be represented as follows:
      ##EQU2##
      wherein R, R.sup.1, and R.sup.2 are as defined above. These copolymers are
      water-soluble and 1 g. of these copolymers admixed in 100 ml. of
      2-butanone typically have a specific viscosity .mu..sub.sp of about 0.1 to
      about 3.5 as measured at 25.degree.C.
PAR  Also suitable are copolymers of a maleic monomer and cyclic vinylene ethers
      wherein the cyclic vinylene ether has 2 to about 8 carbon atoms and may be
      represented as
      ##EQU3##
      wherein Y represents the carbon and oxygen atoms necessary to complete a
      saturated, cyclic ether group, including poly ethers. Exemplary of such
      cyclic vinylene ethers is p-dioxene. Copolymers of p-dioxene and maleic
      anhydride are characterized by the following repeating unit in their
      polymeric structure:
      ##SPC1##
PAR  Especially useful copolymers in the present invention are poly(vinyl methyl
      ether-maleic anhydride), poly(vinyl chloromethyl ether-maleic anhydride),
      poly(vinyl isopropyl ether-maleic anhydride), poly(vinyl butyl
      ether-maleic anhydride), poly(vinyl isobutyl ether-maleic anhydride)
      mixtures thereof, and the like.
PAR  A variety of electrically insulating, film-forming, hydrophobic polymers
      may be used in the multi-phase interlayer of the electrophotographic
      element of the invention. Representative hydrophobic polymers which may be
      used include polyesters; polycarbonates; and hydrophobic polymers of
      polymerizable .alpha.,.beta.-ethylenically unsaturated monomers. Such
      polymers include, for example, poly(vinyl formal), poly(vinyl butyral),
      poly(vinyl chloride), poly(styrene-acrylonitrile), acrylic polymers such
      as poly(methyl acrylate) and poly(methyl methacrylate), and the like.
PAR  Hydrophobic polymers especially useful in the present invention are
      copolymers, including terpolymers and tetrapolymers, of vinylidene
      chloride and at least one other different polymerizable
      .alpha.,.beta.-ethylenically unsaturated monomer containing 3 to about 12
      carbon atoms. The latter monomer may be selected from a variety of
      well-known polymerizable .alpha.,.beta.-ethylenically unsaturated
      materials including those having the formula:
      ##EQU4##
      wherein R.sup.1 is hydrogen or methyl and R.sup.2 is selected from the
      group consisting of organo radicals having 1 to about 10 carbon atoms
      including alkyl radicals, cyano radical, amide radicals, carboxylic acid
      radicals, ester radicals, aryl radicals, such as phenyl including alkyl
      substituted phenyls, and the like. These hydrophobic copolymers typically
      contain at least about 40 percent by weight vinylidene chloride.
      Preferably the hydrophobic copolymer is prepared from about 60 to about 90
      percent by weight vinylidene chloride and from about 40 to about 10
      percent by weight of the other monomer(s). In those situations where the
      other .alpha.,.beta.-ethylenically unsaturated monomers copolymerized with
      vinylidene chloride contain a hydrophilic group such as an amide, a cyano
      group, or a carboxylic acid group as the organo radical identified as
      R.sup.2 in Formula V above, it is desirable to use a total of less than
      about 25 percent by weight of such monomers in the resultant copolymer.
      This is simply to insure that the resultant copolymer is hydrophobic.
      Representative of such materials are the following polymers:
      poly(vinylidene chloride-methyl acrylate-itaconic acid), poly(vinylidene
      chloride-acrylonitrole-acrylic acid), poly(vinylidene
      chloride-acrylonitrile-methyl acrylate), poly-(vinylidene
      chloride-acrylonitrile), poly(vinylidene chloride-methacrylonitrile), and
      poly(vinylidene chloride-methyl acrylate).
PAR  The proportions of water- or alkali-soluble polymer to hydrophobic polymer
      may vary widely. Suitable admixtures comprise about 10% to 60% by weight
      water- or alkali-soluble polymer(s) and about 40% to 90% by weight
      hydrophobic polymer(s). Preferred, however, is an admixture having from
      about 20 to 50% by weight water- or alkalisoluble polymer(s) and about 50
      to 80% by weight hydrophobic polymer(s). It will be appreciated that
      suitable interlayers may contain mixtures of two or more different
      hydrophobic polymers as the hydrophobic polymer component and mixtures of
      two or more water- or alkali-soluble polymers.
PAR  The polymer blend forming the barrier layer is usually applied by coating a
      solution of the polymers and evaporating the solvent or mixture of
      solvents. Upon evaporation of the solvent, the dry, hazy-appearing
      multiphase polymeric interlayer used in the present invention is obtained.
      Choice of solvents depends upon the nature of the conductive layer above
      which the barrier layer is applied, and also on the properties of the
      polymers constituting the barrier layer. Appropriate solvents can in
      general be selected based on the known properties of the individual
      polymers, as is well known in the art. It is generally found that mixtures
      of solvents are most effective, due to the dissimilar nature of the
      polymers used in the blend. These solvents are usually selected from
      conventional organic solvents such as alcohols, ketones, esters, ethers,
      chlorinated solvents, and hydrocarbons.
PAR  The unitary electrophotographic elements of the present invention can
      include a variety of electrically conducting supports, such as various
      papers or conventional film supports, e.g., cellulose acetate, cellulose
      nitrate, polystyrene, poly(ethylene terephthalate), poly(vinyl acetal),
      polycarbonate and related films having a conductive substrate thereon. An
      especially useful conducting support can be prepared as described in
      Gramza et al U.S. Pat. No. 3,597,272 by coating a transparent film support
      material with a layer having a semiconductor such as cuprous iodide
      imbibed therein. Suitable conducting layers also can be prepared from the
      sodium salt of a carboxyester lactone of maleic anhydride-vinyl acetate
      copolymer or from an organic semiconductor dispersed in a resinous binder.
      Typical conducting layers and methods for their optimum preparation and
      use are disclosed in Minsk U.S. Pat. No. 3.007,901, issued Nov. 7, 1961;
      Trevoy U.S. Pat. No. 3,245,833, issued Apr. 12, 1966; Sterman et al U.S.
      Pat. No. 3,262,807, issued July 26, 1966; etc.
PAR  Additional useful conductive layers include carbon-containing layers such
      as conductive carbon particles dispersed in a resin binder. Metal coated
      papers; metal-paper laminates; metal foils such as aluminum foil, etc;
      metal plates such as aluminum, copper, zinc, brass and galvanized plates,
      etc; as well as vapor deposited metal layers such as silver, nickel, or
      aluminum on conventional film supports are also useful as are conductive
      or conductor-coated glasses.
PAR  Photoconductive layers in the electrographic element typically comprise a
      photoconductor and optionally a binder and/or a sensitizer. Typically,
      this layer has a thickness in the range of about 1 micron to about 500
      microns after drying. Useful results can be obtained where the
      photoconductor is present in an amount ranging from about 1 weight percent
      to about 99 weight percent of the coating composition. A wide variety of
      photoconductors can be used in electrophotographic elements. Useful
      photoconductors can be inorganic as well as organic, including
      organo-metallic photoconductive compounds. Examples of various
      photoconductors include the following:
PA1  A. inorganic photoconductors such as zinc oxide, zinc sulfide, cadmium
      selenide, zinc silicate, cadmium sulfide, arsenic triselenide, antimony
      trisulfide, lead oxide, titanium dioxide, others as listed, for example,
      in Middleton et al. U.S. Pat. No. 3,121,006, issued Feb. 11, 1964; and
      selenium;
PA1  B. arylamine photoconductors including substituted and unsubstituted
      arylamines, diarylamines, nonpolymeric triarylamines and polymeric
      triarylamines such as those described in Fox U.S. Pat. No. 3,240,597,
      issued Mar. 15, 1966 and Klupfel et al. U.S. Pat. No. 3,180,730, issued
      Apr. 27, 1965;
PA1  C. polyarylalkane photoconductors of the types described in Noe et al U.S.
      Pat. No. 3,274,000, issued Sept. 20, 1966, Wilson U.S. Pat. No. 3,542,547,
      issued Nov. 24, 1970 and in Seus et al. U.S. Pat. No. 3,542,544, issued
      Nov. 24, 1970;
PA1  D. 4-diarylamino-substituted chalcones of the types described in Fox U.S.
      Pat. No. 3,526,501, issued Sept. 1, 1970;
PA1  E. non-ionic cycloheptenyl compounds of the types described in Looker U.S.
      Pat. No. 3,533,786, issued Oct. 13, 1970;
PA1  F. compounds containing an N-N nucleus, as described in Fox U.S. Pat. No.
      3,542,546, issued Nov. 24, 1970;
PA1  G. organic compounds having a 3,3'-bis-aryl-2-pyrazoline nucleus, as
      described in Fox et al U.S. Pat. No. 3,527,602, issued Sept. 8, 1970;
PA1  H. triarylamines in which at least one of the aryl radicals is substituted
      by either a vinyl radical or a vinylene radical having at least one active
      hydrogen-containing group, as described in Brantly et al U.S. Pat. No.
      3,567,450, issued Mar. 2, 1971;
PA1  I. triarylamines in which at least one of the aryl radicals is substituted
      by an active hydrogen-containing group, as described in Brantly et al.
      Belgian Pat. No. 728,563, dated Apr. 30, 1969;
PA1  J. organo-metallic compounds having at least one aminoaryl substituent
      attached to a Group IVa or Group Va metal atom, as described in Goldman et
      al. Canadian Pat. No. 818,539, dated July 22, 1969;
PA1  K. organo-metallic compounds having at least one aminoaryl substituent
      attached to a Group IIIa metal atom, as described in Johnson Belgian Pat.
      No. 735,334, dated Aug. 29, 1969;
PA1  L. charge transfer combinations, e.g., those comprising a photoconductor
      and a Lewis acid, as well as photoconductive compositions involving
      complexes of non-photoconductive material and a Lewis acid, such as
      described, for example, in Jones U.S. Defensive Publication T881,002,
      dated Dec. 1, 1970 and Mammino U.S. Pat. Nos. 3,408,181 through 3,408,190,
      all dated Oct. 29, 1968 and Inami et al. U.S. Pat. No. 3,418,116, dated
      Dec. 24, 1968.
PAR  The binder materials useful in forming photoconductive compositions include
      a wide variety of film-forming resinous materials. Typical binders for use
      in preparing the photoconductive layers are film-forming, hydrophobic
      polymeric materials having a fairly high dielectric strength and which are
      good electrically insulating film-forming vehicles. Materials of this type
      include styrene-butadiene copolymers; silicone resins; styrene-alkyd
      resins; silicone-alkyd resins; soya-alkyd resins; poly(vinyl chloride);
      poly (vinylidene chloride); vinylidene chloride-acrylonitrile copolymers;
      poly(vinyl acetate); vinyl acetate-vinyl chloride copolymers; poly(vinyl
      acetals), such as poly(vinyl butyral); polyacrylic and methacrylic esters,
      such as poly(methyl methacrylate), poly(n-butyl methacrylate),
      poly(isobutyl methacrylate), etc; polystyrene; nitrated polystyrene;
      polymethylstyrene; isobutylene polymers; polyesters, such as
      poly[ethylene-co-alkylenebis(alkyleneoxyarylene) phenylenedicarboxylate];
      phenolformaldehyde resins; ketone resins; polyamides; polycarbonates;
      polythiocarbonates;
      poly[ethylene-co-isopropylidene-2,2-bis-(ethyleneoxyphenylene)
      terephthalate]; copolymers of vinyl haloarylates and vinyl acetate such as
      poly(vinyl-m-bromobenzoate-co-vinyl acetate); etc. Methods of making
      resins of this type have been described in the prior art, for example,
      styrene-alkyd resins can be prepared according to the method described in
      Gerhart U.S. Pat. No. 2,361,019, issued Oct. 24, 1944 and Rust U.S. Pat.
      No. 2,258,423, issued Oct. 7, 1941. Suitable resins of the type
      contemplated for use in the photoconductive layers of the invention are
      sold under such tradenames as VITEL PE-101, CYMAC, Piccopale 100, Saran
      F-220, and LEXAN 145. Other types of binders which can be used in
      photoconductive layers include such materials as paraffin, mineral waxes,
      etc.
PAR  Sensitizing compounds useful in electrophotographic elements can be
      selected from a wide variety of materials, including such materials as
      pyrylium dye salts including thiapyrylium dye salts and selenapyrylium dye
      salts disclosed in VanAllan et al U.S. Pat. No. 3,250,615, issued May 10,
      1966; fluorenes, such as 7,12-dioxo-13-dibenzo(a,h)fluorene,
      5,10-dioxo-4A, 11-diazabenzo(b)fluorene,
      3,13-dioxo-7-oxadibenzo(b,g)fluorene, and the like; aggregate-type
      sensitizers of the type described in Light Belgian Pat. 705,117, dated
      Apr. 16, 1968; aromatic nitro compounds of the kind described in Minsk et
      al. U.S. Pat. No. 2,610,120, issued Sept. 9, 1952; anthrones like those
      disclosed in Zvanut U.S. Pat. No. 2,670,284, issued Feb. 23, 1954;
      quinones, Minsk et al U.S. Pat. No. 2,670,286, issued Feb. 23, 1954;
      benzophenones, Minsk et al U.S. Pat. No. 2,670,287, issued Feb. 23, 1954;
      thiazoles, Robertson et al U.S. Pat. No. 2,732,301, issued Jan. 24, 1956;
      mineral acids; carboxylic acids, such as maleic acid, di- and
      trichloroacetic acids, and salicyclic acids; sulfonic and phosphoric
      acids; and other electron acceptor compounds as disclosed by H. Hoegl, J.
      Phys. Chem., 69, No. 3, 755-766 (March, 1965), and Hoegl et al. U.S. Pat.
      No. 3,232,755, issued Feb. 1, 1966.
PAR  Electrophotographic elements can be overcoated with an outer protective
      layer if desired. This overcoat layer can function as a protective
      overcoat to prevent damage from abrasion or from chemical attack of
      solvents such as those used in liquid developing procedures, etc. Suitable
      overcoats can be selected from a wide variety of materials which are
      typically insulating such as waxes, insulating resins, e.g., polystyrene,
      urea-, phenol- and melamine-formaldehyde resins, vinyl resins, cellulose
      esters, silicone resins, poly(vinyl acetals), etc. Various overcoats are
      described, for example, in Dessauer U.S. Pat. No. 2,901,348, issued Aug.
      25, 1959; Kinsella U.S. Pat. No. 3,146,145 issued Aug. 25, 1964; and
      Deubner U.S. Pat. No. 2,860,048, issued Nov. 11, 1958. In addition,
      certain inorganic materials can be used as described, for example, in
      Corrsin U.S. Pat. No. 3,288,604, issued Nov. 29, 1966 and Kaiser U.S. Pat.
      No. 3,092,493, issued June 4, 1963.
DETD
PAC  EXAMPLE 1
PAR  A solution containing 1.75 g of poly(vinyl methyl ethermaleic anhydride)
      and 3.25 g of poly(methyl acrylate-vinylidene chloride-itaconic acid) in a
      mixture of 30 ml of methyl acetate and 170 ml of methyl isobutyl ketone is
      prepared. This solution is coated onto an electrically conducting layer
      composed of an organic semiconductor dispersed in a poly(methyl
      methacrylatemethacrylic acid) binder. The conducting layer is carried on a
      flexible insulating substrate. After evaporating the solvent, a
      hazy-appearing multi-polymeric phase barrier layer about 0.4 .mu.m thick
      is formed on the conducting layer. Differences in the optical density of
      electron micrographs taken of this barrier layer indicate areas of
      differential resistivity within the layer. An electrophotographic element
      is made by coating a photoconductive layer on the barrier layer. This
      photoconductive layer is solvent-applied from chlorinated organic
      solvents, and contains an organic photoconductor dispersed in an
      "aggregate" composition of a thiapyrylium dye salt and a polycarbonate
      polymer as described in Light, U.S. Pat. No. 3,615,414. Upon application
      of the photoconductive layer, the barrier layer appears substantially
      clear.
PAR  Tests of the resultant unitary multilayer element indicate no chemical
      interaction between photoconductor and conducting layers. An adhesive tape
      test of the element indicates good adhesion and cohesion of all layers.
      The sensitometry of the electrophotographic element is found to be
      essentially equivalent to that of a control in which the same
      photoconductive layer is applied directly on a conducting nickel substrate
      which does not interact with the photoconductive layer and therefore does
      not require a barrier layer. The electrophotographic element is also found
      to perform well in a 100-cycle regeneration test and to operate in both a
      positive- and negative-charge mode.
PAR  The use of only the poly(vinyl methyl ethermaleic anhydride) as the barrier
      layer produces a system with no useful adhesion, while the barrier layer
      having only the poly(methyl acrylate-vinylidene chloride-itaconic acid) is
      seriously damaged by the chlorinated solvents used in applying the
      photoconductive layer. In contrast the polymer blend produces the required
      combination of satisfactory adhesion, suitable electrical behavior and
      outstanding resistance to attack by the solvent system of the
      photoconductor layer.
PAC  EXAMPLE 2
PAR  A solution identical to that of Example 1 is coated on a flexible
      insulating support over a conductive layer containing imbibed cuprous
      iodide. Evaporation of the solvent gives a barrier layer about 0.4 .mu.m
      thick. A photoconductive layer similar to that of Example 1 is coated onto
      the barrier layer. Tests of the coated system indicated no deterioration
      of electrical resistivity of the cuprous iodide layer and excellent
      adhesion. Electrophotographic tests show that the system operates
      satisfactorily in both a positive- and negative-charge mode.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but, it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a unitary electrophotographic element comprising a conductive layer,
      a photoconductive layer, and a polymeric interlayer having a surface
      resistivity greater than about 10.sup.12 ohm/sq. between the conductive
      layer and the photoconductive layer, the improvement wherein said
      interlayer is a blend of at least two distinct solid polymeric phases
      comprising (a) an electrically insulating, film-forming, hydrophobic
      polymer as a first polymeric phase and (b) a film-forming, water- or
      alkali-soluble polymer having an electrical resistivity less than that of
      the hydrophobic polymer as a second polymeric phase.
NUM  2.
PAR  2. An electrophotographic element according to claim 1 wherein said
      hydrophobic polymer is selected from the group consisting of polyesters,
      polycarbonates, and hydrophobic polymers of polymerizable
      .alpha.,.beta.-ethylenically unsaturated monomers.
NUM  3.
PAR  3. An electrophotographic element according to claim 1 wherein said water-
      or alkali-soluble polymer is selected from the group consisting of
      gelatin, poly(vinyl alcohol), and polymers comprising a backbone chain of
      repeating hydrocarbon units and acidic groups containing up to ten carbon
      atoms as pendant side chains chemically bonded to the backbone chain, said
      acidic groups selected from the group consisting of sulfonic acids,
      carboxylic acids, and carboxylic acid anhydrides.
NUM  4.
PAR  4. In a unitary electrophotographic element comprising a conductive layer,
      a photoconductive layer, and a polymeric interlayer having a surface
      resistivity greater than about 10.sub.12 ohm/sq. between the conductive
      layer and the photoconductive layer, the improvement wherein said
      interlayer is a blend of at least two distinct solid polymeric phases
      comprising (a) an electrically insulating, film-forming, hydrophobic
      polymer as a first polymeric phase, and (b) a film-forming, water- or
      alkali-soluble polymer of a vinylene ether and a maleic monomer having an
      electrical resistivity less than that of the hydrophobic polymer as a
      second polymeric phase, said maleic monomer having the following formula:
      ##EQU5##
      wherein R.sup.1 and R.sup.2, when taken separately, represent a hydroxy
      group or an alkoxy group having 1 to about 6 carbon atoms with the proviso
      that at least one of R.sup.1 or R.sup.2 represents a hydroxy group; and,
      when taken together, R.sup.1 and R.sup.2 represent an oxa group.
NUM  5.
PAR  5. An electrophotographic element according to claim 4 wherein the
      electrically insulating, film-forming, hydrophobic polymer comprises from
      about 40 to 90% by weight of the polymer interlayer.
NUM  6.
PAR  6. In an electrophotographic element according to claim 4 wherein the
      vinylene ether is an alkyl vinyl ether having the formula CH.sub.2 =CH-O-R
      wherein R is alkyl.
NUM  7.
PAR  7. An electrophotographic element according to claim 4 wherein the vinylene
      ether is a cyclic vinylene ether.
NUM  8.
PAR  8. An electrophotographic element according to claim 4 wherein the
      electrically insulating, film-forming, hydrophobic polymer is a polymer of
      at least one polymerizable .alpha.,.beta.-ethylenically unsaturated
      monomer.
NUM  9.
PAR  9. In a unitary electrophotographic element comprising a conductive layer,
      an organic photoconductive layer and a single polymeric interlayer having
      a surface resistivity greater than about 10.sup.12 ohms/sq. between the
      conductive layer and the organic photoconductive layer, the improvement
      wherein said interlayer is a blend of two distinct solid polymeric phases
      comprising about 40 to about 90% by weight of an electrically insulating,
      film-forming, hydrophobic copolymer of vinylidene chloride as a first
      polymeric phase and about 60 to about 10% by weight of a film-forming,
      water soluble copolymer of a vinylene ether and maleic anhydride having an
      electrical resistivity less than that of the hydrophobic copolymer as a
      second polymeric phase.
NUM  10.
PAR  10. An electrophotographic element according to claim 9 wherein said
      copolymer of vinylidene chloride is a copolymer of at least about 40
      percent by weight vinylidene chloride and at least one other polymerizable
      monomer having the formula:
      ##EQU6##
      wherein R.sup.1 is hydrogen or methyl and R.sup.2 is an organic radical
      having 1 to about 10 carbon atoms.
NUM  11.
PAR  11. An electrophotographic element according to claim 9 wherein said
      copolymer of a vinylene ether and maleic anhydride is selected from the
      group consisting of
PA1  poly(vinyl methyl ether-maleic anhydride),
PA1  poly(vinyl chloroethyl ether-maleic anhydride),
PA1  poly(vinyl isopropyl ether-maleic anhydride),
PA1  poly(vinyl butyl ether-maleic anhydride),
PA1  poly(vinyl isobutyl ether-maleic anhydride).
NUM  12.
PAR  12. An electrophotographic element according to claim 9 wherein the
      vinylene ether is p-dioxene.
NUM  13.
PAR  13. An electrophotographic element according to claim 9 wherein said
      copolymer of vinylidene chloride is selected from the group consisting of
PA1  poly(vinylidene chloride-methyl acrylate-itaconic acid),
PA1  poly(vinylidene chloride-acrylonitrile-acrylic acid),
PA1  poly(vinylidene chloride-acrylonitrile-methyl acrylate),
PA1  poly(vinylidene chloride-acrylonitrile),
PA1  poly(vinylidene chloride-methacrylonitrile), and
PA1  poly(vinylidene chloride-methyl acrylate).
NUM  14.
PAR  14. An electrophotographic element according to claim 9 wherein said
      copolymer of vinylidene chloride is poly(vinylidene chloride-methyl
      acrylate-itaconic acid).
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ABST
PAL  Process for direct alpha to X phase conversion of metal-free
      phthalocyanine. In this process, the alpha polymorph of a metal-free
      phthalocyanine pigment can be directly converted to the X form by
      depositing the alpha form of the pigment on a suitable substrate followed
      by in situ conversion of this deposit by controlled heating. The X form of
      metal-free phthalocyanine is known to possess good electrophotographic
      speed, and, thus, can be used either alone or in combination with other
      photoconductive materials in electrophotography.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for preparation of electrophotographic
      pigments and the use of such pigments in electrophotographic imaging
      elements and methods. More specifically, this invention provides a novel
      route for the preparation of the X polymorph of metal-free phthalocyanine
      from the alpha form of this pigment.
PAR  2. Description of the Prior Art
PAR  The formation and development of images on the imaging surface of
      photoconductive materials by electrostatic means is well-known. The best
      known of the commercial processes, more commonly known as xerography,
      involves forming a latent electrostatic image on an imaging surface of an
      imaging member by first uniformly electrostatically charging the surface
      of the imaging member in the dark and then exposing this electrostatically
      charged surface to a light and shadow image. The light struck areas of the
      imaging layer are thus rendered conductive and the electrostatic charge
      selectively dissipated in these irradiated areas. After the photoconductor
      is exposed, the latent electrostatic image on this image bearing surface
      is rendered visible by development with a finely divided colored
      electroscopic powder material, known in the art as "toner". This toner
      will be principally attracted to those areas on the image bearing surface
      which retain the electrostatic charge and thus form a visible powder
      image.
PAR  The developed image can then be read or permanently affixed to the
      photoconductor in the event that the imaging layer is not to be reused.
      This latter practice is usually followed with respect to the binder-type
      photoconductive films where the layer is an integral part of the finished
      copy.
PAR  In so-called "plain paper" copying systems, the latent image can be
      developed on the imaging surface of a reusable photoconductor or
      transferred to another surface, such as a sheet of paper, and thereafter
      developed. When the latent image is developed on the imaging surface of a
      reusable photoconductor, it is subsequently transferred to another
      substrate and then permanently affixed thereto. Any one of a variety of
      well-known techniques can be used to permanently affix the toner image to
      the copy sheet, including overcoating with transparent films, and solvent
      or thermal fusion of the toner particles to the supportive substrate.
PAR  In the above "plain paper" copying systems, the materials used in the
      photoconductive layer should preferably be capable of rapid switching from
      insulative to conductive to insulative state in order to permit cyclic use
      of the imaging layer. The failure of the photoconductive material to
      return to its relative insulative state prior to the succeeding charging
      sequence will result in an increase in the rate of dark decay of the
      photoconductor. This phenomenon, commonly referred to in the art as
      "fatigue", has in the past been avoided by the selection of
      photoconductive materials possessing rapid switching capacity. Typical of
      the materials suitable for use in such a rapidly cycling imaging system
      include anthracene, sulfur, selenium and mixtures thereof (U.S. Pat. No.
      2,297,691); selenium being preferred because of its superior
      photosensitivity.
PAR  In addition to anthracene, other organic compounds, such as phthalocyanine
      pigments, are also reportedly useful in electrophotography, see for
      example U.S. Pat. No. 3,594,163. These pigments can generally be
      classified into two major subgroups; the metal-free phthalocyanines and
      the metal-containing phthalocyanines. X-ray diffraction studies and/or
      infrared spectral analysis of these pigments indicate that phthalocyanines
      also exist in at least two different polymorphic forms; they being
      designated alpha and beta -- (listed in order of increasing stability). In
      addition to these well-known forms of the metal-free and metal-containing
      phthalocyanines, additional polymorphs of the metal-containing
      phthalocyanines have also been recently reported, U.S. Patents 3,051,721
      (R-form); 3,160,635 (delta-form); and 3,150,150 (delta-form).
PAR  More recently, an additional polymorph of the metal-free and
      metal-containing phthalocyanine pigments has been disclosed. This
      polymorph, being designated the X form, is described and methods for its
      preparation contained in U.S. Pats. Re. Nos. 27,117; 3,657,272; and
      3,594,163. Comparative evaluation of the various forms of phthalocyanine
      pigments for use in electrophotography has revealed the X form to be
      preferred because of its superior electrophotographic speed. The potential
      use of this polymorphic form of phthalocyanine pigments in
      electrophotographic systems imposes stringent requirements on the purity
      of this material. It is, therefore, imperative that the techniques
      employed in synthesis of this form of pigment insure that the resulting
      product be free of impurities and/or other contaminates which can
      interfere with the electronic requirements of an electrophotographic
      imaging system.
PAR  Until recently, phthalocyanine has been prepared almost exclusively for use
      as a pigment, where color, tinctorial strength, light fastness,
      dispersability, etc. are prime considerations and the purity of the
      pigment being of only incidential importance. As a result of this
      emphasis, the reported methods for synthesis of these compounds very often
      introduce metals and/or other complex organic materials into the pigment
      which are very difficult to remove; see Moser and Thomas, Phthalocyanine
      Compounds, Reinhold Publishing Co., p.p. 104 - 189. Two of the more common
      methods used in the manufacture of phthalocyanine pigments generally
      involve (1) indirect formation of the pigment for an acid and a metal
      phthalocyanine containing a replaceable metal and (2) direct synthesis
      from phthalonitrile.
PAR  Accordingly, it is, the object of this invention to provide a process for
      preparation of the X form of metal-free phthalocyanine substantially free
      of the contaminants and impurities associated with its preparation by more
      conventional prior art techniques.
PAR  More specifically, it is the principal object of this invention to provide
      a process for the preparation of the X form of metal-free phthalocyanine
      from alpha metal-free phthalocyanine.
PAR  It is another of the objects of this invention to provide a process which
      is directive for the synthesis of the X form of metal-free phthalocyanine.
PAR  It is yet another object of this invention to provide a process which is
      directive for the preparation of the X form of metal-free phthalocyanine
      from the alpha form of metal-free phthalocyanine.
PAR  It is yet a further object of this invention to provide a process for the
      preparation of the X form of metal-free phthalocyanine in thin compact
      films.
PAC  SUMMARY OF THE INVENTION
PAR  The above and related objects are achieved by providing a process for the
      direct synthesis of the X form of metal-free phthalocyanine from the
      corresponding alpha form of metal-free phthalocyanine. This process
      comprises providing a substrate having deposited thereon alpha metal-free
      phthalocyanine; said deposit having a thickness of up to about 1400 A.
      This deposit is at least partially converted directly to the X form by
      heating at a rate in excess of from about 10 C.degree. per minute to a
      temperature in the range of from about 220.degree. to about 400.degree.C.
      In the preferred embodiments of this invention, the alpha metal-free
      phthalocyanine deposit forms a thin compact film overlying at least one
      surface of the substrate. The average thickness of the alpha metal-free
      phthalocyanine deposit used in this process should preferably be less than
      about 1300 A and thermal conversion to the X polymorph carried out by
      heating at about 60C.degree. per minute to a temperature of about
      330.degree.C.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The FIGURE is a graphical illustration of the absorption spectrum of a
      vacuum deposited film of alpha metal-free phthalocyanine and the
      absorption spectrum of this same film after in situ thermal conversion to
      the X polymorph.
DETD
PAC  DESCRIPTION OF THE INVENTION INCLUDING PREFERRED EMBODIMENTS
PAR  According to the process of this invention, alpha metal-free phthalocyanine
      is deposited on a substrate material and thereafter thermally converted by
      controlled heating to its corresponding X polymorph. The metal-free
      phthalocyanine which can be used in the process of this invention is
      readily commercially available or can be prepared by any of the
      conventional techniques described in the technical literature; see for
      example Chapter 4 of the previously referenced Moser and Thomas
      publication. Prior to deposition of the phthalocyanine on the substrate it
      should be substantially free of impurities. For example, where this
      phthalocyanine is prepared directly from phthalonitrile, residual
      phthalonitrile can be readily removed by washing the phthalocyanine with
      acetone.
PAR  The metal-free phthalocyanine can then be deposited on an appropriate
      substrate by standard vapor deposition techniques. For example, in such
      procedures a measured quantity of alpha or beta metal-free phthalocyanine
      is placed in an open container or boat, the boat placed in a vacuum
      deposition chamber, a substrate positioned above the boat, the chamber
      sealed and evacuated to a pressure of less than 10.sup.-.sup.4 Torr. The
      temperature on the boat is then increased to about 400.degree.C whereupon
      the phthalocyanine sublimes and deposits on the substrate. The quantity of
      the deposition is monitored and upon obtaining the desired amount of alpha
      metal-free phthalocyanine on said substrate, deposition is terminated by
      interposition of a shutter between the substrate and the boat. The
      substrate upon which the alpha metal-free phthalocyanine is deposited is
      maintained at ambient temperatures (approximately 20.degree.C) during such
      deposition. The form of the deposit on the substrate will vary with the
      extent of such deposition. Ordinarily, where the deposition is terminated
      within a few seconds after the alpha metal-free phthalocyanine begins to
      collect upon the substrate, the deposit may appear as a discontinuous
      coating. On the other hand, where the deposition is allowed to proceed for
      about a minute the deposit will appear as a thin compact film. The
      thickness of such deposition is critical to the process of this invention
      and must be maintained within previously prescribed limits.
PAR  The precise chemical composition and geometry of the substrate used in the
      condensation of the alpha metal-free phthalocyanine does not appear to be
      critical, provided, that it is inert toward the alpha metal-free
      phthalocyanine and its corresponding X polymorph and thermally stable
      during the heating phase of this process. In the preferred embodiments of
      this invention, it is preferable that the substrate be nonhygroscopic and
      relatively transparent. Any one of a variety of materials possessing the
      above characteristics are suitable for use as substrates in this process;
      typical of such materials include quartz, tin oxide coated glass (NESA
      glass) and select plastic films (e.g. poly(N-vinylcarbazole).
PAR  The exposed surface of the alpha metal-free phthalocyanine deposit is then
      isolated or confined so as to insure the maintanence of a vapor pressure
      equilibrium between the deposit and the vapors emanating from said deposit
      during thermal treatment and yet preclude substantial evaporation of the
      deposit from the substrate during in situ thermal conversion to the
      X-polymorph. This confinement of the deposit can be achieved by simply
      placing a plate in contact with the deposit and maintaining this
      sandwich-like structure during the thermal treatment phase of this
      process. The composition of this plate is not believed to be critical, and
      good results have been obtained using materials similar to those employed
      as substrates. Of course, the physical geometry of the plate should be
      such as to afford maximum confinement of the deposit on the substrate.
PAR  Both the rate of heating the temperature to which the deposit is heated are
      critical in determining the direction and extent of conversion of the
      alpha metal-free phthalocyanine. For example, when such alpha metal-free
      phthalocyanine deposits are heated at a rate is excess of from about 10 to
      about 60C.degree. per minute to a temperature in the range of from about
      220.degree. to about 400.degree.C, direct conversion of the deposit to the
      X polymorph is observed. This conversion is manifest by a change in color
      and a transformation in the apparently structureless character of the
      deposit to one having a fine uniform grain. Where the rate of heating is
      below about 10C.degree. per minute, substantial quantities of the alpha
      metal-free phthalocyanine are converted to the corresponding beta
      polymorph and the deposit takes on a nonuniform appearance. The formation
      of the beta polymorph within the alpha metal-free phthalocyanine deposit
      also appears to occur at temperatures in excess of about 400.degree.C. At
      such elevated temperatures, there is a competitive formation of both the X
      and beta polymorphs and thus, the temperature of such thermal conversion
      chamber should be maintained below this upper level and preferably not in
      excess of about 330.degree.C.
PAR  Where the thermal treatment step of this process is carried out in a
      combined differential thermal analysis - spectrophotometric cell, it is
      possible to monitor the absorption spectra of the phthalocyanine deposit
      before and immediately after thermal treatment without removal of the
      sample from the cell; cell design shown in REVIEW OF SCIENTIFIC
      INSTRUMENTS, Vol. 41, 1313 - 1315 (1970). FIG. 1 provides graphic
      illustration of such a shift in absorption spectra resulting from
      controlled thermal treatment of an alpha metal-free phthalocyanine film
      having a thickness of about 800 A.
PAR  The X form of metal-free phthalocyanine prepared as described above has
      rapid photoresponse in the red and near infrared regions of the spectrum
      and thus, can be used as the photoresponsive medium of an
      electophotographic imaging member. The X form of the pigment can be
      prepared directly on a conductive substrate, such as tin oxide coated
      glass, or subsequent to its preparation removed therefrom and dispersed in
      a film forming insulating resin and sprayed, draw or dip coated on a
      conductive substrate. The photoresponsive layer containing the X form of
      the phthalocyanine pigment can be overcoated with an insulating film in
      order to improve its charge storage characteristics. The rate of dark
      decay of such members may also be reduced by the interposition of a
      barrier layer between the photoconductive insulating layer and the
      conductive substrate. This barrier layer provides a blocking contact thus
      preventing premature injection from the conductive substrate into the
      photoconductive insulating medium. The electronic properties of this
      electrophotographic member require that the image bearing surface thereof
      have a resistivity in excess of about 10.sup.-.sup.10 ohm - centimeters.
      This insulating quality of the image bearing surface must be maintained
      even in the presence of an applied electric field.
PAR  In addition to the NESA glass type substrate previously disclosed, the X
      polymorph of metal-free phthalocyanine can be operatively disposed with
      respect to any one of a number of conductive substrates such as aluminum,
      brass, chromium or metalized plastic films. The electrophotographic
      imaging members prepared from these photoconductive materials and
      conductive substrates can be used in electrostatographic imaging systems.
      In such an electrostatographic imaging system, the imaging member
      comprises an imaging layer (generally containing the photoconductive
      material) operatively disposed in relation to the conductive substrate.
      This imaging layer is sensitized in the dark by the application thereto of
      a uniform electrostatic charge. Among the methods commonly employed for
      sensitization of this imaging layer include frictional charging or a
      discharge from a corona electrode. After the imaging layer is sensitized,
      it is selectively exposed to activating electromagnetic radiation thereby
      dissipating the charge on the light struck areas of said layer. The
      remaining charge pattern or latent electrostatic image is rendered visible
      by development with finely divided colored electroscopic particles,
      generally referred to as toner. This visible powder image can then be
      fused to the surface of the imaging layer or transferred to a receiving
      sheet. Fixation of the powder image is generally accomplished by solvent
      or thermal fusion techniques. Prior to a recycling of the
      electrostatographic imaging member residual toner particles remaining on
      the imaging layer are removed by a combination of neutralizing charging
      and mechanical means.
PAR  The Examples which follow further define, describe and illustrate
      preparation and use of the X polymorph of metal-free phthalocyanine. The
      techniques and equipment used in preparation, analysis and evaluation of
      the products of this process are standard or as hereinbefore described.
      Parts and percentages appearing in these Examples are by weight unless
      otherwise indicated.
PAC  EXAMPLE I
PAR  A measured quantity of alpha metal-free phthalocyanine is placed in a
      molybdenum boat, the boat inserted into a vacuum deposition chamber, and a
      quartz substrate 2 inches square by 0.125 inches thick suspended about 16
      inches above the boat so that the face of the substrate is perpendicular
      to the base of the boat. The pressure within the chamber is then reduced
      to about 10.sup.-.sup.5 Torr and the temperature of the boat thereafter
      increased to about 400.degree.C, thus, resulting in the vaporization of
      the alpha metal-free phthalocyanine. These vapors rise within the chamber,
      condensing on the substrate and thus form a thin compact, apparently
      structureless deposit of alpha metal-free phthalocyanine. Condensation of
      such vapors is continued until the deposit on the substrate reaches an
      average film thickness of about 800 A, whereupon a metal shutter is
      interposed between the boat and the substrate thereby preventing further
      deposition. Generally, the elapsed time between the initial vaproziation
      of the alpha metal-free phthalocyanine and the interruption of
      condensation with the metal shutter is somewhat less than one minute. The
      vacuum seal of the deposition chamber is then broken, the substrate
      bearing the alpha metal-free phthalocyanine deposit removed, a second
      quartz plate substantially the same as the substrate placed over and in
      contact with the deposit and the resulting sandwiched-like structure
      placed within a specially designed differential thermal analysis -
      spectrophotometric cell (of the type referred to previously). Once the
      sample is securred within the cell, the cell is sealed and the temperature
      therein increased at a rate of about 60C.degree. per minute to a
      temperature of 330.degree.C.
PAR  Spectral analysis prior and subsequent to such heat treatment evidences a
      shift in spectral sensitivity from the alpha to the X polymorph of
      metal-free phthalocyanine. The sample can be removed from the cell shortly
      after heating to the desired temperature or the sample and the cell
      allowed to cool prior to such removal. The two plates housing the sample
      are separated and a deposit examined under a light microscope at a
      magnification of 200X. The apparently structureless compact film of
      metal-free phthalocyanine now possesses a fine grain structure indicating
      thermal crystallization during the phase transformation of the metal-free
      phthalocyanine from the alpha to the X polymorph.
PAC  EXAMPLE II
PAR  The procedure of Example I is repeated, except for the heating of the
      sample at a rate of 10C.degree. per minute to a temperature of
      300.degree.C. Spectrophotometric analysis of the film prepared in this
      manner indicates substantially complete conversion of the alpha metal-free
      phthalocyanine to the X polymorph. Some beta metal - free phthalocyanine
      is also detected, but only in very minor amounts. Examination of these
      films under the light microscope reveals some increase in grain size.
PAC  EXAMPLE III
PAR  The procedure of Example I is repeated, except for the heating of the
      sample at a rate of 5C.degree. per minute to a temperature of
      330.degree.C. The size and randomness of distribution of crystals within
      the film is seen to increase dramatically and significant quantities of
      beta metal-free phthalocyanine are found to be present within the film.
PAC  EXAMPLE IV
PAR  The procedure of Example I is repeated, except for the heating of the
      sample to about 400.degree.C. Here as in Example III, the size and
      randomness of crystals within the film is seen to increase dramatically
      and significant quantities of beta metal-free phthalocyanine are found to
      be present in the film. Apparently, the period of exposure of the film to
      such higher temperatures is a factor in determining the relative
      concentration of the X and beta polymorphs in the film; the more
      abbreviated the period of heating at such elevated temperatures, the less
      beta polymorph present in the film.
PAC  EXAMPLE V - VII
PAR  A series of samples are prepared according to the procedure of Example I,
      except for the condensation of the alpha metal-free phthalocyanine on the
      substrate until the average film thickness of such deposit is about 1300
      A, 1400 A, and 1500 A respectively. Controlled heating of these samples
      produces the following results:
TBL  Ex.   Film                      Predominant                               

     No.   Thickness Physical Appearance                                       

                                     Polymeric Form                            

     ______________________________________                                    

     V     1300 A    fine uniform grain                                        

                                     X polymorph                               

     VI    1400 A    Some increase in                                          

                                     X polymorph,                              

                     grain size      some traces of                            

                                     beta                                      

     VII   1500 A    sharp increase in                                         

                                     beta polymorph                            

                     grain                                                     

     ______________________________________                                    

PAC  EXAMPLE VIII
PAR  The procedure of Example I is repeated, except for the failure to cover the
      sample with a second quartz plate prior to thermal treatment.
      Spectrophotometric evaluation of the sample indicates direct conversion of
      the sample from the alpha to the beta polymorph.
PAC  EXAMPLE IX
PAR  The procedure of Example I is repeated, except for the separation of the
      quartz cover plate from the sample by a 0.01 inch spacer and the
      maintenance of such separation during thermal treatment.
      Spectrophotometric evaluation of the sample indicates conversion of the
      sample directly from the alpha to the beta polymorph.
PAC  EXAMPLE X
PAR  The procedure of Example I is repeated, except for the sustitution of a tin
      oxide coated glass plate (NESA glass) for the quartz substrate. The
      phthalocyanine product obtained is equivalent to that obtained in Example
      I.
PAC  EXAMPLE XI
PAR  The procedure of Example I is repeated, except for the substitution of a 50
      micron thick film of poly(N-vinylcarbazole) for the quartz substrate. The
      phthalocyanine product obtained is equivalent to that obtained in Example
      I.
PAC  EXAMPLE XII
PAR  The X metal-free phthalocyanine plate of Example X is evaluated for use as
      an electrostatographic imaging member on a Xerox Model D type copier
      adapted for acceptance of an imaging member of reduced dimensions.
      Charging, exposure and development sequences utilized in the copying cycle
      are standard. The reproductions made with this plate are of acceptable
      quality.
PAC  EXAMPLE XIII
PAR  The plate prepared as described in Example XI is placed in a vacuum
      deposition chamber and a 10 micron thick aluminum film vacuum deposited
      over the layer of X metal-free phthalocyanine. The resultant plate is
      removed from the chamber and evaluated for use as an electrostatographic
      imaging member in the same manner described in Example XII. The
      reproductions prepared with this plate are superior to those prepared in
      Example XII.
PAC  EXAMPLE XIV
PAR  The procedures of Example I are repeated except that the vacuum deposition
      of the alpha metal-free phthalocyanine is carried out at a pressure of
      about 30 Torr. As the metal-free phthalocyanine sublimes it is converted
      directly to the X form; nucleation and particle growth occurring in the
      vapor phase. These X metal-free phthalocyanine particles are collected on
      an appropriate substrate and subjected to spectrophotometric and light
      microscopic examination. Such tests confirm that the product is the X
      polymorph of metal-free phthalocyanine and that the deposit has a light
      fluffy microcrystalline structure characteristic of a particulate deposit.
PAC  EXAMPLE XV
PAR  The procedure of Example I is repeated, except for the formation of the
      alpha metal-free phthalocyanine deposit on the substrate by sublimation of
      the beta polymorph of metal-free phthalocyanine.
PAC  EXAMPLE XVI
PAR  This process also provides a unique method for forming thin compact
      binderless films from X metal-free phthalocyanine pigment particles. The
      procedure of Example I is repeated except for the substitution of the X
      polymorph of metal-free phthalocyanine for alpha form of this pigment in
      the molybdenum boat. Upon initiation of vacuum deposition, the X polymorph
      sublimes and thereafter condenses as a thin compact binderless deposit of
      the corresponding alpha polymorph. The alpha metal-free phthalocyanine
      deposit is then reconverted to the X form by controlled heating as per
      Example I.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the direct thermal conversion of the alpha polymorph of
      metal free phthalocyanine to the corresponding X polymorph, said process
      comprising:
PA1  a. providing a substrate having deposited thereon alpha metal free
      phthalocyanine, said deposit having an average thickness of up to about
      1400 Angstrom units;
PA1  b. confining said deposit by placing in contact therewith physical means
      the geometry of said means affording maximum confinement of the deposit on
      the substrate thereby insuring the maintenance of a vapor pressure
      equilibrium between the deposit and vapors emanating from said deposit
      thereby precluding substantial evaporation thereof during thermal
      conversion to the corresponding X polymorph; and
PA1  c. heating said confined deposit at a rate in excess of about 10C.degree.
      per minute to a temperature in the range of from about 220.degree. to
      about 450.degree.C so as to effect direct in situ conversion of at least
      some of the alpha metal free phthalocyanine to its corresponding X
      polymorph.
NUM  2.
PAR  2. The process of claim 1, wherein the deposit of alpha metal free
      phthalocyanine has an average thickness of up to about 1300 A.
NUM  3.
PAR  3. The process of claim 1, wherein said deposit is heated at a rate ranging
      from in excess of about 10C.degree. per minute to about 60C.degree. per
      minute.
NUM  4.
PAR  4. The process of claim 1 wherein said deposit is heated to a temperature
      in the range of from about 220.degree. to about 330.degree.C.
NUM  5.
PAR  5. The process of claim 1, wherein the alpha metal free phthalocyanine
      deposit is supported on a quartz substrate.
NUM  6.
PAR  6. The process of claim 1, wherein the alpha metal free phthalocyanine
      deposit is supported on a conductive substrate.
NUM  7.
PAR  7. The process of claim 1, wherein the alpha metal free phthalocyanine
      deposit is supported on a tin oxide coated glass substrate.
NUM  8.
PAR  8. A process for the direct thermal conversion of the alpha polymorph of
      metal free phthalocyanine to the corresponding X polymorph, said process
      comprising:
PA1  a. providing a substrate having deposited thereon alpha metal free
      phthalocyanine, said deposit having an average thickness of up to about
      1400 angstrom units;
PA1  b. confining said deposit by placing in contact therewith a plate-like
      member, the physical geometry of said member affording maximum confinement
      of the deposit on the substrate thereby insuring the maintenance of a
      vapor pressure equilibrium between the deposit and vapors eminating from
      said deposit thus precluding substantial evaporation thereof during
      thermal conversion to the X polymorph; and
PA1  c. heating said confined deposit at a rate in excess of about 10.degree.C
      per minute to a temperature in the range of from about 220.degree. to
      about 450C.degree. so as to effect direct in situ conversion of at least
      some of the alpha metal free phthalocyanine to its corresponding X
      polymorph.
NUM  9.
PAR  9. The process of claim 8, wherein the deposit of alpha metal free
      phthalocyanine has an average thickness of up to about 1300 A.
NUM  10.
PAR  10. The process of claim 8, wherein said deposit is heated at a rate
      ranging from in excess of about 10C.degree. per minute to about
      60C.degree. per minute.
NUM  11.
PAR  11. The process of claim 10, wherein said deposit is heated to a
      temperature in the range of from about 220.degree. to about 330.degree.C.
NUM  12.
PAR  12. The process of claim 8, wherein the alpha metal free phthalocyanine
      deposit is supported on a quartz substrate.
NUM  13.
PAR  13. The process of claim 8, wherein the alpha metal free phthalocyanine
      deposit is supported on a conductive substrate.
NUM  14.
PAR  14. The process of claim 8, wherein the alpha metal free phthalocyanine
      deposit is supported on a tin oxide coated glass substrate.
NUM  15.
PAR  15. The process of claim 8, wherein the alpha metal free phthalocyanine
      deposit is supported on a photoconductive substrate.
NUM  16.
PAR  16. The process of claim 8, wherein the alpha metal free phthalocyanine
      deposit is supported on a film comprising poly(N-vinylcarbazole).
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ABST
PAL  Photoconductive coating compositions for application to solid substrates
      which are to be utilized in electrophotographic operations are described;
      the resultant photoconductive coatings comprise a layer of photoconductive
      pigment particles bonded to themselves and to the solid substrate with a
      binder comprising a novel interpolymer, at least one of whose constituent
      monomers contains bromine. Novel bromine-containing monomers are also
      disclosed.
PARN
PAC  RELATED APPLICATIONS:
PAR  This application is a division of application Ser. No. 169,075 filed Aug.
      4, 1971, now U.S. Pat. No. 3,793,293 granted Feb. 19, 1974, and of other
      copending divisional applications Ser. No. 418,169 filed Nov. 23, 1973 now
      U.S. Pat. No. 3,891,095, Ser. No. 418,170 filed Nov. 23, 1973 now
      abandoned, and Ser. No. 418,597 filed Nov. 23, 1973 now U.S. Pat. No.
      3,845,020, and all assigned to the assignee of the instant application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new photoconductive coating compositions, and
      more particularly to such compositions comprising polymeric binders
      derived from bromine-containing monomers and to the improved
      photoconductive coatings prepared from such compositions.
PAR  In the known electrophotographic processes, a solid substrate which has
      been coated with a photoconductive surface is electrostatically charged in
      the absence of light. The charged surface is then exposed to a light
      source, such as an image reflected from a printed surface or transmitted
      through a transparency, which serves to discharge the exposed area while
      having no effect upon the charge on the unexposed areas which is thus
      retained in the form of an electrostatic image. The surface areas are then
      contacted with an electrostatically charged marking powder or dispersion
      which clings to the charged areas but does not adhere to the uncharged,
      i.e. exposed, areas. The visible image which is thus formed may then be
      transferred to another surface resulting in a positive or negative print,
      or, if desired, it may be fused in order to fix the image directly to the
      solid substrate itself.
PAR  It is evident that the proper selection of a photoconductive system is
      essential for a successful electrophotographic operation. Among the
      properties that must be exhibited by such photoconductive materials are
      included: the ability to accept an electrostatic charge; the ability to
      hold the charge for a period of time in the absence of light without
      exhibiting a rapid rate of charge decay; the ability to provide the fixed
      or developed sheets with excellent print density; the ability to provide
      an efficient dispersing medium for the pigment particles; inertness of the
      binder toward the pigment which is being utilized; and, the ability to be
      readily coated on a solid substrate.
PAR  A frequently utilized photoconductive system comprises the combination of a
      zinc oxide pigment and polyvinyl acetate or a styrene interpolymer binder.
      These systems, however, do not exhibit the aforementioned properties to an
      optimum level.
PAR  It is recognized in the art that the properties of an
      electrophotoconductive system are realized not only from the particular
      photoconductive pigment which is utilized; rather, it is the combination
      of the pigment with a particular binding agent which is the critical
      factor. It can be understood, therefore, that the choice of a binding
      agent in connection with a pigment, such as zinc oxide, is of prime
      importance in achieving the desired characteristics of the system.
PAR  We have now found that photoconductive coatings comprising a
      photoconductive pigment, such as zinc oxide, bonded with a binding agent
      comprised of an interpolymer derived from at least one bromine-containing
      monomer realize the above described requirements for achieving an
      effective electrophotographic system having desirable characteristics. A
      particular feature of the present electrophotoconductive compositions is
      their ability to discharge their electrostatic charge almost
      instantaneously in the presence of light. Thus, we have found that solid
      substrates which have been coated with the latter material will accept and
      hold an electrostatic charge in the absence of light, and upon being
      exposed to light will immediately release the charge from the exposed
      areas but will retain the charge on the unexposed areas with a high degree
      of efficiency and for a period of time sufficient to permit visible
      development of the electrostatic image formed by the unexposed areas.
      Furthermore, these photoconductive systems are readily coated onto a
      variety of solid substrates and provide the resulting printed sheet with
      excellent density, i.e. with excellent definition of the visible image.
PAC  SUMMARY OF THE INVENTION
PAR  It is, thus, the object of this invention to provide a phostoconductive
      system which has the ability to accept and retain an electrostatic charge
      for a period of time which is sufficient to permit visible development and
      fixation of an electrostatically formed image and which is, therefore,
      readily applicable for use in electrophotographic operations. It is a
      further object to prepare base plates for use in electrophotographic
      operations by coating the latter photoconductive system onto applicable
      solid substrates. Various other objects and advantages of this invention
      will be apparent from the following description thereof.
PAR  The polymeric binder system which is utilized in conjunction with the
      photoconductive pigment serves to bind the particles of the latter pigment
      to themselves as well as to the selected substrate. It thereby places
      these pigment particles in a spatial relationship with one another such
      that they are rendered photoconductive in those areas in which light
      radiation strikes the coating.
PAR  The novel binders of this invention are interpolymers comprised of residues
      derived from at least one bromine-containing monomer selected from the
      group consisting of compounds of the following general formulas:
      ##EQU1##
      wherein:
EQU  R.sub.1 = H, or - Ch.sub.3,
EQU  R.sub.2 = alkyl radical having 1 to 4 carbon atoms,
EQU  R.sub.3 = H, CH.sub.3, or - CH.sub.2 Br,
      ##EQU2##
EQU  R.sub.6 = H or Br; and at least one monomer which does not contain bromine
      selected from the group consisting of monomers having the following
      general formulas:
      ##EQU3##
      wherein: R.sub.4 = H, Cl, or t-butyl,
PA1  R.sub.5 = an alkyl radical of 1 to 8 carbon atoms or a cycloalkyl radical
      of 3 to 8 carbon atoms, and
PA1  Z = h or -- COO -- R.sub.5.
PAL  Esters of the above-listed acids are also useful monomers. The
      interpolymers of this invention contain about 0.01 to 0.35 moles of
      bromine-containing monomer per mole of total monomers.
PAR  The random interpolymers of this invention may be prepared by means of free
      radical initiated polymerization procedures or by other polymerization
      procedures well known to those skilled in the art. Generally, they are
      most conveniently prepared by means of free radical initiated solution
      polymerization techniques and they may then be used in the form of the
      organic solutions in which they were originally prepared. Alternatively,
      they may be prepared as 100% resin solid materials, as by means of a bulk
      or pearl polymerization procedure, and subsequently dissolved in organic
      solvents prior to their use as binders in our photoconductive coating
      composition. These interpolymers may also be prepared using emulsion
      polymerization techniques well known to those skilled in the art.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Although all of the bromine-containing monomers listed above are useful in
      preparing the improved binders of this invention the following monomers
      are preferred: 2-bromoethyl methacrylate, 2-bromoethyl maleate,
      ethyleneglycolmonomaleate-2-carboethyoxy-3, 4, 5, 6-tetrabromobenzoate,
      propyleneglycolmonomaleate-2-carboethoxy-3, 4, 5, 6-tetrabromobenzoate,
      ethyleneglycolmonomaleate-2-carbobutoxy-3, 4, 5, 6-tetrabromobenzoate, and
      propyleneglycolmonomaleate-[2-carbobutoxy-3, 4, 5, 6-tetrabromobenzoate.
PAR  Of the monomers useful in preparing the novel polymers of this invention
      those of the types (a), (b), (c), (d), (e), and (f) are themselves novel.
PAR  Monomers of type (a) are prepared by the esterification of acrylic or
      methacrylic acid with 2,3-dibromoallyl alcohol following the conventional
      method of esterification. 2,3-Dibromoallyl alcohol is prepared by adding 1
      mole of bromine across the triple bond of propargyl alcohol in chloroform
      at 5.degree. to 15.degree.C. The brominated alcohol is then distilled
      under reduced pressure to obtain a pure product.
PAR  Monomers of type (b) are prepared by the reaction of 1 mole of maleic
      anhydride with 1 mole of 2,3-dibromoallyl alcohol at 80.degree. to
      100.degree. C. using 0.1 to 0.5% triethylamine or sodium acetate as a
      catalyst. The final product is almost colorless viscous product having an
      acid number close to theory.
PAR  A typical monomer of the (c) type may be synthesized as follows in a
      mixture with a monoalkyl maleate or in pure form. The monomer is easier to
      synthesize in a mixture with 50 mole per cent of monoalkyl maleate. It can
      also be synthesized in 100% purity by isolating the intermediate
      hydroxyalkyl alkyl tetrabromophthalate from the mixture in the second step
      of the reaction shown below and then reacting it with maleic anhydride.
PAR  The synthesis of monomer mixed with monoalkyl maleate may be described by
      the following sequence of reactions.
      ##EQU4##
PAR  In the first reaction one mole of tetrabromophthalic anhydride is reacted
      with 2 moles of alkanol at 70.degree. to 100.degree. C. for 2 to 4 hours
      to form one mole of monoalkyl tetrabromophthalate and one mole of
      unreacted alkanol. In the second step this mixture is reacted with alpha
      olefin oxide such as ethylene oxide and propylene oxide, at
      70.degree.-100.degree. C. in a closed reactor or at atmospheric pressure
      for 2 to 4 hours in the presence of 1 to 3% (based on the mixture)
      tetramethylammonium chloride as a catalyst to form one mole of
      hydroxyalkyl alkyl tetrabromophthalate and one mole of unreacted alkanol.
      In the final step the above mixture is reacted with 2 moles of maleic
      anhydride at 70.degree. to 100.degree. C. to form one mole of
      alkyleneglycolmonomaleate-2-carboalkoxy-3,4,5,6-tetrabromobenzoate and one
      mole of monoalkylmaleate. The above monomer mixture is obtained as a
      slightly hazy, viscous liquid.
PAR  The 100% pure monomer is prepared by isolating the intermediate from the
      mixture obtained in the second step. The unreacted alkanol is removed by
      distillation under reduced pressure followed by washing the solution of
      intermediate in aromatic hydrocarbon solvent with water. A higher alkanol
      such as butanol requires thorough washing with water due to its low
      solubility in water. The washed intermediate is dried with a drying agent,
      stripped of solvent under reduced pressure at 25.degree.-50.degree.C., and
      then reacted with one mole of maleic anhydride to form a pure
      alkyleneglycolmonomaleate-2-carboalkoxy-3,4,5,6-tetrabromobenzoate as a
      viscous liquid.
PAR  Monomers of type (d) are synthesized by the reaction of one mole of
      tetrabromophthalic anhydride and 1.25 to 2 moles hydroxyalkyl acrylate or
      hydroxyalkyl methacrylate at 80.degree. to 100.degree.C. for 3 to 6 hours
      using 1 to 5% (based on total charge) triethylamine as a catalyst. The
      mixture is then diluted with solvent (toluene, chloroform,
      methylenechloride, etc.) and washed with water several times to remove
      unreacted hydroxyalkyl acrylate or methacrylate and triethylamine. The
      washed monomer is dried with a drying agent (anhydrous sodium sulfate) and
      stripped of solvent under reduced pressure at 40.degree.-50.degree.C. The
      finished monomer is obtained as a slightly colored viscous liquid having
      an acid number close to theory.
PAR  Monomers of type (e) are prepared by the reaction of 2,4,6--tribromophenol
      with an alphaolefin oxide such as ethylene oxide and propylene oxide, in
      the presence of 1 to 3 percent tetramethylammonium chloride at 80.degree.
      to 100.degree.C. for 3 to 6 hours to form 2,4,6-tribromophenoxyethanol.
      The reaction mixture is washed thoroughly with water after dissolving in
      solvent, dried with a drying agent, and stripped of solvent under reduced
      pressure at 40.degree. to 60.degree.C. The product is then analyzed for
      hydroxyl number. The yield of this intermediate is generally 40 to 60%.
      The intermediate is then reacted with maleic anhydride at 80.degree. to
      100.degree.C. for 3 to 5 hours to form mono-2,4,6-tribromophenoxyethyl
      maleate.
PAR  The monomer is obtained as a slightly colored viscous liquid.
PAR  Monomers of type (f) can be synthesized using the same procedure as is used
      for monomers of type (e) by replacing tribromophenol with dibromophenol.
PAR  Preferred monomers which do not contain bromine and are useful in preparing
      the photoconductive polymers of this invention are: styrene,
      dibutylfumarate, dibutylmaleate, ethylacrylate, butylacrylate,
      hydroxypropylmethacrylate, hydroxyethylmethacrylate, hydroxypropyl
      acrylate, hydroxyethyl acrylate, vinylacetate, monoethylmaleate,
      monobutylmaleate, acrylic acid, methacrylic acid, and crotonic acid.
PAR  All of the interpolymers used in the binder compositions described herein
      may be prepared by means of free radical initiated polymerization
      procedures or by other polymerization procedures well known to those
      skilled in the art. However, they are most conveniently prepared by means
      of free radical initiated solution polymerization techniques and they may
      be then used in the form of the organic solvent solutions in which they
      were originally prepared. Alternatively, they may be prepared as 100%
      resin solids material, as by means of a bulk or pearl polymerization
      procedure, and subsequently dissolved in organic solvents prior to their
      use as binders in our photoconductive coating compositions. Organic
      solvents which may be employed for the solution polymerization of these
      interpolymers as well as for their ultimate use in formulating our
      photoconductive coating compositions include benzene, toluene, xylene,
      cyclohexane, ethyl acetate, isopropyl acetate, methyl ethyl ketone and
      methyl isobutyl ketone as well as mixtures of any of the latter solvents.
      Typical organic solvent solutions of these interpolymers, as used in
      preparing our photoconductive coating compositions, should have a resin
      solids content of up to about 70%, by weight.
PAR  These interpolymers may also be prepared using emulsion polymerization
      techniques well known to those skilled in the art.
PAR  It is to be understood that although zinc oxide will ordinarily be utilized
      as the photoconductive pigment component of our novel compositions, it
      may, however, be replaced with various equivalents therefor, such for
      example, as titanium dioxide, selenium oxide, zinc sulfide, and the like.
      Moreover, a mixture of more than one photoconductive pigment may likewise
      be used.
PAR  The actual preparation of the novel photoconductive coating systems of this
      invention may be accomplished merely by admixing and dispersing the
      photoconductive pigment in an organic solvent solution of the selected
      interpolymer and thereafter finely grinding the resulting dispersion in
      any suitable equipment, such as a porcelain ball mill, Morehouse mill,
      kady mill, or sand mill, to a pigment particle size of from about 4 to 6
      units on the Hegman scale.
PAR  Approximately from about 2 to 12 parts, by weight, of zinc oxide solids
      should be present in the mixture for each part, by weight, of the
      interpolymer resin solids. We have found that the total solids content,
      i.e. the combined weight of the pigment solids and the interpolymer
      solids, of our photoconductive coating compositions may vary from about 30
      to 60% by weight. Appropriate dilution, when necessary, can be made using
      any one or more of the organic solvents described hereinabove.
PAR  The preparation is generally completed by incorporating a sensitizer dye or
      dye mixture into the coating composition in a concentration ranging from
      about 0.02 to 0.50%, based on the weight of the zinc oxide. Applicable
      sensitizers include, for example, disodium fluorescein, Rose Bengal,
      Bromphenol Blue, Methylene Blue, Eriochrome Black, Eosin Y, and Acridine
      Orange. The addition of the latter sensitizers may, however, be obviated
      if the resulting photoconductive systems are to be utilized in a procedure
      whereby the light or energy source is itself capable of causing a
      conductive response in the zinc oxide photoconductive pigment.
PAR  Optional additives may be incorporated into these novel photoconductive
      systems in order to modify certain properties thereof. Among such
      additives are included: plasticizers such as dialkyl phthalates; optical
      brighteners such as titanium dioxide; silicones; and, modifying resins
      such as alkyd resins.
PAR  Our novel systems may be coated onto a wide variety of solid substrates
      such, for example, as paper, paperboard, fabrics made from natural and
      synthetic fibers, metallic coated paper, metallic foils, and synthetic
      resin-based films such as polyethylene terephthalate, polyethylene,
      polypropylene, polyvinyl chloride and cellulose acetate, the latter
      resin-based films having previously been rendered conductive or
      semi-conductive. The actual application of these photoconductive systems
      to the selected substrate may be accomplished by the use of any technique
      which is capable of depositing a continuous film on the surface thereof.
      Thus, among the various methods of application which may be utilized, one
      may list wire wound land grooved rod applicators, as well as air knife,
      trailing blade, gravure, reverse and direct roll coaters. Typical coating
      weights may range from about 8 to 30 pounds per 3000 square feet of
      substrate.
PAR  Following their application, the photoconductive coating systems are dried
      by any convenient means as, for example, by the use of forced air oven
      drying, infra-red or radiant heat drying. Here again, such drying methods
      are well known and the practitioner may employ the drying means best
      suited to his particular needs in light of the equipment which is
      available.
PAR  In order to demonstrate the excellent photoconductive properties exhibited
      by the coating systems of this invention, the tests described hereinbelow
      may be used. In each instance, these tests were conducted in an
      environment wherein the relative humidity was at a level of 50%.
PAR  Charge Acceptance - The selected photoconductive coating system is applied
      onto a paper substrate in a coating weight of 14 pounds per 3000 square
      feet of paper and then dried. Thereafter, the coated paper is conditioned,
      in the absence of light, for a period of 24 hours whereupon it is exposed,
      while still in the dark, to an electrostatic charging unit for a period of
      7 seconds. The surface charge which is thus imparted to the coated paper
      is then measured by means of an electrostatic probe.
PAR  Dark Decay Rate - Continuing the procedure of the "Charge Acceptance" test,
      immediately after removing the charging unit and measuring the deposited
      surface charge, the electrostatic probe is utilized to measure the rate at
      which the charge dissipates from the surface of the coated paper by
      measuring the surface charge for a period of 10 seconds. Needless to say,
      photoconductive systems which exhibit a low dark decay rate, i.e. in the
      range of about 2 to 8 volts/second, are preferred for use in
      electrophotographic operations.
PAR  Light Decay Rate - On completing the "Dark Decay Rate" the electrostatic
      probe is utilized to measure the rate at which the charge dissipates from
      the surface of the coated paper when it is exposed to a light having an
      intensity of 16 foot-candles. The rapidly decreasing voltage is
      mechanically recorded on a revolving drum recorder the speed of which is
      held constant for a series of samples. The light decay rate is expressed
      in terms of the angle at the abscissa which is obtained when the light
      decay rate, as expressed in terms of the voltage, is plotted against time
      where time is plotted along the abscissa and voltage is plotted along the
      ordinate. Thus, a sample which had an instantaneous discharge would, of
      course, display a 90.degree. angle. Inasmuch as the speed of the recording
      drum itself affects the plot of the discharge curve and thereby the angle
      obtained with respect to time, the "Light Decay Rate" of a particular
      sample is a value which is relative to a control sample which is run under
      identical conditions.
PAR  The following examples will fully describe embodiment of this invention.
      All parts are given by weight unless otherwise noted.
PAC  EXAMPLE I
PAR  This example describes the synthesis of 1:1 (mole) mixture of a new
      bromine-containing monomer, ethyleneglycol
      monomaleate-2-carbobutoxy-3,4,5,6-tetrabromobenzoate, and monobutyl
      maleate.
PAR  Tetrabromophthalic anhydride (232.0 parts), n-butanol (72 parts), and
      sodium acetate (1.07 parts) were charged into a closed stainless steel
      reactor equipped with a mechanical stirrer, a thermometer and a gas inlet
      tube. The reactants were heated to 90.degree.-95.degree. C. and maintained
      at this temperature for 2 hours to form 1:1 (mole) of monobutyl
      tetrabromophthalate and n-butanol which had an acid number of 94.3. The
      infrared spectrum of the mixture showed complete disappearance of
      anhydride absorption bands at 5.4 and 5.6 microns. The temperature of the
      reactor was then lowered to 70.degree.-75.degree. C. and thereafter
      tetramethyl ammonium chloride (2.7 parts) was charged into the reactor.
      Thereafter ethylene oxide was added slowly through the gas inlet tube over
      a period of 2 hours and the reaction was continued for an additional hour
      at the same temperature. The product which was a 1:1 (mole) mixture of
      butyl hydroxyethyl tetrabromophthalate and n-butanol, showed an acid
      number of 0.1. Finally, maleic anhydride (98 parts) was added to the
      mixture and temperature was raised to 80.degree. C. The reaction was
      allowed to proceed for 2 hours. The completion of the reaction was
      followed by the disappearance of anhydride absorption bands of maleic
      anhydride at 5.4 and 5.6 microns. The final product, which was obtained as
      an almost colorless viscous liquid, had an acid number of 130 and
      contained 37.2% of bromine.
PAC  EXAMPLE II
PAR  This example describes the synthesis of the pure bromine containing
      monomer, ethylene glycol
      monomaleate-2-carboethoxy-3,4,5,6-tetrabromobenzoate.
PAC  STEP I
PAC  Synthesis of ethyl hydroxyethyl tetrabromophthalate intermediate.
PAR  Tetrabromophthalic anhydride (580 parts), ethanol (143.5 parts), and sodium
      acetate (2.66 parts) were charged into the same type of reactor as
      described in Example I and heated to 80.degree. C. for 11/2 hours. The
      acid number of the product, which was a 1:1.25 (mole) mixture of monoethyl
      tetrabromophthalate and excess ethanol, was 96.2. The temperature of the
      reactor was lowered to 70.degree. C. and thereafter tetramethylammonium
      chloride (5.86 parts) was charged into the reactor. Thereafter ethylene
      oxide (73.2 parts) was added slowly through the gas inlet tube over 2
      hours. The reaction was continued for an additional hour for completion.
      The acid number of the product which was a 1:1.25 (mole) mixture of ethyl
      hydroxyethyl tetrabromophthalate and excess ethanol, was 0.2. Excess
      ethanol was then removed by washing with water and the product, ethyl
      hydroxyethyl tetrabomophthalate, was obtained as a white powder after
      filtration and drying at 40.degree. C. under vacuum for 24 hours. The acid
      number and melting point of the product were 0.173 and
      118.degree.-121.degree. C. respectively.
PAC  STEP II
PAC  Reaction of above intermediate with maleic anhydride
PAR  Ethyl hydroxyethyl tetrabromophthalate (138.5 parts) and maleic anhydride
      (24.5 parts) were charged into a multiple neck flask fitted with a
      glass-sealed stirrer, a thermometer and a condenser fitted with a drying
      tube. Reactants were heated to 85.degree.-90.degree. C. and allowed to
      react at this temperature for about 6 hours. The viscous product was then
      crystallized from vinyl acetate as a white powder having a m.p.
      80.degree.-84.degree. C., an acid number 88.0, and containing 49.8% of
      bromine.
PAC  EXAMPLE III
PAR  This example describes the synthesis of pure ethyleneglycol
      monomaleate-2-carbobutoxy-3,4,5,6-tetrabromobenzoate.
PAC  STEP I
PAC  Synthesis of butyl hydroxethyl maleate.
PAR  The synthesis of the above intermediate mixed with n-butanol in 1:1 mole
      ratio has already been described in Example I. Unreacted n-butanol was
      removed by washing the benzene solution of the mixture with water 4 to 5
      times. The washed material was dried over anhydrous sodium sulfate,
      filtered, and benzene solvent was stripped off under vacuum at
      40.degree.-50.degree. C. The intermediate, butyl hydroxyethyl maleate, was
      obtained as a colorless viscous liquid having an acid number zero.
PAC  STEP II
PAC  Reaction of butyl hydroxyethyl tetrabromophthalate with maleic anhydride.
PAR  Butyl hydroxyethyl tetrabromophthalate (198 parts), maleic anhydride (32.65
      parts) and sodium acetate (2.3 parts) were charged into the same type of
      flask as used in Step II of Example II. Reactants were heated to
      80.degree. C. and allowed to react at this temperature for about 61/2
      hours. The product was obtained as a viscous mass having an acid number
      88.8, which is slightly higher than the theoretical value, and containing
      46.5% of bromine.
PAC  EXAMPLE IV
PAR  This example describes the synthesis of mono-2,4,6-tribromophenoxyethyl
      maleate.
PAC  STEP I
PAC  Synthesis of 2,4,6-tribromophenoxy ethanol intermediate.
PAR  2,4,6-Tribromophenol (94.9 parts), ethylene oxide (14.7 parts) and
      tetramethylammonium chloride (2.0 parts) were charged into the same type
      of reactor as described in Example I. Reactants were heated to
      95.degree.-100.degree. C. over 21/2 hours and allowed to react at this
      temperature for an additional 41/2 hours for the completion of reaction.
      The product was then dissolved in benzene, washed with water three times,
      dried with anhydrous sodium sulfate, filtered, and benzene stripped off
      under vacuum at 40.degree. C. The final product was a slightly colored
      pasty material having a hydroxyl number of 150.
PAC  STEP II
PAC  Reaction of above intermediate with maleic anhydride.
PAR  2,4,6-Tribromophenoxy ethanol (37.5 parts), maleic anhydride (9.8 parts),
      and triethylamine (0.1 part) were charged into the same type of flask as
      described in Step II of Example II. Reactants were then heated to
      80.degree. C. and allowed to react for about 9 hours. The product was then
      dissolved in toluene, washed with water 4 times, dried over anhydrous
      sodium sulfate, filtered, and toluene stripped off under vacuum at
      40.degree.-50.degree. C. The final monomer was obtained as a slightly
      colored viscous material having an acid number 110 and containing 51.0% of
      bromine.
PAR  When the dibromo compound is used parallel results are obtained.
PAC  EXAMPLE V
PAR  This example describes the synthesis of 2,3-dibromoallyl maleate.
PAC  STEP I
PAC  Synthesis of 2,3-dibromoallyl alcohol
PAR  Propargyl alcohol (42 parts) was charged into a multiple neck flask fitted
      with a glass-sealed stirrer, a dropping funnel, a thermometer and a
      condenser fitted with a drying tube. Bromine (120 parts) dissolved in
      methylene chloride (80 parts) was added slowly over a period of 2 hours
      while the mixture was kept at 5.degree. to 8.degree. C. The reaction was
      allowed to continue for an additional hour at the same temperature.
      Methylene chloride was then stripped off under reduced pressure at
      40.degree. C. and the crude alcohol thus obtained was distilled under
      vacuum (10 mm) at 97.5.degree. to 100.degree. C. The N.sub.D .sup.25 C was
      1.5789.
PAC  STEP II
PAC  Reaction of 2,3-dibromoallyl alcohol with maleic anhydride.
PAR  2,3-Dibromoallyl alcohol (21.6 parts), maleic anhydride (12.25 parts) and
      triethylamine (0.05 parts) were charged into a flask fitted with a
      glass-sealed stirrer, a thermometer and a condenser fitted with a drying
      tube. The reaction mixture was heated at 94.degree.-97.degree. C. for 5
      hours. The product was then dissolved in toluene (100 parts), washed 4
      times with water, dried over anhydrous sodium sulfate, filtered, and
      toluene stripped off under vacuum at 40.degree. to 50.degree. C. The final
      product was a low melting white solid having an acid number 170. The acid
      number was slightly lower than the theoretical value (178.6). The product
      contained 51.5% bromine.
PAC  EXAMPLE VI
PAR  This example describes the synthesis of 2,3-dibromoallyl methacrylate.
PAR  2,3-Dibromoallyl alcohol (100 parts), methacrylic acid (86 parts),
      concentrated sulfuric acid (1.94 parts), methoxy hydroquinone (1.94
      parts), and toluene (50 parts) were charged into a flask fitted with a
      glass-sealed stirrer, a thermometer, and a Dean and Stark apparatus fitted
      with a condenser. The mixture was heated to reflux and the theoretical
      amount (8.3 ml) of water was collected over a period of 3 hours. The
      mixture was then diluted with ether (200 parts), washed with water and
      dilute (3%) sodium hydroxide solution to remove excess methacrylic acid
      and sulfuric acid, dried over anhydrous sodium sulfate, filtered and
      solvent stripped off. The fraction was collected at
      65.degree.-83.5.degree. C. at 1.25-1.88 mm Hg. The monomer was
      characterized by infrared spectrum and saponification measurements and was
      found to be 99% pure. It contained 41.7% bromine.
PAC  EXAMPLE VII
PAR  This example describes the synthesis of methacryloxyethyl
      mono-tetrabromophthalate.
PAR  Tetrabromophthalic anhydride (139 parts), 2-hydroxyethyl methacrylate (64.4
      parts), and triethylamine (5.4 parts) were charged into a flask fitted
      with a glass-sealed stirrer, a thermometer and a condenser fitted with a
      drying tube. The mixture was heated to 80.degree.-85.degree. C. and the
      reaction allowed to continue for 6 hours. The mixture was cooled and
      diluted with toluene (200 parts), washed three times with water, dried
      over sodium sulfate, filtered and stripped of toluene under vacuum at
      40.degree.-50.degree. C. using air bleed as an inhibitor. The monomer was
      recovered as a viscous mass which on standing for a week solidified. The
      m.p. and acid number of the solid monomer were 220.degree.-225.degree. C.
      and 99 respectively. It contained 52.8% bromine.
PAC  EXAMPLES VIII-XII
PAR  These examples describe the synthesis of additional bromine containing
      monomers such as mono-2-bromoethyl maleate (Example VIII), 2-bromoethyl
      methacrylate (Example IX), mono-2,3-dibromopropyl maleate (Example X),
      2,3-dibromopropyl methacrylate (Example XI) and 2,3- dibromopropyl
      acrylate (Example XII). In Examples VII and X the monomer was purified by
      washing with heptane; in Examples IX, XI, and XII the monomer was purified
      by distillation under vacuum. The syntheses are summarized in Table I.
TBL                                    Table I                                 

     __________________________________________________________________________

     Ingredients        Ex.VIII                                                

                              Ex.IX   Ex.X   Ex.XI Ex.XII                      

     __________________________________________________________________________

     2-Bromoethanol                                                            

                   (parts)                                                     

                        65.6  75      --     --    --                          

     2,3-Dibromopropanol                                                       

                   (")  --    --      458    218   436                         

     Maleic anhydride                                                          

                   (")  49.0  --      196    --    --                          

     Methyl methacrylate                                                       

                   (")  --    --      --     400   --                          

     Methacrylic acid                                                          

                   (")  --    103     --     --    --                          

     Acrylic acid  (")  --    --      --     --    288                         

     Methoxy hydroquinone                                                      

                   (")  --    5.3     --     --    21.7                        

     N-Phenyl-2-naphthylamine                                                  

                   (")  --    --      --     28    --                          

     Benzene       (")  --    35.6    --     --    50                          

     Aluminum isopropoxide                                                     

                   (")  --    --      --     28    --                          

     Sulfuric acid (")  --    0.9     --     --    7.2                         

     Triethylamine (")  0.1   --      0.6    --    --                          

     Reaction time (hrs)                                                       

                        51/2  41/2    51/2   161/2 4                           

     Reaction temp. (.degree.C)                                                

                        80-81.5                                                

                              121-125 80-102 100-140                           

                                                   89-124.5                    

     Yield (%)          90    87      92     18    48                          

     Bromine (%)        35.6  41.3    50.8   56    59                          

     M.P. (.degree.C)   122-124                                                

                              --      96.5-97.5                                

                                             --    --                          

     B.P. (.degree.C)   --    95-98.5 --     100-114                           

                                                   92.5-95.5                   

                              at 0.5 mmHg.   at 0.05                           

                                                   at 20 to                    

                                             mmHg. 25 mm Hg.                   

     Acid number        251   --      176    --    --                          

     __________________________________________________________________________

PAC  EXAMPLE XIII
PAR  This example describes the synthesis of 3-bromo-2-hydroxyproply acrylate.
PAR  Acrylic acid (72 parts) and tetramethyl ammonium chloride (2.9 parts) were
      charged into a flask fitted with a glass-sealed stirrer, a thermometer, a
      dropping funnel and a condenser fitted with a drying tube. Epibromohydrin
      (137 parts) was slowly added from the dropping funnel over a period of 5
      hours while the reaction was continued for an additional hour after the
      slow addition. The progress of the reaction was followed by the
      disappearance of acidic carbonyl absorption band and at the same time
      appearance of ester carbonyl absorption band in the infrared spectrum. The
      acid number of the final product was about 0.5 and bromine content 79.9%.
PAC  EXAMPLE XIV
PAR  This example describes the synthesis of a 1:1 (mole) mixture of
      propyleneglycol monomaleate-2-carbobutoxy-3,4,5,6-tetrabromobenzoate and
      monobutyl maleate.
PAR  The process of synthesis of the above monomer was similar to that described
      in Example I, except that propylene oxide (62.5 parts) was used instead of
      ethyleneoxide. The mixer monomer was obtained as a viscous product having
      an acid number of 130 and a bromine content of 37.1%.
PAC  EXAMPLE XV
PAR  This dibutylfumarate illustrates the preparation of a random interpolymer
      of styrene, diburylfumarate (DBF), and the monomer mix of Example I.
TBL  ______________________________________                                    

     Ingredients        Parts                                                  

     ______________________________________                                    

           Styrene          135.20                                             

           Dibutyl fumarate 171.00                                             

     A.    Monomer mix. of Ex. I                                               

                            70.40                                              

     B.    Toluene          66.00                                              

           Benzoyl Peroxide 3.80                                               

     C.    Toluene          96.00                                              

           Benzoyl Peroxide 7.50                                               

     D.    Toluene          214.6                                              

     ______________________________________                                    

PAR  A and B were charged into a reactor equipped with a mechanical stirrer,
      nitrogen sparger, addition funnel and condenser. After degassing and
      sparging with nitrogen six times, the system was maintained under nitrogen
      atmosphere and the temperature of the mixture was raised slowly over a
      period of 11/2 hours at 85.degree.-90.degree. C. and held there for an
      hour. Solution C was added in four equal portions at one hour intervals.
      When the last portion had been added, the reaction was allowed to proceed
      two additional hours at 95.degree. C., after which time D was added and
      the product cooled to room temperature. Conversion - 98%; color -
      colorless, slightly hazy; acid number - 25 and I.V. in toluene - 0.12
      dl/g.
PAC  EXAMPLE XVI
PAR  This example illustrates the preparation of a typical photoconductive
      coating system of this invention as well as the excellent properties
      resulting from the use thereof on a solid substrate.
PAR  Thus, 10.2 parts of a toluene solution containing 49.0% by weight of the
      random interpolymer described in Example XIV hereinabove, were mixed with
      49.8 parts of toluene and 40.0 parts of a finely divided, photoconductive
      zinc oxide. (1:1 Mixture of St. Joe. No. 325-PC and 340-PC, St. Joseph
      Lead Co.) The resulting suspension was subjected to grinding in a
      porcelain ball mill for a period of 3 hours so as to reduce the particle
      size of the mixture to within the range of from 4.5 to 5.5 on the Hegman
      scale. Thereafter, 0.9 parts, by weight, of a dye sensitizer mixture
      comprising 1%, by weight, of disodium fluorescein, 1%, by weight, of
      bromophenol blue and 1%, by weight, of erichrome black dissolved in
      methanol were intimately dispersed in the mix.
PAR  The resulting photoconductive coating system, which had a total solids
      content of 45%, by weight, was then subjected to the "Charge Acceptance,"
      "Dark Decay Rate" and "Light Decay" tests as described hereinabove,
      wherein it exhibited a charge acceptance of 470 volts, a dark decay rate
      of 5 volts/second and a light decay angle of 80.degree. as compared to a
      commercial photoconductive coating system which had a charge acceptance of
      390 volts, a dark decay rate of 9 volts/second and a light decay angle of
      75.degree..
PAR  These results clearly indicate that this photoconductive coating system has
      the capability of accepting substantially more charge, retaining more of
      the accepted charge for a period of time sufficient to fix an image
      created thereon and discharging the charge faster on exposure to light
      than the corresponding commercial photoconductive system.
PAC  EXAMPLE XVII
PAR  This example illustrates the preparation of additional random interpolymers
      (A to O) used as binders in the photoconductive coating systems typical of
      the novel compositions of this invention. The syntheses are summarized in
      Table II. The following abbreviations are used:
TBL  St  -- Styrene     MEM -- Monoethyl maleate                               

     DBF -- Dibutyl fumarate                                                   

                        VA -- Vinyl acetate                                    

     DBM -- Dibutyl maleate                                                    

                        EA -- Ethyl acrylate                                   

     MBM -- Monobutyl maleate                                                  

PAR  Each of the resulting bromine containing interpolymers as well as the
      control commercial polymer system which contains styrene, dibutyl fumarate
      and mono-butyl maleate was tested as a binder in a photoconductive coating
      composition containing the same ingredients as described in Example XVI
      except that different zinc oxide (Green Seal 8 supplied by the New Jersey
      Zinc Co.) was used. The pigment to resin solids ratio was maintained at
      8:1 in all cases, and all electrical measurements were carried out in a
      controlled room maintained at 50% relative humidity at 25.degree. C. In
      Table III the results obtained upon subjecting the above photoconductive
      coating composition to the "Charge Acceptance," "Dark Decay Rate" and
      "Light Decay Rate" test procedures described hereinabove are summarized.
TBL                                    Table II                                

     __________________________________________________________________________

               Interpolymers                                                   

     Ingredients                                                               

               A B   C   D   E  F  G   H  I   J   K   L  M    N O              

     __________________________________________________________________________

     ST   (parts)                                                              

               33.8                                                            

                  67.6                                                         

                      67.6                                                     

                          33.8                                                 

                              67.6                                             

                                 33.8                                          

                                    67.6                                       

                                        13.5                                   

                                           67.6                                

                                               91  --  -- 33.8                 

                                                              33.8             

                                                                 20.8          

     DBF   (") 42.8                                                            

                  85.5                                                         

                      85.5                                                     

                          42.7                                                 

                              85.5                                             

                                 38.5                                          

                                    85.5                                       

                                        17.1                                   

                                           85.5                                

                                               85.5                            

                                                   --  -- 28.5                 

                                                              42.8             

                                                                 --            

     DBM   (") -- --  --  --  -- -- --  -- --  --  11.5                        

                                                       -- --  -- --            

     MBM   (") 5.4                                                             

                  --  10.8                                                     

                          --  -- 10.8                                          

                                    7.7 2.4                                    

                                           --  --  --  -- 10.8                 

                                                              -- --            

     MEM   (") -- --  --  --  -- -- --  -- --  --  --  -- --  5.3              

                                                                 --            

     Monomer of                                                                

     Ex. VIII                                                                  

           (") -- 27.9                                                         

                      --  --  -- -- --  -- --  --  --  -- --  -- --            

     Monomer of                                                                

     Ex. X (") -- --  19.7                                                     

                          19.7                                                 

                              -- -- --  -- --  --  --  -- --  -- --            

     Monomer of                                                                

     Ex. XIII                                                                  

           (") -- --  --  --  -- -- 16.7                                       

                                        -- --  --  --  -- --  -- --            

     Monomer of                                                                

     Ex. V (") -- --  --  --  39.3                                             

                                 -- --  -- --  --  --  -- --  -- --            

     Monomer of                                                                

     Ex. IV                                                                    

           (") 16.0                                                            

                  --  --  --  -- -- --  -- --  --  --  -- --  -- --            

     Monomer of                                                                

     Ex. II                                                                    

           (") -- --  --  --  -- -- --  -- --  --  21.3                        

                                                       18.0                    

                                                          --  16.1             

                                                                 30.1          

     Monomer of                                                                

     Ex. XI                                                                    

           (") -- --  --  --  -- -- --  -- --  --  --  -- 17.9                 

                                                              -- --            

     Monomer of                                                                

     Ex. IX                                                                    

           (") -- --  --  --  -- 12.1                                          

                                    --  -- --  --  --  -- --  -- --            

     Monomer of                                                                

     Ex. VII                                                                   

           (") -- --  --  --  -- -- --  7.4                                    

                                           --  --  --  -- --  -- --            

     Monomer of                                                                

     Ex. XIV                                                                   

           (") -- --  --  --  -- -- --  -- 52.5                                

                                               51.3                            

                                                   --  -- --  -- --            

     VA    (") -- --  --  --  -- -- --  -- --  --  33.5                        

                                                       -- --  -- --            

     EA    (") -- --  --  --  -- -- --  -- --  --  --  46.9                    

                                                          --  -- --            

     Solvent.sup.1                                                             

           (") 98.0                                                            

                  181.0                                                        

                      183.6                                                    

                          96.2                                                 

                              192.4                                            

                                 95.2                                          

                                    177.5                                      

                                        40.2                                   

                                           205.6                               

                                               227.8                           

                                                   80.8                        

                                                       65.9                    

                                                          91.0                 

                                                              98 88.1          

     Benzoyl                                                                   

     Peroxide                                                                  

           (") 3.0                                                             

                  5.4 5.5 2.9 5.7                                              

                                 2.8                                           

                                    5.4 1.2                                    

                                           6.16                                

                                               6.81                            

                                                   0.66                        

                                                       0.66                    

                                                          0.68.sup.2           

                                                              2.93             

                                                                 --            

     Temp. .degree.C      85-90                    72-76  85-90                

     Time (hrs)                                                                

               6.3                                                             

                  6.0 6.0 6.0 3.5                                              

                                 5.0                                           

                                    5.9 5.5                                    

                                           71/2                                

                                               7   7   51/2                    

                                                          5.5 6  6             

     % Conversion                                                              

               95.7                                                            

                  98.7                                                         

                      100.0                                                    

                          100.0                                                

                              92.0                                             

                                 95.0                                          

                                    97.8                                       

                                        100                                    

                                           97.6                                

                                               97.3                            

                                                   90  96 98  98.2             

                                                                 100           

     % Bromine 7.3                                                             

                  5.4 5.4 10.4                                                 

                              10.4                                             

                                 5.3                                           

                                    3.6 9.9                                    

                                           9.6 8.3 17.1                        

                                                       13.7                    

                                                          11.0                 

                                                              8.9              

                                                                 29            

     Acid number                                                               

               33.8                                                            

                  38.7                                                         

                      38.2                                                     

                          36.4                                                 

                              36.5                                             

                                 37.1                                          

                                    14.1                                       

                                        33.8                                   

                                           34.1                                

                                               --  30  26.9                    

                                                          38.7                 

                                                              36.7             

                                                                 51.4          

     I.V. (dl/g)                                                               

               0.09                                                            

                  0.11                                                         

                      0.07                                                     

                          0.07                                                 

                              0.10                                             

                                 0.11                                          

                                    0.12                                       

                                        0.11                                   

                                           0.12                                

                                               0.11                            

                                                   0.14                        

                                                       0.14                    

                                                          0.08                 

                                                              0.09             

                                                                 0.10          

     in toluene                                                                

     __________________________________________________________________________

      .sup.1 Toluene was the solvent in all cases except K and O; in K a mixtur

      of ethyl acetate (14.5 parts) and toluene (66.5 parts was used; in O a   

      mixture of ethyl acetate (15 parts) and toluene (73.1 parts) was used.   

      .sup.2 t-Butyl peroctoate was used instead of benzoyl peroxide.          

TBL                Table III                                                   

     ______________________________________                                    

     Inter-  Charge    Dark Decay   Light Decay                                

     polymer Acceptance                                                        

                       Rate         Rate                                       

             (volts)   (volts/sec.) (angular degrees)                          

     ______________________________________                                    

     A       400       10           80                                         

     G       380       5            80                                         

     H       420       3            85                                         

     Control 350       12           70                                         

     B       480       8            85                                         

     C       440       7            85                                         

     D       440       6            80                                         

     Control 380       10           75                                         

     E       430       8            80                                         

     Control 370       10           75                                         

     F       460       8            80                                         

     Control 380       10           75                                         

     I       500       5            83                                         

     J       490       6            85                                         

     Control 420       10           70                                         

     K       550       10           75                                         

     N       580       6            80                                         

     Control 500       12           60                                         

     M       400       10           76                                         

     Control 350       12           60                                         

     ______________________________________                                    

PAC  EXAMPLE XVIII
PAR  This example shows the preparation of a random interpolymer containing
      4-bromostyrene, dibutyl fumarate, monobutyl maleate, and styrene.
PAR  A polymer was prepared by the procedure of Example XV using a charge of
      4-bromostyrene (14.2 parts), dibutyl fumarate (42.75 parts), monobutyl
      maleate (10.75 parts), and styrene (26.7 parts). The polymerization was
      carried out at 85.degree.-90.degree. C. for 6 hours and yielded a polymer
      having an acid number of 37.3 and an intrinsic viscosity of 0.11 and
      containing 6.6% bromine. When tested as in Example XVII, the polymer of
      this example exhibited properties superior to the control of Example XVII.
PAR  From the above results it is observed that all these bromine containing
      interpolymer systems offer excellent charge acceptance without affecting
      adversely other electrical properties. As a matter of fact other
      electrical properties such as, dark decay rate and light decay rate, are
      improved. High charge acceptance will allow cutting down the coating
      weight of paper maintaining the charge acceptance of the coated paper at
      the same level as current commercial paper.
PAR  In summary, this invention provides novel bromine-containing monomers and
      novel and improved polymeric binders for electrophotographic compositions
      derived from these monomers.
PAR  Variations may be made in materials, proportions, and procedures without
      departing from the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photoconductive composition comprising a finely divided
      photoconductive pigment selected from at least one member of the group
      consisting of zinc oxide, titanium dioxide, selenium oxide and zinc
      sulfide dispersed in a bromine-containing interpolymer consisting
      essentially of repeating units derived from at least one
      bromine-containing monomer corresponding to the general formulas:
      ##EQU5##
      wherein:
EQU  R.sub.1 = H, or -CH.sub.3,
EQU  R.sub.2 = alkyl radical having 1 to 4 carbon atoms,
EQU  R.sub.3 = H, CH.sub.3, or --CH.sub.2 Br,
      ##EQU6##
EQU  R.sub.6 = H or Br
PAL  and at least one monomer which does not contain bromine selected from the
      group consisting of compounds corresponding to the general formulas
      ##EQU7##
      wherein: R.sub.1 = H or --CH.sub.3,
PA1  R.sub.4 = h, cl, or t-butyl,
PA1  R.sub.5 = an alkyl radical of 1 to 8 carbon atoms or a cycloalkyl radical
      of 3 to 8 carbon atoms, and
PA1  Z = h or -- COO -- R.sub.5
PAL  wherein the interpolymer contains from 0.01 to 0.35 mole of
      bromine-containing monomer per mole of total monomers and wherein the
      ratio of pigment to interpolymer is in the range of from about 2:1 to 12:1
      by weight.
NUM  2.
PAR  2. The composition of claim 1, wherein there is also present from about
      0.02% to about 0.5% of at least one sensitizer dye based on the weight of
      the photosensitive pigment therein.
PATN
WKU  039321827
SRC  5
APN  4343255
APT  1
ART  166
APD  19740117
TTL  An organic photoconductive composition comprising an organic
      photoconductive compound and a sensitizing compound having an active
      methylene group
ISD  19760113
NCL  10
ECL  1
EXA  Miller; John R.
EXP  Klein; David
INVT
NAM  Futaki; Kiyoshi
CTY  Kyoto
CNT  JA
INVT
NAM  Tsukahara; Hirokazu
CTY  Kyoto
CNT  JA
INVT
NAM  Emoto; Kazuhiro
CTY  Kyoto
CNT  JA
ASSG
NAM  Mitsubishi Paper Mills, Ltd.
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19700610
APN  45-50024
RLAP
COD  74
APN  151914
APD  19710610
PSC  03
CLAS
OCL   96  16
XCL   96  15
XCL   96  15C
XCL  260257
XCL  260260
XCL  2603067T
XCL  260562R
EDF  2
ICL  G03G  509
FSC   96
FSS  1.5;1.6;1.5 C
FSC  252
FSS  501
UREF
PNO  3155503
ISD  19641100
NAM  Cassiers et al.
OCL   96  1.5
UREF
PNO  3159483
ISD  19641200
NAM  Behmenburg et al.
XCL   96  1.5
UREF
PNO  3163531
ISD  19641200
NAM  Schlesinger
XCL   96  1.5
UREF
PNO  3234280
ISD  19660200
NAM  Fox et al.
XCL   96  1.5
UREF
PNO  3287114
ISD  19661100
NAM  Hoegl
XCL   96  1.5
UREF
PNO  3331687
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ABST
PAL  An organic photoconductive composition, useful as an
      electrophotosensitizing material consisting of an organic photoconductive
      compound and a compound having an active methylene, as chemical
      sensitizer, represented by the formula,
EQU  R--COCH.sub.2 --X
PAL  or
      ##EQU1##
      wherein R is a substituted or unsubstituted phenyl, alkyl, arylamino,
      alkylamino, aryloxy or alkoxy; X is acyl, carbamoyl, phenyl-substituted
      carbamoyl or cyano; Y is carbonyl, oxygen, sulfur,
      ##EQU2##
      (wherein L is hydrogen or alkyl); Z is a residue necessary to form a 5- or
      6-membered ring, and method for making the same.
PARN
PAR  This is a division of application Ser. No. 151,914, filed June 10, 1971,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As the hitherto known organic photoconductive compounds, there are both
      polymeric or non-polymeric photoconductive compounds. Examples of said
      polymeric organic photoconductive compounds among them include
      poly-N-vinylcarbazole, poly-N-vinylcarbazole derivatives,
      polyacenaphthylene and the like, and examples of said non-polymeric
      organic photoconductive compounds include various aromatic condensates,
      heterocyclic compounds, aromatic amines, such as, for example, anthracene,
      imidazolone derivatives, oxazole derivative,
      N,N,N',N'-tetraphenyl-p-phenylenediamine derivative, benzidine derivative
      and the like. The former may usually be applied directly or in a mixture
      with a desirable plasticizer, and the latter in a mixture with a desirable
      binder to a support to make a uniform and smooth, glassy sensitive layer.
PAR  It has been generally known that the incorporation of various kinds of dyes
      into the photoconductive compound layer, in the case where the
      photoconductive compound is sensitive to ultraviolet rays, induces a
      spectral sensitization and can give a sensitive layer having a sensitivity
      at a visible region, and that the addition of an electron accepting
      compound, in the case where the photoconductive compound used shows an
      electron donating property, converts to an electron transfer type compound
      and leads to its chemical sensitization.
PAR  Thus, for example, as spectrum sensitizers there are known dyes, such as,
      rhodamine B, rhodamine B extra, crystal violet, victoria blue-B, fuchsine,
      night blue and acridine orange, and pyrylium salt. And also as the
      chemical sensitizer, there are known quinones, such as, anthraquinone,
      2-methylanthraquinone, 1-nitroanthraquinone, and tetracyanoethylene,
      tetracyanoquinodimethane, benzoic acid, p-chlorophenol, m-nitrophenol,
      cinnamic acid and the like.
PAR  An object of the present invention is to obtain a chemical sensitizer
      showing far more excellent sensitizing effect than that of the hitherto
      known ones in the field of the latter chemical sensitizers, and another
      object of the present invention is to obtain an organic photoconductive
      composition sensitized with said sensitizer.
PAC  SUMMARY OF INVENTION
PAR  As a result of many attempts, the inventors have found that a compound
      represented by the following formula,
EQU  R-CO-CH.sub.2 -X
PAL  or
      ##EQU3##
      wherein R is a substituted or unsubstituted phenyl, alkyl, arylamino,
      alkylamino, aryloxy or alkoxy; X is acyl, carbamoyl, phenyl-substituted
      carbamoyl or cyano; Y is carbonyl, oxygen, sulfur,
      ##EQU4##
      (wherein L is hydrogen or alkyl); Z is a residue necessary to form a 5- or
      6-membered ring, namely, a straight chain compound or a compound forming a
      cyclic compound having an active methylene group at any position thereof
      exhibits excellent sensitizing activity, and have therein attained the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The substituted phenyl group of R represented in the above formula includes
      ones substituted with halogen, nitro, alkoxy, carboxyl, and methyl.
PAR  The embodiments of aryl in arylamino group and aryloxy group of R include
      phenyl and naphthyl of which the benzene or naphthalene rings may be
      substituted with methyl, alkoxy, halogen, carboxyl, hydroxy, nitro and
      trifluoromethyl.
PAR  The desired examples of the alkoxy group of R are lower alkoxy groups of
      less than 5 carbon atoms. The acyl group in X includes a substituted or
      unsubstituted benzoyl group, which may be substituted with halogen, nitro
      and hydroxy.
PAR  Embodiments of the case where
      ##EQU5##
      forms a 5- or 6-membered ring are pyrazolone, thiazolidone, oxazolidone,
      thiohydantoin, barbituric acid, thiobarbituric acid and their derivatives.
PAR  These compounds will be further described by the following embodiments,
      which are presented for illustrative rather than limitative purposes.
PAR  The typical examples of the straight chain compounds include
      malon-arylamides, such as, malon-di-anilide, malon-bis-4-chloroanilide,
      malon-bis-4-bromoanilide, malon-bis-2,3-dichloroanilide,
      malon-bis-4-hydroxyanilide, malon-bis-3-carboxyanilide,
      malon-bis-3-methoxyanilide, malon-bis-3-methylanilide,
      malon-bis-N-methyldianilide, malon-bis-naphthylamide and the like;
      benzoylacetamide derivatives, such as, benzoylacetanilide, benzoylaceto
      (3-nitro) anilide, 3-chlorobenzoylaceto
      (3-nitro)anilide,.alpha.-(2-methoxybenzoyl)
      acetanilide,.alpha.-(4-methylbenzoyl) acetanilide 4-[.alpha.-(4-
      hexadecyloxy) benzoylacetamido] -phthalic acid dimethyl ester acetanilide,
      3-nitrobenzoylaceto (3' -trifluoromethyl) anilide, benzoylaceto
      (2,5-dichloro) anilide, N-cyclohexyl-(4'-chlorobenzoyl) acetamide,
      N-methyl-(4-nitrobenzoyl) acetamide and the like; dibenzoylmethane
      derivatives, such as, 4-bromo-dibenzoylmethane, 2-nitrodibenzoylmethane,
      4-chlorodibenzoylmethane, 2-hydroxy-dibenzoylmethane and the like; N, N'
      -bis-acetoacetyl-phenylenediamine, ethyl (4-nitrobenzoyl) acetate,
      (4-chloro-benzoyl) acetate, cyanoacetanilide, .omega.-cyanoacetophenone,
      N, -methyl-N'-phenylmalon-anilide, and its derivatives.
PAR  Typical examples of the cyclic compounds include barbituric acids and
      barbituric acid derivatives, such as, N,N'-diethyl-2-thiobarbituric acid,
      N,N'-diethyl-2-barbituric acid, N,N'-diphenyl-2-thiobarbituric acid,
      N,N'-bis (p-methylphenyl)-2-barbituric acid and the like; thiazolidone
      derivatives, such as, 3-(.alpha.-carboxymethyl)-4-thiazolidone-2-thione,
      3-(.beta.-oxyethyl)-2-phenyliminothiazolidone,
      3-phenyl-4-thiazolidone-2-thione, 3-ethyl-4-thiazolidone-2-thione and the
      like; oxazolidone derivatives, such as 3-ethyl-4-oxazolidone-2-thione,
      3-(.alpha.-carboxymethyl)-4-oxazolidone-2-thione,
      3-phenyl-4-oxazolidone-2-thione and the like; thiohydantoin derivatives,
      such as, 3-ethylthiohydantoin, 1-phenyl-3-ethylthiohydantoin,
      1,3-diethylthiohydantoin, 1,3-diphenylthiohydantoin and the like;
      pyrazolone derivatives, such as 1-phenyl-5-pyrazolone,
      1-phenyl-3-methyl-5-pyrazolone, 1-phenyl-3-phenyl-5-pyrazolone and the
      like.
PAR  The additional quantity of these compounds having active methylene may be 1
      to 50 parts by weight, preferably, 10 to 30 parts by weight per 100 parts
      by weight of the photoconductive compound.
PAR  In the practice of the present invention, there are employed all of the
      foregoing organic polymeric and non-polymeric photoconductive compounds
      which have hitherto been used as organic photoconductive compound, but the
      use of a non-polymeric compound as the photoconductive compound requires a
      desirable binder, for example, a synthetic condensation type polymer and
      addition polymerization type polymers, such as, polycarbonate,
      polysulfone, polystyrene, styrene-butadiene copolymers and the like, which
      may be preferably used in the proportion of 100 to 500 parts by weight,
      especially, 150 to 300 parts by weight, per 100 parts by weight of these
      photoconductive compounds.
PAR  The production of an electron photosensitive element may usually be
      conducted by applying a solution or dispersion of a compound containing
      active methylene, a binder resin, a photoconductive compound and a
      spectral sensitizer in a desired solvent selected from the groups
      consisting of chloroform, monochlorobenzene, and toluene to a support. The
      spectral sensitizer used herein may also be selected from the hitherto
      known ones, as described above, such as, for example, rhodamine B,
      rhodamine B extra, crystal violet, victoria blue-B, fuchsine, night blue,
      acridine orange, pyrylium salt and the like.
PAR  As the supports, there are used metal plates such as copper and aluminum, a
      surface-treated paper in which a solvent is hardly immersed, a synthetic
      resin film of which the intrinsic resistance is decreased to below
      10.sup.9 .OMEGA.cm.sup.-.sup.1, preferably, below 10.sup.5
      .OMEGA.cm.sup.-.sup.1 by using an antistatic agent, and a glass plate,
      paper or synthetic resin film laminated with a metal, or a metal oxide
      and/or a metal halide by an evaporation process. The practical application
      thereof can easily be accomplished by a rotary applying method, a casting
      method and a doctor blade method. In the practice of producing the same,
      the preferred thickness of said sensitive layer may be 3 to 20.mu..
PAR  The generally popular production of an electron photographic image using
      the photosensitive element made by the foregoing methods may be achieved
      in a conventional electron photographic method. For example, by treating
      the sensitive layer several times with a corona discharge apparatus
      applied with +6 KV in a dark place, the positive charge is accumulated on
      the surface of said sensitive layer and the potential becomes 300 to 900
      V. And on the other hand, the reversion of position of the applied surface
      makes it possible to accumulate a negative charge on the surface of said
      sensitive layer. On irradiating the sensitive layer with a proper light
      source, for example, tungsten electric bulb through a positive pattern,
      the charge on the exposed portion is removed, and on applying successively
      the sensitive layer with a negatively charged developer powder, which has
      been broadly known as toner, it gives a positive image in the case where
      the charge on the surface of said sensitive layer is positive, and
      reversely, a negative image in the case where the charge on the surface
      thereof is negative. The easy fixation can be effected by either heating
      it weakly, or passing it through a proper solvent vapor. Also, development
      can be conducted using a liquid development system, instead of a dry
      toner.
PAR  Several syntheses of the typical compounds having an active methylene used
      effectively in the present invention will be more particularly illustrated
      as follows:
PAC  SYNTHESIS EXAMPLE 1
PAR  .alpha.-(4-nitrobenzoyl)aceto(2-methoxy)anilide
      ##SPC1##
PAL  12.3 g of o-anisidine and 26.1 g of p-nitrobenzoylacetoacetic acid ethyl
      ester were dissolved in 400 ml of xylene, heated under reflux for 6 hours.
      Thereafter, the solution was allowed to stand at room temperature
      overnight and cooled, and the formed crude crystals were filtered off. By
      recrystallizing it from 250 ml of ethyl acetate, 9.5 g of white crystals
      (m.p. 136.5.degree. to 138.0.degree.C) were obtained.
PAC  SYNTHESIS EXAMPLE 2
PAR  Malon-bis-3-nitroanilide
      ##SPC2##
PAL  13.8 g of 3-nitroaniline and 8.1 g of diethyl malonate were heated on an
      oil bath (bath temperature: 190.degree.-195.degree.C) while stirring for 2
      hours and cooled up to room temperature. After adding 100 ml of methanol
      thereto and ice-cooling thereof, the crude crystals thus formed were
      filtered off. By recrystallizing it from 200 ml of ethyl acetate, 21 g of
      white needle crystals (m.p. 195.degree. to 196.degree.C) were obtained.
PAC  SYNTHESIS EXAMPLE 3
PAR  N,N'-diethyl-2-thiobarbituric acid
      ##SPC3##
PAL  120 g of N,N'-diethyl-thiourea and 132.0 g of diethyl malonate were placed
      in a solution of 4.6 g of metallic sodium in 64 ml of anhydrous alcohol
      and heated on an oil bath (bath temperature: 100.degree. - 105.degree.C)
      while stirring for 50 hours. A great quantity of white precipitate was
      formed in accordance with performance of the reaction. After cooling the
      reaction mixture up to room temperature, the precipitate was dissolved on
      adding 62 ml of water thereto, and then ethanol was removed by
      distillation. The residual jelly like material was mixed with 40 ml of
      water to dissolve it. When said solution was placed in 100 ml of 6
      N-hydrochloric acid solution, the mixture gave immediately a brownish
      powdered crystal. Then, the resultant mixture was cooled in ice water and
      the powder was filtered off, and washed with water until the filtrate
      became neutral and finally was recrystallized from ethanol to obtain 15.8
      g of white needle crystals (m.p. 103.0.degree. to 103.5.degree.C).
PAC  SYNTHESIS EXAMPLE 4
PAR  3-(.beta.-hydroxyethyl)-2-phenyliminothiazolidone
      ##SPC4##
PAL  10 g of N-hydroxyethylamine was dissolved in 10 ml of water, and 24 g of
      phenylisothiocyanate was dropped therein within 1 minute at an ordinary
      temperature. Thereafter, the resultant mixture was heated on a water bath
      for 3 minutes, cooled and the precipitated crystals were filtered off. By
      recrystallizing it from 200 ml of methanol, 26.5 g of
      N-hydroxyethyl-N'-phenylthiourea having m.p. of 137.5.degree. to
      139.5.degree.C was given. 1.96 g of the so obtained
      N-hydroxyethyl-N-phenylthiourea and 1.23 g of ethylchloroacetate were
      dissolved in ethanol and heated on a water bath under reflux for 1 hour.
      The reaction mixture was ice-cooled, poured into 30 ml of ice water and
      allowed to stand overnight, and then the white solid formed was taken out.
      By recrystallizing it from 8 ml of benzene, 0.9 g of the objective
      material having m.p. of 8.40.degree. to 8.7.degree.C was obtained.
PAR  The sensitivities between the hitherto known chemical sensitizer and these
      chemical sensitizers containing active methylene groups were compared and
      resulted in the following table.
PAR  The designation of sensitivity is illustrated as amount of light required
      for a half decay of the surface potential E-1/2 (lux. second), and it can
      be recognized that the smaller the number is, the more effective it
      becomes.
PAR  In addition to that, there were used a tungsten electric bulb as the light
      source, crystal violet as the spectral sensitizer and polystyrene as the
      binder.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     (Organic photoconductive compound: N,N,N',N' -                            

     tetrabenzyl-m-phenylenediamine)                                           

     Compound (A)      E-1/2 Compound (B)      E-1/2                           

                       (lux.sec)               (lux.sec)                       

     __________________________________________________________________________

     Malon-di-anilide                                                          

                   (5) 200   2-Methylanthraquinone                             

                                               3000                            

                                          (10)                                 

     Malon-bis-1,3-dichloro-                                                   

                       125   Anthraquinone                                     

                                          (10) 3000                            

     anilide       (10)                                                        

     Benzoylacetanilide                                                        

                   (10)                                                        

                       150   Trichloroacetic acid                              

                                          (15) 750                             

     Dibenzoylmethane                                                          

                   (10)                                                        

                       100   Dichloroacetic acid                               

                                          (15) 1500                            

     4-Chlorodibenzoyl-                                                        

                       100   Bromanil     (10) 600                             

     methane       (15)      4-Chlorophenol                                    

                                          (10) 700                             

     N,N'-diethyl-2-thio-                                                      

                        85   Cinnamic acid                                     

                                          (10) 2500                            

     barbituric acid                                                           

                   (15)                                                        

     N,N'-dimethyl-2-  150   Picric acid  (3)  3500                            

     barbituric acid                                                           

                   (15)      Phthalic acid                                     

                                          (5)  4000                            

     1-Phenyl-5-pyrazolone                                                     

                   (10)                                                        

                       200   Acetanilide  (10) 4000                            

     __________________________________________________________________________

TBL                                    TABLE 2                                 

     __________________________________________________________________________

     (Organic photoconductive compound: N,N,N',N'-                             

     tetraphenyl-p-xylenediamine)                                              

     Compound (A)     E-1/2 Compound (B) E-1/2                                 

                      (lux. sec)         (lux. sec)                            

     __________________________________________________________________________

     3-phenyl-4-thia- 110   Hydrous chloral                                    

                                     (10)                                      

                                         800                                   

     zolidone-2-thion                                                          

                  (20)                                                         

     Malon-bis-3-nitro-                                                        

                       90   o-nitrophenol                                      

                                     (10)                                      

                                         4000                                  

     anilide      (15)                                                         

     N-methyl-N-phenyl                                                         

                      125   Crotonic acid                                      

                                     (10)                                      

                                         3800                                  

     malonanilide (10)                                                         

     1,3-diethylthio- 250   Benzoic acid                                       

                                     (10)                                      

                                         3000                                  

     hydantoin    (15)                                                         

     N,N'bis-acetoacetyl-                                                      

                      450   Chloranil                                          

                                     (10)                                      

                                         3700                                  

     phenylenediamine                                                          

                  (15)                                                         

     2-.beta.-hydroxyethyl-2-                                                  

                      200                                                      

     phenyliminothiazolidone                                                   

                  (15)                                                         

     __________________________________________________________________________

PAR  The compound (A) is a chemical sensitizer according to the present
      invention, and the compound (B) is a conventional known one. The added
      quantity of them is 10 to 30 parts by weight per 100 parts by weight of
      the photoconductive compound. In addition, numbers in the parentheses on
      Tables 1 and 2 designate the added quantity (part by weight) per each 100
      parts by weight of photoconductive compound. The compounds having active
      methylene groups exhibit excellent sensitizing activity to other
      photoconductive compounds, such as, poly-N-vinylcarbazole.
PAR  The following examples will serve to set forth more specifically the
      present invention without limiting it to the examples themselves.
PAC  EXAMPLE 1
PAR  1 g of N,N,N',N'-tetraphenyl-p-phenylenediamine, 2 g of polystyrene resin,
      0.002 g of crystal violet and 0.2 g of benzoyl acetanilide were dissolved
      in 25 ml of chloroform, and applied onto an aluminum plate to make a
      sensitive layer having 5.mu. in thickness by means of a rotary applying
      method.
PAR  The aluminum plate was charged positively by a corona discharge apparatus
      applied with 6 KV in a conventional way. By applying a powdered carbon
      charged negatively to the aluminum plate, after exposing it under a
      positive original at 500 lux for 2 seconds by means of 100 W glow lamp as
      the light source, an image about in contrast similar closely to the
      original was given. Finally, the fixation was conducted by heating it
      weakly.
PAR  Without the addition of benzoyl acetanilide thereto, there was given no
      clear image even when it was exposed at 500 lux for 5 seconds.
PAC  EXAMPLE 2
PAR  1 g of N,N,N',N'-tetrabenzyl-m-phenylenediamine, 2 g of polycarbonate
      resin, 0.001 g of victoria blue-B, and 0.1 g of
      malon-bis-1,3-dichloroanilide were dissolved in 25 ml of chloroform and
      applied onto a surface-treated paper to form a sensitive layer having
      6.mu. in thickness by means of a doctor blade method. The resultant paper
      was charged positively by a corona discharge apparatus in the same manner
      as in Example 1, and by applying a powdered carbon charged negatively to
      the paper, after exposing it under a positive original at 500 lux for 2.5
      seconds, an image about in contrast similar closely to the original was
      given. And the fixation was conducted by heating it weakly. Without the
      addition of malon-bis-1,3-dichloroanilide thereto, there was given no
      clear image even when it was exposed at 500 lux for 10 seconds.
PAC  EXAMPLE 3
PAR  1 g of 3,3'-dichlorobenzidine, 2 g of styrene-butadiene copolymer resin,
      0.002 g of night blue and 0.2 g of malon-bis-3-nitroanilide were dissolved
      in 25 g of monochlorobenzene-chloroform mixture, and the solution was
      applied to a surface-treated paper to form a sensitive layer having 6.mu.
      thickness by means of a doctor blade method. In the same manner as in
      Example 1, a clear image was given. Without the addition of
      malon-bis-3-nitroanilide, there was given no clear image even when it was
      exposed at 500 lux for 10 seconds.
PAC  EXAMPLE 4
PAR  1 g of N,N,N',N'-tetrabenzyl-m-phenylene-diamine, 2.5 g of polysulfone
      resin, 0.001 g of crystal violet, and 0.2 g of N,N'-diethyl-2-barbituric
      acid were dissolved in 20 g of chloroform, and the solution was applied to
      a surface-treated paper to form a sensitive layer having 4.mu. in
      thickness by means of a doctor blade method. The paper was charged
      positively by a corona discharge apparatus, and after exposure thereof
      under a positive original at 500 lux for 0.5 seconds, the development with
      a liquid developer toner gave an image about in contrast similar closely
      to the original. Finally, the fixation thereof was conducted by heating it
      weakly. Without the addition of N,N'-diethyl-2-barbituric acid, there was
      given no clear image even when it was exposed at 500 lux for 5 seconds.
PAC  EXAMPLE 5
PAR  1 g of poly-N-vinylcarbazole, 0.2 g of N,N'-diethyl-2-thiobarbituric acid,
      and 0.001 g of crystal violet were dissolved in 30 g of monochlorobenzene,
      and the solution was applied to an alumina plate by means of a casting
      method. The plate was charged positively by means of a corona discharge
      apparatus in a conventional way, and after exposure thereof under a
      positive original at 500 lux for 1 second, the development with a liquid
      developer toner gave an image about in contrast similar closely to the
      original.
PAR  Finally, the fixation thereof was conducted by heating it weakly. Without
      the addition of N,N'-diethyl-2-thiobarbituric acid thereto, there was
      given no clear image even when it was exposed at 500 lux for 1 second.
PAC  EXAMPLE 6
PAR  1 g of N,N,N',N'-tetrabenzyl-m-phenylenediamine, 1.5 g of polystyrene 1.25
      .times. 10.sup.-.sup.3 g of victoria blue-B and 0.1 g of
      3-(.beta.-hydroxyethyl)-2-phenyliminothiazolidone were dissolved in 25 g
      of toluene, and the solution was applied to an alumina plate to form a
      sensitive layer having 5.mu. in thickness by means of a casting method.
      The resultant plate was charged positively by means of a corona charge
      apparatus in a conventional way, and exposed under a positive original.
      And the development with a wet toner gave a clear visible image. The
      exposing quantity at that time was 500 lux for 1 second. Without the
      addition of 3-(.beta.-hydroxyethyl)-2-phenyliminothazolidone, there was
      given no clear image even when it was exposed at 500 lux for 5 seconds.
PAC  EXAMPLE 7
PAR  1 g of N,N,N',N'-tetraphenyl-m-xylenediamine, 2 g of polystyrene (degree of
      polymerization: 1.25 .times. 10.sup.2), 15 g of crystal violet and 0.1 g
      of 3-phenyl-4-oxazolidone-2-thione were dissolved in 15 g of toluene, and
      the solution was applied to a surface-treated paper to form a sensitive
      layer having 5.mu. in thickness by means of a doctor blade method. The
      resultant paper was treated in the same manner as in Example 6 and as the
      result, a visible image was given. The exposing quantity at that time was
      500 lux for 1 second. Without the addition of
      3-phenyl-4-oxazolidone-2-thione, there was given no clear image.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An organic photoconductive composition comprising an organic
      photoconductive compound and a sensitizing compound having an active
      methylene group represented by the formula
      ##EQU6##
      wherein Y is a carbonyl group, oxygen, sulfur,
      ##EQU7##
      (wherein L is a hydrogen or an alkyl group); Z is a residue necessary to
      form 5- or 6-membered ring; said sensitizing compound being present in an
      amount of 1 to 50 parts by weight per 100 parts by weight of said organic
      photoconductive compound.
NUM  2.
PAR  2. An organic photoconductive composition comprising an organic
      photoconductive compound and a compound having an active methylene group
      represented by the formula,
      ##EQU8##
      wherein Z and Y are a residue necessary to form pyrazolone ring,
      thiazolidone ring, oxazolidone ring, thiohydantoin ring, barbituric ring,
      and thiobarbituric ring together with the COCH.sub.2 group.
NUM  3.
PAR  3. A composition as claimed in claim 1, wherein said compound having an
      active methylene group is N, N'-diethyl-2-barbituric acid.
NUM  4.
PAR  4. A composition as claimed in claim 1, wherein said compound having an
      active methylene group is N, N'-diethyl-2-thiobarbituric acid.
NUM  5.
PAR  5. A composition as claimed in claim 1, wherein said compound having an
      active methylene group is 3-phenyl-4-oxazolidone-2-thione.
NUM  6.
PAR  6. A composition as claimed in claim 1, wherein said organic
      photoconductive compound is N, N, N' , N'-tetraphenyl-p-phenylenediamine.
NUM  7.
PAR  7. A composition as claimed in claim 1, wherein said organic
      photoconductive compound is N, N, N', N'-tetrabenzyl-m-phenylenediamine.
NUM  8.
PAR  8. A composition as claimed in claim 1, wherein said organic
      photoconductive compound is benzidine or its derivative.
NUM  9.
PAR  9. A composition as claimed in claim 1, wherein said organic
      photoconductive compound is poly-N-vinyl carbazole.
NUM  10.
PAR  10. A composition as claimed in claim 1, wherein said organic
      photoconductive compound is N, N, N' , N'-tetraphenyl n-xylydendiamine.
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ABST
PAL  A process for forming a color cathode ray tube screen structure, having
      means for enhancing the absorption of ambient light and providing
      improvement in the contrast of the image display involves the deposition
      of three superimposed substantially continuous window-defining layers of
      optical filter materials. The primary, secondary and tertiary filter
      layers have discretely disposed window areas formed therein to expose a
      pattern of filter areas representing the respective filter materials. The
      filter windows are of a shaping similar to that of the apertures in a
      spatially related pattern mask member. Each window exhibits a uniform
      periphery free of indentations, being so defined by a uniform opaque
      interstitial encompassment homogeneously made up of the three distinct
      layers of filter materials. Disposed over the filter windows is a
      patterned screen of cathodoluminescent phosphor elements, which upon
      electron excitation produces color emissions that are colormetrically
      related to the respective filter windows therebeneath.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is a divisional application of Ser. No. 412,143, filed in
      the U.S. Pat. Office on Nov. 2, 1973 and assigned to the assignee of the
      present invention. This divisional application contains matter disclosed
      but not claimed in three related applications: Ser. No. 412,142, now U.S.
      Pat. No. 3,884,694, Ser. No. 412,144 now U.S. Pat. No. 3,884,695, and Ser.
      No. 412,145, now U.S. Pat. No. 3,891,440, all of which were filed on Nov.
      2, 1973, and assigned to the assignee of the parent application, Ser. No.
      412,143.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to color cathode ray tubes and more particularly to
      a process for forming a tube screen structure providing improved contrast
      of the color image display and to a process for fabricating the same.
PAR  Cathode ray tubes of the type employed in color television applications for
      presenting multi-color display imagery, usually utilize patterned screens
      that are comprised of repetitive groups of related phosphor materials.
      Such groupings are normally disposed as bars, stripes or dots depending
      upon the type of color tube structure under consideration. For example, in
      the well known shadow mask tube construction, the screen pattern is
      conventionally composed of a vast multitude of repetitive tri-color
      emissive areas formed of selected cathodoluminescent phosphors, which,
      upon predetermined excitation, produce additive primary hues to provide
      the desired color imagery. Associated with the screen and spaced therefrom
      is a foraminous structure or patterned mask member having a vast multitude
      of discretely formed apertures therein. Each of the apertures in the mask
      member is related to a specific tri-component grouping of related phosphor
      areas of the screened pattern in a spaced manner therefrom to enable the
      selected electron beams traversing the apertures to impinge the proper
      screen areas therebeneath.
PAR  Several approaches have been proposed to increase the contrast ratio of the
      color screen display. One such proposal to improve contrast by absorbing
      ambient light is the use of a neutral density filter member in the form of
      a tinted cover plate which is superposed on the viewing panel of the tube.
      Since neutral density filters are not appreciably selective in the visible
      band of the color spectrum, the intended absorptive efficiency can not be
      fully realized in eliminating the reflective ambient light falling within
      the spectrum bandpass of the display emission. Another proposal for
      increasing contrast ratio of the color image display is the utilization of
      a tinted faceplate or viewing panel per se. Tinting of the faceplate
      attenuates the light transmission of that member, thereby reducing the
      evidenced brightness of the phosphor emissions, in addition to absorptive
      shortcomings similar to those of the aforementioned neutral density
      filter.
PAR  Another approach to improving contrast of the color screen image,
      particularly in a dot-type patterned screen, has been the development of a
      screen structure wherein the dot-defining interstitial spacing between the
      respective color-emitting dots of the screen pattern is formed of an
      opaque light absorbing material. In essence, each phosphor dot is enclosed
      or defined by a substantially dark encompassment which collectively
      comprise a foraminous pattern in the form of a windowed webbing having an
      array of substantially opaque connected interstices. While this black
      surround feature reduces the reflected ambient light in the
      non-fluorescing areas of the screen, it does not reduce the ambient light
      reflected from the panel areas associated with the phosphor dots, which
      areas evidence a high degree of reflectivity.
PAR  A further proposal for enhancing contrast of the screen display has been
      the use of optical filter elements disposed relative to the respective
      color-emitting phosphors comprising the screen pattern. One such optical
      filter proposal utilizes circular filter elements having large oversize
      diameters dimensioned so that their outer peripheral portions overlap in a
      non-uniform manner to produce an irregularly shaped or indented filter
      area surrounded by a non-uniform interstitial webbing. These variations in
      the dot surround-webbing effect a variable absorbency of the ambient light
      thereby detracting from the complete achievement of the intended contrast
      enhancement.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the invention to reduce the aforementioned disadvantages
      and to provide a process for forming an improved screen structure for a
      color cathode ray tube evidencing improved display contrast.
PAR  It is another object to provide a process for forming an improved color
      cathode ray tube screen structure having optical filter elements therein
      surrounded by an opaque interstitial webbing of uniform thickness.
PAR  It is another object to provide a process for forming an improved color
      cathode ray tube screen structure incorporating optical filter windows
      therein, each window in the screen structure having a uniform peripheral
      encompassment free of indentation.
PAR  These and other objects and advantages are achieved in one aspect of the
      invention by providing a process for fabricating a discretely patterned
      multi-window color screen structure disposed on the inner surface of a
      cathode ray tube viewing panel. Each of the window areas is surrounded by
      a uniform opaque interstitial encompassment that exhibits a peripherally
      defined smoothness free of indentations, such shaping being similar to the
      shape of the apertures in a spatially related pattern mask member. The
      screen structure is comprised of a transparent primary layer of a first
      heat formable optical filter material that is adhered to the inner surface
      of the viewing panel. This primary layer has open second and third pattern
      window areas formed therein. A secondary layer of a second heat formable
      optical filter material is superimposed on the primary layer and the
      second of the window pattern areas formed therein to provide an array of
      window-defined second filter elements in the screen structure. The
      secondary layer has open first and third patterned window areas formed
      therein whereof the open first window pattern array defines portions of
      the primary layer to provide a delineation of first filter elements in the
      screen structure that are free of peripheral indentations. The open third
      window pattern in the secondary filter layer is superimposed over the open
      third window pattern in the primary filter layer. A tertiary layer of a
      third heat formable optical filter material is disposed in a superposed
      manner over the secondary layer and the open third superposed window
      pattern areas to provide an array of third filter elements in the screen
      structure. This tertiary layer has open first and second window patterns
      superimposed on like window areas in the secondary layer. The three
      superimposed optical filter material layers are combined uniformly to
      provide a substantially opaque uniform interstitial webbing fully
      surrounding each of the respective filter windows in the color screen
      structure; each of the windows having a uniform peripheral encompassment
      free of indentations. This opaquely defined filter windowed structure has
      three patterns of related cathodoluminescent phosphor elements disposed
      thereover to complete the color screen structure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a and 1b are cross-sectional views illustrating deposition of the
      primary layer of the first optical filter material;
PAR  FIGS. 1c and 1d are cross-sectional views relating to the deposition of the
      secondary layer of a second optical filter material;
PAR  FIGS. 1e and 1f are sectional views illustrating the deposition of tertiary
      layer of the third optical filter material;
PAR  FIG. 1g is a sectional view showing the completed screen structure;
PAR  FIG. 2 is a plan view of a partially constructed screen structure taken
      along the line 2--2 of FIG. 1b showing the primary layer of the first
      optical filter material and the open second and third patterned window
      areas formed therein;
PAR  FIG. 3 is a plan view of a partially constructed screen structure taken
      along the line 3--3 of FIG. 1d illustrating the superposed primary and
      secondary filter material layers and the window elements associated
      respectively therewith;
PAR  FIG. 4 is a plan view of the screen structure taken along the line 4--4 of
      FIG. 1f showing the relationship of the superposed primary, secondary and
      tertiary layers of the optical filter materials and the respective filter
      windows formed therein; and
PAR  FIG. 5 is a plan view of the completed screen structure taken along the
      line 5--5 of FIG. 1g.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following specification and appended claims in connection with
      the aforedescribed drawings.
PAR  The improved discretely patterned multi-window color cathode ray tube
      structure described herein will be delineated as having substantially
      round filter window areas therein surrounded by a substantially uniform
      opaque interstitial encompassment; each of the window areas having a
      defined peripheral smoothness free of indentations. Other window
      configurations, such as elongated and ovate shapings, are intended to be
      in keeping with this disclosure, such configurations being similar to the
      shape of the apertures in a spatially related pattern mask member. The
      screen structure so described may be utilized in either post deflection or
      shadow mask types of color cathode ray tube constructions.
PAR  In this instance, a multi-element filter window screen structure 11 of the
      invention as illustrated in FIGS. 1g and 5 is of the type, for example, as
      that used in a conventional shadow mask type of color cathode ray tube. As
      is well known, conventional tubes of this type utilize several electron
      beams which are directed to converge at a multi-apertured shadow mask, not
      shown, and thence pass through the apertures therein to discretely impinge
      selected areas of the composite screen structure spaced therebeneath. The
      multi-layered screen structure 11 as shown in FIGS. 1g and 5, is disposed
      on the inner surface of the cathode ray tube viewing panel 13. The visible
      light transmissivity of this glass panel is relatively high being
      preferably in the neighborhood of 90 percent, the light attenuation of the
      glass per se being inherent to the elemental composition thereof. Adhered
      to the inner surface of this panel is a substantially continuous and
      substantially transparent primary layer 21 of a first heat formable
      optical filter material representative of a primary hue. This primary
      layer has substantially round second and third patterns of related open
      window areas, 25 and 27 respectively, formed therein each being free of
      peripheral indentations. The hue of this primary layer is a primary color
      as, for example, green g, and is of a first organometallic luster
      composition as will be more fully explained subsequently in this
      specification. Superposed on this primary filter layer 21 is a
      substantially continous and substantially transparent secondary layer 31
      of a second heat formable optical filter material differing in hue from
      that of the primary layer, as for example, a blue b coloration resultant
      of another or second organometallic luster composition. This secondary
      layer 21 overlays and fills in the second of the window pattern areas 25
      formed in the primary layer 21 to provide an array of window defined
      second filter elements 26 in the screen structure. Additionally, the
      secondary layer has first and third patterns of discrete window areas, 33
      and 37 respectively, formed therein whereof the first window pattern array
      33 defines areal portions of the first or primary layer 21 to provide
      first filter elements 24 in the screen structure. The third window pattern
      37 in the secondary layer 31 is superimposed over the third window pattern
      27 in the primary layer 21. A substantially continuous and substantially
      transparent tertiary layer 41 of a third heat formable optical filter
      material is superposed over the secondary layer 31 and fills in the third
      window pattern areas 37 therein and the underlying window pattern areas 27
      to provide the array of defined third filter elements 36 in the screen
      structure 11. This tertiary layer 41 is of a hue differing from that of
      the primary and secondary layers, as for example red r, and is formed of a
      third organometallic luster material having open first and second window
      patterns, 43 and 45 respectively, that are superposed on like window areas
      33 and 25, in the secondary and primary filter layers 31 and 21
      respectively. The three superimposed layers 21, 31 and 41 of diverse
      primary color optical filter materials comprising the multi-window
      structure 11 are combined in a discrete manner to provide a substantially
      opaque uniform interstitial webbing 49 that fully surrounds each of the
      respective filter windows in the screen structure by an opaque uniform
      peripheral encompassment that is free of indentations. Disposed over these
      respective filter window areas of the screen structure are patterned
      groupings of compatible green G, blue B and red R cathodoluminescent
      phosphor elements, which upon electron excitation produce color-emissions
      that are colormetrically related to the respective filter windows 24 g, 26
      b, and 36 r therebeneath. The color emissions of the phosphor materials
      are selectively enhanced by transmission through the associated filtering
      components.
PAR  Portions of the process for fabricating the aforedescribed interstitially
      defined first 24, second 26 and third 36 filter window areas comprising
      the color cathode ray tube screen structure 11 are delineated in FIGS. 1a
      through FIG. 1f of the drawings.
PAR  Prior to the initiation of the screen structure fabricating process, the
      viewing or face panel portion 13 of the cathode ray tube is cleaned in a
      normal manner by washing particularly the interior of the panel with a 5
      to 10 percent aqueous solution of hydrofluoric acid, whereupon the panel
      is water rinsed and dried. The first step in fabrication of the screen
      structure entails uniformly coating the interior surface of the panel 13
      with a primary layer of a liquid mixture 19 of a positive photosensitive
      resist material and a first organometallic luster compound. Positive
      photosensitive resist is a light activated material that, when exposed to
      actinic radiation, such as uv, becomes polymerically degraded thereby
      acquiring solubility in its development solvent. A typical positive
      photosensitive resist material is one such as that designated AZ-111,
      distributed by Shipley Company, Incorporated, Newton, Mass. The first
      organometallic luster compound, as mixed with the positive photosensitive
      resist, is selected from the group of compounds known as liquid luster
      preparations. Such compositions are base metal organic solutions of metals
      such as tin, iron, bismuth, titanium and the like, which may contain
      additions of metalloorganic compounds of precious metals dissolved in
      organic solvents. The color of the liquid luster preparation usually bears
      no semblance to the desired optical filter hue resultant from subsequent
      heat transformation. While luster preparations are available commercially,
      their formulary compositions are usually considered to be proprietary with
      the manufacturer of the product. A metallic luster material suitable for
      use as the first luster component in this screen structure may be, for
      example, a greenproducing luster material, such as A-1128, which is
      commercially available from Hanovia Liquid Gold Division, Englehard
      Industries, Incorporated, East Newark, N.J. The proportional composition
      of the primary coating mixture is adapted to provide adequate functioning
      of the photo-resist in conjunction with the amount of luster material
      required to provide the desired attenuation of the resultant luster filter
      component. Appropriate proprietary thinners for the respective
      photo-resist and luster materials are added as desired to adjust the
      viscosity of the coating mixture to expedite efficient application thereof
      over the panel surface. It has been found that a coating viscosity in
      order of 8 to 10  centipoises is appropriate for spin application of the
      material when rotating the panel in substantially the range of 90 to 150
      rpm, whereupon a uniformly applied coating thickness in the order of 2.5
      to 4 microns is achieved.
PAR  After drying the coated panel, the aperture pattern mask 15 is positioned
      in spaced relationship thereto as shown in FIG. 1a. The primary coating is
      then discretely light exposed by directing actinic radiations Y and Z from
      two spaced apart positions 16 and 17 through the multiple apertures in the
      pattern mask, one of which is shown. The respective directed light beams,
      originating from sources oriented to expose the second and third window
      patterns, are sized by the mask aperture 18 whereupon the light impinged
      second and third window areas, 25' and 27' respectively, of the coating
      are usually slightly larger than the area of the formative aperture 18.
      After exposure, the primary coating is developed, whereupon the exposed
      areas thereof, being polymerically degraded by the uv radiation, are
      removed to define open second and third filter window patterns in the
      primary coating. The development material used in this instance is one
      such as a proprietary liquid developer designated as AZ303, which is
      commercially available from the aforenoted Shipley Company. A suitable
      developer concentration is, for example, one part of developer combined
      with four parts of water. Upon development, the panel is rinsed with water
      to remove any residual development materials.
PAR  The next step in the process involves heating the panel with the patterned
      luster film thereon in a controlled oxygen atmosphere at a temperature in
      the region of 450.degree. to 500.degree.C. This baking or firing thermally
      decomposes the resist component of the primary coating mixture and
      oxidizes the first or green-producing luster material changing the color
      thereof to transform and adhere a substantially continuous and transparent
      glassy primary layer 21 of green-hued g first optical filter material
      having open second and third filter windows 25 and 27 respectively, formed
      therein. Reference is directed to FIGS. 1b and 2. The required thickness
      of the transformed green-hued luster filter material is extremely thin
      being less than 0.5 microns. It has been found that the thickness of the
      respective optical filter materials comprising the layered screen
      structure should each exhibit a light transmission in the order of 60
      percent to provide the desired opacity of the interstitial webbing.
PAR  The discretely patterned panel, having the primary layer 21 of filter
      material adhered thereon, is next coated with a secondary layer 29 of
      another liquid mixture including the aforedescribed positive
      photosensitive resist material and a second color-producing organometallic
      luster compound. The second luster filter material may be, for example, a
      blue-producing composition such as No. 130-F, which is also available from
      Englehard Industries. With reference to FIG. 1c, the coated panel is then
      dried and exposed to specific actinic radiations X and Z emanating from
      two spaced-apart positions, not shown, oriented to produce the first and
      third pattern areas, the light therefrom being directed through the
      apertures of the mask to impinge and degrade the resist coating in those
      areas 33' and 37' of the secondary coating 29 subsequently occupied by the
      first and third arrays of filter windows. The exposed secondary coating is
      then developed with positive photoresist developer as previously
      described, whereupon the areas of polymerically degraded exposed coating
      material 33' and 37' are removed from the first and third pattern window
      areas. The secondary coating 29 fills in the second window openings 25 in
      the primary filter layer 21. In referring to FIGS. 1d and 3, after rinsing
      and drying, the panel is again subjected to heating in a controlled oxygen
      atmosphere in the temperature range of 450.degree. to 500.degree.C. to
      thermally decompose the resist portion of the secondary coating mixture
      and oxidize the second luster material. This baking procedure transforms
      and adheres a substantially continuous and transparent glassy secondary
      layer of the second optical filter material 31 having an open third filter
      window 37 therein and an open first filter window 33 which defines and
      displays a first filter element area 24 of the first optical filter
      material 21 therebeneath. The second window opening 25 in the primary
      filter layer 21, having the secondary filter material disposed therein,
      defines the second filter element 26. At this stage in fabrication, the
      interstitial region 47 is comprised of two uniform layers of filter
      materials.
PAR  The panel having the two patterned filter layers 21 and 31 disposed thereon
      in a superposed manner is next coated with a tertiary layer of still
      another liquid mixture 39 incorporating the previously mentioned positive
      photoresist material and a third organometallic luster compound. The
      luster preparation for this third filter layer may, for example, be a
      red-producing luster such as Red Rose No. 9736 or Ruby Red No. 9761, such
      compositions being commercially available from Englehard Industries. In
      referring to FIG. 1e, after drying, the tertiary coating is exposed by
      directing controlled actinic radiations X and Y from two positions, i.e.,
      the first and second window exposure orientations, through the patterned
      mask to effect specific degradation of discrete areas 43' and 45' of the
      tertiary positive resist coating 39 in the areas already occupied by the
      underlying first and second patterned filter elements 24 and 26
      respectively. Developing the exposed tertiary coating removes the degraded
      exposed areas 43' and 45' of that coating material which had been disposed
      over the first and second filter elements 24 and 26. After rinsing and
      drying, the panel is again heated in a controlled oxygen atmosphere to
      thermally decompose the resist component of the tertiary coating mixture
      and oxidize the third luster material 39. This heating transforms and
      adheres a substantially continuous and transparent glassy tertiary layer
      of the third or red optical filter material 41 having open first 43 and
      second 45 filter windows therein for displaying the first and second
      optical filter elements 24 and 26. The third filter element 36 associated
      with the tertiary layer 41 is defined by the third patterned superimposed
      open windows 27 and 37 previously formed in the primary and secondary
      filter layers. Such is evidenced in FIGS. 1f and 4. The superimposed
      primary 21, secondary 31, and tertiary 41 filter layers being of primary
      colors, namely green g, blue b and red r filtering components provide in
      combination a substantially opaque uniform interstitial webbing 49 fully
      surrounding each of the respective round filter windows in the screen
      structure 11. Each filter window is evenly defined by a uniform peripheral
      encompassment that is free of indentations.
PAR  With reference to FIGS. 1g and 5, upon completing fabrication of the
      interstitially defined multi-windowed optical filter screen structure as
      hereinbefore described, the respective green G, red R and blue B
      cathodoluminescent phosphor elements are suitably disposed as a patterned
      screen 53 over the appropriate g, r, and b filter windows. Deposition of
      the pattern of color-emitting phosphor elements, is accomplished in a
      conventional manner by one of the procedures well known in the art.
      Therefore, further details of the phosphor screening process will not be
      considred considered
PAR  It may be expedient from the standpoint of phosphor brightness and color
      emission, to form a multi-windowed screen structure wherein only one or
      two of the window areas have the respective optical filter materials
      disposed therein. Whether or not a filter material is evidenced in a
      defined window area of the structure is determined by the selection of the
      light exposure positions during fabrication; for example, if it is found
      beneficial to have a window area open or free of discrete optical
      filtering material, that window area has specific actinic radiation
      directed to it during each of the primary, secondary and tertiary filter
      layer exposures.
PAR  It may be desired to modify the sizes of the apertures in the patterned
      mask member either before or after forming of the screen structure; as for
      example, having filter window openings in the opaque interstitial webbing
      that are smaller than the associated apertures in the patterned mask
      member subsequently utilized in the operable tube. In one consideration,
      the mask apertures initially utilized in forming the filter windows and
      the defining interstitial webbing, may be subjected to a subsequential
      chemical etching process to enlarge their sizes thereby effecting the
      desired dimensional differential between the final sized apertures used in
      tube operation and the initially sized apertures utilized in forming the
      windows in the interstitial webbing. Prior art is replete with a variety
      of techniques for modifying the sizes of the pattern mask apertures
      utilized in the forming of or the operation of specific types of color
      screen structures. There are several disclosures wherein changing of the
      aperture sizes is executed by deposition within the aperture openings of
      peripheral fillin substances applied, as for example, by painting,
      dipping, electrophoresis, electroplating and vaporization. Such
      modifications of the apertures of the mask member, may be utilized as
      desired in conjunction with the screen structure of the invention.
PAR  Thus, there is provided a process for fabricating an improved color cathode
      ray tube screen structure that incorporates smoothly defined optical
      filter elements therein which are surrounded by an opaque interstitial
      webbing of uniform thickness. The resultant uniformity of the opaque
      interstitial encompassment provides enhanced absorbency of the ambient
      light thereby effecting improved contrast of the color display.
PAR  While there have been shown and described what are at present considered
      the preferred embodiments of the invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a color cathode ray tube viewing panel whereon a patterned
      cathodoluminescent screen structure formed of first, second and third
      pattern elements is disposed on an interior surface of said panel relative
      to a multiple aperture patterned mask spacedly positioned adjacent
      thereto, a process for forming an improved multi-windowed screen structure
      defined by a webbing of uniform opaque interstices disposed on the
      interior surface of said panel prior to the fabrication of the phosphor
      screen thereon, each of said window areas having a layer of selected
      substantially transparent optical filter material disposed therein and
      evidencing a peripheral shaping free of indentations similar to that of
      the formative aperture in said pattern mask, said process comprising the
      steps of:
PA1  coating the interior of said panel with a primary layer of a liquid mixture
      of a positive photosensitive resist material and a first organometallic
      luster compound;
PA1  drying said coated panel;
PA1  exposing said primary coating by directing actinic radiations from two
      discrete positions through the multiple apertures in said pattern mask to
      effect degradation of those portions of the primary positive resist
      coating in the areas subsequently occupied by said second and third filter
      pattern windows;
PA1  developing said exposed primary coating with positive photoresist developer
      by removing the degraded exposed coating material in said second and third
      filter pattern window areas;
PA1  rinsing said developed panel to remove development materials;
PA1  heating said patterned panel in a controlled oxygen atmosphere to thermally
      decompose said resist material and oxidize said first luster material to
      form and adhere a substantially continuous and transparent primary layer
      of said first optical filter material having second and third open filter
      windows therein;
PA1  coating said panel with a secondary layer of a liquid mixture of said
      positive photosensitive resist material and a second organometallic luster
      compound;
PA1  drying said coated panel;
PA1  exposing said secondary coating by directing actinic radiation from two
      positions through said patterned mask to effect degradation of said
      secondary positive resist coating in the areas subsequently occupied by
      said first and third filter pattern windows;
PA1  developing said exposed secondary coating with positive photoresist
      developer by removing the degraded exposed coating material in said first
      and third filter pattern window areas;
PA1  rinsing said developed panel to remove development materials;
PA1  heating said patterned panel in a controlled oxygen atmosphere to thermally
      decompose said resist material and oxidize said second luster material to
      form and adhere a substantially continuous and transparent secondary layer
      of said second optical filter material having an open third filter window
      therein and a defined first filter window displaying said first optical
      filter material therein;
PA1  coating said panel with a tertiary layer of a liquid mixture of said
      positive photosensitive resist material and a third organometallic luster
      compound;
PA1  drying said coated panel;
PA1  exposing said tertiary coating by directing actinic radiations from two
      positions through said patterned mask to effect degradation of said
      tertiary positive resist coating in the areas occuppied by said first, and
      second filter pattern windows;
PA1  developing said exposed tertiary coating with positive photoresist
      developer by removing the degraded exposed coating material in said first
      and second filter pattern window areas;
PA1  rinsing said developed panel to remove development materials; and
PA1  heating said patterned panel in a controlled oxygen atmosphere to thermally
      decompose said resist material and oxidize said third luster material to
      form and adhere a substantially continuous and transparent tertiary layer
      of said third optical filter material having open first and second filter
      windows therein displaying said first and second optical filter material
      respectively therein, said third filter window associated with said
      tertiary layer being defined by the third pattern superposed open windows
      in said primary and secondary filter layers; said superimposed primary,
      secondary and tertiary filter layers providing in combination a
      substantially opaque uniform interstitial webbing fully surrounding each
      of the respective filter windows in said screen structure whereof the
      uniform peripheral encompassment of each filter window is free of
      indentations.
NUM  2.
PAR  2. In the viewing panel of a color cathode ray tube whereon a patterned
      cathodoluminescent screen structure formed of first, second and third
      patterned elements is disposed on an interior surface of said panel
      relative to a multiple apertured patterned mask spacedly positioned
      adjacent thereto, a process for forming a multi-windowed screen structure
      defined by a webbing of uniform opaque interstices disposed on the
      interior surfaces of said panel prior to the fabrication of the phosphor
      screen thereon, at least one of said window areas having a layer of
      selected substantially transparent optical filter material disposed
      therein and evidencing a peripheral shaping free of indentations similar
      to that of the formative aperture in said patterned mask, said process
      comprising the steps of:
PA1  coating the interior of said panel with a primary layer of a liquid mixture
      of a positive photosensitive resist material admixed with a first heat
      formable optical filter material;
PA1  exposing said primary coating by directing actinic radiations from at least
      two spaced apart positions through the multiple apertures in said
      patterned mask to effect degradation of those portions of the primary
      positive resist coating in the areas subsequently occupied by the exposed
      pattern filter window areas;
PA1  developing said exposed primary coating to remove said degraded exposed
      coating material from said exposed filter pattern window areas;
PA1  heating said patterned panel to thermally decompose said resist material
      and transform and adhere a substantially continuous and substantially
      transparent primary layer of said first optical filter material having at
      least two open filter window areas therein;
PA1  coating said panel with a secondary layer of a liquid mixture of said
      positive photosensitive resist material and a second heat formable optical
      filter material;
PA1  exposing said secondary coating by directing actinic radiation from at
      least two spaced apart positions through said patterned mask to effect
      degradation of said secondary positive resist coating in the areas
      subsequently occupied by the exposed filter pattern window areas;
PA1  developing said exposed secondary coating by removing said degraded exposed
      coating material in said exposed filter pattern window areas;
PA1  heating said patterned panel to thermally decompose said resist material
      and transform and adhere a substantially continuous and substantially
      transparent secondary layer of said second optical filter material having
      at least two open filter window areas formed therein;
PA1  coating said panel with a tertiary layer of a liquid mixture of said
      positive photosensitive resist material and a third heat formable optical
      filter material;
PA1  exposing said tertiary coating by directing actinic radiations from at
      least two positions through said patterned mask to effect degradation of
      said tertiary positive resist coating in areas to be occupied by said
      exposed filter pattern window areas;
PA1  developing said exposed tertiary coating by removing the degraded exposed
      coating material in said exposed pattern window areas; and
PA1  heating said patterned panel to thermally decompose said resist material
      and transform and adhere a substantially continuous and transparent
      tertiary layer of said third optical filter material having at least two
      open filter window areas therein, said superimposed primary, secondary and
      tertiary filter layers providing at least one window area having a
      specific filter material exposed therein, and wherein said superposed
      filter layers provide in combination a substantially opaque and uniform
      interstitial webbing fully surrounding each of the respective window areas
      in said screen structure whereof the uniform peripheral encompassment of
      each window area is free of indentations.
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PAL  Photolithographic techniques are employed to fabricate hemispherical or
      semicylindrical microlenses on the end surfaces of optical fibers. The
      power coupling efficiency between junction lasers and fibers is thereby
      significantly increased.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to photolithographic techniques and more
      particularly to the use of such techniques for fabricating so-called
      microlenses.
PAR  The problem of efficiently coupling light from gallium arsenide injection
      lasers of stripe geometry into the cores of optical fibers is an important
      one whose solution is being actively sought. By carefully aligning the
      fiber core with respect to the stripe and by optimizing the air gap
      spacing between the laser and the fiber, efficiencies of about 8 percent
      have been achieved.
PAR  In "Power Coupling from GaAs Injection Laser into Optical Fibers" by L. G.
      Cohen, The Bell System Technical Journal, Vol. 51, (March 1972), pages
      573-594, the use of a semicylindrical lens is proposed for increasing the
      power coupling efficiency between a gallium arsenide laser and an optical
      fiber. The only technique suggested in the cited article for fabricating
      the lens involves grinding an unclad cylindrical fiber in half.
PAR  Lenses with diameters and thicknesses on the order of a few micrometers
      (.mu.m), hereinafter referred to as microlenses, are required to optimize
      the aforementioned laser-to-fiber coupling efficiency. Such very small
      lenses cannot easily and accurately be fabricated by conventional
      polishing or molding techniques. Moreover, the handling, mounting and
      alignment of discrete microlenses in a laser-to-fiber system present
      formidable practical problems.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of the present invention is an improved way of
      making very small lenses.
PAR  More specifically, an object of this invention is to provide
      photolithographic techniques for fabricating microlenses for use in a
      laser-to-fiber system.
PAR  Briefly, these and other objects of the present invention are realized in a
      specific illustrative process in which microlenses are fabricated in place
      in a laser-to-fiber system by photolithographic techniques. The
      fabrication process involves initially depositing a thin film of a
      suitable light-sensitive material on the flat entry face of a length of
      cladded optical fiber. The material is then exposed to sensitizing
      radiation that alters the structure of selected portions of the material.
      To make a hemispherical microlens, the sensitizing radiation is directed
      into the far end of the fiber and propagated along the core toward the
      entry face to impinge on the back surface of the deposited material. To
      make a semicylindrical microlens, successively wider stripes of
      sensitizing radiation are propagated onto the front surface of the
      deposited material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A complete understanding of the present invention and of the above and
      other objects thereof may be gained from a consideration of the following
      detailed description of several specific illustrative processes presented
      hereinbelow in connection with the accompanying drawing in which:
PAR  FIG. 1 depicts a laser-to-fiber coupling system that includes a microlens
      made in accordance with the principles of the present invention;
PAR  FIG. 2 represents the technique employed to form a hemispherical microlens;
PAR  FIG. 3 illustrates the technique utilized to form a semicylindrical
      microlens; and
PAR  FIGS. 4 and 5 are representations drawn approximately to scale showing a
      hemispherical microlens and a semicylindrical microlens formed on the end
      faces of two single-mode optical fibers.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1 the light power emanating from the rectangular aperture of a
      conventional gallium arsenide junction laser 10 of stripe geometry is
      directed at the core 12 of a conventional single-mode optical fiber having
      a cladding 14. To convert the strongly astigmatic laser beam
      (.lambda.=9000 Angstrom units) to a beam that more closely matches the
      circular HE.sub.11 mode of the fiber core 12, a microlens 16 is utilized.
PAR  Illustratively, the cladding 14 of the fiber shown in FIG. 1 is made of
      fused silica and the core 12 thereof is made of suitably doped fused
      silica. As is well known in the art, the core of such a fiber exhibits a
      slightly higher index of refraction than that of the cladding. An
      illustrative fiber of this type, wherein the dopant is a multivalent metal
      oxide, is described in R. D. Maurer et al. U.S. Pat. No. 3,659,915, issued
      May 2, 1972. It is to be emphasized, however, that a variety of other
      known and conventional glass materials systems are suitable for forming a
      fiber to be used in carrying out the process of the present invention.
      Other such suitable materials are described, for example, in "Low-Loss
      Glass Fibers for Optical Transmission" by A. D. Pearson and W. G. French,
      Bell Laboratories Record, April 1972, pp. 103-109, which subject is glass
      fiber waveguides, which according to the authors, "consist of a
      cylindrical core of optically transparent material having a relatively
      high index of refraction, clad with a layer of optical material having a
      lower refractive index . . . . the principles of total internal reflection
      operate on light launched into the core; such light will be guided along
      the length of the compound fiber.
PAR  Light rays coupled from the laser 10 to the core 12 via the microlens 16
      are represented in FIG. 1 by dashed lines 18. These rays emanate from
      junction 20 of the laser 10. The junction, which lies in a plane that is
      perpendicular to the plane of the drawing sheet, provides an elliptical or
      rectangular Gaussian beam (typical dimensions 0.6 by 5 .mu.m) that
      diverges much more rapidly perpendicular to the junction plane than it
      does parallel to the junction plane.
PAR  One specific illustrative fiber suitable for inclusion in a system of the
      type shown in FIG. 1 is made of quartz with a core diameter of 4 .mu.m and
      a cladding diameter of 250 .mu.m. The dimensions of the requisite
      associated microlens 16 are obtained to a first approximation by using
      simple ray analysis. For example, for a lens material having an index of
      refraction n =1.6, a 6.5-.mu.m-diameter lens is needed to collimate a
      laser beam that diverges at .alpha. = 30.degree. from the junction plane
      (see FIG. 1).
PAR  The element 16 represented in FIG. 1 may be either a hemispherical or a
      semicylindrical microlens. In either case the first step in fabricating
      the element 16 is to prepare the left-hand or entry face of the depicted
      optical fiber to be flat and to lie in a plane that is perpendicular to
      the main longitudinal axis 22 of the fiber. This may be accomplished, for
      example, simply by clamping the fiber in a jig, scoring the surface
      thereof with a diamond blade and then applying a longitudinal force to
      separate the fiber at the score. In practice, this simple procedure is
      usually adequate to prepare the entry face of the fiber in a satisfactory
      manner without any further processing. If, however, deviations from
      flatness or from perpendicularity from the axis 22 are observed, these can
      be easily corrected by grinding the entry face.
PAR  A newly cut entry face on an optical fiber usually does not need cleaning.
      If, however, cleaning of the face is required, suitable materials therefor
      are trichlorethylene, xylene or photoresist strippers, which are
      conventional cleaning agents.
PAR  Subsequently, the entire entry face (both core and cladding) of the
      prepared fiber end is coated with a layer of a light-sensitive material.
      This is accomplished by dipping the end into the material, by spraying, or
      otherwise depositing the material onto the end in any known way. A layer
      of the material several micrometers thick is thereby applied to the entry
      face.
PAR  The material deposited on the entry face of the fiber may comprise any one
      of a variety of known negative photoresists. Various negative photoresists
      comprising, for example, monomeric and cross-linkable polymeric compounds
      and elements are well known. Illustratively, addition polymers of the type
      described in U.S. Pat. Nos. 3,418,295 and 3,469,982, issued Dec. 24, 1968
      and Sept. 30, 1969, respectively, are suitable for use as negative
      photoresists. Another example of a standard such negative photoresist
      suitable for utilization in the process described herein is
      cyclized-cis-polyisoprene combined with a diazido compound such as 2,
      6-bis (p-azidobenzal)-4-methylcyclo hexanone and a solvent. Still other
      standard negative photoresists known in the art and suitable for use in
      the process described herein are disclosed in U.S. Pat. Nos. 3,520,683,
      3,623,870 and 3,674,492, issued July 14, 1970, Nov. 30, 1971 and July 4,
      1972, respectively.
PAR  Illustratively, the material deposited on the entry face of the fiber
      comprises a photosensitive polymer which has an index of refraction n =
      1.6 and which is transparent to radiation at 9000 Angstrom units. Examples
      thereof suitable for utilization in the process described herein are an
      undiluted photoresist designated Micronegative Resist, manufactured by
      Eastman Kodak Company, Rochester, New York, or an undiluted photoresist
      designated Waycoat IC made by Philip A. Hunt Chemical Corporation,
      Palisades Park, New Jersey. Exposure to ultraviolet light causes the
      exposed portions of these materials to form a crosslinked molecular
      structure that is resistant to subsequent steps employed to remove the
      unexposed photoresist. Moreover, such crosslinked structures do not
      oxidize and do not absorb moisture to any significant extent. Nor are any
      other significant degradational mechanisms known to exist in such
      structures under normal atmospheric conditions.
PAR  Before exposing the deposited light-sensitive material to ultraviolet
      radiation, it is advantageous to prebake the material to remove solvents
      and impurities therefrom. This is done, for example, by baking the
      material for about 20 minutes at 80.degree. C.
PAR  Subsequent to the prebaking step, the coated fiber end is selectively
      exposed to sensitizing radiation in accordance with the principles of the
      present invention thereby to form a centrally positioned microlens on the
      fiber end.
PAR  An illustrative arrangement utilized to fabricate a hemispherical microlens
      on a fiber end is shown in FIG. 2. Fiber 24, including a 4-.mu.m-diameter
      core 26 and a 250-.mu.m-diameter cladding 28, has a 2-3-.mu.m-thick layer
      30 of a light-sensitive material deposited on the left-hand or entry face
      of the fiber. A source 32, which comprises, for example, a mercury arc
      lamp, is positioned near the right-hand end of the fiber 24 to direct
      sensitizing radiaton along the core 26 to impinge upon the back or
      right-hand surface of the layer 30. The ultraviolet output of the source
      32 (whose wavelength approximates 3000-5000 Angstrom units) is effective
      to cause crosslinking of the molecules of the layer 30 in the immediate
      vicinity of the core 26.
PAR  In a system of the type shown in FIG. 2 some of the incident ultraviolet
      radiation from the source 32 may penetrate into the cladding 28. To
      minimize the amount of such penetrating radiation that reaches the
      left-hand end of the fiber 24, an index-matching material such as
      glycerine may be coated on a portion of the outer surface of the fiber. As
      a result of such a coating, penetrating radiation will be scattered out of
      the fiber via the coating into the medium surrounding the fiber.
      Accordingly, the ultraviolet radiation that actually reaches the left-hand
      end of the fiber 24 is automatically confined to the core area and the
      immediate vicinity thereof.
PAR  Moreover, the dimensions of the exposed portion of the layer 30 of FIG. 2
      are a function of the product of the intensity of the sensitizing
      ultraviolet radiation and of the exposure time. For a light intensity of
      approximately 0.3 mW/cm.sup.2, a 4-.mu.m-wide by 2-3-.mu.m-thick exposed
      section was obtained for an exposure time of 3 minutes; a 7-.mu.m-wide by
      2-3-.mu.m-thick exposed section was obtained for an exposure time of 10
      minutes and a 14-.mu.m-wide by 2-3-.mu.m-thick section was obtained for 25
      minutes of exposure. Other lens thicknesses are obtained by first exposing
      a uniform layer of photoresist over the entire fiber end and then exposing
      an additional layer as described above.
PAR  Because the ultraviolet light supplied by the source 32 of FIG. 2 is
      confined almost entirely to the core 26 and due to the fact that the
      intensity of the exposing light has a nearly Gaussian profile, the exposed
      portion of the layer 30 is limited to the core area and its immediate
      vicinity. This exposed portion has a generally hemispherical shape (with
      slight ridging).
PAR  After exposure of the layer 30 as described above, the fiber end including
      the layer 30 is immersed in a developer (for example, in Kodak
      Micronegative Resist Developer made by Eastman Kodak Company) for about 20
      seconds. This is followed by a rinse (for example, in Kodak Micronegative
      Resist Rinse made by Eastman Kodak Company) for approximately 20 seconds.
      At that point all of the layer, except the exposed and developed
      hemispherically shaped portion covering the core 26, has been removed from
      the left-hand end of the fiber 24. This remaining portion is designated 31
      in FIG. 2.
PAR  A variety of developers and rinses suitable for use in carrying out the
      process described herein is known in the art. Illustrative such materials
      are specified, for example, in the aforecited U.S. Pat. Nos. 3,520,683 and
      3,674,492.
PAR  The fiber end shown in FIG. 2, with the portion 31 remaining thereon, is
      then baked for about 30 minutes at approximtely 130.degree. C to harden
      the exposed and developed material. In this baking step the material of
      the portion 31 flows slightly. As a result, the surface of the portion is
      smoothed to form a high quality ridgeless hemispherical microlens. In an
      actual laser-to-fiber system, such a microlens formed on the end of the
      fiber was effective to achieve a power coupling efficiency of about 23
      percent.
PAR  Because neither FIG. 1 nor FIG. 2 is drawn to scale, FIG. 2 has been
      included to emphasize the subminiature size of the lens formed by the
      method described above. FIG. 4 is a schematic representation drawn
      approximately to scale of scanning electron photomicrographs of an actual
      hemispherical microlens having a diameter of approximately 6.4 .mu.m and a
      thickness of about 2.5 .mu.m formed on the end surface of a single-mode
      optical fiber. The depicted fiber has a 4-.mu.m-diameter core 26 and a
      250-.mu.m-diameter cladding 28.
PAR  FIG. 3 shows an illustrative arrangement utilized to fabricate a
      semicylindrical microlens on a fiber end in accordance with the principles
      of the present invention. Fiber 34, including a 4-.mu.m-diameter core 36
      and a 250-.mu.m-diameter cladding 38, has a 2-3-.mu.m-thick layer 40 of a
      light-sensitive material deposited on the left-hand or entry face of the
      fiber. Advantageously the layer 40 is initially prebaked as described
      above.
PAR  In forming a semicylindrical microlens in the layer 40 of FIG. 3, a source
      42 of sensitizing radiation is utilized. The source 42 is, for example, a
      mercury arc lamp that supplies an ultraviolet output. Two apertured plates
      44 and 46 with orthogonally disposed slits are positioned in the path of
      the radiation supplied by the source 42 to form an elliptical or
      rectangular shaped beam approximately 180 .mu.m wide by 500 .mu.m high. In
      turn, the beam is projected onto the left-hand or front surface of the
      layer 40 by a 20X reduction lens 48. Advantageously, for the reason
      specified below, the incident beam is focused slightly in front of the
      front surface of the layer 40.
PAR  A beam splitter 50 and an eyepiece 52 are included in the FIG. 3
      arrangement to permit an operator to view the position of the projected
      beam on the layer 40. By means of a micromanipulator 54 attached to the
      fiber 34, the fiber is moved to position the elliptical or rectangular
      shaped beam in a central location directly over the core 36 of the fiber.
      To provide a reference spot for aligning the rectangular beam, another
      source 57 is positioned to illuminate the core with light to which the
      material of the layer 40 is not sensitive. During the alignment process, a
      filter 47 is interposed in the path of the light provided by the source 42
      to block sensitizing radiation from reaching the front surface of the
      layer 40 but to allow nonsensitizing light to impinge thereupon.
PAR  After alignment, the aforementioned filter 47 is removed and the beam of
      ultraviolet light supplied by the source 42 causes exposure of a centrally
      positioned stripe of the material of the layer 40. In order to control the
      contour of the exposed material, the layer 40 is advantageously exposed
      in, for example, three steps with exposure times of, for instance, 10
      seconds, 20 seconds and 30 seconds, respectively, using successively wider
      ultraviolet stripes. Because of the successive-exposure process and due to
      diffraction effects (stemming from the aforementioned focusing of the beam
      slightly in front of the layer 40), the exposed portion of the layer
      exhibits a generally semicylindrical shape (with a slightly stepped
      contour).
PAR  Subsequently, the exposed portion 56 of the layer 40 of FIG. 3 is developed
      and the unexposed portion removed in accordance with the same techniques
      described above in connection with fabrication of hemispherical
      microlenses. Then, in a baking step the exposed and developed portion is
      caused to flow slightly, thereby to form a hard smoothly contoured
      semicylindrical microlens. Such a microlens was effective to achieve a
      power coupling efficiency of about 34 percent in a laser-to-fiber system.
PAR  FIG. 5 is an approximate scale drawing based on scanning electron
      photomicrographs of an actual semicylindrical microlens 56. The microlens
      was 35 .mu.m wide, 7 .mu.m high and 3 .mu.m thick and was positioned
      directly over the core 26 and over minor adjacent portions of the cladding
      28.
PAR  The quality of microlenses made in accordance with the principles of the
      present invention can be tested by directing light onto one end of a fiber
      having a microlens formed on the other end. In one such test, light from a
      laser was directed into the one end. A 40X microscope objective lens was
      spaced apart from the other end of the fiber to image the focal plane of
      the microlens onto a frosted plate. The image on the frosted plate was
      then magnified and photographed.
PAR  By the aforementioned test procedure it was determined that a typical
      hemispherical microlens made as described herein reduced the diameter of
      the circular HE.sub.11 fiber mode by a factor of 3. In accordance with the
      same procedure, it was determined that a typical semicylindrical microlens
      made as described above transformed the fiber's circular HE.sub.11 mode to
      an elliptical image with a 4:1 aspect ratio.
PAR  Even greater coupling efficiencies may be achieved in a laser-to-fiber
      system of the type described herein by combining a hemispherical microlens
      formed on the fiber end with a semicylindrical microlens formed over the
      rectangular light emitting region of the laser. Such microlenses may be
      made in accordance with the respective procedures described above.
      Alternatively, the semicylindrical element on the laser may be formed by
      having the rectangular laser beam itself selectively expose photoresist
      deposited on the output face of the laser. Due to the elliptical or
      rectangular nature of the laser beam and its generally Gaussian profile, a
      semicylindrical contoured microlens may be formed if heat generated by the
      laser is sufficient to sensitize the photoresist.
PAR  Finally, it is to be understood that the above described methods are only
      illustrative of the application of the principles of the present
      invention. In accordance with these principles, numerous other techniques
      may be devised by those skilled in the art without departing from the
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for forming a microlens on one end surface of an optical fiber
      that comprises a relatively high index-of-refraction cylindrical core
      having a relatively low index-of-refraction cladding disposed thereabout,
      said method comprising the steps of:
PA1  coating the entire surface of said one end of said fiber with a negative
      transparent photoresist material,
PA1  exposing to radiation only a selected portion of the material coated on
      said end surface by directing at said material a radiant beam whose
      cross-sectional area approximates that of said core and is much less than
      the cross-sectional area of said core and cladding, said selected portion
      including the material that covers the entire core area of the fiber but
      excludes the major portion of the material that covers the cladding of the
      fiber,
PA1  removing the unexposed portion of said material,
PA1  and baking said remaining exposed portion to cause it to flow slightly,
      thereby to harden said exposed portion and to smooth the contour thereof.
NUM  2.
PAR  2. A method as in claim 1 wherein said exposing step comprises directing
      radiation into the other end of said fiber to propagate along said core to
      impinge on the rear surface of said material only in the area overlying
      said core and the immediate vicinity thereof.
NUM  3.
PAR  3. A method as in claim 1 wherein said exposing step comprises:
PA1  during a first interval of time directing a rectangular beam of radiation
      to impinge on the front surface of said material in a centrally positioned
      location overlying said core,
PA1  the cross-sectional area of said beam being much less than the
      cross-sectional area of said core and cladding,
PA1  and during a second interval of time directing a wider rectangular beam of
      sensitizing light to impinge on the front surface of said material in a
      centrally positioned location overlying said core,
PA1  the cross-sectional area of said wider beam being much less than the
      cross-sectional area of said core and cladding and substantially
      encompassing within it the cross-sectional area of said first-recited
      rectangular beam.
NUM  4.
PAR  4. A method as in claim 3 wherein said exposing step includes focusing each
      of said beams in a plane that is spaced in front of said front surface.
NUM  5.
PAR  5. A method as in claim 4 wherein said exposing step is preceded by the
      step of directing nonsensitizing light into the other end of the said
      fiber to illuminate the core at said one end to provide a reference spot
      for aligning said rectangular beams in said centrally positioned location.
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ABST
PAL  A multi-layer photosensitive material for color photography comprising a
      support and coated thereon, a first color image-forming layer unit
      composed of a red-sensitive silver halide emulsion, a second color
      image-forming layer unit composed of a green-sensitive silver halide
      emulsion and a third color image-forming layer unit composed of a
      blur-sensitive silver halide emulsion; characterized in that at least one
      of said color image-forming layer units has a composite layer structure
      including a lower layer and an upper layer which are positioned in
      sequence from the support, said upper layer has a higher sensitivity and a
      lower maximum developed color density than said lower layer, and at least
      one of said upper layer and lower layer contains a mercaptan type
      development inhibitor-releasing compound capable of reacting with an
      oxidation product of a primary aromatic amine to form a substantially
      colorless compound.
BSUM
PAR  This application claims the priority of Japanese application No. 91265/73,
      filed Aug. 16, 1973.
PAR  This invention relates to a multi-layer photosensitive material for color
      photography. More particularly, the invention relates to a multi-layer
      photosensitive material for color photography which is improved in such
      photographic characteristics as fog, sensitivity, gradient, granularity,
      sharpness and color reproducibility.
PAR  It is known that in order to improve the sensitivity and granularity of a
      multi-layer photosensitive material for color photography, one color
      image-forming unit layer sensitive to one specific spectral region is
      divided into two layers, i.e., upper and lower layers. More specifically,
      in an ordinary multi-layer film for color photography comprising a support
      and, laminated thereon, as the main three constituent layers, a
      red-sensitive silver halide emulsion layer capable of forming a cyan dye
      image, a green-sensitive silver halide emulsion layer capable of forming a
      magenta dye image and a blue-sensitive silver halide emulsion layer
      capable of forming a yellow dye image, in order to improve the sensitivity
      and granularity of such photographic film, at least one of the foregoing
      three color image-forming layers unit is divided into two layers, i.e.,
      upper and lower layers, and a large-particle, high-sensitivity silver
      halide emulsion is used for the upper layer and a small-particle,
      low-sensitivity silver halide emulsion is used for the lower layer,
      whereby coarsening of the mottle such as caused in the case of a single
      layer structure composed of a silver emulsion including large and small
      particles can be prevented and the granularity can be therefore improved.
      Further, if the amount of the coupler per mole of the silver halide is
      made smaller in the upper layer than in the lower layer, the maximum
      density portion of the upper layer can be formed of piled and blurred dye
      clouds, whereby the granularity of the medium or high density region can
      be improved.
PAR  However, such known methods dividing color image-forming layers into upper
      and lower layers are still insufficient and improvement of the granularity
      cannot be attained by these known methods. More specifically, the
      granularity is still insufficient in the range from the toe of the
      characteristic curve to the middle region. One cause is a nonpiled large
      dye cloud formed in the medium density region, and another cause is
      roughness in the granularity considered to be due to the fact that a
      silver halide of a relatively broad particle size distribution is employed
      as the lower layer emulsion in order to broaden the latitude. Further,
      since it is necessary to impart a sufficient sensitivity to a high
      sensitivity emulsion for the upper layer and hence, a chemically
      sensitized silver halide emulsion having a large particle size is
      generally used at a high silver content, there is brought about a defect
      that fogs are readily caused to occur.
PAR  Moreover, since the silver density is increased in the upper layer, the
      contrast frequently becomes high in the upper layer portion, and
      therefore, in a composite layer structure of upper and lower layers,
      defective gradient appears in the range of from the toe to the middle in
      the sensitometric characteristic curve.
PAR  Still further, in such composite layer structure, since a color image
      consisting of blurred dye clouds is formed in the upper layer, degradation
      of the sharpness cannot be avoided.
PAR  It is therefore a primary object of this invention to overcome the
      foregoing defects involved in the conventional composite layer structure
      and to provide a multi-layer photosensitive material including a color
      image unit which has the composite layer structure, which is highly
      improved in photographic characteristics such as sensitivity, gradient,
      granularity, sharpness, fog property and color reproducibility.
PAR  We have now found that the foregoing object can be attained by a
      multi-layer photosensitive material for color photography comprising a
      support and, formed thereon, a color image-forming layer unit including a
      red-sensitive silver halide emulsion, another color image-forming layer
      unit including a green-sensitive silver halide emusion and still another
      color image-forming layer including a blue-sensitive silver halide
      emulsion, optionally in combination with an undercoat layer, an
      intermediate layer, a protective layer and the like, wherein at least one
      of said color image-forming layers is composed of an upper layer and a
      lower layer disposed in a position closer to the support, the silver
      halide emulsion of the upper layer being sensitive to substantially the
      same spectral region as that of the lower layer ( a non-photosensitive
      layer may be disposed between the upper and lower layers according to need
      ), a higher sensitivity and a smaller maximum developed color density are
      retained in the upper layer as compared with the lower layer, and wherein
      a mercaptan type development inhibitor-releasing compound capable of
      reacting with an oxidation product of a color developing agent to form a
      substantially colorless compound is contained in at least one of said
      upper and lower layers.
PAR  According to this invention, there is provided a multilayer photosensitive
      material for color photography which is excellent in such photographic
      characteristics as fog, sensitivity, granularity, sharpness and color
      reproducibility. The mercaptan type development inhibitor-releasing
      compound to be used in this invention reacts under normal development
      conditions with an oxidation product of a color developing agent to form a
      colorless compound and to release a mercaptan type development inhibitor
      depending on the density of the image. The so released mercaptan type
      development inhibitor inhibits the development depending on the image
      density in the source layer from which it has been released and exhibits
      so-called intra-image effects of reducing the gamma value and improving
      the granularity and the sharpness of the image. In case the mercaptan type
      development inhibitor is diffusible, it inhibits the development in other
      layers depending on the density of the image of the source layer from
      which it has been released, and therefore, it is expected that the
      development inhibitor will exhibit so-called inter-image effects; namely,
      improvement of the color reproducibility in the multilayer photosensitive
      material for color photography. If this mercaptan type development
      inhibitor-releasing compound is used for the multi-layer photosensitive
      material of this invention according to the two-layer method, many other
      advantages are attained. For example, when the mercaptan type development
      inhibitor-releasing compound is incorporated into the upper layer having a
      higher sensitivity and a lower maximum developed color density than those
      of the lower layer, the development-inhibiting effect is attained by the
      mercaptan type development inhibitor in proportion to the image density of
      the upper layer, and further, in the multi-layer structure of upper and
      lower layers, the granularity is improved in the range of from the toe to
      the middle of the sensitometric characteristic curve. Further, the
      development-inhibiting effect attained in proportion to the image density
      results in reduction of the contrast in the upper layer and hence, the
      disorder of the gradient caused by the superposition of the gradients of
      the upper and lower layers in the range of from the toe to the middle of
      the sensitometric characteristic curve, (which is frequently observed in
      conventional multi-layer photosensitive materials), can be greatly
      improved. Still further, by reduction of the contrast in the upper layer,
      it is possible to form a two-layer structure in which a larger amount of
      the silver halide is incorporated in the upper layer, and hence, the
      sensitivity can be greatly heightened. In addition, since the mercaptan
      type development inhibitor-releasing compound is incorporated in the upper
      layer, the upper layer emulsion of a higher sensitivity where fog is
      readily caused can be greatly stabilized and occurrence of fog can be
      greatly reduced. More specifically, by the development-inhibiting activity
      of the mercaptan type development inhibitor released at the development
      step, coarsening of fog particles can be prevented. Further, when the
      mercaptan type development inhibitor-releasing compound is incorporated in
      the lower layer emulsion having a lower sensitivity than the upper layer
      emulsion, improvement of the granularity in the lower layer by the
      mercaptan type development inhibitor released at the development step is
      attained in not only the density region to which the lower layer emulsion
      contributes, but the entire density range from the toe portion to the high
      density region. In conventional negative photosensitive materials for
      color photography having a composite structure according to the twolayer
      method, the main latitude is generally provided by the lower layer. In
      such case, in order to broaden the latitude in the lower layer, a silver
      halide emulsion having a broad particle size distribution is employed as
      the emulsion. In contrast, if the mercaptan type development
      inhibitor-releasing compound is used in the lower layer, even when a
      silver halide emulsion having a narrow particle size distribution is
      employed, characteristics of a moderate gradient and a broad latitude can
      be attained. Furthermore, if a silver halide emulsion of a narrow particle
      size distribution is used for the lower layer, great improvement in the
      granularity and sharpness can be attained. Of course, by the
      above-mentioned intra-image effects of the mercaptan type development
      inhibitor-releasing compound, the layer incorporated with this compound
      can have a highly improved sharpness as compared with the conventional
      two-layer method in which a low sharpness is one of conspicuous defects.
      Likewise, if the mercaptan type development inhibitor is diffusible, it
      also inhibits the development in layers other than the source layer and
      hence, the color reproducibility can be greatly improved by the
      inter-image effects. If the development inhibitor-releasing compound is
      incorporated into both the upper and lower layers of the two-layer
      structure, the above-mentioned effects attained by incorporating the
      development inhibitor-releasing compound into only the upper layer or the
      lower layer can be attained simultaneously, and photographic
      characteristics such as fog, sensitivity, granularity -- which is the most
      important photographic property -- can be markedly improved.
PAR  As is apparent from the foregoing description, if at least one of color
      image-forming unit layer of a multi-layer photosensitive material for
      color photography is divided into upper and lower layers so that the upper
      layer has a higher sensitivity and a lower maxmum developed color density
      than the lower layer and if a mercaptan type development
      inhibitorreleasing compound is incorporated into at least one of said
      upper and lower layers, there can be attained various advantages that
      cannot be expected from the above-mentioned characteristics of the
      conventional two composite layer structure and from the conventional
      technique of using mercaptan type development inhibitor-releasing
      compounds.
PAR  The mercaptan type development inhibitor-releasing compound to be used in
      this invention is a compound capable of reacting with an oxidation product
      of a color developing agent at the development step to form a
      substantially colorless compound and capable of releasing a mercaptan type
      development inhibitor at the development step. Various compounds of this
      type are known in the art. In this invention, among these known mercaptan
      type development inhibitor-releasing compounds, those represented by the
      following formula
      ##EQU1##
      in which Z indicates a group of non-metallic atoms necessary for forming a
      carbon ring nucleus or heterocyclic ring nucleus, Y is a group capable of
      forming on cleavage of the thioether group a mercaptan type compound
      having a development inhibiting activity together with the sulfur atom,
      and A stands for an oxygen atom or a group =NR' in which R' stands for a
      hydroxyl group or optionally substituted amino group,
PAL  are effectively employed, because they have a high reactivity with an
      oxidation product of a color developing agent.
PAR  These compounds form substantially colorless compounds on reaction with
      oxidation products of color developing agents. Since these substantially
      colorless compounds do not constitute parts of finally obtained color
      images, the above compounds can be applied to any of the color
      image-forming unit layers. Further, since these compounds have a very high
      reactivity with oxidation products of color developing agents, very good
      intra-image effects and inter-image effects can be obtained even when they
      are used in small amounts.
PAR  In typical instances of compounds represented by the above general formula,
      the ring formed by Z is, for example, a saturated or unsaturated 5-, 6- or
      7-membered carbon ring, or a 5-, 6- or 7-membered heterocyclic ring
      including nitrogen, oxygen, sulfur or the like. As typical instances of
      the carbon ring, there can be mentioned cyclopentanone, cyclohexanone and
      cycloheptanone rings, which may have one or more of such substituents as
      alkyl groups, aryl groups, alkoxy groups, aryloxy groups and halogen
      atoms. Further, these carbon rings may contain a condensed ring at a
      suitable position. As typical instances of such condensed ring, there can
      be mentioned indanone, benzcyclohexenone and benzcycloheptenone rings. As
      typical instances of the heterocyclic ring, there can be mentioned
      piperidone rings ( for example, 2-piperidone, 3-piperdone and 4-piperidone
      rings ), lactone rings ( for example, 4-, 5-, 6- and 7-membered lactone
      rings ), lactam rings ( for example, pyrrolidone rings ), hydantoin rings,
      indole rings ( for example, oxyindole ring ), and the like. These
      heterocyclic rings may have one or more of such substituents as alkyl
      groups, aryl groups, alkoxy groups, arylthio groups, acyl groups, halogen
      atoms and water-soluble groups ( for example, carboxylic and sulfonic
      groups ). Further, these heterocyclic rings may contain a condensed ring
      at a suitable position ( for example, condensed heterocyclic or aromatic
      rings ). Moreover, these carbon and heterocyclic rings may have one or
      more of -SY groups ( Y is as defined above ) on carbon atoms adjacent to
      the carbonyl group and oxime or hydrazone group. Y is a group forming on
      cleavage of the thioether linkage a compound having a
      development-inhibiting activity such as aryl-mercapto compounds,
      heterocyclic compounds, thioglycolic acid compounds, cysteine and
      glutathione, together with the sulfur atom. As typical instances of the
      mercapto compound formed from Y, there can be mentioned heterocyclic
      mercapto compounds such as mercaptotetrazole compounds, especially,
      1-phenyl-2-mercaptotetrazole, 1-nitrophenyl-5-mercaptotetrazole and
      1-naphthyl-5-mercaptotetrazole, mercaptothiazole compounds, especially,
      2-mercaptobenzthiazole and mercaptonaphthothiazole, mercapto-oxathiazole
      compounds, mercaptopiperidine compounds, mercaptothiadiazole compounds,
      especially, 2-mercaptothiaziazolotriazine, mercaptotriazine compounds,
      mercaptotriazole compounds, and mercaptobenzene compounds, especially,
      1-mercapto-2-benzoic acid, 1-mercapto-2-nitrobenzene and
      1-mercapto-3-heptadecanoylaminobenzene.
PAR  Specific examples of compounds represented by the above general formula are
      as follows:
PA1  1. 2- ( 1-phenyl-5-tetrazolylthio ) cyclopentanone
PA1  2. 2- ( 1-phenyl-5-tetrazolylthio ) cyclohexanone
PA1  3. 2,5-di ( 1-phenyl-5-tetrazolylthio ) cyclopentanone
PA1  4. 2- (2-benzoxazolylthio ) cyclopentanone oxime
PA1  5. 2- (1-phenyl-5-tetrazolylthio )-4-dodecyloxyindanone-(1)
PA1  6. 2- (1-phenyl-5-tetrazolylthio )-6-[.alpha. - ( 2,4-di-tertamylphenoxy )
      acetamido]indanone-(1)
PA1  7. 2- (1-phenyl-5-tetrazolylthio )-7-tert-butylindanone-(1)
PA1  8. 2- (1-phenyl-5-tetrazolylthio )-4-palmitoylamido-6-chloroindanone-(1)
PA1  9. 2- (1-phenyl-5-tetrazolylthio ) cyclobutanone oxime
PA1  10. 2- (1-phenyl-5-tetrazolylthio )-5-tert-butylindanone(1)-semicarbazone
PA1  11. 2,5-di-(1-phenyl-5-tetrazolythio)-4-tert-octylcyclohexanone
PA1  12. 2-(1-phenyl-5-tetrazolylthio)indanone-(1)
PA1  13 2-(1-phenyl-5-tetrazolylthio)-6-[.alpha.
      -(2,4-di-tert-amylphenoxy)acetamido] indanone-(1) oxime
PA1  14. 2,5-di(1-phenyl-5-tetrazolylthio)cyclododecane
PA1  15. 2-(2-benzoxazolylthio)-5-pentadecyloxycyclopentanone
PA1  16. 2-(2-nitrophenylthio)-6-stearoyloxycyclohexanone
PA1  17. 2-(1-phenyl-5-tetrazolylthio)-5-isoamyl-5'-phenylcyclopentanone
PA1  18. 2-(1-phenyl-5-tetrazolylthio)-5-dodecylindanone-(1)
PA1  19. 2-(1-phenyl-5-tetrazolylthio)-5-decylcyclopentanone
PA1  20. 2-(2-carboxyphenylthio)-5-decylcyclopentanone
PA1  21. 2-(1-phenyl-5-tetrazolylthio)-6-tert-butylindanone-(1)
PA1  22. 2,5-di(1-phenyl-5-tetrazolylthio)-3-tert-octylcyclopentanone
PA1  23. 2-(1-phenyl-5-tetrazolylthio)tetralone-(1)
PA1  24. 2-(1-phenyl-5-tetrazolylthio)-4-methyl-7-dodecyloxyindanone-(1)
PA1  25.
      2-(1-phenyl-5-tetrazolylthio)5-[.alpha.-(2,4-di-tertamylphenoxy)acetamido]
      indanone-(1)
PA1  26.
      2-(1-phenyl-5-tetrazolylthio)-7-[.alpha.-(2,4-di-tertamylphenoxy)acetamido
     ] indanone-(1)
PA1  27. 1-n-dodecyl-3-(1-phenyl-5-tetrazolylthio)-4-piperidine
PA1  28. 1-n-dodecyl-3,5-di(1-phenyl-5-tetrazolylthio)-4-piperidone oxime
PA1  29. 2-(1-phenyl-5-tetrazolylthio)-4-(2,4-di-tert-amylphenoxy
      acetamido)-1-indanone
PA1  30. 2-(1-phenyl-5-tetrazolylthio)-4-octadecylsuccinimido-1-indanone
PAR  These compounds can readily be synthesized by, for example, methods
      disclosed in Japanese Patent Applications No. 118,892/72, No. 13,811/73
      and No. 99,987/73.
PAR  In this invention, it is possible to employ, as well compounds represented
      by the above general formula, mercaptan type development
      inhibitor-releasing compounds, such as those disclosed in German Patent
      Application Laid-Open Specification No. 1,547,640. However, the effects of
      these compounds are somewhat lower than those of the compounds represented
      by the above general formula. In order to attaining the object of this
      invention most effectively, it is preferred to employ compounds
      represented by the above general formula.
PAR  In accordance with one of preferred embodiments of this invention, at least
      one of the above-mentioned color imageforming unit layers is composed of
      upper and lower layers, a mercaptan type development inhibitor-releasing
      compound is incorporated into at least one of said upper and lower layers,
      a coupler is incorporated in an amount of not higher than 3 mole % based
      on the silver halide in the upper layer including a silver halide emulsion
      having a higher sensitivity than the silver halide emulsion of the lower
      layer while controlling the maximum developed color density in the upper
      layer to 0.2 to 0.7 and the dry thickness of the upper layer is adjusted
      to not larger than 2 .mu..
PAR  In the foregoing embodiment, the effects of this invention are further
      enhanced, and sensitivity, granularity and sharpness are further improved.
      More specifically, by making the amount of the silver halide contained in
      the upper layer a considerable excess over the amount of the coupler
      contained in the upper layer and controlling the maximum developed color
      density in the upper layer to a low level ranging from 0.2 to 0.7, the
      granularity of the upper layer can be further improved, and by lessening
      the thickness of the upper layer, the effect of diffusing the oxidation
      product of a color developing agent from the upper layer to the lower
      layer can be enhanced, and hence, the sensitivity, and gradient can be
      further improved.
PAR  In conventional technique, the degradation of granularity was inavoidable
      when oxidation products of developing agent diffused from the layer having
      less coupler content to the layer having more coupler content.
PAR  In contrast, in this invention, the sensitivity and gradient of a
      photosensitive material for color photography can be effectively improved
      by the incorporation of a mercaptan type development-inhibitor releasing
      compound into at least one of the upper layer and the lower layer, without
      any degradation of granularity.
PAR  In accordance with another preferred embodiment of this invention, at least
      one of the above-mentioned color imageforming layers unit is composed of
      upper and lower layers, high-sensitivity silver halide emulsion of a
      silver iodide content of at least 6 mole % is used for the upper layer as
      a high-sensitivity emulsion layer, and a silver halide emulsion in which
      the silver iodide content is lower by at least 2 mole % than the silver
      iodide content in the upper layer is used for the lower layer. In this
      preferred embodiment, a multi-layer photosensitive material for color
      photography having further improved color reproducibility and sharpness
      can be obtained. More specifically, by employing a silver halide emulsion
      having a high silver iodide content as the emulsion for the upper layer
      and a silver halide emulsion of a lower silver iodide content which more
      readily undergoes development effects than does that of the upper layer,
      as the emulsion for the lower layer, it is made possible to provide a
      two-layer structure having high inter-image and intra-image effects.
PAR  In accordance with still another embodiment of this invention, at least one
      of the above-mentioned color image-forming unit layers is composed of
      upper and lower layers, and in the upper layer as a high-sensitivity
      emulsion layer, a coupler having a lower color-forming rate than the
      coupler of the lower layer is employed. In this preferred embodiment,
      since the color-forming rate of the coupler of the upper layer is lower
      than that of the coupler of the lower layer, the oxidation product of a
      color developing agent formed in the upper layer is diffused relatively
      far, so that granularity can be highly improved.
PAR  In accordance with still another preferred embodiment of this invention, at
      least one of the above-mentioned color image-forming unit layers is
      composed of upper and lower layers, and the ratio of the color coupler to
      the colorless coupler in the upper layer is higher than said ratio in the
      lower layer. In this preferred embodiment, the masking effect is enhanced
      in the upper layer portion and the shortage of the masking effect in the
      lower layer portion is compensated by the inter-image effect, whereby the
      color reproducibility is improved and the entire masking dye density is
      reduced to facilitate classification of the negative film at the printing
      process and shorten the printing time. The term "colored coupler" used
      herein includes not only so-called azo-type colored couplers having active
      positions substituted by an arylazo group which is split off on coupling
      with an oxidation product of a color developing agent of the primary amine
      type, but also so-called DDR colored couplers having active positions
      substituted by a diffusible dye group which is split off on coupling.
PAR  If features of the above-mentioned preferred embodiments are combined to
      form a two-layer structure in at least one of the above-mentioned color
      image-forming unit layers, there can be provided a multi-layer
      photosensitive material for color photography which is most excellent in
      such photographic characteristics as fog property, sensitivity,
      granularity, sharpness, color reproducibility and the like. More
      specifically, in accordance with the most preferred embodiment of this
      invention, there can be obtained a multi-layer photosensitive material for
      color photography which is most excellent in fog property, sensitivity,
      granularity, sharpness, color reproducibility and other photographic
      characteristics, wherein at least one of the color image-forming unit
      layers is a composite of upper and lower layers, a mercaptan type
      development inhibitor-releasing composed compound is contained in at least
      one of said upper and lower layers, a silver halide having a silver iodide
      content of at least 6 mole % is employed for a high sensitivity emulsion
      of the upper layer, a coupler having a color-forming rate lower than that
      of the coupler in the lower layer is contained in the upper layer, the
      ratio of the colored coupler to the colorless coupler in the upper layer
      is made larger than in the lower layer according to need, the amount of
      the coupler contained in the upper layer is not larger than 3 mole % based
      on the silver halide, the maximum developed color density in the upper
      layer is controlled to a level of 0.2 to 0.7, the thickness of the upper
      layer is not larger than 2 .mu., and wherein an emulsion comprising a
      silver halide containing silver iodide in an amount smaller by at least 2
      mole % than the silver iodide content in the silver halide of the upper
      layer is used as the emulsion of the lower layer.
PAR  In this invention, high-sensitivity and low-sensitivity emulsion layers to
      be used as upper and lower layers of a color image-forming unit layer are
      coated on a support, and an intermediate layer may be interposed between
      these two layers, for example, a layer of hydrophilic colloid such as
      gelatin, if desired. As pointed above, these two layers differ from each
      other with respect to the sensitivity. In order to obtain a continuous
      sensitivity, layers overlap each other. More specifically, it is desired
      that the upper layer composed of a high-sensitivity emulsion and the lower
      layer composed of a low-sensitivity emulsion have substantially juxtaposed
      sensitivities.
PAR  A characteristic two-layer structure of this invention having an upper
      layer of a high-sensitivity emulsion and a lower layer of a
      low-sensitivity emulsion can be applied to any optional color
      image-forming unit of the multi-layer photosensitive material for color
      photography. In these color image-forming units, there are generally
      incorporated couplers forming dye upon reaction with oxidized primary
      aromatic amine color developing agent. For example, a yellow coupler
      having an active methylene group inserted getween carbonyl groups at the
      2-position is incorporated in a blue-sensitive silver halide emusion
      layer, a 5-pyrazolone magenta coupler such as disclosed in specifications
      of Japanese Patent Applications Nos. 8443/69; 69017/72; 94604/72; 28120/73
      and 34471/73 is incorporated into a green-sensitive silver halide
      emulsion, and a cyan coupler of the naphthol or phenol type is
      incorporated into a redsensitive silver halide emulsion layer. These
      couplers may be either so-called two-equivalent dye-forming couplers or
      so-called four-equivalent dye-forming couplers. They may also be so-called
      masking couplers having at the active positions thereof arylazo groups or
      diffusible dye groups capable of being split off in the coupling reaction.
      Further, these couplers may have in the molecule a water
      solubility-imparting group such as a sulfonic or carboxylic group. Among
      these couplers, those having oleophilic characteristics can be dissolved
      and dispersed in high-boiling-point organic solvents such as dibutyl
      phthalate or low-boiling-point organic solvents such as chloroform,
      acetone and dimethylformamide. Water-soluble couplers are dissolved in
      aqueous alkali and they are added in the dissolved state directly to a
      silver halide emulsion.
PAR  In this invention, it is preferred that a coupler having color-forming rate
      lower than that of the coupler of the lower layer is used in the upper
      layer. Preferred combinations of couplers used for the upper layer and
      lower layer are as shown below.
     Layer    Kind of Coupler                                                  

                        Lower Layer     Upper Layer                            

     __________________________________________________________________________

     Blue-sensitive                                                            

              yellow coupler                                                   

                        .alpha.-(4-nitrophenoxy)-.alpha.-                      

                                        .alpha.-pivalyl-5-[.gamma.-2,4-di-tert-

                                        9                                      

     layer              pivalyl-5-[.alpha.-(2,4-di-tert-                       

                                        amylphenoxy)-butyramide]-2-            

                        amylphenoxy)-butyramide]-2-                            

                                        chloroacetanilide                      

                        chloroacetanilide                                      

     green-sensitive                                                           

              colorless 1-(2,4,6-trichlorophenyl)-3-                           

                                        1-(2,4,6-trichlorophenyl)-3-           

     layer    magenta coupler                                                  

                        {3-[.alpha.-(2,4-di-tert-                              

                                        {3-[.alpha.-(2,4-di-tert-amylphenoxy)- 

                        amylphenoxy)-acetamide]                                

                                        acetamido]benzamide}-5-                

                        anilino}-5-pyrazolone                                  

                                        pyrazolone                             

              colored   1-(2,4,6-trichlorophenyl)-3-                           

                                        1-(2,4,6-trichlorophenyl)-3-           

              magenta coupler                                                  

                        {3-[.alpha.-(2,4-di-tert-                              

                                        {3-[.alpha.-(2,4-di-tert-amylphenoxy)- 

                        amylphenoxy)-acetamido]                                

                                        acetamido]benzamido}-4-                

                        anilino}-4-(4-methoxy-                                 

                                        methoxyphenylazo)-5-pyrazolone         

                        phenylazo)-5-pyrazolone                                

     red-sensitive                                                             

              colorless cyan                                                   

                        1-hydroxy-(2-dodecyloxy)-2-                            

                                        1-hydroxy-N-[.delta.-(2,4-di-tert-     

     layer    coupler   naphthanilide   amylphenoxy)butyl]-2-naphthamide       

              colored cyan                                                     

                        1-hydroxy-4-(4-ethoxy-                                 

                                        1-hydroxy-4-(2-acetophenylazo)-N-      

              coupler   phenylazo)-N-[.delta.-(2,4-                            

                                        [.delta.-(2,4-di-tert-amylphenoxy)     

                        di-tert-amylphenoxy)                                   

                                        butyl]-2-naphthamide                   

                        butyl]-2-naphthamide                                   

     __________________________________________________________________________

PAR  In addition to the above combinations, there are many other combinations of
      couplers differing in the color-forming rate. An optional combination can
      be chosen among them and used in this invention depending on the intended
      purpose.
PAR  In case the above-mentioned two-layer structure of this invention is
      applied to a red-sensitive or green-sensitive emulsion layer of a negative
      film for color photography, it is desired that a colorless coupler be used
      in combination with a colored coupler, but in some cases it is possible to
      employ even a combination of couplers in which the complementary color
      relation is completely neglected, though the above relation should be
      considered in the conventional coupler-using techniques. More
      specifically, coupler-using techniques adapted for photosensitive material
      for color air photography and color X-ray photography can be employed in
      this invention.
PAR  The mercaptan type development inhibitor-releasing compound to be used in
      this invention can be incorporated into layers other than the color
      image-forming layer having the above-mentioned two-layer structure. For
      example, in a multi-layer photosensitive material for color photography
      comprising blue-sensitive, green-sensitive and red-sensitive emulsion
      layers, each of the blue-sensitive and red-sensitive layers having a
      monolayer structure and only the green-sensitive emulsion layer being
      composed of upper and lower layers, the mecaptan type development
      inhibitor-releasing compound can be incorporated not only into the
      green-sensitive emulsion layer of the two-layer structure but also into
      the bluesensitive emulsion layer and or the red-sensitive emulsion layer.
PAR  The mercaptan type development inhibitor-releasing compound may be
      incorporated into non-photosensitive emulsion layers or intermediate
      layers.
PAR  The high-sensitivity emulsion to be used for the upper layer in this
      invention has generally a coarser silver halide particle size than the
      low-sensitivity emulsion for the lower layer. In general, high-sensitivity
      silver halide particles have an average size of at least 0.75 .mu., but in
      this invention it is preferred that particles having an average size
      exceeding 1 be employed. The amount of the mercaptan type development
      inhibitor-releasing compound incorporated into upper and lower layer
      emulsion varies depending on the kind of the compound and the layer into
      which the compound is incorporated and other factors, but in general, it
      is preferred that when the compound is incorporated into the upper layer,
      the amount incorporated is 0.01 to 2 g per mole of the silver halide and
      that when it is incorporated into the lower layer, the amount incorporated
      is 0.05 to 10 g per mole of the silver halide. These mercaptan type
      development inhibitor-releasing compounds can be used singly, but in some
      cases two or more of such compounds can be used in combination.
PAR  The arrangement of photosensitive silver halide emulsion layers is very
      important in a multi-layer photosensitive material for color photography,
      and red-sensitive, green-sensitive and blue-sensitive silver halide
      emulsion layers are coated in the above order on a support. In each
      photosensitive emulsion layer, the silver image is developed, and cyan
      magenta and yellow dye images corresponding with the silver image are
      formed in the respective layers, whereby a colored image is obtained. As
      the color developing agent to be used for color development of these dyes,
      there can be mentioned phenylene diamines and their derivatives. Typical
      instances of the color developing agents include sulfates, hydrochlorides
      and sulfides of N-N-diethyl-p-phenylene diamine,
      N-ethyl-N-hydroxyethyl-p-phenylene diamine,
      N-ethyl-N-hydroxyethyl-2-methyl-p-phenylene diamine,
      N-ethyl-N-.beta.-methanesulfonamidoethyl -3-methyl-4-aminoaniline and the
      like. Phenylene diamine type color developing agents inclusive of those
      other than those exemplified above can be effectively used for color
      development of a multi-layer photosensitive material for color photography
      according to this invention.
PAR  In a multi-layer photosensitive material for color photography according to
      this invention, as the hydrophilic colloid to be used advantageously for
      formation of photosensitive emulsions, there can be mentioned, for example
      gelatin colloidal albumin, agar, gum arabic, alginic acid, cellulose
      derivatives such as cellulose acetate hydrolyzed to have an acetyl content
      of 19 to 26 %, acrylamide, imidated polyacrylamide, zein, vinyl alcohol
      polymers containing a urethane-carboxylic or cyanoacetyl group, such as
      vinyl alcohol-vinyl cyanoacetate copolymers, polyvinyl alcohols, polyvinyl
      pyrrolidone, hydrolyzed polyvinyl acetate, polymers obtained by
      polymerizing a protein or saturated acylated protein with a vinyl
      group-containing monomer, and the like. Any silver halides usually
      employed for ordinary silver halide photographic emulsions, such as silver
      bromide, silver chloride, silver iodobromide, silver chlorobromide and
      silver chloroiodobromide can be used for formation of an emulsion in this
      invention.
PAR  Silver halide emulsions to be used for formation of a multi-layer
      photosensitive material for color photography according to this invention
      can be prepared not only according to methods customarily adopted in the
      art but also other various methods, such as the single jet precipitation
      method, the double jet precipitation method, the method disclosed in
      Japanese Patent Publication No. 7772/71, the method disclosed in the
      specification of U.S. Pat. No. 2,592,250, i.e., the method for preparing a
      so-called conversion emulsion comprising forming an emulsion of particles
      of silver salts, at least a part of which is composed of a silver salt
      having a solubility higher than the solubility of silver bromide and
      converting at least a part of said particles to silver bromide or silver
      iodobromide, the method for preparing a silver halide emulsion having
      silver halide particles of adjusted grain distribution and adjusted
      distribution and content of silver iodide which is disclosed in Japanese
      Patent Publication No. 18103/1971, and Japanese Patent Application Laid
      Open No. 65925/1973, the method for preparing a so-called Lippmann
      emulsion comprising a finely divided silver halide having an average
      particle size not exceeding 0.1 .mu., and other methods. This silver
      halide emulsion can be sensitized by chemical sensitizing agents, namely
      sulfur sensitizing agents such as allylthiocarbamide, thiourea, allyl
      isocyanate and cystine, active or inactive selenium sensitizing agents,
      and novel metal sensitizing agents such as gold compounds, e. g.,
      potassium chloroaurate, auric trichloride, potassium auric thiocyanate and
      2-aurothiabenzothiazole methylchloride, palladium compounds, e.g.,
      ammonium chloropalladate and sodium chloropalladite, platinum compounds,
      e.g., potassium chloroplatinate, ruthenium compounds, rhodium compounds
      and iridium compounds. Combinations of these chemical sensitizing agents
      can also be employed. Further, the emulsion can be reductively sensitized
      by reducing agents, and it can be stabilized by triazoles, imidazoles,
      azaindenes, benzothiazolium, compounds, zinc compounds, cadmium compounds,
      mercaptans or mixtures of these compounds. Still furhter, the emulsion can
      be incorporated with a sensitizing compound of the thioether, quaternary
      ammonium salt or polyalkylene oxide. Moreover, the emulsione can be
      incorporated with wetting agents, plasticizers and film property-improving
      agents, such as glycerin, dihydroxyalkanes, e.g., 1,5-pentanediol,
      ethylenebisglycolic acid esters, bis-ethoxydiethyleneglycol succinate, and
      finely divided water-dispersible macromolecular compounds obtained by
      emulsion polymerization. Still in addition, other various photographic
      additives such as film hardening agents, e.g., ethylene-imine compounds,
      dioxane derivatives, hydroxypolysaccharide, dicarboxylic chlorides and
      bis-esters of methanesulfonic acid, coating assistants, e.g., saponin and
      sulfosuccinic salts, fluorescent whitening agents, antistatic agents,
      anti-staining agents, and the like can be incorporated into the emulsion.
PAR  Blue-sensitive, green-sensitive and red-sensitive emulsions to be used for
      formation of a multi-layer photosensitive material for color photography
      according to this invention can be optically sensitized by suitable
      sensitizing dyes so that they are rendered sensitive to desired wavelength
      regions,. As the sensitizing dye, there can be employed, for example,
      cyanine dyes, merocyanine dyes, composite cyanine dyes and the like. These
      sensitizing dyes can be used singly or in the form of mixtures of two or
      more.
PAR  The multi-layer photosensitive material for color photography according to
      this invention is prepared by coating blue-sensitive, green-sensitive and
      red-sensitive emulsion layers optionally incorporated with various
      photographic additives such as mentioned above and other constituent
      layers on a corona discharge-treated, flame-treated or ultraviolet
      ray-treated support optionally through an undercoat layer and an
      intermediate layer. Supports advantageously used in this invention
      include, for example, baryta paper, polyethylene-coated paper,
      polypropylene artificial paper, glass sheet, cellulose acetate, cellulose
      nitrate, polyester film such as polyethylene terephthalate film,
      polycarbonate film, polystyrene film and the like. A suitable support is
      chosen among these supports depending on the intended use of the
      multilayer photosensitive material for color photography. In this
      invention, the intended effects can be sufficiently attained regardless of
      the arrangement of the respective photosensitive emulsion layers (color
      image-forming unit layers). For instance, in the case of a photosensitive
      material for ordinary photography, it is preferred that a red-sensitive
      emulsion layer, a green-sensitive emulsion layer and a blue-sensitive
      layer are disposed in this order from the support side. Further, in the
      case of a photosensitive printing paper, it is preferred that a
      blue-sensitive emulsion layer, a green-sensitive emulsion layer and a
      red-sensitive emulsion layer are disposed in this order from the support
      side.
PAR  Moreover, filter layers, backing layers for curl preventing, protective
      layers, anti-halation layers and other layers can be used as constituent
      layers in combination with these photosensitive emulsion layers.
      Hydrophilic colloids that are used for these photosensitive emulsion
      layers can also be employed as binders for these constituent layers.
      Further, various photographic additives such as mentioned with respect to
      the photosensitive emulsion layers can be incorporated into these
      constituent layers.
PAR  It is advantageous that after light exposure, the multilayer photosensitive
      material for color photography according to this invention is subjected to
      color development according to a conventional color development method
      adapted for color development of ordinary coupler-self-containing silver
      halide photosensitive materials for color photography. In the case of the
      reversal development method, the photosensitive material is first
      developed with a black and white developer, then the photosensitive
      material is exposed to white light or treated with a bath containing a
      fogging agent, and the photosensitive material is subjected to color
      development with developer containing a color developing agent. After the
      color development treatment, the photosensitive material is treated with a
      bleaching liquid containing as an oxidant a ferricyanide or a ferric salt
      of an amino-polycarboxylic acid, and it is subjected to the fixing
      treatment with a fixing solution containing a solvent for silver salts
      such as thiosulfates to remove the silver salt and the residual silver
      halide while leaving a dye image. Instead of the bleaching solution and
      fixing solution a one-bath type bleaching and fixing solution containing
      an oxidant such as a ferric salt of an amino-polycarboxylic acid and a
      solvent for silver salts such as a thiosulfate can be used to effect
      bleaching and fixation simultaneously. Further, such treatments as water
      washing, stopping and stabilizing treatments can be performed in
      combination with the foregoing color development, bleaching and fixing
      treatments or color development and bleaching-fixing treatments. These
      treatments can be conducted at a high temperature such as exceeding
      30.degree.C. in a very short time.
DETD
PAR  This invention will now be described more detailedly by reference to
      Examples which by no means limit the scope of this invention.
PAC  EXAMPLE 1
PAR  The following layers were coated on a support composed of a cellulose
      triacetate film in the order of from layer 1 to layer 9, to form Sample 1.
PAC  Layer 1 (anti-halation layer)
PAR  Black colloidal silver was dispersed in an aqueous solution of gelatin, and
      the dispersion was coated so that the amount of gelatin coated was 3
      g/m.sup.2 and the amount of silver coated was 0.3 g/m.sup.2.
PAC  Layer 2 (cyan dye-forming red-sensitive silver halide emulsion layer)
PAR  A mixture of 5 parts by weight of
      1-hydroxy-4-(2-ethoxycarbonylphenylazo)-N-[.alpha.-(2,4-di-tert-amylphenox
     y)butyl]-2-naphthamide and 20 parts by weight of
      1-hydroxy-N-[.alpha.-(2,4-di-tert-amylphenoxy)butyl]-2-naphthamide was
      dissolved as a cyan coupler into tri-o-cresyl phosphate, and the solution
      was dispersed into an aqueous solution of gelatin. A silver iodobromide
      gelatin emulsion incorporated with this dispersion was coated in a dry
      thickness of 6.5.mu. so that the amount of gelatin coated was 4.5
      g/m.sup.2, the amount of silver coated was 3.4 g/m.sup.2, and the amount
      of the cyan coupler coated was 1.4 g/m.sup.2. This emulsion was a 1 : 1
      mixture of a high-sensitivity silver iodobromide emulsion having a silver
      iodide content of 8 mole % and a particle size of 1.5 to 0.7.mu. and a
      low-sensitivity silver iodobromide emulsion having a silver iodide content
      of 8 mole % and a particle size of 0.5 to 0.2.mu., and this emulsion was
      optically sensitized by a sensitizing dye so that it was rendered
      sensitive to red rays (600 to 700 nm).
PAC  Layer 3 (intermediate layer)
PAR  An aqueous solution of gelatin was coated so that the amount of gelatin
      coated was 1.3 g/m.sup.2.
PAC  Layer 4 (magenta dye-forming green-sensitive low-sensitivity silver halide
      emulsion)
PAR  A mixture of a magenta coupler composed of 5 parts by weight of
      1-(2,4,6-trichlorophenyl)-3-{3-[.alpha.-(2,4-di-tertamylphenoxy)acetamido]
      anilino}-4-(methoxyphenylazo)-5-pyrazolone and 26 parts by weight of
      1-(2,4,6-trichlorophenyl)-3-[3-(.alpha.-2,4-di-tert-amylphenoxy)-acetamido
     ]benzamido5-pyrazolone (mole ratio = 1 : 6.9) and 2 parts by weight of the
      compound (6) as a development inhibitor-releasing agent was dissolved in
      tri-o-cresyl phosphate and the solution was dispersed in an aqueous
      solution of gelatin. A silver iodobromide gelatin solution incorporated
      with this dispersion was coated to a dry thickness of 4.0 m so that the
      amount of gelatin gelatin was 2.9 g/m.sup.2, the amount of silver coated
      was 1.4 g/m.sup.2, and the amount of the mixture of the two magenta
      couplers and compound (6) coated was 0.9 g/m.sup.2 (the amount of the
      couplers being 10 mole % based on silver). This emulsion was a silver
      iodobromide emulsion having a particle size of 0.8 to 0.5 .mu. and a
      silver iodide content of 8 mole % and it was optically sensitized with a
      sensitizing dye so that it was rendered sensitive to green rays (500 to
      600 nm).
PAC  Layer 5 (magenta dye-forming green-sensitive high-sensitivity silver halide
      emulsion)
PAR  A mixture of a magenta coupler composed of 5 parts by weight of
      1-(2,4,6-trichlorophenyl)-3-{3-[.alpha.-(2,4-di-tertamylphenoxy)acetamido]
     -anilino}-4-(methoxyphenylazo)-5-pyrazolone and 26 parts by weight of
      1-(2,4,6-trichlorophenyl)-3-{3-[.alpha.-(2,4-di-tert-amylphenoxy)acetamido
     ]}-5-pyrazolone (mole ratio = 1 : 6.9) and 0.2 part by weight of the
      compound (6) as a development inhibitor-releasing compound was dissolved
      in tri-o-cresyl phosphate, and the solution was dispersed in an aqueous
      solution of gelatin. A silver iodobromide gelatin emulsion incorporated
      with this dispersion was coated in a dry thickness of 3.0 .mu. so that the
      amount coated of gelatin coated was 2.5 g/m.sup.2, the amount of silver
      coated was 1.7 g/m.sup.2 and the amount of the mixture of the two magenta
      couplers and compound (6) coated was 0.38 g/m.sup.2 (the amount of the
      coupler being 3.5 mole % based on silver). This emulsion was a silver
      iodobromide emulsion having a particle size of 1.5 to 0.7 .mu. and a
      silver iodide content of 8 mole %, and it was optically sensitized by a
      sensitizing dye so that it was rendered sensitive to green rays (500 to
      600 nm).
PAC  Layer 6 (intermediate layer)
PAR  An aqueous solution of gelatin was coated so that the amount coated of
      gelatin was 1.3 g/m.sup.2.
PAC  Layer 7 (yellow colloidal filter layer)
PAR  Yellow colloidal silver was dispersed in an aqueous solution of gelatin,
      and the dispersion was coated so that the amounts coated of silver and
      gelatin was 0.1 g/m.sup.2 and 1.3 g/m.sup.2, respectively.
PAC  Layer 8 (yellow dye-forming blue-sensitive silver halide emulsion layer)
PAR  .alpha.-(4-nitrophenoxy)-.alpha.-pivalyl-5-[.gamma.-(2,4-di-tert-amylphenox
     y)-butyramido]-2-chloroacetanilide was dissolved as a yellow coupler in
      dibutyl phthalate, and the solution was dispersed in an aqueous solution
      of gelatin. A silver iodobromide gelatin emulsion incorporated with this
      dispersion was coated in a dry thickness of 6.0 .mu. so that the amounts
      coated of gelatin, silver and yellow coupler were 4.0 g/m.sup.2, 1
      g/m.sup.2 and 1.6 g/m.sup.2, respectively. This emulsion had a silver
      iodide content of 7 mole % and was sensitive to blue rays (400 to 500 nm).
PAC  Layer 9 (protective layer)
PAR  An aqueous solution of gelatin was coated so that the amount coated of
      gelatin was 1.3 g/m.sup.2.
PAR  Separately, Comparative Sample 1 was prepared in the same manner as above
      except that the following single layer was formed instead of layers 4 and
      5 of Sample 1 and no development inhibitor-releasing compound was
      incorporated. Namely, the magenta dye image-forming unit layer was
      prepared by mixing equimolar amounts of a high-sensitivity silver
      iodobromide emulsion having a silver iodide content of 8 mole % and a
      particle size of 1.5 to 0.7.mu. and a low-sensitivity silver iodobromide
      emulsion having a silver iodide content of 8 mole % and a particle size of
      0.5 to 0.2 .mu. and coating the emulsion in a dry thickness of 7.0 .mu. so
      that the amount of gelatin coated was 5.4 g/m.sup.2, the amount of silver
      coated was 3.0 g/m.sup.2 and the amount of a magenta coupler (mixture
      including the same two magenta couplers as used in layer 4 of Sample 1 at
      the same mixing ratio as in Sample 1) coated was 1.35 g/m.sup.2 (the
      amount of the coupler being 7 mole % based on silver).
PAR  Comparative Sample 2 was prepared in the same manner as above except that
      no development inhibitor-releasing compound was incorporated in layer 4 or
      layer 5 in the structure of Sample 1. Namely, the following layers 4 and 5
      were formed:
PAC  Layer 4
PAR  This layer was formed in the same manner as in the case of layer 4 of
      Sample 1 by using a silver iodobromide emulsion having a particle size of
      0.8 to 0.2.mu. without incorporation of the development
      inhibitor-releasing compound.
PAC  Layer 5
PAR  This layer was formed in the same manner as in the case of layer 5 of
      Sample 1 except that the development inhibitor-releasing compound was not
      incorporated and the emulsion was so that the amount coated of silver
      coated was 1.4 g/m.sup.2 and the amount of the mixture of the two magenta
      couplers coated was 0.31 g/m.sup.2 (the amount of the coupler being 3.5
      mole % based on silver).
PAR  These comparative sample emulsions were so prepared that the best
      sensitivity and gradient attainable in the absence of a development
      inhibitor-releasing compound would be obtained.
PAR  So prepared Sample 1 and Comparative Samples 1 and 2 were subjected
      respectively to separated blue light, green light and red light exposures
      and white light exposure through step wedges, and they were then subjected
      to the following treatments:
     Treatment Step (38.degree.C.)                                             

                       Treatment Time                                          

     ______________________________________                                    

     color development 3 minutes and 15 seconds                                

     bleaching         6 minutes and 30 seconds                                

     water washing     3 minutes and 15 seconds                                

     fixation          6 minutes and 30 seconds                                

     water washing     3 minutes and 15 seconds                                

     stabilization     1 minute and 30 seconds                                 

     ______________________________________                                    

PAR  Compositions of treating liquids used in the above treatments were as shown
      below: Color Developing Solution
TBL  4-amino-3-methyl-N-ethyl-N-(.beta.-                                       

                           4.8 g                                               

     hydroxyethyl)-aniline sulfate                                             

     anhydrous sodium sulfite                                                  

                           0.14 g                                              

     hydroxylamine 1/2 sulfate                                                 

                           1.98 g                                              

     sulfuric acid         0.74 mg                                             

     anhydrous potassium carbonate                                             

                           28.85 g                                             

     anhydrous potassium hydrogen-                                             

                           3.46 g                                              

     carbonate                                                                 

     anhydrous potassium sulfite                                               

                           5.10 g                                              

     potassium bromide     1.16 g                                              

     sodium chloride       0.14 g                                              

     nitrilotriacetic acid tri-                                                

                           1.20 g                                              

     sodium salt (monohydrate)                                                 

     potassium hydroxide   1.48 g                                              

     water                 balance                                             

     total                 1 liter                                             

     Bleaching Solution :                                                      

     ammonium ethylenedinitri-                                                 

                           100.0 g                                             

     lotetraaceto ferrate (3)                                                  

     ethylenedinitrilotetraacetic                                              

                           10.0 g                                              

     acid diammonium salt                                                      

     ammonium bromide      150.0 g                                             

     glacial acetic acid   10.0 ml                                             

     water                 balance                                             

     total                 1 liter                                             

PAR  The pH of the solution was adjusted to 6.0 by addition of ammonia solution.
      Fixing Solution:
TBL  ammonium thiosulfate     175.0 g                                          

     anhydrous sodium sulfite 8.6 g                                            

     sodium metasulfite       2.3 g                                            

     water                    balance                                          

     total                    1 liter                                          

     Stabilizing Solution :                                                    

     formalin ( 37 % aqueous  1.5 ml                                           

     solution )                                                                

     konidax ( manufactured by                                                 

                              7.5 ml                                           

     Konishiroku Photo Industry Co. Ltd.)                                      

     water                    balance                                          

     total                    1 liter                                          

PAR  With respect to each of color images formed on Samples 1 and 2, the fog,
      sensitivity, granularity, sharpness and inter-image effect given to each
      color image-forming unit layer were measured. The results are shown in
      Table 1 given below, together with results obtained in the other Examples.
PAR  Values of the fog, sensitivity, granularity and sharpness of each color
      image-forming unit layer are those measured when samples were subjected to
      white light exposure. The fog value was obtained by reducing the mask
      density from the minimum density. The sensitivity is expressed as a
      relative value based on the sensitivity of the magenta dye image-forming
      unit layer of Sample 1 which was regarded as 100. The value of granularity
      (RMS) was obtained by multiplying the standard deviation of variation of
      the density caused by scanning with a microdensitometer of a scanning
      aperture having diameter of 25.mu., by 1000. The sharpness (U0.5) is
      expressed in a spatial frequency at which the modulation transfer factor
      was reduced to 50 %.
PAR  The inter-image effect was determined by measuring the analytical density
      with respect to each image-forming unit layer to obtain an analytical
      gamma value and making a calculation based on this value according to the
      following formula. A larger value of the inter-image effect indicates that
      the sample has a higher inter-image effect.
TBL  ______________________________________                                    

                         analytical gamma value of red                         

                         light-exposed cyan dye image-                         

     Inter-image effect  forming unit layer                                    

                  =                                                            

     on cyan dye image-  analytical gamma value of white                       

     forming unit layer  light-exposed cyan dye image-                         

                         forming unit layer                                    

                         analytical gamma value of green                       

                         light-exposed magenta dye image-                      

     Inter-image effect  forming unit layer                                    

                  =                                                            

     on magenta dye      analytical gamma value of white                       

     image-forming unit  light-exposed magenta dye image-                      

     layer               forming unit layer                                    

                         analytical gamma value of blue                        

                         light-exposed yellow dye image-                       

     Inter-image effect  forming unit layer                                    

                  =                                                            

     on yellow dye       analytical gamma value of white                       

     image-forming unit  light-exposed yellow dye image-                       

     layer               forming unit layer                                    

     ______________________________________                                    

PAR  As is apparent from the results shown in Table 1, Sample 1 of this
      invention was great superior to Comparative Samples 1 and 2 with respect
      to fog, sensitivity, granularity and sharpness of the magenta dye image
      formed in the magenta dye image-forming unit layer. Further, Sample 1 was
      far superior to Comparative Samples 1 and 2 with respect to the interimage
      effect on the cyan image-forming unit layer.
PAR  It was found that the gradient of the magenta dye image formed on Sample 1
      was excellent in the toe of the sensitiometric characteristic curve.
PAC  EXAMPLE 2
PAR  Sample 2 of the same structure as Sample 1 was prepared in the same manner
      as in Example 1 except that no development inhibitor-releasing compound
      was incorporated in the emulsion used for formation of layer 5. The so
      obtained Sample 2 was light-exposed and subjected to color development in
      the same manner as in Example 1. Photographic properties of the obtained
      color image were measured to obtain results shown in Table 1. From these
      results it is seen that Sample 2 of this invention, like Sample 1 obtained
      in Example 1, was much superior to Comparative Samples 1 and 2 with
      respect to photographic properties.
PAC  EXAMPLE 3
PAR  Sample 3 of the same structure as Sample 1 was prepared in the same manner
      as in Example 1 except that the following layers were formed instead of
      layers 4 and 5 of Sample 1.
PAC  Layer 4
PAR  This layer was formed in the same manner as layer 4 of Sample 1 was
      prepared, except that the compound (8) was employed as a development
      inhibitor-releasing compound.
PAC  Layer 5
PAR  This layer was formed in the same manner as layer 5 of Sample 1 was
      prepared, except that the compound (8) was used as a development
      inhibitor-releasing compound and the emulsion was coated in a dry
      thickness of 1.5 .mu. so that the amount of gelatin coated was 1.0
      g/m.sup.2 and the amount of the mixture of the two magenta couplers and
      compound (8) coated was 0.2 g/m.sup.2 (the amount of the coupler being 1.8
      mole % based on silver).
PAR  The so obtained Sample 3 was light-exposed and subjected to color
      development in the same manner as in Example 1, and photographic
      characteristics of the resulting color image were determined to obtain
      results shown in Table 1. Although this Sample 1 had layer 5 having a
      lower maximum developed color density and a smaller thickness than layer 5
      of Sample 1 obtained in Example 1, from these results it is seen that
      Sample 3, like Sample 1, was superior to Comparative Samples 1 and 2 with
      respect to photographic characteristics, especially the granularity and
      sharpness of the magenta dye image and the inter-image effect on the cyan
      image-forming unit layer.
PAC  EXAMPLE 4
PAR  Sample 4 of the same structure as Sample 1 obtained in Example 1 was formed
      in the same manner as described in Example 1, except that the following
      layers were formed instead of layers 4 and 5 of Sample 1.
PAC  Layer 4
PAR  This layer was formed in the same manner as layer 4 of Sample 1 was
      prepared, except that the compound (8) was used as a development
      inhibitor-releasing compound and silver iodobromide containing 5.5 mole %
      of silver iodide was used as a silver halide.
PAC  Layer 5
PAR  This layer was formed in the same manner as layer 5 of Sample 1 was
      prepared, except that the compound (8) was used as a development
      inhibitor-releasing compound and silver iodobromide containing 12 mole %
      of silver iodide was used as a silver halide.
PAR  The so obtained Sample 4 was light-exposed and subjected to color
      development in the same manner as in Example 1, and photographic
      characteristics of the resulting color image were determined to obtain
      results shown in Table 1. From these results it is seen that Sample 4 of
      this invention, like Sample 1, was much better than-therefor Comparative
      Samples 1 and 2 with respect to photographic characteristics, especially
      the inter-image effect on the magenta image-forming unit layer.
PAC  EXAMPLE 5
PAR  Sample 5 of the same structure as Sample 1 of Example 1 was prepared in the
      same manner as described in Example 1, except that the following layers
      were formed of layers 4 and 5 of Sample 1.
PAC  Layer 4
PAR  This layer was formed in the same manner as layer 4 of Sample 1 was
      prepared, except that the compound (11) was used as a development
      inhibitor-releasing compound and the ratio of the amount used of the
      colored magenta coupler to the amount used of the colorless magenta
      coupler was changed to 2 parts by weight to 29 parts by weight (the mole
      ratio being 1 : 20).
PAC  Layer 5
PAR  This layer was formed in the same manner as layer 5 of Sample 1 was
      prepared, except that the compound (11) was used as a development
      inhibitor-releasing compound and the ratio of the amount used of the
      colored magenta coupler used to the amount of the colorless magenta
      coupler used was changed to 9.5 parts by weight to 21.5 parts by weight
      (the mole ratio being 1 : 3).
PAR  The so obtained Sample was light-exposed and subjected to color development
      in the same manner as in Example 1, and photographic properties of the
      resulting color image were determined to obtain results shown in Table 1.
      In this Sample, the colored magenta coupler to colorless magenta coupler
      ratio was lower in layer 4 and higher in layer 5 than Sample 1 of Example
      1. As compared with Sample 1, this Sample 5 was improved in the color
      reproducibility in dark scenes by the enhanced masking in the toe of the
      sensitomctric characteristic curve. Further, in this Sample 5, although
      the masking by the colored coupler in medium density region and high
      density region was reduced, this reduction was compensated for by the
      inter-image effect and hence, the color reproducibility was not reduced at
      all. Accordingly, this Sample 5 was advatageous in that the blue mask
      density was reduced and the time required for printing could be shortened.
PAC  EXAMPLE 6
PAR  Sample 6 of the same structure as Sample 1 of Example 1 was prepared in the
      same manner as described in Example 1, except that the following layers
      were formed instead of layers 4 and 5 of Sample 1.
PAC  Layer 4
PAR  This layer was formed in the same manner as layer 4 of Sample 1 was
      prepared, except that the compound (13) was used as a development
      inhibitor-releasing compound.
PAC  Layer 5
PAR  This layer was formed in the same manner as layer 5 of Sample 1 was
      prepared, except that the compound (11) was used as a development
      inhibitor-releasing compound,
      1-(2,4,6-trichlorophenyl)-3-{3-[.alpha.-(2,4-di-tert-amylphenoxy)acetamido
     ] benzamido}-4-(4'-methoxyphenylazo)-5-pyrazolone was used as a colored
      magenta coupler, the ratio of the amount of the colored magenta coupler
      used to the amount used of the colorless magenta coupler used was changed
      to 10 parts by weight to 8.3 parts by weight, and the emulsion was coated
      so that the amount of the mixture of the two magenta couplers and compound
      (11) coated was 0.41 g/m.sup.2 (the amount of the coupler being 3.5 mole %
      based on silver).
PAR  The so obtained Sample 6 was light-exposed and subjected to color
      development in the same manner as in Example 1, and photographic
      characteristics of the resulting color image were measured to obtain
      results shown in Table 1. The coupling rate of the colored magenta coupler
      for layer 5 of Sample 6 was lower than the coupling rate of the colored
      magenta coupler for layer 5 of Sample 1, and it was found that in the case
      of Sample 6 the granularity of the magenta image was especially highly
      improved.
PAC  Example 7
PAR  Sample 7 of the same structure as Sample 1 of Example 1 of 1 was prepared
      in the same manner as described in Example 1, except that the following
      layers were formed instead of layers 4 and 5 of Sample 1.
PAC  Layer 4
PAR  This layer was formed in the same manner as layer 4 of Sample 1 was
      prepared, except that silver iodobromide containing 55 mole % of silver
      iodide was used as a silver halide.
PAC  Layer 5
PAR  This layer was formed in the same manner as layer 5 of Sample 1 was
      prepared, except that silver iodobromide containing 12 mole % of silver
      iodide was used as a silver halide,
      1-(2,4,6-trichlorophenyl)-3-{3-[.alpha.-(2,4-di-tert-amylphenoxy)
      acetamido] benzamido}-4-(4'-methoxyphenylazo)-5-pyrazolone was used as a
      colored magenta coupler, the ratio of the amount of the colored magenta
      coupler used to the amount of the colorless magenta coupler used was
      changed to 10 parts by weight to 8.3 parts by weight, and the emulsion was
      coated in a dry thickness of 1.5 .mu. so that the amount of gelatin
      gelatin was 1.0 g/m.sup.2 and the amount of the mixture of the two magenta
      couplers and compound (6) coated was 0.2 g/m.sup.2 (the amount of the
      coupler being 1.7 mole % based on silver).
PAR  The so formed Sample 7 was light-exposed and subjected to color development
      in the manner as in Example 1, and photographic properties of the
      resulting color image were determined to obtain results shown in Table 1.
      Sample 7 of this invention was excellent in photographic characteristics
      of the magenta dye image-forming unit layer, especially the sensitivty,
      granularity and sharpness, and Sample 7 was most therefor excellent in the
      inter-image effect on the magenta image-forming unit layer and cyan dye
      image-forming unit layer.
PAC  EXAMPLE 8
PAR  Sample 8 was prepared in the same manner as Sample 1 was prepared in
      Example 1, except that the compound (5) was used as a development
      inhibitor-releasing compound for layers 4 and 5 and the following
      two-layer structure was formed as the cyan dye image-forming unit layer
      instead of layer 2 of Sample 1.
PAC  Layer 2-1 (Cyan Dye-formign Red-sensitive Low-sensitivity Silver Halide
      Emulsion Layer; on the Support Side)
PAR  A mixture of 2 parts by weight of
      1-hydroxy-4-[4-(2-hydroxy-3,6-disulto-1-napthylazo)anilinocarbonyloxy]-N-[
     .delta.-(3-n-dedecyloxyphenoxy)butyl]-2-naphthamide-di-sodium salt and 13.4
      parts by weight of
      1-hydroxy-N-[.alpha.-(2,4-di-tert-amylphenoxy)butyl]-2-naphthamide as a
      cyan coupler and 0.2 part by weight of the compound (5) as a development;
      inhibitor-releasing compound was dissolved in tri-o-cresyl phosphate, and
      the solution was dispersed in an aqueous solution of gelatin. A silver
      iodobromide gelatin emulsion incorporated with this dispersion was coated
      in a dry thickness of 4 .mu. so that the amount of gelatin coated was 2.5
      g/m.sup.2, the amount of silver coated was 1.6 g/m.sup.2, and the amount
      of the mixture of the two cyan couplers and compound (5) coated was 0.85
      g/m.sup.2. This emulsion was a silver iodobromide emulsion having a
      particle size of 0.5 to 0.3 and a silver iodide content of 5 mole %, and
      it was optically senstized by a sensitizign dye so that it was rendered
      sensitive to red rays (600 to 700 nm),
PAC  Layer 2-2 (Cyan Dye-forming Red-sensitive High-sensitivity Silver Halide
      Emulsion Layer)
PAR  A mixture of 2 parts by weight of
      1-hydroxy-4-[4-(2-hydroxy-3,6-disulfo-1-naphthylazo)anilinocarbonyloxy]-N-
     [.alpha.-(3-n-dodecyloxyphenoxy)butyl]-2-naphthamide as a cyan coupler and
      0.2 part by weight of the compound (5) was dissolved in tri-o-cresyl
      phosphate, and the solution was dispersed in an aqueous solution of
      gelatin. A silver iodobromide gelatin emulsion incorporated with this
      dispersion was coated in a dry thickness of 2.5 .mu. so that the amount of
      gelatin coated was 1.0 g/m.sup.2, the amount of silver coated was 2.0
      g/m.sup.2, and the amount of the mixture of the two cyan couplers and
      compound (5) coated was 0.15 g/m.sup.2. The emulsion was a silver
      iodobromide emulsion having a particle size of 1.5 to 0.7 .mu. and a
      silver iodide content of 7 mole % and it was optically sensitized so that
      it was rendered sensitive to red rays (600 - 700 nm).
PAR  Comparative Sample 3 of the same layer structure as Sample 8 was prepared
      in the same manner as above, except that the following layers were formed
      instead of layers 2-1 and 2-2 of Sample 8.
PAC  Layer 2-3
PAR  This layer was formed in the same manner as layer 2-1 of Sample 8 was
      prepared, except that a silver iodobromide emulsion having a particle size
      of 0.7 to 0.3 .mu. and a silver iodide content of 6 mole % and being free
      of the development inhibitor-releasing compound was coated so that the
      amount coated of the two cyan couplers was 0.85 g/m.sup.2.
PAC  Layer 2-4
PAR  This layer was formed in the same manner as layer 2--2  of Sample 8 was
      prepared, except that the development inhibitor-releasing compound was not
      incorporated in the emulsion and the emulsion was coated so that the
      amount coated of silver was 1.4 g/m.sup.2 and the amount coated of the two
      cyan couplers was 0.15 g/m.sup.2.
PAR  These emulsions used for preparing Comparative Sample 3 were so adjusted
      that the best sensitivity and gradient attainable in the absence of a
      development inhibitor-releasing compound would be obtained.
PAR  These Sample 8 and Comparative Sample 3 were light-exposed and subjected to
      color development in the same manner as in Example 1, and photographic
      characteristics of the resulting color images were determined to obtain
      results shown in Table 1. From the results it is seen that Sample 8 was
      much superior to Comparative Sample 3 with respect to the sensitivity and
      granularity of the cyan image. Further, Sample 8 was superior to Sample 1
      with respect to the photographic characteristics of the cyan image.
PAC  EXAMPLE 9
PAR  Sample 9 of the same structure as Sample 1 of Example 1 was prepared in the
      same manner as described in Example 1 except that
      p-n-dodecyl-.alpha.-(1-phenyl-5-tetrazolylthio)acetophenone was used as
      the development inhibitor-releasing compound for layers 4 and 5.
PAR  The so obtained Sample 9 was light-exposed and subjected to color
      development in the same manner as in Example 1, and the photographic
      characteristics of the resulting color image were determined to obtain
      results shown in Table 1. Although Sample 9 was a little inferior to
      Sample 1 with respect to the gradient of the foot portion of the magenta
      image, its photographic characteristics were much superior to therefor
      those of Comparative Samples 1 and 2.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Fog              Sensitivity   Inter-image Granularity                    

                                                       Sharpness               

                                    effect      (RMS)  (U.sub.0.5)             

     __________________________________________________________________________

     Sample                                                                    

          C   M   Y   C   M     Y   C   M   Y   C  M   C  M                    

     __________________________________________________________________________

     No.                                                                       

     1    0.20                                                                 

              0.11                                                             

                  0.12                                                         

                      65  100   200 1.53                                       

                                        1.10                                   

                                            1.05                               

                                                80 44  48 30                   

     2    0.20                                                                 

              0.13                                                             

                  0.12                                                         

                      65  140   200 1.42                                       

                                        1.10                                   

                                            1.05                               

                                                80 47  48 30                   

     3    0.20                                                                 

              0.12                                                             

                  0.12                                                         

                      65  100   200 1.52                                       

                                        1.11                                   

                                            1.04                               

                                                80 40  48 26                   

     4    0.20                                                                 

              0.11                                                             

                  0.12                                                         

                      65  100   200 1.50                                       

                                        1.40                                   

                                            1.06                               

                                                80 45  48 30                   

     5    0.20                                                                 

              0.11                                                             

                  0.12                                                         

                      65  100   200 1.53                                       

                                        1.10                                   

                                            1.05                               

                                                80 45  48 30                   

     6    0.20                                                                 

              0.11                                                             

                  0.12                                                         

                      65  90    200 1.51                                       

                                        1.11                                   

                                            1.05                               

                                                80 40  48 30                   

     7    0.20                                                                 

              0.11                                                             

                  0.12                                                         

                      65  110   200 1.50                                       

                                        1.40                                   

                                            1.05                               

                                                80 40  48 26                   

     8    0.16                                                                 

              0.11                                                             

                  0.12                                                         

                      80  100   200 1.30                                       

                                        1.45                                   

                                            1.05                               

                                                41 44  40 30                   

     9    0.20                                                                 

              0.14                                                             

                  0.12                                                         

                      65  100   200 1.30                                       

                                        1.10                                   

                                            1.05                               

                                                80 55  48 33                   

     1    0.20                                                                 

              0.15                                                             

                  0.12                                                         

                      65  80    200 1.09                                       

                                        1.12                                   

                                            1.06                               

                                                80 80  48 33                   

     2    0.20                                                                 

              0.15                                                             

                  0.12                                                         

                      65  95    200 1.08                                       

                                        1.10                                   

                                            1.05                               

                                                80 60  48 37                   

     3    0.20                                                                 

              0.11                                                             

                  0.12                                                         

                      80  100   200 1.05                                       

                                        1.10                                   

                                            1.05                               

                                                62 44  50 30                   

     10   0.20                                                                 

              0.12                                                             

                  0.12                                                         

                      80  120   200 1.40                                       

                                        1.20                                   

                                            1.05                               

                                                40 40  42 26                   

     11   0.20                                                                 

              0.12                                                             

                  0.12                                                         

                      80  120   200 1.40                                       

                                        1.15                                   

                                            1.05                               

                                                40 40  41 26                   

     __________________________________________________________________________

PAR  In Table 1, C, M and Y indicate characteristic values of the cyan dye
      image-forming unit layer, magenta dye image-forming unit layer and yellow
      dye image-forming unit layer, respectively.
PAC  EXAMPLE 10
PAR  Sample 10 was prepared as same manner as Sample 8, except that in the layer
      2-1, 2 parts by weight of
      4-{3-[4-(8-acetoamido-1-hydroxy-3,6-disulfo-2-naphthylazo)phenoxyacetoamid
     e] anilinocarbonyloxy}-N-[4-(2,4-di-tert-pentylphenoxy)butyl]
      -1-hydroxy-2-naphthamido disodium salt was used instead of
      1-hydroxy-4-[4-(2-hydroxy-3,6-disulfo-1-naphthylazo)anilinocarbonyloxy]-N-
     [.delta.-(3-n-dodecyloxphyenoxy]-2-naphthamido disodium salt and 0.2 part
      by weight of the compound (30) was used instead of compound (5); in the
      layer 2-2, 2 parts by weight of
      4-{3-[4-(8-acetoamido-1-hydroxy-3,6-disulfo-2-napthylazo)acetoamido]
      anilinocarbonyloxy}-N-[4-(2,4-di-tert-pentylphenoxy)butyl]-1-hydroxy-2-nap
     hthamido-disodium salt was used instead of
      1-hydroxy-4-[4-(2-hydroxy-3,6-disulfo-1-naphthylazo)anilinocarbonyloxy]-N-
     [.delta.-(3-n-dodecyloxyphenoxy)butyl] 2-naphthamido disodium salt and no
      development inhibitor-releasing compound was used, in the layer 4,
      compound (29) was used instead of compound (5); and in the layer 5, no
      development inhibitor-releasing compound was used.
PAC  EXAMPLE 11
PAR  Sample 11 was prepared as same manner as Sample 10, except that in the
      layers 2-1 and 2-2, 2 parts by weight of
      4-[4-(8-acetoamido-1-hydroxy-3,6-disulfo-2-naphthylazo)phenoxy]
      -n-[4-(2,4-di-tert-pentylphenoxy)butyl]-1-hydroxy- 2-naphthamido disodium
      salt was used instead of
      4-}3-[4-(8-acetoamido-1-hydroxy-3,6-disulfo-2-naphthylazo)phenoxyacetoamid
     o]
      anilinocarbonyloxy}-N-[4-(2,4-di-tert-pentylphenoxy)butyl]-1-hydroxy-2-nap
     hthamido disodium salt.
PAR  As shown in Table 1, Examples 10 and 11 exhibit superiority over the
      Comparative Samples 1, 2 and 3 in sensitivity, granularity and image
      sharpness.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-layer photosensitive material for color photography comprising a
      support and coated thereon, a first color image-forming layer unit
      composed of a red-sensitive silver halide emulsion, a second color
      image-forming layer unit composed of a green-sensitive silver halide
      emulsion and a third color image-forming layer unit composed of a
      blur-sensitive silver halide emulsion; characterized in that at least one
      of said color image-forming layer units has a composite layer structure
      including a lower layer and an upper layer which are positioned in
      sequence from the support, said upper layer has a higher sensitivity and a
      lower maximum developed color density than said lower layer, and at least
      one of said upper layer and lower layer contains a mercaptan type
      development inhibitor-releasing compound capable of reacting with an
      oxidation product of a primary aromatic amine to form a substantially
      colorless compound.
NUM  2.
PAR  2. A multi-layer photosensitive material for color photography as defined
      in claim 1 wherein the coupler concentration in said upper layer is lower
      than that in said lower layer.
NUM  3.
PAR  3. A multi-layer photosensitive material for color photography as defined
      in claim 1, wherein said mercaptan type development inhibitor-releasing
      compound is represented by the following formula;
      ##EQU2##
      in which Z stands for a group of non-metallic atoms necessary for forming
      a carbon ring nucleus or heterocyclic ring nucleus, Y stands for a group
      capable of forming, on cleavage of the thioether linkage, a mercaptan type
      compound having development inhibiting activity together with the sulfur
      atom, and A stands for an oxygen atom or the group =NR in which R stands
      for a hydroxyl group or a amino group which may be substituted.
NUM  4.
PAR  4. A multi-layer photosensitive material for color photography as defined
      in claim 3 wherein said mercaptan type development inhibitor-releasing
      compound comprises one or more compounds selected from the following:
PA1  2-(1-phenyl-5-tetrazolythio)cyclopentanone
PA1  2-(1-phenyl-5-tetrazolylthio)cyclohexanone
PA1  2,5-di(1-phenyl-5-tetrazolylthio)cyclopentanone
PA1  2-(2-benzoxazolylthio)cyclopentanone oxime
PA1  2-(1-phenyl-5-tetrazolylthio)-4-dodecyloxyindanone-(1)
PA1  2-(1-phenyl-5-tetrazolylthio)-6-[.alpha.-(2,4-di-tertamylphenoxy)acetamido]
      indanone-(1)
PA1  2-(1-phenyl-5-tetrazolythio)-7-tert-butylindanone-(1)
PA1  2-(1-phenyl-5-tetrazolylthio)-4-palmitoylamido-6-chloroindanone-(1)
PA1  2-(1-phenyl-5-tetrazolylthio)cyclobutanone oxime
PA1  2-(1-phenyl-5-tetrazolylthio)-5-tert-butylindanone-(1)-semicarbazone
PA1  2,5-di(1-phenyl-5-tetrazolylthio)-4-tert-octylcyclohexanone
PA1  2-(1-phenyl-5-tetrazolylthio)indanone-(1)
PA1  2-(1-phenyl-5-tetrazolylthio)-6-[.alpha.-(2,4-di-tert-amylphenoxy)acetamido
     ] indanone-(1) oxime
PA1  2,5-di(1-phenyl-5-tetrazolylthio)cyclododecane
PA1  2-(2-benzoxazolylthio)-5-pentadecyloxycyclopentanone
PA1  2-(2-nitrophenylthio)-6-stearoyloxycyclohexanone
PA1  2-(1-phenyl-5-tetrazolylthio)-5-isoamyl-5'-phenylcyclopentanone
PA1  2-(1-phenyl-5-tetrazolylthio)-5-dodecylindanone-(1)
PA1  2-(1-phenyl-5-tetrazolylthio)-5-decylcyclopentanone
PA1  2-(2-carboxyphenylthio)-5-decylcyclopentanone
PA1  2-(1-phenyl-5-tetrazolylthio)-6-tert-butylindanone-(1)
PA1  2,5-di(1-phenyl-5-tetrazolylthio)-3-tert-octylcyclopentanone
PA1  2-(1-phenyl-5-tetrazolylthio)tetralone-(1)
PA1  2-(1-phenyl-5-tetrazolylthio)-4-methyl-7-dodecyloxyindanone-(1)
PA1  2-(1-phenyl-5-tetrazolylthio)-5-[.alpha.-(2,4-di-tertamylphenoxy)acetamido]
      indanone-(1)
PA1  2-(1-phenyl-5-tetrazolythio)-7-[.alpha.-(2,4-di-tertamylphenoxy)acetamido]
      indanone-(1)
PA1  1-n-dodecyl-3-(1-phenyl-5-tetrazolylthio)-4-piperidine
PA1  1-n-dodecyl-3,5-di(1-phenyl-5-tetrazolylthio)-4-piperidone oxime
PA1  2-(1-phenyl-5-tetrazolylthio)-4-(2,4-di-tert-amylphenoxyacetamido)-1-indano
     ne
PA1  2-(1-phenyl-5-tetrazolylthio)-4-octadecyl succinimido-1-indanone
NUM  5.
PAR  5. A multi-layer photosensitive material for color photography as defined
      in claim 1 wherein said first color image-forming layer unit contains at
      least one 2-and/or 4-equivalent color coupler which forms layer unit
      contains at least one 2-and/or 4-equivalent color coupler which forms a
      magenta dye image upon development and said third image-forming layer unit
      contains at least one 2-and/or 4-equivalent color coupler which forms a
      yellow dye image upon development.
NUM  6.
PAR  6. A multi-layer photosensitive material for color photography as defined
      in claim 1, wherein said first image-forming layer unit contains one or
      more phenolic or .alpha.-naphtholic couplers capable of forming a cyan dye
      image upon development, said second image-forming layer unit comprises
      said upper layer containing one or more 5-pyrazolone couplers capable of
      forming a magenta dye image upon development and said lower layer
      containing one or more 5-pyrazolone couplers capable of forming a magenta
      dye image upon development and at lease one mercaptan type development
      inhibitor releasing compound, and said third layer contains one or more
      ketomethylene couplers capable of forming a yellow dye image upon
      development.
NUM  7.
PAR  7. A multi-layer photosensitive material for color photography as defined
      in claim 6, wherein said cyan dye image forming couplers are
      1-hydroxy-4-(2-ethoxycarbonylphenylazo)-N-[.alpha.-(2,4-di-tert-amylphenox
     y)butyl ]-2-naphthamide and
      1-hydroxy-N-[.alpha.-(2,4-di-tert-amylphenoxy)butyl] -2-naphthamide, said
      magenta dye image forming couplers in said upper layer are
      1-(2,4,6-trichlorophenyl)-3-{3-[-.alpha.-(2,4-di-tertamylphenoxyacetamido]
      benzamido }-4-(4'-methoxyphenylazo)-5-pyrazolone and
      1-(2,4,6-trichlorophenyl)-3-{3-[.alpha.-(2,4-di-tert-amylphenoxy)acetamido
     ]-benzamido}-5-pyrazolone, said magenta dye image forming coupler in said
      lower layer are
      1-(2,4,6-trichlorophenyl)-3-{3-[.alpha.-(2,4,-di-tert-amylphenoxy)acetamid
     o] anilino}-4-(methoxyphenylazo)-5-pyrazolone and
      1-(2,4,6-tricholophenyl)-3-[3-(.alpha.-2,4-di-tert-amylpnenoxy)-acetamido]
       benzamido-5-pyrazolone and said mercaptan type development
      inhibitor-releasing compound in said lower layer is
      2-(1-phenyl-5-tetrazolylthio)-6-[.alpha.-(2,4-di-tertamylphenoxy)acetamido
     ] indanone-(1), and said yellow dye image forming coupler is
      .alpha.-(4-nitorphenoxy)-.alpha.-pivalyl-5-[.alpha.-(2,4-di-tert-amylpheno
     xy)-butyramido] -2-chloroacetanilide
NUM  8.
PAR  8. A multi-layer photosensitive material for color photography as defined
      in claim 5, wherein said first color image forming layer unit comprises a
      upper layer and a lower layer, said upper layer and lower layer containing
      cyan couplers of
      1-hydroxy-4-(2-ethoxycarbonylphenylazo)-N-[.alpha.-(2,4-di-tertamylphenoxy
     )butyl] -2-naphthamide
      1-hydroxy-N-[.alpha.-(2,4-di-tert-amylphenoxy)butyl]-2-naphthamide and a
      mercaptan type development inhibitor releasing compound of
      2-(1-phenyl-5-tetrazolythio)-4-dodecyloxyindanone-(1), said second image
      forming layer unit comprises an upper layer and a lower layer, said upper
      layer containing magenta dye image forming couplers of
      1-(2,4,6-trichlorophenyl)-3-{3-[.alpha.-(2,4-di-tert-amylphenoxy)acetamido
     ]anilino}-4-(methoxyphenylazo)-5-pyrazolone and
      1-(2,4,6-trichlorophenyl)-3-[3-(.alpha.-2,4-di-tertamylphenoxy)-acetamido]
      benzamido-5-pyrazolone, said lower layer containing
      1-(2,4,6-trichlorophenyl)-3-{3-[.alpha.-(2,4-di-tert-amylphenoxy)acetamido
     ] anilino}-4-(methoxyphenylazo) -5-pyrazolone and
      1-(2,4,6-trichlorophenyl)-3-[3-(.alpha.-2,4-di-tert-amylphenoxy)acetamido]
      benzamido-5-pyrazolone and a mercaptan type development inhibitor
      releasing type compound of
      2,5-di(1-phenyl-5-tetrzolylthio)-4-tert-octylcyclohexanone, and said third
      image forming layer unit contains a coupler of
      .alpha.-(4-nitorphenoxy)-.alpha.-pivalyl-5-[.alpha.-(2,4-di-tertamylphenox
     y)butyramido] -2-chloroacetanilide.
NUM  9.
PAR  9. A multi-layer photosensitive material for color photography as defined
      in claim 1, wherein said upper layer contains less than 3 mole % of
      coupler based on silver halide.
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ABST
PAL  Improved green-sensitivity is imparted to a photosensitive silver halide
      emulsion by a benzimidazolothiacarbocyanine dye of the formula:
      ##SPC1##
PAL  Wherein R.sup.1 and R.sup.2 are lower alkyl; R.sup.3 is sulfoalkyl or
      carboxyalkyl each having an alkylene chain of from 1 to 4 carbon atoms
      inclusive; R.sup.4 is hydrogen, halogen, lower alkyl, lower carbalkoxy,
      lower alkoxy or acetamido; R.sup.5 is halogen, cyano or carbalkoxy;
      R.sup.6 is hydrogen or halogen; Y is an anion customary in the cyanine dye
      art; and n is 0 or 1.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention deals with photography and, more particularly, with products
      and processes wherein photosensitive silver halide emulsions are
      spectrally (optically) sensitized to the green region of the visible
      spectrum.
PAR  2. Description of the Prior Art
PAR  Those skilled in the photograhic art are aware that the photoresponse of an
      ordinary silver halide emulsion is generally limited to the blue and
      violet regions of the visible spectrum. However, it has been found that
      the addition of certain cyanine and related dyes to a silver halide
      emulsion extends the emulsion's photoresponse approximately to the
      spectral regions absorbed by said dyes, when said dyes are adsorbed onto
      the surface of the silver halide crystal. The cyanine dyes are those
      conforming to an amidinium ion system in which both nitrogen atoms are
      included in separate heterocyclic ring systems and in which the conjugated
      chain joining the nitrogen atoms passes through a part of each
      heterocyclic ring.
PAR  Generally speaking, unsymmetrical carbocyanine dyes wherein one of the
      heterocyclic ring systems is of the benzimidazole series and the other is
      of the benzothiazole series have previously been described in the art as
      being useful sensitizers for photographic silver halide emulsions. In the
      patent literature, such unsymmetrical dyes have been described in, for
      example, U.S. Pat. Nos. 2,289,300; 2,323,187; 2,778,823; 2,918,369;
      3,264,110; and 3,706,570; and British Pat. Nos. 505,979; 955,964;
      1,045,777; 1,132,528; and 1,328,239, and Defensive Publication No. T87,016
       of application Ser. No. 884,747, filed Dec. 12, 1969 and published May
      26, 1970 in 874 O.G. 1022.
PAR  However, many of these prior art benzimidazolothiacarbocyanine dyes exhibit
      too much red light absorption to be completely satisfactory as green
      sensitizers for silver halide emulsions, and others provide green
      sensitization which in many instances falls short of preferred levels for
      certain recording applications. Still other dyes may exhibit poor
      stability, fogging, antisensitization, or incompatability with other
      components in preferred photographic systems.
PAR  The present invention is directed to improved green sensitization of silver
      halide utilizing specific benzimidazolo-thiacarbocyanine dyes detailed
      hereinafter, alone or in combination with other cyanine dyes, thereby
      avoiding the deficiencies of prior art cyanine dyes with similar
      structure.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It has now been discovered that improved green sensitization is imparted to
      silver halide by an unsymmetrical benzimidazolo-thiacarbocyanine dye of
      the formula:
      ##SPC2##
PAL  wherein R.sup.1 and R.sup.2 are lower alkyl (e.g., methyl, ethyl, propyl,
      etc.); R.sup.3 is sulfoalkyl or carboxyalkyl each having an alkylene chain
      of from 1 to 4 carbon atoms inclusive; R.sup.4 is hydrogen, halogen (e.g.,
      chloro, bromo or fluoro), lower alkyl, lower carbalkoxy (e.g.,
      carbmethoxy, carbethoxy, etc.), lower alkoxy (e.g., methoxy, ethoxy, etc.)
      or acetamido; R.sup.5 is halogen, cyano or carboxyalkyl; R.sup.6 is
      hydrogen or halogen; Y is an anion customary in the cyanine dye art and n
      is 0 or 1.
PAR  The sensitization provided by the dyes of this invention to green light,
      e.g., wavelengths from about 500 nm to about 600 nm, is quite unexpectedly
      stronger and more desirably distributed than prior art cyanine dyes of
      very similar structure. These dyes are particularly useful in combination
      with other known cyanine dyes, e.g., those dyes absorbing in low
      wavelength green regions to provide uniform sensitivity over the entire
      green region or with red sensitizers to provide panchromatic emulsions. In
      addition, photographic emulsions employing the present dyes show excellent
      shelf-life stability.
PAR  The dyes of the present invention have been found to be advantageously
      employed as green sensitizers for silver halide emulsions which have
      associated therewith an appropriate color-providing material, e.g.,
      magenta dye developer compound which contains, in the same molecule, both
      the chromophoric system of a dye and also a silver halide developing
      function, in a photographic element wherein color reproduction is provided
      by diffusion transfer techniques.
PAR  It is, therefore, an object of the present invention to provide a silver
      halide emulsion spectrally sensitized to the green region of the visible
      spectrum by the dyes of Formula I. Other objects of the invention will in
      part be obvious and will in part appear hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a reproduction of control spectrograms showing the spectral
      sensitivity of two portions of the same gelatino-silver halide emulsion
      with no spectral sensitizer added;
PAR  FIG. 2 is a reproduction of a spectrogram as in FIG. 1, but showing a
      comparison of spectral sensitivity curves of one portion of the
      above-mentioned emulsion sensitized with Dye A, a dye of the present
      invention, and another portion of the emulsion sensitized with Dye B, a
      prior art dye of similar structure, both dyes being present at about 1.0
      mgs per gram of silver halide measured as silver; and
PAR  FIGS. 3 and 4 are spectrographic comparisons between the sensitivities
      imparted to the emulsion by Dyes A and B at levels of 2.0 mgs and 4.0 mgs
      per gram of silver halide measured as silver, respectively.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The term "lower" whenever used herein, including the claims, denotes a
      group having a hydrocarbon chain of from 1 to 3 carbon atoms, inclusive.
      For example, a lower alkyl group is an alkyl group having from 1 to 3
      carbon atoms, i.e., methyl, ethyl and propyl; lower carbalkoxy denotes
      carbmethoxy, carbethoxy and carbpropoxy; lower alkoxy denotes methoxy,
      ethoxy and propoxy; and so forth.
PAR  The anion, represented by the designation Y in Formula I, comprises those
      anionic radicals customarily used in the cyanine dye art when n=1, for
      example, chloride, bromide, iodide, methylsulfate, ethyl sulfate,
      p-toluenesulfonate, benzenesulfonate, acetate, propionate, cyanate,
      perchlorate, etc. The most preferred dyes of Formula I have no "external
      anion", i.e., n=0, but instead exhibit an "internal salt" form wherein the
      anion is the negatively charged form of the R.sup.3 group,
      --SO.sub.3.sup.- or --COO.sup.-  and the cation is the positive charge
      sulfo group, --SO.sub.3.sup.-, and the cation is the positive charge
      shared between the terminal nitrogens of the amidinium ion system. This
      form is also referred to as the "betaine", "zwitterion", or "anhydro"
      form. It should be understood that all formulae set forth herein,
      including those in the claims, represent only an illustration of one form
      of structure and that the actual cyanine dyes involved are resonance
      hybrids of a series of structures according to principles well known in
      the art. It is also to be appreciated that the acid hydrogen of the sulfo
      or carboxy group of R.sup.3 may readily be replaced by an appropriate
      cation, for example, an alkali metal ion, triethylammonium, etc., when
      n=1.
PAR  As previously indicated, R.sup.3 may be sulfoalkyl or carboxyalkyl having
      an alkylene chain of from 1 to 4 carbon atoms. Thus, R.sup.3 may be
      sulfoethyl, .gamma.-sulfopropyl, .gamma.-sulfobutyl, .DELTA.-sulfopropyl,
      carboxymethyl, carboxyethyl, etc.
PAR  From the description hereinafter, it will be appreciated that a requisite
      function of the dye sensitizers of the present invention is that they be
      nonmigratory -- for were they to diffuse, they might provide a
      chromatically deleterious effect to the ultimate image formed. In general,
      the migration propensities of the denoted sensitizers may best be
      controlled by choosing appropriate alkylene groups in the R.sup.3 group of
      Formula I. Furthermore, it has been found that sensitized silver halide
      emulsions utilizing cyanine dye materials of the herein-denoted class do
      not lose spectral sensitization, i.e., are not antisensitized, in the
      presence of dye developers and other materials commonly utilized in
      diffusion transfer photographic systems. As will be described in more
      detail later with examples, it has also been determined that the location
      of the sulfoalkyl or carboxyalkyl group on the N atom of the benzothiazole
      nucleus, as opposed to the N atom of the benzimidazole nucleus, is an
      important factor in obtaining the improved green sensitization shown by
      the dyes of the present invention.
PAR  In general, the cyanine sensitizing dyes of Formula I may be readily
      synthesized in accordance with the conventional procedures of the art for
      the production of such compounds. For example, the synthesis procedure for
      dyes of Formula I may comprise condensing a quaternary compound of the
      formula:
      ##SPC3##
PAL  with an amidine, such as N,N-diphenylformamidine, to form the anilino
      compound; reacting the latter with sodium hydroxide to form the imino
      compound, condensing the resultant quaternary compound with sulfonyl
      chloride, and then condensing the resultant quaternary compound with a
      second quaternary compound of the formula:
      ##SPC4##
PAL  in the presence of a basic condensing agent.
PAR  The aforementioned basic condensing agent may be an organic amine, for
      example, tri-n-propylamine, tri-n-butylamine, triisoamylamine,
      triethylamine, trimethylamine, dimethylaniline, diethylaniline, pyridine,
      N-alkyl-piperidine, etc., and most preferably an organic tertiary amine
      having a dissociation constant greater than pyridine (1 .times.
      10.sup.-.sup.5); an alkali metal carboxylate in a carboxylic anhydride,
      for example, sodium acetate in acetic anhydride; etc., or an alkali metal
      hydroxide, for example, sodium hydroxide, potassium hydroxide, etc.
      Preferably, the stated condensation reaction takes place in the presence
      of heat and in a substantially inert reaction medium such as lower
      molecular weight alcohol, for example, ethyl, n-propyl, isopropyl,
      n-butyl, or isobutyl alcohol or methoxy ethanol; tricresylphosphate; or a
      phenol; or a reaction medium itself comprising the condensing agent such
      as pyridine. A preferred reaction medium is 2-methoxy-ethanol (i.e.,
      methyl cellosolve) and is the subject matter of application Ser. No.
      472,274, filed May 22, 1974.
PAR  Preferred dyes within Formula I may be represented by the formula:
      ##SPC5##
PAR  A particularly preferred dye:
      ##SPC6##
PAC  Anhydro-5,6-dichloro-1,3-diethyl-3'-(4"-sulfobutyl)-benzimidazolothiacarboc
     yanine hydroxide
PAL  was prepared as detailed in the following example:
PAC  Example I
PAR  A well-stirred mixture of 113.0 g. (0.21 mole) of
      1,3-diethyl-2-[.beta.-(p-tolusulfoanilido)vinyl]-5,6-dichlorobenzimidazoli
     um chloride, 50.3 g. (0.18 mole) of
      anhydro-2-methyl-3(4'-sulfobutyl)benzothiazolium hydroxide and 36.4 g.
      (0.36 mole) of triethylamine in 550 ml. of 2-methoxyethanol was refluxed
      for 45 minutes. At the end of this time, the reaction mixture was cooled
      to room temperature and the crude dye was removed by suction filtration.
      This crude dye was refluxed with two 400 ml. portions of methyl cellosolve
      for thirty minutes to remove dye impurities and by-products. This dye is
      finally washed thoroughly with ethanol and then dried in vacuo at
      70.degree. C. overnight over Drierite. There was obtained 72.0 g. (74%) of
      anhydro-5,6-dichloro-1,3-diethyl-3'-(4"-sulfobutyl)-benzimidazolothiacarbo
     cyanine hydroxide possessing an m.p. at 300.degree. C. and exhibiting a
      molar extinction coefficient of 99,000 at a .lambda..sub.max at 525 m.mu.
      in methyl cellosolve, and an elemental analysis as follows:
     C           H       N       S      Cl     O                               

     Found: 54.32    4.75    7.51  11.81  12.91  8.68                          

     Theory:                                                                   

            54.34    4.92    7.61  11.56  12.84  8.69                          

PAR  The above-mentioned
      1,3-diethyl-2[.beta.-(p-tolusulfoanilido)vinyl]-5,6-dichlorobenzimidazoliu
     m chloride may be prepared by conventional methods in the art, for example,
      by following the procedure set forth in British Pat. No. 955,964,
      particularly Preparation No. 6 therein. The
      anhydro-2-methyl-3-(4'-sulfobutyl)benzothiazolium hydroxide may also be
      prepared in a known manner, for example, by heating a mixture of
      2-methylbenzothiazole and 1,4-butane sultone at an internal temperature of
      120.degree.-125.degree. C. for about 22 hours.
PAR  As examples of other benzimidazolo-thiacarbocyanine dyes contemplated by
      the present invention, mention may be made of the following:
      ##SPC7##
PAR  The techniques of incorporating sensitizing dyes such as those of the
      present invention into photographic silver halide emulsions are well known
      and disclosed in the art. Typically, the dye is dissolved, or otherwise
      distributed, in a suitable medium, such as methanol, trifluoroethanol, or
      pyridine and an appropriate amount of the resulting solution is added to a
      flowable silver halide emulsion and stirred or otherwise agitated until
      the dye is uniformly dispersed throughout the emulsion. The sensitized
      emulsion thus prepared may then be coated, exposed, and developed
      according to usual photographic techniques.
PAR  Common photographic practice is to incorporate the dye into the silver
      halide emulsion at that concentration producing the maximum sensitization,
      and the concentration of dye may vary over wide limits depending upon the
      characteristics of the particular silver halide emulsion and the
      sensitizing effects desired. The typical range of concentration for the
      dyes of Formula I is from about 1 to about 4 mg per gram of silver halide
      measured as silver, and preferably on the order of about 1.5 mg per gram
      of silver halide measured as silver. As will be apparent to those of
      ordinary skill in the art, the optimum concentration for any particular
      emulsion or photographic system may be readily determined by routine
      experimentation.
PAR  The preferred sensitizing dyes of this invention impart sensitivity to
      silver halide in the long wavelength spectral range from about 550 nm to
      about 600 nm and exhibit a broad peak of sensitivity at about 575 nm. In
      addition, the subject dyes provide green sensitized silver halide
      emulsions and photographic elements which show excellent shelf-life
      stability and show relatively little, if any, fogging in fresh or
      incubated emulsions. The spectral placement and distribution of the
      sensitivity imparted to silver halide by dyes of this invention make them
      particularly useful, for example, in combination with sensitizing dyes
      which sensitize silver halide to low green wavelengths, i.e., from about
      500 nm to about 550 nm, to provide a uniform and continuous extension of
      sensitivity over the entire green region, or in combination with red or
      panchromatic sensitizers to provide panchromatic response extending from
      about 510 m.mu.  to about 680 m.mu.. Data showing the advantageous
      sensitization of dyes of the present invention in comparison with similar
      dyes of the prior art are set forth in the examples hereinafter.
PAR  As examples of classes of cyanine dyes which have been found to form
      particularly advantageous green sensitizing dye combinations with the dyes
      of Formula I, mention may be made of symmetrical benzoxazolocarbocyanine
      dyes, e.g., those described in copending application Ser. No. 430,223,
      filed Jan. 2, 1974, preferred dyes of which may be represented by the
      following formulae:
      ##SPC8##
PAL  and simple 2'-cyanine dyes, e.g., those described in copending application
      Ser. No. 214,745, filed Jan. 3, 1972, preferred dyes of which may be
      represented by the formulae:
      ##SPC9##
PAR  A particularly preferred green sensitizing combination comprises a dye of
      Formula I, a dye of Formula XIX and a dye of Formula XXII.
PAR  As an example of a class of red sensitizers which has been found to form
      particularly advantageous panchromatic sensitizing dye combinations with
      the dyes of Formula I, mention may be made of symmetrical
      benzothiazolocarbocyanine dyes, e.g., those generally disclosed in U.S.
      Pat. No. 2,503,776. A particularly preferred dye of this class is
      represented by the formula:
      ##SPC10##
PAR  The techniques of incorporating the above-mentioned combinations of dyes
      into photographic silver halide emulsions are substantially the same as
      those previously outlined for a single sensitizing dye. Each of the dyes
      may be individually or collectively distributed at the desired
      concentrations in an appropriate medium and then slowly added in the
      desired sequence to and uniformly dispersed in a flowable silver halide
      emulsion.
PAR  The photoresponsive material of the photographic emulsion will preferably
      comprise one or more of the silver halides such as silver chloride, silver
      iodide, silver bromide, or mixed silver halides such as silver
      chlorobromide, silver iodobromide, silver chlorobromoiodide, or mixtures
      thereof, of varying halide ratios and varying silver concentrations.
PAR  The silver halide crystals may be prepared by reacting a water-soluble
      silver salt, such as silver nitrate, with at least one water-soluble
      halide, such as ammonium, potassium or sodium bromide, preferably together
      with a corresponding iodide, in an aqueous solution of a peptizing agent
      such as a colloidal gelatin solution; digesting the dispersion at an
      elevated temperature, to provide increased crystal growth; washing the
      resultant dispersion to remove undesirable reaction products and residual
      water-soluble salts by chilling the dispersion, noodling the set
      dispersion, and washing the noodles with cold water, or alternatively,
      employing any of the various flocculation systems or procedures, adapted
      to effect removal of undesired components; afterripening the dispersion at
      an elevated temperature in combination with the addition of gelatin and
      various adjuncts, for example, chemical sensitizing agents; all according
      to the traditional procedures of the art as described, for example, in
      Neblette, C. B., Photography Its Materials And Processes, 6th, Ed., 1962.
PAR  As the binder for the emulsion, the aforementioned gelatin may be, in whole
      or in part, replaced with some other natural colloidal material such as
      albumin; casein; or zein, or synthetic resins such as cellulose
      derivatives, polyacrylamides, and vinyl polymers.
PAR  Additional optional additives, such as coating aids, hardeners,
      viscosity-increasing agents, stabilizers, preservatives, and the like,
      also may be incorporated in the emulsion formulation, according to the
      conventional procedures known in the photographic emulsion manufacturing
      art and described in a multiplicity of U.S. and foreign patents. Examples
      of such optional additives include chemical sensitizers (e.g., reducing
      agents, sulfur, selenium or tellurium compounds; gold, platinum or
      palladium compounds, or combinations of these), stabilizers and
      antifoggants (e.g., noble metal salts such as rubidium, rhodium,
      palladium, iridium and platinum; mercury compounds; triazoles; azaindenes;
      disulfides; benzothiazolium compounds; zinc and cadmium salts; mercapto
      compounds, etc.), speed-increasing compounds (e.g., quaternary ammonium
      compounds, polyalkylene glycols, thiopolymers and thioethers, cationic
      surface active agents, or combinations of these), hardening agents (e.g.,
      inorganic agents providing polyvalent metallic atoms such as potash alum
      and chrome alum; aldehydes such as formaldehyde, glyoxal, mucochloric
      acid; blocked aldehydes; ketones; quinones; carboxylic and carbonic acid
      derivatives; sulfonate esters; sulfonyl halides, vinyl sulfones, active
      halogen compounds; epoxy compounds, aziridines; active olefins,
      isocyanates, carbodiimides; mixed function hardeners and polymeric
      hardeners such as oxidized polysaccharides; etc.), coating aids (e.g.,
      saponin; a polyethylene glycol; a polyethylene glycol ether; a taurine; a
      maleopimarate; an amino acid; a sulfosuccinate; a polyether; a gelatin
      plasticizer such as glycerin; a dihydroxyalkane; a bisglycolic acid ester;
      a succinate; a polymeric hydrosol; silicone resins; alkyl aryl sulfonates;
      etc.), auxiliary developing agents (e.g., hydroquinones such as
      4'-methylphenylhydroquinone, catechols, aminophenols, 3-pyrazolidone,
      ascorbic acid and its derivatives, reductones and phenylenediamines, or
      combinations of developing agents); and the like.
PAR  The emulsion may be coated onto various types of rigid or flexible
      supports, for example, glass, paper, metal, polymeric films of both the
      synthetic types and those derived from naturally occurring products, etc.
      Especially suitable materials include paper; aluminum; polymethacrylic
      acid, methyl and ethyl esters; vinyl chloride polymers; polyvinyl acetals;
      polyamides such as nylon; polyesters such as the polymeric films derived
      from ethylene glycol terephthalic acid; polymeric cellulose derivatives
      such as cellulose acetate, triacetate, nitrate, propionate, butyrate,
      acetatebutyrate, or acetate-propionate; polycarbonates; polystyrenes; etc.
PAR  The emulsions of this invention can be coated by the various coating
      procedures in the art such as dip coating, air knife coating, curtain
      coating, extrusion coating, etc.
PAR  Emulsions spectrally sensitized as described herein are useful in a variety
      of photographic processes, for example, in colloid transfer processes such
      as described in Yackel et al U.S. Pat. No. 2,716,059; silver salt
      diffusion transfer processes such as described in Rott U.S. Pat. No.
      2,352,014, Land U.S. Pat. No. 2,543,181, Yackel U.S. Pat. No. 3,020,155
      and Land U.S. Pat. No. 2,861,885; color image transfer processes such as
      described in Rogers U.S. Pat. Nos. 3,087,817; 3,185,567; and 2,983,606;
      Weyerts U.S. Pat. No. 3,253,915; Whitmore et al. U.S. Pat. Nos. 3,227,550;
      3,227,551; and 3,227,552; and Land U.S. Pat. Nos. 3,415,644; 3,415,645;
      3,415,646; and imbibition transfer processes as described in Minsk U.S.
      Pat. No. 2,882,156.
PAR  As previously mentioned, the present invention has especially useful
      employment in subtractive color photographic diffusion transfer processes
      and products, particularly those color processes which employ dye
      developers, i.e., compounds possessing the properties of both a dye and a
      photographic silver halide developing agent. Such processes and products
      are well known to the photographic art and are disclosed in a multiplicity
      of U.S. and foreign patents.
PAR  Generally speaking, diffusion transfer systems rely for color image
      formation upon a differential in mobility or solubility of a dye
      image-providing material obtained as a function of development of exposed
      silver halide so as to provide an imagewise distribution of such material
      which is more diffusible and which is therefore selectively transferred,
      at least in part, by diffusion, to a superposed dyeable stratum to impart
      thereto the desired color transfer image. The differential in mobility or
      solubility may, for example, be obtained by a chemical action such as a
      redox reaction or a coupling reaction.
PAR  In any of these systems, multicolor images are obtained by employing a film
      unit containing at least two selectively sensitized silver halide
      emulsions each having associated therewith a dye image-providing material
      exhibiting desired spectral absorption characteristics. The most commonly
      employed elements of this type are the so-called tripack structures
      employing a blue-, a green- and a red-sensitive silver halide layer having
      associated therewith, respectively, a yellow, a magenta and a cyan dye
      image-providing material. The dye combination of the present invention, as
      previously indicated, is useful in providing the green-sensitive emulsion
      of these photographic elements.
PAR  Multicolor images may be obtained using the previously mentioned dye
      developers by several techniques. One such technique contemplates
      obtaining multicolor transfer images utilizing dye developers by
      employment of an integral multilayer photosensitive element, such as is
      disclosed in the aforementioned U.S. Pat. No. 2,983,606, and particularly
      with reference to FIG. 9 of the patent's drawing, wherein at least two
      selectively sensitized photosensitive strata, superposed on a single
      support, are processed, simultaneously and without separation, with a
      single, common image-receiving layer. Other techniques require the
      separation of the image-receiving layer from the remainder of the film
      unit in order to view the image.
PAR  A suitable arrangement for the photosensitive element comprises a support
      carrying a red-sensitive silver halide stratum, a green-sensitive silver
      halide emulsion stratum and a blue-sensitive silver halide emulsion
      stratum, said emulsions having associated therewith, respectively, for
      example, a cyan dye developer, a magenta dye developer and a yellow dye
      developer. The dye developer may be utilized in the silver halide emulsion
      layer, for example, in the form of particles, or it may be employed as a
      layer behind the appropriate silver halide emulsion strata. Each set of
      silver halide emulsion and associated dye developer strata are disclosed
      to be optionally separated from other sets by suitable interlayers, for
      example, by a layer of gelatin or polyvinyl alcohol.
PAR  The dye developers associated with the green-sensitive emulsion in the film
      unit of the present invention are dye image-forming materials which are
      preferably selected for their ability to provide a color that is useful in
      carrying out subtractive color photography, that is, the previously
      mentioned magenta color. The magenta dye developer employed may be
      incorporated in the silver halide emulsion or, in the preferred
      embodiment, in a separate layer behind the silver halide emulsion. Such a
      layer of dye developer may be applied by use of a coating solution about
      0.5 to 8% by weight of the dye developer dispersed in a film-forming
      natural, or synthetic, polymer, for example, gelatin, polyvinyl alcohol,
      and the like, adapted to be permeated by the chosen diffusion transfer
      fluid processing composition.
PAR  An extensive compilation of specific dye developers particularly adapted
      for employment in photographic diffusion transfer processes is set forth
      in aforementioned U.S. Pat. No. 2,983,606 and in the various copending
      U.S. applications referred to in that patent, especially in the table of
      U.S. applications incorporated by reference into the patent as detailed in
      column 27. As examples of additional U.S. patents detailing specific
      magenta dye developers contemplated for employment in the present
      invention, mention may also be made of U.S. Pat. Nos. 3,134,672;
      3,218,164; 3,563,739; and the like.
PAR  Image-receiving elements, particularly adapted for employment in the
      preceding diffusion transfer processes, comprise a support layer
      possessing on one surface thereof, in sequence, a polymeric acid layer,
      preferably an inert timing or spacer layer, and an image-receiving layer
      adapted to provide a visible image upon transfer to said layer of
      diffusible dye image-forming substance, such as disclosed in, for example,
      U.S. Pat. No. 3,362,819.
PAR  It will be apparent that, by appropriate selection of the image-receiving
      element materials from among suitable known opaque and transparent
      materials, it is possible to obtain either a colored positive reflection
      print or a colored positive transparency.
PAR  As disclosed in the previously cited patents, the liquid processing
      composition referred to for effecting multicolor diffusion transfer
      processes comprises at least an aqueous solution of an alkaline material,
      for example, diethylamine, sodium hydroxide or sodium carbonate and the
      like, and preferably possessing a pH in excess of 10, and most preferably,
      a viscosity-increasing compound constituting a film-forming material of
      the type which, when the composition is spread and dried, forms a
      relatively firm and relatively stable film. It will be noted that the
      liquid processing composition employed may also contain one or more
      auxiliary or accelerating developing agents, such as p-methylaminophenol,
      2,4-diaminophenol, p-benzylaminophenol, hydroquinone, toluhydroquinone,
      phenylhydroquinone, 4'-methylphenylhydroquinone, etc. Such auxiliary
      developing agents may be employed in the liquid processing composition or
      they may be initially incorporated, at least in part, in any one or more
      of the silver halide emulsion strata, the strata containing the dye
      developers, the interlayers, the overcoat layer, the image-receiving
      layer, or in any other auxiliary layer, or layers, of the film unit. It
      will also be apparent that the relative proportions of the agents of the
      diffusion transfer processing composition may be altered to suit the
      requirements of the operator. Thus, it is within the scope of this
      invention to modify the herein described developing compositions by the
      substitution of preservatives, alkalies, silver halide solvents, etc.,
      other than those specifically mentioned, and include in the developing
      composition components such as restrainers, accelerators, etc.
PAR  Although the invention has been discussed in detail throughout employing
      dye developers, the preferred dye imageforming materials, it will be
      readily recognized that other, less preferred, dye image-providing
      materials may be substituted in replacement of the preferred dye
      developers in the practice of the invention. For example, there may be
      employed dye image-forming materials such as those disclosed in U.S. Pat.
      Nos. 2,647,049; 2,661,293; 2,698,244; 2,698,798; and 2,802,735, wherein
      color diffusion transfer processes are described which employ color
      coupling techniques comprising, at least in part, reacting one or more
      color developing agents and one or more color formers or couplers to
      provide a dye transfer image to a superposed image-receiving layer and
      those disclosed in U.S. Pat. No. 2,774,668 wherein color diffusion
      transfer processes are described which employ the imagewise differential
      transfer of complete dyes by the mechanisms therein described to provide a
      transfer dye image to a contiguous image-receiving layer.
PAR  The present invention will be illustrated in greater detail in conjunction
      with the following examples which set out representative embodiments and
      photographic utilization of the present invention which, however, are not
      limited to the details set forth therein and are intended to be
      illustrative only.
PAC  EXAMPLE II
PAR  One portion of a gelatino-silver iodobromide emulsion containing
      approximately 4% iodide and 12.5% silver was left unsensitized, and other
      portions of the same emulsion were sensitized, essentially as described
      hereinbefore, with a methyl cellusolve solution of Dye A,
      anhydro-5,6-dichloro-1,3-diethyl-3'-(4"-sulfobutyl)-benzimidazolothiacarbo
     cyanine hydroxide (Formula V above) at the levels of 1.0 mg, 2.0 mg and 4.0
      mg per gram of silver halide measured as silver, respectively. For
      comparison, corresponding portions of the same emulsion were prepared
      employing a methanol solution of Dye B, a dye which is anticipated by the
      prior art (see, for example, British Pat. No. 1,328,239 or U.S. Defensive
      Publication No. T874,016 of application Ser. No. 884,747, filed Dec. 12,
      1969 and published May 26, 1970 in 874 O.G. 1022, particularly Dye Nos.
      III and IV therein). Dye B was
      anhydro-5,6-dichloro-1,3'-diethyl-3-(3-sulfopropyl)-benzimidazolothiacarbo
     cyanine hydroxide and differs from the dyes of the present invention only
      in regard to the placement of the sulfoalkyl group, i.e., the sulfoalkyl
      group of Dye B is attached to the N atom of the benzimidazole nucleus as
      opposed to being attached to the N atom of the benzothiazole nucleus as in
      Dye A.
PAR  Photosensitive elements were prepared by coating the above-denoted emulsion
      portions on separate film base supports employing a No. 12 coating rod
      (which approximates a coverage of about 100 mgs of silver per square
      foot). Each of these elements were identically exposed in an analytical
      wedge spectrograph and processed in the same manner according to
      conventional silver complex diffusion transfer techniques employing the
      processing composition and image-receiving element from a Polaroid Type 42
      Land film unit, commercially available from Polaroid Corporation,
      Cambridge, Massachusetts. Such elements and processing compositions are
      described generally in, for example, the aforementioned U.S. Pat. No.
      2,543,181. The spectrograms thus processed provided a black and white
      visual recordation of the spectral sensitivity conferred upon the emulsion
      by the various levels of each dye.
PAR  The resultant spectrograms are reproduced in FIGS. 1 through 4. It can be
      seen from FIG. 1 that the inherent sensitivities of the unsensitized
      control emulsion portions were essentially identical. A comparison of the
      spectrograms in FIG. 2 showing the sensitivities imparted to the emulsion
      by respective 1.0 mg additions of Dyes A and B per gram of silver halide
      measured as silver will exemplify the improved sensitizing characteristics
      of the dyes of this invention over prior art dyes of somewhat similar
      structure. It can be seen in FIG. 2 from the relative heights and
      intensities of the curves in the region between 550 and 600 nm that Dye A
      provides noticeably stronger sensitization in this region than does Dye B.
      In addition, the peak of sensitivity for Dye A is more centrally located
      within the above-mentioned region at about 575 nm when compared to the
      peak of sensitivity for Dye B, which is undesirably shifted towards the
      red region by about 5 to 10 nm. FIGS. 3 and 4 with different levels of
      each dye show essentially the same results.
PAC  EXAMPLE III
PAR  Monochromatic color photosensitive elements were prepared corresponding to
      the black and white elements just described in Example I by coating each
      respective test and control emulsion portion of Example I at the therein
      specified coverage over a previously coated magenta dye developer layer
      containing about 50 mg per square foot of the 1:1 chromecomplexed azo dye
      developer represented by the formula:
      ##SPC11##
PAR  The resultant photosensitive elements were identically exposed in an
      analytical spectrograph and processed in the same manner according to
      conventional dye developer diffusion transfer techniques employing the
      processing composition and image-receiving element from a Polaroid SX-70
      Land film unit. Such elements and processing compositions are generally
      described in, for example, the aforementioned U.S. Pat. No. 3,415,644. The
      resultant spectrograms detailed essentially the same differences in
      sensitivities as shown in FIGS. 2-4.
PAC  EXAMPLE IV
PAR  Test and control portions of a gelatino-silver iodochlorobromide emulsion
      essentially of the type contemplated by copending application Ser. No.
      383,196, filed July 27, 1973, comprising about 11.8% silver, 3% iodide and
      12% chloride, were sensitized in accordance with the procedures described
      above with 1.0 mg, 2.0 mg and 4.0 mg of test Dye C and control Dye D,
      respectively. The test Dye C was a cyanine dye of the present invention
      represented by Formula VIII above, i.e.,
      ##SPC12##
PAC  Anhydro-5-cyano-1,3-diethyl-3'-(3"-sulfopropyl)-benzimidazolothiacarbocyani
     ne hydroxide
PAL  The control Dye D was a cyanine dye anticipated by the prior art (see, for
      example, U.S. Pat. No. 3,264,110, particularly Examples 8, 10, 11 and 22)
      and is represented by the formula:
      ##SPC13##
PAC  Anhydro-5-cyano-1,3'-diethyl-3-(3"-sulfopropyl)benzimidazolothiacarbocyanin
     e hydroxide
PAR  Photographic additive color film units were prepared from the sensitized
      test and control emulsion portions just described in accordance with the
      procedures generally set forth in, for example, U.S. Pat. Nos. 3,615,426
      and 3,615,427. The film units essentially comprised a polyester film base
      carrying on one surface an additive color screen of approximately 3000
      lines per inch comprising a set of primary red filter screen elements, a
      set of primary blue filter screen elements and a set of primary green
      filter elements in repetitive side-by-side relationship; a protective
      polymeric overcoat layer; a receiving layer of a composition comprising
      deacetylated chitin and 0.25 mg per square foot of cupric sulfide and a
      layer comprising the test or control sensitized and hardened gelatino
      silver iodochlorobromide emulsion coated at a coverage of about 100 mgs of
      silver per square foot.
PAR  The above-described film units were identically exposed in a wedge
      spectrograph and were processed in the same manner by contacting the film
      unit with a processing composition comprising, as essential major
      ingredients, about 2226 ccs of water, 174 g of tetramethyl reductic acid,
      8 g of triaminophenol HCl, 100 g of carboxymethyl cellulose, 156 g of
      sodium hydroxide, 52 g of lithium hydroxide, 320 g of sodium thiosulfate,
      5.5 g of 2-mercaptobenzothiazole, 132 g of sodium sulfite, 16 g of
      6-nitrobenzimidazole, 16 g of 2,6-dimethyl-4-aminophenol HCl, and 254 ccs
      of a 50% solution of the surfactant Olin 10G.
PAR  A comparison of the resultant wedge spectrograms viewed as transparencies
      revealed that the test Dye C provided noticeably stronger green
      sensitization than control Dye D. The peak absorptions of the two dyes
      were observed at substantially the same spectral location, i.e., around
      550 nm.
PAR  It is thus shown in the above examples that the location of the sulfoalkyl
      group on the nitrogen atom of the benzothiazole nucleus in the
      benzimidazolo-thiacarbocyanine dyes disclosed herein is an important
      factor in obtaining the improved green sensitization provided by the
      practice of this invention. Prior art benzimidazolo-thiacarbocyanine dyes
      having the sulfoalkyl group on the nitrogen atom of the benzimidazole
      nucleus rather than on the benzothiazole nucleus quite unexpectedly do not
      show this improved sensitization.
PAR  Since certain changes may be made in the above product and process without
      departing from the scope of the invention herein involved, it is intended
      that all matter contained in the above description and examples shall be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photosensitive silver halide emulsion containing as a green sensitizer
      a benzimidazolo-thiacarbocyanine dye of the formula:
      ##SPC14##
PAL  wherein R.sup.1 and R.sup.2 are lower alkyl; R.sup.3 is sulfoalkyl or
      carboxyalkyl each having an alkylene chain of from 1 to 4 carbon atoms
      inclusive; R.sup.4 is hydrogen, halogen, lower alkyl, lower carbalkoxy,
      lower alkoxy or acetamido; R.sup.5 is halogen, cyano or carbalkoxy;
      R.sup.6 is hydrogen or halogen; Y is an anion customary in the cyanine dye
      art; and n is 0 or 1.
NUM  2.
PAR  2. A photosensitive silver halide emulsion as defined in claim 1 wherein
      said benzimidazolo-thiacarbocyanine dye is:
      ##SPC15##
NUM  3.
PAR  3. A photosensitive silver halide emulsion as defined in claim 2 wherein
      said dye is
      anhydro-5,6-dichloro-1,3-diethyl-3'-(4"-sulfobutyl)-benzimidazolothiacarbo
     cyanine hydroxide.
NUM  4.
PAR  4. A photosensitive silver halide emulsion as defined in claim 1 wherein
      said benzimidazolo-thiacarbocyanine dye is
      anhydro-5-cyano-1,3-diethyl-3'-(3"-sulfopropyl)benzimidazolothiacarbocyani
     ne hydroxide.
NUM  5.
PAR  5. A photosensitive silver halide emulsion as defined in claim 1 which
      further includes a dye of the formula:
      ##SPC16##
NUM  6.
PAR  6. A photosensitive silver halide emulsion as defined in claim 1 which
      further includes at least one 2'-cyanine dye of the formula:
      ##SPC17##
PAL  wherein R.sup.1 and R.sup.2 are each a hydrogen atom or --OCH.sub.3 ; Y is
      an anion; and m is 0 when n is 0, or M is 1 when n is 1.
NUM  7.
PAR  7. A photosensitive silver halide emulsion as defined in claim 6 wherein
      said silver halide emulsion includes a 2'-cyanine dye of the formula:
      ##SPC18##
PAL  and a 2'-cyanine dye of the formula:
      ##SPC19##
NUM  8.
PAR  8. A photosensitive silver halide emulsion as defined in claim 1 having
      associated therewith a dye which is a silver halide developing agent.
NUM  9.
PAR  9. A photosensitive silver halide emulsion as defined in claim 8 wherein
      said dye is a magenta dye developer.
NUM  10.
PAR  10. A photosensitive element comprising a support having thereon at least
      one layer containing a photosensitive silver halide emulsion of claim 1.
NUM  11.
PAR  11. A photosensitive element comprising a support having thereon at least
      one layer containing a photosensitive silver halide emulsion of claim 2.
NUM  12.
PAR  12. A photosensitive element as defined in claim 11 wherein said silver
      halide emulsion has associated therewith a magenta dye developer.
NUM  13.
PAR  13. A photosensitive element comprising a support having thereon at least
      one layer containing a photosensitive silver halide emulsion of claim 5.
NUM  14.
PAR  14. A photosensitive element comprising a support having thereon at least
      one layer containing a photosensitive silver halide emulsion of claim 7.
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ABST
PAL  A system for exposing, processing and projecting strip film comprising a
      cassette containing a roll of film connected at its ends to supply and
      takeup reels and passing therebetween through a film gate for cooperation
      with a camera and with a film drive and projection system. The cassette
      contains processing means, operating in a predetermined sequence
      determined by means within the cassette, and energized by drive energy
      supplied externally to sprocket holes on the film and to the takeup and
      supply reels by the film drive and projection system. An electrical signal
      generator within the cassette supplies an external signal to select the
      mode of operation of the film drive and projection system in dependence
      upon the processed or unprocessed state of the film.
PARN
PAR  This application is a division of my copending U.S. application patent Ser.
      No. 277,150, filed on Feb. 17, 1972, now abandoned, for Photographic
      System and assigned to the assignee of this application.
BSUM
PAR  My invention relates to photography, and particularly to a novel
      photographic system comprising a film cassette including an internally
      programmed self-contained processing system cooperating with a film drive
      and projection system controlled by the cassette to process, project and
      rewind film in the cassette.
PAR  A widely adopted advance in the photographic arts has been the introduction
      of simple and convenient photographic systems which combine the camera and
      darkroom traditionally associated with the art into a compact assembly
      with which either professional or amateur can produce gratifying
      photographic results within seconds after an exposure is made. In such
      apparatus, the camera accepts "film" which, in fact, comprises a package
      containing not only photosensitive material for forming a latent image in
      the camera, but photofinishing materials whereby a finished black and
      white or color print can be produced from the latent image immediately
      following exposure. it has thus become a simple matter to produce prints
      of excellent quality.
PAR  It would be highly desirable to extend this facility to the production of
      photographic transparencies for projection, and particularly to the
      production of motion pictures. One approach to this goal has been the
      development of film cassettes for use in the production of motion
      pictures, especially in the 8 mm format preferred by the amateur for
      reasons of economy and the inherent compactness of the equipment required
      to handle it. However, so far as I am aware, prior to my invention,
      attempts to produce a compact self-processing motion picture system have
      not resulted in a solution to those problems involved in the form of
      apparatus of sufficient reliability and convenience to be preferred over
      more traditional systems. An appreciation of some of the problems involved
      in arriving at a satisfactory approach may be gleaned from a brief
      consideration of the desiderata involved, and the obstacles in the path of
      their attainment.
PAR  At least in the present state of the art, certain constraints are essential
      to the construction of a convenient photographic system for the production
      of visible images from photographic transparencies. Of these, the choice
      of a relatively small film format is perhaps the most fundamental. That
      allows the production of a large number of images on a relatively small
      area of photosensitive material with an immediate advantage in bulk over
      larger formats. An attendant advantage is the ability to use small lenses
      of short focal length with relatively large effective apertures and
      considerable depth of field. On the other hand, production of a
      satisfactory image for viewing requires considerable enlargement, implying
      the use of a viewing screen that is large compared with any of the
      components previously described, together with a relatively powerful light
      source requiring a substantial source of energy.
PAR  It is clearly convenient to compartment this system into three components;
      namely, a camera, a viewing system, and cassettes of photosensitive
      material, the cassettes each including an amount of processing composition
      adequate to process the film contained therein, and being adapted for
      insertion in the camera, for exposure, and for cooperation with the
      viewing system, for projection after processing. It is also a relatively
      straightforward conclusion that the camera should be required only to
      expose the film.
PAR  However, the division of responsibility between the cassette and the
      viewing system is another matter, and the problems involved in that
      determination are those to which my invention is primarily directed. In
      particular, while the camera and viewing system are essentially permanent
      components of the photographic system, the cassette is a replaceable
      element. Thus it is tempting to assign to the cassette as little
      responsibility as possible for processing the film, other than to contain
      the necessary processing composition and a suitable applicator therefor.
      But efforts to develop cassettes and viewing systems along those lines
      have proven less than completely satisfactory, because it is necessary to
      exchange both energy and information with the cassette in order to
      sequence its contents through the steps necessary to transfer the coating
      composition, initially sealed in a container in the cassette, to the film.
      The result is a relatively cumbersome construction provided with entrance
      and exit connectors, playing no part in the viewing operation, through
      which the required exchanges of energy and information can be made.
PAR  My invention results from efforts focused on the problem from a different
      point of view, from which the cassette is seen as the source of
      intelligence for directing both the processing operation which takes place
      within the cassette, and operations of the viewing system. When that
      approach is taken, the viewing system is required to operate in either of
      two modes, as directed by the cassette, but in either mode of operation is
      required to supply to the cassette only the energy necessary for that
      manipulation of the film inherently required whether the film is processed
      within the cassette or elsewhere. The objects of my invention are to
      reduce the weight and size of apparatus for the production and viewing of
      transparencies, while facilitating the use of such apparatus, and
      improving its reliability.
PAR  Briefly, the above and other objects of my invention are attained by a
      photographic system, constructed on the lines outlined above, which
      includes replaceable film cassettes. Each cassette contains a roll of
      film, connected at its ends to supply and take-up reels journalled for
      rotation in an opaque housing, and passing therebetween through a film
      gate formed in the housing for cooperation with a camera and a projection
      system. As supplied to the user, the film in the cassette is initially
      unexposed, and is disposed substantially on the supply reel. A film
      processing system is located within the cassette, and initially comprises
      a sealed container of processing composition, together with means for
      releasing the composition, and coating apparatus for applying the released
      composition in a uniform coat to the film.
PAR  A cassette in accordance with my invention further comprises programming
      apparatus responsive to manipulation of the supply and take-up reels to
      sequence the processing system through a cycle of operations during which
      the processing composition is released and coated on the film. A signal
      generator is provided that automatically produces an electrical signal, in
      response to operation of the processing system, serving to select the mode
      of operation of a film drive and projection system adapted to cooperate
      with the cassette. In accordance with the particular embodiment of my
      invention to be described, the signal generator comprises an element
      forming a part of the processing system that is moved to a unique position
      at the end of the processing cycle in which it thereafter remains, and in
      which it provides a signal indicating that the film has been processed.
PAR  In accordance with the preferred embodiment of my invention, the processing
      system within the cassette is programmed by singularities formed on the
      film strip that engage actuating elements in the housing to provide both
      information signals and process control energy for sequencing the
      processing system through a cycle of operation in response to manipulation
      of the supply and take-up reels by the film drive and projection system.
PAR  Another feature of the preferred embodiment of my invention is an initially
      sealed container of processing fluid which comprises a receptacle open at
      one side, containing processing composition, and enclosed on the open side
      by one end of a strip of flexible material sealed thereto. The flexible
      sealing strip extends to a connection with an actuating element that is
      movable to detach at least a portion of the sealing end of the strip, and
      thereby release the processing composition. A specific feature of a
      particular embodiment of my invention is the provision of a weakened
      region on the flexible strip that is readily torn upon the application of
      force to the strip, and thereby facilitates detachment of the strip from
      the receptacle containing the processing composition.
PAR  Still another feature of a specific and presently preferred embodiment of
      my invention is the provision of a process operating cycle in which the
      processing apparatus is caused to engage the film, prior to the release of
      the film processing composition, as the film is transported in one
      direction, and in which the processing composition is subsequently
      released to coat the film upon movement of the film in an opposite
      direction.
PAR  The system of my invention comprises a film drive and projection system
      including drive apparatus for the supply and take-up reels in the
      cassette, together with cylic sequential drive control means. The drive
      control means are effective upon the application of an operation
      initiating signal to cause the drive apparatus to first advance the film
      onto the take-up reel, and thereafter to rewind it onto the supply reel.
      The drive control apparatus then awaits a further signal before proceeding
      to repeat this cycle.
PAR  The mode control signal, referred to above, that is provided by the
      cassette, selects one of two modes of operation for the film drive and
      projection system. In a first mode of operation, carried out when a
      cassette containing unprocessed film is inserted into the film drive and
      projection system, the system provides a lighttight environment for the
      film in the casseette while the drive apparatus is carried through one
      cycle as described above. The film drive and projection apparatus is
      provided with a light source, for directing light through a portion of
      film exposed in the film gate of the cassette toward a projection
      aperture. In the projection aperture there is mounted a lens through which
      an image of the light transmitted through the film is focused on a
      suitable viewing screen.
PAR  The projection aperture is provided with a shutter. During operation of the
      system in response to a cassette containing unprocessed film in the manner
      just described, the shutter is closed and the light extinguished to
      provide the desired lighttight environment.
PAR  Following processing, the drive cycle is repeated, but with the light on
      and the shutter open during film advance of the takeup reel, so that the
      film just processed is projected. After projection, the film is rewound.
PAR  When a cassette containing previously processed film is inserted into the
      film drive and projection system, a second mode of operation is caused to
      occur. In that mode, the film drive apparatus operates through only one
      cycle, during at least the projection portion of which the lamp is
      energized and the shutter is open, so that the film is projected, and then
      rewound for storage and later reuse.
DRWD
PAR  The above and other features of my invention, together with the manner in
      which the components of the system of my invention are constructed, and
      their mode of operation in the system, will best be understood in the
      light of the following detailed description, together with the
      accompanying drawings, of various illustrative embodiments thereof.
PAR  In the drawings,
PAR  FIG. 1 is a fragmentary schematic plan sketch of a strip of film used in
      the system of my invention in accordance with one embodiment thereof;
PAR  FIG. 2 is a schematic fragmentary plan sketch of a portion of the film
      shown in FIG. 1, on an enlarged scale;
PAR  FIG. 3a is a schematic fragmentary cross-sectional elevation of a portion
      of the film of FIG. 2, taken substantially along the lines 3--3 in FIG. 2,
      and illustrating the cooperation of the film with a camera drive pawl;
PAR  FIG. 3b is a schematic fragmentary elevational cross-sectional view, taken
      substantially along the lines 3--3 in FIG. 2, and showing the cooperation
      of a portion of the film of FIG. 2 with a projector pawl;
PAR  FIG. 4a is a schematic cross-sectional elevational view, taken
      substantially along the lines 4a--4a in FIG. 1, showing a portion of the
      film of FIG. 1 comprising a film singularity used in programming and
      energizing the processor;
PAR  FIG. 4b is a schematic fragmentary perspective sketch illustrating a
      modified film singularity in association with a cooperative actuating
      element;
PAR  FIG. 4c is a schematic perspective sketch of a fragment of film modified to
      incorporate another form of singularity, and shown in association with an
      actuating element cooperative therewith;
PAR  FIG. 5 is a schematic cross-sectional view, with parts shown in cross
      section and parts broken away, illustrating the manner in which the
      trailer portion of the film of FIG. 1 is connected to and wound about a
      storage spool;
PAR  FIG. 6 is a schematic fragmentary plan sketch, with parts omitted, parts
      shown in cross-section, parts broken away, and parts shown in block form,
      of a film cassette in accordance with a first embodiment of my invention;
PAR  FIG. 7 is a schematic perspective sketch of a portion of a housing forming
      a part of the apparatus of FIG. 6;
PAR  FIG. 8 is a schematic perspective sketch of another portion of the housing
      forming a part of the apparatus of FIG. 6;
PAR  FIG. 9 is a schematic plan sketch, with parts omitted, parts shown in cross
      section, and parts broken away, of film processing means forming a portion
      of the cassette of FIG. 6;
PAR  FIGS. 10-12 are fragmentary schematic plan sketches, with parts omitted,
      parts broken away, and parts shown in cross section, illustrating the
      sequence of operation of the apparatus of FIG. 9;
PAR  FIG. 13 is a schematic fragmentary plan sketch, with parts omitted, parts
      broken away, and parts shown in cross section, showing a portion of the
      apparatus of FIGS. 6 and 9 in more detail and on an enlarged scale;
PAR  FIG. 14 is a schematic perspective sketch, with parts omitted and parts
      broken away, of an actuator assembly forming a portion of the apparatus of
      FIGS. 6 and 13;
PAR  FIG. 15 is a schematic elevational view, taken substantially along the
      lines 15--15 in FIG. 14, showing a portion of the actuator assembly of
      FIG. 14 in its association with a portion of the film strip shown in FIG.
      13 at different stages of manipulation of the film;
PAR  FIGS. 16a and 16b comprise schematic fragmentary plan sketches, with parts
      shown in cross section and parts broken away, illustrating the cooperation
      between a modified singularity forming a part of the film strip shown in
      FIGS. 1 and 13 with the actuating assembly best shown in FIG. 14;
PAR  FIGS. 17-21 comprise schematic fragmentary plan sketches, with parts
      omitted, parts shown in cross section, and parts broken away, illustrating
      further operations in the processing sequence carried out by the apparatus
      of FIG. 9;
PAR  FIG. 22 is a schematic plan view of a portion of the processing apparatus
      of FIG. 9, with parts broken away, comprising a combined pressure pad
      deflection cam and nozzle closure plate shown in its cooperative
      association with a portion of a coating nozzle;
PAR  FIG. 23 is an elevational view of the apparatus of FIG. 22, with the nozzle
      portions omitted, taken substantially along the lines 23--23 in FIG. 22;
PAR  FIG. 24 is a schematic end view of the apparatus of FIG. 23, taken
      substantially along the lines 24--24 in FIG. 23;
PAR  FIG. 25 is a schematic fragmentary cross-sectional view of the apparatus of
      FIG. 24, taken substantially along the lines 25--25 in FIG. 24;
PAR  FIG. 26 is a schematic plan view of a pressure pad comprising a portion of
      the apparatus of FIG. 9;
PAR  FIG. 27 is a schematic cross-sectional view of the pressure pad of FIG. 26,
      taken substantially along the lines 27--27 in FIG. 26;
PAR  FIG. 28 is a schematic fragmentary elevational view of a portion of the
      apparatus of FIG. 26, taken substantially along the lines 28--28 of FIG.
      26;
PAR  FIG. 29 is a fragmentary end view of a portion of the apparatus of FIG. 26,
      taken substantially along the lines 29--29 in FIG. 26;
PAR  FIG. 30 is a schematic cross-sectional end view of a portion of the
      apparatus of FIG. 26, taken substantially along the lines 30--30 in FIG.
      26;
PAR  FIG. 31 is a schematic plan view of a coating nozzle forming a part of the
      apparatus of FIG. 9;
PAR  FIG. 32 is a schematic cross-sectional view of the nozzle of FIG. 31, taken
      substantially along the lines 32--32 of FIG. 31;
PAR  FIG. 33 is a schematic end view of the nozzle of FIG. 31, taken
      substantially along the lines 33--33 of FIG. 31;
PAR  FIG. 34 is a fragmentary elevational view of a portion of the nozzle of
      FIG. 31, taken substantially along the lines 34--34 of FIG. 31;
PAR  FIG. 35 is a plan view of the other side of the apparatus of FIG. 31;
PAR  FIG. 36 is a fragmentary schematic elevational sketch, with parts shown in
      cross section, illustrating the construction of a contact element forming
      a part of the signal generator of the apparatus of FIG. 9, shown in
      association with housing parts with which it cooperates;
PAR  FIG. 37 is a schematic plan view of a receptacle forming a part of the
      apparatus of FIG. 9;
PAR  FIG. 38 is a schematic cross sectional view of the apparatus of FIG. 37,
      taken substantially along the lines 38--38 in FIG. 37 and showing in
      addition the cooperation of the receptacle with wall members forming a
      part of the apparatus of FIG. 9;
PAR  FIG. 39 is a cross sectional view of the apparatus of FIG. 37, taken
      substantially along the lines 39--39 in FIG. 37;
PAR  FIG. 40 is a schematic plan view of a spring forming a part of the
      apparatus of FIGS. 6 and 9;
PAR  FIG. 41 is an elevational view of the apparatus of FIG. 40, taken
      substantially along the lines 41--41 in FIG. 40;
PAR  FIG. 42 is a schematic fragmentary perspective sketch illustrating a sealed
      container and tear tab construction, suitable for use in the apparatus of
      FIG. 9;
PAR  FIG. 43 is a schematic fragmentary perspective sketch of a modified form of
      the apparatus of FIG. 42;
PAR  FIG. 44 is a schematic block and wiring diagram, illustrating the system of
      my invention incorporating a cassette in association with film drive and
      projection apparatus;
PAR  FIG. 45 is a schematic wiring diagram of a motion detector forming a part
      of the apparatus of FIG. 44;
PAR  FIG. 46 is a fragmentary schematic plan sketch, with parts broken away, of
      a strip of film usable in a second embodiment of my invention;
PAR  FIG. 47 is a fragmentary schematic plan sketch, with parts omitted, parts
      broken away, and parts shown in cross section, of a modified form of
      processing apparatus in accordance with my invention;
PAR  FIGS. 48, 49 and 50 are fragmentary schematic plan sketches, with parts
      omitted, parts shown in cross section, and parts broken away, showing the
      apparatus of FIG. 47 in various positions assumed during its cycle of
      operation;
PAR  FIG. 51 is a fragmentary schematic perspective sketch showing a portion of
      the apparatus of FIG. 47 in association with a fragment of the film
      cooperating therewith;
PAR  FIG. 52 is a schematic fragmentary elevational sketch, with parts omitted,
      parts shown in cross section, and parts broken away, showing on an
      enlarged scale a portion of the process apparatus actuating assembly of
      the apparatus of FIG. 47;
PAR  FIGS. 53 and 54 are fragmentary schematic plan sketches, with parts
      omitted, parts broken away, and parts shown in cross section, of the
      apparatus of FIG. 47, illustrating further steps in its cycle of
      operation;
PAR  FIG. 55 is a fragmentary schematic cross-sectional sketch illustrating the
      construction of a roller forming a portion of the apparatus of FIGS. 6, 9
      and 47;
PAR  FIG. 56 is a schematic diagram illustrating a drying system that may be
      employed with the apparatus of FIGS. 6, 9 and 47;
PAR  FIG. 57 is a fragmentary schematic elevational view, with parts omitted,
      parts broken away, and parts shown in cross section, of another
      modification of the processing system of my invention;
PAR  FIG. 58 is a fragmentary schematic plan sketch, with parts omitted, parts
      broken away, and parts shown in cross section, of another modification of
      a film processing station in accordance with my invention;
PAR  FIG. 59 is a fragmentary cross-sectional view, taken substantially along
      the lines 59--59 in FIG. 58, showing a portion of the apparatus of FIG.
      58;
PAR  FIG. 60 is a schematic perspective sketch of a pressure pad assembly
      forming a part of the apparatus of FIGS. 58 and 59;
PAR  FIG. 61 is a schematic perspective sketch of a spring forming a part of the
      apparatus of FIG. 58;
PAR  FIG. 62 is a schematic perspective sketch of a latching mechanism forming a
      part of the apparatus of FIG. 58;
PAR  FIG. 63 is a schematic perspective sketch of a combined pressure pad
      depressing and nozzle closure plate assembly forming a part of the
      apparatus of FIG. 58;
PAR  FIG. 64 is a diagrammatic fragmentary schematic elevational sketch, taken
      substantially along the lines 64--64 in FIG. 58, with parts omitted, parts
      shown in cross-section, and parts broken away;
PAR  FIG. 65 is a schematic fragmentary cross-sectional view of the apparatus of
      FIG. 64, taken substantially along the lines 65--65 in FIG. 64, with parts
      omitted and parts broken away;
PAR  FIG. 66 is a schematic end view of a portion of the apparatus of FIG. 64,
      taken substantially along the lines 66--66 in FIG. 64;
PAR  FIG. 67 is a fragmentary schematic plan sketch illustrating the cooperation
      of the apparatus of FIG. 63 in combination with a fragment of the film
      used in conjunction therewith;
PAR  FIG. 68 is a diagrammatic sketch showing the elements of FIG. 67 in a
      second position;
PAR  FIG. 69 is a fragmentary schematic plan sketch, with parts broken away, of
      a strip of film usable in the apparatus of FIG. 58;
PAR  FIGS. 70, 71, 72, 73 and 74 comprise fragmentary schematic plan views, with
      parts omitted, parts broken away, and parts shown in cross section,
      illustrating the operation of the apparatus of FIG. 58 in various
      positions assumed during its cycle of operation;
PAR  FIG. 75 is a fragmentary schematic plan sketch, with parts omitted, parts
      broken away, and parts shown in cross section, illustrating another
      modification of the processing apparatus of my invention;
PAR  FIG. 76 is a schematic plan view of a strip of film modified for use with
      the apparatus of FIG. 75;
PAR  FIG. 77 is a schematic perspective sketch of a portion of the apparatus of
      FIG. 75;
PAR  FIG. 78 is a schematic cross-sectional view of a portion of the apparatus
      of FIG. 75, with parts omitted and parts broken away, taken substantially
      along the lines 78--78 in FIG. 75;
PAR  FIG. 79 is a schematic cross-sectional view of another portion of the
      apparatus of FIG. 75, with parts omitted and parts broken away, taken
      substantially along the lines 79--79 in FIG. 75;
PAR  FIG. 80 is a fragmentary schematic perspective sketch of a portion of the
      apparatus of FIG. 75, taken from another point of view and with parts
      broken away, and showing a fragment of the film strip to illustrate its
      cooperation with the apparatus shown;
PAR  FIG. 81 is a fragmentary schematic plan view, with parts omitted and parts
      broken away, of a portion of the apparatus of FIG. 80;
PAR  FIG. 82 is a fragmentary schematic plan view, with parts omitted and parts
      broken away, showing the apparatus of FIG. 81 in another relative position
      of the parts;
PAR  FIGS. 83 and 84 are fragmentary schematic plan views, with parts omitted,
      parts shown in cross section, and parts broken away, illustrating the
      relative position of certain other parts of the apparatus of FIG. 75
      during various stages of the operation of the apparatus;
PAR  FIG. 85 is a schematic end view of a portion of the apparatus of FIG. 75 ,
      illustrating the cooperation between the film strip and a pair of film
      engaging arms forming a part of that apparatus;
PAR  FIG. 86 is a fragmentary schematic plan sketch, with parts shown in cross
      section, parts broken away, and parts omitted, illustrating a modified
      form of process composition release mechanism in accordance with another
      embodiment of my invention;
PAR  FIG. 87 is a fragmentary schematic plan sketch, with parts omitted, parts
      shown in cross section and parts broken away, illustrating a normally
      disengaged reverse roll coater in accordance with another embodiment of my
      invention;
PAR  FIG. 88 comprises a fragmentary schematic plan sketch, with parts omitted,
      parts shown in cross-section, and parts broken away, illustrating the
      apparatus of FIG. 87 in another position assumed during its operation;
PAR  FIG. 89 is a fragmentary schematic perspective sketch of a hook forming a
      portion of the apparatus of FIG. 87 in association with the film and a
      singularity thereon;
PAR  FIG. 90 is a fragmentary schematic plan view, with parts broken away, of a
      film strip suitable for use with the apparatus of FIGS. 87 and 88;
PAR  FIG. 91 is a fragmentary schematic plan sketch, with parts omitted, parts
      shown in cross section, and parts broken away, illustrating the tear tab
      release mechanism of the apparatus of FIG. 87 in more detail, and showing
      the parts in another position;
PAR  FIG. 92 is a schematic fragmentary plan view, with parts omitted, parts
      broken away, and parts shown in cross-section, illustrating the operation
      of the apparatus of FIG. 87 in its final position;
PAR  FIG. 93 is a schematic fragmentary plan sketch of a film strip adapted for
      use in another modification of my invention;
PAR  FIG. 94 is a fragmentary schematic plan sketch, with parts shown in
      cross-section, parts omitted, and parts broken away, illustrating a film
      processing station adapted to cooperate with the film strip of FIG. 93 in
      accordance with another embodiment of my invention; and
PAR  FIG. 95 is a sketch of a portion of the apparatus of FIG. 94 illustrating
      the parts in another position assumed in the operation of the illustrated
      processing station.
DETD
PAR  The photographic system of my invention preferably makes use of a
      photofinishing process in which a strip of film, following exposure in the
      camera, is contacted with a single processing composition to form a
      finished transparency from the latent image or images formed on the film
      during its exposure. The physical construction of such film, the nature of
      the photosensitive coating thereon, and suitable processing compositions
      therefor, will next be discussed in connection with FIG. 1.
PAR  Referring to FIG. 1, I have shown a film strip generally designated 1,
      which comprises a leader 2 terminating at an end formed with an aperture
      such as 3. The aperture 3 serves to connect that end of the film to a
      takeup reel to be described.
PAR  Behind the leader, which may be in the neighborhood of 18 inches in length,
      there is a strip 4 of photographically useful film, upon which projectable
      images may be formed. The strip 4, may be, for example, approximately 52
      feet in length for 8 mm film.
PAR  Following the photographically useful portion of the film is a trailer
      region generally designated 5. The trailer 5 terminates at another end
      formed with an aperture 6 by means of which that end of the film is
      adapted to be connected to a supply reel, to be described.
PAR  The film 1 may comprise a base of any suitable transparent material of the
      kind conventionally used for film bases. On this base is applied, at least
      over the central portion of the photographically usable length of the film
      4, an emulsion comprising a photosensitive coating, whereon a series of
      latent images illustrated by a series extending from a first frame 7 to a
      last frame 8 may be formed with a camera. The photosensitvie coating is
      preferably of one of the forms, next to be described, which can
      subsequently be processed to form a projectable image on the film base.
PAR  Photosensitive coatings usable in the practice of my invention may be of
      any conventional variety adapted to be developed by a monobath processing
      composition to form a positive transparency suitable for projection. In
      particular, a currently preferred embodiment of my invention makes use of
      a film structure, which, upon the base, comprises a photosensitive layer
      including both a photosensitive negative emulsion and an image-receiving
      layer to which a positive image may be transferred by diffusion during
      development without necessitating the subsequent removal of the emulsion
      containing its developed negative image. This highly desirable feature is
      made possible by a developed negative image having low covering power.
PAR  In typical silver transfer reversal processes for the projection of black
      and white images, a silver halide developer and a silver halide solvent
      are applied in an aqueous alkaline solution to a photoexposed silver
      halide emulsion stratum, where they develop exposed silver halide to
      silver, and react with unreduced silver halide to form a soluble silver
      complex. This complex, in order to form a positive print, is transferred
      and reduced to silver on a silver-receptive stratum upon which the silver
      halide stratum has been superposed.
PAR  In one practice, in the completion of this process, the silver-receptive
      and silver halide strata have been separated in order to render the
      positive print visible. However, as indicated above, the positive print
      may be rendered visible without separation of the silver halide and the
      silver-receptive strata. For example, the silver-receptive stratum may be
      so constructed as to provide an unusually vigorous silver precipitating
      environment which causes the silver deposited upon it, in comparison with
      silver developed in the silver halide stratum, to possess very high
      covering power, i.e., opacity for a given mass of reduced silver. If the
      silver halide is in such a concentration as to give rise only when fully
      developed to a predetermined low maximum density, and if the silver
      complex is reduced to silver in a vigorous silver precipitating
      environment, the resulting negative and positive prints in superposition
      provide a composite print that presents a good image for projection
      purposes so long as they are contained on a transparent support. Since the
      silver halide stratum and the silver-receptive stratum need not be
      separated, an overall simplification of the silver transfer reversal
      process is achieved.
PAR  A composite film assembly of this type, as well as processing compositions
      for producing a fully developed black and white image without the
      necessity of removing the developed negative image after processing, are
      shown in prior U.S. Pat. No. 2,861,885 to Edwin H. Land, which issued on
      Nov. 25, 1958 for Photographic Processes And Products. Other composite
      film assemblies capable of producing developed full color images without
      the necessity of removing the developed emulsion are shown in prior
      patents of Edwin H. Land, U.S. Pat. Nos. 2,726,154, issued Dec. 6, 1955
      for Photographic Product, and 2,944,894, issued July 12, 1960 for
      Photographic Processes Utilizing Screen Members.
PAR  It should be noted that my invention is not directed to the chemistry by
      which images are developed in a photosensitive emulsion and transferred to
      an image receiving strata. However, in the practice of my invention,
      whether the film employed is black and white or color film, at the present
      time the preferred embodiment of my invention employs film of a type not
      requiring the removal of a negative emulsion after it is developed.
PAR  Referring again to FIG. 1, the film 1 is formed along one edge with
      sprocket holes such as 9 at regular intervals adapted to cooperate with a
      drive pawl, in a manner to be described, in either camera or projector,
      for incremental advancement of the film. As best shown in FIG. 2, which
      illustrates an expanded portion 5a of the trailer 5 of the film, the
      series of sprocket holes 9 adjacent the trailing end of the film may be
      interrupted by a first elongated sprocket hole 10. This elongated hole 10
      may span, for example, two of the sprocket holes 9.
PAR  Further along the film in the direction of the supply reel end, the series
      of sprocket holes 9 is again interrupted by a second elongated sprocket
      hole 11, longer than the sprocket hole 10, and, for example, spanning
      three of the sprocket holes 9. As will appear, the first elongated
      sprocket hole 10 establishes an exposure end point in the camera, whereas
      the second sprocket hole 11 determines a film takeup termination point in
      the film drive and projection apparatus to be described. FIGS. 3a and 3b
      illustrate the manner in which these termination points are established.
PAR  Referring first to FIG. 3a, I have shown a fragment of the trailer portion
      5 of the film 1 including the elongated sprocket hole 10, and have shown
      in conjunction therewith a camera film advance pawl 12 in a first position
      in which it engages one of the sprocket holes 9 in a conventional manner
      to drive the film forward by one frame length. Toward the end of this
      advance stroke, as is conventional, the pawl 12 is cammed down out of
      engagement with the film.
PAR  As shown in the second position of the pawl 12, when it engages the
      elongated aperture 10, the camming down movement occurs before the film
      engages the leading edge of the elongated hole 10, and therefore the pawl
      may cycle repeatedly without further advance of the film. This serves to
      effect a termination of film advance for the purposes of exposure just
      beyond the region of photographically useful emulsion, to alert the
      photographer, by the somewhat different sound produced when the pawl skips
      the film, that his cassette should be replaced, and to effect proper
      sequencing of the processing system of my invention, to be described.
PAR  Referring now to FIG. 3b, for use in the system of my invention, it is
      preferred that the film drive and projection system be provided with a
      double pawl 13 comprising a leading pawl 14 and a trailing pawl 15, each
      of which may be of the same shape as the pawl 12 in FIG. 3a.  As shown in
      the left-hand portion of FIG. 3b, when the first elongated aperture 10 is
      encountered, the leading pawl 14 serves to engage the leading edge of the
      aperture 10 to cause the film to be advanced without interruption. For
      normally spaced sprocket holes 9, both of the pawls 14 and 15 engage the
      film in sequential sprocket holes. However, when the second elongated
      sprocket hole 11 is encountered, the pawl 13 will pass through it without
      film engagement, and thereby terminate film advance in the same manner as
      did the single pawl 12 upon engagement of the double length sprocket hole
      10.
PAR  Formed on the trailing end 5 of the film 1 beyond the advance termination
      portion 5a just described in the direction of the supply reel end of the
      film 1, is a singularity generally designated 16 comprising a detent
      engaging element here shown as an aperture 17 formed in the film, adjacent
      which a projecting bump 18 is formed, as by pressure, heat and pressure,
      or the like. The singularity 16 thus comprises a hook adapted to engage a
      detent in the form of a process control actuating element, to be
      described, as the film is moved with respect to the detent engaging
      element in the direction of the takeup reel. FIG. 4a shows the presently
      preferred embodiment of this detent engaging element, whereas FIGS. 4b and
      4c show variations which may be employed within the broader aspects of my
      invention if so desired.
PAR  Referring to FIG. 4b, another form of detent engaging element that may be
      provided in the film is in the form of an aperture 19, here shown as of
      circular shape, adapted to receive and engage a cooperating circular disc
      20 formed on an actuating element schematically shown at 21. The
      unidirectional character of the detent engaging assembly of FIG. 4a will
      be apparent from inspection; the assembly of FIG. 4b is inherently
      bidirectional in character in that engagement of the aperture 19 with the
      projection 20 will effect movement of the actuating element 21 in that
      direction determined by the direction of movement of the film 1.
PAR  FIG. 4c shows another form of essentially unidirectional detent assembly.
      As there shown, the detent engaging element may comprise a rectangular
      projection 22, formed either as a bump in the film 1, or by adhesively
      securing a piece of film base material to the upper surface of the film 1,
      as by a suitable adhesive or the like. The element 22 is adapted to engage
      an actuating element in the form of a resilient detent 23, that will
      engage the projection 22 when it is encountered upon movement of the film
      1 in a direction generally downwardly and to the left in FIG. 4c, but
      which is adapted to pass over the projection 22 without effective
      engagement should the film be moved in the other direction as the
      projection 22 passes under the engaging element 23.
PAR  The bump 9 forming a part of the detent engaging assembly 16 in FIG. 1
      projects from the film, and might be deformed, or might cause pressure
      marks on other parts of the film, as it is wound on the reel. To avoid
      that result, I prefer to provide suitable pockets, here shown as a pair of
      recesses 24 and 25, formed in the trailing end 5 of the film, and spaced
      at suitable intervals with respect to the radius of the supply reel spool,
      to be described, to receive the projection 18 as the film is wound onto
      the reel. This provision allows the film to be evenly wound on the spool,
      without deformation of the bump, as shown in FIG. 5.
PAR  Referring to FIG. 5, I have schematically shown a spool 26 adapted to form
      a portion of a reel on which the film may be wound. To the periphery of
      the reel is attached the film strip 1, as by a fastener schematically
      indicated at 27 engaging the recess 6. As illustrated, the bump 18 forming
      a part of the detent engaging element 16 is received in the recesses 24
      and 25 as the film 1 is wound about the spool, so that even winding of the
      film on the reel may be accomplished.
PAR  Located on the trailing end 5 of the film 1, between the detent engaging
      means 16 and the supply end of the film, is a second detent engaging means
      comprising a pair of notches generally designated 28 formed in the edges
      of the film. The notches 28 are formed with tapering edges toward the
      supply reel end, and with edges normal to the path of movement of the film
      toward the takeup reel end, for purposes to appear.
PAR  Formed on the leader ed of the film 12 is another detent engaging means,
      here shown as an aperture 29 in the central region of the film. This
      aperture serves to actuate a valve member forming a part of the processing
      apparatus to be described, for purposes to appear.
PAR  FIG. 6 shows, in part fragmentarily and in part schematically, the
      pertinent elements of an internally programmed cassette adapted for use in
      the system of my invention. The cassette comprises a housing generally
      designated 30, formed of any suitable opaque material such as metal,
      plastic, or the like, and preferably manufactured in two cooperating
      parts.
PAR  Referring to FIGS. 6, 7 and 8, the housing parts comprise a base generally
      designated 31, comprising side walls 32 and a base plate 33. The base
      plate 33 extends across the base of the walls 32, and comprises one side
      of the housing. The walls 32 extend at least in part about the periphery
      of the base plate 33, and cooperate with interfitted walls 34 of a cover
      generally designated 35 that overlaps the corresponding segments of the
      walls 32 to form sides enclosing the housing of the cassette 30.
PAR  A cover plate 36 is formed integral with the walls 34, and completes the
      upper side of the housing as seen in FIG. 6. The terms "base", "cover",
      "upper", and "lower" are relative, and are adapted simply for convenience.
      Similarly, the selection of the parting lines between the walls 32 and 34
      are a matter of convenience. In particular, the choice is preferably so
      made that the base 31 can serve as a support upon which all of the
      additional fixed and moving parts to be described may be assembled before
      the cover 35 is put in place.
PAR  When the cover is placed in position, it may be formed integral with the
      base 31 by heat sealing, or by a suitable adhesive, or the like. If of
      metal, the interfitting parts may be interlocked with cooperating detents
      formed therein, in a manner conventional and well known to those skilled
      in the art.
PAR  Preferably, the base and cover parts comprise, when assembled, an end
      flange 37 that serves to support and locate the cassette 30 in either a
      camera, or in the film drive and projection system to be described.
PAR  Rotatably disposed within the housing 30 is a supply reel generally
      designated 38 (FIG. 6). The reel 38 is provided with an upper flange 39,
      and a corresponding lower flange, not shown, to guide the film strip 1 as
      it is wound about the spool portion of the reel 38, not shown, to which
      the supply end of the film 1 (FIG. 1) is attached.
PAR  A sprocket schematically indicated at 40 may be formed integral with the
      reel 38 to adapt the reel to be driven about its axis of rotation. Access
      to the sprocket 40 may be provided through a suitable recess 36a in the
      cover plate 36 (FIG. 8), light-baffled by suitable conventional annular
      flanges, not shown, formed in cooperating relation on the cover plate 36
      and on the upper surface of the flange 39 (FIG. 6). The lower flange of
      the reel 38 may be formed in a conventional manner with a cylindrical
      axial opening to receive a cooperating axle 33a formed integral with the
      base plate 33, as shown in FIG. 7.
PAR  Referring again to FIG. 6, the film 1 extends from the supply reel 38 over
      a path along which it first passes a process composition release mechanism
      generally designated 41, to be described below. Initially, the film 1 is
      in its unexposed state and coiled primarily about the supply reel 38. It
      is shown in FIG. 6 in the position assumed as it nears the end of its
      movement away from the supply reel, as toward the end of exposure in a
      camera, in which it is nearly exhausted from the reel 38.
PAR  In the position of the film shown in FIG. 6, approximately at the end point
      established by the film drive and projection apparatus when the second
      elongated aperture 11 (FIG. 2) is encountered by the pawl 15 (FIG. 3), the
      side notches 28 in the film are located just beyond engagement with the
      actuator 41 in the direction of movement of the film away from the supply
      reel 38, for purposes to appear.
PAR  In its path from the supply reel 38, the film 1 next encounters a
      conventional bobulator roll 42. The film engages a portion of the
      periphery of the bobulator roll, as shown, and passes therefrom around a
      conventional idler roll 43 journalled for rotation in the housing, and
      thence through film processing means generally designated 44, shown in
      block form in FIG. 6 and to be described below. In addition to the
      apparatus for processing the film in a manner to be described, the film
      processing means 44 comprises a signal generator for producing an external
      condition signal on terminals schematically indicated at 45 and 46, to
      indicate whether or not the processing means has been actuated.
PAR  Beyond its path through the film processing means 44, the film 1 extends
      through a conventional light-baffled aperture schematically indicted at 47
      and forming a portion of a film gate in the housing. The film 1 reenters
      the housing through a second light-baffled aperture generally designated
      48 and comprising a second portion of the film gate. The film 1 next
      passes over a conventional snubber roll, generally designated 49, and
      finally passes to a takeup reel generally designated 50, comprising a
      spool portion 51, to which the takeup reel end of the film is connected,
      and about which the film is wound as suggested in FIG. 6.
PAR  As fragmentarily shown in FIG. 6, in addition to parts corresponding to
      those parts described in connection with the supply reel 38, which may be
      identically duplicated for the takeup reel 50, the takeup reel comprises
      an external upper flange 52 protruding beyond the maximum radius of the
      film 1 when substantially stored on the takeup reel. On the flange 52 is
      formed a suitable drive sprocket 53, by means of which the film can be
      selectively advanced in a manner to be described.
PAR  The bobulator 42 may be of any conventional construction, and performs the
      known function of isolating the film drive pawl 12 associated with a
      camera, or the pawl 13 associated with the projector (FIG. 3), from the
      inertia of the supply reel 38. For this purpose, the bobulator 42
      comprises a roller 54 mounted in any conventional manner on a pivot that
      is in turn mounted on a support movable with respect to the base plate 33
      and biased by a spring, as schematically indicated at 33c in FIG. 7, such
      that the bobulator roll 54 can be moved backwards and forwards in the
      directions of the double arrow shown in FIG. 6.
PAR  The bobulator roll thus responds to increases or decreases in the tension
      of the film 1 by temporarily shortening or lengthening the film path,
      respectively. Such changes in film tension are produced by the actuation
      of the film drive pawl and are determined by the inertial forces exerted
      by the supply reel 38, together with the larger or smaller supply of film
      that may be on it at any given time. By that arrangement, as the film is
      advanced incrementally by the pawl associated with the camera or
      projector, it can rapidly move the bobulator roll against its relatively
      light spring without immediately affecting the supply reel, which can then
      more or less gradually allow the bobulator roll to relax while supplying
      the segment of film taken by the pawl.
PAR  A lighttight shield around the film gate formed by the apertures 47 and 48
      is formed by a wall portion 55, comprising a segment 55a formed integral
      with the base plate 33 of the base 31, and a segment 55b formed integral
      with the cover 35, as shown in FIGS. 7 and 8. These wall segments are
      formed integrally, to comprise the wall 55, after assembly of the parts in
      the manner described above. An exposed chamber behind the film 1 is thus
      formed for the purpose of admitting projection light.
PAR  The appartus for this purpose is conventional, and will only briefly be
      described. In short, it comprises a prism generally designated 57 and
      comprising a mirror, not shown, but disposed at 45 degrees to the plane of
      FIG. 6. As schematically indicated, the prism 57 is mounted between
      extensions formed on a wall 56. The wall 56 is formed integral with the
      base plate 33.
PAR  Light enters the cassette, through an effective aperture schematically
      indicated at 58 and formed in the cover plate 36, in directions normal to
      the plane of FIG. 6. The mirror in the prism 57 directs this light
      downwardly through the film 1 in the film gate for projection of images on
      the film through a suitable lens assembly, to be described.
PAR  Also disposed in the chamber bounded by the wall member 55 and the film
      passing through the film gate is a conventional pressure plate 59, located
      between the prism and the film, and biased by a spring 60 into engagement
      with the film. The spring 60 is supported and retained by suitably shaped
      extensions of the support wall 56, as shown.
PAR  The pressure plate serves in the conventional manner to cooperate with the
      camera, by locating the focal plane of the film during exposure. A
      conventional framing aperture is also provided in the pressure plate 59,
      as schematically indicated, to pass light entering through the prism
      assembly 57 through a selected frame of the film 1, after the film is
      processed in a manner to be described.
PAR  The snubber roll 49 may also be of entirely conventional construction. As
      illustrated, it is provided with a hub portion schematically indicated at
      62 that is adapted to protrude through a suitable light-baffled aperture
      in the cover panel 36 for engagement by a stop member, comprising a part
      of either the camera or of the film drive and projection system, that is
      engaged when the film is to be incrementally advanced by a pawl for
      exposure or projection purposes. The cooperation between the snubber roll
      49 and the takeup reel 50 is conventional, but will be briefly described.
PAR  The drive sprockets 40 and 53 of the supply and takeup reels 38 and 50,
      respectively, are adapted to be engaged by corresponding drive sprockets
      comprising a part of a camera, or of the film drive and projection
      apparatus to be described. In the film drive and projection apparatus,
      both supply and takeup reels are adapted to be driven through slip
      clutches. In the camera, only a drive for the takeup reel need be
      provided. This drive comprises a slip clutch connected to a sprocket
      driving the takeup reel drive sprocket 53, in cooperation with a drive
      pawl such as 12 in FIG. 3a sequentially engaging a series of the sprockets
      9 formed in the film 1, along a portion of the edge of the film in the
      film gate between the apertures 47 and 48.
PAR  When the snubber roll 49 is stopped by engagement of the hub 26 as
      described above, operation of either the camera or of the film drive and
      projection apparatus to incrementally advance the film towards the takeup
      reel, by engagement of a pawl with the sprocket holes in the film 1, will
      momentarily loosen the film from engagement with the stationary snubber
      roll 49 and allow the slip clutch driving the takeup reel 50 to take up
      that increment of the film advanced by the pawl. Between engagements of
      the pawl, the slip clutch prevents the takeup reel from advancing the
      film.
PAR  In the film drive and projection apparatus to be described, the snubber
      roll 49 is engaged only while the film is to be incrementally advanced
      onto the takeup reel. When the film is rewound onto the supply reel, the
      snubber roll 49 is disengaged and acts as an idler. As will appear, that
      may occur either during the processing of the film while rewinding, or
      during subsequent rewinding of the processed film after projection.
PAR  The film processing means 44, shown in block form in FIG. 6, will next be
      described, in its presently preferred embodiment, with reference to FIG.
      9. As there shown, the apparatus generally comprises wall means comprising
      portions of, or formed integral with, the base plate 33 and the cover
      plate 36 (FIG. 6) which serve to guide, support and house the various
      elements of the processing apparatus to be described. Generally speaking,
      these comprise an outer film composition containing housing generally
      designated 63 and forming a chamber in which there is mounted an initially
      sealed container of processing composition generally designated 64. The
      container 63 communicates with a coating nozzle generally designated 65.
      These elements are mounted above the plane of the film 1.
PAR  Principally located below, but in part surrounding, the film 1 is a
      pressure pad assembly generally designated 67. The pressure pad assembly
      is acted on by a spring, generally designated 68 and to be described in
      detail below.
PAR  The basic elements of the processing station further comprise a combined
      pressure pad deflection cam and nozzle closure plate assembly generally
      designated 69, and a pair of electrical contact elements 70 and 71 which
      cooperate with the pressure pad deflection cam and nozzle closure plate
      assembly 69 in a manner to be described below to provide a signal
      indicating whether or not the film 1 has been processed.
PAR  More specifically, the outer container 63 comprises walls 72 formed
      integral with the floor plate 33 and extending upwardly therefrom in FIG.
      9. The walls 72 and floor plate 33 form a container open on a side that is
      closed by a cover panel fragmentarily shown at 73 of the same general
      configuration as the region bounded by the walls 72 of the container 73.
PAR  The panel 73 is preferablly put in place prior to assembly of the cover 35
      with the base 31, and serves as a support for the top plate 36 after final
      assembly. As schematically indicated, the walls 72 are formed with an
      upper lug 74, and a lower ledge portion 75, in each of which are formed
      locating recesses 76 and 77, respectively, adapted to receive
      corresponding locating posts, not shown, formed on the inside of the cover
      panel 73 to aid in locating the panel 73 during its installation as the
      cover of the container 63.
PAR  The initially sealed container 64, mounted within the outer container 63,
      comprises a tub-like receptacle 78, of a suitable plastic or the like,
      selected to resist interaction with the processing composition, or
      permeation thereof by ambient gases. The receptacle 78 initially contains
      a charge 79 of processing composition in an adequate amount to process the
      film 1.
PAR  Referring now to FIGS. 9, 37, 38 and 39, the receptacle 78 is formed on an
      open side with a circumscribing flange 80 adapted to fit between
      correspondning cooperating flanges 81 and 82, formed on the floor plate
      33, and a mating pair of cooperating flanges 83 and 84 formed on the cover
      panel 73 as shown in FIG. 38. As shown in FIG. 9, the flange 80 rests
      against a shoulder formed on the lug 74 at the upper end of the wall 72,
      and projects over the ledge 75 formed at the lower end of the wall 72.
PAR  The container 78 is sealed to initially contain the processing composition
      79 by one end 85 of a tear-tab generally designated 86. The tear-tab 86
      may be made of any suitable form of plastic material selected to resist
      the action of the composition 79, and to avoid interaction therewith, as
      well as to prevent the diffusion into the composition of gases such as
      oxygen, carbon dioxide, carbon monoxide, water, oxides or hydrides of
      sulfur or nitrogen, or the like, that might modify its composition. The
      end 85 is sealed to the plane surface of the flange 80 surrounding the
      opening formed on the receptacle 78, and within the flange area extending
      into the mounting recesses described above, by any suitable means such as
      heat sealing, a suitable adhesive, or the like.
PAR  The tear-tab 86 extends from the end 85 sealed to the receptacle 78 back
      upon itself and out through an aperture 87 formed in the walls 72 to the
      actuating assembly 41 (FIG. 6), to be described below.
PAR  Outside of the sealed container 64, the walls 72 define a chamber 88 into
      which the processing composition 79 can flow when the tear-tab 86 is
      partially detached from the receptacle 78 in a manner to be described. The
      outer chamber 88 communicates with the coating nozzle 65 by way of a
      downwardly converging section 89 that communicates with a downwardly
      converging nozzle inlet passage 90 formed in the nozzle 65.
PAR  Referring now to FIGS. 9 and 31-35, the coating nozzle 65 may be formed in
      a conventional manner, as by precision molding or the like, from a
      suitable thermoplastic resin selected to form a dimensionally stable and
      accurate molding whose working surfaces can be kept to close tolerances.
      The most critical of these form a plane, generally U-shaped film engaging
      land 91 formed on the base of the nozzle, as best shown in FIG. 31, and a
      doctor bar 92, lying across the bend of the U-shaped land 91, and recessed
      beneath it as best shown in FIG. 32. The depth to which the doctor bar is
      recessed is greatly exaggerated in FIG. 32; it is selected to be twice the
      desired thickness to which the coating composition is applied to the film
      1. The land 91 and the doctor bar 92 circumscribe a generally rectangular
      outlet aperture 93 formed in the nozzle and communicating with the
      downwardly converging passageway 90 through which the processing
      composition is received from the outer container 63, described above.
PAR  The nozzle 65 is preferably formed in the generally asymmetric shape shown,
      both to facilitate correct orientation of the nozzle during assembly, and
      to lock the nozzle in place after assembly. For that purpose, the nozzle
      is formed with locking recesses 94 and 95 at the sides, as shown in FIGS.
      31 and 32; with a sloping end 96, as shown in FIGS. 31 and 35; and, in the
      sloping end, with a locking recess 97, tapered as shown in FIG. 33, to
      further confine the nozzle in place. As best shown in FIGS. 32 and 34, the
      ends 98 and 99 are tapered downwardly to serve the same purpose.
PAR  Referring to FIG. 9, these ends 98 and 99 engage corresponding notches 100
      and 101 formed in an extension 102 of the wall 72, and in the ledge 75,
      respectively, to receive the nozzle 65. The nozzle 65 is confined at its
      base by a wall 66 formed integral with the base plate 33. The sides 103
      and 104 of the nozzle 65 are retained by the base plate 33 and cover plate
      36 of the housing.
PAR  The nozzle 65 is provided at the sides with posts 105 and 106 that provide
      guidance for the film in its path over the coating gap. These posts also
      serve at times to stop the nozzle closure plate portion of the element 69,
      to be described. Referring now to FIG. 31, when engaged with the film in
      the manner to be described below, the film is adapted to pass over the
      nozzle outlet port and between the posts 105 and 106, with the emulsion
      side of the film in engagement with the land 91. During this engagement,
      coating takes place while the film moves, so that the emulsion surface
      leaves the coating aperture 93 as it passes over the doctor bar 92 and
      carries with it a coating of processing composition established by the
      depth to which the bar 92 is recessed below the land 91.
PAR  The nozzle could be formed integral with the walls 72, but is preferably
      made as a separate piece. That relaxes the requirements on the base, and
      simplifies the manufacture of the nozzle to close tolerances. Together
      with the pressure pad, next to be described, the nozzle forms a
      self-aligning coating station for the film, whereby a coating gap can be
      established to greater precision than reasonable tolerances on the other
      parts would otherwise permit.
PAR  As shown in FIG. 9, the film 1 normally passes below the nozzle 65, and
      above a normally disengaged film engaging pad surface 107. The pad surface
      is formed on an upwardly extending and generally rectangular protrusion in
      a base plate 108, as shown in FIGS. 26 and 27. The pressure pad assembly
      67 may be made of any suitable material, such as stainless steel or the
      like. The raised surface 107 is ground or otherwise finished with a
      generally U-shaped, plane film engaging surface 109, that is adapted to
      mate, through the film 1, with the plane of the land 91 of the nozzle
      (FIGS. 26 and 31) and generally conform to the working area of the nozzle
      65 encompassing the rectangular opening 93 through which the fluid
      composition passes.
PAR  As shown in FIGS. 9, 26 and 27, the pressure pad assembly 67 is formed with
      an end 110 that is adapted to lightly engage the base side of the film 1
      in the initial position shown in FIG. 9. Formed adjacent the end 110 on
      the plate 108 are a pair of ears 111 and 112, extending up past the film 1
      on either side and ultimately engaging the underside of the nozzle 65 in
      the recesses 94 and 95 (FIGS. 31 and 32).
PAR  The pressure pad 67 is formed at its other end with a shroud generally
      designated 113 comprising a side wall 114 formed integral with the plate
      108 and extending upwardly past the film in FIG. 9 to an upper plate 115
      that passes over the film 1 and engages a sloping ledge 116 formed in the
      lower side of an extension 117 of the walls 72 and 102. The extension 117
      is formed integral with the base plate 33 and joins the wall 55 defining
      the projection aperture.
PAR  Referring again to FIGS. 26-30, as well as to FIG. 9, the top plate 115
      continues over to a second side wall portion 118 that extends toward the
      base plate 108, but terminates short thereof at an end 119. The end 119 of
      the wall portion 118 confronts a wall portion 120 extending upwardly from
      the base plate 108 and separated from the end 119 to form a slot through
      which the film 1 can initially be threaded in assembling the apparatus. As
      will appear, the side walls 114, 118 and 120 of the shroud 113 also serve
      at times as guides for the combined pressure pad depressing cam and nozzle
      closure plate assembly 69, to be described.
PAR  The base plate 108 of the pressure pad is divided into legs 121 and 122,
      which are bent downwardly somewhat in the region of the shroud 113 as
      indicated in FIG. 27. Between the legs 121 and 122 is formed a downwardly
      depending hook element 123 that initially serves as a detent to hold the
      pressure pad 67 in an inactive position in the housing. For that purpose,
      as best shown in FIG. 9, the hook 123 is engaged in the initial position
      shown by an upwardly bent end 124 formed at the end of the spring 68.
PAR  The spring 68, shown in part in FIG. 6 and in part in FIG. 9, is best shown
      in FIGS. 40 and 41. As there shown, the spring 68 comprises a base portion
      125 that is cut out as indicated at 126 to clear the idler 43 as shown in
      FIG. 6. Referring again to FIGS. 40 and 41, the base portion 125 is
      further provided with a pair of mounting apertures 127 in which suitable
      fasteners, shown as a pair of screws 128 in FIG. 6, can pass for securing
      the base 125 to the base plate 33. In practice, the base 125 of the spring
      68 may be secured by heat staking it to the thermoplastic material of the
      base plate 33, as by heating and melting a portion of the base plate 33
      through the apertures 127. Alternatively, the spring may be secured by
      rivets, or other fasteners or the like could be employed.
PAR  From the base portion 125 a resilient spring arm 129 extends, in planes
      normal to the base, into engagement with the film-engaging portion of the
      pressure pad 67, and thence to its termination 124 initially engaged with
      the hook 123. Intermediate the ends of the arm 129 is formed a pressure
      pad engaging button 130 that serves to engage the lower surface of the
      raised portion 107 of the pressure pad 67 and urge it toward engagement
      with the film 1.
PAR  Referring again to FIGS. 9, 26 and 27, the pressure pad 67 is formed at
      either side of the hook 123 with a pair of upstanding ears 131. The ears
      131 serve as further guides for the pressure pad depressing cam and nozzle
      closure plate assembly 69.
PAR  Referring now to FIG. 9 in conjunction with FIGS. 22-25, the pressure pad
      depressing cam and nozzle closure plate assembly 69 will next be
      described. Referring first to FIGS. 22-25, the assembly 69 comprises a
      plane base plate 133 formed at one end 134 with tapering sides 135 to
      guide entry of the end 134 into a position covering the outlet port 93 in
      the nozzle 65, in a manner to appear, to close the nozzle at the end of
      the processing operation. In that position, a pair of shoulders 136 on the
      plate 133 cooperate with the stops 105 and 106 on the nozzle 65, as
      suggested in FIG. 22, to stop the nozzle in its final position.
PAR  Formed as orthogonal extensions on the sides of the base plate 133 are a
      pair of cams 137 and 138 that serve at times to depress the pressure pad,
      described above, in a manner to appear below. The cam 137 is shorter than
      the cam 138, to cooperate with the slot formed in the shroud 113 of the
      pressure pad, described above, to facilitate threading of the film 1
      during assembly of the cassette.
PAR  Toward the left end of the plate 133, as best shown in FIGS. 22 and 23, the
      cam 138 is formed with a normally extending arm 139 that extends generally
      parallel to the plate 133 and is formed with a pair of spring arm
      extensions 140 and 141. As best shown in FIG. 23, these arm extensions
      taper away from each other towards the ends, to allow entry of a film
      aperture in a manner to appear.
PAR  A central portion 142 is bent upwardly and away from leg extension portions
      143 and 144 of the base plate 133, as best shown in FIG. 23, to form a
      hook having as its upper portion the extension 142 and as its lower
      portions the arms 143 and 144. Referring again to FIG. 9, these hook
      elements initially engage a ledge portion 145 formed integral with the
      base plate 33 to hold the assembly 169 in the position shown. In that
      position, the cams 137 and 138 extend into and are guided by the walls of
      the shroud 113, and the nozzle closing plate end 134 of the assembly 169
      confronts but does not engage a downwardly sloping guide ledge 146 formed
      on the wall extension 102 referred to above.
PAR  The upper spring arm 141, of the hook comprising that arm and the lower arm
      140 formed on the assembly 69, lightly engages the base of the film 1 in
      the initial position of the parts shown in FIG. 9. The upwardly bent end
      of the arm 141 thus serves as a unidirectional detent that is adapted to
      engage an aperture in the film, in a manner to be described below, towards
      the end of the processing cycle to be described.
PAR  The cam portion 138 of the assembly 69, or metallic conducting material,
      cooperates with the contacts 70 and 71 in FIG. 9 to form a signal
      generator indicating whether or not the film 1 has been processed. For
      this purpose, in the initial position of the parts shown in FIG. 9 assumed
      before the processing cycle is started, the cam 138 engages both contacts
      70 and 71 and thus bridges them to supply an external signal to contacts
      45 and 46, forming a part of the film drive and projection apparatus to be
      described, which indicate by their bridged condition that the film is not
      processed.
PAR  The construction of the contacts 70 and 71 may be identical. Thus, only the
      construction and mounting of the contact 70 will be described in detail.
      Referring now to FIG. 36, the contact 70 is shown to comprise a strip of
      metal having one end 147 extending across the base plate 33, and
      heat-staked to the base plate as indicated at 148. The contact 70 then
      extends around the edge of the base plate 33 to form a terminal portion
      149 adapted to engage a cooperating contact such as 45 in FIG. 9, and
      thence extends back over the edge of the base plate 33, and beneath the
      cooperating side wall portions 32 and 34 of the housing, as through
      suitable recesses formed therein, to an upstanding and inwardly inclined
      portion 150 that engages the cam 138. As will appear, at the end of the
      processing cycle, the assembly 69 will be carried to the right in FIG. 9,
      opening the contacts 70 and 71 to cause an open circuit to be presented to
      the contacts 45 and 46, indicating that the film has been processed.
PAR  The construction of the film composition release mechanism will next be
      described with reference to FIGS. 1, 4a, 6, 9, and 13-16. Referring first
      to FIG. 1, it will be recalled that the notches 28 formed on the trailer 5
      of the film 1 were formed with tapering edges towards the supply reel end
      and with normal edges toward the takeup reel end.
PAR  FIG. 6 shows the general disposition of the film 1 on the supply and takeup
      reels in the position assumed after exposure of the film, and following a
      further motion of the film from the exposure termination point reached by
      the camera to the termination point established by the second elongated
      sprocket hole 11 (FIG. 2), such that the film 1 is disposed primarily on
      the takeup reel 50 and is substantially exhausted from the supply reel 38.
      In that position, the notches 28 are in the position shown in FIG. 6,
      having been advanced slightly beyond a pair of spring-engaging arms 151.
PAR  The arms 151 engage the sides of the film 1 in the position shown in FIG.
      6, in a manner best shown in FIG. 15. As there shown, the arms 151 are
      formed integral with a central arm 152, from which they extend outwardly
      and are bent together, so that at the end of the takeup movement, when the
      film is substantially exhausted from the supply reel 38 as shown in FIG.
      6, the arms 151 engage the film 1. As indicated by the dotted lines in
      FIGS. 6 and 15, towards the end of the rewind stroke, when the film
      assumes a position in which it is substantially stored on the supply reel,
      it will be carried out of engagement with the arms 151 in its path from
      the bobulator roll 42 to the supply reel 38.
PAR  Adjacent their juncture with the central arm 152, the arms 151 are formed
      with bends indicated at 153 (FIGS. 6, 13 and 14) which adapt the spring
      arm assembly to be carried in cooperating notches formed in the ends 154
      of a pair of identical levers 155. The levers 155 are fulcrumed about a
      common axis by a pair of stub shafts 156, each fixed in a different one of
      a pair of supports 157 formed integral with the housing parts in any
      conventional manner. It will be apparent that one of these shafts could be
      put in place during assembly of the base and cover parts described above.
PAR  The levers 155 are joined by a first transverse shaft 158 secured thereto.
      The shaft 158 supports an overcenter spring 159. The spring 159 is
      connected at its other end to a cross piece 160 extending between the
      levers 155 and mounted on a pair of supports 161, each fixed with respect
      to the housing, as by being formed integral with the floor plate 33. The
      stops 161 may serve to limit the excursions of the levers 155 in the
      manner suggested in FIG. 13.
PAR  A cross-piece 162 joins the levers 155 at their ends opposite the ends 154.
      The cross-piece 162 engages a loop 163 formed on the tear-tab 86 by
      folding the latter over itself and joining it together by heat-sealing, or
      by a suitable adhesive, or the like.
PAR  Comparing FIGS. 6, 9 and 13, the portion of the tear-tab 86 extending out
      of the outer container 63 through the slot 87 passes over an idler 164
      journalled in any conventional manner to the floor plate 33, and thence to
      the loop 163 engaging the cross piece 162. In the initial position of the
      parts shown in FIG. 6, the spring 159 is over center in a clockwise sense
      with the spring arms 151 engaging the sides of the film 1.
PAR  The relationship illustrated in FIG. 1 is shown in FIG. 16a, as the notch
      28 approaches the spring arms 151 with the film 1 beginning to be rewound
      from its extreme position substantially fully stored on the takeup reel
      back to the supply reel. As the notch 28 passes and engages the arms 151,
      in the manner illustrated in FIG. 16b, the lever arms 155 will be pivoted
      counter-clockwise as seen in FIG. 6 to carry the spring 159 over center in
      the opposite direction, as shown in FIG. 13, and detach at least a portion
      of the end 85 of the tear-tab 86 that is initially detachably sealed to
      the flange 80 on the receptacle 78. That allows the processing composition
      79 to escape from the receptacle 78 and flow into the chamber 88, and
      thence down through the nozzle 65 to coat the film 1.
PAR  The levers 155 are carried by the over-center spring 159 to a position in
      which the arms 151 are out of engagement with the film 1, even in the
      extreme position illustrated by the dotted lines in FIG. 6, when the film
      is substantially fully stored on the supply reel 38. Thus, following
      detachment of the tear-tab the actuating mechanism 41 plays no further
      part in the operation of the cassette.
PAR  FIGS. 42 and 43 show alternate forms of attachment of the tear-tab end 85
      to the receptacle 78. The detachable seal, which may be a heat seal or an
      adhesive seal or the like, may converge in a generally V-shaped region
      terminating in an apex at the first point of detachment, as shown at 165
      in FIG. 42. That forms a weakened seal at the end, facilitating detachment
      when the tear-tab 86 is engaged by the actuating mechanism 41 described
      above without significantly affecting the integrity of the seal before a
      detaching force is applied. Alternatively, the seal may extend normal to
      the force acting to disrupt it, as shown at 165a in FIG. 43. The latter
      mode of attachment may be preferred for certain purposes, as in the
      modification of FIG. 87, to be described, in which forces on the tear-tab
      are used first to erect the processor and then to open the container.
PAR  Having described one embodiment of the cassette of my invention, its
      operation will next be described in connection with FIGS. 6 and 9-21.
PAR  Referring to FIG. 6, it will be assumed that an initially unexposed strip
      of film 1 stored primarily on the supply reel 38 has been exposed in a
      camera, so that it has been advanced onto the takeup reel 50 to the
      exposure termination point determined by the first elongated sprocket hole
      10 on the film (FIG. 2). In that position, the tear-tab release notches 28
      will not be in the position shown in FIG. 6, but will still be on the
      supply reel 38. Next, assume that operation has continued by further
      rotation of the takeup reel 50 counterclockwise as seen in FIG. 6 to bring
      the film 1 farther onto the takeup reel.
PAR  FIG. 9 shows the parts of the processing apparatus in their initial
      position, which is maintained during exposure of the film and during the
      first increment of motion just described from the exposure termination
      point to the second termination point in which the film is substantially
      exhausted from the supply reel. In that position, the cam and nozzle
      closure plate assembly 69 is held in place by engagement of the arms 142
      and 143 with the ledge 145, and the upper resilient arm 141 of the film
      engaging hook formed on the assembly 69 is lightly engaging the base of
      the film 1. The pressure pad 67 is initially held in place by engagement
      of its hook 123 with the detent 124 formed on the spring 129. In that
      position, the end 110 of the pressure pad 67 is lightly engaging the base
      of the film 1, and the shroud 113 is in engagement with the ledge 116
      formed on the wall segment 117.
PAR  The parts will remain in the position shown in FIG. 9 until, during the
      further advance of the film 1 towards the takeup reel, the film engaging
      hook 16 approaches and engages the end 110 formed on the hook 67 as shown
      in FIG. 10. When that occurs, near the second termination point
      established by the second elongated hole 11 in the film (FIG. 2), the hook
      16 will move the pressure pad to the left in FIG. 10, to the position
      shown in FIG. 11. In that position, the shroud 113 has moved out of
      engagement with the ledge 116, and upwardly under the influence of the
      spring 129. The ears 111 on the pressure pad 67 will come into engagement
      with the posts 106 and 105 forming a part of the nozzle 65, and the
      pressure pad 67 will swing up into engagement with the film 1 and carry
      the emulsion side of the film into coating engagement with the nozzle 65.
PAR  At the same time, the tear-tab detaching notches 28 in the film 1 will be
      moved to the position shown in FIG. 1. The notches 28 will pass from the
      supply reel 38 to the position shown in FIG. 6 without actuation of the
      assembly 41, as the arms 151 will not engage the normal edges of the
      notches during movement in that direction, but will move in and out of the
      notches over the tapered edges thereof to allow passage of the notches
      without operation of the tear-tab.
PAR  Next, assume that the first rewind operation is begun, by rotating the
      supply reel 38 clockwise in FIG. 6, to advance the notches 28 towards the
      arms 151. Referring to FIG. 12, this motion will bring the hook 16 out of
      engagement with the end 110 of the pressure pad 67, as shown. The pressure
      pad will now urge the film 1 into coating engagement with the nozzle 65
      under the influence of the spring 129.
PAR  As the pressure pad 67 is moved to the left, the detent 124 formed on the
      spring 129 will be disengaged by the hook 123. The purpose of the detent
      124 is primarily to prevent premature movement of the pressure pad 67 in
      the housing prior to its positive disengagement from the initial position
      shown in FIG. 9 by the hook 16.
PAR  Referring next to FIGS. 6 and 13, as the notches 28 move towards the supply
      reel 38, the arms 151 of the actuating assembly 41 will be engaged and the
      levers 155 will be carried to the position shown in FIG. 13, detaching the
      tear-tab 86 in part from the receptacle 78 to allow the composition 79 to
      flow down into coating engagement with the nozzle and the film 1. The
      composition will then be uniformly coated on the emulsion side of the film
      1 to a thickness determined by the doctor bar 92.
PAR  I prefer a doctor bar coater to other conventional forms of coaters for the
      purpose of coating the film, because it is inherently insensitive to
      changes in the viscosity of the processing composition, and to changes in
      linear film speed with respect to the doctor bar, over a reasonable range
      that makes the process relatively insensitive to these variables. In
      particular, as is well known in the art in other contexts, a doctor blade
      or doctor bar coater inherently will lay down a uniform coating of
      one-half the distance between the doctor bar and the coated substrate
      under conditions in which a uniform meniscus can be formed on the coating
      liquid adjacent its interface with the substrate.
PAR  The coating operation begun with the parts in the position shown in FIGS.
      12 and 13 will continue until the composition 79 is substantially
      exhausted and the film is stored substantially all on the supply reel 38.
      Toward the end of that operation, the aperture 29 (FIG. 1) will approach
      and engage the hook finger 141 formed on the valve and cam assembly 69 as
      shown in FIG. 17.
PAR  As the film 1 continues to move onto the supply reel, engagement of the
      aperture 29 of the film of the spring arm 141 will carry the film along
      the arm and downwardly, as suggested in FIG. 18, into the bight formed
      between the arms 141 and 140. Further movement of the film 1 towards the
      supply reel will carry the cam and valve member 69 to the right of the
      position shown in FIG. 18, causing the spring arms 142, 143, and 144 to
      disengage the ledge 145, and bringing the cams 137 and 138 into contact
      with the base plate 108 of the pressure pad 67 in the region of the shroud
      113, with the cam assembly 69 being guided by the shroud 113, as the
      assembly 69 moves to the position shown in FIG. 19.
PAR  During this movement, the end 134 of the cam and valve assembly 69 is
      guided by the cam 146 formed on the wall extension 102 of the housing, and
      moves below the nozzle 65 towards a nozzle closing position. The pressure
      pad 67 begins to move downwardly, out of engagement with the film 1. The
      film is still held down out of its normal plane of movement by engagement
      with the bight formed between the spring arms 140 and 141, as shown in
      FIG. 19.
PAR  Movement in this direction will continue to move the assembly 69 to the
      right in FIG. 19, as it goes to the position shown in FIG. 20 in which the
      end 134 of the valve assembly 69 closes the nozzle 65 and the shoulders
      formed on the assembly 69 engage the stops 105 and 106 formed on the
      nozzle 65. The lower spring arm 140 glides over and engages the stop 166,
      which may conveniently be formed on the cover wall portion 34, to latch
      the cam assembly 69 against movement to the left as shown in FIG. 20.
PAR  During its movement from the position shown in FIG. 18 to the position
      shown in FIG. 19, the cam 138 disengages the contact 70, and thus provides
      a signal indicating that the film has been processed. Further movement to
      the position shown in FIG. 20 will completely disengage the contacts 70
      and 71.
PAR  FIG. 20 shows the final disengaged position of the processor parts, with
      the film 1 still engaged with the hook elements 141 and 140. The next
      significant relative movement of the parts will not occur until the film
      is again moved toward the takeup reel, as during projection of the
      processed film. When that occurs, as illustrated in FIG. 21, the aperture
      129 will disengage the arm 141, and the film will rise to its initial
      plane of movement, in which it is free of all of the elements of the
      processing apparatus, for subsequent cycles of projection and rewinding.
PAR  The nozzle 65 is now closed except for the small passage between the doctor
      bar and the upper surface of the valve end 134 of the assembly 69. Since
      this is quite a small aperture, on the order of several ten-thousandths of
      an inch, it will quickly be sealed by the evaporation of the vehicle from
      the processing composition, with concomitant drying and hardening of the
      composition in the gap. Contamination of the apparatus is further
      prevented by the fact that any leakage of processing composition that may
      occur will be primarily upon the upper surface of the end 134 of the
      assembly 169, where it will be exposed to drying without further contact
      with the film.
PAR  Referring next to FIG. 44, I have shown a film drive and projection system
      in conjunction with a cassette 30 of the form just described. In this
      system, the processing operations described above, together with
      projection and rewinding operations, can be automatically carried out so
      that exposed film in the cassette may be rapidly processed and projected
      by the user immediately after it is exposed in the camera.
PAR  As shown in FIG. 44, a film drive and projection system in accordance with
      my invention may comprise an outer housing schematically indicated at 170
      of opaque material, pierced by a projection aperture defined by the barrel
      schematically indicated at 171 of a lens assembly comprising a lens 172.
      The system is adapted to be supplied with electrical energy from any
      convenient source, here schematically shown as a source of alternating
      current connected between a pair of terminals 173 and 174, the latter
      being shown for convenience as connected to a reference ground. The source
      may be a conventional 60Hz 120 volt supply.
PAR  Energy from the source is supplied through a conventional on-off switch S1,
      preferably mounted on the exterior of the housing 170 for convenient
      access by an operator, to a conventional power supply 175. The power
      supply 175 may comprise any conventional apparatus for converting the
      alternating current supplied to a convenient DC voltage, here illustrated
      as a DC supply and control voltage at a potential B+ with respect to
      reference ground. This voltage is not critical, but is preferably
      available at some relatively substantial voltage, such as 24 volts, so
      that interrogation of the contacts such as 70 and 71 on the cassette 30
      may be decisive in spite of such dry contact resistances as may occur
      across these contacts when bridged by the cam 138. As well known in the
      art, such contact resistances may be the result of very thin films
      developed on the contact surfaces prior to the flow of current through the
      contacts, which resistances rapidly fall to very low values once current
      has been established.
PAR  As suggested in FIG. 44, the housing 170 is provided with a receptacle
      adapted to receive a cassette 30 and comprising suitable ledge members
      schematically indicated at 176 for engagement with the flange 5 formed on
      the cassette 30. Additional guide means, schematically indicated by the
      guide 177, and stop surfaces, indicated schematically by the stop 178, are
      provided in the cavity in the housing adapted to receive the cassette 30
      to locate and support the cassette. As illustrated, the contacts 70 and 71
      associated with each cassette 30 are adapted to be engaged by contacts 45
      and 46 in the housing 170, for purposes to appear.
PAR  A normally open, spring-biased switch S2 is adapted to be closed by the cam
      179 formed on the housing of the cassette 1 when the cassette is inserted
      in the housing, as shown in FIG. 44. This switch S2 has one terminal
      connected to the supply terminal at B+, and when closed provides a signal
      labelled IN that is positive with respect to ground and indicates that a
      cassette is present in the housing 170.
PAR  When a cassette 30 is inserted in the housing 170, its supply reel drive
      sprocket 40 is engaged with a drive sprocket 180 driven by a shaft
      schematically indicated by the dotted line 181. The shaft 181 is connected
      to one side of a conventional slip clutch schematically shown at 182.
PAR  The slip clutch 182 has an input shaft schematically indicated at 183 and
      comprising the output shaft of a conventional DC motor SM. When energized
      in a manner to be described, the motor SM drives the supply reel sprocket
      40 through the slip clutch 182, with consequent rotation of the shaft 181.
PAR  As schematically indicated at 184, the shaft 181 is connected to a motion
      detector MD, schematically shown in block form in FIG. 44, and to be
      described in more detail in connection with FIG. 45 below. The motion
      detector MD responds to rotation of the shaft 181 in either direction to
      produce a positive output signal above ground, which rises abruptly when
      motion starts, and falls abruptly when motion ceases. This signal may be
      produced upon rotation of the drive shaft 181 in one direction in response
      to energization of the motor SM. It may also be produced upon rotation of
      the shaft in the opposite direction in response to drive of the takeup
      reel sprocket 53, with concomitant rotation of the supply reel drive
      sprocket 40, as the film is taken from the supply reel.
PAR  The takeup reel drive sprocket 53 engages a drive sprocket 185 when the
      cassette 30 is inserted in the housing. The sprocket 185 is connected
      through a shaft 186 to a conventional slip clutch 187. The clutch 187 is
      connected to the output shaft 188 of a conventional DC drive motor TM.
PAR  When energized in the manner to be described, the motor TM rotates the
      shaft 188 to drive the sprocket 53 through the slip clutch 187. At the
      same time, the sprockets in the film 1 exposed in the film gate in the
      cassette 30 are arranged to be incrementally advanced by means
      schematically indicated by the dotted line 189 and comprising a
      conventional incremental drive mechanism for a film advance pawl
      schematically indicated at 13, of the form described above in connection
      with FIG. 3b.
PAR  During incremental advance of the film as just described, a solenoid having
      a winding schematically indicated at 190 is energized to attract an
      armature schematically indicated at 191 to engage a stop schematically
      shown at 192 with the hub 62 of the snubber roll described above. That
      action causes the takeup drive slip clutch 187 to slip, except when film
      is released by engagement of the pawl 13.
PAR  The projection aperture defined by the opening in the barrel 171 of the
      lens 172 is adapted to be closed at times by a normally open curtain
      shutter 193 pierced by an aperture 194. The aperture 194 is normally in
      registry with the aperture in the barrel 171, and is held in that position
      by a tension spring 195 acting between the curtain shutter 193 and a
      suitable support 196 fixed with respect to the housing 170. The spring 195
      holds the shutter 193 in place by resiliently urging a stop 197, connected
      to the shutter 193 by means schematically indicated at 198, against a
      corresponding stop 199 fixed with respect to the housing 170.
PAR  The element 198, carrying the stop 197 and connected to the shutter 193,
      may be connected to or formed integral with an armature schematically
      indicated at 200 forming a part of a solenoid having an energizing winding
      201. When energized in a manner to be described, the solenoid winding 201
      attracts the armature 200 to close the projection aperture defined by the
      lens barrel 171 by drawing an opaque portion of the curtain shutter 193
      across it. When a cassette 30 is inserted in the housing, and the shutter
      is closed as just described, the housing 170 and cassette 30 comprise a
      light tight housing about the portion of the film 1 exposed in the film
      gate, to facilitate processing operations.
PAR  The power supply output terminal at B+ is connected to one input terminal
      of a conventional OR gate 202. The rising leading edge of the supply
      voltage, as it approaches B+ when the switch S1 is first closed, is
      applied through the gate 202 to trigger a conventional one-shot
      multivibrator OS1 to produce a CLEAR pulse. The CLEAR pulse is employed to
      set a pair of registers, to be described, to a reference state each time
      the switch S1 is closed to energize the film drive and projection system.
PAR  The IN signal produced when the switch S2 is closed is applied through a
      conventional inverter I to a second input terminal of the OR gate 202. The
      trailing edge of the positive IN signal thus produces a positive
      transition through the OR gate 202 to trigger the multivibrator OS1 when a
      cassette 30 is removed from the housing 170. That provides a positive
      reset of the apparatus to its reference state after each use of the
      system, or in the event that a cycle of operation is interrupted by
      premature removal of the cassette. When so triggered, a second CLEAR pulse
      will be produced by the multivibrator OS1 to restore the registers, to be
      described, to their initial states.
PAR  The film drive and projection system comprises a projection lamp K adapted
      to supply collimated light, through a conventional condenser, not shown,
      to the prism 57 (FIG. 6) through the aperture 58 in the cover panel 36
      when a cassette 30 is received in the housing 170. The lamp K is arranged
      to be energized during projection of processed film by a circuit which
      extends from the supply terminal at B+ through a conventional electronic
      switch S3, and thence through the filament of the lamp K to ground.
PAR  The switch S3 may be of any conventional construction, and is schematically
      shown as comprising a pair of load terminals a and b which provides a
      closed circuit path when a positive signal is applied to a control
      terminal c. When a ground level signal is applied to the control terminal
      c, the load terminals a and b present an open circuit. The switch S3 may
      comprise a transistor, or any other form of electronic switch of the types
      well known in the art.
PAR  A positive signal labelled VIEW is at times applied to the control terminal
      c of the switch S1 when an AND gate 204 of any conventional construction
      responds to the presence of both a positive PROJECT level, and a positive
      level PD that indicates that the film in a cassette in the housing has
      been processed. These signals are produced at times in a manner to be
      described.
PAR  A cassette interrogation circuit extends from the supply terminal at B+
      over the contacts of the switch S2, when closed by a cassette present in
      the housing, through a current limiting resistor R1, through contacts 46
      and 45 that engage the cassette contacts 70 and 71 when a cassette is in
      the housing, and thence through a voltage determining resistor R2 to
      ground. The resistor R1 is selected to limit the current flowing through
      the contacts 70 and 71, when they are bridged by the cam element 138, to a
      low value once current flow has been established by application of the
      full supply voltage across the terminals 70 and 71. The resistor R2 is
      selected to produce a voltage across it, labelled PD, that is positive
      when the contacts 70 and 71 are bridged and has a value suitable for use
      in low level logic circuits, such as integrated circuits or the like. The
      voltage may be, for example, on the order of magnitude of from 3 to 5
      volts.
PAR  The signal PD will be present when a cassette that contains unprocessed
      film is in the housing, and will at other times be absent. At such times,
      the signal PD will be absent and the signal PD will be present. The
      positive voltage level PD is formed by a conventional inverter 205 in
      response to the absence of the signal PD.
PAR  The positive signal IN is applied to one input terminal of another
      conventional OR gate 206. The leading edge of this signal, occurring when
      a cassette is inserted in the housing 170, produces a positive-going
      transition labelled START that triggers a conventional one-shot
      multivibrator OS2 to produce an output pulse that sets a conventional
      flip-flop F1.
PAR  The flip-flop F1 may be of any conventional construction. It is arranged to
      be set when a positive signal is applied to its input terminal S, and to
      be reset when either a CLEAR pulse is applied to its input terminal C or
      an END P pulse, produced in a manner to be described, is supplied to its
      reset input terminal R. The flip-flop F1 has a logic 1 output terminal
      which produces a positive level PROJECT when the flip-flop is set.
PAR  A second START signal for setting the flip-flop F1 is at times produced
      when a cassette containing unprocessed film is inserted in the housing so
      that the level PD is initially present at a positive level, and that level
      is subsequently removed during processing in a manner to be described. The
      trailing edge of the signal PD triggers a conventional one-shot
      multivibrator OS3 to produce a negative output pulse.
PAR  It will be recalled that the contacts 70 and 71 are bridged by the cam 138
      until the film has been processed, and the cam and valve assembly 69 (FIG.
      9) has been moved to its final position (FIGS. 20 and 21). The contacts 70
      and 71 are opened, as shown in FIGS. 19 and 20, before the final position
      of the cam and valve assembly is reached. The duration of the pulse
      produced by the multivibrator OS3 is selected to bridge this interval,
      during which it is still desired to keep the film moving. At the trailing
      edge of the pulse produced by the multivibrator OS3, a positive transition
      is supplied through the gate 206 to trigger the one-shot multivibrator OS2
      and produce another START pulse to set the flip-flop F1.
PAR  The presence of the signal PD at a positive value causes a conventional
      amplifier 207 to supply energizing current to the winding 201 of the
      solenoid that closes the shutter 193. The result is that the shutter 193
      remains closed, to close the projection aperture defined by the lens
      barrel 171, during processing.
PAR  As noted above, the motion detector MD produces a sharply rising and
      falling voltage level that remains positive with respect to ground so long
      as the shaft 181 is rotated in either direction. The trailing edge of the
      signal produced by the motion detector MD triggers a conventional one-shot
      multivibrator OS4 to produce a positive output pulse. The output pulse
      produced by the multivibrator OS4 is supplied to one input terminal of a
      conventional AND gate 208, and also to one input terminal of another
      conventional AND gate 209.
PAR  A second input terminal of the ANd gate 208 receives the level PROJECT from
      the logic one output terminal of the flip-flop F1. When that level is
      present and the multivibrator OS4 produces its output pulse, a pulse
      labelled END P will be produced by the gate 208 that will reset the
      flip-flop F1.
PAR  The trailing edge of this pulse END P will trigger a conventional one-shot
      multivibrator OS5 to produce a positive pulse labelled START REWIND that
      sets a conventional flip-flop F2.
PAR  The flip-flop F2 may have the characteristics described above in connection
      with the flip-flop F1. It is arranged to be reset by the CLEAR pulse,
      produced as described, or by an END R pulse, produced in a manner to be
      described.
PAR  When the flip-flop F2 is set, it produces a positive signal labelled REWIND
      at its logic one output terminal. That signal is applied to a second input
      terminal of the gate 209, causing the gate 209 to produce an output pulse
      when the one-shot multivibrator OS4 produces a pulse during the time that
      the flip-flop F2 is set. The output signal from the gate 209, labelled END
      R, causes resetting of the flip-flop F2.
PAR  The takeup reel drive motor TM is at times supplied with energizing current
      by an amplifier 210, of any conventional construction, which produces
      energizing current for the motor TM when the level PROJECT is present at
      the logic one output terminal of the flip-flop F1. The amplifier 210 also
      provides energizing current for the solenoid winding 190 at this time, to
      engage the stop 192 with the snubber roll hub 62. It will be apparent to
      those skilled in the art that buffering could be provided between the
      motor TM and the solenoid winding 190, but such details will be understood
      by the artisan without further elucidation, and will not be dwelt upon.
PAR  Current for energizing the supply reel drive motor SM is at times provided
      by a conventional operational amplifier 211. The amplifier 211 has an
      input resistor R3, and a selectively adjustable feedback path comprising a
      fixed resistor R4 and a resistor R5 that is connected in parallel with the
      resistor R4 when a conventional electronic switch S4 is closed.
PAR  The switch S4 may be of the same construction as the switch S3 described
      above, and is arranged to be closed when the signal PD is applied to its
      control input terminal. With the resistor R5 in the feedback circuit, as
      will be apparent to those skilled in the art, the amplifier 211 will
      operate at relatively low gain in response to the REWIND signal supplied
      when the flip-flop F2 is set. That will cause the motor SM to be driven at
      a relatively slow speed selected to be appropriate for processing the film
      in the manner described above. For processed film, a higher rewind speed
      is normally desirable. For that purpose, when the signal PD is absent, the
      resistor R4 alone provides higher gain for the amplifier 211, and
      correspondingly increased current to drive the motor SM at a higher speed
      for rewinding.
PAR  FIG. 45 shows the details of the motion detector MD. As shown, the
      apparatus receives a mechanical input from the shaft 181 by means of a
      connection to a commutator wiper 184 forming a portion of a rotary switch
      S5 that includes a plurality of interconnected contacts 212 adapted to be
      sequentially engaged by the wiper 184 as the shaft 181 is rotated in
      either direction. Alternatively, as will be apparent to those skilled in
      the art, the contacts 212 can be formed as lands on the shaft 181, spaced
      by intermediate grooves filled with a suitable insulating material, such
      as an epoxy resin or the like. The commutator arm 184 may then be formed
      as a slidable contact sequentially engaging these lands on the shaft as it
      rotates.
PAR  The arm 184 is connected to the supply terminal at B+, and thereby supplies
      that voltage over any engaged one of the contacts 212 to a lead 213. The
      lead 213 is connected to ground over a first path extending in series
      through a capacitor C1, a diode D1, and a resistor R7. These components
      are so selected that the capacitor C1 is substantially fully charged, each
      time the wiper 184 engages one of the contacts 212, during the minimum
      dwell time of such engagement.
PAR  The minimum dwell time will occur at the most rapid shaft speed
      encountered, which occurs during the rewinding of processed film.
      Typically, for example, processing rewind may take from 30 to 40 seconds,
      projection about 3 1/2 minutes, and storage rewind about 10 seconds.
      Designing the capacitor circuit for essentially full charging during each
      contact engagement makes the average voltage across the resistor R7
      proportional to the angular velocity of the shaft.
PAR  A resistor R6 completes a second path from the lead 213 to ground. A third
      path extends through the capacitor C1 and from the cathode to the anode of
      a diode D2 to ground. A discharge path for the capacitor C1 thus extends
      from one side of the capacitor through the resistor R6, and thence from
      the anode to the cathode of the diode D2 and then to the other side of the
      capacitor C1. This discharge path is effective to discharge the capacitor
      C1 between engagements of the wiper 184 and the contacts 212.
PAR  A charging path for a second capacitor C2 extends from the lead 213 through
      the capacitor C1, through the diode D1 in its forward direction, through a
      resistor R8, and thence through the capacitor C2 to ground. The resistor
      R7 is connected between ground and the juncture of the resistor R8 and the
      diode D1. An output circuit path extends across the capacitor C2, from its
      upper terminal through the cathode to the anode of a zener diode D3, and
      thence through a resistor R9 to ground and the lower terminal of the
      capacitor C2.
PAR  The capacitor C2 is thus charged through the resistor R8, each time the
      capacitor C1 is charged, to a voltage that increases with shaft speed and
      may approach B+ at higher shaft speeds. Between charging intervals, the
      capacitor C2 discharges through the resistor R7 in series with the
      resistor R8. The discharge time constant is selected to be long compared
      to the charging time constant. When the voltage across the capacitor C2
      reaches and exceeds the breakdown voltage of the zener diode D3, current
      continuously flows through the zener diode and the resistor R9 to produce
      a positive MOTIOn signal across the resistor R9.
PAR  The components of the motion detector circuit are selected by conventional
      design methods such that when the wiper 184 is rotated by the shaft 181 at
      a speed at least equal to the slowest operational speed, which in general
      will be the projection takeup speed, the capacitor C2 will be charged
      through the capacitor C1 and the resistor R8 in series at a rate
      sufficient to exceed the breakdown voltage of the zener diode D3, causing
      an output signal to appear across the resistor R9 as long as the motion
      continues. When motion of the shaft 181 stops, the zener diode D3 will be
      blocked, causing the voltage across the resistor R9 to drop abruptly to
      ground. The output signal across the resistor R11 will thus exhibit sharp
      rise and fall times, although the amplitude of the signal during motion
      will be determined by the rate of motion. Since it is the fall time of
      this signal that is utilized in the circuit of FIG. 44, the amplitude of
      the signal produced during motion is not critical.
PAR  Operation of the system of FIG. 44 will next be described. Since the
      processing operation occuring in the cassette has been described in
      considerable detail above, in terms of the effects produced upon
      manipulation of the supply and takeup reels, and of the film drive pawl
      and snubber roll, attention will be primarily directed to the operation of
      the components of the film drive and projection system which effect those
      manipulations.
PAR  Discussion of the operation of the system of FIG. 44 will proceed on the
      initial assumption that no cassette 30 is in the housing 170, and that the
      switch S1 is open. All of the electrical apparatus within the housing 170
      is accordingly de-energized, and the shutter 193 is open. Next, assume
      that the switch S1 is closed. The power supply 175 will now produce the
      supply voltage at B+, and the multivibrator OS1 will be triggered through
      the gate 202 to produce a first CLEAR pulse that will reset the flip-flops
      F1 and F2. No further operation will occur until a cassette 30 is inserted
      in the housing.
PAR  Assume next that a cassette 30 containing unprocessed film is inserted in
      the housing. It will be further assumed that the film 1 in the cassette is
      at the exposure end point determined by the first elongated aperture 10
      shown in FIG. 2 in the manner described above, with the film being
      primarily stored on the takeup reel 50 in FIG. 6 but still having a
      sufficient distance to go onto the takeup reel to cause erection of the
      pressure pad in the processor as described above.
PAR  With the cassette 30 in the state just described, the contacts 70 and 71
      will present a closed circuit. Thus, a circuit will be closed between the
      contacts 45 and 46 when the contacts 70 and 71 engage them.
PAR  Engagement of the various film control elements on the cassette with
      corresponding elements of the film dirve and projection system may occur
      in a sequence that is not especially critical so long as engagement is
      approximately simultaneous. However, it is preferred that the contacts 45
      and 46 engage the contacts 70 and 71, and that the supply and takeup
      sprockets engage the corresponding supply reel and takeup reel drive
      sprockets 40 and 53, respectively, with the snubber roll stop 192 in
      position to engage the snubber roll hub 62, just before closure of the
      switch S2 by the cam 179. Any substantial lead in the closure of the
      contacts of the switch S2 could cause premature operation of the takeup
      motor TM, as well as a flickering of the lamp K. Such flickering would be
      functionally insignificant, but would have a deleterious effect upon the
      life of the lamp.
PAR  Assuming that the cassette is engaged in the housing 170 with its input
      elements engaged with the corresponding elements of the film drive and
      processing system as described above, the levels IN and PD will be
      produced simultaneously as the switch S2 is closed. The leading edge of
      the IN pulse will trigger the one-shot multivibrator OS2 through the gate
      206 to set the flip-flop F1.
PAR  With the level PD present, the level PD will be absent and the switch S3
      will remain open. Thus, the lamp K will not be illuminated. However, the
      solenoid winding 201 will be energized through the amplifier 207 and the
      shutter 193 will be closed.
PAR  As soon as the flip-flop F1 is set, the solenoid winding 190 will be
      energized to engage the snubber roll stop 192 with the hub 62 of the
      snubber roll. The takeup reel drive motor TM will be operated to cause the
      film drive pawl 13 to incrementally advance the film, and the takeup reel
      drive sprocket 53 will be rotated to take up increments of film loosened
      from the snubber roll by the film drive pawl. As the film is taken up, the
      supply reel sprocket 40 will rotate, causing the motion detector MD to
      produce its output signal.
PAR  During the film advance operation commenced in the manner just described,
      the hook 16 on the film 1 will engage the end 110 of the pressure pad 67
      as shown in FIG. 10, erecting the pressure pad and causing engagement of
      the film with the nozzle 65 in the manner described in detail above. The
      film will continue to advance until the drive pawl 13 encounters the
      elongated notch 11, as described above in connection with FIGS. 2 and 3b.
PAR  With the snubber roll stopped, the takeup reel drive clutch 187 will slip.
      Accordingly, the supply reel drive sprocket 40 will stop, because the film
      is no longer being taken up. That will cause the level of the output
      signal produced by the motion detector Md to drop and trigger the
      multivibrator OS4.
PAR  With the flip-flp F1 set, the gate 208 will now produce the pulse END P to
      reset the flip-flop F1. That will cause the takeup motor TM to stop, and
      the solenoid winding 190 to be de-energized, releasing the snubber roll.
PAR  The duration of the pulse END P, determined by the time constant of the
      multivibrator OS4, should be selected to allow the various moving parts to
      come to a complete stop. At the end of this pulse, its trailing edge will
      trigger the multivibrator OS5 to produce the START REWIND pulse, setting
      the flip-flop F2.
PAR  The level REWIND will now cause the motor SM to be operated through the
      amplifier 211, to begin rewinding of the film onto the supply reel. That
      will occur at the selected processing speed, with the resistor R4 in
      parallel with the resistor R5 because the switch S4 is closed in the
      presence of the signal PD. As the motor SM operates the supply reel drive
      sprocket 40, with concomitant rotation of a shaft 181, the motion detector
      MD will again produce its output signal.
PAR  Toward the beginning of the rewinding operation commenced as just
      described, the notches 28 in FIG. 6 will engage the arms 151 of the
      tear-tab actuating mechanism 41, to at least partially detach the tear-tab
      from the receptacle 78 in FIG. 9 and allow processing fluid to flow into
      the nozzle as shown in FIG. 13. Coating of the film, in the manner
      described, will continue during most of the rewind operation.
PAR  Toward the end of the rewind operation, the slot 29 in the film will engage
      the arm 141 as shown in FIG. 17, and subsequent motion of the film will
      carry the cam and valve member 69 to the right in FIG. 17. That will cause
      termination of the coating operation by lowering the pressure pad 67 and
      sealing the nozzle 65 in the manner described in detail above. During this
      operation, the contacts 70 and 71 will cease to be bridged by the cam 138,
      and the level PD will drop. The transition thus produced will trigger the
      multivibrator OS3 to produce its output pulse. The switch S4 will be
      opened when the level PD disappears.
PAR  During the interval in which the output pulse from the multivibrator OS3 is
      present, the end of the film on the takeup reel will be reached,
      preventing further rotation of the supply reel 38 and causing the sprocket
      40 to stop. That will cause the shaft 181 to stop, with consequent
      slippage of the slip clutch 182, and the motion detector MD will cease to
      produce its output signal.
PAR  The trailing edge of the motion detector signal will trigger the one-shot
      multivibrator OS4. With the flip-flop F2 set, the REWIND level and the
      multivibrator pulse supplied to the gate 209 will produce the END R pulse
      that resets the flip-flop F2. The supply motor SM will accordingly stop.
      At the trailing edge of the pulse produced by the multivibrator OS3, the
      multivibrator OS2 will be triggered through the gate 206, and the
      flip-flop F1 will again be set.
PAR  With the level PD absent and the flip-flop F1 set, the gate 204 will be
      enabled to close the switch S3 and cause the lamp K to be illuminated. At
      the time the level PD disappears, the solenoid winding 201 will be
      de-energized, and the shutter 193 will be opened.
PAR  The film 1 in the cassette 30 is now in its processed state. As the takeup
      motor TM begins to operate in response to the PROJECT level produced by
      the flip-flop F1 in its set state, the solenoid winding 190 will be
      energized to stop the snubber hub 62. The film drive pawl 13 will be
      operated to cause incremental advance of the film as before. This
      incremental advance from the supply reel onto the takeup reel will now
      occur concomitantly with the projection of the processed film, through the
      lens 172, upon any selected viewing surface.
PAR  Such a viewing surface may be provided in the form of a diffusion screen
      spaced from the lens 172 and connected through an extension of the housing
      170 to receive light only from the lens, to form an image which can be
      viewed from the outside of the apparatus. Alternatively, it may comprise a
      screen supported independently of the housing 170, as on a tripod. A
      conventional shutter, not shown, may be provided to operate in a
      conventional manner, in conjunction with the film drive pawl 13, to cause
      appropriate framing of the projected images and intermittent blanking of
      the screen to allow a conventional motion picture sequence to be
      displayed.
PAR  At the end of the projection run, the film pawl 13 will again slip in the
      second elongated aperture 11 of FIG. 2, and the supply reel drive sprocket
      40 will again stop to cause cessation of motion of the shaft 181, with a
      consequent drop in the output signal of the motion detector MD. The
      multivibrator OS4 will again be triggered. As before, with the flip-flop
      F1 set, that will cause the gate 208 to produce the END P pulse that
      resets the flip-flop F1.
PAR  The trailing edge of this pulse will again trigger the multivibrator OS5 to
      produce another START REWIND pulse. That will set the flip-flop F2, and
      the film will now be rewound by operation of the motor SM. This rewinding
      operation will occur at the higher rewind speed obtained when the feedback
      resistance of the amplifier 207 is at the higher value of the resistor R4,
      established when the level PD is absent so that the switch S4 is open.
PAR  During the rewind operation, the motion detector will produce its output
      signal as before. At the end of the rewind operation, when the slip clutch
      182 slips, the motion detector signal will fall, the multivibrator OS4
      will be triggered again, and the gate 209 will produce another END R
      pulse. That will reset the flip-flop F2. The apparatus will remain in this
      state until a cassette is removed from the housing 170, without further
      operation.
PAR  Assuming that the entire sequence just described is properly carried out,
      and that the cassette 30 is not prematurely removed, when it is removed,
      the only effect will be the production of another CLEAR pulse by
      triggering the multivibrator OS1. That will be done through the gate 202
      and the inverter 203 when the IN level drops. With both flip-flops F1 and
      F2 reset, the CLEAR pulse will have no effect on those circuits.
PAR  Operation of the system of FIG. 44 in response to the insertion of a
      cassette 30 that contains film which has previously been processed is
      essentially the same as the operation described above in connection with
      the second cycle following the processing of unprocessed film. The
      difference is that the contacts 70 and 71 will initially present an open
      circuit. Thus, the shutter 193 will never be closed, and the second START
      pulse produced by the multivibrator OS3 will not be produced. The first
      START pulse produced at the leading edge of the IN signal when the switch
      S2 is closed will cause operation to begin with a project cycle, with the
      lamp K lit and the shutter 193 open. Projection of the processed film will
      continue until the projection termination notch 11 in the film is
      encountered. Thereafter, the film will be rewound as described above, and
      operation will stop with the film in its rewound state and substantially
      stored on the supply reel.
PAR  Referring next to FIG. 46, I have shown a strip of film 215 modified for
      use in another embodiment of my invention. The film strip 215 may be
      identical in construction, and in the manner in which it is coated and
      processed, to the film 1 described above, except to the extent that it is
      modified in a manner and for the purposes described below.
PAR  As before, the film 215 has one end adapted to be connected to the takeup
      reel and formed for that purpose with a suitable aperture 216. The other
      end is adapted to be connected to the supply reel, is corresponding formed
      with an aperture 217. Along one edge of the film is formed a series of
      regularly spaced sprocket holes 218, serving the same purpose as the
      sprocket holes 9 in the film 1 of FIG. 1. Similarly, a first elongated
      sprocket hole 219 and a more greatly elongated sprocket hole 220,
      corresponding to the elongated holes 10 and 11 in FIG. 2, respectively,
      may be incorporated in the same manner and for the same purposes as in the
      film strip of FIG. 1. However, in accordance with this embodiment of my
      invention, these elongated sprocket holes, which establish two different
      termination points, one in the camera and one in the film drive and
      projection apparatus, do not affect the processing operation, but are
      primarily used to allow the cassette, to be described, to function in the
      system of FIG. 44 without modification of that system. As will appear, all
      of the processing operations occur during the first rewind of the film.
PAR  The film strip 215 may further include a processor erection slot 221 of the
      same character as the slot 29 in FIG. 1. Toward the supply end of the
      film, and beyond the photographically usable portion of the film, is a
      tear-tab engaging aperture 222, serving in a manner to be described to
      open an initially sealed container of processing fluid for coating on the
      film 215.
PAR  FIG. 47 illustrates in pertinent part a cassette modified in accordance
      with my invention to make use of a normally engaged reverse roll coater
      programmed by the film strip of FIG. 46. The apparatus comprises a
      cassette generally designated 223 that may be constructed in the same
      general manner described above, with exceptions to be noted. As described
      above, the cassette comprises a housing preferably formed from base and
      cover portions of which only portions of the base 224 are shown. As
      illustrated, the base 224 may comprise a base plate 225 upon which other
      components are mounted for assembly before the cover, not shown, is
      installed. The base 225 is formed integral with side walls 226 that
      cooperate with corresponding wall portions on the cover to form an
      enclosed housing and, at the top of the cassette as shown in FIG. 47, a
      flange 227 that serves the same purpose as the flange 5 described above.
PAR  In the housing is rotatably mounted a supply reel generally designated 228
      and comprising an upper flange 229 formed integral with a spool portion
      230 on which the film 215 is connected and wound. A hub 231 is formed
      integral with the upper flange 229 and extends to a drive sprocket 232 for
      the supply reel that serves the same purposes as the drive sprocket 40
      earlier described.
PAR  As before, the film 215 passes over a conventional bobulator roll 233, and
      thence downwardly over an idler generally designated 234. The film is
      redirected by the idler 234 to pass to the left in FIG. 215, towards a
      light-baffled aperture forming a portion of the film gate, not shown, in
      the manner and for the purposes described above. The remainder of the path
      of film to the takeup reel may be the same as described above.
PAR  As suggested in FIG. 47 at the base of the idler 234, and formed integrally
      with the idler and adapted to extend outwardly therefrom below the path of
      the film 215, is a drive sprocket 235 adapted to engage and drive a
      corresponding sprocket 236 formed integral with a coating roll 347. The
      coating roll 237 is affixed to a shaft 238 journalled in any conventional
      manner in an outer coater chamber 239. The chamber 239 is journalled for
      rotation in the cassette housing by means here shown as a shaft 240 formed
      integral with the base plate 225, and if desired extending upwardly into a
      corresponding and cooperating bearing recess in the cover plate, not
      shown.
PAR  The container 239 comprises walls made of any suitable conventional
      material, such as plastic or the like, which will resist interaction with
      the processing composition. It contains an initially sealed receptacle 241
      of such processing composition.
PAR  The container 241 comprises a generally tub-like receptacle 242 of the type
      described above, initially sealed by one end of a tear-tab 243 in the
      manner described above to contain a charge 244 of processing composition
      adequate to process the strip of film 215. At least the end of the
      tear-tab 243 protruding from an aperture 245 in the container 239 is
      preferably made of relatively stiff material, as by laminating it to a
      stiffening strip 246, not shown but to be emplied in some of the remaining
      figures.
PAR  The end of the strip 243 that is sealed to the container 241 may thus be of
      relatively flexible material, as is desirable, whereas the end protruding
      from the aperture 245 may be sufficiently stiff to cause an effective hook
      portion 248 to be formed thereon. The hook 248 serves to engage the
      aperture 222 in the film strip, described above, to tear the strip 243
      away from the receptacle 242 when the film is advanced in the proper
      direction.
PAR  Wall portions 249 and 250 of the container 239 form a compartment 251
      generally below the container 241 of processing composition, which chamber
      is adapted to receive the charge 244 when the tear-tab 243 is detached
      from the receptacle 242. The composition 244, when so released and
      contained, is supplied to a wick 252. The wick 252 is made of capillary
      material wettable by the composition 244, and controls the supply of the
      composition deposited in the chamber 251 to the coating roll 237. The wick
      252 is disposed in a passage between the wall member 250 and a lower wall
      member 253 forming a part of the container 239.
PAR  In the initial position of the parts shown in FIG. 47, the coating roll 237
      is adapted to lightly engage the emulsion side of the film 215. The drive
      sprocket 236 for the coating roll 237 is in engagement with the drive
      sprocket 235 formed on the idler 234, so that the coating roll 237 will
      rotate in the opposite direction from the idler 234 in response to
      movement of the film 215 in either direction. Such rotation will not
      affect the film 215 so long as the container 241 remains sealed.
PAR  The container 239 is held in the initial position shown in FIG. 247 by a
      spring 254 in compression between the lower wall 253 of the chamber 239
      and a suitable support 255 fixed with respect to the base plate 225. This
      spring 254 urges the container 239 upwardly against an over-center linkage
      comprising a first link 256 pivoted at one end to a cooperating lug 257
      formed integral with the container 239, and at the other end pivoted to a
      link 258. The link 258 is pivoted at its opposite end to a suitable
      support 259 formed integral with the floor plate 225.
PAR  As shown, the end of the link 258 that is pivoted to the link 256 initially
      engages a stop 260 formed integral with the base plate 225, and thereby
      stops motion of the container 239 under the influence of the spring 254 in
      the position shown in FIG. 47. Connected to the pivot joining the links
      256 and 258 is a cable 261, of metal, a synthetic resin monofilament, or
      the like. The other end of the cable 261 is connected to a juncture 262
      with a yoke, best shown in FIG. 51, comprising a pair of cables 263
      extending from the juncture 262 about a pair of idlers 264 journalled in
      the housing.
PAR  From the idlers 264, the cables 263 extend to connections with a pair of
      downwardly depending arms 265 formed on an actuating element 266.
      Referring to FIGS. 47 and 51, the actuating element 266 is formed from any
      suitable material, such as metal or the like, and comprises a crosspiece
      267 joining the depending arms 265.
PAR  The crosspiece 267 is formed intermediate its ends with an extending arm
      268 that is slidably received in a suitable guide 269 formed integral with
      the base plate 225. A hook 270 is formed integral with the arm 268
      intermediate its ends, and extends upwardly into light engagement with the
      base side of the film 215 in the position of the parts shown in FIG. 47.
      In that position, it is adapted to ride in and out of any aperture in the
      film, without engagement, as the film moves in the direction of the arrow
      in FIG. 47. However, the hook 270 will engage an aperture such as 221 in
      the film when the film is moved, to the right in FIG. 47, towards the
      supply reel 228.
PAR  A conductive contact engaging element 271 is formed integral with the arm
      268 and adapted to engage and bridge a pair of electrical contacts 272 and
      273 in the position of the parts shown in FIGS. 51, 52, and 47. The
      contacts 272 and 273 provide a signal indicating whether or not the film
      has been processed, for use in the system of FIG. 44 in the manner
      described above in connection with the similar signal provided by the
      contacts 70 and 71. For this purpose, the contacts 272 and 273 extend to
      external terminals 274 and 275 formed on the exterior of the housing in
      any conventional manner and adapted to cooperate with the contacts 45 and
      46 in the system of FIG. 44.
PAR  Having described this embodiment of my invention, its operation will next
      be described with reference to FIGS. 46-54. For the purpose of the
      discussion, it will be assumed that the film is initially in the position
      shown in FIG. 47, being unexposed and stored substantially all on the
      supply reel 228.
PAR  Assume next that the film is exposed in the camera, while being transferred
      incrementally from the supply reel to the takeup reel with the film 215
      moving in the direction of the arrow shown in FIG. 47, until the exposure
      end point determined by the location of the slot 219 in FIG. 46 is
      reached. The cassette is then removed from the camera, and placed in the
      film drive and projection system of FIG. 44.
PAR  The bridged condition of the terminals 274 and 275 will be detected, and a
      preprocessing advance will take place, in the manner described above, to
      carry the film further onto the takeup reel until the second elongated
      slot 220 is encountered by the double film pawl in the film drive and
      projection system. During that movement, and comparing FIGS. 47 and 48, as
      during the preceeding advance movement during exposure, the hook 248
      formed on the tear-tab 243 and the hook 270 formed on the actuating
      element 266 will glide over the emulsion and base sides, respectively, of
      the film without engagement.
PAR  During the increment of movement between the exposure end point determined
      in the camera and the advance end point determined in the film drive and
      projection apparatus by the elongated sprocket hole 220, the tear-tab
      engaging slot 222 will move past the tear-tab hook 248, to the location A
      shown in FIG. 48. Next, as described above, the system of FIG. 44 will
      begin to rewind the film and restore it to the supply reel 228.
PAR  The location A of the tear-tab engaging hole 222 will then move toward the
      supply reel, until the hook 248 formed on the tear-tab engages the slot
      222 and the tear-tab 243 will be carried with the film as suggested in
      FIG. 48. During that movement, the portion of the tear-tab 243 initially
      sealed to the open side of the receptacle 242 will be detached, allowing
      the processing composition 244 to flow out into the outer container 239,
      and thence up through the wick 252 to load the coating roll 237.
PAR  The coating roll 237 will be rotated at this time oppositely to the
      direction of the idler 234, and against the movement of the film 215
      towards the supply reel 228. As shown in FIG. 49, as the rewind movement
      continues, the film 215 will carry the tear-tab 243 entirely out of
      engagement with the roll coater, and onto the supply reel 228. The portion
      of the tear-tab 243 wet by the composition 244 will adhere to the film
      215, causing the tear-tab to remain in position on the film thereafter.
PAR  Referring next to FIG. 50, as the film 215 nears its end on the takeup reel
      and is stored substantially on the supply reel 228, the processor erection
      slot 221 will approach the hook 270 formed on the actuating element 266.
      Referring to FIG. 53, as the hook 270 engages the slot 221 and is carried
      with the film toward the supply reel 228, the arm 268 of the actuating
      element 266 will move down into the guide 269, drawing the cable 261
      downwardly and to the left in FIG. 53 through the cables 263 running over
      the idlers 264. That movement of the cable 261 will erect the links 256
      and 258 as shown in FIG. 53, initially causing a slightly more positive
      engagement of the coating roll 237 with the film 215.
PAR  Further movement of the arm 268 with the hook 270 engaged in the slot 271
      will draw the film downwardly from the plane shown in FIG. 53 toward the
      guide 269 as the arm 268 is buried in the guide. The links 258 and 256
      will be moved over center to the position shown in FIG. 54, causing a stop
      276 formed on the container 239 to engage the stop 260, where the
      container 239 is held by the spring 254.
PAR  As the arm 268 moves to the right in FIG. 53, the contact engaging element
      271 moves off of the contact 272, and ultimately away from the contact
      273, whereupon the terminals 274 and 275 will present an open circuit
      indicating that the film has been processed. As described above, this
      contact opening takes place slightly ahead of the time at which the film
      reaches its rewind termination point when it is substantially exhausted
      from the takeup reel. The interval between the disengagement of the
      contacts and the end of the rewind movement is bridged by the pulse
      produced by the multivibrator OS3 in FIG. 44, as described above.
PAR  At the end of the first rewind operation, the film will be down in
      engagement with the hook 270, with the arm 268 being carried down to a
      storage position in the guide 269. On the projection cycle that will
      follow processing, the film will be carried to the left in FIG. 54,
      disengaging the aperture 221 and allowing the film to rise to its normal
      plane of travel. Thereafter, no subsequent engagement of the film with the
      hook 270 will occur, because the hook has been carried below its initial
      film engaging position. The processing apparatus will thus remain out of
      engagement with the film during subsequent use of the processed film in
      the cassette.
PAR  FIG. 55 shows a detail of the rollers which may be typical of the bobulator
      roll 42, idler 43, and snubber roll 49, except that the manner of mounting
      of the rollers has been shown in FIG. 55 only for the idler 43. That
      simply comprises a suitable bearing post 277 formed integral with the base
      plate such as 33 of the cassette and protruding into a suitable central
      recess 278 formed in the idler 43, to journal the idler on the post for
      rotation in the housing. The significant point is that the film engaging
      surface of the roller 43 is formed with a central recess 279, so that the
      roller surface only engages the film at the edges, and not in the central
      region 281 on which the emulsion is deposited. That prevents engagement of
      the roller surface with the film when the processing compositiion on it is
      still wet, following the processing operation as described above.
PAR  FIG. 56 illustrates a further feature that may be incorporated in a
      cassette in accordance with my invention to facilitate drying of the film
      following processing. In FIG. 56, I have illustrated quite schematically a
      cassette generally designated 282 that may otherwise be in accordance with
      any of the embodiments described above, but in particular, comprises a
      cover protion 283 interfitted with a base portion 284 to form a lighttight
      housing for the purposes described above. The cassette 282 is adapted to
      be received within a suitable recess formed in a housing 285 for the film
      drive and projection apparatus, which may be of the kind described in
      connection with FIG. 44 above.
PAR  As shown, the housing 285 is provided with an air inlet port 286 adapted to
      admit air to a conventional fan 287 for supply through a conduit 288 to a
      baffled inlet port in the housing in the cassette 282. The inlet port
      comprises a first passage 289 formed in the cover 283 and communicating
      with an overlapping blind cylinder 290 formed integral with the base 284
      to allow air to flow into the cassette without admitting light. A
      conventional heating element 291 may be included in the passage 288 to
      heat the air if desired, so that it will rapidly dry film during
      processing in the cassette 282. A baffled air outlet port is provided in
      the cassette comprising a cylindrical wall 292 formed on the cover 283 and
      communicating with an outlet passage 293 formed integral with the base 284
      to allow air to exit from the cassette and thence pass out from the
      housing 285 through a suitable exhaust port 294.
PAR  FIG. 57 shows a modification of the apparatus of FIG. 9 wherein the
      erection of the pressure pad 67 is accomplished during the same movement
      that actuates the tear-tab 86 to open the container of processing fluid in
      the outer container 63. For that purpose, the shroud 113 on the pressure
      pad 67 initially is held in the inactive position shown on FIG. 9 by means
      shown in FIG. 57 as a bellcrank generally designated 295. The bellcrank
      295 is pivotally mounted by means shown as a pin 296 fixed to the base
      plate 33 and formed with a notch 297 that initially engages the shroud 113
      of the pressure pad 67 and holds it down against the spring 129, where it
      is initially retained by the detent 124 formed on the spring 129 and
      engaging the hook 123.
PAR  The opposite end of the bellcrank 295 is connected, by means here shown as
      a link 298, to a loop 299 formed on one end of a flexible strip 300. The
      strip 300 is adhesively or otherwise secured at its other end 301 to the
      tear-tab 86. The bellcrank 295 is initially held in the position shown by
      a spring 302, compressed between the end 303 of the bellcrank on which the
      notch 297 is formed, and a suitable stop 304 formed integral with the base
      plate 33. The spring 302 urges the bellcrank against a stop 305 also
      formed integral with the base plate 33.
PAR  By the arrangement shown in FIG. 57, when the tear-tab 86 is detached in
      the manner described above in connection with the apparatus of FIS. 6, 9
      and 13, the strip 300 will move the bellcrank clockwise in FIG. 57,
      forcing the shroud 113 to the left in FIG. 57 and out of engagement with
      the notch 297, so that the hook 123 of the pressure pad 67 will be brought
      out of engagement with the detent 124, and the pressure pad will be
      erected under the influence of the spring 129. That eliminates the need
      for the hook 16 (FIG. 1), and its function, and makes it possible to omit
      the film engaging end 110 of the pressure pad 67 so that the latter need
      not project beyond the ears 111, as shown in FIG. 57. The construction and
      operation of this embodiment of my invention may otherwise be the same as
      that described above.
PAR  Referring next to FIG. 58, I have illustrated another embodiment of my
      invention incorporating a modified processing station. The apparatus had
      been fragmentarily illustrated in conjunction with a housing, such as that
      described in connection with FIGS. 6-21, comprising a base portion
      generally designated 310 formed from a floor plate 311 and side wall
      members 312 in the manner and for the purposes described above. The
      apparatus of the cassette comprising these and other parts, except those
      to be described below, may otherwise be as described above for the
      apparatus of FIGS. 6-21.
PAR  As fragmentarily shown in FIG. 58, the apparatus comprises an outer
      processing composition container generally designated 313 and formed by
      wall means 314 formed integral with the base plate 311. This container 313
      may be the same as the container 63 described in connection with FIG. 9,
      except for modifications to be described. As shown in FIG. 58, the wall
      portion 314 is provided with an extension 315 formed with a locating
      recess 316 to accept a locating dowel, not shown, formed on a cover panel
      317, fragmentarily shown in FIGS. 73 and 74, and preferably assembled to
      close the container 313 before the cover plate, not shown, is assembled.
PAR  Within a chamber 318, defined by the base plate 311, walls 314 and cover
      317, is an inner receptacle 319 of the type described above in connection
      with the receptacle 78 in FIG. 9, and similarly containing a charge 320 of
      processing composition that is initially sealed within the receptacle 319
      by one end of a tear-tab 321 sealed to the outer lips of the receptacle
      319.
PAR  The chamber 318 is provided with a downwardly converging outlet passage 321
      confronting a downwardly converging inlet passage 322 in a coating nozzle
      generally designated 323. The nozzle 323 may be substantially the same as
      that described in connection with FIG. 9 above, except for omissions to be
      noted. In general, it is adapted to be received in notches such as 324
      formed in the wall members 314, to be confined between a pair of supports
      325, shown in FIGS. 64 and 66, and to engage corresponding notches 326
      formed in a pair of supports 327, as shown in FIGS. 58 and 65.
PAR  As best shown in FIGS. 59 and 64, the cover is generally designated 328 and
      comprises a top panel 329 formed integral with side walls 330. The side
      walls 330 are interfitted in any convenient manner with the side walls 312
      of the base 310, as suggested in FIG. 59. As shown in FIGS. 64 and 66, the
      support members 325 are formed integral with the base plate 311 and with
      the cover panel 329, respectively. Similarly, the support elements 327 are
      formed integral with the top panel 329 and the base plate 311 as shown in
      FIGS. 59 and 65.
PAR  The nozzle 323 comprises an outlet port 331 of generally rectangular
      configuration, confronting a working surface 332 formed as described in
      connection with the working surface 91 of the nozzle 65 in FIG. 31, and,
      for the same purposes, terminating at the trailing edge in a doctor bar
      333 recessed slightly above the working surfaces 332 to define a distance
      equal to twice the thickness of the desired coating of processing
      composition on the film, to be described.
PAR  A strip of film 334, having features to be considered in detail in
      connection with FIG. 69, is adapted to be initially stored primarily on a
      supply reel, and pass therefrom to a takeup reel, over a path including
      the path segment shown in FIG. 58. In the initial position of the
      apparatus shown in FIG. 58, the film 334 clears the nozzle working surface
      332. The emulsion side of the film 334, which is on the top as shown in
      FIG. 58, is adapted to be urged at times into resilient engagement with
      the working surface 332 of the nozzle 323 when the base side of the film
      334 is engaged by a pressure pad generally designated 335.
PAR  Referring next to FIGS. 58 and 60, the pressure pad 335 may be formed of
      any convenient and suitable material such as sheet metal or the like. It
      comprises a raised, plane, film-engaging surface 336 descending to a base
      plate 337 by way of integrally formed downwardly extending side walls such
      as 338. At one end of the base plate 337 is formed a downwardly descending
      cam surface comprising a ramp 339 on which are formed a pair of upstanding
      guide members 340.
PAR  A detent comprising a hook 341 is formed integral with the other end of the
      base plate 337. The hook 341 is adapted to be initially retained by a
      spring 342, shown in FIGS. 58 and 62, provided with apertures such as 343
      to accept fasteners such as 344 for securing it to the side wall 312.
PAR  The pressure pad 335 further comprises side walls 345 formed integral with
      the base plate 337 and the ramp 339, and pivoted to a set of links 346.
      The links 346 each have an opposite end pivoted to a lug 347 formed
      integral with the side wall 312, so that the pressure pad 335 is
      toggle-mounted for movement between the position shown, in which it is
      restrained by the spring 342 engaging the hook 341, and a film-engaging
      position to be described in connection with FIGS. 70-73 below. The
      pressure pad 335 is resiliently urged upwardly from the position shown in
      FIG. 58 by a leaf spring 348, best shown in FIG. 61, in compression
      between the side wall 312 and the lower side of the film-engaging portion
      336 of the pressure pad.
PAR  Comparing FIGs. 58 and 62, the spring 342 is formed with a slot 349 to
      admit with clearance a bellcrank generally designated 350 that is pivoted
      by means of an aperture 351 to a pin 352 anchored in a suitable support
      353 formed integral with the side wall 312. The bellcrank 350 is formed at
      its upper end with a filmengaging hook 354 that is adapted to lightly
      engage the base side of the film 334 in the initial position of the parts
      shown in FIG. 58. The opposite end of the bellcrank 350 is formed with a
      spring engaging end 355, engaging the spring 342 and adapted to effect
      erection of the pressure pad 335 in a manner to appear.
PAR  As shown in FIG. 58, the apparatus further comprises a cam and valve
      assembly generally designated 356. The assembly 356 is perfectly made of
      light, resilient sheet metal or the like. As best shown in FIG. 63, the
      valve and cam assembly 356 comprises a top plate 357 formed at one end
      with a flange element 358 of reduced width, and folded over itself at the
      sides to form a pair of guiding flanges 359. At their inner edges, the
      guiding portions forming the lower side of the flanges 359 are bent
      downwardly to form a pair of downwardly extending cams 360, each provided
      with a tapering face 361 adapted first to engage the ramp 339, and then to
      lower the pressure pad 335, in a manner to be described below. The cams
      360 are formed at their ends with a lower pair of legs 362, and, above
      these legs, with a pair of inwardly extending film-engaging fingers 363
      adapted to lightly engage the edges of the film 334 for purposes to
      appear.
PAR  As shown in FIGS. 58 and 59, the cam and valve assembly 356 is initially
      positioned with its legs 362 supporting the assembly in the position shown
      by engagement with a pair of supports 364 and 365 formed on each side of
      the housing. In particular, as best shown in FIG. 59, the support 364 on
      the right-hand side is formed integral with the top plate 329 of the cover
      328, and the support 365 is formed integral with the cover side wall 330.
      The support 364 on the left is formed integral with the base plate 311,
      and the support 365 is formed integral with the cover side wall 330.
PAR  Further guide and support for the valve and cam assembly 356 is provided by
      a pair of support elements 366, shown in FIGS. 58, 59 and 64, one formed
      integrally with the base plate 311 and the other formed integrally with
      the cover plate 329. As best shown in FIG. 59, the flanges 359 formed at
      the edges of the valve and cam assembly 356 engage slots formed in the
      supports 366 to support and guide the assembly 356 for movement to the
      right in FIG. 58.
PAR  As best shown in FIGS. 58 and 65, the support members 327 are formed with
      slots 367 outwardly converging as indicated at 368 to form an entrance
      adapted to find the flanges 359 and guide them into the slots 367 during
      operation of the apparatus in a manner to be described. Similarly, as
      shown in FIGS. 58 and 66, the supports 325 are formed with slots 369
      adapted to engage the corners of the end 358 of the upper plate 357 of the
      valve and cam assembly 356 to secure it in its final position, to be
      described.
PAR  Referring next to FIG. 69, a film strip 334 adapted for use with the
      processing apparatus of FIG. 58 is shown. The film 334 extends from a
      supply end, formed with an aperture 375 to adapt it to be connected to the
      spool of the supply reel, to a takeup end formed with an aperture 376 to
      adapt it for connection to a takeup reel, for the purposes described
      above. Intermediate its ends, the greatest portion of the film is formed
      over at least its central region with an emulsion 377 of the kind
      described above. Along the trailing portion 378 of the film 334,
      intermediate the end of the usable portion 377 of the emulsion and the
      supply end of the film, is a hook generally designated 379, which may be
      of the same construction as the hook 16 in FIG. 1. As shown in FIG. 69,
      the hook 379 comprises an aperture 380 formed in the film and an adjacent
      region 381 deformed out of the plane of the film and comprising a hook
      adapted to engage the hook 354 formed on the bellcrank 350 in the manner
      suggested in FIG. 58.
PAR  Along a trailing portion 382 of the film near the takeup end, a pair of
      adjacent notches 383 are formed in the sides of the film with tapering
      edges 384 towards the supply end, and normal edges 385 towards the takeup
      end, as shown in FIG. 69. The notches 383 are adapted at times to engage
      the fingers 363 of the valve and cam assembly 356 for purposes to appear.
PAR  The film 334 may be formed with a pair of notches 386 at its edges near the
      supply end, as indicated in FIG. 69. These notches may serve the same
      purpose as the notches 28 in FIG. 1, that is, to detach the tear-tab 321
      and release the processing composition 320 in FIG. 58. Since their
      function, and the consturction utilized to enable them to carry it out,
      may be the same as described above, they will not be described in further
      detail herein.
PAR  Referring again to FIG. 58, one of the cams 360 formed on the cam and valve
      assembly 356 initially engages and electrically bridges a pair of contacts
      387 and 388. The contacts 387 and 388 extend into the housing for
      engagement with the cam 360, and out through suitable passages in the
      housing walls to external terminal surfaces 389 and 390, respectively. The
      contacts 387 and 388 cooperate with a film drive and projection system, of
      the kind described above in connection with FIGS. 44 and 45, in the same
      manner as do the contacts 70 and 71 of FIG. 9. In the initial position of
      the parts shown, the contacts 387 and 388, being bridged, provide a closed
      path between the external terminals 389 and 390 to indicate that the film
      has not yet been processed.
PAR  Having described this embodiment of my invention, its operation will next
      be described in connection with FIGS. 58-74. For the purpose of this
      discussion, it will be assumed that the film 334 in the cassette of FIGS.
      58-74 has been exposed in a camera, placed in the system of FIG. 44, and
      has begun the initial operation carrying it father onto the takeup reel
      characteristic of the operation of the system of FIG. 44 in response to
      the insertion of a cassette of unprocessed film. The film 334 is
      accordingly moving to the left in FIG. 58, in the direction indicated by
      the arrow, with the hook 379 on the film approaching the hook 354 formed
      on the bellcrank 350. Other parts are in the position shown in FIG. 58.
PAR  Referring next to FIG. 70, as the film 334 moves onto the takeup reel, the
      hook 381 will engage the hook 354 formed on the bellcrank 350. The spring
      engaging end 355 of the hook 350 will then force the spring 342 upward to
      release the hook 341 of the pressure pad 335. That will allow the pressure
      pad to be carried upward to the position shown under the influence of the
      spring 348. The film-engaging surface 336 of the pressure pad will now
      engage the base of the film 334 and carry the emulsion side into
      engagement with the working surface 332 of the nozzle 323.
PAR  FIG. 70 shows the parts approximately in the position assumed at the end of
      the first takeup operation, with the hook 354 fully engaged with the hook
      381 formed on the film 334. As the subsequent rewind operation is begun,
      with the film moving onto the supply reel and to the right, as shown in
      FIG. 71, the hook 381 on the film 334 will move out of engagement with the
      hook 354 on the bellcrank 350. The spring 342 will then carry the
      bellcrank 350 down into the position shown in FIG. 71, through engagement
      with the end 355 of the bellcrank 350. Thereafter, the hook 354 will be
      out of engagement with the film and will no longer play any part in the
      operation of the cassette.
PAR  With the pressure pad 335 holding the film 334 in coating relation with the
      nozzle 323 as shown in FIG. 71, further movement of the film 334 to the
      right in FIG. 71 will cause engagement of the notches 386 in FIG. 69 with
      the corresponding tear-tab releasing structure, assumed to be identical
      with that described above in connection with FIGS. 6-21, and thereby
      release the processing composition in the receptacle 319 for coating of
      the film during the balance of the rewind operation. The film will be
      processed as it moves toward the supply reel.
PAR  Towards the end of the rewind operation, the notches 383 formed in the film
      334 will approach the spring fingers 363 formed on the valve and cam
      assembly 356, as shown in FIG. 67. When these notches 383 reach and engage
      the fingers 363, as shown in FIG. 68, and are stopped by the normal edges
      385 forming the trailing ends of the notches 383, the valve and cam
      assembly 356 will be carried to the right in FIG. 68. As shown in FIG. 72,
      that movement will cause the legs 362 formed on the cams 360 to move out
      of engagement with the supports 364 and 365, and the end 358 of the cam
      and valve assembly 356 will move toward engagement with the entrance 368
      of the slots 367 formed in the supports 327.
PAR  The valve and cam assembly 356 will continue to move to the right in FIG.
      72, until the end 358 of the cam and valve assembly 356 engages the
      entrance 368 of the slots 367, and the flanges 359 thereafter engage and
      are guided by the slots 367. The cams 360 will then engage the ramp 339
      formed on the pressure plate 335 and will be guided at their sides by the
      supports 340 formed on the ramp. That position of the parts is shown in
      FIG. 73.
PAR  In the interval of movement between the position shown in FIG. 72 and the
      position shown in FIG. 73, the contacts 387 and 388 are successively
      disengaged by the cam 360 on the valve and cam assembly 356, so that when
      the valve and cam assembly 356 reaches the position shown in FIG. 73, the
      contacts 387 and 388 will both be disengaged. As described above, as soon
      as the first contact 387 is disengaged, the terminals 389 and 390 will
      present an open circuit to the apparatus of FIG. 44, signaling that the
      film has been processed. The electronic delay described above in
      connection with FIG. 44 serves to delay projection until the valve and cam
      assembly 356 is carried to its final position, as next to be described.
PAR  Referring next to FIG. 74, the apparatus is shown in the final position
      assumed at the end of the rewind operation. The pressure pad 335 is now
      held down out of engagement with the film 334 by the cams 360, restrained
      at their sides by the guides 340 formed on the ramp 339. The end 358 of
      the top plate of the valve and cam assembly 356 is now received and
      stopped by the slots 369 formed on the supports 325. (FIG. 58). The top
      plate 357 of the valve and cam assembly 356 now acts as a valve closure
      member to close the coating aperture in the nozzle 323, to prevent further
      escape of processing composition from the nozzle in the manner described
      above in connection with the somewhat different valve closing apparatus of
      FIGS. 6-21. Following processing in the manner just described, the film
      334 can be projected and then finally rewound in the manner described
      above in connection with the operation of FIGS. 44 and 45. Thereafter, the
      film in the cassette will be treated as processed film and simply
      projected and rewound when placed in the film drive and projection system
      of FIG. 44.
PAR  Film processing apparatus in accordance with another embodiment of my
      invention will next be described in connection with FIGS. 75-85. In
      accordance with this embodiment of my invention, the cassette may
      correspond to any of the preceeding embodiments described above, in
      respects other than those to be particularly illustrated and described in
      connection with FIGS. 75-85.
PAR  Attention will here be directed to the processing station, which comprises
      a doctor bar coater of the type described above in connection with FIGS. 9
      and 58. The modifications to be described center about the construction of
      the pressure pad, the means for erecting and retracting the pressure pad,
      and a modified valve assembly for closing the coating nozzle after
      processing is complete.
PAR  Referring to FIG. 75, the apparatus may compprise an opaque housing for the
      parts, generally designated 391, and formed in the manner described in
      detail above from a base portion, including a base plate 392 formed
      integrally with side walls 393. The base portion is adapted to be
      assembled with a cover, generally designated 394, and shown schematically
      and fragmentarily in FIG. 75 as having a cover panel portion 395 adapted
      to engage and register with the side walls 393 of the base.
PAR  A strip of film 396, constructed as illustrated in FIG. 76, to be
      described, passes through the processing station in the manner and for the
      purposes generally described above, beneath a coating nozzle generally
      designated 397 cooperating with an outer processing composition container
      398 constructed as described above in connection with FIG. 58.
PAR  The film 396 is adapted to travel in a plane spaced from the nozzle 397 in
      the initial position of the parts shown in FIG. 75. In that position, a
      pressure pad generally designated 399 and formed with a film-engaging
      surface 400 is disposed below the plane of the film 396 and out of
      engagement with it. A cam and valve assembly generally designated 401 is
      also out of engagement with the film at this time, but holds a pair of
      resilient fingers 402, to be described, lightly in engagement with the
      sides of the film 396 for purposes to appear.
PAR  Before describing the components thus generally described in connection
      with FIG. 75 in more detail, the construction of the film strip 396 will
      be described with reference to FIG. 76. As there shown, the film is
      generally in conformance with those embodiments described above, in that
      it extends from a supply end, adapted to be connected to the spool of a
      supply reel by means of a suitable aperture 403, to a takeup end adapted
      to be connected to the spool of a takeup reel by means of a corresponding
      aperture 404. The balance of the film intermediate its ends comprises a
      photographically usable strip bearing a photosensitive coating 405.
PAR  Beyond the photographicaally usable strip, towards the supply end, there
      are formed, as interruptions in a regularly spaced series of sprocket
      holes 406 provided for the purposes described above, a first elongated
      sprocket hole 407 and a second and further elongated sprocket hole 408.
      these elongated sprocket holes serve to establish an exposure termination
      point in the camera, and a film advance termination point in the film
      drive and projection system of FIG. 44, respectively, as described above.
PAR  Located beyond these advance termination sprocket holes, in the direction
      of the supply end of the film, are a first pair of confronting notches 409
      formed on the edges of the film and adapted to cooperate with the
      resilient fingers 402 in FIG. 75 in a manner to be described. Further
      towards the supply end of the film are a second pair of confronting side
      notches 410, serving to detach the tear-tab, in a manner that will be
      sufficiently apparent from the description of FIGS. 6 and 13 above.
PAR  In the leader portion of the film on the takeup end of the photographically
      usable section are formed a pair of confronting side notches 411. The
      notches 411 also serve at times to cooperate with the resilient fingers
      402 in FIG. 75, to seal the nozzle and retract the pressure pad 399 in a
      manner that will be described below.
PAR  As shown in FIGS. 75 and 77, the pressure pad 399 is constructed of sheet
      material, such as sheet metal or the like, and formed with a first end
      flange 412 extending upwardly by way of integral wall means 413 to an
      upper plate 400. As described above, the plate 400 forms the film-engaging
      surface of the pressure pad. It is preferably ground and polished to a
      plane region adapted to mate with the working surfaces of the nozzle 397.
PAR  At the sides of the plate 400 are formed integral depending side walls 414.
      On each of the side walls 414 are formed an integral pair of cams 415 and
      416 bent out from and extending normally to the walls 414.
PAR  The film-engaging plate 400 tapers downwardly by way of end walls 417 to a
      second flange portion 418. The flange 418 is adapted to cooperate with a
      stop member generally designated 420, formed integrally with the side wall
      393 and to be described in more detail below in connection with FIG. 75.
PAR  Referring to FIGS. 77, 78 and 80, a wrapping post 421, which may comprise a
      bolt or the like threaded into the end flange 412, serves as a support for
      the resilient fingers 402 described above. These extend downwardly to legs
      422 formed integral with each other by way of an intervening wrapping 423
      about the post 421. It will be apparent that the fingers 402 and their
      attaching arms 422 can be formed from a single piece of spring steel wire
      or the like.
PAR  The arms 402 extend upwardly through a pair of cooperating recesses 424
      formed in one end 425 of the cam and nozzle plate assembly 401. The end
      425 is formed integral with a pair of depending arms 426 that initially
      engage the end flange 412 of the pressure pad 399. The cam and valve
      assembly 401 is formed with a reduced end portion 427 that serves at times
      to act as a valve closing the outlet passage of the nozzle 397 in FIG. 75.
      Just behind the portions of the end flange 412 initially engaged by the
      arms 426 on the plate 401 are a pair of notches 428 that serve at times to
      receive the arms 426, thus allowing the pressure pad to approach the plate
      401.
PAR  Referring again to FIG. 75, the pressure pad 399 is urged upwardly by a
      resilient leaf spring 429 compressed between the underside of the pressure
      pad and the base wall 393. The spring 429 is slidable between a pair of
      stops 430 and 431 formed integral with the housing, and in the position
      shown engages neither.
PAR  The pressure pad is held in the position shown in FIG. 75 by engagement at
      three points. First, the end flange 418 is in engagement with a ledge 432
      formed on the stop member 420. Second, the depending arms 426 from the cam
      and valve plate 401 engage the flange 412 just forward of the notches 428.
      Third, the flange 412 rests on the upper surface of a resilient spring
      detent 433 secured to the wall 393.
PAR  The cams 415 and 416 formed on the pressure pad 399 on either side of the
      housing are in engagement with cooperating cams 434 and 435, respectively,
      formed integral with a rib 436 that is in turn formed integral with the
      side wall 393. When the three point support for the pressure pad 399 just
      described is disengaged, the cams 415 and 416 are guided by the cams 434
      and 435, respectively, for movement of the pressure pad 399 upwardly and
      to the left in FIG. 75 for purposes to be described.
PAR  As best shown in FIGS. 78 and 85, the resilient arms 402 are formed,
      intermediate their juncture with the portions 422 that lie along the base
      flange 412 of the pressure pad 399, with bends 437. In the position of the
      parts shown in FIGS. 75 and 78, the edges of the film 396 lightly engage
      the arms 402, and the arms are slightly spread by the film so that they
      will tend to enter notches such as 409 and 411 in the film (FIG. 6) at
      times to be described. Lowering of the pressure plate from the position
      shown in FIG. 78 effects a relative displacement of the film 396 from the
      position shown at 396a in FIG. 85 to the position shown in FIG. 396b, in
      which the ends of the arm 402 will not engage the sides of the film. The
      purpose of this arrangement will be made apparent below.
PAR  As schematically indicated in FIG. 75, a pair of spaced and mutually
      insulated contacts 440 may be arranged in the housing, and led out to
      external terminals in the manner described above in connection with the
      contacts 70 and 71. In the position of the parts shown in FIG. 75, the
      contacts 440 are bridged by the end 425 of the plate 401 to present a
      closed circuit to the system of FIG. 44 indicating that the film has not
      been processed. In the final position of the plate 401, the contacts will
      present an open circuit, indicating that the film has been processed for
      the purposes of the system of FIG. 44 described above.
PAR  As best shown in FIGS. 75, 78, 79 and 84, the valve and cam plate 401 is
      guided for movement from an initial position (FIG. 75) to a terminal
      position (FIG. 84). In the terminal position, the end 427 of the plate 401
      seals the nozzle 397. For this purpose, the sides of the plate 401 are
      slidably received in slots 438 and 439 formed in the base plate 392 and
      cover panel 394, respectively. The ends of the slots 438 and 439 stop the
      nozzle from movement to the left in FIG. 75.
PAR  Having described this embodiment of my invention, its operation will next
      be discussed with reference to FIGS. 75-85. It will be assumed for
      purposes of description that the film 396 has been exposed in a camera,
      placed in the system of FIG. 44, and that movement of the film to the left
      in FIG. 75 has been begun with the film nearing its advance end point
      established by the film drive and projection system.
PAR  The side notches 409 in FIG. 76 approach the arms 402, as shown in FIG. 75.
      The notches 409 are located on the film (FIG. 76) in position to engage
      the arms 402 before the notches 410 actuate the tear-tab release
      mechanism, described above in connection with FIGS. 6 and 13.
PAR  When the notches 409 engage the arms 402, as depicted in FIG. 82, the
      pressure pad 399 will be moved upwardly and to the left to the position
      shown in FIG. 83. The valve and cam plate 401 cannot move at this time,
      because it is constrained by the end of the slots 438 and 439 (FIG. 78) in
      the base plate 392 and cover panel 394, respectively.
PAR  Upon engagement of the notches 409 in the film 396 with the arms 402, the
      movement of the pressure pad will detach the end flange 418 from the ledge
      432, and cause the end of the flange 412 to ride up further on the detent
      spring 433. At the same time, the flange 412 will slide forward under the
      arms 426 of the valve and cam assembly 401, allowing the arms 426 to enter
      the notches 428 formed on the sides of the flange 412.
PAR  The pressure pad 399 will then rise under the guidance of the cams 434 and
      435, and under the influence of the spring 429, into engagement with the
      film 396. That will carry the film 396 into engagement with the nozzle
      397, preparing the apparatus for the coating operation that will follow
      upon release of the processing composition when the notches 410 in FIG. 76
      actuate the tear-tab mechanism in the manner described above in connection
      with FIGS. 6 and 13.
PAR  The release of the tear-tab should be arranged to occur approximately
      simultaneously with the erection of the pressure pad 399, so that the
      released composition will reach the coating nozzle just after the pressure
      pad has been engaged, and just before the subsequent first rewind
      operation begins. When rewinding is begun, the film 396 will move to the
      right in FIG. 83, to be coated with processing composition in the manner
      described above.
PAR  As the film approaches the end of rewind after the film has been processed,
      the notches 411 in the film 396 will approach and engage the arms 402.
      Upon this engagement, both the pressure pad 399 and the valve and cam
      assembly 401 will be moved. The pressure pad 399 will be moved downwardly
      and to the right from the position shown in FIG. 83 to that shown in FIG.
      84. During that movement, the cams 415 and 416 formed on the pressure pad
      will be guided by the cams 434 and 435.
PAR  The spring 429 will be compressed into contact and engagement with the
      stops 430 and 431. The end flange 418 of the pressure pad will be brought
      down into engagement with a lower ledge 441 formed on the stop member 420.
PAR  The flange 412 will be brought down under, and engaged by, the detent
      formed on the spring 433 to hold the pressure plate in its final position.
      Similarly, the arms 426 on the plate 401 will rise up out of the notches
      428 and engage the upper surface of the plate 412 to aid in holding it in
      position. The plate 401 will be moved to the right so that its end 427
      will seal the coating aperture in the nozzle 397 and prevent further
      escape of processing composition.
PAR  Lowering of the pressure pad to the position shown in FIG. 84 will bring
      the film 396 out of engagement with the arms 402 by reason of the wider
      portions of the arms 402 adjacent the film as illustrated in FIG. 85.
      Accordingly, further manipulations of the film in the cassette will be
      uninhibited by the processing apparatus, which is now sealed and held out
      of engagement with the film.
PAR  FIG. 86 shows a modification of the process composition release apparatus
      of my invention whereby the forces required to detach the tear-tab can be
      reduced. Other elements of a cassette in accordance with my invention may
      be as described above in connection with FIGS. 6-21. The particular
      features involved in the modification here described are centered about
      the portion of the tear-tab connected to the receptacle initially
      containing the processing fluid, and the angle at which the tear-tab is
      detached.
PAR  Those elements of the apparatus of FIGS. 6, 9 and 13 shown without
      modification in FIG. 86 are given the same reference characters. In
      particular, the coating nozzle 65, tear-tab 86, receptacle 78, processing
      composition 79 and idler 164 connecting the tear-tab 86 to the actuating
      mechanism 41 in FIG. 6 may all be identical with those described above.
PAR  The outer composition container 442 communicating with the nozzle 65 and
      containing the receptacle 78 is formed by wall means 443 defining a
      chamber about the initially sealed receptacle 78 that is pierced with an
      aperture 444 through which the tear-tab 86 passes. The location of the
      aperture 444 is such that the end of the tear-tab 86 that is connected to
      the actuating assembly adjoins the end 85 that is initially sealed to the
      flange 80 of the receptacle 78 at an angle .THETA..
PAR  The angle .THETA. is chosen to have an optimum value when the end 85 is
      fully engaged with the flange 80, and to vary somewhat to a larger value
      than the optimum as the tear-tab 86 is further detached. It is desired
      that the angle at which the initial force is applied be optimized, as the
      initial force required to detach the portion 85 from the end flange is
      greater than that required to continue its detaching movement away from
      the side flanges.
PAR  As illustrated, at any point during the detaching motion of the tear-tab,
      the moving end 86, at the angle .THETA. to the attached portion 85, will
      join the attached portion in a generally cylindrical region of radius r.
      The radius r will in general depend upon the angle .THETA., and the
      thickness of the material 86. The angle .THETA. is selected in dependence
      upon a balance between the stiffness of the tear-tab material and the
      adhesive forces initially sealing the tear-tab to the receptacle 78.
PAR  The radius r of the bend in the tear-tab at its detaching point may be made
      smaller as the tear-tab is made thinner and of more flexible material, and
      should be made larger as the tear-tab is made of heavier or less flexible
      material. Again, the angle .THETA. should be larger for smaller adhesive
      forces between the end 85 and flange 80, and smaller for larger values of
      these forces. The optimum value can readily be determined for any
      particular materials.
PAR  Referring next to FIGS. 87-92, I have there shown another embodiment of my
      invention adapted to employ a normally disengaged reverse roll coater. The
      apparatus may be generally as described above in connection with FIGS.
      1-21, with the exception of the modifications in the processor and in the
      structure of the film for sequencing the processor through its cycle of
      operation, to be described.
PAR  FIG. 87 shows that corner of a cassette in which the processing station is
      disposed, the location of the parts in the cassette being schematically
      and fragmentarily indicated by a portion of the cassette side wall 450.
      Within the housing, whose location is suggested by the wall 450, a strip
      of film 451 passes downwardly, from the bobulator roll, not shown, over an
      idler generally designated 452, and thence to the left past the processing
      station, to be described, towards the film gate, not shown.
PAR  The idler 452 may be of the type described above. It is formed integrally
      with a sprocket 453 located at its base and projecting radially beneath
      the path of the film 451, as shown in FIG. 87. The idler 453 is adapted to
      engage a normally disengaged drive sprocket 454 formed integrally with a
      coating roll 455 journalled by means of a shaft schematically indicated at
      456 in a coater housing generally designated 457.
PAR  The housing 457 is journalled in the cassette housing within the confines
      of the wall 450 by means indicated schematically as a shaft 458 formed
      integral with the housing. The coater housing 457 is held in the position
      shown in FIG. 87, against a stop 459 formed integral with the housing of
      the cassette, by means of a spring 460 compressed between the coater
      housing and a support 461 fixed with respect to the cassette housing.
PAR  Internal details of the coater may be as described above in connection with
      FIG. 47. As schematically illustrated in FIG. 87, these include a
      container of processing composition 462 initially sealed by one end of a
      tear-tab 463.
PAR  The tear-tab 463 is adapted to be partially disengaged from the container
      462 to allow processing composition 464 to be released for application to
      the coater roll 455, as suggested in FIG. 88. For this purpose, the
      tear-tab 463 extends over a first idler 465 that is journalled in the
      cassette housing, and back around the idler 164 forming a part of the
      tear-tab release mechanism 41, shown in more detail in FIG. 41, and
      described above in connection with FIGS. 6 and 13-16.
PAR  Formed on the coater housing 457 is a normally disengaged hook 466
      comprising a part of a detent mechanism and adapted to engage a
      cooperating hook 467 formed on a bellcrank generally designated 468 and
      best shown in FIG. 89. Comparing FIGS. 87 and 89, the bellcrank 468 is
      journalled in the cassette housing by means of a suitable pivot pin
      passing through an aperture 469 in the bellcrank 468. A second end of the
      bellcrank 468 is formed with a pair of spaced film-engaging fingers 470.
PAR  The fingers 470 are initially biased into a position lightly engaging the
      edges of the film 451 by means shown in FIG. 87 as a resilient spring 471.
      The spring 471 is fixed in the cassette housing by means shown as a
      support 472 formed integral with the cassette housing. As best shown in
      FIG. 89, the fingers 470 are formed with rounded outer film-engaging edges
      473, and with inner normal edges 474.
PAR  As shown in FIGS. 89 and 90, the film 451 is formed with a pair of side
      notches 475 at its edges. It will be apparent that the fingers 470 will
      enter and leave these notches 475 as the film 451 passes downwardly and to
      the left in FIG. 89 adjacent the fingers 470. On the other hand, having
      passed the fingers in that direction, upon passage upwardly and to the
      right, engagement of the fingers 470 with the notches 475 will cause
      engagement of the edges 474 of the fingers with the trailing edges of the
      notches 475, thus rotating the bellcrank 468 counterclockwise, as seen in
      FIG. 87.
PAR  The compressive force of the spring 460 is selected with respect to the
      force required to detach the tear-tab 463 such that upon actuation of the
      tear-tab release mechanism to swing the lever 155 counterclockwise as seen
      in FIGS. 87 and 88, the coater housing 457 will first be swung down into
      engagement with the film 451, and the tear-tab 463 will then be partially
      detached from the receptacle 462. That will cause the coating roll 455 to
      engage the emulsion side of the film 451.
PAR  The idler sprocket 453 will drivingly engage the roll sprocket 454 to drive
      the coating roll against the direction of movement of the film. The hook
      466 will engage the hook 467 on the bellcrank 468, causing the coater to
      be held in coating engagement with the film even though the forces applied
      to the tear-tab 463 fall off as the tear-tab is detached and drawn out of
      the housing 457 by the lever 155.
PAR  FIG. 90 shows pertinent details of the film strip 451 adapted for use in
      the apparatus of FIG. 87. Constructional features other than those shown
      may be identical with those described above in connection with the film
      strip of FIGS. 1 and 2. As shown, the film 451 is formed with a pair of
      side notches 476 in the trailer region adjacent the supply reel end of the
      film, to actuate the tear-tab release mechanism in the manner described
      above in connection with the apparatus of FIGS. 1-21. The side notches
      475, which can be of rectangular section as shown in FIGS. 89 and 90, are
      located near the takeup end of the film 451 in position to engage the
      edges 474 of the hook formed by the spring fingers 470 as the film nears
      its end on the takeup reel during the first rewind cycle following
      exposure. While not shown in FIG. 90, the film 451 may also be provided
      with the two spaced elongated holes of first and second length to
      establish an exposure end point in the camera, and an advance termination
      point in the film drive and projection apparatus, as described above.
      Similarly, contacts, not shown, may be located in the cassette in position
      to be closed by one of the levers 155 in their position shown in FIG. 87,
      and opened in other positions of the levers, to signal the processed or
      unprocessed state of the film.
PAR  Having thus described this embodiment of my invention, its operation will
      next be described in connection with FIGS. 87-92. Operation will be
      discussed on the assumption that the film 451 has been exposed in the
      camera, and has been placed in the system of FIG. 44 so that the first
      advance movement is begun to carry the film to the second termination
      point established by the film drive and projection system. During this
      movement, the notches 476 will be moved to the right of the position shown
      in FIG. 91 beyond the actuating arms 151 in their initial position. When
      the first rewind operation is begun, the notches 476 will pass and engage
      the arms 151, actuating the release mechanism 41 to swing the levers 155
      counterclockwise to the position shown in FIG. 91.
PAR  With the apparatus in the initial position shown in FIG. 87, as tension is
      first applied to the tear-tab 463 and before the tear-tab begins to detach
      from the receptacle 462, the force applied to the tear-tab will draw the
      coater housing 457 down against the spring 460 and into the film-engaging
      position illustrated in FIG. 88. That will cause engagement of the
      sprockets 453 and 454, to drive the coating roll 455 as it engages the
      film 451.
PAR  The detent elements 466 and 467 will be engaged to hold the processor
      housing 457 in the position shown in FIG. 88 as the tear-tab is partially
      detached by movement of the lever 155 to release the processing
      composition 464 and allow it to flow to the coating roll. Coating of the
      film 451 will then proceed as the film is moved onto the supply reel.
PAR  Toward the end of the coating operation, the notches 475 will engage the
      portions 474 of the hooks 470 on the bellcrank 468, rotating the bellcrank
      468 counterclockwise and out of engagement with the hook 466 to allow the
      container 457 to rise under the action of the spring 460 into engagement
      with the stop 459. The bellcrank 468 will be retained in a position out of
      engagement with the film 451 by the spring detent 471, as shown in FIG.
      92. The parts will remain in the position shown in FIG. 92 thereafter, as
      the film is projected and then rewound, free of engagement with the
      elements of the processing system.
PAR  FIGS. 93, 94 and 95 illustrate process and control apparatus in accordance
      with another embodiment of my invention. FIG. 93 illustrates schematically
      a strip of film, as seen from the base side, adapted to program the
      apparatus of this embodiment.
PAR  Referring to FIG. 93, I have shown a film strip generally designated 477
      having an end 478 adapted to be connected to a supply reel and an end 479
      adapted to be connected to a takeup reel. The film intermediate its ends
      is formed with sprocket holes such as 480 in the manner and for the
      purposes described above, together with a first elongated sprocket hole
      and a second more greatly elongated sprocket hole, not shown, for the
      purposes described above in connection with FIGS. 1 and 2.
PAR  On the emulsion side of the film, opposite the side shown, a strip of
      emulsion illustrated by the dotted line 481 is applied, at least over the
      central portion of the film and at least over that substantial portion of
      the length thereof on which usable images can be formed. On the trailer
      region adjacent the supply end 478 of the film is formed a bump generally
      designated 482, which may be the same as the bump 16 in FIG. 1, formed
      with an aperture 483 at its leading edge (in the direction of movement
      towards the takeup reel) for purposes to be described. Also located on the
      film trailer portion is a circular aperture 484, formed in the central
      region of the film for purposes to be described.
PAR  In the leader end of the film adjacent the takeup end 479 is formed a first
      circular aperture 485, which may be the same as the aperture 484 in shape
      and size, and which performs a function to be described below. Following
      this aperture 485 is a second hook 486 formed on the film. The hook 486
      may be of the same construction as the hook 482 just described, except
      that it faces the supply end of the film and is operative to perform its
      function, to be described, when the film is moved towards the supply reel.
PAR  FIG. 94 illustrates schematically and fragmentarily the pertinent elements
      of a processing station adapted to utilize the film strip of FIG. 93.
      These comprise a generally rectangular receptacle 487 initially containing
      a charge of processing composition 488 and open at one side in a region
      bounded by plane flange 489. The flange 489 forms a surface to which one
      end 490 of a tear-tab generally designated 491 is sealed, to initially
      seal the composition 488 in the receptacle 487.
PAR  The free end 492 of the tear-tab extends through, and is affixed to, a
      cylindrical block 493 of any suitable material, such as plastic or the
      like, that is lightly secured by a pressure-sensitive adhesive, as
      suggested at 494, to the lower surface of a nozzle block 495, to be
      described. The cylindrical block 493 is adapted to be received in a
      circular aperture, such as the aperture 484 formed near the supply end of
      the film.
PAR  On the top side of the nozzle block 495 is formed a post 496 to which one
      end of a flexible strip 497 is secured. The strip 497 may be of any
      suitable flexible plastic material, such as that from which the tear-tab
      491 is made, and serves at times to seal the nozzle in a manner to appear.
      The other end of the strip 497 is secured in a suitable slot formed in a
      second cylindrical block 498, which may be of the same size and material
      as the block 493. The block 498 is adapted to be received in the recess
      485 under conditions to be described.
PAR  The apparatus of FIG. 94 further comprises a pressure pad generally
      designated 499, which may be of the same construction as the pressure pad
      335 described above in connection with FIG. 70 with exceptions to be
      noted. In particular, the pressure pad 499 is adapted to be toggle-mounted
      in the cassette housing, not shown, by a set of links 500, which may be
      the same as the links 346 in FIG. 70. The pressure pad is adapted to be
      erected by the hook 482 formed on the film 477 when the hook 482 engages a
      hook fragmentarily shown at 501 in FIG. 94. The hook 501 may be identical
      in construction and function with the hook 354 in FIG. 70, and, like that
      hook, may be formed as part of a bellcrank assembly that is adapted to
      release a spring loaded detent to allow the pressure pad to rise into
      engagement with the film, carrying the film into coating engagement with
      the nozzle, to be described.
PAR  Comparing FIG. 94 with FIG. 70, the pressure pad 499 of FIG. 94 is adapted
      to be retracted by a simple mechanism comprising a hook 502 formed on the
      left end of the pressure pad 499, which replaces the ramp 339 in FIG. 70,
      its wedge guides 340, and the combination cam and nozzle valve assembly
      356 in FIG. 70. The hook 502 is adapted to be engaged at times by the hook
      486, formed on the film 477 as shown in FIG. 93. When thus engaged, the
      pressure pad 499 will be drawn down into its latched position out of
      engagement with the film 477 by the mechanism otherwise described in
      connection with FIG. 70.
PAR  A nozzle is formed by the nozzle block 495, comprising, as its leading
      edge, the block 498 in the position shown, lightly adhered to the lower
      surface of the block 495 by a small amount of pressure-sensitive adhesive
      indicated at 503. Side channels confining the processing composition 488
      to the emulsion region of the film may be provided on the nozzle block,
      but are not shown in the drawings to simplify the illustration of the
      conceptually relevant parts. The trailing edge of the nozzle is formed by
      a doctor bar 504, functioning as described above to limit the thickness of
      the layer of processing composition coated on the film 477 during
      processing.
PAR  Operation of the embodiment of FIGS. 93-95 will be discussed on the
      assumption that the film 477 has been exposed in the camera, and that a
      cassette comprising the film 477 and the processing structure
      fragmentarily shown in FIG. 94 has been inserted in the system of FIG. 44.
      For the purpose of giving the system of FIG. 44 a signal indicating
      whether or not the film has been processed, a pair of contacts may be
      initially bridged by the pressure plate 499, and opened when the pressure
      plate 499 is moved to its final position. The manner in which these
      contacts may be deployed in the housing is sufficiently described above,
      and is not shown in connection with FIGS. 93-95.
PAR  As the film 477 is first advanced from the exposure termination point
      established in the camera to the second termination point established in
      the system of FIG. 44, and the film 477 is thereby moved to the left in
      FIG. 94, the first operation effecting the processor will be the
      engagement of the hook 482 with the hook 501, causing erection of the
      pressure pad 499 with concomitant engagement of the film 477 between the
      pressure pad and the nozzle. At the end of this movement, the aperture 484
      will be brought into registry with the block 493, causing the film 477 to
      rise slightly and accept the lower end of the block 493. As the first
      rewind operation is begun, the block 493 will be carried to the right in
      FIG. 94 by the film, completely detaching the tear-tab 491 and opening the
      receptacle 487 to allow the processing composition 488 to flow down into
      coating relationship with the film.
PAR  Processing of the film 477 will continue in the manner described above, as
      the composition 488 is coated on the film while it is rewound onto the
      supply reel. Near the end of the run onto the supply reel, the block 498
      will enter the recess 485 in the film, carrying the flexible strip 497
      over the nozzle opening, and thereby sealing the nozzle. The block 498
      will pass over the doctor bar 504, and the residual pressure-sensitive
      adhesive on its upper surface will engage it with the lower surface of the
      block 495 to maintain the nozzle in sealed condition following processing.
PAR  Shortly thereafter, the hook 486 formed on the film 477 will engage the
      hook 502 formed on the pressure pad 499, bringing the pressure pad down
      into its final lowered position as discussed above in connection with FIG.
      70. As suggested in FIG. 95, the film 477 will be drawn down during this
      operation. It will be released from the hook 502 during the subsequent
      projection cycle, whereafter it will move back and forth over a path above
      the elements of the pressure pad and its engaging and disengaging
      assembly.
PAR  While I have described my invention with respect to the details of various
      illustrative embodiments, many changes and variations will become apparent
      to those skilled in the art upon reading my description, and such can
      obviously be made without departing from the scope of my invention.
CLMS
STM  Having thus described my invention, what I claim
NUM  1.
PAR  1. A photographic product for use with apparatus including a rotatable
      member, said product comprising an elongated strip of photographic
      material adapted to be operably connected to a rotatable member to effect
      its coiling therearound responsive to the rotation of the member, an
      actuating element on said strip of photographic material extending above a
      surface thereof, and at least one discontinuity in said strip of
      photographic material spaced from said actuating element a predetermined
      distance to receive said actuating element as the section of said strip of
      photographic material containing said actuating element and said
      discontinuity is coiled around the rotatable member, whereby said strip
      can be coiled smoothly around the rotatable member over said actuating
      element with a uniform radius.
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ABST
PAL  Irradiation and halation of a silver halide photographic lightsensitive
      material can be prevented by adding at least one of dyes represented by
      the following general formula to the layers on one or both sides of the
      light sensitive material.
      ##SPC1##
PAL  (wherein X is hydrogen atom, hydroxyl group, a halogen atom or a lower
      alkyl group, L is a methine group which may be substituted with a lower
      alkyl group at mesoposition, M is hydrogen atom, an alkali metal or
      ammonium group and n is 1 or 2).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a silver halide photographic
      lightsensitive material containing a dye and more particularly it relates
      to a silver halide photographic light sensitive material prevented from
      irradiation and halation.
PAR  It is well known that dyes which absorb undesired reflected light,
      scattered light, diffused light in lightsensitive emulsion layer or
      undesired reflected light from boundary face between the emulsion layer
      and a support and back face of the support are contained in a silver
      halide photographic light sensitive material to prevent irradiation and
      halation, thereby to increase sharpness of the obtained photographic
      image.
PAR  It is natural that the dyes used in the lightsensitive emulsion layer
      between the lightsensitive emulsion layer and the support or in the back
      coating of the support for preventing irradiation and halation must not
      cause fading or discoloration during preparation of solution or must not
      cause change with lapse of time during preparation of the lightsensitive
      emulsion and storage. Furthermore, such dyes must not have adverse effect
      on photographic characteristics such as fog, decreasing of sensitivity,
      etc. Moreover, they must be completely and rapidly decolorized and removed
      from photosensitive material during photographic developing process. They
      must have appropriate spectral absorption characteristic which corresponds
      to respective object of use and exhibit effect of preventing irradiation
      and halation.
PAR  Considerably a large number of dyes have been proposed, but substantially
      none of them meet the requirements on photographic characteristics,
      decolorizability and removability and absorption characteristic.
PAC  SUMMARY OF THE INVENTION
PAR  The inventors have found that the methine oxonol dyes having the following
      general formula satisfy the above requirements and have effect of
      preventing irradiation and halation.
      ##SPC2##
PAL  (wherein X represents hydrogen atom, hydroxyl group, a lower alkyl group or
      a halogen atom; L represents a methine group which may be substituted with
      lower alkyl group at mesoposition; M represents hydrogen atom, an alkali
      metal or ammonium group and n is 1 or 2).
PAR  Silver halide photographic lightsensitive materials colored with the
      methine oxonol dyes represented by the above general formula possess a
      wide absorption band in objective absorption wave length region and have
      substantially no unnecessary absorption in other wave length region.
      Furthermore, when n is 2 and 3-position of the pyrazolone ring is
      p-nitrophenol group, the absorption maximum of present pentamethine oxonol
      dyes shifts to longer wave length side than there which was proposed in
      Japanese Patent Publication No. 22069/64. So especially, when said
      pentamethine oxonol dyes of the present invention are used in color
      lightsensitive materials, they are markedly useful as irradiation
      preventing dyes for red sensitive emulsion layer including cyan coupler.
PAR  The dyes used in the present invention have no adverse effect on
      photographic characteristics such as fog, decreasing of sensitivity, etc.
      and in addition, they are completely and rapdily decolorized and dissolved
      out from lightsensitive materials after developing process to cause no
      coloration of the photographic image due to residue of the dyes used.
      Furthermore, the dyes used in the present invention show no fading and
      discoloration during preparation of dye solution and are not utterly
      influenced by external conditions such as humid heat during preparation of
      lightsensitive emulsion and storage.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Representative examples of the dyes represented by the above general
      formula are as follows:
      ##SPC3##
PAR  The methine oxonol dyes used in the present invention are not limited to
      the above exemplified dyes, but any dyes having the chemical structure
      represented by the general formula may be used. If necessary, they may be
      used in admixture of two or more.
PAR  A method for synthesizing the dye (IV) will be explained below.
PAR  1. 2.37 g of ethyl-p-nitrobenzoylacetate (disclosed in H. F. Ginsberg et al
      "Journal of the American Chemical Society" Vol. 75, Page 4587, 1953) and
      2.68 g of phenylhydrazine-2,5-disulfonic acid in 60 ml of 50% acetic acid
      are heated at 95.degree.-100.degree.C for 8 hours. Then, the solvent is
      concentrated under reduced pressure and ethanol was added to the residue,
      then the solid was collected on a Buchner funnel and dried to obtain 3.01
      g of a light yellow solid having a melting point above 300.degree.C.
PAR  2. 1.94 g of above obtained
      3-(4-nitrophenyl)-1-(2,5-disulfophenyl)-5-pyrazolone and 0.57 g of
      glutacondialdehydedianil hydrochloride are suspended in 40 ml of methanol,
      to which 1.61 g of triethylamine is added and refluxed for 30 minutes. The
      dye solution obtained is concentrated under reduced pressure. Then, 40 ml
      of ethanol is added and refluxed for 5 minutes. The dye separated upon
      warming is collected on a Buchner funnel. Said ethanol washing is repeated
      further 2 times and then the dye is dried to obtain 0.86 g of dark blue
      dye (IV) having a melting point above 300.degree.C. Absorption maximum of
      an aqueous solution of the dye is 640 m.mu.. u.
PAR  Other dyes having three methine chains [e.g., dyes (I), (II) and (III)] may
      also be synthesized in the same manner as above except
      malondialdehydedianil hydrochloride is substituted for glutacon
      dialdehydedianil hydrochloride.
PAR  Thus obtained dyes having the general formula as given above are added
      preferably in the form of an aqueous solution to silver halide emulsion or
      protective colloid solution.
PAR  Amount of the dye used in the present invention is preferably about 1 mg --
      about 10 g/m.sup.2. When the amount is less than about 1 mg/m.sup.2,
      effect of preventing irradiation is extremely small and when the amount is
      more than about 10 g/m.sup.2, unfavorable reduction in photographic
      sensitivity is caused and moreover elimination of the dye by photographic
      treatments cannot be completely attained.
PAR  The dyes used in the present invention have effects of preventing
      irradiation and halation. When prevention of irradiation is desired, the
      dye is preferably added in an amount of about 1 mg -- about 100 mg/m.sup.2
      to at least one layers of the silver halide emulsion layer, the
      intermediate layer and the overcoating layer. When prevention of halation
      is aimed at, the dye is preferably added in an amount of about 10 mg --
      about 10 g/m.sup.2 to at least one layers of undercoating layer and
      back-coating layer of the suppert.
DETD
PAR  The following working examples illustrate formation of an irradiation
      preventing layer and a halation preventing layer with use of the dyes
      according to the present invention.
PAC  EXAMPLE 1
PAR  The following layers were succesively coated on a photographic support on
      which polyethylene was laminated to obtain a multilayer color photographic
      paper (Sample No. 1).
PAR  1. A blue sensitive silver iodochlorobromide emulsion layer (silver bromide
      . . . about 98 mol %) containing a yellow coupler having the following
      formula:
      ##SPC4##
PAR  Said emulsion layer additionally contained the usual stabilizer, hardener,
      wetting agent for coating, etc.
PAR  2. An intermediate layer comprising 4% aqueous solution of gelatin.
PAR  3. A green sensitive silver chlorobromide emulsion layer (silver bromide .
      . . about 35 mol %) containing the following magenta coupler.
      ##SPC5##
PAR  4. An intermediate layer comprising 4% aqueous solution of gelatin.
PAR  5. A red sensitive silver chlorobromide emulsion layer (silver bromide . .
      . about 35 mol %) containing the following cyan coupler.
      ##SPC6##
PAR  6. A protective layer having the same compositions as the layers (2) and
      (4).
PAR  Sample No. 2 was prepared in the same manner as of preparation of the
      Sample No. 1 except that 50 ml of 2% aqueous solution of the dye (IV)
      enumerated hereinbefore was added to 1 kg of the red sensitive silver
      chlorobromide emulsion used in preparation of the sample No. 1.
PAR  In the same manner as mentioned above, sample No. 3 having 50 ml of 2%
      aqueous solution of the following known dye A was prepared.
      ##SPC7##
PAR  These samples were exposed and then treated with the following processing
      solutions.
TBL  ______________________________________                                    

     Color developing solution (abbreviated as CD).                            

     Benzyl alcohol              15 ml                                         

     KBr                         0.3 g                                         

     Sodium hexametaphosphate    0.5 g                                         

     Sodium sulfite              2.0 g                                         

     Hydroxylamine hydrochloride 2.0 g                                         

     Sodium carbonate (monohydrate)                                            

                                 28.0 g                                        

     CD-3*                       4.8 g                                         

     Water to make 1000 ml                                                     

      *Trade name for color developer produced by Estman Kodak Co.             

     Bleaching and fixing solution (abbrivated as BF)                          

     EDTA iron salt              62 g                                          

     EDTA-2-sodium salt          3 g                                           

     Ammonium thiosulfate        75 g                                          

     Sodium sulfite              10 g                                          

     Sodium carbonate (monohydrate)                                            

                                 5 g                                           

     Water to make 1000 ml                                                     

     Stabilizing solution (abbrivated as SB)                                   

     45% acetic acid             19 ml                                         

     Sodium acetate              3 g                                           

     Water to make 1000 ml                                                     

     ______________________________________                                    

PAR  All processings were conducted at a high temperature and a high speed in
      accordance with the conditions enumerated in the following table.
TBL  ______________________________________                                    

                Temperature  Processing time                                   

     ______________________________________                                    

     CD           33.degree.C    3 minutes and                                 

                                 30 seconds                                    

     BF           "              1 minute and                                  

                                 30 seconds                                    

     Washing with "              2 minutes                                     

     water                                                                     

     SB           "              30 seconds                                    

     Washing with "              15 seconds                                    

     water                                                                     

     Total                   7 minutes and                                     

                             45 seconds                                        

     ______________________________________                                    

PAR  Density of unexposed areas of each sample after subjected to the above
      process was measured. The results are shown in the following table.
TBL  ______________________________________                                    

                   Density of unexposed area                                   

     Sample   Dye        Blue      Green   Red                                 

                         density   density density                             

     ______________________________________                                    

     1       None        0.04      0.04    0.02                                

     2       The present 0.04      0.04    0.02                                

             dye                                                               

     3       The known   0.05      0.05    0.07                                

             dye A                                                             

     ______________________________________                                    

PAR  As is clear from the above table, in the case of the sample containing the
      present dye, decolorization rapidly took place. Moreover, the sample
      containing the present dye had no color stain as in the sample containing
      the known dye. Furthermore, response functions of these samples were
      obtained using square wave chart. As the result, it was found that the
      Sample No. 2 was extremely excellent than the Sample No. 1 and showed
      higher sharpness than the Sample No. 3.
PAR  Spectral reflection characteristic of the samples No. 2 and 3 was measured
      to obtain the following results.
TBL  ______________________________________                                    

     Sample   Dye              Spectral reflection                             

                               maximum                                         

     ______________________________________                                    

     2        The present dye  665 m.mu.                                       

     3        The known dye A  660 m.mu.                                       

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  To 1 kg of the same green sensitive silver chlorobromide emulsion as used
      in a layer (3) of Sample No. 1 in Example 1 was added 25 ml of 2% aqueous
      solution of the dye (III) of the present invention as enumerated
      hereinbefore. In the same manner, another emulsion was prepared using the
      following known dye B in place of the dye (III).
      ##SPC8##
PAL  Using these emulsions, multilayer color photographic papers of samples No.
      4 and 5 were produced in the same manner as production of Sample No. 1 in
      Example 1. That is, other layers were the same as those of Sample No. 1.
PAR  Samples No. 1, 4 and 5 were exposed and then subjected to the same
      processes as in Example 1. Thereafter, density of unexposed areas of these
      samples was measured. As shown in the following table, the sample
      containing the present dye was rapidly decolorized and showed no color
      stain.
TBL  ______________________________________                                    

                   Density of unexposed area                                   

     Sample   Dye        Blue      Green   Red                                 

                         density   density density                             

     ______________________________________                                    

     1       None        0.04      0.04    0.02                                

     4       The present 0.04      0.04    0.02                                

             dye                                                               

     5       The known   0.05      0.07    0.02                                

             dye B                                                             

     ______________________________________                                    

PAR  Response functions of these samples were obtained using square wave chart
      to find that Sample No. 4 was extremely excellent than Sample No. 1 and
      showed substantially the same resolving power as Sample No. 5.
PAC  EXAMPLE 3
PAR  1 g of dye (II) of the present invention and 1 g of dye (VI) of the present
      invention were added to 1 l of 10% gelatin solution. To the mixture were
      further added 25 ml of 2% aqueous solution of chrome alum as a hardener
      and 20 ml of 5% aqueous solution of saponin. The resultant mixture was
      coated on a surface of a film which was opposite to the surface coated
      with a silver halide emulsion. This layer was excellent in the effect of
      preventing halation and was rapidly decolorized and dissolved out during
      developing process to cause no color stain caused due to remaining dye
      after process. Moreover, no decreasing of sensitivity and fog were caused
      during coating of the emulsion and storage of the film. Thus, it was found
      that this film having such unti-halation layer was an extremely excellent
      light-sensitive photographic material.
PAR  The density in the Examples was measured by Macbeth 514 densitometer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A silver halide photographic lightsensitive material having on one or
      both sides of a support a layer containing at least one of dyes
      represented by the general formula:
      ##SPC9##
PAL  (wherein X is selected from the group consisting of hydrogen atom, hydroxyl
      group, halogen atom and lower alkyl group; L is methine group which may be
      substituted with lower alkyl group at meso-position; M is selected from
      the group consisting of hydrogen atom, alkali metal and ammonium group;
      and n is 1 or 2).
NUM  2.
PAR  2. A silver halide photographic lightsensitive material according to claim
      1, which contains the dye in at least one of silver halide emulsion layer,
      intermediate layer and over-coating layer.
NUM  3.
PAR  3. A silver halide photographic lightsensitive material according to claim
      1, which contains the dye in at least one of under-coating layer and
      back-coating layer of the support.
NUM  4.
PAR  4. A silver halide photographic lightsensitive material according to claim
      1, which contains the dye in an amount of about 1 mg -- about 10
      g/m.sup.2.
NUM  5.
PAR  5. A silver halide photographic lightsensitive material according to claim
      2, which contains the dye in an amount of about 1 mg -- about 100
      mg/m.sup.2.
NUM  6.
PAR  6. A silver halide photographic lightsensitive material according to claim
      3, which contains the dye in an amount of about 10 mg -- about 10
      g/m.sup.2.
NUM  7.
PAR  7. A silver halide photographic lightsensitive material according to claim
      1, wherein the dye has the following general formula:
      ##SPC10##
PAL  (wherein L, M and n are as defined above).
PATN
WKU  039321894
SRC  5
APN  4322525
APT  1
ART  166
APD  19740110
TTL  Thermodevelopable photographic material containing high silver ion
      conducting substance
ISD  19760113
NCL  11
ECL  1
EXA  Suro Pico; Alfonso T.
EXP  Klein; David
INVT
NAM  Kaneda; Takuji
CTY  Asaka
CNT  JA
INVT
NAM  Nagao; Makoto
CTY  Asaka
CNT  JA
INVT
NAM  Honjo; Satoru
CTY  Asaka
CNT  JA
INVT
NAM  Mizuki; Eiichi
CTY  Asaka
CNT  JA
ASSG
NAM  Fuji Photo Film Co., Ltd.
CTY  Minami-ashigara
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730112
APN  48-6402
CLAS
OCL   961146
XCL   96 48HD
XCL   961141
EDF  2
ICL  G03C  102
FSC   96
FSS  114.6;114.1;48 HD;67
UREF
PNO  3457075
ISD  19690700
NAM  Morgan et al.
OCL   96 67
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  A thermodevelopable photographic material comprising a support and a layer
      composed of (a) a high silver ion conducting substance having an ion
      conductivity at 25.degree.C of at least 1 .times. 10.sup.-.sup.3
      (.OMEGA.cm).sup.-.sup.1, such as silver iodide tungstate, or a mixture of
      the high silver ion conducting substance with silver, and (b) a weak
      reducing agent. In order to increase the sensitivity of the material, a
      photosensitive silver halide can further be incorporated in the layer. The
      photographic material is exposed imagewise, and then heated for a short
      time to form a permanent visible image of clear contrast.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a thermodevelopable photographic material, and
      especially to a thermodevelopable photographic material containing a high
      silverion conducting material having an ion conductivity at 25.degree.C of
      at least 1 .times. 10.sup.-.sup.3 (.OMEGA.cm).sup.-.sup.1.
PAR  2. Description of the Prior Art
PAR  The photographic materials which have previously been utilized include
      those bases on silver halides. When exposed to a light image for a long
      time, some of them undergo visible darkening. Recently, U.S. Pat. Nos. Re
      26,719 and 3,457,075,  for example, disclose a thermodevelopable
      photographic material consisting of a sheet and coatings of an organic
      silver salt, a catalytic amount of a light-reducible silver halide, and a
      weak reducing agent. According to the techniques disclosed in these prior
      art references, when the photographic material is exposed, no visible
      image is formed, but when the exposed photographic material is heated at a
      suitable high temperature for a short period of time, a permanent visible
      image is formed in the exposed area.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, there is provided a thermodevelopable
      photographic material containing a layer prepared by sufficiently
      dispersing a fine powder of a high silver ion conducting substance having
      an ion conductivity at 25.degree.C of at least 1 .times. 10.sup.-.sup.3
      (.OMEGA.cm).sup.-.sup.1 in a binder such as gelatin together with a weak
      reducing agent.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Silver ion conducting substances having an ion conductivity of less than 1
      .times. 10.sup.-.sup.3 (.OMEGA.cm).sup.-.sup.1 are not suitable because of
      poor sensitivity to radiation.
PAR  Examples of high silver ion conducting substances useful in this invention
      are:
PA1  1. silver iodide phosphate (Ag.sub.7 I.sub.4 PO.sub.4),
PA1  2. silver iodide tungstate (Ag.sub.6 I.sub.4 WO.sub.4),
PA1  3. high silver ion conducting substances composed of silver iodide and
      tetraalkylammonium iodides, and
PA1  4. high silver ion conducting substances composed of silver iodide and
      polymethonium iodide.
PAR  A specific example of the compounds of silver iodide and a
      tetraalkylammonium iodide described above is silver tetramethylammonium
      iodide, [(CH.sub.3).sub.4 N].sub.2 Ag.sub.13 I.sub.15. Other
      tetraalkylammonium iodides such as the ethyltrimethylammonium,
      diethyldimethylammonium, trimethylisopropylammonium,
      trimethylpropylammonium, tetraethylammonium,
      diethylmethylisopropylammonium, triethylpropylammonium,
      butyldiethylmethylammonium, etc., iodides with silver iodide are also
      suitable. Examples of the polymethonium iodides which are suitable with
      the silver iodide are methane-1,1-bis-methyldiethylammonium iodide,
      ethane-1,2-bis-trimethylammonium iodide, propane-1,3-bis-trimethylammonium
      iodide, butane-1,4-bis-trimethylammonium iodide,
      pentane-1,5-bis-trimethylammonium iodide, hexane-1,6-bis-trimethylammonium
      iodide, etc.
PAR  These double salts have a metal ion conductivity at room temperature of at
      least 1 .times. 10.sup.-.sup.3 (.OMEGA.cm).sup.-.sup.1. Furthermore, the
      same kind of metal, that is silver, can be incorporated in excess into
      some of the high silver ion conducting substances [see Tadashi Ohachi,
      Kotai Butsuri, 7, (1972) 340], and as a result, the sensitivity of the
      high silver ion conducting substances to radiation can be further
      increased. A suitable amount of the silver to be incorporated about 0.1 to
      3 mole %, preferably 0.5 to 1 mole %, to the high silver ion conducting
      substance.
PAR  The reducing agent which can be used in this invention is selected
      depending on the high silver ion conducting substance used. Examples of
      suitable reducing agents are substituted phenols, substituted or
      unsubstituted bisphenols, substituted or unsubstituted naphthols, di- or
      poly-hydroxybenzenes, di- or polyhydroxynaphthalenes, hydroquinone
      monoethers, ascorbic acid or its derivatives, 3-pyrazolidones,
      pyrazoline-5-ones, reducing saccharides, kojic acid, and hinokitiol.
      Especially effective weak reducing agents are thiourazole derivatives such
      as dithiourazole hydrazine salt.
PAR  Specific examples of weak reducing agents effective for the performance of
      the present invention are hydroquinone, methylhydroquinone,
      chlorohydroquinone, bormohydroquinone, phenyl hydroquinone, hydroquinone
      monosulfonic acid salt, t-octyl hydroquinone, t-butylhydroquinone,
      2,5-dimethyl hydroquinone, 2,6-dimethyl hydroquinone, methoxy
      hydroquinone, ethoxy hydroquinone, p-methoxy phenol, p-ethoxy phenol,
      hydroquinone monobenzyl ether, catechol, pyrogallol, resorcinol,
      p-aminophenol, o-aminophenol, N-methyl-p-aminophenol,
      2-methoxy-4-aminophenol, 2,4-diaminophenol,
      2-.beta.-hydroxyethyl-4-aminophenol, p-t-butyl phenol, p-t-amyl phenol,
      p-cresol, 2,6-di-t-butyl-p-cresol, p-acetophenol, p-phenol phenol,
      o-phenyl phenol, 1,4-dimethoxy phenol, 3,4-xylenol, 2,4-xylenol,
      2,6-dimethoxy phenol, sodium 1-amino- 2-naphthol-6-sulfonate,
      1-naphthylamine-7-sulfonic acid, 1-hydroxy-4-methoxy-naphthalene,
      1-hydroxy-4-ethoxy-naphthalene, 1,4-dihydroxynaphthalene,
      1,3-dihydroxynaphthalene, 1-hydroxy-4-aminonaphthalene,
      1,5-dihydroxynaphthalene, 1-hydroxy-2-phenyl-4-methoxynaphthalene,
      1-hydroxy-2-methyl-4-methoxynaphthalene, .alpha.-naphthol,
      .beta.-naphthol, 1,1'-dihydroxy-2,2'-binaphthyl,
      4,4'-dimethoxy-1,1'-dihydroxy-2,2'-binaphthyl,
      6,6'-dinitro-2,2'-dihydroxy-1,1'-binaphthyl,
      bis(2-hydroxy-1-naphthyl)methane, bisphenol A,
      1,1'-bis-(2-hydroxy-3,5-dimethylphenyl)-3,5,5-trimethylhexanone,
      2,4,4-trimethylpentyl-bis-(2-hydroxy-3,5-dimethylphenyl)methane,
      bis(2-hydroxy-3-t-butyl-5-methylphenyl)methane,
      bis(2-hydroxy-3,5-di-t-butylphenyl)methane,
      4,4-methylenebis(3-methyl-5-t-butylphenol),
      4,4'-methylenebis(2,6-di-t-butylphenol), 2,2'-methylenebis (2-t-butyl-
      4-ethylphenol),
      2,6-bis(2-hydroxy-3-t-butyl-5-methylphenylmethyl)4-methylphenol,
      3,3',5,5'-tetra-t-butyl-4,4'-dihydroxy-biphenyl, l-ascorbic acid,
      l-ascorbic acid monoester, l-ascorbic acid diester, p-oxyphenyl glycin,
      N,N-diethyl-p-phenylene diamine, furion, benzoin, dihydroxyacetone,
      glycerine aldehyde, rhodizonic acid-tetrahydroxyquinone, methyl gallate,
      propyl gallate, hydroxytetronic acid, N,N-di(2-ethoxy-ethyl)
      hydroxylamine, glucose, lactose, 1-phenyl-3-pyrazolidone,
      4-methyl-4-hydroxy-methyl-1-phenyl-3-pyrazolidone,
      bis(3-methyl-4-hydroxy-5-t-butylphenyl)-sulfide,
      3,5-di-t-butyl-4-hydroxybenzyl-dimethylamine,
      .alpha.,.alpha.'-(3,5-di-t-butyl-4-hydroxyphenyl)-dimethyl ether. These
      weak reducing agents can be used alone or in a combination of two or more.
      Suitable reducing agents are selected depending on the combination thereof
      with the high metal ion conducting substances.
PAR  The weak reducing agent can be incorporated uniformly in a binder such as
      gelatin, polyvinyl alcohol or polyvinyl butyral together with the high
      silver ion conducting substance and coated on a support conventionally
      used in the photographic art, for example, a glass sheet, a baryta paper,
      a polyethylene terephthalate film, a cellulose triacetate film, etc.
      Alternatively, the high silver ion conducting substance and a light
      reducible silver helide or a substance which forms a photographic silver
      halide by reaction with the high silver ion conducting substance can be
      coated on a support and dried, and then the material is immersed in a
      solution containing the slow reducing agent. A suitable amount of the
      reducing agent is from 10.sup.-.sup.4 to 10.sup.-.sup.6 % by weight,
      preferably 10.sup.-.sup.5 % by weight, and of the silver ion conducting
      substance is from 1 to 50% by weight, preferably 10% by weight.
PAR  On the other hand, the thermodevelopable photographic material of this
      invention can further contain a photographic silver halide or a substance
      which forms a photographic silver halide by reaction with the high silver
      ion conducting substance to render the photographic material more
      sensitive. Examples of such silver halides are suitably silver iodide,
      silver iodobromide, silver bromide, silver chlorobromide, silver chloride,
      silver chloroiodide, and silver chlorobromoiodide.
PAR  The photographic silver halide can be used in the form of coarse particles
      or fine particles, but silver halide emulsions in the form of very fine
      grains, e.g., a grain size of about 0.5 .mu. to 10 .mu., are especially
      useful.
PAR  Examples of the compounds which form a silver halide by reaction with the
      high silver ion conducting substances are inorganic halogen compounds of
      the general formula MX.sub.n wherein M is a hydrogen atom, an ammonium
      group or a metal atom (for example, strontium, cadmium, zinc, tin,
      chromium, sodium, barium, iron, cesium, lanthanum, copper, calcium,
      nickel, magnesium, potassium, aluminum, antimony, gold, cobalt, mercury,
      lead, beryllium, lithium, manganese, gallium, indium, rhodium, ruthenium,
      palladium, iridium, platinum, thallium, and bismuth), X is a halogen atom
      (chlorine, bromine), and n is 1 when M is a hydrogen atom or an ammonium
      group, and when M is a metal atom, n represents the valency of the metal,
      and organic halogan compounds such as triphenylmethyl chloride,
      triphenylmethyl bromide, 2-bromo-2-methylpropane, 2-bromobutyric acid,
      2-bromoethanol, benzophenol dichloride, bromoform, and carbon
      tetrabromide.
PAR  It is preferred that such a silver halide or silver halide-forming
      substance be in contact with the high silver ion conducting substance, and
      it can be incorporated into the photographic layer in the same way as in
      the case of the weak reducing agent. The components employed in this
      invention can be simply mixed with the binder and coated on a support
      using well known techniques.
PAR  The thermodevelopable photographic material of this invention can be
      sensitized using sensitizing dyes which are employed in the spectral
      sensitization of silver halide photographic emulsions. Examples of such
      dyes are cyanine dyes, thiocyanine dyes, oxonal dyes, merocyanine dyes,
      hemicyanine dyes., etc., as disclosed, for example, in U.S. Pat. Nos.
      2,131,742, 2,172,191 and 2,132,169. But when the photographic material is
      exposed to ultraviolet rays, such a dye can be omitted. Some of the
      above-cited high silver ion conducting substances do not have attractive
      white colors, and in order to render the color whiter, a small amount,
      e.g., in an amount of 0.1 to 1% by weight, of a white pigment powder such
      as zinc oxide or titanium dioxide can be added together with the high
      silver ion conducting substance.
PAR  The amounts of the various ingredients described above are determined
      depending on the reducibility, catalyzablility, molecular weight, etc. of
      the compounds to be used. Generally, however, the amount of the weak
      reducing agent is 0.002 to 0.5 part by weight, preferably 0.01 to 0.05
      part by weight, per part by weight of the high silver ion conducting
      substance. The amount of the silver halide or silver halide-forming
      substance is 0.0002 to 0.01 part by weight, preferably 0.001 to 0.005 part
      by weight, per part of the high silver ion conducting substance. The
      amount of the binder is from 10 to 90% by weight, preferably 30 to 50% by
      weight of the total composition.
PAR  By coating these ingredients on a support, the thermodevelopable
      photographic material of this invention can be obtained.
PAR  The method of using the photographic material of this invention will be
      described. First, the photographic material is exposed imagewise, and then
      heated with a suitable heating means, for example, by passing the
      photographic material between heated rolls or bringing it into contact
      with a heated plate. This heating results in the blackening of the exposed
      area to form an image. The image so developed by heating usually does not
      undergo any further development, but remains as a permanent image.
PAR  The exposure conditions vary considerably over a wide range since they
      depend on the type and intensity of the light or irradiation source, the
      developing condition, the reducing agent and the additives used. A
      suitable exposure is to a wavelengths of light ranging from 300 m.mu. to
      800 m.mu. for about 0.5 to 50 seconds. For example, when the light from a
      tungsten-filament lamp with an illuminance of 50 luxes is used, the
      preferred exposure time is 1 to 10 seconds. Preferably, the development is
      performed by heating the photographic material at 75.degree. to
      160.degree.C for 1 to 10 seconds.
PAR  The photographic material in accordance with this invention can be
      developed by the dry method after exposure, and a stable image can be
      obtained without going through fixation and other steps. Accordingly, it
      is possible to provide a rapid and simplified copying process and also to
      simplify the treating equipment.
PAR  Furthermore, the photographic material of this invention permits freedom
      from handling liquid chemicals for development and fixation, and involves
      no risk of contaminating the hands and garments of the working personnel
      during the handling of the photographic material. In addition, no waste or
      spent liquor is formed, and therefore, there is no risk of environmental
      pollution. Thus, the advantages obtained by this invention are great.
DETD
PAR  The following Examples illustrate the present invention in greater detail.
      Unless otherwise indicated, all parts, percents, ratios and the like are
      by weight.
PAC  EXAMPLE 1
PAR  Silver iodide tungstate (3 g) prepared in the dark and finely pulverized
      (average particle size 0.5 .mu. to 5 .mu.) was thoroughly dispersed in a
      binder consisting of 50 cc of water and 3 g of gelatin. The resulting
      dispersion was coated on a dry glass plate, and dried. The coated plate
      was immersed in a 0.1 F aqueous solution of dithiourazole hydrazine salt,
      and dried. During the above and subsequent operations, the plate is
      maintained completely in the dark. A part of the plate is exposed
      imagewise for 1 second using tungsten-filament lamp of 60 luxes, and then
      heated at 80.degree.C. for 5 seconds. There was obtained a visible image
      which conformed to the shape of the image area and had a dark black color
      with a high resolution on a cream colored background.
PAC  EXAMPLE 2
PAR  Silver iodide tungstate (3 g) prepared in the dark and finely pulverized
      (average particle size 0.5 .mu. to 5 .mu.) was thoroughly dispersed in a
      binder consisting of 50 cc of water and 3 g of gelatin, and a very small
      amount (about 10 -6% by weight) of
      3-carboxymethyl-5(3ethoxycarbonylmethyl-2-(3H)-thiazolynylidene)
      ethylidene]-rhodanine as a sensitizing dye was added. The resulting
      dispersion was coated on a dry glass plate and dried. The coated plate was
      immersed in a 0.1F aqueous solution of dithiourazole hydrazine salt.
      During the above and subsequent operations, the plate was maintained
      completely in the dark. A part of the plate was exposed imagewise for 1
      second using a tungsten-filament lamp of 60 luxes, and then heated at
      80.degree.C for 5 seconds. There was obtained a visible image which
      conformed to the shape of the image area and had a dark black color with a
      high resolution on a cream colored background. The image area was darker
      than in Example 1.
PAC  EXAMPLE 3
PAR  Silver iodide phosphate (3 g) prepared in the dark and finely pulverized
      (average particle size 0.5 .mu. to 5 .mu.) was thoroughly dispersed in a
      binder consisting of 50 cc of water and 3 g of gelatin, and then the
      resulting dispersion was coated on a dry glass plate and dried. The coated
      plate was immersed in a 0.1F aqueous solution of dithiourazole hydrazine
      salt, and dried. During the above and subsequent operations, the plate was
      maintained completely in the dark. A part of the plate was exposed
      image-wise for 1 second using a tungsten-filament lamp of 60 luxes, and
      heated at 90.degree.C. for 5 seconds. There was obtained a visible image
      which conformed to the shape of the image area and had a dark black color
      with a high resolution on a somewhat orange colored background.
PAC  EXAMPLE 4
PAR  Silver iodide tungstate prepared in the dark and finely pulverized (average
      particle size 0.5 .mu. to 5 .mu.) was well dispersed in 100 cc of
      isopropyl alcohol containing 2 g of polyvinyl butyral. The dispersion was
      coated on a dry glass plate, and dried. The coated plate was immersed in a
      0.1F aqueous solution of p-methoxyphenol, and dried. During the above and
      subsequent operations, the plate was maintained completely in the dark. A
      part of the plate was exposed imagewise for 5 seconds using a
      tungsten-filament lamp of 60 luxes, and then heated at 120.degree.C for 5
      seconds. There was obtained a visible image which conformed to the shape
      of the image area and had a dark black color with a high resolution on a
      cream colored background.
PAC  EXAMPLE 5
PAR  Silver iodide tungstate (3 g) (average particle size 0.5 .mu. to 5 .mu.)
      prepared in the dark was mixed with 0.03 g of fine grains of silver
      (average particle size 0.1 .mu. to 0.5 .mu.), and the mixture was melted
      at 220.degree.C for 5 hours. The mixture was finely pulverized, and well
      dispersed in a binder consisting of 50 cc of water and 3 g of gelatin. The
      resulting dispersion was coated on a dry glass plate, and dried. The
      coated plate was immersed in a 0.1F aqueous solution of dithiourazole
      hydrazine salt. During the above and subsequent operations, the plate was
      maintained completely in the dark. A part of the plate was exposed
      imagewise for 1 second using a tungsten-filament lamp of 60 luxes and then
      heated at 80.degree.C for 5 seconds. There was obtained a visible image
      which had a dark color with a high resolution on a cream colored
      background.
PAC  EXAMPLE 6
PAR  Finely pulverized silver iodide tungstate (3 g) (average particle size 0.5
      .mu. to 5 .mu.) was well dispersed in a binder consisting of 50 cc of
      water and 3 g of gelatin, and 0.1 g of potassium chloride was added,
      followed by good stirring. The resulting dispersion was coated on a dry
      glass plate, and dried. The coated plate was immersed in a 0.1 F aqueous
      solution of dithiourazole hydrazine salt and then dried. During the above
      and subsequent operations, the plate was maintained completely in the
      dark. A part of the plate was exposed imagewise for 1 second using a
      tungsten-filament lamp of 60 luxes, and then heated at 80.degree.C for 5
      seconds. There was obtained a visible image which has a dark color with a
      high resolution on a cream colored background.
PAC  EXAMPLE 7
PAR  Finely divided silver iodide tungstate (3 g) (average particle size about
      0.5 .mu. to 2 .mu.) was thoroughly dispersed in a binder consisting of 50
      cc of water and 3 g of gelatin, and 0.1 g of potassium bromide was added,
      followed by thorough stirring and then adding a very small amount (about
      10.sup.-.sup.6 wt%) of
      3-carboxymethyl-5-[(3-ethoxycarbonylmethyl-2(3H)-thiazolynylidene)
      ethylidene]-rhodanine as a sensitizing dye. The resulting dispersion was
      coated on a dry glass plate, and dried. The coated plate was immersed in a
      0.1F aqueous solution of dithiourazole hydrazine salt, and dried. During
      the above and subsequent operations, the plate was maintained completely
      in the dark. A part of the plate was exposed imagewise for 1 second using
      a tungsten-filament lamp of 60 luxes, and then heated at 80.degree.C for 5
      seconds. There was obtained a visible image which had a dark black color
      with a high resolution on a cream colored background. The density of the
      image area was darker than that of the copy obtained in Example 6.
PAC  EXAMPLE 8
PAR  Finely pulverized silver iodide phosphate (3 g) (average particle size
      about 0.5 .mu. to 2 .mu.) was thoroughly dispersed in a binder consisting
      of 50 cc of water and 3 g of gelatin, and 0.1 g of potassium bromide was
      added. The resulting dispersion was coated on a dry glass plate, and
      dried. The coated plate was immersed in a 0.1 F aqueous solution of
      dithiourazole hydrazine salt, and dried. During the above and subsequent
      operations, the plate was maintained completely in the dark. A part of the
      plate was exposed imagewise for 1 second using a tungsten-filament lamp of
      60 luxes, and heated at 90.degree.C for 5 seconds. There was obtained a
      visible image which had a dark black color with a high resolution on a
      somewhat orange colored background.
PAC  EXAMPLE 9
PAR  Finely pulverized silver iodide tungstate (3 g) (average particle size
      about 0.5 .mu. to 2 .mu.) was dispersed in 100 cc of isopropyl alcohol
      containing 2 g of polyvinyl butyral, and 0.1 g of potassium bromide,
      followed by good stirring. The resulting suspension was coated on a
      polyethylene film, and dried. The coated film was immersed in a 0.1F
      aqueous solution of p-methoxyphenol, and dried. During the above and
      subsequent operations, the film was maintained completely in the dark. A
      part of the film was exposed imagewise for 5 seconds using a
      tungsten-filament lamp of 60 luxes, and then heated at 120.degree.C for 5
      seconds. There was obtained a visible image which had a dark color with a
      high resolution on a cream colored background.
PAC  EXAMPLE 10
PAR  Silver iodide tungstate (3 g) (average particle size 0.5 .mu. to 5 .mu.)
      was mixed with 0.03 g of fine grains of silver (average particle size
      about 0.1 .mu. to 0.5 .mu.), and the mixture was melted at 220.degree.C
      for 5 hours. The mixture was pulverized and dispersed well in a binder
      consisting of 50 cc of water and 3 g of gelatin, and 0.1 g of potassium
      bromide was added. The resulting dispersion was coated on a dry glass
      plate, and dried. The coated plate was immersed in a 0.1F aqueous solution
      of dithiourazole hydrazine salt, and dried. During the above and
      subsequent operations, the plate was maintained completely in the dark. A
      part of the plate was exposed imagewise for 1 second using a
      tungsten-filament lamp of 60 luxes for 1 second, and then heated at
      80.degree.C for 5 seconds. There was obtained a visible image which had a
      dark black color with a high resolution on a cream colored background. The
      density of the image area was darker than that of the copy obtained in
      Example 6.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermodevelopable photographic material comprising a support having
      thereon a layer composed of (a) a high silver ion conducting substance
      having an ion conductivity at 25.degree.C of at least 1 .times.
      10.sup.-.sup.3 (.OMEGA. cm).sup.-.sup.1 or a mixture of said high silver
      ion conducting substance with silver, and (b) a weak reducing agent, said
      high silver ion conducting substance being selected from the group
      consisting of silver iodide phosphate, silver iodide tungstate, a double
      salt of silver iodide and a tetra alkylammonium iodide, and a double salt
      of silver iodide and a polymethonium iodide.
NUM  2.
PAR  2. A thermodevelopable photographic material comprising a support and a
      layer composed of (a) a high silver ion conducting substance having an ion
      conductivity at 25.degree.C of at least 1 .times. 10.sup.-.sup.3 (.OMEGA.
      cm).sup.-.sup.1 or a mixture of said high silver ion conducting substance
      with silver, (b) a weak reducing agent, and (c) a photosensitive silver
      halide or a compound capable of forming a photosensitive silver halide by
      reaction with the component (a), said high silver ion conducting substance
      being selected from the group consisting of silver iodide phosphate,
      silver iodide tungstate, a double salt of silver iodide and a
      tetraalkylammonium iodide, and a double salt of silver iodide and a
      polymethonium iodide.
NUM  3.
PAR  3. The photographic material of claim 1, wherein the amount of said silver
      with said silver ion conductive substance is 0.002 to 0.1 part by weight
      per part by weight of said silver ion conducting substance.
NUM  4.
PAR  4. The photographic material of claim 1, wherein said weak reducing agent
      is selected from the group consisting of substituted phenols, substituted
      or unsubstituted bisphenols, substituted or unsubstituted naphthols, di-
      and poly-hydroxybenzenes, di- and poly-hydroxynaphthalenes, hydroquinone
      monoethers, ascorbic acid and its derivatives, 3-pyrazolidones,
      pyrazoline-5-ones, reducing saccharides, kojic acid, hinokitiol, and
      thiourazole derivatives.
NUM  5.
PAR  5. The photographic material of claim 1, wherein said layer further
      contains a white pigment.
NUM  6.
PAR  6. The photographic material of claim 1, wherein the amount of said weak
      reducing agent (b) is 0.002 to 0.5 part by weight per part of said silver
      ion conducting substance.
NUM  7.
PAR  7. The photographic material of Claim 2, wherein the amount of said
      component (c) is 0.0002 to 0.01 part by weight per part by weight of said
      silver ion conducting substance.
NUM  8.
PAR  8. The photographic material of claim 2, wherein the amount of said silver
      with said silver ion conducting substance is 0.002 to 0.1 part by weight
      per part by weight of said silver conducting substance.
NUM  9.
PAR  9. The photographic material of claim 2, wherein said weak reducing agent
      is selected from the group consisting of substituted phenols, substituted
      or unsubstituted bisphenols, substituted or unsubstituted naphthols, di-
      and poly-hydroxybenzenes, di- and poly-hydroxynaphthalenes, hydroquinone
      monoethers, ascorbic acid and its derivatives, 3-pyrazolidones,
      pyrazoline-5-ones, reducing saccharides, kojic acid, hinokitiol, and
      thiourazole derivatives.
NUM  10.
PAR  10. The photographic material of claim 2, wherein said layer further
      contains a white pigment.
NUM  11.
PAR  11. The photographic material of claim 2, wherein the amount of said weak
      reducing agent (b) is 0.002 to 0.5 part by weight per part of said silver
      ion conducting substance.
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ABST
PAL  Minimal proportions of hydrolyzed polyvinyl esters are effective bonding
      agents in plaster of Paris bandages.
BSUM
PAR  In my U.S. Pat. No. 3,649,319, issued Mar. 14, 1972, I have disclosed
      plaster of Paris bandages bonded with 1-15% of hydrolyzed polyvinyl
      esters. I have now discovered that excellent bonding can be obtained with
      as little as 0.2% of the weight of the plaster.
PAR  There are relatively few bonding agents that can be used since most of them
      show one or more of the following disadvantages: interfere with the set,
      reduce cast strength, slow wetting of the bandage, impart a harsh feel to
      the wet bandage, may have toxic, irritating or allergenic properties, do
      not bond both dry and wet bandage, are required in too large amounts,
      increase moisture-sensitity of the bandage, are too costly or encourage
      bacterial, mold or enzyme action. All these difficulties are substantially
      avoided in my use of hydrolyzed polyvinyl esters.
PAR  Use of minimal proportions of bonding agent is highly desirable not only
      from the standpoints of cost of the material and its preparation for my
      use but also it is usually found that most extraneous materials reduce
      cast strength.
PAR  I have noted in my above-cited patent that use of hydrolyzed polyvinyl
      esters may, under certain conditions, result in the presence in the wet
      bandage of "cords"  that detract from a smooth feel that is desired. I
      have eliminated these curds by vigorous stirring of the plaster slurry
      used to coat the backing but it is convenient if a "softening agent" is
      used in the slurry, comprising up to 1% of the weight of plaster of cooked
      starch in aqueous solution, dextrin in aqueous solution, cooked ethylated
      starch in aqueous solution (with up to 0.06% substitution of ethyl groups
      by reaction with ethylene oxide), polyvinyl pyrrolidone, dextran, methyl
      cellulose, hydroxyethyl ethyl cellulose or hydroxypropyl methyl cellulose.
      I have also now discovered that the curds can be eliminated by using a
      mixture of hydrolyzed polyvinyl esters of different degree of hydrolysis
      and/or different degree of polymerization. As a matter of fact these
      softening agents or mixtures offer a means of controlling both wet and dry
      plaster-loss as well as the texture, consistency and smoothing-out the
      plaster in the wet bandage.
PAR  The hydrolyzed polyvinyl esters I find useful, vary in degree of hydrolysis
      and polymerization from about 80 to 100% (99.8%) and 5 to 80 centipoises
      viscosity as measured in 4 weight % aqueous solution at 20.degree.C.
      measured by the Hoeppler falling-ball method, respectively. The higher the
      hydrolysis and the higher the polymerization (viscosity) the better the
      bonding as the bandage is wet in water and the excess water squeezed out,
      preparatory to making a cast. The softening agents and the nature of the
      ester are also used to control dusting of the dry bandage. The curds are
      more prevalent when using an ester of high hydrolysis and high viscosity,
      but even then they can be avoided by adequate stirring of the slurry or,
      more conveniently, by use of the softening agents and ester mixtures
      cited. I can reduce plaster-loss from the wet bandage to less than 1% of
      the weight of the dry bandage, as determined by the method of Federal
      Specification GG-B-101d and in any case I have no difficulty in meeting
      the specified upper limit of 10 %.
DETD
PAR  The following Examples illustrate specific embodiments of my invention
      variations of which within the scope of the appended claims, will be
      evident to those skilled in the art. (All test results are obtained by the
      said Federal Specification methods.)
PAC  EXAMPLE 1
PAR  54 grams of hydrolyzed polyvinyl acetate (pva) with degree of hydrolysis of
      99-100% and viscosity of 60-70 cps. and 18 grams pva of 99-100% hydrolysis
      and viscosity 5.1-6.2 cps. were dissolved in 2000 grams water by heating
      in a steam bath at 180.degree.-210.degree.F. for one-half hr. The cooled
      solution was stirred into 2.6 gallons of 29.4 wt.% NH.sub.3 (commercial
      aqua ammonia, ca. 30% NH.sub.3). Then there was stirred in 10 grams casein
      (commercial "Argentina acid" casein) and 373 grams powdered K.sub.2
      SO.sub.4. Finally 18,140 grams of steam-calcined plaster of Paris
      (hereinafter designated pop, of 99% through 200 mesh U.S. standard screen)
      was thoroughly stirred in for 20 minutes. The slurry was then coated on 32
      .times. 28 mesh/inch surgical gauze and dried at about 235.degree.F. for
      about 2 minutes to yield a dry product weighing 220-238 grams per  5 sq.
      ft. (a 4 inch .times. 5 yd. bandage). The product set in 4 min. and had a
      cast strength of 528 lbs. at one-half hour for a 222 gram dry bandage. The
      wet plaster-loss was 1.35% and the wet bandage had a soft, smooth feel.
PAC  EXAMPLE 2
PAR  90 grams of pva of 99-100% hydrolysis and 60-70 cps. viscosity was
      dissolved as in Example 1. This was thoroughly stirred into 2.6 gal. aqua
      ammonia and 10 grams casein and 373 grams powdered K.sub.2 SO.sub.4 added.
      Then 18,140 g. pop was thoroughly stirred in as before and coated and
      dried as before. The final bandage had a set of 4:30 min., a cast strength
      of 542 lbs. at one-half hr. using a 239 g. bandage and a wet plaster-loss
      of less than 1%. However the wet bandage was not as creamy in feel as that
      of Example 1 and was less readily smoothed out in the cast.
PAC  EXAMPLE 3
PAR  This experiment was made as in Experiment 1, except that, for the 18 grams
      of the second pva, was substituted 18 g. of 99-100 % hydrolyzed pva of
      viscosity 25-35 cps. The product set in 4:12 min., had a one-half hr. cast
      strength of 552 lbs. for a 235 g. dry bandage and a wet plaster-loss of
      2.4%. The wet bandage was smooth.
PAC  EXAMPLE 4
PAR  This experiment was made as in Ex. 1 but used 45 g. of pva of 99-199%
      hydrolysis and 60-70 cps. viscosity with 27 g. pva of 99-100% hydrolysis
      and 25-35 cps. viscosity. The set was 4 min., the one-half hr. cast
      strength was 531 lbs. with a dry bandage weight of 231 g. and the wet
      plaster-loss was 3.8%. The wet bandage was smooth.
PAC  EXAMPLE 5
PAR  This experiment was run as in Ex. 1 but with no casein and with 54 g. pva
      of 99-100% hydrolysis and 60-70 cps. viscosity and 18 g. pva of 99-100%
      hydrolysis and 5-6 cps viscosity. The set was 3:30 min., the one-half hr.
      cast strength 594 lbs. with a 236 g. dry bandage and the wet plaster-loss
      was 0.7%. The wet bandage was smooth.
PAC  EXAMPLE 6
PAR  This experiment was run as in Ex. 1 but used 54 g. pva of 99-100%
      hydrolysis and 60-70 cps. viscosity plus 18 g. corn starch dextrin that
      had been dissolved in hot water. The set was 4:56 min., the one-half hr.
      cast strength 508 lbs. with a 220 g. dry bandage and the wet plaster-loss
      was 4.9%. The thoroughly dry cast showed exceptionally high cast strength
      and the wet bandage was smooth and creamy.
PAC  EXAMPLE 7
PAR  This experiment was again run as in Ex. 1 but with 54 g. pva of 99-100%
      hydrolysis and 60-70 cps. viscosity, 9 g. pva of 99-100% hydrolysis and
      25-35 cps. viscosity and 9 g. of pva of 98-99% hydrolysis and 25-31 cps.
      viscosity. No casein was used. The set was 3:15 min., the one-half hr.
      cast strength 560 lbs. with a dry bandage weighing 231 g. and the wet
      plaster-loss was 0.5%.
PAR  A much larger-scale run was made using pva of 99-100% hydrolysis and 60-70
      cps. viscosity in amount equal to 0.3% of the weight of plaster plus pva
      of 98-99% hydrolysis and 6-8 cps. viscosity in amount of 0.1% of the
      weight of plaster, and casein in amount of 0.049% of the weight of
      plaster. The product had a set of 3:15 min., a one-half hr. cast strength
      up to 624 lbs. with a dry bandage weighing 238 g. and a wet plaster-loss
      of 2.3%. This run provided more efficient stirring of the slurry and a
      long enough run to permit adjustment of the variables to somewhere near to
      the optimum. The wet bandage was extremely smooth and gave a high-strength
      cast even 6 minutes after the bandage was wet to make the cast.
PAR  It is thus evident with properly controlled operation and highly efficient
      mixing of the slurry, bonding of the wet bandage can meet government
      specifications with as little as a total of pva equal to 0.1 to 0.2% of
      the weight of plaster of Paris.
PAR  In using mixtures of the esters, it is usual to combine an ester of high
      hydrolysis and viscosity with one or more having lower hydrolysis and/or
      viscosity. For example, the % dissolved in water at 20.degree.C. in
      stirring 4 parts ester in 96 parts water for 30 min. is 6% for 98-99%
      hydrolyzed ester of 50-62 cps.; 31% for 98-99% hydrolysed ester of 5.2-6
      cps. and 83% for 87-89% hydrolyzed ester of 39-47 cps. The ester with high
      hydrolysis and high viscosity is the wet bonding agent of most
      effectiveness while the more soluble material plasticizes it and controls
      dusting of the dry bandage.
PAR  The dextrin used is dissolved by heating in water at about 180.degree.F.
      for a few minutes. The starch or ethylated starch is cooked in boiling
      water for 1-2 hrs. at a concentration of not over about 12 weight %. The
      dextran used is water-soluble, is made by action of bacteria on sucrose
      and has a molecular-weight of from 75,000-40,000,000. The other softening
      agents are readily soluble in cold water. I use the softening agent in
      amount from 0-100% of the weight of the pva of the higher hydrolysis and
      higher viscosity. The plaster set-accelerator, K.sub.2 SO.sub.4, is used
      in amount from 0.5-2.5% of the weight of plaster. My disclosure will be
      described in terms of the acetate ester but the useful propionate and
      butyrate are characterized by about the same % hydrolysis and viscosity.
      When using casein or boric acid as set-inhibitors in the aqueous slurry
      they are dissolved in aqueous ammonia from about 1-30% NH.sub.3 by weight
      and in amount from about 0.025 to 1% of the weight of plaster, the casein
      being about twice as effective as the boric acid for the same
      concentration. With casein or boric acid in very low concentration, the
      aqueous ammonia is used at the higher concentration of from about 8-30%
      NH.sub.3 based on weight of water plus NH.sub.3 since it has a synergistic
      effect in delaying the set of the aqueous slurry. In this connection I
      have found that there is also this synergistic action between the
      polyvinyl esters and NH.sub.3. For example in an aqueous slurry containing
      24 wt.% NH.sub.3 and 0.67 wt.% pva, the set of plaster is delayed for over
      60 hrs. while, without the NH.sub.3, the set is a few minutes and without
      the pva, the set is about 1 hr. Since without casein or boric acid, there
      is no residual ammonium salt of these inhibitors left in the dried
      bandage, one obtains a very fast-setting product. This synergism is
      present with pva concentrations of more than about 0.4% of the weight of
      the slurry liquid and from 8-30 wt.% NH.sub.3 in the liquid.
PAR  It is not necessary that the set accelerator be dissolved in the slurry
      liquid, although it usually will be, but both it and the pop should be
      fine enough to pass a 100 mesh/inch U.S. standard mesh screen in order not
      to impart a gritty feel to the wet bandage.
CLMS
STM  Having thus described my invention, what I claim is:
NUM  1.
PAR  1. A dry, bonded plaster of Paris bandage comprising a flexible, inert,
      porous, water absorbent backing material coated to the extent of from 40
      to 50 grams per square foot with an essentially uniform mixture comprising
      a major proportion of settable, powdered plaster of Paris:
PA1  1. from 0.5 to 2.5 per cent of the weight of plaster of finely divided
      potassium sulfate; and
PA1  2. a mixture of a least two hydrolyzed polyvinyl esters selected from the
      group consisting of acetate, propionate and butyrate in a total amount of
      from 0.1 to 1 per cent of the weight of plaster and having a degree of
      hydrolysis of from 80 to 100 per cent and a viscosity of between 5 to 80
      centipoise in a 4 per cent aqueous solution at 20.degree.C as determined
      by the Hoeppler falling-ball method, where at least one of the esters is
      present in an amount of up to 100 per cent of the weight of the first and
      having a degree of hydrolysis and a viscosity respectively in the same
      range but substantially different in at least one of the properties of
      degree of hydrolysis and viscosity.
NUM  2.
PAR  2. The bandage of claim 1 wherein the second ester has a degree of
      hydrolysis of 98 to 99 per cent.
NUM  3.
PAR  3. The bandage of claim 1 wherein said esters are acetates, where the first
      ester is present in the amount of 0.1 per cent with a viscosity of from 60
      to 70 centipoise and a degree of hydrolysis of from 99 to 100 per cent and
      the second ester is present in the amount of 0.1 per cent and a degree of
      hydrolysis of from 99 to 100 percent and a viscosity of from 25 to 35
      centipoise.
NUM  4.
PAR  4. The bandage of claim 1 wherein said esters are two acetates, where the
      first ester is present in the amount of 0.1 per cent with a viscosity of
      from 60 to 70 centipoise and a degree of hydrolysis of from 99 to 100 per
      cent and the second ester is present in the amount of 0.1 per cent with a
      degree of hydrolysis of from 99 to 100 per cent and a viscosity of 5 to 7
      centipoise.
NUM  5.
PAR  5. The bandage of claim 1 which in addition contains a material in the
      amount of from 0 to 1 per cent of the weight of the plaster which is
      selected from the group consisting of casein and boric acid.
NUM  6.
PAR  6. The bandage of claim 1 wherein the esters are two polyvinyl acetate
      esters, the first ester being present in the amount of from 0.1 to 0.3 per
      cent of the weight of the plaster and having a degree of hydrolysis of
      from 99 to 100 per cent with a viscosity of 60 to 70 Centipoise, the
      second ester being present in the amount of 0.1 to 0.3 per cent of the
      weight of the plaster and having a degree of hydrolysis of from 99 to 100
      per cent with a viscosity of 5 to 7 centipose.
NUM  7.
PAR  7. The bandage of claim 1 which in addition contains:
PA1  1. a softening agent in the amount of from 0 to 1 per cent of the amount of
      the plaster and selected from the group consisting of dextrin, dextran,
      cooked starch, cooked ethylated starch with up to 0.06 per cent
      substitution of ethyl groups, polyvinyl pyrrolidone, methyl cellulose,
      hydroxyethyl ethyl cellulose and hydroxypropyl methyl cellulose; and
PA1  2. a material in the amount of 0 to 1 per cent of the weight of the
      plaster, and selected from the group consisting of casein and boric acid.
NUM  8.
PAR  8. The bandage of claim 7 wherein the esters are two polyvinyl acetate
      esters, the first ester being present in the amount of from 0.1 to 0.3 per
      cent of the weight of the plaster and having a degree of hydrolysis of
      from 99 to 100 per cent with a viscosity of 60 to 70 centipoise, the
      second ester being present in the amount of from 0.1 to 0.3 per cent of
      the weight of the plaster and having a degree of hydrolysis of from 99 to
      100 per cent with a viscosity of 5 to 7 centipoise.
NUM  9.
PAR  9. The bandage of claim 7 wherein the esters are two polyvinyl acetate
      esters, the first ester being present in the amount of from 0.1 to 0.3 per
      cent of the weight of the plaster and having a degree of hydrolysis of
      from 99 to 100 per cent and a viscosity of 60 to 70 centipoise, the second
      ester being present in the amount of 0.1 to 0.3 per cent of the weight of
      the plaster and having a degree of hydrolysis of from 98 to 99 per cent
      and a viscosity of 5 to 7 centipoise.
NUM  10.
PAR  10. The bandage of claim 7 wherein the esters are two polyvinyl acetate
      esters, the first ester being present in the amount of from 0.1 to 0.3 per
      cent of the weight of the plaster and having a degree of hydrolysis of
      from 99 to 100 per cent and a viscosity of 60 to 70 centipoise, the second
      ester being present in the amount of from 0.1 to 0.3 per cent of the
      weight of the plaster and having a degree of hydrolysis of from 99 to 100
      per cent with a viscosity of from 25 to 35 centipoise.
NUM  11.
PAR  11. A dry, bonded plaster of Paris bandage comprising a flexible, inert,
      porous, water absorbent backing material coated to the extent of from 40
      to 50 grams per square foot with an essentially uniform mixture comprising
      a major proportion of wettable, powdered plaster of Paris:
PA1  1. from 0.5 to 2.5 per cent of the weight of the plaster of finely divided
      potassium sulfate; and
PA1  2. from 0.3 to 0.5 per cent of a 99 to 100 per cent hydrolyzed polyvinyl
      acetate with a viscosity of 60 to 70 centipoise.
NUM  12.
PAR  12. The bandage of claim 11 which in addition contains:
PA1  1. a softening agent in the amount of from 0 to 1 per cent of the amount of
      plaster and selected from the group consisting of dextrin, dextran, cooked
      starch, cooked ethylated starch with up to 0.06 per cent substitution of
      ethyl groups, polyvinyl pyrrolidone, methyl cellulose, hydroxy ethyl ethyl
      cellulose and hydropropyl methyl cellulose, and
PA1  2. a material in the amount of from 0 to 1 per cent of the weight of the
      plaster and selected from the group consisting of casein and boric acid.
NUM  13.
PAR  13. A settable plaster of Paris mix comprising a major proportion of
      powdered plaster of Paris and water; from 0.5 to 2.5 per cent of the
      weight of the plaster of powdered potassium sulfate; from about 8 to 30
      per cent ammonia based on the weight of the water and ammonia; and at
      least 0.4 per cent of the weight of the amonia and water of hydrolyzed
      polyvinyl acetate having a degree of hydrolysis of from 80 to 100 percent
      and a viscosity of 5 to 80 centipoise at 20.degree.C in a 4 weight per
      cent aqueous solution as determined by the Hoeppler falling-ball method,
      said ammonia and polyvinyl acetate being dissolved.
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ABST
PAL  Electrodepositable compositions containing small amounts of cellulose
      acetate butyrate provide coatings having excellent adhesion to the
      substrate and to conventional topcoat compositions, wherein said cellulose
      acetate butyrate has a relatively high butyryl content. The
      electrodepositable compositions are comprised of water dispersible acid or
      base solubilized synthetic vehicle resins.
PARN
PAR  This is a division of application Ser. No. 123,429, filed Mar. 11, 1971,
      now abandoned.
BSUM
PAC  STATE OF THE PRIOR ART
PAR  In recent years electrodeposition has been utilized widely, as a coating
      method in the automotive, appliance and other similar industries. The
      electro-deposition process is well known and well described in the art.
      Generally, an aqueous bath containing the coating composition is placed in
      contact with an electrically-conductive anode and an
      electrically-conductive cathode, and upon the passage of electric current
      (normally direct current) between the anode and the cathode while in
      contact with the bath containing the coating composition, an adherent film
      of the coating composition is deposited, usually on the anode. The process
      parameters used vary widely. The voltage applied may vary from as low as,
      for example, 1 volt or as high as, for example, 500 volts or higher.
      However, typically the voltage used ranges from about 50 to about 500
      volts. Generally, current demands are higher during the initial stages of
      deposition, but tend to decrease as the deposited film insulates the
      conductive anode. The anode employed may be any electrically-conductive
      surface, such as iron, steel, aluminum, tin, zinc, copper, chromium,
      magnesium, galvanized steel, phosphatized steel, as well as other metals
      and pretreated metals.
PAR  A wide variety of electrodepositable resins are known in the art. For
      example, a number of water-soluble, water-dispersible, or
      water-emulsifiable polycarboxylic acid resins can be electrodeposited.
      Some of these resins include: reaction products or adducts of a drying oil
      or semi-drying oil fatty acid ester with a dicarboxylic acid or anhydride;
      interpolymers of a hydroxyalkyl ester of an unsaturated carboxylic acid,
      and at least one other ethylenically unsaturated monomer; alkyd-amine
      vehicles, that is, vehicles containing an alkyd resin and an
      amine-aldehyde resin and mixed esters of resinous polyols. The
      electrodepositability of certain other materials, including certain waxes,
      natural and synthetic resins have been known in the art for some time.
PAR  Electrodepositable compositions have in many instances been used as a
      one-coat system, however, for many industrial applications, a topcoat is
      required to provide for added protection against corrosion. In the past,
      great difficulty has been experienced, in many cases, in obtaining good
      intercoat adhesion between the said primer and topcoat compositions. To
      resolve this problem, an intermediate sealer coat composition was usually
      applied. For example, one such sealer coat composition is comprised of
      nitrocellulose, a maleic-modified rosin resin, a chemical plasticizer,
      blown castor oil and zinc stearate. The proper selection of the component
      ratios is important to impart the desired film strength and sandability.
PAR  In other instances, the electrodeposited primer has been sanded before the
      topcoat was applied. Such sanding process provides for minute indentations
      which increase the surface area, thus providing for more contact with the
      topcoat.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Now it has been discovered that by electro-deposition of compositions
      containing small amounts of cellulose acetate butyrate provides coatings
      having excellent intercoat adhesion when most conventional topcoat
      compositions are subsequently applied. Although it is well known in the
      art that cellulose acetate butyrate can be incorporated into
      conventionally applied primers to give improved intercoat adhesion when
      topcoated with alkyl methacrylate polymers, it was not expected that such
      low contents of cellulose acetate butyrate would show such a significant
      improvement in electrodeposited compositions. Good adhesion is obtained
      with as little as from about 1/2 percent to about 5 percent cellulose
      acetate butyrate based on total resin solids; and the preferred range is
      from about 1/2 percent to about 2 percent based on total resin solids.
PAR  The butyryl content of the cellulose acetate butyrate plays a significant
      role in this invention for it is believed that the higher the butyryl
      content the more compatible the cellulose acetate butyrate is with the
      electrodepositable vehicles. Various cellulose acetate butyrates which may
      be used in the practice of this invention, include those having at least
      25 percent of the ester units substituted with the butyryl residue. It is
      preferred, however, that at least 35 percent of the units be butyryl
      units. However, in some compositions, cellulose acetate butyrate may be
      utilized having less than 25 percent of the ester units substituted with
      the butyryl residue, although it has been found that the cellulose acetate
      butyrates having low butyryl content are incompatible with certain
      electrodepositable vehicles and thus tend to precipitate out of solution.
PAR  Since cellulose acetate butyrate is insoluble in water, it may be
      pre-dissolved in a suitable solvent and blended with the electrodeposition
      vehicle before the said vehicle is solubilized. Suitable dissolving
      solvents include ketones such as acetone, methyl ethyl ketone, methyl
      isobutyl ketone, diacetone alcohol, cyclohexane and the like; esters such
      as methyl acetate, ethyl acetate, isopropyl acetate, methyl cellosolve
      acetate, cellosolve and the like; chlorinated hydrocarbons such as
      methylene chloride, ethylene chloride, propylene chloride, chloroform,
      tetrachloroethane, carbon tetrachloride and the like; ketone-alcohol
      mixtures such as acetone-methanol 4:1, acetone-methanol 1:1,
      acetone-methanol 1:4 and the like; and chlorinated hydrocarbon-alcohol
      mixtures such as methylene chloride-methanol 4:1, 1:1 and 1:4, ethylene
      chloride-methanol 4:1, 1:1 and 1:4, and the like.
PAR  It is also possible to add the cellulose acetate butyrate to emulsified
      resinous compositions by selecting the proper emulsified cellulose acetate
      butyrate. Other methods of addition, such as the grinding of the cellulose
      acetate butyrate with pigment (when employed); post-adding the cellulose
      acetate butyrate to an electrodepositable composition which has been
      reduced to coating solids content; and by incorporating the cellulose
      acetate butyrate directly into the resin vehicle also may be employed;
      however, these techniques may not always be desirable, for in many cases
      cellulose acetate butyrate, which has either precipitated out of solution
      or has not been completely incorporated, has been detected upon
      filtration. If the cellulose acetate butyrate precipitates out of solution
      or is not properly incorporated, the desired adhesion is not obtained.
PAR  Generally, it is believed that since the cellulose acetate butyrate is not
      ionically solubilized, bur rather migrates to the desired electrode, long
      with the other vehicle components, when subjected to an electromotive
      force.
PAR  Such use of cellulose acetate butyrate in electrodepositable compositions
      has many other unexpected advantages. For example, cellulose acetate
      butyrate does not accumulate in the electrodeposition bath but coats out
      in substantially the same proportion that is in the bath, and on aging the
      cellulose acetate butyrate does not have any adverse effects on the
      coating parameters of the composition.
PAR  Virtually any number of electrodeposition resins known can be utilized to
      formulate electro-depositable compositions containing cellulose acetate
      butyrate; essentially any water-soluble, water-dispersible, or
      water-emulsifiable composition comprising vehicle resin in an aqueous
      medium can be so employed. The present invention is applicable to any such
      process.
PAR  Presently, the most widely used electro-deposition vehicle resins are
      synthetic polycarboxylic resinous materials. Numerous such resins are
      described in U.S. Pat. Nos. 3,230,162; 3,441,489; 3,422,044; 3,403,088;
      3,369,983; 3,366,563. They include alkyd resins; modified or unmodified
      adducts of drying oil or semi-drying oil fatty ester with a dicarboxylic
      acid or anhydride, such as maleic anhydride adducts of linseed oil,
      soybean oil, or the like, modified in some cases with monomers such as
      styrene or polyol; acrylic polymers, such as acid-containing interpolymers
      of acrylic monomers, in many cases including a hydroxyalkyl ester; mixed
      partial esters of fatty acids with resinous polyols, such as polyols
      derived from epoxy resins or styrene-allyl alcohol copolymers; and others,
      including certain phenolic resins, hydrocarbon resins, etc. Aminoplast
      resins, usually made from condensation of melamine, urea, benzoguanamine
      or the like with formaldehyde and etherified with an alcohol such as
      methanol, butanol, hexanol or a mixture of alcohols, can also be employed,
      especially in combination with hydroxy-containing alkyd or acrylic resins.
PAR  Other base-solubilized polyacids which may be employed as electrodeposition
      vehicles include those taught in U.S. Pat. No. 3,392,165 wherein the acid
      groups rather than being solely polycarboxylic acid groups contain mineral
      acid groups such as phosphonic, sulfonic, sulfate and phosphate groups.
PAR  In order to produce an electrodepositable composition from such
      polycarboxylic acid resins, it is necessary to at least partially
      neutralize the acid groups present with a base in order to disperse the
      resin in the aqueous electrodeposition bath. Inorganic bases such as metal
      hydroxides, especially potassium hydroxide, can be used, as can ammonia or
      organic bases such as amines. Water-soluble amines are often preferred.
      Commonly used amines include ethylamine, diethlamine, triethylamine,
      diethanolamine and the like.
PAR  In addition to the vehicle resin, there may be present in the
      electrodepositable composition any of the conventional types of pigments
      employed in the art. There is often incorporated into the pigment
      composition a dispersing or surface-active agent. Usually the pigment and
      surface-active agent, if any, are ground together in a portion of the
      vehicle, or alone in an aqueous medium, to make a paste and this is
      blended with the vehicle to produce a coating composition.
PAR  In many instances, it is preferred to add to the electrodeposition bath
      certain additives to aid dispersibility, viscosity, and/or film quality,
      such as, a non-ionic modifier or solvent. There may also be included
      additives such as antioxidants, wetting agents, anti-foaming agents,
      fungicides, bactericides, and the like.
PAR  In formulating the coating composition, ordinary tap water may be employed,
      but where such water contains a relatively high level of metal cations,
      anions and other cations, deionized water, i.e., water from which free
      ions have been removed by the passage through ion exchange resins, is
      preferably employed.
PAR  The incorporation of cellulose acetate butyrate in the instant invention is
      also applicable to cationic type vehicle resins, that is, vehicle resins
      which deposit on the cathode. These include polybases solubilized by means
      of an acid, for example, an amine-terminated polyamide or an acrylic
      polymer solubilized with acetic acid. Other cationic polymers include
      reaction products of polyepoxides with amino-substituted boron esters and
      reaction products of polyepoxides with hydroxyl or carboxyl-containing
      amines; many such products are described in copending applications Ser.
      Nos. 772,366, now abandoned, and 772,353, now U.S. Pat. No. 3,619,398,
      both filed Oct. 31, 1968, and Ser. Nos. 840,847, now abandoned, and
      840,848, now abandoned, both filed July 10, 1969,
PAR  In most instances, there is no problem with compatibility of the cellulose
      acetate butyrate and the electrodepositable resins. In some cases, good
      adhesion is obtained even where there is a slight incompatibility between
      the electrodepositable resin and the cellulose acetate butyrate. Also, it
      is possible to add emulsified cellulose acetate butyrate to various
      electrodepositable compositions by the proper selection of emulsifying
      agents. The following table set forth some of the various commercially
      available cellulose acetate butyrate that may be employed with the
      compositions of the instant invention.
TBL                          Average                                           

                             Acyl Content                                      

                                        Color                                  

                                             Haze                              

                Viscosity Range                                                

                             Acetyl                                            

                                  Butyryl                                      

                                        Maximum                                

                                             Maximum                           

     Type No..sup.1                                                            

                Seconds                                                        

                      Poises (Percent)                                         

                                  (Percent)                                    

                                        (p.p.m.)                               

                                             (p.p.m.)                          

     __________________________________________________________________________

     EAB-272-3  2.4-3.6                                                        

                       9.0-13.5                                                

                             20.5 26    175  35                                

     EAB-272-20 15-35  56-131                                                  

                             20.5 26    175  35                                

     Half-second                                                               

                0.3-0.5                                                        

                      1.28-2.08                                                

                             13.0 37    125  35                                

     EAB-281-2   1-35  3.8-13.1                                                

                             13.0 37    125  35                                

     EAB-381-20 17-33  64-124                                                  

                             13.0 37    125  35                                

     EAB-500-1  0.8-1.2                                                        

                      3.0-4.5                                                  

                             6.0  48    125  35                                

     EAB-500-5  4.0-6.0                                                        

                      15.0-22.5                                                

                             6.0  48    125  35                                

     EAB-551-0.2                                                               

                0.27         1.6  53     60  10                                

     EAB-531-1  1-2          7.8  50    100  20                                

     Half-second butyrate                                                      

                0.3-0.5                                                        

                      1.12-1.88                                                

                             13   37    150  35                                

     EAB-500-5  4-6   15.0-22.5                                                

                             6    48    125  35                                

     __________________________________________________________________________

      .sup.1 EAB - Trademark of cellulose acetate butyrate sold by Eastman Koda

      Company. Viscosity - ASTM Method D-1343-56 (Formula A); Color -          

      Platinum-Cobalt Standard; Haze - Arthur H. Thomas Fuller's Earth Standard

      Acetyl and Butyryl Content - ASTM Method D-817-57                        

PAR  Generally, after the primer is electro-deposited, the said primer is baked
      before the topcoat composition is applied, however, in some cases a flash
      bake or air-drying may be sufficient in order to obtain the desired
      hardness. A wide variety of resins may be employed in formulating topcoat
      compositions, and generally there is a noticeable improvement in the
      intercoat adhesion.
PAR  A particular topcoat system, whether solvent or water-based, air-drying or
      baking, pigmented or unpigmented, when applied over an electrodeposited
      primer containing cellulose acetate butyrate, there generally is a
      substantial improvement in the intercoat adhesion of such systems when
      compared to similar top-coated electrodeposited primer without the
      incorporation of cellulose acetate butyrate.
PAR  The topcoat compositions of the instant invention may be comprised, for
      example, of an alkyl methacrylate polymer, such as the well know lacquers
      based on polymethyl methacrylate, or copolymers of methyl methacrylate
      with other monomers.
PAR  While homopolymers of an alkyl methacrylate, particularly methyl
      methacrylate or ethyl methacrylate, may be utilized, a particularly useful
      and preferred group of methyl methacrylate copolymers which may be
      employed in the preparation of topcoat lacquers are copolymers of methyl
      methacrylate with another alkyl ester of an unsaturated carboxylic acid,
      such as acrylic acid, methacrylic acid, itaconic acid, and the like. A
      description of many such compositions is set forth in U.S. Pat. No.
      3,114,777.
PAR  The modifying monomer, that is, the alkyl ester of an unsaturated
      carboxylic acid, is preferably utilized in an amount of about 10 percent
      to about 30 percent by weight, although as high as 50 percent by weight of
      the alkyl ester may also be utilized to give copolymers which impart the
      desired characteristics to coating compositions.
PAR  The aldehyde-modified unsaturated carboxylic acid amide interpolymer
      compositions disclosed and claimed in U.S. Pat. No. 3,037,963 also may be
      employed in formulating topcoat compositions which are advantageously
      utilized over the electrodeposited primers described herein.
PAR  In the preparation of the aldehyde-modified amide interpolymer resin, a
      polymerizable unsaturated carboxylic acid amide is polymerized with one or
      more ethylenically unsaturated monomers, and the resulting interpolymer
      reacted with an aldehyde.
PAR  In some instances, minor amounts of other resins may be blended
      advantageously with such aldehyde-modified interpolymers. Examples of
      these other resins include alkyd resins (U.S. Pat. No. 2,940,945), epoxy
      resins (U.S. Pat. No. 2,870,117), vinyl halide resins (U.S. Pat. No.
      2,870,116) and nitrocellulose (U.S. Pat. No. 2,940,943).
PAR  It has also been found that when the aldehyde-modified unsaturated
      carboxylic acid amide interpolymers are blended with an adduct of a
      hydroxyl-containing polymer and a carboxylic acid anhydride, low
      temperature curing compositions are produced.
PAR  In addition to the above-mentioned adducts, melamine-formaldehyde or
      urea-formaldehyde condensation products may also be used to lower the
      curing temperature, particularly where some carboxyl groups are present in
      the said aldehyde-modified interpolymers.
PAR  The adhesion of various epoxy topcoat resins to various cellulose acetate
      butyrate-containing, electrodeposited primers may also be promoted.
PAR  The epxoide resin which is used in the top-coat composition of this
      invention may vary considerably in chemical structure. These materials
      which are ordinarily polyglycidyl ethers of bisphenols, or polyether
      derivatives of polyglycidyl phenols containing epoxide groups, are formed
      by the reaction of bisphenols with epichlorohydrin, and range from viscous
      liquids to hard, brittle resins.
PAR  In addition to the epoxy resins which are prepared with a polyhydride
      phenol and a chloroepoxy compound, the epoxidized ring compounds such as
      disclosed in U.S. Pat. No. 2,716,123 may also be used.
PAR  The various polyester resins and alkyd resins may show improved intercoat
      adhesion when applied over cellulose acetate butyrate containing
      electrodeposited primers. These include the various reaction products of
      the dicarboxylic acids and anhydrides and the various polyols with and
      without long chain fatty acid esters.
PAR  All of the alkyd resins such as short oil-modified resins, medium
      oil-modified and long oil-modified resins generally show substantial
      improved adhesion when applied over cellulose acetate butyrate-containing
      electrodeposited primers.
PAR  The various styrene-modified alpha, beta-ethylenically unsaturated
      dicarboxylic acid alkyds, particularly the maleic acid type, may be used
      in formulating topcoat compositions to provide for improved intercoat
      adhesion when applied over cellulose acetate butyrate-containing
      electrodeposited primers.
PAR  In many instances, adhesion between acrylic lacquer topcoats and various
      amino-formaldehyde resins such as urea-formaldehyde and
      melamine-formaldehyde resins may be promoted by the presence of minor
      amounts of cellulose acetate butyrate in the electrodeposited primer. The
      fast-curing melamine-formaldehyde resins which are employed in acrylic
      enamel topcoats for the automotive industry are particularly adaptable
      when utilized in conjunction with electrodepositable primer containing
      cellulose acetate butyrate.
PAR  The various thermosetting compositions are prepared from blends of
      acid-containing vinyl resins or halide-containing vinyl resins with
      melamine-formaldehyde or urea-formaldehyde resins may be employed to
      provide for improved intercoat adhesion when topcoat formulations are
      applied over the primers of this invention.
PAR  Thus, most blends of the above-described epoxy, polyester, alkyd and
      amino-formaldehyde resins with the aforementioned unsaturated carboxylic
      acid amide interpolymers may be effectively formulated into topcoat
      compositions that show improved intercoat adhesion when applied over
      cellulose acetate butyrate containing electrodeposited primers. Moreover,
      topcoat compositions comprised of blends of the thermo-plastic acrylic
      polymers with the above-described interpolymers may also be employed.
PAR  The topcoat compositions may be applied by any of the processes commonly
      utilized in the art, for example air spraying, electrostatic spraying,
      dipping, flowing, curtain coating, reverse roll coating, and the like.
PAR  The topcoat compositions may be applied over a fully cured primer, however,
      in some instances it may be desirable to apply over a partially cured
      primer in order to prevent over baking the primer. It is also possible to
      apply the topcoat compositions over an uncured primer after substantially
      all of the water has evaporated from the primer.
PAR  The following examples are illustrative of compositions that may be
      employed in the instant invention. These examples are given by way of
      illustration and not by way of limitation. All parts and percentages are
      by weight unless otherwise specified.
PAR  The following compositions were utilized in formulation of an
      electrodepositable primer:
PAC  EXAMPLE I
PAR  Example I was formulated from 113.5 parts of a resin comprising 52.9 parts
      of tall oil fatty acid, 39.8 parts of a styrene-allyl alcohol copolymer
      (Shell's X-450), 1.3 parts of adipic acid, and 6.0 parts of maleic
      anhydride. The copolymer employed had a molecular weight of 1100 and a
      hydroxyl functionality of 5. The resin was cut in pentoxone and had a
      viscosity of 3500-4500 centipoises and an acid number between 31 - 40.
PAR  A second component employed was 9.0 parts of a phenolic resin (General
      Electric's Methylon 75108) which is an allyl ether of trimethylolphenol.
PAR  The cellulose acetate butyrate employed was introduced by utilizing 10.0
      parts of a composition comprising 2.5 parts cellulose acetate butyrate EAB
      (551-0.2), 2.5 parts n-butanol, and 10.0 parts
      4-methoxy-4-methyl-pentanone-2 (pentoxone).
PAR  The above components were solubilized with 4.0 parts triethylamine and
      826.0 parts deionized water.
PAR  To this composition 37.5 parts of a pigment paste were added. The pigment
      paste was comprised of 15.13 parts of a grinding vehicle comprised of
      97.56 parts maleinized oil, 1.46 diethylamine, and 0.98 parts cresylic
      acid; 74.77 parts (pigmentary) coal dust; 14.58 parts lead silicate; 5.77
      parts manganese dioxide; 3.14 parts strontium chromate; and 1.74 parts
      montmorillonite clay, modified with trimethyl octyl ammonium ions and
      containing 0.65 percent nitrogen (Bentone 11).
PAR  Example I was deposited on a variety of zinc and iron phosphatized steel
      panels. The voltage employed was sufficient to obtain 0.7 to 1.0 mils dry
      film build. The bath temperature was maintained at 80.degree.
      .+-.2.degree.F. Generally, the deposited film may be completely cured by
      baking for 45 minutes at 325.degree.F., however, when the primer is
      topcoated with a baking enamel, the baking schedule on the primer may be
      reduced somewhat. For example, if the topcoat should require a bake of 20
      minutes at 310.degree.F., a bake of 25 minutes at 300.degree.F. would be
      sufficient in many instances.
PAR  The following composition was employed in formulating a topcoat which was
      applied to the abovedescribed primer, the said primer having been baked at
      350.degree.F. for 25 minutes.
PAR  A topcoat composition was formulated in the following manner:
TBL                       Parts by Weight                                      

     ______________________________________                                    

     Green pigment paste (below)                                               

                            0.54                                               

     Blue pigment paste (below)                                                

                            9.55                                               

     Red pigment paste (below)                                                 

                            1.64                                               

     Black pigment paste (below)                                               

                            0.94                                               

     Aluminum pigment paste, 65 percent                                        

      pigment solids in a high boiling                                         

      aromatic hydrocarbon                                                     

      (Reynolds Metals Company's 8-231)                                        

                            5.20                                               

     Aluminum pigment paste, 65 percent                                        

      pigment solids in a high boiling                                         

      aromatic hydrocarbon                                                     

      (Reynolds Metals Company's LSH-618)                                      

                            0.94                                               

     Cellosolve acetate     32.57                                              

     High flash UM&P naphtha                                                   

      (Bronoco Solvents)    25.23                                              

     Aromatic hydrocarbon                                                      

      (Union Solvent 30)    94.26                                              

     Resin A (below)        57.98                                              

     Resin B (below)        238.22                                             

     Resin C (below)        303.51                                             

     Silicone solution (Dow-Corning - 200)                                     

                            0.44                                               

     ______________________________________                                    

PAR  The green pigment paste was comprised of 124.20 parts of phthalo green
      (Hilton Davis Co.); 313.43 parts of a resin comprising 39.0 parts methyl
      methacrylate, 13.0 parts glycidyl methacrylate, 42.0 parts polyhydroxy
      stearic acid and 6.0 parts p-nitro benzoic acid; and 192.11 parts xylene.
      The above components were ground in a steel ball until a suitable grind
      was obtained and then further reduced with 138.26 parts of xylene.
PAR  The phthalo blue pigment paste was comprised of 121.35 parts of phthalo
      blue pigment (Dupont's BT-435 D); 355.15 of the resin as utilized in the
      green pigment paste(above); and 197.41 parts of xylene. The above
      components were ground in a manner described above and finally reduced
      with 135.09 parts xylene.
PAR  The red pigment paste was comprised of the following 122.25 parts red
      pigment (Harmon Colors' Thio-Fast Red MV-6655), and 367.57 parts of the
      resin utilized in green pigment paste (above). The above components were
      ground and finally reduced with 136.09 parts xylene.
PAR  The black pigment paste was comprised of 38.65 parts black pigment
      (Carbolac-02), 339.15 parts of resin utilized in the green pigment paste
      (above) and 265.91 parts xylene. The above components were ground and
      finally reduced with 129.09 parts xylene.
PAR  Resin A was comprised 175.5 parts coconut oil, 106.0 parts neopentyl
      glycol, 0.1 litharge (powdered lead monoxide), 171.1 phthalic anhydride,
      18.2 parts glyceride, 0.9 parts dibutyl tin oxide, and 112.5 parts xylene.
      This resin had the following characteristics:
TBL  Solids content (percent) 80.4                                             

     Viscosity (Gardner-Holdt)                                                 

                              T                                                

     Acid number              6.42                                             

     Hydroxyl number          47.90                                            

PAR  Resin B was a dispersion polymer (45.8 percent solids content) comprising
      90.4 percent methyl methacrylate, 0.7 percent methacrylic acid reacted
      with 2-hydroxyethyl ethyleneimine, 8.9 percent stabilizer (acrylic
      dispersion comprising methyl methacrylate, glycidyl methacrylate,
      methacrylic acid, polyhydroxy stearic acid, butyl acetate, ethyl acetate,
      and VM&P naphtha), and 54.2 percent solvents comprising Napoleum 30,
      heptane, hexane, 2 nitropropane, butyl acetate, ethyl acetate and high
      flash VM&P naphtha.
PAR  Resin C was a copolymer dispersion (48.7 percent solids content) comprising
      74.8 percent methyl methacrylate, 15.6 percent butyl acrylate, 0.7 percent
      methacrylic acid reacted with 2-hydroxyethyl ethyleneimine, 8.9 stabilized
      (same as in Resin L) and 51.3 percent solvent comprising Napoleum 30,
      heptane, hexane, butyl acetate, ethyl acetate, high flash VM&P naphtha and
      2-nitropropane.
PAR  This topcoat composition was reduced to spraying viscosity with a mixture
      of butyl cellosolve acetate, 2,2,4-trimethyl-1,3-pentanoldiol
      monoisobutyrate, and an aliphatic naphtha, and applied over the
      abovedescribed electrodeposited primer. The two-coat system was then baked
      for 20 minutes at 310.degree.F., producing topcoat having a dry film
      thickness of from about 0.7 to 1.0 mils. The total film thickness of both
      primer and topcoat ranged from about 1.4 mils to about 2.0. All of the
      panels which were coated with the electrodeposited primer and the sprayed
      topcoat manifested excellent intercoat adhesion and adhesion to the
      substrates. The intercoat adhesion was tested by three different methods;
      the crosshatch method, the knife method and the tape method.
PAR  The crosshatch method comprises cutting a series of parallel lines about
      1/16 inch apart in the coating surface and another series of parallel
      lines over the area, but perpendicular to the first set of parallel lines.
      The amount of chipping observed is a measure of the adhesion.
PAR  The knife method comprises gouging a groove into the surface of the coating
      with the flat top of the knife and observing the manner in which the
      coating is removed. If the adhesion is poor, the topcoat will break freely
      away from the primer.
PAR  The tape method comprises cutting an "X" in the surface of the coating with
      a knife, adhering a pressure-sensitive tape against the X surface and
      removing the said tape in a rapid motion almost parallel to the plane of
      the surface. The amount of coating which comes off with the tape is also a
      measure of the adhesion of the coating system. In addition to significant
      improvements in intercoat adhesion, it was noted that in many cases
      substantial promotion of primer to substrate adhesion was obtained.
PAR  Various other film properties showed desirable improvements, for example,
      direct and reverse impact, humidity resistance and the like.
PAR  Similarly, the topcoat composition as hereinabove described was applied to
      electrodepositable primers similar to Example I excepting for a revision
      in the cellulose acetate butyrate content (1 and 2 percent based on resin
      solids) and tested with equally desirable results.
PAC  EXAMPLE II
PAR  A red electrodeposited primer comprising essentially the same components as
      Example I except for the (pigmentary) coal dust which was replaced with a
      red iron oxide pigment, also evidenced adhesion promotion when topcoated
      in the manner described above. The two-coat composition was evaluated with
      an electro-deposited control primer, without any cellulose acetate
      butyrate, which was topcoated with the composition of Example I.
PAR  The various electrodepositable resins topcoat compositions and components
      may be substituted or replaced to provide desirable results.
PAR  For example, the electrodepositable resin may be an alkyd resin; this is, a
      modified or unmodified adduct of a drying oil or semi-drying oil fatty
      acid ester with a dicarboxylic acid or anhydride; an acrylic polymer such
      as an acid-containing interpolymer of acrylic monomers; or cationic
      vehicles such as amime-terminated polyamides. Likewise, amino-formaldehyde
      resins such as hexakis(methoxymethyl)melamine, ethoxymethoxymethyl
      melamine, N,N'-dimethyl urea, benzyl urea, benzoguanamine, and the like
      may be used in the topcoat formulation or electrodeposition bath
      composition.
PAR  Pigment components are readily manipulated to change color, gloss, texture
      and protective characteristics in both the primer and topcoat
      compositions.
PAR  Although specific examples have been set forth, hereinabove, it is not
      intended that the invention be limited solely thereto, but includes all of
      the variations and modifications falling within the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An aqueous electrodepositable composition comprising an ionically
      solubilized water-dispersed vehicle selected from the class consisting of
      a base solubilized synthetic polycarboxylic acid resin vehicle and an acid
      solubilized polybasic resin vehicle and from about 0.5 to about 2 percent
      by weight, based on the total weight of resinous vehicle solids of
      cellulose acetate butyrate which has at least 25 percent by weight of the
      ester units substituted with the butyryl residue.
NUM  2.
PAR  2. The composition of claim 1 wherein said ionically solubilized
      water-dispersed vehicle comprises a base-solubilized synthetic
      polycarboxylic acid resin vehicle.
NUM  3.
PAR  3. The composition of claim 2, wherein said polycarboxylic acid resin
      vehicle is a maleinized drying oil fatty acid ester.
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PAL  A coating material obtained by incorporating into a paper coating material
      pullulan, which is a linear high polymer having repetition units, bonded
      through .alpha.-1,6 linkages, of maltotriose, a trimer of glucose, and is
      represented by the formula,
      ##SPC1##
PAL  Wherein n represents the polymerization degree and is an integer of 20 to
      10,000, is excellent in such properties as gloss, printing gloss, adhesive
      strength, and viscosity stability during storage.
BSUM
PAR  This invention relates to a paper-coating material containing pullulan.
      More particularly, the invention pertains to a novel paper-coating
      material containing pullulan which is excellent in gloss, printing gloss,
      adhesive strength, and viscosity stability during storage.
PAR  A high-grade printing paper such as art paper or coated paper is ordinarily
      prepared by coating on a base paper a paper-coating material composed
      mainly of a pigment such as clay or titanium dioxide and an adhesive. The
      adhesive used in this case includes various substances, and typical
      examples thereof are natural high polymers such as casein and starch, and
      synthetic emulsion latexes such as styrene-butadiene latexes.
PAR  Casein is an excellent adhesive, but has such disadvantages that it greatly
      fluctuates in cost and is expensive, and requires alkali when desired to
      be dissolved. Starch is frequently used in the form of a processed starch
      such as oxidized or etherized starch and is characteristically
      inexpensive, but has such disadvantages that it requires heating at the
      time of dissolution, inferior in viscosity stability during storage, and
      forms a coating low in water resistance and insufficient in flexibility.
PAR  As the synthetic emulsion latexes, there are chiefly used styrene-butadiene
      emulsion latexes and, in some cases, methyl methacrylate-butadiene
      emulsion latexes or vinyl acetate emulsion latexes, but these have such
      disadvantages that they are low in water retainability, insufficient in
      rigidity, excessively low in viscosity, and liable to be colored.
PAR  An object of the present invention is to provide a paper-coating material
      containing pullulan.
PAR  Another object of the invention is to provide a novel paper-coating
      material excellent in gloss, printing gloss, adhesive strength, and
      viscosity stability during storage.
PAR  Other objects and advantages of the invention will become apparent from the
      explanation given below.
PAR  The present inventors have found that pullulan is high in adhesive power
      and has excellent properties as a paper-coating adhesive. The pullulan has
      many such characteristics as being excellent in gloss, printing gloss,
      adhesive strength, and viscosity stability during storage. Furthermore, it
      is easily soluble in cold water and hence is markedly advantageous also
      from the stand-point of processing.
PAR  The pullulan used in the present invention is a linear high polymer having
      repetition units, bonded through .alpha.-1,6-linkages, of maltotriose, a
      trimer of glucose, and has a molecular structure represented by the
      formula,
      ##SPC2##
PAL  Wherein n represents the polymerization degree and is an integer of 20 to
      10,000.
PAR  The pullulan has been known merely as a water-soluble tacky substance, and
      the physical properties and uses thereof have not been studied extensively
      hitherto. In this sense, the pullulan is equal to an unknown compound, in
      practice. The present inventors studied the pullulan with keen interest to
      find that it has excellent properties as an adhesive for paper-coating
      materials. Based on this finding, the inventors have accomplished the
      present invention.
PAR  Although it contains glucose units in the molecule, the pullulan used in
      the present invention is entirely different in molecular structure from
      starch, oxidized starch, etherized starch, cationized starch, alkyl
      cellulose and gum arabic which also are derivatives having glucose units
      and have heretofore been used as paper-coating materials. Further, the
      pullulan is greatly different in properties from said paper-coating
      materials. For example, it is easily soluble in cold water, and its
      aqueous solution is stable over a long period of time and brings about no
      gelation nor so-called "aging" phenomenon. This is a characteristic which
      is markedly different from the properties of starch and its derivatives.
PAR  An example of procedure for producing the pullulan is illustrated below.
PAR  The pullulan is a linear compound that is different in molecular structure
      from other polysaccharides such as starch, and can be synthesized by the
      process using an enzyme (e.g. U.S. Pat. No. 3,827,937). At the present, it
      can be obtained as a tacky substance secreted in a culture liquor of a
      strain belonging to the genus Pullularia which is an incomplete
      microorganism [H. Bender, J. Lehmann et al.: Biochem. Biophys. Acta, 36,
      309 (1959); Seinosuke Ueda: Kogyo Kagaku Zasshi (Journal of Industrial
      Chemistry), 67, 757 (1964)]. That is, a strain Pullularia pullulan is
      subjected to shaking culture at 24.degree.C. for 5 days in a medium
      containing 10% of partially hydrolyzed starch, 0.5% of K.sub.2 HPO.sub.4,
      0.1% of NaCl, 0.02% of MgSO.sub.4.7H.sub.2 O, 0.06% of (NH.sub.4).sub.2
      SO.sub.4 and 0.04% of yeast extract, whereby a tacky substance is secreted
      from the cells into the culture liquor. The culture liquor is freed from
      the cells by centrifugation, and the supernatant is charged with methanol
      to deposit a pullulan precipitate. After repeating water dissolution and
      methanol precipitation, white pullulan is recovered, washed with methanol
      and dried, whereby dry pullulan is obtained in a yield of 60 to 70% based
      on the saccharide.
PAR  The molecular weight of the pullulan used in the present invention is not
      particularly limited, but is preferably from 10,000 to 5,000,000, more
      preferably 50,000 to 1,000,000.
PAR  In the paper-coating material of the present invention, the pullulan can be
      used singly as paper-coating material in view of its excellent adhesive
      power and film-forming property, but may preferably used in admixture with
      other adhesive.
PAR  In using resins for a certain purpose, it is an ordinary practice, in
      general, to use the resins in admixture with each other in order to cover
      up the defects and enhance the effects of the individual resins. In the
      case of paper-coating materials also, the combination use is most general,
      and is preferable in the present invention as well. For example, oxidized
      starches, which have such defects as being high in rigidity and low in
      water resistance, are frequently used in combination with
      styrene-butadiene latexes in order to cover up the said defects.
PAR  Examples of adhesives, which may effectively be used in combination with
      the pullulan, include synthetic latexes such as styrene-butadiene latexes,
      methyl methacrylate-butadiene latexes, vinyl acetate latexes,
      ethylene-vinyl acetate latexes, acrylic acid-butadiene latexes, acrylic
      ester copolymer latexes, vinyl acetate-acrylic ester copolymer latexes,
      styrene-acrylic ester latexes and butadiene-acrylonitrile latexes, casein,
      glue, gelatin, starch, processed starches such as oxidized starch,
      etherized starch, and cationized starch, and polyvinyl alcohols and
      modification products thereof.
PAR  Further, there may be adopted any known procedure to insolubilize polymers
      having active hydrogen or hydroxyl groups, or there may be used in
      combination a reactive resin or reagent which itself is chemically
      crosslinkable by thermal or photochemical reaction. Concrete examples of
      said reactive resin are melamine, phenol, resorcinol, urea, alkyd,
      aminoalkyd, polyurethane, epoxy, acryl, unsaturated polyester, glyoxal and
      polyamide resins, and various reagents containing epoxy, methylol,
      isocyanate, amino, carboxyl or aldehyde groups.
PAR  The pigment to be used in the paper-coating material of the present
      invention may be any of conventional pigments such as clay, calcium
      carbonate, titanium dioxide, satin white and aluminum hydroxide.
PAR  In addition thereto, the paper-coating material of the present invention
      may be incorporated with one or more of such adjuncts as a pigment
      dispersant, e.g. sodiumhexametaphosphate, sodium pyrophosphate, or low
      molecular weight sodium polyacrylate, a viscosity regulator, e.g. urea or
      dicyandiamide, a lubricant, e.g. calcium stearate, calcium palmitate or
      wax emulsion, a defoaming agent, e.g. higher fatty acid, higher alcohol or
      silicon emulsion, a fluorescent brightener, or a colored dye.
PAR  The amount of the pullulan used in the paper-coating material of the
      present invention is optional, but is preferably in the range from 0.1 to
      99% by weight based on the weight of the total solid content.
PAR  The paper-coating material of the present invention may be coated on a base
      paper by any known on- or off-machine-coating such as knife coating, air
      knife coating, blade coating, roll coating or size press coating. In case
      one side of the paper is to be subjected to two or more times' coating, by
      combination of blade coating and blade coating or blade coating and air
      knife coating, one or both coating may be conducted by use of the coating
      material of the present invention. Further, coating may be applied to one
      or both sides of a base paper.
PAR  The drying step after coating may also be carried out by use of a
      conventional dryer such as festoon dryer or high speed dryer. The drying
      temperature is not particularly limited, but is usually 50.degree. -
      130.degree.C.
PAR  The coating material of the present invention can form a film capable of
      exhibiting an excellent gloss by calendering. Accordingly, a paper coated
      with the present coating material can provide a sufficient gloss even when
      finished by only supercalendering. In case a particularly excellent gloss
      is desired, however, there may be used an ultra-supercalendering machine
      such as printing machine or friction-calendering machine.
PAR  The present invention is illustrated in detail below with reference to
      Examples, but the invention is not limited to the Examples.
PAR  Various values shown in the examples were measured in the following manner:
PA1  1. "Viscosity" was measured at 27.degree.C. by use of Viscometer, Model B,
      manufactured by Tokyo Keiki Co.
PA1  2. "Gloss" was a 75.degree. specular gloss measured by use of Glossmeter,
      Model GH-3, manufactured by Murakami Shikisai Giken (JIS P-8142).
PAR  "Printing gloss" was determined by offset-printing the coated surface of a
      sample paper with a printing ink, Speed King Ace TV-15 (produced by Toyo
      Ink Co.), drying the printed paper, and then measuring the 75.degree.
      specular gloss of the printed surface.
PA1  3. "Whiteness" was measured by use of a Hunter's reflectometer (JIS P-812).
PA1  4. "ink absorptivity" was determined by applying a K & N Ink onto the
      coated surface of a sample paper, wiping the ink off after 2 minutes by
      means of a cloth, and then measuring the whiteness of the surface by use
      of a Hunter's reflectometer.
PA1  5. "RI dry picking" and "RI wet picking" were measured by use of an RI
      tester.
PAR  The RI dry picking was measured by use of a printing ink, Speed King ACE
      TV-15, and represented by the number of rotations required until the
      coated surface was peeled.
PAR  The RI wet picking was measured by use of a printing ink, Speed King ACE
      TV-12, and represented by the amount of ink transferred to the wet coated
      surface.
PAR  In the examples, "parts" are by weight unless otherwise specified.
DETD
PAC  EXAMPLE 1
PAR  A coating material was prepared by mixing together 100 parts of kaolin
      clay, 0.3 part of sodium hexametaphosphate, 15 parts of pullulan and 115
      parts of water. The viscosity of this coating material immediately after
      preparation was 820 cps., while the viscosity thereof after 48 hours was
      864 cps., and thus the coating material had a stability of 1.05 and was
      stable. (The "stability" referred to herein means the ratio between the
      viscosity of coating material immediately after preparation (.eta..sub.o)
      and the viscosity thereof after lapse of a definite period of time
      (.eta..sub.t) and represented by .eta..sub.t /.eta..sub.o, and the smaller
      the stability value, the more stable the coating material.)
PAR  This coating material was manually coated on a base paper (KYP, produced by
      Sanyo Kokusaku Pulp Co.) by use of Wire Rod No. 14, and then air-dried at
      100.degree.C. for 1 minute. Thereafter, the coated paper was subjected 2
      times to supercalendering treatment at 60.degree.C. under a pressure of
      120 kg/cm. The gloss of the coated paper was 77.5% and thus was excellent.
PAC  COMPARATIVE EXAMPLE 1
PAR  A coating material was prepared by mixing together 100 parts of kaolin
      clay, 0.3 part of sodium hexametaphosphate, 15 parts of oxidized starch
      (S-sunsizer-500, produced by Ajinomoto Co.) and 115 parts of water. The
      viscosity of this coating material immediately after preparation was 783
      cps., while the viscosity thereof after 48 hours was 1,090 cps., and thus
      the coating material had a stability of 1.39. Using this coating material,
      a coated paper was prepared in the same manner as in Example 1. The gloss
      of the coated paper was 60.2%.
PAR  Another coating material was prepared by mixing together 100 parts of
      kaolin clay, 0.3 part of sodium hexametaphosphate, 15 parts of milk casein
      and 172 parts of water. The viscosity of this coating material immediately
      after preparation was 1,960 cps., while the viscosity thereof after 48
      hours was 3,230, and thus the coating material had a stability of 1.68.
      Using this coating material, a coated paper was prepared in the same
      manner as in Example 1. The gloss of the coated paper was 56.2%.
PAC  EXAMPLE 2
PAR  A coating material was prepared by mixing together 100 parts of kaolin clay
      (Ultrawhite 90), 0.3 part of sodium hexametaphosphate, 10 parts of
      pullulan, 8 parts of styrene-butadiene latex (Dowlatex 620) and 118 parts
      of water. The viscosities of this coating material immediately after
      preparation and after 24 hours were as shown in Table 1. The coating
      material had an excellent viscosity stability.
PAR  This coating material was manually coated on the wire side of a base paper
      (KYP, produced by Sanyo Kokusaku Pulp Co.) by use of Wire Rod No. 14, and
      then air-dried at 100.degree.C. for 1 minute. Thereafter, the coated paper
      was subjected 2 times to supercalendering treatment at 60.degree.C. under
      a pressure of 137 kg/cm. This coated paper was measured in coated amount,
      gloss, printing gloss, whiteness, ink absorptivity, RI dry picking and RI
      wet picking to obtain such results as shown in Table 2. From Table 2, it
      is understood that the paper coated with the coating material containing
      pullulan is excellent in every one of gloss, printing gloss, ink
      absorptivity, RI dry picking and RI wet picking.
PAC  COMPARATIVE EXAMPLE 2
PAR  Example 2 was repeated, except that the pullulan was replaced by oxidized
      starch (S-sunsizer-500).
PAR  The viscosities of the coating material were as shown in Table 1, and the
      coated amount, gloss, printing gloss, whiteness, ink absorptivity, RI dry
      picking and RI wet picking of the coated paper were as shown in Table 2.
TBL                Table 1                                                     

     ______________________________________                                    

     Viscosity stability                                                       

            Immediately af-                                                    

                       After 24 hours                                          

                                    Stability                                  

            ter preparation                                                    

     ______________________________________                                    

     Example 2                                                                 

              550 cps.     556 cps.     1.03                                   

     Comparative                                                               

              532 cps.     650 cps.     1.22                                   

     Example 2                                                                 

     ______________________________________                                    

TBL                                    Table 2                                 

     __________________________________________________________________________

     Printability                                                              

                             Ink absorp-                                       

            Coated                                                             

                Gloss                                                          

                    Printing                                                   

                         White-                                                

                             tivity RI dry                                     

                                         RI wet                                

            amount                                                             

                (%) gloss                                                      

                         ness                                                  

                             (white-                                           

                                    picking                                    

                                         picking                               

            (g/m.sup.2)                                                        

                    (%)      ness %)                                           

     __________________________________________________________________________

     Example 2                                                                 

            20.4                                                               

                73.7                                                           

                    89.8 81.4                                                  

                             50.4   Fourth                                     

                                         Excellent                             

                                    time                                       

     Comparative                                                               

            19.0                                                               

                58.3                                                           

                    77.0 81.5                                                  

                             56.7   Second                                     

                                         Fair                                  

     Example 2                      time                                       

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A paper-coating composition comprising pullulan and at least one pigment
      selected from the group consisting of clay, calcium carbonate, titanium
      dioxide, satin white and aluminum hydroxide.
NUM  2.
PAR  2. A paper-coating composition according to claim 1, wherein the molecular
      weight of said pullulan is 10,000 to 5,000,000.
NUM  3.
PAR  3. A paper-coating composition according to claim 1, wherein the amount of
      said pullulan is 0.1 to 99% by weight based on the total solid content of
      the coating composition.
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ABST
PAL  A sizing composition for textile glass fibers comprising a starch, a
      textile softener, a lubricant and 100 to 150 percent by weight of combined
      nonionic wetting agents based upon the weight of said lubricant. The glass
      fibers sized in accordance with this sizing composition has found utility
      in forming untwisted yarns which are to be subsequently used for the weft
      of a textile glass fabric.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for preparing glass fibers and
      particularly to the application of a size to continuous filament glass
      fiber strand during the formation of the strand.
PAR  In the production of continuous filament glass fiber strands, a number of
      individual glass filaments are drawn from an electrically heated platinum
      alloy bushing containing a molten supply of the glass. The glass passes
      through tipped orifices in the bottom of the bushing and forms inverted
      cones of glass at the ends of the tips. Individual filaments are drawn
      from the cones of glass at a high rate of speed, i.e., 5,000 to 20,000
      feet per minute and are grouped into a strand as they pass over a suitable
      guide. The strand is thereafter wound on a rapidly rotating forming
      package.
PAR  There is no twist in the strand as it is formed and an aqueous size
      composed of a dispersion of a binder, a lubricant such as detrinized corn
      starch and a vegetable oil is applied to the individual filaments prior to
      the time they are grouped into the strand and wound on the forming tube.
      In order to bond the filaments together and maintain the integrity of the
      strand, the forming size is deposited on the filaments to provide a level
      of forming size solids of about 0.7 to about 2 percent by weight based on
      the weight of the glass. The strand is wound on the tube with a slight
      traverse so that succeeding turns cross each other at an angle, rather
      than being parallel to each other so that the strand can be more easily
      removed from the tube.
PAR  A typical glass fiber sizing composition is disclosed in U.S. Pat. No.
      3,227,192 which is a sizing composition used for sizing glass fibers which
      are to be subsequently woven into cloth. Usually, after the forming
      package is wound, it is placed in an oven to dry or allowed to air dry to
      reduce the moisture content thereof so that the strand on the forming
      package can be removed therefrom. After the forming package is dried, the
      strand is unwound onto a bobbin, the forming package and the bobbin being
      mounted on a twist frame. During the unwinding and rewinding step, a twist
      is imparted into the strand which provides integrity for subsequent
      processing.
PAR  When the twisted strand or yarn is to be used for textile applications as
      previously described, two standard processes are employed to prepare the
      yarn. A plurality of bobbins are mounted on racks. The end of each bobbin
      is threaded through a tensioning disc and through a plurality of guide
      eyes, over a separating comb and onto a beam which is a large cylinder.
      The plurality of yarn ends are wound on this beam in parallel. This
      process is known as beaming. The yarn on the beam is used for the warp of
      a textile glass fabric.
PAR  The weft of the textile fabric which is woven generally perpendicualarly
      into parallel twisted strands coming off the beam is supplied by a quill
      mounted on an apparatus which weaves the weft yarn into the warp yarn. The
      quill is a spool of small diameter which has the yarn thereon supplied by
      a bobbin produced as previously described.
PAR  After the fabric is woven, it is heat cleaned to remove the size and set
      the fibers in the fabric. This heating is conducted at a temperature of
      about 1,200.degree. to 1,400.degree.F. for 30 to 40 seconds and is
      sufficient to volatilize the solids and remove them from the fabric and to
      soften the glass fibers in the fabric to set them in their new position.
      This process is described in greater detail in U.S. Pat. NO. 2,845,364.
PAR  Because the weft and warp of the fabric are composed of twisted strand or
      yarn, the filaments are compressed into the yarn by the twist. Thus, it is
      necessary to use a plurality of these strands or yarn ends per square inch
      to have an adequate fill to produce an acceptable fabric. It has been
      desired by the manufacturers of fabrics to have yarn having no twist so
      that after heat treatment the single filaments would dissociate from their
      compacted form and provide increased filling characteristics thus reducing
      the amount of glass necessary to produce an acceptable fabric. However,
      yarn without twist has great difficulty in undergoing especially the
      quilling operation without breaking or fuzzing because once the single
      filament breaks, it has a tendency to strip away from the strand thus
      forming fuzz balls and lint. A further advantage of utilizing a yarn
      without twist in weaving applications is that the yarn can be pulled
      directly from the inside of the forming package and wound on quills
      thereby avoiding the additional steps of transferring the yarn from the
      forming package to the bobbin. However, problems have been encountered in
      pulling the yarn from the forming package to the bobbin because the
      strands have a tendency to adhere to each other. Thus, when a package is
      end found, e.g., a single strand is pulled from the center of a forming
      package and unwinding is begun. During the pulling while being unwound the
      strand coheres to other portions of the strand and a large tangle is
      pulled from the center of the forming package, thus causing a shutdown of
      the winding operation of the quills.
PAR  The instant invention provides a sizing composition and a method of
      applying the sizing composition to glass fibers which enables untwisted
      yarns to be utilized in weaving applications. Further, the invention
      provides a strand which can be pulled from the inside of the forming
      package without cohering to other portions of the strand. Also, the
      invention provides an untwisted strand capable of being woven in its
      untwisted form with relatively little fuzzing or lint accumulation on the
      weaving equipment. Still further, the instant invention provides a textile
      fabric which can be efficiently coronized without any adverse effects on
      the surface of the fabric.
PAR  In accordance with the instant invention, the glass fiber sizing
      composition is provided which comprises a starch, a lubricant, a textile
      softener and a nonionic wetting agent. The nonionic wetting agents in the
      sizing composition are at a level of 100 to 150 percent by weight based on
      the weight of the lubricant.
PAR  The starch component of the sizing composition is typically an amylose
      starch mixture having an amylose content of about 35 to 45 percent by
      weight and formed by admixing approximately equal proportions of: (a) a
      high amylose starch fraction viz. one containing about 50 to 60 percent by
      weight of amylose with a greater portion of the remainder being
      amylopectin and (b) a water repellent, low amylose starch fraction viz.
      one containing about 20 to 30 percent by weight of amylose with the
      greater portion of the remainder being amylopectin.
PAR  The basic starch components of the amylose containing starch employed in
      the starch mixture can be derived from any starch sources including corn,
      wheat, potato, tapioca, waxy maize, sago, rice, hybrid starches, etc.
      Conveniently, however, the starch component having the high amylose
      content, viz. 50 to 60 percent by weight, is derived either from potato
      starch or a hybrid corn starch having over 50 percent by weight amylose
      and the starch component having the low amylose content, viz. 20 to 30
      percent by weight, as derived from corn starch. The overall amylose
      content of the starch mixture can vary from 35 to 45 percent by weight
      based on total starch content.
PAR  The high amylose starch component preferably contains about 55 percent by
      weight of amylose with the remainder being amylopectin. The high amylose
      component can constitute from about 45 to 55 percent by weight based on
      total starch content of the starch mixture. Preferably the high amylose
      component constitutes about 50 percent by weight of the starch mixture.
      When the high amylose component is employed in amounts significantly in
      excess of 55 percent by weight, it becomes increasingly difficult to mix
      the two starch components especially in aqueous media and the viscosity
      characteristics are deleteriously affected. Moreover, the burnoff of the
      binder becomes more difficult and expensive.
PAR  The low amylose content starch component is a water repellent starch which
      preferably contains from 25 to 27 percent amylose with the remainder being
      amylopectin. Instead of pure starch, the low amylose content component can
      and preferably does contain cross-links. Thus, preferably the low amylose
      content component is a lightly cross-linked corn starch having an amylose
      content of from 25 to 27 percent by weight. The starch components provide
      the sizing composition with bulk and impart strand integrity to the sized
      glass fibers, thus diminishing the development of fuzz which can lead to
      strand breakage. The low amylose content component being of a viscous
      nature can also be used contributing to the nonmigratory nature of the
      sizing composition. The low amylose component constitutes from about 45 to
      55 percent by weight of the mixture based on total starch content and
      preferably about 50 percent by weight thereof.
PAR  The term "starch mixture" as used herein is intended to be descriptive of
      the fact that a plurality of different starches each having different
      amylose content, are employed in the instant sizing composition and not to
      preclude the possibility of chemical interaction between the starch
      molecules of each of the starch components. In fact, some chemical bonding
      can be present between the molecules of both the high amylose starch and
      the low amylose starch, and such starch mixtures possessing intermolecular
      bonding between the starch components are considered to be within the
      realm of this invention.
PAR  Also considered to be included within this invention are starch mixtures
      wherein the low amylose component and the high amylose component are
      lightly cross bonded to provide a weak knit, yet three dimensional
      composite starch network which is water soluble or water dispersible.
PAR  Textile softeners are employed in the sizing composition in amounts which
      are sufficient to provide softening action to the sized strands. Such
      amounts being for example 4 to 15 percent by weight of the said amylose
      containing starch derivatives and preferably about 10 percent by weight of
      the said amylose containing starch derivatives. Typical textile softeners
      are alkyl imidazoline derivatives such as described in U.S. Pat. No.
      2,200,815, 2,267,965, 2,268,273 and 2,355,837 which are incorporated
      herein by reference and made a part hereof.
PAR  Cation X is an example of such a material wherein the alkyl imidazoline
      derivative is the reaction product of stearic acid, tetraethylene
      pentamine and acetic acid. Acid solubilized water dispersible stearic
      amides and anhydrous acid solubilized water dispersible lower molecular
      weight fatty acid amides as well as anhydrous acid solubilized
      polyunsaturated lower molecular weight fatty acid amides can also be used
      as a softener.
PAR  The nonionic wetting agents useful in the practice of the invention which
      give this sizing composition its advantageous characteristics as a
      nontwisted weaving yarn are those having typically a hydrophilic and a
      hydrophobic molecular structure at juxaposed ends of the molecules
      thereof. Examples of suitable nonionic wetting agents include polyalkylene
      derivatives of esters, fatty acids, fatty alcohols, fatty amides, alkyl
      phenyl ethers and other derivatives. A preferable nonionic wetting agent
      useful in the practice of the instant invention is polyethylene glycol 600
      monolaurate which is shown to be effective in a range of 40 to 100 percent
      by weight based on the weight of the lubricant in the sizing composition.
PAR  The lubricants which are found to be useful in the practice of the
      invention are typically vegetable oils which have been hydrogenated. A
      typical vegetable oil would be hydrogenated cottonseed oil, hydrogenated
      corn oil, hydrogenated soybean oil and the like.
PAR  In addition to the lubricant, starch, textile softener and a nonionic
      wetting agent, other ingredients may be added to the sizing composition to
      impart properties which are known to those skilled in the art. Cationic
      agents which can be included in the sizing composition such as cetyl or
      stearyl monoamine hydrochloride or acetate, decylamine, hexadecylamine and
      secondary and tertiary derivatives of the same, for example, dodecyl
      methylamine and salts thereof. Quaternary ammonium compounds such as
      trimethylstearyl ammonium bromides and chlorides and generally any of the
      amine compounds which dissociate in aqueous systems to provide a positive
      radical containing a group of more than 10, preferably 12 or more carbon
      atoms can be employed. These materials are cationic active substances.
PAR  A fungicide, such as one of the metalo-organic quaternary type, e.g.,
      tributyltin oxide can be employed in sufficient amount to prevent mold
      attack on the amylose containing starch derivatives. Suitable effective
      amounts of the fungicide are about 3 milliliters to 75 gallons of the
      sizing composition.
PAR  Plasticizers can be employed in the sizing compositions to lessen the
      brittleness of the strand and to improve the end finding thereof. Carbowax
      300 is a polyethylene glycol with an average molecular weight of 300.
      Further, polyethylene glycol is believed to impart even tension properties
      to the sized strand.
PAR  If desired, polyethylene glycol can be employed in conjunction with a water
      soluble polyvinyl alcohol in the size. This is often desirable because of
      the added film strength properties which sizing compositions containing
      this combination impart. The ratio of polyvinyl alcohol to the
      polyethylene glycol when used in combination ranges from about 1 to 1 to 2
      to 1. The combined amount of polyethylene glycol and polyvinyl alcohol in
      the size is about 0.1 to about 0.2 percent by weight of the amylose
      containing starch component.
PAR  In place of the low molecular weight polyethylene glycol, glycerine can be
      employed in similar weight concentrations, either alone or in admixture
      with polyvinyl alcohol. For most purposes however, the use of polyethylene
      glycol is preferred since it is less hygroscopic than glycerine.
PAR  Typically, the overall solids content of the size can vary from about 4 to
      8 percent by weight. It should be noted that the solids content can be
      adjusted in accordance with the desired solids content for the specific
      forming conditions employed. Generally, the solids content will range from
      5 to 7 percent by weight and preferably from 6.3 to 6.7 percent by weight.
      By solids content is meant the residual solids remaining after drying the
      sizing composition at 105.degree.C. to constant weight. The invention will
      be ellucidated by its further description in the following examples.
DETD
PAC  EXAMPLE I
PAR  A sizing composition having the following ingredients was prepared:
TBL  __________________________________________________________________________

                                Amount                                         

     Ingredient                 (Grams)                                        

     __________________________________________________________________________

     Amylomaize (hybrid corn starch having an                                  

                                955                                            

      amylose content 55 percent by weight)                                    

     National HFS (corn starch cross-linked with                               

                                955                                            

      phosphorous oxychloride and having 27                                    

      percent by weight amylose)                                               

     Pureco Oil (hydrogenated cottonseed oil)                                  

                                425                                            

     Tween 81 (ethylene oxide derivative of a                                  

                                95                                             

      sorbitol ester)                                                          

     Cation X (alkyl imidazoline reaction product                              

                                190                                            

      of tetraethylene pentamine and stearic acid)                             

     Carbowax 300 (polyethylene glycol having a                                

                                231                                            

      molecular weight of approximately 300)                                   

     Igepal CA-630 [octyl phenoxy poly-(ethyleneoxy)                           

                                141                                            

      ethanol - wetting agent]                                                 

     C-Sn-6 (organo-tin bacteriocide)                                          

                                .37                                            

     Polyethylene glycol 600 monolaurate                                       

                                200                                            

      (a monolaurate ester of polyethylene                                     

      glycol having an average molecular                                       

      weight of 600)                                                           

     Water                      sufficient to make                             

                                volume of 10 gallons                           

     __________________________________________________________________________

PAR  The following procedure is used to mix the aforementioned ingredients. The
      Pureco Oil is added to a premix tank along with the Tween 81 with
      agitation. The premix tank is heated to 190.degree.F. while agitation is
      continued by means of an Eppenbach mixer. When the temperature reaches
      190.degree.F., the heat is withdrawn from the premix tank. At this time
      hot water at a temperature of 140.degree. to 180.degree.F. is added to the
      premix tank until an oil and water emulsion is formed. The mixture is then
      allowed to homogenize under agitation with the Eppenbach mixer at a
      temperature of about 120.degree.F. for 30 minutes. At this time the Igepal
      CA-630 is added to the Pureco Oil -- Tween 81 emulsion.
PAR  To a cold premix tank is added 1.5 gallons of water. The starch is then
      added to this premix tank with agitation until all lumps are dissolved.
      The starch is cooked in a jet cooker at a temperature of 220.degree. .+-.
      2.degree.F. for a sufficient period of time to allow the starch to go into
      the aqueous system, e.g., for a period of 0.5 to 1.0 minute per pound of
      starch. The Pureco Oil -- Tween 81 -- Igepal CA--630 emulsion is then
      added to the main mix tank and the Cation X is added thereto with
      agitation. After the starch mixture has cooled to 150.degree.F., it is
      added to the main mix tank. The Carbowax 300 and C-Sn-6 are then added to
      the main mix tank. The main mix tank is agitated for 5 minutes with the
      Eppenbach agitator. After cooling to 120.degree.F. enough water is added
      to the sizing composition to bring the volume to 10 gallons at which time
      the polyethylene glycol 600 monolaurate is added to the sizing
      composition. Agitation is maintained for a period of 30 minutes after the
      addition of the polyethylene glycol 600 monolaurate.
PAR  The aqueous sizing composition as thus prepared is adjusted to a pH of 6.0
      .+-. 0.5 and has a solids content of 6.50 .+-. 0.30.
PAR  The sizing composition is applied to the glass fibers from an applicator
      during their formation. The filaments are gathered into strand by means of
      a gathering shoe and then wound on a rotating drum-type winder onto a
      forming tube. The collet on which the forming package rides was rotated at
      4,420 revolutions per minute and the spiral directing the strand onto the
      forming package was operating at 2,300 revolutions per minute. The
      applicator used was a rotating belt-type applicator rotating at 133
      revolutions per minute. After the winding of the forming package was
      completed, the package was placed in an oven for 9 hours at 180.degree.F.
PAR  After conditioning, the paper forming tube was removed from the interior of
      the forming package and single end was found. This untwisted strand was
      tested for quilling and lint shedding.
PAR  Quilling was tested by winding the above yarn on a spool which is 8 inches
      in length by five-sixteenths inch diameter. After the winding was
      completed, the number of broken filaments on the surface of the quill was
      counted. After two such windings, one quill had 7 broken filaments and the
      other had 3 broken filaments which is an A rating. The following rating
      system was used:
     "A"           0 to 7 broken filaments                                     

     "A/B"         8 broken filaments                                          

     "B"           9 to 15 broken filaments                                    

     "B/C"         16 broken filaments                                         

     "C"           17 to 26 broken filaments                                   

     "C/D"         27 broken filaments                                         

     "D"           28 or more broken filaments                                 

PAL  An acceptable grade for quilling of yarn is from A to B. Thus, the strand
      or yarn above formed was acceptable for the quilling of yarn.
PAR  Lint shedding is a test simulating the beaming of yarn. The strand from the
      inside of the forming package was passed through a tensioning disc and two
      guide eyes and a separating comb and wound on a spool. Twelve such ends
      were parallel wound simultaneously to form a simulated beam. Lint shedding
      was rated as follows:
TBL  "A"              None                                                     

     "B"              Slight                                                   

     "C"              Readily noticeable                                       

     "D"              Excessive                                                

PAR  The strand as produced above had a lint shedding grade of B which is
      satisfactory for weaving.
PAR  The above strand was used in a standard weaving operation to form the weft
      of a fabric and it was found that the weaving performance was excellent
      and that the fabric so formed had excellent heat cleaning properties and
      good filling characteristics.
PAC  EXAMPLE II
PAR  A sizing composition was formulated, applied and tested in accordance with
      the procedure of Example I, except that 400 grams of polyethylene glycol
      monolaurate was used instead of 200 grams of polyethylene glycol
      monolaurate.
PAR  The quills made in accordance with Example II had a quill rating range
      between A and B and lint shedding was found to be satisfactory. The
      weaving performance of the yarn of Example II was comparable to the yarn
      of Example I.
PAR  Thus, the untwisted glass fiber yarn produced in accordance with this
      invention has been shown to quill, weave and heat clean satisfactorily
      with a minimum amount of lint shedding and breakage of the filaments.
      Also, the invention is shown to provide an excellent filling yarn in that
      a smaller amount of the yarn is necessary to provide the necessary bulk to
      a particular fabric. Further, the yarn of the invention has excellent heat
      cleaning characteristics.
PAR  The yarn of the invention is a particularly economical yarn in that it does
      not have to undergo the processes of twisting and being transferred to a
      bobbin from the forming package. The forming package itself can be used
      directly in the weaving operation to form quills in which the yarn mounted
      thereon will be used for the weft of a fabric.
PAR  Although the present invention has been described with respect to the
      specific details of certain embodiments thereof, it is not intended that
      such details serve as limitations upon the scope and spirit of this
      invention only insofar as set forth in the accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an aqueous glass fiber size comprising a starch, vegetable oil as a
      lubricant, a textile softener, and a nonionic wetting agent, the
      improvement comprising said size containing 150 to 100 percent by weight
      of said nonionic wetting agents based on the weight of said lubricant.
NUM  2.
PAR  2. The glass fiber size of claim 1 having therein 95 to 105 percent of said
      nonionic wetting agents based on the weight of said lubricant.
NUM  3.
PAR  3. The glass fiber size of claim 1 wherein 45 to 65 percent by weight of
      said nonionic wetting agents composed of polyethylene glycol monolaurate,
      the polyethylene glycol moiety thereof having an average molecular weight
      of about 600.
NUM  4.
PAR  4. The glass fiber size of claim 1 having a water content of 91 to 96
      percent by weight.
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ABST
PAL  Milled talc materials containing about twenty to about thirty-five weight
      percent tremolite having particle size distributions such that no more
      than five percent of the particles are larger than 10 microns, no more
      than 12 percent of the particles are larger than five microns and no more
      than 15 percent of the particles are smaller than 0.3 microns in
      equivalent spherical diameter have improved opacifying properties for use
      in paper, rubber, plastics and paint manufacture. The materials can be
      obtained by jet or fluid energy milling and by controlling the milling
      variables to produce particle size distributions within the critical
      range.
BSUM
PAC  IMPROVED MILLED TALC MATERIAL AND MILLING METHOD
PAR  This invention relates to finely milled talc material containing about 20
      to about 35 weight percent tremolite milled in such a manner that the
      resulting particle size distribution produces excellent opacification
      properties. The invention also relates to a method of milling talc
      materials to achieve a particle size distribution within a critical range.
PAC  BACKGROUND OF THE INVENTION
PAR  High brightness fillers are used extensively in the manufacture of various
      products such as specialty papers where special properties cannot be
      achieved with the usual clay fillers. Some of these special properties
      include high brightness, high opacity at low basis weight, high fidelity
      printing, etc. The numerous, and now relatively frequent increases in
      postal rates have stimulated increased use of high brightness fillers
      having high opacity and low print show-through at low basis weight in
      paper for use in printing commonly mailed items such as magazines.
PAR  Prior to the present invention, high brightness fillers were produced in a
      variety of pigment types from a number of different natural minerals as
      well as synthetic materials. Also, a few highly refined and specially
      processed clays are sometimes used as a high brightness filler, e.g.,
      calcined kaolin.
PAR  One high brightness filler is made by fusing sand and soda ash to form
      sodium silicate. Afterward the sodium silicate is dissolved in water and
      calcium hydroxide is added to form amorphous calcium silicate which
      precipitates in the form of finely divided particles. Although this
      material is a satisfactory high brightness filler, it is expensive to
      produce, particularly because of the energy required to fuse the starting
      materials and to dry the final product.
PAR  Titanium dioxide, in either anathase or rutile crystal form, is an
      excellent opacifier, however, its high cost and relatively short supply
      limit its use in many areas.
PAR  It is known to produce a high brightness filler by grinding talc containing
      tremolite in mechanical mills such as a Raymond ring-roller mill followed
      by a Raymond vertical mill and to remove the larger particles of the
      resultant product with a cyclone or centrifugal classifier. Although such
      products have many uses their brightness and their ability to opacify are
      not as high as desired for many applications.
PAR  It is also known to mill talc mineral to very fine particle sizes using
      either high pressure steam in what are commonly known as jet mills or in
      vibratory mills using spherical grinding media. These processes are
      disclosed in U.S. Pat. Nos. 3,366,501, 3,643,875 and 3,476,576. The
      process disclosed in U.S. Pat. No. 3,366,501 is undesirable because it
      requires a calcining step which is costly, particularly in view of the
      present fuel shortage. Similar particle size distributions to those
      produced by the two processes disclosed in U.S. Pat. Nos. 3,476,576 and
      3,643,875 do not opacify as well as might have been expected from a
      mathematical analysis of their particle size distributions using the Mie
      theory. One reason may be that this theory assumes the particles are all
      spherical and of equal size, which of course is not true.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It has been discovered that the opacifying capability of a talc mineral
      depends not only upon its degree of fineness but more importantly upon the
      presence of a critical amount of tremolite mineral and on the particle
      size distribution, particularly on the amount of relatively large
      particles present, such as +5 micron particles, and on the amount of
      extremely small particles present, such as less than 0.3 micron particles.
      It has been discovered that when talc minerals containing substantial
      amounts of tremolite are ground, such as by fluid energy or jet milling,
      to produce a particle size distribution containing only small amounts of
      +5 micron and -0.3 micron particles the opacifying properties of the
      material are unexpectedly and significantly improved. Since fillers for
      use in paper, rubber, etc., are used in very large tonnages small
      increases in opacifying properties are extremely significant when the
      tonnage and dollar savings such small improvements produce are considered.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows schematically milling systems that can be used to make the
      product of the present invention.
PAR  FIG. 2 shows the particle size distributions of Samples A-F.
PAR  FIG. 3 shows the particle size distributions of Samples G-K, M and N. A
      curve for Sample L is not illustrated in FIG. 3 because of its similarity
      to one or more of the curves that are illustrated.
PAR  FIG. 4 is a graph in which the percentage of particles larger than 5
      microns in each of the jet or fluid energy milled samples is plotted
      versus the opacifying property of the sample.
PAR  FIG. 5 is a graph in which the percentage of particles smaller than 0.3
      microns in each jet or fluid energy milled talc sample having at least 95%
      of its particles smaller than 5 microns is plotted versus the opacifying
      property of the sample.
DETD
PAC  DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS
PAR  Finely ground talc ore, preferably about -200 to about -325 mesh, obtained
      by any conventional grinding technique, such as on a Raymond ring-roller
      mill, is further milled to a desired particle size distribution using
      either a fluid energy mill, such as a JET-O-MIZER Double 88 mill
      manufactured by Fluid Energy Processing and Equipment Company or a jet
      mill such as a MAJAC 30-15 JET PULVERIZER manufactured by Majac, Inc. The
      feed for these mills can be prepared by ball milling, roller milling,
      hammer milling, dry pan milling or by any other conventional technique of
      grinding. The particle size of the feed to the jet or fluid energy mills
      does not appear to significantly affect either the final particle size
      distribution or the allowable feed rate. There is a practical limitation
      though on the maximum size of particles that can be fed into these mills
      and also as the size of the particles in the feed increase abrasion in the
      mills increases. A practical system is to feed minus 1 inch talc material
      to a Raymond ring-roller mill and feed the resultant material to the jet
      or fluid energy mill.
PAR  Typical systems used in the present invention are illustrated schematically
      in FIG. 1. A finely ground talc material, such as -325 mesh, is fed into
      either a jet mill or a fluid energy mill at a controlled rate. The milled
      product is removed from the mill entrained in a hot gas, such as hot air
      and/or steam, and passed consecutively through one or more conventional
      cyclone separators B.sub.1 and B.sub.2 and a conventional bag collector
      B.sub.3. The product removed from each of the cyclones and the bag
      collector can be either removed separately and used or can be blended
      together to produce a desired particle size distribution. Usually, the
      product of the first cyclone will be more coarse than the product of the
      second cyclone and the product of the second cyclone will be more coarse
      than the product of the bag collector. Although the product of the first
      cyclone could be recycled back to the mill to obtain a finer final
      product, it is presently preferred to blend the products coming from both
      cyclones with the bag collector product in an air stream provided by a
      product conveying blower.
PAR  Since superheated steam or hot air are used in the grinding process, it is
      desirable to cool the air or steam stream prior to its entering the bag
      collector to protect the latter from heat damage. This can be accomplished
      by heat transfer devices located in or around the piping within which the
      stream is contained or, as shown in FIG. 1, by introducing cool air into
      the stream with a cooling air blower.
PAR  All of the equipment shown in FIG. 1 is conventional and therefore could be
      replaced by other equipment known to produce equivalent functions.
PAR  The starting material can be any naturally occurring or synthetic talc
      bearing material that contains from about 20 to about 35 percent of the
      mineral tremolite [Ca.sub.2 Mg.sub.5 (OH).sub.2 (Si.sub.4 O.sub.11).sub.2
      ]. If the material contains much more than 35 percent tremolite, the
      milled product is too abrasive for many applications, particularly as a
      paper filler.
PAR  If the starting material contains much less than 20 percent tremolite the
      resultant particle size distribution is affected and the ability of the
      milled material to opacify is significantly reduced. For example, the talc
      material designated Sample A in Table II contained only about 5 percent
      tremolite whereas the talc material of Sample B contained about 30 percent
      tremolite. Although Samples A and B were ground in the same equipment, a
      Raymond ring-roller mill followed by a Raymond vertical mill, under the
      same conditions the particle size distributions of the two ground
      materials were significantly different as shown by the data in Table II
      and curves A and B in FIG. 2. Using material of Sample A containing only
      about 5 percent tremolite to coat paper 9.8 pounds per ream were required
      to achieve 85 percent opacity. In contrast, using material from Sample B,
      containing about 30 percent tremolite, to coat the same type of paper in
      the same manner required only 7.2 pounds per ream to achieve 85 percent
      opacity.
PAR  The reason why the ground talc material having the higher tremolite content
      has better opacifying properties than the low tremolite ground talc
      material is not completely understood. The presence of about 30 percent
      tremolite in Sample B produced a different particle size distribution and
      this alone might account for most of the different
TBL                                    TABLE II                                

     __________________________________________________________________________

     TYPE OF                                                                   

     FINAL MILLING                                                             

              SAMPLE DESIGNATION                                               

     USED     A   B   C   D   E   F   G   H   I   J   K   L   M  N             

     VIBRATORY                X   X                                            

     FLUID ENERGY     X   X           X   X   X               X                

     JET                                          X   X   X      X             

     RAYMOND                                                                   

     VERTICAL X   X                                                            

     PARTICLE                                                                  

     SIZE (.mu.)                                                               

              A   B   C   D   E   F   G   H   I   J   K   L   M  N             

     __________________________________________________________________________

     11.0 PER-                                                                 

              100 100 100 100 100 100 100 100 100 100 98.3                     

                                                          100 100              

                                                                 95.4          

     8.0  CENT                                                                 

              94.3                                                             

                  97.5                                                         

                      100 100 100 100 100 100 100 100 95.8                     

                                                          100 98.0             

                                                                 89.2          

     5.0  FIN-                                                                 

              72.2                                                             

                  83.6                                                         

                      92.0                                                     

                          100 100 100 96.2                                     

                                          98.2                                 

                                              100 98.4                         

                                                      89.0                     

                                                          100 84.8             

                                                                 73.9          

     4.0  ER  60.4                                                             

                  75.2                                                         

                      83.7                                                     

                          100 100 100 91.4                                     

                                          94.5                                 

                                              98.3                             

                                                  97.3                         

                                                      84.2                     

                                                          98.3                 

                                                              75.7             

                                                                 63.0          

     3.0      43.0                                                             

                  62.5                                                         

                      72.3                                                     

                          100 95.8                                             

                                  100 83.1                                     

                                          86.4                                 

                                              94.8                             

                                                  94.8                         

                                                      76.2                     

                                                          94.8                 

                                                              62.6             

                                                                 48.3          

     2.0      28.0                                                             

                  47.0                                                         

                      55.1                                                     

                          93.5                                                 

                              88.0                                             

                                  98.6                                         

                                      67.5                                     

                                          69.0                                 

                                              87.6                             

                                                  89.2                         

                                                      62.4                     

                                                          88.3                 

                                                              45.9             

                                                                 31.8          

     1.0      13.6                                                             

                  24.3                                                         

                      26.2                                                     

                          71.2                                                 

                              66.3                                             

                                  85.8                                         

                                      39.8                                     

                                          36.8                                 

                                              63.4                             

                                                  70.7                         

                                                      33.8                     

                                                          63.4                 

                                                              23.3             

                                                                 11.9          

     0.6      7.0 13.5                                                         

                      12.0                                                     

                          42.8                                                 

                              46.2                                             

                                  66.8                                         

                                      21.0                                     

                                          16.3                                 

                                              36.5                             

                                                  43.5                         

                                                      10.4                     

                                                          38.2                 

                                                              9.4              

                                                                 4.1           

     0.5      5.8 10.4                                                         

                      7.8 32.2                                                 

                              38.8                                             

                                  59.7                                         

                                      14.5                                     

                                          9.7 27.0                             

                                                  31.8                         

                                                      5.7 29.6                 

                                                              6.4              

                                                                 2.5           

     0.4      4.1 7.8 4.4 21.8                                                 

                              31.8                                             

                                  51.5                                         

                                      8.6 5.7 17.5                             

                                                  17.6                         

                                                      2.5 19.3                 

                                                              3.8              

                                                                 1.8           

     0.3      2.9 5.3 1.7 11.7                                                 

                              23.6                                             

                                  42.0                                         

                                      4.3 2.8 9.7 6.3 1.8 8.8 2.8              

                                                                 1.5           

     0.2      1.9 3.4 1.3 4.8 19.5                                             

                                  30.5                                         

                                      2.1 1.4 3.8 1.8 0.5 3.6 1.6              

                                                                 1.3           

     0.1      &lt;1.0                                                             

                  &lt;1.5                                                         

                      &lt;1.0                                                     

                          &lt;1.0                                                 

                              10.8                                             

                                  21.8                                         

                                      &lt;1.0                                     

                                          &lt;1.0                                 

                                              &lt;1.0                             

                                                  &lt;1.0                         

                                                      &lt;1.0                     

                                                          &lt;1.0                 

                                                              &lt;1.0             

                                                                 &lt;1.0          

     S VALVE  .183                                                             

                  .240                                                         

                      .254                                                     

                          .349                                                 

                              .197                                             

                                  .178                                         

                                      .276                                     

                                          .298                                 

                                              .318                             

                                                  .329                         

                                                      .287                     

                                                          .324                 

                                                              .238             

                                                                 .207          

     dm (.mu.)                                                                 

              .83 .91 .54 .40 .26 .18 .50 .48 .50 .40 .62 .50 .63              

                                                                 .85           

     LBS/REAM                                                                  

     85%                                                                       

     OPACITY  9.8 7.2 6.9 4.7 7.8 8.1 6.7 5.9 5.4 5.2 6.2 5.5 7.8              

                                                                 8.4           

     __________________________________________________________________________

PAL  properties. Also tremolite has a slightly higher index of refraction than
      talc which could account for part of the difference.
PAR  A preferred talc material for use in the present invention typically
      results in an analysis such as that reported in Table I. 8n
TBL                TABLE I                                                     

     ______________________________________                                    

     SiO.sub.2              61.2                                               

     TiO.sub.2              0.01                                               

      Al.sub.2 O.sub.3      0.9                                                

      Fe.sub.2 O.sub.3      0.3                                                

     CaO                    4.9                                                

     MgO                    25.5                                               

     Na.sub.2 O             2.0                                                

     K.sub.2 O              1.4                                                

     Chemically Combined Water                                                 

                            2.7                                                

     Free Moisture          0.3                                                

     Minor Impurities       Remainder                                          

     ______________________________________                                    

PAR  The above analysis is merely typical and the percentages of ingredients and
      mineral forms will vary some as might be expected in a naturally occurring
      deposit.
PAR  An X-ray diffraction pattern of the talc material reveals that talc is the
      major mineral phase present along with about 30 percent tremolite and
      minor amounts of calcite, quartz and illite.
PAR  Using a fluid energy mill, hot air or steam is fed into the mill at a
      controlled rate, at a controlled temperature, and at a controlled
      pressure. The material to be milled is also fed into the mill at a
      controlled rate. The resultant particle size distribution can be
      controlled, within certain limitations depending upon the system, by
      varying one or more of these variables. Generally, although there are
      exceptions, the fineness of the milled product increases as the
      temperature and pressure of the air or steam are increased and as the feed
      rate of the material to be milled is decreased.
PAR  Generally, to obtain the same or similar particle size distribution the
      pressure and/or temperature of the air or steam feed must be increased as
      the feed rate of the material to be milled is increased. The cost of
      supplying and using air or steam at temperatures and pressures above
      certain levels becomes very high because heavier gauge equipment and more
      refractory and costly materials are required to generate and contain
      extremely hot air and steam at very high pressures. Thus, the limitation
      on the feed rate of the material to be milled is usually limited by a
      practical set of temperature and pressure conditions on the air or steam
      feed and on the particle size distribution desired in the final milled
      product.
PAR  To achieve the particle size distributions of the present invention using a
      fluid energy mill typical milling parameters are steam at a temperature of
      about 700.degree.-750.degree. F. introduced at pressures of about 200-250
      psig and at the rate of about 5 tons per hour at a talc material feed rate
      of about 1 ton per hour. When using a jet mill typical parameters are a
      steam temperature of about 600.degree.-650.degree. F. introduced at
      pressures of about 150-175 psig at a steam:material feed ratio of about
      5:1.
PAR  To demonstrate the criticality of the particle size distribution range of
      the present invention a talc material containing about 30 percent
      tremolite was first milled in a Raymond ring-roller mill and then further
      milled in different types of mills and at various feed rates to produce
      different particle size distributions. The results of these milling tests
      are reported in Table II and many of the results are illustrated in FIGS.
      2-5.
PAR  The vibratory mill used to mill Samples E and F was a batch type
      conventional vibratory mill using spherical grinding media. This type of
      mill was selected because of its known ability to produce a large
      percentage of sub-micron particles.
PAR  The fluid energy and jet mills used for Samples C, D, G, H, I, J, K and L
      respectively are identified earlier in this specification.
PAR  The particle size distribution for each of the samples was determined by
      the well known Andreasen pipette technique. The mean particle size,
      d.sub.m (micron), was determined with the aid of the well known Fisher
      SUB-SIEVE SIZER manufactured by the Fisher Scientific Co.
PAR  To determine the opacifying property of the various milled samples
      laboratory hand sheets were made and evaluated. In each case 1.2 grams of
      a standard sulfate pulp, 0.012 grams of a standard fortified size, 0.1
      milliliter of a standard alum solution, 400 milliliters of water and the
      indicated amount of milled talc material were beat for five minutes in a
      blender and then formed in a laboratory hand sheet machine. In each case
      the testing conditions and formulations remained the same except for the
      indicated amount and type of milled talc material sample contained
      therein. No provision was made for white water recirculation and therefore
      the pigment losses in all samples were considerably higher than would be
      expected in full size paper making equipment.
PAR  The scattering coefficient (S value) was determined by the well known
      Kubelka-Munk analysis as reported in the Pigments Progress Report, Report
      No. 9 (140-9 PIR FILE) published by DuPont.
PAR  The scattering coefficient is a mathematical relationship between opacity,
      reflectivity, and basis weight with the S value relating to the ability to
      reflect or scatter light per unit of thickness. The S value, therefore, is
      an excellent indication as to the individual contribution of a given
      pigment to the article it is contained in.
PAR  Samples E and F, vibration milled for 8 and 24 hours respectively,
      displayed relative small mean particle sizes and the particle size
      distributions were much different in the sub-micron area, particularly in
      the area below 0.3 micron, than the samples obtained by fluid energy or
      jet milling. Curves E and F in FIG. 2 illustrate this difference.
PAR  Samples K, M and N and curves K, M and N in FIG. 3 illustrate the
      criticality of the amount of particles larger than 5 microns in the sample
      on its opacifying properties. Sample K, although containing some larger
      particles than Samples M and N, had a significantly smaller percentage of
      +5 micron particles than Samples M and N which resulted in Sample K having
      significantly better opacifying properties than Samples M and N.
PAR  FIG. 4 shows the opacifying property of the fluid energy and jet milled
      samples versus the percentage of +5 micron particles in the sample.
      Although the samples do not fall on a straight line or even on a single
      curved line, due to differences in the remainder of their particle size
      distributions, they do establish a trend showing that the opacifying
      property diminishes as the percentage of +5 micron particles in the sample
      increases.
PAR  To justify the somewhat higher cost of fluid energy or jet milling, the
      resultant product should demonstrate improved opacifying properties as
      compared with the conventional vertical milled product, represented here
      by Sample B. Analysis of the data in Table II and of the points of FIG. 4
      establishes that the fluid energy and jet milling operations should be so
      controlled to produce a product having no more than 12 percent of its
      particles larger than 5 microns, preferably no more than 5 percent, and
      most preferably no more than 2 percent. Also, at least 95 percent of the
      particles in the milled product should be smaller than 10 microns.
PAR  A comparison of samples E, F and D show the criticality of a limitation on
      the maximum amount of sub-micron particles present in the sample on the
      opacifying properties of the milled material. Samples E and F were
      produced by vibratory milling for 8 and 24 hours respectively and were
      found to contain significantly higher percentages of minus 0.3 micron
      particles than the fluid energy and jet milled samples. The particle size
      distribution of Sample D, for example, is bracketed by the particle size
      distributions of Samples E and F in the particle size above about 0.8
      microns as shown by the corresponding curves in FIG. 2. Sample D, however,
      like the other jet and fluid energy milled samples, contains a
      significantly lower percentage of very small particles, e.g., minus 0.3
      micron particles, than either of Samples E and F. Surprisingly, as a
      result of this difference, the opacifying properties of Sample D and the
      other jet and fluid energy milled samples meeting the 5 micron limitations
      mentioned above have significantly improved opacifying properties and
      light scattering coefficients as shown in Table II and as illustrated in
      FIG. 5.
PAR  An analysis of the data in Table II and the points illustrated in FIG. 5
      indicate that to justify the cost of jet or fluid energy milling the
      milled samples should contain no more than 15 percent minus 0.3 micron
      particles, preferably no more than 12 percent and most preferably about
      5-12 percent.
PAR  To verify the laboratory hand sheet results set forth in Table II, a test
      was conducted in a full sized paper making process. This process normally
      utilized a conventional paper making batch containing about 4 percent of
      the vertical milled product of Sample B reported in Table II. In this
      test, all conditions were the same as used in normal production except the
      vertical milled product of Sample B was completely replaced with the same
      amount of a fluid energy milled product having a particle size
      distribution of 100% minus 10 microns, 99% minus 5 microns, 95% minus 4
      microns, 74% minus 2 microns, 45% minus 1  micron, 35% minus 0.8 micron,
      24% minus 0.6 micron, 10% minus 0.4 micron and 4% minus 0.3 micron. The
      properties of the paper made in this test are compared in Table III with
      the properties of normal production paper. In addition the use of the
      fluid energy milled talc material permitted the elimination of all of a
      minor percent of costly titania normally required in the conventional
      batch and periodic additions of titania conventionally made to the head
      box to maintain the desired opacity.
TBL                TABLE III                                                   

     ______________________________________                                    

                Normal Production                                              

                   Paper     Test Paper                                        

     ______________________________________                                    

     Amount and Type                                                           

                  4% vertical milled                                           

                                 4% fluid                                      

     of Talc Material                                                          

                  talc material con-                                           

                                 energy milled                                 

     Pigment Used taining about 30%                                            

                                 talc material                                 

                  tremolite      containing                                    

                                 about 30%                                     

                                 tremolite                                     

     Brightness    76.88          77.38                                        

     Opacity (%)   87.7           89.0                                         

     Residual Ash of                                                           

      Ignited Paper                                                            

                   13.12          13.90                                        

     ______________________________________                                    

PAR  These results confirm that the use of the milled talc material of the
      present invention results in greater opacity and as good or better
      brightness than the use of conventionally milled talc material.
      Accordingly, the lower conventional opacity could be achieved using
      significantly less of the milled talc material of the present invention
      than is presently required with the conventionally milled talc material.
PAR  The results from this production sized test also unexpectedly show that a
      greater percentage of the pigment of the present invention is retained in
      the paper as compared with the retention of the conventional roller or
      vertical milled material. Since the particles of the material of the
      present invention are generally smaller than those of the vertical milled
      talc material, it was expected that more of the particles of the finer
      product would pass through the fibrous mat of paper and be lost in the
      white water.
PAR  It is possible that the fine grinding of the talc particles present in the
      talc material increases the total organophilic surface area of the
      particles. Such particles would have a higher tendency to enter into a
      bonding bridging mechanism between organic particles and organic fibers
      present in the paper mat and therefore would be more likely to be held in
      the sheet by this physical attraction. If this theory is true, fluid
      energy or jet milled talc material should show a higher particle retention
      when used in a paper making process than vertical or roller milled talc
      material.
PAR  Although jet and fluid energy milling have been disclosed as preferred
      methods of obtaining the particle size distributions of the present
      invention, other techniques could be used. For example, it would be
      possible to remove a portion of the sub-micron particles from a
      conventionally milled sample that contained excessive sub-micron particles
      to achieve particle size distributions of the present invention. The
      particular apparatus and technique used to achieve the particle size
      distributions of the present invention are not critical to the desired
      result so long as the particles are the same or similar in size and shape
      as those described above as the present invention.
CLMS
STM  What we claimed is:
NUM  1.
PAR  1. A milled talc material containing about 20 to about 35 percent tremolite
      having a particle size distribution such that no more than 5% of the
      particles are larger than 10 microns, no more than 12% of the particles
      are larger than 5 microns and no more than 15 percent of the particles are
      smaller than 0.3 microns in equivalent spherical diameter.
NUM  2.
PAR  2. A milled talc material according to claim 1 wherein no more than 5
      percent of the particles are larger than 5 microns.
NUM  3.
PAR  3. A milled talc material according to claim 1 wherein no more than 12
      percent of the particles are smaller than 0.3 microns.
NUM  4.
PAR  4. A milled talc material according to claim 2 wherein no more than 12% of
      the particles are smaller than 0.3 microns.
NUM  5.
PAR  5. A milled talc material according to claim 4 wherein no more than 2
      percent of the particles are larger than 5 microns.
NUM  6.
PAR  6. A milled talc material according to claim 5 wherein about 5 to about 12
      percent of the particles are smaller than 0.3 microns.
NUM  7.
PAR  7. A milled talc material according to claim 6 wherein the tremolite
      content of the talc material is about 30 percent.
NUM  8.
PAR  8. A milled talc material according to claim 4 wherein the tremolite
      content of the talc material is about 30 percent.
NUM  9.
PAR  9. In a process of milling a talc material containing tremolite to obtain a
      finely divided pigment, the improvement comprising jet or fluid energy
      milling a talc material containing about 20 to about 35 percent tremolite
      and controlling the milling variables to produce a milled product having a
      particle size distribution such that no more than 5 percent of the
      particles are larger than 10 microns, no more than 12 percent of the
      particles are larger than 5 microns and no more than 15 percent of the
      particles are smaller than 0.3 microns in equivalent spherical diameter.
NUM  10.
PAR  10. A method according to claim 9 wherein no more than 5 percent of the
      particles are larger than 5 microns.
NUM  11.
PAR  11. A method according to claim 10 wherein no more than 12 percent of
      particles are smaller than 0.3 microns.
NUM  12.
PAR  12. A method according to claim 11 wherein no more than 2 percent of the
      particles are larger than 5 microns.
NUM  13.
PAR  13. A method according to claim 12 wherein about 5 to about 12 percent of
      the particles are smaller than 0.3 microns.
NUM  14.
PAR  14. A method according to claim 13 wherein the tremolite content of the
      talc material is about 30%.
NUM  15.
PAR  15. A method according to claim 11 wherein the tremolite content of the
      talc material is about 30%.
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PAL  In a sodium-sulphur battery cell, an extended surface area current
      collector is sandwiched between portions of solid electrolyte, also of
      extended surface area, which provide between them a space for the liquid
      sulphur. The spacing between the current collector and each of the
      portions does not exceed the maximum distance that the sodium ions can
      diffuse in the liquid sulphur during a specified recharge time. A
      plurality of portions defining a plurality of spaces for the liquid
      sulphur may be provided, each space having an extended surface area
      current collector sandwiched between the portions defining the space.
PAL  A plurality of these battery cells may be arranged so that they are
      separated one from another by a bipolar electrode to provide a series
      connection.
BSUM
PAC  BACKGROUND TO THE INVENTION
PAR  This invention relates to electric cells, either primary or secondary,
      employing a liquid anode, a liquid cathode, a solid electrolyte which is
      conductive to the liquid anode ions, and current collecting means, but is
      more particularly concerned with secondary cells. One such cell using
      sodium as the liquid anode, sulphur as the liquid cathode, beta-alumina as
      the solid electrolyte, and graphite as the current collecting means is
      described in our co-pending U.S. Pat. application No. 10835/74. As used
      herein, the term liquid includes substances that are normally solid at
      ambient temperatures but which are substantially molten at the operating
      temperature of the electric cell.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an electric cell for use with a liquid
      anode, and a liquid cathode, comprises an extended surface area current
      collecting means sandwiched between two solid electrolyte portions each
      having operating surface areas of substantial size, the two portions
      providing a space between them to contain liquid cathode and the current
      collecting means, and liquid anode being arranged to be disposed outside
      the said space on the other sides of the two portions.
PAR  Preferably, the current collecting means has an extended surface area at
      least equal to a major proportion of the area of the said operating
      surfaces of the portions defining the said space.
PAR  The invention also comprises an electric battery having at least two cells
      as specified in the preceding paragraphs so arranged that the cells are
      separated, one from another, at least in part, by a bipolar electrode
      means which provides a series connection between the cells.
PAR  Desirably, the current collecting means has a configuration which generally
      follows a median path between the portions of the solid electrolyte, and
      preferably, the portions are disposed so that the spacing between the
      median path and the said portions does not exceed the maximum distance
      that the liquid anode ions can diffuse through the liquid cathode during a
      specified recharge time.
PAR  The term extended surface area when used in relation to the current
      collecting means includes the area of any perforations, apertures, or the
      like, which allow the circulation therethrough of the liquid cathode.
      Naturally, the area of such perforations should not be such as to
      seriously impair the electrical efficiency of the current collector.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Several forms of electric cells in accordance with the invention will now
      be described by way of example only and with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is an axial sectional view of a cell having a circular annular solid
      electrolyte configuration:
PAR  FIG. 1a represents a graph of the distance between the current collecting
      means and the solid electrolyte plotted against recharge time;
PAR  FIG. 1b shows a sectional view of a cell similar to that shown in FIG. 1
      but having an alternative solid electrolyte configuration;
PAR  FIG. 2 is a plan sectional view of a cell having a plurality of
      non-circular annular electrolyte configuration;
PAR  FIG. 2a is an isometric sectional view of the solid electrolyte
      configuration of FIG. 2 about the line X--X;
PAR  FIG. 2b is a solid electrolyte similar in configuration to that shown in
      FIG. 2a but having alternative end portions;
PAR  FIG. 3 is a plan sectional view of a cell having a plurality of circular
      annular solid electrolyte configurations;
PAR  FIG. 3a is an isometric sectional view of the solid electrolyte
      configuration of FIG. 3 about the line X--X;
PAR  FIG. 3b is an isometric sectional view of an alternative electrolyte
      configuration for use in the cell shown in FIG. 3;
PAR  FIG. 4 is a plan sectional view of a cell having a solid electrolyte of
      corrugated configuration;
PAR  FIG. 4a is an isometric sectional view of the solid electrolyte in FIG. 4
      about the line X--X;
PAR  FIG. 5 is an axial sectional view of a cell similar to the cell shown in
      FIG. 1, but having an alternative arrangement for providing an expansion
      space for the liquid cathode; and
PAR  FIG. 6 is a diagrammatic sectional view of a bank of cells as shown in FIG.
      4 but having a bipolar electrode between adjoining cells.
PAR  Like or similar parts in all the cell forms have been given the same
      reference numerals for simplicity.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  Referring now to FIG. 1, the electric cell shown is of circular form in
      plan and comprises a low alloy steel casing 2, having within it liquid
      sodium 3 as the anode, liquid sulphur impregnated in a graphite felt 4 as
      the cathode, and a solid electrolyte 5 of beta-alumina having hollow
      cylindrical portions 6 and 7 disposed in contraposition so as to provide
      between them an annular space 8 for the liquid sulphur and graphite felt
      4. Spaces for the liquid sodium 3 lie both internally and externally of
      the said space 8 being an outer annular space 9 between the casing 2 and
      portion 6 and an inner cylindrical space 10. A current collector 12 of
      graphite is provided, and has a lower hollow cylindrical part sandwiched
      between the portions 6 and 7 in the space 8 for the liquid sulphur so as
      to divide the said space 8 into two sub-spaces 13 and 14.
PAR  In further detail, the radial dimension of the annular space 9 is such as
      to constrain, by capillary action, the liquid sodium 3 within it to "wet"
      the outside surface of the portion 6 as the level of the liquid sodium
      falls in operation of the cell. A wick structure 15 of low alloy steel
      mesh constrains the liquid sodium 3 in the cylindrical space 10 to "wet"
      the adjacent surface of the portion 7 in a similar manner. Alternatively,
      a wick structure can be introduced in the annular space 9 to constrain the
      liquid sodium 3 to "wet" the outside surface of the portion 6 if a large
      annular space 9 is needed to act as a reservoir for liquid sodium 3. The
      graphite felt 4 also acts as a wick to constrain the liquid sulphur to
      "wet" the surface of the portion 6.
PAR  The upper part of the current collector 12 has a perforated radially
      disposed section 17 to maintain the graphite felt 4 in position, and to
      provide for expansion into a space 18 communicating with the liquid
      sulphur space 8 when polysulphides are produced by the combination of the
      sodium and sulphur ions. The current collector 12 may generally but not
      exclusively be of perforated form, or of a suitable mesh construction, to
      allow for the equalisation of any pressures generated in the sub-spaces 13
      and 14 by the volume changes due to the formation of the polysulphides
      whilst retaining the graphite felt 4 in position.
PAR  The liquid sulphur is retained in the solid electrolyte 5 by an
      alpha-alumina disc 19 joined to the portion 6 by a glass frit seal 20
      fitted between the outside edge of the disc 19 and the inside surface of
      the portion 6. The solid electrolyte 5 and the liquid sodium 3 are
      enclosed within the casing 2 by a low alloy steel end cap 21 welded to the
      side wall at the open end of the casing 2. The positive terminal is
      provided by a flanged rod 23 which extends through a hole 24 in the
      alpha-alumina disc 19 to connect with the current collector 12, and is
      retained by a compression collar 26 using an insulating collar 27 and
      sealing gaskets 16. (The collar 26 and insulating collar 27 are shown
      spaced apart for clarity.) The negative terminal 28 is attached at the
      closed end of the casing 2.
PAR  For maximum volume utilisation of the liquid cathode and to enable fast
      recharge times to be achieved, the radial dimension of each of the
      sub-spaces 13 and 14 should not exceed the maximum distance that the
      liquid anode ions can diffuse through the liquid cathode during a
      specified recharge time, since the rate of the said diffusion decreases
      with increasing distance.
PAR  Theoretically, the time taken for the liquid sodium ions to diffuse through
      the liquid sulphur during the charging of the electric cell is not
      directly proportional to cathode thickness (distance between the current
      collector and the solid electrolyte) but increases as a function of the
      square of the cathode distance as can be seen from FIG. 1a, to which
      reference is now made, which represents the theoretical plot of cathode
      thickness in mm against recharge time in hours based on diffusion
      calculations. The invention therefore enables the cathode thickness to be
      kept to a minimum whilst providing an extended surface of solid
      electrolyte to maximise the current density. In practice, depending on the
      cell configuration other factors such as the effects of cathode
      convection, and wicking provided by the graphite felt 4, may for example
      reduce the theoretical recharge time. Cathode thicknesses of up to 10 mm
      have been found satisfactory to provide convenient recharge time, for
      example in one application a radial cathode thickness of 6 mm provided a
      convenient recharge time. Furthermore, the extended surface area of that
      part of the current collector 12 sandwiched between the portions 6 and 7
      in the space 8 should be such that it is at least equal to a major
      proportion of the area of each of the surfaces of the portions 6 and 7
      that it faces, and preferably, matches the area of these surfaces for the
      most efficient operation of the cell.
PAR  In operation, when the electric cell discharges through an external circuit
      (not shown) the liquid sodium 3 in contact with the solid electrolyte 5 is
      ionised with the release of electrons and forms the corresponding positive
      sodium ions. The electrons leave the cell through the negative terminal 28
      to the external circuit, whilst the sodium ions are conducted through the
      solid electrolyte 5 to the liquid sulphur. The electrons from the external
      circuit are eventually conducted by the current collector 12, and through
      the graphite felt 4, to the liquid sulphur forming negative sulphur ions
      which combine with the sodium ions to form polysulphides. To recharge the
      electric cell, a current is provided to feed electrons through the
      negative terminal 28 to the liquid sodium, the other lead of the charging
      circuit being connected to the rod 23 to effect a reversal of the
      potential difference across the cell. The polysulphides dissociate and the
      sodium ions released flow through the solid electrolyte 5 to the spaces 9
      and 10 containing liquid sodium.
PAR  The solid electrolyte 5 shown in FIG. 1 is of one-piece construction, but
      to simplify the fabrication of the solid electrolyte 5, it may be made
      initially in separate pieces and assembled together using glass frit seals
      20 as shown in FIG. 1b.
PAR  Referring to FIG. 1b, the solid electrolyte 5 has initially been made as
      hollow cylindrical pieces 6 and 7, and joined together by glass frit seals
      20 in the desired configuration using a flat circular piece 50 and a flat
      annular piece 51 of beta-alumina to close the end of the inner cylindrical
      space 10 and annular space 8, and to provide the required radial spacing
      between the hollow cylinders 6 and 7. The closed end of the cell casing 2
      has been provided with square corners 52 to accommodate the square corners
      of the solid electrolyte. If the loss of surface area of solid electrolyte
      can be tolerated, pieces 50 and 51 may be made from a non-conducting
      ceramic, for example from alpha-alumina.
PAR  Referring now to the alternative electric cell constructions shown in FIGS.
      2 and 3, these cells have a plurality of solid electrolyte configurations
      of annular form, both circular and non-circular, the configurations of the
      solid electrolyte 5 being shown in FIGS. 2a, 3a. In each case hollow
      current collectors 12 of graphite have one end disposed in the annular
      spaces 8 containing the liquid sulphur, and their other ends joined in
      parallel to a common connector (not shown). FIG. 3b shows an alternative
      solid electrolyte configuration to that described in FIG. 3a, having a
      central tubular space 22 and an outer annular space 8 for the liquid
      sulphur and graphite felt 4. In a cell construction using the solid
      electrolyte configuration described in FIG. 3b, a rod-like current
      collector (not shown) of graphite would have one end disposed along the
      length of the tubular space 22 and the other end joined to a common
      connector (not shown) to which the current collector 12 disposed in the
      space 8 would also be joined.
PAR  An alternative electric cell is shown in FIG. 4, having a low alloy steel
      casing 44, and a solid electrolyte of corrugated configuration with
      substantially parallel portions 36 and 37 disposed in contraposition to
      provide a plurality of combinations of a space 38 between them for the
      liquid sulphur and graphite felt 4 and spaces 39 either side of the said
      space 38 for the liquid sodium 3. A flat current collector of graphite 40
      has one end sandwiched between the portions 36 and 37 in each of the
      spaces 38 for the liquid sulphur to define sub-spaces 41 and 42, and the
      other end joined to a common connector (not shown). The configuration of
      the solid electrolyte is shown in FIG. 4a. Stiffening ribs (not shown) may
      be incorporated in this construction on the flat sides of the portions 36
      and 37, and also in a similar manner in the non-circular annular
      configuration of FIG. 2.
PAR  In each of the electric cells described in FIGS. 2, 3 and 4, the design
      principles essentially follow those disclosed in relation to the electric
      cell described in FIG. 1, and in a similar way the solid electrolyte may
      be fabricated in separate pieces and assembled together using glass frit
      seals 20, as shown for example in FIG. 2b.
PAR  Referring to FIG. 2b the walls of the solid electrolyte 5 are assembled
      together by glass frit seals 20, in the desired configuration, using flat
      end pieces 54, 55, 56 and 57 of beta-alumina. The hollow rectangular shape
      of the walls may be achieved by joining together, with glass frit seals
      20, flat plates of beta-alumina. If the loss of surface area of solid
      electrolyte can be tolerated, end pieces 54, 55, 56 and 57 may be made
      from a non-conducting ceramic, for example, from alpha-alumina.
PAR  Referring to the alternative cell shown in FIG. 5, this is particularly
      advantageous for use with its longitudinal axis in a horizontal mode, for
      applications where there is a height limitation. It essentially conforms
      to the design principles of the cell shown in FIG. 1, but has a different
      arrangement for accommodating the expansion within the liquid sulphur
      caused by the formation of polysulphides during discharge of the cell. In
      the cell shown in FIG. 5, the graphite felt 4 is only partially
      impregnated with sulphur to leave a suitable distributed voidage
      therewithin to accommodate the said expansion. The graphite felt 4, apart
      from acting as an electrical conductor, also performs the function of a
      wick which constrains, by capillary action, the liquid sulphur to "wet"
      the surfaces of the portions 6 and 7 of the solid electrolyte 5. As in the
      cell of FIG. 1, the liquid sodium 3 is also constrained to "wet" the
      surfaces of the portions 6 and 7 of the solid electrolyte 5. The cell
      described in FIG. 5 has a lower energy storage capacity than a cell of the
      kind shown in FIG. 1 having an equivalent space for the liquid cathode and
      graphite felt 4, because of the reduction in the amount of liquid cathode
      provided. The solid electrolyte 5 may be fabricated in separate pieces and
      assembled as shown for example in FIG. 1b. Although the cell
      configurations as shown in FIG. 1 and FIG. 5 are of circular form in
      section transverse to their longitudinal axis, non-circular configurations
      may be used, such as rectangular, or the square shape as shown for example
      in FIG. 2.
PAR  Alternative liquid anode and liquid cathode materials may be used with
      appropriate solid electrolytes. Alternative current collecting materials
      may be used, for example, composite current collectors such as a metal
      (e.g. aluminium) inner structure sheathed with graphite or carbon. As an
      alternative to the flat sheet current collectors, or the like, described
      in the foregoing paragraphs, a grid structure made from a plurality of
      rod-like elements of, for example graphite, or a moulded graphite
      structure having a plurality of apertures may be used. The current
      collector may be shaped to provide protuberances, for example, webs or
      spikes, projecting into the space for the liquid cathode, to assist in
      injecting electrons into the liquid cathode. Alternative materials for the
      casings 2 and 44, and the wick 15 such as stainless steel or aluminium,
      may also be used depending on the liquid anode material used and the
      operating temperature of the cell.
PAR  The electric cells described in FIGS. 1 to 5, result in high volume
      utilisation of the liquid cathode with consequent relatively high energy
      storage capacity and fast recharge rates.
PAR  Referring now to FIG. 6 in which a further form of the invention is shown,
      a bank of electric cells as shown in FIG. 4, are joined together so that a
      base 45 of one cell also forms a common connector of the current collector
      40, of an adjacent cell. The base 45 thereby acts as a bipolar electrode
      between the adjacent cells to provide a series connection. A plurality of
      such cells joined in this manner provide a voltage output equal to the sum
      of the individual voltage outputs of each cell. In such an arrangement,
      the positive terminal 46 is connected to the common connector of the
      current collector 40 at one end of the arrangement, and the negative
      terminal 48 is connected to the base 45 at the other end of the
      arrangement. The bank of cells shown in FIG. 6 indicate the cumulative
      voltage effect of joining a plurality of such cells together. Although the
      use of a bipolar electrode has been described in relation to the electric
      cell shown in FIG. 4, a bank of cells connected in a similar way with a
      bipolar electrode may be constructed using the cell arrangements shown in
      FIGS. 1, 2, 3 and 5. The bipolar electrode may be made from a corrosion
      resistant metal such as molybdenum.
PAR  The arrangement described in relation to FIG. 5 of providing an expansion
      space within the graphite felt 4 for the polysulphides formed during
      discharge of the cell, may also be used in relation to any of the electric
      cells shown in FIGS. 1, 2, 3 and 4, as an alternative to, and to
      implement, the arrangement shown in FIG. 1 of providing an expansion space
      18. Reference is directed to our co-pending patent application No.
      24391/73. A reservoir for liquid sodium may also be provided by a chamber
      within the casing 2, or the casing 44. It will be appreciated from FIG. 1
      that the graphite felt need not completely fill the space for the liquid
      sulphur, and by this means an expansion space may be provided for the
      liquid sulphur and polysulphides.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electric cell for use with a liquid anode, and a liquid cathode,
      comprising a solid electrolyte having at least two portions disposed in
      contraposition so as to provide between them on one side a space for the
      liquid cathode, the liquid anode being arranged to lie outside the said
      space on the other sides of each of the said portions, and current
      collecting means of extended surface area disposed in the said space and
      substantially dividing the space into two sub-spaces, each sub-space being
      bounded on one side by a surface of one side of one of the portions of the
      solid electrolyte and on the other side by a part of the current
      collecting means having an extended surface area at least equal to a major
      proportion of the area of the said surface.
NUM  2.
PAR  2. An electric cell as claimed in claim 1, wherein capillary means are
      provided adjacent to the said other side of each of the solid electrolyte
      portions to constrain the liquid sodium to flow over the solid electrolyte
      portions.
NUM  3.
PAR  3. An electric cell as claimed in claim 1, wherein the current collecting
      means is shaped to provide an expansion space communicating with the space
      for the liquid cathode.
NUM  4.
PAR  4. An electric cell as claimed in claim 1, wherein the current collecting
      means is of perforated form.
NUM  5.
PAR  5. An electric cell as claimed in claim 1, wherein the current collector is
      shaped to provide portions projecting into the sub-spaces.
NUM  6.
PAR  6. An electric cell as claimed in claim 1, wherein graphite felt is
      disposed in the space and is partially filled with the liquid cathode, the
      voidage in the felt providing an expansion space, and the felt acting as a
      capillary means to constrain the liquid cathode to flow over the surface
      of the solid electrolyte portions.
NUM  7.
PAR  7. An electric cell as claimed in claim 1, wherein stiffening ribs are
      incorporated in the solid electrolyte portions.
NUM  8.
PAR  8. An electric cell as claimed in claim 1, wherein the solid electrolyte
      portions provide a plurality of said spaces for the liquid cathode, the
      liquid anode being arranged to lie outside each of the said spaces.
NUM  9.
PAR  9. An electric battery having a plurality of cells as claimed in claim 1,
      the cells being arranged so that adjacent cells are separated one from
      another by a bipolar electrode means which provides a series connection
      between the cells.
NUM  10.
PAR  10. An electric cell as claimed in claim 1, wherein the current collecting
      means has a configuration which generally follows a median path between
      the portions of the solid electrolyte.
NUM  11.
PAR  11. An electric cell as claimed in claim 10, wherein the spacing between
      the median path and said portions does not exceed the maximum distance
      that the liquid anode ions can diffuse through the liquid cathode in a
      specified recharge time for which the cell has been designed.
NUM  12.
PAR  12. An electric cell as claimed in claim 11, for use with sodium as the
      liquid anode and sulphur as the liquid cathode, wherein the spacing is of
      the order of 6 mm.
NUM  13.
PAR  13. An electric cell for use with sodium as the liquid anode and sulphur
      impregnated in a graphite felt as the liquid cathode, comprising a solid
      electrolyte having at least two portions arranged to be of outer and inner
      tubular form and disposed one within the other with one of their ends on
      the same transverse plane to provide between them on one side a space for
      the liquid sulphur and graphite felt, a metal casing into which the
      portions are disposed, the sodium being arranged to lie outside the said
      space on the other side of the said portions between the portions and the
      casing, a closure means at the said one end of the portions closing the
      space, and another closure means at the other end of the inner portion
      closing the bore of the tubular inner portion, a current collecting means
      of tubular form and extended surface area disposed within the space so as
      to substantially follow a median path in the said space and substantially
      divide the space into two sub-spaces, the spacing between the current
      collecting means and the solid electrolyte portions not exceeding the
      maximum distance that the sodium ions can diffuse through the liquid
      sulphur during a specified recharge time for which the cell has been
      designed.
NUM  14.
PAR  14. An electric cell as claimed in claim 13, wherein the tubular portions
      and the current collecting means are of hollow cylindrical form.
NUM  15.
PAR  15. An electric cell as claimed in claim 13, wherein the closure means and
      the another closure means are fabricated as an integral part of the solid
      electrolyte.
NUM  16.
PAR  16. An electric cell as claimed in claim 13, wherein the current collecting
      means is of perforated form.
NUM  17.
PAR  17. An electric cell as claimed in claim 13, wherein the current collecting
      means is shaped to provide protuberances projecting into the sub-spaces.
NUM  18.
PAR  18. An electrode cell as claimed in claim 13, wherein capillary means are
      provided adjacent to the solid electrolyte portions to constrain the
      liquid sodium to flow over the solid electrolyte.
NUM  19.
PAR  19. An electric cell as claimed in claim 13, wherein the current collecting
      means is shaped to provide an expansion space for polysulphides.
NUM  20.
PAR  20. An electric cell as claimed in claim 13, wherein the graphite felt is
      only partially impregnated with sulphur to leave a voidage in the graphite
      felt, the voidage providing an expansion space for polysulphides, and the
      felt acting as a capillary means to constrain the liquid sulphur to flow
      over the solid electrolyte portions.
NUM  21.
PAR  21. An electric cell as claimed in claim 13, wherein the solid electrolyte
      portions provide a plurality of said spaces for the liquid cathode, the
      liquid anode being arranged to lie outside each of the said spaces.
NUM  22.
PAR  22. An electric battery having a plurality of cells as claimed in claim 13,
      the cells being arranged so that adjacent cells are separated one from
      another by a bipolar electrode means which provides a series connection
      between the cells.
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ABST
PAL  Primary dry cell comprising a metal anode cup having a cathode mix therein
      and having an open end which is gas-tightly sealed by a closure including
      a vent, wherein a gas-venting passageway extends through the cathode mix
      into communication with the void space defined between the cathode mix and
      seal closure.
BSUM
PAR  This invention relates to primary dry cells in general, and more
      particularly to certain improvements in magnesium dry cells.
PAR  Magnesium dry cells are used by the military as a power source for field
      radios and other similar electronic equipment. These cells have a high
      working voltage and they can be assembled into cell batteries having a
      high capacity per unit volume. However, magnesium cells are prone to
      generate large quantities of gas on discharge which, if not properly
      vented, can result in cell rupture and possible damage to the equipment.
      Generally, the rate of gas generation is dependent on the rate of
      discharge and more gas is generated at higher drains. Magnesium cells,
      therefore, must pass rather stringent test requirements. One of these
      requirements is that the cells should be capable of rapidly venting gas
      from inside the cells, and thus avoid cell rupture, when they are
      subjected to certain abusive conditions that may occur in the field, such
      as when the cells are inadvertently placed on a short circuit load.
PAR  The problem that is most frequently encountered in meeting this requirement
      is that some of the gas that is generated under abusive conditions becomes
      entrapped inside the cell and cannot be vented. The vent through which the
      gas escapes to the ambient environment is located in the seal closure at
      the top of the cell. Gas that is generated near the bottom of the cell
      owing to the anodic activity of the anode cup bottom, must pass completely
      through the cathode mix and into the void space located beneath the
      closure where the gas accumulates prior to its escape through the vent.
      However, some of this gas becomes trapped and the resultant gas pressure
      that develops pushes on the cathode mix and actually causes it to rise
      inside the cell like a piston, and eventually the cathode mix comes into
      contact with the underneath side of the closure and blocks the vent. As
      the gas pressure continues to rise, the cell will eventually split or the
      seal closure will be pushed out from the cell.
PAR  Attempts have been made to solve this problem in various ways, such as by
      placing mechanical restraint on the cathode mix to prevent its movement,
      but these attempts have not consistently given positive results, and it
      has become evident that some means must be devised to enable the gas to
      pass through the cathode mix inside the cell.
PAR  Accordingly, it is the principal object of this invention to provide such
      means in a primary dry cell.
PAR  With the foregoing and other objects in view, there is provided in
      accordance with the invention a primary dry cell, and especially a
      magnesium dry cell, comprising a metal anode cup having a cathode mix
      therein and having an open end which is gas-tightly sealed by a closure
      including a vent, wherein a longitudinal gas-venting passageway extends
      through the cathode mix into communication with the void space defined
      between the cathode mix and the seal closure. Gas that is generated near
      the bottom of the cell is vented through the cathode mix via the
      passageway into the void space from whence the gas escapes through the
      vent.
PAR  Although the invention will be illustrated and described herein as applied
      to a magnesium dry cell, it is nevertheless not intended to be limited to
      such cell in particular, since the principles of the invention can be
      applied equally as well to other primary dry cell systems.
DRWD
PAR  The construction and method of operation of the invention, together with
      additional objects and advantages thereof, will be best understood from
      the following description of specific embodiments when read in connection
      with the accompanying drawings, in which:
PAR  FIG. 1 is an elevational view, in section, of a magnesium dry cell
      constructed in accordance with the invention;
PAR  FIG. 2 is a sectional view taken along the line 2--2 in FIG. 1; and
PAR  FIG. 3 is a view similar to FIG. 1, showing another embodiment of the
      invention.
DETD
PAR  Referring now to the drawing and particularly to FIGS. 1 and 2, there is
      shown a primary dry cell comprising a cylindrical anode cup 10 made of
      magnesium metal or a magnesium alloy, and having an upper open end and a
      close bottom end. Within the anode cup 10 there is a cathode mix 12
      comprising particles of an oxidic depolarizer, such as manganese dioxide,
      finely-divided conductive material, such as acetylene black, and an
      electrolyte. Suitably, the electrolyte may be an aqueous magnesium
      perchlorate solution, for example. The cathode mix 12 is separated from
      the side wall of the anode cup 10 by a porous, ionically permeable
      separator 14, suitably a porous kraft paper. The cathode mix 12 is also
      separated from the anode cup bottom by a porous paper or cardboard washer
      16. The washer 16 is also permeable to the electrolyte and renders the
      anode cup bottom anodically active along with the side wall of the anode
      cup 10. A central carbon electrode element 18 is embedded in the cathode
      mix 12 and protrudes slightly beyond the upper open end of the anode cup
      10.
PAR  As best illustrated in FIG. 2, four longitudinal, equidistantly spaced
      apart holes 20 are pierced through the cathode mix 12 at the approximate
      midcircle of the annular area between the carbon electrode element 18 and
      the paper separator 14. These holes 20 are substantially parallel to the
      carbon electrode element 18 and terminate in the cathode mix 12 a short
      distance above the paper or cardboard washer 16.
PAR  The seal closure for the cell comprises an annular insulating disc 22 which
      is gas-tightly sealed within the upper open end of the anode cup 10. Disc
      22 is suitably molded from a plastic material and is formed on its top
      surface with an annular, stepped or raised portion 24 surrounding its
      outer periphery. The disc 20 is fitted tightly around the protruding end
      portion of the carbon electrode element 18 and its outer edges abut
      against the interior side wall of the anode cup 10. The upper side wall of
      anode cup 10 is turned or bent inwardly by a seal ring 26, suitably made
      of steel. This ring 26 is compressed or forced inwardly under a high
      radial pressure against the side wall of the anode cup 10 to form a tight
      radial seal between the abutting outer edges of the disc 22 and the
      interior side wall of the anode cup 10. A metal terminal cap 28 is fitted
      over the top of the carbon electrode element 18 and serves as the positive
      terminal of the cell.
PAR  A resealable vent is incorporated in the seal closure and is preferably
      constituted by a small vent aperture 30 which is provided in the
      insulating disc 22. The vent aperture 30 communicates with the void space
      32 which is defined between the disc 22 and the exposed surface on the top
      of the cathode mix 12. The cathode mix 12 substantially fills the anode
      cup 10 to just below its upper peripheral edges leaving enough space to
      accommodate both the seal closure and void space 32. Overlying the vent
      aperture 30 is a flat annular seal gasket 34. This gasket 34 may be made
      from any suitable elastomeric material, such as Tenite (cellulose acetate
      or cellulose acetate butyrate), and preferably covers the whole top
      surface of the annular stepped or raised portion 24 on the disc 22. The
      seal ring 26 has one leg element 26a which extends radially inwardly from
      the peripheral edge of the anode cup 10 and is mounted in resilient
      pressure contact against the top of the flat annular seal gasket 34. The
      leg element 26a constitutes a retaining member which biases the seal
      gasket 34 into normally sealing relation around the vent aperture 30. Upon
      the build-up of a predetermined excessive gas pressure in the void space
      32, the leg element 26a deflects slightly in a direction away from the
      gasket 34 and allows gas to escape through the vent aperture 30. Once the
      gas pressure has been relieved, the resiliency of the leg element 26a
      causes it to again close or seal the aperture 30. A more detailed
      discussion of the resealable vent and its method of operation is given in
      U.S. Pat. No. 3,494,801 to L. F. Urry.
PAR  FIG. 3 illustrates a different embodiment of the invention wherein the dry
      cell is constructed in the same manner as described hereinabove except
      that instead of piercing the holes 20 through the cathode mix 12, four
      equidistantly spaced apart porous tubes 36 are inserted into the cathode
      mix 12, parallel to the carbon electrode element 18 and terminating a
      short distance above the washer 26. Conventional porous paper drinking
      straws or tubes are ideal for use in this embodiment of the invention.
      However, the tubes 36 can be made of most any porous inert material that
      is permeable to gas. Plastic tubes can be used if provision is made for
      emitting gas, such as by providing a multiplicity of small openings or
      holes in the side wall thereof.
PAR  In embodiments of the invention illustrated in FIGS. 1-3, the pierced holes
      20 and tubes 36 communicate with the void space 32 and thus enable any gas
      that is normally trapped near the bottom of the anode cup 10 to pass
      through the cathode mix 12 and into the void space 32 from whence the gas
      can readily escape through the vent.
PAR  It should be understood that any number of holes 20 or tubes 36 may be
      employed in the embodiments of the invention illustrated. Generally, the
      gas-venting passageway provided by one hole or tube will suffice for the
      purpose of venting most of the gas trapped at the bottom of the cell.
      However, it is preferred to use a multiplicity of equidistantly spaced
      apart holes or tubes in the practice of the invention.
PAR  As one example of the invention, a number of long C-size magnesium dry
      cells were made using a high rate vent wherein four longitudinal holes
      3/32 inch in diameter were pierced 90.degree. apart through the cathode
      mix in some of the cells. The cells employing the vent holes were
      assembled into a multicell battery while the remaining cells not using the
      vent holes were assembled into batteries of the same structure. All the
      batteries were placed on heavy drain at a temperature of 130.degree.F. The
      battery assembled with the cells employing vent holes in the cathode mix
      showed no evidence of failure, whereas battery failure did occur in each
      of the batteries assembled with the remaining cells.
PAR  Thus it will be seen that the invention provides a means in a primary dry
      cell for venting gas through the cathode mix which might otherwise become
      trapped near the bottom of the anode cup causing the cathode mix to rise
      like a piston into contact with the seal closure and block the vent. It
      will of course be apparent that the advantages made possible by the
      invention cannot be fully realized unless the vent that is used in the
      seal closure is capable of venting the gas at a high rate from inside the
      cell. Various types of high rate vents can of course be used. So-called
      "plug vents" can be employed, for example, which are capable of venting
      gas at high rates, although these vents are not resealable. Such vents
      consist of a vent opening in the closure disc which is sealed by a plug of
      wax or other low melting point sealant. The plug is expelled from the vent
      upon the development of high internal gas pressure or temperature or both.
      A vent of this type which has proven particularly advantageous for use in
      magnesium cells and which is recommended for use in primary dry cells of
      the invention is disclosed and claimed in the co-pending application of L.
      F. Urry, Ser. No. 384,446, filed on Aug. 1, 1973.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A primary dry cell comprising a metal anode cup having an open end which
      is gas-tightly sealed by a closure including a vent and having a cathode
      mix therein comprising particles of an oxidic depolarizer, finely-divided
      conductive material and an electrolyte, said closure and said cathode mix
      defining a void space therebetween, wherein a longitudinal gas-venting
      passageway hole extends through said cathode mix into communication with
      said void space to thereby enable gas normally entrapped near the bottom
      of said anode cup to pass freely through said cathode mix and into said
      void space from whence the gas can escape through said vent.
NUM  2.
PAR  2. The primary dry cell as defined by claim 1, wherein said gas-venting
      passageway hole is formed by a longitudinal hole pierced through said
      cathode mix and terminating a short distance above the bottom of said
      anode cup.
NUM  3.
PAR  3. The primary dry cell as defined by claim 1, wherein said gas-venting
      passageway hole is formed by a longitudinal porous tube inserted into said
      cathode mix and terminating a short distance above the bottom of said
      anode cup.
NUM  4.
PAR  4. The primary dry cell as defined by claim 1, wherein a central carbon
      electrode element is embedded in said cathode mix and protrudes slightly
      beyond the open end of said anode cup and wherein said closure comprises
      an annular insulating disc gas-tightly fitting around said carbon
      electrode element and within said open end of said anode cup.
NUM  5.
PAR  5. The primary dry cell as defined by claim 4, wherein a multiplicity of
      substantially equidistantly spaced apart, longitudinal holes are pierced
      through said cathode mix in substantially parallel relation to said
      central carbon electrode element and terminating a short distance above
      the bottom of said anode cup.
NUM  6.
PAR  6. The primary dry cell as defined by claim 5, wherein four longitudinal
      holes are pierced 90.degree. apart through said cathode mix.
NUM  7.
PAR  7. The primary dry cell as defined by claim 4, wherein a multiplicity of
      substantially equidistantly spaced apart, longitudinal porous tubes are
      inserted into said cathode mix in substantially parallel relation to said
      central carbon electrode element and terminating a short distance above
      the bottom of said anode cup.
NUM  8.
PAR  8. The primary dry cell as defined by claim 7, wherein four longitudinal
      porous tubes are inserted 90.degree. apart into said cathode mix.
NUM  9.
PAR  9. The primary dry cell as defined by claim 4, wherein said vent comprises
      a vent aperture in said annular insulating disc, a seal gasket overlying
      said vent aperture and a seal ring surrounding the peripheral edges of
      said anode cup and having a leg element extending inwardly and biasing
      said seal gasket into sealing relation around said vent aperture, said leg
      element being deflectable in a direction away from said seal gasket upon
      the build-up of a predetermined high internal gas pressure inside said
      cell.
NUM  10.
PAR  10. The primary dry cell as defined by claim 4, wherein said vent comprises
      a vent opening in said annular, insulating disc which is closed by a seal
      plug made of a low melting point sealant and which is expelled from said
      vent opening upon the build-up of a predetermined high internal gas
      pressure or temperature inside said cell.
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ABST
PAL  A porous conducting particle, hydrophobic bonded, substrate supported
      electrode is prewetted with the electrolyte. A D.C. voltage is applied to
      the electrode to assist in the prewetting with the electrolyte. A soluble
      catalyst-containing material is then introduced into the electrode and the
      catalyst deposited within the electrode. By appropriate selection of the
      porous conducting particles and the catalyst-applying techniques, precise
      control of the location of the catalyst can be obtained. If graphite
      materials are used as the conducting particles, a catalyst-containing salt
      is allowed to dissolve in the electrolyte in the prewetted electrode, and
      the catalyst-containing material is reduced to the metal. If the reduction
      is done by reaction with a reducing gas such as hydrogen, the catalyst
      will be deposited only in those regions of the electrode at which there is
      an electrolyte-reactant gas interface which is in electrical-conducting
      relationship with the substrate. Alternatively, extremely precise amounts
      of catalyst can be deposited within the electrode structure by use of a
      solution of a compound of the catalyst whose wettability with the
      hydrophobic material varies as the solution evaporates. By this technique
      almost 100% of the catalyst can be deposited within the electrode
      structure on the hydrophilic region, with virtually no losses in the
      hydrophobic material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to electrochemical cells and more particularly, to a
      method of catalyzing electrochemical cell electrodes and the electrodes so
      produced.
PAR  2. Description of the Prior Art
PAR  A well-known and important type of electrochemical cell is a fuel cell
      which reacts a fuel and an oxidant at a pair of electrodes to make
      electricity. Low temperature fuel cells require catalysts in each of the
      electrodes to promote the reaction of the fuel and the oxidant. But, the
      electrochemical reaction of each of the reactant gases takes place in the
      presence of the catalyst only in those regions of an electrode in which
      the electrolyte and the reaction gas establish an interface and the
      electricity produced can be taken away. If there is catalyst at other
      places in the fuel cell electrode, or if catalyst is lost in processing,
      that catalyst is wasted. Catalysts typically used in fuel cells are
      expensive noble metals and therefore it is desirable to reduce the waste
      as much as possible and still have good fuel cell performance; that is,
      efficient utilization of the catalyst is essential. To achieve an
      electrode in an electrochemical cell that can provide a high current
      density and maintain a high voltage, it is necessary to have a large
      electrolyte/reactant gas interface area. It is known in the prior art that
      use of small and distinct hydrophobic areas through which the reactant gas
      can pass and hydrophilic areas in which the electrolyte can be present,
      allows for large interfaces. In one type of electrode having these
      characteristics which has found wide acceptance, catalyzed agglomerates of
      porous carbon particles are bound together with polytetrafluoroethylene
      (PTFE) to establish the hydrophobic and hydrophilic areas. One known
      method for catalyzing such electrodes applies a catalyst to the carbon
      particles before the carbon particles are bound together with the PTFE and
      put onto a current collector support to form an electrode: this is known
      as pre-catalyzation. The pre-catalyzation method deposits catalyst on all
      of the carbon particles that are to be used in the electrode and, as a
      result, some of the catalyst is wasted because some of it is placed where
      there may be no electrolyte/reactant gas interface or where there is no
      electrical path out of the cell. The precatalytic techniques also involve
      losses in the original treatment of the carbon as well as in the handling
      of the catalyzed carbon during fabrication of the electrode.
PAR  In addition, it has sometimes been observed that precatalyzed electrodes do
      not function as efficiently as electrodes which are fabricated according
      to "post-catalyzation techniques." A post-catalyzation technique is one in
      which the catalyst is deposited in the electrode structure after the
      electrode structure has been formed. Although resulting in superior
      performing electrodes all post-catalyzation techniques hitherto employed
      have been extremely difficult processes to control. This results in a
      substantial amount of the catalyst being deposited in areas where it is
      not desired. According to this invention, we have found a method by which
      post-catalyzation of conducting particle, hydrophobic bonded substrate
      supported electrodes can be obtained by simple and extremely controllable
      techniques.
PAR  It is, accordingly, an object of this invention to provide an efficiently
      catalyzed electrochemical cell electrode.
PAR  Another object of the present invention is to provide a method for
      post-catalyzing an electrochemical cell electrode.
PAR  It is another object of this invention to provide a method for pre-wetting,
      with an electrolyte, an electrochemical cell electrode.
PAR  It is another object of this invention to provide methods for selectively
      depositing a catalyst in a prewetted electrochemical cell electrode.
DRWD
PAR  These and other objects of the invention will be readily apparent from the
      following description with reference to the accompanying drawings wherein:
PAR  FIG. 1 is a schematic section through a conducting particle hydrophobically
      bonded substrate supported electrochemical cell electrode and
PAR  FIG. 2 is a cross-section view of apparatus for carrying out the prewetting
      step of this invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, FIG. 1 represents a schematic
      cross-sectional view through a typical, porous conducting particle,
      hydrophobic bonded substrate supported electrode. Such an electrode
      consists of a substrate 1 formed from a gas-permeable corrosion-resistant
      electrical conductor, which in the conventional phosphoric acid
      electrolyte fuel cell is a thin paper formed from graphite or carbon
      fibers, hereinafter referred to as carbon paper. The carbon paper
      substrate 1 may also be coated with a thin layer of hydrophobic material
      such as PTFE to render it resistant to flooding with the electrolyte which
      would destroy the gas permeability of the substrate 1 but this coating of
      hydrophobic material must be sufficiently thin as not to interfere with
      the electrical conducting capacity of the substrate 1. The body of the
      electrode consists of porous electrically conductive particles 2 having
      catalyst deposited on the surface. It should be recognized that the
      particles 2 are in actuality agglomerates of smaller porous particles.
      However, the detailed structure of these particles is not important to an
      understanding of the invention and has been omitted from the drawing for
      clarity. The particles 2 are bonded together by hydrophobic
      corrosion-resistant microspheres 3. It will be understood that the
      microspheres 3 fill substantially the entire volume between the particles
      2 between the electrolyte matrix 4 and the substrate 1, whereas in the
      drawing they are only shown in certain locations, being omitted from the
      remainder of the drawing for purposes of clarity. The conducting particles
      2 formed of a corrosion-resistant electrical conductor must be wetted by
      the electrolyte which is stored in matrix 4. Suitable materials for the
      particles being carbon black (e.g., Cabot Vulcan XC 72 ) or graphitized
      carbon black. The preferred hydrophobic material is
      polytetrafluoroethylene (PTFE). The face of the electrode opposite the
      substrate 1 abuts against a fibrous matrix 4 which is filled with the
      fluid electrolyte which, in the case of a phosphoric acid fuel cell would
      be concentrated phosphoric acid. In operation of such a fuel cell, the
      fuel or oxidant gas would be caused to flow past the substrate 1,
      diffusing into this electrode through the spaces maintained by the
      hydrophobic microspheres 3; the hydrophobic nature of the microsphere
      preventing the electrolyte from entering into these gas-flow channels. The
      electrolyte from the matrix 4 flows through the pores and across the
      surface of the conducting particles 2. At those places on the surface of
      the conducting particles 2 where there is an interface between the
      electrolyte covering the catalyst and the reactant gas, a chemical
      reaction (either oxidation or reduction depending upon whether the
      electrode is an anode or a cathode, respectively) occurs. The electron
      transfer with the external circuit occurs across current conducting paths
      between the conducting particles 2 and the substrate 1 and the ion
      transfer occurs by diffusion between the electrolyte matrix 4 and the
      electrolyte on the particles 2.
PAR  As can be seen from FIG. 1, certain of the conducting particles which are
      designated as 2a are surrounded by the hydrophobic material 3 and as such
      are insulated from the current collecting substrate 1. Since these
      particles are electrically insulated from the substrate, no electron
      transfer to or from these surfaces can occur. Thus, no chemical reaction
      can take place on the particle and any catalyst which is deposited on
      these particles will be wasted. According to one embodiment of our
      invention, this aspect of catalyst waste can be avoided. According to
      other embodiments of our invention, deposition of catalyst on particles 2
      is permitted to occur. However, the overall post-catalyzation process is
      carried out in a simple and economical manner without external wasting of
      any catalyst or the need to recover catalyst from the processing step.
PAR  According to our invention, the electrode is prewetted with the electrolyte
      and then a soluble catalyst-containing material is caused to enter into
      solution with the electrolyte on the surfaces of the particles 2 which
      have been wet by the electrolyte. A chemical reaction is then caused to
      occur which deposits the catalyst on the surface of these particles. Thus,
      in order to successfully accomplish the post-catalyzing process of our
      invention, it is necessary to solve two problems: 1) how to prewet the
      electrode with the electrolyte and 2) how to deposit the catalyst on the
      surfaces of the prewetted particles 2.
PAR  In order to prewet the electode, it is necessary to cause the electrolyte
      to completely cover and penetrate through the porous conducting particles
      2. When the conducting particles 2 were made of carbon black, it was
      possible to obtain prewetting by simple wicking action which occurs when
      the electrode is placed in contact with the electrolyte matrix. Since
      carbon black is reasonably wettable by the electrolyte, electrolyte will,
      with time, penetrate through the pores and cover the surface of the
      particles 2, but a substantial period of time is required to obtain
      complete wetting. When the conducting particles 2 are made of graphitized
      carbon black, wicking does not occur or occurs with extreme slowness
      because the surface is not readily wettable by the electrolyte. In such
      instances we have found that it is necessary to prewet the electrode by
      means of an anodic potential applied to the electrode which renders the
      surface of the graphitized particles wettable with electrolyte, probably
      by the formation of oxides of carbon on the surface at the interface
      between the electrolyte and the carbon. When used with graphitized carbon
      black, this prewetting approach causes electrolyte to wet only those
      particles which are in electrical-conducting relationship between the
      electrolyte matrix and the conducting substrate. Thus, particles such as
      2a and 2b will not be wet with electrolyte since they are not in current
      carrying relationship to the substrate across which the potential is
      applied. This process of anodically wetting the electrode can also be
      utilized with wettable conducting particles such as those formed of carbon
      black and in this instance it substantially reduces the time required to
      complete prewetting of the electrode. In this instance, however, since the
      conducting particles are wettable, particle 2b would be wet by the
      electrolyte through simple wicking and particle 2a could conceivably
      become wet if a liquid passage occurred in the electrode structure as a
      result of some imperfection in the way it was manufactured which would
      permit electrolyte to reach the surface of this particle. The voltage and
      current required to cause the prewetting is selectable within relatively
      wide limits, a minimum voltage potential of approximately 0.9 volts above
      the hydrogen potential being required to cause the generation of some
      oxide at the interface between electrolyte and the carbon. In practice, a
      voltage in the range of 0.9  to 1.6 volts at a current density of 1 to 2
      milliamperes/cm.sup.2 has been found to produce satisfactory results
      within a reasonable period of time. Obviously, the lower the current
      density, the longer the reaction time, and operating below the minimum
      potential of approximately 0.9 volts will not produce the necessary oxide
      formation. Operating above 1.6 volts has not been found to materially
      enhance the process.
PAR  Referring to FIG. 2, the apparatus by which the electrode can be prewetted
      is illustrated. An uncatalyzed electrode 10 corresponding in structure to
      that shown in FIG. 1 is placed in a container 40 filled with the
      electrolyte which, in this case, is concentrated phosphoric acid 42,
      preferably with the conductor substrate 1 above the surface of the
      electrolyte 42 with the layer of conducting particles and hydrophobic
      particles immersed in the electrolte. This arrangement is desirable in
      order to prevent the substrate 1 from becoming wet with the electrolyte
      which could destroy its hydrophobic character and obstruct gas flow in the
      subsequent operation of the fuel cell. The electrode 10 which is to be
      wetted by the electrolyte 42 rests upon a nonconducting porous matrix 46
      such as tissue quartz which is used to electrically insulate the electrode
      from its counter-electrode. This matrix 46 in turn rests on a metal screen
      counter-electrode 48 which in this embodiment is the negative electrode
      and which is, in turn, supported on a porous spacer 49 which is used to
      permit the evolution of any gas generated at the electrode 48. The entire
      assembly rests on supports 50 which maintain the assembly off the bottom
      of container 40 and at the proper elevation within container 40. The
      substrate 1 of the electrode 10 to be wetted is connected via rheostat 56
      to the positive terminal of a power source 54 and the counter-electrode is
      connected by a switch 52 to the negative plate of power source 54. When
      switch 52 is closed and a proper appropriate adjustment made of rheostat
      56, a positive voltage of between 0.9 and 1.6 volts can be applied across
      the electrode 10 which results in the evolution of some hydrogen gas at
      negative electrode 48 and presumably the production of some carbon oxide
      at the interfaces between the electrolyte and the current carrying
      conducting particles 2 of electrode 10. Referring now to FIG. 1, it will
      be seen that since graphitized particles 2a and 2b are not in
      electrical-conducting relationship with substrate 1, no wetting of these
      particles will occur, whereas particles 2 will be wet with the
      electrolyte. It has been found that electrode 10 is filled with the
      electrolyte in less than 10 minutes and this time period for any
      particular configuration of electrode is readily determined experimentally
      by weighing the electrode to ascertain the amount of acid that has entered
      into the electrode and by performance data on the resultant electrode.
      Similar results are also obtained when the conducting particles 2 are
      formed from a wettable material such as carbon black. In this case, the
      particles would have been wettable with the electrolyte purely by wick
      action. However, as a result of the anodic potential, the treatment time
      is reduced from over an hour to a few minutes. In this case, however,
      particles such as 2b will become wet with electrolyte as a result purely
      of the wicking and particles such as 2a may become wet with the
      electrolyte in the event of some imperfection in the electrode matrix
      which would permit a liquid passage from the electrolyte bath to the
      particles 2a.
PAR  Having thoroughly prewet the electrode with the electrolyte via the
      technique described above, it now becomes necessary to deposit a suitable
      catalyst on the surface of the conducting particles 2. Various materials
      are known to the art to be usable as catalysts; however, the most highly
      efficient known to date is platinum. This invention will be described with
      respect thereto, it being recognized that corresponding treatment of other
      soluble compounds of catalytically active metals can be used according to
      our invention. According to one embodiment of our invention, a solution of
      soluble, catalyst-containing compound is placed in contact with the prewet
      electrode and the soluble catalyst containing compound is permitted to
      diffuse into the electrolyte contained on conducting particles 2. Thus,
      referring now to FIG. 1, a porous absorptive mat similar to blotting paper
      and resistant to acids is impregnated with a solution of chloroplatinic
      acid and placed in contact with the electrode in the location shown as 4
      on FIG. 1. The chloroplatinic acid contained on this mat will diffuse into
      the electrolyte contained on particles 2 and after a period of time, which
      is dependent upon the concentration of chloroplatinic acid in the mat 4
      and the configuration of the electrode itself, an amount of chloroplatinic
      acid will have diffused substantially uniformly across all of the
      conducting particles 2 which have been coated by the electrolyte by the
      process described above. The electrode is then removed and the surface of
      the electrode blotted to remove the surface film of excess catalyst. The
      soluble catalyst containing material is then chemically modified to
      precipitate metallic catalyst. This can be accomplished, for example, by a
      chemical oxidation-reduction reaction to cause metallic platinum to be
      deposited on the surface of the conducting particles 2. Such a reaction
      can be conveniently conducted by passing hydrogen gas (preferably
      120.degree.F to 400.degree.F) through the supporting substrate 1 causing
      chemical reduction of the chloroplatinic acid to deposit platinum on the
      surface of conducting particles 2. If the electrode structure has been
      formed from graphitized carbon black, anodically wetted as described
      above, particles 2b and 2a will not contain any electrolyte and will not
      have any platinum deposited thereon. In this embodiment of the invention,
      the platinum is deposited within the electrode structure only in those
      areas where a chemical reaction with appropriate electron transfer can
      occur, and thus the platinum within the fuel cell electrode is efficiently
      utilized. When carbon black is used as the conducting particle, for
      example, some catalyst deposition will occur on particles such as 2b.
PAR  Since the electrolyte into which the catalyst containing compound diffuses
      is located not only at the surface of particles 2 but also throughout the
      porous body of these particles; in some cases the electrode can be treated
      to prevent the catalyst from entering into the electrolyte in the pores.
      Such a treatment would result in the catalyst being deposited on the
      surface of the particles rather than within the pores. One approach taken
      was to freeze the electrode thereby substantially reducing the rate at
      which the catalyst containing material could enter the pores but without
      effecting the rate at which the solution would wick into the electrode
      structure.
PAR  When highly concentrated phosphoric acid is the electrolyte, a separate
      freezing step is not necessary because the phosphoric acid is a solid at
      room temperature in the presence of large numbers of nucleation sites such
      as the carbon itself. In other systems a freezing step or some other pore
      blocking technique could prove desirable and the use of such a step is
      contemplated by this invention when needed.
PAR  The diffusion procedure, although desirable from the point of view of
      maximum catalyst utilization, does require the recovery of the
      catalyst-containing material from the matrix or mat from which the
      catalyst-containing material was allowed to diffuse into the electrode and
      from the blotter used to remove the surface film. This requires an
      additional processing step. According to another embodiment of this
      invention, there is no need for any recovery step since all of the
      catalyst-containing material applied to the electrode is ultimately
      deposited within the electrode on conducting particles 2. According to
      this embodiment some catalyst is deposited on particles such as 2a and 2b,
      but this embodiment has the advantage of obtaining extremely precise
      control of the actual amount of catalyst deposited within the electrode.
      According to this embodiment of the invention, we have found that
      catalyst-containing material can be caused to dissolve in a mixture of two
      soluble liquids, the wetting characteristic of which will vary with the
      concentration of the two liquids. Thus, by appropriate selection of the
      catalyst-containing compound and the liquids, it is possible to produce a
      solution of the catalyst-containing material which, during the initial
      phase of the process, is capable of wetting the hydrophobic portions 3 of
      the electrode but which upon evaporation will become non-wettable with
      respect to these hydrophobic portions. The result is that as the solution
      evaporates, the solution will be driven out of the hydrophobic regions and
      into the hydrophilic regions where the catalyst-containing solution will
      contact the electrolyte on the surfaces of the conducting particles 2. The
      catalyst-containing material will enter into solution in the electrolyte
      on particles 2 and can be deposited in the same manner as described above
      by reduction with hot hydrogen.
PAR  In order to obtain a solution which will change its wetting characteristics
      upon evaporation, it is necessary to have a polar component and a
      relatively non-polar component as the two liquids used to form the
      solution. The original mixture must have a non-polar component which is
      more volatile than the polar component, or a concentration on that side of
      an azeotrope which will cause the concentration of the polar constituent
      of the solution to increase as evaporation occurs. Naturally, the
      catalyst-containing compound must be soluble in the polar component and in
      the solution of the mixture originally chosen. While various materials can
      be used, we have found that water is the preferred polar component and the
      lower alcohols are the preferred non-polar components. These materials are
      miscible in all proportions and the vapor pressures are such that
      evaporation can be caused to occur at moderate temperatures. While other
      materials meeting the criteria described above, which are readily
      determinable by workers skilled in the art, can be used, the following
      description will be directed to the use of water and alcohol.
PAR  When certain liquids are dissolved in each other, there will be a certain
      composition, which is unique for each set of materials, at which the
      composition of the vapor phase formed by evaporation of the mixture is
      identical in composition to that of the liquid phase. This particular
      composition is known as the azeotropic composition. Any solution of
      liquids at the azeotropic composition, therefore, cannot be separated by
      distillation techniques since the composition of the liquid and vapor
      phases is identical. As an example, assume that the low-boiling azeotropic
      mixture of liquids A and B is 70% A and 30% B. If a liquid mixture is
      prepared having a smaller proportion of component A, say 60/40, the vapor
      phase formed upon evaporation of this liquid mixture will have a higher
      proportion of component A than the liquid phase. Thus, if the vapor phase
      is removed and evaporation continued, the concentration of the liquid
      phase will continuously change and eventually the liquid phase will
      consist primarily of component B. Similarly, on the other side of a
      low-boiling azeotrope, if the initial composition was 80% A and 20% B, the
      vapor phase will have a higher proportion of component B than the liquid
      phase and if the vapor phase is continuously removed with evaporation
      continuing, eventually the liquid phase will consist primarily of
      component A. According to this invention, we have found that solutions of
      polar and non-polar liquids such as alcohols and water become capable of
      wetting hydrophobic materials such as PTFE at composition ranges well
      below the azeotropic composition and on that size of the azeotropic at
      which evaporation will cause the concentration of the polar liquid in the
      liquid phase to increase. When the concentration of the polar component
      reaches a predetermined level, the solution will cease to wet the
      hydrophobic particles 3 and can be observed to physically withdraw from
      these hydrophobic regions. However, particles such as 2a, if formed of a
      mildly hydrophobic material such as graphitized carbon black, will remain
      wetted with the solution since once wetted the concentration change is not
      sufficient to restore the hydrophobic character. Thus, according to this
      embodiment of the invention, the pre-wet electrodes manufactured as
      described above can be thoroughly flooded in both the hydrophophilic and
      the hydrophobic areas, by a solution of a catalyst-containing material in
      the mixed solvents at a concentration at which the solution will wet the
      hydrophobic regions. When the electrode is subject to heat or vacuum the
      solution will begin to evaporate, becoming more concentrated in the polar
      material and, when the concentration is reached at which the liquid
      solution is no longer capable of wetting the PTFE, the solution will
      withdraw itself from the hydrophobic regions 3 and mix with the
      electrolyte within the porous particles 2. Since the catalyst-containing
      material is in solution in this liquid, virtually all of the catalyst
      solution is ultimately located in the electrolyte within the conducting
      particles 2. The catalyst-containing material can then be chemically
      reacted as described above in order to deposit the metallic platinum. As
      previously noted, pore "blocking" techniques can be used if desired to
      prevent the catalyst from entering into the electrolyte in the pores of
      particles 2.
PAR  As an example of a specific preferred system which is usable according to
      our invention, a solution of isopropyl alcohol in water begins to exhibit
      wettable characteristics with respect to PTFE when it contains
      approximately 30 volume percent alcohol. The azeotropic composition,
      however, is approximately 90 volume percent alcohol, and accordingly, any
      solution of water and alcohol in which the percentage of alcohol is
      greater than approximately 30 volume percent and less than approximately
      80% will not only be capable of wetting the PTFE but will also be capable
      of becoming more aqueous as it is subjected to heat. When the percentage
      of water in the solution exceeds 70%, the solution will become incapable
      of wetting the PTFE and will withdraw from the hydrophobic regions of the
      electrode into the hydrophilic regions and into solution in the
      electrolyte on particles 2. It should be noted, however, that even if the
      electrode has been prewetted by the technique described above in which
      particles such as 2a and 2b are not wetted by the electrolyte, some
      deposition of catalyst on these particles will occur if the catalyzation
      technique just described is employed. This is because the graphitized
      particles 2a and 2b, although not hydrophilic with water, are wettable by
      the alcoholic solution and once they have been so wetted, increasing the
      concentration of the water does not result in the same change in wetting
      characteristics as is observed with the PTFE. Thus, this process does
      result in the deposition of some catalyst in areas where chemical
      reactions in the electrochemical cell cannot occur. However, this slight
      disadvantage is substantially overcome by the obvious processing
      advantages obtained when all of the catalyst-containing solution can be
      caused to enter into the electrochemical cell electrode in a highly
      controllable manner with no reprocessing and waste associated therewith.
PAR  The above describes the applicants' broad invention in a manner such that
      any person skilled in the art can practice the same with at most routine
      experimentation to determine the specific operating parameters for any
      particular combination of materials. The following examples represent
      preferred embodiments of the invention and are to be considered as
      supplementing the above disclosure rather than limiting the same.
PAC  EXAMPLE 1
PAR  A gaseous diffusion electrode comprising a conductive carbon paper
      substrate carrying an electrode body of porous graphitized carbon black
      agglomerates (0.5 - 5.mu.), bonded together and to the carbon paper
      substrate by PTFE particles (0.2.mu.) was weighed and placed in the
      apparatus of FIG. 2 with concentrated phosphoric acid (98%) at 70.degree.C
      and subjected to an anodic potential of approximately 1.2 volts at a
      current flow of approximately 2 milliamperes per square centimeter for a
      period of 15 minutes. Upon removal from the prewetting apparatus, the
      electrode was blotted to remove surface acid and upon visual observation
      the electrode appeared dry. The electrode was weighed and then treated as
      described above for another 5 minutes, blotted dry and weighed again. No
      weight gain was observed, indicating that total prewetting had occurred by
      the initial treatment. Without anodic treatment, the time required for
      complete filling varied from 50-500 hours depending on the sample.
PAC  EXAMPLE 2
PAR  An electrode structure similar to that of Example 1 but using carbon black
      (non-graphitized) as the conducting particle was treated according to the
      same process and similar results obtained. The electrode structure
      appeared dry; however, it was thoroughly wetted by the electrolyte. The
      anodic preparation obtained total impregnation in 5 minutes whereas
      without the anodic treatment prewetting by wick action required 0.5 to 3.0
      hours for total prewetting depending on the sample.
PAC  EXAMPLE 3
PAR  A quartz mat was disposed in a tray and thoroughly impregnated with a
      solution of 25 mg Pt/ml solution prepared by mixing chloroplatinic acid in
      96% phosphoric acid. The prewet electrode prepared according to Example 1
      with the carbon paper substrate on top was laid upon the quartz mat. The
      rate of diffusion of the chloroplatinic acid into the phosphoric acid
      electrolyte on the conducting particles is a function of the concentration
      of the chloroplatinic acid and the temperature of the treatment. At
      70.degree.C, the impregnation of the electrode with the catalyst was
      continued for 5 minutes. The electrode was then removed, the surface of
      the electrode blotted and the blotter saved for later reprocessing to
      recover residual platinum. The electrode was then treated with hydrogen
      gas at 150.degree.C which was passed through the carbon paper substrate
      into and through the electrode. Chemical reduction of the chloroplatinic
      acid to metallic platinum occurred and the concentration of platinum in
      the finished electrode was 0.3 mg/cm.sup.2. As prepared the platinum
      present should be located exclusively on conducting particles which were
      in electrical-conducting relationship with the substrate and thus capable
      of participating in the chemical reaction in the electrochemical cell. The
      electrode was capable of use in an electrochemical cell without the
      initial start-up period required when the electrochemical cell electrode
      is not prewetted. Thus, while the electrode appeared dry, it was in fact
      ready for immediate use rather than having to be impregnated with the
      electrolyte after assembly into an operating cell.
PAC  EXAMPLE 4
PAR  Two milliliters of a solution of chloroplatinic acid in a mixture of 80
      volume percent isopropyl alcohol and 20 % water was placed in a tray
      having the following dimensions - 3 inches by 3 inches. A prewet electrode
      fabricated according to Example 1 and having dimensions corresponding to
      that of the tray was laid on top of the solution of chloroplatinic acid
      with the carbon paper substrate facing upwards. The solution was
      substantially completely absorbed in the electrode and upon removal from
      the tray no noticeable solution remained in the tray. The electrode was
      heated at 110.degree.C for 0.25 hour to evaporate the isopropyl
      alcohol/water mixture. As the concentration of the solution approaches 30%
      isopropyl alcohol, the solution becomes non-wettable with respect to the
      hydrophobic PTFE portion of the electrode and the solution should retreat
      therefrom into the remainder of the electrode structure. After
      substantially all of the isopropyl alcohol/water solution had been
      evaporated, the chloroplatinic acid was subject to gaseous reduction in
      the same manner as Example 3. The finished electrode was placed in
      operation in a fuel cell and produced cell voltage of 0.620 volt at a
      current density of 200 ma/cm.sup.2 with hydrogen gas fuel and air oxidant
      at a temperature of approximately 190.degree.C.
PAR  While this invention has been disclosed with respect to certain specific
      embodiments thereof, these embodiments are considered to be illustrative
      and not limiting of the invention. The invention is usable with materials
      other than those specifically disclosed herein. It is anticipated that
      workers skilled in the art will, in fact, utilize other materials, and
      such use is contemplated within the scope of this invention so long as the
      general criteria duly set forth above are met with respect to the
      selection of these various materials. For example, while this invention
      has been described with respect to an electrode for a phosphoric acid fuel
      cell, it is equally usable with basic KOH electrolyte fuel cells as well
      as sulphuric acid fuel cells. Also, materials other than PTFE, graphite,
      carbon and platinum can be used. Suitable porous conducting particles for
      electrodes other than carbon and graphite are, for example, boron carbide,
      tantalum, and nickel, depending on the electrolyte environment. Suitable
      hydrophobic materials include fluorinated ethylene-propylene and
      polystyrene, for example, and suitable conducting substrates can be made
      from metallic screens or resin-bonded carbon plaques depending on the
      environment. Also, with respect to the catalyst impregnation technique,
      materials other than alcohol and water can be used. Water, because of its
      availability and desirable boiling point is, of course, the preferred
      polar material and similar comments apply also to the alcohol. However, a
      large number of other organic liquids can obviously also be used. The
      specific operating parameters for any particular combination of materials
      is believed readily determinable by workers skilled in the art. Further
      the technique of increasing the wettability of the conducting particles by
      means of a D.C. potential can be used alone or in connection with other
      processes such as the wetting or pre-catalyzed electrodes. Similarly the
      use of a solution of dissimilar liquids where wettability with different
      materials varies on evaporation as a carrier to selectively locate a
      dissolved material in a structure can be used alone or in connection with
      other proesses. Accordingly, this invention is not to be construed as
      limited by the above disclosure but only by the following claims wherein:
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for catalyzing a inert, porous conducting particle,
      hydrophobic bonded, substrate supported electrochemical cell electrode
      which comprises contacting the inert, porous conducting particle,
      hydrophobic-bonded portion of said electrode with the electrolyte
      composition applying a non-alternating electrical potential across the
      electrode between the substrate and the electrolyte, the electrical
      potential being of sufficient magnitude to increase the rate at which the
      electrolyte enters and fills the porous conducting particles, then causing
      a soluble catalyst-containing compound to enter into solution in the
      electrolyte within the electrode structure and depositing insoluble
      catalyst from said electrolyte solution onto the conducting particles.
NUM  2.
PAR  2. The process of claim 1, wherein said conducting particles are relatively
      unwettable by said electrolyte.
NUM  3.
PAR  3. The process of claim 2, wherein said conducting particles are graphite
      and said electrolyte is phosphoic acid.
NUM  4.
PAR  4. The process of claim 3 wherein said catalyst-containing compound is
      chloroplatinic acid.
NUM  5.
PAR  5. The process of claim 4 wherein said insoluble catalyst is deposited by
      reduction with hot hydrogen.
NUM  6.
PAR  6. The process of claim 1, wherein said soluble catalyst-containing
      material is introduced into said electrode structure by diffusion into the
      electrolyte.
NUM  7.
PAR  7. An electrode structure produced according to the process of claim 6.
NUM  8.
PAR  8. The process of claim 1, wherein said soluble catalyst-containing
      material is introduced into said electrode structure by:
PA1  a. dissolving said soluble catalyst-containing material in a liquid
      solution of dissimilar liquids which liquid solution is:
PA2  i. capable of wetting the hydrophobic bonding material of the electrode at
      a first composition range of said liquids,
PA2  ii. incapable of wetting the hydrophobic bonding material at a second
      composition range of said liquids, and
PA2  iii. capable of changing from said first composition range to said second
      composition range on evaporation of said solution;
PA1  b. contacting said electrode structure with said soluble
      catalyst-containing material dissolved in the liquid solution in said
      first composition range, whereby said solution enters the hydrophobic and
      hydrophilic regions of said electrode structure, and
PA1  c. evaporating said solution to change its composition from said first
      composition range to said second composition range whereby said solution
      withdraws from the hydrophobic bonding material of said electrode
      structure.
NUM  9.
PAR  9. An electrode structure produced according to the process of claim 8.
NUM  10.
PAR  10. The process of claim 8 wherein said dissimilar liquids are water and an
      alcohol, said hydrophobic bonding material is PTFE and said porous
      conducting particles are selected from the group consisting of carbon and
      graphite.
NUM  11.
PAR  11. The process of claim 10 wherein said electrolyte is phosphoric acid.
NUM  12.
PAR  12. An electrode structure produced according to claim 10.
NUM  13.
PAR  13. An electrode structure produced according to claim 11.
NUM  14.
PAR  14. The process of claim 1 further comprising the step of blocking the
      pores of the conducting particles prior to the introduction of the soluble
      catalyst containing compound whereby catalyst deposition within the pores
      of the conducting particles is avoided.
NUM  15.
PAR  15. The process of claim 14 wherein the pores are blocked by freezing the
      electrolyte in the electrode structure.
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ABST
PAL  A coating solution comprising trivalent chromium and one or more cations
      selected from the group consisting of manganese, bismuth, antimony tin,
      zinc and molybdenum is employed in a process wherein the solution is
      contacted with a metallic surface to form a corrosion resistant coating.
      The coating can be force dried or can be treated with a passivating
      solution.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  There are known to be numerous coating compositions having hexavalent
      chromium for forming a corrosion resistant coating on metals. Such
      chromate coating compositions are useful in providing coatings which aid
      in the adhesion of subsequently applied siccative organic finishes. Should
      an organic finish be applied to such a chromate conversion coating, the
      organic finish can become discolored, particularly if it is of a light
      color. The discoloration is caused by a "bleeding" of soluble hexavalent
      chromium salts from the coating into the organic finish. Attempts have
      been made to reduce such discoloration in several ways. The most common
      method of eliminating the soluble hexavalent chromium salts from this
      coating is by rinsing. When a rinse is employed to remove the hexavalent
      chromium salts from the coating, a buildup of the soluble salts can occur
      in the rinse bath. To prevent the build-up of soluble chromate salts in a
      rinse bath, it is necessary to continually overflow the bath or discard
      the rinse solution once it is used.
PAR  Because of the problems associated with hexavalent chromium in the
      conversion coating, attempts have been made to modify the coated metallic
      surfaces. In some attempts to modify the coating, rinse compositions have
      been employed. Compositions having trivalent chromium have been used as a
      final rinse subsequent to contacting the metallic surface with a
      conversion coating composition. Such rinses have been found to aid the
      corrosion resistance and paint adhesion characteristics of previously
      coated metallic surfaces. For example, metal surfaces have been rinsed
      with a chromium final rinse composition, wherein a portion of the
      hexavalent chromium had been reduced to the trivalent state, by acids,
      aldehydes or alcohols.
PAR  Examples of such attempts are known in U.S. Pat. Nos. 3,063,877; 3,222,226;
      and 3,279,958.
PAR  Other attempts to solve the problems caused by the presence of hexavalent
      chromium in the conversion coating have been made by reducing the
      hexavalent chromium to the trivalent state in the coating itself after it
      is formed on the metal surface. Such procedures are found, for example, in
      U.S. Pat. Nos. 3,094,441 and 3,535,168 and British Pat. No. 1,114,645.
PAR  Such attempts resulted in decreasing the amount of soluble hexavalent
      chromium on the coated metal surface, but at the expense of contributing
      toxic compounds to the effluent of the process.
PAR  Effluents containing chromium have been found to be toxic, particularly
      when the chromium is in the hexavalent state. It is desirable to eliminate
      or diminish the amount of chromium and especially hexavalent chromium in
      the effluent. It has long been desirable to eliminate the rinse for
      reasons of the savings that could be realized in the cost product and
      apparatus. It is now desirable to prevent the discharge of harmful
      effluent of a conversion coating process for manifest reasons of
      environmental concern.
PAR  It is an object of this invention to produce a corrosion resistant coating
      on a metallic surface. It is another object of the invention to provide a
      coating solution and process which requires no subsequent rinsing. It is a
      concomitant object of the invention to provide process having a closed
      system for coating metal surface which eliminates effluent of the process.
      It is another object of the invention to provide a coating process which
      can be operated at room temperature. It is another object of the invention
      to form a conversion coating which is adherent of a subsequently applied
      siccative finish. Still other objects of the invention shall become
      evident from the description which follows.
PAC  DETAILED DESCRIPTION
PAR  Several discoveries underlie the present invention. The first of these is
      the discovery that an aqueous acidic coating solution comprising trivalent
      chromium and one or more cations selected from the group consisting
      essentially of manganese, bismuth, antimony, tin, zinc and molybdenum can
      be employed to form a corrosion resistant coating which permits the
      application of an organic siccative finish having excellent adhesion
      thereto. It has been found that the coating solution can be employed to
      contact a metal surface and form a corrosion resistant coating thereon.
      The coating formed is amorphous in structure that is to say there is no
      apparent crystalline structure when viewed under an optical microscope and
      it is generally blue to bluegrey in color.
PAR  The terms "metal" or "metallic" are used herein to describe iron or zinc.
      The terms "metal surface" or "metallic surface" refer to surfaces
      comprised of iron or zinc. By iron, we mean steel or other metals
      comprised predominantly of iron. By zinc, we mean not only metals
      comprised predominantly of zinc or its alloys, but also metals which are
      coated by zinc or its alloys, such as galvanized. It is of no consequence
      to the process of the invention whether the galvanized coating is applied
      by an electrolytic or by a hot-dipped process.
PAR  The term "coating solution" when used herein refers to the aqueous acidic
      solution of the invention comprising trivalent chromium and one or more
      cations selected from the group consisting essentially of manganese,
      bismuth, antimony, tin, zinc and molybdenum.
PAR  The terms "organic siccative coating" or "organic siccative finish" when
      used herein mean any organic covering which is applied to a metallic
      surface such as, paint, lacquer, enamel, and the like. Such organic
      finishes can be neutral or contain pigments for color.
PAR  The coating solution of the invention can be prepared in various ways. For
      example, cation constituents can be added to water in the form of their
      soluble salts. Any of their soluble salts, which do not interfere with the
      coating operation is satisfactory. For example, chlorides, nitrates and
      sulfates of the cation constituents can be employed. In order to be
      totally satisfactory, however, it is not enough that a solution can be
      made, or even sufficient, should the solutions form a coating on the metal
      surface. It is furthermore required that the anion of the salt be capable
      of being eliminated from the coating formed. When nitrates and sulfates
      occur in the coating, the metallic surface is found to be activated and
      susceptible to a reoccurrance of corrosion, such as for example a rust
      blush. It has been found that nitrates can be eliminated from the coated
      surface by heat and consequently rinsing is not required to remove the
      interfering anion.
PAR  It is known that metallic surfaces subsequent to coating are heated or
      subjected to an air blast to facilitate drying. It is desirable that the
      anion of the salt be one which is removed from the coated surface when the
      surface is heated.
PAR  In attempts to discover suitable salts of trivalent chromium and one or
      more of the cation constituents selected from the group of manganese,
      bismuth, antimony, tin, zinc and molybdenum, many organic salts were also
      tested; for example, acetate, formate, maleate, phthalate, gluconate, and
      glycolate salts. While solutions can be prepared with the above salts,
      they were found not to be satisfactory in all respects. The organic salts
      are more costly than mineral salts in general. Some organic salts
      decomposed or sublimed from the heated metallic surface produced
      unpleasant odors. Others caused undesirable chars to occur on the heated
      metallic surface.
PAR  It was discovered that the nitrate ion was preferred as it can be
      decomposed and eliminated by the drying procedures which are normally
      employed to dry a coated metallic surface prior to painting. Nitrates of
      the cation constituents are more easily obtained and less costly than
      others discussed above. It has therefore been found that the addition of a
      nitrate of the cation constituent to water will prepare a coating
      solution, which when contacted with a metallic surface will produce a
      corrosion resistant coating thereon.
PAR  In the process of the invention by which a conversion coating is formed on
      a metallic surface, the cation constituent preferred in addition to
      trivalent chromium is manganese, as the coatings formed are most adherent
      of the subsequently applied siccative finish as well as exhibiting
      excellent corrosion resistance under paint when exposed to a corrosive
      atmosphere. Of course, the concentration of the constituents in the
      coating solution are important to the performance of the process.
PAR  When the concentration of the cation constituents of manganese, bismuth,
      antimony, tin, zinc and molybdenum is discussed they are expressed in a
      stoichiometric equivalent of the amount of manganese which is expressed in
      grams per liter (g/l). In other words, cation concentrates will be
      expressed as those of the preferred manganese cation unless otherwise
      specified. When a concentration of 1 g/l of the cation is specified, it
      should be understood that should bismuth be employed in place of the
      preferred manganese, about 3.8 g/l of bismuth should be used; should
      antimony be employed in place of manganese, about 2.2 g/l of antimony
      should be used; should tin be employed in place of manganese, about 2.2
      g/l of tin should be used; should zinc be employed in place of manganese,
      about 1.2 g/l of zinc should be used and should molybdenum be employed in
      place of manganese, about 1.7 g/l of molybdenum should be used.
PAR  It has been found that the trivalent chromium and an additional cation
      constituent selected from the group consisting essentially of manganese,
      bismuth, antimony, tin, zinc and molybdenum can be present in solution in
      amounts up to the limits of solubility. The maximum amounts, therefore,
      vary with the solubility of the specific salt employed to supply the
      cation constituent to the coating solution. It is preferred that the
      trivalent chromium be present in the amount of about 0.1 g/l to about 1.2
      g/l in the coating solution. It is preferred that the additional cation
      constituent be present in the amount of about 0.2 g/l to about 1.0 g/l in
      the coating solution.
PAR  It has also been found that within the preferred concentration parameters
      of the chromium and the additional cation connstituent disclosed above
      there are certain more preferred ranges, wherein a coating having improved
      performance characteristics under organic siccative finishes are obtained.
      It is therefore more preferred that trivalent chromium be present in the
      coating solution in the amount of about 0.8 g/l to about 1.2 g/l, and that
      the additional cation constituent be present in the coating solution in
      the amount of about 0.4 g/l to about 0.6 g/l. It has furthermore been
      determined that the chromium can be present in the coating solution in an
      amount from about 1 to about 6 parts by weight of trivalent chromium for
      each part by weight of the additional cation constituent on a weight
      basis. Preferably the weight ratio of chromium to the additional cation
      constituent present in the coating solution is about 1.5 to about 2.5
      parts of chromium for each part of the additional cation constituent.
PAR  It is preferred to prepare a coating solution of the invention by supplying
      a dry or liquid concentrate, which can subsequently be dissolved in water.
      For example, a dry composition of trivalent chromium nitrate and manganese
      nitrate can be dissolved in water to produce a coating solution. It has
      been found that trivalent chromium nitrate and a carbonate or an oxide,
      for example, manganese carbonate, or bismuth oxide can be employed to
      produce an aqueous concentrate which can subsequently be added to
      sufficient water to make the coating solution of the invention. Of course,
      such a concentrate can require the addition of a suitable alkali or acid
      to adjust the pH of the coating solution within the working range
      described hereinbelow. It has been discovered that the carbonate anion
      causes no harm in the coating solution as it is quickly evolved from the
      solution as carbon dioxide gas. When, for example, manganese carbonate is
      employed as an aqueous concentrate, the solution is observed to effervesce
      with the dissolution of the dry salts in water. The evolution of carbon
      dioxide from the concentrate solution leaves only the nitrate anion in
      solution. Sufficient free nitrate is required to adjust the pH. The order
      in which the constituent salts are brought together to prepare an aqueous
      concentrate is not critical.
PAR  Should a dry composition be prepared to be added to water to make the
      coating solution, it's preferred that the cation constituents be added as
      their nitrate salts as they dissolve more quickly.
PAR  It is preferred, however, to prepare an aqueous acidic concentrate for
      preparing the coating solution as the coating solution is more quickly and
      easily prepared. Moreover constituent cations as their most easily
      obtained or least expensive salts, which are suitable, can be employed.
PAR  Formula I and Formula II below are examples of concentrates which can be
      subsequently added to water to prepare a coating solution of the
      invention.
TBL                FORMULA I                                                   

     ______________________________________                                    

                         grams/liter                                           

     ______________________________________                                    

     chromium nitrate      450                                                 

     manganese carbonate   100                                                 

     nitric acid            54                                                 

     water to make 1 liter                                                     

     ______________________________________                                    

TBL                FORMULA II                                                  

     ______________________________________                                    

                         grams/liter                                           

     ______________________________________                                    

     chromium nitrate      225                                                 

     manganese nitrate     157                                                 

     water to make 1 liter                                                     

     ______________________________________                                    

PAR  When a coating solution is prepared by adding a concentrate to water, the
      pH of the solution can influence its operations. When, for example, about
      10 ml of a concentrate of Formula I is added to water to make a liter of
      coating solution, a pH of about 4.0, is obtained. Coatings can be obtained
      when the pH of the coating solution is from about 2.5 to about 5.
PAR  It has been found that etching of the metallic surface can be excessive
      should the pH of the solution be below about 2.5. Should the pH of the
      coating solution be higher than about 5.0, the pH can be unstable and hard
      to control. It is preferred that the pH of the coating solution be from
      about 3.4 to about 4.5. It has been found that should the pH be above
      about 4.2 that the pH of the coating solution is lowered as the metal
      salts hydrolize, thereby generating acidity. When coating solutions having
      a pH greater than about 4.2 are rested, that is are freed of contact with
      the metallic surfaces being coated, the pH is lowered with time until it
      reaches stability at about a pH of 4.0 to 4.2. In the process by which a
      metallic surface is contacted with the coating solution the pH begins to
      rise and continues to rise until it becomes unstable. The reader is
      referred to further discussion on this aspect of the invention at a later
      point in the disclosure.
PAR  The pH of the coating solution can be adjusted by a simple addition of base
      or acid as required. Should it be desired to raise the pH of the coating
      solution, it can be raised by addition of any base as long as it does not
      interfere with the coating process. A preferred base is ammonium
      hydroxide. It has been found that ammonium hydroxide does not interfere
      with the coating process. The ammonium ion can be destroyed and eliminated
      from the coating during the drying operation. Should it be desired to
      lower the pH of the coating solution the addition of any acid will suffice
      which does not interfere with the coating process. An acid having the same
      anion used in the salts employed to prepare the coating solution is
      preferred. It is therefore preferred that nitric acid be employed to
      increase the acidity of the coating solution in the preferred embodiment
      of the invention.
PAR  During the process of forming a corrosion resistant coating on a metallic
      surface the coating solution can become depleted in certain of its
      constituents. For example, trivalent chromium and one or more of the
      additional cation constituents are deposited in the coating and are
      thereby removed from solution. Of course, it is understood by one familiar
      with the use of compositions for forming a coating that some metallic ion
      of the substrate surface will be found present in the coating solution. It
      should also be understood that the coating can have therein certain
      insoluble compounds of the substrate metal. When the constituents are
      depleted from the coating solution, replenishment is required.
PAR  Should replenishment become necessary, it can be effected by adding the
      trivalent chromium and one or more of the cations selected from the group
      consisting essentially of manganese, bismuth, antimony, tin, zinc and
      molybdenum to the coating solution in the form of any available salt
      thereof; preferably the salts which were originally used in the make-up of
      the coating solution.
PAR  To determine when replenishment is necessary, an analysis for the amount of
      trivalent chromium and the additional cation constituent can be made. Any
      method for determining the concentration of the cation can be employed.
      However, it has been determined that the chromium and additional cation
      are removed from the solution in approximately the same ratio as they
      occur in solution. Therefore, it is only necessary to add the constituents
      to the solution in the ratio they were originally employed to make the
      solution.
PAR  It is preferred to replenish with the concentrate originally employed to
      prepare the coating solution. It has been determined that a simple
      procedure for replenishment can be followed by monitoring the pH of the
      coating solution. During the process of forming a coating the pH begins to
      rise. Additions of, for example, a liquid concentrate of Formula I or
      Formula II until the pH is in the original range provides replenishment of
      the constituents removed from the coating solution in forming of the
      coating.
PAR  A coating solution used for long periods of time can be found to have a
      build-up of sludges in the tank, though sludge formation is slower than
      with many other coating compositions. For reclaiming the clear solution,
      any method known to the art can be employed. For example, the clear
      solution can be decanted from the sludge, or the bottom can be dumped as
      required. A settling of the sludge is aided, in any case, as the working
      solution does not require heat, which provides a stirring action.
PAR  In the process by which a coating solution of the invention is employed to
      produce a corrosion resistant coating on a metallic surface, the surface
      is first cleaned of soils which can interfere with the coating process.
      The metallic surface can be cleaned by any convenient method known to the
      art. A suitable cleaning process employes an alkaline cleaner. Should the
      metallic surface be severely soiled, a surfactant can be included in the
      alkaline cleaner. Furthermore, should the metallic surface be severely
      soiled it can be contacted by a surfactant and solvent prior to employing
      the alkaline cleaner to aid in the cleaning process.
PAR  Subsequent to the cleaner step, a water rinse is employed to prevent
      contamination of the coating solutions. A continuous overflowing water
      rinse, for example, is suitable to remove any residual cleaner from the
      surface. It is only necessary that the metallic surface be clean of all
      organic and inorganic residue for best coating results to be obtained.
      Subsequent to the cleaning and rinsing steps, the metallic surface is
      contacted with the coating solution.
PAR  Any method of contacting the metallic surface with the coating solution as
      is commonly employed in the metal coating art is acceptable. For example,
      the metal surfaces can be contacted by spraying, dipping, roller coating,
      or the like. When employing the coating solution of the invention, it is
      not necessary to heat the coatiang solution. An acceptable coating can be
      formed on a metallic surface at temperatures of between about 16.degree.C
      and about 38.degree.C. It has been found that although the coating
      solution can be employed at temperatures in excess of 38.degree.C it is
      preferred that the coating operation be performed at about room
      temperature, that is, between about 21.degree.C and about 32.degree.C. A
      temperature in excess of about 38.degree.C is to be avoided when possible
      as it can cause the pH of the solution to become unstable, and is
      difficult to maintain. Moreover, the cost of the operation is increased
      when heat is employed. Should the temperature of the coating solution be
      below about 16.degree.C the speed of coating formation can be slowed
      beyond a reasonable coating period of about 30 seconds.
PAR  With respect to temperature, it has been discovered that heat can be
      employed to adjust the pH of the coating solution. For example, the pH of
      the coating solution can be lowered by heating the solution. As mentioned
      previously, it was determined that the pH of the coating solution rises as
      it is employed to contact a metallic surface. In summary it can be stated
      there are four ways in which the pH of the coating solution can be
      lowered. They are, by:
PA1  1. Replenishment of the coating solution.
PA1  2. The addition to the coating solution of a suitable acid, for example,
      nitric acid.
PA1  3. By allowing the coating solution to be rested.
PA1  4. By heating the coating solution, except over about 38.degree.C.
PAR  It has likewise been disclosed hereinabove, that there are two ways of
      raising the pH. They are, by:
PA1  1. Adding a suitable alkali to the coating solution.
PA1  2. Employing the coating solution to contact a metallic surface.
PAR  It should be recognized that should the pH require lowering and the
      temperature of the coating solution be about 38.degree.C, replenishment is
      indicated.
PAR  It is common practice in the metal coating art, to employ coating apparatus
      consisting of several stages. For example, a first stage can be employed
      for contacting the metal surface with a cleaning solution. A second stage
      can be employed for rinsing the metallic surface. Subsequent to rinsing,
      one to many stages, for example, 3 stages can be employed for coating.
      Subsequent to coating, there can be a water rinse stage, an acid final
      rinse stage, and a last water rinse stage. It is therefore not uncommon to
      find a process employing an apparatus consisting of from 5 to 7 stages.
PAR  In the process by which the coating solution of the invention is used,
      there can be employed an apparatus having a first stage for contacting the
      metallic surface with a cleaning solution; a second stage for water
      rinsing the cleaned metallic surface; and a third stage for contacting the
      metallic surface with the coating solution.
PAR  It has been found unnecessary to employ a final rinse. The coated metallic
      surface need only be dried. It is common in the metal treating art to
      force dry the metallic surface rapidly to facilitate handling and
      subsequent painting of the metallic articles. Any method by which the
      metallic surface is rapidly dried subsequent to contacting the metallic
      surface with the coating solution is suitable. For example, there can be
      employed a force air-blast or a heated drying oven.
PAR  Since only three stages are essential for the process of the invention a
      savings in time and space is realized.
PAR  Occasionally there may not be apparatus available for force drying the
      metallic surface. Should the metallic surface not be quickly dried, as for
      example by a forced air blast and/or heat, a rust-blush can be seen on the
      surface. This rust-blush has caused no lack of adhesion in the subsequent
      paint application, nor has it caused an increase in corrosion under paint
      when exposed to a corrosive atmosphere. For esthetic reasons it is
      desirable to eliminate the chance of acquiring a rust-blush on the coated
      surface. If, in particular, drying takes place in a humid atmosphere, the
      coated surface can be rinsed. However, to prevent even the relatively
      nontoxic effluent resulting from water rinsing the coated surface, there
      is provided a closed cycle rinse step in the process of the invention.
PAR  Subsequent to contacting the metallic surface with the coating solution,
      there is provided an aqueous passivating solution for rinsing the coated
      metallic surface.
PAR  It has been found that not all compounds known to the art as passivating
      agents or corrosion inhibitors are suitable. Some do not prevent
      rust-blush in the process of the invention. It has been found that a
      passivating agent selected from the group of alkali metal nitrates,
      amines, for example triethanolamine, and urea inhibit rust-blush. It is
      preferred to employ urea as it is inexpensive and is satisfactory overall
      when employed according to the method described herein below.
PAR  The amount of urea present in the rinse solution can be from about 1 g/l to
      about 300 g/l. Concentrations of urea below about 1.0 g/l. in the final
      rinse have been found to be inadequate for aiding corrosion resistance of
      the coated surface. Concentrations above about 300 g/l, produce a residue
      on the coated metallic surface which can be visible and can interfere with
      subsequent adhesion of organic finishes. It is a simple economic expedient
      to use the least amount of urea in the final rinse that is effective. For
      that reason it is preferred to use about 1 gram/liter of urea in the final
      rinse. When employing a urea rinse solution subsequent to coating, excess
      solution can be drained back into the rinse container and reused. In the
      re-cycling rinse process, some urea is carried out on the coated metallic
      surface, subsequently some replenishment of urea can from time to time
      become necessary.
PAR  Should the passivating rinse solution be employed, any method of drying
      prior to coating with the organic siccative finish is suitable. Should the
      surface be rinsed with the passivating solution it need not be force-dried
      to obtain superior corrosion resistance. The superior corrosion resistance
      over the prior art is also obtained in the aspect of the invention where
      in force-drying is employed subsequent to coating.
PAR  It is evident in the process, wherein the metallic surface is force-dried
      subsequent to coating and in the process wherein a closed cycle urea rinse
      is employed that no effluent results from the process. After repeated use
      the passivating rinse solution can become contaminated and require
      dumping, but the longevity of the rinse solution can aid considerably in
      reducing the cost of effluent treatment. Moreover, should urea be the
      passivating agent, some value as a plant food can be realized.
PAR  The following examples serve to further illustrate the process and coating
      solution of the invention.
DETD
PAC  EXAMPLE I
PAR  Several metallic nitrate salts are compared with the coating solution in
      this example. The metallic nitrates were dissolved in water to make the
      solutions and adjusted to pH 4.0 with 50% aqueous ammonium hydroxide. In
      this test there was employed solutions falling into three categories. The
      first set consisted of single metal nitrate salt solutions. The second set
      consisted of mixtures of trivalent chromium nitrate with no additional
      metal nitrate selected from the group comprising manganese, bismuth, tin,
      antimony, zinc and molybdenum. The additional metal nitrate was added in
      the stochiometric amount required to produce solutions of a molar
      equivalent of the amount of manganese employed in each set respectively.
      The third set comprised solutions the same as the second set, except they
      were artificially aged by dissolving therein, iron nitrate in the amount
      of 200 mg/l. The treatments having the dissolved iron salts are designated
      in Table I as "+Fe."
PAR  10 .times. 30 cm panels of unpolished plating stock of 1010 steel were
      cleaned in an alkaline cleaner and water rinsed. Subsequent to the
      cleaning and rinsing, the steel panels were contacted with the respective
      solutions of Table I by spraying at room temperature (22.degree.C) for 60
      seconds. Subsequent to contacting the treatment solutions, the panels were
      water-rinsed, except as noted and force-dried in a stream of compressed
      air. The dried panels were visually appraised for the amount and quality
      of coating as noted under the "coating remarks" heading of Table I.
      Subsequent to coating, the panels from coating treatments on which was
      formed acceptable coatings, were given two coats of asphatum based resin
      enamel paint. Each paint coat was cured at about 230.degree.C for 45
      minutes. The painted panels were then subjected to a salt spray corrosion
      test. The panels were scribed diagonally with a sharp steel scribe and
      exposed to a 5% sodium chloride salt spray mist for 168 and 336 hours in
      accordance with ASTM-B 117 specification.
PAR  During the salt spray test, the panels were in a position 15.degree. from
      vertical, and at a temperature of about 35.degree.C.
PAR  Subsequent to the salt spray test, the panels were evaluated by:
PA1  a. counting the number of corrosion pits per panel, and
PA1  b. measuring the maximum distance paint could be scrubbed from the surface
      perpendicular to the scribed line. This evaluation is noted as "scribe
      failure" and the units of measure are given in millimeters (mm).
PAR  The results of the test are compiled in Table I below.
TBL                                    TABLE I-a                               

     __________________________________________________________________________

     Treatment           g/l     Coating Corrosion                             

                                 Remarks Remarks                               

     __________________________________________________________________________

     A Cr(NO.sub.3).sub.3                                                      

                         4.5     no coating                                    

                                         rust                                  

     B Mn(NO.sub.3).sub.2                                                      

                         3.4     no coating                                    

                                         rust                                  

     C Sn(NO.sub.3).sub.2                                                      

                         4.7     no coating                                    

                                         rust                                  

     D Sb(NO.sub.3).sub.3                                                      

                         5.9     very pale                                     

                                         light rust                            

                                 grey stain                                    

     E Mo(NO.sub.3).sub.2                                                      

                         4.2     blue coating                                  

                                         no rust                               

     F Cr(NO.sub.3).sub.3                                                      

             + Mn(NO.sub.3).sub.2                                              

                         4.5,1.7 blue    light rust                            

                                         on drying                             

     G Cr(NO.sub.3).sub.3                                                      

             + Sn(NO.sub.3).sub.2                                              

                         4.5,2.3 no coating                                    

                                         rust                                  

     H Cr(NO.sub.3).sub.3                                                      

             + Sb(NO.sub.3).sub.2                                              

                         4.5,2.3 no coating                                    

                                         rust                                  

     I Cr(NO.sub.3).sub.3                                                      

             + Mo(NO.sub.3).sub.2                                              

                         4.5,2.1 very pale                                     

                                         light rust                            

                                 grey stain                                    

     J Cr(NO.sub.3).sub.3                                                      

             + Bi(NO.sub.3).sub.3                                              

                         4.5,3.8 thin golden                                   

                                         light rust                            

                                 brown                                         

     K Cr(NO.sub.3).sub.3                                                      

             + Zn(NO.sub.3).sub.2                                              

                         4.5,1.8 very pale blue                                

                                         light rust                            

     L Cr(NO.sub.3).sub.3                                                      

             + --    +Fe 4.5,0.2 very pale blue                                

                                         light rust                            

     M Cr(NO.sub.3).sub.3                                                      

             + Mn(NO.sub.3).sub.2                                              

                     +Fe 4.5,1.7,0.2                                           

                                 blue    very little                           

                                         rust on                               

                                         drying                                

     N Cr(NO.sub.3).sub.3                                                      

             + Sn(NO.sub.3).sub.2                                              

                     +Fe 4.5,2.3,0.2                                           

                                 pale blue                                     

                                         rust                                  

     O Cr(NO.sub.3).sub.3                                                      

             + Sb(NO.sub.3).sub.2                                              

                     +Fe 4.5,2.3,0.2                                           

                                 no coating                                    

                                         rust                                  

     P Cr(NO.sub.3).sub.2                                                      

             + Mo(NO.sub.3).sub.2                                              

                     +Fe 4.5,2.1,0.2                                           

                                 no coating                                    

                                         rust                                  

     Q Cr(NO.sub.3).sub.3                                                      

             + Bi(NO.sub.3).sub.3                                              

                     +Fe 4.5,3.8,0.2                                           

                                 pale blue                                     

                                         light rust                            

     R Cr(NO.sub.3).sub.3                                                      

             + Zn(NO.sub.3).sub.2                                              

                     +Fe 4.5,1.8,0.2                                           

                                 pale blue,                                    

                                         light rust                            

                                 more uniform                                  

                                 than Q                                        

     __________________________________________________________________________

TBL                                    TABLE I-b                               

     __________________________________________________________________________

     Salt Spray Results                                                        

     Treatment (cross referenced                                               

                         168 hour                                              

                                 336 hour                                      

     from Table I-a)     exposure                                              

                                 exposure                                      

     __________________________________________________________________________

     J    Cr(NO.sub.3).sub.3                                                   

                + Bi(NO.sub.3).sub.3                                           

                         2.3 mm  12.5 mm                                       

     K    Cr(NO.sub.3).sub.3                                                   

                + Zn(NO.sub.3).sub.2                                           

                         1.6 mm   3.1 mm                                       

     L    Cr(NO.sub.3).sub.3                                                   

                + Fe     almost complete loss of                               

                         paint                                                 

       M  Cr(NO.sub.3).sub.3                                                   

                + Mn(NO.sub.3).sub.2 +Fe                                       

                         4.7 mm   6.3 - 12.5 mm                                

      *                                                                        

       M.sub.1                                                                 

          Cr(NO.sub.3).sub.3                                                   

                + Mn(NO.sub.3).sub.2 +Fe                                       

                         trace   trace                                         

     **                                                                        

       M.sub.2                                                                 

          Cr(NO.sub.3).sub.3                                                   

                + Mn(NO.sub.3).sub.2 +Fe                                       

                         trace   trace - .78 mm                                

       N  Cr(NO.sub.3).sub.3                                                   

                + Sn(NO.sub.3).sub.2 +Fe                                       

                         9.4 - 3.1 mm                                          

                                  9.4 - 12.5 mm                                

       Q  Cr(NO.sub.3).sub.3                                                   

                + Bi(NO.sub.3).sub.3 +Fe                                       

                         2.3 mm  12.5 mm                                       

       R  Cr(NO.sub.3).sub.3                                                   

                + Zn(NO.sub.3).sub.2 +Fe                                       

                         1.6 mm   3.1 mm                                       

     __________________________________________________________________________

       * no rinse, air dry                                                     

      ** no rinse, baked dry                                                   

PAC  EXAMPLE II
PAR  Coating solutions of the invention were herein compared with two conversion
      coating compositions known to the art. 10 .times. 30 cm panels of
      unpolished cold-rolled plating stock of 1010 steel were cleaned with a
      non-alkaline cleaner and water-rinsed. The panels were then contacted with
      an accelerated phosphate coating composition obtained by adding to water
      8.6 grams/liter of Formula III below and adjusted to pH 5.5 with 25%
      sodium hydroxide solution.
TBL                FORMULA III                                                 

     ______________________________________                                    

                    grams                                                      

     ______________________________________                                    

     H.sub.3 PO.sub.4 2000                                                     

     Na.sub.2 O        608                                                     

     NaClO.sub.3       736                                                     

     water            to make one liter                                        

     ______________________________________                                    

PAR  The resulting composition was employed for Treatment A of Table II herein
      below.
PAR  The composition was brought in contact with the panels by spraying for 60
      seconds at 70.degree.C. Subsequent to the coating step, the panels were
      sprayed with a final-rinse having 0.26 g/l of total chromium in which 40%
      of the hexavalent chromium was present in the reduced trivalent state. The
      reduced chromium final-rinse was employed to improve the performance of
      the coating under a siccative organic covering in a manner commonly
      employed in the art.
PAR  A second prior art composition was provided having zinc, phosphate, and
      nickel. 254 ml of the concentrate of Formula IV was added to 135 liters of
      water to make the zinc phosphate coating composition for treatment B of
      Table II.
TBL                FORMULA IV                                                  

     ______________________________________                                    

     ZnO                    202 g/l                                            

     H.sub.3 PO.sub.4       705 g/l                                            

     NiO                    13 g/l                                             

     FeCl.sub.3             3 g/l                                              

     NaClO.sub.3            60 g/l                                             

     water to make 1 liter                                                     

     ______________________________________                                    

PAL  The pH was adjusted to approximately 3.2 with 25% sodium hydroxide as
      measured electrometrically.
PAR  10 .times. 30 cm panels of unpolished cold-rolled plating stock of 1010
      steel was cleaned with an activating alkaline cleaner and then water
      rinsed. The cleaned panels were then contacted with the zinc phosphate
      coating composition by spraying for 60 seconds at 50.degree.C. Subsequent
      to coating, the panels were sprayed with a final-rinse having 0.26 g/l of
      total chromium in which 40% of the hexavalent chromium was present in the
      reduced trivalent state.
PAR  A third test solution having a pH of 3.4 was prepared by adding 10 ml of
      Formula I to 990 ml of water. The resulting coating solution was employed
      in treatment C of Table II.
PAR  The coating solution of treatment C was brought into contact with 10
      .times. 30 cm panels of the unpolished plating stock 1010 steel by
      spraying in the same way as was the prior art compositions above. The
      panels were sprayed, however, for 20 seconds at 40.degree.C.
PAR  A fourth test solution having a pH of 4.4 was prepared by adding 10 ml of
      Formula I to 990 ml of water. The pH was adjusted by adding 25% ammonium
      hydroxide to the coating solution. The pH was monitored electrometrically
      during the adjustment. This coating solution was used for treatment D in
      Table II.
PAR  10 .times. 30 cm panels of unpolished cold-rolled plating stock of 1010
      steel were cleaned with an alkaline cleaner. Subsequent to cleaning, the
      panels were water rinsed. The cleaned panels were then contacted with the
      coating solution for treatment D by spraying. The panels were sprayed for
      15 seconds at 31.degree.C.
PAR  No final rinse was employed on the panels treated by the coating solutions
      of treatments C and D.
PAR  Subsequent to the treatments described above, all panels of the four
      treatments were force-dried by compressed air.
PAR  A panel selected at random from each treatment set was weighed, stripped in
      a 5% chromic acid solution, and again weighed to determine the coating
      weight of the conversion coating produced by the respective treatments.
      The coating weights are compiled in Table II-a below.
PAR  The remaining panels of each treatment set were painted with two coats of
      an asphaltum based resin enamel paint. Each of the two coats were cured at
      about 230.degree.C for 45 minutes. The panels were scribed diagonally with
      a sharp steel scribe and subjected to a 50% salt spray corrosion test as
      described in Example I above.
PAR  Randomly selected, painted and scribed panels from each treatment set were
      subjected to a standard humidity test by suspending the panels at an angle
      of 15.degree. from the horizontal above a pan of water at 60.degree.C for
      500 hours.
PAR  All panels, when removed from the humidity chamber, were without failure.
PAR  The average number of corrosion pits per panel and the maximum distance of
      paint peeling (Scribe failure) after 168 hours of salt spray exposure is
      shown in Table II-b. The average number of corrosion pits per panel and
      the maximum distance of paint peeling (Scribe failure) after 336 hours of
      salt spray exposure is recorded in Table II-c.
TBL                TABLE II-a                                                  

     ______________________________________                                    

                           UNPAINTED PANELS                                    

     TREATMENT             COATING WT.                                         

                           mg/square foot                                      

     ______________________________________                                    

     A   accelerated phosphate coating                                         

         composition at 70.degree. for 60 sec.                                 

         + final rinse         40                                              

     B   zinc phosphate coating compo-                                         

         sition at 50.degree.C for 60 sec. +                                   

         final rinse           165                                             

     C   coating solution using Formula I                                      

         at 40.degree.C for 20 sec.                                            

                               40                                              

     D   coating solution using Formula I                                      

         at 31.degree.C for 15 sec.                                            

                               34                                              

     ______________________________________                                    

TBL                TABLE II-b                                                  

     ______________________________________                                    

     PAINTED PANELS                                                            

     168 HOUR SALT SPRAY                                                       

                AVERAGE NUMBER                                                 

     TREATMENT  OF PITS/PANEL                                                  

                             SCRIBE FAILURE (mm)                               

     ______________________________________                                    

     A          8            .8, .8                                            

     B           9.5         trace, trace                                      

     C          8            1.6, .8, .4                                       

     D          7            trace, 1.2, 1.2                                   

     ______________________________________                                    

TBL                TABLE II-c                                                  

     ______________________________________                                    

     PAINTED PANELS                                                            

     336 HOUR SALT SPRAY                                                       

                AVERAGE NUMBER                                                 

     TREATMENT  OF PITS/PANEL                                                  

                             SCRIBE FAILURE (mm)                               

     ______________________________________                                    

     A          7            1.6, 1.6                                          

     B          9            .4, .4                                            

     C          7            1.6, 1.6, .8                                      

     D          9            trace, trace,                                     

                             trace                                             

     ______________________________________                                    

PAC  EXAMPLE III
PAR  10 .times. 30 cm panels of (1) unpolished cold-rolled plating stock of 1010
      steel, (2) commercial stamping stock of 1010 grade steel, and (3) hot
      dipped minimized spangle galvanized steel were employed in this example.
      The panels were cleaned in an alkaline cleaner and contacted with the
      following coating solution by spraying for 15 seconds at 38.degree.C.
PAR  The coating solution was obtained by adding 1.35 liters of Formula I to
      133.65 liters of water. The coating solution was found to have a pH of
      3.9. Cleaning, rinsing, and coating steps were carried out in an automatic
      pilot plant line. The pilot plant line comprises a long cabinet having
      multiple spray stages in a fashion similar to a factory spray line. The
      panels are contacted by spraying in the respective stages with the
      alkaline cleaner, a water rinse and the coating solution. Subsequent to
      the coating step, random panels of each type were stripped for a coating
      weight determination according to the procedure described in Example II
      above. The remaining coated panels were painted with two coats of an
      asphaltum based resin enamel. The enamel was cured at 230.degree.C for 45
      minutes following the application of each coat. Randomly selected painted
      panels of each of the metal classes were subjected to a humidity test in
      the same way as described in Example II above.
PAR  The remaining panels were subjected to a salt spray test according to the
      method described in Example II above. Likewise, in a manner therein
      described, evaluations were made on some panels after 168 hours and the
      remaining panels after 336 hours of salt spray exposure. The results of
      the tests are compiled in Table III below.
TBL                                    TABLE III                               

     __________________________________________________________________________

     PAINTED PANELS                                                            

                     168 HOURS SALT SPRAY                                      

                                   336 HOURS SALT SPRAY                        

     Panel Type                                                                

              Unpainted                                                        

                     Ave. No.                                                  

                           Scribe  Ave. No.                                    

                                         Scribe                                

              coating wt.                                                      

                     of Pits                                                   

                           Failure (mm)                                        

                                   of pits                                     

                                         Failure (mm)                          

              mg./sq.ft.                                                       

     __________________________________________________________________________

     Unpolished                                                                

              34     7     trace, 2.4,                                         

                                   9     trace, trace,                         

     plating stock         2.4           trace                                 

     Commercial                                                                

              35     9.5   trace, trace                                        

                                   6.5   1.6, 2.4,                             

     stamping stock        0.8           0.8                                   

     (good blue coat-                                                          

     ing) prior to                                                             

     painting                                                                  

     Galv. steel                                                               

              13.5   7     1.6,2.4,2.4                                         

                                   6     2.0,3.2,3.2                           

     of minimized                                                              

     spangle                                                                   

     (faint, bluish,                                                           

     coating) prior                                                            

     to painting                                                               

     __________________________________________________________________________

PAR  These results indicate a minimum loss of paint at the scribe mark, whereby
      excellent corrosion resistance is exhibited by the coating solution.
PAC  EXAMPLE IV
PAR  Panels of unpolished cold-rolled plating stock of 1010 steel in this
      example were baked dry subsequent to contacting the panels with a coating
      solution and prior to receiving one coat of asphaltum based resin enamel.
PAR  The 10 .times. 30 cm steel panels were cleaned with an alkaline cleaner and
      water rinsed. A coating solution was prepared by adding 1.35 liters of
      Formula I to 133.65 liters of water. The coating solution was adjusted to
      a pH of 4.15 by the addition of 25% ammonium hydroxide. The pH was
      monitored electrometrically during pH adjustment.
PAR  The panels subsequent to cleaning and rinsing were divided into four equal
      sets. One set of panels was contacted for 10 seconds with the coating
      solution adjusted to a pH of 3.2 with nitric acid and run at a temperature
      of 60.degree.C. The remaining panels were contacted with the coating
      solution described above by spraying for 15, 30, and 60 seconds
      respectively at a temperature of 24.degree.C. All treatments were run in
      the pilot plant spray coating line employed in Example III above.
PAR  Subsequent to the coating step, the panels were baked dry in an oven at
      150.degree.C for 10 minutes. The dried panels were spray painted with one
      coat of an asphaltum based resin enamel. The painted panels were cured at
      230.degree.C for 45 minutes.
PAR  The painted and cured panels were scribed and subjected to a 5% salt spray
      according to the methods described in Example III. The panels were
      evaluated according to the procedure described in Example III above.
PAR  The results of the evaluation are compiled in Table IV below.
TBL                TABLE IV                                                    

     ______________________________________                                    

     TREATMENT PERIOD                                                          

                   Ave. No.   168 hour                                         

                   of Pits    scribe failure (mm)                              

     ______________________________________                                    

     10 second spray                                                           

     (3.2 pH,60.degree.C)                                                      

                   9.0        trace, trace, trace                              

     15 second spray                                                           

                   9.5        0.4, trace, trace                                

     30 second spray                                                           

                   9.5        0.4, trace, trace                                

     60 second spray                                                           

                   9.5        0.4, 0.4, trace                                  

     ______________________________________                                    

PAC  EXAMPLE V
PAR  In this example, panels of unpolished cold-rolled plating stock of 1010
      steel and panels of commercial stamping stock of 1010 steel were rinsed
      with recirculated tap water, or alternatively with a recirculated 0.1%
      urea solution following contact with a coating solution of the invention.
PAR  The 10 .times. 30 cm steel panels were cleaned with an alkaline cleaner and
      water rinsed. A coating solution was prepared by the addition of 1.35
      liters of Formula I to 133.65 liters of water. The coating solution was
      found to have a pH of 4.0.
PAR  The cleaned steel panels were brought in contact with the coating solution
      for 90 seconds at a temperature of 27.degree.C in the pilot plant spray
      line employed in Example III above. The coated panels were randomly
      divided into two sets for each steel class. One set of coated panels from
      each steel class was rinsed by spraying for 5 seconds at 22.degree.C with
      recirculated tap water. The other set of coated panels from each class was
      rinsed by spraying for 5 seconds at 22.degree.C with a recirculated 1 g/l
      urea solution.
PAR  Each of the sets of coated and rinsed panels were dried at room temperature
      for 0.5 hour. Several panels of each set were subjected to a humidity test
      as described in Example III. A rust-blush appeared after 48 hours exposure
      in the humidity test chamber on the tap water rinsed set of commercial
      stamping stock steel panels. The tap water-rinsed set of plating stock
      steel panels was free of any rust-blush. All panels rinsed in the 1 g/l
      urea solution were free of any rusty appearance after 48 hours of high
      humidity exposure.
PAR  The remaining panels consisting of the two steel stocks, each divided into
      the two rinsing treatments subsequent to coating were subdivided to
      receive paint according to two well known systems. Of the latter
      subdivision, one group received a 3-coat paint system consisting of a
      primer epoxy coat having a red oxide pigment, a second epoxy coat having a
      grey oxide pigment and a top coat of thermal setting acrylic enamel. The
      first two coats were each heat cured at about 175.degree.C for 20 minutes
      and the top coat was cured at about 120.degree.C for 30 minutes. The
      remaining subdivided group was painted in a 2-coat asphaltum based resin
      enamel system. Each of the 2 coats were cured at about 230.degree.C for 45
      minutes.
PAR  The painted panels were scribed and subjected to a 5% salt spray test as
      described in Example I above.
PAR  The panels painted in the 3-coat system were evaluated for corrosion and
      scribe failure after 240 hours of salt spray exposure. The panels painted
      with the 2-coat system were evaluated after 336 hours of salt spray
      exposure.
PAR  The results of the tests are compiled in Table V-a and V-b below.
PAC  TABLE V-a
PAR  Scribe failure in millimeters of peeled paint on coated panels covered in
      the 3-coat paint system after 240 hours of salt spray exposure.
TBL  ______________________________________                                    

                                  Rinsed by 0.1%                               

     Panel Type      Tap water rinsed                                          

                                  urea solution                                

     ______________________________________                                    

     Unpolished plating                                                        

                     0, 0, 0, trace                                            

                                  0, 0, 0, 0                                   

     stock panels                                                              

     (4 panels)                                                                

     Commercial stamping stock                                                 

                     0, 0, 0, 0   0, 0, 0, 0                                   

     steel panels                                                              

     (4 panels)                                                                

     ______________________________________                                    

PAC  TABLE V-b
PAR  Scribe failure in millimeters of peeled paint on coated panels covered in
      the 2-coat paint system after 336 hours of salt spray exposure.
TBL  __________________________________________________________________________

                                   Rinsed by 0.1%                              

     Panel Type    Tap water rinsed                                            

                                   urea solution                               

     __________________________________________________________________________

     Unpolished plating                                                        

                   3.2,                                                        

                       2,4,                                                    

                           3.2,                                                

                               2.4 1.6,                                        

                                       1.6,                                    

                                           1.6,                                

                                               1.6                             

     stock panels  G-, G-, G-, *G- G,  G,  G,  G                               

     (4 panels)                                                                

     Commercial stamping stock                                                 

                   3.2,                                                        

                       3.2,                                                    

                           2.4,                                                

                               2.4 1.6,                                        

                                       1.6,                                    

                                           1.6,                                

                                               1.6                             

     steel panels  G-, G-, G-, G-  G,  G,  G,  G                               

     (4 panels)                                                                

     __________________________________________________________________________

FNT  * Ratings by letter provide a subjective rating of the general visual
      appearance of the panel wherein ratings of good (G), fair (F), and poor
      (P) were considered.
PAR  There was little difference between tap water rinsed panels and the 1 g/l
      urea rinsed panels having the 3-coat paint system after 240 hours in the
      5% salt spray. In the 336 hour exposure, after painting with the 2-coat
      paint system, the tap water rinsed panels were inferior to the 1 g/l urea
      rinsed panels; showing about twice the scribe failure of the urea rinsed
      panels.
CLMS
STM  I claim:
NUM  1.
PAR  1. An aqueous acidic coating solution for forming a conversion coating on a
      metallic surface, consisting essentially of trivalent chromium and one or
      more cations selected from the group consisting of manganese, bismuth,
      antimony, tin, zinc and molybdenum, the trivalent chromium present in an
      amount of from about 0.1 g/l to about 2 g/l and the cation present in a
      stoichiometric equivalent amount of from about 0.2 g/l to about 1.0 g/l of
      manganese.
NUM  2.
PAR  2. The coating solution of claim 1, wherein the trivalent chromium and the
      cation are present as water soluble salts.
NUM  3.
PAR  3. The coating solution of claim 2, wherein the trivalent chromium is
      present as chromium nitrate and the cation is present as a water soluble
      salt having an anion selected from the group consisting of nitrate,
      carbonate, or oxide.
NUM  4.
PAR  4. The coating solution of claim 1, wherein the trivalent chromium is
      present in an amount from about 1 to about 6 parts by weight for each part
      by weight of the cation.
NUM  5.
PAR  5. The coating solution of claim 1, wherein the trivalent chromium is
      present in the amount of from about 0.8 g/l to about 1.2 g/l.
NUM  6.
PAR  6. The coating solution of claim 1, wherein the cation is present in an
      amount stoichiometrically equivalent to from about 0.4 g/l to about 0.6
      g/l of manganese.
NUM  7.
PAR  7. The coating solution of claim 1, wherein the trivalent chromium is
      present in the amount by weight of from about 1.5 parts to about 2.5 parts
      for each part of the cation.
NUM  8.
PAR  8. The coating solution of claim 1, wherein the cation present is
      manganese.
NUM  9.
PAR  9. An aqueous acidic concentrate consisting essentially of trivalent
      chromium present as chromium nitrate and manganese present as manganese
      carbonate.
NUM  10.
PAR  10. A process comprising contacting a metallic surface with a coating
      solution consisting essentially of trivalent chromium and one or more
      cations selected from the group consisting of manganese, bismuth,
      antimony, tin, zinc and molybdenum, the trivalent chromium present in an
      amount of from about 0.1 g/l to about 2 g/l and the cation present in a
      stoichiometric equivalent amount of from about 0.2 g/l to about 1.0 g/l of
      manganese.
NUM  11.
PAR  11. The process of claim 10, wherein the surface is thereafter dried.
NUM  12.
PAR  12. The process of claim 10, wherein the surface is thereafter contacted
      with an aqueous passivating rinse solution and then dried, the rinse
      solution comprising a passivating agent selected from the group consisting
      of an amine, urea, and alkali metal nitrates.
NUM  13.
PAR  13. The process of claim 12, wherein the rinse solution is a urea solution.
NUM  14.
PAR  14. The process of claim 13, wherein the urea is present in the rinse
      solution from about 1 g/l to about 300 g/l.
NUM  15.
PAR  15. The process of claim 10, wherein an organic siccative finish is
      thereafter applied to the surface.
PATN
WKU  039321991
SRC  5
APN  3799743
APT  1
ART  162
APD  19730717
TTL  Process for the flame-scarfing of faulty areas
ISD  19760113
NCL  13
ECL  1
EXA  Beck; Shrive P.
EXP  Martin; William D.
NDR  4
NFG  4
INVT
NAM  Lucht; Alfred
CTY  Bickenbach
CNT  DT
INVT
NAM  Henn; Erwin
CTY  Urbach
CNT  DT
ASSG
NAM  Messer Griesheim GmbH
CTY  Frankfurt am Main
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720804
APN  2238460
CLAS
OCL  148  9C
XCL  148  95
XCL  266 23H
XCL  427223
XCL  427289
EDF  2
ICL  B23K  700
ICL  B23K  900
FSC  117
FSS  105.2;46 FS;4 R
FSC  266
FSS  23 K;23 R;23 S;23 H
FSC  148
FSS  9.5;9 C
UREF
PNO  2149825
ISD  19390300
NAM  Albertson et al.
OCL  117  2
UREF
PNO  2186096
ISD  19400100
NAM  Bucknam
OCL  266 23H
UREF
PNO  2904449
ISD  19590900
NAM  Bradstreet
OCL  117105.2
UREF
PNO  2920001
ISD  19600100
NAM  Smith et al.
OCL  117105.2
UREF
PNO  2968083
ISD  19610100
NAM  Lentz et al.
OCL  117  2R
UREF
PNO  3158499
ISD  19641100
NAM  Jenkin
OCL  117  2R
UREF
PNO  3667981
ISD  19720600
NAM  Esnoult et al.
OCL  117  2R
UREF
PNO  3695600
ISD  19721000
NAM  Munch et al.
OCL  266 23K
FREF
PNO  1,016,102
ISD  19570900
CNT  DT
FREF
PNO  1,193,342
ISD  19650500
CNT  DT
LREP
FRM  Connolly and Hutz
ABST
PAL  A process for flame scarfing places of errors or surface defects on a work
      piece such as ingots, slabs or the like, by means of at least one
      flame-scarfing torch is characterized by raising and/or accelerating the
      flame-scarfing torch from its flame-scarfing position prior to the end of
      the place of error without changing the other flame scarfing parameters.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The metal work pieces prepared in ingot or slab casting processes often
      have individual faults or surface defects, such as cracks for example, on
      their surface which do not permit the further processing of the work piece
      in a rolling mill. These faults may be spaced relatively far apart on the
      large area of ingots or slabs. In order to remove all these faults in the
      surfaces, one has turned to the selective flame-scarfing of the surfaces,
      i.e. flame-scarfing only there where the surface faults are present. It is
      possible without difficulties to process the entire surface of a work
      piece, but this becomes uneconomical particularly when such a surface has
      only a single fault, for example.
PAR  The selective flame-scarfing of surfaces is already known (German
      application No. 1,193,342). In this known selective flame-scarfing
      process, the flame-scarfing oxygen flow is maintained at a value which is
      required for flame-scarfing the full length of the fault. At the end of
      the fault, the flow of oxygen is gradually diminished. The disadvantage in
      this known flame-scarfing process, however, is that upon completion of the
      procedure there remains on the work piece surface unburned iron covered
      with slag, which subsequently must be removed by supplemental flame
      scarfing. In addition, it is disadvantageous here that because of the
      reduction of oxygen flow at the end of the flame-scarfing course, there
      results an angular termination, whose side edges lie deeper than the
      surface not scarfed. Prior to further processing, these edges must be
      flame-scarfed again, since these faults cannot be equalized in the rolling
      of the work piece. Because of this usually manual after-processing of the
      work piece, the entire selective flame-scarfing procedure thus requires
      relatively much time.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the object of the present invention to provide a process
      for the selective flame-scarfing of work piece surfaces according to
      which, upon the completion of the selective flame-scarfing procedure, iron
      residues and edges at the end of the fault are no longer present, and a
      surface is obtained which needs no further processing.
PAR  The problem according to the invention is solved in that at the end of the
      fault, the forward movement of the flame-scarfing torch is increased
      and/or the flame-scarfing torch is raised from its flame-scarfing position
      without alteration of the other flame-scarfing parameters.
PAR  For the achievement of a good flame-scarfing start, it is furthermore
      advantageous if at the beginning of the flame-scarfing procedure, there
      are simultaneously turned on at the fault heating gas mixture, air blast,
      flame-scarfing powder as well as flame-scarfing oxygen.
PAR  It is furthermore advantageous if the operating forward motion is provided
      to be 10 m/min. and the fast forward motion 30 m/min. In other words the
      fast forward motion is substantially greater than, and more particularly
      three times as great as the normal operating forward motion.
PAR  For the obtainment of a smooth surface of the work piece, it is furthermore
      advantageous if a lateral overlapping of the flame-scarfing slag is
      prevented by air blasting.
PAR  For the execution of the novel process, any flame-scarfing machine may be
      employed. Particularly suitable is a flame-scarfing machine in accordance
      with U.S. Ser. No. 69,821, filed Sept. 4, 1970, now U.S. Pat. No.
      3,695,600 the details of which are incorporated herein by reference
      thereto. Such a flame-scarfing machine is illustrated in the attached
      drawing.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a perspective view of the flame-scarfing machine;
PAR  FIG. 2 is a side view of the flame-scarfing torch;
PAR  FIG. 3 is a top view of the arrangement of FIG. 2; and
PAR  FIG. 4 is a diagram wherein the individual phases of the flame-scarfing
      procedure are illustrated.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1 is illustrated a flame-scarfing machine 11 for the execution of
      the selective flame-scarfing process. This machine may be moved
      longitudinally on guide rails 12 and has a control compartment 14 for the
      person controlling the machine. For moving the flame-scarfing machine in
      rails 12, there is provided a motor 13 arranged in the control compartment
      14. The motor has a gear unit 13(a) by means of which it is possible to
      move the flame-scarfing machine at different forward and reverse speeds,
      e.g. a normal forward speed, which may be between 6 and 12 m/min. and may
      be selected during the flame spraying. The advance speed may then be
      accelerated up to 35 m/min. (fast motion); this is from about 3 to 6 times
      greater than the normal speed. The same holds true of course for the
      reverse movement of the flame-scarfing machine. Here too different speeds
      may be selected in the event it becomes necessary.
PAR  As further shown in FIG. 1, in the area of the control compartment 14 there
      is arranged a boom 16 on the machine, which extends over the work piece
      support 18. Support 18 serves for supporting one or more work pieces 20.
      Mounted cross-movably on boom 16 by means of a torch carriage 24 is a
      flame-scarfing torch 22, which is supplied by means of conduits 23 with
      the operating media (oxygen, fuel gas, etc.). Such a flame-scarfing torch
      is disclosed, for example, in U.S. Pat. No. 3,398,898, the details of
      which are incorporated herein by reference thereto.
PAR  While the cross-movement (along boom 16) of the torch carriage 24 in the
      exemplary embodiment according to FIG. 1 occurs by means of a chain drive
      25 activated by a handwheel 27, the elevation adjustment of the
      flame-scarfing torch 22, with reference to its torch carriage 24 arranged
      on boom 16, is undertaken by a pneumatic-hydraulic device (not shown here
      for the sake of simplicity) which is accommodated in torch carriage 24. In
      the activation of this device, bearing bracket 29 supporting the
      flame-scarfing torch 22 moves according to the control direction up and/or
      off with reference to carriage 24. Furthermore, flame-spraying torch 22
      may also be turned about itself (e.g. by 90.degree.) about an axis
      pointing into the flame-scarfing direction, so that -- in the event it may
      become necessary -- the side surfaces may be selectively flame scarfed.
PAR  In FIGS. 2 and 3 the flame-scarfing torch 22 together with the work piece
      20 to be selectively flame scarfed is illustratd in an enlarged scale. On
      the front flame-scarfing torch end inclined toward the work piece is
      arranged a powder guide 26 from which by means of a pressure medium (e.g.
      compressed air) iron powder 28 is supplied to the heating flames emerging
      from the flame-scarfing torch. Such powder guides, as they are used in the
      flame-scarfing machine described, are disclosed in the German Pat. No.
      1,016,102, for example, and also in the U.S. Pat. No. 3,230,117, the
      details of which from both patents are incorporated herein by reference
      thereto.
PAR  Arranged on both longitudinal sides of flame-scarfing torch 22 by means of
      a holder 31, are nozzles which may be adjusted in such a manner that
      during the flame-scarfing process a lateral overlapping of the
      flame-scarfing slag and of the melted metal is prevented by the air blast
      5 emitted through nozzles 30.
PAR  As already mentioned, it is possible by means of the above-described
      flame-scarfing machine to flame scarf selectively, i.e. only individual
      spots 34, e.g. cracks or depressions.
PAR  The disadvantages previously appearing in the selective flame-scarfing of
      such surface faults 34, especially at the end of the fault, are avoided by
      the flame-scarfing process which is explained by way of the following
      table together with the diagram illustrated in FIG. 4:
     Process Steps   0        1       11     0                                 

     ______________________________________                                    

     Media and Flame-Scarfing                                                  

     Torch Movements                                                           

     1                        x       x                                        

     2                        x       x                                        

     3                        x                                                

     4               (x)              (x)    (x)                               

     5                        x       x                                        

     6                        x       x                                        

     7                        x       x                                        

     8                        x                                                

     9                                x                                        

     10                               x                                        

     ______________________________________                                    

PAL  The meanings therein are:
TBL  (a) Process steps                                                         

                 0      = starting position                                    

                 1      = start with flowing transition                        

                        for flame scarfing                                     

                 11     = end of flame-scarfing course                         

     (b) Media   1      = heating oxygen                                       

                 2      = fuel gas                                             

                 3      = conveying air for Fe powder 28                       

                 4      = cleansing air - 5 = lateral air blast 32             

                 6      = preflame scarf - O.sub.2                             

                 7      = flame scarf - O.sub.2                                

     (c) Torch movement                                                        

                 8      = flame scarf advance                                  

                 9      = rapid advance                                        

                 10     = torch lift                                           

PAR  Prior to the beginning of the actual selective flame-scarfing process, the
      flame-scarfing torch 22 has already been brought up to fault 34 on work
      piece 20 to be flame scarfed and takes the position illustrated in FIG. 1
      (see also FIGS. 2 and 3 in this connection). This corresponds then also to
      the process step 0 (start position) in which all media and also the torch
      movement are turned off.
PAR  Only the cleansing air 4, which serves for the purification of the outlet
      slot for Fe powder from the powder guide 26, may be turned on as the case
      may be.
PAR  With the beginning of the flame-scarfing process (process stes 1 = start
      with immediate transition to flame-scarfing), heating oxygen 1, fuel gas 2
      and the conveying air 3 for the iron powder 28 are turned on
      simultaneously. The powder is fed into the flame as a preheating step as
      in conventional operations such as exemplified in German Pat. No.
      1,193,342 to increase the preheating temperature and to shorten the time
      in which the ignition temperature is reached so that the scarfing
      operation can be started. As in such conventional practices the powder is
      not used for filling surface defects but rather as a preliminary step in
      the preheating operation to facilitate the subsequent scarfing. The
      cleansing air 4 previously turned on, as the case may be, for the Fe
      powder conduit is now no longer necessary and is turned off.
PAR  Aside from these stated media 1-3, there are furthermore turned on, as
      shown in FIG. 4, the flame-scarfing oxygen 6, 7 and in particular first
      with a lower pressure (e.g. 0.7 atmospheric excess pressure) for the
      flaming on, which after a short time (e.g. about 2 seconds) is increased
      to the working pressure (e.g. 4 atmosph, excess press.) required for flame
      scarfing.
PAR  Since flame scarfing of the faulty area 34 is begun immediately without any
      appreciable preheating time, the air blast 5 is also turned on emerging
      from the two nozzles 30 arranged laterally at the flame-scarfing torch 22.
      These air blast jets 5 limiting the flame-scarfing course, prevent -- as
      stated above -- a lateral straying of the liquid flame-scarfing slag,
      which because of the flame-scarfing oxygen flow is blown only forwards.
PAR  With a short timely delay (about 1 sec.) after the start, the
      flame-scarfing advance 8 is turned on. The advance speed (e.g. 10 m/min.)
      required for the flame-scarfing is achieved in the shortest time, the
      flame-scarfing oxygen then simultaneously also exhibiting the working
      pressure (4 at. exc. press.) required for the flame scarfing. At about
      this time the conveying air 3 effecting the increase of the preheating
      capacity is turned off and the powder supply is interrupted. At the same
      time, the cleansing air 4 may again be turned on and, if necessary, remain
      in operation up to the end of the flame-scarfing process.
PAR  In the exemplary embodiment according to FIG. 4, it is shown that the
      flame-scarfing of a fault 34 on the work piece surface is completed after
      6 seconds. In other words as represented in FIG. 4 about one second after
      the various operating parameters have been turned on the torch begins to
      advance or move over the workpiece (see line 8 of FIG. 4) and the scarfing
      operation is completed six seconds later which is about seven seconds
      after the operating parameters have been turned on. Thus the traversal
      over the workpiece for the scarfing operation starts at about the one
      second time and ends at about the seven second time (which is illustrated
      in FIG. 4 as step 11). As also shown in FIG. 4, the change in torch speed
      (line 8) and/or change in torch distance (line 10) begins at about the six
      second time. Accordingly, the change occurs 6 seconds after the operating
      parameters have been turned on which is about 6/7 of the time period from
      the time that the various torch operating parameters have been turned on
      to the time that the torch has completely traversed the surface defect. Of
      course, the flame-scarfing procedure with respect to other larger or
      smaller faults is completed within a different time span.
PAR  Upon achieving the process step 11 ( = end of flame-spraying course), media
      1, 2, 6, 7, and possibly 4 and the flame-scarfing advance 8 remain turned
      on, as shown in FIG. 4 and the preceding table.
PAR  The flame-scarfing advance 8 is switched to rapid advance (e.g. 30 m/min.)
      by means of gear 13. Simultaneously with the advance speed change, the
      flame-scarfing torch 22 is moved vertically upwards from the position
      shown in FIG. 2 by means of the pneumo-hydraulic device.
PAR  By means of these two simultaneously-used torch movements (rapid advance,
      torch lift) proceeding in two directions at the end of the fault, the
      effect of the flame-scarfing oxygen on the work piece is gradually
      diminished; the flame-scarfing oxygen energy no longer suffices for flame
      spraying. However, the flame-scarfing oxygen further supplied to the
      flame-scarfing area is sufficient to burn off completely the melted metal
      driven out in the flame scarfing.
PAR  The slag may thereby be removed subsequently without difficulties from the
      work piece surface by means of a scraper, for example.
PAR  In place of the combined step described above, i.e. switching from
      flame-scarfing advance to rapid advance with the simultaneous torch lift,
      it is also possible according to the invention to use only one of the
      steps, i.e. to accelerate the advance speed (from flame-scarfing advance
      to rapid advance) or alternatively to lift the torch with the advance of
      the torch remaining constant.
PAR  All these possibilities mentioned assure that after the flame scarfing, no
      burned metal residues (accumulations at the end of the faulty areas)
      remain on the work piece surface. There also does not result here at the
      end of the fault any continuation with laterial, lower-lying edges, so
      that an after processing of the selectively flame-sprayed work piece
      surface is not required the way it was previously.
PAR  After a short time span (2 sec. according to FIG. 4), the switching from
      process step 11 to step 0 ( = start position) takes place. In this step
      all media (if necessary, with the exception of cleansing air 4) as well as
      the rapid torch advance 9 and the torch lift 10 are turned off. The
      selective flame-spraying procedure is thus completed. The flame-scarfing
      machine 11 may subsequently be moved on until the flame-scarfing torch 22
      takes on a new starting position at another faulty area 34 of work piece
      20 and the flame-scarfing procedure is again initiated.
PAR  This process described above, which may be carried out according to the
      invention both on the top surface as well as on the side surfaces, has the
      advantage that the flame-spraying procedure, as compared to the previously
      known processes for the selective flame scarfing, proceeds faster, where
      it is assured according to the invention that the flamed surface area has
      a clean flame-scarfing picture and requires no aftertreatment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for flame-scarfing surface defects on a workpiece such as
      ingots, slabs or the like by means of at least one flame-scarfing torch
      characterized in traversing the workpiece until the torch is disposed
      above the workpiece at the beginning of the surface defect, halting the
      movement of the torch while the torch is disposed at the beginning of the
      surface defect, turning on various torch operating parameters including
      feeding gas to the torch while the torch is halted at the beginning of the
      surface defect, after the various torch operating parameters have been
      turned on setting the forward motion parameter of the torch to permit the
      torch to begin traversing the workpiece over the surface defect,
      maintaining the gas flow parameter setting unchanged throughout the time
      and distance that the torch traverses the surface defect, immediately
      prior to reaching the end of the surface defect changing at least one of
      the forward motion parameter and distance from workpiece parameter without
      changing the gas flow setting and with the change in forward motion
      parameter being an acceleration thereof and the change in distance from
      the workpiece parameter being an increase in distance thereof to diminish
      the affect of the flame from the torch while the torch completes its
      traversal over the surface defect and while the flow of gas is continued
      to the torch, and thereby continuing to apply the flame of the torch
      toward the surface defect when the at least one parameter has been changed
      until the torch has completely traversed the surface defect.
NUM  2.
PAR  2. In the process of claim 1 wherein the torch operating parameters include
      feeding heating gas mixture and feeding air blast and feed flame-scarfing
      powder and feeding flame-scarfing oxygen all of which are turned on
      simultaneously at the beginning of the flame-scarfing process, and said
      powder being used to increase the preheating temperature to facilitate the
      start of the scarfing operation.
NUM  3.
PAR  3. In the process of claim 1 wherein the torch operating parameters include
      feeding air blast and the air blast is applied at the sides of the torch
      to prevent lateral overlapping of any flame-scarfing slag which might be
      produced by the flame-scarfing process.
NUM  4.
PAR  4. In the process of claim 1 wherein any slag which might be created by the
      flame-scarfing process is later removed mechanically without further
      flame-scarfing thereof.
NUM  5.
PAR  5. In the process of claim 1 wherein the change in the at least one
      parameter is made at about 6/7 of the time period from the time that the
      various torch operating parameters have been turned on to the time that
      the torch has completely traversed the surface defect.
NUM  6.
PAR  6. In the process of claim 5 wherein the change in parameter is an increase
      in forward motion parameter with the increase being an acceleration in
      speed of about three times the speed of the torch.
NUM  7.
PAR  7. In the process of claim 6 wherein at the time the various torch
      operating parameters have been turned on powder is fed in a pressure
      medium from above the torch toward the flames emerging from the torch to
      facilitate the preheating of the flames by increasing the preheating
      temperature, discontinuing the powder feed immediately after the torch has
      begun to traverse the surface defect at the beginning of the
      flame-scarfing of the defect, applying cleansing air toward the defect at
      the same time that the change in forward motion parameter has been made,
      and increasing the distance from the workpiece parameter at the same time
      that the forward motion parameter has been changed.
NUM  8.
PAR  8. In the process of claim 7 wherein the various torch operating parameters
      include applying a lateral air blast from the sides of the torch to
      prevent lateral overlapping of any flame-scarfing slag that might be
      produced by the flame-scarfing process and include feeding scarfing oxygen
      to the torch and feeding fuel gas to the torch and feeding heating oxygen
      to the torch and the setting of all such operating parameters being
      maintained unchanged throughout the entire flame-scarfing process.
NUM  9.
PAR  9. In the process of claim 1 wherein the change in parameters is an
      increase in the distance of the torch from the work piece in its
      flame-scarfing position.
NUM  10.
PAR  10. In the process of claim 1 wherein the change in parameter is an
      acceleration of the forward motion of the torch from its flame-scarfing
      position.
NUM  11.
PAR  11. In the process of claim 10 wherein the change in parameter is also an
      increase in the distance of the torch from the work piece in its
      flame-scarfing position.
NUM  12.
PAR  12. In the process of claim 10 wherein the forward motion is accelerated at
      the end of the surface defect to a speed about three times that of the
      speed of the torch while traversing the surface defect.
NUM  13.
PAR  13. In the process of claim 12 wherein the forward motion is accelerated
      from a speed of about 10 m/min. to a speed of about 30 m/min.
PATN
WKU  039322009
SRC  5
APN  4383494
APT  1
ART  117
APD  19740131
TTL  Flux for a build-up welding
ISD  19760113
NCL  4
ECL  1
EXA  Waltz; Thomas A.
EXP  Curtis; Allen B.
INVT
NAM  Miyano; Katao
CTY  Muroran
CNT  JA
INVT
NAM  Tomizuka; Shunichi
CTY  Muroran
CNT  JA
INVT
NAM  Adachi; Takao
CTY  Muroran
CNT  JA
INVT
NAM  Takenouchi; Tomoo
CTY  Noboribetsu
CNT  JA
INVT
NAM  Kondo; Satoshi
CTY  Noboribetsu
CNT  JA
INVT
NAM  Hirama; Akira
CTY  Muroran
CNT  JA
INVT
NAM  Endo; Yasuo
CTY  Muroran
CNT  JA
ASSG
NAM  Japan Steel Works, Ltd.
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730619
APN  48-68304
CLAS
OCL  148 26
XCL  219 73
EDF  2
ICL  B23K  904
ICL  B23K 35362
FSC  148
FSS  26
FSC  219
FSS  73;146
UREF
PNO  3320100
ISD  19670500
NAM  Coless
OCL  148 26
UREF
PNO  3340103
ISD  19670900
NAM  Ballass et al.
OCL  148 26
UREF
PNO  3340106
ISD  19670900
NAM  Ballass et al.
OCL  148 26
UREF
PNO  3421570
ISD  19690100
NAM  Guntermann
XCL  148 26
UREF
PNO  3424626
ISD  19690100
NAM  Coless et al.
OCL  148 26
UREF
PNO  3501354
ISD  19700300
NAM  De Long
XCL  148 26
UREF
PNO  3589951
ISD  19710600
NAM  Arikawa et al.
XCL  148 26
UREF
PNO  3645782
ISD  19720200
NAM  Johnson
XCL  148 26
UREF
PNO  3692590
ISD  19720900
NAM  Godai et al.
XCL  148 26
UREF
PNO  3798078
ISD  19740300
NAM  Lettner et al.
OCL  148 26
LREP
FRM  Wenderoth, Lind & Ponack
ABST
PAL  A flux particularly adapted to the carrying out of a method for a build-up
      welding proposed by the present applicant essentially comprises, by
      weight, 50 to 90% of calcium fluoride and 10 to 40% of alumina with an
      addition of one or more compounds selected from the group consisting of
      0.5 to 7% of iron oxide, 2 to 10% silica, 1 to 17% of manganese oxide and
      2 to 10% of chrome oxide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the flux for build-up welding,
      particularly suitable for "A Method for a Build-up Welding of Different
      Metals" for which a patent application has already been submitted by the
      same applicant of the present application under the same date.
PAR  As for the build-up welding of different metals, the band-like electrode
      submerged arc welding has hitherto been regarded as a superb welding
      method because it provides an excellently welded metal having less
      penetration with a high melting rate of electrode. However, A method for a
      build-up welding of different metals is still superior to the abovesaid
      conventional arc welding in all respects in that it provides a
      build-up-welded metal having a good yield of alloy elements with less
      penetration by using a thick and broad band-like electrode.
PAR  The embodiment of the invention according to the copending application
      abovementioned is proceeded with in the following manner: a flux powder is
      uniformly distributed over a horizontally disposed base metal to a
      substantially uniform thickness, and into the said flux, is continuously
      fed an electrode towards the base metal with an electric current applied
      therethrough. The flux between the free end of the electrode and the base
      metal is melted by an arc generated therebetween. and, once the flux has
      been melted, the arc disappears so that the melted flux is heated by the
      electric current supplied therethrough to such a high temperature as to
      melt both the electrode and the base metal, so the droplets of the
      electrode fall onto the melted base metal to form a deposite on it,
      thereby, upon movement of the electrode horizontally in the direction
      perpendicular to the width of the electrode, beads are formed on the base
      metal by the subsequent melting of the flux due to the Joule heat
      generated by an electric current flowing through the melted flux.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a flux which is suitable
      for use in the method for the build-up welding of different metals
      according to the copending patent application as aforementioned.
PAR  A flux according to the present invention is characterized in that it
      mainly comprises of 50- 90% by weight of calcium fluoride and 10- 40% of
      alumina and not more than 20% of additives selected from one or more of
      compounds consisting of the group of 0.5-7.0% of iron oxide, 2-10% of
      silica, 1-17% of manganese oxide and 2-10% of chrome oxide.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Following is a detailed explanation of the chemical components of the flux
      according to the present invention and grounds for their respective ranges
      in weight %:
PAR  Calcium fluoride and alumina composing the main components of the flux
      according to the present invention are the indispensable elements for
      realizing one of the features of the abovesaid invention according to the
      copending patent application that an electric current is applied through
      the melted slag without generating an arc so that the melted slag melts
      both the electrode and the base metal to be build-up-welded by the Joule
      heat, thereby a convection of the melted slag is generated to make the
      droplets of the electrode become intimate with the melted base metal so
      that a fine smooth bead with less penetration is formed. In this case, if
      the content of calcium fluoride is above 90%, the electric conductivity of
      the melted slag becomes so high that a smooth bead is hard to obtain
      because of the shortage of Joule heat, on the contrary, if the content of
      calcium fluoride is below 50%, the electric conductivity becomes so low
      that an arc occurs.
PAR  As alumina is added to calcium fluoride, the electric conductivity becomes
      low so that the generation of heat due to Joule heat becomes large, but,
      if the content of alumina is less than 10%, a smooth bead is hard to
      obtain because of the small generation of heat, while, if the content of
      alumina is more than 40%, an arc occurs. Further, in embodying the method
      for a build-up welding according to the copending patent application as
      abovesaid, it is impossible to obtain a smooth, fine bead by a mere
      mixture of calcium fluoride and alumina combined in the abovesaid ratio,
      and it has been found to be indispensable that, when the stability of the
      welding operation and the detachability of the slag are taken into
      consideration, the following oxides should be added:
PAR  Iron oxide to improve the electric conductivity and fluidity of the melted
      slag and the intimacy of the melted base metal with the droplets of the
      electrode, adjust the straightness of the toes of the bead. However, such
      effects fail to show themselves if the content of iron oxide is below
      0.5%; on the contrary, if its content is above 7%, the fluidity of the
      melted slag and the intimacy of the droplets with the melted base metal
      become too good to obtain a fine smooth bead, besides, the purity of the
      build-up metal deteriorates.
PAR  Silica to improve the appearance of the bead, adjust both toes of the bead
      and improve the detachability of the slag, but such effects are
      unobservable if its content is below 2%; whereas on the contrary, with the
      content above 10%, an undesired arc tends to occur.
PAR  Manganese oxide to not only improve the appearance of the bead and the
      detachability of the slag, but also to increase the yield of manganese in
      the electrode; however, with its content less than 1%, such effects are
      not displayed; whereas on the contrary, if it is more than 17%, the
      adjustment of the components of the build-up metal becomes difficult since
      the content of manganese becomes excessive in the build-up metal.
PAR  Chrome oxide to reduce the fluidity of the melted slag, adjust the shape of
      the bead and improve the appearance of the bead, but if its content is
      less than 2%, such effects are not observable; whereas on the contrary, if
      it is above 10%, the detachability of the slag deteriorates.
PAR  Further, by taking into consideration on the detachability of the slag, it
      is preferable to add zirconium oxide in the range below 5%.
PAR  The following examples of embodiment will serve to illustrate the
      invention, although it should be understood that these examples are not
      intended to limit the scope of the invention.
PAC  EXAMPLE 1
PA1  a. Flux:
PAR  After a mixture comprising 66% by weight of calcium fluoride, 27% of
      alumina, 2% of iron oxide and 5% of silica is melted together, it is
      ground into powder after it has solidified.
PA1  b. Chemical composition of the band-like electrode (thickness of 0.4 mm,
      width of 75 mm): 0.025% C, 0.65% Si, 1.69% Mn, 9.9% Ni, 18.8% Cr, balance
      Fe.
PA1  c. Chemical composition of the base metal: 0.12% C, 0.29% Si, 1.38% Mn,
      0.11% Ni, 0.25% Cr, balance Fe.
PA1  d. Welding conditions:
PAR  Using an welding condition of 1,400 A(DCRP), 22 V, 120 mm/min. DC-constant
      voltage characteristics, one-layer, build-up Welding was performed for
      austenite stainless steel (corresponding to the Japanese Industrial
      Standard: JIS 304); a beautiful, smooth bead, a build-up thickness of 5.5
      to 6 mm, was obtained.
PAR  The chemical composition of the build-up-welded metal is shown in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Chemical composition of the                                               

     build-up-welded metal in Example 1(%)                                     

     ______________________________________                                    

     C       Si       Mn       Ni     Cr     Fe                                

     0.027   0.29     1.38     9.8    18.5   Balance                           

     ______________________________________                                    

PAC  EXAMPLE 2
PA1  a. Flux:
PAR  After a mixture comprising, 64% by weight of calcium fluoride, 17% of
      alumina, 5% of iron oxide, 4% of silica, 3% of manganese oxide, 5% of
      chrome oxide and 2% of zirconium oxide is melted together, it is ground
      into powder after it has solidified.
PA1  b. Chemical composition of the band-like electrode (having a thickness of 1
      mm and a width of 75 mm): 0.025% C, 0.19% Si, 1.78% Mn, 10.9% Ni, 20.5%
      Cr, 0.98% Nb, 0.08% Mo, balance Fe.
PA1  c. Chemical composition of the base metal: 0.14% C, 0.21% Si, 0.54% Mn,
      0.10% Ni, 2.45% Cr, 0.90% Mo, balance Fe.
PA1  d. Welding conditions:
PAR  Under an electric current of 1,400 A (DCRP) and voltage of 22 V, using a
      direct current electric source having a constant voltage characteristic,
      at the speed of 120 mm/min, one layer of the austenite stainless steel
      (corresponding to the Japanese Industrial Standard: JIS 347) was
      build-up-welded, a beautiful, smooth bead of the build-up-welded metal
      having a thickness of 5-6 mm being obtained.
PAR  The chemical composition of the build-up-welded metal is shown in Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

     Chemical composition of the                                               

     build-up-welded metal in Example 2(%)                                     

     ______________________________________                                    

     C     Si     Mn     Ni   Cr    Nb    Mo    Fe                             

     0.035 0.40   1.95   10.1 19.5  0.88  0.14  balance                        

     ______________________________________                                    

PAC  EXAMPLE 3
PA1  a. Flux:
PAR  After a mixture comprising 55% by weight of calcium fluoride, 30% of
      alumina, 2% of iron oxide, 5% of silica, 5% of manganese oxide and 3% of
      zirconium oxide is melted together, it is ground into powder after it has
      solidified.
PA1  b. Chemical composition of the band-like electrode (having a thickness of
      0.4 mm and a width of 50 mm): 0.06% C, 0.35% Si, 0.40% Mn, 0.10% Ni, 14.0%
      Cr, balance Fe.
PA1  c. Chemical composition of the base metal: 0.20% C, 0.23% Si, 0.72% Mn,
      0.13% Ni, 0.07% Cr, balance Fe.
PA1  d. Welding conditions:
PAR  Under an electric current of 900 A (DCRP) and voltage of 28 V using a
      direct current electric source having a constant voltage characteristic,
      at the speed of 120 mm/min, one layer of a martensite base stainless steel
      (corresponding to the Japanese Industrial Standard: JIS 410) was
      build-up-welded, a beautiful, smooth bead of the build-up-welded metal
      having a thickness of 4.5-5.5 mm being obtained.
PAR  The chemical composition of the build-up-welded metal is given in Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

     Chemical composition of the                                               

     build-up-welded metal(%)                                                  

     ______________________________________                                    

     C      Si       Mn       Ni     Cr    Fe                                  

     0.06   0.30     0.95     0.12   12.8  balance                             

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flux for build-up horizontal electroslag welding, consisting of a flux
      prepared by fusing together 50-90% by weight of calcium fluoride, 10 to
      40% by weight of alumina and an effective amount up to 20% by weight of
      one or more compounds selected from the group consisting of 0.5 to 7% by
      weight of an iron oxide 2 to 10% by weight of silica, 1 to 17% by weight
      of manganese oxide and 2 to 10% by weight of chrome oxide, and 0 to 5% by
      weight of zirconium dioxide.
NUM  2.
PAR  2. A flux for build-up horizontal slag welding according to claim 1,
      wherein the flux is prepared by fusing a mixture consisting of 66% by
      weight of calcium fluoride, 27% by weight of alumina, 2% by weight of iron
      oxide and 5% by weight of silica.
NUM  3.
PAR  3. A flux for build-up horizontal slag welding according to claim 1,
      prepared by fusing a mixture consisting of 64% by weight of calcium
      fluoride, 17% by weight of alumina, 5% by weight of iron oxide, 4% by
      weight of silica, 3% by weight of manganese oxide, 5% by weight of chrome
      oxide and 2% by weight of zirconium oxide.
NUM  4.
PAR  4. A flux for build-up horizontal slag welding according to claim 1,
      prepared by fusing a mixture consisting of 55% by weight of calcium
      fluoride, 30% by weight of alumina, 2% by weight of iron oxide, 5% by
      weight of silica, 5% by weight of manganese oxide and 3% by weight of
      zirconium oxide.
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ABST
PAL  Magnesium oxide coating compositions, process for their preparation and
      process for applying said compositions as adherent dried coatings which
      when annealed form relatively non-porous insulations providing improved
      electrical insulating properties. The coating compositions comprise a
      major proportion of magnesium oxide and a minor proportion of zinc
      permanganate and magnesium sulfate, wherein the concentration of zinc
      permanganate is from about 4 to about 16 parts per 100 parts of magnesium
      oxide and the concentration of magnesium sulfate is at least about 50
      parts per 100 parts of zinc permanganate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  As described in U.S. Pat. Nos. 3,583,887 and 3,841,925, silicon-containing
      steel sheet is prepared by cold-rolling silicon-containing steel into
      sheet form, coiling the steel sheet into rolls and thereafter annealing
      the coiled sheet by a controlled heating process to produce a grain
      oriented steel having desirable magnetic properties.
PAR  Magnesium oxide is used extensively as a highly heat resistant separator
      medium and protective coating for metal surfaces. It is also used as an
      electrical insulator coating for metals, as a "gatherer" for removing
      impurities, such as sulfur and carbon, from thin metal sheets and
      particularly as a protective coating for silicon steel. The electrical
      insulating coating is understood to be derived from coating magnesium
      oxide on steel, which then forms a film or coating containing Mg.sub.2
      SiO.sub.4 which coating is an effective electrical insulator when
      annealed.
PAR  2. Description of the Prior Art
PAR  Referring again to U.S. Pat. Nos. 3,583,887 and 3,841,925, according to the
      present industrial practice, silicon-containing steel is cold rolled into
      sheets, decarburized and thereafter coiled into convenient rolls. Cold
      rolling develops in the steel the potential to form a grain oriented
      structure when the steel is later "annealed." The term annealed refers to
      a process whereby the steel is heated to about 1200.degree.C. in an
      atmosphere of low dewpoint containing hydrogen, or in a vacuum, under
      programmed conditions with respect to time and temperature. This results
      in a growth in size of the steel grains and also in a specific grain
      orientation which provides the desired soft magnetic properties sought.
      During the annealing process, virtually all of the remaining excess carbon
      and sulfur content of the steel is lost.
PAR  During the annealing process in hydrogen where the steel is in large coils,
      in the absence of a suitable separating medium, the coiled roll would fuse
      to itself and could not be unrolled. Conventionally, this is avoided by
      placing a thin coating of magnesium oxide on the steel prior to coiling.
      Further, the magnesium oxide coating serves to reduce impurities such as
      carbon and sulfur in steel by chemical reaction. In addition, magnesium
      oxide provides a major part of an electrically insulating silicate layer
      by reaction with the steel. For most applications, this silicate
      insulation is important to form an efficient electrical insulating coating
      or as the base coating upon which such insulation is formed. Thus, for
      example, transformer cores are constructed from thin sheets of soft
      magnetic steel stacked together to form a laminated body in which each
      sheet is electrically insulated from its neighbor. This construction
      vastly reduces the generation of eddy currents in the core imposed by an
      alternating electrical field. The average density of soft iron in the core
      should be as large as possible and consequently the insulation on the
      plates should be as thin as possible to provide closer stacking of steel
      plates.
PAR  Obviously, short circuits between plates reduces transformer efficiency and
      often causes the development of damaging hot spots in the transformer
      core. Consequently, soft magnetic steel is rated by the number of short
      circuits per unit area, usually expressed in terms of the electrical
      resistance of the insulating layer. This is a standard ASTM measurement
      known as the Franklin Test and is a measure of the conductance.
PAR  Generally, it is known that two types of oxidizing agents added to MgO aid
      in forming high quality MgO insulation on silicon steel, i.e., high and
      low temperature oxidizers. High temperature oxidation supplies oxygen to
      reactions that can be summarized as:
EQU  O.sub.2 + Si + 2 MgO .sup.High temp. Mg.sub.2 SiO.sub.4    ( 1)
PAL  Low temperature oxidation is for reactions of the following form:
EQU  3 Fe + 2 O.sub.2 .sup.Lower temp. Fe.sub.3 O.sub.4         ( 2)
PAL  It appears that Fe.sub.3 O.sub.4 and associated iron silicates serve as a
      bonding layer on steel surfaces which holds the Mg.sub.2 SiO.sub.4
      insulating layer to the steel. The iron oxide might also supply some of
      the oxygen for reaction (1).
PAR  By high temperatures is meant those temperatures reached when Mg.sub.2
      SiO.sub.4 forms from MgO and silicon steel during hydrogen annealing. By
      lower temperatures is meant temperatures at and below those reached on the
      steel when drying wet coatings.
PAR  Reaction (2) commonly occurs by reaction of steam and iron, i.e.,
EQU  4 H.sub.2 O + 3 Fe .fwdarw. Fe.sub.3 O.sub.4 + H.sub.2 .uparw.(3)
PAL  and somewhat by
EQU  2 O.sub.2 + 3 Fe .fwdarw. Fe.sub.3 O.sub.4                 ( 4)
PAL  These reactions occur in the last stages of decarburizing the steel and
      more commonly when heat drying wet coatings on the steel. In either case
      the oxide layer is visible in the form of a temper color of the immediate
      steel surface if the layer is thick enough to cause light diffraction.
PAR  Reactions of the type described in equation (1) have been taught for many
      years and many high temperature oxidizing agents are known. Among these
      are manganese, zinc, silicon, and chromium oxides. Manganese is
      particularly preferred since it can preferentially oxidize silicon and not
      iron when present in the reduced state. As with low temperature oxidizers,
      problems are encountered when attempting to coat and distribute high
      temperature oxidizers in the coatings. Hence, appreciable quantities of
      manganese, zinc, or silicon oxides cannot be introduced without destroying
      the needed rheological properties of the coating slurry.
PAR  The patent literature teaches the following regarding the addition of Zn
      and Mn to MgO:
PAR  1. Manganese oxides used in conjunction with Al.sub.2 O.sub.3 aid in
      forming a uniform glass (see U.S. Pat. Nos. 3,627,594 and 3,522,108).
PAR  2. MnO plus MgO is used to improve the adhesion of the base insulation to
      the steel. Zn, Cu, or Cr oxides can also be substituted for Mn (see U.S.
      Pat. No. 3,522,108).
PAR  3. MnO can selectively oxidize Si at 800.degree.C. without oxidizing Fe
      during hydrogen annealing because of the free energy relationship that
      exists. MnO differs from Cr.sub.2 O.sub.3 in that it is entirely
      assimilated by the MgO and the steel. However MnO is not commercially
      available and must be prepared by reduction of MnO.sub.2 (see Ger. Pat.
      Nos. 2,033,650 and 2,062,290). ZnO was also advocated for making
      insulation coatings in U.S. Pat. Nos. 3,364,057 and 3,271,718. MgO plus
      reduced manganese oxide can tolerate up to 3% MnO.sub.2 or 25% Mn.sub.3
      O.sub.4. The MgO can be dead burned.
PAR  It is also known that MnO.sub.2 admixed with MgO produces poorly adhering
      coatings and that MnO.sub.2 tends to separate out of suspension.
PAR  It has been discovered that the condition of the Fe.sub.3 O.sub.4 on the
      steel affects the quality of the insulation eventually formed after
      annealing. Apparently an optimum thickness of a highly uniform layer is
      required after drying coatings and before annealing. The source of oxygen
      for reactions of the type (3) and (4) and the rate at which reaction
      occurs can apparently determine what type of oxide layer forms. I have
      accordingly discovered that certain well known oxidizing agents when
      incorporated with magnesia in aqueous coating slurries will provide the
      type of oxide layers sought. However, because of rheological alterations
      that occur when such agents are added to magnesia slurries the choice is
      limited and none have been found that will perform properly without
      incorporating a second additive which modifies the coating behavior.
PAR  It has been discovered that the elements represented in the oxides of zinc
      and manganese can be introduced as a single chemical compound as zinc
      permanganate. I have further discovered that by introducing this water
      soluble compound in combination with a sulfate promoter that I can improve
      both forms of oxidative functions described by equations (1) and (2) and
      at the same time coat the steel successfully.
PAR  It has also been discovered that when said additives in combination with
      magnesia are coated on high permeability steels which contain aluminum we
      obtain superb insulation. X-ray studies revealed that the zinc can combine
      with aluminum and oxygen to provide zinc aluminate which in combination
      with the magnesium silicate formed provides good insulation.
PAR  Zinc permanganate admixed with magnesia and water tends to hydrolize
      forming zinc and manganese hydroxides. This formation tends to destroy the
      rheology of the coating suspension and defeats the object of introducing a
      water soluble additive. Accordingly, I found that the hydrolysis could be
      suppressed by adding a water soluble alkali earth metal sulfate.
      MgSO.sub.4 is preferable since it does not introduce new elemental species
      into the formula.
PAR  Accordingly, it would be desirable to provide magnesium oxide coating
      compositions which have high and low temperature oxidizing properties and
      which when coated onto silicon steel and thereafter annealed produce a
      high quality electrical insulation.
PAR  It is therefore an object of the present invention to provide magnesium
      oxide silicon-steel coating compositions which have high and low
      temperature oxidizing properties and which provide high quality electrical
      insulation when coated onto steel and thereafter annealed. It is another
      object to provide said coating compositions in a form which exhibit good
      rheological properties when formed into an aqueous slurry for use in a
      steel coating operation.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, the foregoing objects are achieved by the provision of magnesium
      oxide coating compositions comprising a major proportion of magnesium
      oxide and a minor proportion of zinc permanganate and magnesium sulfate,
      wherein the concentration of zinc permanganate is from about 4 to about 16
      parts per 100 parts of magnesium oxide and the concentration of magnesium
      sulfate is at least about 50 parts per 100 parts of zinc permanganate.
PAR  This invention also provides a process for preparing said magnesium oxide
      coating compositions, said process comprising admixing magnesium oxide
      with zinc permanganate and magnesium sulfate, the concentration of zinc
      permanganate being from about 4 to about 16 parts per 100 parts of
      magnesium oxide and the concentration of magnesium sulfate being at least
      about 50 parts per 100 parts of zinc permanganate.
PAR  This invention also provides a process for coating silicon-containing steel
      sheet with an electrically insulating coating, which process comprises in
      sequence forming an aqueous slurry of a magnesium oxide composition as
      defined above, coating said slurry onto the surfaces of steel sheet,
      heating the coated steel sheet to dry said coating thereon and thereafter
      annealing said dried coated steel at a temperature in excess of about
      1000.degree.C
PAR  The magnesium oxide useful in this invention includes any magnesia which
      readily forms an aqueous slurry suitable for coating onto steel and which
      does not have an excessive reducing action toward potassium permanganate
      as defined by the following test:
PAC  REDUCING ACTION TEST FOR MAGNESIUM OXIDE
PAR  Six grams of the candidate magnesium oxide are shaken with 100 milliliters
      of water containing 3 ml. of 0.01 normal potassium permanganate. The
      mixture is allowed to settle and the supernatant liquid is decanted into a
      suitable elongated cylindrical colorimeter tube. The color of the
      supernatant liquid is compared with the pink color obtained by the use of
      a standard magnesia, one commercially available under the designation
      "Magnesium Oxide 57B," carried through the same procedure. The candidate
      magnesia is operable in the present invention if no more than 3 ml. of
      0.01 normal KMnO.sub.4 are required to match the pink color of the
      standard magnesia.
PAR  For coating steel, an aqueous suspension (or slurry) of the above described
      magnesium oxide coating composition is prepared by mixing with water until
      the desired rheological properties are obtained. Generally from about 5 to
      about 20 weight percent of the magnesium oxide composition, based on
      water, is satisfactory to provide an aqueous slurry having the requisite
      viscosity and flow properties suitable for coating onto steel sheet.
PAR  In any steel-coating operation employing an aqueous slurry of a magnesium
      oxide composition, the rheology of the slurry is an important factor in
      the operability of the coating operation itself and in the adequacy of the
      actual coating obtained. That is, the magnesia slurry should develop an
      optimum level of viscosity so that the coating lies smoothly on the
      surface of the steel and does not run or coagulate. The slurry must remain
      uniform throughout its entire volume or else after coating there will be
      bare spots on some portions of the steel and excessive coating on other
      parts.
PAR  The present magnesium oxide coating compositions are operable on a wide
      variety of commercially available steels ranging from those having to a
      low permeability. Permeability is a measure of the ability of a core
      material to be magnetized, or the ease with which the magnetizing force
      can induce a flux density in a magnetic circuit, and is numerically equal
      to the magnetizing force divided by the flux density.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In one preferred form, the steel coating magnesium oxide compositions of
      the present invention comprise a major proportion of magnesium oxide and a
      minor proportion of zinc permanganate and magnesium sulfate in which the
      concentration of zinc permanganate is from about 10  about 15 parts per
      100 parts of MgO and the concentration of magnesium sulfate is from about
      50 to about 55 parts per 100 parts of zinc permanganate.
PAR  Aqueous slurries suitable for steel coating operations are prepared from
      said compositions by adding from about 8 to about 15 weight percent of the
      composition to water to form a homogenous suspension thereof having the
      requisite rheological properties for coating onto steel surfaces.
PAR  As more fully elaborated in the Examples, it was found that a combination
      of zinc permanganate and magnesium sulfate is required to achieve the
      desired results of this invention. For a more complete understanding of
      the present invention, reference is now made to the following specific
      examples illustrating the improved properties of the coating compositions
      of this invention.
PAC  DESCRIPTION OF TESTS
PAC  CONDUCTANCE (Franklin Test)
PAR  This test is widely accepted and utilized for evaluating the conductance of
      coated steel sheets. A detailed description is found in ASTM Method
      A-334-52, "Standard Methods of Test for Electrical and Mechanical
      Properties of Magnetic Materials." Briefly, the test is carried out by
      passing an electric current through brass contacts which cover coated
      areas 0.1 square inch in area. Current passing through the coating flows
      through the steel to a contact made directly to the steel by means of a
      twist drill. The resulting amperage provides a measure of the resistance
      encountered through the coating. Several hundred contacts are employed in
      obtaining readings for coating evaluation. A complete short circuit, i.e.,
      complete Conductance, is indicated by a reading of 100 milliamps per 0.1
      square inch. Therefore, the lower the reading in milliamps the more
      insulating the coating. As presented herein, the Franklin values are
      relative values in that they represent the number obtained by dividing the
      Franklin value of the test specimen by the Franklin value of the control
      and multiplying by 100.
PAC  POROSITY (Copper Plating Test)
PAR  A steel sheet bearing a dried and annealed coating is immersed in an
      aqueous solution of copper sulfate. Copper spontaneously plates on the
      surfaces that are not electrically insulated, and therefore provides an
      indication of the Porosity of the annealed coating.
PA0  I. the Reagent
PA1  80 g. CuSO.sub.4.5H.sub.2 O/liter H.sub.2 O
PA0  Ii. procedure
PA1  A. fill a 200 ml. tall form beaker with about 100 ml. of copper sulfate
      solution.
PA1  B. with the solution at about 80.degree.F. partially immerse the sample of
      coated and annealed steel for 30 seconds moving the sample with a fanning
      motion.
PA1  C. after 30 seconds, wash off adhering reagent by holding the strip under a
      stream of tap water.
PA1  D. wipe the strip and allow it to dry.
PA1  E. the reagent can be reused a number of times without grossly affecting
      the results. It should be discarded when it visually appears to contain
      too much iron sulfate.
PA0  Iii. interpretation of Results
PA1  Copper will plate on many types of defects that are not directly produced
      as a result of the magnesia or the steel quality. Hence, edge effects from
      annealing small strips, accidental mechanical or surface marking are
      discounted for such purposes. Evaluations of magnesia, steel, and
      processing quality are accordingly based on the appearance of overall
      centrally located areas. The extent of plating can vary from complete to
      no plating at all.
PA1  The results are characterized as follows:
TBL  Result                      Porosity                                      

     ______________________________________                                    

     Completely free of copper plating                                         

                                 Good                                          

     Traces of partially copper plated                                         

                                 Fair                                          

     Completely copper plated    Bad                                           

     ______________________________________                                    

PAC  EXAMPLE 1
PAR  A steel coating slurry or suspension was prepared by dissolving 15 grams of
      magnesium oxide in 180 ml. of water. This slurry was maintained at a
      temperature of about 110.degree.F. for 20 to 40 minutes and coated onto
      silicon steel sheets or plates, each plate measuring 3.0 .times. 15.3 cm.
      by 12-14 mils. in thickness. Two conditions of steel surface oxidation
      were represented, i.e., steel as received in the lowest available
      oxidation condition, and steel which was heated and the surface of which
      was oxidized to a blue temper color. Each form of surface oxidized steel
      was utilized and compared in succeeding examples. The coatings were
      leveled and then air-dried to a steel temperature of about 205.degree.C.
      reached in about 15 seconds, to provide a dried coating weight of from
      about 0.02 to about 0.05 ounces per square foot of steel, the usual
      coating weight employed in the steel industry. The rheology of the slurry
      and its usefulness as a coating vehicle were observed.
PAR  The dried coated steel sheets were annealed by heating at 1177.degree.C.
      for a fixed time interval. The annealed sheets were then cooled, and
      excess or loose magnesium oxide was scrubbed from the surface of each
      coated sheet by brushing in a stream of flowing water.
PAR  The Conductance of the coated and annealed surface was measured by means of
      the Franklin Test, and the Porosity of the surface was determined by means
      of the Copper Plating Test.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated except that 0.3 gram of zinc
      permanganate (2 parts per 100 parts MgO) was added to the water.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was repeated except that 0.6 gram of zinc
      permanganate (4 parts per 100 parts MgO) was added to the water.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 was repeated except that 1.2 grams of zinc
      permanganate (8 parts per 100 parts MgO) were added to the water.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 was repeated except that 2.4 grams of zinc
      permanganate (16 parts per 100 parts MgO) were added to the water.
PAR  The results are summarized in Table I as follows:
TBL                                    TABLE I                                 

     __________________________________________________________________________

             Relative Franklin                                                 

                        Franklin Test  Rheology of                             

     Example Test Value.sup.A.                                                 

                        Improvement                                            

                                 Porosity                                      

                                       Aq. Slurry.sup.B.                       

     __________________________________________________________________________

     1 (Control)                                                               

             100                 Fair-Good                                     

                                       Poor                                    

     2       66          34%.sup.C.                                            

                                 Poor  Poor                                    

     3       74         26%      Fair  Poor                                    

     4       49         51%      Good  Poor                                    

     5       46         54%      Excellent                                     

                                       Poor                                    

     __________________________________________________________________________

     .sup.A. - Used steel in the non-blued condition before coating.           

     .sup.B. - Relates to uniformity and viscosity of the aqueous slurry.      

         (100-66)                                                              

     .sup.C. -                                                                 

              .times. 100                                                      

         100                                                                   

PAR  The foregoing results demonstrate that the addition of zinc permanganate to
      magnesium oxide causes an improvement in insulation as measured by the
      Franklin Test and by the Porosity. However, the rheology of the aqueous
      slurry coating solution is poor due to formation of the hydroxides of zinc
      and manganese causing great difficulty in providing evenly coated steel
      sheets in a coating operation.
PAC  EXAMPLE 6
PAR  The procedure of Example 1 was repeated except that 1.16 grams of magnesium
      sulfate were added in addition to the 15.0 grams of magnesium oxide.
PAC  EXAMPLE 7
PAR  The procedure of Example 1 was repeated except that 2.14 grams of zinc
      permanganate (14.3 parts per 100 parts MgO) and 1.16 grams of magnesium
      sulfate (54.2 parts per 100 parts zinc permanganate) were added in
      addition to the 15.0 grams of magnesium oxide.
PAC  EXAMPLE 8
PAR  The procedure of Example 1 was repeated except that 2.14 grams of zinc
      permanganate and 0.96 gram of magnesium sulfate (44.9 parts per 100 parts
      zinc permanganate) were added in addition to the 15.0 grams of magnesium
      oxide.
PAC  EXAMPLE 9
PAR  The procedure of Example 1 was repeated except that 1.5 grams of zinc
      permanganate (10.0 parts per 100 parts MgO) were added in addition to the
      15.0 grams of MgO.
PAC  EXAMPLE 10
PAR  The procedure of Example 1 was repeated except that 1.5 grams of zinc
      permanganate (10.0 parts per 100 parts MgO) and 0.83 gram of magnesium
      sulfate (55.4 parts per 100 parts zinc permanganate) were added in
      addition to the 15.0 grams of magnesium oxide.
PAC  EXAMPLE 11
PAR  The procedure of Example 1 was repeated except that 0.6 gram of zinc
      permanganate (4 parts per 100 parts MgO) and 0.9 gram of magnesium sulfate
      (54 parts per 100 parts zinc permanganate) were added in addition to the
      15.0 grams of magnesium oxide.
PAR  In each of Examples 6-11, the dried coating was observed for appearance and
      adherence. The steel employed for Examples 6-11 was from a different batch
      from that used for Examples 1-5.
PAR  The results of Experiments 6-11 are set forth in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

                         INSULATION                                            

                         Relative Franklin Test                                

                         vs. "As is"                                           

                                 vs. "Blued"                                   

                         Steel as                                              

                                 Steel as                                      

     Example                                                                   

          Appearance                                                           

                Adherence                                                      

                         Control Control Porosity                              

     __________________________________________________________________________

     6    Good  Good     100     100     Poor                                  

     7    Good  Good-Excellent                                                 

                         99      74      Fair to                               

                                         Excellent                             

     8    BADLY MOTTLED -- COULD NOT COAT                                      

     9    BADLY MOTTLED  75      55      Poor                                  

     10   Fair  Good-Excellent                                                 

                         97      71      Fair                                  

     11   Good  Fair-Good                                                      

                         92      82      Fair                                  

     __________________________________________________________________________

PAL  Note that Franklin values in the Examples are relative values, i.e., they
      represent the value obtained by dividing the Franklin value of the
      test-specimen by the Franklin value of the standard control and
      multiplying by 100. The control is therefore arbitrarily set at 100. Such
      comparisons are always made on steel from a single batch.
PAR  The conclusions to be drawn from Examples 6-11 may be summarized as
      follows:
PA1  1. The addition of magnesium sulfate alone to magnesium oxide results in a
      coating which has a poor Conductance, i.e., Insulation (Franklin value),
      and also poor Porosity (Example 6).
PA1  2. The addition of zinc permanganate alone to magnesium oxide resulted in a
      coating which is not acceptable (badly mottled -- Example 9).
PA1  3. The combination of zinc permanganate and magnesium sulfate (in the
      proper proportions) is required to provide acceptable coatings, insulation
      (i.e., Franklin values) and Porosity.
PAR  These conclusions are borne out by noting that Examples 7, 10 and 11 all
      display good appearance, adherence, improved Franklin values and fair to
      excellent Porosity, and that these Examples contain the combination of
      zinc permanganate and magnesium sulfate within the concentrations of this
      invention, i.e., from about 4 to about 16 parts per hundred of zinc
      permanganate per 100 parts of magnesium oxide and at least about 50 parts
      per hundred of magnesium sulfate per 100 parts of zinc permanganate.
PAR  The composition of Example 8 which provided a combination of zinc
      permanganate and magnesium sulfate in which the magnesium sulfate was only
      44.9 parts per 100 parts of zinc permanganate could not be coated onto the
      steel. Example 9, where magnesium sulfate was absent, exhibited a badly
      mottled appearance and a poor Porosity.
PAR  It is also noted that, in general, when the compositions of this invention,
      as exemplified by Examples 7, 10 and 11, are applied to "blued" steel, the
      Franklin values show a greater degree of improvement over the Control than
      in the instance when the compositions are applied to "as is" steel. Steel
      of commerce is provided with a variety of surface oxidation states. That
      is, steel may have a silver-like surface which indicates virtually no
      oxidation, or it may have a light tan colored surface which indicates a
      relatively moderate surface oxidation state. Whatever the surface
      oxidation state encountered, the compositions of this invention provide
      improved insulation (i.e., Franklin values) and Porosity over the
      non-coated steel. The "as is" steel used in the preceding examples varied
      in color from silver to tan.
PAC  EXAMPLES 6A-11A
PAR  Examples 6-11 were repeated and designated Examples 6A, 7A, 8A, 9A, 10A and
      11A respectively, with the exception that the composition of Examples 6A
      (Control) was the same as that of Example 1 and contained no magnesium
      sulfate. The respective compositions were coated on the same batch of
      steel as was used for Examples 6-11. The results are tabulated in Table
      III.
TBL                                    TABLE III                               

     __________________________________________________________________________

                         INSULATION                                            

                         Relative Franklin Test                                

                         vs. "As is"                                           

                                 vs "Blued"                                    

                         Steel as                                              

                                 Steel as                                      

     Example                                                                   

          Appearance                                                           

                Adherence                                                      

                         Control Control                                       

                                        Porosity                               

     __________________________________________________________________________

     6A   Good  Good     100     100    Poor                                   

     7A   Good  Good-Excellent                                                 

                         86      74     Fair to                                

                                        Excellent                              

     8A   COULD NOT COAT                                                       

     9A   BADLY MOTTLED  64      55     Poor                                   

     10A  Fair  Good-Excellent                                                 

                         82      70     Fair                                   

     11A  Good  Fair-Good                                                      

                         134     115    Fair                                   

     __________________________________________________________________________

PAR  The results of Experiments 6A-11A corroborate those of 6-11 in that the
      compositions of Examples 7A, 10A and 11A display the same good qualities
      as those of Examples 7, 10 and 11. The differences in the Franklin values
      of Examples 7A, 10A and 11A when compared with those of Examples 7, 10 and
      11 are explained by the fact that the Control (Example 6A) was different
      from that of the Control of Example 6.
PAC  EXAMPLE 12
PAR  Coated non-blued steel sheets weighing 105 g. and having an area of 840
      cm.sup.2 were prepared according to the procedure of Example 1. The sheets
      were dried in air at 1150.degree.F. for 15 seconds.
PAR  The steel sheets were weighed (prior to coating), coated and then weighed
      after removing the dried coating to determine the weight gain of the steel
      itself due to reaction with oxygen and steam (derived from the residual
      water in the dried coating).
PAR  In addition, the actual coating weight itself was determined. The results
      were as follows:
      ##EQU1##
PAC  EXAMPLE 13
PAR  The procedure of Example 12 was repeated except that the coating
      composition employed was that of Example 7 and contained the following:
TBL  MgO           15.0  grams                                                 

     Zinc Permanganate                                                         

                   2.14 grams    (14.3 parts per                               

                                 100 parts MgO)                                

     Magnesium Sulfate                                                         

                   1.16 grams    (54.2 parts per                               

                                 100 parts zinc                                

                                 permanganate)                                 

PAR  The results were as follows:
      ##EQU2##
PAR  Comparing this weight gain with that of the weight loss of Example 12, it
      is seen that the presence of zinc permanganate and MgSO.sub.4 provided an
      enhanced oxidized steel surface over that obtained by MgO alone.
PAC  EXAMPLE 14
PAR  The procedure of Example 12 was repeated. The results were as follows:
      ##EQU3##
PAC  EXAMPLE 15
PAR  The procedure of Example 13 was repeated, with the following results:
      ##EQU4##
PAR  Comparing the weight gain of Example 15 with that of Example 14, we find
      the following:
TBL                  Increased Oxidation                                       

                     Due to                                                    

             Wt. Gain                                                          

                     Zinc Permanganate and MgSO.sub.4                          

     ______________________________________                                    

     Example 14                                                                

               0.0096                                                          

     Example 15                                                                

               0.0109    13%*                                                  

     ______________________________________                                    

           (0.0109 - 0.0096)                                                   

     *                  .times. 100                                            

           0.0096                                                              

PAC  EXAMPLE 16
PAR  The procedure of Example 12 was repeated with the following results:
      ##EQU5##
PAC  EXAMPLE 17
PAR  The procedure of Example 13 was repeated, with the following results:
      ##EQU6##
PAR  Comparing the weight gain of Example 17 with that of Example 16, we find
      the following:
TBL                  Increased Oxidation                                       

                     Due to                                                    

             Wt. Gain                                                          

                     Zinc Permanganate and MgSO.sub.4                          

     ______________________________________                                    

     Example 16                                                                

               +0.0070                                                         

     Example 17                                                                

               +0.0109   56%*                                                  

     ______________________________________                                    

           (0.0109-0.0070)                                                     

     *                   .times. 100                                           

           0.0070                                                              

PAR  The foregoing Examples 12-17 demonstrate that the compositions of the
      present invention provide a steel surface having enhanced oxidation when
      compared with steel coated with MgO alone.
PAC  EXAMPLE 18
PAR  The procedure of Example 7 was repeated except that the steel employed was
      a commercial product having a magnetic permeability ranging from
      1900-1975. The results were as follows:
TBL                 INSULATION                                                 

                    Relative                                                   

                    Franklin Test                                              

     Dried Coating    "As is"   "Blued"   Poro-                                

     Appearance                                                                

             Adherence    Steel     Steel   sity                               

     ______________________________________                                    

     Good    Good-Excellent                                                    

                          86        74      Excel-                             

                                            lent                               

     ______________________________________                                    

PAC  EXAMPLE 19
PAR  The procedure of Example 18 was repeated. The steel employed was a
      commercial product having a magnetic permeability of 1900-1974, except
      that the steel was from a different supplier than the steel of Example 18.
      The results were as follows:
TBL              INSULATION                                                    

                 Relative                                                      

                 Franklin Test                                                 

     Dried Coating "As is"    "Blued"                                          

     Appearance                                                                

             Adherence Steel      Steel   Porosity                             

     ______________________________________                                    

     Good    Good      51         51      Fair-Good                            

     ______________________________________                                    

PAC  EXAMPLE 20
PAR  The procedure of Example 18 was repeated, except that the steel employed
      was one having a permeability ranging from about 1800 to about 1875. The
      results were as follows:
TBL                INSULATION                                                  

                    Relative                                                   

                    Franklin Test                                              

     Dried Coating    "As is"   "Blued"   Poro-                                

     Appearance                                                                

             Adherence    Steel     Steel   sity                               

     ______________________________________                                    

     Good    Good-Excellent                                                    

                          96        89      Excel-                             

                                            lent                               

     ______________________________________                                    

PAC  EXAMPLE 21
PAR  The procedure of Example 20 was repeated, except that the steel employed
      was from a different source than that of Example 20. The results were as
      follows:
TBL              INSULATION                                                    

                 Relative                                                      

                 Franklin Test*                                                

     Dried Coating "As is"    "Blued"                                          

     Appearance                                                                

             Adherence Steel      Steel   Porosity                             

     ______________________________________                                    

     Good    Fair      42         49      Good                                 

     ______________________________________                                    

      *No magnesium sulfate in Control coatings.                               

PAR  The results of Examples 18-21 demonstrate that the present coating
      composition is useful on a wide variety of commercially available steels,
      ranging from a high permeability (1900-1975) steel-containing aluminum
      known as "HI-PERM" steel to a regular type grain oriented steel having a
      permeability of 1800-1875.
CLMS
STM  I claim:
NUM  1.
PAR  1. A magnesium oxide composition for coating onto silicon-containing steel
      sheet, said composition comprising a major proportion of magnesium oxide
      and a minor proportion of zinc permanganate and magnesium sulfate, wherein
      the concentration of zinc permanganate is from about 4 to about 16 parts
      per 100 parts of magnesium oxide and the concentration of magnesium
      sulfate is at least about 50 parts per 100 parts of zinc permanganate.
NUM  2.
PAR  2. The composition of claim 1 wherein the zinc permanganate is present in
      an amount of from about 10 to about 15 parts per hundred of magnesium
      oxide.
NUM  3.
PAR  3. The composition of claim 1 wherein the zinc permanganate is present in
      an amount of from about 10 to about 15 parts per 100 parts of magnesium
      oxide and the magnesium sulfate is present in an amount of about 50-55
      parts per 100 parts of zinc permanganate.
NUM  4.
PAR  4. A process for preparing a magnesium oxide composition for coating
      silicon-containing steel sheet, said process comprising admixing a major
      proportion of magnesium oxide with a minor proportion of zinc permanganate
      and magnesium sulfate, the concentration of zinc permanganate being from
      about 4 to about 16 parts per 100 parts of magnesium oxide and the
      concentration of magnesium sulfate being at least about 50 parts per 100
      parts of zinc permanganate.
NUM  5.
PAR  5. The process of claim 4 wherein the concentration of zinc permanganate is
      from about 10 to about 15 parts per 100 parts of magnesium oxide.
NUM  6.
PAR  6. The process of claim 4 wherein the concentration of zinc permanganate is
      from about 10 to about 15 parts per 100 parts of magnesium oxide and the
      concentration of magnesium sulfate is from about 50 to about 55 parts per
      100 parts of zinc permanganate.
NUM  7.
PAR  7. A process for coating silicon-containing steel sheet with an
      electrically insulating coating, which process comprises in sequence
      forming an aqueous slurry of a magnesium oxide composition as defined in
      claim 1, coating said slurry onto the surfaces of steel sheet, heating the
      coated steel sheet to dry said coating thereon and thereafter annealing
      said dried coated steel at a temperature in excess of about 1000.degree.C.
NUM  8.
PAR  8. A process according to claim 5 wherein the slurry has a solids content
      from about 5 to about 20 percent by weight.
NUM  9.
PAR  9. A coated silicon-steel sheet having thereon an adhered coating of the
      composition defined in claim 1.
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PAL  Coatings for silicon steel comprised of MgO, an amorphous magnesia-silica
      complex and a lithium bearing compound.
PARN
PAR  This application is a continuation-in-part application of U.S. Ser. No.
      360,257 filed May 14, 1973, and now abandoned.
BSUM
PAR  This invention relates to coatings for ferrous material and, more
      particularly, an improved magnesium oxide/magnesium hydroxide coating for
      grain oriented silicon steel, and the material coated by such process.
      More specifically, this invention pertains to coating compositions that
      form a superior insulating film on ferrous metal comprised of MgO, a
      magnesia-silica complex and a lithium compound, the process of applying
      said coatings and the steel coated thereby.
PAR  In many fields of use and, in particular, in the electrical industry, it is
      necessary to provide a coating on ferrous material. This coating desirably
      performs the function of separating and purifying the ferrous material and
      reacting with surface silica in the steel to form an electrical insulating
      layer. For example, in the transformer art, the cores of the transformers
      are usually formed of a ferrous material, such as silicon steel, which may
      be provided with a preferred grain growth orientation to provide optimum
      electrical and magnetic properties. It has been found necessary to provide
      a coating on the ferrous material prior to the final high temperature
      grain growth anneal. This coating will perform three separate functions.
      The first function of the coating is to provide separation of the various
      turns or layers of the coiled material to prevent their sticking or
      welding together during high temperature anneals. A second function is
      that of aiding in the chemical purification of the ferrous material to
      develop the desired optimum magnetic characteristics of such material. The
      third function of the coating is to form on the surface of the ferrous
      material a refractory type coating which will provide electrical
      insulation of one layer of ferrous material from the next during its use
      as a core in a transformer or in other electrical apparatus such as motor
      armatures or the like.
PAR  In the present state of the electrical apparatus art, the most widely used
      coating for the ferrous material which is used as the magnetic core of the
      electrical apparatus is a coating of magnesium oxide and/or magnesium
      hydroxide. These coatings are, in general, applied to the ferrous material
      in the form of a suspension of magnesium oxide and/or magnesium hydroxide
      in water. The suspension comprises a quantity of magnesium oxide in water
      and is mixed sufficiently for the desired application; the magnesium oxide
      being hydrated to an extent dependent on the character of the oxide used,
      the duration of mixing and the temperature of the suspension. Therefore,
      the term magnesium oxide coating is with reference to a coating of
      magnesium hydroxide which may include magnesium oxide which has not been
      hydrated.
PAR  As set forth in U.S. Pat. No. 2,385,332, in the names of Victor W.
      Carpenter et al., during a heat treatment at suitable temperatures,
      magnesium oxide can be caused to react with silica particles on or near
      the surfaces of previously oxidized silicon-iron sheet stock to form a
      glass-like coating, which coating is useful as an interlaminary insulator
      in the use of silicon-iron in electrical apparatus, e.g., in the cores of
      transformers.
PAR  In the production of silicon steel for the magnetic cores of transformers,
      the steel is generally annealed to provide optimum grain growth and grain
      orientation which develops the magnetic properties of the silicon steel.
      This anneal is usually carried out in a hydrogen atmosphere at
      temperatures ranging from approximately 950.degree. to 1500.degree.C. from
      about 2 to about 50 hours. This anneal also aids in purifying the steel,
      aided by the coating placed on the steel. During this anneal a portion of
      the magnesium oxide coating reacts with the silica on the surface of the
      silicon steel to form a glass-like coating of magnesium silicate. This
      glass-like coating provides electrical insulation during the use of the
      silicon steel in electrical apparatus, e.g., in the cores of transformers.
PAR  A number of additives have been proposed in the past to be added to the
      magnesium hydroxide and/or magnesium oxide in order to improve the
      MgO--SiO.sub.2 reaction. For example, U.S. Pat. No. 2,809,137 (Robinson)
      involves the use of silica to be combined with the MgO for the purpose of
      improving the insulating properties of the glass-like film obtained after
      high temperature annealing. U.S. Pat. No. 2,394,047 (Elsey, et al.)
      relates to the use of additives to produce oxidized surface metal and to
      enhance glass film formation. U.S. Pat. No. 3,697,322 relates to lithium
      compounds as additives for MgO coatings. Pending U.S. patent application
      Ser. No 267,276, filed June 29, 1972 relates to magnesia-silica complexes
      as additives for MgO coatings. In addition to the above, the following
      U.S. Patents are directed to various materials including silicas and
      silicates which have been proposed as additives for the coating of ferrous
      materials. U.S. Pat. Nos. 3,583,887; 3,214,302; 3,562,029; 2,739,085; and
      2,354,123.
PAR  This invention relates to coatings containing magnesium oxide/magnesium
      hydroxide, at least one amorphous magnesia-silica complex and at least one
      lithium compound which when applied to silicon sheet steel impart superior
      insulation qualities to the silicon steel after the final high temperature
      anneal in addition to serving as a separator coating for the sheet
      material during heat treatment and aiding in the purification of the
      magnetic material.
PAR  In addition to conventional silicon steel, the compositions of the
      invention find applicability in the coating of steels of high permeability
      that have recently become of interest, particularly in the electrical
      industry. Examples of steels of this type include those reported in U.S.
      Pat. No. 3,676,227.
PAR  The amorphous magnesia-silica complexes of the invention include those
      materials wherein the mole ratio expressed as MgO:SiO.sub.2 may vary from
      about 1:25 to 14:1. The complexes of the invention contain from about
      0.001 to 2.0 percent by weight of an alkali metal oxide or hydroxide.
      Representative of the alkali metals that may be employed in the practice
      of the invention are sodium, lithium, potassium and the like. Of
      particular preference are the amorphous (i.e., non-crystalline)
      magnesia-silica complexes having a molar ratio of MgO:SiO.sub.2 of from
      about 1:13 to 7:1 and from about 0.01 to 1.0 percent by weight of alkali
      metal oxide or hydroxide. An example of a complex that has highly
      desirable properties is one having a MgO:SiO.sub.2 molar ratio of 1:1.6
      and from 0.05 to 0.4 percent by weight of sodium oxide. Of particular
      interest are those complexes wherein the sodium oxide content is from 0.1
      to 0.2 percent by weight.
PAR  Insofar as the alkali metal is concerned, it should be noted that, although
      the alkali metal oxide or hydroxide is expressed throughout the
      specification and claims as a component of the magnesia-silica complex,
      one skilled in the art will readily appreciate that the alkali metal oxide
      or hydroxide may be provided from a source separate from the
      magnesia-silica complex. For example, the appropriate level of alkali
      metal oxide or hydroxide may be provided by either the complex per se or
      where a complex free of alkali metal oxide or hydroxide is utilized, any
      convenient source of alkali metal oxide or hydroxide may be employed in
      combination with the magnesia-silica complex to insure that the coating
      composition contains the appropriate level of alkali metal oxide or
      hydroxide. Included among the materials that may be used in the practice
      of the invention to provide the alkali metal oxide or hydroxide are
      carbonates and the like. In summary, the alkali metal oxide or hydroxide
      component may be included as a component of the complex or made available
      from either the MgO or an independent source such as carbonates as
      discussed above.
PAR  As set forth in pending U.S. application Ser. No. 267,276, filed Jan. 29,
      1972, magnesia-silica complexes of the invention may be conveniently
      prepared by the precipitation reaction between a solution of a magnesium
      salt such as MgCl.sub.2, MgSO.sub.4 or Mg(NO.sub.3).sub.2 and a solution
      of silicate salt such as an alkali metal silicate (e.g., sodium silicate,
      or potassium silicate). The alkali metal silicates that may be employed as
      reactants include those wherein the mole ratio of alkali metal (M) to
      silicate is 1:25 to 14:1 expressed as M.sub.2 O:SiO.sub.2.
PAR  As indicated previously, amorphous magnesia-silica complexes which do not
      contain the alkali metal oxide or hydroxide may be employed in the
      practice of the invention if the alkali metal oxide or hydroxide is
      provided from another source. In such cases, other soluble silicate salts
      may be employed in the preparation of the amorphous magnesia-silica
      complex. The conditions under which the precipitation reaction occurs are
      not critical and involve techniques well known to the art.
PAR  For example, an amorphous, magnesia-silica complex having a mole ratio of
      1:2 with respect to MgO:SiO.sub.2 may be prepared by a precipitation
      process employing an alkali metal silicate having a mole ratio of 1:2 with
      respect to the M.sub.2 O:SiO.sub.2 in the presence of excess magnesium
      salt.
PAR  In addition to the above, other procedures that may be employed in the
      preparation of the novel magnesia-silica complexes of the invention are as
      follows:
PA0  1. Magnesia is precipitated by reacting MgCl.sub.2 or MgSO.sub.4 with NaOH
      or dolomite or Ca(OH).sub.2 to form Mg(OH).sub.2.
PA0  2. silica is prepared by acidifying sodium silicate or any alkaline
      silicates.
PA0  3. The two slurries are combined in a wet state to afford an intimate mix,
      filter off the impurities by washing, extraction.
PA0  4. The product is dried in a suitable drier.
PAL  Another convenient method of preparation is as follows:
PA0  1. Sodium hydroxide and magnesium chloride or sulfate are reacted to form
      Mg(OH).sub.2.
PA0  2. mix the Mg(OH).sub.2 slurry with sodium silicate.
PA0  3. React 2 with hydrochloric acid to form the magnesia-silica complex.
PA0  4. Filter and wash off NaCl or Na.sub.2 SO.sub.4 impurities.
PA0  5. The filter cake is dried in a suitable drier.
PAR  The amorphous property of the magnesia-silica complex is apparent from a
      consideration of the X-ray diffraction pattern of representative
      magnesia-silica complexes of the invention. In Table I, X-ray powder
      diffraction data of the magnesia-silica complexes are reported. In order
      to illustrate the uniqueness of the magnesia-silica complex, the X-ray
      powder diffraction patterns were obtained for prior art colloidal silica,
      MgO-colloidal silica compositions and fibrous magnesium silicate. These
      prior art materials have been taught for use in the coating of silicon
      steels.
PAR  The d-spacings and hkl planes (Miller Indices) of the materials tested are
      reported including an identification of the crystalline structure, where
      appropriate.
PAR  The X-ray diffraction studies were conducted in an X-ray diffractometer
      under the following conditions:
TBL               Radiation                                                    

     Formulation  Source    Filter  Voltage                                    

                                           Current                             

     ______________________________________                                    

     a.  Magnesia-silica                                                       

                       CuK.alpha.                                              

                                None  40 KV  22 MA                             

         Complex                                                               

         (Example 1)                                                           

     b.  Magnesia-silica                                                       

                       CuK.alpha.                                              

                                None  40 KV  22 MA                             

         Complex                                                               

         (Example 2)                                                           

     c.  Magnesia-silica                                                       

                       CuK.alpha.                                              

                                None  40 KV  22 MA                             

         Complex                                                               

         (Mole Ratio-                                                          

         1.7:1)                                                                

     d.  Magnesia-silica                                                       

                       CuK.alpha.                                              

                                Ni    40 KV  20 MA                             

         Complex                                                               

         (Mole Ratio-                                                          

         1:1.5)                                                                

     e.  Magnesia-silica                                                       

                       CuK.alpha.                                              

                                Ni    40 KV  20 MA                             

         Complex                                                               

         (Example 8)                                                           

     f.  Magnesia-silica                                                       

                       CuK.alpha.                                              

                                Ni    40 KV  20 MA                             

         Complex                                                               

         (Mole Ratio-                                                          

         1:1.6)                                                                

     g.  Colloidal Silica                                                      

                       CuK.alpha.                                              

                                Ni    40 KV  20 MA                             

         (LUDOX)                                                               

     h.  Colloidal Silica                                                      

                       CuK.alpha.                                              

                                Ni    40 KV  20 MA                             

         + MgO                                                                 

         (1:1 by weight)                                                       

     i.  Colloidal Silica                                                      

                       CuK.alpha.                                              

                                Ni    40 KV  20 MA                             

         + MgO                                                                 

         (1:4 by Weight)                                                       

     j.  Fibrous Magne-                                                        

                       CuK.alpha.                                              

                                Ni    40 KV  20 MA                             

         sium Silicate                                                         

     k.  Fibrous Magne-                                                        

                       CuK.alpha.                                              

                                Ni    40 KV  20 MA                             

         sium Silicate                                                         

     ______________________________________                                    

PAR  The techniques used in these studies followed the commonly accepted
      Debye-Scherrer Method as described in Klug & Alexander's X-Ray Diffraction
      Procedures for Polycrystalline and Amorphous Materials (Wiley, 1954) pp.
      206-209.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                         Miller                                                

                              Identified                                       

                         Indices                                               

                              Crystalline                                      

                  d (A)  (hkl)                                                 

                              Structure                                        

     __________________________________________________________________________

     a.                                                                        

       Magnesia Silica                                                         

                  --     --   Amorphous                                        

       Complex MgO:SiO.sub.2                                                   

       mole ratio =                                                            

       1:1.6 and contains                                                      

       .774% Na.sub.2 O                                                        

       (Example 1)                                                             

     b.                                                                        

       Magnesia Silica                                                         

                  1.607  531  Clinoenstatite                                   

       Complex MgO:SiO.sub.2                                                   

                  2.5    131  Enstatite                                        

       mole ratio =      202  Clinoenstatite                                   

       1:1.6 heated at                                                         

                  2.87   610  Enstatite                                        

       1000.degree.C. for                                                      

                         310  Clinoenstatite  Mostly                           

       3 minutes  2.98   221  Clinoenstatite  Amor-                            

       (Example 2)                                                             

                  3.17   420  Enstatite     phous                              

                         220  Clinoenstatite                                   

                  3.30   121  Enstatite                                        

                         021  Clinoenstatite                                   

     c.                                                                        

       Magnesia Silica                                                         

                  --     --   Amorphous                                        

       Complex MgO:SiO.sub.2                                                   

       mole ratio =                                                            

       1.7:1                                                                   

     d.                                                                        

       Magnesia Silica                                                         

                  3.229  --                                                    

       Complex MgO:SiO.sub.2                                                   

                  2.5902 --   Amorphous                                        

       mole ratio =                                                            

       1:1.5                                                                   

     e.                                                                        

       Magnesia Silica                                                         

                  2.829  --                                                    

       Complex MgO:SiO.sub.2                                                   

                  2.5902 --   Amorphous                                        

       mole ratio =                                                            

                  1.545  --                                                    

       1:1.6 and contains                                                      

       0.20% Na.sub.2 O                                                        

       (Example 8)                                                             

     f.                                                                        

       Magnesia Silica                                                         

                  --     --   Amorphous                                        

       Complex MgO:SiO.sub.2                                                   

       mole ratio =                                                            

       1:1.6                                                                   

     g.                                                                        

       Colloidal  4.07   101  .alpha.-cristobalite                             

       Silica                                                                  

       (Ludox)                                                                 

     h.                                                                        

       Colloidal  4.776  001  Magnesia                                         

       Silica + MgO                                                            

                  2.728  100  Magnesia                                         

       1 to 1 ratio                                                            

                  2.366  101  Magnesia                                         

       by weight  1.792  102  Magnesia                                         

                  1.574  110  Magnesia                                         

                  1.493  111  Magnesia                                         

                  1.373  103  Magnesia                                         

                  1.310  201  Magnesia                                         

     i.                                                                        

       Colloidal Silica                                                        

                  4.760  001  Magnesia                                         

       + MgO, 1:4 ratio                                                        

                  2.720  100  Magnesia                                         

       by weight  2.360  101  Magnesia                                         

                  1.789  102  Magnesia                                         

                  1.569  110  Magnesia                                         

                  1.491  111  Magnesia                                         

                  1.370  103  Magnesia                                         

                  1.309  201  Magnesia                                         

     j.                                                                        

       Fibrous Magnesium                                                       

                  4.766  001  Magnesia                                         

       Silicate   4.548  020  Serpentine                                       

                              (3MgO.2SiO.sub.2.2H.sub.2 O)                     

                  3.660  0.0.12                                                

                              Serpentine                                       

                  3.336  029  Serpentine                                       

                  2.966  0.2.11                                                

                              Serpentine                                       

                  2.527  --   --                                               

                  2.499  206  Serpentine                                       

                  2.453  0.2.15                                                

                              Serpentine                                       

                  2.372  209  Serpentine                                       

                  2.154  2.14.9                                                

                              Serpentine                                       

                  2.097  2.0.15                                                

                              Serpentine                                       

                  1.799  2.0.18                                                

                              Serpentine                                       

                  1.617  2.0.21                                                

                              Serpentine                                       

                  1.536  060  Serpentine                                       

                  1.507  2.0.24                                                

                              Serpentine                                       

                  1.485  220  Magnesia                                         

     k.                                                                        

       Fibrous Magnesium                                                       

                  7.310  006  Serpentine                                       

       Silicate (6 layers     (3MgO.2SiO.sub.2.2H.sub.2 O)                     

       ortho type)                                                             

                  4.766  001  Magnesia                                         

                  4.570  020  Serpentine                                       

                  4.227  024  Serpentine                                       

                  3.660  0.0.12                                                

                              Serpentine                                       

                  2.506  206  Serpentine                                       

                  2.372  209  Serpentine                                       

                  1.796  2.0.18                                                

                              Serpentine                                       

                  1.538  060  Serpentine                                       

     __________________________________________________________________________

PAR  The colloidal silica reported in formulations (g), (h) and (i) above is
      commercially available under the name of "LUDOX" and is a product of E. I.
      du Pont de Nemours and Company and is taught as a coating material for
      silicon steel in U.S. Pat. No. 2,809,137. Formulation (h) was prepared
      according to U.S. Pat. No. 2,809,137 (Col. 3, lines 60-65). Formulation
      (i) was prepared according to U.S. Pat. No. 2,809,137 (Col. 3, lines
      66-70).
PAR  The fibrous magnesium silicates reported in formulations (j) and (k)
      correspond to the fibrous magnesium silicate disclosed in U.S. Pat. No.
      3,562,029 as useful in the coating of silicon steel.
PAR  The studies reported in Table I indicate that the magnesia-silica complexes
      of the invention are amorphous, whereas the prior art materials (colloidal
      silica, colloidal silica + MgO, and fibrous magnesium silicate) are
      crystalline in nature.
PAR  The thermal behavior of the novel magnesia-silica complexes of the
      invention in a Differential Thermal Analyzer (DTA) have been studied. In
      addition, a study of the Differential Thermal Analysis of the following
      prior art coating materials was conducted: commercial steel grade MgO,
      colloidal silica, colloidal silica + MgO, fibrous magnesium silicate,
      commercial steel grade MgO + fibrous magnesium silicate. Also included
      within the study is the DTA of a composition within the scope of the
      invention -- commercial steel grade MgO and the novel magnesia-silica
      complex.
PAR  The Differential Thermal Analyses of the materials studied were conducted
      under the following conditions:
PA1  atmosphere:air, 760 MM
PA1  reference:alumina
PA1  heating rate:10.degree.C./min.
PA1  starting temperature:room temperature
PAC  DIFFERENTIAL THERMAL ANALYSIS
PAR  A. The novel magnesia-silica complexes of the invention exhibit the
      following thermal behavior characteristics:
PA1  a. endothermic peak at about 250.degree.C.;
PA1  b. exothermic peak at about 820.degree.C.;
PA1  c. exothermic peak at about 980.degree.C.
PAR  B. Commercial steel grade MgO + magnesia silica complex exhibits the
      characteristic endothermic and exothermic peaks of the magnesia-silica
      complex and an additional endothermic peak at about 500.degree.C.
PAR  C. Commercial steel grade MgO exhibits one endothermic peak at
      380.degree.C.
PAR  D. Colloidal silica exhibits one endothermic peak at 160.degree.C. and one
      exothermic peak at 1000.degree.C.
PAR  E. Colloidal silica + MgO exhibits one endothermic peak at 500.degree.C.
      and one exothermic peak at 835.degree.C.
PAR  F. Colloidal silica + MgO exhibits one endothermic peak at 500.degree.C.
      and one exothermic peak at 1000.degree.C.
PAR  G. Fibrous magnesium silicate exhibits endothermic peaks at 435.degree.C.
      and 720.degree.C. and one exothermic peak at 825.degree.C.
PAR  H. Fibrous magnesium silicate + commercial grade MgO exhibits endothermic
      peaks at 465.degree.C. and 690.degree.C. and one exothermic peak at
      830.degree.C.
PAR  The colloidal silica reported in formulations D, E, and F is commercially
      available under the name of LUDOX -- a product of E. I. du Pont de Nemours
      and Company and is taught as a coating material for silicon steel in U.S.
      Pat. No. 2,809,137. Formulation E was prepared according to U.S. Pat. No.
      2,809,137 (Col. 3, lines 60-65). Formulation F was prepared according to
      U.S. Pat. No. 2,809,137 (Col. 3, lines 66-70).
PAR  The fibrous magnesium silicates reported in formulations G and H correspond
      to the fibrous magnesium silicate disclosed in U.S. Pat. No. 3,562,029 as
      useful in the coating of silicon steel.
PAR  Although the exact endothermic and exothermic reaction temperatures of the
      novel magnesia-silica complex were disclosed in this application, one
      skilled in the art would appreciate that minor variations from these exact
      thermal reaction temperatures are within the scope of our invention.
PAR  Representative members of the class of organic and inorganic lithium
      bearing compounds that are employed in the practice of the invention
      includes the following:
PA0  lithium acetate
PA0  lithium borate, such as lithium metaborate,
PA0  lithium metaborate hydrate,
PA0  lithium pentaborate,
PA0  lithium tetraborate and
PA0  lithium borohydrate
PA0  lithium chromate
PA0  lithium fluoride
PA0  lithium hydroxide
PA0  lithium nitrate
PA0  lithium phosphate
PA0  lithium silicate
PA0  lithium sulfate
PA0  lithium hydroxide monohydrate
PA0  lithium carbonate
PA0  lithium metaaluminate
PA0  lithium bromide
PA0  lithium bromide, dihydrate
PA0  lithium carbide
PA0  lithium bicarbonate
PA0  lithium chlorate
PA0  lithium chlorate hydrate
PA0  lithium chloride
PA0  lithium chloride monohydrate
PA0  lithium bichromate dihydrate
PA0  lithium dichromate
PA0  lithium citrate
PA0  lithium fluosilicate
PA0  lithium fluosulfonate
PA0  lithium formate monohydrate
PA0  lithium iodate
PA0  lithium iodide
PA0  lithium iodide, trihydrate
PA0  lithium permanganate
PA0  lithium molybdate
PA0  lithium nitrate trihydrate
PA0  lithium nitride
PA0  lithium nitrite
PA0  lithium oxalate
PA0  lithium acid oxalate
PA0  lithium oxide
PA0  lithium metaphosphate
PA0  lithium orthophosphate
PA0  lithium orthophosphate hydrate
PA0  lithium dihydrogen phosphate
PA0  lithium metasilicate
PA0  lithium orthosilicate
PA0  lithium sulfate
PA0  lithium hydrogen sulfate
PA0  lithium sulfate monohydrate
PA0  lithium sulfide
PA0  lithium hydrosulfide
PA0  lithium sulfite monohydrate
PA0  lithium dithionate
PA0  lithium tungstate
PA0  lithium titanate
PA0  lithium manganite
PA0  lithium vanadate
PA0  lithium cobaltite
PA0  and the like.
PAL  Additional lithium compounds that may be employed in the practice of the
      invention are set forth in U.S. Pat. No. 3,697,322, the contents of which
      are incorporated herein by reference.
PAR  It will be appreciated that lithium compounds which have a relatively high
      weight percent of lithium are preferred for use in the instant invention
      since the anion portion of the lithium compound (assuming it to be a salt)
      would ordinarily serve no purpose. It should be emphasized, however, that
      any lithium compound (or mixtures of such compounds) may be utilized to
      obtain the advantageous function here involved since the key to this
      function is the presence of the lithium atom or ion.
PAR  The MgO, lithium, magnesia-silica complex mixture may be applied as a
      coating to silicon steel using techniques well known to the art. Among the
      well known procedures that may be employed include preparing the coating
      composition in the form of a slurry. The slurry may be applied to the
      magnetic sheet material in the form of a thin coating by any convenient,
      suitable means including art recognized techniques such as immersion,
      brushing or spraying. The wet coating thus applied is dried by suitable
      means. The coated silicon steel in usually wound or stacked condition, is
      placed in an annealing furnace. A convenient and effective coating
      technique involves passing a continuous strip of the material to be coated
      through a bath containing a suspension of the coating composition followed
      by subjecting the coated material to a drying furnace.
PAR  The concentration of magnesia-silica complex with respect to the amount of
      the MgO employed in the coating (exclusive of additive) is not critical
      and may vary from about 2 to about 200 parts by weight per 100 parts by
      weight of magnesium oxide. A satisfactory concentration for most practical
      purposes has been found to be from about 10 to 50 parts by weight of
      magnesia-silica complex per 100 parts by weight of MgO.
PAR  The concentration of the lithium bearing compound calculated as Li.sub.2 O
      with respect to the amount of the MgO employed in the coating is not
      critical and may vary from about 0.01 to about 30 parts by weight per 100
      parts by weight of the magnesium oxide. A satisfactory concentration for
      most practical purposes (calculated as Li.sub.2 O) has been found to be
      from about 0.05 to 12.5 parts per 100 parts of MgO. It should be noted
      that the particular grade of MgO to be utilized is not critical and any
      commercially available MgO may be employed in the practice of the
      invention.
PAR  Where the coating is applied to the steel in the form of a slurry, the
      concentration of the lithium, magnesia-silica complex-MgO combination in
      the coating slurry is not critical and may vary from about 1 to about 50
      percent by weight of the slurry. A particularly effective concentration is
      from 2-20 percent by weight of the slurry. In addition to employing
      conventional coating techniques, the amount of MgO/Mg(OH).sub.2 (exclusive
      of lithium and magnesia-silica complex additive) that is applied to the
      silicon steel in the practice of this invention is similar to those
      amounts that heretofore had been employed in MgO/Mg(OH).sub.2 coatings and
      in general will vary from about 0.020 to 0.070 ounces of MgO per square
      foot of steel surface.
PAR  The manner and time at which the lithium and magnesia silica complex are
      combined with the magnesium oxide is not critical. For example, the
      lithium compound can be effectively added to; (1) the MgO-magnesia-silica
      complex mixture, (2) blended in with the MgO and then mixed with the
      magnesia-silica complex, and (3) mixed with the magnesia-silica complex
      before drying and then blended with MgO. These procedures include adding
      the lithium compound and the magnesia-silica complex to a magnesium
      material, such as magnesium basic carbonate of Mg(OH).sub.2, prior to
      their conversion to the magnesium oxide; blending the lithium material and
      complex with the MgO or Mg(OH).sub.2 or mixing the lithium material and
      the complex in the water used for coating slurry make-up prior to the
      addition of the MgO powder.
PAR  The annealing of the silicon steel that has previously been coated with the
      coating composition of the invention may be carried out in a neutral or
      reducing atmosphere at temperatures ranging from approximately 950.degree.
      to 1500.degree.C. for from about 2 to 50 hours using techniques well known
      to the art.
PAR  The unobvious properties of the instant invention are readily apparent when
      it is appreciated that commercially available steel grade magnesium oxides
      in current use in the grain-oriented silicon steel industry give
      relatively low resistances of the order of 1-4 ohm-cm.sup.2 according to
      the Franklin Test (ASTM-A344-60T), a widely used test that is utilized in
      the steel industry to determine the surface insulation characteristics of
      refractory films. However, the identical MgO material containing the
      lithium and an amorphous magnesia-silica complex resulted in a
      considerably higher insulation (e.g. 274 ohm-cm.sup.2 ) by the identical
      Franklin test, with many coated areas of the steel having complete
      insulation (infinate resistance).
PAR  It may be noted that the current practice of the steel industry in its
      attempt to improve insulation involves using an expensive and time
      consuming phosphate coating after the annealing step. This is done to
      improve the insulation from 2-4 ohm-cm.sup.2 to a minimum of about 20
      ohm-cm.sup.2. By using the novel coating compositions of the invention, a
      cost reduction in processing silicon steel is anticipated since the
      phosphate coating can be eliminated or at least reduced to a more easily
      controlled step.
PAR  It should be noted that, in addition to silicon steel, materials such as
      nickel-iron alloys, common iron and other ferromagnetic substances may be
      effectively coated in accordance with the practice of the invention.
PAR  One skilled in the art will appreciate that refractory oxides other than
      MgO may be employed. For example, refractory oxides and hydroxides such as
      Al.sub.2 O.sub.3, Al(OH).sub.3, CaO, Ca(OH).sub.2, TiO.sub.2, MnO.sub.2,
      ZnO, BeO, Cr.sub.2 O.sub.3, SiO.sub.2, ThO.sub.2, ZrO.sub.2, FeO and the
      like may be employed in place of or in combination with MgO.
DETD
PAR  A representative example of the preparation of a magnesia-silica complex
      for use in the coating composition of the invention is as follows:
PAC  EXAMPLE 1
PAR  Two solutions are prepared as follows:
PAR  a. A magnesium chloride solution having a concentration of 213 grams of
      MgCl.sub.2 per liter is prepared from MgCl.sub.2.6H.sub.2 O crystals.
PAR  b. A 12% solution of sodium silicate is prepared having a mole ratio of
      Na.sub.2 O:SiO.sub.2 of 1:1.6.
PAR  The two solutions (a) and (b) are reacted by simultaneously pumping into a
      reactor vessel (1 gallon capacity) equipped with an overflow spout. The
      flow rate of each stream is kept at 0.5-0.8 gallons per minute (gpm) with
      a combined flow rate of 1-1.5 gpm. The slurry is kept at 0.4-2.1 g.
      MgCl.sub.2 /1 excess by varying the flow of MgCl.sub.2 solution. The
      slurry after stirring for 10 hours is filtered with a leaf filter and
      washed with 45.degree.C. city water, dried at 220.degree.-250.degree.F.
      for 12 hours and hammermilled to a fine powder. The resultant
      magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 1:1.6. Analysis
      of the complex is as follows:
     MgO                    25.0%                                              

     SiO.sub.2              59.8%                                              

     Loss on ignition       15.3%                                              

     Na                      0.03                                              

     Bulk density            0.74 g/cc                                         

PAR  X-ray diffraction analysis reveals that the product is completely amorphous
      indicating that it is a magnesia-silica complex rather than a crystalline
      form of MgO, silica or silicate. Differential thermal analysis followed by
      X-ray diffraction analysis of this material at temperatures from
      20.degree.C. to 1200.degree.C. showed primarily an amorphous state with a
      poorly defined clinoenstatite phase at about 820.degree.C.
PAC  EXAMPLE 2
PAR  The magnesia-silica complex prepared in Example 1 is heated in a muffle
      furnace at 1000.degree.C. for 3 minutes. X-ray diffraction analysis
      reveals that this material is largely amorphous.
PAC  EXAMPLE 3
PAR  Two solutions are prepared as follows:
PAR  1. A magnesium chloride solution is made by dissolving 454 g. of
      MgCl.sub.2.6H.sub.2 O in 1000 ml. of deionized water. The concentration of
      this solution is 213 g. MgCl.sub.2 /1.
PAR  2. A sodium silicate solution is prepared having a concentration of 12%
      solids and a mole ratio of Na.sub.2 O:SiO.sub.2 of 1.7:1.
PAR  The two solutions are reacted according to the procedure of Example 1. The
      excess MgCl.sub.2 measured is 1.75 g MgCl.sub.2 / 1. The resultant
      magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 1.7:1. Analysis
      of the complex shows:
TBL  MgO                    42.5%                                              

     SiO.sub.2              37.7%                                              

     Loss on Ignition       19.8%                                              

     NaCl                    0.16%                                             

     Bulk density            0.31 g/cc                                         

PAC  EXAMPLE 4
PAR  Two solutions are prepared as follows:
PAR  1. The magnesium chloride solution used in Example 1.
PAR  2. A sodium silicate solution having a concentration of 12% solids and a
      mole ratio of Na.sub.2 O:SiO.sub.2 of 13:1.
PAR  The two solutions are reacted according to the procedure described in
      Example 1. The excess MgCl.sub.2 measured is 1.92 g MgCl.sub.2 /1. The
      resultant magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 13:1.
      Analysis of the complex shows:
TBL  MgO                    63.2%                                              

     SiO.sub.2               7.1%                                              

     Loss on Ignition       29.7%                                              

     Na                      0.16%                                             

     Bulk density            0.35 g/cc                                         

PAC  EXAMPLE 5
PAR  Two solutions are prepared as follows:
PAR  1. The magnesium chloride solution used in Example 1.
PAR  2. A sodium silicate solution having a concentration of 12% solids and a
      mole ratio of Na.sub.2 O:SiO.sub.2 of 1:2.7.
PAR  The two solutions are reacted according to the procedure described in
      Example 1. The excess MgCl.sub.2 measured is 1.65 g MgCl.sub.2 /1. The
      resultant magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 1:2.7.
      Analysis of the complex shows:
TBL  MgO                    16.5%                                              

     SiO.sub.2              67.6%                                              

     Loss on Ignition       14.9%                                              

     Na                      0.80%                                             

     Bulk density            0.26 g/cc                                         

PAC  EXAMPLE 6
PAR  Two solutions are prepared as follows:
PAR  1. An acidified magnesium chloride solution is prepared by adding 12.6
      moles of hydrochloric acid to 1 mole of magnesium chloride. The
      concentration is expressed as 213 g. MgCl.sub.2 /1.
PAR  2. A sodium silicate solution having mole ratio of Na.sub.2 O:SiO.sub.2 of
      1:1.6 is prepared as described in Example 1.  The concentration is 12
      percent solids.
PAR  The two solutions are reacted according to the procedure described in
      Example 1. The excess MgCl.sub.2 as measured is expressed as 1.07 g
      MgCl.sub.2 /1. The magnesia-silica complex after being dried has a
      MgO:SiO.sub.2 mole ratio of 1:14.2. Analysis of the powder shows:
TBL  MgO                     4.2%                                              

     SiO.sub.2              89.2%                                              

     Loss on ignition        6.4%                                              

     Na                      0.47%                                             

     Bulk density            0.11 g/cc                                         

PAC  EXAMPLE 7
PAR  Two solutions are prepared as follows:
PAR  a. Magnesium sulfate solution having a concentration of 180 g. MgSO.sub.4
      /1 equivalent is prepared by neutralizing magnesium hydroxide with
      sulfuric acid.
PAR  b. A sodium silicate solution having a concentration of 9% and mole ratio,
      Na.sub.2 O:SiO.sub.2, of 1:1.6 is prepared.
PAR  The two solutions (a) and (b) are reacted by simultaneously pumping into a
      reactor vessel (1 gallon capacity) equipped with an overflow spout. The
      flow rate of each stream is kept at 0.5-0.8 gallons per minute (gpm) with
      a combined flow rate of 1-1.5 gpm. The slurry is kept at 15-20 g
      MgSO.sub.4 /1 excess by varying the flow of MgSO.sub.4 solution. The
      precipitate formed is immediately diluted 1:2 with city water and filtered
      on a rotary vacuum filter. A 7-minute cycle is used on the filter with
      slurry at the overflow level. City water at 35.degree.C. was used for
      washing. The filter cake after washing is dried at 500.degree.F. for 6-12
      hours. The resulting magnesia-silica complex has a MgO:SiO.sub.2 mole
      ratio of 1:1.6. Analysis of the complex is as follows:
TBL  MgO                    25.9%                                              

     SiO.sub.2              59.6%                                              

     Ignition loss          11.3%                                              

     Na                      0.08%                                             

     SO.sub.4                0.007%                                            

PAC  EXAMPLE 8
PAR  Two solutions are prepared as follows:
PAR  a. Magnesium sulfate solution having a concentration of 180 g MgSO.sub.4 /1
      is prepared by neutralizing magnesium hydroxide with sulfuric acid.
PAR  b. A sodium silicate solution having a concentration of 9% and mole ratio,
      Na.sub.2 O:SiO.sub.2, of 1:1.6 is prepared.
PAR  The two solutions (a) and (b) are reacted by simultaneously pumping into a
      reactor vessel (1 gallon capacity) equipped with an overflow spout. The
      flow rate of each stream is kept at 0.5-0.8 gallons per minute (gpm) with
      a combined flow rate of 1-1.5 gpm. The slurry is kept at 15-20 g
      MgSO.sub.4 /1 excess by varying the flow of MgSO.sub.4 solution. The
      precipitate formed is immediately diluted 1:2 with city water and filtered
      on a rotary vacuum filter. A 7-minute cycle is used on the filter with
      slurry at the overflow level. City water at 35.degree.C. was used for
      washing. The filter cake after washing is dried at 500.degree.F. for 6-12
      hours. The resulting magnesia-silica complex has a MgO:SiO.sub.2 mole
      ratio of 1:1.6.  Analysis of the complex is as follows:
TBL  MgO                    25.9%                                              

     SiO.sub.2              59.6%                                              

     Ignition loss          11.3%                                              

     Na                      0.15%                                             

     SO.sub.4                0.007%                                            

PAR  Additional procedures for the preparation of magnesia-silica complexes to
      be employed in the practice of the invention are set forth in U.S.
      application Ser. No. 267,276, said procedure being incorporated herein by
      reference.
PAR  Representative compositions of lithium material and a magnesia-silica
      complex in combination with MgO that may be employed in the practice of
      the invention are as follows:
PAR  a. 10 parts by weight of Li.sub.2 CO.sub.3 (4.0 as Li.sub.2 O) and 35 parts
      by weight of complex having an MgO:SiO.sub.2 mole ratio of 1:1.6 per 100
      parts by weight of MgO.
PAR  b. 8 parts by weight of LiOH (5.0 as Li.sub.2 O) and 180 parts by weight of
      complex having an MgO:SiO.sub.2 mole ratio of 7:1 per 100 parts by weight
      of MgO.
PAR  c. 0.5 parts by weight of LiF (0.3 as Li.sub.2 O) and 5 parts by weight of
      complex having an MgO:SiO.sub.2 mole ratio of 1:20 per 100 parts by weight
      of MgO.
PAR  d. 5 parts by weight of LiBO.sub.2 (1.5 as Li.sub.2 O) and 3 parts by
      weight of complex having an MgO:SiO.sub.2 mole ratio of 1:25 per hundred
      parts by weight of MgO.
PAR  e. 10 parts by weight of LiC.sub.2 H.sub.3 O.sub.2 (1.5 as Li.sub.2 O) and
      200 parts by weight of complex having an MgO:SiO.sub.2 mole ratio of 12:1
      per 100 parts by weight of MgO.
PAR  The unobvious and unexpected properties of the novel coating compositions
      of the invention are clearly evident from a consideration of the following
      resistivity studies wherein a composition of the invention is tested and
      the insulation produced is compared with that achieved by a commercial
      steel grade MgO by itself.
PAC  EXAMPLE 9
PAR  a. A coating slurry is made by mixing in a Waring Blender 60 g. of a
      commercial steel grade MgO, 12 g. of the amorphous magnesia-silica complex
      prepared in Example 1 and 1.5 grams of lithium hydroxide monohydrate and
      600 ml. of deionized water. The concentration of the slurry is
      approximately 1 lb. of solids per gallon. The mixture is allowed to stand
      to stabilize the viscosity. The resulting slurry is coated onto silicon
      steel strips (size 3 cm. .times. 30.5 cm.) at a coating weight of 0.061
      oz./ft..sup.2 based upon MgO and dried at 250.degree.-270.degree.C. The
      coated strips are then box-annealed in hydrogen atmosphere for 30 hours at
      1200.degree.C.
PAR  b. For comparative purposes a coating slurry is prepared according to the
      procedure (a) above having a concentration of 1 lb. of solids per gallon
      but containing only the commercial steel grade MgO of (a). Identical steel
      strips are coated as in (a).
PAR  After annealing and cooling, the excess coating was scrubbed off all
      samples with a nylon brush and a cloth. These strips were tested for
      resistance on both surfaces with a Franklin tester (ASTM-A344-60T). The
      results are as follows:
TBL  COATING MATERIAL     RESISTIVITY (ohm-cm.sup.2)                           

     ______________________________________                                    

     (a) MgO, magnesia-silica                                                  

       complex, LiOH      274                                                  

     (b) MgO              4.6                                                  

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  An unobvious and unexpected improvement of the novel coating compositions
      of the invention is that a lower coating weight can be used to achieve the
      desired improvement in resistivity. Thus, a further cost reduction in
      processing silicon steel is anticipated by using the novel compositions.
      The following experiment clearly demonstrates the advantages of using the
      novel coating compositions.
PAR  a. A coating slurry is made by mixing in a Waring blender a product
      containing 39 g. of a commercial steel grade MgO and 21 g. of the
      amorphous magnesia-silica complex prepared in Example 1 and 500 ml. of
      deionized water. The concentration of the slurry is approximately 1 lb. of
      solids per gallon. The mixture is allowed to stand to stabilize the
      viscosity. The resulting slurry is coated onto silicon steel strips (size
      3 cm .times. 30.5 cm.) at a coating weight of 0.041 oz./ft..sup.2 and
      dried at 250.degree.-270.degree.C. The coated strips are then box-annealed
      in hydrogen atmosphere for 30 hours at 1200.degree.C.
PAR  b. A coating slurry is prepared according to procedure (a) above and having
      a concentration of 1.5 lbs. of solids per gallon. Identical product and
      steel strips are used. The coating weight is 0.082 oz./ft..sup.2.
PAR  c. A coating slurry is prepared according to procedure (a) above and having
      a concentration of 2 lbs. of solids per gallon. Identical product and
      steel strips are used. The coating weight is 0.151 oz./ft..sup.2.
PAR  d. A coating slurry is prepared according to procedure (a) above and having
      a concentration of 1 lb. of solids per gallon. 3 G. of lithium hydroxide
      monohydrate (LiOH.H.sub.2 O) is added to the mixture. Identical MgO,
      magnesia-silica complex are used and identical steel strips are coated as
      in (a).
PAR  e. and f. For comparative purposes, coating slurries are prepared according
      to procedure (a) above having concentrations of 1 and 1.5 lb. of solids
      per gallon, respectively, but containing only the commercial steel grade
      MgO of (a). Identical steel strips are coated as in (a).
PAR  After annealing and cooling, the excess coating is scrubbed off all samples
      with a nylon brush and a cloth. These strips are tested for resistivity on
      both surfaces with a Franklin tester (ASTM-A344-60T). The results are as
      follows:
TBL                          Coating                                           

                 Coating Bath                                                  

                             Weight    Resistivity                             

     Coating Material                                                          

                 Concentration                                                 

                             oz/ft..sup.2                                      

                                       ohm-cm.sup.2                            

     ______________________________________                                    

     (a) MgO, magnesia-                                                        

                 1 lb/gal    0.041     7.6                                     

       silica complex                                                          

     (b) MgO, magnesia-                                                        

                 1.5 lb/gal  0.082     30.6                                    

       silica complex                                                          

     (c) MgO, magnesia-                                                        

                 2 lb/gal    0.151     47.7                                    

       silica complex                                                          

     (d) MgO (LiOH.H.sub.2 O)                                                  

                 1 lb/gal    0.037     380.6                                   

       magnesia-silica                                                         

       complex                                                                 

     (e) MgO     1 lb/gal    0.055     3.3                                     

     (f) MgO     1.5 lb/gal  0.096     4.0                                     

     ______________________________________                                    

PAR  The above experiments unequivocally demonstrate that magnesium oxide
      currently employed to coat grain-oriented silicon steel gives relatively
      low resistance whereas the identical MgO coating containing a lithium
      material and an amorphous magnesia-silica complex results in the
      production of a film having a considerably higher resistance. Comparable
      results to that indicated above are achieved employing other
      representative lithium materials and non-crystalline magnesia-silica
      complexes encompassed within the scope of the invention.
PAR  Although specific embodiments of the invention have been described herein,
      it is not intended to limit the invention solely thereto but to include
      all of the obvious variations and modifications within the spirit and
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a separator and electrical insulating coating on
      magnetic silicon steel which comprises applying a coating composition
      comprising MgO, Mg(OH).sub.2 or mixtures thereof, at least one lithium
      compound and at least one magnesia-silica complex containing from about
      0.001 to 2.0 percent by weight of an alkali metal oxide, or hydroxide,
      wherein the mole ratio of the MgO:SiO.sub.2 is from about 1:25 to 14:1,
      said magnesia-silica complex being amorphous as indicated by its X-ray
      powder diffraction pattern and exhibiting the following differential
      thermal behavior characteristics: an endothermic peak at about
      250.degree.C., an exothermic peak at about 820.degree.C. and at about
      980.degree.C.; to magnetic ferrous material and annealing said material at
      an elevated temperature, wherein the annealing occurs at about
      950.degree.-1500.degree.C. for from about 2 to 50 hours, wherein the
      lithium compound is selected from the group consisting of lithium
      carbonate, lithium hydroxide, lithium fluoride, lithium borate, lithium
      acetate, lithium sulfate, lithium oxide, lithium phosphate, lithium
      silicate, lithium dichromate, and lithium nitrate, wherein said coating
      composition contains from about 2 to about 200 parts by weight of
      magnesia-silica complex and from about 0.01 to about 30 parts by weight of
      lithium compound per 100 parts by weight of MgO.
NUM  2.
PAR  2. The method of claim 1 wherein the magnesia-silica complex has a
      MgO:SiO.sub.2 mole ratio of from about 1:13 to 7:1 and the alkali metal
      oxide or hydroxide is from about 0.01 to 1.0 percent by weight of the
      magnesia-silica complex.
NUM  3.
PAR  3. Magnetic ferrous material having on its surface a separator and
      insulating coating formed in accordance with the method of claim 1.
NUM  4.
PAR  4. Magnetic ferrous material having on its surface a coating comprised of
      MgO, Mg(OH).sub.2 or mixtures thereof, at least one lithium compound and
      at least one magnesia-silica complex containing from about 0.001 to 2.0
      percent by weight of an alkali metal oxide or hydroxide wherein the mole
      ratio of MgO:SiO.sub.2 is from about 1:25 to 14:1, said magnesia-silica
      complex being amorphous as indicated by its X-ray powder diffraction
      pattern and exhibiting the following differential thermal behavior
      characteristics: an endothermic peak at about 250.degree.C.; an exothermic
      peak at about 820.degree.C. and at 980.degree.C.
NUM  5.
PAR  5. The magnetic ferrous material of claim 4 wherein the magnesia-silica
      complex has a MgO:SiO.sub.2 mole ratio of from about 1:13 to 7:1 and the
      alkali metal oxide or hydroxide is from about 0.01 to 1.0 percent by
      weight of the magnesia-silica complex and the lithium compound is selected
      from the group consisting of lithium carbonate, lithium hydroxide, lithium
      fluoride, lithium borate, lithium acetate, lithium sulfate, lithium oxide,
      lithium phosphate, lithium silicate, lithium dichromate, and lithium
      nitrate.
PATN
WKU  039322033
SRC  5
APN  5125626
APT  1
ART  111
APD  19741007
TTL  Magnesia coatings for ferrous substrates comprising amorphous
      magnesia-silica complexes
ISD  19760113
NCL  22
ECL  1
EXP  Satterfield; Walter R.
INVT
NAM  Lee; Leonard S.
CTY  Daly City
STA  CA
INVT
NAM  Uyeda; Yoshio
CTY  San Mateo
STA  CA
INVT
NAM  Sopp; Samuel W.
CTY  Foster City
STA  CA
ASSG
NAM  Merck & Co., Inc.
CTY  Rahway
STA  NJ
COD  02
RLAP
COD  72
APN  486790
APD  19740709
PSC  03
RLAP
COD  81
APN  267276
APD  19720629
PSC  03
RLAP
COD  82
APN  195010
APD  19711102
PSC  03
CLAS
OCL  148 315
XCL  148113
XCL  148122
XCL  427125
EDF  2
ICL  H01F  104
FSC  148
FSS  27;113;122;31.55;31.5
FSC  427
FSS  78;125
FSC  106
FSS  58
UREF
PNO  3765957
ISD  19731000
NAM  Hamachi et al.
OCL  148113
LREP
FR2  Pfeiffer; Hesna J.
FR2  Levitt; Julian S.
ABST
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BSUM
PAR  This application is a continuation-in-part of U.S. Ser. No. 486,790 filed
      July 9, 1974, now abandoned, which in turn is a Continuation application
      of U.S. Serial No. 267,276 filed June 29, 1972, now abandoned, which in
      turn is a continuation-in-part of U.S. Ser. No. 195,010 filed Nov. 2,
      1971, now abandoned.
PAR  This invention relates to novel amorphous magnesia-silica complexes
      containing from about 0.001 to 2.0 percent by weight of an alkali metal
      oxide, the mole ratio of MgO:SiO.sub.2 of said complex being from about
      1:24 to 14:1. The invention further relates to the use of said complexes
      as coatings for grain oriented silicon steel. The invention further
      relates to employing the amorphous magnesia-silica complex as an additive
      for magnesium oxide/magnesium hydroxide coatings for ferrous substrates.
PAR  In many fields of use and, in particular, in the electrical industry, it is
      necessary to provide a coating on ferrous material. This coating desirably
      performs the function of separating and purifying the ferrous material and
      reacting with surface silica in the steel to form an electrical insulating
      layer. For example, in the transformer art, the cores of the transformers
      are usually formed of a ferrous material, such as silicon steel, which may
      be provided with a preferred grain growth orientation to provide optimum
      electrical and magnetic properties. It has been found necessary to provide
      a coating on the ferrous material prior to the final high temperature
      grain growth anneal. This coating will perform three separate functions.
      The first function of the coating is to provide separation of the various
      turns or layers of the coiled material to prevent their sticking or
      welding together during high temperature anneals. A second function is
      that of aiding in the chemical purification of the ferrous material to
      develop the desired optimum magnetic characteristics of such material. The
      third function of the coating is to form on the surface of the ferrous
      material a refractory type coating which will provide electrical
      insulation of one layer of ferrous material from the next during its use
      as a core in a transformer or in other electrical apparatus such as motor
      armatures or the like.
PAR  In the present state of the electrical apparatus art, the most widely used
      coating for the ferrous material which is used as the magnetic core of the
      electrical apparatus is a coating of magnesium oxide and/or magnesium
      hydroxide. These coatings are, in general, applied to the ferrous material
      in the form of a suspension of magnesium oxide and/or magnesium hydroxide
      in water. The suspension comprises a quantity of magnesium oxide in water
      and is mixed sufficiently for the desired application; the magnesium oxide
      being hydrated to an extent dependent on the character of the oxide used,
      the duration of mixing and the temperature of the suspension. Therefore,
      the term magnesium oxide coating is with reference to a coating of
      magnesium hydroxide which may include magnesium oxide which has not been
      hydrated.
PAR  As set forth in U.S. Pat. No. 2,385,332, in the names of Victor W.
      Carpenter et al., during a heat treatment at suitable temperatures,
      magnesium oxide can be caused to react with silica particles on or near
      the surfaces of previously oxidized silicon-iron sheet stock to form a
      glass-like coating, which coating is useful as an interlaminary insulator
      in the use of silicon-iron in electrical apparatus, e.g., in the cores of
      transformers.
PAR  In the production of silicon steel for the magnetic cores of transformers,
      the steel is generally annealed to provide optimum grain growth and grain
      orientation which develops the magnetic properties of the silicon steel.
      This anneal is usually carried out in a hydrogen atmosphere at
      temperatures ranging from approximately 950.degree. to 1500.degree.C. from
      about 2 to about 50 hours. This anneal also aids in purifying the steel,
      aided by the coating placed on the steel. During this anneal a portion of
      the magnesium oxide coating reacts with the silica on the surface of the
      silicon steel to form a glass-like coating of magnesium silicate. This
      glass-like coating provides electrical insulation during the use of the
      silicon steel in electrical apparatus, e.g., in the cores of transformers.
PAR  A number of additives have been proposed in the past to be added to the
      magnesium hydroxide and/or magnesium oxide in order to improve the
      MgO--SiO.sub.2 reaction. For example, U.S. Pat. No. 2,809,137 (Robinson)
      involves the use of silica to be combined with the MgO for the purpose of
      improving the insulating properties of the glass-like film obtained after
      high temperature annealing. U.S. Pat. No. 2,394,047 (Elsey, et al) relates
      to the use of additives to produce oxidized surface metal and to enhance
      glass film formation. In addition to the above, the following U.S. Patents
      are directed to various materials including silicas and silicates which
      have been proposed as additives for the coating of ferrous materials. U.S.
      Pats. Nos. 3,583,887; 3,214,302; 3,562,029; 2,739,085; and 2,354,123.
PAR  In addition to utilizing the amorphous magnesiasilica complexes per se as
      coatings for silicon steel, these novel materials may be employed as
      additives for conventional MgO coatings. Accordingly, this invention
      further relates to coatings containing magnesium oxide/magnesium hydroxide
      and at least one amorphous magnesia-silica complex which when applied to
      silicon sheet steel impart superior insulation qualities to the silicon
      steel after the final high temperature anneal in addition to serving as a
      separator coating for the sheet material during heat treatment and aiding
      in the purification of the magnetic material.
PAR  The novel amorphous magnesia-silica complexes of the invention include
      those materials wherein the mole ratio expressed as MgO:SiO.sub.2 may vary
      from about 1:25 14:1. The complexes of the invention contain from about
      0.001 to 2.0 percent by weight of an alkali metal oxide. Representative of
      the alkali metals that may be employed in the practice of the invention
      are sodium, lithium, potassium and the like. Of particular preference are
      the amorphous (i.e., non-crystalline) magnesia-silica complexes having a
      molar ratio of MgO:SiO.sub.2 of from about 1:13 to 7:1 and from about 0.01
      to 1.0 percent by weight of alkali metal. An example of a complex that has
      highly desirable properties is one having a MgO:SiO.sub.2 molar ratio of
      1:/.6 and from 0.05 to 0.4% by weight of sodium oxide. Of particular
      interest are those complexes wherein the sodium oxide is from 0.1 to 0.2%
      by weight.
PAR  Insofar as the alkali metal is concerned, it should be noted that, although
      the alkali metal oxide is expressed throughout the specification and
      claims as a component of the magnesia-silica complex, one skilled in the
      art will readily appreciate that the alkali metal oxide may be provided
      from a source separate from the magnesia-silica complex. Accordingly,
      where the complex is employed as the sole coating agent, the appropriate
      level of alkali metal oxide may be provided by either the complex per se
      or where a complex free of alkali metal oxide is utilized, any convenient
      source of alkali metal oxide may be employed in combination with the
      magnesia-silica complex to insure that the coating composition contains
      the appropriate level of alkali metal oxide. Included among the materials
      that may be used in the practice of the invention to provide the alkali
      metal oxide are hydroxides, carbonates and the like. Where the
      magnesia-silica complex is employed as an additive to be utilized in
      conjunction with MgO, as indicated above, the alkali metal oxide component
      may be included as a component of the complex or made available from
      either the MgO or an independent source such as the hydroxides and
      carbonates discussed above.
PAR  The novel magnesia-silica complexes of the invention may be conveniently
      prepared by the precipitation reaction between a solution of a magnesium
      salt sauch as MgCl.sub.2, MgSO.sub.4 or Mg(NO.sub.3).sub.2 and a solution
      of silicate salt such as an alkali metal silicate (e.g., sodium silicate,
      or potassium silicate). The alkali metal silicates that may be employed as
      reactants include those wherein the mole ratio of alkali metal (M) to
      silicate is 1:25 to 14:1 expressed as M.sub.2 O:SiO.sub.2.
PAR  As indicated previously, amorphous magnesia-silica complexes which do not
      contain the alkali metal oxide may be employed in the practice of the
      invention if the alkali metal oxide is provided from another source. In
      such cases, other soluble silicate salts may be employed in the
      preparation of the amorphous magnesia-silica complex. The conditions under
      which the precipitation reaction occurs are not critical and involve
      techniques well known to the art. For example, an amorphous,
      magnesia-silica complex having a mole ratio of 1:2 with respect to
      MgO:SiO.sub.2 may be prepared by a precipitation process employing an
      alkali metal silicate having a mole ratio of 1:2 with respect to the
      M.sub.2 O:SiO.sub.2 in the presence of excess magnesium salt.
PAR  In addition to the above, other procedures that may be employed in the
      preparation of the novel magnesia-silica complexes of the invention are as
      follows:
PAR  1. Magnesia is precipitated by reacting MgCl.sub.2 or MgSO.sub.4 with NaOH
      or dolomite or Ca(OH).sub.2 to form Mg(OH).sub.2.
PAR  2. Silica is prepared by acidifying sodium silicate or any alkaline
      silicates.
PAR  3. The two slurries are combined in a wet state to afford an intimate mix,
      filter off the impurities by washing, extraction.
PAR  4. The product is dried in a suitable drier. Another convenient method of
      preparation is as follows:
PAR  1. Sodium hydroxide and magnesium chloride or sulfate are reacted to form
      Mg(OH).sub.2.
PAR  2. Mix the Mg(OH).sub.2 slurry with sodium silicate.
PAR  3. React 2 with hydrochloric acid to form the magnesia-silica complex.
PAR  4. Filter and wash off NaCl or Na.sub.2 SO.sub.4 impurities.
PAR  5. The filter cake is dried in a suitable drier.
PAR  The amorphous property of the magnesia-silica complex is apparent from a
      consideration of the X-ray diffraction pattern of representative
      magnesia-silica complexes of the invention. In Table I, X-ray powder
      diffraction data of the magnesia-silica complexes are reported. In order
      to illustrate the uniqueness of the magnesia-silica complex, the X-ray
      powder diffraction patterns were obtained for prior art colloidal silica,
      MgO-colloidal silica compositions and fibrous magnesium silicate. These
      prior art materials have been taught for use in the coating of silicon
      steels.
PAR  The d-spacings and hkl planes (Miller Indices) of the materials tested are
      reported including an identification of the crystalline structure, where
      appropriate.
PAR  The X-ray diffraction studies were conducted in an X-ray diffractometer
      under the following conditions:
TBL                X-Ray                                                       

                   Radiation Fil-                                              

     Formulation   Source    ter    Voltage                                    

                                           Current                             

     ______________________________________                                    

     a.  Magnesia-silica                                                       

                       CuK.alpha.                                              

                                 None 40 KV  22 MA                             

         Complex                                                               

         (Example 1)                                                           

     b.  Magnesia-silica                                                       

                       CuK.alpha.                                              

                                 None 40 KV  22 MA                             

         Complex                                                               

         (Example 2)                                                           

     c.  Magnesia-silica                                                       

                       CuK.alpha.                                              

                                 None 40 KV  22 MA                             

         Complex                                                               

         (Mole Ratio-                                                          

         1.7:1)                                                                

     d.  Magnesia-silica                                                       

                       CuK.alpha.                                              

                                 Ni   40 KV  20 MA                             

         Complex                                                               

         (Mole Ratio-                                                          

         1:1.5)                                                                

     e.  Magnesia-silica                                                       

                       CuK.alpha.                                              

                                 Ni   40 KV  20 MA                             

         Complex                                                               

         (Example 8)                                                           

     f.  Magnesia-silica                                                       

                       CuK.alpha.                                              

                                 Ni   40 KV  20 MA                             

         Complex                                                               

         (Mole Ratio-                                                          

         1:1.6)                                                                

     g.  Colloidal Silica                                                      

                       CuK.alpha.                                              

                                 Ni   40 KV  20 MA                             

         (LUDOX)                                                               

     h.  Colloidal Silica                                                      

                       CuK.alpha.                                              

                                 Ni   40 KV  20 MA                             

         + MgO                                                                 

         (1:1 by weight)                                                       

     i.  Colloidal Silica                                                      

                       CuK.alpha.                                              

                                 Ni   40 KV  20 MA                             

         + MgO                                                                 

         (1:4 by Weight)                                                       

     j.  Fibrous Magne-                                                        

                       CuK.alpha.                                              

                                 Ni   40 KV  20 MA                             

         sium Silicate                                                         

     k.  Fibrous Magne-                                                        

                       CuK.alpha.                                              

                                 Ni   40 KV  20 MA                             

         sium Silicate                                                         

     ______________________________________                                    

PAR  The techniques used in these studies followed the commonly accepted
      Debye-Scherrer Method as described in Klug & Alexander's X-Ray Diffraction
      Procedures for Polycrystalline and Amorphous Materials (Wiley, 1954) pp.
      206-209.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                       Miller                                                  

                            Identified                                         

                       Indices                                                 

                            Crystalline                                        

                  d (A)                                                        

                       (hkl)                                                   

                            Structure                                          

     __________________________________________________________________________

     a.                                                                        

       Magnesia Silica                                                         

                  --   --   Amorphous                                          

       Complex MgO:SiO.sub.2                                                   

       mole ratio =                                                            

       1:1.6 and contains                                                      

       .774% Na.sub.2 O                                                        

       (Example 1)                                                             

     b.                                                                        

       Magnesia Silica                                                         

                  1.607                                                        

                       531  Clinoenstatite                                     

       Complex MgO:SiO.sub.2                                                   

                  2.5  131  Enstatite                                          

       mole ratio =    202  Clinoenstatite                                     

       1:1.6 heated at                                                         

                  2.87 610  Enstatite                                          

       1000.degree.C. for                                                      

                       310  Clinoenstatite                                     

                                      Mostly                                   

       3 minutes  2.98 221  Clinoenstatite                                     

                                      Amor-                                    

       (Example 2)                                                             

                  3.17 420  Enstatite phous                                    

                       220  Clinoenstatite                                     

                  3.30 121  Enstatite                                          

                       021  Clinoenstatite                                     

     c.                                                                        

       Magnesia Silica                                                         

                  --   --   Amorphous                                          

       Complex MgO:SiO.sub.2                                                   

       mole ratio =                                                            

       1.7:1                                                                   

     d.                                                                        

       Magnesia Silica                                                         

                  3.229                                                        

                       --                                                      

       Complex MgO:SiO.sub.2                                                   

                  2.5902                                                       

                       --   Amorphous                                          

       mole ratio =                                                            

       1:1.5                                                                   

     e.                                                                        

       Magnesia Silica                                                         

                  2.829                                                        

                       --                                                      

       Complex MgO:SiO.sub.2                                                   

                  2.5902                                                       

                       --   Amorphous                                          

       mole ratio =                                                            

                  1.545                                                        

                       --                                                      

       1:1.6 and contains                                                      

       0.20% Na.sub.2 O                                                        

       (Example 8)                                                             

     f.                                                                        

       Magnesia Silica                                                         

                  --   --   Amorphous                                          

       Complex MgO:SiO.sub.2                                                   

       mole ratio =                                                            

       1:1.6                                                                   

     g.                                                                        

       Colloidal  4.07 101  .alpha.-cristobalite                               

       Silica                                                                  

       (Ludox)                                                                 

     h.                                                                        

       Colloidal  4.776                                                        

                       001  Magnesia                                           

       Silica + MgO                                                            

                  2.728                                                        

                       100  Magnesia                                           

       1 to 1 ratio                                                            

                  2.366                                                        

                       101  Magnesia                                           

       by weight  1.792                                                        

                       102  Magnesia                                           

                  1.574                                                        

                       110  Magnesia                                           

                  1.493                                                        

                       111  Magnesia                                           

                  1.373                                                        

                       103  Magnesia                                           

                  1.310                                                        

                       201  Magnesia                                           

     i.                                                                        

       Colloidal Silica                                                        

                  4.760                                                        

                       001  Magnesia                                           

       + MgO, 1:4 ratio                                                        

                  2.720                                                        

                       100  Magnesia                                           

       by weight  2.360                                                        

                       101  Magnesia                                           

                  1.789                                                        

                       102  Magnesia                                           

                  1.569                                                        

                       110  Magnesia                                           

                  1.491                                                        

                       111  Magnesia                                           

                  1.370                                                        

                       103  Magnesia                                           

                  1.309                                                        

                       201  Magnesia                                           

     j.                                                                        

       Fibrous Magnesium                                                       

                  4.766                                                        

                       001  Magnesia                                           

       Silicate   4.548                                                        

                       020  Serpentine                                         

                            (3MgO.2SiO.sub.2.2H.sub.2 O)                       

                  3.660                                                        

                       0.0.12                                                  

                            Serpentine                                         

                  3.336                                                        

                       029  Serpentine                                         

                  2.966                                                        

                       0.2.11                                                  

                            Serpentine                                         

                  2.527                                                        

                       --   --                                                 

                  2.499                                                        

                       206  Serpentine                                         

                  2.453                                                        

                       0.2.15                                                  

                            Serpentine                                         

                  2.372                                                        

                       209  Serpentine                                         

                  2.154                                                        

                       2.14.9                                                  

                            Serpentine                                         

                  2.097                                                        

                       2.0.15                                                  

                            Serpentine                                         

                  1.799                                                        

                       2.0.18                                                  

                            Serpentine                                         

                  1.617                                                        

                       2.0.21                                                  

                            Serpentine                                         

                  1.536                                                        

                       060  Serpentine                                         

                  1.507                                                        

                       2.0.24                                                  

                            Serpentine                                         

                  1.485                                                        

                       220  Magnesia                                           

     k.                                                                        

       Fibrous Magnesium                                                       

                  7.310                                                        

                       006  Serpentine                                         

       Silicate (6 layers   (3MgO.2SiO.sub.2.2H.sub.2 O)                       

       ortho type)                                                             

                  4.766                                                        

                       001  Magnesia                                           

                  4.570                                                        

                       020  Serpentine                                         

                  4.227                                                        

                       024  Serpentine                                         

                  3.660                                                        

                       0.0.12                                                  

                            Serpentine                                         

                  2.506                                                        

                       206  Serpentine                                         

                  2.372                                                        

                       209  Serpentine                                         

                  1.796                                                        

                       2.0.18                                                  

                            Serpentine                                         

                  1.538                                                        

                       060  Serpentine                                         

     __________________________________________________________________________

PAR  The colloidal silica reported in formulations (g), (h) and (i) above is
      commercially available under the name of "LUDOX" and is a product of E. I.
      du Pont de Nemours and Company and is taught as a coating material for
      silicon steel in U.S. Pat. No. 2,809,137. Formulation (h) was prepared
      according to U.S. Pat. No. 2,809,137 (Col. 3, lines 60-65). Formulation
      (i) was prepared according to U.S. Pat. No. 2,809,137 (Col. 3, lines
      66-70).
PAR  The fibrous magnesium silicates reported in formulations (j) and (k)
      correspond to the fibrous magnesium silicate disclosed in U.S. Pat. No.
      3,562,029 as useful in the coating of silicon steel.
PAR  The studies reported in Table I indicate that the magnesia-silica complexes
      of the invention are amorphous, whereas the prior art materials (colloidal
      silica, colloidal silica + MgO, and fibrous magnesium silicate) are
      crystalline in nature.
PAR  The thermal behavior of the novel magnesia-silica complexes of the
      invention in a Differential Thermal Analyzer (DTA) have been studied. In
      addition, a study of the Differential Thermal Analysis of the following
      prior art coating materials was conducted: commercial steel grade MgO,
      colloidal silica, colloidal silica + MgO, fibrous magnesium silicate,
      commercial steel grade MgO + fibrous magnesium silicate. Also included
      within the study is the DTA of a composition within the scope of the
      invention-- commercial steel grade MgO and the novel magnesia-silica
      complex.
PAR  The Differential Thermal Analyses of the materials studied were conducted
      under the following conditions:
PA1  atmosphere:air, 760 MM
PA1  reference:alumina
PA1  heating rate:10.degree.C./min.
PA1  starting temperature:room temperature
PAC  DIFFERENTIAL THERMAL ANALYSIS
PAR  A. The novel magnesia-silica complexes of the invention exhibit the
      following thermal behavior characteristics:
PA1  a. endothermic peak at about 250.degree.C.;
PA1  b. exothermic peak at about 820.degree.C.;
PA1  c. exothermic peak at about 980.degree.C.
PAR  B. Commercial steel grade MgO + magnesia silica complex exhibits the
      characteristic endothermic and exothermic peaks of the magnesia-silica
      complex and an additional endothermic peak at about 500.degree.C.
PAR  C. Commercial steel grade MgO exhibits one endothermic peak at
      380.degree.C.
PAR  D. Colloidal silica exhibits one endothermic peak at 160.degree.C. and one
      exothermic peak at 1000.degree.C.
PAR  E. Colloidal silica + MgO exhibits one endothermic peak at 500.degree.C.
      and one exothermic peak at 835.degree.C.
PAR  F. Colloidal silica + MgO exhibits one endothermic peak at 500.degree.C.
      and one exothermic peak at 1000.degree.C.
PAR  G. Fibrous magnesium silicate exhibits endothermic peaks at 435.degree.C.
      and 720.degree.C. and one exothermic peak at 825.degree.C.
PAR  H. Fibrous magnesium silicate + commercial grade MgO exhibits endothermic
      peaks at 465.degree.C. and 690.degree.C. and one exothermic peak at
      830.degree.C.
PAR  The colloidal silica reported in formulations D, E, and F is commercially
      available under the name of "LUDOX" -- a product of E. I. du Pont de
      Nemours and Company and is taught as a coating material for silicon steel
      in U.S. Pat. No. 2,809,137. Formulation E was prepared according to U.S.
      Pat. No. 2,809,137 (Col. 3, lines 60-65). Formulation F was prepared
      according to U.S. Pat. No. 2,809,137 (Col. 3, lines 66-70).
PAR  The fibrous magnesium silicates reported in formulations G and H correspond
      to the fibrous magnesium silicate disclosed in U.S. Pat. No. 3,562,029 as
      useful in the coating of silicon steel.
PAR  Although the exact endothermic and exothermic reaction temperatures of the
      novel magnesia-silica complex were disclosed in this application, one
      skilled in the art would appreciate that minor variations from these exact
      thermal reaction temperatures are within the scope of our invention.
PAR  The unique magnesia-silica complexes may be applied as a coating to silicon
      steel using techniques well known to the art. Among the well known
      procedures that may be employed in applying the coating include the
      preparation of a slurry of the magnesia-silica complex in water. Where the
      complex is employed in conjunction with MgO, a slurry is made containing
      the complex and MgO in water. The slurry may be applied in the form of a
      thin coating on the magnetic sheet material by any convenient, suitable
      means including art recognized techniques such as immersion, brushing or
      spraying. The wet coating thus applied is dried by suitable means. The
      coated silicon steel in usually wound or stacked condition, is placed in
      an annealing furnace. A convenient and effective coating technique
      involves passing a continuous strip of the material to be coated through a
      bath containing a suspension of the complex followed by subjecting the
      coated material to a drying furnace.
PAR  Where the magnesia-silica complex is employed per se in the coating
      preparation (not in combination with MgO), the concentration of the
      complex is not critical and may vary from about 1 to about 50 percent by
      weight of the slurry. A range of amorphous magnesia-silica complex which
      is particularly effective is from 2 to 20 percent by weight of the slurry.
      One skilled in the art will appreciate, however, that the concentration of
      complex will depend upon the consistency of the slurry that can be
      tolerated, the manner in which the slurry is to be applied, and the
      thickness of the final coating which can be effectively processed.
      Furthermore, the concentration of the magnesia-silica complex will further
      depend upon the particular complex of the invention that is utilized in
      the coating preparation.
PAR  When the amorphous magnesia-silica complex is used as an additive for, or
      in combination with, the MgO/Mg(OH).sub.2 coating, the concentration of
      complex with respect to the amount of the MgO employed in the coating
      (exclusive of additive) is not critical and may vary from about 2 to about
      200 parts by weight per 100 parts by weight of magnesium oxide. A
      satisfactory concentration for most practical purposes has been found to
      be from about 10 to 50 parts by weight of complex per 100 parts by weight
      of MgO. The concentration of the magnesia-silica complex-MgO combination
      in the coating slurry is not critical and may vary from about 1 to about
      50% by weight of the slurry. A particularly effective concentration is
      from 2-20% by weight of the slurry. As indicated previously the
      concentration of the complex in the coating composition will depend upon
      various factors, including the composition of the magnesia-silica complex.
      It should be noted that the particular grade of MgO to be utilized is not
      critical and any commercially available MgO may be employed in the
      practice of the invention.
PAR  The compositions of the invention find applicability in the coating of
      silicon steels, including those of high permeability that have recently
      become of interest, particularly in the electrical industry. Examples of
      steels of this type include those reported in U.S. Pat. No. 3,676,227.
PAR  Representative compositions of magnesia-silica complexes in combination
      with MgO that may be employed in the practice of the invention are as
      follows:
PAR  a. 35 parts by weight of complex having an MgO:SiO.sub.2 mole ratio of
      1:1.6 per 100 parts by weight of MgO.
PAR  b. 180 parts by weight of complex having an MgO:SiO.sub.2 mole ratio of 7:1
      per 100 parts by weight of MgO.
PAR  c. 5 parts by weight of complex having an MgO:SiO.sub.2 mole ratio of 1:20
      per 100 parts by weight of MgO.
PAR  d. 3 parts by weight of complex having an MgO:SiO.sub.2 mole ratio of 1:25
      per hundred parts by weight of MgO.
PAR  e. 200 parts by weight of complex having an MgO:SiO.sub.2 mole ratio of
      12:1 per 100 parts by weight of MgO.
PAR  The amorphous magnesia-silica complex may be employed in conjunction with
      the MgO/Mg(OH).sub.2 coatings in accordance with procedures well known in
      the coating of silicon steel.
PAR  The amount of magnesia-silica complex per se or magnesia-silica complex
      when used in combination with MgO that is applied to the silicon steel is
      similar to the amounts that heretofore have been conventionally employed
      in coating preparations. The coating weight will vary from about 0.02 to
      0.70 ounces per square foot of steel surface.
PAR  The manner and time at which the complex is combined with the magnesium
      oxide is not critical. For example, procedures which may be utilized
      include adding the amorphous magnesia-silica complex to a magnesium
      material, such as magnesium basic carbonate or Mg(OH).sub.2, prior to its
      conversion to the magnesium oxide; blending the complex with the MgO or
      Mg(OH).sub.2 ; adding the amorphous material separately during coating
      slurry make-up; or mixing the magnesia-silica complex in the water used
      for coating slurry make-up prior to the addition of the MgO powder.
PAR  The annealing of the silicon steel that has previously been coated with the
      coating composition of the invention may be carried out in a neutral or
      reducing atmosphere at temperatures ranging from approximately 950.degree.
      to 1500.degree.C. for from about 2 to 50 hours using techniques well known
      to the art.
PAR  The unobvious properties of the instant invention are readily apparent when
      it is appreciated that commercially available steel grade magnesium oxides
      in current use in the grain-oriented silicon steel industry give
      relatively low resistances of the order of 1-4 ohm-cm.sup.2 according to
      the Franklin Test (ASTM-A344-60T), a widely used test that is utilized in
      the steel industry to determine the surface insulation characteristics of
      refractory films. However, the identical MgO material containing the novel
      amorphous magnesia-silica complexes of the invention resulted in an
      insulation of up to 1000 ohm-cm.sup.2 by the identical Franklin test.
PAR  It may be noted that the current practice of the steel industry in its
      attempt to improve insulation involves using an expensive and time
      consuming phosphate coating after the annealing step. This is done to
      improve the insulation from 2-4 ohm-cm.sup.2 to a minimum of about 20
      ohm-cm.sup.2 . By using the novel magnesio-silica complexes of the
      invention, a cost reduction in processing silicon steel is anticipated
      since the phosphate coating can be eliminated or at least reduced to a
      more easily controlled step. Furthermore, in the use of the
      magnesia-silica complexes no additional equipment is needed because the
      handling and processing properties of the complex are identical to
      conventional MgO coating lines.
PAR  It should be noted that, in addition to silicon steel, materials such as
      nickel-iron alloys, common iron and other ferromagnetic substances may be
      effectively coated in accordance with the practice of the invention.
PAR  In addition, where the magnesia-silica complex is to be utilized in
      combination with a known refractory oxide such as MgO, one skilled in the
      art will readily appreciate that other refractory oxides and hydroxides
      such as A1.sub.2 O.sub.3, A1(OH).sub.3, CaO, Ca(OH).sub.2, TiO.sub.2,
      MnO.sub.2, ZnO, BeO, Cr.sub.2 O.sub.3, SiO.sub.2, ThO.sub.2, ZrO.sub.2,
      FeO and the like may be employed in place of or in combination with MgO.
DETD
PAR  A representative example for the preparation of a novel magnesia-silica
      complex of the invention is as follows:
PAC  EXAMPLE 1
PAR  Two solutions are prepared as follows:
PAR  a. A magnesium chloride solution having a concentration of 213 grams of
      MgCl.sub.2 per liter is prepared from MgCl.sub.2.6H.sub.2 O crystals.
PAR  b. A 12% solution of sodium silicate is prepared having a mole ratio of
      Na.sub.2 O:SiO.sub.2 of 1:1.6.
PAR  The two solutions (a) and (b) are reacted by simultaneously pumping into a
      reactor vessel (1 gallon capacity) equipped with an overflow spout. The
      flow rate of each stream is kept at 0.5-0.8 gallons per minute (gpm) with
      a combined flow rate of 1-1.5 gpm. The slurry is kept at 0.4-2.1 g.
      MgCl.sub.2 /1 excess by varying the flow of MgCl.sub.2 solution. The
      slurry after stirring for 10 hours is filtered with a leaf filter and
      washed with 45.degree.C. city water, dried at 220-250.degree.F. for 12
      hours and hammermilled to a fine powder. The resultant magnesia-silica
      complex has a MgO:SiO.sub.2 mole ratio of 1:1.6 and contains 0.774%
      Na.sub.2 O. Chemical analysis of the complex is as follows:
     MgO                 25.0%                                                 

     SiO.sub.2           59.8%                                                 

     Loss on ignition    15.3%                                                 

     NaCl                0.066%                                                

     Bulk density        0.74 g/cc                                             

PAR  X-ray diffraction analysis reveals that the product is completely amorphous
      indicating that it is a magnesia-silica complex rather than a crystalline
      form of MgO, silica or silicate. Differential thermal analysis followed by
      X-ray diffraction analysis of this material at temperatures from
      20.degree.C. to 1200.degree.C. showed a poorly defined clinoenstatite
      phase at about 820.degree.C.
PAC  EXAMPLE 2
PAR  The magnesia-silica complex prepared in Example 1 is heated in a muffle
      furnace at 1000.degree.C. for 3 minutes. X-ray diffraction analysis
      reveals that this material is largely amorphous.
PAC  EXAMPLE 3
PAR  Two solutions are prepared as follows:
PAR  1. A magnesium chloride solution is made by dissolving 454 g. of
      MgCl.sub.2.6H.sub.2 O in 1000 ml. of deionized water. The concentration of
      this solution is 213 g. MgCl.sub.2 /1.
PAR  2. A sodium silicate solution is prepared having a concentration of 12%
      solids and a mole ratio of Na.sub.2 O:SiO.sub.2 of 1.7:1.
PAR  The two solutions are reacted according to the procedure of Example 1. The
      excess MgCl.sub.2 measured is 1.75 g MgCl.sub.2 /1. The resultant
      magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 1.7:1 and 0.01%
      Na.sub.2 O.
PAL   chemical analysis of the complex shows:
TBL  MgO                 42.5%                                                 

     SiO.sub.2           37.7%                                                 

     Loss on Ignition    19.8%                                                 

     NaCl                0.40%                                                 

     Na.sub.2 O          0.01%                                                 

     Bulk density        0.31 g/cc                                             

PAC  EXAMPLE 4
PAR  Two solutions are prepared as follows:
PAR  1. The magnesium chloride solution used in Example 1.
PAR  2. A sodium silicate solution having a concentration of 12% solids and a
      mole ratio of Na.sub.2 O:SiO.sub.2 of 13:1.
PAR  The two solutions are reacted according to the procedure described in
      Example 1. The excess MgCl.sub.2 measured is 1.92 g MgCl.sub.2 /1. The
      resultant magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 13:1
      and 0.01% Na.sub.2 O. Chemical analysis of the complex shows:
TBL  MgO                 63.2%                                                 

     SiO.sub.2           7.1%                                                  

     Loss on Ignition    29.7%                                                 

     NaCl                0.40%                                                 

     Na.sub.2 O          0.01%                                                 

     Bulk density        0.35 g/cc                                             

PAC  EXAMPLE 5
PAR  Two solutions are prepared as follows:
PAR  1. The magnesium chloride solution used in Example 1.
PAR  2. A sodium silicate solution having a concentration of 12% solids and a
      mole ratio of Na.sub.2 O:SiO.sub.2 of 1:2.7.
PAR  The two solutions are reacted according to the procedure described in
      Example 1. The excess MgCl.sub.2 measured is 1.65 g MgCl.sub.2 /1. The
      resultant magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 1:2.7
      and 0.84% Na.sub.2 O.
PAL  Chemical analysis of the complex shows:
TBL  MgO                 16.5%                                                 

     SiO.sub.2           67.6%                                                 

     Loss on Ignition    14.9%                                                 

     NaCl                0.46%                                                 

     Na.sub.2 O          0.84%                                                 

     Bulk density        0.26 g/cc                                             

PAC  EXAMPLE 6
PAR  Two solutions are prepared as follows:
PAR  1. An acidified magnesium chloride solution is prepared by adding 12.6
      moles of hydrochloric acid to 1 mole of magnesium chloride. The
      concentration is expressed as 213 g. MgCl.sub.2 /1.
PAR  2. A sodium silicate solution having mole ratio of Na.sub.2 O:SiO.sub.2 of
      1:1.6 is prepared as described in Example 1. The concentration is 12%
      solids.
PAR  The two solutions are reacted according to the procedure described in
      Example 1. The excess MgCl.sub.2 as measured is expressed as 1.07 g
      MgCl.sub.2 /1. The magnesia-silica complex after being dried and
      hammermilled has a MgO:Si0.sub.2 mole ratio of 1:14.2 and 0.54% Na.sub.2
      O.
PAL    chemical analysis of the powder shows:
TBL  MgO                 4.2%                                                  

     SiO.sub.2           89.2%                                                 

     Loss on ignition    6.4%                                                  

     NaCl                0.18%                                                 

     Na.sub.2 O          0.54%                                                 

     Bulk density        0.11 g/cc                                             

PAC  EXAMPLE 7
PAR  Two solutions are prepared as follows:
PAR  a. Magnesium sulfate solution having a concentration of 180 g. MgSO.sub.4
      /1 equivalent is prepared by neutralizing magnesium hydroxide with
      sulfuric acid.
PAR  b. A sodium silicate solution having a concentration of 9% and mole ratio,
      Na.sub.2 O:SiO.sub.2, of 1:1.6 is prepared.
PAR  The two solutions (a) and (b) are reacted by simultaneously pumping into a
      reactor vessel (1 gallon capacity) equipped with an overflow spout. The
      flow rate of each stream is kept at 0.5-0.8 gallons per minute (gpm) with
      a combined flow rate of 1-1.5 gpm. The slurry is kept at 15-20 g
      MgSO.sub.4 /1 excess by varying the flow of MgSO.sub.4 solution. The
      precipitate formed is immediately diluted 1:2 with city water and filtered
      on a rotary vacuum filter. A 7-minute cycle is used on the filter with
      slurry at the overflow level. City water at 35.degree.C. was used for
      washing. The filter cake after washing is dried at 500.degree.F. for 6-12
      hours. The resulting magnesia-silica complex has a MgO:SiO.sub.2 mole
      ratio of 1:1.6 and contains 0.10% Na.sub.2 O.
PAL  Chemical analysis of the complex is as follows:
TBL  MgO                 25.9%                                                 

     SiO.sub.2           59.6%                                                 

     Ignition loss       11.3%                                                 

     Na.sub.2 O          0.10%                                                 

     SO.sub.4            0.007%                                                

PAC  EXAMPLE 8
PAR  Two solutions are prepared as follows:
PAR  a. Magnesium sulfate solution having a concentration of 180 g MgSO.sub.4 /1
      is prepared by neutralizing magnesium hydroxide with sulfuric acid.
PAR  b. A sodium silicate solution having a concentration of 9% and mole ratio,
      Na.sub.2 O:SiO.sub.2, of 1:1.6 is prepared.
PAR  The two solutions (a) and (b) are reacted by simultaneously pumping into a
      reactor vessel (1 gallon capacity) equipped with an overflow spout. The
      flow rate of each stream is kept at 0.5-0.8 gallons per minute (gpm) with
      a combined flow rate of 1-1.5 gpm. The slurry is kept at 15-20 g
      MgSO.sub.4 /1 excess by varying the flow of MgSO.sub.4 solution. The
      precipitate formed is immediately diluted 1:2 with city water and filtered
      on a rotary vacuum filter. A 7-minute cycle is used on the filter with
      slurry at the overflow level. City water at 35.degree.C. was used for
      washing. The filter cake after washing is dried at 500.degree.F. for 6-12
      hours. The resulting magnesia-silica complex has a MgO:SiO.sub.2 mole
      ratio of 1:1.6 and contains 0.20% Na.sub.2 O.
PAL    chemical analysis of the complex is as follows:
TBL  MgO                 25.9%                                                 

     SiO.sub.2           59.6%                                                 

     Ignition loss       11.3%                                                 

     Na.sub.2 O          0.20%                                                 

     SO.sub.4            0.007%                                                

PAR  The unobvious and unexpected properties of the novel magnesia-silica
      complexes of the invention are clearly evident from a consideration of the
      following resistivity studies wherein the complexes of the invention are
      tested by themselves and in combination with commercial steel grade MgO
      and the insulation produced is compared with that achieved by a commercial
      steel grade MgO by itself.
PAC  EXAMPLE 9
PAR  a. A coating slurry is made by mixing in a Waring Blender 60 g. of a
      commercial steel grade MgO, 30 g. of the amorphous magnesia-silica complex
      prepared in Examples 1-8 and 750 ml. of deionized water. The concentration
      of the slurry is approximately 1 lb. of solids per gallon. The mixture is
      allowed to stand to stabilize the viscosity. The resulting slurry is
      coated onto silicon steel strips (size 3 cm. X 30.5 cm.) at a coating
      weight of 0.061 oz./ft..sup.2 based upon MgO and dried at
      250.degree.-270.degree.C. The coated strips are then box-annealed in
      hydrogen atmosphere for 30 hours at 1200.degree.C.
PAR  b. For comparative purposes a coating slurry is prepared according to the
      procedure (a) above having a concentration of 1 lb. of solids per gallon
      but containing only the commercial steel grade MgO of (a). Identical steel
      strips are coated as in (a).
PAR  After annealing and cooling, the excess coating was scrubbed off all
      samples with a nylon brush and a cloth. These strips were tested for
      resistance on both surfaces with a Franklin tester (ASTM-A344-60T). The
      results are as follows:
TBL                          RESISTANCE                                        

     COATING MATERIAL        (ohm-cm.sup.2)                                    

     ______________________________________                                    

     (I)    (a) MgO +                                                          

            Magnesia-silica                                                    

            complex (MgO:SiO.sub.2 mole                                        

            ratio 1:1.6; 0.774% Na.sub.2 0)                                    

            Example 1            1000                                          

            (b) MgO              3.8                                           

     (II)   (a) MgO +                                                          

            Magnesia-silica                                                    

            complex (MgO:SiO.sub.2 mole                                        

            ratio 1:1.6; 0.77% Na.sub.2 O)                                     

            Example 2            1000                                          

            (b) MgO              4.9                                           

     (III)  (a) MgO +                                                          

            Magnesia-silica                                                    

            complex (MgO:SiO.sub.2 mole                                        

            ratio 1.7:1; 0.01% Na.sub.2 O)                                     

            Example 3            19.8                                          

            (b) MgO              2.8                                           

     (IV)   (a) MgO +                                                          

            Magnesia-silica                                                    

            complex (MgO:SiO.sub.2 mole                                        

            ratio 13:1; 0.01% Na.sub.2 O)                                      

            Example 4            25.2                                          

            (b) MgO              2.8                                           

     (V)    (a) MgO +                                                          

            Magnesia-silica complex                                            

            (MgO:SiO.sub.2 mole ratio 1:2.7;                                   

            0.84% Na.sub.2 O) - Example 5                                      

                                 537.9                                         

            (b) MgO              2.8                                           

     (VI)   (a) MgO +                                                          

            Magnesia-silica complex                                            

            (MgO:SiO.sub.2 mole ratio 1:14.2;                                  

            0.54% Na.sub.2 O)-Example 6                                        

                                 41.7                                          

            (b) MgO              2.8                                           

     ______________________________________                                    

PAR  The above experiment unequivocally demonstrates that magnesium oxide
      currently employed to coat grain-oriented silicon steel gives relatively
      low resistance whereas the identical MgO coating containing the novel
      amorphous magnesia-silica complexes results in the production of a film
      having a considerably higher resistance. Comparable results to that
      indicated above are achieved employing other representative
      non-crystalline magnesia-silica complexes encompassed within the scope of
      the invention.
PAR  The following example is illustrative of the results achieved employing
      solely a novel magnesia-silica complex in the coating of steel in
      comparison with the insulation produced by a commercial steel grade MgO.
PAC  EXAMPLE 10
PAR  a. A coating slurry is made by mixing in a Waring Blender 60 grams of an
      amorphous magnesia-silica complex (mole ratio MgO:SiO.sub.2 - 1:1.6,
      containing 0.774% Na.sub.2 O) and 500 ml. of deionized water. The mixture
      is allowed to stand to stabilize the viscosity. The resulting slurry is
      coated onto silicon steel strips (size 3 cm. .times.30.5 cm.) at a coating
      weight of 0.029 oz/ft.sup.2 based upon MgO and dried at
      250.degree.-270.degree.C. The coated strips are then box-annealed in
      hydrogen atmosphere for 30 hours at 1200.degree.C.
PAR  b. For comparative purposes, identical steel strips are coated as in (a)
      with a slurry of the same concentration as employed in (a) but which
      contains only commercial steel grade MgO.
PAR  After box-annealing and cooling, the excess coating was scrubbed off all
      samples with a nylon brush and a cloth. These strips were tested for
      resistance on both surfaces with a Franklin tester (ASTM-A344-60T). The
      results are:
TBL  COATINIG MATERIAL    RESISTANCE (ohm-cm.sup.2)                            

     ______________________________________                                    

     (a)  Magnesia-silica complex                                              

          (MgO:SiO.sub.2 mole ratio 1:1.6;                                     

          0.774% Na.sub.2 O)  15.2                                             

     (b)  MgO                 4.0                                              

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the process of making magnetic ferrous material wherein the magnetic
      ferrous material is coated with a composition comprising a material
      selected from the group consisting of MgO, Mg(OH).sub.2 and mixtures
      thereof and annealed, the improvement which comprises the addition to the
      MgO or Mg(OH).sub.2 coating composition of at least one magnesia-silica
      complex containing from about 0.001 to 2.0% by weight of an alkali metal
      oxide, wherein the mole ratio of the MgO:SiO.sub.2 is from about 1:25 to
      14:1, said magnesia-silica complex being amorphous as indicated by its
      X-ray powder diffraction pattern and exhibiting the following differential
      thermal behavior characteristics: an endothermic peak at about
      250.degree.C.; an exothermic peak at about 820.degree.C. and at
      980.degree.C.
NUM  2.
PAR  2. The process of claim 1 wherein the ferrous material is silicon steel.
NUM  3.
PAR  3. The process of claim 2 wherein the MgO:SiO.sub.2 mole ratio is from
      about 1:13 to 7:1 and the alkali metal oxide is from about 0.01 to 1.0% by
      weight of the magnesia-silica complex.
NUM  4.
PAR  4. The process of claim 3 wherein the mole ratio of MgO:SiO.sub.2 is 1:1.6
      and the magnesia-silica complex contains 0.05 - 0.4% by weight of sodium
      oxide.
NUM  5.
PAR  5. A method of producing a separator and electrical insulating coating on
      magnetic ferrous material which comprises applying a coating composition
      to magnetic ferrous material and annealing said material at an elevated
      temperature, said coating composition comprising MgO, Mg(OH).sub.2 or
      mixtures thereof and at least one magnesia-silica complex containing from
      about 0.001 to 2.0% by weight of an alkali metal oxide, wherein the mole
      ratio of the MgO:SiO.sub.2 is from about 1:25 to 14:1, said
      magnesia-silica complex being amorphous as indicated by its X-ray powder
      diffraction pattern and exhibiting the following differential thermal
      behavior characteristics: an endothermic peak at about 250.degree.C., an
      exothermic peak at about 820.degree.C. and at 980.degree.C.
NUM  6.
PAR  6. The method of claim 5 wherein the ferrous material is silicon steel.
NUM  7.
PAR  7. The method of claim 6 wherein the annealing occurs at about
      950.degree.-1500.degree.C. for from about 2 to 50 hours.
NUM  8.
PAR  8. The method of claim 7 wherein the magnesia-silica complex has a
      MgO:SiO.sub.2 mole ratio of from about 1:13 to 7:1 and the alkali metal
      oxide is from about 0.01 to 1.0% by weight of the magnesia-silica complex.
NUM  9.
PAR  9. The method of claim 8 wherein the mole ratio of MgO:SiO.sub.2 is 1:1.6
      and the magnesia-silica complex contains 0.05-0.4% by weight of sodium
      oxide.
NUM  10.
PAR  10. Magnetic ferrous material having on its surface a separator and
      insulating coating formed in accordance with the method of claim 5.
NUM  11.
PAR  11. Silicon steel having on its surface a separator and insulating coating
      formed in accordance with the method of claim 6.
NUM  12.
PAR  12. Silicon steel having on its surface a separator and insulating coating
      formed in accordance with the method of claim 7.
NUM  13.
PAR  13. Silicon steel having on its surface a separator and insulating coating
      formed in accordance with the method of claim 8.
NUM  14.
PAR  14. Silicon steel having on its surface a separator and insulating coating
      formed in accordance with the method of claim 9.
NUM  15.
PAR  15. Magnetic ferrous material having on its surface a coating comprised of
      MgO, Mg(OH).sub.2 or mixtures thereof and at least one magnesia-silica
      complex containing from about 0.001 to 2.0% by weight of an alkali metal
      oxide wherein the mole ratio of MgO:SiO.sub.2 is from about 1:25 to 14:1,
      said magnesia-silica complex being amorphous as indicated by its X-ray
      powder diffraction pattern and exhibiting the following differential
      thermal behavior characteristics: an endothermic peak at about
      250.degree.C., an exothermic peak at about 820.degree.C. and at
      980.degree.C.
NUM  16.
PAR  16. The material of claim 15 wherein the ferrous material is silicon steel.
NUM  17.
PAR  17. The silicon steel of claim 16 wherein the magnesia-silica complex has a
      MgO:SiO.sub.2 mole ratio of from about 1:13 to 7:1 and the alkali metal
      oxide is from about 0.01 to 1.0% by weight of the magnesia-silica complex.
NUM  18.
PAR  18. The silicon steel of claim 17 wherein the mole ratio of MgO:SiO.sub.2
      is 1:1.6 and the magnesia-silica complex contains 0.05-0.4% by weight of
      sodium oxide.
NUM  19.
PAR  19. A method of producing a separator and electrical insulating coating on
      magnetic ferrous material which comprises applying to said material a
      magnesia-silica complex containing from about 0.001 to 2.0% by weight of
      an alkali metal oxide wherein the mole ratio of MgO:SiO.sub.2 is from
      about 1:25 to 14:1, said magnesia-silica complex being amorphous as
      indicated by its X-ray powder diffraction pattern and exhibiting the
      following differential thermal behavior characteristics: an endothermic
      peak at about 250.degree.C., an exothermic peak at about 820.degree.C. and
      at 980.degree.C.; and annealing said material at an elevated temperature.
NUM  20.
PAR  20. The method of claim 19 wherein the ferrous material is silicon steel.
NUM  21.
PAR  21. The method of claim 20 wherein the magnesia-silica complex has a
      MgO:SiO.sub.2 mole ratio of from about 1:13 to 7:1 and the alkali metal
      oxide is from about 0.01 to 1.0% by weight of the magnesia-silica complex.
NUM  22.
PAR  22. The method of claim 21 wherein the mole ratio of MgO:SiO.sub.2 is 1:1.6
      and the magnesia-silica complex contains 0.05-0.4% by weight of sodium
      oxide.
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ABST
PAL  For forced ageing of a commutator intended for a rotary electrical machine
      while the commutator is being rotated, heat is being supplied to it by a
      coil for generating a high frequency magnetic field arranged outside the
      commutator in such a way that the field is directed substantially
      perpendicular to the commutator surface, the coil being supplied with a
      current of a frequency of at least 1,000 Hz.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a heat treating process for achieving a
      forced ageing of a commutator for a rotary electrical machine, by
      supplying heat during rotation.
PAR  2. The Prior Art
PAR  The commutator in question consists of a plurality of segments arranged
      tangentially one after the other and with intermediate insulating plates.
      These segments are clamped in the axial direction so that together they
      form a rigid body. During operation of the electric motor, the commutator
      is heated and its segments tend to expand, which, because of the clamping,
      results in the segments being bent to a great or a small extent radially
      outwards, radially inwards or in a tangential direction. Since some of the
      deformations connected herewith, for example deformations in the
      insulating material, are of a permanent nature, the different segments of
      a newly-made machine will at first change their shape and/or positions at
      each new heating. Consequently it is no use finish-turning the commutator
      as long as the stabilization of the hot commutator conditions has still
      not taken place.
PAR  The expression "forced ageing" refers to a heat treatment of the commutator
      which is carried out for the purpose of stabilization before the machine
      is delivered, and before the final turning of the commutator has taken
      place.
PAR  Attempts to achieve the above-mentioned stabilization by repeatedly heating
      the commutator to maximum temperature by blowing in hot air or heating in
      a furnace will seldom result in acceptable results, since the temperature
      distribution in copper, the relation between the iron and the copper
      temperatures and certain other circumstances prevailing during such
      heating differ very much from heating under normal operating conditions.
      The commutator looses at full load, that is the effect which to a great
      extent is transferred to heat in the commutator, consist of the effect
      caused by the voltage drop of the brushes together with the effect which
      is developed by the friction of the brushes against the commutator
      surface.
PAR  Nowadays it is commonly recognized that, in the case of forced ageing of a
      commutator, the heat should be supplied in a manner that corresponds as
      much as possible to heating in normal operation. During normal operation
      the commutator losses are constituted to a great extent (20 - 60%) by the
      friction losses and for the rest by the heat developed in connection with
      the current transfer between the brushes and the commutator surface. The
      resistance losses in the interior of the segments are insignificant.
      According to the ageing method which is nowadays considered to provide the
      best result -- the socalled block treatment -- the commutator is heated by
      friction heat only. Even if this simulation of the actual conditions is
      not quite perfect, it is all the same the question of heat which is only
      supplied to the radially outer surface of the segments and also over the
      same axial distance as in normal operation.
PAR  In the block treatment method there are arranged, for example, wooden
      blocks which exert a pressure on the commutator surface whereas the rotor
      is brought into rotation by means of an auxiliary motor. A disadvantage of
      the block treatment is that the heating must be allowed to take place very
      slowly in order that the method can be performed without the risk of a
      radial deformation of the segments. If one of the segments protrudes to a
      relatively great extent already at the start of the block treatment, this
      will involve a risk that a relatively great part of the released braking
      effect will be concentrated in the protruding segment, thus causing a
      further deflection.
PAC  SUMMARY OF THE INVENTION
PAR  In a method according to the invention, the imitation of the normal
      operating condition by using friction heat during forced ageing is
      renounced. Thus, the advantage is obtained that the time of treatment
      required for the ageing process can normally be reduced to a fraction,
      normally less than one fourth of the hitherto usual treatment time. In
      addition, the risk of individual segments being too strongly heated and in
      consequence deformed, as described above, is eliminated.
PAR  According to the invention, this is achieved by rotating the commutator in
      the magnetic field of a coil which generates a high frequency magnetic
      field and which is arranged radially outside the commutator in such a way
      that the field is directed substantially perpendicular to the commutator
      surface. The coil is supplied with current having frequency of at least
      1,000 Hz, preferably from 1,600 to 15,000.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is characterised by what is stated in the claim and will be
      described in the following with reference to the accompanying drawing, in
      which,
PAR  FIG. 1 shows a rotor in a commutator machine in a side view and
PAR  FIG. 2 in an end view.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the drawing, 1 designates the rotor core, 2 the rotor shaft and 3 the
      commutator of the machine. The rotor is journalled in bearings 4, which
      may belong to a permanent equipment for forced ageing according to the
      invention but which may also be the ordinary bearings of the machine. This
      equipment also includes a high-frequency generator 5 for frequencies of at
      least 1,000 Hz, suitably from 1,600 to 15,000 Hz, and a coil 6 connected
      to the generator 5, and an auxiliary motor (not shown in the drawing) by
      means of which the rotor is maintained in rotation at a speed which may
      suitably be about 20% of the maximum speed of the machine, but also
      higher. The coil 6 is arranged at a short distance from the commutator
      surface in such a way that the lines of force are directed substantially
      perpendicular to the commutator surface. Eddy currents will then be
      induced in the segments in the vicinity of the commutator surface. Because
      of the high frequency, the penetration depth of the flux will be small, so
      that the corresponding power development is confined to a thin layer in
      the radial outer part of the segments, in the same way as in normal
      operation. As far as the amount is concerned, however, the power can
      differ considerably from the commutator losses in normal operation. By
      choosing it to be considerably higher than the normal commutator losses,
      for example at least four times as great as these losses, a completely
      stabilizing forced ageing can be achieved in a considerably shorter time
      than is common when using known methods.
PAR  The method may comprise several, but generally not more than about ten
      heating/cooling procedures, and at each heating the temperature of the
      segments is measured and the supply of power is controlled so that the
      desired temperature with a tolerance of about .+-. 10.degree.C is
      obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. Heat treating process for forced ageing of a commutator intended for a
      rotary electrical machine by supplying heat during rotation, which
      comprises rotating the commutator in the field of a coil intended for
      generating a high-frequency magnetic field arranged radially outside the
      commutator in such a way that said field is directed substantially
      perpendicular to the commutator surface, and supplying to said coil a
      current, the frequency of which exceeds 1,000 Hz.
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ABST
PAL  Waste printed, cellulosic fibrous material is deinked by using a
      biodegradable de-inking agent which is non-toxic to aquatic life, said
      agent comprising an ethoxylated aliphatic mono-ol having about 14-15
      carbon atoms in the aliphatic chain and about 8-12 ethyleneoxy units per
      mole of said mono-ol or an ethoxylated aliphatic di-ol having from 14 to
      30 carbon atoms in the aliphatic chain and from 8 to 24 ethyleneoxy units
      per mole of said di-ol wherein the hydroxy groups in the di-ol are present
      on adjacent non-terminal carbon atoms in the aliphatic chain.
PARN
PAR  This is a continuation, of application Ser. No. 247,683, filed Apr. 26,
      1972, now abandoned.
BSUM
PAR  This invention relates to improvements in de-inking printed waste
      cellulosic stock.
PAC  BACKGROUND OF THE INVENTION
PAR  It is an object of the present invention to provide methods and agents for
      de-inking printed cellulosic material to produce a pulp that can be
      handled on conventional paper making machines to produce newsprint,
      magazine and book stock.
PAR  Many methods and compositions are well known to be useful for de-inking
      printed paper, and the most efficient involve the use of non-ionic surface
      active agents. Unfortunately, the best non-ionic compounds tend to lack
      biodegradability and many of them are toxic to marine life, such as fish,
      making disposal of effluent from such processes a problem. A very broad
      family of non-ionic agents is disclosed by Lissant, U.S. Pat. No.
      3,069,308, to be useful as de-inking agents. Lissant's compounds in their
      broadest aspects are non-ionic oxyalkylated alcohols. Specifically
      disclosed by Lissant to be useful are ethoxylated and propoxylated
      derivatives of lauryl (C.sub.12) alcohol, methoxytripropylene (C.sub.10)
      glycol, tridecyl (C.sub.13) alcohol, n-butyl (C.sub.4) alcohol, furfuryl
      (heterocyclic) alcohol, and polyvinyl (polyol) alcohol.
PAR  It has now been discovered that within this broad teaching there exists a
      narrow family of ethoxylated alcohols which are different from the
      preferred embodiments of Lissant and which provide a very efficient
      removal of ink and result in paper with excellent brightness and strength.
      Moreover, the particular agents of this invention have surprisingly been
      found to be free of toxicity against marine life and are biodegradable,
      making disposal of process effluents into rivers and streams an acceptable
      practice.
PAC  DESCRIPTION OF THE INVENTION
PAR  The de-inking agents of the present invention comprise compounds which are
      biodegradable and non-toxic to aquatic life and comprise ethoxylated
      aliphatic mono-ols or di-ols having from 14 to 30, preferably, 14 to 18,
      carbon atoms in the aliphatic chain and from 8 to 24, preferably, 8 to 12,
      ethyleneoxy units per mole of said mono- or di-ol,
PAR  In general, the preferred de-inking agent will be an ethoxylated aliphatic
      mono-ol having from 14 to 15 carbon atoms in the aliphatic chain or an
      ethoxylated aliphatic di-ol, the di-ol groups being on adjacent,
      non-terminal carbon atoms in a chain of from 15 to 17 carbon atoms, all
      such compounds being further characterized by having from 9 to 11
      ethyleneoxy units per mole of mono- or di-ol.
PAR  In the di-ol embodiment, the ethyleneoxy units can be all on one of the two
      hydroxy groups, the other being free, or they may be divided in any
      proportion between both hydroxy groups. The present invention contemplates
      the use of mixtures of such mono-ols and di-ols as well as the individual
      compounds. Those skilled in the art of preparing and using ethoxylated
      surface active agents will be aware of the existence of a range of chain
      lengths in both the aliphatic chain and in the chain or chains of
      repeating ethyleneoxy units, because of the manner in which they are
      produced. Characterization in terms of numbers of carbon atoms and
      repeating units should be recognized to refer to averages within these
      ranges.
PAR  With respect to the preferred embodiments of above-mentioned U.S. Pat. No.
      3,069,308, the ethoxylated mono-ols of this invention have a minimum
      average of 14 carbons in the aliphatic chain, whereas in the patent the
      maximum is 13 carbons; with respect to the di-ols of this invention, the
      preferred embodiments of the patent have a maximum of 10 carbon atoms,
      whereas the minimum herein is 14 carbon atoms.
PAR  Those skilled in the art will be able to prepare the deinking agents of
      this invention following well-known procedures. For example, the
      ethoxylated aliphatic mono-ol can be prepared by reacting a C.sub.14
      -C.sub.18 fatty alcohol with an appropriate quantity of ethylene oxide
      under moderate conditions of temperature and pressure, e.g.,
      160.degree.-180.degree.C. at 3 atmospheres, in the presence of alkaline
      catalysts, e.g., caustic soda. Entirely analogous procedures are used to
      ethoxylate the corresponding di-ols. More detailed descriptions of such
      processes are found in standard textbooks, such as A. M. Schwartz and J.
      W. Perry, "Surface Active Agents", Vol. I (1949); and "Surface Active
      Agents and Detergents" Vol. II (1958), Interscience Publishers, New York,
      the descriptions of which are incorporated herein by reference.
PAR  The de-inking agents are used in solution in substantially aqueous media.
PAR  The temperature of the de-inking solution may vary anywhere from room
      temperature, e.g., 40.degree. to 70.degree.F., up to about 200.degree.F.
PAR  Best results are achieved with the de-inking solutions described herein
      when they are alkaline in pH. It therefore is desirable that an alkali be
      included therein. Although any suitable alkali or alkaline earth metal
      hydroxide or salt may be employed, the alkali metal hydroxides and salts,
      such as sodium hydroxide, potassium hydroxide, soda ash and the like are
      preferred. Enough of the alkali should be added to maintain the pH of the
      de-inking solution between about 7.0 and 11.5, or even higher, and
      preferably at least 7.1.
PAR  In preparing the de-inking solution, water is charged to the reactor or
      pulper and about 0.3 to 3 percent, based on the weight of the paper, of
      the de-inking agent described hereinabove is added. The de-inking agent is
      preferably added to the water prior to the addition of the wastepaper or
      waste.
PAR  To the resulting solution is added the printed paper, scrap or waste. The
      printed cellulosic charge may, if desired, be shredded by appropriate
      means prior to treatment. This, however, is not necessary, and the waste
      material may be added to the treating solution without shredding or
      without any sub-division in size whatsoever. It is one of the advantages
      of this invention that costly shredding or pulping techniques prior to
      de-inking need not be employed. Thus, the waste material to be de-inked is
      preferably added to the treating solution in its naturally dry condition,
      i.e., without being subjected to moisture or water other than that which
      is normally present in the atmosphere Although de-inking will occur if the
      waste material is first slurried or pulped in water, in general it has
      been found that the results achieved are inferior to those obtained when
      the waste material is added to the treating solution in its naturally dry
      condition, i.e., in equilibrium with its natural atmospheric environment.
      Although not wanting to be restricted to this interpretation , it appears
      that wetting the waste material with water prior to subjecting it to the
      chemical treatment described herein has a tendency to set the ink and make
      it more difficult to remove from the cellulosic fibers. The amount of the
      scrap or waste added to the treating solution should be controlled. In
      general, the per cent of cellulosic material by weight of the aqueous
      de-inking solution should be below 10 per cent and preferably below 6.0
      per cent, or between about 4.0 and 6.0 percent. Good results are obtained
      when the de-inking solution contains about 5 to 5.5 per cent by weight of
      paper and this value appears to be optimum. The scrap is retained in the
      treating solution until substantial defiberization and separation of the
      ink takes place.
PAR  Following treatment, the defibered material is dropped to a chest or other
      suitable reservoir, after which it is diluted with water to a solids
      content of between about 0.5 and 1.5 per cent, preferably about 1.0 per
      cent, based upon the solution weight.
PAR  Following dilution, the pulp is separated from the solution and washed and
      thickened by well known methods. Optionally, the pulp is then acidified to
      a pH of between about 4 and 6.5, preferable between about 4.5 to 5.5,
      thickened and then formed into a web.
PAR  This acidification step has been found to significantly increase the
      brightness of the paper produced from the recovered pulp, and also avoids
      the necessity of bleaching the pulp.
PAR  The recovered stock may be blended with fresh virgin sulfate or sulfite
      stock, or with additional recovered stock to make cellulosic articles,
      such as newspaper, and so forth.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The nature of the de-inking process will be made more clear by reference to
      the following examples and comparative trials.
DETD
PAC  EXAMPLE 1
PAR  A de-inking solution is made by dissolving 20.6 g. of an ethoxylated
      C.sub.14 -C.sub.15 primary mono-ol, containing about 9.6 moles of
      ethyleneoxy units per mole of mono-ol; and adjusting the pH to about 10.5
      with alkali and adding 8 grams of alkali metal silicate in a laboratory
      pulping unit at 90.degree.F. One hundred grams of printed waste newspaper
      (New York Times) is added to the pulping unit and agitation is carried out
      for 20 minutes, during which time the temperature increses to
      100.degree.-102.degree.F. The de-inked pulp is then washed with a spray of
      water in a sieve-type filtering device and then paper sheets are made from
      the washed material by pressing in a small hand press.
PAR  An aliquot of 40 g. wet weight basis of the washed pulp (3 g. dry weight
      basis) is mixed with 0.002 g. of sulfur dioxide gas, heated to
      145.degree.F. in 20 minutes, and then formed into hand sheets by the same
      technique.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is repeated substituting for the ethoxylated
      aliphatic mono-ol, an equal weight of an ethoxylated C.sub.15 -C.sub.17
      aliphatic di-ol, having both hydroxyl groups on adjacent, non-terminal
      carbon atoms, and containing an average of 10 moles of ethyleneoxy units
      per mole of di-ol. Paper hand sheets are formed from the de-inked pulp by
      the same technique, with and without acidification with sulfur dioxide.
PAC  COMPARATIVE TRIAL A
PAR  The procedure of Example 1 is repeated substituting for the ethoxylated
      C.sub.14 -C.sub.15 primary alcohol, an equal weight of an ethoxylated
      C.sub.11 primary mono-ol containing only 5 moles of ethyleneoxy units per
      mole of alcohol. Paper hand sheets are prepared from the de-inked pulp by
      the same technique, with and without sulfur dioxide treatment.
PAC  COMPARATIVE TRAIL B
PAR  The procedure of Example 1 is repeated substituting for the ethoxylated
      C.sub.14 -C.sub.15 primary mono-ol, an equal weight of an ethoxylated
      C.sub.15 -C.sub.17 aliphatic di-ol containing only 5 moles of ethyleneoxy
      units per mole of di-ol. Paper hand sheets are prepared from the de-inked
      pulp, by the same technique with and without sulfur dioxide treatment.
PAR  The paper sheets formed in the above Examples and Comparative trials are
      examined for residual ink spots and the brightness is measured with a
      green filter under standard conditions, adopted by the American Newspaper
      Publishers Association REsearch Institute, based on A. C. Hardy - Handbook
      of Colorimetry, Technology Press, Boston (1936) and using an Elrepho
      Colorimeter.
PAR  The results are summarized in the Table:
TBL                Table                                                       

     ______________________________________                                    

     De-inking of Printed Newspaper with                                       

     Ethoxylated Aliphatic Mono- and Di-ols                                    

     Example De-inking      Final   Green Filter                               

     No      agent          pH      Brightness                                 

                          without                                              

                                 with                                          

                          SO.sub.2                                             

                                 SO.sub.2                                      

     ______________________________________                                    

     1       C.sub.14 -C.sub.15 primary                                        

                            10.1    57.7   63.8                                

             mono-ol adduct                                                    

             with 9.6 EO units                                                 

     2       C.sub.15 -C.sub.17 non-ter-                                       

                            10.0    59.3   64.2                                

             minal di-ol adduct                                                

             with 10 EO units                                                  

     A       C.sub.11 primary mono-                                            

                             9.8    *       61.4*                              

             ol adduct with                                                    

             5 EO units                                                        

     B       C.sub.15 -C.sub.17 aliphatic                                      

                            10.1    56.2   61.2                                

             di-ol adduct with                                                 

             5 EO units                                                        

     ______________________________________                                    

      *Paper sheets had many ink spots.                                        

PAR  It can be seen that the reflectance (brightness) of the papers prepared
      from de-inked pulp using the particular agents of Examples 1 and 2 is
      substantially higher than that using the agents of Comparative trials A
      and B. Furthermore, the agent of Comparative trial A provided papers with
      many ink spots, indicating that this would be an unacceptable agent in any
      event, even apart from the lower reflectance values. In the case of the
      agent of Comparative trial B, the brightness both before and after
      treatment with sulfur dioxide was inferior to that provided by the agents
      of Examples 1 and 2 of the present invention.
PAC  EXAMPLE 3
PAR  To show that the present process is applicable to another substrate, the
      procedure of Example 1 is repeated substituting for the New York Times, an
      equal weight of the New Brunswick Home News. The pH at the end of the
      pulping period is 10.1. Efficiently de-inked pulp is again obtained, and
      this is converted into strong paper having a green filter brightness of
      57.5 without sulfur dioxide treatment and 63.9 with sulfur dioxide
      treatment.
PAR  The de-inking agents of Examples 1 and 2 are tested by standard procedures
      and are found to be biodegradable and substantially free of toxicity to
      marine life at concentrations of ordinary use.
PAR  For large scale operation, about 25 to 35 lbs. of de-inking agent is used,
      with correspondingly-adjusted quantities of other additives, if used,
      based on one ton of dry paper. The solution is charge to or made up in a
      hydropulper. Waste printed paper is added to the solution to provide a
      slurry comprising about 6 percent paper and 94 percent water.
PAR  Pulping is continued until the ink is separated from the fibers.
PAR  After a suitable period of time in the pulper, the mixture is dropped to a
      storage chest which is preferably equipped with a suitable agitator. If
      desired, water may be charged to the chest to reduce the solids content of
      the mixture therein. The mixture from the chest is then diluted to the
      solids content indicated hereinabove, and washed and thickened in a well
      known manner. The pulp may be thickened to about a 5 percent solids
      consistency, or between about a 3 to 8 percent solids consistency in this
      manner. Co-current or counter-current washing, alone or in combination,
      may be used. The resulting pulp is then acidified to the pH indicated
      hereinabove by addition thereto of a dilute solution of a suitable acid,
      as for example, alum, sulfuric acid, SO.sub.2, and so forth. The resulting
      pulp may be finally thickened and formed into a web. The number of
      thickening and washing steps preceding the acidification step, it should
      be understood, is not critical, and the number of such treatments will be
      governed largely by the type of equipment employed. Also, if desired, the
      pulp may be bleached, using a suitable bleaching agent, following
      acidification. Ordinarily, however, bleaching is not required. When only
      acidification is used, the pulp need not be, and preferably is not, washed
      following acidification.
PAR  Although in the examples a batch, or more properly, a semibatch process is
      indicated, it should be understood that the de-inking may be carried out
      using a continuous process, as will be obvious to those skilled in the
      art.
PAR  The water used in the process may be soft and iron-free.
PAR  The invention in its broader aspects is not limited to the specific
      compositions, steps and methods described, but departures may be made
      therefrom within the scope of the accompanying claims without departing
      from the principles of the invention and without sacrificing its chief
      advantages.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for de-inking waste, printed cellulosic fibrous material which
      comprises the following steps:
PA1  a. Adding waste, printed, cellulosic fibrous material to a de-inking
      solution comprising (1) water, (2) a de-inking agent which is
      biodegradable and non-toxic to aquatic life and is selected from the group
      consisting of ethoxylated aliphatic di-ols having from 14 to 30 carbon
      atoms in the aliphatic chain and from 8 to 24 ethyleneoxy units per mole
      of di-ols and wherein the hydroxy groups in the di-ols are present on
      adjacent non-terminal carbon atoms in the aliphatic chain; and (3) a
      material present in sufficient quantity to maintain an alkaline pH of the
      de-inking solution between about 7.0 and 11.5;
PA1  b. Contacting said printed material with the de-inking solution until the
      ink separates from the fibers; and
PA1  c. Washing the de-inked cellulosic fibrous material.
NUM  2.
PAR  2. A process as defined in claim 1 wherein said di-ol has from 15 to 17
      carbon atoms in the aliphatic chain and from 9 to 11 ethyleneoxy units per
      mole of said di-ol.
NUM  3.
PAR  3. A process as defined in claim 1 wherein the printed cellulosic material
      is present in an amount below about 10% by weight of the aqueous solution,
      and the de-inking agent is present in an amount between about 0.3 and 3%
      based upon the weight of the cellulosic material.
NUM  4.
PAR  4. A process as defined in claim 3 wherein said di-ol has an average of
      from 15 to 17 carbon atoms in the aliphatic chain and from about 9 to 11
      ethyleneoxy units per mole of said di-ol.
NUM  5.
PAR  5. A process as defined in claim 3 wherein the process is carried out at a
      temperature between about 40.degree.F to about 200.degree.F, said alkaline
      material is selected from alkali metal hydroxides and silicates and
      wherein after the washing step the pH of the cellulosic material is
      reduced to between about 4.0 and 6.5.
NUM  6.
PAR  6. A process as defined in claim 1 wherein the pH of the cellulosic
      material is reduced to between about 4.0 and 6.5 following washing.
NUM  7.
PAR  7. A process as defined in claim 1 wherein said process is carried out at a
      temperature between about 40.degree.F to about 200.degree.F.
NUM  8.
PAR  8. A process as defined in claim 1 wherein said material for maintaining
      alkaline pH is selected from the group consisting of alkali metal or
      alkaline earth metal hydroxides and salts.
NUM  9.
PAR  9. A process for de-inking waste, printed cellulosic fibrous material to
      produce a pulp for use in making newsprint, which comprises the following
      steps:
PA1  a. Adding waste, printed, cellulosic fibrous material to a de-inking
      solution comprising (1) water, (2) a de-inking agent which is
      biodegradable and non-toxic to aquatic life and is selected from the group
      consisting of ethoxylated aliphatic mono-ols having about 14 to 15 carbon
      atoms in the aliphatic chain and about 8 to 12 ethyleneoxy units per mole
      of said mono-ol; and (3) a material present in sufficient quantity to
      maintain an alkaline pH of the de-inking solution between about 7.0 and
      11.5;
PA1  b. Contacting said prinited cellulosic material with the de-inking solution
      until the ink separates from the fibers;
PA1  c. Diluting the cellulosic material in the solution by adding water in
      sufficient amount to reduce the solids content to between about 0.5 to 1.5
      percent based upon the solution weight; and
PA1  d. Washing the de-inked diluted cellulosic material.
NUM  10.
PAR  10. A process as defined in claim 9 wherein said process is carried out at
      a temperature between about 40.degree.F to about 200.degree.F.
NUM  11.
PAR  11. A process as defined in claim 9 wherein said material for maintaining
      alkaline pH is selected from the group consisting of alkali metal or
      alkaline earth metal hydroxides and alkali metal silicates.
NUM  12.
PAR  12. A process as defined in claim 9 wherein the printed cellulosic material
      is present in an amount below about 10% by weight of the aqueous solution,
      and the de-inking agent is present in an amount between about 0.3 and 3%
      based upon the weight of the cellulosic material.
NUM  13.
PAR  13. A process as defined in claim 12 wherein the amount of printed
      cellulosic fibrous material added to the de-inking solution is between
      about 4.0 and 6.0 percent by weight of the solution.
NUM  14.
PAR  14. A process as defined in claim 9 wherein the pH of the cellulosic
      material is reduced to between about 4.0 and 6.5 following washing.
NUM  15.
PAR  15. A process as defined in claim 9 wherein said de-inking agent is an
      ethoxylated aliphatic primary mono-ol.
NUM  16.
PAR  16. A process as defined in claim 15 wherein said mono-ol is an ethoxylated
      aliphatic primary mono-ol having an average of from 14 to 15 carbon atoms
      in the aliphatic chain and an average of from 9 to 11 ethyleneoxy units
      per mole of said mono-ol.
NUM  17.
PAR  17. A process as defined in Claim 15 wherein the printed cellulosic
      material is present in an amount below about 10% by weight of the aqueous
      solution, the de-inking agent is present in an amout between about 0.3 and
      3% based upon the weight of the cellulosic material, said material for
      maintaining alkaline pH is selected from the group consisting of alkali
      metal or alkaline earth metal hydroxides and alkali metal silicates and
      wherein said process is carried out at a temperature between about
      40.degree.F to about 200.degree.F.
NUM  18.
PAR  18. A process for de-inking waste, printed cellulosic fibrous material to
      produce a pulp for use in making newsprint which comprises the following
      steps:
PA1  a. Adding waste, printed, cellulosic fibrous material to a de-inking
      solution comprising (1) water, (2) a de-inking agent which is
      biodegradable and non-toxic to aquatic life and is selected from the group
      consisting of ethoxylated aliphatic mono-ols having about 14 to 15 carbon
      atoms in the aliphatic chain and about 8 to 12 ethyleneoxy units per mole
      of said mono-ol, and (3) a material present in sufficient quantity to
      maintain an alkaline pH of the de-inking solution between about 7.0 and
      11.5;
PA1  b. Contacting said printed material with the de-inking solution until the
      ink separates from the fibers;
PA1  c. Washing the de-inked cellulosic material with water; and
PA1  d. Acidifying said washed de-inked cellulosic material by reducing its pH
      to between about 4.0 and 6.5.
NUM  19.
PAR  19. A process as defined in claim 18 wherein said process is carried out at
      a temperature between about 40.degree.F to about 200.degree.F.
NUM  20.
PAR  20. A process as defined in claim 18 wherein said material for maintaining
      alkaline pH is selected from the group consisting of alkali metal or
      alkaline earth metal hydroxides and salts.
NUM  21.
PAR  21. A process as defined in claim 18 wherein the printed cellulosic
      material is present in an amount below about 10% by weight of the aqueous
      solution, and the de-inking agent is present in an amount between about
      0.3 and 3% based upon the weight of the cellulosic material.
NUM  22.
PAR  22. A process as defined in claim 18 wherein said de-inking agent is an
      ethoxylated aliphatic primary mono-ol.
NUM  23.
PAR  23. A process as defined in claim 22 wherein said mono-ol is an ethoxylated
      aliphatic primary mono-ol having from 14 to 15 carbon atoms in the
      aliphatic chain and from 9 to 11 ethyleneoxy units per mole of said
      mono-ol.
NUM  24.
PAR  24. A process as defined in claim 22 wherein the printed cellulosic
      material is present in an amount below about 10% by weight of the aqueous
      solution, the de-inking agent is present in an amount between about 0.3
      and 3% based upon the weight of the cellulosic material, said material for
      maintaining alkaline pH is selected from the group consisting of alkali
      metal or alkaline earth metal hydroxides and alkali metal silicates and
      wherein said process is carried out at a temperature between about
      40.degree.F to about 200.degree.F.
NUM  25.
PAR  25. A process as defined in claim 18 wherein after contacting and before
      washing, the cellulosic material is diluted by the addition of water to
      the solution in sufficient amount to reduce the solids content to between
      about 0.5 to 1.5 percent based upon the solution weight.
NUM  26.
PAR  26. A process for de-inking waste, printed paper to produce a pulp for use
      in making newsprint, which comprises the following steps:
PA1  a. Adding waste, printed paper to a de-inking solution consisting
      essentially of (1) water, (2) a de-inking agent which is biodegradable and
      non-toxic to aquatic life and is selected from the group consisting of
      ethoxylated aliphatic mono-ols having about 14 to 15 carbon atoms in the
      aliphatic chain and from about 8 to 12 ethyleneoxy units per mole of said
      mono-ols; and (3) an alkaline material selected from the group consisting
      of alkali metal and alkaline earth metal hydroxides and alkali metal
      silicates present in sufficient quantity to maintain the alkaline pH of
      the de-inking solution between about 7.0 and 11.5;
PA1  b. Contacting said waste paper with the de-inking solution until the ink
      separates from the waste paper fibers;
PA1  c. Diluting the waste paper fibers in the solution by adding water in
      sufficient amount to reduce the solids content to between about 0.5 to 1.5
      percent based upon the solution weight; and
PA1  d. Washing the diluted paper fibers.
NUM  27.
PAR  27. A process as defined in claim 26 wherein the de-inking agent is an
      ethoxylated aliphatic primary mono-ol.
NUM  28.
PAR  28. A process as defined in claim 26 wherein the printed paper is present
      in an amount below about 10% by weight of the aqueous solution, the
      de-inking agent is present in an amount between about 0.3 and 3% based
      upon the weight of the paper, and wherein said process is carried out at a
      temperature between about 40.degree.F to about 200.degree.F.
NUM  29.
PAR  29. A process as defined in claim 28 wherein the pH of the paper fibers is
      reduced to between about 4.0 and 6.5 following washing.
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ABST
PAL  Prior to cooking, fragments of raw ligno-cellulosic material are
      impregnated with a solution of a lignin-solubilizing reactant in an
      organic solvent which has a boiling point higher than the cooking
      temperature in order for the material to absorb an amount of solution
      containing at least the amount of reactant required for solubilizing the
      lignin, then the impregnated material is immersed in a liquid which is
      substantially non-miscible with the solvent of said solution, said liquid
      having a boiling point higher than the cooking temperature, and said
      liquid is maintained at the cooking temperature until the lignin has been
      substantially converted to a derivative which is soluble in water or a
      water-miscible organic solvent.
BSUM
PAR  This invention is directed to a process for obtaining cellulose from
      ligno-cellulosic raw materials such as wood, bamboo, straw and bagasse.
      The invention concerns particularly a process for obtaining so-called
      "chemical pulp" cellulose, suitable for paper production, or for various
      chemical uses.
PAR  It is known that in the conventional processes for manufacturing cellulosic
      pulp by treating wood, alkali or alkaline earth metal salts, weak acids,
      such as hydrogen sulfide, sulfurous acid, in aqueous solution are used.
PAR  Those processes have several disadvantages, in particular the need to
      continue the cooking of the wood chips for several hours (6 to 12 hours)
      for the lignin attack to be complete.
PAR  In order to accelerate the delignification of the chips, it is necessary to
      operate at a temperature of about 150.degree.-180.degree.C, therefore
      under a pressure of several atmospheres.
PAR  Furthermore, it is customary to work with solutions which have a weak
      concentration of reactants, hence the necessity for using large volumes of
      water with respect to the wood, and thus considerable amounts of liquids
      must be distilled for recovering the reactants.
PAR  In fact, one ton of unbleached pulp involves the production of 10 m.sup.3
      of black liquor.
PAR  All this leads to complex and large sized equipment, which are therefore
      very expensive and also involves a high power consumption.
PAR  The very high investments of a modern paper pulp plant lead to the
      construction of enormous units in order to reduce the prime cost.
PAR  To be normally supplied, said units must be installed in the heart of very
      large forests, hence a real difficulty for the working of smaller forests
      remains, of which a large number exist, although they too are scattered
      geographically.
PAR  Finally, the conventional processes further present the disadvantage of
      emitting ill-smelling gases which are liable to pollute the environment
      within a radius which may be greater than 10 km.
PAR  The novel process according to this invention does away with these
      disadvantages and shows the following advantages:
PAR  A very low water consumption for solubilizing the lignin. This consumption
      is practically limited to the amount of water brought by the wood used,
      and thus to its moisture content.
PAR  No emanation of ill-smelling gases, and hence no atmospheric pollution.
PAR  No residual water, and hence no river or land pollution.
PAR  The possibility of treating all kinds of trees, i.e. both resinous and
      leafy.
PAR  Velocity of the reaction. Indeed, the cooking time may vary, according to
      the kinds of trees and the operating conditions or according to the
      quality of the pulp desired, from 15 to 60 minutes.
PAR  The carrying out of the cooking under atmospheric pressure, whence follows
      less expensive plants.
PAR  The possibility of recovering the lignin without concentrating the black
      liquor.
PAR  The amount of reactants to be used is greatly reduced with respect to the
      conventional processes.
PAR  The possibility of building profitable and smaller units requiring only low
      investments.
PAR  The process according to the invention, wherein the ligno-cellulosic raw
      material is cooked in contact with a solution of a reactant for converting
      lignin into a derivative which is soluble in water or in a water-miscible
      organic solvent; then the thus formed derivative is extracted in an
      aqueous medium and the cellulose is separated from the aqueous extract, is
      characterized in that the raw material, in the form of fragments, is
      impregnated with a solution of said reactant in a solvent, at least a part
      of which has a boiling point higher than the cooking temperature so that
      the material absorbs an amount of solution containing at least the amount
      of reactant necessary for solubilizing the lignin, then the impregnated
      material is immersed in a liquid which is substantially non-miscible with
      the solvent of said solution, said liquid having a boiling point higher
      than the cooking temperature, and said liquid is maintained at the cooking
      temperature until the lignin is substantially converted into said
      derivative which is soluble in water or in a water-miscible organic
      solvent.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THIS PROCESS:
PAC  A. Impregnation of the ligno-cellulosic raw material.
PAR  Wood is reduced to fragments, e.g. to chips. The chips are impregnated at
      atmospheric or under reduced pressure with a cold or warm mixture of water
      and an organic solvent whose boiling point is higher than the cooking
      temperature.
PAR  This mixture contains, in solution, a variable percentage of a
      lignin-solubilizing reactant, in particular alkali or alkaline earth metal
      salts, or organic or mineral acids.
PAR  The percentage of reactant in the impregnating solution depends on the
      absorption capacity of the wood chips, and on the percentage of lignin in
      the wood. Generally, the wood contains about 30% by weight of lignin. The
      solubilization of this amount of lignin requires, for instance,
      approximatively 6% by weight of caustic soda, or approximatively 6% of
      SO.sub.2 in the form of bisulfite, based on the weight of wood. Knowing
      the absorption rate of the impregnating solution by the wood, it is easy
      to calculate the minimum concentration of the solubilizing reactant such
      that the impregnated wood contains at least the amount of reactant
      required for solubilizing the lignin.
PAC  B. Cooking of the impregnated chips.
PAR  This operation is carried out in a liquid:
PAR  1. Having a boiling point higher than the temperatures required for cooking
      the chips, particularly 160.degree.-180.degree.C, in order to avoid the
      evaporation of the liquid used as the cooking medium.
PAR  2. Wherein the reactant-containing solution with which the chips have been
      impregnated is neither soluble nor miscible, or at most sparingly soluble
      or miscible.
PAR  Such a liquid may be a paraffinic mineral oil, or any other organic
      solvent.
PAR  The cooking operation may be carried out:
PAR  in batches. In this case, the previously impregnated and drained chips are
      immersed in an oil bath, then the whole is heated gradually to the cooking
      temperature of 160.degree.-180.degree.C. This temperature is then
      maintained during the cooking time -
PAR  continuously. In this case, the oil bath is first heated to 160.degree.C;
      then the chips are progressively thrown into it. The latter remain in the
      oil at a temperature of 160.degree.-180.degree.C during the cooking time.
PAR  During the cooking time, which may vary from 15 to 60 minutes, it is
      observed that the chips soften and become a pulpy, homogenous,
      dark-coloured mass, whereas the oil remains absolutely clean and
      colourless.
PAR  As soon as the chips are converted into said pulpy mass, the latter is
      separated from the oil by filtration. Then this mass of warm pulp is
      thrown into hot water (80.degree.to 90.degree.C). It is then that the
      phenomenon of defibration takes place instantaneously.
PAR  In fact, a sudden dispersion is observed, followed by separation of the
      cellulose which appears in the form of curled fibers, whereas the liqnin,
      an encrusting material which has reacted with the reactant, dissolves in
      the water. Thus cellulosic fibers suspended in water coloured by the
      lignin, i.e. the black liquor, are obtained.
PAR  The reactants which can be used as de-lignifying agents can be alkali or
      alkaline earth metal salts, or acids or acid anhydrides, or esters, in
      free form or in the form of complexes.
PAR  The following, non limiting, list may be given:
PA1  sodium phenate
PA1  sodium stearate
PA1  sodium or ammonium bisulfite
PA1  sodium acetate
PA1  calcium or sodium bisulfite
PA1  sodium anilide or other alkali or alkaline-earth metal anilides.
PAR  Generally, sodium or ammonium salts of weak mineral acids.
PAR  To prepare the solvent containing the reactant intended for impregnating
      the chips, any organic solvent having a boiling point higher than the
      cooking temperature, and watermiscible, can be used, particularly:
PA1  mono-hydroxy alcohols
PA1  glycerols
PA1  glycols
PA1  mono- or poly-phenols
PA1  water-miscible ethers or esters.
PAR  Generally, these organic solvents are used admixed with water. However, in
      certain cases, the moisture contained in the ligno-cellulosic raw material
      may provide the amount of water desired, and then the organic solvents are
      used for preparing the impregnating solution without adding water.
PAR  The liquid of the cooking bath may be an aliphatic, paraffinic or cyclic
      organic compound, with the proviso that on the one hand its melting point
      be lower than 40.degree.C, and its boiling point higher than the cooking
      temperture, and that on the other hand it be non-miscible or poorly
      miscible with the reactant solution used for impregnating the chips or
      other fragments of the ligno-cellulosic material.
PAC  C. Washing of the cellulose pulp.
PAR  The cellulose fibers are separated from the black liquor by simple
      filtration, they are then washed with warm water to remove all the
      reactants and the soluble lignin. The cellulosic fibers are then further
      washed with suitable solvents to remove the residual mineral oil used for
      the cooking bath, and then the cellulose undergoes the normal bleaching
      cycle which is effected with the conventional agents. D) Treatment of the
      residual water, on black liquor.
PAR  Since the amount of water necessary for dispersing said cellulose pulp
      after cooking is greatly reduced, said black liquor may be treated:
PAR  either by acidification which causes the precipitation of the lignin which
      can be separated by simple filtration. Said acid precipitation is all the
      more desirable since it provides substantially clear, neutral liquors.
PAR  Indeed, since the wood was previously impregnated with reactant and the
      latter remains in the wood during the cooking, the amount of said reactant
      can be determined sufficiently accurately for all of it to be bonded to
      the lignin, unlike the conventional processes wherein the black liquor
      contains a large excess of unreacted reactant. Therefore, the
      neutralization of the black liquor only requires a small acid consumption
      to cause the precipitation of the lignin;
PAR  or said recovery of lignin can be conducted with agents capable of causing
      the massing together or even agglomeration of the lignin. In particular,
      these agents are oxides and hydroxides of alkali or alkali earth metal
      salts or heavy metal salts, or neutral or acidic alkali metal complex
      salts which can act as clarifiers or absorbents. As examples of said
      agglomerating agents, the following may be mentioned:
PA1  quicklime
PA1  slaked lime
PA1  baryta
PA1  sodium silicate
PAL  and as examples of clarifying agents:
PA1  bentonite
PA1  active charcoal
PA1  animal charcoal
PA1  talc
PA1  ion-exchange resins
PAR  When the agents are added to the black liquor in varying proportions, a
      massing together of the liqnin is obtained which permits the clarification
      of the black liquor by simple filtration, decantation or centrifugation.
PAR  The oil which has impregnated the cellulosic mass during the cooking
      automatically floats on the surface of the black liquor, which permits its
      recovery by simple drawing off. This oil, since it is hydrophobic, is
      nowise soiled.
PAR  According to a preferred embodiment, after cooking, the cellulose pulp
      impregnated with solubilized liqnin is separated from its cooking medium
      by simple filtration by means of any kind of commonly used industrial
      filter in the paper or chemical pulp industry, in particular:
PA1  gravity filtration over cloth
PA1  centrifugal-filter
PA1  Archimedes-screw-filter
PA1  press-filter
PAR  When the cooking medium has been filtrated, it is returned to the cooking
      vessel since it is not soiled by the pulp impurities.
PAR  The dried filtered pulp will be subjected to a methodical washing operation
      to remove the impurities it contains. These impurities are of two kinds,
      viz.:
PA1  soluble or water-miscible
PA1  water-insoluble or non-miscible with water.
PAR  Therefore, in order to be able to remove the whole of these impurities, the
      pulp must be washed both with water and with a suitable solvent which is
      water soluble or miscible with water and with the non water-miscible and
      non water-soluble impurities.
PAR  This operation is generally carried out with heating and under stirring
      which promotes the defibration of the pulp.
PAR  Preferably the washing is performed counter-currently, i.e. the pulp moves
      forward in one direction, whereas the washing liquid moves in the opposite
      direction.
PAR  The washing operation can be carried out in two ways:
PAR  a. in two stages, i.e. successive washings, water/solvent or solvent/water.
PAR  For example, the pulp is first washed with acetone, which being
      water-miscible, permits at the same time the elimination of all the non
      water-miscible or non water-soluble impurities. Then this washing is
      followed by washing with water;
PAR  b. in one stage, that is simultaneously with an azeotropic water + solvent
      mixture.
PAR  For example, a mixture of equal portions of water and acetone is prepared
      in a tank. It is known that said mixture is an azeotrope which distils at
      56.degree.C, and that the condensate is a mixture composed of 88% acetone
      and 12% water.
PAR  After filtering, the pulp, while still warm (140.degree.-150.degree.C), is
      gradually thrown into the tank containing the acetone + water mixture
      where, as the result of stirring, it is defibered. The cellulosic pulp
      expels the solubilized lignin and the impurities, and is impregnated with
      the acetone-water mixture.
PAR  The amount of heat brought by the pulp is practically sufficient for
      inducing the continuous distillation of the azeotrope, so that it raises
      the temperature of the water-acetone mixture in the tank to
      56.degree.-60.degree.C.
PAR  The thus defibered cellulosic pulp is taken up again by a mechanical
      device, for instance an Archimedes screw, and is slowly pushed into a
      gutter outside the liquid, whereas the vapors of the water-acetone mixture
      will be refluxed and condensed, and the mixture will be poured on the top
      of the gutter to bring about the counter-current washing of the pulp.
PAR  Thus, the pulp which was previously impregnated with the acetone-water
      mixture (equal parts) from the tank, having been washed counter-currently
      by the azeotropic mixture (acetone 88%, water 12%) will be entirely rid of
      all the impurities which are then drawn into the tank.
PAR  Therefore, when the pulp arrives at the top of the gutter, it will contain
      only azeotropic mixture.
PAR  Before leaving this gutter, the pulp is drained, then it falls into another
      tank containing only warm water. In the latter, the pulp is impregnated
      with water (at about 60.degree.C), and the residual azeotropic mixture
      distils and returns to the first tank.
PAR  Consequently, and this is very important, the volume of the water-acetone
      mixture, and of this mixture only, which is in the first tank, remains
      constant, whereas the total volume in this same tank increases during the
      operation. Indeed, the pulp which arrives is loaded with impurities, both
      non-miscible and miscible with this mixture, but the abovedescribed
      washing removes them from the pulps and these impurities for this reason
      gradually increase the total volume of the liquid in the tank.
PAR  The thus washed pulp, as the case may be, and if it seems necessary, is
      subjected to a mechanical defibration and, after going through the
      classifier, will be subjected to bleaching, a conventional operation.
PAR  The liquid in the first tank, because of the continuous arrival of
      impurities, therefore increases in volume and will constitute two distinct
      phases:
PAR  one, the cooking medium which is non-miscible with water will be drawn off
      and returned to the cooking vessel;
PAR  the other phase is an acetone water mixture + the impregnating solution for
      the chips with the reactant and the solubilized liqnin. This second phase
      is consequently what is called the black liquor proper.
PAR  Assuming that in the tank containing the azeotropic mixture there are 1
      cubic meter of water and 1 cubic meter of acetone. As mentioned, because
      of the recycling of the azeotropic condensate, the amount of water remains
      constant during the entire operation.
PAR  On the other hand, assuming that each cubic meter of pulp going through the
      tank brings to said liquid 1 ton of reactant solution retained after the
      impregnation of the chips. This chip impregnating liquor contains
      approximately 200 kg of solubilized lignin and 60 kg of reactant (for
      example: sodium anilide), which have been referred to as water-soluble
      impurities.
PAR  This same amount of pulp also brings non water-soluble impurities (e.g. oil
      which constituted the cooking medium) which are estimated at approximately
      300 kg.
PAR  When 10 tons of pulp have gone through this washing tank, the balance of
      the liquid mixture therein is as follows:
     water             1      cubic meter                                      

     glycol            10     cubic meters                                     

     lignin            2      tons                                             

     sodium anilide    600    kilograms                                        

     cooking oil       3      tons                                             

     acetone           1      ton                                              

PAR  On evaporating the acetone, there will only remain in the tank one ton of
      water, less 12% because of the azeotrope formation.
PAR  The liquid remaining in the tank separates into two layers:
PAR  the oil which remains colourless and floats; it is then drawn off and
      returned to the cooking vessel to be reused as a cooking medium;
PAR  the black liquor, which is regenerated to recover on the one hand: the
      solvent free from lignin and possibly containing unused
      lignin-solubilizing reactants which are intended to impregnate chips for
      the subsequent operations; and on the other hand: lignin combined with the
      reactants which have reacted in the delignification.
PAR  The separation technique for the last two components is effected by
      agglomeration with baryta or bentonite.
PAR  A particularly efficient method consists in preparing an aqueous solution
      of cold-saturated baryta (an aqueous solution saturated with baryta at
      20.degree.C contains approximately 5% of barium hydroxide) in which an
      amount of bentonite sufficient for forming a liquid having a creamy
      consistency is incorporated.
PAR  When said mixture is left for 4 to 5 hours, the bentonite swells. Then the
      whole is drained to the consistency of a powdery and moist mixture.
PAR  Then a certain amount of said powdery and moist mass (bentonite impregnated
      with barium hydroxide) is added to the black liquor in the proportion of 1
      to 3% based on the volume of black liquor considered and the whole is then
      stirred to ensure the dispersion of the amount incorporated.
PAR  It is then observed that the black liquor acquires a viscous consistency.
      Indeed, due to the sizing phenomenon, the lignin and delignification
      reactants are agglomerated (and not precipitated).
PAR  The whole of this liquid will be filtered on an industrial filter.
PAR  This black liquor, filtered and from which the lignin has been removed, is
      perfectly translucent.
PAR  This liquor, as it is, after readjusting the reactant concentration, is
      reused for impregnating the chips.
PAR  The lignin and the reactants constituting the residue on the filter are
      taken up two or three times with the minimal amount of azeotrope (acetone
      88%, water 12%) and filtered to extract the residual solvent, and the
      amount of residual azeotrope therefrom will then be reintroduced into the
      first washing tank.
PAR  The lignin, the reactants and the bentonite, therefore then constitute a
      solid no longer containing any solvent, and which can be subjected to the
      subsequent treatments according to the result aimed at, i.e.:
PAC  either 1
PAR  To be burnt as a thermal energy source which further permits after
      combustion, the recovery of the non-combustible reactants which will be
      reused for the other operations,
PAC  or 2
PAR  A chemical treatment to produce various chemical products, for instance
      furfural, oxalic acid and pyro- and protocatechuic acids, and also the
      recovery of residual reactants.
PAR  The following examples illustrate the invention:
PAR  In the examples, the percentages and parts are given by weight.
PAC  EXAMPEL 1
PAR  10 gm of spruce chips (moisture content: 6%) are impregnated with an
      aqueous solution containing:
PA1  20 parts of caustic soda
PA1  5 parts of aniline
PAR  The cooking is effected continuously, in vaseline oil at
      160.degree.-180.degree.C for one hour.
PAR  After washing and defibration, 7.60 gm of unbleached dried pulp, which may
      be easily bleached, are obtained.
PAC  EXAMPLE 2
PAR  10 gm of pine chips are impregnated with a solution containing:
PA1  40 parts of water
PA1  20 parts of caustic soda
PA1  5 parts of aniline
PA1  55 parts of glycol
PAR  The heating is effected in batches, in paraffin oil at
      160.degree.-180.degree.C for 30 minutes.
PAR  After washing and defibration, 7.2 gm of dried unbleached, hardly coloured
      pulp are obtained.
PAC  EXAMPLE 3
PAR  10 gm of poplar chips are impregnated with a solution containing:
PA1  30 parts of sodium anilide
PA1  40 parts of water
PA1  60 parts of glycol
PAR  Cooking is effected continuously in butyl acetylricinoleate at
      160.degree.-180.degree.C for 60 minutes.
PAR  After washing and defibration, 7.4 gm of dried, unbleached, easily bleached
      pulp are obtained.
PAC  EXAMPLE 4
PAR  10 gm of birch chips are impregnated with a solution containing:
PA1  30 parts of acetone-sodium bisulfite compound
PA1  40 parts of water
PA1  5 parts of aniline
PA1  55 parts of diethanolamine
PAR  The cooking is effected continuously in n-butyl benzoate at
      160.degree.-180.degree.C for 1 hour.
PAR  After washing and defibration, 7.8 gm of dried, unbleached, hardly coloured
      pulp are obtained.
PAC  Example 5
PAR  10 gm of beech chips are impregnated with a solution of:
PA1  10 parts of sodium phenate
PA1  10 parts of sodium benzoate
PA1  40 parts of water
PA1  10 parts of diethanolamine
PA1  50 parts of glycerine
PAR  The cooking is effected continuously in diethylene glycol mono-laurate at
      160.degree.-180.degree.C for 30 minutes.
PAR  After washing and defibration, 7 gm of unbleached, dried and easily
      bleached pulp are obtained.
PAC  EXAMPLE 6
PAR  10 gm of oak chips are impregnated with a solution containing:
PA1  20 parts of caustic soda pellets
PA1  5 parts of sodium stearate
PA1  40 parts of water
PA1  5 parts of aniline
PA1  55 parts of glycerine
PAR  The cooking is effected continuously in propiophenone at
      160.degree.-180.degree.C for 60 minutes.
PAR  After washing and defibration, 8 gm of unbleached, dried and hardly
      coloured pulp are obtained.
PAC  EXAMPLE 7
PAR  10 gm of spruce chips are impregnated with a solution containing:
PA1  30 parts of acetone-sodium bisulfite compound
PA1  40 parts of water
PA1  5 parts of aniline
PA1  55 parts of triethanolamine
PAR  The cooking is effected in batches, in dibutyl ether, at
      160.degree.-180.degree.C for 1 hour.
PAR  After washing and defibration, 7 gm of unbleached, dried and easily
      bleached pulp are obtained.
PAC  EXAMPLE 8
PAR  10 gm of spruce chips are impregnated with a solution containing:
PA1  20 parts of ammonium thiosulfate
PA1  5 parts of triethanolamine
PA1  40 parts of water
PA1  55 parts of dipropyleneglycol
PAR  The cooking is effected in batches in paraffin oil at
      160.degree.-180.degree.C for 60 minutes.
PAR  After washing and defibration, 6.8 gm of unbleached, dried and hardly
      coloured pulp are obtained.
PAC  EXAMPLE 9
PAR  10 gm of beech chips are impregnated with a solution containing:
PA1  20 parts of ammonium thiosulfate
PA1  5 parts of aniline
PA1  30 parts of water
PA1  65 parts of glycol
PAR  The cooking is effected continuously in silicone oil at
      160.degree.-180.degree.C for 60 minutes.
PAR  After washing and defibration, 7.2 gm of unbleached, dried easily bleached
      pulp are obtained.
PAC  EXAMPLE 10
PAR  10 gm of poplar chips are impregnated with a solution containing:
PA1  20 parts of sodium benzoate
PA1  5 parts of aniline
PA1  40 parts of water
PA1  55 parts of triethanolamine
PAR  The cooking is effected continuously in silicone oil at
      160.degree.-180.degree.C for 60 minutes.
PAR  After washing and defibration, 7 gm of unbleached, dried and hardly
      coloured pulp are obtained.
PAR  From the above, it can be seen that the process just described, provides
      the following advantages:
PAR  1. The preliminary treatment of the chips by impregnating them warm or
      cold, at atmospheric pressure or under reduced pressure, allows the
      reduction of the amount of reactants to the strict minimum required for
      the solubilization of the cellulose encrusting material.
PA1  2. Since the reactants in the chips are in solution in a mixture of water
      and organic solvent, they control and ensure the gradual increase of the
      temperature of the chips in the cooking bath.
PA1  3. Hence, the reactants' concentration increases as the water evaporates.
      But the chips do not reach the point of complete dehydration. Indeed,
      since the organic solvent is not miscible with the liquid in the cooking
      bath, it remains in the chips during the cooking and thus protects the
      cellulosic fiber against degradation which might be caused by the heat of
      the cooking bath.
PAR  The reaction between the encrusting materials, particularly lignin, and the
      reactants introduced into the chips by impregnation, is instantaneous and
      very complete.
PAR  When the moisture in the chips, introduced by impregnation thereof, is
      evaporated, the cooking liquid, in particular the oil, partly penetrates
      into the reaction mass and, thus lubricating the cellulose fibers, causes
      the disintegration of the chips by suppressing the agglomeration capacity
      of the encrusting materials.
PAR  Consequently, the liquid of the cooking bath, in particular the oil, takes
      on four roles in the cooking mechanism, viz.:
PAR  a. a homogenous heating of the chips
PAR  b. a lubrification of the fibers, which promotes the separation of the
      fibers, i.e. the defibration of the chips
PAR  c. a protection of the cellulose fiber against its possible degradation due
      to heating
PAR  d. the prevention of the polymerization of certain hemicelluloses occuring
      in the composition of the encrusting materials.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for obtaining cellulose from ligno-cellulosic raw materials
      comprising the steps of cooking the raw material in contact with a
      solution of a reactant for converting lignin present in said raw material
      into a derivative which is soluble in water or in a water-miscible organic
      solvent, extracting the thus formed derivative in an aqueous medium, and
      separating cellulose from the aqueous medium, the improvement which
      comprises impregnating the raw material, before the cooking step, in the
      form of fragments, with a solution of said reactant in a solvent which has
      a boiling point higher than the cooking temperature and which is selected
      from the group consisting of ethyleneglycol, dipropylengeglycol, glycerol,
      aniline, diethanolamine and triethanolamine and mixtures of at least one
      of these substances with water, said reactant being employed in an amount
      sufficient to solubilize the lignin, whereby the raw material absorbs a
      portion of the solution, after which the impregnated material is immersed
      in a liquid which is substantially non-miscible with the solvent of said
      solution, said liquid having a boiling point higher than the cooking
      temperature, and which is selected from the group consisting of paraffinic
      mineral oils, siloxanes, n-butyl acetylricinoleate, n-butyl benzoate,
      diethyleneglycol monolaurate, propiophenone, dibutylether and mixtures
      thereof and then maintaining said liquid having the impregnated material
      immersed therein at the cooking temperature until the lignin has been
      substantially converted to said derivative.
NUM  2.
PAR  2. A process according to claim 1, wherein said solution is a solution of
      sodium hydroxide in a mixture of aniline and water, and said liquid is a
      paraffinic mineral oil.
NUM  3.
PAR  3. A process according to claim 1, wherein said solution is a solution of
      sodium hydroxide in a mixture of ethyleneglycol, aniline and water, and
      said liquid is a paraffinic mineral oil.
NUM  4.
PAR  4. A process according to claim 1, wherein said solution is a solution of
      sodium anilide in a mixture of ethyleneglycol and water, and said liquid
      is n-butyl acetylricinoleate.
NUM  5.
PAR  5. A process according to claim 1, wherein said solution is a solution of
      the acetone-sodium bisulfite compound in a mixture of aniline,
      diethanolamine and water, and said liquid is n-butyl benzoate.
NUM  6.
PAR  6. A process according to claim 1, wherein said solution is a solution of
      sodium phenate and sodium benzoate in a mixture of glycerol,
      diethanolamine and water, and said liquid is diethyleneglycol monolaurate.
NUM  7.
PAR  7. A process according to claim 1, wherein said solution is a solution of
      sodium hydroxide and sodium stearate in a mixture of glycerol, aniline,
      and water, and said liquid is propiophenone.
NUM  8.
PAR  8. A process according to claim 1, wherein said solution is a solution of
      the acetone-sodium bisulfite compound in a mixture of aniline,
      triethanolamine and water, and said liquid is dibutylether.
NUM  9.
PAR  9. A process according to claim 1, wherein said solution is a solution of
      ammonium thiosulfate in a mixture of dipropyleneglycol, triethanolamine
      and water, and said liquid is a paraffinic mineral oil.
NUM  10.
PAR  10. A process according to claim 1, wherein said solution is a solution of
      ammonium thiosulfate in a mixture of ethyleneglycol, aniline and water,
      and said liquid is a siloxane.
NUM  11.
PAR  11. A process according to claim 1, wherein said solution is a solution of
      sodium benzoate in a mixture of triethanolamine, aniline and water, and
      said liquid is a siloxane.
NUM  12.
PAR  12. A process according to claim 1, wherein, said aqueous medium is an
      azeotropic mixture having a low boiling point.
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ABST
PAL  A diaphragm is disclosed for electrolytic cells, for example, chlor-alkali
      cells. The diaphragm is characterized in that it has been treated with a
      water-soluble silicate on the anolyte side. Also disclosed is an
      electrolytic cell process using such a diaphragm, and a method for
      preparing such a diaphragm.
PARN
PAR  This is a division of application Ser. No. 343,600, filed Mar. 21, 1973,
      now U.S. Pat. No. 3,847,762.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Diaphragm cells useful for the electrolysis of brines and the formation of
      chlorine and caustic soda have an anolyte chamber and a catholyte chamber.
      The anolyte chamber contains an anolyte solution containing sodium
      chloride at a pH of from about 2 to about 4.5. Within the anolyte chamber
      is an anode at which chlorine is evolved. The catholyte chamber contains
      catholyte liquor at a pH of from about 10 to about 12.5. The catholyte
      liquor contains sodium hydroxide, and sodium chloride. Sodium hydroxide
      generated in the catholyte and hydrogen gas is evolved at the cathode.
PAR  In the operation of the diaphragm cell, brine containing approximately 300
      to 315 grams per liter of sodium chloride is fed into the anolyte chamber.
      At the anode, the reaction 2Cl .sup.- .fwdarw. Cl.sub.2 + 2e.sup.- takes
      place.
PAR  The anolyte liquor passes from the anolyte chamber through the diaphragm
      into the catholyte chamber and a catholyte product containing from
      approximately 110 to about 130 grams per liter of sodium hydroxide and
      from approximately 110 to about 170 grams per liter of sodium chloride is
      formed. In the catholyte chamber, the reactions Na.sup.+ + OH.sup.-
      .fwdarw. NaOH, and 2H.sup.+ + 2e.sup.- .fwdarw. H.sub.2 takes place.
PAR  Typically, diaphragms for chlorine cells have been constructed of
      chrysotile asbestos. The chrysotile asbestos provides a diaphragm having a
      thickness of from about one-eighth of an inch to about one-fourth of an
      inch. Chrysotile asbestos diaphragms generally have a service life on the
      order of from about 4 to about 8 months, and most frequently about 6
      months.
PAR  It is therefore necessary to periodically remove the diaphragm cell from
      service in order to remove the old diaphragms from the cathodes, and
      install new diaphragms on the cathodes. This periodic removal of the cell
      from service results in a consequent loss of production in order to carry
      out a labor intensive cell renewal operation. In the past, when diaphragm
      cells used graphite anodes, diaphragm renewal could be coordinated with
      anode renewal. However, metallic anodes, e.g., coated titanium anodes,
      have replaced such graphite anodes to a considerable degree. While
      graphite anodes have a life of from about 4 to about 8 months, the
      metallic anodes now being used have a life far in excess of 4 to 8 months,
      e.g., 3 to 4 or more years. Accordingly, the renewal of diaphragms has
      become a principal factor in cell outage.
PAC  SUMMARY OF THE INVENTION
PAR  It has now unexpectedly been found that a particularly long-lived diaphragm
      may be provided by a chrysotile asbestos diaphragm which has been treated
      with a water-soluble silicate on the anolyte side thereof. According to
      this invention, a conventional chrysotile asbestos diaphragm is treated
      with a water-soluble silicate which is rendered substantially insoluble
      during or after deposition thereby providing a tough, adherent,
      electrolyte permeable coating or sizing on the anolyte side thereof. Such
      a diaphragm has a long life, e.g., in excess of 6 months, and frequently
      in excess of 1 year of longer. Additionally, according to this invention,
      an asbestos diaphragm may be coated or sized with a water-soluble silicate
      several times over the course of its life thereby considerably extending
      the service life of a diaphragm.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to this invention, a diaphragm for chlor-alkali electrolytic
      cells is provided having a long service life. Such an asbestos diaphragm
      is one that has been treated with a water-soluble silicate on the anolyte
      side thereof.
PAR  According to one exemplification, the diaphragm is a deposited asbestos
      diaphragm. For example, the deposited asbestos may be chrysotile asbestos
      where the individual fibers have a fiber length of from about 0.25 inch to
      about 1.50 inch and a fiber diameter in the range of from about 0.015
      microns to about 0.050 microns.
PAR  Additionally, fine asbestos powders, such as Union Carbide "Calidria"
      (T.M.) asbestos may be present with the asbestos fibers.
PAR  Typically, a deposited chrysotile asbestos diaphragm will have a weight of
      from about 0.2 pounds of asbestos per square foot of surface area to about
      0.4 pounds of asbestos per square foot of exterior surface area.
PAR  According to another exemplification of this invention, the asbestos
      diaphragm may be an asbestos paper diaphragm having a thickness of from
      about 30 mils to about 60 mils and a weight of from about 30 grams of
      asbestos per square foot of exterior surface area to about 100 grams of
      asbestos per square foot of exterior surface area.
PAR  According to this invention, the anylote-facing surface of the diaphragm is
      treated with a water-soluble silicate which is rendered substantially
      insoluble to acidic media during deposition or treatment to provide a
      strong, adherent, electrolyte-permeable fiber coating. While the preferred
      silicates are referred to herein as being soluble prior to treatment of or
      deposition on the asbestos, they are also characterized by their ability
      to form strong binders or sizes, adherent to asbestos. Water-soluble
      silicates are those silicates having the formula (Me.sub.2 O).sub.m
      (SiO.sub.2).sub.n where Me is an alkali metal and m and n are as described
      herein after. The alkali metals include lithium, sodium, potassium,
      rubidium, and cesium. Most frequently, Me is lithium, sodium or potassium.
      Lithium provides a particularly flexible tough, adherent coating on the
      asbestos. However, the voltage drop across a lithium silicate coated
      asbestos diaphragm is slightly higher than the voltage drop across an
      asbestos diaphragm having an equivalent amount of a sodium silicate or
      potassium silicate coating thereon.
PAR  Most frequently lithium, sodium, or potassium silicate will be the
      preferred water-soluble silicate. Generally, for reasons of cost, e.g.,
      the cost of the silicate and electrical power costs, sodium silicate is
      preferred over either lithium silicate or potassium silicate. However,
      entirely satisfactory results may be obtained with either lithium silicate
      or potassium silicate.
PAR  The SiO.sub.2 moiety may either be a mono-silicate, a poly-silicate or a
      poly-silicic acid. The formula for a water-soluble silicate, (Me.sub.2
      O).sub.m (SiO.sub.2).sub.n does not refer to an actual structural formula
      of the silicate, but rather to the stoichiometry of the silicate. For
      example, the silicate may be sodium orthosilicate, (Na.sub.2
      O).sub.2.(SiO.sub.2), sodium metasilicate, (Na.sub.2 O) . (SiO.sub.2), or
      sodium polysilicate (Na.sub.2 O) . (SiO.sub.2).sub.n where n is in the
      range of 2 to 4.
PAR  As a general rule, the greater the ratio of n to m (i.e., the smaller the
      ratio of m to n) the better the soluble silicate is for the use herein
      intended. As a general rule, however, the upper limit of the ratio of n to
      m (i.e., the lower limit of the ratio of m to n) is that level at which a
      solution ceases to form and the silicate no longer remains adhesive. The
      preferred silicates are those having a ratio of n to m below the level at
      which a solution ceases to form and the silicate loses its adhesion.
PAR  The silicate itself is a complex composition of silicate ions and radicals,
      poly-silicic acid ions and radicals, oxides and ions of the metal, water,
      and colloidal silica. THe silicate ions and radicals may be present in the
      form of ions or colloidal silica. The colloidal silica may further be
      present in the form of hydrated micelles and non-hydrated micelles. As a
      general rule, micelle formation occurs when the ratio of m to n is less
      than one-quarter (i.e., when the ratio of n to m is greater than 4).
PAR  The preferred water-soluble silicates useful in providing the diaphragms of
      this invention are those wherein the ratio of m to n is less than 1 and
      preferably one-third or less. Particularly good results are obtained when
      the ratio of m to n is in the range of from about one-half to about
      one-fourth. Satisfactory results are also obtained when the ratio of m to
      n is even less then one-fifth, for example, as small as one-tenth or less.
PAR  According to this invention, the silicate is coated on the anolyte surface
      of the asbestos diaphragm. The amount of silicate present is from about
      0.01 to about 5.0 grams per square foot of external surface area,
      generally in excess of 0.1 gram per square foot, and preferably from about
      0.5 to about 2.0 grams per square foot.
PAR  Moreover, for any given porosity, pore size distribution, and thickness of
      diaphragm, best results are obtained if the silicate extends at least as
      far into the diaphragm from the anolyte surface as the "gel layer" in an
      untreated diaphragm of like porosity, pore size distribution, and
      thickness. This "gel layer" is described by Kircher, "Electrolysis of
      Brines in Diaphragm Cells," in Sconce, ed., Chlorine, A.C.S. Monograph
      Series, No. 154, Reinhold Publishing Co., New York (1962), at page 105,
      as a layer "formed within the asbestos mat which is sensitive to pH and
      which tends to dissolve, precipitate and reform depending upon flow rate
      and salt content and pH of the flowing liquor."
PAR  Typically, the "gel layer" extends approximately 0.08 to about 0.12 inch
      into the diaphragm. Therefore, an optimal depth of penetration of the
      silicate is at least 0.08 inch, and preferably about 0.15 inch, or even to
      the full thickness of the diaphragm, especially when the diaphragm is less
      than about 0.15 inch thick.
PAR  According to this invention, a silicate treated asbestos diaphragm is
      provided that is useful for chlor-alkali diaphragm cell service where
      concentrated unsaturated brine, e.g., water containing from 250 to about
      310 grams per liter of salt, or saturated brine, e.g., water containing in
      excess of 310 to 315 grams per liter of sodium chloride, is fed to an
      anolyte chamber of the cell and electrolyzed to form chlorine, hydrogen,
      and a liquid composition containing sodium chloride and sodium hydroxide.
      Within the anolyte chamber, sodium chloride is present as sodium ion and
      chloride ion. At the anode within the anolyte chamber the reaction
      2Cl.sup.- .fwdarw. Cl.sub.2 + 2e.sup.- takes place. The anolyte liquor,
      including sodium chloride and sodium hydroxide, flows through the
      diaphragm under the driving force of a hydrostatic head of anolyte into
      the catholyte chamber. In the catholyte chamber, the reaction Na.sup.+ +
      OH.sup.- .fwdarw. NaOH takes place, while at the cathode within the
      catholyte chamber, the reaction 2H.sup.+ + 2e.sup.- .fwdarw. H.sub.2 takes
      place. A cell liquor containing from about 100 grams per liter to about
      135 grams per liter of sodium hydroxide and from about 160 grams per liter
      to about 200 grams per liter sodium chloride is obtained.
PAR  The diaphragms prepared according to this invention typically have a
      service life in excess of 8 months and frequently in excess of 1 year or
      even longer, compared with a service life of 4 to 6 months for
      conventional asbestos diaphragms.
PAR  According to another exemplification of this invention, a conventional
      asbestos diaphragm may be treated with a water-soluble silicate prior to
      or when actually showing signs of incipient deterioration. Typically, such
      treatment will consist of brushing, rolling, spraying, or pulling a
      water-soluble silicate onto and through the anolyte surface of the
      diaphragm to provide thereon a coating of water-soluble silicate of from
      about 0.01 to about 5.0 grams per square foot.
PAR  According to this invention, a diaphragm may be prepared having a silicate
      on the anolyte surface by first preparing an asbestos diaphragm in the
      conventional manner, and thereafter applying a solution of a water-soluble
      silicate to the diaphragm. Thus, a diaphragm may be prepared by dispersing
      from about 0.5 weight percent to from about 2.0 weight percent of
      chrysotile asbestos fibers in a cell liquor solution containing about 100
      to 150 grams per liter of sodium hydroxide and about 150 to 225 grams per
      liter of sodium chloride, and aging the asbestos in the cell liquor for
      from approximately 1 day to about 5 days. Thereafter, the asbestos may be
      applied to a cathode structure in the conventional manner, e.g., by
      drawing a vacuum across the cathode and causing the asbestos fibers to be
      deposited on the cathode.
PAR  Thereafter, the water-soluble may be applied to the asbestos diaphragm. A
      liquid composition of the water-soluble silicate in water may be prepared.
      Typically, the liquid composition should contain as much silicate as
      possible for effective coating or sizing of the surface layers of the
      asbestos diaphragm and binding of the fibers together, but still allowing
      adequate porosity for flow of the electrolyte through the diaphragm. For
      example, the liquid composition may contain from about 0.01 to about 5
      weight percent of the water-soluble silicate in water, or even higher, for
      example, up to about 10 weight percent of the water-soluble silicate.
PAR  The solution may then be applied to the asbestos diaphragm by various
      methods. Thus, the solution containing the water-soluble silicate may be
      applied to the diaphragm by painting, brushing, spraying, or drawing the
      solution through the diaphragm.
PAR  According to one preferred exemplification of this invention, a small
      amount of air is drawn through the diaphragm while applying the
      water-soluble silicate. It is believed that this serves to maintain the
      porosity and electrolyte-permeability properties of the diaphragm.
PAR  According to still another exemplification of this invention, a diaphragm
      may be prepared by first preparing a dispersion of chrysotile asbestos in
      a dilute aqueous solution of a water-soluble silicate in water. For
      example, a solution may be prepared containing 1 weight percent sodium
      silicate in water. Then sufficient chrysotile asbestos may be added to
      provide a dispersion containing approximately 1 to 2 weight percent of
      chrysotile asbestos. Thereafter, a cathode structure may be inserted in
      the liquid containing the asbestos in a dilute solution of water-soluble
      silicate and the asbestos and silicate caused to be deposited on the
      cathode structure.
PAR  After applying the silicate to the chrysotile asbestos diaphragm, the
      diaphragm may be treated to further set the silicate. This may be
      accomplished by drying and heating the diaphragm, e.g., to from about
      80.degree.C. to about 140.degree.C. Alternatively the diaphragm may be
      exposed to acidic anolyte liquor. The exposure to acidic anolyte liquor
      appears to convert the water-soluble silicate into an amorphous, anolyte
      resistant, hydrated silica coating and bonding material. The amorphous
      hydrated silica appears to protect the asbestos fibers from the leaching
      action of the anolyte, i.e., the removal of magnesium from the asbestos,
      and from the erosive action of the turbulent chlorine containing anolyte.
PAR  The following examples are illustrative.
PAC  EXAMPLE I
PAR  A diaphragm having a silicate-treated anolyte surface was prepared and
      utilized in the electrolysis of brine.
PAR  The asbestos was drawn from a slurry of about 120 grams per liter of sodium
      hydroxide and about 150 grams per liter of sodium chloride, and 2 grams
      per liter of G.A.F. Grade H1-H2 chrysotile asbestos in water. The liquid
      composition of sodium hydroxide, sodium chloride, and asbestos had been
      aged for about 5 days at the time the diaphragm was drawn. The diaphragm
      was then heated to about 90.degree.C for 19.5 hours. The resulting
      asbestos diaphragm weight 0.50 pounds per square foot.
PAR  The cathode-diaphragm assembly was then treated with a sodium metasilicate
      solution. First the dried diaphragm was wetted with 30 grams of water per
      square foot. The sodium metasilicate solution containing 1 percent by
      weight sodium metasilicate in distilled water was applied to the
      diaphragm. The solution was brushed onto the asbestos diaphragm at the
      rate of 1 gram of silicate per square foot with air being pulled through
      the diaphragm while brushing.
PAR  Thereafter, the cathode and cathode chamber was joined to an anode chamber
      having a titanium mesh anode with a Bishop A-1 platinum coating.
PAR  An electrolyte containing 315 grams per liter of sodium chloride was fed to
      the cell and voltage was established across the cell. Chlorine was rapidly
      generated at the anode, and the pH of the anolyte solution rapidly dropped
      to pH 2-3. Thereafter, chlorine was recovered from the anolyte chamber,
      and hydrogen gas and a cell liquor product containing on a time average
      160 to 180 grams per liter of sodium chloride and 100 to 130 grams per
      liter of sodium hydroxide was recovered from the catholyte chamber. The
      range of voltage drops across the diaphragm was calculated to be 0.53 to
      0.78 volt with a range of voltage drops across the cell of 3.31 to 3.45
      volts.
PAR  After 4 days of electrolysis, the hydrostatic head across the diaphragm was
      6.1 inches of brine and the voltage across the cell was 3.31 volts. After
      76 days of electrolysis, the cell voltage was 3.41 volts, and the
      hydrostatic head was 7.4 inches. At this point, the cell was shut down.
      The diaphragm was visually determined to be in satisfactory condition.
PAC  EXAMPLE II
PAR  Three diaphragms were subjected to side by side life testing in
      substantially identical cells under substantially identical conditions.
PAR  The cells each had a 35 cubic inch capacity catholyte chamber fabricated of
      .theta. inch by 11/8 inch by 11/8 inch angle iron with a 10 gauge steel
      back and a 35 square inch iron cathode. Each cell also had a 35 cubic inch
      capacity anolyte chamber fabricated of 1/4 inch PVDC with a 1 inch PVDC
      frame and a 35 square inch Bishop platinized titanium anode. The anodes
      were spaced 1/8 inch from the cathodes by "Neoprene" gaskets.
PAR  Three slurries were prepared. Each slurry contained 33.1 grams of
      Johns-Manville 4K-12 chrysotile asbestos, 5 grams of Solka-Floc
      alphacellulose, and 1600 milliliters of cell liquor of 12 weight percent
      sodium hydroxide and 12 weight percent sodium chloride. Each slurry was
      agitated for 30 minutes with a nitrogen stream and 20 minutes with an
      ultrasonic generator.
PAR  The individual diaphragms were deposited by inserting a cathode in the
      slurry and drawing the slurry through the cathode screen at a vacuum of
      one inch of mercury until the liquid appeared clear. The vacuum was then
      pulled to 10 inches of mercury, and subsequently to 17 inches of mercury
      and maintained at 17 inches of mercury for 20 minutes. The diaphragms were
      then dried in air for 7 days.
PAC  Run A
PAR  One diaphragm was subsequently utilized in an electrolytic cell without
      further treatment. After fourteen days of electrolysis at 190 Amperes per
      square foot, and an anode cathode gap of 1/8 inch, the diaphragm failed.
      The average cell voltage was 3.14 volts.
PAC  Run B
PAR  The second diaphragm was coated with 28.3 milliliters of a one weight
      percent solution of sodium metasilicate by brushing and dried at 85
      degrees Centigrade for 40 hours. After 73 days of electrolysis at 190
      Amperes per square foot, and an anode-cathode gap of 1/8 inch, the current
      efficiency had dropped four percent, but no holes were observed. The
      average cell voltage was 3.29 volts.
PAC  Run C
PAR  The third diaphragm was coated with Lithium Corporation of America
      "Lithsil-S". "Lithsil-S" is a solution containing 1.9 weight percent
      Li.sub.2 O, 1.2 weight percent Na.sub.2 O, 18.9 weight percent SiO.sub.2,
      and the balance water, and having a density of 1.187 grams per liter. The
      coating solution was obtained by diluting 18.9 milliliters of the
      "Lithsil-S" solution with 100 milliliters of water. 28.3 ml of this
      solution were brushed onto the third diaphragm. After 27 days of
      electrolysis at 190 Amperes per square foot and an anode-cathode gap of
      1/8 inch, the diaphragm failed. The average cell voltage was 3.95 volts.
PAC  EXAMPLE III
PAR  Sodium metasilicate was used to rejuvenate an asbestos diaphragm in an
      operational electrolytic cell.
PAR  The operational electrolytic cell had an asbestos diaphragm that had been
      pulled from an aqueous slurry of sodium hydroxide, sodium chloride, and 2
      weight percent Johns-Manville 3T-4T asbestos. The diaphragm was used in an
      electrolytic cell having coated titanium anodes. After 23 days of
      electrolysis, the concentration of hydrogen in the chlorine gas increased
      to a high level indicating deterioration of the asbestos diaphragm. At
      this point one weight percent sodium metasilicate was added to the brine
      feed. The hydrogen content of the chlorine gas returned to normal and the
      cell voltage remained normal.
PAR  Although the present invention has been described with reference to
      specific details of particular embodiments thereof, it is not intended
      thereby to limit the scope of the invention except insofar as the specific
      details are recited in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of preparing an asbestos diaphragm where asbestos is drawn
      from a cell liquor slurry and deposited onto an electrolyte permeable
      cathode by drawing a vacuum across the cathode to form an asbestos mat,
      the improvement comprising coating the deposited asbestos mat with from
      about 0.01 to 5.0 grams per square foot of mat of a water soluble silicate
      having the empirical formula
EQU  (Me.sub.2 O).sub.m (SiO.sub.2).sub.n
PAL  where Me is chosen from the group consisting of lithium, sodium, and
      potassium, and the ratio of m to n is from about 1:1 to about 1:10, to a
      depth of at least 0.08 inch into said asbestos mat and contacting said mat
      with acidic anolyte liquor comprising acidic aqueous sodium chloride to
      convert said silicate to an amorphous chlor-alkali, anolyte resistant,
      hydrated silica.
NUM  2.
PAR  2. The method of claim 1 comprising coating the water soluble material from
      an aqueous solution.
NUM  3.
PAR  3. The method of claim 2 wherein said aqueous solution comprises from about
      0.01 to about 10 weight percent of the water-soluble silicate.
NUM  4.
PAR  4. The method of claim 3 wherein the said aqueous solution comprises about
      0.01 weight percent of water-soluble silicate.
NUM  5.
PAR  5. The method of claim 1 wherein the surface of the diaphragm is heated to
      from about 80.degree.C to about 140.degree.C.
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ABST
PAL  Dry crosslinked, fibrous cellulosic absorbent material having low
      hemicellulose content and low knot content, the fibers being internally
      crosslinked for the major part and being relatively free of
      intercrosslinking with adjacent fibers.
PARN
PAR  This is a divisional application of U.S. patent application Ser. No.
      803,525, filed Feb. 24, 1969, now abandoned.
BSUM
PAR  The present invention relates to absorbent products for absorbing fluids,
      and more particularly, is concerned with fibrous cellulosic products
      having increased fluid absorption and retention capacities, improved dry
      and wet resilience, and low knot content.
PAR  Absorbent products for absorbing and retaining body exudates and fluids
      such as sanitary napkins, diapers, hospital underpads, filter pads,
      surgical dressings, tampons, and the like, usually contain fibrous
      absorbent materials of a cellulosic origin, usually wood pulp fluff. Other
      fibrous absorbent materials are often used but wood pulp fluff is normally
      preferred, particularly for economic reasons.
PAR  The wood pulp fluff is usually prepared by grinding pulpboard in a hammer
      mill or in other commercial shredding or grinding devices and is delivered
      in fluffed form to a production line where it is incorporated in the
      particular product being manufactured. Such wood pulp fluff normally has
      excellent fluid absorption and retention properties and acceptable dry and
      wet resilience. Its low cost and other economic advantages, of course, do
      not neet repeating.
PAR  Wood pulp fluff has been used for many years with satisfactory results but
      it is always desirable to improve existing products and materials, no
      matter how satisfactory or acceptable they have been in the past.
PAR  For example, in recent years, there have been several efforts made in the
      direction of crosslinking cellulosic fibrous materials such as wood pulp
      fluff in order to improve their fluid-absorbency and fluid-retention
      properties, along with their dry and wet resilience.
PAR  Crosslinking cellulosic fibers may be obtained by reacting cellulosic
      fibers with a material one or more molecules of which are capable of
      combining with at least two hydroxyl groups in the cellulose molecule, or
      in adjacent cellulose molecules. The reactive groups of the crosslinking
      agent which combine with the hydroxyl groups may exist prior to the
      reaction with cellulose, as in the case of glyoxal, or they may be
      generated during the reaction with the cellulose, as in the case of the
      sodium thiosulfate derivative of divinyl sulfone. In order to crosslink
      cellulose, the crosslinking agent must be at least difunctional with
      respect to cellulose, e.g., it must react with at least two hydroxyl
      groups. Formaldehyde, for example, is monofunctional with regard to many
      substances; it is, however, difunctional with respect to cellulose. In
      many polyfunctional materials of the type that react with two or more
      hydroxyl groups, one reactive group of the polyfunctional material may
      react more rapidly than other groups. Consequently, within a given
      reaction time, not all of the reactive groups on a molecule of the
      polyfunctional material may react with the hydroxyl groups in the
      cellulose molecule to form crosslinks; only one of the reactive groups may
      so react. Crosslinking occurs when at least two of the reactive groups in
      a molecule of the polyfunctional material react.
PAR  Cellulose can be crosslinked in a number of ways and, in accordance with
      current concepts, may be dry crosslinked or wet crosslinked. The two types
      of crosslinking refer to the manner in which the crosslinking is done.
PAR  Dry crosslinked cellulose is obtained when the cellulose is in a collapsed
      state at the time of crosslinking. A collapsed state is obtained by
      removing most or all of the water which causes the fiber to swell. In one
      known procedure, the cellulose is passed through a boric acid solution,
      dried, and then heated in a sealed tube in the presence of
      paraformaldehyde. The fibers are then washed free of unreacted material. A
      more common technique is to apply the crosslinking agent and a catalyst to
      the cellulose in an aqueous bath, drive off the water in a drying step,
      and react the crosslinking agent with the cellulose in a subsequent curing
      step.
PAR  Wet crosslinked cellulose is obtained when the crosslinking agent is
      reacted with the cellulose while the cellulose is in a swollen state.
      Ordinarily, the cellulose is maintained in a swollen state by water which
      is present during the reaction. However, techniques have been developed
      whereby the cellulose can be maintained in a swollen state in the absence
      of water by using in lieu thereof an inert, non-volatile substance.
      Cellulose fibers so treated have the properties of wet crosslinked
      cellulose even though the reaction takes place in the absence of
      significant amounts of water.
PAR  The present invention will be described in greater particularity in
      combination with the dry crosslinking reaction wherein the fibers are not
      swollen but are collapsed. The invention will be disclosed specifically
      with reference to the use of formaldehyde as the dry crosslinking agent.
      This, however, is for purposes of illustration and it is to be appreciated
      that other dry crosslinking agents can be used. Additional dry
      crosslinking agents, for example, include: condensation products of
      formaldehyde with organic compounds such as urea, thiourea, guanidine, or
      melamine, which contain at least two active hydrogen groups, particularly
      dimethylolurea and dimethylol ethyleneurea; dicarboxylic acids;
      dialdehydes; diepoxides; diisocyanates; divinyl compounds; etc.
PAR  The most convenient method of carrying out such a dry crosslinking reaction
      is naturally on the pulpboard itself at which time it is compact and easy
      to handle, large chambers are not required for curing the product in a
      large scale production operation, and large ovens would not be required
      for drying and controlling the moisture content of the product.
PAR  Unfortunately, it has been found that such a process of dry crosslinking
      pulpboard creates considerable problems in the subsequent shredding or
      grinding step and an unsatisfactory wood pulp fluff is obtained which was
      not disintegrated properly during the grinding process and which contains
      severe fiber breakage in the final product. Another important objection is
      the very high knot content of the wood pulp fluff and the hard fiber
      clumps or knots which are present sometimes rise as high as about 50-75%
      and render the product completely unsuitable for many purposes.
PAR  In order to avoid such shortcomings, it has been proposed that the
      pulpboard be difibered first and that the resulting fibrous product be in
      a substantially individually or loosely associated state and have a
      multiplicity of relatively large interconnected networks of voids and
      interfiber spaces at the time of the subsequent crosslinking reaction. In
      this way, it was hoped that the formation of hard fiber clumps and knots
      would be avoided. Unfortunately, the additional costs and economic
      disadvantages of such a system were too great and the search has continued
      for a better process and a better product.
PAR  It is therefore a purpose and object of the present invention to provide a
      method of dry crosslinking the pulpboard itself in such a way that the
      pulpboard can be subsequently ground to yield a wood pulp fluff having a
      very low hard fiber clump or knot content, along with increased fluid
      absorption and retention capacities, and improved dry and wet resilience.
PAR  It has been discovered that such purpose and object may be accomplished by
      pretreating the commercial pulp before the pulpboard is formed in such a
      way as to remove or to at least decrease the hemicellulose content thereof
      below certain minimums whereby the pulpboard made therefrom can be
      subsequently dry crosslinked and its properties improved without
      materially increasing the knot content.
DRWD
PAR  The invention will be described in greater detail by reference to the
      following specification and accompanying drawings wherein there is
      described and illustrated preferred embodiments of the present invention
      for disclosure purposes but not for limitative purposes. With reference to
      the accompanying drawings,
PAR  FIG. 1 is an idealized drawing, greatly magnified, of two adjacent
      cellulose fibers, as they are in conventional pulpboard.
PAR  FIG. 2 is an idealized drawing, greatly magnified, of two adjacent
      cellulose fibers of a conventional pulpboard which has been crosslinked,
      without the pretreatment of the present invention to remove hemicellulose.
PAR  FIG. 3 is an idealized drawing, greatly magnified, of two adjacent
      cellulose fibers of a pulpboard prepared from cellulose fibers pretreated
      to remove hemicellulose.
PAR  FIG. 4 is an idealized drawing, greatly magnified, of two adjacent
      cellulose fibers of a pulpboard which has been crosslinked, after being
      given the pretreatment of the present invention to remove hemicellulose.
PAR  FIG. 5 is a graph showing the relationship between the increase in dry
      crosslinking time to the change in knot content of wood pulp fluff derived
      from three sources and having three different percentages of hemicellulose
      content.
PAR  FIG. 6 is a graph showing the relationship between the percent of
      hemicellulose in the pulpboard before crosslinking and the knot content
      (percent) in the wood pulp fluff after grinding.
PAR  FIG. 7 is a cross-sectional view of a sanitary napkin incorporating the dry
      crosslinked, low hemicellulose content, low knot content fibrous absorbent
      materials A of the present invention.
PAR  FIG. 8 is a plan view, partially cut away, of a catamenial tampon
      incorporating the dry crosslinked, low hemicellulose content, low knot
      content fibrous absorbent materials A' of the present invention.
PAR  FIG. 9 is a perspective view of a dental roll incorporating the dry
      crosslinked, low hemicellulose content, low knot content fibrous absorbent
      materials A" of the present invention.
DETD
PAR  With reference to FIG. 1, there are shown two cellulose fibers having a
      normal cellulosic structure which, if derived from a softwood, originally
      had as its major constituents about 40-45% cellulose, 25-30%
      hemicelluloses, and 25-30% lignin. If derived from a hardwood, the major
      constituents would change slightly percentagewise to about 45-50%
      cellulose, 25-35% hemicelluloses, and 20-25% lignin.
PAR  During the technical pulping process which is often described as a chemical
      cooking of wood or a delignification, the majority of the lignin or
      lignin-like materials are removed, although small amounts thereof still
      remain and are incorporated into the pulpboard. Also remaining in the
      pulpboard are varying amounts of hemicelluloses. It is known that
      considerable amounts of hemicelluloses remain in the fibers after the
      pulping process, and even after the final bleaching process. As a result,
      pulpboard having a hemicellulose content of as high as about 15.2% or even
      higher, is known and will be referred to in greater detail hereinafter.
PAR  Hemicelluloses are a group of gummy, amorphous substances intermediate in
      composition between cellulose and the sugars. They accompany cellulose in
      the plant cell wall and consist mainly of xylan, mannan, glucomannan,
      araban, galactan, arabogalactan, uronic acids, plant gums, and related
      polymers containing residues of L-rhamnose. They are more swellable than
      cellulose fibers because of their amorphous structure and because of their
      lower Degree of Polymerization which is believed to be no greater than
      about 150. A considerable amount of these hemicelluloses are distributed
      on the surfaces of conventional cellulose fibers, as illustrated in FIG.
      1, and may either actually contact each other, or be very close to each
      other by distances on the order of only a few Angstroms. As a result of
      this, they help to form good bonding between adjacent fibers during the
      pulpboard manufacturing process.
PAR  During the crosslinking process which is intended to form crosslinks within
      the individual cellulose fibers and enhance their absorbent properties,
      there is also a considerable amount of crosslinking taking place between
      closely adjacent cellulose fibers, as shown in FIG. 2. This
      intercrosslinking between fibers easily takes place in the presence of the
      hemicelluloses preferentially to the amount of intracrosslinking which
      takes place within the cellulose fiber for many reasons, primarily because
      of the amorphous structure of the hemicelluloses and their close
      proximity.
PAR  Such intercrosslinking between adjacent cellulose fibers whereby they are
      chemically and physically adhered is naturally conducive to the formation
      of knots or clumps of cellulose fibers which prevents proper
      disintegration of the pulpboard during grinding and leads to highly
      undesirable high knot contents in the resultant wood pulp fluff.
PAR  However, if the hemicellulose is removed during the commercial pulping
      process, along with the lignin, or if it is removed by a separate alkali
      treatment after the lignin is removed, or if it is removed at any time
      prior to the crosslinking reaction, or at least has its content reduced
      sufficiently, as shown in FIG. 3, then there is very little tendency
      toward subsequent intercrosslinking between adjacent cellulose fibers, as
      shown in FIG. 4. The result is a lesser tendency to form knots or clumps
      of cellulose fibers and a resultant wood pulp fluff with very low knot
      content.
PAR  The hemicelluloses may be removed by any desired pretreatment at any time
      prior to the crosslinking step. For example, they may be preferentially
      extracted in substantial amounts or in their entirety by using aqueous
      solutions of from about 5 to about 12% of a "cold" caustic at temperatures
      ranging from about 15.degree. to about 35.degree.C. as an additional
      refining step during the pulping process.
PAR  It is not necessary that all of the hemicelluloses be removed completely.
      Such, of course, will normally yield the best product. However, such
      complete removal is uneconomical unless the requirements of a specific
      product are sufficiently demanding as to require it.
PAR  Within the more normal commercial requirements such as uses in absorbent
      products such as sanitary napkins, diapers, hospital underpads, filter
      pads, surgical dressings, tampons, and the like, a knot content in the
      wood pulp fluff of below about 12%, after a 60-minute formaldehyde dry
      crosslinking, as described herein, is deemed acceptable. A knot content of
      about 15% would be considered marginal but still acceptable for the
      above-mentioned products.
PAR  Reference to FIG. 6 reveals that under normal circumstances, if one were to
      start with a pulpboard having a hemicellulose content of about 7% or
      under, and dry crosslink that pulpboard by means of formaldehyde for about
      60 minutes, as described herein, then the knot content of the wood pulp
      fluff derived from grinding that pulpboard, as described herein, is in the
      average range of about 15% or less and is suitable for the purposes of the
      present invention. As used herein, therefore, the term "low hemicellulose
      content" will include pulpboard containing about 7% hemicellulose or less.
      Reference to FIG. 6 will also indicate that a pulpboard having a
      hemicellulose content of about 6% will normally yield, after dry
      crosslinking and grinding, a wood pulp fluff having an average knot
      content of about 12%.
PAR  The invention will be described in greater particularity by reference to
      the following examples which are used for illustrative purposes and are
      not to be construed as limitative of the broader aspects of the present
      invention, except as set forth in the appended claims.
PAR  Although these examples are carried out with a southern pine kraft pulp, it
      is to be appreciated that such is merely for illustrative purposes and
      that the principles of the present invention are equally applicable to
      pulps derived from any of the presently known processes, or combinations
      thereof. Examples of pulps derived from known processes are: sulfite pulps
      in which the cooking liquor, calcium bisulfite, is acid, or sodium sulfite
      which is neutral or slightly alkaline; soda pulps in which the cooking
      liquor, caustic soda, is alkaline; sulfate pulps in which the cooking
      liquor, sodium hydroxide and sodium sulfide, is alkaline; etc.
      Semichemical, mechanical, and groundwood pulps are also of use.
PAC  EXAMPLE I
PAR  Three samples of pulpboard (southern pine, kraft pulp) which are
      differentially treated with caustic during the pulping process to remove
      different amounts of hemicelluloses are prepared to the following
      specifications (Table I):
TBL                TABLE I                                                     

     ______________________________________                                    

                     1         2         3                                     

     Hemicellulose content                                                     

                     Low       Medium    High                                  

     Pulpboard density (g./cc.)                                                

                     0.58      0.58      0.58                                  

     Fiber Classification:                                                     

     ______________________________________                                    

     Screen size 20  69.1      73.9      57.8                                  

     Screen size 35  15.3      12.9      29.0                                  

     Screen size 65  8.8       5.4       5.8                                   

     Screen size 150 2.8       1.6       1.6                                   

     Fines           4.3       8.5       15.2                                  

     .alpha.-cellulose                                                         

                     95.7      91.5      84.8                                  

     Hemicelluloses  4.3       8.5       15.2                                  

     ______________________________________                                    

PAR  These samples are crosslinked by being immersed in a solution containing by
      volume 10% Formalin (37% formaldehyde), 9% hydrochloric acid (36% HCl),
      and 81% glacial acetic acid. Separate samples are maintained in the
      crosslinking solution at room temperature for 5 minutes, 15 minutes, and
      60 minutes, then immersed in a series of solutions of 5% sodium
      bicarbonate until neutralization is complete, then rinsed in running
      water, and finally air dried at room temperature. Control samples are used
      for comparison purposes and are merely washed in rrunning water without
      any crosslinking treatment and then are air dried. The formaldehyde add-on
      is noted in Table 2.
TBL                TABLE 2                                                     

     ______________________________________                                    

                   1       2         3                                         

     ______________________________________                                    

     Hemicellulose Content                                                     

                     Low       Medium    High                                  

     Formaldehyde add-on                                                       

     (Percent) (5 minutes)                                                     

                     0.283     0.280     0.314                                 

          (15 minutes)                                                         

                     0.517     0.474     --                                    

          (60 minutes)                                                         

                     1.306     1.124     0.858                                 

     ______________________________________                                    

PAR  The grinding of the various samples of pulpboard is carried out in a Weber
      hammer mill and the knot content of the resulting wood pulp fluff samples
      is determined according to the constant air-blowing technique. This
      involves placing a 5 gram sample in the bottom of a 1000 ml. burette and
      admitting air through the petcock at the bottom at a controlled constant
      flow rate of 3.5 cubic feet per minute to get a tumbling action of the
      sample, thereby causing the individualized fibers of the sample to escape
      through the open top end of the burette but leaving the heavier knots or
      clumps at the bottom. The knots are then removed and weighed and the knot
      content (percent) determined (Table 3).
TBL                TABLE 3                                                     

     ______________________________________                                    

                     percent of Sample Remaining                               

     Sample            1        2         3                                    

     ______________________________________                                    

     Hemicellulose content                                                     

                       Low      Medium    High                                 

     No crosslinking   2        2         51                                   

     5 minutes crosslinking                                                    

                       2        4         76                                   

     15 minutes crosslinking                                                   

                       3        9         76                                   

     60 minutes crosslinking                                                   

                       3        37        75                                   

     ______________________________________                                    

PAR  These results are set forth in FIG. 5 of the drawings. It is quite apparent
      that crosslinking had no material effect on the knot content of sample 1
      (4.3% hemicelluloses). This sample had a knot content of 3% after 60
      minutes of formaldehyde crosslinking and is suitable for use as an
      absorbent in a sanitary napkin. However, crosslinking has serious effects
      on samples 2 and 3 (8.5% hemicellulose and 15.2% hemicellulose,
      respectively) and neither sample is suitable for use as an absorbent in a
      sanitary napkin. The knot content of wood pulp fluff derived from these
      latter samples are noted as 37% and 75%, after a 60-minute formaldehyde
      crosslinking treatment. These values are noted in FIG. 6.
PAC  EXAMPLE II
PAR  The procedures of Example I are followed substantially as set forth therein
      except that a ground Natchez pulp (southern pine, kraft pulp) is used. The
      hemicellulose content of the pulpboard is about 9%. A control sample which
      is not crosslinked is used and develops a knot content of 14% in the
      groundwood pulp fluff which would be marginally acceptable for many
      absorbent products. After dry crosslinking another sample (also 9%
      hemicellulose) by formaldehyde for 60 minutes as described previously, and
      grinding in a Weber mill, the knot content of the groundwood pulp fluff is
      determined to be 45% which renders it unsatisfactory for most absorbent
      purposes.
PAC  EXAMPLE III
PAR  Additional 0.5 gram samples of pulpboard No. 1 (4.3% hemicellulose) and
      pulpboard No. 2 (8.5% hemicellulose) prepared as set forth in Example I
      and conditioned at 72.degree.F. and 65% relative humidity are used to
      determine wet bluk volume and absorbent capacity (water).
TBL                TABLE 4                                                     

     ______________________________________                                    

                              Wet Bulk  Absorbent                              

                     Density  Volume    Capacity                               

     Sample No. 1    gms./cc. cc./gm.   cc./gm.                                

     ______________________________________                                    

     (Control)       0.034    16.24     14.72                                  

     (Crosslinked, 60 mins.)                                                   

                     0.035    19.18     17.85                                  

     ______________________________________                                    

PAR  It is to be noted (Table 4) that in this sample containing low
      hemicellulose content of only 4.3%, the density did not change materially
      and that the wet bulk volume increased 18% and the absorbent capacity
      increased 21% which is excellent.
TBL                TABLE 5                                                     

     ______________________________________                                    

                              Wet Bulk  Absorbent                              

                     Density  Volume    Capacity                               

     Sample No. 2    gms./cc. cc./gm.   cc./gm.                                

     ______________________________________                                    

     (Control)       0.035    16.35     15.24                                  

     (Crosslinked, 60 mins.)                                                   

                     0.049    17.15     15.74                                  

     ______________________________________                                    

PAR  It is to be noted (Table 5) that in this sample containing higher
      hemicellulose content of 8.5%, the density increased markedly and the wet
      bulk volume increased only 4.9% and the absorbent capacity increased only
      3.3% which is not significant. The deleterious effects of the
      hemicellulose on the properties of wet bulk volume and absorbent capacity
      is clearly demonstrated.
PAC  EXAMPLE IV
PAR  For determining the dry and wet resilience of the low hemicellulose fibers,
      similar samples are prepared as in Example III. For determining the dry
      resilience, samples are conditioned at 72.degree.F. and 65% relative
      humidity. For determining the wet resilience, samples are placed in
      petridishes containing sufficient water to saturate the samples which are
      permitted to remain there for several minutes before testing begins.
PAR  The dry control sample (hemicellulose content =4.3), upon application of
      200 grams/cm..sup.2 pressure, compressed to 12% of its original bulk
      volume, and recovered to 31% of its original bulk volume upon removal of
      the pressure. The dry resilience is therefore 31%.
PAR  The wet control sample (also hemicellulose content=4.3) collapsed to 55% of
      its original bulk volume upon being wetted, then compressed to 10% of its
      original bulk volume upon application of 200 grams/cm..sup.2, and
      recovered to 23% of its original bulk volume upon removal of the pressure.
      The wet resilience is 41%.
PAR  The dry crosslinked sample (hemicellulose content =4.3), upon application
      of 200 grams/cm..sup.2 pressure, compressed to 42% of its original bulk
      volume, and recovered to 59% of its original bulk volume upon removal of
      pressure. The dry resilience is 59% which is a very great improvement over
      the dry resilience of 31% of the uncrosslinked control sample.
PAR  The wet crosslinked sample (also hemicellulose content = 4.3) collapsed to
      67% of its original bulk volume upon being wetted, then compressed to 14%
      of its original bulk volume upon application of 200 grams/cm..sup.2, and
      recovered to 31% of its original bulk volume upon removal of the pressure.
      The wet resilience is 47% which is an improvement over the wet resilience
      of 41% of the control uncrosslinked sample.
PAR  The improvement in dry and wet resilience due to crosslinking is evident
      from the results of this example.
PAC  EXAMPLE V
PAR  Additional samples of pulpboard 1 and pulpboard 2, as described in Example
      I, are ground in a commercial Fitzpatrick hammer mill rather than a Weber
      hammer mill to determine the effect, if any, of the use of a different
      grinding mill.
PAR  Pulpboard sample 1, having a low hemicellulose content of about 4.3 percent
      is ground in a commerical Fitzpatrick hammer mill without any prior
      treatment of any kind. The knot content is determined to be about 12%. A
      control pulpboard sample, treated with a running water wash and air drying
      (no crosslinking) is similarly ground and the knot content is determined
      to be about 10 percent. When exposed to a 60-minute dry crosslinking by
      formaldehyde, and then ground similarly, the knot content is determined to
      be only 8 percent. This ground product is acceptable for the purposes of
      the present invention.
PAR  Pulboard sample 2, having a higher hemicellulose content of about 8.5
      percent is similarly tested and the knot contents are determined to be 21
      percent, 19 percent, and 57 percent, respectively. This ground product is
      unacceptable for the purposes of the present invention.
PAR  The desirability of a lower hemicellulose content in the pulpboard is thus
      illustrated again.
PAR  Although the present invention has been described with particular reference
      in the preceding examples and in the specification to cellulose fibers
      derived from wood, it is to be appreciated that the principles are equally
      applicable to other cellulosic fibrous materials which also contain
      sufficient hemicelluloses as to interfere with a subsequent crosslinking
      process. Examples of such other fibrous materials include esparto grass,
      straw, and the like, as well as industrial waste products such as cotton
      seed hulls, corn cobs, corn stalks, peanut shells, etc.
PAR  It is not necessary that the de-hemicellulosed, crosslinked cellulose
      fibers be used as the sole constituent of the absorbent portion of the
      product involved. It may be blended, if desired, in proportions as low as
      10% by weight up to 90% with other fibers or other fibrous materials,
      depending upon the requirements of the particular product. Such other
      fibers and other fibrous materials include cotton fibers, cotton linters,
      rayon, wood pulp, cotton batting, synthetic fibers, such as cellulose
      esters notably cellulose acetate, polyesters from dihydric alcohols and
      terephthalic acid such as "Dacron" and "Kodel", acrylics containing at
      least 85% by weight of acrylonitrile such as "Acrilan" and "Orlon",
      modacrylics containing less than 85% but at least 35% of acrylonitrile
      such as "Dynel" and "Verel", polyamides such as nylon 6 and nylon 6/6,
      polyolefins such as polyethylene and polypropylene, spandex fibers derived
      from polyurethane such as "Lycra" and "Vyrene", fluorocarbons such as
      "Teflon" TFE and FEP, etc.
PAR  The blending of such materials need not be uniform and the
      de-hemicellulosed, crosslinked cellulosic may be used as the top or an
      intermediate layer in a laminated structure; as the centrally located,
      internal, concentric core or the hollow cylindrical externally positioned,
      wrapping sheath in a composite tampon construction; or the like.
PAR  Other changes, variations, and modifications apparent to a person skilled
      in the art may be resorted to, without departing from the scope of the
      present invention which is defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making pulpboard for grinding into pulp fluff of improved
      dry and wet resilience and increased fluid absorption and retention
      capacity from cellulose fibers having a high hemicellulose content
      comprising:
PA1  treating said cellulose fibers to reduce said hemicellulose content to no
      more than about 7%;
PA1  forming a pulpboard from said treated cellulosic fibers; and
PA1  dry crosslinking said fibers in said pulpboard form to result in a
      pulpboard having a knot content of less than 15%.
NUM  2.
PAR  2. The method of claim 1 wherein said cellulosic fibers are treated by
      extracting said hemicellulose with an aqueous solution of from about 5
      percent to about 12 percent caustic at a temperature of from about
      15.degree. to about 35.degree.C.
NUM  3.
PAR  3. The method of claim 1 wherein said dry crosslinking is accomplished by
      introducing said pulpboard to an aqueous bath comprising crosslinking
      agent and catalyst, driving off the water in a heating step and reacting
      said crosslinking agent with said cellulose in a curing step.
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ABST
PAL  Non-woven fabric or paper-like material having excellent properties can be
      produced from fibers comprising hydroxymethyl cellulose xanthate by
      treating the fibers with a water soluble acid salt of
      aminoethylethanolamine monostearylamide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method for producing non-woven fabrics
      or paper-like materials having excellent properties by a wet method from
      fibers comprising hydroxymethyl cellulose xanthate, namely, a derivative
      of cellulose xanthate.
PAR  2. Description of the Prior Art
PAR  Hydroxymethyl cellulose xanthate is a methylolation product of cellulose
      xanthate. Its fibers are strongly acidic and stable, but are characterized
      by quite high chemical reactivity. These types of fibers and a method for
      producing non-woven fabrics or paper-like materials from the fibers are
      disclosed in U.S. Pat. No. 3,718,537 and U.S. Ser. No. 267,994 filed June
      30, 1972, now U.S. Pat. No. 3,832,281 (corresponding to Italian Pat. No.
      962,732).
PAR  These types of fibers have not heretofore been entirely successfully used
      in a wet process preparation of non-woven fabrics or paper-like materials,
      and it is now believed that the prior failures are attributable to an
      inability to properly disperse or distribute the fibers in water. The use
      of dispersing accelerators have been considered, but heretofore, the high
      reactivity of the fibers have hindered effective use of such agents. It
      has now been discovered that a suitable such agent must have the
      properties of being:
PA1  1. acidic
PA1  2. highly water-soluble
PA1  3. essentially chemically non-reactive with the fibers and cause no
      denaturation of the fibers
PA1  4. highly stable with respect to polyethylene oxide, polyacrylamide or the
      like, which are often used as dispersion stabilizing agents.
PAR  Accordingly, a need continues to exist for an improved wet process
      technique of forming non-woven fabrics or paper-like materials from
      hydroxymethyl cellulose xanthate fibers.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of this invention are provided by the use of a water soluble
      acid salt of aminoethylethanolamine monostearylamide to impart good
      self-dispersibility to the fibers. The salt is used in an aqueous acidic
      medium so as to effect good dispersibility to the hydroxymethyl cellulose
      xanthate.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  According to the present invention, fibers which can be used in preparing
      non-woven fabrics or paper-like materials comprising hydroxymethyl
      cellulose xanthate are treated with an acid salt of aminoethylethanolamine
      monostearylamide, as a dispersing accelerator in order to effect a good
      dispersion of the fibers in an acidic aqueous medium. The amide used
      herein has the formula: C.sub.17 H.sub.35 CONHCH.sub.2 CH.sub.2 NHCH.sub.2
      CH.sub.2 OH which may be obtained, e.g., by the following reaction:
      ##EQU1##
PAR  The amide itself is difficultly soluble, but may be made water-soluble by
      converting it into its corresponding acid salt. The preferred salts are
      the lactate and the acetate.
PAR  The dispersion accelerating effect of the surfactant used in the present
      invention is considered to be due to the conjugated effect of
PA1  i. change in electric charge of the fiber surface caused by the surfactant,
PA1  ii. adsorbability of the surfactant onto the fiber surface, and
PA1  iii. reduction in abrasion resistance by lubricating agent's effect in
      water.
PAR  As indicated above, the fibers used in the present invention are those
      comprising hydroxymethyl cellulose xanthate as are described in U.S. Pat.
      No. 3,718,537 and U.S. Ser. No. 267,994. The fibers are cut into lengths
      of 4-40 mm while wet and are used in the conventional paper-making process
      as disclosed in said patents.
PAR  The method for using the surfactant of the present invention will now be
      explained. The starting fibers may be dipped into a liquid containing the
      above surfactant under acidic conditions, or the liquid may be sprayed or
      applied onto the fibers under acidic conditions at the spinning step or at
      any of the stretching or the subsequent steps. By subjecting the fibers to
      these treatments, a spontaneous dispersibility is imparted to the fibers.
      The thus treated fibers can then be dispersed in an acidic aqueous
      solution and used in the conventional wet process technique for the
      formation of a paper-like product.
PAR  The starting fibers may also be directly dispersed into an acidic aqueous
      solution which contains the surfactant, and the dispersion may be
      subjected to paper-making.
PAR  It becomes possible, by using said surfactant to homogeneously disperse the
      starting fibers and to produce homogeneous and excellent quality non-woven
      fabric or paper-like material on an industrial scale.
PAR  The preferred concentration of the aqueous solution of the surfactant used
      for dispersion is 10-100 ppm, although higher concentrations may also be
      employed if desired.
PAR  The preferred amount of the surfactant to be used is 0.05 to 1.5% based on
      the weight of the fibers.
PAR  In the present invention, known dispersion stabilizing agents may, of
      course, be used in the dispersion step, and the generally employed
      conditions for dispersion and paper-making may be used without any
      difficulty.
PAR  Paper-making processes from the fibers of the present invention are
      explained in detail in U.S. Pat. No. 3,718,537 and U.S. Ser. No. 267,994.
PAR  In U.S. Ser. No. 267,994, non-woven fabrics or paper-like materials are
      produced by
PA1  a. dispersing spun and stretched viscose fibers comprising hydroxymethyl
      cellulose xanthate in an aqueous medium having a pH of lower than 6.0 at a
      temperature of lower than 30.degree.C,
PA1  b. forming the dispersed fibers into a web by a wet forming method,
PA1  c. dehydrating the web to the extent that the water content of the web
      becomes lower than 700%, said fibers after dehydration being characterized
      by:
PA2  1. a hydroxymethyl cellulose xanthate content in terms of .gamma.-value of
      greater than 30,
PA2  2. a decomposition degree of less than 75%, and
PA2  3. a process swelling degree of lower than 250%,
PA1  d. subjecting at least a portion of the surface of dehydrated web to a
      pressure of greater than 2 Kg/cm at a temperature of 90.degree. to
      180.degree.C, thereby fusing and decomposing the hydroxymethyl cellulose
      xanthate in the pressed portion of the fibers and simultaneously bonding
      the fibers in said portions to each other, and
PA1  e. subjecting the pressed web to regeneration treatment to decompose the
      remaining hydroxymethyl cellulose xanthate into cellulose.
DETD
PAR  Having generally described the invention, a more complete understanding can
      be obtained by reference to certain specific examples, which are included
      for purposes of illustration only and are not intended to be limiting
      unless otherwise specified.
PAC  EXAMPLES
PAR  A white paste of the lactate of aminoethylethanolamine monostearylamide is
      prepared as follows:
PAR  One mol (284 g) of stearic acid was heated and melted in a 1 liter three
      neck distillation flask provided with a stirrer, a thermometer and inlet
      and outlet tubes for nitrogen. Then, the internal temperature was elevated
      to about 120.degree.C and 1 mol (104 g) of aminoethyl monoethanolamine was
      added dropwise thereto while avoiding foaming. After completion of the
      addition, the internal temperature was elevated to
      150.degree.-160.degree.C and the reaction was effected for 5-6 hours in a
      nitrogen stream. Completion of the reaction was confirmed by measuring the
      acidity and the thus obtained aminoethyl monoethanolamine stearylamide was
      used in the form of an acid salt as the dispersing accelerator of the
      present invention. A lactate of this amide was synthesized as follows:
PAR  One mol (370 g) of aminoethyl monoethanolamide stearylamide (usually a
      light yellow solid having a melting point of 65.degree.-70.degree.C, an
      acid value of 8-13 and a neutralization value of 153-158) was dispersed in
      warm water of 70.degree.-80.degree.C and was neutralized with 1.5 mol (147
      g) of lactic acid to obtain a lactate in an aqueous solution. The reaction
      schematic is:
EQU  C.sub.17 H.sub.35 CONHCH.sub.2 CH.sub.2 NHCH.sub.2 CH.sub.2 OH + CH.sub.3
      CH(OH)COOH .fwdarw. C.sub.17 H.sub.35 CONHCH.sub.2 CH.sub.2 NHCH.sub.2
      CH.sub.2 OH.CH.sub.3 CH(OH)COOH
PAL  Properties of the aminoethyl monoethanol stearylamide lactate are shown in
      Table 1.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Concentration     Solubility (%)                                          

                                   Surface                                     

     of solid                        tension                                   

                                            Specific                           

     matter (%)                                                                

               pH      20.degree.C                                             

                               60.degree.C                                     

                                     (dyn/cm)                                  

                                            viscosity                          

     ______________________________________                                    

     0.1       4.05    89.2    96.5  42.1   0.987                              

     0.5       --      14.9    66.2  43.8   1.007                              

     1.0       4.75    11.0    34.0  43.8   1.036                              

     ______________________________________                                    

PA1  1. Solubility is expressed as transmittance (wave length 650 m.mu.) of
      aqueous solutions containing 0.1%, 0.5% and 1.0% of solid matter at
      20.degree. and 60.degree.C.
PA1  2. pH is the value measured on aqueous solution of 0.1% or 1.0% solid
      matter concentration at 20.degree.C.
PA1  3. surface tension is measured by the DuNouy method on aqueous solutions of
      0.1%, 0.5% or 1.0% solid matter concentration at 20.degree.C.
PA1  4. specific viscosity is measured by the Ostwald method on aqueous
      solutions of 0.1%, 0.5% or 1.0% solid matter concentration at 20.degree.C.
PAR  The lactate was emulsified in water at a concentration of 20-50% to form a
      white paste. When this was introduced into warm water and agitated, it was
      immediately converted into a homogeneous and transparent emulsion.
PAC  EXAMPLE 1
PAR  A white paste containing, as solid matter, 40% of the lactate of aminoethyl
      ethanolamine monostearylamide (lactate A) was introduced into hot water at
      80.degree.C to prepare an aqueous solution having a concentration of 5%.
      This solution had a pH of 3.5.
PAR  A viscose containing 7% cellulose and 4.2% alkali and having a .gamma.
      value of 90 was prepared by the conventional method. This viscose was
      extruded into a coagulation bath containing 35 g/l of sulfuric acid, 8 g/l
      of formaldehyde and 80 g/l of sodium sulfate at 26.degree.C. The resultant
      filaments were stretched by 150% in a second bath containing 10 g/l of
      sulfuric acid, 3 g/l of formaldehyde and 500 ppm (0.52% based on the
      weight of fibers) of the lactate at 60.degree.C to obtain a continuous
      filament tow. This tow was continuously cut into lengths of 20 mm and
      dispersed in an aqueous solution containing 80 ppm of lactate A and having
      a pH of 3.2 to obtain an extremely homogeneous dispersion. This dispersion
      (fiber concentration 0.06%) was immediately subjected to paper making
      employing a cylindrical paper machine to obtain a sheet of homogeneous
      texture. The thus obtained sheet was allowed to pass through an embossing
      roll having projections and having a surface temperature of 150.degree.C
      to effect partial fusion bonding. The thus treated sheet was then
      subjected to scouring treatments, such as hot acid treatment at
      80.degree.C, water washing, bleaching, or the like and dried.
PAR  For comparison, the above procedure was repeated except that lactate A was
      not used in any steps. The dispersibility in this Example and said
      Comparative Example are compared in Table 2.
TBL                TABLE 2                                                     

     ______________________________________                                    

                    Number of undispersed                                      

                    fibers( /400 cm.sup.2)                                     

                    L     M       S       Total                                

     ______________________________________                                    

     The present Example                                                       

                      0       6       14    20                                 

     Comparative Example                                                       

                      11      14      36    61                                 

     ______________________________________                                    

PAL  Method of measurement of number of undispersed fibers:
PAR  A square 20 .times. 20 cm was drawn on the dried sheet as the area to be
      measured, and this sample was placed on a measuring stand with a
      fluorescent lamp. Undispersed fibers within said area of 400 cm.sup.2 were
      marked with red magic ink and the number of undispersed fibers was counted
      with a counter. This measurement was effected two times and the mean value
      was taken as the number of undispersed fibers within said area. In Table
      2, "L", "M" and "S" have the following meanings.
PA1  L: undispersed fibers larger than 1.0 mm in width.
PA1  M: undispersed fibers 0.5-1.0 mm in width.
PA1  S: undispersed fibers less than 0.5 mm in width.
PAC  EXAMPLE 2
PAR  Solution of lactate A was prepared in the same manner as in Example 1.
      Filaments obtained by spinning in the same manner as in Example 1 were
      stretched by 150% in a second bath containing 10 g/l sulfuric acid at
      60.degree.C to obtain a continuous filament tow. This tow was cut into
      lengths of 20 mm and at the same time the thus cut fibers were
      continuously introduced and dispersed in an aqueous solution containing 50
      ppm (0.21% based on the weight of fibers) of the lactate and having a pH
      of 3.5 to obtain an extremely homogeneous dispersion. This dispersion was
      immediately subjected to a paper-making process employing a cylindrical
      paper machine to obtain a sheet of homogeneous texture. The thus obtained
      sheet was passed through an embossing roll having a surface temperature of
      135.degree.C to cause partial fusion bonding and then was subjected to
      scouring treatments, such as hot acid treatment at 80.degree.C, water
      washing, bleaching, or the like and dried.
PAR  For comparison, the above procedure was repeated except that the fibers
      were dispersed in an aqueous solution containing no lactate. Table 3 shows
      the comparison of dispersibility in this Example and the Comparative
      Example
TBL                TABLE 3                                                     

     ______________________________________                                    

                    Number of undispersed                                      

                    fibers ( /400 cm.sup.2)                                    

                    L     M       S       Total                                

     ______________________________________                                    

     The present Example                                                       

                      1       9       14    24                                 

     Comparative Example                                                       

                      11      21      46    78                                 

     ______________________________________                                    

PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by letters patent is:
NUM  1.
PAR  1. In a method for producing a non-woven fabric or a paper-like material by
      cutting fibers comprising hydroxymethyl cellulose xanthate, dispersing the
      cut fibers in an acid aqueous medium and then forming the dispersed fibers
      into a sheet, the improvement which comprises treating said fibers with a
      water soluble acid salt of aminoethylethanolamine monostearylamide under
      acidic conditions so as to impart good self dispersibility to said fibers.
NUM  2.
PAR  2. The method of claim 1, wherein said fibers are treated by being
      dispersed in an acidic aqueous solution containing the water soluble acid
      salt.
NUM  3.
PAR  3. The method of claim 1, wherein said acid salt is selected from the group
      consisting of lactate and acetate.
NUM  4.
PAR  4. The method of claim 1, wherein said fibers are treated by being dipped
      into a solution containing the acid salt or by spraying or applying the
      salt in a solution form to the fibers.
NUM  5.
PAR  5. The method of claim 1, wherein said acid salt is used in an amount of
      0.05 to 1.5% based on the weight of said fibers.
NUM  6.
PAR  6. The method of claim 2, wherein the concentration of the acid salt in the
      aqueous solution is 10-100 ppm.
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PAL  A method of automatically monitoring the power distribution of a nuclear
      reactor during normal power operation employing in-core detectors
      maintained within the thermal environment of the reactor at a prearranged
      storage location, normally outside the core reactivity region. The
      detectors are intermittently inserted into the core region according to a
      periodic predetermined time program. Upon insertion, the detectors are
      moved along corresponding preselected linear paths which terminate at the
      detector storage locations. Detector output vs. position is continuously
      recorded during travel to provide a partial core flux map.
PAL  Four detectors, arranged in two electronically redundant groups, are
      alternately inserted into the core at staggered intervals dictated by the
      time program to obtain the desired flux information. Reinitation of the
      program is effected upon a given movement of the reactor control rods to
      remap the corresponding reactivity changes and provide a complete and
      updated readout of the reactor core power distribution.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to a method for monitoring the power
      distribution of a nuclear reactor and more particularly to a nuclear
      reactor monitoring method employing movable in-core neutron detectors.
PAR  In many of the reactors presently in operation, reliance for neutron flux
      level measurements, as used in the reactor control and protection systems,
      has been placed on out-of-core detectors supplemented by the in-core flux
      mapping system which has been in use since as early as 1967; with the
      latter intended to provide proofs of core design and some calibration
      measurements.
PAR  With a growing trend toward larger reactor cores, there has been some
      concern as to the possible adverse effects of core power distributions and
      whether out-of-core detectors could adequately detect such possible
      adverse distributions. Test data showed that the split section out-of-core
      detectors, presently in use, responded to axial flux tilts, but the
      accuracies of the tilt measurements were affected by the geometry and
      construction materials employed at the detector wells and by the spacing
      between the vessel and the detectors. Correction factors were developed
      for these effects, but there is still some question as to whether
      out-of-core detectors will in all cases provide adequate alarm of adverse
      power distributions.
PAR  A concerned governmental agency has suggested that a monitoring and alarm
      system utilizing fixed in-core detectors be provided for plants with a
      design F.sub.Q (the ratio of the peak local power to the average core
      power density) below the value of 2.50, so that the operator can be
      afforded continuous surveillance of the axial distribution. The
      governmental position includes a statement that the required system should
      be a fixed in-core detector system or "a better system".
PAR  A relative evaluation of performance of the fixed detector system is
      obtained by comparison with alternative systems which are currently
      performing, or could be developed to perform, the same function. The
      alternative systems considered include: the out-of-core long ion chamber
      system; the ion chamber system augmented by a third section; and selected
      movable in-core detector signals frequently taken.
PAR  The desirability of any surveillance system will depend first upon its
      accuracy ; secondly, upon its availability when reactor limits are
      approached; and thirdly, upon its usefullness to the plant operator as a
      tool for indicating the best mode of corrective action to be taken.
PAR  A fixed in-core system will meet only the second criterion. It has been
      shown, however, that frequent use of a movable in-core detector system can
      provide the most useful approach to monitoring the core average axial
      peaking factor, F.sub.Z.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, this invention satisfies the aforedescribed criteria by providing
      a more accurate, detailed, automatic, frequently update, data readout of
      reactor core power distribution. A novel method of employing the movable
      in-core neutron detectors in taught to yield a more sensitive running
      partial core flux map over normal power operation, indicative of the
      relative neutron density of the core.
PAR  The detectors are inserted into the reactor core region during normal power
      operation according to a predetermined, intermittent, time program. Upon
      insertion the detectors are automatically driven through the core region
      along fixed predetermined paths. The outputs of the detectors are recorded
      as a function of core location to provide a graphical representation of
      the reactor power distribution.
PAR  In the preferred embodiments, a plurality of detectors are arranged in
      electrically redundant groupings and are normally stored within the
      reactor thermal environment outside of the core reactivity region to
      minimize thermal cycling. As dictated by the predetermined time program,
      alternate groupings of detectors are driven along corresponding linear
      paths within the core at staggered time intervals governed by the reactor
      core physics. The programmed detector drive sequence is automatically
      reinitiated upon a given controlled reactivity change to provide the most
      meaningful data input to the plant operator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be had to the
      preferred embodiment, exemplary of the invention, shown in the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view illustrating the basic flux mapping system
      employed in the method of this invention:
PAR  FIG. 2 is a block diagram of the electronics employed in the method of this
      invention;
PAR  FIG. 3 is a more detailed block diagram of the detector drive circuitry of
      this invention;
PAR  FIG. 4 is a graphical representation of the scan cycling logic of FIG. 3;
PAR  FIGS. 5A and 5B are block diagrams illustrating the detector readout
      electronics of the exemplary embodiment of the method of this invention;
PAR  FIG. 6 is an exemplary timing chain capable of providing the timing program
      illustrated in FIG. 4; and
PAR  FIG. 7 is a conceptual illustration of the readout display of FIGS. 5A and
      5B.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with this invention a method is taught which provides an
      automatic, frequently updated readout of the reactor core axial peaking
      factor derived from the novel operation of a movable in-core detector
      system which has been in use in pressurized water reactor since 1967. The
      basic function of the method is to provide partial or full core maps for
      the determination and verification of core power distributions occurring
      during normal reactor operation, or abnormal power distributions resulting
      from misplaced rods or other anomalies. The system, employed as currently
      designed, is fully described in report WCAP-7607, entitled "In-Core
      Instrumentation" (available to the public from the Westinghouse Electric
      Corporation, Nuclear Energy Systems, Post Office Box 355, Pittsburgh, Pa,
      15230).
PAR  The system consists of four, five or six detector/drive assemblies,
      depending upon the size of the plant (two, three or four loops), which are
      interconnected in such a fashion that they can assess various combinations
      of in-core flux thimbles. To obtain the thimble interconnection
      capability, each detector has associated with it a five path and ten path
      rotary mechanical transfer device. A core map is made by selecting, by way
      of the transfer devices, particular thimbles through which the detectors
      are driven. To minimize mapping time, each detector is capable of being
      run at high speed (72 feet per minute) from its withdrawn position to a
      point just below the core. At this point, the detector speed is reduced to
      12 feet per minute and the detector traversed to the top of the core,
      direction reversed, and the detector traversed to the bottom of the core.
      The detector speed is then increased to 72 feet per minute and the
      detector is moved to its withdrawn position. A new flux thimble is
      selected for mapping by rotating the transfer devices and the above
      procedure repeated.
PAR  FIG. 1 shows the basic system for the insertion of the movable miniature
      detectors. Retractable thimbles 10, into which the miniature detectors 12
      are driven, take the routes approximately as shown. The thimbles are
      inserted into the reactor core 14 through conduits extending from the
      bottom of the reactor vessel 16 through the concrete shield area 18 and
      then up to a thimble seal table 20. Since the movable detector thimbles
      are closed at the leading (reactor) end, they are dry inside. The thimbles
      thus serve as a pressure barrier between the reactor water pressure (2500
      psig design) and the atmosphere. Mechanical seals between the retractable
      thimbles and the conduits are provided at the seal table 20. The conduits
      22 are essentially extensions of the reactor vessel 16, with the thimbles
      allowing the insertion of the in-core instrumentation movable miniature
      detectors. During operation, the thimbles 10 are stationary and will be
      retracted only under depressurized conditions during refueling or
      maintenance operations. Withdrawal of a thimble to the bottom of the
      reactor vessel is also possible if work is required on the vessel
      internals.
PAR  The drive system for insertion of the miniature detectors includes
      basically drive units 24, limit switch assemblies 26, five path rotary
      transfer devices 28, 10 path rotary transfer devices 30, and isolation
      valves 32, as shown.
PAR  Each drive unit pushes a hollow helical-wrap drive cable into the core with
      a miniature detector attached to the leading end of the cable and a small
      diameter coaxial cable, which communicates the detector output, threaded
      through the hollow center back to the trailing end of the drive cable.
PAR  Current requirements of the flux mapping system consist of multiple full
      core maps in conjuction with the core startup physics measurements
      (typically 25 maps over a 6 week period), and monthly full core maps
      thereafter. In addition partial or full core maps (equivalent to about 150
      detector insertions per year) are made in support of research and
      development work. This utilization of the system represents an average of
      about five hundred cycle insertions for each detector during the first
      year of plant operation.
PAR  The method of this invention applies the movable detector system described
      to obtain frequent measurements of core peaking factors on a manual or
      automatic, repetitive basis and represents, in some ways, a less severe
      application of the system. In the preferred embodiment of this invention
      four flux thimbles are preselected which will provide representative flux
      measurements. Having selected the paths, the corresponding detectors will
      be parked inside the pressure vessel but below the core. In this mode of
      operation, the detectors will be run at slow speed (12 feet per minute)
      from their parked position to the bottom of the core, traversed to the top
      of the core, the direction reversed and the detectors withdrawn through
      the core (still at slow speed) to the bottom of the core, and finially
      withdrawn at slow speed to their parked position. Flux computations will
      be performed over the core dimension. Total time in the core is
      approximately two minutes, which is the same exposure time each detector
      experiences during one insertion of the normal mode of operation of the
      flux mapping system. One advantage obtained from following the steps of
      the method of this invention requiring storing the detectors inside the
      pressure vessel, is the removal of the severe effects of thermal cycling.
      Additionally, the detectors will only be subjected to a simple linear
      translation rather than a long, tortuous path through the transfer
      devices. Both factors will contribute towards increased reliability in the
      monitoring mode of the invention over that obtained in the normal mode of
      operation of the flux mapping system if the latter were to be used with
      increased frequency anticipated by this invention.
PAR  After the detectors are in their parked position, actuation of the drives
      will be accomplished either upon demand by the plant operator,
      automatically, or upon a change in full length or part length control rod
      position. To provide deadband in system startup, a total of approximately
      five steps (in one direction) of part length or full length rod motion is
      required. Of course, it should be understood that this specification can
      be varied to suit any application. In the preferred form, measurements of
      ex-core power will deactivate the monitoring system below a preset power
      level, such as 80% power. The exemplary monitoring program graphically
      illustrated in FIG. 4, which is dependent upon reactor core physics, will
      cycle two detectors at a time -- i.e., the first peaking factor data will
      be obtained using two detectors and the second set of data will be
      obtained using a second set of detectors. A third set of detectors, if
      available, will not normally be used as part of this system. However,
      should a particular detector become unusable, the remaining detectors can
      be set up to operate in this system. Since only one detector is necessary
      to provide the required flux information, the system can be kept
      operational even with multiple detectors inoperable. Thus, the redundancy
      in providing two detectors to a set, or group, increases the overall
      reliability of the monitoring system.
PAR  To accommodate the normal monthly flux mapping of the core, using the
      standard method described, plant power would be reduced below the power
      level required to deactivate the monitoring system of this invention and
      control switched to the standard, existing flux mapping system. The
      monthly full core mapping would then be performed, as at present, using
      the flux mapping system and established procedures.
PAR  In this embodiment the signal conditioning circuitry associated with each
      detector calculates the peak to average factor for each trace; an alarm
      set point for each detector is calculated continuously in the equipment as
      a function of power; a single annunciator is actuated should any
      computation exceed the calculated alarm set point; the display system
      provides a digital indication of the peaking factor and a time display
      indicating the time of the measurement; and a multi-pen minature recorder
      provides a trace of the axial flux distribution as well as the position of
      the part length control bank. Additionally, associated with the display
      are those indicator lights and switches which provide information on the
      status of the system and allow operator control.
PAR  A general description of the system in block form is shown in FIG. 2. Six
      detectors 34, normally associated with a four loop plant, are shown with
      their corresponding drives, respectively labeled, A, B, C, D, E and F,
      connected to the existing flux mapping system. Intercommunication between
      the existing system and the modification provided by the method of this
      invention is indicated by the block labeled F.sub.Z signal conditioning
      and control. Intercommunication between the outputs of the system and the
      control room are indicated by the unit marked F.sub.Z operator's panel.
      Additionally, inputs are shown from the part length and full length rod
      step control system for reinitiating the programmed insertion detector
      drive graphically illustrated in FIG. 4. Input signals are also provided
      from the ex-core nuclear instrumentation power range detectors for
      automatically disabling the system.
PAR  The control circuitry for the detector drives are illustrated in more
      detail in block form in FIG. 3. The individual detectors are generally
      illustrated by their corresponding drive units A, B, C and D. Each
      detector drive has a corresponding encoder En, which records the position
      of the detector relative to the core. The respective encoders are coupled
      to corresponding decoder/comparator units 58, which compare the encoder
      output to a preselected setpoint Sp, corresponding to a predetermined
      position of the detector within the reactor. The respective
      decoder/comparator units provide outputs, as dictated by individual
      setpoints, to associated detector drive logic units 36, which control the
      movement and direction of the corresponding connected detectors. A master
      switch 38 is supplied to reconnect the electrical circuitry of the
      existing flux mapping system, represented by contact couplings F.sub.M, to
      the apparatus provided to perform the mode of operation of this invention,
      indicated by contacts F.sub.Z. Accordingly, when the method of this
      invention is employed, the master switch 38 is moved to the F.sub.Z
      position connecting the respective decoder/comparator units which will
      indicate the relative position of the corresponding detectors to the
      detector drive logic, which will in turn, command insertion of the
      appropriate connected detectors to their storage locations below the core
      of the reactor. While one setpoint programmed input is shown for each
      decoder/comparator unit, it should be appreciated that in this embodiment
      at least three will be provided corresponding to the top of the core,
      bottom of the core and storage locations within the reactor. Thereafter,
      unless interrupted by external signals the detector drive logic 36 will
      command movement of the corresponding detectors along their preselected
      paths of movement within the given flux thimbles according to the
      insertion program exemplarily illustrated in FIG. 4. The diagrammatical
      illustration provided in FIG. 3 shows detectors A and C connected in their
      scan position. After each scan, the detector drive logic 36 is reconnected
      to the alternate detector drives, i.e. B and D, through an interconnected
      master switch 44 controlled by the detector cycling selection logic 42.
      The cycling selection logic 42 is triggered at the end of each detector
      drive logic cycle through electrical connectors 41, to move the master
      switch 44 to the alternate detector drive contact 40.
PAR  To identify expected usage of the system requires reference to its
      functional requirements. The basic intent of this method is to determine
      the peaking factors whenever core parameters, which could cause a change
      in flux, are perturbed. Following such perturbations, it is necessary to
      provide periodic monitoring of the core to demonstrate that the peaking
      factors converge toward allowable values. Significant perturbations of the
      core arise from the movement of both full length and part length control
      rods. The resultant effect on peaking factors necessitates a renewed
      determination of the flux distribution. The secondary perturbation factor
      following rod motion is related to xenon redistribution. The axial
      redistribution of xenon proceeds over a period of 8 to 10 hours.
      Therefore, the suggestion period of frequency for the program cycle of
      measurements is eight hours. This latter consideration sets the maximum
      time interval between flux traces. Thus, in order to provide meaningful
      information on the core power distribution flux traces should be made
      following rod motion, and following the initial trend of power
      redistribution. In a base loaded plant, power changes would be a minimum,
      and core monitoring would be done automatically at least every 8 hours.
      For the load follow case, this cycle would be initiated following rod
      motion, or would revert to one flux trace every eight hours in the absence
      of rod motion.
PAR  A periodic program capable of providing the most significant information on
      the core axial flux distribution is shown in the insertion timing diagram
      illustrated in FIG. 4. The preferred insertion program for accomplishing
      this end will effect insertion of alternate groups, or sets, of detectors
      at the indicated intervals. After the initial insertion of the first set
      of detectors, a second set will be inserted after a 10 minute interval;
      the first set reinserted after a 30 minute interval; the second reinserted
      after a 60 minute interval, etc.
PAR  The program insertion for each trace is effected by the scan cycling logic
      44, illustrated in FIG. 3. Each of the described logic circuits can be
      constructed from state of the art components employing a routine
      application of circuit analysis and logic techniques. FIG. 6 illustrates
      one such circuit for accomplishing the scan cycling logic. Eight counters
      are shown respectively labeled T.sub.1 to T.sub.8. As connected, the
      initial insertion signal will start counter T.sub.1 which will provide
      counts for 10 minutes. At the end of the 10 minute interval an insertion
      will be processed through the scan actuation logic to the detector drive
      logic, which will effect the first flux trace. At the same time, a second
      output will initiate a 30 minute count in the second counter T.sub.2. At
      the end of the 30 minute interval the second counter will provide another
      scan actuation output as well as initiate a 60 minute count in the third
      counter T.sub.3. The remaining counters cycle through their corresponding
      intervals in a similar manner. At the end of the eighth cycle, the output
      of the eighth counter, T.sub.8, is employed to reset all eight counters
      and reinitiate the program. The outputs of the respective counters are
      "OR"ed together in the scan actuation logic 46, which provides the
      necessary signals to program the detector drive logic 36 to perform the
      insertion and withdrawal commands to the corresponding motor drives of the
      individual detectors connected. The initiating signal for the scan cycling
      logic is either provided from one of the two counters 48 and 50, or the
      manual input. The counters 48 and 50 respectively count the part length
      rod and full length rod steps and provide corresponding outputs upon the
      occurrence of a predetermined number of steps indicated by the program
      setpoints Sp. The outputs of the counters 48 and 50 and the manual input
      are ORed together in the scan cycling logic to start the reset terminals
      of the timing chain shown in FIG. 6, so that movement of either the part
      length or full length rods over a predetermined number of steps, or an
      additional manual input, will reinitiate the entire scan cycling progrm.
      Inputs are also supplied from the out-of-core instrumentation, labeled,
      NIS power range signals, through corresponding bistables 52 and 54, to the
      scan actuation logic. When the power range drops below the setpoint values
      specified by the programmed S.sub.P inputs on the bistables 52 and 54, the
      outputs of the bistables are communicated to the scan actuation logic
      through OR unit 56 to inhibit further insertion of the detectors into the
      core and disable the system so that normal flux mapping procedures can be
      accommodated. Manual inputs are also provided to the scan actuation logic
      to effect a single flux trace at the plant operator's discretion.
PAR  As a given set of detectors enter the core, the output electronics are
      initiated and continue monitoring the detector's performance through the
      entire flux scan of that set. The output initiating signal for activating
      the monitoring electronics is obtained from the decoder/comparator units
      of FIG. 3. The decoder/comparator units will provide an output 58 upon a
      decoder reading equal to a program setpoint indicative of the bottom of
      the core location. Similarly, as the detectors leave the core a second
      output will be provided at terminal 58 to disconnect the corresponding
      units from the readout processing electronics.
PAR  A more detailed view of the monitoring electronics is illustrated in FIGS.
      5A and 5B with a conceptual layout of the display being shown in FiG. 7.
      The outputs 58 from the decoder comparators in FIG. 3 are connected to the
      corresponding switches 82 of FIG. 5A and enable communication between the
      respective detectors and the monitoring electronics. The readout
      electronics are provided in redundant groupings, one for each detector in
      a set. Master switch 60, controlled by an output from the detector cycling
      selection logic 42 in FIG. 3 connects the appropriate detectors being
      inserted into the core to the corresponding monitoring units. The outputs
      of the respective detectors being cycled are communicated to corresponding
      F.sub.Z computation units 62, which are shown in more detail in FIG. 5B.
      The flux inputs from the detectors are fed in parallel to a peak detector
      72 and an integrating circuit 74 which respectively compute the peak and
      average axial flux measurements. These values are communicated to a ratio
      detector 76 which provides the peak to average flux measurement F.sub.Z.
      The F.sub.Z measurement is compared to a prescribed setpoint in the
      bistable 78 and an alarm 70 is annunciated if the setpoint is exceeded. At
      the same time the F.sub.Q measurement is processed through an analog to
      digital converter 80 for display on the readout 68. The corresponding
      outputs of the computation unit 62 are also compared to one another in a
      comparator unit 64 for any deviation that might exist. Theoretically, the
      radial flux distribution within the core should be the same, within a
      small percentage deviation such as 5% at each given core axial location.
      When a deviation exceeding a predetermined setpoint is noted by the
      deviation unit 64, an alarm is indicated to alert the plant operator. In
      addition to the outputs already noted, a three channel recorder 66 is
      supplied for displaying the outputs of the two detectors currently being
      monitored, as well as the part length rod position. Since the part length
      rods are employed to control the normal operation of the reactor, this
      should be sufficient. However, where desired, the full length rod position
      can also be displayed. The timing unit 84 is merely supplied to assist the
      plant operator in logging the readout of each trace.
PAR  The display is conceptually illustrated in FIG. 7 and includes a digital
      indication of the peaking factor F.sub.Z (A, C) for detectors A and C, and
      F.sub.Z (B, D) for detectors B and D, and the time display indicating the
      time of measurement. A multi-pen miniature recorder 66 provides a trace of
      the axial flux distribution as well as the position of the part length
      control bank. Also associated with the display panel are those indicator
      lights and switches which provide information on the status of the system
      and allow operator control. For example, the digital position of each
      detector in operation is shown and manual input settings are provided for
      the setpoints previously described, such as those for the
      decoder/comparator units which indicate the top of the core, bottom of the
      core and parked position of the detectors.
PAR  While the method of this invention has been applied to determine the axial
      peaking factor F.sub.Q, other measurements can be obtained from the
      signals derived from the movable in-core detectors. For example,
      normalized peaks, axial offsets and quadrant tilts can also be calculated.
PAR  Thus, the monitoring method of this invention will provide automatic
      operation of the presently available movable detector in-core flux mapping
      system to give partial reactor core flux maps according to a predetermined
      programmed cycle, which can be reinitiated during load changes or on
      demand by the reactor operator to give computations of certain core
      parameters. This development will make better utilization of presently
      available flux mapping equipment to provide the plant operator with more
      accurate, repetitively updated, visual aids in changing the reactor flux
      distribution as required.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method of on line monitoring the normal power operation of a nuclear
      reactor using a movable in-core neutron detector comprising the steps of:
PA1  automatically inserting and withdrawing the detector respectively into and
      out of the reactor core region, during normal power operation, at
      predetermined, staggered, intermittent, time, programmed, sequence
      intervals;
PA1  moving the detector, upon insertion, through the core region along a fixed
      predetermined path; and
PA1  recording the output of the detector as a function of core location.
NUM  2.
PAR  2. A method of claim 1 including the step of storing the detector within
      the reactor thermal environment outside the reactive core region in a
      prearranged storage location prior to insertion into the core and wherein
      the fixed predetermined path of movement of the detector terminates at the
      storage location.
NUM  3.
PAR  3. The method of claim 1 wherein a plurality of movable in-core detectors
      are employed to monitor the normal power operation of the nuclear core and
      wherein said moving steps moves the detectors along separate corresponding
      predetermined paths through the core.
NUM  4.
PAR  4. The method of claim 3 wherein the detectors are arranged in groups and
      wherein the groups of detectors are alternately inserted into the core
      region of the reactor according to the predetermined time program.
NUM  5.
PAR  5. The method of claim 4 wherein four-in-core detectors are employed to
      monitor the reactor, arranged in groups of two detectors each.
NUM  6.
PAR  6. The method of claim 1 including the step of periodicaly repeating the
      predetermined time sequence.
NUM  7.
PAR  7. The method of claim 6 wherein the predetermined sequence is repeated
      every eight hours.
NUM  8.
PAR  8. The method of claim 1 wherein the reactivity of the core is alterable by
      control means, including the step of reinitiating the time sequence
      automatically upon a given change in reactivity of the core caused by the
      control means.
NUM  9.
PAR  9. The method of claim 8 wherein the control means comprises control rods
      and the time sequence is reinitiated upon a given movement of the control
      rods within the core.
NUM  10.
PAR  10. The method of claim 1 including the step of automatically calculating
      the peak to average value of the neutron flux as indicated by the detector
      output.
NUM  11.
PAR  11. The method of claim 1 wherein the fixed predetermined path of the
      detector is linear.
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ABST
PAL  Apparatus for depressurizing, degassing and affording decay of weakly
      radioactive condensates in nuclear power plants having a turbine, and a
      main condenser turbine wherein exhaust steam of the turbine is condensed
      and forms a main condensate, and includes a collecting tank for the
      condensate situated below the condenser. A plurality of horizontal
      degassing channels, each having a lateral overflow, are disposed in the
      upper part of the condensate collecting tank and are filled with the main
      condensate up to the level of the overflow. At least one feedwater
      preheater which is heated by bleeder steam from the turbine provides a
      secondary condensate. Below the overflow height of the degassing channels
      extend horizontal feed pipes for the secondary condensate. The feed pipes
      are connected to the output of pressure relieving expanding devices and
      are provided on their underside with discharge openings for the bubbling
      of the secondary condensate into the main condensate to thereby degass the
      main condensate. The condensate collecting tank has mutually offset
      partitions therein providing an adequately long path for the decay of the
      main and secondary condensates. The condensate which is discharged from
      the condensate collecting tank is returned into the cycle as feedwater.
      Also disclosed is a method of operating the foregoing apparatus.
PARN
PAR  This application is a continuation-in-part of Ser. No. 318,436, filed, Dec.
      26, 1972, for METHOD AND APPARATUS FOR THE COMPRESSION, DEAERATION AND
      DECAY OF CONDENSATES IN STEAM POWER PLANTS, PARTICULARLY NUCLEAR POWER
      PLANTS, now abandoned.
PAR  The invention relates to apparatus and methods for depressurizing degassing
      and affording decay of the radioactivity of weakly radioactive condensates
      in nuclear power plants.
PAR  During the depressurization and degassing of condensates in nuclear power
      plants with boiling water reactors, particular difficulties occur through
      the fact that the condensate is weakly radioactive and such boiling water
      installations generally have no feed-water tank. For this reason, the
      condenser proper, which is connected behind the turbines, must be provided
      with a given storage space for the condensate wherein decay of the
      radioactivity of the condensate can also be afforded or attained. Due to
      the absence of a feed-water tank, special attention must be given to the
      discharge of secondary condensates which are produced, for example, from
      preheaters that are connected in the system.
PAR  It is a principal object of the invention to provide apparatus and method
      for the expansion or depressurizing and degassing of the collected
      condensate directly in the condenser and to afford, simultaneously, decay
      of the radioactivity of the condensate by providing appropriate storage
      means with decay paths.
PAR  Accordingly, the present invention relates to a method for depressurizing,
      degassing and affording decay of the radioactivity of weakly radioactive
      condensates in nuclear power plants having a turbine and a main condenser
      for the exhaust steam of the turbine, wherein the exhaust steam condenses
      in the main condenser and forms the main condensate, and at least one
      feed-water preheater which is heated by bleeder steam from the turbine,
      the condensate of this bleeder steam thereby forming a secondary
      condensate.
PAR  In accordance with the invention, the secondary condensate is guided
      through a depressurizing chamber which is connected in parallel with the
      main condenser and is kept at a higher pressure therefrom. Subsequently,
      the depressurized secondary condensate, is passed at higher pressure and
      at higher temperature, into the main condensate flowing out from the main
      condenser, where it is mixed, depressurized and vaporized so that the main
      condensate is degassed. Subsequently, both condensates are guided into a
      collector tank, having flow paths of adequate length, to permit decay of
      the radioactivity.
PAR  With the foregoing and other objects in view, there is provided in
      accordance with the invention, new and improved apparatus and method for
      depressurizing, degassing and affording decay of weakly radioactive
      condensates in nuclear power plants having a turbine, a main condenser for
      the exhaust steam of the turbine wherein the exhaust steam condensed in
      the main condenser forms a main condensate, a collecting tank for the
      condensate situated below the main condensate, and at least one feed-water
      preheater which is heated by bleeder steam from the turbine, the
      condensate of this bleeder steam forming a secondary condensate. A
      plurality of horizontal degassing channels which have a lateral overflow
      are disposed in the upper part of the condensate collecting tank and are
      filled with the main condensate up to the level of the overflow. Below the
      height of the overflow, horizontal feed pipes extend into the degassing
      channels. At least one pressure relieving device in form of a standpipe is
      connected in parallel with the main condenser and is connected by a line
      provided with a choke to the main condenser so that the secondary
      condensate is passed into the pressure relieving device and expanded or
      depressurized therein. The feed pipes are connected to the output of the
      pressure-relieving devices and provided on their underside with discharge
      openings for the introduction or bubling of the secondary condensate into
      the main condensate. The lower part of the condensate collecting tank has
      partitions which are provided with mutually offset partitions in order to
      provide an adequately long path for the decay of the main and secondary
      condensates. The condensate which is discharged from the condensate
      collecting tank is returnable into the cycle as feed-water. Since the
      secondary condensate is fed into these feed pipes at higher pressure and
      higher temperature than those of the main condensate, it can also flow
      into the main condensate through the openings formed on the underside of
      the pipes and will vaporize as a result of the sudden pressure drop, and
      rise to the surface of the main condensate in form of steam bubbles. Thus,
      a thorough degassing of the main condensate is also achieved.
PAR  According to another feature of the invention, additional secondary
      condensates which occur in the event of a disturbance, for example, in the
      steam generator, the decompressor for the feed pump, the steam overheater
      drain or in the emergency drains of the preheaters, are collected in
      separate pressure relieving devices connected in parallel with the main
      condenser, and are subsequently fed into the main condensate which had
      been drained from the main condenser. It is preferable, for this reason,
      that the feed pipes for the secondary condensate extend only about three
      quarters of the length of the degassing channels and have, in the region
      of the remaining length, inlets which communicate from below with the
      degassing channels, these inlets being connected to other depressurizing
      means connected in parallel with the main condenser. Into these other
      depressurizing means are fed additional secondary condensates, which may
      collect during a disturbance and which flow in, for example, from the
      steam overheating drain or an emergency drain of a preheater.
PAR  It is also preferable according to the invention to provide a main
      condenser which comprises in its center region separate air-cooling units
      which are covered by a cover plate with an open bottom. Below the air
      cooler units, diagonally inclined discharge chutes guide the oxygen-rich
      main condensate out of the air cooler units into a part of the degassing
      channels. Under the remaining main condenser pipes, are disposed
      additional diagonally tilted discharge chutes which pass the remaining
      main condensate into the other part of the degassing channels. Below all
      of the degassing channels is situated a diagonally inclined discharge
      plate on which, after discharging over the overflows, the oxygen-rich main
      condensate and the remaining main condensate are mixed.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as embodied in a
      particular embodiment, it is nevertheless not intended to be limited to
      the details shown, since various modifications may be made therein without
      departing from the spirit of the invention and the scope and range of
      equivalents of the claims.
DETD
PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description when read in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a schematic circuit diagram of the steam and water circulation
      system of a boiling water reactor, of the invention.
PAR  FIG. 2 is a schematic circuit diagram of means for guiding the secondary
      condensates.
PAR  FIG. 3 is a cross section through a condenser system showing the condenser
      having a lower condensate collecting tank, taken along line III--III of
      FIG. 4.
PAR  FIG. 4 is a longitudinal section through the condenser assembly lower part
      taken along line IV--IV of FIG. 3, and
PAR  FIG. 5 is a horizontal section through the condensate collecting tank,
      taken along line V--V of FIG. 4.
PAR  FIG. 1 shows the circuit diagram for a boiling water reactor. From the
      boiling water reactor 100, the generated saturated steam flows first
      through the line 101, to the saturated steam turbine 102 and, therefrom,
      through lines 103, into the steam desiccator 104 and through the
      intermediate overheater 106 which is heated by fresh steam, via bypass
      line 105. From this intermediate overheater, the steam arrives through
      line 107, in the low pressure turbine 1. The turbines 102 and 1 are seated
      on a common shaft and drive the generator 108. The exhaust steam of the
      low pressure part of turbine 1 is guided through the line 2, into the
      condenser and, here, following the condensation and collection in the
      condensate collecting tank 4, returned through the condensate pump 109,
      into the cycle, in form of feed-water. The feed-water then flows in the
      line 110, first in the heat exchanger 111 wherein the drive steam of the
      steam jet vacuum pump 112 gives off its heat to the feed-water.
      Thereafter, the feed-water passes through the low pressure preheaters 113
      and 114 which are heated via bleeder steam lines 115 and 116, with bleeder
      steam from the low pressure turbine 1. The feed-water pipe 117, proper, is
      followed by the high pressure preheaters 118 and 119 which, by bleeder
      steam lines 120, 121 are heated with bleeder steam from the saturated
      steam turbine 102. A line 122 is connected into the last high pressure
      preheater 119 from the intermediate overheater 106 drain or discharge.
PAR  The condensates of the entire preheater path are gradually guided back
      through lines 123, 124 and 125, from preheater 119 to preheater 113. From
      the first low pressure preheater 113, the condensate is then guided
      through the condensate cooler 126 and the line 6, into the pressure relief
      chamber 5.
PAR  This so-called secondary condensate is utilized now, in accordance with the
      invention, for the degassing of the main condensate. The pressure relief
      chamber 5 which is shown as a vertical standpipe absorbs all constantly
      collecting secondary condensates such as, for example, the condensate from
      the preheater 111 which is guided through line 6' to the chamber 5. These
      secondary condensates collect at a higher pressure than the main
      condensate in the condenser 3. The chamber 5 is connected, by line 127,
      with the condenser 3, through a throttle or choke 7, installed into the
      line 127. The steam being collected in the chamber 5 is thereby guided
      directly back into the condenser 3 and is condensed therein. Through the
      choke 7, a slightly higher pressure than prevails in the condenser 3, is
      established in the chamber 5. Thus, for example, the condenser pressure
      may amount to 0.04 atmospheres at 28.degree. C, while the secondary
      condensate in the decompressor 5 is under a pressure of 0.06 atmospheres
      at 35.degree.. The water is therefore approximately at the boiling point.
PAR  Referring to FIG. 2, the remaining expansion of the secondary condensates
      and the simultaneous degassing of the main condensate is now effected in
      the degassing channels 15, 16, 17 and 18, which are schematically
      illustrated in FIG. 2 and in cross-section in FIG. 3. Depressurizing
      chambers 9, 10 and 10a, are connected through suitable valves and
      connectors 20 - 23 to channels 15 - 18.
PAR  FIG. 3 shows a cross-section through the entire condenser 3 with the
      condensate collecting tank 4 underneath. The exhaust steam from the
      low-pressure turbine 1 flows through the steam dome 130 towards the piping
      or baffles 131 of the condenser 3. This piping 131 which is cooled is
      divided into individual packages whose peripheries are shown in the drawn
      cross-section.
PAR  Also, the condenser has in its central lower portion an air cooler unit 132
      where oxygen-rich condensate is precipitated. These air cooler units are
      disposed within a separate housing 133, open on the bottom. The degassing
      channels 15, 16 and 17, in which the condensate flows have on a
      longitudinal wall, an overflow edge 28, so that a condensate level A is
      created in these channels. Beneath the air cooler units 132, the guide
      baffles 25 and 26 are arranged so that the oxygen-rich condensate flows
      from these air cooler units 132, separately, toward the channels 16 and
      17. The remaining condensate is caught on the right side by the baffles
      24a and 24b and, on the left side, by the baffles 27 and 27b and are
      guided past channels 16 and 17 having the oxygen-rich condensate, into the
      channels 15 and 18. The condensate is then guided through baffles 24 and
      27, from the external region into the channels 15 and 18.
PAR  In these channels 15 to 18, are arranged horizontal feed pipes 11, 12, 13
      and 14, below the overflow edge 28, so that these feed pipes are disposed
      completely under the resulting condensate level. These feed pipes 11 to 14
      are in contact by lines 8, (FIGS. 1, 2 and 4) with the depressurizing
      chamber 5, and pass the secondary condensate from the chamber 5, into
      these feed pipes 11 to 14. These pipes have discharge openings 30 on their
      undersides through which the secondary condensate, as previously indicated
      is at higher pressure and at higher temperature than the main condensate,
      can flow out. The pressure of the secondary condensate in the feed pipes
      11 to 14 must be high enough that this secondary condensate will reliably
      bubble out downwardly from the openings 30 and overcome the pressure of
      the thereabove situated water column of the main condensate. The pressure
      of the secondary condensate in the chamber 5 is so adjusted that the
      pressure drop through the throttle or choke 7 and the water column of the
      main condensate disposed above the discharge openings 30, just about
      maintains a balance.
PAR  Following the discharge of the secondary condensate from the openings 30,
      it bubbles out and evaporates immediately due to the low pressure of the
      main condensate and thereby provides the degassing of the main condensate.
      The condensate running off from the overflows 28 is caught by a slightly
      inclined runoff sheet 31 and fed to an outlet discharge nozzle 32, by the
      inclined outlet 33 on the outside of the run-off sheet 31. Therefore, a
      mixing of the accumulating oxygen-rich condensate from the air cooler unit
      132 and the remaining condensate, is effected on the run-off sheet 31.
PAR  In such a boiling water plant not only the constant secondary condensates
      are accumulated but, also, additional secondary condensates occurring in
      the event of a disturbance, if, for example, the load at generator 108 is
      suddenly disconnected or if other interferences occur. During such a
      disruption, additional secondary condensates accumulate in great amounts
      and are collected in separated pressure relief chambers 9, 10 and 10a
      (FIG. 2). These secondary condensates may arrive for example, via line
      218, from the steam overheating run-off 106 or may arrive via emergency
      run-offs 129, from the lowest preheater 113 when such a preheater stops
      working and is bridged. Other, not specifically illustrated, disturbances
      which also produce a considerable accumulation of secondary condensates
      are, for example, the stoppage of the steam generator for the turbine or
      of the decompressor for the feed pump. These secondary condensates which
      collect during an interference, are collected in pressure relief
      standpipes 9 and 10 and are expanded to the pressure of the condenser 3.
PAR  In order to mix the secondary condensates occurring during a disturbance,
      also with the main condensate, the arrangement as shown in FIG. 4 was
      provided. Here, the inlet pipes 11, 12, 13 and 14 extend only
      approximately about three-quarters of the total length of the degassing
      channels 15 to 18. The read ends of these channels 15 to 18 are separated
      by vertical baffles 34. In this area, separated by the baffles 34, the
      secondary condensates collect during a disturbance from pressure relief
      standpipes 9 and 10, FIGS. 1 and 2, are directly fed by pipe line 19 and
      the inlets 23 which open into the channel 18. Due to the greater amount
      accumulating during a disturbance, the degassing process which occurs
      during operation, is no longer possible and is not required.
PAR  By thus dividing the condenser into two halves, where each half is fully
      operable by itself, one-half of the condenser may be shut down in case of
      a leak in order to prevent cooling water from getting into the circuit. As
      will be seen in FIG. 3, the steam space above the run-off sheet 31 is
      divided into two halves by a partition 31a which extends transversely to
      the walls 36 but above the collecting space 35. At the outer ends, decay
      chamber 35 has condensate feed connections 44 and 45, and 46 and 47,
      respectively, which are connected with the outlets 32 for the condensate
      running off from the channels 15 to 18 via reversing lines, not shown.
PAR  Because in a boiling-water reactor the condensates are weakly radioactive,
      it is necessary to provide additionally for these condensates a decay
      section in which the condensates must remain for a definite time before
      they are returned to circulation via the condensate pumps. Accordingly,
      dwelling sections are obtained by the provision of a specially designed
      collecting space 35 disposed underneath the run-off sheets 31 in the lower
      part of the condenser 4.
PAR  As shown in FIG. 5, this collecting space 35 is subdivided by vertical
      partitions 36 into individual lanes. These partitions, however, have
      cutouts 37 and 38 which are staggered relative to one another, so that the
      condensates entering via inlets 44 to 47 are directed through the
      condenser collecting space 35 along winding or tortuous paths as indicated
      by the dashed lines 41 in FIG. 5. By providing this flow path for the
      condensate, a definite decay time for the radioactivity of the condensate
      is therefore obtained because of the longer flow time which is required.
      After flowing through this decay path, the condensate is fed to the main
      condensate pump via connections 42.
PAR  By the method and the apparatus according to the present invention,
      degassing of the condensate is, therefore, effected directly in the
      condenser, and an appropriate subdivision of the cooling pipes makes it
      possible to degas the oxygen-rich condensate which comes from the air
      cooler units separately from the rest of the condensate. In addition, a
      true separation of degassing and storage spaces has been obtained where
      the storage spaces themselves, due to appropriate design, additionally
      serve as the decay section for the radioactivity of the condensate. The
      arrangement described provides a very low structural height.
PAR  In operation in the turbine system as shown in FIG. 1 of the application,
      the main condensate of the exahust steam comes directly from turbine 1
      collects in the condenser 3. In addition, the turbine system includes
      so-called secondary condensates which flow from the individual preheater
      stages or from steam-jet ejectors. Since, for the preheating of the feed
      water, bleeder steam is taken from higher pressure stages of the turbine
      as the heating medium, the condensate of the bleeder steam, after flowing
      from the individual preheaters, exhibits a higher pressure and higher
      temperature than the main condensate in the condenser 3. Both condensates
      consist of water. The secondary condensates coming from the preheater
      stages are fed through the lines 6 to the members 5. The pressure
      relieving standpipes 5 are connected with the main condenser 3 by means of
      a conduit provided with a choke 7. Since, in the standpipes 5, due to the
      higher pressure of the secondary condensates, a higher pressure prevails
      than in the condenser 3, suitable adjustment of the choke 7 can result in
      a lower pressure in the standpipes 5. Therefore, a depressurization of the
      secondary condensates takes place. In addition to the standpipes 5, there
      are also provided standpipes 9, 10 and 10a, wherein secondary condensates
      are collected which are produced in the event of a disturbance. Such a
      disturbance, may, for example arise when a preheater is defective and is
      disconnected and must be bridged by a bypass line. Condensate is produced
      also in this case, particularly from so-called mixing preheaters. This
      condensate produced in the event of a disturbance should be collected
      separately.
PAR  The condensate flowing from condenser 3 is now collected in degassing
      channels 15 to 18. The secondary condensate from standpipe 5 is conducted
      into the individual pipes 11 to 14 through line 8. These pipes are
      provided with openings at their underside, through which the secondary
      condensate flows into the main condensate. However, since the secondary
      condensate exhibits a higher pressure and higher temperature than the main
      condensate, it will immediately vaporize upon leaving pipes 11 to 14 and
      rise to the surface in the form of steam bubbles. Since the secondary
      condensate has a higher temperature than the main condensate, the main
      condensate is thereby heated to the point where it practically begins to
      boil, so that in this way an additional deaeration of the main condensate
      is assured.
PAR  Regarding the feeding of the various condensates, that is, the
      oxygen-enriched condensate from the air coolers and the remaining main
      condensate, it must be noted that this is not done selectively but these
      two condensates are produced continuously and in each case at the same
      location. The oxygen-enriched condensate drips onto the run-off baffles 25
      and 26 and thus is fed to the channels 16 and 17, whereas the remaining
      main condensate falls upon the remaining surface, that is, baffles 27a and
      27b as well as 27, and is conducted from there into the degassing channels
      15 and 18. Conduction of the condensate from the run-off surfaces 25 and
      26 onto the baffle 27 is not provided for. Rather, the condensates collect
      only after running over the overflow baffles 28 onto the run-off sheet 31
      where they are mixed. During this running off, a further degassing takes
      place, to a small extent. All condensates caught by the run-off baffles
      26, 27, 27a and 27b, come from the main condenser 3. Only the secondary
      condensates come from the line 8 and are fed therefrom through the pipes
      11 - 14 from which the secondary condensates emerge.
CLMS
STM  We claim:
NUM  1.
PAR  1. Method for depressurizing, degassing and affording decay of weakly
      radioactive condensates in a steam nuclear power plant of the type having
      a turbine with higher and lower pressure stages and a main condenser for
      condensing exhaust steam from the turbine to a main condensate, and at
      least one feed-water preheater heatable by bleeder steam fed thereto from
      a higher pressure stage of the turbine, the condensate of said bleeder
      steam constituting a secondary condensate, which comprises the steps of:
      feeding the secondary condensaate at a higher temperature and higher
      pressure than the main condensate into the main condensate so that the
      secondary condensate vaporizes in the main condensate with simultaneous
      degassing of the main condensate by the vaporizing of the secondary
      condensate, and thereafter passing both main and secondary condensates
      through a flow path of sufficient length to permit the radioactivity to
      decay.
NUM  2.
PAR  2. The method of claim 1 including the step of first feeding the secondary
      condensate to a pressure relief chamber while still maintaining said
      secondary condensate at a higher pressure than said main condensate.
NUM  3.
PAR  3. Method according to claim 2 which includes conducting the feed-water
      through a flow path that bypasses the preheater, heating the bypassing
      feed-water by means of bleeder steam from a higher pressure stage of the
      turbine thereby to produce additional secondary condensate, feeding the
      additional secondary condensate to another pressure relief chamber and
      feeding the additional secondary condensate from the other standpipe into
      the main condensate wherein the additional secondary condensate vaporizes.
NUM  4.
PAR  4. Apparatus for depressurizing, degassing and affording decay of weakly
      radioactive condensates in a steam nuclear power plant of the type having
      a turbine, a main condenser for condensing exhaust steam from the turbine
      to a main condensate, a tank for collecting the main condensate below the
      level of the turbine, and at least one feed water preheater heatable by
      bleeder steam fed thereto from a higher pressure stage of the turbine, the
      condensate of said bleeder steam constituting a secondary condensate that
      is at higher temperature and higher pressure than the main condensate
      because of the origin thereof from said higher pressure stage of the
      turbine, comprising: a plurality of degassing channels each provided with
      a lateral overflow, said channels being provided in the upper part of the
      collecting tank for filling with the main condensate up to the level of
      the overflows, horizontal feed pipes arranged in said channels below the
      overflows, at least one pressure relieving standpipe for receiving said
      secondary condensate, said horizontal feed pipes communicating with said
      standpipe and having openings at a lower portion thereof, said collecting
      tank having a lower part provided with partitions having cutouts which are
      staggered relative to one another thereby to provide a flow path of
      sufficient length to permit the radioactivity of the condensates to decay,
      and a run-off sheet communicating between the upper and said lower part of
      said collecting tank.
NUM  5.
PAR  5. Apparatus according to claim 4, comprising air cooler units for the main
      condensate which cause the main condensate to become oxygen-enriched,
      run-off baffles arranged to conduct the oxygen-enriched main condensate to
      certain ones of said degassing channels, means for conducting the
      remaining main condensate to other ones of said degassing channels,
      whereby a mixing of the oxygen-enriched main condensate and the remaining
      main condensate takes place on the run-off sheet.
NUM  6.
PAR  6. Means for the depressurizing, degassing and decay of weakly radioactive
      condensates in nuclear power plants of the type having a turbine, and a
      main condenser for the exhaust steam of the turbine whereby the exhaust
      steam condensed in the main condenser forms a main condensate and a
      collecting tank for the condensate is situated below the condenser and a
      source of secondary condensate: comprising a plurality of horizontal
      degassing channels which have a lateral overflow arranged in the upper
      part of said condensate collecting tank and adapted to be filled with the
      main condensate up to the level of the overflow, horizontal feed pipes
      extending in said channels below the overflow height of the degassing
      channels, said feed pipes being provided on their underside, with
      discharge openings for the bubbling of the secondary condensate into the
      main condensate.
NUM  7.
PAR  7. Apparatus as in claim 6 wherein said condensate collecting tank has
      partitions which are provided with mutually displaced partitions in order
      to provide an adequately long path for the decay of the main and secondary
      condensates, the condensate which is discharged from the condensate
      collecting tank being returnable into the cycle as feed-water.
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ABST
PAL  A turbine follow system and method for pressurized water reactors with a
      multiplicity of load bypass valves to provide a substitute load upon a
      load rejection by shunting excess steam around the load to a condenser.
      The system provides a circuit whereby not more than one valve is opened on
      any one system or operator error by utilizing circuit redundancy and a
      permissive gate operated by one of the redundant circuits.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to a system for the actuation of a plurality of
      actuable devices in situations where it is desirable to prevent the
      actuation of more than one device upon the occurrence of any one system
      malfunction or operator error. More specifically, this invention applies
      to a control system for a nuclear power plant having a working fluid and a
      load with a multiplicity of parallel load bypass valves and/or atmospheric
      steam dump valves. In the interest of simplicity, the following discussion
      will be limited to describing the invention as related to load bypass
      valves but it should be understood that the invention is equally as
      applicable to atmospheric dump valves or any plurality of actuable
      devices. In the operation of a nuclear power plant in which a working
      fluid is supplied to a load or turbine, the situation occasionally arises
      where the load or turbine requires a decreased output thereby requiring a
      decreased supply of energy delivered to it by the working fluid. In such a
      situation, the excess energy stored in the working fluid that can no
      longer be utilized by the turbine must be dissipated in order to avoid
      undesirable consequences such as an energy backup which directly affects
      the safety of the power plant. One means of dissipating the excess energy
      is to provide a load bypass system comprising either one large bypass
      valve or a plurality of smaller bypass valves and/or an atmospheric steam
      dump valve system. These bypass valve systems provide a substitute load by
      shunting the working fluid around the load to an energy sink, usually the
      condenser following the turbine. An essential prerequisite of such a load
      bypass system is that the bypass valve or valves be prevented from opening
      erroneously. Utilization of a plurality of bypass valves has the advantage
      that each of the less-than-full-capacity bypass valves which make up the
      bypass system can be isolated from the others so that an error or system
      malfunction can cause the opening of only one valve constituting a small
      percentage of the total valve capacity. The present invention provides an
      analogue logic circuit which assures that not more than one valve is open
      on any one system or operator error.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention consists of a circuit which allows the control of a
      plurality of load bypass valves without creating the possibility that more
      than one valve can be opened erroneously. This is accomplished by the
      provision of a main signal channel and a redundant signal or "permissive"
      channel. The main signal channel generates a signal from the appropriate
      power plant system's parameters for the actuation of a plurality of load
      bypass valves. The redundant or second channel also generates a signal
      indicative of a need for the actuation of the load bypass valves. The
      signal from the second channel is delivered to a series of permissive
      gates intermediate the signal generation means of the first channel and
      the valves. These permissive gates allow the valve actuation signal
      generated by the first channel to pass to the valves only when the signal
      from the second channel indicates that a bona fide valve demand exists.
      The signal from the second channel is biased to always be present when the
      signal in the first channel is, so that under normal operation, whenever a
      valid signal from the first channel exists, the permissive gates will see
      a valve demand signal from the second channel. In this way, the second
      channel is not allowed to interfere with the operation of the valves on
      the signal from the first channel unless a malfunction occurs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a nuclear power generating system showing
      the secondary coolant circuit bypass valve and its control system.
PAR  FIG. 2 is a detailed circuit of the bypass valve control system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The nuclear power system relevant to the instant invention can be seen in
      FIG. 1. The power reactor 10 has core 12 which is controlled by control
      rods 14 which penetrate the reactor shell 10. The control rods 14 are
      actuated by driving means 16. The reactor 10 and core 12 are cooled by the
      primary coolant system (generally indicated by 18) which provides a
      continuous flow of primary coolant to and from the reactor 10. The coolant
      exits the reactor 10 at exit nozzle 20 and is circulated to a heat
      exchanger 22 where it gives up some of its heat to the secondary coolant
      system (generally indicated by 24). After passing through the heat
      exchanger 22, the primary coolant is returned to the reactor 10 through
      pump 26 and inlet nozzle 28.
PAR  The heated secondary coolant, which is usually water, is caused to pass in
      its vapor form through pressure pipe 30 to the load or turbine 32. After
      passing through the turbine 32, the vapor or steam is quenched in
      condenser 34 and eventually returned through pressure pipe 36 via feed
      water pump 38 to the heat exchanger 22. Turbine or load bypass valves 40
      are provided to allow the shunting of the coolant vapor or steam through
      pipe 42 and 44, past the turbine 32 and to the condenser 34.
PAR  The load bypass valve control system is generally indicated by 46. In the
      following discussion, the first signal generating channel (see FIG. 2)
      will be described using numbers with primes and the second channel will be
      described using numbers with double primes. The first channel measures the
      pressure of the working fluid (indicated as P.sub.2 ') by pressure sensor
      48'. Setpoint generator 50' provides a pressure setpoint (indicated as
      Psp'). Comparator 56' compares the actual pressure P.sub.2 ' as measuring
      to the setpoint pressure Psp' and generates a pressure error signal
      (P.sub.er '). This pressure error signal (P.sub.er ') is delivered to a
      controller 57' and then to a programmable signal generator 58' which
      generates a multiplicity of valve actuating signals which are commensurate
      with the signal from controller 57'. As used herein, the term
      "commensurate with" designates a functional relationship between the
      signals or parameters of interest and is not limited to meaning a
      proportional relationship described by a fixed ratio. The programmable
      signal generator may be comprised of individual programmers 54', 54", and
      54'". It should be understood that this description and diagram show only
      3 bypass valves rather than a greater multiplicity since the circuitry is
      merely redundant and can be expanded to include as many valves and
      programmers 54 as one wishes. Programmers 54 can be preprogrammed to
      generate individual signals each independently commensurate with the input
      signal which are sequenced so that the individual valves 40 are opened in
      a predetermined order and in a predetermined manner (as shown
      diagramatically in FIG. 1).
PAR  The second channel consists of a pressure sensor 48" which detects the
      pressure of the secondary system 24 or working fluid pressure as indicated
      by P.sub.2 ". In a manner similar to that described in channel 1, channel
      2 detects the working fluid's pressure (P.sub.2 ") by a pressure sensor
      48" and compares the pressure signal P.sub.2 " to a pressure setpoint
      signal P.sub.sp " generated by setpoint generator 50" in comparator 56" to
      generate a pressure error signal P.sub.er ". Comparator 56" also adds in a
      small bias from biasing means 52" so that the pressure error signal
      P.sub.er " of channel two is slightly greater than the pressure error
      signal P.sub.er ' of channel one. This pressure error signal P.sub.er " is
      passed to a controller 57" which performs the same function as controller
      57' in channel one. The signal from controller 57" of channel 2 is
      delivered to permissive gates 60', 60" and 60'" which are situated
      intermediate programmer 58' and the individual valves 40' , 40" and 40'".
      The permissive gates 60 are normally in a signal blocking mode so that no
      actuation signal emitted from 58' is passed to the respective bypass
      valves. The permissive gates are responsive to the biased signal from
      controller 57" in channel 2 so that when channel 2 generates a signal
      indicative of a valve demand, permissive gates 60', 60" and 60'" allow the
      passage of the actuating signals from channel 1 to the individual valves
      40.
PAR  With the redundant and signal blocking arrangement, no single operator
      error or load bypass valve control system failure will open more than one
      bypass valve. The bypass valves can only be operated by a signal from
      channel 1 when there is also a signal from channel 2 indicative of a
      bypass valve opening demand. With the present system, a single failure can
      cause the erroneous opening of a bypass valve only in the event that the
      failure occurs between the permissive gate and the valve. In such a case
      only one of the plurality of valves would be opened erroneously. Any
      failure that occurs on the other side of the permissive gate can not cause
      the opening of any valve since two signals indicating a valve demand are
      required for the actuating signal to be passed beyond the permissive gate
      60. A failure in channel 2, the permissive channel, would only lead to a
      blocking of all actuating signals to the valve so that an erroneous
      opening of a bypass valve would never occur.
PAR  It will be understood that the embodiment shown and described herein is
      merely illustrative and that changes may be made without departing from
      the scope of the invention as claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for the actuation of a plurality of actuable devices whereby
      the system prevents the actuation of more than one device upon the
      occurrence of any malfunction including operator error and apparatus
      failure, the system comprising:
PA1  a. first means for generating a first actuation signal;
PA1  b. second means parallel to said first means for generating a second
      actuation signal;
PA1  c. means responsive to said first signal for generating a multiplicity of
      signals for individually actuating said plurality of devices; and
PA1  d. a plurality of gate means intermediate said means for generating said
      first multiplicity of actuation signals and said multiplicity of actuable
      devices, and responsive to said second signal for selectively passing each
      individual signal to each device.
NUM  2.
PAR  2. A control system for a power plant having a working fluid and a
      multiplicity of parallel steam relief valves whereby the system prevents
      the actuation of more than one valve on the occurrence of any malfunction
      including operator error and apparatus failure, the system comprising:
PA1  a. first means responsive to said working fluid for generating a first
      signal for the actuation of said valves;
PA1  b. second means responsive to said working fluid for generating a second
      signal for the actuation of said valves;
PA1  c. means responsive to said first signal for generating a multiplicity of
      signals for individually actuating said multiplicity of valves, each of
      said multiplicity of signals individually commensurate with said first
      signal; and
PA1  d. a multiplicity of permissive gate means intermediate said means for
      generating a multiplicity of signals and said multiplicity of valves, said
      gate means responsive to said second valve actuation signal for
      selectively passing each individual signal of said means for generating a
      multiplicity of signals to each individual valve.
NUM  3.
PAR  3. A control system as recited in claim 2 wherein said first means for
      generating a first signal for the actuation of said valves includes:
PA1  a. means for generating a signal commensurate with the pressure of said
      working fluid;
PA1  b. means for providing a signal commensurate with a pressure setpoint; and
PA1  c. means responsive to said signal commensurate with the pressure of said
      working fluid for comparing said signal commensurate with the pressure of
      said working fluid to said pressure setpoint signal to generate a pressure
      error signal, said pressure error signal constituting said first signal
      for the actuation of said steam relief valves.
NUM  4.
PAR  4. A control system as recited in claim 2 wherein said first means for
      generating a first signal for the actuation of said valves includes:
PA1  a. means for generating a signal commensurate with the pressure of said
      working fluid;
PA1  b. means for providing a signal commensurate with a pressure setpoint;
PA1  c. means responsive to said signal commensurate with the pressure of said
      working fluid for comparing said signal commensurate with the pressure of
      said working fluid to said pressure setpoint signal to generate a pressure
      error signal; and
PA1  d. controller means responsive to said pressure error signal for generating
      a signal for actuating said steam relief valves in accordance with said
      pressure error signal.
NUM  5.
PAR  5. A control system as recited in claim 2 wherein both first and second
      means for generating signals for the actuation of said valves each
      includes:
PA1  a. means for generating a signal commensurate with the pressure of said
      working fluid;
PA1  b. means for providing a signal commensurate with a pressure setpoint; and
PA1  c. means responsive to said signal commensurate with the pressure of said
      working fluid for comparing said signal commensurate with the pressure of
      said working fluid to said pressure setpoint signal to generate a pressure
      error signal.
NUM  6.
PAR  6. The apparatus of claim 2 wherein said second valve actuation signal is
      biased to be greater than said first valve actuation signal so that said
      permissive gate means receives a greater signal than said means for
      generating a multiplicity of valve actuating signals.
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PAL  A nuclear reactor, especially a sodium-cooled fast reactor in which the
      coolant is confined at least partially within a vertical primary tank
      containing the reactor core and surrounded by a main tank containing
      vertical heat exchangers and pumps for heat removal and continuous
      circulation of coolant from one tank to the other. Each heat exchanger is
      provided with inlet and outlet windows respectively at the upper and lower
      end for the admission and discharge of coolant derived from the primary
      tank and is surrounded by an outer shell which penetrates together with
      the heat exchanger into the region located between the primary tank and
      the main tank.
PAL  The outer shell delimits with the heat exchanger an annular space which is
      joined at the level of the inlet windows to one end of at least one
      elbowed duct, the other end of which extends into the coolant within the
      primary tank. The annular space is connected to a pump for producing a
      variable negative pressure within said space and thus priming the siphon
      formed by the primary tank, the elbowed duct and the annular space.
BSUM
PAR  This invention relates to a nuclear reactor, especially a so-called "fast
      reactor," in which the core is formed by a group of fuel assemblies and
      cooled by a liquid metal usually consisting of sodium and circulated in
      contact with said fuel assemblies. The coolant is confined at least
      partially within a first tank or so-called primary tank having a vertical
      axis and containing the reactor core, said primary tank being in turn
      surrounded by a second tank or so-called main tank. The complete assembly
      formed by both tanks is placed within a thick-walled structure which
      constitutes an external containment vessel for providing biological
      protection against the effects of radioactive radiation.
PAR  In one arrangement of this type which is conventional in the technical
      field under consideration, the invention relates more especially to
      integrated reactors, that is to say in which the tanks contain not only
      the reactor core and the volume of sodium which is necessary for cooling
      this latter but also the reactor auxiliaries and equipment units such as
      heat exchangers and pumps which serve to ensure removal of the heat picked
      up by the sodium as it passes through the reactor core and the continuous
      circulation of this latter from one tank to the other.
PAR  In a general manner and when the sodium is circulated in the upward
      direction through the reactor core, the primary tank or inner tank
      delimits above the core a region in which the hot sodium collects after
      being discharged from the core and which must be as well-confined as
      possible for various reasons of operational safety. As a result of this
      confinement, however, zones constituted by sodium at different
      temperatures are present at the level of said tank; this has a tendency to
      develop differential expansions between the primary tank and other parts
      of the reactor which are heated to a lower temperature. The heat
      exchangers mounted within the main tank and outside the primary tank are
      directly supplied with hot sodium, the cooled sodium which is discharged
      from said heat exchangers being taken from the main tank, then returned by
      the circulating pumps beneath the reactor core where the cycle starts
      again.
PAR  The aim of the present invention is to simplify the design concept of the
      arrangements provided for conveying the hot sodium from the primary tank
      to the heat exchangers contained in the main tank while retaining in
      particular both the integrity and the shape of said tanks and especially
      the primary tank without entailing any need in particular to make
      provision for penetrations or orifices through the primary tank wall for
      the discharge of sodium. The connection with the heat exchangers is
      established in such a manner as to readily permit the further possibility
      of relative displacements of the heat exchangers with respect to the
      primary tank as a result of differential expansions caused by the variable
      temperatures inevitably encountered.
PAR  To this end, the nuclear reactor under consideration is so designed that
      each heat exchanger is mounted with a vertical axis, is provided with
      inlet and outlet windows respectively at the upper and lower end for the
      admission and discharge of sodium derived from the primary tank and is
      surrounded by an outer shell which penetrates together with the heat
      exchanger into the region located between the primary tank and the main
      tank. The reactor is characterized in that the outer shell delimits with
      the heat exchanger an annular space joined at the level of the
      heat-exchanger inlet windows to one end of at least one elbowed duct, the
      other end of which extends into the sodium contained in the primary tank.
      Said annular space is connected by means of a pipe providing a
      communication with a pumping source for producing a variable negative
      pressure within said space and thus priming the siphon formed by the
      primary tank, the elbowed duct and the annular space.
PAR  Apart from this main feature, a nuclear reactor which is constructed in
      accordance with the invention has further related features which are
      preferably intended to be employed in combination but could in some cases
      be considered separately and relate in particular to the following points:
PAR  each heat exchanger is provided in the external surface thereof between the
      sodium inlet and outlet windows with projecting annular flanges which
      delimit with the opposite wall of the outer shell a labyrinth seal for the
      annular space;
PAR  the outer shell which surrounds each heat exchanger is extended at the top
      portion thereof by a tubular element which passes through the biological
      shield structure and is provided with an annular bearing shoulder for
      supporting the heat exchanger;
PAR  the pipe which opens into the annular space can be connected with a source
      of gas under pressure for the controlled unpriming of the siphon.
PAR  Further characteristic features of a nuclear reactor which is constructed
      in accordance with the invention will now become apparent from the
      following description of one exemplified embodiment which is given by way
      of indication but not in any limiting sense, reference being made to the
      single FIGURE of the accompanying drawing which is a diagrammatic view of
      said reactor in partial vertical cross-section.
PAR  In this FIGURE, the reference numeral 1 designates diagrammatically a fast
      reactor core formed by the side-by-side arrangement of fuel assemblies 1a
      containing either fertile or fissile material. The reactor core 1 has a
      vertical axis and is disposed within a first tank 2 or so-called primary
      tank which is in turn surrounded by a second tank 3 known as the main tank
      and placed in coaxial relation with the first, both tanks being open at
      the top. In a manner known per se, the tank 3 can be suspended by means of
      the type designated by the reference 4 from a slab 5 of substantial
      thickness forming a top closure for a biological shield structure or
      vessel containing the complete installation. Said tanks 2 and 3 are filled
      with a suitable volume of liquid metal and especially sodium which serves
      to cool the reactor core 1 during operation and to transfer the heat
      picked-up in contact with the fuel assemblies to a secondary fluid
      employed in the production of electric power outside the reactor.
PAR  The foregoing arrangements make it possible in particular to confine the
      hot sodium which is discharged from the reactor core 1 after having passed
      upwardly through this latter within the tank 2. The sodium which remains
      and especially which is contained within the tank 3 is at a lower
      temperature, especially as a result of the cooling action produced through
      the heat exchangers of the type shown at 10 in the drawing. These heat
      exchangers are preferably mounted at uniform intervals within the main
      tank 3 outside the primary tank 2 and associated with circulating pumps
      10a which are also mounted within the tank 3 and serve to take the sodium
      from the outlets of the heat exchangers and to return it beneath the
      reactor core 1 for a further passage through this latter. As a result of
      the output of said pumps and the pressure drops encountered, the levels of
      sodium respectively within the tanks 2 and 3 as shown in the FIGURE at 8
      and 9 are such that the level 8 in the tank 2 is slightly higher than the
      level 9 in the tank 3.
PAR  Each heat exchanger 10 is designed in the form of a unit having a vertical
      axis and a generally cylindrical shape. Pipes 11 and 12 for the admission
      and discharge of a suitable secondary fluid which can be either sodium or
      water penetrate into the upper end of each heat-exchanger unit. The
      secondary fluid passes through the heat exchanger through a series of
      circulation tubes (not shown in the drawing) which are maintained parallel
      to the axis of the unit by means of tube-plates. The heat-exchanger unit
      10 is provided at the upper and lower ends with inlet and outlet windows
      for the admission and discharge of the sodium which is present within the
      tanks 2 and 3 and which is accordingly permitted to come into contact with
      the secondary-fluid circulation tubes. The sodium passes downwardly
      through the heat exchanger so as to be recirculated at the outlet of this
      latter by the pumps mentioned above and returned towards the reactor core
      1. The heat exchanger 10 is provided at the top end with a transverse
      annular flange 15 which rests on an annular bearing shoulder 16 forming
      part of an element 17. Said element forms a linear tube which extends
      through the top slab 5 of the containment vessel 6 and serves to support
      said heat exchanger which can thus extend directly into the volume of
      sodium contained between the tanks 2 and 3.
PAR  In accordance with the invention, the liner tube 17 is extended downwards
      in the form of a cylindrical shell 18 which surrounds the heat exchanger
      and delimits with this latter an annular space 19 which is joined by means
      of a connector-pipe 20 fitted with a regulating valve 21 to a pumping
      source 20a which is located outside the reactor and serves to reduce the
      pressure within said annular space with respect to the pressure of an
      inert blanket gas from source 20b which is maintained above the sodium
      within the tanks 2 and 3. The heat exchanger 10 is provided in the
      external surface thereof with a series of annular flanges 22 which form
      radial projections towards the opposite wall of the shell 18, these
      annular flanges being intended to form with said wall a labyrinth seal for
      maintaining at least partial leak-tightness of the annular space 19. At
      the top portion of the shell 18 and substantially at the level of the
      inlet windows 13, a communication is provided between said space 19 and
      the primary tank 2 by means of an elbowed duct 23, the lower end of which
      extends beneath the level 8 of the sodium within said primary tank. Said
      duct 23 has in particular a horizontal portion 24 and a vertical 25 which
      is immersed in the sodium to a level which is determined by the operating
      conditions of the installation and in particular by the rate of flow
      through the heat exchanger 10 and the reactor core 1.
PAR  The operation of the fast reactor under consideration is accordingly as
      follows: under the action of the circulating pumps, the sodium which is
      collected in the main tank at the outlets of the heat exchangers 10 is
      discharged through collectors (not shown) beneath the reactor core 1 into
      the tank 2, the sodium being then passed upwardly through the reactor core
      in contact with the fuel assemblies. Under these conditions, the hot
      sodium discharged from the reactor core is confined within the primary
      tank 2. In order to ensure transfer of the sodium to the main tank 3, the
      annular space 19 is subjected to a suitable degree of negative pressure by
      means of the pipe 20, said negative pressure being produced in a
      progressive manner and limited to a low value of one tenth of an
      atmosphere, for example. The level of sodium rises simultaneously within
      the duct 23 in the direction of the arrow 26 and around the bundle of
      secondary-fluid circulation tubes within each heat-exchanger unit 10. When
      this level reaches the bottom generating-line of the horizontal portion 24
      of the duct 23, the flow begins to take place from the primary tank 2
      towards the main tank 3 and the hot sodium penetrates through the inlet
      windows 13. As the level of sodium continues to rise, said windows 13 are
      then entirely covered, the heat exchanger then operates continuously and
      the duct 23 performs the function of a conventional siphon As an
      advantageous feature, the inlet windows 13 are so designed and arranged as
      to produce a slight turbulence within the sodium flow in order to ensure
      the necessary stability of operation. In fact, if the flow were to take
      place without turbulences, the sodium derived from the primary tank 2
      would also pass a small quantity of neutral gas which is present above the
      level 8 within said tank; by progressively accumulating within the annular
      space 19, this quantity of gas would be liable to produce a pressure rise
      and correlatively a reduction in the level of sodium with respect to the
      windows until final unpriming of the siphon. On the other hand, by
      generating a suitable turbulence, this gas is carried along with the
      sodium which passes through the heat exchanger, the negative pressure
      within the annular space 19 being consequently maintained at a
      substantially constant value.
PAR  In the nuclear reactor which is thus constructed, it is possible not only
      to ensure confinement of the hot sodium within the primary tank but also,
      by virtue of the arrangement which is contemplated, to obtain either a
      reduction in the volume of hot sodium contained in the reactor or
      alternatively an increase in the height of the heat-exchangers for a given
      volume.
PAR  A further advantage of the arrangement considered arises from the
      possibility of isolating one or a number of heat exchangers at will,
      simply by regulating the pressure within the annular space. Thus, by
      injecting into said space a suitable quantity of neutral gas such as argon
      under pressure, the effect thereby achieved is to lower the level of
      sodium within said space and to cause immediate unpriming of the
      corresponding siphon. Strictly speaking, it is only necessary to ensure
      that the volume flow rate of injected gas is equal to the rate of flow of
      sodium through the heat exchanger or in other words that the quantity of
      gas is equal to the volume represented by the complete heat-exchanger unit
      and shell.
PAR  A further advantage also arises from the assembly of each heat exchanger
      within a cylindrical shell which extends through the top slab of the
      containment vessel structure and permits of relative displacements of said
      heat exchanger and of the two tanks without any mutual reactions of these
      different elements, irrespective of the differential expansions which may
      take place. Finally, the use of a connecting duct between the annular
      space provided around each heat exchanger and the primary tank avoids the
      need to modify the shape of said tank and accordingly makes it possible to
      maintain the integrity of this latter, especially by dispensing with any
      need for holes or other penetrations through the wall of said tank for the
      flow of sodium.
PAR  It must be clearly understood that the invention is not limited to the
      exemplified embodiment which has been more especially described with
      reference to the drawings but extends to all alternative forms. From this
      it follows that the labyrinth seal which is intended to ensure
      leak-tightness of the annular space 19 could be formed by means other than
      that described in the foregoing by way of example and by making use of
      another type of mechanical seal (which can be secured to the heat
      exchanger 10 or to the shell 18) or alternatively a hydraulic seal.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A nuclear reactor and especially a fast reactor having a core formed by
      a group of fuel assemblies and cooled by a liquid metal usually consisting
      of sodium and circulated in contact with said fuel assemblies, said
      coolant being confined at least partially within a first primary tank
      having a vertical axis and containing the reactor core, said primary tank
      being in turn surrounded by a second main tank, the complete assembly
      formed by both tanks being placed within a thick-walled structure which
      constitutes an external containment vessel for providing biological
      protection against the effects of radioactive radiation, the main tank
      containing heat exchangers and pumps for removal of heat picked up by the
      sodium as it passes through the reactor core and circulating said sodium
      in continuous flow from one tank to the other, each heat exchanger being
      mounted with a vertical axis, provided with inlet and outlet windows
      respectively at the upper and lower end for the admission and discharge of
      sodium derived from the primary tank, and surrounded by an outer shell
      which penetrates together with said heat exchanger into the region located
      between the primary tank and the main tank, wherein said shell delimits
      with the heat exchanger an annular space joined at the level of the
      heat-exchanger inlet windows to one end of at least one elbowed duct, the
      other end of which extends into the sodium contained in the primary tank,
      said annular space being connected by means of a pipe providing a
      communication with a pumping source for producing a variable negative
      pressure within said space and thus priming the siphon formed by said
      primary tank, said elbowed duct and said annular space.
NUM  2.
PAR  2. A nuclear reactor according to claim 1, wherein each heat exchanger is
      provided in the external surface thereof between the sodium inlet and
      outlet windows with projecting annular flanges which delimit with the
      opposite wall of the outer shell a labyrinth seal for the annular space.
NUM  3.
PAR  3. A nuclear reactor according to claim 1, wherein the outer shell which
      surrounds each heat exchanger is extended at the top portion thereof by a
      tubular element which passes through the biological shield structure and
      is provided with an annular bearing shoulder for supporting said heat
      exchanger.
NUM  4.
PAR  4. A nuclear reactor according to claim 1, wherein the pipe which opens
      into the annular space is connected with a source of gas under pressure
      for the controlled unpriming of the siphon.
PATN
WKU  039322157
SRC  5
APN  3412784
APT  1
ART  221
APD  19730314
TTL  Vertical control rod for rapid and safe shut-off of nuclear reactors
ISD  19760113
NCL  4
ECL  1
EXP  Behrend; Harvey E.
NDR  3
NFG  8
INVT
NAM  Kruger; Horst
CTY  Bensberg-Herkenrath
CNT  DT
ASSG
NAM  Interatom Internationale Atomreaktorbau GmbH
CTY  Bensberg, Cologne
CNT  DT
COD  03
PRIR
CNT  DT
APD  19701128
APN  2058619
RLAP
COD  72
APN  201579
APD  19711126
PSC  03
CLAS
OCL  176 36R
XCL  176 86R
ICL  G21c  712
FSC  176
FSS  36 R;36 S;36 L;36 C;86 R
UREF
PNO  3089838
ISD  19630500
NAM  Paget
OCL  176 86R
UREF
PNO  3197378
ISD  19650700
NAM  Fortescue
OCL  176 36R
UREF
PNO  3515639
ISD  19700600
NAM  Pflugrad
OCL  176 36R
UREF
PNO  3720580
ISD  19730300
NAM  Schubert et al.
OCL  176 36R
UREF
PNO  3762994
ISD  19731000
NAM  Kunzel
OCL  176 36S
FREF
PNO  1,475,017
ISD  19670200
CNT  FR
OCL  176 86R
LREP
FR2  Lerner; Herbert L.
ABST
PAL  Vertical control rod includes an absorber formed of flexible members and
      suspended by a traction device below the reactor core during operation of
      the reactor and a tensional spring for drawing the absorber into the
      reactor core to shut off the reactor. The control rod is operable
      independently of gravity and avoids jamming of the absorber in the guide
      therefor.
PARN
PAR  This is a continuation-in-part application of prior application Ser. No.
      201,579 filed Nov. 26, 1971, now abandoned.
BSUM
PAR  The invention relates to a vertical control rod for shutting off nuclear
      reactors rapidly and safely. More particularly, the control rod is of the
      type that is removable from the reactor in an upward direction, and is
      formed of a flexible absorber guided in a tube, an acceleration spring, a
      drive mechanism for tensioning the spring, and a holding device for the
      spring. Flexible absorbers are employed to avoid dangerous jamming of the
      absorbers in the guide therefor, particularly in the case of very long
      control rods and are known, for example, from German Pat. Nos. 1,092,572
      and 1,100,831. In these and other shut-off devices, the flexible absorbers
      are suspended from a holding device above the reactor core during the
      operation of the reactor and are dropped into the reactor core,
      accelerated by gravity in order to shut off the reactor. Shut-off devices
      of this kind are very reliable, but the shut-off speed thereof and the
      forces available for overcoming resistances are limited. Any additional
      force acting upon the suspended, flexible absorbers from above and
      exceeding the force of gravity, however, increases the danger of jamming
      in the guide.
PAR  It is accordingly an object of the present invention to provide a vertical
      control rod for rapidly and safely shutting off a nuclear reactor which is
      removable from the reactor in an upward direction, and has a force
      available for effecting shut-off which exceeds the force of gravity, yet
      avoids jamming of the absorber in the guide therefor, even when, in the
      event of damage, deformation of the guide tube might result.
PAR  With the foregoing and other objects in view, there is provided, in
      accordance with the invention, vertical control rod for rapidly and safely
      shutting off a nuclear reactor, the rod being removable from a reactor in
      upward direction and comprising an elongated tube, a flexible absorber
      guided in the tube, spring means operatively connected to the absorber for
      accelerating vertical displacement thereof, a drive mechanism for
      tensioning the spring, means for holding the spring, a traction device
      suspending the absorber below the core of the reactor during operation of
      the reactor and means for disposing the accelerating spring means and the
      drive mechanism above the reactor core. The flexible absorber is thereby
      stressed only in tension and jamming thereof in the guide is thereby
      avoided.
PAR  In accordance with a further feature of the invention, the absorber is
      disconnectible from the traction device therefor, and the drive mechanism
      above the reactor core, while being simultaneously lockable into its
      shut-off position. Thus, the entire control rod, except for the absorber
      part, is exchangeable without impairing the shut-off action.
PAR  In accordance with another feature of the invention, the absorber is
      moveable into shut-off position by means of the drive mechanism for
      tensioning the acceleration spring. While sacrificing shut-off speed, a
      result of this construction is that the absorber is moved, with greater
      reliability, into the shut-off position if the acceleration spring should
      fail. It is also advantageous so to control the drive mechanism that it
      follows the absorber into the shut-off position immediately after the
      shut-off is effected.
PAR  In accordance with yet another feature of the invention, the traction
      device has a hollow construction and contains a wire rope secured at both
      ends thereof. This construction affords an additional safety precaution
      and assures a strong connection between the absorber and the drive
      mechanism even if the traction device itself should break.
PAR  In accordance with an additional feature of the invention, the absorber is
      formed of several members that are movable with respect to each other and
      are guidable in a guide tube which is traversible by a coolant flow, the
      lowermost absorber being disposed, during the operation of the reactor in
      a lower end section of the guide tube, substantially sealing the spacing
      between the absorber and the inner surface of the guide tube from the
      outside. This construction has the advantage that, in the event of
      shut-off, the absorber is sufficiently cooled by a flow of coolant between
      the absorber and the inner surface of the guide tube but that, during the
      operation of the reactor, no appreciable or substantial quantities of
      coolant can flow through the guide tube which would contribute only little
      to the cooling of the reactor core.
DRWD
PAR  FIGS. 1 to 4 are diagrammatic longitudinal sectional views of a control rod
      according to the invention in four sections extending progressively from
      the bottom to the top of the control rod, as disposed in shut-off
      position.
PAR  FIG. 5 is a sectional view on an enlarged scale taken along the lines E-F
      in FIGS. 6 and 7 and showing the bayonet coupling.
PAR  FIG. 6 is a sectional view taken along the lines A-B in FIG. 5.
PAR  FIG. 7 is a sectional taken along the lines E-F in FIG. 5.
PAR  FIG. 8 is a sectional view, on an enlarged scale, showing the flexible
      connection of the individual parts of the absorber.
DETD
PAR  Referring now to the drawing and first, particularly, to FIG. 1 thereof,
      there is shown therein an absorber 1 formed of three members that is
      guided in a guide tube 2 which, at its lower end, is held in a sleeve 3
      that is secured to the grid support plate 4. During operation of the
      reactor, the lower end of the absorber 1 rests in a correspondingly shaped
      end section 5 of the guide tube 2, sealing it, and thereby largely
      prevents coolant from entering the guide tube 2. The guide tube 2 is held
      at its upper end in a centering tube 6. The absorber 1 is connected
      through a connecting device 7, which need not be described in detail as it
      is not essential to the invention, to one end of a tie rod 8. The other
      end of the tie rod 8 is secured to the lower part of a bayonet coupling 9
      of conventional construction. The latter, in turn, is connected with the
      upper part thereof to a connecting rod 10. When the connecting rod 10 is
      turned, it causes disengagement of the bayonet coupling 9, whereupon the
      entire device can be pulled up and only the parts 1 to 5, 7 and 8 of the
      control rod remain in the reactor in the shut-off position of the control
      rod.
PAR  In FIG. 2, the reduced-diameter centering tube 6 and guide bearing 11 form
      a dashpot 12 in which the connecting rod 10 displaces a damper piston 13
      that is mounted thereon, thereby braking the motion of the absorber
      mechanism, when it is moved rapidly upwardly to the shut-off position
      shown, prior to reaching that final shut-off position. The centering tube
      6 is mounted in a tube 14. Shielding 16 is disposed in the space between
      the inner surface of the tube 14 and the outer surface of a tube 15
      disposed within and coaxially to the tube 14. The tube 15, in turn,
      surrounds a guide tube 17.
PAR  In FIG. 3, the tube 14 is seated with a shoulder thereof on the lid of the
      reactor. A cover 18 seated on the tube 15 closes off the shield 16 at the
      top thereof. A sleeve 20 connected to the tube 17 and provided with an
      external thread and a conical seal 19, is disposed on the cover 18. Upon
      rotating a tube 23 in which a nut 21 is disposed, the sleeve 20 is screwed
      into the nut 21 until a conical seal 19 comes to rest against a
      correspondingly shaped interior cone 22, so that gas is prevented from
      escaping from the reactor by a seal 53. At the same time, the centering
      tube 6 is lifted through the tube 17 for such a distance that a gap is
      formed at the junction between the centering tube 6 and the guide tube 2
      (note FIG. 1), and it is thereby possible to rotate the reactor lid to
      carry out fuel element replacement operations. The tube 23 is connected
      through a gear coupling 24 with a sleeve 25 which, at the upper end
      thereof, is provided with a gear 26 that meshes with a pinion 27 mounted
      on a universal joint drive shaft 28. The gear coupling 24 is required so
      that, when a chuck 29 of conventional construction, is disengaged, the
      tube 23 can be separated from the housing 30 that is slid over it. The
      universal-joint shaft 28 with its pinion 27 are supported in the housing
      30, as well as a universal-joint shaft 31 with a pinion 32 secured
      thereto, which engages a gear 33 mounted on a shaft 34 that is connected
      to the rod 10 through the chuck 29. When the chuck 29 is disengaged, the
      parts of the device which have been in contact with the coolant can be
      separated from the other parts. The chuck 29 also facilitates the
      installation or assembly of the device. The housing 30 is connected to a
      tube 36 through an intermediate section 35.
PAR  FIG. 4 shows the tube 36, in which a holding plate 37 is secured. A helical
      spring 38 bears against the holding plate 37. If a lead screw 39 is
      turned, the rotation thereof is transformed into axial motion by a nut 40,
      and a disc 41, which is rigidly connected to the nut 40 and is prevented
      from turning by a retaining slot 42 on the inside of a tube 43, slides
      downwardly. On the disc 41, there is secured a toroidal electromagnet 44,
      the leads of which are not illustrated. In the energized condition, the
      electromagnet 44 entrains an armature 45 resting against it, which slides
      along retaining slots 46 formed on the inside of the tube 36. The helical
      spring 38 is thereby stressed and the tube 43, which is firmly connected
      to the armature 45, slides farther downwardly and thereby lowers the shaft
      34 suspended in a holder 47, the shaft 34 being drawn downwardly by the
      gravity force of the absorber 1, which is connected to it by the parts 29,
      10, 9, 8 and 7. A stop 48 limits the travel of the armature 45 upwardly
      during shut-off. A gas seal 49 prevents radioactively contaminated gases
      from escaping from the reactor. The lead screw 39 is turned by an electric
      motor 52 which operates through a reduction gear 50 and an overload clutch
      51, of conventional construction and therefore not further described in
      detail. The overload clutch 51 prevents the drive mechanism from being
      damaged in the event of jamming of the linkage. The universal-joint shafts
      28 and 31 are constructed at the upper end thereof so that they can be
      rotated, for example, by means of a wrench. The upper part of the entire
      device is secured in a holder plate 54.
PAR  The traction device forms one unit during normal operation, but in the
      event of the reactor cover having to be rotated or lifted off for
      maintenance work, is divisible into a lower part (connecting device 7, tie
      rod 8 lower half of bayonet coupling 9) and an upper part (upper half of
      bayonet coupling 9, connecting rod 10, chuck 29, shaft 34, holder 47, tube
      43 and armature 45). The parts linking the absorber to the spring 38 which
      are set in motion when rapid shut-off is triggered include connection
      device 7, tie rod 8, bayonet coupling 9, connecting rod 10, chuck 29,
      shaft 34 holder 47, tube 43 and armature 45.
PAR  Referring to FIG. 5, the bayonet coupling 9 comprises an upper part 55 and
      a lower part 56 detachably connected to each other by means of a gear
      coupling which is also shown in FIG. 6. The rod 10 is provided with
      segments 58 which can engage appropriately shaped recesses 59 of the lower
      coupling part 56. FIG. 6 shows the coupling in disengaged condition
      whereby the rod 10 and thus segments 58 and the upper part 55 of the
      coupling can be pulled away in an upward direction. When the rod 10 is
      rotated 90 degrees, segments 58 engage the recesses 59 and lock the
      coupling parts 55 and 56 with respect to each other, and their mutual
      gearing prevents the rotary movement of the rod 10 from being transmitted
      to the lower coupling part 56 and to the remaining parts 1, 7, 8 of the
      device suspended thereon.
PAR  A Part 60 is provided at its upper end with an internal hexagon opening for
      accomodating a hexagon part 57 so that the rotary movement of the rod 10
      can be transmitted to the part 60. The part 60 is provided with two
      flanges 61, 62 which, in the illustrated embodiment, each comprise three
      control slots 63 as shown in FIG. 7. Inside the control slots, are
      disposed glide pins 64, which have latches 65 attached thereto and which,
      at an appropriate position of the pins 64 in the control slots 63, as
      shown in FIG. 7 for example, engage the openings 66 in the guide tube 2.
PAR  The operation of this latch system and the bayonet coupling 9 is coupled
      that upon rotation of the rod 10 for releasing the coupling parts 55 and
      56 from each other, segments 58 emerge from recesses 59 thereby releasing
      the coupling and this same rotation shifts, simultaneously, part 60 and
      thereby the guide slots 63 in such a manner that the latches 65 engage the
      opening 66. As a result, coupling parts 55 and 56 which are geared with
      each other, as well as the hexagon part 57 and part 60 are released from
      one another, through a simple pulling upwardly of the rod 10 while the
      absorber 1 remains securely locked in its disconnected position.
PAR  The high temperatures prevailing in the fission zone of the reactor, the
      radiation stress, and possible interferences make the pull rod 8
      particularly susceptible to danger of being damaged. To insure that, in
      any event, the absorber 1 will be pulled into the core region, the upper
      and lower end parts of the pull rod 8 (FIG. 5 shows only the upper end
      part 67) are so arranged that a wire rope 69, whose ends are provided with
      ballshaped holders 68, can be guided in the interior of the hollow pull
      rod 8 as a reserve pulling member.
PAR  FIG. 8 shows how the individual parts of the absorber 1 are connected by
      means of joints which consist of meshing extension sections or bulges 70
      and 71 which are disposed at various locations. The individual parts of
      the absorber 1 are limited by stops, 72, 73 and can be shifted relative to
      each other, to a certain degree and especially, may be tilted, canted, and
      twisted oppositely relative to each other so that absorber 1 can also
      follow through guide tube 2 which becomes curved due to a disruption or
      the like.
PAR  The operation of the device is as follows:
PAR  When rapid shut-off is triggered, the electromagnet 44 ceases to carry
      current and releases the armature 45 which is forced upwardly by the
      stressed helical spring 38 to the stop 48 and thereby entrains the tube
      43. The shaft 34 suspended in the mounting 47 is also forcibly pulled
      upwardly and, in turn, pulls up the chuck 29, the rod 10, the bayonet
      coupling 9, the tie rod 8 and the fastening device 7 and thereby draws the
      absorber 1 into the reactor core region. Simultaneously, the electric
      motor 52 is started up and pulls up the disc 41 through the reduction gear
      50, the overload clutch 51 and the lead screw 39 and thereby forcibly
      entrains the armature 45, in case the latter should not have been impelled
      to its upper rest position.
PAR  After correcting the reactor trouble which caused the aforedescribed rapid
      shut-off, the operational readiness of the device is restored as follows:
PAR  The electric motor 52 is driven in the opposite rotary direction, and
      through the lead screw 39, causes a lowering or unscrewing of the nut 40,
      and the disc 41 and the electromagnet 44, which is simultaneously
      energized and thereby entrains the armature 45 downwardly against the
      biasing force of the helical spring 38. The tube 43 and the holder 47
      connected thereto, are thereby moved downwardly, so that, due to the force
      of gravity, the absorber 1 which is suspended on it by means of the parts
      34, 29, 10, 9, 8 and 7 slides downwardly out of the reactor core region,
      until the lowermost member of the absorber 1 rests in the end section 5 of
      the guide tube 2, thereby terminating the shut-off of the reactor.
PAR  To disengage the bayonet coupling 9, the universal joint shaft 31 is
      rotated, imparting its rotation through the pinion 32 to the gear 33, and
      through the latter to the shaft 34 which, in turn, sets the connecting rod
      10 in rotation through the chuck 29, and thereby initiates the coupling
      operation.
PAR  The rotation of the universal-joint shaft 28, through the pinion 27 and the
      gear 26, causes rotation of the sleeve 25 which, through the gear coupling
      24, turns the tube 23 and the nut 21 in which the sleeve 20 is screwed and
      which is fastened in the tube 23. The tube 17 connected to the sleeve 20
      rises and entrains the centering tube 6, whereby the latter's connection
      to the guide tube 2 is released and a gap between these two tubes 6 and 17
      is formed. After disengagement of the bayonet coupling 9, the reactor lid,
      with the parts of the device built into the same, is then rotatable, while
      the parts 1 to 5, 7 and 8 remain fixed in the reactor.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a nuclear reactor of the type having an elongated tube for guiding an
      absorber, a control rod mechanism having raised and lowered positions for
      rapidly and safely shutting off the nuclear reactor comprising, a flexible
      absorber guided in said tube for movement between a raised shut-off and a
      lowered position, a connecting means suspending said absorber within said
      elongated tube, spring means operatively connected to said connecting
      means, a drive mechanism connected for compressing said spring means and
      lowering the absorber release means for releasably holding said spring
      means in said compressed condition wherein release of said spring means
      causes the latter to effect accelerating vertical displacement of said
      connecting means and absorber to the raised position of the absorber and
      means for disposing said spring means, drive mechanism and release above
      said elongated tube.
NUM  2.
PAR  2. A control rod mechanism according to claim 1 comprising means for
      separating a portion of said connecting means from said absorber including
      pin means and slot means for simultaneously locking said absorber in its
      raised position, the pin means mounted in slots in the lower portion of
      the separating means, the pins having latches, a tube connected to the
      absorbing means, said latches engaging openings in said tube.
NUM  3.
PAR  3. A control rod mechanism according to claim 1 wherein said elongated tube
      is traversible by coolant and is formed with an open lower end section,
      said absorber comprising a plurality of members hinged to one another to
      allow their longtudinal axes to intersect at an angle, said absorber being
      guided in said elongated tube, the lowermost of said absorber members
      being receivable in said lower end section of said elongated tube said
      lowermost absorber member closely fitting into said lower end section in
      its lowered position, so as to substantially seal the bottom of said guide
      tube, thereby preventing the flow of coolant through said guide tube.
NUM  4.
PAR  4. A control rod mechanism according to claim 1 wherein said connecting
      means has a tie rod with hollow interior containing a wire rope secured at
      both ends thereof.
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ABST
PAL  A typical embodiment of the invention provides an efficient aid in
      positioning fuel elements in a nuclear reactor core. The corner edges of
      the peripheral band that binds the fuel element grid structure together,
      as well as the ends of the individual grid plates that protrude beyond the
      last marginal rows of fuel rods in each of the fuel elements are chamfered
      or bevelled. Thus, when fuel elements are being inserted, relocated or
      withdrawn from a reactor core the sloping edges of the grid structures in
      adjacent elements slide past without locking together or otherwise
      undesirably engaging each other.
PARN
PAR  This is a continuation of application Ser. No. 207,255, filed Dec. 13,
      1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to nuclear power systems, and more particularly to
      grid structures for nuclear reactor fuel elements, and the like.
PAR  2. Description of the Prior Art
PAR  In order to produce useful nuclear power, a suitable concentration of
      fissionable material must be assembled in a reactor core under proper
      conditions. This material, of which the uranium isotope U.sup.235 is
      typical, generates power through sustained fission processes. In the usual
      fission events, neutrons are absorbed in the U.sup.235 nuclei. These
      absorptions cause the nuclei, in general, to release energy and to
      disintegrate into the nuclei of lighter elements. If the processes are to
      continue, the fissioning nuclei also must produce a new generation of
      neutrons in an abundance that is sufficient to initiate an equal number of
      new fissions.
PAR  There are many formidable environmental, physical, and economic
      difficulties that must be overcome in order to build a commercially
      acceptable nuclear reactor while maintaining this essential neutron
      balance. For example, in a power reactor that transfers the fission
      process energy to a flowing stream of pressurized water, the fissionable
      material is loaded into hollow tubes that are referred to as "fuel rods".
PAR  For ease of shipment, installation, and removal, as well as to enhance the
      structural integrity of the core, these rods usually are grouped together
      in sub-assemblies that are called "fuel elements". A typical commercial
      reactor fuel element, for instance, may have an array of more than two
      hundred of these individual fuel rods.
PAR  In an assembled fuel element, the rods usually are separated from each
      other to provide spaces for coolant water flow in order to remove the heat
      that is generated in the core. This rod arrangement, moreover, when viewed
      in cross section, is generally square.
PAR  The individual rods are held in their relative positions by means of
      cellular grid structures that are formed from interlocking plates. The
      grids, moreover, are spaced from each other at intervals along the length
      of the array of fuel rods. Each of these fuel rods in the array are lodged
      in respective cells within each of the grids. Within each of the cells,
      the respective fuel rods are restrained, or engaged by detents or "stops"
      that protrude from the plates that form the grid and press against the
      respective fuel rod surfaces.
PAR  These grids, however, conflict with other desirable features of a
      well-designed reactor core. For instance, to make the most efficient use
      of the fissionable material charge within a reactor core, pressure losses
      in the core coolant should be minimized. Further in this regard, because
      the fuel elements ordinarily are nested closely together in a reactor
      pressure vessel, it is customary to provide tongues on the bands that form
      the peripheries of the grid structures. These tongues have portions that
      jut out from the bands to guide the fuel elements as they are being
      inserted into or being withdrawn from the reactor pressure vessel.
      Although these tongues perform a useful function, they nevertheless tend
      to obstruct the flow path and thereby increase the coolant pressure
      losses.
PAR  These tongues also impose an adverse influence on the neutron balance
      within the reactor core. In this regard, it should be noted that almost
      all non-fissionable materials within a reactor core tend to act as
      "poisons" that absorb neutrons without producing a corresponding
      generation of neutrons to sustain the fission process. Thus, the tongues
      increase these parasitical neutron losses within the reactor and thereby
      decrease the "life" of the core.
PAR  The clear desirability of reducing these losses, however, is superseded by
      the need to insure smooth insertion and withdrawal of the fuel elements
      from the reactor vessel. This need is further emphasized if it is
      recognized that during withdrawal, the individual fuel elements probably
      will have to be handled with remotely operated tools because of
      dangerously high radioactivity levels. If, for example, two radioactive
      fuel elements should lock together during withdrawal from the core, the
      problem of disengaging these elements from each other to complete the
      withdrawal through some sort of remote manipulation can be time consuming,
      expensive and possibly dangerous.
PAR  One suggested technique proposes welding the grid plates to the fuel rods
      and eliminating the bands that circumscribe the grid structure. On one
      side, the ends of the individual plates protrude beyond the fuel element
      framework and the corners of these protruding plates are tapered. The
      welded structure, however, can lead to manufacturing, processing and
      quality control difficulties.
PAR  Accordingly, there is a need for some fuel element technique that will aid
      reactor core assembly and reduce coolant pressure losses and parasitical
      neutron absorption.
PAC  SUMMARY OF THE INVENTION
PAR  These inefficiencies and difficulties that have characterized the prior art
      have been overcome by bevelling or chamfering the edges of the band that
      encircle the grid structure. In this way, parasitical material that
      obstructs the coolant flow is removed from the core. This reduction in
      core material, in accordance with the terms of the invention, increases
      neutron efficiency within the reactor and reduces reactor coolant pressure
      losses without imposing the difficulties of a welded fuel rod structure.
PAR  More specifically, a typical embodiment of the invention comprises a
      cellular structure that is formed from an array of generally planar grid
      plates that interlock with each other at right angles. These interlocking
      plates form a group of cells, each of which have essentially square cross
      sections. The grid plates, moreover, have stops or detents that protrude
      inwardly toward the center of each of the respective cells. These stops
      press against corresponding portions of the fuel rods that are lodged
      within the cells in order to secure the rods in their proper respective
      positions.
PAR  The ends of the grid plates protrude slightly beyond the fuel rods that
      form the border or margin of the assembly. The protruding edges of these
      plates abut and are welded to a band structure that circumscribes the
      periphery of the interlocked plates. The band structure enhances the
      physical integrity of the grid and, being provided with stops that
      protrude inwardly toward the cell structure, also serves to engage and
      restrain the fuel rods in the marginal rows.
PAR  The corner edges of the protruding plates are trimmed or bevelled to
      provide a sloping transition that matches the greater width of the grid
      plates to the lesser width of the peripheral band. These sloping
      transitions preferably commence within the volume that is defined by the
      assembled fuel rods, or at the margin that the border rows of these rods
      establish.
PAR  To encircle the interlocked grid plates, the band structure usually has
      four generally flat sides that meet, forming four corners. In accordance
      with another feature of the invention, the corner edges of the band
      structure are chamfered, bevelled, ground down, or otherwise trimmed away
      to produce vee shaped slots.
PAR  These novel structural characteristics of the invention eliminate sharp
      edges that tend to cause adjacent fuel elements to lock together. The
      sloping portions and vee-shaped slots provide bearing surfaces that have a
      camlike action which causes the fuel elements to slide relative to each
      other without introducing parasitical flow-obstructing materials.
PAR  Viewed in a somewhat different context, the invention further includes a
      member for a fuel element grid that is formed from a generally planar
      strip. This strip is, of course, one of the plates from which the grid
      structure is built.
PAR  More specifically, opposite sides of the member preferably have
      longitudinally extending faces that terminate in longitudinal and
      perpendicular edges. One of the longitudinal edges is intersected by
      equidistantly spaced slits that connect with individual paddle-shaped
      cutouts in the middle portion of the strip. To form the stops or detents,
      indentations that protrude beyond the plane of the strip also are formed
      in the strip's longitudinal edges and middle portion, approximately midway
      between the cutouts.
PAR  A particularly novel feature of this member is characterized by the manner
      in which the edges are joined together at the corners of the plate.
      Sloping surfaces connect each adjacent pair of longitudinal and
      perpendicular edges, the sloping surfaces intersecting to form obtuse
      angles with the individual edges. Thus, each grid plate is provided with
      the cam surfaces or inclined planes that tend to keep adjacent fuel
      elements from jamming during relative movement within the reactor core.
PAR  Clearly, the invention provides a technique that largely overcomes the
      disadvantages of the prior art without introducing additional material
      into the core or relying on troublesome welds.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this specification. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawing and descriptive matter in which
      there is illustrated and described a preferred embodiment of the invention
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front elevation of a typical grid structure that embodies
      features of the invention;
PAR  FIG. 2 is a front elevation of one corner of the grid structure shown in
      FIG. 1;
PAR  FIG. 3 is a front elevation of portions of two fuel elements that
      illustrates a characteristic of the invention; and
PAR  FIG. 4 is a front elevation of a typical grid plate for use in the
      embodiment of the invention that is shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For a more complete appreciation of the invention, attention is invited to
      FIG. 1, which shows a typical grid structure 10. The grid 10 is formed
      from a group of equidistantly spaced parallel grid members or plates. In
      the plane of the drawing, however, only a grid plate 11 is shown.
PAR  Almost identical plates 12, 13, 14, and 15 are arranged perpendicularly to
      the plane of the plate 11. All of the plates in the grid structure 10 have
      mutually engaging slits (not shown in FIG. 1) that enable the interlocking
      members to mesh with each other and thus form an array of cells.
PAR  Detents or stops 16 and 17 are provided in the longitudinal edges of the
      plates. These detents engage the adjacent surfaces of the individual fuel
      rods that are lodged within the cells, as illustrated by the portion of a
      fuel rod 18 that is shown in broken lines. Detents or stops 19 also are
      formed in the middle portion of some of the grid plates. These
      detent-bearing middle portions, moreover, in at least one embodiment of
      the invention are warped or bowed slightly to add to the depth to which
      each of these stops protrude in toward the center of a respective cell.
PAR  The plates 11 through 15 are joined at the intersections by spot welding,
      brazing, or the like in order to produce a sturdy rigid structure.
PAR  In accordance with the invention, the corners of the grid plate 11 and the
      plates 12 through 15 are beveled by chamfering, stamping, grinding or the
      like to provide sloping surfaces 20, 21, 22, and 23. The length of the
      inclination that characterizes these surfaces should extend at least from
      the outermost edge of the fuel rod 18 to a band 25 that circumscribes the
      perimeter of the grid structure 10. As described subsequently in more
      complete detail, the sloping surfaces 20, 21, 22, and 23 act as cams or
      inclined planes that aid the relative movement of two adjacent grids.
PAR  The band 25 that encircles the grid structure 10 has stops or detents, of
      which detent 24 is typical, that help to retain the outer or peripheral
      ranks of fuel rods, exemplified by the fuel rod 18, in the grid structure.
      The band 25, joined to the terminal edges of the grid plates, also tends
      to enhance the physical integrity of the grid structure 10.
PAR  As shown in the drawing, the band 25 is not as wide as the maximum width of
      the plates 11 and 12 through 25. The sloping surfaces 20 through 23 thus
      form transition sections that match the greater width of the grid plates
      to the lesser width of the band 25.
PAR  Because in plan view (not shown), the illustrative embodiment of the grid
      10 is generally rectangular, the band 25 forms right angle corners.
      Further in accordance with the invention, the corner edges are finished by
      means of sloping portions 26 that meet at a corner crease 27. As shown in
      FIG. 2, these sloping portions 26 meet to provide generally vee shaped
      edges 30 and 31, which also function as cams or inclined planes.
      Generally, the beveled, vee-shaped edges 30 and 31 prevent the corners of
      adjacent fuel element grid structures from locking together during reactor
      core assembly or refueling.
PAR  In operation, a typical fuel element 32 shown in FIG. 3 is moved in the
      direction of an arrow 37. Adjacent fuel element 33 is stationary within
      the reactor core (not shown).
PAR  The outer surface of a band 34 on the grid structure for the fuel element
      32 is in sliding engagement with a side of the fuel rod 35 that is lodged
      in the fuel element 33.
PAR  The fuel rod 35 tends to guide the band 34 into physical contact with a
      corresponding portion of band 42 on the fuel element 33. Sloping surfaces
      40 and 40A that characterize the plates which form the grid structure
      engage the adjacent portions of the opposite grid. The sloping character
      of the surfaces 40 and 40A respond to the movement of the fuel element 32
      in the direction of the arrow 37 by forcing the element to shift away from
      the fuel rod 35, in the direction shown by an arrow 44. Thus, the sloping
      surfaces 40 and 40A act as cams or inclined planes that ease the fuel
      element 32 into proper relative alignment in which the bands 34 and 42
      abut.
PAR  Although not shown in the drawing, in a similar manner, a vee shaped edge
      45, formed at the corner of the band 34, guides the fuel element 32 past
      the fuel element 33, because the edge 45 prevents corner edges of the
      grids from becoming temporarily engaged or locked together.
PAR  An additional feature of the invention resides in the physical structure of
      the individual grid plates. Turning to FIG. 4 of the drawing, for
      instance, a generally planar grid plate 46 has parallel longitudinal edges
      47 and 50. The edge 50, moreover, is interrupted at regular intervals by
      slits 51 that terminate in paddle shaped cut-outs 52, which are formed in
      the mid-portion of the plate 46. As described in more complete detail in
      F. S. Jabsen U.S. patent application Ser. No. 774,148, filed Nov. 7, 1968,
      now U.S. Pat. No. 3,665,586; Ser. No. 105,388, filed Jan. 11, 1971; and
      Ser. No. 193,383, filed Oct. 28, 1971, now U.S. Pat. No. 3,795,040, all
      assigned to the assignee of the instant invention, the slits 51 enable the
      grid plate 46 to mesh with other grid plates (not shown in FIG. 4) that
      are perpendicularly oriented relative to the plane of the drawing. This
      meshed arrangement establishes the desired cellular structure. Also as
      described in the foregoing applications for patent, keys (not shown) are
      inserted into the cellular structure in order to force protruding detents
      away from the center of the respective cells. This temporary deflection
      provides a sufficient clearance for fuel rods (not shown in FIG. 4) to
      pass through the cell structure without being scored, abraded, or gouged
      by the stops of which detents 53 are typical. After the fuel rods have
      been lodged within the respective cells, the keys are withdrawn from the
      cell structure and the detents 53 engage the rod surfaces.
PAR  As shown in FIG. 4, the detents 53 are formed in bent or warped portions 54
      of the plate 46. This is a characteristic of the embodiment shown in the
      drawing that is not essential, however, to the practice of the invention.
      The detents 53, for example, can be provided on a flat surface that has
      not been warped. The detents, moreover, in the mid-portions of at least
      some of the plates can be omitted, as shown in connection with the plate
      14 in FIG. 1 of the drawing.
PAR  The plate 46 terminates in two parallel transverse edges 55 and 56. In
      accordance with a feature of the invention, the longitudinal edges 47 and
      50 are joined to the adjacent segments of the transverse edges by means of
      sloping surfaces 57, 60, 61, and 62. These sloping surfaces form obtuse
      angles with the respective adjacent transverse and longitudinal edges. The
      relationship between these surfaces and edges provides the inclined planes
      or cam surfaces that facilitate reactor core assembly and disassembly in
      the manner that was described in connection with FIG. 3.
PAR  Considered from another viewpoint, the longitudinal distance that the
      sloping surfaces 57 and 60 can extend away from the adjacent transverse
      edge should be about equal to the distance to which the detents protrude
      into the cell structure (not shown in FIG. 4). This distance is typified
      by the height to which the detents 53 extend above the warped portions 54
      of the plate 46. With this generalization as a guide, there is an
      assurance that no sharp angles or edges on the plate 46 will protrude
      beyond the outer rank of fuel rods in a given fuel element.
PAR  Accordingly, the invention is a simple and efficient technique that enables
      the nuclear reactor cores to be assembled, rearranged and disassembled
      without incurring the penalties that have characterized the prior art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cellular grid structure for a fuel element comprising band means of
      generally uniform width and circumscribing the grid structure, said band
      means having an inner surface that engages the grid structure and an outer
      surface, said band means surfaces terminating in at least one generally
      flat surface, detents on said band means that protrude toward the cellular
      structure, a plurality of generally parallel flat grid plates each having
      transverse ends that abut said band means inner surface and having widths
      that are greater than said band means width, and a further plurality of
      generally flat grid plates having transverse ends that abut said band
      means inner surface and having widths that are greater than said band
      means width, said further plate plurality interlocking with said plurality
      of plates to form the cellular grid structure, the abutting edges of said
      interlocking plates having sloping surfaces that match the widths of said
      plates to the width of said band means, said sloping surfaces extending
      from said outer surface of said band means and across said generally flat
      band means surface in order to prevent an adjacent cellular grid structure
      from locking with said band means and said grid plates, said sloping
      surface extending toward the cellular structure for a distance that is
      approximately equal to the inward protrusion of said detents, and said
      band means further forming a generally rectangular structure
      circumscribing said interlocking plates and having vee-shaped corner edges
      formed thereon.
NUM  2.
PAR  2. A fuel element comprising a plurality of fuel rods each of said rods
      being in spaced relation, a cellular grid structure having detents that
      protrude into said cells to engage each of said spaced fuel rods and
      sustain said relation, a band that circumscribes said grid structure said
      band having an outer surface and having an inner surface in which said
      inner surface engages at least some of the fuel elements and said grid
      structure, said band means surfaces both terminating in at least one
      common generally flat surface, said band having a width that is generally
      less than the width of said grid structure, said grid structure having
      sloping portions that protrude beyond said fuel rods to match the width of
      said grid to the width of said band, said sloping portions extending from
      said outer band surface and across said flat surface in order to prevent
      another adjacent fuel element from locking with said cellular grid
      structure said band further having a plurality of detents protruding
      toward said structural cells and said sloping portions of said grid
      structure extending from said band toward said structural cells for a
      distance that is at least equal to said detent protrusion.
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ABST
PAL  Conventional fuel elements within the core of a nuclear reactor and
      especially a fast reactor are at least partly replaced by "safety
      elements" each formed by a stack of fissile fuel pellets enclosed in a
      can. Each pellet is provided with a central orifice so as to form an axial
      flow duct of sufficiently large cross-sectional area to ensure that the
      portion of fuel which is liable to melt as a result of a neutron-flux
      excursion flows under gravity to the bottom of the fuel element and has
      the effect of reducing the reactivity without damaging the fuel can.
BSUM
PAR  This invention relates to a method and a device for the passive protection
      of a nuclear reactor and especially a fast reactor.
PAR  More precisely, the invention is concerned with a method and a device which
      serve to produce a negative reactivity in the event of excessive increases
      in reactivity or temperature within the reactor if the active protection
      systems provided within this latter failed to come into operation.
PAR  It is known that, in a nuclear reactor, the absorbing rods which have the
      property of capturing neutrons can perform both the function of fine
      control of the reactor power and a safety function which consists in
      inserting said absorbing rods into the reactor core as rapidly as possible
      in order to achieve a subcritical condition immediately after indication
      of a fault which is liable to result in an accident (loss of power supply
      to control devices, loss of pressure or of means for circulating coolant,
      excessive increase in reactivity, temperature or pressure and so forth).
      Safety of the installation is accordingly obtained by introducing a
      certain degree of redundancy into the control means. The neutron-absorbing
      rods can be divided into separate groups actuated in a safety function by
      means of independent circuit systems for measurement, relay operation and
      control which are physically separate in all their paths.
PAR  Whatever provision may be made for redundancy of the reactor shutdown
      means, it is always found preferable to have recourse to a passive action
      rather than an active action in order to introduce into the reactor core
      the negative reactivity which is required in order to bring the reactor to
      a subcritical state. Thus in the event of a failure of the power supply
      which ensures control of the reactor or a loss of coolant flow, passive
      action under forces developed by gravity can be produced by means of an
      electromagnet which is operated from the same power supply system and
      initiates the free fall or "trip" of neutron-absorbing rods previously
      suspended above the reactor core.
PAR  Up to the present time, however, protection against excessive increases in
      reactivity or temperature has always entailed the use of a control loop
      formed by a detector which performs the measurement, by a device for
      processing said measurement and by an electromechanical relay system for
      transmitting motion to a neutron-absorbing rod. This control loop is
      therefore an active system with sections located outside the reactor core
      proper and is consequently more sensitive to hazards such as aircraft
      crashes, fires, sabotage, earthquakes or floods.
PAR  The present invention is precisely directed to a method and a device which
      circumvent the disadvantages mentioned in the foregoing insofar as they
      are strictly passive and located inside the reactor core.
PAR  The method of passive protection of a nuclear reactor core essentially
      consists in placing within said core a predetermined number of vertical
      fuel elements or so-called "safety" elements each provided with an axial
      duct of sufficiently large diameter to ensure that the fuel which forms
      the wall of said duct and which will melt first by reason of its initial
      temperature is capable of flowing freely under the action of gravity
      between the mid-height of said fuel element and the base thereof whenever
      a dangerous excursion of neutron-flux density occurs.
PAR  In a preferred alternative mode of execution of the method, the total
      number of normal fuel elements is replaced by safety elements.
PAR  Economic studies have in fact shown that it is more advantageous to design
      all the fuel elements in the form of safety elements having internal ducts
      of large diameter. The safety effect which is claimed to arise from
      differentiation of fuels remains valid insofar as refuelling does not
      involve the entire reactor core but only a portion of the core. In this
      case, the reactor accordingly contains at any given moment fuels of
      different ages in different states of reactivity and thermal equilibrium.
      Moreover, even in the case of identical fuels which have been loaded at
      the same moment, the position within the reactor core and the position
      with respect to the control rods produce different states of thermal
      equilibrium under normal operating conditions.
PAR  As a natural consequence of the foregoing, heterogeneity of the fuel
      elements is always ensured to a substantial degree and internal melt-down
      of fuel elements which are all assumed to be of the safety type according
      to this patent will therefore not be simultaneous.
PAR  Full advantage is thus taken of the intrinsic safety of the novel type of
      fuel in which the fuel material does not remain trapped in the central
      portion of the reactor core which has the highest temperature and is the
      most subject to can failures, with the result that fuel in the liquid
      state is much less liable to be ejected towards the coolant under the
      action of the internal pressure of the fission gases.
PAR  The device for carrying out the method is characterized in that each safety
      element is constituted in the same manner as normal fuel by a stack of
      fuel pellets enclosed in a can but differs in that each pellet is provided
      with a central opening having a cross-section such that the portion of
      molten fuel is capable of flowing under gravity to the bottom portion of
      said fuel element.
PAR  In accordance with a further characteristic feature of the invention, each
      safety element is provided in the lower portion thereof with a zone
      corresponding to the lower blanket assembly of the reactor core, said zone
      being formed of refractory material and provided over part of its height
      and at the top portion thereof with a central duct having substantially
      the same diameter as the duct formed in the fissile portion of the fuel
      element.
PAR  In a first alternative embodiment, the lower portion of the zone of
      refractory material is constituted by a solid pellet which is also formed
      of refractory material.
PAR  In a second alternative embodiment, the zone of refractory material
      comprises a central duct having a smaller diameter and opening into a
      chamber for the fission gases which is formed within the can of the fuel
      element beneath said zone, the lower portion of said chamber being such as
      to terminate in a crucible of refractory material.
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PAR  A better understanding of the invention will in any case be gained from the
      following description which gives a number of examples of practical
      application of the method according to the invention and makes reference
      to the accompanying figures, wherein:
PAR  FIG. 1 is an axial sectional view showing an ordinary fuel element;
PAR  FIG. 2 is an axial sectional view of a fuel element which illustrates the
      method according to the invention;
PAR  FIG. 3 is an alternative mode of application of said method;
PAR  FIG. 4 is an axial sectional view of the lower portion of a fuel element.
DETD
PAR  There will now be described the execution of the method as applied to the
      case of fast reactors in which the fuel elements are placed vertically and
      formed of pellets of sintered uranium oxide or any other solid chemical
      compound containing uranium and plutonium encased in vertical cylindrical
      cans which extend in a single piece to the full height of the reactor
      core.
PAR  Said sintered pellets are either solid or pierced vertically by a small
      central capillary orifice and are superposed so as to form a vertical
      column within the can. A few hundred of these vertical fuel elements are
      grouped together in the form of "fuel assemblies" and a few hundred
      assemblies in juxtaposed relation form the reactor core. The core which is
      thus formed imposes on each constituent fuel element a neutron flux
      density which is always higher at the center than at the periphery by
      reason of neutron leakage towards the exterior.
PAR  Along a vertical axis, the evolution of heat per unit of volume of fuel
      (which is assumed to be homogeneous in its enrichment in fissile isotopes
      within one and the same fuel element) is distinctly greater (at least
      twice as much) at the mid-height of the reactor core than at the bottom
      and top limits of this latter. In normal operation, the hottest point
      (approximately 2300.degree.C) is therefore the center of the pellet which
      is located at the mid-height of the reactor core. In the event of an
      excessive temperature build-up resulting from an insufficient coolant flow
      rate or from an excessive increase in neutron flux density, the hottest
      point aforesaid will begin to melt at about 2800.degree.C whereas along
      the can, the fuel which is cooler by 1500.degree. to 2000.degree.C will
      remain in the solid state and protect said can, the integrity of which is
      an essential and characteristic element of our method.
PAR  There is shown in FIG. 1 a fuel element 2 constituted by a stack of pellets
      4 of uranium oxide or mixed oxide of uranium and plutonium surrounded by a
      metallic can 6 (for example of austenitic steel). There has been formed in
      the stack of oxide fuel pellets 4 an axial capillary duct 8. It is
      apparent that said axial duct has a small diameter in order to ensure that
      the volumetric void fraction within the reactor core remains of very small
      value: for example, if the diameter of the fuel element is 7 mm, the
      diameter of the duct has a value of 2 mm. Under the action of an excessive
      value of neutron-flux density and temperature prevailing within the
      reactor, it is observed that fusion of the oxide fuel takes place in the
      zones 10 over the entire periphery of the axial duct 8 within the central
      zone of the fuel element 2 as designated in the figure by the reference P.
      The molten fuel 12 collects in a drop which forms a plug on account of the
      small diameter of the duct 8. It can therefore be stated that the entire
      quantity of molten fuel thus remains within the zone P.
PAR  There is shown in FIG. 2 a fuel element 2' or so-called safety element in
      accordance with the present invention as constituted by oxide fuel 4' and
      its protective can 6' with an axial duct 8' of large diameter. For
      example, this diameter has a value of 10 mm in respect of a diameter of
      the fuel element of 15 mm, which gives the same thickness of fuel in both
      cases. It is found that, in the zone P corresponding to the mid-height of
      the fuel element, fusion of the oxide takes place in the event of
      excessive elevation of the neutron flux density within the reactor. The
      fuel melts in the annular zone 10'. Since the diameter is of substantial
      value, the molten fuel 12' does not form a drop but moves down in the form
      of a ring along the internal walls of the duct 8' until it reaches the
      lower end of the fuel element. As long as the molten fuel 12' remains
      subjected to the neutron flux of the reactor core, the fuel is superheated
      in a liquid form and continues to flow downwards not only without
      solidifying against the wall but while even having a tendency to carry
      down part of this latter in liquid form by reason of the ovethickness of
      fuel which exists at the time of downward motion of said liquid ring 12' .
PAR  It is therefore apparent that, by virtue of this method, part of the
      fissile material is automatically removed in the zone of maximum neutron
      flux and transferred into a zone of lower flux, thereby reducing the core
      reactivity and consequently even stopping the reactivity excursion.
PAR  It should be pointed out that the device comes into operation only after
      and then in parallel with the negative temperature coefficients in order
      to control reactivity and temperature excursions. In consequence, the
      function of the device is solely to enhance a counter-reaction when this
      latter has not been of sufficient value to control the excursion before
      core meltout takes place. The time constant which is inherent to this
      safety device and is related to the time constant of an absorber rod which
      falls under the action of gravity is of undoubted significance when it is
      necessary to stop a prompt reactivity excursion at a low level but, when
      utilized in combination with the very short time constant of the Doppler
      effect, it can result in a general counter-reaction which is both
      effective and reliable.
PAR  As will be readily understood, the diameter to be given to the axial duct 8
      or 8' is clearly dependent on the nature of the fissile fuel and more
      precisely on the viscosity of the liquid formed.
PAR  If it should prove as a result of initial experimentation with an internal
      bore having vertical walls that sliding of the liquid ring 12' is neither
      sufficiently rapid nor of sufficient duration, the internal walls of the
      axial duct 8' can be given any shape whose intended function is to promote
      the formation of drops which move down at least partially in free fall and
      break-up by successive impacts. By way of example and as shown in FIG. 3,
      the duct can be given a sawtooth profile 14 which can readily be obtained
      by stacking of sintered pellets having a frusto-conical internal hole.
PAR  There is shown in FIG. 4 an alternative form of construction of the safety
      element in which an assembly for receiving the molten fuel is added to the
      lower portion of the fuel element (beneath the fissile zone).
PAR  The safety element 2' (only the lower portion of which is illustrated) is
      provided in the central zone corresponding to the reactor core with a
      stack 4' of fissile pellets which may be formed of UO.sub.2 or of UO.sub.2
      and PUO.sub.2, for example. Said stack is placed within the can 6' of the
      fuel element and pierced by a central duct 8' having a sufficient diameter
      to permit the flow of part of the material which is liable to melt.
PAR  In the zone corresponding to the lower blanket assembly of the reactor core
      and designated by the letter C, provision is made for a member 14 of
      fertile material which can be either natural uranium oxide, depleted
      uranium oxide (containing a very low percentage of U.sub.235) or thorium
      oxide.
PAR  The member 14 is provided at the upper end (namely the end nearest the
      reactor core) with a central duct 16 having a diameter which is equal to
      or slightly larger than the diameter of the duct 8', the two ducts being
      intended to communicate with each other. At the lower end thereof, the
      member 14 is pierced by a central duct 18 which opens into the duct 16 and
      has a diameter which is distinctly smaller than this latter. By way of
      example, provision is made for a diaphragm 20 which is rigidly fixed to
      the can 6' and serves to support said member 14. Beneath the zone C which
      corresponds to the lower blanket assembly, there is formed within the can
      a chamber 22 for the fission gases and said chamber communicates through
      the narrow duct 18 with the ducts 16 and 8'. The base 24 of the can is
      lined with a crucible 26 of refractory material. In addition to the
      substances mentioned earlier for the fabrication of the member 14, boron
      carbide can be employed for the fabrication of the crucible 26.
PAR  The operation of the lower portion of the safety element is as follows:
PAR  The molten fissile material moves as far downwards as possible under its
      own impetus before finally adhering to the refractory wall of the duct 16
      of the member 14. This portion of the duct 16 constitutes a first crucible
      for the molten fissile material.
PAR  Each safety element thus has its own internal catchpot. If all the fuel
      elements are safety elements, there is thus provided a molten-core
      catchpot which is integrated withh the interchangeable fuel assemblies.
      This arrangement has accordingly solved the problem of fitting a core
      catcher which is effective and inexpensive and comes into operation before
      irreparable damage is caused to the reactor block.
PAR  The presence of the chamber 22 makes it possible to increase the rate of
      downward motion of the molten fuel within the central duct (8' and 16) and
      thus to counteract a power excursion more rapidly on condition that a full
      top blanket is adopted. In fact, at the moment of a power excursion, the
      fission gas is in pressure equilibrium and its temperature rises sharply
      within the duct 8' formed in the fissile portion. If the only escape route
      provided for the gases is the bottom chamber 22 which remains at the same
      temperature as the inlet sodium, the gas under pressure contained in the
      central duct 8' is partly expelled towards the bottom and can thus play in
      accelerating the downward motion of the molten fuel ring and even in
      entraining finely dispersed droplets at an even higher speed. This
      phenomenon is accentuated if part of the molten fuel begins to vaporize.
      The fissile material will then leave the maximum flux zone both in the
      liquid phase and in a gas phase which accelerates the liquid.
PAR  The duct 18 permits this gas-phase flow towards the fission chamber 22.
      Although the greater part of the molten fissile material is intended to
      undergo resolidification within the first crucible formed by the member 14
      and to become attached to this latter, provision is made for a second
      crucible 26 which serves as an additional safety feature.
PAR  The refractory crucible 26 forms both a core catcher which is placed as a
      second line of defense and a second lower blanket which is capable of
      producing a further attenuation of the neutron flux. Said crucible 26 is
      placed after a zone in which the thickness of coolant (liquid sodium) will
      have softened the neutron spectrum and has higher capture cross-sections.
PAR  In a simplified form of construction, the duct 18 is no longer provided and
      the crucible 26 is similarly dispensed with. A solid pellet of refractory
      material is therefore placed at the lower end of the member 14.
PAR  Should it be found preferable not to replace all the fuel elements by
      safety elements, the number of fuel elements of the safety type is
      determined by calculating the mass of fissile product which is intended to
      be displaced for example from the mid-height of the reactor core to the
      lower portion of this latter in which the flux is reduced by one-half and
      the square of the flux is reduced to one-quarter of its initial value.
      This accordingly determines the required number of safety fuel elements
      having axial ducts of large diameter for ensuring that the desired
      negative reactivity is obtained.
PAR  It is possible either to place all the safety fuel elements in a certain
      number of fuel assemblies which consist only of elements of this type or
      to distribute the safety fuel elements within all the fuel assemblies. It
      can be noted in the first place that it is advantageous in a fast reactor
      to place all the safety elements at the center of the core as seen in plan
      since it is at this point that the neutron flux density has the highest
      value.
PAR  It will finally be noted that the safety elements in accordance with the
      invention have the design function both of fuel elements and of
      neutron-absorbing rods as well as a safety function, with the result that
      the use of such elements in a reactor core would lead to an advantage in
      the event that the number of neutron-absorbing rods could be reduced. In
      some cases this advantage would compensate for the penalty attached to the
      introduction of a not-negligible void fraction at the center of the
      reactor core.
PAR  As stated earlier, the system is intended to reduce to a very considerable
      extent the consequences of highly improbable accidents of the type
      described by Bethe and Tait which begins with complete meltout of the
      central third of the reactor core (including cans) which moves into the
      coolant location within the lower third. The first stage of the Bethe and
      Tait accident is reproduced by the safety device but limited in extent and
      guided within the fuel itself in order to leave the can of the central
      portion intact. There will thus be no possibility either of subsequent
      compaction or of reaction with the coolant.
PAR  Since this safety device is intended to come into operation only in very
      infrequent instances, it is important to note that its main properties are
      reliability and absence of spurious reactor trips.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of passive protection of a nuclear reactor and especially a
      fast reactor, the steps of replacing at least part of the conventional
      fuel elements within the core of said reactor by a number of vertical
      safety fuel elements, forming each safety fuel element with an axial flow
      duct having a cross-section of large diameter having a ratio with respect
      to the diameter of the fuel element on the order of 10/15, receiving in
      said flow duct the portion of fuel which is capable of melting within the
      central portion of said element under the action of a neutron-flux
      excursion and flowing the melted fuel portion under gravity from the
      mid-height of said element to the base thereof thus reducing the
      reactivity without thereby impairing the fuel can.
NUM  2.
PAR  2. A device for the passive protection of a nuclear reactor having vertical
      fuel elements including safety fuel elements wherein each safety element
      is constituted by a stack of fissile fuel pellets enclosed in a can, each
      pellet having a central orifice of large diameter having a ratio with
      respect to the diameter of the fuel element on the order of 10/15 to
      ensure that the portion of molten fuel melting within the central portion
      of the element can flow under gravity to the bottom portion of said fuel
      element.
NUM  3.
PAR  3. A device according to claim 2, wherein each safety element is provided
      at the lower end thereof with a member corresponding to the lower fertile
      blanket of the reactor core, said member being formed of refractory
      material and provided over part of its height and at the top portion
      thereof with a central duct having substantially the same diameter as the
      duct formed in the fissile portion of said fuel element.
NUM  4.
PAR  4. A device according to claim 3, wherein the member corresponding to the
      lower blanket is provided at the top portion thereof with a central duct
      having a diameter which is substantially equal to that of the fissile
      portion of the fuel element and wherein said member terminates at the
      lower end thereof in a solid pellet of refractory material.
NUM  5.
PAR  5. A device for the passive protection of a nuclear reactor having vertical
      fuel elements including safety fuel elements wherein each safety element
      is constituted by a stack of fissile fuel pellets enclosed in a can, each
      pellet having a central orifice of large diameter having a ratio with
      respect to the diameter of the fuel element on the order of 10/15 to
      ensure that the portion of molten fuel melting within the central portion
      of the element can flow under gravity to the bottom portion of said fuel
      element, a member for each safety element at the lower end thereof
      corresponding to the lower fertile blanket of the reactor core, said
      member being formed of refractory material and provided over part of its
      height and at the top portion thereof with a central duct having
      substantially the same diameter as the duct formed in the fissile portion
      of said fuel element; said member having at the bottom portion thereof an
      axial duct of smaller diameter and beneath said member a chamber for the
      fission gases which is limited by the bottom face of said member and by
      the can and at the lower end thereof by a crucible of refractory material
      on the bottom end-wall of said can.
NUM  6.
PAR  6. A device according to claim 5, wherein the refractory material is an
      oxide of fertile substance selected from the group comprising depleted
      uranium, natural uranium and thorium.
NUM  7.
PAR  7. A device according to claim 5, wherein the refractory material which
      forms the bottom crucible is selected from the group comprising depleted
      uranium, natural uranium, thorium and boron carbide.
NUM  8.
PAR  8. A device according to claim 7, wherein the safety elements are grouped
      together in a predetermined number of fuel assemblies of the reactor core.
NUM  9.
PAR  9. A device according to claim 7, wherein the safety elements are uniformly
      distributed within all the fuel assemblies of the reactor core.
NUM  10.
PAR  10. A device according to claim 7, wherein all the fuel elements of the
      reactor core are safety elements.
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PAL  Disclosed is a new heteropolysaccharide polymer and a method for producing
      this polymer by a fermentation process comprising culturing a
      heteropolysaccharide-producing strain of a micro-organism of the genus
      Methylomonas on an aqueous culture medium containing methanol as the sole
      source of assimilable carbon. Several uses for the heteropolysaccharide
      are also disclosed such as its use as a drag reducing agent, a thickening
      agent, an emulsifier, a soil suspending agent and a flocculant or
      deflocculant.
PARN
PAR  This is a division of application Ser. No. 364,599 filed May 29, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the production of biopolymers and more
      especially to the preparation of polysaccharides by fermentation using
      methanol as the sole source of assimilable carbon. The invention also
      relates to the use of these biopolymers as drag reducing agents, as
      thickening agents, emulsifiers, soil suspending agents, flocculants or
      deflocculants, etc.
PAR  Biopolymers have recently been the subject of increased research studies
      because of the interesting properties exhibited by such polymers and the
      various applications suggested by these properties. The polysaccharides
      which have been studied most are those produced by fermentation utilizing
      bacteria of the genus Xanthomonas which generally utilize carbohydrates as
      the source of assimilable carbon in a culture medium. These biopolymers
      act as versatile thickening agents for aqueous acids, alkalis and brines,
      and are good suspending agents for solids-in-water and oil-in-water
      dispersions, and act also as excellent rheology control agents. Thus, the
      xanthan gums find application in oil well drilling mud systems, as
      additives for secondary recovery of petroleum by water flooding, and as
      stabilizers, emulsifiers and thickeners in food products.
PAR  In view of economic considerations, however, it would be more desirable to
      employ petrochemicals as the source of assimilable carbon in fermentation
      systems rather than carbohydrates. Of petrochemicals, methane or methanol
      would be the most economical. Some studies have been made on bacteria
      utilizing these compounds as a carbon source. For example, Leadbetter and
      Foster (Archiv fur Mikrobiologie, 30, 91-118, 1958) isolated and grew
      several cultures of pseudomonads in a mineral salts medium with methane as
      the sole source of carbon and energy. Harrington and Kallio (Can. J.
      Microbiol., 6, 1-7, 1960) have published work on the oxidation of methanol
      by Pseudomonas methanica. But despite the numerous studies on the specific
      activities of methane- and methanol-utilizing bacteria and theorization as
      to the metabolic pathways, very little work has been conducted regarding
      characterization of the biopolymers formed or in investigating the
      properties and utilities of these products resulting from fermentation in
      culture media containing methane or methanol.
PAR  One factor prompting investigation of the properties of the biopolymers
      according to the present invention is that inexpensive conventional
      polymeric materials utilized in dilute aqueous solutions to produce a
      drag-reducing effect, such as polyethylene oxides and polyacrylamides,
      suffer from certain drawbacks. For example, these polymers are relatively
      unstable to salt and acid or alkaline conditions, and they tend to
      breakdown in molecular weight during flow as a result of turbulent
      conditions and moderate shearing forces. These disadvantageous factors are
      also present in many of the polymeric thickening agents presently being
      employed in drilling muds and flooding agents for secondary recovery of
      oil in the petroleum industry.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a process for the
      production of heteropolysaccharides through the fermentation of bacteria
      in a culture medium utilizing methanol as the sole source of carbon.
PAR  It is another object of this invention to provide a new polysaccharide
      having desirable properties.
PAR  Still another object of the invention resides in the production of an
      improved drag-reducing agent for use in dilute aqueous systems.
PAR  It is also an object of the present invention to provide an improved
      thickening agent suitable for use in foods, cosmetics, paints, drilling
      muds, and especially in flooding composition utilized in the secondary
      recovery of underground petroleum deposits.
PAR  A further object of the present invention is to provide a polysaccharide
      displaying improved properties for use as an emulsifier, a flocculent or
      deflocculent and a soil suspending agent.
PAR  In accomplishing the foregoing objects, there has been provided according
      to the present invention a method for producing a heteropolysaccharide by
      fermentation which comprises culturing a heteropolysaccharide-producing
      strain of a micro-organism of the genus Methylomonas on a culture medium
      containing methanol as the sole source of assimilable carbon. The crude,
      cell-free polysaccharide, as precipitated by acetone from the fermentation
      broth, contains from about 60 to 90% by weight organic matter and from
      about 10 to 40% ash. Most of the latter consists of phosphates (15 to 25%)
      and cations (5 to 25%). The constituent sugars of the polymer are glucose
      (10 to 30%), galactose (3 to 15%) and mannose (3 to 15%) and the polymer
      contains a significant amount of pyruvic acid (5 to 35%). The crude
      polymer is negatively charged and a 1% solution has a viscosity of 300-400
      centipoise (Brookfield viscometer at 30 rpm). Fermentation is carried out
      at a pH between about 6.0 and 7.8 and preferably within the range of 6.2
      to 7.5, and at a temperature between 25.degree. and 33.degree. C. The
      heteropolysaccharide produced by this process exhibits excellent
      thickening and drag-reducing properties when employed in dilute aqueous
      solutions and is particularly stable to salts, acids, bases and to
      mechanical shear forces. The polymer finds many uses not only as a
      drag-reducing agent, but also as a thickening agent in foods, cosmetics,
      paints, drilling muds, and especially in flooding compositions utilized
      for the secondary recovery of underground petroleum deposits.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graphical plot of viscosity correlated with the weight percent
      of biopolymer in aqueous solution;
PAR  FIG. 2 illustrated graphically the relationship between the viscosity of an
      aqueous solution of polymer and both salt concentration and pH;
PAR  FIG. 3 is a graph showing the drag-reducing properties of the biopolymers
      of the invention in relation to their concentration in aqueous solution;
      triangles represent a crude polymer containing cells, circles represent a
      membrane-filtered, cell-free solution.
PAR  FIG. 4 is a graphical plot of viscosity in relation to shear rate.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The microorganisms employed in accordance with the present invention are of
      the type isolated by Tannahill and Finn from soil samples ("Fermentation
      Process Based on Methanol", Paper presented to the 160th National ACS
      Meeting, Chicago, Sept. 7, 1970). The specimen of this particular isolate
      has been deposited with the Northern Regional Research Laboratory of the
      U.S. Department of Agriculture in Peoria, Ill., and is identified by the
      number NRRL B-5696. A sample of this micro-organism can be obtained from
      the aforementioned Research Laboratory. (The deposit was made with the
      understanding that all restrictions on the availability to the public
      being irrevocably removed upon the granting of a patent.) Its mycological
      characteristics are presented in detail below:
PAR  A. Morphological observations
PA1  1. Salts-methanol (3% methanol) agar slant, 24 hours, vegitative cells,
      straight rods, 0.2-0.4 .times. 1.0-2.0 microns, singly or in pairs, motile
      by single polar flagellum, no spore formation, gram negative.
PAR  B. Culture characteristics
PA1  1. Salts-methanol (3% methanol) agar colonies -- 2 days, moderate to
      abundant growth, circular, pulvinate, smooth, glistening, entire, mucoid,
      yellow, medium unchanged.
PA1  2. Salts-methanol (3% methanol) agar streak -- 2 days, moderate to abundant
      growth, filiform, smooth, glistening, bright yellow, butyrous to mucoid,
      medium unchanged.
PA1  3. Pigment does not diffuse into the medium.
PAR  C. Physiological characteristics
PA1  1. Relation to free oxygen: strictly aerobic, pellicle formed in broth
      tubes, surface growth in agar stabs.
PA1  2. Temperature: optimum growth temperature, 28.degree.-30.degree.C.; growth
      at 10.degree.C.; no growth at 35.degree.C.
PA1  3. pH for growth: optimum pH, 6.7 to 7.2; pH limits for growth 6.0 to 7.8.
PA1  4. Catalase: positive (method of Skerman).
PA1  5. Gelatine hydrolysis: weakly positive after 24 hours (Key gelatin
      strips).
PA1  6. Oxidase: positive (Key oxidase test tablets).
PA1  7. Pectinesterase: positive (method of McComb).
PA1  8. Nitrate reductase: positive (method of Skerman).
PA1  9. Growth in presence of 1% sodium chloride, but no growth with 2 % sodium
      chloride.
PA1  10. Utilization of other carbon sources: no growth was detected utilizing
      methane, formaldehyde, formamide, formate, ethanol, methylamine, glycine,
      DL-serine, succinate, D-glucose, fructose, glycerin or oxalate after a
      period of 48 hours had elapsed.
PA1  11. Litmus milk: no reaction.
PA1  12. No growth on nutrient agar, but no inhibition of growth if methanol
      added to the nutrient agar.
PA1  13. Absorption spectrum of the carotinoid pigment is similar to that of
      Psuedomonas methanica.
PA1  14. Yeast extracts and other vitamin mixtures do not stimulate growth.
PA1  15. Ammonium salts, nitrates, or urea serve as nitrogen sources. Other
      organic nitrogen sources can probably be used also.
PAR  D. Source: soil
PAR  E. Cell free extracts contained little HDP activity, but contained
      appreciable HPS activity according to the method of Kemp and Quayle. This
      suggests metabolism of methanol by the allulose pathway rather than the
      serine pathway.
PAR  The isolate of Tannahill and Finn exhibits certain aimilarities to the
      strain identified as Pseudomonas methanica by Dworkin and Foster (J.
      Bact., 72, 646, 1956) but it is noted that differences exist: the isolate
      is not as phosphate sensitive, grows within a much narrower pH range, does
      not grow on methane, and is more stable, i.e. does not exhibit the color
      variability reported for the known organism. No pink or colorless variants
      of the isolate have been noted.
PAR  On the basis of the foregoing, it is concluded that the microorganism of
      Tannahill and Finn belongs to the genus Methylomonas, which has been
      defined by Ribbons et al. (Annual Review of Microbiology, vol. 24, pp.
      135-158, 1970) as follows:
PAR  1. Obligate methylotroph;
PAR  2. motile with polar flagellation;
PAR  3. rod shaped; and
PAR  4. forming only immature cyst.
PAL  The present organism, since it does not fall within any previously
      described species, has been designated as Methylomonas mucosa.
PAR  The broth medium utilized for growth of the microorganism consists of the
      following:
TBL  Material            Grams per Liter                                       

     ______________________________________                                    

     KH.sub.2 PO.sub.4   3.75                                                  

     Na.sub.2 HPO.sub.4  2.50                                                  

     (NH.sub.4).sub.2 SO.sub.4                                                 

                         2.00                                                  

     MgSO.sub.4.7H.sub. 2 O                                                    

                         0.40                                                  

     Ca(NO.sub.3).sub.2.4H.sub. 2 O                                            

                          0.005                                                

     FeSO.sub.4.7H.sub. 2 O                                                    

                          0.005                                                

     ZnSO.sub.4.H.sub. 2 O                                                     

                          0.005                                                

     ______________________________________                                    

PAL  This corresponds to the "minimal salts"formulations, except that in the
      preferred embodiment a slightly higher concentration of calcium ions is
      employed because it has been found that an increase in calcium ions
      stimulates growth. Ammonium sulfate was the nitrogen source used for most
      of the work with this organism; however, it is also possible to utilize
      sodium nitrate and likewise obtain excellent growth. It was found that the
      organism can tolerate a methanol concentration of up to about 7.0% by
      volume. The optimum growth occurred, however, with methanol concentrations
      between about 0.5 and 5.0% by volume, whereas the most preferred
      concentration is between about 2.0 and 3.0%. Similarly, it was determined
      that the pH value of the medium greatly effected growth, with no growth
      taking place below a pH of 5.7 to above a pH of 8.0. Accordingly, a pH
      range of from about 6.0 to about 7.8 is suitable for growth of this
      microorganism, although a reasonable growth rate occurs only within the
      range of about 6.2 to about 7.5. Optimal growth takes place at a pH of
      approximately 7.0.
PAR  The cultivation procedure involves adding the salts to water in the above
      listed order followed by pasteurization or autoclaving if desired. It is
      not absolutely essential that the culture medium be sterilized prior to
      introduction of the microorganism since the organism is able to grow at
      such high methanol levels that there is not much competition from other
      organisms. This is a distinct advantage as regards several of the
      particular use applications for which these microorganisms are especially
      suited. Moreover, the property makes it possible to operate the
      fermentation process as a continuous process. Methanol is then added to
      the salt solution at approximately room temperature. When solid media is
      desired to carry the organism, 1.75% Bacto Agar may be added to the salts
      before pasteurization or autoclaving. Growth is carried out preferably at
      about 30.degree.C. in a shaker-incubator (controlled environmental
      incubator shaker, New Brunswick Scientific Company, Incorporated)
      utilizing one liter shaker flasks filled with from about 200 to 400
      milliliters of broth. Growth times are normally from about 48 to 96 hours.
      After this period a highly viscous slime has been produced in the culture
      broth.
PAR  Recovery of the fermentation produce may be accomplished in conventional
      ways utilizing acetone, methanol, propanol, quaternary ammonium salts etc.
      as precipitants. Use of acetone has proven to be most appropriate
      according to the present invention. Accordingly the broth culture can be
      first centrifuged for a period of from 10 to 20 minutes to remove some of
      the bacterial cells, and the clarified slightly yellow supernatant
      decanted from the centrifuge to leave a call pellet behind. To this
      supernatant is added from 1.2 to 2.0 parts by volume of acetone,
      preferably 1.5 parts, per part of supernatant, and the mixture is well
      mixed. The biopolymer is obtained as a light-colored cottony precipitate.
      It is then drained, placed into from 2 to 3 parts of fresh acetone to
      remove as much water as possible, and finally dried at room or elevated
      temperature to give a dry, powdery product. The average yield of crude
      polymer after 48 hours, based on methanol used is about 30 to 40 percent.
      About 10 to 15 % of the methanol is converted to cell mass.
PAR  To determine the chemical identity of the biopolymer, a variety of tests
      were performed. By running a UV spectrum (Perkin Elmer No. 202
      Spectrophotometer) on the cell-free sample it is determined that the
      biopolymer contains no protein or nucleic acids since there are no peaks
      at 280nm or 260nm. The tests for polybeta-hydroxybutyric acid is negative
      (method of Law and Slepecky). The iodine test (method of Daniel and Neal)
      indicates that the polymer is not starch or glycogen, whereas an ash test
      discloses that 37.4% of the crude polymer is inorganic. An infra-red
      spectrum suggests the presence of phosphate groups, carboxyl groups and
      possibly amine groups among the sugar molecules. The anthrone method for
      total carbohydrate shows the crude polymer to contain from 20 to 40%
      carbohydrate, and the Nelson method indicates a content of reducing
      substances of 20 to 40%. Finally, all of the polymer is precipitated from
      solution by the addition of a cationic detergent, cetyl trimethylammonium
      bromide. A table summarizing these results is presented below.
TBL                TABLE 1                                                     

     ______________________________________                                    

      Assay               Result                                               

     ______________________________________                                    

     (1)  UV Spectrum    No protein or nucleic acids                           

     (2)  Polybeta-hydroxy-                                                    

                         Negative test                                         

          buteric acid                                                         

     (3)  Iodine test    Not starch or glycogen                                

     (4)  Ash test       37.4% inorganic content                               

     (5)  IR spectrum    Presence of phosphate, carboxyl                       

                         and amine groups suggested                            

     (6)  Anthrone test  20 to 40% carbohydrate (based                         

                         on glucose); cationic detergent                       

                         polymer is negatively charged                         

                         and precipitates completely                           

     ______________________________________                                    

PAR  An elemental analysis performed on the biopolymer, twice reprecipitated,
      gives the following results:
TBL                TABLE 2                                                     

     ______________________________________                                    

     Element           Per Cent By Weight                                      

     ______________________________________                                    

     P                 6.24                                                    

     Ca                0.144                                                   

     K                 12.00                                                   

     Mg                0.600                                                   

     Na                3.500                                                   

     N                 2.00                                                    

                       Concentration ppm                                       

     Zn                356.0                                                   

     Mn                9.6                                                     

     Fe                77.6                                                    

     Cu                15.2                                                    

     B                 5.6                                                     

     Al                135.2                                                   

     ______________________________________                                    

PAR  After acid hydrolysis, gas chromatographic analysis of the constituent
      sugars showed the following approximate molar ratios: glucose 1.5-2.0;
      pyruvic acid 1.5-2.0; galactose 1; mannose 1.
PAR  Some of the physical properties of the biopolymer were studied, for
      example, solutions of the polymer were measured for viscosity at
      25.degree.C. under a variety of conditions. The measurements of viscosity
      were made with a Brookfield viscometer at 30 r.p.m. in all cases. A curve
      showing viscosity (in centipoise) as a function of weight percent polymer
      is presented in FIG. 1.
PAR  The intrinsic viscosity of the polymer in five percent sodium chloride was
      14.8 diciliters per gram, which indicates a fibrous rather than globular
      macromolecule of molecular weight in the range one to five million. The
      effect of sodium chloride concentration on the viscosity of a solution of
      polymer was tested by adding dry sodium chloride to a 1% solution of
      redissolved acetone-precipitated polymer. The curve in FIG. 2 illustrates
      that the viscosity was stable over a wide range of salt concentrations, a
      factor of significant importance in certain of the utility applications
      contemplated for the present biopolymer. Also, in FIG. 2 is shown the
      effect of pH on solution viscosity. These data were obtained by the
      addition of potassium hydroxide or sulfuric acid to adjust the pH of 1.0%
      solutions of polymer in water. It can be seen that the viscosity rose from
      pH 7.0 to a maximum at pH 4.0, then declined as the pH was lowered
      further. The viscosity gradually declined as the pH was raised above 7.0.
      The addition of 10% sulfuric acid did not hydrolyze the polymer in
      solution whereas the addition of 10% potassium hydroxide did.
PAR  The biopolymer according to the present invention were found to produce a
      very interesting drag reduction phenomenon. Drag reduction experiments
      were conducted on solutions of the biopolymer utilizing the technique
      described by Rodriguez in Engineering Education (to be published, 1973).
      The parameters adopted for the apparatus were as follows: reservoir height
      = 4 feet, horizontal tube diameter = 0.29 cm., length of horizontal tube =
      59 cm., vertical distance of effluent point to measuring point = 6 inches.
      In FIG. 3 is illustrated the reduction in the friction factor of the
      polymeric solution as a function of weight percent cell-free polymer at
      30.degree.C. Experiments were also conducted to verify the fact that the
      drag reduction occurred due to a true solution of polymer and not due to
      particulates.
PAR  The biopolymer according to the present invention was found to be
      comparable in its drag reducing capability to the more conventionally
      employed polyethylene oxide and polyacrylamide polymers and also to other
      organic materials displaying drag-reducing properties, such as
      carrageenan. Because of the cheapness and ready availability of methanol,
      which constitutes the sole source of carbon for the present biopolymers,
      there results a significant economic advantage to utilizing the polymers
      of the present invention as drag-reducing agents as well as in other
      utilities. Moreover, whereas polyethylene oxide is subject to breakdown in
      molecular weight during flow due to turbulent conditions and therefore
      tends to degrade after one or two passes through a pipe flow system, the
      biopolymers of the present invention have been found to be highly
      resistant to such shear degradation. Thus, a solution of the present
      polymer was passed through the test apparatus 15 times and no degradation
      was observed. Exposure of a drag-reducing solution of the instant polymer
      in a Waring blender for a period of 2 minutes degraded the biopolymer, as
      would be expected, and the reduction in the solution's friction factor was
      decreased significantly. FIG. 4 illustrates the non-Newtonian property
      illustrated by a solution (10 gm/l.) of the crude polymer.
PAR  The biopolymers of the invention have been found to be particularly useful
      in several types of applications. For example, as a result of their
      exhibition of drag-reducing properties in dilute aqueous solutions, they
      are particularly suited for use in fire fighting equipment to enable
      propulsion of a stream of water over longer distances, for addition to
      storm sewer systems in periods of heavy water loads, for application to
      nautical vessels to assist in increasing speed through the water, for
      improvement of the operation of papermaking processes and for use in
      general in recirculating aqueous systems. Typically, the polymers are
      employed in an aqueous solution in a concentration of from about 0.02 to
      about 0.20 grams per liter.
PAR  The biopolymers of the present invention are also useful as thickening
      agents. In addition to finding utility as thickeners in conventional
      applications such as in foods, cosmetics, paints and the like, the present
      biopolymers have proved to be particularly well suited for various
      drilling field applications in the petroleum industry. For example, an
      excellent drilling mud is obtained when the mucopolysaccharide is employed
      as a thickener in an amount of from about 0.05 to about 3.0 percent by
      weight of the composition. Moreover, because the biopolymers of the
      present invention are anionic polymers and because they maintain their
      viscosity in the presence of sodium chloride, they are particularly well
      suited for use in flooding compositions employed in the secondary recovery
      of petroleum products in subterranean cavities. Also, because the
      fermentation process utilized in the preparation of these biopolymers
      employs only an aqueous solution of inorganic salts plus methanol, it is
      relatively insensitive to the competition of other microorganisms, and
      further, because methanol concentrations can be made as high as 3-5% at
      which level most other organisms are inhibited, the present polymers lend
      themselves ideally to preparation directly in the drilling field, a
      location which is also typically close to an inexpensive supply of
      methanol. A typical flooding composition may contain between about 0.01
      and about 1.0 percent by weight of the heteropolysaccharide of the
      invention. The polysaccharides of the present invention are employed in
      accordance with conventional principles, and for further information
      regarding the use of biopolymers in the aforementioned utilities,
      reference may be had to U.S. Pat. Nos. 3,020,207, 3,243,000 and 3,406,114.
      The present biopolymer is also useful as an emulsifier, flocculent or
      deflocculent, and as a soil suspending agent.
PAR  The following examples are included to more clearly illustrate the
      invention, it being understood that the same are merely intended to be
      illustrative and not in any sense limitative.
PAC  EXAMPLE 1
PAR  350 milliliters of a culture broth having the following composition are
      sterilized for 20 minutes at 120.degree.C.:
     Material            Grams Per Liter                                       

     ______________________________________                                    

     KH.sub.2 PO.sub.4   3.75                                                  

     Na.sub.2 HPO.sub.4  2.50                                                  

     (NH.sub.4).sub.2 SO.sub.4                                                 

                         2.00                                                  

     MgSO.sub.4.7H.sub. 2 O                                                    

                         0.40                                                  

     Ca(NO.sub.3).sub.2.4H.sub. 2 O                                            

                         0.025                                                 

     FeSO.sub.4.7H.sub. 2 O                                                    

                         0.005                                                 

     ZnSO.sub.4.H.sub. 2 O                                                     

                         0.005                                                 

     ______________________________________                                    

PAR  The above was mixed with 3% by volume of methanol, inoculated with the
      strain Methylomonas mucosa and was cultivated with shaking at 30.degree.C.
      for 72 hours. The pH is metered constantly and appropriate amounts of KOH
      or H.sub.2 SO.sub.4 are added to maintain the pH at 7.0.
PAR  At the end of the fermentation time, the broth culture is centrifuged at
      20,000 g. for 15 minutes to remove some of the bacterial cells. Then
      acetone is added in an amount of 1.5 volumes per volume of broth
      supernatant obtained by decanting the clear, slightly yellow liquid from
      the centrifuge tube, leaving the cell pellet behind. The acetone-broth
      combination is mixed well and cell-free polymer is recovered as a
      light-colored cottony precipitate. The polymer is drained, then placed
      into 2 parts of fresh acetone to remove as much water as possible, and is
      finally dried at room temperature for 24 hours. 3.2 grams of the crude
      solid polymer are obtained having an analysis as follows:
PAR  1. Organic matter 62.6%
PA1  a. glucose 15.9%
PA1  b. mannose 9.2%
PA1  c. galactose 11.3%
PA1  d. pyruvic acid 8.9%
PA1  e. unidentifiables 17.3%
PAR  2. Inorganic matter 37.4%
PA1  a. Phosphates 19.1%
PA1  b. cations 18.3%
PAC  EXAMPLE 2
PAR  The dispersant action of the biopolymer is demonstrated in a test wherein
      0.2 gms ZnO powder suspended in 250 ml of distilled water was allowed to
      settle in a graduated cylinder. After 30 minutes the upper layer (5ml
      sample) was tested for light transmission (Bausch and Lomb, Spectronic 20
      meter).
TBL  ______________________________________                                    

                           Optical Density                                     

                           Reading                                             

     ______________________________________                                    

     No addition of biopolymer                                                 

                             0.24                                              

     With 1 part biopolymer per 100                                            

                             0.28                                              

      parts ZnO                                                                

     With 2 parts biopolymer per 100                                           

                             0.40                                              

      parts ZnO                                                                

     ______________________________________                                    

PAR  While the present invention has been described hereinabove with reference
      to several specific embodiments thereof, it is readily apparent that minor
      modifications, alterations and substitutions may be made in the processes
      of preparing and using the subject heteropolysaccharide polymer without
      departing from the spirit of the present invention. Therefore, it is
      intended that the invention be limited only by the scope of the claims
      appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a heteropolysaccharide by fermentation which
      comprises culturing a microorganism of Methylomonas mucosa strain NRRL
      B-5696 on a culture medium containing methanol as the sole source of
      assimilable carbon, and recovering the heteropolysaccharide product.
NUM  2.
PAR  2. The method as defined by claim 1, wherein the culture medium is
      maintained at a pH of between about 6.0 and 7.8 and at a temperature
      between about 25.degree. and 33.degree.C.
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ABST
PAL  Antibiotic mixture A-26771, comprising microbiologically active factors A,
      B and C, produced by fermentation of Penicillium turbatum Westling NRRL
      5630, and isolation and separation of the individual factors thereof by
      extraction, chromatography and crystallization. The A-26771 mixture and
      factors A, B and C thereof have antifungal and broad-spectrum
      antibacterial activity; factors A and C also have antiviral activity.
PARN
PAR  This is a division of application Ser. No. 298,053, filed Oct. 16, 1972,
      now U.S. Pat. No. 3,883,561.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to antibiotic substances. In particular, it relates
      to a group of heterocyclic antibiotic substances which are produced by
      culturing a hitherto undescribed strain of the organism Penicillium
      turbatum NRRL 5360.
PAR  The antibiotics of this invention are arbitrarily designated herein as
      A-26771 antibiotics. Three individual antibiotics have been isolated,
      separated and characterized from the antibiotic A-26771-producing culture.
      These individual antibiotics are designated as A-26771 factors A, B and C.
PAR  The A-26771 group of antibiotics is produced by culturing a novel strain of
      Penicillium turbatum under submerged aerobic fermentation conditions until
      a substantial level of antibiotic activity is produced. The A-26771
      antibiotics are recovered by extraction of both the broth and the mycelia
      with polar organic solvents. Extraction of the broth and evaporation of
      the organic solvent give a mixture of A-26771 antibiotics which contains
      mainly factor A and a small quantity of factor C. Extraction of the
      mycelia with organic solvent and evaporation of this solvent give an
      additional amount of A-26771 antibiotics in which factor B is the main
      component.
PAR  The individual A-26771 antibiotics have been separated from each other and
      isolated as individual antibiotic compounds by column chromatography,
      thin-layer chromatography and crystallization procedures.
PAR  The A-26771 antibiotics inhibit the growth of organisms which are
      pathogenic to animal and plant life, including gram-positive and
      gram-negative bacteria and various fungi. In addition, factors A and C
      have antiviral activity.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The infrared absorption spectrum for each of the A-26771 antiobiotic
      factors is presented in the drawings as follows:
PAR  FIG. 1 -- Factor A;
PAR  FIG. 2 -- Factor B;
PAR  FIG. 3 -- Factor C.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The A-26771 antibiotic factors A, B and C are produced by cultivating under
      controlled conditions a hitherto undescribed strain of Penicillium
      turbatum NRRL 5630.
PAR  As is the case with many antibiotic-producing cultures, fermentation of an
      antibiotic A-26771-producing strain of Penicillium turbatum results in the
      production of a number of antibiotic substances. Antibiotic A-26771
      factors A, B, and C are three of these substances. Other substances are
      present in only very minor quantities or are relatively unstable.
PAR  The antibiotic factors co-produced during the fermentation are obtained as
      a mixture and are separated from each other and isolated as individual
      compounds as hereinafter described.
PAR  The following paragraphs describe the physical and spectral properties of
      the various A-26771 factors which have been characterized.
PAR  Antibiotic A-26771 factor A is a crystalline compound (yellow plates from
      acetone) which has a melting point of about 105.degree.C. The molecular
      weight of factor A, as determined by mass spectrometry, is 324. Elemental
      analysis of factor A gave the following percentage composition: carbon,
      52.1%; hydrogen, 5.05%; nitrogen, 8.1%; oxygen, 15.1%; sulfur, 19.4%. The
      calculated empirical formula is C.sub.14 H.sub.16 N.sub.2 O.sub.3 S.sub.2.
      The observed specific rotation of factor A, [.alpha.].sub.D.sup.25, is
      -88.degree. (c = 0.15, methanol).
PAR  The infrared absorption spectrum of antibiotic A-26771 factor A in
      chloroform is shown in FIG. 1 of the accompanying drawing. The
      distinguishable bands in the infrared spectrum are as follow: 2.83, 3.34,
      5.95 (very strong), 6.68, 6.88, 7.09, 7.44, 7.96, 9.04, 9.38, 9.65, and
      4.40 microns.
PAR  The ultraviolet spectrum of factor A showed only end absorption.
      Electrometric titration of factor A in 66 percent dimethylformamide did
      not indicate the presence of titratable groups.
PAR  The nuclear magnetic resonance (NMR) spectrum of A-26771 factor A in
      chloroform showed the following characteristics: .delta. 7.34 (5H,
      singlet); 4.12, 3.62 (2H, AB, quartet, J = 16 Hz); 3.5-3.7 (1H multiplet,
      exchangeable); 4.3-4.5 (2H, multiplet), 3.21 (3H, singlet); and 2.98 ppm
      (3H, singlet).
PAR  Factor A is soluble in common polar organic solvents such as ethyl acetate,
      ethanol, methanol, chloroform and the like, but is relatively insoluble in
      water.
PAR  Based on the various foregoing physical characteristics, the structure of
      antibiotic A-26771 factor A has been determined to be as shown in Formula
      I:
      ##SPC1##
PAL  which structure is designated
      3-benzyl-6-(hydroxymethyl)-1,4-dimethyl-3,6-epidithio-2,5-piperazinedione.
PAR  Antibiotic A-26771 factor B is a white crsytalline compound (long needles
      from acetone-water), melting at about 125.degree.C. As determined by mass
      spectrometry, the molecular weight of factor B is 382. Elemental analysis
      of factor B gave the following percentage composition: carbon, 62.9%;
      hydrogen, 7.7%; oxygen, 29.0%. The calculated empirical formula is
      C.sub.20 H.sub.30 O.sub.7. The observed specific rotation of factor B,
      [.alpha.].sub.D.sup.24, is -14.degree. (c = 0.13, methanol).
PAR  The infrared absorption spectrum of antibiotic A-26771 factor B in
      chloroform is shown in FIG. 2 of the accompanying drawings. The
      distinguishable bands in the infrared spectrum are as follows: 3.30, 3.40,
      3.50, 5.86 (very strong), 6.20, 6.87, 7.26, 7.40, 7.70, 7.82, 8.65, 8.90
      and 10.26 microns.
PAR  Factor B absorbs in the ultraviolet region of the spectrum and exhibits
      absorption maxima in both neutral and acidic ethanol solutions at .lambda.
      max. 222 m.mu.  (.epsilon. 16,000) which shifts to .lambda. max. 365 m.mu.
       (.epsilon. 6,000) in base. The shift is irreversible.
PAR  The NMR spectrum of A-26771 factor B in chloroform showed the following
      characteristics: .delta. 9.30 (1H, singlet); 7.25, 6.75 (2H, quartet, AB,
      J = 16 Hz); 5.0-5.5 (2H, multiplet); 2.73 (4H, singlet); and 1.0-2.0 ppm
      (21H, multiplet).
PAR  Factor B is slightly soluble in polar organic solvents such as ethyl
      acetate, chloroform, acetone, ethanol, methanol, and the like, but is
      relatively insoluble in solvents such as water and diethyl ether.
PAR  Antibiotic A-26771 factor B is an ionophorous agent and, as such, inhibits
      glutamate oxidation in rat-liver mitochondria. The antibiotic may produce
      this effect by interfering with the transport of calcium or divalent
      cations.
PAR  Based on the various observed physical characteristics, a proposed
      structure of antibiotic A-26771 factor B has been devised. The structure
      has not been determined with certitude, however, and it is to be
      understood that the structure presented herein represents merely a working
      hypothesis. The structure postulated for factor B is as shown in Formula
      II:
      ##SPC2##
PAL  which structure is designated
      mono(16-methyl-2,5-dioxooxacyclohexadec-3-en-6-yl) succinate.
PAR  Antibiotic A-26771 factor B is capable of forming ester derivatives by
      standard procedures, for example, by treatment with alcohol in the
      presence of an acid catalyst. These ester derivatives are also useful as
      antibiotics.
PAR  Antibiotic A-26771 factor C is a crystalline compound (colorless prisms
      from acetone-ether-pentane) melting at about 130.degree.C. The molecular
      weight of factor C is 388, as determined by mass spectrometry. Elemental
      analysis of factor C gave the following percentage composition: carbon,
      43.12%; hydrogen, 4.21%; nitrogen, 7.02%; sulfur, 32.5%. The calculated
      empirical formula is C.sub.14 H.sub.16 N.sub.2 O.sub.3 S.sub.4. The
      observed specific rotation of factor C, [.alpha.].sub.D.sup.25, is
      -187.degree. (c = 0.04, methanol).
PAR  The infrared spectrum of antibiotic A-26771 factor C in chloroform is shown
      in FIG. 3 of the accompanying drawings. The distinguishable bands in the
      infrared spectrum are as follows: 2.79, 3.32, 6.00, 6.68, 6.89, 7.09,
      7.30, 7.88, 9.10, 9.40, 9.60 and 14.45 microns.
PAR  The ultraviolet absorption spectrum of factor C in acidic ethanol shows an
      absorption maximum at .lambda. max. 275 m.mu.(.epsilon. 10,000). In
      neutral solution, the UV spectrum of factor C shows only end absorption
      with a plateau in the 275-300 m.mu. range (molar absorption about 1200);
      in basic solution this plateau shifts to a shoulder at 260 m.mu. (molar
      absorption approximately 7,000) and a plateau at about 290-300 m.mu.
      (molar absorption about 4,000).
PAR  The NMR spectrum of A-26771 factor C in chloroform-D.sub.2 O showed the
      following characteristics: .delta. 7.26 (5H, multiplet); 4.26, 3.85 (2H,
      AB, quartet, J = 13 Hz); 4.05, 3.25 (2H, AB, quartet, J = 15 Hz); 3.13
      (3H, singlet); and 3.07 ppm (3H, singlet).
PAR  Factor C is soluble in common polar organic solvents such as ethyl acetate,
      ethanol, methanol, chloroform, and the like, but is relatively insoluble
      in water.
PAR  Based on the physical characteristics hereinabove recited, a proposed
      structure for antibiotic A-26771 factor C can be set forth. Since the
      structure determination is merely postulated, however, it is to be
      understood that the structure presented herein represents merely a working
      hypothesis. The tentative structure for factor C is shown in Formula III:
      ##SPC3##
PAL  which structure is designated
      3-benzyl-6-(hydroxymethyl)-1,4-dimethyl-3,6-epitetrathio-2,5-piperazinedio
     ne.
PAR  The mixture of A-26771 antibiotics and the individual factors thereof
      inhibit the growth of microorganisms which are pathogenic to animal and
      plant life, including gram-positive and gram-negative bacteria and various
      fungi. In addition, factors A and C are antiviral agents.
PAR  In Table I which follows, the inhibition-zone diameters in millimeters of
      the A-26771 antibiotic factors, as determined by the standard disc-plate
      assay, are listed for several illustrative microorganisms.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Disc-Plate Activity of Factors A, B, and C                                

                         Factor A                                              

                                 Factor B                                      

                                         Factor C                              

                    mg./ml.                                                    

                         1.0 0.1 1.0 0.1 1.0 0.1                               

     __________________________________________________________________________

     Organism                                                                  

     Staphylococcus aureus                                                     

                         23  12  24  15  20  --                                

     Mycobacterium avium 14   tr*                                              

                                  9  --  11  --                                

     Bacillus subtilis   22  11  14  tr  20  tr                                

     Sarcina lutea       28  18  22  12  26  14                                

     Escherichia coli    12  --  --  --  tr  --                                

     Klebsiella pneumoniae                                                     

                         12  --  --  --  tr  --                                

     Serratia marcescens 14  --  --  --  14  --                                

     Pseudomonas solanacearum                                                  

                         13  --  --  --  --  --                                

     Saccharomyces pastorianum                                                 

                         32  19  25  12  25  --                                

     Neurospora crassa   27  13  13  --  22  --                                

     Candida albicans    28  tr  tr  --  23  --                                

     Fusarium moniliforme                                                      

                         14  10  tr  --   8  --                                

     Trichophyton mentagrophytes                                               

                         27  19  14  tr  19  12                                

     __________________________________________________________________________

      *trace?                                                                  

PAR  The in vitro susceptibilities of selected bacteria to antibiotic A-26771
      factor B have been determined by standard broth-dilution and agar-dilution
      assays. The minimal inhibitory concentrations (MIC), as determined by
      these methods, are summarized in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     In vitro Activity of A-26771 Factor B                                     

     Organism               MIC (.mu.g./ml.)                                   

     ______________________________________                                    

     Organism                                                                  

     Staphylococcus aureus.sup.a                                               

                            &lt;1.56                                              

     Streptococcus faecalis.sup.a                                              

                            25.0                                               

     Vibrio coli.sup.b      50.0                                               

     Mycoplasma gallisepticum.sup.b                                            

                            3.12                                               

     Mycoplasma granularum.sup.b                                               

                            50.0                                               

     Mycoplasma synoviae.sup.b                                                 

                            12.5                                               

     Mycoplasma hyosynoviae.sup.b                                              

                            12.5                                               

     Mycoplasma hyopneumoniae.sup.b                                            

                            12.5                                               

     Erwinia amylovora.sup.a                                                   

                            &lt;0.78                                              

     Pasteurella multocida.sup.b                                               

                            6.25                                               

     Xanthomonas phaseoli.sup.a                                                

                            50.0                                               

     Candida tropicalis.sup.a                                                  

                            100.0                                              

     Trichophyton mentagrophytes                                               

                            6.25                                               

     Botrytis cinerea       12.5                                               

     Ceratocystis ulmi      6.25                                               

     Verticillium albo-atrum                                                   

                            50.0                                               

     ______________________________________                                    

      .sup.a agar dilution?                                                    

      .sup.b broth dilution?                                                   

PAR  The activity of antibiotic A-26771 factors A and C against viral growth in
      tissue culture has been demonstrated against several viruses, including
      polioviruses and Coxsackie virus. In addition, the antiviral activity of
      factor A has been demonstrated in vivo from the biological activity of
      serum levels in mice.
PAR  The ability of antibiotic factors A and C to control the growth of virus in
      vitro is readily demonstrated by using a plaque suppression test similar
      to that described by Siminoff, Applied Microbiology, 9 [1], 66-72 (1961).
      The test is carried out as follows:
PAR  Rectangular glass boxes measuring 71/2 .times. 15 .times. 11/2 inches, made
      of pieces of double-strength plate glass sealed together with silicone
      rubber cement, are used in carrying out the test. The glass boxes are
      covered with a glass lid and, before use, are sterilized by dry heat at a
      temperature of about 300.degree. C. Approximately 10.sup.6 /ml. BS-C-1
      serial culture of Cercopithecus monkey kidney, Hopps et al.) cell
      suspension is made in a medium composed of tissue culture medium 199, 5
      percent of calf serum, penicillin (150 units/ml.) and streptomycin (150
      .mu.g./ml.). A portion of this suspension (250 ml.) is added to each
      sterilized glass box, and the box is incubated at about 37.degree.C. for
      about 96 hours in a level position. After incubation, the medium is
      carefully drawn off, leaving a monolayer of cells undisturbed on the
      glass. The cells are then infected by gently adding to each box about 100
      ml. of a suspension of virus in medium 199.
PAR  After a time of approximately 1 to 3 hours is allowed for adsorption of the
      virus on the cells, the infecting medium is removed from the plate. A
      mixture of 75 ml. of double-strength medium 199 with calf serum,
      penicillin, and streptomycin and 75 ml. of double-strength agar solution
      (Difco, purified, 2 percent) at 50.degree.C. is poured over the
      virus-infected cell monolayer in each box and allowed to solidify at a
      level attitude. Filter-paper disks are dipped in solutions of the test
      substances, dried in a vacuum oven at no higher than 37.degree.C. for
      about 1 hour, and then placed on the surface of the agar in the boxes. The
      boxes are incubated at about 37.degree.C. for about 84 hour and are then
      flooded with aqueous 10 percent formalin-2 percent sodium acetate
      solution, and the agar is floated off with water. The cells remaining are
      stained with Wright's stain. Toxicity, antiviral activity, and the
      microscopic appearance of the cells are recorded following the procedure
      of Herrmann et al., Proc. Soc. Exp. Biol, Med., 103, 625 (1960).
PAR  Plaques are seen in those areas of the plate where the virus has infected
      and reproduced in the cells. Zones of toxicity are also observed, and the
      diameters thereof are measured in millimeters whenever the test compound
      kills the cells under and around the filter-paper disk. Antiviral activity
      of the test compounds is detected by observing the absence of plaques and
      the presence of a heavier growth of cells in a zone under and around the
      filter-paper disks.
PAR  The cells in a zone of activity are examined with a microscope to determine
      the presence and degree of drug and/or virus damage. The staining is
      graded 1+, 2+, 3+, 4+, and negative to reflect the following:
PA1  4+ dark stained areas which, upon microscopic examination, show healthy
      cells with no visible virus or drug damage;
PA1  3+ less darkly stained areas that show no virus or drug damage but appear
      less healthy;
PA1  2+ areas showing healthy cells with a moderate amount of virus
      breakthrough;
PA1  1+ areas showing healthy cells with a greater virus breakthrough;
PA1  - no viable cells.
PAR  Table III which follows sets forth the results of tissue-culture test of
      antibiotic A-26771 factors A and C against Type III poliovirus and
      Coxsackie virus A-21 (COE strain). In the table, column 3 gives the
      diameter in millimeters of the zone of virus inhibition by the test
      compound, anad column 4 indicates the grading of the stained areas.
TBL                TABLE III                                                   

     ______________________________________                                    

     In Vitro Antiviral Activity of Factors A and C                            

            Conc.     Zone    Microscopic                                      

            .mu.g./ml.                                                         

                      mm.     Examination Virus                                

     ______________________________________                                    

     Factor A 1000        50      4 +       polio                              

              500         50      4 +       polio                              

              250         46      4 +       polio                              

              125         44      4 +       polio                              

              62.2        40      4 +       polio                              

              31.1        38      4 +       polio                              

              15          34      4 +       polio                              

              7.5         30      4 +       polio                              

              3.2         24      4 +       polio                              

              1.5         16      4 +       polio                              

     Factor C 1000.0      50      4 +       polio                              

              100.0       40      4 +       polio                              

     Factor A 1000.0      52      4 +       COE                                

              500.0       50      4 +       COE                                

              250.0       45      4 +       COE                                

              125.0       40      4 +       COE                                

              62.2        38      4 +       COE                                

              31.1        35      4 +       COE                                

              15.0        32      4 +       COE                                

              7.5         26      4 +       COE                                

              3.2         20      4 +       COE                                

              1.5         15      4 +       COE                                

     Factor C 1000.0      50      4 +       COE                                

              100.0       40      4 +       COE                                

     ______________________________________                                    

PAR  The ability of antibiotic A-26771 factor A to control the growth of virus
      is further demonstrated by antiviral testing in mice, using a procedure as
      follows:
PAR  White Swiss mice (11-13 g.) were divided into groups of four mice each.
      Each group was given an intraperitoneal injection of drug in differing
      concentrations, including a control group treated only with carriers. One
      hour after injection of the drug, all mice were bled from the orbital
      sinuses. Repeat bleedings from mice surviving acute toxicity were made at
      six hours post-injection. Serums were separated from collected blood by
      spinning at 11,000 rpm in a microhematocrit centrifuge.
PAR  Cells susceptible to poliovirus III (BSC.sub.1) were grown to confluency on
      assay plates and were then infected with poliovirus III. After a period of
      adsorption the plates were overlayed with agar. One-fourth-inch fiber pads
      were impregnated with 20 .mu.l. of mouse serum. The pads were positioned
      on the surface of the agar-overlayed infected plate. The plates were
      incubated for 72 hours at 37.degree.C. and then were fixed with 10%
      formalin--2% sodium acetate for 1 hour, after which the agar was floated
      off in flowing tap water. The plates were then stained with tetrachrome
      stain (MacNeal). If biologically active levels of compounds are present, a
      zone of viral inhibition occurs at the positions of the pads containing
      serum from treated animals. No zones appear at the positions of pads
      containing serum from untreated animals.
PAR  The results of this test are summarized in Table IV (Z indicates zone
      diameter in millimeters; M indicates grading of stained areas as defined
      hereinabove):
TBL                TABLE IV                                                    

     ______________________________________                                    

     Antiviral Activity of Factor A in Mouse Serum                             

     One Hour             Six Hours                                            

     Dosage                                                                    

     mg./kg. Survivors Z      M     Survivors                                  

                                            Z    M                             

     ______________________________________                                    

     234     4         30     4 +   0                                          

     117     4         29     4 +   0                                          

     58      4         24     4 +   4       23   4 +                           

     29      4         20     4 +   4       18   4 +                           

     ______________________________________                                    

PAR  In some instances mixture of the A-26771 antibiotics can be employed
      without the necessity of separating and using the individual factors. For
      example, in fighting fungal growth on environmental surfaces such as
      shower stalls, walls, floors, tables and the like, a mixture of the
      antibiotics is suitable. When used in combatting infections in an infected
      host however, it is desirable to employ a single factor, for example
      factor B, for administration.
PAR  As antibacterials and antifungals, the A-26771 antibiotics are useful for
      incorporation into topical preparations. Such preparations are adapted for
      administration to subjects exposed to, or infected with, sensitive
      bacteria or fungi. Suitable preparations include, for example, ointments,
      creams, emulsions, salves, emollients and sprays. Although the optimal
      concentrations will differ dependent upon variables such as the infecting
      bacteria or fungi, the factor or mixture of factors employed, and the
      like, the A-26771 antibiotics are typically effective in topical
      preparations in concentrations of from about 0.05 to about 2.0 percent by
      weight.
PAR  In addition, effective amounts of the A-26771 antibiotics may be
      incorporated into various pharmaceutical formulations, such as
      suspensions, emulsions, powders, dusts, soaps, detergents, aerosols and
      the like, for purposes of cleaning, disinfecting, or sterilizing. Thus,
      for example, the A-26771 antibiotics may be used to disinfect surfaces
      such as animal-body surfaces, dental and surgical instruments, glassware
      walls, floors, tables and the like. For purposes such as cleaning,
      disinfecting or sterilizing, the A-26771 antibiotics are effective in
      concentrations as low as 0.1 percent by weight.
PAR  Furthermore, antibiotic A-26771 factors A and C are also antiviral agents.
      Thus, solutions containing either of these factors, preferably together
      with a surfactant, can be used to decontaminate the in vitro habitat on
      which viruses, such as polio or Coxsackie, are present. Solutions
      containing factors A or C are effective in the control of viruses when
      concentrations of factors A or C ranging from about 1 to about 1500
      .mu.g./ml. or more are used.
PAR  In another aspect of the invention, the A-26771 factors A and C can be
      administered parenterally to mammals for the control of viruses. Useful
      dosage levels for prevention or treatment of viral diseases vary from
      about 5 to about 60 mg./kg. of mammalian body weight, depending upon
      whether the drug is to be used prophylactically or therapeutically.
PAR  The newly-found and hitherto undescribed organism strain which produces the
      A-26771 antibiotics was isolated by standard serial-dilution procedure
      from a soil sample collected from Mt. Ararat in Eastern Turkey. The
      organism has been taxonomically characterized as a new strain of
      Penicillium turbatum Westling which is in the Penicillium thomii series,
      Section Monoverticillata.
PAR  A culture of the A-26771-producing organism has been deposited with the
      permanent culture collection of the Agricultural Research Service,
      Northern Utilization Research and Development division, U.S. Department of
      Agriculture, Peoria, Ill. 61604, where it has been deposited without
      restriction as to availability and has been accorded the accession number
      NRRL 5630.
PAR  The characteristics of Penicillium turbatum NRRL 5630 are given in the
      following paragraphs.
PAR  Color names were assigned according to the ISCC-NBS method described by
      Kelly et al. in "The ISCC-NBS Method of Designating Colors and a
      Dictionary of Color Names," National Bureau of Standards Circular 553,
      Washington, D.C., U.S. Government Printing Office. Color shades (M&P) are
      designated using "A Dictionary of Color" by A. Maerz and M. Rea Paul,
      McGraw-Hill, New York, N.Y.
PAC  CULTURAL CHARACTERISTICS
PAC  Potato-Dextrose Agar.
PAR  Colonies are velutinous. A slightly crenated, nearly white marginal area
      borders colonies which are light grayish olive (ISCC-NBS 109), quaker gray
      -(M&P 21-B-1). The reverse color is oyster gray (M&P 19-A-1), pale yellow
      green (ISCC-NBS 121). The colonies achieve 40 mm. in seven days with
      little further growth when incubated at 26.degree.-28.degree.C. Sclerotia
      are formed in 7 days and are at first hyaline, then yellow-brown, globose
      to subglobose, comparatively soft; and when crushed, their outer wall
      appears constructed of pseudoparenchymatous cells. They measure 94-320
      .mu. and average 219 .mu..
PAC  Malt-Extract Agar
PAR  Colonies up to 40 mm. in diameter are produced in seven days. Early
      sporulation occurs in 4 days and becomes relatively heavy in 5 days;
      however, relatively few penicilli are formed. The colony surface is
      smooth, a gray-green shade with a 5-mm. periphery of white--mermaid (M&P
      21-B-6) which is grayish yellow-green (ISCC-NBS 122). The reverse color is
      oyster white (M&P 10-A-1), pale yellow-green (ISCC-NBS 121).
PAR  No sclerotia are observed at 2 weeks. After 3 weeks some scattered
      sclerotia appear which are similar to those described on potato-dextrose
      agar. They measure 85-240 .mu. and average 190 .mu.. Conidia are spherical
      to subglobose, smooth, dry, hyaline microscopically, greenish en masse, in
      basipetal chains and range from 3.0-5.0 .mu., averaging 3.4 .mu..
      Sterigmata are generally observed in groups of 3, occasionally 5. They are
      slightly tapered near their apex and are smooth-walled. They are not
      supported by verticils of metulae or branches but occur as terminal
      adornment on conidiophores. Occasional aberrant forms are elaborated, such
      as a second penicillus formed terminally on the central sterigma of the
      verticil which is associated with the conidiophore. Single terminal or
      lateral phialides are rarely formed. Sterigmata range from 7-15 .mu. long
      and 1.4 to 3.0 .mu. wide, averaging 13 82 to .times.to 2.8 .mu.. Some
      branches are strongly divaricate from the main conidiophore and are,
      therefore, considered monoverticillate. Branches are up to 60 .mu. long.
      Main conidiophores are 2-4 .mu. and 65-108 .mu. long.
PAC  Czapek's-Solution Agar.
PAR  Colonies achieve 35 mm. in diameter in seven days with no further change in
      size. The colony is strongly wrinkled with deep furrows which radiate from
      a highly wrinkled center. It appears to be a thin velvety felt that is not
      so heavily sporulated as when grown on malt-extract agar or
      potato-dextrose agar. After seven days the colony surface is ivory white
      (M&P 10-B-2) or pale yellow (ISCC-NBS 89). After 12 days the surface
      becomes oyster white (M&P 10-B-1) or pale yellow-green (ISCC-NBS 121). The
      reverse surface is white jade (M&P 10-A-2), pale yellowish-pink (ISCC-NBS
      31). There is neither describable odor nor exudate. Sclerotia are not
      present in 2 weeks. A very few sclerotia appear in 3 weeks. These
      sclerotia appear to cause a reddish-brown color in their immediate
      vicinity. They range in size from 175-406 .mu. and average 349 .mu..
PAC  MORPHOLOGICAL CHARACTERISTICS
PAR  This culture produces single verticils of sterigmata at the tips of
      conidiophores which arise from the agar or from rambling hyphae. Some
      branches occur which appear as individual conidiophores terminating with
      verticils of sterigmata. These sterigmata (3-5) give rise to chains of
      conidia. Each branch appears to be monoverticillate. No branching occurs
      at the apex of the main axis.
PAR  A relationship is seen with the biverticillate Asymetrica-Divaricata,
      specifically Penicillium pulvillorum in the P. raistrickii series.
      However, P. pulvillorum produces rough-walled conidiophores and sterigmata
      as well as definite metulae, also rough-walled; P. turbatum has
      smooth-walled conidiophores and sterigmata with no definite metulae.
      Furthermore, P. pulvillorum colonies grown on malt-extract agar are
      reddish shades on the reverse side. The fact that P. pulvillorum produces
      abundant sclerotium on Czapek's-solution agar does not conform with the
      literature description of Penicillium turbatum.
PAR  Based on the foregoing taxonomic description of the A-26771-producing
      strain, the organism has been classified as a novel strain of Penicillium
      turbatum Westling. The A-26771-producing organism differs slightly from
      Penicillium turbatum Westling as described by Raper and Thom in the
      "Manual of the Penicillia." The greatest difference occurs in sclerotia
      production, which in the published description is reported as heavy on
      malt-extract agar and non-existent on Czapek's-solution agar. Sterigmata
      of the A-26771-producing strain are a little larger than those described
      by Raper and Thom. These differences, however, are merely strain
      differences; in all other respects the characteristics are in agreement
      with the published description of that species.
PAR  The culture medium employed to produce the antibiotic mixture can be any
      one of a number of media since the A-26771-producing organism is capable
      of utilizing energy from a variety of nutrient sources. Thus, for example,
      a variety of carbohydrates can be included in the culture medium to supply
      the carbon requirements for the organism. Likewise, various sources of
      nitrogen, such as distillers' extracts, amino acids, and like nitrogen
      sources can be employed in the A-26771 medium. For reasons of economy in
      production, optimal yield, and ease of isolation of the antibiotic,
      certain culture media are preferred. The preferred sources of carbohydrate
      in the fermentation, for example, are glucose and sucrose, although other
      sugars can also be used. Preferred sources of nitrogen are peptones, but
      soybean meal, amino acid mixtures, and the like are also useful. As is
      common in the production of antibiotics in general, nutrient inorganic
      salts can be incorporated in the culture medium for the production of
      A-26771 antibiotics. Such inorganic nutrients are the customary salts
      capable of yielding sodium, potassium, ammonium, calcium, phosphate,
      chloride, carbonate, sulfate and like ions.
PAR  Minor elements necessary for optimum growth and development of the
      A-26771-producing organism can also be included in the culture medium.
      Such trace elements commonly occur as impurities in the other constituents
      of the medium in amounts sufficient to meet the growth requirements of the
      A-26771-producing organism.
PAR  The strain of the organism employed to produce the A-26771 antibiotics is
      capable of growing under a variety of conditions. The organism will grow,
      for example, in a variety of media in which the initial pH varies rather
      extensively. It has been found desirable, however, to initiate the
      fermentation in a medium at a pH between about 6 and about 8 and
      preferably between about 6.5 and 7.0. Commonly, during the growth of the
      organism, the pH of the medium will decrease gradually from the initial
      levels to a pH of about 4 or lower. The final pH of the culture medium is
      dependent, at least in part, on factors such as the initial pH of the
      medium, the buffer present therein, and the length of time the orgnism is
      allowed to grow.
PAR  The A-26771-producing organism of the present invention is capable of
      growing and producing antibiotic activity on various types of media. The
      organism can be grown, for example, on agar slants, in shake flasks, or in
      medium- or large-scale fermentation tanks. For large-scale production of
      the antibiotics of the present invention, submerged aerobic fermentation
      conditions are preferable. For the preparation of relatively small
      quantities of the A-26771 antibiotics, shake-flask or surface culture in
      bottles can be employed.
PAR  In carrying out the submerged aerobic fermentation for production of the
      A-26771 antibiotics, the organism is first grown on agar-slant cultures;
      and the spores of the fungus are transferred from the slant to a
      vegetative medium. The vegetative medium thus inoculated with spores from
      the agar slant insures a rapid growth of the organism on a small scale.
      The inoculated vegetative medium is allowed to grow until a viable culture
      of the growing organism is obtained; it is then used to inoculate the
      larger-scale tank. Fermentation media in large-scale tanks, thus
      inoculated by means of a vegetative medium, provide more rapid growth of
      the organism than that obtained by direct inoculation with spores from an
      agar slant. Such rapid growth obtained with a vegetative inoculum is
      highly desirable from the production standpoint in that fermentation time
      and overall production time are reduced.
PAR  The strain of the organism producing the A-26771  antibiotics grows best at
      temperatures between about 20 and 30.degree.C. Optimal production of the
      antibiotic appears to occur at temperatures between about 24.degree. and
      about 28.degree.C.
PAR  As in other aerobic, submerged culture processes, sterile air is blown
      through the culture medium during the fermentation period. For efficient
      growth of the organism and consequent efficient production of the
      antibiotic, the volume of air employed is preferably in excess of about
      0.1 volume of air per volume of culture medium per minute. In the
      submerged aerobic fermentation of the A-26771 antibiotics, optimal yields
      are obtained when the volume of air employed is at least 0.3 volumes of
      air per volume of culture medium per minute.
PAR  In genral, maximum production of the A-26771 antibiotics occurs between
      about 3 and about 10 days after the inoculation of the culture medium when
      submerged aerobic fermentation conditions or shake-flask culture
      conditions are employed. The maximum production of the antibiotics in
      large-scale fermentation tanks under submerged aerobic conditions is
      reached in about 8 days.
PAR  The course of the fermentation can be followed by assaying the fermentation
      medium from time to time against an organism susceptible to the A-26771
      antibiotics. Three such organisms which can be employed are Sarcina lutea,
      Staphylococcus aureus, and Bacillus subtilis.
PAR  Following the production of the antibiotics under submerged aerobic
      fermentation conditions, the A-26771 antibiotic mixture previously
      described can be recovered from the fermentation medium by methods
      commonly employed in the fermentation art. The majority of factor B
      produced is found associated with the mycelium. The majority of factors A
      and C produced is found in the filtered broth.
PAR  Under the conditions employed thus far, the strain of the organism
      described previously and designated as NRRL 5630 produces antibiotic
      factor B as the predominant antibiotic factor. In general, factor B
      accounts for between about 85 and 95% of the total recovered antibiotic
      activity. The remaining factors account for substantially the remainder of
      the antibiotic activity.
PAR  The A-26771 antibiotics are recovered from the fermentaion medium as
      antibiotic mixtures. Since the majority of the antibiotic activity is
      associated with the mycelia, the fermentation medium if filtered; and the
      mycelia are extracted with a suitable organic solvent. To obtain factors A
      and C, which are present in greatest quantity in the broth, the filtered
      broth is also extracted with a suitable organic solvent.
PAR  Solvents which are esters, such as ethyl acetate, amyl acetate and isoamyl
      acetate are suitable solvents useful for extracting either the mycelia or
      the filtered broth. Ethyl acetate is a particularly desirable extractant.
      The extracts are then dried and evaporated to dryness to afford the crude
      antibiotic mixtures.
PAR  Alternatively, the whole fermentation broth can be extracted with a
      suitable organic water-immiscible solvent, such as ethyl acetate, and
      thereafter filtered. The extract is treated as in the first instance to
      obtain the crude antibiotic mixture.
PAR  The crude mixtures of A-26771 antibiotics are purified by methods such as
      fractional crystallization of the mycelial extract or chromatography of
      the broth extract over a suitable adsorbent such as silica gel or alumina.
PAR  In a preferred recovery procedure, the mycelia and broth are separated by
      filtration. Subsequently, the separated mycelia are extracted with a
      suitable organic solvent such as ethyl acetate or amyl acetate; and the
      extract is dried and concentrated to afford a crude antibiotic mixture
      which contains factor B as a major component. In addition, the filtered
      broth is also extracted with a suitable organic solvent such as ethyl
      acetate; this extract is dried and evaporated under vacuum to give an
      antibiotic mixture which contains larger quantities of factors A and C.
PAR  The individual antibiotic factors can be separated from each other and
      isolated as individual antibiotics by techniques known in the art. The
      crude mixtures, for example, can be separated by chromatography over
      silica or alumina. Alternatively, individual antibiotics can be obtained
      by fractional crystallization.
PAR  Because the majority of the most abundant factor, factor B, is present in
      the mycelia, it is possible to separate and isolate this factor by
      crystallization techniques alone. Thus, factor B is obtained in
      crystalline form by concentrating the dried ethyl acetate extract of the
      mycelia to a small volume from which a large portion of factor B
      precipitates. Cooling the concentrated solution facilitates
      crystallization. The precipitate is filtered and purified further by
      recrystallization.
PAR  The other described factors which occur individually as minor antibiotic
      factors are more difficult to separate from one another. In order to
      obtain factors A and C, a combination of chromatographic separations and
      crystallization techniques is required. Accordingly, the dried ethyl
      acetate extract from the broth is concentrated to an oil which is then
      chromatographed, preferably over silica gel, employing solvent mixtures
      such as ethyl acetatemethanol to effect a partial separation of the
      remaining factors. Further purification is achieved by subsequent
      chromatographic separations of the eluate fractions from the silica gel
      chromatogram and by fractional crystallizations to provide factors A and
      C.
PAR  The following examples are provided in order to more fully illustrate the
      methods and procedures of the present invention.
PAC  EXAMPLE 1
PAC  Production of the Antibiotic A-26771 Mixture
PAR  Spores of Penicillium turbatum strain NRRL 5630 were inoculated on a
      nutrient agar slant having the following composition:
TBL  Ingredient           Weight/Volume (g./l.)                                

     ______________________________________                                    

     Glucose              20.                                                  

     Peptone              5.                                                   

     Potassium dihydrogen phosphate                                            

                          0.5                                                  

     Magnesium sulfate    0.02                                                 

     Ferrous sulfate      0.01                                                 

     Agar                 20.                                                  

     Deionized water      g.s. 1 liter                                         

     ______________________________________                                    

PAR  The inoculated agar slant was incubated for 7 days at a temperature of
      25.degree.C. and refrigerated until used. The agar slant was then covered
      with beef serum and was gently scraped with a sterile needle to suspend
      the spores and cells in the serum. The resulting suspension was divided
      into six tubes for lyophilization. One of the lyophilized pellets thus
      prepared was used to inoculate 100 ml. of a vegetative medium having the
      following composition:
TBL  Ingredient           Weight/Volume (g./1.)                                

     ______________________________________                                    

     Sucrose              25.                                                  

     Edible molasses      36.                                                  

     Corn Steep           6.                                                   

     Potassium dihydrogen phosphate                                            

                          2.                                                   

     Enzyme-hydrolyzed casein.sup.1                                            

                          10.                                                  

     Tap water            q.s. 1 liter                                         

     ______________________________________                                    

      .sup.1 "NZ Case," Sheffield Chemical Co., Norwich, N.Y.                  

PAL  This vegetative inoculum, in a 500-ml. flask, was shaken on a rotary shaker
      at 250 rpm for 24-48 hours at a temperature of about 25.degree.C.
PAR  Following the incubation of the vegetative inoculum, five percent of the
      volume of the vegetative inoculum containging viable vegetative growth was
      employed to inoculate the sterile fermentation medium for the production
      of the A-26771 antibiotics. The production medium has the following
      composition:
TBL  Ingredient         Percent                                                

     ______________________________________                                    

     Glucose            4.0                                                    

     Molasses           2.0                                                    

     Peptone.sup.1      1.5                                                    

     Tap water          q.s. 25 liters                                         

     ______________________________________                                    

      .sup.1 Wilson's Meat Packing Co., No. 159                                

PAR  The pH of the medium thus prepared was 6.3; it was adjusted to pH 7.0 with
      sodium hydroxide. The medium was then sterilized by autoclaving at
      120.degree.C. for 30 minutes at 15-20 pounds per square inch pressure.
      After sterilization the pH was approximately 6. The inoculated production
      medium, contained in a 40-liter fermentor, was allowed to ferment at a
      temperature of about 25.degree.C. for 6 to 7 days. The fermentation was
      aerated with sterile air at a rate of one-half volume of air per volume of
      culture medium per minute.
PAR  At intervals during the fermentation, small samples of the production
      medium were withdrawn and assayed for antibiotic activity against one or
      more of the following organisms: Sarcina lutea, Staphylococcus aureus, or
      Bacillus subtilis.
PAR  During the course of the fermentation, the pH of the medium gradually
      decreased to a final value of between pH 3.6-4.2. Antibiotic A-26771
      factors A, B, and C are co-produced during the above-described
      fermentation. Factors A and C are isolated from the filtered broth, and
      factor B is isolated from the mycelia.
PAR  In Example 2 which follows, the separation, purification and isolation of
      the individual A-26771 antibiotics from the fermentation medium is
      described. Because of the greater abundance of factor B in the A-26771
      mixture, it is the most easily isolated factor of the three thus far
      identified in the A-26771 mixture.
PAC  EXAMPLE 2
PAC  Isolation of Factors A, B, and C
PAL  Factor B
PAR  The fermentation medium (100 liters) was filtered, using a filter aid. The
      mycelia were extracted with ethyl acetate (40 liters), and the mycelial
      cake was discarded. The ethyl acetate phase was dried (Na.sub.2 SO.sub.4)
      and concentrated under vacuum to a volume of 4 liters. After cooling for
      72 hours at 4.degree. C., a semicrystalline mass had precipitated. This
      precipitate was separated by filtration, and the dark-colored filtrate was
      discarded. The precipitate (200 g.) was dissolved in ethyl acetate (2
      liters) and filtered. The filtrate was chilled at 4.degree. C. for 24
      hours to afford 46 g. of crystalline factor B. Three more crystallizations
      of factor B from the filtrate during the following days, using the
      procedure described hereinabove, afforded a total of 110 g. of crystalline
      factor B, melting at 125.degree. C. The properties of the four crystalline
      crops were identical in all respects.
PAL  Factor A
PAR  The filtered broth from 100-liters of fermentation medium, obtained as
      described hereinabove, was extracted with an equal volume of ethyl
      acetate. The ethyl acetate extract was dried (Na.sub.2 SO.sub.4) and
      concentrated to an oil under vacuum. This oil (15.4 g.) was
      chromatographed over a 5.0 .times. 62.0 cm. column of silica gel (grade
      62; 60-200 mesh; Matheson, Coleman and Bell). The column was eluted at a
      rate of 3 ml./min. with ethyl acetate-methanol (9:1), 20-ml. fractions
      being collected.
PAR  During both this and subsequent chromatographies, the presence of factor A
      in column fractions was determined by subjecting the fractions to
      thin-layer chromatography on silica gel (E. Merck, 20 .times. 20 cm.
      precoated, F-254, layer thickness 0.25 mm. on glass, Brinkmann
      Instruments, Inc.), developing in benzene-methanol (95:5) and using
      Sarcina lutea as the bioautograph organism.
PAR  The active fractions were combined and concentrated in vacuo to an oily
      residue (1.8 g.). This residue was rechromatographed on a 4.5 .times. 39.0
      cm. column of silica gel (grade 62, 60-200 mesh), eluting with
      benzene-methanol (95:5) at a flow-rate of 3 ml./min.
PAR  The active fractions from this column were combined and rechromatographed
      on a 5.0 .times. 50.0 cm. column of silica gel (grade 62; 60-200 mesh),
      eluting with chloroform at a flow-rate of 0.5 ml./min. and collecting 5
      ml.-fractions. Factor A was eluted in fractions 169-210. The fractions
      containing factor A were chromatographed a final time on a 2.0 .times.
      110.0 cm. column of silica gel (grade 62, 60-200 mesh), eluting with a
      chloroform-methanol (98.5:1.5) solvent mixture. The active fractions from
      this chromatography were combined and yielded factor A (90 mg.) as yellow,
      prismatic crystals from acetone-diethyl ether-pentane melting at
      105.degree. C.
PAL  Factor C
PAR  During the chromatographic separations described hereinabove for factor A,
      the presence of another biologically active compound was observed. The
      fractions containing this compound were combined and concentrated under
      vacuum to an oil. This oil was rechromatographed on a 2.0 .times. 100.0
      cm. column of silica gel (grade 62), eluting with an ethyl acetate-hexane
      (1:2) solvent system at a flow-rate of 2 ml./min. The fractions containing
      the new active material were combined and concentrated under vacuum to an
      oil which crystallized from acetone-diethyl ether-pentane to give 12 mg.
      of factor C, melting at about 130.degree. C.
PAR  The presence of factor C in column fractions was determined by the
      thin-layer chromatographic method described hereinabove for factor A. In
      addition, the antibiotic A-26771 factors can be characterized by
      thin-layer chromatography on silica gel (E. Merck, 20 .times. 20 cm.,
      precoated, F-254, layer thickness 0.25 mm. on glass, Brinkmann
      Instruments, Inc.) in a chloroform-methanol (98:2) solvent system with Rf
      values as follows(detection using either ultraviolet absorption or silver
      nitrate spray reagent number 224 as described in "Thin-Layer
      Chromatography," 2nd ed., E. Stahl, Ed., Springer-Verlag, New York, N.Y.,
      1969, p. 897):
TBL  Factor           Rf Values relative                                       

     ______________________________________                                    

     A                0.48                                                     

     B                0.05                                                     

     C                0.37                                                     

     ______________________________________                                    

PAC  EXAMPLE 3
PAC  Preparation of Factor B Methyl Ester
PAR  The methyl ester of A-26771 factor B has been prepared by methylation with
      either a) 3% methanolic HCl or b) trimethyloxonium fluoborate in methylene
      chloride, using standard procedures. The methyl ester crystallizes from
      methanol, melting point 90.degree.-91.degree. C. The infrared absorption
      spectrum of the methyl ester (KBr) shows carbonyl bands at 1745
      (shoulder), 1735, 1718 and 1702 cm.sup.-.sup.1. The mass spectrum shows
      molecular ion at 396.21409, corroborating the 396.21480 theoretical mass
      for C.sub.21 H.sub.32 O.sub.7.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method for producing antibiotic A-26771 factors A, B, and C which
      comprises cultivating Penicillium turbatum NRRL 5630 in a culture medium
      containing assimilable sources of carbohydrate, nitrogen, and inorganic
      salts until a substantial amount of antibiotic activity is produced by
      said organism in said culture medium, and separating the A-26771
      antibiotic mixtures from said culture medium.
NUM  2.
PAR  2. The method of claim 1 which includes the additional step of isolating
      A-26771 factor A from said A-26771 antibiotic mixtures.
NUM  3.
PAR  3. The method of claim 1 which includes the additional step of isolating
      A-26771 factor B from said A-26771 antibiotic mixtures.
NUM  4.
PAR  4. The method of claim 1 which includes the additional step of isolating
      A-26771 factor C from said A-26771 antibiotic mixtures.
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ABST
PAL  The specification and drawings disclose methods and apparatus for
      separating and/or isolating bacteria and tissue cells for testing or rapid
      automatic scanning. The invention uses an expansible membrane on which the
      tissue cell or bacteria sample is placed and thereafter expanded to cause
      the sample to be separated. Apparatus is disclosed for facilitating
      stretching of the membrane and automatically scanning it.
PARN
PAR  This is a division of application Ser. No. 62,810, filed Aug. 11, 1970, now
      abandoned.
BSUM
PAR  The subject invention is directed toward the art of biological testing and,
      more particularly, to an improved method and apparatus for performing
      diagnostic cytology or microbiological tests.
PAR  The invention will be described with particular reference to its use in
      automatically isolating and characterizing cells for pathological
      evaluation, as well as isolating bacteria from a sample and transferring
      the isolated bacteria to test growth media; however, as will become
      apparent, the invention is capable of broader application and could be
      used for other types of tests and procedures.
PAR  One of the major obstacles to automation of cytology or microbiological
      diagnostic testing procedures has been the inherent difficulty of
      isolating individual bacteria and tissue cells so that they can be scanned
      by automatic scanning equipment. Normally, complicated and time consuming
      procedures including substantial manual intervention are required to
      obtain proper isolation.
PAR  In the case of bacteria, there are several isolating techniques which have
      been used with various degrees of success. One technique which is often
      used is streaking out a plate in a Petri dish. Generally, the culture
      medium in the Petri dish is streaked with a swab which has been dipped,
      for example, in a sample of a patient's body fluid or secretion. The
      streaking of the swab causes the amount of bacteria on the swab to be
      progressively diluted. If properly done, the bacteria colonies at the end
      of the streak are substantially isolated. It is somewhat difficult to
      assure good isolation by this technique, however, since only a small area
      at the end of the streak are properly isolated.
PAR  A second method sometimes used with bacteria, is to dilute the specimen in
      a sterile, inert liquid. The liquid is then poured or swabbed on the
      culture medium. Because of the dilution of the specimen, the individual
      bacteria colonies are relatively isolated. However, this procedure is
      messy and time consuming.
PAR  With tissue cells, the problem of isolating the cells for automatic
      scanning is substantially more difficult. This is, in part, because of the
      natural mutual adhesiveness of most normal cells. Generally, it can be
      accomplished only by manual intervention under microscopic examination, or
      by procuring the sample and disolving it in a liquid, then pumping the
      solution through a hole large enough for only one cell, and filtering or
      observing these cells one by one. The latter method though adapted to
      automation, requires a complicated sample procurement method, pumping (and
      backpumping because of clogging), and does not allow for chemical
      characterization of individual cells without elaborate filtering
      apparatus. Previous methods therefore are generally cumbersome and
      complicated.
PAR  It is known, however, that in neoplastic tissues, the cells have a greatly
      reduced mutual adhesiveness and that there are a great number of free
      cells. (For example, see the book "Diagnostic Cytology" by L. G. Koss and
      published by J. B. Lippincott Company, Philadelphia, 1968). This lack of
      mutual adhesiveness has been used as a test for cancerous tissue. The main
      technique has been to suspend a tissue sample in Hank's medium for a
      period of time, e.g. one-half hour, and observe the amount the tissue
      falls apart. As can be appreciated, this technique is time consuming and
      subject to substantial error.
PAR  The present invention provides methods and apparatus for rapidly isolating
      either bacteria or tissue cells and permitting automatic scanning. The
      method and apparatus, when used for bacteria isolation, allow uniform
      isolation of the sample over a substantial area rather than only at the
      end of a manual streak. The method is direct and requires no liquids,
      filtering, pumping, etc. Additionally, clinical non-aqueous and semi-solid
      samples such as mucous and lung sputum are easily isolated.
PAR  When the apparatus and method is used for isolating and characterizing
      biological cells for pathological evaluation, all chemical treatment,
      isolation and evaluation steps can be carried out without transferring the
      sample cells between different components, and without pumping, filtering,
      or manipulating any individual cells. Additionally, through the use of the
      inventive apparatus, it is possible to retain a hold on the cells for
      transportation, storage, and any number of future viewings or testing.
      Also, the apparatus allows all of the cells under consideration to be
      maintained in the same focal plane for easy scanning. Further, the
      apparatus permits any number of stain treatments and the like to be
      carried out.
PAR  In particular, and in accordance with one aspect of the invention, a method
      is contemplated for isolating biological cells, bacteria, and the like.
      The method includes the steps of:
PA1  a. providing a surface which can be expanded in at least one direction;
PA1  b. obtaining a sample of the material to be isolated;
PA1  c. placing at least a portion of the sample on the surface; and,
PA1  d. thereafter expanding the surface in at least one dimension by an amount
      sufficient to cause individual components in the sample to be moved finite
      distances apart.
PAR  As can be appreciated, the sample must normally be permitted to dry on the
      surface and to assure some adherence thereto. As the surface is expanded,
      the natural separation of the surface causes the material placed thereon
      to likewise be separated. Additionally, the stress applied to the surface
      is transmitted to the material causing internal stresses which tend to
      break the sample material apart. If the sample is bacteria, there is a low
      inherent adhesiveness between the individual bacteria which permits them
      to be easily pulled apart and isolated. Similarly, with certain types of
      abnormal cells, such as cancer cells, and cells included in human
      exfoliate samples, there is a low cell-to-cell adhesion and a large number
      of free cells which allows the cells to be pulled apart and/or isolated.
PAR  This method of isolation can be used to separate exfoliate cells for
      individual characterization, and in particular, for automatic optical
      measurements. In order to make any diagnostic detection of abnormal cells,
      sample cells must be isolated so that measurements can be made on one cell
      at a time. Any averaging of a measurement over more then one cell would be
      of insufficient accuracy to make any judgment of abnormality.
PAR  This method of isolation can also be used to assess the degree of mutual
      adhesion between cells from a biopsy tissue sample in order to determine
      whether or not the tissue is cancerous or benign.
PAR  When the sample is a bacteria sample, it is possible to easily transfer the
      isolated cells on the surface to a growth culture medium. Additionally,
      one aspect of the invention contemplates that the growth culture apparatus
      will comprise a plate having a multiplicity of small recesses, grooves, or
      the like, formed in its surface. Each groove is provided with a growth
      media. By proper selection of the growth media, it is possible to provide
      a rapid test for a multiplicity of different bacteria from a single
      sample. Additionally, the invention contemplates that the growth culture
      media device can be quickly scanned by automatic electronic scanning
      equipment to give a rapid printout of the presence or the absence of
      particular strains of bacteria.
PAR  The invention also contemplates that the expanding membrane concept can
      provide a rapid method for testing cell-to-cell adhesion characteristics
      of animal cell tissue. This method comprises the steps of providing a
      membrane surface which can be expanded in at least one direction and
      distributing a sample of the tissue over the surface. With the surface in
      the unexpanded condition, the cells thereon are optically viewed to
      determine the postion and character of cells in a predetermined area.
      Thereafter, the surface is expanded and the cells again viewed to
      determine position and character of the cells in the previously viewed
      area. If the cells have separated into individual isolated cells, it is
      highly probable that the cells are of an abnormal character. However, if
      the cells are grouped together in clumps, it is a good indication that the
      cell tissue is normal.
PAR  This invention can serve as a means to isolate individual cells from any
      sample such that each cell can be separately and automatically viewed in
      rapid sequence for diagnostic purposes. Additionally, the method
      contemplates that the cells can be stained while they are on the expanded
      surface and preferably, a stain is used which affects the nucleus of the
      cells causing them to become fluorescent. As is known, a high nucleonic
      acid content in a cell is an indication of a pathologic abnormality such
      as a cancer neoplasm. The size of the nucleus will thus be reflected in
      the amount of stain absorbed and the level of fluorescence present in each
      cell. By scanning the isolated cells with a photodetector arrangement, the
      relative brightness of the individual fluorescing nuclei can be utilized
      to give a rapid indication of the presence or absence of abnormal cells.
PAR  In addition, it can be appreciated that the isolated cells can be cultured
      on the expanded membrane by the addition of a nutrient solution through or
      from above the membrane to the cells. The use for such a method would be
      in testing of the contact inhibition.
PAR  Accordingly, a primary object of the invention is the provision of a method
      and apparatus whereby biological cells, bacteria and the like can be
      easily and rapidly isolated.
PAR  An additional object of the invention is the provision of a method and
      apparatus for permitting automation of bacteriological testing through the
      use of an expanded membrane bacteria isolating technique.
PAR  A still further object is the provision of apparatus for automatically
      determining the presence or absence of abnormal cells in a cell sample,
      and in particular, a simple automatic screening procedure for cancer.
PAR  A still further object of the invention is a method of isolating cells from
      an exfoliate cell sample so that diagnostic measurements can be
      automatically applied to individual cells in rapid succession.
PAR  A still further object is the provision of a method for testing
      cell-to-cell adhesion characteristics of tissue from biopsies and the like
      and providing information as to whether or not a neoplasm is benign or
      malignant.
PAR  A still further object of the invention is the provision of a system for
      automatically scanning a bacterial growth assembly and indicating the
      presencr or the absence of selected types of bacteria cultures.
PAR  Yet another object is a provision of method and apparatus of the general
      type described which is simple to use and can rapidly perform tests which
      were heretofore extremely complex and time consuming.
PAR  A still further object is the provision of apparatus for automatically
      performing the noted methods.
DRWD
PAR  These and other objects and advantages will become apparent from the
      following description when read in conjunction with the accompanying
      drawings wherein;
PAR  FIGS. 1A and 1B show a magnified representation of the isolation of
      biological cells with this method;
PAR  FIGS. 2A through 2C show a series of steps utilized in carrying out one
      method aspect feature of the invention;
PAR  FIGS. 3A and 3B show apparatus which can be used to practice the inventive
      method;
PAR  FIGS. 4A-4C and 5A-5C are pictorial illustrations of automatic apparatus
      particularly suited for use in practicing certain features of the
      inventive methods;
PAR  FIGS. 6-6C are pictorial illustrations of a sequence of steps utilizing a
      modified apparatus for carrying out one of the methods of the invention;
PAR  FIG. 7 is a pictorial representation of a bacterial growth culture device
      used in a preferred form of apparatus according to the invention;
PAR  FIG. 8 is a modified form of bacterial growth culture apparatus which can
      be used in performing certain method aspects of the invention;
PAR  FIG. 9 is a pictorial, diagramatic representation of an apparatus for
      performing automatic scanning and readout of a bacterial growth apparatus
      of the type shown in FIG. 7;
PAR  FIG. 10 is a schematic wiring diagram of the apparatus illustrated in FIG.
      9;
PAR  FIG. 11 is a flow diagram illustrating the sequence of operations carried
      out by the apparatus of FIG. 9;
PAR  FIG. 12 is a schematic illustration of an automatic scanning apparatus
      which can be used for automatic scanning of tissue cells;
PAR  FIG. 13 is an illustration of a typical voltage wave form produced by the
      FIG. 12 apparatus; and,
PAR  FIG. 14 is a diagramatic illustration which explains the operation of the
      FIG. 13 apparatus.
DETD
PAR  Referring more particularly to the drawings, the invention can best be
      understood by reference to FIGS. 1A and 1B which are basic cell isolation
      methods. As shown in FIG. 1A, biological cells 1 have been applied, such
      as by smearing, to the surface of an expansible membrane. After being
      permitted to dry, the membrane is expanded uniformly causing the cells to
      be isolated or pulled apart as shown in FIG. 1B. The cells shown are
      tissue cells, but bacteria cell isolation is represented in an identical
      manner.
PAR  Note that in FIG. 1A, the microscopic viewing field represented by dotted
      line 4 cannot view one cell at a time, but in FIG. 1B the same field can
      view each cell separately, and in particular, the nuclei 2 of each cell.
PAR  Any surface which can be expanded uniformly will work for this method. Such
      surfaces of rubber film, elastomer web, natural membranes and some plastic
      webs are suitable.
PAR  Referring in particular to FIGS. 2 through 2C, a sequence of steps is shown
      which utilizes one feature of the subject invention to perform isolation
      of bacterial cells at spaced locations prior to transfer to a bacterial
      growth culture medium. Referring first to FIG. 2, there is illustrated a
      relatively thin, expansible membrane 10 which is formed from a material
      having the general characteristic that it can be expanded or stretched
      relatively uniformly to increase its surface area by a factor of from 2 to
      10 times. Many types of sheet rubber and plastic have this characteristic;
      however, in the embodiment under consideration, the membrane 10 comprises
      sheet rubber which is known commercially as Dental Dam Grade Light.
      Typically, this rubber has a light gray color and is translucent but, when
      expanded or stretched, it is substantially clear and transparent to light.
PAR  As used to carry out the subject method, the unstretched or unexpanded
      membrane 10 is innoculated on its upper surface with a small quantity of
      the sample material to be tested. For example, the sample can be taken
      from the patient by an absorbent swab and thereafter touched lightly to
      the surface of the membrane 10.
PAR  After the sample has been placed on the membrane and allowed to dry, the
      membrane is stretched or expanded in at least one direction, preferably by
      a factor 2 or more. The bacteria tend to adhere to the surface of the
      membrane and, when the membrane is expanded as shown in FIG. 2B, the
      bacteria are separated so that they are isolated into small separate spots
      on the membrane. This happens because, as the membrane expands, each point
      of the membrane separates uniformly from every other point thereon. As can
      be appreciated, this results in a uniform isolation of all of the bacteria
      without the necessity of careful swabbing or streaking which produces only
      separation at the end of the streak.
PAR  After the membrane 10 has been expanded as shown in FIG. 2B, it is
      maintained in the expanded condition and brought into engagement with a
      bacteria culture medium. As shown in FIG. 2C, a Petri dish 14 holding a
      desired bacterial growth medium 15 is moved lightly into engagement with
      the innoculated surface of membrane 10. The bacteria on membrane 10 are
      thus transferred to the growth medium. After the transfer of the bacteria
      to the growth culture media 15, the Petri dish is placed in a suitable
      environment for incubation of the bacteria. FIG. 2C shows the bacteria 16
      growing in isolated colonies on the surface of the growth media.
PAR  The mechanism involved in producing the separation of the bacteria during
      the expansion of membrane 10 is believed to be a combination of the
      physical separation of adjacent bacteria due to the elongation or
      stretching of the membrane, together with a dislodging of adjacent
      bacteria due to stress produced during the stretching operation.
PAR  Obviously, the membrane could be mounted in many specific arrangements for
      facilitating the stretching of the membrane to allow further handling and
      the like. FIGS. 3A and 3B illustrate a frame and stretching arrangement
      which is particularly suited for use in microscopic examination of the
      isolated bacteria or other samples. As shown, the FIG. 3A apparatus
      includes a microscopic slide member 18 which is of elongated rectangular
      shape and preferably formed from transparent glass, plastic, or the like.
      A small section of any suitable membrane material, such as the previously
      mentioned Dental Dam sheeting, is attached to one end portion of the slide
      18. In the embodiment shown, the sheeting 20 is connected to the end of
      the slide by a short section of tape 22. With this type of arrangement, it
      is preferable that the sample be applied by a streaking action in a
      direction generally transversely of the plate. Note that in FIG. 2, a
      sample is shown as streaked across the membrane 20 in the direction of the
      arrow. Thereafter, the membrane can be stretched along the slide as shown
      in FIG. 2A and a second section of tape 24 used to affix it in the
      stretched condition to the slide. The stretching action, in combination
      with the transverse streaking, causes the sample to be separated as shown
      in FIGS. 3B. With this arrangement, the sample can be viewed
      microscopically or, alternately, transferred to a culture medium such as
      described with reference to the FIGS. 2A through 2C.
PAR  The particular form of the membrane member is not of importance to the
      method aspects of the invention. Additionally, the manner in which the
      membrane is stretched is not of particular importance and any form of
      mechanical or fluid stretching could be utilized. For example, FIGS. 6
      through 6C show how a modified form of membrane holder and stretching can
      be utilized. The FIG. 6 illustration shows a membrane and frame which
      comprises a generally circular rigid plastic frame 28 which has the
      generally unexpanded membrane stretched thereover and connected at its
      periphery to frame 28. The membrane 30 can be of any desired or suitable
      type of rubber or elastomeric material which is capable of undergoing the
      required amount of stretching. The membrane 30 is innoculated with the
      tissue cell or bacteria sample 32 and thereafter positioned over a
      mechanical plunger 34 which is mounted for vertical reciprocation either
      manually or automatically. Preferably, the frame 28 is mechanically held
      in a position over the plunger so that when the plunger is actuated
      upwardly, the membrane 30 will be uniformly stretched to the dotted line
      position shown. Any type of clips or holders 35 can be used to hold the
      frame 28.
PAR  After the membrane 30 has been innoculated and the sample permitted to dry,
      the plunger 34 is actuated upwardly moving the innoculated surface to the
      dotted line position and stretching it a substantial amount to cause the
      biological cells in the sample to become separated as shown in FIG. 6A and
      1B. At this time, the isolated cells can be observed and/or automatically
      scanned microscopically or, alternately, transferred to a suitable growth
      medium. In FIG. 6B, a Petri dish 36 is shown being moved into engagement
      with the innoculated surface of the membrane 30. Thereafter, the Petri
      dish is incubated to cause the individual bacteria colony growth as shown
      in FIG. 6.
PAR  The expanding membrane method of bacteria isolation allows automatic
      scanning and readout of the bacteria cultures to be carried out relatively
      easily. FIGS. 7 and 8 show growth media arrangements which are
      particularly suited for automatic scanning and readout. The FIG. 7
      embodiment comprises a relatively rigid plate or thin sheet of plastic or
      the like 40 which has formed or molded in one surface thereof, a
      multiplicity of closely spaced recesses or grooves 42. The grooves 42 are
      preferably small and of a size such as to be able to hold growth media
      therein through capillary action. It has been found that grooves of from
      one-sixty-fourth to one-eighth inch wide and approximately the same size
      in depth, and between one-fourth and one-half inch long are particularly
      suitable. The growth medium, which can be either a liquid or a gel, is
      infused into the grooves where it is normally held by capillary
      attraction. Additionally, a thin sheet of plastic film can be removably
      positioned over the open upper surface of the grooves to maintain the
      media in the grooves and prevent evaporation thereof. With the plastic
      sheet in position, the entire assemblage can be sterilized.
PAR  One advantage of this particular type of growth medium arrangement is that
      the grooves can have a plurality of selective growth medias positioned
      therein. For example, medias in certain grooves can be of a type in which
      particular bacteria will not grow whereas others will grow and produce a
      distinct color change. By proper selection of the growth medias, it is
      possible to permit one such growth media plate to give a substantial
      amount of information about the bacteria in a sample.
PAR  For example, such selective growth medias are well known and are of these
      general types:
PA1  1. a ph indicator and a substrate specific for a certain bacteria strain;
      when fermentation of the substiate begins, a ph color change occurs;
PA1  2. a blood agar which changes from red to clear when pathogenic strains are
      present;
PA1  3. a growth medium with a chemical color indicator specific for the
      metabolism products of certain bacteria strains; and,
PA1  4. fluorescent antibody preparations specific for certain bacteria strains.
PAR  When using the plate or growth medium member of FIG. 7, the cover film is
      removed and the plate placed in engagement with the innoculated, expanded
      membrane. The individual bacteria on the expanded membrane are transferred
      to the different growth medias with a limited number of bacteria
      transferred into each growth media section. Thereafter, following
      incubation, the manual or automatic scanning of the plate gives a readout
      of the type of bacteria present in the sample by noting which of the
      various sections produced which type of color changes and/or growth.
PAR  FIG. 8 shows a modified arrangement which uses the same general concept as
      discussed with reference to FIG. 7. In the FIG. 8 embodiment, the assembly
      includes a rectangular plastic plate 46 on which is attached a
      multiplicity of small individual or separated sections of absorbent
      material such as filter paper or the like. Each of the paper or absorbent
      strips 48 can be soaked with a selected growth media and the medias
      prevented from drying out until use by the use of a hydrophobic plastic
      cover film stretched over the surface.
PAR  Clearly, many types of growth media holders and arrangements could be used
      in combination with the expansible membrane. Additionally, other types of
      bacteria isolating techniques could be used with the growth media
      assemblies such as in FIGS. 7 and 8.
PAR  FIG. 9 diagramically illustrates an arrangement whereby the assembly of
      FIG. 4 can be automatically scanned to give readout of the presence or
      absence of any change in each of the individual capillary grooves. In the
      FIG. 7 embodiment, the plate 40 of the assembly of FIG. 4 would be a clear
      plastic sheet through which light can freely pass. Broadly, the concept of
      the FIG. 9 apparatus contemplates passing a focused light beam through
      each of the grooves individually and passing the light which comes through
      the grooves through a filter. The filter is of a color such that if the
      growth media in the noted groove had undertaken a desired or expected
      color change, then the light would be filtered out and would not pass
      through the filter or, alternately, a distinct color would be present.
      Positioned opposite the filter is a light sensitive device which produces
      a signal if a light response was reached to indicate that a color change
      had not taken place. By moving the plate relative to the light source and
      filter, each of the grooves can be scanned and an indication given by the
      photo-sensitive member as to whether or not the change had taken place. By
      properly correlating the movement of the filter with the movement of the
      plate, a readout can be given for each groove in the entire plate.
PAR  Apparatus capable of performing this function is diagramatically shown in
      FIG. 9. Note that a light source 50 is mounted at a first location and
      focused by a lens member 52 mounted thereabove. growth medium plate 40 is
      guided above the lens 50 in any suitable means such as used through the
      use of guide tracks 54. As the member 40 is passed above the lens 52, the
      light is focused on the grooves 42. Immediately above the groove is a
      rotatably mounted filter disc 56. This disc is driven in a predetermined
      relationship relative to the plate movement by a mechanical drive assembly
      58. For example, if the particular growth media in the groove under
      consideration elicits a red response upon action by particular bacteria
      strain, then a green filter would be in position above the groove. The
      presence or absence of light passing through the filter would indicate
      whether or not the color change had taken place. The assembly shown in
      FIG. 9 provides a second lens 57 aligned with the lens 52 and adapted to
      focus any light which passes through the filter against a photocell 59.
      The output from the photocell gives an indication of the presence or
      absence of light.
PAR  The particular inter-connection between the plate 40 and the filter 56 is
      not of importance and, for example, could be a simple mechanical gear
      drive comprising a rack gear section formed along one edge of the plate 40
      and engaged by a pinion gear 60 connected through suitable gearing with a
      disc drive gear 62. As the plate 40 is moved past the gear 60, the color
      wheel 56 is automatically moved to the proper color filter.
PAR  FIG. 10 illustrates a simplified electronic circuit which could be used for
      providing the required output from the photocell 59. The circuit shown in
      FIG. 10 is a simplified arrangement for obtaining an output indicative of
      the presence or the absence of color change in the groove under
      consideration. As will be noted, the circuit includes two PNP transistor
      70 and 72 which are connected to the photocell 59 in the manner shown. A
      battery or similar DC power source 74 is connected through a switch
      operating relay 76. In operation, energization of the photocell 59 causes
      current flow through the transistor 72 and energization of the relay 76 to
      move the switch arm 80 into contact with contact 82. A variable resistance
      84 is connected across lines 86 and 88 to vary the output required to
      actuate relay 76.
PAR  Many other types of circuits could equally well be used. Additionally, any
      type of indicating or readout device could be associated with the switch
      80. For example, the output from the switch 80 is a digital output and
      could be used in a system as shown schematically in FIG. 11. That is, a
      position sensor 89 could be provided to sense the position of the member
      40 and filter wheel 56. The output from the switch 80 would then be
      utilized in combination with a digital printer actuated to provide a
      separate printout for each position of the filter and member 40.
PAR  The expansible membrane technique can also be used for performing
      diagnostic cytology. For example, it is known that animal tissue cells
      which are neoplastic have a much lower cell-to-cell adhesion.
      Additionally, not only do the cancerous or neoplastic cells have a lower
      cell-to-cell adhesion characteristic but, also, they tend to have a much
      higher accumulation of nucleic acids. The subject invention utilizes one
      or both of these characteristics to permit rapid scanning of a cell sample
      to determine whether or not the cells are from normal or cancerous tissue.
PAR  FIGS. 4A-4C schematically illustrate a system for use in performing tests
      on animal tissue cells. As shown in FIG. 4A, an exfoliate or biopsy cell
      sample or the like 320 (obtained with a cotton tipped stick, for example)
      is first smeared on membrane 310 as shown, and allowed to dry. This sample
      is then washed with any chemical stain 330 as shown in FIG. 4B. The
      membrane is then expanded isolating the cells 360 as shown in 4C. These
      isolated cells can then be optically scanned by scanner 340 and a voltage
      readout given, 350.
PAR  In addition to the visual check which is possible as shown in FIGS. 4A-4C,
      the membrane technique also permits the cells to be stained while they are
      either in the expanded or unexpanded condition. By selecting a stain which
      will produce a fluorescent nuclei in the cell, the large nuclei of
      abnormal cells provide greater fluorescence and in this way are indicative
      of neoplastic tissue. One type of stain solution which is used and which
      will produce the desired change is Acridine Orange Stain Solution which is
      flurochrome for nucleic acids. Assuming that an Acridine orange stain
      solution of the type described is to be used, the cells are flooded for a
      period of approximately 20 seconds with the solution and then rinsed with
      a calcium chloride solution for another 20 seconds. The cells are
      maintained wet with a PH 3.8 buffer while they are optically scanned. The
      stained cells can be scanned manually such as, for example, by viewing
      them under 600 or greater power magnification. The presence of the
      isolated cells together with the larger fluorescent nuclei is a rapid
      indication of the presence of cancerous tissue.
PAR  In addition to manual scanning, it is possible to scan the member
      automatically and give an output signal which is indicative of the number
      of free cells and/or the individual nuclei size. FIG. 12 shows a circuit
      which is capable of performing automatic scanning. To understand the
      scanning procedure carried out reference is made to FIG. 14 wherein a
      membrane 100 is shown with two cells 123 carried thereon. Assume that
      after the membrane expansion the cells are separated from each other a
      distance small d. Then, if the field focused upon by the scanner 104 has a
      diameter D equal to small d and the scanner moves with a forward speed of
      one-half large D, each scan, as it scans over the many cells on the
      membrane, should, at some time, pass over each cell individually. At this
      instant, only one cell will be in the field. If the scanner is hooked to a
      circuit of the type shown in FIG. 13, then it will give an output which
      indicates only those times when it is seeing only one whole cell in the
      field. As described, each cell displays a characteristic nuclear
      fluroescense, which is expressed in voltage level at the output of the
      scanner. All normal body cells have the same general level of nuclear
      fluorescense reference. Abnormal cells will have a higher fluorescence
      level and therefore an output of greater voltage. The output results are
      shown, for example, in FIG. 13 which is merely typical of the type of
      voltage levels which can be expected from this type of circuit. Note that
      each individual peak will represent a separate cell under the scanning
      field whereas the heighth of the peak will represent the level of
      fluorescence.
PAR  As mentioned, FIG. 12 shows a preferred form of the circuitry for providing
      the desired output. Note that the scanner 104 includes concentrically
      positioned inner and outer photocells 106 and 108. The inner photocell is
      connected through a first amplifier circuit with a switch 110. Whenever
      the inner photocell 106 is actuated, a voltage output will be present
      between lines 112 and 114. The outer photocell 108 is connected through
      the same type of amplifier circuit such that whenever a cell is sensed by
      photocell 108, a voltage output will be present between lines 116 and 118.
      Voltage across lines 116 and 118 will, however, energize a relay 120 to
      cause opening of switch 110 preventing the output between the lines 114
      and 112 from being present at lines 121 and 114. Accordingly, only at
      those times when a cell is being sensed by 108 and no cell is being sensed
      by photocell 106, or when a single cell is sensed by 108 and not
      overlapping onto 106, is it possible for an output to be present at lines
      121 and 114. Additionally, as can be appreciated, the level of
      fluorescence sensed by photocell 108 will cause a variation in voltage
      level.
PAR  A specific example is the screening for cervical cancer. The physician or
      patient herself strokes the cervical area with a cotton tipped stick
      according to standard medical procedure. Possible loose cancerous cells
      are carried off onto the stick. This sample is then simply swabbed onto
      the surface of the membrane. The cells on the membrane are then washed
      with a stain solution and isolated by membrane expansion. The cells on the
      membrane are then scanned with the circuit just described and a readout is
      given. This readout is a direct statistical diagnostic evaluation of the
      number of abnormal cells in the sample.
PAR  Another specific example is the diagnosis of lung cancer which differs only
      from the case just described by the anatomical region the sample is
      obtained from. Lung sputum induced by inhalation of water droplets is
      swabbed on the membrane.
PAR  Note that abnormal cells can easily be re-found manually by noting at what
      point in the scan they are detected. To facilitate this, a reference
      matrix can be printed on the membrane.
PAR  The invention has been described in great detail sufficient to enable one
      of ordinary skill in the microbiological testing art to make and use the
      same. Obviously, modifications and alterations of the preferred embodiment
      will occur upon a reading and understanding of the specification and it is
      my intention to include all such modifications and alterations as part of
      my invention insofar as they come within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of isolating bacterial colonies in a sample comprising the
      steps of:
PA1  a. providing a member having a two dimensional surface which can be
      expanded in at least one dimension;
PA1  b. placing a portion of said sample on said surface; and,
PA1  c. expanding said surface in said at least one dimension an amount
      sufficient to cause individual bacterial colonies in said sample to be
      separated from one another.
NUM  2.
PAR  2. The method as defined in claim 1 including the step of providing a
      bacteria growth culture medium and bringing said medium into engagement
      with said surface after said surface has been expanded to cause the
      bacteria to be transferred to said medium.
NUM  3.
PAR  3. The method as defined in claim 1 including the step of providing a
      member having a plurality of discrete, closely spaced, selective growth
      medias, carried thereon, and bringing said expanded surface into
      engagement with said medias.
NUM  4.
PAR  4. The method as defined in claim 1 wherein said sample is swabbed on said
      surface in a first direction and said surface is expanded in a direction
      having a major component perpendicular to said first direction.
NUM  5.
PAR  5. The method as defined in claim 1 wherein said sample is a liquid which
      is permitted to dry on said surface prior to expansion of said surface.
NUM  6.
PAR  6. The method as defined in claim 1 including the step of expanding said
      surface in both dimensions.
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ABST
PAL  This invention relates to a process, to a diagnostic agent employed therein
      and to the use thereof, for the organ-specific and/or disease-specific
      diagnosis of the isozyme pattern of an enzyme occurring in multiple
      molecular configurations in a sample of human body fluids, tissue extracts
      or excretions, wherein total enzyme activity is quantitatively measured
      employing a conventional agent for the determination of enzyme activity,
      which comprises selectively forming an isozyme-antibody complex of a
      diagnostically relevant isozyme of the isozyme pattern of the enzyme
      present in the sample by employing a homologous antisera against the same
      human isozyme in a form free from the immunological activity of other
      isozymes of the same enzyme, separating the thus-formed isozyme-antibody
      complex substantially quantitatively, and measuring residual enzyme
      activity of the enzyme present in the sample.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known that each organ or tissue possesses a specific enzyme pattern
      which differs to a lesser or greater degree from the enzyme patterns of
      other organs and/or tissues and also from those of the surrounding body
      fluids. In case of cell damage or tissue damage, the enzyme patterns of
      the surrounding body fluids usually become changed in a manner specific
      for the diseased organ or tissue.
PAR  These findings have been utilized in enzyme diagnostics for some time, in
      order to draw conclusions from the changes of the enzyme pattern in the
      body fluids with respect to the damaged organs and/or tissues, or with
      respect to the type of the disease present therein. In accordance with the
      usual method of enzyme diagnostics, the test fluids obtained from body
      fluids, e.g., whole blood, plasma, serum and liquor, from tissues, e.g.,
      blood corpuscles, liver, kidney, muscle and brain, and from excretions,
      e.g., urine, stool and sputum, are examined qualitatively and/or
      quantitatively for the enzymatic activities present therein.
PAR  However, the results of these examinations are equivocal to a substantial
      extent, since the proportions of enzyme activities in many organs and/or
      tissues are very similar or even identical. Therefore, a genuine organ
      specificity of the diagnosis can be achieved only in rare cases.
PAR  In this situation, the solution suggests itself to employ the finding that
      several enzymes occur in multiple molecular configurations and form
      so-called "isozymes" for diagnostic purposes. Isozymes are formed, for
      example, by aldolase, hexokinase, creatine kinase and lactate
      dehydrogenase and by alkaline and acidic phosphatase, various
      transaminases (aminotransferases) and dehydrogenases. The total activity
      of these enzymes is the sum of the activities of their various isozymes.
      Although isozymes catalyze the same reaction, they possess more or less
      different compositions and exhibit differing physical and biochemical
      properties.
PAR  The concentrations of the various isozymes of an enzyme are widely
      different in various organs or organ structures of the human body. In
      individual cases, the isozymes are even strictly organ-specific.
      Therefore, by the determination of the isozyme pattern in body fluids,
      tissues or excretions, a more extensive differential diagnosis can be
      accomplished than by the customary determination of the enzyme pattern.
      However, to do so requires a quantitative determination of the individual
      isozyme activities of an enzyme.
PAR  The catalytic properties of the isozymes are, in most cases, so similar
      that a differential determination of the isozyme activities by
      conventional methods of enzyme activity determination is impossible. In
      the past, various methods have been utilized in an attempt to
      differentiate between the isozymes of a diagnostically important enzyme:
PA1  1. differential heat inactivation;
PA1  2. differential adsorption on sorption agents;
PA1  3. differential activity determination with various substrates; and
PA1  4. electrophoretic separation.
PAR  The methods recited under (1) through (3) do not permit a complete
      differentiation of the isozyme activities, so that a quantitative
      determination of the isozyme pattern is impossible. The method set forth
      under (4) permits a complete separation of the isozymes only when the
      isolectric points thereof are far enough apart. In any event, the
      quantitative determination of the isozyme activities after the separation
      is time-consuming and error-prone.
PAR  Therefore, it would be desirable to have available a novel method by which
      the isozyme activities of the diagnostically important enzymes can be
      quantitatively determined as a matter of routine with an accuracy
      sufficient for diagnostics. Such a method would constitute a significant
      advance in the state of the organspecific and in the disease-specific
      differential diagnostic art.
PAR  A novel technique will be described hereinbelow which makes possible by
      simple means the determination of the various isozymes of an enzyme in a
      practically quantitative manner.
PAR  Methods have been described which make it possible to differentiate
      individual isozymes of several enzymes existing in multiple molecular
      forms by means of a combination of enzymological and immunological
      methods. According to these procedures, antisera are produced against more
      or less purified isozymes (as antigens). However, since these immune sera
      are responsive not only to the antigenic isozyme, but also to
      contaminations by other isozymes and other proteins in the sample to be
      tested, they do not contain the pure antibodies against the desired
      isozyme, but instead contain a multitude of further antibody activities
      which are in a more or less close relationship to the antibody activity
      against the one isozyme.
PAR  Additionally, antisera have been employed which had been obtained by the
      immunization with animal isozyme antigens. However, since animal and human
      isozymes possess a more or less differing molecular structure, the
      thus-obtained antisera against these isozymes also differ from one
      another. The antisera directed against animal isozymes are not absolutely
      specific with respect to the human isozymes, so that in diagnostic
      investigations on humans, it is impossible to obtain a quantitative
      impression of the isozyme pattern of an enzyme of interest.
PAR  In some of the conventional methods, it has been impossible to attain a
      flawless selective precipitation between isozyme (antigen) and the
      homologous antisera, so that inhibition of the enzymatic activity by the
      antigen-antibody complex had to be used for determining the
      antigen-antibody complex. However, in these inhibition methods, the
      antigen-antibody complex remains in the test serum. Such antigen-antibody
      complexes can also possess enzymatic activity. Thus, the immunosuppression
      normally cannot be rendered quantitative. Consequently, certain systematic
      errors, which are difficult to exclude and thus also difficult to
      estimate, are incurred in these determinations.
PAR  Attempts have also been made to cause the precipitation of the
      non-precipitable isozyme-antibody complexes by adding an excess of
      antiserum for complex formation with the isozyme (antigen) and then
      precipitating the entire complex, together with all other
      .gamma.-globulins, with anti-.gamma.-globulin sera. However, in contrast
      to the diagnostic method of this invention, this procedure requires a
      further quantitative predetermination of the titel of .gamma.-globulins,
      so that exactly equivalent amounts of anti-.gamma.-globulin can be added
      to the complex. Also, the reaction with the anti-.gamma.-globulin serum
      requires longer reaction times, e.g., approximately 12 hours, and thus is
      less suitable for the practice of routing diagnostics.
PAR  The methods known heretofore generally exhibited the disadvantage that they
      detected only a minor portion of the isozymes of an enzyme occurring in
      multiple molecular forms. For example, one could merely determine in
      practice that, in case of certain diseases, the total activity of an
      enzyme was more or less eliminated by one of the isozyme antisera, without
      taking into account the changes in the remaining isozymes. This type of
      diagnosis, therefore, remained more or less empirical. Only by an analysis
      of all isozyme activities of the enzyme of interest is it possible to
      render a faultless diagnosis based on organ specificity. Such an analysis
      is possible only when all isozymes, or all isozymes recognized as
      essential to the diagnosis of the enzyme of interest, have been obtained
      in the pure form from humans and the corresponding specific antisera
      thereagainst have been produced. By means of these separate antisera, it
      is then possible to flawlessly decipher the total activity present in the
      test serum of the individual isozymes.
PAR  The results heretofore evolved in this field of research lying between
      enzymology and immunology could heretofore be evaluated for diagnostic
      purposes only with difficulty. This was due, on the one hand, to the fact
      that the complicacy of the described methods were complicated which made
      it infeasible to employ them routinely and, on the other hand, the methods
      had too wide a margin of error, so that the results were scarcely usable
      for differential diagnostics.
PAR  By means of the present invention, a reduction of complicated scientific
      methods to a diagnostic procedure which is realistic for practical
      purposes is attained, which is urgently desirable. At the same time,
      diagnostic accuracy is substantially increased. This result was achieved
      by
PA1  1. The use of pure human isozyme antigens for the preparation of specific
      antisera;
PA1  2. The use of practically completely precipitating antisera.
PA1  3. The use of the entire isozyme pattern for the organ-specific and/or
      disease-specific diagnosis, insofar as the isozymes of the pattern are
      relevant for an organ specificity or disease specificity of the diagnosis.
PAC  SUMMARY OF THE INVENTION
PAR  In its process aspect, this invention relates to a process for the
      organ-specific and/or disease-specific diagnosis of the isozyme pattern of
      an enzyme occurring in multiple molecular configurations in a sample of
      human body fluids, tissue extracts or excretions, wherein total enzyme
      activity is quantitatively measured, employing a conventional agent for
      the determination of enzyme activity, which comprises selectively forming
      an isozyme-antibody complex of a diagnostically relevant isozyme of the
      isozyme pattern of the enzyme present in the sample, employing the
      homologous antisera against the same human isozyme in a form free from the
      immunological activity of other isozymes of the same enzyme, separating
      the thus-formed isozyme-antibody complex substantially quantitatively, and
      measuring residual enzyme activity of the enzyme present in the sample.
PAR  In its composition aspect, this invention relates to a diagnostic agent for
      the organ-specific and/or disease-specific diagnosis of the isozyme
      pattern of an enzyme occuring in multiple molecular forms in human body
      fluids, tissue extracts or excretions which comprises a plurality of
      antisera each substantially completely selective as an antibody too, i.e.,
      each recognizing only one of the human isozymes contained in the isozyme
      pattern of the enzyme as an antigen. In its preferred aspect, the
      diagnostic agent also comprises a conventional agent for the determination
      of enzyme activity of the enzyme.
PAR  In its method of use aspect, this invention relates to the use of the
      diagnostic agent of this invention for the determination of the isozyme
      pattern in human body fluids, tissue extracts, or excretions,
      respectively.
PAR  The process of this invention comprises determining, by combined enzymatic
      and immunological procedures, the isozyme pattern of an enzyme occurring
      in multiple molecular forms. Diagnostic conclusions can then be drawn from
      this pattern with respect to the diseased organ and/or the type of the
      disease. For this purpose, several antisera are first produced by
      immunizing suitable animals, which antisera contain precipitating
      antibodies against the individual isozymes. In order to ensure the optimum
      specificity of these antisera, the isozyme antigens employed must be of
      human origin and must be highly pure, as discussed hereinafter. In order
      to conduct the determination of the isozymes, the enzyme-containing liquid
      is now mixed with the antiserum against one of the isozymes, and the
      latter is quantitatively precipitated. The precipitate is centrifuged off
      after incubation. The difference between the residual activity remaining
      in the effluent and the previously measured total activity is the content
      of precipitated isozyme in the specimen. If such a determination is
      similarly conducted with other specific antisera against the remaining
      isozymes, the isozyme pattern of the sample to be tested is obtained.
      Thus, in any event, the preceding separation of isozymes into the
      individual components thereof is eliminated with.
PAR  A prerequisite for the novel determination method is that the individual
      isozymes are genetically defined, i.e., the synthesis thereof is
      controlled by different genes. In these cases, one can normally expect an
      immunologically detectable difference between the isozymes, which is the
      second requirement for the method of this invention. Immunological
      differentiability of the isozymes exists if the corresponding antisera do
      not cross-react. Therefore, another essential condition is that the
      antigenically effective isozymes are precipitated by the specific,
      homologous antisera in a practically quantitative manner. This is
      accomplished preferably by quantitatively precipitating antibodies, but
      can optionally also be achieved by several other immunological auxiliary
      means.
PAC  DETAILED DISCUSSION
PAR  This invention can be employed with all enzymes which exist in multiple
      molecular forms and the isozymes of which:
PA1  a. exhibit a different isozyme pattern in various human organs and tissues,
      within an organ or tissue, or within a cell;
PA1  b. can be quantitatively precipitated immunologically; and
PA1  c. are subject to differing genetic control.
PAR  Among such enzymes, aldolase, hexokinase, creatine kinase, and lactate
      dehydrogenase are preferred.
PAR  Aldolase occurs as aldolase "A", "B", and "C" in the human body, type "A"
      being predominant in the cardiac and skeletal muscle, type "B" being
      predominant in the liver, and type "C" being predominant in the brain.
      Hexokinase exists as at least five different isozymes, among which two are
      diagnostically relevant. The hexokinase isozymes occur in the liver,
      muscle, brain, erythrocytes, etc. in various isozyme patterns
      characteristic for each organ and/or tissue. Creatine kinase consists of
      at least three different isozymes, viz., the muscle enzyme and the brain
      enzyme which differ completely from each other immunologically, and a
      third "intermediate form" which apparently consists of subunits of the
      other two isozymes. Lactate dehydrogenase is likewise known in at least
      five different isozymes (1-5), which can be differentiated by
      electrophoresis. The isozyme pattern changes from tissue to tissue. The
      isozymes (1 and 2) which migrate most rapidly electrophoretically are
      concentrated in cardiac extracts, whereas the liver and skeletal muscles
      contain the more slowly migrating isozyme fractions (4 and 5).
PAR  In addition to these four enzymes, other enzymes occurring in multiple
      molecular forms are likewise usable for the diagnostic method of this
      invention, for example, the various kinases, the transaminases, e.g.,
      alanine aminotransferase and aspartate aminotransferase, the
      dehydrogenases, e.g., glutamate dehydrogenase,
      glucose-6-phosphate-dehydrogenase and malate-dehydrogenase, phosphatases,
      e.g., acid and alkaline phosphatases, peptidases, e.g.,
      leucine-aminopeptidase, .gamma.-glutamyltranspeptidase,
      alanine-aminopeptidase, proteases, e.g., trypsin, chymotrypsin, pepsin,
      other hydrolases, e.g., amylase, neuraminidase, arginase, esterases, e.g.,
      lipase, lipoprotein lipase, cholinesterase, microsomal esterases, and
      nucleotidases, e.g., 5'-nucleotidase.
PAR  Broadly, the term "isozyme pattern" means the sum total of the isozymes
      occurring in the individual organs, tissues, body fluids and excretions of
      the human body. More specifically, this term defines the sum total of the
      diagnostically relevant isozymes of an enzyme occurring in multiple
      molecular configurations, i.e., the diagnostically irrelevant isozymes are
      excluded. Isozymes constituting less than about 10% in the total activity
      of the enzyme are generally irrelevant from a diagnostic viewpoint.
      Isozymes which cannot be detected immunologically obviously also are not
      included in this term.
PAR  Accordingly, diagnostically relevant isozymes are those isozymes having a
      proportion of more than about 10% in the total activity and which can be
      detected immunologically and the pattern of their activity is the
      diagnostically relevant isozyme pattern.
PAR  Isozymes of the human body can be isolated from both living and dead
      persons. In the former case, they can be obtained, for example, by
      operation and/or puncture. Suitable organs and/or tissues from which the
      isozymes can originate include, inter alia: heart, liver, kidney, spleen,
      lung, brain, thyroid gland, tonsil, spinal cord, blood corpuscles and
      muscle. When using organ and tissue samples, the samples thereof are
      solubilized by conventional methods, e.g., cell wall destruction, so as to
      provide fluid samples having enzyme activity. The distribution of the
      isozymes in the individual organs and/or tissues can be determined from
      the literature. See, for example, E. L. Coodley, "Diagnostic Enzymology",
      Chapter 8, pp. 223-255, (Philadelphia, Pa. 1970); J. King, "Practicl
      Clinical Enzymology", Chapter 8, pp. 309-341 (London 1965).
PAR  The purity of the human isozymes employed as antigens is of decisive
      importance for the accuracy of the reaction of this invention. This is
      clear if one considers that in the immunization of animals, even minimal
      amounts of antigen can stimulate the immune-competent cells to produce
      antibodies, so that the quantity of thus-produced antibodies is not
      necessarily in proportion to the amount of the antigen administered.
PAR  The isozyme antigens used in this invention must, therefore, be free of the
      immunological activities of the remaining isozymes of the enzyme under
      investigation. A sensitive criterion for this requirement for purity is
      the immunological analysis which is advantageously carried out by means of
      the diffusion or electrophoresis technique, which should reveal no
      extraneous isozymes. Additionally, for example, the methods of analytical
      disk electrophoresis and of polyacrylamide gel electrofocusing are useful.
      In the use of these methods, the demonstration of the purity with respect
      to the heterologous antigens is primarily of interest. In contrast
      thereto, the absolute purity with respect to other proteins, which purity
      can be determined, for example, by the two last-mentioned methods, is of
      lesser importance. The microheterogeneity of several isozyme types, which
      can manifest itself, for example, in minor differences of the amino acid
      composition, normally does not play any part as a criterion for purity.
PAR  Isozyme impurities detected in this way can be separated by one or more
      appropriate preparative method. In case of aldolase, for example,
      preparative electrofocusing on polyacrylamide gel in a pH range of between
      7 and 10 can be employed. Also, carrier-free preparative electrophoresis
      is useful.
PAR  It is furthermore essential for the process of this invention to employ
      antisera which can be removed from the sample substantially
      quantitatively, preferably so that the complex-bound and precipitated
      isozyme can be completely removed from the analytical solution prior to
      the determination of residual activity. Substantially quantitatively, as
      used herein, means at least 90%, preferably 95-100%, of the isozyme
      activity is removed.
PAR  For the most part, the isozyme-antibody complexes can be sequentially
      removed from the sample substantially quantitatively from the sample by
      precipitation. However, if the complex cannot be precipitated
      substantially quantitatively, in certain cases the removal of the complex
      from the sample can be rendered more quantitative by methods known in
      immunology. For example, the previously purified antiserum can be adsorbed
      on latex particles which can be produced, for instance, from polystyrene
      in any desired and accurately adjusted size. The thus "applied" antibodies
      exhibit (together with the carrier) a higher molecular weight than the
      .gamma.-globulins of the antisera by themselves, and agglutinate the
      isozyme more readily.
PAR  In place of the latex particles, it is also possible to employ, as the
      antibody carriers, i.e., supports or substrates, erythrocytes treated with
      a tannin (for example m-digallic acid).
PAR  The antisera are preferably obtained by the immunization with one of the
      isozymes of an animal yielding so-called precipitating antibodies. For
      this purpose, primarily suitable are vertebrates, e.g., horses, cows,
      sheep, dogs, pigs, including miniature pigs, rabbits, various species of
      monkeys gallinaceous birds, including chickens, guinea fowl, turkeys,
      bustards and ostriches, goose-type and duck-type birds, rats, guinea pigs,
      mice, etc. For the production of larger amounts of antisera, especially
      suitable are the larger of the above-enumerated animals. Thus, turkeys are
      suitably utilized, for instance, for obtaining precipitating antibodies
      against aldolase.
PAR  The antisera are obtained in accordance with processes generally known in
      immunology. Such methods are described in depth, for example, in "Methods
      in Immunology and Immunochemistry," Vol. 1, by C. A. Williams and M. W.
      Chase, Academic Press 1967. In order to raise the antibody level of the
      immunized animal, secondary immunizations and/or so-called "booster
      reactions" are, inter alia, employed as well. In the latter method, it is
      possible to use, for example, the so-called Freund adjuvant, representing
      a water-in-oil suspension optionally with the addition of certain killed
      mycobacteria.
PAR  The original or starting enzyme activity of the fluid sample to be tested
      is determined by the addition of a conventional agent, according to a
      standard method prior to and after the precipitation of the
      antigen-antibody complex.
PAR  Preferred are those determination methods of enzyme activity which are
      based on measurements in ultraviolet light. However, for several of the
      described enzymes, for example hexokinase, photometric methods are
      likewise feasible. Also titrimetric testing methods can be used. A
      collection of standard methods for enzyme determination can be found, for
      example, in the manual "Methoden der Enzymatischen Analyse", 2nd Ed., Vol.
      I, Weinheim/Bergstrasse, 1970, edited by Hans Ulrich Bergmeyer.
PAR  For the precipitation of the individual isozymes, an up to tenfold excess
      of the theoretical amount of the antiserum required to form an
      antibody-isozyme complex with all of that isozyme in the test fluid can be
      added to the test fluid. However, ordinarily, 2-5 times of the theoretical
      amount of antiserum is utilized, preferably twice the amount. Amounts of
      antiserum which are lower or higher than those set forth herein can result
      in incomplete and/or soluble immune precipitates which are both unusable
      for the method described herein. The antibody titer of the thus-obtained
      antisera can be determined with the aid of a so-called "Heidelberger"
      curve, a curve obtained by the titration of a specific volume quantity of
      antiserum with increasing amounts of isozyme (antigen) and by measuring
      the thusproduced turbidity values. The maximum of such a "Heidelberger"
      curve indicates the amount of antiserum which completely precipitates a
      specific amount of antigen. Since the titer of the thus-obtained antisera
      varies, depending on the experimental animal and the type of immunization,
      the antibody content of each individual antiserum or of a pool of several
      antisera should be determined by means of immune titration with a
      standardized isozyme (antigen). From this titration, the required
      antiserum excess can then also be readily fixed.
PAR  The practical conductance of the diagnostic method will be explained
      hereinbelow with reference to an isozyme determination in the serum.
PAR  First, the total enzyme activity of the particular enzyme of interest in
      the serum to be tested is determined in accordance with a conventional
      enzyme determining method, e.g., a determination procedure based on a
      UV-test. Thereupon, several separate specimens of the serum, e.g., a
      number corresponding to the diagnostically relevant isozymes, is mixed
      with corresponding, diagnostically relevant antisera obtained against pure
      human isozymes of that enzyme. The amount of antiserum added to the
      respective sample is approximately dependent on the titer to be expected
      in the sample to be tested, and is, as mentioned above, determined with
      the aid of a preceding titer determination of the antisera ("Heidelberger"
      curve).
PAR  Preferably, an approximately double excess, i.e., twice the expected
      theoretical amount, of the antiserum is employed. Thereafter, a sodium
      chloride concentration favorable for the precipitation of the
      antibody-antigen complex is set, which concentration can range between
      0.1% and 10%, but is ordinarily 0.5-5%, particularly between 2.5% and 4%.
      Subsequently, an incubation is conducted for 1 minute to 5 hours,
      preferably 1-2 hours, at 25.degree.-45.degree. C., but preferably at
      37.degree. C. Then, the reaction mixture is allowed to stand for some
      time, for example 1-5 hours, under low-temperature conditions, for example
      at the temperatures ambient in a refrigerator. Finally, the precipitate is
      removed by centrifuging at 5,000-40,000, preferably about 20,000
      revolutions per minute. The centrifuging period varies between 1/2 minute
      and 2 hours. The precipitate, however, ordinarily has settled after about
      10 minutes. Subsequently, a second total enzyme determination is carried
      out on the supernatant to determine residual enzyme activity. The
      difference with respect to the initial and subsequent total enzyme
      activity indicates the activity of the thus-precipitated isozyme.
PAR  With several of the enzymes employed according to the present diagnostic
      determination method, it is possible to detect the complete isozyme
      pattern of the fluid to be tested. This is the case, for example, with
      aldolase, which occurs in three isozymes. In other enzymes occurring in
      multiple molecular forms, however, the totality of the various isozyme
      types is not yet known or is disputed in scientific circles. In such a
      case, it is sometimes difficult to isolate the pure isozyme types required
      for the immunization from humans and to prove their uniformity.
      Furthermore, several isozymes have only a relatively minor part in the
      total activity, e.g., a proportion of less than 5%. In such cases, it is
      advantageous to detect diagnostically only the isozymes which occur in a
      sufficient activity and which are accurately determined, i.e., to limit
      the diagnosis to these isozymes which are diagnostically relevant.
PAR  If an isozyme is, for example, organ-specific or tissue-specific, the rise
      in the respective isozyme activity in the serum when the respective organ
      or tissue is diseased, can alone be disease-specific. In such an instance,
      it is possible to make a diagnosis based on the one isozyme. However,
      normally, the situation is not as favorable, i.e., the diagnosis must be
      made on the basis of several diagnostically relevant isozymes.
PAR  A special problem for enzyme diagnostics on an immunological basis is
      represented by the so-called "hybrid isozymes." These are produced by the
      novel combination of subunits of differently pure isozymes in differing
      proportions. Since the hybrids represent composite forms between the
      individual, pure isozyme types, they can also be precipitated, to varying
      degrees, by several antisera to pure isozymes. Sometimes, in this way,
      enzyme activity values are simulated which are higher than the sum of the
      isozyme activities actually present.
PAR  If the hybrids of a certain isozyme are organ-specific, they can increase
      even further the interpretational capacity of the disclosed immunological
      diagnostic method. This is the case, for example, in aldolase which occurs
      in the hybrid form only in the myocardium and in the brain. A
      determination of the sum of the isozyme activities of this enzyme lying
      substantially above 100% is a clear indication of the fact that the
      myocardium or the brain is the organ of origin of the excess enzyme. In
      contrast thereto, in numerous other enzymes, e.g., hexokinase, hybrids
      play a lesser part and also exert a less great influence on the enzyme
      diagnostics. Sometimes, it is also possible for a reduction of organ
      specificity to occur, if hybrids occur regularly in several organs. In
      these cases, it is sometimes advantageous to utilize another enzyme
      occurring in multiple molecular forms for the organ diagnostics.
PAR  The above-described testing method is suitable not only for rather large
      institutions and/or clinics, capable of producing immune sera, but it can
      also be advantageously utilized, in the form of mass-produced testing
      kits, in smaller institutions and in the physician's office. A test kit of
      this type can, for example, contain all reagents necessary to conducting
      the process of this invention and consequently a test can be conducted at
      minimum expense. Components of such a mass-produced test kit are, for
      example, (a) separate antisera against at least several and preferably all
      diagnostically relevant isozymes of an enzyme occurring in multiple
      molecular forms, and (b) a reagent for determining total enzyme activity
      of the enzyme before and after precipitation.
PAR  Preparation and Production of the Reagents in the Pure Form:
PAR  1. Organs
PAR  Skeletal musculature, liver and brain are taken from human corpses within
      approximately 8-12 hours after onset of death and frozen at -20.degree. C.
PAR  2. Isolation of the Three Types of Aldolase
PAR  a. Isolation of Aldolase "A"
PAR  500 g. of human skeletal muscle is comminuted with a meat grinder and
      stirred together with 2 liters of ice-cold 0.01 M
      tris(hydroxymethyl)aminomethane buffer (tris buffer), pH 7.5. 300 Ml.
      portions of the mixture are homogenized at 20,000 revolutions and the
      homogenate is thereafter centrifuged off at 0.degree. C. and at 13,000 g.
      The sediment is extracted with 1 liter of ice-cold buffer and is
      centrifuged at 0.degree. C. The overflow is mixed at 0.degree. C. with
      solid ammonium sulfate until a saturation of 0.30 is reached. After one
      hour at 0.degree. C., the solution is centrifuged at 20,000 g., the
      sediment is discarded and the supernatant is brought to a saturation of
      0.65 by the further addition of solid ammonium sulfate. After
      centrifuging, the sediment is dissolved in 200 ml. of 0.01M tris buffer
      and dialyzed against 10 liters of the same buffer for 24 hours. The
      thus-dialyzed solution is charged, for further purification, on a
      phosphocellulose column (40 .times. 500 mm.), which column has previously
      been equilibrated with 0.01 M tris buffer, pH 7.5. The column is washed
      with the buffer until no protein can be detected in the eluate. Further
      undesired proteins, e.g., hemoglobin, are removed by elution with 0.1M
      tris buffer. Finally, the aldolase is eluated by elution with 0.01M tris
      buffer containing 3 millimols of fructose-1,6-diphosphate. By the addition
      of solid ammonium sulfate up to a saturation of 0.5, the enzyme is
      precipitated. After centrifuging, the aldolase "A" is dissolved in 0.1M
      tris buffer, and the salting out process is twice repeated.
PAR  b. Isolation of Aldolase "B"
PAR  The following operations are conducted at 20.degree. C.: 1,000 g. of human
      liver is comminuted in a meat grinder, mixed with 2.5 liters of 0.01M tris
      buffer, pH 7.5, and homogenized batchwise in a mixer for 5 minutes. The
      homogenate is centrifuged for 30 minutes at 13,000 g. By the addition of
      1M tris buffer, pH 7.5, the molarity of the buffer in the effluent is
      increased to 0.05M, and 1 liter of calcium phosphate gel (50 mg/ml.) is
      added. The suspension is agitated for 1 hour, centrifuged, and the gel is
      discarded. The effluent is brought to a saturation of 0.3 with solid
      ammonium sulfate and worked up analogously to the method described under
      (2a), above, thus obtaining aldolase "B".
PAR  c. Isolation of Aldolase "C"
PAR  1,500 g. of human brain is homogenized batchwise in a mixer with 2.5 liters
      of ice-cold 0.01M tris buffer, pH 7.5, then centrifuged for 1 hour at
      30,000 g. The clear supernatant is separated and brought to a saturation
      of 0.4 by the addition of solid ammonium sulfate. After 1 hour at
      0.degree. C., the mixture is centrifuged at 30,000 g. The supernatant is
      brought to a saturation of 0.7 by the addition of ammonium sulfate. The
      mixture is again centrifuged and the sediment dissolved in 300 ml. of
      0.01M tris buffer, pH 7.5. A dialysis is conducted against several
      portions of the same buffer and the mixture charged on a DEAE-cellulose
      (diethylaminoethyl cellulose) column equilibrated with 0.01M tris buffer,
      pH 7.5, and washed with the same buffer until protein can no longer be
      detected in the eluate. During this step, aldolase A and the aldolase
      hybrid A.sub.3 C are eluted. With the use of a linear sodium chloride
      gradient between 0 and 0.35M, and in the presence of 3 millimols of
      fructose-1,6-diphosphate, the mixture is eluted and all fractions with
      aldolase activity are collected. Then, the collected mixture is brought to
      a saturation of 0.7 with ammonium sulfate and centrifuged. The sediment is
      dissolved in 0.01M tris buffer, pH 7.5, and dialyzed for 24 hours against
      the same buffer. The dialyzate is charged onto a column with
      phosphocellulose, which has previously been equilibrated with the above
      buffer, and eluated with 0.2M tris buffer, pH 7.5, containing 3 millimols
      of fructose-1,6-diphosphate. The fractions with aldolase activity are
      salted out with ammonium sulfate. The resultant precipitate is separated
      by centrifuging, dissolved in 0.01M tris buffer, pH 7.5, and dialyzed for
      24 hours against this buffer. The dialyzed solution is applied to a
      DEAE-cellulose column and eluted with a linear sodium chloride gradient
      between 0 and 0.3M, containing 3 millimols of fructose-1,6-diphosphate.
      The last fraction, containing the aldolase "C", is salted out with
      ammonium sulfate, centrifuged off, and the sediment dissolved in the
      buffer. The enzyme solution is then adjusted to an ammonium sulfate
      saturation of 0.55, during which step the aldolase "C" precipitates.
PAR  3. Purification of the Three Aldolase Types by Preparative Electrofocusing
PAR  The preparative purification by electrofocusing is conducted in a
      conventional apparatus and with a pH gradient of pH 7-10 (1% gel pH 7-10).
      The density gradient is adjusted with saccharose. Approximately 200 mg. of
      aldolase is used in a mixture with the density solution. At a voltage of
      600 volts, the separating period amounts to 72 hours, at 0.degree. C.
PAR  4. Crystallization
PAR  Small volumes (about 1 ml.) of aldolase "A", "B" and "C" (10 mg/ml.) are
      separately gradually mixed with saturated ammonium sulfate solution, until
      a slight turbidity is produced which is removed by centrifuging. The clear
      overflow is then gently provided with a layer of anhydrous n-butanol in
      silicone-treated test tubes (6 .times. 120 mm.) and allowed to stand about
      10 days at 4.degree. C.
PAR  In this manner, aldolase "A" is obtained as needle-shaped crystals of a
      specific activity of 5.50 U/mg. and a molecular weight of 160,000.
      Aldolase "B" is obtained as rhombic crystals with a specific activity of
      0.95 U/mg. and a molecular weight of 162,000. Aldolase "C", in contrast
      thereto, does not crystallize but remains amorphous. The specific activity
      of this isozyme is 3.80 U/mg.; the molecular weight is 155,000.
PAR  5. Obtaining Antisera Against the Three Types of Aldolase
PAR  Antisera against aldolase "A", "B" and "C" are obtained by the immunization
      of turkey hens with one of these maximally pure aldolase isozymes. For
      this purpose, suitable amounts of a physiological sodium chloride solution
      and complete Freund adjuvant are combined in a ratio of 1:1, and the
      mixture is emulsified by ultrasonics until a stable water/oil emulsion has
      been formed. Thereafter, one of aldolase "A", "B" and "C" is added thereto
      and the emulsification is continued by hand. Turkey hens weighing 10-15
      kg. are immunized with an amount of one of these emulsions corresponding
      to 5 mg. of antigen by intramuscular injection into the breast
      musculature. After six weeks, a secondary injection is effected into the
      wing vein with 5 mg. of the same aldolase isozyme in 3 ml. of
      physiological sodium chloride solution. Eight days later, about 200 ml. of
      blood per animal is withdrawn from the wing vein and filled into
      heparinized bottles. The blood is then centrifuged at 15,000 g. for 15
      minutes, the plasma is freed of the fibrin by the addition of
      thrombokinase from rabbit brain and the thus-obtained serum is stored in
      the deep-frozen condition.
PAR  6. Determination of the Antibody Titer of the Thus-Obtained Antiserum
PAR  This determination is conducted with the aid of a "Heidelberger" curve. For
      this purpose, constant amounts of the antiserum are mixed with increasing
      quantities of one of the homologous antigens/aldolase "A", "B" and "C",
      and solid sodium chloride is added to a final concentration of 4%.
PAR  After incubation for one hour at 37.degree. C. and a storage time of 2
      hours in a refrigerator, the turbidities produced by immune precipitation
      are measured in a photometer at 436 nanometers using a 1 cm.-cuvette
      against a blank value. After removing the immune precipitate by
      centrifuging, the activity of the residual non-precipitated aldolase can
      be measured in the clear effluent.
PAR  In the experiments described hereinbelow, 1 ml. of the antisera anti-"A",
      anti-"B" and anti-"C", respectively was capable of precipitating
      completely 240 mU of aldolase "A", 100 mU of aldolase "B" and 160 mU of
      aldolase "C", respectively.
PAR  Determination of Aldolase Activities in Biological Fluids
PAR  2.5 ml. of a solution consisting of 4 millimols of
      fructose-1,6-diphosphate, 0.3 millimol of iodoacetate (sodium salt of
      monoiodoacetic acid), and 55 millimols of collidine buffer (0.55 millimols
      of collidine, adjusted to a pH of 7.4 with hydrochloric acid) is mixed
      with 0.05 ml. of a 15mM .beta.-nicotinamide adenine dinucleotide solution
      and 0.01 ml. of a suspension consisting of 0.28 U/ml. of glycerin
      3-phosphate dehydrogenase, 1.7 U/ml. of triose phosphate isomerase and
      0.65 U/l. of lactate dehydrogenase in 2.8M ammonium sulfate solution. To
      this mixture is added 0.20 ml. of the serum to be tested, the solution is
      mixed, and maintained at +37.degree. C. for 5 minutes. The extinction
      E.sub.1 is measured against a blank value, and the mixture allowed to
      stand for exactly 20 minutes. Thereupon, the extinction E.sub.2 is
      measured against a blank value. The blank value contains only 0.20 ml. of
      the serum to be examined and 2.5 ml. of 0.9% sodium chloride solution.
PAR  The aldolase content is calculated in accordance with the following
      formula:
      ##EQU1##
      wherein:
     V          =     test volume                                              

     .epsilon.  =     extinction coefficient (cm.sup.2 /.mu.mol)               

     d          =     layer thickness (cm)                                     

     (t.sub.2 - t.sub.1)                                                       

                =     measuring time interval (minutes)                        

PAR  C. Determination of the Content of the Aldolase Isozymes in Raw Extracts of
      Human Organs
PAR  One milliliter of a human skeletal muscle raw extract with an aldolase
      activity of 40.8 mU/ml. is mixed with 1 ml. of an anti-"A"
      (anti-aldolase-"A") serum, and the final concentration of sodium chloride
      is adjusted to 4%. The mixture is incubated at 37.degree. C. for 60
      minutes and then stored for 2 hours at +4.degree. C. After centrifuging
      off the immune precipitate at 20,000 g., the aldolase activity of the
      supernatant is determined in accordance with the above-disclosed aldolase
      detection method. This activity is 1.5 mU (3.7% of the original serum
      activity).
PAR  Analogously, with 1 ml. of anti-"B" or anti-"C", the aldolase "B" and
      aldolase "C", respectively, are precipitated from other 1 ml. portions of
      the same skeletal muscle raw extract and the remaining residual aldolase
      activity in the supernatant is determined. This residual aldolase activity
      is 41.2 mU for anti-"B" and 42.05 mU for anti-"C". Thus, in both cases,
      practically all of the aldolase activity has been retained in the skeletal
      muscle raw extract and practically none has been precipitated.
PAR  From these values, the following distribution of the aldolase isozymes in
      the human skeletal muscle is obtained:
TBL          Aldolase A      96.3%                                             

             B               0%                                                

             C               0%                                                

PAR  Analogously, the percentage content of the aldolase isozymes in the raw
      extract of other human organs was determined:
TBL  Aldolase       "A"     "B"     "C"                                        

     ______________________________________                                    

     Liver           1      98       0                                         

     Myocardium     80      11      27                                         

     Brain          84       0      54                                         

     Lung           76      27      22                                         

     Kidney         20      75       5                                         

     Spleen         91       0      13                                         

     Testis         92       1      18                                         

     Skin           33      73       0                                         

     Erythrocytes   96       0      16                                         

     Spermatozoa    97       5      35                                         

     ______________________________________                                    

PAR  It can be seen that the akeletal musculature contains almost exclusively
      aldolase "A", whereas the liver contains only type "B". The brain, spleen,
      tests and the erythrocytes contain aldolase "A" and "C", the skin contains
      types "A" and "B", and in the other organs, all three types are present in
      varying proportions.
PAR  In some organs and tissues, values are obtained in the addition which are
      larger than 100%. The reason for this is that hybrids are also present in
      addition to the pure enzyme types.
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative, and not limitative of
      the remainder of the disclosure in any way whatsoever.
DETD
PAC  EXAMPLE 1
PAR  Diagnosis of Muscular Dystrophy
PAR  One milliliter of an erythrocyte-free serum having a total aldolase
      activity of 64.2 mU/ml. is mixed with 2 ml. of the anti-"A" serum produced
      in accordance with the abovedescribed method, and brought to a final NaCl
      concentration of 2.5% with 10% sodium chloride solution. Thereafter, the
      mixture is incubated at 37.degree. C. for one hour and subsequently stored
      for 3 hours at +4.degree. C. After centrifuging off the precipitate at
      20,000 g. during a period of 10 minutes, the aldolase activity is
      determined according to the aforedescribed determination method. The
      activity is 5.4 mU (8.4% of the original serum activity).
PAR  Analogously, with 1 ml. of anti-"B" or anti-"C", the existing proportion of
      aldolase "B" or aldolase "C", respectively is precipitated from other
      one-ml. samples of the same serum and the remaining residual total
      aldolase activity is determined in the effluent. This activity is 62.0 mU
      for anti-"B" and 60 mU for anti-"C". In the serum, there have thus been
      preserved 96.5% and 93.5%, respectively, of the original aldolase
      activity.
PAR  From these values, the following distribution of the three aldolase
      isozymes results:
TBL             Muscular Dystrophy                                             

                             Normal                                            

                Patient A    Patient                                           

     ______________________________________                                    

     Aldolase   A     91.6           79.2                                      

                B     3.5            17.0                                      

                C     6.5            8.5                                       

     ______________________________________                                    

PAR  Compared with the normal values, a pronounced increase in aldolase "A"
      proportion is observed, which establishes the presence of progressive
      muscular dystrophy. This diagnosis can be confirmed by clinical
      investigations.
PAR  In analogous determinations with the sera of two further patients (B and
      C), the following percentage distributions of the aldolase isozymes were
      detected:
TBL              Patient B                                                     

                          Patient C                                            

     ______________________________________                                    

     Aldolase    A     86.4       96.9                                         

                 B     3          3.2                                          

                 C     9          1                                            

     ______________________________________                                    

PAR  These results establish that muscular dystrophy exists in these patients,
      as could be confirmed by clinical methods of examination.
PAC  EXAMPLE 2
PAR  Diagnosis of Infectious Hepatitis
PAR  One milliliter of a serum having a total aldolase activity of 21.8 mU/ml.
      is mixed with 0.3 ml. of an antiserum anti-"A". In two further samples,
      0.5 ml. of anti-"B" and 0.3 ml. of anti-"C", respectively, is added. The
      isozyme determination is then conducted analogously to Example 1. The
      results of this series of tests and 2 further test series with other sera
      are compiled in the following table:
TBL                               Aldolase                                     

         Serum        Activity of Effluent                                     

                                  Activity                                     

         Activ-                                                                

             Anti-                                                             

                  Anti-                                                        

                      in mU in % of                                            

                                  in % of                                      

         ity in                                                                

             serum                                                             

                  serum     Serum Serum                                        

     Serum                                                                     

         U/ml.                                                                 

             Type (ml.)     Activity                                           

                                  Activity                                     

     __________________________________________________________________________

      I  21.8                                                                  

             Anti-A                                                            

                  0.3 19.2  88.2  A: 11.8                                      

         21.8                                                                  

             Anti-B                                                            

                  0.5 1.75  8.05  B: 91.95                                     

         21.8                                                                  

             Anti-C                                                            

                  0.3 21.8  100   C:  0                                        

      II 18.8                                                                  

             Anti-A                                                            

                  0.5 17.6  93.5  A:  6.5                                      

         18.8                                                                  

             Anti-B                                                            

                  0.5 1.8   9.6   B: 90.4                                      

         18.8                                                                  

             Anti-C                                                            

                  0.5 17.5  93.0  C:  6.0                                      

     III 24.7                                                                  

             Anti-A                                                            

                  1.0 22.6  91.5  A:  8.5                                      

         24.7                                                                  

             Anti-B                                                            

                  1.0 1.8   7.3   B: 92.7                                      

         24.7                                                                  

             Anti-C                                                            

                  1.0 24.2  98.0  C:  2                                        

     Normal                                                                    

          2.4                                                                  

             Anti-A                                                            

                  0.3 0.5   20.8  A: 79.2                                      

     Serum                                                                     

          2.4                                                                  

             Anti-B                                                            

                  0.3 2.0   83    B: 17.0                                      

          2.4                                                                  

             Anti-C                                                            

                  0.3 2.2   91.5  C:  8.5                                      

     __________________________________________________________________________

PAR  The high values of aldolase "B" establishes the presence of infectious
      hepatitis.
PAR  This diagnosis could be proven by clinical investigations.
PAC  EXAMPLE 3
PAR  Diagnosis of Myocardial Infarction
PAR  Analogously to the method of determination of Examples 1 and 2, five
      different sera were diagnosed, and the following results were obtained:
TBL                               Aldolase                                     

     Serum            Activity of Effluent                                     

                                  Activity                                     

         Activ-                                                                

             Anti-                                                             

                  Anti-     in % of                                            

                                  in % of                                      

         ity in                                                                

             serum                                                             

                  serum                                                        

                      in mU Serum Serum                                        

     Serum                                                                     

         U/ml.                                                                 

             Type (ml.)     Activity                                           

                                  Activity                                     

     __________________________________________________________________________

      I  58.4                                                                  

             Anti-A                                                            

                  0.6 23.45 40.0  A: 60                                        

         58.4                                                                  

             Anti-B                                                            

                  0.6 22.6  38.7  B: 61.3                                      

         58.4                                                                  

             Anti-C                                                            

                  0.6 42.9  73.5  C: 26.5                                      

      II 21.0                                                                  

             Anti-A                                                            

                  0.5 4.3   20.5  A: 79.5                                      

         21.0                                                                  

             Anti-B                                                            

                  0.5 18.1  86.2  B: 13.8                                      

         21.0                                                                  

             Anti-C                                                            

                  0.5 17.6  84.0  C: 16.0                                      

     III 18.8                                                                  

             Anti-A                                                            

                  0.5 3.8   20.2  A: 79.8                                      

         18.8                                                                  

             Anti-B                                                            

                  0.5 15.2  81.0  B: 19.0                                      

         18.8                                                                  

             Anti-C                                                            

                  0.5 13.9  74.0  C: 26.0                                      

      IV 6.8 Anti-A                                                            

                  0.2 1.7   25.0  A: 75.0                                      

         6.8 Anti-B                                                            

                  0.2 5.0   73.4  B: 26.6                                      

         6.8 Anti-C                                                            

                  0.2 6.1   89.8  C: 10.2                                      

      V  6.8 Anti-A                                                            

                  0.3 1.9   28.0  A: 72.0                                      

         6.8 Anti-B                                                            

                  0.3 5.5   81.0  B: 19.0                                      

         6.8 Anti-C                                                            

                  0.3 5.7   84.0  C: 16.0                                      

     Normal                                                                    

         2.4 Anti-A                                                            

                  0.3 0.5   20.8  A: 79.2                                      

     Serum                                                                     

         2.4 Anti-B                                                            

                  0.3 2.0   83    B: 17.0                                      

         2.4 Anti-C                                                            

                  0.3 2.2   91.5  C:  8.5                                      

     __________________________________________________________________________

PAR  The increased values of aldolase "C" and/or the aldolase activity values
      which frequently lie above 100% establish the presence of a cardiac
      infarction.
PAR  These diagnoses could be confirmed by further clinical tests.
PAC  EXAMPLE 4
PAR  Test Kit for Determining the Isozyme Pattern of Aldolase
PAR  Components:
PA1  1. Three small bottles containing
PA2  a. 10 ml. of anti-"A" serum (1 ml. precipitates about 240 mU of aldolase)
PA2  b. 5 ml. of anti-"B" serum (1 ml. precipitates about 100 mU of aldolase)
PA2  c. 5 ml. of anti-"C" serum (1 ml. precipitates about 160 mU of aldolase)
PA1  (2) Complete set of reagents for determining aldolase activity (for about
      25 determinations), consisting of:
PA2  a. 80 ml. of buffer substrate solution (55 mM collidine buffer, pH 7.4; 3
      mM fructose 1,6-diphosphate; 0.3 mM of iodoacetate)
PA2  b. 30 mg. of NADH.sub.2 disodium salt, lyophilized
PA2  c. 1 ml. of a 2.8M ammonium sulfate solution containing: 0.25 - 0.30 U
      glycerin 3-phosphate dehydrogenase 1.5 - 2.0 U triose phosphate isomerase
      0.5 - 1.0 U lactate dehydrogenase
PA2  d. 80 ml. of physiological sodium chloride solution
PAR  The NADH.sub.2 is dissolved in 2 ml. of twice-distilled water; all other
      reagents are ready for use.
PAC  EXAMPLE 5
PAR  Hexokinase
PAR  a. Isolation and Purification of Hexokinase Isozymes
PAR  From human organs, e.g., heart, kidney, lung, spleen, liver, two isozymes
      of hexokinase, called "HK I" and "HK III", are isolated analogously to the
      above-described methods, and purified until they are uniform from an
      electrophoretic and immunological viewpoint. Besides these two isolated,
      defined isozymes, there remains in some tissues a hexokinase residual
      activity which perhaps relates to several further isozymes. This residual
      activity is temporarily designated "UI" (unidentified).
PAR  b. Preparation of the Antibodies Against Hexokinase Isozymes "HK I" and "HK
      III"
PAR  Analogously to the aforedescribed methods, antisera are produced against
      the two above-mentioned isozymes by twofold immunization of turkey hens
      either with an emulsion of "HK I" or with "HK III", respectively, with
      Freund adjuvant.
PAR  In this procedure, an amount of emulsion is employed in each case which
      corresponds to 10 mg. of the two pure isozymes. The antibody titer is
      determined with the aid of a "Heidelberger" curve. Respectively 1 ml. of
      the antisera anti-"HK I" and anti-"HK III" precipitate 80 mU of hexokinase
      I and 65 mU of hexokinase III, respectively.
PAR  c. Determination of Hexokinase Activity in Biological Fluids
PAR  The determination is conducted according to the method described by Th.
      Buecher, W. Luh, and D. Pette in Hoppe-Seyler/Thierfelder: "Handbuch der
      physiologischen und pathologisch-chemischen Analyse", Springer publishers,
      1964, Vol. SVI, p. 318.
PAR  d. Distribution Pattern of Hexokinase Isozymes in Human Organs
PAR  From various human organs, raw extracts are prepared by homogenization in
      ice-cold tris buffer, pH 7.5. In the clear raw extract, the hexokinase
      activity is determined according to the method described in (c), above.
      Thereafter, 1 ml. portions of the extract is mixed with one of the
      following:
PA1  1. 0.5 ml. of anti-"HK I"
PA1  2. 0.5 ml. of anti-"HK III"
PA1  3. 0.5 ml. of anti-"HK I" and 0.5 ml. of anti-"HK III"
PAR  In all samples, the NaCl final concentration is brought to 4%.
PAR  After incubation and centrifuging as described above, the hexokinase
      activity is once again determined in the effluent of the three serum
      samples (1), (2) and (3). The thus-obtained values yield the following
      distribution of the hexokinase isozymes in the tissues:
TBL                                     Sum of                                 

                                        Activities                             

     Organ    "HK I"   "HK III"  "U I"  (in %)                                 

     ______________________________________                                    

     Heart    98        0         0      98                                    

     Kidney   81        0        19     100                                    

     Lung     78       17         2      97                                    

     Spleen   49       43        10     102                                    

     Liver    28       55        20     103                                    

     ______________________________________                                    

PAR  By determining the isozyme pattern in sera of patients having various
      diseases, and comparing with the isozyme pattern of the serum of normal
      persons, organ-specific and/or disease-specific differential diagnoses can
      be rendered for various diseases, in the same manner described in
      connection with aldolase.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically or specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the quantitative determination of at least one
      diagnostically relevant isozyme form of a human enzyme occuring in a
      plurality of genically defined, immunologically differentiatable multiple
      isozyme forms, which comprises:
PA1  a. quantitatively measuring the total enzyme activity of said multiple
      isozyme forms in a human body fluid, tissue extract or excretion sample;
PA1  b. admixing a portion of said sample with a two to ten fold theoretical
      excess of a precipitating antibody against a homologous diagnostically
      relevant human isozyme form, which antibody is specific to said
      diagnostically relevant human isozyme form and is substantially free of
      immunological activity against other of said multiple isozyme forms, to
      produce a substantially quantitative antigen-antibody immunoprecipitin
      complex consisting essentially of said diagnostically relevant human
      isozyme form and said antibody;
PA1  c. substantially quantitatively separating said immunoprecipitin complex
      from the resultant admixture so that at least 90% of the diagnostically
      relevant human isozyme form activity is removed therefrom; and
PA1  d. quantitatively measuring the total enzyme activity of the remaining
      multiple isozyme forms substantially free of the diagnostically relevant
      human isozyme form, whereby the diagnostically relevant human isozyme form
      can be quantitatively determined.
NUM  2.
PAR  2. A process according to claim 1 wherein the enzyme is aldolase,
      hexokinase, creatine kinase or lactate dehydrogenase.
NUM  3.
PAR  3. A process according to claim 1 wherein the enzyme is aldolase and the
      aldolase A, aldolase B and aldolase C contents of the sample are
      determined.
NUM  4.
PAR  4. A process according to claim 1 wherein the enzyme is hexokinase and the
      HK I and HK III hexokinase isozyme contents of the sample are determined.
NUM  5.
PAR  5. A process according to claim 1 wherein there is added to aliquots of the
      sample an amount of antisera against each diagnostically relevant isozyme
      of the selected enzyme in an excess up to 10 times of the theoretical
      amount of the antiserum required to form an isozyme-antibody complex with
      all of that maximum isozyme which could be present in the aliquot, the
      resulting precipitates are separated and the isozyme content of the sample
      determined by measuring the residual total enzyme activity for each
      aliquot after the formation of the specific isozyme-antibody complex.
NUM  6.
PAR  6. A process according to claim 1 wherein the mixture of sample and
      antisera are incubated for up to 5 hours before separating the
      precipitated isozyme-antibody complex.
NUM  7.
PAR  7. A process according to claim 1, wherein the enzyme is selected from the
      group consisting of kinases, transaminases, dehydrogenases, phosphatases,
      proteases, hydrolases, and nucleotidases.
NUM  8.
PAR  8. A process according to claim 7, wherein the enzyme is a kinase.
NUM  9.
PAR  9. A process according to claim 8, wherein the kinase is creatinine kinase.
NUM  10.
PAR  10. A process according to claim 8, wherein the kinase is hexokinase.
NUM  11.
PAR  11. A process according to claim 7, wherein the enzyme is a transaminase.
NUM  12.
PAR  12. A process according to claim 11, wherein the transaminase is alanine
      aminotransferase or aspartate aminotransferase.
NUM  13.
PAR  13. A process according to claim 7, wherein the enzyme is a dehydrogenase.
NUM  14.
PAR  14. A process according to claim 13, wherein the dehydrogenase is lactate
      dehydrogenase.
NUM  15.
PAR  15. A process according to claim 7, wherein the enzyme is a phosphatase.
NUM  16.
PAR  16. A process according to claim 15, wherein the phosphatase is alkaline
      phosphatase.
NUM  17.
PAR  17. A process according to claim 1, wherein the enzyme is a peptidase.
NUM  18.
PAR  18. A process according to claim 1, wherein the enzyme is a protease.
NUM  19.
PAR  19. A process according to claim 7, wherein the enzyme is a hydrolase.
NUM  20.
PAR  20. A process according to claim 19, wherein the hydrolase is amylase.
NUM  21.
PAR  21. A process according to claim 1, wherein the enzyme is an esterase.
NUM  22.
PAR  22. A process according to claim 7, wherein the enzyme is a nucleotidase.
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ABST
PAL  A mixing and centrifugation device particularly suitable for use in
      procedures involving detection of microbial pathogens which includes an
      elongated enclosed centrifugation receptacle containing an evacuated space
      and having an injectable closure on an end thereof with an enclosed
      treating fluid chamber disposed in communication and adjacent the
      injectable closure and separated from the evacuated space by a thin
      rupturable membrane. A sample treating fluid is carried within the
      enclosed treating fluid chamber and a sterile aqueous solution having a
      greater density than a sample fluid but able to selectively receive
      microbial pathogens from the sample fluid is disposed within the evacuated
      chamber. A sample is deposited on the sterile aqueous solution via an
      injection needle by passing the injection needle through the injectable
      closure, the enclosed treating fluid chamber, and rupturing the thin
      membrane such that the sample treating fluid contacts the sample as it
      passes from the injection needle and is deposited on the liquid filter
      medium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the detection of microbial pathogens. In another
      aspect, this invention relates to a novel device useful for mixing and
      centrifugation of fluid samples. In still another aspect, this invention
      relates to a novel device which is used for admixing a sample fluid
      containing microbial pathogens with a treating fluid and thereafter
      selectively extracting the microorganisms from the sample fluid. In still
      another aspect, this invention relates to a novel method and apparatus for
      diagnosing septicemia.
PAR  Septicemia which is the presence of pathogenic microorganisms in the blood
      is one of the most serious types of infection encountered. In spite of an
      armament of antibiotics and fungal drugs, the mortality rate from
      septicemia is approximately 25%. In addition, when shock accompanies
      septicemia, the mortality rate increases to over 60%. Patients who are
      suffering from debilitating diseases, undergoing major surgery, receiving
      immunosuppressive drugs, or anticancer medications are particularly prone
      to septicemia.
PAR  Early administration of appropriate antibiotic therapy is important in
      fighting septicemia. Consequently, it is imperative that the physician
      know as rapidly as possible not only whether the patient has septicemia,
      but also the identity of the infecting organisms, and the susceptibility
      of the microorganisms to antibiotic agents. Thus, the proper diagnosis of
      septicemia depends upon very rapid and efficient quantitative analysis of
      the patients blood. It is imperative during the quantitative analysis of
      the patients blood or other body fluid that the sample fluid not be
      contaminated with pathogens from the laboratory environment.
PAR  The conventional methods and equipment which are utilized to detect
      microorganisms in the blood sample suffer from one or more serious
      drawbacks which include a lengthy detection time, not being quantitative,
      and not able to detect the presence of different types of microbial
      pathogens within a sample, and being susceptible to contamination by
      laboratory atmosphere and personnel.
PAR  Recently, an improved method has been developed for determining the
      presence of microbial pathogens within a sample fluid which is extremely
      rapid and quantitative and minimizes contamination of the sample from the
      laboratory environment and personnel. This method is disclosed in
      copending U.S. Pat. application Ser. No. 428,135 filed Jan. 9, 1974, and
      entitled "DETECTION OF MICROBIAL PATHOGENS". According to this improved
      method for the detection of microbial pathogen, a sample of body fluid
      such as blood (preferably a lysed blood sample) is deposited upon a liquid
      filter medium within a confined sterile zone. The liquid filter medium has
      a density greater than the sample fluid and comprises a sterile aqueous
      solution which will selectively receive microbial pathogens from the
      sample fluid. Thereafter, the confined sterile zone is subjected to
      centrifugation to force the sample fluid against the liquid filter medium
      and cause the microbial pathogens to selectively pass therein and thereby
      separate from the mass of the body fluid sample. Next, the liquid filter
      medium containing the microbial pathogens is separated from the remainder
      of the sample fluid and portions of the liquid filter medium are subjected
      to culturing conditions. An improved apparatus for carrying out the novel
      method is disclosed in copending application Ser. No. 437,890 filed Jan.
      30, 1974, and entitled "APPARATUS AND METHOD FOR THE DETECTION OF
      MICROBIAL PATHOGENS".
PAC  STATEMENT OF THE INVENTION
PAR  According to one embodiment of the subject invention, an improved mixing
      and centrifugation device is provided which comprises an elongated
      centrifugation tube containing an evacuated centrifugation chamber, and an
      injectable closure means on one end thereof which has an enclosed sample
      treating fluid chamber disposed in communication therewith and is
      separated from said evacuated centrifugation chamber by a thin rupturable
      membrane. A sample treating fluid is disposed within the treating fluid
      chamber. A sample is deposited into the centrifugation chamber by passing
      it through an injection needle which is inserted into the injectable
      closure means and through the thin rupturable membrane. The action of the
      injection needle will not only provide communication to the interior of
      the centrifugation chamber but will also rupture the thin rupturable
      membrane and cause the sample treating fluid to be automatically admixed
      with the sample as it is injected into the interior of the centrifugation
      chamber.
PAR  In accordance with a preferred embodiment of the subject invention, a
      liquid filter medium which has a greater density than the sample fluid to
      be deposited therein and which will selectively receive microbial
      pathogens from the sample fluid is positioned within the evacuated
      centrifugation chamber, and the second end of the centrifugation tube
      opposite the first end which contains said injectable closure means is
      sealed with a second injectable closure means.
PAR  In accordance with another preferred embodiment of the subject invention,
      the above described centrifugation and mixing apparatus is provided with a
      syringe means for removing the liquid filter medium from the evacuated
      chamber which includes a short stylus which is sufficiently long to only
      penetrate the thickness of the second injectable closure means and not to
      materially pass into said liquid filter medium when it is positioned
      thereon and furthermore wherein the thickness of the injectable closure
      means on said first end of said elongated centrifugation tube is longer
      than the length of said stylus to prevent accidental puncture of the first
      injectable closure means by the short stylus.
DRWD
PAC  SHORT DESCRIPTION OF THE DRAWINGS
PAR  This invention can be more easily understood from a study of the drawings
      in which:
PAR  FIG. 1 is a section of a preferred mixing and centrifugation device of the
      subject invention; and
PAR  FIGS. 2 through 8 are schematic illustrations depicting a process for
      detecting microbial pathogens by the use of the device of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The novel mixing and centrifugation device 10 of the subject invention is
      illustrated in cross-section in FIG. 1. As shown, the mixing and
      centrifugation device 10 comprises an elongated tubular centrifugation
      vessel 12, having an injectable closure member 14 which sealably closes
      the lower end thereof, and an injectable closure member 16 which sealably
      closes the upper end thereof.
PAR  Centrifugation vessel 12 can be made of glass or hard plastic such as
      polycarbonate or polypropylene. Injectable closure members 14 and 16 can
      comprise rubber self-sealing stoppers. The leading end of injectable
      closure member 14 carries a frustoconical recess 14a. Injectable web 14b
      forms the bottom of the frustoconical recess 14a. The leading end of
      injectable closure member 16 carries a recess 16a. Injectable web 16b is
      preferably of greater thickness than injectable web 14b as will be
      described in detail hereinbelow in connection with the description of
      FIGS. 2 through 8.
PAR  Recess 16a of injectable closure 16 functions as a sample treating fluid
      chamber and contains a sample treating composition 18. The sample treating
      composition 18 is retained within recess 16a by thin rupturable membrane
      20. Rupturable membrane 20 is made of a thin elastomeric material such as
      natural rubber or an artifical rubber which is stretched over the opening
      of recess 16a. As shown in the embodiment in FIG. 1, the rupturable
      membrane 20 is stretched over the opening of recess 16a and is of
      sufficient length so that it overlaps the sidewalls of injectable closure
      member 16 by overlaps 20a. Thus overlaps 20a are held in interference fit
      between the outer sidewalls of injectable closure member 16 and the inner
      sidewalls of tubular centrifugation vessel 12. Rupturable member 20 can
      conveniently have a thickness which corresponds to that of a toy balloon,
      for example. In general, rupturable membrane 20 can be made of any
      suitable material which will effectively separate sample treating
      composition fluid 18 from the interior of evacuated space 24 but yet will
      split, fragment, disintegrate or otherwise loose its sealed configuration
      over the mouth of recess 16a when pierced by a sharp object, i.e., a
      hypodermic needle and allow sample treating composition 18 to enter
      evacuated space 24. Thus, thin elastomeric materials which are stretched
      in tension are generally preferred for use as rupturable membrane 20.
PAR  The sterile contents of centrifugation vessel 12 comprise a liquid filter
      medium 22 and an evacuated space 24 which may be a complete or a partial
      vacuum. Evacuated space 24 is maintained at a lower than atmospheric
      pressure at a predetermined value so that the centrifugation vessel can
      receive a known amount of liquid by injection through injectable closure
      member 16 without excessive pressure being built up within the interior
      thereof which would cause injectable closure members 14 and 16 to become
      dislodged from the openings within centrifugation vessel 12.
PAR  The liquid filter medium 22 can be any of the liquid filter media set forth
      in said copending patent application for detecting microbial pathogens and
      generally, comprises an aqueous solution of any solute which is nontoxic
      to the microbial organisms being suspended, and has a density sufficiently
      high to suspend red and white blood cells or blood cell debris. The solute
      is preferably nonionic. Thus, the liquid filter medium has a density
      greater than blood, e.g., greater than about 1.06 gm/cc, and will suspend
      blood cells or blood cell debris, but yet will receive microbial
      pathogens. In addition, the liquid filter medium preferably contains a
      minor amount of a thermally sensitive gelling agent.
PAR  Suitable solutes which can be used in the liquid filter medium 22 include
      the sugars such as sucrose, glucose, maltose, fructose, manitol, sorbitol,
      and the like. Generally, liquid filter medium 22 should be at least about
      40 weight percent of the sugar and can contain the sugar up to the
      saturation limit thereof. Preferably, the sugars are contained within
      liquid filter medium 22 in the range of from about 40 to about 50 weight
      percent thereof. Generally, the sugars, and especially sucrose, are
      preferred solutes for liquid filter medium 22 because the liquid filter
      medium can be maintained at a physiological pH, i.e., 6.0-7.0 and when
      combined with gelatin, they can be autoclaved.
PAR  Any solute can be used in the scope of this invention so long as the
      resulting solution is more dense than red blood cells and red blood cell
      debris, and is nontoxic to the microbial pathogens. Other suitable such
      materials include a chemical commonly known as Hypaque sodium, C.sub.11
      H.sub.8 I.sub.3 N.sub.2 NaO.sub.4 (3,5-diacetamido-2,4,6-triidobenzoic
      acid sodium salt). This material can be utilized in aqueous solution in
      the same concentration as the sugar as described above. Another class of
      solutes which can be used to form the aqueous liquid filter medium in the
      scope of the subject invention includes macromolecular solutes which are
      capable of producing a liquid gel structure in aqueous media which have a
      pore size small enough to preclude red cells or red cell debris but large
      enough to pass microbial pathogens.
PAR  An example of a suitable such macromolecular solute is a water soluble
      crosslinked polymer having microporous openings throughout its solubilized
      network. A suitable such water soluble polymer includes a copolymer of
      sucrose and epichlorohydrin which has a weight average molecular weight in
      the range of from about 30,000 to about 500,000, and an intrinsic
      viscosity of about 0.17dl/g, a specific rotation [.alpha.].sub.D.sup.20 of
      +56.5.degree.and contains dialyzable material in an amount of less than 1
      weight percent. A suitable such polymer is sold under the trademark of
      "FICOLL" by Pharmacia Fine Chemicals, Inc., 800 Centennial Avenue,
      Piscastaway, New Jersey. Another such polymer which can be used in the
      scope of this invention is dextran, having a weight average molecular
      weight in the range of about 10,000 to about 2,000,000 and preferably
      about 50,000. These polymers, when dissolved in water in accordance with
      the subject invention function as a liquid filter medium for microbial
      pathogens and apparently have microporous openings throughout their
      solubilized network in the range of from about 1 micron to about 7
      microns.
PAR  The water soluble polymer or macromolecular solute is preferably present in
      the aqueous solution in the range of from about 10 to about 40 weight
      percent and more preferably from about 20 to about 30 weight percent
      thereof.
PAR  It is to be understood that the term "thermally sensitive gelling agent" is
      meant any agent which will gel the aqueous solution of filter medium 22 at
      a temperature generally lower than room temperature but yet will liquefy
      at higher temperatures which are nondeleterious to the microbial
      pathogens, e.g., lower than about 50.degree.C and generally no higher than
      about 42.degree.C. Suitable thermosensitive gelling agents include any
      such gelling agent which is nondeleterious to the solution or to the
      sample being analyzed. Examples of suitable such materials include
      gelatins, i.e., the proteins obtained from collagen by boiling skin,
      ligaments, tendons, bones, and the like in water. Any suitable amount of
      thermally sensitive gelling agent can be utilized, e.g., about 0.5 to
      about 5 weight percent of filter medium 22.
PAR  In addition, in accordance with a preferred embodiment of the subject
      invention an oxygen scavenger and/or oxygen sensitive dye are included
      within the liquid filter medium. The presence of the oxygen scavenger will
      assure that the interior of the mixing and centrifugation device 10 is
      maintained at an anaerobic environment. More specifically, the medical
      profession is concerned about anaerobic bacterial infections of the human
      body. If the test for isolating and detecting microbial pathogens is
      carried out in aerobic environment, then it is quite apparent that the
      anaerobic bacteria will not be detected. Therefore, the presence of a
      minor effective amount of a reducing agent (a conventional oxygen
      scavenger) is utilized within the liquid filter medium 22 in the scope of
      a preferred embodiment of the subject invention. Reducing agents which can
      be used in the scope of the subject invention include L-cystine, sodium
      thioglycolate, ascorbic acid and the like. The preferred reducing
      substance which is used in the liquid filter medium 22 in the scope of the
      subject invention is a mixture of L-cystine and sodium thioglycolate.
      Furthermore, it is within the scope of a preferred embodiment of the
      subject invention to include a minor effective quantity of an oxygen
      sensitive dye in the liquid filter medium. The dye can be utilized either
      in the presence or the absence of the above disclosed reducing agent. The
      dye is preferably colorless in the absence of oxygen, but changes color
      when contact is made with oxygen. Thus a color change indicates that
      oxygen is present within the interior of the mixing and centrifugation
      device 10 which indicates the loss of the vacuum within the interior
      thereof. Suitable oxygen sensitive dyes which can be used in the scope of
      this invention include resazurin and methylene blue. Any other oxygen
      sensitive dye which is nondeleterious to the liquid filter medium 22 and
      the microbial separation process carried out within the interior of mixing
      and centrifugation device 10 can be used in the scope of the subject
      invention. A typical liquid filter medium which is used in the scope of
      the subject invention is as follows:
PA1  50% (w/w) sucrose
PA1  1.5% (w/w) gelatin
PA1  0.05% (w/v) L-cystine
PA1  0.05% (w/v) sodium thioglycolate
PA1  0.0001 - 0.0002% (w/v) resazurin
PA1  pH to 6.0
PAR  Generally, the reducing agent can comprise from about 0.01 to about 0.2% by
      weight of the liquid filter medium and the oxygen sensitive dye can
      comprise from about 0.001 to about 0.0005% by weight of the liquid filter
      medium.
PAR  Treating composition 18 can contain any suitable ingredient or ingredients
      with which it is desired to treat the sample fluid before microbial
      pathogens are separated therefrom. In accordance with a specific
      embodiment of the subject invention, treating composition 18 comprises an
      aqueous solution of a lysing agent for blood. Any suitable lysing agent
      can be utilized in the aqueous solution which is nontoxic to
      microorganisms. A suitable such lysing agent is a nontoxic aqueous
      solution of saponin. It must be noted that many saponins are thought to be
      toxic to microbial pathogens. However, as set forth in copending
      application Ser. No. 423,447, filed Dec. 10, 1973, entitled
      "DETOXIFICATION OF SAPONINS", which is herein incorporated by reference
      into this application, a new method is disclosed for removing the toxic
      ingredients from the heretofore thought to be toxic saponins. In general,
      the toxic saponin material can be detoxified in accordance with the
      invention set forth in this copending patent application and the resulting
      purified material used in the scope of this invention. In addition, the
      aqueous solution can contain an anticoagulant and/or an oxygen scavenger.
      A preferred anticoagulant is sodium polyanethol sulfonate (SPS) or
      Heparin, for example. Sodium polyanethol sulfonate is preferred because it
      not only acts as an anticoagulant but also inhibits the phagocytic
      activity of granulocytes and monocytes and the normal antibacterial
      activity of serum.
PAR  Mixing and centrifugation device 10 provides a convenient, inexpensive and
      practical way in which to combine a sample fluid such as blood with a
      sample treating solution such as set forth above prior to removal of the
      microbial pathogens which may be present from the sample fluid. More
      specifically, the sample can be deposited on the liquid filter medium 22
      by passage through an injection needle which is inserted through web 16b,
      and membrane 20. The passage of an injection needle through membrane 20
      which is stretched taut causes the membrane 20 to rupture and the sample
      treating composition 18 to be deposited within the interior of evacuated
      space 24 as the sample is passed thereto via the injection needle. This
      eliminates the necessity of having to premix the sample with the sample
      treating composition in a separate operation thus avoiding the possibility
      of additional risk of contamination. In addition, it has been found that
      some of the liquid filter media are incompatible with some of the
      pretreating agents such as lysing agents set forth above. Therefore, it is
      not possible to combine the sample treating fluid and the liquid filter
      medium within the interior of mixing and centrifugation device 10 for long
      periods of time. Thus, rupturable membrane 20 functions not only to
      separate the sample treating composition 18 from the liquid filter medium
      22 but to rapidly release the sample treating composition 18 when its use
      is desired in the microbial pathogen detection process. It is not
      necessary that rupturable membrane 20 be a gas impermeable membrane but
      only that it be sufficiently impermeable to prevent passage of either the
      sample treating composition 18 or liquid filter medium 22 therethrough.
      More specifically, rupturable membrane 20 can be made of any conventional
      elastomeric material such as natural rubber and artifical elastomers such
      as for example polyisoprene. In addition, rupturable membrane 20 can be
      attached to the opening of recess 16a by any suitable means. It is
      preferable that rupturable membrane 20 be in the nonrelaxed or stretched
      state when positioned over recess 16a so that it will rupture when pierced
      by the point of the injection needle. Thus, rupturable membrane 20 serves
      as a barrier which is impermeable to the sample treating composition 18
      and to the liquid filter medium 22, and it is sufficiently flexible to
      allow gas expansion within the sample treating solution chamber (recess
      16a) because of a change in temperature and/or the presence of the vacuum
      within evacuated space 24. This flexibility is illustrated in broken line
      at 20a in FIG. 1 which shows rupturable membrane 20 in an extended
      position.
PAR  Now referring to FIGs. 2 through 8, the use of mixing and centrifugation
      device 10 will be described in relation to a procedure for the detection
      of microbial pathogens. Liquid filter medium 22 can comprise 1.5
      milliliters of an aqueous solution containing 3.0 parts by weight of
      gelatin, 97.0 parts by weight water, 100.0 parts by weight sucrose, 0.8
      parts by weight L-cystine, 0.8 parts by weight sodium thioglycolate, and
      0.003 parts by weight resazurin, for example.
PAR  Sample treating solution 18 can contain any suitable constituent such as a
      lysing agent and/or anticoagulant and, if desired, an oxygen scavenger or
      reducing agent in any desirable concentration. Any amount of an
      anticoagulant which is sufficient for the amount of blood sample and any
      amount of lysing agents sufficient to lyse the blood sample, can be used.
      For example, 0.3 milliliters of an aqueous solution containing about 12%
      by weight of non-toxic saponin and about 2% by weight sodium polyanethol
      sulfonate can be used as sample treating composition 18. Initially, the
      mixing and centrifugation apparatus 10 is placed in an upright position as
      illustrated in FIG. 2 to allow the liquid filter medium 22 to pass
      downwardly against injectable closure member 14. Next, mixing and
      centrifugation device 10 is placed in a suitable cooling unit such as a
      refrigerator and is chilled sufficiently to cause the gelatin to solidify
      the liquid filter medium 22. For example, mixing and centrifugation device
      10 can be chilled to 4.degree.C. This step is illustrated in FIG. 3. Next
      a sample fluid such as a blood sample (e.g., 8 ml) is obtained with
      syringe 26 which carries hypodermic needle 28. Hypodermic needle 28 is
      then inserted through web 16b, the sample treating composition 18 within
      recess 16 a, and through rupturable membrane 20 causing it to rupture and
      the sample treating composition 18 to fall within evacuated space 24. The
      blood sample is then injected within the interior of mixing and
      centrifugation device 10 in a manner schematically illustrated in FIG. 4.
      The turbulence caused by the blood passing into evacuated space 24 will
      not disturb the liquid filter medium 22 which will remain as a solid
      bottom layer as illustrated in FIG. 4. Furthermore, the turbulence caused
      by the blood being injected into evacuated space 24 will result in a
      thorough admixing of the sample treating composition 18 and the blood
      sample to form the resulting mixture 30.
PAR  The mixing of the blood sample with sample treating composition 18
      containing the lysing agent will result in the red blood cells becoming
      lysed which will therefore minimize the possible trapping effect of
      erythrocytes. This trapping effect would in general comprise the
      erythrocytes or lymphocytes becoming stacked on the top of the liquid
      filter medium during the centrifugation step and the stacked cells
      trapping microbial pathogens as they are passed downwardly during
      centrifugation and thereby preventing such pathogens from reaching the
      liquid filter medium. Furthermore, the sodium polyanethol sulfonate within
      the sample treating composition 18 acts as anticoagulant and inhibits the
      phagocytic activity of granulocytes and monocytes and the normal
      antibacterial activity of the serum once it becomes admixed with the blood
      sample.
PAR  Next, hypodermic needle 28 is withdrawn from injectable closure member 16
      and the mixing and centrifugation device 10 containing the congealed
      liquid filter medium 22 and the blood sample admixed with treating
      composition 18 and illustrated as mixture 30 in FIGS. 4 and 5 is heated
      while in the upright position sufficiently to melt the gelatin and cause
      the liquid filter medium 22 to liquefy. Mixing and centrifugation device
      10 is heated to a temperature which will not destroy any microbial
      pathogens which may be present in the blood sample but which will be
      sufficient to liquefy the gelatin. For example, while in the position as
      illustrated in FIG. 5, mixing and centrifugation device 10 can be heated
      by immersion in a water bath to a temperature set at about
      37.degree.C-42.degree.C. The liquefaction of the gelatin within the liquid
      filter medium 22 yields a liquefied solution which is now ready to
      function as a filter medium for the microbial pathogens.
PAR  The separation of the microbial pathogens from the remaining portion of the
      blood sample is accomplished by placing mixing and centrifugation device
      10 into a suitable centrifugation apparatus and subjecting it to
      sufficient centrifugal force to separate the microbial pathogens from the
      remaining constituents in the blood sample. The speed and time of
      centrifugation can vary widely depending upon the strength of the material
      of which centrifugation vessel 12 is made and the type of centrifugation
      apparatus. The centrifugation can be conveniently accomplished by
      imparting between about 100 and about 6000 gravities and preferably from
      about 1400-5000 gravities to mixing and centrifugation device 10. A
      suitable method includes a swinging bucket centrifuge rotor which imparts
      between about 2000 and 4000 gravities for 10 to about 20 minutes to the
      particular system described in this preferred embodiment. The
      centrifugation step is illustrated schematically in FIG. 6 below.
PAR  After mixing and centrifugation device is subjected to the centrifugation
      step as described above, a sterile syringe 32 carrying a shortened
      hypodermic needle 34 is passed through injectable web 14b of injectable
      closure member 14 as illustrated in FIG. 7. As illustrated, hypodermic
      needle 34 carries a stop 34a which will only allow the needle 34 to pierce
      injectable web 14b and the beveled end of needle 34 to extend into liquid
      filter medium 22 adjacent the end of frustoconical recess 14a. After this
      is accomplished, syringe 32 withdraws liquid filter medium 22 from the
      interior of mixing and centrifugation device 10 to leave the residual of
      the sample solution mixture 30 therewithin. It is noted that the length of
      the needle 34 is such that it cannot completely pierce web 16b of
      injectable closure member 16. This will assure that accidental puncture
      and loss of vacuum and entry into the sterile interior of mixing and
      centrifugation vessel 10 cannot occur by the short needle 34.
PAR  Furthermore, it is noted that in an alternate lesser preferred embodiment,
      a longer hypodermic needle can be utilized with syringe 32 and the needle
      can be passed to the interior of mixing and centrifugation device 10 to a
      point slightly past the interface between liquid filter medium 22 and the
      sample fluid mixture 30 initially removed from the tube. In this instance,
      the syringe should intially have the plunger retracted and be filled with
      sterile air in order that the sterile air can be pumped into the interior
      of the mixing and centrifugation device 10 incrementally as the sample
      layer is displaced. Thereafter, the liquid filter medium 22 can be
      removed.
PAR  Liquid filter medium 22 withdrawn by syringe 32 is next preferably agitated
      such as by shaking to cause the microbial pathogens to become thoroughly
      admixed and generally uniformly distributed therein. The liquid filter
      medium 22 containing the dispersed microbial pathogens is then distributed
      on suitable bacterial growth media in the culture step which is
      schematically depicted as FIG. 8 in the drawing. Suitable such growth
      media are set forth in said copending application entitled "DETECTION OF
      MICROBIAL PATHOGENS".
PAR  For example, with 11/2 milliliters of liquid filter medium containing
      microbial pathogens, one blood agar plate can receive 0.2 milliliters of
      the medium and the plate can be incubated at 37.degree.C in an aerobic
      atmosphere. Another blood agar plate can receive 0.2 milliliters of the
      aqueous solution and can be incubated at 37.degree.C in a candle jar.
      Another blood agar plate can receive 0.2 milliliters of the aqueous
      solution and can be incubated at 37.degree.C in an anaerobic environment.
      Another 0.2 milliliters of the solution can be placed on a sabouraud agar
      plate and incubated at 25.degree.C in an aerobic environment. Another 0.2
      milliliters of the solution can be placed on a EMB plate (Eosin methylene
      blue dye) plate and incubated at 37.degree.C in a candle jar. Another 0.5
      milliliters of the solution can be placed in a liquid thioglycolate medium
      and incubated at 37.degree.C. The growth media can be checked daily for
      the presence of colonies. The number of microbial pathogens in 1
      milliliter of blood can be determined by multiplying the number of
      colonies by a correction factor. This correction factor takes into
      consideration the recovery rate for a given organism, the volumes of blood
      and liquid filter solutions employed and the amount of final mixture
      plated. In the general example set forth above, the correction factor is
      1.56.
PAR  It is noted that mixing and centrifugation device 10 as illustrated in the
      drawing is a preferred embodiment which is utilized in the scope of the
      subject invention for carrying out the separation of microbial pathogens
      from samples of body fluid. However, suitable mixing and centrifugation
      devices of the subject invention can have slightly different
      configurations. For example, it is within the scope of the subject
      invention to include an injectable closure means containing a recess 16a
      and a thin rupturable membrane thereover in one end of an elongated
      centrifugation tube having an integrally closed opposite end, i.e., a test
      tube. This will allow a sample fluid to be injected within the interior of
      the evacuated space within the tube and automatically mixed with the
      treating fluid by the action schematically depicted in FIG. 4. In this
      manner, various types of sample treating fluids can be admixed with
      various other types of sample fluids in a one step operation. In such
      cases, a second fluid, if desired, can be contained within the test tube
      portion of the device such that when a sample is injected within the
      device, it is automatically admixed with two different fluids which may be
      incompatible if stored together. Thus, while this invention has been
      described in relation to its preferred embodiments, it is to be understood
      that various modifications thereof will not be apparent to one skilled in
      the art from reading this specification and it is intended to cover such
      modifications as fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid mixing device comprising:
PA1  a. an enclosed vessel having a first end and a second end and comprising a
      chamber containing an evacuated space maintained at a lower than
      atmospheric pressure;
PA1  b. an injectable closure means sealably closing said first end of said
      enclosed vessel;
PA1  c. an enclosed treating fluid chamber disposed in communication with said
      injectable closure means and separated from said evacuated chamber by an
      elastomeric film which will rupture when pierced by a needle; and
PA1  d. a treating fluid disposed within said treating fluid chamber.
NUM  2.
PAR  2. The fluid mixing device of claim 1 wherein said elastomeric film is
      stretched in tension.
NUM  3.
PAR  3. The fluid mixing device of claim 2 wherein said injectable closure means
      comprises a tubular insert positioned within said first end of said
      enclosed vessel and an injectable web enclosing the outer end of said
      tubular insert, and the inner end of said tubular insert within said
      vessel having said elastomeric film stretched thereover to thereby form
      said treating fluid chamber within said tubular insert.
NUM  4.
PAR  4. The device of claim 3 wherein the periphery of said elastomeric film is
      retained in an interference fit between the inner sidewall of said first
      end and the outer sidewall of said tubular insert.
NUM  5.
PAR  5. A centrifugation and mixing device comprising;
PA1  a. an enclosed elongated centrifugation vessel having a first end and a
      second end and comprising a chamber containing an evacuated space
      maintained at a lower than atmospheric pressure;
PA1  b. first injectable closure means sealably closing said first end of said
      centrifugation vessel;
PA1  c. a second injectable closure means sealably closing said second end of
      said centrifugation vessel; and
PA1  d. an enclosed sample treating agent chamber containing a sample treating
      agent and disposed in communication with said first injectable closure
      means and separated from said chamber by an elastomeric film which will
      rupture when pierced by a needle.
NUM  6.
PAR  6. The device of claim 5 wherein said elastomeric film is stretched in
      tension.
NUM  7.
PAR  7. The device of claim 6 wherein said first injectable closure means
      comprises a tubular insert positioned within said first end of said
      centrifugation vessel and an injectable web enclosing said tubular insert,
      said tubular insert having said film stretched over the leading open end
      thereof thereby forming said sample treating agent chamber therewithin.
NUM  8.
PAR  8. The device of claim 7 wherein the periphery of said elastomeric film is
      retained in an interference fit between the inner sidewall of said first
      end and the outer sidewall of said tubular insert.
NUM  9.
PAR  9. The device of claim 7 wherein said second injectable closure means
      comprises an injectable web sealably closing said second end of said
      centrifugation vessel, and wherein the thickness of the injectable web of
      said first injectable closure means is greater than the thickness of the
      injectable web of said second injectable closure means.
NUM  10.
PAR  10. The device of claim 9 in combination with a syringe for removing fluid
      therefrom having a stylus which is longer in length than the thickness of
      said injectable web of said second injectable closure means but shorter in
      length than the thickness of said injectable web of said first injectable
      enclosure means.
NUM  11.
PAR  11. A device used for the isolation and concentration of microbial
      pathogens from a sample fluid comprising:
PA1  a. an enclosed centrifugation vessel having a first end and a second end
      and containing an evacuated space maintained at a lower than atmospheric
      pressure adjacent a sterile liquid filter medium which is nontoxic to said
      microbial pathogens and has a greater density than the sample fluid but
      able to selectively receive microbial pathogens from said sample fluid;
PA1  b. first injectable closure means sealably closing said first end of said
      elongated centrifugation vessel;
PA1  c. second injectable closure means sealably closing the second end of said
      elongated centrifugation vessel; and
PA1  d. an enclosed sample treating agent chamber containing a sample treating
      agent disposed in communication with said first injectable closure means
      and separated from said evacuated space by an elastomeric film which will
      rupture when pierced by a needle.
NUM  12.
PAR  12. The device of claim 11 wherein said elastomeric film is stretched in
      tension.
NUM  13.
PAR  13. The device of claim 12 wherein said first injectable closure means
      comprises a tubular insert positioned within said first end of said
      centrifugation vessel and an injectable web enclosing the outer end of
      said tubular insert, said tubular insert having said film stretched over
      the inner end thereof thereby forming said sample treating agent chamber
      therewithin.
NUM  14.
PAR  14. The device of claim 13 wherein the periphery of said elastomeric film
      is retained in an interference fit between the inner sidewall of said
      first end and the outer sidewalls of said tubular insert.
NUM  15.
PAR  15. The device of claim 11 wherein said liquid filter medium contains a
      minor effective amount of a thermally sensitive gelling agent.
NUM  16.
PAR  16. The device of claim 15 wherein said minor effective amount of said
      thermally sensitive gelling agent is from about 1 to about 5 wt % of said
      liquid filter medium.
NUM  17.
PAR  17. The device of claim 16 wherein said thermally sensitive gelling agent
      is gelatin.
NUM  18.
PAR  18. The device of claim 15 wherein said liquid filter medium is an aqueous
      solution of a sugar.
NUM  19.
PAR  19. The device of claim 18 wherein said sugar is sucrose.
NUM  20.
PAR  20. The device of claim 19 wherein said aqueous solution contains at least
      40 wt % of said sucrose.
NUM  21.
PAR  21. The device of claim 15 wherein said liquid filter medium further
      contains a material selected from reducing agents and oxygen sensitive
      dyes and mixtures thereof.
NUM  22.
PAR  22. The device of claim 15 wherein said liquid filter medium is an aqueous
      solution of a macromolecular solute having microporous openings throughout
      its solubilized network, said openings being of sufficient size to
      selectively pass said pathogens from said sample fluid.
NUM  23.
PAR  23. The device of claim 22 wherein said polymer is epichlorohydrin-sucrose
      polymer having a molecular weight in a range of from about 300,000 to
      about 500,000 and a specific rotation [.alpha.].sub.D.sup.20 of +
      56.5.degree..
NUM  24.
PAR  24. The device of claim 22 wherein said polymer is dextran having a
      molecular weight of from about 10,000 to about 2,000,000.
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ABST
PAL  A culturing article according to which one part of a wick is placed in
      engagement with a body fluid in order to check for the presence of
      suspected microorganisms. An opposed part of the wick is maintained out of
      engagement with the body fluid, so that by capillary action the body fluid
      will progress along the wick from the one part toward the opposed part
      thereof. The progress of the body fluid from the one part toward the
      opposed part of the wick is limited to achieve a density gradient
      according to which the body fluid is most dense at the one part of the
      wick which engages the body fluid while the body fluid becomes gradually
      less dense from the one part toward the opposed part of the wick, to
      provide a density gradient. A culture medium engages the wick to encourage
      predetermined microorganisms to grow, and at a certain portion of the
      density gradient the microorganisms will be very clearly evident. The wick
      as well as the culture medium may be in the form of a roll which is
      encapsulated to be enclosed at all except the part of the wick which
      engages the body fluid, or the wick and culture medium may take the form
      of separate layers. The culture medium may have portions of different
      properties for encouraging different microorganisms to grow, so that it
      becomes possible to check simultaneously for the presence of different
      microorganisms.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application is a division of copending application Ser. No.
      405,939, filed Oct. 12, 1973 now U.S. Pat. No. 3,864,213, and entitled
      CULTURING METHOD.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to culturing methods and articles.
PAR  Thus, the present invention more specifically relates to methods and
      articles to be used in order to determine the presence of microorganisms
      in body fluids.
PAR  At the present time in order to determine whether or not certain
      microorganisms are present in a body fluid, it is customary to take a swab
      of the area where the body fluid is located and transfer part of the body
      fluid by way of the swab to a culture medium which is placed in an
      incubator. After a certain time the culture medium is examined to
      determine whether or not the microorganisms are present.
PAR  A number of serious drawbacks reside in this conventional procedure for
      determining the presence of certain microorganisms. Thus, because the swab
      is stroked over only part of the area where the body fluid is located, it
      is easy to neglect to take a sample of that part of the body fluid where
      the microorganisms are located. For example in the case of a throat
      infection or in the case of a vaginal infection, it is possible for the
      swab to be moved over an area where there are no microorganisms even
      though microorganisms are present directly next to the area engaged by the
      swab. Under these conditions it is easy to neglect to determine the
      presence of microorganisms even though the microorganisms actually are in
      the body fluid.
PAR  Furthermore, when the body fluid is transferred by the swab to the culture
      medium and the culture medium is then placed in an incubator, the
      microorganisms are compelled to grow outside of the body under conditions
      quite different from those which prevail in the body. Thus while the
      microorganisms may grow readily under the conditions prevailing in the
      body cavity where the microorganisms are located, the conditions in the
      incubator may be unfavorable for growing the microorganisms, so that in
      this case also it is possible to fail to determine the presence of
      microorganisms.
PAR  In addition, even if the suspected microorganisms are transferred by the
      swab to the culture medium, the manner in which the microorganisms grow
      makes it extremely difficult to determine the presence thereof. Thus a
      number of different microorganisms are necessarily transferred by the swab
      to the culture medium. All of these microorganisms grow. The result is
      that when the culture medium is examined, an exceedingly confusing array
      of growths are visible. All of these growths are crowded together and
      spread out over the culture medium, with the result that it becomes
      extremely difficult to know for certain whether or not the particular
      microorganisms which are of interest are indeed present.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      culturing article which will avoid the above drawbacks.
PAR  In particular, it is an object of the present invention to provide a
      culturing article which will reliably indicate the presence of suspected
      microorganisms if indeed they are present in the body fluid which is
      checked.
PAR  Thus, it is an object of the present invention to provide a culturing
      article which will render suspected microorganisms visible with the
      greatest possible clarity if indeed they are present in the body fluid
      which is tested.
PAR  In addition it is an object of the present invention to provide a culturing
      article which will reliably check a body fluid for determining the
      presence of suspected microorganisms in such a way that if the
      microorganisms are indeed present they will not be missed by failure to
      check a certain part of the body fluid.
PAR  Furthermore, it is an object of the present invention to provide a
      culturing article which makes it possible for the microorganisms, if they
      are present, to grow under conditions identical with those which are
      present in the body, so that there will be no failure to recognize the
      presence of microorganisms resulting from the fact that an attempt is made
      to encourage them to grow under conditions different from that prevailing
      in the body where thier presence is suspected.
PAR  Also, it is an object of the invention to be capable of growing
      microorganisms in the body without the danger of intensifying infection in
      the body by encouraging the growth of microorganisms therein.
PAR  Furthermore, it is an object of the present invention to provide a
      culturing article which is exceedingly simple so that the article is
      inexpensive and convenient to manipulate.
PAR  Furthermore, it is well known that more than one microorganism may be
      present in a body fluid, so that different tests should be made to
      determine the presence of the different microorganisms. A further object
      of the present invention is to provide a culturing article which makes it
      possible for different tests of this type to be carried out simultaneously
      so that at one and the same time it is possible to check for the presence
      of a number of different microorganisms.
PAR  According to the present invention a wick is placed at only one part
      thereof in engagement with body fluid so that the body fluid is sucked
      into the wick. The body fluid will thus progress along the wick from the
      one part thereof which engages the body fluid toward an opposed part of
      the wick which is distant from the one part thereof. A culture medium is
      placed in engagement with the wick to encourage predetermined
      microorganisms to grow if they are present in the body fluid which
      progresses along the wick from the one part to the opposed part thereof
      due to capillary action. The extent to which the body fluid can progress
      along the wick from the one part to the opposed part thereof is limited
      for achieving in this way a density gradient where the body fluid is most
      dense at the one part which engages the body fluid and becomes of
      gradually lesser density toward the opposed part of the wick. Experience
      has shown that with such a density gradient the microorganisms if indeed
      they are present will become visible with the greatest possible clarity at
      a part of the density gradient.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a schematic representation of a vagina with an article according
      to the present invention schematically shown in the vagina in engagement
      with the fluid at the cervix;
PAR  FIG. 1A shows, in section, the article of the invention incorporated into a
      tampon:
PAR  FIG. 2 is a sectional illustration of the wick, culture medium, and barrier
      which form a basic unit of the article of the invention;
PAR  FIG. 3 illustrates one embodiment of an article of the invention according
      to which the wick is encapsulated in a roll;
PAR  FIG. 4 shows an embodiment of the invention where the wick and other
      materials are in the form of substantially parallel layers;
PAR  FIG. 5 schematically represents how the culture medium can be distributed
      in order to make simultaneously tests for the presence of a number of
      different microorganisms; and
PAR  FIG. 6 schematically illustrates an embodiment of the invention according
      to which it is possible to check for the presence of microorganisms
      outside of the body while the wick extends into the interior of the body.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and to FIG. 1 in particular, there is
      schematically illustrated therein an article according to the present
      invention as used in connection with a sample of body fluid at the cervix.
      Thus, FIG. 1 illustrates an article 10 according to the present invention
      situated in a vagina 12. The right end 14, as viewed in FIG. 1, of the
      article 10 is introduced into the vagina 12 so that this right end 14 will
      engage body fluid at the region X, which represents the cervix. FIG. 1
      schematically illustrates in dot-dash lines a rod 16 or the like which may
      be utilized to facilitate insertion of the article 10 of the invention.
PAR  As is illustrated in FIG. 1, this article 10 includes a wick 18 which when
      introduced in the above manner into the vagina 12 will have the end 14 in
      engagement with the body fluid at the cervix region X. Thus, the end
      region 14 of the wick 18 forms one part thereof which will engage the body
      fluid of which a sample is desired. Due to the capillary action of the
      wick, the body fluid will progress into the wick to progress therealong
      from the right toward the left, as viewed in FIG. 1, so that the body
      fluid will progress from the part 14 of the wick toward an opposed part 20
      of the wick formed in the illustrated example by the end of the wick which
      is distant from the end 14.
PAR  According to a further feature of the invention the wick 18 is encapsulated
      within a casing 22 which is impervious to the body liquid, this casing 22
      being made of a suitable plastic, for example. Thus, it will be seen that
      the casing 22 is cylindrical and completely surrounds the wick while also
      enclosing the end 20 of the wick. Thus it is only part of the wick which
      is formed by the end region 14 thereof which is exposed to the body fluid,
      so that in this way the body fluid will progress from the part 14 toward
      the part 20 of the wick.
PAR  The wick 18 is shown in FIG. 1 in a highly simplified manner. The actual
      construction is illustrated in section in FIG. 2 and in an elongated
      perspective view in FIG. 3. Thus, as is apparent from FIG. 2, the wick 18
      is in the form of a suitable sheet material which may be made of any
      suitable cloth, foam or fibers. At one of its surfaces the wick 18 is
      engaged by the culture medium 24, such as agar, forming nourishment for
      microorganisms which are drawn into the wick by capillary action. The
      culture layer 24 is itself engaged by a barrier layer 26 which may be any
      suitable plastic or metal foil. If desired, the culture medium 24 may be
      sprayed directly onto the barrier layer 26 to harden thereon before being
      placed in engagement with the sheet material forming the wick 18. Also,
      the wick 18 can be impregnated with the culture medium 24 and then be
      applied against the barrier layer 26.
PAR  This multi-layer sheet structure which is shown in FIG. 2 is then rolled in
      the manner shown in FIG. 3 and inserted into means 22 which is shown in
      phantom lines in FIG. 3 so as to illustrate more clearly the details of
      the wick assembly. Because of the manner in which the sheet structure of
      FIG. 2 is rolled up, it is converted into a multiplicity of layers where
      the several layers are separated from each other by the barrier 26 with
      each layer having the culture medium 24 in engagement therewith. Of
      course, instead of being rolled it is possible to fold the sheet material
      back and forth upon itself to provide a differently shaped wick assembly,
      or several sheet structures as shown in FIG. 2 may be placed one on top of
      the other, as described below in connection with FIG. 4.
PAR  In order to facilitate withdrawal of the article 10, a suitable string 28
      is fixed in any suitable way to the means 22 which encapsulates the wick
      structure 18. Before this device is withdrawn, however, it is permitted to
      remain in the position where the end 14 engages the body fluid for a given
      period of time. While in the above example the article 10 is shown in the
      vagina to have its end 14 engaging the cervix region, it is of course
      clear that the article of the invention may be used at a number of
      different locations in the body, such as the rectum, the ear, sinus or
      nasal passages, etc., for receiving body fluid in order to test the same
      for the presence of predetermined microorganisms. For this purpose the
      culture medium 24 will have a composition which will encourage the growth
      of the suspected microorganisms, and in fact the culture medium 24 may
      also include suitable compositions for preventing the growth of undesired
      microorganisms which may be present but in which there is no interest. In
      this way it is possible to prevent the disclosure of the suspected
      microorganisms from being confused by other microorganisms.
PAR  Moreover, as shown in FIG. 1A, the article 10 may be incorporated into a
      tampon 11 which is used during menses in a conventional manner. Upon
      removal of the tampon, article 10 can easily be removed and subsequently
      checked for the presence of a disease such as gonorrhea.
PAR  Depending upon where the article of the invention is used in the body, it
      may be left in the body for a period of time ranging from a minimum of
      approximately one-half hour to a maximum of approximately six hours.
PAR  According to one of the features of the invention, it is possible, if
      desired, to select a time period long enough to permit the suspected
      microorganisms to grow so that they will be clearly visible when an
      inspection is made as pointed out below. Thus, by permitting the
      microorgaisms to grow in the article of the invention while the latter
      remains in the body, the best possible conditions for growth of the
      suspected microorganisms are provided. In other words the microorganisms
      grow in the interior of the body under conditions prevailing in the
      interior of the body. It will be noted that means 22 forms a shield
      preventing growing microorganisms from intensifying a body infection, so
      that the article of the invention can be used with complete safety to grow
      microorganisms in the interior of the body under precisely the same
      conditions as those which are present in the body where the microorganisms
      are suspected. Thus any inhibiting of growth of the suspected
      microorganisms resulting from an attempt to carry out the growth in an
      artificially created atmosphere such as that which is present in an
      incubator is avoided according to this feature of the invention.
PAR  With the present invention a density gradient is formed. Thus, the body
      fluid will completely saturate the wick 18 at the exposed part 14 thereof,
      but the density of the body fluid while being a maximum at the part 14
      will gradually reduce from the region 14 toward the region 20, so that as
      a result of this density gradient there will be one part of the density
      gradient where the microorganisms, if they are present, will be capable of
      growing into discrete colonies in sufficient numbers to be visible in the
      clearest possible manner. In other words at the region 14 of the greatest
      density there will be the confusion in identification as is normally
      encountered with present systems where a smear is transferred to a
      suitable culture medium and incubated. At the left end of the body fluid,
      as viewed in FIG. 1, where it has the least density and where in fact it
      practically disappears there will be an extremely small number of
      microorganisms so that there hardly will be any indication of the presence
      thereof if indeed they are present. However, between these two extremes
      there will be one region of the density gradient where the number of
      discrete colonies of suspected microorganisms is sufficiently great to
      render them apparent with the greatest possible clarity because the
      distribution therebetween is ideal and the possibility of confusion
      resulting from crowding together of a number of different microorganisms
      is completely avoided.
PAR  It will be noted particularly from FIG. 3 that the wick 18 is in fact in
      the form of an elongated relatively narrow strip of sheet material. Thus,
      the sheet material 18 may have a length on the order of 6 inches and a
      width of between 1 and 2 inches. Moreover, it is apparent that the end 14
      of the wick is in the form of a relatively long edge of the sheet
      material, so that the body fluid progresses transversely across the narrow
      dimension of the wick toward the part 20 thereof, thus being distributed
      longitudinally of the sheet of wick material to provide in this way also
      an extremely clear indication of the presence of suspected
      micro-organisms. Furthermore, because of the wicking action, the body
      fluid progresses into the wick from all of the region where the part 14 is
      located, thus avoiding the possibility of missing a part of the area to be
      tested, as is commonly the case with conventional procedures according to
      which a suitable swab is simply stroked across the suspected area, with
      the result that very frequently that part of the area where the suspected
      microorganisms are located never forms part of the smear which is
      transferred to the culture medium which is then placed in an incubator.
PAR  As was pointed out above, it is not essential to roll the sheet structure
      shown in FIG. 2 in order to form a substantially cylindrically shaped wick
      assembly. As is illustrated in FIG. 4, it is possible to divide the sheet
      structure into a plurality of sections situated one upon the other as
      illustrated in FIG. 4. Thus, referring to FIG. 4 it will be seen that the
      uppermost layer is part of the sheet material 18 which forms the wick,
      while next to the latter is the layer of culture medium 24, and then this
      culture medium is engaged by the barrier layer 26. These layers form the
      unit of sheet structure shown in FIG. 2, and a plurality of these units
      are located one above the other as shown in FIG. 4 and encapsulated within
      a suitable means 22 which in the case of FIG. 4 has substantially the
      configuration of a cube which is open at one end so that the free edge
      regions of the wick portions 18 forming the ends 14 thereof will be
      exposed to the body fluid which is to be checked.
PAR  As was indicated above instead of having separate sheet sections as shown
      in FIG. 4, a continuous structure as shown rolled in FIG. 3 is instead
      folded back and forth upon itself. There are many different possibilities
      of the manner in which the sheet structure can be folded.
PAR  Furthermore, it is not absolutely essential that the part of the structure
      toward which the body fluid progresses be an edge region or end region
      distant from the part which engages the body fluid. It is perfectly
      possible to provide at an interior area of the wick a sufficient pressure
      to inhibit the progress of the body fluid all the way up to this interior
      area which then would form the part of the wick toward which the body
      fluid progresses. Thus, in this way it is possible to have more than one
      edge of the sheet material in engagement with the body fluid.
PAR  Furthermore, according to a further feature of the invention it is possible
      to check simultaneously for the presence of a number of different
      microorganisms. As is apparent from the above description the sheet
      material which forms the wick may have a fairly elongated configuration,
      so that in this way it becomes possible to situate at different parts of
      the wick different culture mediums having different properties for
      encouraging the growth of different microorganisms. When the wick is
      unrolled or when the sheets of FIG. 4 are examined, after application of a
      suitable staining medium, for example, the different culture mediums wil
      indicate at different parts of the wick whether or not different
      microorganisms have grown, and of course all of these microorganisms will
      be introduced simultaneously into the wick so that checking for the
      presence of different microorganisms is carried on at one and the same
      time. An arrangement of this type is particularly suitable for use in the
      rectum where a number of different disease microorganisms are likely to be
      present.
PAR  Furthermore, it is to be noted that because of the manner in which the
      wicking structure of the invention is constructed the level of oxygen will
      vary from the part 14 of the wick, which directly engages the body fluid,
      toward the part 20 which is most distant therefrom, and this factor also
      will contribute to the control which achieves the desired density
      gradient. Thus, in the case of FIG. 3, when the article is removed, the
      wick is displaced out of the means 22 and unrolled, whereas with the
      embodiment as shown in FIG. 4, the separate units each composed of the
      wick 18, the culture medium 24, and the barrier 26 are separated from each
      other. Of course in this case also the separate layers of culture medium
      24 may have different properties to enable an assembly as shown in FIG. 4
      to check simultaneously for the presence of different microorganisms.
PAR  It is also possible to provide an arrangement as shown in FIG. 5 according
      to which either the wick or the culture medium, with a barrier layer
      therebetween, are prepared in suitable patterns. FIG. 5 schematically
      illustrates a barrier layer 26 having thereon sheet material portions
      forming the illustrated wicks 18a, 18b, and 18c. These layers are
      separately impregnated with different culture mediums. However, it is also
      possible to provide an arrangement where the entire barrier 26 is covered
      by the sheet material which forms the wick and the culture medium is
      provided according to the patterns illustrated in FIG. 5. Also it is
      possible to place between the wick and culture medium an additional
      barrier layer having cutouts conforming to the patterns of FIG. 5. In all
      cases the different culture mediums at the different patterns will have
      different properties to encourage the growth of different microorganisms.
      The left edge 30 of the barrier layer 26 is the location of the feeding
      end of the wicking portions 18a-18c. Thus, all these portions have
      relatively narrow elongated sections extending up to the edge 30, and
      these sections terminate in the areas 14a, 14b, and 14c which form the
      parts which will directly engage the body fluid which is to be checked.
      This structure may be rolled around a horizontal axis as viewed in FIG. 5,
      for example, or several of the structures as shown in FIG. 5 may be
      situated one above the other. In any case the assembly will be
      encapsulated by a means 22 as described above, and the body fluid will
      enter along the narrow sections to reach the larger area sections as shown
      at the right of the narrow sections in FIG. 5. Thus, the wick portion 18a
      has a larger area section 32 where the body fluid can spread out so as to
      provide a clear indication of the presence of suspected microorganisms,
      the distribution being such that the density gradient will be most dense
      at the end 14a and least dense ata the region 32. In the same way,
      different microorganisms may show up at the area 34 where the body fluid
      enters through the portion 18b because the different culture medium, and
      in the same way at the area 36 a third type of suspected microorganism may
      appear. The advantage of the arrangement of FIG. 5 is that even with a
      relatively small sized construction it is possible to distribute the areas
      to be inspected over a relatively large portion of the structure. The
      arrangement as shown in FIG. 5 is designed from experience so that
      microorganisms of the type which will grow at the wicking portion 18a are
      known to appear at the part of the density gradient which is located at
      the area 32, while other microorganisms of the type which will respond to
      the culture medium at the wick portion 18b are known to grow at the
      distance of the area 34 from the feeding edge 30.
PAR  As a further feature of the invention it is possible to provide the sheet
      structure of the type shown in FIG. 2 in such a way that any desired edges
      are sealed while other edges are left open, so as to control the flow of
      body fluid and achieve a desired density gradient in this way also.
PAR  With a particular structure according to the present invention, the spiral
      type of device as shown in FIGS. 1 and 3 has a diameter of 1/4 inch and
      has a length between the ends 14 and 20 of 3/4 of an inch. However,
      considerable variation is possible in the size of the structure.
PAR  Although it has been pointed out above that one of the advantages which can
      be achieved with the invention is that the microorganisms are grown
      directly in the body cavity where their presence is suspected, it is of
      course also possible to remove the article of the invention prior to the
      time when the microorganisms have grown fully in the culture medium. Thus
      it is perfectly possible if desired to remove the article and place it in
      an incubator or the like. There will still be a considerable advantage
      achieved with the invention because the density gradient will provide an
      extremely clear showing of the suspected microorganisms and because the
      manner in which the sample is taken is far superior to the usual taking of
      smears.
PAR  However, it is also possible to provide an arrangement as schematically
      illustrated in FIG. 6. Thus, referring to FIG. 6, the vertical line 40
      schematically represents the outer surface of the body. To the right of
      the vertical line 40 is the interior of the body as indicated by the arrow
      42, while to the left of the line 40 is the outside of the body where the
      surrounding atmosphere is located, as indicated by the arrow 44. As is
      schematically indicated in FIG. 6, it is possible to extend an elongated
      wick structure 46 into the interior of the body so as to have an end
      region 48 in engagement with the body fluid which is to be checked. This
      elongated poriton 46 may have any suitable structure such as a tubular
      wicking structure, or a multi-fiber structure providing a fiber-feed
      system for the body fluid.
PAR  In any event, the elongated portion 46 forms an extension of the wick
      structure 50 which is situated at the exterior of the body as indicated in
      FIG. 6. This wick medium 50 is shown in FIG. 6 surrounded by the culture
      medium layer 52 which in turn is surrounded by the casing 54 which forms
      the means for enclosing the assembly of the wick and culture medium. Thus,
      the body fluid will travel freely along the portion 46 of the wick to
      reach the portion 50 thereof, but at the portion 50 a density gradient
      will be provided for the reasons set forth above and as a result the
      required density gradient will be achieved with the density of the body
      fluid gradually diminishing from the right toward the left of the casing
      54 as viewed in FIG. 6. Thus, after a desired time the structure of FIG.
      6, can be removed and if desired, the material 50 and the culture medium
      52 can be placed in a suitable incubator if the microorganisms have not
      yet grown. However, it is perfectly possible for the microorganisms to
      grow within the casing 54 where the assembly at the exterior of the body
      is held next to the body so as to have a suitable growth atmosphere
      resulting from body heat. Therefore with an arrangement as shown in FIG. 6
      it is possible for a patient to "wear" the device with only the elongated
      wick portion 46 extending into the body while the exterior structure is
      maintained next to the body in any suitable way at the exterior thereof.
      It is clear from the arrangement of FIG. 6 that configurations different
      from those of FIGS. 3 and 4 are possible since the same density gradient
      will be present in the wick portion 50, and after the casing 54 is removed
      the structure in the interior thereof can be checked for the presence of
      suspected microorganisms.
PAR  It is thus clear that with the above method and article of the invention it
      becomes possible to avoid many of the drawbacks resulting from
      conventional procedures and articles. An extremely effective check for the
      presence of suspected microorganisms can be provided with the method and
      article of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an article for testing the presence of predetermined microorganisms,
      a wick having one part adapted to be placed in engagement with a body
      fluid and an opposed part distant from said one part, a culture medium for
      encouraging the growth of predetermined microorganisms, said culture
      medium engaging the wick and extending from the region of said one part
      thereof toward said opposed part thereof, and means enclosing at least
      part of the wick and culture medium for exposing said one part of said
      wick so that said one part can be placed in engagement with a body fluid
      and for limiting the distribution of the body fluid along said wick from
      said one part toward said opposed part thereof in a manner providing a
      degree of saturation of the body fluid in the wick which is gradually
      reduced from said one part toward said opposed part of the wick to provide
      a density gradient of the body fluid extending from said one part toward
      said opposed part of the wick.
NUM  2.
PAR  2. The combination of claim 1 and wherein the wick is in the form of a
      sheet material having an edge region which forms said one part of the
      wick.
NUM  3.
PAR  3. The combination of claim 2 and wherein the sheet material is arranged in
      a plurality of layers each of which is engaged by the culture medium, and
      a barrier situated between the culture medium engaging one layer of sheet
      material and the sheet material of the next layer.
NUM  4.
PAR  4. The combination of claim 3 and wherein the sheet material, culture
      medium, and barrier are rolled so as to form a body of substantially
      cylindrical configuration, said means being in the form of a casing which
      encapsulates the body of cylindrical configuration at all except the edge
      region of the sheet material which forms said one part of the wick.
NUM  5.
PAR  5. The combination of claim 3 and wherein the layers are substantially
      parallel one with respect to the next, and said means encapsulating the
      substantially parallel layers for enclosing the same at all except the
      edge region of the sheet material which forms said one part of the wick.
NUM  6.
PAR  6. The combination of claim 1 and wherein said wick is in the form of a
      sheet material and said culture medium having different portions of
      different properties respectively engaging different portions of the sheet
      material so that when the body fluid becomes situated at the different
      portions of sheet material the different portions of the culture medium
      will encourage the growth of different microorganisms, so that a test can
      be made simultaneously for a number of different microorganisms.
NUM  7.
PAR  7. The combination of claim 6 and wherein said one part of said wick is
      formed by an edge region of the sheet material, said opposed part of the
      wick being formed by an edge region which is opposed to the edge region
      which forms said one part thereof, and the culture medium extending from
      said one part of the wick toward but terminating short of said opposed
      part of the wick with said portions of the culture medium respectively
      having in engagement with the wick separated narrow sections at said one
      part of the wick and separated sections respectively widening out from
      said narrow sections and situated at different distances between said
      parts of the wick.
NUM  8.
PAR  8. The combination of claim 1 and wherein the wick includes an elongated
      portion adapted to be introduced into a body cavity and terminating in
      said one part of the wick while said wick has extending from said
      elongated portion an additional elongated portion adapted to be situated
      at the exterior of the body and terminating in said opposed part of the
      wick, said additional elongated portion being engaged by the culture
      medium, and said means enclosing said culture medium and said additional
      elongated portion of the wick.
NUM  9.
PAR  9. The combination of claim 1 and wherein said wick, culture medium and
      means are incorporated into a tampon.
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ABST
PAL  A method of preventing scale from being deposited in case of producing
      fresh water from sea water by heating the sea water in a vapour pressure
      type evaporator and multiple stage flush evaporator and by condensing
      water vapour evolved to obtain the fresh water comprising adding to the
      sea water small amount of seed crystal selected from the group consisting
      of calcium carbonate and magnesium hydroxide together with a surface
      active agent selected from the group consisting of a nonionic active agent
      and cation surface active agent.
PARN
PAR  This invention relates to a method of preventing scale from being deposited
      on the inside wall of a vessel as a multiple-effect steam boiler, steam
      boiler type evaporator and the like when it is operated to produce fresh
      water from sea water. This application is a Continuation-In-Part
      Application of U.S. application Ser. No. 442,670 filed Feb. 14, 1974, by
      Kunio Hirota, Yoshinori Takata, Yoshijiro Akikawa, Kazuo Tanno and
      Yoshiaki Okajima and now abandoned.
BSUM
PAR  Heretofore, it has been the common practice to use a multiple stage flash
      evaporator, multiple-effect steam boiler, steam boiler type evaporator in
      which sea water is heated to evaporate it and water vapour evolved is
      condensed to obtain fresh water.
PAR  Sea water dissolves therein various kinds of compounds, particularly alkali
      metal salts and alkaline earth metal salts. Among these compounds, calcium
      salt and magnesium salt are deposited as calcium sulfate, calcium
      carbonate and magnesium hydroxide, respectively, as the sea water is
      concentrated. The solubility of these compounds becomes lowered as the
      temperature of the sea water rises. The boiling point of the sea water
      rises as the sea water is concentrated, and as a result, calcium carbonate
      or magnesium hydroxide or calcium sulfate is easily deposited as scale on
      the heat transfer surface with which sea water is in contact.
PAR  In the method of producing fresh water from sea water heretofore proposed,
      it is considered that the higher the degree of concentration of the sea
      water, the better the gain of the fresh water. Recently, it has been
      deemed that the concentration ratio preferably be smaller than 2 at a
      brine temperature of lower than about 120.degree.C by taking the thermal
      efficiency into consideration. The concentration ratio is a ratio of the
      amount of Cl.sup.- in the brine to the amount of Cl.sup.- in the natural
      sea water when the latter is assumed to be 1. Under such condition,
      calcium sulfate is not deposited as scale, while so-called alkaline scale
      containing calcium carbonate and magnesium hydroxide as the principal
      component is deposited. In the above described method of producing fresh
      water from sea water, therefore, it is necessary to prevent the alkaline
      scale from being deposited.
PAR  As the method of preventing the alkaline scale from being deposited, there
      is a method of adding a seed crystal to sea water and another method of
      adding an inhibitor to the sea water. In the method of adding the seed
      crystal to the sea water, either or both of calcium carbonate and
      magnesium hydroxide which are contained in the alkaline scale is or are
      added to the sea water. This addition permits the scale to be grown as a
      crystal on the seed crystal instead of depositing it on the heat transfer
      surface, thereby preventing the scale from being deposited on the heat
      transfer surface.
PAR  The use of the seed crystal only, however, is insufficient to make the
      scale grown on the seed crystal, and as a result, the scale is deposited
      on the inside vessel wall.
PAR  In the method of adding the inhibitor to sea water, phosphoric acid
      compounds and high molecular organic compounds such as polyacrylic acid
      and the like are added to the sea water. These compounds serve to maintain
      the scale components in the sea water in oversaturated state, thereby
      preventing these scale components from being deposited as the scale. This
      method of adding the inhibitor to sea water has the disadvantage that the
      scale component in the brine is accumulated during continuous evaporation
      of the sea water so that it is impossible to prevent the scale from being
      deposited for a long time.
PAR  An object of the invention is to provide a method whereby scale is
      effectively prevented from being deposited on the heat transfer surface of
      an apparatus for producing fresh water from sea water.
PAR  Another object of the invention is to provide a method whereby the amount
      of seed crystal can be reduced if compared with that used in the
      conventional method in which seed crystal only is added to sea water.
PAR  The invention is concerned with a method of preventing alkaline scale from
      being deposited in case of producing fresh water from sea water by heating
      the sea water in a vapour pressure type evaporator and multiple state
      flash evaporator and by condensing water vapour evolved to obtain the
      fresh water, comprising adding to the sea water a small amount of a seed
      crystal selected from the group consisting of calcium carbonate and
      magnesium hydroxide and at least one surface active agent selected from
      the group consisting of nonionic surface active agent and cation surface
      active agent.
PAR  In the present invention, temperature of sea water is controlled to about
      120.degree.C or lower so as to prevent deposition of a hard scale on the
      heat transfer surface. For example, when sea water is heated at
      120.degree.C, the temperature is regulated to 120.degree..+-.3.degree.C.
DRWD
PAR  The sole FIGURE of the accompanying drawing is a graphical representation
      of the relation between the heat transfer tube outlet temperature and the
      rate of deposit of scale obtained by the conventional methods as well as
      by the method according to the invention.
DETD
PAR  In the method according to the invention, use is made of at least one seed
      crystal selected from the group consisting of calcium carbonate and
      magnesium hydroxide contained in sea water as the principal component of
      alkaline scale.
PAR  There are two kinds of surface active agents, one of which is capable of
      improving the dispersion effect for the scale crystal and the other is
      capable of improving the flocculation effect for the scale crystal. The
      surface active agent for use in producing fresh water from sea water and
      having an improved dispersion effect for the scale crystal and hence
      preventing scale from being deposited on the heat transfer surface has
      heretofore been investigated. However, almost no investigation has been
      made how to obtain the crystalline growth of the scale on the seed crystal
      with the aid of the flocculation effect for the scale crystal, because it
      has been considered that the surface active agent exhibiting the
      flocculation effect for the scale crystal if used in the apparatus for
      producing fresh water from sea water would expedite the deposit of scale
      on the heat transfer surface.
PAR  Inventor's experimental tests have hielded the result that the surface
      active agent exhibiting no flucculation effect for the scale crystal but
      making the scale component grown on the seed crystal is effective to
      prevent the scale from being deposited. It is considered that these
      surface active agents have their single molecule adhered to fine grains of
      the scale component, and as a result, can mitigate the electric charge of
      the scale component, whereby the scale component is easily grown on the
      seed crystal.
PAR  The surface active agent having the above described effect is a cation
      surface active agent which is quaternary ammonium salt and a nonionic
      surface active agent such as polyoxyethylene alkylamine that contains in
      its molecule a nitrogen atom having a weak positive electric charge.
PAR  The cation surface active agent is alkyldimethylbenzyl ammonium chloride,
      alkenyldimethylbenzyl ammonium chloride, acyldimethylbenzyl ammonium
      chloride, the carbon number of the alkyl group, alkenyl group and acyl
      group being 10 to 20. The molecular weight of these compounds is 200 to
      600.
PAR  Examples of the alkyldimethylbenzyl ammonium chloride type cation surface
      active agents are decyldimethylbenzyl ammonium chloride,
      undecyldimethylbenzyl ammonium chloride, dodecyldimethylbenzyl ammonium
      chloride, tridecyldimethylbenzyl ammonium chloride,
      tetradecyldimethylbenzyl ammonium chloride, pentadecyldimethylbenzyl
      ammonium chloride, cetyldimethylbenzyl ammonium chloride,
      stearyldimethylbenzyl ammonium chloride, heptadecyldimethylbenzyl ammonium
      chloride, nonadecyldimethylbenzyl ammonium chloride, and
      eicosyldimethylbenzyl ammonium chloride. Examples of acyldimethylbenzyl
      ammonium chloride type cation surface active agents are
      decanoyldimethylbenzyl ammonium chloride, undecanoyldimethylbenzyl
      ammonium chloride, dodecanoyldimethylbenzyl ammonium chloride,
      tridecanoyldimethylbenzyl ammonium chloride, tetradecanoyldimethylbenzyl
      ammonium chloride, pentadecanoyldimethylbenzyl ammonium chloride,
      hexadecanoyldimethylbenzyl ammonium chloride, heptadecanoyldimethylbenzyl
      ammonium chloride, octadecanoyldimethylbenzyl ammonium chloride,
      nonadecanoyldimethylbenzyl ammonium chloride, and eicosanoyldimethylbenzyl
      ammonium chloride. As an alkenyldimethylbenzyl ammonium chloride,
      oleyldimethylbenzyl ammonium chloride can be used.
PAR  As the nonionic surface active agent, use may be made of
      polyoxyethylenealkylamine, polyoxyethylenealkenylamine, and
      polyoxyethyleneacylamine. It is preferable that these compounds have a
      molecular weight on the order of 500 to 1,000. The carbon number of the
      alkyl group, alkenyl group and acyl group is 10 to 20.
PAR  Examples of the polyoxyethylenealkyl amine type nonionic surface active
      agents are polyoxyethylenedecylamine, polyoxyethyleneundecylamine,
      polyoxyethylenedodecylamine, polyoxyethylenetridecylamine,
      polyoxyethylenetetradecylamine, polyoxyethylenepentadecylamine,
      polyoxyethyleneheptadecylamine, polyoxtethylenecetylamine,
      polyoxyethylenestearylamine, polyoxyethylenenonadecylamine, and
      polyoxyethyleneeicosylamine. Examples of polyoxyethylenealkenylamine is
      polyoxyethyleneoleylamine. Examples of polyoxyethyleneacylamine are
      polyoxyethylenedecanoylamine, polyoxyethyleneundecanoylamine,
      polyoxyethylenedodecanoylamine, polyoxyethylenetridecanoylamine,
      polyoxyethylenetetradecanoylamine, polyoxyethylenepentadecanoylamine,
      polyoxyethylenehexadecanoylamine, polyoxyethyleneheptadecanoylamine,
      polyoxyethyleneoctadecanoylamine, polyoxyethylenenonadecanoylamine,
      polyoxyethyleneeicosanoylamine, and the like.
PAR  Surface active agents other than the above described surface active agents
      and having flocculation effect for the scale crystal cause flocculation of
      the seed crystal and accompanying decrease of the number of seed crystal,
      thereby lowering the effect of preventing the scale from being deposited.
      In addition, it is not preferable to use electrolyte surface active agents
      such, for example, as sodium polyacrylate, sodium alginate and the like
      since these surface active agents cause flocculation when the scale
      component in the sea water becomes oversaturated and accompanying
      flocculation of the seed crystal. The use of anion surface active agents
      is also not preferable since they are liable to deposite the scale on the
      inside vessel wall.
PAR  The sole use of the surface active agent is less effective in preventing
      the scale from being deposited by one several tenths than the use of a
      mixed seed crystal consisting of calcium carbonate and magnesium
      hydroxide.
PAR  Thus, it is necessary to use the surface active agent together with the
      seed crystal.
PAR  In case of using the surface active agent together with the seed crystal,
      it is effective to add at least 1 ppm (parts by weight) of the surface
      active agent to sea water. Any amount more than 1 ppm of the surface
      active agent may be used without hindrance, but it is preferable to use at
      most 100 ppm of the surface active agent from an economical standpoint.
      The use of the surface active agent on the order of 2 to 10 ppm is
      particularly effective in preventing the scale from being deposited. The
      use of the surface active agent is capable of reducing the relative amount
      of the seed crystal to be added to sea water by the conventional methods.
      The amount of the seed crystal to be added to sea water is 0.1 to 10% by
      weight and preferably 1 to 2% by weight. This amount is sufficiently
      effective in preventing the scale from being deposited and is also
      practical from an economical standpoint.
PAR  The above described method can be applied to the production of fresh water
      from sea water with significantly superior effect of preventing scale from
      being deposited if compared with the sole use of the seed crystal.
      Experimental tests have yielded the result that the rate of deposit of
      scale is less than 0.1 g/m.sup.2 /h with a concentration ratio of sea
      water of about 2 at a sea water temperature of 95.degree. to 98.degree.C.
PAR  The alkaline scale mainly consists of magnesium hydroxide and calcium
      carbonate. As a result, it is preferable to add these compounds as the
      seed crystal to sea water in the form of a mixture of these compounds
      rather than separately adding these compounds. It is preferable to make
      the amount of magnesium hydroxide in the seed crystal 50 to 25% by weight
      in view of the scale growing speed and the method of recovering scale.
PAR  The invention will now be described in greater detail with reference to
      practical examples.
PAC  EXAMPLE 1
PAR  1% by weight of seed crystal composed of calcium carbonate having a grain
      size of 325 to 50 mesh and magnesium hydroxide having a grain size of
      10.mu. to several tens .mu. and with a mixed weight ratio of 1:1 together
      with cation surface active agent consisting of cetyldimethylbenzyl
      ammonium chloride were added to sea water. The rate of deposit of scale in
      the sea water was measured by the batch method every time the amount of
      the cation surface active agent to sea water was changed. The minimum
      amount of the cation surface active agent was made 1 ppm. In addition, 1%
      by weight of the above described seed crystal together with 1 ppm of
      nonionic surface active agent consisting of polyoxyethylene-stearylamine
      were added to sea water and the rate of deposit of scale was measured.
PAR  The rate of deposit of scale was measured based on the rate of deposit of
      scale 100 when the seed crystal only was added to sea water.
PAR  The results thus measured are shown in the following Table.
TBL                Table                                                       

     ______________________________________                                    

                                   Amount  Rate of                             

     Test                 Amount   of scale                                    

                                           deposit                             

     No.    Additive      added    deposited                                   

                                           of scale                            

     ______________________________________                                    

     1)   Seed Crystal                                                         

          (CaCO.sub.3 +Mg(OH).sub.2 =1:1)                                      

                           1%      180     100                                 

          Seed Crystal                                                         

          (CaCO.sub.3 +Mg(OH).sub.2 =1:1)                                      

                           1%                                                  

     2)                            2       1.1                                 

          Cetyldimethylbenzyl                                                  

          ammonium chloride                                                    

                          50 ppm                                               

          Seed Crystal                                                         

          (CaCO.sub.3 +Mg(OH).sub.2 =1:1                                       

                           1%                                                  

     3)                            5       2.8                                 

          Cetyldimethylbenzyl                                                  

          ammonium chloride                                                    

                          25 ppm                                               

          Seed Crystal                                                         

          (CaCO.sub.3 +Mg(OH).sub.2 =1:1)                                      

                           1%                                                  

     4)                            5.6     3.1                                 

          Cetyldimethylbenzyl                                                  

          ammonium chloride                                                    

                           5 ppm                                               

          Seed Crystal                                                         

          (CaCO.sub.3 +Mg(OH).sub.2 =1:1)                                      

                           1%                                                  

     5)                            11.2    6.2                                 

          Cetyldimethylbenzyl                                                  

          ammonium chloride                                                    

                           1 ppm                                               

     6)   Seed Crystal                                                         

          (CaCO.sub.3 +Mg(OH).sub.2 =1:1)                                      

                           1%      128     100                                 

          Seed Crystal                                                         

          (CaCO.sub.3 +Mg(OH).sub.2 =1:1)                                      

                           1%                                                  

     7)                            3       2.3                                 

          Polyoxyethylene-                                                     

          stearylamine     1 ppm                                               

     ______________________________________                                    

PAR  As seen from the above Table, in the test Nos. 1 and 6 are shown the
      results obtained by the conventional methods in which the seed crystal
      only is added to sea water, respectively. In the test Nos. 2 to 5 and 7
      are shown the results obtained by the method according to the invention in
      which in the test Nos. 2 to 5 the seed crystal and 50 ppm, 25 ppm, 5 ppm
      and 1 ppm of cetyldimethylbenzyl ammonium chloride are added to sea water,
      respectively. While in the test No. 7 the seed crystal and 1 ppm of
      polyoxyethylenestearylamine are added to sea water.
PAR  In the above tests, the seed crystal was obtained from the apparatus for
      carrying out the method according to the invention.
PAR  The results in the test Nos. 1 to 5 shown in the above table were measured
      from test pieces impregnated with sea water having a concentration ratio
      of 2 for 4 hours at a sea water temperature of 95.degree. to 98.degree.C,
      respectively, while the results in the test Nos. 6 and 7 shown in the
      above table were measured from the same test piece impregnated with sea
      water having a concentration ratio of 2 for 3 hours at a sea water
      temperature of 95.degree. to 98.degree.C.
PAR  In the tests shown in the above table, use was made of the cation surface
      active agent consisting of the quaternary ammonium salt whose alkyl group
      has a carbon number of 16 and the nonionic surface active agent whose
      alkyl group has a carbon number of 18 representing the cation and nonionic
      surface active agents adapted to be used in the method according to the
      invention, respectively.
PAR  The carbon number of the alkyl group, alkenyl group and acyl group may be
      increased or decreased irrespective of the function and effect of the
      method according to the invention. The inventors have found out that
      substantially the same results as those shown in the above table are
      obtained even when use is made of cation and nonionic surface active
      agents other than those shown in the above table.
PAR  As seen from the results shown in the above table, the use of the surface
      active agents selected according to the invention together with the seed
      crystal for the alkaline scale makes it possible to decrease the amount of
      alkaline scale deposited by a factor of at least 1/10 smaller than that
      when use is made of the speed crystal only. The use of 50 ppm of the
      surface active agent can decrease the amount of scale deposited by a
      factor of 1/90 smaller than when the use is made of the seed crystal only.
      Even when use is made of 1 ppm of the surface active agent, the amount of
      scale deposited becomes decreased by a factor of 1/16. Thus, the method
      according to the invention is capable of preventing the scale from being
      deposited on the inside vessel wall in which sea water is heated at a
      temperature of 95.degree. to 98.degree.C and with a concentration ratio of
      2. In the method according to the invention, the amount of the surface
      active agent required for obtaining the above described result is of at
      least 1 ppm.
PAC  EXAMPLE 2
PAR  In the drawing are shown the results obtained by the method according to
      the invention compared with those obtained by the conventional methods
      with or without adding seed crystal and surface active agent separately
      with the aid of a multiple state flash evaporator.
PAR  A curve 1 shows the results obtained by the conventional method in which no
      additive is added to sea water and use is made of evaporation only. A
      curve 2 shows the results obtained by the conventional method in which 2%
      by weight of a mixture composed of calcium carbonate and magnesium
      hydroxide with the same weight ratio is added to sea water. A curve 3
      shows the results obtained by the conventional method in which 5 ppm of a
      nonionic surface active agent consisting of polyoxyethylenestearylamine is
      added to sea water. A curve 4 shows the results obtained by the method
      according to the invention in which 2% by weight of the mixture composed
      of calcium carbonate and magnesium hydroxide with the same weight ratio
      together with 5 ppm of the nonionic surface active agent consisting of
      polyoxyethylene stearylamine are added to sea water.
PAR  The curves 1, 2 and 4 show the rate of deposit of scale on the inner
      surfaces of heat transfer tubes with a concentration ratio of brine
      2.+-.0.05 at a temperature range from the highest temperature 120.degree.
      to 50.degree.C, while the curve 3 shows the rate of deposit of scale with
      the same concentration rate of brine 2 at a temperature range from the
      highest temperature 90.degree. to 50.degree.C.
PAR  As seen from the results shown in the drawing, the method according to the
      invention can exhibit a synergetic effect of the seed crystal and the
      surface active agent at temperatures in the range from a low temperature
      to a high temperature if compared with the conventional methods in which
      the seed crystal and the surface active agent are separately added to sea
      water.
PAR  In the evaporator, sea water is evaporated at a heat transfer tube outlet
      temperature of 110.degree. to 90.degree.C. As seen from the drawing, the
      invention provides the important advantage that the scale is prevented
      from being deposited on the inside vessel wall at the above described
      temperature range.
PAR  On the contrary, the conventional methods have the disadvantage that
      considerably large amount of scale is deposited on the inside vessel wall
      at the temperature range of 110.degree. to 90.degree.C as shown in the
      curves 1 to 3.
PAR  In the apparatus for producing fresh water from sea water, if the rate of
      deposition of scale becomes smaller than 80 mg/m.sup.2 /h, the heat
      transfer rate is not lowered even after a long operation.
PAR  As seen from the drawing, the invention is capable of reducing the rate of
      deposit of scale at most 8.0 mg/m.sup.2 /h at 60.degree.C, which is
      sufficient in practice, and hence is capable of maintaining the heat
      transfer rate at a value which is sufficient to operate the apparatus
      without hindrance.
PAR  If the seed crystal with its composition ratio changed but without changing
      its total amount is added to sea water, the more CaCO.sub.3 in the seed
      crystal the lesser the effect of magnesium hydroxide, and as a result,
      much amount of magnesium hydroxide is produced at the high temperature
      region. In addition, if much amount of calcium carbonate is contained in
      the seed crystal, the calcium carbonate becomes less effective, thereby
      depositing much amount of calcium carbonate at a temperature lower than
      120.degree.C.
PAR  The inventors have found out that the weight ratio of calcium carbonate to
      magnesium hydroxide should preferably be 1:1 to 0.25 because in such range
      of the weight ratio much amount of both calcium carbonate scale and
      magnesium hydroxide scale are not deposited.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preventing scale from being deposited in case of producing
      fresh water from sea water by heating the sea water at a temperature not
      higher than 120.degree.C to obtain a concentration ratio of not larger
      than 2 and by condensing water vapour evolved to obtain the fresh water,
      comprising adding to the sea water 0.1 to 10% by weight of at least one
      seed crystal selected from the group consisting of magnesium hydroxide and
      calcium carbonate and 1 to 100 ppm of at least one surface active agent
      selected from the group consisting of alkyldimethylbenzyl ammonium
      chloride, alkenyldimethylbenzyl ammonium chloride, acyldimethylbenzyl
      ammonium chloride, polyoxyethylenealkylamine, polyoxyethylenealkenylamine,
      and polyoxyethylenacylamine, the carbon number of the alkyl group, alkenyl
      group and acyl group being 10 to 20.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein said surface active agent is one
      selected from the group consisting of cetyldimethylbenzyl ammonium
      chloride and polyoxyethylenestearylamine.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein said surface active agent is used
      on the order of 2 to 10 ppm.
NUM  4.
PAR  4. A method as claimed in claim 1 wherein 1 to 2% by weight of said seed
      crystal is added to the sea water.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the amount of magnesium hydroxide
      in said seed crystal is 50 to 25% by weight.
NUM  6.
PAR  6. A method as claimed in claim 1 wherein said calcium carbonate and
      magnesium hydroxide are a mixture containing these compounds with a weight
      ratio of 100:100 to 25.
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ABST
PAL  Spent reactor fuel elements are dissolved in dilute nitric acid. After
      addition of acetic acid as a complexing agent, the nitric acid is partly
      decomposed and the mixture subjected to electrolysis while a carrier
      liquid, which may be dilute acetic acid or a dilute mixture of acetic acid
      and nitric acid is caused to flow in the electric field between the
      electrodes either against the direction of ion migration or transversely
      thereto. The ions of uranium, plutonium and other transuranium elements,
      and of fission products accumulate in discrete portions of the electrolyte
      and are separately withdrawn as at least three fractions after one or more
      stages of electrolysis.
BSUM
PAR  This invention relates to a process for separately recovering uranium, the
      transuranium elements, and fission products from spent atomic reactor
      fuel.
PAR  Numerous methods of fractionating spent reactor fuel have been proposed,
      and some are in current practical use. It is known, for example, to
      separate plutonium from uranium and the fission products other than
      zirconium and the lanthanides by precipitation from a strongly acidic
      aqueous solution with BiPO.sub.4, and further to purify the
      plutonium-bearing fraction. The method however, does not separate uranium
      from fission products and can be performed batchwise only. Batch processes
      are difficult to carry out by remote control, a necessary condition when
      handling strongly radioactive material.
PAR  It is also known to extract the solution of the spent fuel elements with
      organic solvents such as tri-n-butyl phosphate, methylisobutyl ketone,
      dibutoxydiethyl ether, and tertiary amines. The extraction methods permit
      plutonium to be isolated and uranium to be recovered, but the other
      transuranium elements and the fission products cannot be separated. The
      separation of plutonium from uranium involves a difficult redox treatment
      of the plutonium which requires the process to be burdened with large
      amounts of reagents. The extracting agents are partly decomposed by
      radiation with unfavorable effects on the separation achieved. Loss of
      some uranium and plutonium must be accepted if the recovered elements are
      not to be contaminated with fission products.
PAR  Yet another known method relies on the use of ion exchange materials. These
      methods, however, are selective and do not permit the entire spent fuel to
      be fractionated. The ion exchange materials largely consist of organic
      compounds which are subject to chemical and radiolytic attack by the
      process liquid.
PAR  The primary object of the invention is the provision of a process which is
      free from the shortcomings of the aforedescribed known methods.
PAR  More specifically, it is an object of this invention to provide a universal
      method of fractionating the material of spent atomic reactor fuel which
      permits the separate recovery of uranium, of the transuranium elements,
      particularly plutonium, and of the major fission products without
      impairment by radiolysis and without burdening the process material with
      more than minimal amounts of reagents.
PAR  An additional object is the provision of a process which can be performed
      in continuous operation and is capable of convenient remote control.
PAR  With these and other objects in view, the invention provides a process in
      which the materials to be separated are subjected once or repeatedly to
      electrolysis between two spaced electrodes as solutes in aqueous mineral
      acid, preferably nitric acid, in the presence of a complexing agent which
      is preferably a carboxylic acid and water soluble, a carrier liquid being
      caused to flow through the electrolyte either in the direction of the
      electric field between the electrodes, or transversely to the field. The
      resulting accumulation of uranium, the transuranium elements, and the
      fission products in discrete portions of the electrolyte permits each of
      the three major fractions or even subfractions to be withdrawn from the
      electrolyte practically free from the other fractions or subfractions.
PAR  The procedure briefly described in the preceding paragraph will be referred
      to hereinbelow as "counter-current electrolysis" when the carrier liquid
      is caused to flow in a direction opposite to the direction of migration of
      one type of ions in the electric field, and "cross-current electrolysis",
      if the carrier liquid flows transversely to the direction in which ions
      would normally migrate in response to the potential difference between the
      electrodes in the absence of the superimposed flow of carrier liquid.
PAR  Counter-current electrolysis, as such, has been known heretofore (Bericht
      des Hahn-Meitner-Institut Berlin: HMI-B 44 [1965];
      Chemie-Ingenieur-Technik 42 [1970] 1090-1094; Separation Science 6 [4] 483
      [1971]). The method is based on the different migration rates of the
      several species of cations to be separated, a carrier solvent being caused
      to flow counter-current to the migrating ions at a rate to compensate for
      the mean migration velocity of the several species of ions so that the
      common center of gravity of the ions remains stationary, individual
      species of ions, however, migrate upstream or downstream and are thereby
      separated. In cross-current electrolysis, the carrier liquid is caused to
      flow transversely to the direction of the electric field with analogous
      results.
PAR  The migration rates of the several components to be separated are modified
      in the process of the invention in a manner greatly to improve the
      separation of the individual ions or of specific groups of ions by
      incorporating in the electrolyte a complexing agent, preferably a
      carboxylic acid, which forms complexes to a different degree with the
      several components to be separated.
PAR  Under suitable conditions, plutonium is complexed selectively so as to be
      converted to a neutral species whereas uranium, the transplutonium
      elements, and the fission products retain an electric charge. The
      plutonium, therefore, travels with the carrier solvent in the direction of
      movement of the latter, and independently of the electric field. It may
      thus be isolated by "electrolytic extraction" of the accompanying
      elements. During counter-current electrolysis in which the carrier flows
      toward the anode, the recovered plutonium values may still be accompanied
      by anions of some fission products (TcO.sub.4.sup.-.sup.- and
      polymolybdates), but may be purified of these contaminants in a simple
      manner by precipitation or by passage over an anion exchange column.
      During cross-current electrolysis, the plutonium may be withdrawn with a
      portion of the carrier and the electrolyte free from other components,
      while the cationic components are deflected toward the cathode, and are
      thereby divided into a uranium fraction and one or more sub-fractions
      containing other cationic species. The anionic components are deflected
      toward the anode, and may be recovered separate from all other species
      present.
PAR  The components of each fraction or sub-fraction may be further separated by
      electrolytic extraction in electrolytes differing from the original
      electrolyte and from each other in the kind of complex-forming ligands and
      their pH-depending concentration, each additional electrolysis being used
      for isolating groups of components and/or individual components.
PAR  The preferred complexing agents of the invention are carboxylic acids
      having 2 to 10 carbon atoms and at least one free carboxyl group. Acetic
      acid is the preferred complexing agent in the electrolyte and in the
      aqueous carrier solvent, but may be replaced by other water-soluble
      alkanoic acids having one or more carboxyl groups. Carboxylic acids have
      been found to be effective in concentrations from 0.5-normal to 4-normal,
      best results usually being obtained when the liquid electrolysis medium is
      1.5 to 2.5-normal with respect to acetic acid. If the carrier additionally
      contains nitric acid, it should be 0.02 to 2-normal, and preferably 0.05
      to 0.2-normal with respect to nitric acid. The initial electrolyte usually
      contains nitric acid because the spent fuel elements are normally
      dissolved in concentrated nitric acid. If not initially present in the
      electrolyte, nitric acid may be added to the latter in the amounts
      necessary to achieve the concentration range indicated above.
PAR  The initial electrolyte is preferably prepared from spent fuel elements by
      dissolving the latter in strong or concentrated nitric acid, adding the
      desired amount of carboxylic acid, and subsequently reducing the nitric
      acid concentration by the addition of a reducing agent which forms gaseous
      oxidation products only, such as formic acid or formaldehyde. They reduce
      nitric acid to nitrogen oxides only, and the latter are gaseous and
      readily converted again to nitric acid in a known manner.
PAR  The reducing treatment causes precipitation of palladium, selenium, and
      most silver in the elementary condition, while niobium, tellurium, and a
      portion of the molybdenum are precipitated as oxides (Nb.sub.2 O.sub.5,
      TeO.sub.2, MoO.sub.3). Some silver may be precipitated as the bromide, and
      the residual molybdenum is present in the solution at the prevailing pH in
      the form of polymolybdate ions which migrate toward the anode during
      electrolysis. Molybdate ions do not precipitate zirconium ions at the
      prevailing pH, whereby the formation of gel-like precipitates is avoided,
      such precipitates being difficult to separate from the mother liquor and
      strongly adsorbing other ions.
PAR  The liquid separated from the precipitate contains Pu as an electrically
      neutral complex, U, and may further contain Np, Am, Cm, Rb, Cs, Sr, Ba,
      Zr, Ru, Rh, Cd, In, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, and Tb as cationic
      ions which may be simple ions or partly complexed ions. The liquid further
      contains nitrate ions and small amounts of polymolybdate and
      TcO.sub.4.sup.-.sup.- ions. These ions or ion complexes other than acetate
      and nitrate ions are separated by counter-current or cross-current
      electrolysis.
DRWD
PAR  The invention will be described in more detail with reference to the
      attached drawing in which:
PAR  FIG. 1 shows electrolysis apparatus employed for performing the process of
      the invention in a perspective view, portions of a tank being shown broken
      away to reveal internal structure;
PAR  FIG. 2 is a flow sheet illustrating continuous fractionation of spent
      reactor fuel by multiple, sequential electrolytic extraction employing
      several units of apparatus as shown in FIG. 1 for counter-current
      electrolysis;
PAR  FIG. 3 is a flow sheet illustrating continuous fractionation of spent
      reactor fuel by cross-current electrolytic extraction according to the
      invention employing an electrolytic cell illustrated in top plan view;
PAR  FIG. 4 illustrates the stationary distribution of the fission products, of
      neptunium, and of the transplutonium elements in the last stage of the
      separation process in apparatus similar to that of FIG. 1;
PAR  FIG. 5 illustrates the corresponding condition of similar apparatus
      employed for further separating the components of a sub-fraction including
      neptunium, americium, and curium which accumulates in a few compartments
      adjacent the anode compartment in the apparatus of FIG. 4;
PAR  FIG. 6 diagrammatically illustrates the process of the invention as
      employed for continuously separating more than two ion components in a
      single stage by combined counter-current and cross-current electrolysis;
      and
PAR  FIG. 7 shows the continuous, multiple-stage separation of a mixture having
      more than two ion components employing the counter-current electrolysis
      technique.
DETD
PAR  Referring initially to FIG. 1, there is shown a horizontally elongated,
      upwardly open trough of inert material which is provided with a
      multiplicity of longitudinally spaced, transverse partitions of nylon
      gauze which will be described in more detail with reference to FIG. 3.
      They impede, but do not prevent, the flow of liquid and permit migration
      of ions in an electric field established between a cathode 6 and an anode
      7 in respective longitudinally terminal portions of the trough 10. A
      semi-permeable diaphragm 12, approximately three times as far from the
      anode 7 as from the cathode 6, extends across the trough 10, permits the
      migration of ions in the electric field, but blocks the flow of liquid.
PAR  In operating the apparatus of FIG. 1, an aqueous carrier liquid, such as
      dilute acetic acid or a mixture of dilute acetic acid with a little nitric
      acid, as described above, is fed to the ends of the two compartments
      separated by the diaphragm 12, which are nearest the cathode 6, through
      supply lines 1, 3 at a rate that may be controlled precisely by valves,
      not shown. The liquid to be fractionated is supplied near the center of
      the trough 10 through a valved line 4. Liquid is withdrawn at a controlled
      rate from the ends of the two compartments nearest the anode 7 through
      discharge lines 2, 5 equipped with overflow spouts. Non-illustrated
      cooling elements are distributed throughout the trough 10 to maintain a
      desired, uniform temperatue and to remove the heat generated by the
      passage of current through the electrolyte. The flow rate from the supply
      line 1 is controlled in such a manner that the cathode compartment does
      not turn alkaline, and that cations of metals migrating through the trough
      cannot reach the cathode 1.
PAR  The flow rates through the lines 1, 3, 4 are adjusted until a stable state
      is reached in which the solutions discharged from the lines 2, 5 contain
      only elements of respective fractions of the solution supplied at 4, each
      fraction being free of elements of the other fraction, except as will be
      described hereinbelow.
PAR  The use of the apparatus shown in FIG. 1 in the process of the invention is
      illustrated in FIG. 2.
PAR  The spent fuel elements are dissolved in strong or concentrated nitric
      acid, and the solution is mixed with an amount of acetic acid sufficient
      to make the mixture about 2-normal or 2-molar with respect to acetic acid.
      The mixture is further treated with formaldehyde or formic acid to reduce
      enough nitric acid to nitrogen oxides that the residual nitric acid makes
      the mixture about 0.05-normal or 0.05-molar with respect to nitric acid.
      The nitrogen oxides and the gaseous oxidation products of the formaldehyde
      or formic acid are drawn off, and the nitrogen oxide is again converted to
      nitric acid to be used for dissolving additional fuel elements. As
      described above, the reducing agent causes precipitation of Pd, Ag, Te,
      Nb, Se, and some Mo, and the precipitate is separated from the mother
      liquor in a continuously operating centrifuge, and may be further
      processed in a manner not relevant to this invention.
PAR  The supernatant is fed to a trough 10 of the type shown in FIG. 1, while
      the trough also receives an aqueous carrier liquid of 0.05 M HNO.sub.3 and
      2 M CH.sub.3 COOH per liter in each of its two compartments. The solution
      of fuel constituents fed to the trough 10 contains U, Pu, Np, Am, Cm, and
      various fission products, jointly referred to in the drawing by the symbol
      Fp. As indicated by diagonal shading in the trough 10, this mixture is
      separated by the liquid flowing through the trough 10 and by the applied
      electric field.
PAR  The electrically neutral plutonium complex is carried toward the anode by
      the carrier liquid supplied to the larger trough compartment and
      discharged together with electrolyte and/or carrier liquid through the
      discharge line 5. The plutonium, at this stage, is contaminated with
      TcO.sub.4.sup.-.sup.- and polymolybdate anions. As shown in the drawing,
      the stream bearing Pu, Tc, and a portion of the Mo originally present in
      the spent fuel may be split, one branch being fed to a precipitation plant
      in which the plutonium may be precipitated as Pu(OH).sub.4 or as oxalate,
      the other branch being passed over an anion exchange column for removal of
      TcO.sub.4.sup.-.sup.- and polymolybdates so that a pure aqueous solution,
      containing plutonium as the only metal ion present, is obtained. In normal
      practice, only one of the two methods of separating plutonium from
      accompanying anions will be chosen.
PAR  The liquid withdrawn from the cathode compartment of the trough 10 through
      the line 2 contains uranium, the fission products Fp together with Np, Am,
      and Cm. It is fed to another apparatus not significantly different from
      that shown in FIG. 1 near the longitudinal center of its trough 10', and
      subjected to electrolytic counter-current extraction with a carrier liquid
      identical with that employed in trough 10.
PAR  The operating conditions in the trough 10' are adjusted in such a manner
      that the local field strength E, the mobility u.sub.U of the uranium ions,
      the average flow rate v of the liquid carrier, and the mobility u' of all
      other cations present satisfy the relationship
EQU  Eu.sub.U &lt; v &lt; Eu'
PAR  This condition is readily fulfilled because the mobility of the uranium
      ions in the system now being described is only approximately one half of
      that of the second slowest ions present, those of NpO.sub.2.sup.+. The
      liquid discharged from the anode compartment of the trough 10' at a
      sufficiently high flow rate of the aqueous carrier liquid contains only
      uranium ions. The fission products Fp, together with Np, Am, and Cm are
      discharged from the cathode compartment of the trough 10' through the line
      2', and this subfraction may be further resolved by repeating the
      electrolytic extraction batchwise in a trough 30 differing from that shown
      in FIG. 1 by the absence of the diaphragm 12, as will be described
      hereinbelow with reference to FIG. 4 or in devices of the type that will
      presently be described with reference to FIGS. 6 and 7.
PAR  The apparatus for cross-current electrolytic extraction shown in FIG. 3 is
      a rectangular, open trough 13 provided with a rectangular grid of
      partitions 14 of nylon gauze. Electrode compartments extending along the
      two narrow walls of the trough 13 are free from partitions and contain a
      cathode 15 and an anode 16 respectively. The remainder of the trough is
      divided by the partitions 14 into quadratic cells arranged in rows
      parallel to the short trough walls and columns parallel to the long trough
      wall.
PAR  The diaphragms preferred in the apparatus of FIG. 3 have polypropylene
      frames to which the nylon gauze is heat-sealed. Each frame bounds one side
      of a cell, and interlocking projections and recesses in the frames permit
      the same to be connected in the form of the illustrated grid. The
      apertures in the nylon gauze of diaphragms oriented transverse to the
      direction of current flow are approximately 10 microns, those in the gauze
      arranged parallel to the direction of current flow are approximately 50
      microns in diameter. The temperature of the electrolyte is kept constant
      throughout the trough 13 to avoid thermal diffusion currents in the
      liquid. While the temperature of the electrolyte is not critical, it is
      preferably above ambient temperature for the sake of convenience,
      particularly to reduce the load on the cooling equipment, but evaporation
      losses are preferably minimized. From these considerations, an electrolyte
      temperature of 50.degree.C is currently preferred, but any other
      temperature between about 30.degree. and 70.degree.C may provide the same
      advantages. As is not explicitly shown, but will readily be appreciated,
      each row of cells is equipped with a heat exchanger of electrically
      non-conductive glass, known as a "cold finger". "Cold fingers" of much
      smaller length are commonly employed as reflux condensers set into the
      necks of flasks, and also constitute the cold cores of Hopkins condensers.
      Water is circulated through the "cold fingers" and a refrigerated,
      thermostatically controlled tank. The heat exchangers are supported by the
      frames of the diaphragms through which they pass.
PAR  A single inlet 17 leads to the fourth row of cells from the anode 16 at one
      longitudinal trough wall, and an outlet 18 is connected to the other end
      of the same row of cells. Each row of cells and the two electrode
      compartments communicate with a manifold 19 through the afore-mentioned
      one longitudinal trough wall. Individual outlets, valved in a
      non-illustrated manner, lead outward from the ends of the rows of cells
      remote from the manifold 19, and the outlets of the eleven central rows
      lead into a common manifold 20. The third row of cells from the cathode 15
      has an outlet 21 whose purpose will be explained hereunder.
PAR  The solution to be resolved by electrolytic extraction in the apparatus
      shown in FIG. 3 is prepared as explained with reference to FIG. 2. The
      fuel elements are dissolved in nitric acid, the solution is mixed with
      acetic acid, a portion of the nitric acid is destroyed by a reducing agent
      which also precipitates some of the fission products, and the supernatant
      from centrifugal removal of the precipitate is introduced into the
      apparatus of FIG. 3 through the inlet 17.
PAR  In the absence of an electric field, the solution, initially carrying U,
      Pu, transplutonium elements, and fission products, tends to travel in the
      fourth row of cells across the width of the trough 13. The electric field
      between the electrodes 15, 16 does not affect the electrically neutral
      plutonium complex in the solution, and plutonium is discharged from the
      opposite longitudinal trough wall through the outlet 18, having been
      stripped of all other components of the fuel elements by electrolysis.
PAR  As described above, TcO.sub.4.sup.-.sup.- and residual molybdenum in the
      form of polymolybdate are deflected toward the anode 16 and simultaneously
      carried across the trough 13 in each row of cells by a uniform stream of
      carrier liquid identical with that described with reference to FIG. 2 so
      that all Tc and much Mo originally introduced into the apparatus through
      the line 17 are discharged from the anode compartment. Uranium, neptunium,
      americium, and curium as well as fission products Fp are deflected toward
      the cathode by the electric field. The manifold 20 receives a solution
      containing pure uranium, while the other elements accumulate nearer the
      cathode and are withdrawn from the outlet 21 for further separation, if so
      desired, in the trough 30 shown in FIG. 4.
PAR  The valves in the several branches of the manifold 19 which maintain the
      same flow rate in each row of cells, and thus prevent flow of the carrier
      in the direction of the electric field, and the valves in the several
      outlets on the opposite side of the trough which serve the same purpose,
      have been omitted for the sake of clarity. Lateral diffusion of liquid
      from one row of cells into the adjacent ones cannot entirely be prevented,
      but it can be held to an insignificant rate.
PAR  Uranium amounts to 90% or more of the cationic components present and has a
      substantially smaller mobility than the others so that it can be recovered
      from the manifold 20 in practically pure condition. The technetium and
      molybdenum recovered from the anode compartment can be separated from each
      other by means of an anion exchange column, and the further work-up of the
      fraction withdrawn from the trough 13 at 21 is illustrated in FIG. 4, the
      same apparatus being also employed for the work-up of a corresponding
      fraction of transplutonium elements and fission products discharged from
      the apparatus of FIG. 2 through the line 2'.
PAR  The apparatus shown in FIG. 4 has a trough 30 similar to the trough 10
      shown in FIG. 1 and equipped with partitions which impede, but do not
      prevent, liquid flow and may be of nylon gauze as are the partitions 11
      shown in FIG. 1. The partitions have been omitted for the sake of clarity.
      The trough 30 is not provided with a semi-permeable membrane, and is
      supplied with a continuous stream of 2-N acetic acid contiguously adjacent
      the cathode 31 through a feed pipe 32. An overflow pipe 33 communicating
      with the bottom of the trough 30 near the anode 34 permits a constant
      liquid level to be maintained in the trough.
PAR  The trough 30 was filled with a batch of the transplutonium and fission
      element fraction obtained in one of the processes illustrated in FIGS. 2
      and 3, and the flow of current between the electrodes of dilute acetic
      acid was kept constant to produce a final stationary condition illustrated
      in FIG. 4.
PAR  Hydrogen peroxide was fed dropwise to the cathode compartment from a pipe
      35 at a rate sufficient to suppress the formation of gaseous hydrogen
      which would have migrated with the carrier and would have precipitated
      rhodium in metallic form. Zirconium migrated to the anode in the electric
      field as a negatively charged complex, and was discharged with excess
      carrier liquid through the pipe 33.
PAR  The other elements present in significant amounts accumulated sequentially
      in the non-illustrated cells of the trough 33. A mixture of Cs and Rb was
      found nearest the cathode, and was followed sequentially toward the anode
      by Ba, Sr, Y, La, Ce, Pr, Nd, Sm, Am, Rh, Ru, and Np. Zones of the pure
      elements were joined by diffusion zones in which also elements present in
      very small amounts tended to collect. Cd thus was found in the diffusion
      layer between Ba and Sr, Pm between Nd and Sm, Eu and Gd between Sm and
      Am, and Cm between Am and Rh. The amount of Np present was so small that
      much of it was contained in the diffusion zone with Ru.
PAR  The several compartments were emptied simultaneously through
      non-illustrated drain valves into individual containers, and the contents
      of the containers holding the Am fraction and both adjoining diffusion
      layers and the Np fraction and its diffusion zone toward Ru, as indicated
      by broken lines in FIG. 4, were combined and subjected to another
      resolution process under the same conditions as described with reference
      to FIG. 4 in a trough 30' shown in FIG. 5, not significantly different
      from the trough 30 and similarly equipped with non-illustrated nylon
      partitions, electrodes 31, 34, feed and discharge pipes 32, 33, and a
      hydrogen peroxide dropper 35. A protective layer of potassium ions was
      maintained near the cathode 31.
PAR  The results achieved are evident from FIG. 5, Np, Ru, Rh, Am, Gd, and Eu
      were isolated with a decontamination factor greater than 10.sup.6, and
      similar results were achieved in the preceding fractionation illustrated
      in FIG. 4 for all significant constituents. Cm was present only in trace
      amounts in the fractionated fuel elements, but it was separated from the
      bulk of Am in the procedure of FIG. 5 in the diffusion zone toward Rh. It
      could have been isolated, if so desired, by once more repeating the
      electrolytic extraction process.
PAR  It is a particular advantage of the process of the invention that the
      transplutonium elements are cleanly separated from the lanthanides in a
      much simpler manner than by the cation exchange resin treatments employed
      heretofore.
PAR  The process of the invention permits mixtures of substances of the type
      described, more specifically spent fuel elements from atomic reactors of
      all kinds, to be separated into the individual components in a simple
      manner which is readily controlled. The high decontamination factors
      mentioned above are achieved without significant loss of the materials
      processed. This is a particular advantage in the work-up of fuel elements
      from fast breeder reactors which may contain 10 to 20% plutonium. The
      entire procedure may be carried out in an aqueous medium with minimal
      amounts of reagents not subject to radiolytic destruction. Not only
      plutonium, but also the transplutonium elements and the important fission
      products are recovered individually, thereby permitting the isolation and
      separate handling of radioactive fission products having a long half-life.
      It is a particular advantage of the process of the invention that it
      permits continuous operation with automatic controls, intervention of a
      human operator being readily accomplished by remote control as far as
      required.
PAR  The following Examples further illustrate the invention with reference to
      the devices shown in FIGS. 1 to 5.
PAC  EXAMPLE 1
PAR  The apparatus illustrated in FIG. 2 was supplied with an aqueous solution
      obtained by dissolving reactor fuel elements in nitric acid, further
      processing the solution in the manner described with reference to FIG. 2,
      until it contained, per liter:
PA1  0.3 mole uranyl nitrate,
PA1  0.01 mole plutonium.sup.IV nitrate,
PA1  0.00008 mole Am.sup.241 nitrate,
PA1  5 mCi Cm.sup.242,
PA1  0.00007 mole Np.sup.237 nitrate,
PA1  2 mole acetic acid,
PA1  0.05 mole nitric acid, and
PA1  5% fission products, based on the uranium weight.
PAL  Formic acid was used in partly destroying the nitric acid employed for
      dissolving the fuel elements, and the precipitate formed thereby was
      removed.
PAR  The solution was fed to the first electrolytic trough at a rate of 30 ml
      per hour. A solution of 2 mole acetic acid and 0.05 mole nitric acid per
      liter was supplied to the cathode portion of the trough at 50 ml per hour
      and to the anode portion at 10 ml per hour. The trough had a length of 30
      cm and contained 270 cm.sup.3 liquid. The partitions and cooling fingers
      present, but not illustrated, reduced the effective flow section to 5
      cm.sup.2. The liquid in the trough was cooled at a rate of approximately b
      1 watt per cm.sup.3.
PAR  The voltage applied to the electrodes was 550 V, and the current flow was
      500 mA when a steady state was reached. The local field strength was
      determined to be 10 V/cm in the zone of the trough holding the original
      mixture and in the cathode portion from which U, Np, Am, Cm and the
      fission products were withdrawn. It was 20 V/cm were plutonium was
      withdrawn, and 40 V/cm in the zone near the cathode between the pipes 1
      and 2 which was practically free of salts.
PAR  In the two fractions discharged from the first trough 10, the
      decontamination factor of plutonium relative to the cationic components
      including uranium was better than 10.sup.8, and the cationic components
      showed a decontamination factor greater than 10.sup.8 with respect to Pu,
      Tc, and Mo.
PAR  The solution containing uranium and other cationic components was partly
      evaporated to increase its concentration and fed to the trough 10' which
      was operated under similar conditions as the trough 10 to produce a
      uranium fraction having a decontamination factor better than 10.sup.8 and
      a fraction containing the transuranium elements and fission products,
      which was further resolved as described with reference to FIGS. 4 and 5.
PAR  The specific operating conditions maintained in the trough 10', which had
      the same dimensions as the trough 10, included flow rates of the same
      carrier liquid as for the trough 10 of 50 ml and 10 ml per hour
      respectively, and a supply of the solution to be resolved at a rate of 30
      ml per hour. The applied potential was 400 V and produced a current of 450
      mA. The field strength was 8 V/cm where the mixiture to be fractionated
      was fed to the trough, 7 V/cm where the uranium was withdrawn, 12 V/cm
      where the other components left the trough, and 35 V/cm in the salt-free
      area near the cathode.
PAR  The yield of plutonium and uranium, as determined by the ratio of Pu and U
      supplied and Pu and U isolated, was 100% as soon as stationary conditions
      were achieved.
PAC  EXAMPLE 2
PAR  The process of the invention was carried out on a laboratory scale in
      apparatus of the type shown in FIG. 3. The trough 13 had a length of 45 cm
      and a width of 26 cm. Its height was 3 cm, and it was filled with liquid
      to a depth of 0.5 cm. The effective cross section of the trough as
      measured from the orifice of the pipe 17 across the width of the point
      free from uranium, times the liquid depth, was 10 cm.sup.2. A potential of
      500 V was applied to the electrodes, and the field strength thus was 11
      V/cm on an average. The current was 0.4 amp., and the cooling capacity of
      the apparatus was 0.5 W/cm.sup.3. The total amount of carrier liquid
      discharged from the manifold 19 was 500 ml per hour. The fuel element
      solution was fed to the apparatus at a rate of 0.02 mole per hour. Its
      metal content consisted of 94% U, 3% Pu, and 3% fission products and
      transplutonium elements. It was prepared as described in Example 1.
PAR  The three principal fractions were recovered at a yield of 100% and had
      each a decontamination factor of better than 10.sup.8 relative to the
      other two fractions.
PAC  EXAMPLE 3
PAR  A trough of the type described with reference to FIG. 4 was employed for
      resolving batches of mixed transplutonium elements and fission products
      withdrawn from the process described in Example 1 after a full day's
      operation, and from the process described in Example 2 after half a day's
      operation.
PAR  The trough had a length of 1 meter and was provided with approximately 200
      transverse nylon gauze partitions. The effective cross section of the
      liquid in the trough was 3 cm.sup.2, and the salts to be separated
      occupied about 90 cm of the length when a stationary distribution was
      reached.
PAR  A potential of 3000 V was applied to the electrodes, and the current flow
      was constant at 0.3 amp. 2-Normal acetic acid was continuously fed to the
      cathode zone at a rate of 60 ml per hour.
PAR  The individual components withdrawn from areas other than the diffusion
      zones shown in FIG. 4 had a decontamination factor greater than 10.sup.6
      and were recovered in a yield of approximately 80%.
PAR  The components accumulated in the areas enclosed by broken lines could not
      be resolved in the same run. They were transferred to another trough, as
      is shown in FIG. 5, which had a length of 80 cm of which 72 cm were
      occupied by the salts to be separated when a stationary state was
      established. The effective cross section of the trough was 0.25 cm.sup.2.
      An applied voltage of 3000 volt produced a current flow of 25 mA while
      2-normal acetic acid was supplied at a rate of 5 ml per hour.
PAR  FIG. 6 illustrates apparatus which has been employed successfully for
      further resolving the fraction of transplutonium elements, neptunium, and
      fission products discharged from the devices of FIGS. 2 and 3, and which
      combines the modes of operation of the devices shown in FIGS. 1 and 3.
PAR  Elongated troughs 40 are juxtaposed in a common horizontal plane and are
      each partitioned into many transversely aligned cells by means of nylon
      diaphragms 41. A trough 42 free from diaphragms extends along one side of
      the group of troughs 40, and receptacles 43 are transversely aligned with
      respective cells in a row along the other side of the group of troughs 40.
      The longitudinally terminal cells in each trough 40 contain anodes 44 and
      cathodes 45, and pipes communicating with the anode and cathode cells of
      each trough 40 permit a carrier liquid to be passed longitudinally through
      the trough in the manner shown in FIGS. 4 and 5. Carrier liquid is also
      supplied to the trough 42 which contains neither partitions nor
      electrodes. The several anodes 44 and cathodes 45 are connected in
      parallel to a source of direct current. A manifold 46 supplies the
      solution of the fraction to be resolved to the cells near the center of
      the trough 40 adjacent the trough 42.
PAR  A cover, not illustrated, normally covers the arrangement of troughs 40,
      42, and carries capillary pipets arranged in rows and columns at right
      angles to the rows, the number of columns being equal to the number of
      troughs 40 plus one. The cover may be shifted from a position in which the
      topmost column of pipets, as viewed in FIG. 6 dips into the trough 42 and
      another position in which the lowermost column of pipets dips into the
      receptacles 43. In both positions of the non-illustrated cover, a pipet
      reaches into the liquid in each cell of each trough 40. The pipets are
      connected to a vacuum line by a manifold and a two-way valve which permits
      the pipets to be connected jointly with the vacuum line or with the
      atmosphere.
PAR  As indicated diagrammatically in FIG. 6 by broken lines, full lines, and
      chain-dotted lines respectively, a three-component fraction supplied to
      the topmost trough 40 as an aqueous liquid from the manifold 46 extends
      initially over the central portion of the first trough. The components
      migrate toward the cathode 42 at different rates counter-current to a
      carrier liquid which passes longitudinally through each trough 40. At
      regular, frequent intervals, additional carrier liquid and electrolyte is
      drawn into the non-illustrated pipettes by vacuum from the troughs 40, 42,
      and the cover with the charged pipets is shifted into its other position
      in which air is admitted into the pipets, and the liquid drawn from the
      topmost trough 40 is discharged into the adjacent trough 40 and is
      replaced in the topmost trough 40 by carrier liquid from the trough 42,
      while liquid from the lowermost trough is transferred to the receptacles
      43. The cover thereafter is returned to its starting position.
PAR  As this procedure is repeated, a steady state is reached in which the three
      fractions are almost separated in the lowermost trough 40, and the batches
      of liquid collected in most of the receptacles 43 contain pure fractions.
PAR  In an actual embodiment of the apparatus illustrated in FIG. 6, 20 troughs
      40 were juxtaposed. The electrodes 44, 45 received a potential difference
      of 500 V, and the current flowing in each trough 40 was 80 mA. A total of
      250 ml 0.5-N acetic acid was passed longitudinally through the troughs 40
      during each hour, while simultaneously 25 ml of the same liquid passed
      through the electrolytic cells from the trough 42 to the receptacles 43
      together with 3 ml of the mixed solution which entered the apparatus
      through the manifold 46. There were approximately 200 individual cells in
      each trough 40, which was 100 cm long and 2.5 cm wide.
PAR  The transplutonium elements, neptunium, and the fission products were
      resolved continuously in this apparatus in a single stage about as
      efficiently as in the two-stage batch operation described with reference
      to FIGS. 4 and 5. The pure components of the original mixture were
      recovered in a yield of approximately 80%, and the decontamination factor
      in the pure fractions was approximately 10.sup.6 except for the
      lanthanides which were separated from each other with a decontamination
      factor of 10.sup.3.
PAR  FIG. 7 shows apparatus of the invention for separating the mixture of minor
      components discharged from the devices of FIGS. 2 and 3 in a multiple
      stage arrangement of which only one stage 50 is illustrated in detail, the
      identical stages 51, 52 being shown in simplified outline.
PAR  Each stage has an elongated trough 53 similar in shape and arrangement to
      the troughs shown in FIGS. 4 and 5 and equipped with non-illustrated nylon
      gauze partitions on polypropylene frames. The liquid discharged from the
      apparatus of FIG. 2 at 2' or the apparatus of FIG. 3 at 21 is fed
      continuously at a metered rate to the approximate longitudinal center of
      the trough 53 through a pipe 54. Carrier liquid is fed to one longitudinal
      end at a valve-controlled rate through a pipe 55 and withdrawn from the
      other end through a pipe 56. A cathode 57 is arranged in the trough 53
      near the pipe 55 and an anode 58 near the pipe 56.
PAR  An electrolytic bridge, that is, a thin glass tube filled with electrolyte,
      has one orifice in the trough 53 offset a small distance from the cathode
      57 toward the anode 58 and another orifice in a container 60 on the same
      level as the trough 53 and equipped with an auxiliary cathode 62. More
      carrier liquid is fed to the container 60 behind the cathode 62 through a
      pipe 61, and is withdrawn from the bottom of the container 60 through a
      pipe 63. The auxiliary cathode 62 is directly connected to the negative
      pole of a source of direct current, while the cathode 57 is held at a
      lower negative potential by a variable resistor 64.
PAR  The mixed solution of fission products, transplutonium elements, and
      neptunium is initially concentrated in the center of the trough 53, as
      indicated by cross hatching, and the slowest-moving cationic component
      migrates with the flowing carrier liquid toward the anode, as described
      with reference to the afore-described devices, while the rate of carrier
      flow and the potential difference between the cathode 57 and the anode 58
      are set in such a manner that all other ion species migrate in the
      opposite direction. When a steady state is reached and maintained, a first
      sub-fraction is withdrawn with electrolyte and/or carrier liquid from the
      pipe 56.
PAR  The electrolytic bridge 59 and the potential prevailing between the
      electrodes 57, 62 causes all other components to flow into the container
      60, and to be withdrawn therefrom through the pipe 63. Carrier liquid
      flowing between the pipes 61, 63 prevents cations of these components from
      reaching the electrode 62. The procedure is repeated in the subsequent
      stages 51, 52, and may be repeated as often as needed to achieve a desired
      degree of resolution, a single component or a sub-fraction of a few
      components being withdrawn from the stream in each stage. Four
      sub-fractions or components may be withdrawn from a three stage apparatus.
PAR  In an actual embodiment of the apparatus of FIG. 7, the trough 53 differed
      from the afore-described trough 30 mainly by having a length of 30 cm and
      an available flow section of 3 cm.sup.2. 0.5-Molar acetic acid was
      employed as the carrier liquid and was fed to the trough 53 at a rate of
      about 100 ml per hour, while 10 ml/hr were supplied to the container 60.
      The feed rate of the components to be resolved was approximately 2
      millimol per hour. The overall applied voltage was 1000 V, and the
      resistor 64 was set for a current flow of 0.2 amp. between the electrodes
      57, 58, and 0.02 amp. between the electrodes 57, 62. A uniform
      electrolytic temperature of 50.degree.C was maintained as described above.
PAR  The resistors 64 were set in such a manner that seven subfractions were
      recovered. They consisted, respectively of Cs + Rb, Ba, Sr, lanthanides +
      transplutonium elements, Rh, Ru, and Np, as will be appreciated from the
      showing of FIG. 4. The resolution was as effective under conditions of
      continuous operation as in the batch process described with reference to
      FIG. 4.
PAR  The ratio of current flow in the trough to the current flow over the
      electrolytic bridge could be set by trial and error to achieve the desired
      result, but it could also be calculated in a conventional manner from the
      known mobility of the ions to be separated.
PAR  While the invention has been described with reference to specific preferred
      embodiments, it should be understood that the invention is not limited to
      the examples chosen for the purpose of the disclosure, but is to be
      construed broadly and limited solely by the scope and spirit of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for separately recovering uranium, plutonium, transplutonium
      elements, and fission products of said uranium and plutonium from an
      aqueous solution of atomic reactor fuel, said uranium and said plutonium
      constituting the major components of said fuel in said solution, and said
      transplutonium elements and fission products constituting minor
      constituents, which comprises:
PA1  a. subjecting said solution to electrolysis in a zone between an anode and
      a cathode in the presence of a complexing agent capable of forming an
      electrically neutral complex with said plutonium while an aqueous carrier
      liquid is caused to flow through said zone in a direction from said
      cathode toward said anode at a rate sufficient so that said complex is
      carried by said carrier liquid toward said anode, while cations of said
      uranium, said transplutonium elements and at least a major portion of said
      fission products migrate toward said cathode;
PA1  b. withdrawing said plutonium free from said uranium, said transplutonium
      elements, and said major portion of said fission products from said zone
      near said anode;
PA1  c. withdrawing from said zone near said cathode a liquid fraction free from
      plutonium and containing said uranium, said transplutonium elements, and
      said major portion of said fission products;
PA1  d. subjecting said liquid fraction to electrolysis in another zone between
      another anode and another cathode while an aqueous carrier liquid is
      caused to flow through said other zone at a rate satisfying the
      relationship
EQU  Eu.sub.U &lt; v &lt; Eu'
PA1   wherein E is the local field strength in said other zone, u.sub.U is the
      mobility of the ions of said uranium, and u' is the mobility of all other
      cations present in said other zone, whereby said uranium is carried by
      said carrier liquid toward said other anode while said transplutonium
      elements and said major portion of said fission products is carried toward
      said other cathode by electrolysis;
PA1  e. withdrawing from said other zone near said other anode said uranium free
      from said transplutonium elements and said fission products; and
PA1  f. withdrawing from said other zone near said other cathode said
      transplutonium elements and said fission products free from said uranium.
NUM  2.
PAR  2. A process as set forth in claim 1, wherein said complexing agent is
      acetic acid.
NUM  3.
PAR  3. A process for recovering uranium and plutonium free from one another and
      free from transplutonium elements and fission products of said uranium and
      said plutonium from an aqueous solution of atomic reactor fuel, said
      uranium and said plutonium constituting the major components of said fuel
      in said solution, and said transplutonium elements and fission products
      constituting minor constituents, which process comprises:
PA1  a. subjecting said solution to electrolysis in a zone between an anode and
      a cathode spaced from said anode in the presence of a complexing agent
      capable of forming an electrically neutral complex with said plutonium
      while an aqueous carrier liquid is caused to flow through said zone
      transverse to the direction of spacing of said cathode and of said anode
      at a rate sufficient so that said complex is carried by said carrier
      liquid across said zone substantially without migrating toward said
      cathode or said anode, while cations of said uranium, said transplutonium
      elements and at least a major portion of said fission products migrate
      toward said cathode, the rate of migration of the cations of said uranium
      being substantially smaller than that of the cations of said
      transplutonium elements and of the fission products of said major portion,
      whereby said plutonium and said uranium accumulate in respective portions
      of said zone spaced from a portion of said zone in which said
      transplutonium elements and said fission products accumulate; and
PA1  b. separately withdrawing three liquid fractions from said portions
      respectively, a first one of said fractions containing plutonium as the
      sole metallic solute, a second fraction containing uranium as the sole
      metallic solute, and a third fraction being free from uranium and
      plutonium and containing said transplutonium elements and said major
      portion of fission products.
NUM  4.
PAR  4. A process as set forth in claim 3, wherein said complexing agent is
      acetic acid.
NUM  5.
PAR  5. A process as set forth in claim 1, wherein said complexing agent is a
      water soluble alkanoic acid having 2 to 10 carbon atoms and at least one
      free carboxyl group, said solution being 0.5 to 4-normal with respect to
      said alkanoic acid.
NUM  6.
PAR  6. A process as set forth in claim 5, wherein said carrier liquid includes
      nitric acid in an amount sufficient to make said carrier liquid 0.02 to
      2-normal with respect to said nitric acid.
NUM  7.
PAR  7. A process as set forth in claim 3, wherein said complexing agent is a
      water soluble alkanoic acid having 2 to 10 carbon atoms and at least one
      free carboxyl group, said solution being 0.5 to 4-normal with respect to
      said alkanoic acid.
NUM  8.
PAR  8. A process as set forth in claim 7, wherein said carrier liquid includes
      nitric acid in an amount sufficient to make said carrier liquid 0.02 to
      2-normal with respect to said nitric acid.
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ABST
PAL  An improved method of electrically interconnecting a plurality of spaced
      semiconductor elements adjacent to a substrate, each element having a mesa
      shape with a top surface spaced apart from the substrate and a side
      surface, includes coating the side surfaces of the elements with a
      protective material, filling in the space above the substrate and in
      between the elements with a temporary support material, depositing a
      continuous electrically-conductive layer on the support material and in
      electrical contact with the top surfaces of a plurality of the elements,
      and then removing the temporary support material to form an
      electrically-conductive homogeneous air-bridge. The protective material
      protects the elements from being exposed to the temporary support
      material. By this method, a plurality of metallized air-bridges can be
      formed simultaneously.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder with the Department of the Army.
BSUM
PAR  This invention relates to an improved method of electrically
      interconnecting a plurality of semiconductor elements to form an
      electrically-conductive homogeneous air-bridge. This method can be used to
      form simultaneously a plurality of electrically-conductive air-bridges.
PAR  The temperature rise of a semiconductor device, such as an avalanche diode,
      is often a critical factor in limiting device performance and can
      ultimately lead to temperatures high enough to cause device failure. In
      order to reduce the temperature rise while maintaining a large power
      output, a semiconductor device sometimes takes the form of a semiconductor
      array having a plurality of elements connected in parallel, such as an
      array of several diodes where the diameter of each diode in the array is
      small enough so that thermal spreading will limit the temperature rise and
      the diode to diode spacing is large enough so that the thermal spreading
      of one diode does not overlap with that of an adjacent diode. The reason
      for a limited temperature rise in such an array is that thermal spreading
      occurs at the diode edge. The greater the thermal spreading, the lower
      will be the temperature of the diode, therefore the more "edge" a diode
      has, the lower will be the temperature of operation. The multiple-diode
      array presents a configuration which can have a greater periphery to area
      ratio than circular ring structures or stripe geometries, and thus can
      have a lower thermal resistance.
PAR  Such a multiple-diode array is typically manufactured by first doping a
      semiconductor wafer with conductivity modifiers to form a desired
      structure for the elements. Metal films are then deposited on both sides
      of the wafer using a conventional deposition process such as, for example,
      vacuum sputtering. A layer of metal having good thermal and electrical
      conductivity is formed adjacent to one of the metal films in order to
      provide structural support for the elements, act as one of two
      element-connecting electrodes, and also serve as a heat sink for the
      elements. The other metal film is selectively etched to form an array of
      metallic contacts, which is then used as a mask for etching away portions
      of the wafer to form mesa-shaped diodes.
PAR  The multiple-diode array is completed by forming the other
      element-connecting electrode which interconnects the metallic contacts.
      Various bonding techniques have been used for electrically interconnecting
      the elements such as, for example, wire stitch-bonding or "flip-chip"
      bonding where a metal plate is thermally bonded to the metallic contacts.
      Such techniques, which form metallized air-bridges, minimize the parasitic
      shunt capacitance of the structure since the element-connecting electrodes
      are separated by an air dielectric rather than a solid dielectric such as,
      for example, silicon dioxide. In addition, the use of a metal plate serves
      as an integral heat capacitor for the elements while providing low
      inductance interconnections. However, such techniques not only result in
      low yield due to a lack of reproducible uniformity but also are lacking in
      efficiency and economy due to the fact that such techniques are not
      readily suitable for mass production.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a partial perspective view illustrating a typical semiconductor
      array having a plurality of elements which are subsequently interconnected
      by using the present novel method.
PAR  FIGS. 2 to 8 are partial perspective views showing a series of steps
      illustrating the present novel method of electrically interconnecting the
      elements of the array illustrated in FIG. 1.
PAR  FIG. 9 is a perspective view illustrating a plurality of arrays, each of
      the elements of each array being interconnected by a metallized air-bridge
     .
DETD
PAR  Referring to FIG. 1 of the drawings, there is shown a portion of a typical
      semiconductor array 10 having a plurality of elements 12 such as, for
      example, mesa-shaped diodes manufactured by the procedure described above.
      Each of the elements 12 is adjacent to a substrate 14 made of, for
      example, gold, is spaced apart from each other, has a side surface, and
      has a cap of electrically-conductive material, typically a metallic
      contact 16 of, for example, gold, covering and, in this example, extending
      beyond a top surface 18 thereof spaced apart from the substrate 14. The
      extension of the contacts 16 is the result of the etching step used to
      define the mesa-shaped diodes. The etchant typically undercuts the
      contacts 16.
PAR  The elements 12 of the array are electrically interconnected by the present
      novel method of which the preferred embodiment is illustrated in FIGS. 2
      to 8, thereby forming the second interconnecting electrode of the
      multi-diode array 10. The preferred method begins by coating the side
      surfaces of the elements 12 with a protective material which may comprise
      any material capable of effectively protecting the semiconductor elements
      12, especially exposed PN junctions disposed therein, from a temporary
      support material which is subsequently filled into the space between the
      elements 12. This protective material is disposed adjacent the elements 12
      under edges of the contacts 16, and may be applied by any feasible means.
      In the preferred embodiment, this coating step is performed, as shown in
      FIG. 2, by applying on the substrate 14, which is gold in the present
      example, a layer 20 of positive photoresist in contiguous surrounding
      relation to the elements 12 of the array 10. Preferably, the photoresist
      layer 20 has thickness at least slightly greater than the height of the
      metallic contacts 16 above the substrate 14 so that the photoresist layer
      20 is in contiguous surrounding relation to both the elements 12 and the
      contacts 16 of the array 10,and consequently can be utilized to prevent
      not only the elements 12 but also parts of the contacts 16 from being
      exposed to a first layer of material which is deposited in a subsequent
      step. The material of the photoresist layer 20 is a positive-acting
      material, that is, it is one which, on development, will remain where it
      is not illuminated. Such materials are well known and commerically
      available.
PAR  By subjecting portions of the photoresist layer 20 to a collimated light
      source directed substantially normal to the surface of the substrate 14,
      utilizing a dot-pattern mask of opaque dots which overlie and are slightly
      smaller than the contacts 16 and also utilizing the contacts 16 as a light
      mask, and then developing the light-subjected portions of the photoresist
      layer 20 using conventional photolithographic processes, light-protected
      portions of the photoresist layer 20 remain, as shown in FIG. 3. Such
      light-protected portions comprise portions 22 lying adjacent the sides of
      the elements 12 under the edges of the contacts 16 and also portions 23
      lying above parts of the contacts 16, thereby effectively preventing the
      PN junctions and parts of the contacts 16 from being exposed to the
      subsequently deposited first layer of material. By utilizing opaque dots,
      which are slightly smaller than the contacts 16, to partially mask the
      photoresist layer 20, portions of the contacts 16 are left exposed so that
      the subsequently deposited first layer can physically touch the contacts
      16. This is necessary if a deposition technique such as, for example,
      electrolysis is used in a subsequent step for electrically interconnecting
      the elements 12.
PAR  The next step of the method comprises filling in the space above the
      substrate 14 and in between the elements 12 with a temporary support
      material 24 different from the material of the substrate 14 and contacts
      16, and being capable of removal without affecting the substrate 14 or
      contacts 16. Preferably, this temporary support material 24 is metal and
      this step is performed by electroplating the material 24 on the substrate
      14 in surrounding relation to the elements 12 and the metallic contacts
      16, as shown in FIG. 4. This temporary support material 24, preferably, is
      copper which is easily removed by etching in an ultrasonic etch bath of
      ferric chloride solution, and has a thickness at least equal to the height
      of the contacts 16 above the substrate 14 to enable a
      subsequently-deposited second layer of electrically-conductive material to
      be easily electroplated on both the temporary support material 24 and
      parts of the contacts 16. Although this step is performed preferably, by
      electrolysis, other techniques may  be used such as, for example,
      electroless deposition. Techniques such as vacuum deposition or sputtering
      are not feasible since they are generally not suitable to achieve the
      necessary thickness of the temporary support material 24 and they subject
      the light-protected portions of the photoresist layer 20 to excessive heat
      which often causes chemical changes to occur, making it extremely
      difficult to subsequently remove these portions.
PAR  FIG. 5 illustrates the next step comprising removing the light-protected
      portions 23 of the photoresist layer 20 which lie above parts of the
      metallic contacts 14 by using a conventional photoresist remover, whereby
      the previously covered portions of the contacts 16 are exposed. A mask 26
      having an opening 27 therein encompassing the exposed portions of the
      contacts 16 is now formed on the temporary support material 24, as shown
      in FIG. 6. This step is performed, preferably, by applying an additional
      layer of photoresist on the first layer 24 and forming in this additional
      photoresist layer, using conventional photolithographic processes, an
      opening therein encompassing the exposed portions of the contacts 16,
      whereby only a portion of the temporary support material 24 is left
      exposed.
PAR  The metallic contacts 16 are next metallically interconnected by depositing
      on the exposed portion of the temporary support material 24 and on the
      exposed portions of the contacts 16 a continuous layer 28 of
      electrically-conductive material different from the temporary support
      material 24. Preferably, the electrically-conductive layer 28 is also
      metal and is deposited by electrolysis. Other techniques may be used such
      as, for example, electroless deposition. As mentioned above, whatever
      technique is chosen should be one which does not cause any chemical change
      in the light-protected portions 22 of the photoresist layer 20. This
      electrically-conductive layer 28 is, preferably, made of the same type
      metal as the contacts 16, which are gold in the present embodiment, and
      thus merges with the contacts 16 to form a homogeneous metallized bridge
      which electrically interconnects the elements 12 of the array as shown in
      FIG. 7.
PAR  After depositing the electrically-conductive layer 28 through the opening
      in the mask 26, the present novel method is completed by removing the mask
      26 and next removing the temporary support material 24, whereby the
      electrically-conductive layer 28 becomes a homogeneous metallized
      air-bridge, designated 30 in FIG. 8, interconnecting the elements 14. As
      mentioned above, the temporary support material 24 is, preferably, copper
      which is readily removed by etching in an ultrasonic etch bath of ferric
      chloride solution. The further step of removing the light-protected
      portions 22 of the photoresist layer 26 lying adjacent the elements 12 and
      under the edges of the metallic contacts 16 is now performed, leaving only
      the homogeneous metallized air-bridge 30 as shown in FIG. 8.
PAR  The present novel method is particularly suitable for use in the mass
      production of arrays since a plurality of metallized air-bridges can be
      formed simultaneously, thereby achieving economies in production. Many
      separate and complete air-bridges 30, each one interconnecting the
      elements of a semiconductor array may be formed not only on a single
      substrate 14, as shown in FIG. 9, but also on batches of several
      substrates simultaneously. By applying, exposing and developing the layer
      20 of photoresist prior to filling in the space above the substrate 14,
      the light-protected portions of the photoresist layer 20 protect the
      elements 12, especially the PN junctions, and parts of the contacts 16
      from being exposed to the temporary support material 24. Otherwise, the
      temporary support material 24 might adversely affect the elements, for
      example, by seeping into exposed PN junctions, and may also contact and
      adhere strongly to the metallic contacts, making it difficult to
      effectively expose clean parts of the metallic contacts on which the layer
      of conductive material is deposited. As a result of this protective step
      in particular and the inherent reproducible uniformity of such a method in
      general, a high yield is obtained.
PAR  The present methods of electrically interconnecting the elements of an
      array minimizes the parasitic shunt capacitance of the array since the
      metallized air-bridges span an air dielectric. The resulting homogeneous
      bridge structure also serves as an integral heat capacitor for the
      elements while providing low inductance interconnections. Consequently,
      the present method is particularly applicable for interconnecting the
      elements of avalanche-diode arrays used for high power amplification such
      as, for example, those arrays operated in the Trappatt mode where one
      desires to achieve high power output efficiency while maintaining a broad
      bandwidth, wide pulse width, and high duty cycle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of electrically interconnecting a plurality of spaced
      semiconductor elements adjacent to a substrate, each element having a mesa
      shape with a top surface spaced apart from said substrate and a side
      surface, comprising the steps of:
PA1  coating the side surface of said elements with a protective material,
PA1  filling in the space above said substrate and in between said elements with
      a temporary support material,
PA1  depositing a continuous electrically-conductive layer on said support
      material and in electrical contact with the top surfaces of a plurality of
      said elements, and
PA1  removing said temporary support material, whereby said
      electrically-conductive layer forms a homogeneous air-bridge electrically
      interconnecting a plurality of said elements.
NUM  2.
PAR  2. A method as defined in claim 1 wherein said coating step is performed
      by:
PA1  applying a layer of photoresist on said substrate in contiguous surrounding
      relation to the sides of said elements.
PA1  exposing selectively said photoresist layer to light, which will allow
      portions of said photoresist layer lying adjacent to the sides of said
      elements to remain after a subsequent developing step, and
PA1  developing said photoresist layer, whereby said portions of said
      photoresist layer lying adjacent and in contiguous surrounding relation to
      the sides of said elements remain.
NUM  3.
PAR  3. A method as defined in claim 1 further comprising removing said
      protective material after said step of removing said temporary support
      material.
NUM  4.
PAR  4. A method as defined in claim 2 wherein each of said elements has a cap
      of electrically-conductive material covering and extending beyond said top
      surface thereof, said photoresist is positive-acting, and said photoresist
      layer has a thickness at least slightly greater than the height of said
      caps above said substrate,
PA1  said exposing step being performed by subjecting portions of said
      photoresist layer other than said portions lying adjacent to the sides of
      said elements to a collimated light source utilizing a dot-pattern mask of
      opaque dots overlying said caps, said dots being smaller than said caps,
      said developing step thereby leaving light-protected portions of said
      photoresist layer comprising not only portions of said photoresist layer
      lying adjacent said elements under edges of said caps but also portions
      lying above parts of said caps,
PA1  said method further comprising removing said lightprotected portions of
      said photoresist layer lying above parts of said caps whereby portions of
      said caps are exposed,
PA1  next forming on said temporary support material, prior to said depositing
      step, a mask having an opening therein encompassing said exposed portions
      of said caps, whereby a portion of said temporary support material is
      exposed, and
PA1  removing said mask after said depositing step.
NUM  5.
PAR  5. A method as defined in claim 4 further comprising removing said
      light-protected portions of said photoresist layer lying adjacent said
      elements and under edges of said caps after said step of removing said
      temporary support material.
NUM  6.
PAR  6. A method as defined in claim 4 wherein said forming step is performed by
      applying an additional layer of photoresist on said temporary support
      material and forming in said additional photoresist layer an opening
      therein encompassing said exposed portions of said caps.
NUM  7.
PAR  7. A method as defined in claim 4 wherein said caps comprise metallic
      contacts, said substrate is metal, said temporary support material is
      metal and has a thickness at least equal to the height of said caps above
      said substrate, and wherein said filling step is performed by
      electroplating said temporary support material on said substrate.
NUM  8.
PAR  8. A method as defined in claim 7 wherein said electrically-conductive
      layer is metal and wherein said depositing step is performed by
      electroplating said layer.
NUM  9.
PAR  9. A method as defined in claim 8 wherein said substrate, said metallic
      contacts, and said electricallyconductive layer are gold, and wherein said
      temporary suppport material is copper.
NUM  10.
PAR  10. A method as defined in claim 9 wherein said step of removing said
      copper is performed by etching said copper in an ultrasonic etch bath of
      ferric chloride solution.
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ABST
PAL  Disclosed is an improved method of bonding two glass-like structures or a
      glass-like and a metallic structure, and an improved bond which may be
      fabricated by this method. In the preferred embodiment, the mating
      surfaces are first metalized with a thin titanium layer, which is covered
      by a thin gold layer. The metalized surfaces are joined, and a gold layer
      is electro-deposited over the junction in an overlapping fashion. Finally
      a nickel layer is electro-deposited over the gold layer.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  A. Field of the Invention
PAR  This invention relates to bonding of glass-like structures to one another
      and to metallic structures, particularly where hermetic sealing is
      desired.
PAR  B. Description of Prior Art
PAR  Numerous methods exist for forming bonds between glass-like (i.e., glass,
      quartz, fused silica, fused alumina and other substantially non-porous)
      structures to one another and to metallic structures. These previously
      applied methods tend to fall within three categories:
PAR  The structures may be bonded by fusing. In effect this constitutes heating
      the junction to a high temperature and forming a weld between the
      structures. While this method will produce a "clean" bond, i.e., one
      without contamination, it is a very high temperature process which may not
      always be possible. This requires close matching of coefficients of
      thermal expansion. Because of this the bond, once created, may not
      withstand thermal cycling. Also, particularly in the case where the bond
      is intended to create a hermetic seal for a container, the high
      temperatures necessary to create the bond may adversely affect the
      material being sealed within the container.
PAR  The bond may also be formed by soldering the two structures. Here an
      inter-layer is introduced between the two structures and, by application
      of high temperature which melts the inter-layer, the two structures are
      joined. This method is superior in some applications to the method
      employing fusing, since the inter-layer can be selected to have an
      intermediate coefficient of thermal expansion between the two structures,
      which permits a greater resistance to thermal cycling damage. However, it
      is also a rather high temperature process and is not, therefore, practical
      for many applications.
PAR  Finally, the mating surfaces of the two structures (or at least the
      non-metallic one(s)) may be metalized and the structures may be
      metallically brazed or soldered together. This presents some of the
      advantages of the soldering method described above, in that the solder or
      brazing compound selected may be of intermediate coefficient of thermal
      expansion. However, like the foregoing two methods, this is a rather high
      temperature process. Also, this method introduces the problem of flux
      residue and the fact that low temperature solders are not noble materials.
      Thus, this method is very susceptible to contamination of the joint and/or
      of the encapsulated material.
PAR  Numerous patents describe and claim bonding methods which attempt to
      overcome some of these difficulties.
PAR  In U.S. Pat. No. 3,657,076, the inventor deals with the task of bonding
      quartz to steel, the problem being a greatly dissimilar coefficient of
      thermal expansion. The method disclosed involves vacuum depositing layers
      of metal to the quartz, each succeeding layer being closer to the thermal
      expansion coefficient of steel. The final layer is electro-plated to the
      steel. While this method may appear to solve the thermal expansion
      problem, the bond would appear to have little structural integrity and,
      because of this inherent weakness of the bond, would probably not survive
      a very wide range of thermal cycling, at least if the thermal cycling were
      combined with mechanical stress.
PAR  U.S. Pat. No. 1,090,456 teaches a method of joining a conductor to an
      insulator. Here, a glass part is metalized by dipping to form a metal
      glaze or metallic paste fired into the surface. The metallic part is then
      put in contact with the metalized glass, and a thin film of metal is
      plated over the entire mass. This would tend to seal the glass-metal
      interface. However, the structure would have very little mechanical
      strength and would probably not survive the thermal cycling.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a method for
      forming a joint between glass-like materials or between a glass-like
      material and metallic material which joint provides improved structural
      and thermal integrity and which is produced at near ambient temperatures
      with a minimum of contamination.
PAR  Briefly, the method involves depositing a thin film of metal (for example,
      titanium) having good intermolecular bonding properties with respect to
      the materials to be joined, the film being deposited on the mating
      surfaces. The first film is next covered with a second thin film of a
      noble metal, such as gold. The mating surfaces are placed in
      juxtaposition, after which a layer of noble metal (preferably, gold) is
      electro-plated to form the exterior of the joint, followed by a second
      layer of metal (such as nickel) which has the property of producing
      internal compression to tightly join the structure and maintain this joint
      over a relatively wide temperature range.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of three workpieces to be joined by the method
      of the present invention.
PAR  FIG. 2 is a detailed sectional view of a joint of the three workpieces in
      FIG. 1 produced by the preferred embodiment of the method of the present
      invention showing the various metallic layers constituting the joint.
PAR  FIG. 3 is a perspective, partially sectional, view of a portion of the
      joint shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The following description of the preferred embodiment of the present
      invention will be directed to a method for producing a hermetically sealed
      hollow cylindrical structure. As shown in FIG. 1 the structure constitutes
      three elemental components to be bonded together. These are the annular
      body 10, the disc-shaped top 15, and the disc-shaped bottom 20.
PAR  A portion of the final structure of the cylinder can be seen in FIG. 2
      which represents a sectional view of its peripheral region.
PAR  Prior to joining the three members, each is coated in its peripheral region
      with a double metallic layer, the inter layer 25 and outer layer 30 being
      of differing materials, as hereinafter specified. The entire structure is
      then placed in juxtaposition, as shown in FIG. 2, and a metallic collar 35
      is applied to the entire periphery. This collar is in turn overcoated with
      a metallic cap 40.
PAR  The relative dimensions of the various metallic films, and, indeed, of the
      three component structures, have been greatly exaggerated in FIGS. 1, 2
      and 3 for clarity.
PAR  In the succeeding discussion it will be assumed that the top member 15 and
      bottom member 20 are each composed of germanium, while the annular body 10
      is composed of glass. It is to be understood that the present method can
      be utilized to join a wide range of glass-like materials (glass, sapphire,
      quartz, fused silica, fused alumina and other substantially non-porous
      structures) to a wide range of metallic substances or to other glass-like
      materials.
PAR  A preliminary step in the method is to insure that the mating surfaces are
      sufficiently clean to receive the initial metallic layer. One method of
      accomplishing this is that of ionic cleaning, i.e., placing the workpiece
      within an electric field so strong that discharge is set up between the
      electrodes and the workpiece. However, in the preferred embodiment of the
      present invention it is sufficient to clean the workpieces with ordinary
      chemical solvents.
PAR  The first metallic layer 25 is applied by vapor-phase deposition. This term
      is understood to include vacuum deposition, chemical vapor deposition,
      sputtering and ion plating, all of which are well known to those in the
      metalurgical art.
PAR  Of these, vacuum deposition is preferred. The workpiece is placed in a
      vacuum chamber and suitably masked to cause a metallic layer to be
      deposited onto the desired regions of the workpiece. A crucible or other
      suitable container of the metal to be deposited is placed in the chamber,
      and the chamber is evacuated. The metal is vaporized by any suitable
      method, preferably an electron beam, and a layer of the metal is caused to
      deposit onto the unmasked portions of the workpiece in a conventional
      manner.
PAR  The first layer 25 which is applied to all mating portions of the component
      structures can be composed of any metal which yields a good intermolecular
      bond with the material comprising the component. Titanium, chromium,
      molybdenum, tungsten and tantalum deposited to a thickness between 10 and
      5000 angstroms is considered suitable. In the preferred embodiment a 5000
      angstrom layer of titanium is applied.
PAR  The second layer 30, deposited above the first layer 25 is likewise
      deposited by means of vapor-phase deposition, with vacuum deposition
      preferred. This can be accomplished by placing a second crucible within
      the vacuum chamber and redirecting the electron beam to this second
      crucible when the second layer is to be deposited.
PAR  The second layer must be thick enough to permit electroplating thereon --
      2500 angstroms being considered minimal and 3000 angstroms being
      considered optimal. The material comprising the layer should be a
      platable, ductile, noble metal, gold being preferred.
PAR  The metalized mating surfaces of the three components are then clamped in
      juxtaposition, and the collar 35 is formed around the periphery of the
      complete structure. The collar may be applied by vapor-phase deposition,
      although, due to its thickness (0.025 millimeters being considered
      minimal), electro-deposition is preferable. The material constituting the
      collar should, as in the case of the second layer 30, be a ductile, noble
      metal, preferably the same metal as that of the second layer.
PAR  In the preferred embodiment, where gold is utilized in the second layer 30,
      the collar 35 is likewise composed of gold. The particular plating
      solution should be selected for its capacity to deposit gold of high
      ductility and purity, but gold which is not too soft to preclude
      convenient handling of the structure following deposition of the collar.
      In the preferred embodiment a 99.9% fine, medium hard gold, such as Selrex
      "BDT" gold, which may be purchased commercially either as a liquid or a
      soluble salt, is utilized for the electro-deposition bath.
PAR  The mating surfaces are clamped in juxtaposition and placed into the
      plating tank. The clamped structure is connected to the current source so
      as to act as the cathode, while the tank contains the anodes. The gold
      layer constituting the collar 35 should be plated to a thickness of at
      least 0.025 mm, 0.05 to 0.075 mm being considered optimal.
PAR  It will be noted from FIG. 2 that the collar is caused to overlap the
      structure, i.e., the collar extends somewhat around the periphery of the
      structure in such a way that the structure is, in effect, clamped by the
      collar.
PAR  The final step in the method is to overlay the collar 35 with a metallic
      cap 40. The purpose of this cap is to exert a compressional mechanical
      force on the component elements of the structure, creating a tight
      hermetic seal. The cap may be composed of any metal which, when deposited,
      will exert such a compressive force, nickel being preferred.
PAR  To accomplish this step, the cap 40 is electrodeposited in the same manner
      as the collar 35, except that a nickel deposition solution is utilized.
      The preferable solution is a sulfamate nickel bath, such as those sold by
      Barrett. The minimum deposition thickness of this member is approximately
      0.2 mm, 0.25 to 0.3 mm being considered optimal.
PAR  The completed structure comprises a hollow cylindrical device hermetically
      sealed by means of an overlapping peripheral metallic compressional cap 40
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of joining a first structure, comprising a glass-like
      substance, to a second structure, comprising a substance selected from the
      group consisting of glass-like and metallic substances, comprising the
      following steps, each of which is performed at or near ambient
      temperature:
PA1  a. applying, to at least a portion of the mating surfaces of said first and
      second structures, a coating comprising a metallic substance capable of
      forming an intermolecular bond therewith;
PA1  b. covering at least a portion of said coating on each of said mating
      surfaces with a layer of a noble metal;
PA1  c. placing said first and second structures in juxtaposition with at least
      portions of their mating surfaces in contact;
PA1  d. placing a continuous overlayer of a noble metal over portions of said
      first and second structure, at least some of said overlayer in contact
      with said layers of noble metal; and
PA1  e. electrodepositing a cap over at least a portion of said overlayer, said
      cap comprising a metal having the property of exerting a compressive force
      when deposited.
NUM  2.
PAR  2. The method as recited in claim 1, wherein said step of applying
      comprises vapor-phase deposition.
NUM  3.
PAR  3. The method as recited in claim 2, wherein said step of vapor-phase
      deposition comprises vacuum deposition.
NUM  4.
PAR  4. The method as recited in claim 1, wherein said metallic substance is
      selected from the group consisting of titanium, chromium, molybdenum,
      tungsten and tantalum.
NUM  5.
PAR  5. The method as recited in claim 4, wherein said metallic substance
      comprises titanium.
NUM  6.
PAR  6. The method as recited in claim 1, wherein said layer of noble metal
      comprises gold.
NUM  7.
PAR  7. The method as recited in claim 6, wherein said step of covering
      comprises vapor-phase deposition.
NUM  8.
PAR  8. The method as recited in claim 7, wherein said step of vapor-phase
      deposition comprises vacuum deposition.
NUM  9.
PAR  9. The method as recited in claim 1, wherein said overlayer of noble metal
      comprises gold.
NUM  10.
PAR  10. The method as recited in claim 9, wherein said step of placing
      comprises electrodeposition.
NUM  11.
PAR  11. The method as recited in claim 1, wherein the metal comprising said cap
      comprises nickel.
NUM  12.
PAR  12. The method as recited in claim 1, wherein said cap is, at least in
      part, in overlapping relationship with at least one of said first and
      second structures.
NUM  13.
PAR  13. A metallic joint between a first structure, comprising a glass-like
      substance, and a second structure, comprising a substance selected from
      the group consisting of glass-like and metallic substances, comprising:
PA1  a. a vapor-phase deposited coating applied to at least a portion of the
      mating surfaces of said first and second structures, said coating
      comprising a metallic substance capable of forming an intermolecular bond
      therewith;
PA1  b. a vapor-phase deposited layer covering at least a portion of said mating
      surfaces, said layer comprising a noble metal, at least a portion of said
      coating on said first structure being in juxtaposition with at least a
      portion of said coating on said second structure;
PA1  c. a continuous overlayer of a noble metal over portions of said first and
      second structure, at least some of said overlayer in contact with said
      layers of noble metal; and
PA1  d. an electrodeposited cap over at least a portion of said overlayer, said
      cap comprising a metal having the property of exerting a compressive force
      when deposited.
NUM  14.
PAR  14. The joint as recited in claim 13, wherein said metallic substance is
      selected from the group consisting of titanium, chromium, molybdenum,
      tungsten and tantalum.
NUM  15.
PAR  15. The joint as recited in claim 14, wherein said metallic substance
      comprises titanium.
NUM  16.
PAR  16. The joint as recited in claim 13, wherein said layer of noble metal
      comprises gold.
NUM  17.
PAR  17. The joint as recited in claim 13, wherein said overlayer of noble metal
      comprises gold.
NUM  18.
PAR  18. The joint as recited in claim 13, wherein said metal comprising said
      cap comprises nickel.
NUM  19.
PAR  19. The joint as recited in claim 13, wherein said cap is, at least in
      part, in overlapping relationship with at least one of said first and
      second structures.
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ABST
PAL  In a metal material having a surface adapted to slide on a surface having a
      nickel-silicon carbide composite electroplated layer and subjected to a
      treatment for causing silicon carbide particles to project outward beyond
      the surface, the surface of the metal material is provided with porous
      hard chrome plating, whereby a lubricant may be deposited and retained in
      the porous plated layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a metal material for sliding surfaces to be used
      in combination with a composite plated sliding surface beyond which
      coprecipitates project outward.
PAR  As a material adapted to slide on a composite plated layer, there has
      heretofore been used a cast iron consisting of flaky, massive or globular
      graphite uniformly distributed in a pearlite matrix. Metal materials
      subjected to a surface treatment, that is, hard chrome plating, metal
      molybdenum spraying, bronze plating, and the like have also been used.
      Although the modulus of elasticity, transverse rupture strength, hardness,
      impact resistance and fatique limit of these metal materials depend on the
      base materials, there has been a problem from a practical standpoint in
      that, no matter which material is used, a large amount of wear to both or
      either one of the composite plated layer and the metal material results.
      In addition, some of these metal materials have the drawback of damaging
      the composite plated layer or adhering thereto by fusion seizure. For this
      reason, in order to utilize composite plated layers, there has been an
      urgent demand for developing metal materials without any such problems as
      are mentioned above.
PAR  There have been proposed prior arts relating to composite electroplating as
      typically disclosed, for instance, by a Japanese Pat. No. 280,939.
      According to this patent, there is disclosed a method wherein there is
      electrolytically coprecipitated a composite film consisting of any one of
      metals such as nickel, chromium, copper, cadmium, and optionally selected
      powdered substances such as alminum oxide, iron oxide, silicon carbide,
      tungsten carbide, diamond, etc. on the surface of a metal matrix, thereby
      providing the metal surface with extraordinary resistance against wear,
      heat, corrosion, etc.. Among these substance applied in such composite
      electrolytic operation, it has been most common for those skilled in the
      art to use nickel as a metallic component plus silicon carbide as a
      powdered admixture.
PAR  In this typical application, taken by way of example from among other known
      arts, wherein a composite film is electroplated, an electrolytic bath
      containing nickel sulfamate, nickel chloride, boric acid and other
      effective admixtures is first prepared in an electrolytic cell, thereafter
      powdered silicon carbide is further dispersed evenly to be suspended
      therein. In this particular electrolytic bath, it is essential to use
      caution to keep the powdered substance admixed from settling in the bath.
      Electrolytic nickel is used as anode and a metallic material to be coated
      is used as cathode. With such arrangement, electrolytic operation is
      performed by passing a current through the electrolytic cell and then
      coprecipitated on the surface of said material is powdered silicon carbide
      to be evently dispersed in the electroplated layer of nickel. The silicon
      carbide which is a coprecipitate has an average particle diameter of about
      4 .mu.. The silicon carbide content in the composite plated layer is about
      6% by weight. The silicon carbide which is a coprecipitate in the
      composite plating is a hard substance having a knoop hardness of 2480,
      whereby the hardness of the composite plated layer is enhanced and the
      wear resistance thereof is improved by coprecipitation of silicon carbide.
      For the sliding surfaces of machine tools, the inner wall surfaces of
      cylinders of internal combustion engines, clutch plates, and like parts, a
      hard metal or a hard metal which has been subjected to a surface treatment
      is used since the metal wears out through the sliding on, colliding with
      or being passed by another substance.
PAR  There are two types of wear, namely, initial wear that occurs before the
      two sliding materials are mutually run in, and stationary wear that occurs
      thereafter. Maximum quantity of wear occurs at a part where the direction
      of movement is reversed or a lubricating oil film is interrupted. A
      satisfactory material having high wear resistance means a material having
      excellent oil film retentivity. This is why cast iron is frequently used
      as a wear resisting material. More particularly, although cast iron shows
      slightly different physical properties depending on the form and quantity
      of graphite precipitated in the structure, cast iron is capable of storing
      oil to prevent the interruption of oil supply while it serves as a solid
      lubricant, and recesses from which the graphite have been removed act as
      oil sumps which held the formation and retention of lubricating oil films
      on the sliding surfaces. Further, cast iron effectively dissipates
      frictional heat due to its high thermal conductivity and readily adaptes
      to fit the form of the other material due to the low modulus of
      elasticity.
PAR  In order to improve the wear resistance of a composite plated layer, it is
      important to enhance the oil film retentivity as in the case of cast iron.
      In nickel-silicon carbide composite plating, phosphorus compounds are
      added in the plating bath to increase the hardness of the plated layer,
      thereby preventing silicon carbide from being forced into the nickel
      matrix by striking action or sliding pressure, while, at the same time,
      the plated layer is electropolished by connecting the plated layer as the
      anode, thereby causing silicon carbide particles to project beyond the
      composite plated surface. These particles form the first sliding surface
      and the recessed surface of the nickel matrix form the second sliding
      surface with oil being retained between the first and second surfaces,
      whereby the lubricating performance of the sliding surfaces is improved.
      The composite plated layer obtained by adding phosphorus compounds to
      increase the hardness and electropolishing said layer to cause silicon
      carbide grains to project beyond the surface by from 1 to 2
      .mu.(hereinafter referred to as a composite electroplated layer) has
      higher wear resistance than that of an ordinary composite plated layer.
PAR  When this composite electroplated layer is applied to the inner wall
      surface of a cylinder of an internal combustion engine, the piston rings
      to slide therealong must have a high wear resistance which is similar to
      the composite electroplated layer. Since the mechanism of wear and
      lubrication of a piston-ring material is similar to that of a cylinder
      material, the composite electroplated layer is also applied to the
      piston-ring material thereby to improve its wear resistance. As a
      piston-ring material, pearlitic cast iron containing a large quantity of
      phosphorus and hard steadite distributed therein with globular graphite
      uniformly distributed is excellent in wear resistance, thermal resistance,
      and strength.
PAR  When a composite electroplated surface slides on a cast iron surface, the
      surface of the cast iron is scratched by the hard silicon carbide
      particles projecting outward beyond the composite electroplated surface,
      whereby wear is caused. Further, with respect to the cylinder, a
      lubricating oil film will be interrupted near the top dead center and the
      bottom dead center where the direction of movement changes, whereby wear
      will be caused also on the composite electroplated layer. Even cast iron
      cannot prevent wear, so that a metal material with higher hardness than
      that of cast iron provided with appropriate oil sumps or space becomes
      necessary.
PAR  The processes for surface treatment of piston rings include parkerizing,
      hard chrome plating, application of solid lubricants, molybdenum spraying,
      wet plating, and bronze plating applied on a chrome plated layer, but each
      of these treatment processes has advantages and disadvantages. Among these
      processes, hard chrome plating is commonly applied at present for
      improving durability. A hard chrome plated layer has various advantageous
      features such as high thermal conductivity, high corrosion resistance, and
      high melting point rendering the layer difficult to seize by function,
      and, furthermore, the wear coefficient thereof is sufficiently low. That
      is, the hardness of the layer is extremely high and the wear resistance
      thereof is substantially improved, so that the hard chrome plated layer,
      when applied to a piston ring, can greatly extend the life of the ring.
      However, the piston ring surface thus plated also has disadvantages. For
      example, it does not easily assume an intimately run-in state relative to
      the cylinder, and the cylinder wear becomes severe.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a metal material of
      high wear resistance adapted to slide on and along the inner surface of
      each cylinder of an internal combustion engine which inner surface has
      been subjected to nickel-silicon carbide composite plating.
PAR  Another object of this invention is to provide a metal material in which a
      very hard substance forms the first sliding surface, whereby direct
      contact between the metal of the invention and the other metal can be
      avoided thereby to produce high wear resistance.
PAR  Still another object of this invention is to provide a metal material with
      oil retaining space between the first and second sliding surfaces, whereby
      lubricating oil is constantly supplied to the sliding surfaces, thus
      preventing galling as well as wear due to abnormal abrasion.
PAR  A further object of this invention is to provide a metal material which can
      easily assume an intimately run-in state relative to a composite
      electroplated material.
PAR  According to this invention, briefly summarized, there is provided a metal
      material having a surface plated with porous hard chromium which is a
      metal material for sliding surfaces adapted to slide on a surface having a
      nickel-silicon carbide composite electroplated layer and subjected to a
      treatment for causing silicon carbide particles to project outward beyond
      the surface.
PAR  The nature, utility, and further features of the invention will be apparent
      from the following detailed description with respect to preferred
      embodiments of the invention when read in conjunction with the
      accompanying drawing briefly described below.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is an enlarged sectional view showing two sliding surface portions
      wherein one is cast iron plated with porous hard chromium in accordance
      with this invention which is adapted to slide on the other surface having
      a composite electroplated layer;
PAR  FIG. 2 is a diagrammatic side view showing the essential construction of a
      superhigh-pressure wear tester; and
PAR  FIG. 3 is a graphical representation showing test results obtained by the
      wear tester illustrated in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Chrome plating is effected for decorative purpose owing to its beautiful
      luster and its high corrosion-resisting property on water or air, but it
      is also used on machine parts because of its great hardness and
      wear-resisting property. In the case of latter, it is often called "hard
      chrome plating".
PAR  The inventor found, however, that when the hard chrome plating is used, the
      plated surface has a poor oil retaining property because of its fineness,
      and causes burning on portions of surfaces sliding each other at a high
      speed and high pressure, but when the hard chrome plating is further
      worked, as will be described later into a porous hard chrome plating, the
      penetration of lubricant is improved and no burning is produced, thus
      porous hard chrome plating is favorable to be used on a surface of a
      material sliding on a composite plated surface.
PAR  The porous hard chrome plating can be obtained as follows:
PAR  First, the porous hard chrome plating is prepared in a bath having
      following conditions.
TBL  ______________________________________                                    

     Composition of bath:                                                      

      Chromic acid        200 - 250 g/l                                        

      Sulfuric acid        2 - 2.5 g/l                                         

     Temperature:          50 - 60.degree.C                                    

     Current Density       40 - 100 A/dm.sup.2                                 

     ______________________________________                                    

PAR  In plating a blank such as cast iron, the levelling and adherence are
      improved by first strike-plating at twice the electric current required
      above for 30-60 seconds, then returns to said required current density.
      Lead is used as the anode. This anode does not dissolve, but is consumed
      forming lead peroxide due to oxygen generated in the electrolysis. The
      lead peroxide has a good electrical conductivity, and the layer thereof
      formed on the surface protect the inner lead from chromic acid. When the
      surface layer becomes thick, the voltage required also increases, so that
      the anode is taken out and the layer is removed by lightly rubbing with a
      wire brush.
PAR  In order to increase the adherence of the chrome plating, the blank is
      often subjected to anode-treatment before plating. The liquid and the
      condition used commonly are:
TBL  Chromic acid         120 - 150 g/l                                        

     Sulfuric acid         1 - 1.3 g/l                                         

     Temperature           35 - 40.degree.C                                    

     Current Density       10 - 40 A/dm.sup.2                                  

PAL  When the blank material is of cast iron, this treatment is not effected
      because of its remarkable corrosion.
PAR  After the termination of plating, the article is washed throughly with warm
      water and dried. The drying is effected in a drying furnace at
      150.degree.-250.degree.C for 30 min. to 2 hrs. to remove the hydrogen
      brittleness.
PAR  Two processes are known to form the porous hard chrome plating from the
      hard chrome plating thus obtained.
PAL  1. Electrolytic process
PAR  When a chrome plated surface is electrolysed with the surface as positive,
      partial holes or grooves are formed due to the facts that the stress
      distribution on the chrome plated film is not uniform, and that minute
      fissures or small holes found on the plated film become enlarged.
PAL  2. Process in which the blanks are preliminarily indented (or formed with
      cavities)
PAR  Forming preliminarily required holes or grooves on the blanks to be plated,
      the holes or grooves thus formed are kept maintained after plating. In
      this case, however, the penetration of lubricant is somewhat smaller as
      compared with the process (1) described above.
PAR  The electrolytic process shown above in (1) may be summarized as follows.
      The process up to the plating is the same as that stated above in hard
      chrome plating. The material after said plating is placed in said anode
      treating liquid, and electrolysis is proceeded, with the plating surface
      as positive electrode, at a temperature of 50.degree.-60.degree.C, a
      current density 40-100 A/dm.sup.2 for 2-10 minutes.
PAR  An etched surface being obtained by this electrolysis, and this etched
      surface is machined to a required roughness. Care should be taken not to
      lose the etched grooves and holes due to too heavy a machining. It is
      preferable that ratio of occupation of porous portion relative to the
      total area after finishing operation is 18-54%.
PAR  Now, porous hard chrome plating is applied to the surface of a cast iron
      structure having physical properties and chemical composition as set forth
      in Table 1 below thereby to form a sliding surface. Next, the sliding
      surface plated with porous hard chrome is caused to slide on and along a
      sliding surface having a nickel-silicon carbide composite plated layer and
      subjected to a treatment such as electropolishing or mechanical polishing
      for causing silicon carbide particles to project outward beyond the
      surface as mentioned before.
TBL                Table 1                                                     

     ______________________________________                                    

     Physical properties of cast iron                                          

     ______________________________________                                    

     Standard modulus of                                                       

     elasticity (kg/mm.sup.2)                                                  

                         :         17,000                                      

     Standard transverse                                                       

     rupture strength (kg/mm.sup.2)                                            

                         :         100 min.                                    

     Hardness (HrB)      :         100 - 110                                   

     Decrease in tensile                                                       

     strength (%)        :         7 max.                                      

     ______________________________________                                    

TBL  ______________________________________                                    

     Standard Chemical Composition (%)                                         

     T.C      Si         Mn          P       S                                 

     ______________________________________                                    

     3.5 - 4.2                                                                 

              2.2 - 3.4  0.5 - 1.0   0.2 max.                                  

                                             0.05                              

                                             max.                              

     ______________________________________                                    

PAR  FIG. 1 shows enlarged sections of the aforementioned sliding surfaces
      wherein reference numeral 1 represents the first sliding surface, 2 the
      second sliding surface, 3 an oil spot, 4 a projecting silicon carbide
      particles, 5 a nickel matrix, and 7 designates a channel-type groove or a
      pinpoint opening on the surface of a porous hard chrome plated layer.
      Since the layer plated with porous hard chromium has such grooves or holes
      7 and is very hard, the retentivity of a lubricating oil increases, and
      higher lubricating performance than that of a layer plated with hard
      chromium can be obtained with less oil consumption.
PAR  Accordingly, when a surface plated with such porous hard chromium is used
      to slide on a composite plated surface, the projecting hard silicon
      carbide particles 4 and the hard chrome plated surface slide on the first
      sliding surface 1 and, in addition, this sliding surface is constantly
      supplied with oil through the grooves or holes 7 on the hard chrome plated
      surface and the oil spaces 3 on the composite plated surface whereby both
      materials suffer very little wear, and hence the optimum combination of
      cylinder material and ring material can be obtained.
PAR  In order to indicate more fully the nature and utility of the invention the
      following specific examples of practice constituting preferred embodiments
      of the invention are set forth, it being understood that these examples
      are presented as illustrative only and that they are not intended to limit
      the scope of the invention.
PAC  EXAMPLE 1
PAR  A wet-type wear test was carried out by means of superhighpressure wear
      tester, the essential mechanism of which diagrammatically in FIG. 2.
PAR  The test procedure comprised applying a load on a disc 12 of 80-mm diameter
      and 10-mm thickness having a composite electroplated layer 11 thereby to
      press this layer 11 against four stator ring members 13 measuring 5
      .times. 5 mm and held by a jig 19 supported on and rotating with a
      rotating shaft 14, the load being applied by hydraulic pressure acting in
      the direction 16 against a piston operating in a hydraulic cylinder
      mechanism 17 and connected to a chuck 18 holding the disc 12. The stator
      ring members 13 are thereby caused to rotate in sliding contact with the
      composite electroplated layer 11 under the load. Lubricating oil is
      supplied through a passageway 15 in the chuck 18. Further, the conditions
      under which the wear test was carried out were as shown in Table 2. The
      degrees of wear of the ring members of cast iron and those of cast iron
      plated with porous hard chromium were compared.
TBL                Table 2                                                     

     ______________________________________                                    

     Friction method  Mobile SAE 20 lubricating oil,                           

                      Oil temperature 60.degree.C,                             

                      600 cc/min                                               

     ______________________________________                                    

     Friction velocity (m/sec)                                                 

                      3, 4, 5                                                  

     Contact load (kg/cm.sup.2)                                                

                      70                                                       

     Friction distance (km)                                                    

                       100                                                     

     ______________________________________                                    

PAR  In this test, channel-type porous hard chromium having a porosity of 30
      .+-. 10 (% by area) was used for plating. The finishing roughness of the
      composite electroplated layer before sliding was of from 0.6 to 1.5 .mu.
      measured by the height of SiC projected on the metal surface.
PAR  The results of the wear test were as set forth in FIG. 3, in which the wear
      resistance is shown in terms of variation of the roughness of the sliding
      surface with respect to the composite electroplated layer, and in terms of
      the amount of wear after a 100 km run with respect to the ring members.
PAC  EXAMPLE 2
PAR  This example illustrates the application of the invention to a
      water-cooled, two-cycle, two-cylinder, internal combustion engine.
PAR  A water-cooled, two-cycle, two-cylinder, internal combustion engine for an
      outboard motor of 64-mm bore and 61.5-mm stroke provided with composite
      nickel silicon-carbide electroplated inner cylinder wall surfaces and
      having a maximum output of 24 HP/5500 rpm, in which there were used piston
      rings of cast iron, hard chrome plated cast iron, and porous hard chrome
      plated cast iron, respectively, in separate test runs was operated
      continuously for 60 hours in a water tank in each test run. After the
      operation was stopped, the wear of the cylinder at its top dead center,
      the wear of the first ring, and the wear of the second ring were measured
      and from the results, the adaptability of the ring materials to the
      composite electroplated layer was judged. The results obtained by the
      measurement of the amounts of wear with respect to the cylinders and rings
      are shown in Table 3. In this test, each piston had two rings. Said first
      ring is an upper ring, while said second ring is a lower ring.
TBL                Table 3                                                     

     ______________________________________                                    

     Amount of  Wear of Cylinder Top Dead                                      

                                   Wear of Ring                                

     wear       Center (.mu.)      (.mu.)                                      

     Ring       Maximum  Minimum  Average                                      

                                         1st   2nd                             

     material                            RING  RING                            

     ______________________________________                                    

     Cast iron  11.5     3.5      6.1    50    40                              

     Hard chrome                                                               

     plated cast                                                               

                2.5      1.0      1.6    25    10                              

     iron                                                                      

     Porous hard                                                               

     chrome plated                                                             

                2.0      0.5      1.2    11     6                              

     cast iron                                                                 

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  This example illustrates the application of the invention to a air-cooled,
      two-cycle, one-cylinder internal combustion engine.
PAR  An air-cooled, two-cycle, one-cylinder internal combustion engine for a
      motorcycle of a 56-mm bore and 50-mm stroke provided with a composite
      nickel silicon-carbide electroplated inner cylinder wall surface and
      having a maximum output of 10.2 HP/7500 rpm, in which there were used
      piston rings of cast iron, hard chrome plated cast iron, and porous hard
      chrome plated cast iron, respectively, in separate test runs was
      test-driven over a distance of 2000 km on a sandy beach in each test run.
      After each test drive was completed, the wear of the cylinder at its top
      dead center and the increase in the piston ring gap were measured, and
      from the results the adaptability of the ring materials to the composite
      electroplated layer was judged.
PAR  The results obtained by the measurement of the average amount of wear at
      eight points on the top dead center of the cylinder and the increase in
      the first and second ring gaps are shown in Table 4.
TBL                Table 4                                                     

     ______________________________________                                    

     Amount of wear                                                            

                  Average wear at 8                                            

                                  Increase in ring                             

                  points on cylinder                                           

                                  gap (mm)                                     

     Ring material                                                             

                  top dead center (.mu.)                                       

                                  1st      and                                 

                                  RING     RING                                

     ______________________________________                                    

     Cast iron    2.5             0.30     0.05                                

     Hard chrome                                                               

     plated cast iron                                                          

                  3.85            0.10     0.05                                

     Porous hard chrome                                                        

     plated cast iron                                                          

                  2.4             0.05     0.02                                

     ______________________________________                                    

PAR  In considering the wear of sliding metal materials, the amount of wear of
      not only one of the materials, but of both materials must be small. In
      Example 1, the roughness of the composite electroplated sliding surface
      was not appreciably different from the roughness measured before sliding,
      but the amount of wear of the porous hard chrome plated ring was
      approximately one half of that of the cast iron ring.
PAR  In Example 2, as can be seen from Table 3, the amounts of wear of the
      cylinders and rings were small when hard chrome plated cast iron was used
      as a ring material, and the wear of the cylinder was from 1/4 to 1/5 as
      compared with the wear caused when the cast iron ring was used. With
      respect to the first ring, which in likely to suffer a larger amount of
      wear, the wear of the cylinder was as low as from 1/2 to 1/5 as compared
      with the wear caused when the cast iron ring was used. On the other hand,
      the wear of the porous hard chrome plated ring was approximately one half
      of that of the hard chrome plated ring.
PAR  When the inner cylinder wall surface was examined after the operation was
      stopped, there was found a black line of from 2 to 3 mm width having a
      dull luster on the cylinder wall surface on which on the hard chrome
      plated ring had undergone sliding. This line is a mark due to contact
      between the nickel matrix of the composite electroplated layer and the
      hard chromium. There were also found on the piston ring surfaces some
      marks due to abrasion by the silicon carbide particles projecting outward
      from the composite electroplated layer. These marks occurred apparently
      because of interruption of lubricating oil supply since there are no oil
      retaining openings nor grooves on the piston ring surfaces whereby the
      lubricating oil was not constantly fed to the sliding surfaces. On the
      contrary, since the porous hard chrome plated ring has oil retentivity and
      good lubricity no such luster of marks due to the direct contact between
      the two metals were left on the inner cylinder surface.
PAR  Accordingly, it is apparent that wear resisting sliding materials can be
      obtained by using porous hard chrome plated rings. Also in Example 3, as
      can be seen from Table 4, satisfactory results could be obtained by the
      use of the porous hard chrome plated ring, and the ring thus plated can be
      used without any practical difficulty.
PAR  In summary, the advantageous features and utility which can be attained
      according to this invention by causing a composite electroplated material
      to slide relative to a porous hard chrome plated material are as follows:
PAR  1. In both materials, a very hard substance forms the first sliding surface
      whereby direct contact between the two metals can be avoided, and wear
      resistance is thereby improved by a bearing effect.
PAR  2. Since there are oil retaining spaces between the first and second
      sliding surfaces in both materials, lubricating oil is constantly supplied
      to the sliding surfaces, thereby preventing galling marks as well as wear
      due to abnormal abrasion.
PAR  3. The porous hard chrome plated material rapidly assumes an intimately
      run-in state relative to the composite electroplated material.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination, a first member containing a surface of porous hard
      chromium, and a second member containing a composite electroplated surface
      wherein silicon carbide particles project outwardly beyond a nickel
      matrix, said surface of porous hard chromium and said composite
      electroplated surface being in sliding engagement, whereby lubricant may
      be retained both by said porous hard chromium and on said composite
      electroplated surface between said projecting silicon carbide particles.
NUM  2.
PAR  2. The combination set forth in claim 1 wherein said surface of porous hard
      chromium is plated onto a first backing member, and wherein said composite
      electroplated surface is plated onto a second backing member.
NUM  3.
PAR  3. The combination set forth in claim 2 in which said first backing member
      is a cast iron comprising 3.5 to 4.2 percent of total carbon, 2.2 to 3.4
      percent of silicon, 0.5 to 1.0 percent of manganese, 0.2 percent at the
      most of phosphorous, 0.05 percent at the most of sulfur, and a remainder
      of iron and having a modulus of elasticity of the order of 17,000
      kg/mm.sup.2, a transverse ruption strength of at least 100 kg/mm.sup.2 a
      hardness of 100 to 110 HrB, and a decrease in tensile strength of 7
      percent at the most.
NUM  4.
PAR  4. The combination set forth in claim 2 wherein said first backing member
      is a piston ring of a piston for operating cooperatively with a cylinder,
      the porous hard chromium surface being plated on the sliding surfaces of
      the piston ring, and wherein the nickel-silicon carbide composite
      electroplated surface is disposed on and lines the inner surface of the
      cylinder which comprises said second backing member.
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ABST
PAL  The invention concerns a method for the application of sample liquids to a
      gel type electrophoretic medium which leaves substantially no application
      artifact in the final electrophoretic pattern. The method consists of
      placing a cover sheet, having slits formed therein at the desired sample
      application locations, on the upper surface of the gel. An excess of
      sample is placed over each slit and allowed to remain in place for a fixed
      time period. It is then blotted to remove excess sample material and the
      cover is removed. Sample materials imbibed into the gel will then be
      appropriately located and in predetermined amounts depending on the gel
      porosity and time that the sample is in contact with the gel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a method for the application of liquid samples to
      a gel type electrophoresis medium for subsequent separation by
      electrophoresis.
PAR  2. Description of the Prior Art
PAR  The use of porous gel media for electrophoresis has become significant in
      recent years, particularly slides or plates of agar and agarose gel. For
      example, procedures have been described using agarose gel which permit the
      separation of as many as 15 or 20 different protein-containing samples
      into their components simultaneously by electrophoresis in about an hour.
      While such procedures are known and are also useful, the application of
      samples to gel electrophoresis media has heretofore been a significant
      problem. The most common prior method was to form wells or slits in the
      gel surface either by forming them as the gel was formed or cutting the
      wells into the gel after formation. The liquid sample containing the
      materials to be separated by electrophoresis was placed in the well and
      electrophoresis was carried out in the normal fashion. This technique of
      forming the gel around a well-forming member as the gel is applied to the
      slide is described for example by B. G. Johansson in "Agarose Gel
      Electrophoresis", Scand. J. Clin. Lab. Invest. 29, Suppl. 114, Page 7 et
      seq, at page 10. One problem with this technique is that it leaves a
      "sample application artifact" in the completed electrophoretic pattern. If
      the stained pattern is scanned with automatic instrumentation to determine
      relative or absolute concentrations of the separated fractions, the
      results must be corrected to remove the effect of this sample application
      artifact. Further, the presence of the wells results in a discontinuity in
      the gel thickness with resulting higher current density in the gel below
      the well during electrophoresis. This higher current density in turn
      causes localized heating and drying of the gel media during
      electrophoresis.
PAR  Another problem with application of samples to wells cut in the gel media
      is that the wells had to be wide enough to accept a full drop. Such wells
      resulted in application areas which were not as narrow as might be
      desired.
PAR  To remedy this problem some workers in the field have attempted to place a
      mixture of gel and a predetermined amount of sample in the previously
      formed well. This is obviously a laborious and therefore expensive
      procedure.
PAR  Other application techniques that have been attempted include application
      of the sample to a carrier of paper, thread or cellulose strips and then
      applying the carrier with the sample thereon to the gel surface.
PAR  Another technique which has been used is the stab-application technique in
      which the sample is applied to the end of a pointed instrument, which is
      then inserted into the gel. As the instrument is removed the sample
      remains in the gel.
PAR  A further method which has been developed is the so-called "wire-pull"
      method in which the gel is formed in a frame with side walls. A wire
      supported by openings in the frame side walls is embedded in the gel. The
      sample is placed in contact with one end of the wire extending outside the
      frame. The wire is then pulled through the gel from the end opposite to
      that having the sample thereon and the sample is pulled into the gel as
      the wire passes through the gel.
PAR  From the foregoing it is apparent that no simple wholly satisfactory method
      of sample application to gels such as are used in electrophoresis has
      heretofore been developed.
PAC  SUMMARY OF THE INVENTION
PAR  The invention herein presented pertains to a novel method for the
      application of liquid samples to films of gel. It is particularly useful
      in the application of precise amounts of liquid sample to gel plates or
      slides used in electrophoretic separations of proteins. However it is also
      useful in other processes in which gel plates or slides are used,
      including immunoelectrophoresis and immunodiffusion. It is particularly
      adapted to the application of precise amounts of a number of different
      samples by relatively unskilled operators and has the advantage that it
      does not change the gel cross-section where applied, thereby obviating
      electrical discontinuities, and also does not leave a sample application
      artifact in the resulting electrophoresis pattern. Furthermore, the sample
      application is to a closely controlled area of the gel, which may have an
      advantageously narrow width.
PAR  Other features and objects of the present invention will become apparent
      from the following description and the accompanying drawing which forms a
      part of this application.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view, partially in section showing a slide of the
      type to which samples are to be applied with a sample application template
      located immediately above the slide.
PAR  FIG. 2 is a top view of a template made of wettable material.
PAR  FIG. 3 is a section taken along the line of FIG. 1 showing the application
      template on the slide surface with an excess of sample on the template
      being imbibed into the gel.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1, illustrates a slide, generally indicated at 2 having a base member
      4 of glass or plastic and a gel layer 6 formed on the surface of the base
      member 4. A template 8 is shown positioned above the surface 6a of the gel
      layer 6 in the position it would occupy either just prior to being applied
      to the gel surface or just after being removed from the surface.
PAR  As shown in FIG. 1, a plurality of slits, 10 are formed in the template,
      these slits being the openings through which the sample is applied to the
      gel. Preferably the slits are formed along the same transverse line in the
      template with their narrow dimension paralleling the direction of
      electrophoretic migration in the gel and their long dimension at right
      angles to this direction.
PAR  The template 8 is preferably made of a plastic film material such as
      polyethylene. It is preferable that the plastic material itself not be wet
      by the sample so that when sample liquid is applied to its surface it
      remains as a globule or droplet on the surface and does not spread. Stated
      in another way, the contact angle between the sample and the material of
      the template should be greater than 90.degree..
PAR  Alternatively, if the material of the template is wetted by the sample an
      upstanding ring 12, could be provided around each of the sample
      application slits as shown in FIG. 2 or a ring of non-wetting material
      such as silicone grease might be substituted for the actual upstanding
      rings 12 in FIG. 2.
PAR  In use, the template is laid over the upper surface of the gel with the
      slits 10 in the appropriate position into the gel.
PAR  A detailed cross-sectional view of the sample being imbibed into the gel is
      shown in FIG. 3. As there indicated, an excess of sample is placed on the
      template 8 covering the slit 10. This sample is imbibed by the porous gel
      6, gradually diffusing into the gel. Using slits of a length of about 1
      centimeter and a width of about 0.2 centimeters, we have found that an
      agarose gel having a concentration of 1.0% agarose at room temperature
      will absorb about 1 microliter of sample in approximately 100 seconds.
PAR  In practice, where samples from different sources are to be subjected
      simultaneously to electrophoretic action, the technician will apply the
      samples to the slits serially at predetermined times, for example every
      ten seconds. The technician starts a stop watch or other precise timing
      device as the first sample is applied and applies the sample serially in
      predetermined sequence at predetermined times, completing the applications
      before the total time that the sample is to be left in contact with the
      gel. Thereafter, the excess sample on the template is removed by blotting
      in the same sequence as the samples were applied. Alternatively the
      samples may be applied and removed simultaneously with a multiple
      pipetting device which would apply a drop of sample to each slit
      simultaneously. After an appropriate predetermined period the samples are
      blotted simultaneously to remove the excess sample. Either technique
      results in a predetermined volume of sample in the gel at a location
      determined by the slit in the template.
PAR  When the sample in the gel is subjected to electrophoretic action, and, as
      is usual, all the sample components are dissolved in the buffer solution
      which impregnates the porous gel, the application artifact will
      effectively disappear since under electrophoretic action all the
      components will be mobile, either as the result of electrophoresis or
      endosmosis.
PAR  It is important to note that once the sample or samples have been imbibed
      into the surface of the gel slide, the slide should be used for
      electrophoresis within a relatively short time such as for example within
      about 15 minutes, to minimize the effects of diffusion.
PAR  It will be seen from the foregoing that I have provided an improved sample
      application apparatus and procedure for applying samples to a gel slide
      for electrophoresis. By the use of my method and the apparatus described,
      precise amounts of the sample are imbibed into the gel slide at specified
      locations and, following electrophoresis, the sample application artifact
      disappears so that the location where the sample was applied is no longer
      apparent. The method avoids the laborious cutting or forming of wells into
      the gel surface with the attendant undesirable distortion of the
      electrostatic field across the gel during electrophoresis and is clearly
      superior to the prior sample application methods which have heretofore
      been practiced.
CLMS
STM  Having described my invention I claim:
NUM  1.
PAR  1. The method of applying a sample liquid to a gel electrophoresis medium
      which comprises in combination the steps of:
PA1  a. placing a cover sheet in contact with the surface of such gel medium,
      said sheet having a slit formed therein at the desired sample location;
PA1  b. placing an amount of sample in excess of that to be absorbed by said
      medium over said slit,
PA1  c. beginning measurement of a predetermined time when said excess sample is
      in place over said slit;
PA1  d. blotting the unabsorbed sample from said slit at the end of the
      measurement of said predetermined time, whereby said excess sample is in
      place over said slit for a fixed and determined period; and
PA1  e. removing said cover sheet from contact with the surface of said gel
      medium
NUM  2.
PAR  2. The method defined in claim 1 in which said cover sheet is made of a
      material which is not wetted by said sample.
NUM  3.
PAR  3. The method defined in claim 1 in which said cover sheet has a plurality
      of slits formed therein, whereby a plurality of samples may be applied to
      the surface of said gel.
NUM  4.
PAR  4. The method defined in claim 3 which includes the steps of applying all
      of said samples simultaneously to said slits and simultaneously blotting
      said samples.
NUM  5.
PAR  5. The method of applying sample liquids to a gel electrophoresis medium
      which comprises, in combination the steps of:
PA1  a. placing a cover sheet in contact with the surface of said gel medium,
      said sheet having a plurality of slits formed therein at the desired
      sample application locations;
PA1  b. sequentially placing an amount of sample in excess of that to be
      absorbed by said medium over each slit;
PA1  c. beginning measurement of a predetermined time period for each slit when
      said excess sample is in place over said slit;
PA1  d. blotting the unabsorbed sample from each slit at the end of the
      measurement of the predetermined time for said slit, whereby said excess
      sample is in place over said slit for a fixed and predetermined period;
      and
PA1  e. removing the cover sheet from contact with the surface of said gel
      medium.
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ABST
PAL  A method of removing gallium from tin, lead or tin-lead alloy in which the
      molten metal containing gallium is treated with a molten flux of alkali
      metal hydroxide, alkali metal carbonate or a mixture of such constituents
      where the alkali metal is lithium, sodium, potassium or a mixture of
      these. Preferably the metal and flux are stirred together, then separated,
      and the flux dissolved in water and gallium recovered from the solution by
      electrolysis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In commonly assigned U.S. application Ser. No. 490,034 of even date, for a
      method of extracting gallium from Aluminate Solutions (based on British
      Application 34480/73) there is described and claimed a method of
      recovering gallium from aluminate liquors by electrolysis using a solid
      cathode made of a metal into which gallium diffuses. Preferred metals for
      the cathode are lead, tin and tin-lead alloys.
PAR  The present invention is concerned with the recovery of gallium from lead,
      tin and tin-lead alloys, particularly such alloys which have gallium
      absorbed into them in a percentage of from about 0.1 to 4% by weight.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a simple and relatively
      inexpensive method for recovering gallium from tin, lead and tin-lead
      alloys.
PAR  Accordingly the present invention provides a method of removing gallium
      from a metal selected from the group tin, lead and tin-lead alloy which
      comprises treating the metal in molten form with a molten flux selected
      from the group consisting of alkali metal hydroxide, alkali metal
      carbonate and a mixture of such constituents and in which the alkali metal
      is selected from the group consisting of lithium, sodium, potassium and a
      mixture of such constituents.
PAR  I have found that the gallium is absorbed into the flux with only a minor
      proportion of the tin or lead also being absorbed. The flux containing the
      gallium can then be easily separated from the remainder of the metal and
      the gallium recovered. Preferably this is done by dissolving the flux in
      water to provide an alkali metal gallate solution from which the gallium
      is recovered by electrolysis. An alkali metal chloride may be included as
      a non-fuming melting point depressant in the flux.
PAR  In the preferred form, a molten flux consisting of 100% sodium hydroxide is
      employed. This compound melts at 320.degree.C although the various
      mixtures when used in substantially eutectic proportions enables the
      process to be used over a temperature range of 220.degree.-860.degree.C.
      Alkali hydroxides would not ordinarily be selected for use when tin is
      present but in the present case hydroxides not only contribute to the low
      melting point of the possible mixtures which may be used, but would seem
      to react selectively with the gallium present to an extent whereby attack
      upon the tin is reduced to and acceptably low level.
PAR  It is found that stirring of the molten flux-molten metal interface
      substantially enhances the removal of gallium from the other metallic
      components present. For an efficient separation of gallium from tin, lead
      or tin-lead alloys contact times between the molten constituents and the
      length of time for which the constituents are stirred is unlimited.
      Although experimentally 2-60 minutes contact between the molten metal and
      molten flux with stirring was found sufficient.
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In one manner of applying the process the tin, lead or tin-lead alloy
      containing 1-4% gallium is placed in a suitable container such as a nickel
      or carbon crucible. The aforementioned ingredients of the flux are placed
      on top of the metal and the crucible heated in a furnace to melt the metal
      and the flux. A stirrer is introduced and the metal stirred to improve the
      flux/metal contact. After the requisite time the stirrer is removed and
      the crucible taken from the furnace. When cooling has progressed
      sufficiently for the flux, which floats on the surface of the metal, to
      have solidified and whilst the metal is till molten, a hole is made in the
      solid flux and the metal poured off. The flux is then broken up and
      dissolved in water to yield a solution containing sodium gallate. Gallium
      is readily recovered in the metallic form from this solution by the known
      process of electrolysis between two suitable, inert electrodes. In a
      further working of the process the molten tin may be passed dropwise
      through a column of the molten flux.
DETD
PAR  The following Examples illustrate the working of the process:
PAR  EXAMPLE 1
PAR  295.68 G of tin-gallium (1.95%) alloy was melted under 30 g of sodium
      hydroxide at 340.degree.C for 30 minutes with stirring. At the end of the
      experiment the flux was dissolved in 250 cm.sup.3 of distilled water and
      the solution analysed for both tin and gallium. This solution was found to
      contain 24.0 g/l gallium and 3.16 g/l tin which is equivalent to a 100%
      and 0.28% removal of gallium and tin respectively from the original alloy.
      A proportion of the metal analysed after treatment contained less than
      0.05% of gallium.
PAC  EXAMPLE 2
PAR  1.397 G of tin-gallium (1.59%) alloy was melted under 10 g of sodium
      carbonate at 860.degree.C for 30 minutes. At the end of the experiment the
      flux was dissolved in 100 cm.sup.3 of distilled water and the solution
      analysed for tin and gallium. It was found that virtually 100% of the
      gallium had been recovered together with 21.6% of the tin.
PAC  EXAMPLE 3
PAR  l.027 G of tin-gallium (1.59%) alloy was melted under 10 g of flux
      consisting of 40% sodium hydroxide and 60% sodium carbonate at
      540.degree.C for 30 minutes with stirring. At the end of the experiment
      the flux was dissolved in 100 cm.sup.3 of distilled water and the solution
      analyzed for tin and gallium. It was found that 100% gallium and 1.1% tin
      had been recovered in the flux.
PAC  EXAMPLE 4
PAR  10.004 G of tin-lead (40%) alloy containing 2% gallium was melted under 10
      g of sodium hydroxide at 340.degree.C for 30 minutes with stirring. At the
      end of the experiment the flux was dissolved in 100 cm.sup.3 of distilled
      water and the solution analysed for tin, lead and gallium. The solution
      was found to contain 209 g/l gallium, 1.21 g/l tin and less than 0.01 g/l
      lead which is equivalent to 100% recovery of gallium and 1.21% removal of
      the tin-lead alloy present.
PAC  EXAMPLE 5
PAR  1.302 G of tin-gallium (30%) alloy was melted under 10 g of a flux of 5 g
      of sodium hydroxide and potassium hydroxide respectively at 200.degree.C
      for 30 minutes with stirring. At the end of the experiment the flux was
      dissolved in 10 cm.sup.3 of distilled water and the solution analysed for
      tin and gallium. It was found that 98% of the gallium had been recovered
      and 0.07% of the tin removed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of removing gallium from a metal selected from the group
      consisting of tin, lead, and tin-lead alloy which comprises treating the
      metal in molten form with a molten flux consisting essentially of alkali
      metal hydroxide, and removing the flux containing gallium from the
      remainder of the metal.
NUM  2.
PAR  2. A method according to claim 1 in which the flux additionally includes
      alkali metal chloride as a non-fuming melting point depressant.
NUM  3.
PAR  3. A method according to claim 1 in which the molten flux consists of 100%
      sodium hydroxide.
NUM  4.
PAR  4. A method according to claim 1 which comprises maintaining the molten
      flux and the molten metal in the temperature range 220.degree. to
      860.degree.C.
NUM  5.
PAR  5. A method according to claim 1 which includes stirring the molten flux
      and molten metal to improve the contact therebetween.
NUM  6.
PAR  6. A method according to claim 1, in which the flux is cooled to a solid
      state and the metal remainder poured off while still molten.
NUM  7.
PAR  7. A method according to claim 1, which comprises dissolving the separated
      flux in water to produce an alkali metal gallate solution.
NUM  8.
PAR  8. A method according to claim 7, which comprises removing the gallium from
      said solution by electrolysis between suitable inert electrodes.
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ABST
PAL  Surface-coated cemented carbide articles, in particular, cutting tools very
      excellent in wear resistance and heat resistance are made by an improved
      method according to the invention. This improved method comprises
      providing a 3-50 % by weight dispersion of fine powders of 20 microns or
      less containing 50 % or more of titanium carbide in a liquid consisting
      mainly of an organic solvent, applying a DC voltage of 10-500 volts to the
      surface of tungsten carbide base cemented carbides containing 4-30 % of a
      binder metal in said dispersion to thus cause electrophoretic deposition
      of the fine powders thereon, heating the coated surface at a temperature
      of 1260-1550 .degree.C in vacuum or in a reducing or inert atmosphere and
      thereby forming a coating layer consisting mainly of titanium carbide of
      100 microns or less on the surface of the cemented carbides.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to tungsten carbide base cemented carbide articles
      or parts, in particular, cutting tools, having titanium carbide-containing
      coatings excellent in wear resistance and heat resistance and to a method
      of making such articles.
PAR  Cemented carbides are sintered products having a suitable toughness and
      containing one or more of metal carbides such as carbides of tungsten,
      titanium, columbium and tantalum, cemented by a metal from the iron group,
      preferably cobalt. In the case of using these cemented carbides as a
      cutting tool, it is an important problem to increase the wear resistance
      since the tool life depends on the wearing of its edge. Of late, cermets
      consisting of mainly titanium carbide excellent in heat resistance and
      wear resistance with molybdenum, cemented by nickel, have hitherto been
      developed. However, such titanium carbide base alloys lack generally
      sufficient toughness, as compared with the ordinary tungsten carbide base
      cemented carbides.
PAR  A number of proposals have thus been made to coat the cemented carbides
      with titanium carbide rich cemented carbide or titanium carbide, for
      example, by forming under pressure a titanium carbide-containing layer on
      the surface of a green compact of tungsten carbide base alloy and
      subsequently heating at a sintering temperature (Japanese Patent
      Publication No. 18046/1969), and by carrying out gaseous phase plating of
      titanium carbide using a mixed gas of hydrogen and methane containing
      titanium tetrachloride (U.S. Pat. No. 2,962,388, FP No. 1,525,512 and
      Swedish Pat. No. 318,167). In these methods, however, manufacturing
      difficulties are unavoidable. In particular, the latter method has another
      serious disadvantage that the apparatus for practising the same is
      necessarily complicated and expensive, and it takes a very long period of
      time to obtain a plating layer of more than 10 microns in thickness. In
      addition, as a method of coating high melting point metals, graphites and
      steels with titanium carbide base alloys, plasma melt spraying and
      electroplating are well known. In the method by melt spraying, the
      adhesive strength between a base member and coating layer and the strength
      of a coating layer are not sufficient. This method cannot be applied to
      base members of complex shape and, further, requires expensive apparatus.
      In the method by electroplating, on the other hand, carbide grains such as
      titanium carbide are deposited simultaneously with electroplating of a
      binder metal such as nickel, resulting in that the quantity of the binder
      metal in a coating is too much to be useful as a cutting tool.
PAR  Furthermore, the utilization of electrophoretic deposition has been
      proposed as disclosed in Japanese Patent Publication No. 8951/1963, U.S.
      Pat. No. 3,171,192 and "Journal of the Electrochemical Society", Vol. 109,
      No. 10, page 923-927. The invention of Japanese Patent Publication No.
      8951/1963 is only directed to filling micropores of a sintered metal with
      a solid powder, while JES shows academic studies on the relation of
      current and voltage affecting the speed of electrodeposition in the
      electrophoretic deposition and so on. In the case of U.S. Pat. No.
      3,171,192, carbide-free heavy metals are used as a base member or
      substrate and mixed powders of tungsten carbide and a binder metal from
      the iron group, corresponding to the composition of the ordinary tungsten
      carbide base cemented carbides, are used as a coating material. The thus
      obtained composite parts i.e. cutting tools and dies ordinarily have a
      diffusion layer (intermediate layer) of more than 25 microns between the
      coating layer and base member, which diffusion layer consists of
      intermetallic compounds of tungsten, cobalt, nickel, etc., which are very
      brittle. Therefore, these composite parts do not always satisfy the wear
      resistance, adhesive strength of coating layer and toughness.
PAR  The use of a dip coat bath which is made up of a solvent, organic binder
      and particles to be employed for forming the coating is disclosed in U.S.
      Pat. No. 3,475,161 but the adhesive strength of the coating obtained
      thereby is not satisfactory.
PAR  It is the general object of the invention to provide a novel method for
      making surface-coated cemented carbide articles having an excellent wear
      resistance and heat resistance, whereby the above mentioned disadvantages
      of the prior art are overcome.
PAR  It is another object of the invention to provide parts or cutting tools
      excellent in wear resistance and toughness, which have the characteristics
      of tungsten carbide base cemented carbides and titanium carbide base
      cemented carbides in combination.
PAR  It is a further object of the invention to provide an improved method for
      forming a hard coating consisting mainly of titanium carbide on a
      substrate of tungsten carbide base cemented carbides by utilizing
      electrophoresis.
PAR  It is a further object of the invention to provide surface-coated tungsten
      carbide base cemented carbide parts wherein the intrinsic toughness of
      tungsten carbide base cemented carbides is held.
PAR  Tungsten carbide base cemented carbide articles having surfaces prepared
      according to the invention are useful for many purposes, such as cutting
      tools, dies, valves, bearings and the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The accompanying drawings are to illustrate the principle and merits of the
      invention in more detail.
PAR  FIG. 1 is, for the purpose of illustrating the principle of the invention,
      a graph showing the relation of stress and strain of a base member of
      tungsten carbide base cemented carbides and coating layer of titanium
      carbide, where E.sub.1 &gt;E.sub.2, E.sub.1 being Young's modulus of the base
      member and E.sub.2 being that of the coating layer when applying a force P
      to the composite part. Marks x show respectively broken points of the base
      member and coating layer. The vertical coordinate shows stress and the
      horizontal coordinate, strain.
PAR  FIG. 2 is a graph showing the relation of coating thickness (horizontal
      coordinate, micron) and transverse rupture strength (vertical coordinate,
      kg/mm.sup.2) of the composite part according to the invention.
PAR  FIG. 3 and FIG. 4 are graphs showing the relation of cutting time
      (horizontal, minute) and flank wear (vertical, mm) or depth of crater
      (vertical, 1/100 mm) for comparison of the characters of the cutting tool
      according to the invention with those of the comparative cutting tools.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  We, the inventors, have found as a result of various studies to solve the
      disadvantages of the prior art that tungsten carbide base cemented
      carbides are coated with titanium carbide-containing fine powders by
      electrophoresis and heated whereby to obtain uniform and dense coating
      layers consisting mainly of titanium carbides, and reached the present
      invention.
PAR  That is to say, in accordance with the invention, there is provision of a
      method of making surface-coated cemented carbide articles, which comprises
      providing a 3-50 % by weight dispersion of fine powders of 20 microns or
      less containing 50 % or more of titanium carbide in a liquid consisting
      mainly of an organic solvent, applying a DC voltage of 10-500 volts to the
      surface of tungsten carbide base cemented carbides containing 4-30 % of a
      binder metal in said dispersion to thus cause electrophoretic deposition
      of the fine powders thereon, heating the coated surface at a temperature
      of 1260.degree.-1550.degree.C in vacuum or in a reducing or inert
      atmosphere and thereby forming a coating layer consisting mainly of
      titanium carbide of 100 microns or less on the surface of the cemented
      carbide.
PAR  As the fine powder having a particle size of 20 microns or less and
      containing 50 % or more of titanium carbide may preferably be used fine
      powders consisting of titanium carbide alone, and titanium carbide and
      5-30 % of molybdenum and/or molybdenum carbide in combination, optionally
      with 1-30 % chromium carbide, vanadium carbide, tantalum carbide,
      columbium carbide, zirconium carbide, hafnium carbide and substances
      forming these carbides under the reaction conditions. Combinations of
      titanium carbide with 1-50 % of one or more of these carbides may also be
      used. Particularly, finely divided mixtures of titanium carbide and 1-50 %
      of tantalum carbide and finely divided solid solution of the same are
      preferably used. Such fine powder is generally prepared by pulverizing and
      mixing a starting powder or powdered mixture of the foregoing composition
      by means of, for example, a ball mill so as to give an average grain size
      of 20 microns or less. As occasion demands, carbon powder may be added.
PAR  The resulting titanium carbide-containing fine powder is dispersed in a
      liquid consisting mainly of an organic solvent, preferably, alcohol such
      as ethyl alcohol, methyl alcohol or isopropyl alcohol, ketone such as
      methyl ethyl ketone or methyl isobutyl ketone, nitroparaffin such as
      nitromethane or nitroethane or halogenated hydrocarbon such as methylene
      chloride or trichloroethylene. An insert of tungsten carbide base cemented
      carbides is immersed, as one electrode, in the resulting dispersion and a
      direct current voltage of 10-500 volts is applied thereto thus
      electrophoretically depositing the fine powder on the surface of the
      insert. In this case, small amounts of proteins and resins, commonly used
      in the electrophoretic deposition technique, may be added in order to
      raise the adhesiveness of the fine powder electrophoretically deposited as
      well as the strength of the deposited layer itself.
PAR  In order to obtain a coating layer that is excellent in wear resistance and
      dense, which the invention aims, the titanium carbide-containing fine
      powder should have a grain size of 20 microns or less. The reason is that,
      when larger than 20 microns, not only it is difficult to hold the powder
      in a uniform suspended state in the dispersion during electrodeposition,
      but also the sintering property is bad and it is difficult to obtain a
      completely dense coating layer by heating after the electrophoretic
      deposition. As is well known, the voltage in the practice of
      electrophoretic deposition depends ordinarily upon .zeta. potential of an
      electrodepositing material in a dispersion medium, but there has been no
      study on electrophoresis of titanium carbide or compositions comprising
      mainly titanium carbide.
PAR  Now it is surprisingly found that a DC voltage of about 100 volts is
      sufficient enough to obtain a deposited layer consisting of or comprising
      titanium carbide and having a desired thickness when using a mixed
      solution of isopropyl alcohol and nitromethane as dispersion medium and
      adding 1 % of protein based on the weight of fine powder. This is
      extraordinarily low considering that a high voltage of 300 volts or higher
      is commonly used in such non-aqueous dispersion system. Electrodeposition
      of titanium carbide is made possible by the method of the invention.
PAR  In the electrophoretic deposition according to the invention, the amount of
      deposition is short at a voltage of lower than 10 volts whilst, at a
      voltage of higher than 500 volts, a relatively high dielectric constant of
      an organic solvent such as ethyl alcohol, methyl alcohol or isopropyl
      alcohol results in generation of gas on the surface of a deposited
      material, thus lowering the amount of deposition and degradating the
      quality of it.
PAR  The concentration of titanium carbide-containing fine powder in the
      dispersion during electrophoretic deposition is related to the uniform
      deposition or throwing power of the electrodeposition film and to
      degradation of the electrodeposition film due to aggregation of the powder
      in the dispersion medium. The dispersion concentration should preferably
      be within a range of 3-50 %, since the amount of deposition is short if
      less than that and the uniform electrodeposition and quality of the
      electrodeposition film cannot be held if more than that.
PAR  In the method of the invention, the cemented carbides after electrophoretic
      deposition are heated at a temperature of 1260.degree.-1550.degree.C in
      vacuum or in a reducing or inert atmosphere, whereby to bond strongly a
      deposited layer consisting of or comprising titanium carbide to the
      surface of the cemented carbides and to exude some binder metal, usually
      cobalt into this coating layer from the cemented carbides, resulting in a
      dense titanium carbide-containing coating layer. At a heating temperature
      of lower than 1260.degree. C, sintering of the titanium carbide coating
      layer itself is not sufficient and the wear resistance is considerably
      low. This is related to the fact that the temperature at which the liquid
      phase of TiC--Co system appears is approximately 1260.degree. C. That is,
      at a temperature of lower than this, there occurs no exuding of the binder
      metal from the cemented carbide base member, nor progress of sintering of
      the coating layer. When the heating temperature is raised, sintering of
      the coating layer gradually takes place and, at about 1350.degree. C, a
      completely dense layer is obtained. When the heating temperature is higher
      than 1550.degree. C, deterioration of the cemented carbide base member and
      deformation thereof may occur because the sintering temperature of the
      base member is ordinarily lower than that.
PAR  The coating thickness may be varied with the object of use. When throw-away
      inserts for cutting are coated, a coating thickness of 3-30 micron is
      preferred. Progress of wearing of an insert is slow as the coating layer
      thickness increases, but the toughness of the insert itself sometimes
      lowers if too thick. When measurement of the transverse rapture strength
      (which will hereinafter be referred to as T.R.S. simply) of P 15 cemented
      carbides (67WC--26(TiC--TaC)-- 7Co) was carried out using a test piece of
      T.R.S. of cemented carbides (4 .times. 8 .times. 25 mm, JIS Standard), a
      base member not subjected to titanium carbide coating according to the
      invention gave 145 kg/mm.sup.2, whilst a base member having a titanium
      carbide coating of about 5 microns prepared according to the invention
      gave 135 kg/mm.sup.2 and similarly a base member having a coating of about
      30 microns, 100 kg/mm.sup.2. As shown in FIG. 2, using a test piece of
      T.R.S. (4 .times. 8 .times. 25 mm, JIS Standard) of P 30 cemented carbides
      (75WC--15(TiC--TaC)--10Co) as a base member, there is also a difference of
      about 60 kg/mm.sup.2 in the value of T.R.S. between the test pieces coated
      with titanium carbide alone (Curve 1) and with TiC-10Mo.sub.2
      C--10TaC--10Ni (Curve 2) or with TiC--10Mo.sub.2 C--5Cr.sub.3 C.sub.2
      --5TaC--10Ni (Curve 3) at a coating thickness of 5 microns. In any case,
      the value of T.R.S. lowers considerably as the thickness of the coating
      layer increases. As is evident from these results, the coating layer
      should be made thinner as far as there is held a balance between the wear
      resistance and toughness, but a thicker coating may of course be allowed
      for uses where only the wear resistance is desired, for example, various
      guides. Where a wear resistance is desired without lowering the toughness
      of cemented carbides base member, in particular, one or more third
      components as mentioned above may be added.
PAR  Particularly preferred thickness of the coating layer may range from 3 to
      30 microns and the thickness of larger than 100 microns should be avoided
      since it causes often cracks in the width of coating layer due to that,
      when heated at 1260.degree.-1550.degree. C after the electrophoretic
      deposition, the base member expands thermally while the coating layer
      sinters and thus shrinks.
PAR  When a substrate of tungsten carbide base cemented carbides is coated with
      a coating layer consisting of or comprising titanium carbide according to
      the method of the invention, the toughness of the substrate lowers
      somewhat, because of that the toughness of the coating layer is much lower
      than that of the substrate, as in hard chromium-plated steel articles,
      which toughness and fatigue strength lower. Therefore, one of desirable
      ways to raise the toughness of such composite articles is to make the
      toughness of a coating layer itself as high as possible. To illustrate
      this graphically, when E.sub.1 &gt;E.sub.2 where E.sub.1 is Young's modulus
      of a base member and E.sub.2 is that of a coating layer, the relation of
      stress and strain thereof is obtained as shown in FIG. 1, in which Curve 1
      is that of the base member and Curve 2 is that of the coating layer. The
      stress-strain curve is substantially linear since cemented carbides and
      carbide are taken into consideration. Moreover, it is assumed that the
      coating layer is thin enough and the strain thereof is restricted by the
      base member. In such case, application of a certain tensile load P creates
      different stresses on the coating layer and base member, that of the
      former being smaller. Therefore, even though the coating layer, if alone,
      is readily broken by a low stress, the load is shared with each other so
      that their strains may be equal and, consequently, the strength of the
      surface-coated article itself is considerably high. In case where the base
      member is of cemented carbides which breakage progresses due to
      brittleness, however, occurring of cracks on the coating layer (A) leads
      to breakage of the whole. Accordingly, if this break strength of the
      coating layer is further raised, the strength of the whole could
      substantially be the same as that of the base member, for example, as
      shown by B.
PAR  Tungsten carbide base cemented carbides used as a base member in the
      invention, containing 70-96 % by weight of tungsten carbide, have Young's
      modulus of 45-70 .times. 10.sup.3 kg/mm.sup.2, while titanium carbide
      gives 32 .times. 10.sup.3 kg/mm.sup.2 and carbides of molybdenum,
      vanadium, tantalum, columbium, zirconium, hafnium and chromium give less
      than 40 .times. 10.sup.3 kg/mm.sup.2.
PAR  The base member or substrate used in the invention consists of tungsten
      carbide base cemented carbides containing the system WC-Co or-other iron
      group metal, optionally with carbides of titanium, tantalum, columbium,
      hafnium, zirconium, chromium and vanadium. That is to say, the composition
      of this base member, which may be varied according to use, consists of
      70-96 % tungsten carbide and 4-30 % cobalt or, if necessary, up to 50 % of
      said tungsten carbide being substituted by one or more of carbides of
      titanium, tantalum, columbium, hafnium, zirconium, chromium and vanadium.
      Other iron group metals than cobalt may be used including their alloys.
PAR  Since the base member of the invention is of cemented carbides consisting
      mainly of tungsten carbide as mentioned above, there is no foreign phase
      of boundary between the base member and coating layer consisting mainly of
      titanium carbide unlike in the case of U.S. Pat. No. 3,171,192 using
      carbide-free metals as the base member. This is possibly due to the fact
      that both the coating layer and base member have a sufficient carbon
      concentration necessary for forming a healthy carbide phase or desirable
      carbide-binder metal phase. In the method of gaseous phase plating of
      titanium carbide on the surface of cemented carbides also, a very brittle
      .eta. phase appears at boundary between a coating layer and base member
      and the toughness of the product is thus less than that of the invention.
PAR  In accordance with the method of the invention, composite parts or articles
      having a satisfactory wear resistance as well as toughness can be obtained
      even in the case of using titanium carbide powder alone for provision of
      the fine powder of 20 micron or less, but, depending on the use of parts
      or articles, a third material which will hereinafter be illustrated by way
      of example may be added to the above mentioned titanium carbide so as to
      obtain a desirable wear resistance and toughness. The coating layer formed
      consists mainly of titanium carbide, but is somewhat contaminated with
      foreign matters such as tungsten, cobalt and iron coming from the step of
      grinding the starting material and tungsten, cobalt, tantalum and
      columbium diffusing from the base member cemented carbides to the coating
      layer during the step of heating, even in the case of using titanium
      carbide powder only. In adding the third material, of course, it is
      additionally incorporated with similar contamination to give a more
      complicated composition.
PAR  As a preferred embodiment, powders containing titanium carbide and 5-30 %
      of molybdenum and/or molybdenum carbide are used as a starting material.
      In this case, the toughness and cutting property of the composite part are
      more improved as compared with the case of using titanium carbide alone.
      The reason is considered as follows. The electrophoretically deposited
      titanium carbide grains sinter during heating by aid of a binder metal
      exuding from the base member. The presence of molybdenum, as is well
      known, serves to improve markedly the wetting property of iron group metal
      to titanium carbide, whereby the grain size of titanium carbide during
      sintering is finely divided. If titanium carbide grains are fine, the
      hardness is raised. The finer titanium carbide crystal grains are, the
      better the strength of sintered titanium carbide is. The effect by
      addition of molybdenum will be understood by this phenomenon. When less
      than 5 %, the above mentioned effect is not given and when more than 30 %,
      the wetting property is improved but excess molybdenum is dissolved in
      titanium carbide so that the most part of titanium carbide crystals are in
      the form of a solid solution of (Ti, Mo)C, not of TiC. This solid solution
      crystal has a lower hardness than that of titanium carbide, leading to
      lowering of the wear resistance.
PAR  As another embodiment, powders containing titanium carbide and 1-50 % of
      tantalum carbide are used as a starting material. In this case also, the
      cutting property of the product is more improved as compared with the case
      of using titanium carbide alone. The starting material may be prepared by
      mixing their powders or by providing a powdered solid solution of titanium
      carbide and tantalum carbide. It is found by experiments that the use of a
      powdered solid solution of the carbides gives better results, but their
      difference does not matter, in particular, considering additional costs
      for the previous provision of the solid solution. The basis for limiting
      the amount of tantalum carbide to 1-50 % lies in that, as evident from
      Example 6, in particular, Table 2, when less than 1 %, the effect by
      addition of tantalum carbide is not given and when more than 50 %, the
      wear resistance lowers. On the other hand, metallographical observation of
      the coating layer teaches that the tendency of fine division of titanium
      carbide grains is remarkable from about 10 % of tantalum carbide, from
      which an increase of toughness would be expected.
PAR  In a further embodiment are used, as a starting material, powders
      containing titanium carbide or titanium carbide and up to 30 % of
      molybdenum and/or molybdenum carbide, and 1-50 % of one or more of
      carbides of chromium, vanadium, tantalum, columbium, zirconium and hafnium
      and substances capable of forming these carbides under the reaction
      conditions, optionally with 1-30 % of nickel or cobalt. In this case,
      T.R.S. is considerably increased as compared with the case of using
      titanium carbide alone (FIG. 2), which is probably due to that gases such
      as oxygen and nitrogen in the titanium carbide are released by making a
      solid solution with these carbides or growth of titanium carbide grains is
      suppressed by the presence of these carbides to thus raise the toughness.
      Particularly, it is preferred to use powders containing titanium carbide,
      1-30 % of molybdenum and/or molybdenum carbide, 1-30 % of chromium and/or
      chromium carbide and 1-30 % of nickel. In this case, the toughness is
      further raised as compared with the case of using titanium carbide alone
      or titanium carbide and molybdenum carbide. The presence of chromium or
      chromium carbide may suppress growth of titanium carbide grains, which is
      particularly promoted with molybdenum or molybdenum carbide. If titanium
      carbide grains are fine, the hardness rises and the strength of the
      sintered alloy increases, as mentioned above. When more than 30 %, the
      toughness of titanium carbide lowers. Moreover, nickel can wet these
      carbides well to form a dense coating. Where chromium is added, in
      particular, chromium is also dissolved in the nickel to give a bonded
      phase excellent in heat resistance, but more than 30 % of nickel results
      in lowering of the wear resistance.
PAR  The following examples are given in order to illustrate the invention in
      detail without limiting the same.
PAC  EXAMPLE 1
PAR  A mixture of -200 mesh titanium carbide powder and 0.3 % of carbon powder
      was pulverized in isopropyl alcohol for 2 days, dried and 5 g of the
      powder mixture was dispersed in a mixed solution of 50 ml of methylene
      chloride, 30 ml of isopropyl alcohol and 20 ml of nitromethane. 0.1 g of
      prolamin was added and stirred for 10 hours. A nickel plate was used as
      anode and an insert of P 15 cemented carbides (12.7 mm square, 4.8 mm
      thickness) was held by a narrow copper wire as cathode. 100 volts direct
      current at 3  milliamperes was applied across the electrodes for 30
      seconds to effect electrophoresis. The thus coated insert was dried in a
      drying furnace and held at 1400.degree. C for 1 hour in a vacuum furnace
      (10.sup.-.sup.2 mm Hg) thus obtaining a completely dense and uniform
      coating layer of about 20 microns.
PAR  The resulting insert was then subjected to cutting test by the following
      conditions:
PA1  workpiece SK 5 (0.8-0.9 % C steel), cutting speed  110 m/min, depth of cut
      2 mm,  feed 0.37 mm/rev
PA1  workpiece SCM 3 (steel containing 0.33-0.38 % C,  0.60-0.85 % Mn, 0.90 -1.2
      % Cr, 0.25 % Ni, 0.15-0.30   % Mo), cutting speed 180 m/min, depth of cut
      2mm,  feed 0.24 mm/rev
PAL  The results are shown in FIG. 3 and FIG. 4 (Curve 1), in which the flank
      wear (A, vertical, mm) and depth of crater (B, vertical, 1/100 mm) are
      shown respectively against the cutting time (A and B, horizontal, min).
      For comparison, other results are simultaneously shown obtained by the use
      of inserts of P 15 cemented carbides (Curve 2) and commercially sold
      titanium carbide base cermet (Curve 3) under the same conditions. As
      evident from FIG. 3 and FIG. 4, the effect of titanium carbide coating
      according to the invention about the flank wear and depth of crater is
      more remarkable as compared with that of coating-free insert.
PAR  When an insert of titanium carbide base cermet (TiC--13Ni--13Mo) was
      subjected to cutting test by the conditions of:
PA1  workpiece FC 25 (cast iron), cutting speed 150 m/min,  depth of cut 2 mm,
      feed 0.258 mm/rev,
PAL  the flank wear width was 0.35 mm, corresponding to wear due to chipping of
      the edge. On the contrary, the coated insert of P 15 cemented carbides
      according to the invention gave a normal wear mark, i.e. flank wear of
      0.20 mm.
PAR  In an intermittent cutting test of S 50 (steel containing 0.50 % C), by
      means of a milling cutter, the coated insert according to the invention
      showed a substantially similar toughness to that of P 15 cemented carbides
      and was resistant to cutting conditions under which inserts of titanium
      carbide base cermet alone and P 10 cemented carbides
      (53WC--38(TiC--TaC)--9Co) alone were broken.
PAC  EXAMPLE 2
PAR  10 g of a mixture of -200 mesh titanium carbide powder and 0.2 % of carbon
      powder was dispersed in 100 ml of a mixed solution of 75 ml of methylene
      chloride and 25 ml of trichloroethylene. An insert of cemented carbide
      WC--5Ni was immersed as anode and 300 volt direct current at 0.5
      milliampere was applied across the electrodes for 2 minutes. The thus
      coated insert was heated at 1375.degree. C for 1 hour to obtain a uniform
      coating layer of about 17 microns in thickness. The surface of the coating
      was lapped by diamond paste and subjected to measurement of Vickers
      microhardness by a load of 200 g to give a hardness of 2500, while that of
      the base member being 1575.
PAC  EXAMPLE 3
PAR  A mixture of -50 mesh commercially sold titanium carbide powder and 0.3 %
      of carbon powder was ball-milled in acetone for 3 days. 5 g of the mixture
      was taken after dried and dispersed in a mixed solution of 95 parts of
      ethyl alcohol and 5 parts of water, to which 0.1 g of prolamin was then
      added with agitation. A stainless steel plate was used as anode and an
      insert of P 25 cemented carbides (75WC--13(Tic--Tac)--12Co) (25.4 mm
      square, 4.8 mm thickness) was attached as cathode. 100 volts direct
      current at 50 milliamperes was applied across the electrodes for 20
      seconds to effect electrophoresis. The thus coated insert was then heated
      at 1400.degree.C for 1 hour in a vacuum furnace to obtain a coating layer
      of about 25 microns in thickness.
PAR  The resulting insert was then subjected to cutting test by the following
      conditions:
PA1  workpiece SK 5 (0.8-0.9 % C steel), cutting speed  80 m/min, depth of cut 2
      mm,  feed 0.40 mm/rev
PAL  After the cutting operation for 10 minutes, the flank wear of the titanium
      carbide-coated insert was 0.09 mm, whilst that of the coating-free base
      member was 0.32 mm. The depth of crater of the former was 0.01 mm while
      that of the latter being 0.07 mm.
PAC  EXAMPLE 4
PAR  -200 mesh titanium carbide powder was ball-milled by wet process for 3
      hours and dried. 10 g of the fine powder was taken and dispersed in a
      mixed solution of 50 ml of methylene chloride, 30 ml of isopropyl alcohol
      and 20 ml of nitromethane, to which 0.1 g of prolamin was then added
      followed by agitation for 3 hours. A nickel plate was used as anode and an
      insert of P 15 cemented carbides (12.7 mm square, 4.8 mm thickness) was
      held by a narrow copper wire as cathode. 200 volts direct current at 15
      milliamperes was applied across the electrodes for 10 seconds to effect
      electrophoresis. The thus coated insert was dried and held at 1375.degree.
      C for 1 hour in a vacuum furnace (10.sup.-.sup.2 mmHg) thus obtaining a
      completely dense and uniform layer of about 17 microns in thickness.
PAR  The resulting insert was then subjected to cutting test by the following
      conditions:
PA1  workpiece SK 5, cutting speed 110 m/min, depth of  cut 2 mm,  feed 0.36
      mm/rev
PAL  After the cutting operation for 10 minutes, the flank wear and depth of
      crater of the coated insert were respectively 0.07 mm and 0.010 mm, whilst
      those of the coating-free base were 0.20 mm and 0.030 mm.
PAR  Under the conditions of cutting speed 150 m/min and feed 0.25 mm/rev, the
      coated insert gave, after the cutting operation for 10 minutes, a flank
      wear of 0.16 mm and depth of crater of 0.04 mm, whilst the coating-free
      base member was broken in 8 minutes.
PAR  When an insert of titanium carbide base cermet (TiC--13Ni--13Mo) was
      subjected to cutting test by the conditions of:
PA1  workpiece FC 25, cutting speed 150 m/min, depth of  cut 2 mm,  feed 0.258
      m/rev,
PAL  the flank wear was 0.35 mm, corresponding to wear due to chipping of the
      edge. On the contrary, the coated insert of P 15 cemented carbides
      according to the invention gave a normal wear mark, i.e. flank wear of
      0.20 mm under the same conditions.
PAR  In an intermittent cutting test of S 50 C by means of a milling cutter, the
      coated insert according to the invention showed a substantially similar
      toughness to that of P 15 cemented carbides and was resistant to cutting
      conditions under which an insert of cermet alone was broken.
PAC  EXAMPLE 5
PAR  A mixture of -200 mesh titanium carbide and molybdenum and/or molybdenum
      carbide powders having the composition as shown in Table 1 was pulverized
      and mixed in isopropyl alcohol for 2 days. After drying, 5 g of the
      mixture was taken and dispersed in a mixed solution of 50 ml of methylene
      chloride, 30 ml of isopropyl alcohol and 20 ml of nitromethane, to which
      0.1 g of prolamin was added followed by stirring for 10 hours. A nickel
      plate was used as anode and an insert of P 15 cemented carbides (12.7 mm
      square, 4.8 mm thickness) was held by a narrow copper wire as cathode. 100
      volts direct current at 3 milliamperes was applied across the electrodes
      for 30 seconds to effect electrophoresis. The thus coated insert was then
      dried in a drying furnace and held at 1400.degree. C for 1 hour in a
      vacuum furnace (10.sup.-.sup.2 mmHg).
PAR  The resulting coated insert was then subjected to cutting test by the
      following conditions:
PA1  workpiece SK 5, cutting speed 140 m/min, depth  of cut 2 mm,  feed 0.36
      mm/rev, cutting time 20 minutes
PAR  The results are shown in Table 1. It will apparently be understood that the
      wear resistance is excellent, in particular, within a range of 5-30 %.
      Moreover, in view of the chipping states of cutting edge and others during
      the cutting operation, addition of molybdenum and/or molybdenum carbide is
      somewhat effective.
TBL                Table 1                                                     

     ______________________________________                                    

     Powder Composition                                                        

                  Quantity of Wear by Cutting                                  

     TiC  Mo.sub.2 C                                                           

                  Mo      flank wear width                                     

                                       depth of crater                         

                          mm           mm/100                                  

     ______________________________________                                    

     100  0       0       0.45         4 .times. 1/100                         

     100  5       0       0.30         3                                       

     100  2       0       0.32         3                                       

     100  10      0       0.27         2                                       

     100  20              0.25         3                                       

     100  5       20      0.29         4                                       

     100  30              0.32         4                                       

     100  0       40      0.40         5                                       

     100  50      0       0.60         6                                       

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  -200 mesh titanium carbide and tantalum carbide powders were mixed in
      various compositions as shown in Table 2 and ball-milled by wet process
      for 50 hours to thus obtain mixed fine powders having an
      electron-microscopic particle size of 1.3 microns. 5 g of each of these
      mixed powders was dispersed in a mixed solution of 50 ml of methylene
      chloride, 20 ml of nitromethane and 30 ml of isopropyl alcohol, to which
      0.1 g of prolamin was added followed by stirring for 10 hours. A nickel
      plate was used as anode and an insert of P 15 cemented carbides (12.7 mm
      square, 4.8 mm thickness) was held by a narrow copper wire as cathode. 100
      volts direct current at 3 milliamperes was applied across the electrodes
      for 30 seconds to effect electrophoresis. The thus coated insert was dried
      in a drying furnace and held at 1400.degree. C for 1 hour in a vacuum
      furnace (10.sup.-.sup.2 mmHg).
PAR  The resulting coated insert was then subjected to cutting test by the
      following conditions:
PA1  workpiece SK 5, cutting speed 140 m/min, depth of  cut 2 mm,  feed 0.36
      mm/rev, cutting time 20 minutes
PAL  The results are shown in Table 2, from which it is evident that the effect
      by addition of tantalum carbide appears about 5 % and, when more than 50
      %, the wear resistance rather lowers. On the other hand, the toughness of
      the coating layer could not be made clear by the cutting test, but it is
      considered to be raised by the metallographical observation that titanium
      carbide grains become fine when tantalum carbide, in particular, of about
      10 % is added.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Powder Composition                                                        

                Quantity of Wear by Cutting                                    

     TiC   TaC  flank wear width mm                                            

                           depth of crater mm/100                              

     __________________________________________________________________________

     100   0    0.45       4 .times. 1/100                                     

     97.5  2.5  0.42       4                                                   

     95    5    0.31       3                                                   

     90    10   0.25       3                                                   

     85    15   0.23       2                                                   

     75    25   0.23       3                                                   

     65    35   0.27       3                                                   

     50    50   0.30       4                                                   

     35    65   0.55       5                                                   

     __________________________________________________________________________

PAC  EXAMPLE 7
PAR  Starting powders were mixed by the following recipe:
TBL  -200 mesh titanium carbide powder                                         

                               70 %                                            

     -325 mesh molybdenum carbide powder                                       

                               10 %                                            

     -200 mesh tantalum carbide powder                                         

                               10 %                                            

     -325 mesh nickel powder   10 %                                            

PAL  The powder having the foregoing composition was pulverized and mixed in
      isopropyl alcohol for 2 days. After drying, 5 g of the powder was taken
      and dispersed in a mixed solution of 50 ml of methylene chloride, 30 ml of
      isopropyl alcohol and 20 ml of nitromethane, to which 0.1 g of prolamin
      was then added followed by agitation for 10 hours. A nickel plate was
      immersed as anode and an insert of P 30 cemented carbides (12.7 mm square,
      4.8 mm thickness) was held by a narrow copper wire as cathode. 100 volts
      direct current at 3 milliamperes was applied across the electrodes for 10
      seconds to effect electrophoresis. The thus obtained coated insert was
      dried in a drying furnace and held at 1400.degree.C for 1 hour in a vacuum
      furnace (10.sup.-.sup.2 mmHg), thus obtaining a completely dense and
      uniform layer of about 60 microns in thickness.
PAR  Similarly test pieces of T.R.S. by JIS Standard were coated with different
      thickness coating layers by varying the depositing time and sintered by
      heating. Measurement of their T.R.S. was carried out to give results as
      shown in FIG. 2.
PAR  The so obtained insert and an insert of P 30 cemented carbides for
      comparison were subjected to cutting test by the following conditions:
PA1  workpiece SCM 3, cutting speed 180 m/min, depth  of cut 2 mm,  feed 0.24
      mm/rev, cutting time 10 minutes
PAL  The composite insert of the invention gave a flank wear of 0.10 mm and
      depth of crater of 0.01 mm, whilst the coating-free insert gave
      respectively 0.50 mm and 0.10 mm.
PAR  Moreover, an intermittent cutting test by means of a milling cutter showed
      that the composite insert according to the invention had substantially the
      same toughness as that of the base member, P 30.
PAC  EXAMPLE 8
PAR  Starting powders were prepared by the following recipe:
TBL  -200 mesh titanium carbide powder                                         

                               70 %                                            

     -325 mesh molybdenum carbide powder                                       

                               10 %                                            

     -325 mesh chromium carbide powder                                         

                                5 %                                            

     -200 mesh tantalum carbide powder                                         

                                5 %                                            

     -325 mesh nickel powder   10 %                                            

     carbon powder              0.6 %                                          

PAL  The powder having the foregoing composition was pulverized and mixed in
      isopropyl alcohol for 2 days. The other procedures were similar to those
      of Example 7. Test pieces of T.R.S. according to JIS Standard consisting
      of P 30 cemented carbides were coated with different thickness coating
      layers and then subjected to measurement of T.R.S., thus obtaining the
      results as shown in FIG. 2.
PAC  EXAMPLE 9
PAR  Test pieces of T.R.S. according to JIS each having a coating layer of 5
      microns in thickness having a composition as shown in Table 3 and each
      consisting of P 30 cemented carbides were prepared by the similar manner
      to that of Example 7 and their T.R.S. values were measured.
TBL                                    Table 3                                 

     __________________________________________________________________________

     No.                                                                       

        TiC Mo.sub.2 C                                                         

                Cr.sub.3 C.sub.2                                               

                     VC TaC NbC ZrC HfC T.R.S.                                 

     __________________________________________________________________________

     1  80  10  10                      160                                    

     2  80  10       10                 175                                    

     3  80  10          10              150                                    

     4  80  10              10          140                                    

     5  90                      10      130                                    

     6  90                          10  135                                    

     7  100                             125                                    

     __________________________________________________________________________

PAC  EXAMPLE 10
PAR  Starting powders were prepared by the following recipe:
TBL  -200 mesh titanium carbide powder                                         

                               81 %                                            

     -200 mesh molybdenum carbide powder                                       

                               7 %                                             

     -200 mesh chromium carbide powder                                         

                               5 %                                             

     -325 mesh nickel powder   7 %                                             

     carbon powder              0.6 %                                          

PAL  The foregoing powder mixture was pulverized and mixed in isopropyl alcohol
      for 2 days. After drying, 5 g of the powder was taken and then dispersed
      in a mixed solution of 50 ml of methylene chloride, 30 ml of isopropyl
      alcohol and 20 ml of nitromethane, to which 0.1 g of prolamin was then
      added followed by agitation for 10 hours. A nickel plate was immersed as
      anode and an insert of P 30 cemented carbides (12.7 mm square, 4.8 mm
      thickness) was held by a narrow copper wire as cathode. 100 volts direct
      current at 3 milliamperes was applied across the electrodes for 15 seconds
      to effect electrophoresis. The thus coated insert was dried in a drying
      furnace and held at 1400.degree. C for 1 hour in a vacuum furnace
      (10.sup.-.sup.2 mmHg).
PAR  The so obtained insert and inserts of coating-free P 20 cemented carbides
      (70 WC--24(TiC--TaC)--6Co) and P 30 cemented carbides each having the same
      size as that of the former, for comparison, were subjected to cutting test
      by the following conditions:
PA1  workpiece SCM 3 (width 50 mm, length 300 mm), cutting  speed 120 m/min,
      depth of cut 3 mm, feed per edge  0.45 m/rev milling cutter of one insert.
PAL  When comparison was carried out at the stage of a whole cut length of 5
      meters, the P 20 insert was scarcely able to keep up cutting due to much
      chipping, the P 30 insert gave a flank wear width of 0.30 mm and the
      composite insert according to the invention, being completely free from
      tipping, gave a flank wear width of 0.12 mm.
PAR  It will be understood that the composite insert of the invention has more
      excellent characters in comparison with the commonly used tungsten carbide
      base cemented carbides.
PAC  EXAMPLE 11
PAR  A powder mixture having the following composition was used as a starting
      material.
TBL  -200 mesh titanium carbide powder                                         

                               60 %                                            

     -200 mesh molybdenum carbide powder                                       

                               15 %                                            

     -200 mesh chromium carbide powder                                         

                               15 %                                            

     -325 mesh nickel powder   10 %                                            

     carbon powder              0.6 %                                          

PAL  An insert of P 30 cemented carbides was coated in the similar manner to
      that of Example 10 and, after cutting tests, the similar results were
      given to those of Example 10.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making surface-coated cemented carbide articles, which
      comprises providing a 3-50% by weight dispersion of fine powders of 20
      microns or less containing 50% or more of titanium carbide in a liquid
      consisting mainly of an organic solvent, immersing a tungsten carbide base
      cemented carbide article containing 4-30% of a binder metal in the
      dispersion, applying a direct current voltage of 10-500 volts to the
      surface of the tungsten carbide base cemented carbide article to cause
      electrophoretic deposition of the fine powders of the dispersion thereon,
      heating the coated surface at a temperature of 1260.degree.-1550.degree.C
      in a vacuum or in a reducing or inert atmosphere and thereby forming a
      coating layer on the surface consisting mainly of titanium carbide of 100
      microns or less on the surface of the cemented carbides.
NUM  2.
PAR  2. The method of claim 1 wherein said fine powder is a fine powder of
      titanium carbide or titanium carbide and up to 30% of at least one
      material selected from the group consisting of molybdenum and molybdenum
      carbide, and 1-50% of at least one compound selected from the group
      consisting of chromium carbide, vanadium carbide, tantalum carbide,
      columbium carbide, zirconium carbide and hafnium carbide.
NUM  3.
PAR  3. The method of claim 1 wherein the fine powder further contains 1-30% of
      nickel or cobalt.
NUM  4.
PAR  4. The method of claim 1 wherein said tungsten carbide base cemented
      carbides consist of 70-96 % tungsten carbide and 4-30 % cobalt.
NUM  5.
PAR  5. The method of claim 4 wherein up to 50% of said tungsten carbide is
      substituted by at least one compound selected from the group consisting of
      titanium carbide, tantalum carbide, columbium carbide, hafnium carbide,
      zirconium carbide, chromium carbide and vanadium carbide.
NUM  6.
PAR  6. The method of claim 1 wherein said fine powder is a fine powder of
      titanium carbide.
NUM  7.
PAR  7. The method of claim 1 wherein said fine powder is a fine powder of
      titanium carbide and 5-30 % of at least one material selected from the
      group consiting of molybdenum and molybdenum carbide.
NUM  8.
PAR  8. The method of claim 2 wherein said fine powder is a fine powder of solid
      solution of titanium carbide and 1-50 % tantalum carbide.
NUM  9.
PAR  9. The method of claim 1 wherein said fine powder is prepared in the
      presence of free carbon fine powder.
NUM  10.
PAR  10. The surface-coated cemented carbide articles produced by the method of
      claim 9.
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ABST
PAL  An attenuating member comprising a plurality of passages like a tube nest,
      is positioned between the electrodes of a diode sputter-etching system and
      close or next to the anode. The passages of the attenuating member are
      parallel to the direct path between the electrodes and have a length
      appreciably greater than their maximum width. A bias on the attenuating
      member tends to cause secondary electrons emitted by ion bombardment at
      the cathode to pass through the attenuating member with a minimum of
      collisions. Upon striking the anode, X-rays generated at the anode by the
      collision of the secondary electrons are inhibited from traveling back to
      the workpiece by the interposition of the attenuating member. The
      arrangement is important in the fabrication of surface-sensitive devices
      such as MOS devices in which the impingement of even low energy X-rays may
      affect critical operating parameters, in particular, the threshold
      voltage.
BSUM
PAR  This invention relates to fabrication of microelectronic devices and more
      particularly, to the fabrication of surface-sensitive semiconductor
      devices using sputter-etching.
PAC  BACKGROUND OF THE INVENTION
PAR  Sputter-etching, also referred to as backsputtering, has developed recently
      as an extremely useful technique for the controlled removal of material
      from surfaces, and particularly for selective removal of material using
      various masking arrangements. The technique is well known and generally
      involves a variation of the well-known sputter deposition process using
      ionized gases excited by a suitable radio frequency or A.C. potential to
      produce a glow discharge within an evacuated chamber. In sputter-etching,
      the workpiece from which material is to be removed is the target of the
      ion bombardment.
PAR  The sputter-etching process has inherent advantages for the fabrication of
      microelectronic elements particularly with respect to the chemical
      techniques which also are widely used to shape portions of such devices.
      Sputter-etching generally avoids the undercutting of masks encountered in
      chemical etching. The sputtering processes are less likely to produce
      undesirable contamination and the vacuum ambient lends itself to
      continuous processing including other steps of the fabrication procedure.
PAR  However, sputter-etching has a disadvantageous side effect particularly
      with respect to electronic elements which form the basis of
      surface-sensitive devices of the field effect type in which electronic
      control is exercised by electrodes overlaying insulating layers on
      semiconductor bodies. In particular, the devices of principal interest in
      this respect are the class known as insulated gate field effect
      transistors. When devices of this type are subjected to the ion impact
      process, which is the basis of sputter-etching, secondary electrons are
      produced at the surface of the electronic element as well as at the
      cathode surface upon which the elements are mounted. These secondary
      electrons are accelerated across the full cathode fall of potential
      localized near the cathode and then drift until they lose their energy
      through inelastic gas collisions, recombine, or strike the chamber walls
      or fixtures. In particular, it has been observed that the secondary
      electrons generated at the cathode strike the anode with a maximum energy
      corresponding to the maximum cathode to anode potential. Low energy X-rays
      are thereby produced, some of which, at least, then impinge upon the
      surface of the electronic element. Even low energy X-rays are able to
      alter the surface conditions of these elements and thereby affect various
      parameters of the final devices. In particular, the threshold voltage,
      which is determinative of the turn-on voltage of an IGFET, is sensitive to
      X-ray radiation.
PAR  Accordingly, it is the object of this invention to suppress such X-rays
      generated during the sputter-etching process in a diode sputtering system.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, in a diode sputtering system, an
      attenuating member is positioned between the two electrodes and close, or
      next to, the anode. The attenuating member may be biased at a potential
      between that of the cathode upon which the workpiece or electronic element
      is mounted and the potential at the anode. Typically, the cathode is at a
      large negative potential and the anode is grounded. Thus the attenuating
      member would be held slightly more negative than ground. Thus, the
      attenuating member provides easy passage of secondary electrons from the
      cathode to the anode with a minimum of collisions with metal structure
      during passage, while at the same time rendering the return passage of
      X-rays generated at the anode, and tending to return toward the workpiece
      mounted on the cathode, extremely difficult. To this end the attenuating
      member comprises an array of parallel passages formed by thin wall
      partitions, and having a configuration much like a tube nest or honeycomb
      open at both ends. Typically the passages have a length at least several
      times greater than their maximum width.
PAR  Thus, secondary electrons moving from the cathode to the anode experience
      sufficient repelling force as they traverse the attenuating member to
      inhibit collision with the walls thereof. Upon reaching the anode the
      collision of the secondary electrons generates low energy X-rays. The
      major portion of this radiation is referred to as bremsstrahlung which has
      a minimum radiation in the direction of the incident secondary electron
      which produced it. Thus the major portion of this X-ray radiation will be
      absorbed by the attenuating member. The minor portion of the X-ray
      radiation, which is referred to as the characteristic radiation, has an
      isotropic angular dependence and so will have a portion tending to return
      along the direct path back to the cathode. However, this has been found
      not to be significant in affecting the workpiece.
PAR  Generally, the greater the ratio of the length to width dimension of the
      passages of the attenuating member, the more effective will be the
      attenuation. It will be advantageous also to utilize lighter metals, both
      for the attenuating member and the anode member inasmuch as these members
      then will decelerate the secondary electrons to a lesser degree and
      therefore generate a lesser amount of X-ray radiation.
PAR  The effectiveness of the attenuating member is in part, a function of the
      length-to-width ratio of its passages and typically will be at least about
      5 to 1. The attenuating member may be positioned next to the anode as an
      integral part thereof, or, it may be spaced away or otherwise insulated
      from the anode to permit a potential difference therebetween either by a
      self-biasing effect or by the application of an external voltage.
DRWD
PAC  THE DRAWING
PAR  A better understanding of the invention and its further objects and
      features will be apparent from the following detailed description taken in
      conjunction with the drawing in which:
PAR  FIG. 1 is an elevational perspective view of one embodiment in accordance
      with the invention; and
PAR  FIG. 2 is a schematic representation of the particular cooperating members,
      namely the electrodes and attenuating member of an embodiment in
      accordance with this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  One specific embodiment in accordance with this invention is shown in
      elementary form in FIG. 1. It will be understood that dimensions are
      exaggerated in certain respects and that certain aspects of the drawing
      are greatly simplified to lend clarity to the explanation. The apparatus
      10 is a diode sputtering apparatus comprising a bell jar 11 mounted on a
      base member 16 to form an evacuable chamber. Within the bell jar 11 are
      electrodes 12 and 14 comprising a cathode and anode respectively. A
      workpiece 13 is shown mounted on the cathode surface and constitutes the
      electronic element upon which the system is to operate.
PAR  Typically, in the context of this invention the electronic element which
      comprises workpiece 13 is a semiconductor wafer of standard diameter,
      generally 2 or 3 inches, in which an array of individual semiconductor
      devices are to be fabricated. This aspect of semiconductor device
      fabrication is well known and involves the use of photolithographic
      techniques, controlled impurity introduction by methods such as diffusion
      and ion implantation and oxide masking to form arrays of perhaps several
      hundred or more identical semiconductor devices. In the context of this
      invention the workpiece 13 typically is a semiconductor wafer which has
      undergone fabrication processing to form within it the impurity regions
      which will define the ultimate semiconductor devices. They are not yet
      devices but will become so when separated into individual chips with the
      necessary conductive interconnections and provisions for external
      connection. The workpiece 13 will be referred to herein as an electronic
      element to indicate its intermediate state in the fabrication process.
      Sputter-etching apparatus may be adapted to accommodate a plurality of
      wafers.
PAR  The sputter-etching for which the apparatus shown is adapted typically
      effects the selective removal of portions of metal films to thereby define
      metallization patterns for each of the devices within the semiconductor
      wafer. Sputter-etching is also capable of performing other functions on
      the surface of the workpiece 13 inasmuch as ion bombardment can remove a
      wide variety of materials.
PAR  In sputter-etching, as in sputter deposition, a glow discharge space is
      produced between the cathode 12 and anode 14 when a potential is applied
      therebetween and the chamber contains an ionizable gas at reduced
      pressure. Such a condition is achieved by coupling evacuation means to the
      connection 23 in the base member 16 and introducing a gas, typically
      argon, through the connection 24. Electrical connections are shown in
      diagrammatic form to both electrodes. The cathode 12 is coupled by means
      of the mounting pedestal 17 and lead 20 to a RF power source 25 while the
      anode 14 is connected by lead 18 to the base member 16 and, in turn, to
      ground by way of lead 22. It is possible to sputter-etch using D.C. but
      the process is not as advantageous as RF because, in some instances, the
      D.C. potential may cause the electrical breakdown of insulators which are
      an integral part of the electronic element being sputter-etched.
PAR  In accordance with this invention an X-ray attenuating member 15 is mounted
      between the electrodes 12 and 14 and in juxtaposition to the anode 14. As
      shown in FIG. 1 member 15 is intended to be shown as closer to the anode
      14 than to cathode 12. As previously noted, it can be placed in contact
      with the anode. This member 15 has the appearance of a tube nest or
      honeycomb and comprises a large number of parallel passages in alignment
      with the direct path between the electrode surfaces. These passages have a
      length considerably greater, at least about 5 or more times, than their
      maximum width. As will be explained more fully hereinafter, the
      attenuating member 15 effectively suppresses the X-ray radiation generated
      by collisions of secondary electrons by acting first as a collimating
      agent for the secondary electrons generated in the vicinity of the cathode
      12 and then as an absorbent baffle for the X-ray radiation generated at
      the anode 14.
PAR  Typically the electrodes 12 and 14 are of metal such as stainless steel or
      aluminum and the attenuating member 15 likewise is metallic and conductive
      inasmuch as it is connected by way of lead 19 to a bias source 21 which
      advantageously maintains the member 15 at a potential level between that
      of the cathode and anode and just slightly more negative than the anode.
      Although a variety of metals may be used for the attenuating member, and
      the anode as well, it is advantageous to use a comparatively light metal
      such as aluminum, carbon or beryllium inasmuch as these metals slow the
      electrons down in a manner which generates a lesser amount of X-ray
      radiation. The choice of material for the attenuating member is governed
      not only by the desirability of a slower deceleration of electrons but
      also by the thermal characteristics of the material and the capability of
      the attenuating member 15 for avoiding undue buildup of heat.
PAR  The attenuating member 15 may be integral with the anode 14 and therefore
      also at ground potential. If the attenuating member 15 is spaced away or
      otherwise insulated from anode 14 it is advantageous to apply a slight
      negative voltage to the attenuating member thus placing it at a potential
      level between the anode and cathode. This potential repels the secondary
      electrons thus inhibiting their collision with the attenuating member. It
      appears also, that the use of an exciting RF produces a standing wave that
      results in a desirable negative self-bias. Furthermore, if the attenuating
      member 15 is of a metal such as aluminum which readily forms a dielectric
      oxide, the passage of the electrons over the oxide coated metal tends to
      induce a charge which produces a slight negative potential, thus also
      self-biasing the attenuating member.
PAR  Although the attenuating member 15 is shown as an array of passages
      generally square in cross section, a variety of configurations may be
      utilized. They may be circular and the member comprised of an array of
      metal tubes bound together in a tube nest. Likewise a honeycomb of
      hexagonal passages may be used.
PAR  As is known, the application of a potential, typically an RF frequency of
      between about 1 and 10 KV at a frequency of 1 to 30 MHZ, between the
      cathode 12 and anode 14 produces a glow discharge in the space between the
      electrodes. Gas ions formed within the glow discharge are accelerated
      through the cathode fall region which forms adjacent the cathode, and then
      impact upon the workpiece surface. It is this ion impact which produces
      the sputter-etching action and causes material to be removed from the
      impacted surface. A consequence of this ion bombardment is the generation
      of secondary electrons at the point of impact which are influenced
      primarily by the dark space formed near the electrode 12. The dark space
      corresponds to the cathode fall and is the volume across which the greater
      portion of the potential drop between the electrodes occurs. This dark
      space has the effect of directing the secondary electrons outwards toward
      the anode into an essentially field free zone through which they then
      travel in substantially straight paths toward the anode 14.
PAR  This action is depicted schematically in FIG. 2 in which the members
      corresponding to those of FIG. 1 have like reference numerals. The glow
      discharge region and the dark space are represented approximately by
      dotted outlines 30 and 31 respectively. The arrowed lines 32 emanating
      from the surface of the workpiece 13 represent secondary electrons
      generated by ion bombardment at the surface. As shown in this schematic
      representation, the secondary electrons travel in substantially straight
      paths through the field-free zone and then through the attenuating member
      15 to the anode 14. If the attenuating member 15 is separated from the
      anode 14 and biased slightly negative as shown, an additional collimating
      effect is provided tending to inhibit collisions of secondary electrons 32
      with the member 15. The attenuating member 15 should have a minimum cross
      section by making the walls as thin as possible and also, it is desirable
      to shape the leading edges, facing the cathode, as knife edges, to reduce
      the likelihood of collisions. Specifically, the attenuating member
      cross-sectional area transverse to the secondary electron path should be
      not more than about one-tenth the area of the cathode face.
PAR  As is known, X-ray radiation is generated by collision of the electrons
      with solid elements. Accordingly, to suppress the generation of X-ray
      radiation at the attenuating member it is important to reduce the
      possibility of collisions. The attenuating member 15 comprises a plurality
      of passages parallel to the direct path between cathode 12 and anode 14 to
      enhance the possibility that the secondary electrons 32 will pass through
      without collision and impinge upon the anode 14 beyond.
PAR  Generally, in the sputter-etching process the major portion of the
      secondary electron flow impacts upon the anode 14 and X-ray radiation is
      generated at that surface. The paths of this X-ray radiation are depicted
      in general form by the dotted arrowed lines 33 emanating from the impact
      points of the secondary electrons on the surface of the anode 14. It can
      be seen from FIG. 2 that the bulk of the X-ray radiation is absorbed by
      the attenuating member 15 and that passage of the radiation toward the
      cathode is thereby suppressed as previously described. It is known that
      X-rays impinging upon the surface of an electronic element of the
      insulated gate, field effect type seriously affects the charge condition
      at critical interfaces within the electron element. Ultimately this may
      produce deterioration in the desired parameters of the devices or render
      them unstable. In particular, low energy X-ray flux produces an
      undesirable shift in threshold voltage.
PAR  The suppressive effect of the attenuating member 15 on X-ray radiation
      produced at the anode is a function of the length-to-width ratio of its
      passages. Additionally, for an attenuating member of given dimensions, the
      suppressive effect increases as the spacing between it and the anode
      increases. In particular, the end of the attenuating member closer to the
      cathode constitutes the array of exit orifices for X-rays seeking to
      return to the cathode. Accordingly, as the distance increases between the
      anode and the end of the attenuating member closer to the cathode, the
      smaller the angle subtended by the exit orifice (tube end) and having its
      apex at a point on the anode. Thus, for an attenuating member of given
      length, width and size of passages, an X-ray generated at a point on the
      anode by the impact of a secondary electron has a more restricted route if
      the subtended angle is smaller in order to avoid the attenuating member
      and escape to reach the cathode. There are, of course, practical
      limitations upon both the size of the attenuating member and its spacing
      from the electrodes.
PAR  In a specific embodiment of an RF Diode Sputter Etch Apparatus, the cathode
      to anode spacing was eight inches. An attenuating member comprised a nest
      of stainless steel tubes, 1 inch in diameter, 6 inches long, and having a
      wall thickness of 0.015 inches, mounted directly on the face of the anode.
      Thus, the spacing from the cathode to the tube ends was 2 inches. The
      operating pressure within the sputtering chamber was 18 microns gas
      (argon) and 2 microns air. The RF voltage was 1.8 KV at 13.7 megahertz
      with a power density of 2 watts per square centimeter of cathode area and
      the cathode was 10 inches in diameter. For the structure described, the
      area of the cathode was 78.5 square inches and the cross-sectional area of
      the attenuating member was slightly less than four square inches, and thus
      about one-twentieth of the cathode area. Under these conditions the
      sputter-etch rate for gold was about 800 A/min. In tests conducted by
      sputter-etching metal layers from the surfaces of insulated gate field
      effect transistors of the type having polycrystalline silicon for the gate
      electrode, those processed without the X-ray attenuating member showed an
      undesired negative shift of the threshold voltage of from one to two
      volts, whereas those processed with the shield exhibited no detectable
      threshold voltage shift.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sputter-etching system for removing material from a workpiece which
      includes,
PA1  1. an evacuable chamber adapted to contain a reduced pressure ionizable gas
      atmosphere therein,
PA1  2. a cathode and an anode in said chamber, said cathode having means for
      mounting said workpiece in association therewith,
PA1  3. voltage means for applying a potential between said cathode and anode
      for producing a glow discharge therebetween,
PA1  4. characterized in that an X-ray attenuating member is interposed between
      said anode and cathode and in juxtaposition to said anode, said
      attenuating member comprising a plurality of passages defined by thin
      walls generally parallel to the direct path between said cathode and
      anode, said passages having a length dimension large in comparison to
      their maximum width dimension.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 in which said attenuating member is
      in contact with said anode.
NUM  3.
PAR  3. Apparatus in accordance with claim 1 in which said attenuating member is
      spaced away from said anode.
NUM  4.
PAR  4. Apparatus in accordance with claim 1 in which said passages have a
      length at least about 5 times greater than their width dimension.
NUM  5.
PAR  5. Apparatus in accordance with claim 1 in which the cross-sectional area
      of said attenuating member transverse to said direct path is not more than
      about one-tenth the area of the surface of said cathode.
NUM  6.
PAR  6. Apparatus in accordance with claim 3 including means for biasing said
      attenuating member to a potential level between that of said anode and
      that of said cathode.
NUM  7.
PAR  7. In a process for sputter-etching an electronic element by the formation
      of a glow discharge region between a pair of electrodes in a reduced
      pressure chamber containing an ionized gas, the method of suppressing the
      impingement of X-rays produced within said chamber upon the electronic
      element comprising mounting an X-ray attenuating member in the path
      between the two electrodes, said member having a plurality of passages
      parallel to the path between said electrodes, the passages having a length
      dimension at least several times their maximum width dimension.
NUM  8.
PAR  8. The method in accordance with claim 7 in which said attenuating member
      is mounted in contact with one of said electrodes.
NUM  9.
PAR  9. The method in accordance with claim 7 in which said attenuating member
      is mounted in spaced-away relation to both of said electrodes.
NUM  10.
PAR  10. The method in accordance with claim 9 including the step of applying a
      potential to said attenuating member to bias it at a level between the
      respective potential levels of said electrodes.
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ABST
PAL  Calcium di(aryl)phosphates, the aryl groups each carrying at least one
      carbon chain containing at least 3 carbon atoms, are used as electroactive
      materials in calcium electrodes. In a preferred calcium electrode, the
      calcium di(aryl)phosphate is calcium di(p-n-octylphenyl)phosphate which is
      incorporated in a membrane of polyvinyl chloride plasticized with
      di(p-n-octyl)-phenylphosphonate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention concerns an electrode for measuring the activity of
      calcium ions in a solution. The invention also relates to a membrane and a
      composition for use in such electrode.
PAR  2. Prior Art
PAR  Calcium electrodes, that is, electrodes used for measuring the
      concentration or activity of calcium ions in a solution, are known in
      various embodiments, one of which is described in British Pat.
      Specification No. 1,107,108. Common to all known calcium electrodes is the
      fact that they contain an organic ion exchanger, either in solution and
      mechanically retained within a membrane, or incorporated in a polymer
      matrix of, e.g., polyvinyl chloride.
PAR  Several organic ion exchangers useful in calcium electrodes have been
      described in the literature: thus, Israelian Pat. No. 26,233 describes the
      use of thionyltrifluoroacetone + tributylphosphate of the formula
EQU  (CH.sub.3 --CH.sub.2 --CH.sub.2 --CH.sub.2 O).sub.3 P=O
PAL  British Pat. Specification No. 1,107,108 describes the use of
      di(2-ethylhexyl)phosphoric acid of the formula
      ##EQU1##
      and U.S. Pat. No. 3,445,365 describes the use of di(n-decyl)phosphoric
      acid of the formula
      ##EQU2##
PAR  As mentioned above, the ion exchanger -- hereinafter called the
      electroactive material -- may be in solution when employed in electrodes.
      Moreover, the electroactive material is present as wholly or partly
      converted into its calcium salt. The solvents used are organic solvents
      and can be of various types. Thus, U.S. Pat. No. 3,429,785 mentions as
      solvents n-decanol, n-dodecylalcohol, n-decylalcohol and
      di(n-octyl)phenylphosphonate of the formula
      ##SPC1##
PAR  Di(n-octyl)phenylphosphonate belongs to the class of solvents or carriers
      often called mediators which, through synergetic extraction, have a
      favourable influence on the quality of the electrodes, resulting inter
      alia in improved selectivity and a better detection limit.
PAR  The above-mentioned electroactive materials used in known calcium
      electrodes have several disadvantages, viz., low seletivity with regard to
      the calcium ions over hydrogen ions, sodium ions, potassium ions, etc.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides calcium electrodes which are superior in
      performance to the above-mentioned known calcium electrodes. The
      electrodes of the present invention use, as electroactive material, a
      class of phosphorus compounds not previously suggested for this purpose.
PAR  The said phosphorous compounds used as calcium-selective electroactive
      materials in the electrodes of the present invention are calcium
      di(aryl)phosphates, the aryl groups of said caclium di(aryl)phosphates
      each carrying at least one carbon chain containing at least 3 carbon
      atoms.
PAR  Hence, the electroactive materials used according to the invention are
      calcium salts of organic phosphoric acids containing aryl groups which are
      bound to phosphorus via oxygen, each of said aryl groups carrying as
      substitutent at least one carbon chain containing at least 3 carbon atoms.
      The aryl groups may further contain electrophilic substituents such as
      nitro, halogen (fluorine, chlorine, bromine, or iodine), or other
      electrophilic substituents. These organic phosphoric acids are encompassed
      by the general formula
      ##EQU3##
      wherein each aryl group carries at least one carbon chain containing at
      least 3 carbon atoms, said carbon chain being attached to one of the free
      positions of the aryl group, and optionally further carries one or more
      electrophilic substituents such as nitro or halogen.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The carbon chain or chains present as substituent on the aryl group is
      preferably a straight or branched-chain alkyl group, but also alkenyl and
      alkynyl are contemplated. Preferably, the carbon chain is uninterrupted,
      but also carbon chains interrupted by oxygen or sulfur atoms are
      contemplated. Furthermore, if the carbon chain, for example an alkyl
      group, contains substituents, these are preferably of a character which
      will not disturb the organophilic character of the carbon chain, such as
      halogen. It is generally preferred that the carbon chain is an
      unsubstituted straight or branched-chain alkyl group containing at least
      three carbon atoms, preferably at least 6 carbon atoms.
PAR  Most preferably, the aryl group of the calcium di(aryl)phosphate used
      according to the invention is an alkylphenyl group, and as examples of
      specific preferred electroactive materials used according to the invention
      may be mentioned calcium di(p-n-octylphenyl)phosphate, i.e. the calcium
      salt of di(p-n-octylphenyl)phosphoric acid of the formula
      ##SPC2##
PAL  and calcium di[p-(1,1,3,3-tetramethylbutyl)phenyl]phosphate, i.e. the
      calcium salt of di[p-(1,1,3,3-tetramethylbutyl)phenyl]phosphoric acid of
      the formula
      ##SPC3##
PAR  The above-mentioned calcium salts of di(aryl)phosphoric acids used
      according to the invention may be employed in admixture with the
      corresponding free di(aryl)phosphoric acids. Indeed, electrodes may be
      constructed which initially contain, as electroactive material, solely the
      free di(aryl)phosphoric acid, which will then, during use of the
      electrode, become more or less saturated with calcium ions. However, it is
      preferred to load the electrode with the calcium salt of the acid in
      question already in the production of the electrode.
PAR  In the electroactive materials used according to the present invention, the
      aryl substituents of the phosphoric acid group are believed to give rise
      to a greater acidity of the phosphoric acid which can be further enhanced
      with the above-mentioned electrophilic substitution. The carbon chain is
      believed to increase the organophilicity of the said substances, and hence
      to increase the distribution coefficient for the substances between
      organic solvents and water.
PAR  The electroactive materials here described can be used in various electrode
      constructions to produce usable calcium-ion-selective electrodes. Such
      electrode constructions have been described in various embodiments - e.g.,
      in U.S. Pat. No. 3,445,365 and in British Pat. Specification No.
      1,107,108, in Israelian Pat. No. 26,233, as well as by Moody et al., the
      Analyst, Vol. 95, p. 910 (1970).
PAR  The electrodes according to the invention, like the above-mentioned known
      calcium electrodes, comprise an internal reference system, e.g. a
      silver/silver halide electrode immersed in an aqeuous electrolyte
      solution, e.g. pH-buffered calcium chloride solution. The electroactive
      material is, like in known calcium electrodes, placed in contact with the
      internal reference system. Various means for positioning the electroactive
      material in contact with the internal reference system are known, for
      example porous membranes, one side of which contacts the internal
      electrolyte solution, the other side of which being contactable with the
      exterior measured solution, usually an aqueous solution, the pores of the
      membrane containing the electroactive material, usually dissolved in an
      organic carrier. It is also known to use e.g. a polyvinyl chloride
      plasticized with a plasticizer as a non-porous membrane material
      containing the electroactive material. However, common to all calcium
      electrodes, including the constructions specifically referred to above, is
      that they comprise
PAR  1. an internal reference system, and
PAR  2. an electroactive material sensitive to calcium ions, said electroactive
      material being positioned in the electrode so as to be contactable with
      the measured solution and to be in electrical contact with said internal
      reference system.
PAR  Hence, the electrode according to the present invention can be
      characterized as an electrode for measuring the activity of calcium ions
      in solution, comprising
PAR  1. an internal reference system, and
PAR  2. a calcium di(aryl)phosphate, said calcium di(aryl)phosphate being
      positioned in the electrode so as to be contactable with said measured
      solution and to be in electrical contact with said internal reference
      system, the aryl groups of said calcium di(aryl)phosphate each carrying at
      least one carbon chain containing at least 3 carbon atoms. Details
      concerning the substitution of the aryl groups and the preferred
      substituted aryl groups are given above.
PAR  As mentioned above, the calcium di(aryl)phosphate may be present in
      admixture with the corresponding di(aryl)phosphoric acid.
PAR  In the electrodes according to the invention, the calcium di(aryl)phosphate
      is preferably employed incorporated in an organic carrier. The organic
      carrier may be a solvent for the calcium di(aryl)phosphate (and for the
      corresponding di(aryl)phosphoric acid if present), for example one of the
      solvents mentioned in U.S. Pat. No. 3,429,785 referred to above.
      Especially preferred organic carriers for the calcium di(aryl)phosphates
      are "mediators" such as di(alkyl)arylphosphonates, and in preferred
      electrodes according to the invention, the calcium di(aryl)phosphate
      employed is incorporated in a di(alkyl)arylphosphonate. Preferably, the
      di(alkyl)arylphosphonate is a di(alkyl)phenylphosphonate, and as a
      specific preferred example thereof may be mentioned
      di(n-octyl)phenylphosphonate, the formula of which is given above.
PAR  When a porous membrane or a porous body is used in the electrodes according
      to the invention as means for containing the calcium di(aryl)phosphate in
      electrical contact with the internal reference and contactable with the
      measured solution, it is preferred to use the calcium di(aryl)phosphate
      dissolved in a di(alkyl)arylphophonate, e.g. di(n-octyl)phenylphosphonate.
      One aspect of the invention comprises, as a novel composition for use in
      an electrode according to the invention, a calcium di(aryl)phosphate as
      defined above dissolved in a di(alkyl)arylphosphonate. A preferred
      composition of this kind comprises calcium di(p-n-octylphenyl)phosphate
      dissolved in di(n-octyl)phenylphosphonate. Usually, it is preferred that
      the weight ratio between calcium di(aryl)phosphate and the
      di(alkyl)arylphosphonate is between 1:5 and 1:50.
PAR  The above-mentioned composition according to the invention may be
      incorporated in electrodes according to the invention during their
      production, but may also be sold per se for use as a suitable form of
      electroactive material to be employed in existing electrode structures
      designed for known types of e.g. calciumsensitive electroactive materials.
PAR  In an especially preferred embodiment of the electrode according to the
      invention, the organic carrier for the calcium di(aryl)phosphate is a
      plastic plasticized with an organic plasticizer such as an ester, usually
      an alkyl ester, of an organic or inorganic acid, e.g. dioctylphthalate,
      diotyladipate, dioctylsebacate, trioctylphosphate, tributylphosphate or,
      preferably a di(alkyl)arylphosphonate. In practice, the plastic
      plasticized with the plasticizer and acting as a carrier for the
      electroactive material will usually be in the form of a membrane
      positioned in contact with the electrolyte of the internal reference
      system. A suitable plastic for use in such non-porous membrane is
      polyvinyl chloride, and a preferred plasticizer-mediator is
      di(n-octyl)phenylphosphonate.
PAR  One aspect of the invention relates to such a membrane comprising a calcium
      di(aryl)phosphate incorporated in a plastic plasticized with an organic
      plasticizer, e.g. of the type stated above, preferably a
      di(alkyl)arylphosphonate. Such membranes may be used in the electrodes
      according to the invention, or they may be sold per se for the replacement
      of conventional membranes in existing membrane electrode constructions.
PAR  Membranes according to the invention may be prepared by dissolving the
      plastic, the di(alkyl)arylphosphonate and the calcium di(aryl)phosphate in
      an organic solvent such as tetrahydrofuran, casting the solution, for
      example in small rings positioned on a glass plate, and allowing the
      solvent to evaporate. If desired, the membrane structure may be reinforced
      by incorporation of e.g. a nylon network, e.g. by placing the nylon
      network on the glass plate before or during casting, or by first casting
      one layer of the membrane, allowing the solvent to evaporate partially or
      completely, placing the nylon network on the resulting solidified
      structure, and thereafter performing a second casting operation. The
      weight ratio between the electroactive calcium di(aryl)phosphate and the
      plasticizer, preferably the di(alkyl)arylphosphonate, in the said
      membranes is preferably between 1:5 and 1:50, and the weight ratio between
      the plasticizer, preferably the di(alkyl)arylphosphonate, and the plastic,
      preferably the polyvinyl chloride, is usually between 3:1 and 1:10,
      preferably between 2.5:1 and 1.5:1.
PAR  in comparison with known calcium electrodes, the electrodes according to
      the invention and the electrodes preparable by means of the compositions
      or the membranes of the invention offer the advantages of improved
      selectivity with respect to calcium ions relative to hydrogen ions and
      other interfering ion species, and lower detection limit.
PAR  The calcium di(aryl)phosphates used according to the present invention or
      the corresponding phosphoric acids are known compounds or may be prepared
      in accordance with or in analogy to known methods. Thus, for example,
      di[p-(1,1,3,3-tetramethylbutyl)phenyl]phosphoric acid is described by D.
      F. Peppard, G. W. Mason, W. J. Driscoll, and R. J. Sironin in J. Inorg.
      Nuclear Chem., vol. 7, p. 276 (1968). A general synthesis for the
      di(aryl)phosphoric acids contemplated here comprises reacting phosphorus
      oxychloride with the phenol corresponding to the desired substituted aryl
      group in the presence of a base such as pyridine. The calcium salt of the
      acid may suitably be prepared by precipitation with calcium ions from a
      methanol solution.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic sectional representation of an electrode of the
      invention, and
PAR  FIGS. 2 and 3 are graphical representations showing the response, in term
      of potential, of an electrode according to the invention (FIG. 2) and a
      known calcium electrode (FIG. 3), respectively, in various solutions at
      varying pH.
PAR  FIGS. 2 and 3 will be further discussed in connection with the examples.
DETD
PAC  DETAILED DESCRIPTION OF FIG. 1
PAR  A calcium-sensitive electrode 10 according to the present invention
      comprises electrically-insulating container means such as a tube 12 of an
      inert material, for example glass or an organic polymer such as polyvinyl
      chloride. The tube may be capped by a lid 14 of inert material which acts
      as a closure and as a support for an electrically conductive lead 16
      having at the upper end thereof a connection part 18 for connection with a
      potential measuring apparatus, e.g. via conventional wiring. The lead is
      shielded by a shield 20 and is connected to an Ag/AgCl electrode 22. In
      order to obtain a rugged construction, the shielded lead may be
      encapsulated in an epoxy resin body 24, as shown, and further surrounded
      by a polytetraflouroethylene tube 26, as shown. The Ag/AgCl electrode
      contacts an aqueous electrolyte 28, e.g. a 10.sup.-.sup.2 M CaCl.sub.2
      solution in pH-buffer. A membrane 30 comprising electroactive substance
      incorporated in a plasticized plastic, for example calcium
      di(p-n-octylphenyl)phosphate incorporated in polyvinyl chloride
      plasticized with di(n-octyl)phenylphosphonate, and optionally reinforced
      with e.g. a network 32 of an inert material such as plastic, e.g. nylon is
      attached to the end of the tube 12, for example by means of
      tetrahydrofuran when the tube 12 is a polyvinyl chloride tube. The
      membrane 30 may also be tightly attached to the tube 12 by means of a cap
      (not shown) or any other suitable means ensuring liquid-tight connection
      between the membrane and the tube and permitting contact between the lower
      surface of the membrane and an exterior solution.
PAR  The electrode shown in FIG. 1 is employed by contacting the exterior
      surface of the membrane 30 with the sample solution. The potential
      generated is measured by means of otherwise conventional equipment for
      potentiometric measurement, including a reference electrode communicating
      with the sample solution and a potential measuring apparatus connected to
      the reference electrodes and to the connection 18 of the lead 16.
PAC  EXAMPLE 1
PAC  Preparation of Calcium Di(p-octylphenyl)phosphate
PAR  Dry pyridine (79 g, 1 mole) and phosphorus oxychloride (30.6 g, 0.2 mole)
      were dissolved in 75 ml of ether. A solution of 106.0 g of p-n-octylphenol
      was added dropwise under reflux and vigorous agitation; a white
      precipitate of pyridinium chloride was formed. After the addition, the
      mixture was refluxed for additionally 1.5 hours, whereafter water and
      subsequently concentrated hydrochloric acid were added. The ether phase
      was separated, washed twice with 1 M hydrochloric acid and evaporated in
      vacuum. The residue was a viscous oil, which was purified in the following
      manner:
PAR  50 g of the product were dissolved in 1500 ml of pure methanol, and 0.15
      mole of CaCl.sub.2 in 60 ml of water was added. NaOH (33%) was added to pH
      10. The resulting white precipitate was separated by filtration and
      slurried in 1 liter of water and 100 ml of concentrated hydrochloric acid.
      150 ml of ether was added, and the ether phase was separated and
      evaporated in vacuum at 80.degree.C until 1 mm Hg. The product
      crystallized.
PAR  The crystallic acid was converted into the calcium salt in the following
      manner: 10 g of the product (0.02 mole) were dissolved in 1 liter of pure
      methanol. Saturated Ca(OH).sub.2 solution was added to pH 8 (about 500
      ml). The resulting calcium salt was a white precipitate which was
      separated by filtration, washed with methanol and water and dried in
      vacuum.
PAC  EXAMPLE 2
PAC  Preparation of a Solution of Calcium Di(p-n-octylphenyl)phosphate in
      Di(n-octyl)phenylphosphonate
PAR  To 100 g of di(n-octyl)phenylphosphonate in a 250 ml flask were added 10 g
      of calcium di(p-n-octylphenyl)phosphate. The flask was shaken until a
      clear solution was obtained.
PAC  EXAMPLE 3
PAC  Preparation of Membranes
PAR  Polyvinyl chloride (Breon S 110/10, BP Chemicals International Ltd.)
      (0.2400 g) was dissolved in 18 ml of distilled tetrahydrofuran, and the
      solution was added to a solution of 0.0620 g of calcium
      di(p-n-octylphenyl)phosphate in 0.54 g of di(n-octyl)phenylphosphonate.
      The mixture was shaken until homogeneous.
PAR  Ground plane glass rings (diameter 30 mm) were placed on a plane glass
      plate, and 6 ml of the mixture prepared as described above were placed in
      each ring and covered with filter paper. A temperature of about
      32.degree.C was maintained for 1 - 2 days, and the tetrahydrofuran
      evaporated through the filter paper. The resulting membranes were removed
      from the glass plate.
PAC  EXAMPLE 4
PAC  Comparison between Electrode According to the Invention and Known Calcium
      Electrode
PAR  The known electrode was calcium electrode type 92-20 from Orion Research
      Inc., Mass., USA. The construction of this electrode is as described in
      British Patent Specification No. 1,107,108 and comprises a reservoir
      containing a solution of calcium di(n-decyl)phosphate in
      di(n-octyl)phenylphosphonate and a porous membrane loaded with said
      solution and communicating at its rim with said reservoir, the upper
      surface of the membrane center part being in contact with an internal
      reference system and the lower surface thereof being exposed for contact
      with a sample solution.
PAR  The electrode according to the invention was established in the same type
      of structure as the above-mentioned known electrode, but using the calcium
      di(p-n-octylphenyl)phosphate solution prepared according to Example 2
      instead of the known calcium di(n-decyl)phosphate solution in the membrane
      and the reservoir.
PAR  Using a standard calomel electrode as a reference, both electrodes were
      used for potentiometric measurements at varying pH values in the following
      solutions:
PA1  1. 10.sup.-.sup.2 M Ca.sup.+.sup.+ solution
PA1  2. 10.sup.-.sup.3 M Ca.sup.+.sup.+ solution
PA1  3. 10.sup.-.sup.4 M Ca.sup.+.sup.+ solution
PA1  4. 10.sup.-.sup.3 M CaEDTA + 10.sup.-.sup.3 M EDTA + 10.sup.-.sup.1 M NaCl
PA1  5. 10.sup.-.sup.3 M CaEDTA + 10.sup.-.sup.3 M EDTA + 5 . 10.sup.-.sup.3 M
      NaCl
PAR  The pH adjustment was performed by adding hydrochloric acid or sodium
      hydroxide.
PAR  The electrode responses in mV appear from FIG. 2 (electrode according to
      the invention) and FIG. 3 (the known calcium electrode). It will be noted
      that the electrode according to the invention shows better performance at
      low pH values (less dip), which means that it can be used at lower pH
      value than the known electrode. Furthermore, it is evident that the
      selectivity of the electrode according to the invention towards the sodium
      ion is approximately 100 times better than the selectivity of the known
      electrode, and that the detection limit of the electrode according to the
      invention is at least 20 times lower than the detection limit of the known
      electrode.
PAR  Similar measurements carried out with electrodes according to the invention
      and constructed as shown in FIG. 1 gave similar excellent results, and it
      may be concluded that the specific construction of the electrode according
      to the invention has little or no influence on the improvement obtained
      through the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrode for measuring the activity of calcium ions in a solution,
      comprising
PA1  1. an internal reference system, and
PA1  2. a calcium di(aryl)phosphate, said calcium di(aryl)phosphate being
      positioned in the electrode so as to be contactable with said measured
      solution and to be in electrical contact with said internal reference
      system, the aryl groups of said calcium di(aryl)phosphate each carrying at
      least one carbon chain containing at least three carbon atoms, the aryl
      groups of said calcium di(aryl)phosphate further carry electrophilic
      substitution, and the electrophilic substitution is nitro or halogen
      substitution.
NUM  2.
PAR  2. An electrode for measuring the activity of calcium ions in a solution,
      comprising:
PA1  a. an internal reference system, and
PA1  b. calcium di(p-n-octylphenyl)phosphate, said calcium
      di(p-n-octylphenyl)phosphate being positioned in the electrode so as to be
      contactable with said measured solution and to be in electrical contact
      with said internal reference system.
NUM  3.
PAR  3. An electrode as claimed in claim 2, wherein the calcium
      di(p-n-octylphenyl)phosphate is incorporated in an organic carrier.
NUM  4.
PAR  4. An electrode as claimed in claim 3, wherein the organic carrier is a
      plastic plasticized with an organic plasticizer.
NUM  5.
PAR  5. An electrode as claimed in claim 4, wherein the plastic is polyvinyl
      chloride.
NUM  6.
PAR  6. An electrode as claimed in claim 5, wherein the plasticizer is a
      di(alkyl)arylphosphonate.
NUM  7.
PAR  7. An electrode as claimed in claim 6, wherein the di(alkyl)arylphosphonate
      is di(n-octyl)phenylphosphonate.
NUM  8.
PAR  8. An electrode as claimed in claim 3, wherein the organic carrier is a
      di(alkyl)arylphosphonate.
NUM  9.
PAR  9. An electrode as claimed in claim 2, wherein the phenyl groups of said
      calcium di(p-n-octylphenyl)phosphate further carry nitro or halogen
      substitution.
NUM  10.
PAR  10. An electrode as claimed in claim 2, wherein the calcium
      di(p-n-octylphenyl)phosphate is present in admixture with the
      corresponding di(p-n-octylphenyl) phosphoric acid.
NUM  11.
PAR  11. A membrane for use in an electrode as claimed in claim 4, comprising
      calcium di(p-n-octylphenyl)phosphate incorporated in a plastic plasticized
      with an organic plasticizer.
NUM  12.
PAR  12. A membrane as claimed in claim 11, wherein the plastic is polyvinyl
      chloride.
NUM  13.
PAR  13. A membrane as claimed in claim 12, wherein the plasticizer is a
      di(alkyl)arylphosphonate.
NUM  14.
PAR  14. A membrane as claimed in claim 13, comprising calcium
      di(p-n-octylphenyl)phosphate incorporated in polyvinyl chloride
      plasticized with di(n-octyl)phenylphosphonate.
NUM  15.
PAR  15. A composition for use in an electrode as claimed in claim 2, comprising
      calcium di(p-n-octylphenyl)phosphate dissolved in a
      di(alkyl)arylphosphonate.
NUM  16.
PAR  16. A composition as claimed in claim 15, wherein the
      di(alkyl)arylphosphonate is di(n-octyl)phenylphosphonate.
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ABST
PAL  Single-oriented electrical steel sheets having a high magnetic induction
      can be produced by hot rolling a silicon steel raw material containing
      less than 0.06% of C and less than 4% of Si, subjecting to annealing step
      and cold rolling step conveniently repeatedly to form a cold rolled steel
      sheet having a final gauge and subjecting to a decarburization annealing
      and a final annealing to develop secondary recrystallized grains having
      (110)[001] orientation, said silicon steel raw material being
      characterized in containing 0.005-0.200% of Sb and less than 0.10% of at
      least one of Se and S.
PAL  Said final annealing for secondary recrystallization at a temperature of
      800.degree.-920.degree.C gives a preferable result.
BSUM
PAR  The present invention relates to a method of manufacturing the so-called
      single-oriented electrical steel sheets or strips having a high magnetic
      induction.
PAR  The single-oriented electrical steel sheets are mainly represented by
      oriented silicon steel, and these oriented silicon steel sheets or strips
      are mostly used as the iron core of a transformer and other electric
      devices. As to the magnetic characteristics, the supply of singleoriented
      silicon steels having a high magnetic induction and low iron loss is
      required by manufactures of electric devices. In order to improve the
      magnetic characteristics of the oriented silicon steel sheets or strips,
      it is firstly asked to make the axis &lt;100&gt; of crystallized grains
      constructing the steel sheets or strips highly parallel to the rolling
      direction. Secondly, it is necessary to reduce impurities and precipitates
      remaining in the final product as far as possible.
PAR  Since a method of manufacturing single-oriented silicon steel sheets by
      successive cold reductions and intermediate anneals, was invented by N. P.
      Goos, U.S. Pat. No. 1,965,559, many improvements for the higher magnetic
      induction and lower iron loss have been made from year to year.
      Particularly, by utilizing AlN precipitates as inhibitors against normal
      grain growth, for example, a proposal of U.S. Pat. No. 3,287,183, a
      product in which B.sub.8 exceeds 1.80 wb/m.sup.2, is obtained.
PAR  An object of the present invention is to provide a method of manufacturing
      single-oriented silicon steel sheets or strips having a high magnetic
      induction of at least 1.85 wb/m.sup.2 in B.sub.8 value.
PAR  Here, B.sub.8 value means the magnetic induction at 800 A/m of magnetic
      field.
PAR  The first aspect of the present invention consists in producing silicon
      steel sheets having excellent magnetic properties by treating a silicon
      steel raw material, containing an amount of Sb and an amount of at least
      one of Se and S with a previously known process, for example, as proposed
      by N. P. Goss and the second aspect of the present invention consists in
      producing the silicon steel sheets having excellent properties by highly
      growing the secondary recrystallized grains within a temperature range of
      800.degree.-920.degree. C.
PAR  In general, in producing single-oriented silicon steel sheets, hot rolled
      strips containing an appropriate amount of an inhibitor, which suppresses
      the normal grain growth of crystal grains during the anneals are subjected
      to cold rollings and reduced to the final sheet thickness with an
      intermediate anneal when necessary. Then, thus treated sheets are
      subjected to a decarburization annealing in a wet hydrogen at a
      temperature of 780.degree.-840.degree. C, followed by a final annealing at
      a high temperature of 1,100.degree.-1,200.degree.C to grow selectively the
      crystal grains having (110) [001] orientation, while the growth of the
      crystal grains not arranged in (110) [001] orientation, are suppressed by
      the small amount of precipitates, for example MnS, MnSe, AlN and the like,
      and solid solved atoms segregated in the grain boundary.
PAR  In the present invention, it is essential that Sb and at least one of Se
      and S are present in the silicon steel raw material.
PAR  As to Sb, the applicant of this invention has already disclosed in Japanese
      patent application publication No. 8,214/63 that a secondary
      recrystallized aggregation structure having Goss, cube on edge orientation
      can be obtained by adding 0.005-0.100% of Sb to the silicon steel raw
      material on melting the silicon steel. However, in the case of the
      addition of Sb alone a selective growth of the primary grains can be
      recognized but the improvements for its magnetic characteristics cannot
      fully be confirmed. The present invention has been completed based on such
      a finding that the suppressive effect of Sb on the grain growth of the
      primary grains whose orientation largely deviates from (100) [001] is
      highly strengthened by adding Se or S.
PAR  That is, the present invention consists in a method for producing
      single-oriented electrical steel sheets having a very high magnetic
      induction in which a silicon steel raw material containing less than 0.06%
      of C and less than 4.0% of Si is hot rolled and subjected to the annealing
      step and the cold rolling step repeatedly to obtain the cold rolled steel
      sheet having the final gauge and the resulting sheet is subjected to a
      primary recrystallization annealing by which the decarburization is also
      effected and then to the final annealing to grow secondary recrystallized
      grains of (110) [001] orientation, characterized in that 0.005-0.200% of
      Sb and less than 0.10% of at least one of S and Se are contained in the
      silicon steel raw material.
DRWD
PAR  For a better understanding of the present invention, reference is taken to
      the accompanying drawings, wherein:
PAR  FIGS. 1A and 1B are diagrams showing relations between the contents of S
      and Se and the magnetic induction of the products;
PAR  FIG. 2 is a diagram showing a relation of the content of Sb to B.sub.8
      value based on the given contents of S and Se;
PAR  FIG. 3 is a diagram showing a relation of the secondary recrystallization
      temperature to B.sub.8 value with respect to the raw material A according
      to the present invention and a conventional raw material B treated with
      the known process;
PAR  FIG. 4 is a diagram showing a relation of B.sub.8 value to the iron loss
      with respect to the given amount of Sb remained in the products; and
PAR  FIG. 5 is a diagram showing a relation of the final cold rolling rate to
      B.sub.8 value in the raw material containing Se and Sb of the present
      invention and the raw material containing Se alone.
DETD
PAR  The present invention will be explained in detail with reference to the
      accompanying drawings.
PAR  FIGS. 1A and 1B show a typical relation between the S and Se contents and
      the magnetic induction B.sub.8 of a product obtained by annealing at
      900.degree. C for 5 minutes hot rolled sheets of 3 mm thickness prepared
      by an electric furnace containing about 3% of Si and about 0.03% of Sb,
      cold rolling these sheets at a reduction rate of 60-85%, intermediate
      annealing at 950.degree.C for 5 minutes, final cold rolling the sheets at
      a reduction rate of 40-80% to form a final gauge of 0.30-0.35 mm,
      decarburizing the sheets in a wet hydrogen at 820.degree.C, secondary
      recrystallizing the sheets at 850.degree.C for 50 hours and box annealing
      said sheets at 1,200.degree.C. When 0.012-0.045% of Se and 0.012-0.045% of
      S are contained, such B.sub.8 value as high as 1.90 wb/m.sup.2 can be
      obtained.
PAR  FIG. 2 is a diagram showing a magnetic induction of a product obtained by
      treating a steel ingot (prepared by an electric furnace) containing about
      3% of Si, 0-0.20% of Sb, 0.02-0.04% of Se, 0.001-0.008% or 0.02-0.05% of S
      in the same steps as in the case of FIG. 1. From the FIG. 2, it can be
      seen that when at least one of Se and S is contained in the silicon steel
      ingot containing 0.005-0.20% of Sb, B.sub.8 value is more excellent than
      in the cases when 0.005-0.20% of Sb alone, 0.02-0.05% of S alone or
      0.02-0.04% of Se alone is added. When the content of Sb is less than
      0.005%, even if Se and/or S are added, B.sub.8 value does not exceed 1.85
      wb/m.sup.2, and also when Sb exceeds 0.2%, B.sub.8 value lowers and the
      magnetic characteristics are deteriorated. When Sb is present in an amount
      of not less than 0.005% and not more than 0.2%, B.sub.8 value can be
      improved. Particularly, when Sb is within a range of 0.01-0.1%, B.sub.8
      value is not remarkably influenced by the content of Sb and in the range
      of Sb of 0.02-0.04%, the highest B.sub.8 value can be obtained.
PAR  On the other hand, as shown in FIG. 1A, when the sum of Se and S is less
      than 0.008%, the desirable B.sub.8 value cannot be obtained. An addition
      of a large amount of Se and S scarcely influences on B.sub.8 value but the
      hot shortness may occur during hot rolling and the iron loss are
      necessarily degraded due to residual Se and S. Accordingly, too much
      addition of Se or S is not preferable in view of industrial production.
      Thus, the upper limit of the sum of Se and S is defined to be 0.10%.
PAR  C is limited to less than 0.06%. This limitation is defined in view of
      necessity of economically decarburizing, because C content must be lowered
      to less than about 0.005% at decarburizing step in order to develop
      desirable secondary grains. Si is limited to less than 4% by taking cold
      workability, brakes due to brittleness, into consideration.
PAR  As described above, in the present invention it is essential that Sb and at
      least one of Se and S are contained in the silicon steel, but it is
      permitted that the well known elements which are added to the conventional
      silicon steel, are present. For instance, it is preferable to contain
      0.02-0.2% of Mn. Further, it is allowable to substitute Se or S with Te
      well known as an inhibitor of primary grain growth, or to additionally add
      Te. In addition, inhibitors of Cr, Nb, V, W, B, Ti, Zr, and Ta may be
      added in an amount of less than 0.5%. Further, even if a small amount of
      Al, for example less than 0.02% used as a deoxidant is remained therein,
      the effect of the present invention can be fully exhibited. However, the
      residual amount of Al is usually less than 0.005%.
PAR  The silicon steel ingot according to the present invention is prepared by a
      commonly well known steel making process and thus prepared silicon steel
      ingot is hot rolled by a well known method and thus obtained hot rolled
      sheet is subjected to at least one annealing step and at least one cold
      rolling step, to a final sheet thickness, and then to a decarburization
      step and thereafter to a final annealing step to develop secondary
      recrystallized grains having (110) [001] orientation.
PAR  The manners for carrying out these successive steps will be explained in
      detail hereinafter.
PAR  For melting the raw material of the present invention, LD converter,
      electric furnace, open hearth furnace and the other well known steel
      making processes can be used and the vacuum treatment or vacuum melting
      process may be used together. Furthermore, the means for producing ingot
      may be effected by conventional mold casting and a continuous casting.
PAR  In the present invention, it is essential to use the raw material
      containing Se or S in addition to Sb, but the addition of Se or S to the
      material has been already proposed and said addition may be effected by
      any known process. For instance, said elements may be added into the
      molten steel in making ingot and further may be penetrated by adding an
      appropriate amount of Se or S into an annealing separater to be used in
      the final annealing.
PAR  The obtained steel ingots or the slabs produced by a continuous casting may
      be hot rolled by a well known process. In general, the slabs, are hot
      rolled and coiled in continuous hot strip mills, generally after heated
      preferably at a temperature of 1,200.degree.-1,350.degree.C. The thickness
      of the hot rolled sheet is dependent upon the following cold rolling step
      but is generally about 2-5 mm.
PAR  Then, the hot rolled sheet is cold rolled and in the present invention, the
      cold rolling is carried out at least once but in order to obtain the high
      B.sub.8 value of the object of the present invention, it is necessary to
      pay a full attention to the final cold rolling rate.
PAR  FIG. 5 is a diagram showing a relation of B.sub.8 value to the final cold
      rolling rate when the molten steel containing about 3% of Si, about 0.06%
      of Mn, 0.03% of C and 0.003% of S is added with (a) 0.018% of Se and
      0.030% of Sb and (b) 0.015% of Se, respectively to make ingots, each of
      which is treated with the same manner as described in the case of FIG. 1
      and FIG. 2. From this FIG., it can be seen that in the material according
      to the present invention, the high B.sub.8 value can be obtained within a
      range of 40-85% of the final cold rolling rate. Particularly, the cold
      rolling rate of 50-77% gives B.sub.8 value more than 1.90 wb/m.sup.2. On
      the contrary, when the final cold rolling rate exceeds 85%, the primary
      recrystallized grains whose orientation largely deviates from (110) [001]
      , are also developed and the preferable secondary recrystallized grains
      are not satisfactorily developed. As the result, B.sub.8 value is rapidly
      degraded. Further, when said rate is less than 40%, the largely grown
      secondary recrystallized grains can be obtained, but their [100] axis
      become randomly orientated as to the rolling direction and B.sub.8 value
      more than 1.85 wb/m.sup.2 cannot be obtained.
PAR  The cold rolling is effected usually twice and between the two cold
      rollings an intermediate annealing at 850.degree.-1,100.degree.C is
      carried out. In this case the first rolling reduction rate is about
      60-85%. However, it is possible that hot rolled sheets reduced to final
      gauge in one cold rolling step, where B.sub.8 value is more than 1.85
      wb/m.sup.2, can be obtained. In this case, when the hot rolled sheet is
      subjected to an annealing at a temperature of 850.degree.-1,100.degree.C
      to make the hot rolled texture homogeneous, a favorable result can be
      obtained. These annealings are usually carried out by a continuous furnace
      but may be substituted with other means, such as a box annealing and the
      like.
PAR  The steel sheet having the desired sheet thickness after the final cold
      rolling is subjected to the decarburization annealing. This annealing aims
      at the conversion of the cold rolled texture into the primary
      recrystallized texture and simultaneously the removal of C which is
      harmful to the growth of the secondary recrystallized grains of (110)
      [001] orientation in the final annealing. For example, said annealing is
      effected in a wet hydrogen at a temperature of 750.degree.-850.degree.C
      for 5-15 minutes and any other well known processes may be used.
PAR  The final annealing is effected in order to grow the secondary
      recrystallized grains of (110) [001] orientation and to reduce the
      remaining impurities harmful to iron loss value. In usual practice the
      temperature is directly raised without retard to higher than
      1,000.degree.C by a box annealing and said temperature is maintained until
      said purposes are attained. In the present invention, however, the
      secondary recrystallization anneal and the purification anneal are caused
      at different temperature ranges. Namely, the secondary recrystallization
      anneal temperature is desirable to be as low as possible as far as
      secondary recrystallization grains may be developed, and by such means
      B.sub.8 value will be raised much higher than that of conventional steps
      maintaining a high temperature. B.sub.8 value is sufficiently high even
      when the secondary recrystallization anneal is completed but in order to
      lower the iron loss of the product it is desirable to add thereafter a
      purification annealing at a high temperature by keeping the temperature
      not to enter in .gamma. region. This temperature for purification
      annealing depends upon Si content. This final annealing is effected by a
      box annealing applying an annealing separator, such as magnesia.
PAR  FIG. 3 shows a result obtained from a raw material A (sheet thickness: 3.0
      mm) containing 3.3% of Si, 0.02% of Sb, 0.015% of Se and a conventional
      raw material B (sheet thickness: 2.0 mm) containing 3.3% of Si, no
      addition of Sb and 0.015% of Se. Both the raw materials A and B are
      subjected to the primary cold rolling at a reduction rate of 70%, to the
      intermediate annealing at 950.degree.C for 5 minutes and then to the
      secondary cold rolling at a reduction rate of 67% for A and 50% for B to
      produce the final gauge of 0.30 mm and thereafter to the decarburization
      annealing in a wet hydrogen at 820.degree.C. Then the cold rolled sheet is
      subjected to the secondary recrystallization anneal at a temperature of
      840.degree.-960.degree.C for 80 hours in H.sub.2 and then the final
      annealing at 1,180.degree.C for 5 hours.
PAR  As seen from FIG. 3, when the temperature for causing the secondary
      recrystallization is lower the magnetic characteristic of B.sub.8 is more
      remarkably improved. Furthermore, the silicon steel containing Sb and Se
      is particularly remarkable in improvement of B.sub.8 value.
PAR  FIG. 3 shows that the secondary recrystallization annealing temperature
      higher than 930.degree.C does not fully improve B.sub.8 value and it is
      difficult to obtain B.sub.8 value more than 1.85 wb/m.sup.2. On the other
      hand, the secondary recrystallization occurs even by the annealing at a
      temperature lower than 800.degree.C, but it takes a longer time and it is
      not commercially significant. Accordingly, in the present invention, the
      secondary recrystallization temperature is preferred to be
      800.degree.-920.degree.C. The second aspect of the present invention lies
      in fully developing the secondary recrystallized grains at a lower
      temperature and for the purpose a temperature of 800.degree.-920.degree.C
      is kept for 10-120 hours or within this temperature range, the temperature
      is gradually raised, for example at a rate of 0.5.degree.-10.degree.C/hr.
PAR  As already known, Se and S contained in the steel sheet, after they serve
      to grow the secondary recrystallized grain of (110) [001] orientation at
      the final annealing, are removed or decreased as far as possible, because
      these elements are harmful to the iron loss. The removal of Se and S can
      be attained by effecting the annealing in H.sub.2 for a long time, and
      particularly when Si is more than 2.0%, by the annealing at a temperature
      higher than 1,000.degree.C, S and Se are removed. On the other hand, Sb
      has an activity for inhibiting the growth of the primary recrystallized
      grains and as shown in FIG. 4, even if Sb is remained in the steel sheet,
      it does not result in the deterioration of the iron loss value. This is
      very characteristic and it is not necessary to particularly remove Sb in
      the final anneal.
PAR  The following examples are given for the purpose of illustration of this
      invention and are not intended as limitations thereof. The term "%" used
      herein means by weight.
PAC  EXAMPLE 1
PAR  A silicon steel ingot containing 0.020% of C, 2.90% of Si, 0.06% of Mn,
      0.030% of Sb, and 0.020% of Se was bloomed and then heated at
      1,250.degree.C for 1 hour followed by continuous hot rolling step to 3 mm
      thickness, primarily cold rolled at a reduction rate of 75%, then annealed
      at 900.degree.C for 5 minutes, and finally cold rolled at a reduction rate
      of 60% to 0.3 mm thickness. Then, the sheet was decarburized in a wet
      hydrogen at 820.degree.C for 5 minutes, and final annealed. In case of the
      final annealing, a temperature of 870.degree.C was maintained for 20 hours
      to develop secondary recrystallized grains fully, and then the temperature
      was raised to 1,200.degree.C and maintained for 5 hours. As a result, the
      magnetic characteristics of thus obtained product were as follows.
PA1  B.sub.8 : 1.91 wb/m.sup.2
PA1  W.sub.17/50 : 1.21 w/kg
PAC  EXAMPLE 2
PAR  A silicon steel ingot containing 0.03% of C, 2.95% of Si, 0.056% of Mn,
      0.022% of Sb, 0.009% of S and 0.015% ofSe was bloomed and then heated at
      1,320.degree.C for 1 hour, followed by a continuous hot rolling step to 2
      mm thickness and after once cooled, continuously annealed in an N.sub.2
      atmosphere for 5 minutes at 900.degree.C. Then, a primary cold rolling of
      a reduction rate of 70% was effected, an intermediate annealing was
      effected at 850.degree.C for 5 minutes, and a secondary cold rolling of a
      reduction rate of 50% was effected to obtain a sheet having 0.30 mm
      thickness. Then, a decarburization annealing was carried out at
      820.degree.C for 5 minutes, and further a common box annealing was carried
      out at 1,180.degree.C for 5 hours. As a result, a silicon steel sheet
      having the following characteristics was obtained.
PA1  B.sub.8 : 1.88 wb/m.sup.2
PA1  W.sub.17/50 : 1.24 w/kg
PAC  EXAMPLE 3
PAR  A silicon steel ingot containing 0.025% of C, 3.25% of Si, 0.019% of Sb,
      0.020% of Se and a residual amount of S (0.004%) was hot rolled to 3 mm
      thickness and annealed at 970.degree.C for 5 minutes, thereafter a primary
      cold rolling of a reduction rate of 75% and a secondary cold rolling of a
      reduction rate of 64% (0.3 mm thickness) were applied and between the two
      cold rollings an intermediate annealing at 900.degree.C was effected.
      Thereafter, the decarburization annealing and a final annealing were
      carried out. In this case, a temperature of 860.degree.C was maintained
      for 50 hours to grow the secondary recrystallized grains fully, and then
      1,180.degree.C was maintained for 5 hours. As a result, the
      characteristics of the thus obtained product were as follows.
PA1  B.sub.8 : 1.91 wb/m.sup.2
PA1  W.sub.17/50 : 1.11 w/kg
PAC  EXAMPLE 4
PAR  A continuous cast slab having a composition of 0.015% of C, 2.90% of Si,
      0.08% of Sb, 0.03% of Se, a residual amount of S (0.003%), and 0.05% of Mn
      was hot rolled to 3 mm thickness. The resulting sheet was subjected to a
      primary cold rolling of a reduction rate of 60%, an intermediate annealing
      at 950.degree.C and then a secondary cold rolling of a reduction rate of
      75% (0.3 mm thickness). Thereafter, a decarburization annealing and a
      final annealing at 1,200.degree.C for 5 hours were applied thereto. The
      characteristics of the thus obtained product were as follows.
PA1  B.sub.8 : 1.86 wb/m.sup.2
PA1  W.sub.17/50 : 1.28 w/kg
PAC  EXAMPLE 5
PAR  After obtaining a silicon steel hot rolled sheet (3 mm thickness)
      containing 0.040% of C, 2.90% of Si, 0.015% of Sb, 0.02% of Se and 0.03%
      of S, a primary cold rolling of a reduction rate of 78%, an intermediate
      annealing at 950.degree.C and then a secondary cold rolling of a reduction
      rate of 50% were carried out to obtain a sheet having 0.30 mm thickness.
      After decarburization annealing, the sheet was gradually heated from
      800.degree.C to 900.degree.C by 30 hours at a rate of 3.degree.C/hr, and a
      temperature of 1,180.degree.C was maintained for 5 hours. As a result of
      carrying out a final annealing, a silicon steel sheet having the following
      characteristics was obtained.
PA1  B.sub.8 : 1.93 wb/m.sup.2
PA1  W.sub.17/50 : 1.22 w/kg
PAC  EXAMPLE 6
PAR  A steel ingot containing 0.025% of C, 0.8% of Si, 0.020% of Se and 0.030%
      of Sb was bloomed and hot rolled to obtain a sheet of 2.0 mm thickness.
      After annealing at 1,000.degree.C for 5 minutes, a cold rolling of a
      reduction rate of 60% was applied to obtain a sheet having 0.8 mm
      thickness. Further, after applying a decarburization annealing, a final
      annealing was carried out in a H.sub.2 atmosphere at 900.degree.C for 24
      hours. As a result, the product having the following characteristic was
      obtained.
PA1  B.sub.8 : 1.98 wb/m.sup.2
PAC  EXAMPLE 7
PAR  A silicon steel ingot containing 0.03% of C, 3.25% of Si, 0.05% of Mn,
      0.030% of Sb and 0.02% of Se prepared in an LD converter, was bloomed and
      heated at 1,320.degree.C for 60 minutes. After hot rolling to the
      thickness of 3 mm, the sheet was annealed at 900.degree.C for 5 minutes.
      Through a primary and secondary cold rolling at a reduction rate of 71%
      and 65%, respectively, and an intermediate annealing at 920.degree.C for 5
      minutes, the said sheet was reduced to 0.30 mm thickness, and then
      decarburized in a wet hydrogen at 820.degree.C for 5 minutes. A
      temperature of 850.degree.C was maintained for 80 hours to fully grow the
      secondary recrystallized grains. Finally the sheet was annealed at
      1,180.degree.C for 5 hours. As the result, the magnetic characteristics of
      thus obtained product were as follows.
PA1  B.sub.8 : 1.92 wb/m.sup.2
PA1  W.sub.17/50 : 1.07 w/kg
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing single-oriented electrical steel sheet
      comprising:
PA1  a. hot rolling a silicon steel raw material consisting essentially of less
      than 0.06% of carbon, less than 4% of silicon, 0.012 to 0.045% of antimony
      aand 0.008 to 0.10% of at least one member of a group selected from
      selenium, sulphur and tellurium, and 0.02 to 0.2% of manganese, to an
      intermediate gauge of about 2-5mm;
PA1  b. effecting at least one cold rolling at a reduction rate of 40-85% so as
      to form a cold rolled steel sheet having final gauge;
PA1  c. decarburization annealing said sheet in a wet hydrogen atmosphere at
      750.degree.-850.degree.C to minimize the amount of carbon in said sheet
      subsequently;
PA1  d. subjecting the sheet to a secondary recrystallization annealing at a
      temperature of 800.degree.-920.degree.C for 10 to 120 hours selected so as
      to grow the crystal grains having (110) (001) orientation; and thereafter;
PA1  e. subjecting the sheet to a purification annealing at a temperature
      greater than 1,000.degree.C and fluctuating in direct proportion to the
      silicon content so as to remove S and Se, whereby the iron loss of the
      final product is decreased.
NUM  2.
PAR  2. A method of manufacturing single-oriented electrical steel sheet
      comprising:
PA1  a. hot rolling a silicon steel raw material consisting essentially of less
      than 0.06% of carbon, less than 4% of silicon, 0.005 to 0.2% of antimony
      and 0.008 to 0.10% of at least one member of a group selected from
      selenium, sulphur and tellurium, and 0.02 to 0.2% of manganese, to an
      intermediate gauge of about 2-5mm;
PA1  b. effecting at least one cold rolling at a reduction rate of 40 to 85% so
      as to form a cold rolled steel sheet having its final gauge;
PA1  c. decarburization annealing of 750.degree.-850.degree. said sheet in a wet
      hydrogen atmosphere to minimize the carbon subsequently;
PA1  d. subjecting the sheet to a secondary recrystallization annealing at a
      temperature of 800.degree. to 920.degree.C for 10 to 120 hours selected so
      as to grow the crystal grains having (110) (001) orientation; and
      thereafter;
PA1  e. subjecting the sheet to a purification annealing at a temperature
      greater than 1,000.degree.C and fluctuating in direct proportion to the
      silicon content so as to remove S and Se, whereby the iron loss of the
      final product is decreased.
NUM  3.
PAR  3. A method of manufacturing single-oriented steel sheet as defined in
      claim 2, wherein in the case of effecting two or more cold rolling steps,
      annealing at a temperature of 850.degree.-1,100.degree.C corresponding to
      the number of times of the repeated cold rolling steps is effected between
      the cold rolling steps.
NUM  4.
PAR  4. A method of manufacturing single-oriented electrical steel sheet as
      defined in claim 2, wherein the final cold rolling rate is 50 to 77%.
NUM  5.
PAR  5. A method of manufacturing single-oriented electrical steel sheet as
      defined in claim 2, wherein the final annealing for secondary
      recrystallization is effected at a temperature of 800.degree. to
      880.degree.C.
NUM  6.
PAR  6. A method of manufacturing single-oriented electrical steel sheet as
      defined in claim 2, wherein said silicon steel raw material additionally
      contains a positive amount of less than 0.5% of Cr, Nb, V, W, B, Ti, Zr or
      Ta.
NUM  7.
PAR  7. A method of manufacturing single-oriented steel sheet as defined in
      claim 2, wherein the silicon steel raw material is subjected to an
      annealing at a temperature of 850.degree.-1,100.degree.C to produce a
      homogeneous texture in the hot rolled material prior to cold rolling.
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ABST
PAL  A process is described in which an iron-silicon alloy capable of being heat
      treated to produce a cube-on-edge (110) [001] grain orientation is treated
      to produce improved core losses when the material is under high operating
      inductions. The process steps include cleaning the surface of the steel of
      finish gauge thickness, applying a coating to the surface of the steel
      which is non-reactive with the surface and promotes decarburization,
      heating to a temperature sufficiently high to effect secondary
      recrystallization texture development and decarburization and cooling to
      room temperature. Data are included which demonstrate the improved core
      losses exhibited by these materials so treated when tested at high
      operating inductions.
PARN
PAR  This is a continuation-in-part of application Ser. No. 382,267 filed July
      24, 1973, now abandoned, and is assigned to the same assignee.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to those materials known in the trade as
      oriented silicon-irons and which normally contain about 3% silicon, about
      0.1% manganese, between about 0.02 and about 0.03% sulfur and a balance
      essentially iron with incidental impurities. These alloys when properly
      processed are capable upon heat treatment of developing a preferred grain
      orientation which is known in terms of Miller indicies as (110) [001],
      which orientation has been described generically as "cube-on-edge".
PAR  2. Description of the Prior Art
PAR  The core materials which are employed in transformers today comprise an
      alloy containing nominally about 3.25% silicon and which has been
      processed to obtain a preferred grain orientation. The grain orientation,
      which is accomplished during the final heat treatment, has been
      characterized as an orientation resulting from the application of internal
      energy to certain preferentially aligned grain nuclei. When fully
      processed to obtain the desired orientation, the major portion of the
      grains have an orientation which has been described in terms of Miller
      indices as (110) [001]  orientation or as a cube-on-edge orientation.
PAR  During final heat treatment of this material, the heat treatment takes
      place while the material is in a coil configuration. It is essential
      during such heat treatment that the individual convolutions of the coil
      must be provided with a material to insulate or separate the turns from
      one another since the heat treatment temperatures involved are
      sufficiently high that sticking or welding of the adjacent convolutions
      would occur except for the insulation provided thereto. This insulation
      has usually taken the form of a magnesium oxide coating which has been
      applied to the surface of the steel. During said final heat treatment some
      of the MgO reacts with the components of the surface of the steel
      including iron, oxygen and silicon to form a complex, tightly adherent
      layer of a magnesium silicate type glass coating on the surface of the
      steel. This tenacious film will permit the unwinding of the coil material
      by preventing adhesion of the adjacent convolutions of the coil. In
      addition, the glass which forms during said high temperature heat
      treatment also acts as an excellent electrical insulator which is highly
      useful when the material is used subsequently in electrical apparatus in
      the form of a stacked lamination or a wound core.
PAR  Attempts to improve the observed magnetic characteristics of the prior art
      material have usually been limited to the aspect of improvement in the
      core loss exhibited by the materials because the saturation induction
      value of the alloy material is essentially limited by its chemical
      composition. These attempts at improving the core loss have centered about
      the development of preferred orientations, higher purity content and
      alloying variations which tend to alter the effective resistance exhibited
      by the alloy.
PAR  It has been discovered that the prior art magnetic material and in
      particular the prior art silicon steel having a reacted MgO coating on the
      surface thereof, does not exhibit an optimum low core loss especially
      where the material is operated at high inductions. This is predicated on
      the fact that the magnesium silicate coating which forms during the high
      temperature annealing may be a factor in causing unfavorable stresses to
      be imparted to the underlying metal thereby adversely affecting the
      observed core loss. Other reasons which have been advanced for the
      non-optimum core loss at high operating inductions include the aspect of
      the interaction of the coating with the surface of the metal during high
      temperature heat treatment may be harmful and the coating which is formed
      may be an effective deterrent for removing certain impurities,
      particularly carbon, to the desired low level during said high temperature
      heat treatment operation.
PAR  In order to alleviate these factors the present invention employs a coating
      which is non-reactive with the surface of the steel and promotes
      purification of the alloy during said high temperature heat treatment
      operation particularly the decarburization of the underlying metal.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a method for improving the core loss
      characteristics at high operating inductions in iron-silicon alloys which
      are capable of developing a high proportion of the grains having (110)
      [001] orientation. Essentially, the method consists of employing finished
      gauge material which has been cold rolled in at least two operations, the
      final of which effects a reduction in cross-sectional area of between
      about 50% and about 75%. The cold rolled material is thereafter
      decarburized and may be subjected to a surface cleaning operation
      following which a coating is applied to at least one side of the finish
      gauge material which coating is non-reactive with the alloy and which
      allows further decarburization. Thereafter the coated material is heated
      to a temperature within the range between about 1,075.degree.C and about
      1,300.degree.C for a time period of between about 6 hours and about 36
      hours such heating and cooling to and from the heat treatment temperature
      range typically taking place at a rate of about 50.degree.C per hour while
      maintaining a dry hydrogen atmosphere above the material. As processed,
      the alloy will exhibit improved core losses at operating inductions of 17
      kilogauss and higher.
PAR  The present invention is also applicable to iron-silicon alloys which have
      been fully treated, that is, they have been subjected to a high
      temperature anneal for the purpose of developing the oriented grain
      texture. During such high temperature anneal the steel has been subjected
      to the formation of a magnesium silicate coating on the surface thereof by
      reason of the fact that prior to the transformation anneal, at least one
      side of the steel has been treated with a water-slurry of a magnesium
      oxide coating and thereafter assembled into coil configuration.
PAR  After the material has been subjected to said high temperature annealing
      heat treatment the present invention is applicable wherein the magnesium
      oxide coating is removed and thereafter the fully transformed material is
      subjected to the application of a non-reactive coating, such as alumina,
      which permits further decarburization, said coating being applied to at
      least one side of the steel and thereafter the steel is heated to a
      temperature within the range between 1,025.degree.C and about
      1,200.degree.C for a period of up to about 6 hours. As thus treated the
      steel will show an improved coercive force and the core loss at inductions
      in excess of 17 kilogauss will show a similar substantial improvement.
PAR  The present invention is also applicable to a new commercially available
      steel which has been designated in the trade as a Hi-B steel. This steel
      characteristically exhibits an induction between about 19 and about 19.4
      kilogauss when subjected to a field of 10 oersteds. This fully treated
      Hi-B steel also requires the removing of the adherent mill coating thereon
      and the subsequent application of a non-reactive coating, such as alumina,
      which is effective for decarburizing the steel during the subsequent heat
      treatment. The subsequent heat treatment once again is preferably carried
      out at a temperature within the range between 1,025.degree.C and about
      1,200.degree.C for a period of up to 6 hours. Further improved core loss
      values and coercive force values can be obtained where the Hi-B steel
      subsequent to the high temperature treatment of this invention to effect
      decarburization is further treated by the application of a glass coating
      to the surface thereof, said glass coating being effective for maintaining
      the underlying steel in tension when the steel is cooled to room
      temperature. The glass coating which is applied to the Hi-B type steel
      preferably has a coefficient of thermal expansion of less than about 8.0
      .times. 10.sup.-.sup.6 .degree.C.
PAR  If the Hi-B steel is obtained in the semi-finished condition, i.e., prior
      to a final high temperature anneal, the present process is applicable for
      improving the coercive force and core loss thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The material to which the process of the present invention is applicable is
      iron base alloy containing nominally about 3% to 3.25% silicon and which
      may typically in ingot form have a silicon content ranging between about
      2% and about 5%, about 0.1% manganese, from about 0.02 to about 0.03%
      sulfur and the balance essentially iron with incidental impurities. These
      components are melted and preferably cast into ingot form which is
      thereafter hot rolled to an intermediate gauge strip or band.
PAR  In hot working the ingot to the rolled band thickness, the material is
      preferably heated to a temperature in the range between about
      1,200.degree.C and the highest temperature that the material will
      withstand without producing that phenomenon known as "burning" which
      latter includes the liquification of low melting phases usually commencing
      at or adjacent to the grain boundaries of the "as cast" material. Heating
      to a high temperature in this range can be deferred if a two step practice
      is employed wherein the ingot is first hot rolled at a lower temperature
      to a slab or other intermediate hot worked product and thereafter the slab
      or other intermediate hot worked product is thereafter heated to said high
      temperature and then hot rolled into the hot rolled band. Good results may
      be obtained where the material is heated to a temperature of about
      1,375.degree.C and hot worked down to a gauge of about 0.08 inch in
      thickness. While other gauges can be utilized, namely gauges anywhere
      between about 0.06 and about 0.25 inch in thickness, it is preferred to
      aim for a thickness of about 0.08 inch.
PAR  Following hot working the hot band material is preferably descaled and may
      be annealed at this time followed by the initial stage of cold rolling.
      The initial cold working operation usually effects a reduction in
      cross-sectional area of between about 50% and about 75% of the hot work
      gauge cross-sectional area. Thereafter the sheet material is preferably
      given an intermediate strip anneal at a temperature within the range
      between about 800.degree.C and 900.degree.C following which, the sheet
      material is again descaled and cold worked to finish gauge, for example, a
      finish gauge thickness in the range between 0.006 to about 0.015 inch and
      preferably to a gauge of about 0.012 inch in thickness. The final cold
      working to finish gauge effects a reduction in cross-sectional area of
      between about 50% and about 75%.
PAR  In processing the prior art material, the finish gauge sheet steel is given
      a decarburizing annealing treatment. Preferably the decarburization
      annealing heat treatment takes place by means of a strip or strand anneal
      which is conducted at a temperature between about 760.degree.C and about
      870.degree.C preferably in a hydrogen atmosphere having a dew point in
      excess of about +40.degree.C. Following the decarburization anneal, the
      material, usually in coil form, is thereafter subjected to a box annealing
      heat treatment at a temperature of between about 1,100.degree.C and about
      1,300.degree.C. According to the prior art practice, prior to the box
      annealing heat treatment however, the material in coil form or in any
      other form where the adjacent surfaces are touching requires the
      application thereto of an insulating separator coating which usually
      consists of a water slurry containing magnesium oxide or magnesium
      hydroxide powder, said slurry being applied to at least one surface of the
      steel which would be in contact with another steel surface or an adjacent
      convolution of a coil configuration. The MgO coating reacts with the
      components of the surface of the steel and forms a thin tenacious complex
      magnesium silicate type glass on the surface of the steel during said box
      annealing heat treatment.
PAR  On the other hand, the method of the present invention takes the finished
      gauge sheet material and typically cleans the surface of any oxide which
      may have formed and also removes any dirt or other foreign matter such as
      rolling oil which may have been employed in producing the material of the
      finish gauge thickness. Where the surface is cleaned, the same may be
      accomplished in any well-known matter, for example, vapor degreasing by
      trichloroethylene or mechanically cleaned such as by wheelabrating the
      surface of the material to remove any oxides or other foreign objects. It
      has been found that a clean surface is desired since it is the object of
      the present invention that the applied separator coating be totally
      non-reactive with the surface of the steel during the final heat
      treatment. While it is optional to interpose a preceding decarburizing
      anneal as is done in the prior art processing, such has not been found to
      be necessary as will appear more fully hereinafter with respect to certain
      of the data.
PAR  In the method of the present invention at least one side and preferably
      both sides of the clean finish gauge material is provided with a coating
      of a non-reactive substance which promotes decarburization during final
      heat treatment. Such coating comprises a slurry containing between about
      30% and about 70% and preferably about 60% by weight of fine Al.sub.2
      O.sub.3 powder suspended in water comprising by weight from about 0.5% to
      about 4% of polyvinyl alcohol as a suspending agent all weights being
      based upon the weight of the water present. The Al.sub.2 O.sub.3, which is
      suspended in the water solution containing polyvinyl alcohol, may be that
      product resulting from the removal of the water of hydration from Al
      (OH).sub.3 and more specifically, the kappa phase of Al.sub.2 O.sub.3
      powder. It has been found that such kappa phase alumina, when employed as
      the coating ingredient, is quite effective from the standpoint of being
      non-reactive with the components of the surface of the steel. In addition
      it has been found that kappa phase alumina greatly improves the level of
      decarburization which is achieved during the final high temperature box
      annealing heat treatment. Optimum results have been obtained where the
      alumina is in the form of a powder wherein all the particles are of a size
      of about -300 mesh and in no event should the alumina powder exceed an
      average particle size of about 100 mesh.
PAR  The slurry containing the non-reactive alumina powder is applied to at
      least one surface of the steel, though, where desired, both surfaces may
      be coated in order to more effectively decarburize the steel. Typical
      coating thicknesses usually run in the range between about 0.1 and about
      0.3 mil in thickness per surface thus covered. Thus where the two surfaces
      are covered the total thickness of the material undergoing the high
      temperature heat treatment will range from anywhere between about 0.2 and
      about 0.6 mil in thickness greater than that of the finish gauge material.
      Where the slurry contains polyvinyl alcohol the coating can be dried prior
      to the high temperature heat treatment and it will remain sufficiently
      adhesive so as to permit coiling of the material or stacking of the
      laminations without unduly disturbing the continuity of the coating.
PAR  The coated coils or stacked laminations are thereafter charged into a box
      annealing furnace and heated to a temperature within the range between
      about 1,075.degree.C and about 1,300.degree.C and maintained at that
      temperature for a time period of between about 6 hours and about 36 hours,
      such heating and cooling to and from the heat treatment temperature
      typically being at a rate of about 50.degree.C per hour. Throughout the
      heating, cooling and retention of the coated steel at the elevated
      temperature, a dry hydrogen atmosphere is preferably circulated, usually
      the hydrogen having a dew point of less than about -40.degree.F. During
      the foregoing described heat treatment the underlying steel material will
      undergo a process in which certain grains having a preferred orientation
      will grow by secondary recrystallization and consume the majority of the
      non-preferredly oriented grains, said preferred orientation being that
      known as a cube-on-edge orientation or (110) [001] orientation. In
      addition to the orientation which is produced during the final heat
      treatment, certain of the components contained within the steel, aand
      notably carbon and sulfur, are removed therefrom and reduced to a desired
      low level. In addition, the anneal may also aid in the removal of the
      manganese sulfide particles which functioned within the microstructure of
      the steel in order to prevent grain growth until the desired orientation
      growth of the preferably oriented grains has taken place. Thereafter, the
      manganese sulfide particles are removed and grain growth permitted to
      proceed in order to obtain the optimum core loss properties.
PAR  It is believed that the heating and cooling rate of about 50.degree.C per
      hour maximum both upon heating and cooling are typical in order to reduce
      to the minimum, the amount of thermal strains induced in the material
      during the heating and cooling process. By the reduction of such thermally
      induced strains, optimum core loss properties are ultimately developed.
PAR  Upon cooling to room temperature the alumina coating which was employed for
      separating the various convolutions of the coil may be readily brushed
      from the surface. During such heating of the material and holding at the
      elevated temperature, the organic constituent polyvinyl alcohol, readily
      vaporizes and is removed and since the alumina coating is non-reactive
      with the surface of the steel a light brushing will usually suffice for
      removing any remanents of the coating following said heat treatment.
      Thereafter the steel may be supplied with known prior art coating, for
      example, a magnesium phosphate formulation known in the trade as a
      "carlite" coating or a "sterling" varnish coating which will provide the
      necessary insulation to the adjacent steel members when they are stacked
      in laminated form. In some instances where it is desired to place the
      steel in tension for further improving the magnetic characteristics, the
      insulation coating will take the form of a glass coating, said glass
      having a coefficient of less than 8.5 .times. 10.sup.-.sup.6
      in/in/.degree.F.
PAR  In order to more clearly demonstrate the improved properties obtainable by
      practicing the method of the present invention, reference may be had to
      the following:
PAR  Three semi-processed materials, that is, materials in the cold rolled
      condition, at final gauge all having a thickness of about 11 mils which
      corresponds to type M4 material were used to demonstrate the effectiveness
      of the present invention. Material No. 1 was received in the "as rolled"
      condition and had not been decarburized. Material No. 2 was in the final
      cold rolled condition but had been subject to a decarburization anneal in
      accordance with the prior art. Material No. 3 was in the decarburized
      condition. All of the samples were thoroughly cleaned prior to coating and
      annealing. The coating consisted of either the prior art MgO water slurry
      which would dry after application, or the alumina of the present invention
      was applied, and all final anneals consisted of holding at 1,200.degree.C
      for a period of 24 hours in dry hydrogen, the materials having been heated
      and cooled at a rate of 50.degree.C per hour.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Sample   H.sub.c                                                          

                   B.sub.10                                                    

                        Pc.sub.17/60                                           

     No. Coating                                                               

              (Oe) (G)  (W/lb)                                                 

                              % Si                                             

                                  % Mn % C  % S                                

     __________________________________________________________________________

     1   Al.sub.2 O.sub.3                                                      

              0.077                                                            

                   18,600                                                      

                        0.62  3.17                                             

                                  0.089                                        

                                       0.0020                                  

                                            0.0001                             

     2   Al.sub.2 O.sub.3                                                      

              0.093                                                            

                   18,600                                                      

                        0.65  2.99                                             

                                  0.076                                        

                                       0.0018                                  

                                            0.0001                             

     3   Al.sub.2 O.sub.3                                                      

              0.081                                                            

                   18,400                                                      

                        0.63  3.12                                             

                                  0.075                                        

                                       0.0013                                  

                                            0.0001                             

     1   MgO  0.086                                                            

                   18,400                                                      

                        0.69  3.16                                             

                                  0.088                                        

                                       0.0024                                  

                                            0.0002                             

     2   MgO  0.096                                                            

                   18,500                                                      

                        0.70  3.05                                             

                                  0.084                                        

                                       0.0037                                  

                                            0.0001                             

     __________________________________________________________________________

PAR  From the test results set forth in Table I it is immediately apparent that
      the method employing the alumina coating of the present invention as
      opposed to the MgO coating utilized by the prior art was effective in
      reducing the coercive force exhibited by the alloys. While the changes
      noted in the B.sub.10 values were within experimental variances, but there
      was nonetheless a significant decrease in the core loss values of the
      alumina coated sheet compared with the same materials having been annealed
      employing the prior art MgO coating techniques. A 10% reduction in the
      Pc.sub.17/60 values, that is from 0.69 to 0.62, in sample 1, for example,
      is extremely important and value in the transformer industry.
PAR  It is also believed significant that employing the process of the present
      invention resulted in lower carbon content being measured in the annealed
      material having the alumina coating which is a factor that thereby aids in
      the observed core loss exhibited by the material. Note that in sample 2
      the carbon was reduced by 50% by employing alumina instead of MgO. Thus it
      can be seen that the losses at 17 kilogauss are quite low for the Al.sub.2
      O.sub.3 coated samples and would in fact represent a type M3 material
      which to date has only been obtained commercially by reduction of the
      alloy sheet thickness to about 9 mils.
PAR  The core losses of the MgO coated samples were significantly higher,
      approaching typical values obtained by prior art processing. It is
      believed that the MgO coating which adheres to and reacts with the steel
      is harmful to the production of low core loss values as compared with the
      Al.sub.2 O.sub.3 coatings which neither adhered nor reacted with the
      surface of the metal.
PAR  Reference is directed to Table II in which the same materials were employed
      except for example No. 4 which was identical to sample No. 2 but in
      addition was given a high temperature strip anneal at 1,000.degree.C prior
      to the final anneal.
TBL                TABLE II                                                    

     ______________________________________                                    

     Sample         H.sub.c  B.sub.10                                          

                                     Pc.sub.17/60                              

     No.   Coating  (Oe)     (G)     (W/lb)  %C                                

     ______________________________________                                    

     1     Al.sub.2 O.sub.3                                                    

                    0.087    18,100  0.67    0.0008                            

     2     Al.sub.2 O.sub.3                                                    

                    0.087    18,600  0.62    0.0008                            

     4     Al.sub.2 O.sub.3                                                    

                    0.093    18,300  0.67    0.0006                            

     1     MgO      0.090    18,000  0.73    0.0013                            

     2     MgO      0.096    18,400  0.70    0.0021                            

     4     MgO      0.097    18,200  0.74    0.0021                            

     ______________________________________                                    

PAR  From the test results recorded in Table II, it is again seen that all
      samples with the Al.sub.2 O.sub.3 coating had lower losses for the same
      starting material than the MgO coated sample. Coercive force values were
      lower for Al.sub.2 O.sub.3 coated samples as were the carbon contents. It
      is once again noted that the core loss values exhibited by the alloys
      prove to be outstanding when the materials were processed in accordance
      with the teachings of the present invention as opposed to the core losses
      associated with the material having been coated by the prior art
      practices.
PAR  In order to demonstrate the effect of the MgO coating, sample No. 1 was
      annealed for 24 hours at 1,200.degree.C employing the method of the
      present invention. The material was thereafter tested with the results set
      forth hereinafter in Table III and thereafter, the Al.sub.2 O.sub.3
      coating was removed and an MgO coating applied. The sample was then
      reannealed for 6 hours at 1,170.degree.C. The reannealed material was also
      tested and the results set forth hereinafter in Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

                         H.sub.c   B.sub.10                                    

                                          Pc.sub.17/60                         

     Anneal    Coating   (Oe)      (G)    (W/lb)                               

     ______________________________________                                    

     24 hr 1200.degree.C                                                       

               Al.sub.2 O.sub.3                                                

                         0.085     18,200 0.67                                 

     +6 hr 1170.degree.C                                                       

               MgO       0.091     18,400 0.71                                 

     ______________________________________                                    

PAR  The test results in Table III show that the short time anneal with the MgO
      coating increased the coercive force and the core loss. Since MgO reacts
      with the components of surface of the steel to produce a magnesium
      silicate coating thereon, it is concluded that undesirable stresses are
      induced to the steel thereby resulting in the poorer observed core loss
      values as well as coercivity.
PAR  As stated previously, the method of the present invention is also
      applicable to fully processed silicon steel, that is, a steel which has
      been previously decarburized, annealed at an elevated temperature to
      develop the oriented grain texture in a secondary recrystallized
      microstructure. During the annealing process, the MgO coating which was
      normally applied, reacted with the components of the steel to form a
      tightly adherent magnesium silicate coating on the surface thereof. As
      thus received, the magnetic properties of the steel were measured and
      following testing the steel having the mill coating thereon was subjected
      to a pickling treatment for removing the magnesium silicate coating from
      the surface. This was done by subjecting the coated steel to a pickling
      solution containing approximately 5 parts of sulfuric acid, 5 parts of
      nitric acid, 1 part of hydrochloric acid, and 10 parts of water. Care was
      exercised to remove as little metal as possible during the coating removal
      with the result that the total reduction in thickness amounted to less
      than one-half mil per strip thickness. Thereafter 100 mesh calcined
      alumina was applied as a dry powder to the strip material and the steel
      was reannealed for 3 hours at a temperature of  1,050.degree.C. The test
      results are set forth hereinafter in Table IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Properties of Fully-Processed Hipersil                                    

     (Nominal Thickness -- 12 mils)                                            

               H.sub.c                                                         

                      B.sub.10                                                 

                              60 Hz Core Loss (W/lb)                           

     Treatment   (Oe)     (kG)    17 kG     18 kG                              

     ______________________________________                                    

     Mill Coated 0.086    18.5    0.72      0.91                               

     Coating Removed                                                           

                 0.087    18.4    0.71      0.86                               

     Reanneal Al.sub.2 O.sub.3                                                 

                 0.078    18.4    0.63      0.77                               

     Mill Coated 0.092    18.6    0.75      0.95                               

     Coating Removed                                                           

                 0.099    18.3    0.73      0.87                               

     Reanneal Al.sub.2 O.sub.3                                                 

                 0.088    18.4    0.63      0.77                               

     MgO Coated -                                                              

                 0.095    18.1    0.81      1.01                               

     Catalogue                                                                 

     ______________________________________                                    

PAR  As noted from the test results set forth hereinbefore, the magnetic
      properties of the commercially fully processed mill coated silicon iron
      nominally 12 mils in thickness indicate low core loss values when compared
      with the catalogue values of the same type of material. The removal of the
      mill coating indicated that there was an increase in the coercive force of
      these samples and the 18 kilogauss core loss decreased somewhat. However,
      after treatment of the fully processed materials in accordance with the
      teachings of the present invention, the treated materials displayed a
      decrease in the coercive force and a substantial reduction in the core
      losses to values similar to those attained on the best previous samples.
PAR  It would appear that the main factor in obtaining these low losses is the
      elimination of the MgO coating which results in a lower final carbon
      content together with the aspect of the non-reactive character of the
      coating being effective for reducing the stresses and interaction between
      the coating and the surface of the metal. Thus the 60 Hz core loss values
      of as low as 0.63 watts per pound observed at 17 kilogauss in the material
      as treated in accordance with the process of the present invention results
      in an outstanding improvement of the core loss characteristics.
PAR  In recent years there has appeared on the commercial scene a product known
      as high permeability silicon steel and has been called Hi-B steel. This
      material, of substantially similar chemical composition to Type M-4
      silicon steel, is characterized by an induction of at least 18.8
      kilogausses when measured in a field of 10 oersteds. Typically, the
      commercially available material will exhibit a B.sub.10 value of between
      about 19 and 19.4 kilogausses. The process of the present invention is
      also applicable to this steel; however, while core loss improvement is
      noted in practicing the present invention, maximum results are obtained by
      applying a glass coating to the steel after practicing the process of the
      present invention.
PAR  Fully processed Hi-B steel with the mill coating thereon was obtained and
      the magnetic characteristics determined. Thereafter the mill coating was
      removed, the steel tested, and then subjected to the process of the
      present invention. The test results are set forth hereinafter in Table V.
TBL                                    TABLE V                                 

     __________________________________________________________________________

                    H.sub.c                                                    

                         B.sub.10                                              

                               60 Hz Loss (W/lb)                               

     Coil No.                                                                  

            Treatment                                                          

                    (Oe) (kG)                                                  

                             17 kG   18 kG                                     

     __________________________________________________________________________

     273    Mill Coated                                                        

                    0.103                                                      

                         19.0                                                  

                             0.71    0.92                                      

     273    Coating Re-                                                        

                    0.105                                                      

                         19.1                                                  

                             0.76    0.91                                      

             moved                                                             

     273    Invention                                                          

                    0.095                                                      

                         19.2                                                  

                             0.69    0.79                                      

     279    Mill Coated                                                        

                    0.079                                                      

                         19.1                                                  

                             0.68    0.85                                      

     279    Coating Re-                                                        

                    0.073                                                      

                         19.2                                                  

                             0.74    0.88                                      

             moved                                                             

     279    Invention                                                          

                    0.068                                                      

                         19.3                                                  

                             0.68    0.78                                      

     288    Mill Coated                                                        

                    0.092                                                      

                         19.0                                                  

                             0.72    0.90                                      

     288    Coating Re-                                                        

                    0.086                                                      

                         19.2                                                  

                             0.78    0.93                                      

             moved                                                             

     288    Invention                                                          

                    0.075                                                      

                         19.4                                                  

                             0.69    0.79                                      

      6     Mill Coated                                                        

                    0.083                                                      

                         19.3                                                  

                             0.67    0.87                                      

      6     Coating Re-                                                        

                    0.073                                                      

                         19.6                                                  

                             0.71    0.81                                      

             moved                                                             

      6     Invention                                                          

                    0.061                                                      

                         19.7                                                  

                             0.65    0.73                                      

      22    Mill Coated                                                        

                    0.079                                                      

                         19.3                                                  

                             0.67    0.87                                      

      22    Coating Re-                                                        

                    0.069                                                      

                         19.6                                                  

                             0.67    0.78                                      

             moved                                                             

      22    Invention                                                          

                    0.063                                                      

                         19.6                                                  

                             0.64    0.71                                      

      M5    MgO Coated                                                         

                    0.095                                                      

                         18.1                                                  

                             0.81    1.01                                      

     (Catalogue)                                                               

     __________________________________________________________________________

PAR  The foregoing test results illustrate the improvement obtained in core loss
      and coercivity. In each instance it is believed that the improved magnetic
      characteristics are associated with the lower carbon contents.
PAR  Similar results have also been obtained where semifinished Hi-B steel is
      employed and treated in the manner set forth hereinbefore with respect to
      sample No. 1.
PAR  Once again the test results confirm the improved coercive force and
      improved core loss exhibited by the material when employing the process of
      the present invention. Thus it becomes clear that considerably lower
      losses can be obtained in a commercial 3% silicon-iron than are normally
      observed in commercially fully processed material. The main factor in
      obtaining these low losses appears to be the elimination of the MgO
      coating which results in lower final carbon content together with the
      aspect of the nonreactive character of the coating being effective for
      reducing stresses and interaction between the coating and the surface of
      the metal. Thus with 60 Hz loss values as low as 0.62 watts per pound
      observed at 17 kilogauss in 11 mil material results in an outstanding
      improvement in the core loss characteristics.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In the method of improving the core loss characteristics at high
      operating inductions of iron-silicon alloy members which are to be
      subjected to a final heat treatment for developing a "cube-on-edge" or
      (110) [001] orientation, the steps comprising, cleaning the surface of the
      alloy member to remove all oxides and other foreign matter therefrom which
      alloy member is in the cold rolled finish thickness condition, applying a
      coating to at least one side of the alloy member which coating comprises
      alumina in the form of a powder having an average particle size of about
      300 mesh and in no event greater than 100 mesh, is non-reactive with the
      alloy and which promotes decarburization, heating the coated alloy to a
      temperature within the range between about 1,075.degree.C and
      1,300.degree.C for a time period of between about 6 hours and about 36
      hours, while maintaining a dry hydrogen atmosphere about said alloy.
NUM  2.
PAR  2. The method of claim 1 in which the alloy is heat treated at a
      temperature within the range between 1,150.degree.C and 1,250.degree.C for
      a time period of about 24 hours.
NUM  3.
PAR  3. In the method of improving the core loss characteristics at high
      operating inductions in an iron base magnetic alloy characterized by
      exhibiting a (110) [001] grain orientation in the finished product, the
      steps comprising, cleaning the surface of a member of the alloy to remove
      all oxides and other foreign matter therefrom, applying to at least one
      surface of the alloy a coating of Al.sub.2 O.sub.3 having an average
      particle size of about 300 mesh, heating the coated alloy member to a
      temperature within the range between 1,150.degree.C and 1,250.degree.C
      while maintaining the coated alloy in a hydrogen atmosphere having a dew
      point of not in excess of -40.degree.F for a time period of about 24
      hours, the heating to and cooling from the heat treatment temperature
      range not exceeding about 50.degree.C per hour, the coating cooperating
      with the alloy to lower the final carbon content to less than 0.0025% by
      weight.
NUM  4.
PAR  4. In the method of improving the core loss characteristics at high
      operating inductions in iron-silicon alloys which have been subjected to a
      final heat treatment having a coating on the surface which coating reacts
      with the components of the surface during the development of a
      "cube-on-edge" (110) [001] orientation, the steps comprising, removing the
      reacted coating from the surface of the transformed alloy, applying a
      coating to at least one side of the alloy which coating is non-reactive
      with the alloy and which promotes decarburization, said coating comprising
      alumina having an average particle size of about 300 mesh and in no event
      greater than 100 mesh, heating the coated alloy to a temperature within
      the range between about 1,025.degree.C and 1,300.degree.C for a time
      period of up to 6 hours, while maintaining a dry hydrogen atmosphere about
      said alloy.
NUM  5.
PAR  5. The method of claim 4 in which the alloy is heat treated at a
      temperature within the range between 1,150.degree.C and 1,250.degree.C for
      a time period of about 3 hours.
NUM  6.
PAR  6. In the method of improving the core loss characteristics at high
      operating inductions in an iron base magnetic alloy characterized by
      exhibiting a (110) [001] and which has a reacted coating comprising the
      reaction product of the components of the surface of the alloy and an
      oxygen containing inorganic compound, removing the reacted coating from
      the surface of the alloy, applying to at least one surface of the alloy a
      coating of Al.sub.2 O.sub.3 having an average particle size of about 300
      mesh, heating the coated alloy to a temperature within the range between
      1,150.degree.C and 1,250.degree.C while maintaining the coated alloy in a
      hydrogen atmosphere having a dew point of not in excess of -40.degree.F
      for a time period of up to 6 hours, the heating to and cooling from the
      heat treatment temperature range not exceeding about 50.degree.C per hour,
      the coating cooperating with the alloy to lower the final carbon content
      to less than 0.002% by weight.
NUM  7.
PAR  7. In the process of producing a low loss high permeability silicon steel
      sheet, the steps comprising, removing from the surface of the sheet any
      metal oxides and other foreign matter, applying a layer of an aqueous
      slurry of alumina of an average particle size of less than -100 mesh on at
      least one clean surface of a cold rolled sheet of iron-silicon alloy of
      from about 3% to 3.25% silicon and of a thickness of from 5 to 15 mils,
      drying the applied slurry, stocking or coiling the sheet with the alumina
      as a sheet separator, heating the sheet with the applied alumina at the
      rate of about 50.degree.C per hour up to a maximum temperature of between
      1,025.degree.C and 1,300.degree.C, holding said maximum temperature for at
      least 3 hours, and circulating an atmosphere of hydrogen of a dew point of
      not more than -40.degree.C about said sheet during the heating, to
      decarburize said sheet alloy to a final carbon content of less than 0.002%
      and to cause the alloy to secondarily recrystallize to provide a (110)
      [001] grain texture in the sheet.
NUM  8.
PAR  8. In the method of improving the core loss characteristics at high
      operating inductions in iron-silicon alloys which are capable of
      developing a "cube-on-edge" or (110) [001] orientation and which are
      characterized by exhibiting an induction (B.sub.10) of 19 kilogausses at a
      field strength of 10 oersteds, the steps comprising, removing from the
      surface of the alloy of finish gauge thickness all oxides and other
      foreign matter, applying to at least one surface of the alloy a slurry
      comprising alumina having an average particle size of about 300 mesh and
      in no event greater than 100 mesh, which slurry is non-reactive and which
      promotes decarburization, heating the coated alloy to a temperature within
      the range between about 1,025.degree.C and about 1,300.degree.C for a
      period of time to effect decarburization while maintaining a dry hydrogen
      atmosphere about said alloy.
NUM  9.
PAR  9. The method of claim 1 in which the alloy members are further treated by
      fusing a layer of a glass to the surface thereof, said glass having a
      coefficient of thermal expansion of less than 8.5 .times. 10.sup.-.sup.6
      in/in/.degree.F and a thickness within the range between 0.1 and 0.3 mil
      per treated surface.
NUM  10.
PAR  10. The method of claim 4 in which the alloy members are further treated by
      fusing a layer of a glass to the surface thereof, said glass having a
      coefficient of thermal expansion of less than 8.5 .times. 10.sup.-.sup.6
      in/in/.degree.F and a thickness within the range between 0.1 and 0.3 mil
      per treated surface.
NUM  11.
PAR  11. The method of claim 8 in which the alloy members are further treated by
      fusing a layer of a glass to the surface thereof, said glass having a
      coefficient of thermal expansion of less than 8.5 .times. 10.sup.-.sup.6
      in/in/.degree.F and a thickness within the range between 0.1 and 0.3 mil
      per treated surface.
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ABST
PAL  A method for producing a grain-oriented electrical steel sheet showing
      super low watt loss, comprising making a silicon steel ingot containing
      2.5 to 4.0% of Si, subjecting the ingot treatments including hot rolling,
      annealing and at least one cold rolling to obtain a final size, subjecting
      the steel to decarburization annealing and a finishing annealing which
      completes secondary recrystallization, subjecting the steel to remove
      surface product and then subjecting the steel to chemical polishing or
      electrolytic polishing to polish the steel surface to mirror condition.
BSUM
PAR  The present invention relates to a method for producing a grain-oriented
      electrical steel sheet having a remarkably low watt loss as compared with
      conventional ones.
PAR  The properties of a grain-oriented electrical steel sheet are specified
      particularly by so-called magnetic flux density and watt loss
      characteristics, and lower watt loss values represent a better product. As
      a standard for the watt loss of a grain-oriented electrical steel sheet,
      Japanese Industrial Standards (JIS) specify a magnetic flux density of
      17,000 gauss and not more than 1.33 w/Kg in 50 Hz for the lowest watt
      class in case of 0.3 mm thick sheets.
PAR  The grade M3 specified by AISI in U.S.A. shows about 0.74 w/lbs in 60 Hz at
      17,000 gauss, which correspond to 1.24 w/Kg in 50 Hz at 17,000 gauss. The
      M3 sheets are produced in 9 mil thickness as the highest grade in U.S.A.
PAR  Nippon Steel Corporation in Japan produces and sells a grain oriented
      electrical steel sheet having a high magnetic flux density under a
      trademark of "Orient Core Hi-B".
PAR  This product shows a higher magnetic flux density and a lower watt loss
      value at high magnetic flux densities as compared to conventional grain
      oriented electrical steel sheets. The sales standard (M2H) for this 0.3 mm
      thick product specifies 1.17 w/Kg (W 17/50) which represents a grade
      showing the lowest watt loss, better than the M3 grade of 9 mil thickness.
PAR  The present invention relates to a method for producing a novel
      grain-oriented electrical steel sheet having super low watt loss as 17,000
      gauss and 0.70 to 0.80 w/Kg in 50 Hz which is lower by several grades than
      that of conventional grain-oriented electrical steel sheets and can not be
      expected from the technical unknown heretofore.
PAR  Known factors which affect the watt loss of grain-oriented electrical steel
      sheets are sheet thickness, specific resistance, impurities, grain
      orientation and grain size. In addition, the sheet surface glass, the
      roughness of the roll surface during rolling operations and the surface
      roughness of the sheet are known to affect the watt loss. It is widely
      known the sheet thickness affects the watt loss, and conventionally 14 mil
      and 12 mil thick products were mainly produced, but in recent years, 12
      mil and 11 mil products are mainly produced and partially, 9 mil products
      are produced. These products are difficult to produce, but steel makers
      have been forced to produce these thin sheets because a desirably low watt
      loss can not be obtained even by improvements of specific resistance,
      impurities, grain-orientation, surface roughness, etc.
PAR  However, even if the sheet thickness is decreased the improvement of watt
      loss is limited.
PAR  It is mainly due to a decrease of eddy current loss that watt loss lowers
      as the sheet thickness decreases. Supposing all other factors being equal
      hysteresis loss increases in inverse proportion to the sheet thickness
      decrease, and particularly, in the case of sheets of less than 11 mil
      thickness, it increases suddenly and offsets the decrease of eddy current
      loss and thus no substantial improvement can not be obtained in respect of
      the total watt loss. On the contrary, in case of thin sheets beyond a 9
      mil thickness, the total watt loss often increases as the sheet thickness
      decreases. Recently it has been reported that remarkably low watt loss
      values are obtained for high magnetic flux density grain-oriented
      electrical steel sheets. For example 17 KG, 1.02 w/Kg in 50 Hz for 9 mil
      thick products are known.
PAR  The present invention can improve this watt loss characteristics further by
      more than 20% and yet can obtain this improvement even in case of thicker
      sheets.
PAR  Conventional grain-oriented electrical steel sheets have been produced
      mainly by the so-called Goss method, namely a twice cold rolling method.
      Partially some sheets are produced by a single cold rolling method.
      Summary of the twice cold rolling method follows.
PAR  A coil of hot rolled silicon steel containing 2.5 to 4% of silicon and, if
      necessary, one or more of Mn, S, Al, Se, V and Ti is descaled, cold rolled
      with about 70% reduction to obtain a thickness about two times of the
      thickness of the final product. This cold rolled sheet is subjected to
      recrystallization by intermediate annealing and again cold rolled into the
      final thickness.
PAR  Then the sheet is subjected to decarburization annealing to lower the
      carbon content to 0.003% or less, coated with an annealing separating
      agent, such as, one composed mainly of MgO and finally subjected to
      finishing annealing. This finishing annealing is conducted at a high
      temperature, for example, at 1,200.degree.C, so that secondary
      recrystallization is caused and the so-called Goss structure is obtained
      and at the same time, N and S in the steel are removed and the watt loss
      is reduced. Also by this high temperature finishing annealing, silicates,
      such as, SiO.sub.2 and Fe.sub.2 SiO.sub.4 produced on the steel surface
      during the decarburization annealing react with the annealing separating
      agent, such as, MgO etc. to form a glass-like film. Then, after the
      finishing annealing, excessive MgO which does not take part in the
      formation of the glass-like film is removed by water washing to obtain a
      final product having a glass-like film surface. In some cases, this final
      product is baked with phosphate on its glass-like surface and further
      subjected to heat treatment for flattening. In still some other cases, the
      glass-like film is removed by acid pickling and the sheet is baked with
      phosphate to obtain a final product.
PAR  The present invention aims to improve remarkably the watt loss
      characteristics by giving a special treatment to the sheet surface at the
      end portion of the above production process.
PAR  The present invention is based on the following four basic discoveries.
PAR  1. The oxide layer on or near the surface of the steel sheet is very
      harmful to the watt loss characteristics. Therefore, the watt loss
      characteristics is remarkably improved when formation of the oxide layer
      is prevented or, if formed, when it is removed.
PAR  In this case, it is necessary to remove an oxide layer which exists as
      subscale. Thus, one of the important discoveries on which the present
      invention is based is that the portions near the steel surface have a very
      poor magnetic property due to the oxide layer, particularly the subscale.
PAR  The phenomenon that improvement of the watt loss characteristics is not in
      proportion to the sheet thickness decrease, but the watt loss
      characteristics worsens for sheets of less than 9 mil thickness can be
      attributed to the fact that the ratio of the thickness of the oxide layer
      to the total sheet thickness increases. It has been discovered that if
      this oxide layer is not present, the watt loss decreases as the sheet
      thickness decreases. Such oxide layer is formed always when a silicon
      steel is subjected to annealing, particularly high temperature annealing
      unless the annealing is done in a special atmosphere, such as, a vacuum
      annealing, and decarburization annealing and treatments which produce a
      glass-like film are particularly harmful. The decarburization annealing is
      particularly harmful when it is conducted after the sheet is reduced to
      its final thickness. The harmful effect can be alleviated when the
      decarburization annealing is conducted to sheets of intermediate gauge or
      sheets of hot rolled thickness. Also a high temperature finishing
      annealing which produces a glass-like film is an oxidation reaction by
      itself and is undesirable. Therefore, in the treatment where the steel
      sheet is annealed with MgO being coated on to its surface, it is important
      to avoid formation of the glass-like film and the subscale. For this
      purpose, it is necessary to reduce O.sub.2 and H.sub.2 O contents in the
      finishing annealing atmosphere to an extremely small amount as well as to
      make the MgO inactive. Even with these measures, the oxide layer formation
      though it is in a small amount, can not be avoided. The present inventors
      have discovered that the magnetic property, particularly the watt loss can
      be improved by acid pickling the surface of products in which the
      thickness of such oxide layer is reduced.
PAR  2. The second discovery on which the present invention is based is that the
      surface condition after the acid pickling of secondarily recrystallized
      products as mentioned before has an important effect on the magnetic
      property. Namely, when the steel sheet surface is subjected to chemical
      polishing or electrolytic polishing to obtain mirror brightness, the watt
      loss of the steel sheet lowers suddenly. The polishing should be done to a
      degree enough to remove all concaves and convexes including the subscale,
      and if such enough polishing is not made, any improvement of the watt loss
      can not be obtained though some improvement of permeability can be
      obtained. The improvement of the watt loss obtained by the present
      invention is extraordinarily large and differs by even 30 to 40% between
      before and after the polishing. Such remarkable improvement of the watt
      loss is possibly due to the basic change of the magnetization mechanism.
      These surface polishings are not effective unless they are given to
      products which have completed secondary recrystallization, and the thus
      obtained delicate surface is completely lost by annealing. Further, the
      improved characteristics is lost also by the coating of active chemicals,
      such as, phosphate on the surface.
PAR  The phenomenon that the magnetic property is improved if the surface is
      smoothed has already been reported. For example, V. W. Carpenter et al.
      disclosed as a method for improving ferrous magnetic materials and their
      properties (Japanese Patent Publication Sho 43-5990) that the magnetic
      property is improved when the rolling before the final annealing is done
      using smooth rolls of 12.7 .times. 10.sup..sup.-6 cm (5 microinches). In
      this disclosure, they reported comparisons between the dull rolling and
      the smooth rolling and reported that watt loss 0.766 w/lbs of W 17/50 in
      11 mil was improved to 0.695 w/lbs (.apprxeq.1.20 w/Kg). However, the
      above level of watt loss in 11 mil is not particularly good. Nippon Steel
      Corporation produces M2H high magnetic flux density grain oriented
      electrical steel sheet as its main products for the 12 mil grade, and its
      watt loss is specified as 1.17 w/Kg.
PAR  The distinction will be clearly understood in view of the fact that 0.80
      w/Kg (W 17/50) in 12 mil is possible according to the present invention.
      Further the improvements obtained by the present invention can not be
      attained by smoothing the rolling roll as smooth as possible, but they
      relate to the presence of super micro convexes and concaves such as caused
      by oxidation by annealing in dry hydrogen.
PAR  3. Further according to the discovery by the present inventors, the watt
      loss is remarkably improved when tension is given to the steel sheet
      treated by above (1) and (2). Regarding the magnetic property of a
      grain-oriented electrical steel sheet, it was known that magnetostriction
      etc. are improved by tension within the elasticity range. Thereafter, in
      case of the above high magnetic flux density grain-oriented electrical
      steel sheet, it has been found that the watt loss is improved by tension.
      At first it was considered this phenomenon is a unique phenomenon which
      takes place only in case of a material as a high magnetic flux density
      grain-oriented electrical steel sheet having good orientation. However, it
      has been found that the watt loss is lowered by tension irrespective of
      the material in case of the steel sheet treated by the present invention.
      This tension, in fact, is given by the glass-like film or coatings.
      Therefore, the magnetic property is improved by a coating having large
      tension.
PAR  4. According to a still other discovery by the present inventors, the
      magnetic property is further improved by plating the steel sheet treated
      by the above (1) and (2).
PAR  The main roles of the plating are following two roles. One is that the
      magnetic property is improved by the plating itself, although the reasons
      therefor are not known. It is probable that the plating gives some
      tension. The second effect of the plating is that as given by a substrate
      under the coating. The steel sheet which shows remarkably low watt loss by
      the chemical polishing or electrolytic polishing described in (2) has a
      very delicate and unstable nature, and when the sheet is left as it stands
      for several days, micro rust is caused and the watt loss deteriorates to
      the level of the ordinary steel sheet. However, when coatings of
      phosphates, etc. instead of the above plating are given in order to
      prevent the rust formation, the delicate equilibrium state is destroyed so
      that the sheet becomes similar to an ordinary steel sheet. Namely, coating
      can not be given directly after the polishing. Once metallic plating is
      made, the coating can be done without such deterioration.
PAR  The present invention is based on the above basic discoveries. However, it
      is not necessary to combine all of the above discoveries, and for example,
      it is possible to effect a rust prevention treatment, such as varnishing
      for preventing the rust formation without the coatings or platings.
PAR  In this case, however, the improvement by tension is not obtained.
PAR  The production process of a grain-oriented electrical steel sheet showing
      super low watt loss according to the present invention will be described
      in detail hereinunder.
PAR  The silicon steel material to be treated by the present invention is melted
      and refined in a melting furnace, such as, a converter, an open hearth and
      an electric furnace, adjusted in its composition, and composed of 2.5 to
      4% of silicon as the main alloying element together with some additions of
      Mn, S, Al, etc. with the balance being unavoidable impurities and Fe.
PAR  If the silicon content in the steel material to be treated by the present
      invention is less than 2.5%, a satisfactory magnetic property can not be
      obtained, and on the other hand, if it exceeds 4.0%, problems in
      workability are caused. Thus the silicon content is limited to the above
      range. The molten steel of the above composition is cast by a continuous
      casting, or by an ordinary casting and breaking-down into slabs.
PAR  The slab is hot rolled under conventional conditions into a hot coil of 2.0
      to 3.0 mm thickness. Then the hot coil is subjected to acid pickling with
      or without annealing. In case of a single cold rolling method, the coil is
      rolled directly to a final thickness.
PAR  Then the coil is subjected to decarburization annealing, applied with an
      annealing separating agent and further subjected to finishing annealing.
PAR  As for the separating agent, usually MgO is used, and oxides such as
      Cr.sub.2 O.sub.3, TiO.sub.2, MnO.sub.2 are sometimes added thereto in
      order to promote the formation of a glass-like film. However, it is
      advantageous to avoid the formation of a glass-like film in the present
      invention although it does not matter whether the formation is caused or
      not caused. In any way, as the glass-like film must be removed at the
      stage of a final product, it is advantageous to use inactive MgO obtained
      by a high temperature calcining so as to avoil the formation of a
      glass-like film, or to add further SiO.sub.2, Al.sub.2 O.sub.3, etc. which
      prevent the film formation.
PAR  The finishing annealing for the secondary recrystallization is conducted
      under conventional conditions, for example, at a temperature near
      1,200.degree.C for 20 hours. The atmosphere may be of dry hydrogen, dry
      decomposed ammonia, etc., and also a vacuum atmosphere may be used. In
      case of production of an ordinary grain-oriented electrical steel sheet,
      the annealing separating agent is washed off by a scrubber after the
      finishing annealing to obtain a final product, or an insulating film is
      applied on the glass-like film and a heat treatment is done to eliminate
      coil set, or further the glass-like film is removed by acid pickling and
      an insulating film is baked and at the same time a heat treatment for
      flattering is done.
PAR  The main feature of the present invention lies in that the silicon steel
      sheet after the finishing annealing is given a mirror finish to its
      surface by polishing and is subjected to a treatment to obtain a mirror
      brightness without concaves and convexes.
PAR  Thus in the present invention, the silicon steel sheet after the finishing
      annealing is treated with a strong acid, such as, sulfuric acid, nitric
      acid and fluoric acid to remove the surfacial glass-like film as well as
      the subscale therebeneath.
PAR  After the acid pickling, the surface of the silicon steel sheet is given a
      mirror finish by polishing such as a chemical polishing or electrolytic
      polishing, etc. which the most important feature of the present invention.
PAR  The above polishing for a mirror finish in the present invention has no
      special limitation in its conditions and means, but the polished surface
      of the steel sheet should be finished to a mirror state. Otherwise the
      object of the present invention can not be obtained.
PAR  According to the discoveries by the present inventors, the best results can
      be obtained most consistently with electrolytic polishing.
PAR  As mentioned above, a remarkable watt loss improvement can be obtained when
      the silicon steel sheet, after the finishing annealing, is subjected to
      mirror finishing by polishing, but the steel sheet as mirror finished as
      specified in the present invention has very delicate and unstable nature,
      and when it is left as treated for several days, microscopic rust which
      can not be observed by naked eyes is caused and the once improved watt
      loss is deteriorated. However, when a chemical conversion treatment, such
      as, a phosphate treatment, etc. as a surface treatment for preventing the
      rust formation is given directly, the watt loss characteristics is
      deteriorated and thus the effects of the present inventive treatment can
      not be obtained.
PAR  In case when the silicon steel sheet treated by the present invention is
      not used immediately and is stored for a certain period, it is recommended
      to apply varnishing.
PAR  The present inventors have conducted various extensive studies on
      improvement of the watt loss, it has been found, as mentioned before, that
      the watt loss is further improved by applying a metallic plating on the
      silicon steel sheet treated by the present invention.
PAR  The metallic plating applied according to the present invention is not
      limited in its plating metal and method, but it is most practical to apply
      metallic platings such as of Zn, Sn, Cu and Ni.
PAR  Regarding the thickness of the plating, a thinner plating is more suitable,
      and desirable results can be obtained when the thickness is not more than
      5.mu.. Generally, when the plating thickness increases, a dilution action
      appears to lower the magnetic characteristics due to the relatively
      increased thickness of the plating to the substrate thickness.
PAR  Although the plating method is not limited particularly, a chemical plating
      or electrolytic plating is suitable for obtaining a thin plating. The
      metallic plating contributes to improve the watt loss of the silicon steel
      sheet and gives a known insulating film of phosphate, etc. on the plating
      layer.
PAR  Also when the silicon steel sheet applied with an underlying treatment such
      as a metallic plating is given an insulating film of phosphate, no
      deterioration of the watt loss is observed as in case of the direct
      formation of the insulating film, and rather further improved watt loss
      can be obtained. Thus, the silicon steel sheet which has been polished to
      a mirror state and further applied with the metallic plating according to
      the present invention is then coated and baked with a glass-like film
      agent of such composition as gives tension to the steel sheet, or an
      insulating film agent, for example, a phosphate film. In this case, the
      conditions for the coating and baking are not particularly limited and
      conventional insulating film forming means may be used.
PAR  The silicon steel sheet applied with a metallic plating and coating as
      above can be subjected to a heat treatment for removing the coiling bent
      without deterioration of the magnetic property, and thus a flattening heat
      treatment can be applied.
DETD
PAR  The present invention will be described in detail referring to the
      following examples.
PAC  EXAMPLE 1
PAR  Molten steel prepared in a converter and containing 3.15% of Si, 0.08% of
      Mn, 0.013% of P, 0.025% of S and 0.025% of C was cast into ingots and
      broken down into slabs. The slab was continuously hot rolled into a coil
      of 2.3 mm thickness, annealed at 900.degree.C for 1 minute and subjected
      to acid pickling. Then the coil was cold rolled to 0.60 mm thickness and
      then subjected to intermediate annealing at 900.degree.C for 30 seconds.
PAR  After cold rolling to 0.3 mm thickness, the coil was subjected to
      decarburization annealing at 850.degree.C for 2 minutes. Then, a mixture
      of non-hydrating MgO and finely divided silicate in a ratio of 8 : 2 was
      applied as an annealing separating agent. The finishing annealing was done
      at 1,200.degree.C for 20 hours in a hydrogen atmosphere. Then, after the
      acid pickling in a mixed acid of H.sub.2 SO.sub.4 and HNO.sub.3, a
      chemical polishing was done for 10 seconds in a solution of H.sub.3
      PO.sub.4 and H.sub.2 O.sub.2 to give a mirror brightness to the surface.
      Thereafter, copper plating was done by immersing the coil for about 5
      seconds in 2% copper sulfate solution and an insulating film mainly
      composed of phosphate was applied.
PAR  The magnetic characteristics before and after the surface treatment are
      shown in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Magnetic Characteristics Before                                           

     and After Surface Treatment                                               

                   B8   W 17/50                                                

                               Total Thickness                                 

     __________________________________________________________________________

     After Finishing                                                           

                 1.83.sup.wb/m.spsp.2                                          

                        1.28.sup.w/Kg                                          

                               0.300.sup.mm                                    

     After Chemical                                                            

     Polishing   1.83   0.95   0.290                                           

     After Copper Plating                                                      

                 1.83   0.90   0.292                                           

     After Coating                                                             

                 1.82   0.88   0.295                                           

     __________________________________________________________________________

PAR  The watt loss value of W 17/50 = 1.28 w/Kg after the finishing annealing is
      a normal value for 0.30 mm thick grain-oriented electrical steel sheets.
      After the chemical polishing, thus value lowers to 0.95 w/Kg and after the
      copper plating and the coating suprisingly lowers to 0.88 w/Kg. When the
      specimen after the polishing was left 10 days and measured, the watt loss
      deteriorated to W 17/50 = 1.31 w/Kg. However, in case of the specimens
      applied with the copper plating the coating, no such deterioration was
      observed. It was revealed by a microscopic observation that rust was
      formed slightly, although unobservable by naked eyes, on the specimens
      after the polishing. It is understood from the results that the magnetic
      property is remarkably improved and the improvement depends on the very
      delicate surface condition.
PAR  FIG. 1 shows the relation between the sheet thickness and the watt loss for
      the silicon steel sheet obtained by this example and a conventional
      silicon steel sheet. It is also clear from the FIGURE that far better
      results can be obtained by the present invention.
PAC  EXAMPLE 2
PAR  Molten steel prepared in a converter and containing 2.95% of Si, 0.09% of
      Mn, 0.015% of P, 0.025% of S, 0.043% of C and 0.028% of Al was cast into
      slabs by continuous casting. The slab was continuously hot rolled to a
      coil 2.5 mm thickness, and the coil was annealed, subjected to acid
      pickling and then cold rolled to 0.28 mm thickness.
PAR  The coil was subjected to decarburization annealing to lower the carbon
      content to 0.002% and then applied with an annealing separating agent of a
      mixture of MgO and Al.sub.2 O.sub.3 in a ratio of 3 : 1. Then coil was
      annealed at 1,200.degree.C for 20 hours in a hydrogen atmosphere. After
      the finishing annealing, the coil was subjected to acid pickling in a
      solution of HNO.sub.3 and H.sub.2 SO.sub.4 (1 : 1) with addition of 1%
      glycerin, and successively to electrolytic polishing in a solution of
      CrO.sub.3 and H.sub.3 PO.sub.4 (1 : 2). After the electrolytic polishing,
      copper plating was done in a copper sulfate solution, and further an
      insulating film of phosphate was coated thereon and baked.
PAR  The magnetic characteristics before and after the surface treatment are
      shown in Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

                  B8     W 17/50    Thickness                                  

     ______________________________________                                    

     After Finishing                                                           

     Annealing    1.93.sup.mb/m.spsp.2                                         

                             1.04.sup.w/Kg                                     

                                        0.285.sup.mm                           

     After Electrolytic                                                        

     Polishing    1.93       0.84       0.270                                  

     After Copper                                                              

     Plating      1.93       0.80       0.270                                  

     After Coating                                                             

                  1.92       0.75       0.275                                  

     ______________________________________                                    

PAR  It is clear from the above results that the magnetic characteristics after
      the electrolytic polishing are remarkably improved.
PAR  Also the watt loss is improved by the copper plating and the coating, and
      watt loss values unexpectable by any known method can be attained by the
      present invention.
PAR  In case of the specimen which was left after the electrolytic treatment,
      the watt loss deteriorated to W 17/50 = 1.28 w/Kg after one week. Whereas
      no change was observed for the specimens after the copper plating alone or
      after the copper plating and the coating.
PAR  In this way, the watt loss can be remarkably improved by controlling the
      factors which have never been considered.
PAR  As for the method for the chemical polishing and the electrolytic
      polishing, there are various conditions such as combination of chemicals
      current density and voltage, etc. but these conditions can be selected
      from the points of economy and operation. Also there is no specific
      limitation for the kind of metal platings and plating methods.
PAR  The watt loss can be improved by any method so far as it does not deviate
      from the scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for producing a grain-oriented electrical steel sheet having
      super low watt loss wherein a silicon steel sheet ingot or slab containing
      2.5 to 4.0% Si is subjected to hot rolling, annealing and at least one
      cold rolling to a final thickness, and the steel is subjected to
      decarburization annealing and a finishing annealing to complete the
      secondary recrystallization, and the surface of the steel is then cleaned,
      the improvement which comprises after said surface cleaning step,
      polishing the surface of the steel to a mirror finish by electrolytic or
      chemical polishing and applying a thin metal plating to the polished
      surface.
NUM  2.
PAR  2. The method of claim 1 wherein an insulating film is applied and baked
      onto the plated surface.
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ABST
PAL  A highly adhesive and uniform insulating glass film can be formed on
      surfaces of an oriented silicon steel sheet by pickling a finally cold
      rolled silicon steel strip just before a decarburizing annealing, and
      successively subjecting the pickled steel strip to the decarburizing
      annealing, an application of an annealing separator and a final annealing
      at a high temperature.
BSUM
PAR  The present invention relates to a method for forming a highly adhesive
      uniform magnesia-silica electric insulating glass film on surfaces of an
      oriented steel sheet, wherein a cold rolled silicon steel strip having a
      desired final gauge is pickled just before a decarburizing annealing, and
      the pickled steel strip is successively subjected to the decarburizing
      annealing, applied with an annealing separator and subjected to a final
      annealing at a high temperature.
PAR  When oriented silicon steel sheets are used as a laminated core of a
      transformer, an insulating glass film is generally formed on the surfaces
      of the silicon steel sheets so that layers of the core are electrically
      insulated. Further, the glass film must satisfy many requirements, such as
      firm adhesion to the silicon steel base, uniformity of appearance, heat
      resistance, smoothness, etc. in addition to the electric insulating
      property.
PAR  In the conventional method for forming electric insulating glass films, a
      cold rolled silicon steel strip having a desired final gauge is
      continuously annealed at a temperature of 700.degree. to 900.degree.C for
      several minutes under a H.sub.2 --H.sub.2 O containing atmosphere to
      effect simultaneously decarburization and the formation of an oxide film
      containing silica (SiO.sub.2) on tbe steel strip surfaces by the oxidation
      of silicon contained in the steel, and then the above annealed steel strip
      is applied with an annealing separator containing magnesia (MgO) as a main
      component, wound up in the form of a coil and then subjected to a final
      annealing at a high temperature, whereby the above described SiO.sub.2 and
      MgO are reacted to form a glass-like insulating coating (in this
      specification, such coating is Referered to as "glass film") consisting
      mainly of forsterite (2MgO.SiO.sub.2).
PAR  However, the glass film produced in a commercial scale by this method is
      often poorly adhered to the steel base, and when a steel sheet having this
      glass film is subjected to a slitting or shearing working, glass film near
      the cut portion is often damaged. Furthermore, steel sheet surfaces having
      local areas devoid of glass film or having long, narrow white and grey
      uneven patterns are often formed, and thus, it has been difficult to
      consistently obtain uniform stable glass film. In order to solve these
      drawbacks, a large number of proposals have been made with respect to the
      grain size and purity of magnesia and to the additives. However, in any of
      the proposed methods, the above described drawbacks, particularly the
      adhesion of the glass film, have not yet been improved satisfactorily for
      all the uses of the oriented silicon steel sheet.
PAR  The oriented silicon steel sheet is mainly used as an iron core a
      transformer, and the iron core is generally classified into two types, a
      laminated core, and a wound core. The laminated core is produced by
      slitting or shearing a steel strip and laminating the slitted or sheared
      steel strips. In the laminated core, when the adhesion of a glass film to
      the steel base is not so weak as to be damaged in the slitting or
      shearing, the steel strip can be practically used. The wound core is
      produced in the following manner. Except for the ring core, a silicon
      steel strip is wound around a rectangular mold until a desired dimension
      is obtained, and then a stress relief annealing is effected. In this case,
      when the steel strip is wound around the mold, since the steel strip is
      bent to follow the rectangular configuration at the corner of the mold,
      the glass film flakes or drops off from the steel base at the bent
      portion, and as a result, the insulation resistance between the layers
      often lowered considerably. Furthermore, in the wound core, where a resin
      is impregnated between the layers and cured to fix the iron core, and
      finally the iron core is divided into two parts by means of a band saw in
      order to set coils for primary and secondary electric currents, a serious
      problem occurs because glass film near the cutting portion flakes and
      drops off from the steel base due to the continuous impact of the band saw
      and spaces (cracks) are often formed between the layers. When this occurs,
      the desired electric characteristic of the transformer cannot be developed
      fully and further the beat of the transformer is increased. That is, a
      very high adhesion of the glass film is required in the wound core type
      transformer, and the conventional methods for forming glass films cannot
      fully satisfy such requirement.
PAR  The prior investigations for improving the uniformity and adhesion of glass
      film have been predominantly directed to the purity, composition, grain
      size and applied amount of annealing separator. On the contrary, the
      inventors have remarked and investigated widely the influence of the
      surface condition of a steel sheet at the stage after the final cold
      rolling step and before the continuous decarburizing annealing step upon
      the uniformity and adhesion of glass film, and as a result, the inventors
      have found that pickling the steel sheet before the decarburizing
      annealing is effective in forming uniform and stable glass film having a
      remarkably improved adhesion, which does not flake and drop off from the
      steel base even under the severe working condition in the production of
      the iron core. In the conventional techniques alkali or electrolytic
      degreasing, the latter being a stronger degreasing method, has been
      carried out before the decarburizing annealing in order to remove the
      rolling oil used in the final cold rolling, but the pickling has never
      been carried out.
PAR  The reason why the inventors have utilized the pickling step is as follows.
      The glass film consisting mainly of forsterite is formed, as described
      above, by the reaction of silica in the oxide film formed during the
      decarburizing annealing with magnesia of the annealing separator during
      the final annealing at a high temperature. The inventors have found that
      it is an indispensable requirement, in order to obtain uniform glass film,
      that the oxide film formed during the decarburizing annealing always has a
      uniform composition and thickness over the entire steel sheet surface.
      They have also found that it is very important to control the surface
      condition of the steel sheet before the decarburizing annealing in
      addition to the strict regulation of the temperature, atmosphere and time
      of the decarburizing annealing in order to satisfy the requirement.
PAR  In the production of oriented silicon steel sheets, treating steps, such as
      hot rolling, removal of scale, first cold rolling, degreasing of rolling
      oil of the first cold rolling, intermediate annealing, second cold
      rolling, degreasing of rolling oil of the second cold rolling, etc. are
      generally carried out before decarburizing annealing. The surface of a
      steel sheet at the stage before the decarburizing annealing is apparently
      clean. But, for example, when a transparent adhesive tape is stuck to a
      thoroughly degreased surface of a finally cold rolled steel sheet and the
      tap is peeled off from the sheet, silvery black powders are adhered to the
      tape. The amount of the adhered powders is not always same, but the
      powders are adhered fairly firmly, and it is difficult to remove
      completely the adhered powders even by means of a revolving brush commonly
      used in the degreasing step of the rolling oil. Although it is impossible
      to measure accurately the amount of the adhered powders, when the amount
      is estimated from the difference of the weights of the adhesive tape
      before and after the test, it reaches about 0.5-2.0 g per 1 m.sup.2 of the
      surface area of the steel sheet. Since the adhered powders consist mainly
      of Fe, Si and O, it is considered that thin scale formed on a steel sheet
      surface during the intermediate annealing prior to the final cold rolling
      is pulverized, pressed and adhered firmly on the steel sheet surface
      during the cold rolling. Further, it would seem that the removal of scale
      after the hot rolling is insufficient. It has been found that when such
      adhered scale is present, the degreasing agent for the rolling oil is not
      completely removed by washing with water and.
PAR  As the reason for the contamination of the steel sheet surface before the
      continuous decarburizing annealing other than the above described adhered
      powders, mention may be made of the burning of rolling oil due to the
      temperature rising in the rolling and the rust formed in the case when the
      degreasing treatment was not effected immediately after the rolling.
PAR  The reason why a very highly uniform and stable insulating glass film is
      always obtained by carrying out the pickling according to the present
      invention prior to the continuous decarburizing annealing is presumably
      that the above described adhered powders and contamination on the steel
      sheet surface are completely removed, and the decarburizing reaction and
      the oxide film-forming reaction proceed uniformly over the entire steel
      sheet surface. Moreover, according to the present invention, the adhesion
      of glass film to the steel base is remarkably increased, and this is an
      unexpected and more important effect of the present invention. This effect
      cannot be explained from the phenomenon that the surface of the steel
      sheet before the decarburizing annealing is merely clean. For example,
      when scale formed on a steel sheet during the hot rolling is completely
      removed and an intermediate continuous annealing just before a final cold
      rolling is effected at a dew point of lower than -40.degree.C under a dry
      hydrogen atmosphere so as not to form oxide film on the steel sheet
      surface, or when a pickling is effected with an aqueous acid solution
      containing several percent of fluoric acid, just after an intermediate
      continuous annealing, to remove completely scales formed on a steel sheet
      surface during the intermediate continuous annealing, the steel sheet
      surface after the final cold rolling and the degreasing of the rolling oil
      has a metallic luster similar to that of usual cold rolled mild steel
      sheet and is quite clean in the adhesive tape test. However, when the thus
      treated steel sheet and a steel sheet, which had been pickled according to
      the method of the present invention after the degreasing, were subjected
      to the decarburizing annealing, application of an annealing separator and
      final annealing at a high temperature under the same condition to form
      glass films on the surfaces of the steel sheets respectively, and the
      glass film formed on the surface of the former steel sheet was compared
      with the glass film formed on the surface of the latter steel sheet, it
      was found that the latter glass film is remarkably superior to the former
      glass film in uniformity and particularly in adhesion. Therefore, the
      reason why the effect of the present invention appears is presumably as
      follows. The surface of the steel sheet is always kept in a constant
      condition due to the removal of a very small amount of substances adhered
      to the surface before the continuous decarburizing annealing together with
      the surface layer portion of the steel base. In other words the surface
      condition of steel sheet before decarburizing annealing, which is
      difficult to be expressed quantitatively or to be controlled, has been
      easily kept to a constant condition. While, the mechanism, wherein the
      adhesion and uniformity of glass film is improved is not yet fully
      clarified, it may be that that a very small roughness of the steel sheet
      surface formed by the pickling contributes to the improvement of the
      adhesion.
PAR  The treating method of the present invention will be explained concretely
      hereinafter.
PAR  The silicon steels to be treated in the present invention are common
      silicon steel sheets containing 2 to 4% of Si, which have previously been
      hot rolled, successively annealed and cold rolled under proper conditions
      into a final gauge, and degreased. In this case, the composition of the
      silicon steel and the treating conditions until the final cold rolling are
      outside the scope of the present invention. For example, the silicon steel
      may contain any of elements S, Se, Sb, Al and the like as an inhibitor,
      and further any reduction rates may be adopted in the hot and cold
      rollings. The pickling of the present invention may be carried out in a
      separate pickling step, in a pickling unit combined to the latter part of
      a conventional degreasing line, or in a pickling unit combined to the fore
      part of a conventional decarburizing annealing line. In this case, since
      it is necessary to prevent the formation of rust after the pickling as far
      as possible, it is most desirable to combine a pickling unit to the fore
      part of a decarburizing annealing line. After the pickling, the
      after-treatment can be carried out in the same manner as the
      after-treatment in the pickling of common steel sheets, that is, the
      pickled steel is immediately washed with water and dried. The acids to be
      used in the pickling of the present invention are ones commonly used in
      the pickling of iron and steel, and are, for example, sulfuric acid,
      hydrochloric acid, nitric acid, hydrofluoric acid, phosphoric acid and the
      like. However, sulfuric acid and hydrochloric acid are advantageously used
      in view of the pickling ability, cost and easiness in the treatment of
      waste acid.
PAR  It is necessary to carry out the pickling to such an extent that the
      adhered substances to the steel surface are completely removed and the
      steel base is exposed throughout the steel surface. However, in order to
      obtain a reliable adhesion of glass film, it is effective to select a
      pickling condition so that the steel base surface is dissolved and removed
      within a certain range in both the cases wherein a large amount of
      substances are adhered to the steel surface, and wherein substantially no
      substance is adhered.
DRWD
PAR  For a better understanding of the invention, reference is taken to the
      accompanying drawing, wherein the single FIGURE is a graph showing a
      relation between the amount of steel strip decreased in the pickling of
      the present invention and the adhesive strength of glass film.
DETD
PAR  A steel strip was pickled under various conditions as shown in the
      following Table 1, and the pickled steel strip was subjected to a
      decarburizing annealing, applied with magnesia, finally annealed at a high
      temperature to form a glass film.
TBL                Table 1                                                     

     ______________________________________                                    

             Concentra-                    Pickling                            

     Acid    tion       Temperature Time   decrease                            

             (Wt.%)     (.degree.C) (sec)  (g/m.sup.2)                         

     ______________________________________                                    

     H.sub.2 SO.sub.4                                                          

             5          70          20     1.9                                 

     HCl     20         40          30     3.4                                 

     H.sub.2 SO.sub.4                                                          

             5          70          40     5.1                                 

     HCl     20         50          45     14.0                                

     H.sub.2 SO.sub.4                                                          

             20         75          60     38.0                                

     ______________________________________                                    

PAR  The single FIGURE shows a relation between the amount of the steel strip
      decreased in the above described pickling (hereinafter, amount of steel
      sheet or strip decreased in pickling is referred to as "pickling
      decrease") and the adhesive strength of the resulting glass film. The
      adhesive strength is shearing adhesive strength, and was measured in the
      following manner. An epoxy resin adhesive was applied to one end of 1
      cm.sup.2 of two strip-shaped test pieces and the two test pieces were
      superposed and adhered. Then, the two test pieces were pulled in a
      horizontal direction, and the force required for peeling off the test
      pieces was measured. The test pieces were taken out from 10 portions in
      the width direction of the steel strip per 1 pickling condition.
PAR  As seen from the FIGURE, when the pickling decrease is not less than about
      3 g per 1 m.sup.2 of steel sheet (hereinafter abbreviated as 3 g/m.sup.2),
      the adhesive strength is improved, and roughness in the width direction of
      the steel strip is decreased. Further, when the pickling decrease is not
      less than about 10 g/m.sup.2, a very high adhesive strength of about 200
      Kg/m.sup.2 is obtained.
PAR  From the above obtained result, in the present invention, the extent of
      pickling is represented by the pickling decrease of steel sheet and is
      limited to at least 3 g/m.sup.2. In this case, the term "1 m.sup.2 " means
      1 m.sup.2 of the steel sheet in both the sides and consequently the
      pickling decrease per one side is 1.5 g/m.sup.2. While, when the pickling
      is effected under more severe condition, the thickness of the sheet is
      smaller, and even when the aimed range of sheet thickness is maintained,
      the space factor is decreased and the economical loss is larger.
      Accordingly, the upper limit is naturally limited in the commercial
      production. Therefore, although the upper limit of the pickling decrease
      is not particularly limited in the present invention, the upper limit is
      probably not more than 50 g/m.sup.2 for the practical purpose.
PAR  Steps for continuous decarburizing annealing, application of annealing
      separator and final annealing at a high temperature following to the
      pickling can be carried out according to commonly known methods in the
      production of oriented silicon steel sheets at present. That is, a
      decarburizing annealing is carried out continuously under a H.sub.2
      --H.sub.2 O containing atmosphere to form silicon oxide and iron oxide.
      When the thickness of the oxide layer is small and is less than 3 .mu.,
      the adhesion improves remarkably, and further even when the thickness is
      large and is about 5 .mu.,  the adhesion is improved. As the annealing
      separator, magnesia is used alone or in admixture with at least one of
      titanium oxide and manganese oxide, and in both cases, the uniformity and
      adhesion of the resulting glass film are improved. The final annealing is
      carried out by a box annealing at 1,100.degree.-1,300.degree.C under
      hydrogen bearing atmosphere.
PAR  The following examples are given for the purpose of illustration of this
      invention and are not intended as limitations thereof.
PAC  EXAMPLE 1
PAR  A cold rolled 3.3% silicon steel strip having a thickness of 0.30 mm, a
      width of 970 mm and a length of about 2,800 m was degreased and cleaned.
      Then, the steel strip was pickled for 60 seconds in a 20% sulfuric acid
      bath kept at about 75.degree.C. The pickling decrease in the above
      treatment was measured by using a small test piece and was found to be
      about 40 g/m.sup.2. Successively, the above pickled steel strip was
      subjected to a continuous decarburizing annealing at 820.degree.C for 5
      minutes under an atmosphere having a dew point of 60.degree.C and
      consisting of 70% of hydrogen and the remainder of nitrogen, applied with
      an aqueous slurry of powdery MgO as an annealing separator, dried by
      heating, and then wound up in the form of a coil. The amount of MgO
      applied per side was 6.5 g/m.sup.2 after drying.
PAR  The resulting coil was subjected to a final annealing at 1,200.degree.C for
      15 hours under hydrogen atmosphere in a box-type annealing furnace. After
      cooling, unreacted annealing separator was removed, and the uniformity of
      the appearance of the resulting glass film was estimated. The resulting
      steel strip was subjected to a flattening annealing to remove the coil set
      of the sheet, and then, in order to improve the electric insulating
      property of the steel strip, applied with a treating solution, which was
      prepared by dissolving 3 Kg of chromic anhydride and 7.5 Kg of aluminium
      nitrate in 1,000 cc of a 15% magnesium phosphate aqueous solution, and
      baked at 450.degree.C for 1 minute to obtain a final product. Epstein test
      pieces of 30 mm width were sampled, and subjected to a stress relief
      annealing at 800.degree.C for 5 hours under nitrogen atmosphere, after
      which the bending adhesion, adhesive strength and space factor of the test
      pieces were measured.
PAR  The obtained results are shown in the following Table 2 together with the
      results of the following Examples.
PAC  EXAMPLE 2
PAR  The same steel strip as used in Example 1 was degreased and cleaned. Then,
      the steel strip was pickled for 45 seconds in a 20% hydrochloric acid bath
      kept at about 50.degree.C, and successively subjected to a continuous
      annealing at 820.degree.C for 5 minutes under an atmosphere having a dew
      point of 60.degree.C and composed of 70% of hydrogen and the remainder of
      nitrogen, applied with an aqueous slurry composed of 10% of TiO.sub.2 and
      the remainder of MgO as an annealing separator, dried and wound up in the
      form of a coil.
PAR  In the above treatment, the pickling decrease was about 14 g/m.sup.2 and
      the applied amount of the separator per side was 7.5 g/m.sup.2. The
      resulting coil was treated under the same condition as described in
      Example 1.
PAC  EXAMPLE 3
PAR  The treatment of Example 1 was repeated, except that the pickling was
      effected for about 40 seconds in a 5% sulfuric acid bath kept at about
      70.degree.C. In this treatment, the pickling decrease was about 5
      g/m.sup.2.
PAC  COMPARATIVE EXAMPLE
PAR  The treatment of Example 1 was repeated, except that the pickling was not
      effected.
PAR  Table 2 shows the results obtained in the above Examples. As seen from
      Table 2, the present invention is very effective for the improvement of
      the uniformity and adhesion of glass film. Particularly, the fact that
      after the final coating and the stress relief annealing under nitrogen,
      the glass film has a high adhesive strength shows that steel strips having
      the glass film by the present invention are very useful as a core material
      of the wound core type transformer, which is subjected to impregnation
      adhering and to mechanical working after stress relief annealing.
PAR  Further, the space factor in the present invention is substantially the
      same as that in the conventional method (Comparative Example), and there
      is no problem in this point.
TBL                                    Table 2                                 

     __________________________________________________________________________

                        After stress relief annealing in N.sub.2               

          Pickling                                                             

               Appearance of                                                   

                        Bending adhesion                                       

                                        Adhesive                               

                                              Space                            

     Example                                                                   

          decrease                                                             

               glass film                                                      

                        (20 mm.phi.)    strength                               

                                              factor                           

          (g/m.sup.2)                   (Kg/cm.sup.2)                          

                                              (%)                              

     __________________________________________________________________________

               uniform grey                                                    

                        inner side:                                            

                               substantially                                   

     1    40   coating is      no change                                       

                                        180   97.8                             

               formed all over                                                 

               the surface                                                     

                        outer side:                                            

                               no change                                       

     2    14   ditto           ditto    150   98.0                             

                        inner side:                                            

                               changed to                                      

                               somewhat white                                  

                                        110   97.9                             

     3     5   ditto                                                           

                        outer side:                                            

                               no change                                       

                        inner side:                                            

                               dropped off all                                 

     Compar-                   over the surface                                

     ative                                                                     

          not  grey and white            50   97.9                             

     Example                                                                   

          pickled                                                              

               uneven pattern                                                  

                        outer side:                                            

                               somewhat                                        

                               dropped off                                     

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for forming a highly adhesive uniform insulating glass film
      consisting mainly of forsterite on surfaces of an oriented silicon steel
      sheet, comprising sequential steps of:
PA1  a. cleaning surfaces of a cold rolled silicon steel strip said cleaning
      including a degreasing step and said steel strip having a final gauge and
      containing 2-4% of silicon;
PA1  b. subjecting the cleaned steel strip to a decarburizing annealing at a
      temperature of 700.degree.-900.degree.C under a wet hydrogen atmosphere to
      form SiO.sub.2 -containing oxide film on the surfaces of the steel strip;
      and
PA1  c. applying to the decarburized steel strip an annealing separator
      consisting mainly of magnesia, winding the steel strip in the form of a
      coil, and subjecting the coiled steel strip to a final annealing at a
      temperature of 1100.degree.-1300.degree.C under a hydrogen-containing
      atmosphere,
PA1  the improvement comprising pickling the cold rolled silicon steel strip
      following the degreasing part of the cleaning step and prior to the
      decarburizing annealing such that the surface layers of the steel strip
      are removed in an amount of at least 3g/m.sup.2.
NUM  2.
PAR  2. The method as claimed in claim 1, wherein the pickling agent is selected
      from the group consisting of sulfuric acid and hydrochloric acid.
NUM  3.
PAR  3. The method as claimed in claim 1, wherein the pickling is effected so
      that the surface layers of the steel strip are removed in an amount of 3
      g/m.sup.2 - 50 g/m.sup.2.
NUM  4.
PAR  4. The method as claimed in claim 1, wherein the pickling is effected so
      that the surface layers of the steel strip are removed in an amount of at
      least 10 g/m.sup.2.
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ABST
PAL  A pipe is heated with its longitudinal axis positioned vertically and then
      lowered from a furnace. As the pipe emerges from the furnace, it engages
      an inner ring of rollers and an outer ring of rollers which press against
      the hot pipe to shape it into a round configuration and to restrain the
      pipe during the initial impingement of quench fluid. As the pipe continues
      downward it is quenched by impinging the inside and outside surfaces with
      converging cones of high intensity quench liquid forming impingement rings
      on the inner and outer surfaces of the pipe which are opposite. The
      cooling by application of additional fluid and restraint by rings of
      rollers are continued after passage through the high intensity zone until
      the pipe reaches ambient temperature.
BSUM
PAR  This invention relates to a method and apparatus to quench harden pipe to
      provide it with selected properties.
PAC  PROBLEM PRESENTED TO THE INVENTOR
PAR  A demand for high strength large diameter thin-walled steel pipe by the
      petroleum industry is anticipated by pipe producers. It is believed that
      considerable quantities of high strength large diameter thin-walled steel
      pipe will be produced to meet API (American Petroleum Institute)
      specification 5LU (May 1972) for "Ultra High-Test Heat Treated Line Pipe"
      which requires that welded pipe shall be heat treated after welding. These
      specifications covered pipe outside diameters from 65/8 to 48 inches and
      wall thickness from 0.083 to 1 inch inclusive; lengths are required to be
      17 ft. 6 in. or 35 ft. minimum, as specified, and have been produced as
      long as 60 ft. Most large diameter pipe is fabricated by "U"-ing and
      "O"-ing presses forming plate into cylindrical shape which is followed by
      welding of the longitudinal seam. Alternatively, the pipe is spirally
      formed from plate and the spiral seam is welded. In either case the weld
      seam has "overfill" (or weld beads) that project above the balance of the
      pipe surface. Overfill of the outside weld bead is specified as not to
      exceed 1/8 inch for up to and including 1/2 inch wall thickness or 3/16
      inch for over 1/2 inch wall thickness. Without further shaping, the
      roundness of the pipe (before heat treatment) does not conform to the
      desired finished product.
PAR  Apparatus intended for heat treatment of such pipe must be capable of
      accomplishing a combination of results including:
PA1  A. the development of uniformity of the high mechanical strength and impact
      resistance properties required;
PA1  B. the ability to handle the pipe with its weld bead projections and its
      out-of-roundness;
PA1  C. the ability to heat the pipe to the quenching temperature without
      producing more out-of-roundness than already present in the untreated
      pipe;
PA1  D. the ability to remove out-of-roundness of the hot pipe as it exits the
      heating furnace;
PA1  E. the ability to quench the pipe uniformly and to restrain it as necessary
      to prevent it from going out-of-round during the quench; and
PA1  F. the pipe must be effectively quenched both externally and internally to
      permit the use of the lowest possible amount of hardening elements in the
      steel composition for the thickness of the section involved.
PAL  It must be understood that good roundness of the heat treated pipe is
      required so that the ends of the pipes can be properly fitted to each
      other for field welding of the lengths of pipe to produce a pipeline. It
      is also important to use a steel with the minimum amount of hardening
      elements not only to achieve the lowest cost but most importantly the
      lower hardenability steels can be most easily welded under field
      conditions without the development of cracks or other weld defects.
PAR  Commercial equipment has been constructed to quench harden pipe by
      progressive external induction heating of a short segment of the pipe
      followed by the sequential application of quench fluid to only the outside
      surface. The shape of the hot pipe is maintained by the constraint of the
      cold segments adjacent to the heated segments. This technique has severe
      practical limitations. Applying quench fluid only to the outside diameter
      makes it necessary to add hardening elements adequate for twice the wall
      thickness being processed as compared to those required for pipe that is
      quenched both internally and externally. Furthermore, the speed with which
      the pipe can be passed through the quench under such a technique is
      limited to the rate of heating of the narrow segment under the induction
      coil which in turn limits rate of production of pipe. Obviously heating
      entire lengths of pipe at one time in a furnace will permit a much faster
      production rate than induction heating of short ring segments.
PAR  A further disadvantage of segmental induction heating is that both the
      leading and trailing ends of a pipe so treated must be cut off and
      discarded because they will be ineffectively hardened.
PAC  THE PRIOR ART
PAR  U.S. Pat. No. 3,294,599 issued Dec. 27, 1966 to Robert A. Huseby teaches a
      method and apparatus for quench hardening a pipe. Huseby shows heating a
      pipe horizontally in a furnace and moving it through a continuous stream
      of quenching media applied both externally and internally. The pipe is
      simultaneously rotated in an attempt to prevent it from going out-of-round
      while it is in the heated condition. The quench fluid is projected in the
      form of rod-like streams against the surface of the pipe at a slight angle
      away from the unquenched portion of the pipe which is claimed to prevent
      premature cooling of the unquenched portion of the hot pipe which would
      otherwise be caused by splashing action of the quenching media.
PAR  Huseby's technique, however, has major disadvantages that make it
      impractical for quenching long thin-walled pipe. In the horizontal
      position gravity tends to cause the hot pipe to lose its round
      configuration and go into distorted oval shapes before the application of
      quenching fluid. Rotating the pipe to compensate for this is ineffective.
      While it might be possible to rotate a hot thin-walled, large diameter
      pipe at a speed which would not allow time for plastic flow to occur, it
      is obvious that a speed of rotation sufficient to generate centrifugal
      forces that will balance and so greatly exceed gravity that the
      "out-of-round" would be insignificant, is impractical. Furthermore, quench
      fluid delivered to the inside of the pipe in the horizontal position flows
      to the bottom of the pipe and accumulates there which makes uniform
      cooling impossible. Application of the quench fluid in the form of
      rod-like streams will not produce a uniform quench in steels having small
      amounts of hardening elements but will do so only in steels having high
      hardenability.
PAR  Huseby acknowledged the use of earlier vertical quenches which quenched
      both the inside and the outside of the pipe while moving the pipe in a
      vertical direction. Huseby discarded the vertical quench and found that
      because of "practical limitations" such devices were used only for surface
      hardening of items such as casing pipe. Huseby also states that it was
      necessary to first dispose the inner quench head completely within the
      pipe before commencing either the heating or quenching operation which is
      impractical for anything except induction heating. Apparently, for these
      reasons Huseby abandoned the vertical concept and went to his horizontal
      concept.
PAR  U.S. Pat. No. 2,556,236, issued June 12, 1951 to Harold A. Strickland,
      teaches a method of treating a tube or cylindrical bushing of high carbon
      quench hardenable steel by the induction heating of layers of inner and
      outer surface material followed by quenching. This produces a greater
      depth of hardness on the outside surface than on the inner surface by a
      ratio of about four to three which results in a combination of locked-in
      stresses which will be equal and opposite and thus will not tend to
      distort the tube. The method requires restricting the hardening to only
      surface layers of the high carbon, quench hardenable material. This method
      is completely unsuited to quench hardening of large diameter, thin-walled
      line pipe:
PA1  i. made of steel with the lowest possible hardening elements; or
PA1  ii. formed by shaping and welding.
PAL  Uniform heating would not be accomplished because of the heavier sections
      where the required welding technique leaves overfill. No effective
      hardening of a lean steel could be accomplished because the very slow
      movement of the heating coils relative to the tube would allow ample time
      for cold portions of the tube to pre-cool adjacent heated portions below
      the critical temperature thus making hardening impossible. For these
      reasons the method described by Strickland is suitable only for seamless
      tubing of high carbon easily quench hardenable steels.
PAR  As to the apparatus shown and described, the "holding rings" could only
      accurately position a short length of heavy walled tube. The holding rings
      would be completely ineffective in shaping or restraining, during
      quenching, a large, relatively thin-walled long section of pipe.
PAR  U.S. Pat. No. 2,295,272, issued Sept. 8, 1942 to Howard E. Somes, also
      teaches a method for differentially hardening inner and outer surfaces of
      a tube to result in combinations of stresses. Like Strickland, and for the
      same reasons, this method is equally unsuited to the quench hardening of
      pipe made of steel having the lowest possible hardening elements or of
      pipe formed by shaping and welding. Additionally, Somes neither describes
      nor shows any means for shaping or restraining a pipe.
PAR  U.S. Pat. No. 3,420,083, issued Jan. 7, 1969 to me and others. The
      equipment and method are for quench hardening a heated metal plate. It
      might be considered that the vertical pipe quench described is essentially
      the "Roller Pressure High Intensity Quench System" of this prior art, with
      the quench fluid delivery method and restraining rollers modified to
      conform to circular pipe instead of to plate or strip. However, such is
      not the case for the following reasons:
PAR  1. The circular pipe delivered to the heating furnace and exiting the
      heating furnace is not truly round, but it is essential that it be shaped
      to an accurate round before the pipe is moved into the quench streams,
      otherwise uniformity of quench fluid application could not be attained.
PAR  2. Plate in the prior art may or may not be flat as delivered to the
      heating furnace but during heating, the plate tends to assume a flat
      configuration since it becomes plastic and sags when near or at the
      quenching temperature to conform to the flat environment present in the
      plate heating furnace.
PAR  3. If warped plate is produced by any of the existing prior art plate
      quenching systems, the plate can be readily flattened by conventional
      roller leveler equipment. Conversely, there is no mechanical equipment in
      existence or feasible for rounding and straightening warped line pipe of
      typical thin-wall, large-diameter, long length pipes. The only known
      method of improving roundness of such warped pipe is by hydraulic
      expansion which causes a permanent increase of both internal and external
      diameter and the extent to which this remedy is permitted by A.P.I.
      Specification is limited to 0.5% of the pipe diameter.
PAC  THE INVENTION
PAR  Franklin Safford's solution overcomes the problems inherent in both the
      previous horizontal and vertical quenching concepts. Safford uses a
      vertical technique and supports the hot pipe by an elevator means and
      continuously lowers it into a pair of rings of corresponding and opposed
      internal and external rollers that press against the hot pipe for three
      purposes, namely:
PA1  1. to shape the pipe to the accurate roundness that is necessary in the
      final product;
PA1  2. to insure the uniform application of quenching fluid; and
PA1  3. to maintain the pipe in a round configuration.
PAL  The pipe moves continuously and is lowered vertically from between the
      initial rollers into a high intensity quench zone which applies quench
      fluid on the inside surface and outside surface of the pipe forming
      opposite rings of impingement on the surfaces of the pipe. As the pipe is
      lowered the quenching is continued by the application of additional quench
      fluid of a lower intensity than that of the initial impingement. This
      technique quenches the pipe with the highest possible effectiveness,
      avoids non-uniformity of the quench and produces the round configuration
      of the pipe prior to and during the quenching. It allows the use of the
      lowest possible hardening elements which not only minimizes steel cost but
      is very important for the quality of the field welds used to connect
      lengths of pipe.
PAR  The means for moving the pipe can be either above or below the furnace and
      the pipe supported by attachment at the top of the pipe or support of the
      bottom or both. The present embodiment is shown in the drawings which show
      supporting the pipe from the bottom.
PAR  I provide an apparatus for vertically quenching a hot metal pipe comprising
      a first means shaping the hot pipe into a round configuration and
      restraining the pipe in the round configuration; a second means applying
      high intensity curtains of quench fluid to the inside surface of the pipe
      and to the outside surface of the pipe, the quench curtains impinge the
      inner and outer surfaces in the form of rings; and a third means
      supporting the pipe and continuously moving it to and through the first
      means then through the second means in a substantially vertical path in
      the direction of the longitudinal axis of the pipe.
DRWD
PAC  DESCRIPTION OF FIGURES
PAR  FIGS. 1A-1F are schematics showing the sequence of operations;
PAR  FIG. 2 is an elevational view of the vertical pipe quench structure and a
      portion of the furnace structure;
PAR  FIG. 3 is a fragmentary cross section of the furnace, vertical pipe quench
      and elevator taken generally on the line 3--3 of FIG. 5;
PAR  FIG. 4 is a cross sectional view taken on the line 4--4 of FIG. 3;
PAR  FIG. 5 is a cross sectional view partly in section and partly in elevation
      taken on the line 5--5 of FIG. 3;
PAR  FIG. 6 is a detailed cross sectional view of a curtain header shown in FIG.
      3; and
PAR  FIG. 7 is an isometric view partly in section of the elevator shown in FIG.
      3.
DETD
PAC  DESCRIPTION OF THE METHOD AND APPARATUS OF THE INVENTION
PAC  A. The Structure
PAR  FIGS. 1A-1F show the general sequence of operation. Each of the figures
      shows a furnace 2 with a furnace support structure 4. On top of the
      furnace support structure 4 is a crane assembly 6. A vertical pipe quench
      8 for quenching a metal pipe 10 is mounted on a mobile carriage 12. 1F 1A
      shows the pipe 10 being lowered into the vertical pipe quench 8 by the
      crane 6. FIG. 1B shows the pipe 10 inside the vertical pipe quench 8. The
      vertical pipe quench 8 is then moved under the furnace 2. FIG. 1C shows
      the pipe 10 raised into the furnace 2 by an elevator, where the pipe is
      heated to the correct temperature for quench hardening and held at that
      temperature for the proper length of time. Then, as shown in FIG. 1D the
      pipe 10 is lowered into the vertical pipe quench 8 and the quench fluid is
      applied to the pipe 10. FIG. 1E shows the quenched pipe 10 inside the
      vertical pipe quench 8 which is moved away from beneath the furnace 2.
      FIG. if shows the quenched pipe 10 being removed from the vertical pipe
      quench 8 by the crane 6. The cycle is then repeated.
PAR  The remaining figures show a more detailed structure for the vertical pipe
      quench 8. Referring to FIG. 2, the crane 6 is shown on top of the furnace
      support structure 4 which supports the furnace 2. Pipe 10 is shown
      entering (or leaving) the furnace 2 and entering (or leaving) the vertical
      pipe quench 8 located immediately below the furnace 2. The lift machinery
      and platform 14 is for lifting and lowering the elevator 16 upon which the
      pipe 10 rests. A sectional support column 18 provides support for the
      vertical pipe quench 8. At the bottom of the vertical pipe quench 8 the
      high pressure and low pressure water pumps are located in the pump
      compartment 20. The vertical pipe quench 8 is mounted or rests on carriage
      12. Below carriage 12 is a sump 22 for catching the quench fluid as it
      falls from the vertical pipe quench 8.
PAR  FIG. 3 shows a more detailed structure of the furnace 2 and vertical pipe
      quench 8. At the top of the figure the furnace shell 2 is shown. The
      furnace 2 has a cold wall 24 and a cold wall 26. Mounted on the cold wall
      26 are pipe centering guides 28 to center the pipe 10 when it is inserted
      in the furnace 2. The furnace heating chamber 30 is heated by a suitable
      means which can be electrical heating elements 32. At the bottom 34 of the
      furnace 2 is located the furnace entrance or ring gap 36 which is designed
      to permit the pipe 10 to pass freely into the furnace 2. The furnace
      entrance is water cooled and chambers 38 and 40 are provided to receive
      circulating water. Also shown on the furnace 2 is a latching mechanism
      which comprises a latch bolt 42 which is coupled to a hydraulic cylinder
      means 44. The purpose of this latching assembly is to hold the furnace
      seal ring 46 against the entrance to the furnace. The seal ring 46 also
      supports the pipe 10 in the furnace.
PAR  Latch bolt 42 (there are eight) enters the eight latch bolt slots 48 (there
      are eight) which is slotted in the elevator 16. The vertical pipe quench 8
      is positioned directly beneath the furnace 2. At the top of the vertical
      pipe quench 8 is an outer ring structure 50. There is an outer ring and an
      inner ring with each ring comprising a plurality of shaping rollers 52 and
      54 respectively. These rollers are directly opposed and are positioned so
      as to receive the pipe 10. The rollers 52 and 54 are mounted on supports
      56 and 58 respectively. Hydraulic cylinders 60 and 62 force the rollers 52
      and 54 against the pipe 10. The shaping rollers 52 and 54 are followed by
      an outer quench curtain header 64 and an inner quench curtain header 66.
      Outer quench header 64 produces a conical quench curtain of fluid 68 with
      an imaginary apex downward along the longitudinal axis of the center of
      the vertical pipe quench 8. The inner quench header 66 produces a conical
      curtain of quench fluid 70 having an imaginary apex upward along the
      longitudinal axis. The two conical quench curtains 68 and 70 converge and
      form a pair of rings 72 and 74 of impingement on the surfaces of the pipe
      which are directly opposite each other. Manifold 76 provides the quench
      fluid to the high intensity outer quench curtain header 64 and manifold 78
      provides the quench fluid to the high intensity inner quench curtain
      header 66. The high intensity quench curtain headers 64 and 66 are located
      as close as possible to the restraining and reshaping rollers 52 and 54.
      Directly beneath the high intensity quench curtain headers 64 and 66 are a
      plurality of inner and outer rings having a plurality of inner and outer
      nozzles 80 and 82 respectively which provide circular bands of sprays 84
      and 86 against the pipe 10 to maintain the surface temperature established
      by the initial quench impingement 72 and 74. These spray nozzles 80 and 82
      are supplied by manifolds 87 and 85 respectively. The rings of spray
      nozzles 80 and 82 are spaced along the longitudinal axis of the vertical
      pipe quench 8. Dispersed between the rings of spray nozzles along the
      longitudinal axis of the vertical pipe quench 8 are internal guide rollers
      88 which guide the pipe 10 as it continuously moves through the vertical
      pipe quench 8 on elevator 16. Attached to the elevator 16 is a sprocket 90
      around which is a lifting chain 92 which extends up to sprocket 94 which
      is driven by the lift machinery 14. The lift chain 92 is dead-ended and
      anchored on the quench structure shown in FIG. 2 at 96. The quench
      elevator 16 has elevator guides 98 which engage elevator guide rails 100.
PAR  Referring to FIG. 4 which is a cross section showing the rings of outer and
      inner reshaping rollers 52 and 54, the rollers 52 and 54 are supported by
      yokes 122 and 124 respectively. Hydraulic cylinders 60 and 62 force the
      rollers 52 and 54 against the pipe 10. The rollers 52 and 54 define a ring
      gap 126 through which the pipe 10 passes while it is being shaped into a
      round configuration and the round configuration is maintained and
      restrained while the pipe 10 is quenched.
PAR  FIG. 5 shows a cross section of the vertical pipe quench 8 showing details
      of the rings which provide additional bands of quench fluid which follow
      the high intensity quench curtain. Each of the outer rings 126 and the
      inner rings 128 have a plurality of spray nozzles 82 and 80 respectively.
      Spaced at various points between the inner and outer spray nozzles 80 and
      82 are internal and external guide rollers 88 and 89 which engage the pipe
      10. The outer and inner rings are fed by the low intensity manifolds 85
      and 87. The platform 14 is shown with the lifting machinery which includes
      speed reducers 132, right angle drive units 130, and the driven sprocket
      94 with lifting chain 92. The drive sprockets 94 are all driven by the
      elevator drive motor 134.
PAR  FIG. 6 is a detailed cross section of the outer quench curtain header 64
      which has O-ring seals 136, and a quench compartment 138. Adjustable
      screws 140 position the adjusting plate 142 to create the gap 144 which
      generates the conical water curtain 68 (or 70) that strikes the pipe 10.
PAR  FIG. 7 shows the details of the elevator 16 showing the elevator guides 98
      (which engage rails 100), sprockets 90 and the latch bolt slots 48 which
      receive the latch bolt 42 (FIG. 3). Resting on top of the elevator 16 is
      the seal ring 46 which supports the pipe 10 which rests upon the flange
      146 of the seal ring 46. The seal ring 46 is removable and also can be
      replaced as an expendable item after it passes through the quench. It can
      be made of some suitable material such as a refractory.
PAC  B. The Operation And Method
PAR  The sequence of the operations are shown typically in FIGS. 1A-1F. The pipe
      10 is aligned so that its longitudinal axis is vertical and rests upon the
      seal ring flange 146. The vertical pipe quench is moved into position
      under the furnace 2. The elevator 16 is raised carrying the pipe 10 into
      the furnace 2. The hydraulic latching cylinder 44 is activated and the
      latch bolt 42 goes through the latch bolt slot 48 and holds the seal ring
      which has two functions. It holds the pipe 10 in the furnace 2 and seals
      the opening 30 of the furnace 2. When the furnace 2 has heated the pipe 10
      to the proper quench hardening temperature and maintained to for the
      proper length of time, the quench unit 8 is returned on a track (not
      shown) directly under the furnace 2. It is understood that the vertical
      pipe quench 8 may serve several furnaces. After the elevator is raised
      against the seal ring, the latch bolts 42 then are disengaged from the
      slots 48 and the elevator 16 is continuously lowered at a controlled
      suitable rate of speed by the drive 134, reducers 132, sprocket and chain
      92 and 94, and sprocket 90. Inasmuch as the pipe will not have a truly
      round configuration the shaping rollers 52 and 54 press against the pipe
      10 and shape the pipe into a round configuration and maintain that round
      configuration and restrain the pipe as the pipe 10 is lowered to the
      adjacent high intensity quench headers 64 and 66 which create a high
      velocity quench curtain conical in shape which impinge the pipe 10 forming
      a pair of impingement rings 74 and 72 directly opposite on the inner and
      outer surfaces of the pipe 10. The quench curtains 68 and 70 strike the
      pipe 10 at an angle which avoids any splash back that could cause
      pre-cooling of the pipe. The surface temperature of the pipe 10 is set by
      the initial impingement at 72 and 74. This temperature is maintained by
      the application of additional bands of quench fluid delivered from outer
      and inner rings of nozzles 82 and 80. Inner and outer guide rollers 88 and
      89 position the pipe 10 and maintain its alignment with respect to the
      nozzles as the pipe is continuously passed through the vertical pipe
      quench 8. A sump 22 collects the quench fluid which can be cooled and
      recirculated as desired.
PAR  When the shaping rollers 52 and 54 are retracted they have their faces a
      sufficient space apart to allow the seal 46 and the pipe 10 to pass
      between them. When extended the roll faces meet so that when the pipe
      passes between them the springs (not shown) are compressed an amount
      sufficient to generate the required shaping force. An equal force is
      applied on both the inner and outer surfaces of the pipe when the pipe is
      round. When pipe which is not round enters the reshaping rollers 52 and
      54, those portions of the pipe lying inside their correct circular
      position will compress the springs in that area a greater amount than
      those in adjacent areas which will generate a greater force which will
      push the pipe outward. Adjacent areas around the pipe will lie outside the
      correct circular position. There the outer rollers will be compressed an
      additional amount and additional forces will be generated at those points.
      The forces thus generated will exert a bending movement on the hot pipe
      forcing it into a round configuration.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for vertically quenching a hot metal pipe comprising:
PA1  a. a first means shaping the hot pipe into a round configuration and
      restraining the pipe in the round configuration;
PA1  b. a second means applying high intensity curtains of quench fluid to the
      inside surface of the pipe and to the outside surface of the pipe, the
      quench curtains impinge the inner and outer surfaces in the form of rings;
      and
PA1  c. a third means supporting the pipe and continuously moving it to and
      through the first means then through the second means in a substantially
      vertical path in the direction of the longitudinal axis of the pipe.
NUM  2.
PAR  2. An apparatus for vertically quenching a hot metal pipe comprising:
PA1  a. a first means shaping the hot pipe into a round configuration and
      restraining the pipe in the round configuration;
PA1  b. a second means simultaneously applying high intensity curtains of quench
      fluid to the inside surface of the pipe and to the outside surface of the
      pipe, the quench curtains impinge the inner and outer surfaces in the form
      of rings which are opposite each other; and
PA1  c. a third means supporting the pipe and continuously moving it to and
      through the first means then through the second means in a substantially
      vertical path in the direction of the longitudinal axis of the pipe.
NUM  3.
PAR  3. Apparaus as recited in claim 2 wherein the second means includes:
PA1  a. an inner header for use inside the pipe and producing an inner high
      velocity conical curtain of quench fluid; and
PA1  b. an outer header for use outside the pipe and producing an outer high
      velocity conical curtain of quench fluid, the two cones converge to form a
      ring between the outer and inner headers and the two cones of quench fluid
      are directed so that the curtains strike the surfaces of the pipe at a
      downward angle of impingement less than 90.degree..
NUM  4.
PAR  4. Apparatus as recited in claim 3 wherein the first means includes an
      inner ring of a plurality of rollers for use inside the pipe and at a
      position above the second means applying the high intensity curtains; and
      an outer ring of a plurality of rollers for use outside the pipe, and
      which are opposite the rollers on the inner ring, each of the rollers on
      both rings press against the hot pipe whereby the rings of rollers engage
      the hot pipe and shape it before it is quenched and restrain it while the
      pipe is being quenched.
NUM  5.
PAR  5. Apparatus as recited in claim 4 including a fourth means located below
      the second means and applying additional quench fluid to the inside
      surface and outside surface of the pipe.
NUM  6.
PAR  6. Apparatus as recited in claim 5 wherein the third means includes an
      elevator upon which the pipe rests.
NUM  7.
PAR  7. Apparatus as recited in claim 6 including a plurality of rings of guide
      rollers which are positioned for use inside and outside the pipe and are
      positioned below the second means.
NUM  8.
PAR  8. Apparatus as recited in claim 7 wherein the fourth means applying a
      quench fluid includes a plurality of pairs of corresponding inner and
      outer rings having a plurality of spray nozzles with the inner rings
      located for use inside the pipe and the outer rings located for use
      outside the pipe.
NUM  9.
PAR  9. Apparatus for vertically heating and vertically quench hardening a metal
      pipe comprising:
PA1  a. a furnace;
PA1  b. an elevator means for moving the pipe vertically into and out of the
      furnace with the longitudinal axis of the pipe vertical;
PA1  c. a means for shaping the hot pipe into round configuration as it leaves
      the furnace, the means located directly beneath the furnace; and
PA1  d. a quench means applying a high intensity quench fluid to the inside and
      outside surface of the pipe after it has been shaped, the quench means is
      located below the means for shaping the heated metal pipe.
NUM  10.
PAR  10. A method of vertically quenching a hot metal pipe comprising:
PA1  a. supporting the pipe with its lognitudinal axis in the vertical position;
PA1  b. then moving the pipe in a vertical direction;
PA1  c. then shaping the hot metal pipe into a round configuration as it is
      moving in the vertical direction; and
PA1  d. then applying high intensity curtains of quench fluid to the inside
      surface and outside surface of the pipe which form opposite rings of
      impingement as the pipe is moving and is applied so as to avoid
      pre-cooling by any splash back as the pipe is moving.
NUM  11.
PAR  11. Method as recited in claim 10 including an additional step of applying
      a quench fluid to the inner and outer surfaces of the pipe after the
      initial impingement of the quench fluid.
NUM  12.
PAR  12. A method of vertically heating and vertically quench hardening a metal
      pipe which comprises:
PA1  a. moving the pipe upward with the longitudinal axis vertical into a
      furnace;
PA1  b. then heating the pipe;
PA1  c. then lowering the pipe out of the furnace;
PA1  d. then shaping the pipe into a round configuration as it leaves the
      furnace; and
PA1  e. then quenching the pipe with curtains of quench fluid applied to the
      inside and outside surfaces of the pipe.
PATN
WKU  039322394
SRC  5
APN  0842761
APT  1
ART  111
APD  19701027
TTL  Semiconductor diffusion process
ISD  19760113
NCL  54
ECL  1
EXA  Davis; J. M.
EXP  Rutledge; L. Dewayne
NDR  3
NFG  3
INVT
NAM  Brown; William A.
CTY  Wappingers Falls
STA  NY
ASSG
NAM  Cogar Corporation
CTY  Utica
STA  NY
COD  02
CLAS
OCL  148186
XCL  148188
EDF  2
ICL  H01L 21225
FSC  148
FSS  186;189;188;187
UREF
PNO  3365794
ISD  19680100
NAM  Botka
XCL  148187
UREF
PNO  3398029
ISD  19680800
NAM  Yasufuku et al.
OCL  148187
UREF
PNO  3442725
ISD  19690500
NAM  Huffman et al.
OCL  148189
UREF
PNO  3474310
ISD  19691000
NAM  Ono et al.
XCL  148186
OREF
PAL  "Integrated Circuits," Warner, Jr., (Ed.), McGraw Hill Book Co., N.Y.,
      1965, pp. 289-290, 304-305.
LREP
FR2  Weiss; Harry M.
ABST
PAL  This disclosure is directed to a semiconductor diffusion process for
      diffusing impurities into a semiconductor substrate. Open tube phosphorous
      diffusion process conditions are described wherein diffused region depth
      control is achieved by the initial deposition time. This permits creation
      of a diffused region having the benefits of low sheet resistance and
      shallow depth. Additionally, the diffusion process enables the formation
      of very thick thermal oxide layers which are particularly useful in MOS or
      FET device fabrication.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally, to a semiconductor diffusion process and
      more particularly, to an open tube semiconductor diffusion process using
      phosphorous as the source impurity and a silicon substrate.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Conventionally, the formation of diffused semiconductor regions in a
      semiconductor substrate such as silicon is achieved by either capsule
      (closed tube) diffusion, open tube diffusion, doped oxide diffusion, or
      ion implantation techniques. Each of these prior art techniques have
      advantages and disadvantages associated therewith. In the use of an open
      tube diffusion process for the formation of diffused layers of N-type
      conductivity in a silicon substrate, phosphorous is often used as the
      dopant or source material. Particularly, in fabricating the emitter region
      of an NPN transistor device, it is considered quite within the skill of
      the art to use phosphorous as the impurity source in an open tube
      diffusion operation. Similarly, in making N-channel MOS devices of the
      type described in the co-pending patent application filed concurrently
      herewith and entitled "FET Memory Chip Including FET Devices Therefor and
      Fabrication Method" assigned to the same assignee of this invention, an
      N-type diffusion operation is carried out for forming both the source and
      drain diffused regions which uses phosphorous in an open tube diffusion
      process.
PAR  In either case, whether one was manufacturing NPN transistor devices or
      N-channel MOS devices, it often became essential that the diffused region
      have a minimum depth with low sheet resistance. This is especially
      important in fabricating high speed devices requiring narrow channel
      widths (base width or gate channel). This was considered to be a real
      problem in the semiconductor industry since extended heating times and
      high source concentrations required to reduce the sheet resistance caused
      an increase in junction depth, and therefore, it was very difficult to
      obtain an optimum shallow depth diffused region with low sheet resistance.
      In the manufacture of a bipolar transistor device such as an NPN device,
      the importance of a shallow diffused region was quite evident in the
      fabrication of very high speed devices which required precise control of
      the space (base width) between the emitter and collector junctions. The
      narrower the base width or region between the emitter and collector
      junctions the higher the speed of the device and, consequently, it is
      highly desirable to carry out a diffusion process which would result in a
      very shallow depth junction for the emitter region. Arsenic emitters are
      being considered and used to avoid the problem of obtaining shallow
      diffused regions with phosphorous. This was even more important when it
      was considered that other steps in the process had to be carried out which
      would affect the diffusion depth of the preformed phosphorous emitter
      diffused region. Similarly, in the formation of an N-channel MOS
      structure, the diffused regions forming the source and drain of the MOS or
      FET device had to be formed in a manner that would provide minimum change
      of diffusion depth during subsequent gate processing.
PAR  One of the previous problems with growing thermal thick oxide regions
      subsequent to the formation of diffused regions in a semiconductor
      structure such as the formation of an N-type emitter region in NPN
      structures or the formation of N-type source and drain regions in MOS
      structures was that the thermal thick oxide layers, which were desired
      over certain regions of the semiconductor substrate, could not be achieved
      because of the increased time and temperatures needed to form the thick
      oxide layers which resulted in undesired increased junction depths. This
      resulted in destruction or modification of original diffusion profiles or
      regions in the semiconductor structure. Consequently a need existed for
      the development of a semiconductor diffusion process which could achieve
      reduced or retarded diffusion depth with low sheet resistance while still
      yielding the advantages of permitting the formation of thick thermal oxide
      films.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved semiconductor
      diffusion process.
PAR  It is another object of this invention to provide an improved open tube
      semiconductor diffusion process.
PAR  It is still another object of this invention to provide an improved open
      tube phosphorous semiconductor diffusion process using POCl.sub.3 as the
      source of phosphorous.
PAR  It is still a further object of this invention to provide an improved
      process for forming shallow, diffused, N-type regions with reduced sheet
      resistivity and thick oxide surface regions for MOS and bipolar devices.
PAR  The foregoing, and other objects, features, and advantages of the invention
      will be apparent from the following, more particular description of the
      preferred embodiments of the invention, as illustrated in the accompanying
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates in a graph (having sheet resistance as the ordinate and
      deposition time as the abscissa) a series of curves depicting different
      sheet resistivity levels that are achieved for various processing
      conditions including deposition and post-deposition reoxidation
      operations.
PAR  FIG. 2 illustrates in a graph (having junction depth as the left and right
      ordinates and deposition time as the abscissa) a series of curves
      illustrating the change in junction depth for different processing
      conditions including deposition and reoxidation operations.
PAR  FIG. 3 illustrates in a graph (having oxide thickness as the left and right
      ordinate and deposition time as the abscissa) a series of curves showing
      increased thermal oxide thickness for various processing conditions
      including deposition and reoxidation operations.
DETD
PAR  Referring to FIG. 1, the sheet resistance in ohms per square defining the
      ordinate of the graph of this figure is shown having gradients of 5 ohms
      per square while the phosphorous oxy-chloride deposition time represented
      by the abscissa has 5 minute intervals per gradient. Curve 1 illustrated
      in FIG. 1 indicates the reduction in sheet resistance from a peak of over
      34 ohms per square to a low of about 20 ohms per square for deposition
      times ranging from 10 minutes to about 40 minutes at a temperature of
      about 900.degree.C. This is a standard expected change in sheet resistance
      for the particular deposition temperature.
PAR  Curve 2 depicts the rapid drop in sheet resistivity significantly below
      that of curve 1 for the same deposition temperature of 900.degree.C, but
      with a reoxidation of 5 minutes in dry oxygen, 120 minutes in steam plus
      oxygen, 5 minutes in dry oxygen. As can be seen from this curve, the sheet
      resistance drop is significantly greater after a reoxidation operation, as
      noted.
PAR  Curve 3 illustrates, similar to curve 1, the change in sheet resistivity
      that occurs for a diffused region formed by a POCl.sub.3 diffusion process
      having a deposition temperature of 920.degree.C.
PAR  Curve 4 is a curve similar to curve 2 of FIG. 1 except that it shows the
      reduced sheet resistance that is achieved for a deposition temperature of
      920.degree.C and a reoxidation temperature of about 900.degree.C for
      5-120-5 minutes.
PAR  Curve 5 is a curve depicting the reduction in sheet resistance for an open
      tube phosphorous diffusion operation at a deposition temperature of
      900.degree.C and a reoxidation for 5-180-0 minutes at about 900.degree.C.
PAR  Curve 6 is a curve depicting the change in sheet resistivity with increased
      deposition time for an open tube phosphorous diffusion operation carried
      out at a deposition temperature of about 900.degree.C and at a reoxidation
      time of 5-180-0 minutes at 900.degree.C plus an additional heat treatment
      for 56 minutes at about 1000.degree.C in dry oxygen.
PAR  Curve 7 is a curve similar to curve 6 but at a deposition temperature of
      920.degree.C and a reoxidation time of 5-120-5  minutes at about
      900.degree.C plus an additional heat treatment for 56 minutes at about
      1,000.degree.C in dry oxygen.
PAR  As can be seen from looking at curves 1, 2, 5 and 6, the increased
      reoxidation time and post reoxidation heat treatments significantly
      reduced the sheet resistivity for the same time and temperature of
      deposition. Similarly, curves 3, 4 and 7 show the same effect for the same
      deposition time at a deposition temperature of 920.degree.C.
PAR  Referring to FIG. 2, curves 1, 2, 3, 4, 5, 6 and 7 correspond to the
      similar numbered curves of FIG. 1 and depict different diffused region
      junction depths for the different processing conditions including
      deposition and reoxidation. Curve 1 of FIG. 2 shows the increase in
      junction depth with increased deposition time for a deposition temperature
      of about 900.degree.C. This is expected in accordance with previous
      semiconductor diffusion experiences.
PAR  Curve 2 shows the initial increase and subsequent decrease in junction
      depth for the operation where the deposition temperature is about
      900.degree.C and a reoxidation operation is carried out for a time of
      5-120-5 minutes at about 900.degree.C. This is significant since it shows
      that the junction depth decreases substantially after the reoxidation step
      (&gt; 20 min. deposition time).
PAR  Curves 3 and 4 are substantially similar to curves 1 and 2 and depict the
      diffused junction depths that are achieved with respect to increased
      POCl.sub.3 deposition time deposition time for a diffusion process that is
      carried out at 920.degree.C deposition.
PAR  Curve 5 illustrates the drop in junction depth with increased deposition
      time for a diffusion operation carried out at about a 900.degree.C
      deposition temperature and at a reoxidation time of 5-180-0 minutes at
      about 900.degree.C temperature.
PAR  Curve 6 illustrates the change in junction depth with increased phosphorous
      deposition time for the conditions where the deposition temperature is
      900.degree.C and the reoxidation operation is carried out for a time
      period of 5-180-0 minutes at 900.degree.C followed by 56 minutes at
      1,000.degree.C in dry oxygen.
PAR  Curve 7 depicts the retardation of the junction depth with increased
      deposition time for a diffusion operation carried out at about a
      920.degree.C deposition temperature followed by a reoxidation time of
      5-120-5 minutes at about 900.degree.C plus 56 minutes at 1,000.degree.C in
      dry oxygen.
PAR  From viewing FIGS. 1 and 2, the achievement of reduced junction depth and
      decreased sheet resistance is accomplished during a phosphorous oxy
      chloride diffusion operation under certain post deposition conditions. The
      junction depth retardation and sheet resistance reduction effects achieved
      by the diffusion operation of this process should also be achieved with
      other diffusion sources such as boron, arsenic, etc. and in other systems
      such as closed tubes, etc. The data shown in FIGS. 1 and 2 are achieved
      with a source concentration level of 3,550 parts per million of POCl.sub.3
      in the processing gas stream. An oxygen level of 20% of the total gas
      volume flow is maintained. The remainder of the gas flow is made of Argon
      gas. The silicon wafers used are of P type (2 ohm-centimeter) having a
      crystallographic orientation of (100). Uniform, non-ragged junctions are
      achieved hereby.
PAR  FIG. 3 is a graph showing the changes in oxide thickness for various
      processing conditions including deposition and reoxidation operations.
      Curves 1, 2, 3, 4, 5, 6 and 7 in this figure are comparison curves to the
      same numbered curves shown in FIGS. 1 and 2 depicting sheet resistance and
      junction depth, respectively. FIG. 3, therefore, illustrates the type of
      thermally grown oxide thickness that can be achieved using the associated
      processing conditions for each curve. Accordingly, by means of the
      information contained in FIGS. 1, 2 and 3, one skilled in the art can pick
      out a selected oxide thickness, sheet resistance and junction depth
      approximate to selected device requirements.
PAR  While the invention has been particularly shown and described in reference
      to the preferred embodiments thereof, it will be understood by those
      skilled in the art that changes in the form and details may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for controlling the junction depth of a diffused semiconductor
      region having a certain sheet resistance and a PN junction located within
      a silicon substrate comprising the step of:
PA1  reoxidizing the silicon substrate surface for a period of time and at a
      temperature sufficient to reduce the junction depth of said diffused
      semiconductor region to a desired level.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein said diffused semiconductor
      region is of N type conductivity and contains phosphorous atoms.
NUM  3.
PAR  3. A method in accordance with claim 2 wherein said phosphorous atoms are
      inserted into said diffused semiconductor region during an open tube
      diffusion operation.
NUM  4.
PAR  4. A method in accordance with claim 3 wherein phosphorous oxychloride is
      used in the phosphorous source in said open tube diffusion operation.
NUM  5.
PAR  5. A method in accordance with claim 2 whereion said reoxidizing step is
      carried out at a temperature of about 900.degree. C.
NUM  6.
PAR  6. A method in accordance with claim 5 wherein said reoxidizing step is
      carried out for a period of about 5 minutes in dry oxygen followed by 120
      minutes in steam plus oxygen followed by 5 minutes in dry oxygen.
NUM  7.
PAR  7. A method in accordance with claim 5 wherein said reoxidizing step is
      carried out for a period of about 5 minutes in dry oxygen followed by 180
      minutes in steam plus oxygen.
NUM  8.
PAR  8. A method in accordance with claim 6 wherein said reoxidizing step is
      followed by a heat treatment for about 56 minutes in dry oxygen at a
      temperature of about 1,000.degree.C.
NUM  9.
PAR  9. A method in accordance with claim 7 wherein said reoxidizing step is
      followed by a heat treatment for about 56 minutes in dry oxygen at a
      temperature of about 1,000.degree.C.
NUM  10.
PAR  10. A method for controlling the junction depth of a diffused semiconductor
      region having a certain sheet resistance and a PN junction located within
      in a silicon substrate comprising the steps of:
PA1  depositing a diffusion source, doped glass layer on a silicon substrate and
      in contact with at least one surface region of said silicon substrate; and
PA1  reoxidizing the silicon substrate surface for a period of time and at a
      temperature sufficient to reduce the junction depth of said diffused
      semiconductor region to a desired level.
NUM  11.
PAR  11. A method in accordance with claim 10 wherein said doped glass layer is
      deposited at a temperature in the range of from about 900.degree.C to
      about 920.degree.C.
NUM  12.
PAR  12. A method in accordance with claim 11 wherein said doped glass layer is
      a phosphorous doped glass layer.
NUM  13.
PAR  13. A method in accordance with claim 12 wherein said phosphorous doped
      glass layer is formed in an open tube diffusion operation using
      phosphorous oxychloride as the phosphorous source.
NUM  14.
PAR  14. A method in accordance with claim 12 wherein said reoxidizing step is
      carried out at a temperature of about 900.degree.C.
NUM  15.
PAR  15. A method in accordance with claim 14 wherein said reoxidizing step is
      carried out for a period of about 5 minutes in dry oxygen followed by 120
      minutes in steam plus oxygen followed by 5 minutes in dry oxygen.
NUM  16.
PAR  16. A method in accordance with claim 14 wherein said reoxidizing step is
      carried out for a period of about 5 minutes in dry oxygen followed by 180
      minutes in steam plus oxygen.
NUM  17.
PAR  17. A method in accordance with claim 15 wherein said reoxidizing step is
      followed by a heat treatment for about 56 minutes in dry oxygen at a
      temperature of about 1,000.degree.C.
NUM  18.
PAR  18. A method in accordance with claim 16 wherein said reoxidizing step is
      followed by a heat treatment for about 56 minutes in dry oxygen at a
      temperature of about 1,000.degree.C.
NUM  19.
PAR  19. A method for controlling the junction depth and sheet resistance of a
      diffused semiconductor region having a certain sheet resistance and a PN
      junction located within a silicon substrate comprising the step of:
PA1  reoxidizing the silicon substrate surface for a period of time and at a
      temperature sufficient to reduce the junction depth and sheet resistance
      of said diffused semiconductor region to a desired level.
NUM  20.
PAR  20. A method in accordance with claim 19 wherein said diffused
      semiconductor region is of N type conductivity and contains phosphorous
      atoms.
NUM  21.
PAR  21. A method in accordance with claim 20 wherein said phosphorous atoms are
      inserted into said diffused semiconductor region during an open tube
      diffusion operation.
NUM  22.
PAR  22. A method in accordance with claim 21 wherein phosphorous oxychloride is
      used as the phosphorous source in said open tube diffusion operation.
NUM  23.
PAR  23. A method in accordance with claim 20 wherein said reoxidizing step is
      carried out at a temperature of about 900.degree.C.
NUM  24.
PAR  24. A method in accordance with claim 23 wherein said reoxidizing step is
      carried out for a period of about 5 minutes in dry oxygen followed by 120
      minutes in steam plus oxygen followed by 5 minutes in dry oxygen.
NUM  25.
PAR  25. A method in accordance with claim 23 wherein said reoxidizing step is
      carried out for a period of about 5 minutes in dry oxygen followed by 180
      minutes in steam plus oxygen.
NUM  26.
PAR  26. A method in accordance with claim 24 wherein said reoxidizing step is
      followed by a heat treatment for about 56 minutes in dry oxygen at a
      temperature of about 1,000.degree.C.
NUM  27.
PAR  27. A method in accordance with claim 25 wherein said reoxidizing step is
      followed by a heat treatment for about 56 minutes in dry oxygen at a
      temperature of about 1,000.degree.C.
NUM  28.
PAR  28. A method for controlling the junction depth and sheet resistance of a
      diffused semiconductor region having a certain sheet resistance and a PN
      junction located within a silicon substrate comprising the steps of:
PA1  depositing a diffusion source, doped glass layer on a silicon substrate and
      in contact with at least one surface region of said silicon substrate; and
PA1  reoxidizing the silicon substrate surface for a period of time and at a
      temperature sufficient to reduce the junction depth of said diffused
      semiconductor region to a desired level.
NUM  29.
PAR  29. A method in accordance with claim 28 wherein said doped glass layer is
      deposited at a temperature in the range of from about 900.degree.C to
      about 920.degree.C.
NUM  30.
PAR  30. A method in accordance with claim 29 wherein said doped glass layer is
      a phosphorous doped glass layer.
NUM  31.
PAR  31. A method in accordance with claim 30 wherein said phosphorous doped
      glass layer is formed in an open tube diffusion operation using
      phosphorous oxychloride as the phosphorous source.
NUM  32.
PAR  32. A method in accordance with claim 29 wherein said reoxidizing step is
      carried out at a temperature of about 900.degree.C.
NUM  33.
PAR  33. A method in accordance with claim 32 wherein said reoxidizing step is
      carried out for a period of about 5 minutes in dry oxygen followed by 120
      minutes in steam plus oxygen followed by 5 minutes in dry oxygen.
NUM  34.
PAR  34. A method in accordance with claim 32 wherein said reoxidizing step is
      carried out for a period of about 5 minutes in dry oxygen followed by 180
      minutes in steam plus oxygen.
NUM  35.
PAR  35. A method in accordance with claim 33 wherein said reoxidizing step is
      followed by a heat treatment for about 56 minutes in dry oxygen at a
      temperature of about 1,000.degree.C.
NUM  36.
PAR  36. A method in accordance with claim 34 wherein said reoxidizing step is
      followed by a heat treatment for about 56 minutes in dry oxygen at a
      temperature of about 1,000.degree.C.
NUM  37.
PAR  37. A method for controlling the junction depth and sheet resistance of a
      diffused semiconductor region having a certain sheet resistance and a PN
      junction located within a silicon substrate and selecting the thermal
      oxide thickness of an oxide layer on the silicon substrate surface
      comprising the step of:
PA1  reoxidizing the silicon substrate surface for a period of time and at a
      temperature sufficient to reduce the junction depth and sheet resistance
      of said diffused semiconductor region to a desired level corresponding to
      a desired oxide thickness.
NUM  38.
PAR  38. A method in accordance with claim 37 wherein said diffused
      semiconductor region is of N type conductivity and contains phosphorous
      atoms.
NUM  39.
PAR  39. A method in accordance with claim 38 wherein said phosphorous atoms are
      inserted into said diffused semiconductor region during an open tube
      diffusion operation.
NUM  40.
PAR  40. A method in accordance with claim 39 wherein phosphorous oxychloride is
      used as the phosphorous source in said open tube diffusion operation.
NUM  41.
PAR  41. A method in accordance with claim 38 wherein said reoxidizing step is
      carried out at a temperature of about 900.degree.C.
NUM  42.
PAR  42. A method in accordance with claim 41 wherein said reoxidizing step is
      carried out for a period of about 5 minutes in dry oxygen followed by 120
      minutes in steam plus oxygen followed by 5 minutes in dry oxygen.
NUM  43.
PAR  43. A method in accordance with claim 41 wherein said reoxidizing step is
      carried out for a period of about 5 minutes in dry oxygen followed by 180
      minutes in steam plus oxygen.
NUM  44.
PAR  44. A method in accordance with claim 42 wherein said reoxidizing step is
      followed by a heat treatment for about 56 minutes in dry oxygen at a
      temperature of about 1,000.degree.C.
NUM  45.
PAR  45. A method in accordance with claim 43 wherein said reoxidizing step is
      followed by a heat treatment for about 56 minutes in dry oxygen at a
      temperature of about 1,000.degree.C.
NUM  46.
PAR  46. A method for controlling the junction depth and sheet resistance of a
      diffused semiconductor region having a certain shut resistance and a PN
      junction located within a silicon substrate and selecting the thermal
      oxide thickness of an oxide layer on the silicon substrate surface
      comprising the steps of:
PA1  depositing a diffusion source, doped glass layer on an oxide layer located
      on a silicon substrate and in contact with at least one exposed surface
      region of said silicon substrate; and
PA1  reoxidizing the silicon substrate surface for a period of time and at a
      temperature sufficient to reduce the junction depth and sheet resistance
      of said diffused semiconductor region to a desired level corresponding to
      a desired oxide thickness.
NUM  47.
PAR  47. A method in accordance with claim 26 wherein said doped glass layer is
      deposited at a temperature in the range of from about 900.degree.C to
      about 920.degree.C.
NUM  48.
PAR  48. A method in accordance with claim 47 wherein said doped glass layer is
      a phosphorous doped glass layer.
NUM  49.
PAR  49. A method in accordance with claim 48 wherein said phosphorous doped
      glass layer is formed in an open tube diffusion operation using
      phosphorous oxychloride as the phosphorous source.
NUM  50.
PAR  50. A method in accordance with claim 47 wherein said reoxidizing step is
      carried out at a temperature of about 900.degree.C.
NUM  51.
PAR  51. A method in accordance with claim 50 wherein said reoxidizing step is
      carried out for a period of about 5 minutes in dry oxygen followed by 120
      minutes in steam plus oxygen followed by 5 minutes in dry oxygen.
NUM  52.
PAR  52. A method in accordance with claim 50 wherein said reoxidizing step is
      carried out for a period of about 5 minutes in dry oxygen followed by 180
      minutes in steam plus oxygen.
NUM  53.
PAR  53. A method in accordance with claim 51 wherein said reoxidizing step is
      followed by a heat treatment for about 56 minutes in dry oxygen at a
      temperature of about 1,000.degree.C.
NUM  54.
PAR  54. A method in accordance with claim 52 wherein said reoxidizing step is
      followed by a heat treatment for about 56 minutes in dry oxygen at a
      temperature of about 1,000.degree.C.
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ABST
PAL  Solid rocket propellants which utilize hydroxy terminated polybutadiene as
     he binder and a reactive burn-rate catalyst selected from 4,
      4-diferrocenyl-1-pentanol and 3, 3-diferrocenylbutyl isocyanate are
      disclosed. The burn-rate catalysts are chemically bound to the binder to
      prevent migration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to solid rocket propellants which utilize ferrocene
      derivatives as burn-rate modifiers.
PAR  2. Description of the Prior Art
PAR  It has been known for many years that various ferrocenyl compounds are
      potentially good burning rate accelerators for solid rocket propellants.
      However, because of their tendency to migrate and susceptibility to
      oxidation, ferrocene derivatives have not found widespread use in solid
      propellants. For example, liquid n-butyl ferrocene was developed
      specifically for its processing qualities and then discarded because of
      its high rate of migration and oxidation susceptibility. The same may be
      said for other ferrocene derivatives.
PAR  To obviate migration problems, various commercial organizations have
      synthesized large, multi-ferrocenyl molecules in the hopes that the large
      molecules would entangle with binder molecules and thus be prevented from
      migrating. However, the use of large molecules has not solved the
      migration problems as witnessed by the fact that large amounts of iron (in
      the form of the ferrocenyl compound) appear on the surface of solid
      propellant grains a short time after preparation even when large molecules
      are used. Also, the oxidation problems have not been solved by this
      approach either.
PAR  In yet other attempts to obviate migration problems, copolymers containing
      the ferrocene moiety plus other groups have been made in the hopes that
      the copolymers could be used as binders. The copolymers are
      disadvantageous in that they are expensive and difficult to make. Also,
      they are susceptible to oxidation and usually do not possess very good
      rubber-like qualities, especially at low temperatures.
PAR  In spite of the fact that the problems associated with ferrocenyl compounds
      have persisted, a considerable amount of work is still going on in the
      field simply because of the great potential of the compounds.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the migration and oxidation problems associated
      with prior art ferrocene derivatives can be largely eliminated with two
      new ferrocenyl compounds, namely, 4, 4-diferrocenyl-1-pentanol and 3,
      3-diferrocenylbutyl isocyanate. It is, accordingly, an objective of this
      invention to provide solid rocket propellant formulations which include
      the two above-named compounds. The ferrocene derivatives described herein
      are either directly chemically bound, or chemically bound through a curing
      agent, to hydroxy terminated polybutadiene. This prevents migration. the
      ferrocene derivatives utilized herein do not exhibit high vulnerability to
      oxidation because they have no hydrogen on the carbon adjacent to the
      ferrocene group.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  4,4-Differocenyl-1-pentanol may be prepared by:
PAR  1. REACTING FERROCENE AND METHYL LEVULINATE IN THE PRESENCE OF AN ACID SUCH
      AS POLYPHOSPHORIC ACID AND A METHANOL-CYCLOHEXANE SOLVENT AT A TEMPERATURE
      OF FROM 76.degree. TO 78.degree.C to produce methyl 4,
      4-diferrocenylpentanoate; and
PAR  2. refluxing the pentanoate with lithium aluminum hydride in
      tetrahydrofuran and ether to produce the final desired product. 3,
      3-Diferrocenylbutyl isocyanate may be prepared by:
PAR  1. hydrolyzing methyl 4, 4-differrocenyl-pentanoate with potassium
      hydroxide to produce 4, 4-diferrocenylpentanoic acid;
PAR  2. reacting the acid with phosporous trichloride to produce 4,
      4-diferrocenyl pentanoyl chloride;
PAR  3. reacting the pentanoyl chloride with sodium azide to produce 4,
      4-diferrocenylpentanoyl azide; and
PAR  4. dissolving the pentanoyl azide in dry benzene and refluxing to produce
      the final desired product.
PAR  A more complete description of the preparation of the two compounds is
      described in copending U. S. Patent application Ser. No. 238,583 filed
      Mar. 27, 1972 by Dr. Arnold T. Nielsen.
PAR  Both 4, 4-differrocenyl-1-pentanol and 3, 3-diferrocenylbutyl isocyanate
      are solids and may be incorporated into solid rocket propellants by
      typical processes. When the pentanol is incorporated into a solid
      propellant which utilizes a binder such as hydroxy terminated
      polybutadiene, a diisocyanate curing agent or the like is used as a bridge
      to react with the hydroxy groups of the pentanol and the hydroxy groups of
      the polybutadiene, joining the pentanol to the binder. When 3,
      3-diferrocenylbutyl isocyanate is used, no curing agent is necessary to
      attach the ferrocene derivative to the polybutadiene. The isocyanate
      groups of the ferrocene derivative react directly with the hydroxyl groups
      of the hydroxy terminated polybutadiene.
PAR  The following Example describes a typical process for preparing solid
      propellants utilizing the two ferrocene derivatives of this invention.
PAC  EXAMPLE
PAR  Step 1 -- Hydroxy terminated polybutadiene prepolymer (R45HT by Arco
      Chemical Co., functionality = .about.2.7) and a desired amount of one of
      the ferrocene derivatives are added to a mixer. The mixture is then
      stirred under vacuum for 15-20 minutes. A small amount of antioxidant is
      added along with the ferrocene derivative. Step 2 -- Fuel particles, such
      as aluminum particles, are added to the contents of the mixer and mixing
      under vacuum is resumed for 5 to 10 minutes. (All mixing is done under
      vacuum unless otherwise stated.)
PAR  Step 3 -- Oxidizer particles, such as a combination of ultra fine (0.5.mu.)
      ammonium perchlorate and 5 to 7.mu. ammonium perchlorate, are added small
      increments such that the particles can be gradually incorporated into the
      propellant without severe clumping and loss of flow. Oxidizer is added
      over a period of 45 minutes or more while stirring is continued.
PAR  Step 4 -- After all of the oxidizer has been added, mixing is continued for
      at least one more hour.
PAR  Step 5 -- A calculated amount of diisocyanate curing agent, such as
      isophorone diisocyanate, is added and stirred for about 5 minutes.
PAR  Step 6 -- The mixer is scraped down.
PAR  Step 7 -- Mixing is resumed for about 10 to 15 minutes. Step 8 -- The mixer
      is scraped down and its contents are cast. A cure time of about 7 days at
      140.degree.F is utilized to allow the propellant grain to solidify.
PAR  The R45HT prepolymer used in this invention contains an average of
      approximately 2.7 hydroxy groups per prepolymer chain. The ferrocene
      derivatives of this invention react, either by themselves or through a
      curing agent, with nearly 0.7 hydroxy groups. There are then slightly over
      2.0 hydroxy groups still available per polybutadiene molecule for the
      curing of the prepolymer to form the cured propellant binder.
PAR  The above-described process calls for ammonium perchlorate oxidizer.
      However, any other oxidizer whose decomposition or  burning can be
      catalytically accelerated by the presence of finely divided iron (provided
      by the ferrocene derivative) would be suitable. It will, of course, also
      be realized that some other equivalent solid fuel material could be used
      in lieu of the aluminum specified above.
PAR  The steps described in the above Example are similar to those of other
      propellant formulation processes and are suitable for use in this
      invention. However, it has been found that if, prior to Step 1, the
      diferrocenylbutyl isocyanate is mixed; in benzene solvent, with hydroxy
      terminated polybutadiene and allowed to react for about 24 hours at
      50.degree. to 60.degree.C, the resulting prepolymer provides both better
      aging qualities and a higher rate of burn to propellants than where the 3,
      3-diferrocenylbutyl isocyanate is added and allowed to react "in situ" in
      the propellant during mixing and cure.
PAR  Propellants utilizing the ferrocene derivatives of this invention contain
      from about 84 to 88 weight percent solids (fuel and oxidizer) and from
      about 16 to about 12 weight percent binder (hydroxy terminated
      polybutadiene, ferrocene derivative, antioxidant and curing agent).
      Usually 1 to 2 parts by weight of ferrocene derivative will be used for
      every 11 to 12 parts by weight of hydroxy terminated polybutadiene. Table
      1 discloses two examples of typical propellant formulations.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Mix No..sup.X                                                             

           HTPB.sup.a + ferro-                                                 

                    IPDI.sup.b                                                 

                         AO.sup.c                                              

                             Al.sup.d                                          

                                  UFAP.sup.e                                   

                                       AP.sup.f                                

           cene derivative                                                     

     __________________________________________________________________________

     41-1-1                                                                    

           13.268   1.581                                                      

                         0.15                                                  

                             14.83                                             

                                  41.51                                        

                                       28.66                                   

     48-1-1                                                                    

           13.115   0.734                                                      

                         0.15                                                  

                             15.00                                             

                                  42.00                                        

                                       29.00                                   

     __________________________________________________________________________

      .sup.a HTPB = R45HT hydroxy terminated polybutadiene. (ARCO Chemical Co.)

      .sup.b IPDI = isophorone diisocyanate.                                   

      .sup.c AO = phenolic type antioxidant.                                   

      .sup.d Al = 60 .mu. aluminum.                                            

      .sup.e UFAP = ultra fine ammonium perchlorate (.about.0.5.mu.).          

      .sup.f AP = 5-7 .mu. ammonium perchlorate.                               

      .sup.X Mix No. 41-1-1 contained 11.636 parts by weight HTPB and 1.632    

      parts by weight 4, 4-diferrocenyl-1-pentanol. The pentanol was allowed to

      react in situ in the propellant. Mix No. 48-1-1 contained 11.641 parts by

      weight HTPB and about 1.474 parts by weight 3, 3-diferrocenylbutyl       

      isocyanate. The HTPB and isocyanate were prereacted in benzene at        

      60.degree.C for 24 hrs. to form an HTPB/Ferrocene prepolymer which was   

      isolated and used in the propellant.                                     

PAR  When the two above-described propellants were compared with a similar one
      (See 48-2-1 in Table 2) which contained 11.522 weight percent HTPB, 1.559
      weight percent of a commercial liquid ferrocene derivative sold under the
      tradename Hycat-6 by United Technology Corporation, 0.15 parts by weight
      phenolic antioxidant, 0.767 parts by weight IPDI, 15 parts by weight Al 42
      parts by weight UFAP and 29 parts by weight 5-7.mu. AP a significantly
      smaller amount of migration was observed on aging in the propellants which
      contained the ferrocene derivatives of this invention. On aging 30 days at
      140.degree.F., the Hycat propellant developed a hard black surface,
      indicative of liquid ferrocene migration and oxidation. No such surface
      developed in propellant containing the two ferrocene derivatives of this
      invention.
PAR  Hydroxy-terminated polybutadiene gumstock (cured unfilled propellant
      binder) which contained 3, 3-diferrocenylbutyl isocyanate in the same
      proportion as in propellant was formulated. After 30 days aging in air at
      140.degree.F, it was found to contain only about 0.9% more iron (in the
      form of ferrocene derivative) at the surface than before aging. The
      interior iron content decreased by the same amount.
PAR  On the other hand, gumstock which contained the commercial liquid ferrocene
      derivative contained nearly 38% more iron at the surface after aging, and
      the interior contained 38% less iron. The Hycat-6 gumstock had a hard
      surface after aging, and had lost most of its extensibility. The reactive
      ferrocene gumstock had no hard surface on aging, and lost on aging only
      .about.6% of the total extensibility it had before aging. The same
      gumstock without any ferrocene additives also lost only .about.6% of its
      extensibility on aging.
PAR  These examples clearly illustrate the greater oxidation and migration
      resistance of these new reactive ferrocene derivatives.
PAR  In still another comparison, the propellants of this invention were found
      to retain their ability to elongate much better than the  propellant which
      contained the commercial liquid ferrocene derivative. This is shown by the
      following Table. State-of-the-art R53 propellant with iron oxide burn-rate
      accelerator is included for comparison.
TBL                TABLE II                                                    

     ______________________________________                                    

     Mix No.      E.sub.max,%   E.sub.max %                                    

                  before aging.sup.a                                           

                                after aging.sup.a                              

     ______________________________________                                    

     41-1-1       18.0          13.8                                           

     48-1-1       31.6          19.7                                           

     42-2-1.sup.b 24.9          10.1                                           

      R53.sup.c   36.9          26.0                                           

     ______________________________________                                    

      .sup.a: aging = 30 days at 140.degree.F. in air.                         

      .sup.b: propellant utilizing the commercial liquid ferrocene compound    

      Hycat-6. (U.T.C. Corp.)                                                  

      .sup.c: analogous state-of-the-art propellant with 1% iron oxide burning 

      rate accelerator.                                                        

PAR  The burn rate in inches per second of the 4, 4-diferrocenyl-1-pentanol
      containing propellant compared favorably to that of the propellant which
      contained the commercial ferrocene derivative and the burn rate of the
      propellant which contained 3, 3-diferrocenylbutyl isocyanate showed a
      significant improvement over that of the propellant which utilized the
      commercial ferrocene derivative. The burn rates are shown in the following
      Table.
TBL                TABLE III                                                   

     ______________________________________                                    

     Burn Rates, ips                                                           

     Mix    500      1000     2000   3000   burn rate                          

     No.    psi      psi      psi    psi    slope (n)                          

     ______________________________________                                    

     41-1-1 2.063    2.611    3.496  4.211  0.43                               

     48-1-1 2.194    3.105    4.258  5.779  0.54                               

     48-2-1 1.825    2.609    3.600  4.638  0.52                               

      R53   1.395    2.015    3.026  3.879  0.59                               

     ______________________________________                                    

PAR  The burning rate slopes of propellants which contain the ferrocene
      derivatives of this invention fall well within acceptable standards.
PAR  The ferrocene derivatives which are chemically attached to hydroxy
      terminated polybutadiene to prevent migration according to this invention
      are very resistant to oxidation. It is theorized that this is because
      there is no hydrogen on the .alpha.-carbon atom adjacent to the ferrocene
      group in either 4,4-diferrocenyl-1-pentanol or 3,3-diferrocenylbutyl
      isocyanate which can be oxidized readily.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A binder - burn rate modifier system for solid rocket propellants
      comprising hydroxy terminated polybutadiene with a suitable curative as
      the binder and a member selected from the group consisting of
      4,4-diferrocenyl-1-pentanol and 3,3-diferrocenylbutyl isocyanate as the
      burn-rate modifier.
NUM  2.
PAR  2. A binder - burn rate modifier system according to claim 1 wherein the
      burn rate modifier is 4,4-diferrocenyl-1-pentanol and where the burn rate
      modifier is chemically attached to the binder by means of a curing agent.
NUM  3.
PAR  3. A binder - burn rate modifier system according to claim 1 wherein the
      burn rate modifier is 3,3-diferrocenylbutyl isocyanate and wherein the
      burn rate modifier is directly chemically attached to the binder.
NUM  4.
PAR  4. A method for modifying the burn rate of a solid rocket propellant which
      utilizes hydroxy terminated polybutadiene as the binder, said method
      comprising the steps of:
PA1  a. adding a ferrocene derivative selected from the group consisting of
      4,4-diferrocenyl-1-pentanol and 3,3-diferrocenylbutyl isocyanate to the
      binder; and
PA1  b. chemically attaching the ferrocene derivative to hydroxy groups of the
      binder by means of an isocyanate.
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ABST
PAL  Propellant compositions using bis[N-(trinitroethyl)nitramino]ethane as an
      oxidizer for smokeless propellants that additionally contain binder
      ingredients, crosslinking agent and other additives as desired.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In solid propellants, the problem of smoke in the exhaust gases exists.
      This smoke is undesirable in the exhaust gases since this gives the enemy
      data for pin pointing the sites from which missiles are being fired.
      Smokeless type propellants containing both HMX
      (cyclotetramethylenetetranitroamine) and ammonium perchlorate have been
      used in propellants of this type. Acrylic prepolymers have been used in NF
      propellants containing ammonium perchlorate and HMX as the oxidizer. The
      techniques for preparing and formulating propellant compositions of these
      types is well known to those skilled in the art.
PAR  As an example of propellant compositions utilizing HMX as the oxidizer for
      the propellant, see U.S. Pat. No. 3,386,868. Other prior propellant
      compositions have used HMX and ammonium perchlorate as the oxidizer.
PAR  Even in view of the prior art, there still exists a need for a solid
      propellant with a minimum amount of smoke in the exhaust gases and with
      performance approaching that of solid propellants that have more smoke in
      the exhaust gases.
PAR  Accordingly, it is an object of this invention to provide a solid
      propellant composition that has a reduced amount of smoke in the exhaust
      gases thereof.
PAR  A further object of this invention is to provide an oxidizer that can be
      used instead of HMX or HMX and ammonium perchlorate in propellant
      formulations.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, it has been discovered that the compound
      bis[N-(trinitroethyl)nitramino]ethane or
      N,N'-bis(trinitroethyl)ethylenedinitroamine (BTNEEDNA) can be prepared by
      the condensation of ethylenedinitroamine with formaldehyde and nitroform
      and used as an oxidizer in propellant compositions to produce smokeless
      propellant. These compositions generally contain, in addition to the
      oxidizer which may be BTNEEDNA and/or ammonium perchlorate, binder such as
      an acrylate-acrylic acid copolymer with TVOPA,
      1,2,3,-tris[1,2-bis(difluoroamino)ethoxy]-propane, additive such as carbon
      black and a curing agent such as UNOX 221
      (4,5-epoxycyclophexylmethyl4,5-epoxycyclohexylcarboxylate or a diepoxy
      dicyclohexyl carboxylate).
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  It has been discovered that a more energetic smokeless propellant can be
      obtained by replacing HMX or HMX and ammonium perchlorate with BTNEEDNA.
PAR  The starting compound, ethylenedinitroamine, used in preparing BTNEEDNA was
      first synthesized in Germany before the turn of the century. BTNEEDNA is
      prepared by the condensation of ethylenedinitroamine with formaldehyde and
      nitroform as typified by the following equation:
EQU  O.sub.2 N.NH.CH.sub.2.CH.sub.2 NH.NO.sub.2 +  2CH.sub.2 O + HC(NO.sub.2)3
      .fwdarw. (O.sub.2 N).sub.3 C.CH.sub.2.(O.sub.2
      N)N.CH.sub.2.CH.sub.2.N(NO.sub.2).CH.sub.2.C(NO.sub.2).sub.3
PAR  The procedure for the synthesis of bis[N-(trinitromethyl)nitramino]ethane,
      N,N'-bis(trinitroethyl)ethylenedinitroamine or
      3,6-diaza-1,1,1,3,6,8,8,8,-octanitrooctane involves going thru the
      dimethylolethylenedinitroamine in an almost-typical Mannich condensation.
      Ethylenedinitroamine (3g., 0.040 moles) is added to water (30 ml.), and
      30% formaldehyde (30%, 4 ml.) solution is added. The mixture is heated
      until all of the ethylenedinitroamine has dissolved. The solution is then
      cooled to room temperature, and nitroform (15g., 0.1 moles) is added
      dropwise. After complete addition, the reaction mixture is allowed to
      stand overnight. The product which precipitates is filtered, washed in
      succession with water, alcohol and ether, and dried. The empirical formula
      for BTNEEDNA is C.sub.6 H.sub.8 N.sub.10 O.sub.16 as compared to the
      formula for HMX which is C.sub.4 H.sub.8 N.sub.8 O.sub.8. On an equal
      weight basis, BTNEEDNA contains 33 1/3% more oxygen and 33 1/3% less
      hydrogen. As a result, a theoretical 25-45% more effective oxidizer in a
      propellant formulation results.
PAR  The oxidizer BTNEEDNA as a replacement for HMX is illustrated in Table I.
      Composition A is a formulation containing HMX and ammonium perchlorate as
      the oxidizers for an NF-propellant system. Composition B is a formulation
      in which BTNEEDNA has replaced the HMX in an otherwise identical
      formulation. The AP included in Composition A is to lower the pressure
      exponent and provide a measure of burning rate control.
TBL                TABLE I                                                     

     ______________________________________                                    

     EFFECT OF SUBSTITUTING BTNEEDNA FOR HMX                                   

     IN AN EANF-PROPELLANT FORMULATION                                         

                         COMPOSITION                                           

     INGREDIENT            A         B                                         

     ______________________________________                                    

     Ethyl acrylate-acrylic acid (95/5)                                        

                           4.63      4.63                                      

     1,2,3-tris[1,2-bis(difluoroamino)-                                        

      ethoxy]propane       25.68     25.68                                     

     HMX                   48.56     0.0                                       

     bis[N-(trinitroethyl)nitramino]-                                          

      ethane               0.0       48.56                                     

     Ammonium Perchlorate  19.21     19.21                                     

     UNOX 221              1.44      1.44                                      

     Carbon Black          0.48      0.48                                      

     THEORETICAL PERFORMANCE                                                   

        C* (fps)           5152      5265                                      

        C.sub.F            1.562     1.578                                     

        I.sub.sp (lb-sec/lb)                                                   

                           250.1     258.2                                     

     EXHAUST GAS COMPOSITION (MOLE                                             

      FRACTIONS)                                                               

        CH.sub.4           0.00001   --                                        

        CO                 0.25038   0.22347                                   

        CO.sub.2           0.08732   0.14066                                   

        H                  0.0       0.00001                                   

        HCl                0.03747   0.04165                                   

        HF                 0.14627   0.16256                                   

        H.sub.2            0.18310   0.09145                                   

        H.sub.2 O          0.09000   0.14900                                   

        NH.sub.3           0.0001    --                                        

        N.sub.2            0.20545   0.19120                                   

     ______________________________________                                    

PAR  Of particular interest in the above propellant is the fact that the
      specific impulse improvement which is effected by such a substitution is 8
      lbf-sec/lbm -- a significant improvement. BTNEEDNA is also a better
      oxidizer as evident by the lower CO and H.sub.2 content. This means more
      efficient combustion and less afterburning or plume combustion.
PAR  The oxidizer BTNEEDNA as a replacement for HMX and ammonium perchlorate is
      illustrated in Table II. Composition A is a formulation containing HMX and
      ammonium perchlorate as the oxidizer for an NF-propellant system.
      Composition B is a formulation in which BTNEEDNA has replaced both the HMX
      and the ammonium perchlorate in an otherwise identical formulation.
TBL                TABLE II                                                    

     ______________________________________                                    

     EFFECT OF SUBSTITUTION BTNEEDNA FOR HMX AND AP                            

     IN AN EANF PROPELLANT FORMULATION                                         

     INGREDIENT             COMPOSITION                                        

                          A      B                                             

                                 % (by wt)                                     

     ______________________________________                                    

     Ethyl acrylate-acrylic acid (95/5)                                        

                            4.63     4.63                                      

     1,2,3-tris[1,2-bis(difluoroamino-                                         

     ethoxy)]propane        25.68    25.68                                     

     bis[N-(trinitroethyl)nitramino]ethane                                     

                            --       67.77                                     

     UNOX 221.              1.44     1.44                                      

     Carbon Black           0.48     0.48                                      

     HMX                    48.56    --                                        

     Ammonium Perchlorate   19.21    --                                        

     THEORETICAL PERFORMANCE                                                   

        C* (fps)            5152     5283                                      

        C.sub.F             1.562    1.569                                     

        I.sub.sp (lbf-sec/lbm)                                                 

                            250.     258.                                      

     ______________________________________                                    

PAR  As can be seen, the results in Table I are based upon the replacement of
      only the HMX with the BTNEEDNA is a representative EANF(inert-NF)
      propellant formulation which contains some ammonium perchlorate. The
      ammonium perchlorate serves as a means of lowering the pressure exponent.
      A side benefit that the ammonium perchlorate provides is a means of
      varying the burning rate by varying the particle size of the ammonium
      perchlorate.
PAR  When both the HMX and ammonium perchlorate are replaced with the BTNEEDNA
      in a formulation as illustrated in Table II, there is no appreciable
      change in the specific impulse value as compared to the formulation
      illustrated in Table I where the BTNEEDNA only is substituted for the HMX.
      Thus, replacement of either HMX or both HMX and ammonium perchlorate with
      BTNEEDNA result in propellants having specific impulse values which are 8
      lbf-sec/lbm better than an EANF formulation containing HMX and ammonium
      perchlorate as oxidizers.
PAR  The oxidizer BTNEEDNA may vary from 20 to 80 weight percent in the
      propellant, depending upon the particular propellant formulation, and the
      oxidizer, ammonium perchlorate when used, may vary from about 5 to about
      50 weight percent.
PAR  The plasticizer and binder used with the oxidizer BTNEEDNA may be other
      than those illustrated in the propellant formulations set forth above.
      With the prepolymer binder mix of acrylate to acrylic acid, it is
      preferred that a ratio of acrylate to acrylic acid of 95/5 be used, but
      the ratio of selected acrylate to acrylic acid in the prepolymer may vary
      from about 90/10 to about 96/4. The acrylate used may be selected for
      example from methyl acrylate, 2-ethylhexyl acrylate, petrin acrylate,
      butyl acrylate, ethyl acrylate, etc.
PAR  The plasticizer ingredient, TVOPA, used in this invention is present with
      the prepolymer of acrylate to acrylic acid in a preferred ratio of about 5
      to 1, and this ratio may vary from about 3 to 1 to about 6 to 1 when the
      two are used together. The amount of plasticizer present in the propellant
      formulation is preferably about 20 to 35 weight percent, but may vary from
      0 to 40 weight percent.
PAR  TVOPA may be synthesized by reacting tris(vinoxy)propane (prepared in
      accordance with U.S. Pat. No. 2,969,400) with tetrafluorohydrazine. TVOPA
      contains two high energy difluoroamino groups, NF.sub.2, added to each of
      the three vinoxy groups of the starting compound, tris(vinoxy)propane. The
      reaction of tetrafluorohydrazine with tris(vinoxy)propane to form TVOPA is
      conducted under pressure in the range of 500 mm of mercury up to about 600
      psig and temperature range of 0.degree. to 120.degree.C. The reaction is
      conducted in the presence of an inert volatile organic solvent, preferably
      one that is a suitable solvent for both the TVOPA as well as the
      reactants. Aromatic and aliphatic hydrocarbons, chlorinated hydrocarbons,
      ethers and ketones may be employed as the solvent. Typical solvents
      include diethyl ether, dipropyl ether, pentane, hexane, chloroform, carbon
      tetrachloride, methylene chloride, benzene, toluene, xylene, and acetone.
PAR  Conventional curing agents such as UNOX 221 and other conventional curing
      agents may be used to cure the binder. Other additives in trace amounts as
      desired for the particular propellant may be used such as stabilizers,
      ballistic modifiers, processing aids and the like.
PAR  Even though the oxidizer, BTNEEDNA, has been illustrated in an inert-NF
      propellant formulation, the oxidizer may be used in propellant
      formulations containing no NF groups of TVOPA in the formulations.
CLMS
STM  I claim:
NUM  1.
PAR  1. A propellant composition comprising; an oxidizer including
      bis[N-(trinitroethyl)nitramino]ethane, an acrylate-acrylic acid binder,
      and a curing agent, said acrylate-acrylic acid being present in a ratio of
      acrylate to acrylic acid in an amount of about 90/10 to about 96/4.
NUM  2.
PAR  2. The propellant composition of claim 1, wherein said oxidizer also
      includes ammonium perchlorate.
NUM  3.
PAR  3. The propellant composition of claim 1, wherein said curing agent is
      diepoxy dicyclohexyl carboxylate, and said propellant composition further
      comprises a plasticizer, 1,2,3-tris[1,2-bis(difluoroamino)ethoxy]propane.
NUM  4.
PAR  4. The propellant composition of claim 1, wherein said binder consists of a
      copolymer of acrylate-acrylic acid in an amount up to about 25 weight
      percent of the propellant composition.
NUM  5.
PAR  5. The propellant composition of claim 1, wherein said curing agent is
      diepoxy dicyclohexyl carboxylate, and said propellant composition further
      comprises a plasticizer, 1,2,3-tris[1,2-bis(difluoroamino)ethoxy]propane,
      said binder to plasticizer being present in a ratio of about 1 to 5.
NUM  6.
PAR  6. The propellant composition of claim 5, wherein said plasticizer and
      binder constitute from about 25 to about 35 weight percent of the
      propellant composition, and said oxidizer constitutes from about 65 to
      about 75 weight percent of said propellant composition.
NUM  7.
PAR  7. The propellant composition of claim 6, wherein said acrylate-acrylic
      acid is ethyl acrylate-acrylic acid.
NUM  8.
PAR  8. The propellant composition of claim 1, wherein said oxidizer consists of
      ammonium perchlorate of about 19.2 weight percent of the propellant
      composition and bis[N-(trinitroethyl)nitramino]ethane of about 48.6 weight
      percent of the propellant composition, said curing agent consists of
      diepoxy dicyclohexyl carboxylate of about 1.4 weight present of the
      propellant composition, and the propellant composition contains the
      additional ingredients carbon black in an amount of about 0.5 weight
      percent of the propellant composition, and a plasticizer,
      1,2,3-tris[1,2-bis(difluoroamino)ethoxy]propane, of about 25.7 weight
      percent of the propellant composition, the remainder of said propellant
      composition being binder.
NUM  9.
PAR  9. The propellant composition of claim 1, wherein said oxidizer consists of
      said bis[N-(trinitroethyl)nitramino]ethane in an amount of about 67.8
      weight percent of the propellant composition, said curing agent is diepoxy
      dicyclohexyl carboxylate of about 1.4 weight percent of the propellant
      composition, and said propellant also contains carbon black in an amount
      of about 0.5 weight percent and a plasticizer,
      1,2,3-tris[1,2-bis(difluoroamino)ethoxy]propane, of about 25.7 weight
      percent of the propellant composition, the remainder of said propellant
      composition being binder.
NUM  10.
PAR  10. The propellant composition of claim 1, wherein said
      bis[N-(trinitroethyl)nitramino]ethane constitutes from about 50 to about
      75 weight percent of the propellant composition.
PATN
WKU  039322424
SRC  4
APN  1086723
APT  1
ART  223
APD  19610508
TTL  Solid propellant with butyl rubber binder
ISD  19760113
NCL  6
ECL  1
EXA  Miller; E. A.
EXP  Padgett; Benjamin R.
INVT
NAM  Bartley; Charles E.
STR  6520 E. Exeter Blvd.
CTY  Scottsdale
STA  AZ
ZIP  85251
INVT
NAM  Settlemire; Lawrence R.
STR  2489 Ocean St.
CTY  Carlsbad
STA  CA
ZIP  92008
RLAP
COD  72
APN  697789
APD  19571121
PSC  03
RLAP
COD  82
APN  355148
APD  19530514
PSC  03
RLAP
COD  75
APN  692147
APD  19460821
PSC  03
CLAS
OCL  149 199
XCL  149 1991
XCL  149 60
ICL  C06d  506
FSC  149
FSS  19;19.9;60;19.91
UREF
PNO  3018201
ISD  19620100
NAM  Downard
OCL  149 19.9
UREF
PNO  3249475
ISD  19660500
NAM  Jorczak et al.
OCL  149 19.9
ABST
PAL  1. A solid propellant charge for rocket motors consisting essentially of a
      formed vulcanized mixture of rubbery isobutylene-isoprene copolymer fuel
      binder in the proportion of 10-20% by weight and a solid inorganic strong
      oxidizing salt in the proportion of 80-90% by weight.
PARN
PAR  The present application is a continuation-in-part of our co-pending
      application Ser. No. 697,789 filed Nov. 21, 1957 now abandoned, which in
      turn is a continuation-in-part of our earlier application Serial No.
      692,147, filed Aug. 21, 1946, now abandoned, and our co-pending
      application Ser. No. 355,148, filed May 14, 1953, now abandoned.
BSUM
PAR  The present invention relates to improvements in solid propellant charges
      for rocket motors or the like and is concerned specifically with the novel
      composition of butyl rubber or a rubbery isobutylene-isoprene copolymer
      fuel binder in admixture with an oxidizer.
PAR  The principal object of the invention is to provide a superior solid
      propellant composition having the following properties: maximum storage
      stability, minimum cost and simplicity of manufacture, constancy of
      physical properties over a wide range of temperatures, appropriate
      elasticity and elongation, negligible shrinkage, maximum thermodynamic
      properties for heat production and physical ability to incorporate large
      quantities of granular material such as oxidizers and still maintain
      ability to bind the resulting mass into a solid unit of adequate strength.
      We have found that butyl rubber or, more particularly, rubbery
      isobutylene-isoprene copolymer as a fuel binder for the charge meets all
      of these requirements in contrast with prior art fuel materials all of
      which we have found to be deficient in some if not all of the foregoing
      respects.
PAR  Our invention contemplates the admixture of the rubbery
      isobutylene-isoprene copolymer in a minor proportion with any solid
      oxidizer material in a major proportion. Excellent results have been
      obtained with solid inorganic strong oxidizing salts such as ammonium
      nitrate, potassium perchlorate and ammonium perchlorate and various
      mixtures thereof. Ammonium nitrate is particularly effective.
PAR  The particular proportions usually are 5-25% fuel binder by weight and
      75-95% oxidizer by weight in most instances. However, in preferred
      embodiments of the invention, the proportions are 10-20% fuel binder by
      weight and 80-90% oxidizer by weight.
PAR  Various known additives such as plasticizers, vulcanizers, and accelerators
      may be used in the fuel binder-oxidizer mixture if desired. Also any
      suitable burning rate catalyst, ferric oxide for example, may optionally
      be added to the mixture.
PAR  The oxidizer is preferably uniformly dispersed in the rubbery
      isobutylene-isoprene copolymer by any suitable mixing operation such as by
      the use of mills or mixers ordinarily used in compounding conventional
      rubber products.
PAR  After the mixing operation, the resulting combustible material may be
      molded, extruded or laminated or otherwise formed into any desired shape
      or size and then fused or vulcanized into a solid mass to provide the
      solid propellant charge.
DETD
PAR  More particularly, our preferred self-combustible materials consist
      essentially of ammonium nitrate oxidizer, a burning rate catalyst, and a
      rubber or an elastomeric fuel binder(s) to which is added suitable
      plasticizers, vulcanizing agents, accelerating agents, etc. The resulting
      mixture is pressed, or extruded, or built up in layers, or formed by some
      physical means into a desired size and shape and then fused or vulcanized
      into one continuous mass.
PAR  Experimentation has indicated that our combustible materials should have
      the following ingredients in the approximate proportions indicated:
TBL  Ammonium Nitrate Oxidizer                                                 

                           70-90 per cent                                      

     Ferric Oxide Burning Rate                                                 

      Catalyst             1/2-10 per cent                                     

     Fuel Binder           5-25 per cent                                       

     Miscellaneous Burning Rate                                                

      Catalyst             0-10 per cent                                       

     Plasticizer           0-10 per cent                                       

     Vulcanizer            0-5 per cent                                        

     Accelerator           0-5 per cent                                        

     Miscellaneous (anti-aging)                                                

            (agents, etc.) 0-5 per cent                                        

PAR  Now, mixtures of fuels and ammonium nitrate generally will not burn at all,
      or will burn too slowly for practical rocket propellant applications.
      Burning usually must be promoted by a catalyst, and we have found iron
      and/or iron oxides to be effective catalysts in our experiments. We
      believe this discovery to be significant because of the abundance of iron
      oxides, whereas the only other appreciably effective commonly used
      catalyst is ammonium dichromate which is scarce in the present economy.
PAR  We have found that natural or synthetic rubbers such as
      butadiene-acrylonitrile, butadiene-styrene, isobutylene-isoprene and
      chloroprene ("Neoprene" type), are adaptable for fuel binders. Such
      elastomeric "plastic" polymers as polyethylene and vinyl acetate appear to
      be feasible, also. The elastomeric type of fuel is emphasized to be a
      requisite when used with ammonium nitrate because of its ability to
      elongate to absorb the volume phase changes of the ammonium nitrate
      without cracking or fissuring. The rubber base combustibles which we have
      prepared have been cycled repeatedly from -50.degree.F. to 140.degree.F.
      without cracking and then have burned smoothly as predicted when used as
      rocket motor charges. The charges used in our initial experiments were 5
      inches in diameter and 10 inches in length and were prepared by a molding
      process with non-combustible rubber coating so they burned from one end
      only (like a cigarette) in some tests. These charges burned radially in
      other tests after a one inch diameter hole was drilled concentric with the
      longitudinal axis of the original solid charge. Charges approximately 25
      inches long and 9 inches in diameter, and with star shaped axial
      perforations, were prepared by plying (built up in layers from sheets);
      charges prepared by this method burned satisfactorily under pressure in
      rocket motors at temperatures over a range of -100.degree.F. to
      160.degree.F. Our preparation methods indicated that any size or shape of
      charge could be made.
PAR  Any one of the described fuels is mixed with ammonium nitrate by pug mills,
      Bunbury Mixers, Beken Duplex Mixers, or differential roller mills such as
      used in compounding conventional rubber products. These methods of mixing
      are particularly significant because a large amount -- up to about 90 per
      cent by weight -- of the bulky ammonium nitrate can be uniformly dispersed
      into the rubber fuels to yield a product with enough potential energy to
      be applicable to rocket uses, an example being for assisted take-off of
      aircraft. To our knowledge, these methods of mixing have been the only
      ones which have been successful in providing a means for obtaining such
      high, evenly dispersed, loading of ammonium nitrate into fuels. The high
      oxidizer content provides smokeless burning for straight hydrocarbon
      fuels, the products of combustion being primarily CO, H.sub.2 O, CO.sub.2
      N.sub.2, and H.sub.2.
PAR  The plasticizers and other additives may be added during mixing to promote
      ease of processing, to control heat generated during subsequent
      vulcanization, and to control physical properties of the vulcanized
      product. In some formulations, the plasticizer and additives may
      substantially affect the burning properties of the combustible material.
      For example, the epoxy type of resin (one effective grade is sold as Epon
      1062) has been used by us as a processing plasticizer, and has promoted
      the burning.
PAR  After the mixing operation, the combustible material can be put through the
      mill to obtain a sheet form which may be up to about 1/2 inch in
      thickness. Shapes, such as discs, rings, stars, or whatever are desirable,
      are cut from said sheet and stacked into a cylinder. The resulting
      cylinder is then placed into a mold which conforms approximately to the
      dimensions of the charge and a suitable cover is tightened to force the
      charge into full conformity to the mold. An extrusion process has also
      been used to accomplish the shaping and sizing of the material. A
      particularly easy and unique fabricating method has been to adhere one
      layer to another by using a very thin layer of adhesive so that the charge
      is bonded together without application of high molding or extrusion
      pressure; this plying method allows a simple inexpensive manner of
      fabricating almost any size and shape. For molding fabrication, the locked
      mold is then placed in an oven at about 200.degree.F. until the charges
      vulcanizes into one piece. After vulcanization, the mold is removed to be
      cooled. The charge shrinks enough during the cooling to free itself
      readily from the mold. The resulting molded product is of high physical
      quality, possessing sufficient elongation to absorb the phase changes of
      ammonium nitrate as discussed previously.
PAR  In many instances it is desirable to restrict the burning of the molded
      charge to predetermined surfaces; for example, if it is desirable for the
      charge to burn like a cigarette, all surfaces of a solid cylinder must be
      inhibited with the exception of one end. This is readily accomplished with
      our combustible materials. After initially forming the charges, a layer of
      rubber containing no oxidizer is wrapped around the propellant and a disc
      of such rubber placed over one end. During the molding process the
      inhibitor layer vulcanizes to the charge. If an extrusion process is used,
      it is possible to extrude the inhibitor layer over the charge as it issues
      from the main extrusion die. For the charge which is plyed and bonded
      together by adhesive, an adhesive may be applied to the desired portions
      and then covered by tape to obtain the necessary heat insulation.
PAR  While our product is particularly applicable as a rocket propellant or for
      high pressure gas generation, experimentation has established the fact
      that our invention is suitable for use as a fuze. That is, when the
      material is formed into spagetti-like strands of given lengths it makes a
      very reliable fuze with a closely controlled burning time. For the fuzes,
      compounding oxidizers such as potassium perchlorate and ammonium
      perchlorate into the fuel in place of ammonium nitrate may be desirable
      for altering the basic burning rates.
PAR  Some particular compositions which we have prepared by the methods
      previously described, and tested as rocket propellant, are identified as
      follows:
TBL  1.       Neoprene fuel base:                                              

               Ingredients  Per Cent Ingredient by Weight                      

     __________________________________________________________________________

              Neoprene (chloroprene)                                           

                            14.48 14.48 14.48                                  

              Ammonium Nitrate                                                 

                            72.38 76.18 78.09                                  

              Ferric Oxide  7.62  3.81  1.90                                   

           (1)                                                                 

              Cottonseed oil                                                   

                            2.86  2.86  2.86                                   

           (2)                                                                 

              Zinc Oxide    0.76  0.76  0.76                                   

           (3)                                                                 

              Magnesium Oxide                                                  

                            0.57  0.57  0.57                                   

           (4)                                                                 

              Phenyl-beta-napthyl-                                             

              amine         0.29  0.29  0.29                                   

           (5)                                                                 

              Stearic Acid  0.10  0.10  0.10                                   

           (6)                                                                 

              Carbon Black  0.95  0.95  0.95                                   

              Ammonium Dichromate                                              

                            --    --    --                                     

              Specific wt., lbs/in.sup.3                                       

                            --    0.057 --                                     

              Burning rate, in/sec, at                                         

              80.degree.F. at 1000 lbs/sq.in.                                  

                            0.09  0.10  0.10  0.15                             

     Properties                                                                

                 at 500 lbs/sq.in.                                             

                            0.05  0.06  0.06                                   

              Specific Impulse lb                                              

              sec./lb. at 1000 psi                                             

                            170   175   180   180                              

     (1) plasticizer.                                                          

                    (2) vulcanizing agent                                      

                                     (3) vulcanizing                           

                                       accelerator.                            

     (4) anti-oxidant.                                                         

                    (5) processing aid.                                        

                                     (6) reinforcing aid.                      

     __________________________________________________________________________

TBL  2.       Fuel base of butadiene-styrene rubber                            

               Ingredient       Per Cent Ingredient by Weight                  

     __________________________________________________________________________

              Butdiene-Styrene  16.77                                          

              Ammonium Nitrate  73.12                                          

              Ferric Oxide      7.68                                           

           (1)                                                                 

              80% Mineral Oil, 15% sulfonated                                  

              petroleum product, 5% n-butyl                                    

              alcohol           1.00                                           

           (2)                                                                 

              Zinc Oxide        0.50                                           

           (3)                                                                 

              Powdered selenium 0.13                                           

           (4)                                                                 

              Tetramethylthiuram sulfide                                       

                                0.12                                           

           (5)                                                                 

              Stearic Acid      0.17                                           

           (6)                                                                 

              Sulfur            0.42                                           

              Specific wt., lbs/in.sup.3                                       

                                0.055                                          

              Burning rate, in/sec, at 80.degree.F.                            

               at 1000 lbs/sq.in.                                              

                                0.10                                           

     Properties                                                                

               at 500 lbs/sq.in.                                               

                                0.07                                           

              Specific Impulse, lb sec/lb                                      

               at 100 lbs/in.sup.2                                             

                                160                                            

     (1) Plasticizer. (2) Vulcanizing Agent. (3) Vulcanizing Agent.            

     (4) Vulcanizing Accelerator. (5) Processing Aid. (6) Vulcanizing          

     __________________________________________________________________________

     Agent.                                                                    

TBL  3.       Fuel base of isobutylene-isoprene rubber                         

               Ingredient Per Cent Ingredient by Weight                        

     __________________________________________________________________________

              Isobutylene-isoprene                                             

              rubber      12.50 11.13 11.115                                   

              Ammonium Nitrate                                                 

                          80.00 79.03 84.62                                    

              Ferric Oxide                                                     

                          5.50  1.09  1.09                                     

           (1)                                                                 

              Petrolatum  0.36  --    --                                       

           (1)                                                                 

              Dioctyl Azelate                                                  

                          --    2.33  2.33                                     

           (2)                                                                 

              Stearic Acid                                                     

                          0.13  0.12  0.12                                     

           (3)                                                                 

              Zinc Oxide  0.63  0.60  0.50                                     

           (4)                                                                 

              Carbon Black                                                     

                          0.63  --    --                                       

           (5)                                                                 

              Para-quinone-dioxime                                             

                          --    0.10  0.125                                    

           (5)                                                                 

              Sulfur      0.25  --    --                                       

              Ammonium dichromate                                              

                          --    5.59  --                                       

              Specific wt., lbs/in.sup.3                                       

                          0.056 0.057 0.058                                    

              Burning rate, in/sec                                             

              at 80.degree.F.                                                  

               at 1500 lbs/sq.in.                                              

                          0.08  --    --                                       

     Properties                                                                

               at 1000 lbs/sq.in.                                              

                          0.06  0.14  0.045                                    

              Specific Impulse                                                 

               lb sec/lb at 1000                                               

               lb/sq.in.  175   200   210                                      

     (1) plasticizer. (2) processing aid. (3) vulcanizing agent.               

     (4) reinforcing aid. (5) vulcanizing agent.                               

     __________________________________________________________________________

PAR  Various changes and alternate arrangements may be made within the scope of
      the appended claims, in which it is our intention to claim all novelty
      inherent in the invention as broadly as the prior art permits.
CLMS
STM  We claim:
NUM  1.
PAR  1. A solid propellant charge for rocket motors consisting essentially of a
      formed vulcanized mixture of rubbery isobutylene-isoprene copolymer fuel
      binder in the proportion of 10-20% by weight and a solid inorganic strong
      oxidizing salt in the proportion of 80-90% by weight.
NUM  2.
PAR  2. The solid propellant charge of claim 1 wherein the oxidizer is ammonium
      nitrate.
NUM  3.
PAR  3. A solid propellant charge for rocket motors consisting essentially of a
      formed vulcanized mixture of rubbery isobutylene-isoprene copolymer fuel
      binder in the proportion of 5-25% by weight and a solid inorganic strong
      oxidizing salt in the proportion of 75-95% by weight.
NUM  4.
PAR  4. The solid propellant charge of claim 3 wherein the oxidizer is ammonium
      nitrate.
NUM  5.
PAR  5. A solid propellant charge for rocket motors containing a formed
      vulcanized mixture of rubbery isobutylene-isoprene copolymer fuel binder
      in the proportion of 5-25% by weight with a solid inorganic strong
      oxidizing salt in the proportion of 70-90% by weight and ferric oxide as a
      burning rate catalyst in the proportion of 1/2-10% by weight.
NUM  6.
PAR  6. A solid propellant charge for rocket motors containing a formed
      vulcanized mixture of rubbery isobutylene-isoprene copolymer fuel binder
      in the proportion of 5.25% by weight with an ammonium nitrate oxidizer in
      the proportion of 70-90% by weight and ferric oxide as a burning rate
      catalyst in the proportion of 1/2-10% by weight.
PATN
WKU  039322432
SRC  5
APN  5339383
APT  1
ART  161
APD  19741218
TTL  Cleaning and polishing compound for barrel and vibratory finishing of
      ferrous and non-ferrous metals
ISD  19760113
NCL  7
ECL  1
EXP  Powell; William A.
INVT
NAM  Chang; Edward H.
CTY  Burnsville
STA  MN
INVT
NAM  Nichols; Oliver D.
CTY  Burnsville
STA  MN
ASSG
NAM  Fremont Industries, Inc.
CTY  Shakopee
STA  MN
COD  02
RLAP
COD  72
APN  381359
APD  19730720
PSC  03
CLAS
OCL  156 20
XCL  134  3
XCL  134 23
XCL  252 794
EDF  2
ICL  C23G  136
FSC  134
FSS  3;23;32;33;38-41
FSC  156
FSS  2;18;20
FSC  252
FSS  79.1;79.2;79.4
FSC  260
FSS  980;951;978
UREF
PNO  2087230
ISD  19370700
NAM  Bigeon
XCL  156 19
UREF
PNO  3072515
ISD  19630100
NAM  Von Smolinski
OCL  156 20
UREF
PNO  3776985
ISD  19731200
NAM  Nehmsmann
OCL  260980
LREP
FR2  Haugen; Orrin M.
ABST
PAL  A formulation for the surface treatment of metal articles wherein the
      article to be treated is immersed and agitated in a working solution of
      the formulation. The formulation consists essentially of the
      esterification reaction product of phosphoric acid based upon P.sub.2
      O.sub.5 with an alkylphenol of either octylphenoxypoly (ethyleneoxy)
      ethanol or nonylphenoxypoly (ethyleneoxy) ethanol, and wherein the mol
      ratio of the reactants ranges from between about 1:3 up to about 3:4 of
      P.sub.2 O.sub.5 to alkylphenol.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present invention is a continuation-in-part of our copending
      application Ser. No. 381,359 filed July 20, 1973, and entitled "Cleaning
      and Polishing Compound for Barrel and Vibratory Finishing of Ferrous and
      Non-Ferrous Metals", now abandoned, and is related to our copending
      application Ser. No. 375,172, filed June 29, 1973, entitled "Polishing
      Compound for Barrel and Vibratory Finishing of Ferrous and Non-Ferrous
      Metals."
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the preparation of an improved
      partial phosphate ester formulation for the surface treating of metallic
      articles, including both ferrous and non-ferrous articles, wherein a
      single formulation may be employed for the concurrent operations of
      cleaning, de-greasing, de-scaling, and polishing of the article. Agitation
      of the metal articles is obtained in a conventional barrel or vibratory
      finishing machine wherein the articles are immersed and agitated through
      either tumbling or vibration, and may, in certain instances, be immersed
      in a media such as an abrasive media.
PAR  At the present time, various formulations of chemical compositions have
      been utilized for the purpose of conducting single operations on metal
      articles in order to achieve a desired surface finish. For example, those
      compositions most frequently employed include sodium or potassium
      hydroxide, phosphates, carbonates, silicates, clays, soaps, and the like.
      While each of these materials may perform certain of the operations in a
      functional fashion, such as, for example, either cleaning, de-greasing,
      de-scaling or polishing, the materials nevertheless required the use of
      multiple step treatment.
PAR  The quality of the finish obtained on the metal surface has been primarily
      influenced by the performance of the various soaps, primarily those soaps
      derived from animal tallow, coconut oil, or other triglycerides, with
      these materials having been utilized primarily in barrel or vibratory
      metal finishing machines.
PAR  As indicated, a plurality of individual steps has normally been required in
      order to obtain acceptable metal surface finishes. Soaps and
      soap-containing products frequently produce undesirable side effects due
      to their behavior in hard water, including the formation of soap scum with
      calcium bicarbonates, poor water rinsibility, slow polishing action, as
      well as a partial congealing of the cleaning medium. On some occasions,
      the free alkalinity present in the soap products due to the manufacturing
      techniques employed presented some difficulties in treating of certain
      surface finishes, such as aluminum.
PAR  As a result of these difficulties, many synthetic or natural metal
      finishing media have been utilized in order to accomplish a shortening of
      the processing time, as well as processing steps and operations required.
      These various materials which have been employed have been found, however,
      to be inadequate either for accomplishing the entire surface treatment
      operation in a single batch operation, or in accomplishing the task in a
      reasonable period of time.
PAR  Typically, a barrel finishing machine is an apparatus with either an open
      or closed hexagonal or similarly shaped enclosure. These finishing
      machines are available in varying sizes, depending upon the application,
      and are arranged to rotate in one operational direction at a controllably
      variable speed. The rotational speed is normally selected as a function of
      the compartment size, the volume of parts and weight present in the
      charge, as well as the media ratio being employed. Other parameters
      include the type of material utilized in the surface treatment material,
      the water volume present, as well as the processing time normally
      available.
PAR  Vibratory finishing machines, which are also conventionally employed,
      normally utilize an open housing or the like equipped with a variable
      speed drive arranged to oscillate the housing at a certain frequency,
      ranging for example, from several hundred of cycles up to several
      thousands of cycles per minute. The parameters present which determine the
      proper drive frequency include the compartment size, the type of parts as
      well as weight of parts present, the media ratio such as an abrasive media
      when employed, the type of material employed as the surface treatment
      composition, as well as the processing time available. Both barrel
      finishing machines and vibratory finishing machines are commercially
      available.
PAR  As has been indicated, several individual operations or steps are normally
      employed in order to achieve the desired surface finish. These steps are
      identified briefly as follows:
PA1  Step 1 -- Clean the product, including de-greasing, deburring and
      de-scaling (cleaning media optionally present).
PA1  Step 2 -- Rinse.
PA1  Step 3 -- Utilize neutralizer rinse in case de-scaling formulation
      employed.
PA1  Step 4 -- Rinse.
PA1  Step 5 -- Burnish or polish, media being optionally present.
PA1  Step 6 -- Rinse.
PAL  The above listing indicates the minimum steps required to obtain a polished
      effect on the surface of a metal part. The time required for each of these
      individual operations may vary from several minutes up to several hours,
      depending upon the condition of the non-treated product, the surface
      finish desired, and the nature of the finished product. In other words,
      the characteristics of the part being treated will normally determine the
      processing time.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a synthetic cleaning and
      polishing formulation is provided with soaplike physical properties, with
      the characteristics providing no adverse effects during use. In other
      words, the cleaning component is utilized as a substitute for those
      natural soaps which may be employed for mild applications but which is
      aggressive in its action on steel surfaces. The formulation further
      provides a finished product having a surface which is both stable to
      ordinary ambients, and is polished. The formulation makes it possible to
      achieve all of those steps indicated hereinabove, that is, Steps 1 through
      5, in a single batch operation, and in some instances, those operations in
      Steps 1 through 6.
PAR  Briefly, in accordance with the present invention, at least a partial
      esterification of an alkylphenol with P.sub.2 O.sub.5 is carried out
      wherein the alkylphenol is selected from the group consisting of
      octylphenol with the structural formula:
      ##SPC1##
PAL  wherein X is an integer having an average volume of between 1 and 30; and
      nonylphenol having the structural formula:
      ##SPC2##
PAL  wherein Y represents an integer having an average value of between 5 and
      13. The alkylphenols are reacted with P.sub.2 O.sub.5 in the form of
      anhydrous P.sub.2 O.sub.5, 105% polyphosphoric acid, or 115%
      polyphosphoric acid. The molar ratio of the reactants is preferably
      between 1:3 and up to 3:4 of P.sub.2 O.sub.5 /alkylphenol. The reaction
      conditions are normally carried forward for a period of from 3 to 5 hours
      at temperatures of from between 190.degree. - 210.degree.F.
PAR  Therefore, it is a primary object of the present invention to provide an
      improved formulation for use in an aqueous solution for surface treatment
      of metal articles, the working solution making it possible to clean,
      de-grease, deburr, de-scale, burnish and polish the article in a single
      processing operation.
PAR  It is a further object of the present invention to provide an improved
      formulation for the preparation of working solutions to clean and polish
      metal surfaces, with the formulation consisting essentially of the
      reaction product of alkylphenols such as octylphenoxylpoly (ethyleneoxy)
      ethanol and nonylphenoxypoly (ethyleneoxy) ethanol with various forms of
      phosphoric acid, and based upon P.sub.2 O.sub.5.
PAR  It is yet a further object of the present invention to provide an improved
      formulation which is particularly adapted for the preparation of working
      solutions to be employed in barrel finishing machines and vibratory
      finishing machines for the treatment of surfaces of metal articles.
PAR  It is yet a further object of the present invention to provide an improved
      formulation, particularly adapted for the treatment of the surfaces of
      metal articles, wherein the formulation is based essentially upon the
      reaction product obtained from an alkylphenol selected from the group
      consisting of octylphenoxypoly (ethyleneoxy) ethanol and nonylphenoxypoly
      (ethyleneoxy) ethanol.
PAR  Other and further objects of the present invention will become apparent to
      those skilled in the art upon a study of the following specification and
      appended claims.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In order to present the various formulations which find utility in
      accordance with the present invention, the following examples are
      provided:
PAC  EXAMPLE 1
PAR  A total of 1 mol of octylphenoxypoly (ethyleneoxy) ethanol having the
      structural formula:
      ##SPC3##
PAL  having the value of X selected to provide an average molecular weight of
      about 646 was utilized. Such material is commercially available from GAF
      Corporation, Chemical Division, of New York, New York, under the code name
      "Igepal CA-630". This alkylphenol was reacted with 0.75 mol of P.sub.2
      O.sub.5 of 115% H.sub.3 PO.sub.4 for a period of 4 hours at a temperature
      maintained between 190.degree. - 210.degree. F. A working solution
      containing 1% by weight of the reaction product in water was utilized to
      polish aluminum metal grommets of the type employed for athletic shoes.
      Good polishing performance was obtained in a period of approximately 1
      hour. As a control, a total of 6 hours of exposure to soap solutions was
      required to obtain an equally cleaned surface.
PAC  EXAMPLE 2
PAR  The reactants employed in Example 1 were selected with a total of 0.5 mol
      of P.sub.2 O.sub.5. These reactants were reacted for a period of 5 hours
      at temperatures ranging between 190.degree. - 210.degree. F. The analysis
      of the reaction product indicated some phosphoric acid being present. The
      product is useful in a 1% by weight working solution for polishing the
      surface of metal articles including ferrous and non-ferrous materials.
PAC  EXAMPLE 3
PAR  The individual reactants utilized in Example 1 were again employed with the
      P.sub.2 O.sub.5 being increased to 1.0 mol. This material is reacted for a
      period of 3 hours at temperatures from 190.degree. - 210.degree. F. This
      formulation is particularly adapted in a working solution at 1% by weight
      in water.
PAC  EXAMPLE 4
PAR  A total of 1 mol of octylphenoxypoly (ethyleneoxy) ethanol having the
      structural formula:
      ##SPC4##
PAL  having the value of X selected to provide an average molecular weight of
      about 646 was utilized. This alkylphenol was reacted with 0.75 mol. of
      anhydrous P.sub.2 O.sub.5 for a period of 4 hours at a temperature
      maintained between 190.degree. -210.degree. F. The reaction product was
      aimilar to that obtained in Example 1 hereinabove.
PAC  EXAMPLE 5
PAR  The individual reactants utilized in Example 1 were employed, with the
      exception being that 105% polyphosphoric acid was employed. A finished
      product having the same essential characteristics as was obtained with the
      reactants of Example 1 was obtained.
PAC  EXAMPLE 6
PAR  A total of 1 mol of an alkylphenol having the structural formula as set
      forth in Example 1, but having the value of X selected to provide a
      product with an average molecular weight of about 1086 was selected. This
      material was reacted with 0.75 mol of P.sub.2 0.sub.5 of 115% H.sub.3
      PO.sub.4 for 4 hours at temperatures maintained between 190.degree. -
      210.degree. F. This material is used in a 1% aqueous solution to provide a
      working solution with exceptional polishing performance on brass grommets.
      The polishing performance obtainable in 1 hour compared favorably with
      that obtainable with conventional soap when undertaken for a period of 4
      hours.
PAC  EXAMPLE 7
PAR  The reactants as set forth in Example 6 were employed to prepare a reactant
      mixture, with only 0.5 mol of P.sub.2 O.sub.5 being employed. This
      material was reacted for a period of 5 hours at temperature held between
      190.degree. - 210.degree. F., with the analysis of the reaction product
      indicating a substantially lower quantity of the free alkylphenol being
      present. This material is useful in a 1% working solution in water.
PAC  EXAMPLE 8
PAR  The reactants as set forth in Example 6 were employed to prepare a reactant
      mixture, with 1.0 mol of P.sub.2 O.sub.5 being employed. These reactants
      were reacted for a period of 4 hours at temperatures held between
      190.degree. - 210.degree. F. This reaction product may be employed in
      working solutions in concentrations as low as 0.25 percent, with 1 percent
      and greater concentrations normally being preferred.
PAC  EXAMPLE 9
PAR  A total of 1 mol of a nonylphenol having the structural formula:
      ##SPC5##
PAL  wherein Y has a value of approximately 9 was selected. Such materials are
      commercially available. This material was reacted for a period of 4 hours
      with a total of 0.75  mol of P.sub.2 O.sub.5 of 115 % H.sub.3 PO.sub.4.
      The reaction product is useful in a 1% working solution in water, and was
      found to provide a surface finish after exposure to steel punched parts
      equivalent to that obtainable with exposure to soap under similar
      treatment for a period of 3 hours. Since the alkylphenol portion has
      relatively low water solubility, it has been found to be quite aggressive
      in its initial response or action toward steel surfaces.
PAC  EXAMPLE 10
PAR  The reactants as set forth in Example 9 were employed, however, in this
      case with only 0.5 mol of P.sub.2 O.sub.5 being present. The reactants
      were reacted for a period of 5 hours at temperatures ranging from
      190.degree. - 210.degree. F., with the reaction product having an analysis
      with modestly lower quantities of ester and phosphoric acid being present,
      along with some free alkylphenol. The formulation is desirable for use in
      connection with surface treatment of steel products, particularly those
      having grease and scale present on the surfaces.
PAC  EXAMPLE 11
PAR  The reactants as set forth in Example 9 were again employed, with the
      P.sub.2 O.sub.5 content being increased to 1.0 mol. These reactants were
      placed in a vessel and reacted for a period of 4 hours at temperatures
      ranging between 190.degree. - 210.degree. F., with the resultant product
      having an analysis similar to that obtained in Example 9, but with a
      greater portion of phosphoric acid being present.
PAC  EXAMPLE 12
PAR  A total of 1 mol of a nonylphenol having the structural formula:
      ##SPC6##
PAL  was utilized wherein the value of Y was about 13, with such material being
      known as Nonoxynol 13, and was mixed with a total of 0.75 mol of P.sub.2
      O.sub.5 of 105% H.sub.3 PO.sub.4. These materials were reacted for a
      period of 4 hours at 190.degree. - 210.degree. F. and provided a reaction
      product useful in a 1% working solution in water. Excellent results may be
      achieved with steel punched parts.
PAC  EXAMPLE 13
PAR  When the individual parts to be treated are too large to be accommodated by
      self-tumbling or vibratory finishing, then a natural or synthetic solid
      inert media may be incorporated to cushion the parts during treatment.
      This is particularly true when parts are primarily non-symmetrical in
      their configuration. By way of natural or synthetic media, the following
      may be employed:
PA1  Pre-formed ceramic;
PA1  Plastic shapes;
PA1  wood or pine abrasives;
PA1  Random shaped fused aluminum oxide chips, or particles;
PA1  Abrasive powders or granules such as silica, pumice, aluminum oxide and
      others.
PAL  As is conventional in the art, an average ratio of approximately 3:1 media
      to workpiece is employed. For most metal parts, natural or synthetic media
      may be employed when the parts are heavily non-symmetrical or weigh more
      than approximately one-half pound each.
PAR  In this operation, the individual parts are placed within a tumbler with a
      ratio of 3:1 silica powder to workpiece, by weight. Thereafter, the silica
      is wetted with the formulation of Example 1, with the solution content
      being sufficiently low so as to permit continuous flow of the work and
      media. The treatment is otherwise, of course, the same as set forth in
      Example 1.
PAC  GENERAL DISCUSSION
PAR  The formulations as set forth in the above examples find utility in the
      treatment of metal articles prepared from iron, steel, stainless steel,
      aluminum, as well as with cooper and its zinc and tin containing alloys
      such as brass and bronze. The cleaning, rinsing, de-scaling, and other
      steps necessary prior to burnishing or polishing are accomplished in a
      single operation. When soaps are being employed for the polishing
      operation, a separate cleaning step is normally required in advance in
      order to prevent the redeposition of soils on the surface prior to the
      completion of the polishing operation.
PAR  Those products prepared in accordance with the procedures set forth in
      Examples 1-13, these multiple steps are eliminated and the processing time
      and steps are effectively shortened. It appears that the phosphate ester
      compounds are effective replacement products for animal or vegetable soaps
      which are in common use today. These selectively reacted phosphate ester
      compounds form a modest quantity of surface bubbles, comparable to those
      formed in connection with animal soap or vegetable soap products.
      Furthermore, these phosphate esters in acidic forms are effective
      petroleum oil emulsifiers, and hence are particularly adapted for use in
      connection with metallic parts prepared by conventional metal working
      techniques.
PAR  Chemically, the phosphate ester compounds prepared in accordance with the
      present invention contain reacted as well as unreacted acids, with these
      acids being present at certain concentrations in water which are
      sufficient to provide a micro-etch on the surface of the metallic articles
      being treated. This micro-etch occurs on both ferrous and non-ferrous
      metals and metal products. Upon being subjected to the micro-etch
      operations, the treated parts are more susceptible to the polishing
      operation which is, of course, occurring concurrently therewith. Since the
      phosphate esters prepared are strong oil emulsifiers, soils, once removed,
      do not redeposit on the surface of the articles during the polishing
      operation.
PAR  In Examples 1-13 hereinabove, the phosphoric acid constituent was indicated
      as being provided as the polyphosphoric acid. Obviously, the phosphoric
      acid, based upon P.sub.2 O.sub.5, may be provided in meta-phosphoric acid,
      orthophosphoric acid, as well as pyro-phosphoric acid, and anhydrous
      P.sub.2 O.sub.5. In other words, phosphoric acids are formed from the same
      oxide, P.sub.2 O.sub.5, by different degrees of hydration. In the present
      situation, as the degree of hydration increases, the reaction time as well
      as the reaction temperature should be modestly increased, with the same
      reaction product being formed.
PAR  The working solutions preferably contain from between about 1/4 percent up
      to about 10 percent of the reaction product. It has been found that if
      less than about 1/4 percent of the product is employed in the working
      solution, the times involved for completing the process become unusually
      long, as the formulation is essentially too dilute. When concentrations
      greater than about 10 percent of the reactant product in the working
      solution are employed, the surface of the metal article may become
      darkened due to the presence of substantial quantities of free acid. While
      the free acid is partially consumed in the operation, the presence is,
      nevertheless, a potential problem when greater than about 10 percent of
      the reaction product is employed.
PAR  These partial phosphate esters of alkylphenols selected from the group
      consisting of octylphenoxypoly (ethyleneoxy) ethanol and nonylphenoxypoly
      (ethyleneoxyl) ethanol have an exceptionally long shelf or tray life and
      are substantially resistant to extensive hydrolysis, under normal
      conditions.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of polishing the surface of a metal article which includes
      immersing and agitating the article in an aqueous solution comprising:
PA1  a. the reaction product obtained from the reactant mixture of an
      alkylphenol selected from the group consisting of an octylphenol having
      the structural formula:
      ##SPC7##
PAL  wherein X represents an integer having an average value of from between
      about 1 and 30; and a nonylphenol having the structural formula:
      ##SPC8##
PAL  wherein Y represents an integer having an average value of from between
      about 5 and 13; and phosphoric acid based upon P.sub.2 O.sub.5 in a molar
      ratio of between 1:3 and up to 3:4 of P.sub.2 O.sub.5 to alkylphenol.
NUM  2.
PAR  2. The method as set forth in claim 1 being particularly characterized in
      that said reaction product is contained in a working solution in the range
      of from between about 1/4 percent to about 10 percent.
NUM  3.
PAR  3. The method as set forth in claim 1 being particularly characterized in
      that said molar ratio is substantially 3:4.
NUM  4.
PAR  4. The method as set forth in claim 1 being particularly characterized in
      that said reactants are reacted at a temperature of between about
      190.degree. - 210.degree. F. for a period of between about 3 - 5 hours.
NUM  5.
PAR  5. The method as set forth in claim 1 being particularly characterized in
      that said method is employed in the polishing of the surfaces of metal
      selected from the group consisting of iron, steel, stainless steel,
      aluminum, copper and its zinc and tin alloys.
NUM  6.
PAR  6. The method as set forth in claim 1 wherein said phosphoric acid is
      polyphosphoric acid.
NUM  7.
PAR  7. The method as set forth in claim 1 being particularly characterized in
      that a solid inert cushioning media is added to said aqueous solution and
      immersed metal article.
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ABST
PAL  In making carbon bodies for lining aluminum reduction cells, an aggregate
      including carbon recovered from used linings of such cells is mixed with
      binder material incorporating an alkaline-catalyzable furan binder.
      Residual contaminant material in the recovered carbon acts as a catalyst
      for the furan binder, so that the binder-aggregate mixture constitutes a
      self-hardening carbon lining body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of carbon bodies for lining
      aluminum reduction cells, e.g. of the type wherein aluminum metal is
      produced from alumina by electrolysis of a fused electrolyte (frequently
      referred to as a bath) containing alumina and cryolite. More particularly,
      the invention is directed to methods of making lining bodies (including
      blocks and monolithic linings) incorporating carbon recovered from spent
      or used linings of such cells.
PAR  In a typical aluminum reduction cell (often called a pot), the carbon
      lining or potlining comprises a carbon structure which constitutes the
      interior side walls and bottom of the cell and is disposed as a very thick
      lining in a steel shell. This carbon lining functions as the cathode of
      the pot, usually by virtue of electrical connection to a multiplicity of
      steel cathode bars or the like embedded in the bottom portion, and as a
      result of current passed from one or more carbon anodes that extend
      downwardly into the bath, molten aluminum collects over the bottom and is
      withdrawn from time to time. The lining may be constructed of preformed
      carbon blocks, conventionally called prebake block, joined together with a
      carbon mix (e.g. particulate carbon with a suitable binder), or it can be
      made entirely of carbon mix suitably pressed into place, e.g. to form a
      completely monolithic structure, or it can be composed of various
      combinations of prebake blocks and monolithic carbon mass, for instance at
      different regions or layers.
PAR  Prebake blocks are conventionally formed by mixing a carbon aggregate with
      a conventional binder such as coal tar pitch or the like and hardening the
      mixture by baking in block form. Monolithic linings are made of similar
      mixtures also subjected to baking. Stated more generally, the lining
      (whether monolithic, or made wholly of partly of blocks) conventionally
      receives suitable heat treatment so that the carbon mix is baked in place
      and all the carbon becomes baked to a hard mass, before the cell is put in
      use.
PAR  During continuous operation of the reduction cell, the carbon lining is
      continually and progressively affected by the molten electrolyte and
      accompanying high temperature of the process, to the extent that the
      carbon lining absorbs a considerable quantity of material from the bath.
      Deterioration is an unavoidable consequence of the growth and disruption
      of the carbon structure, and final failure or near failure of the pot
      eventually occurs, being evidenced by such conditions as leakage of metal
      or molten bath, substantial distortion of the cathode structure, or iron
      pickup in the product metal. In particular, the carbon lining is
      penetrated by various materials and to varying degrees according to the
      age of the pot, the location of a given lining area in the sides or bottom
      and the specifically selected procedure and temperature of operation, as
      well as other factors.
PAR  The materials thus penetrating the lining may include molten metal, but
      chiefly comprise values (in combined form) of sodium and aluminum, usually
      including cryolite or other fluorides. The aluminum, except for its
      fluoride, carbide and nitride forms, is in considerable part present as
      aluminum oxide (alumina) and in some part as metal. Thus the bath
      ingredients, which are mainly cryolite (sodium aluminum fluoride) and
      alumina, with minor quantities of other salts such as fluorides of sodium
      and calcium as may be desired for special purposes, tend to be absorbed in
      their original or other combined states. Carbides and nitrides, notably of
      aluminum, are also formed during the aluminum reduction process, being so
      formed or deposited in the carbon lining. As is well known, a given pot
      will operate continuously for a rather long time, usually upwards of a
      year and often much longer, but eventually must be shut down, and have its
      carbon lining completely replaced.
PAR  Various procedures have heretofore been employed or proposed for the
      recovery of useful material from failed reduction cell linings. One such
      procedure, found particularly effective for recovery of useful carbon as
      well as fluoride and alumina values that can be reused in cells, is
      described in U.S. Pat. No. 3,635,408. In accordance with the process there
      disclosed, carbon lining removed after long, chemical-accumulating use in
      an aluminum reduction cell is crushed and hydrated with dry steam at a
      temperature insufficient to destroy the carbon, so that unwanted carbides
      and nitrides are eliminated and the lining material is conditioned for
      recovery of useful values, advantageously by classification thereafter
      into a coarse fraction providing carbon in reusable form and a fine
      fraction in which chemical material is reclaimed, such as alumina and
      fluorides suitable for use in the fused bath of a reduction cell.
PAR  As well be understood, carbon for potlining must be of relatively good
      quality and is therefore by no means inexpensive. Consequently, the
      process of the aforementioned patent is advantageous in recovering, from
      spent linings, carbon suitable for reuse in potlinings, i.e. as a
      substitute for conventional carbon lining material such as electrically
      calcined anthracite, kiln calcined anthracite, and metallurgical coke.
      Specifically, the recovered carbon may be used, either alone or in mixture
      with a proportion of conventional carbon lining materials such as those
      just mentioned, to constitute a carbonaceous aggregate (in suitable
      divided form) suitable for prebake blocks and monolithic linings.
      Desirable economy is achieved by the substitution of recovered carbon for
      some or all of the conventional new carbon material in such an aggregrate.
PAR  In accordance with conventional procedure, the aggregate comprising the
      recovered carbon (alone, or in mixture with new carbon material) is mixed
      with a conventional binder such as coal tar pitch, the binder constituting
      e.g. 16% of the mix, and baked to form hardened lining bodies. Although
      the recovered carbon contains residual contaminant chemicals, derived from
      the cell bath during its prior use in a reduction cell lining, the
      resultant bodies are found fully suitable for use as cell linings.
PAR  As stated, the dry-steam hydration procedure of the aforementioned patent
      is highly effective in providing a good recovery both of reusable carbon
      and of chemicals for the bath, but other hydration operations may
      alternatively be employed to treat spent lining material for recovery of
      carbon as well as re-usable chemicals therefrom, the recovered carbon
      material being in each case characterized by reduced content of undesired
      chemicals, in particular carbides and nitrides, as compared with the
      initial spent lining material.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention broadly embraces the discovery that highly
      satisfactory lining bodies for aluminum reduction cells can be made from
      an aggregate comprising carbonaceous material recovered by hydration of
      used aluminum reduction cell linings (i.e. an aggregate constituted of
      such material alone or in mixture with new carbon lining material) by
      mixing with the aggregate a binder material comprising an alkaline
      catalyzable furan binder. As used herein, the term "furan binder" refers
      to binder systems in chich furfuryl alcohol or furfural is one of the main
      constituents.
PAR  It is known that by adding a furan binder to an aggregate, and by supplying
      thereto an appropriate catalyst (which may be acid or alkaline, depending
      on the particular binder used), a catalytic polymerization of the furan
      binder occurs with the result that a hardened mass is formed. The present
      invention specifically involves the discovery that the contaminant
      chemicals present in recovered carbon as defined above (i.e. carbon
      recovered by hydration of aluminum reduction cell linings) act as a
      catalyst for alkaline-catalyzed furan binders so that upon mixture of such
      a binder with an aggregate comprising the recovered carbon, a
      self-hardening body is formed suitable for use in or as an aluminum
      reduction cell lining. That is to say, the furan binder polymerizes in the
      presence of the contaminant chemicals, without need for supply of any
      catalyst, and the mixture hardens (satisfactorily for lining use) without
      having to be baked at all.
PAR  Alkaline-catalyzed furan binders, suitable for practice of the present
      method, include furfural plus a phenol, furfural plus a ketone, and
      furfuryl alcohol plus an aldehyde and an amine. The furan binder may be
      mixed with a high-melting-point pitch e.g. blast furnace pitch, to form a
      binder material containing e.g. a ratio of furan binder to pitch, in parts
      by weight, between about 65:35 and about 50:50. This binder material is
      mixed with an aggregate comprising recovered carbon as defined above, to
      provide a mixture in which the binder material constitutes about 11% to
      about 14% (preferably about 12 - 13.5%) by weight.
PAR  In the practice of the present method, the binder material and aggregate
      may be mixed cold (i.e. at room temperature), shaped in suitable mold
      structure, and allowed to stand at room temperature for a period of time
      sufficient to effect complete curing. During this period, the furan binder
      is polymerized in the presence of the contaminant chemical content of the
      recovered carbon; it is presently believed that the contaminants which act
      as catalysts in this respect are or may include NaF, Na.sub.3 AlF.sub.6,
      and NaAlO.sub.2. In any event, fully effective catalytic action is
      achieved without supply of any catalyst, and a fully hardened block or
      other body, ready for use in an aluminum reduction cell lining, is thereby
      obtained without baking.
PAR  If the mixture is molded in block form, the resultant product may be used
      in the same manner as conventional prebake blocks to build up a lining.
      Alternatively, the mixture may be formed in situ as a monolithic mass, or
      a lining may be prepared which is monolithic in some places and made up of
      blocks in others.
PAR  In accordance with a further and particularly preferred feature of the
      invention, the recovered carbon is obtained by a process essentially as
      described in the aforementioned patent, i.e. by crushing used lining
      material from an aluminum reduction cell preferably to a size of less than
      about three-fourths inch, subjecting the crushed material to a dry steam
      hydration, e.g. at a steam pressure of about 15 to about 40 p.s.i. (gauge)
      and a temperature of about 250.degree. to about 400.degree.F for about
      four to about ten hours, or until carbides and nitrides in the used lining
      are substantially completely reacted and removed as gases and/or converted
      to desired chemicals, such reaction being accompanied by substantial
      disintegration of the lining material. At the conclusion of the hydrating
      step, the disintegrated material is screened, e.g. to separate a fine
      fraction smaller than one-sixteenth inch from a coarse fraction of
      particle size larger than one-sixteenth inch, the coarse fraction
      typically containing about 40 to about 90% by weight carbon, as well as
      residual contaminant chemicals. This coarse fraction is then employed as
      the recovered carbon in the aggregate in the method of the present
      invention. In a broader sense, however, the recovered carbon in the
      aggregate of the method of the invention may be obtained by treatment of
      used or spent potlining material with any suitable hydration procedure
      that removes undesired carbides and nitrides while leaving a substantial
      proportion of the carbon content of the material in re-usable form.
PAR  A particular advantage of the present method is that it provides reduction
      cell linings at reduced cost, as compared with linings prepared entirely
      from conventional new or fresh material. An additional advantage is that
      it usefully employs material which would otherwise constitute wastes, and
      which might indeed be a cause of environmental pollution if discarded. In
      particular, it is known that outdoor storage of scrapped potlinings may
      result in water pollution. The materials used come from replaceable
      sources, furan binders being produced from agricultural wastes and the
      carbon aggregate being produced from spent potlinings.
DETD
PAC  DETAILED DESCRIPTION
PAR  For purposes of illustration, and as representing a presently preferred
      embodiment of the invention, detailed reference will be made herein to
      preparation of a carbon aggregate comprising or incorporating carbonaceous
      material recovered from spent aluminum reduction cell linings by the
      method of the aforementioned U.S. Pat. No. 3,635,408. While one important
      purpose of that method is to recover, from spent lining material,
      chemicals such as fluorides and alumina suitable for introduction to a
      reduction cell bath, another very significant feature thereof is the
      recovery of carbon in form suitable for reuse in potlinings, with
      substantial elimination of undesired carbides and nitrides present in the
      spent linings.
PAR  The term "used aluminum reduction cell linings," as employed herein, refers
      to carbon linings (sometimes called cathode carbon), in monolithic and/or
      prebake block form, which have been employed in aluminum reduction cells
      for extended periods, i.e. in exposure to the cell bath typically
      containing cryolite and alumina, during electrolytic operation of the cell
      for production of aluminum metal, and which have in consequence absorbed
      substantial amounts of bath chemicals. In particular, the used linings
      herein contemplated are those which have deteriorated to the point of
      failure through such use, commonly after periods of use ranging upwardly
      of a year, and which have been broken out of the steel shell of a failed
      cell (after removal of the contained cell bath material) for replacement.
      In practice of the method of the above-cited patent, it is preferred to
      treat prebake block linings that have been in use for not more than about
      2,400 days (very preferably not more than about 1,800 days) or monolithic
      linings that have been in use for not more than about 1,200 days.
PAR  As described in the above-cited patent, the used lining material is crushed
      e.g. to a particle size of less than three-fourths inch, to yield a
      product mainly comprising particles down to one-eighth inch. This crushed
      material is then subjected to a dry steam hydration, preferably using live
      steam at a pressure of about 15 to about 40 p.s.i. (gauge) and a
      temperature of about 250.degree. to about 400.degree.F for a period,
      typically about four to about 10 hours, sufficient to achieve effectively
      complete reaction of carbides and nitrides present in the material. This
      hydration is performed by placing the crushed material in a suitably
      confined vessel and introducing live steam thereto from an appropriate
      source, all as described in the above-cited patent, to which reference may
      be made for a description of preferred or exemplary details of operation
      and process conditions. During the hydration, ammonia and hydrocarbons are
      evolved, respectively, incident to reaction of the contained nitrides and
      carbides; cessation of such gas evolution is a useful practical indication
      of completeness of the hydration step. It is a particular feature of the
      method that the hydration is performed at temperatures maintained below
      any level that would cause any significant destruction of carbon.
PAR  In general, the used, i.e. failed or spent carbon lining material, treated
      as fragments in the hydrator, consists essentially of (a) carbon; (b)
      unwanted material of the class consisting of aluminum carbide and nitride;
      and (c) chemical material of the class consisting of fluoride and oxide of
      aluminum, sodium and calcium, with some hydroxides if the removed lining
      has been exposed to hydration by the atmosphere for some time. Other
      chemical values may be present in minor amount, including aluminum metal,
      but substances from the above classes represent the principal materials of
      significance herein, one or more of which may be found in the failed
      lining. As will also be appreciated, the reactions to which aluminum
      carbide and nitride are subjected by the steam treatment, yield further
      quantities of aluminum hydroxide (alumina hydrate) or conceivably oxide,
      which thus in effect augment the defined class (c) of other chemical
      materials originally present in the lining.
PAR  When the hydration is completed, the treated lining material (as withdrawn
      from the vessel) is found to be sonsiderably disintegrated, particularly
      in yielding a greater amount of fine particles, and is classified by
      screening into a fine fraction and a coarse fraction. In a convenient or
      preferred example, the screening is performed so that the fine fraction is
      minus one-sixteenth inch and the coarse fraction is plus one-sixteenth
      inch. It is found that the fine (- one-sixteenth inch) fraction contains
      useful quantities of fluorides and alumina or alumina hydrate, together
      with some carbon, and may be supplied to the bath of an aluminum reduction
      cell (advantageously after burning out the carbon of the fines) for supply
      of these chemicals thereto.
PAR  The coarse (+ one-sixteenth inch) fraction constitutes recovered carbon,
      free (as is also the fine fraction) of carbides and nitrides at least in
      deleterious amounts, and suitable for use in reduction cell lining bodies.
      In general, the particles or pieces of this coarse fraction consist, on
      the average, of at least 40% carbon, usually amounts of at least 50 up to
      90% (all composition percentages here and elsewhere herein being expressed
      as percent by weight). The remaining content of the coarse fraction is
      residual contaminant material from the used lining, and may consist of
      retained fluorides (e.g. up to 20%) and other chemicals (essentially
      oxides or hydroxides, mostly of aluminum, e.g. up to 30%), the total
      chemicals being in all cases the balance over the carbon content. In a
      typical example, containing about 46% by weight residual chemicals, this
      recovered carbon (i.e. incorporating residual chemical material) has an
      alkalinity corresponding to 5% NaOH. The alkalinity of the recovered
      carbon is dependent on the relative amounts of carbon and residual
      contaminant matter present therein. The relative quantities of carbon and
      chemicals depend on the age and nature of the lining being processed, the
      higher proportions of carbon being found in material from newer pots
      and/or prebake lined pots.
PAR  In one example (set forth in the above-cited patent) of treatment of used
      prebake lining from an aluminum reduction cell that had been in service
      721 days, the composition of the used lining as removed from the pot was
      as follows: 0.3% nitrides, 1.5% carbides, 39% other chemicals, 59% carbon.
      After hydration and classification, the coarse (+16 mesh) fraction of the
      treated material was found to contain approximately 53% carbon, the
      balance being essentially fluorides, alumina and alumina hydrate.
PAR  In other examples, recovered carbon (herein defined as carbonaceous
      material obtained by hydration of used aluminum reduction cell linings)
      from linings having an age (period of service) ranging from 921 to 3,200
      days, was found to have the following chemical analysis in percent by
      weight:
TBL                           Al.sub.2 N.sub.2                                 

                                      Al.sub.4 C.sub.3                         

     C        Na  F   Ca  Ash (1) (2) (1) (2)                                  

     __________________________________________________________________________

     Typical                                                                   

          54.0                                                                 

              12.0                                                             

                  13.0                                                         

                      2.0 40.0                                                 

                              &lt;2.0                                             

                                  &lt;0.1                                         

                                      &lt;2.0                                     

                                          &lt;0.1                                 

     High 62.9                                                                 

              16.0                                                             

                  15.2                                                         

                      3.6 46.5                                                 

                              1.8  0.3                                         

                                      4.5  0.2                                 

     Low  44.2                                                                 

               4.5                                                             

                   9.3                                                         

                      0.8 35.4                                                 

                              0.1 &lt;0.1                                         

                                      0.1 &lt;0.1                                 

     __________________________________________________________________________

      (1) before hydration                                                     

      (2) after hydration                                                      

PAR  Properties of this recovered carbon, in the lastmentioned examples, were as
      follows:
TBL                          Mean                                              

                             Crystal-                                          

                             lite       Interlayer                             

     Density       Porosity  Thickness  Spacing                                

     (g/cm.sup.3)  (%)       L.sub.c A  A                                      

     ______________________________________                                    

     Typical 2.35      11.7      376      3.365                                

     High    2.38      14.1      440      3.370                                

     Low     2.24      10.7      352      3.360                                

     ______________________________________                                    

PAR  Preferably, for use as an aggregate for making blocks or other lining
      bodies for use in lining an aluminum reduction cell, the recovered carbon
      (e.g. the coarse, or + one-sixteenth inch, fraction of the hydrated used
      lining material) is further ground as necessary to provide a desired
      paticle size distribution such as the following, which may be taken as
      exemplary of a suitable particle size range for such aggregates:
TBL                    Percent of                                              

     Tyler Mesh        Cumulative Weight                                       

     ______________________________________                                    

      3                 9-10                                                   

      4                21-24                                                   

      6                25-37                                                   

      8                27-44                                                   

     10                29-45                                                   

     14                34-45                                                   

     20                39-47                                                   

     28                49-52                                                   

     35                57-58                                                   

     48                63-64                                                   

     65                70-71                                                   

     100               77-78                                                   

     150               81-82                                                   

     200               84-86                                                   

     ______________________________________                                    

PAL  In explanation of the foregoing table, the percentage figure given for each
      mesh size represents the percent, of the total aggregate, that would be
      retained on a screen of the stated mesh size; thus, for example, 34 to 45%
      of the total aggregate is +14 mesh.
PAR  The present method, as stated, contemplates use of an aggregate comprising
      recovered carbon (i.e. used aluminum reduction cell lining material,
      treated as by the above-described hydration, and containing residual
      contaminants in the nature of fluorides, oxides, etc., all as set forth
      above) in making blocks or other bodies, for lining aluminum reduction
      cells. In such aggregate, there may be present a substantial portion of
      fresh carbon lining material, e.g. such as is conventionally used in the
      fabrication of reduction cell linings; that is to say, the recovered
      carbon may, if desired, be mixed with fresh carbon material (for example
      electrically calcined anthracite, kiln calcined anthracite, or
      metallurgical coke) to constitute the aggregate, which is ground as
      necessary to provide a desired particle size distribution such as that set
      forth above by way of example. In any event, at least a substantial part
      (i.e. at least about 50%) of the particulate carbonaceous aggregate
      consists of the recovered carbon from used aluminum reduction cell linings
      and thus contains the residual contaminants introduced thereto by such
      prior use.
PAR  In accordance with the invention, and as a particular feature thereof,
      there is mixed, with the above-described carbonaceous aggregate, binder
      material comprising an alkaline-catalyzable furan binder, e.g. in mixture
      with a high-melting-point pitch such as blast furnace pitch. Furan binders
      as contemplated herein, suitable for use in the present invention, include
      the following:
PA1  a. furfural plus a phenol; specific example: furfural and phenol;
PA1  b. furfural plus a ketone; examples: furfural and acetone, or furfural and
      cyclohexanone;
PA1  c. furfuryl alcohol plus an aldehyde and an amine; specific example:
      furfuryl alcohol and formaldehyde and urea.
PAL  One currently commercially available alkaline-catalyzable furan binder,
      having utility in the present method, is that obtainable from Quaker Oats
      Company under the commercial or trade designation "QX-362." It is
      presently believed that the principal constituents of this binder are
      furfural and cyclohexanone, although some furfuryl alcohol may also be
      present.
PAR  In furan binders of the type herein contemplated, the binder constituents
      (e.g. furfural and cyclohexanone) react in the presence of an alkaline
      catalyst to form a resin that, in mixture with an aggregate, acts as a
      binder providing a hardened body. The catalytic polymerization reaction
      involved requires no external application of heat. In the present
      invention, it is found (contrary to the usual situation of formation of
      resin-aggregate bodies from such binders) that no catalyst need be
      supplied to the binder-aggregate mixture, owing to the inherent alkalinity
      of the recovered carbon material, i.e. because the residual contaminants
      inherently present in the recovered carbon of the aggregate (owing to
      previous use of the recovered carbon in aluminum reduction cell linings)
      themselves constitute the catalyst required for the resin-forming
      reaction.
PAR  Thus, stated broadly, the invention contemplates forming lining bodies for
      aluminum reduction cells by mixing a carbonaceous aggregate comprising
      recovered carbon and binder material comprising an alkaline-catalyzable
      furan binder, without adding thereto any catalyst, and curing the mixture
      (e.g. by allowing the mixture to stand at room temperature) for reacting
      the binder in the presence of contaminants in the recovered carbon as
      catalyst, to produce a hard, solid carbon body. The aggregate, as stated,
      may include new carbon material (up to about 50% by weight of the total
      aggregate) in mixture with the recovered carbon; and the binder, which
      constitutes a minor proportion of the total binder-aggregate mixture, may
      include a high-melting-point pitch such as blast furnace pitch together
      with the furan binder. Bodies made by this method, i.e. without addition
      of catalyst and also without baking (as has heretofore been customary for
      formation of lining bodies), develop physical properties fully
      satisfactory to enable their use as or in aluminum reduction cell linings.
PAR  This method of the invention may be further described, for purposes of
      specific illustration, with reference to the manufacture of sidewall
      blocks for reduction cells, i.e. blocks (corresponding to conventional
      prebake blocks) which are preformed and used in constructing side wall
      linings for aluminum reduction cells. In a suitable mixture for making
      such blocks in accordance with the present invention, using an aggregate
      comprising recovered carbon and having a particle size distribution e.g.
      as specified above, the binder material (furan binder and pitch) may
      constitute about 11% to about 14% (preferably about 12 - 13.5%, a value of
      12.5% being presently especially preferred) of the total binder-aggregate
      mixture. The ratio of furan binder to pitch in the binder material, in
      parts by weight, may typically be between about 65:35 and about 50:50, a
      value of about 60:40 being presently especially preferred. The pitch used
      may be blast furnace pitch, and the aforementioned "QX-362" material may
      be used as the furan binder. The stated ranges of binder content of the
      aggregate-binder mixture, and of furan binder to pitch ratio, are
      advantageous for avoidance of undue susceptibility of produced sidewall
      blocks to structural damage before curing, or to cracking when rapidly
      heated.
PAR  More generally, references herein to "high melting point pitch" are
      exemplified by pitch having a softening point of e.g. about 160.degree.C.
      In this connection it may be explained that in present practice, it is
      preferred to provide the pitch in finely divided (-48 mesh size) form for
      mixture with other ingredients of the aggregate-binder mixture, to ensure
      satisfactory distribution of the pitch throughout the mix and thorough
      contact with the furan binder. Use of high melting point pitch enables
      grinding of the pitch to the desired size without agglomeration of the
      ground particles. An important function of the pitch is to prevent
      excessive structural delicacy of the produced blocks before curing.
PAR  In an illustrative procedure, 1,800 lbs. of aggregate and 270 lbs. of
      binder material (162 lbs. of furan binder and 108 lbs. of pitch) are used
      to make ten solid sidewall blocks each having a final dimension of 22
      inches .times. 16 inches .times. 61/2 inches. The aggregate and blast
      furnace pitch are first mixed cold (at room temperature) for ten minutes
      in a suitable mixer. The furan binder is then added to the mixer, and the
      mixing operation is continued for 40 minutes more. When mixing is
      completed, the mixture is deposited in suitable oil-lubricated molds
      (which may, if desired, be preheated e.g. to about 40.degree.C) and
      subjected to jolting by a conventional jolting procedure, e.g. for a
      period of about 10 minutes. Thereafter, the blocks are gently removed from
      the molds and allowed to stand on a plane surface at room temperature for
      a period of time sufficient to effect complete curing, e.g. about one
      week. The blocks are then trimmed to final dimensions, and dried with an
      air jet.
PAR  Blocks made by the described method exhibit physical properties at least
      comparable to those of conventional prebake blocks. The density of several
      blocks prepared by procedures generally similar to those set forth above
      ranged from 1.93 g/cm.sup.3 to 2.06 g/cm.sup.3. Two linings made of blocks
      prepared by the foregoing procedure were still in service, in aluminum
      reduction cells, after eight months and three months respectively; cell
      operation was good, with no indication of excessive side erosion from
      freeze profile measurements.
PAR  It is to be understood that the invention is not limited to the features
      and embodiments hereinabove specifically set forth, but may be carried out
      in other ways without departure from its spirit.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making lining bodies for aluminum reduction cells,
      comprising adding binder material comprising an alkaline-catalyzable furan
      binder to a carbonaceous aggregate comprising carbon material recovered
      from used, chemical-containing carbon lining of an aluminum reduction
      cell, said carbon material containing residual contaminant material from
      the used lining, for reacting said furan binder with said residual
      contaminant material acting as catalyst to produce a hardened carbon body,
      said binder material being added in a proportion equal to between about
      11% and about 14% of the total weight of the aggregate and the binder, and
      consisting essentially of furan binder and pitch respectively present in
      relative proportions, by weight, between about 65:35 and about 50:50, said
      furan binder consisting essentially of furan binder constituents that
      react in the presence of an alkaline catalyst to form a resin that, in
      mixture with an aggregate, acts as a binder providing a hardened body,
      said furan binder being selected from the class consisting of a furfural
      plus a phenol, furfural plus a ketone, and furfuryl alcohol plus an
      aldehyde plus an amine, and said pitch being a high melting point pitch.
NUM  2.
PAR  2. A method according to claim 1, wherein said pitch is blast furnace
      pitch.
NUM  3.
PAR  3. A method according to claim 1, wherein said aggregate further comprises
      fresh carbon in mixture with said recovered carbon material, and wherein
      said recovered carbon material constitutes at least about 50% of said
      aggregate.
NUM  4.
PAR  4. A method of lining an aluminum reduction cell, comprising
PA1  a. intimately mixing a minor proportion of binder material including an
      alkaline-catalyzable furan binder with a major proportion of a
      carbonaceous aggregate comprising carbon material recovered from used,
      chemical-containing carbon lining of an aluminum reduction cell, said
      carbon material containing residual contaminant material from the used
      lining, for reacting said furan binder with said residual contaminant
      material acting as catalyst; and
PA1  b. disposing a body of the mixed aggregate and binder in an aluminum
      reduction cell as a lining therefor;
PA1  c. said binder material being added in a proportion equal to between about
      11% and about 14% of the total weight of the aggregate and the binder, and
      consisting essentially of furan binder and a high melting point pitch
      respectively present in relative proportions, by weight, between about
      65:35 and about 50:50, said furan binder being selected from the class
      consisting of furfural plus a phenol, furfural plus a ketone, and furfuryl
      alcohol plus an aldehyde plus an amine.
NUM  5.
PAR  5. A method according to claim 4, wherein the disposing step comprises
PA1  i. maintaining the mixed aggregate and binder in intimate mixture, in
      plural discrete formed bodies, for a period of time sufficient for
      reaction of the furan binder as aforesaid to harden the bodies as blocks;
      and
PA1  ii. assembling the blocks in a lining for an aluminum reduction cell.
NUM  6.
PAR  6. A method of making lining bodies for an aluminum reduction cell,
      comprising
PA1  a. hydrating used, chemical-containing carbon lining of an aluminum
      reduction cell for recovering therefrom carbon material containing
      residual contaminant material from the used lining; and
PA1  b. adding, to a major proportion of an aggregate comprising said carbon
      material, a minor proportion of binder material comprising an
      alkaline-catalyzable furan binder or resin-forming reaction of said furan
      binder in the presence of said residual contaminant material as catalyst,
      to harden the mixture of aggregate and binder material;
PA1  c. said binder material being added in a proportion equal to between about
      11% and about 14% of the total weight of the aggregate and the binder, and
      consisting essentially of furan binder and a high melting point pitch
      respectively present in relative proportions, by weight, between about
      65:35 and about 50:50, said furan binder being selected from the class
      consisting of furfural plus a phenol, furfural plus a ketone, and furfuryl
      alcohol plus an aldehyde plus an amine.
NUM  7.
PAR  7. A method according to claim 6, wherein the hydrating step includes
      treating fragments of said used lining in a confined region with dry steam
      at a temperature insufficient for substantial reaction of carbon in the
      region, for a sufficient time to exert disintegrating influence on said
      used lining and to convert same into form capable of treatment for
      classification by particle size to yield a fine fraction containing
      chemical material derived from the chemical content of the used lining and
      a coarser fraction of material which contains carbon.
NUM  8.
PAR  8. A method according to claim 7, further including separating said coarser
      fraction from said fine fraction, said coarser fraction constituting said
      carbon material.
NUM  9.
PAR  9. A method of making lining bodies for aluminum reduction cells,
      comprising
PA1  a. treating used carbon lining of an aluminum reduction cell that has
      contained a molten bath, said used lining containing carbon, unwanted
      material of the class consisting of aluminum carbide and nitride, and
      chemical material of the class consisting of fluoride, oxide and hydroxide
      of aluminum, sodium and calcium, by crushing said used lining, treating
      the crushed lining in a confined region with dry steam for converting the
      unwanted material to gaseous product and to material which is of the class
      of aluminum oxide and hydroxide and which augments said chemical material
      in the crushed lining, while maintaining the crushed lining at a
      temperature insufficient for substantial reaction of carbon in the region
      and while withdrawing said gaseous product from the region, to yield a
      substantially dry, particulate used lining product classifiable by
      particle size into a fine fraction, which contains chemical material of
      the aforesaid class, and a coarser fraction, which contains carbon in
      amount of between about 40% and about 90% by weight of its composition and
      also contains residual contaminant material from the used lining;
PA1  b. separating said coarser fraction from said fine fraction, for forming an
      aggregate comprising said coarser fraction;
PA1  c. adding, to a major proportion of said aggregate, a minor proportion of
      binder material comprising an alkaline-catalyzable furan binder; and
PA1  d. maintaining, in a desired shape, said aggregate and said binder material
      in intimate mixture for resin-forming reaction of said furan binder in the
      presence of said residual contaminant material, to harden the mixture of
      aggregate and binder material as a body having the desired shape;
PA1  e. said binder material being added in a proportion equal to between about
      11% and about 14% of the total weight of the aggregate and the binder, and
      consisting essentially of furan binder and a high melting point pitch
      respectively present in relative proportions, by weight, between about
      65:35 and about 50:50, said furan binder being selected from the class
      consisting of furfural plus a phenol, furfural plus a ketone, and furfuryl
      alcohol plus an aldehyde plus an amine.
NUM  10.
PAR  10. A method as defined in claim 9, wherein said pitch is blast furnace
      pitch.
NUM  11.
PAR  11. A method as defined in claim 10, wherein said aggregate further
      includes fresh carbon material in an amount of not more than about 50% by
      weight of said aggregate.
NUM  12.
PAR  12. A method as defined in claim 10, wherein said binder material consists
      essentially of said furan binder and said pitch in relative proportions,
      by weight, of about 60:40, said binder material being added to said
      aggregate in an amount equal to about 12.5% of the combined weight of
      binder and aggregate.
NUM  13.
PAR  13. A method according to claim 4, wherein said pitch is a pitch having a
      melting point sufficiently high to enable grinding of the pitch in solid
      state to -48 mesh particle size without agglomeration of the resultant
      ground pitch particles.
NUM  14.
PAR  14. A method according to claim 6, wherein said pitch is a pitch having a
      softening point of at least about 160.degree.C.
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ABST
PAL  Decorative sheet materials such as foamed vinyl floor coverings comprising,
      preferably, a base or substrate such as asbestos felt, a layer of foam or
      cellular resin material on the base having portions of different thickness
      providing a relief pattern, the foam of the lands having relatively large
      cells and the foam of the valleys being crushed and having smaller cells
      with cell walls bonded to each other, a layer of non-cellular transparent
      resin material overlying both the land and valley areas of the relief
      pattern, and a printed color pattern or design being provided between the
      foam resin layer and the transparent resin layer, with colored areas of
      the pattern or design in accurate registration with and/or predetermined
      relation to the crushed or valley areas of the foam layer. In addition to
      the relief and color patterns, the product may also have a third pattern
      effect in registration with the relief and color patterns, i.e., a pattern
      of different light reflective characteristics at the exposed surface of
      the transparent layer. Apparatus and method for producing the covering
      materials according to the invention are also disclosed.
PARN
PAR  This is a division of application Ser. No. 78,878, filed Oct. 7, 1970, now
      U.S. Pat. No. 3,741,851, which is in turn a continuation-in-part of
      application Ser. No. 821,409 filed May 2, 1969 and now U.S. Pat. No.
      3,655,312.
BSUM
PAR  This invention relates to decorative sheet materials and is particularly
      concerned with surface covering materials, such as floor coverings,
      incorporating a foamed resin layer, a printed decoration and further
      having an embossed pattern effect in registration with and/or
      predetermined relation to the printed pattern. In a typical product of
      this general kind, the foamed layer is applied to a base or substrate,
      usually a felt base and in addition a transparent wear layer is applied at
      the top of the product.
PAR  Certain techniques are already known for producing a product of the general
      kind here described having printed and embossed patterns in registration
      with each other. According to one such prior operation (see for example
      Maass U.S. Pat. No. 3,408,248 issued Oct. 29, 1968 and assigned to the
      assignee of the present application) the foamable material is initially
      applied and gelled in areas of different thicknss and printing is then
      applied in a manner providing pattern registration with the lands and
      valleys of the foamable layer. This product is ultimately heated to expand
      or develop the foam.
PAR  According to another such prior operation (see for example Rugg U.S. Pat.
      No. 3,458,337 issued July 29, 1969 and assigned to the assignee of the
      present application) the foamable layer applied to the base is formulated
      to contain both a blowing agent and a catalyst for lowering the
      decomposition temperature of the blowing agent and in the color printing
      operation an agent is applied in selected pattern areas adapted to
      deactivate the catalyst. Upon subsequent heating to develop the foam, the
      foaming agent is selectively decomposed only in the imprinted areas,
      thereby producing a relief pattern effect in registration with the printed
      pattern.
PAR  Various mechanical embossing techniques are also known, but heretofore it
      has not been fully satisfactory or practical to produce a relief pattern
      effect in registration with a printed pattern on a foamed type of surface
      covering material by the use of embossing rolls. Because the foamed layer
      has some appreciable thickness and is also a yielding or compressible type
      of material, it has been very difficult to maintain accurate registration
      between the embossing roll and the printed pattern. In addition, because
      the embossment of a foamed layer results in collapse of the air or gas
      cells within the foam structure, difficulties have been encountered in
      embossing foamed material as a result of the forcible displacement of the
      gas from the foam cells, which has sometimes tended to create blisters
      within the product. This has been particularly troublesome where the
      product, as is customary, also has an impervious top wear layer applied
      over the print decorated foamed layer. In such cases the mechanical
      embossing has tended to develop blistered or wrinkled areas in the top
      wear layer as a result of the displacement of the gas from the collapsing
      cells in the areas compressed by the embossing.
PAR  The invention has as its major objective the provision of decorative sheet
      materials, especially decorative floor coverings having improved
      characteristics and properties. More particularly it is an object of the
      invention to provide a novel form of foam or cellular floor covering
      having not only a color pattern, but also a relief or embossed pattern in
      registry with and/or predetermined relation to the color pattern and
      having distinctive properties, characteristics and advantages including
      certain advantages not heretofore attainable with any known products of
      this general type.
PAR  For example, the present invention provides for production of foam products
      with deeper embossing than is obtainable with prior techniques for
      producing a relief effect in registration with a printed pattern carried
      on a foamed layer. This is of especial importance in connection with the
      production of products in which the foam is of relatively high density
      and/or in which the foam layer is of relatively great thickness.
      Heretofore it has been difficult with the so-called chemical embossing
      techniques to produce products having deep embossing where the foam layer
      is either relatively thick or is of relatively high density, or where the
      top transparent wear layer is relatively thick.
PAR  As a further example, while certain prior products have had relief and
      color patterns in registration with each other, products of the present
      invention may have three visual pattern effects in registration with each
      other, namely a relief pattern, a color pattern and a pattern of different
      light reflective characteristics at the exposed surface of the product.
PAR  As a still further example, products of the present invention may be
      provided having valley areas of different height or thickness from other
      valley areas by use of a suitable embossing roll. Yet another example
      resides in the provision of products in which some or all of the land
      areas are color printed and some or all of the valley areas are unprinted.
      It will thus be understood that references herein to a relief or embossed
      pattern being in registry with a color pattern are inclusive of products
      in which valley areas coincide with or are coextensive with color patterns
      and products in which valley areas are devoid of color patterns, i.e. the
      relief or embossed pattern is always in predetermined location or position
      relative to the color pattern and may overlap therewith.
PAR  Various other distinctive characteristics and advantages of the products of
      the present invention will appear more fully as this description proceeds.
PAR  In achieving the objectives of the present invention, it is preferred to
      employ mechanical embossing according to the method and apparatus
      disclosed in our copending application above identified, including the
      unique embossing roll drive system shown in the prior application for
      ensuring accurate registration (i.e. predetermined relation) of the
      embossed pattern with a previously applied color pattern, notwithstanding
      the presence of the foam layer in the product. Moreover, the method and
      apparatus of said prior application also eliminate the problem of
      wrinkling or blistering heretofore encountered in efforts to mechanically
      emboss foamed products. It will be understood that other means may be
      employed for mechanical embossment in registry with a previously applied
      color pattern in producing the products of this invention.
DRWD
PAR  How the foregoing objects and advantages are attained will appear more
      fully from the following description referring to the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagrammatic illustration of an apparatus for continuously
      advancing a web of a base or substrate through a series of treatments
      including application of a foamable coat, gelling the foamable coat, and
      printing;
PAR  FIG. 2 is a diagrammatic illustration of an apparatus for continuously
      advancing a coated and printed web produced in accordance with FIG. 1
      through additional treatment steps including application of a clear top
      coat, heating to develop the foam and fuse the resin materials, and emboss
      the foamed layer in registration with the printing;
PAR  FIG. 3 is a view of portions of embossing and backing rolls employed in the
      embossing operation diagrammatically illustrated in FIG. 2, together with
      one example of mechanism for interconnecting the embossing and backing
      rolls and for regulating the peripheral surface speed of the embossing
      roll;
PAR  FIG. 3a is a fragmentary plan view of certain of the parts shown in FIG. 3,
      taken as indicated by the section line 3a--3a on FIG. 3;
PAR  FIG. 4 is a view of various parts taken as indicated by the line 4--4 on
      FIG. 3;
PAR  FIG. 5 is a view of various parts taken as indicated by the line 5--5 on
      FIG. 3;
PAR  FIG. 6 is a greatly enlarged longitudinal sectional view through portions
      of the embossing and backing rolls forming the embossing nip and
      illustrating the embossing action upon the product being passed through
      the nip;
PAR  FIG. 7 is a diagrammatic view illustrating certain gearing and drive parts
      employed in the embodiment of the equipment shown in the other figures;
      and
PAR  FIG. 8 is a photomicrograph of a section of a typical product according to
      the present invention, this view being magnified approximately 18 times.
DETD
PAR  In considering the drawings, it is first pointed out that FIGS. 1-7
      inclusive are derived from our copending application above identified.
      These figures, together with description thereof which follows illustrate
      and describe apparatus and method for producing a typical product
      according to the invention, as is illustrated in FIGS. 6 and 8.
PAR  Before considering the characteristics, properties and advantages of the
      present invention, reference is first made herebelow to FIGS. 1-7, and
      thereafter additional description will be given with particular reference
      to FIG. 8.
PAR  Turning now to the diagrammatic illustrations of FIGS. 1 and 2, for
      purposes of the present description, it is assumed that the product being
      made is a floor covering comprising a base in the form of a felt, such as
      asbestos felt, and that the floor covering is made up by applying coatings
      to the felt, including a foamable polyvinyl chloride resin layer, a
      printed decoration, and a transparent top or wear layer, also comprising
      polyvinyl chloride resin material.
PAR  In FIG. 1 the felt base employed is supplied in the form of a web from a
      roll 8. The web, indicated in these diagrammatic figures by the letter W
      is fed through a festoon accumulator FA and then to a reverse roll coater
      9 which serves to apply a foamable resin layer, preferably comprising
      polyvinyl chloride resin material incorporating a dispersed blowing agent.
      The web then passes through oven 10 serving to gel the coating applied at
      9. From the oven the web passes over the cooling rolls 11 and then into
      another festoon accumulator in advance of delivery of the web to the
      printing equipment. Four stages of printing 12, 13, 14 and 15 are shown
      and it is here assumed that in each printing stage a rotogravure printing
      operation is performed, the four stages being provided for multi-colored
      effects. After passing through another festoon accumulator the web may be
      wound up as indicated at 16.
PAR  This roll 16 of the web may then be placed in the supply position (toward
      the left) in FIG. 2 and the web is fed from the roll through a festoon
      accumulator and then to a reverse roll coater 17 employed to apply a clear
      polyvinyl chloride resin wear layer to the product over the printing. From
      the coater 17 the web passes through an oven 18 where it is heated
      sufficiently to decompose the blowing or foaming agent and thus develop
      the foam, and also fuse the resin materials of the foam layer and top or
      wear layer. Upon leaving the oven the web passes through a roll embosser
      19 whhich is arranged adjacent to the delivery end of the oven 18
      sufficiently close to the discharge end of the oven so that the product is
      still in a relatively hot condition and may therefore more readily be
      subjected to the embossing action.
PAR  After delivery from the embosser the web passes over cooling cans or rolls
      indicated at 20 and, after passing through a festoon accumulator, the
      finished product is rolled up as indicated at 21.
PAR  Although two separate runs are indicated in FIGS. 1 and 2, it should be
      understood that, if desired, all of the operations may be performed in a
      single pass of the web. Moreover, if desired, more than two passes may be
      utilized.
PAR  While it is preferred for floor coverings to employ a base such as asbestos
      felt, it is pointed out that for various decorative sheet materials other
      kinds of bases may be used, for instance a paper web. Indeed, for some
      purposes the product may be formed upon a temporary base such as release
      paper or a smooth metal or other surface which may then be stripped from
      the product before use. It should also be understood that certain products
      embodying some features of the invention may be made without a top or
      transparent wear layer, although such a layer is preferred for floor
      coverings and for providing a protective or other function in other uses.
PAR  Before turning to the equipment illustrated in FIGS. 3 to 7 inclusive, it
      is mentioned that it is contemplated according to the present invention
      that the rolls of the roll embosser 19 are rotated under the influence of
      the web being drawn through the nip between the embosser rolls, rather
      than being driven from a separate source of power as in various prior art
      embossers. For this purpose the cooling rolls 20 are desirably driven,
      thereby serving to advance the web through the embossing nip.
PAR  With the foregoing in mind, attention is now directed to FIGS. 3 to 7 which
      illustrate in greater detail the roll embosser and appurtenant equipment.
      The roll embosser basically comprises two rolls, one of which, indicated
      at 22, is a roll provided with lands and valleys according to the embossed
      or relief pattern desired. The other roll, indicated at 23, is a backing
      roll, preferably a smooth surfaced roll. The embossing nip is provided
      between these two rolls, and the embossing roll 22 engages the top side of
      the product, (on which the foamed layer, pattern printing, and top wear
      layer are applied)  and the underside of the base or felt web is engaged
      by the surface of the backing roll 23.
PAR  As best seen in FIGS. 3 and 4, the embossing and backing rolls 22 and 23
      are mounted by means of suitable frame or support elements 24. Bearing
      blocks 25 cooperating with the shaft 26 of the embossing roll rotatively
      mount the embossing roll in fixed position on the support elements 24. The
      shaft 27 of the backing roll 23 is mounted by means of bearing blocks 28
      carried by a pair of arms 29 which are pivoted at 30 on the supports 24.
      The position of the free ends of the arms 29 and thus of the backing roll
      23 is controlled by a pair of hydraulic piston and cylinder devices such
      as indicated at 31. These hydraulic devices control the pressure of
      engagement of the web in the nip between the embossing and backing rolls.
      Thus, the embossing is effected at constant roll pressure, there being no
      limiting stop establishing a constant nip or roll spacing.
PAR  From FIG. 2 it will be seen that as the web W advances from the oven 18 to
      the roll embosser, the web passes over and under a pair of guide rolls 32
      and, after passing under idler roll 33, over the roll 23 and into the
      embossing nip. The web is retained in engagement with a large portion of
      the periphery of the backing roll 23 by means of the second idler roll 33,
      and after passage over the roll 33 the web is fed to the cooling rolls 20
      which, as above noted, serve to draw the web through the embossing nip.
PAR  FIG. 2 also diagrammatically illustrates a known form of "dancer" roll
      assembly 33a which serves to establish or maintain uniformity of tension
      in the web W as it passes through various parts of the equipment. Because
      the back surface of the web is maintained in contact with the backing roll
      23 throughout a substantial portion of the peripheral surface thereof, the
      backing roll is caused to rotate at a peripheral surface speed
      substantially identical with the speed of the web surface in contact
      therewith. In accordance with the preferred practice of the invention,
      this interengagement of the web and the backing roll constitutes the only
      driving means for the backing roll. Moreover, as will now be explained, it
      is further contemplated according to the invention that this driving force
      which is transferred from the web to the backing roll is the principal
      source of drive employed to rotate the embossing roll 22.
PAR  Power is transmitted from the backing roll 23 to the embossing roll 24 by
      power transmission mechanism which may take a variety of forms but which
      incorporates means for varying the peripheral surface speed of the
      embossing roll with respect to the peripheral surface speed of the backing
      roll. One form of equipment for accomplishing this purpose is illustrated
      in FIGS. 3, 5 and 7, as described just below.
PAR  The backing roll shaft 27 is connected through a coupling 34 and through a
      universally jointed shaft section 35 with the shaft 36 journaled on
      supporting elements 24 in a horizontal position. The universally jointed
      shaft section 35 accomodates the vertical adjustment movement of the
      backing roll 23 under the influence of upward and downward swinging of the
      arms 29 when the hydraulic cylinders 31 are actuated. Shaft 36 carries a
      spur gear 37 meshing with a spur gear 38 which in turn is mounted on the
      shaft 39 journaled on supporting framing. Shaft 39 is in turn associated
      with the planetary gear mechanisms generally indicated at 40 with which
      the shaft 41 is also associated, the latter being connected through
      coupling device 42 with the shaft 26 of the embossing roll.
PAR  The essential parts of the planetary gearing unit 40 are illustrated in a
      diagrammatic manner in FIG. 7. Here it will be seen that the shaft 39
      carries a sun gear 43 and that the shaft 41 carries a sun gear 44, the two
      shafts 39 and 41 not being directly connected within the transmission unit
      40 but being connected only through the gearing associated with the sun
      gears 43 and 44. Gear 43 meshes with gear 45 and gear 44 meshes with gear
      46, the gears 45 and 46 both being keyed to shaft 47 which is journaled in
      the rotative structure illustrated in FIG. 7 as a disc 48. Since the
      structure 48 is rotative about the common axis of shafts 39 and 41, gears
      45 and 46 are planet gears which are orbitally movable about the common
      axis of the sun gears 43 and 44. Preferably the transmission unit includes
      several sets of planet gears, three being typical, and it will be noted
      that toward the right of the disc 48, just below the shaft 41, another
      planet gear 46a appears, this being mounted upon the shaft 47a. The shaft
      47a, like the shaft 47 would also carry a gear meshing with the sun gear
      43 and the shaft 47a would be journaled in the rotative structure 48. A
      third such set of planet gears would be arranged in equi-spaced relation
      about the circumference of the sun gears 43 and 44, but these parts are
      broken out in FIG. 7 for the sake of simplifying and clarifying the
      illustration of the gearing arrangements.
PAR  The rotative structure 48 which carries the planetary gears may be either
      held stationary or may be turned in one direction or the other by means of
      the chain 49 cooperating with the sprocket teeth 50 formed at the
      periphery of the structure 48.
PAR  As will clearly be seen from inspection of FIG. 7, rotation of the backing
      roll 23 under the influence of motion of the web, as above described, will
      cause rotation of shaft 36 and gear 37 and this in turn will rotate gear
      38 and shaft 39. If the rotative structure 48 is held stationary, the
      shafts 47 of the pairs of planet gears will not revolve around the common
      axis of the shafts 39 and 41, but the sun and planet gears 43, 45, 46 and
      44 will transmit driving force from the shaft 39 to the shaft 41 which, in
      turn, will rotate shaft 26 and thus the embossing roll 22. Thus, if the
      rotative structure is held stationary, the relation of the peripheral
      surface speed of the embossing roll to the peripheral surface speed of the
      backing roll will depend upon the relative sizes of the gears 37 and 38
      and also upon the relative sizes of the sun and planet gears of the
      transmission unit 40.
PAR  It is contemplated according to the present invention that the rotative
      structure 48 of the transmission unit 40 be controlled by some adjustable
      power means, and the equipment herein described and illustrated for this
      purpose includes another planetary gearing unit indicated generally in
      FIGS. 3 and 3a at 40a, this unit being of essentially the same basic
      construction as the unit 40, incorporating sun and planet gears such as
      those described above with reference to FIG. 7 and including also a
      mounting structure 48a for the planet gears. Since the unit 40a is
      essentially the same as unit 40, the description thereof will not be
      duplicated. However, the connection of this unit in the system is
      described, as follows.
PAR  Chain 49 which regulates the motion of the mounting structure 48 for the
      planet gears of the unit 40 is controlled by a sprocket 51 mounted on
      shaft 52 which is one of the shafts provided with a sun gear in the
      transmission unit 40a. Shaft 53, arranged coaxially of the shaft 52,
      carries the other sun gear of the transmission unit 40a. As seen in FIGS.
      3, 3a and 5, shaft 53 is adapted to be driven through a variable speed
      power drive mechanism indicated generally at 54 and including a speed
      reducing unit 54a, driven by shaft 54s, the connection between the speed
      reducing unit and the shaft 53 including the coupling 54b. Unit 54 is
      desirably provided with a speed control 54c  adjustable to approximate the
      correction desired in the drive of the embossing roll 22 from the backing
      roll 23, as is explained more fully hereinafter.
PAR  The rotative planet gear mounting structure 48a of the unit 40a has
      sprocket teeth 50a with which the chain 55 cooperates, the chain 55 also
      meshing with sprocket 56 mounted on the shaft 57 which is driven by the
      fixed speed geared driving motor 58. The motor 58 is preferably a
      reversible power unit controlled, for example, by the push buttons of the
      manual control 59, so that the direction of rotation of the mounting
      structure 48a for the planet gears of the transmission unit 40a may be
      intermittently operated in either direction of rotation.
PAR  It should be understood that various drive and transmission units may be
      employed for the purposes of the present invention, the mechanism herein
      illustrated representing one preferred embodiment. The essential purposes
      and operational characteristics contemplated by the invention are
      described herebelow and may be achieved by the mechanism described and
      illustrated and also by other mechanisms or arrangements capable of
      achieving the same operational characteristics as described.
PAR  The herein referred to problem of embossment in registry with a previously
      printed pattern on a running length of foamed material has been heretofore
      a major obstacle confronting industry. Various factors may influence the
      registration problem, including creepage of the web, shrinkage or
      stretching of the product being made, the thickness and density of the
      foam being embossed, the overall thickness of the product and other
      factors. For example, printing is done under normal room conditions so
      that the felt backing may vary in moisture depending on the temperature or
      humidity at the time. As the felt emerges from the oven prior to
      embossing, however, it is hot and in a bone dry state and since the sheet
      dimensions are influenced by moisture content, it is usually different
      from what it was at the time of printing. Temperature differences alone
      cause changes from thermal expansion. Sheet dimensions, particularly in
      the direction of travel, are influenced by the tension on the web which is
      difficult to control since the hot foam cannot be pinched between rolls
      that would be necessary to regulate the tension prior to embossing.
      Tension between cylinders in the printing operation also results in
      differences between the length of a rotogravure repeat compared to that on
      the base coat at a different tension condition. There are other reasons
      for the variation in color pattern position and dimension and the
      inconsistency of error. Consequently, it is relatively rare to find that
      the color pattern on the sheet entering the embossing roll is the same
      dimension and/or position as that on the embossing roll in the direction
      of sheet travel.
PAR  Some of the above factors may require increase in speed of the embossing
      roll in order to maintain registration, and other factors may work in the
      opposite sense. Thus, although controlling factors are ordinarily such as
      to require increase in the peripheral surface speed of the embossing roll,
      a reduction in peripheral surface speed is needed under some
      circumstances. The increase or decrease in peripheral surface speed here
      mentioned represent increase or decrease in relation to the peripheral
      surface speed of the backing roll.
PAR  In connection with the production of decorative surface covering material
      in accordance with the present invention, it is here pointed out that a
      printed pattern applied by the printing stages 12-15 inclusive as
      illustrated in FIG. 1 provides for the repetition of the printed pattern
      at predetermined intervals along the length of the web. It is further
      contemplated that the embossing roll 22 be provided with lands and valleys
      conforming with at least some portions of the printed pattern, and in a
      typical embodiment of the equipment, the embossing roll 22 has a
      circumference which is evenly divisible by the length of the predetermined
      printed pattern which is repeated at intervals along the web. In the
      preferred embodiment, the circumference of the embossing roll is equal to
      the distance between adjacent points of repetition of the printed pattern.
      This is preferably accomplished by use of an embossing roll 18 inches in
      circumference, which is representative of a commonly employed pattern
      repeat. Printing rolls used with such 18 inch pattern repeat are
      preferably 36 inches in circumference.
PAR  In an illustrative operation with printing and embossing rolls of 36 and 18
      inch circumference respectively, and with the embossing roll rotated
      merely by virtue of engagement with the web, it is found that if the
      pattern on the embossing roll is in registration with the printed pattern
      on the web at a starting point, upon advancement of the web by 18 inches,
      the next starting point of the pattern on the embossing roll will not
      return to engagement with the web until about one-eighth inch, for
      example, beyond the point where the printed pattern commenced its
      repetition, due to skrinkage of the web. Because of this, in such
      illustrative operation, in order to maintain registration of the embossing
      roll with the printed pattern, it is necessary to provide for rotation of
      the embossing roll at a peripheral surface speed higher than that of the
      backing roll, notwithstanding the fact that the pattern repeat on the
      printing and embossing rolls are both of equal dimension
      circumferentially.
PAR  In this illustrative operation here under consideration it will therefore
      be seen that it is necessary, in order to maintain registration of the
      embossing roll with the printed pattern, to increase the speed of rotation
      of the embossing roll, by automatic or manual control means above that
      which would be established as a result of rotation of the embossing roll
      merely by virtue of engagement of the web with the backing roll driving
      the embossing roll. This prevents a cumulative drift error resulting from
      small repetitive errors.
PAR  It is contemplated according to the present invention that the correction
      required by way of increase or decrease in speed of the embossing roll be
      effected by the drive unit 54 for rotating the input shaft 53 of the
      transmission unit 40a, thereby providing for a continuous approximate
      corrected speed of rotation of the support 48 (through connecting parts
      52, 51 and 49) for the planet gears 45 and 46 of the transmission unit 40
      which of course will also result in correction of the speed of the
      embossing roll 22.
PAR  The speed of rotation of the output shaft 52 of the unit 40a is also
      controllable under the influence of the intermittent operation of the
      reversible drive unit 58 by actuation of manual control 59. Thus, shaft 57
      of this drive unit carries sprocket 56, and chain 55 is connected with
      sprocket 50a rotating with support 48a for the planet gears of the unit
      40a. It is contemplated according to the invention that this intermittent
      control 59 be employed as an adjustment means by which the operator may
      compensate for minor deviations from registration. Control 59 can also be
      used to correct irregularities, for example, as a result of a splice in
      the web. Although this monitoring or intermittent adjustment can be
      effected under the control of electro-optical means observing or sensing
      the printed pattern or one or more index marks on the front or back of the
      web or selvage thereof in predetermined relation to the repeated printed
      pattern as it passes a given point, it can also be controlled merely by an
      operator adjusting the control 59 in accordance with his visual
      observation of the registration as the web leaves the embossing rolls.
PAR  In considering another aspect of the process and equipment employed in the
      present invention, it is again pointed out that in certain prior attempts
      to utilize embossing rolls for embossing a resinous foam, difficulty has
      been encountered because of tendency to produce wrinkles or blisters in
      the material being embossed. This has been especially true in attempts to
      utilize embossing rolls upon a resinous foam surface covering material
      having a sustantially impervious, usually transparent, resin wear layer
      overlying the foam. The origin of this problem apparently lies in the fact
      that the embossing action crushes the foam and results in collapse or
      deflation of foam cells in the areas underlying the lands of the embossing
      roll. The gas or air from these collapsed or deflated cells is forced or
      driven laterally under the surface layer of the product into areas in
      registry with the valleys of the embossing roll. This action has created
      problems with wrinkling and blistering, thereby damaging the decorative
      effects sought to be secured.
PAR  According to the present invention the foregoing difficulty has been
      overcome by employment of an embossing roll of the type somewhat
      diagrammatically illustrated on an enlarged scale in FIG. 6. Here the
      backing roll is indicated at 23 and the embossing roll at 22. The product
      being embossed is here shown as including a felt web W on which a foamed
      resin layer 9a covers or is laminated to the web and having a printed
      decoration (now shown) and also an overlying transparent resin wear layer
      17a.
PAR  The lands of the embossing roll such as indicated at 22a in FIG. 6 serve to
      produce the valleys in the embossed pattern being imparted to the product
      and in doing so these lands crush the underlying foam and collapse the
      foam cells, as is indicated more or less diagrammatically in FIG. 6,
      resulting in deflation of the cells and lateral dissipation of the gas
      from the collapsed cells into the areas underlying the valleys 22b of the
      embossing roll.
PAR  Examination of FIG. 6 will show that these valleys 22b of the embossing
      roll are not in contact with the surface of the product being embossed and
      it is contemplated according to the present invention that valleys be
      provided in the embossing roll adjacent to the lands thereof, which
      valleys are of sufficient depth to avoid contact with the product. In
      considering the importance of this it is to be noted that if the valleys
      of the embossing rolls snugly engaged the product or exerted some pressure
      upon the product, this would restrict the lateral dissipation of the gases
      from the collapsed foam cells underlying the lands of the embossing roll
      and in consequence would tend to produce blisters or wrinkles. According
      to the present invention it has further been found that this tendency
      toward blistering or wrinkling can be overcome by providing valleys in the
      embossing roll of depth sufficient to avoid restriction of the lateral
      dissipation of the gases in the foam layer lying beneath the impervious
      top wear layer of the product. This also eliminates any compression of the
      foam in the land areas with a consequent decrease in the foam thickness.
PAR  With the arrangement above described a substantial area of the product,
      even up to about 25%, may be embossed to form valleys, without
      encountering blistering or other difficulties.
PAR  The depth of embossing in products according to the invention is such as to
      provide valleys having a thickness between about 25% and 75% of the
      thickness of the fully foamed lands. Preferably the valleys are less than
      50% of the thickness of the lands. Further, suitable variations in the
      heights of the different land areas on the embossing roll enable
      production of products having corresponding reverse variations in the
      thickness of the different valley areas within the above ranges.
PAR  Before considering various of the characteristics and advantages of the
      products reference is made to a typical production operation which is only
      illustrative and not to be regarded as limitative. All parts, quantities
      and proportions referred to herein and in the appended claims are by
      weight unless otherwise indicated.
PAR  In an illustrative operation according to the present invention, the
      foamable composition applied to the web, for instance by the reverse roll
      coater indicated at 9 in FIG. 1, may be formulated as follows:
PAR  For each 100 parts of resin (homopolymer dispersion PVC (polyvinyl
      chloride) resin of 2.05 relative viscosity):
TBL                           Parts                                            

     ______________________________________                                    

     Butylbenzyl phthalate                                                     

     (plasticizer)              56.00                                          

     Mineral spirits            4.25                                           

     Epoxidized soya oil        6.4                                            

     Titanium dioxide           7.4                                            

     Azodicarbonamide (blowing agent)                                          

                                2.5                                            

     Zinc octoate (8% zinc)                                                    

      (stabilizer, blowing agent                                               

      catalyst)                 2.225                                          

     ______________________________________                                    

PAR  This foamable coating is then gelled, but without decomposing the foaming
      agent, by passage through the oven 10 shown in FIG. 1, and after cooling
      of the web the printed pattern is applied as indicated at 12, 13, 14 and
      15.
PAR  The clear top coating applied by the reverse roll coater 17 in FIG. 2 may
      be formulated as follows:
PAR  For each 100 parts of a high molecular weight homopolymer dispersion PVC
      resin of 2.65 relative viscosity:
TBL                           Parts                                            

     ______________________________________                                    

     Dioctyl phthalate          35.0                                           

     Epoxidized soya oil        7.0                                            

     Polyethylene glycol monolaurate                                           

                                0.8                                            

     Light stabilizer           5.0                                            

     High boiling mineral spirits                                              

                                18.0                                           

     ______________________________________                                    

PAR  The oven 18 shown in FIG. 2 then serves to fuse the resin materials and
      decompose the blowing agent uniformly throughout the area of the product.
      Thereafter the web is passed while still hot, for instance while at a
      temperature of from about 225.degree.F., to about 325.degree.F., through
      the embossing nip as fully described above.
PAR  Backing roll 23 is preferably cooled by water circulation to a temperature
      below about 200.degree.F., and the embossing roll 22 may also be cooled.
      Cooling of the backing roll will assist in "freezing" the embossed design.
PAR  It will be understood that the invention is useful in connection with
      products made with a variety of resin materials capable of yielding a
      flexible, resilient foam, although for purposes of floor coverings the
      polyvinyl chloride resin materials are preferred, especially plastisols or
      dispersion grades of such polyvinyl chloride resin materials. In general,
      the resins used are preferably thermoplastic resin materials, including
      elastomers, the thermoplastic characteristic being desirable because when
      the foam of such resins is embossed or crushed, the crushed cell walls
      will adhere to each other and will thus retain the desired embossed
      configuration, when the embossing is applied at elevated temperatures, as
      is contemplated.
PAR  In addition to the polyvinyl chloride resin materials, copolymers of
      polyvinyl chloride with polyvinyl acetate or polyvinylidene chloride may
      be used, and still other resins may be used, for instance various of the
      polyolefins, such as polyethylene or polypropylene. Polystyrene resins are
      also usable, and elastomers such as various synthetic and even natural
      rubbers, particularly those having thermoplastic characteristics.
PAR  The foam layer may or may not incorporate a pigment or other coloring
      material, and various different plasticizer and stabilizer systems may be
      used, as will be understood.
PAR  Although it is preferred to develop the foam layer by the use of a blowing
      or foaming agent such as azodicarbonamide, the foaming may be accomplished
      with other such agents and/or in other ways, even by mechanical frothing
      of the resin material prior to fusing or curing of the resin.
PAR  It is of advantage in the technique of the present invention that the foam
      is embossed by mechanical means, rather than by a chemical system of
      embossing. Because the chemical systems rely upon reaction of an inhibitor
      with the blowing agent or of some agent with, and serving to suppress the
      action of, a catalyst for the blowing agent, or some other chemical
      reaction, only certain blowing agents or systems can be utilized. In
      contrast, in the mechanical embossing technique of the present invention,
      greater latitude is afforded in the selection of the blowing agent and
      blowing system, because the mechanical embossing is effective to produce
      the desired relief pattern in the foam layer, regardless of the specific
      way in which the foam was developed.
PAR  The employment of the mechanical embossing technique of the present
      invention also has other advantages in producing the desired embossed
      products, as compared with chemical embossing. For example, when producing
      a product having a relatively thick foam layer by the chemical embossing
      techniques, it is frequently necessary to store the product after printing
      with the chemical embossing ink in order to provide time for the
      penetration of the ink into the foamable layer. In contrast, with the
      present process there is no necessity for any interval of storage
      following the printing of the color pattern.
PAR  In addition, with chemical embossing, if any error has been made in the
      printing of the embossing ink, this will not show up until after the
      product has been fed through the oven for effecting blowing and for fusing
      the resin materials, and this sometimes results in considerable waste of
      material. In contrast, with the mechanical embossing technique of the
      present invention, an error in the embossing, such as an error in
      registration, will be immediately apparent and may be corrected without
      appreciable waste of product.
PAR  Another advantage of the mechanical embossing technique of the present
      invention as compared with chemical embossing is that with the use of
      rotogravure printing rolls in chemical embossing, the doctor blade
      associated with each roll ordinarily leaves a thin film or veil of the
      inhibitor-containing embossing ink on the lands of the roll, and the
      transfer of this thin film of ink to the product diminishes the blowing or
      foaming action and the foam height in areas where it was not intended. In
      contrast, in the present process, the printing inks do not contain any
      inhibitor or other agent acting to diminish the blowing, in view of which
      it is of no consequence if a thin film or veil of the ink remaining on the
      lands of the roll is transferred to the product, and relatively increased
      foaming and foam heights are attained.
PAR  With the mechanical embossing process of this invention it is also easier
      to register an embossing (compressing) effect in a clear or uncolored or
      unprinted area of the product, as compared with chemical embossing
      techniques.
PAR  The mechanical embossing technique of this invention has still another
      favorable contrast with chemical embossing. Thus, when printing the
      decorative color pattern upon the foamable layer of the product, it is
      sometimes desirable to preliminarily apply a uniform smooth resin coating
      upon the foamable layer to serve as a smooth base on which to print the
      color pattern, this being especially desirable where the color pattern to
      be printed has features which are intricate and fine-lined. When this is
      done with chemical embossing techniques (in which the embossing ingredient
      is also incorporated in the ink), it is necessary for the embossing
      ingredient or agent to penetrate the resin layer intervening between the
      foamable layer and the printing and this sometimes results in ineffective
      penetration and therefore impairment of the desired chemical embossing
      effect. This problem is completely eliminated by the employment of the
      mechanical embossing process of this invention.
PAR  Products produced by the method and apparatus fully described above have
      many distinctive and desirable characteristics and properties.
PAR  In the first place, when formed, as is preferred, of polyvinyl chloride
      resin materials, the product has desirable cushioning and heat insulating
      characteristics and also has excellent wear resistance. Moreover,
      notwithstanding that the products are of the foam type, the products are
      characterized by highly accurate registration between color pattern and
      mechanical embossing pattern.
PAR  A cross section of a typical product according to the invention is
      illustrated in the photomicrograph of FIG. 8. The typical product here
      shown is formed on an asbestos felt base W about 0.035 inch in thickness.
      The foam layer 9a overlies the top surface of the felt base and the
      transparent wear layer 17a overlies the foam layer. The foam layer has
      land areas, such as that underlying the arrow 9L, having a thickness for
      example of about 0.035 inch. In the photomicrograph a valley area appears
      under the arrow 9V and it will be seen that in the valley area the resin
      foam has been crushed and deflated, thus being appreciably thinner than
      the foam in the land areas, for instance about 0.020 inch in thickness.
PAR  The clear resin top or wear layer 17a is non-cellular and is of uniform
      thickness through both the land and valley areas of the product. Although,
      in the photomicrograph, this layer appears dark, it will be understood
      that it is actually clear or sufficiently transparent to disclose the
      underlying printed pattern.
PAR  Although the foam in the valley areas is crushed and the cells collapsed or
      deflated, so that the physical structure in the foam layer is different
      from the physical structure of the foam in the lands areas, the entire
      foam layer is nevertheless chemically homogeneous and therefore of uniform
      chemical properties in relation to both the underlying felt base and the
      overlying wear layer.
PAR  Various of the physical or structural differences in the valleys of the
      foam layer as compared with the land areas can be understood from analysis
      of the mechanical embossing technique used in making the product, and
      various of these differences may also be seen in the photomicrograph of
      FIG. 8. The mechanical embossing or crushing of the foam in the valley
      areas is ordinarily sufficient to cause some of the cell walls in the
      valley areas to collapse and become fused or adherent to each other, and
      since the foam structure preferably comprises thermoplastic resin material
      and is relatively hot at the time of embossing, this condition will remain
      in the product, so that in the valley areas it may be said that the foam
      structure is permanently partially collapsed, flattened or deformed. In
      the valley areas the cell structure appears somewhat like a honeycomb
      structure, as compared with the much more widely open cells which are
      present in the land areas. It will also be understood that in the valley
      areas the foam structure has a higher density than in the land areas.
PAR  Because of the fact that the embossing is effected by pressure contact of
      the lands of the embossing roll with the valley areas of the product,
      thereby crushing the cell structure of the valley areas, while the land
      areas of the product remain free from contact with the embossing roll, the
      product of the present invention may, if desired, have a third visual
      pattern effect in registration with the embossed pattern and the color
      pattern, thereby providing a unique combination of registered pattern
      effects not present in any other foamed surface covering product. This may
      be explained as follows:
PAR  Since the surface of the valley areas is in contact with lands of an
      embossing roll in the last stage of the production, while the lands of the
      product remain out of contact with the embossing roll, it is possible to
      develop a different surface characteristic at the exposed side of the
      transparent wear layer in the valley areas, as compared with the land
      areas.
PAR  For example, the light reflective characteristics of the land areas and the
      valley areas may be different. As one example of such varying surface
      characteristics which the product may display, reference is made to the
      use of an embossing roll having land areas which are textured, and to
      appropriate regulation of operating conditions including embossing roll
      temperature, which make it possible to impart a corresponding textured
      surface characteristic to the valley areas of the product having lower
      light reflection than the surfaces of the land areas. This may be used to
      provide a closer representation of the normal contrast between mortar
      joints and tile in a product simulating a tile floor. Similarly, it may be
      used to advantage in products simulating brick flooring and other types of
      flooring in which mortar joints between stone chips, tile or bricks are
      simulated.
PAR  Graining or texturing the land surfaces of the embossing roll may also
      produce some other differences in the reflective or refractive
      characteristics of the valley areas as compared with the land areas. While
      these surface characteristics may not ordinarily constitute a dominant
      influence in the overall visual effect of the product, nevertheless in
      certain types of patterns, these surface effects in registry with the
      embossing and color patterns can add unique and pleasing characteristics
      to the overall appearance of the product. Effects of this type may be
      accentuated by employing an embossing backup roll having a rubber or other
      yielding surface, instead of a steel surface.
PAR  Products according to the present invention may be made in a wide variety
      of designs, both with respect to the printing pattern and also with
      respect to the embossing pattern, and throughout such pattern variations
      accurate registration may be maintained between color pattern areas and
      areas in which the foam layer of the product is crushed.
PAR  It is also possible with variations in embossing rolls employed to provide
      products of a wide range of characteristics with respect to delineation of
      the embossment. Greater flexibility in this respect is possible with
      products of the present invention, as compared with products produced by
      certain prior techniques, for example the so-called chemical embossing
      techniques, which latter under most circumstances tend to produce sharply
      delineated embossments.
PAR  With certain types of patterns including intricate and narrow valley areas,
      a product according to the present invention having valley areas with
      rounded rather than sharp edges is of advantage with respect to floor
      cleaning operations and floor waxing operations, because cleaning is more
      readily effected and there is less tendency for wax to accumulate in the
      valleys. Well rounded, rather than sharp valley areas are clearly
      indicated in the photomicrograph of FIG. 8.
PAR  Somewhat rounded rather than sharp edged valleys also tend to minimize
      abrasive wear, tearing or other deformation of the product, as by shoe
      heels, particularly with certain types of embossing patterns where the
      valley areas are relatively broad.
PAR  The product of the present invention is also of advantage in certain types
      of products because the products may be characterized by deeper embossing
      and/or thicker foam than is practicable to develop with certain prior
      techniques, such as the chemical embossing techniques. For example, in
      products having relatively dense foam, i.e., having relatively low content
      of foaming agent, and also with a product having a relatively thick foam
      layer, the present process is more practicable to provide a product having
      relatively deeper valleys than with chemical embossing techniques. High
      density products are preferred for certain product designs, in order to
      overcome the tendency of the wear layer of the product to pucker, wrinkle
      or blister when the product is rolled face inwardly upon a mandrel or in a
      shipping roll.
PAR  It should be apparent from the above that no claim is made to invention in
      the individual components of the products of this invention and that the
      base layer, foamable resin layer, color material and pattern, and
      transparent resin layer may be formulated in accordance with well known
      and previously published procedures and materials. Thus, although the base
      layer has been described with specific reference to an asbestos felt
      layer, any flexible base sheet may be employed, fibrous or non-fibrous,
      felted or woven, organic or inorganic, natural or synthetic. A fibrous
      base layer is operative containing for example fibers having a basis of
      wood, cotton and other vegetable or cellulose content, wood, paper, or
      wool although a non-fibrous base layer may be employed for some purposes
      such as metal foil, plastic film, etc. When fibrous, the base layer also
      is preferably united by means of a resin binder. A preferred base layer
      for example is an asbestos felt containing or impregnated with a neoprene
      or styrene-butadiene copolymer binder. Similarly, the base layer may carry
      a surface sizing or smoothing coat such as for example an
      ethylacrylate-styrene copolymer, an ethylacrylatemethylmethacrylate
      copolymer, latex, etc. In general, the base layers, base layer binders and
      sizing, priming or smoothing coats, foamable resin layers, blowing agents,
      plasticizers, stabilizers, pigments, coloring materials, and transparent
      resin layers disclosed in U.S. Pat. Nos. 3,293,094 and 3,458,337 are
      operative herein.
PAR  This invention has been disclosed with respect to certain preferred
      embodiments and it will be understood that modifications and variations
      thereof will become obvious to persons skilled in the art and are intended
      to be included within the spirit and purview of this application and the
      scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing sheet material comprising a layer of cellular or
      foamed resin material having a mechanically embossed relief pattern in a
      surface thereof and being of substantially uniform composition in both the
      land and valley areas of the relief pattern, and a color pattern on said
      surface with areas of said color pattern in registry with pattern areas of
      the relief pattern, comprising the steps of:
PA1  1. forming a layer of foamable resin material,
PA1  2. heating to gel said layer of foamable resin material,
PA1  3. applying a color pattern to the upper surface of the layer of gelled
      foamable resin material,
PA1  4. applying a layer of substantially transparent resin material of
      substantially uniform thickness over said upper surface and color pattern,
PAR  5. heating said layers at a sufficient temperature to foam said foamable
      resin material and fuse the resin material in both said layers, and
PA1  6. drawing the sheet material containing such foamed and fused resin
      material while said layer of foamed resin material is hot through the nip
      between a backing roll contacting the undersurface of said sheet material
      and an embossing roll contacting the upper surface of the sheet material,
      said backing and embossing rolls being driven by contact with said sheet
      material, the embossing being effected at constant roll pressure to
      thereby control the pressure of engagement of the sheet material in the
      nip between said embossing and backing rolls, said pressure and the
      rotational speed of said embossing roll being controlled to apply to the
      surface of the layer of foamed resin material bearing the color pattern a
      relief pattern while maintaining the uniformity of the thickness of said
      layer of substantially transparent resin material, areas of which relief
      pattern are in registry with areas of said color pattern.
NUM  2.
PAR  2. A process as defined in claim 1 wherein said resin material comprises
      polyvinyl chloride.
NUM  3.
PAR  3. A process as defined in claim 1 wherein areas of said color pattern are
      in registry with land areas of said relief pattern.
NUM  4.
PAR  4. A process as defined in claim 1 wherein areas of said color pattern are
      in registry with valley areas of said relief pattern.
NUM  5.
PAR  5. A process as defined in claim 1 wherein said step 1 comprises forming
      said layer of foamable resin material on a felt base layer.
NUM  6.
PAR  6. A process as defined in claim 1 wherein said step 3 comprises applying
      said color pattern by printing with an ink composition.
NUM  7.
PAR  7. A process as defined in claim 1 wherein only the land areas of the
      relief pattern on the embossing roll are contacted with said upper surface
      of the sheet material.
NUM  8.
PAR  8. A process as defined in claim 7 wherein said resin material comprises
      polyvinyl chloride.
NUM  9.
PAR  9. A process as defined in claim 8 wherein said step 3 comprises applying
      said color pattern by printing with an ink composition.
NUM  10.
PAR  10. A process as defined in claim 9 wherein said step 1 comprises forming
      said layer of foamable resin material on a felt base layer.
NUM  11.
PAR  11. A process as defined in claim 7 wherein the surfaces of the land areas
      of the relief pattern on the embossing roll are textured, thereby
      producing an embossed sheet material in which the upper surface of the
      sheet material has light-reflective characteristics in valley areas of the
      relief pattern thereon different from those in land areas of the relief
      pattern.
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ABST
PAL  A gas sensor, and its method of manufacture, particularly useful as an
      exhaust gas sensor for an internal combustion engine air/fuel ratio
      system, is disclosed. The sensor is comprised of a sintered ceramic body
      of transition metal oxide, such as titania, and includes a pair of
      spacedapart electrodes. As the partial pressure of oxygen in the gas being
      sensed varies in response to variations in the inlet air/fuel mixture
      ratio, the resistance of the ceramic material varies. The active portion
      of the sensor body is a substantially uniform body of porous ceramic
      material having a density of less than about 85% of theoretical density
      and a modulus of rupture in excess of 11,000 psi. The sensor is fabricated
      from a very pure transition metal oxide powder having a very fine and
      highly uniform particle size. The transitional metal oxide is selected so
      that the operating temperature of the resulting device is less than about
      75% and preferably less than about 50% of the melting temperature of the
      metal oxide.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of our copending, commonly assigned U.S.
      patent application Ser. No. 393,698 filed Aug. 31, 1973 now U.S. Pat. No.
      3,886,785 which in turn is a continuation-in-part of our Ser. No. 198,515
      filed Nov. 15, 1971 now abandoned and titled "Air-Fuel Ratio Sensing
      System". This application is related to our co-pending, commonly assigned
      U.S. patent application Ser. No. 391,424 filed Aug. 23, 1973 and titled
      "Method of Manufacture of an Exhaust Gas Sensor for an Air-Fuel Ratio
      Sensing System" filed as a continuation of U.S. patent application Ser.
      No. 198,515.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is related to the field of gas sensing devices and
      more particularly to that portion of the above-noted field concerned with
      electrical resistive devices whose resistance varies as a gas to which it
      is exposed varies. More particularly still, the present invention is
      related to that portion of the above-noted field concerned with ceramic
      gas sensing devices whose internal resistance varies in response to
      variations in the partial pressure of oxygen in the gaseous environment
      surrounding the device.
PAR  2. Description of the Prior Art
PAR  The temperature of the exhaust gases leaving the combustion chambers or
      reciprocating internal combustion engines is proportional to the amount of
      combustion taking place within the engine and this relationship has been
      used in aircraft for indicating the air-fuel ratio of the combustible
      mixture being supplied to the engine. Subsequent investigations showed
      that the thermal conductivities of various exhaust gas components could be
      used to indicate the proportion of such components in the exhaust gases.
      These investigations produced systems of the resistance bridge type that
      compared the thermal conductivity of the exhaust gases with known gas
      mixtures to indicate either air-fuel ratio or the combustion efficiency of
      the engine.
PAR  Recent interest in improving the environment by diminishing the quantity of
      undesirable components in the exhaust gases of automotive engines has
      accentuated investigations into systems for monitoring continuously the
      air-fuel ratio of combustible mixtures. These investigations have led to
      numerous refinements of the thermal conductivity system. For example, it
      was found that thermal conductivity varies almost linearly with the carbon
      dioxide content of the exhaust gases and carbon dioxide content in turn is
      proportional to the air-fuel ratio. Subsequently it was found that the
      thermal conductivity of the exhaust gases is a function of both the carbon
      dioxide content and the hydrogen content. Other approaches involved
      combining thermal conductivity devices with exhaust gas temperature
      devices.
PAR  Systems have been suggested for determining the air-fuel ratio of the
      mixture supplied to a combustion mechanism by detecting directly the
      oxidation-reduction characteristics of the exhaust gases. The system
      comprises a sensing member that is located in contact with either the
      air-fuel mixture supplied to the combustion mechanism or the exhaust gases
      leaving the mechanism. Two electrodes spaced apart from each other by at
      least a portion of the sensing member are attached to the member and to an
      electrical or electronic device for sensing the electrical resistance
      across the electrodes. The electrical resistance is proportional to the
      equilibrium oxygen pressure of the gaseous mixture in contact therewith
      and resistance measurements can be converted directly into the air-fuel
      ratio of the mixture supplied to the combustion mechanism.
PAR  Equilibrium oxygen pressure is the partial pressure of the oxygen in a
      gaseous mixture when the mixture is brought to complete chemical
      equilibrium. The system would thus measure equilibrium oxygen pressure of
      a gaseous mixture even though the gaseous mixture is not at chemical
      equilibrium, i.e., even though the actual pressure of the oxygen exceeds
      the partial pressure that would be present at equilibrium.
PAR  Sensing members for the air-fuel ratio control systems are preferably
      located in the exhaust gases leaving the combustion mechanism because the
      exhaust gases approximate more closely the desired operating temperatures
      of the members and do not contain any unvaporized fuel. The system is
      useful particularly in measuring and controlling the air-fuel ratio of the
      combustible mixture being supplied to an internal combustion engine.
PAR  The sensing member preferably is a relatively thin plate made from sintered
      particles of the desired metal compound. Useful metal compounds containing
      oxygen atoms and having at least two oxidation states of the metal of
      approximately equal energies include transition metal oxides such as
      titanium dioxide, vanadium oxide, chromium oxide, manganese oxide, iron
      oxide, nickel oxide, cobalt oxide, and rare earth metal oxides such as
      cerium oxide, praseodymium oxide, etc. Oxides of the metals are preferable
      because the ceramic properties thereof provide relatively long useful
      lives at higher operating temperatures and of the inherent presence of
      oxygen atoms. Other compounds and mixtures of the oxides with each other
      and with the other compounds also can be used. Energies of the two
      oxidation states of the metals must be sufficiently close to permit
      reversal by changes in the equilibrium oxygen pressure of the gases at
      operating temperature. Simple empirical tests may be used to determine the
      required relationship. The electrodes are attached to a surface of the
      plate or embedded with the plate. One preferred construction involves
      sandwiching the electrodes between two green ceramic plates and firing the
      assembly into a unitary structure.
PAR  Maintaining the sensing member within a relatively broad temperature range,
      typically about 600.degree.-900.degree.C., produces adequate indications
      of the air-fuel ratio supplied to an engine despite the fact that
      temperature variations change the resistance between the electrodes.
      Temperatures below 600.degree.C. tend to coat the member with soot and
      other particulate impurities while temperatures above 900.degree.C. tend
      to decrease overall life. Accuracy improvements are achieved by
      associating a controlled electrical heater with the sensing member to
      maintain its temperature within a narrower range. A highly useful
      structure involves a sandwich made of three green ceramic plates with the
      electrodes between an outer plate and the middle plate and an electrical
      resistance wire between the middle plate and the other outer plate. A
      thermocouple for temperature control can be embedded with either the
      electrodes or the resistance wire.
PAR  It is believed that the metal ions of the metal compounds are reduced or
      oxidized from one oxidation state to the other in proportion to the
      reducing or oxidizing nature of the exhaust gases. In the case of titanium
      dioxide molecules, for example, reduction frees an electron that conducts
      current much more readily and thereby reduces the resistance of the
      portion of the ceramic material located between the electrical leads.
PAR  In order for the sensing member to operate effectively in the automotive
      environment the sensing member must be capable of withstanding the
      temperature extremes and the thermal cycling normally encountered in the
      exhaust system and must demonstrate a response time which is at least as
      rapid as the response time demonstrated by the slowest engine component or
      by the transport properties of the fluid medium and the engine. For
      example, the sensor must demonstrate a response time no slower than 1
      second, and preferably on the order of about 0.1 second or faster, in
      recognizing and responding to a change in the exhaust gas chemistry.
PAR  Ceramic materials are generally recognized as being compatible with the
      temperature extremes and the temperature excursions normally encountered
      in the engine exhaust system. In order to demonstrate the requisite
      service life requirement, however, the sensor response must not vary
      noticeably over its service life. This requires that the ceramic be
      chemically stable and not demonstrate substantial grain growth during its
      service life since this would alter its electrical properties.
      Furthermore, the ceramic material must demonstrate substantial strength
      since the automotive exhaust system environment is a mechanically harsh
      environment wherein substantial stressing through vibration and thermal
      shock and cycling may be encountered. It is therefore an object of the
      present invention to provide a ceramic sensor suitable for use in the
      exhaust system of an automotive vehicle internal combustion engine. In
      order to provide a suitable sensor, the ceramic used must be sufficiently
      porous that the exhaust gases will readily permeate the sensor, while the
      sensor must be sufficiently strong to withstand the exhaust environment.
      It is therefore a specific object of this invention to provide a partial
      pressure of oxygen sensor having high porosity and improved strength. More
      particularly, it is an object of this invention to provide a ceramic,
      resistive type partial pressure of oxygen sensor having high porosity and
      improved strength. Our above-noted co-pending applications describe a
      method of forming a ceramic exhaust gas sensor in the form of a
      substantially uniform and solid pellet of ceramic material which is
      capable of withstanding the automotive enviroment. The sensor
      theredescribed demonstrates a strong switching characteristic, that is,
      the resistance of the ceramic body varies over a wide range, as the
      air-fuel ratio of the combustion mixture varies slightly from the
      stoichiometric ratio. Such a sensor is of great utility when it is desired
      to operate the associated engine at the stoichiometric mixture ratio.
      However, nonstoichiometric operation of the associated engine causes the
      sensor to operate in a region of resistance where the changes of
      resistance in response to mixture ratio changes is slight and
      approximately linear. Sensors fabricated in accord with the broad
      teachings of the above-noted applications do not provide sufficiently
      repeatable results. It is therefore a specific objective of the present
      invention to provide an improved porous transition metal oxide ceramic
      sensor capable of reliable operation at nonstoichiometric mixture ratios.
      It is also an object of the present invention to provide a ceramic exhaust
      gas sensor which provides repeatable results, from sensor to sensor and
      during the life of any one sensor, when the air-fuel ratio is desired to
      be nonstoichiometric. It is a still further object of the present
      invention to provide such a sensor which has a response time of less than
      one second.
PAR  The exhaust gas sensor described in the above-noted patent applications has
      many desirable attributes. For example, with the exception of the various
      electrical wires and electrodes it is a porous, relatively small ceramic
      mass capable of being formed in various sizes and configurations. It does
      not require the use of any dissimilar materials such as housing,
      substrate, or interspersed particles. It is also fully immersed in the gas
      being sensed and does not require exposure to a reference. It is therefore
      a further object of the present invention to provide a sensor having the
      hereinbefore mentioned objects and having the further object of being
      comprised of an essentially uniform and porous ceramic body. It is also an
      object of the present invention to provide a method of producing such a
      sensor.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  We have found that suitable ceramic sensor materials require a transition
      metal oxide having a melting temperature which is at least 133% and
      preferably at least 200% of the expected operating temperature and being
      capable of forming a thin ceramic pellet with a modulus of rupture (MOR)
      in excess of 11,000 psi. Furthermore, the pellet must also have a density
      of from about 72 to about 84% of its theoretical density and a porosity
      such that the average open-pore diameter is from about 0.4 to about 0.7 of
      a micron with a total open pore volume of from about 0.04 to about 0.1
      cubic centimeters per gram. Values outside of these ranges result in
      fabrication problems and/or in operational inadequacies such as short
      operational life or slow response time.
PAR  The ceramic sensor material having these properties is fabricated from an
      essentially pure and substantially uniformly sized powder any one particle
      of which is smaller than 20 microns at its maximum dimension. In the case
      of multiphase materials such as titania the powder is at least 80%
      comprised of the high temperature stable phase. The material is mixed with
      an organic binder/solvent system having high viscosity so as to result in
      a nonflowable slurry which is then formed into a thin sheet of material.
      The slurry is dried to remove the solvent thereby producing the "green
      ceramic". The suitable sensor shapes are formed from the green ceramic and
      are assembled with suitable electrical leads and wires to form a composite
      and the composite structure is thereafter fired into a unitary body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a reciprocating internal combustion
      engine showing the installation in the exhaust pipe of a sensing member of
      this invention.
PAR  FIG. 2 is a schematic plan view of a disc-shaped sensing member of this
      invention showing the electrical connections thereto.
PAR  FIG. 3 is a sectional elevation of the disc-shaped sensing member of FIG. 2
      showing the disposition of the electrodes, an electrical resistance
      heating wire, and a thermocouple in a sandwich construction.
PAR  FIG. 4 is a graph illustrating powder particle size content of four
      ceramics tested in developing the sensor of the present invention and its
      new method of manufacture.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, a reciprocating internal combustion engine 10 includes
      an intake manifold 12 for delivering an air-fuel mixture to the engine
      combustion chambers (not shown) and an exhaust manifold 14 for removing
      the combustion products from the combustion chambers. A carburetor 16 is
      attached to the intake manifold and an air cleaner 18 is attached to the
      air inlet of carburetor 16. Carburetor 16 receives fuel from a fuel source
      (not shown), produces an air-fuel mixture and supplies the air-fuel
      mixture to intake manifold 12.
PAR  Exhaust manifold 14 is connected to an exhaust pipe 20. Threaded into the
      wall of exhaust pipe 20 is a plug-shaped member 22 comprising a
      disc-shaped ceramic sensing member 24 according to the present invention.
      Three sets of electrical leads 26, 27 and 28 extend from the top of
      plug-shaped member 22.
PAR  Turning to FIGS. 2 and 3, sensing member 22 comprises a sandwich of three
      thin ceramic plates 30, 32 and 34. A length of electrical resistance wire
      36 is sandwiched between plates 30 and 32. Two electrodes 38 and 40 and a
      thermocouple 42 and sandwiched between plates 32 and 34. Electrodes 38 and
      40 are spaced apart a considerable distance as shown in FIG. 2. The entire
      sandwich is fired into a unitary structure by conventional ceramic firing
      techniques.
PAR  Electrical leads 26 connect electrodes 38 and 40 to an electrical
      resistance sensor 44 as shown in FIG. 2. Leads 27 connect the ends of the
      resistance wire 36 to an electrical power supply 46 and leads 28 connect
      thermocouple 42 to a control circuit 48 located between the power supply
      and one end of the resistance wire.
PAR  Each of plates 30, 32 and 34 consists essentially of a transition metal
      oxide ceramic with the one presently preferred being titanium dioxide.
      Each plate has a final thickness of about 0.008 inch and a diameter of
      about 0.25 inch. The plates are made by a cast tape process that comprises
      casting a titanium dioxide slurry onto a plastic carrier tape, evaporating
      the vehicle from the slurry, stripping the plastic tape and punching discs
      from the remaining green ceramic layer. The process is given in greater
      detail hereinbelow.
PAR  Resistance wire 36 typically is made of platinum alloyed with about 13%
      rhodium and is about 0.008 inches in diameter. Electrodes 38 and 40
      typically are made of platinum and are about 0.008 inches in diameter.
      Thermocouple 42 is a gold-palladium-platinum and gold-palladium
      combination. The green plates, resistance wire, electrodes and
      thermocouple are sandwiched together as shown and isostatically pressed.
      After pressing, the assembly is fired to form a unitary body.
PAR  The resulting disc is installed in the exhaust conduit of a reciprocating
      internal combustion engine where exhaust gases will heat the disc to about
      700.degree.C. When the engine is supplied with an air-fuel mixture of
      about 13:1, the resistance across the electrodes is about 5 ohms. Changing
      the air-fuel to 14:1 without changing any other engine parameters
      increases the resistance to about 10 ohms. An air-fuel ratio of 15:1
      produces a resistance of 20,000 ohms. It will be appreciated that these
      values are intended to be illustrative and that specific values will
      depend on the configuration of the ceramic body as well as the electrical
      properties of the ceramic and the process of fabrication.
PAR  Actual values of electrical resistance depend also on the distance between
      the electrodes and temperature. These factors tend to shift the entire
      resistance vs. air-fuel ratio curve without affecting significantly the
      shape of the curve. Resistance changes rapidly in the vicinity of the
      stoichiometric air-fuel ratios and considerable temperature variations can
      be tolerated when measurements are being made in that vicinity. Resistance
      values change much more slowly at ratios away from stoichiometric and the
      present invention provides a sensor having much more reliable and
      predictable values for non-stoichiometric operation of the engine.
PAR  A wide variety of materials can be used to make the electrodes, resistance
      wire and thermocouple used in the sensing member. The sensing member also
      can be formed in a wide variety of sizes and shapes including cylinders,
      squares, rectangles, etc. However, care should be taken to match, as
      closely as possible, the coefficients of thermal expansion.
PAR  In fabricating sensors according to the present invention very pure titania
      powder was obtained through normal commercial channels from Cerac Pure,
      Inc. Such powders are normally at least about 99.5% pure titania
      (TiO.sub.2). As titania has two phases, the anatase and the rutile and the
      rutile phase represents the high temperature stable phase, the anatase
      phase majority material was calcined and ball milled to produce powder
      having small particle sizes and with the majority being rutile phase
      material. Calcining also improves the purity of the powder by volatilizing
      any volatilizable impurities. Table I sets forth the processing steps in
      order to achieve the conversion and also sets forth the weight percentages
      of the rutile verses the anatase phase in each of the samples A, B, C and
      D. Table I also sets forth the powder sizes and distributions for each of
      these test samples.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                  Lot A   Lot B  Lot C   Lot D                                 

     __________________________________________________________________________

     Raw Material                                                              

                 Titania,                                                      

                         Titania,                                              

                                Titania,                                       

                                        Titania,                               

                 95% anatase                                                   

                         85% rutile                                            

                                95% anatase                                    

                                        95% anatase                            

     Calcining Cycle                                                           

                 2 hrs. at                                                     

                         None   2 hrs. at                                      

                                        2 hrs. at                              

                 2100.degree.F. 2100.degree.F.                                 

                                        2500.degree.F.                         

     Milling Time                                                              

                 16 hrs. None   5 hrs.  5 hrs.                                 

     Phase Composition                                                         

     (after calcining)                                                         

     Wt % Rutile 80      85     85      100                                    

     Wt % Anatase                                                              

                 20      15     15       0                                     

     Particle Size (wt%)                                                       

     (see FIG. 1)                                                              

     44 microns  100     100    100     100                                    

     20 microns  100      88    100     100                                    

     10 microns   98      64     99      79                                    

      5 microns   82      50     80      35                                    

      2 microns   42      32     45      13                                    

     0.5 microns  7       5      3       6                                     

     __________________________________________________________________________

PAR  The processed powders were then ball milled with an organic binder solution
      to form a slurry and were thereafter formed into a tape or sheet of
      material. A representative composition of a ball mill organic binder
      system is presented in Table II. After milling, the slurry was deaired and
      cast to form a sheet or tape of material. In this instance a doctor blade
      was used to control the thickness of the tape to yield a thicnkess of
      approximately 15 mils when air dried.
TBL                TABLE II                                                    

     ______________________________________                                    

            Material        Wt. %                                              

     ______________________________________                                    

     Ceramic                45.3                                               

     Solvent                41.0                                               

     Wetting Agent          0.2                                                

     Binder                 6.2                                                

     Plasticizer            7.3                                                

     ______________________________________                                    

PAR  The sensors were fabricated by taking two pieces of the ceramic tape and
      coating them with a small amount of solvent to develop a tackiness on the
      surface. The pieces were placed together and laminated using an 8000 pound
      uniaxially applied load and thereafter small disc shapes were punched from
      the laminate with a standard paper punch. The size was merely for
      convenience and of course other sizes and shapes are contemplated.
      Platinum heater wires were fabricated by bending 8 mil wire around
      stationary pins to form an .cent.M" type configuration. This configuration
      allows substantially uniform heating of the pellet shaped sensor. A light
      application of solvent was applied to the surface of one ceramic disc and
      a heater was lightly pressed into the surface. A second disc was placed on
      top of the heater and the unit was lightly pressed together to form a
      heater pellet. To assure uniform heating for purposes of deriving test
      data, two of these heater pellet assemblies were used to provide a uniform
      temperature across the sensor pellet although in practice a single heater
      mechanism as shown in FIG. 3 will be sufficient. A thermocouple and a pair
      of spaced apart electrodes were placed on one of the heater pellet
      assemblies and given a light coat of solvent. A second heater pellet
      assembly was placed on top of the first and the total sensor assembly was
      lightly pressed and allowed to dry at room temperature for approximately
      30 minutes. The sensor assembly was placed in a rubber sack which was then
      sealed and placed in the oil chamber of an isostatic press and pressed at
      1000 psi to insure good contact between the various components of the
      sensor assembly and between the powder particles of the ceramic.
PAR  The sensor assembly was covered with titania coated paper to protect it
      from contamination. It was then placed in an oven and heated at
      150.degree.F. for 12 hours. The temperature was then raised to
      285.degree.F. and a vacuum of 27 inches of mercury was pulled on the oven.
      The assembly was left in vacuum for 12 hours. The vacuum removes the
      volatile substances, that is the solvents which may cause bubbles within
      the sensor assembly during the sintering process. After bakeout, the
      organic binder and nonvolatilizable plasticizer constitute less than about
      20% of the green pellet assembly.
PAR  The paper package containing the sensor was then placed in a kiln and the
      temperature raised to the sintering temperature for a time period
      sufficient to accomplish maturing, that is initial or partial sintering,
      by firing to a pyrometric cone equivalent number 9. The actual
      temperatures used were 2200.degree. and 2300.degree.F. for sensors from
      each.
PAR  The material identified by the designation D was found to produce
      unsatisfactory sensors due to the fact that a large amount of cracking
      occurred during the firing phase. It is believed that this cracking
      occurred because the size range and distribution of particles included
      within this D material was too great when considering the small thickness
      of the ceramic. The completed sensors using the A, B and C materials were
      then tested for performance by placement in an atmosphere which
      approximated the exhaust gas environment of an automobile. The gaseous
      constituents of the test atmosphere were varied and the electrical
      resistance changes of the sensors were measured in terms of the time lag
      demonstrated by the sensors in response to changes in the gaseous
      atmosphere. The sensors fabricated from the materials identified as A and
      C were found to yield acceptable performance results in terms of
      repeatability for any one sensor and in terms of the time response to
      changes in the gaseous atmosphere. However, the sensors fabricated from
      material B were found to change in response to changes in the gaseous
      environment with a time lag several multiples of the time lag experienced
      by the A and C sensor materials.
PAR  This time lag is believed to be the result of increased gas pentration
      time, that is, the time required for the gas to permeate the pores of the
      sensor so as to change the sensor resistance. Only open pores were
      considered in making these measurements. Table III gives the average pore
      diameter and total pore volume for sensors fabricated from the A, B, C and
      D materials for two firing temperatures. Since the B material devices were
      much slower responding, it appears that the figures given in Table III for
      the B material sensors represent values below the minimum values.
TBL                TABLE III                                                   

     ______________________________________                                    

     OPEN PORE VOLUME AND AVERAGE OPEN PORE                                    

     SIZE OF TITANIA                                                           

     Lot  Sintering  Average Pore Diameter                                     

                                      Total Pore                               

          Temp. (.degree.F)                                                    

                     (microns)        Volume (cc/gm)                           

     ______________________________________                                    

     A    2200       0.59             .059                                     

     A    2300       0.65             .042                                     

     B    2200       0.35             .036                                     

     B    2300       0.25             .033                                     

     C    2200       0.42             .069                                     

     C    2300       0.42             .050                                     

     D    2200       1.90             .178                                     

     D    2300       2.30             .157                                     

     ______________________________________                                    

PAR  From the Table III figures, it appears that the minimum average pore
      diameter must be about 0.4 microns while minimum total pore volume must be
      about 0.04 cubic centimeters per gram. While decreased response time and
      increased sensitivity are believed to be directly controlled by porosity
      and sensors fabricated from the D material has the largest total open pore
      volume and the largest open pore diameter, the inability of these sensors
      to resist cracking and fracturing during firing and/or during testing
      renders the D material sensors of little or no practical value. Cracking
      and fracturing is believed to be caused by nonuniform grain growth within
      the ceramic. Since the high values of average open pore diameter and total
      open pore volume can be directly related to the grain size and grain
      packing, it appears that, at least for the small pellet-type sensors
      described hereinabove, maximum values of average open pore diameter and
      total open pore volume intermediate the smallest values for the D material
      and the largest values for the A and C material sensors are required.
      Values of average open pore diameter less than about 0.7 microns and of
      total open pore volume less than about 0.1 cubic centimeters per gram are
      believed to be appropriate.
PAR  Examination of the particle size distribution figures from Table I provides
      information to explain the differing porosities. The sensors fabricated
      from materials A and C had powders which were smaller than 20 microns with
      75% of the powder being finer than 5 microns and at least 90% sized
      between 10 and 0.5 microns while the B material did not meet any of these
      criteria and the D material satisfied only the criteria pertaining to the
      largest permissible particle. It is thus apparent that generalized
      criteria can be expressed. Firstly, the powder particles must be very
      small and secondly, the particle size distribution must also be small. A
      wide range of sizes is exhibited by both the B and D materials and it was
      determined that neither was suitable.
PAR  With reference to Table IV, it can be seen that the D material sensors had
      the lowest density further suggesting good porosity which is varified by
      Table III. However, the failure to have a narrow particle size
      distribution made the sensors, in the small configuration consonant with
      good heat-up time and fast response time, impossible to fabricate.
      Conversely, the B material sensors were too dense to response rapidly to
      changes in the gas sample.
TBL                TABLE IV                                                    

     ______________________________________                                    

     DENSITY OF TITANIA                                                        

     Lot       Firing Temp. (.degree.F.)                                       

                                  % Theoretical                                

     ______________________________________                                    

     A         2200               80.2                                         

     A         2300               85.0                                         

     B         2200               86.9                                         

     B         2300               87.8                                         

     C         2200               77.6                                         

     C         2300               82.6                                         

     D         2200               57.1                                         

     D         2300               60.2                                         

     ______________________________________                                    

PAR  Referring now to FIG. 4, a graph illustrating the particle powder size
      content and distribution for sensors fabricated from the Lot A, B, C and D
      materials is shown. This graph is taken from the data of powder particle
      size content and distribution given in Table I and graphically illustrates
      the differences in powder particle size content of the four lots of
      ceramic material. The two curves identified as 50 and 52 represent the
      materials of Lots A and C respectively. The sensors fabricated from these
      materials produced the best overall results both from a performance and
      from a fabrication view point. These curves peak at a very high percentage
      value of about 75% particle size being about 5 microns equivalent
      spherical diameter. The curves thereafter drop off rapidly and reach a
      zero percentage content at a value between 15 and 20 microns equivalent
      spherical diameter. The Lot D material is represented by curve 54. This
      material demonstrated the highest porosity and also demonstrated cracking
      and fracturing during firing and use. This curve 54 differs markedly,
      having a much lower peak percentage value, in the neighborhood of 50%, at
      a particle size between 5 and 10 microns equivalent spherical diameter.
      This demonstrates that the particle size content of the Lot D material was
      fairly uniformly distributed over a range of particle sizes running from
      about 10 microns equivalent spherical diameter down to a value of about 2
      microns equivalent spherical diameter. While this material would
      demonstrate a packing such that a large number of voids and pores could be
      expected, under gain growth conditions it would be expected that the
      larger grains formed, for example, from the ten micron particle size
      material or larger would grow at the expense of the smaller grains of
      ceramic formed from the particles having a particle size of 2 microns or
      less. This growth would tend to fill the pores or voids and would also
      tend to cause uneven internal stressing to produce the observed cracking
      or fracturing.
PAR  The Lot B material demonstrates a curve 56 which is somewhat similar to the
      curve 50, 52 in that it has a peak value in the same range of particle
      sizes as demonstrated by these curves but the Lot B material contained aa
      considerable percentage of particles whose initial size was 7 microns
      equivalent spherical diameter or larger and in fact contained particles
      larger than 30 microns equivalent spherical diameter. This material
      demonstrated the least amount of porosity and also demonstrated the
      greatest response time which rendered it unsuitable for an automotive
      environment. This is readily explained when one considers that any voids
      or pores which would be formed adjacent the large diameter particles would
      be readily filled by the small diameter particles which were reasonably
      abundant in this material. From a consideration of data of Table I and the
      graphical representation of this data presented in FIG. 4, one can readily
      see that in the order to provide a ceramic material suitable for use in
      the method of the present invention and in fabricating a sensor according
      to the present invention, the initial particle powder size must contain a
      very high percentage of particles situated in a very narrow range of
      particle sizes.
PAR  From the above data it can be seen that extremely fine powders in a narrow
      particle size range, formed from primarily single high temperature stable
      phase crystal material with controlled high purity produce a superior
      exhaust gas oxygen sensor. The resultant sensor has a closely controlled
      porosity which is achieved by avoiding the mixing of particle sizes which
      the conventional ceramic processing stresses. These exhaust gas oxygen
      sensors have a controlled pore size distribution and large total pore
      volume as is required to achieve rapid gas exchange rates, high
      sensitivity and rapid response to exhaust gas oxygen concentration
      changes. Concurrently, by having an MOR in excess of 1100 psi, the sensor
      provides adequate thermal and mechanical shock resistance and sufficient
      resistance to hydrothermal corrosion to allow trouble free operation in
      the relatively hostile automotive exhaust gas environment for a
      considerable period of time sufficient to allow several tens of thousands
      of miles of operation without requiring alteration or replacement of the
      sensor.
PAR  In order to achieve the high mechanical strength requirements, the
      particle-to-particle bond strength must be maximized while limiting the
      mass transfer between adjacent grains of the ceramic material. This
      requires a green ceramic having the maximum possible porosity when all
      particles are just touching one another and a well-controlled firing
      process. This produces what may be a conveniently viewed as a mass of
      essentially spherical particles each having approximately the same
      diameter in a closely packed environment with the points of contact
      between adjacent spheres being sintered to form a continuous though porous
      body.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of manufacturing a porous ceramic gas sensor comprising the
      steps of:
PA1  forming a fine powder from a transition metal oxide, said powder being at
      least 99% pure;
PA1  forming a slurry of said powder and an organic binder solution, the organic
      binder solution being capable of drying such that the binder will comprise
      less than about 20%, by weight, of the dried slurry;
PA1  drying the slurry in a sheet so that the organic binder constituent is less
      than about 20% by weight of the dried slurry;
PA1  cutting the sheet to provide a plurality of complementarily sized green
      ceramic wafers;
PA1  sandwiching a pair of electrodes in spaced-apart relation between a first
      pair of said green ceramic wafers; and
PA1  maturing the sandwiched green ceramic laminae to a density of from about 72
      to about 85% of theoretical density.
NUM  2.
PAR  2. The method of claim 1 including further sandwiching a heater means
      between a second pair of wafers having a wafer common to the first pair of
      wafers prior to the step of maturing the sandwiched green ceramic laminae.
NUM  3.
PAR  3. The method of claim 1 wherein the step of forming a fine powder includes
      the step of sizing the powder to assure that 100% of the powder is less
      than 20 microns in size.
NUM  4.
PAR  4. The method of claim 1 wherein the step of forming a fine powder includes
      the step of sizing the powder to assure that at least about 90% of the
      powder is sized from about 10 microns to about 0.5 microns.
NUM  5.
PAR  5. The method of claim 1 wherein the step of forming a fine powder includes
      the step of milling the powder until the powder is 100% less then 20
      microns, with at least about 90% of the powder being less than 10 microns
      and at least about 75% of the powder being less than 5 microns.
NUM  6.
PAR  6. The method of claim 1 wherein the step of forming a fine powder includes
      the step of calcining the powder to provide at least 80% of the powder as
      a high temperature stable phase.
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ABST
PAL  Thermoplastic resin mattings containing plastic rods fastened one above
      another with plastic strings to form an ornamental screen, which screen is
      covered with a plastic transparent sheet whereby they are both partially
      glued and cut by heat pressure to define the contour thereof and at the
      same time provide any desired three-dimensional designs on the ornamental
      screen portions, thus providing the manufactured goods with high
      impact-resistance, convenience in use, the sense of being thick and heavy
      and superiority in ornamental effect.
PARN
PAR  This is a continuation of application Ser. No. 88,693 filed Nov. 12, 1970
      now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improvement of thermoplastic resin
      matting and more particularly to an improved type of thermoplastic resin
      doily or so-called luncheon mat.
PAR  Conventionally it is customary to produce luncheon mats for example by
      constructing the surface thereof with a thermoplastic resin sheet and
      constructing the reverse thereof with a rubber sheet or a blistered
      thermoplastic resin sheet. However, such conventional types of luncheon
      mats are intrinsically short of durability with protracted use, being
      apparently light in weight and devoid of richness in designs upon the
      whole. Moreover, since the luncheon mats are to be produced by sticking
      the surface and reverse thereof respectively to said sheets by means of a
      binding agent, and cutting the outer periphery thereof into any desired
      shape by means of a cutting device in the following process, these steps
      are inevitably accompanied with the disadvantages that the manufactured
      goods are made excessively complicated in the process of manufacture and
      consequently cost very much as an article of trade.
PAR  From the viewpoint of the above-mentioned disadvantages, the present
      invention aims at providing a method of producing such luncheon mats in
      which a plurality of hollow or solid rods made from a thermoplastic resin
      material are drawn up in a line and fastened closely one above another
      with thermoplastic resin strings or threads positioned at pre-determined
      intervals in the direction traversing the rods thereby to form a screen or
      base member which may be used to economically produce therewith such
      luncheon mats that are sufficiently thick and sturdy to be useable over a
      long space of time.
PAR  Incidentally, the base member thus formed is superior in an aethetic sense
      of design suitable for decoration so that it can serve to enhance the
      ornamental effect of luncheon mats.
PAR  Further according to the method of this invention, at least one side of the
      base member where the designs are printed is covered with a transparent
      thermoplastic resin sheet whereby the object can be seen through the sheet
      and at the same time protected from exterior impacts so as to be fit for
      long service.
PAR  As has been mentioned, the base member and the plastic sheet in accordance
      with the present invention are both made from a thermoplastic resin
      material or such a resin material in combination and they are thermally
      adhered to each other under pressure without using a binding agent thereby
      supplying a low-cost manufacture of a luncheon mat in a very simple
      manner.
PAR  Further even in this case, they are thermally adhered in their partially
      limited portions only which enable desired designs to be printed on the
      surface of the finishing matting. Moreover, in synchronism therewith, the
      portion which makes the contour of a luncheon mat is thermally cut so that
      the process of manufacture is excessively simplified, being set free from
      the conventional disadvantages of cutting the contour portion by means of
      an independently provided cutting machine and thereafter removing the
      marginal portions clearly from the luncheon mat.
PAR  It is therefore one of the main objects of the invention to mass-produce
      sturdy luncheon mats superior in designs and low in price that are
      apparently thick and heavy.
PAR  It is another object of the invention to provide such thick and heavy
      luncheon mats full of elasticity by drawing up a plurality of
      thermoplastic resin strings or threads thereby to form a finished matting
      usable for ornamental purposes.
PAR  Further it is another object of the invention to provide such luncheon mats
      by covering one side or both sides of the base member with a transparent
      or semitransparent thermoplastic resin sheet thereby permitting said
      object to be seen through from the outside and at the same time protecting
      it from exterior impacts so as to be fit for long service.
PAR  Furthermore it is another object of the invention to provide luncheon mats
      wherein the base member and the plastic sheet are thermally adhered
      together without using any binding agent.
PAR  It is further another object of the invention to provide luncheon mats
      wherein any desired designs are printed on the thermally adhered portions.
PAR  Further it is also another object of the invention to provide luncheon mats
      that in synchronism with the thermal adhesion the contour of the
      manufactured goods is thermally cut together with the thermoplastic resin
      strings or threads so as to secure much low-cost manufacutre.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will now be set forth to greater detail with reference to
      embodiments thereof shown, by way of example, in the accompanying
      drawings, wherein;
PAR  FIG. 1 is a plan view showing a base member (a) formed with a plurality of
      hollow or solid rods made from a thermoplastic resin material which are
      arranged in a row and fastened closely one above another,
PAR  FIG. 2 is a plan view of a thermoplastic resin sheet (b),
PAR  FIG. 3 is a vertical section view of a mold seated on a high
      frequency-welder,
PAR  FIG. 4 is a plan view of a luncheon mat manufactured in accordance with the
      invention,
PAR  FIG. 5 is extensively explanatory in vertical section of the thermally
      adhered portion in FIG. 4,
PAR  FIG. 6 is a plan view partially showing a luncheon mat embodied in another
      method of the invention,
PAR  FIG. 7 is extensively explanatory in vertical section of the thermally
      adhered portion in FIG. 6, and
PAR  FIG. 8 is a plan view partially showing a luncheon mat embodied in another
      method of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Now accounting for the thermoplastic resin luncheon mat with reference to
      the accompanying drawings, in which, reference (a) designates a base
      member shaped to form an ornamental screen substantially constituting an
      inter lining of the luncheon mat of the invention.
PAR  The base member or ornamental screen (a) comprises a plurality of hollow or
      solid rods 1 of 1 mm to 1.5 mm in diameter which are made from a
      conventional thermoplastic resin material such for example as vinyl
      chloride resin or polyethylene resin. The plurality of rods 1 are drawn up
      in a line at regularly spaced apart intervals and fastened one above
      another to form such a shape as is shown in FIG. 1. However, such a shape
      is not altogether restrictive since any number of modifications and
      changes may be made. Therefore, this formation of the base member (a) is
      made possible when the plurality of rods 1 are fastened one above another
      as has been mentioned by a conventional rod-fastening device with strings
      or threads made from a thermoplastic resin material 2 especially like a
      vinyl chloride resin or a synthetic resin of vinyl chloride system which
      has a property of being stuck to the rods 1 in heat treatment. As shown in
      FIG. 5, the threads or strings 2 are interwoven with the rods 1 to form a
      screen-like structure in order to secure the rods 1 in place.
PAR  Reference (b) in FIGS. 2, 5 and 7 designates a thermoplastic resin sheet
      consisting of a vinyl chloride resin or the like which is to cover either
      one or two sides of the base member (a).
PAR  The plastic sheet (b) includes a plasticizer of 20 - 30 H.P.R. against a
      resin, being normally 0.3 - 0.5 mm thick in the form for example of a
      transparent of semi-transparent rectangular shape as is shown in FIG. 2.
      However, this shape is not altogether restrictive since any number of
      modifications and changes may be made.
PAR  In the following process, the plastic sheet (b) is laid on the base member
      (a) and thereafter, any predetermined portions of the superimposed sheet
      and object are thermally adhered together when in synchronism the marginal
      portions of the adhered portions are thermally cut off under pressure by
      means of a high frequency-welder having an output of 10 - 15 KW provided
      with a mold (c) sized for example by 30 .times. 45 Cm as is shown in FIG.
      3.
PAR  For a fuller understanding, the welder C is provided near the periphery
      thereof with pressing members 3 projected downward, each of the pressing
      members being provided thereon with a different design pattern or
      otherwise a plurality thereof forming various design patterns.
PAR  Further in the outside of the pressing members 3 the welder C is provided
      with cutting members 4 projected substantially more downward than the
      pressing members 3 so as to thereby define the contour of a luncheon mat.
      The foremost end of each cutting member 4 is made sharpened.
PAR  When the superimposed base member (a) and sheet (b) are pressed by means of
      the pressing members 3 and electrified, they are thermally adhered
      together in predetermined portions and at the same time the marginal
      portions of the adhered portions positioned outside the cutting members 4
      are thermally cut off by means of the cutting members 4.
PAR  In FIGS. 4 and 5 there is shown a luncheon mat from which the marginal
      portions were clearly removed. As is evident in FIGS. 4 and 5, the
      portions 5 thermally adhered by the pressing members 3 are
      three-dimensionally decorated with various designs. The thermoplastic
      resin strings 2 or threads used for forming part of the base member (a)
      are thermally cut off in the thermally glued portions 5.
PAR  Incidentally, referring to a conventional method for forming a base member
      for example by fastening a plurality of rods one above another with
      strings or threads made from natural fibers, it is impossible to cut off
      these strings or threads even if the abovementioned high frequency-welder
      C is effectively applied to press the same for cutting so that workers
      have to trim off these strings one after another with a knife or scissors.
PAR  However, according to the method of this invention wherein thermoplastic
      resin strings 2 or threads are employed in place of conventional strings,
      it is quite possible to thermally cut off these strings at one time and
      further thermally adhere the base member (a) and the plastic sheet (b) in
      an incorporated relation with each other so that each cut section of the
      strings is neatly trimmed and the sticking effect of the adhered portions
      is conspicuously enhanced.
PAR  Now another embodiment of the invention will be set forth in detail with
      reference to FIGS. 6 and 7.
PAR  The present embodiment and the above-mentioned embodiment are apparently
      different from each other in the shape of rods for forming the base member
      and the position of thermoplastic resin sheet in relation to the rods; in
      the present embodiment there are employed a plurality of rods 6 smaller in
      diameter and a plurality of rods 7 larger in diameter, both of which rods
      are assorted in such a suitable manner as shown in FIGS. 6 and 7 thereby
      to form a base member a' and thereafter each thermoplastic resin sheet b
      is laid on both sides of the member a'. However, except only for the
      above-mentioned differences, manufactured goods can be obtained in the
      same manner as the preceding embodiment.
PAR  The advantage with the present embodiment is that thanks to the use of
      larger diameter rods and thermoplastic resin sheets b on both the surface
      and reverse of the member a ', there can be obtained more sturdy goods
      than in the preceding embodiment. In addition to that, it is also possible
      to properly use the manufactured goods in two ways by dyeing both sides
      thereof in two different kinds of color.
PAR  In the following, another embodiment of the invention will be set forth in
      detail with respect to FIG. 8.
PAR  This embodiment is different from the others disclosed hereinbefore in that
      the plurality of rods are constructed to form a base member (c) having a
      different configuration than the members a or a' referred to in the
      preceding embodiments with respect to FIGS. 4 to 5 or 6 to 7. However,
      except only for this difference, the manufactured goods can be obtained in
      the same manner as the preceding embodiments.
PAR  Further if each surface of the base members a, a' and the base member c is
      printed with any desired designs (not shown), then it would also be
      possible to obtain the manufactured goods far richer in ornamental effect
      than those shown in FIGS. 4 to 5 or 6 to 7.
PAR  Since the thermoplastic resin luncheon mats of the present invention are
      produced in the above-mentioned manner, the transparent or
      semi-transparent plastic sheet b serves to protect the members a, a' or c
      from exterior impacts so as to be obviated from being damaged however long
      they made be used. In addition to that, the decorative designs of the
      object can be seen through the transparent sheet b thereby enhancing the
      ornamental effect to the highest extent.
PAR  As has been mentioned, the members a, a' or c are thermally adhered to said
      plastic sheet b in an incorporated relation and at the same time thermally
      cut off in each contour portion of the manufactured goods while the
      marginal portions are clearly removed from the glued portions whereby the
      process of manufacture is extremely simplified as against the conventional
      one, resulting in supplying much low-cost manufacture.
PAR  Furthermore, it is also possible to provide any desired designs
      three-dimensionally on the surface of the adhered portions by freely
      modifying the assortments of each straight or curved line along which the
      object and the sheet are thermally adhered together.
PAR  Since the luncheon mats of this invention are constructed with the members
      a, a' or c of sturdy and durable quality as have been mentioned, they are
      intrinsically thick and heavy enough to be easy to use and fit for long
      service compared with the conventional ones constructed with the surface
      thereof consisting of a synthetic resin sheet and with the reverse thereof
      consisting of a rubber sheet or a blistered synthetic resin sheet.
PAR  If a plurality of hollow rods or pipes are adapted to construct the members
      a, a' or c in the embodiment of this invention, air is hermetically sealed
      within the pipes in a water-tight condition when the contour portions
      thermally cut off thereby making it possible to give to the manufactured
      goods such elasticity that works as a cushion against exterior impacts and
      such hygienic effect that no water is permitted to permeate into the pipes
      and remain sealed therein when the manufactured goods are washed in water.
PAR  In this case, being air-sealed in a water-tight condition as have been
      mentioned, the pipes serve to construct the luncheon mats that are
      materially light in weight and yet apparently thick and heavy.
PAR  Last but not least, the methods of the present invention are not so limited
      to the embodiments disclosed herein since the same results as the
      disclosed methods can be obtained for example by means of a sheet seal
      pressing device in place of a high frequency-welder and also since the
      modifications and changes of the disclosed embodiments may be made without
      departing the purview and spirit of the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of producing thermoplastic resin mattings with contoured
      surfaces comprising a base material consisting of a plurality of resilient
      thermoplastic resin rods in closely spaced parallel relationship with each
      other in a single layer and a plurality of thermoplastic resin threads
      extending transversely of said rods and disposed at spaced intervals along
      the length of said rods, and a transparent synthetic thermoplastic resin
      sheet, said method comprising interweaving said thermoplastic resin
      threads with said thermoplastic resin rods so that the thermoplastic resin
      threads completely encircle the thermoplastic resin rods at their points
      of contact and thereby form said base material, superimposing said
      transparent synthetic thermoplastic resin sheet on said base material,
      applying heat and pressure at specific corresponding points on said base
      material and said transparent synthetic thermoplastic resin sheet for
      thermally adhering them together, said step of applying heat and pressure
      comprising forming contoured surfaces at said specific points so as to
      create an ornamental design thereon, and cutting those portions of the
      base material and thermoplastic resin sheet extending a specific distance
      outwardly from said specific points so as to form the outer edge of said
      mattings.
NUM  2.
PAR  2. The method according to claim 1, wherein said step of cutting is
      concurrent with said step of applying heat and pressure.
NUM  3.
PAR  3. A method of producing thermoplastic resin mattings with contoured
      surface comprising a base material consisting of a plurality of hollow
      resilient synthetic thermoplastic resin rods in closely spaced parallel
      relationship with each other in a single layer and plurality of
      thermoplastic resin threads extending transversely of said rods and
      disposed at spaced intervals along the length of said rods, and a
      transparent synthetic thermolastic resin sheet, said method comprising
      interweaving said thermoplastic resin threads with said thermoplastic
      resin rods so that the thermoplastic resin threads completely encircle the
      thermoplastic resin rods at their points of contact and thereby form said
      base material, superimposing said thermoplastic resin sheet on said base
      material, applying heat and pressure at specific, corresponding points on
      said base material and said transparent synthetic thermoplastic resin
      sheet for thermally adhering them together, said step of applying heat and
      pressure comprising hermetically sealing the ends of said hollow rods of
      said base material so as to entrap air contained therein and provide a
      cushion for the matting, and cutting those portions of the base material
      and thermoplastic resin sheet extending a specific distance outwardly from
      said specific points so as to form the outer edge of said mattings.
NUM  4.
PAR  4. The method according to claim 3 wherein said step of applying heat and
      pressure comprised forming contoured surfaces at said specific points so
      as to create an ornamental design thereon.
NUM  5.
PAR  5. The method according to claim 1, wherein said step of interweaving said
      resin threads with said rods comprises alternating rods of one diameter
      with rods of a different diameter.
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ABST
PAL  Method and apparatus are disclosed for making a laminated board of
      thermoplastic resin. The laminated board is formed of a pocketed core
      sheet having inverted and non-inverted pockets disposed between a pair of
      face sheets which are bonded to the extremities of the pockets. The core
      sheet is advanced directly from the extrusion die to a roll-forming means
      which deforms the core sheet to form the pockets in a continuous manner.
      The face sheets are advanced from the respective extrusion dies on
      opposite sides of the core sheet and are joined therewith at controlled
      temperatures so as to form a bond by fusion with the extremities of the
      pockets. The roll-forming means comprises a drum with multiple convex and
      concave forming elements with means for vacuum drawing the core sheet
      against the forming elements and means for forced air removal of the core
      sheet from the roll-forming means.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the manufacture of lamininated boards and more
      particularly to such boards made of synthetic thermoplastic resin.
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years techniques have been developed for the manufacture of
      laminated boards for panels from plastic materials. Such boards or panels
      have been made in a wide range of sizes for a wide range of applications.
      It is known, for example, that panels for use in bulding construction may
      be fabricated from plastic material and may offer great advantage over the
      more commonplace wood panels. Such plastic panels for use in building
      construction and the like may be for decorative applications and therefore
      relatively thin, such as wall paneling, or the panels may be adapted for
      use as structural members where strength is important and may be
      relatively thick, such as a door. Another important application of
      laminated plastic boards is the construction of packaging cartons for
      storing or transporting materials such as food products or commercial and
      industrial articles of various kinds. This application of plastic board
      is, in some measure, supplanting the more conventional corrugated
      cardboard made of paper. The plastic board in corrugated or other
      laminated form offers many advantages over the conventional paper
      cardboard, including increased durability and especially resistance to
      water and chemicals as well as tear-strength.
PAR  In the manufacture of plastic board, such as laminated board made of
      synthetic themoplastic resin, it is desired to produce a high quality
      board with volume production techniques at a cost competitive with the
      more conventional forms of board. In the prior art the laminated plastic
      board has been fabricated by several techniques. One such technique is the
      extrusion from a single die of a plastic board having a pair of face
      sheets separated by longitudinally extending, laterally spaced thin walls
      which define parallel passages extending through the board. Such an
      extrusion technique is admirably suited for the production of boards which
      are especially suited for making cartons and the like. This technique,
      with the proper degree of control of temperatures and extrusion rate,
      results in a high quality board but the rate of production is not as great
      as desired. This extrusion process is disclosed in U.S. Pat. No. 3,274,315
      granted Kawamura on Sept. 20, 1966.
PAR  Extruding and laminating techniques have been proposed in the prior art for
      making plastic board at a high rate of production. One such prior art
      process utilizes previously extruded plastic sheets, as supplied in rolls,
      and feeds one sheet through a pair of corrugating rolls to form a core
      sheet. A pair of face sheets are then supplied on opposite sides of the
      core sheet and bonded thereto. One difficulty with this process of making
      the corrugated board from preformed plastic sheets stems from the
      requirement for high temperature of the corrugating rolls. This causes the
      sheets to adhere to the corrugating rolls and results in deformation or
      undesirable stretching of the sheets. A process of this type is disclosed
      in U.S. Pat. No. 2,719,566 granted to Blatt on Oct. 4, 1955. A similar
      process is shown in U.S. Pat. No. 3,666,590 granted to Susuki et al. on
      May 30, 1972.
PAR  It has been proposed also in the prior art to achieve a higher rate of
      production of plastic board and to overcome some of the problems
      associated with the aforementioned processes by making laminated plastic
      board by corrugating a core sheet as it advances from the extruder and
      laying the face sheets on opposite sides thereof as they are advanced out
      of the respective extruders. This process has an advantage in handling the
      corrugated core sheet since the corrugating rolls may be at a lower
      temperature than the extruded sheet. For bonding the face sheets to the
      core sheet it has been proposed to use adhesive material at the ridges of
      the corrugations. It has also been proposed to use a melt-press bonding as
      disclosed in U.S. Pat. No. 3,723,222 granted to Kurita et al. on Mar. 27,
      1973. It has also been proposed to achieve the bonding by maintaining the
      face sheets and the core sheet at sufficiently high temperatures to effect
      bonding at the time they are brought together.
PAR  The bonding of the face sheets to the core sheet by fusion and thus
      avoiding the need for adhesive material, is highly advantageous but it
      does pose certain control problems in maintaining the proper temperatures
      and rate of movement of the sheets. Even though these parameters are
      carefully controlled in making a board with a corrugated core sheet, the
      sheet tends to curl or warp after it is cooled to room temperature.
      Furthermore, it has been found that plastic boards having a corrugated
      core have a considerably lower bending strength along the direction of the
      corrugations than in the direction across the corrugations.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, a method and apparatus are provided for
      producing a plastic board of laminated construction which has a uniform
      bending strength in all directions and which is substantially free of
      tendency to curl or warp. Further, the method and apparatus enable the
      production of high quality board at a high rate of production. In general
      this is accomplished by forming a core sheet of special configuration
      immediately after the sheet is advanced from the extruder and then bonding
      the face sheets thereto by fusion immediately after advance of the face
      sheets from the respective extruders. More particularly, the core sheet is
      formed as a pocketed core with multiple oppositely extending pockets
      distributed in a pattern to avoid undesired lines of weakness in the
      board.
PAR  According to the invention the laminated plastic board with a pocketed core
      is made by extruding a core sheet of thermoplastic resin and feeding it
      through roll-forming means while it is above its plastic deformation
      temperature. The roll-forming means forms multiple oppositely extending
      pockets in the core sheet by multiple forming elements which engage the
      core sheet at a temperature lower than the sheet. The pockets are
      desirably disposed on lines extending across the sheet and on lines
      extending lengthwise of the sheet to obtain high bending strength in both
      directions. A pair of face sheets of thermoplastic resin are extruded and
      joined on opposite sides to the formed core sheet by engaging and bonding
      the face sheet to the extremities of the pockets. The joining is effected
      by maintaining the sheets at a temperature to effect fusion of the face
      sheets to the extremities of the pockets.
PAR  The process is preferably carried out by rotating the roll-forming means to
      remove the core sheet therefrom after it has traveled less than one-half
      revolution of the roll-forming means. During the first portion of the
      travel the core sheet is drawn against the forming elements, preferably by
      means of a partial vacuum. During a later portion of the travel of the
      core sheet on the roll-forming means, the removal of the core sheet is
      aided by gas pressure applied thereto. The invention provides a
      roll-forming means including a drum with forming elements on the surface
      thereof, together with vacuum and pressure applying means. Furthermore,
      the roll-forming means is provided with heat exchange provisions for
      accurate temperature control during the process.
DRWD
PAC  DETAILED DESCRIPTION
PAR  A more complete understanding of this invention may be obtained from the
      detailed description that follows, taken with the accompanying drawings in
      which;
PAR  FIG. 1 is an elevation view of a sheet extruder and roll-forming means of
      the invention;
PAR  FIG. 2 is a sectional view of the roll-forming means taken on lines 2--2 of
      FIG. 1.
PAR  FIG. 3 is a sectional view taken on lines 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged view of the forming elements on the roll-forming
      means;
PAR  FIG. 5 shows a plastic board made in accordance with the invention;
PAR  FIG. 6 shows a core sheet made in accordance with the invention;
PAR  FIG. 7 shows a modification of the roll-forming means; and
PAR  FIGS. 8 and 9 show a modified core sheet construction.
DETD
PAR  Referring now to the drawings, there is shown an illustrative embodiment of
      the invention for making plastic board of laminated construction with a
      pocketed core. In the illustrated embodiment the sheets of the lamination
      are made of synthetic thermoplastic resin, such as polypropylene. As the
      description proceeds, it will be appreciated that the invention is not
      limited to the use of any particular type of thermoplastic resin.
      Thermoplastic resins which may be used in the practice of the invention
      includes polyethylene, polystyrene, polyvinyl chloride and polyvinylidene
      chloride. Such material may be in the form of sheets, either foamed or
      nonfoamed. The temperature ranges to be maintained at the various points
      in the apparatus will, of course, depend upon the materials used. Such
      temperature ranges for a given resin will be readily ascertainable by
      those skilled in the art in view of the description that follows. For the
      sake of explanation typical temperature ranges will be given for the
      example resin, namely, polypropylene. Further, the description of the
      illustrative embodiment will be given with reference to making a plastic
      board for use in fabricating packing cartons; as such, the board will be
      about 1/4 inch thick and of any desired width, with the sheets forming the
      laminations being of approximately four mils thick.
PAR  As shown in FIG. 1, the apparatus for making the plastic board comprises a
      conventional extruder 10 having three sheet-extruding dies 12, 14 and 16.
      A flat continuous sheet 18 is extruded from the die 14 at a temperature
      above the melting point of the resin, which for polypropylene is somewhat
      above 135.degree.C. The core sheet is fed directly from the extruding die
      14 in a vertical path to a roll-forming means 20 which will be described
      in detail subsequently. The core sheet 18 is formed during its passage
      over the roll-forming means 20 and a formed core sheet 22 is removed
      therefrom. The formed core sheet 22, which will be described in detail
      below, is fed in a horizontal direction toward a pair of press rolls 24
      and 26. A face sheet 28 is extruded from the die 16 at a temperature above
      the melting point of the resin and is advanced vertically and then
      horizontally to a feed roll 30 and thence toward engagement with the lower
      surface of the formed core sheet 22 at the throat of the press rolls 24
      and 26. Similarly, an upper face sheet 32 is extruded from the die 12 and
      advanced vertically toward engagement with the upper surface of the formed
      core sheet 22 at the throat of the press rolls 24 and 26. As will be
      described further, the face sheets 32 and 28 are joined by fusion with the
      formed core sheet 22 at the throat of the press rolls 24 and 26. Thus the
      sheets of the laminated board are joined in a unitary structure and
      advanced through cooling rolls 34 and 36.
PAR  Referring now to FIGS. 1, 2 and 3, the forming of the core sheet will be
      described in further detail. As shown, the roll-forming means 20 comprises
      an elongated hollow drum 40 which is mounted for rotation about a fixed
      axle 42. The drum 40 is provided with a hub 44 at one end which is
      supported on the axle 42 by a bearing 46. The drum 40 is also provided
      with a hub 48 at the other end which is supported on the axle 42 by a
      bearing 52. It is noted that the hubs 44 and 48 are connected to the drum
      40 with a fluid tight seal and are connected to the axle 42 with a fluid
      tight seal for reasons which will appear hereinafter. In order to impart
      rotation to the drum 40 about the axle 42 a sprocket wheel 54 is fixedly
      mounted on the hub 48 and adapted to be driven at controlled speed by
      power means which are not shown.
PAR  The outer surface of the drum 40 is provided with a multiplicity of forming
      elements of two different types, namely, convex elements 56 and concave
      elements 58. It is noted that the convex elements are formed as tapered
      projections extending radially outwardly with reference to the cylindrical
      surface 60 of the drum 40. The concave elements 58 are formed in the drum
      as tapered recesses extending inwardly from a mouth at the cylindrical
      surface 60 of the drum 40. The convex elements 56 are generally
      rectangular in cross-section and are wider at the base than at the outer
      extremity. The concave elements formed in the drum have a wall
      configuration with a wider cross-sectional area at the mouth than at the
      inner extremity.
PAR  The concave forming elements 58 are in fluid communication by a gas flow
      passage with the interior of the drum 40. As shown in the enlarged view of
      FIG. 4 the bottom of the concave element or recess 58 is formed by a
      porous metal member 62. This porous metal disc 62 is secured in position
      by a socket head set screw 64 which is provided with an axial passage 66
      extending from the porous metal disc to the interior of the drum. It will
      be appreciated that for certain thermoplastic resins, the porous disc may
      be replaced by a nonporous disc with one or more small holes in it.
      Alternatively, the disc and screw may be eliminated and a small hole
      through the cylinder wall will suffice.
PAR  As shown in FIGS. 1 and 3 the interior of the drum is divided by a radially
      extending partition 68 and a radially extending partition 70, both of
      which are fixedly mounted on the fixed axle 42. A first chamber,
      hereinafter referred to as a vacuum chamber 72, is defined by the
      partitions 68 and 70 and the inner surface of the drum 40. The fixed axle
      42 is provided with an axially bore 74 which extends partially
      therethrough and, as indicated in FIG. 2, is connected to a vacuum pump
      (not shown). A radial passage 76 connects the bore 74 with the vacuum
      chamber 72. Accordingly, with the vacuum pump in operation the chamber 72
      is maintained at a partial vacuum which is communicated to the concave
      forming elements or recesses 58 which are in communication with the
      chamber 72 through the porous members 62. It is noted that the partitions
      68 and 70 are provided with rotary field members 78 and 80 to avoid loss
      of vacuum in chamber 72.
PAR  The fixed axle 42 is provided with a second axial bore 82 extending from
      the other end, partially therethrough. As shown in FIG. 2 the right hand
      end of the bore 82 is connected with a gas pump, suitably an air pump. The
      bore 82 is connected through radial passages 84 to a chamber 86 formed by
      the partitions 68 and 70 and the drum 40. The chamber 86, hereinafter
      referred to as pressure chamber 86, is maintained at super-atmospheric
      pressure when the air pump is operating. Accordingly, air-flow is provided
      through the porous members 62 in those recesses or forming elements 58
      which are in communication with the pressure chamber 86.
PAR  As shown in FIG. 7, the roll-forming means is desirably provided with heat
      exchange means for accurate temperature control. The structure of the
      roll-forming means is substantially the same as that shown in FIG. 2 with
      the addition of fluid passages for circulating a heat exchange fluid in
      heat exchange relation with the roll-forming means. The fluid heat
      exchange medium is suitably oil which is maintained at a controlled
      temperature and pumped through the passages by means not shown. The
      modified roll-forming means comprises a drum 40' supported upon a fixed
      axle 42'. A hub 44' supports the drum on the axle by a bearing 46' in the
      same manner as described with reference to FIG. 2. An inlet tube 102
      extends into a bore 82' of the axle and communicates through a radial
      passage 104 with an annular groove 106 in the outer surface of the axle. A
      radial passage 108 through the hub 44' connects the groove 106 with an
      annular groove 110 in the inner surface of the drum 40'. An axial passage
      112 extends the length of the drum 40' and serves as an inlet header for a
      plurality of annular passages 114, which are formed in the wall of the
      drum 40'. Each of the annular passages 114 communicates with the inlet
      header passage 112. An outlet header passage 116 which extends axially for
      the length of the drum is disposed on the opposite side from the header
      112. The outlet header passage 116 also communicates with the annular
      passages 114 and is connected with a radial passage 118 extending through
      the hub 44'. A passage 118 communicates with an annular groove 120 formed
      in the outer surface of the axle. The groove 120 is connected by a radial
      passage 122 to an outlet tube 124. The inlet tube 102 and the outlet tube
      124 are connected respectively to supply and return fittings of a
      temperature control and pumping means not shown. By means of this heat
      exchange system the drum 40' may be maintained at the desired temperature
      for operation.
PAR  In operation of the apparatus just described for forming a laminated
      plastic board, the extruder 10 is brought into operation with the die 14
      extruding the core sheet 18, the die 12 extruding the upper face sheet 32
      and the die 16 extruding the lower face sheet 28. All of the sheets at the
      extruding dies are at a temperature above the melting point of the resin
      which, as stated, is higher than 135.degree.C for polypropylene resin. The
      core sheet 18 is advanced to engagement with the roll-forming means 20
      which is rotatably driven in the direction indicated by the arrow in FIG.
      1. The drum 40 of the roll-forming means is maintained at a temperature in
      the range of 80.degree. to 120.degree.C for polypropylene resin. With the
      roll-forming means in operation the vacuum pump is connected with the
      vacuum chamber 72 and the air pump is connected with the pressure chamber
      86. Accordingly, during the first portion of travel of the core sheet 18
      on the roll-forming means 20, the sheet is laid on the extremities of the
      convex forming means or projections 56. Because of its highly plastic
      condition at the elevated temperature the core sheet 18 tends to drape
      over the forming elements 56 and sag toward the concave forming elements
      58. The partial vacuum applied to the concave forming elements or recesses
      58 is effective to draw the plastic sheet into close conformity with the
      forming elements. Stated otherwise, the atmospheric air pressure outside
      the core sheet 18 presses the core sheet inwardly against the forming
      elements. This conformity of the core sheet to the configuration of the
      forming elements continues throughout the travel over the vacuum chamber,
      i.e. from the partition 68 to the partition 70. The temperature control of
      the roll-forming means 20 provided by the heat exchange arrangement, as
      shown in FIG. 7, maintains the forming elements at the desired temperature
      within the range of 80.degree. to 120.degree.C for polypropylene. Since
      the forming elements are maintained at a temperature lower than that of
      the core sheet 18 the core sheet does not stick to the forming elements.
      Accordingly, when the direction of travel of the core sheet 22 is changed
      away from the surface of the roll-forming means 20 the formed core sheet
      22 tends to separate therefrom. Separation is enhanced by the tapered
      configuration of the forming elements. To insure separation of the formed
      core sheet from the forming elements at the desired point in the travel
      over the roll-forming means the air pressure supplied from the pressure
      chamber 86 exerts an outward force through the porous members 62 to
      positively lift the formed core sheet from the forming elements.
PAR  The configuration of the core sheet 22 as it leaves the roll-forming means
      20 is illustrated in FIG. 6. Note that the core sheet is provided with a
      multiplicity of oppositely disposed pockets. The pockets 94 on the upper
      surface of the core sheet are upside down or inverted and have the same
      configuration as the convex forming elements 56. The pockets 96 on the
      lower side of the core sheet are open at the top, i.e. right side up or
      noninverted and conform to the configuration of the concave forming
      elements or recesses 58.
PAR  Referring again to FIG. 1, it is noted that the formed core sheet 22 and
      the upper face sheet 32 and the lower face sheet 28 are brought into
      engagement at the throat of the press rolls 24 and 26. It is at this point
      that the face sheets are bonded by fusion or welding to the extremities of
      the pockets of the core sheet. For this purpose the temperature of the
      face sheet is maintained in the range of 75.degree. to 115.degree.C at the
      throat of the press rolls 24 and 26 while the temperature of the formed
      core sheet is maintained in the range of 60.degree. to 100.degree.C at
      this point. From the press rolls 24 and 26 the unitary laminated board is
      advanced through the cooling rolls 34 and 36 and thence to the output of
      the machine.
PAR  The finished plastic board as illustrated in FIG. 5, comprises the formed
      core sheet, together with the upper face sheet 32 and the lower face sheet
      28, bonded into a unitary laminated article. It is to be noted, with
      reference to FIGS. 5 and 6 that the pockets form lines which run both
      lengthwise and crosswise of the board, i.e. the rows of inverted pockets
      94 extend across the rows of noninverted pockets 96. Accordingly, the
      board has bending strength which is the same in both directions. Because
      of the bidirectional lines of bonding between the core sheet and the face
      sheets the finished board has virtually no tendency to warp or curl, even
      though there may be residual stresses which result from uneven cooling
      rates and the like.
PAR  A modified form of the core sheet is shown in FIGS. 8 and 9. It will be
      noted as the description proceeds that this core sheet includes rows of
      inverted pockets extending across rows of noninverted pockets, as in the
      case of the core sheet of FIG. 6. Further, however, this core sheet has
      the pockets disposed in a pattern which provides omnidirectional lines of
      bonding between the core sheet and the face sheets and accordingly the
      bending strength of the finished board is uniform in all directions.
PAR  Referring now to FIGS. 8 and 9, the core sheet 22' in its deformed
      condition comprises a multiplicity of inverted pockets 94' and a
      multiplicity of noninverted pockets 96'. Each of the pockets has the
      configuration of a truncated hexogonal pyramid so that the outer extremity
      or flat top has a suitable area for bonding to the face sheets. It is
      noted that the hexagonal pockets are arranged in a pattern such that any
      given pocket is surrounded by six other pockets, each having a side
      parallel to one of the sides of the given pocket. Further, it is noted
      that rows of inverted and noninverted pockets extending parallel to each
      other are disposed alternately in the pattern of the pocketed core sheet.
      It will be apparent that the pocketed core of FIGS. 8 and 9 may be
      produced in the same manner as the pocketed core of FIG. 6 by roll-forming
      means similar to the that shown in FIGS. 2 and 3.
PAR  Although the description of this invention has been given with respect to a
      particular embodiment, it is not to be construed in a limiting sense. Many
      variations and modifications will now ocurr to those skilled in the art.
      For a definition of the invention reference is made to the appended claims
     .
CLMS
STM  The embodiments of the present invention in which an exclusive property or
      priviledge is claimed are defined as follows:
NUM  1.
PAR  1. The method of making a laminated board with a pocketed core comprising
      the steps of extruding a core sheet of thermoplastic resin at a
      temperature higher than the melting point thereof, feeding said core sheet
      through roll-forming means while it is above its plastic deformation
      temperature deforming portions of said core sheet by vacuum-drawing said
      core sheet against multiple convex forming elements protruding outwardly
      from cylindrical reference surface of the roll-forming means and disposed
      in parallel rows extending in one direction and against multiple concave
      forming elements receding inwardly of the cylindrical reference surface
      and disposed in parallel rows in a transverse direction and against said
      cylindrical reference surface, said forming elements being spaced apart by
      portions of said cylindrical reference surface, to form multiple pockets
      with rows of inverted pockets extending across rows of noninverted pockets
      with substantially flat and relatively non-deformed portions of said sheet
      between adjacent pockets, maintaining said forming elements at a
      temperature lower than said core sheet, rotating said roll-forming means
      to remove said core sheet therefrom after carrying it less than one
      revolution, extruding a pair of face sheets of thermoplastic resin at a
      temperature higher than the melting point thereof, joining said face
      sheets to the deformed core sheet by continuously advancing the extruded
      face sheets on opposite sides of the deformed core sheet at the same rate
      as the deformed core sheet, and engaging and bonding the inner surface of
      one face sheet with the outer extremities of the inverted pockets and
      engaging and bonding the inner surface of the other face sheet with the
      extremities of the noninverted pockets, said joining being effected after
      said core sheet is removed from the roll-forming means and by maintaining
      said face sheets at sufficiently high temperature to effect fusion of the
      extremities of the said pockets with said face sheets.
NUM  2.
PAR  2. The invention as defined in claim 1, including the step of applying gas
      pressure between the core sheet and roll-forming means after the step of
      drawing the core sheet against the forming elements, to thereby detach the
      formed core sheet from said elements.
NUM  3.
PAR  3. The invention as defined in claim 2, including the step of circulating a
      heat exchange fluid through said roll-forming means during rotation
      thereof to maintain said forming elements at a temperature a predetermined
      value below the temperature of said core sheet.
NUM  4.
PAR  4. The invention as defined in claim 2, wherein said forming step includes
      shaping all of said pockets with a smaller cross-section at the extremity
      thereof than at the base thereof to thereby facilitate the removal of the
      core sheet from the forming elements.
NUM  5.
PAR  5. Apparatus for making a laminated board with a pocketed core comprising
      first extruder means for extruding a thermoplastic resin in the form of a
      sheet at a temperature higher than the melting point of said resin,
      roll-forming means adjacent said first extruder means and including a
      rotatable roll having a cylindrical surface portion and having multiple
      forming elements disposed thereon, said rotatable roll being adapted to
      receive said sheet and carry it in a downstream direction through less
      than one revolution of the roll, means for maintaining said forming
      elements at a temperature lower than said sheet, said multiple forming
      elements including a first group of elements which are convex relative to
      the cylindrical surface portion of said roll and including a second group
      of elements which are concave relative to said cylindrical surface
      portion, each of said forming elements being separated from adjacent
      forming elements by a part of said cylindrical surface portion, means for
      applying a partial vacuum to the region between the sheet and the surface
      of the roll for urging said sheet toward said roll into engagement with
      said convex and concave forming elements and with said cylindrical surface
      portion while the sheet is above its plastic deformation temperature, said
      forming elements being disposed in an array in which concave and convex
      elements occur alternately with lines of convex elements extending across
      lines of concave elements, whereby said sheet is formed with multiple
      oppositely opening pockets with substantially flat portions of said sheet
      between adjacent pockets, means adjacent the roll-forming means for
      changing the direction of advance of said sheet away from the roll-forming
      means to remove the sheet from said forming elements, second and third
      extruder means disposed relative to said first extruder means for
      extruding a pair of face sheets of thermoplastic resin on opposite sides
      of said core sheet, and means on opposite sides of said face sheets and
      located at a position downstream of the roll-forming means for guiding and
      maintaining said face sheets at a fusion bonding temperature and in
      engagement with the extremities of said pockets in said core sheet after
      the core sheet leaves the roll-forming means for effecting a joinder of
      each face sheet to said core sheet.
NUM  6.
PAR  6. The invention as defined in claim 5 wherein said means for applying a
      partial vacuum includes a porous member forming at least part of the wall
      of said concave forming elements, and means connected with the porous
      members for partially evacuating air from said concave forming elements.
NUM  7.
PAR  7. The invention as defined in claim 5 wherein said rotatable roll
      comprises a hollow drum, a pair of stationary partitions within said drum
      and being coextensive in the axial direction with the forming elements in
      the wall of said drum, said partitions and a first portion of the wall of
      said drum defining a vacuum chamber, said partitions and a second portion
      of the wall of said drum defining a pressure chamber, gas passage means
      forming at least part of the wall of said concave forming elements and
      communicating with the interior of said drum, said vacuum chamber being
      disposed ahead of said pressure chamber relative to the direction of
      rotation of said drum.
NUM  8.
PAR  8. The invention as defined in claim 7 wherein said gas passage means
      includes a porous metal member.
NUM  9.
PAR  9. The invention as defined in claim 5 wherein said convex forming elements
      are formed as a tapered boss on the surface of said roll having an
      extremity narrower than the base and wherein said concave forming elements
      are formed as a tapered recess in the surface of said roll having an
      extremity narrower than the mouth.
NUM  10.
PAR  10. The invention as defined in claim 5 wherein said means for maintaining
      said elements at a temperature lower than said sheet comprises fluid
      passages formed in said roll, and means for supplying a heat exchange
      fluid to said fluid passages.
NUM  11.
PAR  11. The invention as defined in claim 10 wherein said fluid passages
      comprise a slot of helical configuration defined by the inner surface of
      said roll, a tube disposed within said slot, means for supplying heat
      exchange fluid to one end of said tube and means for withdrawing heat
      exchange fluid from the other end of said tube.
NUM  12.
PAR  12. The invention as defined in claim 11, wherein said means for supplying
      the heat exchange fluid comprises a source of heating fluid and a source
      of cooling fluid and means for alternately connecting said sources.
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ABST
PAL  A method of forming a reinforced rubber sheet useful for the lining of
      pipes, acid tanks, chimneys and the like, wherein a metal grid is
      interposed between adhesive surfaces of each of two rubber sheets, the
      rubber sheets overlapping the metal grid along all edges, evacuating the
      air from between the sheets to thereby draw them together and also to draw
      them into contact with the metal grid, thereby effecting adhesion between
      the adhesive surfaces of the two sheets of rubber and also between the
      rubber sheets and the metal grid.
BSUM
PAR  This invention relates to a method of forming a reinforced elastomeric
      polymer (that is a natural or synthetic rubber) wherein the reinforcing
      material is a metal grid, and the invention further relates to a product
      when produced by that method.
PAC  BACKGROUND OF THE INVENTION
PAR  The need to reinforce rubber materials with metal has been recognised for
      some time, and there are many instances wherein metal is embedded in
      rubber for stiffening purposes and in certain instances the metal is
      perforated so that the rubber is integral through the perforations in the
      metal as well as being adhered to the metal surface. It is well recognised
      that it is difficult to achieve a very strong adhesion between rubber and
      metal by "lay up" methods, and such products have therefore usually been
      formed by moulding the rubber on or around the metal under conditions of
      high pressure.
PAR  It is not feasible to mould a large sheet over a metal grid since the grid
      will need support within the moulding die and therefore will not be fully
      encased, so that the metal will be liable to acid or abrasion attack if
      the sheet is used, for example, for the lining of acid tanks, pipes used
      in mining operations and the like. In the alternative, if the rubber is
      merely cemented to a metal sheet, there is a danger of the rubber tearing
      away due to poor adhesion or the metal being subject to abrasion or
      chemical attack. Known adhesives usually achieve only about a 40 percent
      adhesion, and this diminishes above temperatures of about 70.degree.C.
PAR  It will be recognised by those skilled in the art that the possible
      alternatives of utilising woven mesh, sheet metal having a large number of
      small perforations therein, or expanded metal for the reinforcement of
      rubber sheets are all subject to certain disabilities. Woven mesh and
      expanded metal include recesses into which the rubber is not readily
      deformed, and even if a moulding technique were to be utilised, there is a
      danger of air pockets being formed between the metal and the rubber, and
      these constitute weaknesses which can result in tearing of the rubber. If
      perforate sheet metal is used in a lay up process, the adhesion between
      the rubber and the imperforate portions of the metal is likely to be poor,
      and the area wherein the rubber penetrates through the apertures is likely
      to be ineffective in providing sufficient adhesion to a backing sheet (if
      used) to overcome the difficulty of poor adhesion to the metal. If the
      perforations in a sheet metal plate are increased in size to the extent
      that adhesion to a backing sheet becomes of significance, then there is a
      considerable wastage of metal from the perforated areas.
PAC  OBJECT OF THE INVENTION
PAR  The main object of this invention is to provide a relatively low cost and
      effectively reinforced elastomer wherein metal reinforcing is completely
      encased within the elastomer, so that the product is useful for the lining
      of pipes as for example are used in the mining industry, mining chutes,
      chimney stacks, acid tanks and the like.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly the invention consists of a method of forming a reinforced
      elastomeric polymer which comprises rendering one face of each of two
      sheets of elastomeric material adhesive, interposing a reinforcing grid
      between the sheets, the length and width of each of the sheets exceeding
      respectively the length and width of the reinforcing grid so that the
      sheets of elastomeric material overlap the grid on all sides, evacuating
      air from between the sheets to thereby draw the surfaces together and
      effect an adhesion between them. The surfaces may also be adhered to the
      reinforcing metal grid.
PAR  More specifically, in one form the invention consists of a method of
      forming a reinforced elastomeric polymer comprising forming a reinforcing
      metal grid to have longitudinally extending members and joining members
      joining the longitudinally extending members,
PAR  rendering one face of each of two sheets of elastomeric material adhesive,
      the length and width of each of said sheets exceeding respectively the
      length and width of the reinforcing grid,
PAR  interposing the reinforcing grid between said two sheets with the adhesive
      surfaces of the sheets contiguous and with the edges overlapping the edges
      of the metal grid on all sides,
PAR  evacuating air from between the sheets to thereby draw said adhesive
      surfaces together around the periphery of the metal grid and between the
      longitudinally extending members and joining means thereof, and
PAR  effecting adhesion between said adhesive surfaces.
PAR  With this invention, the metal grid may be of low cost and may be formed by
      deformation of a slotted and extruded member, or alternatively by welding
      together of metal rods. Conveniently the surfaces of the members forming
      the grid can form a plurality of channels for the evacuation of air, thus
      avoiding the formation of air pockets. Further the thicknesses of the
      elastomeric sheets may vary and the cross-sectional shape of the ribs may
      be such that the thicker sheet remains substantially planar and the
      thinner sheet conforms to the shape of the reinforcing grid. Conveniently
      the elastomeric material may be rubber and may be cured at a curing
      temperature of between 145.degree.C. and 165.degree.C., after the air is
      evacuated from between the sheets, although the temperature may be varied
      to suit different thicknesses or types of rubber.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention is described hereunder in some detail with
      reference to and as illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of an article which has been formed by the
      extrusion of extrusile metal having a plurality of longitudinally
      extending ribs interconnected with webs the thickness of each which is
      less than the thickness of each of the ribs which it interconnects,
PAR  FIG. 2 is a plan of the article after it has been pierced with a row of
      slots in each web in staggered and overlapping relation with the slots in
      each adjacent web,
PAR  FIG. 3 is a view corresponding to FIG. 2 showing a metal grid formed by
      deforming the ribs of the article illustrated in FIG. 2 by moving the side
      edges of the article away from one another; FIG. 3 also illustrates one of
      two sheets of elastomeric material with its edges overlapping the edges of
      a metal grid on all sides, and FIG. 3 also illustrates diagrammatically a
      vacuum pump and a conduit,
PAR  FIG. 4 is a section taken on line 4--4 of FIG. 3, but showing a second
      rubber sheet of less than half the thickness of the first said rubber
      sheet and contiguous with the other (upper) surface of the metal grid,
PAR  FIG. 5 is a fragmentary enlarged section illustrating the conformation of
      the thinner elastomeric sheet over the metal grid and in face to face
      relationship with the thicker sheet, and
PAR  FIG. 6 illustrates an alternative embodiment wherein the metal grid is
      formed from circular rods which are resistance welded together.
DETD
PAR  Referring to the first embodiment of FIGS. 1 to 5, a metal grid is formed
      by firstly extruding aluminium or aluminium alloys to form an article 10
      of constant cross-sectional shape which includes a plurality of
      longitudinally extending ribs 11 interconnected by webs 12, the thickness
      of each web 12 being less than the thickness of the ribs which it
      interconnects.
PAR  As shown in FIG. 2, the webs 12 are each pierced with a plurality of slots
      14 which are in staggered and overlapping relation with the slots 14 of
      the next adjacent web, and as shown in FIG. 3 a grid is formed by moving
      the side edges of the article away from one another, thereby stretching
      the ribs 11 between the side edges. Alternatively however, the side edges
      may themselves be deformed and the ribs 11 may be deformed less by
      stretching and more by simply bending. These alternatives are available
      for selection, and will be selected in accordance with the need to have a
      continuously extending rib along each side of the grid as shown in FIG. 3.
PAR  Two sheets of elastomeric material each then have one face rendered
      adhesive. As shown in FIG. 4, the lower sheet 16 is more than twice the
      thickness of the upper sheet 17, and the facing surfaces 18 are rendered
      adhesive.
PAR  As will be clearly understood by those skilled in the art, the facing
      surfaces may be rendered adhesive by one of at least two methods.
      According to one commonly used method, the sheets have applied to them a
      hydrocarbon or other solvent, selected from benzol, toluol or xylol and
      effect of this is to make the surface tacky. In the alternative, the
      sheets may have a rubber solution applied.
PAR  The metal of the grid is cleaned, and if the grid is of aluminium as
      illustrated in the first embodiment, the cleaning is conveniently effected
      by immersing the grid for a short period in a bath of caustic soda,
      rinsing, and degreasing. The grid is then coated with a chemical priming
      material, one suitable material being sold under the Trade Mark CHEMLOK by
      Hughson Chemicals, Lord Corporation, Erie, Pa., U.S.A. One of the
      characteristics of the product CHEMLOK is that the surfaces are not sticky
      or tacky, and therefore the grid may be more easily handled with the
      rubber sheets.
PAR  The grid is then interposed between the adhesive surfaces of the rubber as
      illustrated in FIG. 4, and a vacuum pump 20 is connected to the space
      between the sheets 16 and 17 by means of a conduit 21, whereupon a vacuum
      is drawn between the sheets and this urges the two sheets to come into
      contact with one another and with the grid.
PAR  As shown more particularly in FIG. 5 the ribs 11 each have a flat base and
      sloping side walls which converge away from the base. The flat base is
      contiguous with the thicker sheet 16 and this inhibits deformation from
      the flat planar shape of the sheet 16, while the converging side walls
      facilitate conformation of the thinner sheet 17 upon the application of
      the vacuum.
PAR  Since the thicknesses of the webs 12 are less than the thicknesses of the
      ribs 11, it follows that the spaces between adjacent ribs form channels
      upon initial removal of air, and this reduces the danger of air pockets
      being formed in the final product. It is important to avoid the formation
      of air pockets since they will constitute points of weakness in the final
      product.
PAR  FIG. 6 illustrates a slight variation of the above embodiment wherein the
      grid, instead of being formed as described above, is formed by the well
      known process of resistance welding rods together. The rods are designated
      23, and as shown in FIG. 6 the weld is terminated before the longitudinal
      rods and transverse rods come into the one plane, so that once again
      channels exist for the passage of air. It is valuable to ensure that the
      surfaces of the joining members are so disposed from the common tangential
      planes of the surfaces of the adjacent longitudinally extending members
      that the air flow channels will exist.
PAR  The elastomeric material is desirably a butadiene, chloroprene,
      polyisoprene (natural rubber), or some synthetic rubber which is selected
      for a specific application. The most suitable material to be used for
      rendering the surfaces adhesive will be readily ascertainable by those
      skilled in the art either by reference to standard text books or by
      impirical means.
PAR  After the rubber sheets have been drawn together, and some initial adhesion
      has taken place the conduit 21 is removed and the product is heated in an
      autoclave at a temperature of between 145.degree.C. and 165.degree.C.
      (although in some cases the selection of rubber composition or thickness
      may require a different temperature which will be determined again by
      those skilled in the art, or by reference to standard text books or
      manufacturers instructions).
PAR  The reinforced elastomeric polymer produced by the method described above
      will be found to have excellent resistance to abrasion or penetration by
      acids or the like, so that it is useful for the lining of pipes, chutes,
      tanks, chimneys or other applications wherein resistance is required
      either to abrasion or to chemical or moisture penetration into the
      reinforcing material. As shown in FIG. 5, one of the surfaces of the
      product is substantially smooth and without projections or protuberances
      which might otherwise cause localised wear on the rubber. It will be
      appreciated that the grid is ductile and thereby the product can be formed
      to a shape after it has been vulcanised or cured.
PAR  The product may if desired be quilted with sponge rubber or other resilient
      polymeric material, and instead of the curing being effected slowly by the
      application of heat, it can be also effected by the application of
      external pressure (for example passing the product between rolls, or by
      both). If rollers are used, at least one of the rollers should be provided
      with a cylindrical pad of resilient material to enable it to apply
      pressure over the "valleys" in the thin rubber sheet.
PAR  As shown in FIG. 6, the rubber sheets which are therein designated 26 and
      27 are of identical thickness so that the product is substantially
      symmetrical about a central plane designated 28.
PAR  The product of this invention may be a self supporting sheet, and therefore
      may be fixed in place by fastening means, thus avoiding the need to
      utilise adhesives. For example, it may be bolted into place without
      exposing the metal grid. This can result in considerable labour saving.
PAR  While the invention has been described with respect to specific
      embodiments, it should be understood that various changes and
      modifications can be made therein without departing from the scope and
      spirit of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of forming a reinforced elastomeric polymer comprising forming
      a reinforcing metal grid to have longitudinally extending members and
      joining members joining the longitudinally extending members, the surfaces
      of the joining members being displaced from the common tangential planes
      of the surfaces of adjacent said longitudinally extending members,
PA1  rendering one face of each of two sheets of elastomeric material adhesive,
      the length and width of each of said sheets exceeding respectively the
      length and width of the reinforcing grid,
PA1  interposing the reinforcing grid between said two sheets with the adhesive
      surfaces of the sheets contiguous and lying in planes displaced from said
      common tangential planes, and with the edges overlapping the edges of the
      metal grid on all sides, thereby forming air flow channels between and
      defined by the longitudinal members and said adhesive surfaces,
PA1  evacuating air through said air flow channels and from between the sheets
      to thereby draw said adhesive surfaces together around the periphery of
      the metal grid and in the areas existing between the longitudinally
      extending members and joining members, and
PA1  effecting adhesion between said adhesive surfaces.
NUM  2.
PAR  2. A method according to claim 1 wherein the metal grid is formed by
      extruding extrusile metal to form an article of constant cross sectional
      shape and having a plurality of longitudinally extending ribs
      interconnected with webs the thickness of each of which is less than the
      thickness of each of the ribs which it interconnects, piercing a row of
      slots in each web in staggered and overlapping relation with the slots in
      each adjacent web and deforming the ribs by moving the side edges of the
      article away from one another.
NUM  3.
PAR  3. A method according to claim 2 wherein the cross sectional shape of each
      rib includes a flat base and sloping side walls which converge away from
      the base.
NUM  4.
PAR  4. A method according to claim 2 wherein said extrusile metal is aluminium
      or an aluminium alloy.
NUM  5.
PAR  5. A method according to claim 1 wherein the metal grid is formed by
      resistance welding rods together so that the common tangential planes of
      the longitudinally extending members are not coincident with the common
      tangential planes of the transversely extending members.
NUM  6.
PAR  6. A method according to claim 1 comprising cleaning the metal grid and
      applying a coating of chemical priming material to the surface of the
      metal grid before interposing the metal grid between the rubber sheets.
NUM  7.
PAR  7. A method according to claim 1 wherein said elastomeric material is
      rubber.
NUM  8.
PAR  8. A method according to claim 7 wherein the thickness of one of said
      sheets is at least twice as great as the thickness of the other sheet.
NUM  9.
PAR  9. A method according to claim 7 comprising heating the rubber to a curing
      temperature after the air has been evacuated from between the sheets and
      the adhesive surfaces of the sheets are contiguous.
NUM  10.
PAR  10. A method according to claim 7 comprising curing the rubber at a
      temperature between 145.degree.C. and 165.degree.C. after the air has been
      evacuated from between the sheets and the adhesive surfaces of the sheets
      are continguous.
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ABST
PAL  A method for manufacturing a metal foil- or plastic film-overlaid laminate
      which comprises completely covering a cleaned press plate with a cleaned
      metal foil, a cleaned plastic film or both of them in such a manner that
      the pressing surface of the press plate comes in intimate contact with the
      face side of said metal foil or plastic film, partially or completely
      sealing the resulting covering along at least two edges of the press
      plate, two of the edges being opposite to each other, applying the covered
      press plate to one or both sides of a laminating base, subjecting the
      resulting assembly to a laminating apparatus with heating under pressure,
      taking the assembly out of the laminating apparatus, and thereafter
      opening the covering to remove the press plate.
BSUM
PAR  This invention relates to a method for manufacturing a metal foil- or
      plastic film-overlaid laminate, for use in printed circuit board,
      electrical insulation material, and the like.
PAR  This invention is concerned with a method for manufacturing the
      above-mentioned metal foil- or plastic film-overlaid laminate with a
      smooth and flawless surface of the metal foil or plastic film overlay by
      keeping dust and other fine particles completely out of access to the
      interface between the pressing surface of the press plate and the face
      side of said metal foil or plastic film before lamination is finished,
      since otherwise these particles tend to cause depressions, which are
      called dents, on the surface of the metal foil or plastic film layer after
      lamination.
PAR  The metal foil- or plastic film-overlaid laminate has generally been
      manufactured by the following process:
PAR  A cleaned metal foil or plastic film is applied to one or both sides of a
      laminating base, such as a plastic sheet, a reinforced plastic sheet or a
      prepreg, in such a manner that the laminating base is in intimate contact
      with the back side of the metal foil or plastic film. The resulting
      assembly is then placed between a pair of press plates. In some cases, a
      plastic film is placed between the press plate and the resulting assembly.
      After such a preparatory assembling step, laminating is carried out with
      heating under pressure.
PAR  In such a conventional laminating procedure, the press plate, metal foil
      and plastic film are, of course, cleaned dust-free before use. The dust
      particles suspended in the surrounding air, the loose fibers from the
      garments of workers, the dust from machines and apparatus, and dust from
      the laminating base, and other foreign solid matters may deposit on the
      surface of press plate or metal foil or plastic film during the assembling
      step or during transportation of the assembly. On being laminated, these
      deposited dust particles cause pits and dents on the surface of the metal
      foil- or plastic film-overlaid laminate. It may be, of course, possible to
      decrease the occurrence of pits and dents by dust-proofing the working
      room and working environment, cleaning the garments of workers, installing
      a dust-catcher for machines and materials, and other appropriate measures,
      particularly by giving due consideration to handling of the laminating
      base, press plate, and metal foil or plastic film. However, since it is
      practically impossible to eliminate dust particles originated from
      fragments and chips produced from the laminating base itself during
      assemblage or handling, it has been difficult to manufacture a metal foil-
      or plastic film-overlaid laminate having flawless surface.
PAR  The pits and dents are of various sizes including small ones as well as
      large ones in accordance with the sizes of dust particles. Those pits and
      dents of large sizes which are clearly noticeable are detrimental to the
      commercial value of the product, whilst those of very small sizes which
      are not easily detectable can escape through the barrier of visual
      inspection and remain on the commercial product.
PAR  As a result of studies conducted on the manufacture of metal foil- or
      plastic film-overlaid laminate, whose surface is perfectly smooth, and
      free from even extremely minute pits and dents, the present inventors have
      found a method for manufacturing a metal foil- or plastic film-overlaid
      laminate, in which foreign matters such as dust particles generated during
      the manufacturing step are completely kept from depositing between the
      press plate and the metal foil or plastic film.
PAR  An object of this invention is to provide a method for manufacturing a
      metal foil- or plastic film-overlaid laminate free from even extremely
      minute dents.
PAR  Another object of this invention is to provide a method for manufacturing a
      metal foil- or plastic film-overlaid laminate which is suitable for use as
      a base plate for mounting an IC or a LSI.
PAR  Other objects and advantages of this invention will become apparent from
      the following description.
PAR  According to this invention, there is provided a method for manufacturing a
      metal foil- or plastic film-overlaid laminate, which comprises completely
      covering a cleaned press plate with at least one member selected from the
      group consisting of cleaned metal foils and cleaned plastic films in such
      a manner that the press plate comes in intimate contact with the face side
      of said member, partially or completely sealing the resulting covering
      along at least two edges of the press plate, two of said edges being
      opposite to each other, applying the covered press plate to one or both
      sides of a laminating base, subjecting the resulting assembly to a
      laminating apparatus with heating under pressure, taking the assembly out
      of the laminating apparatus, and thereafter opening the covering to remove
      the press plate.
PAR  The term "metal foil-overlaid laminate" is herein used in the same meaning
      as "metal-clad laminate". The metal foils may be those which are
      conventionally used in the production of metal-clad laminates, and
      include, for example, foils of aluminum, copper, nickel, zinc and alloys
      of at least two of these metals, copper-aluminum-clad foil,
      copper-zinc-clad foil, copper-nickel-clad foil, and the like. One or both
      sides of the metal foil may have been treated chemically or mechanically
      in a coventional manner. Aluminum and zinc foils may also be used as
      release films.
PAR  The plastic film may be those which are conventionally used in the
      production of metal-clad laminates and plastic film-overlaid laminates,
      and include, for example, cellulose acetate, cellulose acetate butyrate,
      polycarbonate, saturated polyesters, polytetrafluoroethylene, polyethylene
      terephthalate, polyvinylidene fluoride, fluroinated ethylene-propylene
      copolymer and the like.
PAR  Among these, polytetrafluoroethylene, fluorinated ethylene-propylene
      copolymer, polyethylene terephthalate and polyvinylidene fluoride are used
      as release film, and cellulose acetate, cellulose acetete butyrate,
      polycarbonate and saturated polyesters are used as both release film and
      overlay. The metal foil and plastic film may preferably have a thickness
      of 5 to 200 .mu..
PAR  The laminating base may be those which are conventionally used in the
      production of laminates, and include, for example, thermosetting
      resin-impregnated glass fabrics, glass mats, glass papers, glass-cellulose
      papers, cellulosic papers and synthetic and natural fiber fabrics and
      sheets of mixtures of a thermosetting resin with glass fiber, inorganic
      fillers or both of them. The thermosetting resin includes, for example, a
      phenolic resin, a melamine resin, an epoxy resin, a diallyl phthalate
      resin, a polyimide, a cyanate resin, an unsaturated polyester and a
      silicone resin. Further, a thermoplastic sheet may also be used as the
      laminating base, such as a polyethylene terephthalate sheet, a
      polyamide-imide sheet, a polyimide sheet, a polycarbonate sheet or a
      polyphenylene oxide sheet.
PAR  Intervention of dust particles and other foreign matters between the press
      plate and the metal foil or plastic film can be prevented and, hence,
      occurrence of defects such as pits and dents on the surface of metal foil-
      or plastic film-overlaid laminate can be prevented by enclosing a cleaned
      press plate with a cleaned, dust-free metal foil or plastic film in such a
      manner that the pressing surface of the press plate may come in intimate
      contact with the face side of said metal foil or film, or alternatively,
      placing the press plate between a pair of metal foils, a pair of plastic
      films or a sheet of metal foil and a sheet of plastic film, which are then
      sealed along at least two edges of the press plate, two of the edges being
      opposite to each other, preferably around all edges of the press plate by
      bonding for example, with adhesives or adhesive tapes, caulking, sewing or
      welding, thus forming the covered press plate, applying the covered press
      plate to one or both sides of a laminating base, annd subjecting the
      resulting assembly to a laminating apparatus.
PAR  Covering the cleaned, dust-free press plate with a metal foil or plastic
      film or both of them can be effected automatically under dust-free
      conditions by using apparatus and technique generally used in packaging of
      sheet-like articles with a film or in bonding a film or the like to
      sheet-like articles. It is necessary that the metal foil or plastic film,
      when used as overlay be brought into intimate contact with the press plate
      surface without leaving wrinkles, and that along at least two edges more
      desirably around the edges, of the press plate, the metal foil or plastic
      film be sealed. Covering the press plate with a metal foil and/or plastic
      film without leaving wrinkles can be effected by, for example, smoothening
      the overlay material with a levelling roll, by applying tension to the
      overlay material by means of clamps holding four edges, or by other means.
      Sealing along the edges can be conducted by bonding the overlay material
      to the press plate along the edges, or by bonding, caulking, or welding
      together the upper and lower overlay materials along the edges of the
      press plate.
PAR  According to this invention, moreover, the step of assembling the
      laminating base, the metal foil or plastic film, and the press plate can
      be automated. In the conventional method, as shown in FIG. 4 of the
      accompanying drawing, generally a metal foil and/or plastic film is placed
      over a laminating base and then a press plate is placed on the overlay
      material. Such an assembling step can be automated only with extreme
      defficulty, because the metal foil and/or plastic film is apt to become
      wrinkled due to being very thin, requiring manual handling with the utmost
      care. To the contrary, according to this invention, at first the press
      plate is covered with the metal foil and/or plastic film, and then the
      covered press plate is applied to the laminating base, thus eliminating
      wrinkle-formation during the assembling step and making automation very
      easy.
DRWD
PAR  FIG. 1a is a plan view of the press plate covering, and FIG. 1b is a
      sectional view at 1b--1b in FIG. 1a, wherein 1 is a press plate, 2 is a
      metal foil (as overlay), 3 is a plastic film (as release film), and 4 is
      an adhesive layer to serve as a seal. FIGS. 2a to 2f represent various
      embodiments of the way of sealing after the press plate has been covered
      with a metal foil, a plastic film or both of them according to this
      invention. FIG. 2a shows a way of sealing by use of an adhesive, FIG. 2b
      shows a way of sealing by bending and caulking, and FIG. 2c shows a way of
      sealing by use of an adhesive tape. FIG. 2a and FIG. 2c show an example of
      covering with a plastic film (as release film) and a metal foil (as
      overlay), and FIG. 2b shows an example of covering with a metal foil
      alone. In FIG. 2a and FIG. 2c, 1 is a press plate, 2 is a metal foil, and
      3 is a plastic film. In FIG. 2a, a press plate is placed between a metal
      foil and a plastic film, both of which are somewhat larger in size than
      the press plate, and the marginal portions are sealed by use of an
      adhesive 4. FIG. 2 c shows an example in which a press plate is placed
      between a metal foil and a plastic film, which are identical in size with
      the press plate, and the whole is sealed around all the edges by use of an
      adhesive tape 4'. In FIG. 2b, 1 is a press plate, 2 is a metal foil, 2a
      shows the bent and caulked portions, and the figure shows an example in
      which the press plate is covered with a pair of metal foils a little
      larger in size than the press plate and the marginal portions are sealed
      along the edges of the press plate by bending and caulking. In FIG. 2d, a
      press plate 1 is covered with two sheets of metal foil or plastic film 2,
      and the marginal portions 2b are entirely welded. In FIG. 2f, a press
      plate 1 is covered with a sheet of metal foil 2, which is folded along the
      edge 1a and the marginal portions 2c opposite to the folding line are
      partially welded. FIG. 2e is a plan view of a press plate covering, and
      FIG. 2f is a sectional view at IIf--IIf in FIG. 2e, wherein 1 is a press
      plate and 2 is a metal foil. A sheet of metal foil 2 is folded along the
      edge 1a and the marginal portions 2c opposite to the folding line are
      partially welded as shown in FIGS. 2e and 2f. The remaining marginal
      portions of the metal foil are sewed by threads 5 as shown in FIG. 2e.
PAR  FIG. 3 shows an example of assembly in manufacturing a laminate ovelaid, on
      one side, with a copper foil. A press plate 1 is covered, on the upper
      side, with a glossy aluminum foil 3 used as a release film and, on the
      other side, with a copper foil 2, which has been roughened on the side to
      be bonded to the laminating base, the aluminum foil and the copper foil
      are sealed around the press plate to form a covered press plate a; several
      of the covered press plates a and several sheets of laminating base b are
      placed alternately one on the other; and the resulting assembly is pressed
      with heating by means of a press c.
PAR  FIGS. 4a to 4c are a schematic view of a conventional assembling procedure.
      One side of a laminating base sheet a is covered with a metal foil 2, and
      the other side thereof with a plastic film (as release film) 3, as shown
      in FIG. 4a, then interposed between a pair of press plates 1, as shown in
      FIG. 4b, and the resulting assembly is pressed by means of a press 5, as
      shown in FIG. 4c. Dust particles and other foreign matters produced during
      transportation of the laminating base sheet a or in the stage shown in
      FIG. 4a tend to intrude between the press plate and the metal foil in the
      stage shown in FIG. 4b and cause surface defects of the finished laminate.
PAR  In the method of this invention, as stated above and shown in FIG. 3 as an
      example, a cleaned press plate is first covered automatically in a
      dustproof chamber with a metal foil and/or a plastic film, so that there
      is no chance for the dust particles and other foreign matters to deposit
      between the press plate and the metal foil or plastic film, unlike the
      case of the conventional method as shown in FIG. 4a. Consequently, dents
      and pits on the surface of finished laminates will not occur in the method
      of this invention even when an assembly of multiple alternate plies of the
      laminating base sheets and the press plates is subjected to a laminating
      apparatus.
PAR  In FIG. 5 is shown an example of flow diagram of the automatic process for
      covering a press plate with an overlay metal foil and a release metal foil
      (aluminum), both foils being a little larger in width than the press
      plate. A release metal foil (aluminum) 3 from a stock wound on a reel is
      fed by means of a pair of forwarding rolls 6 onto an automatically
      operated conveyor belting 7. A press plate 1 is automatically placed on
      the travelling release metal foil by means of a press plate handling
      device 8. An adhesive is applied by means of an adhesive coater 9 to the
      release metal foil along at least two edges of the placed press plate.
      Another metal foil 2 for use an overlay is fed from a metal foil feeder
      over the press plate and passes under a leveling roll 10. Both the release
      metal foil and the overlay metal foil are cut by means of a press-bonding
      and cutting device 11 to obtain the individual press plate a covered, on
      one side, with the release metal foil and, on the other side, with the
      overlay metal foil. Under such operating conditions, dust particles and
      other foreign matters have no chance to deposit between the press plate
      and the metal foil for use as overlay. Pairs of the covered press plates
      and the laminating base sheets are piled so that the overlay metal foil is
      interposed between each pair to form an assembly, which is then subjected
      to a laminating apparatus. The covering is thereafter opened to remove the
      press plate, leaving behind a metal-clad laminate, which has smooth
      surface without even a minute dent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for manufacturing a metal foil- or plastic film-overlaid
      laminate, which comprises completly covering a cleaned press plate with at
      least one member selected from the group consisting of cleaned metal foils
      and cleaned plastic films, in such a manner that the pressing surface of
      the press plate comes in intimate contact with the face side of said
      member, partially or completely sealing the resulting covering along at
      least two edges of the press plate, two of the edges being opposite to
      each other, applying the covered press plate to one or both sides of a
      laminating base, subjecting the resulting assembly to a laminating
      apparatus with heating under pressure, taking the assembly out of the
      laminating apparatus, and thereafter opening the covering to remove the
      press plate.
NUM  2.
PAR  2. A method according to claim 1, wherein the covering is sealed with an
      adhesive, or an adhesive tape.
NUM  3.
PAR  3. A method according to claim 1, wherein the covering is sealed by
      bending, caulking, sewing or welding.
NUM  4.
PAR  4. A method according to claim 1, wherein the metal foils are foils of
      copper, aluminum, nickel, zinc, and alloys of at least two of these
      metals, copper-aluminum clad foil, copper-zinc clad foil and copper-nickel
      clad foil.
NUM  5.
PAR  5. A method according to claim 4, wherein the metal foils each is treated
      chemically or mechanically on one or both sides or coated with an adhesive
      or other metals on one side.
NUM  6.
PAR  6. A method according to claim 1, wherein the plastic films are films of
      cellulose acetate, cellulose acetate butyrate, polycarbonate, saturated
      polyester, polytetrafluoroethylene, polyethylene terephthalate,
      polyvinylidene fluoride, and fluorinated ethylenepropylene copolymer.
NUM  7.
PAR  7. A method according to claim 1, wherein the laminating base is a
      thermosetting resin-impregnated glass fabric, glass mat, glass paper,
      glass-cellulose paper, cellulosic paper, or synthetic or natural fiber
      fabric or a sheet of a mixture of a thermosetting resin with glass fiber,
      an inorganic filler or both thereof.
NUM  8.
PAR  8. A method according to claim 1, wherein the laminating base is a
      thermoplastic sheet.
NUM  9.
PAR  9. A method according to claim 7, wherein the thermosetting resin is a
      phenolic resin, melamine resin, epoxy resin, diallyl phthalate resin,
      polyimide, cyanate resin, unsaturated polyester or silicone resin.
NUM  10.
PAR  10. A method according to claim 7, wherein the laminating base is an epoxy
      resin-impregnated glass fabric.
NUM  11.
PAR  11. A method according to claim 8, wherein the thermoplastic sheet is a
      sheet of polyethylene terephthalate, polyamide-imide, polyimide,
      polycarbonate, or polyphenylene oxide.
NUM  12.
PAR  12. A method according to claim 8, wherein the thermoplastic sheet is a
      polycarbonate sheet.
NUM  13.
PAR  13. A method according to claim 1, wherein the press plate is covered with
      a copper foil.
NUM  14.
PAR  14. A method according to claim 1, wherein the press plate is covered with
      a cellulose acetate film.
NUM  15.
PAR  15. A method according to claim 1, wherein the press plate is covered with
      a copper foil and an aluminum foil
NUM  16.
PAR  16. A method according to claim 1, wherein the press plate is covered with
      a copper foil and a cellulose acetate film.
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ABST
PAL  A method for manufacturing an ink-containable stamp used for a printer of a
      computer or the like is disclosed, wherein a number of printing types and
      a drum or plate are moulded from a mixture comprising synthetic resin
      consisting of polyvinyl acetate resin and polyolefin resin, fillers,
      stabilizers, plasticizers and pigments, irradiated with gamma-rays,
      immersed in an enzymatic solution and then in an acid solution. The type
      and drum or plate are then assembled to form a printing element.
BSUM
PAR  The present invention relates to a method for manufacturing an
      ink-containable stamp used for a printer of a computer or a typewriter,
      and more particularly, to a method for manufacturing an ink-containable
      stamp capable of printing on paper without use of carbon tape.
PAR  In recent years, there has been used an ink-containable stamp comprising a
      number of printing types and a drum or plate for the purpose of printing
      on paper without use of carbon tape. Hitherto, such ink-containable stamps
      have been manufactured by a method which comprises mixing polyvinyl resin
      with fillers (e.g. sodium chloride ammonium sulfate, aluminium sulfate,
      starch), stabilizers, pigments, plasticizers and ethlylene glycol, molding
      a drum, hardening the drum by heating after stamping, immersing it in the
      boiling water to eliminate the soluble components. Another method
      comprises mixing synthetic rubber with fillers, vulcanizing agents,
      stabilizers and solvents, heating the mixture, molding a drum with a mold
      and immersing the drum stamped by the mold in the boiling water.
PAR  In these ink-containable stamps, however, there have been many problems
      awaiting solution. For example, the ink content of the ink-containable
      stamps is small, being limited to a range of 1.0 to 1.7 g of ink per unit
      weight of the stamp, so that it is impossible to use these stamps a number
      of times, corresponding to the life of carbon tapes. It is also necessary
      to avoid use of oil ink since the materials for such stamps are soluble in
      or weakened by organic solvents. Further, such stamps are not durable and
      have the tendency to change shape as they are poor in hardness, durability
      and chemical resistance.
PAR  It has also been found that the fillers dissolve in solvents such as
      glycols at an elevated temperature and adhere to the surface of the
      molecules of the synthetic resin, interfering with the plastization of the
      synthetic resin. In order to avoid such phenomenon, it is necessary to
      elevate the treating temperature more than about 180.degree.C. However, if
      the temperature is raised up to about 200.degree.C or above, the synthetic
      resin may decompose, causing deterioration of the quality of the stamps.
      If the temperature is below 180.degree.C, the synthetic resin may become a
      half-boiled state causing the deterioration of the quality of the stamps.
      It is therefore necessary to select the fillers and solvents with care.
PAR  It is a main object of the present invention to provide an improved method
      for manufacturing an ink-containable stamp capable of printing on paper
      without use of carbon tape.
PAR  According to the present invention, there is provided a method for
      manufacturing an ink-containable stamp used for a printer of a computer or
      a typewriter, which comprises the steps of:
PAR  A. MIXING SYNTHETIC RESIN CONSISTING OF POLYVINYL ACETATE RESIN AND
      POLYOLEFIN RESIN WITH FILLERS, STABILIZERS, PLASTICIZERS, PIGMENTS AND
      SOLVENT;
PAR  B. MOLDING A NUMBER OF PRINTING TYPES AND A DRUM OR PLATE FROM THE
      RESULTANT MIXTURE;
PAR  C. IRRADIATING THE PRINTING TYPES AND THE DRUM OR PLATE WITH GAMMA RAYS;
PAR  D. IMMERSING THE PRINTING TYPES AND THE DRUM OR PLATE IN AN ENZYMATIC
      SOLUTION AND THEN IN AN ACID SOLUTION; AND
PAR  E. INSTALLING THE PRINTING TYPES IN CONCAVE PORTIONS OF THE DRUM OR PLATE
      BY THE USE OF A BINDER.
PAR  As to synthetic resin used as materials for the present stamp, it is
      preferred to use a mixture of polyvinyl acetate resin and polyolefin resin
      since said mixture has the low melting point and high resistance to
      chemicals. The chemical resistance of this mixture may be increased in
      proportion to the increase of the amount of polyolefin resin so that the
      proportion of polyolefin resin in the mixture is preferably more than 40 %
      by weight and not more than 90 % by weight.
PAR  As polyolefin resin, it is preferred to use polyethylene resin having
      average molecular weights of about 2,000 to 50,000 or polypropylene resins
      having average molecular weight of about 5,000 to 100,000.
PAR  As polyvinyl acetate resin, it is preferred to use resins as having average
      molecular weights of about 5,000 to 70,000.
PAR  For preventing the half-boiled state of the synthetic resin, it is
      preferred to use fillers such as, for example, calcium carbonate,
      manganese carbonate, precipitated calcium carbonate, zinc carbonate, zinc
      hydroxides, etc., which are insoluble in glycols such as ethylene glycol,
      propylene glycol, etc. It is also preferred to use such fillers as having
      particle sizes from 0.1.mu. to 8.mu.. By using such fillers mentioned
      above, it is possible to obtain an uniform porous state on the stamp.
      Further, it is also possible to prevent the deterioration of the modulus
      of elasticity of the resin even if the amount of the fillers is greater
      than that of the resin.
PAR  After treated with an enzymatic solution, the printing types and the drum
      or plate are immersed in an acid solution such as a solution containing a
      urea complex such as, for example, (CO.sub.2 )(NH.sub.2).sub.2 HCl,
      (CO.sub.2)(NH.sub.2).sub.2 HNO.sub.3, (CO.sub.2)(NH.sub.2).sub.2 H.sub.2
      SO.sub.4, etc., or organic acid for effecting decalcium and/or
      demagnecium. By effecting decalcium and/or demagnesium, that is extracting
      the fillers from the resin, the printing types and the drum or plate
      become uniformly porous. However, the decalcium and/or demagnesium may
      result in a lowering of durability and abrasion resistance of the printing
      types and the drum or plate. The above problem may be overcome by
      irradiating with gamma-rays before effecting decalcium and/or demagnesium.
      By this treatment, the melting point of the materials may be elevated from
      70.degree. - 80.degree.C to 180.degree.C or above, and the hardness and
      the chemical resistance thereof may be improved. Thus, the printing types
      and the drum or plate may be improved in the durability.
PAR  According to the present invention, it is possible to improve the ink
      content of the stamp up to about 2.8 g per unit weight. When using the
      ink-containable stamp according to the present invention, it is possible
      to print for about 80,000 to 100,000 times per one charge of the ink.
      Further, this ink-containable stamp may be used repeatedly by charging
      with ink since it has high durability.
DRWD
PAR  The invention will be further apparent from the following description with
      reference to examples and the several figures of the accomponying
      drawings.
PAR  Of the drawings:
PAR  FIG. 1 is a side view showing an outline of an apparatus for use in this
      invention;
PAR  FIG. 2 is a perspective view of a mold for producing printing types;
PAR  FIG. 3 is a perspective view of a printing type;
PAR  FIG. 4 is a perspective view of a frame to be installed on the mold in FIG.
      2;
PAR  FIG. 5 is a perspective view of type drum: and
PAR  FIG. 6 is a side of the high-pressure tank used for charging the ink into
      the porous portion of the printing types and the drum.
DETD
PAR  Referring to FIG. 1, the apparatus used for this invention includes an
      extruder 1 of a known type, a die press 2, a heat exchanger 3, a cutting
      machine 4 and an auxiliary device 5. The extruder 1 comprises a hopper 6,
      an extruder barrel 7, an extruder die 8 and a screw conveyer 9 adapted to
      be driven by the extruder drive comprising an electric motor 10.
PAC  EXAMPLE 1
PAR  Using materials shown below, a composition is prepared and kneaded
      uniformly by the kneader (not shown).
TBL  ______________________________________                                    

     A mixture of 60 % polyethylene                                            

     and 40 % polyvinyl acetate                                                

                         100     parts by weight                               

     Stabilizer (minium) 3       parts by weight                               

     Precipitated calcium carbonate                                            

      (0.1 - 8.mu.)      250     parts by weight                               

     Propylene glycol    120     parts by weight                               

     Active oil carbon   5       parts by weight                               

     Cyclohexane         70      parts by weight                               

     ______________________________________                                    

PAR  The above mixture is fed to the hopper 6 and is conveyed toward the
      extruder die 8 by the screw conveyer 9. During this step, the mixture is
      heated to the melting point of the resin by the heat from the extruder
      barrel 7, the temperature of which is kept at about 150.degree.to
      180.degree.C. The melted mixture is extruded through the die 8 to form a
      cylindrical body 11. This cylindrical body 11 is stamped by the die press
      2 to form a number of concave portions aligned regularly as shown in FIG.
      5, and is cooled at the same time. To prevent the cylindrical body 11 from
      deformation at the time of stamping step, there is inserted into the hole
      portion of the cylindrical body a rod 12, capable of reciprocating motion.
      After being cooled by the heat exchanger 3, the cylindrical body 11 is cut
      by a cutting wheel 4'  of the cutting machine 4 into a suitable length. In
      the hole of a drum 11' thus produced, a plastic or metal axle 13 is
      inserted and is fastened with a washer 14 and a bolt 15 on each side of
      the drum as shown in FIG. 5.
PAR  Further, the mixture mentioned above is injected into an injection mold to
      form a number of printing types 16 through the opening of cover of the
      injection mold. The injection mold may be assembled in such a manner that
      a stamping die 17, a divisional frame 18 and a cover (not shown) are
      placed on the injection die 19 and then fastended together with bolts.
      After cooling, the printing types 16 are released from the injection mold
      in a known manner.
PAR  The drum 11' and the printing types 16 are irradiated for about 15 to 20
      minutes with gamma-rays of 10.sup.4 roentgen radiated by the isotope of
      cobalt-60. By this treatment, the drum 11' and the printing types 16 are
      improved in mechanical properties such as compressive strength, hardness,
      durability, etc. and physical properties. For example, the compressive
      strength of the drum is improved from 2-4 kg/cm.sup.2 to 20-35 kg/cm.sup.2
      when the radial thickness of the drum is 1 to 2 mm. If necessary, the
      compressive strength may be controlled by changing the content of active
      oil carbon powder and/or glycol borate.
PAR  After irradiation of gamma-rays, the drum 11' and the printing types 16 are
      immersed in an aqueous solution containing 0.3 to 1.0 million units of
      pepsin for about 4 to 22 hours at a temperature of 30.degree. to
      50.degree.C, and then immersed in the mixed solution consisting of 50 %
      urea and 50 % hydrochloric acid for about 20 to 900 hours. A porous state
      is uniformly obtained without deterioration of the mechanical and physical
      properties.
PAR  The printing types 16 thus obtained are washed, dried and then installed
      into the concave portions 11a of the drum 11' respectively with a binder
      consisting of polyvinyl acetate resin and ethylene glycol in such a manner
      that the surface T of the printing type 16 faces to the outside. The
      mixture of triol and cyclohexane may be used with the finder mixture.
PAR  The porous portion of an ink-containable stamp thus assembled may be
      charged with ink when immersed in ink under reduced pressure. When
      effecting the charge of ink, it is possible to use a device as shown in
      FIG. 6 wherein the said device comprised a high-pressure tank 20 provided
      with a rotary fan. The tank 20 may house several vessels containing ink
      respectively and the pressure in the tank may be reduced by operating the
      rotary fan. This ink-containable stamp may contain ink up to about 2.8 g
      per unit weight when the radial thickness thereof is 10 mm. Using this
      ink-containable stamp, it is possible to print on paper for about one
      million times at the maximum.
PAR  The following examples illustrate further formulations of compositions used
      for the ink-containable stamp according to the invention. These examples
      should not be construed as the limitations of the scope of the invention.
PAC  EXAMPLE 2
TBL  Composition (parts and % are by weight):                                  

     A mixture of 60 % polypropylene resin and                                 

     40 % polyvinyl acetate resin                                              

                              100     parts                                    

     Precipitated calcium carbonate (0.1 - 8.mu.)                              

                              200     parts                                    

     Calcium carbonate (0.1 - 8.mu.)                                           

                              50      parts                                    

     Propylene glycol         100     parts                                    

     Propylene glycol ether   30      parts                                    

     Polybutyl titanate       0.01    parts                                    

     Tung oil                 5       parts                                    

     Acidic aniline red       2       parts                                    

     Trisacetylacetonatoiron (II)                                              

                              10      parts                                    

     Stabilizer (minium)      6       parts                                    

PAC  EXAMPLE 3
TBL  Composition:                                                              

     A mixture of 70 % polyethylene resin and                                  

     30 % polyvinyl acetate resin                                              

                              100     parts                                    

     A mixture of 50 % triol and 50 % cyclo-                                   

                              300     parts                                    

     hexane                                                                    

     Magnesium carbonate      200     parts                                    

     Polyethylene glycol      100     parts                                    

     Glycerin                 10      parts                                    

     Organo-metallic compounds                                                 

     (Trisacetylacetonatoiron (III) :                                          

      Bisacetylacetonatozinc :                                                 

      Trisacetylacetonatoaluminium = 1 : 1 : 1)                                

                              0.1     parts                                    

     Active oil carbon or glycol borate                                        

                              0.1     parts                                    

     Cyclohexanon or tetrahydrofuran                                           

                              30      parts                                    

PAC  EXAMPLE 4
TBL  Composition:                                                              

     Polyethylene             50      parts                                    

     A mixture of 60 % polyvinyl chloride and                                  

     40 % polyvinyl acetate   50      parts                                    

     Cyclohexanon             200     parts                                    

     Dipropylene glycol       160     parts                                    

     Cyclohexanol             30      parts                                    

     Diol                     65      parts                                    

     Acidic aniline red       3       parts                                    

     Trisacetylacetonatoiron (III)                                             

                              7       parts                                    

     Soy bean oil             8       parts                                    

     Dioctylphthalate         30      parts                                    

     Biscyclopentadienylcobalt (II)                                            

                              0.3     parts                                    

     Minium                   5       parts                                    

     Viscose rayon (below 14.mu.), glass fiber                                 

     (1.mu. - 8.mu.) or active silicic acid powder                             

                              10      parts                                    

PAR  In Example 4, the porous state of the printing stamps and the drum is made
      by immersing them in aocohol.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for manufacturing an ink-containable stamp which comprises the
      steps of:
PA1  a. forming a mixture of synthetic resins comprising a mixture of polyvinyl
      acetate and polyolefin resin containing 40 to 90% polyolefin resin, with
      one or more fillers insoluble in glycols and extractable from the resin by
      the use of an acid solution containing an urea complex or an organic acid,
      stabilizers, pigments and solvents;
PA1  b. separately molding a number of printing types, and a drum or plate
      having a number of concave portions from said mixture;
PA1  c. irradiating the printing types and the drum or plate with gamma-rays;
PA1  d. immersing the printing types and the drum or plate in a pepsin solution
      and then in an acid solution thereby extracting the fillers to form
      porosity in the printing types and the drum or plate;
PA1  e. installing the printing types in the concave portions of the drum or
      plate by the use of a binder.
NUM  2.
PAR  2. A method, as in claim 1, where the filler is selected from the grop
      consisting of calcium carbonate, manganese carbonate, zinc carbonate and
      zinc hydroxide.
NUM  3.
PAR  3. A method, as in claim 2, where the filler has a particle size of from
      0.1.mu. to 8.mu..
NUM  4.
PAR  4. A method, as in claim 1, where the acid solution is a solution
      containing an urea complex or an organic acid.
NUM  5.
PAR  5. A method, as in claim 1, where the polyolefin resin is polyethylene or
      polypropylene.
NUM  6.
PAR  6. A method, as in claim 1, where the synthetic resin mixture consists of
      polyvinyl acetate and polypropylene, the weight ratio of polypropylene to
      polyvinyl being more than 40%.
NUM  7.
PAR  7. A method, as in claim 1, where the acid solution is a solution containg
      urea and hydrochloric acid, and the synthetic resin mixture consists of
      polyvinyl acetate and polyethylene, the weight ratio of polypropylene to
      polyvinyl acetate being more than 40%.
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WKU  039322521
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ABST
PAL  A process for making composite articles, such as upholstery, filled with a
      cellular polyurethane foam covered by a breathable, porous fabric includes
      coating one surface of the fabric and the pores therein with a strippable
      coating. The fabric is then placed in a mold with the coating against the
      inside of the mold and is pulled down into conformity with the mold by
      vacuum. A liquid polyurethane foam resin is poured in place behind the
      fabric and foamed to a flexible solid state. The article is removed from
      the mold and the coating is stripped to complete the process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the manufacture of composite
      articles filled with a cellular foam covered by a fabric and more
      particularly relates to a method for manufacturing upholstery having a
      resilient, open cell foam covered by a breathable fabric.
PAR  In the past, fabric covered foam plastic articles using airimpervious
      fabrics were made by shaping the fabric to the contour of the mold,
      applying vacuum to hold the fabric in the mold, and then pouring the foam
      on top of the fabric in the mold. Breathable fabrics of the type used to
      make seats coming in contact with the body generally were not used in
      these articles because of the difficulty of drawing them down into the
      mold by vacuum and because the foam tended to strike through the pores of
      the fabric causing the fabric to lose its desirable feel, appearance,
      and/or firmness.
PAR  A partial solution was realized by treating the breathable fabric with a
      polymeric fluorocarbon sizing compound to prevent strike through as
      disclosed in the U.S. Pat. No. 3,016,318 granted to Charles F. Sudman on
      Jan. 9, 1962, but the problem of drawing the fabric into a mold by vacuum
      still existed.
PAR  An alternate partial solution involved the use of an air-impervious film
      backing behind the breathable fabric so that the vacuum could not be lost
      through the fabric and mechanically puncturing the film with a plurality
      of pins after forming as disclosed in the U.S. Pat. No. 3,258,511 granted
      to William A. McGregor, Jr. on June 28, 1966. However, this left a film
      which had to be bonded to both the fabric and the foam while leaving the
      breathing area limited to the points of mechanical puncture rather than
      the entire breathable surface of the fabric.
PAR  Thus, neither of the partial solutions, individually or combined, has
      solved the problems associated with the manufacture of breathable fabric
      covered foamed article.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to provide a process for
      manufacturing vacuum-mold formed, foamed articles with breathable fabric
      covers not subject to strike through and related problems.
PAR  It is a subsidary object of the present invention to permit the entire
      surface area of the breathable fabric in contact with an open-cell foam to
      provide free passage of air for ventilation.
PAR  These objects are accomplished by coating the outside of the fabric with an
      easily removable, air and foam impervious coating, manufacturing the
      article, and removing the coating.
PAR  The above and additional objects and advantages of the present invention
      will become apparent to those skilled in the art from a consideration of
      the following detailed description when taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of a vacuum-mold apparatus suitable for
      making a breathable vinyl covered or cloth covered seat;
PAR  FIG. 2 is an isometric view showing a completed article, and
PAR  FIG. 3 is a cross sectional view of a vacuum-mold apparatus suitable for
      making an alternate breathable vinyl covered or cloth covered seat.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, FIG. 1 shows a cross sectional view of a mold 10
      having two halves 12 and 14 suitable for use in the manufacture of a
      breathable fabric covered seat. The mold 10 is lined with two pre-cut
      lengths of a fabric cover such as a textile material or porous vinyl 30
      and 33 which may be either flat or pre-formed to the contours 35 of the
      mold cavity. These lengths of vinyl 30 and 33 are coated by spraying,
      brushing, etc. on one side with a strippable coating 34 as is commonly
      known in the art. The primary chaacteristics of the coating on the vinyl
      are that it be substantially air and foam impervious and that it adhere to
      the surface of the vinyl and fill the pores of the vinyl with sufficient
      adhesion to permit vacuum draw down of the combination into the mold while
      still being relatively easy to strip off.
PAR  Of the large number of these coatings known, the preferred embodiment uses
      a Spraylat compound manufactured by Spraylat Corp., Mount Vernon, N.Y.,
      which is characterized by being a water base, strippable plastic coating
      designed to mask and protect formed vinyl plastisol and ABS parts during
      foam-in-place processing. The compound may be sprayed on and has the
      following mechanical characteristics: a density of 8.4 pounds per gallon;
      a tensile strength of 2000 pounds per square inch; a maximum elongation of
      250 percent; and an adhesion of 0.1 pounds per lineal inch to ABS. Due to
      its low adhesion characteristics, the Spraylat compound may be easily hand
      stripped or blown off with air.
PAR  The lengths of vinyl 30 and 33 are placed in the mold so that the coated
      surface will be between the vinyl and the mold 10. A foamable compound 31,
      such as a cellular polyurethane or rubber latex, is placed in the bottom
      half of the mold. The edges of the mold 10 with the vinyl trapped
      inbetween are then clamped by bolts 15. The vacuum is applied to the mold
      10 through vacuum conduits 16, 18, 20, 22, 24 and 26 to draw the vinyl 30
      and 33 down to fit the contour of the mold cavity and air trapped in the
      mold cavity between the vinyl is evacuated by conventional means.
PAR  The foamable compound 31 expands filling the mold cavity and pressing the
      vinyl 30 and 33 against the mold 10. During foaming, or if desired after
      foaming, heating elements 28 are actuated to bond the adjacent lengths of
      vinyl 30 and 33 together or heating elements 29 are actuated to cause heat
      stretching and forming of the vinyl or to provide embossing 40 of the
      surface of the material. Heating is then discontinued and the mold opened
      to permit removal of the foam seat having substantially the configuration
      disclosed in FIG. 2.
PAR  In most cases, it is desirable that the foam and the vinyl adhere because
      it prevents relative motion between the two which could cause wrinkling of
      the vinyl. The stripping compound will not affect the adhesion since it
      only covers the outer surface of the vinyl and merely fills the pores but
      does not strike through to cover the inner surface to which the foam will
      adhere.
PAR  After removal of the vinyl covered foam seat, the strippable coating is
      easily hand stripped or blown off with air or left in place until delivery
      to the final user.
PAR  In an alternate embodiment shown in FIG. 3 with the same parts having the
      same numbers as in the prior embodiment, the mold half 14 is lined with a
      pre-cut length of vinyl 33. The mold facing side of the vinyl 33 is coated
      by spraying, brushing, etc. with the strippable coating 34.
PAR  The edges of the vinyl 33 are trapped by a clamping ring 50 and bolts 15.
      The vacuum is applied to the mold half 14 through vacuum conduits 22, 24,
      and 26 to draw the vinyl 33 down to fit the contour of the mold cavity.
PAR  The foamable compound 31 is usually placed in the mold cavity behind the
      vinyl 33 and begins to expand to fill the mold cavity. As the expansion
      occurs, a conventional rigid structure or seat bottom 52 is placed over
      the mold cavity and quick-clamped in place on the ring 50 by conventional
      means such as by hold down brackets 54 swivelly mounted on stripper bolts
      56. Air is allowed to escape from the mold cavity in a conventional manner
      and the foam expands to contact and bond to the seat bottom 52.
PAR  As an alternative, the foamable compound 31 may be inserted through a hole
      in the seat bottom 52 after it is clamped into place.
PAR  Before, during, or after foaming, heating elements 29 are activated as
      desired to cause heat stretching and forming of the vinyl or to provide
      embossing 40 of the surface of the material. Heating is then discontinued,
      the clamp ring 50 removed, and the completed foam seat removed.
PAR  After removal from the mold, the strippable coating is easily removed or
      left in place until delivery to the final user.
PAR  Having thus described the construction and operation of the preferred
      embodiment of this invention, various modifications within the spirit and
      scope of the invention will become apparent to those skilled in the art
      and can be made without departing from the underlying principles of the
      invention as defined in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for making composite articles having a porous cover which will
      breathe and having a foamed core which does not extend through the pores
      of the cover, the process comprising: coating one side of a porous cover
      with a strippable, foam impervious coating; lining a mold with the porous
      cover with the strippable coating facing the mold; foaming a foamable
      mixture in the mold to form a composite article; removing the article from
      the mold; and stripping off the strippable coating.
NUM  2.
PAR  2. The process for the manufacture of composite articles as claimed in
      claim 1 wherein coating one side of a porous cover with a strippable
      coating includes filling the pores in the porous cover.
NUM  3.
PAR  3. The process for the manufacture of composite articles as claimed in
      claim 2 wherein the porous cover is comprised of a flexible perforated
      plastic sheet material or a textile material.
NUM  4.
PAR  4. The process for the manufacture of composite articles claimed in claim 2
      wherein the foamable mixture forms a flexible, open-cell polyurethane
      foam.
NUM  5.
PAR  5. The process for the manufacture of composite articles as claimed in
      claim 2 wherein the porous cover has a plurality of component porous cover
      parts and the process includes bonding the porous cover parts to each
      other.
NUM  6.
PAR  6. The process for the manufacture of composite articles as claimed in
      claim 2 includes bonding a rigid structural element to the porous cover.
NUM  7.
PAR  7. A process for manufacturing composite articles having a porous cover
      which will breathe and having a foam core which does not extend through
      the pores of the cover, the process comprising: coating one surface of a
      porous cover with a strippable, foam impervious coating; placing the cover
      over a mold with the strippable coating facing the mold; clamping the
      cover to the edge of the mold; applying vacuum to the mold to vacuum form
      the cover into the shape of the mold; foaming a liquid foamable mixture in
      the mold to form a composite article; releasing the vacuum; unclamping the
      cover from the mold; removing the article from the mold; and stripping off
      the strippable coating.
NUM  8.
PAR  8. The process for the manufacture of composite articles as claimed in
      claim 7 wherein coating one side of a porous cover with a stippable
      coating includes filling the pores in the porous cover.
NUM  9.
PAR  9. The process for the manufacture of composite articles as claimed in
      claim 8 wherein the porous cover is comprised of a flexible perforated
      plastic sheet material or a textile material.
NUM  10.
PAR  10. The process for the manufacture of composite articles claimed in claim
      8 wherein the foamable mixture forms a flexible, open-cell polyurethane
      foam.
NUM  11.
PAR  11. The process for the manufacture of composite articles as claimed in
      claim 8 wherein the porous cover has a plurality of component porous cover
      parts and the process includes bonding the porous cover parts to each
      other.
NUM  12.
PAR  12. The process for the manufacture of composite articles as claimed in
      claim 8 including applying heat to the mold to aid in causing the cover to
      conform to the shape of the mold after applying the vacuum.
NUM  13.
PAR  13. The process for the manufacture of composite articles as claimed in
      claim 8 includes bonding a rigid structural element to the porous cover.
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ABST
PAL  A sheet of magnetic material is placed over a surface of a malleable
      carrier and stuck with a multi-projectioned punch. Each projection of the
      punch removes a wafer of the magnetic material from the sheet of magnetic
      material, and embeds the wafer into the carrier to form a pattern of
      magnetic material wafers in the surface of the carrier. The carrier is
      then positioned, wafer bearing side down, over an adhesive coated surface
      of a substrate, and a surface of the carrier, opposite from the wafer
      bearing surface, is struck with a multiprojectioned punch to force with
      each projection an individual one of the wafers out of the surface of the
      carrier and into the adhesive on the substrate. The malleable carrier is
      then peeled from the adhesive coated surface of the substrate and from the
      wafers secured thereto, to leave on the surface of the substrate the
      pattern of magnetic material wafers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method of forming a pattern of a first
      material on a surface of a second material, and in particular to a method
      of punch or press forming a pattern of the first material in a surface of
      a carrier material, and of then punch or press transferring the pattern
      from the surface of the carrier material to the surface of the second
      material.
PAR  2. Description of the Prior Art
PAR  In manufacturing magnetic memory circuit cards, wafers of vicalloy are
      formed at preselected locations on a surface of a substrate, which is
      generally comprised of aluminum, and wires are then extended across the
      wafers to permit electrical pulses to "read" information stored on the
      wafers. Vicalloy is a generic term (p. 405, Ferromagnetism by Bozarth, 1st
      ed., pub. 1951 by Van Norsten), used to designate those materials
      typically comprised of 52% cobalt, 37.25% iron, 10% vanadium, 0.050%
      manganese and 0.026% silicon, and is laminated on an aluminum substrate
      for manufacturing magnetic memory cards.
PAR  In one common manufacturing process a resist pattern, which outlines the
      wafers, or magnets, is applied by heretofore known techniques on the
      exposed vicalloy surface. During ensuing processing, approximately 92% of
      the vicalloy is dissolved in an aqueous etchant solution comprised of
      ammonium persulfate (a powerful oxidizing agent) highly acidified with
      sulfuric acid, for leaving a magnet wafer pattern on the substrate. Except
      that the etched silicon will precipitate from the etchant in the form of
      silicon dioxide, the spent etchant will contain dissolved salts of all of
      the other foregoing metals of vicalloy.
PAR  Such a process for forming a pattern of vicalloy wafers on a substrate has
      certain disadvantages. One disadvantage, for example, is that the process
      of forming the magnet pattern, i.e., laminating, resist patterning and
      etching, is time consuming and expensive. Another is that the ammonium
      persulfate spent as etchant has an impurity concentration exceeding that
      which will permit disposal thereof in a sewer, and must therefore be
      depurated prior to disposal, also an expensive and time consuming
      procedure, not to mention that 92% of the vicalloy, a reasonably expensive
      material, is wasted.
PAR  A technique which overcomes the disadvantages of fabricating magnetic
      memory cards by etching vicalloy is set forth in U.S. Pat. No. 3,847,700,
      which issued on Nov. 12, 1974, based upon an application filed Nov. 17,
      1972, and which is assigned to the assignee of the present invention. In
      that application, a magnetic memory circuit card is fabricated by
      positioning a thin sheet of vicalloy material over a surface of either an
      aluminum or an epoxy glass substrate, and by striking the sheet of
      vicalloy with a multiprojectioned punch to embed wafers of the vicalloy
      material into the surface of the substrate in a desired pattern. If the
      substrate is made of aluminum, warping of the substrate may occur when the
      wafers are embedded therein, which requires that the substrate be
      flattened, or straightened, for use in a magnetic memory circuit card. If
      the substrate is of an epoxy glass material, warping of the substrate does
      not occur when vicalloy wafers are embedded therein, or if a slight degree
      of warping does occur the substrate, with the wafers embedded therein, may
      readily be straightened by being pressed between a pair of flat, heated
      plates. The use of an aluminum substrate is preferred, however, in the
      fabrication of a magnetic memory circuit card, in that the switching
      characteristics exhibited by a wafer embedded in the aluminum substrate
      are enhanced by the generation of eddy-currents in the aluminum substrate
      when a wafer embedded therein is pulsed with a current through a wire
      extended thereacross.
PAR  Another technique for forming a pattern of a metal on a surface of a
      substrate is disclosed in U.S. Pat. No. 2,969,300, which issued on Jan.
      24, 1961, to E. E. Franz. This technique contemplates positioning a thin
      sheet of the metal over an adhesive coated surface of a resilient tape,
      and striking the metal sheet with a punch to remove a pattern of metal
      from the sheet and to position the pattern in the adhesive on the tape.
      The tape is then positioned adhesive side down, and therefore metallic
      pattern side down, over an adhesive coated surface of the substrate. The
      tape and the substrate are then pressed together and heated to cure the
      adhesive, and the tape is then peeled away from the substrate to leave
      behind the metallic pattern, embedded in the adhesive on the surface of
      the substrate, on the substrate.
PAR  A disadvantage of this technique is that the metallic pattern on the
      surface of the substrate is contaminated on the upper surface thereof with
      the adhesive that was on the tape when the pattern was initially
      adhesively secured thereto, which could render the pattern bearing
      substrate unsuitable for certain electronic uses. Also, if this technique
      were employed in the fabrication of magnetic memory circuit cards, such
      that a sheet of vicalloy positioned over an adhesive coated surface of a
      paper tape is struck with a multiprojectioned punch to embed wafers of the
      vicalloy material into the adhesive on the tape in a desired pattern, the
      wafers could "swim" in the adhesive on the tape and lose their positioning
      with respect to each other, and thereby move out of a desired pattern.
      Thereafter, when the wafers are transferred to an adhesive coated surface
      of a substrate, they would not be on the surface of the substrate in the
      desired pattern, which would render the substrate unsuitable for use as a
      component in a magnetic memory circuit card since each wafer on the
      substrate must be in a precise position with respect to every other wafer
      so that it will underlie a selected one or more of a plurality of wires
      which are extended across the surface of the substrate in a predetermined
      position with respect to the wafers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a pattern of a first material is
      formed on an adhesive coated surface of a second material by pressing the
      pattern of the first material against a surface of a sheet of malleable
      material to deform the malleable material to secure the pattern within the
      surface thereof. The pattern bearing surface of the malleable material is
      then placed over the adhesive coated surface of the second material, and a
      surface of the malleable material, opposite from the pattern bearing
      surface, is pressed to force the pattern of the first material from the
      surface of the malleable material and into the adhesive on the surface of
      the second material.
PAR  In a preferred embodiment of the invention, a circuit card, of the type
      wherein a circuit pattern of discrete wafers of a magnetic material are
      secured on an adhesive coated surface of a substrate having a magnetic
      permeability which is insignificant with respect to the permeability of
      the wafers, is manufactured by positioning a sheet of a malleable carrier
      material between a punch having a raised pattern in the form of the
      circuit pattern, and a rigid, planar die having apertures formed therein
      in the form of the circuit pattern and in alignment with the corresponding
      raised pattern of the punch for cooperation therewith. A sheet of magnetic
      material is positioned between the punch and a first surface of the
      carrier material in an essentially planar relationship with the carrier
      material, and the punch and the die are moved relative to and toward each
      other to apply the pattern of the punch against the sheet of magnetic
      material to cut the circuit pattern of discrete wafers therefrom as the
      sheet is pressed between the pattern of the punch and the carrier
      material, to embed the circuit pattern of wafers into the surface of the
      carrier by displacing the carrier material therebeneath, to secure the
      circuit pattern therein by deforming the carrier material to compressively
      surround the edges of the wafers, and to extrude displaced portions of an
      opposite second surface of the carrier material, underlying the embedded
      circuit pattern of wafers, into the apertures formed in the die.
PAR  The wafer embedded first surface of the carrier material is then placed
      over the adhesive coated surface of the substrate in an essentially planar
      relationship therewith, and the carrier material and the substrate are
      positioned between a punch and a die with a surface of the substrate,
      opposite from the adhesive coated surface, resting on the die, and with
      the punch having a raised pattern in a form to engage the second surface
      of the malleable material at the displaced portions thereof over areas
      opposite from the circuit pattern on the first surface thereof. The punch
      and the die are then moved relative to and toward each other to apply the
      pattern of the punch against the displaced portions on the second surface
      of the carrier to force the wafers from the first surface thereof and into
      the adhesive on the surface of the substrate as the carrier is pressed
      between the pattern of the punch and the substrate, and to move the wafers
      through the adhesive and into engagement with the surface of the substrate
      to adhesively secure the wafers to the surface of the substrate. Next, the
      carrier material is removed from the adhesive coated surface of the
      substrate to strip the wafers, adhesively secured to the substrate, from
      the first surface of the carrier, whereby the circuit pattern of discrete
      wafers of the magnetic material is adhesively secured to the surface of
      the substrate.
PAR  In another aspect of the invention, the adhesive on the substrate is a type
      which is curable upon being subjected to heat, and after the carrier
      material has been removed from the substrate, the substrate with the
      wafers adhesively secured to the surface thereof is heated to cure the
      adhesive to securely affix the wafers to the substrate, and a sealer is
      applied across the wafers on the surface of the substrate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a sheet of magnetic material overlying
      a malleable carrier, both of which are positioned between a punch and a
      die in accordance with one step in the practice of the invention;
PAR  FIG. 2 is a cross-sectional view of the carrier with wafers of the magnetic
      matterial embedded therein by the punch;
PAR  FIG. 3 is a top view of the carrier with the wafers of the magnetic
      material embedded therein, and
PAR  FIG. 4 shows the wafer embedded carrier positioned wafer side down on an
      adhesive coated surface of a substrate, the carrier and the substrate both
      being positioned between a punch and a die.
DETD
PAC  Detailed Description
PAR  Referring to FIG. 1, there is shown a flat, thin sheet of magnetic material
      12 positioned across one surface 16 of a readily deformable, or malleable,
      carrier 20. An opposite surface 24 of the carrier 20 rests upon an
      unheated, or ambient temperature die 28 having a plurality of apertures 32
      formed therein. Positioned above the sheet of magnetic material 12 is an
      unheated, or ambient temperature, multiprojectioned steel punch 36 having
      a raised pattern in the form of projections 40 in alignment with
      individual ones of the apertures 32 in the die 28. The punch 36 operates
      in response to actuation of a press (not shown) to embed, as will be
      described, a pattern of wafers of the magnetic material 12 into the
      surface 16 of the carrier 20.
PAR  The carrier 20 may be any malleable material, such as a sheet of heavy
      paper, which is sufficiently deformable, or malleable, to receive within
      the surface 16 thereof a wafer of the magnetic material 12 upon actuation
      of the punch 36. The sheet of magnetic material 12 may be comprised of any
      material having a relatively high magnetic permeability, and in the
      description of the invention shall be regarded as being a vicalloy
      material which is mainly comprised of cobalt, iron and vanadium, with
      traces of manganese and silicon. Preferably, the die 28 is comprised of a
      malleable material such as brass, and the apertures 32 are readily formed
      on a planar surface thereof by striking the surface with the steel
      projections 40 of the punch 36 without the sheet of magnetic material 12
      and the carrier 20 positioned therebetween.
PAR  The projections 40 on the punch 36 are preferably arranged in a matrix of
      rows and columns, and determine the pattern of magnetic material wafers to
      be formed in the surface 16 of the carrier 20. To form the pattern of the
      wafers in the surface 16, the unheated punch 36 is driven downward an
      amount which is sufficient to engage with each projection 40 the thin
      sheet of vicalloy material 12, to punch out and remove with each
      projection a wafer of the vicalloy material, and to embed the wafer into
      the surface 16 of the malleable carrier 20. During the punching of the
      sheet of vicalloy material 12, the malleable carrier 20 acts as a die for
      the sheet of vicalloy to impart shearing stresses to the material for
      removal of individual wafers therefrom for being embedded into the surface
      16 of the carrier 20. Also during the time that the carrier 20 acts as a
      die for the vicalloy material 12, the planar die 28, which supports the
      malleable carrier 20, receives within the apertures 32 thereof extruded
      portions of the carrier 20 as individual wafers of the vicalloy material
      are embedded into the carrier 20 thereabove. It is to be appreciated that
      the wafers removed by the projections 40 of the punch 36 may be of any
      shape as determined by the configuration of the ends of the projections
      40, and for the purpose of describing the invention shall be regarded as
      being square in shape. However, the wafers could have a circular or a
      triangular shape, the shape being mainly a matter of choice.
PAR  As shown in FIG. 2, a plurality of wafers 44 of magnetic material, or
      vicalloy 12, have been embedded into the surface 16 of the malleable
      carrier 20. Preferably, each wafer 44 is embedded into the carrier 20 with
      the upper surface of the wafer flush, or in a coplanar relationship, with
      the surface 16 of the carrier 20, so that the wafers are secured to the
      surface of the carrier 20 with sufficient force to prevent their
      accidentally being displaced therefrom. To accomplish this, an individual
      displaced portion, or nub 48, of the carrier 20 beneath each wafer 44
      embedded into the surface 16 is extruded into an aperture 32 of the die 28
      as the material beneath the wafer is displaced downwardly by the action of
      the projections 40 of the punch 36 on the wafer. This facilitates entry of
      each wafer 44 into the carrier 20, under the action of the punch 36, by
      providing an area into which the material beneath each wafer may be
      extruded, so that the edges of each wafer 44 are compressively surrounded
      by the material of the carrier 20 to secure each wafer within the surface
      16 of the carrier 20.
PAR  FIG. 3 shows a typical pattern of individual, uniform size, square vicalloy
      wafers 44 embedded into the surface 16 of the carrier 20 in a coordinate
      array, or a matrix array, at the intersections of rows and columns after
      the sheet of vicalloy 12 and the malleable carrier 20 have been operated
      upon by the punch 36 and the die 28.
PAR  FIG. 4 shows the wafer embedded carrier 20 of FIG. 3 positioned wafer side
      down on a layer, or coating, of an adhesive 52 on a surface 54 of a
      substrate 56. The substrate 56, which is to receive on the adhesive coated
      surface 54 thereof the plurality of wafers 44 from the carrier 20, may be
      of any material having a magnetic permeability which is insignificant with
      respect to the permeability of the vicalloy wafers 44, and is preferably
      comprised of aluminum. A surface 58 of the substrate 56, opposite from the
      adhesive coated surface 54, rests upon an unheated, or ambient temperature
      planar die 60. A multiprojectioned punch 64, which may be the same punch
      36 as was employed to embed the pattern of vicalloy wafers 44 into the
      carrier 20 if the wafer pattern exhibits reverse symmetry, is positioned
      above the wafer embedded carrier 20 with each projection 68 thereof in
      axial alignment with an individual one of the wafers 44, and therefore in
      axial alignment with an individual one of the nubs 48. In other words, the
      orientation of the wafer embedded carrier 20 on the adhesive 52 on the
      surface 54 of the substrate 56 with respect to the punch 64 is such that
      upon operation of the punch 64 by a press (not shown) to move the punch 64
      downwardly toward the wafer embedded carrier 20, each projection of the
      plurality of projections 68 will be brought to bear against an individual
      one of the nubs 48 of the carrier 20.
PAR  To transfer the wafers 44 from the carrier 20 to the adhesive coated
      surface 54 of the substrate 56, the punch 64 is driven downward an amount
      which is sufficient to engage, with each projection 68, an individual one
      of the nubs 48, and to push, through the action of the projections 68 on
      the nubs 48, the wafers out of the carrier 20, into the adhesive 52, and
      against the surface 54 of the substrate 56. It is to be noted that the
      wafers 44 embedded in the carrier 20 are merely pressed, through the
      pushing action of the projections 68 on the nubs 48, out of the carrier
      20, into the adhesive 52, and against the surface 54, and that the wafers
      are not embedded into the surface 54 of the substrate 56. This prevents
      any warpage of the substrate 56 which could occur if the wafers 44 were
      actually embedded into the surface 54 thereof.
PAR  Preferably, the adhesive 52 is a rubber base adhesive such as Catalog No.
      X1160 Pressure Sensitive Adhesive sold by the 3M Company of St. Paul,
      Minn., and the curing or setting time thereof may be accerated by the
      application of heat thereto. In use, the adhesive 52 on the surface 54 is
      initially partially cured to increase the viscosity thereof at the time
      that the wafers 44 are embedded therein to prevent movement, or
      "swimming," of the wafers in the adhesive as they are removed from the
      carrier 20. Also, to facilitate the removal of the wafers 44 from the
      surface 16 of the carrier 20, the projections 68 of the punch 64 may have
      an end area which is smaller than the end area of the projections 40 of
      the punch 36. In this manner, the end area of the projections 68 will be
      smaller than the area of the wafers 44, so that each projection 68 exerts
      a force on a nub 48 which is squarely centered over a corresponding
      underlying wafer 44.
PAR  After the wafers 44 are punched from the carrier 20 and pressed into the
      adhesive 52 on the surface 54 of the substrate 56, the carrier 20 is
      peeled away from both the adhesive and the wafers 44 adhesively secured
      therein, to leave on the surface 54 of the aluminum substrate 56 the
      pattern of vicalloy wafers 44. To facilitate removal of the carrier 20
      from the adhesive 52, the surface 16 thereof is preferably initially
      provided with a silicone coating to prevent adhesion of the surface to the
      adhesive 52.
PAR  After the carrier 20 has been removed, or peeled, from the substrate 56 to
      leave the pattern of wafers 44 on the adhesive coated surface 54 thereof,
      the substrate, if the adhesive 52 is of the heat curable type, is heated
      in an oven (not shown) to complete the curing of the adhesive 52 to firmly
      secure the vicalloy wafers 44 therein and on the surface 54 of the
      substrate 56 in the desired pattern. At this point, to protect against
      damage or contamination of the exposed surface of each wafer 44, a sealer,
      such as a thin polyester film, may be laminated over the wafers 44 on the
      substrate 56. The substrate 56, with the wafers 44 on the surface thereof
      in the desired pattern, is now ready to have wires extended across the
      wafers for "reading" information which is first magnetically programmed
      into the wafers.
PAR  Normally, in the fabrication of a magnetic memory circuit card, the wafers
      44 on the surface 54 of the substrate 56 cover approximately 8% of the
      total area of the surface of the substrate. Therefore, if the sheet of
      magnetic material, or vicalloy 12, has approximately the same surface area
      as the surface 54, when the punch 36 removes the wafers 44 from the sheet
      of vicalloy 12 only 8% of the vicalloy is removed. To avoid wasting the
      remaining 92% of the sheet of vicalloy, the sheet may be sequentially
      positioned across the surfaces 16 of additional carriers 20 with a virgin,
      or unpunched, area of the sheet presented to the projections 40 upon each
      operation of the punch 36. In this manner, additional vicalloy wafers 44
      may be obtained from the sheet 12 to optimize the number of substrates 56
      which may receive wafers 44 from a single sheet of magnetic material 12.
PAR  While one embodiment of the invention has been described in detail, it is
      to be understood that other modifications and embodiments may be devised
      by one skilled in the art without departing from the spirit and scope of
      the invention. For example, while the invention has been described with
      respect to the positioning of an array of vicalloy wafers on a surface of
      an aluminum substrate, the invention may just as readily find utility in
      the positioning of a pattern of any other type of a first material, other
      than vicalloy, which is removed from a sheet of the first material, on a
      surface of a second material, other than an aluminum substrate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of forming a pattern of a first material on an adhesive
      coated surface of a second material:
PA1  pressing the pattern of the first material directly against a surface of a
      sheet of malleable material to deform the malleable material to secure the
      pattern within the surface thereof;
PA1  placing the pattern bearing surface of the malleable material over the
      adhesive coated surface of the second material, and
PA1  pressing a surface of the malleable material, opposite from the pattern
      bearing surface, to force the pattern of the first material from the
      surface of the malleable material and into the adhesive on the surface of
      the second material.
NUM  2.
PAR  2. In a method of forming a pattern of wafers of a first material on an
      adhesive coated surface of a second material:
PA1  pressing wafers of the first material directly against a surface of a sheet
      of a malleable material with a force sufficient to embed the wafers into
      the surface of the malleable material and to secure the wafers therein by
      deforming the malleable material to compressively surround the edges of
      the wafers;
PA1  placing the wafer bearing surface of the malleable material over the
      adhesive coated surface of the second material, and
PA1  pressing a surface of the malleable material, opposite from the wafer
      bearing surface, to move the wafers from the surface of the malleable
      material and into the adhesive on the surface of the second material.
NUM  3.
PAR  3. In a method as set forth in claim 2, wherein pressing wafers of the
      first material against the surface of the sheet of malleable material
      includes:
PA1  overlying a sheet of the first material in direct contact with a first
      surface of the malleable material;
PA1  positioning the opposite surface of the malleable material on a surface of
      a die having apertures formed therein in a pattern which corresponds with
      the wafer pattern, and
PA1  striking the sheet of the first material with a punch to remove the pattern
      of wafers from the sheet, to embed the wafers into the first surface of
      the malleable material and to secure the wafers therein by deforming the
      malleable material to compressively surround the edges of the wafers, and
      to extrude nub portions of the second surface of the malleable material
      beneath the wafers into the apertures as the wafers are embedded into the
      first surface thereof.
NUM  4.
PAR  4. In a method as set forth in claim 3, wherein moving the wafers from the
      surface of the malleable material into the adhesive on the second material
      includes:
PA1  overlying the wafer embedded first surface of the malleable material over
      and against the adhesive on the surface of the second material, and
PA1  striking the nubs on the second surface of the malleable material with a
      punch to force the wafers from the first surface thereof and through the
      adhesive and into engagement with the surface of the second material.
NUM  5.
PAR  5. In a method as set forth in claim 4, wherein the first surface of the
      malleable material is coated with an adhesive resistant material, the
      further step of:
PA1  peeling the malleable material from both the wafers and the adhesive coated
      surface of the second material, after the wafers of the first material
      have been forced from the first surface of the malleable material, to form
      the pattern of wafers of the first material on the adhesive coated surface
      of the second material.
NUM  6.
PAR  6. In a method of manufacturing a circuit card of the type wherein a
      circuit pattern of discrete wafers of a magnetic material are secured on
      an adhesive coated surface of a substrate having a magnetic permeability
      which is insignificant with respect to the permeability of the wafers:
PA1  positioning a sheet of a malleable carrier material between a punch having
      a raised pattern in the form of the circuit pattern, and a rigid, planar
      die having apertures formed therein in the form of the circuit pattern and
      in alignment with the corresponding raised pattern of the punch for
      cooperation therewith;
PA1  positioning a sheet of the magnetic material between the punch and the
      carrier material and in direct contact with a first surface of the carrier
      material;
PA1  imparting relative movement to the punch and the die to apply the pattern
      of the punch against the sheet of magnetic material to cut the circuit
      pattern of discrete wafers therefrom as the sheet is pressed between the
      pattern of the punch and the carrier material, to embed the circuit
      pattern of wafers into the surface of the carrier by displacing the
      carrier material therebeneath, to secure the circuit pattern therein by
      deforming the carrier material to compressively surround the edges of the
      wafers, and to extrude displaced portions of an opposite second surface of
      the carrier material, underlying the embedded circuit pattern of wafers,
      into the apertures formed in the die;
PA1  placing the wafer embedded first surface of the carrier material over the
      adhesive coated surface of the substrate in an essentially planar
      relationship therewith;
PA1  positioning the carrier material and the substrate between a punch and a
      die with a surface of the substrate opposite from the adhesive coated
      surface resting on the die and with the punch having a raised pattern in a
      form to engage the second surface of the malleable material at the
      displaced portions thereof over areas opposite from the circuit pattern on
      the first surface thereof;
PA1  imparting relative movement to the punch and the die to apply the pattern
      of the punch against the displaced portions on the second surface of the
      carrier to force the wafers from the first surface thereof and onto the
      adhesive on the surface of the substrate as the carrier is pressed between
      the pattern of the punch and the substrate, and to move the wafers through
      the adhesive and into engagement with the surface of the substrate to
      adhesively secure the wafers to the surface of the substrate, and
PA1  removing the carrier material from the adhesive coated surface of the
      substrate to strip the wafers, adhesively secured to the substrate, from
      the first surface of the carrier, whereby the circuit pattern of discrete
      wafers of the magnetic material is adhesively secured to the surface of
      the substrate.
NUM  7.
PAR  7. In a method as set forth in claim 6, wherein the adhesive on the
      substrate is a type which is curable upon being subjected to heat, the
      further steps of:
PA1  heating the substrate with the wafers adhesively secured to the surface
      thereof, after the carrier material has been removed thereform, to cure
      the adhesive to securely affix the wafers to the substrate, and
PA1  applying a sealer across the wafers on the surface of the substrate.
NUM  8.
PAR  8. In a method of forming arrays of magnetic material wafers on surfaces of
      substrates, the steps of:
PA1  1. positioning a sheet of magnetic material in direct contact with a
      deformable carrier sheet;
PA1  2. punching from the sheet of magnetic material and embedding into the
      deformable carrier sheet a coordinate array of magnetic material wafers,
      wherein the wafers are spaced across the carrier sheet and constitute less
      than half the area of the sheet of magnetic material;
PA1  3. punching and transferring the coordinate array of wafers from the
      carrier and onto an adhesive coated substrate to form a coordinate array
      of magnetic material wafers on the substrate;
PA1  4. repositioning the sheet of magnetic material over the carrier for a
      subsequent punching of a second coordinate array of wafers from the
      unpunched areas of the sheet of magnetic material between the punched
      areas and for the embedding of the second coordinate array of wafers into
      the carrier, and
PA1  5. repeating the second and third steps to form a second coordinate array
      of wafers on a second substrate.
NUM  9.
PAR  9. In a method of forming a pattern of a first material on a surface of a
      second material:
PA1  pressing the pattern of the first material directly against a surface of a
      sheet of malleable material to deform the malleable material to secure the
      pattern within the surface thereof;
PA1  placing the pattern bearing surface of the malleable material over the
      surface of the second material;
PA1  pressing a surface of the malleable material, opposite from the pattern
      bearing surface, to force the pattern of the first material from the
      surface of the malleable material and against the surface of the second
      material, and
PA1  adhesively securing the pattern of the first material to the surface of the
      second material.
NUM  10.
PAR  10. In a method of forming an array of magnetic elements on a substrate:
PA1  placing a sheet of malleable material on a die having a planar surface into
      which is formed an array of die apertures corresponding to the desired
      array of magnetic elements;
PA1  placing a sheet of magnetic material over and in direct contact with the
      sheet of malleable material, the magnetic material characterized in that
      it may be pressed against the malleable material to deform the malleable
      material;
PA1  applying a pattern of punching forces corresponding to the array of die
      apertures to the sheet of magnetic material to shear elements from the
      sheet of magnetic material and to embed the elements within the malleable
      sheet by extruding portions of the malleable sheet into the die apertures
      to form an array of nubs and to force the malleable material about the
      periphery of the embedded elements to compressively secure the magnetic
      elements within the sheet of malleable material;
PA1  placing the sheet of malleable material on an adhesive coated substrate
      with the embedded elements on the adhesive;
PA1  applying a pattern of punching forces to the nubs to push the elements from
      the sheet of malleable material and into firm engagement with the
      adhesive, and
PA1  removing the sheet of malleable material to leave the array of magnetic
      elements on the substrate.
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ABST
PAL  The semi-continuous manufacturing of wave-guides of great length formed by
      an insulated wire wound in a helicoidal way with its turns contacting one
      another, involves forming a first length of the guide on a cylindrical
      mandrel with the mandrel and the length being pushed longitudinally over a
      distance virtually equal to the length of the latter, the length is
      stopped in this position, and the mandrel is brought back to its original
      position to enable a new length of guide to be formed on it, and so on.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part application of co-pending application Ser.
      No. 875,685, filed Nov. 12, 1969, entitled Apparatus For Semi-Continuous
      Production of Lengthy Helical Wave Guides. That application was abandoned
      on the filing of this one.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns the production of helical wave-guides by winding an
      insulated conductor on a cylindrical mandrel.
PAR  2. Description of the Prior Art
PAR  In order to continuously produce wave-guides of considerable length,
      despite the limited length of the mandrel, it has already been proposed to
      use a method wherein a section of guide is formed on the mandrel and then
      the section is slid on the mandrel which itself is left fixed, to remove
      it from the latter and thus free the mandrel to permit forming a second
      section on it without any discontinuity with the first section, and so
      forth. Machines have also been described for using this method.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a further method and machine for producing such
      guides of considerable length, characterized in that, after having formed
      a first guide section on the mandrel, the assembly constituted by mandrel
      and section is pushed longitudinally over a distance substantially equal
      to the length of the section, and the section is immobilized in this
      position and the mandrel is returned to its initial position to permit
      forming a new section on it, and so forth.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of one possible embodiment of the invention.
PAR  FIGS. 2a, 2b and 2c are top views showing the embodiment of FIG. 1 in
      various stages of operation.
PAR  FIGS. 3-7 represent various particular features of the embodiment of FIG. 1
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, a frame 1 of a machine connected to a lathe has, on its upstream
      end, a rigid headstock 2 provided with a spindle 41 and, on its downstream
      end, a mobile headstock 18 provided with a tailstock 5. A cylindrical
      mandrel 3 is disposed between a coupling member 4 at its upstream end and
      the tailstock 5 at its downstream end. The member 4 is a conventional
      clamping and centering jaw plate supported by the spindle 41. The spindle
      41 is driven in rotation by means of a belt 42 driven by a motor 43. The
      mandrel itself is driven in rotation by the spindle 41 and the coupling
      member 4.
PAR  A winding assembly supported by a sliding carriage and designated by the
      reference numeral 6 is disposed along the frame and driven in translation
      by the motor 43 by means of conventional means such as a screw (not
      shown).
PAR  The winding assembly 6 comprises a rotary winding means 7 and a tape
      distributor 11.
PAR  The means 7 comprises one or more reels 8 and 8' carrying wire 9 and 9'
      which is to constitute the internal wall of the guide, one or more wire
      guides 10 and 10', a blocking device assembly 20 (the details of which are
      indicated in FIGS. 3 and 4), and a device for automatically correcting the
      variations in inclination as the wire is wound on the mandrel (details of
      this device are indicated in FIGS. 5 and 6). The rotary winding means 7 is
      driven in rotation by a motor 29 represented in FIGS. 5 and 6. The tape
      distributor 11 bears one or more reels 12 carrying insulating tapes or
      conductor tapes such as 13 guided by rollers 14 which also permit
      regulation of the tension of the tapes.
PAR  The winding assembly 6 also comprises at least one pipe such as 15 through
      which a synthetic bonding material is projected onto the guide as it is
      being formed. The assembly also comprises heating means for bringing about
      the polymerization of the synthetic material. These heating means may, for
      example, be windings such as 16 through which passes a high frequency
      electric current. The synthetic bonding material may be advantageously a
      mixture of polyester or epoxy resin and a hardener having a rapid action.
PAR  The shaft 44 of a jack 17 is also connected to the mobile headstock 18 at
      the opposite side to the tailstock 5.
PAR  The operation of the machine will now be explained.
PAR  The first stage is the winding stage which is shown in FIG. 2a. As the
      coupling means 4 is clamped on the upstream end of the mandrel 3, the
      winding assembly 6 is driven in translation along the the mandrel 3
      substantially from its upstream end to its downstream end by any suitable
      means (not shown), such as the previously mentioned screw. The combination
      of the translational movements of the winding assembly 6 and the rotation
      of the winding means 7 ensures that the wire 9 and 9' is wound helically
      on the mandrel 3. The combination of the translational movement of the
      winding assembly 6 and the rotation of the mandrel 3 ensures the
      helicoidal winding of the tapes 13. The winding assembly is impregnated
      with the synthetic material projected through the pipes 15. The material
      is then heated by the windings 16, resulting in its polymerization and
      solidification. A wave-guide section 19 is thus produced. The winding
      assembly 6 and the wave-guide section 19 are shown in solid lines in their
      upstream position and in phantom lines in their downstream position.
PAR  The second stage is shown in FIG. 2b. The shaft 44 of the jack 17 is pushed
      upstream, carrying with it the assembly consisting of the mobile headstock
      18, the winding assembly 6, the mandrel 3, and the wave-guide section 19
      so that the winding assembly arrives in front of the coupling means 4. The
      mobile headstock 18 is shown in phantom in its downstream position and in
      solid lines in its upstream position. The coupling means 4 is then
      loosened, for example, manually, and the wave-guide section 19 is inserted
      into the spindle 41, which is hollow.
PAR  According to a variant, at least the winding assembly 6 may be returned
      upstream by the motor 43.
PAR  The third stage is shown in FIG. 2c. The mobile headstock 18 and the
      mandrel 3 are returned to their initial position by the shaft 44 of the
      jack 17. The machine is then available for forming a new wave-guide
      section after tightening of the coupling means 4.
PAR  To effect the return movement of the mandrel while leaving the wave-guide
      section in place, the section has to be blocked by means of a blocking
      device such as the one described in FIGS. 3 and 4, while the coupling
      means 4 is kept in a release state.
PAR  The blocking device may consist adavntageously of jaw grippers controlled
      for example by an auxiliary hydraulic jack. It may also be controlled
      manually.
PAR  The reference numeral 20 designates a blocking device assembly. This
      assembly is shown in FIG. 3. It includes a hub 45 integral with the
      winding assembly 6. A disc 46 supporting the rotary winding means 7 as
      shown in FIG. 5 and acting as a pulley for the same is attached to the hub
      45 by way of a ball bearing. This pulley is driven by means of the belt 47
      and the motor 29, which is supported by the winding assembly 6 as shown in
      FIG. 5.
PAR  The hub 45 carries a hollow cylindrical part 21 in which are engaged
      clamping jaws 22 and 22' having a frusto-conical outer profile. These jaws
      cooperate after the fashion of a mandrel with the hollow internal profile
      of the part 21. The internal profile of the part 21 is also frusto-conical
      but in the reverse direction. The wound wire 9 and 9' pass through the
      gaps 23 and 23' between clamping jaws 22 and 22', as shown in FIG. 4. The
      front ends of these jaws 22 and 22' may be moved upstream by means of a
      maneuvering plate 25 activated by the piston of an auxiliary jack 26. The
      auxiliary jack may advantageously be integral with the plate 25 and be
      supported by the  winding assembly 6.
PAR  The blocking device operates in the manner described hereafter. When the
      mandrel 3 supporting the wave-guide section 19 has been brought by the
      shaft 44 of the jack 17 into the position of the second stage as shown in
      FIG. 2b, the auxiliary jack 26 is caused to move forward either by an end
      of stroke contact or manually. The plate 25 then pushes the jaws 22 and
      22' which slide against the inner surface of the hollow cylindrical part
      21, which is fixed relative to the plate 25.
PAR  The jaws 22 and 22' pass exteriorly of the wave-guide section 19 until the
      shoulder 24 is situated at the downstream end of the wave-guide section
      19, which abuts against the shoulder during the withdrawal of the mandrel.
      The wave-guide section is thus blocked by the shoulder and prevented from
      following the mandrel in its return movement.
PAR  When the mandrel 3 has completed its return movement, the auxiliary jack 26
      is operated in the opposite direction, which makes the plate 25 withdraw
      and permits the jaws 22 and 22' to move apart, for example under the
      action of an elastic element (not shown), thus releasing the downstream
      end of the wave-guide section 19 in preparation for a new section.
PAR  Other clamping means could also be used such as clamping shoes adapted to
      be controlled in the manner of a lathe face plate.
PAR  The machine according to the invention may advantageously comprise a device
      for obviating the various irregularities which may occur in the winding of
      the wire owing to, for example, variations in the diameter of the wire or
      variations in the rotational speed of the mandrel and/or winding means.
      Owing to these irregularities, there is a risk that the neighboring turns
      of the wire may not be contiguous, or even may overlap one another.
PAR  The device provided for this purpose, used with a machine having a rotary
      housing, makes the rate of rotation of the housing and thus the ratio of
      the speeds of rotational movement of the mandrel and the housing vary so
      that the winding pitch of the wire remains constant despite the aforesaid
      irregularities.
PAR  This device comprises means for arranging that the speed of the driving
      motor for the rotational movement of the mandrel or that of the housing is
      controlled by the winding angle of the wire relatively to the axis of the
      mandrel.
PAR  A preferred embodiment of a device of this kind is shown by way of example
      in FIGS. 5 and 6.
PAR  FIG. 5 is a diagrammatic view of a part of the machine comprising this
      device, and FIG. 6 shows an electrical connection diagram of said device.
PAR  The machine illustrated comprises a mandrel 3 driven in rotation by a motor
      (not shown) and about which rotates the rotary winding means 7 driven by a
      motor 29. This rotary winding means bears the two reels 8, 8' from which
      conductor wires 9, 9' unwind, guided by the feed rolls 30 and 30' and the
      tension rolls 31, 31'.
PAR  Immediately before it is wound on the mandrel 3, the wire 9 passes into a
      hollow needle 32. One end of needle 32 is mounted on the shaft of a
      potentiometer P.sub.1 carried by the rotary winding means 7. This rotary
      winding means also bears a second potentiometer P.sub.2 with  manual
      control.
PAR  These two potentiometers are connected so as to constitute a Wheatstone
      bridge 33 as shown in more detail in FIG. 6. The resistance of the
      potentiometer P.sub.1 constitutes two adjacent arms of this bridge, and
      that of potentiometer P.sub.2 the two other arms. The apexes A and B of
      the bridge, constituted by the ends of these resistances, are connected to
      a direct current source 34 (not shown in FIG. 5), and the apexes C and D,
      constituted by the mobile contacts of the two potentiometers, are
      connected respectively to rings 35, 35' disposed on the rotary winding
      means 7.
PAR  On these rings there bear brushes 36, 36', which are connected by means of
      a differential amplifier 37 to the control circuit of a conventional
      change-speed device 38, inserted between an alternating current source 39
      and the motor 29.
PAR  This device operates as follows:
PAR  When the machine is stopped, the potentiometer P.sub.2 is regulated so
      that, when the hollow needle has the desired inclination, the bridge is in
      equilibrium and therefore does not send any voltage to the control circuit
      of the change speed device 38.
PAR  If subsequently, when the machine is in operation, the needle 32 for any
      reason moves away in one direction or the other from the desired angle,
      the bridge is no longer in equilibrium and a voltage of one or the other
      polarity is applied to the change-speed device 38. This causes
      acceleration or deceleration of the motor 29, with the result that the
      angle of the wire relatively to the mandrel, and consequently the
      inclination of the needle 32, is returned to the correct value, and the
      bridge is once more returned to a state of equilibrium.
PAR  It is obvious that the amplifier 37 is capable of acting in a similar
      manner on a change-speed device of the driving motor for the mandrel or
      carriage effecting the translational movements.
PAR  An improvement has been made on the machine with regard to the means for
      heating the plastic material to be polymerized. This improvement consists
      in replacing the high frequency heating means surrounding the mandrel by
      heating means incorporated in the mandrel. Accordingly, FIG. 7 shows the
      mandrel 3 which comprises an inner chamber 56 with an outlet at its
      downstream end where it is provided in a known manner with two collars 51
      and 52 having rotary joints supported by the mobile headstock 18 and
      disposed between the headstock 18 and the tailstock 5. These collars are
      connected by means of an inflow channel 53 and an outflow channel 54 to
      the fluid source 55 comprising means for regulating the temperature of the
      fluid which may be hot or cold. The fluid may advantageously be water.
PAR  During the winding stage, the source 55 injects hot water having a
      temperature of 80.degree.C into the chamber 56 of the mandrel 3 by means
      of the channel 53 and the collar 51. The hot water permits the
      polymerization of the synthetic material. The hot water, slightly cooled,
      returns to the source by way of the collar 52 and the channel 54. Before
      the withdrawal of the mandrel, the source 55 injects cold water having a
      temperature of ca. 40.degree.C, in place of the hot water. In this way the
      diameter of the mandrel is slightly reduced which greatly facilitates the
      return of the mandrel to its initial position.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A machine for the semi-continuous manufacture of wave-guides of
      considerable length from a plurality of sections of wave-guides of a
      standard length, said machine comprising:
PA1  a. a cylindrical mandrel;
PA1  b. first means for rotating said cylindrical mandrel during the manufacture
      of each section of wave-guide;
PA1  c. a carriage movable relative to said cylindrical mandrel in the direction
      parallel to the axis thereof;
PA1  d. second means for displacing said carriage from a first end of said
      cylindrical mandrel to the second end thereof during the manufacture of
      each section of wave-guide in synchronism with the rotational movement of
      the latter;
PA1  e. third means for displacing said carriage from the second end of said
      cylindrical mandrel to the first end thereof in between the manufacture of
      each section of wave-guide;
PA1  f. fourth means for winding wire on said cylindrical mandrel, said fourth
      means being movable with said carriage and being mounted for rotation
      about said cylindrical mandrel;
PA1  g. fifth means for causing said fourth means to rotate about said
      cylindrical mandrel, whereby the wire is wound on said cylindrical mandrel
      in a helical fashion while said carriage is being displaced by said second
      means;
PA1  h. sixth means for continuously controlling the ratio of the rotational
      speeds of said first and fifth means during operation of the machine in
      response to the angle at which wire is wound on said cylindrical mandrel
      such that the winding angle relative to the axis of said cylindrical
      mandrel remains constant, thereby maintaining a constant winding pitch of
      the wire so as to obtain contiguous turns;
PA1  i. seventh means for distributing tape on the wire wound on said
      cylindrical mandrel, said seventh means being mounted on and movable with
      said carriage, whereby the combination of the translational motion of said
      carriage and the rotational motion of said mandrel causes the tape to be
      wound on the wire in a helical fashion;
PA1  j. eighth means for displacing said cylindrical mandrel and a section of
      wave-guide manufactured on said cylindrical mandrel (i) parallel to the
      axis of said cylindrical mandrel, (ii) in the direction of the first end
      of said cylindrical mandrel, and (iii) by an amount equal to the standard
      length of a section of wave-guide, thereby moving said cylindrical mandrel
      and a section of wave-guide manufactured on said cylindrical mandrel from
      a first position to a second position;
PA1  k. ninth means for gripping and immobilizing a section of wave-guide
      manufactured on said cylindrical mandrel after said cylindrical mandrel
      and the section of wave-guide are in the second position; and
PA1  l. 10th means for displacing said cylindrical mandrel from its second
      position to its first position by a motion which is (i) parallel to the
      axis of said cylindrical mandrel, (ii) in the direction of the second end
      of said cylindrical mandrel, and (iii) equal in length to the standard
      length of a section of wave-guide while said ninth means remains actuated,
      whereby said cylindrical mandrel is withdrawn from the section of
      wave-guide and is returned to its first position while the section of
      wave-guide remains in its second position.
NUM  2.
PAR  2. A machine as claimed in claim 1 wherein said ninth means comprises:
PA1  a. jaw grippers and
PA1  b. means for clamping said jaw grippers on a section of wave-guide while
      said cylindrical mandrel and the section of wave-guide are in the second
      position.
NUM  3.
PAR  3. A machine as claimed in claim 1 wherein said third, eighth, and tenth
      means comprise a single jack, the shaft of which is secured to the second
      end of said cylindrical mandrel.
NUM  4.
PAR  4. A machine as claimed in claim 1 wherein said sixth means comprises a
      hollow needle through which the wire passes immediately before it is wound
      onto said cylindrical mandrel.
NUM  5.
PAR  5. A machine as claimed in claim 4 wherein said sixth means further
      comprise:
PA1  a. a Wheatstone bridge, the arms of which comprise two potentiometers, one
      for use in calibration and the other having said hollow needle mounted
      thereon, and
PA1  b. eleventh means responsive to the output of said Wheatstone bridge for
      changing the winding speed of said fifth means.
NUM  6.
PAR  6. A machine as claimed in claim 5 wherein said Wheatstone bridge is
      mounted on said fourth means and further comprising:
PA1  a. two conductor rings mounted on said fourth means, said conductor rings
      being connected respectively to the two outputs of said Wheatstone bridge;
PA1  b. two brushes mounted on said carriage and disposed for wiping contact
      with said conductor rings; and
PA1  c. a differential amplifier which connects said brushes to a control
      circuit for said 11th means.
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ABST
PAL  This invention relates to a method of making sleeves or bladders for tire
      building machines for building bias angle tires, bias belted tires or
      radial ply belted tires by building the core of the sleeve of natural
      rubber, high cis polybutadiene, high cis polyisoprene,
      acrylonitrile-butadiene and butadiene styrene, and covering the outside of
      the core and at least part of the inside thereof with a layer of
      polyurethane elastomer, where the expose coat contains 0.5 to 10 percent
      by weight of silicone polycarbinol as slip agent.
PARN
PAR  This application is a continuation-in-part application of Ser. No. 372,896,
      filed June 22, 1973, now abandoned.
BSUM
PAR  This invention relates to a method of making improved sleeves or bladders
      for tire building machines for building bias angle tires, bias belted
      tires and radial ply belted tires, and to said sleeves.
PAR  As tire building machines have become more automated the use of rubber
      sleeves containing fabric reinforcement which may be inflated to shape the
      tire or hold the rubber plies during the forming of the tire carcass has
      come into use. U.S. Pat. Nos. 3,268,382 and 3,078,204 teach the general
      nature of this tire building apparatus and the nature of the sleeves
      together with their function. Although these patents indicate unusual
      service life for the sleeves, it has been found that in actual service the
      sleeves develop cracks and fail otherwise with the average plant-wide
      production per sleeve being only three to four thousand tires before the
      sleeve has to be removed. Also, the sleeves conventionally used on these
      tire building machines are extremely stiff and difficult to remove from
      the tire building machine and hard to replace with a new one.
PAR  Therefore, an object of this invention is to provide a method of making
      sleeves which have improved service life and permits them to be placed on
      and removed from the tire building machine with greater ease.
DRWD
PAR  Further objects and advantages of this invention can be more readily
      understood by reference to the drawings wherein
PAR  FIG. 1 is a perspective view of a sleeve for a tire building machine having
      part thereof broken away;
PAR  FIG. 2 is a cross-sectional view along the lines 2--2 of FIG. 1 and
PAR  FIG. 3 is an enlarged partial view of the part broken away in FIG. 1 to
      show the bead in operative contact with the tire drum and sleeve support
      members.
DETD
PAR  Referring to FIG. 1, the cylindrical, flexible, stretchable, resilient
      inflatable sleeve 5 is shown with a section cut away to display the
      details of the sleeve construction in the bead area 6, both outside 7 and
      inside 8 of the sleeve. The core or interior layer 9 of the sleeve is a
      cured compounded rubber stock that exhibits good cut and abrasion
      resistance. An outer layer of at least one coat of polyurethane elastomer
      of the type hereinafter described is applied over the sleeve core 9 to
      give a polyurethane outside layer 10 of at least one lamina on the sleeve
      which preferably extends from bead to bead at each end of the sleeve.
      Also, it is desirable to have the polyurethane layer extend around beads 6
      onto the inside surface 8 of the sleeve for part of the way, for example,
      about 6 to 18 inches to extend past those areas in contact with the drum
      of the tire building machine or over the entire inside surface of the
      sleeve.
PAR  The objects of this invention are achieved in one embodiment by forming the
      sleeve body of a suitable rubber which is compounded with relatively large
      amounts of carbon black either with or without fabric reinforcing and then
      applying at least one coating of polyurethane of the type described
      hereinafter to the outside surface of the sleeve and preferably to the
      inside surface, too, preferably at least up to the point identified in
      FIG. 1 by numeral 11, usually about 6 to 18 inches from the bead or over
      the entire length of the inside surface 8 of the sleeve.
PAR  In one embodiment a sleeve is prepared by wrapping a nylon fabric coated
      with a compounded natural rubber stock around a sleeve building mandrel
      and then this is followed by a second layer of fabric coated with
      compounded natural rubber stock to form a two-ply composite band. In some
      embodiments only a single ply is used. This band was removed from the
      mandrel, placed in a curing mold and cured with steam. The cured sleeve is
      removed from the mold. The surface of the sleeve is cleaned with chlorine
      water and allowed to dry. The cleaned surface is then coated with a spray
      coat of liquid polyurethane reaction mixture to give a coating of about 2
      to 100 miles and preferably about 5 to 15 mils.
PAR  A suitable compounded natural rubber stock can be prepared by the following
      recipe on a parts by weight basis:
TBL  Ingredients               Parts                                           

     ______________________________________                                    

     Natural rubber                                                            

     smoked sheet              40.00                                           

     brown sheet               60.00                                           

     Sulfur                    0.75                                            

     Zinc oxide                10.00                                           

     Carbon black FEF          30.00                                           

     Asphaltic oil             8.00                                            

     Stearic acid              3.50                                            

     Polymerized trimethyl dihydroquinoline                                    

                               2.00                                            

     Mixture of aryl-p-phenylene diamine                                       

                               1.00                                            

     4-Morpholinyl-2-benzothiazoic disulfide                                   

                               2.00                                            

     Total                     157.25                                          

     ______________________________________                                    

PAR  A compounded natural rubber stock of this type is particularly preferred as
      it gives a sleeve having considerable extensibility and thus permits the
      sleeve to be readily put on and taken off the tire building apparatus.
PAR  In a second embodiment a sleeve body for a passenger tire building
      apparatus was molded from a butadiene-acrylonitrile rubber compounded on
      the mill according to the recipe shown below:
TBL  Ingredients             Parts                                             

     ______________________________________                                    

     Copolymer (55 parts butadiene                                             

     45 parts acrylonitrile) 100.00                                            

     Zinc oxide              5.00                                              

     Magnesium carbonate     1.00                                              

     Sulfur                  2.00                                              

     Carbon black            80.00                                             

     Stearic acid            1.00                                              

     Di-benzothiazyl disulfide                                                 

                             1.60                                              

     Polyvinyl chloride resin                                                  

                             20.10                                             

     Dioctyl phthalate       4.15                                              

     Tributyl citrate        4.15                                              

     Triglycol ester         4.15                                              

     Dibutyl phthalate       5.00                                              

     Total                   228.15                                            

     ______________________________________                                    

PAL  This compounded butadiene-acrylonitrile copolymer was then extruded into a
      continuous strip 3 .times. 3 inches and this strip was cut into a piece
      about 4 feet long. This four foot-long strip was placed in a sleeve mold
      held at about 290.degree. to 310.degree.F. and the mold was closed to
      place the strip under sufficient pressure to squeeze or flow the
      compounded copolymer into the cavity of the sleeve mold, the maximum
      pressure under which the mold was placed, being about 1600 pounds per
      square inch to effect flow of the compounded copolymer into the cavity of
      the mold and it was held under this pressure at a temperature of about
      295.degree. to 305.degree.F. for about 20 minutes to cure the copolymer.
      At this time the mold was opened and the cured sleeve was removed from the
      mold and the sprues formed due to the place where the mold parts joined
      were cut away. This area was buffed to give the sleeve a relatively smooth
      contour. The outside surface of this sleeve and part of the inside up to
      about 18 inches from the ends thereof were cleaned with chlorine water and
      then washed with water and allowed to dry. As soon as the surface of the
      sleeve inside and out had dried it was given at least one spray coat of a
      polyurethane reaction mixture described hereinafter to build up a coating
      of about 10 mils thickness over the entire outside and inside surface of
      the sleeves for a distance of 18 inches from the ends thereof to give the
      finished passenger tire building apparatus sleeve.
PAR  Passenger sleeves made as above were used on PB passenger tire building
      machines to make tires and gave an improvement in service life relative to
      the sleeves in commerical use on the same type tire building machines and
      also reduced the tendency for the building ply to stick to the bladder.
      This silicone polyol slip agent in the polyurethane coating gave prolonged
      service life to the sleeve relative to the one which did not contain the
      slip agent.
PAR  The polyurethane liquid reaction mixture used to spray coat the sleeve was
      prepared from a prepolymer. This prepolymer was prepared by reacting 2
      mols of toluene diisocyanate with 1 mol of a polyester prepared by the
      condensation of adipic acid with an excess of a mixture consisting of 80
      percent by weight ethylene glycol and 20 percent by weight propylene
      glycol. This prepolymer was used to prepare a masterbatch by ball milling
      1250 parts of this prepolymer with 375 parts cellosolve acetate, 125 parts
      carbon black and 375 parts of methyl ethyl ketone. The ball milling was
      continued until a uniform suspension was obtained.
PAR  Component 1 of the spray mixture was formed by mixing 165 parts of this
      black masterbatch with a mixture consisting of 1500 parts of the
      prepolymer, 450 parts cellosolve acetate, 450 parts methyl ethyl ketone
      and 72 parts of a solution of cellulose acetate butyrate containing 10
      percent by weight of a mixture containing 50 percent toluene and 50
      percent methyl cellosolve acetate. Component 2 of this sprayable mixture
      comprises 153 parts of methylene-bis-ortho-chloroaniline and 153 parts of
      methyl ethyl ketone. Components 1 and 2 were mixed just prior to the time
      the spray coats were to be applied to form the sprayable polyurethane
      liquid reaction mixture. Normally the mixture of components 1 and 2
      remained sprayable in excess of 1 hour.
PAR  The core of the sleeve can be made from those compounded and cured
      elastomers having good to excellent cut tear resistance, usually about 5
      percent and a Shore A hardness of about 55 to 85 and preferably 65 to 80.
PAR  Representative examples of these elastomers are natural rubber,
      acrylonitrile-butadiene rubber, high cis-polybutadiene rubber, high
      cis-polyisoprene rubber and butadiene styrene rubber.
PAR  Although the polyurethane coatings have been exemplified as being applied
      as a spray coat of a liquid polyurethane reaction mixture, they can also
      be applied by other methods such as brushing or dipping. Preferably the
      reaction mixture contains sufficient solvent to facilitate spreading with
      the solvent content varying from about 5 to 95 percent with the preferred
      amount being about 20 to 60 percent by weight.
PAR  In general, the polyurethane coating is applied as a liquid polyurethane
      reaction mixture with the polyurethane reaction mixture being prepared
      either by the one-shot, prepolymer or other methods for making said
      mixtures. The polyurethane reaction mixture comprises a reactive hydrogen
      containing material of about 700 to 10,000 molecular weight, an organic
      polyisocyanate and a cross-linking agent selected from the class
      consisting of the low molecular weight polyols such as the glycols and the
      organic diamines and the alcoholamines. A mol of the reactive hydrogen
      containing material is generally reacted with about 1 to about 21/2 mols
      of the organic polyisocyanate to form a prepolymer. The prepolymer is
      reacted with a crosslinker, usually about 0.1 to about 1.1 mols with the
      preferred range being 0.5 to 0.9 mols of said crossliker for each mol of
      excess organic polyisocyanate relative to the reactive hydrogen containing
      material. By proper choice of the crosslinker the Shore A hardness of the
      polyurethane can be made to vary from 30 to 80 with the preferred range
      being 45 to 65. The organic polyisocyanates that are normally used are
      toluene diisocyanate, methylene di(phenyl isocyanate) and the phosgenation
      product of the reaction of aniline with an aldehyde such as formaldehyde.
      The other organic polyisocyanates can also be used but the above
      enumerated ones are those that are most generally used commercially.
PAR  The reactive hydrogen containing material generally has a molecular weight
      of about 750 to 1000 and preferably 1000 to 4000 and comprises the
      polyester polyols, the polyether polyols, and the hydrocarbon polyols. In
      general, the polyester polyols are the reaction products of organic
      polycarboxylic acid and its anhydride with a glycol such as ethylene,
      propylene or tetramethylene. Preferably the polyester polyols has a
      molecular weight of about 1000 to about 3500 and contains two hydroxyls
      and in some cases three,  with the preferred acids being those aliphatic
      dicarboxylic acids having from about 4 to 10 carbon atoms.
PAR  The polyether polyols may be those obtained by the condensation of an
      alkylene oxide having from 2 to 10 carbon atoms on a nucleus generating
      material such as a polycarboxylic acid or a glycol or a related polyol.
      The polyether polyols most readily available and utilized in this
      invention are the polypropylene ether glycols or triols and the poly
      tetramethylene ether glycols. The hydrocarbon polyols are those most
      readily obtained by the polymerization of an .alpha.-olefin to obtain a
      polymer which is hydroxyl terminated.
PAR  In addition to the cleaning of the sleeve core surface with chlorine water
      it is also desirable to treat the surface with a solvent solution of an
      organic polyisocyanate. A preferred solution for this purpose is one
      containing a ketone such as acetone, methyl ethyl ketone or methyl
      isobutyl ketone, having dissolved therein 1 to 20 percent by weight of an
      organic polyisocyanate with a preferred one being the phosgenated mixture
      obtained by phosgenation of the acid rearrangement product of the reaction
      of aniline and an aldehyde such as formaldehyde of the formula:
EQU  OCN--R--(CY.sub.2 --R'--NCO).sub.n
PAL  in which R and R' are arylene radicals, y is selected from the group
      consisting of H, alkyl, aryl radicals, N is a whole number and the
      (CY.sub.2 --R'--NCO) groups in excess of one are attached to an R'
      radical. Best results are obtained where the phosgenation mixture has less
      than about 40 percent methylene diphenyl isocyanate content.
PAR  The term "sleeve" also includes bladders for center sleeves and turn-up
      sleeves for building conventional bias angle tires, bias belted tires and
      radial ply belted tires and is not necessarily related to a material
      uniform cross-section as it is desirable with some tire building machines
      to have some portions of the bladder thicker than others to accent the
      movement of the bladder under inflation.
PAR  The fabric used to reinforce the sleeve core is the usual tire cord fabric
      such as polyester, polyamide, rayon, glass or cotton, materials which
      preferably are expansible.
PAR  It is an essential feature of this invention that at least the outside or
      last coat of polyurethane elastomer applied over the core contain 0.5 to
      10 percent, and preferably 4 to 9 percent by weight of a silicone
      polycarbinal or polycarbinol, as a slip agent. It should also be indicated
      that in a still more preferred embodiment the last coat is a
      polyetherurethane containing 4 to 6 percent by weight of a silicone
      polycarbinol as a slip agent. In general practice a polyesterurethane
      inner coat that contains 0 to 10 percent by weight of a silicone
      polycarbinol slip agent is desired to give the desired modulus features
      adjacent the core, and the next or last coat be a polyetherurethane
      containing preferably 4 to 6 percent by weight of the slip agent.
PAR  The silicone polycarbinols useful in this invention are generally diols or
      triols and preferably are compatible with the reactive hydrogen containing
      material such as polyether polyols. In general, the silicone polycarbinols
      can be described by formula A and B as follows:
PAR  Formula A:
      ##EQU1##
PAR  Formula B:
      ##EQU2##
      where R is alkyl having from 1 to 10 carbon atoms with preferred members
      being methyl, ethyl and propyl; R' is alkylene of 1 to 10 carbon atoms and
      the preferred member being propylene; y is 2 or 3 and x is an integer of
      sufficient magnitude to give the silicone polycarbinol a molecular weight
      of 600 to 2500 and preferably 800 to 1500. The silicone polycarbinals have
      the same structure as the polycarbinols except the alcohol group has been
      oxidized to an aldehyde group.
PAR  The preferred silicone polycarbinols are those of Formulae A and B where R
      is methyl and R' is propylene and the average hydroxyl is that for a
      silicone polycarbinol of the dual type. A very preferred silicone
      polycarbinol used had a molecular weight of approximately 900, 2.48
      percent COH groups, 72 percent silicone calculated as
      --SiO(CH.sub.3).sub.2 -- group and a specific gravity of 0.97. Three
      percent by weight of this silicone polycarbinol is blended into component
      1 and then this blend was mixed with component 2 immediately before spray
      application over the natural rubber building sleeve to give a coating 10
      mils thick extending over the entire outside surface of the radial tire
      building sleeve and back 12 inches within the interior of the sleeve. This
      sleeve was cured overnight at 150.degree.F. and used on automatic tire
      machines to build radial tires and gave excellent release and service
      life.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sleeve for a tire building machine, including an inflatable body
      portion having dimensions suitable for attachment in operative
      relationship with a tire building machine, said body portion comprising an
      inner layer or core of a cured compounded elastomer selected from the
      class of rubber polymers consisting of natural, high cis-polybutadiene,
      high cis-polyisoprene, acrylonitrile-butadiene and butadiene stryene and
      at least one coat of a polyurethane elastomer which extends around the
      ends of the inner layer past at least the area that contacts the drum,
      said polyurethane elastomer containing 0.5 to 10 percent by weight of a
      silicone polycarbinol or silicone polycarbinal.
NUM  2.
PAR  2. The sleeve of claim 1 wherein the core contains an expansible fabric.
NUM  3.
PAR  3. The sleeve of claim 1 wherein the polyurethane elastomer has a Shore A
      hardness of about 45 to 65.
NUM  4.
PAR  4. The sleeve of claim 1 wherein the first coat applied over the core is a
      polyesterurethane and the next coat is a polyetherurethane containing 4 to
      10 percent by weight of a silicone polyol slip agent.
NUM  5.
PAR  5. The sleeve of claim 1 wherein the silicone polycarbinol has the
      structure of Formula A:
      ##EQU3##
      or Formula B:
      ##EQU4##
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ABST
PAL  A tire building drum, in particular useful for applying a tread to a
      previously built uncured tire carcass, having a large number of segments,
      e.g. 36, which can move radially to expand and to contract the drum. An
      improved arrangement and construction of cover plates for spanning the
      gaps between the segments in combination with an improved construction of
      the segments for cooperation with the cover plates.
BSUM
PAR  The foregoing abstract is not to be taken as limiting the invention of this
      application, and in order to understand the full nature and extent of the
      technical disclosure of this application, reference must be made to the
      accompanying drawing and the following detailed description.
PAR  The present invention relates to tire building drums and particularly to
      tire building drums employing a relatively large number of segments,
      sometimes called bars, all of which move equally toward and away from the
      drum axis in radial planes in angularly spaced relation and more
      particularly the invention relates to an improved combination of the
      arrangement and construction of the segment-cover plate operating
      relation.
PAR  Briefly, the invention comprises broadly, in a tire building drum having a
      plurality of segments in cylindrical array and movable radially toward and
      away from the drum axis and having in an expanded condition of such drum
      arcuate spaces between the segments thereof and cover plates bridging each
      of said spaces, which plates cooperate with the respective segments to
      provide a peripherally and axially continuous working surface on said
      drum, the improvement comprising the combination wherein each cover plate
      is longitudinally coextensive with its two associated segments and has a
      fixed longitudinal edge rigidly affixed to one of said segments and a free
      longitudinal edge overlying the other of said segments, the plate having
      an arched contour convex outwardly of the axis such that said cover plate
      is supported, when free of externally applied load, by the one associated
      segment and not by the other segment of the pair, and wherein each said
      other segment is provided with a base surface extending parallel to said
      drum axis and normal to the radial plane of movement of such segment and a
      longitudinally extending support surface inclined inwardly from said base
      surface to underlie and to support said free edge when a load is applied
      to said cover plate. In its further aspects, the invention comprises the
      following additional features. The cover plate support surface of each
      segment lies radially under the free edge of its associated cover plate
      and is spaced inwardly of the undeflected cover plate at all radial
      positions of the segments; the support surface of each segment is planar,
      parallel to the drum axis, and inclined inwardly of the base surface of
      such segment and toward said other segment on which said cover plate is
      affixed, said support surface is planar and is inclined at an angle equal
      to one-half the angle between adjacent segments with respect to a plane
      tangent to the cylindrical surface defined by said segments at the radial
      plane of movement of the associated segment, said planar surface extends
      from a longitudinal side of said segment adjacent the segment to which
      said cover plate is affixed, said planar surface being inclined radially
      outwardly of said side to intersect said base surface between said
      longitudinal side and the fixed edge of the next adjacent cover plate.
DRWD
PAR  While the invention is particularly pointed out in the appended claims,
      persons skilled in the art will become more fully acquainted with the
      principles of and enabled to practice the invention, from the following
      illustrative description of a presently preferred embodiment, and from the
      drawings attached to and forming a part of such description, in which
      drawings:
PAR  FIG. 1 illustrates in front elevational view a tire building drum embodying
      the invention;
PAR  FIG. 2 is a view in end elevation of the drum of FIG. 1; and
PAR  FIG. 3 is an enlarged view of portions of the drum as in FIG. 2 further
      illustrating the invention.
DETD
PAR  Turning to the drawings and particularly to FIGS. 1 and 2 thereof, there is
      illustrated a drum 5 embodying improvements according to the invention.
      The drum comprises a relatively large number of segments 7 arranged in
      cylindrical array about the drum axis 9. Each of the segments 7 is movable
      toward and away from such axis by drum expanding-collapsing means carried
      by the center shaft 11, and connected to the individual segments for the
      purpose of moving the segments collectively radially inwardly to collapse
      the drum or radially outwardly to expand the drum. Inasmuch as the
      particular expanding-collapsing means employed is not within the scope of
      the present invention and since further such means are well known, further
      description thereof here is not deemed to be required.
PAR  The presently preferred embodiment and the best mode of practice of the
      present invention is illustrated and described herein. As the description
      proceeds it will become apparent to persons skilled in the art that the
      drum 5 can have any number of segments 7 in excess of about 16 and that
      the working surface diameter of the drum can be varied over a wide range
      of diameters so as to accommodate the interior surface diameters of a
      variety of tire carcasses to be treated on the drum, while providing to
      each a satisfactorily regular surface at any diameter within such range.
      Reference herein to an "expanded" condition of the drum, will be
      understood therefore as to a suitable working diameter, and not to a
      specifically fixed maximum diameter.
PAR  The drum comprises 36 segments 7 which can be moved simultaneously toward
      the axis 9 to a collapsed condition whereat a tire carcass can be placed
      on or removed from the drum. The segments can be moved radially outward
      simultaneously to an expanded condition wherein firm continuous peripheral
      and axial support can be provided for processing a tire carcass mounted
      thereon. Each segment moves only in its own radial plane.
PAR  The term "carcass" as used herein will be understood to mean an
      intermediate form of a tire being built and which comprises the essential
      plies extending between and wrapped about each of two parallel, axially
      spaced apart bead cores but does not include a tread. Such carcass, built
      elsewhere, can be applied to the drum 5 for the purpose of applying a
      tread. Other tire components can be applied as well.
PAR  The tire drum thus far described is well known in the art. It is also known
      to provide for such drums, gap shields or cover plates to span the gaps
      formed between the segments as the same are moved radially outwardly to an
      expanded condition.
PAR  According to the present invention, a cover plate 15 is provided to bridge
      each gap between the adjacent pairs of segments such that the plurality of
      the cover plates 15 cooperate to provide a peripherally and axially
      continuous working surface for the drum.
PAR  Heretofore the radially outward surfaces of the segments of collapsible
      tire building drums employing cover plates have conformed to the
      cylindrical surface desired all across the width of each segment in the
      direction of rotation. According to the present invention, a portion of
      the surfaces of the segments of the drum surface are purposely formed to
      lie radially inwardly of the remaining portions of the plane or
      cylindrical surfaces of the segments, such that in all radial, or
      diametral, condition of the drum, the undeflected cover plates are
      supported only by the single segment to which they are respectively
      attached but are, when radially loaded, supported also by the respectively
      adjacent segments. Each cover plate 15 is longitudinally coextensive with
      its two associated segments 7 and has a fixed longitudinal edge 15a
      rigidly affixed to one of said segments and a free longitudinal edge 15b
      overlying the other of said segments, the plate having an arched contour
      convex outwardly of the axis 9.
PAR  The cover plates are conventional in material, and in thickness, about
      0.040 to 0.060 inch.
PAR  To fix the longitudinal edge 15a of the cover plate securely to its segment
      7, the edge is bent inwardly and seated as shown in a groove 15c formed
      longitudinally in the segment. The plate is also dimpled to accommodate
      flat head screws 17 tapped into the segment as shown in FIG. 3. While any
      suitable means can be used to affix the plate to the segment in the drum,
      the arrangement described has proved satisfactory.
PAR  The arched contour of the cover plates 15 is formed by bending the plate
      along a bend line 15d parallel of the drum axis. The contour can as well
      be provided by two or more slight bends parallel with respect to the drum
      axis, or by curving such plate, to approximate the cylindrical shape of
      the drum at its expanded condition.
PAR  Better to illustrate the present embodiment of the invention, FIG. 3 shows
      a pair of segments 7 typical of the plurality thereof in the drum 5 and a
      cover plate 15 representative of the plurality thereof in the drum. These
      representative segments and the cover plate associated therewith are
      illustrated in FIG. 3 in three successive positions which represent
      respectively, a collapsed condition C of the drum, an intermediate
      condition I thereof, and an expanded condition E.
PAR  Each segment comprises a rigid bar extending longitudinally of the drum 5
      parallel to the axis 9 thereof, being illustrated in cross-section normal
      to the axis of the drum in FIG. 3. The respective segments move in planes
      19,19' relatively of the axis, which planes are disposed radially and
      define an angle A therebetween of 10 degrees, since there are 36 segments
      in the drum. The particular angle A is, of course, defined by the number
      of segments.
PAR  Each segment provides a radially outward surface, termed herein a base
      surface 21, extending parallel to the drum axis 9 and normal to the radial
      plane, and a support surface 25, which is a plane surface extending
      parallel to the axis of the drum. The planar support surface 25 provided
      on each segment 7 inclines inwardly of the base surface 21 radially inward
      of the overlying free edge 15b of the associated cover plate and inclines
      outwardly from the side 27 of the segment. The base surface 21 and the
      support surface 25 both terminate at an intersection 29 extending parallel
      to the drum axis. The intersection 29 is spaced from the groove 15c to
      locate the support surface 25 relative to the free edge 15b of the
      overlying cover plate in the cooperative relation presently to be
      described.
PAR  As may be seen in FIG. 3, this support surface 25 cooperates with the free
      edge 15b of the associated cover plate which extends parallel to the axis
      and overlies the support surface 25. The planar support surface of each
      segment is inclined inwardly relative to the base surface 21 at such an
      angle that the free edge 15b of the associated cover plate is, during
      either collapsing or expanding movement of the segment, spaced closely to
      such support surface but is not in pressure contact therewith.
PAR  The space between the undeflected free edge of the cover plate and the
      associated support surface of the segment is preferably approximately
      one-half the thickness of the cover plate but can range from a few
      thousandths of an inch to as much as the thickness of the cover plate. The
      actual space between such surface and the undeflected free edge of the
      cover plate preferably will be constant as the free edge moves relatively
      of the surface 25 and the adjacent segment 7. This arrangement provides
      particular advantage in that until the cover plate is deflected by the
      carcass placed thereon, there is a minimum of sliding contact between the
      edge and the surface. Thus the potential interference between the cover
      plate and the segment is greatly reduced relative the potential for such
      interference in the heretofore relation between the cover plates and
      segments in the prior art.
PAR  The cover plate 15 is supported entirely, in its unloaded condition, by the
      segment 7 to which the fixed edge 15a is rigidly secured. The space
      provided between the free edge 15b and the support surface 25 of the
      adjacent segment is closed by an application of a minimal radial load
      during processing of the carcass on the drum so that such deflection is
      fully elastic and results in no permanent distortion of the cover plate
      due to such load.
PAR  In order that the free edge 15b of the cover plate carried by the first
      segment shall move in constant spaced relation with the support surface 25
      on the adjacent segment, the planar surface 25 is inclined at 5.degree..
      This relation, surprisingly, is, for all numbers of segments used,
      one-half the angle between adjacent segments. The surface 25 of each
      segment 7 is inclined at 5.degree. with respect to a plane tangent to the
      cylindrical surface, defined by the base surfaces 21 of the segments, at
      the radial plane 19' of movement of that segment. The angle of inclination
      of the surface 25 with respect to the base surface 21 of the segment, is
      also at or close to 5.degree..
PAR  While the preferred angle of incline of the support surface 25 can readily
      be determined by conventional graphic methods for a drum of any suitable
      number of segments, such slope can also be determined by a simple
      trigonometric analysis as follows: the movement of a point X (which
      designates the free edge 15b near the surface 25), referred to the radial
      plane 19 and to the axis 9 is, of course, identical to the change of
      radius R' parallel to the plane 19 and has no component (zero relative
      movement) perpendicular to that plane. A point Y on the support surface 25
      can lie between y' and y" thereon and represents the position of potential
      contact of point X with the plane 25 as that segment 7 moves relatively of
      the cover plate 15. Referring to the plane 19, the movement of Y is a
      compound movement which can be resolved into a component parallel to the
      plane 19 and a component perpendicular to the plane 19. The motion of
      point Y parallel to plane 19 is the product of the change in radius R'
      times the cosine (cos A) of the angle A between the planes 19 and 19'. The
      motion of point Y perpendicular to the plane 19 is given by the product of
      the change of radius R' times the sine (sin A) of the angle A.
PAR  Summing the respective movements of the points X and Y in a direction
      parallel to the plane 19, the movement of Y relative to X is given by:
EQU  R' - R'(cos A)
PAL  and the relative motion of Y relative to X perpendicular to the plane 19
      given by:
EQU  (0 - R' sin A)
PAR  The vector addition of the two components yields an angle .theta. whose
      tangent is:
      ##EQU1##
PAR  Substituting the 10 degrees of the present drum for A yields 0.015/0.174
      giving an angle .theta. whose tangent is 0.087 and an angle .theta. of
      5.degree..
PAR  By substituting the angle established by selection of a number of segments
      other than 36, it can be readily determined that, for example, for 24
      segments spaced at 15.degree., the resulting angle is 71/2.degree., and
      for, for example, 45 segments, defining angles of 8.degree., the desired
      angle of incline is 4.degree..
PAR  It will be observed in FIG. 3 that at the maximum diameter of the working
      surface of the drum, the free edge 15b of the cover plate overlies only a
      portion of the support surface 25 and is therefore slightly inward
      radially of the fixed edge 15a of the next cover plate. As the drum is
      partially collapsed, as indicated in the intermediate condition, the free
      edge of the cover plate approaches the termination at 29 of the support
      surface 25 and the intersection therewith of the base surface 21 of the
      adjoining segment. In such intermediate condition the cover plates define
      a substantially cylindrical and continuous surface. In the collapsed
      condition (C in FIG. 3) of the drum the free edge 15b of the cover plate
      is radially outward and overlies the fixed edge 15a of the adjoining cover
      plate. From this illustration, it will be clear that at no point in the
      radially inward or outward movement of the segments is there any occasion
      for interference between the cover plates and the respective segments.
PAR  The particularly improved combination according to the invention of
      segments and their associated cover plates provide numerous advantages in
      the practical utility of the tire building drum. Both the cover plates
      themselves and the segments are easily made or converted according to the
      principles of the invention by simple common metal forming operations
      readily available.
PAR  The cover plates themselves are much less likely than in conventional
      practice to interfere with the associated segments during movement of the
      segments and cover plates radially inwardly or radially outwardly with
      respect to the axis and are hence less subject to damage.
PAR  The frictional sliding of the cover plate relative to the segment,
      particularly while free of external load, is eliminated thus relieving
      that part of the friction load to which the drum expanding mechanism is
      subjected.
PAR  In accordance with the principles of the invention, the working surface of
      the tire building drum can be more nearly a regular circular cylinder over
      a greater range of drum diameter change than has heretofore been
      available.
PAR  When the particular segments 7 are removed and replaced, as for changing
      the maximum working diameter of the drum, the cover plate-segment
      arrangement can be handled as an assembly, eliminating need for refitting
      cover plates individually at each such change.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a tire building drum having a plurality of segments in cylindrical
      array and movable radially toward and away from the drum axis and having
      in an expanded condition of such drum arcuate spaces between the segments
      thereof and cover plates bridging each of said spaces, which plates
      cooperate with the respective segments to provide a peripherally and
      axially continuous working surface on said drum, the improvement
      comprising the combination wherein each cover plate is longitudinally
      coextensive with its two associated segments and has a fixed longitudinal
      edge rigidly affixed to one of said segments and a free longitudinal edge
      radially outward of and overlying the other of said segments, said plate
      having an arched contour convex outwardly of said axis is provided with a
      base surface extending parallel said drum axis and normal to the radial
      plane of movement of such segment and a longitudinally extending support
      surface inclined inwardly from said base surface to underlie and to
      support said free edge only when a radially inward load is applied to said
      cover plate.
NUM  2.
PAR  2. A tire building drum as claimed in claim 1, wherein the cover plate
      support surface of each segment which lies radially under the free edge of
      its associated cover plate is spaced inwardly of the undeflected cover
      plate at all radial positions of the segments.
NUM  3.
PAR  3. A tire building drum as claimed in claim 1, wherein said support surface
      of each segment is planar, parallel to the drum axis, and inclined
      inwardly of the base surface of such segment and toward said other segment
      on which said cover plate is affixed.
NUM  4.
PAR  4. A tire building drum as claimed in claim 1, wherein said support surface
      is planar and is inclined at an angle equal to one-half the angle between
      adjacent segments with respect to a plane tangent to the cylindrical
      surface defined by said segments at the radial plane of movement of the
      associated segment.
NUM  5.
PAR  5. A tire building drum as claimed in claim 1, wherein said planar surface
      extends from a longitudinal side of said segment adjacent the segment to
      which said cover plate is affixed, said planar surfae being inclined
      radially outwardly of said side to intersect said base surface between
      said longitudinal side and the fixed edge of the next adjacent cover
      plate.
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ABST
PAL  A mechanism for attaching to a laminated plastic sheet a fastener profile
      wherein the preformed sheet is removed from a roll and passed through a
      heating chamber having controlled humidity and thereafter passing said
      sheet over a roll which forms a joining zone with an extruded plastic
      profile strip fed onto the sheet with a jet of air directed thereagainst,
      and the joined sheet and strip thereafter passing through a chamber where
      the strip is cooled and the heat in the sheet is maintained.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a division of application Ser. No. 178,087, filed Sept. 7, 1971,
      now U.S. Pat. No. 3,784,432.
BSUM
PAR  The invention relates to an apparatus of joining plastic fastener stips
      having fastener profiles thereon to a laminated film sheet by a continuous
      and automatic procedure. Reclosable plastic bags have gained conventional
      acceptance, with such bags being formed of a thin plastic film and having
      shaped rib and groove reclosable fastener profiles along the top. In their
      simplest form they consist of a simple sheet of film formed into a bag
      with the rib and groove fastener either formed integrally with the plastic
      of the bag or formed in a separate strip with the strip thereafter
      attached to the bag. Generally, the plastic of the fastener is of the same
      resin material as of the bag which may be of vinyl, polyethylene,
      polypropelene or a similar plastic material having a degree of flexibility
      and pliability. These plastics are used inasmuch as they could be readily
      converted into fasteners having the required features and because of
      heretofore available manufacturing methods.
PAR  Reclosable bags of this type formed of a single material are suitable for
      ordinary contents and allow said contents to be removed and replaced and
      also to be preserved to a degree. However, where the bag walls are made
      from a single plastic sheet, they will not insure a gas and moisture
      barrier inasmuch as the film from which they are formed can be penetrated.
      This permeability to air, gas or moisture makes such bags inappropriate
      for materials such as certain medicines or foods of the type wherein the
      quality is adversely affected by different gases, air or moisture.
      Therefore, in accordance with the principles of the present invention
      where it is necessary to package products that require air, gas or
      moisture protection, the bag bodies are made of laminations of films
      having one or more layers which are barrier films. Such laminations may
      include layers of cellophane, aluminum foil, different plastics and may
      also contain paper or other material for stiffness. With the methods
      presently available, it is impossible to produce a bag formed of a
      laminated film with a fastener strip thereon at the high commercial speeds
      necessary to make the bags feasible from an expense standpoint.
PAR  It has been found that laminating another different film onto the already
      formed integral fastener film will not work because when the two films are
      attached, the pressures added by the heating and pressing rolls cause the
      fastener profile to distort and become unusable. As will be recognized by
      those versed in the art, the reclosable interlocking fastener of a profile
      film is extremely small and relatively critical in size so that if either
      the rib and groove element becomes distorted or changed in size, the
      fastener will not close. Since closure is completed by applying a
      progressive pressure along the length of the fastener, if any defects
      occur along its length which interrupt closing, the fastener will become
      unworkable.
PAR  The only two other methods of joining a fastener to a laminated film would
      involve attaching them by using an adhesive between the fastener and the
      film or by fusing them by using a heat sealing bar.
PAR  The use of adhesives, however, avoids the necessity of the application of
      heat and the consequent distortion of the fastener profile, but this is
      unsatisfactory for various reasons. The application of heat in sufficient
      amount to maintain an economical speed, by a sealing bar to bag walls
      formed of laminations has caused shrink marks and wrinkles to appear
      during the cooling process because of the difference in thickness between
      the fastener profile strip and its web portion and the layer of film to
      which it is attached.
PAR  It is accordingly an object of the present invention to provide a mechanism
      and method which is capable of joining a profile fastener strip to a sheet
      formed of laminate film, continuously and automatically without
      encountering distortion of the fastener profile and without damaging the
      laminate film.
PAR  In accordance with the invention, the film is preheated and moisture
      conditioned by the addition of moisture and then the fastener strip is
      attached to the conditioned sheet substantially immediately after the
      strip is extruded while still in the uncooled state. The strip is fused to
      the heated laminated sheet without damaging the sheet and without
      distorting the profile. This is done by controlling the temperature of
      both film and fastener to a point suitable for them to fuse with each
      other. In accordance with a further feature of the invention, the joined
      strip and laminate film is conditioned by a special cooling treatment
      wherein differential cooling is accomplished. This differential cooling
      maintains the temperature of the laminated film and cools the profile
      strip in order to prevent the laminated film from shrinking or changing
      its form due to the difference in cooling rate between the thicker
      fastener profile strip and the thinner laminated film layer.
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PAR  Various forms and modifications of the features of the invention will
      become apparent to those skilled in the art with the teaching of the
      principles of the invention in the claims, specification and drawings in
      which:
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a somewhat schematic illustration of a laminating mechanism
      constructed and operating in accordance with the principles of the present
      invention; and
PAR  FIG. 2 is a sectional view taken along the line II--II of FIG. 1.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As illustrated in FIG. 1, 1 shows a machine frame and 2 shows a roll of
      wound-up preformed laminated film, which is connected to the equipment for
      unwinding said roll. The film to be unwound 3a is pulled out by a take-up
      roll 4, and is transferred to a heating chamber 7 under controlled
      humidity (hereinafter called "preheating chamber" ), and is given the
      desired preheating therein. The said preheating chamber 7 has an entrance
      5 through which the film 3a, pulled up by the above mentioned take-up roll
      4, is introduced, and said entrance 5 is surrounded by protectors 6 and 6
      of felt or similar material so that the heating chamber 7 can be kept
      perfectly closed without damaging the film 3a as it passes therethrough.
      In the preheating chamber 7 there are provided a set of transport rolls 8a
      to 8d with the film 3a threaded through said rolls in a zig zag fashion in
      order to keep the film in the preheating chamber 7 as long as possible.
      The chamber 7 is connected with a vapor supply nozzle 9 and a heating
      source 10 and the humidity and temperature of the vapor supplied into the
      preheating chamber 7 through the supply nozzle 9 can be closely
      controlled. The heated film 3a is then transferred through an exit 11 of
      the preheating chamber 7 into a box 13 where it is joined with the
      fastener strips. The perimeter of this exit 11 is also protected by felt
      strips 12 and 12. Film 3a after transfer into the box 13 is moved towards
      its upper side around a joining roll 15 at which point the fastener strips
      3b, extruded and formed continuously through the die 18 of the extruder
      17, are attached to the surface of the film 3a, the fastener strips having
      been introduced into the box 13 through an opening provided in its lower
      part. An air blower 16 provided inside the box 13 blows air, having
      suitable temperature, to the joining point where the fastener strips 3b
      are attached to the film 3a on the above mentioned joining roll 15, in
      order to give pressure as well as to supply additional heat to the
      fastener strips.
PAR  Film 3a is fused and combined with the fastener strips 3b in said joining
      box 13 after which it is introduced into the heating and cooling box 19
      where it is kept warm by hot air blown from chamber 7, so that the surface
      of the film will not cool too suddenly, and where only the area
      immediately adjacent the fastener strips and the strips themselves, which
      are different to cool due to their greater thickness, are cooled by cold
      air, to the same temperature as that of the rest of the film. That is to
      say, in said heating box 19 there is provided a cooling apparatus 21 which
      blows cold air to the area immediately adjacent the fastener strips, and
      where hot air delivered from the preheating chamber 7 is supplied via the
      entrance 20 of the heating box 19, to the surface of the film on the
      opposite side to the one which was combined with the fastener strips.
      After the above described process, film 3a with the joined fastener
      strips, is removed from the heating box 19 and is passed through a first
      set of rolls 22 and a second set of rolls 25 there being provided between
      said first and second set of rolls a cooling apparatus 23 to cool down
      only the above mentioned heated surface of the film (the lower surface)
      and to now obtain equal cooling on the whole film. This invention consists
      of the above mentioned method and apparatus. These resolve themselves into
      the following:
PA1  A. equipment for unwinding a roll of laminated film already formed in a
      separate process.
PA1  B. means of preheating and of humidifying the said film.
PA1  C. equipment for extruding fastener strips.
PA1  D. means for joining the fastener strips to one surface of the film.
PA1  E. heating and cooling equipment for heating the film joined with the
      fastener strips on one surface and cooling only the fastener strips and
      their surrounding area, on the other surface.
PA1  F. cooling equipment for cooling the heated surface of the film.
PA1  G. dancer rolls for controlling the tension of the film.
PAR  A more detailed explanation of some of the above steps follows.
PAR  The film 3a is pulled off the unwinding equipment and is preheated in the
      preheating chamber 7 and is then joined with the fastener strips, as
      mentioned above, with the temperature of this preheating chamber 7 being
      adjustable. If the film and fastener strips have the right temperature,
      they will join together readily. In this instance, however, while the
      fastener strips already have a temperature conducive to fusion, because
      they are joined to the film almost immediately after being delivered out
      of the extruder, the already formed film has to be given the proper heat,
      since without it, it does not have the required heat allowing it to be
      fused with the fastener. When a laminated film, such as cello-poly is
      strongly heated, a number of bubbles will appear on the polyethylene film,
      because a very small layer of air is usually trapped when the polyethylene
      is laminated to the cellophane, and stays between the two films and will
      expand when exposed to heat. This phenomenon, of course, depends on a
      number of factors, such as the surrounding pressure, the thickness of the
      polyethylene film, the temperature and duration of the heat exposure, and
      will happen at least within three or four seconds at 100.degree.C under
      atmospheric pressure. Also, the film to which the fastener strips will be
      joined should be heated to the softening point of the polyethylene, and
      while it is necessary to give the film as high a temperature as possible
      without damaging it, a too low temperature will be insufficient to allow
      it to fuse. In addition, humidity also has to be given to the surface of
      the film at the same time that it is heated so as to prevent wrinkles
      being created on the film, by the heating or cooling process. Since
      certain laminated films, for example, cello-poly, lose humidity when
      heated, the surface of the film will curl up when cooled, because of the
      difference in contractability between the polyethylene and the cellophane.
      On the other hand, the laminated film cannot be given too much humidity,
      such as steam at 100.degree.C, as it is heated, or it will curl on the
      side of the cellophane, because the shrink rate of the cellophane is
      greater than that of the polyethylene. Therefore, in the case of
      hygroscopic films, it is necessary to preheat the film, giving them only
      the proper amount of humidity, that is to say, it is necessary to supply
      and to maintain the correct temperature and humidity of the film by
      supplying the desired quantity of steam and heat automatically into the
      preheating chamber 7.
PAR  Next, we will explain about the box 13 where the preheated film is joined
      with the fastener strips. A comparatively heavier construction fastener
      will keep its post extrusion heat relatively well, but a comparatively
      lighter fastener will lose the temperature required to fuse and combine
      with the film, very quickly. Therefore, it is necessary to avoid such a
      loss of temperature. When the fastener strips are joined with the film,
      both of them are not only attached to each other, but the fastener strips
      are also pressed upon the film without damaging their interlocking shape.
      Thus, the fastener strips can be completely fused and combined with the
      film by blowing hot air at the joining point of the fastener strips and
      film through an air blower 16 located above the joining roll 15 and
      thereby at the same time putting pressure on them without damaging the
      shape of the fastener strips.
PAR  The hot air of the air blower 16 has the effect of maintaining a specific
      temperature in the area adjacent the location at which the fastener strips
      join with the film as well as generally inside the joining box 13 and
      thereby prevents the fastener strips from decreasing below a specific
      temperature.
PAR  The film with the fastener strips fused and combined thereon in the joining
      box 13 comes out of said box and is cooled. If both the fastener strips
      and the film are cooled at the same arate, noticeable shrink marks and
      wrinkles will appear in the area adjacent the joining point of the
      fastener strips and the film because the shrinking rate of the film is
      different from that of the fastener strips.
PAR  Therefore, it is necessary to equate both shrinking rates when the fastener
      film is cooled. In the heating and cooling box 19, one side of the film is
      heated while cool air is blown from the cooling equipment 21 to the other
      fastener film joining side, but then only to the area adjacent the
      fastener strips themselves.
PAR  As the film is transported continuously, it may develop some slack at
      certain points. This is adjusted and removed by controlling the speed of
      the dancer roll 24, the first or second transfer rolls 22 and 25, the
      take-up roll 4 or the unwinding equipment.
PAR  Thus, according to this invention, it is possible to join fastener strips
      to laminated film continuously, automatically and at high speed and to
      supply inexpensively and in large volume reclosable bags featuring
      laminated film having the barrier requirements that protect the contents
      therein.
PAR  The foregoing explanation covers the situation of joining fastener strips
      to film but the method and apparatus of this invention is, of course, also
      applicable to joining plastic strips to film where said strips have
      purposes other than acting as fasteners.
PAR  The product will be a sheet of film with a strip means attached, such as
      shown in my copending application, Ser. No. 178,086 now U.S. Pat. No.
      3,787,269. For example, the product may be a sheet of plastic with
      fastener profile strips and tear guide strips, which will subsequently be
      formed into a bag, such as shown in the copending application of Uramoto,
      Ser. No. 178,088, now U.S. Pat. No. 3,780,781.
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STM  I claim as my invention:
NUM  1.
PAR  1. A mechanism for forming sheets having strip means thereon comprising in
      combination:
PA1  means for supplying a continuous sheet of plastic film;
PA1  means heating the sheet in a preheating chamber to a predetermined
      temperature sufficient to permit fusion to a plastic strip but less than
      the deterioration temperature of the film;
PA1  means connected for controlling the temperature in said preheating chamber
      so that the sheet is heated to fusion temperature;
PA1  an extruder for extruding a heated plastic strip having a small critical
      profile;
PA1  means defining a joining zone adjacent the extruder wherein the newly
      extruded strip is immediately fed onto the surface of the heated sheet
      while the plastic is hot so that the strip is fused to the sheet;
PA1  and air jet means of a width to limit air flow onto the strip and profile
      for increasing its rate of cooling while said sheet remains heated.
NUM  2.
PAR  2. A mechanism for forming sheets having strip means thereon constructed in
      accordance with claim 1 wherein said joining zone is positioned outside of
      the preheating chamber for receiving the sheet therefrom.
NUM  3.
PAR  3. A mechanism for forming sheets having strip means thereon constructed in
      accordance with claim 1 wherein said joining zone means includes a roll
      over which the heated sheet is fed for supporting the sheet and the strip
      is fed onto the sheet on said roll surface.
NUM  4.
PAR  4. A mechanism for forming a sheet having a strip means thereon constructed
      in accordance with claim 1 and including an air blower located at said
      joining zone ahead of said air jet means and directing a flow of heated
      air in a direction to urge the sheet and strip together.
NUM  5.
PAR  5. A mechanism for forming sheets having strip means thereon in accordance
      with claim 1 wherein said extruder extrudes a plurality of plastic strips
      which are fed onto the surface of the heated sheet in said joining zone.
NUM  6.
PAR  6. A mechanism for forming sheets having strip means thereon comprising in
      combination:
PA1  means for supplying a continuous sheet of plastic film;
PA1  a chamber receiving said sheet having a controlled humidifying means for
      controlling the moisture content of the sheet;
PA1  means defining a joining zone following said humidifying means;
PA1  and an extruder for extruding a heated plastic strip having a small
      critical profile and immediately feeding the strip while the plastic is
      hot onto the sheet so that the strip is fused to the sheet in said joining
      zone for joining the strip to the sheet at its controlled humidity.
NUM  7.
PAR  7. A mechanism for forming a sheet having a strip means thereon constructed
      in accordance with claim 6 wherein said humidifying means is contained in
      a chamber and including heating means with means for controlling
      temperature within said chamber to heat the sheet to a temperature to
      permit fusion to the plastic strip at less than the deterioration
      temperature of the film.
NUM  8.
PAR  8. A mechanism for forming a sheet having a strip means thereon comprising
      in combination:
PA1  means for supplying a continuous sheet of plastic film;
PA1  a preheating chamber through which the sheet is passed;
PA1  an extruder positioned immediately after the preheating chamber for
      supplying a continuous plastic strip having a small critical profile shape
      on the outer surface immediately feeding it into engagement with the sheet
      at a joining zone;
PA1  means directing a jet of heated air against the strip at the joining zone
      as the strip engages the sheet increasing the temperature of the plastic
      strip in the joining zone and urging the strip against the sheet so that
      the film and strip are joined by fusion;
PA1  and means positioned after said heated air jet for directing a flow of
      cooling air only against the strip for cooling the plastic of the strip on
      the sheet removing heat from the strip.
NUM  9.
PAR  9. A mechanism for forming a sheet having a strip means thereon constructed
      in accordance with claim 8 and including a heating means positioned
      subsequent to the joining zone and maintaining the temperature of the film
      after said joining zone.
NUM  10.
PAR  10. A mechanism for forming a sheet having a strip means thereon
      constructed in accordance with claim 9 and including cooling means for
      cooling the sheet after its temperature has been maintained while the
      strip has been cooled.
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ABST
PAL  Apparatus for the continuous production of chipboard, fibreboard or like
      panels, comprising a tensioned endless steel belt guided over a plurality
      of rollers and partially around a heated revolvable press drum such that
      said rollers press the belt against said drum, sprinkler apparatus
      disposed over a portion of the belt which extends horizontally before said
      drum in the direction of movement of the belt such that material to form
      said panels sprinkled onto said portion of the belt is pressed between the
      belt and the drum to form a web of material, wherein at least one of said
      plurality of rollers has over its width a convexly ground surface, whereby
      panels produced on the apparatus can have substantially uniform thickness
      and weight.
PAL  The apparatus may include heating and/or cooling means for regulating the
      temperature of longitudinally extending zones of the belt and/or
      peripherally extending zones of said drum and/or said rollers thereby, due
      to thermal expansion or contraction, to regulate the tension in said
      longitudinally extending zones of said belt or to change the contour of
      the peripheral faces of said drum and said rollers to assist production of
      panels of uniform density and thickness across their width.
BSUM
PAR  The invention relates to press apparatus or the continuous manufacture of
      chipboard, fibreboard or like panels.
PAR  Apparatus for this purpose has been previously proposed comprising an
      endless steel belt guided over a plurality of rollers and partially around
      a heated and continuously revolving press drum and having over a part of
      the belt which extends horizontally in front of the press drum a
      sprinkling apparatus, whereby material to form the panel and sprinkled
      onto the endless steel belt, which belt is stretched taut and guided over
      pressure rollers, is pressed between the belt and the heated press drum to
      form a panel.
PAR  In such previous proposed press apparatus disclosed by German Pat.
      Specification No. 2,050,325, it is necessary for the pressure rollers to
      generate a linear pressure of approximately 400 Kg/cm and more, so that
      the continuously revolving press drum and also the pressure rollers become
      deformed and buckled in the pressing zone. These deformation phenomena are
      it is true eliminated again outside of the pressing zone since the shell
      of the press drum and of the pressure rollers springs back into its
      original position as a result of elastic tension equalisation, but the
      panel webs obtained have laterally marginal zones thinner than the middle
      portion of the panel. The reason for this lies in the gap which the
      deformation of the drum produces between the press drum and the pressure
      rollers, which gap is substantially smaller in width in the region of the
      ends of the press drum and rollers than it is in the middle portion of the
      press drum and pressure rollers when they yield under the action of the
      linear thrust forces.
PAR  The invention has among its objects to provide continuously operating press
      apparatus which can be operated to produce, economically, panels which are
      evenly pressed and have uniform thickness and weight.
PAR  According to the invention, there is provided apparatus for the continuous
      production of chipboard, fibreboard or like panels, comprising a tensioned
      endless steel belt guided over a plurality of rollers and partially around
      a heated revolvable press drum such that said rollers press the belt
      against said drum, sprinkler apparatus disposed over a portion of the belt
      which extends horizontally before said drum in the direction of movement
      of the belt such that material to form said panels sprinkled onto said
      portion of the belt is pressed between the belt and the drum to form a web
      of panel material, wherein at least one of said plurality of rollers has
      over its width a convexly ground surface, whereby panels produced on the
      apparatus can have substantially uniform thickness and weight.
PAR  Preferably said plurality of rollers co-operating with the endless belt and
      heated drum are adjustable in position towards and away from the drum and
      comprise, in succession and in the direction of movement of the belt
      around the drum, an intake roller, a pressure roller, a first calibrating
      roller and a second calibrating roller. By the use of rollers having
      convexly ground surfaces, it becomes possible, at the end of the complete
      pressing zone, for the panel web which is more thinly formed at its edges
      on occasion to be of equal thickness and weight over its entire width. The
      degree of convexity of said roller or rollers depends upon the buckling
      deformation of the press drum shell and on the inherent flexion in the
      rollers when under load, having regard to the elasticity modulus of the
      material used.
PAR  It is evident that the press drum and pressure roller shells could be made
      thicker in order to reduce the amount of buckling. However, this would
      greatly increase the material and manufacturing costs for the press drum
      and the pressure rollers. Furthermore, the transference of heat from the
      press drum, heated for example by steam, through its shell to the web of
      material to be pressed would be considerably reduced. The same applies
      with regard to the heatable pressure rollers.
PAR  The degree of convex curvature can be reduced if the steel belt and
      possibly also the press drum and the rollers are influenced by elongated
      heating and/or cooling rails, the temperatures of which can be controlled
      and which extend parallel to each other in the longitudinal direction of
      the belt or in the peripheral direction of the press drum.
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PAR  The invention is diagrammatically illustrated by way of example in the
      accompanying drawings, in which:
PAR  FIG. 1 is a side view of an apparatus according to the invention of
      chipboard panels;
PAR  FIG. 2 shows a cross-section taken on Line II--II of FIG. 1 through a
      heating drum and through a pressure roller;
PAR  FIG. 3 shows a cross-section taken on Line III--III of FIG. 1 through the
      heating drum;
PAR  FIG. 4 shows a cross-section taken on Line IV--IV of FIG. 1 through the
      heating drum and a convexly ground calibrating roller; and
PAR  FIG. 5 shows apparatus similar to that shown in FIG. 1 but including
      elongated heating and/or cooling elements.
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PAR  Referring to the drawings, chips to be pressed after mixing with suitable
      binders, are sprinkled by sprinkling apparatus 9 onto an endless belt 10
      in a definite pattern at a location 12. A mass 13 of sprinkled-on chips is
      intensely compressed in a gap between an intake roller 8 and a heated
      revolving drum 1.
PAR  The fleece of chips is further compressed in a gap between the drum 1 and a
      pressure roller 5 which serves at the same time as a direction-changing
      roller for the endless steel belt 10. The shell of the intake roller 8 and
      particularly of the heated press drum 1 and of the pressure roller 5
      become buckled and deformed inwardly.
PAR  The buckled deformation of the press drum 1, of the pressure roller 5 and
      of the intake roller 8 is identified by references 1b, 5b and 8b
      respectively. Afterwards, the press web of material is calibrated by
      calibrating rollers 2 and 3.
PAR  Return rollers 4 and 6, and an output roller 7, together with the intake
      roller 8 and the pressure roller 5, serve as direction-changing rollers
      for the endless steel belt 10. The drum 1 is heated so that during looping
      of the endless belt, kept under tension by the roller 6, around the drum
      1, the layer of material disposed between the endless belt 10 and the drum
      1 can be pressed into a web.
PAR  The buckling deformation 1b, 5b and 8b in the shell of the drum 1 and of
      the pressure rollers 5 and 8, caused by the application of pressure by the
      pressure rollers 5 and 8, produces a web of chipboard panel such as is
      shown in FIG. 3 and identified by reference numeral 14.
PAR  A perfect pressing of the web of material is guaranteed only if
      simultaneously with the pressure created by the pressure rollers 5 and 8
      and by the endless tensioned belt 10, there is also a sufficiently high
      temperature available for the binders to harden.
PAR  Calibrating rollers 2 and 3 provided between the rollers 5 and 7, are
      ground to a convex finish in accordance with the buckled deformation of
      the heated press drum 1 and of the pressure rollers 5 and 8, so that the
      middle zone of the panel web is subsequently compressed to the same degree
      as the two marginal zones. In consequence, a panel is obtained which is of
      regular thickness over its entire width.
PAR  FIGS. 1 and 4 indicate the curvature 2a and 3a of the calibrating rollers 2
      and 3.
PAR  In order to ascertain the degree of curvature 2a required for the
      calibrating roller 2, the thickness of the panel web is measured after it
      has passed through the gap between the roller 5 and the drum 1. In
      accordance with the results of such measurements, which represent an exact
      reproduction of the buckled deformation 1b and 5b of the heating drum 1
      and of the pressure roller 5, so the curvature can then be ground on the
      calibrating rollers 2 and 3.
PAR  Naturally, when designing the calibrating rollers 2 and 3, the inherent
      flexion in these rollers must also be taken into account, although this
      represents no problem by virtue of the known elasticity modulus of the
      material from which these rollers are made.
PAR  FIG. 4 shows the calibrating roller 2 in the operating position, i.e. the
      middle zone of the panel web, identified by reference numeral 14 in FIG.
      3, still has a curvature. However, as FIG. 4 shows the curvature is
      already eliminated and the result is a web of material 15 of even
      thickness.
PAR  The disposition of the convexly ground calibrating rollers 2 and 3 likewise
      ensures that the web of chipboard panel produced has a completely regular
      specific weight and thus a completely regular strength over its entire
      width.
PAR  A completed web 16 emerging from the plant is fed to a machine for further
      processing.
PAR  In a practical example of a plant for the continuous manufacture of
      chipboard panels of a thickness of 1.6 to 10 mm the drum 1 had a diameter
      of 3,000 mm and the pressure roller 5 and the direction-changing rollers
      4, 6, 7 and 8 a diameter of 1,400 mm. The endless belt 10 was
      approximately 43 m long and the drum and the rollers were mounted in
      stands with a height of 5,300 mm. The calibrating rollers 2 and 3 were
      approximately 800 mm in diameter and the working width of the plant was
      2,100 mm.
PAR  The shell of the heated drum 1 was 50 mm thick and the shell of the
      pressure roller 5 was 30 mm thick. The buckling 1b on the drum shell was
      found to amount to 1.2 mm and on the pressure roller shell 0.4 mm. By
      correspondingly grinding the calibrating roller 2, a perfect chipboard
      panel web was obtained, its thickness being the same over its entire
      width.
PAR  Optionally, the calibrating process may be partially performed by the
      calibrating roller 2 and partially by the calibrating roller 3.
PAR  Furthermore, by adjusting various distances between the calibrating rollers
      2 and 3 and the drum 1, it is also possible to calibrate webs of chipboard
      panels of various thicknesses, the calibrating work of these two
      calibrating rollers 2 and 3 being combined accordingly.
PAR  Additionally, alternatively or even solely, the convex grinding of the
      shells of the pressure roller 5 and/or 8 can result in a lessening or even
      an elimination of the deformation of the chipboard panel web identified by
      reference numeral 14 in FIG. 2. For this purpose, it is necessary to
      determine exactly the amount of the buckling deformation of the drum 1 and
      of the inherent flexion in the pressure rollers 5 and 8, which can be
      determined by calculations or also by test runs.
PAR  On the basis of the results thus obtained, so the pressure roller 5 and/or
      8 can then be provided with a convex shell finish.
PAR  It lies within the framework of the invention to increase or reduce in
      particular the number of convexly ground rollers.
PAR  The embodiment shown in FIG. 5 illustrates the manner in which the degree
      of convex curvature can be reduced. The reference numerals substantially
      correspond to those used in FIGS. 1 to 3.
PAR  Disposed below the steel belt 10 between the roller 4 and the roller 8 are
      a plurality of heating and/or cooling elements 17 which extend parallel to
      each other and which permit the temperature of the steel belt 10 to be
      controlled in desired manner from below. In the same way, a plurality of
      heating elements 18 are disposed between the rollers 8 and 5, and
      correspondingly, further elements 19, 20, 21, and 22 are also provided
      between the other rollers, which elements can be provided either only on
      one or on both sides of the steel belt 10.
PAR  Individual elongated elements, each extending in a peripheral direction,
      are provided in an annular array within the drum 7. These individual
      elongated elements are connected by way of leads to sliding contacts which
      in turn control the temperature of the individual elements, by way of
      suitable regulating means (not shown).
PAR  The rollers 4, 5 and 8 may also be provided with peripherally extending
      elongated elements in an annular array in similar manner to the press drum
      1.
PAR  Obviously both the press drum 1 and the rollers 4 to 8 can if necessary
      also or in addition, be heated with steam, water or oil. It is within the
      scope of the man skilled in the art to select the suitable kind of heating
      required in any particular case.
PAR  So that the basic concept of this further development can be understood, it
      will be firstly assumed that a chipboard panel web 15 being pressed is
      thicker in the marginal region than in the central region. If now the
      steel belt 10 is cooled in its two marginal regions, for example by a
      cooling agent supplied to the respective outermost cooling elements, then
      the lengths of the two edges of the steel belt are reduced, so that the
      tension which is thus produced causes the chipboard fleece to be pressed
      in the region of its edges more strongly against the peripheral surface of
      the press drum 1. This action makes it possible, in conjunction with the
      above-described convex curvatures, to produce a constant thickness for the
      chipboard panel web over its entire cross-section, without the degrees of
      curvature having to be excessively great, as is the case when there is no
      heating or cooling action.
PAR  If it turns out that the marginal regions of the chipboard panel web
      produced are of lesser thickness than the middle region thereof, then the
      outermost elements adjacent the belt are heated to increase the length of
      the steel belt at its marginal regions.
PAR  If it is found that the middle region of the chipboard panel web 15 is
      thinner than the two marginal regions, this can also be caused by
      deformation of the shell of the press drum. Owing to the supply of heat to
      the shell of the press drum, the middle region thereof can be caused to
      belly outwardly by some tenths. This can be compensated by reducing the
      temperature in the middle elements and possibly by increasing the
      temperature in the outer elements, which serve to heat the press drum. The
      supply of heat or the reduction in temperature can be controlled on the
      basis of measurements of the thickness of the chipboard panel web 9'
      produced. Sensing and control means which can do this are known, so that
      they do not need to be illustrated and described.
PAR  In order that the temperature of the two marginal regions of the shell of
      the press drum can be more precisely influenced, it is of advantage for
      openings 24 to be arranged in the end walls 23 of the press drum 1, such
      openings being uniformly distributed in the peripheral direction. Fitted
      into the openings 24 are for example members which can be electrically
      heated. Whether all the members provided are heated steplessly or whether
      for example each second or each third member is cut out, is not a matter
      of material importance. Control means for switching the electrically
      heatable members on and off are also known so that they do not need to be
      described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for the continuous production of panels of uniform weight and
      thickness over their entire width from compacted material, comprising a
      tensioned endless steel belt, drive means for moving said belt
      longitudinally, a plurality of rollers, a revolvable press drum, an outer
      shell for said drum, said belt being guided over said rollers and
      partially around said drum such that said rollers press said belt against
      said drum, heating means for said drum, and sprinkler apparatus disposed
      over a portion of said belt which extends horizontally before said drum in
      the direction of movement of said belt; said belt, said rollers, said
      drum, and said sprinkler apparatus being relatively so disposed that
      material to form said panels sprinkled onto said portion of said belt is
      pressed between said belt and said drum to form a web of material, at
      least one of said plurality of rollers having over its width a convexly
      ground surface, the degree of convexity of said roller being determined by
      the degree of buckling deformation of said drum experienced in operation
      and by the inherent flexion of said roller when loaded having regard to
      the elasticity modulus of the material from which said roller is formed.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said plurality of rollers co-operating
      with said belt and said drum are adjustable in position towards and away
      from said drum and comprise, in succession and in the direction of
      movement of said belt around said drum, an intake roller, a pressure
      roller, a first calibrating roller and a second calibrating roller.
NUM  3.
PAR  3. The apparatus of claim 2, wherein said intake roller and said pressure
      roller are cylindrical and said first and said second calibrating rollers
      are convexly ground.
NUM  4.
PAR  4. The apparatus of claim 2, wherein said intake roller and said second
      calibrating roller are cylindrical and said pressure roller and said first
      calibrating roller are convexly ground.
NUM  5.
PAR  5. The apparatus of claim 2, wherein said intake roller and said first
      calibrating roller are cylindrical and said pressure roller and said
      second calibrating rollers are convexly ground.
NUM  6.
PAR  6. The apparatus of claim 2, wherein said pressure roller and said first
      calibrating roller are cylindrical and said intake roller and said second
      calibrating roller are convexly ground.
NUM  7.
PAR  7. The apparatus of claim 2, wherein said pressure roller and said second
      calibrating roller are cylindrical and said intake roller and said first
      calibrating roller are convexly ground.
NUM  8.
PAR  8. The apparatus of claim 2, wherein said first calibrating roller is
      convexly ground and said intake roller, said pressure roller and said
      second calibrating roller are cylindrical.
NUM  9.
PAR  9. Apparatus for the continuous production of panels of uniform weight and
      thickness over their entire width from compacted material, comprising a
      tensioned endless steel belt, drive means for moving said belt
      longitudinally, means for heating and cooling said belt to control the
      tension in said belt, a plurality of rollers, a revolvable press drum, an
      outer shell for said drum, said belt being guided over said rollers and
      partially around said drum such that said rollers press said belt against
      said drum, heating means for said drum, and sprinkler apparatus disposed
      over a portion of said belt which extends horizontally before said drum in
      the direction of movement of said belt; said belt, said rollers said drum,
      and said sprinkler apparatus being relatively so disposed that material to
      form said panels sprinkled onto said portion of said belt is pressed
      between said belt and said drum to form a web of material, at least one of
      said plurality of rollers having over its width a convexly ground surface,
      the degree of convexity of said roller being determined by the degree of
      buckling deformation of said shell of said drum experienced in operation
      and by the inherent flexion of said roller when loaded having regard to
      the elasticity modulus of the material from which said roller is formed.
NUM  10.
PAR  10. The apparatus of claim 9, wherein end walls of said drum are formed
      with apertures whereby said end walls can be heated and cooled with a
      fluid medium.
NUM  11.
PAR  11. The apparatus of claim 9, wherein end walls of said drum are formed
      with apertures, and electrically heatable members disposed in said
      apertures for heating said drum.
NUM  12.
PAR  12. The apparatus of claim 9, wherein said means for heating and cooling
      said belt comprises a plurality of elongated heating and/or cooling
      elements extending parallel to one another and adjacent said steel belt,
      and means to control operation of said elements selectively to control the
      temperature of longitudinally extending zones of said belt and thus the
      tension in said zones thereby to affect the thickness of longitudinal
      zones of the panel being pressed, whereby the required extent of convex
      curvature of said rollers need not be excessive.
NUM  13.
PAR  13. The apparatus of claim 12, wherein said means for heating and cooling
      said belt further comprises a plurality of elongated heating and/or
      cooling elements extending peripherally around said drum and between said
      rollers, the temperature of said elements being controllable selectively
      to regulate the temperature of peripherally extending zones of said drum
      and said rollers and thus to regulate the pressure applied to
      longitudinally extending zones of the panel being pressed to cause the
      panel to have a uniform thickness over its entire width.
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ABST
PAL  Continuous lines of glue are applied on one side of a sheet of transparent
      material. A sheet of paper is thereafter brought into contact with the
      glued side of the said transparent sheet, and the said sheets are
      compressed together along selected lengths of the said glue lines, whilst
      subjecting the said transparent sheet to the action of a cutting device,
      which cuts the said transparent sheet along a prefixed pattern, without
      cutting the underlying paper sheet.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a mounting sheet for use in exhibiting postage
      stamps or similar sheet-like articles, comprising a support sheet having
      secured thereto a plurality of leaflets or strips of transparent flexible
      material, the said transparent material leaflets being secured to the
      support sheet by one edge, thus forming a pocket which is maintained in a
      closed condition only by the resilience of the flexible material.
PAR  Sheets of the above referred kind are known for instance from the Italian
      Pat. No. 618810.
PAR  The mounting sheets of the above referred kind have been heretofore
      produced in a manual way, that is by cutting the single leaflets of
      transparent material, and by glueing the said sheets to the support sheet.
PAR  This method of manufacture is time consuming and costly.
PAR  It is therefore the main object of the present invention to provide a
      method for the production of mounting sheets for philatelistic use or the
      like comprising the steps of applying to one side of a sheet of
      transparent flexible material continuous lines of glue, applying the said
      sheet of transparent material on a support sheet with the glued side of
      said sheet of transparent material in contact with one side of the support
      sheet, compressing the said two sheets together along selected lengths of
      the said lines of glue with a pressure sufficient to effect the glueing of
      the said transparent material sheet to the support sheet along the said
      lengths compressed together, and cutting the said transparent sheet along
      a prefixed pattern, without cutting the underlying support sheet.
PAR  Advantageously, the continuous lines of glue applied to the transparent
      material sheet are allowed to partially dry before the support sheet is
      brought into contact with the glued side of the transparent sheet, so as
      to assure that the glueing together of the said sheets takes place only
      along those lengths of the glue lines which are compressed together with a
      sufficient pressure.
PAR  It is a further object of the present invention to provide a machine for
      performing the above method, said machine comprising means for applying
      continuous parallel lines of glue on one side of a continuous sheet of
      transparent material, means for supplying the said glued sheet of
      transparent material to a punching platen press, means for supplying a
      support sheet to the said punching platen press, the said punching platen
      press being provided inside of its punches with means for compressing the
      selected lengths of the said glue lines on the support sheet, the said
      punches being adjusted so as to not cut the underlying support sheet, and
      means for expelling the spoil or discard portion of the said transparent
      sheet which was not glued to the said support sheet.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other features and advantages of the present invention will
      become evident from the following specification, made with reference to
      the accompanying drawings, in which:
PAR  FIGS. 1A, 1B and 1C are examples of mounting sheets which may be
      manufactured according to the invention.
PAR  FIG. 2 is a side view of the machine for the manufacture of the mounting
      sheets.
PAR  FIG. 3 is a side view, with parts sectioned away, of the glue applying
      device of the machine of FIG. 2.
PAR  FIG. 4 is a top plan view of the device of FIG. 3.
PAR  FIG. 5 is an enlarged view of the glue applying nozzle.
PAR  FIG. 6 is a side view of the storage device of the machine of FIG. 2.
PAR  FIG. 7 is a top plan view of one roller of the device of FIG. 6.
PAR  FIG. 8 is a side view of the punching press of the machine of FIG. 2.
PAR  FIG. 9 is a perspective view of the punching platen arrangment of the
      device of FIG. 8.
PAR  FIG. 10 is an enlarged view of one punch used in the device of FIG. 8.
PAR  FIG. 11 is a section along line XI--XI of FIG. 10.
PAR  FIG. 12 is a side view, with parts sectioned, of the arrangment of FIG. 9,
      in a first operative step.
PAR  FIG. 13 is a view similar to FIG. 12, in a second operative step.
PAR  FIG. 14 is a view similar to FIG. 12, in a third operative step.
PAR  FIGS. 15, 16 and 17 diagrammatically show the operative sequences of the
      method according to the invention.
DETD
PAC  DESCRIPTION OF THE PRODUCTS TO WHICH THE INVENTION IS DIRECTED
PAR  In FIGS. 1A to 1C, three examples of mounting sheets are shown, which may
      be produced with the apparatus according to the present invention.
PAR  The mounting sheet of FIG. 1A comprises a support sheet 1, which may be of
      paper, cardboard or other suitable material, and to one side of which
      there are secured a plurality of leaflets 2 of transparent flexible
      material, e.g., cellulose acetate, the leaflets 2 being secured to the
      support sheet 1 by narrow lines of adhesive 3 applied along a narrow
      portion at one edge of the leaflets, in such a manner that between the
      support sheet 1 and the leaflets 2 pockets are formed which are open along
      one edge as well both sides. The line of adhesive 3 extend along the lower
      edge of each leaflets. Inside of the thus formed pockets, stamps 4 may be
      easily inserted and elastically retained by a sufficient force.
PAR  In FIG. 1B a mounting sheet is shown, comprising a support sheet 101 to
      which a plurality of strips 102 of transparent material are secured by
      lines of adhesive 103 applied along their lower edges. The said strips 102
      extend for a length which is less than the width of the support sheet 101.
PAR  In FIG. 1C a mounting sheet is shown, comprising a support sheet 201 to
      which a plurality of strips 202 of transparent material are secured by
      lines of adhesive 203 applied along their lower edges. The strips 203 have
      a length which is equal to the width of the support sheet.
PAR  Of course, the above are only examples of sheets which may be produced
      according to the invention. The following description will be made with
      particular reference to the production of a sheet of the kind shown in
      FIG. 1A.
PAC  DESCRIPTION OF THE APPARATUS ACCORDING TO THE INVENTION
PAR  With reference to FIG. 2 of the drawings, the machine shown comprises a
      glue applying device 5, for applying lines of glue to a continuous sheet
      of transparent plastic material, a storing device 6, for temporarily
      storing the said glued continuous sheet, and a device 7 for punching the
      leaflets of transparent material out of the continuous sheet of glued
      transparent material and for affixing the said leaflets to the support
      sheet.
PAC  DESCRIPTION OF THE GLUE APPLYING DEVICE
PAR  With particular reference to FIG. 3, the glue applying device 5 comprises a
      base frame 8, provided with a working plane 9. At one end of the said
      frame 8 two bracket-like supports 10 are secured, between which the bobbin
      11, on which the continuous sheet 12 of transparent material is wound, is
      rotatably supported. The said sheet 12 is advantageously made of cellulose
      acetate, or the like transparent flexible material. The sheet from bobbin
      11 is passed around roller 13 along the working plane 9 up to a pair of
      cooperating driving rollers 14, 15, rotatably supported at the opposite
      end of frame 8. The roller 15 is driven by the motor 16, through a
      transmission 17.
PAR  As best shown in FIG. 4, the upper roller 14 is provided with parallel
      spaced annular grooves 18 and in some of the said grooves 18 there are
      housed the rubber rings 19, projecting partially outwardly from said
      grooves 18.
PAR  At both sides of working plane 9, the posts 20 are secured to frame 8, and
      to the said posts is in turn suspended the reservoir 21 for the glue 22.
      The reservoir 21 is air-tightly closed by a lid 23, which is tightened to
      the reservoir by means of the bolts 24. 26 is the pneumatic compressor
      which is operated by motor 16 through transmission 27. The output from
      compressor 26 is connected, through pipe 25, to the top of the reservoir
      21. Near its bottom, the reservoir 21 is provided with a plurality of
      nipples 28, which are connected through hoses 29 to the glue-applying
      nozzles 30.
PAR  The nozzles 30 are supported in an adjustable manner between the posts 20.
      To this end, between the opposite pairs of posts 20, at a level below the
      bottom of reservoir 21, a transverse shaft 31 is supported, on which a
      plurality of split sleeves 32 are inserted. The said sleeves may be
      secured in any desired angular position on shaft 31, at the desired
      distance one from another by means of the tightening bolts 33. To each
      sleeve 32 a flexible arm 34, made for instance by a length of spring
      steel, is secured by one end, to the other end of said arm being secured a
      sleeve 35, in which the nozzle 30 may be inserted and fastened by means of
      a fastening screw 36.
PAR  As best shown in FIG. 5, each nozzle 30 comprises a tubular body provided
      at one end with a tip-like extension having a calibrated port 130 through
      which a line of glue 122 is deposited onto the transparent sheet 12.
PAC  DESCRIPTION OF THE STORING DEVICE
PAR  With reference to FIGS. 6 and 7, the storing device comprises a frame 37,
      which is supported by the base frame 38. On the base frame 38 a number of
      parallel guide rollers 39 are rotatably supported about their shafts 40,
      by the end supports 41 secured to the base frame 38. The rollers 39 are
      each formed, as shown in FIG. 7, by a plurality of wheels 139 keyed to
      shaft 40. The said wheels 139 may be adjusted axially along shaft 40. At
      the ends of the rollers 39, an annular flange 239 is provided.
PAR  To the uprights of the frame 37 the vertical slide guides 42 are secured,
      guiding the movement of a counter-frame 43 on which a number of parallels
      rollers 44, are idly secured.
PAR  The counter-frame 43 is suspended through cables 45 and guide rollers 46,
      secured to the frame 37, to a counterweight 47. 48 and 49 are switches,
      which are secured to one of the slide guides 42.
PAR  The glued sheet 12 is guided from one reel 39 to the corresponding reel 44
      of the movable counter frame 43, and again to one reel 39, and so on, the
      wheels 139 of the reels 39 being adjusted axially along shaft 40 in such a
      manner as to not bear on the glue lines 122, as clearly shown in FIG. 7.
PAC  DESCRIPTION OF THE PUNCHING AND MOUNTING SHEET FORMING DEVICE
PAR  In FIG. 8, the device is shown for the punching of the transparent leaflets
      out of the continuous sheet 12, and for the application of the punched
      leaflets to the base sheets 1.
PAR  The said device comprises basically a platen press type machine, comprising
      a base 50 to which the fixed plane 51 is secured, cooperating with the
      mobile plane or platen 52. To the end of the base 50 opposite to the one
      carrying the platen 52, a guide roller 53 is idly secured. To the frame
      50, in a position above the fixed plane 51 a pair of cooperating feed
      rollers 54, 55 are supported. The rollers 54 and 55 are similar to rollers
      14 and 15 of the glueing device 5, and are provided for the effect of
      stepwise feeding the sheet 12 to the platen press. To this end, on the
      shaft 56 of the roller 55 a chain wheel is keyed, with the interposition
      of free-wheel device 57. 58 is a chain, which is connected at one end to
      the one end of a spring 59, connected at its other end to the frame 50.
      The said chain 58 is in mesh with the chain wheel of the free-wheel device
      57, and is connected at its other end to a sleeve 60 screwed onto a screw
      spindle 61 carried by a lever arm 62. The lever arm 62 is in turn keyed at
      one end to the shaft 63, on which the toothed sector 64 is keyed, in mesh
      with a toothed sector 65 keyed on shaft 66 which is the driving shaft on
      which the platen 52 is supported. The shaft 61 may be rotated by manually
      rotating wheel 67, coupled to shaft 61 in any suitable manner. By rotating
      shaft 61, the sleeve 60 is axially shifted along shaft 61, thus adjusting
      the length of the stroke of the chain 58, and therefore of the length of
      sheet 12 which is fed to the platen press by the rollers 54, 55.
PAR  71 is a mechanical feeder, which takes one sheet 1 at a time from the
      support sheet magazine 68 feeding it in the usual manner to the platen 52.
PAR  To the fixed plane 51, the punching plate 70 is secured. The said punching
      plate 70 comprises, as best shown in FIG. 9, a base plate 72. Near the
      upper edge of the plate 72 a transversal cutting blade 75 is secured, for
      cutting a length of transparent sheet from the continuous sheet 12. To the
      base plate 72 the single punches 82 are secured. The said punches 82
      comprise each, as best shown in FIGS. 10 and 11, four cutting blades 83,
      disposed so as to define a square area. Inside of the area defined by the
      blades 83, a pressure block 84 is secured. The said block 84 may for
      instance be made of hard rubber or the like material. The said block 84 is
      disposed near the edge of the punched leaflet which is to be glued to the
      support sheet 1. Elastic cushions 85, made for instance of foam rubber,
      are disposed inside of the area defined by the blades 83, along the
      remaing edges of the said area.
PAR  To the fixed plane 51 is also secured an expeller device 87. The said
      expeller device comprises a base strip member 287 extending beneath the
      plate 72 the whole length of said plate. The said base strip 287 is
      mounted movably to and from the fixed plane 51. To this end, to both ends
      of strip 287 the pins 387 are secured, extending inside of corresponding
      borings 487 formed in the fixed plane 51. A compression spring 587 is
      disposed coaxially to pins 387 between plane 51 and strips 287 and
      constantly urges the strip 287 away from plane 51, the said movement being
      limited by the abutment head 687 fixed to the free ends of pins 387. To
      the strip 287 the expeller lists 187 are secured, the said lists extending
      above plate 72 between the rows of punches 82 secured to said plate.
      Between the fixed plane 51 and the platen 52, a mobile contour template 86
      is disposed. The said contour template comprises a frame 186, fulcrumed at
      286 to the machine base 50, and driven concurrently with the platen 52. To
      the frame 186 the thin plate 386 is secured, the said plate being provided
      with perforations 486 following the contours of the single punches 82
      secured to the punch plate 72.
PAC  OPERATION OF THE DESCRIBED MACHINE
PAR  The mode of operation of the described machine is as follows:
PAR  At first, the nozzles 30 are adjusted in correspondence of the desired
      lines of glue 122. Also the rubber rings 19 are adjusted in the annular
      grooves 18 of roller 14. A similar adjustment is further effected for the
      wheels 139 of the rollers 39 and for the rubber rings of the roller 54.
      Thereafter, the motor 16 is started. The operation of motor 16 operates
      the compressor 26, which supplies compressed air through hose 25 in the
      reservoir 22. The motor 16 drives also the rollers 14, 15. The sheet 12
      from reel 11 is passed beneath the nozzles 30 which apply to the sheet the
      desired lines of glue 122, and the glued sheet 12 is fed to the storing
      device 6, in which it is guided from rollers 39 to rollers 44. As soon as
      in the storing device 6 a sufficient length of the continuous sheet 12 is
      stored, the punching device 7 is operated. The movement in the opening
      direction of the platen 52 controls, through toothed sector 65, meshing
      the toothed sector 64, the oscillation of lever 62 in a direction in which
      it operates the chain 58, which in turn operates the roller 55, thus
      feeding a length of glued sheet 12 before the fixed plane 51 of the platen
      press. At the same time, the feeder 71 picks up a sheet 1 from the pile
      68, depositing it on the receiving plane of the platen 52, as
      schematically shown in FIG. 12.
PAR  Subsequently, the platen 52 is closed against the fixed plane 51.
      Concurrently with the platen 52, also the contour template 86 is
      oscillated against the plane 51. The expeller device is compressed against
      the action of springs 587, as shown in FIG. 13. The closure of platen 52
      results in the punching off of one section 422 of sheet 12, due to the
      action of blade 75. At the same time, the leaflets 2 are punched off of
      sheet 422 due to the action of the punches 82. The lines of glue 222 in
      correspondence of the lower edge of the leaflets 2 are compressed at 322
      by the pressure block 84, thus glueing the said edges of the leaflets 2
      onto the support sheet 1. The sequence of the above operations is shown in
      FIGS. 15 and 16. Subsequently, the platen 52 is again opened. In opening
      the platen 52, the produced mounting sheet is retained on the said platen,
      whilst the spoil section 422 of the transparent sheet 122 is retained on
      the template 86, and is blown out of the machine by the blowing nozzle 88.
PAR  The operation of the machine is thereafter repeated in the same manner.
PAR  It will be noticed that the purpose of the storing device 6 is to permit
      the passage from a continuously operating machine (the glue applying
      device) to a stepwise operating device (the platen press). Furthermore,
      the said device has the object of allowing the glue applied to the sheet
      12 to partially dry, so that the lines of glue will adhere only when a
      sufficient compression is exerted on the said lines.
PAR  There is therefore a minimum time and a maximum time in which the operation
      must be performed. The said minimum and maximum times are set by the
      switches 48 and 49. Whenever the switch 48 is operated by the counter
      frame 43, the glue applying device is stopped. Whenever the swtich 49 is
      operated, the platen press is temporarily stopped.
CLMS
STM  We claim:
NUM  1.
PAR  1. A machine for manufacturing mounting sheets for philatelistic use or the
      like, comprising, means for applying a plurality of continuous spaced
      apart parallel lines of glue to one side of a continuous sheet of
      transparent material, means for supplying said glued sheet of transparent
      material to a punching press, said punching press including means for
      receiving and supporting a support sheet, said punching press having a
      punching means for simultaneously punching out of said transparent sheet a
      plurality of selected portions thereof, each of which portions include a
      segment of one of said lines of glue located along one edge thereof and
      facing the support sheet, and for compressing said portions against the
      support sheet, without cutting the support sheet, so as to cause the glue
      to adhere the selected portions to the support sheet with an unglued
      remainder of each portion being separable from the surface of the support
      sheet.
NUM  2.
PAR  2. A machine according to claim 1, including a means for supplying a
      support sheet to said punching press.
NUM  3.
PAR  3. A machine according to claim 2, further comprising between the said glue
      applying means and the said punching press, means for temporarily storing
      a length of the glued continuous transparent sheet.
NUM  4.
PAR  4. A machine according to claim 2, in which the said means for applying
      each of said continuous parallel lines of glue to one side of a continuous
      sheet of transparent material comprises a glue applying nozzle connected
      to a glue reservoir, and means for translating the said continuous sheet
      of transparent material beneath said nozzles.
NUM  5.
PAR  5. A machine according to claim 2, in which the said punching press
      comprises a fixed plane, at least one punch secured to said fixed plane,
      said punch comprising cutting means projecting into active position for a
      distance corresponding to the thickness of the transparent sheet, and
      elastic compression means disposed in the path of the glued lines of the
      said transparent sheet; a mobile plane cooperating sith the said fixed
      plane, and means for feeding between said fixed and mobile plane one
      length of transparent sheet and one support sheet.
NUM  6.
PAR  6. A machine according to claim 3, in which the said storing means
      comprises a first set of rollers rotatably secured to a fixed frame, and a
      second set of rollers rotatably secured to a counter-frame movable to and
      fro relative to the said fixed frame.
NUM  7.
PAR  7. A machine according to claim 5, further comprising between said fixed
      plane and said mobile plane a contour template mobile with the said mobile
      plane toward the fixed plane, the said transparent sheet being fed between
      said fixed plane and the contour template and the support sheet being fed
      between the contour template and the movable plane of the said punching
      press.
NUM  8.
PAR  8. A machine according to claim 5, in which means are provided for
      expelling the discard portion of the transparent sheet from the said
      punching press.
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ABST
PAL  An apparatus for splicing lengths of textile fabric and the like in end to
      end relation by the application heat to a heat fusible bonding material is
      illustrated wherein one of a pair of movable jaws has a face presenting a
      herringbone configuration with alternate ridges and depressions extending
      diagonally across the jaw to produce a splice presenting substantially
      uniform resistance to longitudinal force exerted on the fabric but which
      permits lateral stretching of the splice.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Splicing of textile fabric as it comes from the loom take up roll
      connecting that roll of fabric to another length of cloth coming from
      another loom is necessary to carry out the finishing process. For example,
      on tenter frames, cloth is run in continuous length in open width.
      Sometimes this splicing is carried out by sewing and sometimes by a heat
      splicing machine such as illustrated in U.S. Pat. No. 3,000,434. In both
      cases the splice presents resistance to lateral stretching of the fabric
      resulting in damage thereto as a result of the selvage stretching
      mechanism being incapable of stretching the length of fabric laterally at
      the splice. In the case of the patented machine, it will be noted that the
      jaws continuously fuse one layer of the fabric to the other entirely
      thereacross and since the splice is a heat bonded joint, such is not
      yieldable to lateral force exerted thereon such as those which tend to
      maintain the cloth in uniform open width as on a tenter frame. It is
      important, however, that the splice extend across the entire width of the
      fabric between the lengths of fabric so as to present a substantially
      uniform resistance to longitudinal force tending to pull the fabric
      through the tenter frame or other finishing equipment.
PAR  Accordingly, it is an important object of this invention to provide a
      splice utilizing apparatus similar to that disclosed in the aforesaid
      patent as modified herein.
PAR  Another important object of the invention is to provide a novel splicing
      device wherein a pair of jaws apply heat across the fabric to bond two
      layers together through the use of heat fusible material therebetween.
PAR  The heat fusible material may be in the form of a heat fusible strip
      inserted between the thicknesses of fabric or it may be the fabric itself
      which will fuse upon application of heat together sufficiently to afford
      the necessary splice for subsequent finishing operations. In addition to
      textile material, any sheet material which is processed in open width may
      be joined to another length thereof through a modification of the process
      wherein a suitable heat fusible material is employed in creating the
      splicing.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that a splicing machine for joining lengths of material
      in open width such as textile fabric may be provided for applying heat to
      the splice area through the application of heating by jaws, at least one
      of which presents a herringbone configuration so that discreet bonded
      areas form the splice, such bonded areas preferably extend across the
      fabric converging toward the middle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The construction designed to carry out the invention will be hereinafter
      described together with other features thereof.
PAR  The invention will be more readily understood from a reading of the
      following specification and by reference to the accompanying drawing
      forming a part thereof, wherein an example of the invention is shown and
      wherein:
PAR  FIG. 1 is a perspective view of a splicing apparatus constructed in
      accordance with the present invention with fabric illustrated as passing
      therethrough for being spliced; and
PAR  FIG. 2 is an enlarged, perspective view of a face plate for one of the jaws
      of the device illustrated in FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The drawing illustrates an apparatus for splicing lengths of textile fabric
      in end to end relation by application of heat to heat fusible bonding
      material at overlapping end portions of the lengths of fabric. The
      apparatus includes a narrow elongated first jaw A and a complementary
      second jaw B. At least one of the jaws is heated and each jaw is movable
      toward and away from the other for such application of heat. A face on one
      of the jaws is of a substantially herringbone configuration having
      alternate ridges C with depressions D therebetween extending along the
      jaw. Such ridges and depressions extend diagonally across the jaw. Thus, a
      splice formed between the jaws offers substantially uniform resistance to
      longitudinal forces exerted on the fabric but permits lateral stretching
      of the splice. It will be noted that the ridges and depressions on one
      side of the face converge toward the ridges and depressions on the other
      side of said face at a medial portion thereof.
PAR  It will be observed that the apparatus illustrated conforms generally to
      that shown in U.S. Pat. No. 3,000,434 which is incorporated herein by
      reference. The face of at least one of the jaws, however, is modified to
      present a herringbone configuration presenting a splice joint which is
      capable of stretching laterally to accommodate finishing steps to be
      carried out upon the fabric and the like. The apparatus includes a
      substantially vertical frame broadly designated at 10. Suitable mechanism
      is illustrated at 11 for lowering the jaw A into engagement with jaw B as
      the latter is raised to meet within the slotted area 12 between the
      splicing table 13 formed by the opposed angle irons 13a and 13b. Suitable
      mechanism for raising the jaw B includes a fluid operated mechanism having
      a cylinder 14 and a pistion rod 15 extending therefrom. The piston rod is
      connected to one end of a flexible cable 16 which, in turn, passes a
      pulley 17 and turns downwardly over pulleys 18 and 19 and being fixedly
      connected to the frame as at 20.
PAR  The alternate ridges C are best illustrated in FIG. 2 and on each side of
      the face member they extend toward a central portion of the fabric passing
      therethrough. The spaced ridges each have vertical sides 21 and a
      horizontal flat top portion 22. A substantially triangularly shaped
      central ridge will be noted at 23, the sides of which converge as
      aforesaid. An aperture 24 extends vertically downwardly through the
      central portion 23 and a suitable screw 25 is provided for holding the
      face plate on the base portion 26. It should be observed at this point
      that a flat heater band 27 may be provided as an upper face plate 27. If
      desired, heating means may be provided for heating the lower face plate B.
      The face plate B may have additional fastening means such as a
      thermosetting plastic material for securing the plate to the base 26.
PAR  Referring more particularly to FIG. 1, a cloth is illustrated as passing
      through the apparatus over the surface of the splicing table 13 which is
      cool in order to permit the splice to be set up. The trailing end of one
      length of fabric 28 has been joined to the beginning end of another piece
      of fabric 29. Preferably the fabric carries with it a heat fusible
      impregnant or other suitable material which sets spaced discreet areas
      corresponding to the high points of the herringbone splicing plate as
      illustrated at 30. The unbonded areas 30a corresponding to the depressions
      in the face plate are unbonded and permit lateral stretching. Since the
      splice area 30 extends substantially across the entire width of the
      fabric, since the ridges C overlap as illustrated, a substantially uniform
      resistance to longitudinal force is afforded thereby.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in an apparatus for splicing lengths of textile fabric in end to
      end relation by application of heat to heat fusible bonding material at
      overlapping end portions of said lengths of fabric, having a narrow
      elongated first jaw and a complementary second jaw, at least one of said
      jaws being heated, each being movable toward and away from the other for
      such application of heat, the improvement including:
PA1  a series of alternate ridges and depressions extending along a face of one
      of said jaws forming a substantially herringbone configuration
      thereacross; and
PA1  said ridges and depressions on one side of said face converge toward said
      ridges and depressions on the other side of said face at a medial portion
      thereof;
PA1  whereby a splice formed between said jaws across said fabric offers a
      uniform resistance to longitudinal forces exerted on said fabric but which
      permits lateral stretching of the splice.
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ABST
PAL  An electrode is provided for use in electrolytic cells employing metal
      electrodes. The electrode comprises two electrode surfaces positioned in
      parallel and having a space between them: and at least two conductive
      supports one conductive support separately attached to each electrode
      surface and positioned in the space between the electrode surfaces. The
      conductive supports are also attached to and are substantially
      perpendicular to an electrode plate.
PAL  The electrode assembly is employed in electrolytic cells for producing
      chlorine and caustic soda or oxychlorine compounds by the electrolkysis of
      alkali metal chloride solutions.
BSUM
PAR  The invention relates to electrolytic cells for the electrolysis of aqueous
      salt solutions. More particularly this invention relates to electrode
      assemblies employed in electrolytic cells for the electrolysis of aqueous
      alkali metal chloride solutions.
PAR  Electrolytic cells have been extensively used in the preparation of
      chlorine and caustic or oxychlorine compounds such as chlorates by the
      electrolysis of brine in a number of different cell designs. One of the
      problems in all of these designs is to provide a satisfactory means for
      conducting current between the electrode wall or plate and the electrode
      surface.
PAR  The employment of metal electrodes as a replacement for graphite
      electrodes, particularly as the anode, has led to the development of
      electrodes, for example in diaphragm or chlorate cells, of increased size.
      The height of graphite anodes was limited to about 30 inches, by the
      electrical resistance of graphite and also by the maximum allowable gas
      void fraction in the inter-electrode gap. The use of highly conductive
      foraminous metal electrodes, however, permits employment of anodes having
      a height of at least 48 inches.
PAR  U.S. Pat. Nos. 3,591,483 and 3,707,454 issued to R. E. Loftfield et al.,
      disclose anode assemblies for use with electrolytic cells where the cell
      bottom serves as the anode support and anode risers project upward from it
      and are attached to the anode surface.
PAR  An expandable electrode is disclosed in U.S. Pat. No. 3,674,676 where a
      riser, attached to the cell base, is commonly connected to two anode faces
      so that the distance between the anode faces can be adjusted while
      supplying current to the anode faces.
PAR  The above anode assemblies require they be used in cells having a
      horizontal base plate. In addition, they permit the unrestricted flow of
      fluids up thru the space between anode faces. They also require a riser
      having a sufficiently large diameter or cross section to supply current to
      the entire anode surface while providing adequate mechanical support. Such
      risers require high fabrication costs and permit high current losses due
      to high electrical resistance.
PAR  An improved electrode assembly is therefore required which can be used in
      cells where the electrodes are secured to the side of the cells which will
      effectively conduct current between the electrode surface and the
      electrode plate; which will provide adequate support for the electrode
      surface; and which will permit electrodes of increased height to be used
      while requiring as short a length of conductor as is necessary to carry
      the required electrical current. In addition, the electrode assembly will
      provide clear but restricted flow of fluids up thru the electrode.
PAR  It is an object of the present invention to provide a novel electrode
      assembly useful in electrolytic cells for the production of chlorine and
      oxychlorine compounds.
PAR  An additional object of this invention is to provide a novel electrode
      assembly useful in electrolytic cells employing metal anodes.
PAR  A further object of the present invention is to provide a novel electrode
      assembly useful in electrolytic cells in which the electrode paltes are
      positioned vertically.
PAR  Another object of the present invention is to provide a novel electrode
      permitting a continuous but restricted flow of fluids thru the space
      between electrode surfaces.
PAR  A still further object of the present invention is to provide a novel
      electrode assembly permitting adjustment of the spacing between
      electrodes.
PAR  An added object of the present invention is to provide an electrode
      permitting a partial contraction of the electrode during assembly in the
      cell.
PAR  These and other objects of the present invention are accomplished in an
      electrode assembly suitable for use in a cell for the electrolysis of an
      aqueous alkali metal chloride solution which comprises, two electrode
      surfaces positioned in parallel and having a space between the electrode
      surfaces, and at least two conductive supports, one conductive support
      separately attached to each of the electrode surfaces. The electrode
      assembly includes an electrode plate having openings for attachment of the
      conductive supports. The conductive supports are attached to the electrode
      plate so that they are perpendicular to the electrode plate.
DRWD
PAR  Accompanying FIGS. 1-3 illustrate the novel electrode assembly of the
      present invention. Corresponding parts have the same numbers in all
      Figures.
PAR  FIG. 1 illustrates a front elevation of the electrode assembly of the
      present invention with portions cut away.
PAR  FIG. 2 shows a cross section taken along line 2--2 of FIG. 1.
PAR  FIG. 3 illustrates an end view showing an alternate arrangement of the
      conductive supports.
DETD
PAR  The electrode assembly in FIG. 1 employs an electrode plate 10 having
      electrode 12 attached. Electrode 12 is composed of near electrode surface
      14 having a plurality of conductive supports 18 attached, and far
      electrode surface 16 having a plurality of conductive supports 20
      attached. Conductive supports 18 are spaced along electrode surface 14 and
      are alternately positioned with respect to conductive supports 20 which
      are also spaced along electrode surface 16. Conductive supports 18 have
      flanges 22 attached near threaded ends 26; and conductive supports 20
      similarly have flanges 24 attached near threaded ends 28. Threaded ends 26
      and 28 of conductive supports 18 and 20 respectively, pass through
      openings (not shown) in electrode plate 10 and are secured by nuts 30 and
      32 respectively.
PAR  In FIG. 2 electrode plate 10 has electrode 12 comprised of electrode
      surfaces 14 and 16 positioned in parallel and having space 34 between
      them. Conductive supports 18 are attached to electrode surfaces 14 within
      space 34. Similarly, conductive supports 20 are attached to electrode
      surface 16 within space 34.
PAR  In the electrode assembly of FIG. 3, electrode plate 10 has electrode 12
      attached. Electrode 12 is comprised of electrode surfaces 14 and 16
      positioned in parallel and having space 34 between them. Lower conductive
      supports 36 and 38, attached to electrode surfaces 14 and 16 respectively,
      are located in space 34 and have a sufficiently large diameter to restrict
      the flow of fluids up thru channel 37 between conductive supports 36 and
      38. Intermediate conductive supports 40 and 42, also attached to electrode
      surfaces 14 and 16 respectively, have diameters smaller than lower
      conductive supports 36 and 38 yet restrict the flow of fluids up thru
      channel 41 separating conductive supports 36 and 37. Upper conductive
      supports 44 and 46, attached to electrode surfaces 14 and 16 respectively,
      have diameters smaller than intermediate conductive supports 40 and 42 and
      yet provide some restriction to the flow of fluids up thru channel 45.
PAR  The arrangement of conductive supports in FIG. 3 provides zones or
      compartments having varying concentrations of electrolyte and gases within
      intra electrode space 34 because of the difference in the width of the
      channels separating adjacent pairs of supports.
PAR  The electrode includes two electrode surfaces positioned in parallel and
      spaced apart. The intra electrode surface spacing can be any convenient
      distance, for example from about 0.5 to about 4, and preferably from about
      0.75 to about 1.5 inches.
PAR  The conductive supports are attached to the electrode surfaces within the
      intra electrode surface spacing so that at least one support is separately
      attached to each electrode surface. The number of conductive supports
      employed is generally dependent on the size of the electrode surfaces.
      Where the length of the electrode surface is for example, about 48 inches,
      a plurality of conductive supports are separately attached to each
      electrode surface, for example, from 2 to about 8 and preferably from 3 to
      about 6. The conductive supports are preferably positioned substantially
      perpendicular to the largest dimension of the electrode surface- for
      example, the supports as shown in FIG. 1 are perpendicular to the vertical
      dimension of the electrode surface, where the electrode plate is vertical.
PAR  When the length of the electrode is greater, more conductive supports may
      be attached to each electrode surface if desired, if the length of the
      electrode is shorter, fewer conductive supports may be used.
PAR  The conductive supports may be attached to their respective electrode
      surfaces within the intra electrode space so that they are directly
      opposite to each other, are evenly alternated or unevenly alternated.
      Where alternated, the spacing between conductive supports on the same
      electrode surface is selected to provide optimum current distribution and
      mechanical support. In a preferred embodiment, the conductive supports are
      unevenly alternated.
PAR  Any convenient physical form of conductive support may be used such as
      rods, strips or bars. A preferred form of conductive support is a rod
      having a diameter of from about 0.25 to about 3 inches and preferably from
      about 0.5 to about 1.5 inches.
PAR  The electrode assembly of the present invention may be employed as an anode
      or a cathode, for example, in electrolytic cells suitable for the
      production of chlorine and caustic soda or oxychlorine compounds such as
      hypochlorites or chlorates.
PAR  It will be understood that, depending on whether the electrode assembly of
      the present invention serves as the anode or cathode, the materials of
      construction for the conductive support will be suitably selected to be
      resistant to the gases and liquids to which it is exposed. For example,
      when serving as an anode, the conductive support is suitably a conductive
      metal such as copper, silver, steel, magnesium or aluminum covered by a
      chlorine-resistant metal such as titanium or tantalum. Where the electrode
      assembly serves as the cathode, the conductive support is suitably, for
      example, steel, nickel, copper or coated conductive materials such as
      nickel coated copper.
PAR  While the two electrode surfaces may be separate and unconnected, in one
      embodiment, the electrode surfaces may be joined across the front or
      leading edge by attaching, for example, a section of the material employed
      as the electrode surfaces. The section may be attached by means such as
      soldering, welding, brazing or the like. If desired, the electrode
      surfaces may also be joined along the other edges. This is required where,
      for example, the electrode surfaces serve as a cathode in a diaphragm
      cell. The electrode surfaces are sealed along the edges and the electrode
      surfaces are also attached to the electrode plate to form a liquid
      impervious catholyte compartment. A diaphragm is attached or deposited on
      the electrode surfaces of the cathode and outlets are provided for the
      removal of gaseous and liquid products from the cathode compartment.
PAR  Where the electrode surfaces serve as the anode, while a non-metallic
      material such as graphite may be used, it is preferred to employ a valve
      metal such as titanium or tantalum or a metal, for example steel, copper
      or aluminum clad with a valve metal such as tantalum or titanium. The
      valve metal has a thin coating over at least part of its surface of a
      platinum group metal, platinum group metal oxide, an alloy of a platinum
      group metal or a mixture thereof. The term "platinum group metal" as used
      in the specification means an element of the group consisting of
      ruthenium, rhodium, palladium, osmium, iridium, and platinum.
PAR  The anode surfaces may be in various forms, for example, solid sheets,
      perforated plates, and in the case of metal as an expanded mesh which is
      flattened or unflattened, and having slits horizontally, vertically or
      angularly. Other suitable forms include woven wire cloth, which is
      flattened or unflattened, bars, wires, or strips arranged, for example,
      vertically, and sheets having perforations, slits or louvered openings.
PAR  A preferred anode surface is a foraminous metal mesh having good electrical
      conductivity in the vertical direction along the anode surface.
PAR  As the cathode, the electrode surface is suitably a metal screen or mesh
      where the metal is, for example, iron, steel, nickel, or tantalum. If
      desired, at least a portion of the cathode surface may be coated with a
      platinum group metal, oxide or alloy as defined above.
PAR  The electrode plates are suitably constructed of non-conductive materials,
      such as concrete or fiber-reinforced plastic or a conductive metal such as
      steel or copper. To avoid corrosive damage, the conductive metal may be
      covered with, for example, hard rubber or a plastic such as
      polytetrafluoroethylene or fiber-reinforced plastic. If desired, titanium
      may be used where the electrode plate serves as the anode plate.
PAR  Openings are provided in the electrode plate for attaching one end of the
      conductive supports. These openings may be holes of about the same size as
      the diameter or cross section of the conductive support. In a preferred
      embodiment, the openings permit lateral movement of the conductive
      supports to allow the spacing between the anode and the cathode to be
      varied. Slots, key holes, grooves and the like are suitable openings for
      permitting lateral movement of the conductive support. One end of the
      conductive support is attached to the electrode plate by any suitable
      means such as bolting.
PAR  When assembled in the electrolytic cell, the electrode plates may be
      positioned horizontally, vertically, or with one electrode plate, such as
      the anode plate, positioned horizontally and the other electrode plate
      positioned vertically. In a preferred embodiment, the electrode plates are
      positioned vertically.
PAR  Each electrode surface is attached to its conductive support, for example,
      by welding, soldering, brazing or the like.
PAR  In a preferred embodiment, the electrode assembly of the present invention
      is used as an anode in a diaphragm cell where the electrode plates are
      positioned vertically. The anode plate has a plurality of anodes attached
      and the cathode plate, which is vertically positioned and opposite the
      anode plate has a plurality of cathodes attached. The anodes and cathodes
      project horizontally across the cell and when the cell is assembled, an
      anode is inserted between two adjacent cathodes.
PAR  During assembly of a cell employing the electrode assemblies of the present
      invention, the intra electrode space may be reduced and the electrode
      contracted. This contraction is possible since the electrode surfaces are
      each separately attached to conductive supports. The largest amount of
      contraction is available when the conductive supports are arranged
      alternately, as shown in FIGS. 1 and 2, and foraminous metal electrode
      surfaces are used. The contraction permits for example, in a diaphragm
      cell, the insertion of the cathode between the anodes with a minimum of
      contact between the anode electrode surfaces and the diaphragm deposited
      on the cathode electrode surfaces. Once the cell is assembled, the
      electrode surfaces may be expanded to provide the desired anode-cathode
      spacing.
PAR  A plurality of electrodes are attached to the electrode plates, the exact
      number depending on the size of the electrode plate. For example, in an
      electrolytic cell employing the electrode assembly of the present
      invention, from about 2 to about 100 or more, or preferably from about 5
      to about 50 electrodes are attached to the electrode plate.
PAR  The electrode assembly of the present invention may be employed in
      electrolytic cells for the electrolysis of aqueous salt solutions, for
      example, an alkali metal chloride such as sodium chloride or potassium
      chloride. Where a diaphragm or permselective cation-exchange membrane is
      employed, chlorine and an alkali metal hydroxide are produced. If the
      diaphragm or membrane is omitted, oxychlorine compounds such as alkali
      metal hypochlorites or alkali metal chlorates are obtained. Illustrative
      types of diaphragm cells include those of U.S. Pat. Nos. 1,862,244;
      2,370,087; 2,987,463; 3,461,057; 3,617,461 and 3,642,604.
PAR  Particularly suitable are diaphragm cells in which the anodes and cathodes
      are mounted on opposite side walls of the cell, for example, in U.S. Pat.
      Nos. 3,247,090 or 3,477,938. Suitable examples of non-diaphragm cells
      include U.S. Pat. Nos. 3,700,582 and 3,732,153.
PAR  The following example is presented to illustrate the invention more fully.
      All parts and percentages are by weight unless otherwise indicated.
PAC  EXAMPLE
PAR  A diaphragm cell consisting of a sealed container having an anode assembly
      comprising an anode plate as the cell bottom and having two electrode
      surfaces positioned vertically and a vertical conductive support
      projecting up from the anode plate and attached to the electrode surfaces.
      The electrode surfaces were composed of two sheets of louvered titanium
      mesh, 48 inches high and 12 inches wide placed parallel to each other and
      spaced 1 inch apart. The outer face of each of the electrode surfaces was
      coated with a platinum metal oxide. A titanium clad copper rod 1 inch in
      diameter served as the conductive support and was bolted to the anode
      plate. The rod passed between and was welded to each electrode surface.
PAR  Three pairs of glass rods 0.75 inch in diameter, simulating conductive
      supports, were placed horizontally in the space between the anode surfaces
      at distances of 12, 24, and 36 inches from the bottom of the anode
      surfaces. All rods were attached along the back side of one anode surface.
      The rods provided for restricted but unobstructed flow of fluids up thru
      the intra electrode surface space.
PAR  Facing each electrode surface was a cathode assembly composed of a steel
      cathode plate vertically positioned and having a steel mesh electrode
      surface welded to the cathode plate. Each cathode screen was 48 inches
      high and 12 inches wide and was covered with an asbestos diaphragm 1/16 of
      an inch thick.
PAR  A copper bus bar was bolted to the bottom of the anode plate and a current
      lead-in attached to a power source supplied current to the cell.
PAR  The cell was provided with an inlet for sodium chloride brine and outlets
      for chlorine, hydrogen and caustic liquor. A space above the electrodes
      provided for an anolyte head and collecting C1.sub.2 gas. A space below
      the electrodes permitted brine feed to the electrodes. Four pipes having
      individual control valves connected the upper space with the lower space
      to permit controlled recycling of the anolyte solution. An aqueous
      solution containing 300 grams of sodium chloride per liter was introduced
      to the cell.
PAR  Three runs were made to show the effect of the horizontal rods on brine
      circulation and current efficiency while varying the amount of anolyte
      recirculation in the cell. The results are shown as runs 1-3 in Table I
      below.
PAR  For comparative purposes, three runs were repeated with the horizontal rods
      removed. These results are also shown as runs C1-3 in Table I below.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Effect of Horizontal Support Rods on Current                              

     Efficiency with Varying Amounts of Anolyte Recycle                        

                   Current                                                     

                        Cell                                                   

     Run   Brine Temp.                                                         

                   Density                                                     

                        Voltage                                                

                             No. of Recycle                                    

                                      Ratio of NaCl to NaOH                    

                                                   Percent Current Efficiency  

     No.   .degree.C                                                           

                   KA/M.sup.2                                                  

                        Volts                                                  

                             Pipes Open                                        

                                      in Catholyte Liquor                      

                                                   (Based on                   

     __________________________________________________________________________

                                                   NaOH)                       

     RODS                                                                      

     1     65      1.2  3.14 0        2.06         99.5                        

     2     66      1.2  3.14 2        2.11         97.0                        

     3     66      1.2  3.11 4        2.19         95.2                        

     NO RODS                                                                   

     C1    70      1.29 3.17 0        1.6          90.8                        

     C2    68      1.29 3.16 2        1.39         93.8                        

     C3    65      1.29 3.19 4        1.22         94.4                        

     __________________________________________________________________________

PAR  Table I above shows that current efficiency is increased when the
      horizontal rods are used to simulate conductive supports. Comparison of
      Example 1 and Example 2 with Examples C1 and C2 show current efficiencies
      of 99.5 and 97.0 percent versus current efficiencies of 90.8 and 93.8
      respectively. These represent significant increases when anolyte
      recirculation is omitted or restricted. An increase in current efficiency
      also occurs when extensive anolyte recirculation is employed, as shown by
      comparing Example 3 with Example C3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrode assembly suitable for use in a cell for the electrolysis of
      alkali metal chloride solution which comprises:
PA1  a. an electrode plate positioned vertically,
PA1  b. two electrode surfaces positioned in parallel and having a space between
      said electrode surfaces,
PA1  c. at least two conductive supports, one said conductive support separately
      attached to each of said electrode surfaces and positioned in said space
      between said electrode surfaces, and,
PA1  d. openings in said electrode plate for attachment of said conductive
      supports, said conductive supports being attached substantially
      perpendicular to said electrode plate, said conductive supports adapted to
      conduct current between said electrode plate and said electrode surfaces,
      and said conductive supports adapted to permit continuous but restricted
      flow of said alkali metal chloride solution up through said space between
      said electrode surfaces.
NUM  2.
PAR  2. The electrode assembly of claim 1 in which said conductive supports are
      positioned substantially perpendicular to the largest dimension of said
      electrode surface.
NUM  3.
PAR  3. The electrode assembly of claim 1 in which a plurality of from about 2
      to about 8 conductive supports are attached to each of said electrode
      surfaces.
NUM  4.
PAR  4. The electrode assembly of claim 3 in which said conductive supports
      attached to each of said surfaces are positioned alternately with respect
      to each other.
NUM  5.
PAR  5. The electrode assembly of claim 3 in which said conductive supports
      attached to each of said electrode surfaces are positioned opposite with
      respect to each other.
NUM  6.
PAR  6. The electrode assembly of claim 5 in which said conductive supports have
      a channel between opposite pairs and have means for varying the width of
      said channel for adjacent pairs of said conductive supports.
NUM  7.
PAR  7. The electrode assembly of claim 1 in which said openings in said
      electrode plate have means for permitting lateral movement of said
      conductive supports and said electrode assembly is an anode assembly.
NUM  8.
PAR  8. The adjustable anode assembly of claim 7 in which a plurality of from
      about two to about eight conductive supports are attached to each of said
      electrode surfaces.
NUM  9.
PAR  9. The adjustable anode assembly of claim 8 in which said conductive
      supports attached to said electrode surfaces are positioned alternately
      with respect to each other.
NUM  10.
PAR  10. The adjustable anode assembly of claim 7 in which said conductive
      supports attached to each of said electrode surfaces are positioned in
      pairs opposite each other and having a channel between said conductive
      supports.
NUM  11.
PAR  11. The adjustable anode assembly of claim 10 having means for varying the
      width of said channel for adjacent pairs of said conductive supports.
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PAL  An electrophoresis unit for use in conducting electrophoretic analysis of
      specimens is disclosed. The unit includes a sealable container in which a
      substrate mounted specimen is suspended in an electrolytic vapor. A
      heating unit is employed to heat a supply of electrolyte to produce the
      vapor. The substrate is suspended within the container by being attached
      between a pair of clips which also serve as electrodes to which a direct
      current power source may be connected.
GOVT
PAC  BACKGROUND OF THE INVENTION
PAR  1. Origin of the Invention
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-568 (72 Stat.
      435; 42 U.S.C. 2457).
BSUM
PAR  2. Field of the Invention
PAR  The present invention is directed to an electrophoresis apparatus and more
      particularly to improvements in mounting an electrophoresis substrate to
      permit ionographic migration with a minimum of electrolyte.
PAR  3. Description of the Prior Art
PAR  Electrophoresis has been utilized in analytical procedures. For example,
      electrophoresis is used in the field of geology for the isolation of amino
      acids from soil, sedimentary rock, etc. Generally, a porous substrate
      member is moistened or impregnated with a buffer solution in the form of
      an electrically conductive fluid. The suitable prepared specimen is
      deposited upon the substrate and is subjected to an electric field such as
      may be provided by maintaining an electrical potential difference between
      two electrodes, to have the components of the specimen undergo an
      ionographic migration. Particular components of the specimen can be
      subsequently rendered visible by the use of dyes for purposes of
      identification.
PAR  Generally, each end of the porous substrate is maintained in contact with
      the electrolytic solution through the use of a wick or by direct immersion
      in the solution. Electrodes are immersed in the electrolytic solution to
      allow a desired voltage gradient to be maintained across the porous
      substrate when a direct current power source is attached to the
      electrodes. The central portion of the substrate receives the specimen to
      be analyzed and is generally maintained out of direct contact with either
      of two pools of electrolyte. This has been accomplished by providing a
      central support which serves the dual function of supporting the porous
      substrate and separating the electrolytic solutions. A common arrangement
      may involve a porous, flexible membrane sheet which is bent at opposite
      ends and dipped into the pools of electrolyte or which is supported on
      wicks that extend into the respective pools of electrolyte.
PAR  As noted in U.S. Pat. No. 3,715,295, one of the recurrent problems in
      electrophoresis has been the undesired evaporation of electrolytic liquid
      from the substrate which can result in a loss of effectiveness due to pH
      changes and changes in strength due to increased salt production in the
      electrolyte. Another problem is mentioned in U.S. Pat. No. 3,494,846 as
      being a difficulty in providing a acceptable electrical connection between
      the substrate and the electrolyte. Frequently, an undesirable potential
      drop will be developed at the site of the charged electrolyte-substrate
      interface. In addition, high resistance at the wick contact points and at
      the bent portions of the substrates may cause unwanted secondary
      electrolysis and/or cause heating which tends to evaporate the electrolyte
      liquid on the substrate. The secondary electrolysis tends to re-mix the
      specimen components and thus at least partially counteracts the desired
      electrophoresis separation.
PAR  Evaporation provides the additional problem of condensed vapors which form
      on the walls of a cell and run back into, and mix with, the electrolyte
      fluid to thereby create undesirable gradients of concentration. Prior art
      techniques such as disclosed by U.S. Pat. Nos. 3,047,489 and 3,317,417
      have been used in an effort to eliminate the evaporation problem in
      electrophoresis cells. For example, cellular material such as sponges have
      been inserted within the electrophoresis cell to prevent vapor spaces.
PAR  One of the many uses of electrophoresis is in the field of analyzing blood
      serum proteins; for example, for the detection and diagnosis of sickle
      cell disease and other homoglobinopathies. Since a large segment of the
      population is subject to these diseases, it is necessary to develop an
      electrophoresis apparatus that eliminates or overcomes the problems of the
      prior art and is capable of a rapid and possibly automatic testing
      procedure. To understand the magnitude of the problem, it has been
      estimated that as many as 25 million persons may be subject to sickle cell
      disease of which as many as 21/2 million could be carriers of the S trait
      and approximately fifty thousand people will suffer from the homozygous SS
      disease. In addition, many of these people can suffer from either a single
      or combined hemoglobinopathies of other types.
PAR  Presently, electrophoresis tests are conducted in the conventional manner;
      that is, the cell apparatus is divided into two sumps for containing two
      pools of liquid electrolyte between which a substrate of cellulose acetate
      is positioned to have opposite ends respectively submerged within a pool.
      Surface tension causes the substrate to become saturated. A voltage
      gradient is created across the substrate by placing in each pool one of
      two electrodes connected to a direct current power source. Preparing the
      cell apparatus for a test requires preparing approximately 1000 cc. of
      electrolyte, filling the two sumps with this liquid and determining that
      the surfaces of the pools are at the same level to prevent an undesired
      flow of electrolyte through the substrate material which will interfere
      with the flow of ions from the specimen. After each test, the remaining
      contaminated liquid must be disposed of and the apparatus thoroughly
      cleaned.
PAR  Thus, there is a need in the prior art to provide an electrophoresis unit
      that is accurate and adaptable to processing large numbers of specimens.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide an
      electrophoresis apparatus that permits repetitive use with a minimum of
      difficulty.
PAR  It is another object of the present invention to provide an electrophoresis
      unit in which a substrate is suspended in a saturated vapor requiring use
      of a minimum of electrolyte.
PAR  It is a further object of the present invention to provide an
      electrophoresis apparatus in which direct electrical contact with a
      substrate is maintained.
PAR  It is yet another object of the present invention to provide an
      electrophoresis apparatus in which a liquid electrolyte is used to provide
      a saturated vapor.
PAR  It is yet a further object of the present invention to provide an
      electrophoresis unit that is portable and is capable of efficient usage to
      obtain accurate results.
PAR  Briefly described, the present invention involves a portable,
      electrophoresis unit.
PAR  More particularly, the subject invention includes a sealed container in
      which a saturated vapor form a heated electrolyte or subcomponent thereof
      is used. A porous substrate on which a specimen being tested is deposited
      is electrically connected between a pair of clip electrodes and thereby
      suspended in the saturated vapor. A diect current power source is
      connected between the clip electrodes. A heater is molded into the
      container bottom for heating the electrolyte liquid to provide the
      saturated vapor.
DRWD
PAR  Further objects and the many attendant advantages of the invention may be
      best understood by reference to the following detailed description taken
      in conjunction with the accompanying drawings in which like reference
      symbols designate like parts throughout the figures thereof.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional side view of an electrophoresis unit in
      accordance with the present invention.
PAR  FIG. 2 is a plan view of an electrophoresis unit in accordance with the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, an electrophoresis unit or electrophoretic cell
      2 includes a container 4 having a bottom 3 and side walls 5 with a cover
      or lid 6. The container 4 and lid 6 can be sealed by the use of tape 7 or
      any other conventional sealing medium such as a gasket or the like. A pair
      of electrical plugs or electrodes 8 and 10, respectively, are mounted
      appropriately in the container side walls 5.
PAR  The plugs 8 and 10 are respectively connected to one of a pair of clip
      members 12 and 14 through the respective conductive springs 16 and 18. The
      electrode clip members 12 and 14 may be generally clad with platinum or
      some other relatively inert material to prevent chemical reaction with an
      electrolyte 22. The electrode clip members 12 and 14 are intended to be
      capable of clamping and supporting an electrophoresis substrate or porous
      membrane 20 therebetween.
PAR  The substrate 20 may be a micro-porous plastic sheet that is capable of
      being made transparent whereby the specimen subject to electrophoresis can
      be evaluated by light transmission scanning if desired. The substrate 20
      will typically comprise a base member generally of plastic such as a
      polyester, polyamid or polycarbonate. Mylar, DuPont Corporation, No. 1000
      D is an exemplary material that could be utilized as the base member. A
      porous material such as cellulose acetate or a mixture of cellulose
      nitrate and cellulose acetate may be mounted on the base member to form
      the desired micro-porous plastic sheet that is capable of transporting the
      electrolyte or buffer solution 22 by capillary action.
PAR  A heater 26 such as any known conventional resistance heater is preferably
      mounted in the container bottom 3. The heater 26 serves to heat the
      electrolyte 22 to produce and maintain a saturated vapor within the
      interior cavity 28 of the container 4. The temperature of the electrolyte
      22 can be monitored, if desired, by a thermocouple and feedback circuit
      connected to the heater 26 (not shown) to maintain the saturated
      environment in the cavity 28. For purposes of the present invention,
      saturated vapor is intended to refer to the state in which the maximum
      amount of electrolyte, or sub-component thereof, is diffused in the air in
      a gaseous state and at which no more can be absorbed, dissolved or
      retained.
PAR  A pyridine-acetic acid-water solution having a pH of 5.2 and used for
      isolating amino-acids, is a typical electrolyte that is useable with the
      subject invention. It is to be understood that certain electrolytes that
      are available as a gel may also be used.
PAR  A pressure relief valve 30 may be provided on the side walls 5 as a safety
      device to prevent the formation of excess pressure within the container 4.
PAR  In operation, a technician would place a small quantity of electrolyte 22,
      for example 25 cc., in the container 4. A porous substrate 20, pre-wetted
      with the electrolyte 22, would then be mounted in the clip electrodes 12
      and 14. Preferably, the length of the clip electrodes 12 and 14 is
      approximately equal to the width of the substrates 20 to have a uniform
      electric field across the length of the porous substrate 20. A specimen 32
      would be deposited on the porous substrate 20. Taking sickle cell analysis
      as an illustrative example, a blood specimen 32, after appropriate
      centrifugal separation of the red cells and lysis with an aqueous saponin
      solution, could be applied to the porous substrate 20 as a drop or a very
      norrow band extending along the width of the substrate 20. The container 4
      is then sealed with the tape or gasket 7 and the heater 26 is energized to
      produce the saturated vapor within the cavity 28. The amount of
      electrolyte used need only be enough to provide the saturated vapor since
      it is not utilized to provide electrical contact or source of liquid
      electrolyte for the substrate 20.
PAR  An acceptable voltage provided from a direct current power source would be
      in the neighborhood of 200 volts. Using 200 volts, approximately 0.6
      miliamperes of current is conducted through the porous substrate 20. Tests
      that have been conducted reveal that hemoglobin migration concentrations,
      such as indicated by the reference numbers 34 and 36, that are obtained
      with the present invention are comparable to results that are obtainable
      by using other presently commercially available standard electrophoresis
      units.
PAR  Since the electrolyte 22 is not contaminated by the specimen 32, there is
      no necessity for cleansing the container 4 and removing the remaining
      electrolyte after each test procedure. Further, since the electrical
      contact to the porous substrate 20 is provided directly by the electrode
      clips 12 and 14, the difficulties presented by dilution or concentration
      gradients formed in liquid electrolyte pools are avoided.
PAR  While the foregoing description of the present invention concerns a
      preferred embodiment that has been developed to date, it is not intended
      to be limiting with respect to the broad principles involved herein. For
      example, the present invention could be applied to an automated system
      with a continual progression of specimens being subjected to a saturated
      environment. As with the specimen in FIGS. 1 and 2, subsequent staining
      and optical scanning with a densitometer could also be utilized for an
      automated procedure.
PAR  Various modifications of the present invention are possible. For example,
      the lid 6 could be connected to the electrical system of the electrical
      plugs 8 and 10 in such a manner to shut off the electrical power when the
      lid 6 is open as an operator safety feature. Further, the interior surface
      of the lid 6 can be designed to be slanted relative to the surface of
      substrate 20 when the lid 6 is in a closed position to prevent any
      condensate from dropping onto the substrate 20. It is to be noted that the
      invention described may be readily used outside a laboratory due to its
      portability. For example, blood samples can be taken and analyzed at the
      patients's bedside, in a doctors's office, or other suitable location.
PAR  It is to be understood that the supply of electrolyte maintained in the
      electrophoresis unit serves the primary purpose of countering evaporation
      of the electrolyte with which the substrate was impregnated. As is well
      known, water is the solvent in many electrolytic solutions and would be
      the substance that is evaporated. Accordingly, it follows that it would,
      in such cases, be possible to simply have a source of water rather than an
      electrolytic solution maintained in the unit to counter the evaporation of
      the water solvent on the substrate.
PAR  It is to be further understood that although the foregoing discussion has
      described the analysis of a blood specimen as an exemplary electrophoretic
      test procedure, the subject invention would be highly useful for the
      analysis of any other specimen that is an electrolyte or could be made an
      electrolyte by a pH adjustment. Accordingly, an analysis could be in the
      fields of geology, biology, archaeology, etc. and involve a wide range of
      different substances.
PAR  While a preferred embodiment of the present invention has been described
      hereinabove, it is intended that all matter contained in the above
      description and shown in the accompanying drawings be interpreted as
      illustrative and not in a limiting sense and that all modifications,
      constructions and arrangements which fall within the scope and spirit of
      the invention may be made.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrophoresis unit that is useable for conducting electrophoretic
      analyses of specimens mounted on substrates that have been saturated with
      an electrolyte, said electrophoresis unit comprising:
PA1  a sealable container having an interior cavity defined by container walls;
PA1  means for sustaining a saturated electrolytic vapor in said cavity of said
      container; and
PA1  electrode means for suspending said substrate within said cavity of said
      container, said electrode means extending from outside said container
      through the walls thereof and including a pair of securing members for
      suspending said substrate therebetween and within said cavity, and a pair
      of terminal members respectively connected to said securing members for
      being connected to provide direct current power thereto.
NUM  2.
PAR  2. The electrophoresis unit defined by claim 1 wherein the means for
      sustaining a saturated vapor includes:
PA1  a supply of electrolyte situated within the cavity of said container; and
PA1  means for heating said supply of electrolyte to produce said electrolytic
      vapor.
NUM  3.
PAR  3. The electrophoretic unit defined by claim 1 wherein the substrate on
      which a specimen is mounted is maintained physically separated from said
      supply of electrolyte.
NUM  4.
PAR  4. The electrophoresis unit defined by claim 1 wherein said pair of
      securing members are a pair of clips.
NUM  5.
PAR  5. The electrophoresis unit defined by claim 1 wherein the electrode means
      further includes spring members for connecting said securing members to
      said terminal members.
NUM  6.
PAR  6. The electrophoresis unit defined by claim 2 wherein said means for
      heating is molded into a bottom wall of said container.
NUM  7.
PAR  7. The electrophoretic unit defined by claim 6 wherein the substrate on
      which a specimen is mounted in maintained physically separated from said
      supply of electrolyte.
NUM  8.
PAR  8. The electrophoresis unit defined by claim 7 wherein the electrode means
      further includes spring members for connecting said securing members to
      said terminal members.
NUM  9.
PAR  9. The electrophoresis unit defined by claim 8 wherein said pair of
      securing members are a pair of clips.
NUM  10.
PAR  10. An electrophoretic cell that is useable for electrophoretic analysis of
      specimens applied to substrates that have been saturated with an
      electrolyte including a solvent, said electrophorectic cell comprising:
PA1  a sealable container having walls defing an interior cavity;
PA1  means for providing a saturated vapor of said solvent in said interior
      cavity of said container; and
PA1  electrode means for allowing electrical current to be conducted through
      said substrate from a power source connected to said electrode means
      external to said interior cavity and for holding said substrate in said
      saturated vapor wherein said saturated vapor serve to counter evaporation
      of said solvent from said substrate.
NUM  11.
PAR  11. The electrophoretic cell defined by claim 10, wherein said means for
      providing a saturated vapor includes:
PA1  a supply of said solvent in said container; and
PA1  means for heating said supply of said solvent.
NUM  12.
PAR  12. The electrophoretic cell defined by claim 11, wherein said electrode
      means includes means for being attached to said substrate.
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ABST
PAL  Apparatus for holding an electrophoresis slide of agarose gel against the
      concave surface of a slide mounting block is described. The holding means
      permits the slide to be inserted readily and holds the slide in
      compression in intimate contact with the concave surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Electrophoresis is a method for the analysis of proteins in body fluids and
      has proven to be very valuable in laboratory and clinical work. There have
      been a number of commercial instruments produced for relatively low
      resolution applications, in which the electrophoretic medium is a
      microporous plastic membrane or a polyacrylamide gel which permits
      resolution of perhaps five components in the material being analyzed. Much
      higher resolution and accordingly analysis of as many as fifteen
      components may be obtained utilizing a relatively large area of agarose
      gel slide which is subjected to electrophoresis under specified controlled
      condition. Such a slide is formed of an agarose gel with a barbital buffer
      added. While measurements performed with these slides have shown excellent
      results in laboratory environments, in order to attain wide spread
      clinical use, an apparatus for providing easy, economical and particularly
      accurate and reproducible results is required.
PAR  In electrophoresis, the initial step is to apply the sample material to the
      electrophoretic medium and allow the separation to take place by migration
      under the influence of an applied electric field. Thereafter the slide is
      fixed chemically, dried and subsequently read either directly or with
      appropriate densitometer devices. To obtain a practical migration
      apparatus, the device must be capable of obtaining accurate and highly
      reproducible results even when operated by relatively unskilled
      technicians. In order to provide such accuracy and reproducibility, there
      are a number of variables which must be precisely controlled. These
      include the value of the applied voltage, the time duration for migration,
      the voltages applied, the geometry of mounting and holding the slide
      during the period of migration and the temperature maintained during the
      period of migration.
PAR  For a large area of slide, for example, a rectangular slide approximately 9
      by 6 inches, with an applied voltage of approximately 200 volts, the slide
      would undergo an increase in temperature to values above 55.degree.C. At
      these elevated temperatures, drying of the slide occurs with an increase
      in ionic concentration, in turn causing further power dissipation and
      further increase in temperature. Additionally, denaturing of proteins
      takes place at these high temperatures. Finally, it is desirable to
      maintain the slide in a constant temperature environment during
      electrophoresis. Variations in slide temperature during separation, while
      not affecting information content, do cause variations in mobility of
      individual protein components during electrophoresis. By performing
      electrophoretic separation at a constant temperature comparison of
      patterns between slides is facilitated.
PAR  In the past, various conventional cooling techniques have been employed.
      These include both water cooling a member in thermal contact with the
      slide and various air cooling approaches. For a slide which must
      necessarily have each of its ends inserted in a chemically active buffer
      material and have a voltage of approximately 200 volts applied across it,
      such cooling arrangements complicate the design of the migration apparatus
      and render it somewhat difficult to manipulate in routine laboratory
      procedures.
PAR  It is, therefore, the primary object of the present invention to provide an
      electrophoresis migration apparatus allowing for ease of handling, economy
      of operation, and precise results, while maintaining the electrophoretic
      slide at a substantially constant temperature between 5.degree.C and
      40.degree.C.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly speaking, in the present invention, a rectangular electrophoresis
      slide is mounted with the substrate portion of the slide in intimate
      contact with an external concave cylindrical surface of the mounting
      block. The interior of the block contains salts, which melt at a
      temperature a few degrees above room temperature as for example about
      29.degree.C. The heat required to liquefy the salt is removed from the
      surface which is in contact with the slide. This concave surface is formed
      of a material which is electrically insulating, hydrophobic, and does not
      interact chemically with the buffer material. The mounting block is
      configured to be positioned in a sealed relationship with a buffer
      reservoir divided into two isolated buffer cells, each containing the
      appropriate barbituate buffer solution, and each having an opposite
      polarity electrode in contact with the solution. A power supply for
      providing appropriate voltage at sufficient power levels is connected
      between the two electrodes. The slide mounting block is arranged to
      provide for positive retention of the slide compressed sufficiently to
      ensure continuous intimate contact between the substrate of the slide and
      the concave surface of the mounting block. With the slide so positioned,
      when the mounting block is placed over the reservoir, the ends of the
      slide are located within the buffer solution and, when the voltage is
      applied, the electrophoretic migration takes place.
PAR  In order to facilitate quick, accurate and positive mounting of the agarose
      gel electrophoresis slide, a specific means for mounting and retaining the
      slide in contact with the concave surface of the coating block is
      provided. The means comprises a flat generally rectangular strip of highly
      resilient soft material, such as closed cell foam rubber or silicon
      elastomer positioned to extend generally normal to the concave surface.
      The opposite end of the concave surface is fitted with a rigid rectangular
      retaining element similarly oriented. The problem encountered in mounting
      and retaining the silicon slide is that one surface of it is coated with
      the agarose gel which must be maintained uncontaminated and yet it is
      important that the undeside of the substrate, typically polyethylene film,
      be maintained in close, substantially continuous contact with the concave
      surface in order to provide uniformity of cooling across the film. Thus,
      some compression force is required both in mounting and in retaining the
      slide and both must be applied bearing in mind the general delicacy of the
      slide itself.
PAR  In operation, the slide is gripped by the nongel borders and one end is
      placed in contact with the concave surface and slid until that end is
      pressing against the soft resilient member. The entire slide is then
      pushed into close contact and the free end is snapped under the rigid
      retaining element at the opposite end of the concave surface. The
      resiliency of the compressible lip retaining member now maintains the
      entire slide in compression against the curved surface.
DRWD
PAC  THE DRAWINGS
PAR  In the drawing:
PAR  FIG. 1 is an illustration generally in perspective view of a mounting block
      and buffer reservoir assembly constructed in accordance with the
      principles of this invention; and
PAR  FIG. 2 is an illustration in cross sectional view taken along the lines 2-2
      of FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  With reference now to FIG. 1, the mounting and cooling block generally
      indicated at 11 is formed of an aluminum casting and includes a concave
      cylindrical external surface 13. In the hollow portions 15 of the mounting
      block 11 a material 17, such as lithium salt, is located. The mounting
      block may be formed with internal cooling fins 19, and includes a cover 21
      which may be sealably attached to the mounting block 11 itself, by means
      of screws or the like (not shown). The concave surface 13 is preferably
      coated with an electrically insulating material, which is chemically
      nonreactive with the buffer solution and which should also be hydrophobic
      in order to avoid wetting of the cooling block which would result in an
      uneven temperature distribution across the surface of the electrophoretic
      slide. A suitable material is a coating of polyphenylene sulfide resin,
      such as that manufactured under the trademark Ryton by Phillips Petroleum
      Company of Bartelsville, Okla., U.S.A. An electrophoretic slide 16 is
      shown mounted in continuous intimate contact with the concave surface 13.
      The slide is formed of an agarose gel layered on a substrate of
      polyethylene. Typical dimensions for the slide are 6  inches wide by 9.24
      inches in length, with the polyethylene substrate having a thickness of
      0.007 inches. In order to provide for ease in handling the agarose gel
      covers the entire surface of the slide, with the exception of a 3/4 inches
      strip along each of the long sides of the polyethylene substrate. In
      handling, the slides can then be handled along these 3/4 inches strips,
      without contamination of the agarose gel material.
PAR  The material 17 is any suitable material which has a phase change in the
      desired range and the property of absorption of sufficient heat associated
      with the phase change to maintain the slide at a constant temperature. We
      have found that certain salts are particularly useful for this purpose,
      the phase change being from a solid to a liquid phase. One salt which we
      have used is hydrated lithium nitrate. The cooling block 11 includes about
      800 milliliters of this material, which has a heat of fusion of about 70
      calories per gram. This material is also desirable because of its
      relatively high density, so that a significant amount of the material will
      occupy a relatively small volume.
PAR  To position the slide on the mounting block 11, the slide is moved, with
      the substrate side uppermost, into position so that one end presses
      against a compressible lip element 20, which typically could be formed of
      silicon, or rubber or other soft resilient material, which is inert to the
      buffer solution. The lip 20 is held in position by a retainer 24, formed
      of glass filled board or other equivalent material. The opposite end of
      the slide 16 is then allowed to slip against the retaining element 24 and
      the resilient lip 20 retains the slide generally in compression against
      the concave surface 13 to provide for continuous intimate contact. The
      retaining element 24 may also be formed of glass filled board. Alternative
      arrangements for retaining the slide include the use of spring retaining
      elements.
PAR  The buffer reservoir 30 which may be formed, for example, of cast epoxy,
      includes two isolated buffer cells 32 and 34 with a relatively high
      separator 36 between them. One electrode 31 lies within the buffer cell
      32, while an identical electrode 33 lies within the buffer solution cell
      34. The upper edge of the reservoir member 30 contains a sealing gasket 37
      to avoid spillage of the buffer solution when the mounting block 11 is
      placed in position on the reservoir 30. In operation a power supply,
      capable of providing a voltage of approximately 200 volts at a peak
      amperage of approximately 300 amps. is connected between electrodes 31 and
      33. A typical migration time is in the order of 45 minutes to 1 hour.
PAR  The buffer solution may be any suitable electrophoresis buffer solution
      such as a mixture of 0.331 gms of diethyl barbituric acid +1.848 gms of
      sodium diethyl barbiturate to 120 mils. of distilled water (ph 8.6, ionic
      strength 0.075).
PAR  It has been found that with the material 17 described above, the mounting
      block may be utilized to process as many as four slides, before it needs
      to be recycled. The recycling of the mounting block consists in allowing
      it to stand overnight at room temperature so that the salt may solidify
      or, if a shorter recycling time is desired, the block may be recycled by
      placing it for about one hour in an ice bath.
PAR  While a specific geometric configuration of the apparatus has been
      described, and specific materials have been given as examples, it will be
      understood that other materials may be employed with other configurations
      and that the invention should be construed as being defined by the
      associated claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electrophoresis migration apparatus having a mounting block with a
      concave cylindrical external surface for mounting and holding an
      electrophoresis slide, the improvement comprising;
PA1  a first slide retaining member fastened adjacent one edge of said concave
      cylindrical surface and extending in a direction substantially normal to
      said surface, said first retaining member being formed of a resilient soft
      material;
PA1  a second retaining member formed of a substantially rigid material, said
      second retaining member being mounted near the opposite edge of said
      concave cylindrical surface and extending in a direction substantially
      normal to said concave cylindrical surface toward said first retaining
      member, whereby an electrophoresis slide may be mounted and maintained
      compressed against said concave cylindrical surface by the resilient
      action of said first member compressing said slide lengthwise against said
      second rigid member.
NUM  2.
PAR  2. The improvement of claim 1 wherein said first retaining member is formed
      of closed cell rubber.
NUM  3.
PAR  3. The improvement of claim 1 wherein said first retaining element is
      formed of silicone elastomer.
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PAL  An electrophoretic measurement system for isotachophoresis includes a
      potential gradient detector, an impedance converter, a voltage to
      frequency converter, a signal transmission system composed of, for
      example, electromagnetic wave transmitter means and its receiver spaced
      therefrom, frequency to voltage converter means, in series connection.
      This arrangement facilitates insulation of the sensing electrodes of the
      detector from the ground and prevents a formation of bubbles and deposits
      on the electrodes, so that the electrophoresis processes are performed
      under stable condition and high resolution and high sensitivity are
      obtained. Besides a higher migration current can be used to shorten
      analysis time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an electrophoretic measurement system, and
      more particularly to a new system for measuring zone boundaries in an
      isotachophoresis system.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  In isotachophoresis, a potential difference is applied across a capillary
      tube containing a leading electrolyte and a terminal electrolyte holding a
      sample solution which is generally interposed at or near the boundary of
      the electrolytes. The sample ions are e.g. anions, the leading electrolyte
      contains a single sort of anions and their mobility is higher than that of
      sample ions; the terminal electrolyte also contains a single sort of
      anions but with a lower mobility than that of sample ions. Then the anions
      within the sample move towards the anode between the anions of the leading
      electrolyte and the anions of the terminal electrolyte.
PAR  The unknown anions in the sample will be separated slowly into distinct
      layers in the order of their mobilities. The boundaries formed between
      each layer are detected by a detector.
PAR  Heretofore various detectors for capillary-type isotachophoretic system
      have been proposed, but none of them has been put to practical use.
PAR  The most important reason for this may be the fact that there has not been
      developed a method that can detect zone boundaries in a capillary tube
      with a high resolution for most types of samples. A thermometric detector
      has not been found satisfactory due to its rather low resolution. An
      ultra-violet detector has not been used as a universal detector because of
      the existence of many compounds that do not absorb UV. A potential
      gradient detector and a conductivity detector have also been developed as
      promising high resolution detectors. These detectors, however, have not
      yet been put to practical use, because electrochemical bubbles and
      deposits produced on the sensing electrodes tend to impede the smooth
      performance of isotachophoresis.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, the general object of the invention is to provide an improved
      electrophoresis analyzer which overcomes to a high degree many of the
      disadvantage of the prior art.
PAR  Another object of the invention is to provide an improved electrophoresis
      analyzer with stable operation without the formation of bubbles and
      deposits on the sensing electrodes.
PAR  A further object of the invention is to provide an improved electrophoresis
      analyzer having a good resolution and sensitivity.
PAR  A still further object of the invention is to provide an improved
      electrophoresis analyzer capable of shortening the time for analysis.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more apparent upon a reading of the following detailed
      specification and drawings, wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of an electrophoresis analyzer system
      according to the present invention, in which some portions of it is shown
      in section, with a circuit diagram;
PAR  FIG. 2 represents a preferred embodiment of a measuring circuit of zone
      boundaries.
PAR  FIG. 3 shows a sectional view of a potential gradient detector preferably
      used in the present invention;
PAR  FIG. 4 is a perspective view of one embodiment of the arrangement of a
      measuring circuit.
PAR  FIG. 5A and FIG. 5B show a partly schematic, vertical, sectional view of a
      sampling valve for introducing a sample between the leading and the
      terminal electrolytes and a perspective view of a practical embodiment.
PAR  FIG. 6A to FIG. 6D illustrate the operation of the electrophoresis process
      in the present invention.
PAR  FIGS. 7A, 7B, FIG. 8A to FIG. 8C illustrate some electropherograms obtained
      with use of an analyzer of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  In accordance with the present invention, high resolution high sensitivity
      and shortening of time are achieved in an electrophoresis analyzer, by
      preventing bubble formation on the sensing electrodes.
PAR  Referring first to FIG. 1. There is shown a capillary tube 1, which is
      composed of three portions 11, 12 and 13, for an isotachophoretic column
      with an injection system 2. The tube 1 is connected to the current
      stabilized high voltage power supply 5 for providing an adjustable
      constant direct current, through a leading electrode compartment 3 and a
      terminal electrode compartment 4.
PAR  The power supply 5 has a transformer, a centre tap 50 with an out coil
      which is grounded, and polarity of the output can be reversed.
PAR  The compartments 3 and 4 are respectively connected to a first tube 61 and
      a second tube 62 which are deeply inserted into a leading electrolyte tank
      63 and a terminal electrolyte tank 64. The tops of each of the tanks 63
      and 64 are connected to a pressurized source of inert gas 65 e.g. He by
      tubing 66. Tubes 61 and 62 are provided with stop valves 67 and 68 for
      controling the liquid flow for the compartment 3 and 4 from the tank 63
      and 64.
PAR  The tubes, 1, 61, 62 and 66, the port or the sample injection system 2, the
      compartments 3, 4, the tanks 63, 64 and valves 67, 68 are composed of a
      chemically stable insulating materials such as PTFE (Trade Mark: Teflon).
PAR  The column tube 1 has, for example, 100 cm length, 0.5 mm inner diameter
      and 2 mm outer diameter; the greatest part of the capillary tube 1 is
      placed in a bath 7 having a thermostat with a regulating power supply 71.
PAR  The system for measuring of zone boundaries is preferably composed of: a
      sensing cell 8, which is preferably formed as a gradient detector
      hereinafter described, situated near the end of the capillary tube 1; an
      impedance converter 91 with ultra-high input impedance and lower output
      impedance, connected to the output terminal of the sensing cell 8 by a
      PTFE sleeved wire 85 through the wall of the bath 7 with thermostat; a
      voltage to frequency converter 92 for generating a pulse signal whose
      frequency is proportional to the output voltage from the converter 91;
      signal transmission system T for electromagnetic or ultrasonic waves which
      is preferably composed of a radiation or luminescent source 93 such as
      photo-diode for generating an optical signal in response to the output
      signal of the converter 92, an optical transmitting channel 94 and a
      photo-electric converter 95 such as a photo-transister or phototube for
      generating an electrical signal in response to the light signal from the
      source 93; insulating means 96 for isolating the potential of the circuit
      91, 92 from ground to maintain the potential of the circuit 91, 92, 93
      nearly equal to that of the sensing cell 8, for preventing any current
      leakage between each sensing electrode and the ground; a frequency to
      voltage converter 97 for generating the electrical signal proportional to
      the frequency of the output pulse from the sensor 95; a signal processing
      circuit 98 including a differential circuit for generating the signal
      representing the zone boundaries of separated ions; a recorder R having a
      constant chart speed for recording a electropherogram.
PAR  Also the aforementioned signal transmission system may be some other
      systems capable of insulating a detector from a recorder, and converters
      92, 97 may be a frequency modulator and its demodulator.
PAR  Referring to FIG. 2, the output terminals of a pair of sensing electrode
      811, 812 are connected to the gate terminal of a field effect transistor
      T1 through an input resistor R1 of ultra high resistance, for example
      10.sup.9 - 10.sup.10 ohms and to the line L1 (not grounded) respectively.
      The gate of the transistor T1 and line L1 are connected by a second ultra
      high resistance resistor R2. A source terminal of the transistor T1 is
      connected to the line L1 by a resistor R3, and to the base terminal of the
      transistor T2 with an emitter-follower connection. The emitter of the
      transistor T2 is connected to the voltage-frequency converter 92 used for
      energizing a diode 931. A power supply E1 for the circuit 91 and 92 is
      preferably composed of an insulated transformer having very little leakage
      current or an electric cell or a battery. The aforesaid signal
      transmission system is composed of an optical radiation source of a diode
      931, an opaque resin tube 941 and a phototransistor 951.
PAR  Besides the signal transmission system may be composed of, for example,
      radio wave or infrared, ultraviolet, radient rays transmitter means and
      their receivers.
PAR  A circuit 98 is for example composed of a range selector 981, a switch for
      selecting a potentiometer 983 or a differentiator 980.
PAR  Referring to FIG. 3, the sensing cell 8 comprises mainly a capillary
      channel 80 formed between the capillary tubes 11 and 12 inserted tightly
      into a methacrylic resin block member 82 and a pair of sensing electrodes
      811, 812 of Pt wire threaded tightly through the block normal to the axis
      of the channel 80, wherein both electrodes are separated by a small
      distance along the channel.
PAR  There are seals 83 of PTFE seal tapes between the tubes 11, 12 and the
      block 82; the fitting plugs 84 screwed in the block 82 press the seals 83
      and support the tube 11 and 12. The other ends of the electrodes 811, 812
      are soldered to each of the bare ends of the cable wires 85 threaded
      through the block 82 and fixed with Araldite (Trade Mark of CIBA) resin
      86.
PAR  It is preferable that the diameter of the channel 80 is somewhat larger
      than the inner diameter of the tube 11, 12 and the electrodes 811, 812 are
      formed as thin as possible (for example: 0.08 mm of diameter) and the ends
      of the electrode 811, 812 are sized to just agree with the wall of the
      channel 80; so that there is a minimum chance of discharging ions moving
      in the sensing cell 8, so that bubble formation at the electrodes can be
      suppressed to some extent.
PAR  In FIG. 4 there is shown an embodiment of the arrangement of the measuring
      circuit, wherein a case 961 of high insulation material such as
      methacrylic resin contains the impedance maching circuit 91, the voltage
      to frequency converter 92 and a power supply 90 for the circuit 91, 92. A
      power supply 90 is preferably composed of an electric cell or a battery,
      which is convenient for isolating the circuit 92 and 92 from the ground
      without a special insulated transformer.
PAR  The output terminals of the circuit 92 are connected to a photodiode 931
      mounted in one end of the opaque tube 941 of high insulation material. The
      tube 941 is extended through the case 91 and a second case 99 containing
      the circuit 97, 98 etc. In the other end of the tube 941 there is mounted
      a photocell or a phototransistor 951, the output terminals of which are
      connected to the input terminals of the frequency to voltage converter 97.
      Numerals 984, 985, 986 are the output terminals of the circuit 98 to the
      recorder R.
PAR  Referring to FIG. 5A and 5B there are shown embodiments of a sample
      injection system 2 with a sampling valve V suitable for introducing a
      sample just on the boundary surface between the leading and the terminal
      electrolytes.
PAR  The valve as shown in FIG. 5A is simplified for explanation of operation
      and comprises a pair of valve members formed as a disc-shaped stationary
      PTFE valve member 21 and a disc-shaped movable PTFE valve member 22 which
      have smooth plain contact surfaces 210 and 220.
PAR  The valve member 22 has a channel 221 connected to a capillary tube 11 and
      a channel 222 connected to a first drain tank (not shown) with a tubing
      225.
PAR  The valve member 21 has a first channel 211 communicating with a syringe
      needle guide 212 through a septum 213 and a second channel 214. The
      channel 214 is connected to a second drain tank (not shown) with a tubing
      216. The first channel 211 is further connected to a tubing 11 to the
      leading electrode compartment 3. Besides, the valve is so constituted that
      it has three positions of valve operation; a first position for filling
      the capillary tubes 11, 12 and 13 with a leading electrolyte and a
      terminal electrolyte, a port a to coincide with a port b and a port c to
      coincide with a port d; in the second position, which is shown in FIG. 5A,
      for preliminary injection of a sample, there is no communication among the
      ports a, b, c, and d; in the third position port b and port c communicate
      each other, for introducing a sample on the boundary surface of the both
      electrolytes. For these purposes, a line ab and a line cd are arranged
      parallel to a direction of sliding of a movable valve member 22 and a
      length of ab is equal to that of cb.
PAR  Fig. 5B shows the embodiment of sampling valve 2 which is convenient for
      practical use, which comprises a stationary valve member 21 mounted to a
      stationary steel disk 23 and a rotatory valve member 22 mounted to a
      rotating steel disc 24. A disc 24 has a rotation handle 25, a shaft 26, a
      pressurizing spring 27 placed between the steel disc 24 and a nut 28. The
      general constructions of the valve and operation is substantially the same
      as the embodiment of FIG. 5A.
PAR  In operation prior to measuring, the leading electrolyte and terminal
      electrolyte are charged in the capillary tube 1, then a sample is
      introduced between the both electrolytes.
PAR  In the first step, a movable disc 22 of the sampling valve V is placed in
      the first position wherein the port a, c communicate with the ports b, d
      respectively, and a valve 67 and a valve 68 are opened, then a terminal
      electrolyte in the tank 64 flows through a tubing 62, compartment 4,
      second portion 12 of a capillary tube 1, a sensing cell 8, a first portion
      11 of the tube 1 and the port b, a of the valve V and a tubing 216 to a
      drain tank; a leading electrolyte in the tank 63 flows through a tubing
      61, a leading electrode compartment 3, a thrid portion 13 of the capillary
      tube 1, the ports c and d and a tubing 225 to the drain tank.
PAR  In the second step the valve is operated to the second position as shown in
      FIG. 5A, and a sample in the mircoliter syringe S is injected gently into
      the channel 211 through a syringe needle inserted into the channel 211
      from the septum 23 to the vicinity of a port c, then the sample injected
      located the channel adjacent to the port c with the result that the
      terminal electrolyte in the tube 13 is slightly pushed back for the
      leading electrolyte tank 64, to give place to an injected sample.
PAR  Thus a boundary is formed between the terminal electrolyte and the sample
      solution.
PAR  In the third step, the valve is operated to the third position wherein a
      port b coincides with a port c, so that the leading electrolyte comes in
      contact with the sample solution. Thus the sample introduction is
      completed just on the boundary between the leading and the terminal
      electrolytes.
PAR  The tanks 63, 64 then are cut off from the capillary tube 1 by the stop
      valves 67 and 68, in order to prevent electroendomosis in the capillary
      tube.
PAR  In the migration process, the power supply is put on to start the migration
      in the capillary tube in the constant temperature bath 7. In the course of
      migration, for example, each ion with a negative charge migrates for the
      leading electrode with positive potential according to its mobility, and
      ions in the sample solution are separated into a series of layer deposited
      in order of their mobilities.
PAR  In the final aspect, as shown in FIG. 6A, 6B, 6C where separation is
      finished, each zone contains a single sort of ions respectively and
      migrate at a same speed and a (concentration) density of ions in any zone,
      for example of the C.sup.- ions, is given by the following equation (1).
EQU  Ca/Cc = (1 + Mr/Mc)/(1 + Mr/Ma)                            (1)
PAL  Where
PA1  Ca: (concentration) density of leading ions
PA1  Cc: (concentration) density of C.sup.- ions in the zone
PA1  Mr: mobility of positive ions
PAR  The equation teaches that a density of ions in each completely separated
      zone has a value independent of the numbers of ions in each zone.
PAR  Thus the width of each zone of same ions is proportional to the numbers of
      ions. FIG. 6D shows an electropherogram recorded as a differential of the
      output from the potential gradient detector 8. Namely in FIG. 1 a gradient
      detector 8 generates an output voltage proportional to the potential
      difference between both sensing electrodes 811, and 812, which is
      introduced to the voltage to frequency converter 92 through the impedance
      converter 91.
PAR  The converter 93 receiving a pulse signal from the converter 92 generates a
      radiant energy signal, for example, optical radiation of a diode 931 of
      the same frequency as the output from the converter 92. The converter 95
      (a photocell 951) generates an electric signal in response to the signal
      transmitting on the path 94 and supplies it to a frequency to voltage
      converter 97. Thus the converter 97 regenerates an electric signal
      proportional to the output voltage of the detector 8, without electric
      potential coupling between them.
PAR  The output of the converter 97 is supplied to the recorder R through a
      range selector 981, a switch 982 or either a differentiating circuit 980
      or a potentiometer 983. Thus the recorder writes either a potential
      gradient curve or a differential curve of the output in a wide range.
PAR  Also circuit 98 may be varied so as to enable the recorder to record both
      curves at the same time.
PAC   EXAMPLE I
PAR  In the embodiment of FIG. 1, the terminal electrode compartment 3 and the
      injection port 2 were connected with PTFE tube (inner diameter: 1 mm,
      outer diameter: 3 mm, length: 10 cm), the injection port 2 and the leading
      electrolyte compartment 4 were connected with a PTFE capillary tube of 0.5
      mm inner diameter, 2 mm outer diameter and 1 mm length.
PAR  Then an aqueous solution of 0.01M histidine and 0.01M histidine HC1 as the
      leading electrolye, and an aqueous solution of 0.01M L-glutamic acid as
      the terminal electrolyte are charged in the tank 63 and 64 respectively.
PAR  Then 5 .mu.1 mixture of 0.01M sodium sulphate, 0.01M sodium nitrate, 0.01M
      sodium oxalate, 0.01M sodium formate, 0.01M sodium citrate, 0.01M sodium
      maleinate, 0.01M sodium acetate was sampled in a microliter syringe.
PAR  Then the sample was introduced just on the boundary surface of the both
      electrolyte, as hereinbefore described, then migration was performed with
      migration current of 250 .mu.A.
PAR  A temperature of the bath 7 was kept at 20.degree.C during the migration
      procedures. It was found that no bubbles were generated on the sensing
      electrodes even at 250 uA migration current. The result obtain through a
      differential circuit 980 in given in FIG. 7B, which shows that the
      boundary were detected with sufficient stability.
PAC   EXAMPLE II
PAR  FIG. 7A shows the electrophoregram obtained with the same sample and same
      operating condition as that of Example I, except that the migration
      current is 100 .mu.A and the attenuation rate by a range selecter 981 is
      half of Example I.
PAR  This electropherogram shows a good resolution of the detector. In detail
      FIG. 7A shows that the zone boundary between sulphate and nitrate having
      mobility difference of about 10 percent and diffusion coefficient of
      10.sup.5 cm.sup.2 /sec. can be detected as a peak of 180 uV height, with a
      noise level of 10 uV, but without any discernible baseline drift. If the
      peak several times as high as the level of the noise is assumed to be the
      detection limit, this potential gradient detector can be said to detect
      the boundary between two zones having a mobility difference of about 1
      percent, in case of samples having diffusion coefficient of 10.sup.5
      cm.sup.2 /sec.
PAC   EXAMPLE III
PAR  Several experiments were performed to test the separation to trace quantity
      of samples. Migration was done for several quantities of samples with 100
      .mu.A of migration current. The thermo-bath temperature was kept at
      20.degree.C.
PAR  FIGS. 8A, 8B and 8C illustrate the electropherograms recorded on the
      recorder R through the differential circuit 980, for the adipic acid of
      10.sup.-.sup.8 gram equivalent, 4.times.10.sup.-.sup.9 gram equivalent and
      2.times.10.sup.-.sup.9 gram equivalent, using the solution of 0.01M
      histidine and 0.01M histidine HC1 as a leading electrolyte, and the
      solution of 0.01M glutamic acid as a terminal electrolyte. These results
      shows the minimum sample size to detect two adjacent boundaries, as peaks,
      is approximately 2.times.10.sup.-.sup.9 gram equivalent.
PAC   EXAMPLE IV
PAR  After about 200 hours' operation at 100 .mu.A of migration current, at
      20.degree.C of the bath temperature with the same sample as in FIG. 7A,
      7B, the sensitivity and the noise level remained at the almost same level
      as the electropherograms in FIG. 7A, 7B.
PAR  As shown hereinbefore this invention has various advantages, for instance.
PA0  1. Through isolation of the sensing cell, which is situated at a high
      voltage to ground, from the ground potential, by converting the electrical
      signal provided by the sensing cell into an optical signal, reduction of
      the current between the sensing electrodes and ground is attained.
PA0  2. Through scraping off the projecting parts of the sensing electrodes,
      reduction of the electric current between the two sensing electrodes is
      further attained.
PA0  3. Through expanding the cross-sectional area of the cell, reduction of the
      current density in the sensing cell is further attained.
PA0  4. As a result of each abovementioned improvement of their co-operation,
      generation of bubbles in the sensing cell was suppressed or prevented and
      it is possible to perform stable measurement of zone boundaries up to a
      high migration current.
PA0  5. As a result of (4), good resolution and sensitivity can be obtained.
PA0  6. As a result of (4), migration process can be finished in a shorter time.
PAR  Although the invention has been described in its preferred form with a
      certain degree of particulality, it is understood that the present
      disclosure of the preferred form may be changed in details of construction
      and the combination and arrangement of parts may be resorted to without
      departing from the spirit and scope of the invention as hereafter claimed.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An electrophoretic measurement system comprising: an electrophoretic
      column means (11, 12, 13); sample introducing means for introducing a
      sample into said column means, power means (5) for generating a potential
      gradient along said column means; detector means (8) for sensing zone
      boundaries produced within said column means and providing an electrical
      output signal; signal transmitter means (93) for receiving the output
      electrical signal from said detector means and transmit it as a wave;
      converter means (95) disposed for receiving said wave and generating an
      electrical signal in response to said transmitted wave; reading means for
      reading the output signal from said converter means.
NUM  2.
PAR  2. The system of claim 1, wherein said transmitter means comprises a source
      of optical radiation and an optical path and said converter means
      comprises a photoelectric sensor.
NUM  3.
PAR  3. The system of claim 2, wherein said source of optical radiation is
      composed of a semiconductor diode.
NUM  4.
PAR  4. The system of claim 1, wherein said detector means is a gradient
      detector for sensing a potential gradient within liquid in said column
      tube.
NUM  5.
PAR  5. The system of claim 4, wherein said detector means comprises a channel
      with a wall, which communicates to said column means and electrodes
      disposed apart from each other.
NUM  6.
PAR  6. The system of claim 4, wherein said detector electrodes comprises a pair
      of thin electrodes plugged, in the wall of said channel, without
      projecting into the inside from the inner surface of the wall.
NUM  7.
PAR  7. The system of claim 4, further including a detector output terminal and
      a transmitter input terminal, an impedance converter, which has a high
      input impedance and a lower output impedance, interposed between the
      output terminal of the detector means and the input terminal of said
      transmitter means.
NUM  8.
PAR  8. The system of claim 4, further including: means for generating a pulse
      signal of the frequency related to the output from said detector means to
      pulsate the input signal to said transmitter means; means for generating
      an electrical signal interposed between said converter means and said
      reading means.
NUM  9.
PAR  9. An electrophoretic measurement system comprising in combination
PA1  a. a tube (1) for defining an isotachophoretic column therein said tube (1)
      having central, leading and terminal portions (11, 12, 13);
PA1  b. at least first and second tanks (63, 64) for holding leading and
      terminal electrolytes connected to said leading and terminal portions;
PA1  c. power supply means connected to said tube disposed to apply a current
      across said central portion to carry out electrophoretic separation
      therein;
PA1  d. a bath tank for holding said tube central portion;
PA1  e. valve means (2) connected to said tube (1) having first and second
      positions allowing selective coupling to said leading and terminal
      electrolytes and a third position allowing feeding of a sample to said
      tube (1);
PA1  f. sensing means connected to said central portion including a capillary
      channel (80) and first and second sensing electrodes (811, 812) disposed
      on said column means, and electrical units measuring circuitry fed by said
      sensing electrodes;
PA1  g. transmitter means coupled to said sensing means converting the output
      therefrom to a wave signal;
PA1  h. converter means disposed to receive said wave signal and convert said
      wave signal to an electrical signal; and,
PA1  i. reading means coupled to said converter means for displaying the output
      therefrom.
NUM  10.
PAR  10. The system of claim 9, wherein said transmitter means comprises a
      source of optical radiation and an optical path and said converter means
      comprises a photoelectric sensor.
NUM  11.
PAR  11. The system of claim 10, wherein said source of optical radiation is
      composed of a semiconductor diode.
NUM  12.
PAR  12. The system of claim 9 wherein said valve means includes a stationary
      disc (21) and a rotating disc (22) said discs having smooth contact
      surfaces and being in contact one with the other, first and second
      channels (211,214) on said stationary disc, first and second channels
      (221, 222) on said movable disc, and connecting tubing connecting certain
      channels to said first and second tands (63, 64) and tube portions (11,
      12, 13), sample injection means in one of said discs and means to turn
      said rotatable disc with respect to said stationary disc so that said
      first and second channels in one disc may separately be disposed opposite
      one, the other or neither of said first and second channels in the other
      disc so that a sample may be injected through said sample injection means
      between a leading and terminal electrolyte fed to said defined
      isotachophoretic column by said valve means across said channels.
NUM  13.
PAR  13. The system of claim 1, wherein the signal transmission line from the
      output terminals of said detector means to said signal transmitter means
      is insulated from the ground.
NUM  14.
PAR  14. The system of claim 1, wherein the signal differentiating means is
      interposed between said converter means and said reading means.
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PAL  A gel electrophoresis device in which the separating gel is cast in a
      vertical position between hydrophilic plates which form a gel slab chamber
      filled with a separating gel solution from the bottom for reducing fill
      turbulence allowing formation of a gel slab having a predetermined
      gradient. A removable seal is applied to the bottom of the gel slab
      chamber for containing the separating gel solution prior to
      polymerization. One gel slab chamber may be removably attached to each
      vertical side of a central temperature control chamber which is completely
      enclosed and which has an inlet and an outlet channel for circulation of
      temperature control fluid therethrough. An upper buffer chamber which
      opens upwardly is formed above the central temperature control chamber in
      communication with the top of the vertical gel slab chambers. The top of
      the gel slab is formed using a well forming implement made of
      polymerization inhibiting material so that the implement may be withdrawn
      after polymerization without altering the desired shape of the top of the
      vertical gel slab. The gel slab chambers attached to the central enclosed
      temperature control and upper buffer chamber are lowered into an outer
      chamber after polymerization of the separating gel solution and removal of
      the seals from the lower end of the gel slab chambers. The outer container
      is filled with a buffer solution in consequent direct contact with the
      lower end of the gel slabs, and the upper buffer chamber is filled with a
      buffer solution in direct contact with the top of the gel slabs. Samples
      are underlaid beneath the upper buffer solution atop the shaped upper
      surface of the gel slabs and a cover is placed on the outer container to
      contact a pair of electrodes which are in separate electrical contact with
      one of the upper and lower buffer chambers for applying a voltage
      therebetween, thereby causing electrophoretic separation of the sample
      within the gel slab.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a vertical gel slab formation and electrophoresis
      apparatus, and more particularly to an apparatus in which gel slabs are
      formed in a gel slab chamber oriented in a true vertical position, having
      hydrophilic side walls, and which is filled from the bottom for
      eliminating turbulence and preserving separating gel solution gradients.
PAR  2. Description of the Prior Art
PAR  Most prior slab electrophoresis devices do not provide for vertical casting
      of the gel slab thereby trapping bubbles within the gel slab which
      distorts the separation of the sample therein during electrophoresis.
      Those devices providing for vertical casting of the gel slab do not have
      means for orienting the gel slab chamber in a true vertical position prior
      to polymerization and are all filled with the separating gel solution from
      the top of the gel slab chamber thereby increasing the probability of
      bubble formation and turbulence during filling which destroys or distorts
      any desired separating gel gradient. Gel slabs often allow leakage of
      buffer solution between the gel slab and the sides of the gel slab
      chamber, thereby short circuiting the gel slab and distorting the desired
      separation of the sample within the slab during electrophoresis. Moreover,
      low concentration separating gel solutions were often distorted due to a
      disparity of vertical forces at the bottom of the gel slab arising from
      different fluid pressure heads in the gel slab chamber and the lower
      buffer chamber. Operator exposure to high voltages utilized during
      electrophoresis is possible in prior art devices.
PAR  A vertical gel slab formation and electrophoresis apparatus is therefore
      needed which will allow casting of gel slabs having predetermined gel
      gradients, eliminate deformation within low concentration gel slabs,
      prevent leakage of buffer solution through the gel slab chamber, and
      provide operator protection from electrical shock.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  An apparatus is disclosed which allows vertical formation of a gel slab for
      use in electrophoresis within a gel slab chamber having separable vertical
      hydrophilic side walls and separable vertical end walls which promote a
      bond with a polymerized gel solution. A removable seal is placed across
      the bottom end of the gel slab chamber supported by removable means
      adapted to admit filling device for filling the gel slab chamber from the
      bottom. The vertical end walls enhancing polymerization serve to firmly
      hold the gel slab within the chamber after polymerization when the bottom
      seal is removed. Adjustable means secure all of the vertical walls of the
      gel slab chamber together in a unitary assembly. The gel slab chamber is
      placed in an outer container so that the lower end of the gel slab chamber
      is in communication with a buffer solution placed in the outer container.
      An upper buffer chamber is also placed in the outer container in
      communication with the top of the vertical gel slab. The upper buffer
      chamber is filled with a buffer solution, and a separate electrode is
      placed in electrical contact with the buffer solution in each of the upper
      and lower buffer chambers. A sample is underlaid beneath the upper buffer
      solution on top of the vertical gel slab and an electrical potential is
      applied between the electrodes for causing the separation of the sample
      within the gel slab electrophoretically.
PAR  In general it is an object of the present invention to provide a vertical
      gel slab electrophoresis apparatus in which the gel slab is cast in a
      truly vertical position for eliminating discontinuities in the gel slab
      due to trapped bubbles.
PAR  It is another object of the present invention to provide a vertical gel
      slab electrophoresis apparatus which prevents buffer solution leakage and
      which holds a gel slab firmly within the chamber after polymerization.
PAR  It is another object of the present invention to provide a vertical gel
      slab electrophoresis device in which the gel slab chamber may be filled
      from the bottom for preserving the gradient in a separating gel solution.
PAR  It is another object of the present invention to provide a vertical gel
      slab electrophoresis apparatus in which a plurality of samples may be
      separated simultaneously under identical conditions.
PAR  It is another object of the present invention to provide a vertical gel
      slab electrophoresis apparatus in which the operator is protected from
      electrical shock.
PAR  It is another object of the present invention to provide a vertical gel
      slab electrophoresis apparatus in which hydrostatic equilibrium is
      maintained across the bottom surface of the gel slab to prevent distortion
      therein.
PAR  It is another object of the present invention to provide a vertical gel
      slab electrophoresis apparatus in which the gel slab chamber is separable
      for easy removal of the gel slab after electrophoresis.
PAR  It is another object of the present invention to provide a vertical gel
      slab electrophoresis apparatus in which the gel slab chamber is filled,
      the gel slab is polymerized, and the sample is separated within the gel
      slab without disturbing the gel slab chamber.
PAR  It is another object of the present invention to provide a vertical gel
      slab electrophoresis apparatus which may be used as a preparative
      electrophoresis device.
DRWD
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiment has been set forth
      in detail in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the inner container and the gel slab
      chambers on a leveling plate.
PAR  FIG. 2 is a plan view of the inner container and the gel slab chambers on
      the leveling plate.
PAR  FIG. 3 is a sectional view along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a sectional view along the line 4--4 of FIG. 1.
PAR  FIG. 5 is a side elevational view of the inner container within an outer
      container and a cover poised above the top of the outer container.
PAR  FIG. 6 is a partial side elevational view showing a gel slab chamber
      sealing cam configuration.
PAR  FIG. 7 is a sectional view along the line 7--7 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The vertical gel slab formation and electrophoresis apparatus disclosed
      herein provides advantages heretofore unavailable in gel slab
      electrophoresis devices. Referring to FIG. 1 an inner container 11 is
      shown mounted atop leveling plate 12 supported at three points. Two points
      are adjustable in height by screws 13 and the third point is provided by
      nonadjustable foot 14. An enclosed chamber 16 has an inlet 17 and an
      outlet 18 for circulating a temperature control fluid therethrough.
PAR  Referring to FIG. 2 a vertical gel slab chamber 19 of one thickness and a
      vertical gel slab chamber 21 of a lesser thickness is shown mounted on
      either side of inner container 11 by adjustable clamps 22. Both gel slab
      chambers 19 and 21 have separable opposing vertical side walls 23 of a
      hydrophilic material such as glass. Gel slab chambers 19 and 21 also have
      separable opposing vertical end walls or spacers 24 made of a material
      which promotes a bond with a polymerized gel solution. A groove 26 having
      a general U-shape opening upwardly has inserted therein a seal 27 for
      contacting vertical side wall 23 nearest the vertical side of inner
      container 11. It may be seen in FIG. 2 that adjustable clamps 22 secure
      side walls 23 and end walls 24 together in a unitary assembly, and also
      secure the unitary assembly to the vertical sides of inner container 11.
PAR  Electrodes 28 and 29 are mounted atop the end walls of inner container 11
      and have electrical conductors 31 and 32 extending therefrom respectively.
PAR  Supporting members 33 are attached to the lower portion of inner container
      11 by means of screws 34. A sealing gasket 36 is attached to the top of
      supporting members 33 for sealing the bottom of each of gel slab chambers
      19 and 21. A passage 37 is formed in a vertical direction centrally
      located along supporting members 33 for providing access to sealing gasket
      36 for penetration thereof by hypodermic needle 38. Sealing gasket is self
      sealing to maintain the bottom seal in gel slab chambers 19 and 21 when
      hypodermic needle 38 is removed. Tubing 39 is connected to hypodermic
      needle 38 by tapered connector 41 for bottom filling of gel slab chambers
      19 and 21 with a separating gel solution. Supporting members 33 rest on
      leveling plate 12 by means of resilient feet 42 attached to the bottom
      thereof. Supporting members 33 also have elongate holes 43 for allowing
      passage of screws 34 so that gasket 36 may be firmly pressed upward
      against the bottom of gel slab chambers 19 and 21 as hereinafter described
      prior to tightening screws 34 to provide a positive seal for the bottoms
      of chambers 19 and 21. Blocks 44 are attached to the upper portion of
      inner container 11 to serve as stops for the upper edge of the walls 23
      and 24 forming gel slab chambers 19 and 21. Separable opposing vertical
      end walls 24 may have apertures 46 passing therethrough, in one
      embodiment, which are in communication with gel slab chambers 19 and 21.
PAR  A comb 47 is provided for insertion into the top of gel slab chambers 19
      and 21 having teeth 48 formed thereon for casting sample wells in the tops
      of the gel slabs which are formed therein. A leveling device such as a
      bubble level indicator 49 is provided which is placed atop comb 47 or
      vertical side walls 23, depending upon the phase of the process.
PAR  A top wall 51 located with inner container 11, together with the end walls,
      side walls and the bottom wall of inner container 11, defines enclosed
      chamber 16. The space above top wall 51 within extensions of the end walls
      of inner container 11 and then outer vertical side walls of gel slab
      chambers 19 and 21 defines an upwardly opening upper buffer chamber 52.
PAR  Referring to FIG. 3 the inner vertical side wall 23 of both gel slab
      chambers 19 and 21 has a notch 53 placing the upper end of gel slab
      chambers 19 and 21 in communication with upper buffer chamber 52.
      Conductor 31 is supported internally extending through upper buffer
      chamber 52.
PAR  FIG. 4 clearly shows the manner in which the side walls 23 and the end
      walls 24 are secured together in a unitary assembly to the sides of inner
      container 11. The seal 27 in groove 26 is shown for providing a seal at
      the inner vertical side wall 23 for upper buffer chamber 52. Sections of
      the upper adjustable clamps 22 and comb 47 are omitted in FIG. 4 for
      clarity.
PAR  FIG. 5 shows inner container 11 positioned inside of an outer container 54
      having a cover 56. Cover 56 includes a pair of female connectors 57 for
      mating with electrodes 28 and 29. Cover 56 also has holes 58 located
      therein for passing inlet 17 and outlet 18 from enclosed chamber 16. Tubes
      59 and 61 are provided to mate with inlet 17 and outlet 18 respectively
      for carrying temperature controlling fluid to and from enclosed chamber
      16. Electrical conductors 62 are shown for providing an electrical
      potential between female connectors 57 in cover 56.
PAR  The manner in which the vertical slab electrophoresis apparatus is used for
      microanalytical biochemical analysis will now be described. As stated
      above, the unit accommodates two gel slabs, each of which may have as many
      as twenty sample wells. Each slab is in contact with the same upper and
      lower buffer chambers providing for uniformity of buffer conditions and
      consequent equal current distribution through the gel slabs. One of the
      leakproof characteristics of the unit is provided by vertical side walls
      23 which are hydrophilic. Glass is a hydrophilic substance and has been
      used for side walls 23 since it forms a strong bond with the gel,
      minimizing band widening and streaking, and also minimizing leakage of the
      buffer solution between the gel slab and the side walls 23. Seal 27 in
      groove 26 may be a silicone rubber gasket providing a positive seal
      between the glass plates 23 and the sides of inner container 11. From the
      above it may be seen that electrically conductive paths between the buffer
      solution in the upper buffer chamber 52 and the buffer solution contained
      in the outer container 54 due to buffer solution leakage are eliminated.
PAR  The electrophoresis unit is assembled in the following manner. Inner
      container 11 is placed on its side and vertical side wall 23 having notch
      53 in communication with upper chamber 52 is placed adjacent to a side
      wall of inner container 11 in contact with seal 27. A gel slab thickness
      is determined and appropriate thickness polyvinylchloride vertical end
      walls 24 are placed along the edges of the notched vertical side wall 23.
      The other vertical side wall 23 is placed over the vertical end walls 24
      to form the four vertical walls of the gel slab chamber 19 or 21. The
      notch 53 in the inner vertical side wall 23 is aligned with a matching
      notch in the upper buffer chamber 52. Vertical side and end walls 23 and
      24 are then clamped securely together and to inner container 11 by means
      of adjustable clamps 22 as shown in the figures.
PAR  After securing the unitary assemblies forming gel slab chambers 19 and 21
      to opposite sides of inner container 11, supporting members 33 carrying
      gaskets 36 are placed on the lower portions of inner container 11 and
      screws 34 are inserted through elongate holes 43 to engage threaded holes
      in the lower portions of inner container 11. Gaskets 36 are pressed
      securely against the bottoms of gel slab chambers 19 and 21 and screws 34
      are securely tightened, thereby sealing the bottoms of gel slab chambers
      19 and 21. Separate means, such as a rotatable cam 63 shown in FIGS. 6 and
      7, in conjunction with a pair of holes 64 in the lower extensions of the
      side walls on inner container 11, and a matching pattern of elongate holes
      66 in supporting members 33, may be sued to gain the contact pressure
      between gaskets 36 and the bottoms of chambers 19 and 21. Cam 63 has a
      centered extension 67 with a diameter fitting hole 64 projecting from an
      eccentric cam portion 68 attached to a truning handle 69 for rotatable cam
      63. Cam portion 68 will pass through elongate hole 66. To remove members
      33 toward the bottom of chambers 19 and 21 to press gasket 36 firmly
      therebetween, extension 67 is inserted through elongate hole 66 and fit
      into hole 64. Cam portion 68 is situated in elongate hole 66 and clockwise
      or counterclockwise turning of handle 69 will force the surface of cam
      portion 68 into contact with the wall of hole 66, moving support member 33
      toward the bottom of chambers 19 and 21.
PAR  Hypodermic needle 38 is inserted through passages 37 in supporting members
      33 to penetrate sealing gaskets 36 and project into gel slab chambers 19
      and 21. A separating gel solution is introduced into gel slab chambers 19
      and 21 through the bottom thereof until the separating gel solution
      approaches a level below the end of the sample well forming comb 47.
      Leveling device 49 is placed on the top of vertical side walls 23 and the
      gel slab chambers 19 and 21 are adjusted to assume a true vertical
      position by adjusting leveling plate 12 by means of leveling screws 13. In
      this fashion gel slabs formed in chambers 19 and 21 are produced which
      have a substantially constant height across the entire width of the slab.
      For pumping acrylamide gradients into gel slab chambers 19 and 21, a flow
      rate of 0.5 to 1.0 milliliters per minute is recommended. Hypodermic
      needle 38 is removed and seal 36 self seals the point of penetration. An
      even aqueous overlayer is placed atop the lower separating gel solution to
      provide a smooth separating surface and the gel solution is polymerized.
      After polymerization, the overlay fluid is drained from the top of the
      separating gel and the top surface rinsed. All fluid is then removed from
      the top surface of the separating gel. The comb 47 having a desired number
      of teeth 48 for forming sample wells is then introduced into the top of
      the gel slab chambers 19 and 21, leveling device 49 is placed atop comb 47
      and a stacking gel is placed in the top of the gel slab chambers. A level
      condition should still exist, but adjustment may be made as before. An
      aqueous solution is overlaid above the stacking gel and the stacking gel
      is polymerized. After polymerization of the stacking gel, comb 47 is
      removed and the top of the stacking gel is rinsed. At this point the
      sealing gasket 36 held in place by supporting members 33 are removed by
      removing screws 34. Inner container 11 is then placed inside outer
      container 54. Outer container 54 is filled with buffer solution and now
      constitutes a lower buffer chamber. Upper buffer chamber 52 is also filled
      with buffer solution to the same level as outer container 54, and samples
      are underlaid beneath the upper buffer solution into the sample wells
      formed by teeth 48 in combs 47. The lid 56 is placed upon outer container
      54 thereby encompassing electrodes 28 and 29 with female connectors 57.
      Electrical conductor 32 extends into the lower buffer chamber. An
      electrical potential is applied between conductors 62 and consequently
      between electrodes 28 and 29 for separating the samples in the sample
      wells electrophoretically.
PAR  After electrophoresis cover 56 is removed, inner container 11 is lifted out
      of outer container 54, adjustable clamps 22 are loosened and gel slab
      chambers 19 and 21 are separated from inner container 11. Vertical side
      walls 23 are pried apart and the gel slab is removed from the vertical
      side wall 23 upon which it rests by directing a stream of water between
      the gel slab and the glass side wall 23.
PAR  The thickness of the gel slab is determined by the size of the separable
      opposing vertical end walls 24. Comb 47 is selected to have a thickness
      substantially the same as the thickness of vertical end walls 24. In this
      fashion the operator is provided with a choice of gel thickness.
PAR  The standard comb 47 has 20 sample well forming teeth 48 which are 4
      millimeters wide and 15 millimeters long. The space between each tooth is
      2.5 millimeters in one embodiment. The teeth are designed to permit the
      escape of air bubbles that would otherwise deform the shape of the sample
      well. As stated above the comb 47 is made of a material which inhibits
      polymerization to facilitate the removal of the comb after polymerization
      without tearing the surrounding gel.
PAR  During both the polymerization and electrophoresis phases of the process, a
      coolant is circulated through the enclosed chamber 16 which dissipates
      heat evenly from the inner wall 23 of both gel slab chambers 19 and 21.
      Heat is also evenly dissipated from the upper and lower buffer chambers by
      means of the coolant circulating through enclosed chamber 16.
PAR  It may be noted by reference to FIG. 5 that outer container 54 may be
      filled to the same level as inner buffer chamber 52. In this fashion
      hydrostatic equilibrium at the bottom surface of the gel slabs in chambers
      19 and 21 is achieved which prevents distortion in low concentration gels.
      It should also be noted that cover 56 carries the electrical potential in
      female connectors 57 which is only connected to electrodes 28 and 29 when
      cover 56 is placed atop outer container 54. This feature prevents injury
      from electrical shock to an operator through inadvertent contact with the
      inner or the outer buffer solution with the cover removed and a high
      voltage applied.
PAR  The vertical gel slab electrophoresis apparatus disclosed herein has an
      additional utility as a preparative electrophoresis device when apertures
      46 are formed in opposing vertical end walls 24. When the apparatus is
      used in this mode, gel slab chambers 19 and 21 are filled to a point just
      below apertures 46 with a high concentration acrylamide gel solution, for
      example, which forms a dense gel plug upon polymerization. Thereafter, a
      non-polymerizing fluid is laid atop the lower polymerized gel to a
      thickness of approximately one millimeter. An upper separating gel
      solution is carefully laid atop the nonpolymerizing fluid to a point just
      below teeth 48 on comb 47 as described above. The upper separating gel
      solution is polymerized and the remainder of the process proceeds as
      described above.
PAR  During electrophoresis when the apparatus is being used as a preparative
      electrophoresis device, buffer solution is continually circulated through
      one aperture 46 and out of the other apeture 46 by means of conduits (not
      shown) in communication therewith. The buffer solution is transmitted to a
      collecting device for collecting predetermined portions of the sample
      after it has migrated through the upper portion of the separating gel.
      Apertures 46 are not present in vertical end walls 24 unless the apparatus
      is being used as a preparative electrophoresis device.
PAR  A vertical gel slab electrophoresis apparatus and method has been disclosed
      which prevents leakage between the hydrophilic vertical side walls of the
      gel slab chambers and the gel slab and which provides for a plurality of
      samples to be electrophoresed through two separate gel slabs
      simultaneously under identical electrical potential and temperature
      conditions. An apparatus and method is disclosed providing for bottom
      filling of the gel slab chambers with separating gel solution whereby
      filling turbulence will not disturb desired separating gel gradient
      characteristics. Vertical end walls of the gel slab chambers are provided
      which promote a bond with a polymerized gel solution for retaining the gel
      slabs within the gel slab chambers after electrophoresis. Sample well
      forming implements are provided which inhibit polymerization for easy
      removal of the implements after the sample wells are formed through
      polymerization. Operator protection and hydrostatic equilibrium at the
      bottom surface of the gel slabs is provided in the apparatus. A single
      assembly is provided for filling, polymerizing and electrophoresis all
      within the same unit. Accurate temperature control for casting of gel
      slabs and electrophoresis is provided.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for vertical formation and use of a gel slab in
      electrophoresis comprising an outer container opening upwardly forming an
      upper buffer chamber, an inner container shaped for placement within said
      outer chamber and opening upwardly forming a lower buffer chamber, first
      and second separable opposed vertical side walls together with first and
      second separable opposed vertical end walls defining a vertical gel slab
      chamber therebetween, said vertical gel slab chamber opening upwardly in
      communication with said upper buffer chamber and opening downwardly in
      communication with said lower buffer chamber, a sealing gasket for sealing
      the end of said vertical gel slab chamber opening downwardly, whereby
      separating gel solution may be retained therein prior to polymerization,
      said sealing gasket adapted to admit a filling device therethrough into
      said gel slab chamber for filling without turbulence, removable means for
      retaining said sealing gasket against the end of said gel slab chamber
      opening downwardly, adjustable means for securing said walls defining said
      vertical gel slab chamber together and to one side of said inner
      container, a first electrode extending into said upper buffer chamber, and
      a second electrode extending into said lower buffer chamber, whereby when
      said gel slab chamber is filled with separating gel solution through the
      filling device, the separating gel solution is polymerized, and said
      sealing gasket is removed, said upper and lower buffer chambers may be
      filled with buffer solution, a sample laid atop the polymerized separating
      gel under the buffer solution in said upper buffer chamber, and voltage
      applied across said first and second electrodes to cause electrophoretic
      separation of the sample in the gel slab.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein said first and second separable opposed
      vertical end walls are polyvinylchloride for promoting a bond with
      polymerized gel solution, so that positional stability of the polymerized
      gel slab is obtained in said gel slab chamber during electrophoresis, and
      leakage of buffer solution between the walls of the gel slab chamber and
      the gel slab is prevented.
NUM  3.
PAR  3. Apparatus as in claim 1 together with a comb having a plurality of
      projections for entering the top of said gel slab chamber, said comb
      overlying the separating gel solution in said gel slab chamber and said
      projections extending into the separating gel prior to polymerization,
      whereby said projections form a plurality of sample wells on the top of
      the gel slab after polymerization for receiving a plurality of samples for
      simultaneous separation in the gel slab.
NUM  4.
PAR  4. Apparatus as in claim 3 wherein said first and second opposed end walls
      are of substantially the same thickness as said comb, and wherein said
      same thickness may be varied to provide variation in thickness of the gel
      slab.
NUM  5.
PAR  5. Apparatus as in claim 3 wherein said comb material inhibits
      polymerization, whereby said comb may be removed from the top of the gel
      slab after polymerization without adhering thereto and tearing the gel
      slab.
NUM  6.
PAR  6. Apparatus as in claim 1 wherein said first and second separable opposed
      vertical side walls are hydrophilic, whereby said sample is prevented from
      running down between the gel slab and said vertical side walls.
NUM  7.
PAR  7. Apparatus as in claim 6 wherein said first and second separable vertical
      opposed side walls are glass.
NUM  8.
PAR  8. Apparatus as in claim 1 wherein the filling device is a hollow needle
      and said removable means has a passage therethrough for passing the hollow
      needle for penetrating said sealing gasket, thereby providing for filling
      said gel slab chamber from the bottom, said sealing gasket being self
      sealing for preventing leakage of said separating gel solution
      therethrough when said hollow needle is withdrawn from said sealing gasket
      after filling.
NUM  9.
PAR  9. Apparatus as in claim 1 together with support means for said inner
      container for resting on the bottom of said outer container, and wherein
      said adjustable means comprises a plurality of clamps.
NUM  10.
PAR  10. Apparatus as in claim 9 wherein said inner container support means
      includes a lower enclosed chamber having an inlet and an outlet for
      circulating a coolant therethrough, and wherein said one side of said
      inner container is one wall of said lower enclosed chamber.
NUM  11.
PAR  11. Apparatus as in claim 9 wherein said inner and outer containers have a
      common upper level, whereby said upper and lower buffer chambers may be
      filled to the same level for equalizing the forces at the lower end of the
      gel slab, thereby preventing distortion of low concentration separating
      gels.
NUM  12.
PAR  12. Apparatus as in claim 9 together with a cover for said outer container,
      and electrical connectors mounted in said cover for mating with said first
      and second electrodes, whereby voltage may be applied across said upper
      and lower buffer chambers only when said buffer chambers are enclosed for
      preventing electrical shock to an operator.
NUM  13.
PAR  13. Apparatus as in claim 9 together with an additional vertical gel slab
      chamber opening upwardly in communication with said upper buffer chamber
      and opening downwardly in communication with said lower buffer chamber, an
      additional sealing gasket for sealing the end of said additional vertical
      gel slab chamber opening downwardly whereby separating gel solution may be
      retained therein prior to polymerization, said additional sealing means
      adapted to admit a filling device therethrough into said additional gel
      slab chamber for filling without turbulence, additional removable means
      for retaining said additional sealing gasket against the end of said
      additional gel slab chamber, additional adjustable means for securing said
      additional vertical gel slab chamber on the other side of said inner
      container, whereby when said additional vertical gel slab chamber is
      filled with separating gel solution through the filling device, the
      separating gel solution is polymerized and said additional sealing gasket
      is removed, an additional sample may be laid atop the polymerized
      separating gel solution under the buffer solution in said upper buffer
      chamber, and the additional sample may be electrophoretically separated in
      the gel slab in said additional vertical gel slab chamber.
NUM  14.
PAR  14. Apparatus as in claim 13 wherein said support means includes a lower
      enclosed chamber having an inlet and outlet for circulating a coolant
      therethrough, and wherein said one side and other side of said inner
      container are adjacent said vertical gel slab chamber and said additional
      gel slab chamber respectively, and wherein said inner and outer containers
      have a common upper level, whereby said upper and lower buffer chambers
      may be filled to the same level for equalizing the forces at the lower end
      of the gel slab and the additional gel slab, whereby distortion of low
      concentration separating gels is eliminated, together with a cover for
      said outer container, and electrical connectors mounted in said cover for
      mating with said first and second electrodes, so that voltage is applied
      between said upper and lower buffer chambers only when said outer
      container is closed by said cover thereby preventing exposure of an
      operator to electrical shock from the voltage.
NUM  15.
PAR  15. Apparatus as in claim 13 together with first and second combs, a
      plurality of projections on each of said first and second combs for
      entering the top of said vertical gel slab chamber and said additional
      vertical gel slab chamber, so that when a separating gel is placed in said
      chamber and additional chamber a plurality of sample wells are formed in
      the tops of the polymerized gel slabs formed therein, whereby a plurality
      of samples may be received in said sample wells for simultaneous
      separation in the gel slabs.
NUM  16.
PAR  16. Apparatus as in claim 1 wherein said first and second separable opposed
      vertical end walls have passages formed therethrough spaced from the
      bottom thereof, fluid conduits external of said vertical gel slab chambers
      in communication with said passages, so that when said gel slab chamber is
      filled with a separating gel solution to a point just below said passages
      and polymerized, and a layer of non-polymerizing fluid placed thereon
      through said passages, followed by top filling of separating gel solution
      in said gel slab chamber and polymerization thereof to form a horizontal
      gap in the gel slab, a buffer solution may be circulated through said
      horizontal gap during electrophoresis to carry off samples which have
      migrated through the upper portion of the gel slab thereby utilizing the
      apparatus as a preparative electrophoresis device.
NUM  17.
PAR  17. Apparatus for vertical formation and electrophoresis in a gel slab
      comprising an upper buffer chamber, a lower buffer chamber; a vertical gel
      slab chamber having hydrophilic side walls removably attached to one side
      of said lower buffer chamber, said gel slab chamber being in communication
      with said upper buffer chamber at an upper end and said lower buffer
      chamber at a lower end, means for sealing said lower end, means for
      introducing a separating gel solution into said gel slab chamber from said
      lower end for eliminating filling turbulence, whereby gradient gels may be
      formed in said vertical gel slab chamber, means for controlling the
      temperature within the separating gel, means projecting into said vertical
      gel slab chamber from the upper end for forming at least one sample well
      in the top of the gel slab, and first and second voltage electrodes in
      electrical communication with said upper and lower buffer chamber
      respectively, whereby when said separating gel solution is introduced into
      said gel slab chamber and polymerized therein, said means for sealing is
      removed, said upper and lower buffer chambers filled with a buffer
      solution, and an electrical potential applied across said first and second
      voltage electrodes, a sample placed in said sample well is separated
      electrophoretically in the gel slab.
NUM  18.
PAR  18. Apparatus for vertical formation of a gel slab and electrophoresis as
      in claim 17 wherein said lower buffer chamber has a column extending to
      the top of said upper buffer chamber whereby hydrostatic balance between
      said buffer chambers is obtained and distortion in low concentration
      separating gels is prevented.
NUM  19.
PAR  19. Apparatus for vertical formation of a gel slab and electrophoresis as
      in claim 17 wherein said lower buffer chamber comprises an outer
      container, said upper buffer chamber comprises an inner container formed
      for placement within said outer container, support means attached to said
      inner container below said upper buffer chamber, said vertical gel slab
      chamber being removably attached to one side of said inner container,
      wherein said means for sealing is a self sealing gasket, together with
      means for securing said self sealing gasket under pressure against the
      lower end of said vertical gel slab chamber, said self sealing gasket
      having a filling passage therethrough urged open by said means for
      introducing a separating gel solution.
NUM  20.
PAR  20. Apparatus for vertical formation of a gel slab and electrophoresis as
      in claim 19 wherein said inner container includes a lower enclosed chamber
      having an inlet passage and an outlet passage for circulating a cooling
      medium therethrough, whereby said vertical gel slab chamber is controlled
      at the temperature of said circulating medium.
NUM  21.
PAR  21. Apparatus for vertical formation of a gel slab and electrophoresis as
      in claim 17 together with means projecting into the upper end of said
      vertical gel slab chamber having a plurality of downwardly projecting
      teeth for forming a plurality of sample wells in the gel slab, said last
      nemed means inhibiting polymerization, whereby removal thereof is
      facilitated after polymerization without tearing any portion of the
      polymerized gel slab, said plurality of sample wells allowing a plurality
      of samples to be separated electrophoretically at the same time under the
      same conditions.
NUM  22.
PAR  22. Apparatus for vertical formation of a gel slab and electrophoresis as
      in claim 17 wherein said hydrophilic side walls are glass for preventing
      leakage of the sample between the gel slab and the side walls, and wherein
      said vertical gel slab chamber has polyvinylchloride end walls promoting a
      bond with the polymerized separating gel solution, whereby the gel slab is
      firmly positioned in said vertical gel slab chamber during electrophoresis
      and buffer solution cannot migrate from one buffer chamber to the other.
NUM  23.
PAR  23. Apparatus for vertical formation of a gel slab and electrophoresis as
      in claim 17 wherein said vertical gel slab chamber has first and second
      vertical end walls having passages therethrough spaced from the lower end,
      so that when said means for sealing is in place a separating gel solution
      may be introduced into said vertical gel slab chamber up to a point below
      said passages and polymerized, a layer of non-polymerizing fluid
      introduced through said passage on top of said polymerized gel solution,
      and an additional portion of separating gel solution introduced on top of
      said non-polymerizing fluid and polymerized, and conduits in communication
      with said passages external of said vertical gel slab chamber, whereby
      buffer solution may be circulated during electrophoresis through the space
      originally occupied by the non-polymerizing fluid so that the apparatus
      may be used as a preparative electrophoresis device.
NUM  24.
PAR  24. Apparatus for vertical formation of a gel slab and electrophoresis as
      in claim 17 together with a framework on said lower buffer chamber for
      mounting said vertical gel slab chamber, wherein said means for sealing
      comprises a self sealing gasket, said means for introducing a separating
      gel including a support member for retaining said self sealing gasket,
      said support member having a filling passage therethrough, and a cam for
      engagement between said support member and said framework, said cam
      operating to compress said self sealing gasket against said lower end of
      said vertical gel slab chamber.
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ABST
PAL  Coal is hydroliquefied with the hydrogen consumption being limited to that
      required for effective liquefaction and/or deashing. Ash is removed and
      the liquid coal product hydrotreated in a second stage to produce
      synthetic crude.
BSUM
PAR  This invention relates to the production of synthetic crude oil and more
      particularly to the production of synthetic crude oil from coal.
PAR  Coal can be converted to valuable products by subjecting coal to solvent
      extraction, with or without hydrogen, to produce a mixture of coal extract
      and undissolved coal residue.
PAR  Attempts to provide an effective process for converting coal to petroleum
      type products have not been generally successful as a result of the
      difficulties encountered in efficiently and effectively separating
      insoluble residues and in efficiently and effectively adding hydrogen to
      the hydrogen lean coal. Thus, for example, to convert a highly volatile
      bituminous coal to a synthetic crude the hydrogen to carbon atomic ratio
      must be increased from about 0.79 to about 1.8.
PAR  Accordingly, an object of the present invention is to provide a new and
      improved process for producing synthetic crude oil.
PAR  Another object of the present invention is to provide a new and improved
      process for producing synthetic crude oil from coal.
PAR  These and other objects of the present invention should be more readily
      apparent from reading the following description thereof.
PAR  In accordance with the present invention, a synthetic crude is produced
      from coal by initially hydrogenating coal in the presence of a coal
      liquefaction solvent to effect liquefaction of the coal, with only a
      portion of the hydrogen required for producing the synthetic crude being
      consumed during the initial hydrogenation. The initial hydrogenation is
      for the purpose of liquefying the coal and/or providing optimum deashing.
      The liquid coal product from the initial hydrogenation is then deashed and
      the essentially ash-free liquid coal product is then subjected to a second
      hydrogenation wherein sufficient hydrogen is added to provide a synthetic
      crude. Thus, the hydrogen requirements for producing synthetic crude from
      coal are added in two stages, with the liquefied coal product being
      deashed between the two stages, and the first stage being employed for
      hydroliquefaction of the coal.
PAR  The initial hydrogenation of the coal in the presence of a coal
      liquefaction solvent may be catalytic or non catalytic, with catalytic
      hydroliquefaction being preferred. As representative examples of suitable
      catalysts, there may be mentioned: cobalt-molybdate, nickel molybdate,
      tungsten nickel sulfide, tungsten sulfide, etc., generally supported on
      alumina or silica-alumina with a cobalt or nickel molybdate catalyst
      supported on alumina or silica-alumina being preferred. The catalytic
      liquefaction may be effected by any of the wide variety of procedures
      known in the art, including catalyst added as a powder, a fixed catalyst
      bed, a fluidized catalyst bed or an ebullating bed, with an upflow
      fluidized or ebullating bed being preferred.
PAR  The initial hydrotreating is generally effected at: a temperature from
      about 650.degree. to about 900.degree.F, preferably from 750.degree. to
      850.degree.F; an operating pressure from about 500 psig to about 4000
      psig; a hydrogen partial pressure from about 500 to 3000 psia; and a
      liquid hourly space velocity from about 0.5 to 4.0 hr. .sup.-.sup.1. The
      above conditions are only illustrative and the selection of optimum
      conditions is deemed to be within the scope of those skilled in the art
      from the teachings herein.
PAR  As hereinabove noted, the initial hydrogenation is for the purpose of
      liquefying the coal and, accordingly, hydrogen consumption is limited in
      the first stage to no greater than 15,000 SCF/ton MAF (moisture ash free)
      coal, and preferably no greater than 12,000 SCF/ton MAF coal. In general,
      the hydrogen consumption, in the first stage, ranges from 4,000 to 12,000
      SCF/ton MAF coal.
PAR  The insoluble material is preferably separated from the coal liquefaction
      product by the use of a liquid promotor having an aromaticity less than
      that of the liquefaction solvent to enhance and promote the separation of
      insoluble material and provide a liquid coal extract essentially free of
      insoluble material.
PAR  The liquid which is employed to enhance and promote the separation of
      insoluble material from the coal liquefaction product is generally a
      hydrocarbon liquid having a characterization factor (K) of at least about
      9.75 and preferably at least about 11.0 wherein:
      ##EQU1##
      wherein T.sub.B is the molal average boiling point of the liquid
      (.degree.R); and G is specific gravity of the liquid (60.degree.F.
      /60.degree.F.).
PAR  The characterization factor is an index of the aromaticity/ parafinicity of
      hydrocarbons and petroleum fractions as disclosed by Watson & Nelson Ind.
      Eng. Chem. 25,880 (1933), with more parafinic materials having higher
      values for the characterization factor (K). The promoter liquid which is
      employed is one which has a characterization factor (K) in excess of 9.75
      and which is also less aromatic than the liquefaction solvent; i.e., the
      characterization factor K of the promoter liquid has a value which is
      generally at least 0.25 higher than the characterization factor of the
      liquefaction solvent.
PAR  The following Table provides representative characterization Factors (K)
      for various materials:
TBL                Table                                                       

     ______________________________________                                    

     Anthracene                  8.3                                           

     Naphthalene                 8.4                                           

     425-500.degree.F. Coal Tar Distillate                                     

                                 8.8                                           

     550-900.degree.F. Coal Tar Distillate                                     

                                 9.1                                           

     600-900.degree.F. Coal Tar Distillate                                     

                                 9.0                                           

     400-450.degree.F. Coal Tar Distillate                                     

                                 9.4                                           

     Benzene                     9.8                                           

     Tetrahydronaphthalene       9.8                                           

     o-xylene                    10.3                                          

     Decahydronaphthalene        10.6                                          

     Cyclohexane                 11.0                                          

     425-500.degree.F Boiling Range Kerosene                                   

                                 11.9                                          

     n-Dodecylbenzene            12.0                                          

     Propylene Oligomers (pentamer)                                            

                                 12.2                                          

     Cetene                      12.8                                          

     Tridecane                   12.8                                          

     n-Hexane                    12.9                                          

     Hexadecane or cetane        13.0                                          

     ______________________________________                                    

PAR  The liquid which is used to enhance and promote the separation of insoluble
      material is further characterized by a 5 volume percent distillation
      temperature of at least about 250.degree.F. and a 95 volume percent
      distillation temperature of at least about 350.degree.F. and no greater
      than about 750.degree.F. The promoter liquid preferably has a 5 volume
      percent distillation temperature of at least about 310.degree.F. and most
      preferably of at least about 400.degree.F. The 95 volume percent
      distillation temperature is preferably no greater than about 600.degree.F.
      The most preferred promoter liquid has a 5 volume percent distillation
      temperature of at least about 425.degree.F. and a 95 volume percent
      distillation temperature of no greater than about 500.degree.F. It is to
      be understood that the promoter liquid may be a hydrocarbon; e.g.,
      tetrahydronaphthalene, in which case the 5 volume percent and 95 volume
      percent distillation temperatures are the same; i.e., the hydrocarbon has
      a single boiling point. In such a case, the boiling point of the
      hydrocarbon must be at least about 350.degree.F. in order to meet the
      requirement of a 5 volume percent distillation temperature of at least
      about 250.degree.F. and a 95 volume percent distillation temperature of at
      least about 350.degree.F. The promoter liquid is preferably a blend or
      mixture of hydrocarbons in which case the 5 volume percent and 95 volume
      percent distillation temperatures are not the same.
PAR  The 5 volume and 95 volume percent distillation temperature may be
      conveniently determined by ASTM No. D 86-67 or No. D 1160 with the former
      being preferred for those liquids having a 95 percent volume distillation
      temperature below 600.degree.F. and the latter for those above
      600.degree.F. The methods for determining such temperatures are well known
      in the art and further details in this respect are not required for a full
      understanding of the invention. It is also to be understood that the
      reported temperatures are corrected to atmospheric pressure.
PAR  As representative examples of such liquids, there may be mentioned:
      kerosene or kerosene fractions from paraffinic or mixed base crude oils;
      middle distillates, light gas oils and gas oil fractions from paraffinic
      or mixed based crude oils; alkyl benzenes with side chains containing ten
      or more carbon atoms; paraffinic hydrocarbons containing more than 12
      carbon atoms; white oils or white oil fraction derived from crude oils;
      alpha olefins containing more than 12 carbon atoms; fully hydrogenated
      naphthalenes and substituted naphthalenes; propylene oligomers (pentamer
      and higher); tetrahydronaphthalene, heavy naphtha fractions, etc. The most
      preferred liquids are kerosene fractions; white oils; fully hydrogenated
      naphthalenes and substituted naphthalenes; and tetrahydronaphthalene.
PAR  The amount of liquid promoter used for enhancing and promoting the
      separation of insoluble matter from the coal liquefaction product will
      vary with the particular liquid employed, the coal liquefaction solvent,
      the coal used as starting material and the manner in which the
      liquefaction is effected. As should be apparent to those skilled in the
      art, the amount of liquid promotor used should be minimized in order to
      reduce the overall costs of the process. It has been found that by using
      the liquid of controlled aromaticity, in accordance with the teachings of
      the present invention, the desired separation of insoluble material may be
      effected with modest amounts of liquid promoter. In general, the weight
      ratio of liquid promoter to coal solution may range from about 0.2:1 to
      about 3.0:1, preferable from about 0.3:1 to about 2.0:1 and, most
      preferably from about 0.3:1 to about 1.5:1. In using the preferred
      promoter liquid which is a kerosene fraction having 5 percent and 95
      percent volume distillation temperatures of 425.degree.F. and
      500.degree.F. respectively, promoter liquid to coal solution weight ratios
      in the order of 0.4:1 to 0.6:1 have been particularly successful. It is to
      be understood, however, that greater amounts of liquid promoter may be
      employed but the use of such greater amounts is uneconomical. In addition,
      the use of an excess of liquid promoter may result in the precipitation or
      separation of an excessive amount of desired coal derived products from
      the coal extract. More particularly, as the amount of liquid promoter
      employed is increased, a greater amount of ash is separated from the coal
      solution, but such increased ash separation is accompanied by an increased
      separation of desired coal derived products from the coal solution. By
      using the liquid promoters as herein described, not only may modest
      amounts of solvent be employed, but in addition, ash may be effectively
      separated from the coal solution; e.g., in amounts greater than 99
      percent, without an excessive loss of desired coal derived products.
PAR  More particularly, coal, such as bituminous coal, on a moisture ash free
      basis (MAF) may contain from about 5  to about 10 percent of insoluble
      material, such as fusain, and accordingly, at a minimum, from about 5  to
      about 10 percent, of the MAF coal, is lost in the process. In the recovery
      of coal derived products by a solvation process, the potential product
      loss is measured by the amount of 850.degree.F+ product which is not
      recovered from the coal in that it is this fraction, which includes
      insoluble coal material, such as fusain, which can not be recovered from
      the residual solid product of the coal deashing. In accordance with the
      present invention, on a MAF coal feed basis, product loss of 850.degree.F+
      components (on an ash free basis) can be maintained at a value of no
      greater than about 30 percent, by weight, and preferably no greater than
      about 25 percent by weight. In general, the loss of 850.degree.F+
      products, on a MAF coal basis, is from about 10  to about 25 percent, by
      weight. In addition, the net coal product (the extracted carbonaceous
      matter, excluding promoter liquid, liquefaction solvent and gas make),
      hereinafter sometimes referred to as "coal product," contains less than
      about 0.5 percent insoluble material, all by weight. The specific amount
      of insoluble material which is permitted to be present in the coal product
      is dependent upon the product standards, and the deashing is controlled in
      order to provide the required specifications. Based on an Illinois No. 6
      type of coal, the production of a coal product having less than 0.05
      percent, by weight, insoluble material, corresponds to 99+% ash removal,
      but as should be apparent to those skilled in the art, the percent ash
      removal to provide a coal product having the required minimum amount of
      insoluble material is dependent upon the initial ash content of the coal.
      Thus, in accordance with the present invention, the liquid promoter is
      added to the coal solution in an amount, as hereinabove described to
      provide a coal product in which insoluble material is present in an amount
      of less than about 0.05 percent, by weight, with the loss of 850.degree.F+
      product being from about 10 to about 25 percent, by weight, on a MAF coal
      feed basis; i.e., from about 70 to about 90 percent, by weight, of the MAF
      coal feed is recovered as either gas make or liquid fuel product.
PAR  The liquid promoter may also be prepared by blending a material having a
      characterization factor below 9.75 with a material having a
      characterization factor above 9.75, provided the blend has a
      characterization factor above 9.75 and the boiling properties, as
      hereinabove described. The use of blended material is a convenient manner
      of regulating the characterization factor.
PAR  As a further alternative, the liquid promoter may be an indigenous promoter
      which is produced by hydrotreating a portion of the recovered coal
      product, as described in application Ser. No. 304,320 filed on Nov. 7,
      1972 now U.S. Pat. No. 3,852,182.
PAR  The separation of the insoluble material from the coal extract is generally
      effected at a temperature from about 300.degree.F. to about 600.degree.F.,
      preferably from about 350.degree.F. to about 500.degree.F., and at a
      pressure from about 0 psig. to about 500 psig., preferably at a pressure
      from about 0 psig to about 300 psig. It is to be understood that higher
      pressures could be employed, but as should be apparent to those skilled in
      the art, lower pressures are preferred. The insoluble material is
      preferably separated by gravity settling with the essentially
      insoluble-free coal extract being recovered as an overflow and the
      insoluble material as underflow. In such gravity settling, the amount of
      underflow should be minimized in order to minimize the loss of heavier
      products in the underflow. The underflow withdrawal rate to obtain desired
      results is deemed to be within the scope of those skilled in the art. In
      general, such a rate is from about 20 to about 25 wt. % of the total feed
      (liquefaction product and promoter liquid). The residence time for such
      settling is generally in the order of from about 0.5 to about 6 hours and
      preferably from about 0.5 to 3.0 hours.
PAR  Although ash is preferably separated from the coal solution employing a
      promoter liquid, as hereinabove described, it is to be understood that ash
      removal could be effected by other techniques such as filtration,
      centrifugation, etc. with less effective results.
PAR  All or a portion of the ash free net coal liquefaction product is then used
      as feed to the second hydrotreating for the production of synthetic crude.
      In general, the feed to the second hydrotreating is comprised of the net
      300.degree.F+ ash free coal liquefaction product, but it is to be
      understood that only a portion of the net 300.degree.F+ ash free product
      could be used as feed, and that such portion can be comprised of
      components which boil over the entire 300.degree.F+ range of coal product
      or only over a portion of such range.
PAR  The ash free liquid coal liquefaction product is then subjected to a second
      stage hydrogenation wherein the feed is hydrogenated and/or hydrocracked
      to produce a synthetic crude. In the second stage hydrotreating, hydrogen
      consumption is in the order of 7500 to 20,000 SCF/ton of MAF original coal
      feed, with the specific amount of hydrogen consumption being dependent
      upon the desired average hydrogen/carbon atomic ratio of the synthetic
      crude product. Thus, for example, if a crude having an average hydrogen to
      carbon atomic ratio in the order of 1.8 is desired the hydrogen
      consumption is generally in the order of 15,000 to 20,000 SCF per ton of
      original MAF coal. If a lower average carbon/hydrogen atomic ratio is
      desired, then hydrogen consumption will generally be in the order of 7500
      to 15,000 SCF/ton original MAF coal. The hydrogen consumption is easily
      controlled by adjusting space velocity and/or temperature and the
      selection of optimum conditions in this respect is within the scope of
      those skilled in the art from the present teachings.
PAR  The hydrotreating is effected in the presence of a suitable catalyst, such
      as metals of sub-groups V to VIII of the Periodic Table. A preferred
      catalyst is one containing a metal oxide or sulfide of Group VI; e.g.,
      molybdenum, combined with a transition group metal oxide or sulfide, such
      as cobalt or nickel. As representative examples, there may be mentioned:
      cobalt or nickel molybdate on alumina or silica-alumina, nickel tungsten
      sulfide on alumina or silica-alumina and the like. A dual function
      catalyst which exhibits good hydrogenation activity toward mono- and
      polycylic aromatic compounds and also provides a cracking and/or
      hydrocracking function is especially preferred, particularly where lighter
      products are preferred. A series of hydrotreating reactions containing
      different catalysts can also be used. For example, a first series of
      reactors could contain a desulfurization/denitrification catalyst and a
      second series could contain a noble metal hydrogenation catalyst with an
      appropriate degree of hydrocracking activity. These and other operations
      should be apparent to those skilled in the art.
PAR  The second stage hydrotreating is generally effected at temperatures from
      500.degree. to 900.degree.F., preferably from 600.degree. to 850.degree.F.
      operating pressures of from 500 to 5,000 psig, preferably 1,000 to 3,000
      psig; and liquid hourly space velocities from 0.5 to 4.0 hr..sup.-.sup.1,
      preferably 0.8 to 1.6 hr..sup.-.sup.1. It is to be understood that the
      above conditions are illustrative and are not intended to limit the scope
      of the present invention.
PAR  The synthetic crude oils produced in accordance with the present invention
      have a low sulfur and ash content and are characterized by a hydrogen to
      carbon atomic ratio from about 1.2 to about 1.8. In addition, the
      synthetic crude oil produced in accordance with the invention is
      preferably one which is characterized by a 10 volume percent distillation
      temperature of at least 90.degree.F. and 70 volume percent distillation
      temperature of no greater than 900.degree.F. Accordingly, no more than 30
      volume percent of the crude oil boils above 900.degree.F., but, as should
      be apparent, the crude oil need not contain any components which boil
      above 900.degree.F.
PAR  The invention will be further described with respect to an embodiment
      thereof illustrated in the accompanying drawing, but it is to be
      understood that the scope of the invention is not to be limited thereby.
PAR  Referring to the drawing, ground or pulverized coal, generally bituminous,
      sub-bituminous or lignite, preferably bituminous coal of high volatility,
      in line 10 is introduced into a coal solvation and slurrying zone 11 along
      with a coal liquefaction solvent in line 12. The coal liquefaction solvent
      may be any one of the wide variety of coal liquefaction solvents used in
      the art, including both hydrogen donor solvents, non-hydrogen donor
      solvents and mixtures thereof. These solvents are well known in the art
      and, accordingly, no detailed description thereof is deemed necessary for
      a full understanding of the invention. As particularly described, the coal
      liquefaction solvent is a 600.degree.F. - 900.degree.F. solvent which is
      recovered from the coal liquefaction product and which has not been
      subjected to hydrogenation subsequent to the recovery thereof. The solvent
      is added to the coal in an amount sufficient to effect the desired
      liquefaction, and in general, is added in an amount to provide a solvent
      to coal weight ratio from about 1:1 to about 20:1 and preferably from
      about 1.5:1 to about 5:1.
PAR  A coal paste is withdrawn from zone 11 through line 13 and introduced into
      a coal liquefaction zone 14 wherein, as known in the art, the coal is
      converted to liquid products. The liquefaction zone 14 is operated as
      known in the art and may be catalytic or non-catalytic. The hydrogenation
      may be effected in a fixed catalyst bed, fluidized catalyst bed or an
      expanded or ebullating bed, preferably an expanded bed as described in
      U.S. Pat. No. 2,987,465 to Johanson. As hereinabove described, the
      hydrotreating is preferably controlled to produce a coal liquefaction
      product having a Deashability Index of from about 10 to about 18. The
      hydrotreating, as known in the art, reduces the sulfur and nitrogen
      content of the recovered liquid coal product.
PAR  A coal liquefaction product, comprised of a liquid coal extract of
      dissolved carbonaceous matter in the coal liquefaction solvent and
      insoluble material (ash and undissolved coal) is withdrawn from the
      liquefaction zone 14 through line 15 and introduced into a separation zone
      16 to separate from the coal liquefaction product those materials boiling
      up to about 600.degree.F. in order to facilitate the subsequent separation
      of the promoter liquid used for deashing. The separation zone 16 may
      include an atmospheric or vacuum flashing chamber or tower.
PAR  The materials boiling up to about 600.degree.F. are recovered from zone 16
      through line 41 and are introduced into a separation and recovery zone 42,
      such as a fractionator, to recover lighter components boiling up to, for
      example, about 300.degree.F. and a 300.degree.F. - 600.degree.F. fraction.
      The lighter components are recovered as a raw naphtha product through line
      43.
PAR  A coal liquefaction product, free of components boiling up to about
      600.degree.F., withdrawn from separation zone 16 through line 17, is mixed
      with promoter liquid in line 21 of controlled aromaticity, i.e., the
      characterization factor of the promoter liquid has a value which is
      generally at least 0.25 unit greater than the characterization factor of
      the coal liquefaction solvent. As particularly described, the promoter
      liquid is a kerosene fraction which has 5 volume percent and 95 volume
      percent distillation temperatures which fall within the range from about
      425.degree. - 500.degree.F. and is derived from a naphthenic or paraffinic
      crude oil.
PAR  The combined stream of coal liquefaction product and promoter liquid in
      line 22 is introduced into a gravity separation zone 23, comprised of a
      gravity settler which may be any one of those known in the art, wherein an
      essentially solids free overflow is separated from a solid containing
      underflow.
PAR  The overflow essentially free of insoluble material, is withdrawn from
      separation zone 23 through line 24 and introduced into a recovery zone 25
      for recovering promoter liquid and various fractions of the coal extract.
      The recovery zone 25 may be comprised of one or more fractionators to
      distill various fractions from the product. As particularly described, the
      recovery zone is operated to recover a first fraction having 5 and 95
      percent volume distillation temperature of from 425.degree. to
      500.degree.F., which is to be used as the promoter liquid for enhancing
      and promoting separation of solid material from the coal liquefaction
      product; a second fraction (600.degree. - 900.degree.F) a portion of which
      may be used as the coal liquefaction solvent in line 12 and a further
      portion thereof recovered as product, and a residual product
      (+900.degree.F) of low ash and reduced sulfur content. The promoter liquid
      recovered in the recovery zone is admixed with the liquefaction product in
      line 17 and makeup may be provided through line 26.
PAR  The underflow containing dispersed insoluble material withdrawn from
      separation zone 23 through line 31 is introduced into a stripping zone 32
      wherein material boiling below about 900.degree.F is stripped therefrom
      and introduced into the recovery zone 25 through line 33. The ash rich
      stripper bottoms in line 34 may then be subjected to calcination or
      coking. Alternatively, part of the stripper bottoms may be used as
      feedstock to a partial oxidation process for producing hydrogen. As a
      further alternative, a portion of the stripper bottoms may be used for
      plant fuel. These uses and others should be apparent to those skilled in
      the art from the teachings herein. In accordance with the present
      invention, the stripper bottoms in line 34 contains from about 10 to about
      30 percent, by weight, of the MAF coal. In addition the coal product (the
      product recovered from zones 16 and 25, excluding liquefaction solvent and
      promoter liquid) contains less than 0.05 percent, by weight, of insoluble
      material.
PAR  The residual product (+900.degree.F) recovered from zone 25 in line 51, any
      net 600.degree. - 900.degree.F. product in line 52 and 300.degree.F -
      600.degree. F product from zone 41 in line 53 are combined in line 54, as
      feed, to a second hydrotreating zone 55 which is supplied with hydrogen
      through line 56.
PAR  The second hydrotreating zone 55 is operated as hereinabove described to
      produce a synthetic crude of low sulfur and low ash, which is recovered
      through line 57.
PAR  The invention will be further described with respect to the following
      example, but the scope of the invention is not to be limited thereby.
PAC  EXAMPLE 1
PAR  A slurry, consisting of 40 wt% bituminous coal and 60 wt% of a
      600.degree.-900.degree.F boiling range heavy coal derived paste solvent,
      is fed along with hydrogen through a preheater and into an upflow,
      expanded bed catalytic reactor. The reactor contains a spherical cobalt
      molybdate catalyst in sulfided form. A liquid hourly space velocity,
      operating temperature, operating pressure, and hydrogen feed rate of 2.0
      hr. .sup.-.sup.1 , 790.degree. - 830.degree.F., 1400 psig, and 23 SCF/lb
      coal respectively are maintained throughout the run.
PAR  Reactor effluent is quickly cooled to 200.degree.F and routed to one of two
      high pressure gas/liquid separators piped in parallel. Gaseous components
      are continuously separated from liquid components in the said separator
      which is operated under automatic pressure control. The standby or other
      separator is placed on the line when the liquid contents of the separator
      in use reaches about 80 percent of its total volume. Its liquid contents
      are discharged to a water cooled, low pressure separator and subsequently
      drummed. The contents of the drum or drums in the case of a long run will
      be referred to as a coal product solution for purposes of identification.
      A composite aliquot sample of the coal product solution prepared above was
      analyzed via vacuum distillation methods and the cuts derived therefrom
      were subjected to an ash and elemental analysis (C, H, N, S, O). The
      liquid coal product portion of the above reactor effluent solution has a
      hydrogen to carbon atomic ratio of about 0.95.
PAC  EXAMPLE 2
PAR  The ash rich product solution prepared in Example 1 is continuously fed
      through a preheater and into an equilibrium flash vaporization unit
      operating at atmospheric pressure and 600.degree.F. Overhead product from
      this operation after condensation and cooling is labeled cut number 1.
      Residual ash containing product from this operation after cooling to
      150.degree. - 180.degree.F was stored in a steam heated agitated storage
      tank under a nitrogen environment. For purpose of identification the above
      residual product will be referred to as atmospheric flashed coal product
      solution.
PAR  Atmospheric flashed coal product solution and a promoter liquid having a
      characterization factor of about 11.9 are continuously fed to an in-line
      mixer operating at about 500.degree.F. The admixture from the in-line
      mixer is routed to a heated gravity settler from which a substantially ash
      free overflow and ash enriched underflow stream are continuously
      withdrawn. Table 1 below is a compilation of the process parameters used
      in this example.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     PROCESS PARAMETER SUMMARY                                                 

     for EXAMPLE 2                                                             

     __________________________________________________________________________

     Promoter Liquid        425-500.degree.F boiling range distillate          

     Characterization Factor                                                   

                            11.9                                               

     Promoter Liquid/atm. Flash Coal Product                                   

                            0.5                                                

     Solution Wt. Ratio Used                                                   

     Mixing Temperature, .degree.F                                             

                            500                                                

     Gravity Settler Operating Temperature, .degree.F                          

                            500                                                

     Gravity Settler Operating Pressure, psig                                  

                            100                                                

     Gravity Settler Residence Time, hrs.                                      

                            3.0                                                

     Underflow Rate, Wt% of Total Settler Feed                                 

                            22                                                 

     __________________________________________________________________________

PAR  A representative aliquot sample of the composite overflow stream taken
      after the run was terminated exhibited an ash content &lt;.01 wt%, which is
      equivalent to a 99+% ash removal from the coal product portion of the
      overflow stream.
PAR  Both the ash lean overflow stream and ash enriched underflow stream are
      fractionated via vacuum distillation into several cuts. These cuts will be
      referred to as cut 2, cut 3, and the residue for reference purposes. Cut 2
      includes all components boiling below a nominal 600.degree.F at
      atmospheric pressure and for the case in point this cut is substantially
      pure promoter liquid. The boiling range of cut 3 is
      600.degree.-900.degree.F (nominal temperature) corrected to 760mm Hg
      absolute pressure. Cut 2 and cut 3 derived from both the overflow and
      underflow streams are blended separately into a composite cut 2 and
      composite cut 3. An amount of material equivalent to the amount heavy
      600.degree.-900.degree.F coal derived paste oil used in Example 1 is
      removed from composite cut 3 and the net amount of cut 3 composite was
      blended with cut number 1 generated in Example 1 and lastly this admixture
      is blended with the ash lean +900.degree.F residual product derived from
      the overflow stream. The resultant final blend is termed a net coal
      product for purposes of identification. This net coal product has an ash
      content of about .05 wt% and ball and ring softening point less than
      150.degree. F.
PAC  EXAMPLE 3
PAR  The ash lean net coal product prepared in Example 2 is charged to a steam
      jacketed agitated feed tank. Said net coal product along with hydrogen are
      fed through a preheater and into the top of a fixed bed catalytic reactor
      operating at 650.degree.F inlet temperature. The operating parameters used
      in this example are summarized below in Table 2.
TBL                TABLE 2                                                     

     ______________________________________                                    

     FIXED BED CATALYTIC REACTOR OPERATING PARA-                               

     METERS                                                                    

     ______________________________________                                    

     Catalyst Used      Nickel Tungsten Sulfide on                             

                        Silica-Alumina Support                                 

     Liquid Hourly Space Velocity,                                             

     hr.sup..sup.-1     1.3                                                    

     Hydrogen Feed, SCF/gal of                                                 

     Feed               400                                                    

     Hydrogen Purity, mol% H.sub.2                                             

                         90                                                    

     Operating Temperature,.degree. F                                          

                        650-750                                                

     ______________________________________                                    

PAR  Reactor effluent product is quickly cooled to 150.degree.F and routed to a
      high pressure receiver. This receiver vents gas continuously under
      automatic pressure control and concurrently allows liquid product to be
      withdrawn under automatic level control. A chemical analysis run on a
      composite sample of the liquid phase withdrawn from the high pressure
      receiver indicates that the hydrogen to carbon atomic ratio is about 1.5.
      In addition, the sulfur and ash contents are &lt;0.25 and 0.04 wt%
      respectively. In summary the liquid product generated in this example is a
      high quality synthetic crude oil.
PAR  The present invention is particularly advantageous in that synthetic crude
      is effectively produced from coal. In effecting the hydrogen addition in
      two stages, with ash being separated between the stages, hydrogen is
      efficiently added to the coal to produce the synthetic crude. In addition,
      the life of the second stage catalyst is increased. Furthermore, the cost
      of removing ash is minimized.
PAR  Numerous modification and variations of the present invention are possible
      in light of the above teachings and, therefore, within the scope of the
      appended claims the invention may be practiced otherwise than as
      particularly described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing synthetic crude oil from coal, comprising:
PA1  a. contacting coal in admixture with a coal liquefaction solvent with
      hydrogen to effect hydrogenation thereof, said hydrogenation being
      effected with a hydrogen consumption of from 4,000 to 12,000 SCF/ton MAF
      coal, a temperature of from 650.degree.F to 900.degree.F and a pressure of
      from 500 psig to 4,000 psig.
PA1  b. introducing liquefied coal, containing insoluble material and a liquid
      promoter into a gravity settling zone to separate insoluble material by
      gravity settling, said liquid promoter having a 5 volume percent
      distillation temperature of at least about 250.degree.F and a 95 volume
      percent distillation temperature of at least about 350.degree.F and no
      greater than about 750.degree.F, said liquid having a characterization
      factor (K) of at least 9.75, said liquid having a characterization factor
      greater than said coal liquefaction solvent, said promoter liquid being
      added in an amount sufficient to promote and enhance gravity settling of
      insoluble material to produce, as overflow, liquefied coal essentially
      free of insoluble material;
PA1  c. recovering from the settling zone a liquefied coal essentially free of
      insoluble material; and
PA1  d. catalytically hydrogenating at least a portion of the liquefied coal
      which is essentially free of insoluble material to produce a synthetic
      crude oil having a hydrogen to carbon atomic ratio of from about 1.2 to
      about 1.8, said catalytic hydrogenation being effected at a hydrogen
      consumption of from about 7500 to about 20,000SCF/ton of MAF coal, a
      temperature of from about 500.degree.F to about 900.degree.F and a
      pressure of from about 500 to about 5000 psig.
NUM  2.
PAR  2. The process of claim 1 wherein the gravity settling is effected at a
      temperature from about 300.degree.F. to about 600.degree.F. and a pressure
      from about 0 to about 500 psig.
NUM  3.
PAR  3. The process of claim 2 wherein the promoter liquid has a
      characterization factor of at least 11.0.
NUM  4.
PAR  4. The process of claim 3 wherein the promoter liquid is a kerosene
      fraction having a 5 volume percent distillation temperature of no less
      than about 425.degree.F. and a 95 volume percent distillation temperature
      of no greater than about 500.degree.F.
NUM  5.
PAR  5. The process of claim 4 wherein step (a) is effected in an upflow
      ebullating bed comprising a hydroliquefaction catalyst.
NUM  6.
PAR  6. The process of claim 4 wherein net 300.degree.F+ liquefied coal
      essentially free of insoluble material is employed as feed to step (c).
NUM  7.
PAR  7. The process of claim 6 wherein the crude oil has a 10 volume percent
      distillation temperature of at least 90.degree.F and a 70 volume percent
      distillation temperature of no greater than 900.degree.F.
NUM  8.
PAR  8. The process of claim 6 wherein the liquid promoter is at least one
      member selected from the group consisting of kerosene, kerosene fractions,
      middle distillates, light gas oils, gas oil fractions, heavy naphthas,
      white oils and white oil fractions, all derived from crude oils.
NUM  9.
PAR  9. The process of claim 8 and further comprising withdrawing a solid
      containing underflow from the gravity settling zone; stripping components
      boiling below about 900.degree.F from the underflow; and employing at
      least a portion of the stripped components in step (d).
NUM  10.
PAR  10. A process for producing synthetic crude oil from coal, comprising:
PA1  a. contacting coal in admixture with a liquefaction solvent with hydrogen,
      said contacting being effected at a temperature from about 650.degree.F to
      about 900.degree.F, at a pressure from about 500 psig to about 4,000 psig
      and with a hydrogen consumption of about 15,000 SCF/ton MAF coal;
PA1  b. introducing liquefied coal containing insoluble material and a liquid
      promoter into a gravity settling zone, said liquid promoter having a 5
      volume percent distillation temperature of at least about 250.degree.F and
      a 95 volume percent distillation temperature of at least about
      350.degree.F and no greater than about 750.degree.F, said liquid having a
      characterization factor (K) of at least about 9.75, said liquid having a
      characterization factor K greater than said coal liquefaction solvent and
      being present in an amount sufficient to promote and enhance gravity
      settling of insoluble material to produce a net liquefied coal product
      from said coal feed containing less than about 0.1 percent, by weight,
      insoluble material and a coal residue containing no greater than about 40
      percent, by weight, of the MAF coal feed as an ash free +850.degree.F
      fraction;
PA1  c. recovering from the settling zone liquefied coal product essentially
      free of insoluble material; and
PA1  d. catalytically hydrogenating at least a portion of the liquefied coal
      which is essentially free of insoluble material, said catalytic
      hydrogenation being effected at a temperature from about 500.degree.F to
      about 900.degree.F, a pressure from about 500 to about 5000 psig and a
      hydrogen consumption from about 7500 to about 20,000 SCF/ton of MAF coal
      feed to produce a synthetic crude oil having a hydrogen to carbon atomic
      ratio of from about 1.2 to about 1.8, a 10 volume percent distillation
      temperature of at least 90.degree.F and a 70 volume percent distillation
      temperature of no greater than 900.degree.F.
NUM  11.
PAR  11. The process of claim 10 wherein the promoter liquid is a kerosene
      fraction having a 5 volume percent distillation temperature of no less
      than about 425.degree.F. and a 95 volume percent distillation temperature
      of no greater than about 500.degree.F.
NUM  12.
PAR  12. The process of claim 10 wherein the promoter liquid has a
      characterization factor of at least 11.0.
NUM  13.
PAR  13. The process of claim 10 wherein the liquid promoter is at least one
      member selected from the group consisting of kerosene, kerosene fractions,
      middle distillates, light gas oils, gas oil fractions, heavy naphthas,
      white oils and white oil fractions, all derived from crude oils.
NUM  14.
PAR  14. The process of claim 13 and further comprising withdrawing a solid
      containing underflow from the gravity settling zone; stripping components
      boiling below about 900.degree.F from the underflow; and employing at
      least a portion of the stripped components in step (d).
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ABST
PAL  A method for producing uninhibited transformer oil is disclosed which
      includes isolating a petroleum distillate that is primarily naphthenic and
      aromatic in character, boiling above 400.degree.F, having a viscosity
      between 50 and 100 SSU at 100.degree.F, and containing sulfur compounds;
      contacting the distillate with a solvent selective for aromatic
      hydrocarbons under conditions to produce a raffinate phase containing
      15-30%v aromatic hydrocarbons; hydrotreating the raffinate phase to reduce
      the nitrogen content to at most 25 PPM, to maintain the sulfur content
      greater than 0.08%w, and to maintain the aromatic hydrocarbon content
      greater than 15%v. The product is an uninhibited transformer oil, and it
      can be further improved by regenerative clay treatment and by the addition
      of certain aromatic hydrocarbon compounds containing two or more six
      carbon membered fused or unfused rings, at least one of which is a benzene
      ring.
BSUM
PAC  BACKGROUND
PAR  Transformer oils are widely used to surround coils in transformers. The
      transformer oil provides two major functions. The first is as an insulator
      and the second is as a heat transfer medium to carry heat from the coils
      to the cooling surfaces of the transformer.
PAR  Desirably, when a transformer is filled with transformer oil, it is
      operated with little or no maintenance or attention. Accordingly,
      transformer oils must not only have the right properties initially but
      they must resist change from aging, oxidation, thermal and electrical
      breakdown, or from other causes. Tranformer oils must also be useful
      through wide temperature ranges; specifically a transformer oil must have
      a low enough viscosity at low temperatures to maintain its ability to
      transfer heat from the transformer coils to the cooling surfaces of the
      transformer. The breakdown of transformer oil causes it to change its
      viscosity characteristics, causes it to deposit sludge, and causes it to
      create gaseous products which create explosion hazards.
PAR  The specific properties required in a transformer oil are difficult to
      attain in a single fluid. The use of additives and inhibitors to obtain
      these properties is possible, but it is most desirable to employ
      uninhibited transformer oils. Uninhibited transformer oils have been made
      by severly treating suitable charge stocks, first with concentrated
      sulfuric acid and then with clay. The sulfuric acid and clay-treated oils
      are adequate as transformer oils, but the process produces environmental
      problems in disposing of spent acid and spent clay. These problems, in
      fact, are so severe that ecological restrictions prevent the use of acid
      and nonregenerable clay.
PAR  Transformer oil composition is a compromise among various competing
      influences. For example, pure hydrocarbons are best to obtain good power
      factor and dielectric strength. For good impulse strength, pure paraffins
      and naphthenes would be best. For best gassing tendencey, high aromatic
      content is required, especially multi-ring aromatics. However, for good
      oxidation stability, naturally occuring sulfur compounds are needed. To
      obtain an oil meeting all specifications, sacrifices must be made in some
      properties to obtain adequate performance in others. Blending pure
      compounds is expensive, so treatments of naturally occurring materials to
      obtain the properties required for a useful uninhibited transformer oil
      are of great value.
PAC  THE INVENTION
PAR  This invention is a process for producing uninhibited transformer oils,
      which process creates no disposal problem. The method includes isolating a
      petroleum fraction boiling above 400.degree.F which is primarily
      naphthenic and aromatic in character, which has a viscosity at
      100.degree.F of from 50-100 SSU, and which contains sulfur compounds in
      amounts greater than about 0.08%w sulfur. This fraction is then contacted
      with a solvent selective for aromatic hydrocarbon removal at conditions to
      produce a raffinate phase containing 15-30%v aromatics. Any suitable
      selective solvent may be used, such as sulfur dioxide, glycol-water
      solutions, amine-water solutions and others known to the art.
PAR  In accordance with the invention, the raffinate phase is then hydrotreated
      at conditions selected to remove nitrogen to a level less than 25 PPM but
      to maintain aromatic hydrocarbons at a level of about 15% and greater, and
      sulfur compounds at a level greater than 0.08%w sulfur. The hydrotreating
      is effected conventionally under hydrogen pressure and with a conventional
      catalyst. It is preferred to use a sulfur-resistant catalyst and to
      maintain a hydrogen sulfide concentration in the hydrogen gas to avoid the
      removal of sulfur below 0.08%w. Catalytic metals such as nickel, cobalt,
      tungsten, iron, molybdenum, manganese, platinum, palladium, and
      combinations of these supported on conventional supports such as alumina,
      silica, magnesia, and combinations of these with or without acid-acting
      substances such as halogens and phosphorus may be employed. A particularly
      preferred catalyst is a nickel molybdenum phosphorus catalyst supported on
      alumina.
PAR  The product from the hydrotreating step is a suitable transformer oil for
      most conditions. For severe conditions of use, however, the power factor
      of the product can be further improved by reducing the nitrogen content
      without otherwise changing the character of the oil. This can be
      accomplished by regenerative clay treatment which does not adversely
      affect the ecology because the clay employed may be regenerated and need
      not be disposed of. Clay treatment is effected by percolating the oil at
      temperatures from about room temperature  600.degree.F through a suitable
      material which preferentially absorbs nitrogen compounds such as a
      particulate aluminum oxide, including, e.g., bauxite or acid activated
      clays such as attapulgite, montmorillonite, kaolinite and certain
      halloysites, which when the clay becomes spent may be regenerated by steam
      stripping to substantially restore its initial capacity for absorbing
      nitrogen compounds.
PAR  It is also within the scope of this invention to improve the gassing
      properties of the uninhibited transformer oil by adding up to about 5%w of
      certain aromatic hydrocarbon compounds containing two or more six carbon
      membered fused or unfused rings at least one of which is a benzene ring,
      for example, biphenyl.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As set forth hereinabove, a suitable transformer oil must have many
      specific physical, chemical and electrical properties. The physical
      properties such as its flash point, pour point, viscosity, among others
      can usually be obtained by selecting a proper petroleum fraction as a
      process feedstock. For example, selecting a petroleum distillate that is
      primarily naphthenic and aromatic, and that contains little or no wax and,
      hence, has a low pour point, and that has an initial boiling point of
      about 400.degree.F will provide most of the desirable physical properties.
PAR  It is also possible to employ a feed distillate oil containing moderate
      amounts, e.g., up to about 20% paraffinic, i.e., waxy components which
      paraffinic material may be removed by conventional dewaxing procedures
      before contacting with the selective solvent, or if desired subsequent to
      hydrogenation of the raffinate phase. Dewaxing procedures, which are well
      known in the art conventionally employ chilling the oil, optionally with
      dilution of a volatile low viscosity solvent such as methyl ethyl and or
      toluene, to crystallize the wax followed by removal of the waxy material,
      e.g., by filtration and separation of the solvent, when employed, by
      conventional fractionation distillation to obtain the dewaxed product oil.
      Generally speaking increased removal of paraffinic material results in
      lower pour point (ASTM D-97) of the product oil. The product oil
      preferably has a pour point of -30.degree.F or lower.
PAR  Chemically, the transformer oil should be neutral, free from corrosive
      materials, and free from materials that would interfere with its physical
      or electrical properties. The chemical properties of the oil also should
      be such that it is very stable, particularly it should be stable against
      oxidation because atmospheric oxygen is constantly available when the oil
      is in use and it dissolves in the oil and is prone to react with the oil
      especially when the oil is hot and in contact with catalytic metals such
      as copper or iron. The electrical properties of the oil must be such that
      it has high dielectric strength, has good impulse strength and a low power
      factor. All of the properties discussed above are designed to provide an
      oil with good electrical properties that will not be lost.
PAR  The gasing properties of the uninhibited transformer oil resulting from the
      process of this invention are completely satisfactory; however, for some
      applications it may be desirable to further safeguard against gassing
      tendency by the addition of up to about 5% weight of one or more of
      certain aromatic hydrocarbon compounds containing two or more six carbon
      membered fused or unfused rings, at least one of which contains aromatic
      unsaturation. Examples of these compounds which preferably have
      atmospheric boiling points in the range from about 400.degree. to
      650.degree.F include biphenyl, tetralin, naphthalene, the methyl
      naphthalenes such as .alpha. methyl naphthalene and .beta. methyl
      naphthalene, diphenyl methane, anthracene, phenanthrene and the methyl
      anthracenes. The desired maximum concentration of any specific compound
      will depend in part upon the solubility of that compound in the
      transformer oil at the lowest expected service temperature. Excellent
      results have been obtained with Biphenyl in amounts up to 2% w,
      particularly with amounts for 0.5 to 1.0%w. Biphenyl added in that amount
      substantially reduces the gassing tendencies of an uninhibited transformer
      oil, which oil still meets all the requirements for a premium quality
      product. Biphenyl in amounts less than 2%w stays in solution in the
      transformer oil at low temperatures. The following examples illustrate the
      process of the present invention and are presented as illustrative rather
      than limiting on its scope.
PAC  EXAMPLE 1
PAR  A feed consisting of a vacuum distilled fraction of a California naphthenic
      crude oil having a viscosity of about 70 SSU at 100.degree.F was employed
      as a starting material. This fraction had an initial boiling point of
      418.degree.F and at 48% overhead had a boiling point of 760.degree.F. The
      vacuum distillate was extracted with sulfur dioxide under conditions to
      produce a raffinate containing about 20%w total aromatics, 0.22%w sulfur,
      24 PPM nitrogen, and API gravity of 28.3%.
PAR  The raffinate fraction described above was hydrotreated over a conventional
      catalyst consisting of nickel, molybdenum, and phosphorus supported on
      aluminum oxide. The treatment was effected at 1000 PSIG of hydrogen
      partial pressure, 1.5/1.0 H.sub.2 to feed mole ratio, 1.25-1.4 liquid
      hourly space velocity (LHSV) and at 525.degree.F. The hydrotreated oil was
      stripped of hydrogen sulfide, ammonia, water, and light hydrocarbons to
      give a product having a flash point higher than 295.degree.F. The
      hydrotreatment left the aromatic content of the raffinate substantially
      unchanged as to amount and character, but it reduced the sulfur content
      from 0.22%w to 0.13%w and it reduced the nitrogen content from 24 PPM to
      18 PPM. The hydrotreated oil passed all of the physical and chemical
      specifications described above, and in addition it had an adequate power
      factor (lower than 0.2), and it strongly passed the oxidation resistance
      test.
PAC  EXAMPLE 2
PAR  The raffinate used in Example 1 was hydrotreated under the same conditions
      except that the temperature was 600.degree.F instead of 525.degree.F. The
      product properties were such that sulfur was reduced from 0.22 to 0.01%w
      and nitrogen was reduced from 24 to 1 PPM. Although the power factor of
      the product was 0.08, well within the specifications, the product badly
      failed the oxidation test.
PAC  EXAMPLE 3
PAR  A vacuum distillate fraction of a California napththenic crude having a
      viscosity of about 70 SSU at about 100.degree.F was extracted with sulfur
      dioxide under conditions to produce a raffinate containing about 25%w
      aromatics, 0.28%w sulfur, 85 PPM nitrogen, and having a gravity of
      27.4.degree. API. This raffinate was hydrotreated over the catalyst
      described in Example 1 under the same conditions except that the
      temperature was 535.degree.F. The product that resulted had its sulfur
      reduced from 0.28 to 0.11%w, and the nitrogen was reduced from 85 to about
      16 PPM. This product had a power factor of 0.12 and it passed marginally
      the oxidation resistance test.
PAC  EXAMPLE 4
PAR  The raffinate used in Example 3 was hydrotreated under the same conditions
      except that the temperature was 500.degree.F instead of 535.degree.F. The
      sulfur in the product was reduced from 0.28%w to 0.18%w, and the nitrogen
      in the product was reduced from 85 PPM to 31 PPM. When tested, it was
      found that this product failed to have an adequate power factor but it
      passed the oxidation resistance test strongly.
PAC  Example 5
PAR  A number of tests were run employing both the raffinate of Example 1 and
      the raffinate of Example 3 at different hydrotreating conditions. In all
      cases the hydrotreating was effected using the catalyst of Example 1 at
      1000 PSIG of hydrogen partial pressure and 1.0-1.4 LHSV but at different
      temperatures. In the following table, sulfur and nitrogen composition of
      the feeds, the hydrotreating temperature, the sulfur and nitrogen
      composition of the product, and the results of power factor and oxidation
      resistance tests are shown. In each case where the sulfur and nitrogen
      composition are 0.22 and 24, respectively, the raffinate from Example 1
      was employed while each case where the sulfur and nitrogen compositions
      were 0.28 and 85, respectively, the raffinate of Example 3 was employed.
TBL                TABLE I                                                     

     ______________________________________                                    

     Feed      Hydro-  Product                                                 

                   treat                                                       

     S    N        Temp    S     N      Power Oxidation                        

     (%W) (PPM)    (.degree.F)                                                 

                           (%W)  (PPM)  Factor                                 

                                              Test                             

     ______________________________________                                    

     0.22 24       525     0.13  18     0.13  Strong                           

                                              Pass                             

     0.22 24       600     0.01   1     0.08  Bad Fail                         

     0.22 24       496     0.16  24     0.2   Strong                           

                                        (Fail)                                 

                                              Pass                             

     0.22 24       566     0.08  17     0.08  Pass                             

     0.28 85       535     0.11  16     0.12  Marginal                         

                                              Pass                             

     0.28 85       500     0.18  31     0.5   Strong                           

                                        (Fail)                                 

                                              Pass                             

     0.28 85       640     0.01   3     0.05  Bad Fail                         

     0.28 85       550     0.05  --     0.04  Marginal                         

                                              Fail                             

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  Example 6 demonstrates the advantage of including hydrogen sulfide in the
      gas phase during the hydrotreating process. In Example 6, the raffinate
      described in Example 1 was hydrotreated at 1000 PSIG hydrogen partial
      pressure, 1.33 LHSV and at 550.degree.F. The oil was treated both in pure
      hydrogen and in hydrogen containing 5% hydrogen sulfide. In both oils the
      treatment reduced the nitrogen concentration to yield a power factor of
      0.1 or less. The raffinate treated with pure hydrogen had the sulfur
      content reduced from 0.22 to 0.05 and this oil failed the oxidation
      resistance test badly. The oil treated with hydrogen containing 5%
      hydrogen sulfide had its sulfur reduced from 0.22 to 0.10 and it passed
      its oxidation resistance test strongly.
PAC  EXAMPLE 7
PAR  This example demonstrates the beneficial effect of regenerative clay
      treatment of an oil that otherwise is not adequate because it has too high
      a power factor. The raffinate described in Example 3 was hydrotreated at
      1000 PSIG hydrogen pressure at 1.33 LHSV at a temperature of 510.degree.F.
      The hydrotreated oil had its sulfur content reduced from 0.28 to 0.17.
      This material passed the oxidation resistance test but failed the power
      factor test in that it had a power factor of 0.3-0.5. The oil was then
      percolated over 30-50 mesh bauxite at 1.0 LHSV, at 80.degree.F and in a
      column having a length to diameter ratio of 16. The percolation was
      continued to the extent of two barrels of oil per pound of clay. After
      percolating through the column of clay, the power factor of the oil was
      0.5-0.15, well below the 0.2 maximum specification. After the percolation,
      the clay was completely regenerated by washing with wet steam or by
      washing with water at 200.degree.-250.degree. F, followed by drying at
      elevated temperatures. Thus, as demonstrated in Example 7, an oil having
      adequate properties except for its power factor characteristics can be
      used as an uninhibited transformer oil after percolating through
      regenerable clay. The use of such clay does not adversely affect the
      environment.
PAC  EXAMPLE 8
PAR  This example demonstrates how the gassing tendency of a transformer oil can
      be improved by the addition of small amounts of biphenyl. The raffinate
      described with regard to Example 1 was hydrotreated at 1000 PSIG hydrogen
      pressure, 1.33 LHSV at a temperature of 538.degree.F. The product was an
      excellent quality transformer oil meeting all of the specifications. The
      gassing tendency of the oil was in the 10-15 microliters per minute region
      which is generally satisfactory. When 0.5%w biphenyl was added to this
      material, it was found that the gassing tendency dropped from 10-15
      microliters per minute to 5 microliters per minute. When 1.0%w biphenyl
      was added, the gassing tendency dropped to 0. The addition of 1.0%w
      biphenyl to the oil did not affect any of its other qualities in that it
      still met all of the requirements for a premium quality uninhibited
      transformer oil.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for producing an uninhibited transformer oil comprising:
PA1  A. contacting a petroleum distillate oil that is primarily naphthenic and
      aromatic, boiling higher than about 400.degree.F, having a viscosity of
      from about 50-100 SSU at 100.degree.F, and containing sulfur compounds of
      at least about 0.08%wt sulfur with a solvent selective for aromatic
      hydrocarbons under conditions to produce a raffinate phase containing from
      15% to 30%v aromatic hydrocarbons and having a viscosity of from about
      55-75 SSU at 100.degree.F,
PA1  B. contacting the raffinate phase with hydrogen and a hydrogenation
      catalyst under conditions to
PA2  i. reduce the nitrogen content thereof to at most 25 PPM, and
PA2  ii. maintain the aromatic hydrocarbon content thereof greater than 15%v,
      and
PA1  C. recovering a transformer oil, the improvement comprising in step B
      contacting with catalyst is effected to maintain the sulfur content of the
      raffinate phase greater than 0.1%w.
NUM  2.
PAR  2. The process of claim 1 wherein up to 5.0%wt on the total mixture of at
      least one aromatic hydrocarbon selected from the group consisting of
      biphenyl, tetralin, naphthalene and the methyl naphthalenes is added to
      said transformer oil, whereby the gassing property of the oil is improved.
NUM  3.
PAR  3. The process of claim 2 wherein up to 2.0%wt biphenyl is added to said
      transformer oil.
NUM  4.
PAR  4. The process of claim 1 wherein at least 3%v hydrogen sulfide is
      maintained in the vapor phase during contact between the hydrogenation
      catalyst and raffinate.
NUM  5.
PAR  5. The process of claim 1 wherein up to 5%wt on the total mixture of at
      least one aromatic hydrocarbon selected from the group consisting of
      diphenylmethane, anthracene, phenanthrene and the methyl anthracenes is
      added to said transformer oil, whereby the gassing property of the oil is
      improved.
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ABST
PAL  A process for the catalytic cracking of hydrocarbons to produce gasoline
      wherein the hydrocarbon charge is contacted under fluid cracking
      conditions with a fluid catalyst composition comprising ion-exchanged
      synthetic crystalline faujasite and an amorphous alumina-silica residue of
      caustic leached calcined kaolin clay which had undergone the kaolin
      exotherm during calcination, the catalyst particles analyzing, on a
      volatile-free weight basis, at least 90 percent combined SiO.sub.2 and
      Al.sub.2 O.sub.3 in a SiO.sub.2 /Al.sub.2 O.sub.3 molar ratio within the
      range of 0.8 to 1.4/1 and less than 3 percent Na.sub.2 O.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of the following copending
      applications of W. L. Haden, Jr. and F. J. Dzierzanowski: Ser. No.
      810,325, filed Mar. 25, 1969, now U.S. Pat. No. 3,647,718; Ser. No.
      856,458, filed Sept. 9, 1969, now U.S. Pat. No. 3,657,154; Ser. No.
      10,005, filed Feb. 9, 1970, now U.S. Pat. No. 3,663,165.
PAR  This application and all of the forementioned copending applications are
      continuations-in-part of application Ser. No. 738,384, filed June 20, 1968
      and issued as U.S. Pat. No. 3,506,594 on Apr. 14, 1970.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Fluid catalytic cracking processes for producing gasoline from gas-oil
      feedstocks are conventionally carried out as pressures within the range of
      8 to 20 p.s.i.g. at 850.degree. to 950.degree.F. Catalyst to oil ratios
      are generally within the range of 8 to 18 (weight basis). The catalysts
      for such cracking processes are frequently supplied in the form of very
      small essentially spherical particles predominantly within the range of
      100/325 mesh (Tyler). These particles are usually called "microspheres."
      The microspheres must possess certain properties among which is hardness,
      especially resistance to attrition. The particles must also possess
      adequate activity and selectivity as well as thermal and steam stability.
PAR  Highly active and selective cracking catalysts have been prepared by
      incorporating finely divided crystals of certain crystalline zeolitic
      aluminosilicates of the molecular sieve type with suitable matrix material
      such as clay or silica-alumina gels. Ion-exchange synthetic faujasite
      (zeolite X or zeolite Y) is a suitable crystalline zeolite.
PAR  Faujasite may be synthesized from dilute high purity sources of Na.sub.2 O,
      Al.sub.2 O.sub.3 and SiO.sub.2. It may also be synthesized by reacting
      sodium hydroxide solution with calcined kaolin clay. However, in order to
      obtain faujasite, rather than other zeolitic molecular sieves, the clay
      must be calcined at relatively high temperature and undergo the
      characteristic kaolin exotherm. The incorporation of small amounts of
      kaolin clay calcined at lower temperature ("metakaolin") may aid in the
      crystallization of the faujasite but, when used as the sole source of
      silica and alumina, does not result in the crystallization of faujasite.
PAR  Microspherical zeolitic cracking catalyst particles have been obtained by
      forming a slurry of previously formed powdered zeolite crystal with dilute
      silica hydrosol or alumina-silica hydrosol and spray drying the slurry.
      Catalyst particles obtained by such processing are expensive since
      expensive high purity materials are required to prepare the zeolite and a
      separate binding step is required. The attrition resistance of the
      products obtained by binding sieve crystals generally leaves something to
      be desired.
PAR  Attempts have also been made to form zeolitic molecular sieve compositions
      from preformed bodies of essentially the same size and shape as the
      finished catalyst particles. This has been successfully accomplished by
      extruding a mixture of caustic solution and clay material, part of which
      is anhydrous and calcined, and part of which is hydrated. The extruded
      pellets, generally in the shape of cylinders, are subjected to
      hydrothermal treatment without dehydration. Faujasite crystallizes in situ
      in the presence of hydrated kaolin clay as a result of the reaction
      between the caustic and the calcined clay in the pellets. A feature of the
      process is that reaction and crystallization are carried out in the
      absence of an external aqueous phase in contact with the pellets. Thus,
      there is no extraction of constituents of the pellets. The catalyst
      product obtained by ion-exchanging and activating the crystallized product
      has a SiO.sub.2 /Al.sub.2 O.sub.3 mole ratio of about 2/1 -- i.e.,
      especially the same ratio that is present in kaolin clay.
PAR  Great difficulty has been experienced in preparing crystalline zeolitic
      molecular sieve composite catalysts in the form of microspheres by the in
      situ process above described. Problems have been encountered in obtaining
      discrete microspheres and in crystallizing faujasite from preformed
      particles containing caustic solution and a mixture of calcined kaolin
      clay and hydrated kaolin clay. Especial difficulty has been encountered in
      obtaining small spherical particles of desired resistance to attrition.
      One reason for the difficulties is that when faujasite is crystallized in
      situ in the presence of hydrated kaolin in microspherical preforms the
      small spheres tend to agglomerate and stick to each other during reaction
      and crystallization. On the other hand, impregnation of caustic solution
      into preformed microspheres composed of the mixture of hydrated and
      calcined clay tends to result in the mechanical breakdown of the preforms
      unless great care is exercised. When caustic is included in the feed to
      the spray dryer so that it is present in the preformed microspheres, part
      of the caustic tends to react with combustion gases in the spray dryer and
      difficulty may be experienced crystallizing the zeolite.
PAC  THE INVENTION
PAR  An object of the invention is to provide a process for cracking gas-oil
      feedstock to produce gasoline.
PAR  Briefly stated, in accordance with this invention, a hydrocarbon charge is
      catalytically cracked by contacting the charge under conventional fluid
      catalytic cracking conditions with a cracking catalyst in the form of
      small essentially spherical, attrition-resistant particles composed of a
      mixture of ion-exchanged synthetic crystalline faujasite and an amorphous
      porous silica-alumina obtained as an alkali-leached residue of calcined
      kaolin clay, the calcined clay having been obtained by calcining hydrated
      kaolin clay under conditions of temperature and time such that the clay
      underwent the characteristic kaolin exotherm.
PAR  The catalyst, after thermal activation, is used to crack gas-oil feedstock
      to produce gasoline. The product possesses high selectivity towards
      gasoline with low coke production and it operates at a high level of
      activity. It has outstanding resistance to deterioration by high
      temperature steam.
PAR  The microspherical catalyst may be prepared, in accordance with the
      invention described and claimed in U.S. Pat. No. 3,506,594, by mixing
      hydrated kaolin clay (or a mixture of hydrated and calcined clay) in
      water, spray drying the mixture to form microspheres, calcining the
      microspheres to dehydrate the hydrated kaolin clay at a temperature (e.g.,
      1600.degree. to 2200.degree.F.) and for a time such that clay material in
      the microspheres undergoes or passes through the characteristic kaolin
      exotherm. As a result of calcination under such conditions, essentially
      all of the clay is dehydrated and put into a state or condition such that
      a portion of it will react with sodium hydroxide solution to form
      crystalline faujasite. Moreover, the microspheres become remarkably
      attrition-resistant as a result of the high temperature heat treatment,
      and certain difficulties encountered in crystallizing the faujasite from
      preformed microspheres containing hydrated clay are obviated. The calcined
      silica-alumina microspheres are suspended in an aqueous solution of an
      alkali metal hydroxide, especially sodium hydroxide and, while the aqueous
      suspension is agitated, it is heated mildly and then heated at more
      elevated temperature until hydrated sodium faujasite crystals form in the
      microspheres as a result of reaction between the aqueous reaction liquid
      and alumina and silica in the microspheres. During the hydrothermal
      treatment an appreciable amount of silica is leached from the
      microspheres, forming a sodium silicate mother liquid from which the
      crystallized microspheres are separated. After separation from the mother
      liquid, the microspheres are ion-exchanged to reduce the alkali-metal
      content. Ammonium ions, magnesium ions, rare earth ions and mixtures are
      examples of suitable exchanging cations. Before or during use the
      microsheres are activated by heat treatment.
PAR  The catalyst may also be prepared in accordance with the procedures
      described and claimed in Ser. Nos. 810,325 and 10,005 (supra). These
      procedures are modifications of the general process of U.S. Pat. No.
      3,506,594 wherein a small amount of metakaolin is incorporated into the
      reaction mixture along with the calcined microspheres of kaolin which
      underwent the exotherm and sodium hydroxide solution. In Ser. No. 810,325,
      the metakaolin is present in the form of microspheres separate from the
      microspheres which underwent the exotherm. In Ser. No. 10,005, the
      metakaolin is present as a powder.
PAC  DETAILED DESCRIPTION
PAR  Catalyst particles employed in carrying out the present invention analyze
      at least 90 percent by weight combined SiO.sub.2 plus Al.sub.2 O.sub.3 (on
      a volatile-free or V.F. weight basis), the SiO.sub.2 /Al.sub.2 O.sub.3
      molar ratio in the particles being about 1/1, e.g., 0.8 to 1.4/1. Typical
      Al.sub.2 O.sub.3 and SiO.sub.2 analyses are, respectively, within the
      range of 50 percent to 65 percent by weight and 30 percent to 50 percent
      by weight (V.F. basis). (Volatile-free weight represents the weight of a
      material remaining after such material has been heated to essentially
      constant weight at 1800.degree.F.) The particles are readily
      distinguishable from other catalysts, including zeolitic catalysts, by the
      fact that the Al.sub.2 O.sub.3 content and the Al.sub.2 O.sub.3 /SiO.sub.2
      ratio are unusually high. Other zeolitic catalysts usually contain
      appreciably less than 50 percent Al.sub.2 O.sub.3 and have appreciably
      lower Al.sub.2 O.sub.3 /SiO.sub.2 ratios. The particles of out catalysts
      may contain Na.sub. 2 O in amount up to 10 percent by weight (V.F. basis),
      generally less than 3 percent Na.sub.2 O and, most preferably less than 1
      percent Na.sub.2 O. They may also contain traces of amorphous or
      crystalline impurities normally associated with high purity kaolin clay,
      e.g., titanium dioxide. When the catalyst product is obtained by using
      ammonium ions as the sole exchanging ions, the activated catalyst will be
      composed essentially of silica, alumina and small amounts of sodium oxide.
      When nonvolatile cations such as magnesium ions or rare earth ions were
      used to ion-exchange the sodium form catalyst intermediate, the particles
      may contain the oxide of such metal(s) in amount up to about 10 percent by
      weight (V.F. basis).
PAR  The zeolitic constituent of the catalyst is faujasite (zeolite X or zeolite
      Y) and may be present in the catalyst particles in amount within the range
      of from 1 percent to 70 percent (as determined by X-ray diffraction).
      Generally from 10 percent to 50 percent is preferred. Preferably, the
      faujasite is zeolite Y having a SiO.sub.2 /Al.sub.2 O.sub.3 mole ratio
      above 4.0 (as determined by X-ray diffraction). All X-ray diffraction data
      mentioned herein refer to values obtained by the procedure and with the
      equipment described in U.S. Pat. No. 3,391,994 to Haden et al. Faujasite
      is generally the sole crystalline material that is present in an X-ray
      diffraction pattern of the product. In some cases small amounts of
      so-called "zeolite B" may be present. The latter zeolite is described in
      U.S. Pat. No. 3,008,803.
PAR  The nonzeolite portion of the catalyst is a porous amorphous
      alumina-enriched silica-alumina residue of caustic leached calcined kaolin
      clay. Such residue has a lower SiO.sub.2 /Al.sub.2 O.sub.3 mole ratio than
      either faujasite or kaolin clay, as evidenced by the fact that the
      particles include a zeolite which has a higher SiO.sub.2 /Al.sub.2 O.sub.3
      mole ratio than kaolin clay but have an overall SiO.sub.2 /Al.sub.2
      O.sub.3 ratio that is a fraction of that of kaolin clay.
PAR  Representative catalyst products are composed of particles preponderantly
      within the range of 100 to 325 mesh (Tyler). Such particles have a pore
      volume of about 0.5 cc./gm. and a bulk density within the range of 0.7 to
      1.0 g./cc. (activated form of the catalyst). The particles have
      outstanding resistance to attrition when tested by various test procedures
      which measure the hardness of particles under conditions of attrition
      simulating those encountered in fluid cracking processes.
PAR  The particles may be supplied with the ion-exchanged zeolite component in
      the hydrated condition in which it was synthesized. Alternatively, the
      particles may be supplied with the faujasite in dehydrated (activated)
      form.
PAR  The catalyst particles are adapted for use in fluid bed processes for
      cracking conventional gas-oil feedstocks to produce gasoline. The catalyst
      has outstanding activity and is highly selective to the production of
      gasoline when used under conventional cracking conditions. The catalyst is
      unusually resistant to high temperature steam and is highly active and
      selective even after being subjected to steam treatments which would
      impair the activity and/or selectivity of other zeolitic catalysts. As a
      result of the fact that the catalyst particles are unusually
      attrition-resistant, catalyst losses during use and regeneration are
      reduced.
DETD
PAR  This example illustrates the process of the invention.
PAR  A fluid cracking catalyst was produced as follows.
PAR  A fine size fraction of high purity hydrated Georgia kaolin clay ("HT") was
      formed into a 62.5 percent solids deflocculated aqueous slip by agitating
      the clay in water in the presence of tetrasodium pyrophosphate in amount
      of 0.30 percent of the clay weight. The slip was spray dried to produce
      microspheres in a 5 .times. 5 ft. gas-fired spray dryer using an atomizer
      speed of 16,760 r.p.m. Air inlet and outlet temperatures were
      approximately 1100.degree. and 450.degree.F., respectively. A minus 60
      mesh (Tyler) fraction of microspheres was recovered by screening. The
      microspheres were calcined in a continuous rotary calciner of the type
      described in Allegrini et al. patent U.S. Pat. No. 3,383,438. The air
      inlet temperature during calcination was in the range of 2150.degree. to
      2250.degree.F. After the microspheres had cooled, a 2299 lb. was blended
      with 121 lb. of a commercial metakaolin pigment ("Satintone No. 2"). The
      mixture was gradually added to 3865 lb. of a 15.0 percent (w/w) aqueous
      solution of sodium hydroxide in a 500 gallon reactor. The ingredients were
      mixed and aged at 100.degree.F. for 12 hours and then maintained at about
      180.degree.F. for 16 hours. During aging and crystallization, the reactor
      was covered with a loosely fitting cover. Agitation was intermittent
      during aging and crystallization. After the reacted mixture had cooled, it
      was centrifuged to remove mother liquor and suspended fine particles.
PAR  The residue from the centrifuge was repulped in water and again
      centrifuged. This product contained 26 percent zeolite Y having a
      SiO.sub.2 /Al.sub.2 O.sub.3 of 4.62. A portion of the residue from the
      centrifuge was exchanged batchwise with 2N NH.sub.4 NO.sub.3 to a sodium
      oxide content of 1.14 percent. The exchanged product was water washed and
      air dried at room temperature.
PAR  The bulk density of a 200/270 mesh fraction of the sample (after being
      calcined at 1100.degree.F.) was 0.926 g./cc.
PAR  The dried product had an L.O.I. (loss on ignition at 1800.degree.F.) of
      24.74 percent and a chemical analysis as follows:
TBL            Wt. % (V.F.* Basis)                                             

     ______________________________________                                    

     Na.sub.2 O  1.14                                                          

     Al.sub.2 O.sub.3                                                          

                 56.03                                                         

     SiO.sub.2   40.07                                                         

     Fe.sub.2 O.sub.3                                                          

                 0.38                                                          

     TiO.sub.2   2.29                                                          

     ______________________________________                                    

      *V.F. = volatile free weight basis, determined by heating material to    

      essentially constant weight at 1800.degree.F.                            

PAR  Hardness by the "Wig-L-Bug" test (described in U.S. Pat. No. 3,506,594) was
      0.50 percent/sec. A comparison of this value with those of commercially
      available fluid cracking catalysts shows that the catalyst of the
      invention had outstanding resistance to attrition.
PAR  A sample of dried ion-exchange microspheres was pelletized with "Sterotex"
      binder and the pellets were activated by heating at 1350.degree.F. for 4
      hours in an atmosphere of 100 percent steam. Catalytic properties were
      tested by the "Cat-D" procedure at a liquid hourly space velocity (LHSV)
      of 3.0.
PAR  To test the thermal stability, a portion of the steamed catalyst was
      calcined at 1500.degree.F. for 4 hours in 100 percent steam and then
      tested by the Cat-D method. Results are summarized in table form.
TBL  ______________________________________                                    

     CATALYTIC PROPERTIES OF ZEOLITIC CRACKING CATALYST                        

     Heat Treatment (steam)                                                    

                     1350.degree.F./4 hr.                                      

                                  1500.degree.F./4 hr.                         

     ______________________________________                                    

     Gasoline, Vol. %                                                          

                     53.8         61.1                                         

     Coke, Wt. %     8.62         2.66                                         

     Gas, Wt. %      30.1         15.2                                         

     Gas Gravity     1.66         1.58                                         

     Conversion, Wt. %                                                         

                     84.0         68.7                                         

     ______________________________________                                    

PAR  Data in the table show that the catalyst had outstanding selectivity
      towards gasoline, low coking properties and excellent stability towards
      high temperature steam.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for cracking a hydrocarbon charge which comprises contacting
      said charge under fluid catalytic cracking conditions with a cracking
      catalyst in the form of attrition-resistant microspheres consisting
      essentially of a mixture of ion-exchanged synthetic faujasite and an
      amorphous alumina-silica residue of caustic leached calcined kaolin clay,
      said mixture having been obtained when the sodium form of faujasite was
      crystallized in situ by hydrothermal treatment of a suspension of
      amorphous silica-alumina microspheres comprising calcined clay in a dilute
      sodium hydroxide solution, said calcined clay having undergone the kaolin
      exotherm during calcination, said cracking catalyst microspheres
      analyzing, on a volatile-free weight basis, at least 90 percent combined
      SiO.sub.2 and Al.sub.2 O.sub.3 in a SiO.sub.2 /Al.sub.2 O.sub.3 molar
      ratio within the range of 0.8 to 1.4/1 and less than 3 percent Na.sub.2 O.
NUM  2.
PAR  2. The method of claim 1 wherein the cracking process is carried out at a
      temperature within the range of 850.degree. to 950.degree.F. at a pressure
      within the range of 8 to 20 p.s.i.g.
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ABST
PAL  The operation of an ebullated-bed, liquid-phase hydrogenation process for
      the hydrocracking of a residuum hydrocarbon in the presence of a
      particulate catalyst is improved by operating under conditions such that
      there is a greater laydown of carbon on the catalyst than permitted in
      conventional operation of an ebullated-bed system which is followed by
      catalyst regeneration in the presence of steam and air and recycle of such
      regenerated catalyst to the reactor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. Re. 25,770 disclosed an "ebullated" bed process for
      hydrogenation of residuum hydrocarbons to provide desulfurization or
      hydrocracking or both. As described therein, the reactants consisting of
      hydrogen and the residuum are under a controlled upflow velocity that
      places the particulate catalyst in the reactor in random motion in the
      liquid environment therein. The resulting contact between the residuum,
      hydrogen and catalyst results in superior conversion, substantially
      isothermal conditions, and with a minimum carryover of the catalyst from
      the reaction zone.
PAR  When hydrocracking residuum feed, the ebullated bed process is generally
      operated below 850.degree.F to avoid excessive coking of catalyst. Such an
      operation requires reactors of a size sufficient to hold the oil for an
      average time in the order of one hour to achieve substantial conversion.
      The carbon lay-down on the catalyst has been limited to a negligible
      amount, say, less than 0.01 percent of the feed. It has been considered
      important to maintain this limit, as excessive carbon deposited on the
      catalyst reduces its activity and requires that the catalyst be withdrawn
      from the reactor and replaced with new catalyst. Failure to maintain a
      proper level of catalyst activity will result in unstable reaction
      products which will ultimately render the process inoperable. One of the
      great advantages of the ebullated bed process is that it makes possible
      the addition and replacement of this catalyst. However, a significant cost
      of operating this process for the hydrocracking of hydrocarbons residuum
      is the replacement cost of the catalyst.
PAC  SUMMARY OF THE INVENTION
PAR  I have determined that substantial improvements can be made in the cost of
      operations if withdrawn catalyst is regenerated by controlled combustion
      of carbon lay-down. This will permit operations to take place at more
      severe conditions of carbon lay-down, but without the penalty of having to
      pay for fresh catalyst addition.
PAR  It should be noted that by increasing the reactor temperature by
      approximately 20.degree.F, the required residence time of the oil in the
      reactor decreases by a factor of two. What has hindered the use of higher
      temperatures and lower residence times is the fact that the rate of coking
      increases by a far greater rate than the rate of hydrocracking.
      Consequently, substantially more coke will be deposited in a process
      operating at, say 900.degree.F, than in a process operating at
      850.degree.F and producing the same conversion. The coke produced by the
      far larger reactor needed for the residence time requirement at the lower
      temperature, 850.degree.F, will be far less than at the higher
      temperature. However, if the catalyst is withdrawn and coke removed, then
      this problem of increased coke lay-down does not result in severe penalty
      of providing fresh catalyst addition. Consequently use of smaller reactors
      at higher temperatures becomes feasible.
PAR  An alternate use of this scheme would be to lower the pressure requirements
      of this process. To operate a process to hydrocrack residuum, say, at the
      level of converting 75 percent of the residuum boiling above 975.degree.F
      to material boiling below 975.degree.F, requires high pressure, generally
      in excess of 2000  psig, to avoid excessive deposition of carbon on the
      catalyst. By my invention it will be possible to lower the pressure
      required to say, between 300 to 1000 psig. This will result in a marked
      reduction of cost of equipment and power necessary to bring the feed and
      make-up hydrogen to reactor conditions.
PAR  A third application of my invention would be to hold the reactor conditions
      of residence time, temperature and pressure as in conventional operation.
      My invention would then be employed to obtain conversions in excess of
      those obtained by conventional operation.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic arrangement of the apparatus for carrying out
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Under conventional processing, a residuum oil feed 10, appropriately heated
      to a reaction temperature of between 820.degree.F and 850.degree.F,
      together with a particulate hydrogenation catalyst at 12 is introduced at
      14 with hydrogen at 16 to reactor 20. Reactor 20 is operated at a partial
      pressure between 2000 and 3000 psi of hydrogen. Under the conditions of
      this reactor 75 percent of the material boiling over 975.degree.F is
      converted to material boiling below 975.degree.F.
PAR  Utilizing the concept of the present invention, reactor 20 can be operated
      between 900.degree.-950.degree.F at partial pressures between 2000 and
      3000 psi of hydrogen. Alternatively reactor 20 can be maintained at
      between 820.degree.F and 850.degree.F and its partial pressure dropped to
      400-800 psi of hydrogen.
PAR  This reactor is substantially vertical with the total upflow liquid
      velocity at a rate of from 5 to 120 gallons per minute per square foot of
      reactor cross section and with a catalyst of a close average size in the
      overall range of 1/4 inch to 200 mesh (Tyler). The hydrocracking catalyst
      is selected from the group consisting of cobalt, molybdenum and mixtures
      thereof on a carrier selected from the group consisting of alumina, silica
      and mixtures thereof. A bed expansion is accomplished in excess of 10
      percent based on the settled bed volume but not to exceed about 200
      percent and below an expansion that would carry catalyst out of the bed.
      An interface between a dense catalyst concentration and a very dilute
      catalyst concentration at the upper level of solids is shown at 22.
      Gaseous effluent is removed at 24 and the liquid effluent is removed at
      26.
PAR  To maintain the desired upward liquid velocity a part of the liquid in line
      26 may be pumped at 28 back to the bottom of the reactor 20. The net
      product is removed at 32. The space velocity, which is inversely
      proportional to the residence time of the oil in the reactor, in volume of
      liquid feed measured at 60.degree.F per hour per volume of reactor
      (V.sub.f /hr/V.sub.r) is between 3.0 and 10.0 V.sub.f /hr/V.sub.r at high
      temperature hydrocracking conditions or between 0.5 and 1.5 V.sub.f
      /hr/V.sub.r at low pressure hydrocracking conditions.
PAR  In the ebullated bed hydrocracking system, the catalyst life is expressed
      as barrels of residuum oil feed per pound of catalyst and under these
      conditions of severe carbon laydown, this is generally between 5 and 20
      Bbl/lb. The catalyst is replaced at such a rate by withdrawing aged
      catalyst at 34 and replacing it at 12. In an ebullated bed hydrocracking
      system wherein there is substantial backmixing, catalyst is actually
      withdrawn continuously at a predetermined rate, i.e. continuously removing
      catalyst from the reaction zone at a rate at least twice as great as the
      rate of addition of fresh catalyst. Under the prior art, the catalyst is
      then discarded because of the deactivation due to carbon laydown and to
      metals laydown.
PAR  In accordance with my invention, I operate the residuum hydrocracking
      process at much higher carbon laydown operating conditions. I then proceed
      to maintain the net removal of catalyst at such that between 5 and 20 bbl.
      of oil are processed per pound of fresh catalyst. However, the oil
      processed per pound of carbon-free catalyst added to the reactor, both
      fresh and regenerated catalyst, is reduced to between 0.5 and 3 Bbl/lb.
PAR  It will be appreciated that by increasing the hydrocracking temperature,
      for example, in the order of 100.degree.F. the reaction rate increased in
      the order of eight times and hence the reactor can be of an order of
      magnitude smaller than normal sizes.
PAR  While I have shown and described a preferred form of embodiment of my
      invention, I am aware that modifications may be made thereto within the
      scope and spirit of the description herein and claims appended hereto. It
      is particularly appreciated that the catalyst regeneration scheme shown
      may be modified to involve a more complex procedure of stripping oil from
      catalyst, washing, etc., prior to burning.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the process for the hydrocracking of a residuum oil in an ebullated
      bed reactor to convert at least 50 weight percent of the hydrocarbons
      boiling above 975.degree.F in a reaction zone at a pressure between about
      300 and 1000 psi of hydrogen when a temperature between about 750.degree.
      and 850.degree.F is used and at a pressure between about 1000-3000 psi
      when a temperature between about 900.degree. and 950.degree. is used by
      contacting said oil with a hydrocracking catalyst wherein coke deposits on
      the catalyst to reduce its activity and fresh catalyst is added to
      maintain a desired average catalyst activity at a rate such that between 5
      and 20 barrels of oil are processed per pound of fresh catalyst and
      wherein the oil and hydrogen pass upwardly through the reaction zone under
      conditions to maintain the catalyst in random motion with substantial
      carryover of catalyst with liquid effluent from the reaction zone, the
      improvement comprising:
PA1  a. continuously removing said catalyst from said reaction zone at a rate at
      least twice as great as the rate of addition of fresh catalyst;
PA1  b. regenerating said catalyst to remove deposited carbon; and
PA1  c. recycling an appropriate portion of the regenerated catalyst to said
      reactor at a rate supplementing the rate of addition of fresh catalyst so
      as to maintain the desired inventory of total catalyst in the reactor and
      processing between 0.5 and 3.0 bbl/lb of carbon-free catalyst, both fresh
      and regenerated added to the reactor.
NUM  2.
PAR  2. The process of claim 1 wherein the partial pressure of hydrogen is in
      the range of 300 and 1000 psi with the reactor operating in the
      temperature range between 750.degree.F-850.degree.F.
NUM  3.
PAR  3. The process of claim 2 wherein the catalyst is selected from the group
      consisting of cobalt, molybdenum and mixtures thereof on a carrier
      selected from the group consisting of alumina, silica and mixtures
      thereof.
NUM  4.
PAR  4. The process of claim 1 wherein the temperature in the reaction zone is
      in the range of 900.degree. to 950.degree.F and the partial pressure of
      the hydrogen is in the range of 1000 to 3000 psi.
NUM  5.
PAR  5. The process of claim 1 wherein the temperature in the reaction zone is
      in the range of 820.degree.-850.degree.F and the partial pressure of the
      hydrogen is in the range of 2000 to 3000 psi and the conversion of
      material boiling above 975.degree.F to material boiling below 975.degree.F
      is in the order of 90 weight percent.
NUM  6.
PAR  6. The process of claim 1 wherein the catalyst is selected from the group
      consisting of cobalt, molybdenum and mixtures thereof on a carrier
      selected from the group consisting of alumina, silica and mixtures
      thereof.
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PAL  An improved method of hydrocarbon hydrotreating is disclosed wherein the
      activity of a hydrotreating catalyst is determined prior to the catalyst
      being used to promote hydrocarbon hydrotreating. The catalytic activity of
      such a catalyst is determined by comparing a parameter involving the
      relative reflectance of the catalyst relative to the relative reflectance
      of a standard catalyst having acceptable activity. When it is determined
      that a given catalyst has catalytic activity at least essentially equal to
      that of the standard catalyst, the catalyst may be used to promote
      hydrocarbon hydrotreating thus providing an improved method of hydrocarbon
      hydrotreating.
PARN
PAR  This is a division of application Ser. No. 470,885, filed May 17, 1974.
BSUM
PAR  The present invention relates to an improved method of hydrocarbon
      hydrotreating. More particularly, the present invention relates to an
      improved method of hydrocarbon hydrotreating wherein the hydrocarbon
      hydrotreating activity of a catalyst is determined prior to the catalyst
      being used to promote hydrocarbon hydrotreating.
PAR  Various hydrocarbonaceous materials may contain minor amounts of
      contaminants such as sulfur, nitrogen and the like. One effective method
      of reducing the concentration of these contaminants in such hydrocarbon is
      hydrocarbon hydrotreating. Such hydrotreating often involves contacting
      the contaminated hydrocarbon with hydrogen in the presence of a catalyst
      effective to promote the hydrotreating, e.g., hydrodesulfurization,
      hydrodenitrogenation and the like, of the hydrocarbon.
PAR  Much work has been done to obtain good hydrocarbon hydrotreating catalysts.
      Catalysts which comprise a major amount of a solid porous support, and
      minor, catalytically effective amounts of nickel and at least one metal
      selected from the group consisting of molybdenum, tungsten and mixture
      thereof are known to be particularly effective hydrocarbon hydrotreating
      catalysts.
PAR  However, even with the catalysts as described above, certain processing
      disadvantages have been apparent. For example, after a period of time in
      hydrocarbon hydrotreating service, these catalysts become deactivated
      and/or cannot be used because of a build-up of carbonaceous deposits on
      the catalysts. The catalysts are often subjected to high temperature
      oxidation to remove these deposits and regenerate, e.g., restore the
      catalytic activity of the catalyst. In certain instances, such oxidative
      treatment, although substantially removing the deposits from the catalyst,
      has resulted in a catalyst having unacceptable hydrocarbon hydrotreating
      activity. Also, in certain instances virgin catalysts of the type
      described above have been found to have unacceptable hydrocarbon
      hydrotreating activity. Processing with a catalyst having unacceptable
      activity is highly undesirable, for example, because of hydrotreating
      reaction inefficiency as well as possible detrimental effects to
      processing using the product of such a hydrotreating operation. Thus, it
      would be advantageous to determine the hydrocarbon hydrotreating activity
      of a catalyst prior to its being used to promote such hydrotreating.
PAR  Therefore, one of the objects of the present invention is to provide an
      improved method for determining the hydrocarbon hydrotreating activity of
      a catalyst prior to using the catalyst to promote hydrocarbon
      hydrotreating.
PAR  Another object of the present invention is to provide an improved method of
      hydrocarbon hydrotreating in which the activity of a catalyst is
      determined prior to using the catalyst to promote hydrocarbon
      hydrotreating. Other objects and advantages of the present invention will
      become apparent hereinafter.
PAR  A method has now been discovered for determining the hydrocarbon
      hydrotreating, e.g., hydrodesulfurization, activity of a first catalyst
      prior to the catalyst being used to promote hydrocarbon hydrotreating,
      e.g., hydrodesulfurization. The first catalyst comprises a major amount of
      a solid porous support, e.g., alumina, a minor, catalytically-effective
      amount of nickel at least a portion of which is present in the first
      catalyst in the Ni++ form and a minor, catalytically-effective amount of
      at least one metal selected from the group consisting of molybdenum,
      tungsten and mixtures thereof, at least a portion of the metal being
      present in an oxidized state. The present method comprises:
PA0  1. determining the maximum relative reflectance of the first catalyst of
      light having a wave number in the range from about 16,000 cm..sup.-.sup.1
      to about 1700 cm..sup.-.sup.1 ;
PA0  2. determining the maximum relative reflectance of the first catalyst of
      light having a wave number of about 20,000 cm..sup.-.sup.1 ;
PA0  3. determining an activity ratio equal to the relative reflectance
      determined in step (1) minus the relative reflectance determined in step
      (2);
PA0  4. performing steps (1), (2) and (3) to determine the activity ratio of a
      standard catalyst having essentially the same elemental composition as the
      first catalyst and having acceptable hydrocarbon hydrodesulfurization
      activity; and
PA0  5. comparing the activity ratio obtained in steps (3) and (4), provided
      that (a) an increase in activity ratio from step (3) to step (4) being
      indicative of reduced hydrocarbon hydrotreating activity of the first
      catalyst relative to the standard catalyst, (b) no change in activity
      ratio from step (3) to step (4) being indicative of essentially equal
      hydrocarbon hydrotreating activity of the first catalyst relative to the
      standard catalyst, and (c) a decrease in activity ratio from step (3) to
      step (4) being indicative of greater hydrocarbon hydrotreating activity of
      the first catalyst relative to the standard catalyst.
PAR  An improved hydrocarbon hydrotreating process has also been discovered
      which comprises (1) determining the hydrocarbon hydrotreating activity of
      a first catalyst in the manner described above; (2) contacting a
      hydrocarbon feedstock containing at least one contaminant selected from
      the group consisting of sulfur, nitrogen and mixtures thereof with
      hydrogen in the presence of a first catalyst at conditions such that
      hydrogen forms compounds with at least one of the contaminants, provided
      that the first catalyst has a hydrocarbon hydrotreating activity at least
      essentially equal to the activity of the standard catalyst; and (3)
      recovering a hydrocarbon material having a reduced content of at least one
      of the contaminants relative to the feedstock.
PAR  In many instances, only a minor portion, e.g., a sample, of a mass of first
      catalyst is used to determine the hydrocarbon hydrotreating activity of
      the first catalyst. If it is determined that this activity is at least
      essentially equal to the activity of the standard catalyst, the remaining
      mass of the first catalyst, with or without the portion used to determine
      the activity of this catalyst, may be used in the hydrocarbon
      hydrotreating process described above.
PAR  The term "relative reflectance" as used herein is defined as:
EQU  log (Ro/R)
PAL  wherein Ro is the percent reflectance of a reference material at a
      specified wave number and R is the percent reflectance of the catalyst
      sample, e.g., first catalyst and standard catalyst, at that wave number.
PAR  Suitable reference materials include substances which reflect at least
      about 80 percent, preferably at least about 95 percent, of the light of a
      specified wave number. Specific examples of such reference materials
      include magnesium oxide, magnesium carbonate, magnesium sulfate, barium
      sulfate, lithium carbonate, sodium chloride, sodium fluoride, alumina,
      silica gel and the like. The preferred reference material for use in the
      present invention is magnesium oxide.
PAR  The statement that the standard catalyst has essentially the same elemental
      composition as the first catalyst means that the standard catalyst
      comprises a major amount of a solid porous support, a minor,
      catalytically-effective amount of nickel at least a portion of which is
      present in the N++ form, and minor, catalytically-effective amount of the
      other metal or metals, at least a portion of which being present as metal
      oxide, which comprise the first catalyst. Preferably, the standard
      catalyst has substantially the same porous solid support as the first
      catalyst and has substantially the same relative proportions of elements
      as the first catalyst.
PAR  The catalyst suitable for the present method include a solid porous
      support, e.g., alumina. It is preferred that the solid porous support be a
      material comprising a major amount of alumina having a surface area of
      from about 25 m..sup.2 /gm. to about 500 m..sup.2 /gm. The solid porous
      support comprises a major proportion, preferably at least about 60
      percent, and more preferably at least about 65 percent, by weight of the
      catalyst. One specific catalyst support, or base, is alumina derived from
      hydrous alumina, preferably, predominating in a material selected from the
      group consisting of alumina trihydrate, alumina monohydrate, amorphous
      hydrous alumina and mixtures thereof, more preferably from the group
      consisting of alumina monohydrate, amorphous hydrous alumina and mixtures
      thereof, which alumina when formed as pellets and calcined, has an
      apparent bulk density of from about 0.35 gm./cc. to about 1.00 gm./cc.,
      pore volume from about 0.45 ml./gm. to about 1.50 ml./gm., and surface
      area from about 100 m..sup.2 /gm. to about 500 m..sup.2 /gm. The solid
      porous support may contain, in addition, minor proportions of other well
      known refractory inorganic oxides such as silica, zirconia, magnesia and
      the like.
PAR  The alumina support may be synthetically prepared in any suitable manner.
      Thus, for instance, hydrated alumina in the form of a hydrogel can be
      precipitated from an aqueous solution of a soluble aluminum salt such as
      aluminum chloride. Ammonium hydroxide is a useful agent for effecting the
      precipitation. Control of the pH to maintain it within the values of about
      7 to about 10 during the precipitation is desirable for obtaining a good
      rate of conversion. Extraneous ions, such as halide ions, which are
      introduced in preparing the hydrogel, can, if desired, be removed by
      filtering the alumina hydrogel from its mother liquor and washing the
      filter cake with water. Also, if desired, the hydrogel can be aged, say
      for a period of several days. The effect of such aging is to build up the
      concentration of alumina trihydrate in the hydrogel.
PAR  The first catalyst, the activity of which may be determined using the
      method of the present invention preferably comprises at least one
      component, i.e., a minor amount of phosphorus, sufficient to improve the
      hydrocarbon hydrotreating activity of the catalyst in addition to the
      metallic component described above. Preferably, the phosphorus content of
      these catalysts is within the range from about 0.5  to about 15 percent,
      more preferably from about 1 to about 10 percent, of the total catalyst.
      One preferred method by which phosphorus may be included in these
      catalysts comprises contacting an aqueous mixture of hydrous alumina with
      at least one phosphorus-containing compound including at least one acidic
      hydrogen atom, i.e., phosphorus acids, in an amount sufficient to increase
      the hydrocarbon hydrotreating activity of the final catalyst and forming a
      phosphorus-containing hydrous alumina. The aqueous mixture preferably
      comprises from about 5 to about 70 percent, more preferably from about 30
      to about 70 percent, by weight of hydrous alumina (calculated as Al.sub.2
      O.sub.3). The hydrous alumina used may be prepared by various methods
      known in the art, as noted previously. It is not critical in what order
      the components are combined in this contacting step. For example, water
      containing the phosphorus acid can be combined with dried hydrous alumina;
      the phosphorus acid or a concentrated mixture of water and phosphorus acid
      can be combined with an aqueous mixture of hydrous alumina; or the
      phosphorus acid, water and hydrous alumina from separate sources can be
      combined for the contacting step. The contacting step may occur in a batch
      system, semi-batch system or a continuous system.
PAR  This contacting takes place under conditions sufficient to increase the
      hydrocarbon hydrotreating activity of the first catalyst. Although the
      contacting conditions are not critical, it is preferred that the
      contacting take place at a temperature in the range from about
      35.degree.F. to about 210.degree.F., or more, more preferably in the range
      from about 50.degree.F. to about 150.degree.F. Contacting times in the
      range from about 1 minute or less to about 20 hours or more may be used,
      with times in the range from about 1 minute to about 1 hour being
      preferred. The contacting step preferably takes place at conditions, e.g.,
      temperatures and pressures, such that a substantial loss, e.g., greater
      than 30%, of the free water in the aqueous mixture by vaporization is
      avoided. Thus, for example, the contacting of step (1) may be carried out
      at pressures in the range from about 1 atmosphere to about 10 atmospheres
      or more.
PAR  The phosphorus acids referred to above are chosen to provide a first
      catalyst having increased hydrocarbon hydrotreating activity. Preferably,
      the phosphorus acid is at least partially water soluble. Also included in
      the term phosphorus acids are phosphorus acid precursors, that is
      phosphorus-containing compounds able to form compounds containing at least
      one acidic hydrogen atom when in the presence of water such as phosphorus
      oxides, phosphorus oxyhalides and the like. Included among the phosphorus
      acids useful in the present invention are ortho-, pyro-, meta-,
      hypo-phosphorus acids, phosphoric acids, phosphonic acids, phosphinic
      acids, phosphenic acids, phosphoranoic acids, phosphoranedioic acids,
      phosphoranetrioic acids, phosphorcientetroic acids, phosphoranepentoic
      acids and mixtures thereof. Preferably, the phosphorus acid used is
      selected from the group consisting of phosphoric acids, phosphorous acids
      and mixtures thereof. Of course, mixtures of two or more phosphorus acids
      may be utilized. Substituted forms of the phosphorus acids also may be
      used. Suitable substituents are chosen so as not to materially interfere
      with the functions of the phosphorus acids. Such substituents include:
      halide, such as fluoride, chloride, bromide and the like; NH.sub.4 ; CN;
      monovalent essentially hydrocarbonaceous radicals containing from about 1
      to about 30 or more carbon atoms and the like. Among the monovalent
      essentially hydrocarbonaceous radicals which may be substituted on to
      phosphorus acids are alkyl and alkenyl such as methyl, ethenyl, butyl,
      butenyl, octyl, octenyl, hexyldecyl, hexyldecenyl and the like; aryl such
      as phenyl, naphthyl and the like; and alkaryl, alkenaryl, aralkyl and
      aralkenyl such as methyl-, butyl- and decyl-phenyl, ethenyl- butenyl- and
      decenyl-phenyl, benzyl, phenyl butyl, phenyl decyl, phenyl ethenyl, phenyl
      butenyl, phenyl decenyl and the like. Substituted monovalent
      hydrocarbonaceous radicals may be used, for example, to improve water
      solubility of the acid, provided that the substituent does not interfere
      with the functions of the phosphorus acids.
PAR  In a more preferred embodiment, the phosphorus acid used in selected from
      the group consisting of phosphoric acids and mixtures thereof. The term
      phosphoric acids includes compounds which form phosphoric acids in the
      presence of water. It is preferred that the phosphorus acid be present in
      the contacting step in an amount such that at least about 0.01 moles, more
      preferably from about 0.01 mole to about 2.0 moles, most preferably from
      about 0.05 mole to about 1.0 moles, of phosphorus is present per mole of
      alumina (calculated as Al.sub.2 O.sub.3).
PAR  This contacting step forms a phosphorus-containing hydrous alumina which
      can, if necessary, be dried. In any event, the alumina, whether
      phosphorus-containing or not, may be formed into macrosize particles of
      any desired shape such as pills, cakes, extrudates, powders, granules,
      spheres, and the like using conventional methods. The size selected for
      the macrosize particles can be dependent upon the intended environment in
      which the final catalyst is to be used -- as, for example, whether in a
      fixed or moving bed reaction system. Thus, for example, whereas in the
      preferred embodiment of the present invention, the final catalyst is
      designed for use in hydrocarbon hydrotreating operations employing a fixed
      bed of catalyst, the alumina will preferably be formed into particles
      having a minimum dimension of at least about 0.01 inch and a maximum
      dimension up to about one-half inch or one inch or more. Spherical
      particles having a diameter of about 0.03 inch to about 0.25 inch.,
      preferably about 0.03 inch to about 0.15 inch, are often useful.
PAR  It is essential that the catalysts suitable for the method of the present
      invention contain a minor catalytically-effective amount of nickel at
      least a portion, preferably substantially all, of which is present in the
      N++ form. The nickel component preferably comprises from about 0.5 to
      about 15 percent, more preferably from about 1.5 to about 7 percent, by
      weight of the total catalyst (calculated as elemental nickel).
PAR  These catalysts also contain a minor, catalytically-effective amount of at
      least one other metal selected from the group consisting of molybdenum,
      tungsten and mixtures thereof, provided that at least a portion,
      preferably substantially all, of the metal is present in the catalyst in
      an oxidized state. The additional catalyst metal component or components
      preferably comprise a total from about 5 to about 40 percent, more
      preferably from about 10 to about 30 percent by weight of the total
      catalyst (calculated as the tri-oxide).
PAR  Although any conventional method may be used to produce the N++ containing
      catalysts suitable for the present invention, a convenient means involves
      the use of impregnating techniques on a preformed porous solid support,
      for example, comprising a major portion of alumina. For example, the
      catalyst may be prepared by contacting the solid porous support, e.g., in
      the form of particles of any suitable size and shape, with a single
      aqueous impregnating solution of suitable water-soluble compounds of
      nickel, e.g., nickel nitrate, formate, sulfate, chloride and the like, and
      water-soluble compounds of at least one additional metallic component,
      e.g., ammonium molybdate, ammonium tungstate and the like. To illustrate,
      an aqueous solution of nickel nitrate and ammonium molybdate in ammonia
      and water can be used as the impregnating solution. Alternatively,
      ammonium molybdate can be dissolved in a solution of aqueous ammonia,
      nickel nitrate is then added to this solution to form the nickel amine
      complex (Ni(NH.sub.3).sub.6 ++). This solution can then be used to
      impregnate the support. A double impregnation technique may be used
      whereby the additional metallic component is incorporated into this porous
      solid support, by, for example, contacting the porous solid support with
      an aqueous impregnating solution of a water soluble compound of the
      additional metallic component. The thus impregnated porous solid support
      may be dried and subjected to high temperature calcination. In any event,
      the porous solid support containing the additional metallic component is
      then contacted with an aqueous solution of a suitable water-soluble
      compound of nickel to form a solid product comprising nickel in the
      required N++ form. The order in which the metals are incorporated into the
      porous solid support is not critical. Thus, the nickel may be incorporated
      into the porous solid support prior to an additional metallic component,
      as well as vice versa.
PAR  In any event, the metal-containing solid porous support is subjected to
      high temperature calcination in an oxygen-containing atmosphere in order,
      for example, to improve the general toughness and attrition resistance of
      the catalyst as well as providing optional catalytic properties prior to
      it being used in hydrocarbon hydrodesulfurization service. It is at this
      point, i.e., after calcination, that the present method for monitoring
      catalyst activity is preferably carried out.
PAR  In another preferred embodiment, the present method is carried out on a
      first catalyst after it has been used to promote hydrocarbon hydrotreating
      for a period of time and has been subjected to regeneration procedures,
      e.g., contact with an oxygen-containing atmosphere to remove the
      carbonaceous deposits formed on the catalyst during the hydrotreating
      operation.
PAR  If, using the method of the present invention, it is determined that the
      activity of the first catalyst is at least equal to the activity of the
      standard catalyst, such first catalyst may be used to provide an improved
      hydrocarbon hydrotreating process. These first catalysts are particularly
      useful in the hydrotreating of substantially hydrocarbon feedstocks such
      as sulfur-containing and/or nitrogen-containing mineral oil derived from
      petroleum, coal, shale oil, tar sand oil and the like. Distillate
      feedstocks, including heavy oil distillates, having end boiling point up
      to about 1100.degree.F., are especially preferred. Typical distillates
      which may be processed using the present catalyst include those having at
      least about 0.5 percent by weight sulfur and/or at least about 100 ppm.
      nitrogen and boiling primarily in the range from about 150.degree.F. to
      about 1050.degree.F., or more. The substantially hydrocarbon feedstock can
      be contacted with hydrogen in the presence of the first catalyst the
      activity of which has been determined to be at least equal to the activity
      of a standard catalyst in at least one reaction zone at conditions such as
      a temperature, for example, in the range from about 650.degree.F. to about
      900.degree.F., preferably from about 700.degree.F. to about 850.degree.F.,
      sufficient to form compounds of at least one of the contaminants of the
      feedstock, e.g., sulfur and/or nitrogen, with hydrogen which can be
      removed by conventional processing, e.g., flashing, simple distillation,
      vacuum distillation and the like. Other suitable contacting conditions
      include pressures from about 300 psi. to about 5000 psi., preferably from
      about 300 psi. to about 1500 psi.; weight hourly space velocities of from
      about 0.5 to about 4, preferably from about 1 to about 3 and hydrogen flow
      rates of from about 300 to about 30,000 standard cubic feet of hydrogen
      per barrel of feedstock, preferably from about 300 to about 5,000 standard
      cubic feet of hydrogen per barrel of feedstock. In many instances, contact
      of the feedstock over the catalyst as set forth above allows the recovery
      of at least one substantially hydrocarbon product having a sulfur
      concentration and/or nitrogen concentration reduced from that of the
      feedstock. This product recovery can be carried out using conventional
      techniques, e.g., flashing, distillation and the like, well known in the
      art.
PAR  The following examples illustrate clearly the present invention. However,
      these examples are not to be interpreted as specific limitations on the
      invention.
PAC  EXAMPLES 1 to 5
PAR  Five samples of commercially available hydrocarbon hydrotreating catalyst
      were chosen for testing. Each of the catalysts were prepared using
      conventional techniques. These samples of alumina-supported catalyst had
      the following properties.
TBL  __________________________________________________________________________

                     SAMPLE NOS.                                               

                     1     2     3     4     5                                 

     __________________________________________________________________________

     Nickel Content, .sup.(1) Wt.%                                             

                     2.09  2.52  3.05  2.75  2.7                               

     Molybdenum Content, .sup.(2) Wt.%                                         

                     14.25 16.37 13.29 15.86 14.8                              

     Phosphorus Content, Wt.                                                   

                     1.21  0.93  1.26  0.74  0.9                               

     Silica Content, Wt.%                                                      

                     --    1.45  1.45  1.58  1.4                               

     Surface Area, m.sup.2./gm.                                                

                     231   248   240   263   26                                

     Total Pore Volume, cc./gm.                                                

                     0.516 0.600 0.569 0.609 0.58                              

     __________________________________________________________________________

      .sup.(1) The nickel content is calculated as elemental nickel and is     

      present in the Ni++ form.                                                

      .sup.(2) The molybdenum content is calculated as MoO.sub.3.              

PAR  Each of these catalysts samples was subjected to testing using a Cary U-V
      spectrophotometer provided with a reflectance attachment to determine the
      reflectance of light having a wave number of 16,000 cm..sup.-.sup.1 and
      light having a wave number of 20,000 cm..sup.-.sup.1. The reflectance of
      light by the sample was compared to the reflectance of light of a given
      wave number of a standard material, in this instance magnesium oxide. The
      relative reflectance of each catalyst sample of light having wave numbers
      of 16,000 cm..sup.-.sup.1 and 20,000 cm..sup.-.sup.1 was determined. An
      activity ratio, defined as
PAC  (Relative Reflectance) 16,000 cm..sup.-.sup.1
PAC  minus
PAC  (Relative Reflectance) 20,000 cm..sup.-.sup.1
PAL  was determined for each catalyst sample. A compilation of these activity
      ratios is as follows:
TBL  Catalyst Sample No.  Activity Ratio*                                      

     ______________________________________                                    

      1                   -0.05                                                

     2                    +.003                                                

     3                    +0.012                                               

     4                    +0.038                                               

     5                    +0.103                                               

     ______________________________________                                    

      *The Activity Ratios of both catalyst Samples 1 and 2 are averages of    

      determinations made on two portions of the catalyst.                     

PAR  Samples of each catalyst were tested in hydrocarbon, e.g., light cycle oil,
      hydrotreating service to determine the hydrodesulfurization activity of
      the particular catalyst. Typical reaction conditions for this testing are
      as follows:
TBL  Temperature, .degree.F.                                                   

                           650 to 725                                          

     Pressure, psig.       400 to 2000                                         

     WHSV                  0.5 to 6.0                                          

     H.sub.2 /Hydrocarbon  2000 to 3000                                        

     Sulfur Content of                                                         

     Hydrocarbon Feed-                                                         

     stock, Wt.%           0.9 to 1.3                                          

PAL  Using correlation techniques known to be reasonably accurate, the results,
      e.g., degree of desulfurization and reaction severity, from each test were
      compared to the results predicted by these correlation techniques. The
      ratio of
      ##EQU1##
      was defined as the Relative Activity of the catalyst sample. The greater
      the Relative Activity the more active the catalyst for hydrocarbon
      desulfurization. The Activity Ratios and Relative Activities of the
      catalyst samples were found to be as follows:
TBL  Catalyst Sample No.                                                       

                   Activity Ratio                                              

                                Relative Activity                              

     ______________________________________                                    

     1             -0.05        1.25                                           

     2             +0.003       1.07                                           

     3             +0.012       1.02                                           

     4             +0.038       0.98                                           

     5             +0.103       0.91                                           

     ______________________________________                                    

      The above tabulations show quite clearly that the method of the present
      invention provides a convenient method for determining the hydrotreating,
      e.g., hydrodesulfurization, activity of various catalysts. For example, it
      can be seen that as the Activity Ratio is increased, the Relative Activity
      of the catalyst is decreased. If Catalyst 3 is defined as a standard
      catalyst having minimum acceptable hydrocarbon hydrotreating activity, it
      can be seen that Catalysts 4 and 5 which have higher Activity Ratio than
      does Catalyst 3, have unacceptable hydrocarbon hydrotreating catalytic
      activity. Conversely, catalyst sample numbers 1 and 2 which have Activity
      Ratios less than Catalyst 3 have greater hydrotreating activity than does
      Catalyst 3.
PAC  EXAMPLES 6 and 7
PAR  The catalysts of Example 1 and 2 above, having been shown to have
      acceptable hydrocarbon hydrotreating activity, are utilized in hydrocarbon
      hydrotreating service. The hydrocarbon to be treated is a petroleum
      derived distillate containing sulfur as a contaminant. This hydrocarbon is
      contacted with each of the catalysts in the presence of hydrogen at
      conditions such that hydrogen forms compounds with the sulfur. The
      catalysts of Examples 1 and 2 both exhibit said hydrotreating catalytic
      activity. After such contacting, a hydrocarbon product having reduced
      sulfur content relative to the hydrocarbon feedstock is recovered using
      conventional means.
PAR  While this invention has been described with respect to various specific
      examples and embodiments, it is to be understood that the invention is not
      limited thereto and that it can be variously practiced within the scope of
      the following claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. A hydrocarbon hydrotreating process which comprises:
PA1  1. determining the hydrocarbon hydrotreating activity of a first catalyst
      comprising a major amount of a porous alumina support, a minor
      catalytically-effective amount of nickel, at least a portion of said
      nickel being present in the N++ form, and a minor catalytically-effective
      amount of at least one additional metal selected from the group consisting
      of molybdenum, tungsten, and mixtures thereof, at least a portion of said
      one additional metal being presesnt in an oxidized state, said hydrocarbon
      hydrotreating activity being determined according to a method comprising:
PA2  a. determining the maximum relative reflectance of said first catalyst of
      light having a wave number in the range from about 16,000 cm..sup.-.sup.1
      to about 17,000 cm..sup.-.sup.1 ;
PA2  b. determining the maximum relative reflectance of said first catalyst of
      light having a wave number of about 20,000 cm.sup.-.sup.1 ;
PA2  c. determining an activity ratio equal to the relative reflectance
      determined in step (a) minus the relative reflectance determined in step
      (b);
PA2  d. performing steps (a), (b) and (c) to determine the activity ratio of a
      standard catalyst having essentially the same elemental composition as
      said first catalyst and acceptable hydrocarbon hydrotreating activity;
PA2  e. comparing the activity ratios obtained in steps (c) and (d), provided
      that (1) an increase in activity ratio from step (c) to step (d) being
      indicative of reduced hydrocarbon hydrotreating activity of said first
      catalyst relative to said standard catalyst, (2) no change in activity
      ratio from step (c) to step (d) being indicative of essentially equal
      hydrocarbon hydrotreating activity of said first catalyst relative to said
      standard catalyst and (3) a decrease in activity ratio from step (c) to
      step (d) being indicative of greater hydrocarbon hydrotreating activity of
      said first catalyst relative to said standard catalyst;
PA1  2.
NUM  2.
PAR  2. contacting a hydrocarbon feedstock containing at least one contaminant
      selected from the group consisting of sulfur, nitrogen and mixtures
      thereof with hydrogen in the presence of said first catalyst at conditions
      such that hydrogen forms compounds with at least one of said contaminants,
      provided that said first catalyst has a hydrocarbon hydrotreating activity
      at least essentially equal to that of said standard catalyst; and
PA2  3. recovering a hydrocarbon material having a reduced content of at least
PAR   one of said contaminants relative to said feedstock. 2. The method of
      claim 1 wherein substantially all of the nickel of said first catalyst is
      in the Ni++ form.
NUM  3.
PAR  3. The method of claim 2 wherein said standard catalyst has substantially
      the same relative proportions of elements as said first catalyst.
NUM  4.
PAR  4. The method of claim 3 wherein said nickel is present in said first
      catalyst in an amount of from about 0.5 to about 15 percent by weight of
      said first catalyst.
NUM  5.
PAR  5. The method of claim 4 wherein said additional metal is present in said
      first catalyst in an amount from about 5 to about 40 percent by weight of
      said first catalyst (calculated as the metal trioxide).
NUM  6.
PAR  6. The method of claim 5 wherein said first catalyst further includes a
      minor amount of phosphorus sufficient to improve the hydrocarbon
      hydrotreating activity of said first catalyst.
NUM  7.
PAR  7. The method of claim 6 wherein said nickel is present in said first
      catalyst in an amount of from about 1.5 to about 7 percent by weight of
      said first catalyst.
PATN
WKU  039322718
SRC  5
APN  4319273
APT  1
ART  177
APD  19740109
TTL  Electric preconditioning in selective flotation of oxidic type ores
ISD  19760113
NCL  9
ECL  1
EXP  Halper; Robert
NDR  1
NFG  3
INVT
NAM  Nagano; Ikuo
CTY  Hino
CNT  JA
INVT
NAM  Saitoh; Kozo
CTY  Tokyo
CNT  JA
INVT
NAM  Tanaka; Hiroshi
CTY  Chofu
CNT  JA
ASSG
NAM  Mitsui Mining & Smelting Co., Ltd.
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730113
APN  48-006781
CLAS
OCL  209  9
XCL  209165
XCL  209167
EDF  2
ICL  B03B  100
FSC  209
FSS  166;167;9;164;1;162;164;2;3;163;165
FSC  204
FSS  130;92
UREF
PNO  554914
ISD  18960200
NAM  Dimmick
XCL  209  9
UREF
PNO  1126965
ISD  19150200
NAM  Emerson
OCL  209164
UREF
PNO  1891776
ISD  19321200
NAM  O'Malley
XCL  209167
UREF
PNO  2084316
ISD  19360700
NAM  Beatty
OCL  209164
UREF
PNO  2258507
ISD  19411000
NAM  Moas
OCL  209166
UREF
PNO  3745102
ISD  19730700
NAM  Banerji
XCL  204 92
FREF
PNO  398,058
ISD  19210300
CNT  DD
OCL  209164
FREF
PNO  477,950
ISD  19270200
CNT  DD
OCL  209164
FREF
PNO  505,059
ISD  19200500
CNT  FR
OCL  209  9
FREF
PNO  914,067
ISD  19621200
CNT  UK
OCL  209164
FREF
PNO  194,679
ISD  19670600
CNT  SU
OCL  204130
FREF
PNO  78,111
ISD  19320200
CNT  SW
OCL  209166
OREF
PAL  Chem. Abst., 78, 1973, 1389842.
LREP
FRM  Woodhams, Blanchard and Flynn
ABST
PAL  In the flotation of oxide ores, a method of flotation characterized by
      applying d-c current to the oxide ore slurry as a pre-treatment prior to
      flotation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a flotation method for oxide ores in which
      the ore is pre-treated by electric current prior to undergoing flotation.
PAR  2. Description of the Prior Art
PAR  In general, the separation efficiency of flotation is accomplished by the
      selective chemical and physical actions under certain conditions between
      various mineral processing reagents and the surfaces of the various
      minerals. Suitable flotation techniques for the so-called sulfide ores
      have been established to a certain degree.
PAR  However, when the surface properties of the constituents of various mixed
      ores such as oxide ore and non-metallic ore closely resemble each other,
      it is extremely difficult to achieve an effective separation, even if
      prior to the flotation, various techniques such as pH adjustment,
      temperature adjustment and addition of mineral processing reagents have
      been employed.
PAR  For example, in the flotation of zinc oxide from silicate minerals, it is
      known to effect sulfidization of said minerals with Na.sub.2 S with
      heating and then utilizing cationic collectors. But this method has many
      defects such as the need to deslime the minerals before the flotation, as
      well as the need to heat and add a large amount of reagent to the slurry
      during operation, and the flotation result is poor.
PAC  SUMMARY OF THE INVENTION
PAR  We have investigated to find flotation methods which do not have the above
      defects. We have paid attention to the facts that ores in the slurry state
      have surface electric potentials which vary depending on the kinds of
      coexisting ions or pH value, and that these variations change the response
      characteristics of the ores as regards various mineral processing
      reagents. We have discovered that desirable response characteristics,
      which could not have been achieved by the prior art techniques, can be
      obtained by means of applying d-c current to the slurry and thereby
      causing the surface electric potentials to change. The present invention
      has been obtained on the basis of this discovery. According to this
      invention the flotation of the oxide ores can be effectively achieved by
      applying d-c current to the slurry, as a pre-treatment, prior to
      flotation.
PAR  An object of this invention is to provide a method for the flotation of
      oxide ores which is capable for carrying out effectively the mutual
      separation of the ore constituents.
PAR  Another object of this invention is to provide a flotation method for oxide
      ores which facilitates control of the flotation for separating the ore
      constituents.
PAR  A further object of this invention is to provide a non-polluting flotation
      method which does not use the toxic agents and is economically
      advantageous.
PAR  In the present invention, the surface electric potential of the ores can be
      varied by altering the combination of conditions of electrode material,
      voltage, d-c current and electric conditioning agent. As the result the
      flotation adjustment, which has been most difficult by the prior art
      techniques, now can be done easily.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph showing the variation of recovery percentage of quartz
      using various electrode materials,
PAR  FIG. 2 is a graph showing the variation of recovery percentage of quartz in
      relation to the electric conditioning time, and
PAR  FIG. 3 is a graph showing the variation of recovery percentage of calcite
      using on the same electrode materials as FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The flotation method according to the present invention makes it possible
      to obtain broad variations of the flotation properties of the ore
      materials by varying the electric conditions such as the electrode
      materials and the electric conditioning time, which are applied to the
      slurry prior to flotation.
PAR  The differences in the various electric conditions that change the
      flotation properties will be described by referring to the accompanying
      drawings.
PAR  In the experiments whose results are graphically illustrated in FIGS. 1-3,
      the purity of the quartz and calcite is very good, and the collector is
      cationic Armac C (Armour Industrial Chemical Co.) and the frothing agent
      is Nikko No. 10 oil (Nippon Koryo KK). In the experiments, a small
      laboratory flotation cell was used and the cell and the agitator were
      electrically insulated. Then electrodes were inserted in the cell, and d-c
      current was applied to the ore slurry, following which the flotation was
      carried out.
PAR  In the experiments of FIGS. 1 and 3, the flotation conditions, d-c voltage,
      d-c current, electric conditioning time and electric conditioning agent
      were the same, except for changing the electrode material. In the
      experiments of FIG. 2, the flotation conditions, d-c voltage, d-c current,
      electric conditioning agent and electrode material were the same, except
      for changing the electric conditioning time. The symbol "non" on the
      abscissa of the FIGS. 1 and 3 shows that the flotation is carried out
      without electric conditioning.
PAR  From the graphs of FIGS. 1-3, it is observed that the electrode material
      and the electric conditioning time in the electric treatment according to
      the present invention have a considerable effect on the flotation
      characteristics. Consequently, as shown in the following Examples, for
      instance, in the flotation of metal-bearing ores containing silicates
      and/or alkaline carbonates, flotation can be carried out with high
      efficiency by suitably selecting and combining the conditions of the
      electrical conditioning pre-treatment according to the present invention
      so that the flotation of those ores is most depressed or is most promoted.
PAR  In the present invention, when the electric conditioning is carried out
      with stirring, the electrodes are inserted into a conditioner equipped
      with an electrically insulated agitator (which may be a circular type or
      an angular type). In the feed and discharge of the ore slurry or pulp in
      this case, there can be employed various combinations of conditioner upper
      surface feed, conditioner bottom surface feed conditioner upper surface
      discharge and conditioner bottom surface discharge.
PAR  On the other hand, when the electric conditioning is carried out without
      stirring, it is preferable that the electrodes are inserted into an
      electrically insulated conditioner, and the slurry is uniformly charged to
      the upper surface of the conditioner and is discharged from the bottom.
      The size of the conditioner is determined according to the time necessary
      for the electrical conditioning treatment.
PAR  The preferred optimum values of voltage and current for the electric
      conditioning treatment will vary depending on the particular ore treated.
      There is employed a current density of 0.002 to 20.0 A/dm.sup.2 and a
      voltage of 0.5 to 750.0 volts. Suitable values within those ranges are
      selected, taking into consideration, such points as the amount of the
      electric conditioning agent added, the distance between the electrodes,
      the area of the electrodes and the electric conditioning time. For any
      specific ore, there will be carried out a series of routine experiments to
      determine the specific conditions that will provide the most economic
      recovery of a concentrate of the desired material.
PAR  The shape of the electrodes to be used in the present invention is not
      critical and it can be of any suitable form such as plate, stick,
      cylinder, lattice, and fiber. The electrode can be an electrode which will
      gradually be dissolved during the treatment, such as aluminum, nickel,
      copper, lead, zinc, iron, etc. or an insoluble electrode made of carbon,
      etc., or combinations thereof can be employed.
PAR  In the present invention, it is preferred to add to the ore slurry or pulp,
      prior to or during the electric conditioning, one or more electric
      conditioning agents. Suitable elecrical conditioning agents include
      hydroxides such as KOH, NaOH, Ca(OH).sub.2, Zn(OH).sub.2, NH.sub.4 OH,
      etc., acids such as H.sub.2 SO.sub.4, HNO.sub.3, CH.sub.3 COOH, HCl,
      H.sub.2 C.sub.2 O.sub.4 and their metal salts, etc. Halogenides of the
      alkali metals or alkaline earth metals are especially preferred.
PAR  The joint use of one or more electric conditioning agents with conventional
      flotation agents, for instance, dispersing agents, regulating agents,
      activating agents, pressing agents, etc., also is effective.
PAR  As stated above, the present invention provides an electric conditioning
      pre-treatment to change the electric charge of the surface of the ore
      particles by applying d-c current into the slurry. This change of the
      electric charge of the surface in the dispersed phase or solution
      consisting of solid-liquid phase, can be applied to various other
      solid-liquid phase treatments, for example, sedimentation, flocculation,
      dispersion, floating, cleaning, separation, filtration, dehydration,
      emulsification, frothing, defrothing, rinsing, corrosion, wettability,
      degreasing, decomposition, solubilization, bleaching, fluidization,
      deodorizing, fungicide, dyeing, permeation, leaching, swelling, oxidation,
      slimecoating and the like.
PAR  By the use of the d-c current electrical conditioning treatment of the
      slurry by the present invention, ores that have not been used by the
      industry, because of the difficulty of concentrating them by flotation can
      be effectively recovered. Furthermore, the use of the method of the
      present invention is extremely effective for the recovery of underground
      resources because the efficiency of the flotation is improved in
      comparison with the conventional methods.
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  In the following Examples, all "%", refer to percent by weight.
PAC  EXAMPLE 1
PAR  For the separation of zinc oxide ore (22.8% of zinc, 56% of SiO.sub.2)
      which was difficult to separate by the conventional amine flotation
      method, the method of the present invention and the conventional method
      were applied, and the data shown in the following table were obtained:
TBL                                    Table 1                                 

     __________________________________________________________________________

                 Method of the present invention                               

                                  Conventional method                          

     __________________________________________________________________________

                 Aluminum electrode                                            

     Electrical  D.C. 27V, 1.0A/dm.sup.2                                       

     Conditioning                                                              

                 Electric conditioning                                         

                                  None                                         

     Treatment Conditions                                                      

                 agent CH.sub.3 COONa                                          

                 Electric Conditioning time                                    

                 5 min.                                                        

     __________________________________________________________________________

         Na.sub.2 S                                                            

                 None              10 Kg/t                                     

     Flota-                                                                    

         Armac C 230 g/t          230 g/t                                      

     tion                                                                      

         Nikko No. 10                                                          

                 250 g/t          230 g/t                                      

     Condi-                                                                    

         Flotation                                                             

                  15 min.          15 min.                                     

     tions                                                                     

         time                                                                  

         pH      8.3              11.2                                         

     __________________________________________________________________________

                 Zn      Zn       Zn   Zn                                      

                 assay % recovery %                                            

                                  assay %                                      

                                       recovery %                              

         Feed    22.8    100.0    22.8 100.0                                   

     Results                                                                   

         Froth   43.1     90.1    23.8  92.9                                   

         Tailing  4.3     9.9     14.7  7.1                                    

     __________________________________________________________________________

PAR  The amine flotation method has been applied as a flotation method for the
      ore used in Example 1, but, even if a large amount of 10 kg/t of Na.sub.2
      S is used, the separation is not substantially carried out. However, when
      the electric conditioning treatment by the present invention is carried
      out, the separation performance is remarkably improved.
PAC  EXAMPLE 2
PAR  For the separation of zinc oxide ore containing a large amount of calcite
      (22.2% of zinc, 28% of CaO), the method of the present invention and the
      conventional method were applied and the data shown in the following table
      were obtained:
TBL                                    Table 2                                 

     __________________________________________________________________________

                 Method of the present invention                               

                                  Conventional method                          

     __________________________________________________________________________

     Electrical Conditioning                                                   

                 Lead electrode                                                

     Treatment Conditions                                                      

                 D.C. 35V, 1.5A/dm.sup.2                                       

                 Electric conditioning                                         

                 agent KCl        None                                         

                 Electric conditioning time                                    

                 7 min.                                                        

     __________________________________________________________________________

     Flota-                                                                    

         Na.sub.2 S                                                            

                 None              10 Kg/t                                     

     tion                                                                      

         Armac C 225 g/t          150 g/t                                      

     condi-                                                                    

         Nikko No. 10                                                          

                 190 g/t          190 g/t                                      

     tions                                                                     

         Flotation time                                                        

                  15 min.          15 min.                                     

         pH      8.9              11.3                                         

     __________________________________________________________________________

                 Zn      Zn       Zn   Zn                                      

                 assay % recovery %                                            

                                  assay %                                      

                                       recovery %                              

         Feed    22.2    100.0    22.2 100.0                                   

     Results                                                                   

         Froth   41.8     79.7    30.3  95.8                                   

         Tailing  7.8     20.3     3.1  4.2                                    

     __________________________________________________________________________

PAR  The flotation of the ore used in Example 2 has heretofore been most
      difficult, and has not substantially been successful yet. The
      "conventional method" in said Table was carried out for comparison with
      the method of the present invention.
PAC  EXAMPLE 3
PAR  For the flotation of zinc oxide ore containing a large amount of kaolin (Zn
      21.9%, kaolin 50%), the method of the present invention and the
      conventional method were applied and the results shown in the following
      table were obtained:
TBL                                    Table 3                                 

     __________________________________________________________________________

                  Method of the present invention                              

                                   Conventional method                         

     __________________________________________________________________________

     Electrical Conditioning                                                   

                  Aluminum electrode                                           

     Treatment Conditions                                                      

                  D.C. 18V, 1.5A/dm.sup.2                                      

                  Electric conditioning                                        

                                   None                                        

                  agent NaCl                                                   

                  Electric conditioning time                                   

                  9 min.                                                       

     __________________________________________________________________________

     Flota-                                                                    

          Na.sub.2 S                                                           

                  None              10 Kg/t                                    

     tion Armac C 800 g/t          190 g/t                                     

     condi-                                                                    

          Nikko No. 10                                                         

                  750 g/t          250 g/t                                     

     tions                                                                     

          Flotation time                                                       

                   30 min.          15 min.                                    

          pH      8.1              10.6                                        

     __________________________________________________________________________

                  Zn      Zn       Zn    Zn                                    

                  assay % recovery %                                           

                                   assay %                                     

                                         recovery %                            

          Feed    21.9    100.0    21.9  100.0                                 

     Results                                                                   

          Froth    8.8     19.1    26.5   98.0                                 

          Tailing 34.5     80.9     2.3   2.0                                  

     __________________________________________________________________________

PAR  The flotation of the ore used in Example 3 has also been difficult, similar
      to that of the ore used in Example 2, and it has not been successful in
      practice. In accordance with the method of the present invention, the
      flotation can be extremely easily and preferably carried out.
PAC  EXAMPLE 4
PAR  For the concentration of manganese oxide ore containing silica (21.2% of
      Mn, 46% of silica) as gangue material, the method of present invention and
      the conventional method were applied and the data shown in the following
      table were obtained:
TBL                                    Table 4                                 

     __________________________________________________________________________

                  Method of the present invention                              

                                   Conventional method                         

     __________________________________________________________________________

                  Aluminum electrode                                           

     Electrical Conditioning                                                   

                  D.C. 35V, 1.0A/dm.sup.2                                      

     Treatment Conditions                                                      

                  Electric conditioning                                        

                                   None                                        

                  agent LiCl                                                   

                  Electric conditioning time                                   

                  10 min.                                                      

     __________________________________________________________________________

                  Armac C   250 g/t                                            

                                   ACC No. 3037                                

                                           300 g/t                             

     Flotation    Nikko No.10                                                  

                            225 g/t                                            

                                   Kerosene                                    

                                           100 g/t                             

     conditions   Flotation time                                               

                              7 min.                                           

                                   Nikko No.10                                 

                                           100 g/t                             

                                   Armac C  50 g/t                             

                  pH        8.2    Flotation time                              

                                            20 min.                            

     __________________________________________________________________________

                  Mn        Mn     Mn      Mn                                  

                  assay %   recovery %                                         

                                   assay % recovery %                          

            Feed  21.2      100.0  21.2    100.0                               

     Results                                                                   

            Froth 10.2       17.7  15.9     38.7                               

            Tailing                                                            

                  30.5       82.3  26.8     61.3                               

     __________________________________________________________________________

PAR  The flotation of the ore used in Example 4 is an example in which manganese
      is desired to be concentrated in the tailing. The conventional methods
      have not been able to improve the assay above 30%. However, the method of
      the present method can improve the assay above 30% and the recovery.
PAC  EXAMPLE 5
PAR  For the separation of non-metallic ore (50% of SiO.sub.2, 50% of
      CaCO.sub.3), the method of present invention and the conventional method
      were applied and the data shown in the following table were obtained.
TBL                                    Table 5                                 

     __________________________________________________________________________

                      Method of the present invention                          

                                       Conventional method                     

     __________________________________________________________________________

                      Carbon electrode                                         

     Electrical Conditioning                                                   

                      D.C. 12V, 0.6A/dm.sup.2                                  

     Treatment Conditions                                                      

                      Electric conditioning                                    

                                       None                                    

                      agent NaCl and PbSO.sub.4                                

                      Electric conditioning time                               

                      11 min.                                                  

     __________________________________________________________________________

     Flotation Condition                                                       

     Armac C          250 g/t          250 g/t                                 

     Nikko No. 10     625 g/t          625 g/t                                 

     Flotation time     5 min.          5 min.                                 

     pH               7.5              8.1                                     

     __________________________________________________________________________

                      SiO.sub.2                                                

                              SiO.sub.2                                        

                                       SiO.sub.2                               

                                            SiO.sub.2                          

                      assay % recovery %                                       

                                       assay %                                 

                                            recovery %                         

          Feed        50.0    100.0    50.0 100.0                              

     Results                                                                   

          Froth       92.0     70.5    57.3  97.4                              

          Tailing     24.0     29.5     8.7  2.6                               

     __________________________________________________________________________

CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of ore separation which comprises: electrically preconditioning
      an ore pulp containing mixed oxide ore particles selected from the group
      consisting of ( 1) mixtures of zinc oxide and silica, (2) mixtures of zinc
      oxide and calcium oxide, (3) mixtures of zinc oxide and kaolin, (4)
      mixtures of manganese oxide and silica and (5) mixtures of silica and
      calcium carbonate, by applying DC current to said ore pulp from electrodes
      inserted in said pulp, at a current density of from 0.002 to 20 A/dm.sup.2
      and at a voltage of from 0.5 to 750 V, for a period of time effective to
      change the surface electric potentials of the ore particles to alter their
      flotation characteristics to improve the flotability of zinc oxide in the
      case of mixtures (1) and (2), to depress the flotability of zinc oxide in
      the case of mixture (3), to depress the flotability of manganese oxide in
      the case of mixture (4), and to improve the flotability of silica in the
      case of mixture (5), and to improve their separation characteristics;
      discontinuing application of said DC current and then subjecting said
      electrically preconditioned pulp to froth flotation in a flotation cell,
      and recovering from the flotation cell a concentrate of zinc oxide in the
      case of mixtures (1), (2) and (3), manganese oxide in the case of mixture
      (4), and silica in the case of mixture (5).
NUM  2.
PAR  2. The method of claim 1, in which an electric conditioning agent is added
      to said ore pulp prior to or during application of said DC current.
NUM  3.
PAR  3. The method of claim 2, in which said electric conditioning agent is
      selected from the group consisting of KOH, NaOH, Zn(OH).sub.2,
      Ca(OH).sub.2, NH.sub.4 OH, HCl, H.sub.2 SO.sub.4, HNO.sub.3, H.sub.2
      C.sub.2 O.sub.4 and CH.sub.3 COOH and salts of the latter five acids.
NUM  4.
PAR  4. The method of claim 1, in which the material of said electrodes is
      selected from Al, Fe, Cu, Zn, Pb, C, Ni and alloys thereof.
NUM  5.
PAR  5. The method of claim 1, in which said ore pulp is a mixture of zinc oxide
      and silica, said electrodes are made of Al, and a concentrate of zinc
      oxide is recovered as the froth.
NUM  6.
PAR  6. The method of claim 1, in which said ore pulp is a mixture of zinc oxide
      and calcium oxide, said electrodes are made of Pb, and a concentrate of
      zinc oxide is recovered as the froth.
NUM  7.
PAR  7. The method of claim 1, in which said ore pulp is a mixture of zinc oxide
      and kaolin, said electrodes are made of Al, and a concentrate of zinc
      oxide is recovered as the tailings.
NUM  8.
PAR  8. The method of claim 1, in which said ore pulp is a mixture of manganese
      oxide and silica, said electrodes are made of Al, and a concentrate of
      manganese oxide is recovered as the tailings.
NUM  9.
PAR  9. The method of claim 1, in which said ore pulp is a mixture of silica and
      calcium carbonate, said electrodes are made of carbon, and a concentrate
      of silica is recovered as the froth.
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ABST
PAL  The apparatus relates to an electronic verification and control system for
      obtaining an input count of entered bills and an analysis for various
      entry conditions for the bills and their state of fitness, and further to
      an automatic separator and inserter for packaging bills in a desired
      quantity for delivery.
PAL  The system includes a conveyor for entering the quantity of a block of
      currency, commonly referred to as a strap, in terms of the number of bills
      contained within the strap. A detection circuit detects various entry
      conditions and determines quality and fitness. The bills are sorted
      accordingly, and a total count is maintained. At entry condition factors
      such as bill size, double bills, or bills too closely spaced are
      monitored, which provides for rejection of improperly entered bills as
      well as inhibiting the operation of the input count for consistency.
      Verification of an input count is provided by further ecount detection in
      the area of collection. Sorting, in accordance with detection and gating
      of the fit and unfit bills is also provided, as well as individualized
      count control and display. Consistency of strap size is maintained by
      automatically inserting separator cards between straps in accordance with
      a desired strap size. A logic system activates machine control sequences
      in accordance count strap size data provided by tracking the input count
      and checking for a comparison. Separator control is provided by logic
      responsive to the count in the collector area, also in accordance with the
      strap size data.
BSUM
PAR  This invention relates to apparatus for automatically sorting unfit
      currency from fit currency. The invention relates more particularly to an
      improved apparatus for enhancing the sorting procedure and for increasing
      the security against loss of theft of currency during the procedure.
PAR  Currency which has been in circulation for a period of time becomes soiled,
      worn, and at times damaged and is no longer considered fit for continued
      use. The unfit currency is removed from circulation and is destroyed.
      Federal Reserve Banks throughout the United States have been assigned the
      responsibility of separating the fit from unfit currency which is
      forwarded to them from correspondent banks. After sorting, unfit currency
      is batched and is transmitted to the Bureau of Printing and Engraving for
      destruction.
PAR  Many millions of dollars in unfit currency is removed from circulation
      daily and the examination and sorting of this currency becomes a
      significant task. In practice, currency is sorted manually by trained
      workers at the Federal Reserve Banks. The segregated unfit bills are then
      "demonetize" by marking or mutilating in a distinctive manner prior to
      destruction.
PAR  The transmittal, handling, accounting and security of currency has been
      accomplished by a procedure developed over the years whereby currency is
      collected into bundles or straps. A strap of currency, which is generally
      bound together by a paper belt, typically contains 100 bills of a same
      denomination. At times, the strap can contain a lesser or greater
      predetermined number of bills. During the fitness sorting procedure, an
      original strap is broken by a worker; the bills of the stray are visually
      examined; and the bills are regrouped into a pile containing only fit
      bills and a pile containing only unfit bills. Upon depletion of an
      original strap of bills, the bills in the fit and unfit piles are counted
      in order to verify that the original strap contained a full complement of
      bills. After verification of the count, straps of fit bills are formed for
      recirculation while straps of unfit bills are formed for subsequent
      demonetize and destruction. The demonetize is then subsequently
      accomplished by breaking a strap of unfit bills, permanently marking or
      mutilating the bills, recounting the demonetize bills and again forming
      the same into a strap for transmittal to the Bureau of Printing and
      Engraving for destruction.
PAR  The described fitness sorting and demonetize process is disadvantageous in
      several respects. Although workers are trained for making a visual
      examination of the fitness of a bill, the determination is a subjective
      one which is made during a tedious repetitive process and the results
      often vary significantly within a Federal Reserve Bank and between the
      different Federal Reserve Banks. In addition; the necessity for
      establishing an accurate accounting and security for fit, unfit and
      demonetize bills further complicates the overall fitness examination and
      demonetize procedure.
PAR  Nonetheless, the use of the strap procedure for transmitting and handling
      currency has merits which recommend its continued use. It would be
      desirable however, to automate some of the manually performed tasks with a
      method and apparatus which is compatible with this procedure. While
      machine methods for sorting fit and unfit currency and for demonetize
      unfit currency are known, these methods are generally complex, expensive,
      time consuming and are either incompatible or inconvenient for use with
      the strap procedure of handling currency. In addition, they are
      susceptible to defeat by defects in the currency or in the handling of the
      currency which heretofore were correctable by a worker during a manual
      sorting process or which, by virtue of the manual nature of the handling,
      did not occur. These defects are, for example, the adhesion of one bill to
      another; the overlapping of successively fed bills at an automated
      examination station, and the severe mutilation of bills being examined.
      Furthermore, known apparatus for the demonetize of unfit bills have not
      provided the degree of security necessary to guarantee against the theft
      of unfit currency and the unauthorized reintroduction of demonetize
      currency into circulation.
PAR  In a copending U.S. patent application Ser. No. 457,366 which is filed
      concurrently herewith and which is assigned to the Assignee of this
      invention, there is disclosed and claimed as improved method and apparatus
      for sorting fit and unfit currency.
PAR  An object of this invention is to provide in a currency examination
      apparatus, an improved electrical means for accounting, sorting and
      separating currency into straps, and causing a verifiable display of the
      results of these steps.
PAR  It is a further object of the present invention to provide logic circuitry
      operating on a timed sequence for rejecting or accepting the bill in
      accordance with certain dimensional and spacing criteria.
PAR  It is another object of the present invention to provide logic circuitry
      for insuring the accuracy of the bills counted as they are removed after
      sorting.
PAR  It is another object of the present invention for providing logic circuitry
      overriding certain selection sequences in accordance with a desired
      operation.
PAR  In accordance with the foregoing objects, the present invention utilizes an
      electronic verification and control system for securing an input count
      analysis of input bills for various entry conditions and their state of
      fitness, and automatic separator insertion for packaging bills in a
      desired quantity for delivery.
PAR  The system includes means for entering the quantity of a block of currency,
      commonly referred to as a strap, in terms of the number of bills contained
      within the strap. A detection circuit detects various entry conditions and
      determines quality and fitness. Bills are sorted accordingly, and a total
      count is maintained. The entry is monitored for condition factors such as
      bill size, double bills, or bills too closely spaced, which provides for
      rejection or improper entry as well as inhibiting the operation of the
      input count for consistency. Verification of an input count is provided by
      further count detection in the area of collection. Sorting, in accordance
      with detection and gating of the fit and unfit bills is also provided, as
      well as individualized count control and display. Consistency of strap
      size is maintained by automatic insertion of card separators between
      straps in accordance with a desired strap size. A logic system activates
      machine control sequences in accordance with strap size data provided by
      tracking the input count and checking for a comparison. Separator control
      is provided by logic responsive to the count in the collector area, also
      in accordance with the strap size data.
PAR  In addition, override controls are provided for allowing the manual
      insertion of a rejected bill. Since demonetize is effected by print
      sequences, for demonetize control, preprint and postprint detections are
      provided along with logic activating the system control for controlling
      machine operation in accordance with improperly sensed preprint and
      postprint detection.
DRWD
PAR  The foregoing objects and brief description of the present invention will
      be set forth in greater detail in the following more detailed
      specification and the appended drawings wherein FIG. 1 is a perspective
      view illustrating the invention, FIG. 2 is a generalized electronic system
      diagram explaining the control interrelationships of the present
      invention. FIG. 3A is a detail of the input and control logic, FIG. 3B is
      a timing diagram related to FIG. 3A. FIGS. 4A and 4B are details of the
      stacker detection and counting logic, FIG. 5 is a detail of the preprint
      and postprint detection and control logic, FIG. 6 is a detail of the
      override logic, FIG. 7 is a detail of the input quality detection circuit,
      FIG. 8 is a view of a segment of a demonetize bill, FIG. 9 is a schematic
      diagram of a preprint detection circuit arrangement, and, FIG. 10 is a
      schematic diagram illustrating modifications to the circuit of FIG. 9 for
      providing postprint detection.
DETD
PAR  The introduction and the progress of bills through the apparatus will be
      described generally with reference to FIG. 1. Individual bills 17 are
      removed from a strap of bills 18 by an operator and are manually
      introduced in a direction along a principle axis 19 of the bill to a
      scanning head 20. The bills thus introduced are automatically conveyed
      through the head 20 and are examined, as indicated in greater detail
      hereinafter to determine whether the bill is fit or unfit for continued
      circulation.
PAR  After examination, a bill is automatically conveyed from the scanning head
      20 through an outlet slit 22 to a transport belt 24. The belt 24 and a
      guide 23 convey an examined bill through a first "doubles" directional
      gate station 25, the function of which is described hereinafter, and then
      to a second fit/unfit directional gate station 26. The gate station 26
      includes a solenoid 28 which actuates a plurality of directional guide
      fingers 32a and 32b. When a bill which is being transported to the station
      26 has been determined by the apparatus to be fit, the solenoid 28 is
      energized thereby actuating the fingers 32 and causing the direction of
      transport of the bill to be directed over a first course indicated by the
      solid arrows. A bill is conveyed over segments of a first course by a belt
      transport 34 and guide 35, a belt transport 36 and guide 37, belt
      transports 38 and 39 which provide lateral translation in the transport of
      a bill with respect to its initial direction of motion along the belt 24,
      and a transport belt 40 and guide 41 which transport and deposit a fit
      bill 17 in an upper stacker of bin 42.
PAR  When a bill examined has been determined to be unfit for continued
      circulation, the solenoid 28 remains in a deenergized state and an unfit
      bill is transported from the gate station 26 over a second course,
      indicated by the dashed arrows, through a demonetize station 44, through a
      postprint detection station 45, and to an upper stacker or bin 46. A bill
      is transported over segments of this second course by the transport belt
      24 and guide 35 and by the transport belt 24 and a transport belt 47. At
      the demonetize station 44, the bill is conveyed between a pair of printing
      rollers which print a demonetize marking in ink on the bill. The bill is
      then examined at the detection station 45 for the presence or absence of a
      demonetize marking. The absence of a demonetize marking indicates a
      malfunction of the demonetize station 44 and operation of the apparatus is
      automatically interrupted. However, when a demonetize marking is
      determined to be present on the bill, the bill is transported to and
      deposited in the upper unfit bill stacker 46. During operation of the
      apparatus, the transport belts are continuously driven and the motion of a
      bill over the first or second course, and through the various stations, is
      continuous.
PAR  In order to provide an accounting and a verification of the number of bills
      which are removed from the strap 18, and which are fed to the apparatus,
      the scanning head 20 and an associated electrical circuit means provide a
      count, and a display of the count, of those bills which are transported
      through the head and which are determined not to be double or overlapping.
      In addition, a counter 48 is provided for counting the number of unfit
      bills which are transported to and deposited in the upper stacker 46 and a
      counter 49 is provided for counting the number of fit bills which are
      transported to and deposited in the upper stacker 42. A visual display
      indicative of the number of fit bills collected in the upper stacker 42
      and unfit bills collected in the upper stacker 46 during the sorting of a
      strap is thereby provided. When a strap 18 is depleted, and a number of
      bills equal to a predetermined strap number has introduced into the
      scanning head 20, the apparatus will automatically transfer into a stop
      mode. At this time, the operator can, from the displayed counts, verify
      the number of bills in the strap. When the number of bills entered into
      the scanning head 20 is less than the predetermined number of bills in a
      strap, an error of security breach is indicated, and the operation of the
      machine can be terminated until the reason for the discrepancy is
      determined.
PAR  Upon verification, the operation of the apparatus is reinitiated by the
      operator through actuation of a start switch, which transfers the
      apparatus into an operating mode. At this time, those bills in the upper
      stackers 42 and 46 are automatically transferred to lower stackers 52 and
      54 respectively by the opening of lower doors in each of the upper
      stackers. The upper stackers which are then emptied are conditioned to
      receive fit and unfit bills from a succeeding strap.
PAR  The apparatus retains tallies of the number of bills which have been sorted
      into each of the upper fit and unfit bill stackers 42 and 46,
      respectively. When this tally of fit or unfit bills is equal to a
      predetermined strap quantity, a separator card 56 is automatically
      transferred into an upper stacker 42 or 46. The separator cards 56 are
      stored in card bins 58 and 60, respectively. A separating card will be
      transferred to the lower stackers from the upper stackers along with the
      bills contained therein, upon completion and verification of a strap.
      After the lower stacker units are filled to capacity, an indication is
      provided and the fit bills can be removed and bound into straps for
      subsequent destruction.
PAR  The introduction of bills, under certain conditions, will result in a high
      transmissivity which is substantially lower than the transmissivity of an
      unfit bill. This condition occurs for example, when one bill adheres to
      another and these "doubles" are fed to the scanner head 20. This condition
      can also occur when bills which are fed seriatim, are fed at a rate which
      causes them to overlap at the examination station. It is desirable that
      these bills be inhibited from traversing the first and second courses, and
      that they be removed from the apparatus and be delivered to a station at
      which the operator can examine them and decide as to the feasibility of
      reinsertion. For example, bills which are introduced in an overlapping
      manner and bills which are lightly adhering one to the other can be
      separated and be reintroduced, while bills which cannot be readily
      separated or bills which are severely soiled can be removed for individual
      treatment. The apparatus is adapted for sensing when doubles have been
      introduced into the machine, for diverting their passage prior to reaching
      the fit/unfit gate station 26, and for returning these bills to a return
      shelf 62 at the operators station. Those bills which exhibit a
      substantially low transmissivity conforming to a predetermined doubles
      reference level (which level is substantially lower than a reference level
      for distinguishing fit from unfit bills) are detected by the apparatus
      upon examination by the scanner head 20. A double bill is transported to
      the double gate station 25 at which location is solenoid 64 is energized.
      The energized solenoid actuates a plurality of direction diverting fingers
      66a and 66b. As a double bill is transported from the slot 22 by the belt
      24 and guide 23, its direction of transport is altered by the fingers 66a
      which cause it to travel over a course indicated by the curved dashed line
      between a return roll 68 and guide 69 to the return tray 62. The apparatus
      inhibits entry of a count into the strap counter and strap count
      verification is not affected. Those returned double bills which cannot be
      re-entered because of their condition, are available to the operator for
      accounting when verifying the total number of bills derived from a strap
      18.
PAR  It is desirable, for security reasons, that the apparatus recognize when a
      bill which is demonetize is fed to the apparatus. The scanner head 20
      includes a detection means for sensing the presence of a demonitizing
      marking on a bill at the examination station. When this marking is
      detected, the apparatus is automatically transferred into a stop, locked
      mode and the apparatus cannot be restarted without the actuation of a
      keylock, the key for which is maintained under the control a supervisory
      operator.
PAR  In addition to U.S. currency, the Federal Reserve Banks are required at
      times to process other special forms of value paper such as Treasury
      Notes, Food Stamps, etc. While processing of this value paper generally
      does not require separation based on fitness, the paper is handled in
      straps and generally requires counting, verification, forming into straps
      and at times "devalueing". The apparatus illustrated in FIG. 1 includes a
      second scanning head 70 to which this special paper is fed for processing.
      The scanning head 70, for value paper, operates as a strap counter
      detector. After the paper is examined, it is conveyed from an exit
      aperture 71 and is transported by a belt 72 over a course indicates by
      solid arrows to an upper stacker 76. For purposes of simplifying the
      drawing, the additional belt and guides for transporting the paper over
      the course is not illustrated but it is understood that guides equivalent
      to the guides 23, 35, and 69, and a transport belt equivalent to the belt
      47 which are employed with belt 24, are similarly employed with the
      transport belt 72. A counter detector 77 is provided for sensing paper
      which is transported to, and deposited in, the upper stacker 76. When the
      transmissivity of the document is less than the pre-established doubles
      reference, a double gate station solenoid 76 is energized for actuating
      direction diverting fingers 80 and diverting the transport of the paper to
      a return tray 77. Those documents which are introduced into the upper
      stacker 76 are transferred to a lower stacker 78, when a number of value
      papers equal to the number in a desired strap have been deposited in the
      upper stacker. In addition, a separator card 56 from separator bin 80 is
      deposited in the upper stacker 26 when a number of papers equal to the
      strap number which have been sorted and is transferred with the value
      paper in the paper stacker to the lower stacker 78. A doubles transport
      arrangement, which again for the purpose of simplifying FIG. 1 is not
      illustrated, is understood to include a roller, guide, and a return tray
      equivalent to the roller 68 and guide 69 and return tray 62.
PAR  In addition to that portion of the apparatus which has been described
      generally thusfar with respect to FIG. 1, there is also provided circuit
      means for causing various machine operations in response to the
      information contained in signals received from the scanner and the various
      detectors. The circuit means, which is described in greater detail
      hereinafter, operates to effect operation of the doubles gate station 25,
      operation of the fit or unfit gate at station 26, operation of the strap
      card separator, transfer of the bills in an upper stacker to a lower
      stacker, and causes the machine to transfer from an operating mode to a
      stop mode. The change of modes is effected when a number of bills equal to
      a predetermined number of bills in a strap has been introduced and sorted
      by the apparatus, when a malfunction in the demonetize is detected, of
      when a demonetize bill is introduced into the apparatus.
PAR  Referring now to FIG. 2, the generalized system block diagram detailing the
      functional interrelationship of the electronic components of the apparatus
      is indicated. The major counting system is illustrated as block 110 which
      provides a totalized count of the strap input and display therefor. Strap
      size is provided as an input to the strap input counter along the line 112
      from the strap size input device 114. Adjustment of the strap size input
      device 114 in accordance with the number of bills in a particular strap
      thereby indicates to the strap input counter 110 the total number of bills
      to be expected as a strap input condition. Acitvation of the strap input
      counter is in response to bills placed along the regular bill input line
      116 of the special bill input line 118 through the entry detection and
      logic circuit 120. Sensing of the various entry conditions in accordance
      with the entrance of the bills along the input lines 116 and 118 will
      provide the appropriate decision within the entry detection logic circuit
      120 for providing indication as to whether the bill is to be rejected. If
      a regular input bill is not rejected, it will be further classified as a
      fit or unfit bill. If the bill is to be rejected, for example as a double,
      an appropriate signal is provided along the line 122 to the double gate
      and solenoid control circuitry 124 which in turn operates the appropriate
      doubles gate for regular or special double conditions as illustrated in
      FIG. 1. In addition, rejection of a bill will also be placed along the
      line 126 for inhibiting the strap input count and display 110. Thus, a
      rejected bill is not counted as an appropriate input on the strap input
      counter 110.
PAR  If the bill provided along the regular input 116 is categorized as not
      falling within one of the doubles gate activation categories, the bill is
      then examined for quality. If the bill is determined to be unfit, an
      appropriate logic signal is provided along the line 128 to the fit-unfit
      solenoid control 130 which, in accordance with the detected quality
      condition of the bill as in its unfit state, provides an appropriate
      control to the fit-unfit control gate illustrated in FIG. 1. As each
      appropriate selection is made, the bills are stacked in their appropriate
      stackers. A regular bill is stacked in either fit or unfit stacks, while a
      special bill is merely stacked without quality analysis.
PAR  Sensors positioned at each appropriate upper stack provide a signal
      corresponding to inputting of each stacked bill. Thus, the appearance of a
      fit bill at the fit bill upper stacker will provide a logic signal along
      the line 132, an unfit stacked bill will provide a logic signal along the
      line 134 and a special stacked bill will provide a logic signal along the
      line 136.
PAR  The stack signals are fed to a stacker detection logic circuit 138 which
      provides appropriate output signals along the output lines 140 to a
      counter unit 142 which consists of individual counters 142A, 142B, and
      142C, for counting each fit, unfit, and special bill as they are
      collected. In accordance with the predetermined strap size information
      provided from the strap size unit 114 along line 144 to the counter
      display logic unit 142, the separator control 146 will be activated in
      accordance with the completion of a strap count in any one of the fit,
      unfit, or special counters. The appropriate separator control illustrated
      generally as 146 will thus be activated in accordance with achievement of
      a strap count in any of the counter units described generally in the block
      142, causing activation of the separator mechanism inserting a separator
      card into the proper upper stacker as was described in conjunction with
      FIG. 1.
PAR  Completion of the predetermined strap input count in the counter 110 will
      provide an appropriate logic signal along the line 147 indicating a strap
      full condition to a system control unit 148. The effect of the strap full
      signal along the line 147 to the system control unit 148 will result in
      stopping further bill feed into the machine. This machine feed shut down
      is accomplished by an appropriate output signal provided along the line
      154 to a machine control operating mechanism 156. Mechanism 156 provides
      the input derive stop feature necessary for the accomplishment of this
      function. Reactivation of the machine by activation of the full input
      signal to the sytstem control unit 148 will provide an output signal along
      the line 150 to the stacker door control 152. The function of the stacker
      door control will be, as described in FIG. 1, to open the doors on each of
      the upper stackers described in FIG. 1 and permit the bills thus far
      accumulated in the stackers to drop into the lower stacker. The FULL
      control 151 will also reactivate the feed control mechanism through block
      156.
PAR  Since the strap size data from unit 114 has also been entered into the
      block 142, the separator control 146 will cause the appropriate separator
      card to drop into the appropriate upper stacker when a full strap size is
      achieved in any of the fit, unfit or special stacker units, respectively.
PAR  As was set forth above, the machine includes a demonitization function. It
      is thus important to monitor two conditions: first, whether a demonetize
      bill is being scanned (pre print detection) and; second, whether the
      printing equipment is working properly (post print). In the first
      condition, a signal from the pre-print scanner is analyzed to determine
      whether an entered bill has been demonetize. If, it has, a logic signal
      applied along the line 158 to the system control 148 activates a shut down
      sequence to machine control unit 156. This will disable both input feed
      drive and main motor drives, shutting down the machine. An alarm light or
      other indication may also be provided. In the second condition, a signal
      from the post-print scanner is analyzed to determine if the bill has been
      properly demonetize. If it has not, a logic signal is applied along line
      160 to the system control 148 to activate a shut down sequence to machine
      control unit 156. This will first disable the input feed drive and, after
      a delay sufficient to allow previously demonetize bills to exit the
      machine, shut down the main motor drive.
PAR  Reactivation of the machine after a pre-print or post-print shut down is
      effected by depressing the RESTART control 153 which resets the system
      control 148 and permits reactivation.
PAR  As was set forth above, activation of the doubles gate will result in
      rejection of a bill. The options available to the operator after
      rejection, include reinserting of the bill, in which event the machine
      merely functions as it did in the previous cycle, or activating a machine
      override. The purpose of the machine override will be to automatically
      demonetize a bill without the improper entry or quality decision features
      described above. Thus, activation of a doubles override 164 by means of
      appropriate input 162 provides an appropriate signal along the line 166 to
      both clamp the doubles gate 124 so as not to reject the bill, and the
      fit/unfit gate solenoid control 130 so as to pass the bill through the
      demonetize section described in FIG. 1. The operation of the logic
      override 164 in this doubles mode is set by the input 162, and triggered
      upon receipt of a signal indicating that the now entered bill has reached
      the proper position within the sensing head. The bigger signal is provided
      from the entry condition detection circuit 120 along the line 168. The
      operation can only be accomplished once for each double override.
      Resetting of the override entry bill is fed into the unfit stacker
      detector as indicated by the appropriate signal then applied along line
      134 to the stacker detection logic 138 and along the output line 170 to
      the override logic 164.
PAR  A supplemental override operation is provided by means of the override
      input 172. The function of the override input 172 is to demonetize the
      special bills. In this instance, activation of 172 will provide an
      appropriate signal to the override logic 164 for again deactivating the
      doubles gate and clamping the fit/unfit solenoid control 130 to its unfit
      condition. In this mode, however, accumulation of demonetize specials is
      accomplished in the unfit stacker and operates continuously without reset
      until the specials override function 172 is again activated, thereby
      placing the override logic 164 in its initial condition.
PAR  The demonetize of special bills is accomplished after collection of
      specials in the specials stacker. Demonetize of specials is effected by
      re-feeding stacked specials into the Regular input, again with the doubles
      gate clamped to prevent rejection, and with the fit/unfit gate clamped to
      the unfit position. To prevent erroneous counts, the override logic will
      provide a inhibit signal along line 174 to the strap input counter 110
      upon activation of the specials override function 172. This will inhibit
      recounting of specials for demonetize.
PAR  Referring to FIGS. 3A and 3B detail logic circuitry for the input function
      is described. The input logic performs two functions, entry condition
      rejection and quality determination. For entry condition analyses, the
      input logic acts, to activate the doubles gate, in accordance with certain
      undesired entry conditions. These conditions include (a) detecting a
      double within the scan head itself, (b) detecting whether a bill is too
      long, (c) detecting whether a bill is too short; and (d) detecting whether
      two bills have been fed in too closely to each other. In any of these
      situations, the doubles gate is activated and the bill is rejected. In the
      case of bills too close to each other, both forward and rear bills are
      rejected. It is noted that both the regular and special entry condition
      detection, logic and rejection mechanism are precisely the same. The only
      distinction between the regular and special input systems resides in the
      quality detection scheme, lacking in the special input system. Thus, FIG.
      3A illustrates the entire logic, selection and decision making function
      for the regular input scheme, it being understood that the special input
      circuits are the same with the exception of the absence of quality
      detection and selection. With specific regard to FIG. 3A and the timing
      diagram, FIG. 3B, the regular input logic signal is provided by means of a
      fluorescent light source 200 applying appropriate signals to the detector
      202, the signals therefrom fed in turn to a quality and input detection
      circuit 204, set forth in greater detail below. It will be further
      understood that this circuitry may also be duplicated in connection with
      the special detection head, with the quality detection position thereof
      omitted or ignored. A clock source, CLK, not shown, supplies clock pulsing
      CL at various points within the logic. The detection circuit 204 provides
      a quality indication along line 205, a BILL PRESENT along line 206 and a
      doubles indication along line 207 to gate 208. For logic purposes, a BILL
      PRESENT is a logical one, a FIT is a logic 1, and the presence of a DOUBLE
      a logic 0. The detection circuit 204 determines the presence of a bill and
      applies a high condition BILL PRESENT signal along the line 206 to the JK
      flip-flop 209, and on the appearance of the first clock pulse thereafter
      causing the Q output of the flip-flop 209 to go high. The term "high" will
      be understood to include the meaning of a logical 1, and "low", a logical
      0. It will be understood that reverse logic may also be employed. Upon the
      appearance of the next clock pulse, the Q output of the flip-flop 210
      having a high state on its J input will also go high, thereby applying a
      high signal from the Q output of the flip-flop 210 to the J input of the
      flip-flops 212 and 214. On the third clock pulse, the flip-flops 212 and
      214 will each have their respective Q outputs go high, and their Q outputs
      go low.
PAR  A counter 216 is provided which is maintained in a normally disabled
      condition when a high signal is placed on its clear input CLR along the
      line 218 from the Q output of flip-flop 214. When the flip-flop 214 is set
      by the third clock pulse as described above, the Q output of flip-flop 214
      will go low, thereby enabling the counter 216 which will begin counting
      clock pulses introduced along the line 220. The counter 216 is designed to
      establish in conventional manner, output conditions corresponding to
      predetermined counts.
PAR  The entry condition logic scheme of the present invention employs the use
      of pulse sequence timing over a fixed duration to determine the minimum
      length, maximum length, and inter-bill spacing decision features described
      above. By way of example, the logic of the present invention establishes a
      pulse count of 150 pulses representing an approximately length of an
      average bill, 61/8 inches. A window may be established on either side of
      the average pulse position to define a gate length condition for a correct
      range of bill lengths. Again by way of example, a gate length may be
      established anywhere between a lower limit count of 147 pulses and an
      upper limit count of 153 pulses representing the minimum and maximum
      desirable length of a bill to be accepted by the machine. Bills passing in
      less time than the minimum or more time than the maximum are to be
      rejected. Along the same lines, an inter-bill spacing definition can be
      established utilizing the same count frame. Thus, taking into account the
      timing and speed of the feed mechanisms and scan operation, a condition of
      N machine pulses is defined from the first sensed bill until the machine
      is ready to receive another bill. In the example given, N is set equal to
      200 machine pulses or about 8 inches in terms of feed distance. Since a
      bill averages about 61/8 inches, by establishing a 200 pulse spacing as a
      minimum cycle between bills, an inter-bill spacing definition of about 2
      inches may be established. Obviously, other interbill spacing criteria may
      be employed, and the use of 200 is illustrative only and not intended to
      be limiting.
PAR  Referring again to FIG. 3A, the counter 216 provides the pre-set count
      level signals. An output along the line 222 thus corresponds to the lower
      limit count, an output along the line 224 corresponds to the upper limit
      count and an output along the line 226 corresponds to the 200 count.
PAR  The Q outputs of the flip-flop 209 and 210 and the Q output of flip-flop
      212 are connected to a further gate 228. At the time of the activation of
      the third clock pulse, which is also connected to gate 228, all of the
      inputs to the gate 228 are high, thereby resulting in a low output from
      the gate 228, which in turn inverted to the inverter 230 providing a high
      output along the line 232. This high output along the line 232 represents
      the start of bill SOB pulse, shown in the timing diagram FIG. 3A.
PAR  When the bill ends, the BILL PRESENT signal on line 206 goes low,
      signifying the bill is no longer present. At the next clock pulse, the
      flip-flop 208 is reset. Thus, after a further three pulse delay, (FIG.
      3b), the gate 238 is activated with three high inputs from the Q side of
      flip-flops 209 and 210, and the Q side of flip-flop 212, and the next
      following clock pulse. This causes a low condition at the output of the
      gate 238. The low is inverted in the inverter 240 and a high signal,
      representing an end of bill pulse EOB, appears along the line 242. If the
      EOB pulse occurs before the lower limit count has appeared along the line
      222, the flip-flop 244 will not have been placed in its set condition,
      meaning the Q output of the flip-flop 244 will be high thus conditioning
      the J input of the flip-flop 246. The appearance of the EOB pulse along
      the line 242 to the clock input of the flip-flop 246 will thus cause the
      flip-flop 246 to become set, thereby placing a low output along the Q line
      248 of the flip-flop 246. The low output will proceed along the line 250
      to the NAND gate 208. The low input to the NAND gate 208 will result in
      high input along the output line 252 of the NAND gate 208 will result in
      high input along the output line 252 of the NAND gate 208. The operation
      of the effect of the output along the line 252 will be described in
      further detail below; however, suffice it to say at this point that the
      effect of the high NAND gate 208 output signal in any event will be to
      reject a bill by allowing the activation of the doubles in this inthis
      example for a bill short condition. In addition, the output line 248 of
      the flip-flop 246 can also be coupled along the line 254 to a bill short
      indicator 256. If the end of bill pulse had arrived after setting the
      flip-flop 244, meaning the minimum bill length was surpassed, the
      flip-flop 246 would not have been preconditioned and thus would not have
      been set to provide the bill short indication.
PAR  The ultimate length of the bill length gate is set by the ultimate length
      count appearing along the line 224. More specifically, a low condition
      along the line 224 indicates achievement of the ultimate length count, the
      low being converted into a high condition through the inverter 258 for
      driving the flip-flop 260 into its set condition thereby placing a high
      condition as the flip-flop 262. Appearance of the end of bill pulses along
      the line 242 after the flip-flop 262 has been conditioned with a high at
      its J input results in the Q of flip-flop 262 state going low. Appearance
      of the low signal along the line 262 will be passed along the line 266 to
      the NAND gate 208, where it will result in a high condition along the line
      252. Effect of this high condition, as described above, will be to
      activate the doubles gate. In addition, the signal along the line 264 may
      be fed along the line 268 to a bill long indicating device 270, thereby
      providing the operator with an indication that the bill was rejected for
      reasons of undue length. It is again noted that the end of bill pulse
      appearing along the line 242 occurred prior to the time the ultimate
      length count signal appeared along the line 224, the flip-flop 262 would
      not have been pre-conditioned and the Q state would have remained high
      thus blocking a rejection condition.
PAR  The bill length long and short indications are also provided by a backup
      logic system including the gate 272 coupled to the high output of the
      flip-flop 244 and the low output of the flip-flop 260 respectively. Thus,
      the gate 272 defines the window condition representative of the bill
      length gate. The output of the gate 272 through the inverter 274 is used
      to condition the flip-flop 276 to respond to any end of bill pulses
      received during the window condition defined by the minimum and ultimate
      length. Thus, an end of bill pulse applied along the line 242 to the clock
      input of the flip-flop 276 during the period before the beginning or after
      the end of the bill length gate keep flip-flop 276 in reset state,
      providing a low signal along the line 278 which will be applied in turn to
      the NAND gate 208. The low condition will result in a high condition along
      the output line 252 indicating that a bill which is either beyond maximum
      or below the minimum length has been detected.
PAR  The output line 226 of the counter 216 goes low upon achieving a count
      indicating the minimum desired inter-bill spacing, in this example, a 200
      count. Prior to the time a 200 count is achieved, the flip-flop 280 is in
      a reset condition with the Q output high. When the 200 count condition is
      received along the line 226, the flip-flop 280 goes into its set
      condition, and the output Q of the flip-flop 280 goes low. The low output
      is converted by the NAND gate 282 into a high and is inverted in the
      inverter 284 to a low condition. The low condition is fed back to the
      reset input of the flip-flop 214, thereby ending the cycle by driving the
      flip-flop 214 to its reset condition. The reset signal is also applied
      along the line 286 to the quality and input detection circuit 204 for
      reasons which will be described in further detail below with reference to
      that circuit.
PAR  The resetting of the flip-flop 214 causes the Q output of the flip-flop 214
      to go high, thereby clearing the counter 216 along the line 218. A high
      condition on the clear input of the counter 216 also inhibits the further
      count of clock pulses appearing along the line 220 as was described above.
      The high Q signal from flip-flop 214 is also applied along the line 288
      through inverter 289, to the reset inputs of each of the flip-flops 234,
      244, 260, 246, 262 and 276 for resetting each of these flip-flops, which
      are reset by a low input condition at the R inputs. If, however, the
      system is in a condition where an end of bill pulse has already appeared
      along line 242 and a new start of bill pulse is applied along the line 232
      prior to the 200 count along line 226 being achieved, it will be apparent
      that the flip-flop 234 will be set to respond to the new start of bill
      pulse appearing along the line 232 when applied to its clock input by
      changing states, rendering its Q condition low. This low Q condition of
      flip-flop 234 will be applied to the NAND gate 208 along line 235 which
      will apply a signal to the line 252 resulting in a reject by activation of
      the doubles gate. It will be recalled that prior to the end of the 200
      count, the Q output of the flip-flop 214 is high, applying a high to the J
      input of flip-flop 234. Thus, appearance of the start of bill pulse along
      the line 232, and coupled to the clock input of the flip-flop 234, will
      cause the output of the flip-flop 234 to go high, thereby causing the
      flip-flop 236 to receive a high on its J input. The flip-flop 236 will
      remain, however in its reset position with its Q output high until a high
      is received on its clock input. Since the flip-flop 236, which is coupled
      to the flip-flop 234, will have its J-K inputs set to the state that will
      enable the 200 count signal appearing along the line 290 to place
      flip-flop 236 in its set condition, the flip-flop 236 thus applies a low
      condition along its Q output into the NAND gate 208. Therefore, as a
      result of the action of the flip-flop 234, the first bill will be
      rejected, and as a result of the action of the flip-flop 236, the second
      bill which has been following too closely to the first will also be
      rejected. Flip-flop 234 will be reset by the 200 count as described
      previously thus setting the J-K inputs to flip-flop 236 to the state which
      will enable the next 200 count along line 290 to place it again in reset
      condition.
PAR  Referring again to FIG. 3A, the activation logic of the mechanical gating
      operation is built around the operation of a shift register, operable to
      shift bits along a sequence of stages in known manner, in accordance with
      a predetermined clock sequence. As shown in FIG. 3A, the first shift
      register 300 corresponds to the doubles solenoid gate selection circuitry,
      and a second shift register 302 corresponds to the fit/unfit gate solenoid
      gate selection circuitry. In terms of machine feed sequence operation, it
      is the doubles selection which is made final, and then the quality
      selection. Each shift register includes a gate inpput 304 and 306
      respectively for gating in a clock signal identified as CLK2. The rate of
      the clock signal is at slower rate than the clock pulses described above
      in connection with the timing frame, and by way of example, this example
      may consist of a rate of 1 clock pulse per half inch of linear feed. The
      timing of this clock pulse it to permit the appropriate fit or unfit gate
      or doubles gate selection to be made when the bills have reached a
      position in the feed line such that activation of the gates will be at the
      proper time to reject the bills. Generally speaking, the operation
      utilizes deactivation of a preset input condition to prevent rejection,
      for the doubles gate, and unfit selection, for the fit/unfit gate. In each
      case, the shift registers each shift an input pulse for a predetermined
      time. If the time is achieved without the shift register being cleared,
      the appropriate gate activation occurs. For the doubles gate, rejection
      occurs, and for the fit/unfit gate, an unfit selection is made. If the
      other choice is made, the register is cleared prior to the predetermined
      time period.
PAR  Referring again to FIG. 3A, gates 304 and 306 are each activated by means
      of a BILL IN low signal which may be derived from the Q output of the
      flip-flop 214, and which is low for a 200 count as explained above. Upon
      the opening of the respective gates 304 and 306, the shift registers 300
      and 302 each begin to shift the BILL IN pulse along the length of the
      respective shift registers, in the direction of the arrow, at a rate in
      accordance with the clock pulse rate CLK2.
PAR  Regarding the gate logic, more specifically, the activation of the doubles
      gate shift register 300 begins the doubles gate timing cycle. Activation
      occurs by shifting logical ones into the shift register 300 when the gate
      304 is uninhibited. This occurs when a low condition representing BILL IN
      is applied along line 30B to the inverter 307. The low is thus applied as
      a high to the gate 304 and thereby allows the shift register 300 to shift
      logic ones therealong, in the direction of the arrow, until a stage,
      designated as x, is reached.
PAR  Similarly, activation of the fit/unfit gate shift register 302 begins the
      quality control timing cycle. Activation occurs by shifting logical ones
      into the shift register 302 when the gate 306 is uninhibited. This occurs
      when the low condition representing BILL IN is applied along line 308 to
      the inverter 309. The low is thus applied as a high to the gate 306 and
      thereby allows the shift register 302 to shift logic ones therealong, in
      the direction of the arrow, until a stage designated as Y, is reached.
PAR  Referring again to the doubles timing, the shift register 300 includes a
      clear input CLR. Assuming no clear pulse, in the form of a low condition,
      is applied along line 310 to clear the register 300, the shifted logic
      ones, upon reaching the stage x, will be applied along the line 314 to set
      the flip-flop 316. Since the Q side of the flip-flop 316 is connected to
      the NAND gate 318, a high condition is applied. The gate 318 also receives
      an input along line 319 and termed DOUBLE AND SPECIAL OVERRIDE, the
      function of which will be set forth in greater detail in the description
      of FIG. 6. The input 319 is normally in a high condition. The high out-put
      from the flip-flop 316 therefore results in a low output condition applied
      to the drive circuit 320. Since the drive circuit is designed to respond
      to a low condition, the application of the low condition will in turn
      activate the doubles gate 322 causing the doubles bill to be rejected. The
      doubles gate 322 corresponds to the regular bill solenoid mechanism 64,
      shown in FIG. 1. The special bill solenoid mechanism 78 is activated in
      precisely the same manner by corresponding logic circuitry, now shown for
      ease of illustration.
PAR  The use of the override line 319 is designed to clamp the doubles gate 322
      to its acceptance position. Thus, applying a low condition along line 319
      will clamp the output of the NAND gate 319 to a high condition, regardless
      of the condition of the other input to the gate 319. The high condition
      will inhibit the driver 320 and thus prevent switching of the doubles gate
      solenoid 322 from its acceptance position to its rejection position.
PAR  Referring to the fit/unfit timing, the shift register 302 also includes a
      clear input CLR. Assuming no clear pulse, in the form of a low condition,
      is applied along line 326 to clear the register 302, the shifted logic
      ones, upon reaching the stage Y, will be applied along the line 336 to set
      the flip-flop 332. Since the Q side of the flip-flop 322 is connected to
      NAND gate 334, a low condition is applied. The low condition results in a
      high condition from the gate 344 which is inverted to a low by the
      inverter 336. The drive circuit 338, as before with respect to drive
      circuit 320, responds to a low condition for activating the fit/unfit gate
      340, causing same to switch from its acceptance or fit position to its
      unfit or rejection position, causing the bill to be fed to the printer
      (demonetize) mechanism. The fit/unfit gate 340 corresponds to the quality
      gate solenoid 28, shown in FIG. 1.
PAR  It is noted, from FIG. 1, that the quality gate solenoid 28 is farther
      downstream from the doubles gate solenoid 64. Thus, the selection of the
      solenoid 64 must occur at a later point in time than the selection of the
      solenoid 28. This is accomplished by virtue of the X and Y stage selection
      in shift registers 300 and 302 respectively. The X stage is thus selected
      as a stage earlier in the stage sequence of shift register 300 than the Y
      stage in shift register 302. Since both shift registers are activated
      simultaneously, and shifted at the same rate by CLK2, the selection of the
      later stage Y accomplishes the timing differential. For example, the X
      stage may be 8 stages earlier than the Y stage. If the rate of shifting is
      one pulse per one half inch of feed, then a four inch distance elapses
      between successive selections. Other variations of timing sequence are of
      course possible, the foregoing being intended as exemplary only and not
      limiting.
PAR  The NAND gate 334 includes a further input 342 corresponding to the signal
      applied to the line 319, DOUBLES AND SPECIALS OVERRIDE. The override
      signal is a clamping signal, normally high. Should the clamping of the
      fit/unfit gate 340 in its unfit condition be desired, a low signal is
      applied along the line 342, clamping the output of gate 334 high. The
      output of gate 334 is inverted in inverter 336 to a low which in turn
      drives the drive circuitry 338. The drive 338 activates the fit/unfit gate
      340, causing the solenoid 28 to go into its unfit condition, passing bills
      to the printer.
PAR  The operation of both doubles gate and quality gates are inhibited by
      clearing the respective shift registers 300 and 302. Inhibiting is
      accomplished by a sampling operation at a timed position. Since the
      sampling system must allow sufficient time for a bill to pass the scan
      head, 20 or 70, and be analyzed, the 200 count signal can be employed.
      Thus, referring to FIG. 3A, the 200 pulse signal is derived from the
      counter 216 and applied as a high signal from line 290 to line 343 to NAND
      gate 344, where it is gated with a clock pulse to provide a low signal of
      one clock pulse duration to the inverter 345. The resulting high signal is
      applied both to NAND gates 346 and 347.
PAR  The high inputs to gates 346 and 347 provide sampling pulses to determine
      the selection conditions. Referring first to the doubles selection, it was
      pointed out above that the presence of a high condition on the line 252
      from the gate 208 indicated a double gate activation for rejection. Thus,
      to activate the doubles gate, it is necessary that the shift register 300
      is not cleared while a high condition remains on line 310. Thus, if a
      rejection is to occur, line 252 is high, applying a high condition to one
      input of the NAND gate 348. The other input 349 to NAND gate 348 is a
      DOUBLE OVERRIDE condition which will be explained in further detail below.
      Normally, the double override condition on line 349 is high. Thus, a low
      signal results from gate 348 and is applied to gate 346, thus clamping the
      output of the gate 346 to a high condition and inhibiting the shift
      register 300 from being cleared, thereby resulting in activation of the
      doubles gate 322 when the shifted logic one signal reaches line 314 at
      stage X as described above.
PAR  If no entry condition requiring bill rejection through the doubles gate
      occurs, the line 252 remains low, thus maintaining the output of gate 348
      high. When the high sampling pulse is applied at the 200 count to the gate
      346, the gate 346 passes the sampling pulse as a one clock pulse duration
      low signal on line 310, thereby clearing the shift register 300 and
      resetting the one logic conditions to zeroes, preventing activation via
      line 314.
PAR  The quality sampling test condition samples the other input to the gate
      347. Thus, when the scan head 20 and quality detection circuit 204
      determines that an unfit bill is present, a low input is provided along
      the REG FIT line to the gate 347. The low condition clamps the output of
      gate 347 to a high condition, thereby maintaining the high signal on line
      326, preventing the shift register 302 from clearing, and resulting in
      activation of the quality gate 340. When the shifted logic one signal
      reaches line 330 at stage Y as described above.
PAR  If no quality factor rejecting the bill occurs, the line REG FIT is high.
      At the appearance of the sampling pulse from gate 345, a one clock
      duration low condition will be applied from gate 347 along line 326,
      clearing the shift register 302 and preventing activation of the fit/unfit
      gate 340, thereby holding the gate in its fit or acceptance condition.
PAR  In both regular and special bill inputs, it was noted above that the strap
      input counter 110 does not count a bill rejected for reasons of failure to
      meet an entry condition. The logic design shown in FIG. 3A permits this
      operation to occur by deriving a signal from line 310, corresponding to
      the doubles clear signal, for incrementing the counter 110. Since the
      strap input counter should count only acceptable bills, use of the clear
      signal along line 310 to increment counter 110 is appropriate. The
      incrementing signal is derived from line 310 and applied along line 126 to
      counter 110.
PAR  Referring now to FIG. 4A and 4B there is shown a detail of the stacker
      detection and counting logic. As was noted hereinabove, each of the upper
      stackers includes sensing means for providing an indication of the
      injected presence of the bill therein. These signals are representative of
      the presence of the bill in each of the upper stackers for fit, unfit or
      special bill accumulation. As is snoted in connection with FIG. 2, the
      indication of a fit or special bill is provided along the respective input
      lines 132, 134 or 136. The input lines are coupled to detection logic
      132A, 134A and 136 respectively.
PAR  Referring now in greater detail to the fit stacker detection logic 132A,
      the input signal applied along the line 132 is applied to the inverter
      trigger 350. The inverter trigger 350 will switch to low output condition
      350A at T.sub.1 of proper shape and magnitude when the leading edge of a
      bill passes through the fit stack detector located at the leading edge of
      the fit upper stacker as described above, and remains in this condition
      for as long as the bill is present. This signal is inverted in inverter
      352 a high signal which is applied at the input of the gate 354. Assuming
      for the moment the other input of the gate 354 to also be high during the
      application of the stacker detection signal from the inverter 352, the
      leading edge of the resulting low output signal 354A from the gate 354
      will provide a negative going differentiated output spike 356A from the
      differentiator 356 which is applied to a time delay trigger 358. The time
      delay trigger 358 is designed to respond only to negative going spikes to
      provide a gating signal 358A immediately upon excitation by an input
      thereto, and is further designed to maintain the gating signal 358A for a
      specific time. The trigger 358 may be a conventional monostable
      multivibrator. The signal 358A sets the synchronizer delay 360, which in
      turn synchronizes the system with a clock signal supplied along the line
      363 and to provide a three pulse delay in order to synchronize the stacker
      count with the input count in accordance with the three pulse delay
      provided by flip-flops 208, 210 and 212 described in connection with FIG.
      3A. The synchronizer can in fact be constructed of sequential flip-flops
      acting sequentially, as was described in FIG. 3A, and as shown as
      including JK flip-flops 361 and 362.
PAR  In operation, the function of the time delay trigger 358 is to provide an
      additional count pulse to the flip-flop 364 in the event that the passage
      of bills through the feed mechanism results in two bills being so closely
      overlapping as they are applied into the upper stacker that only a single
      count pulse is applied along the line 132. Since vertification is an
      important feature of the present invention, some means must be provided in
      order to insure that two counts are provided where two bills are placed
      into the upper stacker even though the upper stacker detection only
      detects a single bill because of a partial overlap between bills. By way
      of example, an average bill can have an average detectable length of 145
      milliseconds, the delay period placed into the time delay trigger 358 is
      of a time sufficient for insuring that a second pulse will pass through
      for counting purposes, if that average length is exceeded. by way of
      example, the present invention may utilize a time delay of 155
      milliseconds.
PAR  The setting of the first flip-flop 361 by the output gate 358A of the
      trigger causes the output signal 361A of flip-flop 351 to go high after
      the next clock pulse, setting the next flip-flop 362. The flip-flop 362
      output signal 362A goes high after the next clock pulse, and finally, the
      flip-flop 364 output 364A goes high after the third clock pulse. Just
      prior to this point, however, the gate 365, which is tied to the Q outputs
      of flip-flops 361 and 362, and to the Q output of flip-flop 364, is set to
      pass the third clock pulse as output signal 365A. The output signal 365A
      is passed along line 366 to increment the fit counter register 368,
      indicating a bill received at the fit bill upper stacker.
PAR  After the delay time of the trigger 358, the trigger signal 358A will
      return to its low condition. As a result, as 3 clock pulses successively
      are applied, each flip-flop 361, 362 and 364 will return to reset
      conditions. Just prior to flip-flop 364 going low, however, the third
      clock pulse after the gate 358A goes low will pass the gate 367, as signal
      367A, the gate 367 being previously conditioned by the Q outputs of
      flip-flop 361, 362, the Q output of flip-flop 364. The output of the gate
      367 forms the other input of the gate 354.
PAR  At the moment T.sub.3 when the pulse 367A is applied to the gate 354, two
      events are possible. First, a bill of proper duration has entered the
      stacker, leaving the sensor area, and no bill is present. In this case,
      the output along line 132 is low, and the other input to the gate 354 is
      low, clamping the output of the gate 354 high. Thus, the change of state
      caused by the pulse applied from gate 367 will have no effect on the
      output of the gate 354. It should be noted that at the end of a normal
      bill (T.sub.2) previously applied to the gate 354 created a positive going
      spike at the output of the differentiator 356. This spike, however, has no
      effect on the time delay trigger which is conditioned to respond only to
      negative going spikes.
PAR  In the second condition, however, shown in dotted line in FIG. 4B, if the
      detected bill time exceeds the trigger delay period of 155 ms. due to some
      condition at the stacker input, such as a partial overlapping bill, a
      further count increment is required. In this case, the output of the
      trigger 350 is still low, and the input to gate 354 is high. Now the low
      going pulse at T.sub.3 from gate 367 will pass the gate 354 and provide a
      high pulse 354B. The pulse 354B will result in a positive and negative
      spike 356B from the differentiator 356. As noted above, the trigger 358
      will respond to the negative going portion of the spike 356B to reinitiate
      a trigger signal 358B, thereby reinitiating the flip-flop sequence 361,
      362, 364 and a second incrementing pulse 365B, in the manner described
      above. Thus, a second incrementing signal is counted by the counter 368
      under the overlap condition.
PAR  Operation of the separator solenoid in each of the fit, unfit and special
      stacker units is in accordance with comparision made between the stored
      strap count and the incremented stack count. Thus, a comparision circuit
      374 provides a continuous comparison between the incremented count stored
      in the fit counter 368 and the previously stored strap count stored in a
      storage register 376. Upon determination that a coincidence of counts
      between the incremented fit counter 368 and the storage strap count
      register 376 is achieved, the comparator unit 374 supplies an activation
      signal to the separator solenoid activating the fit stacker separator as
      described in FIG. 1. The strap count is previously stored in the strap
      count register 376 by means of a count entered along the line 144 as was
      described above in connection with FIG. 2.
PAR  At the output of the fit count register 368, two display units may be
      provided. The first, a fit count display 380, accumulates each incremented
      fit count as it is received in the stacker associated with the fit bills.
      The fit count display 380 thus displays the number of bills accumulated
      into the upper stacker of the fit bill collection. This display is reset
      with each strap full count as determined by the strap input counter 110
      applied along the line 147. Thus, the fit count display unit 380 amy be
      relied upon for providing verification for each input strap of the number
      of bills in the input strap which were fed to the fit count upper stacker.
PAR  A second counter indicator or strap counter display 382 may also be
      provided. Fit sstrap counter display 382 can provide a continuous
      indication of the number of bills accumulated up to each total strap.
      Thus, for example, when the number of bills equal to a desired strap size
      has been accumulated in the fit stacker, the fit strap counter 382 will so
      indicate. The counter display 382 is reset by means of a pulse applied
      from the comparator 374 along the line 384 to the reset input of the fit
      strap counter display 382. Similarly, the fit count register 368 will also
      be reset by a signal from the compare unit 374. Cumulative count display
      units may also be provided for keeping track of the total number of bills,
      regardless of the reset conditions, accumulated in the fit stacker.
PAR  The logic and display mechanism 134A and 136A of the unfit stack count and
      the special stack count respectively operate in precisely the same manner
      as was described in conjunction with the fit stack logic 132A. In
      connection with the unfit stacker and special stacker, however, an
      additional output line is supplied along the lines 386 and 388 which are
      fed to the override logic for purposes which will be described further in
      conjunction with the override logic displayed in FIG. 6. In view of the
      similarity in operation of the fit, unfit and special stacker logic, no
      further description will be provided herein of the unfit stacker and
      special stacker logic and separator solenoid operation. It should be
      noted, however, each of the unfit and special stacker units also include
      verification display counters operating in precisely the manner as
      described in conjunction with the fit stacker operation, as well as
      including activation of the separator solenoids in accordance with the
      unfit count as compared with the storage strap count and the special count
      as compared with the storage strap count, in the manner described in
      conjunction with the fit stacker operation. Verification of the strap
      input is provided by adding the counts displayed, at the end of a strap in
      accordance with the strap input counter 100 of displays 380, 390 and 392.
PAR  Referring to FIG. 5, a description of the system control logic 148 of FIG.
      2 is set forth. The system control logic includes several functions. As
      part of the demonetize control, a preprint and postprint detection system
      is provided. In accordance therewith, the regular input scan head 20
      includes a light source 200, the same light source utilized in conjunction
      with the fit input scan, and a preprint detector 400 responsive to optical
      images received from the scanned bill. A preprint detection circuit 402
      analyzes the light received from the bill to determine whether a
      demonetize bill has been fed into the scan head unit. The preprint
      detection circuitry is described in further detail below. Should the
      preprint detection circuitry indicate that a demonetize bill has been fed
      into the scan head, and appropriate signal will be applied along the line
      404 to a flip-flop 406. The signal on the line 404 will set the flip-flop
      406, rendering its Q output high and lighting the preprint lamp 408
      indicating to the operator that a preprinted bill has been fed into the
      scan head. At the same time, the high output on the Q side of the
      flip-flop 406 will be fed through an inverter 410 where is is converted to
      a low signal which is fed in turn to the NAND gate 412. The low input on
      the NAND gate 412 will produce a high output into the inverter 414 which
      will be converted into a low signal into the main drive motor control 416.
PAR  The main drive motor control 416 is designed to activate a shutdown in
      response to a low input thereto. Thus, the appearance of a low signal at
      the output of the inverter 414 will cause the main drive motor 416 to be
      disabled. At the same time, the high output from the NAND gate 412 will be
      applied along line 418 to the main drive brake 420. The main drive brake
      420 is designed to respond to a high condition for applying a main drive.
      Thus, the high output condition of the NAND gate 412 will cause the main
      drive motor 416 to shut down and the main drive brake 420 to be applied.
      This will bring the main drive motor to a complete and immediate stop.
PAR  At the same time as the Q side of the flip-flop 406 is rendered high, the Q
      side of the flip-flop 406 has gone low. The appearance of the low
      condition on the Q side of the flip-flop 406 is applied to a NAND gate
      422, resulting in a high output condition at the output side of the NAND
      gate 422 to the inverter 424. The low condition output from the inverter
      424 is applied to the input drive clutch 426. The input drive clutch 426,
      controlling the connection between the motor and the driving means feeding
      the bill into the scan head, is designed to respond to a low condition
      thereto for disabling the clutch. At the same time, the high output signal
      from the NAND gate 422 is applied to the input drive brake 428. The input
      drive brake 428 is designed to respond to a high input for applying a
      brake to the input drive. Thus, the activation of a high from the NAND
      gate 422 simultaneously disables the input drive clutch and enables the
      input drive brake, thereby bringing the input feeding system to a halt.
PAR  After clearing the preprint situation, restarting of the equipment is
      accomplished by applying a low signal to the restart input 430 which, when
      applied to the reset input of flip-flop 406, places the flip-flop 406 in
      its initial condition. As a result, the Q side of the flip-flop 406 goes
      low thereby turning off preprint lamp 408 and reversing the signal
      conditions to the main drive motor, main drive brake, input drive clutch,
      and input drive brake circuitry so as to restore the motor drive condition
      to its driving state.
PAR  Postprint detection is also provided in order to determine proper operation
      of the demonetize printer. To this end, optical means are utilized in the
      form of a light source 436 and a detector 438 positioned at the output of
      the demonetize printer as is described above in connection with FIG. 1. A
      postprint detection circuit 440 responds to the signal applied along the
      line 160 (FIG. 2) from the postprint detector 438 in a manner similar to
      the preprint detection circuit 402. The operation of the preprint and
      postprint circuits is in fact essentially the same and is described in
      further detail below.
PAR  Detection of a postprint condition is opposite in effect to that of a
      preprint condition. That is, it is the failure of a postprint detection
      which gives rise to an activation along the line 442. The activation along
      the line 442 is applied to the set input of the flip-flop 444 which will
      have the effect of placing the Q output of the flip-flop 444 in a high
      condition, thereby lighting the postprint lamp 446 indicating to the
      operator that a postprint condition has occurred and that the demonetize
      print system is not operating properly. The Q output of the flip-flop 444
      is applied to a delay inverter circuit 448 and the Q output of the
      flip-flop 444 is applied along the line 450 to the NAND gate 422. The Q
      output of the flip-flop 444 has been rendered low by activation of the
      flip-flop 444 and places a low input condition on the NAND gate 422. The
      activation of the NAND gate 422 by a low condition at its input will
      create a high condition at its output giving rise to the same sequence of
      operations as is described above in connection with preprint. That is to
      say, the appearance of a low condition of the NAND gate 422 will act to
      disconnect the input drive clutch and apply the input drive brake 428,
      thereby rendering the input feed system to the scan head immediately
      inactive. In the case of a postprint detection, however, it is not
      desirable to immediately turn off the main drive sequence since there are
      still some bills left in the machine having previously and satisfactorily
      cleared the postprint and are on their way to the stackers. To allow
      sufficient time for these bills to be accumulated in the stacker, the
      delay circuit 448 applies a delay which in the case of the present machine
      configuration, is preset at 11/2 seconds. After the dely of 1 1/2 seconds,
      the delay circuit 448 will apply a low condition along its output line 452
      to the NAND gate 412. The occurrence of a low condition of the input to
      the NAND gate 412 will create a high condition at the output of the NAND
      gate 412, giving rise to the same sequence of operation as was described
      above in connection with the preprint detection. That is to say, the main
      drive motor will be disconnected and the main drive brake 420 applied,
      thereby shutting down the main drive. When it is desired to restart the
      operation, the same restart mechanism 430 may be activated, which, in this
      case, applies the reset signal to the reset input of the flip-flop 444
      thereby resetting the flip-flop and reversing the sequence of operation.
      Thus, activation of the restart after postprint detection will disconnect
      the postprint lamp and reactivate the driving mechanism.
PAR  A separate start and stop control manually activated by means of front
      panel push buttons can easily be provided within the framework of the
      circuitry described above. Thus, a start control 454 and a stop control
      456 are each provided coupling signals along their respective output lines
      to the flip-flop 458. The start control is coupled to the set input of the
      flip-flop 458 and the stop control to the reset input of the flip-flop
      458. Activation of the start control causes the flip-flop 458 to have a
      high condition placed along its output line 460, thereby lighting the
      start lamp 462 and applying high condition to the NAND gate 422. In the
      absence of any of the other predetermined input conditions applied to the
      NAND gate 422, a low output will be provided which will activate the input
      drive clutch and deactivate the input drive brake, thereby rendering the
      machine operational. In the stop condition, the stop signal is applied
      along the line coupled to the reset input of the flip-flop 458, rendering
      the Q output of the flip-flop 458 high and lighting the stop lamp 464. The
      low condition now present on the line 460 will also serve to immediately
      deactivate the input drive brake and activate the input drive clutch
      circuitry in accordance with the NAND gate conditions now present in the
      input of NAND gate 422.
PAR  One other function remains to be described in conjunction with FIG. 5, that
      which relates to the use of the full strap signal derived from the full
      strap counter 110, as illustrated in FIG. 2. As is described in
      conjunction with FIG. 2, the presence of a strap full signal derived from
      the strap input counter 110 is applied along the line 147 to the control
      circuitry for causing the input feed drive to stop, and thereby indicating
      to the operator that a strap full condition has been reached. It is then
      the operator function to depress the full strap button, (FIG. 2), thereby
      signifying to the system control that the upper stackers may now be
      emptied and its contents dropped into the associated lower stackers. This
      is accomplished as illustrated in FIG. 5 by means of a further flip-flop
      466 responsive to the input signal, indicating a full strap condition,
      applied along line 147 to the set input of the flip-flop 466. As a result,
      the Q output of the flip-flop 466 will go high and light the FULL lamp
      468. At the same time, the Q output of flip-flop 466 will go low, applying
      a low condition along line 469 to the NAND gate 422, thereby disabling the
      input feed system. The main drive is not disabled for this condition.
PAR  The operator may utilize this time to sign out a new currency strap, or
      otherwise verify the completion of an input strap. It is, of course,
      possible for the machine to automatically continue operation after
      completion of a strap; however, it has been found desirable for accounting
      and verification purposes to stop the feed condition at this point.
PAR  The operator, when ready to proceed, activates the FULL switch 470, thereby
      applying a low condition to the reset input of the flip-flop 466, thereby
      resetting the flip-flip 466 and extinguishing the FULL lamp 468. At the
      same time, the low condition appearing along line 474 is inverted in
      inverter 475 and the resulting high applied to the timer 476 which in turn
      responds to the high and activates the stacker door drive 478 for opening
      the doors and allowing the accumulated bills to drop from the upper
      stacker to the lower stacker. It is preferred that the stacker door drive
      478 activate a single mechanism for opening all of the doors
      simultaneously, although it is alternatively possible to open each
      individually.
PAR  Referring now to FIG. 6, a detail of the override logic 164 shown in FIG. 2
      is set forth. As was described in connection with FIG. 2, the function of
      the override circuit is to provide certain preset input conditions to the
      input logic in accordance with an override operation. In the case of an
      obviously unsatisfactory bill which has been rejected by the doubles gate
      of the machine, it is desirable to reinsert the bill into the regular
      input line of the machine for demonetize. In this event, the doubles
      override activation switch 162 is depressed by the operator, causing an
      input signal to be provided along the line 500 to a set/reset flip-flop
      502. Thus, the Q output of the flip-flop 502 goes high, thereby setting
      the JK flip-flop 504. Receipt by the flip-flop 504 of a START OF BILL
      pulse which may be derived from line 232 (gate 228 -- inverter 230 -- FIG.
      3A), is applied along the clock input line 506, causing the Q output of
      the flip-flop 504 to go high. As a result, a high signal is applied along
      the line 508 to the inverter 510. The inverter 510 translates the high
      signal to a low which is applied along the line 331 to the input of the
      NAND gate 332 shown in FIG. 3A. The low signal along the line 331 clamps
      the output of the NAND gate 332 to a high condition which, as set forth in
      conjunction with the explanation of FIG. 3A, will allow the shift register
      302 to be reset without regard to the output condition appearing along the
      line 252 from the NAND gate 208. Thus, the doubles gate solenoid 342
      remains fixed in an acceptance condition and will not reject any bill fed
      along the regular input as a result of activation of the doubles override
      162. In addition, the output pulse from gate 333 will continue to
      increment the strap input counter 110, thus counting each additional bill
      fed in under doubles override. As is noted above, the presence of a
      rejection situation prevents the strap input counter from counting since
      it is the clear signal on line 335 which is employed to increment the
      strap input counter 110. Thus, on a doubles override, the strap input
      counter 110 now counts the bill input, although the doubles gate is
      clamped.
PAR  The flip-flop 504 also sends a low signal along the output line 512 upon
      activation by the doubles override switch 162 to a NAND gate 514. As a
      result of the low signal appearing along the line 512, the NAND gate 514
      sends a high output signal along its output line 516, and which is
      inverted through inverter 517 and applied to two branches, lines 319 and
      lines 340 corresponding to the lines 319 and 340 inputs to the NAND gates
      318 and 339 respectively in FIG. 3A. As a result, the doubles gate solenid
      332 is clamped in its acceptance position, thereby preventing rejection of
      the bill as a double, and the fit/unfit solenoid 322 is clamped in its
      unfit condition, thereby channeling the bill to the demonetize. Since the
      override condition channels the bill to the demonetize by clamping the
      bill such that it is automatically channeled along the unfit path,
      ultimate receipt of the bill in the unfit stacker will cause an
      incrementing low pulse to be applied along the line 386, as shown in FIG.
      4a, to the input of the NAND gate 518 shown in FIG. 6. The NAND gate 518
      will translate the low signal to a high applied to the inverter 519, the
      resulting low being applied to the reset input of flip-flops 502 and 504,
      thereby resetting the flip-flops 502 and 504 and removing the doubles
      override signals from the input logic. As a result, each doubles bill that
      has been rejected and refed into the system will serve to actuate a reset
      condition in the override logic such that the override applies only to
      each individual doubles rejected bill as it is reinserted into the
      machine. The doubles condition 162 must be reactivated for each successive
      bill fed into the machine.
PAR  A further function is provided by the specials override 172. As was stated
      above, the function of the specials override is to allow the demonetize of
      previously stacked special bills. Thus, after a plurality of special bills
      have been collected the special override function switch 172 is activated,
      applying an input signal along the line 520 to the clock input of the J-K
      flip-flop 522. The Q output of the flip-flop 522 thus goes high applying a
      high input to the J input of the flip-flop 524, thereby setting the
      flip-flop 524 for activation upon receipt of a pulse at its clock input
      along the line 506. The presence of a signal along the line 506 indicates
      properly timed bill detection at the regular input scan head, and causes
      the flip-flop 524 to be set, thereby rendering its Q output low. The low
      condition is applied along the line 526 for application along line 174 to
      the strap input counter 110 shown in FIG. 2. As was described above, the
      function of the inhibit signal applied along the line 174 is to prevent
      the strap input counter 110 from recounting the special bills as they are
      fed along the regular input for demonetize. Activation of the doubles
      function 162 at this time is prevented by means of a clamping signal
      applied along the line 528 to the NAND gate 518 which thus maintains the
      flip-flops 502-504 in their reset condition. In addition, the output Q of
      the flip-flop 524 is fed through the NAND gate 514 along the line 156 to
      the lines 324 and 334 for clamping the doubles gate and fit/unfit gate
      respective to a condition which will prevent rejection of a bill as a
      double and which will channel each special bill fed into the regular input
      to the demonetize printer as an unfit bill, in the same manner as
      described in conjunction with the doubles override.
PAR  Since it is desired in this instance that the special override operate
      continuously, no reset function is provided from the NAND gate 518 to the
      flip-flop chain 522-524. Reset is provided by reactivating the specials
      function switch 172.
PAR  The foregoing logic may be physically arranged, using discrete components
      or known solid state techniques such as medium or large scale integrated
      chips, into a relatively small unit.
PAR  In summary, what has been illustrated is a logic scheme utilizing the
      timing scale of the feed system for synchronizing decision functions for
      sorting and fitness in a secure manner. The system thus illustrates the
      incorporation of several features which enable currency to be sorted in as
      error free a manner as possible taking into account the inexperience of an
      operator and the environment in which the device will normally be
      employed.
PAR  Since the various elements shown in the system are made up of standard
      components, and standard asemblies, reference may be had to "High Speed
      Computing Devices" by the staff of Engineering Research Associates, Inc.,
      McGraw-Hill Book Company, Inc., 1950; and appropriate chapters in
      "Computer Handbook", McGraw-Hill, 1962; edited by Harvey D. Huskey and
      Granino A. Korn, and for detailed circuitry, to for example, "Principles
      of Transistor Circuits", edited by Richard F. Shea, published by John
      Wiley and Sons, Inc., New York, and Chapman and Hall, Limited, London,
      1953 and 1957. In addition, other references are: for system organization
      and components: "Logic Design of Digital Computers", by M. Phister, Jr.,
      (John Wiley and Sons, New York); "Arithmetic Operations in Digital
      Computers", by R. K. Richards (D. Van Nostrand Company, Inc., New York).
      For circuits and details; "Digital Computer Components and Circuits", by
      R. K. Richards, (D. Van Nostrand Company, Inc., New York).
PAR  In addition, although power supplies, interlocks, protective devices and
      on-off switches have not been shown, such elements are obviously included
      in such a system in accordance with good engineering practice. Since such
      elements and techniques are obvious to those skilled in the art, they have
      not been shown so as not to obfuscate the basic teaching of the inventive
      concept.
PAR  In determining the fitness or unfitness of a bill for continued circulation
      and in determining whether a bill constitutes a double, a bill being
      examined is transported through an examination station at which location a
      beam of light is projected at one surface of the bill and a photodetective
      means positioned on an opposite side of the bill senses the level of light
      transmittance through the bill. A scanner apparatus of this type is
      disclosed in copending U.S. patent application Ser. No. 457,388 filed
      concurrently herewith and which is assigned to the assignee of this
      invention. The photodetection means includes a phototransistor which
      generates an electrical signal having an amplitude proportional to the
      intensity of the light which is focused on the transistor. The output
      levels of the signal are then examined by a circuit means, illustrated in
      FIG. 7, in order to determine the presence of a bill, the fitness or
      unfitness of the bill and whether a double bill is present at the
      examination station. The circuit arrangement of FIG. 7 in general provides
      for integrating the phototransistor signals during the transit of the bill
      through the examination station, for determining whether the integrated
      transmissivity attains a predetermined reference level indicative of the
      fitness of the bill, and for setting a bistable device upon such a
      determination. The circuit arrangement further senses the light level
      during the presence of a bill and compares this level with a predetermined
      reference level representative of the presence of a double at the
      examination station. Upon determination of the existence of a double, a
      bistable device is set to a corresponding condition. The circuit
      arrangement futher includes means for automatically compensating for
      variations in the light intensity of a lamp in a light source which can
      occur as a result of variations in the lamp, aging, etc.
PAR  Referring now more particularly to the circuit arrangement of FIG. 7, a
      phototransistor 600 is provided and operates as a current source wherein
      the current increases and decreases as the intensity of the light focused
      on the phototransistor increases and decreases respectively. A collector
      electrode 601 of the phototransistor 600 is coupled to an inverting,
      operational preamplifier 602 in a bill quality examination channel and to
      an inverting, operational preamplifier 604 in a "bill present" channel.
      The output signals from these preamplifiers are indicated by the waveforms
      606 and 608, respectively. During the transit of a bill through the
      examination station, a signal generally illustrated by waveform 606
      appears at the output of amplifier 602. The level of this waveform is
      related to the amount of light passing through the bill and impinging on
      phototransistor 601--the more light results in more current through the
      feedback network around amplifier 602 and thus a higher level output
      excursion, and conversely, the less light results in a lower level signal.
      A higher level is understood to mean a relatively positive deviation in DC
      level from ground level; conversely, a lower level means a relatively
      smaller positive deviation from ground level. Potentiometer 610 in the
      feedback network is used to adjust the gain of amplifier 602. The input
      signal for inverting amplifier 604 is the voltage drop caused by the
      phototransistor current passing through adjustable resistor 612. The
      non-inverting terminal of amplifier 604 is at a potential of approximately
      minus 0.5 volts caused by the voltage drop across a diode 605 due to the
      current flow through resistor 607 to -E. During the transit of a bill
      through the examination station, the current flow through resistor 612 to
      the "Virtual ground" of amplifier 602 is not large enough to cause the
      collector voltage of phototransistor 601 to drop below the negative
      voltage level at the non-inverting terminal of amplifier 604, thus causing
      the output of amplifier 604 to go negative. Diode 609 prevents current
      from flowing toward the output from the input of amplifier 604, thus
      inhibiting the normal feedback path and forcing the output of amplifier
      604 to negative saturation (Approximately -E). This voltage will remain at
      approximately -E as long as a bill in transit is between the light source
      and the phototransistor 601. After the bill has passed between the light
      source and the phototransistor 601, there is a significant increase in the
      collector current output, since the phototransistor is now looking
      directly at the light source. This current passes through resistor 612 and
      the feedback resistors around amplifier 602, causing the output of
      amplifier 602 to go to positive saturation (approximately +E). At the same
      time, the current drop through the feedback resistors causes the inverting
      terminal of amplifier 602 to pull away from "virtual ground" and go
      negative. However, diode 611 catches it, preventing it from going more
      than a diode drop below ground. The current through resistor 612 is now
      large enough to cause the voltage on the collector of phototransistor 601
      to be more negative than the voltage level on the noninverting terminal of
      amplifier 604, causing the output of the amplifier to go positive. Diode
      609 now is biased forward, and amplifier 604 acts as a normal inverting
      amplifier, the voltage output at which it is now proportional to the
      current going through phototransistor 601, and hence, which is
      proportional to the light level. The output level of amplifier 604 may be
      calibrated by adjusting resistor 612.
PAR  The preamplified signal of the amplifier 604 is applied through two wire
      cable 612 to a differentially coupled, operational amplifier 614, which is
      located elsewhere in the machine and has a gain of 1. Differential
      coupling is provided in order to cancel noise due to pickup and
      differences in ground potential between the preamp and the ground
      associated with amplifier 614. An output signal from this amplifier,
      illustrated by the waveform 616, is applied to the non-inverting input of
      comparator 618 which is arranged as a "bill present" level sensing
      comparator. When a bill is present at the examination station, the light
      level impinging on the phototransistor 601 will be reduced and the
      corresponding DC output level of the amplifier 614 will be about -E. As
      this output signal is below ground reference level, represented by the
      dashed line 620, and which level is established at the inverting input of
      the comparator 618, the comparator 618 will provide a low DC output during
      the transit of the bill through the examination station. The relatively
      negative level 622 of the waveform 624 is representative of the presence
      of a bill at the examination station, and for use in the logic described
      in FIG. 3A, is passed through the inverter 625 along line 206.
PAR  In the bill quality detection channel, an output signal from the amplifier
      602 is applied through two wire cable 613 to a differentially coupled,
      operational amplifier 626. The differential coupling of this amplifier, as
      with the amplifier 614, is provided for cancelling noise due to pickup and
      differences in ground potentials. An output signal from this amplifier
      having a waveform 627 is integrated over an interval of time t.sub.1,
      which corresponds to the transit time of the bill through the examination
      station. The integration is performed by an operational amplifier 628
      which is coupled as an integrator. An integrating capacitor 630 is shunted
      by a field-effect-transistor 632, which is normally conductive, and which
      disables the operation of the amplifier as an integrator. However, when a
      relatively negative output level is provided by the amplifier 614, the
      field effect transistor 632 is cut off, thereby enabling the integrating
      capacitor 630 to charge. Since this control of the field effect transistor
      is coincident with the presence of the bill, the integration will occur
      over the period of time t.sub.1 during which a bill is being examined. An
      output signal from the integrator 628, represented by the waveform 634, is
      applied through an inverting, operational amplifier 636 to a bill fitness
      comparator 638. The integral of the light intensity of a bill during the
      transit of a bill will increase in accordance with the ramp segment 640 of
      a waveform 641. When a fit bill is being examined, the amplitude will
      increase to a predetermined level 642, representative of the level of a
      bill considered to be fit. This reference level is established at the
      comparator 638 by a potentiometer 644. Upon attaining this level, the
      comparator 638 switches and provides a negative going output signal 646
      which sets a bistable device comprising the flip-flop 648. The Q output of
      the flip-flop is forced to a high level indicating that a fit bill has
      passed through the examination station, and is passed along output line
      205 (FIG. 3A). The flip-flop 648 is reset by an input provided along line
      286 (FIG. 3A).
PAR  An output signal from the amplifier 626 is also applied to a comparator 650
      which is arranged as a doubles level comparator. When the level of this
      output signal reaches a negative reference level represented by the dashed
      line 654, the comparator 650 will switch and generate a negative going
      output signal 656. The reference level 654 at which the comparator
      switches is established by a potentiometer 658. The potentiometer is
      adjusted for providing a triggering level equivalent to a light intensity
      level which is sufficiently dark for indicating that a double or
      overlapping bills have passed the examination station. The output signal
      656 of the comparator 650 is applied to a bistable device comprising the
      flip-flop 670 and sets the flip-flop to provide a high Q output indicating
      the presence of a double or overlapping bills at the examination station.
      The double signal is passed along line 207 to the gate 208, FIG. 3A, as
      described above. The flip-flop 670 is also reset by the pulse applied
      along line 286. Both the fitness and doubles reference levels can be
      readily determined emperically by positioning bills having known light
      transmissivity characteristics at the examination stations and adjusting
      the potentiometers 644 and 658 for triggering of the associated
      comparator.
PAR  Variations which may occur in the output of the lamp light source from a
      pre-established intensity in the absence of a bill are detected and are
      used for automatically varying the reference input levels to the fitness
      comparator 638 and to the doubles comparator 650. As indicated
      hereinbefore, the amplifier 614 provides a relatively positive output
      level in the absence of a bill at the examination station. This positive
      output level is proportional to the maximum light intensity which impinges
      upon the phototransistor 600. Variations in this relatively positive level
      and which are indicative of variations in the operating characteristics of
      the lamp are applied to an operational amplifier and peak detector circuit
      672. The output of this circuit provides a DC level proportional to the
      light intensity in the absence of a bill. As this intensity, and thus, the
      input DC level from the amplifier 614 under no bill conditions varies, the
      potential at the output of the peak detector 672 will also vary. This
      potential is applied to the positive input of an operational amplifier 674
      having an output thereof coupled to the level setting potentiometers 644
      and 658. Thus, variations in the operating characteristics of the lamp
      will cause a corresponding and compensating variation in the reference
      level setting potentiometers of the fitness and doubles comparators. Due
      to the fact that the output current phototransistor 601 as a function of
      impinging light level follows a different slope depending on whether a
      bill is between the light source and the phototransistor or not, a
      non-linearizing network 676 is provided around amplifier 674 to bring the
      light level compensation voltage output of amplifier 674 into conformity
      with the bill signal level. This is accomplished by network 676 which
      increases the gain of amplifier 674 once the light level voltage from peak
      detector 672 increases beyond the level set by the potentiometer in
      network 676.
PAR  A bill which has been demonitized bears a distinctive and noticeable
      marking printed in ink on the bill. A demonetize marking is shown in FIG.
      8 to comprise a first relatively dark strip 702 which frames a plurality
      of relatively light bars 704 and a second relatively dark strip 706 which
      similarly frames a plurality of relatively lighter bars 708. The strips
      702 and 706 are formed on a same surface of the bill near outer edges 710
      and 712 respectively. While these strips are similar in configuration, it
      will be noted that these strips are positioned on the bill in a manner for
      providing that the bar 704 is adjacent a dark segment of the strip 706
      while a bar 708 is adjacent a dark segment of the strip 702. As indicated
      hereinafter, this displacement of the bars 704 and 708 results in the
      generation of out-of-phase signals. A similar set of side by side strips
      is printed on the opposite side of the bills so that a total of four
      strips are printed on each bill.
PAR  For security reasons, it is desirable that the apparatus detect the
      introduction of a preprinted, demonetize bill into the apparatus and that
      the proper operation of the printer-inker be verified by postprint
      detection of the demonetize markings on a bill. To this end, the scanning
      head includes, in addition to the light transmissivity detection means, a
      reflective detector which senses for the presence of a demonetize marking
      on the bill. A scanning head of the apparatus is provided with optical and
      photodetection means for examining the reflectance of the bill for the
      presence of the demonetize marking. A scanning head of this type is
      disclosed in detail in copending U.S. patent application Ser. No. 457,388,
      which is filed concurrently herewith and which is assigned to the assignee
      of this invention. A pair of photodetectors are provided and are mounted
      in side-by-side relationship and are laterally displaced by a distance for
      providing that one photocell is aligned with the center of the bars 704
      while another photocell is aligned with the bars 708 in the direction of
      movement of the bill as indicated by the arrow in FIG. 8. Light which is
      incident on the bill is reflected and is focused on the photocells. The
      light impinging on the photocells is alternating in intensity because of
      the light, dark, light, dark pattern formed by the strips. A similar
      detector means is also provided at an output station of the demonetize
      printer-inker. This is disclosed in greater detail in copending U.S.
      patent application Ser. No. 457,366, filed herewith, and assigned to the
      present assignee.
PAR  A circuit means, corresponding to circuit 402 in FIG. 5, is provided for
      operating on the electrical signals generated by the photodetection means.
      This circuit provides digital output which is representative of the
      presence or absence of a dmonetize marking on the bill. A circuit means of
      this type for examining a bill for the preprinted demonetize marking is
      illustrated in FIG. 9. In general, the circuit arrangement combines the
      signals from the phototransistors in a way which enhances the alternating
      signals due to the demonetizing bars while reducing signals due to normal
      bill reflections and due to reflected light when no bills are passing the
      examination station. The resultant signal is filtered, squared and
      utilized to generate a staircase function within a predetermined time
      window shorter in duration than the transit time of a bill through the
      examination station. When the staircase function attains a predetermined
      level indicative of the detection and verification of the presence of the
      demonetize bars, a bistable device is set to a condition indicating the
      passage of a demonitized bill through the examination station. The circuit
      of FIG. 9 additionally includes means for automatically compensating for
      varitions in the light source which can result in corresponding variations
      in the illumination of the bill being examined.
PAR  Referring now to FIG. 9 for a more detailed description of the circuit
      arrangement, a phototransistor 720 which, as indicated, is aligned with
      bars on one strip such as the strips 702 in FIG. 8, generates an
      electrical signal representative of the variations in reflection of the
      bill. The transistor 720 functions as a current generator which is coupled
      to an input of an operational amplifier 722, functioning as a
      preamplifier. The amplifier output signal is represented by the waveform
      724. Similarly, a phototransistor 726 which is aligned with the strip 706
      of FIG. 8 is coupled to an operational amplifier 728, which preamplifies
      the signal generated by the transistor 726 and provides an amplified
      output signal as represented by the waveform 730. It will be noted, that
      in the absence of a bill at the examination station, the output level of
      each of the amplifiers 722 and 728 is relatively negative. A pair of
      reflective strips formed of silver or aluminum, for example, are
      positioned at the examination station. In the absence of a bill,
      substantially all of the light which would impinge upon the bill at this
      location is reflected to the transistors 720 and 726. This maintains the
      output of the operational amplifiers 722 and 728 at a relatively negative
      level until a bill is introduced to the examination station. The light
      intensity is thereby decreased substantially, and the output level of
      these amplifiers becomes relatively more positive.
PAR  The outputs of preamplifiers 722 and 728 are fed to a difference circuit
      which subtracts one signal from the other. However, the portions of the
      signals due to the pickup from the demonetize bars are out of phase with
      each other, and thus, effectively add, whereas the signals due to normal
      bill reflections subtract. The resultant is an increased bar-to-background
      pickup signal. The reflected light (when no bill is present) also gets
      subtracted. A sum of the phototransistors signals is also formed which is
      used to provide a signal which is proportional to the sum of light level
      pickup of the phototransistors. A difference signal is provided by coupled
      the output of the amplifier 722 to one input of a differentially coupled
      operational amplifier 732, and the output of the amplifier 728 to another
      input of this amplifier. The resultant output signal having idealized
      waveform 734 is generated, and is coupled to an active filter 736 which
      passes a predetermined frequency corresponding to the bar frequence of the
      demonetize markings. The amplified signal 734, which is thus filtered, is
      fed to a negative input of an operational amplifier 738 arranged as a
      comparator. The output of the comparator comprises a square waveform
      having a frequency corresponding to the frequency of the bar signal 734.
      As indicated below, a reference potential applied to the positive input of
      the operational amplifier 738 is variable in order to automatically
      compensate for variations in the light output of the lamp.
PAR  Output signals from the amplifiers 722 and 728 are applied to a resistive
      summing network 740 at the input of an operational amplifier 742. An
      inverted and amplified output sum signal, which is substantially free of
      the out-of-phase AC bar signal components, is provided having the waveform
      744. The negative excursions of this signal represent the sum of the
      reflected light pickup of the two phototransistors when no bill is
      present. The peak amplitude of negative variations from this level is
      sensed by a negative peak detection circuit 746 which provides a DC output
      signal. This signal varies in magnitude in accordance with variations of
      light level, and is applied to a potentiometer 748 for establishing the
      reference input level of the comparator 738. A bill sensing operational
      amplifier 750 arranged as a comparator generates an output signal 752
      which is representative of the presence of a bill at the examination
      station. The time duration t.sub.1 of the positive component of this
      waveform corresponds to the transit time of a bill at the examination
      station. Although the negative and positive inputs to this comparator are
      derived from the output of the amplifier 742, during the absence of a
      bill, the negative input will exhibit a positive voltage with respect to
      the positive input. This voltage difference is established by the sum of
      the voltage drops across the negative peak rectifying diode 754, and a
      diode 756. Accordingly, the comparator 750 will provide a relatively
      negative output in the absence of a bill. When a bill is being transported
      through the examination station, the output of the amplifier 742 becomes
      relatively positive as compared with the DC level on the negative input of
      750, thereby causing a relatively positive output level from comparator
      750 for the duration t.sub.1, of transit.
PAR  It is desirable to examine the bar signal for a limited interval of time
      less than the period t.sub.1. In providing this window for examination,
      the output of the comparator 750 is utilized to time an RC network and
      generate an RC waveform 762. An RC network comprising the resistive
      impedance 764 and a capacitance 766 is provided. The comparator 750 is
      coupled to the junction of these elements through a diode 760. When a bill
      is present, the output of the comparator 750 becomes positive, thereby
      cutting off the diode 760 and enabling the capacitance 766 of the RC
      network to charge to the potential +E. The exponential waveform 762 is
      coupled to the negative and positive inputs of operational amplifiers 768
      and 770 respectively, each of which are arranged as comparators. The
      triggering level of these comparators is established by potentiometers 722
      and 774, respectively. An output level of the amplifier 768 is normally
      positive, while an output level of the amplifier 770 is normally negative.
      Under these conditions, an output diode 776 is cut off, while the diode
      778 is conductive, thereby maintaining a common output terminal 780 at a
      relatively negative potential in the absence of a bill. The potentiometer
      774 is adjusted for establishing a reference potential at the negative
      input to the comparator 770, the level of which, enables the comparator
      770 to trigger when the exponential waveform 762 achieves an amplitude
      E.sub.3. The output of the comparator 770 then becomes positive, thereby
      cutting off the diode 778 and causing the terminal 780 to become positive.
      Similarly, the potentiometer 772 is adjusted to establish a level at the
      positive input to the comparator 768, for causing this comparator to
      switch when the exponential waveform 762 continues to rise to the more
      positive potential E.sub.4. At this potential, the comparator 768
      switches, causing the diode 776 to conduct and the terminal 780 to return
      to a negative level. The output at the terminal 780 provides a window or
      enabling potential, for examining the alternating phototransistor signal
      during an internal of time t.sub.2 which is coincident with, but less
      than, the bill transit time t.sub.1. The interval of time t.sub.2 can be
      varied by adjustment of the potentiometers 772 and 774.
PAR  A bar signal from the phototransistors, as indicated hereinbefore, is
      squared at the output of comparator amplifier 738, and is then applied to
      an operational amplifier 784 which is arranged as an integrator. A field
      effect transistor 786 is coupled parallel with the integrating capacitor
      788, and the window signal is coupled to the base of this transistor from
      the terminal 780. In the absence of a bill, the relatively negative level
      of the window signal maintains the field effect transistor 786 conductive,
      thereby preventing the charging of the integrating capacitor 788. However,
      when a bill present signal is received, the window signal is generated,
      thereby cutting off the field effect transistor and enabling the
      integrator 784. The square wave bar signal represented by the waveform 790
      is applied to the negative input of the amplifier 784 during this time,
      thereby generating an output signal from the integrator having a
      negative-going staircase waveform 792. The staircase waveform is applied
      to the positive input terminal of the operational amplifier 794, which is
      coupled as a comparator. When a demonetize bill having a valid bar
      configuration formed thereon is detected, the staircase signal will
      surpass a predetermined reference level 793. The latter reference level is
      established by the voltage divider 796, which causes the comparator 794 to
      trigger and generate a negative going output signal 798. This signal is
      applied along line 404 (FIG. 5) to a bistable device comprising a
      flip-flop 406 setting its Q output to 1.
PAR  Detection of a malfunction in the printer-inker of the demonetize will be
      represented by the absence of the characteristic demonetize bar signal or
      of variations in the signal. As indicated, a reflective photodetection
      means is also provided at the output of the printer-inker for sensing the
      occurrence of such a malfunction. A circuit arrangement 440 (FIG. 5),
      similar to that in FIG. 9, is therefore provided for generating a digial
      indication of the proper operation of the printer-inker. In this regard,
      however, it is desirable to generate an output indication only when the
      printer-inker fails to properly demonetize a bill by printing a demonetize
      marking on the bill. The circuit arrangement of FIG. 9, as modified in
      FIG. 10, is adapted for generating such an output for every demonetize
      bill. The circuit of FIG. 9 as modified by FIG. 10 inhibits the generation
      of an output in a postprint detection arrangement unless a proper
      demonetize marking fails to appear on a bill. Those elements of FIG. 10
      performing functions similar to those of FIG. 9 bear similar reference
      numerals. The circuit is modified with respect to the integrator 784,
      which includes resistance 802 returned to a negative potential. In the
      aabsence of the application of a bar pattern to the negative input
      terminal of the integrator, the integrator will provide an output of
      general configuration having a ramp segment 804. The slope of this ramp
      segment is equal to the slope of the negative staircase function 792. A
      properly demonetize bill will cause a bar pattern 792, which will be
      cancelled out by the ramp 804 at the output of the integrator 784.
      However, in the absence of a properly demonetize marking, there will be no
      mutual cancellation of the signals, but rather, the ramp 804 will be
      provided as an output from the integrator. This output is fed to the
      comparator 797, thereby causing it to switch once the slope has exceeded
      the reference level established by bias network 799. This sets a high
      output at the Q of a postprint bistable device comprising the flip-flop
      444. Thus, a positive digital representation is provided by a postprint
      detector circuit arrangement only in the absence of a proper demonetize
      marking signal on a bill.
PAR  It will be obvious to the those skilled in the art that many modifications
      and variations which satisfy many or all of the objects of the present
      invention may be possible within the scope and framework of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A currency processing system for analyzing and sorting a quantity of
      bills having differing fitness characteristics, comprising: means for
      introducing a strap of bills into said system, first strap counting means
      for counting each bill in said strap of bills introduced into said system,
      said first strap counting means providing a predetermined strap count,
      automatic conveying means for conveying each bill of said strap along a
      feed path within said system, said feed path including means for detecting
      and analyzing each bill for entry conditions and quality conditions, and
      accumulating means for storing said bills according to their fitness, said
      detecting and analyzing means providing a first signal for each bill
      meeting certain entry conditions, and a second signal for each bill
      meeting certain quality conditions, a second strap counting means
      operatively coupled to said detecting and analyzing means for receiving
      said first signal, said first signal incrementing said second strap
      counting means, said first strap counting means being coupled to said
      second strap counting means, said second strap counting means providing an
      incremented strap count and a third signal responsive to a coincidence
      between said predetermined strap count and said incremented strap count,
      said accumulating means including a first accumulator for accumulating
      bills meeting entry conditions and one of at least two quality fitness
      conditions, and a second accumulator for accumulating bills meeting entry
      conditions and the other of said two fitness quality conditions, first
      accumulator counting means for counting bills at said first accumulator,
      second accumulator counting means for counting bills at said second
      accumulator, and means for receiving said third signal and being
      responsive to said third signal for disabling said conveying means and
      stopping further accumulation, said first and second accumulator counting
      means providing a combined count for verifying said incremented strap
      count.
NUM  2.
PAR  2. The currency processing system of claim 1, wherein said detecting and
      analyzing means has detection means for detecting a beginning of a bill
      introduced into said system, detection means for detecting an end of an
      introduced bill, entry logic means operatively connected to both of said
      bill detection means, said logic means having a bill length counter for
      establishing a lower bill length limit and an upper bill length limit,
      said bill length counter providing signals respectively indicating said
      limits, a first decision making stage of said logic means operatively
      connected to said bill length counter and said end of bill detection
      means, said first decision making stage being responsive to the detection
      of an end of the bill prior to receipt of a lower bill length signal for
      providing a short bill decision signal, a second decision making stage of
      said logic means operatively connected to said bill length counter and
      said end of bill detection means, said second decision making stage being
      responsive to the detection of an end of the bill after receipt of an
      upper bill length signal for providing a long bill decision signal, a gate
      operatively connected to said first and second decision making stages,
      said gate being disposed along said feed path and operative in response to
      said decision signals for rejecting an introduced bill from said feed
      path.
NUM  3.
PAR  3. The currency processing system of claim 2, wherein said bill length
      counter further establishes a maximum duration inter-bill spacing limit
      between two bills introduced into said system and provides a signal
      indicating said inter-bill spacing limit, and wherein said entry logic
      means further comprises a third decision making stage operatively
      connected to said bill length counter and responsive to said inter-bill
      spacing signal, said third decision making stage providing an inter-bill
      spacing decision signal to activate said gate so as to reject both of said
      two bills from said feed path.
NUM  4.
PAR  4. The currency processing system of claim 1, wherein said detecting and
      analyzing means has detection means for detecting a beginning of a bill
      introduced into said system and providing a signal indicating same, a
      shift register having a plurality of stages, a clock for providing clock
      pulses, first gating means operatively interdisposed between said shift
      register and said clock and operatively interconnecting them, said first
      gating means operatively connected to said beginning of a bill detection
      means, said first gating means receiving said beginning of a bill signal
      and in response thereto allowing said clock to provide said shift register
      with a clock pulse, said shift register shifting said clock pulse through
      said stages, bill quality selection means operatively connected to one of
      said stages of said shift register, entry logic means for determining
      entry conditions of bills introduced into said system and providing entry
      condition signals, means operatively interdisposed between said entry
      logic means and said shift register for providing a clear pulse to said
      shift register in response to the absence of entry condition signals from
      said entry logic means, said clear pulse preventing the entry of said
      clock pulse into said shift register, whereby said bill quality selection
      means will be prevented from activating.
NUM  5.
PAR  5. The currency processing system of claim 1, wherein the detecting and
      analyzing means has bill detecting means for detecting the beginning of a
      bill entering the system, said first and second accumulator counter being
      operatively connected to said bill detecting means, first pulse means
      operatively connected to said accumulator counter for providing said first
      and second accumulator counter with incremented pulses, said accumulator
      counters accumulating said incremented pulses in response to detection of
      the beginning of each bill by said bill detecting means, means for
      detecting partially overlapping bills being introduced into said system, a
      second pulse means operatively connected to both bill detecting means and
      said accumulator counter for providing said first and second accumulator
      counters with incrementing pulses when overlapping bills are detected.
NUM  6.
PAR  6. A currency processing system for analyzing and sorting a quantity of
      bills having differing fitness characteristics, comprising: means for
      introducing in seriatim each bill of a strap of bills into said system,
      means defining a feed path in said system means for conveying each
      introduced bill in said strap along said feed path, said feed path
      including detecting and analyzing means comprising entry detector means
      disposed along said feed path for detecting a leading and trailing edge of
      each bill introduced to said system, and logic circuitry operatively
      connected to said entry detector means for deciding entry conditions, said
      logic circuitry including means to determine when a bill introduced into
      said system is too long in length; means to determine when a bill
      introduced into said system is too short in length; means to determine
      when two bills are substantially introduced to said system at the same
      time so as to constitute a doubly introduced bill; and means to determine
      when two bills introduced to said system are introduced too closely to
      each other; first gating means disposed along said feed path and
      operatively connected to said logic circuitry, said first gating means
      being actuated in response to signals from said logic circuitry
      corrresponding to any one of said decisions, for rejecting a bill from
      said feed path, fitness detecting means disposed along said feed path
      downstream of said entry detecting means for determining the fitness of a
      bill which has entered the system and has met entry conditions as
      determined by said logic circuitry, second gating means disposed along
      said feed path and operatively connected to said fitness detecting means
      for separating fit bills from unfit bills, said feed path being bifurcated
      at said second gating means so as to accept fit bills along a fitness path
      and unfit bills along an unfitness path, a first accumulator disposed
      along said fitness path for accumulating a quantity of fit bills, and a
      second accumulator disposed along said unfitness path for accumulating a
      quantity for unfit bills, and a demonetizing means being disposed along
      said unfitness path prior to said second accumulator for demonetizing
      unfit bills before they are accumulated by said second accumulator.
NUM  7.
PAR  7. The currency processing system of claim 6, wherein each of, said first
      and second accumulators have means for determining when a quantity of
      bills respectively accumulated in each of said accumulators achieves a
      given quantity, each of said accumulators further comprising means for
      separating each achieved given quantity of bills from successively
      accumulated bills.
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ABST
PAL  A method utilizing a composite apparatus for the treatment of wastewater to
      remove settleable and floatable solids and to remove and oxidize organic
      matter including a treatment tank having at least two horizontally
      adjacent bays, each of the bays having an upper biological treatment zone
      separated by a horizontally disposed baffle from a lower settling zone.
      Raw wastewater enters the lower settling zone of one of the bays wherein
      settleable and floatable solids are removed, and then turns vertically to
      flow in a reverse direction through the upper biological treatment zone of
      each bay. From the upper treatment zones the wastewater is directed into
      and through the lower settling zone of the second bay from which the
      treated fluid is removed.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 386,860 filed Aug. 9, 1973, now U.S. Pat. No. 3,849,304.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention pertains to the treatment of wastewater to remove pollutants.
      More specifically, the invention provides method and apparatus for the
      physical treatment of wastewater to remove particulate matter and
      biological treatment for the removal of organic material. The present
      invention employs rotating partially submerged biological contactors to
      grow aerobic biological slimes for the oxidation of organic pollutants and
      settling zones subjacent to the contactors for removal of both the raw
      primary and secondary solids generated by the biological treatment from
      the wastewater.
PAR  U.S. Pat. No. 3,575,849 issued to Torpey discloses a method and apparatus
      for biologically treating wastewater including a treatment tank having a
      biological treatment zone in its upper portion and a quiescent settling
      zone in its lower portion. The biological treatment zone includes a
      plurality of parallel rotatable shafts disposed across the upper portion
      of the tank; each of the shafts supporting a plurality of biological
      contactors, typically thin discs. The contactors extend into the
      wastewater in the tank to less than half the tank depth, providing a
      subjacent settling zone for sloughed off solids. The surface of the
      biological contactors is alternately exposed to the atmosphere and
      immersed in the wastewater at suitable intervals to promote the growth of
      aerobic biological slimes.
PAR  The U.S. Pat. No. 3,776,841 issued Dec. 4, 1973 to Torpey, discloses a
      wastewater treatment tank having an upper biological treatment zone
      including rotating partially submerged contactors to grow aerobic
      biological slimes and a subjacent settling zone. The subjacent settling
      zone is physically separated from the biological treatment zone by a false
      bottom or longitudinal baffle. Wastewater is introduced into the upper
      biological treatment zone, flows through the upper zone, around the
      longitudinal baffle and into and through the subjacent settling zone to a
      treated wastewater outlet.
PAR  The U.S. Pat. No. 3,563,383 to Hellquist, pertains to a method for treating
      organically polluted wastewater including biological treatment using
      partially submerged contactors in the upper portion of a section of the
      treatment unit. The Hellquist system separates primary from secondary
      treatment as it utilizes a plurality of separate bays arranged in series
      for primary settling before the wastewater enters the biological treatment
      section.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a treatment tank having facilities for
      removing raw settleable and floatable matter from wastewater, biologically
      treating the wastewater and subsequently removing the sloughed off
      biological slimes from the treated wastewater. The new method maximizes
      biological treatment in a tank of a predetermined volume resulting in BOD
      removals of up to 98% while utilizing the lower portions of the tank for
      the removal of both primary and secondary solids.
PAR  The new treatment tank, which can be, and preferably is, an existing
      settling tank modified in accordance with the invention, has at least two,
      and preferably three or more, horizontally adjacent bays. Each bay
      includes an upper biological treatment zone employing rotating partially
      submerged contactors and a subjacent zone substantially coextensive with
      the upper zone.
PAR  A horizontally disposed baffle is located in each bay immediately below the
      contactors to physically separate each bay into vertically adjacent
      settling and biological treatment zones.
PAR  In accordance with a specific aspect of the invention, one of the
      horizontally adjacent bays, preferably the center one of a three bay
      facility is supplied with raw untreated wastewater, typically normal
      domestic wastewater. The influent enters the lower settling zone at one
      end of this bay, hereinafter referred to as the primary bay, wherein
      primary treatment is effected by sedimentation. The wastewater flows
      through the lower zone of the primary bay, and upwardly around the
      longitudinal baffle, at which point it is split horizontally with a
      portion of the wastewater being supplied to the upper biological treatment
      zone of the secondary bay or bays and the remaining portion to the upper
      biological treatment zone of the primary bay. Preferably, the wastewater
      is split into a number of substantially equal portions corresponding to
      the number of bays. The wastewater flows through the primary and secondary
      upper zones wherein soluble pollutants are oxidized by the aerobic slimes
      that grow and are maintained on the rotating contactors. After flowing
      through the upper zones of the bays, the effluent partially treated
      wastewater is folded vertically around the horizontal baffles of the
      secondary bays and introduced into the lower settling zone of the
      secondary bay or bays adjacent to the primary bay. The wastewater from the
      upper treatment zone of the primary bay is directed into the secondary bay
      or bays, combined with the wastewater from the upper treatment zone of
      that bay, and is vertically folded into the lower settling zone of the
      secondary bay. The wastewater flows through the secondary settling zones
      wherein residual solids, primarily mature slimes soughed off from the
      contactors, are removed from the wastewater. The wastewater after passing
      through the secondary settling zones is withdrawn from the end of the tank
      opposite the end in which the wastewater was initially introduced. When
      the primary bay is the center unit of a three bay installation, the
      effluent flow from the biological treatment zone of the primary bay is
      split into two substantially equal portions, each of which is supplied to
      a secondary bay and folded vertically into the lower settling zone of that
      bay along with the wastewater flow from each of the secondary biological
      treatment zones.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a treatment tank according to the invention.
PAR  FIG. 2 is a cross-sectional elevation view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a cross-sectional elevation view taken along line 3--3 of FIG. 1.
PAR  FIG. 4 is a cross-sectional elevation view taken along the line 4--4 of
      FIG. 1.
PAR  FIG. 5 is a cross-sectional elevation view taken along the line 5--5 of
      FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to the drawing, a three bay treatment tank 10 embodying the
      principles of the invention is shown. The treatment tank 10 is composed of
      a central or primary bay 11 and a pair of secondary bays 12 and 13 that
      are horizontally adjacent to bay 11 and separated therefrom by partitions
      P.sub.1 and P.sub.2. Each of the bays 11, 12 and 13 includes an upper
      biological treatment zone including a plurality of parallel biological
      contactor assemblies 14, which include a plurality of contactors 16
      concentrically and fixed mounted on rotatable shafts 15. The contactors 16
      provide surface area upon which biological slimes may grow. The shafts 15
      are preferably mounted above the usual level of wastewater in the tank
      unit to simplify mechanical construction although submergence of the
      contactors 16 can be varied from about one-third to two-thirds of their
      diameter. FIG. 1 of the drawing shows a common shaft 15 for each bank of
      contactors extending across the three bays of tank 10. This arrangement
      simplifies the driving of the shafts to rotate the contactors and since
      the wastewater flow is in the same direction in all of the upper
      biological treatment zones, permits the contactors to be rotated in the
      direction of wastewater flow as shown by the arrows of FIGS. 2 and 3.
      Alternatively, each of bays 11-13 can have independent contactor shafts
      that are rotated by separate driving means to rotate the separate banks of
      contactors in any desired direction.
PAR  Although the rotatable biological contactors of the invention may take
      different forms such as drums, cylinders, brushes or thin, closely spaced
      discs, it is preferred to use contactors having a discontinuous honeycomb
      type structure such as that disclosed in pending U.S. application Ser. No.
      252,038 filed May 10, 1972, now U.S. Pat. No. 3,827,559. Thin discs are
      also advantageous biological contactors since they facilitate a high
      concentration of surface area per unit volume of biological treatment zone
      and can be used to impart a mixing and pumping effect to the wastewater.
      Suitable biological contactors can be constructed of many available
      materials, although plastics are generally preferred.
PAR  As previously mentioned, driving means (not shown) are provided to rotate
      shafts 15 to impart a predetermined peripheral velocity to the contactors
      16. Advantageously, the driving means are capable of imparting rotational
      forces to shafts 15 variable in magnitude and direction. This allows for
      the accommodation of varying wastewater flow rates through the tank 10 and
      provides for the mechanical removal of excessive slime growth from the
      surface of contactors 16 when and if desired. Preferably, the directional
      component of the peripheral velocity of the discs at their lowermost
      portion is in the direction of wastewater flow through the biological
      treatment zone of each bay.
PAR  Each of the bays 11, 12 and 13 is divided into two vertically adjacent
      treatment zones, physically separated by longitudinal baffles 17a, b and
      c. The upper portion of each bay, which encompasses the rotating contactor
      assemblies 14 is operated to perform the biological treatment function.
      The lower portion of each bay between the baffles 17a, b and c and the
      bottom of the tank is a subjacent sedimentation zone, generally indicated
      by the numbers 18a, b and c. Typically, a sludge collection mechanism 19
      is provided at the bottom of each bay to transport the settled sludge to
      one end of the tank from which it is withdrawn and subsequently disposed
      of (not shown). The sludge collection mechanism can be chosen from those
      presently in widespread use.
PAR  In accordance with a specific aspect of the invention, the longitudinal
      baffles 17a, b and c, which form a false floor for each of the upper
      biological treatment zones, extends across the full width of each of bays
      11, 12, and 13 and along a substantial portion of the long dimension of
      the tank. A sufficient space S.sub.1 is provided between the end of the
      baffle 17a and the tank wall 21 to permit the wastewater to pass
      vertically and then reverse direction and flow from the lower settling
      zone 18a of bay 11 to the upper biological treatment zones of bay 11, 12
      and 13. Similar spaces S.sub.2 and S.sub.3 are provided between the ends
      of baffles 17b and c and the end wall 22 of tank 10 to permit the
      wastewater to pass downwardly and reverse direction and flow from the
      upper biological treatment zones of bays 11, 12 and 13 and into the lower
      settling zones 18b and c. The upward or downward velocity of the
      wastewater as it flows from zone to zone should be from about 3 to 15 feet
      per minute. In all three bays, the wastewater should travel through the
      settling zone countercurrently to the flow direction through the upper
      biological treatment zone of that bay.
PAR  Ports 23 and 25 are cut out of partitions P.sub.1 and P.sub.2 to permit the
      wastewater passing upwardly from settling zone 18a to subsequently flow
      horizontally into the upper biological treatment zone of bay 12 (port 23)
      and bay 13 (port 25). Similar ports 24 and 26 are provided at the other
      end of partitions P.sub.1 and P.sub.2 to permit wastewater from the upper
      biological treatment zone of bay 11 to pass into spaces S.sub.2 and
      S.sub.3 and flow downwardly into the lower settling zones 18B and C of
      bays 12 and 13.
PAR  The primary bay 11 is shown in further detail in FIG. 2. Raw wastewater
      enters one end of the tank 10 and into the lower settling zone 18a of bay
      11 through inlet conduit 27 and chamber 20 and flows beneath longitudinal
      baffle 17a as indicated by the arrows. Particulate organic matter as well
      as sand and other solids materials are removed from the wastewater in the
      lower settling zone 18a, by sedimentation and transported along the tank
      bottom by the collection mechanism 19 to chamber 20 from which it is
      removed. Collection mechanism 19 preferably includes flights that scrape
      grease or other foreign matter from the bottom of the longitudinal baffles
      as well as from the tank bottom of each bay. After passing through the
      primary settling zone 18a, the wastewater flows upward through the space
      S.sub.1 and is split into three streams; one stream for each of the upper
      biological treatment zones of each of the bays 11, 12 and 13. One stream
      passes through port 23 and into the biological treatment zone of bay 12
      over weir 28b, another through port 25 and into the biological treatment
      zone of bay 13 over weir 28c and the third stream reverses direction
      around longitudinal baffle 17a and flows into the biological treatment
      zone of the primary bay 11 over weir 28a. If more than three bays are
      present, the wastewater is split into a number of streams equal to the
      number of bays and a stream is directed to the upper biological treatment
      zone of each bay. Preferably, the wastewater flow is split into equal
      streams after passing through the lower settling zone of the primary bay.
PAR  The wastewater flows through the biological treatment zone of the bays
      11-13 wherein organic pollutants are oxidized thus furnishing the
      nutritional energy for the growth and maintenance of the biological slimes
      on the surface of contactors 16. Upon reaching the end of the biological
      treatment zones of the bays, the wastewater flow is directed as indicated
      by the arrows in FIGS. 1, 3 and 4 into the lower settling zones 18b and c
      of bays 12 and 13. The wastewater from the upper biological treatment zone
      of bay 11 is split horizontally into two streams; one of which passes
      through port 24 to combine with the biologically treated wastewater from
      the upper zone of bay 12 and the other passes through port 26 to combine
      with the biologically treated wastewater from the upper zone of bay 13.
      Each of the combined streams are vertically folded around longitudinal
      baffles 17b and c respectively, through spaces S.sub.2 and S.sub.3 and
      into the lower settling zones 18b and c. The biologically treated
      wastewater from the upper zone of bay 11 is split into a number of streams
      equal to the number of secondary bays, i.e., one less than the total
      number of bays, prior to being combined with the biologically treated
      wastewater from the upper zones of the secondary bays. Preferably the
      biologically treated wastewater from the upper zone of the primary bay is
      split into an appropriate number of equal streams.
PAR  The combined wastewater streams flow through lower settling zones 18b and c
      wherein remaining solids and mature slimes that have sloughed off the
      contactors 16 are removed from the wastewater by sedimentation.
      Accumulated solids in the lower settling zones 18b are transported by
      collection mechanisms 19, to sludge disposal. Sludge mechanism 19 includes
      a driven chain having flights projecting therefrom. The flights are
      adapted to scrape the bottom of longitudinal baffles, 17a, b, c  as well
      as to transport settled solids along the bottom of each bay to an
      appropriate withdrawal point. Grease accumulation will be in chamber 20
      and area S.sub.1. Suitable grease removal means should be provided at each
      of these locations. After passing through the lower settling zones 18b and
      c the wastewater enters outflow chamber 29 over weirs 21b and 21c from
      which it is removed through conduit 30.
PAR  Weirs W can be provided between each bank 14 of contactors in each of bays
      11-13 to obtain the desired staging effect. Weirs W have a cut out portion
      along their bottom to prevent solids settled in the biological treatment
      from being trapped between stages of contactors. Although only a single
      weir W is shown in the drawing for the sake of clarity, in practice it is
      preferred to provide a weir W between each bank of contactors 14 in each
      of bays 11-13.
PAR  Although it is preferred to utilize three bays in practicing the invention,
      i.e., a primary bay and a secondary bay adjacent each side of the primary
      bay, it is within the scope of the invention to utilize more than three
      bays as previously discussed or only a two bay tank. The primary bay of a
      two bay unit would function as the bay 11 of the above-described unit,
      while the second bay would be the equivalent of either of bays 12 or 13.
      To compensate for the possible lack of sufficient sedimentation area in
      the lower settling zone of the secondary bay of a two bay unit, a
      downstream clarifier or micro-screening unit may be provided to remove
      carried over solids.
PAR  It is preferred to limit the immersion depth of contactors 16 to less than
      one half the depth of the bays. For practical purposes the diameter of
      contactors 16 will be between about 6 to 15 feet and immersion depth less
      than half of the diameter.
PAR  To encourage the growth of biological slimes by alternately immersing them
      in the wastewater and exposing them to the atmosphere, the contactor
      assemblies 14 are rotated at a suitable predetermined velocity. From a
      practical standpoint, the peripheral velocity of the discs should not
      exceed about 1 foot per second, and must be sufficiently high to avoid
      excessive time of immersion of the biological slimes. To provide the
      microorganisms in the slime with oxygen sufficient to satisfy their
      metabolic processes, the immersion time of the slime typically should not
      exceed about 10 seconds in the first stage of treatment. As the wastewater
      becomes progressively clarified the immersion time of the slimes can be
      increased gradually to about 30 seconds. For smaller diameter contactors
      the peripheral velocity can be reduced substantially while avoiding
      excessive immersion time, while the larger diameter contactors usually
      require that the rotational velocity be substantially increased to avoid
      excessive immersion time. Therefore, the peripheral velocity of the
      contactors 16 for normal operation should be about 0.5 to 1 foot per
      second.
PAR  The method and apparatus of the invention provides a relatively inexpensive
      and practical means for substantially upgrading existing wastewater
      treatment plants. The invention can be applied to primary sedimentation
      tanks, which were designed to remove only the settleable solids from the
      raw wastewater and can be modified to provide biological treatment and
      secondary settling in addition to their original function.
PAR  The invention provides an upgrading scheme that has the wastewater inlet
      and outlet conduits on opposite ends of the tank, as they would be in
      existing settling tanks. As a result of this disposition of the influent
      and effluent conduits existing settling tanks can be upgraded to provide
      for the complete treatment of wastewater, i.e., primary settling,
      biological treatment and secondary settling with minimal, if any, piping
      changes and at a moderate capital cost. Primary treatment plants that are
      presently removing about 30% of the BOD.sub.5 in the wastewater can be
      upgraded economically to remove from 80-90% of BOD.sub.5 by applying the
      principles of this invention to the plant.
PAR  The removal of carbonaceous pollutants is a function of the loading rate,
      e.g., gal/day/sq.ft of contactor area and the strength of the wastewater
      measured in terms of BOD.sub.5. A 90% BOD.sub.5 removal can be effected
      with a loading rate of 2 to 5 gal/day/sq.ft of contactor surface for
      normal wastewater and 80% BOD removal with a loading rate from 4 to 10
      gal/day/sq.ft. When an oxygen enriched atmosphere is provided above the
      biological treatment zone, i.e., about 40-70% oxygen, 90% BOD.sub.5
      removal can be accomplished with a loading rate from 4 to 10
      gal/day/sq.ft.
PAR  In addition to substantially upgrading existing wastewater treatment
      plants, the method and apparatus of the invention can be the basis for new
      plant design. A single tank wastewater treatment plant capable of removing
      over 90% of BOD from wastewater can be provided at a fraction of the cost
      of a conventional activated sludge or a trickling filter plant effecting
      the same degree of clarification.
PAR  It should be understood that the method and apparatus of the invention have
      been described in relation to specific applications for illustrative
      purposes only. The term longitudinal baffle should read to include any
      horizontally disposed baffle that folds the wastewater flow between a
      biological treatment zone and a subjacent settling zone. Variations and
      modifications of the examples can be made without departing from the clear
      teachings and spirit of the invention. Accordingly, reference should be
      made to the following appended claims to determine the full scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Method for the continuous treatment of wastewater comprising
PA1  a. providing a treatment tank having a primary bay and at least one
      secondary bay horizontally adjacent to said primary bay,
PA1  b. each of said bays including a lower settling zone and a vertically
      adjacent upper biological treatment zone including means for biologically
      treating wastewater to oxidize pollutants,
PA1  c. introducing wastewater into the lower settling zone of said primary bay
      at one end of said tank,
PA1  d. creating a flow of wastewater through the settling zone of said primary
      bay in a direction away from said one end,
PA1  e. dividing wastewater from the settling zone of said primary bay into at
      least two portions
PA1  f. creating a flow of one of said portions through the biological treatment
      zone of said secondary bay,
PA1  g. creating a flow of another of said portions through the biological
      treatment zone of said primary bay,
PA1  h. said portions of wastewater flowing through said biological treatment
      zones in parallel and toward said one end of said tank,
PA1  i. directing wastewater from the biological treatment zone of said primary
      bay to the settling zone of said secondary bay,
PA1  j. directing wastewater from the biological treatment zone of said
      secondary bay to the settling zone of said secondary bay,
PA1  k. creating a flow of wastewater from the biological treatment zones of
      each of said primary and secondary bays through the settling zone of said
      secondary bay in a direction away from said one end of said tank and
      countercurrent to the direction of wastewater flow through the upper
      biological treatment zone of said secondary bay, and
PA1  l. removing treated wastewater from the settling zone of the secondary bay
      at the end of said tank opposite said one end.
NUM  2.
PAR  2. The method of claim 1, wherein said primary bay is disposed between two
      secondary bays, each of said secondary bays being horizontally adjacent to
      said primary bay.
NUM  3.
PAR  3. The method of claim 2, wherein said wastewater is divided into at least
      three substantially equal portions after passing through the settling zone
      of said primary bay, each of said portions being directed to the
      biological treatment zone of one of said bays.
NUM  4.
PAR  4. The method of claim 1, wherein each of said biological treatment zones
      includes a plurality of partially submerged rotatable contactor members
      having surface suitable for the growth of aerobic biological slimes.
NUM  5.
PAR  5. The method of claim 4, wherein said surface is disposed parallel to the
      direction of wastewater flow through said biological treatment zones.
NUM  6.
PAR  6. The method of claim 4, wherein said contactor members are rotated at a
      peripheral velocity adequate for the growth and maintenance of aerobic
      biological slimes.
NUM  7.
PAR  7. The method of claim 1, wherein said wastewater is vertically directed
      from the lower settling zone to the biological treatment zone of said
      primary bay and from the biological treatment zone of said secondary bay
      to the lower settling zone of said secondary bay by a longitudinal baffle
      disposed between said settling and biological treatment zones across the
      width of each of said bays and along a substantial portion of the length
      of each of said bays.
NUM  8.
PAR  8. The method of claim 1, including at least two secondary bays, wherein
      wastewater is divided into at least three substantially equal portions
      after passing through the settling zone of said primary bay, and said
      another portion of wastewater is subsequently divided into at least two
      substantially equal portions after passing through the biological
      treatment zone of said primary bay.
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ABST
PAL  Metal ions are effectively eliminated from aqueous solutions containing the
     ame by treating the solution with a metal sequestering agent which is a
      condensation product of a higher alkyl halide with a polyamine.
PARN
PAR  This is a continuation of Ser. No. 283,797, filed Aug. 25, 1972, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for removing metal ions present in small
      amounts in aqueous solutions by means of a novel metal sequestering agent
      having a strong binding force with metal ions, especially with ions of
      heavy metals.
PAR  2. Summary of the Prior Art
PAR  Waste water emanating directly from metal ore mines, or mingled in
      neighboring streams, as well as waste water from industrial plants,
      especially from chemical plants, often contain a variey of dissolved metal
      ions, of which ions of heavy metals are especially known to be detrimental
      to humans and animals. Thus, removal of such ions from waste water before
      its discharge into a river, lake, or sewer can be desirable or even
      required by government regulation. It is known in the art to eliminate
      metal ions in contaminated waste water from mines or plants by treatment
      with a metal sequestering agent such as a condensed phosphate or
      ethylenediaminetetracetates which have the capacity to bind metal ions to
      form an inert complex compound in which the harmful action inherent in
      heavy metal ions is suppressed.
PAR  However, heretofore known metal sequestering agents such as condensed
      phosphates and ethylenediaminetetracetates are expensive because of the
      complexity of the process used for their production and hence are rarely
      used in large amounts for economical reasons. For the purification of
      contaminated waste water from mines and plants, the development of a new
      type metal sequestering agent which can be produced at a lower cost on an
      industrial scale and has a strong metal sequestering activity is a keenly
      felt need in the art.
PAR  Therefore, it is a prime object of this invention to provide a method for
      eliminating metal ions almost completely from solutions, especially
      aqueous solutions, containing a very slight amount of such metal ions.
PAR  It is another object of this invention to provide a new metal sequestering
      agent which is suitable for use in said method and can be prepared cheaply
      on an industrial scale.
PAR  These and other objects of this invention will become apparent as the
      description proceeds.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention, metal ions contained in a very slight
      amount in a solution can be eliminated almost completely by treating the
      solution with a new metal sequestering agent comprising a condensation
      product of a higher alkyl halide with a polyamine.
PAR  One of the starting materials for the metal sequestering agent used in the
      method of this invention is a higher alkyl halide, that is, a halogen
      derivative of compounds having 8-24 carbon atoms such as higher saturated
      hydrocarbons, higher olefins and higher alcohols which are produced in a
      large scale as petrochemical products. These higher alkyl halides can be
      used alone or in a mixture of two or more.
PAR  Taking into consideration the requirements for strong metal sequestering
      activity, easy separation of the agent from the waste water, the use of an
      alkyl halide having more than 9 carbon atoms is advantageous in the
      practice of this invention.
PAR  Another starting material for the metal sequestering agent is a polyamine
      having at least two amino groups in its molecule. Illustrative of such
      polyamines are, for example, ethylenediamine, tetramethylenediamine,
      pentamethylenediamine and like diamines, and polyalkylenepolyamines, such
      as diethylenetriamine. These polyamines are known compounds and are
      comercially available.
PAR  The reaction between the alkyl halide and the polyamine is conducted at
      room temperature, or more preferably at an elevated temperature above
      100.degree.C. In this reaction, an adequate solvent such as xylene may be
      used to make the operation smooth.
PAR  The reaction product of the higher alkyl halide and the polyamine is a
      viscous brown semi-solid substance having an average molecular weight of
      200-1000 which predominantly contains a higher alkylated polyamine of the
      general formula:
      ##EQU1##
      wherein R.sub.1 is an alkyl, hydroxyalkyl or alkoxyalkyl group having 8-24
      carbon atoms, R.sub.2 is hydrogen, the same as R.sub.1, or alternatively
      the grouping --(CH.sub.2)--N(R.sub.3)--.sub.y R.sub.4, R.sub.3 and R.sub.4
      each are hydrogen or the same as R.sub.1, x is an integer of 1-4 and y is
      an integer of 1-3. This reaction product can be used directly or, prior to
      actual use, subjected to distillation or the like purification treatment
      to isolate the predominant component. If necessary, the reaction product
      may be used as the sequestering agent in the form of an acid addition salt
      with an inorganic or organic acid, such as hydrochloric acid, or acetic
      acid.
PAR  The metal sequestering agents of this invention exhibit excellent metal
      sequestering activity for metal ions, especially heavy metal ions,
      dissolved in waste water. Examples of such heavy metal ions include ions
      of such metals as copper, zinc, cadmium, mercury, iron, nickel, cobalt,
      manganese, chromium and the like. It is of course possible to apply the
      metal sequestering agent of this invention to solutions other than waste
      water from mines and plants for eliminating metal ions therefrom.
PAR  These agents are used preferably in an amount such that at least 2 mols of
      the alkyl-substituted-polyamine present as the active component are
      provided for each atom of the metal to be removed.
PAR  After the treatment for eliminating the metal ions, separation of the used
      metal sequestering agent from the waste water is easily carried out by
      taking advantage of a preferential adsorbtion of the agent for other
      materials. The most preferred technique to this end involves introducing
      air into the waste water to form bubbles, collecting the metal
      sequestering agent complex by its adsorption to the surface of the bubbles
      and floating the bubbles away with the metal agent complex being kept
      around the surface of the bubbles.
PAR  According to the method of this invention, heavy metal ions contained in an
      aqueous solution in an order of only a few milligrams can be eliminated
      almost completely.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  This invention will be explained in more detail by way of examples but it
      is to be noted that these examples are given only for the purpose of
      illustration and are not intended to limit the scope of this invention.
PAC  Example 1
PAR  To 4.1 g. of dodecyl chloride placed in a 100 ml. egg apple-shaped flask
      equipped with a reflux condenser were added 4.8 g. of ethylenediamine and
      40 ml. of ethanol. The mixture was boiled for 3 hours with nitrogen being
      slowly introduced thereinto to effect reaction. After removal of ethanol
      by distillation, water and ether were added to the reaction mixture and
      extraction of the product with the ether was then conducted to obtain 4 g.
      of the desired metal sequestering agent aimed at. 0.04 g. of this agent
      was added in the form of its acetate addition salt to 1 liter of an
      aqueous solution of cupric acetate containing copper ions in an amount of
      10 ppm. From the bottom of the container air was blown in the form of very
      small bubbles into the solution at a rate of 300 ml./min. By this
      treatment, 98 percent of the copper originally present was recovered
      through adsorption to the bubbles after 10 minutes.
PAC  Example 2
PAR  To 4.1 g. of dedcyl chloride were added 8.3 g. of diethylenetriamine and
      the mixture was reacted and purified as described in Example 1 to obtain 4
      g. of a metal sequestering agent which was readily soluble in water. 0.08
      g. of this agent was added to 1 liter of an aqueous solution of zinc
      sulfate containing zinc ions in an amount of 20 ppm. Air was bubbled from
      the bottom of container as described in Example 1. After 16 minutes, 99
      percent of the zinc originally present was recovered through adsorption to
      the bubbles.
PAC  Example 3
PAR  To 5.8 g. of octadecyl chloride were added 4.8 g. of ethylenediamine and
      the mixture was processed as described in Example 1 to obtain 5 g. of a
      metal sequestering agent. The acetate addition salt of this agent was
      soluble in water. 0.05 g. of this acetate was added to 1 liter of an
      aqueous solution of copper sulfate containing copper ions in an amount of
      8 ppm. Air was bubbled into the solution for 13 minutes as described in
      Example 1 to recover 97 percent of the copper originally present.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for eliminating heavy metal ions from a solution containing a
      minute amount of heavy metal ions comprising treating said solution with a
      metal sequestering agent consisting essentially of a higher alkylated
      polyamine of the general formula:
      ##EQU2##
      wherein: R.sub.1 is an alkyl, hydroxyalkyl, or alkoxyalkyl group having
      about 8-24 carbon atoms,
PA1  R.sub.2 is a hydrogen atom, the same as R.sub.1, or a -- (CH.sub.2).sub.X
      --N(R.sub.3)--R.sub.4 group,
PA1  R.sub.3 and R.sub.4 each are a hydrogen atom or the same as R.sub.1.sub.'
PA1  x is an integer from 1 to 4 and
PA1  y is an integer from 1 to 3, or a water-soluble addition salt of said
      polyamine with an organic or inorganic acid;
PAL  blowing air into the treated solution to form bubbles and separating the
      metal sequestering agent from the solution through adsorption of said
      bubbles.
NUM  2.
PAR  2. The method of claim 1 wherein said condensation product is an alkyl-,
      alkoxyalkyl-, or hydroxyalkyl-substituted polyamine, said substituent
      having about 8-24 carbon atoms.
NUM  3.
PAR  3. The method of claim 1 wherein said polyamine is a polymethylene diamine
      or a polyalkylene polyamine.
NUM  4.
PAR  4. The method of claim 1 wherein said solution is treated with said agent
      in an amount equal to at least about 2 moles of such polyamine for each
      atomic weight of the metallic ions to be removed.
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ABST
PAL  A method of dewatering mineral slimes by adding fly ash and then a
      polyelectrolyte and blending slowly and thoroughly. The clear water
      supernatant may be drawn off from the sedimented coagulated solids. The
      coagulated solids may be further dewatered or treated in ecologically
      beneficial ways.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for settling colloidal-type suspensions
      and, more particularly, to a method for coagulating mineral slimes with
      fly ash and a polyelectrolyte as an effective means of waste disposal for
      both the slimes and the fly ash.
PAR  In a number of mining industries such as copper, iron (taconite), potash,
      phosphate, etc., waste products from the processing present serious
      disposal problems. For example, in the phosphate industry processing leads
      to about one-third recoverable phosphate rock, one-third sand tailings and
      one-third fines of generally less than 150 mesh particle size. Slimes are
      an aqueous suspension of these ultrafine soil solids which are associated
      with the ore and which are put into solution during the processing. Thus,
      phosphate slimes from a benefication plant contain approximately 5% solids
      and, as such, represent 150% the volume of the processed material.
PAR  In the central area of the State of Florida, where a large portion of the
      U.S. phosphate mining industry exists, the problem of disposal of slimes
      has become a major problem. At present, the slimes are contained in ponds
      or impounded areas surrounded by earthen dams. There the slimes are
      allowed to settle by gravity. However, this process takes a number of
      years, usually over ten, to form a 20% solids concentration. In the
      meantime, the land covered by the pond is lost for any useful purpose and
      often covers over rapidly with a plant-algae growth. In addition the dams
      must be maintained continuously since dam failures result in pollution of
      neighboring lands and waters. Also, the fresh water taken out of use by
      being tied-up in the slime pools presents a problem since available fresh
      water is in short supply in Central Florida.
PAR  Mineral slimes exhibit colloid-like properties that are believed to be
      largely responsible for their poor dewatering characteristics. That is to
      say they comprise very fine colloid-like particles suspended in water
      which results largely from montmorillonite and attapulgite content.
      Attapulgite and montmorillonite together are known to comprise
      approximately one-third of the slime composition. These materials are also
      well known for their colloid-like behavior when exposed to water. They
      tend to absorb water or to link with water and form a suspended material.
PAR  A typical mineralogical and chemical analysis of phosphate slime is as
      follows:
     MINERALOGICAL COMPOSITION                                                 

     ______________________________________                                    

     Carbonate-fluorapatite                                                    

                    20-25%     Ca.sub.10 (PO.sub.4,CO.sub.3).sub.6 F.sub.2.sub.

                               -3                                              

     Quartz         30-35%     SiO.sub.2                                       

     Montmorillonite                                                           

                    20-25%     (Mg,Ca)O.Al.sub.2 O.sub.3.                      

                               5SiO.sub.2.nH.sub.2 O                           

     Attapulgite     5-10%     (Mg,Al).sub.5 Si.sub.8 O.sub.22 (OH).sub.4.     

                               4H.sub.2 O                                      

     Wavellite       4-6%      Al.sub.3 (OH).sub. 3 (PO.sub.4).sub. 2.5H.sub.2 

                               O                                               

     Feldspar        2-3%      KAlSi.sub.3 O.sub.8 + NaAlSi.sub.3 O.sub.8      

     Heavy Minerals  2-3%      Zircon, Garnet,                                 

                               Ilmenite, Rutile                                

     Dolomite        1-2%      CaMg (CO.sub.3).sub.2                           

     Miscellaneous   0-1%      Kaolinite, Crandal-                             

                               lite, Hydrated Fe-                              

                               oxide, organic                                  

     CHEMICAL ANALYSIS                                                         

     ______________________________________                                    

     P.sub.2 O.sub.5           9-17                                            

     SiO.sub.2                31-46                                            

     Fe.sub.2 O.sub.3         3-7                                              

     Al.sub.2 O.sub.3          6-18                                            

     CaO                      14-23                                            

     MgO                      1-2                                              

     CO.sub.2      Trace       -1                                              

     F             Trace       -1                                              

     Bone Phosphate of Lime                                                    

                          19-37                                                

     Loss on ignition at 1000.degree.C                                         

                           9-16                                                

     ______________________________________                                    

PAR  The phosphate industry has tried conventional settling practices for years
      for dewatering slimes and they have been virtually ineffective. The volume
      of slimes resulting from thickening even after prolonged settling times
      occupies more volume than the total volume of matrix mined. This is
      thought to be due to the fact that the water molecules are linked in
      crystalline structure with both the attapulgite and montmorillonite thus
      creating greater volume.
PAR  Though the industry is well aware that impoundment was not a total solution
      to the problem, when phosphate mining was first undertaken on a large
      scale there was ample area in Florida to simply store the slimes in ponds
      or to pump them back into the mined areas. Over the years, efforts have
      been made to optimize the system and to obtain maximum storage of the
      slimes per unit of pond retention area. However, this method amounts to
      providing for virtually permanent storage of the slimes and this has led
      to the problems discussed above. Nearly all the slimes Florida produced
      from the beginning of the use of matrix desliming, have been stored in
      impounded areas. Throughout the history of the phosphate industry in
      Florida, the phosphate slimes were recognized as a waste problem and were
      considered as a nuisance.
PAR  Over the years, many things have been considered for deatering the slimes.
      Equipment such as hydrocyclones, hydroclassifiers, clarifiers, and other
      mechanical dewatering equipment was tried. Filtration and centrifuges were
      also tried. Electrophoretic and electro-osmotic methods for separating
      liquids from suspension is widely used for dewatering of clays,
      particularly in Europe. These processes were, however, found to be too
      expensive and have not to our knowledge been used in the industry. Freeze
      drying was also considered and while it showed promise, the current energy
      crisis makes this seem impractical.
PAR  Inasmuch as various types of micro-organisms were found to be in the
      slimes, the Bureau of Mines explored the use of micro-organisms for
      dewatering the phosphate slimes. The research indicated that under certain
      conditions, the solids in dilute slimes could be aggregated and collected
      with the growth of some molds. Cost and control appear to be problems
      here.
PAR  A great many other things have been tried including the use of dyes,
      selective oiling, flotation, acid leaching, ion exchange, ultrasonic
      irradiation, gamma ray irradiation, induced magnetic fields and electrical
      fields. In some cases partial dewatering took place and in several
      instances the rate of dewatering was improved. However, in most cases the
      processes were expensive or energy requirements were excessive.
PAR  The idea of flocculation or coagulation of slimes has also attracted
      particular attention because of the obvious advantages to be obtained by
      rapidly dewatering the slimes by mere addition of chemicals. Thus, useable
      water can be recovered, and the compacted solids may be subject to further
      processing or, at the least, will take up far less area as a land fill
      than the area covered by the slime pond. Most importantly, the useless,
      space-consuming, dangerous slime pond would be eliminated from the
      landscape.
PAR  For this reason, the patent literature reveals a number of ways to
      flocculate mineral slimes such as phosphate slimes. As examples reference
      is made to U.S. Pat. Nos. 3,680,698 to Liu (a polyelectrolyte such as
      polyacrylamide used either alone or in combination with gypsum as the
      flocculating agent in a first step); 3,763,041 and 3,761,239 to Cook
      (tailings used as the slime treatment); 3,725,265 to Legal (calcium
      hydroxide utilized to raise the pH and precipitate the slime solids);
      3,346,463 to Goren (disclosing the use of polysaccharide flocculating
      agents); 3,020,231 to Colwell (using a polyelectrolyte such as
      polyethylene oxide); 2,988,504 to Maznek (using an organic clarification
      agent in combination with an alkali metal silicate); 2,660,303 to Haseman
      (which discloses using a starch material as the flocculating agent); and
      2,381,514 to Phelps (utilizing a combination of caustic soda and sodium
      silicate to flocculate).
PAR  However, as noted in The Bureau of Mines Report of Investigations, RI 7816,
      1973 entitled "Electrophoresis and Coagulation Studies of Some Florida
      Phosphate Slimes", many techniques can be used in the laboratory to
      dewater the slimes but none are well-engineered technologies that can be
      applied economically. Thus, the need exists for an effective, economical
      system to dewater mineral slimes.
PAR  A need also exists for efficient means of disposing of fly ash. Fly ash is
      the well known waste product from the combustion of pulverized coal. It is
      collected from power plant stacks by means of mechanical and/or
      electrostatic precipitators. The collected fly ash is often disposed of by
      dumping into ponds or other disposal sites. As such, the benefits from
      finding useful means of disposing of fly ash are apparent.
PAR  While fly ash has been suggested as a part of an aqueous waste treatment
      process, to our knowledge, it has not been used in connection with
      treating mineral slimes. That is, in Clark U.S. Pat. No. 3,338,828 there
      is disclosed the treatment of aqueous wastes such as sewage by the
      addition of a water-soluble inorganic coagulant, small amounts of
      electrostatically precipitated fly ash, and an organic polyelectrolyte
      coagulant aid. However, in a more recent Clark U.S. Pat. No. 3,388,060 it
      is stated that the process disclosed in his earlier patent was found to be
      "not universal and does not effect material removal of phosphate from the
      water". In this later improvement patent, therefore, Clark discloses the
      use of acid-treated fly ash along with a water-soluble inorganic coagulant
      and an organic polyelectrolyte coagulant aid. But use of an acid-treated
      fly ash requires that processing steps be performed on the fly ash prior
      to its being used as a flocculant aid. This, accordingly, discourages the
      use of fly ash in this manner as a further means of disposal of the fly
      ash itself. Thus, there remains a need also for effective, economical
      means of disposing of fly ash.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention solves both of these problems by presenting a
      feasible method for dewatering mineral slimes while at the same time
      disposing of fly ash. The method of the present invention involves the
      controlled addition of first fly ash and then a polyelectrolyte to a
      mineral slime. By slowly mixing these ingredients into the slime,
      flocculation occurs and coagulated solids settle out producing a clear
      water layer which may be drawn off by decanting or other means.
PAR  The fly ash is added at the rate of approximately 0.2% by weight of the
      total slime solution to be treated. This figure represents the amount of
      dry fly ash to be added to a slime solution containing approximately 5%
      solids. Preferably, however, the dry fly ash in these quantities is
      slurried (with any sufficient amount of water) or otherwise conditioned so
      that it may be easily and thoroughly mixed with the slime and, then, the
      polyelectrolyte is added.
PAR  The polyelectrolyte may be any of the well known polymer materials such as
      polyacrylamide, polyethylene oxide, polyethyleneamine, polyvinyl aromatic
      sulfonates; etc., but is preferably a low anionic polyacrylamide. This
      material is desirably prepared in a 0.002% concentration and is added in
      this form at the rate of approximately 10-25% by weight of the slimes
      solution when treating an approximately 5% solids slime. Slimes having
      less than 5% solids may be treated in a like manner since the additives,
      which are adequate to coagulate a 5% solids slime, will also coagulate the
      lesser solids content slimes, although, use of smaller amounts of fly ash
      and polyelectrolyte in these situations is also a possibility. Slimes
      having greater than a 5% solids content should be diluted with make-up
      water to this approximate percentage for treatment. Using a more dilute
      polymer or a larger amount of polyelectrolyte, obviously, has the same
      effect.
PAR  In practice, adjustment of the slimes to an approximately 5% solids content
      may be easily done since it is contemplated that the slimes either
      directly from the processing plant or from slime ponds will generally be
      pumped into a mixing vessel along with the necessary amount of make-up
      water. The fly ash and polyelectrolyte are then added into the mixing
      vessel, although, in situ treatment of slime materials in settling basins
      or ponds is also possible (i.e., the pond itself becoming the mixing
      vessel). With pumping slime solutions, it is possible to use the fluid
      flow as the means of mixing the ingredients since introduction of the fly
      ash solution and polyelectrolyte solution will cause mixing with the
      flowing slime solution.
PAR  Thus, it is required that the mixing be done sufficiently to result in a
      thorough dispersion of fly ash and polyelectrolyte throughout the slime,
      while at the same time not being so harsh that the coagulated particles
      formed are broken into fines which will not settle out. It is also
      important that the fly ash be added and blended into the slime before
      addition of the polyelectrolyte since addition in the reverse order
      results in a lesser degree of coagulation with some fines and fly ash
      residue remaining. It is believed that the reason for this is that the
      fine fly ash particles, when added to the slime, naturally tend to
      agglomerate with the finest particles in the slime. These agglomerated
      particles are then effectively coagulated by the polyelectrolyte. Without
      the fly ash or with fly ash addition after polyelectrolyte addition, the
      ultrafine particles in the slime are not flocculated except upon the
      addition of large, uneconomical amounts of polyelectrolyte.
PAR  Fly ash as collected by the precipitators at coal burning power plants may
      be used in the present process either in dry or aqueous slurry form (the
      preparation of an aqueous slurry is preferred since it facilitates easier
      mixing with the slime). As mentioned previously, fly ash is often dumped
      into ponds as a waste disposal means. This previously disposed of fly ash,
      termed pond ash, may also be used in the present process. Thus not only is
      the pond ash put to use but also the land of the fly ash disposal site may
      be reclaimed to some extent. In fact, pond ash may under some
      circumstances be preferred since it has a higher moisture content and a
      higher carbon content. The former characteristic may be important in terms
      of shipping in open transports and in putting the fly ash into slurry
      form. The latter characteristic is believed to aid in the polymer chain
      formation of the polyelectrolyte.
PAR  Fly ash and polyelectrolyte are the only essential ingredients needed for
      coagulation of the mineral slime. Fly ash is, as mentioned, a waste
      product and polyelectrolytes in the amounts and concentrations described
      is relatively inexpensive making the present invention economically very
      attractive. Addition of other ingredients, such as inorganic coagulants,
      is not required and will only increase the cost of the treatment process.
      Still, it has been discovered that small amounts of such added materials
      do not hinder the dewatering process. On the other hand, they do not aid
      in the coagulation and may in larger amounts have a deleterious effect.
      Thus, it is possible with the controlled addition of fly ash and small
      amounts of a dilute polyelectrolyte to effectively and economically
      dewater mineral slimes.
PAR  Accordingly, it is an object of the present invention to provide an
      effective method of dewatering mineral slimes by the addition of first fly
      ash and then a polyelectrolyte to the slime.
PAR  It is another object of the present invention to provide a method of
      dewatering mineral slime wherein the slime at a fixed solids concentration
      is pumped into a mixing vessel for gentle but thorough blending with fly
      ash and a polyelectrolyte, with separation of the resulting coagulated
      solids from the clear water taking place in settling tanks and/or holding
      ponds.
PAR  Other objects and advantages of the invention will be apparent from the
      following description, the accompanying drawings and the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a flow diagram of the preferred method of the present invention;
PAR  FIG. 2 is a top plan view of a mixing vessel for use in the preferred
      method; and
PAR  FIG. 3 is a diagrammatic side view of the mixing vessel of FIG. 2, showing
      also a settling tank which may be used in conjunction therewith.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, which illustrates in flow diagram form a preferred
      embodiment of the present invention, there is shown diagrammatically a
      dredge 10 (or series of dredges) located in an existing mineral slime
      pond. The purpose of dredge 10 is to pump the slime into mixing vessel 12.
      Obviously, if slimes directly from the processing plant are to be used
      these could be sent straight to the mixing vessel 12, although, if it is
      desired to delay treatment, it is also possible to use temporary holding
      ponds or tanks to store current slime production until scheduled for
      pumping into mixing vessel 12 for treatment by the present process.
PAR  The dredge 10 may be of the type having horizontally mounted augers to
      meter materials evenly into the suction head. Preferably, dredge 10 is
      equipped with monitoring equipment so that at all times a constant rate of
      feed can be pumped to mixing vessel 12. At the same time, either on a
      batch basis or continuously, the solids content of the slime is
      determined. While most recently created slime ponds in the phosphate
      industry and all current phosphate slime production is approximately at
      the 5% solids level, it may be necessary in pumping from older ponds or in
      other industries to adjust the slime solids content down to approximately
      5% by the addition of make-up water as necessary. This is indicated at
      line 14 of FIG. 1 and in FIG. 2 by addition of make-up water to the same
      line 34 which is used to introduce the slimes into mixing vessel 12.
PAR  As shown in FIG. 2, slime solution from line 34 enters mixing vessel 12
      tangentially in a clockwise direction. A clockwise flow of fluids is
      preferred due to the fact that gravity flow in the Northern Hemisphere
      proceeds in that direction resulting in good distribution of the additives
      and promoting better settlement of the coagulated solids that form.
      However, it should be apparent that counterclockwise mixing may also be
      used.
PAR  At the point of introduction a fly ash slurry from line 36 is added to the
      flowing slimes solution. The fly ash is added at the rate of 0.2% dry fly
      ash by weight of the total slime solution for an approximately 5% or less
      solids content slime solution. As mentioned because of the fluid flows,
      intermixing of the two solutions is readily achieved as the fluids flow
      concentrically clockwise (indicated by directional arrows) around trough
      38 of mixing vessel 12.
PAR  Referring again to FIG. 1, fly ash is shown being delivered by rail at
      load-out 16, where it is taken by truck 18 to storage bin 20 at the site
      of the slime dewatering operation. As mentioned previously this may be dry
      fly ash as collected or may be pond ash of a higher moisture content. Belt
      feeder 22 is then used to transport the metered amounts of fly ash
      directly to the mixing vessel 21 or to an area where it is put into
      aqueous slurry prior to introduction into the mixing vessel 12.
PAR  In the Florida phosphate industry, delivery of fly ash from out of state is
      necessitated by the fact that the power plants in Florida do not burn coal
      and, thus, do not collect fly ash. In other areas and with other
      industries shipping requirements may not be as severe. Even still, fly ash
      and pond ash are readily available in large quantities for shipment into
      Florida from Georgia and for that reason such an arrangement is
      illustrated in FIG. 1.
PAR  As shown in FIG. 1, the polyelectrolyte is introduced from station 32 where
      it has been put into solution at the appropriate concentration (preferably
      0.002%). For an approximately 5% or less solids content slime, the amount
      of 0.002% polyelectrolyte solution added is in the range of 10-25% by
      weight of the total slime solution being treated. In FIG. 2, the
      polyelectrolyte introduction point is illustrated at 42 where, after the
      fly ash has been thoroughly blended with the slime, the polyelectrolyte is
      introduced. Again gentle but thorough mixing takes place due to the fluid
      flow of the slime in trough 38 and the fluid flow of the introduced
      polyelectrolyte solution.
PAR  It should be emphasized that the mixing vessel 12 illustrated in FIG. 2 and
      FIG. 3 (where like reference numerals have been used), is only a preferred
      means of obtaining the required mixing of the additives and the fly ash.
      Any other means may be used as long as it results in a thorough mixing
      without undue agitation which might cause shearing of the agglomerated
      particles which form on coagulation. Thus, a standard primary clarifier
      with a slow moving rake for mixing could be used, or as illustrated as an
      optional feature in FIG. 1, compressed air may be used as the mixing
      force.
PAR  The admixed slime, fly ash, and polyelectrolyte is discharged from mixing
      vessel 12 either directly into a holding pond 26 or into such a pond
      through an intermediary stop at settling tank 24. In FIGS. 2 and 3, the
      discharging means illustrated for mixing vessel 12 is a weir overflow 40.
      When a settling tank 24 is used, the clear water supernatant may be
      partially drawn off through line 25 as the coagulated solids begin to
      settle and separation of liquids and solids takes place (see FIGS. 1 and
      3).
PAR  The coagulation takes place within minutes after introduction of the fly
      ash and polymer and some settling takes place shortly thereafter. Still,
      with the additives used in the amounts designated, the solids content of
      the coagulated material in settling tank 24 is at most only around 20-30%
      as compared to 40% solids for a solid cake. At this 20-30% solids level a
      viscous paste is formed which may be easily discharged into holding pond
      26.
PAR  In holding pond 26 clear water is drawn off by pump 28 and is either sent
      to the processing plant to serve the water needs there or part may be
      recycled through lines 14 and 30 to serve as make-up water for the slimes
      and solution water for the polyelectrolyte, respectively. Part of this
      water may also be used to put the fly ash into slurry form if that is
      desired.
PAR  Also in holding pond 26 additional settling of the coagulated solids takes
      place. With a resultant 20-30% solids content, this represents a workable
      material which can be subjected to further processing to obtain valuable
      phosphate minerals, which can be mechanically or thermally dewatered
      further and the filter cake used for fertilizer or some other useful
      purpose, or which can be used as a land fill since it will support sand
      and/or earth. If holding pond 26 has a sandy bottom in particular, loading
      over with a surfacing material is effective since the pressure completes
      the dewatering of the coagulated materials by displacing the water such as
      through the sandy bottom and the resultant land fill is a solid, tillable
      piece of land.
PAR  The 20-30% solids coagulated material obtained by the present invention is
      to be distinguished from mineral slimes which have attained that level of
      solids concentration merely on aging. The concentrated slimes still
      represent a colloidal-type suspension which cannot be easily dewatered;
      whereas, the coagulated solids of the present invention may be easily
      treated further by any number of means to complete dewatering if that is
      desired. In addition, such materials can be easily moved with conventional
      earth moving equipment with some additional drying.
PAR  It has also been found that the coagulation process of the instant
      invention produces clear fresh water with little effect, if any, on the
      quality of the resulting water. There is little pH change of the type that
      occurs on the addition of many inorganic coagulant acids, nor is there any
      toxic effect imparted to the water by this process.
PAC  Example
PAR  A 250 ml sample of phosphate slime determined to have a solids content of
      about 5% was placed in thirteen test beakers. Various known coagulating
      agents were added as indicated in the following table with the results as
      also indicated. The addition of ingredients was in the order indicated
      with slow clockwise stirring for 20 minutes in each instance. As indicated
      in Table I observations were made immediately after mixing and after
      overnight (12 hours) settling.
TBL                                    Table I                                 

     __________________________________________________________________________

     Runs     1    2   3a  3b  3c  4a  4b  4c  4d  5a  5b   5c  5d             

     __________________________________________________________________________

     Phosphate                                                                 

     Slime 5% 250ml                                                            

                   250ml                                                       

                       250ml                                                   

                           250ml                                               

                               250ml                                           

                                   250ml                                       

                                       250ml                                   

                                           250ml                               

                                               250ml                           

                                                   250ml                       

                                                       250ml                   

                                                            250ml              

                                                                250ml          

     Pond Ash .5gm 0   .5gm                                                    

                           .1gm                                                

                               1gm .5gm                                        

                                       .5gm                                    

                                           .5gm                                

                                               .5gm                            

                                                   .5gm                        

                                                       .5gm .5gm               

                                                                .5gm           

     Polymer* 0    25ml                                                        

                       25ml                                                    

                           25ml                                                

                               25ml                                            

                                   5ml 25ml                                    

                                           50ml                                

                                               100ml                           

                                                   25ml                        

                                                       25ml 25ml               

                                                                25ml           

     1% Al.sub.2 (SO.sub.4) .sub.3                                             

              --   --  --  --  --  --  --  --  --  10ml                        

                                                       --   --  10ml           

     1% CaO Sol.                                                               

              --   --  --  --  --  --  --  --  --  --  --   10ml               

                                                                10ml           

     1% FeCl.sub.3 Sol.                                                        

              --   --  --  --  --  --  --  --  --  --  10ml --  10ml           

     Floc.Level                                                                

              None 240ml                                                       

                       175ml                                                   

                           175ml                                               

                               175ml                                           

                                   240ml                                       

                                       175ml                                   

                                           150ml                               

                                               150ml                           

                                                   225ml                       

                                                       225ml                   

                                                            200ml              

                                                                225ml          

     Overnight                                                                 

     12 Hr. Floc.                                                              

              Slight                                                           

                   240ml                                                       

                       150ml                                                   

                           175ml                                               

                               160ml                                           

                                   200ml                                       

                                       150ml                                   

                                           150ml                               

                                               150ml                           

                                                   200ml                       

                                                       200ml                   

                                                            200ml              

                                                                200ml          

     Level                                                                     

     Type Floc.                                                                

              None V.Fine                                                      

                       Med.                                                    

                           Fine                                                

                               Fine                                            

                                   Poor                                        

                                       Med.                                    

                                           Coarse                              

                                               Coarse                          

                                                   Fine                        

                                                       Fine Coarse             

                                                                Fine           

     Supernatant                                                               

              Cloudy                                                           

                   Cloudy                                                      

                       Clear                                                   

                           Cloudy                                              

                               Clear                                           

                                   Cloudy                                      

                                       Clear                                   

                                           Clear                               

                                               Clear                           

                                                   Cloudy                      

                                                       Cloudy                  

                                                            Cloudy             

                                                                Cloudy         

     Surface  --   --  None                                                    

                           Nil None                                            

                                   Slight                                      

                                       None                                    

                                           None                                

                                               None                            

                                                   Slight                      

                                                       None Slight             

                                                                None           

     Scum                                                                      

     __________________________________________________________________________

      Miscellaneous: Run 3b shows separation of slime layer                    

      *.002% low anionic acrylamide-base copolymer polyelectrolyte sold under  

      the trademark HERCOFLOC 818.2 By Hercules Incorporated, Wilmington,      

      Delaware.                                                                

PAR  In the results of Table I, the lower the (ml) figure for floc formation,
      the more condensed and settled the coagulated solids. Thus, the floc
      formation results show that the optimums are achieved when approximately
      0.2% fly ash is added along with 10-25% of the 0.002% polyelectrolyte
      solution (Runs 3a and 4b-4c). When only fly ash is used no coagulation
      occurs (Run 1). When only polyelectrolyte is used slight, very fine
      coagulation occurs, but a clear supernatant is not obtained (Run 2).
      However, when used together good sedimentation occurs and a clear
      supernatant is obtained which may be easily decanted (Runs 3a and 4b-4c).
      In Table I, the larger the floc formation the better. Thus, it was
      observed in the optimums that the sediment is an agglomeration of spongy
      particles of medium or coarse size (Runs 3a and 4b-4c). Once locked into
      such agglomerated masses, the sediment bounces around in the solution in
      various sizes rather than being in a finely divided particulate form;
      although, severe agitation will result in breaking the polymer chains and
      reconstitute the colloidal suspension. The sediment solids were filtered
      and/or dried in an oven, forming a filter cake which could be packed,
      leveled, and otherwise handled.
PAR  When appreciably less than 0.2% fly ash is used, there is an insufficient
      number of fly ash particles to agglomerate with all of the ultrafine solid
      particles in the slime. On adding the polymer, then, while some
      coagulation takes place, not all of the solids will be removed and
      separation of the slime layers was noted (Run 3b). On the other hand, when
      a significantly greater amount of fly ash is added, there is more than
      enough fly ash particles to join with the ultrafine slime solids (Run 3c).
      This leaves unattached fly ash particles in the suspension which either
      compete with the slime solids on coagulation or require extra amounts of
      polyelectrolyte for their removal; thus, resulting in a lesser desired
      process in terms of flocculation results and economics involved.
PAR  The above explanation of the function of the fly ash is only a hypothesis,
      but it seems to be borne out by the results of the example. Similarly it
      is hypothesized that the polyelectrolyte functions by forming long
      molecular chains which entrap or otherwise chemically or mechanically
      capture the suspended solids. If too little polyelectrolyte is used, there
      is insufficient chain formation to remove all of the solids (Run 4a).
      While over 25% of a 0.002% polyelectrolyte may be used, it does not add to
      the effectiveness of the treatment (Run 4d). Rather, it may detract from
      the engineering aspects of the process since greater amounts and greater
      concentrations are not as easily blended into the slime solution. In
      addition, it should be apparent that using greater amounts of
      polyelectrolyte when not required is uneconomical.
PAR  Also the addition of inorganic coagulants of the type known in the art do
      not aid in the process, but rather in some instances give poorer results
      (Runs 5a-5d). For this reason, it is believed that a means of dewatering
      mineral slimes is presented which is superior to previous suggested means
      in terms of results, the ability to easily engineer the process into the
      use situations as previously discussed, and the economics involved.
PAR  Runs such as those shown in the example above were also performed on
      laboratory samples of quarry slime from granite washings obtained from the
      Georgia Marble Company. The results obtained were equally as good with
      coagulation taking place rapidly, and a spongy agglomerated sediment was
      formed along with a clear supernatant which was easily drawn off by
      decanting.
PAR  While the method herein described constitutes a preferred embodiment of the
      invention, it is to be understood that the invention is not limited to
      this precise method, and that changes may be made therein without
      departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of dewatering about 5% phosphate slimes comprising adding
      ingredients consisting essentially of fly ash slurry and a low anionic
      polyacrylamide solution to said slime in the following manner:
PA1  a. adding the fly ash slurry to the slime to be treated at a rate of
      approximately 0.2% by weight of total slime solution and thoroughly and
      gently mixing the resulting solution, followed relatively soon thereafter
      by the step of
PA1  b. adding the polyacrylamide solution to the admixed fly ash and slime
      solution and thoroughly and gently mixing to initiate coagulation, said
      polyacrylamide having a concentration of approximately 0.002% and being
      added at the rate of 10-25% by weight of the total slime solution,
PA1  c. allowing the coagulated solids to settle, and
PA1  d. drawing off clear water separated from the coagulated solids on
      settling.
NUM  2.
PAR  2. A method of dewatering about 5% phosphate slimes comprising adding
      ingredients consisting essentially of fly ash slurry and a low anionic
      polyacrylamide solution to said slime in the following manner:
PA1  a. measuring the solids content of the slime to be treated,
PA1  b. adjusting the slime content to approximately 5% or less solids by
      addition of make-up water as necessary to form a slime solution,
PA1  c. pumping said slime solution into a mixing vessel so that said solution
      flows circularly in a clockwise direction,
PA1  d. adding approximately 0.2% fly ash by weight of the total slime solution,
      said fly ash being in an aqueous slurry,
PA1  e. gently and thoroughly mixing said fly ash into said slime solution,
PA1  f. relatively soon thereafter adding approximately 10-25% by weight of the
      total slime solution of a low anionic polyacrylamide in aqueous solution
      at a 0.002% concentration,
PA1  g. gently and thoroughly mixing said polyacrylamide into said slime
      solution and fly ash solution mixture to initiate coagulation,
PA1  h. discharging said mixed solutions from said mixing vessel into a settling
      tank,
PA1  i. allowing the coagulated solids to settle,
PA1  j. discharging the coagulated solids into a holding pond for further
      processing, and
PA1  k. drawing off clear water.
NUM  3.
PAR  3. The method of claim 2 wherein said steps take place continuously.
NUM  4.
PAR  4. The method of claim 3 wherein a portion of said clear water drawn off is
      recirculated as said make-up water for preparation of said slime solution.
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PAL  Improved flocculation efficiency and filtration of carbonate leached
      uranium ore pulps are obtained by incorporating hydroxyalkyl guars in the
      filter feed slurry.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention is related to a hydrometallurgical process of
      extracting and leaching, and a process of liquid-solid separation with
      flocculation.
PAR  A widely used process for the extraction of uranium from uranium-bearing
      ores involves crushing and grinding the ore very finely, making a slurry
      or "mill feed pulp" from the finely ground ore and then leaching the pulp
      under agitation in order to dissolve the uranium which is present in the
      ore. The pulp is then treated with flocculants to aid in the separation of
      the pregnant solution of uranium from the ore tailings. The uranium is
      then separated from the pregnant solution by, for example, precipitation
      or ion exchange.
PAR  Dissolution of the ground ore can be carried out in either acid or alkaline
      leaching circuits. In ores cemented with clay, silica, or organic
      material, the acid leach may be preferred. Limestone containing ores or
      sandstone ores with a high percentage of calcite as grain-cementing
      material are generally leached in alkaline circuits.
PAR  Sulfuric acid is universally used in the acid leaching process. Sodium
      carbonate and sodium bicarbonate are used in the alkaline or "carbonate"
      leaching process. A liquid-solids separation problem generally arises in
      the thickening or filtration of leached uranium ore slurry. Since the loss
      of weight in leaching is usually small, virtually all of the ore must be
      handled by a multistage process to recover a pregnant solution of suitable
      uranium content while making a throw-away tailings product. Preroasting
      the ores and using common flocculating agents such as starches and glues
      have helped to accelerate the thickening and filtering of some ores, but
      have shown little benefit for others. Certain polysaccharides, such as
      locust bean gum, guar gum and cactus extract, as well as synthetic
      polymers, such as polyacrylamide, have been found to be better thickeners
      and flocculants than glues and starches.
PAR  Information pertaining to uranium ore processing can be found in "Uranium
      Ore Processing", edited by J. W. Clegg and D. D. Foley, Addison-Wesley
      Publishing Company, Inc., Reading, Massachusetts (1958) and in "The
      Extractive Metallurgy of Uranium" by R. C. Merritt, Colorado School of
      Mines Research Institute (1971).
PAC  SUMMARY OF THE INVENTION
PAR  This invention pertains to liquid-solids separation in the processing of
      uranium ore. In particular, this invention relates to liquid-solids
      separation of alkaline or "carbonate" leached uranium ore. More
      particularly this invention pertains to the use of hydroxyalkyl guar as a
      thickening and flocculating agent in the processing of carbonate leached
      uranium ore pulp.
PAR  By the process of this invention uranium ore pulps obtained by carbonate
      leaching of uranium ore are treated with an aqueous solution of
      hydroxyalkyl guar to flocculate the pulp to improve the filtration
      efficiency and separation of the uranium containing pregnant solution from
      the solid tailings. The hydroxyalkyl guar is used in the amount of about
      0.1 to 2.0 pounds per ton of ore.
PAC  DESCRIPTION OF THE INVENTION
PAR  The hydroxyalkyl guars useful in this invention are derivatives of guar
      gum. Guar gum is a polysaccharide composed of galactose and mannose units
      and is, generically, a galactomannan. Guar gum is derived from the
      endosperm of the guar bean. The basic unit of the guar polymer contains
      two mannose units with a glycosidic linkage and a galactose unit attached
      to one of the hydroxyls of the mannose units. On the average, each of the
      sugar units has three available hydroxyl sites. The hydroxyalkyl guars
      useful in this invention are guar gums of which the hydroxyl groups have
      been etherified to hydroxyalkyl ether groups. Useful hydroxyalkyl guars
      are those wherein the alkyl group contains two or three carbon atoms,
      i.e., the beta hydroxyethyl or beta hydroxypropyl group. Hydroxyalkyl
      guars are made with hydroxyethyl or hydroxypropyl etherifying agents. Such
      agents are ethylene oxide, propylene oxide, ethylene chlorohydrin and
      propylene chlorohydrin. The guar particles are generally reacted with the
      etherifying agents under aqueous alkaline conditions. The preparation of
      hydroxyalkyl guars is described in such patents as U.S. Pat. Nos.
      3,326,890, 3,350,386, 3,723,408 and 3,723,409.
PAR  The hydroxyalkyl guars useful in this invention will generally have a molar
      substitution (M.S.) of about 0.1 to 3.0 with the preferred M.S. being 0.2
      to 1.2. Molar substitution (M.S.) refers to the number of units (mols of
      the derivatizing agent) which has reacted per sugar unit of the
      galactomannan polymer. For instance, when an average of 2 mols of ethylene
      oxide are reacted onto each sugar unit of guar, the M.S. is 2. When the
      M.S. is below about 0.1, little difference in performance is noted between
      the derivatized guar and the underivatized guar. If the M.S. is above
      about 3.0, the thickening and flocculating efficiency of the hydroxyalkyl
      guar is decreased below desirable levels. The preferred hydroxyalkyl guar
      for use in this process is hydroxypropyl guar.
PAR  The ore pulps which are treated by the process of this invention are
      slurries of uranium ore in aqueous solutions of sodium carbonate and
      sodium bicarbonate. These pulps are obtained by grinding the uranium ore
      in the sodium carbonate-sodium bicarbonate solutions, thereby leaching and
      dissolving the uranium from the ore. These pulps generally have a pH of
      about 9 to 12 and a solids content of about 40 to 60 weight percent.
PAR  In carrying out the process of this invention, an aqueous solution of
      hydroxyalkyl guar is added to the ore pulp to flocculate the solids which
      facilitates the filtration and separation of the pregnant uranium
      containing solution from the substantially uranium free solid tailings.
      The hydroxyalkyl guar is added as a 0.1 to 1 weight percent aqueous
      solution to the pulp and preferably as a 0.3 to 0.6 weight percent
      solution. The amount of hydroxyalkyl guar used will vary depending upon
      the composition of the ore but generally will be about 0.1 to 2 lbs. per
      ton of ore and preferably 0.3 to 1.0 lb. per ton. The temperature at which
      the flocculation and filtration takes place will vary from ambient
      temperatures up to about 200.degree.F., and, preferably, 150.degree. to
      180.degree.F. Any type of filtration apparatus can be used in this
      process, such as, for example, drum filters, leaf filters and disc
      filters.
PAR  When hydroxyalkyl guar is used as a flocculating agent for the pulp rather
      than conventional flocculating agents, improved flocculant efficiency is
      obtained. Less hydroxyalkyl guar is used per ton of ore than is
      conventionally used with other flocculating agents. Although it is
      preferred to use the hydroxyalkyl guar alone, mixtures of hydroxyalkyl
      guar and unsubstituted guar can be used. Mixtures of hydroxyalkyl guars
      with up to 75 weight percent, based on the total weight of the mixture, of
      unsubstituted guar have been used to obtain improved filtration efficiency
     .
DETD
PAR  The following examples are used to describe this invention in greater
      detail. Parts and percentages unless otherwise designated are parts and
      percentages by weight.
PAC  EXAMPLE 1
PAR  A carbonate leached uranium ore pulp had a density of 1500 grams/liter and
      a solids content of 52.0%. To 2800 grams of this pulp at a temperature of
      170.degree.F. were added 146 ml. of a 0.3 weight percent aqueous solution
      of hydroxypropyl guar having an M.S. of 0.4-0.5. This amount of
      hydroxypropyl guar is 0.6 pound per ton of ore. After thoroughly mixing,
      the slurry was filtered on a leaf filter using a nylon cloth and a vacuum
      of 19.2 inches of mercury. The cycle time on the filter was 30 seconds to
      feed and form the filter cake, 45 seconds to drain, 15 seconds to wash
      using water at ambient temperatures and 30 seconds to dry the cake by
      drawing air through it. This filtration using the same feed rate and
      filter cycle times was repeated three times. The average wet weight of the
      filter cake was 169.4 grams. The average weight after drying was 127.5
      grams. The average weight percent water retained on the cake was 23.4%.
      The pounds of ore processed per square foot of filter per 24 hours
      processing based on this average calculates to 2026 pounds.
PAR  When unsubstituted guar was used in place of hydroxypropyl guar with all
      other conditions being the same, the average weight of wet cake was only
      53.1 grams, the dry weight was 42.1 grams with the percentage of water
      being 21.0%. The pounds of ore processed per square foot of filter per 24
      hours was only 669 pounds.
PAC  EXAMPLE 2
PAR  A different carbonate leached uranium ore pulp than used in Example 1 had a
      density of 1.543 and a solids content of 49.8%. This pulp was treated with
      hydroxypropyl guar having an M.S. of 0.4-0.5 as a 0.5 weight percent
      aqueous solution on the basis of 1 pound of hydroxypropyl guar per ton of
      ore. At a pulp temperature of 160.degree.F., the pulp was fed to a leaf
      filter allowing 60 seconds to form the filter cake and 30 seconds to drain
      using 19 inches of mercury vacuum. The filter cake formed had a thickness
      of 7.0 to 8.0 mm. respectively from 2 runs. The filtrate was 45 and 67
      mls. respectively.
PAR  When unsubstituted guar was used on the same basis (1 lb./ton) at a pulp
      temperature of 150.degree.F., the filter cake had a thickness of 4.0 mm.
      on two runs and the filtrate was 28 mls. and 26 mls. respectively.
PAR  It is to be understood that the foregoing detailed description is given
      merely by way of illustration and that many variations may be made therein
      without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process of improving the filtration efficiency and separation of
      uranium containing pregnant solutions from the solid tailings of uranium
      ore pulps obtained by carbonate leaching of uranium ore which comprises
      mixing said ore pulps with an aqueous solution containing 0.1 to 1 weight
      percent based on the total weight of the solution of hydroxyalkyl guar
      having a molar substitution (M.S.) of about 0.1 to 3.0 and selected from
      the group consisting of hydroxyethyl and hydroxypropyl guar in the amount
      of 0.1 to 2.0 pounds of hydroxyalkyl guar per ton of uranium ore and
      filtering said ore pulps and guar, said mixing and filtering taking place
      at a temperature of about 150.degree. to 180.degree.F.
NUM  2.
PAR  2. The process of claim 1 wherein the hydroxyalkyl guar is hydroxypropyl
      guar having an M.S. of 0.1 to 3.0.
NUM  3.
PAR  3. The process of claim 2 wherein the M.S. is 0.2 to 1.2.
NUM  4.
PAR  4. The process of claim 1 wherein the aqueous solution contains 0.3 to 0.6
      weight percent hydroxypropyl guar.
NUM  5.
PAR  5. The process of claim 1 wherein the amount of hydroxyalkyl guar is 0.3 to
      1.0 pound per ton of ore.
NUM  6.
PAR  6. The process of claim 5 wherein the hydroxyalkyl guar is hydroxypropyl
      guar.
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ABST
PAL  Method and apparatus for filtering and permanently separating the serum
      fraction from the cell fraction of centrifuged blood and the like. A
      separator head is passed through the serum and is positioned at the
      interface of the serum and the heavier red cells. As the separator head is
      positioned serum passes through a self-sealing passage in the separator
      head and into a collection tube that positions the separator head. Upon
      withdrawal of the collection tube the passage in the separator head closes
      sufficiently to effectively block the passage and the serum can be poured
      from the collection tube. The collection tube can be reinserted to pour
      off measured volumes of the serum.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  This invention relates to apparatus for the handling of blood samples and
      the like.
PAC  PRIOR ART
PAR  The necessity and desirability of separating blood samples into red cells
      and serum and of being able to separately use the separated fractions for
      test purposes have long been recognized. It has also been well known that
      such separation can be obtained by spinning. During such an operation, the
      red cells gravitate to the bottom of the container in which the sample is
      placed and the serum moves to the top of the container. While a definite
      interface is provided between the cells and the serum, the serum
      constituent is not entirely clear and may contain stringy fibers. As a
      result, it is frequently desirable that some means be provided to filter
      the serum to remove such fibers, either during separation of the cells
      from the serum or afterwards.
PAR  In the past, various devices have been provided to separate the serum from
      the cells. Those with which we are familiar include a collection tube with
      a sealing head on one end that is inserted into a sample containing tube.
      The sealing head tightly engages and seals against the inner wall of the
      sample containing tube and as the sealing head is pushed through the serum
      to the interface the serum moves through a small orifice in the head and
      through a small diameter tubing extending beyond the uppermost end of the
      collection tube and curving downwardly thereinto. The serum passing
      through the tubing is trapped in the collection tube. When the sealing
      head is pulled from the sample containing tube, the serum in the tubing
      will drain back into the sample containing tube. While the collection tube
      is in place within the sample containing tube the serum collected within
      the collection tube can be poured off, but some cell material or other
      non-serum fraction may also pass through the tubing during the pour and
      since no filter is provided it is possible that some fibrous material can
      pass through the tubing and into the collection tube.
PAR  Other known devices provide a collection tube with a sealing head on one
      end to make a good sealed contact between the collection tube and the
      interior wall of a sample. The sealing head has a porous filter and, as
      the collection tube is moved into the sample containing tube to the
      interface level the serum is forced through the filter and into the
      collection tube. Filtered serum can then be poured from the collection
      tube, or the top of the tube can be stoppered and the collection tube,
      with the filtered serum therein, can be removed from the sample containing
      tube. Differential pressure holds the serum in the collection tube during
      such withdrawal and some loss of the serum occurs back through the filter
      as the collection tube is pulled out of the sample containing tube.
PAR  To our knowledge, there has not heretofore been available apparatus for
      essentially permanently separating the serum from the cells, while
      filtering the serum. Neither has there been available apparatus that will
      allow desired measured amounts of the serum to be selectively drawn off
      the tube without affecting the remaining serum in the tube or the cell
      fraction of the sample.
PAC  SUMMARY OF THE INVENTION
PAR  Principal objects of the present invention are to provide apparatus that
      will filter and separate serum from cells of a blood sample and that will
      essentially permanently stopper the cell fraction in the sample container.
PAR  Other objects are to provide apparatus by which the entire serum fraction,
      or any desired portions thereof, can be removed from the sample.
PAR  Still another object is to provide apparatus for the handling of blood
      samples in a safe and effective manner, without exposing persons handling
      the apparatus to possible contamination from the sample.
PAR  Principal features of the invention include a collection tube with a
      separable sealing head on one end thereof. A self-sealing orifice is
      provided through the sealing head and all liquid passing through the
      orifice is filtered through a porous filter. A small diameter orifice tube
      projects from the bottom of the collection tube to be inserted into the
      self-sealing orifice and the orifice tube opens into the collection tube.
      If desired, a sample cup having a base constructed in conventional fashion
      to fit onto testing equipment can be provided with a rim adapted to
      telescope onto the otherwise open end of the collection tube.
PAR  Further objects and features of the invention will become apparent from the
      following detailed description and drawing, disclosing what is presently
      contemplated as being the best mode of the invention.
DRWD
PAC  THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a side elevation view of the collection tube and attached
      separable sealing head of the invention;
PAR  FIG. 2, an enlarged vertical section, taken on the line 2--2 of FIG. 1;
PAR  FIG. 3, a side elevation view of the collection tube and sealing head of
      FIG. 1, shown with the sealing head positioned at the interface of a spun
      blood sample in a sample container; and
PAR  FIG. 4, a view like that of FIG. 3, but with the sealing head essentially
      permanently positioned at the interface, the collection tube partially
      removed, and a sample cup telescoped over the otherwise fully open end of
      the collection tube.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings:
PAR  In the illustrated preferred embodiment, a collection tube, shown generally
      at 10, is of generally cylindrical configuration and has a fully open end
      11 and a substantially closed end 12 from which a small diameter orifice
      tube 13 projects. A flexible ring 14 projects outwardly from the
      collection tube at the end 12, such that the ring will serve as a seal, in
      a manner to be hereinafter explained.
PAR  Orifice tube 13 extends into the interior of collection tube 10 and opens
      into a spray guard 16 that is positioned within the collection tube 10 and
      that has at least one passage 17 extending transversely to the bore of the
      orifice tube and through which liquid entering the orifice tube must pass
      before entering the collection tube. As will be further explained, the
      spray guard keeps liquid being forced through the orifice tube from being
      ejected out of the open end of the collection tube.
PAR  A series of markings 18 are provided on the wall of collection tube 10 to
      indicate the volume of liquid present in the tube and a plurality of drain
      holes 19 extend through the closed end.
PAR  A sealing head, shown generally at 20, is provided to be mounted at the
      substantially closed end 12 of collection tube 10.
PAR  The sealing head 20 includes a body 21 made of resilient material such as
      rubber or thermoplastic elustomer, and having a pair of spaced apart,
      outwardly projecting sealing flanges 22 and 23. Each of the flanges 22 and
      23 has an inclined face (22a and 23a, respectively) for purposes to be
      explained. A very small diameter bore hole 24 extends from one face of
      body 21 to an intermediate cavity 25 that is connected to a large
      counterbore 26, extending to an opposite face of the body 21. A porous
      filter 27, made of a porous cellular material such as a suitable
      reticulated plastic foam or a ceramic, for example, fits tightly in the
      counterbore 26.
PAR  In assembling the sealing head 20 onto the collection tube 10, the orifice
      tube 13 is inserted into the bore 24 which, in the relaxed state of head
      20, has a diameter that is considerably smaller than the outer diameter of
      the orifice tube 13 and which, because of the configuration of the head,
      is normally closed to flow therethrough. As the larger orifice tube 13 is
      inserted through the bore 24 the portion of the head 21 surrounding the
      bore compresses and is deformed into the cavity 25. When the orifice tube
      is fully inserted into bore 24, the end 12 of the collection tube is
      abutting the body 21 and fits within a ring portion 28 of the body and the
      orifice tube 13 opens into cavity 25, a spaced distance from the filter
      27. With the collection tube and orifice tube so assembled, liquid can
      move into counterbore 26, through filter 27, into cavity 25, and then into
      the collection tube through orifice tube 13 and passages 17. The volume of
      liquid within the collection tube at any given time is determined by
      reading of the markings 18 in conventional fashion.
PAR  The assembled collection tube 10 and head 20 comprise a separator unit,
      adapted to be used with a standard test tube-type collection vessel 29, in
      which blood samples are collected and centrifuged.
PAR  After the blood sample in vessel 29 has been centrifuged, the red cells 30
      of the sample are collected as a cell fraction at the bottom of the tube
      and the lighter serum portion of the sample forms a serum fraction 31
      (FIGS. 3 and 4) above the collected red cells. A rather well defined
      interface can be observed between the sample fractions.
PAR  The separator unit comprising the collection tube and head is used to
      permanently separate the sample fractions and to allow removal of all or
      any selected portions of the serum fraction.
PAR  In use, the separator unit is inserted, with the end having head 20 thereon
      leading downwardly, into the vessel 29. As the head 20 moves into the open
      end of vessel 29 the inclined faces 22a and 23a of the resilient flanges
      22 and 23 engage the open end of vessel 29 and guide the head into the
      vessel. As the flanges 22 and 23 are, in turn, deformed upwardly during
      entry, they tightly engage the inside wall of the vessel to provide a seal
      between the outer edge of the head and the vessel.
PAR  As the head 20 is forced into vessel 29, and into the blood sample to a
      position wherein the flange 22 is at the interface between the serum and
      cell fractions, the serum fraction is forced through the filter 27,
      orifice tube 13 and passage 17 into the collection tube 10. The spray
      guard 16 diverts flow from tube 13 into passage 17 and keeps the serum
      from being forced out of the top of the collection tube.
PAR  When the flange 22 is positioned at the interface between the sample
      fractions, the head 20 serves as an essentially permanent barrier between
      the fractions. Thus, unless the head 20 is pushed further into the
      receptacle to thereby also force some of the cell fraction through filter
      27 and into collection tube 10, the serum fraction can be poured from the
      collection tube, without contamination from the cell fraction. During such
      a pour, with the collection tube fully inserted into the head,
      differential pressure on the cell side of the head and the serum side or
      interior of the collection tube will keep the cell fraction from moving
      through the orifice tube.
PAR  If it is desired that some or all of the serum fraction be kept in the
      vessel 29 the collection tube 10 can be withdrawn from vessel 29 while
      head 20 remains therein as a barrier between sample fractions. The
      frictional engagement of the flanges 22 and 23 with the wall of vessel 29
      holds the head against withdrawal as the collection tube is pulled from
      the ring portion 28 and orifice tube 13 is pulled from bore 24. As the
      orifice tube is withdrawn, the portion of the head 20 surrounding bore 24
      is expanded into the bore to effectively seal it off, thereby making the
      head 20 impervious to fluids in the vessel 29. The small diameter and
      small diameter to length ratio of the bore 24 also tends to prevent
      unwanted flow through the bore. As the collection tube 10 is withdrawn the
      serum that has moved through the orifice tube and into the collection tube
      moves back through the drain holes 19 to collect above the head 20. During
      withdrawal of the tube 10 a pressure differential is formed across the
      flexible ring 14 and the bottom of tube 10 to positively move serum from
      tube 10 into vessel 29.
PAR  The collection tube 10 can be fully removed from the sample vessel, which
      can then be stoppered and transported or stored, with the sample fractions
      permanently separated and with the serum fraction available to be poured
      off whenever needed.
PAR  Alternatively, the collection tube can be partially removed from the serum
      fraction, with the volume remaining in the collection tube being indicated
      by the markings 18 and with that volume being poured off, merely by
      tipping of the collection tube and partially inserted sample vessel. The
      portion of the serum fraction between the head 20 and the partially
      withdrawn collection tube is held within the collection tube by the
      differential pressures occurring on the opposite sides of end 12 of the
      collection tube.
PAR  The ring 14 engages the wall of the sample vessel and prevents flow around
      the collection tube and allows the collection tube to act as a piston in
      forcing serum through the openings 19 and orifice 13 as the collection
      tube is moved back into the sample vessel after the head 20 has been
      positioned and the collection tube has been once withdrawn.
PAR  With the present invention serum from a spun blood sample in a sample
      vessel is initially filtered and moved into the collection tube. An
      essentially permanent barrier is positioned between the cell fraction and
      the serum fraction of the blood sample and all or any portion of the serum
      fraction can be removed, as and when desired from the sample vessel.
PAR  A sample cup 32 can also be telescoped over the otherwise open end of tube
      10 to receive measured amounts of serum when the tube 10 is inverted to
      pour serum therefrom. The rim of cup 32 rests on a collar 33 of tube 10
      and the cup fits snugly over the end of the tube. Transfer of the serum
      from tube 10 to a sample tube of the type conventionally used in making
      analysis can thus be accomplished with virtually no chance of
      contamination to the user.
PAR  Although a preferred form of our invention has been herein disclosed, it is
      to be understood that the present disclosure is made by way of example,
      and that variations are possible without departing from the subject matter
      coming within the scope of the following claims, which subject matter we
      regard as our invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for permanently separating the serum fraction from the cell
      fraction of a spun blood sample in a sample vessel comprising
PA1  a collection tube having a small diameter orifice tube projecting from one
      end thereof; and
PA1  a head releasably fitted on the one end of the collection tube and having
      at least one sealing flange extending outwardly therefrom to sealingly
      engage the wall of the sample vessel and to immobilize the head as the
      collection tube is withdrawn therefrom, a bore hole extending through said
      head and having diameter smaller than the outer diameter of the orifice
      tube but expanding when said orifice tube is inserted thereinto to
      effectively seal when said orifice tube is removed therefrom and said
      sealing flange is compressed within the sample vessel.
NUM  2.
PAR  2. Apparatus as in claim 1, further including means to filter liquid passed
      through the orifice tube.
NUM  3.
PAR  3. Apparatus as in claim 1, wherein
PA1  the head has a central chamber at one end of the bore hole and a
      counterbore opening into the central chamber from one side of the head;
      and wherein
PA1  the means to filter liquid passed through the orifice tube comprises a
      filter in the counterbore.
NUM  4.
PAR  4. Apparatus as in claim 1, further including
PA1  drain ports through the end of the collection tube from which the orifice
      tube projects and a flexible sealing flange projecting outwardly of the
      collection tube adjacent to the drain ports to sealingly engage the wall
      of the sample vessel.
NUM  5.
PAR  5. Apparatus as in claim 1, further including
PA1  a spray guard within the collection tube and extending over the orifice
      tube to direct liquid entering the collection tube into the lower end
      thereof.
NUM  6.
PAR  6. Apparatus as in claim 5, further including
PA1  means to filter liquid passed through the orifice tube.
NUM  7.
PAR  7. Apparatus as in claim 6, wherein
PA1  the head has a central chamber at one end of the bore hole and a
      counterbore opening into the central chamber from one side of the head;
      and wherein
PA1  the means to filter liquid passed through the orifice tube comprises a
      filter in the counterbore.
NUM  8.
PAR  8. Apparatus as in claim 7, further including
PA1  drain ports through the end of the collection tube from which the orifice
      tube projects and a flexible sealing flange projecting outwardly of the
      collection tube adjacent to the drain ports to sealingly engage the wall
      of the sample vessel.
NUM  9.
PAR  9. Apparatus for handling blood samples comprising
PA1  a sample vessel comprising a tube having one closed end and one open end;
PA1  a collection tube having an outside diameter smaller than the inside
      diameter of the sample vessel, one open end and a small diameter orifice
      tube projecting from the opposite end thereof; and
PA1  a flexible head releasably fitted on the one end of the collection tube and
      having at least one sealing flange extending outwardly therefrom to
      sealingly engage the wall of said sample vessel and to immobilize the head
      as the collection tube is withdrawn therefrom, a bore hole extending
      through said head, said bore hole having a diameter smaller than the outer
      diameter of the orifice tube but expanding when said orifice tube is
      inserted thereinto and effectively sealing when said orifice tube is
      removed therefrom.
NUM  10.
PAR  10. Apparatus as in claim 9, further including
PA1  means to filter liquid passed through the orifice tube.
NUM  11.
PAR  11. Apparatus as in claim 10, wherein
PA1  the head has a central chamber at one end of the bore hole and a
      counterbore opening into the central chamber from one side of the head;
      and wherein
PA1  the means to filter liquid passed through the orifice tube comprises a
      filter in the counterbore.
NUM  12.
PAR  12. Apparatus as in claim 9, further including
PA1  drain ports through the end of the collection tube from which the orifice
      tube projects and a flexible sealing flange projecting outwardly of the
      collection tube adjacent to the drain ports to sealingly engage the wall
      of the sample vessel.
NUM  13.
PAR  13. Apparatus as in claim 9, further including
PA1  a spray guard within the collection tube and extending over the orifice
      tube to direct liquid entering the collection tube into the lower end
      thereof.
NUM  14.
PAR  14. Apparatus as in claim 13, further including
PA1  means to filter liquid passed through the orifice tube.
NUM  15.
PAR  15. Apparatus as in claim 14, wherein
PA1  the head has a central chamber at one end of the bore hole and a
      counterbore opening into the central chamber from one side of the head;
      and wherein
PA1  the means to filter liquid passed through the orifice tube comprises a
      filter in the counterbore.
NUM  16.
PAR  16. Apparatus as in claim 15, further including
PA1  drain ports through the end of the collection tube from which the orifice
      tube projects and a flexible sealing flange projecting outwardly of the
      collection tube adjacent to the drain ports to sealingly engage the wall
      of the sample vessel.
NUM  17.
PAR  17. Apparatus as in claim 16, further including
PA1  a collar near the outer end of the collection tube remote from the head;
      and
PA1  a sample cup arranged to be telescopingly inverted over the open end of
      said collection tube to closely engage the collection tube and to abut
      against the collar, whereby fluids collected in the collection tube can be
      transferred to the sample cup by inverting the collection tube.
NUM  18.
PAR  18. A method of separating the serum fraction from the cell fraction of a
      spun blood sample in a sample vessel, comprising
PA1  moving a barrier within the sample vessel to a position between the serum
      and cell fractions while moving the serum fraction through a filter and
      the barrier into a collection tube;
PA1  removing the collection tube and blocking flow through the barrier, while
      leaving the barrier positioned in the sample vessel;
PA1  sealing flow between the outer surface of the collection tube and the inner
      surface of the sample vessel during movement of the collection tube into
      and out of the sample vessel; and
PA1  draining serum from the collection tube onto the barrier during removal of
      the collection tube from the sample vessel.
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ABST
PAL  A method of cleaning sand or multi-media filters which comprises a process
      of backwashing the filter with water containing a high concentration of
      chlorine or ozone.
BSUM
PAR  This invention relates to a method of cleaning sand or multi-media filters
      which comprises a process of backwashing the filter with water containing
      a high concentration of chlorine or ozone.
PAR  The formation on water filters and sewage treatment plant effluent filters
      of coatings which prevent proper operation of the filters has been a
      problem for decades. In some cases a biological growth and/or physical
      coating tends to form around individual sand grains or at, near the top
      of, or within a sand filter during the filtration cycle. Also, at times
      when the sand bed is backwashed with water, this cohesive mat of
      biological growth and sand forms large "mudballs" which, when allowed to
      accumulate in the bed, provide channels through which unfiltered water can
      pass, thereby lowering the efficiency of the filter.
PAR  The usual practice in combatting these conditions in attempting to clean
      the filter media is to use procedures such as surface washing, mechanical
      mixing and air mixing during the backwash cycle. Thus, the abrasive
      interaction between individual sand grains becomes the cleaning mechanism.
      However, the presence of coagulants, adsorbants such as activated carbon,
      and biological growths tend to make mechanical cleaning extremely
      difficult, and large quantities of backwash water and vigorous mechanical
      mixing are required to disassociate these coatings and/or agglomerations.
PAR  We have now discovered that if the filter media are treated with water that
      has dissolved in it a high concentration of chlorine or ozone, the
      coatings and agglomerations in the filter are readily removed. Ordinary
      chlorinated water, having less than about 25 ppm, is not effective. It is
      necessary to employ "superchlorinated" water having a chlorine
      concentration between about 50 and 500 ppm. In the case where ozone is
      used, the effective concentration is between about 20 and 200 ppm.
PAR  The chlorine or ozone can be introduced as a gas into the water prior to
      its application to the filter. Alternatively, the chlorine may be added to
      the water during the application of the water to the filter by applying to
      the filter surface a solid source of chlorine such as a hypochlorite salt,
      e.g. calcium hypochlorite, in amount sufficient to afford the required
      concentration of chlorine in the water.
PAR  The optimum contact time between the chlorinated or ozonated water and the
      filter media lies between about 2 minutes and 1200 minutes, dependent upon
      the concentration of chlorine or ozone and the thickness of the coating.
      The optimum concentrations and times are readily determined by routine
      experimentation.
DETD
PAR  The accompanying drawing depicts a system for carrying out the process of
      the invention. The filter 1 contains a filtration media, in this case sand
      2 and gravel 3. Below this media is a filtered water collection system 4
      that connects to a downcomer pipe 5 which in turn connects to a collection
      main 6. During normal filtration, valve 7 is in the open position and
      valve 9 in the closed position. During filter backwashing, however, flow
      to the filter is stopped and valve 7 is closed. Valve 9 is then opened and
      clear water is allowed to flow through conduits 8 and 5 into the bottom of
      the filter. Flow through the filter is such that entrapped particles from
      the filtration phase are carried upward out of the filter bed and are
      collected in a trough 13 for disposal. This method of backwashing,
      however, will not remove encrustations within or coatings on the filter
      media.
PAR  By injecting a high concentration of an oxidizing agent (chlorine, ozone)
      from a storage or production area 12 through regulator valve 11 and
      conduits 10 and 5 during the backwash cycle, or by adding such agents to
      the filter prior to backwashing, problem encrustations and/or coatings can
      be removed from the filter media.
PAR  The filter illustrated in the drawing is a multi-media filter containing
      sand and gravel; however, the process of the invention can be applied to
      other filters, such as those containing sand alone or sand with other
      media.
PAR  A particular application of this invention is directed to its use in
      connection with water purification processes using powdered activated
      carbon to adsorb organic substances. In this instance the coating which
      develops on the filter consists at least in part of activated carbon, and
      this coating is readily removed by treating the filter media with
      superchlorinated water or water with dissolved ozone in it while or before
      backwashing to remove the coating materials.
PAC  EXAMPLE 1
PAR  A sample of the filter media of a 100 cubic foot rapid sand filter of a
      tertiary wastewater treatment plant coated with activated carbon is
      contacted with varying amounts of calcium hypochlorite. It is determined
      that the optimum concentration and contact period that would eliminate the
      coating is 150 ppm of chlorine and 15 minutes, respectively.
PAR  The filter is backwashed with plain water to remove gross particles. Then
      one pound of calcium hypochlorite is sprinkled over the filter surface.
      After the hypochlorite has dispersed and intimate contact is achieved (15
      minutes), the filter is backwashed to remove the sloughed off coating
      material.
PAC  EXAMPLE 2
PAR  A small 36 inch pressure sand filter of an extended aeration package plant
      has bed breakthrough after a relatively short filtration time. Normal
      backwashing at 70 gpm does not relieve this operational problem, so super
      chlorination of the filter backwash water is effected at approximately 250
      mg/l by gaseous chlorine.
PAR  The chlorine regulator valve 11 is set to discharge 0.15 lb/min of gaseous
      chlorine for the duration of the backwash cycle. After the normal 10
      minute backwash period, the regulator valve is re-set to its original
      position and filter operation once again resumes normally.
PAC  EXAMPLE 3
PAR  Problem encrustations have developed in a 400 ft.sup.2 dual media rapid
      sand filter. The output of an on-site ozonation facility, normally used
      for disinfection of the filtered water, is increased to produce 102 lbs/hr
      of ozone. This supply is injected into the filter backwash water line at a
      concentration of 30 mg/l of ozone for the 10 minute backwash cycle. The
      filter is left out of operation until the next day when a normal backwash
      is again done to remove sloughed off encrusted material.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of backwashing sand or multi-media filters employed in
      wastewater treatment or sewage treatment plants in order to remove a
      coating therefrom, said coating consisting at least in part of activated
      carbon, which comprises contacting the filter media with water containing
      between about 50 and 500 ppm of chlorine for a period of between about 2
      minutes and 1200 minutes, and backwashing the filter to remove the
      sloughed off coating.
NUM  2.
PAR  2. The method according to claim 1 in which gaseous chlorine is used as a
      source of chlorine.
NUM  3.
PAR  3. The method according to claim 1 in which hypochlorite is applied to the
      filter as a source of chlorine.
NUM  4.
PAR  4. The method of backwashing sand or multi-media filters employed in
      wastewater treatment or sewage treatment plants in order to remove a
      coating therefrom, said coating consisting at least in part of activated
      carbon, which comprises contacting the filter media with water containing
      between about 20 and 200 ppm of ozone for a period of between about 2
      minutes and 1200 minutes, and backwashing the filter to remove the
      sloughed off coating.
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ABST
PAL  A series of ion exchangers are connected in parallel in a water treatment
      system and are electrically interlocked against simultaneous regeneration.
      After an exchanger regenerates, it is held in standby status and is
      automatically returned to service use when another exchanger begins its
      regeneration cycle.
PARN
PAC  CROSS-REFERENCE TO A RELATED APPLICATION
PAR  This application is a division of my copending application Ser. No.
      387,115, filed Aug. 9, 1973, now U.S. Pat. No. 3,876,539.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an ion exchange water treatment system of the
      type in which two or more ion exchangers are connected in parallel in a
      water system so as to provide relatively large treatment capacity while
      keeping water service available to the using system when one of the
      exchangers is in its regeneration cycle.
PAR  More particularly, the invention relates to an ion exchange water treatment
      system of the type in which a sensor is associated with each exchanger and
      detects when the exchanger needs regenerating. As an incident to such
      detection, the sensor causes the associated exchanger to begin a
      regeneration cycle.
PAC  SUMMARY OF THE INVENTION
PAR  One of the important aims of the present invention is to provide new and
      comparatively simple means for interlocking the exchangers to prevent more
      than one exchanger from regenerating at a time.
PAR  A related object is to provide unique means which enable the interlocking
      of any number of exchangers without increasing the complexity of the
      interlocking hardware above that required to interlock two exchangers.
PAR  Another object is to interlock the exchangers in such a manner as to enable
      construction of the exchangers as virtually identical modular units and to
      enable a given exchanger to be used interchangeably in treatment systems
      equipped with two, three or even more exchangers.
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description when taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view and fluid circuit diagram of a new and improved
      ion exchange water treatment system embodying the novel features of the
      present invention.
PAR  FIG. 2 is a diagram of the electric control circuit for the treatment
      system shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the drawings for purposes of illustration, the invention is
      embodied in an ion exchange water treatment system having a plurality of
      ion exchangers 10 which are connected in parallel in a water system to
      treat raw water flowing from a supply line 11 and to deliver treated water
      into a service line 13 and then to a using system. Herein, three
      exchangers 10a, 10b and 10c are shown as being connected into the water
      system although more than three exchangers could be used and, in many
      instances, only two exchangers will be employed. With two or more
      exchangers connected in parallel, a relatively large supply of treated
      water is made available to the using system and, in addition, the supply
      of water to the using system is not interrupted when one of the exchangers
      is being regenerated. Thus, a multi-exchanger treatment system of the type
      disclosed herein is capable of serving a large using system more
      adequately than would be the case if only a single exchanger 10 were
      employed.
PAR  The basic exchangers 10 are of well known construction and each includes a
      tank 14 containing a bed 15 of ion exchange resin. Water flows into the
      top of each tank through an inlet line 16 communicating with the supply
      line 11, flows downwardly through the resin bed for treatment, and then
      flows out of the bottom of the tank through an outlet line 17
      communicating with the service line 13.
PAR  When the exchangers 10 are regenerated to recondition the resin beds 15,
      water and regenerating chemicals flow into and out of the tanks through
      riser pipes 19, the liquid which flows out each tank being carried to a
      drain by a drain line 20 having a flow controller 21 for restricting the
      rate of flow. The flow through each riser pipe is controlled by a
      regenerating valve 23 (FIG. 2) driven by an electrically energized valve
      motor 24 which, in turn, is controlled by an electrically energized timing
      motor 25. To simplify the drawings, the valve and the two motors have not
      been illustrated in detail but instead have been schematically shown as
      incorporated in a regeneration control unit 26 (FIGS. 1 and 2) located at
      the top of the tank 14. Various types of conventional regeneration control
      units may be used and, since the basic construction, organization and
      operation of such units are well known, these details do not require
      description here. It will suffice to say that the timing motor 25 of the
      unit used in the present instance is energized when a sensor 27 (FIGS. 1
      and 2) detects the need for regeneration and, once energized, the timing
      motor causes the exchanger to operate through a complete regeneration
      cycle.
PAR  In one of its aspects, the present invention contemplates interlocking the
      exchangers 10 to prevent more than one exchanger from regenerating at a
      time, the interlocking being achieved in a relatively simple and versatile
      manner and enabling any number of exchangers to be installed in the water
      system without increasing the complexity of the interlocking hardware.
      Such simplicity and versatility are achieved by uniquely disabling the
      sensor 27 of each exchanger whenever any other exchanger is rengerating so
      that such sensor is incapable of initiating a regeneration cycle even
      though regeneration may be required.
PAR  In one specific embodiment for carrying out the invention, the control
      units 26 of the exchangers 10 are connected into a control circuit 30
      (FIG. 2) having lines L-1 and L-2 connected across a source of voltage
      such as 120 volts a.c. The circuit 30 includes three control branches 31
      connected in parallel combination with one another across the lines L-1
      and L-2, there being one control unit 26 connected within and adapted to
      be energized by way of each control branch. In keeping with the invention,
      the circuit 30 further comprises three energizing paths 33 which are
      connected in parallel combination with one another and which include means
      for energizing the sensors 27. Herein, these means have been shown as
      being transformers 34 having their primary coils connected into the
      respective energizing paths 33 and adapted to convert the 120 volts a.c.
      source voltage into 24 volts d.c. for energizing the sensors 27.
PAR  The sensor 27 for each exchanger 10 is attached to the riser pipe 19 (FIG.
      1) and has been illustrated in a schematic manner since the sensor which
      is used herein is well known and since various types of sensors may be
      used. Basically, the sensor which is disclosed detects the conductivity of
      the resin bed 15 and produces an electrical signal as an incident to the
      conductivity reaching a certain level when the bed requires regenerating.
      The sensor is adapted to be energized by way of a sensing circuit 35 (FIG.
      2) and has been illustrated schematically as forming part of a Wheatstone
      bridge 36 which is normally in balance but which reaches a critical level
      of imbalance when the conductivity of the resin bed changes sufficiently
      to dictate the need for regeneration. To energize the sensors 27, the
      secondary coils of the transformers 34 are included within the respective
      sensing circuits 35 and are connected to the input terminals of the
      respective bridge 36. The output terminals of each bridge 36 are connected
      across a responding means in the form of a normally de-energized relay 37
      whose normally open contacts 39 are located in the respective control
      branch 31 of the control circuit 30.
PAR  Let it be assumed that none of the exchangers 10 is in a regeneration cycle
      and that the sensor 27 of one exchanger (for example, the exchanger 10a)
      detects that such exchanger requires regeneration. At such time the bridge
      36a reaches a critical level of imbalance and supplies the relay 37a with
      current sufficiently high to energize the relay. Energization of the relay
      causes closing of the contacts 39a in the control branch 31a so as to
      energize the timing motor 25a of the control unit 26a. As the timing motor
      starts up, a cam (not shown) driven by the motor closes a normally open
      switch 40a which seals around the relay contacts 39a and maintains an
      energizing circuit to the motor when the relay 37a is subsequently
      de-energized and the relay contacts re-opened. As will be explained
      subsequently, the relay 37a is de-energized shortly after the initiation
      of a regenerating cycle.
PAR  After being energized, the timing motor 25a acts through conventional
      mechanism and circuitry housed within the control unit 26a and illustrated
      schematically at 41a (FIG. 2) to cause energization of the valve motor 24a
      at appropriate intervals. The valve motor drives the regenerating valve
      23a to different positions to cause the exchanger 10a to operate through a
      full regeneration cycle. When the regeneration cycle is completed and the
      valve 23a  is returned to service position, the timing motor 25a causes
      opening of the switch 40a to de-energize the control branch 31a.
PAR  In keeping with the invention the exchangers 10 are interlocked against
      simultaneous regeneration by three normally closed interlocking switches
      43a, 43b and 43c connected with one another in the control circuit 30 in a
      series combination which, in turn, is connected in series with the
      parallel combination of energizing paths 33. If any one of the
      interlocking switches 43 is opened, current flow to all of the energizing
      paths 33 is interrupted and thus the transformers 34 and the sensing
      circuits 35 are de-energized. Under these conditions, any exchanger which
      is not already regenerating cannot begin a regeneration cycle because,
      even if the conductivity of the resin bed 15 of such exchanger reaches the
      regeneration level, the respective sensing circuit 35 is de-energized and
      thus the relay 37 cannot be energized to close the contacts 39 in the
      respective control branch 31.
PAR  Again, let it be assumed that none of the exchangers 10 is in a
      regeneration cycle and that the sensor 27 of one exchanger (the exchanger
      10a) detects that such exchanger requires regeneration. When the
      previously described regeneration cycle is initiated and the valve motor
      24a is energized, a cam 44a (FIG. 2) driven by the valve motor causes the
      interlocking switch 43a to open. As a result, all of the transformers 34
      and sensing circuits 35 are de-energized since current flow to the
      energizing paths 33 is interrupted. Thus, the other two exchangers 10b and
      10c cannot begin a regeneration cycle. Even though the relay 37a is
      de-energized when the switch 43a is opened, the exchanger 10a continues
      with its regeneration cycle by virtue of the circuit maintained to the
      control branch 31 a by the sealing switch 40a.
PAR  The interlocking switch 43a is held open during the entire regenerating
      cycle of the exchanger 10a and thus the exchangers 10b and 10c are
      prevented from regenerating. When the exchanger 10a completes its
      regeneration cycle, the cam 44a closes the interlocking switch 43a to
      re-establish current flow to all of the energizing paths 33 so that any
      exchanger which either then or subsequently requires regeneration is
      capable of beginning its regenerating cycle. It will be appreciated that
      the interlocking switches 43b and 43c are opened and closed in the same
      fashion as the interlocking switch 43a and thus the exchangers 10a and 10c
      are prevented from regenerating when the exchanger 10b is regenerating and
      the exchangers 10a and 10b are prevented from regenerating when the
      exchanger 10c is regenerating.
PAR  From the foregoing, it will be apparent that the present invention brings
      to the art a unique arrangement in which the energizing paths 33 for the
      sensor circuits 35 are connected in parallel combination with one another
      and are separated or isolated from the parallel combination of the control
      branches 31. The interlocking switches 43 for controlling the energizing
      paths 33 are connected in a series combination which is connected in
      series with the parallel combination of energizing paths. With this
      arrangement, the circuitry is relatively simple and is virtually identical
      for each exchanger 10 so as to enable manufacture of the exchangers as
      substantially identical modular units. In addition, any number of
      exchangers may be added to the water treatment system and interlocked with
      the other exchangers without increasing the complexity of the wiring
      harnesses between the exchangers. For example, it will be seen in FIG. 2
      that the exchanger 10a is connected to the exchanger 10b by a four-wire
      harness (not including a ground wire) and by a jack and plug unit 45a (the
      latter being shown in four places in the drawing but collectively being
      one unit). The exchanger 10b, in turn, is connected to the exchanger 10c
      by a similar four-wire harness and jack and plug unit 45b. Any number of
      exchangers may be connected into the system with similar four-wire
      harnesses and without need of providing additional wiring within the
      harnesses. The lead exchanger 10a, of course, includes an additional
      harness leading to the a.c. voltage source, the the jack 45c of the
      harness of the final exchanger 10c is suitably jumpered as indicated at 46
      in order to complete the control circuit 30.
PAR  Advantageously, the exchangers 10 are hydraulically interconnected in a
      novel manner so that each exchanger which completes its regenerating cycle
      is not immediately returned to service use but instead is held in a
      reserve or standby status until such time as another exchanger begins its
      regenerating cycle. In this way, a freshly regenerated exchanger is made
      available to the using system whenever another exchanger begins
      regenerating and thus a continuous supply of treated water is insured.
PAR  In order to prevent a given exchanger 10 from returning to service use
      after it completes its regenerating cycle, the flow system through the
      exchanger is closed off during the regenerating cycle and is kept closed
      until another exchanger begins regeneration. To close off the flow system,
      shut-off valves 50 and 51 (FIG. 1) are connected into the inlet and outlet
      lines 16 and 17 of each exchanger and are adapted to be moved between
      opened and closed positions by fluid-operated actuators 53 and 54. In this
      instance, each valve actuator comprises a walled chamber 55 which is
      divided into two compartments by a flexible diaphragm 56, the latter being
      spring-biased in an upward direction and being connected to the shut-off
      valve. When fluid under pressure is admitted into the upper side of the
      chamber 55 of the upper actuator 53 through a line 57 the respective
      diaphragm is flexed downwardly to close off the valve 50 in the inlet line
      16. At the same time, pressure is transmitted to the upper side of the
      chamber of the lower actuator 54 through a line 59 and serves to close off
      the valve in the outlet line 17. When the pressure is dumped from the line
      57, both valves are automatically returned to their open positions by
      virtue of the upward spring bias applied to the diaphragms 56.
PAR  To control the flow of pressure fluid to and from the valve actuators 53
      and 54, a pilot valve 60 is associated with each exchanger 10 and includes
      a valve spool 61 slidable within a housing 63. When the valve spool is
      shifted to the right from the position shown in FIG. 1, a land 64 is
      located so as to enable the line 57 to communicate with a line 65
      connected to the supply line 11. Accordingly, water under pressure is
      directed to the actuators 53 and 54 to close the shut-off valves 50 and
      51. When the spool 61 is returned to the left, the line 57 communicates
      with a drain line 66 and thus the water is dumped from the actuators to
      allow the shut-off valves to return to their open positions.
PAR  Normally, the valve spool 61 of each pilot valve 60 is located to the left
      in a service position as shown in FIG. 1. When the associated exchanger 10
      begins its regenerating cycle, the valve spool is shifted to the right to
      a standby position to close off the flow system of the exchanger and thus
      take the exchanger out of service use. To shift the valve spool from its
      service position to its standby position, a line 67 communicates with the
      exchanger drain line 20 at a point upstream from the flow controller 21
      and also communicates with a chamber 69 located at the left end of the
      valve housing 63, there being a piston 70 slidable in the chamber and
      connected to the valve spool 61. When the exchanger begins its
      regenerating cycle, liquid flows through the drain line 20 and, because of
      the restriction created by the flow controller 21, a pressure pulse is
      created in the line 67 and is transmitted to the piston 70 to shift the
      valve spool 61 to the right to its standby position. Thus, the shut-off
      valves 50 and 51 are closed automatically as an incident to the exchanger
      beginning its regenerating cycle.
PAR  The spool 61 of a given pilot valve 60 remains in its standby position even
      after the associated exchanger 10 completes its regenerating cycle and is
      returned to service position only when another exchanger begins
      regeneration. To return the spool to its service position, a pressure
      pulse is transmitted to a piston 75 connected to the right end of the
      valve spool and slidable within a chamber 76 at the right end of the valve
      housing 63. The chamber 76 communicates with a header 77 which, in turn,
      communicates with the drain lines 20 of the other two exchangers by way of
      lines 79 and 80. Thus, when either of the other two exchangers 10 begins a
      regeneration cycle, a pressure pulse from one of the drain lines 20 is
      transmitted through the lines 79 or 80 to the piston 75 of the valve spool
      61 in standby position. The spool thus is shifted to the left to its
      service position to cause opening of the shut-off valves 50 and 51 of the
      associated exchanger and thereby switch the exchanger from standby to
      service.
PAR  From the foregoing, it will be apparent that two functions are performed by
      the pressure pulse produced in the drain line 20 of any given exchanger 10
      when that exchanger begins its regeneration cycle. That is, the pressure
      pulse shifts the valve spool 61 of the regenerating exchanger into its
      standby position so that the exchanger will not return to service when its
      regenerating cycle is completed. Secondly, the pressure pulse
      simultaneously acts on the valve spool of the exchanger which has
      previously been on standby and shifts that valve spool to its service
      position so as to switch the associated exchanger from standby to service.
      In this way, a freshly regenerated exchanger is brought into service each
      time another exchanger begins its regeneration cycle. Since the exchangers
      are electrically interlocked against simultaneous regeneration, it is not
      possible for a pressure pulse to exist in more than one drain line 20 at
      any given time. Accordingly, when pressure is applied to one of the
      pistons 70 or 76 of any valve spool, there is no back pressure against the
      other piston and thus the spool may shift freely. Moreover, once shifted,
      the valve spool remains in a stable position until it is shifted reversely
      by a pressure pulse originating from another exchanger.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An ion exchange water treatment system comprising a plurality of ion
      exchangers adapted to be connected in parallel in a water system, an
      electric control circuit associated with all of said exchangers, said
      control circuit including a plurality of control branches and further
      including a plurality of energizing paths, there being one control branch
      and one energizing path associated individually with each exchanger, all
      of said control branches being connected in parallel with one another in
      said circuit and all of said energizing paths being connected in parallel
      combination with one another in said circuit, energizing means in each of
      said energizing paths, an electric sensing circuit associated individually
      with each exchanger and normally energized by the respective energizing
      means, each of said sensing circuits including a sensing means normally
      operable to produce an electric signal in said sensing circuit upon
      detecting that the respective exchanger needs regeneration, responding
      means in each of said sensing circuits and normally triggered by the
      signal produced by the respective sensing means when the latter detects
      the need for regeneration, each of said responding means being operable
      when triggered to produce an electric signal in the respective control
      branch, means associated individually with each exchanger and responsive
      to the signal produced in the respective control branch to cause the
      respective exchanger to regenerate, a switching device associated
      individually with each exchanger, all of said switching devices being
      connected in a series combination which is connected in series with the
      parallel combination of energizing paths, and means associated
      individually with each switching device for placing the respective
      switching device in a first condition when the exchanger begins
      regeneration and for placing the switching device in a second condition
      when the exchanger completes regeneration, the switching device of any one
      exchanger being operable when in said first condition to disable the
      energizing means for the sensing circuit of every other exchanger thereby
      to prevent the sensing means in every other sensing circuit from producing
      its signal so only one exchanger may regenerate at a time.
NUM  2.
PAR  2. An ion exchange water treatment system as defined in claim 1 in which at
      least three ion exchangers are connected in parallel in said water system.
PATN
WKU  039322807
SRC  5
APN  4562275
APT  1
ART  176
APD  19740329
TTL  Closed water system in municipal incineration plants
ISD  19760113
NCL  6
ECL  1
EXP  Granger; Theodore A.
NDR  1
NFG  1
INVT
NAM  Anderson; Grant L.
CTY  Ogden
STA  UT
ASSG
NAM  Clear Air, Inc.
CTY  Ogden
STA  UT
COD  02
CLAS
OCL  210119
XCL  110  8R
XCL  210152
XCL  210260
XCL  210526
EDF  2
ICL  B01D 2124
FSC  210
FSS  104;152;196;295;526;260
FSC   55
FSS  101
FSC  110
FSS  8 R;119;165 R
UREF
PNO  1294551
ISD  19190200
NAM  Smethurst
OCL  210104
UREF
PNO  3031981
ISD  19620500
NAM  Smguder
OCL  110  8R
UREF
PNO  3064816
ISD  19621100
NAM  Griswold
OCL  210104
UREF
PNO  3435593
ISD  19690400
NAM  Nordone
OCL   55101
UREF
PNO  3623975
ISD  19711100
NAM  Cardinal, Jr.
OCL  110  8R
UREF
PNO  3734036
ISD  19730500
NAM  Abos
OCL  110  8R
UREF
PNO  3794565
ISD  19740200
NAM  Bielski et al.
OCL  110119
UREF
PNO  3841240
ISD  19741000
NAM  Wentworth et al.
OCL  110  8R
ABST
PAL  A municipal incinerator plant incorporating a closed water system
      comprising a quencher tank and a clarifier tank. Waters from the quenching
      tank and clarifier tank are intermixed for alkaline-acidic neutralization,
      and waters from the clarifier tank are fed to a scrubber for supplying
      initial cleaning action to particulates entrained in incinerator exhaust.
      Clarifier tank likewise collects electrostatic precipitator fly ash.
      Quencher incinerated materials, particulates and fly ash are mutually
      combined for delivery to a dump vehicle or other conveyance means.
BSUM
PAR  The present invention relates to municipal incineration plants, and more
      particularly, to a new and improved plant wherein the creation of ponds,
      the necessity of sumps, and the discharge of non-neutral waters into
      sewage systems of other lines are avoided. Specifically, this present
      invention supplies a closed water system for both quenching and
      clarifying, with the waters of both being combined for neutralization
      purposes and general avoidance being taken as to introduction of output
      into external sewage lines and so forth.
PAR  In the present invention an incinerator is employed wherein the exhaust is
      fed through a serially connected scrubber, fan and electrostatic
      percipitator means. A clarifier tank is provided, with waters thereof
      being fed to the scrubber and water and particulates from the scrubber
      descending back to the clarifier tank. Fly ash from the electrostatic
      precipitator means is likewise fed back to the clarifier tank, and
      conveyance means is provided for collecting fly ash settlings from the
      clarifier tank and transporting the same to a quenching tank conveyor
      provided the system. Either and preferably both of the quenching tank and
      clarifier tank are float-valve operated. Incineration products of the
      incinerator, including non-incinerated materials such as glass, dirt,
      metals and so forth, are collected for deposit into a dump vehicle or for
      other processing.
PAR  Accordingly, a principal object of the present invention is to provide a
      new and improved municipal incineration system.
PAR  A further object is to provide an essentially closed water system in
      municipal incineration plants.
PAR  A further object is to provide incineration system which completely
      eliminates water pollution problems.
PAR  An additional object is to provide in an incineration system a quenching
      tank for incinerated materials as well as a clarifier tank cooperable with
      scrubber means for the incinerator.
PAR  A further object is to provide quenching tank and clarifier tank means for
      incineration system, and this in a manner such that there may be an
      intermixing of waters, as by an introduction of water from the quenching
      tank into the clarifier tank, and this so that there may be effected a
      neutralization of waters at the clarifier tank means.
PAR  A further object is to collect scrubber and electrostatic precipitator
      particulates into a single clarifier tank stage such that the latter may
      be combined and conveyed, proximate the residue area of the quenching tank
      of the incinerator plant, and this for subsequent conveyance to transport
      vehicles or for further processing.
PAR  The features of the present invention may best be understood by reference
      to the following description taken in connection with the accompanying
      drawing in which:
DRWD
PAR  The sole FIGURE is a schematic view of the plant and system of the present
      invention incorporating both quenching tank and clarifier tank as well as
      means for their intercooperation.
DETD
PAR  In the drawing, incinerator 10 may take any form but preferably includes,
      as a means for supplying a continuing throughput, a grate structure
      similar to that described in a co-pending United States patent application
      entitled GRATE STRUCTURE FOR INCINERATION PLANTS, Ser. No. 461,956 filed
      Apr. 18, 1974, now U.S. Pat. No. 3,882,803 by the present inventor as a
      co-inventor. In any event, the incinerator should have some means of
      supplying a continuous throughput as by an endless conveyor, moving
      grates, and so forth. Incinerator 10 has an input 11 and also an output at
      12 the latter which falls into quenching tank 13. Thus, the firing of the
      incinerator will produce combustion as to combustable products in the
      incinerator. Remaining materials such as rock, dirt, glass and so forth
      will simply be discarded with the ash and any other remainder, from the
      incinerator into quenching tank 13.
PAR  The purpose for the quenching tank of course is to reduce the temperature
      of the material prior to the conveyance of solids therefrom to an awaiting
      dump truck vehicle 14, for example. Quenching tank 13 will include a
      conveyor 15 so mounted and cooperating with the interior of the quenching
      tank such that a major portion, if not all, of the materials dumped into
      the quenching tank will be easily picked up by the conveyor 15 for deposit
      into dump truck 14.
PAR  Quenching tank 13 will include a water inlet at 16, the same preferably
      being provided with a float valve at 17, this so that water comes into the
      quenching tank only when the lever L of the water W falls below a certain
      level.
PAR  Serially connected together above the exhaust 18 of incinerator 10 are,
      respectively, scrubber 19, fan 20, and electrostatic precipitator 21.
      Precipitator 21 includes a fly ash output 22 and appropriate conduit or
      other means at 23 whereby the fly ash will be conducted into a clarifier
      tank 24. Conduit 24 includes pump 25' and is connected between clarifier
      tank 24 and quenching tank 15 such that water from the latter may proceed
      into the former once the float valve F, disposed within the clarifier
      tank, senses that liquid therewithin at X falls below a predetermined
      level at L' . Pump 25 includes conduit 26 and 27, simply shown by the
      arrow lines, which connect the clarifier tank 24 to scrubber 19. Thus,
      water is pumped from the clarifier tank via pump 25 into the scrubber to
      supply pressured water spray within the scrubber for performing the
      scrubber action. Discharge water from the scrubber is taken at 28 and is
      discharged downwardly via conduit 29. The latter discharge includes water
      plus scrubber-removed particulates.
PAR  The combination of incinerator, scrubber, fan and electrostatic
      precipitator, standing alone, is conventional and well known in the art.
      Thus, particulates coming up the exhaust flue at 18 proceed through the
      scrubber for water-washing; the fan draws remaining particulates into the
      electrostatic precipitator from which gases are exhausted. Drawn from the
      gases will be fly ash that drop onto or simply proceed otherwise into
      clarifier tank 24.
PAR  An important feature of the invention is in the provision of both clarifier
      tank and quenching tank, each having a perforate or solid partition or
      conveyor floor P and P', and also the combination of the two tanks wherein
      water from the quenching tank proceeds into the clarifier tank.
PAR  It has been observed that a clarifier tank receiving fly ash from an
      electrostatic precipitator as well as scrubber particulates from scrubber
      19 will be on the acid side relative to pH. Correspondingly, the condition
      of the waters within quenching tank 13, receiving the output of burned
      materials will be alkaline.
PAR  Conventional disposing techniques simply discharge these materials into
      ponds or out-drain lines in the sewer systems. As to alkaline components,
      there is somewhat less of a problem than the acidity from fluids within
      the clarifier tank. In the present invention, discharge into sewage
      systems can be avoided and an actual neutralization of waters used
      effected, this by conveying waters from the quenching tank at 24 to
      proceed into the clarifier tank such that waters within the clarifier tank
      remain essentially neutral at a value of pH 7.
PAR  Thus, clean water comes in at 16. The system comprising the quenching and
      clarifier tank is essentially closed. Clean water at 16 being used merely
      to compensate for effects of the operation. Thus, and in operation, when
      the float valve at 17 senses a lowered condition as to water level L, then
      the float valve 17 opens such that water at 16 proceeds into the quenching
      tank 13. In turn, when the level of the fluid at L' and clarifier tank 24
      falls below predetermined level, then the float valve at F lowers in a
      conventional manner so as to open inlet 30 and thereby prevent waters from
      the quenching tank to proceed into the clarifier tank.
PAR  It is noted that the clarifier tank supplies water to the scrubber. A
      conveyor at 32 is disposed at the bottom of the clarifier tank and
      includes an upper flight 32A proceeding upwardly and outwardly therefrom
      such that output may fall over end 32B and be deposited onto the quenching
      tank conveyor 15 at the upper flight 15A thereof. Thus, fly ash from the
      clarifier tank and residue from quenching tank are combined at conveyor 15
      for subsequent delivery to awaiting dump vehicle 14.
PAR  It is thus seen that the present invention supplies for incineration
      systems a closed water system for providing water to the scrubber portion
      of the system. Residues from the quenching tank and clarifier tank of the
      systems are combined for a single waste products output for dump or
      loading of a conventional dump vehicle. The alkaline condition of the
      quenching tank is utilized to neutralize the acidic condition of the
      clarifier tank to direct flow of quenching tank waters into the clarifier
      tank. Additionally, sumps, pools, drains and introduction of off-neutral
      fluids into sewage lines are avoided.
PAR  Owing to particulate sizes, it is imminently preferable that water flow
      from the quenching tank to the clarifier tank in fact be as shown by the
      arrow proximate conduit 24. However it is conceivable that water flow
      could be reversed, with inlet water being introduced directly into the
      clarifier tank 24.
PAR  While particular embodiments of the invention have been shown and
      described, it will be obvious to those skilled in the art the various
      changes and modifications which may be made without departing from the
      essential features of the present invention and, therefore, the aim in the
      appended claims is to cover all such changes and modifications as fall
      within the true spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the combination of an incinerator having a gases' exhaust means, a
      materials' input, and an incinerated materials' output, and a scrubber
      coupled to said exhaust means: an improvement comprising quenching tank
      means for receiving said output, clarifier tank means for introducing
      water into and receiving water and particulates from said scrubber, means
      for introducing water into said quenching tank means, first and second
      endless-belt conveyor structure means having lower ends disposed in said
      clarifier tank means and quenching tank means, respectively, for
      respectively conveying solely solids from said clarifier and quenching
      tank means, said first and second endless-belt conveyor structure means
      each including an upper flight terminating in an upper end, said upper
      flight of said first endless-belt conveyor structure means being
      constructed and arranged for discharge over said upper end thereof upon
      said upper flight of said second endless-belt conveyor structure means,
      and means for conducting water solely one way from said quenching tank
      means into said clarifier tank means.
NUM  2.
PAR  2. The structure of claim 1 wherein said upper end of said first
      endless-belt conveyor structure means is disposed above said second
      endless-belt conveyor structure means and beyond said quenching tank
      means, said second endless-belt conveyor structure means extending beyond
      said quenching tank means.
NUM  3.
PAR  3. The structure of claim 2 wherein each of said tank means include
      respective float valve means for regulating respective water-flow into the
      respective tanks and accordance with tank fluid level.
NUM  4.
PAR  4. The structure of claim 1 wherein in said combination there is provided
      fan means for receiving and drawing exhaust from said scrubber and
      electrostatic precipitator means coupled to said fan means, and conduit
      means for conveying fly ash from said electrostatic precipitator means to
      said clarifier tank means.
NUM  5.
PAR  5. Structure according to claim 1 wherein said quenching tank means
      comprises a quenching tank, and one-way pump means for pumping water
      solely from said quenching tank to said clarifier tank means.
NUM  6.
PAR  6. Structure according to claim 1 wherein said clarifier tank means
      comprises a clarifier tank and also pump means operatively associated with
      said clarifier tank for pumping water solely therefrom to said scrubber.
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ABST
PAL  This leaf trap kit for swimming pools includes an inverted, perforate
      basket which is fitted over the main drain outlet of the pool, a dome-like
      housing open at its underside and having lateral openings to admit leaves
      into the space between the housing and the inverted basket and having a
      top opening through which such leaves may be removed, and a vacuum cleaner
      head fittable over the housing to remove the leaves from the top opening
      of the housing.
BSUM
PAR  This leaf trap invention is an improvement over prior swimming pool leaf
      traps, with particular reference to the type shown in my prior U.S. Pat.
      No. 3,667,611. This prior leaf trap of mine had a dome-like housing
      provided with a lateral opening for the reception of leaves, and a
      perforate bottom wall to trap the leaves within the housing. To remove the
      leaves, it was necessary to remove the entire trap from the pool and this
      would usually result at least to some degree to redistributing dirt in the
      pool which may have been sparkling clean before removal of the trap. Also,
      this prior trap of mine was dependent for efficient working upon the
      establishment of a peripheral seal between the housing and the pool floor
      to prevent leaves from getting in beneath the lower edge of the housing
      and beneath the lower perforate wall of the housing. Dur to irregularities
      in the pool floor it was frequently impossible to obtain such an edge seal
      particularly at the distance of the location of the housing edge away from
      the main drain. In the leaf trap of the present invention, it is
      immaterial that leaves get into the housing below the bottom edge of the
      housing, and the trap to floor seal is more efficiently obtained by the
      smaller, separate inverted basket which forms an edge seal with the main
      drain inlet plate itself rather than with the pool floor outside of the
      periphery of the main drain.
PAR  An object of the invention is to provide a leaf trap enabling the removal
      therefrom of collected leaves without requiring the removal of the leaf
      trap from the pool.
PAR  Another object of the invention is the provision of a leaf trap which
      includes a sieve part and a separate housing part, the latter being in
      sealing relation directly with the inlet plate of the main drain opening.
DRWD
PAR  Other objects and advantages of the invention will be apparent from the
      following description taken in conjunction with the drawing forming part
      of this specification, and in which:
PAR  FIG. 1 is an exploded view in perspective of the leaf trap and leaf removal
      system of the invention; and
PAR  FIG. 2 is an enlarged view in vertical diametral section through all of the
      components of FIG. 1, showing them in working relation to each other.
DETD
PAR  With reference to the drawing, the pool floor 10 is provided with a main
      drain conduit 12 and with an inset, perforated main drain plate 14 which
      normally is provided with a center opening 16. The leaf trap comprises an
      inverted basket 18 having a perforated side wall surface 20 and a
      perforated top wall surface 22. The basket is provided with a center pin
      24 which extends into the center opening 16 of the main drain plate 14,
      thereby anchoring the basket to the main drain plate against lateral drift
      and centrally locating the basket with reference to the plate. The lower
      peripheral edge of the basket engages the plate 14 directly and this
      serves to effectively seal the basket against the passage of leaves and
      other large debris into the basket below its lower edge.
PAR  The leaf trap further comprises a dome-like housing 26 having a plurality
      of lateral openings 28 and a top opening 30 bifurcated by a bridge element
      32 which serves to prevent some automatic pool cleaners from getting
      caught in the top opening. The vacuum cleaner, or leaf removal, device 34,
      comprises a frusto-conical conduit member 36, a cylindrical side wall 38,
      and a frusto-conical plate 40 joining conduit 36 and side wall 38. The
      vacuum cleaner device is provided with a pivotable operating handle 42 and
      with a water inlet line 44 which delivers water from hose 46 to an annular
      discharge ring 48 secured within the device. Removably attached to the
      conduit part 36 of the cleaner is a filter bag 50. The cleaner is adapted
      to fit against and nest with the housing 26. The jets of water issuing
      from the discharge openings formed in ring 48 cause water to flow through
      the housing and upwardly out of the opening 30 into the bag 50. Entrained
      in this flow of water are the leaves 52 which had become trapped within
      the housing 26 due to the flow of water into the housing through the
      openings 28, through the basket 18 and through the main drain plate 14
      under the action of the swimming pool water circulation pump. The vacuum
      cleaner, or leaf removal, device 34 is of course only associated with the
      housing when it is desired to remove the leaves which have accumulated
      within the housing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A swimming pool leaf trap comprising a perforate basket-shaped member
      placed in inverted position upon and in sealing and enclosing relation to
      the main drain opening plate of a pool, and a dome-shaped housing in
      peripheral engagement with and supported by the pool floor in enclosing,
      spaced relation to said member and defining therewith a leaf entrapment
      and leaf storage space, an inlet opening formed in the side of the housing
      for the passage of leaves into the storage space under the influence of
      selective water circulation flow along a first path defined by said inlet
      opening, said member, and said drain opening plate, and an outlet opening
      formed in the top of the housing for the passage of leaves out of the
      storage space under the influence of alternatively selective water
      circulation flow along a second path defined by said housing inlet opening
      and said outlet opening.
NUM  2.
PAR  2. The leaf trap of claim 1 in combination with a vacuum cleaner device
      engaged with said housing in communication with said outlet opening and
      operable to induce water flow along said second path and consequent
      transfer of leaves from said storage space to said vacuum cleaner device.
NUM  3.
PAR  3. The leaf trap of claim 1 there being a plurality of inlet openings
      formed in the side of said housing at a level below the level of the top
      of said member, said outlet opening being formed in the top of said
      housing substantially centrally thereof.
NUM  4.
PAR  4. The leaf trap of claim 3 in combination with a vacuum cleaner device
      engaged with said housing in communication with said outlet opening and
      operable to induce water flow along said second path and consequent
      transfer of leaves from said storage space to said vacuum cleaner device.
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ABST
PAL  A compact dissolved air floatation system is provided for very small flow,
      i.e., less than 20,000 gallons per day. The floatation system includes a
      vertical floatation column including a release well comprising an
      inverted, truncated cone with tangential inlet flow to prevent breakage of
      the bubbles. The floatation column also includes a clarified water outlet
      at the lower portion thereof, which water outlet comprises a pipe defining
      openings on its circumference and having a debris trap member fastened to
      the top of the pipe.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation of my application Ser. No. 286,220,
      filed Sept. 5, 1972, now abandoned.
BSUM
PAR  This invention relates to a waste treatment system, and more particularly,
      to a system capable of removing particulate from a liquid mixture, using
      the dissolved air floatation principle.
PAR  In engineering waste disposal problems, many situations are encountered
      where the wastes are small in volume and contain high amounts of metals
      and/or emulsified organics. Treatment first requires determining the
      chemical means to break the emulsions and/or precipitate the metals. Due
      to the high concentration and nature of the particulates, on many
      occasions the treated wastes are not amenable to clarification by
      sedimentation, even with addition of polymeric acids.
PAR  Prior art floatation equipment has been found unsatisfactory for small
      volume wastes. Direct scaledown of large waste treatment systems has been
      attempted but has not been successful because of its inefficiency.
PAR  It is, therefore, an object of the present invention to provide a dissolved
      air floatation system that can efficiently handle very small flows, i.e.,
      less than 20,000 gallons per day, and more particularly, can efficiently
      handle flow rates ranging from about 10 gallons per hour to about 800
      gallons per hour.
PAR  Prior art waste treatment systems generally include floatation cells using
      horizontal flow. However, horizontal flow requires a relatively voluminous
      system and is generally inefficient in handling very low flow rates. I
      have found that it is preferable, in a very small flow system wherein
      compactness is desired, to use a floatation column having vertical flow. A
      vertical floatation column is described in an article by Robert D. Grieves
      and Gregory A. Ettelt, entitled "Continuous, Dissolved-Air Ion Floatation
      of Hexavalent Chromium," American Institute of Chemical Engineers Journal,
      November, 1967, pages 1167-1171. However, a vertical floatation column is
      disclosed in the present invention which is different from that disclosed
      in said article, and is operative to achieve a highly compact and
      efficient waste treatment system for very small flows.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, there is provided a dissolved air
      floatation system for very small flows. In one embodiment of the
      invention, the system includes a floatation column having a greater
      vertical height than width, whereby it is suitable for vertical
      floatation. An inlet is provided to the floatation column for carrying the
      combined waste and released bubbles from air-charged water. The floatation
      column includes a release well comprising an inverted, truncated cone
      having an open base to permit upward floatation of the combined waste and
      bubbles. The inlet is coupled to the release well generally tangentially
      thereof to provide generally tangential flow and thereafter helical flow
      in the release well, thereby slowing the flow and preventing breakage of
      the bubbles.
PAR  In one embodiment of the invention, a clarified water outlet is provided at
      the lower portion of the floatation column. The outlet comprises a pipe
      defining openings on its circumference for passage of clarified water. A
      debris trap member is provided at the top of the pipe whereby passage of
      clarified water into the pipe can only be accomplished through the
      openings. The debris trap member has a substantially greater width than
      the diameter of the pipe.
PAR  In the illustrative embodiment of the invention, the system includes a
      positive displacement pump for pumping recycled water and an air column
      for damping the recycled water flow. Means couple the outlet of the
      positive displacement pump to the inlet of the air column.
PAR  A solubilization column is provided, in one embodiment of the invention,
      for dissolving air bubbles. A recirculation pump forms a circulation route
      with the solubilization column, for pumping the recycled water in the
      circulation route to the solubilization column at a greater rate than the
      normal flow rate of the recycled water. Means are provided for introducing
      air to the upstream portion of the circulation route prior to introduction
      of the water in the solubilization column.
PAR  A floatation cell is provided with an expansion valve on the downstream
      side of the solubilization column and on the upstream side of the
      floatation cell, for releasing the air from the water that has been
      air-charged, thereby providing tiny air bubbles capable of carrying
      coagulated waste. The air bubbles and coagulated waste are combined and
      released in the floatation cell to float to the top thereof, and means are
      provided for removing the floated materials from the floatation cell.
PAR  A more detailed explanation of the invention is provided in the following
      description and claims, and is illustrated in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a dissolved air floatation system in
      accordance with the principles of the present invention;
PAR  FIG. 2 is a schematic diagram of the ejector portion of the schematic
      diagram of FIG. 1;
PAR  FIG. 3 is a schematic diagram of the debris trap portion of the schematic
      diagram of FIG. 1;
PAR  FIG. 4 is a top plan view of a release well used in the system of the
      present invention;
PAR  FIG. 5 is a side elevational view thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENT
PAR  Referring to FIG. 1, the waste treatment system of the present invention
      includes a recycling pump 10 which pumps water through conduit 12 to an
      air column 14. Recycling pump 10 is a positive displacement pump and
      thereby has the ability to: (1) operate efficiently with low flow rates,
      (2) pump at a controlled rate, (3) pump to elevated pressures, and (4)
      pump a certain degree of solids.
PAR  A positive displacement pump, such as recycling pump 10, is intermittent in
      that when it is in its intake cycle, there is no output and when there is
      a fluid output, it is not intaking fluid. The intermittent operation of
      the positive displacement pump is damped by using an air column, which air
      column is one-half filled with water and one-half with air, and absorbs or
      dampens the pulses of fluid from the recycling pump, in a manner
      well-known in the art. While pump 10 is intaking fluid, the water in the
      air column drops and while pump 10 is pumping out fluid, the water in the
      air column rises, thereby damping the system so that a substantially
      continuous flow is seen downstream, where it is necessary to add air to
      the recycle water.
PAR  The recycle from air column 14 is fed via conduit 16 to a circulation route
      18. Circulation route 18 comprises conduit 20, solubilization column 22,
      conduit 23 and pressure pump 24 having inlet 26 and outlet 28 coupled to
      it.
PAR  The water from conduit 16 is fed to ejector 30 via conduit 20. Ejector 30
      is shown in detail in FIG. 2 where it can be seen that a restrictive
      nozzle 32 is provided in conduit 20 adjacent to air inlet 34. The recycle
      thus passes air inlet 34 under high pressure, mixes with air and is filled
      with air at the ejector. The recycle, which is now filled with air, is fed
      to solubilization column 22 where the air is dissolved in the water. When
      the water leaves the solubilization column via conduit 23, the water is
      now "air-charged."
PAR  Although many different types of solubilization columns or means for
      dissolving air in water are known in the art, an example of a type which
      has been utilized successfully in connection with the present invention is
      the solubilization column disclosed in my copending application Ser. No.
      69,302, filed Sept. 3, 1970, and assigned to the assignee of the present
      application.
PAR  The normal flow to the ejector and solubilization column, in a system where
      the present invention is utilized, is too slow for effective operation.
      Thus it is necessary to speed up the flow by forming circulation route or
      loop 18 where the recycle is pumped at higher speed. In circulation route
      18, the recycle is maintained at a higher volumetric flow rate than the
      recycle in the inlet 36 to the circulation route and the outlet 38 from
      the circulation route. To this end, when the waste treatment system is
      started, circulation route or loop 18 is filled without allowing any of
      the water to outlet therefrom until the circulation route 18 has the
      required velocity. If the volumetric flow rate were too slow, there might
      be clogging because the orifices would have to be extremely small.
PAR  An expansion valve 40 is provided at the downstream side of the circulation
      route 18 and at the upstream side of the floatation column 42. Expansion
      valve 40 is also upstream of conduit 44 which couples a coagulator 46 to
      recycle conduit 48. The expansion valve 40 has the dual function of
      maintaining the average flow rate and also maintaining the pressure
      desired. This prevents the premature formation of air bubbles. The air
      bubbles develop, however, immediately after the charged water is released
      from expansion valve 40 and the bubbles and coagulated waste combine in
      conduit 48 so that the bubbles attach themselves to the coagulated waste
      particles and lift the particles up to the top of the floatation column.
PAR  It can be seen that to obtain the coagulated waste, processed waste water
      is pumped by pump 50 and fed by a conduit 52 to coagulator 46. Coagulant
      pumps 54 and 56 are utilized to add the necessary coagulant to coagulate
      the emulsified waste water. The coagulator is also designed to permit the
      addition of acid or alkali for treatment applications requiring pH
      adjustment or two-stage coagulation.
PAR  The air-charged water (carrying air bubbles and coagulated waste) is
      flocculated by the addition of a flocculant through inlet 58. The
      flocculated combined waste water and air bubbles enter floatation column
      42 via conduit 48 through a release well 60, which is shown in detail in
      FIGS. 4-5.
PAR  Release well 60 is an inverted, truncated cone which operates to slowly
      release the pinpoint size air bubbles carrying the coagulated materials.
      In the illustrative embodiment, release well 60 is formed of 16-gauge
      steel, in the shape of a truncated cone, having an internal diameter at
      base 62 of 7 inches, an internal diameter at apex 64 of 4 inches and
      having a vertical height of 5 inches. With respect to FIG. 5, the term
      "base" is used for the top horizontal line, while the term "apex" is used
      for the bottom horizontal line, because the truncated cone is inverted.
PAR  The inlet pipe 66, which couples conduit 48 to release well 60, is
      connected at substantially the bottom of release well 60 and tangentially
      thereto, as shown most clearly in FIG. 4. Thus the flow enters along one
      side 68 of the release well generally tangentially thereof to provide
      generally tangential flow and thereafter helical flow in the release well,
      thereby slowing the entering flow so that there is a minimum of turbulence
      and thereby preventing breakage of the bubbles.
PAR  It is desired that the extraneous debris settle on the bottom of the
      floatation column. To this end, a clarified water outlet or standpipe 70,
      is provided at the lower portion of floatation column 42. Outlet 70 is a
      pipe defining openings 72 on its circumference for passage of clarified
      water. Openings 72 are shielded by a debris trap 74, in the form of a
      disc, which is fastened at the top of pipe 70. Debris trap 74 is coaxial
      with floatation column 42 and the top portion of pipe 70, and has a
      substantially greater diameter than the diameter of pipe 70. Also, only
      the upper portion of the pipe defines openings. It is preferred that only
      the upper one-fifth of the pipe 70 within floatation column 42 define
      openings for passage of clarified water. In this manner, the debris has to
      go around the plate and will settle to the bottom of floatation column 42,
      as shown in FIG. 3, while the water goes through the openings 72. Since
      the openings are defined all around the circumference of pipe 70, the
      water will flow all around instead of only on one side of the pipe. Both
      the effluent and the recycle exit the floatation column via pipe 70.
PAR  Pipe 70 is fed both to recycling pump 10 via conduit 73 and an effluent
      tank 72 via conduit 75. Effluent tank 72 maintains the water level of the
      floatation column 42. By raising or lowering the outlet 74 of effluent
      tank 72, it is apparent that the water level of floatation column 42 can
      be controlled.
PAR  A sludge detector 76 is utilized to detect the sludge level and a sludge
      pump 78, actuable in response to operation of detector 76, is utilized to
      remove the sludge via conduit 80 and pump the sludge via conduit 82 to
      dewatering tank 84. Although various types of sludge detectors are known
      in the art, I prefer to use a sludge detector manufactured by Drexelbrook
      Engineering Co., Horsham, Penna., referred to as Precision Level Control
      Model 406-1 which operates with a capacitive probe. As the sludge
      increases in the water, the dialectric decreases and is sensed by the
      probe. This actuates the sludge pump 78 and the sludge is drawn out of the
      floatation column as aforesaid.
PAR  In the dewatering tank 84, the floatable wastes are dewatered by filter
      bags 86. A specific example of the type of filter bag which could be used
      in connection with the present invention is the GAF Snap-Ring filter bag
      sold by the Industrial Products Division of GAF Corporation, Greenwich,
      Conn. It can be seen that the sludge is pumped via conduit 82 to manifold
      90 and both the sludge and a liquid such as water (which is fed to
      manifold 90) is collected and fed through filter bags 86. The filtrate
      returns to the treatment system via dewatering tank outlet 92 which is
      coupled to inlet 94 where it mixes with the processed waste water from the
      main process outlet. It is to be understood that other types of filters
      may be used, but I have found that the filter bags as described above are
      very useful with a system for small flow because of their efficiency and
      inexpensiveness.
PAR  A system has been disclosed which is inexpensive to manufacture, is compact
      in size, and efficiently handles very small flows. Using the present
      invention, a typical skid-mounted 10,000 gallon per day treatment system
      may utilize only 50 square feet of floor space and be only 10 feet high.
      Typical commercial and industrial applications include, but are not
      limited to, treatment of processed waste waters from:
PAR  1. manufacturing operations where cutting and lubricating oils are used;
PAR  2. poultry and livestock processing;
PAR  3. vehicle washing (railway cars, over-the-road trailers, trucks);
PAR  4. latex paint wastes;
PAR  5. petrochemical processing;
PAR  6. wet scrubbers as used in air pollution control;
PAR  7. container washing operations;
PAR  8. washing and cleaning operations in food, manufacturing, commercial and
      institutional laundries; and
PAR  9. any other manufacturing or processing system that generates emulsified
      oil.
PAR  Although an illustrative embodiment of the invention has been shown and
      described, it is to be understood that various modifications and
      substitutions may be made by those skilled in the art without departing
      from the novel spirit and scope of the invention. For example, the term
      "air" as used in the specification and claims herein also refers to other
      gases. Likwise, the term "water" used herein also refers to other liquids.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a dissolved air flotation system, including means for making air
      charged water and means for combining waste and the air-charged water, the
      improvement comprising, in combination: a flotation column having a
      greater vertical height than width whereby it is suitable for vertical
      flotation; an inlet to said flotation column for carrying the combined
      waste and released bubbles from said air-charged water; a release well in
      said flotation column, means coupling said release well to said inlet,
      said release well permitting upward flotation of the combined waste and
      bubbles and operating to slow the flow and prevent breakage of the
      bubbles; a clarified water outlet at the lower portion of said flotation
      column to draw the clarified water uniformly from about the tank without
      localized drawoffs and structural obstructions, said outlet comprising a
      pipe defining openings on its circumference for passage of clarified
      water; and a plate member that is generally coaxial with said vertical
      flotation column; means connecting said plate member to the top of said
      pipe whereby passage of clarified water into said pipe can only be
      accomplished through said openings, said plate member having a
      substantially greater diameter than the diameter of said pipe.
NUM  2.
PAR  2. In a dissolved air flotation system, including means for making
      air-charged water and means for combining waste and the air-charged water,
      the improvement comprising, in combination: a flotation column having a
      greater vertical height than width whereby it is suitable for vertical
      flotation; an inlet to said flotation column for carrying the combined
      waste and released bubbles from said air-charged water; a release well in
      said flotation column, means coupling said release well to said inlet,
      said release well permitting upward flotation of the combined waste and
      bubbles and operating to slow the flow and prevent breakage of the
      bubbles; a clarified water outlet at the lower portion of said flotation
      column to draw the clarified water uniformly from about the tank without
      localized drawoffs and structural obstructions, said outlet comprising a
      pipe for passage of clarified water; a plate member that is generally
      coaxial with said vertical flotation column; means connecting said plate
      member to said pipe, said plate member having a substantially greater
      diameter than the diameter of said pipe; and means for removing the
      floated materials from said flotation column.
NUM  3.
PAR  3. In a dissolved air floatation system as described in claim 2, wherein
      said openings are defined on the circumference of the pipe only above the
      center of the portion of the pipe within the floatation column.
NUM  4.
PAR  4. In a dissolved air flotation system, including means for making air
      charged water and means for combining waste and the air-charged water, the
      improvement comprising, in combination: a flotation column having a
      greater vertical height than width whereby it is suitable for vertical
      flotation; an inlet to said flotation column for carrying the combined
      waste and released bubbles from said air-charged water; a release well
      comprising an inverted, truncated cone having an open base to permit
      upward flotation of the combined waste and bubbles; means coupling said
      inlet to said release well generally tangentially thereof to provide
      generally tangential flow and thereafter helical flow in the release well,
      thereby slowing the flow and preventing breakage of the bubbles; means for
      removing the floated materials from the vertical flotation column; and
      further including a clarified water outlet at the lower portion of said
      flotation column, said outlet comprising a pipe defining openings on its
      circumference for passage of clarified water and a plate member; means
      connecting said plate member to the top of said pipe whereby passage of
      clarified water into said pipe can only be accomplished through said
      openings, said member having a substantially greater width than the
      diameter of said pipe.
NUM  5.
PAR  5. In a dissolved air flotation system, the improvement comprising, in
      combination: a positive displacement pump for pumping recycled water; an
      air column for dampening the recycled water flow; means coupling the
      outlet of said positive displacement pump to the inlet of said air column;
      means for dissolving air in water; means coupling the outlet of said air
      column to said air dissolving means; a recirculation pump and conduit
      forming a circulation route with said air dissolving means at a greater
      rate than the normal flow rate of the recycled water; means for
      introducing air to the circulation route upstream of the dissolving means;
      a flotation cell; an expansion valve on the downstream side of said air
      dissolving means and on the upstream side of said flotation cell for
      releasing the air from the water that has been air-charged thereby
      providing air bubbles capable of carrying coagulated waste; means coupling
      said air dissolving means and said expansion valve; means for providing
      coagulated waste; means for combining said released air bubbles with the
      coagulated waste; means directing the combined bubbles and coagulated
      waste to said flotation cell whereby said bubbles and waste will float to
      the top of said flotation cell; means for removing the floated materials
      from the flotation cell; said flotation cell comprising a flotation column
      having a greater vertical height than width whereby it is suitable for
      vertical flotation; a release well comprising an inverted, truncated cone
      having an open base to permit upward flotation of the combined waste and
      bubbles; means coupling said inlet to said release well generally
      tangentially thereof to provide generally tangential flow and thereafter
      helical flow in the release well, thereby slowing the flow and preventing
      breakage of the bubbles; and further including a clarified water outlet at
      the lower portion of said flotation column, said outlet comprising a pipe
      defining openings on its circumference for passage of clarified water and
      a plate member; means connecting said plate member to the top of said pipe
      whereby passage of clarified water into said pipe can be accomplished only
      through said openings.
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ABST
PAL  This disclosure relates to a fluid exchange device such as an artificial
      kidney, wherein controlled flow of two membranes for exchange purposes is
      controlled by means of a special stack of flow plates. These flow plates
      include first and second sets of flow plates disposed in alternating
      relation with the flow plates of the first set being contoured to define
      first flow paths, and the flow plates of the second set being plain and
      being telescoped within a membrane sleeve, the membrane sleeve being
      deformable under fluid differential pressure partially into the first flow
      path so as to define second flow paths between the plain flow plates and
      the sleeve.
BSUM
PAR  This invention relates in general to new and useful improvements in fluid
      exchange devices, and more particularly to a novel artificial kidney.
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known to provide fluid exchange devices, such as artificial
      kidneys, wherein a first fluid flows on one side of a membrane and a
      second fluid flows on the opposite side of the membrane. It is also well
      known to provide flow plates for controlling the fluid flow on opposite
      sides of the membrane. It is further to be understood that various types
      of flow plates may be provided with the efficiency of the device varying
      depending upon the flow plate configuration.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, it is proposed to provide a fluid
      exchange device wherein the flow plates thereof are of an extremely simple
      construction and at the same time efficient fluid flow control between the
      plates may be effected.
PAR  Another feature of this invention is a flowplate arrangement wherein only
      flow plates of a first set of flow plates need be contoured so as to
      define flow paths, the flow plates of the second set of flow plates being
      flat or planar and wherein the membrane is deformable under pressure
      differential partially into the flow paths defined by the contoured flow
      plates so as to define second flow paths.
PAR  A further feature of this invention is that the membrane may be in the form
      of a simple sleeve which is telescoped only over the plain flow plates,
      the sleeves being readily removable from the plain flow plates whereby,
      when desired, the flow plates may be readily cleansed and reused.
PAR  A further feature of this invention is the formation of a fluid exchange
      device, principally one which may utilized as in artificial kidney,
      wherein the device is of an extremely simple construction, relatively
      inexpensive to assemble, and wherein substantially all of the elements
      thereof, with the exception of inexpensive membrane sleeves may be reused.
PAR  With the above and other objects in view that will hereinafter appear, the
      nature of the invention will be more clearly understood by reference to
      the following detailed description, the appended claims and the several
      views illustrated inthe accompanying drawings:
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a perspective view of the fluid exchange device.
PAR  FIG. 2 is an exploded perspective view of the two different flow plates and
      the membrane sleeve.
PAR  FIG. 3 is an enlarged horizontal sectional view taken along the line 3--3
      of FIG. 1 and shows the specific construction of the device.
PAR  FIG. 4 is an enlarged fragmentary vertical sectional view taken along the
      line 4--4 of FIG. 3 and shows the details of the flow plate stack.
PAR  FIG. 5 is an enlarged fragmentary vertical sectional view taken the line
      5--5 of FIG. 4 and shows fluid flow endwise between the flow plates of the
      stack.
DETD
PAR  Referring now to the drawings in detail, it will be seen that there is
      illustrated in FIG. 1 a fluid exchange device which is generally
      identified by the numeral 10. The exchange device 10 is formed of a stack
      11 of flow plates which are clamped together by a pair of channel shaped
      cross sectional manifold plates 12 and 13. The manifold plate 12 has an
      inlet fitting 14 while the manifold plate 13 has an outlet fitting 15. The
      manifold plates 12, 13 are tightly secured together in clamping engagement
      with the stack 11 by means of tension members 16 which may be in the form
      of simple bolts.
PAR  The exchange device 10 also includes a pair of manifold plates 17, 18 which
      are clamped to opposite sides of the stack 11 and are secured to the
      manifold plates 12, 13, by means of simple tension members 20 which may be
      in the form of simple bolts. The manifold plate 18 is provided with a
      fluid inlet manifold 21 which decreases in cross section downwardly while
      the manifold plate 17 is provided with an outlet manifold 22 which
      increases in cross section downwardly.
PAR  At this time it is pointed out that a first fluid is circulated through the
      stack 11 by means of the manifold plate 17, 18 while a second fluid is
      circulated through the stack 11 through the manifold plates 12, 13, the
      flow of the two fluids being in crossing relation for maximum exchange.
PAR  Reference is now made to FIG. 2 wherein the component parts of the stack 11
      are illustrated. The stack 11 is formed of a first set of flow plates 23
      which is disposed in alternating relation with the second set of flow
      plates 24. The flow plates 24 are telescoped within a membrane sleeve 25.
      It is to be understood that the material from which the sleeve 25 is
      formed will vary depending upon the particular fluids which are intended
      to flow through the exchange device 10 and the nature of the exchange
      which is to take place. In the case of the use of the exchange device 10
      and its artificial kidney, each sleeve 25 will preferably be formed of
      tubular cellulose cuprophan membrane.
PAR  Considering first the construction of the flow plate 23, it will be seen
      that adjacent two of the remote corners thereof, the flow plate 23 is
      provided with openings 26 and 27 which form portions of manifold ports.
      The end portions of the flow plates 23 are otherwise plain. However, the
      central portion of each of the flow plates 23 is contoured as at 28 to
      define flow paths extending transversely of the flow plates 23. It is to
      be understood that the flow plates 23 are like contoured on opposite
      surfaces thereof and preferably the contoured portion is in the form of a
      plurality of adjacent projections which may be of conical, pyramid or
      other like pointed form. These projections, which are identified by the
      numeral 30, are preferably arranged in rows whereby there will be a full
      and uniform fluid flow across each face of each flow plate 23.
PAR  Each of the flow plates 24 is provided in the remote corners thereof with
      openings 31, 32 which are aligned with the openings 26, 27, respectively,
      and which also form part of the manifold ports. Extending transversely of
      the flow plate 24 from the opening 32 on one surface only thereof is a
      pair of parallel grooves 33 which terminate in a through opening 34. A
      second set of grooves (not shown) similar to the grooves 33 extend along
      the undersurface of the flow plate 24 to still another through opening 35.
      A pair of grooves 36 extend longitudinally from the opening 35 on each
      side of the flow plate 24 to a transversely extending distribution channel
      37, there being a distribution channel 37 formed in each surface of the
      flow plate 24.
PAR  The construction at the opposite end of the flow plate 24 is identical with
      that set forth above, but reversed. Extending transversely from the
      opening 31 on the upper surface of the flow plate 24 is a pair of parallel
      grooves 38 which terminate in a through opening 40. Formed on the
      underside of the flow plate 24 and extending transversely from the opening
      40 is a second pair of parallel grooves (not shown) which terminate in a
      through opening 41. Formed in the opposite surfaces of the flow plate 24
      are relatively short longitudinally extending parallel grooves 42 which
      are connected to collection chambers 43 formed in the opposite faces of
      the flow plate 24. The collection chambers 43 are disposed parallel to the
      distribution channels 37 and are longitudinally spaced therefrom so that
      fluid flows along the surfaces of the plate 24 is along a major portion of
      the flow plate 24.
PAR  Referring once again to the sleeve 25, it is to be noted that two opposite
      corners of the sleeve 25 are provided with openings 44, which also form
      parts of manifold ports.
PAR  It is also to be understood that the configurations of the flow plates 23,
      24 and the sleeve 25 is such that orientation may be readily accomplished
      and once the openings in the flow plates and sleeve are aligned,
      orientation has to be correct.
PAR  The flow plates 23 are stacked in alternating relation with the flow plates
      24 after each flow plate 24 has been telescoped fully within a sleeve 25.
      After the stack 11 has been formed in this manner, the manifold plates 12,
      13 and 17, 18 are secured in place with respect to the stack. If
      necessary, a suitable adhesive may be utilized to provide the necessary
      seal between the manifold plate and the stack 11.
PAR  It is to be understood that the fluid flowing into the stack 11 through the
      fitting 14 is of a higher pressure than the fluid flowing into the stack
      11 through the manifold duct 21. As a result, the material of the sleeve
      25 is outwardly deformed, as is shown in FIGS. 4 and 5 into the contoured
      portions 28 of the flow plates 23. However, the contoured portions of the
      flow plates 23 are such that the material of the sleeve 25 does not
      completely close the flow patths formed in the flow plates 23. At the same
      time, the separation of the sleeves 25 from the flow plates 24 results in
      the formation of other flow paths between the sleeves 25 and the fluid
      plates 24.
PAR  With particular reference to FIG. 5, it will be seen that fluid entering
      the stack 11 through the manifold plate 18 will pass into the contoured
      portions 28 of the flow plates 23 in view of the fact that these contoured
      portions 28 will open entirely through the edges of the flow plates 23. In
      a like manner, the fluid flowing across the surfaces of the flow plates 23
      will exit out through the opposite edges thereof and be collected by the
      manifold plate 17.
PAR  It is to be understood that when the fluid exchange device 10 is in the
      form of an artificial kidney, blood from the body will enter into the
      stack 11 through the inlet fitting 14 and exit therefrom through the
      outlet fitting 15. In a like manner, a suitable dialysate will flow
      through the stack 11 through the manifold plates 17 and 18. It is to be
      understood that the pressure of the blood will be higher than the pressure
      of the dialysate. On the other hand, it is to be understood that the fluid
      flow through the stack 11 will be relatively uninhibited so that there
      will be a minimum pressure drop in the flow of the two fluids through the
      stacking member.
PAR  It will be readily apparent from the foregoing description of the fluid
      exchange device 10 that after usage, it may be readily disassembled and,
      if desired, everything except the sleeves 25 may be salvaged. On the other
      hand, it is to be readily apparent that the flow plates 23 and 24 may be
      readily and inexpensively formed of suitable materials which are
      compatible with human blood at such a minimum expense that it is feasible
      to also dispense with the flow plates once the fluid exchange device 10
      has been utilized.
PAR  Although only a preferred embodiment of the invention has been specifically
      illustrated and described herein, it is to be understood that minor
      variations may be made in the construction of the fluid exchange device
      without departing from the spirit and scope of the invention, as defined
      by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid exchange device comprising a stack of alternating first and
      second flow plates, the opposite faces of said first flow plates being
      contoured to define first flow paths thereacross and opposite faces of
      said second flow plates having planar portions, each of said second flow
      plates being telescoped within a membrane sleeve with each membrane sleeve
      having remote portions clamped between adjacent first and second flow
      plates and deformable outwardly by fluid under pressure within each
      membrane sleeve partially into said first flow paths to define second flow
      paths between each membrane sleeve and a respective planar second flow
      plate face portion, means for flowing a first fluid through said first
      flow paths and a second flow fluid through said second flow paths, said
      second flow plates having remote distribution and collection channels
      formed in the opposite faces thereof at opposite ends of said planar face
      portions, said distribution and collection channels being formed adjacent
      ends of said flow plates with flow of said second fluid being
      longitudinally of said flowplates, and said first paths being disposed
      transversely of said flow plates.
NUM  2.
PAR  2. A fluid exchange device comprising a stack of alternating first and
      second flow plates, the opposite faces of said first flow plates being
      contoured to define first flow paths thereacross and opposite faces of
      said second flow plates having planar portions, each of said second flow
      plates being telescoped within a membrane sleeve with each membrane sleeve
      having remote portions clamped between adjacent first and second flow
      plates and deformable outwardly by fluid under pressure within each
      membrane sleeve partially into said first flow paths to define second flow
      paths between each membrane sleeve and a respective planar second flow
      plate face portions, means for flowing a first fluid through said first
      flow paths and a second flow fluid through said second flow paths, and
      fluid flow on opposite sides of each membrane sleeve portion being in
      crossing relation.
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ABST
PAL  Apparatus for separating mercury from mercury containing material is
      disclosed. Apparatus comprises a closed horizontal generally barrelshaped
      vessel having ports for charging the vessel and for discharging the
      mercury and the treated residue, and agitating means. The vessel has
      opposed conical sections and a central cylindrical section. The agitating
      means comprises a rotatable spindle coaxially extending within the vessel
      and provided with a plurality of spokes varying in length to conform with
      the shape of the vessel. Preferably the spokes are provided with
      knife-like tips and they may be arranged in rows, the spokes in each row
      being off-set from the spokes in the next row except for those in the
      central cylindrical section.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and an apparatus for separating and
      recovering mercury from the mercurial "soot" condensed following the
      roasting of mercury ore. The mercurial "soot" is a mixture of fine
      globules of mercury (floured mercury), ore dust, mercury salts, ashes, tar
      and other condensation products, possibly arsenic and antimony compounds,
      and water. Soot may contain 20 - 85% mercury. Mercury recovered from the
      separator following the lime treatment there is stored to await shipment.
PAR  2. The Prior Art
PAR  Conventional methods of treating "soot" for separation of mercury comprise
      hoeing, with or without the addition of lime and application of heat,
      burning, pressing in pans with stirrer or rollers, or heating under
      vacuum. Some of the methods produce relatively less yields of mercury, and
      industrial hygiene is a problem. Difficulties are encountered with
      adequate separation of the mercury in the soot treatment and with the
      subsequent handling of the treated soot prior to and at the roaster.
PAR  Moreover, in at least one operating mercury plant, previously it had been
      necessary to re-pulp the treated soot with water and pump it out to
      storage and then re-lime the treated soot before returning it to the
      roaster. The present invention avoids these difficulties in not having to
      re-pulp the treated soot before returning it to the roaster thus reducing
      lime consumption in the order of about 20%. Moreover, operating time per
      batch is virtually cut in half.
PAC  STATEMENT OF THE INVENTION
PAR  According to the present invention, mercury containing material from
      mercury condensers is treated with quick-lime in the separator agitation
      being achieved both mechanically and as a result of chemical action. Here
      the separated mercury is discharged from the separator vessel through a
      port equipped with a mercury seal to a storage tank. Residue is discharged
      through another port and returned directly to the roaster for
      re-treatment. Although a slight vacuum is maintained during operation to
      prevent escape of mercury vapours, the substantially air-tight vessel is
      also equipped with ports for charging material and for ventilation.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The novel separator comprises a closed horizontal generally barrel-shaped
      vessel having opposed conical end sections and a central cylindrical
      section and provided with ports for charging the vessel and for
      discharging the mercury and the treated residue, agitating means
      comprising a rotatable spindle coaxially extending within said vessel and
      provided with a plurality of spokes varying in length to conform with the
      shape of the vessel. These spokes provide a shearing action which allows
      mercury in the particles of soot to coalesce into droplets. Preferably the
      spokes are provided with knife-like tips. The knife-like tips keep the
      friction or drag effect to a minimum by cutting away the scale from the
      vessel wall, and hardening the surface of these tips reduces wear.
DRWD
     In embodiments that illustrate a preferred form of the invention:
PAR  FIG. 1 is a flow diagram of mercury separating process illustrating the
      position of the novel separator.
PAR  FIG. 2 is a side elevation of the novel separator.
PAR  FIG. 3 is a plan view of the novel separator.
PAR  FIG. 4 is an end view of part of the separator illustrating the arrangement
      of the spokes.
PAR  FIG. 5 is a side elevation of part of the separator illustrating the
      arrangement of the spokes.
DETD
PAR  Referring to FIG. 1, it will be seen that the separated mercury is
      discharged from the mercury separator to a storage tank. Moreover, the
      residue is discharged from the mercury separator directly to a roaster for
      re-treatment.
PAR  Referring to FIGS. 2 and 3, the vessel 1 is made up of a central
      cylindrical section 2 abutted by two truncated cone end sections 3, and is
      closed at both ends by vertical walls 4. The vessel 1 is provided with
      lime-addition port 5, mercurial soot addition ports 6, ventilation ports
      7, and port 8 for discharging treated soot by means of a screw conveyor
      (not shown) to return it to the roaster as illustrated in FIG. 1. The
      separated mercury drains to the centrally located well 9 for automatic
      discharge through a mercury seal and valve arrangement 10. A spindle 11 is
      rotatably mounted within the vessel 1 in bearings 12, one end of the
      spindle 11 being operably connected to a drive means 13. The spindle 11 is
      provided with a plurality of spokes 14. The spokes 14 vary in length,
      conforming with the shape of the vessel 1; their arrangement is in
      parallel rows perpendicular to the axis of the spindle 11, as best seen in
      FIGS. 4 and 5.
PAR  Referring to FIGS. 4 and 5, all spokes 14 of each row are of the same
      length and are spaced equi-angularly and except for the three centre rows
      A, the spoke positions of each row are off-set from those of the next row.
      The spokes 14 are provided with knife-like tips 15. Spoke lengths are such
      that all spoke tips 15 are equi-distant from the walls of the vessel. The
      tips 15 provide scraping action such that a minimum amount of material is
      permitted to cling to the vessel wall. In one embodiment, there are six
      spokes in each of the three centre rows A. The rest of the rows (sixteen)
      have only four spokes, each row being off-set 45.degree. from the next. In
      the most preferred embodiment, the three centre rows A have eight spokes
      with the rest (sixteen) having six spokes each. Spokes of each row are
      off-set 30.degree. from those of the next row.
PAR  It will be appreciated that in carrying out the method of the present
      invention, arrangement of, and distance between the spokes are important;
      if they are too far apart, there is no upward movement of the mixture in
      the drum, if too close, all of the mixture is carried right around within
      the drum or bridging occurs. Under optimum operating conditions, the
      spokes when in the more upward positions are free of mixture, providing a
      self-cleaning arrangement. Rotation of the mixer spindle at about 14
      r.p.m. tends to push the mixture well up the side of the drum, thus
      helping to keep the soot loose and permitting the mercury to settle to the
      bottom. The separator is filled only to the centre line with about 250
      lbs. of lime and from about 250 to about 400 lbs. of untreated soot for
      each batch operation, and the mixing-separating operation takes about
      forty-five minutes. The direction of the spindle rotation is then reversed
      and the treated soot pushed up the other side of the drum to the discharge
      port. Discharging takes about fifteen minutes.
PAR  In the condensed material from the launders following the condensers much
      of the mercury has already separated and more tends to coalesce
      immediately. All this mercury passes through the separator on its way to
      the mercury storage tank. The remainder, in the soot, is a very fine
      uncoalesced material which requires the lime treatment to induce further
      separation. Normally, about 50% of the untreated soot is mercury and the
      treated soot returned to the roaster has about 15% mercury content. Water
      content of the soot is variable, but the viscous untreated soot-water mix
      averages about 50% solids, whereas after treatment the free moisture
      content is 3 to 5%. The remainder of the water is bound up in hydration of
      the lime. Heat released by the slaking of the lime provides a partial
      drying out of the treated soot which is then dry enough for return to the
      roaster. The temperature of the treated material is about 65.degree.C.
PAR  Lime treatment of the soot tends to cause a hard scale to form on the
      inside of the drum. By flattening the spoke tips, a dull knife edge is
      provided which cuts into the scale and thus also prevents jamming and
      excess vibration. Scale removal is improved by having the line of the tip
      edge at a 45.degree. angle to the spindle axis, and having alternate spoke
      tip edges twisted in opposite directions to equalize side thrust effect
      created by operation of the apparatus. Hardened spoke tips may be used for
      wear resistance, and practice has been to use Stellite (trademark for
      non-ferrous alloys of cobalt, chromium and tungsten). Because the spoke
      tips may provide the greatest maintenance problem, to avoid replacement of
      the whole spindle including all the spokes, the end portion of each spoke,
      say six inches, may be made removable using male-female threaded sections.
      With the novel separator, the dry treated soot can be effectively
      discharged from the vessel by reversing spindle operation. It is then
      carried by conveyors directly to a drying hearth of the roaster.
CLMS
STM  WHAT I CLAIM AS MY INVENTION IS:
NUM  1.
PAR  1. Apparatus for separating mercury from mercury containing material
      comprising a closed horizontal generally barrel-shaped vessel, having
      opposed conical end sections and a central cylindrical section, and
      provided with ports for charging the vessel, and for discharging the
      mercury and the treated residue, agitating means comprising a rotatable
      spindle coaxially extending within said vessel, and provided with a
      plurality of spokes, said spokes being arranged in rows, said rows of
      spokes being parallel to each other and equally spaced along the length of
      the spindle, each row having at least four spokes equiangularly positioned
      about the circumference of the spindle, the spokes in each row being
      off-set from the spokes in the next row except for those in the central
      cylindrical section which are not off-set, said spokes being of equal
      length in each row, but of different lengths in different rows, such that
      a constant distance exists between the free ends of each of the spokes and
      the inner wall of the vessel.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein the three centre rows have
      eight spokes, and the remaining rows each have six spokes, wherein the
      spokes of each row are off-set 30.degree. from those of the next row.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 wherein the spokes are provided with
      knife-like tips.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, wherein the knife-like tips are adapted
      to be attached to the spoke without detaching the spoke from the spindle.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, wherein the knife-like tips are adapted
      to be detached from the spoke without detaching the spoke from the
      spindle.
NUM  6.
PAR  6. Apparatus according to claim 3 wherein the knife-like tips are
      fabricated from wear-resistant material.
NUM  7.
PAR  7. Apparatus as claimed in claim 4 wherein the knife-like tips are
      fabricated from wear-resistant material.
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PAL  Stable solutions that contain at least 7.5% by weight of dissolved chromium
      comprise an organic solvent and a mixture of chromium salts that contains
      at least one chromium salt of a straight-chain aliphatic monocarboxylic
      acid having 5 to 10 carbon atoms and at least one chromium salt of a
      branched-chain aliphatic monocarboxylic acid having 5 to 10 carbon atoms.
BSUM
PAR  This invention relates to organic solvent-soluble chromium salt
      compositions and to solutions of these compositions that contain at least
      7.5% by weight of dissolved chromium. It further relates to a process for
      the preparation of these solutions.
PAR  Chromium salts of aliphatic monocarboxylic acids have found widespread use
      in industry. They are used, for example, in the preparation of paints and
      varnishes, as dewaxing agents, as catalysts in such chemical processes as
      the synthesis of polyolefins and the oxidation of cyclohexane to compounds
      useful as intermediates in the production of nylon, as complexers in the
      dyeing of certain types of fibers, and as corrosion inhibitors in fuels
      for gas turbine engines. In these and other applications, it is preferred
      that the chromium salts be dissolved in organic solvents to form stable
      solutions that have relatively low viscosities even at relatively high
      metal salt concentrations.
PAR  A number of processes for the preparation of chromium salts of organic
      acids have been described in the literature, but none teaches the
      preparation of stable compositions of high chromium content that have
      relatively low viscosities. For example, Malik and Ahmad in J. Amer. Oil
      Chem. Soc., 42, 451-6 (1965) described the preparation of chromium salts
      of stearic acid and palmitic acid by direct methathesis from the
      corresponding sodium soaps and chrome alum. The resulting soaps, which
      contained less than 6.5% Cr, were dissolved in hot organic solvents to
      form solutions from which, on cooling, the chromium salts separated as
      sticky amorphous masses which became glossy solids on ageing. In U.S. Pat.
      No. 3,558,676, Doherty disclosed a process in which metallic salts of
      fatty acids were reacted with basic chromic sulfate to form fatty acid
      chromic sulfate complexes, which were coordination compounds of the Werner
      type.
PAR  This invention is directed to stable chromium salt solutions that contain
      at least 7.5% by weight and in most cases at least 8.0% by weight of
      dissolved chromium and that have relatively low viscosities.
PAR  These chromium salt solutions comprise an organic solvent and a mixture of
      chromium salts of aliphatic monocarboxylic acids having 5 to 10 carbon
      atoms that includes one or more salts of straight-chain acids and one or
      more salts of branched-chain acids. The mixtures of chromium salts that
      form solutions having the desired combination of properties contain from
      about 20 to 80 mole percent of at least one chromium salt of a
      straight-chain acid and 20 to 80 mole percent of at least one chromium
      salt of a branched-chain acid. Mixtures that contain 40 to 60 mole percent
      of a salt of a straight-chain acid and 40 to 60 mole percent of a salt of
      a branched-chain acid are generally preferred. Solutions that have a
      particularly advantageous combination of properties result when the
      mixture of chromium salts contains substantially equimolar amounts of
      salts of straight-chain and branched-chain acids.
PAR  The chromium salt compositions of this invention may be prepared by any
      suitable and convenient procedure. For example, they may be prepared by
      forming a mixture of chromium salts and dissolving this mixture of salts
      in an organic solvent, by dissolving the individual salts in an organic
      solvent, by dissolving one of the salts in a solution containing the other
      salt, or by mixing a solution of one of the salts with a solution of the
      other salt.
PAR  In a preferred process for the preparation of the chromium salt
      compositions of this invention, a mixture of water-soluble salts of
      straight-chain and branched-chain aliphatic monocarboxylic acids having 5
      to 10 carbon atoms is reacted with a water-soluble chromic salt of an
      inorganic acid in aqueous solution in the presence of a water-insoluble
      organic solvent. The chromium salts of the aliphatic acids, which are
      formed almost immediately, dissolve in the organic solvent, while the
      by-product salts remain in aqueous solution. The solution of chromium
      salts, which can be readily separated from the aqueous solution, contains
      at least 7.5% by weight of dissolved chromium and has a relatively low
      viscosity.
PAR  This solution can be washed with water to remove the small amounts of
      by-product salts that are present, or it can be used without further
      treatment or purification as a source of soluble chromium. Alternatively,
      it can be heated under vacuum to remove the solvent and thereby form a dry
      mixture of organic solvent-soluble chromium salts.
PAR  The straight-chain acids that can be used in the preparation of the
      chromium salt compositions of this invention are the saturated and
      unsaturated aliphatic monocarboxylic acids that have from 5 to 10 carbon
      atoms. They include n-pentanoic acid, n-hexanoic acid, n-heptanoic acid,
      n-octanoic acid, n-nonanoic acid, n-decanoic acid, 4-pentenoic acid,
      3-hexenoic acid, and the like. The preferred straight-chain acid is
      n-hexanoic acid.
PAR  The branched-chain acids that can be used in the preparation of the
      chromium salt compositions are the saturated and unsaturated aliphatic
      monocarboxylic acids that have 5 to 10 carbon atoms and that have
      branching at one or more of the alpha and beta positions of the carbon
      chain. Illustrative of these alpha-branched-chain acids are
      2-methylbutanoic acid, 2-ethylbutanoic acid, 2,2-dimethylbutanoic acid,
      2-methyl-2-isopropylbutanoic acid, 2-methylheptanoic acid, 2-ethylhexanoic
      acid, 2-methylnonanoic acid, 2,2-dimethyloctanoic acid, 2-propylheptanoic
      acid, 2-ethyl-2-hexenoic acid, 2-propyl-4-pentenoic acid, and the like.
      The beta-branched-chain acids that can be used include 3-methylbutanoic
      acid, 3,3-dimethylbutanoic acid, 3-ethylpentanoic acid, 3-propylheptanoic
      acid, 3,3-dimethyloctanoic acid, 3-methyl-3-ethylheptanoic acid,
      3-methyl-3-hexenoic acid, 3-isopropyl-2-hexenoic acid, and
      3-ethyl-2-heptenoic acid. Compounds that have branching at both the
      alpha-position and the beta-position can also be used. Examples of these
      acids are 2,3-dimethylbutanoic acid, 2,3-dimethylpentanoic acid,
      2-ethyl-3-methylbutanoic acid, 2-methyl-3,3-diethylpentanoic acid,
      2-methyl-3-ethylheptanoic acid, 2-propyl-3-methylhexanoic acid,
      2,2,3,3-tetramethylhexanoic acid, 2,3-dimethyl-3-hexenoic acid, and
      2-ethyl-3-propylacrylic acid. Acids that have branching at the gamma or
      delta position as well as at the alpha and/or beta position and that can
      be used in the preparation of the chromium salts include
      2-ethyl-4-methylpentanoic acid, 2-ethyl-5,5-dimethylhexanoic acid,
      3,5,5-trimethylhexanoic acid, 2,2,4,4-tetramethylpentanoic acid,
      2-methyl-5-ethylheptanoic acid, 2-propyl-5-methylhexanoic acid, 3-ethyl-
      4-methylpentanoic acid, 2-methyl-4,5-diethylbutanoic acid,
      2,4-dimethyl-2-hexenoic acid, and 2,4,5-trimethyl-3-hexenoic acid.
PAR  The water-soluble salts of the aliphatic acids that can be used in this
      process include the alkali metal salts, that is, the sodium, potassium,
      and lithium salts, and the ammonium salts. The ammonium and sodium salts
      are preferred.
PAR  The water-soluble chromium compounds that are reacted with the salts of the
      aliphatic acids are chromic salts of inorganic acids, such as chromic
      chloride, chromic bromide, chromic nitrate, and chromic sulfate. Chromic
      chloride is generally preferred.
PAR  The solvents that are used in the process are inert, water-insoluble
      organic solvents including hydrocarbons, chlorinated hydrocarbons,
      alkanols having 4 to 10 carbon atoms, heterocyclic compounds, and mixtures
      thereof. The hydrocarbons that can be used include mineral spirits,
      kerosene, naphtha, n-hexane, n-heptane, n-octane, cyclohexane,
      cycloheptane, benzene, toluene, xylene, dipentene, turpentine, and other
      commonly-available economical hydrocarbons having low toxicity and odor.
      Other useful solvents are chloroform, carbon tetrachloride,
      dichloroethylene, chlorobenzene, chlorotoluene, isobutanol, n-amyl
      alcohol, iso-octanol, n-decanol, pyridine, and piperidine. For most
      applications, the preferred solvents are mixtures of hydrocarbons that are
      obtained by the fractional distillation of petroleum and that have from
      about 8 to 20 carbon atoms. Illustrative of these preferred solvents are
      the following:
TBL                     Boiling Range                                          

                        (.degree.C.)                                           

     ______________________________________                                    

     Gasoline              70-200                                              

     Kerosene              90-315                                              

     Mineral spirits      160-190                                              

     Jet Fuel             210-290                                              

     Mineral seal oil     260-330                                              

     ______________________________________                                    

PAL  The amount of solvent used is that which will provide a chromium salt
      solution having the desired content of dissolved chromium and viscosity.
PAR  The temperature at which the reaction is carried out is not critical and
      may be between 40.degree.C. and 100.degree.C. When sodium salts of the
      aliphatic acids are used in the reaction, the preferred temperature range
      is 90.degree. to 95.degree.C.; when the ammonium salts are used, the
      preferred temperature range is 50.degree. to 55.degree.C.
PAR  In a preferred embodiment of the invention, chromium salt solutions that
      contain less than 0.02% by weight of sodium and potassium ions are
      prepared by reacting the ammonium salts of a mixture of straight-chain and
      branched-chain aliphatic monocarboxylic acids with chromic chloride
      hexahydrate in aqueous solution in the presence of a hydrocarbon solvent,
      such as mineral spirits, mineral seal oil, kerosene, jet fuel, or
      cyclohexane. Because they are substantially free of sodium and potassium
      ions, the compositions prepared in this way can be used as the corrosion
      inhibitor in fuels for gas turbine engines.
PAR  In addition to forming alkali metal-free compositions, the process in which
      the ammonium salts of the aliphatic acids are used is simpler and more
      efficient than that in which the sodium salts are used. When the chromium
      salts are formed by the reaction of chromic chloride with the sodium salts
      of the aliphatic acids, the resulting organic phase must be washed with
      large volumes of water to remove by-product sodium chloride from it and
      then dried and concentrated to bring its chromium content to the desired
      level. During these steps, the organic phase frequently thickens and
      becomes gel-like. When this thickening occurs, extended heating is
      necessary to release the trapped water and thereby reduce the viscosity of
      the composition. In addition, emulsification of the organic phase may
      occur during the washing step. This interferes with the removal of sodium
      chloride and also makes it necessary to heat the composition for long
      periods of time to insure the complete removal of water from it. When
      ammonium salts of the aliphatic acids are used in the process, a very
      fluid ungelled organic phase is obtained that requires little or no
      washing and that is readily dried. Since the reaction involving the
      ammonium salts takes place at a lower temperature than that involving the
      sodium salts (50.degree.-55.degree.S. vs. 90.degree.-95.degree.C.),
      processing time is substantially reduced, which results in a more
      efficient and economical commercial operation.
PAR  The chromium salt solutions of this invention contain at least 7.5% by
      weight and preferably 8.0 to 10% by weight of dissolved chromium as the
      metal; the actual metal content is limited for a particular salt
      composition by the molecular weights of the acids used in its preparation
      and the viscosity desired for the chromium salt solution. If desired,
      peptizing agents, such as dipropylene glycol and tripropylene glycol, can
      be used to decrease the viscosity of the solution.
PAR  The invention is further illustrated by the following examples. In these
      examples, viscosity was determined in accordance with the Gardner-Holdt
      procedure using a bubble viscosimeter. This method is fully described in
      various texts including "Stewart's Scientific Dictionary," 4th Edition,
      published by Stewart Research Laboratory, Alexandria, Va.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 822 grams of water, 48 grams (1.2 moles) of sodium hydroxide,
      87 grams (0.6 mole) of 2-ethylhexanoic acid, 70.2 grams (0.6 mole) of
      n-hexanoic acid, and 300 grams of mineral spirits (boiling range,
      160.degree.-190.degree.C.) was vigorously agitated and heated to
      93.degree.-95.degree.C. To this mixture was added 153.3 grams (0.36 mole)
      of chromic chloride hexahydrate as a 62% aqueous solution over a period of
      about 15 minutes. Agitation was continued at 93.degree.-95.degree.C. for
      15 minutes. When the agitation was stopped, the reaction mixture separated
      into two phases. The lower aqueous phase was discarded. The organic phase
      was washed with 1050 ml. of water at 55.degree.-60.degree.C. and then
      heated at 130.degree.C./25 mm Hg for 2 hours to distill off all of the
      water and mineral spirits. There was obtained 154.6 grams of a residue
      that contained equimolar amounts of chromium n-hexanoate and chromium
      2-ethylhexanoate.
PAR  When the residue had cooled to 70.degree.C., 114 grams of cyclohexane and 3
      grams of filter aid (Celite 503) were added to it. The mixture was
      filtered at 70.degree.C. through a filter that had been precoated with 9
      grams of filter aid. The filter cake was washed with cyclohexane. The
      filtrate and the cyclohexane used to wash the filter cake were combined
      and concentrated by distillation until 234 grams of solution remained.
PAR  This solution, which contained equimolar amounts of chromium n-hexanoate
      and chromium 2-ethylhexanoate dissolved in cyclohexane, contained 8.02% Cr
      (100% recovery) and had a Gardner-Holdt viscosity at 25.degree.C. of J.
PAC  COMPARATIVE EXAMPLE A
PAR  A mixture of 274 grams of water, 14.4 grams (0.36 mole) of sodium
      hydroxide, 54.4 grams (0.38 mole) of 2-ethylhexanoic acid, and 155 grams
      of cyclohexane was agitated and heated to its reflux temperature
      (71.degree.C.). To this mixture was added 230.2 grams (0.54 mole) of a 62%
      aqueous solution of chromic chloride hexahydrate. Agitation was continued
      at 70.degree.C. for 15 minutes. When the agitation was stopped, the
      reaction mixture separated into two phases. The lower aqueous phase was
      discarded. The organic phase was washed with two 250 ml. portions of water
      at 50.degree.C. and dried. Then 185 grams of cyclohexane was added to the
      residue. The resulting very viscous solution of chromium 2-ethylhexanoate
      in cyclohexane contained 3.1% Cr.
PAC  COMPARATIVE EXAMPLE B
PAR  The procedure described in Comparative Example A was repeated using 155
      grams of toluene in place of the cyclohexane. The product obtained, which
      was very viscous, contained 5.0% Cr.
PAC  COMPARATIVE EXAMPLE C
PAR  The procedure described in Comparative Example A was repeated using 46.9
      grams (0.4 mole) of n-hexanoic acid in place of the 2-ethylhexanoic acid.
      The product, which contained 8% Cr, was very viscous and could not be
      poured at ambient temperature.
PAC  EXAMPLE 2
PAR  A mixture of 2700 grams of water, 773 grams (4.8 moles) of a 24.8% aqueous
      sodium hydroxide solution, 352 grams (2.44 moles) of 2-ethylhexanoic acid,
      280.8 grams (2.37 moles) of n-hexanoic acid, and 1200 grams of mineral
      spirits was vigorously agitated and heated to 93.degree.-95.degree.C. To
      this mixture was added 613.2 grams (1.44 moles) of a 62% aqueous solution
      of chromic chloride hexahydrate over a period of 15 minutes. Agitation was
      continued at 93.degree.-95.degree.C. for 15 minutes. When the agitation
      was stopped, the reaction mixture separated into two phases. The lower
      aqueous phase was discarded. The organic phase was washed with 4000 ml
      water at 55.degree.-60.degree.C. The resulting gelatinous organic phase
      was heated to 125.degree.C./115 mm Hg. During this heating period, the
      organic phase of a duplicate batch was fed continuously into the
      distilling flask, while mineral spirits and water were distilled from it.
      During the distillation, there was a dramatic reduction in the viscosity
      of the reaction mixture and its color changed from blue-violet to emerald
      green. The distillation was continued until a residue of 1542 grams
      remained. This residue consisted of chromium n-hexanoate and chromium
      2-ethylhexanoate. When the residue had cooled to 100.degree.C., 158 grams
      of mineral spirits and 12 grams of filter aid (Celite 503) were added to
      it, and the resulting slurry was filtered at 100.degree.C. through a
      filter that had been precoated with filter aid. The filter cake was washed
      with mineral spirits. The mineral spirits used to wash the filter cake and
      additional mineral spirits were added to the filtrate to bring its weight
      to 1841 grams.
PAR  The resulting solution of chromium n-hexanoate and chromium
      2-ethylhexanoate in mineral spirits contained 8.04% Cr (99.5% recovery),
      had a Gardner-Holdt viscosity at 25.degree.C. of E, and contained 0.02% of
      sodium.
PAC  EXAMPLE 3
PAR  A mixture of 1500 grams of water, 730 grams of a 26.2% aqueous sodium
      hydroxide solution, 352 grams (2.44 moles) of 2-ethylhexanoic acid, 280.8
      grams (2.37 moles) of n-hexanoic acid, and 1000 grams of mineral seal oil
      (boiling range, 260.degree.-330.degree.C.) was agitated and heated to
      93.degree.-95.degree.C. To this mixture was added 613.2 grams (1.44 moles)
      of a 62% aqueous solution of chromic chloride hexahydrate over a period of
      15 minutes. Agitation was continued for 15 minutes. When the agitation was
      stopped, the reaction mixture separated into two phases. The aqueous phase
      was discarded. The gelatinous organic phase was washed with four 2000 ml.
      portions of water at 55.degree.-60.degree.C. and then heated to
      130.degree.C./125 mm Hg. During the distillation, the viscosity of the
      mixture was gradually reduced, and its color changed from blue to green.
      The distillation was continued until a residue of 715 grams remained. This
      residue at 110.degree.C. was filtered through a filter that had been
      precoated with filter aid (Celite 503) and then diluted with 205 grams of
      mineral seal oil. The resulting solution, which contained 8.0% Cr, had a
      Gardner-Holdt viscosity at 25.degree.C. of L.
PAC  EXAMPLE 4
PAR  The procedure described in Example 3 was repeated except that the solvent
      was jet fuel. This solvent, which is available as JP-5 Jet Fuel, has a
      flash point of 50.degree.C. and a boiling range of
      210.degree.-290.degree.C. The product obtained contained 8.06% Cr and had
      a Gardner-Holdt viscosity at 25.degree.C. of H and a flash point of
      55.degree.C.
PAC  EXAMPLE 5
PAR  A mixture of 300 grams of water, 116.7 grams (1.96 moles) of a 28.6%
      aqueous ammonium hydroxide solution, 140.8 grams (0.98 mole) of
      2-ethylhexanoic acid, 112.2 grams (0.948 mole) of n-hexanoic acid, and 118
      grams of mineral seal oil was brought to 50.degree.-51.degree.C. To this
      mixture was added 257.5 grams (0.594 mole) of a 62% aqueous solution of
      chromic chloride hexahydrate over a period of 6 minutes while the reaction
      mixture was vigorously agitated. Then 10 ml. of water and 7.6 grams of a
      28.6% aqueous ammonium hydroxide solution were added. Agitation was
      continued at 55.degree.C. for 10 minutes and then stopped to allow the
      phases to separate. The lower aqueous phase was discarded. The organic
      phase was heated at 130.degree.C./125 mm Hg for 1.5 hours. To the residue
      was added 3.7 grams of filter aid (Celite 503). The resulting slurry was
      filtered at  60.degree.C.
PAR  There was obtained 370.7 grams of a solution that contained chromium
      n-hexanoate and chromium 2-ethylhexanoate that contained 8.07% Cr (96.6%
      recovery), and that had a Gardner-Holdt viscosity at 25.degree.C. of R.
PAC  COMPARATIVE EXAMPLE D
PAR  The procedure described in Example 5 was repeated using 1.96 moles of
      n-hexanoic acid in place of the mixture of acids. There was obtained 362.3
      grams of a solution of chromium n-hexanoate in mineral seal oil that
      contained about 8% Cr and that had a very high viscosity. On standing
      overnight, the product separated into two phases.
PAC  COMPARATIVE EXAMPLE E
PAR  The procedure described in Example 5 was repeated using 278 grams (1.92
      moles) of 2-ethylhexanoic acid in place of the mixture of acids. There was
      obtained 380.6 grams of a very viscous solution of chromium
      2-ethylhexanoate in mineral seal oil that contained 6.8% Cr.
PAC  EXAMPLE 6
PAR  To a mixture of 2400 grams of water, 1689.6 grams (11.7 moles) of
      2-ethylhexanoic acid, 1346.4 grams (11.35 moles) of n-hexanoic acid, and
      1400 grams (23.5 moles) of a 28.6% aqueous ammonium hydroxide solution at
      64.degree.C. was added 1415 grams of kerosene. The mixture was cooled to
      50.degree.C., and it was vigorously agitated while 3090 grams (7.13 moles)
      of a 62% aqueous solution of chromic chloride hexahydrate was added to it
      over a period of 6 minutes. An additional 120 grams of water and 182.8
      grams (0.306 mole) of the 28.6% ammonium hydroxide solution were added.
      Agitation was continued at 50.degree.C. for 10 minutes, and the phases
      were then allowed to separate. The aqueous phase was discarded. The
      organic phase was heated at 130.degree.C./125 mm Hg for 1.5 hours. To the
      residue were added 45.0 grams of filter aid (Celite 512) and 186 grams of
      kerosene. The resulting slurry was cooled to 60.degree.C. and filtered.
PAR  There was obtained 4429.7 grams of a chromium mixed salt solution that
      contained 8.08% Cr (96.4% recovery) and had a Gardner-Holdt viscosity at
      25.degree.C. of M.
PAC  EXAMPLE 7
PAR  To a mixture of 1000 grams of water, 704.6 grams of 2-ethylhexanoic acid,
      and 561.4 grams of n-hexanoic acid was added 583.8 grams of a 28.6%
      aqueous solution of ammonium hydroxide. The temperature of the reaction
      mixture rose to 65.degree.C. To this mixture was added 590 grams of
      kerosene. The mixture was cooled to 50.degree.C., and 1288.5 grams of a
      62% aqueous solution of chromic chloride hexahydrate was added to it.
      After the addition of 50 grams of water and 38.1 grams of the ammonium
      hydroxide solution, the mixture was agitated for 10 minutes and then
      allowed to separate into phases. The aqueous phase was discarded. The
      organic phase was heated to 130.degree.C./125 mm Hg. To the residue were
      added 19 grams of filter aid (Celite 512) and 75 grams of kerosene. The
      resulting slurry was cooled to 60.degree.C. and filtered.
PAR  There was obtained 1843.6 grams of a chromium mixed salt solution that
      contained 8.1% Cr (96.7% recovery) and had a Gardner-Holdt viscosity at
      25.degree.C. of L.
PAC  EXAMPLE 8
PAR  To a mixture of 400 grams of water, 443.5 grams (3.07 moles) of
      2-ethylhexanoic acid, and 90.8 grams (0.767 mole) of n-hexanoic acid, was
      added 233 grams (3.91 moles) of a 28.6% aqueous ammonium hydroxide
      solution. The temperature of the reaction mixture rose to 63.degree.C. To
      this mixture was added 207 grams of mineral seal oil. The mixture was
      cooled to 50.degree.C., and 515 grams (1.189 moles) of a 62% aqueous
      solution of chromic chloride hexahydrate was added to it. After the
      addition of 20 grams of water and 15.2 grams of the ammonium hydroxide
      solution, the mixture was agitated for 10 minutes and then allowed to
      separate into phases. The aqueous phase was discarded. The organic phase
      was dried at 130.degree.C./125 mm Hg for 1.5 hours and then cooled to
      60.degree.C. Filter aid (Celite 512) was added, and the slurry was
      filtered.
PAR  There was obtained 777 grams of a chromium mixed salt solution that
      contained 8.14% Cr (100% recovery) and had a Gardner-Holdt viscosity at
      25.degree.C. of S.
PAC  EXAMPLE 9
PAR  The procedure described in Example 8 was repeated except that 111.1 grams
      (0.767 mole) of 2-ethylhexanoic acid and 363 grams (3.07 moles) of
      n-hexanoic acid were used.
PAR  There was obtained 719.1 grams of a chromium mixed salt solution that
      contained 8.06% Cr and had a Gardner-Holdt viscosity at 25.degree.C. of
      Z+.
PAC  EXAMPLE 10
PAR  The procedure described in Example 8 was repeated except that kerosene was
      used in place of mineral seal oil. At the end of the vacuum drying step,
      18.3 grams of the 24.4 grams of kerosene that had codistilled during
      drying was added to the product prior to filtration. There was obtained
      768.8 grams of a chromium mixed salt solution that contained 7.9% Cr
      (98.3% recovery) and had a Gardner-Holdt viscosity at 25.degree.C. of K.
PAC  EXAMPLE 11
PAR  The procedure described in Example 8 was repeated except that 281.6 grams
      (1.95 moles) of 2-ethyl-4-methylpentanoic acid and 224.4 grams (1.89
      moles) of n-hexanoic acid were used as the acid mixture.
PAR  There was obtained 768.4 grams of a chromium mixed salt solution that
      contained 8.2% Cr (100% recovery). When this solution was diluted with 15
      grams of mineral seal oil, it contained 8.0% Cr and had a Gardner-Holdt
      viscosity at 25.degree.C. of S.
PAC  COMPARATIVE EXAMPLE F
PAR  The procedure described in Example 8 was repeated except that 563.2 grams
      of 2-ethyl-4-methylpentanoic acid was used in place of the mixture of
      acids.
PAR  The product obtained was very viscous and could not be filtered.
PAC  COMPARATIVE EXAMPLE G
PAR  The procedure described in Example 8 was repeated except that 113.5 grams
      of 4-methylpentanoic acid was used in place of the 2-ethylhexanoic acid.
PAR  The very viscous product obtained was unstable and separated into two
      phases on standing.
PAC  EXAMPLE 12
PAR  To a mixture of 120 grams of water, 115.9 grams (0.67 mole) of
      2-propylheptanoic acid and 78 grams (0.66 mole) of n-hexanoic acid was
      added 81.5 grams (1.37 moles) of a 28.6% aqueous ammonium hydroxide
      solution. The temperature of the reaction mixture rose to 60.degree.C. To
      this mixture was added 82.2 grams of mineral seal oil. The mixture was
      cooled to 50.degree.C., and 180.2 grams of a 62% aqueous solution of
      chromic chloride hexahydrate was added to it. After the addition of 7
      grams of water and 5.3 grams of the ammonium hydroxide solution, the
      mixture was agitated for 10 minutes and then allowed to separate into
      phases. The aqueous phase was discarded. The organic phase was dried at
      130.degree.C./125 mm Hg for 1.5 hours and then cooled to 60.degree.C. and
      filtered. There was obtained 282.7 grams of a chromium mixed salt solution
      that contained 7.5% Cr (98.1 % recovery) and had a Gardner-Holdt viscosity
      at 25.degree.C. of S.
PAC  EXAMPLE 13
PAR  The procedure described in Example 8 was repeated except that the acid
      mixture was replaced by 310 grams (1.96 moles) of 3,5,5-trimethylhexanoic
      acid and 224.4 grams (1.89 moles) of n-hexanoic acid.
PAR  There was obtained 765 grams of a chromium mixed salt solution that
      contained 7.7% Cr (95.7% recovery) and had a Gardner-Holdt viscosity at
      25.degree.C. of Z-2.
PAC  COMPARATIVE EXAMPLE H
PAR  The procedure described in Example 8 was repeated except that 620 grams of
      3,5,5-trimethylhexanoic acid was used in place of the mixture of acids.
PAR  The product obtained, which was extremely viscous, separated into two
      phases on standing at ambient temperature.
PAC  EXAMPLE 14
PAR  The procedure described in Example 8 was repeated except that the acid
      mixture was replaced by 218 grams (1.95 moles) of 2-ethyl-3-propylacrylic
      acid and 224.4 grams (1.89 moles) of n-hexanoic acid.
PAR  There was obtained 765 grams of a chromium mixed salt solution that
      contained 7.7% Cr (91.6% recovery) and had a Gardner-Holdt viscosity at
      25.degree.C. of Y.
PAC  COMPARATIVE EXAMPLE I
PAR  The procedure described in Example 8 was repeated except that 562 grams of
      2-ethyl-3-propylacrylic acid was used in place of the mixture of acids.
PAR  The product obtained contained 7.3% and had a Gardner-Holdt viscosity at
      25.degree.C. of X.
PAR  From the data in Examples 1-14 and Comparative Examples A-I, it will be
      seen that when a mixture of a straight-chain monocarboxylic acid and a
      monocarboxylic acid having branching at the alpha position and/or at the
      beta position is used in their preparation the chromium salts form stable
      solutions that contain at least 7.5% and in most cases at least 8.0% of
      dissolved chromium and that have relatively low viscosities. When a
      straight-chain acid or an alpha- or beta-branched-chain acid is used alone
      or in combination with a gamma-branched acid, the resulting chromium salts
      are less soluble in organic solvents and form solutions that contain less
      than 7.5% Cr, that are very viscous, and that are often unstable on
      standing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stable solution containing at least 7.5% by weight of dissolved
      chromium that comprises an inert, water-insoluble organic solvent and a
      mixture of chromium salts that contains 20 to 80 mole percent of at least
      one chromium (III) salt of a straight-chain aliphatic monocarboxylic acid
      having 5 to 10 carbon atoms and 20 to 80 mole percent of at least one
      chromium (III) salt of a branched-chain aliphatic monocarboxylic acid
      having 5 to 10 carbon atoms, said branched-chain acid having branching at
      one or more of the alpha and beta positions of the chain.
NUM  2.
PAR  2. A stable solution as set forth in claim 1 that contains at least 8.0% by
      weight of dissolved chromium.
NUM  3.
PAR  3. A stable solution as set forth in claim 1 wherein the mixture of
      chromium salts contains 40 to 60 mole percent of said chromium (III) salt
      of a straight-chain acid and 40 to 60 mole percent of said chromium (III)
      salt of a branched-chain acid.
NUM  4.
PAR  4. A stable solution as set forth in claim 1 wherein the mixture of
      chromium salts contains about 50 mole percent of said chromium (III) salt
      of a straight-chain acid and 50 mole percent of said chromium (III) salt
      of a branched-chain acid.
NUM  5.
PAR  5. A stable solution as set forth in claim 1 wherein the mixture of
      chromium (III) salts contains chromium 2-ethylhexanoate.
NUM  6.
PAR  6. A stable solution as set forth in claim 1 wherein the mixture of
      chromium (III) salts contains chromium 2-ethyl-4-methylpentanoate.
NUM  7.
PAR  7. A stable solution as set forth in claim 1 wherein the mixture of
      chromium (III) salts contains chromium 2-propylheptanoate.
NUM  8.
PAR  8. A stable solution as set forth in claim 1 wherein the mixture of
      chromium (III) salts contains chromium 3,5,5-trimethylhexanoate.
NUM  9.
PAR  9. A stable solution as set forth in claim 1 wherein the mixture of
      chromium (III) salts contains chromium 2-ethyl-3-propylacrylate.
NUM  10.
PAR  10. A stable solution as set forth in claim 1 wherein the mixture of
      chromium (III) salts contains chromium n-hexanoate.
NUM  11.
PAR  11. A stable solution as set forth in claim 1 wherein the organic solvent
      is an inert, water-insoluble organic solvent selected from the group
      consisting of hydrocarbons, chlorinated hydrocarbons, alkanols having 4 to
      10 carbon atoms, heterocyclic compounds, and mixtures thereof.
NUM  12.
PAR  12. A stable solution as set forth in claim 1 that comprises a mixture of
      about 50 mole percent of chromium (III) n-hexanoate and about 50 mole
      percent of chromium (III) 2-ethylhexanoate dissolved in a hydrocarbon
      solvent.
NUM  13.
PAR  13. A chromium salt composition that comprises 20 to 80 mole percent of a
      chromium (III) salt of a straight-chain aliphatic monocarboxylic acid
      having 5 to 10 carbon atoms and 20 to 80 mole percent of a chromium (III)
      salt of a branched-chain aliphatic monocarboxylic acid having 5 to 10
      carbon atoms, said branched-chain acid having branching in one or more of
      the alpha and beta positions of the chain.
NUM  14.
PAR  14. A chromium salt compositon as set forth in claim 13 that comprises 40
      to 60 mole percent of said chromium (III) salt of a straight-chain
      monocarboxylic acid and 40 to 60 mole percent of said chromium (III) salt
      of a branched-chain monocarboxylic acid.
NUM  15.
PAR  15. A chromium salt composition as set forth in claim 13 that comprises
      about 50 mole percent of chromium (III) n-hexanoate and about 50 mole
      percent of chromium (III) 2-ethylhexanoate.
NUM  16.
PAR  16. The process for the production of chromium salt compositions that
      contain at least 7.5% by weight of dissolved chromium that comprises the
      steps of
PA1  a. contacting a mixture of water-soluble salts of aliphatic acids with a
      water-soluble chromic salt of an inorganic acid selected from the group
      consisting of chromic chloride, chromic bromide, chromic nitrate, and
      chromic sulfate in aqueous solution in the presence of an inert,
      water-insoluble organic solvent, said mixtures of water-soluble acid salts
      containing 20 to 80 mole percent of at least one water-soluble salt of a
      straight-chain aliphatic monocarboxylic acid having 5 to 10 carbon atoms
      and 20 to 80 mole percent of at least one water-soluble salt of a
      branched-chain aliphatic monocarboxylic acid having 5 to 10 carbon atoms,
      said branched-chain acid having branching at one or more of the alpha and
      beta positions of its chain; and
PA1  b. recovering a chromium salt composition that is a solution of the
      chromium (III) salts of said aliphatic monocarboxylic acids in the organic
      solvent.
NUM  17.
PAR  17. The process for the production of chromium salt compositions that
      contain at least 7.5% by weight of dissolved chromium that comprises the
      steps of
PA1  a. contacting a mixture of ammonium salts of aliphatic acids with chromic
      chloride hexahydrate in aqueous solution in the presence of an inert
      water-insoluble organic solvent, said mixture of ammonium salts containing
      20 to 80 mole percent of at least one salt of a straight-chain aliphatic
      monocarboxylic acid having 5 to 10 carbon atoms and 20 to 80 mole percent
      of at least one salt of a branched-chain aliphatic monocarboxylic acid
      having 5 to 10 carbon atoms, said branched-chain acid having branching at
      one or more of the alpha and beta positions of its chain; and
PA1  b. recovering a chromium salt composition that is a solution of the
      chromium (III) salts of said aliphatic monocarboxylic acids in the organic
      solvent.
NUM  18.
PAR  18. The process of claim 17 wherein the mixture of ammonium salts contains
      40 to 60 mole percent of the salt of the straight-chain acid and 40 to 60
      percent of the salt of the branched-chain acid.
NUM  19.
PAR  19. The process of claim 17 wherein the mixture of ammonium salts contains
      about 50 mole percent of the salt of the straight-chain acid and about 50
      mole percent of the salt of the branched-chain acid.
NUM  20.
PAR  20. The process of claim 17 wherein the straight-chain acid is n-hexanoic
      acid.
NUM  21.
PAR  21. The process of claim 17 wherein the branched-chain acid is
      2-ethylhexanoic acid.
NUM  22.
PAR  22. The process of claim 17 wherein the branched-chain acid is
      2-ethyl-4-methylpentanoic acid.
NUM  23.
PAR  23. The process of claim 17 wherein the branched-chain acid is
      2-propylheptanoic acid.
NUM  24.
PAR  24. The process of claim 17 wherein the branched-chain acid is
      3,5,5-trimethylhexanoic acid.
NUM  25.
PAR  25. The process of claim 17 wherein the branched-chain acid is
      2-ethyl-3-propylacrylic acid.
NUM  26.
PAR  26. The process of claim 17 wherein the mixture of ammonium salts is
      contacted with chromic chloride hexahydrate at a temperature in the range
      of 50.degree. to 55.degree.C.
NUM  27.
PAR  27. The process of claim 17 wherein the organic solvent is selected from
      the group consisting of hydrocarbons, chlorinated hydrocarbons, alkanols
      having 4 to 10 carbon atoms, heterocyclic compounds, and mixtures thereof.
NUM  28.
PAR  28. The process of claim 27 wherein the organic solvent is a hydrocarbon.
NUM  29.
PAR  29. The process of claim 28 wherein the organic solvent is mineral seal
      oil.
NUM  30.
PAR  30. The process of claim 28 wherein the organic solvent is mineral spirits.
NUM  31.
PAR  31. The process of claim 28 wherein the organic solvent is kerosene.
NUM  32.
PAR  32. The process of claim 17 wherein a mixture of chromium salts is
      recovered from said solution.
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ABST
PAL  An antifriction polymeric material intended for use in friction members
      designed to withstand specific pressures of up to 400 kg/sq.cm. and
      sliding speeds of up to 0.1 m/sec., which is formed as a cured composition
      comprising the following components, parts by weight:
TBL  epoxy binder             36 - 48                                          

     glass cloth or fiberflass                                                 

                              42 - 44                                          

     polytetrafluoroethylene of crystal-                                       

     linity 0.60 and particle size from                                        

     0.3 to 1.5 cu.mm.         8 - 22.                                         

BSUM
PAR  The present invention relates to antifriction polymeric materials and
      compositions for antifriction materials.
PAR  Those skilled in the art are familar with numerous antifriction materials,
      both metallic and non-metallic.
PAR  The most widespread materials for friction members, for instance those
      employed in hydraulic turbines, are bronze and wood laminate.
PAR  With the growth of specific loads to be withstood by hydraulic turbine
      friction members, said materials have ceased to meet the now more
      stringent reliability requirements; more serious still, they are entirely
      unsuitable for lubrication-free conditions.
PAR  It is likewise known in the art to employ a range of polymeric materials on
      the basis of polyamide-, phenolic-formaldehyde- and other synthetic
      resins.
PAR  These, however, are rarely employed for hydraulic turbine friction members,
      for they lack the required set of properties, viz. ability to withstand
      specific pressures of from 250 to 400 kg/sq.cm., water- and oil
      resistance, low friction coefficient under lubrication-free conditions in
      water or mineral oil media, and ability to resist tropical conditions.
PAR  Thus, materials on the basis of polyamides and phenolic resins are lacking
      in water resistance; those based on polytetrafluoroethylene have
      inadequate compressive strength, or load-carrying capacity.
PAR  Materials based on epoxy resins with glass cloth are known for their
      excellent strength and water-resisting properties, but their antifriction
      properties are below par.
PAR  The present invention, therefore, seeks to provide a polymeric material
      combining high water resistance and high strength with adequate
      antifriction properties for use in friction members designed to withstand
      specific pressures of up to 400 kg/sq.cm. and sliding speeds of up to 0.1
      m/sec. in water and oil media.
PAR  The foregoing object is attained by the provision of a composition for an
      antifriction material which, in accordance with the invention, comprises
      the following components, parts by weight:
TBL  epoxy binder             36 - 48                                          

     glass cloth or fibreglass                                                 

                              42 - 44                                          

     polytetrafluoroethylene of crystallini-                                   

     ty 0.60                   8 - 22                                          

PAR  The epoxy binder is an epoxy resin of molecular weight from 360 to 470
      containing 20 percent by weight of epoxy groups, which includes 20 parts
      by weight of dibutylphthalate plasticizer and 10 to 12 parts by weight of
      polyethylenepolyamine curing agent per 100 parts by weight of the resin.
PAR  The polytetrafluoroethylene is present in the composition in the form of
      0.3 to 1.5 cu.mm. particles.
PAR  The specific particle size is selected within said limits depending on the
      friction surface area of the contacting parts.
PAR  The composition of this invention is prepared by way of mechanical mixing
      of said ingredients in said proportions.
PAR  In accordance with the invention, there is provided an antifriction
      material designed for use in sliding-friction members at specific
      pressures of from 250 to 400 kg/sq.cm. and sliding speeds of from 0.004 to
      0.1 m/sec, said antifriction material being formed as a cured composition
      containing the above ingredients taken in the above proportions.
PAR  So, the proposed antifriction material is an epoxy fibreglass-reinforced
      plastic with polytetrafluoroethylene particles embedded therein.
PAR  The material of this invention can be advantageously employed in sliding
      friction members under lubrication-free conditions as well as with the use
      of water and turbine oil lubrication.
PAR  The compound of the above composition may be cured either at room
      temperature or at a temperature from 100.degree. to 150.degree.C.
PAR  The preparation and curing of the proposed composition may be actually
      combined with the manufacture of objects therefrom.
PAR  Also falling within the scope of the present invention are objects
      manufactured from the proposed material or those coated with said
      antifriction material about the friction surfaces thereof.
PAR  The above objects may be sliding bearings, inserts, guide linings, bushings
      or bearing rings.
PAR  The proposed antifriction material was tested on a laboratory testing unit
      simulating a full-scale friction member in the form of a bushing at
      specific pressures of from 250 to 400 kg/sq.cm. and a sliding speed of
      0.004 m/sec. under lubrication-free conditions as well as with the use of
      water or mineral oil lubrication.
PAR  Over the entire 50 hours of the testing period, the friction coefficient
      stayed below 0.06; whereas while testing a bronze member lubricated with a
      consistent grease, all other conditions being equal, the working surface
      showed signs of incipient destruction.
PAR  Experimental specimens of a sliding bearing constructed from the material
      of this invention were tested under actual operating conditions over a
      prolonged period of time to exhibit excellent antifriction properties and
      practically absolute wear resistance.
PAR  Depending on the size and shape of manufactured objects, there are proposed
      two basic production processes:
PAR  a. moulding of glass cloth or fibreglass impregnated with said epoxy binder
      containing particles of said polytetrafluoroethylene;
PAR  b. impregnation of glass cloth strips with an epoxy binder containing said
      polytetrafluoroethylene particles and pasting the thus obtained material
      on the friction surface.
PAR  The invention will be further understood from the following exemplary
      embodiments thereof.
DETD
PAC  EXAMPLE 1
PAR  40 parts by weight of epoxy binder, 42 parts by weight of glass cloth and
      18 parts by weight of polytetrafluoroethylene of particle size 1 cu.mm.
      are thoroughly mixed, loaded into an appropriate mould, moulded at a
      specific pressure of 500 kg/sq.cm. and allowed to stand in said mould for
      24 hours at room temperature.
PAR  In order to speed up the curing procedure, the mould containing the
      material may be subjected to heating to 100.degree. - 150.degree.C.
PAR  This technique was employed to manufacture bushings measuring up to 200 mm
      in diameter for the bearings of hydraulic turbine stators, as well as
      support rings for bearings.
PAC  EXAMPLE 2
PAR  The starting ingredients are 48 parts by weight of epoxy binder, 40 parts
      by weight of glass cloth in the form of strips and 12 parts by weight of
      polytetrafluoroethylene of particle size 0.5 cu.mm.
PAR  The glass cloth strips are impregnated with the epoxy binder containing the
      polytetrafluoroethylene particles and then applied, one by one, onto a
      prepared friction surface.
PAR  The composition is cured for 24 hours at room temperature, with the
      material adhering to the friction surface of the object as the curing
      progresses.
PAR  In this way, the friction surfaces of hydraulic turbine bearings up to 400
      mm in diameter were coated with 3-mm layers of the proposed antifriction
      material.
PAR  The material of Example 1 has a density of approximately 1.6 g/cu.cm. and a
      compressive strength of approximately 1,200 kg/sq.cm; the material of
      Example 2 has a density of approximately 1.4 g/cu.cm. and a compressive
      strength of approximately 1,000 kg/sq.cm.
PAR  Thus, as is demonstrated by the foregoing examples, the antifriction
      material of this invention is prepared, cured and made into a manufactured
      object, all in a single process.
PAR  The materials obtained in the procedures described in Examples 1 and 2 were
      employed to manufacture sliding bearings tested at specific pressures of
      from 250 to 400 kg/sq.cm. and a sliding speed of 0.004 m/sec. Under
      lubrication-free conditions, the friction coefficient in the tests stayed
      below 0.06.
PAR  Sliding bearings coated with the proposed antifriction material about the
      friction surfaces thereof can be advantageously employed in the stators of
      highpower hydraulic turbines, e.g. rated at up to 700 megawatts.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition for antifriction materials, comprising the following
      components, parts by weight:
TBL  epoxy binder             36 - 48                                          

     glass cloth or fibreglass                                                 

                              42 - 44                                          

     polytetrafluoroethylene of crystalli-                                     

     nity 0.60                 8 - 22.                                         

NUM  2.
PAR  2. A composition as claimed in claim 1, wherein the epoxy binder is an
      epoxy resin of molecular weight from 360 to 470 and containing 20 percent
      of epoxy groups, which includes 20 parts by weight of dibutylphthalate
      plasticizer and 10 to 12 parts by weight of polyethylenepolyamine curing
      agent per 100 parts by weight.
NUM  3.
PAR  3. A composition as claimed in claim 1, wherein the polytetrafluoroethylene
      is present in the form of particles from 0.3 to 1.5 cu.mm. in size.
NUM  4.
PAR  4. An antifriction polymeric material for use in friction members at
      specific pressures of up to 400 kg/sq.cm. and sliding speeds of up to 0.1
      m/sec., which is formed as a cured composition comprising the following
      ingredients, parts by weight:
TBL  epoxy binder             36 - 48                                          

     glass cloth or fibreglass                                                 

                              42 - 44                                          

     polytetrafluoroethylene of crystalli-                                     

     nity 0.60 and particle size from 0.3                                      

     to 1.5 cu.mm.             8 - 22.                                         

NUM  5.
PAR  5. An antifriction polymeric material as claimed in claim 4, wherein the
      epoxy binder is an epoxy resin of molecular weight from 360 to 470
      containing 20 percent by weight of epoxy groups, which includes 20 parts
      by weight of dibutylphthalate and 10 to 12 parts by weight of
      polyethylenepolyamine per 100 parts by weight.
NUM  6.
PAR  6. A manufactured object for sliding-friction members constructed from a
      material as claimed in claim 4.
NUM  7.
PAR  7. A manufactured object for sliding-friction members coated on the surface
      thereof with a material as claimed in claim 4.
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ABST
PAL  Disclosed is a stable organic phase coating composition useful for treating
      a metallic surface prior to non-cutting cold forming which contains from
      0.5 to 10 weight % water, from 30 to 94 weight % of an organic lubricant
      and from 5 to 60 weight % of the reaction product obtained by reacting the
      salt of a multivalent metal cation, a polyphosphoric acid, and an alcohol
      of 10 to 36 carbon atoms in a weight ratio of metallic cation: P.sub.2
      O.sub.5 equivalent: alcohol of 1:3-60: 14-150. A major advantage of using
      this composition to form the lubricant coating on the metallic surface is
      that the lubricating layer may be applied in a single step instead of by a
      two-step process as in the past.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of U.S. Ser. No. 216,731 filed
      Jan. 10, 1972 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the art of applying a lubricant coating to a
      metallic surface which is to be subjected to non-cutting cold forming.
      Such lubricating layers are necessary primarily in order to avoid
      striation of the surface of the workpiece, seizure of the workpiece in the
      drawing die, and damage to the forming die itself.
PAR  In the past, it has been common to provide the lubricant layer on the
      workpiece via a two-stage process. According to this conventional process,
      the workpiece is first contacted with a phosphate-containing composition
      in order to form a phosphate-based deposit on the surface by chemical
      reaction. Thereafter, the workpiece is contacted with an organic lubricant
      composition such as a soap melt or solution prior to the actual cold
      forming. Without the prior phosphate coating, the adhesion qualities of
      the organic lubricant alone have been found to be unsatisfactory for
      severe cold forming operations.
PAR  As an alternative to this two-stage process, attempts have been made to
      combine the phosphating composition with the organic lubricant in order
      that one of the stages may be eliminated. Those systems suggested,
      however, have been water-based systems containing a dissolved phosphate
      compound with the organic lubricant component being miscible or emulsified
      therein. The disadvantage of such compositions is that their stability is
      very poor. Once the organics and the water-soluble components separate as
      distinct phases, the composition is no longer useful for its intended
      purpose.
PAR  Numerous addition agents such as long chain amines or amides and phosphoric
      acid esters have been taught for use in lubricant compositions, but no one
      has suggested the stable organic phase coating composition of the present
      invention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention includes a coating composition useful for treating a
      metallic surface prior to non-cutting cold forming as well as a process
      for using the composition and a method of preparing it. The composition
      contains from 5 to 60 weight % of a reaction product, from 30 to 94 weight
      % of an organic lubricant of at least 12 carbon atoms and from 0.5 to 10
      weight % water and exhibits a pH value of below 3.
PAR  The reaction product is obtained by reacting a salt of a multivalent metal
      cation, a polyphosphoric acid, and an alcohol of 10 to 36 carbon atoms in
      a weight ratio of metallic cation: P.sub.2 O.sub.5 equivalent: alcohol of
      1:3-60:14-150. Where the lubricating composition contains low concentrates
      of the reaction product, the alcohol content is preferably low compared to
      the multivalent metal cation and polyphosphoric acid.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Examples of suitable organic lubricants are the hydrocarbon oils, fatty
      acids, naturally occurring animal and vegetable oils and the alcohol,
      ester and amine derivatives of the foregoing. Preferred organic lubricants
      are the mineral oils, oleic acid and oleyl amine. The viscosity of the
      mineral oil should be between 2.4 and 15.degree. Engler (50.degree.C). The
      fatty acids and animal and vegetable oils should have from 8 - 22 carbon
      atoms. The organic lubricant is preferably present in a concentration of
      64 - 89 weight %.
PAR  The water content of the composition is very critical. While a small amount
      of water has been found necessary to catalyze and accelerate the reaction
      of the phosphate with the metallic surface, an excess of water results in
      an undue instability of the composition. If the composition becomes
      unstable and separates into two phases, little reaction occurs probably
      because the phosphate components are removed from effective contact with
      the metal surface by virtue of their solubility in the water phase.
      Desired water concentration may be maintained either by separate addition
      or via the water content normally present in the other components employed
      in the composition. Excellent lubricating results are obtained while
      maintaining acceptable stability when the water content is maintained
      below 7% and even more preferably between about 1 and 2%. Higher water
      concentrations may necessitate including surfactants in the composition to
      maintain phase stability.
PAR  The third essential component of the coating composition is a product
      obtained by combining three specified reactants. The first reactant is a
      salt of a multivalent metal cation. A preferred multivalent metal is iron.
      Other suitable cations include zinc, manganese, molybdenum, tungsten,
      aluminum, lead, magnesium and calcium. The cation is preferably added as
      the phosphate salt although other salts such as sulfate, nitrate and
      halides may be employed. The second reactant is a polyphosphoric acid
      which is preferably 76 to 85 weight % P.sub.2 O.sub.5 . The third reactant
      is an alcohol of 10 to 36 carbon atoms and is preferably an alkyl or alkyl
      aryl alcohol. Most preferably, the alcohol comprises a fatty alcohol of
      about 18 carbon atoms such as oleyl alcohol. Natural alcohols such as wool
      fat alcohol are also suitable. The reaction product obtained by combining
      the foregoing reactants should be present in the composition in an amount
      of 5 to 60 weight % and preferably in an amount of 10 to 35 weight %.
PAR  In order to obtain the desired reaction product, the multivalent metal salt
      may conventionally be dissolved in the polyphosphoric acid. This reaction
      results in an exothermic heat of solution. Thereafter, the aforementioned
      solution is combined with the alcohol and maintained at a temperature of
      at least 50.degree.C and up to 150.degree.C or higher for a period of at
      least 30 minutes. Preferably, the temperature is at least 60.degree.C and
      most preferably at least 70.degree.C. Higher temperatures speed the rate
      of reaction between the alcohol, the polyphosphoric acid, and the
      multivalent metal cation.
PAR  The reactants should be combined for reaction purposes in a weight ratio of
      metallic cation : P.sub.2 O.sub.5 equivalent : alcohol of 1:3-60:14-150.
      On a mole basis, the corresponding ratios are about 1:1.5-15:3-30.
PAR  The composition of the invention may be employed for lubricating many kinds
      of metals such as steel, alloyed steel, zinc and aluminum. It has found
      particular use for the treatment of iron and steel. Depending on the
      viscosity of the organic lubricant employed, the coating composition may
      vary from very fluid to pasty in consistency.
PAR  Application of the lubricant coating to the workpiece may be accomplished
      in the conventional manner. In the dip technique, the composition is
      maintained at a temperature of from ambient to 100.degree.C or higher and
      the workpiece is immersed in the composition for a period of at least one
      minute. The contact time will depend upon the concentrations of the
      reactants, the temperature of the composition, as well as the thickness of
      the deposit desired. Normally, contact periods in excess of 60 minutes are
      unnecessary. Best results have generally been obtained when the weight of
      the deposit obtained is between 0.5 and 10 grams per square meter (about 2
      - 10 minutes contact time). The composition may also be employed using
      other conventional techniques such as flooding, wiping, or spraying.
PAR  Maintaining the water content at the desired level is critical to the
      stability of the coating composition. One means for controlling this
      concentration is to maintain the bath at an elevated temperature such that
      the rate of water evaporation equals the rate at which water is dragged
      into the bath on the surface of wet workpieces.
PAC  EXAMPLE 1 -- LUBRICANT PREPARATION
PAR  A reaction product was prepared as follows: 59 g polyphosphoric acid with a
      P.sub.2 O.sub.5 content of 84 weight % was heated at 120.degree.C. Then 10
      g of technical iron phosphate with an iron content of approximately 30%
      (40% Fe.sup..sup.+3, 60% Fe.sup..sup.+2) was added and dissolved. Then,
      150 g of oleylalcohol was added and the reactants were maintained at
      70.degree.C for 60 minutes. 15 g of the reaction product were then mixed
      with 25 g of oleic acid, 53 g of mineral oil with a viscosity of 2.4 to
      15.degree. Engler (50.degree.C) and 5 g of oleylamine. Thereafter, 2 g of
      water were added to bring the total to 100 g.
PAR  This lubricant appeared cloudy at room temperature. When heated above
      40.degree.C, however, a clear solution was obtained which did not lose its
      stability when heated for a long period of time at 100.degree.C.
PAC  EXAMPLE 2
PAR  Welded and scraped pipes of the quality St 35 (outside diameter 44 mm, wall
      thickness 3 mm) were pickled for a period of 20 minutes at 60.degree.C in
      inhibited phosphoric acid, rinsed twice in water and then dipped for 10
      minutes at 65.degree.C in a lubricant which was prepared as in Example 1
      from the following components:
TBL   2.5 weight %                                                             

                Polyphosphoric Acid                                            

                (84% P.sub.2 O.sub.5 )                                         

       1 weight %                                                              

                Technical Iron (II)                                            

                Phosphate with a content                                       

     Reaction                                                                  

                of approx. 17% Fe.sup.+.sup.2 and                              

                                   Product                                     

                13% Fe.sup.+.sup.3                                             

      15 weight %                                                              

                Wood Fat Alcohol                                               

     54.5 weight %                                                             

                Mineral Oil (3.degree. Engler                                  

                at 50.degree.C)                                                

      20 weight %                                                              

                Oleic Acid                                                     

       5 weight %                                                              

                Fatty Amine                                                    

       2 weight %                                                              

                Water                                                          

PAL  The pipes were drawn successfully three times without intermediate
      annealing and without repeated lubricant treatment at a speed of 44
      m/minute.
PAR  The drawing sequences were (in mm):
PA1  1. 44 .times. 3.0 to 38 .times. 2.3
PA1  2. 38 .times. 2.3 to 33 .times. 1.7
PA1  3. 33 .times. 1.7 to 28.2 .times. 1.4
PAC  EXAMPLE 3
PAR  Seamless pipes of the quality St 35 were dipped after a reducing annealing
      for a period of 10 minutes at 65.degree.C in a lubricant that was prepared
      from the following components:
      5 weight %                                                               

               Polyphosphoric Acid                                             

               (84% P.sub.2 O.sub.5 )                                          

      1 weight %                                                               

               Technical Iron                                                  

     Reaction                                                                  

               Phosphate            Product                                    

     1.5 weight %                                                              

               Oleyl Alcohol                                                   

      52 weight %                                                              

               Mineral Oil (3.degree. Engler                                   

               at 50.degree.C)                                                 

      20 weight %                                                              

               Oleic Acid                                                      

      5 weight %                                                               

               Oleylamine                                                      

      2 weight %                                                               

               Water                                                           

PAL  The pipes were drawn three times successively with very good results
      without intermediate annealing and without repeated lubricant treatment at
      a speed of 60 m/min.
PAR  The drawing sequences were (in mm):
PA1  30 .times. 2.6 to 25 .times. 2.0
PA1  25 .times. 2.0 to 21 .times. 1.75
PA1  21 .times.1.75 to 18 .times. 1.5
PAC  EXAMPLE 4
PAR  Coiled pipes with a length of approx. 40 m were drawn by means of a
      suspended mandrel at a speed ranging from 100 to 400 m/minute. The
      reductions of the cross-sectional areas were approximately 30%. Before
      drawing, the pipes were treated with a lubricant prepared from the
      following components:
     13.6 weight %                                                             

                Polyphosphoric Acid                                            

                (84% P.sub.2 O.sub.5 )                                         

      0.9 weight %                                                             

                Technical Iron                                                 

                Phosphate                                                      

     Reaction                                                                  

                                    Product                                    

     13.6 weight %                                                             

                Oleyl Alcohol                                                  

     47.4 weight %                                                             

                Mineral Oil (3.degree. Engler at                               

                50.degree.C)                                                   

     18.2 weight %                                                             

                Oleic Acid                                                     

      4.5 weight %                                                             

                Oleylamine                                                     

      1.8 weight %                                                             

                Water                                                          

PAL  During the lubricating process, approximately 10 ml of the lubricant were
      inserted into the pipe behind the mandrel. For the outside lubrication,
      the lubricant was applied in front of the drawing tool while rotating.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stable organic phase coating composition useful for treating a
      metallic surface prior to non-cutting cold forming, consisting essentially
      of:
PA0  a. 5 to 60 weight % of the reaction product obtained upon mixing as
      reactants
PA1  1. a salt of a multivalent metal cation,
PA1  2. a polyphosphoric acid, and
PA1  3. an alcohol of 10 - 36 carbon atoms, in a weight ratio of metallic
      cation: P.sub.2 O.sub.5 equivalent: alcohol of 1: 3-60: 14-150;
PA0  b. 30 to 94 weight % of an organic lubricant of at least 12 carbon atoms;
      and
PA0  c. 0.5 to 10 weight % water.
NUM  2.
PAR  2. The coating composition of claim 1 wherein said reaction product is
      obtained by maintaining said reactants in contact for at least 30 minutes
      before combining with said organic lubricant.
NUM  3.
PAR  3. The coating composition of claim 2 wherein said reaction product is
      obtained by maintaining said reactants at a temperature of at least
      50.degree.C during the contact period.
NUM  4.
PAR  4. The coating composition of claim 1, wherein the organic lubricant
      comprises at least one compound selected from the group consisting of the
      hydrocarbon oils; fatty acids; naturally occurring animal and vegetable
      oils; the alcohol, ester and amine derivatives of the foregoing; and
      mixtures thereof.
NUM  5.
PAR  5. The coating composition of claim 4 consisting essentially of 10 to 35
      weight % reaction product; 64-89 weight % organic lubricant; and about 1-2
      weight % water.
NUM  6.
PAR  6. The coating composition of claim 1 wherein said multivalent metal cation
      is iron; the polyphosphoric acid is about 76-85 weight % P.sub.2 O.sub.5
      equivalent; the alcohol comprises an alkyl or alkylaryl alcohol; and said
      organic lubricant includes at least one member selected from the group
      consisting of mineral oil of viscosity 2.5.degree.-15.degree. Engler,
      oleic acid and oleylamine.
NUM  7.
PAR  7. A process of preparing a base metal surface for cold forming in one step
      comprising contacting said surface with the coating composition of claim
      1.
NUM  8.
PAR  8. A process of preparing a base metal surface for cold forming in one step
      comprising contacting said surface with the coating composition of claim
      6.
NUM  9.
PAR  9. A process for preparing a coating composition as defined in claim 1
      comprising dissolving the multivalent metal salt in the polyphosphoric
      acid, thereafter combining the solution with the alcohol and, after a
      reaction period of at least 30 minutes, combining the reaction product
      thereof with the organic lubricant and any additional water required to
      obtain the desired concentrations of the components.
NUM  10.
PAR  10. The process of claim 9 wherein the reactants are maintained at a
      temperature of at least 50.degree.C during the reaction period.
NUM  11.
PAR  11. The process of claim 10 wherein the reactants are maintained at a
      temperature in excess of 70.degree.C for about 1 hour.
NUM  12.
PAR  12. The composition of claim 4, wherein the organic lubricant additionally
      contains a fatty acid compound.
NUM  13.
PAR  13. The composition of claim 12 wherein the organic lubricant further
      contains a fatty acid amine compound.
NUM  14.
PAR  14. The composition of claim 13 wherein the organic lubricant comprises
      about 47.4 to 54.5 weight percent mineral oil; about 18.2 to 20.0 weight
      percent oleic acid and about 4.5 to 5.0 weight percent oleyl amine.
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ABST
PAL  Compositions made by reacting (A) an acylated amino hydrocarbyl sulfonic
      acid having an acyl portion containing a substantially saturated
      hydrocarbyl substituent of at least about 12 carbon atoms and bonded to
      the amino hydrocarbyl sulfonic acid through an acyl, acylimidoyl or
      acyloxy linkage, (B) a heterocyclic reagent such as an epoxide, episulfide
      or aziridine and (C) an amino compound having about 1 to about 400 carbon
      atoms or an organo-sulfide having 2 to about 50 carbon atoms are useful in
      fuels and lubricants as dispersants, antistatic agents and corrosion
      inhibitors.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to additive compositions made by reacting an
      acylated amino hydrocarbyl sulfonic acid, a heterocyclic reagent and an
      amino compound or organosulfide. The invention is also concerned with
      lubricant and normally liquid fuel compositions containing such additive
      compositions.
PAC  BACKGROUND OF THE INVENTION
PAR  A continuing problem in the art of fuel and lubricant formulation is the
      improvement of performance characteristics of lubricants and normally
      liquid fuels. Often improved characteristics are achieved through the
      addition to these materials of relatively small amounts of additive
      compositions. Additives allow both the more efficient operation of devices
      using the fuels or lubricants, such as engines, transmissions, gears,
      etc., as well as more efficient utilization of fuels and lubricants
      themselves. As increasing attention is given to environmental concerns and
      to conservation of scarcer natural resources, the achievement of these
      goals becomes increasingly more desirable.
PAR  The additive compositions of the present invention, when added to
      lubricating oils or normally liquid fuels, increase the dispersancy of
      such materials, that is, the ability of such materials to retain in
      suspension the by-products of deterioration such as sludge which
      accumulates in a device during usage. These compositions are also useful
      in imparting to lubricants and normally liquid fuels the ability to
      inhibit corrosion (such as rust) of metal parts with which the lubricant
      or fuel may come in contact. In addition, it has been found that certain
      of the inventive additive compositions (viz., those containing ammonium
      and sulfonium groups) are capable of imparting anti-static properties to a
      normally liquid fuel. These properties allow a fuel to resist development
      of static charges during rapid transport operations such as that which
      occurs during loading and unloading of fuels.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  U.S. Pat. No. 3,634,241 discloses lubricating oil additives made by first
      reacting a substituted succinic acid with a C.sub.2-30 alkylene polyamine
      to form a carboxamide and then reacting said carboxamide with a
      C.sub.12-40 hydrocarbyl sulfonic acid. U.S. Pat. Nos. 3,235,549,
      3,364,254, and 3,544,597 as well as Canadian Pat. No. 887,672 and British
      Pat. No. 1,090,779 disclose amido sulfonic acids that are used primarily
      as monomers for polymerization reactions or as detergents for aqueous
      cleaning solutions. Other amidosulfonic acids have been disclosed in the
      prior art as lubricating oil additives. See for example U.S. Pat. Nos.
      3,367,864, 3,632,613 and 3,725,434, as well as British Patent
      Specifications Nos. 1,121,641 and 1,194,286.
PAC  SUMMARY OF THE INVENTION
PAR  The additive compositions of the present invention are made by reacting
PAR  A. at least one acylated amino hydrocarbyl sulfonic acid or Group I or II
      metal salt, ammonium salt or C.sub.1-8 amine salt thereof of at least one
      (i) amino hydrocarbyl sulfonic acid of the formula
      ##EQU1##
      wherein R is a hydrocarbyl group of one to about 30 carbon atoms having a
      valency of x+y, each R' is independently a hydrogen atom or a monovalent
      hydrocarbyl group of 1 to about 18 carbon atoms with the proviso that at
      least one R' is a hydrogen atom, x and y are each independently one or two
      and x+y is no more than 3, said acylated amino hydrocarbyl sulfonic acid
      having a (ii) carboxylic acid radical containing a substantially saturated
      hydrocarbyl substituent of at least about 12 carbon atoms and attached
      directly to a
      ##EQU2##
      group of the amino hydrocarbyl sulfonic acid (i) through an acyl,
      acylimidoyl or acyloxy linkage,
PAR  B. at least one heterocyclic reagent selected from the group consisting of
      epoxides, episulfides, aziridines of the formula
      ##EQU3##
      wherein Z is an oxygen or sulfur atom or a
      ##EQU4##
      group, R' being as defined in (A), and each R" independently being a
      hydrogen atom hydrocarbyl group of 1 to about 18 carbon atoms or
      halo-substituted hydrocarbyl group of 1 to about 18 carbon atoms or
      mixtures of 2 or more of these and
PAR  C. at least one (i) amino compound having 1 to about 400 carbon atoms or
      (ii) organo-sulfide of the general formula
EQU  R.sup.4 SR.sup.5                                           Formula III
PAL  wherein each of R.sup.4 and R.sup.5 is independently a hydrocarbyl group of
      1 to about 50 carbon atoms, or a hydroxyl-substituted hydrocarbyl group of
      2 to about 50 carbon atoms and containing 1 to about 6 hydroxyl groups
      with the proviso that R.sup.4 and R.sup.5 taken together with S can form a
      ring of 5 to 6 annular members.
PAR  The reaction of (A), (B), and (C) can be carried out simultaneously in one
      step or sequentially; i.e., the reactants can be all combined together in
      a single step or reactant (A) may be first reacted with (B) and then
      reacted with (C) or alternatively, reactant (B) can be reacted first with
      reactant (C) and then with (A) and so on. Preferably (A) is reacted with
      (B) or (C) in a first step and the product thus formed is then reacted in
      a second step with a second reactant, said second reactant being the other
      of (B) and (C) not used in the first step.
PAR  This invention also includes embodiments wherein the above compositions are
      combined with lubricating oils or normally liquid fuels to form additive
      concentrates for lubricants and fuels or lubricant or fuel compositions.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The N-acylated amino hydrocarbyl sulfonic acid reactants (A) used in the
      present invention are characterized by the presence within their structure
      of (i) an amino hydrocarbyl sulfonic acid portion of an amino hydrocarbyl
      sulfonic acid as illustrated in Formula I and (ii) at least one carboxylic
      acid radical containing a substantially saturated hydrocarbyl substituent
      of at least 12 carbon atoms selected from the group consisting of acyl,
      acylimidoyl and acyloxy radicals.
PAR  The carboxylic acid radical (ii) of the acylated amino sulfonic acids (A)
      contains a substantially saturated hydrocarbyl substituent of at least 12
      carbon atoms. It should be noted that in this specification and the
      appended claims the use of the term "substantially saturated substituent"
      refers to substituents having no more than one unsaturated
      carbon-to-carbon linkage per every ten saturated (i.e., single bond)
      carbon-to-carbon linkages. Preferably such substantially saturated
      substituents have no more than 5% of the total number of carbon-to-carbon
      linkages as unsaturated linkages. When present, the unsaturated linkages
      preferably will be ethylenic (i.e., &gt;C=C&lt;) linkages. Even more preferably
      the hydrocarbyl substituents of the present invention will contain no
      unsaturation that can be detected by bromine titration.
PAR  Preferably the substantially saturated hydrocarbyl substituents of the
      carboxylic acid radical (ii) of reactant (A) contains about 30 to about
      300 carbon atoms. While these carbon atoms can be arranged in any
      structural array such as aliphatic, alicyclic, aromatic, etc., groups,
      preferably they are substantially saturated aliphatic groups. In an
      especially preferred embodiment of the invention these substituents are
      saturated, essentially linear aliphatic groups having no more than one
      branching carbon group per every 6 linear carbon atoms.
PAR  The substantially saturated hydrocarbyl substituent of the carboxylic acid
      radical (ii) is hydrocarbyl in nature. Thus, it should be noted that, when
      the term "hydrocarbyl" is used in describing a substituent in this
      specification and the appended claims, it is intended to embrace
      substantially hydrocarbyl groups unless expressly stated to the contrary.
      "Substantially hydrocarbyl groups" are those hydrocarbyl groups which are
      substituted with non-hydrocarbyl substituents (such as those enumerated
      below) which do not significantly affect the hydrocarbyl character and
      nature of the group in the context of this invention. Such groups will be
      considered equivalent to hydrocarbyl groups by those skilled in the art to
      which this invention pertains.
PAR  For example, it is obvious that a purely hydrocarbyl C.sub.30 alkyl group
      and a C.sub.30 alkyl group substituted with a methyl mercapto or methoxy
      group would be substantially similar in their properties with regard to
      their use in this invention, and would in fact be recognized as
      equivalents by one of ordinary skill in the art. Non-limiting examples of
      substituents that do not significantly alter the hydrocarbyl nature of the
      hydrocarbyl groups of this invention are the following:
PA1  pendant ether groups (especially hydrocarbyloxy and particularly alkoxy
      groups of up to ten carbon atoms)
PA1  oxa linkages (e.g., --O--   linkages in a hydrocarbyl chain)
PA1  nitro
PA1  cyano
PA1  fluoro
PA1  pendant thioether groups (especially C.sub.1-10 alkyl thioethers such as
      methy mercapto, butylmercapto, etc.)
PA1  thia linkages (e.g., --S-- linkages in the main hydrocarbyl chain)
PA1  pendant oxo group (e.g.
      ##EQU5##
      as well as oxo functions in the main chain (e.g.
      ##EQU6##
      pendant sulfonyl groups (--SO.sub.2 --) and sulfonyl linkages in the main
      chain
PA1  pendant sulfinyl groups (--SO--) and sulfinyl linkages in the main chain.
PAR  Other such non-hydrocarbyl groups will be apparent to those skilled in the
      art.
PAR  When such non-hydrocarbyl substituents are present in the hydrocarbyl
      substituents of the present invention there will generally be no more than
      two such substituents for every ten carbon atoms in each hydrocarbyl group
      and, preferably, no more than one for each ten carbon atoms. Ordinarily,
      however, no such substituents will be present and the hydrocarbyl groups
      of the present invention be purely hydrocarbyl without non-hydrocarbyl
      substituents.
PAR  The carboxylic acid radicals (A) (ii) are normally derived from mono- or
      polycarboxylic acids or analogous carboxylic acid-producing compounds.
      Such carboxylic acid-producing compounds are well known to those of skill
      in the art as compounds which produce carboxylic acid moieties under the
      conditions of their reaction. Thus, it is well known that compounds such
      as anhydrides, esters, salts, amides, acyl halides, (especially acyl
      chlorides), etc., can often be used in place of free carboxylic acids to
      introduce carboxylic acid radicals into certain products such as the
      acylated amino hydrocarbyl sulfonic acids of the present invention. For
      purposes of this invention, the carboxylic acid-producing compounds used
      in lieu of the acid per se normally will be the anhydrides or the lower
      alkyl esters (e.g., where the alkyl group contains one to seven carbon
      atoms and usually two to four carbon atoms).
PAR  Among the suitable monocarboxylic acids useful in producing the carboxylic
      acid radicals (A) (ii) are saturated and unsaturated fatty acids such as
      lauric, stearic, oleic, arachidic, myristic acid and the like. Mono- and
      polycarboxylic acids substituted with relatively low molecular weight
      substituents such as tetrapropenyl, di(butenyl) etc., are also useful.
      Mixtures of two or more of such acids can also be successfully used as can
      the analogous acid-producing compounds exemplified above. An extensive
      discussion of suitable acids is found in Kirk-Othmer "Encyclopedia of
      Chemical Technology," second edition, 1965, John Wiley and Sons, New York,
      Vol. 8, pages 811-856. Among the useful relatively low molecular weight
      polycarboxylic acids are the dimerized and trimerized fatty acids known
      commonly as dimer acids and trimer acids. These are discussed in the above
      cited Kirk-Othmer article at pages 847-849. The indicated pages of the
      "Encyclopedia of Chemical Technology" is expressly incorporated herein by
      reference for its disclosure of suitable acids and their sources.
PAR  The preferred mono- and polycarboxylic acids used to produce the carboxylic
      acid (A) (ii) are relatively high molecular weight hydrocarbyl substituted
      carboxylic acids. These are well-known in the art and have been described
      in detail, for example, in U.S. Pat. Nos. 3,087,936; 3,163,603; 3,172,892;
      3,189,544; 3,219,666; 3,272,746; 3,288,714; 3,306,907; 3,331,776;
      3,340,281; and 3,346,354. In the interest of brevity, these patents are
      incorporated herein for their disclosure of suitable mono- and
      polycarboxylic acids which can be used to introduce a carboxylic acid
      radical (A) (ii) into acylated amino sulfonic acids of the present
      invention as well as for their disclosure of suitable acylation techniques
      for accomplishing this introduction.
PAR  As disclosed in the foregoing patents, there are several processes for
      preparing such carboxylic acids. Generally, the process involves the
      reaction of (1) an ethylenically unsaturated carboxylic acid, acid halide,
      or anhydride (i.e. a carboxylic acid reactant) of up to 20 carbon atoms
      with (2) an ethylenically unsaturated hydrocarbon containing at least
      about 30 aliphatic carbon atoms or a chlorinated hydrocarbon containing at
      least about 30 aliphatic carbon atoms at a temperature within the range of
      about 100.degree. -300.degree. C. More preferably these unsaturated or
      chlorinated hydrocarbons have at least 50 aliphatic carbon atoms. The
      chlorinated hydrocarbon or ethylenically unsaturated hydrocarbon reactant
      can contain non-hydrocarbyl, polar substituents (as described above),
      oil-solubilizing pendant groups, and unsaturation within the general
      limitations set forth hereinabove.
PAR  When preparing the carboxylic acids according to one of these two
      processes, the ethylenically unsaturated carboxylic acid reactant usually
      corresponds to the formula
EQU  R.sub.o --(COOH).sub.n                                     Formula IV
PAL  with R.sub.o having up to 10 carbon atoms (preferably from 2 to about 6
      carbon atoms) and being characterized by the presence of at least one
      ethylenically unsaturated carbon-to-carbon covalent bond and n being an
      integer from one to six and preferably one or two. The acidic reactant can
      also be the corresponding carboxylic acid halide, anhydride, ester, or
      other equivalent acylating agent and mixtures of one or more of these.
      Ordinarily, the total number of carbon atoms in the acidic reactant will
      not exceed ten and generally will not exceed six. Preferably the acidic
      reactant will have at least one ethylenic linkage in an .alpha.,.beta.
      -position with respect to at least one carboxyl function. Exemplary acidic
      reactants are acrylic acid, methacrylic acid, maleic acid, maleic
      anhydride, fumaric acid, itaconic acid, itaconic anhydride, citraconic
      acid, citraconic anhydride, mesaconic acid, glutaconic acid, chloromaleic
      acid, aconitic acid, crotonic acid, methylcrotonic acid, sorbic acid,
      3-hexenoic acid, 10-decenoic acid, and the like. Due to considerations of
      economy and availability, these acid reactants usually employed are
      acrylic acid, methacrylic acid, maleic acid, and maleic anhydride.
PAR  As is apparent from the foregoing discussion, the carboxylic acid used to
      provide the carboxylic acid radical (A) (ii) may contain cyclic and/or
      aromatic groups. However, the acids are essentially aliphatic in nature
      and, in most instances, the preferred acid acylating agents are aliphatic
      mono- and polycarboxylic acids, anhydrides, halides and lower alkyl
      esters.
PAR  The substantially saturated aliphatic hydrocarbon-substituted succinic acid
      and anhydrides are especially preferred as acylating agents in the
      preparation of the acylated nitrogen compounds of the present invention.
      These succinic acid acylating agents are readily prepared by reacting
      maleic anhydride with a high molecular weight olefin or a chlorinated high
      molecular weight hydrocarbon. The reaction involves merely heating the two
      reactants at a temperature of about 100.degree.-300.degree.C., preferably,
      about 100.degree.-200.degree.C. The product from such a reaction is a
      substituted succinic anhydride where the substituent is derived from the
      olefin or chlorinated hydrocarbon as described in the above cited patents.
      The product may be hydrogenated to remove all or a portion of any
      ethylenically unsaturated covalent linkages by standard hydrogenation
      procedures, if desired. The substituted succinic anhydrides may be
      hydrolyzed by treatment with water or steam to the corresponding acid and
      either the anhydride or the acid may be converted to the corresponding
      acid halide or ester by reacting with phosphorus halide, phenols, or
      alcohols.
PAR  The ethylenically unsaturated hydrocarbon reactant and the chlorinated
      hydrocarbon reactant used in the preparation of the acylating agents are
      principally the high molecular weight, substantially saturated petroleum
      fractions and substantially saturated olefin polymers and the
      corresponding chlorinated products. The polymers and chlorinated polymers
      derived from mono-olefins having from two to about thirty carbon atoms are
      preferred. Those derived from C.sub.2-6 1-mono-olefins are especially
      preferred. Thus, exemplary of useful polymers are the polymers of
      1-mono-olefins such as ethylene, propene, 1-butene, isobutene, 1-hexene,
      1-octene, 2-methyl-1-heptene, 3-cyclohexyl-1-butene, and
      2-methyl-5-propyl-1-hexene. Polymers of medial olefins, i.e., olefins in
      whcih the olefinic linkage is not at the terminal position, likewise are
      useful. These are exemplified by 2-butene, 3-pentene, and 4-octene.
PAR  The interpolymers of 1-mono-olefins such as illustrated above with each
      other and with other interpolymerizable olefinic substances such as
      aromatic olefins, cyclic olefins, and polyolefins, are also useful sources
      of the ethylenically unsaturated reactant. Such interpolymers include for
      example, those prepared by polymerizing isobutene with styrene, isobutene
      with butadiene, propene with isoprene, propene with isobutene, ethylene
      with piperylene, isobutene with chloroprene, isobutene with p-methyl
      styrene, 1-hexene with 1,3-hexadiene, 1-octene with 1-hexene, 1-heptene
      with 1-pentene, 3-methyl-1-butene with 1-octene, 3,3-dimethyl-1-pentene
      with 1-hexene, isobutene with styrene and piperylene, etc.
PAR  The chlorinated hydrocarbons and ethylenically unsaturated hydrocarbons
      used in the preparation of the acylating agents can have number average
      molecular weights of about 400 to about 5,000 as determined by vapor
      pressure osmometry.
PAR  In lieu of the high molecular weight hydrocarbons and chlorinated
      hydrocarbons discussed above, hydrocarbons containing activating polar
      substituents which are capable of activating the hydrocarbon molecule in
      respect to reaction with an ethylenically unsaturated acid reactant may be
      used in the above-illustrated reactions for preparing the acylating
      agents. Such polar substituents include sulfide and disulfide linkages,
      and nitro, mercapto, bromo, carbonyl, and formyl radicals. Examples of
      these polar-substituted hydrocarbons include polypropene sulfide,
      dipolyisobutene disulfide, nitrated mineral oil, di-polyethylene sulfide,
      brominated polyethylene, etc.
PAR  The acylating agents may also be prepared by halogenating a high molecular
      weight hydrocarbon such as the above described olefin polymers to produce
      a poly-halogenated product, converting the poly-halogenated product of a
      polynitrile, and then hydrolyzing the poly-nitrile. They may be prepared
      by oxidation of a high molecular weight polyhydric alcohol with potassium
      permanganate, nitric acid, or a similar oxidizing agent. Another method
      for preparing such poly-carboxylic acids involves the reaction of an
      olefin or a polar-substituted hydrocarbon such as a chloropolyisobutene
      with an unsaturated polycarboxylic acid such as
      2-pentene-1,3,5-tricarboxylic acid prepared by dehydration of citric acid.
      Monocarboxylic acid acylating agents may be obtained by oxidizing a
      mono-alcohol with potassium permanganate or by reacting a halogenated high
      molecular weight olefin polymer with a ketene. Another convenient method
      for preparing monocarboxylic acid involves the reaction of metallic sodium
      with an acetoacetic ester or a malonic ester of an alkanol to form a
      sodium derivative of the ester and the subsequent reaction of the sodium
      derivative with a halogenated high molecular weight hydrocarbon such as
      brominated wax or brominated polyisobutene.
PAR  Monocarboxylic and polycarboxylic acid acylating agents can also be
      obtained by reacting chlorinated mono- and polycarboxylic acids,
      anhydrides, acyl halides, and the like with ethylenically unsaturated
      hydrocarbons or ethylenically unsaturated substituted hydrocarbons such as
      the polyolefins and substituted polyolefins described hereinbefore.
PAR  The monocarboxylic and polycarboxylic acid anhydrides are obtained by
      dehydrating the corresponding acids. Dehydration is readily accomplished
      by heating the acid to a temperature above about 70.degree.C., preferably
      in the presence of a dehydration agent, e.g., acetic anhydride. Cyclic
      anhydrides are usually obtained from polycarboxylic acids having acid
      radicals separated by no more than three carbon atoms such as substituted
      succinic or glutaric acid, whereas linear anhydrides are obtained from
      polycarboxylic acids having the acid radicals separated by four or more
      carbon atoms.
PAR  The acid halides of the monocarboxylic and polycarboxylic acids can be
      prepared by the reaction of the acids or their anhydrides with a
      halogenating agent such as phosphorus tribromide, phosphorus
      pentachloride, or thionyl chloride. The esters of such acids can be
      prepared simply by the reaction of the acid or their anhydrides with an
      alcohol or a phenolic compound such as methanol, ethanol, propanol,
      cyclohexanol, phenol, and the like. The esterification is usually promoted
      by the use of an alkaline catalyst such as sodium hydroxide or sodium
      alkoxide or an acidic catalyst such as sulfuric acid.
PAR  The second portion of the acylated amino hydrocarbyl sulfonic acids (A) of
      the present invention is (i) an amino hydrocarbyl sulfonic acid
      corresponding to Formula I. It will be apparent from the description
      hereinbefore that the amino hydrocarbyl sulfonic acids (i) moiety of (A)
      are characterized by the presence of at least one HN&lt; or H.sub.2 N-- group
      (i.e., at least one primary or secondary amino group). The radical R in
      Formula I can be aliphatic, alicyclic or aromatic in nature and can be di-
      or tri-valent as required by the nature of x and y. Preferably R is an
      aromatic or aliphatic hydrocarbyl group of about 2 to about 18 carbon
      atoms and x and y are each 1.
PAR  For example, R can be aromatic in nature such as a phenylene, methyl
      phenylene or biphenylene unit or aliphatic in nature such as methylene,
      propylene, trimethylene, ethylene, octamethylene, etc. It can also be
      alicyclic in nature such as cyclopentyl, cyclohexyl, methyl cyclohexyl,
      etc. Other radicals which can be represented by R in formula (I) include
      the following:
      ##EQU7##
      ##SPC1##
      ##SPC2##
      ##SPC3##
      ##SPC4##
PAR  Among the particularly preferred amino aliphatic sulfonic acids are those
      of the formula:
      ##EQU8##
      wherein R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are each independently
      selected from the group consisting of hydrogen atoms and C.sub.1 to
      C.sub.18, more preferably C.sub.1 to C.sub.12, hydrocarbyl groups. In an
      especially preferred aspect of the invention R.sub.1, R.sub.2, R.sub.3 and
      R.sub.4 are each independently hydrogen or lower alkyl (that is, alkyl of
      up to seven carbon atoms) with the proviso that at least one is other than
      hydrogen. A useful method for preparing such 2-amino alkane sulfonic acids
      is by hydrolysis of the corresponding 2-amido alkane sulfonic acids. These
      amido compounds are conveniently prepared by reaction of a nitrile with an
      olefin in the presence of concentrated sulfuric acid. For further details,
      see U.S. Pat. Nos. 3,544,597 and 3,506,707; Canadian Pat. No. 704,778 and
      British Pat. No. 1,090,779 which are hereby incorporated by reference for
      their relevant disclosures in this regard.
PAR  Each R' in Formula I is independently hydrogen or a monovalent hydrocarbyl
      group of about 1 to about 18 carbon atoms such as an alkyl, cycloalkyl,
      aryl, aralkyl, alkaryl, alkenyl, cycloalkenyl group and the like.
      Generally they will not contain more than 12 carbon atoms each. As noted
      above, such hydrocarbyl groups may be also substantially hydrocarbyl in
      nature and contain one or more substituents such as halo, lower alkoxy,
      lower alkyl mercapto, nitro and the like. Generally, however, each R' when
      it is other than hydrogen is an alkyl, phenyl or lower alkyl substituted
      phenyl group of 1 to about 12 carbon atoms.
PAR  Specific examples of the
      ##EQU9##
      radical of Formula I are amino (i.e., --NH.sub.2), methylamino,
      ethylamino, octylamino, decylamino, cyclohexylamino,
      N-ethylcyclopentylamino, 3-chlorocyclohexylamino, aminoethylamino,
      .beta.-chloroethylamino, .beta.-ethoxypropylamino, isopropylamino,
      anilino, p-nitroanilino, o-, m-, or p-anisidino, diphenylamino,
      allylamino, 2,4,5-trimethylanilino, and the like.
PAR  A convenient technique for preparing the N-acylated amino sulfonic acid (A)
      for use in the present invention comprises reacting the afore-described
      carboxylic acid or acid-producing acylating agent with at least one amino
      sulfonic acid (I) or functional derivative thereof (i.e., salt, ester,
      amide, halide, etc.). In such a reaction the carboxylic acylating group,
      ##EQU10##
      of the carboxylic acid acylating agent (where X is preferably selected
      from the group consisting of halogen, hydroxy, hydrocarbyloxy and acyloxy
      radicals) reacts directly with the HN&lt; or H.sub.2 N-- of the amino
      sulfonic acid (i.e., Formula I) to form an acyl, acylimidoyl or acyloxy
      group which links the carboxylic acid radical (i) directly to the sulfonic
      acid portion (i). The precise nature of the linkage is unimportant and
      often a mixture of the aforedescribed linkages results. Proportions of
      various types of linkages in such a mixture depends on the particular
      carboxylic acid acylating reagent, and amino sulfonic acid involved as
      well as the reaction temperature conditions such as reaction proportions
      and conditions such as temperature, ratio reactants and so on.
PAR  Usually this process is carried out by heating a mixture of at least one
      carboxylic acid or acid-producing acylating agent and at least one amino
      sulfonic acid at a temperature above about 80.degree.C. The maximum
      reaction temperature is the decomposition temperature of a reactant of
      product present in the mixture having the lowest decomposition
      temperature. Preferably the reaction temperature is within the range of
      about 100.degree. to about 250.degree.C. However, when an acid or acid
      halide or anhydride is employed the process can be carried out at lower
      temperatures such as about 30.degree.C. to obtain products having
      predominantly salt or salt-amide linkages. Further heating of such salts
      or salt amides will produce products having predominantly amide, imide, or
      acylimidoyl linkages by heating them to 80.degree.C. or higher. The use of
      solvents such as natural or synthetic lubricating oils, aromatic,
      aliphatic or alicyclic hydrocarbons and halogenated derivatives of such
      hydrocarbons as diluents is often desirable to facilitate temperature
      control and further processing such as filtration.
PAR  The relative proportions of the carboxylic acid acylating agent and the
      amino hydrocarbyl sulfonic acid compound used are such that at least one
      half of the stoichiometrically equivalent amount of the amino acid is used
      for each equivalent of acylating agent. In this regard it should be noted
      that in the equivalent weight of the amino sulfonic acid compound is based
      on the number of non-acylated amino radicals of the general formula HN&lt;
      and H.sub.2 N-- which it contains. Similarly the equivalent weight of the
      acylating agent is based on the number of acid or acid producing groups
      present. Thus, 2-amino-ethane sulfonic acid has 1 equivalent per mole.
      N-(2-aminoethyl) sulfanilicacid has 2 equivalents per mole. A substituted
      succinic acid anhydride or ester has 2 equivalents per mole and so forth.
      The upper limit of the useful amount of amino sulfonic acid compound
      appears to be 4 equivalents for each equivalent of carboxylic acid
      acylating agent. In most instances the preferred amount of amino sulfonic
      acid compound is that which provides about 1 to 2 equivalents of amino
      hydrocarbyl sulfonic acid compound  for each equivalent of carboxylic acid
      acylating agent.
PAR  The heterocyclic reactants (B) used to form the additive compositions of
      this invention are selected from the group consisting of epoxides,
      episulfides, and aziridines of the formula
      ##EQU11##
      wherein Z is an oxygen or sulfur atom or an
      ##EQU12##
      group, R' being as defined above, and each R" is a hydrogen atom,
      C.sub.1-18 hydrocarbyl group or a C.sub.1-18 halo-substituted hydrocarbyl
      group or mixtures of two or more of these. Normally, the total number of
      carbon atoms in the R" groups does not exceed 30 and preferably does not
      exceed 20. Preferably Z is an oxygen or sulfur atom, three of the R"'s are
      hydrogen atoms, and the fourth R" is a C.sub.1-18 hydrocarbyl group or
      C.sub.1-3 halo-substituted hydrocarbyl group containing 1-3 chlorine or
      bromine atoms. More preferably Z is an oxygen or sulfur atom, three of the
      R"'s are hydrogen atoms and the fourth R" is a hydrogen atom or C.sub.1-6
      alkyl group.
PAR  Illustrative of such heterocyclic reagents are the following: ethylene
      oxide, ethylene sulfide, propylene oxide, propylene sulfide, styrene
      oxide, epichlorohydrin, 1,2-epoxy-4-chlorobutane,
      2,3-epoxy-4-chlorobutane, 1,2-epoxy-5-chloropentane,
      2,3-epoxy-5-chloropentane, 1,2-octadecene oxide and sulfide and so forth.
      The bromo and iodo analogs of the above-named compounds can also be used.
      Among the nitrogen-containing heterocyclic reagents useful in forming the
      compositions of this invention are the following: ethylene imine, N-ethyl
      ethylene imine, propylene imine, N-benzyl propylene imine, 1,2- and
      2-3-n-butylene imine, isobutylene imine (i.e., 1,1-dimethyl ethylene
      imine), styrene imine (i.e., 1-phenyl ethylene imine), N-phenyl,
      1,2-diphenyl ethylene imine, 1-carnoethoxy 7,8-heptadecyl imine and so
      forth. Mixtures of the various classes of heterocyclic reagents as well as
      mixtures of epoxides, episulfides and aziridines above can be used and are
      sometimes preferred for reasons of economy and availability.
PAR  Particularly preferred heterocyclic reagents include alkylene oxides (i.e.,
      epoxides) of up to seven carbon atoms, especially ethylene oxide,
      propylene oxide, butylene oxide, as well as sulfur and hydro amino (i.e.,
      HN&lt;) analogs of these.
PAR  The third reactant (C) used in forming the additive compositions of this
      invention is selected from the group consisting of (i) amino compounds
      having about 1-400 carbon atoms and (ii) organo-sulfides having 2 to about
      50 carbon atoms. Mixtures of two or more of these compounds can also be
      used. The amino compounds useful in forming the additive compositions of
      this invention can be relatively low molecular weight (i.e., having a
      total of up to about 30 carbon atoms) mono or polyamines such as the
      alkylene polyamines described hereinbelow and monoamines of the general
      formula
EQU  (R'").sub.3 N                                              Formula VI
PAL  wherein each R'" group is independently a hydrogen atom, a hydrocarbyl
      group of 1 to about 30 carbon atoms or a hydroxyl-substituted hydrocarbyl
      group of 1 to about 30 carbons having up to about 3 hydroxyl groups with
      the proviso that the total number of carbon atoms in all the R'" groups is
      up to about 30. Preferably R'" is a C.sub.1-18 hydrocarbyl group, more
      preferably a C.sub.1-18 hydrocarbyl group or a C.sub.2-8 mono-hydroxyl
      substituted hydrocarbyl group. The R'" groups usually will be aliphatic or
      alicyclic and ordinarily the hydrocarbyl portions will be saturated,
      branched or straight chain groups free from non-hydrocarbon substituents
      other than hydroxyl.
PAR  Exemplary of such relatively low molecular weight monoamines which can be
      reactant (C) are ammonia, ethyl amine, diethylamine, n-butyl amine,
      tri(isopropyl) amine, diethyl methyl amine, stearyl amine, lauryldimethyl
      amine, oleyl amine, aniline, dimethyl aniline, diphenyl amine, benzyl
      amine, triphenyl amine, dimethyl cyclopentyl amine, and so forth.
PAR  Exemplary of relatively low molecular hydroxyl-substituted low molecular
      weight amines include ethanol amine, di(3-propanol) amine, N,N-di(methyl)
      4-hydroxy butyl amine, N-methyl-2-propanol amine, N, N-di(2-hydroxy ethyl)
      aniline and so forth.
PAR  In addition to the alkylene polyamines described hereinbelow, the
      relatively low molecular weight polyamines useful as reactant (C) are the
      phenylene diamines such as NH.sub.2 C.sub.6 H.sub.5 NH.sub.2, NH.sub.2
      C.sub.6 H.sub.5 NHC.sub.6 H.sub.5 NH.sub.2 and their nitrogen and carbon
      alkyl-substituted homologs where the alkyl group contains up to eight
      carbon atoms and N-alkyl-1,3-diamino propanes such as
PA1  N-methyl- and N, N-di-methyl-1, 3 di-amino propane,
PA1  N-n-propyl and N, N-dimethyl-1, 3-diamino propane,
PA1  N-n-hexyl and N,N'-dihexyl-1, 3-diaminopropyl,
PA1  N-dodecyl-1,3-diaminopropane,
PA1  N-methyl N-tridecyl-1,3-diaminopropane,
PA1  N-tetradecyl-1,3-diaminopropane,
PA1  N-hexadecyl-1,3-diaminopropane,
PA1  N-octadecyl-1,3-diaminopropane,
PA1  N-phenyl N-nonadecyl-1,3-diaminopropane,
PA1  N-eicosyl-1,3-diaminopropane,
PA1  N-docosyl-1,3-diaminopropane,
PA1  N-tricosyl-1,3-diaminopropane,
PA1  N-tetracosyl-1,3-diaminopropane,
PA1  N-pentacosyl-1,3-diaminopropane,
PAL  and so forth.
PAR  Mixtures of such compounds which are available commercially, usually at
      lower prices can be advantageously used as reactant (C). One such mixture
      is N-tallow-1, 3-diaminopropane and predominates in alkyl and alkenyl
      groups containing from 16 to 18 carbon atoms each, although the mixture
      contains a small amount of groups containing 14 carbon atoms each. Such a
      mixture is available from Armour Chemical Co. under the name "Duomeen T."
      Another mixture available commercially is N-coco-1, 3-diaminopropane which
      contains alkyl groups predominating in 12 to 14 carbon atoms each. Still
      another example is N-soya-1, 3-diaminopropane which predominates in
      alkenyl groups containing 18 carbon atoms per group, although it contains
      a small amount of alkyl groups having 16 carbon atoms each.
PAR  Alternatively, the amino reactant (C) can be a relatively high molecular
      weight mono- or poly-amino compound having between about 30 to about 400
      carbon atoms. Illustrative of such relatively high molecular weight amino
      compounds are the following:
PAR  1. Ashless acylated amino dispersants made by reacting the acylating agents
      described hereinabove with various types of amino compounds. Such
      dispersants are well-known to those skilled in the art and are described,
      for example, in U.S. Patents:
     3,163,603      3,341,542     3,541,012                                    

     3,184,474      3,399,141     3,574,101                                    

     3,215,707      3,415,750     3,576,743                                    

     3,219,666      3,433,744     3,630,904                                    

     3,272,746      3,444,170     3,632,511                                    

     3,281,357      3,448,048     3,725,441                                    

     3,311,558      3,448,049     Re 26,433                                    

     3,316,177      3,451,933                                                  

     3,340,281      3,467,668                                                  

PAL  British Patent Specification No. 1,306,529 discloses similar materials.
PAR  2. Reaction products of aliphatic or alicyclic halides containing at least
      about 30 carbon atoms with amines, preferably polyalkylene polyamines.
      These may be characterized as "amine dispersants" and examples thereof are
      described, for example, in the following U.S. patents:
     3,275,554           3,454,555                                             

     3,438,757           3,565,804                                             

PAR  3. Reaction products of alkyl phenols in which the alkyl group contains at
      least about 30 carbon atoms with aldehydes (especially formaldehyde) and
      amines (especially polyalkylene polyamines), which may be characterized as
      "Mannich dispersants." The materials described in the following U.S.
      patents are illustrative:
TBL  3,413,347           3,725,480                                             

     3,697,574           3,726,882                                             

     3,725,277                                                                 

PAR  4. Products obtained by post-treating the carboxylic, amine or Mannich
      dispersants with such reagents as urea, thiourea, carbon disulfide,
      aldehydes, ketones, carboxylic acids, hydrocarbon-substituted succinic
      anhydrides, nitriles, epoxides, boron compounds, phosphorus compounds or
      the like. Exemplary materials of this kind are described in the following
      U.S. patents:
TBL  3,036,003      3,367,943     3,579,450                                    

     3,087,936      3,373,111     3,591,598                                    

     3,200,107      3,403,102     3,600,372                                    

     3,216,936      3,442,808     3,639,242                                    

     3,254,025      3,455,831     3,649,229                                    

     3,256,185      3,455,832     3,649,659                                    

     3,278,550      3,493,520     3,658,836                                    

     3,280,234      3,502,677     3,697,574                                    

     3,281,428      3,513,093     3,702,757                                    

     3,282,955      3,533,945     3,703,536                                    

     3,312,619      3,539,633     3,704,308                                    

     3,366,569      3,573,010     3,708,522                                    

PAR  5. Interpolymers of oil-solubilizing monomers containing a pendant alkyl
      group having at least about 8 carbon atoms, such as decyl methacrylate,
      vinyl decyl ether or a relatively high molecular weight olefin, with
      monomers containing nitrogen substituents, e.g., aminoalkyl acrylates, or
      aminoalkyl acrylamides. Also in this class are N-vinyl pyrrolidones. These
      may be characterized as "polymeric dispersants with pendant
      nitrogen-containing groups" and examples thereof are disclosed in the
      following U.S. patents:
TBL  3,329,658           3,666,730                                             

     3,449,250           3,687,849                                             

     3,519,565           3,702,300                                             

PAR  6. Polymeric dispersants with nitrogen-containing groups in the main chain.
      Such compounds can be made by ring-opening polymerization of
      azacyclopropanes (such as aziridines described hereinabove) and
      azacyclobutanes. Another type of dispersant of this class can be made by
      reacting a halohydrocarbon with an alpha-beta unsaturated nitrile and then
      reacting the product thus formed with a polyamine as described in
      copending application U.S. Ser. No. 345,022, filed Mar. 3, 1973. The
      pertinent disclosures of all of the above-noted patents, specifications
      and application are incorporated by reference herein for their disclosure
      of amino compounds suitable as reactant (C) and sources thereof.
PAR  The ashless acylated amino dispersants are the preferred reactants (C) for
      use in the preparation of the additive compositions of this invention.
      They may be most conveniently and accurately described in terms of
      radicals (D) and (E) present therein. Radical (D) is at least one acyl,
      acyloxy or acylimidoyl radical containing at least about 34 carbon atoms,
      and is essentially the same as the carboxylic acid radical (A) (ii)
      described hereinabove. The structures of these radicals, as defined by the
      International Union of Pure and Applied Chemistry, are as follows (R
      representing a hydrocarbon or similar group):
      ##EQU13##
PAR  Radical (E) is preferably at least one radical in which a nitrogen atom is
      attached directly to said radical (D), said nitrogen atom also being
      attached to a hydrocarbon radical or substituted hydrocarbon radical,
      especially an amino, alkylamino-, or polyalkyleneamino-, substituted
      hydrocarbon radical.
PAR  Typical of the ashless acylated amino dispersants, are those disclosed in
      the above-mentioned U.S. Pat. Nos. 3,219,666 and 3,272,746 which also
      describe a large number of methods for their preparation. The
      nitrogen-containing group (E) is derived from compounds characterized by a
      radical of the structure &gt;NH wherein the two remaining valences of
      nitrogen are satisfied by hydrogen, amino or organic radicals bonded to
      said nitrogen atom through direct carbon-to-nitrogen linkages. These
      compounds include aliphatic, aromatic, heterocyclic and carbocyclic amines
      as well as substituted ureas, thioureas, hydrazines, guanidines, amidines,
      amides, thioamides, cyanamides and the like.
PAR  Especially preferred as nitrogen-containing compounds used in the
      preparation of the ashless acylated amino dispersants are alkylene
      polyamines and hydroxyalkyl-substituted alkylene polyamines. The alkylene
      polyamines comprise, in general, alkylene amines containing about 10 or
      less alkylene groups joined through nitrogen atoms. They include
      principally the ethylene amines, propylene amines, butylene amines and
      homologs thereof, and also piperazines and aminoalkyl-substituted
      piperazines. Hydroxyalkyl-substituted derivatives of these alkylene
      polyamines are also contemplated for use in preparing the nitrogen-bridged
      dispersant. Typical examples of suitable amines are ethylene diamine,
      triethylene tetramine, pentaethylene hexamine, propylene diamine,
      tripropylene tetramine, di-(trimethylene) triamine,
      1,4-bis-(2-aminoethyl)piperazine, 1-(2-aminopropyl)piperazine,
      N-(2-hydroxyethyl)ethylene diamine, 1-(2-hydroxyethyl)piperazine, and
      2-heptadecyl-1-(2-hydroxyethyl)-imidazoline. Mixtures of these amines may
      also be used.
PAR  The preferred amines are the polyethylene polyamines containing from two to
      about ten amino groups per molecule. Such polyamines are described in
      detail under the heading "Diamines and Higher Amines" in "Encyclopedia of
      Chemical Technology" Second Edition, Kirk and Othmer, Volume 7, pages
      27-29, Interscience Publishers, Division of John Wiley and Sons, 1965. The
      indicated pages of the "Encyclopedia of Chemical Technology" are
      incorporated herein by reference for their disclosure of suitable amines
      and their sources. A commercially available mixture of polyethylene
      polyamines containing an average of about 3-7 amino groups per molecule is
      particularly suitable.
PAR  For the formation of the ashless acylated amino dispersant, the
      particularly preferred hydrocarbon-substituted succinic anhydride or acid,
      or other acylating agent, and the alkylene polyamine or other
      nitrogen-containing reagent are heated to a temperature above about
      80.degree.C., preferably about 100.degree.-250.degree.C. The product thus
      obtained has predominantly amide, imide and/or amidine linkages
      (containing acyl or acylimidoyl groups). The process may in some instances
      be carried out at a temperature below 80.degree.C. to produce a product
      having predominantly salt linkages (containing acyloxy groups). The use of
      a diluent such as mineral oil, benzene, toluene, naphtha or the like is
      often desirable to facilitate control of the reaction temperature.
PAR  The relative proportions of the acylating agent and the alkylene polyamine
      or the like are such that at least about one-half the stoichiometrically
      equivalent amount of polyamine is used for each equivalent of acylating
      agent. In this regard it will be noted that the equivalent weight of the
      alkylene polyamine is based upon the number of amine radicals therein, and
      the equivalent weight of the acylating agent is as discussed hereinabove
      with reference to the carboxylic acid radical (A) (ii). Although a minimum
      of one-half equivalent of polyamine per equivalent of acylating agent
      should be used, there does not appear to be an upper limit for the amount
      of polyamine. If an excess is used, it merely remains in the product
      unreacted without any apparent adverse effects. Ordinarily, no more than
      about 2 equivalents of polyamine are used per equivalent of acylating
      agent.
PAR  Reagent (C) can also be an organo-sulfide of the general formula
EQU  R.sup.4 SR.sup.5                                           Form. III
PAL  wherein each of R.sup.4 and R.sup.5 is independently a hydrocarbyl group of
      1 to about 50 carbon atoms or a hydroxyl-substituted hydrocarbyl group of
      2 to about 50 carbon atoms and containing 1 to about 6 hydroxyl groups
      with the proviso that R.sup.4 and R.sup.5 each can be independently
      aliphatic, alicyclic or aromatic in nature and are exemplified by
TBL  methyl          phenyl                                                    

     ethyl           tolyl (all isomers)                                       

     propyl          xylyl (all isomers)                                       

     isopropyl       naphthyl (all isomers)                                    

     butyl (normal, iso and                                                    

                     methyl naphthyl (all                                      

        tertiary)       isomers)                                               

     C.sub.5 H.sub.11 (all isomers)                                            

                     phenyl naphthyl (all                                      

                        isomers)                                               

     C.sub.6 H.sub.13 (all isomers)                                            

                     ethyl naphthyl (all                                       

                        isomers)                                               

     C.sub.8 H.sub.17 (all isomers)                                            

                     anthryl                                                   

     etc. to C.sub.50 H.sub.101                                                

                     biphenyl (all isomers)                                    

     cyclohexyl      tetralinyl                                                

     methylcyclohexyl                                                          

PAR  The hydroxyl substituted hydrocarbyl groups that can be R.sup.4 and R.sup.5
      correspond to the hereinabove described hydrocarbyl groups wherein at
      least one and up to about 6 hydrogen atoms have been replaced by hydroxyl
      groups. Particularly preferred R.sup.4 and R.sup.5 groups are C.sub.1-18
      hydrocarbyl and C.sub.1-18 monohydroxyl-substituted hydrocarbyl groups
      wherein the hydroxyl group is beta (i.e. in the 2 position) relative to
      the sulfur atom. Especially preferred organosulfides are those in which
      R.sup.4 and R.sup.5 are the same and are each C.sub.1-18 monohydroxyl
      substituted hydrocarbyl groups having the hydroxyl group in the beta
      position relative to the sulfur atom.
PAR  Generally it is preferred that reagents (A), (B) and (C) are reacted
      together in equimolar proportions to produce the additive compositions of
      the present invention. In certain instances, however, it may be desirable
      to vary the portion of one or more of reactants (B) and (C) between about
      0.5 and about 5 moles per mole of (A).
PAR  The reaction of (A), (B) and (C) generally occurs between about
      30.degree.C. to the decomposition point of the reactant present having the
      lowest decomposition temperature. Preferably the reaction of (A), (B) and
      (C) takes place between about 30.degree.C. and about 300.degree.C., more
      preferably between about 50.degree.C. and 250.degree.C.
PAR  As noted above the order of reaction of (A), (B) and (C) is not critical to
      the invention and the reaction may be carried out sequentially in steps or
      all in one step simultaneously. Preferably, however, (A) and (B) or (C)
      are first reacted together in a first step to form an intermediate product
      which is then reacted in a second step with a second reactant which is the
      other of (B) and (C), not used in the first step.
PAR  In many instances the additive compositions of this invention are ammonium
      or sulfonium salts and these salts are among the preferred embodiments of
      the invention. Such salts will normally result when (C) is an
      organosulfide or tertiary amine. Ammonium salts can also be produced when
      the proportions of (A), (B) and (C) used are such as to produce quaternary
      nitrogen atoms in the additive compositions.
DETD
PAR  The following examples include preferred embodiments of the invention but
      in no way limit the scope of invention. In these examples, as elsewhere in
      this specification and appended claims, all percentages and parts are by
      weight and molecular weights are number average molecular weights (Mn) as
      determined by vapor phase osmometry or from saponification number.
PAC  EXAMPLE 1a
PAR  A mixture of 575 parts (3.28 moles) of sodium 2-amino-2-methyl propane
      sulfonate and 934 parts (3.28 moles) of a polypropenyl-substituted
      succinic anhydride (Mn 284) is formed at 80.degree.-100.degree.C. under
      nitrogen. This mixture is heated to 230.degree.C. over a period of 5 hours
      and then held at 230.degree.C. for 5 hours under nitrogen. The reaction
      mixture is cooled to 90.degree.C., and 274 parts of hydrochloric acid, 250
      parts water and 100 parts toluene are added. This mixture is refluxed for
      3 hours and then stripped until 2000 parts of product remained as residue.
PAC  EXAMPLE 1b
PAR  Triethanol amine (244 parts, 1.64 moles) is added to 1000 parts (1.64
      moles) of the product of Example 1a at 50.degree.-55.degree.C. The
      temperature is maintained at 50.degree.-55.degree.C. and 72 parts (1.64
      moles) of ethylene oxide is added over a 2 hour period. The mixture is
      filtered, stripped under vacuum and filtered again yielding the desired
      product, which contains 3.13% sulfur and 3.96% nitrogen.
PAC  EXAMPLE 2
PAR  The procedure of Example 1b is repeated except the triethanolamine is
      replaced by an equal molar amount of trimethylamine. The product obtained
      contains 3.73% sulfur and 4.4% nitrogen.
PAC  EXAMPLE 3
PAR  The procedure of Example 2 is repeated except the polypropenyl succinic
      anhydride is replaced by an equal molar amount of a polybutenyl succinic
      anhydride (Mn 1110).
PAC  EXAMPLE 4a
PAR  A mixture of 6555 parts (7.94 equivalents) of a polybutenyl chloride
      prepared by chlorinating a polybutene (Mn 1000) to a chlorine content of
      4.3%, 66 parts (0.33 mole) of phenothiazine inhibitor and 851 parts (8.03
      moles) 2-methylene glutaronitrile is heated at 200.degree.-240.degree.C.
      for 14 hours, then stripped under vacuum. The residue is the product
      containing 2.91% nitrogen.
PAC  EXAMPLE 4b
PAR  A mixture 497 parts (13.6 moles) of commercial ethylene polyamines
      corresponding in empirical formula to triethylene tetramine and 3270 parts
      (6.8 equivalents) of the product prepared in Example 4a is prepared at
      116.degree.C. This mixture is heated to 180.degree.C. in 1.5 hours during
      which 12 parts of gaseous hydrogen sulfide is added. The mixture is then
      heated at 180.degree.-220.degree.C. for 10 hours and stripped under vacuum
      at 230.degree.C. The residue is the desired product containing 4.32%
      nitrogen.
PAC  EXAMPLE 4c
PAR  A mixture of 4440 parts of a polybutenyl succinic anhydride (Mn 1110), 610
      parts of 2-amino-2-methyl propane sulfonic acid, 159 parts of sodium
      hydroxide and 870 parts of diluent oil is heated at
      110.degree.-140.degree.C. under nitrogen for 3 hours. This mixture is
      heated to 230.degree.C. while blowing with nitrogen, then cooled to
      100.degree.C. and 333 parts of aqueous hydrochloric acid, 1000 parts of
      toluene and 300 parts of water is added. The mixture is refluxed for 2
      hours and then stripped to 155.degree.C. while blowing with nitrogen. The
      residual mixture is cooled to 80.degree.C. and 176 parts (4.0 moles) of
      ethylene oxide is added over a 4 hour period. Filtration provides the
      product; a filtrate containing 0.47% nitrogen and 1.13% sulfur.
PAC  EXAMPLE 4d
PAR  A mixture of 2830 parts (1 equivalent) of the product of Example 4c and 650
      parts (2 equivalents) of the product of Example 4b is heated at
      150.degree. for 8 hours under nitrogen and filtered. The filtrate is the
      product and contains 1.14% nitrogen and 0.933% sulfur.
PAC  EXAMPLE 5a
PAR  A reaction mixture of 455 parts (2.6 moles) of sodium 2-amino-2-methyl
      propane sulfonate and 2780 parts (2.5 moles) of a polybutenyl succinic
      anhydride (Mn 1110) is prepared at 80.degree.-100.degree.C. over a 0.5
      hour period. The reaction mixture is stripped at 150.degree.C. for 4 hours
      while being blown with nitrogen. To the residual mixture is added 1290
      parts of diluent oil. It is then heated at 220.degree.-230.degree.C. for 8
      hours while being blown with nitrogen. The mixture is cooled to
      130.degree.C. and blown with 216 parts (6 equivalents) of hydrogen
      chloride gas for 6 hours at 130.degree.-135.degree.C. Then 350 parts of
      aqueous hydrochloric acid is added. The mixture is stripped to
      155.degree.C. while blowing with nitrogen and filtered to provide the
      desired product as a filtrate containing 1.02% sulfur and 0.39% nitrogen.
PAC  EXAMPLE 5b
PAR  A mixture is prepared by the addition of 71 parts (0.3 equivalent) of a
      commercial mixture of C.sub.14-18 alpha olefin oxide to 450 parts (0.3
      equivalent) of the product of Example 5a and 37 parts (0.3 equivalent) of
      2, 2'-thiodiethanol at 65.degree.-75.degree.C. over 1 hour. The mixture is
      heated at 75.degree.-85.degree.C. for 3 hours and at
      130.degree.-135.degree.C. for 7 hours. The mixture is then stripped under
      vacuum at 130.degree.-135.degree.C. and filtered. The filtrate is the
      product containing 2.19% sulfur and 0.34% nitrogen.
PAC  EXAMPLE 6
PAR  A mixture of 1132 parts (0.4 equivalent) of the product of Example 4c and
      48 parts (0.4 equivalent) 2, 2'-thiodiethanol is heated at
      95.degree.-105.degree.C. for 3 hours and at 130.degree.-140.degree.C. for
      an additional 4 hours. The reaction mixture is stripped at
      140.degree.-165.degree.C. to provide as the residue 1147 parts of product.
PAC  EXAMPLE 7a
PAR  A mixture of 579 parts (0.5 moles) of a polybutenyl succinic anhydride (Mn
      1158), 237 parts diluent oil and 70 parts (0.5 moles) of 2-amino propane
      sulfonic acid is heated at 200.degree.C. for 20 hours. The reaction
      mixture is cooled to room temperature and 7 parts of methanol and 76 parts
      (0.5 moles) of triethanol amine is added. The mixture is then heated at
      175.degree.C. and filtered. The filtrate is the product containing 1.44%
      sulfur and 1.34% nitrogen.
PAC  EXAMPLE 7b
PAR  The product of 7a is reacted with an equivalent amount of ethylene oxide in
      essentially the same manner described in Example 1b.
PAC  EXAMPLE 8a
PAR  A mixture of 2220 parts (4.0 equivalents) of a polybutenyl succinic
      anhydride (Mn 1110), 1700 parts diluent oil and 336 parts (8 equivalents)
      of a commercially available mixture of ethylene polyamines having an
      average of 3-10 nitrogen atoms per molecule is heated at
      150.degree.-155.degree.C. for 6 hours under nitrogen, stripped and
      filtered. The filtrate is the product having 2.78% nitrogen.
PAC  EXAMPLE 8b
PAR  A mixture of 2340 parts (1 mole) of the product of Example 8a and 116 parts
      (2.0 moles) of propylene oxide is heated at 150.degree.C. for 3 hours. An
      additional 29 parts (0.5 mole) of propylene oxide is added and the mixture
      held at 150.degree.C. for 1 hour. The residue is the desired product; it
      contains 2.43% nitrogen.
PAC  EXAMPLE 8c
PAR  A mixture of 340 parts (0.25 equivalent) of product of Example 5a and 12
      parts (0.273 equivalent) of ethylene oxide is heated at
      55.degree.-60.degree.C. for 2 hours. The residue is the product which
      contains 0.36% nitrogen and 1.09% sulfur.
PAC  EXAMPLE 8d
PAR  A mixture of 121 parts (0.05 equivalent) of the product of Example 8b, 65
      parts (0.05 equivalent) of the product of Example 8c and 14 parts diluent
      oil is heated at 150.degree.-160.degree.C. for 8 hours under nitrogen. The
      reaction mixture is stripped and filtered. The filtrate is the product
      containing 1.62% nitrogen and 0.28% sulfur.
PAC  EXAMPLE 9a
PAR  A mixture of 2220 parts (2.0 moles) of a polybutenyl succinic anhydride (Mn
      1110), 450 parts (3.0 moles) of triethanol amine and 1780 parts of diluent
      oil is heated at 150.degree.-160.degree.C. for 5 hours while being blown
      with nitrogen. Provision is made for removing water during this step. The
      reaction mixture is filtered and the filtrate is the product containing
      0.96% nitrogen.
PAC  EXAMPLE 9b
PAR  A mixture of 146 parts (0.1 equivalent) of the product of Example 9a, 130
      parts (0.1 equivalent) of the product of Example 8c and 27 parts diluent
      oil is heated at 150.degree.-160.degree.C. for 8 hours under nitrogen. The
      mixture is stripped at 150.degree.C. for 1.5 hours while being blown with
      nitrogen. The reaction mixture is filtered and the filtrate is the product
      containing 0.65% nitrogen and 0.37% sulfur.
PAR  As previously indicated, the additive compositions of this invention are
      useful as additives in preparing lubricant compositions where they
      function primarily as dispersants and corrosion inhibitors (e.g.,
      anti-rust agents). Many such compositions are particularly useful in
      dispersing engine sludge and reducing corrosion of metal engine parts with
      which the lubricant comes in contact. The products of this invention can
      be employed in a variety of lubricant compositions based on diverse oils
      of lubricating viscosity, including natural and synthetic lubricating oils
      and mixtures thereof. These lubricant compositions include crankcase
      lubricating oils for spark-ignited and compression ignited internal
      combustion engines, including automobile and truck engines, two-cycle
      engines, rotary engines, aviation piston engines, marine and railroad
      diesel engines and the like. In addition, automatic transmission fluids,
      transaxle lubricants, gear lubricants, metal-working lubricants, hydraulic
      fluids and other lubricating oil and grease compositions can also benefit
      from the incorporation therein of the products of the present invention.
PAR  Natural oils useful in making these compositions include animal oils and
      vegetable oils (e.g., castor oil, lard oil) as well as liquid petroleum
      oils and solvent-refined or acid-refined mineral lubricating oils of the
      paraffinic, naphthenic or mixed paraffinic-naphthenic types. Oils of
      lubricating viscosity derived from coal or shale are also useful base
      oils. Synthetic lubricating oils include hydrocarbon oils and
      halosubstituted hydrocarbon oils such as polymerized and interpolymerized
      olefins (e.g., polybutylenes, polypropylenes, propylene-isobutylene
      copolymers, chlorinated polybutylenes, etc.); alkylbenzenes (e.g., dodecyl
      benzenes, tetradecylbenzenes, dinonylbenzenes, di-(2-ethylhexyl)-benzenes,
      etc.); polyphenyls (e.g., biphenyls, terphenyls, etc.); and the like.
PAR  Alkylene oxide polymers and interpolymers and derivatives thereof where the
      terminal hydroxyl groups have been modified by esterification,
      etherification, etc. constitute another class of known synthetic
      lubricating oils. These are exemplified by the oils prepared through
      polymerization of ethylene oxide or propylene oxide, the alkyl and aryl
      ethers of these polyoxyalkylene polymers (e.g., methyl-polyisopropylene
      glycol ether having an average molecular weight of 1000, diphenyl ether of
      polyethylene glycol having a molecular weight of 500-1000, diethyl ether
      of polypropylene glycol having a molecular weight of 1000-1500, etc.) or
      mono- and polycarboxylic esters thereof, for example, the acetic acid
      esters, mixed C.sub.3 -C.sub.8 fatty acid esters, or the C.sub.13 Oxo acid
      diester of tetraethylene glycol.
PAR  Another suitable class of synthetic lubricating oils comprises the esters
      of dicarboxylic acids (e.g., phthalic acid, succinic acid, maleic acid,
      azelaic acid, suberic acid, sebacic acid, fumaric acid, adipic acid,
      linoleic acid dimer, etc.) with a variety of alcohols (e.g., butyl
      alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene
      glycol, etc.). Specific examples of these esters include dibutyl adipate,
      di(2-ethylhexyl)sebacate, di-n-hexyl fumarate, dioctyl sebacate diisooctyl
      azelate, diisodecyl azelate, dioctyl phthalate, didecyl phthalate,
      dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the
      complex ester formed by reacting one mole of sebacic acid with two moles
      of tetraethylene glycol and two moles of 2-ethylhexanoic acid and the
      like.
PAR  Esters useful as synthetic oils also include those made from C.sub.5 to
      C.sub.12 monocarboxylic acids and polyols and polyol ethers such as
      trimethylolpropane, pentaerythritol, dipentaerythritol, etc.
PAR  Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy-, or
      polyaryloxy-siloxane oils and silicate oils comprise another useful class
      of synthetic lubricants (e.g., tetraethyl silicate, tetraisopropyl
      silicate, tetra(2-ethylhexyl)silicate,
      tetra-(4-methyl-2-tetraethyl)-silicate,
      tetra-(p-tert-butylphenyl)silicate, hexyl-(4-methyl-2-pentoxy)-disiloxane,
      poly(methyl)siloxanes, poly(methylphenyl)siloxanes, etc.). Other synthetic
      lubricating oils include liquid esters of phosphorus-containing acids
      (e.g., tricresyl phosphate, trioctyl phosphate, diethyl ester of decane
      phosphonic acid, etc.), polymeric tetrahydrofurans and the like.
PAR  The preferred lubricating oils which serve as base stocks for the lubricant
      compositions of this invention have viscosities ranging from about 100
      centistokes at 0.degree.F. to about 2000 centistokes at 210.degree.F.
PAR  Generally, the lubricant compositions of the present invention contain an
      amount of the additive compositions of this invention sufficient to
      provide the composition with anti-corrosion and sludge dispersing
      properties. Normally this amount will be about 0.05 to about 20,
      preferably about 0.50 to about 10% of the total weight of the lubricant
      composition. In lubricating oils operated under extremely adverse
      conditions, such as lubricating oils for marine diesel engines, the
      reaction products of this invention may be present in amounts of up to
      about 30% by weight.
PAR  The lubricant compositions of the present invention can contain, in
      addition to the additive composition products of this invention, other
      additives that are normally used in lubricants. Such additives include,
      for example, auxiliary detergents of the ash-forming and of the ashless
      type, viscosity index improving agents, pour-point depressants, anti-foam
      agents, extreme pressure agents, rust-inhibiting agents, oxidation- and
      corrosion-inhibiting agents.
PAR  The normally liquid fuel compositions of this invention are generally
      derived from petroleum sources, e.g., normally liquid petroleum distillate
      fuels, though they may include those produced synthetically by the
      Fischer-Tropsch and related processes, the processing or organic waste
      material or the processing of coal, lignite or shale rock. Such fuel
      compositions have varying boiling ranges, viscosities, cloud and pour
      points, etc., according to their end use as is well known to those of
      skill in the art. Among such fuels are those commonly known as motor and
      aviation gasoline, diesel fuels, jet engine fuel, kerosene, distillate
      fuels, heating oils, residual fuels, bunker fuels, etc. The properties of
      such fuels are well known to skilled artisans as illustrated, for example,
      by ASTM Specifications D No. 396-73 (Fuel Oils) and D No. 439-73
      (Gasolines) available from the American Society for Testing Materials,
      1916 Race Street, Philadelphia, Pa. 19103.
PAR  The fuel compositions of the present invention can contain about 0.001 to
      about 5% (based on the weight of the final composition), preferably about
      0.001 to about 1%, of the above-described additive compositions. The
      presence of these additive compositions imparts many desirable
      characteristics to the fuel composition. Thus in gasolines they improve
      the overall composition ability to retard corrosion of metal parts with
      which it may come in contact and the fuel's ability to clean carburetors
      and reduce carburetor icing. These products can be used in fuel oil
      compositions and other normally liquid petroleum distillate fuel
      compositions to impart anti-screen clogging and demulsifying properties to
      the fuel. The sulfonium and ammonium salt-containing additive compositions
      of this invention are particularly useful in fuels used to power jet
      engines where they function as anti-static agents.
PAR  The fuel compositions of this invention can contain, in addition to the
      products of this invention, other additives which are well known to those
      of skill in the art. These can include anti-knock agents such as
      tetraalkyl lead compounds, lead scavengers such as haloalkanes, deposit
      preventers or modifiers such as triaryl phosphates, dyes, cetane
      improvers, anti-oxidants such as 2,6-di-tertiary-butyl-4-methylphenol,
      rust inhibitors, such as alkylated succinic acids and anhydrides,
      bacteriostatic agents, gum inhibitors, metal deactivators, upper cylinder
      lubricants and the like.
PAR  The additive compositions of this invention can be added directly to the
      fuel or lubricant to be treated or they can be diluted with an inert
      solvent/diluent such as the various oils and normally liquid fuels
      described in detail hereinabove to form additive concentrates. These
      concentrates generally contain about 20 to about 90% additive composition
      and can contain in addition any of the above-described prior art
      additives, particularly the afore-described prior art additives,
      particularly the afore-described ashless dispersants in the aforesaid
      proportions.
PAR  The lubricant and fuel compositions and concentrates of this invention are
      exemplified by the following:
PAC  EXAMPLE 10
PAR  A gasoline having a Reid vapor pressure of 8.4 psi and containing 2.7 grams
      of tetraethyl lead per gallon and 15 parts per million parts of gasoline
      of the reaction product described in Example 2.
PAC  EXAMPLE 11
PAR  A jet fuel containing 250 parts per million parts of fuel of the reaction
      product described in Example 4d.
PAC  EXAMPLE 12
PAR  A motor oil graded SAE 10W-30 containing 0.5% of the reaction product
      described in Example 1b and other conventional additives.
PAC  EXAMPLE 13
PAR  A synthetic lubricant comprised predominantly of C.sub.5 -C.sub.7 normal
      alcohol esters of pentaerythritol containing 0.15% of the reaction product
      described in Example 4.
PAC  EXAMPLE 14
PAR  A concentrate for use in blending jet fuels comprised of 65% of the solvent
      refined mineral oil having a viscosity of 100 SUS at 100.degree.F. and 35%
      of the product described in Example 8d.
PAR  The additive, additive concentrate, lubricant and liquid fuel compositions
      of this invention have been specifically exemplified hereinabove to aid
      those skilled in the art in understanding and practicing the invention.
      Many obvious variations and departures from these specific teachings will
      be apparent to those of skill in the art based on principles and
      disclosures herein and in the prior art. Such variations and departures
      are contemplated as being within the scope of the present invention unless
      clearly excluded by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lubricant composition comprising a major amount of lubricant and a
      minor but sludge dispersing and/or corrosion inhibitive amount of an
      additive composition made by reacting (A) at least one acylated amino
      hydrocarbyl sulfonic acid or Group I or II metal salt, or ammonium salt of
      C.sub.1-8 amine salt thereof, of at least (i) one amino hydrocarbyl
      sulfonic acid of the formula
      ##EQU14##
      wherein R is a hydrocarbyl group of one to about thirty carbon atoms
      having a valency of x + y, each R' is independently a hydrogen atom or a
      monovalent hydrocarbyl group of one to about 18 carbon atoms, with the
      proviso that at least one R' is a hydrogen atom, x and y are each
      independently 1 or 2 and x + y is no more than 3, said acylated amino
      hydrocarbyl sulfonic acid having a (ii) carboxylic acid radical containing
      a substantially saturated hydrocarbyl substituent of at least about 12
      carbon atoms and attached directly to an amino group of the amino
      hydrocarbyl sulfonic acid (i) through an acyl, acylimidoyl or acyloxy
      linkage; (B) at least one heterocyclic reagent selected from the group
      consisting of epoxides, episulfides and aziridines of the formula
      ##EQU15##
      wherein Z is an oxygen or sulfur atom or an --NR'-- group, R' being as
      defined in (A) and each R" independently being a hydrogen atom,
      hydrocarbyl group containing 1 to about 18 carbon atoms or
      halo-substituted hydrocarbyl group of one to about 18 carbon atoms or
      mixtures of two or more of these; and (C) at least one (i) amino compound
      having one to about 400 carbon atoms or (ii) organo sulfide of the general
      formula R.sup.4 SR.sup.5 wherein each of R.sup.4 and R.sup.5 is
      independently a hydrocarbyl group of one to about 50 carbon atoms or a
      hydroxyl-substituted hydrocarbyl group of 2 to about 50 carbon atoms and
      containing 1-6 hydroxyl groups with the proviso that R.sup.4 and R.sup.5
      can be taken together with S to form a ring of 5 to 6 annular members.
NUM  2.
PAR  2. A composition as claimed in claim 1 wherein the R group of (A)(i) is an
      aromatic or aliphatic hydrocarbyl group of about 2 to about 18 carbon
      atoms and x and y are each 1 and (A)(ii) contains a hydrocarbyl
      substituent of about 30 to about 300 carbon atoms.
NUM  3.
PAR  3. A composition as claimed in claim 2 wherein (C) is a high molecular
      weight mono- or polyamino compound having between about 30 and about 300
      carbon atoms.
NUM  4.
PAR  4. A composition as claimed in claim 2 wherein (C) is an organo-sulfide of
      the formula R.sup.4 SR.sup.5 and the additive composition is made by
      reacting (A) with (B) or (C) in a first step to form an intermediate
      product and then reacting that intermediate product in a second step with
      a second reactant which is the other of (B) or (C) not used in the first
      step.
NUM  5.
PAR  5. A fuel composition comprising a major amount of a normally liquid fuel
      and a minor, but sufficient to impart carburetor detergent and/or
      anti-static properties, amount of an additive composition made by reacting
      (A) at least one acylated amino hydrocarbyl sulfonic acid or Group I or II
      metal salt, or ammonium salt of C.sub.1-8 amine salt thereof, of at least
      (i) one amino hydrocarbyl sulfonic acid of the formula
      ##EQU16##
      wherein R is a hydrocarbyl group of one to about thirty carbon atoms
      having a valency of x + y, each R' is independently a hydrogen atom or a
      monovalent hydrocarbyl group of one to about 18 carbon atoms, with the
      proviso that at least one R' is a hydrogen atom, x and y are each
      independently 1 or 2 and x + y is no more than 3, said acylated amino
      hydrocarbyl sulfonic acid having a (ii) carboxylic acid radical containing
      a substantially saturated hydrocarbyl substituent of at least about 12
      carbon atoms and attached directly to an amino group of the amino
      hydrocarbyl sulfonic acid (i) through an acyl, acylimidoyl or acyloxy
      linkage; (B) at least one heterocyclic reagent selected from the group
      consisting of epoxides, episulfides and aziridines of the formula
      ##EQU17##
      wherein Z is an oxygen or sulfur atom or an --NR'-- group, R' being as
      defined in (A) and each R" independently being a hydrogen atom,
      hydrocarbyl group containing 1 to about 18 carbon atoms or
      halo-substituted hydrocarbyl group of one to about 18 carbon atoms or
      mixtures of two or more of these; and (C) at least one (i) amino compound
      having one to about 400 carbon atoms or (ii) organo sulfide of the general
      formula R.sup.4 SR.sup.5 wherein each of R.sup.4 and R.sup.5 is
      independently a hydrocarbyl group of one to about 50 carbon atoms or a
      hydroxyl-substituted hydrocarbyl group of 2 to about 50 carbon atoms and
      containing 1-6 hydroxyl groups with the proviso that R.sup.4 and R.sup.5
      can be taken together with S to form a ring of 5 to 6 annular members.
NUM  6.
PAR  6. A fuel composition as claimed in claim 5 wherein the R group of (A)(i)
      is an aromatic or aliphatic hydrocarbyl group of about 2 to about 18
      carbon atoms and x and y are each 1 and (A)(ii) contains a hydrocarbyl
      substituent of about 30 to about 300 carbon atoms.
NUM  7.
PAR  7. A fuel composition as claimed in claim 6 wherein (C) is a high molecular
      weight mono- or polyamino compound having between about 30 and 300 carbon
      atoms.
NUM  8.
PAR  8. A fuel composition as claimed in claim 6 wherein (C) is an
      organo-sulfide of the formula R.sup.4 SR.sup.5 and the additive
      composition is made by reacting (A) with (B) or (C) in a first step to
      form an intermediate product and then reacting that intermediate product
      in a second step with a second reactant which is the other of (B) or (C)
      not used in the first step.
NUM  9.
PAR  9. An additive concentrate comprising about 20 to about 90 percent of the
      additive composition of claim 1 and an inert solvent diluent.
NUM  10.
PAR  10. An additive concentrate comprising about 20 to about 90 percent of the
      additive composition of claim 2 and an inert solvent diluent.
NUM  11.
PAR  11. An additive concentrate comprising about 20 to about 90 percent of the
      additive composition of claim 3 and an inert solvent diluent.
NUM  12.
PAR  12. An additive concentrate comprising about 20 to about 90 percent of the
      additive composition of claim 4 and an inert solvent diluent.
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ABST
PAL  A process is disclosed for preparing overbased carbonated sulfurized
      magnesium alkylphenates. In the process, magnesium methoxide is carbonated
      and then contacted with an alkylphenol to form a normal magnesium phenate.
      The normal magnesium phenate is sulfurized and then contacted with an
      additional amount of carbonated magnesium methoxide to form the overbased
      sulfurized magnesium phenate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the internal combustion engine by-products from the combustion chamber
      often blow by the piston and admix with the lubricating oil. Many of these
      by-products form acidic bodies within the lubricating oil leading to the
      formation of sludge and corrosive bodies detrimental to the engine
      bearings and parts. Typical acidic bodies produced include sulfur acids,
      produced from the oxidation of sulfur-containing compounds in the fuel,
      hydrohalic acids, derived from halogen lead scavengers in the fuel, and
      nitrogen acids, produced from the oxidation of atmospheric nitrogen within
      the combustion chamber.
PAR  It has been found that these acidic bodies cause degradation of the
      lubricating oil to form sludges which settle out on parts of the engine.
      The acid bodies also are corrosive to the metal bearings and parts of the
      engine causing rapid wear and early breakdown of the engine.
PAR  Overbased calcium and barium sulfurized phenates have been employed to
      neutralize the acid bodies and to disperse sludge within the lubricating
      oil. Although the overbased barium and calcium phenates neutralize the
      acid bodies and are quite effective detergents; they do not possess the
      desired degree of rust inhibition needed for a more complete protection of
      the engine parts. Magnesium phenates have been developed which do impart a
      higher degree of rust inhibition to the lubricating oil. These magnesium
      phenates, however, are more expensive and are considerably more difficult
      to prepare.
PAR  It is, therefore, an object of this invention to provide an improved method
      for preparing overbased magnesium phenates.
PAR  It is an additional object of this invention to provide a method for
      preparing overbased magnesium sulfurized alkylphenates.
PAR  It is another object of this invention to provide a method for preparing
      overbased magnesium sulfurized alkylphenates from process steps which do
      not employ sulfurized alkylphenol as a starting material.
PAR  Other and further objects of this invention will become apparent upon the
      following description of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  I have found that the aforementioned objects and their attendant advantages
      can be realized by the following process. In the process, an overbased
      sulfurized magnesium alkylphenate is prepared by the steps of:
PA1  A. forming a first mixture of C1 to C3 magnesium alkoxide in a lower
      alkanol solvent and carbonating the mixture with 1.5 to 4, preferably 1.8
      to 3.7 weight parts of carbon dioxide per weight part of magnesium at a
      temperature from 20.degree. to 100.degree.C and preferably from 20.degree.
      to 60.degree.C;
PA1  b. contacting the carbonated first mixture with a C8 to C35 (preferably C10
      to C30) alkylphenol at a temperature from 20.degree. to 150.degree.C
      (preferably 20.degree. to 100.degree.C) at a pressure sufficient to
      maintain liquid phase to form a normal magnesium phenate and by-product C1
      to C3 alkanol, the amount of said alkylphenol contacted being from 0.5 to
      2 mole (preferably 0.8 to 1.4 mols) per mol of magnesium contacted;
PA1  c. contacting said normal magnesium phenate with 0.8 to 3.0 mols
      (preferably 1.0 to 2.0) mols of sulfur per mol of alkylphenol in said
      normal magnesium phenate at a temperature of 130.degree. to 250.degree.C,
      preferably from 150.degree. to 200.degree.C to form a sulfurized magnesium
      phenate and by-product hydrogen sulfide; and
PA1  d. contacting said sulfurized magnesium phenate with a sufficient amount of
      said carbonated first mixture to provide from 0.1 to 2.0 (preferably 0.2
      to 1.0) molar parts of carbonated magnesium alkoxide per molar part of
      alkylphenol in said sulfurized magnesium phenate, said contacting being
      conducted at a temperature from 20.degree. to 120.degree.C (preferably
      from 20.degree. to 100.degree.C) for a period sufficient to form the
      overbased sulfurized magnesium phenate.
PAR  By conducting the reaction in the above manner, elemental sulfur may be
      used in the sulfurization step without going through a sulfur dichloride
      sulfurization step. Generally, sulfur dichloride must be employed in order
      to sulfurize an alkylphenol. With the sulfurization step as described
      herein, elemental sulfur is employed and from 30 to 65 weight percent and
      more usually from 40 to 60 weight percent of the sulfur is incorporated
      into the sulfurized product. In addition, the process steps of this
      invention may be performed without the presence of a hydrocarbon solvent
      which is normally employed in other magnesium phenate processes.
      Additionally, when sulfur dichloride is employed to sulfurize the
      alkylphenol, most of the sulfurized products are dimers and trimers. By
      sulfurizing the magnesium phenate an oligomer is produced having usually
      between 4 and 6 alkylphenate groups.
PAR  The exact mechanism of the overbased carbonated sulfurized magnesium
      phenates in exhibiting superior rust inhibition, base reserve and
      antioxidation properties is unknown. Although these mechanisms are
      unknown, it is known, on the other hand, that these compounds exhibit good
      properties and possess high base reserve when incorporated into
      lubricating oils.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The overbased carbonated sulfurized magnesium alkylphenates of this
      invention may be prepared by a four-step processing scheme. In a first
      step, a magnesium alkoxide is prepared by contacting magnesium with a C1
      to C3 alkanol, preferably methanol, at a temperature of 20.degree. to
      100.degree.C. Generally, magnesium turnings are simply admixed with
      alkanol in a stirred reactor and slowly dissolved. Usually from 250 to 500
      weight percent excess of the alkanol is employed over that required for
      complete conversion of the magnesium to magnesium alkoxide.
PAR  The magnesium alkoxide is then carbonated by contacting the magnesium
      alkoxide in a lower C1 to C4 alkanol solvent, typically methanol, with
      carbon dioxide. Usually from 1.0 to 2.0 mols and more preferably from 1.5
      to 1.9 mols of carbon dioxide per mol of magnesium methoxide is contacted
      with the magnesium alkoxide solution. This contacting may be conducted at
      a temperature of 20.degree. to 100.degree.C, and preferably from
      20.degree. to 60.degree.C.
PAR  The contacting is conducted for a period sufficient to absorb 1.0 to 2.0
      mols of carbon dioxide per mol of magnesium alkoxide. The actual time
      involved varies over a wide range depending whether a pressurized system
      is employed. However, if atmospheric pressure is involved, the contacting
      time generally varies from 1 to 5 hours.
PAR  In a second step, the mixture of carbonated magnesium alkoxide in the lower
      alkanol solvent is contacted with an alkylphenol at a temperature of
      20.degree. to 150.degree.C, preferably from 65.degree. to 85.degree.C. The
      amount of alkylphenol contacted with the magnesium alkoxide solution
      generally varies from 0.5 to 2 mols, preferably from 0.8 to 1.4 mols and
      more preferably from 0.9 to 1.1 mols per mol of magnesium present within
      the contacting zone. During the contacting, the carbonated magnesium
      alkoxide reacts with the alkylphenol to form a normal carbonated magnesium
      phenate and by-product C1 to C3 alkanol. An excess of the alkylphenol is
      generally present so that very little if any unreacted magnesium alkoxide
      remains in the solution.
PAR  In a preferred embodiment, the alkylphenol is first dissolved in a long
      chain fatty alcohol, such as tridecyl alcohol, prior to the contacting
      with the carbonated magnesium alkoxide solution. The long chain fatty
      alcohol acts as a mutual solvent for the magnesium alkoxide and the
      alkylphenol, thereby allowing improved contacting of the two reactants. It
      is recognized, however, that the presence of the fatty alcohol is not
      necessary to effect the reaction. If the long chain fatty alcohol is not
      present, vigorous agitation of the two solutions will achieve a
      significant contacting of the two reactants to form the normal magnesium
      phenate.
PAR  The by-product alkanol and lower alkanol solvent is preferably removed at
      the end of the reaction of magnesium alkoxide with the alkylphenol. The
      by-product alkanol may also be removed continuously as it is formed during
      the reaction.
PAR  In another step of the process, the normal magnesium phenate is sulfurized.
      In this step, the normal magnesium phenate solution is contacted with 0.8
      to 3.0 mols, preferably from 1.0 to 2.0 mols and more preferably from 1.5
      to 2.0 mols of sulfur per mol alkylphenol in the normal magnesium phenate.
      The contacting is conducted at a temperature from 130.degree. to
      250.degree.C, preferably from 150.degree. to 200.degree.C and more
      preferably from 175.degree. to 190.degree.C for a period sufficient to
      complete the reaction as indicated by a cessation (a substantial
      reduction) of the evolution of hydrogen sulfide from the mixture.
      Generally this contacting period is from 2 to 12 hours and more usually
      from 4 to 12 hours at the above conditions.
PAR  Upon sulfurizing the neutral magnesium phenate, a significant amount of
      by-product hydrogen sulfide gas is evolved. This gas may be removed at the
      end of the sulfurization step or, preferably, it is removed continuously
      as it is formed during the reaction. This removal may be accomplished by
      applying a vacuum to 5 to 20mmHg to the system while maintaining the
      temperature from 175.degree. to 190.degree.C.
PAR  Generally, the sulfurized magnesium phenate is quite viscous and difficult
      to handle. Therefore, the addition of a diluent oil is usually preferred
      in order to reduce the viscosity of the product. Thus, in this embodiment,
      from 0.1 to 1.0 weight parts of diluent oil are added for each weight part
      of sulfurized magnesium phenate present within the solution.
PAR  The last reaction step comprises overbasing the normal sulfurized magnesium
      phenate prepared above. In this step, a sulfurized magnesium phenate
      solution is contacted with an additional amount of the carbonated
      magnesium alkoxide solution so as to provide 0.1 to 2.0 and preferably
      from 0.2 to 1.0 mols of carbonated magnesium alkoxide added for each molar
      part of alkylphenol in the sulfurized magnesium phenate. In a most
      preferred embodiment, from 0.4 to 0.8 mols of carbonated magnesium
      alkoxide are added for each mol of alkylphenol in the sulfurized magnesium
      phenate. The contacting is conducted at a temperature from 20.degree. to
      120.degree.C and preferably from 20.degree. to 100.degree.C and more
      preferably from 65.degree. to 85.degree.C.
PAR  By-product alkanol and lower alkanol solvent present within the overbasing
      solution is preferably removed by heating to a temperature of 70.degree.
      to 200.degree.C. A mixture of water and lower alkanol in the ratio of 1:1
      to 1:10, preferably in a ratio to 1:3 to 1:6 may be added to the reaction
      mixture. The water reacts with the carbonated magnesium methoxide causing
      a greater percentage of the alkanol to be recovered in the final stripping
      steps.
PAR  The by-product methanol and lower alkanol solvent present within the
      reaction mixture may be removed by heating the mixture to a temperature of
      100.degree. to 210.degree.C while maintaining a pressure of 50 to 750 mmHg
      absolute on the system. The long chain fatty alcohol may also be removed
      at this point by heating to 175.degree. to 210.degree.C at a pressure of 5
      to 50 mmHg absolute.
PAR  The final product has a metal content which generally ranges from 2 to 7
      weight percent and a sulfur content from 1 to 8 weight percent. The
      alkalinity value (ASTM Test D-2896) of the overbased sulfurized metal
      phenate generally ranges from 150 to 300 mg of KOH per gram and more
      usually from 200 to 250 mg of KOH per gram. The final product also has a
      base ratio of 0.5 to 2.0 and preferably from 1.1 to 1.4. Overbased
      materials are characterized by a metal content in excess of that
      stoichiometrically required by the reaction of the metal with the
      particular phenate. The base ratio is the ratio of the chemical
      equivalents of excess metal in the product to the chemical equivalents of
      the metal stoichiometrically required to react with the alkylated phenol.
PAC  REACTANTS
PAC  Alkylated Phenol
PAR  The alkylated phenols useful in this invention are of the formula:
      ##SPC1##
PAL  wherein R may be a straight chain or a branch chain alkyl group having from
      8-35 carbon atoms and preferably from 10-30 carbon atoms. The R group or
      alkyl group may be present on any of the sides around the phenolic ring,
      i.e., ortho, meta, or para. Preferably, the R groups will predominately be
      meta or para. That is, less than 40% of the R groups will be in the ortho
      position and preferably less than 15% of the R groups will be in the ortho
      position. A particularly preferred alkalated phenol is polypropylene
      phenol, having from 8-20 carbon atoms in the polypropylene group. Examples
      of suitable alkyls include octyl, decyl, dodecyl, ethylhexyl, tricontyl,
      etc.; radicals derived from petroleum hydrocarbons such as white oil, wax,
      olefin polymers (e.g., polypropylene, polybutylene, etc.), etc. While one
      specific structure is indicated by the above formula, it should be
      recognized that mixtures of alkylated phenols can be successfully employed
      in the practice of this invention, including more than one alkyl group on
      each phenol radical.
PAC  Lower Alkanol
PAR  The lower alkanol which may be employed as a solvent in this invention
      includes C1 to C4 alkanols. Exemplary of these alkanols include methanol,
      ethanol, propanol, isopropanol, butanol, secondary butyl alcohol, etc. The
      preferred lower alkanol solvent is methanol.
PAC  Long Chain Fatty Alcohol
PAR  The long chain fatty alcohol which may be employed in this invention
      include the C10 to C18 fatty alcohols. Exemplary alcohols of this type
      include decyl alcohol, undecyl alcohol, dodecyl alcohol, tridecyl alcohol,
      tetradecyl alcohol, pentadecyl alcohol, hexadecyl alcohol, heptadecyl
      alcohol, and octadecyl alcohol. Usually from 0.3 to 1.0 weight parts of
      long chain fatty alcohol are employed per weight part of alkylphenol
      employed in the contacting.
PAC  Diluent Oil
PAR  The diluent oil employed in the subject invention is preferably a mineral
      lubricating oil obtained from parafinic, naphthenic, asphaltic, or mixed
      base crudes, and/or mixtures thereof, having a flash point above about
      240.degree.C. The reaction diluent serves to reduce the viscosity of the
      sulfurized intermediate and the overbased sulfurized metal magnesium
      phenate product to make them readily transferable by pumping operations
      and the like. Mineral lubricating oils are preferred since the ultimate
      use of the overbased sulfurized magnesium phenate is in oil additives.
      However, any inert water-insoluble organic medium which would not react or
      interfere with the reaction of the process would be suitable. A
      particularly preferred reaction diluent is a refined mid-continent neutral
      oil having a viscosity from 50 to 300 SUS at 100.degree.F (37.5.degree.C).
PAC  PREPARATION OF LUBRICANT COMPOSITION
PAR  The lubricant composition of this invention can be prepared by simply
      mixing the overbased sulfurized metal phenate solution produced in the
      above step within a suitable lubricating oil or lubricant composition. The
      concentration of overbased metal phenate within the lubricating oil
      composition to realize the superior antioxidant and base reserve
      properties varies depending upon the type of overbased sulfurized
      magnesium phenate selected, the particular properties desired and the type
      of lubricating oil selected. Generally, however, the concentration of the
      overbased sulfurized magnesium phenate ranges from 0.2 to 20 weight
      percent and more preferably from 2 to 8 weight percent of the lubricating
      oil composition. Thus, lubricating oils generally have a magnesium content
      derived from the subject overbased phenate between about 0.01 to 1.0
      weight percent.
PAR  The lubricating oil which may be employed in the practice of this invention
      includes a wide variety of hydrocarbon oils such as naphthenic base,
      paraffin base and mixed base hydrocarbon lubricating oils. The oils
      generally have a viscosity of 20 to 200 SUS at 210.degree.F
      (98.8.degree.C). Exemplary oils which may be employed include lubricating
      oils derived from coal products and synthetic oils, e.g., alkylene
      polymers (such as, polymers of propylene, butylene, etc., and mixtures
      thereof), alkylene oxide-type polymers (e.g., alkylene oxide polymers
      prepared by polymerizing alkylene oxide, e.g., propylene oxide polymers,
      etc., in the presence of water or alcohols, e.g., ethylene alcohol),
      carboxylic acid esters (e.g., those which were prepared by esterifying
      such carboxylic acids as adipic acid, azelaic acid, suberic acid, sebacic
      acid, alkenyl succinic acid, furmaric acid, maleic acid, etc., with the
      alcohols such as butyl alcohol, hexyl alcohol, 2-ethylhexyl alcohol,
      etc.), liquid esters of acids of phosphorus, alkyl benzenes, polyphenols
      (e.g., biphenols and terphenols), alkyl biphenol ethers, polymers of
      silicon, e.g., tetraethyl silicate, tetraisopropyl silicate,
      tetra(4-methyl-2-tetraethyl) silicate,
      hexyl(4-methyl-2-pentoxy)disilicone, poly(methyl)siloxane, and
      poly(methylphenyl)siloxane, etc. The lubricating oils may be used
      individually or in combinations, whenever miscible or whenever made so by
      the use of mutual solvents.
PAR  In addition to the overbased sulfurized magnesium phenate, other additives
      may be successfully employed within the lubricating composition of this
      invention. Exemplary additional additives include stabilizers, extreme
      pressure agents, oxidation inhibitors, pour point depressants, lubricating
      agents, viscosity index improvers, color correctors, odor control agents,
      ashless dispersants, metal deactivators, anticorrodants, etc.
DETD
PAR  The following examples are presented to illustrate the practice of specific
      embodiments of this invention and should not be interpreted as limitations
      upon the scope of the invention. The following example illustrates the
      preparation of representative overbased sulfurized magnesium phenates of
      this invention. As employed in the example, the processing steps utilized
      are batch processing. However, it is recognized that either continuous or
      batch processing schemes may be employed to realize the overbased
      sulfurized magnesium phenate of this invention. Modifications to
      continuous processing is within the skill of the art and, in order to be
      concise, an independent discussion of continuous processing is not
      presented.
PAC  EXAMPLE I
PAR  In this example a representative overbased sulfurized magnesium phenate is
      prepared. A solution of carbonated magnesium methoxide is prepared by
      charging into a 200 liter stainless steel reactor 90,800 g of
      substantially anhydrous methanol. The temperature of the methanol is
      raised to 40.degree.C and the reactor vented to a scrubber. Approximately
      230 g of purified magnesium turnings are added followed by 2 g of sublimed
      iodine to initiate the magnesium methoxide formation reaction. Thereafter,
      a total of 7260 g of magnesium are added to the methanol solution over a
      period of 5 hours. Approximately 450 g of methanol are taken overhead
      during the course of the reaction. The mixture is stirred for 1 hour after
      the last amount of magnesium is added in order to insure completion of the
      reaction.
PAR  While maintaining the mixture at 52.degree.-63.degree.C, carbon dioxide is
      added to the mixture through a bubbler tube. A total of 15,890 g of carbon
      dioxide are absorbed over a carbonation period of 21/4  hours. At the end
      of the carbonation step, the mixture is cooled to 38.degree.C and a sample
      analyzed. The mixture has an alkalinity the value of 310 and contains 6.7%
      magnesium and 36 weight percent of methyl magnesium carbonate.
PAR  To a 40 liter stainless steel reactor vented to a caustic scrubber, 6,840 g
      of tetrapropylene phenol and 4,370 g of tridecyl alcohol are charged. The
      mixture is heated to 70.degree.C and 6,080 g of the carbonated magnesium
      methoxide prepared above is charged over a period of 13/4 hours. During
      the 13/4 hours, the temperature of the mixture is raised to 120.degree.C
      and a total of 3,100 g of methanol are recovered overhead. The pressure is
      reduced to 250 mm of mercury and the temperature raised to 180.degree.C
      and held 1 hour. An additional 500 g of methanol containing a trace amount
      of tridecyl alcohol are taken overhead. The intermediate megnesium phenate
      has a specific gravity of 0.951, a viscosity at 210.degree.F
      (98.8.degree.C) of 652 SUS and an alkalinity value of 122 mg of KOH per
      gram.
PAR  The mixture is warmed to 110.degree.C and 1,630 g of elemental sulfur are
      added. The temperature is then raised to 177.degree.-182.degree.C and held
      for 7 hours. A total of 446 g of hydrogen sulfide are evolved during the
      course of the reaction and taken off overhead during the reaction. At the
      end of the sulfurization step, 5,700 g of lube oil diluent are added and
      the reaction mixture allowed to cool to 77.degree.C. Thereafter, an
      additional 8,800 g of the carbonated magnesium methoxide solution are
      charged to the mixture. The temperature is maintained at
      74.degree.-77.degree.C and 3,820 g of methanol are taken off overhead over
      a 21/2  hour additional period. A mixture of 475 ml of water and 1,140 ml
      of methanol is added during a 1/4 hour period. The mixture is then heated
      to 120.degree.C for 11/4 hours during which 2,600 g of methanol are taken
      overhead. The pressure in the reactor is reduced to 385 mm of mercury, the
      temperature raised to 155.degree.C and 600 g of a solution containing 92%
      methanol and 8 weight percent tridecyl alcohol are recovered overhead. The
      pressure is reduced to 35 mm of mercury and the temperature raised to
      204.degree.C and held there for 1 hour to recover overhead 1,550 g
      material which has a composition of 3.5% methanol, 96% tridecyl alcohol,
      and 0.5% other. The product is then filtered and a sample thereof analyzed
      to reveal the following:
     Viscosity at 210.degree.F (98.8.degree.C)                                 

                             733                                               

     Alkalinity value mg KOH/g                                                 

                             228                                               

     Magnesium weight percent calc.                                            

                             4.95                                              

     Magnesium weight percent analyzed                                         

                             4.42%                                             

     Sulfur weight percent   4.52                                              

PAC  EXAMPLE 2
PAR  This example is presented to demonstrate the improved lubricating
      properties of the subject compositions as compared to conventional
      carbonated sulfurized calcium phenates. The tests are performed under
      severe conditions as exist in a 1.24 BMEP (Units MNm-2) or 180 BMEP (Units
      PSI) Caterpillar diesel engine.
PAR  In the tests, a lubricating oil is combined with (1) a conventional
      overbased sulfurized calcium phenate prepared by reacting tetrapropenyl
      phenol with calcium hydroxide and sulfur in the presence of ethylene
      glycol and carbonating the reaction product (the product contains 9.25
      weight percent calcium, 3.73 weight percent sulfur) and (2) an overbased
      sulfurized magnesium phenate of the type prepared by Example I containing
      4.87 weight percent sulfur and having an alkalinity value of 254 mg of KOH
      per gram. The oils tested had identical formulations except that the two
      different sulfur-base sulfurized metal phenates were used as additives.
PAR  The one cylinder diesel engine employed had a bore of 51/8  inches and a
      stroke of 61/2 inches. The brake power is 41KW (55bhp) and the engine is
      run at 131KW from the fuel (7,460 BTU per minute) and 1800 rpm with the
      air temperature at 124.degree.C (255.degree.F), the outlet water
      temperature at 88.degree.C (190.degree.F), the oil-to-bearing temperature
      at 96.degree.C (205.degree.F), and a fuel containing 0.5 weight percent
      sulfur.
PAR  The engine tests are carried out for 60 hours at which time the engines are
      torn down and inspected and then reassembled and run for an additional 60
      hours for a total of 120 hours, with the results shown in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     CATERPILLAR ENGINE TEST                                                   

     __________________________________________________________________________

     Phenate    Test Hours                                                     

                       Rating                                                  

     __________________________________________________________________________

                       Grooves.sup.1  Lands.sup.2                              

                                                Underhead.sup.3                

                       1  2   3   4   1   2  3                                 

     Magnesium Phenate                                                         

                 60    43 0.5 0.5 0.7 25  20 15  L.sup.4                       

                                                   6.1                         

     (ex. 1)    120    65 0.6 0.5 0.6 30  45 35 L  5.3                         

     Calcium Phenate                                                           

                 60    65 5.1 0.5 0.6 130 10 15 L  4.6                         

     (Conventional)                                                            

                120    83 5.0 0.5 0.5 95  30 35 L  4.5                         

     __________________________________________________________________________

      .sup.1 Groove Deposits rated on the basis of 0-100, 100 being completely 

      filled grooves.                                                          

      .sup.2 Land Deposits rated on the basis of 0-800, 800 being completely   

      black.                                                                   

      .sup.3 Underhead Deposits rated on the basis of 0-10, 10 being completely

      clean.                                                                   

      .sup.4 L is lacquer.                                                     

PAR  The above table illustrates the superiority of the magnesium phenate over a
      conventional calcium phenate. As shown, the groove, land and underhead
      deposits for the calcium phenate were greater than with the magnesium
      phenate tested.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing an overbased sulfurized magnesium phenate which
      comprises:
PA1  a. forming a first mixture of a C.sub.1 to C.sub.3 magnesium alkoxide in a
      lower alkanol solvent and carbonating the mixture with 1.5 to 4 weight
      parts of carbon dioxide per weight part of magnesium;
PA1  b. contacting said carbonated first mixture with a C.sub.8 to C.sub.35
      alkylphenol at a temperature from about 20.degree. to 150.degree.C to form
      a normal magnesium phenate, the amount of alkylphenol contacted being 0.5
      to 2 mols per mol of magnesium contacted;
PA1  c. contacting said normal magnesium phenate with 0.8 to 3.0 mols of sulfur
      per mol of alkylphenol in said normal magnesium phenate at a temperature
      of 130.degree. to 250.degree.C to form a sulfurized magnesium phenate and
      by-product hydrogen sulfide; and
PA1  d. contacting said sulfurized magnesium phenate with a sufficient amount of
      said carbonated first mixture to provide from 0.1 to 2.0 molar parts of
      carbonated magnesium alkoxide per molar part of alkylphenol in said
      sulfurized magnesium phenate, said contacting being conducted at a
      temperature from 20.degree. to 120.degree.C.
NUM  2.
PAR  2. The process defined in claim 1 wherein said magnesium alkoxide is
      magnesium methoxide.
NUM  3.
PAR  3. The process defined in claim 2 wherein the contacting of said carbonated
      first mixture and said alkylphenol is in the presence of a solvent amount
      of a long chain fatty alcohol.
NUM  4.
PAR  4. The process defined in claim 2 wherein a diluent hydrocarbon oil is
      present during the contacting of said sulfurized magnesium phenate and
      said carbonated first mixture.
NUM  5.
PAR  5. The process defined in claim 4 wherein said overbased sulfurized
      magnesium phenate has a sulfur content between about 1 and 8 and a
      magnesium content between about 2 and 7.
NUM  6.
PAR  6. The process defined in claim 5 wherein said alkylphenol is a
      polypropylene phenol having from 8 to 20 carbons in the polypropylene
      group.
PATN
WKU  039322904
SRC  5
APN  4033736
APT  1
ART  116
APD  19731004
TTL  Phosphorus-containing friction modifiers for functional fluids
ISD  19760113
NCL  3
ECL  1
EXA  Metz; Andrew H.
EXP  Gantz; Delbert E.
INVT
NAM  Koch; Frederick William
CTY  Willoughby Hills
STA  OH
INVT
NAM  Musser; Jerry Lee
CTY  Chardon
STA  OH
ASSG
NAM  The Lubrizol Corporation
CTY  Cleveland
STA  OH
COD  02
CLAS
OCL  252 498
XCL  252 78
XCL  260970
EDF  2
ICL  C10M  110
FSC  252
FSS  49.8;78;49.8 TD
UREF
PNO  2856369
ISD  19581000
NAM  Smith et al.
XCL  252 49.8
UREF
PNO  3166504
ISD  19650100
NAM  Krukziener et al.
XCL  252 49.8
UREF
PNO  3247113
ISD  19660400
NAM  Hasseroot et al.
OCL  252 49.8
UREF
PNO  3267149
ISD  19660800
NAM  Garner
XCL  252 49.8
UREF
PNO  3502749
ISD  19700300
NAM  Goren et al.
XCL  252 49.8
UREF
PNO  3591501
ISD  19710700
NAM  Olszewski et al.
OCL  252 49.8
UREF
PNO  3600470
ISD  19710800
NAM  Lewis
OCL  252 49.8
UREF
PNO  3626035
ISD  19711200
NAM  Ernst
XCL  252 49.8
UREF
PNO  3748363
ISD  19730700
NAM  Maier
XCL  252 49.8
FREF
PNO  1,098,315
ISD  19680100
CNT  UK
OCL  252 49.8
FREF
PNO  1,203,648
ISD  19700800
CNT  UK
OCL  252 49.8
LREP
FR2  Adams, Jr.; James W.
FR2  Pittman; William H.
ABST
PAL  Compositions prepared by the reaction of a di-(lower alkyl) phosphite with
      a C.sub.10.sub.-20 epoxide in the presence of a strongly alkaline reagent
      are useful as friction-reducing additives in functional fluids, especially
      automatic transmission fluids.
BSUM
PAR  This invention relates to new compositions of matter suitable for use as
      friction reducing additives in functional fluids, and to functional fluids
      containing the same. More particularly, it relates to compositions
      prepared by reacting at least one phosphorus compound of the formula
      ##EQU1##
      wherein each of R.sup.1 and R.sup.2 is a lower alkyl or substituted lower
      alkyl radical, with at least one epoxide of the formula
      ##EQU2##
      wherein R.sup.3 is an alkyl radical having 10-20 carbon atoms.
PAR  The development of the functional fluids for power transmission, including
      such materials as hydraulic fluids and automatic transmission fluids, has
      necessitated the development of new additives to improve power
      transmission properties. One of the properties which must frequently be
      changed is the frictional nature of the liquid. Thus, it is sometimes
      preferred that the fluid have a coefficient of friction substantially
      lower than that of the base oil which is its major component. Improved
      friction-reducing additives have therefore been of considerable interest.
PAR  A principal object of the present invention, therefore, is to produce new
      phosphorus-containing compositions of matter.
PAR  A further object is to produce composition which decrease the coefficient
      of friction of a lubricant or functional fluid when incorporated therein.
PAR  Another object is to provide new fluid suitable for power transmission,
      especially in automatic transmissions.
PAR  Still another object is to provide automatic transmission fluids and other
      functional fluids having a low coefficient of friction.
PAR  Other objects will in part be obvious and will in part appear hereinafter.
PAR  As previously indicated, the compositions of this invention are prepared by
      the reaction of a phosphite diester with an epoxide. The phosphite diester
      is usually a di-(lower alkyl) phosphite. The term "lower alkyl" as used
      herein means an alkyl radical containing not more than 7 carbon atoms.
PAR  Substituted lower alkyl radicals are considered fully equivalent to the
      lower alkyl radicals and to be part of this invention. By "substituted" is
      meant radicals containing substituents which do not alter significantly
      the character or reactivity of the radical. Examples of such substituents
      are:
PA1  Halide (fluoride, chloride, bromide, iodide)
PA1  Hydroxy
PA1  Ether (especially lower alkoxy)
PA1  Keto
PA1  Ester (especially lower carbalkoxy)
PA1  Nitro
PA1  Thioether
PA1  Sulfoxy
PA1  Sulfone
PAL  In general, no more than about one such substituent group will be present
      in the radical.
PAR  The epoxide is one which contains about 12-22 carbon atoms. Commercial
      mixtures of such epoxides are available and their use is contemplated as
      part of this invention.
PAR  The proportions of the two reactants are not critical, since any excess of
      either reactant will merely remain in the product without substantially
      affecting its properties. It is usually preferred to use approximately
      equimolar amounts of the two, or a slight excess of the epoxide; for
      example, about 1.0-1.5 moles of the epoxide per mole of dialkyl phosphite.
PAR  The reaction is carried out in the presence of a strongly alkaline reagent,
      usually an alkali metal or an alkyl, alkoxide, amide or the like derived
      therefrom. A very small amount of alkaline reagent is generally needed,
      usually about 0.01-0.5% based on the total weight of the reactants.
PAR  The reaction is carried out by merely heating the mixture to a temperature
      above about 100.degree.C. and below the decomposition temperature thereof,
      generally about 150.degree.-225.degree.C. It is preferably effected in an
      atmosphere of an inert gas such as nitrogen. Inert diluents may be used
      but are usually not necessary.
PAR  Following the reaction, volatiles may be removed as by stripping, usually
      under vacuum, and the residue is filtered to afford the desired product.
      If necessary, the product may be purified by conventional means, but it is
      usually possible to employ it for the purposes of this invention without
      purification.
PAR  The compositions of this invention are probably mixtures rather than simple
      chemical compounds, and thus it is possible to define them completely only
      in terms of the method for their preparation. However, there is evidence
      that the reaction between the phosphite and the epoxide is chiefly a
      simple addition reaction and that the predominant product has the formula
      ##EQU3##
      wherein R.sup.1, R.sup.2  and R.sup.3 are as previously defined. Compounds
      of this formula may be separated from other materials present in the
      product by conventional separation means such as chromatography, and such
      compounds are contemplated as part of this invention.
DETD
PAR  The preparation of the compositions of this invention is illustrated by the
      following examples. All parts and percentages are by weight.
PAC  EXAMPLE 1
PAR  A mixture of 194 parts (1 mole) of di-n-butyl phosphite, 239 parts (1 mole)
      of an epoxide derived from a commercial mixture of C.sub.14 and C.sub.16
      straight chain .alpha.-olefins, and 0.2 part of sodium methoxide is heated
      for eight hours at 190.degree.-200.degree.C. An additional 60 parts (0.25
      mole) of epoxide are added and heating is continued at
      200.degree.-205.degree.C. for 8 hours. Volatile materials are then removed
      by vacuum stripping at 150.degree.C. and the residue is filtered through a
      filter aid material to yield the desired product which contains 6.28%
      phosphorus.
PAC  EXAMPLE 2
PAR  A mixture of 776 parts (4 moles) of di-n-butyl phosphite and 1195 parts (5
      moles) of the epoxide of Example 1 is purged with nitrogen, and 4.6 parts
      of sodium metal is added. The mixture is heated at
      160.degree.-170.degree.C. for 10 hours under nitrogen, and is then
      filtered through a filter aid material. The filtrate, which is the desired
      product, contains 6.30% phosphorus.
PAC  EXAMPLE 3
PAR  The procedure of Example 2 is repeated, except that di-isohexyl phosphite
      is substituted on an equimolar basis for the di-n-butyl phosphite. A
      similar product is obtained.
PAC  EXAMPLE 4
PAR  The procedure of Example 2 is repeated, except that the epoxide used is an
      epoxide derived from propene tetramer. A similar product is obtained.
PAR  As previously mentioned, the compositions of this invention are useful as
      friction-modifying additives in functional fluids. As such, they can be
      employed in a variety of lubricating compositions based on diverse oils of
      lubricating viscosity, including natural and synthetic lubricating oils
      and mixtures thereof. The compositions contemplated include principally
      automatic transmission fluids, transaxle lubricants, hydraulic fluids and
      the like, but other lubricating oil and grease compositions can also
      benefit from the incorporation of the present compositions.
PAR  Natural oils include animal oils and vegetable oils (e.g., castor oil, lard
      oil) as well as solvent-refined or acid-refined mineral lubricating oils
      of the paraffinic, naphthenic, or mixed paraffinic-naphthenic types. Oils
      of lubricating viscosity derived from coal or shale are also useful base
      oils. Synthetic lubricating oils include hydrocarbon oils and
      halo-substituted hydrocarbon oils such as polymerized and interpolymerized
      olefins (e.g., polybutylenes, polypropylenes, propylene-isobutylene
      copolymers, chlorinated polybutylenes, etc.); alkylbenzenes (e.g.,
      dodecylbenzenes, tetradecylbenzene, dinonylbenzenes, di-(2-ethylhexyl)
      benzenes, etc.); polyphenyls (e.g., biphenyls, terphenyls, etc.); and the
      like. Alkylene oxide polymers and interpolymers and derivatives thereof
      where the terminal hydroxyl groups have been modified by esterification,
      etherification, etc., constitute another class of known synthetic
      lubricating oils. These are exemplified by the oils prepared through
      polymerization of ethylene oxide or propylene oxide, the alkyl and aryl
      ethers of these polyoxyalkylene polymers (e.g., methylpolyisopropylene
      glycol ether having an average molecular weight of 1000, diphenyl ether of
      polyethylene glycol having a molecular weight of 500-1000, diethyl ether
      of polypropylene glycol having a molecular weight of 1000- 1500, etc.) or
      mono- and polycarboxylic esters thereof, for example, the acetic acid
      esters, mixed C.sub.3 -C.sub.8 fatty acid esters, or the C.sub.13 Oxo acid
      diester of tetraethylene glycol. Another suitable class of synthetic
      lubricating oils comprises the esters of dicarboxylic acids (e.g.,
      phthalic acid, succinic acid, maleic acid, azelaic acid, suberic acid,
      sebacic acid, fumaric acid, adipic acid, linoleic acid dimer, etc.) with a
      variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,
      2-ethylhexyl alcohol, etc.). Specific examples of these esters include
      dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-hexyl fumarate, dioctyl
      sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,
      didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of
      linoleic acid dimer, the complex ester formed by reacting one mole of
      sebacic acid with two moles of tetraethylene glycol and two moles of
      2-ethylhexanoic acid, and the like. Silicon-based oils such as the
      polyalkyl-, polyaryl-, polyalkoxy-, or polyaryloxy-siloxane oils and
      silicate oils comprise another useful class of synthetic lubricants (e.g.,
      tetraethyl silicate, tetraisopropyl silicate, tetra-(2-ethylhexyl)
      silicate, tetra-(4-methyl-2-tetraethyl) silicate,
      tetra-(p-tert-butylphenyl) silicate,
      hexyl-(4-methyl-2-pentoxy)-disiloxane, poly(methyl)-siloxanes,
      poly(methylphenyl)-siloxanes, etc.). Other synthetic lubricating oils
      include liquid esters of phosphorus-containing acids (e.g., tricresyl
      phosphate, trioctyl phosphate, diethyl ester of decane phosphonic acid,
      etc.), polymeric tetrahydrofurans, and the like.
PAR  In general, about 0.05-20.0 parts (by weight) of the composition of this
      invention is dissolved in 100 parts of oil to produce a satisfactory
      fluid. The invention also contemplates the use of other additives in
      combination with the products of this invention. Such additives include,
      for example, detergents and dispersants of the ash-containing or ashless
      type, oxidation inhibiting agents, pour point depressing agents, extreme
      pressure agents, color stabilizers and anti-foam agents.
PAR  The ash-containing detergents are exemplified by oil-soluble neutral and
      basic salts of alkali or alkaline earth metals with sulfonic acids,
      carboxylic acids, or organic phosphorus acids characterized by at least
      one direct carbon-to-phosphorus linkage such as those prepared by the
      treatment of an olefin polymer (e.g., polyisobutene having a molecular
      weight of 1000) with a phosphorizing agent such as phosphorus trichloride,
      phosphorus heptasulfide, phosphorus pentasulfide, phosphorus trichloride
      and sulfur, white phosphorus and a sulfur halide, or phosphorothioic
      chloride. The most commonly used salts of such acids are those of sodium,
      potassium, lithium, calcium, magnesium, strontium and barium.
PAR  The term "basic salt" is used to designate metal salts wherein the metal is
      present in stoichiometrically larger amounts than the organic acid
      radical. The commonly employed methods for preparing the basic salts
      involve heating a mineral oil solution of an acid with a stoichiometric
      excess of a metal neutralizing agent such as the metal oxide, hydroxide,
      carbonate, bicarbonate, or sulfide at a temperature above 50.degree.C. and
      filtering the resulting mass. The use of a "promotor" in the
      neutralization step to aid the incorporation of a large excess of metal
      likewise is known. Examples of compounds useful as the promoter include
      phenolic substances such as phenol, naphthol, alkylphenol, thiophenol,
      sulfurized alkylphenol, and condensation products of formaldehyde with a
      phenolic substance; alcohols such as methanol, 2-propanol, octyl alcohol,
      cellosolve, carbitol, ethylene glycol, stearyl alcohol, and cyclohexyl
      alcohol; and amines such as aniline, phenylenediamine, phenothiazine,
      phenyl-.beta.-naphthylamine, and dodecylamine. A particularly effective
      method for preparing the basic salts comprises mixing an acid with an
      excess of a basic alkaline earth metal neutralizing agent and at least one
      alcohol promoter, and carbonating the mixture at an elevated temperature
      such as 60.degree.-200.degree.C.
PAR  Ashless detergents and dispersants are illustrated by the interpolymers of
      an oil-solubilizing monomer, e.g., decyl methacrylate, vinyl decyl ether,
      or high molecular weight olefin, with a monomer containing polar
      substituents, e.g., aminoalkyl acrylate or poly-(oxyethylene)-substituted
      acrylate; the amine salts, amides, and imides of oil-soluble
      monocarboxylic or dicarboxylic acids such as stearic acid, oleic acid,
      tall oil acid, and high molecular weight alkyl or alkenyl-substituted
      succinic acid. Especially useful as ashless detergents are the acylated
      polyamines and similar nitrogen compounds containing at least about 54
      carbon atoms as described in U.S. Pat. No. 3,272,746; reaction products of
      such compounds with other reagents including boron compounds, phosphorus
      compounds, epoxides, aldehydes, organic acids and the like; and esters of
      hydrocarbon-substituted succinic acids as described in U.S. Pat. No.
      3,381,022.
PAR  Auxiliary extreme pressure agents and corrosion-inhibiting and
      oxidation-inhibiting agents are exemplified by chlorinated aliphatic
      hydrocarbons such as chlorinated wax; organic sulfides and polysulfides
      such as benzyl disulfide, bis(chlorobenzyl) disulfide, dibutyl
      tetrasulfide, sulfurized methyl ester of oleic acid, sulfurized
      alkylphenol, sulfurized dipentene, and sulfurized terpene;
      phosphosulfurized hydrocarbons such as the reaction product of a
      phosphorus sulfide with turpentine or methyl oleate; phosphorus esters
      including principally dihydrocarbon and trihydrocarbon phosphites such as
      dibutyl phosphite, diheptyl phosphite, dicyclohexyl phosphite, pentyl
      phenyl phosphite, dipentyl phenyl phosphite, tridecyl phosphite, distearyl
      phosphite, dimethyl naphthyl phosphite, oleyl 4-pentylphenyl phosphite,
      polypropylene (molecular weight 500)-substituted phenyl phosphite,
      diisobutyl-substituted phenyl phosphite; metal thiocarbamates, such as
      zinc dioctyldithiocarbamate, and barium heptylphenyl dithiocarbamate;
      Group II metal phosphorodithioates such as zinc
      dicyclohexylphosphorodithioate, zinc dioctylphosphorodithioate, barium
      di(heptylphenyl)phosphorodithioate, cadmium dinonylphosphorodithioate, and
      the zinc salt of a phosphorodithioic acid produced by the reaction of
      phosphorus pentasulfide with an equimolar mixture of isopropyl alcohol and
      n-hexyl alcohol.
PAR  It is possible to form the fluids of this invention by dissolving the
      various additives, or oil solutions thereof, directly in a mineral oil.
      However, it is often more convenient to prepare additive concentrates
      containing two or more of the desired additives, and to dissolve these
      concentrates in the mineral oil to form the functional fluid.
PAR  A typical automatic transmission fluid of this invention has the following
      composition, all percentages being by weight:
     Mineral oil (ATF base)     92.25%                                         

     Product of Example 1       0.13%                                          

     Polyisobutenyl succinic anhydride-polyethylene                            

      polyamine (3-7 amino groups) reaction                                    

      product                   1.75%                                          

     Reaction product of boric acid with polyiso-                              

      butenyl succinic anhydride-polyethylene                                  

      polyamine reaction product                                               

                                0.67%                                          

     Zinc di-(isooctyl)phosphorodithioate                                      

                                0.64%                                          

     Tallow-substituted diethanolamine                                         

                                0.10%                                          

     Mixed ester-amide of maleic anhydride-                                    

      styrene copolymer (12% soln. in toluene)                                 

                                1.20%                                          

     Hydrocarbon resin seal swelling agent                                     

                                3.00%                                          

     Substituted diphenylamine  0.20%                                          

     Reaction product of glycidol (2 moles) with                               

      C.sub.12 primary amine mixture (1 mole)                                  

                                0.04%                                          

     Silicone anti-foam agent   0.02%                                          

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A functional fluid composition comprising a major amount of a
      lubricating oil and a minor friction-reducing amount of the product
      obtained by reacting, at a temperature above about 100.degree.C. and below
      the decomposition temperature of the reaction mixture, and in the presence
      of a strongly alkaline reagent, at least one phosphorus compound of the
      formula
      ##EQU4##
      wherein each of R.sup.1 and R.sup.2 is a lower alkyl radical, with at
      least one epoxide of the formula
      ##EQU5##
      wherein R.sup.3 is an alkyl radical having 10-20 carbon atoms; about
      1.0-1.5 moles of said epoxide being present per mole of said phosphorus
      compound.
NUM  2.
PAR  2. A composition according to claim 1 wherein the epoxide is derived from a
      commercial mixture of C.sub.14 and C.sub.16 straight chain
      .alpha.-olefins.
NUM  3.
PAR  3. A composition according to claim 2 wherein R.sup.1 and R.sup.2 are
      n-butyl radicals.
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ABST
PAL  New forms of copper aluminum sulfide are semiconductors. Depending on the
      amount of dopant present, they are either p-type or n-type.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to new forms of semiconducting copper aluminum
      sulfide and their preparation.
PAR  2. Description of the Prior Art
PAR  Many compounds of type ABX.sub.2 wherein A is a monovalent metal, B a
      trivalent metal, and X a chalcogen are known. In 1953 H. Hahn et al., Z
      Anorg. Allg. Chem. 271, 153 (1953) prepared the compounds CuAlS.sub.2 and
      CuAlTe.sub.2 among others and found that they had chalcopyrite-type
      structures and the space group I42d. The compounds were obtained by
      heating mixtures of CuX with the stoichiometrically required quantities of
      aluminum and chalcogen, and their homogeneity range seemed to be limited
      to stoichiometric compositions, C. H. L. Goodman and R. W. Douglas,
      Physica 20, 1107 (1954) noted structural analogy to chalcopyrite,
      CuFeS.sub.2, and suggested that the compounds should be semiconductors;
      the energy gap of CuAlS.sub.2 was calculated. C. H. L. Goodman, U.S. Pat.
      No. 2,814,004 (1957), prepared polycrystalline, semiconducting
      chalcogenides of formula ABX.sub.2 by melting together in an inert
      atmosphere the theoretically required quantities of at least one of copper
      and silver with at least one of aluminum, gallium, indium, and thallium,
      and at least one of sulfur, selenium, and tellurium.
PAR  In 1969 W. N. Honeyman reported, J. Phys. Chem. Solids 30, 1935 (1969),
      growth of single crystals of semiconducting CuAlS.sub.2 by vapor transport
      of the polycrystalline substances with iodine in vacuo in sealed tubes.
      Crystals of CuAlS.sub.2 were dark green to black in color with an energy
      gap of 3.35 eV, a resistivity of 10.sup.5 to 10.sup.7 ohm-cm., and a
      negative Seebeck coefficient indicating n-type conductivity.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a semiconducting essentially colorless copper
      aluminum sulfide having chalcopyrite tetragonal structure containing up to
      0.2% by weight of one or more ions of the group Cd, Hg, Zn, Si, Ge, Sn,
      Pb, Ga, In, Tl and Mn. They contain an excess of aluminum or a
      stoichiometric deficiency of copper or sulfur. The ratio of aluminum to
      copper lies between the range 1.001 and 1.01 and the ratio of sulfur to
      the sum of copper and aluminum lies between 0.975 and 0.995.
PAR  The compositions of the invention are p-type semiconductors when less than
      0.02% by weight of the ions recited above are present and are n-type when
      there is more than 0.02% by weight of the ions present.
PAR  The sulfides of the invention have a light absorption coefficient less than
      1.5 .times. 10.sup.2 cm..sup..sup.-1 at 4000 A. and have known
      chalcopyrite-type tetragonal structure with known space group I42d and
      lattice constants a = 5.330 .+-. 0.005 A. and C = 10.417 .+-. 0.020 A. The
      compositions exhibit no electron spin resonance and are therefore deduced
      to contain less than 100 ppm of paramagnetic color producing ions.
PAR  When manganese is present the sulfide fluoresces in the yellow to red
      region of the spectrum when irradiated with ultraviolet light.
PAR  Essentially colorless p-type, semiconducting copper aluminum sulfide is
      prepared by heating together elementary copper, aluminum, and sulfur in a
      closed system in an inert atmosphere, preferably in an evacuated and
      sealed silica tube with halogen as a vapor transport agent. These elements
      are mixed utilizing atomic weight ratios of (1) 0.98-1.00 copper,
      1.001-1.30 aluminum, and 1.95-2.0 sulfur, (2) 0.98-0.99 Cu, 1.0-1.30 Al,
      and 1.95-2.0 S, or (3) 1.00 Cu, 1.00 Al, and 1.95-1.99 S. These weight
      ratios correspond to use of a stoichiometric excess of aluminum or a
      stoichiometric deficiency of copper or sulfur, conditions required to
      impede the concentration of paramagnetic ions.
PAR  Doping is preferably effected by heating the copper aluminum chalcogenides
      with cadmium and aluminum with silicon present, in vacuo for up to about
      24 hours at 300.degree.-500.degree.C. and then quenching.
PAR  The present invention further provides fluorescent and electroluminescent
      Mn-doped copper aluminum sulfide of formula CuAlS.sub.2 :Mn wherein Mn
      content is approximately 0.0036-0.72% by weight. These compositions are
      preferably made by heating mixtures of the elemental components in desired
      ratio or by heating preformed copper aluminum chalcogenides with
      elementary manganese or a manganese salt.
PAR  This invention still further provides a process for increasing the
      conductivity of p-type CuAlS.sub.2 by heating the sulfide in air at about
      100.degree.-700.degree.C. for periods of about 2 minutes to 2 hours or
      more. The crystals become darker as they are heated and the intensity of
      their electron spin resonance signal increases.
PAR  The compositions of the invention are prepared by heating in a closed
      system in the absence of air and at a temperature in the range of
      900.degree.-1250.degree.C. for a period of 12 hours or more, a mixture
      which comprises copper, aluminum and sulfur, all of 99.999%, purity
      together with any of the desired dopant ions previously mentioned, the
      aluminum being in slight stoichiometric excess.
PAC  P-Type Semiconducting Copper Aluminum Sulfide
PAR  P-type semiconducting sulfides are produced when less than 0.02% by weight
      of the ions previously recited are present. When substantially free of
      color producing paramagnetic ions (less than 100 ppm paramagnetic ions of
      either Cu.sup..sup.+2, transition metal impurities, Fe.sup..sup.+3 or
      Cr.sup.+.sup.3) as judged by absence of electron spin resonance, the
      CuAlS.sub.2 of the invention is essentially colorless and has a light
      absorption coefficient as mentioned above. Presence of small quantities of
      impurities, well below the limits of conventional solution analytical
      chemistry, result in electron spin resonance and a dark green to black
      color. F. A. Cotton and G. Wilkinson in "Advanced Inorganic Chemistry,"
      Interscience Publishers, 1962, page 515, report that electron spin
      resonance (ESR) is extremely sensitive, responding under optimum
      conditions to 10.sup..sup.-5 paramagnetic species per liter. Thus
      extraordinarily low concentrations of paramagnetic ions can be detected.
      Electron spin resonance is observed when ions containing one or more
      unpaired electrons are placed in a magnetic field. Impurities such as
      Fe.sup..sup.+3, Cr.sup..sup.+3 or Cu.sup..sup.+2 could account for the
      ESR. For example, aluminum wire of 99.999% purity when utilized in the
      preparation of CuAlS.sub.2 was found to contain 20-150 ppm Cr.sup..sup.+3
      and 10-50 ppm Fe.sup..sup.+3. Thus when prepared by the procedures
      described in the art, CuAlS.sub.2 containing these minute amounts of
      impurities is characterized by a dark green-black color, ESR is observed,
      and the compounds have a light transmission much less than that of the
      present compositions.
PAR  The color of CuAlS.sub.2 obtained depends upon the Cu:Al:S ratio employed
      in the reactant mixture heated to produce the compound. Use of Cu:Al:S in
      exactly theoretical ratio, i.e. 1:1:2 atomic ratio, invariably results in
      highly colored CuAlS.sub.2 containing traces of color producing
      paramagnetic ions detectable by ESR. Use of excess copper and/or sulfur or
      deficiency of aluminum, e.g. atomic ratios of 1:&lt;1:2, likewise result in
      colored CuAlS.sub.2. Essentially colorless CuAlS.sub.2 is obtained when an
      excess of aluminum or a deficiency of sulfur or copper are used, i.e. by
      employing elementary reactants in the Cu:Al:S atomic ratios
PA1  a. Cu = 0.98-1.0, Al = 1.001-1.30, S = 1.95-2.0
PA1  b. Cu = 0.98-0.99, Al = 1.0-1.3, S = 1.95-2.0
PA1  c. Cu = 1.0, Al = 1.0, S = 1.95-1.99
PAL  Relatively large excesses of aluminum do not result in a colored
      CuAlS.sub.2. Excess aluminum and aluminum sulfide are readily extracted
      with dilute hydrochloric acid, leaving only analytically insignificant
      traces of aluminum. The use of the excess aluminum results, therefore, in
      a reduction of the color producing ions in CuAlS.sub.2 allowing the
      formation of an essentially colorless material. Presumably the excess
      aluminum serves to reduce the color-forming ions such as Fe.sup..sup.+3,
      Cr.sup..sup.+3, and Cu.sup..sup.+2 to their less highly colored reduced
      form, Fe.sup..sup.+2, Cr.sup..sup.+2 , and Cu.sup.+.
PAR  An alternative way of producing essentially colorless copper aluminum
      sulfide is to anneal preformed colored CuAlS.sub.2 with nontransition
      metal such as Mg, Zn, Cd, or Sn in an evacuated and sealed silica tube for
      about 2-48 hours at 600.degree.C. or above. Below about 600.degree.C., the
      product of such treatment is usually a light yellow.
PAR  Unlike CuAlS.sub.2 of the art, the essentially colorless CuAlS.sub.2 of
      this invention fluoresces (yellow-orange) when exposed to ultraviolet
      radiation.
PAR  It is preferred to use elementary reactants of the highest obtainable
      purity when preparing CuAlS.sub.2, thus avoiding possible extraneous
      doping effects. Desirable reactants consist of copper and aluminum powders
      of 99.99% purity or copper and aluminum wires of 99.999% purity, both
      available from Electronics Space Products, Inc. or sulfur of 99.999%
      purity available from the American Smelting Co. Although aluminum powder
      is found to be 99.99% pure with respect to metal content by emission
      spectography, it has a high surface area and may have a correspondingly
      high oxygen content. For this reason it is preferred to use aluminum wire
      rather than aluminum powder as a reactant.
PAR  Cuprous sulfide and aluminum sulfide along with requisite quantities of
      elementary components can be used as reactants, but it is preferred to use
      mixtures of metals and sulfur as reactants since both Cu.sub.2 S and
      Al.sub.2 S.sub.3 are difficult to prepare and keep in pure form.
PAR  Reaction is effected in the absence of air. The composition of the reaction
      vessel is selected so as to give a minimum contamination of the copper
      aluminum chalcogenides. The reaction may be carried out in evacuated and
      sealed silica tubes about 1/2-inch inside diameter and 6 inches in length.
      The temperature is raised slowly to allow aluminum to react with copper
      and sulfur rather than with the silica tube and to avoid explosion of the
      tube by the pressure of unreacted sulfur. The possibility of explosion may
      be reduced and vapor phase crystal growth made possible by employing a
      silica tube in which the end of the tube containing the reactants is
      heated to a higher temperature than the other end by, for example,
      surrounding the reaction tube with a tube furnace in which there is a
      natural or designed temperature gradient. Essentially all the sulfur
      charged reacts in about 24-48 hours.
PAR  Reaction with silica may also be reduced by placing the reactants in an
      alumina crucible or on graphite which itself is then placed in the silica
      tube which is evacuated, sealed and heated as described.
PAR  Reaction may be brought about by slowly raising the temperature of the
      charged, evacuated, and sealed reaction tube to about
      900.degree.-1250.degree.C. and maintaining the temperature for about 12
      hours or more. Preferably, however, the tube is heated for about 24-48
      hours with the end containing the reactants at 800.degree.-1000.degree.C.
      and the cooler end at 400.degree.-800.degree.C. The tube may then be
      removed from the furnace, shaken to mix the reactants, and reheated to
      complete the reaction. If desired the tube may be cooled after preliminary
      reaction and its contents may be removed and intimately mixed by grinding,
      e.g. with agate mortar and pestle. The thoroughly mixed charge may then be
      resealed in vacuo, and firing continued at about
      1000.degree.-1250.degree.C. for several days to insure complete reaction.
PAR  Growth of crystals and rate of reaction are enhanced by employing small
      quantities of halogen, e.g. about 3% by weight of iodine based on the
      weight of the charge, as a vapor transport agent. The products frequently
      consist of discrete single crystals ranging from a few tenths of a
      millimeter to several millimeters in length.
PAC  N-TYPE COPPER ALUMINUM SULFIDE
PAR  p-Type copper aluminum sulfide, CuAlS.sub.2, of this invention may be
      converted from p- to n-type by heating it at about
      300.degree.-600.degree.C. for about 2 to 48 hours or more in evacuated
      silica tubes in the presence of small amounts of preferably cadmium and
      aluminum, tin, silicon or germanium; or cadmium, mercury or zinc and
      aluminum, gallium, indium, silicon, germanium, tin and lead. The quantity
      of dopants incorporated into the chalcogenide is readily determined by
      emission spectroscopy.
PAR  Although the method of doping described involves heating preformed copper
      aluminum sulfide with elemental forms of dopant metals, the invention is
      not limited to this method of incorporation. alternatively, dopant metals
      may be incorporated in synthesis mixtures, the dopant replacing a
      corresponding quantity of copper, with synthesis then being carried out in
      normal manner.
PAR  Doped copper aluminum sulfide may be rapidly cooled (quenched) from
      reaction temperature to room temperature to minimize diffusion and
      segregation of dopant on cooling.
PAC  MANGNESE-DOPED COPPER ALUMINUM SULFIDE
PAR  Undoped copper aluminum sulfide fluoresces dully (yellow-orange) at room
      temperature when exposed to ultraviolet light. Fluorescence of the sulfide
      is considerably enhanced by doping it with small quantities of manganese.
PAR  The quantity of Mn introduced may be estimated by emission spectroscopy,
      but it is not clear nor, indeed, is it material to the invention, to known
      whether the manganese replaces copper or aluminum in the sulfide crystal
      lattice. The invention provides manganese-doped copper aluminum sulfide
      which is fluorescent and electroluminescent in which 0.01-2 atom percent
      of the copper and/or aluminum therein has been displaced with an
      equiatomic quantity of manganese. The Mn-doped sulfide can be formulated
      as CuAlS.sub.2 :Mn wherein Mn-content is approximately 0.0036-0.72% by
      weight.
PAR  One method of preparing manganese-doped copper aluminum sulfides involves
      substituting an equiatomic quantity of Mn for an equiatomic quantity of Cu
      or Al in the normal synthesis mixture, reaction then being effected as
      described. Iodine may be employed as a vapor transport agent and the
      evacuated and sealed tubular reactor may be heated at about
      800.degree.-1000.degree.C. in the hotter end and about
      300.degree.-800.degree.C. in the cooler end for about 24-72 hours or more.
      Alternatively, previously prepared copper aluminum sulfide may be heated
      with manganese in evacuated and sealed tubes in the manner described for
      doping with cadmium. Another effective method of doping is to heat
      crystals of copper aluminum sulfide with MnCl.sub.2 and NaCl. The NaCl
      acts as a flux, promoting diffusion of manganese into the lattice. It is
      convenient to use the more readily available hydrated MnCl.sub.2 .4H.sub.2
      O rather than MnCl.sub.2 and to evacuate and warm the reaction mixture to
      expel water of hydration before sealing the tube and heating it for about
      1 hour at 800.degree.-900.degree.C. to effect doping. The doped material
      may be washed with water to remove salts.
PAR  In addition to elementary manganese and manganese (II) chloride, other
      manganese compounds such as MnS, MnS.sub.2, MnBr.sub.2, and MnI.sub.2, may
      be used as sources of manganese.
PAR  The response of Mn-doped copper aluminum sulfide produced in Examples 10
      and 11 to ultraviolet radiation and to simulated cathode ray irradiation
      and its electroluminescence in a 7 kc field is shown in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

                   Produced in                                                 

                             Produced in                                       

                   Example 10                                                  

                             Example 11                                        

     ______________________________________                                    

     Fluorescence excited by                                                   

                      Orange .sup.(2)                                          

                                Orange-yellow .sup.(2)                         

     3650A uv light                                                            

     Fluorescent excited by                                                    

                      Orange .sup.(3)                                          

                                Orange-yellow .sup.(2)                         

     2537A uv light                                                            

     Fluorescence excited by                                                   

                      Orange .sup.(3)                                          

                                   --                                          

     simulated cathode rays .sup.(1)                                           

     Electroluminescence .sup.(4),                                             

                      Orange    Orange-yellow                                  

     color                                                                     

     ______________________________________                                    

      .sup.(1) Crude test involving exposure of sample to low voltage ions     

      produced in a gaseous glow discharge tube.                               

      .sup.(2) Bright to dark adapted eye                                      

      .sup.(3) Less than (2) but easily visible to dark adapted eye            

      .sup.(4) Field of 7 kc, 5.times.10.sup.5 volts/cm. max.                  

PAC  INCREASE IN CONDUCTIVITY UPON HEATING IN AIR
PAR  As illustrated in Example 12 the p-type conductivity of both colorless and
      colored CuAlS.sub.2 may be materially increased by simply heating crystals
      of the sulfides in air between about 100.degree. and 700.degree.C. for a
      few minutes to a few hours. The products increase in oxygen content and
      the crystals darken in color with proportionate increase in electron spin
      resonance signal, thus indicating oxidation of color producing ions, e.g.,
      Cu.sup.1.sup.+ to Cu.sup.2.sup.+, Fe.sup..sup.+2 to Fe.sup..sup.+3.
DETD
PAC  SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  There follow some non-limiting examples illustrating embodiments of the
      invention. In these examples reaction tubes were usually about 1/2-inch in
      diameter by about 6 inches in length.
PAR  Examples 1, 2, and 3 illustrate the preparation of essentially colorless
      p-type copper aluminum sulfide. As contrasted to the stoichiometric
      formula CuAlS.sub.2, Example 1 involves use of excess Al, Example 2 uses a
      deficiency of copper and an excess of Al, and Example 3 uses a deficiency
      of sulfur.
PAC  EXAMPLE 1
PAC  p-Type Copper Aluminum Sulfide
PAR  Essentially colorless copper aluminum sulfide was obtained by reaction of
      copper, aluminum, and sulfur powders in 1.00:1.10:2.00 atomic weight
      ratio. That is, a 1.5 gram mixture of 0.009533 g atom of Cu, 0.01048 g
      atom of Al, 0.01906 g atom of S and about 0.05 g of iodine were sealed in
      an evacuated 1/2-inch by 6-inch silica tube, and the tube was heated to
      1000.degree.C. in about 6 hours in a tube furnace, held at this
      temperature for 48 hours and cooled. The tube was opened and the mixture
      of white and orange solids was reground and resealed in vacuo and reheated
      at 1000.degree.C. for an additional 48 hours. The color of the product was
      now white. It was further heated to 1175.degree.C. and gradually cooled to
      room temperature over a period of 48 hours. The final product consisted of
      a mixture of yellow and colorless crystals in the hot zone and flake-like,
      white unidentified material on the tube walls. The colorless crystals were
      separated manually. Their Debye-Scherrer x-ray powder diffraction pattern
      reproduced that reported in the literature for CuAlS.sub.2. Cell
      dimensions were a=5.328 .+-. 0.001A and c=10.398 .+-. 0.001A.
PAC  EXAMPLE 2
PAC  p-Type Copper Aluminum Sulfide
PAR  A 1.5 gram mixture of copper wire, aluminum wire and sulfur powder in the
      atomic weight ratio 0.99:1.01:2.00 and 0.05 g of iodine were sealed under
      vacuum in a silica tube and heated in a tube furnace for about 96 hours
      with the end containing the reactants at 900.degree.C. and the other end
      at 400.degree.C. The product consisted of clear white crystals which
      fluoresced yellow-orange when exposed to ultraviolet radiation. The
      Debye-Scherrer x-ray powder pattern was typical of that described in the
      literature for CuAlS.sub.2. Lattice constants were: a=5.331 .+-. 0.001A
      and c=10.430 .+-. 0.001A. The resistivity, .rho.298.degree.K (2 probe),
      was 8.55 .times. 10.sup.3 ohm-cm. The Seebeck coefficient of +46
      microvolts per degree (uv/.degree.) indicated p-type conductivity.
PAC  EXAMPLE 3
PAC  p-Type Copper Aluminum Sulfide
PAR  Copper wire, aluminum wire, and sulfur in 1:1:1.95 atomic weight ratio
      (total weight of 1.5 grams) and 0.05 g. iodine were sealed under vacuum
      and heated for 48 hours in a silica tube with the end containing the
      reactants at 950.degree.C. and the other end at 500.degree.C. The
      temperature of the cooler end was then raised to 800.degree.C. and held
      there for about 72 hours. The product was pure white and crystalline. Its
      lattice constants by x-ray powder methods were a=5.334 .+-. 0.002A and
      c=10.435 .+-. 0.004A. Resistivity measurements showed that the copper
      aluminum sulfide was a p-type conductor with resistivity of
      .rho.298.degree.K = 8.4 .times. 10.sup.2 ohm-cm and a thermoelectric power
      of +21 .mu.v/.degree.. Emission spectroscopy showed the presence of
      0.2-1.0% Si, 5-25 ppm Fe, and 10-50 ppm Cr and Ti.
PAR  The essentially colorless crystals of the CuAlS.sub.2 prepared by the
      process of the present invention may be readily distinguished from the
      green-black crystals of CuAlS.sub.2 prepared by processes known to the art
      by the percent light transmission, especially in the blue region (400 nm).
      It is the transmission in this region which imparts the colorless quality.
      Examples 4 and 5 illustrate the differences in % light transmission
      between the green-black crystals of the art (Example 4) and the
      essentially colorless crystals of the present invention (Example 5).
PAC  EXAMPLE 4
PAC  Absorption Coefficient at 400 nm of Colored p-type CuAlS.sub.2 Prepared by
      Known Method (Honeyman)
PAR  CuAlS.sub.2 crystals were prepared by sealing 2.0544 g (0.3233 g atom) of
      copper wire, 0.8723 g (0.3233 g atom) of aluminum wire, 2.073 g (0.6465 g
      atom) of sulfur -- all of 99.999% purity --, and 5 mg iodine/cm.sup.3 in
      an evacuated silica tube. It was heated slowly over about a two day period
      initially to 800.degree.C in the hot region and 500.degree.C in the cool
      region. After 1 day it was cooled, shaken and reheated at 850.degree.C in
      the hot region and 730.degree.C in the cool region. Large green crystals
      formed after about 2 days.
PAR  Polished crystals of this material were tested for % light transmission.
      The absorption coefficient at 400 nm was 2.5 .times. 10.sup.2
      cm.sup..sup.-1. The absorption coefficient vs. wave length is shown in the
      Figure.
PAC  EXAMPLE 5
PAC  Absorption Coefficient at 400 nm of Essentially Colorless p-Type
      CuAlS.sub.2 Prepared by Process of Present Invention
PAR  2.0525 g (0.3229 g atom) of copper wire, 0.8759 g (0.3246 g atom) aluminum
      wire, 2.0716 g (0.646 g atom) of sulfur -- all 99.999% purity --, and 5 mg
      iodine/cm.sup.3 were sealed in an evacuated silica tube and heated over
      about 2 days. Initially the tube was heated to 800.degree.C in the hot
      region and 500.degree.C in the cool zone. After about 1 day the tube was
      cooled, shaken and reheated at 850.degree.C in the hot zone and
      800.degree.C in the cool zone. Essentially colorless crystals were
      obtained.
PAR  One of the crystals obtained was mounted and polished and the % light
      transmission measured on a Cary 14 Spectrophotometer. The absorption
      coefficient at 400 nm. was 7.5 .times. 10.sup.1 cm.sup..sup.-1. The Figure
      illustrates the differences in absorption coefficients between the
      essentially colorless CuAlS.sub.2 crystals characteristic of the present
      invention and the colored crystals of CuAlS.sub.2 prepared by prior art
      methods over a wavelength range of 350-470 nm.
PAC  EXAMPLE 6
PAC  Conversion of Copper Aluminum Sulfide from p-Type to n-Type
PAR  Copper aluminum sulfide may be converted from p-type to n-type conductivity
      by annealing it with cadmium containing Si and Sn.
PAR  p-Type copper aluminum sulfide was prepared by placing powdered copper,
      aluminum, and sulfur in 1:1:2 atomic weight ratio (total weight of 1.000
      gram) and 0.05 g iodine in a dried alumina crucible which was sealed under
      vacuum in a silica tube. Temperature was raised to 1100.degree.C. in about
      6 hours and maintained there for about 24 hours. The product was removed
      at room temperature.
PAR  A green crystal several millimeters in size of this p-type CuAlS.sub.2 was
      heated in an evacuated and sealed silica tube with a 50 milligram chunk of
      cadmium for 24 hours at 400.degree.C and then quenched in a water bath to
      minimize diffusion of Cd on cooling. In addition to the cadmium, Si and Sn
      were also present. The product was yellow in color and electrical
      measurements showed n-type conductivity: .rho.298.degree.K = 2.0 .times.
      10.sup.4 ohm-cm; -154 .mu.v/.degree.. Emission spectroscopy showed the
      presence of 500-2500 ppm of Cd, Si, and Sn, 10-50 ppm Fe, and 5-25 ppm Ni
      and Ag.
PAC  EXAMPLE 7
PAC  Conversion of Copper Aluminum Sulfide from p-type to n-type
PAR  Green crystals of p-type CuAlS.sub.2, such as produced in Example 6, were
      sealed in a silica tube with a small piece of cadmium and tin and heated
      at 610.degree.C. for 48 hrs. and quenched in a water bath. Some of the
      crystals were honey colored and some gray. A honey colored crystal was
      polished on one side to expose the inner region of the crystal. Indium
      contacts were applied to the outer and inner reglons. Diode
      characteristics were observed indicating the presence of a p,n junction in
      which the outer region of the crystal was n-type.
PAR  Examples 8-11 inclusive show doping of copper aluminum sulfide with
      manganese to give compositions that fluoresce brightly in the orange
      region of the spectrum when irradiated with ultraviolet light.
PAC  EXAMPLE 8
PAC  Mn-Doped Copper Aluminum Sulfide
PAR  A 0.49 gram mixture of Cu, Mn, Al, and S powders in 0.96:0.02:1:2 atomic
      weight ratio and 0.05 g of iodine were sealed under vacuum in a silica
      tube and heated for about 48 hours with the end containing the reactants
      at 900.degree.C. and the cooler end at 300.degree.C. The resulting large
      colorless crystals fluoresced in the orange when exposed to ultraviolet
      light (Table I) and they were electroluminescent.
PAC  EXAMPLE 9
PAC  Mn-Doped Copper Aluminum Sulfide
PAR  A mixture of 0.3 g of colorless copper aluminum sulfide corresponding in
      composition to CuAlS.sub.1.95 (produced in Example 3), 0.009 g NaCl, and
      0.024 g MnCl.sub.2.4 H.sub.2 O was placed in a silica tube. The tube was
      evacuated and warmed to drive off water of hydration. The evacuated tube
      was then sealed and heated at 820.degree.C. for 1/2 hour. The product was
      cooled to room temperature and washed with water and with acetone. The
      resulting light-brown manganese-doped crystals fluoresced in the orange
      when exposed to ultraviolet light. Emissivity peaked at a wavelength of
      625 millimicrons.
PAC  EXAMPLE 10
PAC  Mn-Doped Copper Aluminum Sulfide
PAR  A 1.000 gram mixture of Cu, Mn, Al, and S in 0.995:0.005:1:2 atomic ratio
      by weight and 0.050 g of iodine were sealed under vacuum in a silica tube
      of about 15 ml. capacity and heated for about 48 hours with the hot end of
      the tube at 800.degree.C. and the cool end at 600.degree.C. The tube was
      shaken and reheated for about 72 hours with temperatures of 950.degree.C.
      in the hot zone and 800.degree.C. in the cool zone. The product, which
      consisted primarily of white crystalline material found in the hot zone,
      fluoresced in the yellow-orange when exposed to ultraviolet radiation.
PAC  EXAMPLE 11
PAC  Mn-Doped Copper Aluminum Sulfide
PAR  A 1.000 gram mixture of Cu, Al, Mn, and S in 1:0.995:0.005:2 atomic ratio
      was sealed in vacuo with about 0.05 gram of iodine in a 15 ml capacity
      silica tube. The heating cycle duplicated that of Example 10. The product
      consisted of white microcrystalline material which fluoresced bright
      red-orange in ultraviolet light.
PAR  Example 12 shows that the resistivity of p-type copper aluminum sulfide may
      be lowered by simply heating it briefly in air.
PAC  EXAMPLE 12
PAC  Doping by Heating in Air
PAR  Copper aluminum sulfide was prepared by heating copper, aluminum, and
      sulfur in 1:1.05:2 atomic weight ratio (1.000 grams) with 2 drops of
      bromine in an evacuated and sealed 15-ml silica tube at 800.degree.C.,
      (hot zone), 300.degree.C. (cool zone) for 2 days, then at 950.degree.C.
      (hot zone), 600.degree.C. (cool zone) for 2 more days. The product was
      further heated at 1100.degree.C. (hot zone) and 900.degree.C. (cool zone)
      for 2 days. The product consisted of light yellow crystals which showed
      p-type conduction (.rho.= 3.1 .times. 10.sup.2 ohm cm; +9 .mu.v/.degree.).
PAR  Some of the crystals were heated in air for 10 minutes at 600.degree.C. and
      quenched. Resistivity was decreased to 20 ohm-cm (Seebeck-coefficient, +6
      .mu.v/.degree.).
PAC  EXAMPLE 13
PAC  Electron Spin Resonance Data
PAR  Electron spin resonance (ESR) data may be used to demonstrate that color in
      CuAlS.sub.2 is apparently caused by concentrations of paramagnetic
      transition metal ions in concentrations so small that their presence
      cannot be demonstrated by conventional x-ray or solution analytical
      techniques. Emission spectroscopy typically shows from 10-50 ppm Cr and Fe
      in most samples. The correlation between the color of copper aluminum
      sulfide and its epectron spin resonance is illustrated in this example.
PAR  Part A
PAR  Essentially colorless copper aluminum sulfide (p-type) was prepared from
      high purity elemental reactants used in the atomic ratio theoretically
      required for CuAl.sub.1.01 S.sub.2. The reactants which weighed a total of
      15.0 grams, were sealed in vacuo with iodine (5 mg/cc of tube volume) in a
      silica tube and heated in about 6 hours to 900.degree.C. (hot end
      containing the reactants) and 600.degree.C. in the cool end. After 48
      hours at this temperature, the tube was shaken to mix the reactants and
      heating was continued for 2 weeks with the hot zone at 900.degree.C. and
      the cooler zone at 700.degree.C. The product consisted of colorless
      CuAlS.sub.2 containing by x-ray analysis by-product Al, Al.sub.2 S.sub.3,
      and Cu.sub.2 S. By-product Al and Al.sub.2 S.sub.3 were extracted by
      washing with hydrochloric acid followed by acetone. The washed product
      gave no electron spin resonance spectrum.
PAR  Anal. Calcd for CuAlS.sub.2 ; Cu, 41.09; Al, 17.44; S, 41.47; Si, 0.00.
      Found: Cu, 41.04; Al, 16.97; S, 41.46; Si, 0.13. The Si probably
      originated from the reaction tube.
PAR  Part B
PAR  A portion of the above washed product still containing black flecks, which
      by x-ray examination were Cu.sub.2 S, was sealed in an evacuated silica
      tube and heated for 72 hours at 1000.degree.C. The product became green
      and exhibited an ESR spectrum.
PAR  Anal. Found: Cu, 41.0; Al, 17.14; S, 42.59; Si, 0.01-0.05%; Fe, 20-100 ppm;
      Ge,Sn,Mg 50-250 ppm; Pb,B,Ag 50-100 ppm.
PAR  Part C
PAR  Green crystals from Part B were sealed in vacuo with a small chunk of
      aluminum and heated for 16 hours at 500.degree.C. and quenched. The
      resulting light yellow crystals gave no ESR spectrum, indicating that the
      paramagnetic ion which had given rise to both resonance green color had
      been reduced by diffusion of aluminum into the crystal.
PAR  Part D
PAR  Green crystals from Part B were heated in vacuo as described in Part C
      above but in the presence of small pieces of aluminum and cadmium. Again,
      the crystals became light yellow in color and no longer exhibited electron
      spin resonance.
PAR  Part E
PAR  Green crystals from Part B were heated in air in a silica tube for 10
      minutes at 500.degree.C. and quenched. The crystals darkened in color and
      gave a strong ESR spectrum.
PAR  Part F
PAR  Green crystals from Part B were heated in air in a silica tube for 45
      minutes at 600.degree.C. and quenched. The crystals became dark in color
      and showed an enhanced ESR spectrum. The increase in color and the
      enhancement of electron spin resonance is attributed to oxidation of
      Fe.sup..sup.+2 and Cr.sup..sup.+2 to trivalent ESR active states or
      diamagnetic Cu.sup.1.sup.+ to paramagnetic Cu.sup.2.sup.+, C.
PAR  Part G
PAR  Green crystals from Part B were heated in an evacuated sealed silica tube
      with .about.0.05 g Si powder at 500.degree.C. for 16 hours and quenched.
      The crystals became light yellow and showed no ESR spectrum.
PAR  The colorless quality of the material produced according to this invention
      in comparison to the material of the art (Honeyman and material prepared
      according to Honeyman's method, Example 4) is illustrated by optical
      absorption measurements made on polished crystals from Examples 4, 5, 13D
      and 13G using a Cary 14 Spectrophotometer. The percent of the light
      transmitted vs. wavelengths between 470 and 350 nm was measured. In order
      to quantitatively compare the results, absorption coefficients were
      calculated for several wavelengths. The absorption coefficient is
      described in Principles of Optics by M. Born and E. Wolf, Pergamon Press
      3rd Ed., p. 614 and is inversely proportional to the penetration depth of
      light in a crystal. The results shown in the FIGURE illustrate the lower
      absorption coefficients of the materials of this invention.
PAR  The top curve is the data reported by Honeyman. the curve below it is data
      from green crystals of Example 4 prepared according to Honeyman's method.
      In comparison, the curve for the material of Example 5 lies well below,
      indicating greater degree of transparency of the colorless material. These
      sulfides were prepared from the same starting materials but the green
      sulfide was prepared from a stoichiometric ratio (as was Honeyman's) while
      the colorless sulfide was prepared using an excess of aluminum.
PAR  The curves for Examples 13D and 13G illustrate the quality of the material
      produced by heating green crystals in the presence of dopant metals, in
      these cases Si and Cd/Al. Although a pale yellow color is imparted, the
      crystals are essentially colorless and their absorption coefficients are
      low.
PAR  The absorption coefficients at 400 nm were chosen as points of comparison
      since 400 nm is at the beginning of the visible spectrum in the blue.
PAR  The utility of the sulfides of this invention arises primarily from their
      semiconducting and optical properties. Thus they may be used in any of the
      more common semiconductor devices such as thermistors, photoconductors,
      thermoelectrics, etc. Since they may be n-type or p-type, diodes may be
      fabricated using partly n-type and partly p-type material. Diodes are
      useful in rectifiers; transistors and electroluminescence. The Mn-doped
      compositions are useful in typical applications of fluorescent materials
      such as fluorescent lighting, cathode ray tubes, etc. A colorless material
      has obvious advantages over a black or green material. Additionally, it
      has been found that essentially colorless CuAlS.sub.2 exhibits a
      fluorescence stimulatable by infrared.
PAC  EXAMPLE A
PAR  The positive Seebeck coefficient of +46.mu.v/.degree. and the resistivity
      of 8.55 .times. 10.sup.3 ohm-cm of the essentially colorless copper
      aluminum sulfide produced in Example 2 show that the material may be used
      as a thermoelectric unit. Thus a voltage was generated by attaching wires
      to ends of a crystal by means of silver paste and then heating only one
      side of the crystal.
PAR  The copper aluminum sulfide of Example 3 and the Mn-doped CuAlS.sub.2 of
      Example 12 exhibited electroluminescence easily visible to the dark
      adapted eye when samples of the powdered material were suspended in a 1
      mil thick layer of beeswax between a coin silver plate and a 1 mil thick
      mica sheet. A small puddle of salt water on the mica served as the second
      and transparent electrode. Orange electroluminescence became visible when
      an alternating field of about 2 .times. 10.sup.5 volt/centimeters was
      applied.
PAR  The copper aluminum sulfide of Example 3 fluoresced visibly in the orange
      when exposed to ultraviolet radiation of 3650 and 2537A wavelength.
PAC  EXAMPLE B
PAR  The phenomenon of IR stimulated luminescence was observed in many samples
      of CuAlS.sub.2. Powdered samples were mounted on slides and exposed to
      u.v. radiation. They were then stimulated using a neodymium glass laser
      (emission of 1.06 .mu.) and the stimulated luminescence was observed with
      a photomultiplier tube and displayed on a ocilloscope. The procedure was
      performed on:
PA1  1. CuAlS.sub.2 (50 .mu. particle) -- colorless
PA1  2. CuAlS.sub.2 (150 particle) -- colorless
PA1  3. CuAlS.sub.2 :Al (Example 13 - Part A) -- colorless
PA1  4. CuAlS.sub.2 :Cu/Al (Example 13 - Part B) -- colored
PA1  5. CuAlS.sub.2 :air (Example 13 - Part E) -- colored
PAL  The effect was strongest for the colorless (1-3) samples and for the larger
      particles (2). This effect may be used in I.R. detection or on a means for
      information storage and retrieval.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A semiconducting essentially colorless copper aluminum sulfide having
      chalcopyrite tetragonal structure having a light absorption coefficient
      less than 1.5 .times. 10.sup.2 cm.sup..sup.+1 at 4000A consisting of
      copper, aluminum and sulfur wherein the ratio of aluminum to copper lies
      between the range 1.001 and 1.01 and the ratio of sulfur to the sum of
      copper and aluminum lies between 0.975 and 0.995.
NUM  2.
PAR  2. A process for producing a semiconducting essentially colorless copper
      aluminum sulfide having chalcopyrite tetragonal structure and a light
      absorption coefficient less than 1.5 .times. 10.sup.2 cm..sup..sup.+1 at
      4000A which comprises heating in a closed system in the absence of air at
      a temperature range of 900.degree.-1250.degree.C. for 12 hours or more a
      mixture of elemental copper, aluminum and sulfur all of 99.999% purity in
      atomic weight ratios
PA1  a. Cu=0.98-1.0, Al=1.001-1.30, S=1.95-2.0;
PA1  b. Cu=0.98-0.99, Al=1.0-1.30, S=1.95-2.0; or
PA1  c. Cu=1.00, Al=1.00, S=1.95-1.99.
NUM  3.
PAR  3. A process of claim 2 in which iodine is used as a vapor transport agent.
NUM  4.
PAR  4. A process according to claim 2 wherein the atomic weight ratio is
      0.98-1.00 copper, 1.001-1.30 aluminum and 1.95-2.0 sulfur.
NUM  5.
PAR  5. A process according to claim 2 wherein the atomic weight ratio is
      0.98-0.99 copper, 1.0-1.30 aluminum and 1.95-2.0 sulfur.
NUM  6.
PAR  6. A process according to claim 2 wherein the atomic weight ratio is 1.0
      copper, 1.0 aluminum and 1.95-1.99 sulfur.
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ABST
PAL  The process of this invention for the production of doped metal halides,
      especially silver halides, comprises reacting a doped metal with the
      vapour of the halogen in a closed vessel. A mono- or polycrystalline metal
      halide body is built up on a stationary or rotating base. Homogenously
      doped metal halides are obtained.
BSUM
PAR  German Offenlegungsschrift No. 2,115,391 has disclosed a process for
      producing, without the use of crucibles, pure metal halides by reaction of
      pure metals with halogen vapours. It has now been found that,
      surprisingly, this procedure is also suitable for the manufacture of doped
      metal halides.
PAR  Accordingly, the subject of the invention is a process for the manufacture
      of doped metal halides, characterised in that doped metal is reacted in a
      closed reaction vessel, without the use of a crucible, with the vapour of
      a halogen at a temperature which is below the melting point of the doped
      metal and above the melting point of the halide, and the liquid or gaseous
      halide is allowed to grow into a crystalline shaped article on a support
      at a temperature below the melting point of the halide.
PAR  Instead of a single halogen, a mixture of different halogens can also be
      used in the present process.
PAR  By doping, a term customary in semi-conductor technology, there is to be
      understood the incorporation of foreign substances into pure metal or
      metal halide. The foreign substances are only present in traces, for
      example in amounts of 0.1 to 100 parts of foreign substance per 10.sup.6
      parts of metal or metal halide. An accurately determined and absolutely
      uniform composition of the doped material is of decisive importance.
PAR  By a reaction without using a crucible there is to be understood a reaction
      which is carried out avoiding the use of a crucible or other device where
      liquid reaction product collects or liquid reaction product remains in
      contact with the solid starting substance.
PAR  The process according to the invention is preferentially suitable for the
      manufacture of doped silver halides. However, it can also be used for the
      manufacture of doped halides of the metals of sub-group IV to VI of the
      periodic system of the elements, or of the rare earths. As examples of
      these groups there may be mentioned: chromium, molybdenum, niobium,
      tantalum, titanium, zirconium and lanthanum.
PAR  All elements which can be alloyed with the said metals can be used for
      doping, examples being bismuth, cadmium, gallium, indium, lithium,
      magnesium, nickel, lead, zinc, manganese, titanium, platinum or tin.
      Alloys of silver with iron, nickel, sulphur, gold, rhodium and/or indium
      are preferred. Whether an element can form an alloy can be seen from the
      phase diagrams (M. Hansen, Constitution of Binary Alloys, McGraw Hill Co.,
      1958).
PAR  The doped metals can be manufactured by the known process of the zone
      levelling technique (see W. G. Pfann, Zone Melting, John Willey and Sons
      Inc. 1966, page 199). In the case of doping with very volatile substances
      such as, for example, sulphur, the zone melting apparatus must be provided
      with subsidiary furnaces for preventing the condensation of volatile
      products, such as are described by J. V. de Boomgard (Journ. Electronics 1
      (1955-1956) page 212).
PAR  For example, doped silver is obtained by melting a rod of highest purity
      silver in a very pure graphite boat together with the appropriate amount
      of the element desired for doping the silver halide and homogenising in 20
      passes at a speed of 1 mm/minute. The central, homogeneous part of the
      doped silver rod is cut out and then converted into doped silver chloride,
      doped silver bromide or doped silver iodide.
PAR  Appropriately, the device described in German Offenlegungsschrift No.
      2,115,391 is used. Since a certain amount of doping agent is lost,
      depending on the temperature, pressure and time, a higher amount of the
      doping agent must be added to the metal, especially in the case of
      volatile doping agents, in order to obtain a metal halide containing the
      desired amount of doping agent.
PAR  The device mentioned comprises a tubular reaction chamber to which a source
      of reduced pressure and a halogen supply vessel can be connected as
      desired. In the upper part of the reaction chamber there is a holding
      device for fixing the rod of doped metal without using a crucible, and in
      the line of fall below this there is a plate, located on a carrier, for
      receiving the crystal. The holder and the plate can be rotated about axes
      which are aligned. These axes of rotation are provided with gasket rings
      and are thus introduced into the reaction chamber in a vapour-tight and
      vacuum-tight manner. The axes of rotation can be extracted from the
      reaction chamber together with the holder or the plate, respectively. Two
      temperature zones which can be controlled separately from one another are
      formed inside the reaction chamber by means of two heating devices. The
      first heating device, for example a high frequency coil, heats the doped
      metal inductively to a temperature which suffices to initiate a reaction
      with the halogen; the second heating device, for example a radiant
      furnace, is so controlled that the conditions of solidification of the
      metal halide permit the formation of monocrystalline or polycrystalline
      material. The reaction chamber is evacuated before the beginning of the
      reaction.
PAR  The stream of halogen gas required for the reaction is passed into the
      reaction apparatus from a halogen supply vessel. If the intrinsic vapour
      pressure of the halogen at room temperature is too great or too low to
      produce, in the reaction vessel, the halogen concentration suitable for
      reaction with the metal, the halogen supply vessel is appropriately cooled
      or warmed by means of a cooling or heating device.
PAR  Mixtures of different halogens in a predetermined mixing ratio can be
      produced by using separate supply vessels for the different halogens,
      these vessels being kept at different temperatures depending on the
      desired mixing ratio. Another method consists of the use of carrier gases,
      with the component streams through the various halogen supply vessels
      being regulated in accordance with the desired mixing ratio.
PAR  In addition to the doped metals, very pure halogens, or mixtures of very
      pure halogens, are used as starting materials for the manufacture of doped
      metal halides in the present process.
PAR  Thus, for example, chlorine can be adequately purified and dried with
      concentrated sulphuric acid and phosphorus pentoxide whilst bromine can be
      distilled over sulphuric acid and iodine can be sublimed. To carry out the
      process according to the invention with the device described, the
      following procedure is employed:
PAR  A doped metal rod is suspended in the reaction apparatus on the rotatable
      holder provided for the purpose and thereafter the apparatus is degassed
      at a pressure of 10.sup.-.sup.5 to 10.sup.-.sup.7 mm Hg. The diameter of
      the metal rod can vary within wide limits.
PAR  The metal is then heated by means of the first heating device to
      temperatures which lie in the range of about 400.degree. to
      1,100.degree.C, preferably 500.degree. to 1,000.degree.C. Temperatures of
      450.degree. to 700.degree.C, preferably 500.degree. to 600.degree.C, have
      proved advantageous for the reaction of doped silver with the halogens. In
      fixing the reaction temperature within the ranges mentioned, it is
      furthermore necessary to ensure that this temperature should always lie
      above the melting point of the halide produced. The stopcock which
      connects the halogen supply vessel to the reaction apparatus is opened so
      that a halogen atmosphere can form in the reaction apparatus. The halogen
      vapour pressure required for the reaction with the metals is 1 to 500 mm
      Hg depending on the metal. For the reaction with doped silver, the halogen
      vapour pressure should be 100 to 500 mm Hg, preferably 100 to 300 mm Hg.
      In the manufacture of silver bromide, a bromine vapour pressure suitable
      for the reaction is obtained even at room temperature. This is because the
      intrinsic vapour pressure of bromine at this temperature is 200 mm Hg. The
      vapour pressure of chlorine at this temperature is substantially higher so
      that it is necessary to cool the halogen supply vessel appropriately
      (solid carbon dioxide/methanol or solid carbon dioxide/acetone cooling
      baths) in order to keep the formation of halide within controllable
      limits. In the manufacture of silver iodide, the intrinsic vapour pressure
      of iodine is brought to a value suitable for the reaction by slight
      warming.
PAR  The liquid metal halide produced in the reaction drips from the metal rod
      onto a preferably rotating ceramic plate or, preferably, quartz plate,
      rotating at a speed of about 1/3 to 1 revolution per second. The first
      drops solidify on the support and form a metal halide base. When the next
      drops impinge on this, a thin layer is re-melted on the surface of the
      solid metal halide due to the thermal energy and the heat of
      solidification of the liquid halide. These solidification conditions,
      which in the first place are not greatly controlled, can be improved
      substantially with the aid of the second heating device which is
      preferably a radiant furnace. The temperature of this furnace is below the
      melting point of the halide, preferably 30.degree. to 70.degree.C below
      this temperature, and is set so that the surface tension of the fused
      halide suffices mechanically to stabilise the molten crest. These oriented
      and controlled solidification conditions are very favourable for the
      crucible-free and strain-free formation of the desired doped metal halide
      crystals. The speed of growth of the metal halide shaped articles varies
      greatly; for example, for silver halide shaped articles it is a few
      mm/hour for single crystal formation, but it can also be a few cm/hour
      when manufacturing polycrystalline materials.
PAR  The doped metal halides manufactured according to the invention, especially
      the silver halides, are used, for example, in semi-conductor technology or
      for photographic purposes, for example for the manufacture of thin,
      binder-free light-sensitive photographic layers by vapour deposition.
PAR  As is generally known, layers of highest purity silver halide only possess
      a very low sensitivity to light. This can be influenced by doping.
      Increasing the light sensitivity (sensitisation) by doping is particularly
      desirable. However, a lowering of the light sensitivity (desensitisation)
      which is desirable in some cases can also be achieved by certain doping
      agents.
PAR  The manufacture of doped metal halides has already been attempted
      previously, say by heating mixtures of metal halides and foreign
      substances (Swiss Patent Specifications Nos. 216,176, 221,835 and 223,885)
      or by conjoint vapour deposition of metal halides and foreign substances
      (German Patent Specification No. 1,180,240 and U.S. Pat. No. 3,219,452).
      However, it does not prove possible satisfactorily to dope the metal
      halides in this way. In particular it is only possible with difficulty to
      distribute the doping agent homogeneously in the base material and the
      introduction of undesired impurities by the crucible material is virtually
      unavoidable. If the pure metal halide manufactured according to German
      Offenlegungsschrift No. 2,115,391 is doped subsequently, it is again only
      possible to achieve controlled doping of this metal halide, and
      manufacture the product in reproducible qualities, if extremely strict
      conditions are observed.
PAR  The process according to the invention makes it possible to avoid the
      disadvantages mentioned in that a metal halide doped in a controlled
      manner can be manufactured in reproducible qualities.
PAR  The quality of the doped metal halides manufactured according to the
      process can be checked by measurements of the electrical conductivity, by
      mass spectrometry and especially by photographic sensitometric methods.
DETD
PAC  EXAMPLE 1
PAR  A highest purity silver rod weighing 500 g (diameter: 11 mm, length: 500
      mm) is introduced simultaneously with a 100 mg grain of nickel into a boat
      of highest purity graphite and is subjected to the zone melting process
      (zone levelling) with the aid of a high frequency generator. When the high
      frequency zone has travelled 10 times in each direction, at a speed of 1
      mm/minute, along the silver rod, the nickel has dissolved in the silver.
      After the ends of the rod (approx. 10% of the total length at each end),
      which normally contain a higher Ni concentration, have been removed, a
      silver rod of about 400 g is obtained, which is homogeneously doped with
      nickel at a concentration of 180 ppm.
PAR  This rod is converted into silver bromide in accordance with the method
      described in German Offenlegungsschrift No. 2,115,391. The spectral
      analysis of the material obtained proves that the nickel doping has been
      homogeneously incorporated at a concentration of 100 ppm into the silver
      halide.
PAR  This doping has a characteristic influence on the physical properties of
      the silver bromide. The optical absorption of the material is greatly
      shifted towards the red; at 300.degree.K and 434 nm the absorption
      coefficient is 3 times greater than that of the pure material. The
      electrical conductivity also changes because of doping. At 300.degree.K
      the conductivity of the doped material is about 200 times greater than
      that of the pure samples. However, the most conspicuous change is in the
      photographic properties of vapour-deposited layers. If layers of 0.5.mu.
      thickness (5,000 A) which have been vapour-deposited from a graphite
      crucible under a vacuum of at least 10.sup.-.sup.7 mm Hg onto glass, are
      exposed to light of 441 nm (intensity of illumination 1 Lux, exposure
      times 0.33 to 81 inches) and such layers are developed in a
      1-methylamino-4-hydroxybenzene/hydroquinone developer, it is found that
      the number of developed image centres per cm.sup.2 is 10 to 100 times less
      than in pure material treated in the same way.
PAC  EXAMPLE 2
PAR  A silver rod which is doped homogeneously with 2 ppm of rhodium is
      manufactured in the same manner as in Example 1. After this rod has been
      converted into AgBr in the indicated manner, spectral analyses demonstrate
      that the rhodium doping has been incorporated homogeneously and that,
      converted to the weight of silver bromide, the concentration is 1 ppm.
      This small concentration greatly changes the physical properties of the
      material. Compared to the pure material, the silver bromide doped with 1
      ppm of rhodium has twice as great an electrical conductivity at
      300.degree.K. The photographic properties of layers vapour-deposited as in
      Example 1 are also modified characteristically. The number of latent image
      centres per cm.sup.2 which can be developed is greater by a factor of 2
      than in the non-doped material.
PAC  EXAMPLE 3
PAR  A silver rod is doped as in Example 1 with 4 ppm of iron, which
      approximately corresponds to the maximum solubility of iron in solid
      silver (G. Tammann and W. Oelson, Z. anorg. Allg. Chem. 186, 257-277
      (1930)). Iron-doped silver bromide containing about 2 ppm of iron can be
      produced from this rod. The concentration can be demonstrated by spectral
      analysis.
PAR  The electrical conductivity of the doped material at 300.degree.K is 5
      times greater than that of the pure silver bromide. After exposure and
      development as in Example 1, the number of developed image centres is 5
      times greater than in the pure material.
PAC  EXAMPLE 4
PAR  The direct doping of a rod of silver by sulphur, through using the zone
      melting process, was made possible by a combination of the methods of W.
      G. Pfann and J. V. de Boomgard (loc. sit.).
PAR  A silver rod is doped with a homogeneous sulphur concentration of 50 ppm
      with the side furnaces at a temperature of 250.degree.C, and otherwise
      under the same conditions as in Example 1. AgBr doped with 10 ppm of
      sulphur can be obtained from the product.
PAR  If the silver rod is not doped directly with elementary sulphur but with
      the corresponding amount of Ag.sub.2 S (melting point 838.degree.C, M
      Hansen, 1.c.), doping with sulphur is possible without controlling the
      vapour pressure, that is to say without using side furnaces. An identical
      product is obtained.
PAR  The effect of doping with sulphur on the physicochemical properties of the
      silver bromide is conspicuously great. The sulphur doping (10 ppm)
      increases the optical absorption coefficient of the silver bromide at
      300.degree.K by a factor of 2 at wavelength 441 nm. The electrical
      conductivity at 300.degree.K is 20 times greater for the doped material
      than for the pure material. After exposure and development of
      vapour-coated plates according to the method of Example 1, an increase in
      the number of image centres by a factor of 3 to 5 is to be found in the
      sulphur-doped material, compared with the number of image centres in the
      pure material.
PAC  EXAMPLE 5
PAR  This example relates to the manufacture of doped silver halide mixed
      crystals.
PAR  A silver rod doped with 100 ppm of nickel is reacted, according to the
      process described in DT-OS 2,115,391, with a mixture of halogen vapours
      containing 90 mol % of bromine and 10 mol % of iodine. The temperature of
      the bromine container is 23.degree.C (Br.sub.2 vapour pressure about 200
      mm Hg). The iodine container, and the feed pipeline from the iodine
      container to the reaction vessel, are heated to 85.degree.C. This
      temperature corresponds to an iodine vapour pressure of 20 mm Hg. The
      reaction yields homogeneous silver iodide/bromide having an NaCl lattice,
      the lattice constant of which was determined by the Debye-Scherrer method
      to be 5.795 A.
PAR  According to H. Chateau (C.R. hebd. Seances Acad. Sci. 249, (1959)), the
      lattice constant of silver bromide changes, on addition of small
      proportions of iodide, according to the law: a (A) = 5.7748 + 3.68 .times.
      10.sup.-.sup.3 .times. c.sub.AgI, wherein a is the lattice constant in A
      and c.sub.AgI is the silver iodide concentration in mol %. Accordingly,
      the lattice parameter measured corresponds to a concentration of 5.5 mol %
      of AgI. Additionally it can be concluded from the X-ray picture that the
      iodide component is homogeneously distributed in the silver bromide
      lattice.
PAR  Measurements of the electrical conductivity indicate a homogeneous
      distribution of the nickel doping. The nickel content of the halide mixed
      crystals can be determined by spectral analysis, and it is possible to
      show that the original content of 100 ppm of nickel has remained unchanged
      after the halogenation.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the production of a homogeneously doped silver halide
      which comprises reacting doped silver inside a closed reaction vessel with
      the vapour of chlorine, bromine or iodine, said doped silver being so
      positioned that neither the doped silver nor the newly formed halide comes
      into contact with the walls of the reaction vessel, at a temperature below
      the melting temperature of the doped silver and above the melting
      temperature of the doped silver halide, and collecting the doped silver
      halide thus formed on a support under conditions so adjusted and
      controlled, that the doped silver halide is recovered in crystalline form,
      and wherein the ratio of dopant to silver is 0.1 to 100 parts of dopant
      per million parts of silver, and wherein the dopant is selected from the
      group consisting of bismuth, cadmium, gallium, indium, lithium, magnesium,
      nickel, lead, zinc, manganese, titanium, platinum, tin, iron, sulphur,
      gold and rhodium.
NUM  2.
PAR  2. Process according to claim 1, wherein said support is stationary or
      rotating.
NUM  3.
PAR  3. Process according to claim 1, in which the chlorine, bromine, or iodine
      vapour pressure at which the reaction is carried out is generated by
      heating or cooling, in a separate vessel, connected to the reaction
      vessel, said chlorine, bromine or iodine to a temperature at which the
      intrinsic vapor pressure of said chlorine, bromine, or iodine corresponds
      to said pressure in the reaction vessel.
NUM  4.
PAR  4. Process according to claim 1, in which doped silver is reacted at
      temperatures of 400.degree. to 700.degree.C.
NUM  5.
PAR  5. Process according to claim 1, in which said doped silver rods are
      obtained by zone melting of silver with addition of the doping agent.
NUM  6.
PAR  6. Process according to claim 1, in which vapour pressure of said chlorine,
      bromine and iodine in the reaction vessel is 1 to 500 mm Hg.
NUM  7.
PAR  7. Process according to claim 1, in which the liquid halide formed drips
      onto a flat rotating quartz plate and there grows in a crystalline form.
NUM  8.
PAR  8. Process according to claim 1, in which the dopant is at least one
      element selected from the group consisting of iron, nickel, gold, rhodium,
      indium and sulphur.
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ABST
PAL  Environmentally stable magnetic recording composition comprising fine metal
      particles based on iron, cobalt, or nickel, the particles having a
      chromium-based outer layer formed by exposing the particles to a solution
      containing dichromate or chromate ions under high-shear mixing conditions.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of a pending application, Ser. No.
      255,260, filed May 22, 1972, which issued as U.S. Pat. No. 3,837,912 on
      Sept. 24, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Fine metal particles are recognized to be potentially superior magnetizable
      pigments for magnetic recording media. One obstacle to fully realizing
      that potential is the high reactivity of the particles caused by their
      fine size (they are typically less than 1000-1500 angstroms in diameter).
      This reactivity makes the particles susceptible to oxidation or other
      deterioration, even when dispersed in binder material in a magnetic
      recording medium. The result is that the recording medium may not be
      environmentally stable; that is, it may lose a substantial percentage of
      its magnetic properties when stored and used in normal ambient
      environments.
PAR  Several ideas for providing environmental stability have been proposed, but
      insofar as known none of them gives evidence of real success: either these
      proposals do not attain a desired level of environmental stability, or
      they unduly reduce other properties of magnetic recording media
      incorporating the particles, as by reducing the magnetic properties of the
      particles. An example of the latter is Little et al, U.S. Pat. 3,535,104,
      which suggests improving environmental stability by alloying chromium into
      the particles. The price for that environmental stability is a significant
      reduction of saturation magnetic moment and other magnetic properties of
      the alloyed particles (more than 30 percent loss in magnetic moment by
      adding 20 weight-percent chromium). With such a reduction in the initial
      or base recording properties of the particles, it makes little difference
      if those initial properties are substantially retained after environmental
      exposure; whether or not the properties are retained, the full potential
      of the fine metal particles is not realized.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, a magnetic recording medium of the present invention comprises a
      magnetizable layer carried on a nonmagnetizable support, the magnetizable
      layer comprising a nonmagnetizable binder material and, uniformly and
      thoroughly dispersed in the binder material, fine magnetizable particles
      that comprise at least 75 weight-percent metal, at least a majority of
      which is iron, cobalt, or nickel. The invention uses chromium in the
      particles to provide environmental stability, but this chromium is in an
      outer chromium-based layer formed by exposing the particles under
      high-shear conditions to a solution containing dichromate or chromate
      ions. The chromium-based outer layer appears to be very thin, leaving
      substantially undisturbed the core of the particles.
PAR  The formation of only a thin chromium-based outer layer is suprisingly
      possible and effective in spite of conditions that exist during the
      treatment that would be expected to cause an undesirably extensive
      reaction between the particles and the treating solution. Such conditions
      include the very high surface area of the particles, the strong oxidizing
      nature of the treating solution containing dichromate or chromate ions,
      the strong reducing nature of the fine metal particles, and the very small
      size of the particles. In fact, the particles are susceptible to being
      consumed by the treating solution, and will be consumed if the treatment
      is handled improperly. It is also of interest to note that while the
      environmental stability of recording media is improved by a treatment of
      the invention, the pyrophoricity of the particles is apparently not
      affected by the treatment.
PAR  Because the chromium-based outer layer is very thin, the magnetic
      properties of the particles are substantially not affected by the
      treatment. Yet the environmental stability of recording media that
      incorporates the particles in a binder material is greatly improved. As an
      example of the results achieved, one typical magnetic recording tape
      comprising fine acicular iron-based particles that carry a chromium-based
      outer layer of the invention has an initial remanent flux density of 2700
      gauss (substantially the same as it would have without the chromium-based
      outer layer), and yet typically loses essentially none of that remanent
      flux density in a standard environmental test (such as exposure of the
      recording tape in a chamber heated to 80.degree.F and having 80 percent
      relative humidity).
PAR  More than that, as an added benefit, it has been found that the
      chromium-based outer layer on the particles improves the ability of the
      particles to be dispersed in preferred binder materials. It is thought
      that the treatment of the particles with the dichromate or chromate
      solution provides a more uniform surface over a high percentage of the
      particles, whereupon the particles have a more uniform dispersibility with
      the binder material. One result of better dispersion is that the
      "squareness" of the recording medium is generally improved (squareness is
      the ratio (M.sub.r /M.sub.m) of remanent moment to maximum moment
      exhibited by the particles in a sample tape; it should be noted that other
      factors, such as the distribution of particle sizes and magnetic
      properties, also affect squareness). Also, improved dispersion is believed
      to contribute to the improved environmental stability exhibited by
      recording media of the invention; it is hypothesized that, because of the
      improved dispersibility of the particles in the binder material, a high
      proportion of the particles are individually covered with binder material,
      and this individual covering isolates and protects the particles.
PAR  All in all, the present invention makes an important contribution to the
      commercial realization of magnetic recording media that use fine metal
      magnetizable pigments.
PAC  OTHER BACKGROUND PRIOR ART
PAR  It is well known to treat metals with solutions containing chromate or
      dichromate ions to improve the corrosion resistance of the metals. See,
      for example, Corrosion and Corrosion Control, H. H. Uhlig (Wiley) 1963 or
      Metallic Corrosion Passivity and Protection, U. R. Evans (Edward Arnold &
      Co.) 1937. Also, Bjork, U.S. Pat. No. 3,183,125, suggests that the
      corrosion resistance of magnesium-based particles can be improved by
      treating the particles with a heated solution containing dichromate ions.
      This coating is said to inhibit formation of an oxide coating on the
      particles that tends to make the particles less effective for use in
      incendiary or explosive compositions. In a somewhat different teaching,
      Galmiche, U.S. Pat. No. 3,157,532, suggests improving oxidation-resistance
      of iron-based magnetic particles by mixing those particles with particles
      of chromium and chromium halide and heating the mixture to vapor-deposit a
      chromium-based outer layer on the iron-based particles.
PAR  None of these prior teachings suggests that very fine metal particles to be
      dispersed in binder material in a magnetic recording medium should be
      surface-treated in the manner of this invention, and none of the prior
      teachings suggests that such a treatment will maintain the initial
      magnetic properties of the particles while providing environmental
      stability for a recording medium in which the particles are incorporated.
      Further, none of these teachings gives evidence that a treatment of the
      invention will be effective on very small, highly pyrophoric particles.
      And, of course, none of the prior teachings suggests that recording
      properties such as squareness can be improved by such a treatment.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Particles useful in the present invention generally comprise at least 75
      weight-percent metal ingredients, since the more metal, the higher the
      magnetic moment of the particles and the more uniform their properties
      (unless otherwise specified, amounts refer to the whole particle,
      including the core particle and outer chromium-based layer). Preferably
      the particles are at least 80 weight-percent metal, and when it can be
      practicably achieved, 85 or 90 weight-percent or more metal. Of the metal,
      at least a majority is preferably iron, whereby particles of high
      coercivity and high magnetic moment may be obtained, and more preferably,
      at least 75 weight-percent, and even more preferably 85 weight-percent, of
      the metal is iron. Also useful are particles wherein cobalt or nickel
      comprises at least a majority, or all, of the metal.
PAR  Particles presently preferred for the invention are acicular in order to
      improve their coercivity..sup.1 High coercivities make possible high
      outputs; but the particles may also be made with less than peak coercivity
      in order to tailor the magnetic recording medium in which they are
      incorporated to specific jobs.
FNT  1. While the term "acicular particle" is used herein, as well as in the
      prior literature, such "particles" may in fact comprise a linear
      assemblage of smaller, generally equant particles held together by
      magnetic forces and acting as a single body for magnetic purposes. The
      term acicular particle is used herein to describe acicular structures that
      are mechanically a single particle as well as a magnetic assemblage of
      several particles, having a length-to-diameter ratio greater than about
      two, and exhibiting uniaxial magnetic anisotropy; preferred particles have
      a length-to-diameter ratio greater than four or five.
PAR  The coercivity of the acicular particles becomes greater as the average
      diameter.sup.2 of the particles becomes smaller, except that the particles
      may become superparamagnetic when of too small a size, which for
      iron-based particles is about 120 angstroms. To obtain coercivities
      greater than about 500 cersteds, making the particles useful, for example,
      in magnetic recording media that can be used in certain newer
      high-performance recording systems, the particles should have an average
      diameter less than about 800 angstroms; to obtain coercivities greater
      than 850 oersteds, making the particles useful in certain kinds of
      mastering tapes such as used in "contact-duplication" of video tapes, the
      particles should have an average diameter less than about 450 angstroms;
      and to obtain coercivities of greater than 1000 oersteds, making the
      particles useful in magnetic recording media to be used for high-density
      storage, the particles should have an average diameter less than about 400
      angstroms. Larger-size particles, generally up to about 1500 angstroms in
      average diameter, are also useful for other magnetic recording
      applications.
FNT  2. By "average diameter" is meant the transverse dimension of the acicular
      particles, which provides a valid indication of the size of acicular
      particles for most purposes; where an acicular particle comprises an
      assemblage of generally equant particles, the average diameter of the
      acicular particles is the average diameter of the generally equant
      particles in the assemblage.
PAR  Inclusion of some cobalt and/or nickel in iron-based particles, especially
      in acicular iron-based core particles prepared by presently preferred
      solution-reduction processes using alkali metal borohydride reducing
      agents, lowers the diameter of the particles, and thus increases
      coercivity. The diameter is decreased, and thus the coercivity is
      increased quite significantly by small additions, such as about 0.1
      weight-percent, of cobalt or nickel. For the highest coercivities, making
      possible the highest outputs, at least one, and preferably at least two
      weight-percent of cobalt and/or nickel is included in iron-based
      particles. Very little further improvement in coercivity is obtained for
      amounts of cobalt and/or nickel in excess of about 10 weight-percent of
      the total metal, and preferably the amount of cobalt and/or nickel in
      iron-based particles is less than 10 weight-percent of the total metal.
      Amounts of cobalt or nickel in excess of about 20 or 25 weight-percent of
      the total metal in iron-based particles result in decreased coercivity and
      are even less preferred. Further, the inclusion of cobalt or nickel in
      iron-based particles decreases magnetic moment; nickel decreases magnetic
      moment more than cobalt does and thus is less desirable than cobalt.
PAR  Chromium can also be included in the core particles, generally in amounts
      less than about 20 weight-percent of the core particle. However, as noted
      above, such additions reduce the magnetic moment of the particles, and
      accordingly, as to core or alloy ingredients, particles of the invention
      preferably include less than 5 or 10 weight-percent chromium, and more
      preferably are substantially free of chromium; and the preferred values
      for total chromium, cobalt, and nickel core ingredients in iron-based
      particles are no more than the preferred maximums for cobalt and/or nickel
      in iron-based particles given above. In addition to such metals as cobalt,
      nickel and chromium, certain other metals may be included as core
      ingredients in particles of the invention. For example, boron is
      inherently included in particles prepared by a borohydride process.
PAR  The core particles which are treated according to the invention may be made
      by a variety of methods. Solution-reduction methods using alkaline metal
      borohydrides are presently preferred because average particle size and
      composition can be readily controlled by these methods. In such methods,
      solutions of metal salts such as salts of iron, cobalt, nickel, and
      chromium are mixed with solutions of alkali metal borohydrides such as
      sodium borohydride, preferably in a high-shear agitator located in a
      magnetic field of 500 or more oersteds, whereupon a rapid reaction occurs
      in which acicular metal particles precipitate from the solution. Other
      recognized procedures for forming metal particle include the decomposition
      of metal carbonyls in a thermal decomposition chamber, with or without the
      influence of a magnetic field; the reduction of metal oxide particles as
      by heating in the presence of a reducing gas; and other solution-reduction
      techniques.
PAR  The solution of chromate or dichromate ions for treating the core particles
      preferably has a pH between 3 and 5 at the time the particles are
      introduced into the solution, though solutions having a pH of 2.5 to 7.0
      can also give useful results. Solutions that are too acidic, for example,
      result in solvation of some of the core particles and thus reduce the
      yield of treated particles. High temperatures for the treating solution
      also appear to reduce the yield of treated particles, and the temperature
      of the solution is desirably less than 60.degree.C. A room-temperature
      solution of potassium dichromate in water appears to give best results,
      but sodium chromate, or chromic acid can also be used, solutions of the
      latter generally requiring modification to reduce their acidity to the
      above ranges.
PAR  The core particles should be clean when introduced into the solution of
      dichromate or chromate ions, with any soluble salts or the like being
      preferably removed by washing, such as with water, before the particles
      are introduced into the solution. The particles should be thoroughly
      agitated during treatment by the solution of dichromate or chromate ions,
      to increase the uniformity of the treatment. The reaction process proceeds
      rapidly, generally being completed in about 5 minutes or less. A variety
      of high-shear mixers such as a Gifford-Wood "Homomixer" can be used.
PAR  X-ray analysis of the particles generally fails to detect the presence of
      any chromium in the treated particles, while electron diffraction analysis
      does, indicating that the chromium-based layer is very thin. Diffraction
      analysis indicates that the chromium-based outer layer probably comprises
      metal chromite having the formula Me.sub.x Cr.sub.3.sub.-x O.sub.4, where
      Me is iron, cobalt or nickel and x is approximately 0.85.
PAR  By chemical analysis, it is found that a treatment giving the best
      results--providing a recording media having good magnetic properties, and
      stability and providing a high yield of treated particles--deposits about
      3 to 5 weight-percent chromium on the particles. The amount of chromium
      deposited can be adjusted by controlling the number of dichromate or
      chromate ions in the treating solution. Generally, the desired
      concentration of dichromate or chromate ions is determined by the desired
      pH level, and the actual number of dichromate or chromate ions is varied
      by changing the total volume of the treating bath. More or less chromium
      than 3 to 5 weight-percent can be applied while still achieving useful
      results, but if the particles comprise more than about 10 weight-percent
      chromium after the treatment, it tends to indicate that an uneconomically
      high proportion of the core particles has been dissolved; on the other
      hand, if particles having no chromium in the core particle comprise less
      than about one weight-percent chromium after treatment, the environmental
      stability of the particles in binder material will be less than desired.
DETD
PAR  The invention will be further illustrated by the following examples (parts
      and percents are by weight unless otherwise specified or not appropriate).
PAC  EXAMPLE 1
PAR  Two solutions are prepared, one comprising 22.9 pounds of FeSo.sub.4.7
      H.sub.2 O (A.R. grade) and 1.91 pounds of CoSO.sub.4.7 H.sub.2 O (A.R.
      grade) in 10 gallons of deionized room-temperature water; and the other
      comprising 6.61 pounds of sodium borohydride (over 98 percent pure, made
      by Ventron) and 10 gallons of a solution formed by mixing deionized,
      room-temperature water with about 15 milliliters of a one-molar solution
      of sodium hydroxide.
PAR  The two solutions are then pumped through conduits at equal reactant
      concentration rates so that they impinge on a 21/2 inch-diameter plastic
      (Teflon) disc which is spinning at about 300 revolutions per minute to
      assure rapid intimate mixing. The disc is mounted transversely inside a
      vertical 3-inch-diameter glass tube which, in turn, is located inside the
      core of a large barium-ferrite permanent magnet so that the magnetic field
      at the point of impingement is 800 oersteds. The solutions react very
      rapidly and exothermically to produce a highly viscous slurry containing
      fine black metal particles and having a temperature of 60.degree.C and a
      pH of 6. The total time required to pump all of the two solutions together
      is 40 minutes.
PAR  During the reaction period the collected slurry of particles (about 30
      gallons) is continuously transferred to a 250-gallon stainless steel wash
      tank already about four-fifths full of deionized water, which is
      continually agitated by a propeller mixer. After all of the collected
      slurry has been transferred to the wash tank, the black metal particles
      are allowed to settle, after which the liquid above the settled particles,
      which contains soluble reaction-by-products, is drawn off. The particles
      are then washed by refilling the vessel with deionized water and drawing
      the water off a total of 3 times; the conductivity of the final washwater
      is 340 micromhos, and about 35 gallons of concentrated slurry remains in
      the bottom of the tank.
PAR  A room-temperature solution is then prepared by mixing 0.708 pound of
      potassium dichromate in 5 gallons of deionized water, and this solution is
      added to the concentrated slurry, making about 40 gallons of mixture in
      the tank. This mixture is rapidly agitated using a propeller mixer for 5
      minutes, after which it is diluted to 250 gallons by addition of deionized
      water. The particles are allowed to settle, the water drained off, the
      sample washed a second time with an equal amount of water, and the second
      wash water, which has a conductivity of 48 micromhos, removed.
PAR  The remaining contents of the tank are pumped into an eight-plate frame and
      plate press and pressed to a cake about 2.6 gallons in size. Fifteen
      gallons of technical-grade acetone are pumped through the cake, after
      which the cake is transferred into three 1-gallon cans which are then
      placed opened in a vacuum oven. The oven is evacuated to a pressure of
      about 50 millimeters mercury, heated to 150.degree.C, and held at that
      temperature for 40 hours. The oven is then allowed to cool to room
      temperature while maintaining the vacuum, after which the oven pressure is
      increased to atmospheric pressure by purging the oven with nitrogen gas.
      At this point the magnetizable particles produced are dry and highly
      pyrophoric. The oven is opened and the cans quickly covered with lids
      while a strong nitrogen purge is maintained. The cans are stored in a
      glove box which is maintained under constant positive nitrogen pressure.
      Chemical analysis of a sample of the particles reveals that they comprise
      73.6 percent iron, 6.6 percent cobalt, 3.58 percent chromium, and 2.02
      percent boron.
PAR  A dispersion of the particles in binder material is then prepared. First, a
      1-gallon porcelain jar mill which contains 28.2 pounds of
      1/4-inch-diameter steel balls is placed in the glove box, and 1.32 pounds
      of the dry pyrophoric particles of the invention are transferred from one
      of the cans into the mill. Next, 42 grams of a tridecyl polyethyleneoxide
      phosphate ester surfactant having a molecular weight of approximately 700
      are added to the mill to act as a dispersant together with 526 grams of
      benzene. The mill is then sealed, removed from the glove box, and placed
      on a rotary rack, where the mill is rotated for 48 hours at 65 to 70
      percent of critical mill speed.
PAR  Meanwhile a solution is prepared comprising the following ingredients:
TBL                           Grams                                            

     ______________________________________                                    

     30-weight-percent-solids solution of a                                    

     high-molecular-weight polyester poly-                                     

     urethane polymer synthesized from neopentyl                               

     glycol, poly-epsilon-caprolactone diol,                                   

     and diphenyl urethane di-isocyanate dis-                                  

     solved in dimethyl formamide                                              

                                338                                            

     Dimethyl formamide         408                                            

     Methyl ethyl ketone        164                                            

     A 55-weight-percent-solids dispersion of                                  

     fine alumina particles     27                                             

     Fluorochemical surfactant of the type                                     

     described in U.S. Pat. 3,574,791, Example                                 

     17, and useful to provide surface tension                                 

     control and tape smoothness                                               

                                0.08                                           

     ______________________________________                                    

PAR  The jar mill is then opened and the above solution added, after which the
      mill is again sealed, placed back on the rack, and rotated for 18
      additional hours. Next, the mill contents are poured into another
      container and 19 grams of a triisocyanate derivative of toluene
      di-isocyanate and 1-di-(hydroxy methyl)butanol is added to the mixture to
      promote polymer crosslinking. The magnetizable comprise approximately 44
      volume-percent of all of the nonvolatile materials in the mixture.
PAR  Immediately after addition of the isocyanate, the dispersion is coated by
      rotogravure techniques onto a 1-mil-thick, smooth polyethylene
      terephthalate film which has been primed with para-chlorophenol. The wet
      coating is then oriented in the longitudinal direction using the
      1900-oersted field from a barium-ferrite permanent magnet.
PAR  The dried tape is surface-treated or polished by known techniques to give a
      surface roughness of 2.5-3.0 microinches peak-to-peak (as measured on a
      Bendix "Proficorder" having a 0.0001-inch-diameter stylus and using a
      stylus pressure of 20 grams). The coating is post-cured by heating at
      230.degree.F for 1 minute followed by 200.degree.F for 1 minute. The tape,
      in which the magnetizable layer is approximately 130 microinches thick, is
      then slit into standard tape widths.
PAR  The magnetic properties of tape prepared as above measured in the presence
      of a 3,000-oersted 60-hertz field using an M versus H meter were:
TBL  .phi..sub.r                                                               

          = 0.679 lines/1/4 inch width of tape                                 

                              H.sub.c = 949 oersted                            

     M.sub.r /M.sub.m                                                          

          = 0.809             B.sub.r = 3280 gauss                             

PAR  When subjected to a 100.degree.F, 80-percent-relative-humidity environment
      for 21 days, the tape lost essentially none of its remanent flux density.
PAC  EXAMPLE 2
PAR  Six samples of particles were prepared and treated generally as described
      in Example 1, using a solution of potassium dichromate and particles that
      comprised 99.9 percent iron and 0.1 percent cobalt. The amount of
      potassium dichromate used was varied from sample to sample so as to
      provide different theoretical amounts of chromium on the particles (the
      theoretical amount is the amount that would be deposited if all the
      chromium atoms in the solution were deposited on the particles). Sample A
      was prepared with no potassium dichromate; Sample B with sufficient
      potassium dichromate to theoretically provide 2 percent chromium; Sample
      C, 4 percent chromium; Sample D, 6 percent chromium; Sample E, 8 percent
      chromium; and Sample F, 10 percent chromium.
PAR  Each of the samples of treated particles was then incorporated into a
      magnetic recording tape. First, 16 parts of the particles, 1.1 parts of
      the phosphate ester surfactant of Example 1, and 4.3 parts of toluene were
      mixed for 45 minutes in a 51/2-ounce "Quickie" mill, Model MG 8600-E;
      containing 200 parts of 1/8-inch-diameter steel balls. Next 3 parts of a
      copolymer of vinyl chloride and vinyl acetate (VYHH, from Union Carbide),
      1.0 part of dioctyl phthalate, and 16.8 parts of methyl ethyl ketone were
      added to the mill over a 15-minute period. The resulting mixture was then
      coated on 1 -mil-thick smooth polyethylene terephthalate film by standard
      laboratory methods.
PAR  The proportions and properties of the particles and of the tape were as
      follows:
TBL  Sample                                                                    

         M.sub.r /M.sub.m                                                      

              H.sub.c                                                          

                    B.sub.r                                                    

                         Percent                                               

                              Percent                                          

                                   Percent                                     

                                        .alpha..sub.s                          

     No.      (oersteds)                                                       

                    (gauss)                                                    

                         iron cobalt                                           

                                   chromium                                    

                                        (emu/g)                                

     __________________________________________________________________________

     A   0.773                                                                 

              572   2280 93.26                                                 

                              0.097                                            

                                    0.06*                                      

                                        152                                    

     B   0.819                                                                 

              553   2740 89.35                                                 

                              0.093                                            

                                   1.55 148                                    

     C   0.809                                                                 

              529   2660 87.76                                                 

                              0.09 3.10 149                                    

     D   0.770                                                                 

              534   2330 89.01                                                 

                              0.091                                            

                                   3.24  149.5                                 

     E   0.819                                                                 

              553   2680 85.96                                                 

                              0.093                                            

                                   3.55 150                                    

     F   0.814                                                                 

              560   2670 85.66                                                 

                              0.088                                            

                                   3.78 142                                    

     __________________________________________________________________________

      *Trace impurity in iron and cobalt                                       

PAR  The environmental stability of the tapes was measured by a severe test
      useful to discriminate between different degrees of environmental
      protection comprising exposure of the tapes to temperatures of
      100.degree.C for 21 days. Results were as follows:
TBL  Sample         Percent of B.sub.r retained                                

     No.            (%)                                                        

     ______________________________________                                    

     A              86                                                         

     B              90                                                         

     C              94                                                         

     D              not tested.sup.3                                           

     E              not tested                                                 

     F              96                                                         

     ______________________________________                                    

      .sup.3 Because of the similarity of Samples D and E to Sample C          

PAR  The smoothness of the recording tapes prepared from particles of Samples A,
      B, and C was also measured, the processing conditions (tape polishing
      apparatus not used) and binder material for all the tapes being the same.
      For Sample A the peak-to-peak roughness of the exterior surface of the
      magnetizable layer was 50 microinches, for Sample B the peak-to-peak
      roughness was 25 microinches, and for Sample C the peak-to-peak roughness
      was 30 microinches.
PAC  EXAMPLE 3
PAR  Five different samples of five magnetizable iron-based particles, Samples
      A-E, were prepared generally as described in Example 1 except for changes
      in the time at which the potassium chromate was applied as noted below.
      FeCl.sub.2.4 H.sub.2 O and CoCl.sub.2.6 H.sub.2 O were used in proportions
      such as to provide a ratio of iron to cobalt of about 95 to 5. Sample A
      was prepared without any chromium treatment; Sample B was prepared by
      using a solution of potassium dichromate in a wash tank after the
      particles have been washed with water in the manner of Example 1; Sample C
      was prepared by using a solution of potassium dichromate in a wash tank
      after the particles have been washed with water in the manner of Example
      1; Sample D was prepared by using a solution of potassium dichromate in a
      wash tank agitated with a high-shear mixer; and Sample E was prepared by
      using a solution of sodium chromate in the collecting vessel.
PAR  The particles were then incorporated into magnetic recording tapes in the
      manner described in Example 2, and the properties and proportions and the
      particles and properties of the tape found to be as follows:
TBL  Sample                                                                    

         M.sub.r /M.sub.m                                                      

              H.sub.c                                                          

                    B.sub.r                                                    

                         Percent                                               

                              Percent                                          

                                   Percent                                     

     No.      (oersteds)                                                       

                    (gauss)                                                    

                         iron cobalt                                           

                                   chromium                                    

     __________________________________________________________________________

     A   0.828                                                                 

              1170  2810 78.7 4.1   0.1*                                       

     B   0.874                                                                 

              1290  2590 67.3 3.5  1.6                                         

     C   0.829                                                                 

              1260  1870 74.3 3.9  2.2                                         

     D   0.878                                                                 

              1260  2340 71.5 3.7  3.4                                         

     E   0.838                                                                 

              1260  2460 77.3 3.8  0.9                                         

     __________________________________________________________________________

      *Trace impurity in iron and cobalt                                       

PAC  EXAMPLE 4
PAR  Particles were prepared generally as described in Example 1 using
      FeCl.sub.2.4 H.sub.2 O and CoCl.sub.2.6 H.sub.2 O in proportions such as
      to provide a ratio of iron to cobalt of about 95 to 5, the particles being
      treated by a solution of potassium dichromate in a wash tank agitated by a
      high-shear mixer with sufficient potassium dichromate included in the
      solution to theoretically provide 5 percent chromium on the particles.
      Three samples were prepared, each using a dichromate solution having a
      different pH. Sample A used a solution having a pH of 2.1 (obtained by
      modifying the solution with concentrated hydrochloric acid); Sample B used
      the potassium dichromate solution unmodified, which had a pH of 4.3; and
      Sample C used a solution having a pH of 7.0 (obtained by modifying the
      solution with sodium hydroxide). The particles and tape prepared from the
      particles as in Example 2 exhibited the following properties ("yield" is
      the weight of particles produced in the process divided by the weight of
      particles that should theoretically be obtained from the amounts of iron
      and cobalt salts in the original reaction, multiplied by 100):
     Sample                                                                    

         M.sub.r /M.sub.m                                                      

              H.sub.c                                                          

                    B.sub.r                                                    

                         Percent                                               

                              Percent                                          

                                   Percent                                     

                                        .alpha..sub.s                          

                                             Yield                             

     No.      (oersteds)                                                       

                    (gauss)                                                    

                         iron cobalt                                           

                                   chromium                                    

                                        (emu/g)                                

                                             (%)                               

     __________________________________________________________________________

     A   0.858                                                                 

              945   2580 70.5 4.0  8.0   91.0                                  

                                             50                                

     B   0.858                                                                 

              907   3150 77.8 4.7  4.1  128.6                                  

                                             67                                

     C   0.855                                                                 

              956   2700 80.5 4.5  3.9  134.8                                  

                                             67                                

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  The procedure of Example 4 was repeated except that the original particles
      contained only 0.1 weight-percent cobalt and sufficient potassium
      dichromate was included in the solution to theoretically provide 10
      percent chromium on the particles. Sample A was prepared using a solution
      having a pH of 3.0 (obtained by modifying the solution with sulfuric
      acid); Sample B was prepared using a solution having a pH of 2.5 (obtained
      by adjusting the solution with hydrochloric acid); and Sample C was
      prepared using a solution having a pH of 2.5 (obtained by modifying the
      solution with sulfuric acid). The particles exhibited the following
      properties:
TBL  Sample                                                                    

         M.sub.r /M.sub.m                                                      

              H.sub.c                                                          

                    B.sub.r                                                    

                         Percent                                               

                              Percent                                          

                                   Percent                                     

     No.      (oersteds)                                                       

                    (gauss)                                                    

                         iron cobalt                                           

                                   chromium                                    

     __________________________________________________________________________

     A   0.784                                                                 

              603   2300 81.9 0.078                                            

                                   3.77                                        

     B   0.774                                                                 

              610   1820 77.9 0.076                                            

                                   6.67                                        

     C   0.798                                                                 

              612   2080 81.0 0.077                                            

                                   7.08                                        

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  A series of samples were made generally as described in Example 1 using a
      solution of sodium chromate as the treating solution. Samples A, B, and C
      were made using particles comprising theoretically 100 percent iron
      (except for boron and other impurities introduced in the preparation of
      the particles). Sampel A used sufficient sodium chromate to theoretically
      deposit 1 percent chromium; Sample B, 5 percent chromium; and Sample C, 10
      percent chromium. Samples D, E, and F were made using particles comprising
      iron and cobalt in a theoretical 95 to 5 ratio. Sample D used sufficient
      sodium chromate to theoretically deposit 1 percent chromium; Sample E, 5
      percent chromium; and Sample F, 10 percent chromium. Since the particles
      of Samples D-F included cobalt while those of Samples A-C did not, the
      particles of Samples D-F were smaller and had a larger surface area. The
      particles and tape prepared from the particles as described in Example 2
      exhibited the following properties:
TBL  Sample                                                                    

         M.sub.r /M.sub.m                                                      

              H.sub.c                                                          

                    B.sub.r                                                    

                         Percent                                               

                              Percent                                          

                                   Percent                                     

     No.      (oersteds)                                                       

                    (gauss)                                                    

                         iron cobalt                                           

                                   chromium                                    

     __________________________________________________________________________

     A   0.786                                                                 

               468  2700 87.4 &lt;0.01                                            

                                   0.76                                        

     B   0.798                                                                 

               477  2560 83.4 &lt;0.01                                            

                                   2.46                                        

     C   0.790                                                                 

               447  2610 82.5 &lt;0.01                                            

                                   3.35                                        

     D   0.82 1210  2680 84.1 4.22 0.78                                        

     E   0.83 1140  2720 75.7 4.02 3.23                                        

     F   0.85 1160  2870 63.1 3.45 4.68                                        

     __________________________________________________________________________

PAC  EXAMPLE 7
PAR  Three different samples of fine acicular magnetizable particles comprising
      iron and cobalt in an approximate 99.9 to 0.1 ratio which had been
      prepared by the general procedure described in Example 1, except that the
      core particles were dried after preparation and then stored for some time
      so that they did not have a nascent surface when treated with a solution
      of dichromate ions. A 0.01-molar solution of potassium dichromate having a
      pH of 4.3 was used to provide the dichromate ions, and a different
      solution temperature was used for each of the samples; for Sample A, the
      temperature was 22.degree.C; for Sample B, 55.degree.C; and for Sample C,
      90.degree.C. The properties and proportions of particles and the
      properties of tape made from the particles in the manner described in
      Example 2 were as follows:
TBL  Sample                                                                    

         .alpha.                                                               

              B.sub.r                                                          

                   H.sub.c                                                     

                         Percent                                               

                              Percent                                          

                                   Percent                                     

     No. (emu/g)                                                               

              (gauss)                                                          

                   (oersteds)                                                  

                         iron cobalt                                           

                                   chromium                                    

     __________________________________________________________________________

     A   114  1705 686   86.9 0.15 0.58                                        

     B   102  1870 682   77.8 0.15 1.35                                        

     C    73.1                                                                 

              1430 681   57.6 0.11 3.3                                         

     __________________________________________________________________________

PAL  By comparison of these results with the results of other examples, it will
      be seen that best effects are obtained when the invention is practiced
      with particles that have been prepared immediately prior to treatment with
      a solution containing dichromate or chromate ions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Fine magnetizable particles useful in the magnetizable layer of a
      magnetic recording medium to provide magnetic recording characteristics of
      improved environmental stability, said particles comprising at least 75
      weight-percent metal, at least a majority of which is iron, cobalt, or
      nickel, and having a thin outer layer that comprises a chromium- and
      oxygen-containing compound and is formed by exposing the particles under
      high-shear mixing conditions to a solution containing dichromate or
      chromate ions and having a pH of up to 7.0, the amount of chromium in said
      thin outer layer comprising between about 1 and 10 percent of the total
      weight of the particles.
NUM  2.
PAR  2. Magnetizable particles of claim 1 in which the amount of chromium in
      said thin outer layer comprises between about 3 and 5 percent of the total
      weight of the particles.
NUM  3.
PAR  3. Magnetizable particles of claim 1 in which at least a majority of the
      metal is iron and 0.1 to 10 weight-percent of the metal is cobalt.
NUM  4.
PAR  4. Magnetizable particles of claim 1 in which the particles have an average
      diameter of less than about 800 angstroms.
NUM  5.
PAR  5. A slurry containing magnetizable particles of claim 1.
NUM  6.
PAR  6. Fine magnetizable particles useful in the magnetizable layer of a
      magnetic recording medium to provide magnetic recording characteristics of
      improved environmental stability, said particles having an average
      diameter less than about 800 angstroms, comprising at least 75
      weight-percent metal, at least 75 percent of which is iron, and having a
      thin outer layer that comprises a chromium- and oxygen-containing compound
      and that is formed by exposing the particles under high-shear mixing
      conditions to a solution containing dichromate or chromate ions and having
      a pH of up to 7.0, the amount of chromium in said outer layer averaging
      between about 3 and 5 percent of the weight of the particles.
NUM  7.
PAR  7. A slurry containing magnetizable particles of claim 6.
PATN
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ART  164
APD  19740111
TTL  Functional fluid containing a hydrolysis suppressor
ISD  19760113
NCL  5
ECL  1
EXP  Kendell; Lorraine T.
INVT
NAM  Burrous; Merwyn L.
CTY  El Cerrito
STA  CA
ASSG
NAM  Chevron Research Company
CTY  San Francisco
STA  CA
COD  02
CLAS
OCL  252 78
XCL  252 498
XCL  252 499
XCL  252 73
EDF  2
ICL  C09K 5000
ICL  C10M  110
FSC  252
FSS  49.8;49.9;52;56;59;77;78;79;396;73
FSC  260
FSS  340.7
UREF
PNO  2862886
ISD  19581200
NAM  Davies et al.
OCL  252 78
UREF
PNO  3513097
ISD  19700500
NAM  Langenfeld
OCL  252 78
UREF
PNO  3538115
ISD  19701100
NAM  Batzer et al.
OCL  260340.7
UREF
PNO  3637507
ISD  19720100
NAM  Gentit
XCL  252 73
UREF
PNO  3679587
ISD  19720700
NAM  Smith
XCL  252 78
UREF
PNO  3707501
ISD  19721200
NAM  Gentit
OCL  252 78
LREP
FR2  Magdeburger; G. F.
FR2  Tonkin; C. J.
FR2  Brooks; J. T.
ABST
PAL  A functional fluid is disclosed which comprises in a mixture a major
      portion of a base oil and a minor amount of a
      2-(3,4-epoxycycloalkyl)-5-5'-spiro-(3,4-epoxy) cycloalkyl-m-dioxane. The
      fluid may also contain a minor amount of a viscosity index improver, a
      small amount of water and other additives.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This application relates to fluid compositions which are useful for
      transmitting power in hydraulic systems. More particularly, it relates to
      hydraulic fluids which are susceptible to hydrolysis to form components
      which are corrosive to the hydraulic system, and a means for controlling
      such hydrolysis.
PAR  Organic phosphate ester fluids have been recognized for some time as
      advantageous for use as the power transmission medium in hydraulic
      systems. Such systems include recoil mechanisms, fluid drive power
      transmissions, and aircraft hydraulic systems. In the latter, phosphate
      base fluids find particular utility because of their special properties
      which include high viscosity index, low pour point, high lubricity, low
      toxicity, low density, and low flammability. Thus, for some years,
      numerous types of aircraft, particularly commercial jet aircraft, have
      used phosphate ester fluids in their hydraulic systems. Other power
      transmission fluids which have been utilized include major or minor
      amounts of hydrocarbon oils, amides of phosphoric acids, silicate esters,
      silicones, halogenated hydrocarbons, and polyphenyl ethers. Additives
      which perform special functions such as viscosity index improvement and
      foam inhibition are also present in these fluids.
PAR  The hydraulic system of a typical modern aircraft contain a fluid
      reservoir, fluid lines and numerous hydraulic valves which actuate various
      moving parts of the aircraft such as the wing flaps, ailerons, rudder and
      landing gear. In order to function as precise control mechanisms, these
      valves often contain passages or orifices having clearances on the order
      of a few thousandths of an inch or less through which the hydraulic fluid
      is passed. In a number of instances, valve orifices have been found to be
      substantially corroded by the hydraulic fluid. The corrosion of the valve
      increases the size of the passages and reduces below tolerable limits the
      ability of the valve to serve as a precision control device. Many aircraft
      have experienced sagging wing flaps during landings and takeoffs as a
      result of valve corrosion. The base fluids, particularly the phosphate
      ester fluids, suffer from the disadvantage that they are susceptible to
      decomposition at higher temperatures, especially when water is present.
      The decomposition products are corrosive and thus have a detrimental
      effect. Consequently, numerous inhibitors have been suggested to enhance
      the hydrolytic stability of the fluids and thus reduce their
      corrosiveness.
PAR  Numerous patents have issued which disclosed the use of epoxy-type
      compounds in phosphate hydraulic fluids to react with any corrosive acidic
      components produced by the hydrolysis of the phosphate fluid. Some of
      these patents include U.S. Pat. Nos. 2,636,861, 2,862,886, 2,636,862,
      2,549,270, 3,478,020, and 3,496,707.
PAR  One patent, U.S. Pat. No. 3,637,507, describes a preferred epoxy compound
      comprising a 3,4-epoxycycloalkyl-3,4-epoxycycloalkyl carboxylate. It is
      disclosed that this dicyclic diepoxide is preferred to the acyclic
      epoxides in suppressing hydraulic fluid hydrolysis.
PAR  A preferred hydraulic fluid can be prepared by combining with a major
      portion of a base oil a minor portion of a
      2-(3,4-epoxycycloalkyl)-5-5'-spiro-(3,4-epoxy)cycloalkyl-m-dioxane having
      from 15-45 carbons. These diepoxy dioxanes are believed to have the
      structural formula
      ##SPC1##
PAL  wherein
PA1  R is selected from the group consisting of hydrogen and alkyl having from
      1-4 carbons (preferably hydrogen).
PAR  The diepoxy dioxanes of the above structure can be obtained commercially.
      For example, 2-(3,4-epoxycyclohexyl)-
      5-5'-spiro-(3,4-epoxy)cyclohexane-m-dioxane can be obtained from Union
      Carbide Company under brand name ERL-4234.
PAR  The amount of diepoxy dioxane which may be employed may range from 0.01 to
      8 weight percent of the total composition. Exemplary dioxanes which may be
      employed along with exemplary preparations are disclosed in U.S. Pat. No.
      3,538,115, which is herein incorporated by reference.
PAR  The base oil which may be employed can comprise a wide variety of
      materials, such as organic esters or amides of phosphorus acids, mineral
      oils, synthetic hydrocarbon oils, halogenated hydrocarbons, oils, silicate
      esters, silicones, carboxylic acid esters, aromatic halides, esters of
      polyhydric material, aromatic ethers, methylethers, etc.
PAR  The phosphate esters are usually employed as the base fluid in aircraft
      hydraulic systems and have the formula
      ##EQU1##
      wherein R.sub.1, R.sub.2 and R.sub.3 each represent an alkyl or aryl
      hydrocarbon group having from 3 to 30 carbons (preferably from 3 to 10
      carbons). (As used herein, "aryl" includes aliphatic and alicyclic
      structures.) All three groups may be the same, or all three different, or
      two groups may be alike and the third different. A typical fluid will
      contain at least one species of phosphate ester and usually will be a
      mixture of two or more species of phosphate esters.
PAR  In a particularly preferred embodiment, the hydraulic fluid base consists
      essentially of a mixture of trialkyl (preferably from 1 to 12 carbons in
      each alkyl group) and triaryl (preferably from 6 to 15 carbons in each
      aryl group) phosphate esters with the trialkyl phosphate esters
      predominating. The trialkyl phosphate esters may be present in amounts of
      from 70 to 98 percent by weight of the phosphate ester portion of the
      total fluid composition. Preferably, the trialkyl phosphate esters will
      comprise 8 to 92 weight percent of the phosphate ester portion of the
      composition. The trialkyl phosphate esters which give optimum results are
      those wherein each of the alkyl groups has 1 to 12 carbon atoms and,
      preferably, has from 4 to 9 carbon atoms. The alkyl groups may each be
      either a straight-chain or a branched-chain configuration. A single
      trialkyl phosphate ester may have the same alkyl group in all three
      positions, or may have two or three different alkyl groups. Mixtures of
      various trialkyl phosphate esters may also be used. Suitable trialkyl
      phosphate esters include the tributyl phosphates, particularly
      tri(n-butyl) phosphate, trihexyl phosphates, and trioctyl phosphates.
      Particularly preferred are tri-n-butyl phosphate or the branched-chain
      isomers of the trioctyl phosphates, such as tri(2-ethylhexyl)phosphate.
PAR  The triaryl phosphate esters may be present in amounts from about 2 to
      about 30 percent by weight of the phosphate ester portion of the total
      fluid composition. The triaryl phosphate esters which give optimum results
      are those wherein each of the aryl hydrocarbon groups has between 6 and 15
      carbon atoms and, preferably, from 6 to 10 carbon atoms. These include
      phenyl groups and alkyl-substituted phenyl groups. As with the trialkyl
      phosphates, a single triaryl phosphate may have the same aryl groups in
      all three positions, or may have a mixture of two or three different aryl
      groups. Various mixtures of triaryl phosphates may also be used. Suitable
      triaryl phosphates include triphenyl phosphate, tricresyl phosphate,
      diphenyl cresyl phosphate, diphenyl xylyl phosphate, diphenyl(ethylphenyl)
      phosphate, and dicresyl phenyl phosphate. Preferred are those triaryl
      phosphates wherein at least one aryl group is a monoalkyl-substituted aryl
      group having one or two carbon atoms in the alkyl group, and preferably
      one carbon atom in the alkyl group.
PAR  The mixed phosphate ester portion of the composition will comprise at least
      70 percent by weight of the total composition and, preferably, at least 90
      percent by weight of the total composition.
PAR  In another embodiment, the base stock can comprise a mixed alkylaryl
      phosphate ester such as dibutyl phenyl phosphate, butyl diphenyl
      phosphate, methyl ethyl phenyl phosphate, etc. Particularly preferred is
      dibutyl phenyl phosphate.
PAC  ADDITIVES
PAR  The hydraulic fluids generally contain a number of additives which in total
      comprise 5-25 weight percent of the finished fluid. Among these is water,
      which may be added intentionally or often becomes incorporated into the
      fluid during the operations of the system. Such inclusion of water can
      occur when a hydraulic system is being refilled and is open to the
      atmosphere, particularly in humid environments. Unintentional
      incorporation of water may also occur during the manufacturing process of
      a phosphate fluid. In practice, it is recognized that water will be
      incorporated into the fluid and steps are taken to control the water
      content at a level in the range of 0.1-1 weight percent of the whole
      fluid. It is preferred that the water content be in the range of 0.1-0.8
      weight percent and more preferably 0.1-0.3 weight percent.
PAR  The hydraulic fluid normally contains 0.5-10 weight percent, preferably
      5-10 weight percent, of one or more viscosity index improving agents such
      as alkylstyrene polymers, polymerized organic silicones, or preferably,
      polyisobutylene, or the polymerized alkyl esters of the acrylic acid
      series, particularly acrylic and methacrylic acid esters. These polymeric
      materials generally have a number average molecular weight of from about
      2,000 to 300,000.
PAR  A suitable aircraft hydraulic fluid may be composed of the following
      ingredients
TBL                 Concentration (Wt. %)                                      

     ______________________________________                                    

     Base Fluid          70-90                                                 

     Dioxane             0.01-5                                                

     VI Improver         0.5-10                                                

     Other Additives     .01-15                                                

     ______________________________________                                    

DETD
PAC  EXAMPLE 1
PAR  This example is presented to illustrate the effectiveness of the
      noncarboxylic dicyclic diepoxides in maintaining a phosphate ester
      hydraulic fluid at reduced acidity. To demonstrate this effectiveness,
      various compounded hydraulic oils are subjected to an accelerated
      hydrolytic test. In this test, closed 26 ml glass vials containing 13 ml
      of sample hydraulic fluid with about 0.4 weight percent water and 13 ml of
      air are heated in an oven at 350.degree.F. From time-to-time, a vial is
      removed from the oven and the ASTM D-974 acid number of its sample is
      measured. The number of hours required to reach an acid number of 1.5 mg
      KOH/gm is recorded. The greater the number of hours noted in the test, the
      better the hydrolytic stability of the hydraulic fluid.
PAR  The hydraulic fluid samples are comprised of a base blend of 90 weight
      percent tributyl phosphate and 10 weight percent tricresylphosphate with
      0.45 weight percent water and a sufficient amount of an epoxide to impart
      an oxirane oxygen content of 0.15 weight percent.
PAR  The various samples are subjected to the hydrolytic stability test above
      with the results reported in the following Table I:
TBL                TABLE I                                                     

     ______________________________________                                    

     HYDROLYTIC STABILITY TEST                                                 

                             Approximate                                       

     Test    EPOXIDE         HOURS TO 1.5 Acid No.                             

     ______________________________________                                    

     1.      .sup.(1) EPOXOL 9.5                                               

                             5                                                 

     2.      .sup.(2) EPON 815                                                 

                             4                                                 

     3.        Glycidyl Phenyl Ether                                           

                             4                                                 

     4.        Butyl Glycidyl Ether                                            

                             2                                                 

     5.      .sup.(3) ERL-4221                                                 

                             39                                                

     6.      .sup.(4) ERL-4234                                                 

                             35                                                

     ______________________________________                                    

      .sup.(1) EPOXOL 9.5 is epoxidized linseed oil and marketed by Swift and  

      Company.                                                                 

      .sup.(2) EPON 815 is a glycidyl ether of bis phenol A and marketed by    

      Shell Chemical Company.                                                  

      .sup.(3) ERL-4221 is 3,4 epoxycyclohexylmethyl-3, 4-epoxycyclohexane     

      carboxylate and marketed by Union Carbide Corp.                          

      .sup.(4) ERL-4234 is 2-(3,4 epoxycyclohexyl)-5-5'-spiro-(3,4 epoxy)      

      cyclohexane-m-dioxane a cyclic epoxy resin and marketed by Union Carbide 

      Corp.                                                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A functional fluid comprising an admixture of
PA1  1. a major portion of a base oil which is an organic ester or amide of a
      phosphorous acid, or mixtures thereof, and
PA1  2. a minor portion, from 0.01 to 8 weight percent of said fluid, of at
      least one
      2-(3,4-epoxycycloalkyl)-5-5'-spiro-(3,4-epoxy)cycloalkyl-m-dioxane having
      from 15 to 45 carbon atoms.
NUM  2.
PAR  2. The functional fluid defined in claim 1 wherein said base oil is a
      phosphate ester having this formula:
      ##EQU2##
      wherein R.sub.1, R.sub.2, and R.sub.3 are alkyl or aryl groups or mixtures
      thereof having from 3 to 10 carbons.
NUM  3.
PAR  3. The functional fluid defined in claim 2 wherein said base oil is a
      mixture of 70-98 weight percent of a trialkyl phosphate ester having from
      4 to 9 carbons in each alkyl group and the remainder of a triaryl
      phosphate ester having from 6 to 15 carbons in each aryl group.
NUM  4.
PAR  4. The functional fluid defined in claim 3 wherein said trialkyl phosphate
      is a tributyl phosphate.
NUM  5.
PAR  5. The functional fluid defined in claim 4 wherein said m-dioxane is
      2-(3,4-epoxycyclohexyl)-5-5'-spiro-(3,4-epoxy) cyclohexane-m-dioxane.
PATN
WKU  039322955
SRC  5
APN  4650662
APT  1
ART  165
APD  19740429
TTL  Detergent composition
ISD  19760113
NCL  3
ECL  1
EXP  Weinblatt; Mayer
INVT
NAM  Fujino; Takashi
CTY  Yokohama
CNT  JA
INVT
NAM  Matsui; Riyouichi
CTY  Sakura
CNT  JA
ASSG
NAM  Kao Soap Co., Ltd.
CTY  Tokyo
CNT  JA
COD  03
CLAS
OCL  252102
XCL  252DIG2
XCL  252DIG15
XCL  252 97
XCL  252 98
XCL  252 99
EDF  2
ICL  C11D  754
FSC  252
FSS  102;97;98;99;186;DIG. 2;DIG. 15
UREF
PNO  3318816
ISD  19670500
NAM  Trowbridge
OCL  252DIG.15
UREF
PNO  3689435
ISD  19720900
NAM  Berni et al.
OCL  252DIG.15
UREF
PNO  3847830
ISD  19741100
NAM  Williams et al.
OCL  252102
OREF
PAL  "Book" Special Functions Surfactants, pp. 306-307.
PAL  "PVP" Antara Chemicals, 4/60, p. 29.
LREP
FRM  Woodhams, Blanchard and Flynn
ABST
PAL  A bleaching detergent composition comprising a percarbonate and
      polyethylene glycol or polyvinyl pyrrolidone or a mixture thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a detergent composition for washing
      different textile goods, particularly plain or figured colored fabrics
      together with white textile goods in the same washing bath with a minimal
      color migration to white textile goods while preserving the fresh and
      distinct colors and patterns of the colored fabrics.
PAR  2. Description of the Prior Art
PAR  In European countries, sodium perborate has heretofore been employed as an
      oxidizing type mild bleaching agent that presents no risk of fading or
      discoloring plain or figured colored fabrics. In Japan, however, where
      hotwater washing is not popular and clothes washing is generally carried
      out at low temperatures, sodium perborate when mixed with detergent
      compositions has little effect. The employment of a large quantity of
      sodium perborate has caused the pollution of rivers and irrigated fields
      by boron compounds so that the toxicity thereof to vegetables is becoming
      an important object of discussion.
PAR  Under these circumstances, pertinent substitutes for sodium perborate were
      searched for and, as a result, sodium percarbonate has become noteworthy.
      Though sodium percarbonate is better in its low temperature solubility and
      its bleaching capacity than sodium perborate, the detergent composition
      mixed with sodium percarbonate has the defect that it promotes the
      migration of dyestuffs released from color fabrics to white fabrics. That
      is why color fabrics must be washed separately from white fabrics.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a bleaching detergent
      composition which permits the alkali metal percarbonates, such as sodium
      and potassium, to display a bleaching effect without causing color
      migration from the plain or figured color fabrics to white fabrics in the
      same washing bath.
PAR  The bleaching detergent composition of the present invention comprises an
      alkali metal percarbonate together with polyethylene glycol or polyvinyl
      pyrrolidone or a mixture thereof.
PAR  The polyethylene glycol used in the detergent composition of the present
      invention must have a molecular weight higher than 4,000, but the upper
      limit of the molecular weight is not particularly limited. A preferable
      range of the molecular weight is 4,000-20,000.
PAR  As regards polyvinyl pyrrolidone, the molecular weight is not particularly
      limited. Though all the commercially available products can be used, the
      preferable range of its molecular weight is 40,000-360,000.
PAR  The percarbonates are usually employed in the amount within the range of
      about 1-50% by weight based on the detergent composition, and polyethylene
      glycol, polyvinyl pyrrolidone or a mixture thereof is employed in the
      amount of 0.01-10 times as much as the amount of the percarbonate.
PAR  The detergent composition of the present invention contains, in addition to
      the percarbonate and polyethylene glycol or polyvinyl pyrrolidone, at
      least one known active detergent component, that is, a surfactant. As
      surfactants, there can be mentioned, for example, anionic surfactants such
      as sodium alkyl sulfates of 10 to 20 carbon atoms, sodium salts of higher
      fatty acids of 10 to 20 carbon atoms, sodium salts of olefinsulfonates of
      10 to 20 carbon atoms, sodium alkylbenzenesulfonates containing an alkyl
      group of 10 to 20 carbon atoms, sodium salts of polyoxyethylene alkyl
      ether sulfuric esters containing an alkyl group of 10 to 20 carbon atoms
      and sodium salts of polyoxyethylene alkylphenyl ether sulfuric esters
      containing an alkyl group of 6 to 10 carbon atoms; or nonionic surfactants
      such as polyoxyethylene alkyl ethers containing an alkyl group of 10 to 20
      carbon atoms and polyoxyethylene alkylphenyl ethers containing an alkyl
      group of 6 to 10 carbon atoms.
PAR  Further, if necessary, a neutral or alkaline inorganic or organic builder
      or other additives can be incorporated therein. As the neutral or alkaline
      inorganic builders, there can be mentioned, for example, sodium sulfate,
      sodium carbonate, sodium bicarbonate, polyphosphates such as sodium
      pyrophosphate and sodium tripolyphosphate and various sodium silicates
      having the general formula of Na.sub.2 O.nSiO.sub.2 (n=1, 2, 2.5). As the
      organic builders, there can be mentioned nitrilo-triacetates,
      ethylenediamine tetraacetates and citric acid salts.
PAR  As other additives, there can be mentioned carboxymethyl cellulose, sodium
      sulfate (Glauber's salt), fluorescent whitening agents and perfumes.
PAR  It will be understood that the adjuncts used in the bleaching detergent
      composition of the invention can be selected from among those
      conventionally used for this purpose in accordance with conventional
      practice. Since the present invention does not concern any discovery
      relating to such adjuncts, further description of them is believed
      unnecessary.
DETD
PAR  The present invention will be further described by reference to the
      following illustrative examples, wherein "parts" refers to parts by
      weight.
PAC  EXAMPLE 1
PAR  The detergent composition (1) consisting of the components as shown in the
      following table was prepared and, by using this detergent composition (1),
      the detergent compositions A-F shown in Table I was prepared by
      incorporating various components in Table I into said composition (1). By
      employing these detergent compositions, a white nylon cloth or white
      cotton cloth and a figured color cloth were washed in the same bath under
      the washing conditions as shown below.
TBL  ______________________________________                                    

     Detergent Composition (1)  wt.%                                           

     ______________________________________                                    

     Sodium alkylbenzenesulfonate                                              

                                20%                                            

     Sodium tripolyphosphate    25%                                            

     Sodium silicate             5%                                            

     Sodium silicate             5%                                            

     Sodium salt of coconut oil fatty acid                                     

                                 1%                                            

     Fluorescent whitening agent                                               

                                0.5%                                           

     Perfume                    0.1%                                           

     Water                      10%                                            

     Sodium sulfate             36.4%                                          

     ______________________________________                                    

TBL  Washing Conditions                                                        

     ______________________________________                                    

     Concentration of detergent composition                                    

                               0.2% by wt.                                     

     Washing temperature       30.degree.C                                     

     Washing period            10 min.                                         

     Rinsing                   once for                                        

                               every 3 min.                                    

     Bath ratio                1/50                                            

     ______________________________________                                    

PAR  The test was repeated 3 times. The washing results were evaluated by naked
      eye and also by the determination of b value with a colorimeter (the
      smaller is b-value, the better). The obtained results are shown in Table
      II.
TBL                Table I                                                     

     ______________________________________                                    

     Detergent                     Examples                                    

     Composition                   of the                                      

                                   present                                     

                  Comparative examples                                         

                                   Invention                                   

     Components   A       B      C    D    E      F                            

     ______________________________________                                    

     Detergent    wt.%                                                         

     Composition (1)                                                           

                  100     80     80   85   80     80                           

     Sodium perborate                                                          

                  --      15     --   --   --     --                           

     Sodium percarbonate                                                       

                  --      --     15   15   15     15                           

     Polyethylene glycol                                                       

     (Molecular weight                                                         

                  --      --     --   --    5     --                           

     = 6,000)                                                                  

     Carboxymethyl-                                                            

     cellulose    --       5      5   --   --     --                           

     Polyvinylpyrrolidone                                                      

     (Molecular weight                                                         

                  --      --     --   --   --      5                           

     = 360,000)                                                                

     ______________________________________                                    

TBL                Table II                                                    

     ______________________________________                                    

     Detergent                       Examples                                  

     Composition                     of the                                    

                                     present                                   

                 Comparative examples                                          

                                     Invention                                 

     Evaluation  A       B      C     D    E     F                             

     ______________________________________                                    

     Nylon white cloth                                                         

      Evaluation by                                                            

      naked eye* .+-.    +      -     -    +     ++                            

      b-value    1.3     0.1    1.8   2.3  0.3   0.6                           

     Cotton white cloth                                                        

      Evaluation by                                                            

      naked eye* .+-.    +      .+-.  +    ++    ++                            

      b-value    -0.6    -0.9   -0.7  -1.0 -1.4  -1.8                          

     ______________________________________                                    

     Note:  *Evaluation by naked eye                                           

            .+-. : standard                                                    

            + : better than standard                                           

            ++: much better than standard                                      

            - : not good (migration is found)                                  

     ______________________________________                                    

PAR  As will be apparent from the above Tables, when the washing is carried out
      by employing the detergent compositions E and F of the present invention,
      the color pattern is clean and bright, and no migration toward the white
      fabric is seen.
PAC  EXAMPLE 2
PAR  Tests were conducted according to a method similar to Example 1 and by
      employing polyethylene glycol and polyvinyl pyrrolidone of different
      molecular weights (M.W.). The results of washing tests with nylon white
      cloth and figured color clothes in the same bath are shown in Table III.
PAR  Detergent composition of this invention:
TBL  Detergent composition (1) of Example 1                                    

                              80%     by wt.                                   

     Sodium percarbonate      15      "                                        

     Polymer (Polyethylene glycol or                                           

      polyvinyl pyrrolidone)   5      "                                        

PAR  Detergent composition for comparison:
TBL  Detergent composition (1) of Example 1                                    

                              85%     by wt.                                   

     Sodium percarbonate      15      "                                        

TBL                                    Table III                               

     __________________________________________________________________________

                                          Deter-                               

                                          gent                                 

                                          compo-                               

     Polymer                                                                   

           Polyethylene glycol Polyvinyl  sition                               

                               pyrrolidone                                     

                                          for                                  

     M.W.  1,500                                                               

                4,000                                                          

                     6,000                                                     

                          20,000                                               

                               40,000                                          

                                    360,000                                    

                                          Compar-                              

     Evaluation                           ison                                 

     __________________________________________________________________________

     By naked                                                                  

     eye*  -    +    +    +    ++   ++    -                                    

     b-value                                                                   

           1.3  0.5  0.3  0.4  -0.6 1.3                                        

     __________________________________________________________________________

      Note: *The same as the Note for Table II.                                

CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A bleaching detergent composition consisting essentially of an anionic
      or nonionic textile-washing surfactant; from 1 to 50% by weight of sodium
      percarbonate; and a polymer selected from the group consisting of
      polyethylene glycol having a molecular weight in the range of 4000 to
      20000, polyvinylpyrrolidone having a molecular weight in the range of
      40000 to 360000, and mixtures thereof, the amount of said polymer being
      from 0.01 to 10 times the amount of sodium percarbonate, whereby the
      composition in aqueous solution is effective to remove soil from textiles
      and bleach the textiles and said polymer is effective to reduce migration
      of dyestuffs from colored textiles to white textiles present in the same
      washing bath.
NUM  2.
PAR  2. A bleaching composition as claimed in claim 1, in which said polymer
      consists of said polyethylene glycol.
NUM  3.
PAR  3. A bleaching composition as claimed in claim 1, in which said polymer
      consists of said polyvinylpyrrolidone.
PATN
WKU  039322963
SRC  5
APN  3643859
APT  1
ART  223
APD  19730529
TTL  Corrosion inhibitor
ISD  19760113
NCL  5
ECL  1
EXA  Gluck; Irwin
EXP  Sebastian; Leland A.
INVT
NAM  Byth; Nancy J.
CTY  Tulsa
STA  OK
ASSG
NAM  The Dow Chemical Company
CTY  Midland
STA  MI
COD  02
CLAS
OCL  252148
XCL   21  25R
XCL   21  27R
XCL  134  3
XCL  134 41
XCL  252  855E
XCL  252392
EDF  2
ICL  C11D  732
ICL  C11D  708
ICL  C23G  106
ICL  C23F 1114
FSC  252
FSS  148;392;8.55 E
FSC   21
FSS  2.7 R;2.5 R
FSC  134
FSS  3;41
UREF
PNO  3077454
ISD  19630200
NAM  Monroe et al.
OCL  252148
UREF
PNO  3404094
ISD  19681000
NAM  Keeney
OCL  252148
UREF
PNO  3634270
ISD  19720100
NAM  Engle et al.
OCL  252149
UREF
PNO  3658720
ISD  19720400
NAM  McDougall et al.
OCL  252148
UREF
PNO  3779935
ISD  19731200
NAM  McDougall et al.
OCL  252148
LREP
FR2  Kanuch; Bruce M.
ABST
PAL  The corrosion inhibitor of the present invention comprises a mixture
      containing (a) the reaction product of a nitrogen containing compound
      containing at least one active hydrogen attached to the nitrogen atom per
      molecule; a ketone having at least one hydrogen atom attached to the
      carbon atom alpha to the carbonyl group; an aldehyde; a fatty acid, and a
      quaternary ammonium compound and (b) a secondary quaternary compound which
      is different from the quaternary compound employed to prepare the reaction
      product. The inhibitor is added to acidic media which comes into contact
      with a metal to be protected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. Nos. 3,077,454 and 3,634,270, the teachings of which are
      specifically incorporated herein by reference, teach certain inhibitors
      which can be employed to reduce the attack of acidic media on metals in
      such processes as acidizing petroleum producing formations and in
      industrial cleaning operations. The corrosion inhibitor of the present
      invention is similar to those taught in these patents. However, it has
      certain unexpected characteristics not possessed by the general class of
      inhibitors taught in U.S. Pat. No. 3,077,454 and 3,634,270. For example,
      in U.S. Pat. No. 3,634,270 it is taught that a sulfur compound (allyl
      thiourea) must be employed in combination with the basic nitrogen
      inhibitor to provide an effective inhibitor.
PAC  SUMMARY OF THE INVENTION
PAR  In preparing the reaction product portion of the inhibitor of the present
      invention a nitrogen compound containing at least one active hydrogen
      attached to the nitrogen atom per molecule is reacted with a ketone having
      at least one hydrogen atom attached to the carbon atom alpha to the
      carbonyl group, an aldehyde, a fatty acid, and a quaternary ammonium
      compound preferably in the presence of an acid catalyst, at a temperature
      of from about 150.degree. to about 250.degree.F for from 1 to about 24
      hours. It is preferable, but not essential, to carry out the above
      reaction in the presence of a solvent such as a glycol or polyglycol. If
      the solvent is not employed in the reaction it has been found advantageous
      to add it after reaction to facilitate handling. This product is then
      mixed with a second quaternary ammonium compound which is different from
      the quaternary ammonium compound employed to prepare the reaction product.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A preferred embodiment for preparing the inhibitor of the present invention
      is to first prepare the reaction product by reacting about 1 mole of
      active hydrogen compound with from about 2 to about 10 moles of aldehyde;
      from about 1.5 to about 10 moles of ketone; and 0 to 5 moles of acid
      catalyst if desired; and from about 0.005 to about 0.10 mole of a
      quaternary ammonium compound and from 0.3 to 24, preferably from 0.3 to 3
      parts by weight, based on the above reactants, of a fatty acid, at a
      temperature from about 65 to about 120.degree.C (150.degree. to
      250.degree.F) for from 1 to 24 hours, in the presence of a glycol, e.g.
      ethylene glycol. Upon completion of the reaction additional fatty acid may
      be added with stirring to bring the weight ratio of fatty acid to reaction
      product to 0.3 to 24 parts by weight of acid per part of reaction product.
PAR  The corrosion inhibitor of the present invention is then prepared by
      blending or otherwise mixing together from about 20 to about 90 parts by
      volume of the reaction product with 0 to about 50 parts by volume of an
      acetylenic alcohol, 0 to about 80 parts by volume of a lower molecular
      weight alkyl alcohol; 0 to about 20 parts by volume of a surfactant (other
      than a quaternary ammonium compound) and from about 0.5 to about 10 parts
      by volume (based on the active portion) of a second quaternary ammonium
      compound which is different from the first quaternary ammonium compound
      employed to prepare the reaction product.
PAR  Preferably the corrosion inhibitor comprises from about 40 to about 55
      parts by volume of the reaction product, 8 to about 12 parts by volume of
      an acetylenic alcohol, 30 to about 40 parts by volume of a lower molecular
      weight alkyl alcohol (C.sub.1 to C.sub.8); 2 to about 8 parts by volume of
      a surfactant (other than a quaternary ammonium compound) and 0.5 to about
      5 parts by volume (based on the active ingredient) of a second quaternary
      ammonium compound.
PAR  The active hydrogen compounds which can be employed to prepare the nitrogen
      component of the present invention are those organic ammonia derivatives
      having at least one hydrogen atom attached to nitrogen, as for example,
      primary and secondary amines, diamines, amides, ureas, thioureas, ammonia
      and ammonium salts, alicyclic amines, heterocyclic amines, aromatic
      amines, imidazolines containing a N-amine substituted side chain and the
      like which contain no group reactive under the conditions of the reaction
      other than hydrogen attached to nitrogen. Some of such compounds which
      have been found effective are the normal alkylamines having from 1 to 20
      or more carbon atoms in the alkyl substituent, as for example,
      methylamine, ethylamine, propylamine, butylamine, pentylamine, hexylamine,
      heptylamine, octylamine, nonylamine, decylamine, undecylamine,
      dodecylamine, tridecylamine, tetradecylamine, pentadecylamine,
      hexadecylamine, heptadecylamine, octadecylamine, non-aldecylamine,
      eicosylamine and mixtures thereof. The isoalkyl and ter-alkylamines having
      up to 20 carbon atoms in the alkyl substituent such as, for example,
      isopropylamine, isobutylamine, isoamylamine, and the like, ter-butylamine,
      ter-amylamine and the like, the dialkylamines having from 1 to 20 alkyl
      groups in the alkyl substitutents such as dimethylamine, diethylamine,
      dipropylamine, dibutylamine, diamylamine, dihexylamine, diheptylamine,
      dioctylamine, didecylamine, dioctadecylamine and the like, as well as the
      diiso and tertiary alkylamines, and mixtures thereof. The diamines which
      are useful as the active hydrogen compound include those diamines having
      from 1 to 20 carbon atoms in the alkyl portions thereof such as
      methylenediamine, ethylenediamine, propylenediamine, butylenediamine,
      diaminopentane (see pentylenediamine), diaminohexane (hexylenediamine) and
      the like. In addition other nitrogen containing compounds having an active
      hydrogen on the nitrogen atom such as ammonia ureas, thioureas, amides,
      ammonium salts and alicyclic, heterocyclic and aromatic amines are
      operative as the active hydrogen compound in accordance with the present
      invention. Thus, one can employ ammonia, urea, thiourea,
      1-acetyl-2-thiourea, N-allylthiourea, dithiobiuret, 1-phenyl-2-thiourea,
      1,3-di(Rosin Amine D) thiourea, 1,3-dibutylthiourea and the like,
      acetamide, N-1-naphthylacetamide, oxamide, acetamide, adipamide,
      propionamide, thioacetamide, malonamide, formamide, alpha-cyanoacetamide,
      succinamide, n-butyramide, acetamide, dimethylacetamide,
      N-methylacetamide, n-butyloxamate, hexanaamide, phthalimide, n-valeramide,
      isobutyramide, Armid 12 (95% dodecanamide, 4% tetradecanamide, 1%
      decanamide). N,N'-dibenzyldithiooxamide, dithiooxamide, Armid C (Amide of
      cocoa fatty acids). 1-naphthaleneacetamide, Armid O (91% oleamide, 6%
      stearylamide, 3% linolamide, N,N'-dimethylthiooxamide, acetanilide, Armid
      HT (75% stearylamide, 22% palmitamide, 3% oleamide), nonanamide,
      N,N'-dicyclohexyldithiooxamide, benzamide, B-isothioureidopropionic acid,
      N,N'-bis(hydroxymethyl)-dithiooxamide, and the like, 2-methylpiperazine,
      morpholine, pyrrolidine, 2-aminoethylpiperazine, and the like,
      2-naphthylamine, benzylamine, 2-aminopyridine, aniline and the like,
      1,3-diphenyltriazine, and the like, ammonium chloride, monobasic ammonium
      phosphate, ammonium acetate, ammonium thioocyanate, ammonium oxalate,
      dibasic sodium ammonium phosphate and the like as well as the imidazolines
      such as 2-aminoethyl-1-n-heptyl-2-imidazoline, and the like, are effective
      sources of active hydrogen in accordance with the present invention.
PAR  The ketones which are operative in accordance with the present invention
      are those having at least one hydrogen atom on the carbon atom alpha to
      the carbonyl group. Some of such ketones found to be effective are the
      aliphatic and aryl substituted aliphatic ketones and mixtures thereof as,
      for example, acetophenone, 1-acetonaphthone, 1 part acetophenone + 1 part
      acetone, p-methoxyacetophenone, propiophenone, p-chloroacetophenone,
      isophorone, tetrolophenone, 2,4-pentanedione, Ketosol (75% phenethyl
      alcohol, 25 percent acetophenone), 2-acetylcyclohexanone,
      2-acetonaphthone, 2-thienylketone, methyl isobutylketone, n-butyrophenone,
      acetone, 3,4-dihydro-1-(2H)-naphthalenone, 2-heptanone, diacetone alcohol,
      undecanone-2, and the like.
PAR  The class of fatty acids found to be operative include the alkyl carboxylic
      acids having from 1 to 20 carbon atoms, the olefinic carboxylic acids
      having from 2 to 20 carbon atoms and having from 1 to 2 or more
      unsaturated sites along the chain. In addition the various alkylene oxide
      adducts of the above acids have been found effective. Thus one can employ
      rendered animal fat, octanoic acid, myristic acid, pelargonic acid,
      abietic acid, acetic acid, lauric acid, formic acid, oleic acid, capric
      acid, tall oil (an oily mixture of rosin acids, fatty acids and other
      materials obtained by acid treatment of alkaline liquor from the digesting
      of pine wood), coco fatty acids + 15 moles ethylene oxide, oleic acid + 15
      moles ethylene oxide, 70% rosin fatty acids + 15 moles ethylene oxide,
      tall oil + 4 moles propylene oxide + 8 moles ethylene oxide, tall oil + 6
      moles propylene oxide + 12 moles ethylene oxide, tall oil + 8 moles
      propylene oxide + 8 moles ethylene oxide, tall oil + 4 moles propylene
      oxide + 12 moles ethylene oxide, tall oil + 4 moles propylene oxide + 10
      moles ethylene oxide, tall oil + 6 moles propylene oxide + 8 moles
      ethylene oxide, tall oil + 6 moles propylene oxide + 10 moles ethylene
      oxide, and the like.
PAR  The class of aldehydes which are operative in accordance with the present
      invention include the aldehydes having from 1 to 16 or more carbon atoms.
      Thus one can employ formaldehyde, urotropine, benzaldehyde, hexanol,
      octanol, decanol, hexadecanol, paraformaldehyde and the like.
PAR  Surfactants which can be employed with the inhibitor are those selected
      from the classes known as anionic, nonionic, cationic and amphoteric. Some
      of such surfactants are the mono and dialkyl phenols condensed with 10 to
      50 moles of ethylene oxide such as the nonylphenols condensed with from 10
      to 50 moles of ethylene oxide, disecondary butyl phenol condensed with
      from 5 to 30 moles of ethylene oxide, and the like, the polyethylene
      glycol alkyl mercaptans such as polyethylene glycol tertiary dodecyl
      mercaptan, ammonium isopropylbenzeneparafulfonate, diethanolamide of
      coconut oil, the difatty alkyl quaternary ammonium chlorides of mixed
      fatty alkyls such as octyl, decyl, dodecyl, tetradecyl, hexadecyl,
      octadecyl and the like.
PAR  The alkynyl (acetylenic) alcohols which can be employed in the inhibitors
      of the present invention are those acetylenic alcohols having from 3 to 10
      carbon atoms such as 1-propyn-3-ol, 1-butyn-3-ol, 1-pentyn-3-ol,
      1-hexyn-3-ol, 1-heptyn-3-ol, 1-octyn-3-ol, 1-nonyl-3-ol, 1-decyn-3-ol, and
      the like. The following alkynols are useful at temperatures below about
      150.degree.F 1-ethynylcyclohexanol, methylbutynol, methylpentynol,
      butynediol and the like.
PAR  The acid catalyst which can be employed in preparing the inhibitor are the
      mineral acids such as sulfuric, hydrochloric, phosphoric and the strong
      organic acids such as formic, acetic, propionic acids, and the like.
PAR  The quaternary ammonium compound which can be employed as a material of the
      reaction product and the second quaternary compound of the corrosion
      inhibitor comprises an organic nitrogen compound in which the molecular
      structure includes a nitrogen atom attached to four individual organic
      groups, pentavalent nitrogen ring compounds such as lauryl pyridinium
      chloride and the like. Selected classes of quaternary ammonium compounds
      include those generally corresponding to the formulas
      ##EQU1##
      wherein the R groups can be the same or different organic groups such as
      straight branched, or cyclic; saturated or unsaturated, substituted or
      unsubstituted groups containing from about 2 to about 18 carbon atoms, and
      X is an anion such as chloride, iodide, bromide, sulfate and the like.
      Specific quaternary compounds which can be employed include, for example,
      alkyl benzyl dimethyl ammonium chloride wherein the alkyl group contains
      from about 8 to about 18 carbon atoms; alkyl trimethyl ammonium chloride
      wherein the alkyl group is selected from octyl, decyl, dodecyl,
      tetradecyl, hexadecyl, octadecyl, octadecenyl, octadecadeenyl; dialkyl
      dimethyl ammonium chloride wherein the alkyl groups are the same or
      different members of the groups of alkyl radicals set forth above the
      alkyl trimethyl ammonium chloride; quaternary ammonium chloride,
      corresponding to the formula
      ##EQU2##
      wherein R is a C.sub.8 to C.sub.18 hydrocarbon and x and y can range from
      about 1 to 20, mixtures of the various quaternary ammonium compounds and
      the like.
PAR  The reaction product employed in the corrosion inhibitor of the present
      invention can be prepared by reacting, as percent by weight, from about 1
      to about 20 (preferably about 4 to about 6) percent of the nitrogen
      compound having at least one active hydrogen attached to the nitrogen per
      molecule, with from 6 to about 60 (preferably about 25 to about 30)
      percent of the ketone, from about 1 to about 40 (preferably about 18 to
      about 22) percent of an aldehyde, from about 10 to about 80 (preferably
      about 40 to about 50) percent of a fatty acid, and from about 0.5 to about
      10 (preferably about 1 to about 2) percent of a quaternary ammonium
      compound.
PAR  A preferred inhibitor composition comprises (20 to 90 percent by volume
      preferably from about 40 to 55 percent) of the reaction product of, as
      percent by weight, isopropylamine, 1 to 20 percent, preferably 4 to about
      6 percent; tall oil, 10 to about 80 percent, preferably 40 to about 50
      percent; acetophenone, 6 to about 60 percent, preferably 25 to about 30
      percent; paraformaldehyde, 1 to about 40 percent, preferably 18 to 22
      percent; and a quaternary amine, 0.5 to about 10, preferably about 1 to
      about 2 percent, said reaction product being mixed with 0 to about 50
      percent by volume, preferably 8 to about 12 percent by volume of hexynol,
      and 0.5 to about 10, preferably 0.5 to about 5 percent by volume of a
      second quaternary ammonium compound different from the quaternary ammonium
      compound employed to prepare the reaction product.
PAR  The corrosion inhibitor of the present invention is useful for reducing the
      attack of metals by such acids as hydrochloric acid, phosphoric acid,
      sulfuric acid, hydroxyacetic acid, formic acid, sulfamic acid, citric acid
      and other similar mineral and organic acids. The corrosion inhibitor is
      also effective in the presence of acidic media also containing various
      complexing agents such as urea compounds, e.g., thiourea, EDTA (ethylene
      diamine tetra acetic acid) and the like. The amount of inhibitor to be
      employed in an acidic media will vary depending on such factors as the
      temperature of the environment to be protected, the type of acid to be
      inhibited, the type of metal to be protected and the like. Generally the
      corrosion inhibitor should be present in a minimum amount of about 0.01
      percent by weight of the acidic media to be inhibited. The maximum amount
      is primarily dictated by economic considerations.
DETD
PAC  EXAMPLE 1
PAR  In the following series of tests various reaction products were prepared
      and then blended with various other constituents to provide a final
      formulation. The effectiveness of the formulation to inhibit the corrosion
      rate of a 15 percent by weight HCl aqueous solution was then determined.
      The corrosion rate was determined by blending 1 percent of the formulation
      into the HCl solution and then a coupon composed of N80 steel was immersed
      into the solution. The solution was at a temperature of 250.degree.F. The
      coupon was immersed in the solution for a period of 6 hours under a
      pressure of 5000 psi. The corrosion rate and evidence of pitting was
      determined for each test and expressed as lb/sq ft/day. The amount of
      pitting was ranked by numerals 0 through 9. The ranking system is defined
      in the following Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     Pitting Rank                                                              

     Rank                                                                      

     ______________________________________                                    

     0    No pits. Surface same as for original                                

          untreated coupon.                                                    

     1    Sintered edges (slightly etched edges similar                        

          to 200 grade sand paper) but not pits on                             

          major surfaces.                                                      

     2    Very shallow pits less than pencil point                             

          size on edges only.                                                  

     3    Scattered, very shallow pin-point pits, less                         

          than 25 in number on either surface (i.e.,                           

          front and/or back).                                                  

     4    Very shallow pin-point pits on either surface                        

          to a greater extent than in Rank 3 above.                            

          Usually 25-100 over coupon. No major pits                            

          as described in 5 below.                                             

     5    Ten or less 1/32" to 1/16" diameter, 1/64"                           

          to 1/32" deep.                                                       

     6    11-25 pits of type described in Rank 5 above.                        

     7    More than 25 pits of type described in                               

          Rank 5 above.                                                        

     8    Pits larger than 1/16" but less than 1/8"                            

          in diameter, 100 or less in number.                                  

     9    Any pitting more severe than Rank 8 above.                           

     Coupons with pitting rates of 1-4 are acceptable.                         

     ______________________________________                                    

PAR  The reaction products (A through G) were prepared by reacting the
      constituents listed in the following Table II at a temperature of about
      200.degree. to 215.degree.F for about 6 hours, removing excess water and
      recovering the product.
PAC  TABLE II
PAC  Reaction Product A
PAR  Reaction product of 660 gallons tall oil with 3280 pounds acetophenone;
      2479 pounds flake paraformaldehyde; and 1268 pounds of a mixture of
      compounds corresponding to the formula
      ##EQU3##
      wherein R is a straight chain alkyl group containing from 10 to 20 carbon
      atoms. The reaction product is formulated with 386 gallons to tall oil,
      227 gallons methyl alcohol, 227 gallons kerosene, 2908 pounds of an adduct
      of 5 moles of ethylene oxide and lauryl alcohol and 1513 pounds of
      hexynol.
PAC  Reaction Product B
PAR  Reaction product of 582 gallons of tall oil with, 338 gallons acetophenone,
      80 gallons of monoisopropylamine, and 200 pounds of flake
      paraformaldehyde. The reaction product is formulated with other
      constituents to provide, as percent by volume 45.5 percent reaction
      product, 9.1 percent hexynol, 4.5 methyl ethyl ketone; 13.6 percent
      toluene, 18.2 ethylene glycol monobutyl ether, 7.8 percent (70% active) HF
      and 1.3 percent H.sub.2 O.
PAC  Reaction Product C
PAR  Reaction product of, as percent by weight, 43.3 percent tall oil, 28.3
      percent acetophenone, 19.7 percent paraformaldehyde, 45 percent
      monoisopropylamine and 1.2 percent Ethoquad C12 (see Table III footnote
      4). The reaction product is formulated with the following constituents to
      provide a blend of as percent by volume, 48 percent reaction product, 10
      percent hexynol, 18 percent methyl alcohol, 12 percent n-butyl alcohol, 6
      percent E867 and 6 percent of an adduct of 5 moles of ethylene oxide with
      lauryl alcohol.
PAC  Reaction Product D
PAR  Reaction product of 155 mililiters (mls) tall oil, 90 mls acetophenone,
      64.5 grams paraformaldehyde, 100 mls H.sub.2 O, 21.3 mls
      monoisopropylamine and 4 mls of a mixture of quaternized alkyl quinolines.
PAC  Reaction Product E
PAR  Same as Reaction Product D except no water was added and 4 mls of a mixture
      of quaternized alkyl pyridines were employed.
PAC  Reaction Product F
PAR  Same as Reaction Product D except 6 mls of the mixture of quaternized alkyl
      quinolines were employed.
PAC  Reaction Product G
PAR  Same as Reaction Product F except mls of the mixture of quaternized alkyl
      pyridines were employed instead of Quinoline Quat.
PAR  The formulations tested, the amount of pitting and the corrosion rate are
      set forth in the following Table III.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Formulations                                                              

     All Figures are Per Cent by Volume                                        

     a    b c  d  e f g   h    i   j  k  l    m          n  o                  

     __________________________________________________________________________

     1    A 48 10 --                                                           

                    7 21  5    --  -- -- 9    --         5  0.075              

     2    A 48 10 --                                                           

                    6 21  5    --  -- -- 10   --         9  0.056              

     3    A 48 10 --                                                           

                    3 24.5                                                     

                          3    --  -- -- 11.5 --         9  0.150              

     4    A 48 10 --                                                           

                    --                                                         

                      26.5                                                     

                          4    --  -- -- 11.5 --         9  0.180              

     5    A 48 10 --                                                           

                    --                                                         

                      --  30.5 --  -- -- 11.5 --         9  0.085              

     6    A 48 10 --                                                           

                    --                                                         

                      --  30.9 --  -- -- 11.1 --         0  0.032              

     7    A 48 10 --                                                           

                    --                                                         

                      --  11   20  -- -- 11   --         4  0.035              

     8    A 48 10 --                                                           

                    --                                                         

                      --  37   --  -- -- 5    --         4  0.046              

     9    A 48 10 --                                                           

                    --                                                         

                      --  36   --  -- -- 6    --         4  0.052              

     10   A 48 10 --                                                           

                    --                                                         

                      --  35   --  -- -- 7    --         4  0.051              

     11   A 48 10 --                                                           

                    --                                                         

                      --  34   --  -- -- 8    --         0  0.040              

     12   A 48 10 --                                                           

                    --                                                         

                      --  33   --  -- -- 9    --         0  0.070              

     13   A 48 10 --                                                           

                    --                                                         

                      --  32   --  -- -- --   10% cocoa  0  0.058              

                                              amine                            

     14   A 48 10 --                                                           

                    --                                                         

                      --  32   --  -- -- --   10% R-7    4  0.060              

                                              (Tret-O-Lite)                    

     15   A 48 10 --                                                           

                    --                                                         

                      --  32   --  -- -- --   10% R66    4  0.049              

                                              (Tret-O-Lite)                    

     16   A 48 10 --                                                           

                    --                                                         

                      --  32   --  5  -- --   5% Armeen C                      

                                                         9  0.041              

                                              (Armour)                         

     17   A 48 10 --                                                           

                    --                                                         

                      --  32   --  3  -- --   7% Armeen C                      

                                                         6  0.099              

     18   A 48 10 --                                                           

                    --                                                         

                      --  --   32  5  -- --   5% R66     9  0.330              

     19   B 48 10 --                                                           

                    --                                                         

                      --  21   10  -- -- 11   --         0  0.039              

     20   A 48 10 --                                                           

                    --                                                         

                      --  27   10  -- -- --   5% Quatrene CA                   

                                                         9  0.400*             

                                              (Textilana)                      

     21   A 48 10 --                                                           

                    --                                                         

                      --  21   10  -- -- --   10% Quatrene                     

                                                         9  0.400*             

                                              CA                               

     22   A 48 -- 10                                                           

                    --                                                         

                      --  21   10  -- -- 11   --         1  0.029              

     23   A 48 10 --                                                           

                    --                                                         

                      --  27   10  -- -- --   5% Quatrene                      

                                                         0  0.073              

                                              CE (Textilana)                   

     24   A 48 10 --                                                           

                    --                                                         

                      --  21   10  -- -- --   10% Quatrene CE                  

                                                         2  0.180*             

     25   A 48 10 --                                                           

                    --                                                         

                      --  29   10  -- -- --   3% Quatrene CE                   

                                                         1  0.067              

     26   A 48 10 --                                                           

                    --                                                         

                      --  31   10  -- -- --   1% Quatrene CE                   

                                                         6  0.056              

     27   A 48 10 --                                                           

                    --                                                         

                      --  30   10  -- 1  --   1% Quatrene CE                   

                                                         9  0.182              

     28   A 48 10 --                                                           

                    --                                                         

                      --  30   10  -- -- --   2% Quatrene CE                   

                                                         0  0.050              

     29   A 48 10 --                                                           

                    --                                                         

                      --  29   10  -- 1  --   2% Quatrene CE                   

                                                         0  0.050              

     30   B 48 10 --                                                           

                    --                                                         

                      --  28   10  -- 2  --   2% Quatrene CE                   

                                                         2  0.045              

     31   A 48 10 --                                                           

                    --                                                         

                      --  27   10  -- -- --   5% Quatrene                      

                                                         0  0.065**            

                                              CB-80.sup.(1)                    

     32   A 48 10 --                                                           

                    --                                                         

                      --  27   10  -- -- --   5% Arquad C-50.sup.(2)           

                                                         5  0.069**            

     33   A 48 10 --                                                           

                    --                                                         

                      --  27   10  -- -- --   5% Arquad  9  0.970**            

                                              2C-75.sup.(3)                    

     34   A 48 10 --                                                           

                    --                                                         

                      --  27   10  -- -- --   5% Ethoquad                      

                                                         9  0.266**            

                                              C/12.sup.(4)                     

     35   A 48 10 --                                                           

                    --                                                         

                      --  27   10  -- -- --   5% Ethoquad                      

                                                         6  0.056**            

                                              C/25.sup.(5)                     

     36   A 48 10 --                                                           

                    --                                                         

                      --  29   10  -- -- --   3% Quatrene                      

                                                         4  0.060              

                                              CB-80                            

     37   A 48 10 --                                                           

                    --                                                         

                      --  31   10  -- -- --   1% Arquad C-50                   

                                                         8  0.095              

     38   A 48 10 --                                                           

                    --                                                         

                      --  31   10  -- -- --   1% Ethoquad C/12                 

                                                         5  0.050              

     39   A 48 10 --                                                           

                    --                                                         

                      --  29   10  -- -- --   8% Ethoquad C/25                 

                                                         3  0.057              

     40   A 48 10 --                                                           

                    --                                                         

                      --  28    8  -- 4  --   20% Ethoquad C/12                

                                                         3  0.074              

     41   A 48 10 --                                                           

                    --                                                         

                      --  28   10  -- 2  2    --         0  0.060              

     42   A 48 10 --                                                           

                    --                                                         

                      --  28    7  -- 2  5    --         0  0.083***           

     43   A 48 10 --                                                           

                    --                                                         

                      --  28   10  -- 2  --   2% Quatrene CE                   

                                                         0  0.106***           

     44   A 48 10 --                                                           

                    --                                                         

                      --  28   10  -- 3  --   1% Quatrene CE                   

                                                         0  0.106***           

     45   A 48 10 --                                                           

                    --                                                         

                      --  28   10  -- 1  --   3% Quatrene CE                   

                                                         0  0.140***           

     46   A 65 10 --                                                           

                    --                                                         

                      --  13   10  -- 2  --   --         0  0.046              

     47   A 48 10 --                                                           

                    --                                                         

                      --  18   13  -- 6  --   5% Quatrene CA                   

                                                         0  0.056              

     48   A 48 10 --                                                           

                    --                                                         

                      --  20   12  -- 6  --   4% Quatrene CA                   

                                                         0  0.048              

     49   C 48 10 --                                                           

                    --                                                         

                      --  18   12  -- 6  --   6% Quatrene CA                   

                                                         3  0.053              

     50   A 48 10 --                                                           

                    --                                                         

                      --  20   14  -- 6  --   2% Quatrene CA                   

                                                         -- --                 

     51   A 48 10 --                                                           

                    --                                                         

                      --  20   12  -- 6  --   4% Quatrene CA                   

                                                         3  0.034              

     52   C 48 10 --                                                           

                    --                                                         

                      --  21   14  -- 6  --   1% Quatrene CA                   

                                                         3  0.040              

     53   A 48 10 --                                                           

                    --                                                         

                      --  20    8  -- 6  --   8% Quatrene CA                   

                                                         5  0.060              

     54   A 48 10 --                                                           

                    --                                                         

                      --  22   12  -- 6  --   2% Ethoquad C/12                 

                                                         -- --                 

     55   A 48 10 --                                                           

                    --                                                         

                      --  20   12  -- 6  --   4% Ethoquad C/12                 

                                                         -- --                 

     56   A 48 10 --                                                           

                    --                                                         

                      --  22   10  -- 6  --   4% Quatrene CA                   

                                                         0  0.067              

     57   A 48 10 --                                                           

                    --                                                         

                      --  22   10  -- 6  --   4% Quatrene CA                   

                                                         6  0.080              

     58   A 48 10 --                                                           

                    --                                                         

                      --  22   10  -- 4  --   6% Quatrene CE                   

                                                         3  0.068              

     59   D 48 10 --                                                           

                    --                                                         

                      --  24   12  -- 6  --   --         3  0.043              

     60   D 48 10 --                                                           

                    --                                                         

                      --  22   12  -- 6  --   2% Quatrene CE                   

                                                         0  0.063              

     61   E 60 10 --                                                           

                    --                                                         

                      --  17    6  -- 6  --   1% Quatrene CE                   

                                                         0  0.066*             

     62   E 60 10 --                                                           

                    --                                                         

                      --  17    6  -- 6  --   1% Quatrene CE                   

                                                         0  0.062***           

     63   E 60 10 --                                                           

                    --                                                         

                      --  17    6  -- 6  --   1% Quatrene CE                   

                                                         0  0.060****          

     64   C 48 10 --                                                           

                    --                                                         

                      --  22   12  -- 6  --   2% Quinquat                      

                                                         0  0.057              

     65   C 48 10 --                                                           

                    --                                                         

                      --  22   10  -- 6  --   4% Quinquat                      

                                                         0  0.047              

     66   C 48 10 --                                                           

                    --                                                         

                      --  22   12  -- 6  --   2% Quint   3  0.077              

     67   C 48 10 --                                                           

                    --                                                         

                      --  22   10  -- 6  --   4% Quinquat                      

                                                         3  0.072              

     68   F 48 10 --                                                           

                    --                                                         

                      --  24   12  -- 6  --   --         3  0.060              

     69   G 48 10 --                                                           

                    --                                                         

                      --  24   12  -- 6  --   --         0  0.073****          

     70   E 60 10 --                                                           

                    --                                                         

                      --  18    6  -- 6  --   --         0  0.064*             

     __________________________________________________________________________

     *0.4% inhibitor                                                           

     **0.7% inhibitor                                                          

     ***0.6% inhibitor                                                         

     ****0.8% inhibitor                                                        

     .sup.(1) 80 per cent active solution of alkyl (C.sub.12 - 65 per cent by  

     weight - C.sub.14 - 25 per cent by weight and C.sub.16 - 10 per cent by   

     weight) benzyl ammonium chloride.                                         

     .sup.(2) Mixture of monoalkyl trimethyl ammonium chloride cntaining 8 per 

     cent octyl, 9 per cent decyl, 7 per cent dodecyl, 18 per cent tetradecyl, 

     8 per cent hexadecyl, 5 per cent octadecyl, and 5 per cent octadecenyl.   

     .sup.(3) Mixture of monoalkyl trimethyl ammonium chloride containing 8    

     per cent octyl, 9 per cent decyl, 47 per cent dodecyl, 18 per cent        

     tetradecyl, 8 per cent hexadecyl and 10 per cent octadecyl.               

     .sup.(4) A quaternary ammonium chloride compound corresponding to the     

     formula                                                                   

     (CH.sub.2 CH.sub.2 O).sub.x H                                             

     RN.angle.--CH.sub.3 .sup.+                                                

                    [CL].sup.-                                                 

     (CH.sub.2 CH.sub.2 O).sub.y H                                             

     wherein the source of alkyl radical is cocoafatty acid.                   

     .sup.(5) A quaternary ammonium chloride as is (4) formed from reaction of 

     cocoa fatty acid and 15 moles of ethylene oxide.                          

     .sup.(6) 20 per cent by weight active mixture of ethoxylated esters and   

     Quatrene CA and Quatrene CE.                                              

     .sup.(7) Adduct of 5 moles of ethylene oxide with lauryl alcohol.         

     a Test No.                                                                

     b Reaction Product                                                        

     c Amount of Reaction Product                                              

     d Hexynol                                                                 

     e Parpargyl Alcohol                                                       

     f Toluene                                                                 

     g Ethylene Glycol n-butyl Ether                                           

     h Methanol                                                                

     i n-butyl Alcohol                                                         

     j Nonionic Surfactant                                                     

     k Adduct.sup.(7)                                                          

     l Amine.sup.(6) Mixture                                                   

     m Amine                                                                   

     n Pitting                                                                 

     o Corrosion Rate (lb/sq ft)                                               

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A corrosion inhibitor comprising:
PA1  a. the reaction product of about 1 mole of an organic ammonia derivative
      containing at least one active hydrogen attached to the nitrogen atom per
      molecule; from about 1.5 to about 10 moles of a ketone having at least one
      hydrogen atom attached to the carbon atom alpha to the carbonyl group,
      from about 2 to about 10 moles of an aldehyde; from about 0.3 to about 24
      parts by weight, based on the other four reactants of a fatty acid
      containing from 1 to about 20 carbon atoms and from about 0.005 to about
      0.10 mole of a first quaternary ammonium compound, in admixture with,
PA1  b. from about 0.5 to about 10 parts by volume of a secondary quaternary
      ammonium which is different from the first quaternary ammonium compound.
NUM  2.
PAR  2. The corrosion inhibitor of claim 1 wherein the reaction product
      comprises the reaction of about 1 mole of said nitrogen containing
      compound with about 1.5 to about 10 moles of said ketone, about 2 to about
      10 moles of said aldehyde, about 0.3 to about 3 parts by weight of a fatty
      acid, and about 0.005 to about 0.10 mole of said first quaternary ammonium
      compound.
NUM  3.
PAR  3. The corrosion inhibitor of claim 2 comprising from about 20 to about 90
      parts by volume of said reaction product, 0 to about 50 parts by volume of
      an acetylenic alcohol corrosion inhibitor, 0 to about 80 parts by volume
      of a lower molecular weight alkyl alcohol, 0 to about 20 parts by volume
      of a surfactant and from about 0.5 to about 10 parts by volume of said
      second quaternary ammonium compound.
NUM  4.
PAR  4. The corrosion inhibitor of claim 2 comprising from about 40 to about 55
      parts by volume of said reaction product, from about 8 to about 12 parts
      by volume of an acetylenic alcohol, from about 30 to about 40 parts by
      volume of a lower molecular weight alkyl alcohol, 2 to about 8 parts by
      volume of a surfactant other than a quaternary ammonium compound, and 0.5
      to about 5 parts by weight of a second quaternary ammonium compound.
NUM  5.
PAR  5. An inhibited acid comprising:
PA1  a. an acid and
PA1  b. at least about 0.01 percent by weight of the inhibitor defined in claim
      1.
PATN
WKU  039322971
SRC  5
APN  4334035
APT  1
ART  165
APD  19740114
TTL  Solvent compositions for cleaning
ISD  19760113
NCL  3
ECL  1
EXP  Schulz; William E.
INVT
NAM  Clementson; John Joseph
CTY  Runcorn
CNT  EN
INVT
NAM  Horvath; Arisztid Lajos
CTY  Runcorn
CNT  EN
ASSG
NAM  Imperial Chemical Industries Limited
CTY  London
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730202
APN  5238/73
CLAS
OCL  252171
XCL  252DIG9
EDF  2
ICL  C11D  343
FSC  252
FSS  171;170;364;DIG. 9
FSC  260
FSS  652.5
UREF
PNO  3000978
ISD  19610900
NAM  Fredenburg
OCL  260652.5
UREF
PNO  3499047
ISD  19700300
NAM  Cormany
OCL  260652.5
UREF
PNO  3549715
ISD  19701200
NAM  Cormany
OCL  260652.5
UREF
PNO  3767585
ISD  19731000
NAM  Sawabe et al.
OCL  252171
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  A solvent composition which comprises 1,1,1-trichloroethane and an
      aliphatic alcohol containing at least two carbon atoms in amounts such
      that the composition boils in the range from the boiling point of the
      constant boiling mixture of 1,1,1-trichloroethane and the alcohol up to
      10.degree.C above the boiling point.
BSUM
PAR  This invention relates to compositions suitable for general purpose
      cleaning and more particularly to compositions for cleaning printed
      circuit boards.
PAR  1,1,1-TRICHLOROETHANES CONTAINING A SMALL PROPORTION OF STABILISERS IS WELL
      KNOWN AS A GENERAL PURPOSE CLEANING SOLVENT BUT MAY NOT PROVIDE THE
      NECESSARY DEGREE OF CLEANING OF THE ARTICLES BEING TREATED. For example in
      the manufacture of printed circuit boards soldering operations are carried
      out on the rear surface of the board i.e. on the surface opposite that on
      which the electronic components, transistors and the like are affixed. The
      rear surface of the board therefore becomes contaminated with solder
      fluxes which usually are resinous materials containing activators such as
      amine hydrohalides. In addition metal halides and general dirt may be
      deposited on the surface of the board. Such contamination can be removed
      by wiping or scraping but these processes are very difficult to carry out
      satisfactorily due to the uneven and often rough surface resulting from
      the soldering operation. Also, they may result in damage of the soldered
      joints by abrasion. Normally the rear surface of printed circuit boards is
      cleaned by means of a solvent or solvent composition with which the
      surface is contacted for an appropriate period of time, for example from
      10 to 20 seconds. The composition usually is agitated for example by
      ultrasonic agitation. The solvents hitherto commonly used for this purpose
      are stabilised 1,1,1-trichloroethane and perchloroethylene, the latter
      containing low molecular weight esters, for example amyl acetate. These
      solvents are efficient in removing the resinous components of solder
      fluxes but they tend not to remove satisfactorily the activators contained
      in most flow solder fluxes.
PAR  According to the present invention we provide a solvent composition
      comprising 1,1,1-trichloroethane and an aliphatic alcohol containing at
      least two carbon atoms in amounts such that the composition boils in the
      range from the boiling point of the constant boiling mixture of
      1,1,1-trichloroethane and the alcohol up to 10.degree.C above said boiling
      point.
PAR  Compositions boiling up to 10.degree.C above said boiling point normally
      contain a major proportion of 1,1,1-trichloroethane. Preferably the
      composition boils at a temperature not greater than 5.degree.C above that
      of the constant boiling mixture.
PAR  According to another feature of the invention we provide a method of
      cleaning articles which comprises treating the articles with said solvent
      composition.
PAR  We particularly prefer to employ compositions such that they have a boiling
      point within 2.degree.C (that is, above) the boiling point of the
      constant-boiling mixture of 1,1,1-trichloroethane and the alcohol. Such
      compositions are especially suitable for cleaning printed circuit boards
      by a kiss-cleaning technique (described hereinafter in Example 2). The
      constant boiling mixture of 1,1,1-trichloroethane and the aliphatic
      alcohol is particularly preferred.
PAR  The compositions of the invention having a boiling point within 2.degree.C
      of that of the constant boiling mixture do not chemically attack the
      materials of which the printed circuit board are made for example
      phenol-formaldehye resin/paper or epoxy resin/glass fibre laminates even
      when a warm solvent is used.
PAR  According to another feature of the invention we provide a method of
      cleaning the rear surface of printed circuit boards which comprises
      contacting said surface with a solvent composition comprising
      1,1,1-trichloroethane and an aliphatic alcohol containing at least two
      carbon atoms having a boiling point within 2.degree.C of the boiling point
      of the constant boiling composition of 1,1,1-trichloroethane and the
      alcohol.
PAR  The higher boiling compositions, that is, these boiling up to or near
      5.degree. or 10.degree.C above that of the constant-boiling mixture are
      usually employed at or near ambient temperature.
PAR  The compositions boiling within 2.degree.C of the constant boiling mixture
      may be employed at or above ambient temperatures and even close to or at
      the boiling point of the constant-boiling mixture. We prefer to employ
      substantially the azeotropic mixtures of 1,1,1-trichloroethane and the
      alcohols particularly since their use ensures that at the boil there is no
      preferential loss of one component of the mixture for example during
      purification of the compositions by distillation, although compositions
      which have boiling points within 2.degree.C, more particularly within
      1.degree.C of the boiling points of the constant-boiling mixture, are also
      suitable.
PAR  The alcohol is suitable a saturated monohydric aliphatic alcohol containing
      at least two carbon atoms although we prefer to use acyclic alcohols
      containing at least 3 carbon atoms in the molecule since the flammability
      of the compositions decreases as the number of carbon atoms in the alcohol
      increases. We have found that alkanols having 3 to 5 carbon atoms in the
      molecule are particularly suitable. Examples of suitable alcohols are
      t-pentanol; sec-butanol; isobutanol; t-butanol; n-propanol; isopropanol
      and ethanol. We prefer to use n-propanol. Preferably the alcohol has a
      boiling point greater than 80.degree.C.
PAR  If desired, the solvent composition may contain one or more stabilisers to
      inhibit metal induced decomposition or hydrolysis of the
      1,1,1-trichloroethane. Any of the conventional stabilisers for
      1,1,1-trichloroethane may be incorporated, for example dioxane,
      nitromethane, butylene oxide, amines and methyl isopropyl ketone. Further,
      the solvent composition may contain a surface active agent, if desired.
PAR  The compositions of the invention have the advantage compared with the
      known compositions comprising 1,1,1-trichloroethane or perchloroethylene
      in that they effectively remove the activators as well as the resinous
      components of solder fluxes. They have the additional advantage compared
      with perchloroethylene in that they evaporate readily from treated printed
      circuit boards and their removal does not require the use of heated air.
PAR  In some applications it may be advantageous to agitate the solvent
      composition mechanically, such as by ultrasonic agitation, during the
      cleaning operation. In addition means such as brushes may be provided for
      assisting the cleaning operation, if desired.
PAR  The time for which the rear surface of the printed circuit board is
      contacted with the solvent composition will usually be from 5 seconds to
      20 seconds. In general, shorter treatment times are needed when the
      solvent is agitated than when it is not agitated.
DETD
PAR  The invention is illustrated but in no way limited by the following
      Examples.
PAC  EXAMPLE 1
PAR  1,1,1-trichloroethane of boiling point 74.1.degree.C obtained by
      distillation of the crude material, was mixed with an equal quantity of
      n-propanol and the mixture was distilled through an Oldershaw column (25
      actual plates) at a high reflux ratio to obtain a constant boiling
      (azeotropic) mixture. The constant boiling mixture so obtained was
      redistilled in a spinning band distillation system (estimated 125 to 200
      plates) at a high reflux ratio (200:1) and atmospheric pressure. The
      resulting azeotrope was determined by gas chromatographic analysis during
      the operation. We have found that the azeotropic composition was unchanged
      during several hours running of the spinning band distillation column,
      indicating the formation of a true azeotrope.
PAR  The above procedure was then repeated using isopropanol instead of
      n-propanol.
PAR  The azeotropic compositions and normal boiling points are shown in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

                 Azeotrope                                                     

     Alcohol       Wt. % alcohol B.P. .degree.C                                

     ______________________________________                                    

     n-propanol     7.1          72.3                                          

     iso-propanol  18.2          68.7                                          

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  Printed circuit boards contaminated with a commercially available soldering
      flux sold under the trade name `Multicure` PC25 were cleaned by a
      conventional kiss-cleaning technique using a constant-boiling (azeotropic)
      mixture of 1,1,1-trichloroethane and n-propanol and isopropanol as the
      cleaning compositions. The technique comprised passing the printed circuit
      boards horizontally above the surface of a table upon which waves of the
      cleaning composition at ambient temperature were created by pumping the
      composition upwardly through the table at its centre and allowing it to
      run freely off the edges of the table. Ultrasonic agitation was applied to
      the composition as it passed over the upper surface of the table. The
      system was arranged so that the bottom (rear) surfaces of the printed
      circuit boards contacted the cleaning composition. The printed circuit
      boards were contacted separately with the cleaning compositions for about
      10 seconds after which they were withdrawn and allowed to dry. The treated
      surfaces of the printed circuit boards were free from the resinous
      components and the activators of the solder flux when using both solvent
      compositions.
PAC  COMPARISON
PAR  By way of comparison similarly contaminated surfaces of printed circuit
      boards were treated with 1,1,1-trichloroethane by the same technique. The
      surfaces however remained contaminated with the activator of the solder
      flux.
PAC  EXAMPLE 3
PAR  Printed circuit boards contaminated with a commercially available soldering
      flux sold under the trade name `Alpha` 815-35 were treated by brushing the
      flux deposits with (a) a constant-boiling mixture of 1,1,1-trichloroethane
      and isopropanol and (b) a constant-boiling mixture of
      1,1,1-trichloroethane and n-propanol. In both cases the treated surfaces
      of the printed circuit boards were found to be completely free of the flux
     .
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An azeotropic composition consisting essentially of
      1,1,1-trichloroethane and n-propanol wherein the proportion of n-propanol
      is 7.1% by weight of the composition, said composition having a boiling
      point of 72.3.degree.C.
NUM  2.
PAR  2. A method of cleaning articles in which the article is a printed circuit
      board contaminated with soldering flux and in which the solvent
      composition is as claimed in claim 1.
NUM  3.
PAR  3. A method of cleaning articles as claimed in claim 1 when using the
      kiss-cleaning technique.
PATN
WKU  039322980
SRC  5
APN  3808173
APT  1
ART  223
APD  19730719
TTL  Nematic liquid crystals with charge-transfer acceptors as dopants
ISD  19760113
NCL  6
ECL  1
EXA  Gron; T. S.
EXP  Sebastian; Leland A.
INVT
NAM  Labes; Mortimer M.
CTY  Philadelphia
STA  PA
ASSG
NAM  Temple University
CTY  Philadelphia
STA  PA
COD  02
CLAS
OCL  252299
XCL  252408
XCL  350150
XCL  350160LC
EDF  2
ICL  G02F  116
FSC  252
FSS  408;299
FSC  350
FSS  160 LC;150
UREF
PNO  3773747
ISD  19731100
NAM  Steinstrasser
XCL  252408
UREF
PNO  3806229
ISD  19740400
NAM  Schoot et al.
XCL  252408
UREF
PNO  3814700
ISD  19740600
NAM  Aviram et al.
OCL  252408LC
UREF
PNO  3815972
ISD  19740600
NAM  Hsieh
XCL  252408
UREF
PNO  3838059
ISD  19740900
NAM  Wong
OCL  252299
OREF
PAL  "Effect of Charge-Transfer Acceptors on Dynamic Scattering in a Nematic
      Liquid Crystal," A. Baise, I. Teucher & M. Labes, Appl. Phys. Lett., Vol.
      21, No. 4, pp. 142-143 (Aug. 15, 1972).
PAL  "Nematic Liquid Crystal Materials for Displays," Linda Creagh, Proc. of the
      IEEE., Vol. 61, No. 7 (July 1973) pp. 814-822.
PAL  "On the Relation Between Molecular Structure & LC. Behavior," de Jeu, W. &
      van der Veen, J. Philips Res. Repts. Vol. 27 (2), pp. 172-185 (Apr. 1972).
PAL  Foster, R., Organic Charge-Transfer Complexes, Academic Press, New York,
      pp. 1-93, 252-275 (1969).
LREP
FRM  Paul & Paul
ABST
PAL  Nematic liquid crystal compositions including a relatively small amount of
      a charge-transfer acceptor dopant exhibit substantially different
      voltage-transmission characteristics in dynamic scattering as compared to
      undoped nematic liquids. Nematic compositions based on azoxy compounds and
      dopants of the cyano or halo tetra substituted quinone types are
      preferred.
BSUM
PAR  This invention pertains to nematic liquid crystal compositions including
      dopants and having improved dynamic scattering voltage-transmission
      characteristics, particularly including reduced threshold voltage in dc
      fields.
PAR  Dynamic scattering in nematic liquid crystal compositions under the
      influence of electrical fields is now well known, and numerous attempts
      have been made to modify various properties of such compositions. The
      addition of additives for such purposes has also been suggested. In
      various functional uses of such nematic liquid compositions, modified
      physical properties are often desirable. One such modified property is
      reduced threshold voltage, i.e., the voltage at which the dynamic
      scattering response is first effected. Another such variable
      characteristic is the nature of the electric field, such as alternating
      current versus direct current.
PAR  The general object of the present invention is to provide nematic liquid
      crystal compositions having improved characteristics suitable for display
      application.
PAR  More particularly, it is an object of this invention to provide such
      compositions having improved dynamic scattering voltage transmission
      characteristics, reduced threshold voltage for dynamic scattering,
      particularly under the influence of a dc field, and novel color effects.
DETD
PAR  These objects, and others which will be apparent in the course of the
      subsequent description of this invention, are met by nematic liquid
      crystal compositions consisting essentially of nematic liquids selected
      from the group consisting of azoxy, azo, ethylenic, and acetylenic linked
      dibenzenes, substituted at the para positions with substituents selected
      from the group consisting of lower alkyls and lower alkoxies (the lower
      alkyls and alkoxies each comprising a group of up to five carbons), the
      nematic liquid being combined with a small proportion, generally less than
      0.1%, by weight, of a nonionic charge transfer acceptor dopant. Typical
      dopant compounds for this purpose are tetra substituted quinone compounds,
      wherein the substituents are either cyano or halo groups, or combinations
      of such groups. Such compounds include chloranil
      (tetrachloro-p-benzoquinone), DDQ
      (2,3-dichloro-5,6-dicyano-p-benzoquinone), and TCNQ
      (7,7,8,8-tetracyanoquinodimethane).
PAR  The present invention has been fully reported in a paper entitled "Effect
      of Charge-Transfer Acceptors on Dynamic Scattering in a Nematic Liquid
      Crystal,"  published in the Applied Physics Letters, Vol. 21, No. 4, Aug.
      15, 1972, pages 142 and 143, authored by the present inventor along with
      A. I. Baise and I. Teucher. As indicated therein, compositions of the
      present invention indicate that the addition of charge-transfer acceptors
      to a nematic liquid crystal at concentrations of less than 0.1%, by
      weight, has a profound effect on the voltage-transmission characteristic
      for dynamic scattering. Since the publication of that article, it has been
      found that this effect is observable in some compositions under the
      influence of an alternating current field. As reported in the Applied
      Physics Letters article, however, under the influence of a dc field, at
      least one such composition, namely a 0.1% TCNQ, remainder Phase V (a
      commercially available nematic liquid consisting of
      methoxy-n-butyl-azoxybenzene, actually a mixture of isomers wherein the
      opposite end positions of the methoxy and n-butyl substituents are
      reversed) was observed to have a threshold voltage for dynamic scattering
      under the influence of a dc field of 2.5 volts as opposed to a threshold
      of 5 volts for an undoped Phase V composition.
PAR  Similarly, the data in that article indicated that the voltage necessary to
      reduce the transmitted light intensity to 25% of the initial value was
      reduced from 12.5 volts (for undoped compositions) to 9.5 volts in Phase V
      compositions doped, respectively, with 0.1% TCNQ, DDQ, and chloranil.
      Similar effects were also reported at lower dopant concentrations down to
      0.001%.
PAR  Also reported in that article were the color changes in the doped nematic
      liquid compositions of the present invention. More specifically, it was
      noted that chloranil, DDQ, and TCNQ doped into Phase V changed the yellow
      color thereof, respectively, to brown, green, and green.
PAR  The presence of these different colors strongly alters the cosmetic
      appearance of a display panel involving a nematic liquid crystal, as well
      as the apparent contrast between the regions exposed to an electric field
      and the regions not so exposed.
PAR  Continuing development of the invention since the publication in Applied
      Physics Letters has confirmed many of these early results and has
      demonstrated that similarly improved nematic liquid crystal compositions
      can be formulated using a variety of other nematic liquids and dopants,
      within the scope defined above. Included among the nematic liquids useful
      in the present invention are numerous p,p'-lower dialkoxy or alkylalkoxy
      azoxybenzenes, such as p,p'-di-n-butylazoxybenzene,
      p,p'-di-n-pentylazoxybenzene, and p-methoxy-p'-n-butylazoxybenzene.
PAR  While various compounds other than those specifically disclosed above are
      thought to be useful in the present invention, it is believed that the
      foregoing examples are sufficiently representative of the class indicated
      to demonstrate the efficacy of the present invention, and to represent the
      modified properties in nematic liquid crystal compositions which are
      attained by virtue of the compositions of the present invention. It should
      therefore be understood that the present invention is not believed to be
      limited to these specific compositions.
CLMS
STM  I claim:
NUM  1.
PAR  1. A nematic liquid crystal composition consisting essentially of (a) a
      nematic liquid selected from the group consisting of azoxy, azo, ethylenic
      and acetylenic linked dibenzenes, substituted at the para positions with
      substituents selected from the group consisting of lower alkyls and lower
      alkoxies and (b) a nonionic charge-transfer acceptor dopant selected from
      the group consisting of a tetra halo-p-benzoquinone, chloranil,
      2,3-dichloro-5,6-dicyano-p-benzoquinone, and
      7,7,8,8-tetracyanoquinodimethane.
NUM  2.
PAR  2. A composition, as recited in claim 1, wherein said nematic liquid is
      p,p'-di-n-butylazoxybenzene.
NUM  3.
PAR  3. A composition, as recited in claim 1, wherein said nematic liquid is
      p,p'-di-n-pentylazoxybenzene.
NUM  4.
PAR  4. A composition, as recited in claim 1, wherein said nematic liquid is
      p-methoxy-p'-n-butylazoxybenzene.
NUM  5.
PAR  5. A composition, as recited in claim 1, wherein said nematic liquid is a
      binary mixture of p,p' lower dialkoxy or alkylalkoxy azoxybenzenes.
NUM  6.
PAR  6. A composition, as recited in claim 1, wherein said dopant comprises less
      than 0.1%, by weight, of said composition.
PATN
WKU  039322998
SRC  5
APN  420784&
APT  1
ART  223
APD  19731203
TTL  Method for the reduction of iron in iron-doped lithium niobate crystals
ISD  19760113
NCL  8
ECL  1
EXA  Schafer; R. E.
EXP  Padgett; Benjamin R.
NDR  2
NFG  3
INVT
NAM  Phillips; William
CTY  Princeton
STA  NJ
ASSG
NAM  RCA Corporation
CTY  New York
STA  NY
COD  02
RLAP
COD  72
APN  302185
APD  19721030
PSC  03
CLAS
OCL  252300
XCL   96 90PC
XCL   96 27H
XCL  340173LS
XCL  350  35
XCL  350150
XCL  350160R
XCL  350160P
XCL  423594
XCL  423641
EDF  2
ICL  G11C 1700
FSC  252
FSS  501;300;62.1
FSC  350
FSS  3.5;150;160 R;160 P
FSC  423
FSS  592;593;594;641
FSC  340
FSS  173 LS
FSC   96
FSS  90 PC;27 H
UREF
PNO  3544189
ISD  19701200
NAM  Chen et al.
OCL  350  3.5
UREF
PNO  3700912
ISD  19721000
NAM  Glass
OCL  350160R
UREF
PNO  3703328
ISD  19721100
NAM  Glass
OCL  350  3.5
UREF
PNO  3773400
ISD  19731100
NAM  Amodei
OCL  350  3.5
UREF
PNO  3799642
ISD  19740300
NAM  Phillips et al.
OCL  350160P
OREF
PAL  Phillips et al., RCA Review, Vol. 33, Mar. 1972, pp. 94-109.
PAL  Petersen et al., App. Phys. Lett., Vol. 19, No. 5, 9/1971, pp. 130-132.
LREP
FR2  Bruestle; Glenn H.
FR2  Morris; Birgit E.
ABST
PAL  Lithium niobate single crystals doped with iron can be treated to reduce
      trivalent iron to divalent iron without reduction of the lithium niobate
      host crystal, by surrounding the crystal with a high-melting salt of
      lithium, such as lithium carbonate, and heating in an oxygen-containing
      atmosphere until the desired amount of reduction is obtained.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 302,185, filed Oct. 30, 1972, now abandoned.
BSUM
PAR  This invention relates to improved holographic recording media. More
      particularly, this invention relates to improved iron-doped lithium
      niobate crystals for use as holographic recording media and method for
      producing the same.
PAR  The invention herein described was made in the course of or under a
      contract with the Department of the Navy.
PAC  BACKGROUND OF THE INVENTION
PAR  Thick phase or volume holograms can be recorded in electro-optic single
      crystals through diffusion or drift of free carriers which are
      photo-excited from deep traps. During exposure to a modulated light
      pattern derived from two intersecting coherent light beams, excess
      photo-excited electrons are produced in regions of high illumination which
      migrate from those regions to regions of low illumination and are then
      trapped by impurity ions in the crystal. For example, holograms can be
      recorded by generating an interference pattern through interaction between
      a coherent reference beam and an object beam, the latter carrying spatial
      modulation corresponding to the image to be recorded. The resulting
      redistribution of electrons produces a corresponding electric field which
      causes a change in the index of refraction of the crystal medium. The
      resultant holographic interference pattern is a stationary, high intensity
      field produced in the region of overlap between the object beam and the
      reference beam.
PAR  This holographic recording method can achieve high density, noise free
      recording for various memory and display applications. A more detailed
      discussion of the recording of phase holograms in single crystal
      electro-optic materials may be found by referring to the following
      references: Chen et al., Applied Phys. Letters, Vol. 13, p. 223 (1968);
      Townsend et al., Journal of Applied Physics, Vol. 11, p. 5188 (1970); and
      Amodei, Applied Phys. Letters, Vol. 18, p. 22 (1971).
PAR  The recorded hologram is read out by coherent light which traverses the
      crystal medium in the direction of the reference beam and is phase
      modulated in accordance with the recorded pattern and reproduces the
      object beam through wavefront reconstruction. During readout of unfixed
      holograms, the electrons are re-excited out of the traps and redistributed
      evenly throughout the volume of the crystal, thereby removing the field
      and erasing the holograms.
PAR  In order to obtain improved diffraction efficiency of recorded holograms in
      electro-optic crystals, the concentration of trapping centers can be
      increased by increasing the number of impurity ions in the crystal. The
      sensitivity of the holograms, i.e., the amount of energy required to store
      a hologram, also depends on the concentration of traps, since they
      determine the electron generation rate during recording.
PAR  Lithium niobate single crystals are known as electro-optic materials useful
      as holographic recording media which have fairly good sensitivity. The
      sensitivity, as well as the diffraction efficiency, can be greatly
      improved by doping such crystals with iron, as has been disclosed in a
      copending application of Amodei and Phillips, Ser. No. 196,733, filed Nov.
      8, 1971, now abandoned. For example, iron-doped lithium niobate crystals
      have 500 times the recording sensitivity and ten times the diffraction
      efficiency of undoped crystals.
PAR  Iron-doped lithium niobate single crystals can be made by the Czochralski
      technique whereby approximately equimolar amounts of lithium carbonate and
      niobium pentoxide are admixed and charged to a platinum crucible. The
      materials are fused and the desired amount of iron oxide added. The
      crucible is placed in a resistance heated growing furnace and the melt
      maintained at about 1260.degree.C. Growth is initiated about a seed
      crystal, usually c axis oriented. The crystal is pulled from the melt at a
      rate of about 5mm/hr., preferably while rotating the crystal at 10-30 rpm.
      When growth is terminated, the crystal is annealed in an isothermal
      environment at about 1100.degree.C. for 4-5 hours and slowly (50.degree.C.
      per hour) cooled to room temperature.
PAR  Following growth and annealing, the crystals are poled by heating to about
      1200.degree.C. in an oxygen-containing atmosphere and passing a small
      electric current through them, e.g., about 2 ma./cm.sup.2 of
      cross-sectional area. Since the application of a current tends to reduce
      the crystals, they are allowed to anneal in oxygen for several hours after
      poling at a temperature of about 950.degree.-1000.degree.C. and then
      slowly cooled to room temperature.
PAR  For high sensitivity and read-write performance, the erase sensitivity
      should be as high as the record sensitivity. Normal iron-doped lithium
      niobate crystals poled and annealed as described above contain iron mainly
      in the trivalent state and have from three to twenty times lower erase
      sensitivity than record sensitivity. Thus for optimum erase sensitivity,
      most of the iron must be reduced to the divalent state. In the past this
      has been done by heating the doped crystal in an inert gas, such as argon,
      with a low partial pressure of oxygen. This method is useful when a
      fraction of the trivalent iron is to be reduced, but when increased
      reduction is required, the lithium niobate host crystal is reduced as
      well. The amount of reduction that can be obtained by heating in argon is
      directly proportional to the heating temperature and is inversely
      proportional to the total amount of iron present. Heating temperatures are
      limited to about 1150.degree.C.; heating above that temperature results in
      depoling of the crystals. For lightly doped crystals, reduction of up to
      about 90% of the iron present can be achieved, but much less reduction is
      obtained by this method with increasing iron content or with larger
      crystals.
PAR  Reduction of the lithium niobate crystal itself creates an optical
      absorption that overlaps the absorption of divalent iron and interferes
      with the hologram storage. The electrical conductance of the crystal is
      increased, giving rise to an increased rate of thermal decay of stored
      holograms, and adversely affecting the lifetime of stored holograms. Thus
      a new method of reducing the iron in lithium niobate crystals whereby
      almost all of the iron is reduced to the divalent state without
      concomitantly reducing the lithium niobate is highly desirable for rapid
      erasure of information stored in these crystals.
PAC  SUMMARY OF THE INVENTION
PAR  We have found that when iron-doped lithium niobate crystals are treated by
      heating while surrounded by certain lithium salt powders in an oxygen
      atmosphere, almost all of the trivalent iron can be reduced to divalent
      iron without adversely affecting the lithium niobate crystals. Further,
      the amount of reduction can be precisely regulated by proper choice of
      reaction conditions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing of a system for recording and reading
      holographic information in electro-optic crystals and for testing
      sensitivity of electro-optic crystals.
PAR  FIG. 2 is a graph showing a comparison of optical absorption spectra of
      untreated iron-doped lithium niobate crystals and treated iron-doped
      lithium niobate crystals.
PAR  FIG. 3 is a graph showing a comparison of diffraction efficiency versus
      exposure, or erase sensitivity, of iron-doped lithium niobate crystals
      which have been variously treated to reduce the iron.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The iron-doped lithium niobate single crystals useful herein contain
      various amounts of iron, depending on the final application for which the
      crystals are to be used. Moderately or heavily doped lithium niobate
      crystals, i.e., those containing from about 0.005 up to about 0.1 mol
      percent of iron, are presently preferred for read only memories wherein
      the holographic information is fixed or permanent. Lithium niobate
      crystals containing smaller amounts of iron, i.e., from about 0.0001 to
      0.005 mol percent of iron, are presently preferred for write-erase systems
      wherein the holographic information is to be continually updated or
      changed. For high erase sensitivity, over 90% and preferably over 98.5% of
      the iron present must be in the divalent state.
PAR  Referring to FIG. 1, there is shown schematically a system useful for
      recording and reading holographic information in an electro-optic crystal.
      The system comprises an argon laser 12 which emits coherent light of a
      wavelength of 4880A. This light passes through a one-half wave plate 14 to
      obtain coherent light which is horizontally polarized. The light then
      passes through a beam splitter 16. A portion of this radiation is
      reflected from the beam splitter onto a first mirror 18 and the other
      portion of the radiation passes through the beam splitter onto a second
      mirror 20. The mirrors 18 and 20 are adjusted such that the plane
      polarized beams reflected from them meet at an angle of 30.degree.. The
      portion of the beam which is reflected from the beam splitter is called
      the object beam. After being reflected from the mirror 18 the object beam
      passes through a shutter 22 and then through the object 24. The portion of
      the beam which passes through the beam splitter 16 is called the reference
      beam. The reference beam and the object beam intersect to form an
      interference pattern. The electro-optic crystal 26 is positioned at the
      intersection of the reference beam and the object beam such that the
      crystallographic c axis is perpendicular to the bisector of the
      30.degree.angle between the reference and object beams. The crystals are
      cut and polished with parallel faces containing the c axis. The
      polarization direction of the object and reference beams is horizontal,
      i.e., in the plane of incidence, as is the c axis of the crystal.
PAR  The recorded holographic pattern is read out by closing the shutter,
      thereby blocking the object beam and allowing only the reference beam to
      impinge on the crystal. An image of the object will thereby be formed and
      may be viewed either spatially or, alternatively, on a detector 28 which
      can be, for example, a silicon solar cell or an image screen.
PAR  When the electro-optic crystal is iron-doped lithium niobate, an argon
      laser having an emission of 4880A is particularly suitable for recording
      the holographic information on the crystal, although lasers emitting at
      other wavelengths can also be used.
PAR  In preparing the improved holographic media described herein, the
      iron-doped lithium niobate crystals to be treated to reduce trivalent iron
      to divalent iron are surrounded by a powder of a high melting salt of
      lithium. Suitable lithium salts should remain solid at the heating
      temperatures employed and include lithium carbonate, lithium silicate,
      lithium aluminate, lithium oxide, lithium fluoride and the like. The
      crystal and the lithium salt are charged to a crucible, suitably of
      platinum or other inert material, and heated under an oxygen-atmosphere
      until the desired reduction has taken place.
PAR  Heating is carried out in an oxygen-containing atmosphere such as air or
      oxygen. Preferably a slow stream of oxygen is maintained during heating.
      The presence of oxygen serves to prevent the reduction of the lithium
      niobate crystal, believed to occur from the loss of oxygen atoms from the
      crystal surface, thereby releasing electrons according to the equation
      20.sup.-.fwdarw.0.sub.2 .uparw. +4e.sup.-. Surprisingly, the presence of
      the oxidizing gas does not prevent the reduction of the trivalent iron
      within the crystal.
PAR  The temperature of heating will vary with the amount of iron present;
      higher temperatures are required for increasing amounts of iron. For
      example, for a crystal containing about 0.01 mol percent of iron or less,
      a temperature of about 450.degree.-550.degree.C. may be required to reduce
      most of the iron present. For a crystal containing higher amounts of iron
      of about 0.05 or more mol percent of iron, temperatures up to about
      600.degree.C. are required. For crystals containing amounts of iron in the
      range 0.03 to 0.1 mol percent, higher temperatures will be required for
      nearly complete conversion of iron to the divalent state, up to about
      1000.degree.C.
PAR  Iron-doped lithium niobate crystals containing over about 90% of the total
      iron present as divalent iron could not be made according to prior art
      methods without also reducing the lithium niobate crystal lattice as well.
      Thus novel lithium niobate crystals described herein comprise single
      crystals containing iron, i.e., from about 0.0001 to about 0.1 mol percent
      of iron, wherein at least 90% of the iron is in the divalent state and
      substantially all of the optical absorption is derived from the divalent
      iron. These crystals are particularly useful in write-erase memories where
      rapid updating of information is required.
PAR  The invention will be further illustrated by the following examples but it
      is to be understood that the invention is not meant to be limited to the
      details described therein. In the examples, percent is mol percent.
PAR  The initial iron concentration is estimated from the amount of iron added
      to the melt from which the lithium niobate crystal was grown. The amount
      can be confirmed by electron paramagnetic resonance (EPR) analysis of
      oxidized crystals. The divalent iron content of a reduced crystal is
      determined by comparing its optical absorption with an optical absorption
      curve calibrated from a series of crystals of known divalent iron content
      determined by measuring the change in EPR signal.
PAC  EXAMPLE 1
PAR  Several lithium niobate crystals were packed in lithium carbonate powder in
      a platinum crucible. The uncovered crucibles were heated in an oxygen
      furnace at 600.degree.C. for 48 hours. The trivalent iron was
      substantially reduced to divalent iron, as can be seen from the following
      data:
TBL                   Initial    Final                                         

                      Fe.sup..sup.+3                                           

                                 Fe.sup..sup.+2                                

            Mol       concentra- concentra-                                    

                                          Percent                              

     Sample % Iron    tion cm.sup..sup.-1                                      

                                 tion cm.sup..sup.-1                           

                                          Reduction                            

     ______________________________________                                    

     1      0.03      3.times.10.sup.18                                        

                                 7.times.10.sup.17                             

                                          25%                                  

     2      0.001     3.times.10.sup.17                                        

                                 2.times.10.sup.17                             

                                          66%                                  

     Control                                                                   

            &lt;0.0005    10.sup.17  10.sup.17                                    

                                          100%                                 

     ______________________________________                                    

PAL  The full conversion of the control sample was confirmed by observing that
      its dynamic range was extremely small.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was followed employing lithium niobate crystals
      containing 0.053 mol percent iron as determined by EPR measurement and
      heating at various temperatures. The results are shown in FIG. 2, which is
      a graph of optical density. The maximum coloration at about 2.5
      corresponds to nearly complete conversion of trivalent iron to divalent
      iron, as verified by EPR techniques. Referring now to FIG. 2, nearly
      complete conversion is achieved by heating a crystal at 600.degree.C.,
      designated as Curve A; little conversion occurs at 400.degree.C.,
      designated as Curve B; and about one-half conversion occurs at
      500.degree.C., designated as Curve C. Curve D shows, as a control, a
      lithium niobate crystal containing 0.015 % iron which was heated in oxygen
      without packing in lithium carbonate.
PAC  EXAMPLE 3
PAR  Three crystals each containing 0.0025 mol percent iron as determined by EPR
      measurement were treated to reduce the iron. Referring now to FIG. 3, the
      amount of reduction that can be achieved by heating in a lithium salt is
      far greater than that attainable by heating in argon as determined from
      the erase sensitivity of the crystals. Curve A shows, as a control, an
      almost flat curve for erasure rate, or diffraction efficiency versus
      exposure, for the crystal heated in argon at 1150.degree.C. Curve B shows
      a much steeper curve for a crystal heated in lithium carbonate at
      450.degree.C. and Curve C shows a still steeper curve for a crystal heated
      in lithium carbonate at 600.degree.C. It is estimated that the crystal
      indicated by Curve C has only about 0.07 times the trivalent iron
      concentration as the crystal indicated by Curve A, or less than about
      7.times.10.sup.15 Fe.sup..sup.+3 /cm.sup.3. This corresponds to a
      reduction of over 98.5% of the total iron present in the crystal.
PAC  EXAMPLES 4-6
PAR  The procedure of Example 1 was followed, except surrounding the lithium
      niobate crystals with lithium fluoride, lithium silicate and lithium
      aluminate in place of lithium carbonate.
PAR  Similar results were obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of reducing over 90 percent of the trivalent iron present in an
      iron-doped lithium niobate crystal to divalent iron without reducing the
      lithium niobate which comprises surrounding an iron-doped lithium niobate
      crystal in a salt of lithium and heating at a temperature of at least
      about 400.degree.C up to about 1000.degree.C but below the melting point
      of said lithium salt in an oxygen-containing atmosphere.
NUM  2.
PAR  2. A method according to claim 1 wherein the temperature is from about
      450.degree.to about 600.degree.C.
NUM  3.
PAR  3. A method according to claim 1 wherein the lithium salt is lithium
      carbonate.
NUM  4.
PAR  4. A method according to claim 1 wherein the lithium niobate crystal
      contains up to about 0.005 mol percent of iron and the temperature of
      heating is from about 450.degree.to about 550.degree.C.
NUM  5.
PAR  5. A method according to claim 1 wherein the lithium niobate crystal
      contains from about 0.005 to 0.1 mol percent of iron and the temperature
      of heating is from about 550.degree.to about 1000.degree.C.
NUM  6.
PAR  6. A method according to claim 1 wherein the lithium niobate crystal
      contains from about 0.0001 to 0.005 mol percent of iron and is heated at a
      temperature of about 450.degree.to about 550.degree.C. while surrounded
      with lithium carbonate.
NUM  7.
PAR  7. A crystal useful for recording and erasing phase holograms optically
      comprising a single crystal of lithium niobate doped with from about
      0.0001 to about 0.005 mol percent of iron wherein over about 98.5 mol
      percent of the iron present is in the divalent state and wherein
      substantially all of the visible optical absorption is derived from
      divalent iron.
NUM  8.
PAR  8. A crystal useful for recording and erasing phase holograms optically
      comprising a single crystal of lithium niobate doped with from about 0.001
      to about 0.005 mol percent of iron wherein over about 90 mol percent of
      the iron present is in the divalent state and wherein substantially all of
      the visible optical absorption is derived from divalent iron.
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ABST
PAL  A system for reducing radioactivity released to the biosphere in the course
      of producing natural gas from a reservoir stimulated by the detonation of
      nuclear explosives therein. Tritiated water produced with the gas is
      separated out and returned to a nuclear chimney through a string of tubing
      positioned within the well casing. The tubing string is positioned within
      the well casing in a manner which enhances separation of the water out of
      the gas and minimizes entrainment of water into the gas flowing out of the
      chimney.
GOVT
PAR  The invention described herein was made in the course of or under
      employment with the U.S. Atomic Energy Commission.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the use of nuclear explosives in the production
      of natural gas from subterranean formations. More particularly, this
      invention relates to a system for reducing the amount of radio-activity
      released to the biosphere in the course of producing natural gas from a
      reservoir stimulated by the detonation of one or more nuclear explosives
      in gas bearing strata.
PAR  The growing shortage of natural gas reservoirs from which gaseous
      hydrocarbons can be produced by conventional means has led to a growing
      interest in the possibility of recovering natural gas from so-called tight
      or impermeable formations after fracturing the formations by detonating
      nuclear explosives therein. Two natural gas stimulation projects, i.e.,
      Project Gasbuggy and Project Rulison, have demonstrated the technical
      feasibility of using nuclear explosive to stimulate the production of
      natural gas from such formations. However, concern has been expressed by
      some regarding the radioactivity that is produced in natural gas
      reservoirs by the detonation of nuclear explosives therein and the release
      of that radioactivity to the biosphere in connection with the production
      of the gas therefrom.
PAR  The testing programs utilized in connection with projects Gasbuggy and
      Rulison each included the flaring (burning) of large quantities of gas. It
      can be anticipated that future nuclear gas stimulation projects, whether
      developmental or production, will also involve the flaring of fairly large
      quantities of gas. Of course flaring gas from a new reservoir in order to
      calibrate the flow prior to placing the output on a distribution line is a
      common practice. In the case of a nuclearly stimulated reservoir, however,
      the first gas produced therefrom comes from the nuclear chimney and may
      contain as much as 40% CO.sub.2. Also, the radioactivity of the gas - due
      primarily to tritium (.sup.3 H) and .sup.85 krypton -- is highest in the
      first gas produced but decreases at an accelerating rate.
PAR  Accordingly, the most effective approach to the development of a particular
      nuclearly stimulated natural gas reservoir to the point where the gas
      produced therefrom is of sufficiently high BTU content and sufficiently
      low radioactivity to be commercially acceptable may be to flare some
      volume of gas representing some fraction of each chimney volume. The
      fraction of a chimney volume flared would vary from gas field to gas field
      depending, among other things, upon the quantity, BTU content and
      radioactivity of the gas with which the gas from the nuclear stimulated
      reservoir would be diluted prior to delivery to the consummer.
PAR  As indicated in Report No. PNE-R-57, "Project Rulison, Final Operational
      Report, Production Tests," available from the National Information
      Service, U.S. Department of Commerce, the total radioactivity estimated to
      have been released to the environment during the Project Rulison
      production tests through flaring a total of 455 M.sup.2 CF (million
      standard cubic feet) of gas was 2824 curies of .sup.3 H, 1,064 curies of
      .sup.85 Kr, 2.4 curies of .sup.14 C, 0.00011 curies of .sup.203 Hg and a
      few curies of .sup.37,39 Ar and naturally occurring .sup.222 Rn. The
      radioactivity concentrations in the gas ranged from 185 pCi/cc of .sup.3
      H, 145 pCi/cc of .sup.85 Kr and 0.35 pCi/cc of .sup.14 C after a
      calibration flaring of a total of 12.5 M.sup.2 CF to about 3.3 pCi/cc of
      .sup.3 H, 2.8 pCi/cc of .sup.85 Kr and 0.07 pCi/cc of .sup.14 C at the end
      of the flaring of a total of 455 M.sup.2 CF.
PAR  The dispersal of the radioactivity effected by the Rulison flare stack
      resulted in an actual population dose of a very low level. The
      Environmental Protection Agency estimates that the population dose
      resulting from the Project Rulison flaring of the 455 M.sup.2 CF alluded
      to above was on the order of about 0.001 mrem. However, there is an
      incentive, particularly from a public relations standpoint, to reduce the
      contribution to the population dose attributable to nuclear stimulation
      projects to as low a value as practicable.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is object of the invention to reduce the amount of
      radioactivity released to the biosphere by projects involving stimulation
      of natural gas recovery by use of nuclear explosives. It is a further
      object of this invention to reduce the amount of tritium released to the
      biosphere through the production of gases from a nuclearly stimulated
      natural gas reservoir. It is an additional object to reduce the amount of
      tritium released through flaring gas produced from a nuclearly stimulated
      gas reservoir.
PAR  Briefly summarized, the above and additional objects and advantages are
      accomplished by separating liquid water and water vapor from the gaseous
      mixture produced from a nuclear chimney and pumping this water, which will
      contain most of the tritium, back into a chimney through a string of
      tubing positioned within the well casing that connects the chimney with
      ground surface. Water formed upon combustion of the gas during flaring
      operations is condensed out of the combustion products and pumped into the
      chimney along with the separated water.
PAR  Pumping the water down a string of tubing which is positioned within the
      well casing while the chimney gases flow upwardly in counter current
      relationship within the annulus between the tubing and the well casing
      removes heat from the gases thereby enhancing the effectiveness of the
      separation of the water from the gas. That arrangement also permits the
      end of the tubing to be positioned some distance below the opening of the
      well casing at the top of the chimney formation in order to minimize the
      entrainment of the reinjected water into the upwardly flowing, high
      velocity gases entering the annulus in the well casing. Additional objects
      and advantages and a better understanding of the invention will be
      apparent from consideration of the following description of a preferred
      embodiment thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE of drawing is an elevational schematic of apparatus as
      emplaced for practicing the invention in a preferred embodiment thereof,
      primarily in cross-section.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As shown in the single FIGURE of drawing, a nuclear chimney 10 with
      associated radiating fractures 12 has been created in a gas bearing
      formation by detonation of one or more nuclear explosives. The chimney has
      the usual rubble zone 14 and void 16 at its top.
PAR  When the predetermined period of time has passed after the detonation of
      the nuclear explosive to permit the desired degree of decay of shortlived
      radioisotopes resulting from the nuclear explosion, communication with the
      chimney is gained by drilling out the stemming materials from well casing
      22, which would normally have been a string of tubing utilized in
      connection with the emplacement of the nuclear explosives. Tubing string
      24 is positioned within casing 22, its lower end 26 being lower in the
      chimney than lower end 28 of the well-bore casing for a reason that will
      be explained hereinafter. The remaining apparatus illustrated in the
      drawing will now be described in conjunction with the flow of fluids out
      from and into chimney 10.
PAR  The composition of the gases in chimney 10 at the time of the first
      withdrawal therefrom will include relatively large percentages of CO.sub.2
      and methane, some hydrogen gas and hydro-carbons of higher molecular
      weight than methane, and minor amounts of noble gases. This composition of
      chimney gas along with large quantities of water vapor and entrained
      liquid water is transported to the earth's surface through annulus 32
      between tubing string 24 and well casing 22. The tritium isotope of
      hydrogen will be present in the hydrogen compounds in the chimney
      including hydrogen gas, the hydrocarbons and the water. Most of the
      tritium produced from the well, however, will be in the water which is
      produced along with the gas either as water vapor or entrained water. At
      the earth's surface the gas and water mixture flows through conduit 34 to
      liquid/gas separator 36 wherein the flow is separated into a gaseous
      fraction 38 and a liquid fraction 42 which would be primarily water.
      Gaseous fraction 38 flows through conduit 43 to burner 44 where it is
      mixed with oxygen and the hydrogen and hydrocarbons burned.
PAR  The combustion products and the other gases which were included in gaseous
      fraction 38, including CO.sub.2, proceed upwardly through water condenser
      46 to flare stack 48. Water formed as a combustion product is separated
      out by condenser 46 while the remaining combustion products and other
      gases (and heat of combustion) rise to the top of flare stack 48 from
      which they are dispersed into the atmosphere. The water from condenser 46
      along with liquid fraction 42 from separator 36 are collected in water
      storage compartment 52. The contents of compartment 52 are pumped into
      chimney 10 by pump 54 through inner string 24 positioned within well-bore
      casing 22.
PAR  It will be appreciated by those familiar with the art that pumping water
      downwardly through inner tubing 24 reverses the normal practice in that
      the reservoir gas is generally produced through the inner string.
PAR  However, utilizing the inner string for the return of water to the chimney
      permits the water to be returned into the chimney at a level lower than
      open end 28 of well casing 22 thereby reducing the entrainment of returned
      water in the upwardly flowing, high velocity gas from the chimney.
PAR  It will also be appreciated that return of water down string 24 provides
      some cooling to the upwardly flowing gas mixture in annulus 32. This
      pre-cooling of the stream assists in the removal of water from the gaseous
      mixture produced from the chimney at liquid/gas separator 36.
PAR  Since, as indicated earlier, most of the total tritium in the chimney will
      be combined in the water, there may be projects where the quantities of
      tritium in the hydrogen gas and hydrocarbons are sufficiently low as to
      permit the water formed by the combustion of these gases at burner 44 to
      be released to the atmosphere through flare stack 48. Or, since the
      tritium content of the hydrogen and hydrocarbons will be highest at the
      start of flaring and will decrease at an accelerating rate, the return of
      the water of combustion of those gases to chimney 10 could be
      discountinued when the tritium content has decreased to a sufficiently low
      level that release of the water of combustion through the flare stack
      would not raise the radioactivity of the flare stack effluent above some
      selected standard.
PAR  In addition, when a natural gas field is to be developed by production of a
      plurality of horizontally spaced apart nuclear chimneys, it may be
      advantageous to return the tritiated water produced from one chimney to
      another chimney. The amount of water produced in conjunction with the
      production of gas from a reservoir is greatly affected by the temperature
      of the reservoir. As graphically illustrated in FIG. 2.1 of Report
      ORNL-TM-4024, entitled "Preliminary Evaluation of Methods for the Disposal
      of Tritiated Water from Nuclearly Stimulated Natural Gas Wells," by W. D.
      Arnold, et al (April 1973), available from National Technical Information
      Service, U.S. Department of Commerce, at a pressure of 1,000 psi, natural
      gas saturated with water will contain about 20,000 lbs. of water with each
      million standard feet at 400.degree.F but less than about 4,000 lbs. at
      300.degree.F. It would be possible then, to decrease the total quantity of
      tritiated water produced from a field by returning water produced from a
      chimney at a higher temperature to another chimney in the field which is
      at a lower temperature. Since the temperature of a chimney will decrease
      with time and the production of gas therefrom, the water produced from
      newly created chimneys could be injected into one or more older chimneys
      in the field which have been under production some length of time and,
      therefore, largely depleted.
PAR  Also, in planning a natural gas nuclear stimulation project involving
      either a single chimney or a series of horizontally spaced apart chimneys,
      a nuclear explosive could be placed in one or more of the emplacement
      wells somewhat below what would be necessary for merely fracturing the gas
      bearing strata. This would provide a sump below the gas bearing strata
      into which water reinjected into the chimney would settle, thereby
      becoming somewhat immobilized with respect to being incorporated into the
      upward flowing stream of gas.
PAR  Accordingly, a great deal of flexibility is possible within the teachings
      of the invention in disposing of tritiated water in order to reduce the
      amount of radioactivity released to the biosphere. While the fundamental
      novel features of the invention has been shown and described and pointed
      out as applied to particular embodiments by way of explanation and
      example, it will be appreciated by those skilled in the art that various
      omissions, substitutions and changes may be made within the principle and
      scope of the invention as expressed in the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method for reducing the amount of radioactivity released to the
      biosphere in connection with the production of gas from a nuclearly
      stimulated natural gas reservoir created in natural gas bearing strata
      comprising the steps of:
PA1  a. transporting the gaseous mixture including hydrocarbons, water vapor and
      entrained liquid water from a nuclearly created chimney in said reservoir
      to the earth's surface through an annulus formed between a pair of
      conduits, the first of which is positioned within the second,
PA1  b. separating water from said gaseous mixture, and
PA1  c. injecting the water separated from said gaseous mixture into a nuclearly
      created chimney through an inner of a pair of conduits, the first of which
      is positioned within the second, which inner conduit extends further into
      the chimney than the other of said pair whereby said injected water enters
      the chimney at a lower level than that from which the gaseous mixture of
      that chimney is received by the annulus between the pair of conduits for
      transportation to the earth's surface and said downwardly flowing water
      provides precooling to said upwardly flowing gaseous mixture.
NUM  2.
PAR  2. The method of claim 1 wherein water of combustion formed upon burning
      combustible components of said gaseous mixture is injected into said
      chimney through said inner conduit.
NUM  3.
PAR  3. The method of claim 1 including the step of creating a sump below the
      natural gas bearing strata in said chimney into which said water is
      injected.
NUM  4.
PAR  4. The method of claim 1 wherein said gaseous mixture is obtained from a
      first chimney and said separated water is injected into a second chimney.
NUM  5.
PAR  5. The method of claim 4 wherein said second chimney is at a lower
      temperature than said first chimney.
NUM  6.
PAR  6. The method of claim 5 including the step of creating a sump in said
      second chimney below the natural gas bearing strata.
PATN
WKU  039323013
SRC  5
APN  3642488
APT  1
ART  117
APD  19730529
TTL  Stilbene optical brighteners and compositions brightened therewith
ISD  19760113
NCL  4
ECL  1
EXP  Demers; Arthur P.
INVT
NAM  Crounse; Nathan N.
CTY  Cincinnati
STA  OH
INVT
NAM  Desai; Kantilal B.
CTY  Cincinnati
STA  OH
ASSG
NAM  Sterling Drug Inc.
CTY  New York
STA  NY
COD  02
RLAP
COD  72
APN  118076
APD  19710223
PSC  01
PNO  3781279
CLAS
OCL  2523012W
XCL  106 22
XCL  117 335T
XCL  162162
XCL  252543
XCL  260 75T
XCL  260240D
XCL  260243R
XCL  2602477G
XCL  260268TR
XCL  26029355
XCL  2603191
XCL  260329R
XCL  2603305
XCL  2603462
XCL  260566B
XCL  260570R
XCL  260591
XCL  260600
XCL  260609R
EDF  2
ICL  D06L  312
FSC  252
FSS  301.2 W
FSC  260
FSS  240 CA;319.1;240 D
UREF
PNO  3697513
ISD  19721000
NAM  Siegrist
OCL  252301.2W
LREP
FR2  Fletcher; Lynn T.
FR2  Wyatt; B. Woodrow
ABST
PAL  Benzofurans, benzothiophenes, indoles, naphthofurans and
      benzofuranobenzofurans which are substituted by 4-vinyl-phenyl groups
      wherein the 2-position of the vinyl is substituted by a monovalent
      aromatic radical having one to three aromatic rings are optical
      brightening agents useful for whitening and brightening natural and
      synthetic fibers, papers, resins and the like. The compounds are
      conveniently prepared by interacting benzofurans, benzothiophenes,
      indoles, naphthofurans or benzofuranobenzofurans which are substituted by
      a p-tolyl group, with an aromatic aldehyde or preferably the anil
      derivative thereof.
PARN
PAR  This application is a continuation-in-part of our prior copending U.S. Pat.
      application Ser. No. 118,076, filed Feb. 23, 1971, now U.S. Pat. No.
      3,781,279.
BSUM
PAR  This invention relates to compositions of matter classified in the art of
      chemistry as substituted stilbenes, to processes for their preparation,
      and to intermediates for the same.
PAR  The compounds of this invention are useful as fluorescent whitening and
      brightening agents for treatment of threads, sheets, films, filaments,
      textile fabrics, castings, moldings, and the like as well as in the
      manufacture of textiles, paper, varnishes, inks, coatings and plastics.
      These compounds are particularly valuable because of their strong blue
      shade of fluorescence and their excellent stability to light, chlorinetype
      bleaches and elevated temperatures.
PAR  In the first of its compositions of matter aspects, the invention sought to
      be patented resides in the novel chemical compounds of Formula I
      ##SPC1##
PAL  wherein X is a member of the class consisting of O, S, and N-R, wherein R
      is H, alkyl having one to six carbon atoms or alkenyl having 2 to 6 carbon
      atoms; R.sub.1 is hydrogen, alkyl having one to six carbon atoms, alkoxy
      having 1 to 6 carbon atoms or halo; R.sub.2 and R.sub.3 are the same or
      different and are members of the class consisting of H, alkyl having 1 to
      6 carbon atoms, alkoxy having 1 to 6 carbon atoms, halo, dialkylamino
      wherein each alkyl has one to six carbon atoms, alkanoylamino having 1 to
      6 carbon atoms, phenyl, or phenyl substituted by alkyl having 1 to 6
      carbon atoms, halo, alkoxy having 1 to 6 carbon atoms, or alkanoylamino
      having 1 to 6 carbon atoms; and A is a monovalent aromatic radical having
      one to three aromatic rings.
PAR  In a second composition of matter aspect, the invention sought to be
      patented resides in the novel chemical compounds of Formula II
      ##SPC2##
PAL  wherein R' is selected from the class consisting of H, alkyl having 1 to 6
      carbon atoms, alkoxy having 1 to 6 carbon atoms, halo, dialkylamino
      wherein each alkyl group has one to six carbon atoms, alkanoylamino having
      1 to 6 carbon atoms, phenyl or phenyl substituted by alkyl having one to
      six carbon atoms, halo, alkoxy having 1 to 6 carbon atoms, or
      alkanoylamino having 1 to 6 carbon atoms; R.sub.1 has the same
      significance as in Formula I; and Z is selected from the class consisting
      of naphtho (that is, 1,2-naphtho, 2,1-naphtho, or 2,3-naphtho) and
      dibenzofurano (that is, 1,2-dibenzofurano, 2,1-dibenzofurano or
      2,3-dibenzofurano).
PAR  In a third composition of matter aspect, the invention sought to be
      patented resides in the novel compounds of Formula III
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, and X each have the same significance as
      in Formula I with the provision that when X represents an oxygen atom at
      least one of R.sub.1, R.sub.2 and R.sub.3 is other than H.
PAR  In a fourth composition of matter aspect, the invention sought to be
      patented resides in the novel compounds of Formula IV
      ##SPC4##
PAL  wherein R.sub.1 has the same significance as in Formulas I, II, and III,
      and Z has the same significance as in Formula II.
PAR  In the first of its process aspects, the invention sought to be patented
      resides in the method which comprises interacting a compound of Formula
      III with an aldehyde, A-CHO, or preferably the anil derivative thereof,
      A--CH=N-C.sub.6 H.sub.5, wherein A has the same significance as in Formula
      I to yield a substituted stilbene compound of Formula I.
PAR  In a second process aspect, the invention sought to be patented resides in
      the method which comprises interacting a compound of Formula IV with a
      benzaldehyde compound,
      ##SPC5##
PAL  or preferably, the anil derivative thereof of the Formula
      ##SPC6##
PAL  wherein R' has the same significance as in Formula II, to yield a
      substituted stilbene compound of Formula II.
PAR  When R.sub.1, R.sub.2, R.sub.3, and R', in the formulas herein are halo,
      there are included chloro, fluoro, bromo, and iodo. The preferred halo
      substituent is chloro because of the relatively low cost and ease of
      preparation of the required intermediates. However, the other above-named
      halo substituents are also satisfactory.
PAR  When R, R.sub.1, R.sub.2, R.sub.3, and R' in the formulas herein are alkyl
      having one to six carbon atoms, there are included, for example, methyl,
      ethyl, propyl, isopropyl, butyl, sec.butyl, tert.-butyl, isobutyl, amyl,
      hexyl, 2,3-dimethylbutyl, and the like.
PAR  When R.sub.1, R.sub.2, R.sub.3, and R' in the formulas herein are alkoxy
      having one to six carbon atoms, there are included, for example, methoxy,
      ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, tert.-butoxy, amyloxy,
      hexyloxy, and the like.
PAR  When R.sub.2, R.sub.3, and R' in the formulas herein are dialkylamino, each
      alkyl group having from 1 to 6 carbon atoms, there are included for
      example, dimethylamino, diethylamino, dipropylamino, dibutylamino,
      dipentylamino, dihexylamino, methylethylamino, N-methyl-N-butylamino, and
      the like. For the purposes of this invention the common amine radicals
      wherein the two alkyl groups are joined to form a ring, for example,
      pyrrolidino, piperidino, morpholino, thiomorpholino, and
      N-methylpiperazino, are equivalent to the dialkylamino compounds claimed
      herein.
PAR  When R.sub.2, R.sub.3, and R' are in the formulas herein are alkanoylamino
      having one to six carbon atoms, there are included, for example,
      formamido, acetamido, propionamido, butyramido, isobutyramido, valeramido,
      isovaleramido, caproamido, and the like.
PAR  When R in Formulas I and III above is alkenyl having two to six carbon
      atoms, there are included, for example, alkyl, 2-methyl-2-propenyl,
      2-butenyl, 4-pentenyl, 3-methyl-2-butenyl, 2-hexenyl, 3-hexenyl,
      1-methyl-2-propenyl, 1,3-dimethyl-2-butenyl, and the like.
PAR  When R.sub.2, R.sub.3, and R' in the formulas herein are substituted
      phenyl, there are included, for example, p-tolyl, o-tolyl, m-tolyl,
      p-ethylphenyl, p-acetamidophenyl, o-acetamidophenyl,
      m-hexanoylaminophenyl, p-chlorophenyl, o-chlorophenyl, m-bromophenyl,
      o-methoxyphenyl, p-ethoxyphenyl, 2,4-dimethoxyphenyl, 3,4-dichlorophenyl,
      2,4-dimethylphenyl, and the like.
PAR  In Formula I, A represents a monovalent aromatic radical having one to
      three aromatic rings. That is, A is a monocyclic, bicyclic, or tricyclic
      radical having from two to seven conjugated double bonds within the ring
      system. The rings may be fused as in, for example, the naphthyl radical,
      or they may be joined in series, as in, for example, the biphenylyl
      radical. Moreover, the rings may be carbocyclic or heterocyclic. Examples
      of aromatic rings represented by A in Formula I are phenyl, 2-naphthyl,
      1-naphthyl, p-methoxyphenyl, p-chlorophenyl, o-chlorophenyl, 4-biphenylyl,
      9-phenanthrenyl, 9-anthryl, 2-benzofuranyl, 2-indolyl, 2-benzothiophenyl,
      6-methoxy-2-naphthyl, 2-butoxy-1-naphthyl, 5-bromo-1-naphthyl,
      3-coumarinyl, 2-indenyl, 2-quinolinyl, 3-quinolinyl, 2-pyridyl, 3-pyridyl,
      4-pyridyl, 2-furanyl, 2-benzoxazolyl, 2-benzothiazolyl,
      2-naphtho[2,1-b]furanyl, 2-naphtho[1,2-b]furanyl, and the like.
PAR  The compounds of Formulas I and II are useful as fluorescent whitening and
      brightening agents in treating white and colored fabrics in order to
      neutralize the yellowness which develops with age in white textiles and to
      enhance the brilliance of colored textiles. In such utilization the high
      resistance of these compounds to chlorine bleaches and to light are
      distinct advantages. Another valuable advantage offered by these compounds
      is their unusual stability at high temperatures, which permits their use
      in high melting polymers. They are effectively employed at concentrations
      in the range of 0.005 to 0.5 percent by weight of the material to be
      brightened.
PAR  The compounds of Formulas III and IV are useful as intermediates for the
      preparation of the novel fluorescent whitening and brightening agents of
      Formulas I and II. Moreover, certain of the compounds of Formula IV, for
      example, 2-(p-tolyl)naphtho[1,2-b]furan, 2-(p-tolyl)naphtho[2,1-b]furan
      and 2-(p-tolyl)benzothiophene, are also useful as antifertility agents in
      mammalian animals. In such utilization, tests have shown that, following
      administration of these compounds to pregnant rats at a dosage level of
      100 mg./kg., development of the fetus is terminated, and the fetus is
      resorbed in the uterus with no noticeable deleterious effects to the
      mother.
PAR  The manner and process of making and using the invention, and the best mode
      contemplated by the inventor of carrying out the invention, will now be
      described so as to enable any person skilled in the art to which it
      pertains to make and use the same.
PAR  In general, the compounds of Formulas I and II of this invention are
      conveniently obtained by interacting an aromatic carboxaldehyde (for
      example, A-CHO, wherein A has the same significance as in Formula I) or
      preferably the anil derivative of such aromatic carboxaldehyde, i.e.,
      A--CH=N-C.sub.6 H.sub.5, with a compound having the structure
      ##SPC7##
PAL  for making the compounds of Formula I, and the structure
      ##SPC8##
PAL  for making the compounds of Formula II. The condensation can usually be
      carried out at rather low temperatures (0-55.degree.C.) in a suitable
      solvent and in 0.degree.-presence of a strongly alkaline reagent. Under
      these conditions, the reaction is generally complete in approximately 1/2
      to three hours.
PAR  Suitable solvents are those highly polar solvents which are free of acidic
      hydrogen or other atoms or radicals which may react with strongly alkaline
      reagents. Examples of suitable solvents include dimethylformamide,
      dimethylacetamide, diethylformamide, hexamethylphosphoramide,
      N-formylpiperidine, and sulfolane.
PAR  The strongly alkaline reagents suitable for the condensation include the
      alkali metal salts of tertiary aliphatic alcohols, alkali metal
      hydroxides, alkali metal amides and alkali metal hydrides. However, the
      nature of the alkaline reagent (other than its basicity) is not critical
      to the invention, and any alkaline compound of comparable basicity under
      the reaction conditions can be employed herein.
PAR  Because of the reactive nature of the alkaline reagent, it is preferable to
      conduct this condensation reaction in a manner which will exclude
      atmospheric moisture and carbon dioxide. Accordingly, for such purpose an
      atmosphere of dry nitrogen or other inert gas over the reaction medium is
      provided.
PAR  The intermediate compounds of Formulas III and IV wherein X is O or S are
      conveniently prepared by cyclizing an appropriately-substituted
      4-methylphenacyl ether or thioether of Formula V and Formula VI,
      respectively:
      ##SPC9##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, and Z have the same meanings as defined
      above and X is O or S. The cyclization is carried out by heating the
      phenacyl ether compound in a dehydrating medium, for example, sulfuric
      acid or preferably polyphosphoric acid, at a temperature in the range
      75.degree.-110.degree.C. Cyclization is usually complete in from one to
      six hours under these conditions. The product of cyclization is then
      rearranged to the desired intermediates of Formulas III and IV by
      continued heating at 130.degree.-150.degree.C. in the same reaction
      medium, as disclosed in the prior art, J. Chem. Soc., 1958, 822.
PAR  The requisite 4-methylphenacyl ether intermediates are generally known
      compounds prepared according to procedure well known to those skilled in
      the art.
PAR  When X in the above formulas represents &gt;N-R, that is, in the case of
      substituted indoles, the intermediate compounds are conveniently prepared
      by alkylation of the known compound, 2-(p-tolyl)indole, in accordance with
      alkylation procedures well known in the art, for example, by interacting
      2-(p-tolyl)indole with an alkyl or alkenyl halide in the presence of an
      alkaline reagent. In this way 2-(p-tolyl)indole can be interacted with,
      for example, methyl iodide, ethyl bromide, n-propyl bromide, n-butyl
      bromide, isobutyl bromide, n-hexyl chloride, allyl chloride,
      1-bromo-2-pentene, and the like to produce, respectively,
      1-methyl-2-(p-tolyl)indole, 1-ethyl-2-(p-tolyl)indole,
      1-propyl-2-(p-tolyl)indole, 1-butyl-2-(p-tolyl)indole,
      1-isobutyl-2-(p-tolyl)indole, 1(n-hexyl)-2-(p-tolyl)indole,
      1-allyl-2-(p-tolyl)indole, 1-(2-pentenyl)-2-(p-tolyl)indole, and the like.
PAR  Alternatively, the indole intermediates can be prepared in a manner similar
      to that employed in preparing the other intermediate
      2-(p-tolyl)-substituted compounds disclosed herein, namely, by cyclizing
      the appropriately-substituted N-(4-methylphenacyl)aniline,
      ##SPC10##
PAL  (wherein R is as defined above) by heating said compound with a Lewis acid,
      for example, zinc chloride, at temperatures of 125.degree.-250.degree.C.
      in accordance with procedures known to the art.
PAR  A preferred mode of utilizing the compounds of Formulas I and II is to
      incorporate them into melts of synthetic plastic material for spinning
      synthetic fibers or for casting or molding plastics in an appropriate
      concentration, for example 0.01 to 0.1 percent by weight of the melt.
PAR  A further method of utilizing the compounds of Formulas I and II is to
      impregnate textile fabrics comprising synthetic fibers, for example
      polyester (poly[terephthalic acid ethylene glycol ester]) or nylon, with
      an aqueous dispersion of the compound at temperatures below about
      75.degree.C., for example, at room temperature and then to subject the
      treated fabric to a dry heat treatment at a temperature above
      100.degree.C. The fabric may advantageously be dried at temperatures in
      the range 60.degree.-100.degree.C. prior to the heat treatment, which is
      preferably carried out at temperatures in the range
      125.degree.-250.degree.C. Said heat treatment may be accomplished by any
      of several known methods, for example, by heating in a drying chamber, by
      ironing the fabric, or by treating it with dry superheated steam.
PAR  The structures of the compounds of this invention were established by the
      modes of synthesis, by elementary analysis, and by ultraviolet, infrared,
      and nuclear magnetic resonance spectra. The course of the reactions and
      homogeneity of the products were ascertained by thin layer chromatography.
PAR  The invention is illustrated by the following examples without, however,
      being limited thereto. Melting points are uncorrected except where
      otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  a. A mixture containing 72.6 g. (0.3 mole) of
      .omega.-phenylmercapto-p-methylacetophenone and 325 ml. of polyphosphoric
      acid was heated to 180.degree.-190.degree.C. for 3 hours. The progress of
      the reaction was followed by ultraviolet spectroscopy, and the completion
      of the reaction was shown by the disappearance of the curve
      characteristics of the starting material and the appearance of a new
      maximum at 358 nm. The reaction mixture was allowed to cool and was then
      poured into water. The resulting mixture was collected on a filter and was
      purified by triturating with dilute sodium hydroxide solution. The
      resulting product, 2-(p-tolyl)benzothiophene, was collected on a filter,
      washed free of alkali with water and recrystallized from 2-ethoxyethanol.
      The resulting pure 2-(p-tolyl)benzothiophene melted at
      169.degree.-171.degree.C.
PAR  b. A solution containing 6.72 g. (0.03 mole) of 2-(p-tolyl)-benzothiophene
      and 5.43 g. (0.03 mole) of benzalaniline in 200 ml. of freshly distilled,
      dry dimethylformamide was flushed with nitrogen for 15 minutes, and 10.08
      g. (0.09 mole) of potassium tert.-butoxide was then added with stirring.
      The color of the reaction mixture progressively changed from red-brown to
      dark violet to violet and the temperature spontaneously rose from
      23.degree. to 32.degree.C. Analysis of an aliquot by ultraviolet
      spectroscopy showed that the reaction was completed after one hour of
      stirring. The reaction mixture was added to excess water, the resulting
      precipitate was collected on a filter, and the filter cake was washed with
      water. The precipitate was then slurried in hot dimethylformamide and made
      acidic with 10% aqueous hydrochloric acid. This mixture was then diluted
      with water, and the precipitate was collected on a filter. The resulting
      product, 2-(4-stilbenyl)benzothiophene was purified by recrystallization
      from xylene and by sublimation. The pure 2-(4-stilbenyl)benzothiophene
      thus obtained melted at 295.5.degree.-296.degree.C. The wavelength of
      maximum excitation of this compound was 359 nm., and the wavelength of
      maximum emission was 412 nm.
PAC  EXAMPLE 2
PAR  Proceeding in a manner similar to that in example 1b above,
      2-(p-tolyl)benzothiophene (4.48 g.; 0.02 mole) was interacted with 4.22 g.
      (0.02 mole) of p-methoxybenzalaniline in the presence of 6.72 g. of
      potassium tert.-butoxide in 150 ml. of dimethylformamide. Recrystallized
      from dichlorobenzene, the resulting
      2-[4-(p-methoxy)stilbenyl]benzothiophene melted at
      307.degree.-308.degree.C. without producing a clear melt. The wavelength
      of maximum excitation of this compound was 369 nm., and the wavelength of
      maximum emission was 432 nm.
PAC  EXAMPLE 3
PAR  Proceeding in a manner similar to that used in Example 1b,
      2-(p-tolyl)benzofuran (4.16 g.; 0.02 mole) was interacted with 4.22 g.
      (0.02 mole) of p-methoxybenzalaniline in the presence of 6.72 g. (0.06
      mole) of potassium tert.butoxide in 150 ml. of dimethylformamide.
      Recrystallized from dichlorobenzene, the
      2-[4-(p-methoxy)stilbenyl]benzofuran thus obtained melted at
      283.degree.-285.degree.C. The wavelength of maximum excitation of this
      compound was 369 nm., and the wavelength of maximum emission was 425 nm.
PAC  EXAMPLE 4
PAR  Proceeding in a manner similar to that used in Example 3 except that
      benzalaniline was used in place of p-methoxybenzalaniline there was
      obtained 2-(4-stilbenyl)benzofuran, which, when recrystallized from
      xylene, melted at 269.degree.-269.5.degree.C. The wavelength of maximum
      excitation of this compound was 361 nm., and the wavelength of maximum
      emission was 413 nm.
PAC  EXAMPLE 5
PAR  When 2-(p-tolyl)benzofuran was condensed with 2-naphthalaniline according
      to the procedure described in Example 1b there was obtained
      2-{4-[2-(naphthyl)vinyl]phenyl}benzofuran which melted at
      282.degree.-283.degree. C. following recrystallization from
      dichlorobenzene. The wavelength of maximum excitation of this compound was
      369 nm., and the wavelength of maximum emission was 424 nm.
PAC  EXAMPLE 6
PAR  Proceeding in a manner similar to that used in Example 3 except that
      4-chlorobenzalaniline is used instead of 4-methoxybenzalaniline there was
      obtained 2-[4-(4'-chlorostilbenyl)]benzofuran which melted at
      293.degree.-295.degree. C. when recrystallized from dichlorobenzene. The
      wavelength of maximum emission was 420 nm., and the wavelength of maximum
      excitation was 365 nm.
PAC  EXAMPLE 7
PAR  Proceeding in a manner similar to that used in Example 5 except that
      1-naphthalaniline was used in place of 2-naphthalaniline there was
      obtained 2-{4-[2-(1-naphthyl)-vinyl]phenyl}benzofuran melting at
      154.degree.-155.degree. C. when recrystallized from 2-ethoxyethanol. The
      wavelength of maximum emission of this compound was 439 nm., and the
      wavelength of maximum excitation was 375 nm.
PAC  EXAMPLE 8
PAR  Proceeding in a manner similar to that used in Example 3, 3.10 g. (0.015
      mole) of 2-(p-tolyl)benzofuran was interacted with 3.85 g. of
      4-phenylbenzalaniline in the presence of 5.0 g. (0.054 mole) of potassium
      tert.-butoxide in 150 ml. of dimethylformamide. Recrystallized from
      dichlorobenzene and washed with methanol, the
      2-(4'-phenyl-4-stilbenyl)benzofuran thus obtained remained unmelted at
      350.degree. C. The wavelength of maximum excitation of this compound was
      371 nm., and the wavelength of maximum emission was 432 nm.
PAC  EXAMPLE 9
PAR  Following the procedure outlined in Example 3 except that
      9-phenanthrenecarboxaldehyde-N-phenylimine was used in place of
      p-methoxybenzalaniline, there was obtained
      2-{4-[2-(9-phenanthryl)vinyl]phenyl}benzofuran. Recrystallized from
      toluene, this compound melted at 216.degree.-218.degree. C. The wavelength
      of maximum excitation of this compound was 373 nm., and the wavelength of
      maximum emission was 447 nm.
PAC  EXAMPLE 10
PAR  a. Following the procedure given in Example 1a
      .omega.-(.beta.-naphthoxy)-4-methylacetophenone (27.6 g.; 0.1 mole) was
      heated with 250 ml. of polyphosphoric acid and 25 ml. of methanesulfonic
      acid at 135.degree.-140.degree. C. for eight hours. The reaction mixture
      was allowed to cool and was then poured into excess water. The resulting
      precipitate was collected, washed with 10% sodium hydroxide solution, and
      then washed free of alkali. Crystallized from ethylene glycol, the
      resulting 2-(p-tolyl)-naphtho-[2,1-b]furan melted at
      141.degree.-142.degree. C.
PAR  b. Following the procedure given in Example 1b
      2-(p-tolyl)-naphtho-[2,1-b]furan (4.3 g.; 0.016 mole) was interacted with
      3.1 g. (0.016 mole) of benzalaniline to produce
      2-(4-stilbenyl)-naphtho-[2,1-b]furan, which was purified by
      recrystallization from xylene. Pure 2-(4-stilbenyl)naphtho[2,1-b]furan
      thus obtained melted at 248.degree.-250.degree. C. The wavelength of
      maximum excitation of this compound was 377 nm., and the wavelength of
      maximum emission was 435.
PAC  EXAMPLE 11
PAR  a. Following the procedure given in Example 1a
      .omega.-(.alpha.-naphthoxy)-4-methylacetophenone was heated with
      polyphosphoric acid to produce 2-(p-tolyl)-naphtho-[1,2-b]furan, which
      when crystallized from ethylene glycol, melted at 97.degree.-100.degree.
      C.
PAR  b. Following the procedure given in Example 1b the above-named
      2-(p-tolyl)-naphtho-[1,2-b]furan was interacted with an equimolar quantity
      of benzalaniline to produce 2-(4-stilbenyl)naphtho[1,2-b]furan which, when
      crystallized from xylene and further purified by sublimation, melted at
      228.degree.-228.5.degree. C. The wavelength of maximum excitation of this
      compound was 370 nm., and the wavelength of maximum emission was 426.
PAC  EXAMPLE 12
PAR  Following the procedure given in Example 1b 2-(p-tolyl)-6-methoxybenzofuran
      was interacted with an equimolar quantity of benzalaniline to produce
      2-(4-stilbenyl)-6-methoxybenzofuran, which, when recrystallized from
      toluene, melted at 223.5.degree.-225.5.degree. C. The wavelength of
      maximum excitation of this compound was 371 nm., and the wavelength of
      maximum emission was 446 nm.
PAC  EXAMPLE 13
PAR  a. A mixture of 85 g. (0.5 mole) of p-phenylphenol, 84.25 g. (0.5 mole) of
      p-methylphenacyl chloride, 76.0 g. (0.55 mole) of potassium carbonate 3.75
      g. of potassium iodide and 350 ml. of acetone were refluxed with stirring
      for eight hours. The reaction mixture was allowed to cool and was poured
      into a large excess of cold water. The precipitate was collected and
      washed free of alkali with water. Following recrystallization from ethyl
      alcohol the resulting .omega.-(4-biphenyloxy)-p-methylacetophenone melted
      at 101.degree.-102.5.degree. C.
PAR  b. Following the procedure given in Example 1a, the above-named
      .omega.-(p-biphenyloxy)-4-methylacetophenone was heated with
      polyphosphoric acid to give 5-phenyl-2-(p-tolyl)benzofuran, which,
      following recrystallization from 2-ethoxyethanol, melted at
      156.degree.-158.degree. C.
PAR  c. Following the procedure given in Example 1b, the above-named
      5-phenyl-2-(p-tolyl)benzofuran was interacted with an equimolar quantity
      of .beta.-naphthalaniline to give 5-phenyl-2-{4-[2-(2-naphthyl)
      vinyl]phenyl}benzofuran. Recrystallized from dichlorobenzene, this product
      melted at 287.degree.-288.degree. C. The wavelength of maximum excitation
      of this compound was 374 nm., and the wavelength of maximum emission was
      427 nm.
PAC  EXAMPLE 14
PAR  When the procedure of Example 13c was repeated using 4-phenylbenzalaniline
      in place of B-naphthalaniline there was obtained
      5-phenyl-2-{4-[2-(4-biphenylyl)vinyl]phenyl}benzofuran which, when
      recrystallized from dichlorobenzene, melted at 356.degree.-358.degree. C.
      The wavelength of maximum excitation of this compound was 377 nm., and the
      wavelength of maximum emission was 434 nm.
PAC  EXAMPLE 15
PAR  a. Following the procedure given in Example 1a
      .omega.-(p-chlorophenoxy)-p-methylacetophenone was heated with
      polyphosphoric acid to give 5-chloro-2-(p-tolyl)benzofuran which, when
      crystallized from 2-ethoxyethanol melted at 183.degree.-186.degree. C.
PAR  b. When 5-chloro-2-(p-tolyl)benzofuran was condensed with
      4-phenylbenzalaniline as in Example 14 there was obtained
      5-chloro-2-{4-[2-(4-biphenylyl)vinyl]phenyl}benzofuran. When
      recrystallized from dichlorobenzene this product remained unmelted at
      350.degree. C. The wavelength or maximum excitation of this compound was
      376 nm., and the wavelength of maximum emission was 431 nm.
PAC  EXAMPLE 16
PAR  a. Following the procedure given in Example 13a 2,4-dichlorophenol was
      interacted with an equimolar quantity of 4-methylphenacyl chloride in the
      presence of potassium carbonate to give
      w-(2,4-dichlorophenoxy)-p-methylacetophenone. Recrystallized from
      2-ethoxyethanol, this product melted at 96.5.degree.-98.5.degree. C.
PAR  b. Following the procedure given in Example 1a the above-named
      .omega.-(2,4-dichlorophenoxy)-p-methylacetophenone was heated with
      polyphosphoric acid to give 5,7-dichloro-2-(p-tolyl)benzofuran which,
      following recrystallization from ethyl ether of ethylene glycol melted at
      116.degree.-118.degree. C.
PAR  c. Following the procedure given in Example 1b equimolar quantities of the
      above named 5,7-dichloro-2-(p-tolyl)benzofuran and 4-phenylbenzalaniline
      were interacted in the presence of potassium tert.-butoxide to give
      5,7-dichloro2-{4-[2-(4-biphenylyl)vinyl]phenyl}benzofuran which, following
      recrystallization from chlorobenzene, melted at 258.degree.-260.degree. C.
      The wavelength of maximum excitation of this compound was 375 nm., and the
      wavelength of maximum emission was 431 nm.
PAC  EXAMPLE 17
PAR  When 5-chloro-2-(p-tolyl)benzofuran (Example 15) was condensed with an
      equimolar quantity of p-chlorobenzalaniline according to the method of 1b,
      there was obtained 5-chloro-2-(4'-chloro-4-stilbenyl)benzofuran, which
      melted at 280.degree.-282.degree. C., following recrystallization from
      chlorobenzene. The wavelength of maximum excitation of this compound was
      364 nm., and the wavelength of maximum emission was 415 nm.
PAC  EXAMPLE 18 The wavelength of maximum excitation of this compound was 364
      nm., and the wavelength of maximum emission was 415 nm.
PAC  EXAMPLE 18
PAR  When the procedure of Example 14 was repeated except that
      1-methyl-2-(p-tolyl)indole was used in place of
      5-phenyl-2-(p-tolyl)benzofuran, there was obtained
      1-methyl2-{4-[2-(4-biphenylyl)vinyl]phenyl}indole which, when
      recrystallized from chlorobenzene, melted at 253.5.degree.-254.5.degree.
      C. The wavelength of maximum excitation of this compound was 365 nm., and
      the wavelength of maximum emission was 470 nm.
PAC  EXAMPLE 19
PAR  a. Following the procedure given in Example 13a 2-hydroxydibenzofuran was
      interacted with 4-methylphenacylchloride in the presence of anhydrous
      potassium carbonate in acetone to give
      .omega.-(2-dibenzofuranyloxy)-p-methylacetophenone. Following
      recrystallization from 2-ethoxyethanol, this compound melted at
      162.degree.-164.degree. C.
PAR  b. When the above-named .omega.-(2-dibenzofuranyloxy)-p-methyl-acetophenone
      was heated with polyphosphoric acid as in Example 1a there is obtained a
      mixture of two compounds: 2-p-tolyl)benzofurano[3,2-f]benzofuran and
      2-(p-tolyl)benzofurano[3,2-e]benzofuran. The mixture melted at
      162.degree.-180.degree. C. following crystallization from 2-ethoxyethanol.
      The intermediates were not separated at this stage, but rather were
      carried through to the ultimate products, which were separated in the step
      which follows.
PAR  c. When the procedure of Example 1b was used to interact the above named
      mixture of 2-(p-tolyl)benzofurano[3,2-f]benzofuran and
      2-(p-tolyl)benzofurano[3,2-e]benzofuran with benzalaniline there was
      obtained a reaction mixture containing
      2-(4-stilbenyl)-benzofurano[3,2-f]benzofuran and
      2-(4-stilbenyl)benzofurano-[3,2-e]benzofuran. The reaction mixture was
      filtered and the solid remaining on the funnel was twice recrystallized
      from dichlorobenzene to obtain purified
      2-(4-stilbenyl)benzofurano-[3,2-f]benzofuran which melted at
      307.degree.-310.degree.C. The wavelength of maximum excitation of this
      compound was 382 nm. and the wavelength of maximum emission was 434 nm.
      Upon evaporation of the reaction mixture filtrate there was obtained
      2-(4-stilbenyl)-benzofurano[3,2-e]benzofuran which melted at
      239.degree.-241.degree. C. The wavelength of maximum excitation of this
      compound was 374 nm. and the wavelength of maximum emission was 428 nm.
PAC  EXAMPLE 20
PAR  When an equivalent amount of the anil derivative of 2-formyl benzofuran is
      substituted for the benzalaniline in the procedure described in Example 1b
      above, there is obtained as the product
      2-{4-[2-(2-benzofuranyl)vinyl]phenyl}benzothiophene.
PAC  EXAMPLE 21
PAR  Following the procedure described in Example 2 above but using an
      equivalent amount of the anil derivative of 2-formyl indole in place of
      p-methoxybenzalaniline, there is obtained as the product
      2-{4-[2-(2-indolyl)vinyl]phenyl}benzothiophene.
PAC  EXAMPLE 22
PAR  When an equivalent amount of the anil derivative of 2-formyl benzothiophene
      is substituted for the p-methoxybenzalaniline in the procedure described
      in Example 3 above, there is obtained as the product
      2-{4-[2-(2-benzothiophenyl)vinyl]-phenyl}benzofuran.
PAC  EXAMPLE 23
PAR  Following the procedure described in Example 3 above but using an
      equivalent amount of the anil derivative of 3-formyl coumarin in place of
      p-methoxybenzalaniline, there is obtained as the product
      2-{4-[2-(3-coumarinyl)vinyl]phenyl}-benzofuran.
PAC  EXAMPLE 24
PAR  When an equivalent amount of the anil derivative of 2-formyl indene is
      substituted for the 2-naphthalaniline in the procedure described in
      Example 5 above, there is obtained as the product
      2-{4-[2-(2-indenyl)vinyl]phenyl}benzofuran.
PAC  EXAMPLE 25
PAR  When an equivalent amount of the anil derivative of 2-formyl quinoline is
      substituted for the 4-phenylbenzalaniline in the procedure described in
      Example 18 above, there is obtained as the product
      1-methyl-2-{4-[2-(2-quinolinyl)vinyl]-phenyl}indole.
PAC  EXAMPLE 26
PAR  Following the procedure described in Example 13c above but using an
      equivalent amount of the anil derivative of 3-formyl quinoline in place of
      .beta.-naphthalaniline, there is obtained as the product
      5-phenyl-2-{4-[2-(3-quinolinyl)vinyl]-phenyl}benzofuran.
PAC  EXAMPLE 27
PAR  When an equivalent amount of the anil derivative of 2-formyl pyridine is
      substituted for the 4-phenylbenzalaniline in the procedure described in
      Example 15c above, there is obtained as the product
      5-chloro-2-{4-[2-(2-pyridyl)vinyl]phenyl}-benzofuran.
PAC  EXAMPLE 28
PAR  Following the procedure described in Example 12 above but using an
      equivalent amount of the anil derivative of 3-formyl pyridine in place of
      benzalaniline, there is obtained as the product
      6-methoxy-2-{4-[2-(3-pyridyl)vinyl]phenyl}-benzofuran.
PAC  EXAMPLE 29
PAR  When an equivalent amount of the anil derivative of 4-formyl pyridine is
      substituted for the 4-phenylbenzalaniline in the procedure described in
      Example 16c above, there is obtained as the product
      5,7-dichloro-2-{4-[2-(4-pyridyl)vinyl]-phenyl}-benzofuran.
PAC  EXAMPLE 30
PAR  When an equivalent amount of the anil derivative of 2-furfural is
      substituted for the benzalaniline in the procedure described in Example 1b
      above, there is obtained as the product
      2-{4-[2-(2-furanyl)vinyl]phenyl}benzothiophene.
PAC  EXAMPLE 31
PAR  Following the procedure described in Example 18 above but using an
      equivalent amount of the anil derivative of 2-formyl benzoxazole in place
      of the 4-phenylbenzalaniline, there is obtained as the product
      1-methyl-2-{4-[2-(2-benzoxazolyl)vinyl]-phenyl}indole.
PAC  EXAMPLE 32
PAR  When an equivalent amount of the anil derivative of 2-formyl benzothiazole
      is substituted for the 4-phenylbenzalaniline in the procedure described in
      Example 15b above, there is obtained as the product
      5-chloro-2-{4-[2-(2-benzothiazolyl)vinyl]phenyl}-benzofuran.
PAC  EXAMPLE 33
PAR  Following the procedure described in Example 3 above but using an
      equivalent amount of the anil derivative of 2-formyl naphtho[2,1-b]furan
      in place of p-methoxybenzalaniline, there is obtained as the product
      2-{4-[2-(2-naphtho[2,1-b]furanyl)vinyl]-phenyl}benzofuran.
PAC  EXAMPLE 34
PAR  When an equivalent amount of the anil derivative of 9-formyl anthracene is
      substituted for the 4-phenylbenzalaniline in the procedure described in
      Example 16c above, there is obtained as the product
      5,7-dichloro-2-{4-[2-(9-anthryl)vinyl]-phenyl}benzofuran.
PAC  EXAMPLE 35
PAR  When an equivalent amount of the anil derivative of 2-formyl
      naphtho[1,2-b]furan is substituted for the benzalaniline in the procedure
      described in Example 1b above, there is obtained as the product
      2-{4-[2-(2-naphtho[1,2-b]furanyl)vinyl]phenyl}benzothiophene.
PAC  EXAMPLE 36
PAR  When an equivalent amount of the benzalaniline is substituted for the
      4-phenylbenzalanile in the procedure described in Example 18 above, there
      is obtained as the product 1-methyl-2-(4-stilbenyl)indole which, when
      recrystallized from 2-ethoxyethanol, melted at 163.degree.-164.degree. C.
      The wavelength of maximum excitation of this compound was 352 nm, and the
      wavelength of maximum emission was 455 nm.
PAR  When the appropriate p-tolyl-substituted compound of Formula III or of
      Formula IV and the anil derivative of the appropriate aldehyde are
      interacted in a manner similar to that described in Example 1b, there are
      obtained:
PAR  5-(1-Methylpropyl)-2-(2'-chloro-3-fluoro-4-stilbenyl)benzofuran from the
      interaction of 5-(1-methylpropyl)-2-(3-fluoro-4-tolyl)-benzofuran and
      o-chlorobenzalaniline;
PAR  7-n-Hexyl-2-(4'-methoxy-3-iodo-4-stilbenyl)benzofuran from the interaction
      of 7-n-hexyl-2-(3-iodo-4-tolyl)benzofuran and p-methoxybenzalaniline;
PAR  5-n-Propyl-7-ethyl-2-(4'-acetamido-3-methoxy-4-stilbenyl)benzofuran from
      the interaction of 5-n-propyl-7-ethyl-2-(3-methoxy 4-tolyl)benzofuran and
      p-acetamidobenzalaniline;
PAR  5,7-Di-n-hexyl-2-(4'-chloro-3-n-pentyl-4-stilbenyl)benzothiophene from the
      interaction of 5,7-di-n-hexyl-2-(3-n-pentyl-4-tolyl)benzothiophene and
      p-chlorobenzalaniline;
PAR  4-Methoxy-7-bromo-2-(2'ethoxy-3-bromo-4-stilbenyl)benzothiophene from the
      interaction of 4-methoxy-7-bromo-2-(3-bromo-4-tolyl)benzothiophene and
      o-ethoxybenzalaniline;
PAR  5-dimethylamino-2-(3,4'-diisopropyl-4-stilbenyl)benzothiophene from the
      interaction of 5-dimethylamino-2-(3-isopropyl-4-tolyl)-benzothiophene and
      p-isopropylbenzalaniline;
PAR  6-(4-Chlorophenyl)-2-(4'-dimethylamino-3-bromo-4-stilbenyl)benzofuran from
      the interaction of 6-(4-chlorophenyl)-2-(3-bromo-4-tolyl)benzofuran and
      p-dimethylaminobenzalaniline;
PAR  5-(4-Ethylphenyl)-2-(4'-diethylamino-3-chloro-4-stilbenyl)benzothiophene
      from the interaction of
      5-(4-ethylphenyl)-2-(3-chloro-4-tolyl)benzothiophene and
      p-diethylaminobenzalaniline;
PAR  1-Ethyl-5-n-hexyl-2-(3-bromo-4-stilbenyl)indole from the interaction of
      1-ethyl-5-n-hexyl-2-(3-bromo-4-tolyl)indole and benzalaniline;
PAR  1-n-Hexyl-2-{2-n-propyl-4-[2-(9-phenanthryl)vinyl]phenyl}indole from the
      interaction of 1-n-hexyl-2-(3-n-propyl-4-tolyl)indole and
      9-phenanthrenecarboxaldehyde-N-phenylimine;
PAR  5,7-Diethoxy-2-{2-chloro-4-[2-(2-naphthyl)vinyl]phenyl}indole from the
      interaction of 5,7-diethoxy-2-(3-chloro-4-tolyl)indole and
      .beta.-naphthalaniline;
PAR  1-Allyl-6-bromo-5-fluoro-2-{2-n-butyl-4-[2-(4-biphenylyl)vinyl]-phenyl}indo
     le from the interaction of
      1-allyl-6-bromo-5-fluro-2-(3-n-butyl-4-tolyl)indole and
      4-phenylbenzalaniline;
PAR  1-t-Butyl-5-(4-methoxyphenyl)-2-{2-isopropyl-4-[2-(2-indolyl)-vinyl]phenyl}
     indole from the interaction of
      1-t-butyl-5-(4-methoxyphenyl)-2-(3-isopropyl-4-tolyl)indole and the anil
      derivative of 2-formyl indole;
PAR  5-Fluoro-7-iodo-2-{2-iodo-4-[2-(2-pyridyl)vinyl]phenyl}benzofuran from the
      interaction of 5-fluoro-7-iodo-2-(3iodo-4-tolyl)benzofuran and the anil
      derivative of 2-formyl pyridine;
PAR  5-n-Hexyloxy-2-{2-n-pentyl-4-[2-(2-naphtho[2,1-b]furanyl)vinyl]phenyl}benzo
     thiophene from the interaction of
      5-n-hexloxy-2(3-n-pentyl-4-tolyl)benzothiophene and the anil derivative of
      2-formyl naphtho[2,1-b]furan;
PAR  5-Acetamido-2-{2-n-butyl-4-[2-(6-methoxy-2-naphthyl)vinyl]phenyl}-benzothio
     phene from the interaction of
      5-acetamido-2-(3-n-butyl-4tolyl)benzothiophene and
      6-methoxy-2-naphthalaniline;
PAR  6-Methoxy-7-isopropoxy-2-{2-n-propyl-4-[2-(5-bromo-1-naphthyl)-vinyl]phenyl
     }benzofuran from the interaction of
      6-methoxy-7-isopropoxy-2-(3-n-propyl-4-tolyl)benzofuran and
      5-bromo-1-naphthal-aniline;
PAR  2-{2-Bromo-4-[2-(4-isopropylpheny)vinyl]phenyl}naphtho[2,1-b]-furan from
      the interaction of 2-(3-bromo-4-tolyl)-naphtho[2,1-b]furan and
      p-isopropylbenzalaniline;
PAR  2-{2-n-Propyl-4-[2-(4-methoxyphenyl)vinyl]phenyl}naphtho[1,2-b]-furan from
      the interaction of 2-(3-n-propyl-4-tolyl)-naphtho[ 1,2-b]furan and
      p-methoxybenzalaniline;
PAR  2-[2-Iodo-4-[2-(2-ethoxyphenyl)vinyl]phenyl}naphtho[2,3-b]furan from the
      interaction of 2-(3-iodo-4-tolyl)-naphtho[2,3-b]furan and
      o-ethoxybenzalaniline;
PAR  2-{2-n-Butyl-4-[2-(4-chlorophenyl)vinyl]phenyl}benzofurano[3,2-f]-benzofura
     n from the interaction of 2-(3-n-butyl-4-tolyl)benzofurano[
      3,2-f]benzofuran and p-chlorobenzalaniline;
PAR  2-{2-Methoxy-4-[2-(4diethylaminophenyl)vinyl]phenyl}benzofurano[
      3,2-e]benzofuran from the interaction of
      2-(3-methoxy-4-tolyl)-benzofurano[3,2-e]benzofuran and
      p-diethylaminobenzalaniline;
PAR  2-{2-n-Pentyl-4-[2-(4-acetamidophenyl)vinyl]phenyl}benzofurano
      [2,3-f]benzofuran from the interaction of
      2-(3-n-pentyl-4-tolyl)-benzofurano[2,3-f]benzofuran and
      p-acetamidobenzalaniline;
PAR  2-{2-Bromo-4-[2-(3'-chloro-4'-methoxy-4-biphenylyl)vinyl]phenyl}-naphtho[2,
     1-b]furan from the interaction of 2-(3-bromo-4-tolyl)-naphtho[2,1-b]furan
      and 4-(3-chloro-4-methoxyphenyl)benzalaniline;
      2-{2-n-Butyl-4-[2-(4-biphenylyl)vinyl]phenyl}benzofuran from the
      interaction of 2-(3-n-butyl-4-tolyl)naphtho[2,3-b]furan;
PAR  2-[4-(4'-n-Pentyl)stilbenyl]benzofurano[3,2-f]benzofuran from the
      interaction of 2-(p-tolyl)benzofurano[3,2-f]benzofuran and
      4-n-pentylbenzalaniline;
PAR  2-[4-(4'-n-Hexyloxy)stilbenyl]benzofurano[2,3-f]benzofuran from the
      interaction of 2-(p-tolyl)benzofurano[2,3-f]benzofuran and
      4-n-hexyloxybenzalaniline;
PAR  2-{2-n-Propyl-4-[2-(4-bromophenyl)vinyl]phenyl}naphtho[1,2-b]-furan from
      the interaction of 2-(3-n-propyl-4-tolyl)naphtho[ 1,2-b]furan and
      p-bromobenzalaniline; and
PAR  2-{2-Methoxy-4-[2-(4-fluorophenyl)vinyl]phenyl}benzofurano
      [3,2-e]benzofuran from the interaction of 2-(3-methoxy-4-tolyl)
      benzofurano[3,2-e]benzofuran and p-fluorbenzalaniline.
PAR  The effectiveness of the optical brightening agents, prepared as above,
      when incorporated into polyethylene terephthalate melts was tested as
      follows:
PAR  A solution of 5-chloro-2-{4-[2-(4-biphenylyl)vinyl]-phenyl}benzofuran
      (Example 15b) in dimethyl terephthalate was prepared by intermixing 0.04
      gr. of the brightener with 10.00 gr. of dimethyl terephthalate and then
      melting the two solids together, with continual stirring and under a
      carbon dioxide atmosphere, by immersing the container in a bath of diethyl
      phthalate which was then heated to 200.degree. C. during a period of about
      15-20 minutes. The fluid mixture was then poured into a mortar and ground
      to a fine powder. The solid solution of brightener in dimethyl phthalate
      was incorporated into polyethylene terephthalate by blending 1.5 g. of the
      brightener-dimethyl terephthalate powder with 18.0 g. of predried
      polyethylene terephthalate chips and 0.5 g. of dimethyl terephthalate. The
      mixture was melted under a carbon dioxide atmosphere by immersing the
      container in a bath of diethyl phthalate at 115.degree. C. after which the
      bath was heated to boiling (295.degree.-7.degree. C. The melt was stirred
      for five minutes, and it then was removed from the bath and allowed to
      cool to room temperature, continually under carbon dioxide. The
      polyethylene terephthalate casting was then broken up and ball milled with
      stoneware pellets in distilled water. The particles were dried and
      screened, and those passing through a 40 mesh screen were packed into a 5
      cm. polystyrene Petri dish. The color of the sample was then measured on a
      color difference meter (Hunterlab Model D-25, Hunter Associates
      Laboratory, McLean, Va.) in comparison with a standard magnesium oxide
      plate. These values were then compared with a blank sample prepared in the
      identical way except that the optical brightener was omitted. Following
      are the readings obtained in comparison with the standard magnesium oxide
      plate:
TBL  Hunterlab D-25 Readings                                                   

                          L    a       b                                       

     ______________________________________                                    

     Blank polyethylene terephthalate (PET)                                    

                            97.6   +0.9    +3.1                                

     PET containing 0.03 percent                                               

     5-chloro-2-{4-[2-(4-biphenylyl)vinyl]-                                    

                            97.1   +3.5    -3.2                                

     phenyl}benzofuran                                                         

     ______________________________________                                    

PAR  These results show that the shade of whiteness imparted to the polyethylene
      terephthalate was in the pink and blue range considered most desirable in
      the textile art. For the significance of the values recorded above, see R.
      S. Hunter, Photoelectric Color Difference Meter, J. Opt. Soc. Am., 48, 985
      (1958).
CLMS
STM  We claim:
NUM  1.
PAR  1. A normally solid, fiber and film-forming polyester or nylon polymeric
      material having incorporated therein approximately 0.005 to 0.5 percent by
      weight of said polymeric material of a fluorescent compound of the formula
      ##SPC11##
PAL  wherein R.sub.1 is hydrogen, alkyl having 1 to 6 carbon atoms, alkoxy
      having 1 to 6 carbon atoms, or halo; R.sub.2 and R.sub.3 are the same or
      different and are members of the class consisting of H, alkyl having 1 to
      6 carbon atoms, alkoxy having 1 to 6 carbon atoms, halo, dialkylamino
      wherein each alkyl has 1 to 6 carbon atoms, alkanoylamino having 1 to 6
      carbon atoms, phenyl, phenyl substituted by alkyl having 1 to 6 carbon
      atoms, halo, alkoxy having 1 to 6 carbon atoms, and alkanoylamino having 1
      to 6 carbon atoms; and A is a monovalent aromatic radical selected from
      the class consisting of 9-phenanthrenyl, 9-anthryl, 2-benzofuranyl,
      2-indolyl, 2-benzothiophenyl, 3-coumarinyl, 2-indenyl, 2-quinolinyl,
      3-quinolynyl, 2benzoxazolyl, 2-benzothiazolyl, 2-naphtho[2,1-b]furanyl and
      2-naphtho[1,2-b]furanyl.
NUM  2.
PAR  2. A normally solid, fiber and film-forming polyester or nylon polymeric
      material having incorporated therein approximately 0.005 to 0.5 percent by
      weight of said polymeric material of a fluorescent compound of the formula
      ##SPC12##
      wherein R' is selected from the class consisting of H, alkyl having 1 to 6
      carbon atoms, alkoxy having 1 to 6 carbon atoms, halo, dialkylamino
      wherein each alkyl group has 1 to 6 carbon atoms, alkanoylamino having 1
      to 6 carbon atoms, phenyl, phenyl substituted by alkyl having 1 to 6
      carbon atoms, halo, alkoxy having 1 to 6 carbon atoms, and alkanoylamino
      having 1 to 6 carbon atoms; R.sub.1 is a member of the class consisting of
      hydrogen, alkyl having 1 to 6 carbon atoms, alkoxy having 1 to 6 carbon
      atoms, and halo; and Z is dibenzofurano.
NUM  3.
PAR  3. A normally solid, fiber and film-forming polyester or nylon polymeric
      material having incorporated therein approximately 0.005 to 0.5 percent by
      weight of said polymeric material of a fluorescent compound of the formula
      ##SPC13##
PAL  wherein R is H, alkyl having 1 to 6 carbon atoms or alkenyl having 2 to 6
      carbon atoms; R.sub.1 is hydrogen, alkyl having 1 to 6 carbon atoms,
      alkoxy having 1 to 6 carbon atoms, or halo; R.sub.2 and R.sub.3 are the
      same or different and are members of the class consisting of H, alkyl
      having 1 to 6 carbon atoms, alkoxy having 1 to 6 carbon atoms, halo,
      dialkylamino wherein each alkyl has 1 to 6 carbon atoms, alkanoylamino
      having 1 to 6 carbon atoms, phenyl substituted by alkyl having 1 to 6
      carbon atoms, halo, alkoxy having 1 to 6 carbon atoms, and alkanoylamino
      having 1 to 6 carbon atoms; and A is a monovalent aromatic radical
      selected from the class consisting of phenyl, 2 -naphthyl, 1-naphthyl,
      p-methoxyphenyl p-chlorophenyl, 4-biphenylyl, 9-phenanthrenyl, 9-anthryl,
      2-benzofuranyl, 2-indolyl, 2-benzothiophenyl, 6-methoxy-2-naphthyl,
      2-butoxy-1-naphthyl, 5-bromo-1-naphthyl, 3-coumarinyl, 2-indenyl,
      2-quinolinyl, 2 pyridyl, 3-pyridyl, 4-pyridyl, 2-furanyl, 2-benzoxazolyl,
      2-benzothiazolyl, 2-naphtho[2,1-b]furanyl and 2-naphtho[1,2-b]furanyl.
NUM  4.
PAR  4. A normally solid, fiber and film-forming polyester or nylon polymeric
      material having incorporated therein approximately 0.005 to 0.5 percent by
      weight of said polymeric material of a fluorescent compound of the formula
      ##SPC14##
PAL  wherein R.sub.1 is hydrogen, alkyl having 1 to 6 carbon atoms, alkoxy
      having 1 to 6 carbon atoms, or halo; R.sub.2 and R.sub.3 are the same or
      different and are members of the class consisting of H, alkyl having 1 to
      6 carbon atoms, alkoxy having 1 to 6 carbon atoms, halo, dialkylamino
      wherein each alkyl has 1 to 6 carbon atoms, alkanoylamino having 1 to 6
      carbon atoms, phenyl, phenyl substituted by alkyl having 1 to 6 carbon
      atoms, halo, alkoxy having 1 to 6 carbon atoms, and alkanoylamino having 1
      to 6 carbon atoms; and A is a monovalent aromatic radical selected from
      the class consisting of 9 -phenanthrenyl, 9-anthryl, 2-benzofuranyl,
      2-indolyl, 2benzothiophenyl, 3-coumarinyl, 2-indenyl, 2-quinolinyl,
      3-quinolinyl, 2benzoxazolyl, 2-benzothiazolyl, 2-naphtho[2,1-b]fluranyl
      and 2-naphtho[1,2-b] furanyl.
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ABST
PAL  A method and apparatus for simultaneously generating and pumping foam. As
      air is being pumped, foam solution is transmitted through a number of
      bores formed in at least one of the pump's pumping members, whereupon foam
      is generated when the solution emerges from the bores and is discharged at
      the pump's outlet.
PARN
PAR  This is a continuation-in-part of my co-pending application Ser. No. 96,105
      filed Dec. 8, 1970 which is now U.S. Pat. No. 3,791,778, issued Feb. 12,
      1974, which was a continuation-in-part of my application Ser. No. 771,704,
      filed Oct. 30, 1968, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a novel method and apparatus for generating and
      pumping foam. More particularly, this invention relates to a novel
      apparatus for generating and pumping foam by drawing fluid, generally air,
      into an intake of a pump introducing one or more chemicals and a foam
      solution into the fluid while it is being pumped, generating foam by
      passing the foam solution through a series of bores in at least one of the
      pumping members, and subsequently discharging this foam at the pump
      outlet.
PAR  2. Description of the Prior Art
PAR  Generated foam has many uses. The foam may be used not only for fighting
      fires wherein a blanket of foam is placed over the fire, but also in such
      uses as treating foliage with a foam-like insecticide, removal of
      wallpaper and in bleaching, to name only a few. However, present methods
      and apparatus for generating and distributing foam are unsatisfactory.
PAR  The most common method and apparatus for generating and pumping foam is the
      type where a foam solution is flowed over a netlike screen. As a blower
      forces air through the screen, the foam solution expands into air bubbles
      forming foam. The foam is then discharged through a suitable flexible
      conduit to a discharge site. This has many disadvantages. Not only is the
      blower and associated apparatus large and bulky, but the distance the foam
      may be transported before it is discharged is very limited. In addition,
      there is little or no control over the amount and texture of foam formed,
      and the foam will not flow into the wind without being scattered and
      rendered ineffectual. These disadvantages make this type of foam generator
      particularly detrimental in a number of applications where foam is
      utilized. For example, in fighting fires, the size of the blower and the
      apparatus normally requires at least two men to transport the apparatus to
      a site where the foam is to be released. Since the foam may not be
      transported to any great extent from the point where it is originally
      generated, the men fighting the fire must carry the apparatus relatively
      close to it. Further, since the foam scatters easily with the wind, it is
      usually necessary to place the apparatus in a location which is favorable
      to the direction in which the wind is blowing in order to have proper
      coverage of foam, which is not always possible. Another example of an
      application of foam where present foam generators are unsatisfactory is in
      applying a foam pesticide to foliage. Since the wind easily scatters the
      foam, the pesticide frequently damages plants which are not to be treated,
      and the lack of control over the quantity of foam generated frequently
      wastes the pesticide as more than necessary is utilized. Thus, as can
      easily be seen, it is desirable to have a method and apparatus for pumping
      foam which would overcome these disadvantages. It would also be desirable
      to have a foam generator wherein a number of different types of chemicals
      or ingredients can be selectively metered into the pump whereby a foam is
      generated which has a preselected chemical make-up in predetermined
      amounts.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a novel method
      and apparatus for generating and pumping foam in which the foam is both
      generated and pumped simultaneously.
PAR  Another object of this invention is to provide a novel apparatus for
      generating and pumping foam wherein the apparatus is compact and easily
      portable.
PAR  Still another object of this invention is to provide a novel apparatus and
      method for generating and pumping foam in which the foam is produced and
      directed in a steady stream with such characteristics that it will flow
      into or across a wind stream without substantially scattering or
      disintegrating.
PAR  A further object of this invention is to provide a novel method and
      apparatus for generating and pumping foam wherein the foam is pumped with
      such a pressure that it may be transported a substantial distance.
PAR  A still further object of this invention is to provide a novel method and
      apparatus for generating and pumping foam wherein the foam generated and
      pumped may be substantially controlled.
PAR  Another object is to provide an apparatus for generating and pumping foam
      which is both practical and economically feasible to manufacture.
PAR  Another object is to provide a novel apparatus and method for generating
      foam in which a number of preselected chemicals or ingredients can be
      introduced and thoroughly mixed in the foam generator itself.
PAR  Another object is to provide a novel apparatus and method for generating a
      foam in which added chemicals are assured of being thoroughly mixed and
      dispersed within the foam.
PAR  Another object is to provide an apparatus for generating foam wherein
      metered amounts of predetermined substances can be automatically added to
      the foam generator with each rotation of the pump.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the above objects the invention comprises a method of
      pumping foam with a rotary pump having an intake for receiving fluid,
      generally air, and an outlet for discharging foam. As the pump rotates,
      the fluid is drawn into the pump's intake where it is mixed with a
      predetermined amount of one or more chemicals and a foam solution. While
      the fluid, chemicals and foam solution are being pumped, they are forced
      through a number of bores formed in at least one of the pumping elements
      whereupon bubbles of foam are generated as the solution interacts with
      these bores. As the pump rotates, various "pumping forces" cause the foam
      solution to pass through the bores into the surrounding fluid whereupon
      foam bubbles are generated. These bores are suitably formed in at least
      one of the pumping elements with respect to the various pumping forces to
      gain maximum foam generation. Generation of foam also occurs to a limited
      extent by the natural turbulence of the fluid and foam solution resulting
      from the operation of the pump. Additionally, a plurality of chemical
      input means are provided in order that various chemicals can be placed
      within and thoroughly mixed within the pump chamber during the period of
      foam generation. These chemical inputs are provided with metering means
      whereby the amount and type of chemical may be preselected and the correct
      amount placed in the pump housing with each rotation. After being
      generated, the foam is pumped and subsequently discharged at the pump's
      outlet. In this manner, foam is continually generated, pumped and
      discharged by the pump.
PAR  The invention accordingly comprises the features of construction,
      combination of elements, and arrangement of parts which will be
      exemplified in the construction hereinafter set forth and the scope of the
      invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings in which:
PAR  FIG. 1 shows an end view of the pump with parts exposed to show the
      relationship of the pumping member.
PAR  FIG. 2 is a cross-sectional elevation view of the pump along the lines 2--2
      of FIG. 1.
PAR  FIG. 3 is a cross-sectional enlarged view of the designated circular area
      in FIG. 1.
PAR  FIG. 4 is a cross-sectional view of the idler.
PAR  FIG. 5 is a perspective view of the end cover of the pump showing the
      manner of distributing the foam solution.
DETD
PAR  Similar reference characters refer to similar parts throughout the several
      views of the drawings.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail which show a preferred embodiment
      of the present invention and not for the purpose of limiting same. As best
      seen in FIGS. 1 and 2, the improved pump generally indicated as 10
      comprises a housing 12 made of suitably shaped casting of metal or plastic
      which is supported on a pedestal 14. The housing has an inner cylindrical
      surface 16 defining a pumping chamber which has rotor 18 rotatably mounted
      therein. Rotor 18 is keyed to drive shaft 20 extending through a suitable
      opening formed in an integral end 22 of housing 12.
PAR  The general form of rotor 18 is best shown in FIGS. 1 and 2 and includes a
      disk-shaped support plate 24 for supporting a plurality of circumferential
      teeth 26 of the general shape shown. Each of these teeth may have a series
      of radial bores 28 (see FIGS. 2 and 3) extending therethrough for
      receiving a predetermined mixture of fluid, chemicals and foam solution.
      The rotor 18 rotates concentrically with the cylinder wall 16 and is
      slightly spaced from the wall for a suitable rotating clearance without
      substantial drag on the wall.
PAR  Meshing with teeth 26 of the rotor are teeth 30 of an idler 32 positioned
      and rotatably mounted as shown on idler support pin 34. The shapes of the
      teeth 26 and 30 respectively are so arranged as to mesh properly with one
      another and provide a pumping action, hereinafter described, in
      combination with a crescent-shaped partition 35 having a forward end 36
      and rearward end 37. Both the partition 35 and support pin 34 are mounted
      on a diskshaped support plate 38. Gear pockets comprise the spaces between
      the teeth of the gears.
PAR  Referring now to FIG. 4, idler 32 is shown having a plurality of small
      radial bores 40 extending from the interior wall 41 of idler 32 and
      communicating with the interior of pump housing 12. Bores 40 may be
      utilized to transmit chemicals, fluid, and foam solution from a remote
      location to the interior of pump housing 12. The chemicals and foam
      solution are delivered to pump housing 12 by a pipe, such as conduit 51
      from a suitable source (not shown). Conduit 51 is connected to a
      longitudinal bore 50 drilled in idler pin 34. Longitudinal bore 50
      communicates through a plurality of radial passages 52 to a slot 54 (see
      FIG. 5) located on the surface of idler pin 34. The arrangement is such
      that as idler 32 rotates, slot 54 will sequentially cover and uncover
      depending upon the arrangement of radial bores 40 in idler 32. When a
      portion of slot 54 is uncovered, the internal pressure in line 51 together
      with uncovered slot 54 will cause a metered amount of liquid to flow into
      pump housing 12. It is also contemplated that a second longitudinal bore
      53, with radial passages 52 or even additional longitudinal bores (not
      shown) be utilized to place different chemicals in different metered
      amounts into pump housing 12.
PAR  Pin 34 and mounted idler 32 have an axis that is parallel to, but eccentric
      with respect to, the axis of rotor 18. This eccentricity creates a
      crescent space between the idler and rotor which is substantially filled
      by the crescent-shaped partition 35. Rotational clearance is provided
      between the teeth of the rotor and idler and crescent 35. Crescent
      partition 35 has bores 44 in order that further sloshing and mixing with
      resultant foaming of the constituent elements, as described above, will
      take place. In addition to crescent partition bores 44, a plurality of
      inlet bores 49 are provided which are arranged transverse to radial bores
      44 such that they communicate with the outside of pump housing 12. These
      transverse bores 49 and their associated conduits 43 are attached to
      chemical or fluid supply sources together with suitable, standard control
      and metering means such that by preselection, a predetermined amount of
      chemical or fluid can be placed in pump housing 12 through conduits 43 and
      transverse bore 49.
PAR  Referring now to FIG. 1, an inlet port 45 for receipt of fluid and an
      outlet port 47 for discharge of foam are formed in housing 12 are shown.
      As mentioned, idler pin 34 and crescent partition 35 are carried on
      support plate 38. This support plate is formed with two diameters. The
      smaller diameter is slightly less than the diameter of inner cylinder 16
      of pump housing 12 and fits snugly into the cylinder 16 as shown in FIG.
      2. The outer diameter of the disk-plate forms a cover plate 46 which is
      removably secured by bolts 48 to housing 12.
PAR  Removably attached to the discharge outlet 47 of the pump is a cylindrical
      foam accumulator 58 having a reduced neck portion for insertion into the
      outlet. Riding within the accumulator is a stainless steel mesh or plastic
      sponge plug 60. The wire mesh plug acts as a resistance to the discharge
      of the foam and performs two operations: it smooths the pulsations of foam
      being emitted from the pump, thus maintaining a flow of foam at a uniform
      rate; and compacts the foam to a desired density which also assists in
      preventing the foam from billowing out of or leaving the pump too soon.
      The size of the wire mesh or resistance is determined by the density of
      the foam desired but is always of such size as to pass the foam without
      undue impedence. In practice, it has been found that without the
      resistance in the discharge, an appreciable amount of foam solution is
      discharged as well as foam. With the resistance in place, only foam is
      discharged.
PAR  In operation, drive shaft 20 rotates rotor 18 when a prime mover is
      started. Since teeth 26 of rotor 18 are meshed with teeth 30 of idler 32,
      rotation of the rotor simultaneously rotates idler 32. As they rotate, a
      fluid such as air or the like is admitted at intake 45, and foam solution
      is passed under a desired pressure through one of the inlet ports such as
      longitudinal bore 50, passageway 52, distribution slot 54 and finally
      through idler bores 40.
PAR  In addition metered amounts of chemicals in liquid form or in solution are
      selectively fed, in predetermined amounts, into pump housing 12 either
      through other longitudinal slots in idler pin 34 or by other inlet bores
      49 located in crescent 35 or in the walls of pump housing 12. Thus, the
      input chemicals will be thoroughly mixed and disseminated in the foam
      generated in pump housing 12. As the foamed solution emerges from the
      bores 40, part of the solution bubbles into foam but a substantial portion
      still remains as a solution. Thus, as the rotor 18 rotates, additional
      fluid is drawn into the intake 45 and there combined with additional foam
      solution and chemicals which are being added.
PAR  Bores 28, if provided, in rotor teeth 26 will assist in foam generation. As
      the rotor rotates, a centrifugal force is created in any foam solution
      caught in the bores. This, coupled with a Bernoulli suction effect, draws
      the solution outward, and as it emerges from the rotor bores bubbles into
      foam. These bubbles of foam also act to seal the rotating clearance
      between the rotor and cylinder wall 16.
PAR  During a portion of the pumping cycle in which the idler and rotor carry
      the foam, fluid, remaining foam solution and chemicals along the crescent
      partition, both the idler and outer rotor form cavities or pockets between
      their teeth and the partition, as easily seen in FIG. 1, which carries
      foam, fluid, foam solution and chemicals forwardly. At this portion of the
      cycle, as best seen in the enlarged view in FIG. 3, the significant means
      of generating foam is provided by bores 44 in the crescent partition. Due
      to inherent characteristics, the pressure of the fluid, foam, foam
      solution and chemicals in the pockets of the idler will be different than
      a similar pressure between the pockets of the rotor. Consequently, the
      foam solution will flow through the crescent bores 44 to the side having
      the least pressure. As the solution emerges from the bores, it bubbles and
      foam is generated. In addition, as the idler and rotor sweep past the
      crescent bores, a suction effect is created which pulls out foam solution
      in the crescent body bores which generates even more foam (see arrows
      designated A, FIG. 3). This foam also acts to seal the rotating clearance
      between the crescent and the idler and rotor.
PAR  As the idler and rotor teeth pass the rearward end 37 of crescent-shaped
      partition 36, the foam solution has been substantially changed to foam and
      when the teeth begin to mesh together and reduce the volume available for
      the foam, it is forced under pressure through the outlet. The wire mesh 60
      in the accumulator 58 acts as a resistance and compacts and smooths the
      flow of the foam being discharged. In this application, as well as others,
      the size of the pump makes it easy to handle; the nozzle from which the
      foam is emitted may be a substantial distance from the pump itself, which
      makes frequent moves of the pump unnecessary; the foam may be deposited on
      the foliage desired without undue danger of its being scattered by the
      wind to other plants; and, finally, the quantity of foam being deposited
      on a particular plant may be easily controlled.
PAR  As seen by the above description, a novel method and apparatus for
      simultaneously generating and pumping foam has been produced. Foam is
      generated by first drawing fluid into the pump mixing a foam solution and
      certain preselected chemicals with the fluid and then passing the solution
      through appropriately sized bores in at least one of the pumping members.
      The generated foam is then pumped to the outlet of the pump and
      discharged. Since the diameter of the bores determines the size of foam
      bubbles generated, the bores may be suitably drilled with a diameter
      corresponding to the size of bubbles desired for a particular foam
      application. The amount of foam generated can also be easily controlled by
      regulating the speed of the pump or amount of foam solution. Since the
      pump is of the positive displacement type, the foam may be discharged a
      relatively long distance via a suitable conduit to a discharge site. The
      positive pressure, along with the compacting and smoothing means of the
      wire mesh screen, also provides a stream of foam which will go into a wind
      stream without substantially scattering or disintegrating.
PAR  The pump may be made in small units and cast of plastic which makes it
      light and portable as well as economical and practical to manufacture.
PAR  The pump also lends itself easily to a number of applications where foam
      may be utilized. In addition to fighting fire, removing wallpaper and as a
      bleaching agent, the pump is particularly adaptable to be used to apply a
      pesticide to a plant by mixing the pesticide with the foam solution.
PAR  It is to be understood that although this type of pump is preferred for
      producing the best results, other variations of pumps also can be used for
      producing the foam under this method.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in carrying out the above method and in
      the construction set forth without departing from the scope of the
      invention, it is intended that all matter contained in the above
      description or shown in the accompanying drawings shall be interpreted as
      illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
PAR  Now that the invention has been described,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A foam generator and pump constructed to produce a foamed discharge,
      said foam generator and pump comprising: a housing having at least one
      inlet for introducing fluid and for introducing a foaming solution into
      said housing; at least one outlet means for discharging foam; agitating
      means movably mounted within said housing; said agitating means comprising
      a pair of eccentric but co-planar rotors including one inner rotor and one
      outer rotor; each of said rotors having teeth formed thereon and said
      outer rotor arranged in cooperative substantially surrounding relation to
      said inner rotor, said inner and outer rotors being externally and
      internally geared respectively in intermeshing engagement during only a
      portion of their relative movement; a partition positioned between said
      rotors in the area where said rotors are not in intermeshing engagement;
      said partition including a plurality of bores formed therethrough for
      transmitting a foam solution between the gear pockets and the teeth of
      said rotors; said bores comprising at least one radial partition bore and
      at least one axial inlet partition bore; said radial bores being formed in
      cooperative relation between the gear pockets and between the teeth of
      said inner and outer rotors, whereby foam is generated by the interaction
      of fluid and foaming solution with said gear pockets, said teeth and said
      bores, said axial partition bore providing means for extraneous chemical
      input.
NUM  2.
PAR  2. A foam generator and pump as in claim 1 wherein said outer rotor is
      fixedly connected to a drive shaft and said inner rotor is an idler gear
      driven by said outer rotor.
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ABST
PAL  Use of alkanolamine phosphate ester and at least one member selected from
      the group consisting of phosphates, phosphonates, and low molecular weight
      polymers to inhibit the corrosion of metals by oxygen-bearing waters.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the inhibition of corrosion in water systems
      which utilize oxygen-bearing waters.
PAR  More particularly, this invention relates to the use of compositions
      comprising alkanolamine phosphate esters and at least one member selected
      from the group consisting of phosphates, phosphonates, and low molecular
      weight polymers to inhibit the corrosion of metals in water systems which
      contain oxygen-bearing waters.
PAR  Oxygen corrosion is, of course, a serious problem in any metal-containing
      water system. The corrosion of iron and steel is of principal concern
      because of their extensive use in many types of water systems. Copper and
      its alloys, aluminum and its alloys, and galvanized steel are also used in
      water systems and are subject to corrosion. I have discovered corrosion
      inhibitors which will inhibit oxygen corrosion in water systems containing
      such metals.
PAC  SUMMARY OF THE INVENTION
PAR  I have found that compositions comprising an alkanolamine phosphate ester
      and at least one member selected from the group consisting of phosphates,
      phosphonates, and low molecular weight polymers are effective corrosion
      inhibitors.
PAR  Suitable alkanolamine phosphate esters include the phosphate esters of
      mono-, di-, and triethanolamine; mono-, di-, and trisisopropylamine;
      mono-, di-, and iso-butanolamine; and butanolamine. The preferred
      compound, however, is triethanolamine.
PAR  Suitable phosphates include any source of the ortho-PO.sub.4.sup..sup.-3
      ion as, for example, phosphoric acid, mono- di-, and tri-sodium phosphate,
      or any of the sodium polyphosphates, while suitable phosphonates include
      compounds of the formula:
      ##EQU1##
      (See U.S. Pat. Nos. 2,599,807 and 2,609,390) where Alk is any alkylene
      carbon group (C.sub.n H.sub.2n) containing 2 to 6 carbon atoms, each R may
      be H, -CH.sub.2 COOM, or:
      ##EQU2##
      M is H or a cation forming a water-soluble salt and n=0 to 14 provided,
      however, that where n=0 at least one of the radicals represented by R is:
      ##EQU3##
      and where n is greater than zero at least 1/2 of the radicals represented
      by R is:
      ##EQU4##
      Amino tris (methylphosphonic acid) and its water-soluble salts are
      preferred compositions.
PAR  Suitable polymers include water-soluble salts of acrylates and
      methacrylates, unhydrolyzed or partially hydrolyzed acrylamides, and
      acrylamidomethyl propane sulfonates. The polymers may be homo-, co-, or
      ter- polymers of any of the aforementioned polymers and may have a
      molecular weight of from about 500 to about 10,000. The preferred
      molecular weight, however, is about 1,000.
PAR  The corrosion-inhibiting compositions can contain a ratio of alkanolamine
      phosphate ester to the member selected from the group consisting of
      phosphates, phosphonates, and low molecular weight polymers of from about
      5:1 to about 1:15 by weight. The preferred ratio, however, is from about
      3:1 to 1:4 by weight. When more than one member from the group consisting
      of phosphates, phosphonates, and polymers is used, each member may be
      present in varying amounts depending on the particular application. These
      compositions will effectively inhibit corrosion of metals when maintained
      in a water system at a concentration of at least about 10 ppm at the above
      ratios and, preferably, about 50 ppm. Maximum concentrations are
      determined by the economic considerations of the particular application.
PAR  It may, of course, be desirable to add zinc to the compositions of this
      invention for certain applications. The zinc ion may be supplied in many
      ways. For example, it may be added by utilizing a water-soluble zinc salt,
      such as, zinc chloride, zinc acetate, zinc nitrate, or zinc sulfate or it
      may be supplied by adding powdered zinc to a solution of the composition.
PAR  Compounds such as benzotriazole or mercaptobenzothiazole may also be added
      to the final formulation in varying amounts to improve its usefulness in a
      wider variety of industrial applications where both steel and copper are
      present in the same system.
DETD
PAR  The following tables show the results of experiments which demonstrate the
      effectiveness of the compositions of this invention in inhibiting metallic
      corrosion. These tests were run in synthetic Pittsburgh water. Steel
      electrodes were used in polarization test cells with the initial pH at
      7.0. Inhibitor concentrations were calculated on the basis of 100 percent
      active material. The amount of corrosion that had taken place was
      determined from the current density at the intersection of an
      extrapolation of the so-called "Tafel" portion of the anodic polarization
      curve with the equilibrium or "mixed" potential value, usually referred to
      as the corrosion potential, "E.sub.corr." application of Faraday's Law
      allows a computation of a direct mathematical relationship between the
      current density at E.sub.corr, expressed in amperes per square centimeter
      and a more useful corrosion rate expression such as milligrams of steel
      consumed per square decimeter of surface per day (m.d.d.) and mils per
      year (m.p.y.). This relationship is such that a current density value of
      4.0 .times. 10.sup..sup.-7 amperes/cm.sub. 2 = 1.0 mg/dm.sup.2 /day.
      Further, the m.p.y. value is calculated from the formula: m.p.y. = m.d.d.
      .times.  1.44/density, using a density value of 7.87 g/cm.sup.3 for steel.
PAR  The following table illustrates the effect of a corrosion-inhibiting
      composition comprising an alkanolamine phosphate ester and a source of
      o-phosphate in tests run at 35.degree.C.
TBL                Table 1                                                     

     ______________________________________                                    

                    Dosage      Corrosion Rate                                 

     Inhibitor System                                                          

                    (mg/l)      (mdd)                                          

     ______________________________________                                    

     Control         0          100                                            

     Triethanolamine                                                           

     Phosphate Ester                                                           

                    14          25                                             

     Phosphoric Acid                                                           

                     7          25                                             

     Triethanolamine                                                           

     Phosphate Ester                                                           

        +                                                                      

     Phosphoric Acid                                                           

                    14 + 7      10                                             

     ______________________________________                                    

PAR  The following table illustrates the effect of a corrosion-inhibiting
      composition comprising an alkanolamine phosphate ester and a phosphonate
      in tests run at 35.degree.C.
TBL                Table 2                                                     

     ______________________________________                                    

                    Dosage      Corrosion Rate                                 

     Inhibitor System                                                          

                    (mg/l)      (mdd)                                          

     ______________________________________                                    

     Control         0          100                                            

     Triethanolamine                                                           

     Phosphate Ester                                                           

                    10          25                                             

     Amino tris                                                                

     (methylphosphonic acid)                                                   

                    15          50                                             

     Triethanolamine                                                           

     Phosphate Ester                                                           

        +                                                                      

     Amino tris                                                                

     (methylphosphonic acid)                                                   

                    10 + 15      6                                             

     ______________________________________                                    

PAR  The following table illustrates the effect of a corrosion-inhibiting
      composition comprising an alkanolamine phosphate ester, a phosphonate, and
      a source of o-phosphate in tests run at 35.degree.C.
TBL                Table 3                                                     

     ______________________________________                                    

                    Dosage      Corrosion Rate                                 

     Inhibitor System                                                          

                    (mg/l)      (mdd)                                          

     ______________________________________                                    

     Control         0          100                                            

     Amino tris                                                                

     (methylphosphonic acid)                                                   

                    15          50                                             

     Phosphoric Acid                                                           

                     7          25                                             

     Triethanolamine                                                           

     Phosphate Ester                                                           

                    14          25                                             

     Amino tris                                                                

     (methylphosphonic acid)                                                   

        +                                                                      

     Phosphoric Acid                                                           

        +                                                                      

     Triethanolamine                                                           

     Phosphate Ester                                                           

                    15 + 7 + 14  6                                             

     ______________________________________                                    

PAR  The following table illustrates the effect of a corrosion-inhibiting
      composition comprising an alkanolamine phosphate ester, a polymer, and a
      source of o-phosphate in tests run at 35.degree. C.
TBL                Table 4                                                     

     ______________________________________                                    

                    Dosage      Corrosion Rate                                 

     Inhibitor System                                                          

                    (mg/l)      (mdd)                                          

     ______________________________________                                    

     Control        0           100                                            

     Triethanolamine                                                           

     Phosphate Ester                                                           

                    5           52                                             

     Sodium Polyacrylate                                                       

     (molecular weight                                                         

     approx. 1,000) 30          78                                             

     Phosphoric Acid                                                           

                    5           83                                             

     Triethanolamine                                                           

     Phosphate Ester                                                           

        +                                                                      

     Sodium Polyacrylate                                                       

     (molecular weight                                                         

     approx. 1,000)                                                            

        +                                                                      

     Phosphoric Acid                                                           

                    5 + 30 + 5   4                                             

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. A composition useful for inhibiting the corrosion of metals in a water
      system which comprises a triethanolamine phosphate ester and at least one
      member selected from the group consisting of phosphoric acid,
      phosphonates, and a polyacrylate having a molecular weight of from about
      500 to about 10,000.
NUM  2.
PAR  2. A composition as in claim 1 wherein the phosphonate is a composition of
      the formula:
      ##EQU5##
      where Alk is any alkylene carbon group containing 2 to 6 carbon atoms, R
      may be a member selected from the group consisting of H, --CH.sub.2 COOM
      and:
      ##EQU6##
      M is a member selected from the group consisting of H and a cation forming
      a water-soluble salt, n = 0 to 14 provided, however, that where n = 0 at
      least one of the radicals represented by R is:
      ##EQU7##
      and where n is greater than zero at least 1/2 of the radicals represented
      by R is:
      ##EQU8##
NUM  3.
PAR  3. A composition as in claim 2 wherein the phosphonate is amino tris
      (methylphosphonic acid) or the soluble salts thereof.
NUM  4.
PAR  4. A composition as in claim 1 which further contains zinc.
NUM  5.
PAR  5. A composition as in claim 1 further comprises a member selected from the
      group consisting of benzotriazole and mercaptobenzothiazole.
NUM  6.
PAR  6. A method of inhibiting the corrosion of metals in a water system which
      comprises maintaining in the water of said system at least about 10 ppm of
      a composition comprising a triethanolamine phosphate ester and at least
      one member selected from the group consisting of phosphoric acid,
      phosphonates, and a polyacrylate having a molecular weight of from about
      500 to about 10,000.
NUM  7.
PAR  7. A method as in claim 6 wherein the phosphonate is a composition of the
      formula:
      ##EQU9##
      where Alk is any alkylene carbon group containing 2 to 6 carbon atoms, R
      may be a member selected from the group consisting of H, --CH.sub.2 COOM
      and:
      ##EQU10##
      M is a member selected from the group consisting of H and a cation forming
      a water-soluble salt, n = 0 to 14 provided, however, that where n = 0 at
      least one of the radicals represented by R is:
      ##EQU11##
      and where n is greater than zero at least 1/2 of the radicals represented
      by R is:
      ##EQU12##
NUM  8.
PAR  8. A method as in claim 7 wherein the phosphonate is amino tris
      (methylphosphonic acid) or the soluble salts thereof.
NUM  9.
PAR  9. A method as in claim 6 which further contains zinc.
NUM  10.
PAR  10. A method as in claim 6 which further comprises a member selected from
      the group consisting of benzotriazole and mercaptobenzothiazole.
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ABST
PAL  A method for producing a catalytic carbon deposit on a conductive support
      mprising admixing (i) a suspension of between 200 and 400 grams per liter
      of catalytic carbon in a liquid medium, with (ii) a solution of between 20
      and 50 grams per liter of polyvinyl chloride in a cyclic ketone solvent,
      to form an emulsion, depositing said emulsion on said support, and
      evaporating the liquid components of said emulsion from said support to
      form a layer of catalytic carbon in a polyvinyl chloride binder.
BSUM
PAR  The present invention has for its object a method for producing a catalytic
      deposit.
PAR  It is a known practice to form the deposit of a catalyst on a support by
      putting the said catalyst and a binding agent such as
      polytetrafluorethylene, polypropylene or others in suspension in a
      suitable liquid, by depositing by any suitable means such a suspension on
      the support and by effecting a drying possibly followed by a sintering
      according to the nature of the binding agent used.
PAR  Nevertheless, it is observed that the binding agent coats the grains of
      catalyst and sets up chemical connections, this causing a certain
      inhibition of the catalyst and a poor efficiency of the chemical reaction
      which takes place on its contact.
PAR  The present invention makes it possible to overcome these disadvantages and
      it has for its object a method enabling the producing of a catalytic
      deposit by limiting to the greatest possible extent the coating of the
      catalyst by the binding agent so that the catalytic zones may be reached
      by the reagents, which, in this way, react with maximum efficiency.
PAR  The invention concerns therefore a method for producing a catalytic deposit
      on a support by the simultaneous depositing of a catalyst and of a binding
      agent, that method being characterized in that it comprises the following
      stages:
PAR  On the one hand, a suspension of the said catalyst is formed in a first
      liquid medium;
PAR  On the other hand, a solution of the said binding agent in a second medium
      which cannot be mixed with the said first medium is formed in a second
      liquid medium;
PAR  The said suspension is mixed with the said solution;
PAR  The emulsion thus obtained is deposited on the said support:
PAR  The said liquid mediums are removed from the deposit by evaporation.
PAR  In the foregoing method, the catalyst is carbon in suspension in said
      liquid medium in a proportion of between 200 and 400 grams per liter. The
      solution is a solution of polyvinyl chloride in a cyclic ketone in a
      proportion of between 20 and 50 grams per liter.
DETD
PAR  An example of embodiment of a catalytic deposit of activated carbon on a
      support with a view to constituting an anode of a fuel cell will be
      described hereinbelow purely by way of an illustration having no limiting
      character.
PAR  On the one hand, a suspension comprising 1,6 g of activated carbon in 5 cc
      of a mixture of water and triethanolamine is formed, the latter substance
      being used in a proportion of 1 percent of the whole mixture.
PAR  It is also possible to use, instead of water, an alcohol and, more
      particularly, butyl alcohol.
PAR  Furthermore, a polyvinyl chloride (PVC) solution in cyclohexanone in a
      proportion of 40 grammes of PVC per litre is prepared. The suspension and
      the solution are mixed so as to obtain an emulsion which is then projected
      by means of a pneumatic gun onto a plate made, for example of stainless
      steel or of conductive plastic. Thus, a catalytic deposit which is dried
      in a ventilated oven is formed.
PAR  It will be observed that at the time of mixing of the activated carbon
      suspension with the PVC solution, the water or the butyl alcohol,
      previously fixed by the carbon, precipitate the PVC dissolved in
      cyclohexanone, which becomes fixed at the surface of the grains of carbon
      in a multi-phase substance limiting to the greatest extent the coating of
      the catalytic zones. An active anode affording the greatest accessibility
      to the electrolyte and to the reagents and enabling the chemical reaction
      to take place with maximum efficiency, is thus produced. In order to give
      a clear idea, approximately 85 percent of the original surface of the
      catalyst takes part effectively in the reaction.
PAR  Such a method therefore enables the producing of active electrodes with
      small quantities of catalyst.
PAR  Moreover, the characteristics of such an electrode remain practically
      unchanged in time.
PAR  A particular case of embodiment of an anode for a methanol/air cell has
      been described in the preceding text. It is nevertheless to be understood
      that different deposits of catalysts and binding agents may be formed by
      implementing a similar method forasmuch going beyond the scope of the
      invention.
PAR  More particularly, besides the branch of fuel cells, the invention may be
      implemented in numerous catalytic chemical processes.
PAR  The invention is therefore in no way limited to the embodiment described,
      which has been given only by way of an example.
PAR  More particularly, without going beyond the scope of the invention, details
      may be modified, certain compositions may be changed or certain products
      may be replaced by equivalent products.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing a catalytic carbon deposit on a conductive
      support comprising
PA1  admixing (i) a suspension of between 200 and 400 grams per liter of
      catalytic carbon in a liquid medium from the group consisting of water and
      alcohol, with (ii) a solution of between 20 and 50 grams per liter of
      polyvinyl chloride in a cyclic ketone solvent, to form an emulsion,
PA1  depositing said emulsion on said support, and
PA1  evaporating the liquid components of said emulsion from said support to
      form a layer of catalytic carbon in a polyvinyl chloride binder.
NUM  2.
PAR  2. The method of claim 1 wherein said liquid medium is water which
      additionally contains triethanol amine in a proportion of 1 percent of
      said mixture.
NUM  3.
PAR  3. The method of claim 1 wherein said liquid medium is butyl alcohol.
NUM  4.
PAR  4. The method of claim 3 wherein said cyclic ketone is cyclohexanone.
NUM  5.
PAR  5. The method of claim 2 wherein said cyclic ketone is cyclohexanone.
NUM  6.
PAR  6. The method of claim 1 wherein said cyclic ketone is cyclohexanone.
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ABST
PAL  V-P-Zr catalysts having high activity and selectivity and good physical
      strength for the oxidation of alkanes, cycloalkanes and mixtures rich in
      them to dicarboxylic acid anhydrides (e.g. maleic anhydride) are prepared
      by reacting an aqueous mixture of vanadium pentoxide and a hydroxy-or oxo-
      alkanoic acid or formaldehyde, a zirconium salt, and phosphoric acid.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to copending application Ser. No. 461,777 filed
      concurrently herewith, now U.S. Pat. No 3,888,886, which describes
      catalysts comprising complex reaction products of a vanadium oxy salt and
      phosphoric acid promoted with certain metals, and which is a
      continuation-in-part of Ser. No. 379,667, filed July 16, 1973 now
      abandoned, which is continuation-in-part of Ser. No. 261,030, filed June
      8, 1972 now abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention has to do with a method for preparing
      vanadium-phosphorus-zirconium catalysts with high activity and selectivity
      and good physical strength for the oxidation of alkanes, cycloalkanes and
      mixtures rich therein to dicarboxylic acid anhydrides, particularly butane
      to maleic anhydride.
PAR  2. Description of the Prior Art
PAR  Vanadium-phosphorus complex catalysts for the oxidation of butane to maleic
      anhydride, are described in U.S. Pat. No. 3,293,268. Such catalysts
      operate at temperatures greater than 500.degree.C. In general, yields of
      maleic anhydride with such catalysts are relatively low and not
      commercially attractive or feasible.
PAR  More recently, catalysts comprising antimony, molybdenum and iron or
      vanadium, have been described for oxidizing C.sub.4 and C.sub.5 paraffin
      hydrocarbons to maleic anhydride. The catalysts are indicated to be useful
      at 300.degree.-600.degree.C.
PAR  Metal-promoted vanadium-phosphorus complex catalysts are described in U.S.
      Pat. No. 3,156,705. The metal promoters, identified as phosphorus
      stabilizers, are broadly disclosed to include transition metals and rare
      earth metals. The catalysts are taught for oxidizing an olefin (butene) to
      a dicarboxylic acid anhydride (maleic anhydride). There is no teaching
      that such catalysts are effective in the more difficult oxidation of
      saturated hydrocarbons (alkanes and cycloalkanes).
PAR  In application Ser. No. 261,030, filed June 8, 1972 now abandoned, there is
      described an improved process for oxidizing an alkane to a dicarboxylic
      acid anhydride in the presence of a catalyst comprising a complex reaction
      product of a vanadium oxysalt and phosphoric acid promoted with one or
      more of Cr, Fe, Hf, Zr, La and Ce. The atomic ratio of P/V is between
      about 0.5 and about 2, and the atomic ratio of promoter metal/V is between
      about 0.0025 and about 1, in such catalysts.
PAR  As an improvement over, and an extension of, the catalysts described in
      said application Ser. No. 461,777, now U.S. Pat. No. 3,888,886, the
      present invention is concerned with a particular method for making V/P/Zr
      catalysts and with the particular catalysts obtained with that method. In
      prior catalyst preparation methods using HCl, at least 5 moles or more of
      HCl were required per gram atom of vanadium. Such preparation method
      presents a high corrosivity problem requiring the use of expensive
      corrosion resistant equipment. It also increases the volume of material
      that must be handled. The method of this invention, however, does not
      involve the use of hydrogen halide (HCl) and eliminates problems
      associated with its use. When the vanadium source is a halogen-containing
      vanadium salt, the amount of by-product hydrogen halide encountered is
      relatively and comparatively small and involves a relatively negligible
      problem.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a method for
      preparing vanadium-phosphorus-zirconium composites which are catalytically
      active and selective for the oxidation of an alkane, cycloalkane or
      mixtures thereof to a dicarboxylic acid anhydride and which have high
      physical strength. The method comprises forming an aqueous mixture of
      vanadium compound, a hydroxy- or oxoalkanoic acid (C.sub.2 -C.sub.3) or
      formaldehyde, adding a zirconium salt, and phosphoric acid or a compound
      which hydrolyzes to phosphoric acid to form a slurry, and drying the
      slurry.
PAR  The invention is also concerned with a process for oxidizing an alkane,
      cycloalkane or mixtures rich in them to a dicarboxylic acid anhydride by
      contacting the alkane with a molecular oxygen-containing gas under
      specified conditions in the presence of said composites.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The catalysts produced by the method of this invention are effective in the
      oxidation of alkanes, cycloalkanes, and mixtures rich in alkanes and
      cycloalkanes to maleic anhydride in good yields and with good selectivity.
      These catalysts also have the high physical strength needed to be used in
      fluid bed reactors.
PAR  Although the catalyst components can be reacted using various orders of
      addition, it is preferred to prepare the catalyst in three steps or
      stages. First, an aqueous slurry of vanadium compound and a hydroxy- or
      oxo- alkanoic acid (C.sub.2 -C.sub.3) or formaldehyde is refluxed at
      100.degree.-120.degree.C. for between about 0.5 hour and about 5 hours.
      Then, a zirconium salt is added and refluxing is continued for another 0.5
      hour to 5 hours. Finally, phosphoric acid or a compound hydrolyzable to
      phosphoric acid such as P.sub.2 O.sub.5 ; is added and refluxing is
      continued (between about 0.5 hour and about 5 hours).
PAR  Vanadium compounds employable herein are V.sub.2 O.sub.5 VOCl.sub.3,
      VO(NO.sub.3).sub.3, NH.sub.4 VO.sub.3 and VF.sub.5, of which V.sub.2
      O.sub.5 is particularly preferred. The zirconium salts are illustrated by
      ZrOCl.sub.2.4 H.sub.2 O, ZrOCl.sub.2.8H.sub.2 O, ZrO(OAc).sub.2.H.sub.2 O,
      ZrCl.sub.4, Zr(OAc).sub.4, Na.sub.2 ZrCl.sub.6 and ZrOBr.sub.2.XH.sub.2 O.
PAR  The reactant that is reacted with the vanadium compound in the production
      of the catalysts of this invention is a hydroxy- or oxo- alkanoic acid
      having 2-3 carbon atoms or formaldehyde. Non-limiting examples of such
      acids are glyoxylic acid, pyruvic acid, glycolic acid, and lactic acid.
      Glycolic acid and pyruvic acid are preferred.
PAR  The molar ratio of the hydroxy- or oxo-alkanoic acid or formaldehyde to
      vanadium compound will be between about 0.05 and about 1. The optimum
      ratio for each acid or formaldehyde can be readily determined by a minimum
      number of experiments, as those skilled in the art will appreciate. In the
      case of glycolic acid, optimum ratios appear to be 0.3-0.5 in order to
      obtain a catalyst with high selectivity and activity and good physical
      strength. The ratios for other reactants will vary within the
      aforementioned range.
PAR  The quantity of zirconium salt employed is from about 0.0025 to about 0.5
      gram atom per gram atom of vanadium compound. Thus, the quantities of
      vanadium compound and zirconium salt are such that the atomic ratio of
      Zr/V of the final composite is between about 0.0025 and about 0.5.
PAR  The solution formed with the final step addition of phosphoric acid is
      refluxed, to form a slurry. The phosphorus/vanadium atomic ratio wiill be
      about 1.1-1.5/1. Accordingly, there will be used between about 1.1 gram
      atoms and about 1.5 gram atoms of phosphoric acid or compound hydrolyzable
      thereto per gram atom of vanadium compound. A P/V atomic ratio of about
      1.1/1 is preferred.
PAR  Then, the slurry is concentrated and evaporated to substantially dry
      condition in trays or by spray drying. The dried material is ground to
      about 20-60 mesh (U.S. Sieve Series) for fixed bed operation. The ground
      material can be pelletized, for example, to 1/8 inch .times. 5/32 inch
      cylindrical pellets. Optionally, a binder such as stearic acid, can be
      added before pelletizing. Alternatively, the catalyst solution, before
      drying, can be used to impregnate a suitable carrier such as alumina,
      alundum, silica, silicon carbide, silica-alumina, zirconia, zirconium
      phosphate, and/or a zeolite, to produce a supported catalyst suitable for
      use in a fixed or fluidized bed reactor. As a further and preferred
      alternative, the dried, unsupported catalyst can be ground to product a
      powdered catalyst (e.g., 60-200 mesh) for use in a fluidized bed reactor.
PAR  The catalyst can be conditioned in the reactor by passing a hydrocarbon-air
      mixture through the catalyst bed as at about 450.degree.C., prior to
      running the oxidation reaction. Such conditioning is, however, not
      necessary to obtain catalyst efficiency. In practice, anhydride product
      can be obtained upon commencing the flow of oxidation feed through the
      reactor.
PAR  The charge stocks utilizable in the process using the catalyst of this
      invention are alkanes having between 4 and 10 carbon atoms, or mixtures of
      hydrocarbons rich in alkanes and cycloalkanes having between 4 and 10
      carbon atoms. The alkanes can be normal alkanes or they can have
      branching. Typical alkanes are butane, pentane, isopentane, hexane,
      3-methylpentane, heptane, octane, isooctane, and decane. The cycloalkanes
      utilizable can be methyl substituted and include cyclobutane,
      cyclopentane, methylcyclopentane, cyclohexane, methylcyclohexane,
      1,4-dimethylcyclohexane, cycloheptane, and cyclooctane. Mixtures of
      hydrocarbons rich in alkanes and cycloalkanes having between 4 and 10
      carbon atoms, i.e., containing about 70 weight percent or more alkanes and
      cycloalkanes, are well known in the art. Particularly suitable and readily
      available mixtures are naphthas obtained from paraffinic or naphthenic
      petroleum sources. Full boiling range naphthas (boiling within the range
      of about 35.degree.-230.degree.C.) can be used but it is preferred to use
      light naphtha cuts boiling within the range of about
      35.degree.-145.degree.C. The naphthas usually contain about 5-15 percent
      benzene and alkylbenzenes. It has been found that benzene is oxidized to
      maleic anhydride in the process of this invention, whereas to some extent
      alkylbenzenes are oxidized to benzene carboxylic acids or phthalic
      anhydride. It will be understood that other mixtures can be used, such as
      a paraffinic raffinate from the glycol-water solvent extraction of
      reformates (Udex process).
PAR  Butane, because of its ready availability, is preferred. In the following
      discussion and exemplification, therefore, butane is used in most examples
      to demonstrate (but not to limit) the present process for producing maleic
      anhydride. It is contemplated that mixtures rich in butane can be used,
      such as a typical butane-butene (B--B) refinery stream.
PAR  The oxidation of n-butane (or other feed as aforedefined) to maleic
      anhydride is carried out using air or other molecular oxygen-containing
      gases, such as mixtures of carbon dioxide and oxygen or mixtures of
      nitrogen or steam with air or oxygen. Air is preferred. The oxidation
      reaction is carried out at temperatures of 300.degree.-600.degree.C.,
      preferably 325.degree.-550.degree.C. The feed concentration is 0.5-6
      volume percent butane in the oxygen-containing gas and preferably 1-5
      volume percent. The contact time is generally varied between about 0.08-3
      seconds, preferably about 0.16-1.6 seconds for fixed bed operation.
      Generally, contact times of up to about 30 seconds can be used in the case
      of fluidized bed operation. Thus, contact time, depending upon the type of
      operation, will be about 0.08-30 seconds. Although the reaction can be
      carried out at 0.5-20 atmospheres pressure (absolute), it is preferably
      carried out at about 1-5 atmospheres.
PAR  The reaction can be carried out in any suitable reactor for effecting vapor
      phase oxidation reactions. For example, a fixed catalyst bed can be
      employed. The reaction can be carried out, preferably, by using smaller
      catalyst particles in a fluidized reactor bed.
PAR  In the examples and tables, percent yield of "MA" indicates maleic
      anhydride yield expressed as weight of desired product based upon weight
      of (butane) feed (wt. percent) and was determined by titration.
PAR  Similarly, selectivity to maleic anhydride is represented by:
      ##EQU1##
PAR  The flow rates of air and butane were measured at room temperature and
      pressure.
PAR  The attrition index (A.I.) is a relative rating of the percent fines
      produced from the catalyst under test compared to the fines produced from
      a commercial vanadium sulfate (about 3 percent) on silica gel catalyst
      (Grace No. 906) used in a fluid process for oxidizing naphthalene to
      phthalic anhydride. The percent fines is determined in 1 inch I.D. copper
      tube fluid bed apparatus provided at the top with a disengaging section
      adapted to retain particles of 40 microns or greater in diameter and
      provided with a thimble to entrap smaller size particles, i.e., fines. In
      operation, a weighed sample (about 20 ml.) of catalyst is placed in the
      fluid bed apparatus and the thimble is tared. Air is passed upwardly
      through the bottom of the tube at a rate of 13 liters per minute. After
      one hour, the air flow is stopped and the tared thimble is weighed to
      determine the weight of fines. The percent of fines is calculated.
DETD
PAC  EXAMPLE 1
PAR  A vanadium-phosphorus-zirconium catalyst having a V/P/Zr atomic ratio of
      1/1.2/0.13 was prepared as follows: 129g. of V.sub.2 O.sub.5 and 30 ml. of
      70 percent aqueous glycolic acid (GA) solution (0.33 mole) was added to
      500 ml. of H.sub.2 O. The mixture was refluxed for 30 minutes, followed by
      addition of 44.8g. of ZrO(OAc).sub.2.H.sub.2 O. Gas was evolved during
      this time and the mixture turned pea green. After 2 hours at reflux,
      196.4g. of 85 percent H.sub.3 PO.sub.4 was added. Reflux was continued for
      3 additional hours during which time the color of the mixture became blue.
      The mixture was put into a tray in an oven to dry at 130.degree.C. The
      resulting solid was ground to 60-200 mesh.
PAR  The catalyst (100 ml.) was charged to a fluid bed reactor at room
      temperature and 20 ml./min. of n-butane and 1000 ml./min. of air were
      passed through the catalyst. The reactor was heated at 450.degree.C. for
      about 16 hours.
PAR  A mixture of 20 ml./min. of n-butane and 500 ml./min. of air was passed
      through the catalyst at 400.degree.C. Maleic anhydride was determined by
      scrubbing the exit gases through water, followed by titration of an
      aliquot of the aqueous solution. In a one-hour sampling period, 68 percent
      MA yield was obtained at 62 percent selectivity.
PAC  EXAMPLE 2
PAR  A series of catalysts having P/V/Zr ratio (atomic) of 1/1.2/0.13 were
      prepared according to the procedure in Example 1, except that the amount
      of glycolic acid (GA) used was varied. These catalysts (100 ml.) were
      charged to a fluid bed and 20 ml./min. of n-butane and 1000 ml./min. of
      air were passed through the catalyst. The reactor was heated at
      450.degree.C. for 16 hours.
PAR  A mixture of n-butane and air (butane/air = 0.04) was passed through the
      catalyst at 400.degree.C. and the yields of maleic anhydride were
      determined as in the previous example. These results are given in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     Moles GA/  CT.sup.a MA,      MA                                           

     Moles V.sub.2 O.sub.5                                                     

                (Sec)    Wt. %    Selectivity                                  

                                            A.I..sup.b                         

     ______________________________________                                    

     2.0        3.3       3       20        3.8                                

     1.0        3.3      11       23        1.3                                

     0.54       3.3      44       49        1.1                                

     0.46       5.0      56       58        0.71                               

     0.31       3.3      54       64        0.80                               

     ______________________________________                                    

      .sup.a Contact Time                                                      

      .sup.b Attrition Index?                                                  

PAC  EXAMPLE 3
PAR  A series of catalysts having different P/V/Zr ratios were prepared
      according to the procedure given in Example 1. These catalysts (100 ml.)
      were charged to a fluid bed reactor and 20 ml./min. of n-butane and 1,000
      ml./min. of air were passed through the catalyst. The reactor was heated
      at 450.degree.C. for 16 hours.
PAR  A mixture of n-butane and air (butane/air = 0.04) was passed through the
      catalysts at 400.degree.C. and the yields of maleic anhydride were
      determined as in previous examples. The results are given in Table II. The
      data indicate that a zirconium level must be used that gives a balance of
      proper activity, selectivity, and physical stability.
TBL                TABLE II                                                    

     ______________________________________                                    

     Atomic Ratio          MA                                                  

      P/V/Zr    CT (Sec).sup.a                                                 

                           Wt.%    Selectivity                                 

                                            A.I..sup.b                         

     ______________________________________                                    

     1/1.2/0.13 3.3        56      58       0.71                               

     1/1.2/0.093                                                               

                5.0        47      64       1.10                               

     1/1.2/0.058                                                               

                5.0        47      72       1.20                               

     ______________________________________                                    

      .sup.a Contact Time                                                      

      .sup.b Attrition Index                                                   

PAC  EXAMPLE 4
PAR  A catalyst having a V/P/Zr/SiO.sub.2 ratio (atomic) of 1/1.2/0.09/0.35 was
      prepared as follows: 129g. of V.sub.2 O.sub.5 and 30 ml. of 70 percent
      aqueous glycolic acid were added to 500 ml. of water. The mixture was
      refluxed for 30 minutes, followed by addition of 32g. of
      ZrO(OAc).sub.2.H.sub.2 O. During this time gas was evolved and the mixture
      turned pea green. After 2 hours at reflux, 196.4g. of 85 percent H.sub.3
      PO.sub.4 was added. Reflux was continued for 3 hours. The mixture turned
      blue. To the mixture 100 g. of 30 percent silica sol was added and reflux
      continued for 15 minutes. The mixture was put into an oven to dry at
      130.degree.C. The resulting solid was ground to 60-200 mesh.
PAR  The catalyst (100 ml.) was charged to a fluid bed reactor at room
      temperature and 20 ml./min. of n-butane and 1,000 ml./min. of air were
      passed through the catalyst. The reactor was heated at 450.degree.C. for
      about 16 hours.
PAR  A mixture of 30 ml./min. of n-butane and 750 ml./min. of air was passed
      through the catalyst at 400.degree.C. Maleic anhydride was determined by
      scrubbing the exit gases through water, followed by titration of an
      aliquot of the aqueous solution. In a 1-hour sampling period, 61 percent
      MA yield was obtained at 65 percent selectivity. The attrition index
      (A.I.) from the accelerated test was 0.7. This is superior to the A.I. of
      1.1 for the same catalyst composition without SiO.sub.2.
PAC  EXAMPLE 5
PAR  A catalyst having a V/P/Zr atomic ratio of 1/1.2/0.09 was prepared as
      follows: 129 g. of V.sub.2 O.sub.5 and 300 ml. of 37 percent aqueous
      formaldehyde solution was brought to reflux and held for one hour. To this
      was added 31 g. of ZrO(OAc).sub.2.H.sub.2 O and reflux continued for an
      hour, followed by addition of 200 ml. of water and 196g. 85 percent
      H.sub.3 PO.sub.4. The total mixture was refluxed for an additional 21/2
      hours. The mixture was dried in an oven at 130.degree.C. The resulting
      solid was ground to 60-200 mesh.
PAR  The catalyst (100 ml.) was charged to a fluid bed reactor at room
      temperature and 40 ml./min. of n-butane and 1000 ml./min. of air were
      passed through the catalyst. The reactor was heated at 450.degree.C. for
      about 16 hours.
PAR  A mixture of 30 ml./min. of n-butane and 750 ml./min. of air was passed
      through the catalyst at 425.degree.C. Maleic anhydride was determined by
      scrubbing the exit gases through water followed by titration of an aliquot
      of the aqueous solution. In a 1-hour sampling period, 63 percent MA was
      obtained at 61 percent selectivity.
PAC  EXAMPLE 6
PAR  A catalyst having a P/V/Zr atomic ratio of 1/1.2/0.13 was prepared and
      conditioned according to the procedure of Example 1 except that 0.33 mole
      of pyruvic acid was used instead of glycolic acid. A mixture of n-butane
      and air (butane/air = 0.04) was passed through the catalyst at
      400.degree.C. (3.4 sec. contact time) and yield of MA was determined as in
      Example 1. A 55 percent MA yield was obtained at 60 percent selectivity.
PAR  Although the present invention has been described with preferred
      embodiments, it is to be understood that modifications and variations may
      be resorted to, without departing from the spirit and scope of this
      invention, as those skilled in the art will readily understand. Such
      modifications and variations are considered to be within the purview and
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for preparing a vanadium-phosphorus-zirconium catalyst
      composite that consists essentially of:
PA1  a forming an aqueous mixture of a vanadium compound selected from the group
      consisting of V.sub.2 O.sub.5, VOCl.sub.3, VO(NO.sub.3).sub.3, NH.sub.4
      VO.sub.3, and VF.sub.5 and a reactant selected from the group consisting
      of hydroxy-alkanoic acids having 2-3 carbon atoms and oxo-alkanoic acids
      having 2-3 carbon atoms in a ratio of said reactant to vanadium compound
      of between about 0.05 and about 1, refluxing said mixture for between
      about 0.5 hour and 5 hours;
PA1  b adding a zirconium salt selected from the group consisting of
      ZrOCl.sub.2.sup.. 4H.sub.2 O, ZrOCl.sub.2.sup.. 8H.sub.2 O,
      ZrO(OAc).sub.2.sup.. H.sub. 2 O, ZrCl.sub.4, Zr(OAc).sub.4, Na.sub.2
      ZrCl.sub.6, and ZrOBr.sub.2.sup.. xH.sub. 2 O, in a Zr/V atomic ratio of
      between about 0.0025 and about 0.5, continuing refluxing for between about
      0.5 hour and about 5 hours;
PA1  c adding phosphoric acid or a compound hydrolyzable to phosphoric acid, in
      a P/V atomic ratio of between about 1.1/1 and about 1.5/1, continuing
      refluxing for between about 0.5 hour and about 5 hours to form a slurry;
      and
PA1  d drying said slurry.
NUM  2.
PAR  2. The method of claim 1, wherein said reactant is glycolic acid.
NUM  3.
PAR  3. The method of claim 1, wherein said zirconium salt is zirconyl acetate.
NUM  4.
PAR  4. The method of claim 2, wherein said zirconium salt is zirconyl acetate.
NUM  5.
PAR  5. The method of claim 1, wherein said reactant is pyruvic acid.
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ABST
PAL  Catalyst for carrying out heterogeneous catalytic chemical reactions. The
      catalyst is a composite comprising a solid carrier and at least one member
      of the group of carboxymethane sulfonic acid and products resulting from
      the thermal treatment thereof at a temperature not exceeding 350.degree.C.
      The catalyst is prepared by impregnating the carrier carboxymethane
      sulfonic acid or a precursor or precursors thereof, drying the impregnated
      carrier at a temperature not exceeding 170.degree.C and baking the so
      dried product at 170.degree. to 330.degree.. Examples of catalytic
      reactions that are successfully carried out with such a catalyst are
      production of alcohols by hydration of olefins, production of esters from
      acids and olefins, production of esters from alcohols and alkylation of
      aromatic hydrocarbons.
BSUM
PAR  The present invention concerns acidic catalysis of organic reactions. More
      particularly, the invention concerns acidic solid catalysts for
      heterogeneous acidic catalysis of organic reactions, i.e., reactions that
      proceed in the vapour phase in the presence of a solid catalyst.
PAR  Examples of organic reactions which are promoted by acidic catalysis and in
      respect of which the present invention is applicable are hydration of
      olefins, dehydration of alcohols to olefins and/or to ethers, formation of
      esters from olefins and acids, alkylation, arylation, isomerization and
      polymerization of olefins, alkylation of phenols to ethers and
      alkylphenols. These examples are not meant to limit in any way the scope
      of applicability of the present invention.
PAR  For acidic catalysis in solution it is quite common to use sulfonic acids
      which combine good solubility with a strong acidity. For example,
      para-toluene sulfonic acid is an extremely versatile acid catalyst used in
      solution to promote a host of acid catalysed reactions such as
      trans-esterification, enol-ether formation, ketalysation, acetylation,
      dehydration, isomerization, etc. Furthermore, methane di-sulfonic acid and
      methane tri-sulfonic acid have been stated to catalyse the alkylation of
      phenols in solution.
PAR  In many cases heterogeneous catalysis by solid catalysts is advantageous,
      among others for the reason that from a heterogenous system the catalyst
      is easily regained and also the recovery of the product is simpler than in
      the case of a homogeneous system. Indeed many acidic solid catalysts are
      known, both of the type in which the acidity stems from the chemical
      composition of the solid and of the type in which the acidity is the
      consequence of the presence of a liquid acid adsorbed to the surface of an
      inert solid carrier. Thus there are known catalysts prepared by the
      adsorption of phosphoric acid onto the surface of inert solids and such
      catalysts are used, for example, in the manufacture of alcohols by direct
      hydration of olefins, and in the alkylation, arylation and polymerization
      of olefins. These catalysts are not entirely satisfactory since they tend
      to lose some of their catalytic activity as a consequence of the depletion
      of the phosphoric acid content of the solid, due to entrainment of some of
      the phosphoric acid in the gas streams carrying the reactants, which in
      turn is the result of the loose-type association which generally exists
      between the phosphoric acid and the solid carrier.
PAR  A similar difficulty has been observed with known catalysts consisting of
      boron trifluoride adsorbed on anhydrous inorganic oxides.
PAR  The decrease in the concentration of the adsorbed acidic component in this
      type of catalyst, caused by the entrainment of the acidic component in the
      reacting gas streams reduces the activity of the catalyst. To counter this
      reduction of catalyst activity it is generally required to replenish the
      acid lost by entrainment. Also in the technological applications of these
      catalysts for vapour phase reactions measures must be taken to alleviate
      corrosion caused by the entrained acid in the hot gaseous reaction
      streams.
PAR  Acidic solid catalysts of the second type referred to above, i.e., those in
      which the acidity is a consequence of the composition and structure of the
      solid itself, do not suffer from depletion of the acidic component. Thus,
      acidic oxides such as tungsten oxide alone or admixed with other oxides
      are solid catalysts known to catalyse some of the reactions mentioned
      above, e.g. hydration of ethylene. Also heteropoly-acids such as
      silicotungstic acid on silica gel have been stated to be useful for the
      same purpose. Some acidic catalysts of this second type exhibit only at
      relatively high temperatures an appreciable activity to catalyse vapour
      phase chemical transformation, while others, due to their high activity,
      are not selective with respect to their catalytic activity even at low
      temperatures. Thus, for example, the relatively drastic conditions of
      250.degree.C temperature and 100 atmospheres pressure are required for the
      hydration of propylene to isopropanol over a silica-alumina catalyst,
      while the silicotungstic acid catalyst mentioned above brings about
      extensive polymerization of propylene when used as a catalyst in the
      hydration of propylene to isopropanol at a temperature exceeding
      180.degree.C. Below 180.degree.C the catalytic activity of this catalyst
      is not very pronounced. It should also be noted in this context that side
      reactions such as coking and polymerization, which may occur with a
      catalyst of low selectivity, tend to cause deactivation of the catalyst
      with an ensuing loss in its capacity to promote the desired chemical
      reaction. This second type of solid acidic catalysts is thus also of
      limited applicability.
PAR  There are also known solid catalysts for heterogeneous reactions in which
      sulfuric acid and/or oxides of sulfur are supported on solid carriers. For
      example, a catalyst prepared by oxidizing SO.sub.2 to SO.sub.3 in a
      furnace containing the supports has been reported to promote isomerization
      of hydrocarbons; a catalyst prepared by soaking a porous support in dilute
      sulfuric acid and drying the product obtained has been reported to
      catalyse esterification of lower acrylic acids; a catalyst obtained by
      spraying a support with dilute sulfuric acid has been reported to be
      useful to obtain diaryl methanes; and a catalyst prepared by passing a
      stream of SO.sub.3 through silica gel has been reported to be usful for
      the vapour phase hydration of olefins. All these catalysts suffer from the
      same drawback as those based on phosphoric acid in that the adsorbed
      sulfuric acid or sulfur trioxide is entrained by the gaseous phase with
      ensuing reduction and eventual total loss of catalytic activity. For
      example, it has been shown that a catalyst consisting of 12 percent by
      weight of sulfuric acid supported on diatomaceous earth pellets employed
      in the vapour phase dehydration of n-butanol to the corresponding ether
      completely lost its activity after 4 hours and that this loss of activity
      was due to the entrainment of the sulfuric acid in the vapour stream
      passing over the catalyst.
PAR  There are known ion exchange resins in which a sulfonic acid group is
      attached to a polymeric backbone such as, for example, a resin resulting
      from the copolymerization of vinyl sulfonic acid CH.sub.2 =CHSO.sub.3 H,
      or crotyl sulfonic acid CH.sub.3 -CH=CHSO.sub.3 H, with divinyl benzene as
      cross-linking agent. Such resins are not known to be applied in industrial
      practice as heterogeneous catalysts in organic reactions of the type
      specified hereinbefore. Attempts have been made in laboratories to use
      such resins as catalysts in hydration of propylene at a temperature of
      135.degree.C. However, even at this low temperature degradation of the
      resin due to desulfonation was reported to occur, and at a higher
      temperature the rate of this undesirable loss of active sites increased,
      leading to deactivation of the resin with concommitant decrease in the
      conversion of propylene to isopropanol. Moreover, due to the low
      permissable operative temperature all work involving use of ion exchange
      resins as catalysts was carried out in liquid phase with exceptionally
      high water-to-propylene feed ratios in the range of 10:1 to 60:1, which is
      an additional serious drawback in practical catalytic work.
PAR  The above drawbacks have so far imposed serious limitations of the
      application of heterogeneous acidic catalysis of organic reactions,
      notwithstanding the fact that such a catalysis, if successful, is of
      substantial economic advantage over homogeneous catalysis as regards
      regaining the catalyst and recovery of the product(s).
PAR  In accordance with the invention there is provided a composite solid
      catalyst for heterogeneous catalytic chemical reactions, produced by a
      process consisting essentially of the following steps:
PAR  a. impregnating an inert carrier with carboxymethane sulfonic acid, or a
      precursor thereof or precursors thereof;
PAR  b. drying the so impregnated carrier, at a temperature not exceeding
      170.degree.C to remove volatiles; and
PAR  c. baking the product of step (b) at a temperature within the range of
      170.degree.-330.degree.C to constant weight.
PAR  It is preferred to perform the impregnation described under (a) above at a
      temperature below 170.degree.C. If desired, subsequent to the impregnation
      any residual impregnation liquors may be removed from the impregnated
      solid by filtration or decantation, prior to the application of step (b).
PAR  Preferably during step (b) the impregnated carrier is first heated under
      reduced pressure at a temperature not exceeding 138.degree.C for about 1
      hour and subsequently at 135.degree.-145.degree.C under atmospheric
      pressure for about 4 hours.
PAR  The baking in step (c) may be effected under an atmosphere of air, oxygen,
      hydrogen, nitrogen or another inert gas. Preferably the gas that forms the
      baking atmosphere is passed as a stream over the baking catalyst.
PAR  The carrier material has to be inert to any of the reactants and products
      under operating conditions and should remain solid under these conditions;
      it should preferably have a large specific surface. Examples of materials
      applicable as carriers are inorganic oxides such as alumina, silica,
      boria, zirconium dioxide, silica-alumina, silica-alumina-zirconia, various
      naturally occurring inorganic oxides of various grades of purity such as
      diatomaceous earth, atlapulgus clay, bentonite. It is also possible to use
      acids based on any of the above oxides as well as their salts. Also,
      active carbons of various origins such as animal charcoal, graphite and
      the like may be used.
PAR  For some carriers, such as for example, silica-alumina and naturally
      occurring inorganic oxides, pretreatment with an acid prior to
      impregnation is preferable.
PAR  The carriers may be used in the form of pellets, chips or granules for
      fixed bed application or in the form of small particles suitable for
      fluidized bed use.
PAR  As a rule the organic phase in a catalyst according to the invention will
      amount to 0.5 to 60 percent of the net carrier weight, the range of 10-30
      percent by weight being the preferred one. The term "net carrier weight"
      used herein means the weight of the carrier material prior to
      impregnation.
PAR  It is also possible in accordance with the invention to compact a powderous
      catalyst according to the invention into a body of any desired shape, e.g.
      for the purpose of fitting it as a compact body into a specific piece of
      apparatus.
PAR  The impregnation of carboxymethane sulfonic acid and/or precursors thereof
      onto the carrier material can be effected in various ways, e.g. by
      spraying, adsorption from a solution or suspension, or by any other
      suitable technique.
PAR  For example, it is possible to impregnate the carrier with the precursors
      acetic anhydride and sulfuric acid and to heat the so impregnated carrier.
      The acetic anhydride and sulfuric acid react with each other to form
      acetyl sulfuric acid which through intramolecular transposition is
      transformed to carboxymethane sulfonic acid in accordance with the
      following reaction scheme:
EQU  n(CH.sub.3.CO).sub.2 O+ H.sub.2 SO.sub.4 =CH.sub.3 COO.SO.sub.3 H +
      (n-1)(CH.sub.3 CO).sub.2 O + CH.sub.3 COOH CH.sub.3 CO.O.SO.sub.3
      H.fwdarw.HOOC.CH.sub.2.SO.sub.3 H
PAR  The relative proportions of the acetic anhydride and concentrated sulfuric
      acid in the above reaction are from 10:1 to 1:5, preferably 3:1 to 1:2.
PAR  It is of course also possible to use for the impregnation ready made acetyl
      sulfuric acid or a solution thereof.
PAR  Instead of using acetic anhydride and sulfuric acid it is also possible to
      use SO.sub.3 in glacial acetic acid.
PAR  It is also possible to use as precursors a mixture of acetic acid and
      oleum.
PAR  The above precursors are named by way of example only, and quite generally
      any precursor(s) capable of forming carboxymethane sulfonic acid may be
      used.
PAR  Once the carboxymethane sulfonic acid has formed on the carrier the
      resulting composite is further processed as specified hereinbefore.
PAR  The chemical nature of the organic phase in the solid catalyst according to
      the invention has not been ascertained. It is believed that during the
      baking operation at least a substantial part of the carboxymethane
      sulfonic acid initially impregnated on the carrier or formed thereon from
      precursors, as the case may be, is thermally converted into different
      acids whose acidity is at least in part due to sulfonic acid groups.
PAR  Thus a catalyst according to the invention will as a rule contain
      conversion products of carboxymethane sulfonic acid, possibly in admixture
      with non-converted carboxymethane sulfonic acid. There may be cases in
      which the carboxy-methane sulfonic acid predominates.
PAR  The use of a solid acidic catalyst with free sulfonic groups as a
      heterogeneous catalyst in liquid or vapour phase reactions was far from
      obvious notwithstanding the fact that it had been known prior to this
      invention to use sulfonic acids as catalysts in solution, i.e. in a
      homogeneous system. This is so because the requirements of stability,
      activity, selectivity, solubility, volatility, etc. are in the case of
      heterogeneous catalysts at times of an entirely different order of
      magnitude and may even be diammetrically opposed to the same requirements
      in the case of a homogeneous catalyst. Thus, for example, a compound to be
      applied as a catalyst in solution is generally required to be soluble in
      the solvent used, whereas solubility of an active component of a
      heterogeneous catalyst in the gaseous reactants and products as well as
      any carrier gas, is undesirable. Furthermore, as mentioned above,
      polymeric sulfonic acid ion exchange resins have been shown to be
      impractical for heterogeneous catalysis. In view of all this it could not
      have been anticipated that carboxymethane sulfonic acid and its thermal
      conversion products, all rendered insoluble by application to a carrier as
      specified, will have a superior catalytic effect and consequently be
      useful as an improved heterogeneous catalyst.
PAR  The invention is illustrated by the following examples to which it is not
      limited. In these examples:
PAR  "Space Velocity" means the number of gas or liquid "volumes" calculated at
      NTP, passing through the catalyst bed in a specified period of time,
      "volume" being defined as equal to apparent volume of the catalyst bed
      used.
DETD
PAC  EXAMPLE 1
PAC  Part A
PAR  150 g of Grace Grade 57 silica gel (Tayler mesh size on 6) (supplied by the
      Davison Division, Grace Corp.) was heated in a three-neck flask equipped
      with a separatory funnel under a 1 mm vacuum to 85.degree.C (oil bath).
      After one hour the oil bath was removed, the silica gel was cooled to room
      temperature and a mixture of 298 ml of acetic anhydride and 81 ml of
      concentrated sulfuric acid was added in a slow stream from the separatory
      funnel while the silica gel was still being kept under vacuum. After half
      an hour the mixture was brought to atmospheric pressure, the separatory
      funnel was replaced by a condenser equipped with a CaCl.sub.2 tube and the
      mixture was heated for two hours at 85.degree.C.
PAC  Part B
PAR  The mixture was cooled, the silica gel was filtered off on a Buchner funnel
      without filter paper and was washed with two 30 ml portions of glacial
      acetic acid. The silica gel was transferred into a round-bottomed flask
      and was dried under a 30 mm vacuum for 1 hour on a rotary evaporator at
      90.degree.C bath temperature.
PAC  Part C
PAR  This silica gel was then transferred to a glass plate and was dried in a
      stream of air, first at 140.degree.C for 4 hours, then for 30-40 hours at
      200.degree.C to constant weight. At this stage the material weighed 179.2
      g.
PAC  Part D
PAR  The material was divided into three equal portions of about 60 g each. Each
      portion was separately charged into a 60 cm long glass reactor tube having
      an internal diameter of 1.8 cm. The tube was placed in a vertical oven and
      was steamed in a nitrogen stream in which the ratio of steam/inert gas was
      1/1 (V/V), flowing at a rate of 120.+-.20 1/hr. Steaming was started at
      150.degree.C oven temperature. Within the first eight hours the oven
      temperature was gradually raised to 195.+-.5.degree.C and steaming was
      continued at this temperature for 40 hours. The separately steamed
      portions of the now ready catalyst were combined.
PAR  The catalyst obtained had the following characteristics:
TBL  Dry weight          179.0 g                                               

     Gain on net carrier weight                                                

                         19.3 %                                                

     Apparent bulk density                                                     

                         0.44                                                  

     Specific surface    222.+-.2m.sup.2 /g                                    

     Thermogravimetric analysis (TGA) in nitrogen atmosphere:                  

     Temperature (.degree.C)                                                   

                        Weight loss (%)                                        

      20-500             19.4                                                  

PAC  EXAMPLE 2
PAR  150 g of silica pellets obtained from BASF under code number D11-10 and
      having a surface area of 121.+-.12 m.sup.2 /g were subjected to treatment
      as in parts A, B and C of Example 1, the heating time in part C being 100
      hours. At the end of part C there was obtained 193.5 g of a grey product
      corresponding to 28.5 w percent gain. A portion of this product was
      steamed at 200.degree.C with a nitrogen-steam mixture for 50 hours.
PAR  The catalyst obtained had the following characteristics:
TBL  Gain on net carrier weight                                                

                         16.5%                                                 

     Apparent bulk density                                                     

                         0.436                                                 

     Specific surface    54.+-.5 m.sup.2 /g                                    

     Thermogravimetric analysis (TGA) in nitrogen atmosphere:                  

     Temperature (.degree.C)                                                   

                        Weight loss (%)                                        

      20-500             16.3                                                  

PAC  EXAMPLE 3
PAC  Part A
PAR  The procedure was as in Example 1.
PAC  Part B
PAR  The reflux condenser was replaced by a Claisen head to which a horizontal
      condenser, an adaptor protected with a CaCl.sub.2 tube, and receiving
      flask were attached. The oil bath temperature was slowly raised up to
      160.degree.C. A small amount of condensate was collected while heating was
      continued until distillation stopped. A dry material was obtained at this
      stage.
PAC  Part C
PAR  The procedure was as in Example 1. At the end of this part the material
      obtained weighed 223 g.
PAC  Part D
PAR  The procedure was as in Example 1, and the catalyst obtained had the
      following characteristics:
TBL  Dry weight          208.7 g                                               

     Gain on net carrier weight                                                

                         39%                                                   

     Apparent bulk density                                                     

                         0.585                                                 

     Specific surface    110.+-.13 m.sup.2 /g                                  

     Thermogravimetric analysis (TGA) in nitrogen atmosphere:                  

     Temperature (.degree.C)                                                   

                        Weight loss (%)                                        

      20-500             39.5                                                  

PAC  EXAMPLE 4
PAC  Pretreatment
PAR  200 g of Houdry silica-alumina 511 CP (obtained from Houdry Division, Air
      Products and Chemicals Inc.), 4 mm .times. 4 mm pellets were heated in a
      three-neck flask equipped with a separatory funnel under a 1 mm vacuum to
      85.degree.C (oil bath). After one hour the oil bath was removed and a
      solution of 180 ml of concentrated sulfuric acid in 430 ml of H.sub.2 O
      was slowly added from the separatory funnel to the flask while the pellets
      were still under vacuum. After about half an hour the mixture was brought
      to atmospheric pressure and was heated to reflux for 2 hours. The pellets
      were filtered off on a Buchner funnel without filter paper, were washed
      free of sulfuric acid with distilled water, and were dried successively in
      a rotary evaporator at 20 mm and 90.degree.C bath temperature and in an
      oven at 140.degree.C. The dry, treated pellets weighed 188.4 g.
PAR  The above described treatment was repeated again on the treated pellets.
      This time however 428 ml of 90 percent w/w sulfuric acid was used and the
      mixture was heated to 140.degree.C for 6 hours. After this treatment the
      pellets were again washed free of sulfuric acid with distilled water and
      were dried successively on a rotatory evaporator in vacuum, then for 1
      hour at 140.degree.C and for 2 hours at 200.degree.C. The pellets weighed
      184.8 g at this stage.
TBL  ______________________________________                                    

     Pretreated pellets   Al.sub.2 O.sub.3 -- 8.3%                             

     Apparent Bulk Density                                                     

                          0.61                                                 

     Original pellets (before                                                  

      pretreatment)       Al.sub.2 O.sub.3 -- 11.5%                            

     Apparent Bulk Density                                                     

                          0.63                                                 

     ______________________________________                                    

PAR  150 g of the pretreated pellets were subjected to treatment as described in
      parts A, B and C of Example 1. At the end of the part C the procedure was
      continued by heating the product for 58 hours to constant weight in a
      stream of air at 200.degree.C and a grey product was obtained.
PAR  The product obtained at the end of part C had the following
      characteristics:
TBL  Dry weight            177.2 g                                             

     Gain on net carrier weight                                                

                           18%                                                 

     Specific surface      39.+-.6 m.sup.2 /g                                  

     Apparent Bulk Density 0.7                                                 

PAR  The product of part C above was steamed at 200.+-.5.degree.C for 100 hours
      and the resulting catalyst had the following characteristics:
TBL  Dry weight          158 g                                                 

     Gain on net carrier weight                                                

                         6.7 %                                                 

     Specific surface    43.+-.5 m.sup.2 /g                                    

     Apparent Bulk Density                                                     

                         0.69                                                  

     Thermogravimetric analysis (TGA) in nitrogen atmosphere:                  

     Temperature (.degree.C)                                                   

                        Weight loss (%)                                        

      20-500             7.0                                                   

PAC  EXAMPLE 5
PAR  200 g of Houdry 24 CP synthetic silica-alumina pellets were pretreated as
      described in Example 4 and there were obtained 179.6g of dry pellets
      having the following properties:
TBL  Al.sub.2 O.sub.3     2.7%                                                 

     Specific surface     398.+-.45 m.sup.2 /g                                 

     Apparent Bulk Density                                                     

                          0.49                                                 

PAR  The original pellets before the pretreatment had the following
      characteristics:
TBL  Al.sub.2 O.sub.3 12% (Houdry data sheet)                                  

     Specific surface 420 m.sup.2 /g (Houdry data                              

                      sheet)                                                   

     Apparent Bulk Density                                                     

                      0.48                                                     

PAR  150 g of the pretreated pellets were used for catalyst preparation in
      accordance with the process of Example 1. At the end of part C the product
      was heated in a stream of air at 200.degree.C for 50 hours to constant
      weight and there resulted a dark grey material which had the following
      characteristics:
TBL  Dry weight              184.3 g                                           

     Gain on net carrier weight                                                

                             22.9 %                                            

     Apparent Bulk Density   0.58                                              

PAR  This material was steamed for 80 hours at 200.+-. 5.degree.C and the
      resulting catalyst had the following characteristics:
TBL  Supported phase concentration                                             

                          11.1 %                                               

     Apparent Bulk Density                                                     

                          0.55                                                 

     Specific surface     164.+-.21 m.sup.2 /g                                 

     Thermogravimetric analysis (TGA) in nitrogen atmosphere:                  

     Temperature (.degree.C)                                                   

                         Weight loss (%)                                       

      20-500              11.3                                                 

PAC  EXAMPLE 6
PAR  123 g of glacial acetic acid was heated to 110.degree.-120.degree.C with
      magnetic stirring in a three neck flask while a stream of sulfur trioxide
      was introduced for 5 hours. By the end of this period, a 29.6 g weight
      gain was obtained in the contents of the flask. This solution was added in
      vacuo to 100 g of preheated pellets of a diatomaceous earth sold under the
      trademark Celite and the mixture was then kept at atmospheric pressure and
      room temperature for a quarter of an hour and subsequently heated to
      80.degree.C for 11/2 hours. The volatile material was distilled off at
      160.degree.C (oil bath temperature) and the pellets were baked at
      200.degree.C for 15 hours in a stream of air. The resulting catalyst
      weighed 129 g corresponding to 29 percent gain on the net carrier weight.
PAC  EXAMPLE 7
PAR  10 g of predried microspherical silica gel (obtained from Davison Division,
      Grace Corp.) (particle size 30 to 40 mesh Tayler scale) was placed in an
      evacuated flask, a mixture of 40 ml of acetic anhydride and 10.8 ml of
      concentrated sulfuric acid was added, and the mixture was heated at
      atmospheric pressure at 85.degree.C for 4 hours. After cooling the
      mixture, the solid was filtered off, washed with two 8 ml portions of
      glacial acetic acid and dried in a rotary evaporator in a 30 mm Hg vacuum
      at 80.degree.C for 1 hour. The material was then heated at 140.degree.C in
      a stream of air for 6 hours and was baked at 200.degree.C to constant
      weight. The resulting catalyst was a black microspherical product
      containing 89 percent by weight of material derived from the carrier. This
      catalyst is suitable for fluidized bed applications.
PAC  EXAMPLE 8
PAR  The catalyst prepared in accordance with Example 1 was used for the
      production of isopropanol by catalytic hydration of propylene. A fixed bed
      of 50 ml of the catalyst was established in a high pressure flow reactor
      system and the reaction was carried out under the following conditions:
TBL  Temperature          172-177.degree.C                                     

     Pressure             135-138 PSIA                                         

     Space Velocity (number of                                                 

      volumes of gas at NTP passing                                            

      over the catalyst column)                                                

                          1900-2300 Hr.sup.-.sup.1                             

     Water to propylene mole ratio                                             

                          0.7:1.0 - 1.0:1.0                                    

PAR  In a 119 hour continuous run test conditions were readjusted every 10 hours
      and isopropanol was obtained in 7.1 to 9.4 mole percent conversions
      (calculated on propylene) in the form of 20.4 to 35.0 weight percent
      aqueous solutions. In all tests, no by-products were detectable by gas
      chromatographic analysis in the isopropanol product solutions, and in the
      gaseous material leaving the reactor system. The accuracy limit of the gas
      chromatography analytical method lies at about 10 ppm and therefore any
      by-products such as acetone, n-propanol or propylene olygomers were
      present, if at all, in quantities less than 10 ppm. The test conditions
      and results are given in the following Table:
TBL                TABLE                                                       

     ______________________________________                                    

                                          Conc. of                             

     Temp. Press.  S.V.    H.sub.2 O/                                          

                                 Conv. to Isopropanol                          

     .degree.C                                                                 

           PSIA    Hr.sup.-.sup.1                                              

                           C.sub.3 H.sub.8                                     

                                 Isopropanol                                   

                                          in aq. sol.                          

                           mole/ % conversion                                  

                                          Weight %                             

                           mole                                                

     ______________________________________                                    

     172   135     1900    0.7:1.0 7.1      20.4                               

     175   136     2050    0.8:1.0 8.3      28                                 

     177   138     2300    0.9:1.0 8.8      34                                 

     177   138     2050    0.9:1.0 9.4      32                                 

     177   138     2000    1.0:1.0 9.1      35                                 

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  Catalytic hydration of propylene to isopropanol was carried out using a
      catalyst prepared in accordance with Example 2 in a 50 ml fixed bed, in a
      similar reactor as in Example 8, under the following conditions:
TBL  Temperature          174-181.degree.C                                     

     Pressure             105-135 PSIA                                         

     Space Velocity       500-1700 Hr.sup.-.sup.1                              

     Water to propylene mole ratio                                             

                          0.0:1.0 - 1.3:1                                      

PAR  In a continuous 95 hour run test conditions were readjusted every 10 hours
      and isopropanol was obtained in 6.6 to 8.9 mole percent conversions
      (calculated on propylene) in the form of 15 to 27 weight percent aqueous
      solutions. The selectivity to isopropanol was 91 to 96 percent with
      isopropyl ether present as by-product.
PAC  EXAMPLE 10
PAR  The catalytic hydration of propylene to isopropanol was carried out in a
      similar reactor system as in Example 8 using a 50 ml bed of a catalyst
      prepared according to Example 3. The conditions were as follows:
TBL  Temperature         174-187.degree.C                                      

     Pressure            130-135 PSIA                                          

     Space Velocity      1700-2200 Hr.sup.-.sup.1                              

     Water to propylene mole ratio                                             

                         0.5:1.0 - 0.8:1.0                                     

PAR  In a 25 hour run test conditions were readjusted every 10 hours and
      isopropanol was obtained in 6.0 to 8.1 mole percent conversions
      (calculated on propylene) in the form of 19.3 to 30.2 weight percent
      aqueous solutions. The selectivity was 94 to 98 percent with isopropyl
      ether being present as by-product.
PAC  EXAMPLE 11
PAR  200 g of silica-alumina pellets containing 11.5 percent by weight of
      Al.sub.2 O.sub.3 were placed in a solution prepared from 108 ml of
      concentrated sulfuric acid and 430 ml of water, and the solution was
      refluxed for 2 hours. The pellets were filtered off, washed with distilled
      water to neutral pH and were thoroughly dried at 140.degree.C. After this
      treatment the alumina content of the pellets were reduced to 8.3 percent.
PAR  A catalyst was prepared from these pretreated pellets using the procedure
      of Example 1 and the resulting catalyst had a specific surface of 43.+-.5
      m.sup.2 /g.
PAR  The catalyst was used for the catalytic hydration of ethylene to ethanol
      employing a 50 ml fixed bed in the same reactor system as in Example 8,
      under the following conditions:
TBL  Temperature         169-180.degree.C                                      

     Pressure            104-134 PSIA                                          

     Space Velocity      930-1840 Hr.sup.-.sup.1                               

     Water to ethylene mole ratio                                              

                         0.4:1.0 - 1.2:1.0                                     

PAR  In a 181 hour run test conditions were readjusted every 10 hours and 2.0 to
      4.1 mole percent conversions of ethylene to ethanol were obtained. Ethanol
      was obtained in the form of 7.6 to 14.2 weight percent aqueous solutions.
      Selectivity was 92 to 98 percent, with ethyl ether being obtained as
      by-product. All product analyses were performed by gas chromatography.
PAC  EXAMPLE 12
PAR  Using the same reactor system as in Example 8 with a 50 ml charge of the
      catalyst prepared in accordance with Example 1 the hydration of ethylene
      to ethanol was carried out under the following conditions:
TBL  Temperature         195-205.degree.C                                      

     Pressure            175-185 PSIA                                          

     Space Velocity      1750 to 1850 Hr.sup.-.sup.1                           

     Water to ethylene mole ratio                                              

                         1.45:1.0-1.55:1.0                                     

PAR  In a 140 hour continuous run test conditions were readjusted every 10 hours
      and 2.0 to 2.2 mole percent ethylene to ethanol conversions were obtained.
      Ethanol was obtained in the form of 3.1 to 3.3 weight percent aqueous
      solutions. Selectivity was 98 to 99 percent, with ethyl ether present in
      trace quantities as a by-product.
PAC  EXAMPLE 13
PAR  The catalyst of Example 1 was used for the catalytic formation of isopropyl
      acetate from acetic acid and propylene. The reaction was carried out at
      atmospheric pressure using a vertical reactor charged with 30 ml of the
      catalyst. The reaction conditions were:
TBL  Temperature        130-180.degree.C                                       

     Pressure           1 atm                                                  

     Space Velocity     800-2100 Hr.sup.-.sup.1                                

     Propylene to acetic acid                                                  

     mole ratio         1.1:1.0 - 3.5:1.0                                      

PAR  In a continuous run of 47 hours test conditions were readjusted every 5
      hours and 14 to 25 mole percent acetic acid to isopropyl acetate
      conversions were obtained. Isopropyl acetate was obtained in the form of
      20 to 40 percent solutions in acetic acid. Selectivity was 100 percent in
      all runs below 150.degree. C reactor temperature. When the temperature was
      higher a small amount of propylene dimers and trimers were present in the
      product. All analyses were performed by gas chromatography.
PAC  EXAMPLE 14
PAR  The experiment of Example 13 was repeated using the catalyst described in
      Example 3. The conditions were as in Example 13 and the conversions of
      acetic acid to isopropyl acetate were comparable. However at temperatures
      above 150.degree.C increased quantities of propylene olygomers were
      obtained as by-products.
PAC  EXAMPLE 15
PAR  Catalytic formation of anisole by the reaction of phenol with methanol in
      the gaseous phase was performed with the catalyst of Example 2 using a
      vertical reactor charged with 30 ml of the catalyst. The reaction
      conditions were:
TBL  Temperature         170-195.degree.C                                      

     Pressure            1 atm                                                 

     Liquid space velocity                                                     

                         0.8-2.8 Hr.sup.-.sup.1                                

     Phenol to methanol mole ratio                                             

                         1.0:1.0 - 1.0:2.5                                     

PAR  In a 26 hour run test conditions were readjusted every 4 hours and 12.5 to
      28.3 moles percent conversions of phenol to anisole were obtained. Anisole
      was obtained in 100 percent selectivity and analyses were performed by gas
      chromatography.
PAC  EXAMPLE 16
PAR  Gaseous phase alkylation of benzene by propylene to cumene was performed
      using the catalyst of Example 3. The experiment was carried out in a
      vertical reactor charged with 30 ml catalyst. The reaction conditions
      were:
TBL  Temperature        195-205.degree.C                                       

     Pressure           1 atm                                                  

     Liquid space velocity                                                     

     (benzene)          1.7-3.5 Hr.sup.-.sup.1                                 

     Benzene to propylene mole                                                 

     ratio              2.0:1.0 - 4.5:1.0                                      

PAR  In 5 separate 7 hour runs 3.5 to 5.2 mole percent conversions of benzene to
      cumene were obtained. Selectivity to cumene was 67 to 94 percent with
      ortho- and meta- disopropyl benzenes obtained as by-products.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composite solid catalyst for heterogeneous catalytic chemical
      reactions, produced by a process consisting essentially of the following
      steps:
PA1  a. impregnating an inert carrier with carboxymethane sulfonic acid, a
      precursor thereof or precursors thereof which form carboxymethane sulfonic
      acid on heating;
PA1  b. drying the so-impregnated carrier, at a temperature not exceeding
      170.degree.C, to remove volatiles; and
PA1  c. baking the product of step (b) at a temperature within the range of
      170.degree.-330.degree.C to constant weight.
NUM  2.
PAR  2. A catalyst according to claim 1, wherein said carrier is an inorganic
      oxide, an acid based on such oxide or a salt thereof.
NUM  3.
PAR  3. A catalyst according to claim 1, wherein the carrier is silica-alumina.
NUM  4.
PAR  4. A catalyst according to claim 1, wherein the carrier is an active carbon
      or graphite.
NUM  5.
PAR  5. A catalyst according to claim 1, wherein the carrier is a diatomaceous
      earth.
NUM  6.
PAR  6. A catalyst according to claim 1, wherein said precursors are acetic acid
      anhydride and sulfuric acid.
NUM  7.
PAR  7. A catalyst according to claim 1, wherein said precursors are glacial
      acetic acid and sulfur trioxide.
NUM  8.
PAR  8. A catalyst according to claim 1, wherein said precursors are acetic acid
      and oleum.
NUM  9.
PAR  9. A catalyst according to claim 1, wherein acetylsulfuric acid is used as
      precursor.
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ABST
PAL  There are disclosed olefin polymerization catalysts based on tetra(neophyl)
      zirconium and its reaction products with surface-hydroxylated oxides of
      metals of Groups II(a), III(a), IV(a) and IV(b) of the Periodic Table of
      the Elements, processes for their preparation, and processes for the
      polymerization of olefinic monomers employing such catalysts. Neophyl
      zirconium aluminate supported on alumina is disclosed as the preferred,
      most active catalyst. The polyolefins produced are linear high polymers of
      high crystallinity such as polyethylene and isotactic polypropylene.
      Diolefins are converted into rubber by use of the process employing the
      catalyst. Ethylene-propylene copolymer rubbers can also be produced by use
      of the catalysts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved process for the polymerization of
      olefins to provide linear polymers and copolymers, said process employing
      an improved catalyst comprising tetra(neophyl) zirconium, or its reaction
      products with metal oxides, for use therein. More specifically, this
      invention relates to a process for the homopolymerization and
      copolymerization of ethylene, propylene, butene-1 and higher 1-olefins in
      which the catalyst is either tetra(neophyl) zirconium or, preferably, the
      product obtained by the reaction of tetra(neophyl) zirconium with a
      partially hydrated metal oxide surface. The metal oxide can be an oxide
      selected from a metal of Groups II(a), III(a), IV(a), or IV(b) of the Bohr
      Periodic Table of the Elements such as fumed Al.sub.2 O.sub.3, fumed
      TiO.sub.2, fumed SiO.sub.2, MgO, coprecipitated Al.sub.2 O.sub.3.ZrO.sub.2
      or SiO.sub.2.sup.. Al.sub.2 O.sub.3 in each case free from merely absorbed
      H.sub.2 O but partially surface-hydrated. The most active, preferred
      catalyst is neophyl zirconium aluminate on alumina prepared from the
      reaction of tetra(neophyl) zirconium with fumed Al.sub.2 O.sub.3 having
      0.5 to 1.5% water of hydration on its surfaces prior to reaction with
      tetra(neophyl) zirconium.
PAR  2. Prior Art
PAR  In 1954 and 1955 pioneering advances in olefin polymerization catalysts
      were disclosed by Karl Ziegler and associates at the Max-Planck Institute
      for Coal Research in Mulheim, Germany, and by Arthur Anderson and
      associates in the laboratories of E. I. du Pont de Nemours and Company in
      Wilmington, Del. These new catalyst systems, now frequently termed
      coordination catalysts, were based on transition metal salts (e.g.
      titanium, zirconium or vanadium halides) which had been converted into
      reduced valence states by reaction with a variety of alkylating or
      arylating substances, usually simple organometallic compounds of a metal
      of Groups I, II or III of the Periodic Table of Elements. It is believed
      that the mechanism of catalyst production involves alkylation (or
      arylation) of the transition metal halide followed by rapid decomposition
      of the unstable, transitory transition metal-alkyl (or aryl) compounds to
      give more stable complex products of lower valency which actively
      coordinate with and polymerize olefins by a coordination-polymerization
      mechanism. Unlike the commercial polyethylene or any polypropylene
      previously known prepared by free-radical or ionic catalysts, polyolefins
      prepared with coordination catalysts are of very high molecular weight and
      linear and highly ordered, thus exhibiting, in the case of homopolymers,
      such a high degree of chemical structural regularity and linearity that
      they are highly crystalline and exhibit high crystalline melting points,
      making them extremely valuable as textile fibers, films, and molded
      articles of commerce. Generally, however, it has been necessary in the
      case of these coordination catalysts to devise processes to remove the
      catalyst residues, which comprised the transition metal halides, since the
      residues were present at such levels as to discolor the polymer and the
      halide was too corrosive in subsequent fabrication machinery.
PAR  More recently some more stable organometallic transition metal complexes,
      usually including a halide anionic ligand or a neutral Lewis Base ligand,
      have been disclosed in patents of Gunther Wilke of the Max-Planck
      Institute and by patents of several researchers in the laboratories of
      I.C.I. in England
PAR  Illustrative of the Wilke patents are U.S. Pat. Nos. 3,379,706; 3,424,777;
      3,432,530; 3,540,728, 3,468,921 and 3,536,740. In all of these Wilke
      patents the hydrocarbyl groups attached to a transition metal are members
      of the class of .pi.-allylic compounds characterized by the structure
      ##EQU1##
      in which the R-radicals may be H-- or any alkyl, aryl or alkaryl radicals
      or R.sub.1 and R.sub.4 may together form a ring comprising methylene
      groups. Interactions between the .pi. electrons and the electrons of the
      transition metal presumably occur affecting the stability and chemical
      reactivity of the complexes. These metal-.pi.-allyl compounds are reacted
      with Lewis acids, such as HX, where X is halide, or Lewis Bases, such as
      tertiary amines or phosphines, to form complexes showing activity as
      olefin oligomerization or polymerization catalysts. However,
      polymerization reactions using such catalysts generally must be conducted
      as slurry polymerizations at low temperatures, because of marginal thermal
      stability and low solubility of the .pi. allyl complexes, and have been
      found less than fully satisfactory in the yields and molecular weight of
      polymers produced. Furthermore, because of their corrosive and often toxic
      nature, the catalyst residues must be removed from the polymeric products
      by time-consuming and costly procedures in order to provide products of
      general utility and safety in commerce.
PAR  One improvement on the use of these .pi.-allylic transition metal complex
      catalysts in olefin polymerization is disclosed in U.S. Pat. No. 3,732,198
      of Whitely et al., assignors to I.C.I., who disclose the polymerization of
      ethylene with a combination of a classical coordination catalyst with a
      transition metal complex of a .pi.-allylic compound.
PAR  The patents arising from the work of researchers at I.C.I. in England are
      illustrated by U.S. Pat. Nos. 3,681,317; 3,740,384; 3,738,944 and British
      Pat. No. 1,314,828. All of these involve tetra(benzyl)-transition metal
      compounds (e.g. tetra(benzyl) zirconium) complexed with anionic ligands
      (e.g. halide) and/or neutral ligands (e.g. pyridine) as ethylene
      polymerization catalysts. In certain cases there are disclosed as ethylene
      polymerization catalysts the reaction products of tetra(benzyl)-zirconium
      compounds with inorganic oxides free of absorbed water but containing
      surface HO-- groups. Reasonable thermal stability is achieved with these
      substances. They apparently yield high molecular weight polyethylene but
      the polymerization rate and efficiency and polymer yield obtained with
      those catalysts in processes for the polymerization of ethylene are
      generally not as good as with classical coordination catalysts, and hence
      again it would be necessary to remove catalyst residues in order to
      produce polyethylene suitable for general fabrication techniques.
PAC  OBJECTS OF THE INVENTION
PAR  An object of this invention is to provide an improved process for the
      polymerization and copolymerization of ethylene and other 1-olefins
      (particularly propylene, butene-1, pentene-1, hexene-1, heptene-1,
      octene-1, nonene-1 and decene-1), as well as diolefins, to linear,
      regular, head-to-tail polymers of high molecular weight in which
      exceptionally high rates of polymerization and yields of polymer are
      achieved using halogen-free catalysts.
PAR  Another object of this invention is to provide improved olefin
      polymerization catalysts of substantially greater activity than previously
      known and having substantial thermal stability.
PAR  Another object of this invention is to provide a solution, single phase
      process for the polymerization of ethylene and other 1-olefins at elevated
      temperatures in which such high polymerization rates and catalyst
      efficiencies are achieved that catalyst residues need not be removed from
      the resultant polymers because of their low concentration, non-corrosive
      properties and non-toxic nature.
PAR  Another object of this invention is to provide an integrated process for
      the activation of an olefin polymerization catalyst to the optimum extent
      for use by injection into an olefin polymerization zone maintained at a
      preselected temperature.
PAR  Other objects and advantages of the invention will be apparent from the
      description and examples which follow.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that the objects of this invention are attained by
      employing, as catalyst in a process for the polymerization of olefins in
      hydrocarbon medium, a solution in inert hydrocarbon solvent of
      tetra(neophyl) zirconium or, preferably, a suspension of a metal oxide of
      a metal of Groups II(a), III(a), IV(a) or IV(b), preferably alumina,
      having chemically bonded onto its surfaces neophyl zirconium metallate
      prepared, prior to contacting with an olefin monomer, by reacting a
      hydrocarbon solution of a tetra(neophyl) zirconium with a suspension in
      hydrocarbon medium of a surface hydrated metal oxide free from any merely
      absorbed H.sub.2 O. Representative examples of suitable oxides are
      Al.sub.2 O.sub.3, TiO.sub.2, SiO.sub.2, MgO, coprecipitated Al.sub.2
      O.sub.3.ZrO.sub.2 and coprecipitated SiO.sub.2.Al.sub.2 O.sub.3, in each
      case having a surface area in the range of 10-500 m.sup.2 /g, as measured
      by N.sub.2 adsorption. Preferred and especially active metal oxide
      supports have been prepared from fumed aluminas, such as those sold by
      Degussa ("Alumina C") and Cabot Corporation ("Alon G").
PAR  It has further been discovered that in order to obtain the most active
      catalyst of this invention, it is preferred to modify the crystalline form
      of the alumina and control the extent of hydration on its surfaces prior
      to reaction with tetra(neophyl) zirconium by activating the alumina by
      heat treatment under a flow of an inert anhydrous gas (e.g. N.sub.2) at a
      temperature in the range of 900.degree. to 1100.degree.C. for 1 to 10
      hours followed by hydration to the extent of 3 to 5% by contact with an
      atmosphere containing water vapor followed by dehydration by heating at
      300.degree. to 500.degree.C. for 1 to 10 hours to provide an alumina
      containing 0.5 to 1.5% water as HO-- groups on the surfaces of the
      alumina. The preferred catalyst, neophyl zirconium aluminate, bonded onto
      the surfaces of the alumina, is then prepared either by contacting a
      suspension of the hydrated alumina in anhydrous inert hydrocarbon medium
      with from 0.05 to 0.6, preferably 0.15  to 0.35, millimoles of
      tetra(neophyl) zirconium, dissolved in any anhydrous inert hydrocarbon
      solvent, per gram of suspended Al.sub.2 O.sub.3 at 0.degree. to
      100.degree.C until the reaction is complete.
PAR  It has been found that the reaction product of tetra (neophyl) zirconium
      with a hydrated metal oxide tends to undergo spontaneous transformation,
      particularly at temperatures of 50.degree. to 100.degree.C. and above, to
      thermally stable, lower valence states in which the zirconium is present
      at least in part at a valence of three. However, such prior reduction is
      not necessary if the catalyst is to be employed in polymerization
      processes conducted at temperatures above 100.degree.C.
PAR  The polymerization of olefins with the catalysts of this invention can be
      conducted at temperatures in the range of 10.degree. to 300.degree.C. at
      pressures varying, with temperature, from atmospheric to 1000 atmospheres
      or above, the pressure being selected high enough to keep the monomers in
      solution. For ethylene polymerization of a slurry type, temperatures in
      the range of 10.degree. to 110.degree.C. are suitable. For the solution
      polymerization of ethylene, which is preferred, temperatures can range
      from 125.degree.C. to 300.degree.C. but preferred temperatures are in the
      range of 130.degree. to 270.degree.C. Any inert hydrocarbon can be
      employed as a polymerization medium. Suitable classes include n-alkanes,
      cycloalkanes and aromatic hydrocarbons, representative examples being
      propane, n-hexane, cyclohexane, n-heptane, and toluene. Hydrogen can be
      added to the polymerization zone to control and limit the molecular weight
      of the polyolefin produced.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. I is a schematic drawing of the continuous process of this invention
      in which a solution of the tetra (neophyl) zirconium from feed tank, 6,
      and of the slurry of alumina in inert hydrocarbon from feed tank, 7, are
      passed, through mixing valve, 15, to premix vessel, 1, agitated by mixer,
      12. After a preselected hold-up time in the premix vessel, the slurry is
      passed to reaction vessel, 2, where the slurry is heated to complete the
      reaction while being stirred by mixer, 13. After a preselected hold-up
      time in the reaction vessel, the slurry of neophyl zirconium aluminate
      supported on alumina is passed out through valve 16 to a polymerization
      vessel, 3, which is thoroughly mixed by mixer, 14, to provide a uniform,
      constant environment. Ethylene, or other olefin feed, from reservoir, 9,
      is passed through mixing valve 17, where it is admixed with recycling
      polymerization medium from polymer separator, 5, and then fed into
      polymerizer, 3. After a preselected hold-up time in the polymerization
      vessel, the reaction mixture is passed through mixing valve, 19, where
      catalyst deactivator from reservoir, 10, is added and the mixture passed
      through a tubular, turbulent mixer, 4, and, through pressure let-down
      valve, 20, to the polymer separator, 5. From the separator, polymer stream
      is passed to polymer recovery system, 11, while the liquid polymerization
      medium is passed back as recycle to the polymerizer, 3.
PAR  The catalyst deactivator from reservoir 10 can be an alcohol, steam,
      CO.sub.2 or other polar composition reactive with the transition metal
      catalyst. The traces of deactivated catalyst are removed from the polymer
      separator incorporated with the polymer from which they need not be
      removed because of the low level and inert nature of this innocuous
      catalyst residue.
PAR  FIG. IIA shows the nuclear magnetic resonance spectrum (60MC) of
      tetra(neophyl) zirconium. On FIG. IIA, the absorption peak due to the
      methylene protons is indicated at (1) that due to the methyl protons at
      (2), and that due to protons on the aromatic ring at (3); these protons
      can be identified by reference to the chemical formula:
      ##SPC1##
PAR  In FIG. IIB there is shown for comparison the NMR spectrum obtained in the
      same manner, of tetra(benzyl) zirconium:
      ##SPC2##
PAL  On FIG. IIB the absorption due to the methylene protons is again shown at
      (1); there are, of course, no methyl protons, but two bands for the
      protons on the aromatic ring are seen at (2) and (3) corresponding to
      protons at positions indicated by (2) and (3) on the above formula.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Tetra(neophyl) zirconium, otherwise identified as tetra kis(2-methyl,
      2-phenylpropyl) zirconium, can be prepared by the reaction of a zirconium
      tetrahalide, preferably ZrCl.sub.4, with an organometallic compound of a
      metal of Groups I, II or III of the Periodic Table of the Elements
      according to Bohr (see T. Moeller, "Inorganic Chemistry", p. 122) in which
      the organic radicals attached to the metal are neophyl radicals. A
      convenient method of preparation is the reaction of an ethereal solution
      of the neophyl Grignard reagent with ZrCl.sub.4 according to the following
      reaction:
      ##SPC3##
PAR  The reaction of the Grignard reagent with the ZrCl.sub.4 is most
      conveniently carried out in an anhydrous liquid medium by adding powdered
      ZrCl.sub.4 as a solid or slurry in an inert anhydrous liquid to a solution
      of the neophyl Grignard reagent. The temperature in the reaction vessel
      should be maintained in the range of 0.degree. to 70.degree.C. Maintenance
      of dry, oxygen-free conditions during the addition and reaction is
      essential. An ethyl ether-toluene mixed solvent is suitable as the medium.
      The resultant tetra(neophyl) zirconium is soluble in hydrocarbon solvents
      or ether-hydrocarbon mixed solvents, and the solution is readily separated
      from the precipitated MgCl.sub.2 by decantation or filtration Pure
      crystalline tetra(neophyl) zirconium can be recovered by evaporation of
      the solvent followed by recrystallization from a hydrocarbon solvent such
      as toluene by warming, cooling and filtration. The resultant purified
      crystals are cream to light tan in color and melt at
      67.degree.-68.degree.C. (hot stage) or 69.degree.C. (DSC method). The
      crystalline tetra(neophyl) zirconium is thermally stable and can be stored
      without decomposition at 25.degree.C. for many hours or at - 35.degree.C.
      for many weeks. Thermolysis studies showed that very little decomposition,
      as measured by weight loss, occurred when tetra(neophyl) zirconium was
      heated at 10.degree.C./min. until after temperatures above 100.degree.C.
      were reached. This thermal stability was unexpected in view of the known
      instability of many other tetra(hydrocarbyl) zirconium compounds such as
      tetra(alkyl) zirconiums. Thermal decomposition of tetra(neophyl) zirconium
      at temperatures above 100.degree.C. yields primarily t-butyl benzene and a
      dark residue readily oxidized to a white zirconium oxide by air.
PAR  The unique structure of tetra(neophyl) zirconium is also revealed by its
      nuclear magnetic resonance spectrum (NMR) FIG. IIA, which shows methylene
      protons at 8.93 .tau., methyl protons at 8.76 .tau. and phenyl protons at
      2.7 .tau. . Since the NMR spectrum of tetra(neophyl) zirconium shows no
      broadening of the peak due to the phenyl protons, it appears that no
      interaction between the .pi.-electrons of the benzene ring and the
      d-orbitals of zirconium occurs in this compound distinguishing it from the
      .pi.-allyl and benzyl zirconium compounds of the prior art which show such
      interaction (see FIG. IIB). The absence of such interaction changes the
      chemical reactivity of the zirconium-hydrocarbon bond. Also, the greater
      stability of tetra(neophyl) zirconium, compared to many other
      tetra(hydrocarbyl) zirconium compounds (e.g. tetra(allyl) zirconium) must
      be associated with the absence of a hydrogen atom on the carbon beta to
      the metal; this reduces the tendency for decomposition via .beta.-hydride
      transfer and olefin elimination.
PAR  Rather surprisingly, tetra(neophyl) zirconium alone has been found to be an
      effective catalyst for the polymerization of ethylene and other
      .alpha.-olefins to yield high molecular weight, solid, linear polyolefins.
      While not wishing to be bound by any particular theory of the mechanism,
      it is believed probable that, upon contact of the tetra(neophyl) zirconium
      with a polymerizable olefin under polymerization conditions, a metathesis
      occurs whereby one or more neophyl radicals are replaced by the aliphatic
      radicals corresponding to the olefin to be polymerized, and, thereupon,
      there occurs a partial decomposition due to the known instability of
      Zr-aliphatic bonds so that the zirconium is then reduced in valence to the
      lower-valence forms (ZrII and ZrIII) known to be active as coordination
      catalysts in the polymerization of olefins.
PAR  Even more active catalysts for the polymerization of olefins are obtained
      by reacting tetra(neophyl) zirconium with a hydrated metal oxide of the
      classes previously defined. In the course of this reaction, particularly
      as the temperature of the reactants is raised, the zirconium-metal oxide
      reaction product undergoes partial decomposition to provide neophyl
      zirconium in the active, lower valence states, chemically bonded to the
      surfaces of the metal oxide which can then be dispersed in an inert
      hydrocarbon and passed to a polymerization zone where the catalyst
      contacts the olefin monomer and converts it to a high molecular weight,
      solid, linear polyolefin. If desired, these supported zirconium neophyl
      metal oxide catalysts can also be used as fluidized beds to polymerize
      gaseous olefins to high molecular weight polyolefins.
PAR  The preferred catalyst, in a process for the polymerization of ethylene
      and/or other 1-olefins, is, however, neophyl zirconium aluminate supported
      on and bonded to fumed alumina having a surface area in the range of 10 to
      500 m.sup.2 /g, as measured by N.sub.2 adsorption. Prior to injection of
      the catalyst suspended in an inert hydrocarbon solvent, into the
      polymerization zone, the zirconium may have a reduced valency and be at
      least in part in the Zr(III) valence state although some Zr(II) and Zr(IV)
      may also be present.
PAR  The polymerization process is carried out in an inert, substantially
      anhydrous hydrocarbon medium. The temperature employed may range from
      about 20.degree.C. to 300.degree.C., depending on the monomer or monomers
      to be polymerized and upon whether a slurry or a solution polymerization
      process is to be used. In the case of the polymerization of ethylene,
      either homopolymerization or copolymerization with other olefins, the
      preferred temperature is in the range of 130.degree.- 270.degree.C. where
      a single phase, solution polymerization process occurs at maximum rates
      and high efficiency (yield of polymer per unit of zirconium catalyst).
      Propylene is preferably polymerized at lower temperatures in the range of
      50.degree. to 150.degree.C. although higher temperatures can be employed.
PAR  The pressure employed is not critical so long as it is sufficient, at the
      temperature chosen, to prevent boiling of the hydrocarbon solvent and
      maintain the monomers employed in solution in the solvent. Thus the
      pressure may range from atmospheric to 1,000 atm. and above at the highest
      temperatures of operation of the process.
PAR  The process employed for the preparation of the catalyst is a critical
      aspect of the invention. In order to achieve optimum activity it is
      preferred that an alumina having a surface area of 10 to 500 m.sup.2 /g,
      free from absorbed water but containing hydroxyl groups generally randomly
      distributed on its surfaces be employed. Preferably this alumina support
      is most readily produced by activation of fumed alumina (a product
      obtained by burning aluminum chloride in the presence of water vapor) by
      heating in a stream of dry N.sub.2 at temperatures in the range of
      900.degree.-1100.degree.C. for a period in the range of 1 to 10 hours.
      This treatment not only removes water and residual chloride from the fumed
      alumina but alters the morphology of the crystalline alumina from
      predominantly gamma-alumina to a particular mixture of the gamma-, delta-,
      theta-, and alpha forms. The resultant mixture of crystalline forms is
      essential for obtaining, in the subsequent reactions with tetra(neophyl)
      zirconium, the unique chemical composition of the zirconium neophyl
      aluminate necessary to produce the optimum catalyst which exhibits the
      unexpected and surprising activity and efficiency characteristic of the
      preferred polymerization process of this invention.
PAR  The fumed alumina, activated as described above, is then subjected to
      partial hydration by contact with an atmosphere comprising some water
      vapor until a minor proportion of water has reacted with the alumina
      surface, conveniently about 3% to 5% by weight water of hydration. This
      rehydrated alumina may then be partially dehydrated by heating at a
      temperature in the range of 300.degree. to 500.degree.C. for from 1 to 10
      hours, the time required being in the lower portion of the range at the
      higher temperatures in the range of temperatures. The final product
      contains from 0.5% to 1.5% by weight water as HO-groups distributed on the
      surfaces of the alumina. This second heat treatment not only assures that
      no merely absorbed molecular H.sub.2 O remains on the surfaces of the
      alumina but also eliminates any large clusters of HO-groups on the
      surfaces leaving randomly distributed on the Al.sub.2 O.sub.3 surfaces
      pairs and relatively isolated HO-groups as reaction sites.
PAR  The high temperature activation removes essentially all H.sub.2 O and
      HO-groups from the alumina, decreases the amount of residual chloride from
      an initial 0.7% to 0.2% by weight and, very importantly, converts a
      portion of the original gamma crystalline Al.sub.2 O.sub.3 to the more
      active delta and theta forms. Partial rehydration with water vapor in a
      moist atmosphere replaces hydroxyl groups on the Al.sub.2 O.sub.3
      surfaces.
PAR  The final drying at about 400.degree.C. reduces the concentration of
      HO-groups on the surfaces of the Al.sub.2 O.sub.3 to an optimum value in
      the range of 0.5 to 1.5% by weight water, thus providing isolated single
      and pairs of HO-groups on the alumina surfaces, making these surfaces most
      suitable for reaction with tetra(neophyl) zirocnium in solution.
PAR  The preferred catalyst is next prepared by mixing together a suspension of
      the activated, hydroxylated alumina in anhydrous mineral oil with a
      solution in hydrocarbon solvent of tetra(neophyl) zirconium. In general,
      the proportion of tetra(neophyl) zirconium employed is at least 0.05
      millimoles per gram of Al.sub.2 O.sub.3, preferably 0.15 to 0.35
      millimoles per gram Al.sub.2 O.sub.3, or other metal oxide. Larger
      proportions are operable but provide no advantage since they provide no
      enhancement of catalyst activity.
PAR  The reaction between tetra(neophyl) zirconium and hydroxylated alumina can
      be conducted at temperatures in the range of 0.degree. to 100.degree.C.,
      depending on the time allowed. Upon mixing the suspension of alumina with
      the solution of tetra(neophyl) zirconium, a reaction occurs between the
      HO-groups on the surfaces whereby Zr-O-Al chemical bonds are formed with
      the elimination of approximately 2.5 of the 4 hydrocarbyl radicals
      originally bonded to the zirconium. The reaction may be approximately
      described by the equations (A) and (B):
      ##SPC4##
PAR  There then follows, upon aging, particularly at 50.degree.C. and above, a
      partial decomposition to form the active catalyst in which zirconium is at
      least in part in lower valence states. This is shown by (C):
      ##SPC5##
PAL  The neophyl radicals eliminated may either be converted to t-butyl benzene
      by picking up a proton from the solvent, or may couple. Some zirconium may
      similarly be reduced to Zr(II) at active polymerization sites,
      particularly in the presence of olefin monomers.
PAR  In the ethylene polymerization process of this invention when conducted in
      continuous manner in a stirred autoclave, the yields obtained have been in
      excess of 10,000 parts of polyethylene per part of zirconium when using
      the preferred neophyl zirconium aluminate bonded onto alumina catalyst.
      Inherently, batch processes are less efficient but yields in the range of
      700-1000 g. polyethylene per millimole of zirconium per hour are readily
      obtainable as compared with only 50 to 100 g. polyethylene per millimole
      Zr obtained in a process of the prior art where there is used as catalyst
      the reaction product of tetra(benzyl) zirconium with hydrated Al.sub.2
      O.sub.3.
PAR  In the preferred continuous process, the catalyst suspension and the
      ethylene dissolved in an aliphatic or cycloaliphatic hydrocarbon are each
      fed continuously to the stirred polymerization zone, the molar ratio of
      ethylene fed to zirconium being maintained in the range of 35,000-400,000
      to one.
PAR  The polyolefins obtained by the process of this invention are linear,
      head-to-tail polymers of high molecular weight. In the case of ethylene
      homopolymerizations, the resultant linear polyethylene has a crystalline
      melting point in the range of 133.degree.-138.degree.C., an annealed
      density in the range of 0.96 to 0.97 g./cm.sup.3. If desired, ethylene
      polymers of lower density (0.90-0.96 g./cm.sup.3) can be obtained by
      copolymerization of ethylene with minor proportions (0.1 to 15 mole%) of
      higher .alpha.-olefins (preferably C.sub.4 to C.sub.10) to provide
      copolymers containing 0.1 to 12 weight % copolymerized higher olefin using
      the process and catalyst of this invention. Such copolymers contain
      randomly-distributed side chains of controlled length which impede
      somewhat the development of crystallinity in the solid polymers which are,
      as a result, polymers of increased toughness and stresscrack resistance.
      As is well known, all of the ethylene polymers find commercial use as
      self-supporting films, wirecoatings, pipe, and molded articles of
      commerce. If desired, they can be filled with glass or other stiff fibers,
      clays and the like to produce hard, stiff moldings.
PAR  The homopolymerization of propylene using the catalysts of this invention
      in the process of this invention can be directed, by control of process
      conditions, to yield highly stereoregular, head-to-tail crystalline
      polypropylene of high molecular weight insoluble in hydrocarbons at
      ambient temperatures and sparingly soluble even at temperatures above
      100.degree.C. and having a crystalline melting point in the range of
      162.degree.-170.degree.C., as determined by either differential thermal
      analysis or hot-stage microscope using polarized light, as well as high
      molecular weight, linear, head-to-tail polypropylene which is amorphous,
      due to atactic steric structure, and soluble in hydrocarbons even at room
      temperature. The crystalline polypropylene has come to be termed,
      following the suggestion of Giulio Natta, polypropylene exhibiting
      "isotactic"structure due to the presence of long segments in the
      macromolecules in which the groups attached to successive asymmetric
      carbon atoms along the chains have the same configuration. As is well
      known, crystalline polypropylene finds many commercial uses, particularly
      as textile fibers, in both woven and non-woven textiles and as films,
      strappings, coatings and molded articles of commerce. Amorphous
      polypropylene is useful in blends with crystalline polyolefins to provide
      toughness, and in adhesive compositions and rubbers.
PAR  The catalysts and processes of this invention can be used to produce
      amorphous ethylene/propylene rubbers where from about 30% to about 72% by
      weight (preferably about 50% by weight) of ethylene and, correspondingly,
      70% to 28% of propylene are combined in the macromolecules by
      copolymerization, under constant environment conditions, of ethylene and
      propylene. Due to the higher reactivity of ethylene in the polymerization
      reaction, a higher proportion of propylene should be used in the monomer
      feed fed to the polymerization zone than it is desired to incorporate in
      the copolymer macromolecules. If desired to provide ready sites for
      subsequent traditional chemical vulcanizations (cross-linking), minor
      proportions of unconjugated dienes (e.g. 1,4-hexadiene,
      2-methyl-1,5-hexadiene, etc.) may be included in the copolymers by
      including minor proportions of these diene monomers in the mixture of
      monomers fed to the polymerization zone in the process. Rubbers can also
      be obtained by the homopolymerization of conjugated diolefins such as
      butadiene or isoprene using the catalysts and process of this invention.
      The properties and utilities of these synthetic rubbers are well known in
      the rubber industry.
PAR  Because the process of this invention uses such an active and efficient
      catalyst system, the very low level of catalyst residues in the polyolefin
      products produce no adverse effects on the properties of these polymers.
      Therefore, the polymers are used as formed without the necessity of the
      expensive and complex catalyst removal procedures customarily employed in
      connection with prior art commercial practice.
PAR  The following examples are provided to illustrate the invention and to
      provide comparative examples closer to the more relevant prior art.
      However, the invention is not to be considered as limited to the
      particular examples provided but rather is of the scope hereinabove
      described and hereinafter claimed.
PAC  EXAMPLE 1
PAC  Preparation of Tetra(neophyl) Zirconium
PAR  Magnesium turnings (48.6 g., 2.0 moles) were charged into a 2-liter,
      3-necked glass flask fitted with a stirrer, N.sub.2 inlet, N.sub.2 exit
      connected to a mineral oil bubbler, and 500 cc. dropping funnel. The flask
      was swept with N.sub.2 overnight to remove air and moisture. Then 160 cc.
      of dry, deoxygenated diethyl ether was added. A crystal of iodine was
      added to activate the Mg surface, and then 118 g. (0.7 moles) of neophyl
      chloride dissolved in 160 cc. of dry toluene was added dropwise. The
      reaction mixture was continuously stirred and maintained at
      30.degree.-35.degree.C. until all of the neophyl chloride had been added.
      The reaction mixture turned brown during this period. After one hour a
      5cc. aliquot of the supernatant solution was removed from the reaction
      mixture, neutralized with 20 cc. of 0.1 M aqueous HCl and back-titrated to
      a pink phenolphthalein end point with 5 cc. of 0.2 M aqueous NaOH. The
      concentration of the Grignard reagent was therefore found to be 2 molar.
PAR  The Grignard reagent was transferred to a 2-liter flask swept with a stream
      of dry N.sub.2. The unreacted Mg was washed with 400 cc. of dry toluene
      and the washing added to the Grignard solution. The Grignard solution
      (neophyl magnesium chloride) was cooled to -10.degree.C. and then 40 g. of
      97% ZrCl.sub.4 (0.166 moles) was added through a solids addition tube. The
      slurry was stirred for 1 hour and warmed to 50.degree.C., then transferred
      to an inert atmosphere box and filtered through a 1-inch bed of dried
      "Celite" (diatomaceous earth). The filtrate was concentrated by
      evaporation. Crystals of solid tetra(neophyl) zirconium formed upon
      cooling. The yield of this product was about 70 g. The crystals were
      purified by recrystallization from n-hexane. The purified tetra(neophyl)
      zirconium product was formed to melt at 67.degree.-68.degree.C. by
      observation on a Fisher-Johns hot-stage and 69.degree.C. by DSC melting
      point determination in N.sub.2. Elemental analysis of this product gave C
      = 75.85%, H =  8.20%; theory for tetra(neophyl) zirconium, C = 76.99%, H =
      8.40%.
PAC  EXAMPLE 2.
PAC  Preparation of a Neophyl Zirconium Aluminate on Alumina Catalyst
PAL  a. Activation of Alumina
PAR  111.2 g. of a commercial grade of fumed alumina having a surface area of
      100 m.sup.2 /g was charged to a vertical quartz reactor and dried at
      1000.degree.C. in a stream of flowing N.sub.2 for 6 hours. The dry
      Al.sub.2 O.sub.3 was partially rehydrated by contact with a 50% relative
      humidity atmosphere at 73.degree.F. for 16 hours and then redried to
      optimum HO-group content by heating at 400.degree.C. for 4 hours in a
      stream of flowing N.sub.2.
PAR  The resultant activated alumina was suspended under a N.sub.2 atmosphere in
      1900 cc. of mineral oil containing 100 cc. of petroleum jelly and stored
      under N.sub.2 until used. A sample of the slurry was ashed and found to
      contain 0.048 g. alumina per cubic centimeter.
PAL  b. Catalyst Preparation
PAR  Ten cubic centimeters of a solution containing 0.074 g. of the
      tetra(neophyl) zirconium of Example 1 dissolved in decahydronaphthalene
      ("Decalin") was added to 10cc. of the suspension of alumina in mineral oil
      with continuous stirring and this mixture was allowed to react at
      25.degree.C. for 21 hours to provide a suspension of neophyl zirconium
      aluminate bonded onto alumina in mineral oil which was subsequently used
      to polymerize ethylene. The zirconium in this product was in a reduced
      state.
PAC  EXAMPLE 3.
PAC  Polymerization of Ethylene at 150.degree.C. Using Neophyl Zirconium
      Aluminate on Alumina as Catalyst
PAR  A 350 cc. crown-capped bottle was charged with 340 cc. of dry, deoxygenated
      decahydronaphthalene solvent, heated to 150.degree.C. and the solvent
      saturated with ethylene charged at 40 psi. 3.0 cc. of the suspension of
      neophyl zirconium aluminate bonded onto alumina in mineral oil prepared in
      Example 2 was then charged into the solution of ethylene. After 3 minutes,
      the polymerization was terminated by the addition of 2 cc. of isopropanol
      which reacts to destroy the activity of the catalyst. The reaction mixture
      was cooled which caused the polyethylene to precipitate. The solid
      polyethylene was isolated by filtration, washed with cyclohexane and
      methanol and dried in a vacuum oven at 80.degree.C. for 16 hours. The
      yield of solid, dry polyethylene was 0.7 g. Based on this yield, the rate
      of polymerization was calculated to have been 780 g/millimole Zr/hr. The
      solid, linear polyethylene was white and had a crystalline melting point
      of 133.degree.C., as determined by DSC technique, and was of high
      molecular weight.
PAC  EXAMPLE 4
PAC  Polymerization of Ethylene at 80.degree.C. Using Neophyl Zirconium
      Aluminate on Alumina as Catalyst
PAR  A 350 cc. crown-capped Pyrex bottle containing 200 cc. of dry, deoxygenated
      toluene maintained at 80.degree.C. was saturated with ethylene at 40 psi.
      There was then charged into this solution of ethylene 3.0 cc. of the
      suspension in mineral oil of neophyl zirconium aluminate on alumina,
      prepared in Example 2. Polymerization commenced at once as shown by
      precipitation of polymer. Additional ethylene was charged into the reactor
      to maintain the pressure at 40 psi. After 1 hour at 80.degree.C., the
      polymerization was terminated by the addition of 2 cc. of isopropanol, and
      the granular polyethylene was recovered by filtration and dried in a
      vacuum oven at 80.degree.C. for 16 hours. The weight of dry, solid linear
      polyethylene recovered was 1.3 g. The polyethylene had a crystalline
      melting point of 135.degree.C. as determined by DSC techniques and was of
      high molecular weight.
PAC  EXAMPLE 5
PAC  Polymerization of Ethylene at 80.degree.C. Using Tetra(neophyl) Zirconium
      as Catalyst
PAR  A 350 crown-capped bottle was charged with 200 cc. of dry, deoxygenated
      toluene and saturated at 80.degree.C. with ethylene. A 0.1 M solution in
      benzene of the tetra(neophyl) zirconium of Example 1 was prepared, and 1
      cc. of this solution was charged into the toluene solution of ethylene.
      Polymerization commenced immediately as shown by the precipitation of
      polymer. Additional ethylene was charged to maintain the pressure at 40
      psi. After 1 hour at 80.degree.C., polymerization was terminated by
      addition of 2 cc. of isopropanol. The solid polyethylene was isolated by
      filtration and dried in a vacuum oven for 16 hours at 80.degree.C. The
      weight of the recovered, dry, solid white polyethylene was 0.934 g. The
      polyethylene had a crystalline melting point of 135.8.degree.C., as
      determined by DSC measurement. Based on the yield of polymer, the rate of
      polymerization was calculated to have been 9.34 g/millimole Zr/hr. The
      polyethylene was of high molecular weight.
PAC  EXAMPLE 6
PAC  Comparative Activity of Neophyl Zirconium Aluminate and Benzyl Zirconium
      Aluminate on Alumina as Catalysts for the Polymerization of Ethylene in a
      Continuous Process
PAL  a. Polymerization of ethylene using neophyl zirconium aluminate on alumina
      as catalyst
PAR  A 0.000625 M solution in n-hexane of the tetra(neophyl) zirconium of
      Example 1 was prepared. A suspension of an active supported catalyst
      comprising neophyl zirconium aluminate on alumina was continuously
      prepared by feeding the 0.000625 M solution of tetra(neophyl) zirconium at
      a rate of 200 cc./hr. and a suspension of activated alumina, prepared as
      in Example 2(a), at a rate of 0.5 g. Al.sub.2 O.sub.3 /hr. into a
      stainless steel, stirred autoclave of 975 cc. capacity where it was
      diluted with 1400 cc. of hexane maintained at 50.degree.C. After a hold-up
      time of approximately 40 minutes, to allow for the reactions between
      tetra(neophyl) zirconium and the activated alumina to produce neophyl
      zirconium aluminate, the catalyst suspension was continuously fed to a 265
      cc. stainless steel autoclave, at the same rate, and there diluted with
      800 cc./hr. of n-hexane. After a hold-up of 6 minutes in the autoclave the
      diluted catalyst suspension then was continuously fed to a 253 cc.
      stainless steel, agitated polymerization vessel maintained at 2250 psi and
      250.degree.C. where it was contacted with ethylene fed, as a 7% weight
      solution in n-hexane, at 200 g. ethylene/hr. The concentration of the
      catalyst in the reactor with respect to zirconium was 2.0 .times.
      10.sup..sup.-5 molar. In order to control and limit molecular weight of
      the polyethylene, H.sub.2 was also fed to the polymerization vessel at a
      rate of 100 millimoles/hr. as a 0.0825 M solution in n-hexane. The hold-up
      time in the polymerization vessel was maintained at approximately 2.56
      minutes by continuously withdrawing the polymerization mixture to a
      deactivation chamber where the catalyst was deactivated to terminate the
      polymerization by addition of a 0.0033 M solution of isopropanol in
      n-hexane at a rate of 600 cc./hr. to the reaction mixture containing
      dissolved polyethylene.
PAR  The solution of polyethylene was continuously discharged through an
      automatic, controlled pressure-reducing valve into a product receiver
      maintained at 50.degree.C. where the solid polyethylene was recovered from
      the polymerization medium by filtration, and the polyethylene, wet with
      n-hexane, was chopped in a blender, washed with n-hexane and dried in a
      vacuum oven at 80.degree.c. for 16 hours.
PAR  The rate of polyethylene production during steadystate operation over a
      period of several hours was 177 g./hr. (88.5% conversion of the ethylene
      fed to the polymerizer). The yield of polyethylene was 1415 kg/mole of
      zirconium. The dried polyethylene had a melt flow, as determined by ASTM
      Method 1238-65T, Condition E, of 2.8 decigrams/min. The density of the
      polyethylene produced, as determined by ASTM D792-64T (method corrected to
      23.degree.C.) was found to be 0.960 g/cc. Thus the polyethylene produced
      was a highly linear, crystalline polyethylene of high molecular weight
      suitable for use in production of films and injection-molded articles.
PAL  b. Polymerization of ethylene using benzyl zirconium aluminate as a
      catalyst
PAR  The foregoing experiment (Example 6a) was repeated using as a catalyst the
      reaction product of the activated alumina and tetra(benzyl) zirconium
      except that the concentration of zirconium catalyst was increased slightly
      to 2.14 .times. 10.sup..sup.-5 molar in the polymerization autoclave. In
      this instance the rate of polyethylene formation was 167 g./hr. (83.8%
      conversion of the ethylene fed).
PAR  An analysis of the reactions based on the change in activity (a) as shown
      by
      ##EQU2##
      where .tau. = hold-up time in the polymerizer
PA1  Q = ethylene conversion reveals a's of 3.029 min.sup..sup.-1 for the
      noephyl zirconium aluminate catalyst vs. only 2.017 min.sup..sup.-1 for
      the benzyl zirconium aluminate catalyst. Thus even though the
      concentration of neophyl zirconium aluminate catalyst in the polymerizer
      was less (2.0 .times. 10.sup..sup.-5 molar) than benzyl zirconium
      aluminate catalyst (2.14 .times. 10.sup..sup.-5 molar) the activity of the
      noephyl zirconium aluminate was 1.5 times that of benzyl zirconium
      aluminate.
PAC  EXAMPLE 7
PAC  Polymerization of Propylene Using Neophyl Zirconium Aluminate on Alumina as
      Catalyst
PAR  Into a 1-liter, stirred, nitrogen-filled autoclave was charged 600 ml of
      cyclohexane purified by purging with nitrogen followed by passing it
      through a bed of acid alumina under nitrogen. As the autoclave was kept
      blanketed with nitrogen 0.2 millimoles of neophyl zirconium aluminate
      supported on one gram of fumed alumina, prepared as in Example 2, was
      injected by syringe as a slurry in 20 ml. of cyclohexane. Propylene was
      pressured in to 20 psi as the system was stirred at 500 rpm. The
      temperature and propylene pressure were raised to 50.degree./60 psi and
      maintained at this for 4 hrs. The 10 grams of polypropylene obtained was
      in the form of a gel, which was evaporated to give a tough, flexible
      sheet. The inherent viscosity of this polymer was 12.5 d1/100 as measured
      at 0.1% concentration in decalin at 130.degree.C. Thirty-five percent of
      the polymer was insoluble in boiling heptane. The insoluble polypropylene
      was highly crystalline and exhibited the isotactic structure. A very
      tough, rubbery film 5 mils thick was obtained by compression molding 0.5
      g. of the total polymer at 230.degree.C., 3000 lbs. ram pressure.
PAC  EXAMPLE 8
PAC  Polymerization of Ethylene with a Neophyl Zirconium Silicate on Silica
      Catalyst
PAR  20 g. of a commercially available fumed silica having a surface area of 225
      m.sup.2 /g was charged to a vertical glass reactor and dried at
      200.degree.C. in a stream of flowing nitrogen for 4 hours. One gram of the
      dried silica was suspended in 38.5 cubic centimeters of
      decahydronaphthalene and 1.5 cc of 0.2M tetra(neophyl) zirconium in
      benzene was added. After 40 minutes the supernatent liquid above the
      catalyst was analyzed by gas chromatography. A material balance showed
      approximately 2.1 neophyl groups were displaced from each mole of
      tetra(neophyl) zirconium during formation of the neophyl zirconium
      silicate on silica catalyst.
PAR  The polymerization of ethylene was brought about by charging a crown capped
      bottle containing 340 cc of decahydronaphthalene saturated with ethylene
      at 150.degree. C. and 40 psi with 4 cubic centimeters of the neophyl
      zirconium silicate on silica catalyst (0.1 g silica, 0.03 millimole Zr).
      After 3 minutes the polymerization was stopped by addition of 2 cubic
      centimeters of isopropanol. The solution was cooled and the precipitated
      polymer separated by filtration, washed with cyclohexane and methanol, and
      dried in a vacuum oven for 16 hrs. at 80.degree.C. The product recovered,
      including catalyst residue, weighted 0.345 g which is equivalent to 0.245
      g of polyethylene. Based on this yield the rate of polymerization was
      calculated to have been 163 g/millimole Zr/hr as contrasted with the 780
      g/millimole Zr/hr achieved in Example 3 by use of the preferred catalyst
      of this invention.
PAC  EXAMPLE 9
PAC  Copolymerization of Ethylene and Propylene with a Neophyl Zirconium
      Aluminate on Alumina Catalyst to form a Crystalline Copolymer.
PAR  80 cubic centimeters of deoxygenated hexane in an agitated vessel was
      saturated at 25.degree.C. with propylene at 20 psi. The pressure was
      raised to 40 psi with ethylene and the copolymerization brought about by
      the addition of 10 cubic centimeters of a neophyl zirconium aluminate
      catalyst slurry prepared by reaction of 10 g of alumina activated as in
      Example 1 and 2.0 millimoles of tetra(neophyl) zirconium in 210 cubic
      centimeters of deoxygenated hexane. After 20 minutes at 25.degree.C. the
      polymerization was stopped by venting the unreacted olefins. The polymer
      was separated by filtration washed with methanol and dried at 80.degree.C.
      for 16 hrs. The product recovered weighed 6.44 g. This copolymer had a
      crystalline melting point of 122.5.degree.C. by DSC techniques and was
      found to contain 10.1 weight % copolymerized propylene by infrared
      analysis.
PAC  EXAMPLE 10
PAC  Copolymerization of Ethylene and Propylene With a Neophyl Zirconium
      Aluminate on Alumina Catalyst to Produce an Amorphous Copolymer.
PAR  2 grams of alumina activated as in Example 1 was suspended in 40 cubic
      centimeters of hexane and 2 cubic centimeters of a 0.2 molar solution of
      tetra(neophyl) zirconium in benzene added. After 1 hr. a portion of the
      slurry was transferred to a vial and the hexane evaporated under vacuum
      leaving 1.06 g of catalyst. The vial was sealed and placed in a stainless
      steel reactor with two stainless steel balls. The reactor was sealed and
      charged with 50 g of propylene, warmed to 25.degree.C. and ethylene added
      until the pressure in the reactor reached 500 psi. The catalyst ampoule
      was broken and the polymerization allowed to proceed for 1 hr. The
      amorphous copolymer, isolated as a rubbery ball, was separated from the
      glass and dried to yield 29 g of copolymer having a copolymerized
      propylene content of 28.3 weight percent, as determined by infrared
      analysis.
PAC  EXAMPLE 11
PAC  Polymerization of 1,3-Butadiene with a Neophyl Zirconium Aluminate on
      Alumina Catalyst.
PAR  A 1 liter agitated flask swept with nitrogen was charged with 500 cubic
      centimeters of deoxygenated toluene, heated to 50.degree.C. and saturated
      with 1,3-butadiene at 2 psi.
PAR  Neophyl zirconium aluminate on alumina catalyst in hexane, equivalent to
      0.38 g. of catalyst (0.076 millimoles Zr), was added and the
      polymerization continued for 1 hr. The product which formed was separated
      by filtration, chopped in a blender and dried in a vacuum oven at
      80.degree.C. for 16 hrs. The dried product weighed 1.13 g. which is
      equivalent to 0.75 g. of polybutadiene. Based on this yield the rate of
      polymerization was calculated to be 9.9 g./millimoles Zr/hr. Infrared
      analysis showed the structure of the polymer to be of the 1,4-trans-type.
PAC  EXAMPLE 12
PAC  Polymerization of Propylene With a Neophyl Zirconium Aluminate on Alumina
      Catalyst
PAR  1 gram of alumina activated as in Example 1 was suspended in 40 cubic
      centimeters of dry hexane in a stirred flask under nitrogen. 5 cubic
      centimeters of 0.1 molar tetra(neophyl) zirconium was charged to the
      flask. After 16 hrs. the neophyl zirconium aluminate catalyst was
      transferred to an ampoule and the hexane evaporated under high vacuum. The
      ampoule was sealed and placed in a stainless steel reactor with two
      stainless steel balls. The reactor was swept with nitrogen to exclude all
      air, sealed, evacuated, cooled and 75 g of propylene charged. The reactor
      was warmed to 50.degree.C. and the ampoule broken by shaking the reactor.
      After 1 hour the polymer was isolated, separated from the glass and dried
      to yield 26 g. of polypropylene having a melting point of 158.degree.C.
      and a crystallization point of 110.degree.C. by DSC. The polypropylene had
      an inherent viscosity in decahydronaphthalene at 130.degree.C. (0.1%
      solution) of 9.64. Extraction of the polypropylene with boiling hexane for
      4 hrs. removed 3% of the polymer indicating the remainder to be
      substantially high molecular weight polypropylene of isotactic structure.
      The hexane insoluble fraction was further extracted with boiling toluene.
      The swollen toluene insoluble residue, after drying, had a melting point
      of 162.5.degree.C. by D.S.C., and amounted to 90% of the original crude
      product. The insolubility in toluene at the boiling point indicates that
      this crystalline polypropylene comprises macromolecules having
      substantially completely the isotactic structure.
PAC  EXAMPLE 13
PAC  Terpolymerization of Ethylene, Propylene and 1,4-Hexadiene with Neophyl
      Zirconium Aluminate on Alumina Catalyst
PAR  4 Grams of alumina activated as in Example 1 was suspended in 80 cubic
      centimeters of hexane and reacted with 12 cubic centimeters of a 0.1 molar
      solution of tetra(neophyl) zirconium in benzene. A portion of the slurry
      was transferred to a glass ampoule and the liquid evaporated and the
      catalyst dried under high vacuum. The dry catalyst in the ampoule weighed
      1.277 g. The ampoule was placed in a stainless steel reactor with 2
      stainless steel balls. The reactor was closed and charged with 50 cubic
      centimeters of 1,4-hexadiene and 50 cubic centimeters of n-hexane. The
      reactor was cooled, charged with 50 grams of propylene, warmed to
      100.degree.C. and pressured to 800 psi with ethylene. The catalyst ampoule
      was broken and the terpolymerization allowed to proceed for 1 hour. The
      polymer isolated as a crumb was separated from glass and dried to yield 9
      g of terpolymer. A melt pressed film of the terpolymer was analyzed by
      infrared analysis and found to contain 5.5 methyl groups/100 carbons and
      8.3 trans-olefin groups/2000 carbons which is equivalent to 15.6%
      propylene and 2.43% hexadiene by weight.
PAC  EXAMPLE 14
PAC  Terpolymerization of Ethylene, Propylene and 5-Ethylidene Norbornene with
      Neophyl Zirconium Aluminate on Alumina Catalyst
PAR  0.7353 Gram of dry neophyl zirconium aluminate on alumina catalyst prepared
      as in Example 13 was sealed in a glass ampoule. The catalyst ampoule was
      placed in a stainless steel reactor with two stainless steel balls. The
      reactor was closed, charged with 20 cubic centimeters of 5-ethylidene
      norbornene, cooled, and charged with 75 g of propylene. After warming to
      100.degree.C. the reactor was charged with 700 psi ethylene and the
      catalyst ampoule broken. After 1 hour the polymer was isolated, separated
      from glass and dried in a vacuum oven at 80.degree.C. for 16 hours. A
      meltpressed film of the terpolymer was analyzed by infrared analysis and
      found to contain 12 methyl groups/100 carbons and 4.6 trans-olefinic
      groups/100 carbons, which is equivalent to a composition of 32 weight %
      propylene and 1.97 weight % ethylidene norbornene in the terpolymer.
PAC  EXAMPLE 15
PAC  Copolymerization of Ethylene and 1-Octene Using Neophyl Zirconium Aluminate
      on Alumina Catalyst.
PAR  1.12 Gram of dry neophyl zirconium aluminate catalyst prepared as in
      Example 13 except having a zirconium content of 0.2 millimoles per gram of
      alumina was sealed in an ampoule and charged to a stainless steel reactor
      containing two stainless steel balls. The reactor was freed of air and
      charged with 10 cubic centimeters of 1-octene, warmed to 100.degree.C.,
      and pressured with 700 psi of ethylene. The catalyst vial was broken and
      the copolymerization allowed to proceed for 1 hour. The product was
      isolated, separated from glass and dried. The dry copolymer weighed 3.3 g
      and had a melting point of 120.degree.C. as determined on a differential
      scanning calorimeter (Du Pont Model 900).
PAR  Since the catalysts of this invention are subject to deactivation by
      O.sub.2, H.sub.2 O, CO.sub.2 or other reactive substances, in all of the
      examples precautions were taken to maintain the equipment clean and dry
      and free from atmospheric contact, and the solvents, H.sub.2 and monomer
      were freed from traces of moisture or oxygen by the use of conventional
      desiccating agents and alkali metals.
PAR  As shown by the examples, the preferred catalyst of this invention has a
      remarkably high activity as an olefin polymerization catalyst compared to
      coordination catalysts previously known. It has the further very
      significant advantage that, due to its high activity, the low
      concentration and the innocuous character of the catalyst residues, which
      are white, free from corrosive halogens and non-toxic, it is not necessary
      to remove the low level of catalyst residues from the polyolefins
      produced. This eliminates the expensive, time-consuming catalyst-removal
      process steps characteristic of previously-known commercial processes for
      the preparation of polyolefins using coordination catalysts.
PAR  The olefin polymers produced by the process of this invention are regular,
      linear head-to-tail polymers of high molecular weight useful for
      subsequent fabrication by conventional equipment into tough colorless
      films, fibers, molded articles, pipe and wire coatings.
PAC  ANALYTICAL METHODS
PAR  a. The melting points of the polyolefins prepared were accurately
      determined by differential thermal analysis according to the general
      method described in the chapter "Application of Differential Thermal
      Analysis to High Polymers," Organic Anslysis Volume IV, page 361,
      Interscience Publishers, Inc. (1960). Using a differential thermal
      analyzer, e.g., a Du Pont Model 900 DTA, fitted with a differential
      scanning calorimeter (DSC) cell adjusted to a heating rate of 5.degree.C.
      per minute using an empty aluminum pan as a reference, a sample of the
      polymer was heated in an aluminum pan to 20.degree.C. above its melting
      point. The sample was cooled approximately 15 minutes until it reached a
      temperature of about 50.degree.C. and then reheated, again at 5.degree.C.
      per minute, and the melting point observed. This procedure gives
      comparable melting points for polyolefins to those obtained by visual
      observation using a hot-stage microscope equipped with crossed polarizers
      in accord with the ASTM procedure Designation D2117-64 for the
      determination of the melting point of semicrystalline polymers.
PAR  b. One method for molecular weight determination is the measurement of
      inherent viscosity of the polymer in solution. The measurement of inherent
      viscosity bears a direct relationship to the number average molecular
      weight for each class of polyolefin and it was used in the above examples
      to characterize the polypropylene products of the examples. The inherent
      viscosity (.eta..sub.I) of the polypropylene was measured by dissolving
      0.05 g. of the polyolefin in 50 milliliters of decahydronaphthalene at
      170.degree.C. The solution was filtered and transferred to an Ostwald
      viscometer and the viscosity of the polymer solution and of the
      decahydronaphthalene solvent measured at 130.degree.C. by noting the time
      required to pass the same volume of each material through the viscometer.
PAR  The inherent viscosity (.eta..sub.I) was then calculated by using the
      following formula:
      ##EQU3##
      The inherent viscosity may be correlated with the number average molecular
      weight of the linear polyolefin, e.g., an inherent viscosity of 1.0
      corresponds to a number average molecular weight of 180,000, an
      .eta..sub.I of 5 corresponds to 750,000 and an .eta..sub.I of 10
      corresponds to 1,800,000 for the polypropylene polymers disclosed herein.
PAR  c. The weight average molecular weight of the polyolefin products herein
      may be measured by the classical methods of light scattering. However, in
      the case of the linear polyethylene products of the examples, the weight
      average molecular weights of the products herein were determined from a
      previously-established correlation between melt flow (ASTM 1238-65T
      Condition E) and weight average molecular weight as determined by light
      scattering, e.g., a melt flow of 1 corresponds to a weight average
      molecular weight (M.sub.w) of 140,000 and a melt flow of 3.5 to M.sub.w =
      100,000.
PAR  d. The characterization of tetra(neophyl) zirconium by nuclear magnetic
      resonance spectroscopy was carried out according to the general procedure
      described in "Interpretation of NMR Spectra" by R. H. Bible, Plenum Press,
      1965;  Appendix, page 119. The tetra(neophyl) zirconium (0.02 g.) was
      dissolved in 0.2 cc of deutrobenzene (99.8%) in a 5 mm. O.D. .times. 5
      inch glass NMR tube. The spectrum was determined at 42.degree.C.
CLMS
STM  I claim.
NUM  1.
PAR  1. An olefin polymerization catalyst consisting essentially of the reaction
      product obtained by contacting a solution in hydrocarbon medium of
      tetra(neophyl) zirconium with a suspension in hydrocarbon medium of a
      hydroxylated metal oxide free from absorbed molecular H.sub.2 O of a metal
      selected from the group consisting of the metals of Groups II(a), III(a),
      IV(a), and IV(b) of the Bohr Periodic Table of the Elements, the
      proportion of said tetra(neophyl) zirconium being at least 0.05 millimoles
      per gram of oxide.
NUM  2.
PAR  2. A catalyst of claim 1 in which the metal oxide is alumina.
NUM  3.
PAR  3. A catalyst of claim 2 in which the alumina is a fumed alumina having a
      surface area of 10-500 m.sup.2 /g having, prior to reaction with
      tetra(neophyl) zirconium, HO-groups on its surfaces equivalent to from
      about 0.5% to about 1.5% by weight water.
NUM  4.
PAR  4. A process for producing a catalyst for the polymerization of 1-olefins
      consisting essentially of neophyl zirconium aluminate on alumina which
      consists essentially, in combination and in sequence, of the following
      steps:
PA1  a. heating gamma alumina in a stream of anhydrous gas comprising N.sub.2 at
      900.degree. to 1100.degree.C. for 1 to 10 hours to dry the alumina and
      convert the gamma alumina to a mixture of gamma, delta, and theta
      crystalline forms;
PA1  b. cooling the alumina and partially hydrating it by contacting the alumina
      with an atmosphere comprising water vapor until from 0.5% to 5% by weight
      of water has reacted;
PA1  c. redrying the alumina by heating at 300.degree. to 500.degree.C. in a
      stream of anhydrous gas comprising N.sub.2 for 1 to 10 hours until the
      alumina is free from absorbed H.sub.2 O and contains from 0.5% to 1.5% by
      weight water of hydration as HO-groups on the surfaces of the alumina; and
PA1  d. reacting the activated alumina from (c), as a slurry in an anhydrous
      liquid hydrocarbon medium, with a solution of tetra(neophyl) zirconium in
      a anhydrous liquid hydrocarbon, by mixing together the slurry and the
      solution in a proportion of 0.1 to 0.6 millimoles of tetra(neophyl)
      zirconium per gram of the activated aluminum at a temperature in the range
      of 0.degree. to 100.degree.C. until the reaction is complete.
NUM  5.
PAR  5. A process according to claim 4 in which the alumina is a fumed alumina
      having a surface area of from 10 to 500 m.sup.2 /g.
NUM  6.
PAR  6. A process according to claim 4 in which the gas employed in steps (a)
      and (c) consists of pure anhydrous N.sub.2.
NUM  7.
PAR  7. A process according to claim 4 in which in step (d) the proportion of
      tetra(neophyl) zirconium employed is from 0.15 to 0.35 millimoles per gram
      of suspended activated alumina.
NUM  8.
PAR  8. A process according to claim 4 in which the reaction product of step (d)
      is aged for a time sufficient to allow partial reduction of the zirconium,
      at least in part to a valence of three.
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ABST
PAL  A hydrogenation catalyst is prepared by:
PAL  A. providing a hydrocarbon-soluble catalyst precursor which is a reaction
      product of (a) a transition metal compound (e.g. nickel acetylacetonate)
      with (b) a phenolic substance (e.g. p-nonylphenol); and
PAL  B. reducing the soluble precursor with (c) an organometallic reducing agent
      (e.g. n-butyllithium) in a solvent medium to form a highly active
      catalyst.
PAL  The catalyst is useful for hydrogenating polyisoprene, EPDM, 1-octene, etc.
PARN
PAR  This is a division of application Ser. No. 224,977, filed Feb. 9, 1972, now
      U.S. Pat. No. 3,855,185.
BSUM
PAR  This invention relates to a hydrogenation catalyst, a method of making
      same, and a hydrogenation process employing such catalyst.
PAR  In one aspect, the invention involves the preparation of a highly active
      hydrogenation catalyst from a soluble precursor, by subjecting the
      precursor to the action of an organometallic reducing agent. More
      particularly, the invention contemplates first providing, as a catalyst
      precursor, a hydrocarbon-soluble organometallic complex which is a
      reaction product of (a) an organic chelate compound of a transition metal
      with (b) a phenolic substance. The thus-formed organometallic complex, or
      soluble catalyst precursor, is then reduced by the action of (c) an
      organometallic reducing compound to produce the highly active
      hydrogenation catalyst.
PAR  Considering in more detail ingredient (a) of the soluble catalyst
      precursor, that is, the organic chelate compound of a transition metal,
      this is usuallly a compound of nickel, cobalt or iron with a chelating
      agent such as a beta-diketone or a beta-ketoester. Examples of the
      chelating agents include acetylacetone, 1,3-hexanedione, 3,5-nonadione,
      methylacetoacetate, ethylacetoacetate and the like.
PAR  To arrive at the soluble precursor, the described organic chelate compound
      of a transition metal (a) is, as indicated, contacted with (b) a phenolic
      substance, thus producing a soluble organometallic complex. For this
      purpose phenol itself is suitable, or there may be used a substituted
      phenol such as a monoalkylphenol having an alkyl group of for example 1to
      10 carbon atoms, typically in the 2- or 4- position, or a dialkylphenol
      usually having the alkyl groups (having for example 1 to 10 carbon atoms
      in each group) in the 2,4- or 2,6- positions. Examples of such phenols
      include 2-butylphenol, 2-t-butylphenol, 2-octylphenol, 2-t-octylphenol,
      2-nonylphenol, 4-butylphenol, 4-t-butylphenol, 4-octylphenol,
      4-t-octylphenol, 4-nonylphenol, 2-methyl-4-ethylphenol,
      2-ethyl-4-butylphenol, 2,4-dipropylphenol, 2,4-di-t-butylphenol,
      2-butyl-4-t-octylphenol, 2,4-dinonylphenol, 2-methyl-6-ethylphenol,
      2-ethyl-6-t-butylphenol, 2,6-dipropylphenol, 2,6-di-t-butylphenol,
      2-methyl-6-t-octylphenol, 2-butyl-6-t-octylphenol, 2,6-dinonylphenol and
      the like.
PAR  The organometallic soluble catalyst precursor is conveniently made by
      bringing (a) the transition metal chelate and (b) the phenolic substance
      together in the presence of an organic solvent medium. For this purpose
      inert solvents in general are suitable, or, when the material to be
      hydrogenated is a liquid under the conditions prevailing, such material
      may be used as the solvent. Frequently the inert solvent is a hydrocarbon
      solvent. Frequently the inert solvent is a hydrocarbon solvent, whether
      saturated (aliphatic, or cycloaliphatic) or aromatic, or combined forms
      such as hydroaromatic, or mixtures of such solvents may be used. Examples
      include hexane, heptane, octane, benzene, toluene, xylene, cyclohexane,
      methylcyclohexane, decalin, tetralin, etc. The solvent may contain,
      dissolved therein, a material to be hydrogenated. The conditions under
      which the soluble organometallic complex is formed by interaction of the
      transition metal chelate and the phenolic material are not critical.
      Usually the mixing is carried out, with stirring, at somewhat elevated
      temperature (e.g., 60.degree.-90.degree.C) and the reaction is frequently
      sufficiently completed within a period of a few minutes although longer
      reaction times (e.g., 1 or 2 hours or more) may also be used. The
      organometallic catalyst precursor will remain soluble when the solution is
      cooled to room temperature. If isolated from the solution it is usually a
      glassy solid whose color depends upon the transition metal used, but
      isolation is not necessary. The relative proportions of transition metal
      chelate to phenolic substance are not critical and may vary. Usually at
      least about 1/2 mole of transition metal chelate is used per mole of
      phenolic material. Larger quantities may be used, such as for example up
      to about 2 moles of transition metal chelate per mole of phenolic
      material. Frequently it is preferred to use approximately equimolar
      quantities of transition metal chelate and phenolic substance.
PAR  Having thus provided the soluble organometallic complex catalyst precursor,
      the next stage in the method of making the catalyst involves, as
      indicated, subjecting the precursor to the action of an organometallic
      reducing agent (c) in the solvent medium. Particularly suitable
      organometallic reducing compounds are those having the formula MR.sub.n,
      where M is a metal such as lithium, magnesium or aluminum, R is a
      hydrocarbon radical, and n is the valence of the metal. The hydrocarbon
      radical R may be saturated (acyclic or cyclic) or aromatic. Especially
      useful are those compounds in which R has for example up to 12 carbon
      atoms, as in saturated acyclic hydrocarbon radicals having 1 to 12 carbon
      atoms, saturated cyclic hydrocarbon radicals having 5 to 12 carbon atoms,
      and aromatic hydrocarbon radicals having 6 to 12 carbon atoms. Examples of
      such radicals include alkyl, aryl, alkaryl, aralkyl and cycloaliphatic
      groups exemplified by methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl,
      sec-butyl, t-butyl, pentyl, hexyl, heptyl, octyl, nonyl, dodecyl, phenyl,
      benzyl, tolyl, cyclopentyl, cyclohexyl, and naphthyl radicals. Thus,
      examples of the organometallic reducing compounds include ethyllithium,
      n-propyllithium, n-butyllithium, i-butyllithium, sec-butyllithium,
      t-butyllithium, n-pentyllithium phenyllithium, diethylmagnesium,
      di-n-propylmagnesium, di-n-butylmagnesium, diphenylmagnesium,
      triethylaluminum, tri-n-propylaluminum, triisopropylaluminum,
      tri-n-butylaluminum, triisobutylaluminum, triamylaluminum,
      trihexylaluminum, trioctylaluminum, trididecylaluminum,
      diethylisobutylaluminum, diethyloctylaluminum, tricyclohexylaluminum,
      triphenylaluminum and their mixtures.
PAR  When the solution of the organometallic complex catalyst precursor and the
      described organometallic reducing compound (c) are brought together to
      form the catalyst of the invention, formation of the catalyst is
      immediate, even at room temperature, and is indicated by the development
      of a brown or black color. The proportions of organometallic complex to
      reducing compound (c) suitable for forming the catalyst may vary.
      Ordinarily at least about 1 mole of the reducing compound (c) is employed
      for each mole of components (a) plus (b). It is frequently preferred to
      use a molar excess of organic reducing compound (c), for example, the
      molar amount of compound (c) is advantageously about 3 times the molar sum
      of components (a) and (b). A preferred range of (c) in 2 to 5 times the
      sum of (a) and (b). While there is no upper limit to the amount of
      reducing substance that may be employed, and larger amounts can be used,
      there is no proportionate added advantage in using such larger amounts and
      for reasons of economy larger amounts will not ordinarily be used. Slow
      addition of the reducing compound is preferred since this has been found
      to assure the formation of a highly active fine dispersion of the reduced
      metal hydrogenation catalyst. In practice a convenient procedure is to add
      the reducing agent slowly or in portions with good stirring over a short
      period of time.
PAR  To carry out the hydrogenation process of the invention the substance to be
      hydrogenated is contacted with hydrogen in the presence of the described
      catalyst composition. Any organic substance having a non-aromatic
      hydrogenatable carbon-to-carbon unsaturated bond is operable in the
      invention, including substances with one or more ethylenic (olefinic) or
      acetylenic multiple bonds. The hydrogenatable substances include not only
      low molecular weight or monomeric substances, but also high molecular
      weight or polymeric substances. Examples of monomeric non-polymeric
      materials that may be hydrogenated include unsaturated hydrocarbon
      monomers, particularly monoolefins having 2 to 12 carbon atoms such as
      ethylene, propylene, cis-2-butene, trans-2-butene, 2-methylbutene-1,
      2-methylbutene-2, 1-pentene, 2-pentene, 1-hexene, 1-heptene, 1-octene,
      isooctene, styrene, vinyl toluene and the like.
PAR  Examples of polymers which may be hydrogenated include such unsaturated
      hydrocarbon polymers as the diene polymers, whether homopolymers or
      copolymers. Of particular importance are the homopolymers and copolymers
      of conjugated dienes, including copolymers of connjugated dienes with each
      other and with copolymerizable ethylenically unsaturated monomers such as
      the vinyl-substituted aromatic hydrocarbons. Examples of such polymers
      include polybutadiene, polyisoprene, butadiene-styrene copolymers,
      butadiene-alpha-methylstyrene copolymers, butadieneisoprene copolymers,
      polybutadiene grafted with a minor amount of styrene, and others. These
      polymers may be prepared by bulk polymerization, solution polymerization,
      or emulsion polymerization by the use of a radical type initiator, an
      ionic type initiator, or a Ziegler type initiator. The hydrogenated
      polymers obtained from these polymers are useful for manufacturing rubber
      articles. In addition to polymers based on conjugated dienes, polymers
      based on non-conjugated dienes may be used, notably the EPDM class of
      polymers. These are ordinarily sulfur-curable, chain-saturated terpolymers
      of a major proportion of ethylene and propylene and a minor amount
      (sufficient to confer sulfur-vulcanizability) of a non-conjugated diene
      such as an acyclic diolefin (e.g., 1,4-hexadiene) or a polycyclic diene
      (e.g., dicyclopentadiene, cyclooctadiene, alkylidene norbornenes or
      mixtures of such dienes, such as dicyclopentadiene in admixture with
      ethylidene norbornene, methyl tetrahydroindene, etc.). Usually the
      preferred EPDM rubbery copolymers contain ethylene and propylene in a
      weight ratio of from 20:80 to 75:25 and the diene content ranges up to
      about 20% by weight of the polymer (usually up to 10%). U.S. Pat. No.
      2,933,480, Gresham et al., Apr. 19, 1960; U.S. Pat. No. 3,000,866 Tarney,
      Sept. 19, 1961; U.S. Pat. No. 3,063,973, Gladding et al., Nov. 13, 1962;
      U.S. Pat. No. 3,043,620, Gladding et al., June 11, 1963; and U.S. Pat. No.
      3,211,709, Adamek et al., Oct. 12, 1965, teach examples of suitable
      alpha-olefin copolymers to which this invention is applicable.
PAR  As indicated previously, the substance to be hydrogenated may be present in
      the solution in which the catalyst is prepared, and, in fact, when the
      substance to be hydrogenated is a liquid it may itself serve as the
      solvent. Otherwise, any inert hydrocarbon solvent as previously described
      may serve as the solvent medium for the hydrogenation. The substance to be
      hydrogenated is preferably present when the active catalyst is formed by
      the action of the reducing agent on the soluble precursor. Less preferably
      the substance to be hydrogenated is added to the solution subsequent to
      preparation of the catalyst. There are no restrictions on the
      concentration of the hydrogenatable substance in the solution and such
      concentration can range all the way from less than 1% by weight up to the
      limit of solubility, if any, of the hydrogenatable substance in the
      solvent, all the way to 100% in the case where the hydrogenatable
      substance itself serves as the solvent. Ordinarily the concentration of
      the solution of a polymer to be hydrogenated may be varied as desired, for
      example, from less than 1% to greater than 30%, preferably from about 1
      to 20%. The concentration of the solution of a non-polymeric unsaturated
      compound to be hydrogenated similarly may ordinarily be varied as desired,
      for example from 1% or less, and higher for those which are solid at room
      temperature, to about 100% for those which are liquid at the hydrogenation
      temperature.
PAR  The hydrogenation process of the invention is typically carried out by
      bubbling hydrogen into the solution containing a catalytic amount of the
      catalyst and the material to be hydrogenated, usually with stirring or
      shaking depending upon the type of reaction vessel being used. Usually the
      relative amounts of catalyst and hydrogenatable substance present are such
      that the mixture contains from about 150 moles or more to 1 moles or less
      of carbon-to-carbon unsaturation (olefinic double bonds) per mole of
      transition metal, the preferred amount being about 1 to 20 moles of
      carbon-to-carbon unsaturation per mole of transition metal. The
      hydrogenation proceeds under mild hydrogenation conditions, including
      ambient temperature and pressure. If desired elevated pressure (e.g. 10
      atmospheres or higher) may be used for greater efficiency. Typically a
      convenient pressure range is from about 14 to 50 psig. It is not necessary
      to exercise special control over the temperature of the reaction mixture,
      but if desired the mixture may be cooled (e.g., to 10.degree.C or less) or
      heated (e.g. to 100.degree.C or more). Frequently the hydrogenation is
      carried out at a temperature of from 25.degree. to 75.degree.C. The
      hydrogenation is rapid and sometimes requires only a few minutes (e.g. 5
      minutes) although longer reaction times (e.g. about 1 to 10 hours or more)
      may be used if desired.
PAR  After the hydrogenation has been completed to the desired extent, the
      catalyst may be deactivated by adding a polar solvent such as acetone or
      alcohol, preferably containing an excess of mineral acid such as aqueous
      hydrochloric acid. The hydrogenated substance may be recovered in any
      suitable conventional manner. In the case of a hydrogenated polymer,
      addition of the polar solvent ordinarily causes precipitation of the
      polymer. To prevent any oxidation of the polymer during the recovery
      operations, a small amount (e.g. 0.25 to 0.75%) of a conventional rubber
      antioxidant may be added. The extent of hydrogenation of the product may
      be determined by any of several methods including refractive index,
      titration, or gas phase chromatography.
PAR  In accordance with a preferred practice of the invention the active
      catalyst-formation step, that is, the step involving reduction of the
      dissolved soluble organometallic complex catalyst precursor by action of
      the organometallic reducing agent (c), is carried out in the presence of
      hydrogen, and more preferably in the presence of both hydrogen and the
      substance to be hydrogenated. Such in-situ formation of the active
      catalyst in the hydrogenation mixture insures the formation of a catalyst
      which is highly effective.
PAR  The invention is remarkable for the efficiency with which otherwise
      difficult to hydrogenate materials can be hydrogenated. Polyisoprene for
      example has previously been difficult to hydrogenate. In certain prior
      hydrogenation processes polyisoprene tends to degrade but such is not the
      case in the present process. By use of the present process polybutadiene
      can be partially hydrogenated to provide an improved material having less
      cold flow and improved gum tensile strength. The present catalyst is
      extremely active. The catalyst is not sensitive to small traces of
      impurities such as water and does not require the vigorous control of
      reagent ratios required in certain prior art systems. The catalyst may
      contain considerable quantities of impurities and commercial grades of
      solvents may be used while still maintaining high activity. The present
      catalyst is superior to typical prior catalysts in the degree and rapidity
      of hydrogenation which is possible.
DETD
PAR  The following examples will serve to illustrate the practice of the
      invention in more detail.
PAC  EXAMPLE 1
PAR  This example illustrates the preparation of the soluble metal complex using
      nickel acetyl acetonate as the source of the transition metal and the
      hydrogenation ability of the catalyst of this invention formed from the
      soluble nickel complex.
PAR  A mixture of 0.24 mole (61.4g) of nickel acetylacetonate, 0.24 mole (52.8g)
      of commercial grade p-nonylphenol and 300 ml. of n-heptane is stirred and
      heated at 80.degree.-90.degree.C. for 1 hour. The resultant solution of
      the heptane soluble nickel complex is cooled to room temperature and
      stored in a capped bottle.
PAR  400 ml. of a 2% by weight solution of polyisoprene (equivalent to 0.12
      moles of olefinic unsaturation calculated as moles of monomer or isoprene)
      in n-hexane is placed in a dry 600 ml. narrow neck beverage bottle. The
      polyisoprene is a material sold under the trademark "Natsyn 400" by
      Goodyear Tire & Rubber Co., having a Mooney viscosity of 85 (ML-4 at
      212.degree.F). To this polyisoprene solution is added 20 ml of the above
      metal complex solution (equivalent to 16 mmoles of nickel) and the mixture
      is flushed with hydrogen. To the resultant mixture is added 50 mmole of
      n-butyllithium as a 1.6 molar n-hexane solution during a period of 10
      minutes with stirring. The slow addition of the reducing compound
      (n-butyllithium) results in a highly active nickel hydrogenation catalyst.
      After the addition of the n-butyllithium, the resultant mixture is
      contacted with hydrogen under a pressure of 14 psig at room temperature
      (25.degree.C) by bubbling hydrogen into the mixture for a period of 60
      minutes. 2,2'-Methylenebis(4-methyl-6-t-butylphenol) (one part/100 of
      polymer) and polyetherdiamine (reaction product of polypropylene glycol
      and propylene imine, molecular weight 2000; three parts/100 of polymer)
      are then added to protect the partially hydrogenated polymer from
      oxidation and for efficient catalyst removal. The resultant mixture is
      then washed twice with 500 ml. of  50% aqueous hydrochloric acid and the
      polyisoprene is floculated by the addition of an excess of isopropyl
      alcohol containing 2,2'-methylene bis(4-methyl-6-t-butylphenol). The wet
      polymer crumb is dried overnight at 35.degree.C in a vacuum oven. Analysis
      of the polyisoprene using refractive index shows the polyisoprene to be
      45% hydrogenated. The intrinsic viscosity at 135.degree.C. in tetralin of
      the hydrogenated polymer is 1.07 compared 1.02 for the original polymer.
      The experiment is summarized as Run 1 in Table I.
PAR  The experiment demonstrates the outstanding hydrogenation activity of the
      catalyst of this invention at room temperature and low hydrogen pressure,
      without any degradation of the polymer.
PAR  The experiment is repeated, except that the p-nonylphenol is omitted.
      Analysis of the resultant polymer shows only 8% hydrogenation. The
      experiment is summarized as Run 2 in Table I.
PAR  For purposes of comparison, a third run is made, identified as Run 3 in
      Table I, according to the procedure of Run 1 but substituting nickel
      naphthenate for the soluble nickel complex. Run 3 is outside the invention
      and employs 400 ml. of a 1% by weight n-hexane solution of polyisoprene
      using commercial grade nickel naphthenate as the source of the soluble
      transition metal. 15 mmoles of nickel naphthenate is reduced with 50
      mmoles of n-butyllithium giving, as indicated in Table I, a [RA]/[Me]
      ratio of 3.3 and a [C=C]/[Me] ratio of 3.9. The percent hydrogenation of
      the polymer as measured by refractive index is 8 percent. The intrinsic
      viscosity at 30.degree.C in toluene before hydrogenation is 4.16 and after
      hydrogenation it is 2.53 indicating that a significant amount of polymer
      degradation has occurred.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Example 1 - Hydrogenation of Polyisoprene                                 

        Transition  Reducing                                                   

                         Molar  Molar          Polymer                         

        Metal       Compound                                                   

                         Ratio  Ratio  Percent Intrinsic Viscosity             

     Run                                                                       

        [Me]   Phenol                                                          

                    [RA] [RA]/[Me]                                             

                                [C=C]/[Me]                                     

                                       Hydrogenation                           

                                               Before                          

                                                     After                     

     __________________________________________________________________________

     1  nickel p-nonyl-                                                        

                    n-butyl-                                                   

                         3      7.3    45      1.07  1.02                      

        acetyl-                                                                

               phenol                                                          

                    lithium                    (tetralin                       

                                                     (tetralin                 

        acetonate                              135.degree.C)                   

                                                     135.degree.C)             

     2  nickel --   n-butyl-                                                   

                         3      7.3    8       --    --                        

        acetyl-     lithium                                                    

        acetonate                                                              

     3  nickel --   n-butyl-                                                   

                         3.3    3.9    8       4.16  2.53                      

        naphthenate lithium                    (toluene                        

                                                     (toluene                  

                                               30.degree.C)                    

                                                     30.degree.C)              

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  The hydrogenation activity of the catalyst of this invention can be
      significantly increased by utilizing hydrogen pressures above one
      atmosphere as demonstrated by the following example. 400 ml. of a 2.5% by
      weight n-hexane solution of polyisoprene (commercial material known as
      "Isoprene 305", Shell Chemical Co.; 70-90 Mooney viscosity [ML-4 at
      212.degree.F]) was placed in a 500 ml capacity Paar hydrogenation
      apparatus. A solution of 16 mmoles of soluble nickel complex prepared as
      in Run 1 of Example 1 was added to the polymer solution. After flushing
      with hydrogen, 50 mmoles of n-butyllithium was added over a period of 10
      minutes and the solution was contacted, while shaking, with hydrogen at 50
      psig pressure and room temperature for 60 minutes. The recovered polymer
      indicated 78% hydrogenation with an intrinsic viscosity of 1.36 as
      measured in tetralin at 135.degree.C. The intrinsic viscosity of the
      original polymer was 0.81, indicating that hydrogenation resulted in an
      increase in the molecular weight of the polymer. The experiment is
      summarized as Run 4 in Table II.
PAR  In Run 5, the Run 4 experiment is repeated except that aged catalyst is
      used, that is, all the catalyst ingredients are combined (in the absence
      of polyisoprene and hydrogen) and stored for 4 hours in a stoppered bottle
      at room temperature under a nitrogen atmosphere before use, with the
      results given in Table II. Run 5 demonstrates that aging of the catalyst
      at room temperature for a period up to 4 hours does not have any
      significant deleterious effect on the hydrogenation capability.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Example 2 - Hydrogenation of Polyisoprene                                 

                                                        Polymer                

        Transition Reducing                                                    

                        Aging of                                               

                                Molar  Molar  Hydrogen                         

                                                   Percent                     

                                                        Intrinsic              

        Metal      Compound                                                    

                        Catalyst                                               

                                Ratio  Ratio  Pressure                         

                                                   Hydro-                      

                                                        Viscosity              

     Run                                                                       

        [Me]  Penol                                                            

                   [RA] hrs at R.T.                                            

                                [RA]/[Me]                                      

                                       [C=C]/[Me]                              

                                              psig genation                    

                                                        Before                 

                                                            After              

     __________________________________________________________________________

     4  nickel                                                                 

              p-nonyl                                                          

                   n-butyl-                                                    

                        0       3      9.8    50   78   0.81                   

                                                            1.36               

        acetyl-                                                                

              phenol                                                           

                   lithium                                                     

        acetonate                                                              

     5  nickel                                                                 

              p-nonyl                                                          

                   n-butyl-                                                    

                        4       3      9.8    50   75   0.81                   

                                                            0.97               

        acetyl-                                                                

              phenol                                                           

                   lithium                                                     

        acetonate                                                              

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  The extent of polymer hydrogenation can be increased with increasing time
      as demonstrated by the following run (Run 6, Table III):
PAR  300 ml. of a 1% by weight n-hexane solution of polyisoprene (Natsyn 400)
      was introduced into a 1-gallon capacity glass pressure reactor equipped
      with an air driven stirrer. 50 mmoles of the soluble nickel complex of Run
      1 of Example 1 was added to the polymer solution and the mixture flushed
      with hydrogen. Over a 10 minute period, 250 mmoles of n-butyllithium was
      added, after which the reaction was heated to 75.degree.C and kept at this
      temperature for 2 hours during which time a hydrogen pressure of 30 psig
      was applied. The degree of hydrogenation was followed by the refractive
      index of the polymer as shown in Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

     Example 3 - Hydrogenation of Polyisoprene (Run 6)                         

     Reaction Time      Percent                                                

     minutes at 75.degree.C.                                                   

                        Hydrogenation                                          

     ______________________________________                                    

     30                 57                                                     

     60                 71                                                     

     120                77                                                     

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  The following runs (Runs 7, 8, 9 and 10, Table IV) were made to demonstrate
      the effect of the catalyst level in terms of mmoles of nickel on the
      hydrogenation of a polymer. The catalyst of this invention was compared
      with a prior art catalyst made from a soluble nickel salt (nickel
      naphthenate). The experimental procedure and reaction conditions were the
      same as in Run 1 of Example 1. The results are summarized in Table IV.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Example 4 - Hydrogenation of Polyisoprene                                 

                                            Reaction                           

        Transition  Reducing                                                   

                         Molar  Molar       Time  Hydrogen                     

                                                       Percent                 

        Metal       Compound                                                   

                         Ratio  Ratio  Mmoles                                  

                                            at 25.degree.C                     

                                                  pressure                     

                                                       Hydro-                  

     Run                                                                       

        [Me]   Phenol                                                          

                    [RA] [RA]/[Me]                                             

                                [C=C]/[Me]                                     

                                       of Ni                                   

                                            Mins. psig genation                

     __________________________________________________________________________

      7 nickel p-nonyl                                                         

                    n-butyl-                                                   

                         31     37     1.56 60    14    6                      

        acetyl-                                                                

               phenol                                                          

                    lithium                                                    

        acetonate                                                              

     8  "      "    "    3.1    3.7    15.6 60    14   57                      

     9  "      "    "    0.8    0.93   62.3 60    14   51                      

     10 nickel --   "    0.8    0.93   62.3 60    14   25                      

        naphthenate                                                            

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  The catalyst of this invention exhibits activity for the hydrogenation of
      low-unsaturation, sulfur-vulcanizable EPDM-type elastomers. Run 1 of
      Example 1 was repeated using 400 ml of a 2% by weight n-hexane solution of
      a commercial EPDM elastomer which was a solution polymerized terpolymer of
      ethylene/propylene/5-ethylidene-2-norbornene (ratio of ethylene to
      propylene 60:40, by weight), having an iodine number of 28.8, and an
      intrinsic viscosity in tetralin at 135.degree.C of 1.73. The iodine number
      of the hydrogenated polymer was 11.6 indicating that the percent
      hydrogenation was 60.
PAC  EXAMPLE 6
PAR  A portion of the partially hydrogenated polymer of Run 1 of Example 1 was
      hydrogenated twice more using the procedure of Example 1. The resulting
      polymer was 100% hydrogenated with an intrinsic viscosity of 2.29 compared
      with 1.02 for the original polymer (in tetralin at 125.degree.C).
PAC  EXAMPLE 7
PAR  The following example demonstrates the utility of the catalysts of the
      present invention in the hydrogenation of low molecular weight
      alpha-olefin monomers.
PAR  Following the procedure of Example 1, soluble metal complexes were made
      from ferric acetylacetonate and nickel acetylacetonate as indicated in
      Runs 11 and 13 in Table V. These metal complexes were then used to
      hydrogenate 10 ml (0.063 moles) of 1-octene dissolved in 200 ml of
      cyclohexane in a 600 ml narrow neck beverage bottle. In each case the
      metal complex was added to the solution of the alpha-olefin, flushed with
      hydrogen, and an excess amount of n-butyllithium added over a period of 10
      minutes. The reaction mixture was then contacted with hydrogen at 14 psig
      and room temperature for 60 minutes. Companion runs without any phenol
      (Runs 12 and 14, Table V) in the catalyst mixture were run to demonstrate
      the effect of the unique solubilization action of the phenol. In all cases
      the reducing agent to transition metal mole ratio was between 6:1 and
      10:1. The results are given in Table V.
TBL                TABLE V                                                     

     ______________________________________                                    

     Example 7 - Hydrogenation of 1-Octene                                     

          Transition         Reducing        Percent                           

          Metal              Compound                                          

                                    Mmoles of                                  

                                             Hydro-                            

     Run  [Me]      Phenol   [RA]   Metal, Me                                  

                                             genation                          

     ______________________________________                                    

     11   ferric    p-nonyl  n-butyl-                                          

                                    0.54     56                                

          acetyl-   phenol   lithium                                           

          acetonate                                                            

     12   "         --       "      0.70     12                                

     13   nickel    p-nonyl  "      0.79     35                                

          acetyl-   phenol                                                     

          acetonate                                                            

     14   "         --       "      0.70     25                                

     ______________________________________                                    

CLMS
STM  Having thus described our invention, what we claim and desire to protect by
      Letters Patent is:
NUM  1.
PAR  1. A method of making a hydrogenation catalyst comprising in combination
      the steps of:
PA1  A. forming a hydrocarbon-soluble organometallic complex by contacting, in a
      hydrocarbon solvent medium,
PA2  a. an organic chelate compound of a transition metal selected from the
      group consisting of nickel, cobalt and iron with a chelating agent
      selected from the group consisting of beta-diketone and beta-ketoester,
      with
PA2  b. a phenolic substance selected from the group consisting of phenol,
      2-alkylphenol, 4-alkylphenol, 2,4-dialkylphenol and 2,6-dialkylphenol
      wherein each alkyl group contains 1 to 10 carbon atoms,
PA1  the amount of (a) being from 1/2 to 2 moles, per mole of (b); and
      thereafter
PA1  B. mixing the resulting solution of hydrocarbon-soluble organometallic
      complex provided in step (A) with
PA2  c. an organometallic reducing agent of the formula MR.sub.n where M is a
      metal selected from the group consisting of lithium, magnesium and
      aluminum, R is a hydrocarbon radical selected from the group consisting of
      saturated acyclic hydrocarbon radical having 5 to 12 carbon atoms and
      aromatic hydrocarbon radical having 6 to 12 carbon atoms, and n is the
      valence of the metal M,
PA1  the amount of (c) being from 1 to 5 moles per combined moles of said
      organic chelate compound (a) plus said phenolic substance (b), whereby the
      said hydrogenation catalyst is produced in highly active form.
NUM  2.
PAR  2. A method as in claim 1 in which the said transition metal is nickel.
NUM  3.
PAR  3. A method as in claim 1 in which the said transition metal is iron.
NUM  4.
PAR  4. A method as in claim 1 in which the said chelating agent is a
      beta-ketoester.
NUM  5.
PAR  5. A method as in claim 4 in which the said chelating agent is
      acetylacetone.
NUM  6.
PAR  6. A method as in claim 1 in which the said phenolic substance is a
      4-alkylphenol.
NUM  7.
PAR  7. A method as in claim 6 in which the 4-alkylphenol is 4-nonylphenol.
NUM  8.
PAR  8. A method as in claim 1 in which the said metal M in said organometallic
      reducing agent is lithium.
NUM  9.
PAR  9. A method as in claim 1 in which the said hydrocarbon radical R in said
      organometallic reducing agent is a saturated acyclic hydrocarbon radical
      having 1 to 12 carbon atoms.
NUM  10.
PAR  10. A method as in claim 9 in which the said organometallic reducing agent
      is n-butyllithium.
NUM  11.
PAR  11. A method as in claim 1 in which equimolar amounts of (a) and (b) are
      employed, and the amount of (c) is from 2 to 5 moles per combined moles of
      (a) plus (b).
NUM  12.
PAR  12. A method as in claim 1 in which the said step (B) is carried out in the
      presence of a substance to be hydrogenated which is a hydrocarbon having
      an olefinic double bond, and hydrogen.
NUM  13.
PAR  13. A hydrogenation catalyst produced by the method of claim 1.
NUM  14.
PAR  14. A hydrogenation catalyst as in claim 13 in which the said transition
      metal is nickel, the said chelating agent is a beta-ketoester, the said
      phenolic substance is a 4-alkylphenol, the said metal M in MR.sub.n is
      lithium and the said hydrocarbon radical R is a saturated acyclic
      hydrocarbon radical having 1 to 12 carbon atoms.
NUM  15.
PAR  15. A hydrogenation catalyst as in claim 13 in which (a) is nickel
      acetylacetonate, (b) is 4-nonylphenol, and (c) is n-butyllithium.
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ABST
PAL  A process for preparing a catalyst that has improved activity and
      efficiency for conversion of hydrocarbons is disclosed. The catalyst is
      prepared by applying sulfito complexes have the emperical formula M.sub.6
      (x) (SO.sub.3).sub.4 where M is H+ NA+, K+ or NH.sub.4 + and x is
      platinum, palladium or mixtures thereof. In addition, the compounds
      M.sub.2 (x) (SO.sub.3).sub.2 and M.sub.2 (x) (SO.sub.3).sub.2 also have
      utility in our process. The complex salt is impregnated onto a support and
      activated by calcination in air or heating in a reducing atmosphere.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The problem of air pollution is not a new one. However, the problem has
      become more and more serious in many cities in recent years. Most of the
      pollution is a result of compounds which are derived from unburned or
      partially burned hydrocarbons found in the exhaust of internal combustion
      engines.
PAR  It is well known that noble metal such as platinum and palladium and
      combination of these metals have been and are currently being used in
      catalysts for the control of auto exhaust emissions. A wide variety of of
      activities can be achieved dependent on the choice noble metal salt used
      in the preparation. Since the use of noble metal auto exhaust catalysts is
      controlled to a great extend by cost, small amounts of noble metals must
      be used to maximum advantage. This means that the location and
      distribution of noble metals are of utmost importance in determining the
      intrinsic activity of the catalyst.
PAR  Several patents have been issued that disclose and claim conversion of
      exhaust gases to innocuous entities in the presence of platinum and
      palladium catalysts. In addition to being the principal components of
      these catalysts several of the noble metals are used in small amounts to
      promote activity of base metal systems. U.S. Pat. No. 3,189,563 of Hauel,
      issused June 15, 1965, is typical of the patents relating to the use of
      noble metal catalysts for the conversion of automobile exhaust gases. U.S.
      Pat. No. 3,455,843 to Briggs et al, issued July 15, 1969, is typical of a
      base metal catalyst system promoted with noble metal. Unpromoted base
      metal catalysts have been described in U.S. Pat. No. 3,322,491 by Barrett
      et al., issued May 30, 1967.
PAR  Normally the activity of a noble metal carbon monoxide and/or hydrocarbon
      oxidation catalyst can be increased by maximizing the dispersion of the
      noble metals. However, when the catalyst is used in an auto exhaust stream
      where gas velocities are high and contact times are short, the
      availability of the noble metal appears to be more crucial to high
      acitivity than the extent of dispersion. The reasons for this is that the
      rate of oxidation of carbon monoxide and hydrocarbons may be diffusion
      controlled. It is well known that a pelleted or balled catalyst operating
      under very high space velocity conditions, makes use of only the outer 5
      to 10% of its volume for catalyzing the oxidation of hydrocarbons and
      carbon monoxide. Therefore, the best possible catalyst as far as
      performance is concerned is one in which the noble metals are located in
      the outer 5 to 10% of the pellet volume and one that is highly dispersed.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  We have found that if platinum and palladium are applied to a pelleted
      catalyst by means of a sulfito complex this high degree of dispersion and
      availability of the platinum and palladium results. These compounds have
      the emperical formula M.sub.6 (x) (SO.sub.3).sub.4 wherein M is Na+, K+ or
      NH.sub.4 +, and x is platinum, palladium or mixtures thereof. The
      disulfito complexes, M.sub.2 (x) (SO.sub.3).sub.2 and M.sub.2 (x)
      (SO.sub.3).sub.2 (NH.sub.3).sub.2, can also be used in our process. The
      catalysts prepared using these sulfito complexes were found to have noble
      metals located near the surface of the pellet and have these noble metals
      moderately well dispersed.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The first step of the process is the preparation of the sulfito complexes
      of platinum and palladium described above. Both platinum and palladium,
      unlike most metals, coordinate with the sulfite group, SO.sub.3 .sup.=, in
      a monodentate fashion. Since both divalent platinum and divalent palladium
      prefer a square planar configuration, each metal can accommodate four
      sulfito groups. This opens up the unique possibility that the sulfito
      group can act as a bridging ligand and coordinate to two platinum atoms,
      to two palladium atoms or to a platinum and a palladium atom. Therefore,
      these sulfito complexes can be monomeric, dimeric or polymeric depending
      on the amount of bridging that takes place. The size of the noble metal
      sulfito polymer can be controlled by controlling the number of sulfite
      groups removed from the complex.
PAR  These large highly charged molecules, when impregnated onto pelleted
      supports, have little tendency to enter small pores in the support and
      probably decompose at the mouth of the pore or in very large pores. These
      large highly charged molecules also deposit very near the surface of the
      pellet in a reasonably dispersed manner. Both of these factors help
      prevent the rate of oxidation of CO and HC from being diffusion controlled
      and result in a catalyst of exceptionally high efficiency, especially with
      regard to control of auto exhaust emissions.
PAR  The first step in the preparation of our highly active and efficient
      catalyst is the selection of a suitable base. The preferred base is
      alumina or an alumina containing compound such as bauxite or the ultra
      stable base prepared by activating and stabilizing common alumina with
      metal oxides such as cerium oxide or other rare earth metal oxides at high
      temperatures prior to application of the noble metals.
PAR  The method of preparing this base is not part of this invention. Very
      briefly, the process consists of contacting suitable carrier supports such
      as mullite, spinel, silica, or alumina with a solution of a salt of a
      mixed rare earth, or more specifically a cerium salt in a quantity such
      that the final catalyst will contain from about 3 to about 10%, preferably
      about 5 weight percent cerium oxide expressed as Ce.sub.2 O.sub.3. The
      support is then dried at a temperature of about 300.degree.C. for about 6
      hours followed by calcination at a temperature 1850.degree. to
      1950.degree.F. for about 1 hour. The resulting activated and stabilized
      support has a surface area of about 75 to 125m.sup.2 /g.
PAR  The next step of the process is the preparation of the solutions of
      platinum and palladium sulfito complexes. The method of preparing the
      complexes, of course, depends on the complex desired. These complexes can
      be readily prepared from chloroplatinic acid and palladium nitrate. In the
      process for preparing the alkali metal platinum sulfito complex or the
      alkali metal palladium/platinum sulfito complex the chloroplatinic acid
      and palladium nitrate solutions are prepared and treated with an excess of
      sodium bisulfite (NaHSO.sub.3). The pH of the solution is increased to 8
      by the addition of sodium carbonate.
PAR  The sodium bisulfite acts both as a reducing agent for the tetravalent
      platinum and as a complexing agent for the platinum and palladium. The
      alkali metal, preferably sodium, platinum sulfito complex and the mixed
      sodium palladium platinum sulfito complex are readily precipitated from
      the basic solution as a white or light yellow salt. This sodium palladium
      sulfito complex has a considerable solubility in basic solutions, but can
      be precipitated by cooling the solution. The addition of either acetone or
      ethanol decreases the solubility of the sulfito complexes in water.
PAR  After the salts have been precipitated they are filtered, washed with cold,
      very dilute, ammonia solution, and finally with acetone. The resulting
      stable complexes can be dried at 100.degree.C. for periods of 1/2 to 2
      hours. These complexes are thermally stable to temperatures above
      300.degree.C. and thus can be easily handled in the laboratory.
PAR  Another convenient method of preparing the mixed sulfito complex is to
      start with a metal sponge. In the first step of this preparation a mixture
      of platinum and palladium metal in sponge form is dissolved in the mixture
      of hydrochloric and nitric acids known as aqua regia. The dissolution is
      accomplished by heating the metals until the excess acid is boiled off. At
      that point the solution is diluted and filtered to remove undissolved
      metals. The pH of the solution is raised to about 5 with sodium carbonate
      and an excess of sodium bisulfite solution is added. The ph of the
      solution is raised to about 8 with sodium carbonate. After filtering,
      washing and drying the sodium salt of the mixed platinum and palladium
      complex is recovered. A greater than 90% yield of the complex is recovered
      using this technique.
PAR  The ammonium salts of the platinum and palladium sulfito complexes are also
      prepared from chloroplatinic acid and palladium nitrate solution,
      respectively. The ammonium platinum sulfito complex is prepared by
      treating chloroplatinic acid solution with an excess of ammonium
      bisulfite. Immediate precipitation of a white solid occurs after which a
      saturated solution of ammonium carbonate and ammonium hydroxide is added
      to make the pH basic. The slurry is cooled to 10.degree.C. in an ice bath
      to decrease the solubility of this complex. The slurry is then filtered.
      The filter cake is reslurried with ammonium carbonate and ammonium
      hydroxide solution, and refiltered, and then washed with ethanol and dried
      in a vacuum oven. This complex is readily soluble in water and is stable
      to 250.degree.C.
PAR  It has also been found that the specific complexes need not be isolated in
      order to prepare catalysts of good performance. Impregnating solutions of
      the complexes may be prepared by dissolving chloroplatinic acid in
      deionized water and bringing the solution to a boil. A small amount of the
      bisulfite solution (either sodium, ammonium or potassium) is added. A
      color change from orange to yellow to colorless occurs rapidly after which
      boiling is continued for 5 minutes. The solution is then cooled to room
      temperature. The desired amount of palladium nitrate is then added and the
      solution is ready to use for impregnating the base.
PAR  It has been found that a satisfactory complex may also be prepared using a
      simplified procedure. In this procedure the aqueous solution of
      chloroplatinic acid is heated to boiling temperature, sulfur dioxide is
      bubbled into the boiling solution and after an appropriate period of time
      (after the solution changes from orange to colorless) the addition of
      SO.sub.2 is discontinued and the boiling is continued for an additional 5
      minutes.
PAR  The solution is cooled to room temperature. If the solution is to contain
      palladium, then an appropriate quantity of palladium nitrate is added to
      the cooled solution. The solution is then ready to be used for
      impregnating the base.
PAR  The catalyst is prepared by cladding or impregnating the support with
      solutions of the mixed sulfito complex prepared by any of the methods
      disclosed above or of the individual platinum and palladium sulfito
      complexes. The impregnation may be made with a solution prepared by
      dissolving the complex in a suitable solvent. However, the complex can
      also be prepared in situ as pointed out above and need not be isolated
      during catalyst preparation.
PAR  After impregnation the catalyst is dried and activated. Activation may be
      carried out by either heating in air at temperatures of 800.degree. to
      1400.degree.F. for periods of 1-4 hours or heating in a reducing
      environment such as hydrogen for 1/2 to 2 hours at
      600.degree.-800.degree.F. A particularly satisfactory catalyst is obtained
      by calcination of the impregnated support at temperatures of 800.degree.
      to 1200.degree.F. for periods of 1 to 2 hours. The noble metals are
      present in the catalyst to the extent of 0.02 to 0.08% by weight based on
      the total weight of the catalyst.
PAR  The catalytic performance of the system was evaluated by both bench scale
      testing, as well as full-size engine tests. The engine test which was
      carried out employs a full-size catalytic converter similar to that which
      will be used on production vehicles equipped with catalytic hardware. This
      test is described in detail in a publication of the Society of Automotive
      Engineers entitled, "An Engine Dynamometer System for the Measurement of
      Converter Performance", by D. M. Herod, et al., that was presented at the
      Automotive Engineering Meeting in Detroit, Mich., on May 14-18, 1973,
      available from the Society of Automotive Engineers, Inc., Two
      Pennsylvannia Plaza, New York. N.Y. 10001 and is incorporated herein by
      reference. The essential feature of this process is the segmenting of the
      cycles into six segments. The first segment, designated CN, is the first
      31 seconds cold cycle which is characteristic of very low conversion
      performance. C1 is interval between 31 and 205 seconds of the cold cycle
      characteristic of accelerating conversion performance. C2 is the remaining
      of the five cold cycles between 205 and 505 seconds characteristic of
      semi-stable conversion performance. Interval 4 (ST) is the time interval
      of the entire (13) stabilized cycles characteristic of stable conversion
      performance. H1 is the first 205 seconds of hot cycle characteristic of
      accelerating conversion performance. H2 is the remaining five hot cycles
      characteristic of semi-stable conversion performance. The predicted values
      are derived by inserting the actual values obtained in a formula as
      described in the publication of the Society of Automotive Engineers.
PAR  Since large quantities of catalyst must be prepared for evaluation in the
      engine test, a bench test was devised that would correlate with the engine
      test and would require the preparation of only small quantities of
      catalyst.
PAR  The bench test is designed to simulate the exhaust gas composition in
      heatup conditions experienced by a catalyst during the initial part of the
      actual chassis dynamometer run. The test approximates the environment the
      catalyst will experience during all important cold start and cold segment
      of the chassis test which accounts for a substantial portion of the total
      carbon monoxide emitted. The simulated exhaust gas contains 1600 parts per
      million carbon as propane, 4.5 volume percent oxygen, 10.0 volume percent
      water vapor, 3.0 volume percent carbon monoxide with the balance being
      nitrogen. The gas mixture is preheated so that the inlet gas temperature
      to the bed of catalyst is 600.degree.F. As the hot gas passes through the
      room temperature catalyst the bed begins to heat up in a manner similar to
      the heat up in an actual catalytic device on an automobile. When the
      temperature in the bed becomes high enough, catalytic oxidation of the
      carbon monoxide and hydrocarbon in the stream commences and the
      temperature increases at an accelerated rate due to the heat of reaction.
      Catalyst performance is measured by determining the time and/or
      temperature relationships for given conversion of carbon monoxide and
      hydrocarbons. The more active catalysts tested in the engine test are
      those catalysts which in the bench test are characterized by the lowest
      .DELTA.t and the highest hydrocarbon efficiency. .DELTA.t is a measure of
      the time required to oxidize from 10 to 90% of the carbon monoxide in the
      simulated exhaust gas composition to carbon dioxide. Hydrocarbon
      efficiency refers to the maximum conversion of hydrocarbon observed after
      a specified time (10 minutes). This bench test is essentially a scaled
      down version of the engine test previously described. Carbon monoxide is
      determined by non-dispersive infrared analysis and hydrocarbon is
      determined by flame ionization analysis.
PAR  Our invention is illustrated by the following specific but nonlimiting
      examples.
PAC  EXAMPLE 1
PAR  This example illustrates a satisfactory method for preparing the noble
      metal catalyst. A total of 125 g. of chloroplatinic acid (40% platinum)
      were dissolved in 3 liters of deionized water. The solution was made basic
      by adding a solution containing 225 g. of sodium carbonate in 1 liter of
      water. A solution containing 225 g. of sodium bisulfite (NaHSO.sub.3) in 1
      liter of water was added to this solution. A precipitation occurred
      immediately. The slurry was stirred for an additional 30 minutes to ensure
      that all the chloroplatinic acid had been reduced to divalent platinum.
      The final solution was clear and the precipitate white. The solution was
      cooled in an ice bath to ensure complete precipitation of the platinum
      sulfito complex.
PAR  The slurry is then filtered, washed with several portions of cold dilute
      ammonium hydroxide solution prepared to contain 10 ml. of concentrated
      ammonium hydroxide in 1 liter of solution. The precipitate was washed with
      acetone to aid in drying. The white solid was dried at 110.degree.C. The
      product had the formula Na.sub.6 PT(SO.sub.3).sub.4 and contained 28.4%
      platinum. The product was thermally stable to above 300.degree.C.
PAR  The sodium palladium sulfito complex was prepared by diluting 200 ml. of a
      palladium nitrate solution prepared to contain 0.1 g. of palladium per ml.
      to 2 liters with water. A total of 120 g. of sodium bisulfite
      (NaHSO.sub.3) in 500 ml. of water and 250 g. of sodium carbonate in 1
      liter of water were mixed and poured slowly into the well stirred
      palladium nitrate solution. Considerable quantities of carbon dioxide were
      evolved. The resulting solution was stirred for a short time, cooled in an
      ice bath and filtered. The light yellow solid was washed with small
      quantities of very dilute cold ammonium hydroxide followed by washes with
      acetone. The product Na.sub.6 Pd(SO.sub.3).sub.4 was dried at
      110.degree.C. The salt decomposes at about 325.degree.C. and was found to
      contain 18.47% palladium.
PAR  The impregnation solution was prepared by adding the sodium platinum
      sulfito complex and the sodium palladium sulfito complex to a small amount
      of water. Dilute nitric acid was slowly added over a period of 10 to 15
      minutes till the salts dissolved. The final pH of the solution was about
      5. The solution was finally diluted to the desired volume and sprayed to
      incipient wetness on a ceria stabilized alumina base that had been
      calcined for 1 hour at 1800.degree.F. The impregnated base was dried at
      300.degree.F. and calcined for 2 hours at 1200.degree.F. The catalyst
      contained 0.043 wt. percent platinum and 0.013 wt. percent palladium.
PAC  EXAMPLE 2
PAR  This example illustrates an alternate method of preparing a specific mixed
      sodium platinum-palladium sulfito complex. A total of 20 g. of
      chloroplatinic acid (H.sub.2 PtCl.sub.6.sup.. 6H.sub.2 O) containing 40%
      platinum and 32 ml. of a palladium nitrate solution containing 0.1 g. of
      palladium per ml. were dissolved in 1 liter of deionized water. A solution
      was prepared to contain 60 g. of sodium bisulfite (Na HSO.sub.3) in 1
      liter of water which was added to the palladium platinum salt solution.
      The resulting solution was neutralized by adding a solution of sodium
      carbonate prepared to contain 60 g. of sodium carbonate and 1 liter of
      water. A light yellow precipitate formed when the solution began to turn
      basic. After settling for 15 minutes the solution was cooled, filtered,
      washed with a small quantity of cold dilute ammonium hydroxide solution
      followed by an acetone wash and the product was dried at 100.degree.C. for
      30 minutes. A yield of 96% of the theroetical was recovered, the product,
      Na.sub.6 Pt.sub.0.58 Pd.sub.0.42 (SO.sub.3).sub.4 was found by analysis to
      contain 25.23% Pt-Pd and had a decomposition temperature of 335.degree.C.
PAC  EXAMPLE 3
PAR  This example illustrates the method of preparing the ammonium salt of the
      platinum sulfito complex.
PAR  A total of 41 grams of chloroplatinic acid (40% platinum) was dissolved in
      250 ml. of water. Two hundred ml. of ammonium bisulfite solution (prepared
      as a concentrated solution by dissolving ammonium carbonate
      (NH.sub.4).sub.2 CO.sub.3 in concentrated ammonium hydroxide solution) was
      added with considerable effervescence and a slight exotherm. The slurry
      was then cooled to 10.degree.C. in an ice bath and was filtered. The
      filter cake was reslurried in concentrated ammonium carbonate-ammonium
      hydroxide solution and then refiltered. The voluminous white precipitate
      was then slurried in ethanol, filtered and washed with more ethanol and
      finally dried in vacuo at 105.degree.C.
PAR  A yield of 70% of the theoretical was recovered; the product
      (NH.sub.4).sub.6 Pt(SO.sub.3).sub.4 was found by analysis to contain
      31.47% platinum. The fluffy white powder is readily soluble in water and
      had a decomposition temperature of over 250.degree.C.
PAC  EXAMPLE 4
PAR  This example illustrates a method for preparing the ammonium palladium
      complex.
PAR  A complex of 19 g. of palladium nitrate Pd(NO.sub.3).sub.2 containing
      46.81% palladium was treated with 40 ml. of concentrated ammonium
      bisulfite solution. The reaction occurred immediately with a formation of
      a green solid. The mixture was allowed to stand for 1 hour after which it
      was filtered and washed with a small quantity of cold water. It was then
      dispersed in ethanol, filtered and washed with more ethanol. It was dried
      at 105.degree.C. in vacuo yielding 20.1 g. of product which contains
      36.33% Pd. This represents a yield of 77%. The empirical formula of the
      product was (NH.sub.4).sub.2 Pd(SO.sub.3).sub.2. The NH.sub.4 +/palladium
      molar ratio of the compound was found to be 2.34 to 1.
PAC  EXAMPLE 5
PAR  3250 grams of an alumina support which contains 5% ceria expressed as
      Ce.sub.2 O.sub.3 was impregnated to approximately 30% of its pore volume
      with 345 ml. of a solution containing 622 mg. of palladium from palladium
      nitrate and 10.25 g. of cerous nitrate Ce(NO.sub.3).sub.3.sup.. 6H.sub.2
      O. To the remainder of the pore volume was added a solution containing
      4.144 g. of the ammonium platinum sulfito complex dissolved in 805 ml. of
      H.sub.2 O. The impregnated support was oven dried at 320.degree.F. for 4
      hours after which it was calcined for 2 hours at 1200.degree.F. The
      finished catalyst contains .017 wt. percent palladium and 0.042 wt.
      percent platinum.
PAC  EXAMPLE 6
PAR  3.26 grams of chloroplatinic acid (containing 1.304 grams of Pt) was
      dissolved in 600 cc. of water and brought to boiling. Ten milliliters of a
      solution of sodium bisulfite (containing 3 grams of NaHSO.sub.3) was
      added, after which boiling was continued for 5 minutes. 5.22 cc. of a
      palladium nitrate solution (containing 522 mg. palladium) was added and
      the solution was then diluted to 1020 cc. It was then impregnated onto
      3240 grams of alumina extrudates containing 5% ceria expressed as Ce.sub.2
      O.sub.3. The impregnated extrudates were dried at 300.degree.F. for 2
      hours. This catalyst was activated in a 5% H.sub.2 /95% N.sub.2 atmosphere
      at 650.degree.F. for 1/2  hour.
PAC  EXAMPLE 7
PAR  The procedure used for the sodium complexes above was repeated except that
      6 cc. of ammonium bisulfite solution (containing 45% by weight NH.sub.4
      HSO.sub.3) was substituted for the NaHSO.sub.3.
PAC  EXAMPLE 8
PAR  This example illustrates the effectiveness of the sulfito complex in
      allowing lower levels of noble metals to be used. This catalyst is
      prepared from the sulfito complexes using gaseous sulfur dioxide.
PAR  0.913 g. of chloroplatinic acid was dissolved in 600 ml. of water and
      brought to boiling. Sulfur dioxide was introduced through a gas dispersion
      tube for 31/2 minutes at a flow rate of 0.7 g. of sulfur dioxide per
      minute. After sulfur dioxide addition was stopped, boiling continued for 5
      more minutes. The platinum sulfito complex was cooled to room temperature
      and 1.46 ml. of palladium nitrate solution containing 146 mg. of palladium
      was added. The total solution volume was adjusted to 1200 ml. and applied
      to 1845 g. of gamma alumina extrudates. The impregnated extrudates was
      dried at 300.degree.F. then activated in a 5 volume percent hydrogen
      balance nitrogen atmosphere for 1/2 hour at 650.degree.F. The final
      catalyst contains 0.008 weight percent palladium and 0.020 weight percent
      platinum.
PAC  EXAMPLE 9
PAR  This example illustrates the preparation of a platinum-palladium sulfito
      complex using gaseous sulfur dioxide.
PAR  A total of 1.892 grams of chloroplatinic acid (containing 0.757 grams of
      platinum) was dissolved in 600 ml. of water and brought to boiling, at
      which time sulfur dioxide was bubbled through a gas dispersion tube at a
      rate of 0.5 g. of sulfur dioxide per minute. The sulfur dioxide addition
      was continued for 71/2 minutes. The boiling was continued for an
      additional 5 minutes after sulfur dioxide addition ceased. The solution
      was then cooled to room temperature in an ice bath and 3.1 cc. of a
      palladium nitrate solution containing 100.5 milligrams palladium per ml.
      was added.
PAR  The solution was stirred and transferred to a reservoir for use in
      impregnating the alumina extrudates that had a surface area of 96 m.sup.2
      /g. and pore volume of 0.62 cc/g. The impregnation was carried out by
      passing the solution from the reservoir in a steady stream into 2000 g. of
      support in a mixing bowl. The impregnated extrudates were then transferred
      to trays and placed in an oven and heated to 320.degree.F. The drying was
      continued for a period of 2 hours and activation was then carried out by
      heating to a temperature of 800.degree.F. for 1 hour.
PAR  To illustrate the improvement in catalyst performance when sulfito
      complexes of this invention are employed, we include a catalyst which has
      been prepared by impregnating the same quantity of platinum and palladium
      as in Examples 1, 2, 5, 6 and 8 onto an alumina base using chloroplatinic
      acid and palladium nitrate solutions. The data for this preparation are
      set out in Table 1 below:
TBL                TABLE 1                                                     

     ______________________________________                                    

                   Predicted Results for a Proto-                              

                   type 1975 GM Test Vehicle,                                  

                   gms/mile                                                    

     Catalyst        HC              CO                                        

     ______________________________________                                    

     Non-Sulfito     0.228           2.278                                     

     ______________________________________                                    

PAR  When the same test procedure was performed using the catalysts prepared by
      the methods of Examples 1, 2, 5, 6, 7 and 8 greatly improved results were
      obtained.
PAR  The data are set out in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Catalyst Example                                                          

                Method of Addition                                             

                              Predicted Results for                            

                 of Sulfito   a Prototype 1975 GM                              

                  Complex     Test Vehicle, gms/mile                           

                              HC      CO                                       

     __________________________________________________________________________

     1          Na.sub.6 Pt(SO.sub.3).sub.4                                    

                              0.207   2.516                                    

     1          Na.sub.6 Pd(SO.sub.3).sub.4                                    

                              0.148   1.773                                    

     2 Mixed Salt                                                              

                Na.sub.6 Pt.sub..58 Pd.sub..42 (SO.sub.3).sub.4                

                              0.156   1.939                                    

     2 Mixed Salt                                                              

                Na.sub.6 Pt.sub..35 Pd.sub..65 (SO.sub.3).sub.4                

                              0.152   1.836                                    

     2 Mixed Salt                                                              

                Na.sub.6 Pt.sub..18 Pd.sub..82 (SO.sub.3).sub.4                

                              0.138   1.770                                    

     5          (NH.sub.4).sub.6 Pt(SO.sub. 3).sub.4                           

                              0.166   2.012                                    

     6          Nonisolated Sodium                                             

                              0.150   1.841                                    

                Sulfito Complexes                                              

                H.sub.2 Reduced Air Calcined                                   

                              0.164   1.933                                    

     7          Nonisolated Ammonium                                           

                              0.153   1.787                                    

                Sulfito Complexes                                              

     8          Gaseous Sulfur Dioxide                                         

                              0.155   1.866                                    

                (.028% Total Noble Metal)                                      

     8          Gaseous Sulfur Dioxide                                         

                              0.140   1.832                                    

                (.056% Total Noble Metal)                                      

     __________________________________________________________________________

PAR  It is apparent from these data that results obtained on catalysts prepared
      from the platinum-palladium sulfito complexes exhibit a substantial
      improvement in carbon monoxide and hydrocarbon oxidation activity over
      mixed platinum-palladium catalysts prepared by conventional means.
      Catalysts prepared from Na.sub.6 Pt(SO.sub.3).sub.4 alone are only
      moderately active as automotive exhaust oxidation catalysts. At least some
      palladium needs to be present along with the platinum.
PAC  EXAMPLE 10
PAR  This example illustrates that using the platinum and palladium sulfito
      complexes, active catalysts can be prepared on low grade supports such as
      raw bauxite ore.
PAR  A total of 58.9 mg. of the sodium platinum sulfito complex (containing
      28.8% Pt) and 36.7 mg. of the sodium palladium sulfito complex (containing
      18.5% Pd) were mixed with 30 ml. water and brought to boiling. After 10
      minutes of boiling the complexes completely dissolved. The solution was
      then applied by impregnation to 49.5 grams of bauxite extrudates which has
      been calcined at 1650.degree.F. for 1 hour and have a surface area of 120
      m.sup.2 /g. and pore volume of 0.6 cc/g. The impregnated bauxite
      extrudates were dried at 300.degree.F. for 1 hour. They were then
      activated in a 5 volume percent hydrogen-balance nitrogen atmosphere at
      650.degree.F. for 1/2 hour.
PAC  EXAMPLE 11
PAR  This example illustrates that the sulfito complexes allow the degree of
      platinum and palladium penetration to be controlled by the pH of the
      impregnating solution.
PAR  A total of 391 mg. of chloroplatinic acid (40% platinum) was dissolved in
      60 ml. of water and heated to boiling. Gaseous sulfur dioxide was added
      for 131/2 minutes at a rate of 0.3 g. of sulfur dioxide per minute. After
      sulfur dioxide addition was stopped boiling continued for 5 minutes. The
      solution was cooled to room temperature at which time 6.26 ml. of
      palladium nitrate solution containing 100.5 mg. palladium per ml. was
      added. The total volume was increased to 210 ml. and then the solution
      split into three equal portions. Two solutions were treated with nitric
      acid to adjust the pH to 0.93 and 0.42, respectively. The untreated sample
      had a pH of 1.5. Each solution was impregnated onto 139 grams of alumina
      extrudates. The impregnated extrudates were dried at 300.degree.F. and
      finally activated in air at 800.degree.F. for 1 hour. It was observed that
      the lower the pH the greater the degree of penetration into the extrudate
      particle.
PAC  EXAMPLE 12
PAR  This example illustrates the preparation of the palladium sulfito complex
      by the gaseous sulfur dioxide procedure and the subsequent use in
      preparing a catalyst.
PAR  3.65 ml. of palladium nitrate solution containing 10 mg. palladium per ml.
      was mixed with 80 ml. of water. Gaseous sulfur dioxide was bubbled in
      through a gas dispersion tube for one minute at a rate of 0.5 g. sulfur
      dioxide per minute. The color changed immediately from brown to green.
      This solution was then applied by impregnation to 132 g. of gamma alumina
      extrudates having a surface area of 114 m.sup.2 /g. and a pore volume of
      0.65 cc/g. The impregnated extrudates were dried and finally activated in
      air at 800.degree.F. for 1 hour. This catalyst contains 0.028% by weight
      palladium.
PAR  Bench scale activity results of Examples 8-12 are setforth in Table III.
      Several engine tested samples are included for reference.
TBL                TABLE III                                                   

     ______________________________________                                    

                     Bench Activity Data                                       

                       CO         HC                                           

     Catalyst Example  t-Seconds  Efficiency -- %                              

     ______________________________________                                    

     Non-sulfito       48.2       56.0                                         

     8(.028% Total noble metal)                                                

                       24.1       81.2                                         

     8(.056% Total noble metal)                                                

                       18.7       86.7                                         

     9(Preferred sulfito complex)                                              

                       21.3       83.1                                         

     10(Bauxite support)                                                       

                       23.2       81.6                                         

     11(pH =1.5)       26.2       83.6                                         

     11(pH =.93)       23.1       83.2                                         

     11(pH =.42)       27.2       74.4                                         

     12(.028% Palladium)                                                       

                       19.9       81.8                                         

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing an auto exhaust conversion catalyst
      characterized by substantially improved conversion of carbon monoxide and
      hydrocarbons consisting essentially of the following steps:
PA1  a. preparing a solution from a platinum, palladium or platinum-palladium
      complex salt having the formula M.sub.6 (X) (SO.sub.3).sub.4 or M.sub.2
      (X) (SO.sub.3).sub.2 wherein M is Na+, NH.sub.4 + or H+ and X is platinum,
      palladium or a mixture of platinum and palladium,
PA1  b. impregnating a base selected from the group consisting of alumina,
      silica-alumina, mullite, cordierite and zirconia with said solution,
PA1  c. drying and activating by heating in air at a temperature of 800.degree.
      to 1400.degree.F. for 1 to 4 hours or in a reducing environment at a
      temperature of 600.degree. to 800.degree.F. for 0.5 to 2 hours, and
PA1  d. recovering the catalyst product.
NUM  2.
PAR  2. The process according to claim 1 wherein the base is alumina stabilized
      by the addition of about 5 weight percent ceria.
NUM  3.
PAR  3. The process according to claim 1 wherein the platinum, palladium or
      mixture of platinum-palladium sulfito complex salts are prepared by
      treating solutions of chloroplatinic acid, palladium nitrate or mixtures
      thereof with sodium bisulfite followed by precipitating, washing and
      drying steps.
NUM  4.
PAR  4. The process according to claim 1 wherein the platinum, palladium or
      mixture of platinum-palladium sulfito complex salts are prepared by
      treating solutions of chloroplatinic acid, palladium nitrate or mixtures
      thereof with ammonium bisulfite followed by precipitating, washing and
      drying steps.
NUM  5.
PAR  5. The process according to claim 1 wherein the platinum-palladium sulfito
      complex salts are prepared by treating solutioins of a mixture of
      chloroplatinic acid and palladium nitrate with gaseous sulfur dioxide.
NUM  6.
PAR  6. The process according to claim 1 wherein the platinum and palladium
      content can vary from Pt.sub.0.99 Pd.sub.0.01 to Pt.sub.0.01 Pd.sub.0.99.
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ABST
PAL  The invention disclosed is for a process of preparing sintered ceramic
      structures, which includes heating a green ceramic body formed of a
      sinterable ceramic moiety composited with a heat decomposable combustible
      organic binder to decompose at least a substantial portion of the organic
      binder, the decomposition being effected at a temperature below the
      sintering temperature of the ceramic moiety, the heating being effected
      while the body is within a zone sufficiently low in free oxygen
      concentration to substantially prevent flame propagation at the surface of
      the ceramic moiety; and thereafter heating to sinter the ceramic moiety to
      form a sintered ceramic structure.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a process for preparing sintered ceramic
      structures from green ceramic bodies containing sinterable ceramics
      composited with heat decomposable organic binders. The process includes a
      step of heating the bodies in a heating zone to decompose the binders
      while maintaining the zone sufficiently low in free oxygen concentration
      to substantially prevent flame propagation from the bodies.
PAC  BACKGROUND OF THE INVENTION
PAR  It is known that sintered ceramic structures can be prepared by firing
      aggregates of sinterable ceramic particles to above the sintering
      temperature. It is also known that firing can be effected by heating green
      ceramic bodies in a two stage sequence characterized in that the bodies
      are fired to a suitable first temperature below the sintering temperature
      under oxidizing flame conditions and thereafter fired to a higher
      temperature of not less than the sintering temperature under reducing
      flame conditions.
PAR  The prior art firing methods have not been entirely satisfactory for
      preparation of sintered ceramic structures from sinterable ceramics
      composited with organic binders which decompose at temperatures less than
      the sintering temperature of the ceramics. For example, attempted
      preparation of sintered ceramic structures from sinterable ceramics thus
      composited using prior art methods result with unacceptable frequency in
      ceramic structures which are fissured, distorted or otherwise defective.
PAR  The applicant herein has found that low quality ceramic structures result
      where flame propagation occurs on green bodies containing sinterable
      ceramics composited with combustible organic binders. Such flame
      propagation typically occurs in the presence of free oxygen during periods
      of firing at relatively low temperature prior to removal of the binder.
PAR  Evidence that at least one other worker recognized that severe problems in
      preparing ceramic structures from compositions including ceramic powder
      and thermoplastic binders are encountered in early stages of firing
      appears in U.S. Pat. No. Re. 28,195 to Sergeys. That patent discloses a
      method for preparing porous ceramic structures by shaping a ceramic filled
      particular polyolefin material containing a plasticizer, extracting the
      plasticizer, burning-off the polyolefin and firing the porous shaped
      ceramic structure. Thus, as taught in Example 1 thereof, a high molecular
      weight polyethylene of 0 Melt Index is burnt off by heating in an
      oxidizing atmosphere in the course of preparing porous ceramic structures.
      Although the method described in the aforesaid Sergeys patent effectively
      advanced the art, a need for even further improvement in order to minimize
      problems such as cracking and distortion has become apparent.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  Unexpectedly, it has now been found that sintered ceramic structures can be
      prepared by heating a green ceramic body formed of a sinterable ceramic
      moiety composited with a heat decomposable combustible organic binder to
      decompose at least a substantial portion of the organic binder, the
      decomposition being effected at a temperature below the sintering
      temperature of the ceramic moiety, the heating being effected while the
      body is within a zone sufficiently low in free oxygen concentration to
      substantially prevent flame propagation at the surface of the ceramic
      moiety; and thereafter heating to sinter the ceramic moiety to form a
      sintered ceramic structure.
PAR  High quality sintered ceramic structures may thus be prepared by:
PAR  a. providing a heating zone about a green ceramic body formed of a
      sinterable ceramic component composited with a heat decomposable organic
      binder to decompose at least a substantial portion of the organic binder;
PAR  b. heating the body to decompose at least a substantial portion of the
      binder, the decomposition being effected at a temperature below the
      sintering temperature of the ceramic component;
PAR  c. while the body is being heated to effect decomposition of the binder,
      maintaining the heating zone sufficiently low in free oxygen concentration
      to substantially prevent flame propagation from the green ceramic body;
      and thereafter,
PAR  d. heating the ceramic component to a temperature of at least the sintering
      temperature thereof. Sintered ceramic structures thus prepared are
      typically characterized with freedom from fissures and good correspondence
      in size and shape to the overall dimensions of the ceramic green bodies.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing wherein like numerals refer to similar elements throughout:
PAR  FIG. 1 illustrates an arrangement including a gas-fired kiln for preparing
      a sintered ceramic structure in accordance with an embodiment of the
      present invention;
PAR  FIG. 2 illustrates an arrangement including a saggered ceramic unit in an
      electric kiln for practicing the present invention in accordance with
      another embodiment thereof; and
PAR  FIG. 3 illustrates in greater detail the saggered ceramic unit shown in
      FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The first step in the process of this invention is providing a heating zone
      about a green ceramic body formed of a sinterable ceramic component
      composited with a heat decomposable organic binder. The heating zone may
      include any suitable heating medium from which, when the media is at a
      temperature above the temperature of a ceramic green body within the zone,
      heat will transfer to the body.
PAR  It is critical that the heating zone be adapted so that the zone is
      sufficiently low in free oxygen concentration to substantially prevent
      flame propagation from the green ceramic body within the zone during
      heat-effected decomposition of the organic binder component. It is found
      that if decomposition of the binder contained in the body is effected with
      free oxygen present in an amount sufficient to result in propagation of
      flame from the body, the attempted preparation of sintered ceramic
      structures results with unacceptably high frequency in poor quality
      structures.
PAR  A suitable heating zone includes, as the heating medium, a gaseous mixture
      resulting from the combustion of a flammable mixture including, as
      essential ingredients, a gaseous fuel containing chemically combined
      carbon and free oxygen, the latter ingredient being present in an amount
      insufficient for complete combustion of the carbon in the fuel to carbon
      dioxide. Air is a convenient source of free oxygen for practice of the
      present invention. Suitable fuels include methane, saturated and
      unsaturated hydrocarbons containing 2 to about 4 carbon atoms, city gas,
      natural gas, mixtures thereof and the like. While the composition of city
      or manufactured gas is not fixed, it principally includes carbon monoxide
      and hydrogen, generally in approximately equimolar amounts thereof.
      Although the composition of natural gas depends on the source, it
      principally includes substantial amounts of methane and ethane.
PAR  Another suitable heating zone is a gas shield including a relatively dense
      finely divided packing composition disposed about a ceramic green body
      from which a sintered ceramic structure may be prepared in the present
      process. The packing composition is suitably packed about the body so as
      to essentially prevent flame propagation from the body, and may be
      supplemented in this function by providing a casing of refractory or other
      suitable material about a portion of the body not having the packing
      thereabout.
PAR  An especially effective packing composition includes a mixture of a ceramic
      component and heat decomposable organic component which decomposes at a
      temperature of less than the sintering temperature of the green body
      ceramic component. In use, this packing composition is preferably shielded
      from gaseous environments containing free oxygen, as by having a
      refractory casing disposed about the outer surface of the packing.
PAR  Another suitable heating zone is an inert atmosphere of gas or gaseous
      mixture which may be gaseous nitrogen, argon, xenon, krypton, and gaseous
      mixtures thereof.
PAR  While the ceramic green body is within the heating zone, the body is heated
      to decompose at least a substantial portion of the organic binder, the
      green body having been formulated of a composition including an organic
      binder component which decomposes at a temperature below the sintering
      temperature of the included ceramic component. In general, organic binders
      suitable herein decompose within a temperature range of from about
      200.degree.C to about 800.degree.C but binders which decompose either
      below 200.degree.C or above 800.degree.C may be used.
PAR  The organic binder component of the body may be almost any heat
      decomposable organic binder which decomposes at a temperature of less than
      the sintering temperature of the ceramic. Preferably, the organic binder
      is an organic polymer the backbone of which consists essentially of carbon
      atoms. Suitable organic binders include the poly (C.sub.2 to C.sub.4
      olefins), e.g., polyethylene, polypropylene, copolymers of ethylene and
      butylene, and mixtures thereof.
PAR  In general, the ceramic component included in the composition of which the
      green body is formed sinters in the temperature range from about
      1000.degree.C to about 1600.degree.C. However ceramics which sinter either
      below 1000.degree.C or above 1600.degree.C may be used. Suitable ceramic
      components include alumina, magnesium aluminate spinel, spodumene,
      petalite, mullite, zircon mullite, cordierite, precursors thereof, and
      mixtures thereof.
PAR  Typically, the products of the binder decomposition escape from the green
      body during the heating step which effects the decomposition. Thus, for
      example, where the binder is a polyolefin, the decomposition products
      principally include lower carbon compounds such as alkenes and alkanes
      having from about 2 to about 4 carbon atoms or more. At the elevated
      temperatures at which polyolefin decomposition is effected the
      decomposition products may be found to be gaseous lower molecular weight
      entities which are removed from the body by the pressure generated upon
      their formation.
PAR  Any suitable ceramic green body may be used in preparing sintered ceramic
      structures by the present process. The green bodies may include pores or
      micropores and may include holes therethrough. Suitable porous green
      ceramic bodies and methods for their preparation are disclosed in the
      above cited U.S. Pat. No. Re. 28,195. Briefly, as described therein,
      ceramic green bodies, i.e., bodies which ordinarily have not been fired,
      may be prepared for example, by mixing a ceramic powder component with a
      high molecular weight polyolefin binder component and a plasticizer
      component, shaping the resulting mixture, and preferably extracting at
      least a substantial portion of the plasticizer.
PAR  In a preferred aspect of this invention, a sintered ceramic structure is
      prepared from a green ceramic body which includes a plurality of through
      holes defined by body walls of from about 0.1 mil to about 250 mils in
      thickness. The resulting sintered ceramic structure is typically
      characterized with through holes of like dimensions and is an excellent
      monolithic support component for automobile exhaust gas conversion
      catalysts.
PAR  In another preferred aspect, a sintered ceramic structure is prepared from
      a microporous green ceramic body prepared by extracting at least a
      substantial portion of a plasticizer from a shaped composition comprising
      from about 5 to about 20 percent by weight of a polyolefin having weight
      average molecular weight of at least 150,000 and a standard load melt
      index of substantially zero, from about 30 to about 85 percent by weight
      of a sinterable particulate ceramic, and from about 10 to about 50 percent
      by weight of the plasticizer, the amounts being per 100 parts by total
      weight of the plasticizer, polyolefin, and ceramic. In this preferred
      aspect, the green ceramic body may be further characterized with through
      holes as previously described. The product is a superior monolithic
      support component for automobile exhaust gas conversion catalysts.
PAR  Practice of the present invention will become more fully apparent from the
      following detailed description taken with the accompanying drawing.
PAR  In a preferred embodiment of this invention, the process is carried out in
      a gas fired furnace as more fully described below with reference to FIG.
      1. Therein shown is kiln 10 equipped with burner nozzle 12 which
      communicates through conduit 14 having valve 24 therein with a source of a
      rich mixture of air and a suitable gaseous chemically combined carbon
      containing fuel, which may be natural gas. The kiln or furnace is further
      provided with outlet 16, work piece support 18, door 19, and may be
      provided, as shown, with thermocouple 22, draft gauge 32, and gas sampler
      34.
PAR  Initially, the furnace cavity may be filled with air at a relatively low
      temperature, e.g., 25.degree.-50.degree.C, below the combustion
      temperature of the organic binder contained in ceramic green body 20 shown
      in supported position on the support. The gas rich fuel mixture may next
      be released in continuous flow to the burner and ignited at the burner
      outlet to provide a reducing flame with resulting release of heat shown by
      increase in temperature of the kiln gas, which is continuously removed
      through the outlet conduit. As combustion of the fuel is continued, the
      combustion products mix to some extent with air initially in the kiln,
      thereby diluting the air to a corresponding extent. However, the principal
      flow of the combustion products of the fuel results in early displacement
      of air from the kiln through the outlet. Pivotable plate 23 or other
      suitable flow regulating means is provided in the outlet, thus permitting
      operation of the kiln under a positive pressure sufficient to essentially
      prevent entry of air other than the air included in the rich fuel mixture.
PAR  Before the kiln gas temperature increases to the ignition temperature of
      the binder contained in the green body, a heating zone is established
      about the body, as indicated by line 25. The heating zone is thus found to
      include a heating medium consisting essentially of the hot combustion
      products of the fuel-air mixture and includes a sufficiently low
      concentration of free oxygen to essentially prevent flame propagation from
      the green body as would occur at higher free-oxygen concentrations
      permitting burning of the binder.
PAR  Heating is continued with the reducing flame at a suitable rate, e.g., from
      about 100.degree.C per hour to about 300.degree.C per hour or more, until
      the binder decomposition temperature has been reached and maintained or
      exceeded for sufficient time to complete the decomposition. The rate of
      temperature increase may be controlled at any suitable rate by increasing
      the rate of flow of the fuel-air mixture to the burner. If desired, the
      temperature rise rate may be automatically controlled by way of control
      unit 26 which can be adapted by well known techniques to regulate valve 24
      by output signal 30 in controlled response to an input signal received
      from the thermocouple through input signal line 28.
PAR  After binder decomposition is complete, heating is continued to increase
      the temperature to or above the sintering temperature of the ceramic
      component and a higher temperature is maintained until sintering is
      effected.
PAR  The heating after the binder is decomposed may be carried out using any
      suitable heating condition. As a general preference, this heating is
      carried out using an oxidizing flame, that is, a flame resulting from
      combustion of a fuel-air mixture containing more air than the
      stoichiometric or theoretical amount required for complete combustion of
      the carbon moieties in the fuel to carbon dioxide. Almost any excess of
      air above the stoichiometric amount may be used in the sintering stage. A
      natural gas-air mixture containing about 30 percent excess air has been
      found to be highly suitable.
PAR  After sintering, the sintered ceramic may be cooled and recovered.
PAR  Completion of binder decomposition may be determined by analyzing the kiln
      gas. Typically, analysis of samples of the kiln gas taken slightly above
      the green body indicate that when decomposition begins the percentage of
      the combustible matter increases above the percent excess of fuel above
      the stoichiometric amount which the air supplied will completely convert
      to carbon dioxide. These analyses further indicate that the amount of
      combustible matter increases to a maximum value, e.g., 8 to 10 percent,
      and subsequently decreases. Substantial completion of decomposition is
      indicated by essentially constant combustible content measurements for
      successive samples taken about 10 minutes apart after the above mentioned
      decrease occurs.
PAR  In another preferred embodiment of this invention, the process is carried
      out in an electric kiln as more fully described below with reference to
      FIG. 2 and FIG. 3. Referring now to FIG. 2 there is shown furnace 36
      equipped with electric heating element 38 powered by a conventional power
      source (not shown). The furnace or kiln is provided with outlet 40,
      pivotable door 42, thermocouple 56 and hearth plate 43. Supported by the
      hearth plate is assembly 45 (shown in greater detail in exploded
      perspective view, partly in section, in FIG. 3). The assembly includes
      relatively rigid support 44, which may be of heat conductive ceramic
      material, ceramic green body 48, which may be cylindrical as shown, atop
      the support and packing 46 of relatively dense finely divided composition,
      preferably of a mixture including a ceramic powder component and a heat
      decomposable organic binder component which decomposes at a temperature of
      less than the sintering temperature of the ceramic component of the green
      body, the packing being disposed about the surface of the green body. The
      packing extends essentially from the body to the inner surface of ring
      shaped sagger 52 which may be of alumina or other suitable refractory
      material. The assembly further includes cover 50 which may be a ceramic
      wool batt. Preferably, all members of the assembly are of good thermal
      conductivity. The heating zone is illustrated by line 54.
PAR  The cavity of the kiln may contain air or other suitable heat transfer
      medium. The assembly effectively precludes entry of air into the heating
      zone.
PAR  Decomposition of the binder component of the organic body with essentially
      no flame propagation from the ceramic green body is effected by energizing
      the electric heating element, preferably at a suitable rate to increase
      the kiln gas temperature at a rate of from about 100.degree.C per hour to
      about 300.degree.C per hour or more. Typically, in this embodiment, flame
      is propagated from the juncture of the outer surface of the ceramic wool
      batt and the sagger, indicating that the binders of the packing and of the
      body are decomposed into combustible decomposition products which are
      released to the assembly surface where combustion thereof occurs, this
      action serving to substantially preclude entry of air to within the
      heating zone to substantially preclude propagation of flame from the green
      body as decomposition is effected.
PAR  After binder decomposition and sintering are effected, the resulting
      sintered ceramic structure may be recovered from the kiln.
PAR  In another embodiment, the assembly may include a support having a green
      body disposed thereon and a ceramic-binder packing composition essentially
      entirely about the portions of the body surface not in contact with the
      support.
PAR  Practice of the present invention is further illustrated by the following
      specific but non-limiting examples. All parts and percentages given
      throughout this description are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  150 1-pound green ceramic bodies, each containing about 0.9 pound of a
      finely divided cordierite precursor composition (75 percent kaolin and 25
      percent talc) and about 0.1 pound of polyethylene having a weight average
      molecular weight of about 160,000 to 250,000 and a standard load melt
      index of 0, were prepared by the method of the above cited U.S. Pat. No.
      Re. 28,195, and incorporated herein by reference as set out in Example 1
      thereof through the post-extraction drying step, except that the above
      described cordierite precursor composition was substituted for the alumina
      of that example.
PAR  The green ceramic bodies were placed while at about 25.degree.C on a work
      piece support in a 14 cubic foot shuttle kiln equipped with a
      thermocouple, pressure gauge, gas sampler, and burners connected to a
      mixing nozzle in flow communication with a supply of natural gas fuel and
      air. The fuel and air flows were adjusted to provide a flammable fuel-air
      mixture containing 0.5 to 10 volume or mole percent excess fuel, the
      excess being expressed relative to the theoretical, i.e., stoichiometric,
      amount required for complete combustion reaction of fuel and air to carbon
      dioxide and water. The flowing fuel-air mixture was ignited at the burner,
      producing a reducing flame, heat and an "oxygen deficient" atmosphere in
      the kiln. The kiln was operated under a positive gauge pressure of 0.1
      inch of water (i.e., approximately 760.2 mm Hg absolute pressure), thus
      essentially precluding entry of air other than the air in the flammable
      fuel-air mixture. The slight positive pressure was maintained by
      regulation of available flow area in the exhaust duct provided atop the
      kiln.
PAR  The temperature of the kiln gas was increased at a substantially constant
      rate of 250.degree.C per hour by generally steadily increasing the total
      flow of the rich fuel-air mixture to the burner. At spaced time intervals
      during the period of heating with the reducing flame, samples of the gas
      above the green ceramic bodies were withdrawn. Gas analyses made using
      known procedures therefor showed that the content of combustible matter
      gradually increased to a maxium of about 9.5 volume percent expressed as
      excess above the theoretical or stoichiometric amount for complete
      combustion of the added natural gas fuel. This maximum occured at
      600.degree.C. The analyses showed that the kiln gas samples during this
      period included lower molecular weight hydrocarbons having from 1 or 2 to
      about 25 carbon atoms as results from pyrolytic decomposition of
      polyethylene and essentially no free oxygen. Analysis of a gas sample
      withdrawn when the temperature of the kiln gas was 800.degree.C showed
      that combustible matter was present in an amount corresponding to 4.5
      percent excess relative to the stoichiometric amount for complete
      combustion.
PAR  Observations of the ceramic green bodies made frequently throughout the 3.5
      hour period of heating to 800.degree.C showed essentially no flame
      propagation on the bodies.
PAR  The data shows that the hydrocarbon content of the gas samples increased
      and thereafter decreased in a manner corresponding to the time variation
      of the combustible matter content.
PAR  The analysis of the kiln gas above the green bodies when the temperature
      reached 800.degree.C evidenced that decomposition and removal of the
      polyethylene binder was complete at least by the end of the period of
      heating to that temperature.
PAR  After withdrawing the sample when the kiln gas temperature reached
      800.degree.C, the composition of the fuel-air mixture supplied to the
      burner was adjusted to 30 percent excess air resulting in further heating,
      now by an oxidizing flame. Firing of the green ceramic bodies was
      continued in the oxidizing mode at a temperature rise rate of 100.degree.C
      per hour until the temperature of the kiln gas was 1400.degree.C, which
      temperature was maintained for about 2 hours, followed by cooling to about
      100.degree.C.
PAR  After cooling, the resulting sintered ceramic structures were removed from
      the kiln. Observations showed that all the structures were crack-free,
      rigid and of substantially the same overall size and shape as the
      corresponding green bodies from which they were prepared.
PAC  EXAMPLE 2
PAR  The heating procedure of Example 1 was repeated using green bodies prepared
      as described therein except that the kiln was operated under a pressure of
      0.01 to 0.1 inch of water less than the atmosphere surrounding the kiln.
      Air other than the air in the controlled fuel-air mixture supplied to the
      burner essentially continuously leaked into the kiln. Gas samples taken
      during the period of reducing flame operation showed the presence of free
      oxygen in the region adjacent the green bodies.
PAR  Many of the recovered ceramic structures were found to be crushed, cracked,
      exfoliated and otherwise distorted.
PAC  EXAMPLE 3
PAR  A number of green ceramic bodies containing 7 to 10 percent organic binder
      and prepared substantially as set forth in the first paragraph of Example
      1 hereof were placed on a ceramic support. About each individual body was
      placed a ring shaped alumina sagger slightly greater in length than the
      height of the body and the intervening annular space was packed with a
      free flowing burial powder consisting of finely divided ceramic having up
      to about 10 percent poly (C.sub.2 to C.sub.4 olefin) dispersed throughout.
      The arrangements were each capped with closely fitting ceramic wool batts
      to provide sagger units substantially as illustrated in FIG. 2 of the
      appended drawing. The green bodies in thus assembled form were supported
      in a kiln equipped with an electric heating element.
PAR  The heating element was activated and the power supplied was increased at a
      rate providing a kiln temperature rise rate of 300.degree.F (about
      170.degree.C) per hour to a temperature of 1800.degree.F (about
      1000.degree.C). Flames were observed to propagate from atop the sagger
      units, emanating essentially at the junctures of the tops of the annular
      alumina saggers and the tops of the cylindrical disc shaped ceramic wool
      batts. These flames were observed throughout the time period starting
      essentially at the time at which the kiln temperature was about
      250.degree.C and ending essentially at the time at which the kiln
      temperature was about 700.degree.C. These observations indicated that a
      highly concentrated source of gaseous fuel was generated within the sagger
      units by pyrolitic decomposition of the organic binder contained in the
      green bodies and similarly constituted packing.
PAR  The ceramic green bodies were fired by continuing to heat the kiln at a
      temperature rise rate of 100.degree.F per hour through the temperature
      range from 1800.degree.F to 2500.degree.F and maintaining the latter
      temperature for 2 to 3 hours. After cooling the furnace to 400.degree.F
      the resulting sintered ceramic bodies were recovered and observed to be of
      excellent quality, including freedom from cracks, exfoliation and
      distortion. There was no evidence that flame propagated from the bodies
      during the heating procedure.
PAC  EXAMPLE 4
PAR  Example 3 was repeated except that the burial powder was omitted. Flames
      were observed to propagate from the green ceramic bodies during the time
      interval corresponding to the temperature range of about 250.degree.C to
      about 700.degree.C.
PAR  Upon recovery, observations showed that the resulting sintered ceramic
      bodies were cracked and distorted.
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that numerous variations may be made therein
      without departing from the spirit or scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for preparing a porous ceramic structures by:
PA1  a. mixing a ceramic powder component with a high molecular weight
      polyolefin having a molecular weight of about 160,000 to 250,000 and a
      mineral oil plasticizer,
PA1  b. molding said composition to form a plastic sheet and impressing ribs
      thereon,
PA1  c. extracting the plasticizer with an organic solvent,
PA1  d. rolling said plastic sheet so that said ribs contact said sheet and
      fusing the contacting areas together thermoplastically,
PA1  the improvement comprising,
PAR  1. increasing the temperature of the body at a rate of about 100.degree. to
      300.degree.C. per hour until a temperature of about 800.degree.C. is
      reached, in fuel air mixture containing 0.5 to 10 volume percent excess
      fuel over the stoichiometric amount required for combustion, to burn off
      the polyolefin and,
PA2  2. increasing the temperature to about 1000.degree.C. to 1600.degree.C. in
      the presence of about 30% excess of the amount of air required for
      complete combustion and maintaining the temperature at 1000.degree. to
      1600.degree.C. for abut 2 hours to sinter the ceramic component and,
PA2  3. cooling and recovering the porous ceramic structure.
NUM  2.
PAR  2. The process according to claim 1 wherein the mixture of Step (a)
      contains about 5 to 20 weight percent of polyolefin having a molecular
      weight of at least 150,000, 30 to 35 weight percent of a sinterable
      particulate ceramic and about 10 to 50 weight percent of a mineral oil
      plasticizer.
NUM  3.
PAR  3. The process according to claim 2 wherein the ceramic is selected from
      the group consisting of alumina, spodumene, mullite and cordierite.
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ABST
PAL  Electrically conducting adhesive composition comprising crosslinked alkyl
      acrylate and/or alkyl methacrylate polymer, specially prepared
      electrically clean silver particles, and a suspending or thickening agent
      such as silica of large surface area dispersed in a low-boiling solvent
      system.
BSUM
PAR  This invention relates to new compositions of matter which are useful as
      electrically conducting adhesives. These compositions comprise crosslinked
      alkyl acrylate and/or alkyl methacrylate polymer, specially prepared
      silver particles, and a suspending or thickening agent dispersed in a low
      boiling solvent system.
PAR  The compositions of this invention are formulated from 35-55 weight percent
      of a crosslinked polymer prepared via emulsion polymerization techniques
      from alkyl acrylates and/or alkyl methacrylates, 0.5-5.0 parts of a
      suspending or thickening agent and 45-65 weight percent of special
      electrically clean silver particles of 1 to 100 microns prepared by the
      hydroquinone reduction of silver nitrate in an acidic aqueous solution.
      The special silver useful in this invention may also be prepared by
      treating silver particles with a methanol solution of hydroquinone. These
      components are dispersed in acetone, methyl ethyl ketone, butyl acetate,
      methylene chloride, similar solvents, or mixtures thereof yielding a
      thixotropic paste containing 30-50% solids. Highly conductive films having
      good adhesive and acceptable film properties are obtained from these
      pastes with solvent evaporation.
PAR  An object of this invention is to provide a new and useful electrically
      conducting adhesive composition.
PAR  A further object is to provide a highly conductive adhesive containing low
      volume percentages of silver.
PAR  Another object is to provide an electrically conducting adhesive which is
      capable of conducting within minutes of application even at room
      temperature.
PAR  A still further object is to provide an electrically conducting adhesive as
      a thixotropic paste which flows readily under shear and stress forces, but
      which remains in place after application.
PAR  The electrically conducting, solvent based adhesive formulations of this
      invention have several unique features. The polymeric matrix of this
      adhesive is a crosslinked alkyl acrylate and/or alkyl methacrylate polymer
      having a glass transition temperature below 30.degree.C. The crosslinked
      polymers may contain up to about 50% of another monomer such as vinyl
      acetate, styrene, a fumarate ester, a maleate ester, vinylidene chloride,
      a vinyl ether, an amide of acrylic or methacrylic acid, and the like.
      These polymers are prepared by standard emulsion polymerization procedures
      using up to about 3% of a crosslinking monomer such as ethylene
      diacrylate, ethylene dimethacrylate, triethylene glycol diacrylate, or
      divinylbenzene. Such procedures are described by Wayne R. Sorenson and Tod
      W. Campbell, Preparative Methods of Polymer Chemistry, Interscience
      Publishers, Inc., New York, 1961, pp. 162-163. At the completion of the
      polymerization, a discreet, crosslinked, emulsified polymer exists. This
      polymer is isolated in the usual manners such as coagulation with salt or
      spray drying. These minute, crosslinked polymer particles can then be
      redispersed in the solvent system by shaking, stirring in a Waring blender
      or Sigma mixer, or ball milling. This dispersion has the appearance of a
      viscous solution.
PAR  Because these polymers are crosslinked, they occupy an exclusive volume in
      the solvent system and in the resultant adhesive film. This tightly bound
      polymer restricts the special silver particles to areas outside the
      polymeric sphere. This exclusion of the silver into the interstices forces
      the silver to be in contact with adjacent particles to thus give pathways
      for the flow of current at much lower volume percentages of silver
      particles than would be predicted by the statistical distribution of
      silver particles in a polymeric solution. Bonds having resistivities of
      &lt;1.OMEGA./cm/mm.sup.2 are obtained with 8-15 volume percent silver in
      these adhesives.
PAR  The special electrically clean silver particles employed in this invention
      are preferably prepared by the hydroquinone reduction of silver nitrate.
      The process involves the reduction of silver nitrate to prepare
      crystalline silver particles ranging in size from about 10-100 microns,
      the silver particles being characterized by electrically clean surfaces,
      and comprises (a) preparing an aqueous solution of silver nitrate, the
      concentration of said silver nitrate being in the range of about 0.25-1.0
      mole per liter of water; (b) adding nitric acid in the ratio of about 0.1
      to 3.0 ml. per liter of said aqueous solution; (c) preparing an aqueous
      solution of reducing agent characterized by a redox potential of 0.649 to
      0.779 Volts, solubility of at least about 0.25 mole per liter at
      25.degree.C., and being present in the ratio to silver nitrate of 1 to
      1.25 molar equivalents dissolved in about 0.5 to 2 liters of water; (d)
      blending said aqueous solution of reducing agent and said aqueous solution
      of silver nitrate to thereby reduce said silver nitrate in a redox
      reaction, said reaction being conducted at a temperature of about
      0.degree.-50.degree.C. for about 2 to 24 hours; (e) filtering and washing
      said silver particles until the filtrate is essentially clear; and (f)
      drying said silver particles.
PAR  Electrically clean silver particles also useful in the invention may also
      be prepared by treating commercial silver particles of 1 to 2 microns at
      0.degree. to 50.degree.C. for at least 2 minutes with a 2% methanol
      solution of hydroquinone after which the particles are washed with water
      and dryed. Also commercial silver particles may be prepared by treating
      with sodium sulfite by working three times for about four minutes each
      with equal amounts of 2% aqueous sulfite as described later herein.
PAR  A highly conductive, useful adhesive can be obtained by blending the
      crosslinked particulate polymer, the silver powder and the solvent.
      However, in such a composition, the silver tends to settle out during
      storage. It has been found that the separation or settling of the silver
      particles can be prevented by the addition of a suspending or thickening
      agent. In general, these are inorganic particulate materials that have an
      active surface and a particle size less than about 2 microns. In most
      cases, they impart thixotropic properties to the suspension and promote
      the formation of smooth, even coatings. These suspending agents are well
      known in the paint industry.
PAR  Typical examples of useful suspending agents include the following:
TBL   Chemical Composition                                                     

                    Trade Name                                                 

                                 Manufacturer                                  

     ______________________________________                                    

     Calcium silicate                                                          

                   Silene EF  Pittsburgh Plate Glass                           

     Calcium silicate                                                          

                   Hi-Sil C   Pittsburgh Plate Glass                           

     Calcium carbonate                                                         

                   Multiflex MM                                                

                              Diamond Shamrock                                 

     Sodium silica aluminate                                                   

                   Zeolex 7   Huber Corp.                                      

     SiO.sub.2     Cabosil    Cabot Corp.                                      

     ______________________________________                                    

PAR  A preferred suspending agent is very fine, nonporous, amorphous silica of
      large surface area provides the mechanism for making the formulation a
      thixotropic paste. Silica that is particularly useful in this invention is
      characterized by a surface area of 200 .+-. 25 m.sup.2 /gm., a density of
      2.3-6 pounds/ft..sup.3, a pH of 3.5-4.2 and a nominal particle size of
      0.014 microns. The silica has the ability to develop a loosely-woven
      lattice-like network by hydrogen bonding with itself. The resultant
      network raises the apparent viscosity of the formulation and contributes
      to the suspension of the silver powder. This gives a stable paste when the
      formulation is at rest. However, the hydrogen bonds that hold the
      formulation together at rest are easily broken under shear and stress
      forces, thus giving a formulation that will readily flow during
      application. When the forces are removed, the hydrogen bonding quickly
      reforms giving a stable paste.
PAR  Other useful types of suspending agents include fine clays, aluminum oxide
      and organophilic bentonites as described in J. Phys. Coll. Chem. 53 294
      (1949). The amount of suspending agent used will depend upon the flow
      properties desired but in general from about 0.5% to 5% by weight is
      employed, based upon the total composition.
PAR  The solvents useful in this invention are characterized by boiling points
      in the range of 40.degree.-140.degree.C., solubility parameters in the
      range of 8.3-10.3, and are capable of weak to moderate hydrogen bonding
      and include acetone, methyl ethyl ketone, diethyl ketone, methyl butyl
      ketone, methyl isobutyl ketone, methylene chloride, trichloroethane,
      trichloroethylene, chloroform, methyl acetate, methyl formate, ethyl
      acetate, butyl acetate, n-butyl acetate isobutyl acetate, benzene,
      toluene, chlorobenzene, similar low boiling solvents, and mixtures
      thereof. The solvents are adjusted to give the best film formation with
      the crosslinked polymer and to give the fastest drying time. Solvents do
      evaporate faster from this system than a comparable system containing a
      soluble polymer because the crosslinked polymer releases the solvent
      faster. This is due to the exclusion of the solvent to the surface of the
      dispersed, crosslinked polymer. The solvent comprises 50-70 weight percent
      of the formulation.
PAR  The adhesive compositions are formulated by dispersing the crosslinked
      polymer in the solvent system with stirring, shaking or ball milling. The
      special silver particles are then added with additional mixing followed by
      the suspending agent. This mixture is stirred or ball milled until it is
      well mixed and the consistency of a paste.
PAR  These adhesive formulations rapidly give highly conductive bonds, beads,
      and films. They are useful as substitutes for soldering where soldering is
      inconvenient, unavailable, or might damage delicate parts. These bonds,
      beads, and films have low resistivities and are capable of carrying high
      and low currents with low voltage drops and no heat buildup.
PAR  This invention will be further illustrated by the following examples
      although it will be understood that these examples are included merely for
      purposes of illustration and are not intended to limit the scope of the
      invention.
DETD
PAC  EXAMPLE 1
PAR  A 3 liter, three-necked, round-bottomed flask is equipped with a
      thermometer, a mechanical stirrer, and inlet ports from a Polystaltic pump
      which drains two reservoirs. One mole of silver nitrate dissolved in 1
      liter of water and 2 ml. of nitric acid are added to the flask and cooled
      to approximately 20.degree.C. One liter of water containing 0.62 moles of
      hydroquinone is placed in one reservoir and 500 ml. of water containing 1
      mole of sodium acetate is placed in the outer reservoir. The mechanical
      stirrer agitates the solution at approximately 75 rpm. The addition of the
      hydroquinone solution is initiated and fed at such a rate as to complete
      addition in 30 minutes. Fifteen minutes after beginning the addition of
      the hydroquinone solution, the addition of sodium acetate solution is
      begun. It is also added at such a rate as to complete addition in 30
      minutes. The reduction is allowed to proceed for 4 hours from the start of
      the hydroquinone addition. At this time, the crystalline silver particles
      are filtered and washed with water until the filtrate is clear. This
      requires about 10 liters of water. The silver particles are dried in a
      vacuum oven at 50.degree.C. This yields high quality electrically clean
      silver particles suitable for use in electrically conducting adhesive in
      94.2% yield.
PAC  EXAMPLE 2
PAR  The same equipment set-up as described in Example 1 is used. One mole of
      silver nitrate in 1 liter of water is added to the flask and maintained at
      20.degree.C. One drop of nitric acid is added. One mole of ferrous sulfate
      dissolved in 1 liter of water is placed in the reservoir and one drop of
      sulfuric acid is added. The ferrous sulfate solution is pumped into the
      flask over a 1-hour period. The reduction is allowed to proceed for 4
      hours. The silver metal particles are filtered, washed with 10 liter of
      water, and dried 24 hours in a vacuum oven at 50.degree.C. Crystalline
      silver particles are obtained in 76.7% yield. These electrically clean
      silver particles are suitable for use in electrically conducting
      adhesives.
PAC  EXAMPLE 3
PAR  A polymer is prepared via an emulsion polymerization technique using a
      redox catalyst system. A mixture is prepared of 80 g. methyl acrylate; 20
      g. of methylmethacrylate; 2 g. of ethylene diacrylate; 1 g. of potassium
      persulfate; 0.5 g. of sodium bisulfite; 2 g. of sodium dodecylbenzene
      sulfonate and 900 g. of water and agitated at 60.degree.C. for 10 hours to
      produce a stable emulsion polymer. The polymer is isolated, washed free of
      surfactants and other impurities, and dried. Thirty parts by weight of the
      finely-divided polymer are dispersed in a mixture of 50 parts acetone/50
      parts butyl acetate by mechanically stirring at room temperature. When a
      smooth dispersion is obtained, 50 parts by weight of electrically clean
      silver particles made by the procedure of Example 1 are added. After
      stirring briefly, 1 part of an amorphous fumed silica characterized by a
      surface area of 200 .+-. 25 m.sup.2 /gm., density of 2.3-6
      pounds/ft..sup.3, a pH of 3.5-4.2, and a nominal particle size of 0.014 is
      added and stirring is continued until the mixture is smooth and
      homogeneous. The resulting thixotropic paste gives a fast drying,
      electrically conducting bead having a resistance of &lt;1.OMEGA./cm/mm.sup.2.
      Similar results are obtained by using calcium silicate or calcium
      carbonate as the suspending agent.
PAC  EXAMPLE 4
PAR  Poly(methyl acrylate) crosslinked with 3% ethylene diacrylate is prepared
      via an emulsion polymerization technique, similar to that described in
      Example 1, and isolated. Thirty parts by weight of the polymer are
      dispersed in 100 parts of acetone by ball milling at room temperature.
      Fifty parts by weight of silver particles prepared by the procedure of
      Example 1 and one part by weight of silica (as in Example 3) are also
      mixed in to give a smooth, homogeneous thixotropic paste. This paste gives
      a conductive bond between two copper wires which has a resistance of
      &lt;1.0.OMEGA./cm/mm.sup.2. Similar results are obtained by using aluminum
      oxide, sodium silico aluminate or an organophilic bentonite as the
      suspending agent.
PAC  EXAMPLE 5
PAR  Thirty grams of Silflake 135, a commercial silver powder sold by Handy &
      Harman Co., was washed for 2 minutes four times with equal amounts of a
      total of 300 ml. of methanol containing 2 weight percent hydroquinone. The
      washed Silflake powder was dried 20 hours at 50.degree.C. under vacuum.
PAR  The following electrically conducting adhesive was prepared using this
      silver:
PA1  30 parts - An 80/20/2 terpolymer of methyl acrylate/methyl
      methacrylate/ethylene diacrylate prepared via conventional emulsion
      polymerization techniques
PA1  50 parts - Washed electrically clean silver particles from above
PA1  1 part - Cab-0-Sil M-5 silica
PA1  50 parts - Acetone
PA1  50 parts - Methyl ethyl ketone
PAL  This smooth, homogeneous, thixotropic paste gave a fast drying,
      electrically conducting bead having a resistance of
      2.0.OMEGA./cm/mm.sup.2.
PAC  EXAMPLE 6
PAR  Fifteen grams of Silflake 135 silver powder was washed for 4 minutes three
      times with equal amounts of a total of 150-ml. of 2% aqueous sodium
      sulfite. The washed Silflake silver particles were dried 20 hours at
      50.degree.C. under vacuum.
PAR  An electrically conducting adhesive was formulated as shown in Example 3
      above using this electrically clean silver powder. The resultant smooth,
      homogeneous, thixotropic paste gave a fast drying, electrically conducting
      bead having a resistance of &lt;3.0.OMEGA./cm/mm.sup.2.
PAC  EXAMPLE 7
PAR  Fifteen grams of Silflake 135 silver powder was washed for 1 minute four
      times with equal amounts of a total of 250-ml. of 10% aqueous nitric acid.
      The washed Silflake silver powder was dried 20 hours at 50.degree.C. under
      vacuum.
PAR  An electrically conducting adhesive was formulated as shown in Example 3
      above using this electrically clean silver powder. The resultant smooth,
      homogeneous, thixotropic paste gave a fast drying, electrically conducting
      bead having a resistance of &lt;5.0.OMEGA./cm/mm.sup.2.
PAC  EXAMPLE 8
PAR  A polymer is prepared from 60 parts methyl acrylate, 37 parts vinyl acetate
      and 3 parts butylene dimethacrylate by a conventional emulsion method. It
      is used in place of the polymer as described in Example 3 to give a
      conducting adhesive having a resistance of less than 4.052/cm/mm.sup.2.
PAC  EXAMPLE 9 - Comparative Example
PAR  Silflake 135 silver powder is treated by stirring the silver powder in a
      solution of 2%, based on the weight of the solution, hydroquinone
      dissolved in methanol. After 2 minutes the silver powder is collected by
      filtration. After drying, the powder is found to have very low electrical
      contact resistance as shown by the following comparative data. A volume of
      unpacked powder having the dimensions 0.107 .times. 0.107 .times. 3.3 mm.
      is measured for resistance along the 3.3 mm length using an Ohm meter
      having an input impedance of 10.sup.9 ohms. The measurements are made also
      for untreated Silflake 135 powder and Silflake 135 powder washed with
      methanol in the same manner as the Silflake washed with methanol
      containing 2% hydroquinone. The results of the measurements are as
      follows.
TBL  ______________________________________                                    

     Untreated Silflake 135                                                    

                          R = &gt;5 .times. 10.sup.8 ohms                         

     Silflake 135 washed  R = &gt;5 .times. 10.sup.8 ohms                         

      with methanol                                                            

     Silflake 135 washed  R = 0.8 ohms                                         

      with methanol                                                            

      containing 2%                                                            

      hydroquinone                                                             

     ______________________________________                                    

PAC  EXAMPLE 10 - Comparative Example
PAR  Thirty parts of polyethylene and 70 parts of the specially prepared
      electrically clean silver (prepared as in Example 1) are blended and
      compression molded into a bar. The resistance of the bar is &gt;10.sup.6
      .OMEGA./cm/mm.sup.2. When a bar is prepared in the same manner from
      cellulose acetate butyrate, the resistance is also &gt;10.sup.6
      .OMEGA./cm/mm.sup.2.
PAC  EXAMPLE 11 - Comparative Example
PAR  Seventy parts of electrically clean silver particles prepared according to
      Example 1 are mixed into tung oil, a drying oil, and cobalt naphthanate is
      added to catalyze the crosslinking of the tung oil into a film. The dried
      film has a resistance of &gt;10.sup.6 .OMEGA./cm/mm.sup.2.
PAC  EXAMPLE 12 - Comparative Example
PAR  Thirty parts of an 80/20/2 methyl acrylate/methyl methacrylate/ethylene
      diacrylate polymer prepared by conventional emulsion polymerization
      techniques are dispersed in 100 parts of acetone by stirring at room
      temperature. Sixty-five parts of Silflake 135 silver powder, which has not
      been cleaned, followed by 1 part of silica (as in Example 3) are added and
      stirred to give a smooth paste. The resulting thixotropic paste gives a
      fast drying film having a resistance of &gt;10.sup.6 .OMEGA./cm/mm.sup.2.
      When cooper metal is substituted for the Silflake 135 silver powder in
      this example, similar results are obtained.
PAR  Although the invention has been described in considerable detail with
      particular reference to certain preferred embodiments thereof, variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Adhesive composition comprising
PA1  a. crosslinked polymer particles having a glass transition temperature
      below about 30.degree.C. selected from polymers of alkyl acrylate, alkyl
      methacrylate, copolymers of alkyl acrylate and alkyl methacrylate and
      mixtures thereof, said crosslinked polymer particles being present in the
      amount of about 35-55 weight percent;
PA1  b. electrically clean silver particles of 1 to 100 microns in the amount of
      45-65 weight percent;
PA1  c. a suspending agent in the amount of 0.5 to 5.0 weight percent, said
      suspending agent being a particulate, insoluble inorganic compound having
      a particle size less than about 2 microns;
PA1  d. an organic solvent selected from acetone, methyl ethyl ketone, diethyl
      ketone, methyl butyl ketone, methyl isobutyl ketone, methylene chloride,
      trichloroethane, trichloroethylene, chloroform, methyl acetate, methyl
      formate, ethyl acetate, n-butyl acetate isobutyl acetate, benzene,
      toluene, chlorobenzene and mixtures thereof, and
PA1  e. said polymer particles, electrically clean silver powder, and suspending
      agent being disposed in said organic solvent in the amount of about 30 to
      50 percent solids.
NUM  2.
PAR  2. Adhesive composition of claim 1 wherein said crosslinked polymer
      particles comprises polymers containing up to about 50% of another
      unsaturated polymerizable compound.
NUM  3.
PAR  3. Adhesive composition of claim 1, wherein said suspending agent is a
      non-porous, amorphous silica present in the amount of 0.5 to 5.0 weight
      percent, said silica being characterized by a surface area of 200 .+-. 25
      m.sup.2 /gm., density of 2.3-6 pounds/ft..sup.3, a pH of 3.5-4.2 and a
      nominal particle size of 0.014 microns.
NUM  4.
PAR  4. Adhesive composition of claim 1 wherein said crosslinked polymer
      particles are crosslinked with a crosslinking monomer selected from
      ethylene diacrylate, ethylene dimethacrylate, triethylene glycol
      diacrylate, divinylbenzene and butylene dimethacrylate.
NUM  5.
PAR  5. Adhesive composition of claim 1 wherein said polymer particles comprise
      a terpolymer of methyl acrylate, methyl methacrylate and diethylene
      diacrylate, said polymer particles being present in the amount of about 37
      weight percent.
NUM  6.
PAR  6. Adhesive composition of claim 5 wherein said electrically clean silver
      particles are present in the amount of about 62 weight percent.
NUM  7.
PAR  7. Adhesive composition of claim 6 wherein said suspending agent is present
      in the amount of 1 weight percent.
NUM  8.
PAR  8. Adhesive composition of claim 7 wherein said solvent system is 50/50
      acetone/methyl ethyl ketone.
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ABST
PAL  A thermistor material which, when screened and fired upon ceramic
      substrates by thick film techniques, exhibits a substantially constant
      temperature coefficient of electrical resistance. The thermistor
      composition or ink, before screening, comprises from 30 to 80% by weight
      of an oxide of vanadium VO.sub.X, where X varies from 1.5 to 2.5, mixed
      with 70 to 20% by weight of a glass frit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of producing a thermistor
      material or ink which, when screened and fired on ceramic substrates by
      thick film techniques, exhibits a substantially constant temperature
      coefficient of electrical resistance. Heretofore in the prior art, most
      negative temperature coefficient thermistors have exhibited temperature
      coefficient of resistance (TCR) values which vary depending upon the
      temperature at which they are measured.
PAR  The TCR for any resistor is defined by the following expression:
      ##EQU1##
      where .alpha. is the TCR usually expressed in percent per degree
      centigrade, and R.sub.T is the functional relationship of the sheet
      resistance upon temperature. If .alpha. is to be constant within the
      temperature interval T-T.sub.0 and R.sub.T and R.sub.T.sbsb.0 are the
      resistance values at the respective temperatures, then by integration
      equation (1) yields:
EQU  1n R.sub.T /R.sub.T.sbsb.0 = .alpha.(T-T.sub.0).           (2)
PAR  Further reduction yields:
EQU  R.sub.T = R.sub.T.sbsb.0 e.sup..alpha..sup.(T-T .sbsp.0) , (3)
PAL  which is the final expression relating resistance to the temperature if the
      TCR is constant. The resistivities of most thermistor materials vary with
      temperature according to the following expression:
      ##EQU2##
      where both R.sub.T.sbsb.0  and .beta. are constant independent of
      temperature. Using equation (1) it can be shown that for these materials
      the TCR depends upon temperature according to the following expression:
      ##EQU3##
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the invention to provide a thermistor ink
      with a TCR value that is substantially constant over a wide temperature
      range.
PAR  It is another object of the invention to provide a thermistor ink with a
      TCR value in excess of 3.0% per degree centigrade, where the TCR value is
      substantially constant over temperatures ranging from +10.degree.C to
      +90.degree.C.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plot of resistance ratio vs. temperature for two thermistor
      compositions according to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The thermistor ink compositions of the invention generally comprise 30 -80%
      by weight of oxide of vanadium VO.sub.X where X in the starting
      composition may vary from 1.5 to 2.5, along with 70 -20% by weight of a
      glass frit. In the preferred embodiment, the value of X in the starting
      composition may vary from 1.6 to 1.9.
PAR  The TCR values of thermistor inks are substantially constant within varying
      temperature intervals depending upon the value of X utilized in the above
      composition. Also, the magnitude of the TCR and the sheet resistivity of
      the material are dependent on the value of X utilized. Several different
      glass frits of the alumino-borosilicate class have been utilized
      successfully in the above composition. One frit with the following
      composition by weight:
     Al.sub.2 O.sub.3   --          4.1%                                       

     B.sub.2 O.sub.3    --          15.4%                                      

     SiO.sub.2          --          52.3%                                      

     ZrO.sub.2          --          1.2%                                       

     SrO                --          17.3%                                      

     CaO                --          5.4%                                       

     Na.sub.2 O         --          4.3%                                       

PAL  was particularly useful over a wide temperature range.
PAR  It should be apparent that the value of X yielding desired TCR properties
      will depend upon the method utilized to synthesize the VO.sub.X, the
      nature and amount of the glass frit utilized since it may affect the
      reduction of vanadium oxide, the composition of the substrate utilized
      since it also may affect the reduction of the vanadium oxide, and the
      time, temperature and atmosphere of film firing.
PAR  In formulating the thermistor inks in accordance with the invention, the
      oxide VO.sub.X was prepared in certain instances by controlled reduction
      of V.sub.2 O.sub.5 in reducing atmosphere, such as H.sub.2, at
      temperatures of 500.degree. -700.degree.C. Under these conditions the
      V.sub.2 O.sub.5 would reduce completely to the stable phase V.sub.2
      O.sub.3, provided sufficient time were allowed. However, if the time is
      controlled, a desired intermediate oxide phase results. In conjunction
      with this method of preparation of vanadium oxide, the glass frit may be
      mixed with the V.sub.2 O.sub.5 prior to reduction or mixed with the
      reduced oxide product.
PAR  Another method of preparation of the vanadium oxide consists of oxidizing
      the lower oxide V.sub.2 O.sub.3 in oxidizing atmospheres such as oxygen or
      carbon dioxide. Again, the oxidizing time or temperature may be controlled
      as well as the oxidizing gas partial pressure to develop a VO.sub.X with
      the desired value of X.
PAR  Still another method of preparing the VO.sub.X consists of calcining
      mixtures of V.sub.2 O.sub.3 and V.sub.2 O.sub.5 in desired proportions in
      neutral or inert atmospheres such as nitrogen or argon. The calcining time
      and temperature again are controlled, but are not as critical as in the
      above described methods. The temperature is typically maintained at around
      1100.degree.-1300.degree.C for times on the order of one to three hours.
      Since the glass frits utilized in conjunction with the vanadium oxide
      generally soften well below these calcining temperatures, the glass frit
      is preferably added after the desired oxide is prepared.
PAR  Regardless of the method of preparing the oxide, a mixture of oxide and
      glass frit is generally ball milled for three to sixteen hours in
      preparation. The powder thus obtained is subsequently mixed with an
      appropriate binder (many of which are well known in the art) to impart the
      proper rheology to the material for thick film printing.
PAR  After preparation, the ink can be screened onto any suitable insulating
      material, such as alumina or steatite, which can withstand the neutral or
      inert atmosphere firing at 1000.degree.-1100.degree.C for five to twenty
      minutes. Appropriate termination materials can be screened and fired
      either over or beneath the thermistor ink to provide the desired
      electrical contacts thereto.
PAR  Following are specific examples of the preparation of thermistor inks
      according to the invention:
PAC  EXAMPLE 1
PAR  In a typical example 32.9 gms. of V.sub.2 O.sub.3 was intimately mixed with
      17.1 gms. of V.sub.2 O.sub.5 in a ball mill jar for four hours. Fifty ml.
      of methanol were used as the milling fluid. This mixture was then dried in
      an oven at 100.degree.C until all of the methanol was evaporated. The dry
      mix was then screened through a 40-mesh screen and loaded into an Inconel
      boat. The boat was placed in the cool end of a 2.5 inch diameter tube
      furnace which had nitrogen flowing through it at the rate of 50 cubic feet
      per hour for at least 15 minutes, during which time the furnace was
      stabilized at 650.degree.C. The boat was then pushed directly into the hot
      zone and left at 650.degree.C for one hour. After one hour the furnace
      controller was raised to 1250.degree.C and held at this setting for two
      hours. The boat was then pulled directly from the hot zone into the cool
      zone and allowed to cool in nitrogen for at least thirty minutes. When
      cool, the material was removed from the furnace and screened through a
      40-mesh screen. Its color at this point was black to dark blue.
PAR  The above material was subsequently mixed with glass by weighing out 40
      gms. with 10 gms. of glass frit and depositing these materials in a ball
      mill jar along with 50 ml. of methanol. This mixture was then rolled for
      four hours, dried, and screened through a 325-mesh screen. This powder was
      then mixed with an appropriate organic binder to yield the proper
      viscosity for screen printing, put into a glass jar and placed on a thick
      film roller for storage.
PAR  The above paste was then screen-printed through a 200-mesh screen onto a
      steatite substrate. The substrates were fired in a controlled atmosphere
      belt kiln at 1100.degree.C for fifteen minutes in a nitrogen atmosphere.
      The resistors made in this way had the properties indicated in Example 1
      of Table 1.
PAR  X-ray diffraction patterns of the fired films revealed the presence of
      mixtures of the two conducting oxides of vanadium, V.sub.2 O.sub.3 and
      V.sub.2 O.sub.5.
PAC  EXAMPLE 2
PAR  In another example, 180 gms. of V.sub.2 O.sub.3 was mixed with 120 gms. of
      V.sub.2 O.sub.5 in a ball mill jar along with 300 mls. of methanol for
      four hours. The dried and screened material was placed in an Inconel boat
      and fired in a tube furnace as in the first example, except that argon gas
      was used instead of nitrogen. The charge was allowed to remain at
      650.degree.C for one hour and then pulled out of the hot zone one hour
      after the temperature controller was reset to 1250.degree.C. When cool,
      the material was removed from the furnace and screened through a 40-mesh
      screen. This powder had a somewhat lighter blue color than the one in the
      previous example.
PAR  Fifteen gms. of this material was mixed in a ball mill jar along with 35
      gms. of glass frit and 50 mls. of methanol for four hours. As above, the
      dried powder was made into a thick film paste and stored in a glass jar on
      a roller.
PAR  Screen printed resistors of this material which were fired in a nitrogen
      atmosphere for fifteen minutes at 1000.degree.C have the properties
      indicated in Example 5 of Table I.
PAR  Table I below illustrates the variation in X required to obtain maxima in
      TCR for various other glass-to-oxide compositions deposited upon steatite
      and alumina.
TBL                                    Table I                                 

     __________________________________________________________________________

     Example                                                                   

          VO.sub.X                                                             

              Glass    V.sub.2 O.sub.3                                         

                           V.sub.2 O.sub.5                                     

                               Substrate                                       

                                     R25.degree.C                              

                                           TCR                                 

     No.  Wt.%                                                                 

              Wt.%                                                             

                  X    Wt.%                                                    

                           Wt.%                                                

                               Material                                        

                                     .OMEGA./Square                            

                                           %/.degree.C                         

     __________________________________________________________________________

     1    80  20  1.800                                                        

                       65.8                                                    

                           34.2                                                

                               Steatite                                        

                                     1.1K  3.43                                

     2    80  20  1.783                                                        

                       67.7                                                    

                           32.3                                                

                               Alumina                                         

                                     2.5K  3.61                                

     3    70  30  1.845                                                        

                       60.8                                                    

                           39.2                                                

                               Steatite                                        

                                     4K    3.42                                

     4    70  30  1.810                                                        

                       64.7                                                    

                           35.3                                                

                               Alumina                                         

                                     3.5K  3.39                                

     5    30  70  1.850                                                        

                       60.0                                                    

                           40.0                                                

                               Alumina                                         

                                     350K  3.66                                

     __________________________________________________________________________

PAR  The sheet resistivity and TCR values of typical series of compositions
      according to the invention can be plotted against the variable X. In such
      plots the resistivity and TCR values have been found to peak quite sharply
      at X values of 1.78 to 1.81 in the starting composition, depending upon
      whether the composition is deposited upon steatite or alumina. When
      analyzed in the fired state the X value for peak resistivity has been
      found to be about 1.6. The peak value of sheet resistivity for a 20% glass
      frit and 80% VO.sub.X composition formulated according to the invention
      was found to be 2.5K ohms per square at 25.degree.C, whereas the value of
      TCR in percent per degree centigrade was approximately 3.6 when deposited
      upon alumina.
PAR  The values of X are of further significance since, in addition to maxima in
      R.sub.T and TCR, the most constant TCR values with temperature are also
      observed at or near these values.
PAR  The degree to which the TCR for a given composition is constant over a
      given temperature range is best illustrated by the curves in FIG. 1. In
      FIG. 1, the log of the resistance ratio R.sub.T /R.sub.25 is plotted
      against temperature. According to equation (2) it is apparent that the TCR
      or .alpha. will be constant as long as a straight line relationship is
      maintained between the log R.sub.T /R.sub.T.sbsb.0 and T. FIG. 1
      illustrates that a 30% glass-70% VO.sub.1.81 material exhibited a constant
      TCR between approximately -15.degree.C and 125.degree.C. and a 70%
      glass-30% VO.sub.1.85 material exhibited a constant TCR between
      +10.degree.C and +90.degree.C. The value of .alpha. obtained by using
      equation (2) was 3.39% per degree centigrade for the 30% glass mixture and
      3.66% per degree centigrade for the 70% glass mixture, illustrated in the
      graph over the ranges of constant TCR. By way of contrast, most
      conventional thermistor materials would exhibit TCR values which vary from
      5.5% per degree centigrade to 2.5% per degree centigrade in the same
      temperature ranges.
PAR  It should be apparent that the improved thermistor ink of the present
      invention has utility in the fabrication of constant temperature
      coefficient thermistors which can be utilized in a variety of electrical
      circuits. For example, thermistors fabricated in accordance with the
      invention could be employed as constant voltage or constant current
      regulating devices or employed in conjunction with amplifiers for the same
      purpose.
CLMS
STM  We claim:
NUM  1.
PAR  1. A thermistor material composition comprising 30-80% by weight VO.sub.X
      where X varies from 1.5 to 1.9, and 70-20% by weight of glass.
NUM  2.
PAR  2. The composition of claim 1 where the glass is of the
      alumino-borosilicate class.
NUM  3.
PAR  3. The composition of claim 1 where X varies from 1.6 to 1.9.
NUM  4.
PAR  4. A thermistor material having a substantially constant temperature
      coefficient of resistance over the range of 10.degree.C to 90.degree.C
      comprising
PA1  30-80% by weight VO.sub.X, where X varies from 1.5 to 1.9 and 70-20% by
      weight of glass.
NUM  5.
PAR  5. The composition of claim 4 wherein the glass is of the
      alumino-borosilicate class.
NUM  6.
PAR  6. The composition of claim 4 where X varies from 1.6 to 1.9.
NUM  7.
PAR  7. A method of making a thermistor having a substantially constant
      temperature coefficient of resistance over the range of 10.degree.C to
      90.degree.C comprising
PA1  preparing a thermistor material composition comprising 30-80% by weight
      VO.sub.X where X varies from 1.5 to 1.9 and 70-20% by weight of glass,
PA1  applying and firing said composition to a ceramic substrate to form a
      thermistor.
NUM  8.
PAR  8. The method of claim 7 where the applying said composition is
      accomplished by screening.
NUM  9.
PAR  9. The method of claim 7 where the glass is of the alumino-borosilicate
      class.
NUM  10.
PAR  10. The method of claim 7 where X varies from 1.6 to 1.9.
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ABST
PAL  A process for preparation of a positive temperature coefficient material of
      the barium titanate/barium zirconate type. An aqueous feed mixture
      comprising a compound of barium or other suitable divalent cation and an
      organic compound of titanium or zirconium is introduced into an anterior
      zone adjacent a heated reaction zone in a rotating, inclined, tubular
      furnace or other useful calcining equipment. At the entrance of the
      reaction zone, the feed mixture forms a mass which swells in response to
      heat emanating from the tube wall and the reaction zone, undergoes
      dehydration and ignites. Particles break away from the mass and enter the
      reaction zone where they are calcined in an oxidizing atmosphere to
      produce the product material. Both these particles and the product
      material are milled as they pass through the reaction zone. Product
      material discharging from the reaction zone is collected for use in the
      manufacture of positive temperature coefficient elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of high temperature ceramic reactions
      and more particularly to an improved process for preparing barium titanate
      and related semiconductive materials by a continuous calcining process.
PAR  Barium titanate and perovskite -- related titanates and zirconates, when
      properly doped, are semiconductive materials which undergo solid phase
      changes at particular temperatures. Associated with these phase changes
      are very abrupt and large changes in the resistivity of the materials. The
      temperature at which such abrupt change occurs is referred to as the curie
      point and, because the change is positive with respect to temperture, the
      aforesaid titanates and zirconates are referred to as "positive
      temperature coefficient" materials. As a result of the resistance in
      temperature anomaly which they exhibit, these materials have been found
      useful as thermosensing elements in numerous diverse applications.
PAR  Among the various divalent cations which may be partially or totally
      substituted for barium in positive temperature coefficient titanate and
      zirconate compounds are calcium, strontium, lead, and tin. The partial or
      total substitution of the latter cations provides a semiconductive
      material whose curie point is in some cases higher and in other cases
      lower than pure barium titanate. The usefulness of these materials arises
      from the inclusion of minor proportions of various dopants such as
      lanthanide series rare earth metals, antimony and bismuth. The oxides of
      these metals are also useful as dopants. Other dopants or promoters such
      as iron, cobalt, manganese, ruthenium, vanadium, chromium, aluminum or
      silicon or te oxides thereof are also useful in very minor amounts for the
      purpose of increasing the extent of change in resistance at the curie
      point and sharpening the transition by increasing the slope of the
      resistivity vs. temperature curve in the neighborhood of the curie point.
PAR  The preparation of barium titanate and related positive temperature
      coefficient materials involves high temperature ceramic reactions which
      require careful proportioning of reactants and intimate intermixture
      thereof to assure complete reaction and stoichiometric balance in the
      product, factors which are important to a sharp and definitive response at
      the curie point. Because the reactants from which barium titanate is
      produced are solid at the reaction temperature, both the solid state
      diffusion-controlled reaction and the problem of separating unreacted
      material from the product render the realization of optimum properties
      difficult to achieve. In conventional solid state ceramic reaction
      processes, the raw materials tend to be inadequately mixed and additional
      contaminants are frequently introduced during mechanical mixing. Also,
      undesirable crystalline transformations such as anatase to rutile
      transformation of titanium dioxide may occur during the process, and the
      product of the process often fails to possess the desired physical and
      electrical properties.
PAR  Attempts have been made in the art to develop wet chemical processes for
      the production of barium titanate and related materials. One process which
      has previously been employed for the production of barium titanate is that
      described by Walsh in U.S. Pat. No. 2,988,422. In accordance with that
      process, a finely dispersed solution of titanium lactate and a barium
      compound is passed through a flame for volatilization of the solvent and
      thermal decomposition of the barium and titanium compounds to crystalline
      barium titanate. The product of this process is thus formed as a fine
      gas-borne dust and process equipment must consequently be adapted for
      handling substantial volumetric flow rates relative to the rate of
      production. The fine dust product also presents obvious collection
      problems and, in the case of toxic products such as lead titanate, the
      operation of this type of process may involve health hazards. Because of
      its exceptionally small particle size, moreover, the product of a direct
      flame reaction process may also be susceptible to discontinuous grain
      growth, with resultant formation of large individual grains in the fine
      grain material.
PAR  Another process known to the art for the production of barium titanate and
      related semiconductive materials is that described by Faxon et al. in U.S.
      Pat. No. 3,637,531. In accordance with the method of Faxon et al., one
      reactant solution is prepared containing the titanium chelate of
      triethanolamine, a second solution is prepared containing an alkaline
      earth salt such as barium acetate, the two solutions are combined to
      provide a common solution, and the common solution is heated at a low
      temperature to form a gel in which intimate intermixture of the alkaline
      earth salt and titanium compound are achieved. The gel is then heated at
      high temperature in an oxidizing or neutral atmosphere for the purpose of
      calcining the constituents of the gel and forming the desired titanate
      product. The method of Faxon et al. is a substantial improvement in the
      art, but this process involves heating with the process materials in a
      static state. If carried out continuously, the Faxon et al. process
      suggests that the feed materials be carried through the reaction zone in
      boats or other ceramic vessels which hold discrete quantities of static
      material. There has, thus, remained a need in the art for further improved
      methods of preparing barium titanate and those related titanates and
      zirconates which possess the advantageous electrical properties described
      above.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of the present invention, therefore, may be noted
      the provision of an improved process for the preparation of the titanates
      and zirconates of barium, calcium, strontium, lead, and tin; the provision
      of such processes in which product collection is simply and directly
      carried out; the provision of such processes which may be carried out
      continuously without the necessity of employing boats or other ceramic
      vessels for carrying the reactants in a static state; the provision of
      such processes in which the semiconductive product may be continuously
      produced in bulk without significant risk of contaminating the
      surroundings with toxic compounds such as a lead compound; the provision
      of such processes in which precursor materials are rapidly and directly
      converted to the semiconductive product within a matter of minutes; and
      the provision of such processes in which a uniform particle size, high
      quality product may be consistently produced. Other objects and features
      will be in part apparent and in part pointed out hereinafter.
PAR  The present invention is thus directed to a process for preparing a
      positive temperature coefficient material selected from the group
      consisting of the titanates and zirconates of divalent cations selected
      from the group consisting of barium, calcium, strontium, lead and tin. A
      feed mixture is prepared comprising water, a compound of the divalent
      cation and an anion precursor compound selected from the group consisting
      of organic titanium compounds and organic zirconium compounds. This
      mixture is introduced into an anterior zone adjacent a reaction zone and
      heated to form at the entrance of the reaction zone a mass which swells,
      dehydrates, and ignites. Particles are broken away from the mass to enter
      the reaction zone and these particles pass through the reaction zone where
      they are calcined at red heat in an oxidizing atmosphere to produce the
      aforesaid material. The particles and the product material are milled in
      the reaction zone. The product material is discharged from the reaction
      zone.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing showing the operation of a tubular furnace in
      which the process of the invention is advantageously conducted; and
PAR  FIG. 2 is a graph illustrating the relationship between resistivity and
      temperature of a barium titanate product produced in accordance with the
      process of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  It has now been discovered that rapid continuous production of barium
      titanate and related semiconductive titanates and zirconates of certain
      divalent metals can be rapidly and continuously carried out in bulk using
      equipment such as a rotating inclined tubular furnace. A chemically
      homogeneous feed solution or microscopically homogeneous slurry containing
      appropriate precursor compounds is charged to the upper end of the
      furnace, and a high quality particulate product is continuously discharged
      from the lower end thereof. Product material collection is thus simple and
      straightforward and no need is presented for the handling of large gas
      volumes from which a fine dusty product must be separated. Because of the
      low gas volumes to be handled and the relatively compact size of equipment
      required for a particular throughput, control of the process to prevent
      escape of toxic compounds to the atmosphere is greatly facilitated.
PAR  All of the process materials are handled in bulk in the process of the
      invention, and no need exists for boats or other ceramic vessels for
      carrying static mixtures through a reaction zone. The necessity of two
      separate and distinct sequential batch heating cycles at low and high
      temperatures, respectively, is also avoided.
PAR  The titanate and zirconate positive temperature coefficient materials
      prepared by the process of the invention generally correspond to the
      formula:
PA1  Ba.sub.z M.sub.1.sbsb.x, . . . M.sub.n.sbsb.x D.sub.y O.sub.3 :a.sub.l
      A.sub.l, . . . a.sub.n A.sub.n ; b.sub.l B.sub.l, . . . b.sub.n B.sub.n
PAR  In this formula M.sub.1 to M.sub.n (generally M.sub.i) represent divalent
      cations selected from the group consisting of calcium, strontium, lead,
      tin, cobalt and nickel, D is selected from the group consisting of
      titanium and zirconium or mixtures thereof, and
      ##EQU1##
PAR  A.sub.l to A.sub.n (generally A.sub.i) are dopants which may typically be
      one of the lanthanide series rare earths, i.e., those elements having
      atomic numbers between 57 and 71, inclusive. Alternatively, any one of
      A.sub.l to A.sub.n may be a lanthanide rare earth oxide, antimony,
      antimony oxide, bismuth, or bismuth oxide. As indicated above, the
      presence of a dopant of the A.sub.i type renders the titanate or zirconate
      compound more semiconductive and less insulating. The presence of such a
      dopant is optional, and the sum of the proportions of all dopants of the
      type A.sub.i type should not exceed approximately 1 molar percent of the
      semiconductive titanate or zirconate. Thus,
      ##EQU2##
PAR  B.sub.l to B.sub.n (B.sub.i type) are different types of dopants
      (hereinafter referred to as promoters) which, as noted above, increase the
      extent and slope of the resistance anamoly at the curie point. B.sub.l to
      B.sub.n may be iron, cobalt, manganese, ruthenium, vanadium, chromium,
      aluminum, silicon or an oxide of these elements. Very small proportions of
      B.sub.i type promoters provide the desired result and, in the case of
      iron, adverse effects are experienced if more than very minor amounts are
      present. Generally, therefore,
      ##EQU3##
PAR  The feed mixture charged to the process of the invention is an aqueous
      mixture, preferably a solution containing an anionic precursor compound of
      D and a reactable compound of barium, or of a type M.sub.i divalent
      cation. The concentrations of these compounds in the feed mixture are
      proportioned to provide substantial stoichiometric equivalence between D
      and the sum of barium and M.sub.l to M.sub.n within the ranges noted
      above. As sources of type A.sub.i dopants and/or type B.sub.i promoters,
      reactable compounds of lanthanide rare earths, antimony, bismuth, iron,
      cobalt, manganese, ruthenium, vanadium, chromium, aluminum or silicon may
      also be included in the feed mixture in proportions consonant with the
      limitations on the A.sub.l to A.sub.n and B.sub.l to B.sub.n contents of
      the product.
PAR  Uniformity of the product is promoted if the feed mixture is a true
      solution rather than a slurry since chemical homogeneity of feed is most
      perfectly realized in a solution. For maximum productivity, however, the
      feed solution may be substantially saturated with respect to the reactant
      which is least soluble. Maximum concentration reduces the vaporization
      heat load of the process and increases productivity. At the high
      concentrations thus desirable, the D compound, though not necessarily
      limiting from the standpoint of saturation, may be subject to hydrolysis
      to form insoluble precipitates. To forestall this eventuality, the feed
      solution preferably includes an acid, such as acetic or a lactic acid, to
      lower the pH and inhibit the formation of such precipitates.
PAR  Compounds of barium and M.sub.i divalent cations which are suitable for
      inclusion in the feed mixture are those which are pyrolyzable in an
      oxidizing atmosphere to yield barium oxide and/or oxide of M.sub.i. It is
      highly preferable, of course, that these salts be watersoluble also. The
      barium salts of lower molecular weight carboxylic acids, for example,
      barium formate, barium acetate and barium propionate, are particularly
      suitable. Also generally useful are the corresponding carboxylates of
      calcium, strontium, lead, tin, cobalt and nickel. Pyrolyzable inorganic
      salts of barium and M.sub.i, such as barium nitrate, lead nitrate, etc.,
      may also be usefully included in the feed mixture.
PAR  It is strongly preferred that the anion precursor compound of D included in
      the feed mixture be an oxidized species to minimize the extent of
      combustion required to produce the titanate or zirconate in the reaction
      zone. Carboxylates, such as titanium lactate and titanium acetate, are
      especially suitable.
PAR  Where a source of a dopant or promoter is included in the feed mixture, the
      same general considerations apply to its selection as are discussed above
      with respect to compounds of barium and compounds of M.sub.l to M.sub.n.
PAR  The process of the invention is preferably carried out in a tubular furnace
      of the type depicted in FIG. 1. This furnace includes a support chamber
      and heating mantel 1 carried by a base 3 on a hinge 5 at one end and a
      vertically adjustable support 7 at the other. A ceramic tube 9 is
      rotatably supported within chamber 1 and contains longitudinally extending
      rods 11. Silicon carbide heating elements 13 are of sufficient capacity to
      maintain red heat (&gt;800.degree.C.) in a zone 15 (hereinafter the hot zone)
      spaced inwardly of the upper end of the tube, during passage of process
      materials therethrough. A blower 17 provides a forced draft of air through
      the furnace to serve as an oxygen supply.
PAR  In the practice of the process of the invention, support 7 is adjusted so
      that tube 9 is inclined and the tube is rotated within chamber 1. Liquid
      feed mixture is continuously introduced into the upper end of tube 9 and
      flows along the bottom wall of the tube, forming a liquid puddle thereon
      in the anterior zone 19 upstream of hot zone 15. As the liquid puddle
      approaches hot zone 15, it begins to foam and swell due to absorption of
      heat emanating from the tube wall and hot zone 15, and forms a foaming
      mass at the entrance of the hot zone, as shown at 21 in FIG. 1. As the
      feed mixture flows downstream through mass 21, it becomes progressively
      dehydrated and ultimately ignites. The agitation effected by foaming and
      swelling of the feed maintains the homogeneity of the feed as it
      dehydrates, thus providing an exceptionally intimate mixture entering the
      reaction zone. Particles of this intimately intermixed dehydrated feed
      material break away from the downward end of the mass and pass into hot
      zone 15 where the calcining reaction takes place to form the product
      material. Breakage of particles from the front end of mass 21 is assisted
      by the action of the upper ends of rods 11 which are tumbling within tube
      9. In effect, these rods "chew" away particles from the downward end of
      mass 21. The solid particles and product material move downwardly along
      the furnace tube by gravity flow, assisted by the rotation of the tube.
PAR  As the dehydrated particles pass through the reaction zone and are
      transformed to the product material by decomposition, oxidation and
      chemical combination of the feed constituents, both the unreacted or
      partially reacted particles and the product material are milled by rods
      11, thus assuring a fine uniform particle size for the product. The fully
      reacted milled product material is continusouly discharged and collected
      at the lower end of tube 9.
PAR  The temperature in the reaction zone may be varied rather widely but a
      temperature of 1000.degree.-1200.degree.C. is usually preferred. Higher
      temperatures can be used but are generally unnecessary. Excessively high
      temperatures are undesirable where the process materials contain lead or
      other toxic volatile metals. Where a high proportion of lead is present,
      lower temperatures in the 800.degree.-1000.degree.C. range may be
      preferred.
PAR  The rate of feed is adjusted so that the residence time within the furnace
      is in the range of approximately 2-10 minutes. Somewhat longer residence
      may be required where the hot zone temperature is significantly less than
      1000.degree.C. To avoid too rapid passage through the furnace of
      individual droplets of feed material, the feed shold not be delivered as
      an atomized mist but should preferably flow as a stream onto the bottom
      wall of tube 9. In this way, mass 21 may restrain excessively rapid
      passage of individual droplets through the furnace and thus avoid the
      presence of significant proportions of unreacted material in the product.
      If desired, the feed mixture can be delivered to tube 9 as a coarse spray
      but should, in any event, enter the tube below its longitudinal centerline
      so as to avoid bypassing mass 21.
PAR  In order to optimize the size of and residence time in mass 21, the mass
      itself should be restrained from entering entirely into the heated
      reaction zone and preferably should be positioned in a zone where the
      temperature is between about 400.degree.C. and about 700.degree.C. Rods 11
      serve the further function of acting as a barrier to excessive downstream
      movement of mass 21.
PAR  The angle of inclination of tube 9 and its rate of rotation are not
      critical per se, but do affect the residence time in the heated reaction
      zone and thus must be adjusted to insure that the particles of dehydrated
      reactant breaking away from mass 21 are exposed to a temperature of
      greater than or equal to the calcining temperature for a time sufficient
      for complete conversion. Satisfactory results are generally obtained using
      a rotational velocity of 3-15 rpm and a furnace inclination of
      1.degree.-10.degree.. Incomplete reaction is indicated by the passage of
      carbon out the lower end of the furnace and observation of carbon in the
      product may call for increasing the residence time by reducing the angle
      of inclination and/or the rotational velocity. Since the temperature and
      rate of air passage through the furnace also affect the reaction rates in
      the heated reaction zone, adjustments in these parameters may also be
      appropriate when carbon is observed in the product material.
PAR  The product of the process of the invention is a uniform fine particle size
      material having a perovskite-related crystalline structure. In contrast to
      the products of conventional ceramic processes, the product of the instant
      process is highly friable and readily processed further into
      semiconductive elements useful as temperature sensors, etc. Because of the
      uniformity and purity achieved in the process of the invention, the
      semiconductive elements obtained by compacting the product of this process
      have highly predictable and uniform electrical properties.
PAR  Preparation of the compacted elements is accomplished by conventional means
      using conventional binding materials, such as polyvinyl alcohol,
      polyethylene glycol and various paraffins. Dopant and promoter sources may
      also be included in the formulation used for preparing compacted elements.
      As noted above, however, dopant and promoter precursors may advantageously
      be incorporated in the mixture fed to the process of the invention.
PAR  Although the process is described hereinabove only by reference to a
      rotatable inclined furnace, it will be understood that other equipment
      which moves the process material continuously through a reaction zone
      could also be utilized. Thus, for example, the process could be carried
      out in a nonrotating furnace having one or more internal screws for
      transporting and milling particles breaking away from the foaming mass of
      dehydrating feed material.
PAR  The following examples illustrate the invention:
PAC  EXAMPLE 1
PAR  A feed solution was prepared having the following composition:
      ##EQU4##
PAR  This feed solution was calcined in an electrically heated, rotated and
      inclined tubular furnace constructed of alumina and having a length of
      1200 mm and an internal diameter of 75 mm. The furnace was supported at
      both ends and chain driven at its lower end. It was heated by means of
      silicon carbide resistance elements and had a uniform hot zone 450 mm in
      length. The tilting mechanism on the furnace was capable of raising its
      upper end approximately 300 mm (approximately a 10.degree. tilt) and the
      rotational drive system was controllable at rotational speeds in the range
      of 3 to 15 rpm. The furnace contained two rods approximately 25 mm in
      diameter and approximately 850 mm long extending downwardly through the
      furnace tube from a point near the upper end of the hot zone.
PAR  With the furnace maintained at a 6.degree. tilt and rotated at 7 rpm, the
      feed solution was introduced into the furnace at a rate sufficient to
      produce 8 to 10 grams per minute of product by directing a stream of the
      feed solution along the bottom wall at the upper end of the furnace. The
      hot zone of the furnace was maintained at a temperature of 1150.degree.C.
      and the feed solution, which formed a puddle on the bottom wall of the
      furnace in the anterior zone upstream of the hot zone, swelled into a
      foaming mass and ignited at the entrance of the hot zone in response to
      heat emanating therefrom. Particles breaking away from the downstream end
      of this mass passed through the hot zone where they underwent reaction and
      were milled by the rods to produce a friable product having the
      approximate formula:
EQU  Ba.sub.0.9 Sr.sub.0.1 Ti.sub.1.025 O.sub.3 :0.00125La.sub.2 O.sub.3.
PAC  EXAMPLE 2
PAR  A feed solution was prepared having the following composition:
TBL  Constituent           Grams                                               

     ______________________________________                                    

     aqueous titanium lactate                                                  

     solution (13.1% TiO.sub.2)                                                

                           4645                                                

     barium acetate        1893                                                

     lead nitrate          30                                                  

     bismuth acetate       10                                                  

     lactic acid           714                                                 

     acetic acid           350                                                 

     water                 4156                                                

     ______________________________________                                    

PAR  This feed solution was introduced as a solid stream onto the bottom wall of
      the upper end of the furnace described in Example 1 at a rate sufficient
      to produce 7 grams per minute of product while the furnace was rotated at
      7 rpm and maintained at a 3.5.degree. tilt from the horizontal. The hot
      zone was maintained at 1120.degree.C. As in Example 1, the feed solution
      formed a foaming mass and ignited at the entrance of the hot zone.
      Particles broke away from the downstream end of this mass and were reacted
      and milled to form a cream-colored friable product having the approximate
      formula:
EQU  Ba.sub.0.99 Pb.sub.0.01 Ti.sub.1.01 O.sub.3 :0.0002Bi.sub.2 O.sub.3
PAC  EXAMPLE 3
PAR  The feed solution of Example 2 was calcined in the manner described in
      Example 2 except that the furnace was rotated at 10 rpm and the hot zone
      was maintained at 910.degree.C. Under these conditions, unreacted carbon
      appeared in the product until the production rate was lowered to
      approximately 5.3 grams per minute.
PAC  EXAMPLE 4
PAR  A feed solution was prepared having the following composition:
     Constituent          Grams                                                

     ______________________________________                                    

     aqueous solution of                                                       

     titanium lactate                                                          

     (13.1% TiO.sub.2)    4645                                                 

     barium acetate       1724                                                 

     lead nitrate         248                                                  

     bismuth lactate      10                                                   

     lactic acid          715                                                  

     water                4747                                                 

     ______________________________________                                    

PAR  This feed solution was introduced as a solid stream onto the bottom wall of
      the upper end of the furnace described in Example 1 at a rate sufficient
      to produce about 6.5 grams per minute of product while the furnace was
      rotated at 10 rpm and maintained at a 3.5.degree. tilt from horizontal.
      The hot zone was maintained at 1000.degree.C. As in Example 1, the feed
      solution formed a foaming mass and ignited at the entrance of the hot
      zone. Particles broke away from the downstream end of this mass and were
      reacted and milled to form a white to whitishblue friable product having
      the approximate formula:
EQU  Ba.sub.0.90 Pb.sub.0.10 Ti.sub.1.01 O.sub.3 :0.002Bi.sub.2 O.sub.3
PAC  EXAMPLE 5
PAR  A feed solution was prepared having the following composition:
     Constituent          Grams                                                

     ______________________________________                                    

     aqueous solution of                                                       

     titanium lactate                                                          

     (13.1% TiO.sub.2)    4645                                                 

     barium acetate       1724                                                 

     lead nitrate         248                                                  

     bismuth lactate      10                                                   

     lactic acid          715                                                  

     iron nitrate         0.3                                                  

     water                4747                                                 

     ______________________________________                                    

PAR  This feed solution was introduced as a solid stream onto the bottom wall of
      the upper end of the furnace described in Example 1 at a rate sufficient
      to produce 6.2 to 7.1 grams per minute of product while the furnace was
      rotated at 10 rpm and maintained at a 3.5.degree. tilt from the
      horixontal. The hot zone was maintained at 1000.degree.C. As in Example 1,
      the feed solution formed a foaming mass which ignited and from which
      particles broke away and were milled to produce a soft, friable white
      powder with a blue hue. The product had the approximate formula:
EQU  Ba.sub.0.90 Pb.sub.0.10 Ti.sub.1.01 O.sub.3 :0.002BiO.sub.3,0.0001Fe.sub.2
      O.sub.3
PAC  EXAMPLE 6
PAR  The feed solution of Example 5 was calcined in the manner described in
      Example 5 except that the temperature in the hot zone was 1150.degree.C.
      and the production rate was 8 grams per minute. A sustained run was made
      under these conditions and required only minor operator attention. The
      product was similar in character and composition to the product of Example
      5.
PAC  EXAMPLE 7
PAR  A feed solution was prepared having the following composition:
     Constituent        % By Weight                                            

     ______________________________________                                    

     aqueous solution of                                                       

     titanium lactate                                                          

     (15% TiO.sub.2)    33.9                                                   

     lanthanum acetate  0.06                                                   

     barium acetate     16.0                                                   

     water              47.0                                                   

     acetic acid        30                                                     

     ______________________________________                                    

PAR  This feed solution was introduced into the furnace described in Example 1
      at the rate sufficient to produce 9 to 11 grams per minute of product. The
      feed was impinged as a solid stream on the sidewall of the furnace at a
      point spaced approximately 160 mm inward of the tube end while the furnace
      was rotated at 10 rpm and maintained at a 3.5.degree. tilt from the
      horizontal. The hot zone was maintained at 1150.degree.C. As in Example 1,
      the feed solution which particles broke away and were reacted and milled
      to form a friable product having the approximate formula: BaTi.sub.1.025
      O.sub.3 :0.00125La.sub.2 O.sub.3
PAC  EXAMPLE 8
PAR  A feed solution was prepared having the following composition:
     Constituent         Grams                                                 

     ______________________________________                                    

     aqueous titanium lactate                                                  

     solution (14% TiO.sub.2)                                                  

                         1237.9                                                

     barium acetate      459.8                                                 

     lead nitrate        66.2                                                  

     lactic acid         190.8                                                 

     water               1183                                                  

     ______________________________________                                    

PAR  This feed solution was sprayed at a rate of about 40 cc/min onto the
      interior walls of a furnace of the type described in Example 1 while the
      furnace was rotated at 6 rpm and maintained at a 1.degree. tilt from the
      horizontal. The hot zone was maintained at about 1050.degree.C. The
      product was a friable ceramic powder having the approximate formula:
      Ba.sub.0.9 Pb.sub.0.1 Ti.sub.1.015 O.sub.3. X-ray examination of the
      product showed lines characteristic only of a perovskite structure.
PAR  This ceramic product material was subsequently crushed and bismuth nitrate
      sufficient to provide a doping level of 0.35 atomic percent was added
      thereto along with a polyvinyl acetate binder sold under the trade
      designation "Plyamul" by Reichold Chemicals, Inc. The resultant mixture
      was pressed into three elements having shapes suitable for use as positive
      temperature coefficient elements. The binder was burned off at
      1000.degree.C. for 1 hour and the elements, stacked two high and covered
      with alumina boats, were fired at 1350.degree.C. in a Sentry 9VL furnace.
      After firing was complete, the resistance of each of the three elements
      was measured at a series of temperatures between 25.degree.C. and
      270.degree.C. The results of these measurements are set forth in the table
      below.
TBL                Resistance vs. Temperature                                  

     ______________________________________                                    

              Element     Element     Element                                  

     Tempera- No. 1       No. 2       No. 3                                    

     ture     log R       log R       log R                                    

     .degree.C.                                                                

              (.OMEGA.)   (.OMEGA.)   (.OMEGA.)                                

     ______________________________________                                    

      25      21.6        19.9        19.7                                     

     100      15.2        14.1        14.0                                     

     125      14.0        13.0        12.8                                     

     150      15.2        13.7        13.4                                     

     160      18.0        15.4        14.6                                     

     170      33.6        25.0        20.9                                     

     175      61.4        41.9        37.0                                     

     180      130.6       83.0        69.0                                     

     185      770.4       515.0       596.0                                    

     190      1.94K       1.38K       1.67K                                    

     200      7.13K       5.61K       6.66K                                    

     210      17.18K      14.49K      16.78K                                   

     220      29.73K      26.42K      29.50K                                   

     230      39.6K       37.7K       39.9K                                    

     240      45.11K      43.7K       46.3K                                    

     250      47.3K       47.4K       49.3K                                    

     260      47.1K       48.9K       49.7K                                    

     270      45.1K       48.3K       48.3K                                    

     ______________________________________                                    

PAL  A plot of resistance vs. temperature for element No. 2 is set forth in FIG.
      2 of the drawings.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above methods without departing
      from the scope of the invention, it is intended that all matter contained
      in the above description or shown in the accompanying drawing shall be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a positive temperature coefficient material
      selected from the group consisting of the titanates and zirconates of
      divalent cations selected from the group consisting of barium, calcium,
      strontium, lead, and tin comprising the steps of:
PA1  preparing a feed mixture comprising water, a compound of said divalent
      cation pyrolyzable in an oxidizing atmosphere to yield an oxide of said
      divalent cation, and an anion precursor compound selected from the group
      consisting of organic titanium lactate and acetate compounds and organic
      zirconium lactate and acetate compounds or mixtures thereof;
PA1  introducing said feed mixture into an anterior zone adjacent a reaction
      zone;
PA1  advancing said feed mixture from said anterior zone into said reaction
      zone;
PA1  heating said advancing feed material at the entrance to said reaction zone
      to a temperature sufficient to form at the entrance of said reaction zone
      a mass which swells, dehydrates and ignites;
PA1  breaking particles away from said mass at the entrance to said reaction
      zone to enter the reaction zone;
PA1  passing said particles through said reaction zone at a selected rate while
      heating said particles in an oxidizing atmosphere in the reaction zone at
      a temperature of
PA1  at least about 800.degree.C. sufficient to calcine said particles as rhe
      particles are passed through the reaction zone thereby to produce said
      positive temperature coefficient material;
PA1  milling said particles and said material in said reaction zone; and
PA1  discharging the product material from the reaction zone.
NUM  2.
PAR  2. A process as set forth in claim 1 wherein said feed mixture also
      includes up to approximately 1 molar percent based on the weight of
      semiconducting titanate or zirconate of a source of a dopant selected from
      the group consisting of oxides of lanthanide series rare earths, antimony,
      antimony oxide, bismuth, bismuth oxide and mixtures thereof.
NUM  3.
PAR  3. A process as set forth in claim 1 wherein said feed mixture further
      comprises a source of a promoter selected from the group consisting of
      oxides of iron, cobalt, manganese, ruthenium, vanadium, chromium,
      aluminum, silicon and mixtures thereof.
NUM  4.
PAR  4. A process as set forth in claim 1 wherein said particles are calcined by
      heating them at a temperature of at least about 1000.degree.C.
NUM  5.
PAR  5. A process as set forth in claim 4 wherein the residence time of said
      particles and said material in said reaction zone is between about 2 and
      about 10 minutes.
NUM  6.
PAR  6. A process as set forth in claim 1 wherein said feed mixture is
      continuously introduced into said anterior zone and said material in
      continuously discharged from said reaction zone.
NUM  7.
PAR  7. A process as set forth in claim 6 wherein said feed mixture is
      introduced into the upper end of a rotating inclined tubular furnace
      having a red heat zone constituting said reaction zone extending
      downwardly along the incline from a point spaced inwardly from the upper
      end of the furnace tube, said feed mixture flows through the space in said
      tube constituting said anterior zone upstream of said reaction zone and
      forms a mass on the bottom wall of said tube at the entrance of said
      reaction zone, and said particles are broken away from said mass at its
      downstream end and passed by gravity flow through said reaction zone
      wherein they are converted to said product material.
NUM  8.
PAR  8. A process as set forth in claim 7 wherein said feed mixture is advanced
      by gravity feed from said anterior zone into said reaction zone and at
      least part of said mass is engaged by barrier-forming means for positively
      restraining the mass from passing entirely into said reaction zone as a
      mass unit.
NUM  9.
PAR  9. A process as set forth in claim 8 wherein said feed mixture is heated to
      form said mass by heating said feed mixture in a zone at the entrance to
      the reaction zone where the temperature is between about 400.degree.C. and
      about 700.degree.C.
NUM  10.
PAR  10. A process as set forth in claim 8 wherein said tubular furnace contains
      rods for milling said particles and said product, said rods extending
      downwardly along said incline from said mass and serving as a barrier for
      restraining said mass from passing entirely into said reaction zone.
NUM  11.
PAR  11. A process as set forth in claim 7 wherein said feed is introduced into
      the upper end of said tube below the longitudinal center line thereof.
NUM  12.
PAR  12. A process as set forth in claim 7 wherein a gas containing oxygen is
      blown through said tube to promote the conversion of said particles to
      said product material.
NUM  13.
PAR  13. A process as set forth in claim 1 wherein said anion precursor compound
      is an organic compound of titanium lactate or acetate.
NUM  14.
PAR  14. A process as set forth in claim 13 wherein said feed mixture contains a
      titanium carboxylate selected from the group consisting of titanium
      lactate and titanium acetate, a pyrolyzable compound of barium selected
      from the group consisting of barium formate, barium acetate and barium
      propionate, and a carboxylic acid selected from the group consisting of
      lactic and acetic acid.
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ABST
PAL  An electron emissive material of the formula (Y.sub.1.sub.-x
      EU.sub.x)B.sub.6 having the calcium hexaboride type crystal structure can
      easily produce hexaborides of the single phase. These borides have a
      number of merits such as small work function, high mechanical properties
      and low vapor pressure, and they are far more excellent than prior-art
      materials when used in a thermionic emission cathode and a field emission
      type cold cathode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a thermionic-electron-emitting or field-emitting
      material for use in appliances and equipment applying an electron beam.
      More particularly, it relates to an electron emissive material of ternary
      system hexaborides having the CaB.sub.6 type crystal structure, which is
      small in the work function and which is chemically stable.
PAR  2. Description of the Prior Art
PAR  In a variety of appliances and equipments applying an electron beam, there
      has recently been a strong request for an electron ray source attaining an
      electron beam of large capacity or an electronic device having a high
      brightness.
PAR  As a cathode material for emitting electrons, tungsten was exclusively
      used, whether the cathode was of the thermionic emission type or the field
      emission type. The reason for this use is that tungsten is very suitable
      for the purpose because it is low in vapor pressure, high in strength and
      excellent in workability. As the result of the recent advancement of
      apparatuses applying an electron beam, however, a material having higher
      degrees of characteristics than those of tungsten has come into demand.
PAR  In case of the thermionic emission, the current density J.sub.s
      (Amp./cm.sup.2) of an electron beam is represented by the
      Richardson-Dushman equation (1):
EQU  J.sub.s = A T.sup.2 exp (- .phi. /k.sub.B T)               (1) where .phi.
      denotes the work function (eV), T the temperature (.degree.K) of the tip
      portion of the cathode at the electron emission, and k.sub.B the
      Boltzmann's constant. A is called the thermionic emission constant
      (Amp./cm.sup.2.K.sup.2), which is a constant sensitive to the state of the
      surface, especially to an adsorbed layer on the surface and the
      non-uniformity of the surface.
PAR  Assuming that A is fixed, it is understood from Equation (1) that as .phi.
      is smaller, the electronic current density J.sub.s becomes larger at low
      temperatures.
PAR  In case of the field emission, the electronic current density J.sub.s
      (Amp./cm.sup.2) is represented by the Fowler-Nordheim equation (2):
      ##EQU1##
      where E denotes the field strength (V/cm). a and b denote constants which
      do not involve the work function, and in the case of tungsten, they are
      known to be 6.2 .times. 10.sup.-.sup.6 and 6.8 .times. 10.sup.7,
      respectively.
PAR  In order to induce the field emission, an electric field in the order of at
      least 10.sup.6 V/cm is generally required. As apparent from Equation (2),
      even when the work function .phi. lowers slightly, the electronic current
      density J.sub.s remarkably increases even at low applied voltages.
PAR  Consequently, in both cases of the thermionic emission and the field
      emission, the employment of a cathode material of small work function is
      the first requisite for raising the electronic current density (and
      accordingly, the brightness).
PAR  Even when the work function is small, if the mechanical strength is low the
      cathode will be destroyed due to an electrostatic force or will be
      softened due to a high temperature. Therefore, a cathode material which
      has not only a small work function but also a high mechanical strength
      must be employed. Moreover, since the cathode is used in an ultrahigh
      vacuum, the life of the cathode becomes very short when a material of high
      vapor pressure is used. The cathode material need therefore be a stable
      material of low vapor pressure.
PAR  As cathode materiala fulfilling these requirements, it has hitherto been
      said that tungsten being a refractory metal and that borides having the
      calcium boride (CaB.sub.6) type crystal structure, especially lanthanum
      hexaboride (LaB.sub.6) are preferable.
PAR  The calcium hexaboride type crystal structure belongs to the space group
      O.sub.h.sup.1 -P.sub.m3m, and is a body-centered cubic lattice. Borides
      having this type of crystal structure are found among compounds which are
      obtained through reaction with alkaline-earth metals, rare-earth metals or
      some transition metals. Most of the borides have such very desirable
      properties for electron emissive materials, such that the melting point is
      high, that the vapor pressure is low, and that the hardness is great.
      Also, the borides are resistant against ion bombardment, and are apt to
      emit electrons by heat or electric field because the work function is low.
PAR  Since lanthanum hexaboride with a work function of about 2.66 eV was found
      to be suitable as the electron emissive material, 19 sorts of binary
      system hexaborides having the calcium hexaboride type crystal structure
      have been discovered. As ternary system or quaternary system hexaborides,
      (La, Na)B.sub.6 and (Sr.sub.0.4 La.sub.0.6)B.sub.6, for example, have been
      proposed in Zh Pkh. , Vol. 37, 1964, page 1872, by G. D. Samasonor et al.
      and in British Pat. No. 1,232,523.
PAR  However, although the ternary system or quaternary system hexaborides are
      lower in the work function than lanthanum hexaboride, they are smaller in
      the thermionic emission constant and are unsatisfactory in practical use.
      More specifically, the thermionic current densities of these borides at
      1000.degree.C. are 0.1 - 0.01 Amp./cm.sup.2. The values are somewhat
      greater than in lanthanum hexaboride, but in the actual use, they are
      still insufficient and at least about 1 Amp./cm.sup.2 is necessary.
PAR  It has been known that, among the binary system hexaborides having the
      calcium hexaboride type structure, yttrium hexaboride (YB.sub.6) and
      gadolinium hexaboride (GdB.sub.6) are lower in the work function than
      lanthanum hexaboride and therefore suitable as a
      thermionic-electron-emitting material. The yttrium hexaboride and
      gadolinium hexaboride, however, are difficult to be prepared in the pure
      form, and are prone to be produced with other borides such as
      tetraborides, mixed therein. For example, yttrium hexaboride is prone to
      be produced under the mixed presence of yttrium tetraboride (YB.sub.4) and
      other yttrium borides. It is extremely hard to separate these other
      borides. The yttrium hexaboride phase which has a low work function and
      the yttrium tetraboride phase and the other yttrium boride phases which
      have high work functions are existent at the tip portion of the cathode in
      the mixed state, so that the current density of the electron emission and
      accordingly the brightness become unstable.
PAR  For such reasons, among the hexaborides having the calcium hexaboride type
      crystal structure, only lanthanum hexaboride has hitherto been barely
      permitted to be put into practical use, and the others have been unusable
      as stable cathode materials.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a stable and long-life electron
      emissive material which has a low work function, which can be readily
      manufactured as a stable single phase compound and which establishes a
      high electronic current density.
PAR  In order to accomplish the object, this invention substitutes europium (Eu)
      for part of yttrium (Y) in yttrium hexaboride (YB.sub.6).
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph which shows the relationship between the lattice constant
      and x of (Y.sub.1.sub.-x Eu.sub.x)B.sub.6 according to this invention;
PAR  FIG. 2 is a graph which shows the relationship between the work function
      and x of the material (Y.sub.1.sub.-x Eu.sub.x)B.sub.6, and
PAR  FIG. 3 is a graph which shows Richardson plots on the thermionic emission
      of (Y.sub.0.6 Eu.sub.0.4)B.sub.6 according to this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As previously explained, yttrium hexaboride is smaller in the work function
      than lanthanum hexaboride, and is suitable as the electron emissive
      material. However, it is difficult to be acquired in the single phase, and
      it cannot conduct a stable electron emission. In contrast, when part of
      yttrium hexaboride is substituted by europium, the production of other
      borides such as tetraboride becomes very low, and the hexaboride can be
      produced in a very pure form. The electron emission can therefore be
      carried out very stably. In addition, the compounds which are obtained by
      substituting a part of yttrium hexaboride with europium are, in a certain
      specific composition range, much smaller in the work function than yttrium
      hexaboride or europium hexaboride. As the electron emissive material,
      these compounds achieve characteristics far more excellent than in the
      prior art.
PAR  This invention is based on this finding. Thus this invention consists in
      forming yttrium europium hexaboride (Y.sub.1.sub.-x Eu.sub.x)B.sub.6 with
      the calcium hexaboride type crystal structure by substituting europium for
      part of the yttrium in yttrium hexaboride, and in using it as the electron
      emissive material.
PAR  (Y.sub.1.sub.-x Eu.sub.x)B.sub.6 can be formed by utilizing a borothermal
      reaction and in conformity with the following equation (3):
EQU  (1-x) Y.sub.2 O.sub.3 + x Eu.sub.2 O.sub.3 + 15 B.fwdarw.2 (Y.sub.1.sub.-x
      Eu.sub.x)B.sub.6 + 3 BO .uparw.                           (3)
PAR  A temperature range in which the reaction of Equation (3) arises is limited
      by the temperatures of production of YB.sub.6 and EuB.sub.6. For this
      reason, in order to form (Y.sub.1.sub.-x Eu.sub.x)B.sub.6, it is necessary
      to find the temperature range in which YB.sub.6 and EuB.sub.6 are
      respectively, obtained in pure phases.
PAR  Table 1 indicates the borothermal reaction temperatures and the states of
      formed phases on YB.sub.6 and EuB.sub.6. In the table,  denotes a case
      where almost all the quantity is occupied by the particular compound, O a
      case where the particular compound is formed in a small quantity, and X a
      case where the particular compound is created in a considerably large
      quantity and where a mixed phase is formed.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     REACTION                                                                  

            M.sub.2 O.sub.3 + 15B.fwdarw.                                      

                                M.sub.2 O.sub.3 + 6B.sub.2 O.sub.3 +21C        

                                               M.sub.2 O.sub.3 +3B.sub.4       

                                               C.fwdarw.                       

     CONDITION                                                                 

               2MB.sub.6 +3BO    .fwdarw.2MB.sub.6 +21CO                       

                                                 2MB.sub.6 + 3CO               

     __________________________________________________________________________

     PRODUCTS                                                                  

            1400.degree.C                                                      

                 1500.degree.C                                                 

                      1550.degree.C                                            

                           1700.degree.C                                       

                                1400.degree.C                                  

                                     1550.degree.C                             

                                          1700.degree.C                        

                                               1400.degree.C                   

                                                    1550.degree.C              

                                                         1700.degree.C         

     __________________________________________________________________________

     YB.sub.4                                                                  

            X    X    X                                                        

     YB.sub.6                                                                  

            O              X    X    X    X    X    X    X                     

     YB.sub.12   X    X    X    X    X    X    X    X    X                     

     YB.sub.66                                                                 

            X    X    X         O              O    O                          

     YBO.sub.3   X    X    X         X    X              X                     

     EuB.sub.6                                                                 

     __________________________________________________________________________

PAR  As apparent from Table 1, in the case of YB.sub.6, at 1700.degree.C.,
      YB.sub.4 and YB.sub.66 are produced in large quantities, and the mixed
      phases are formed. At 1400.degree.C., large quantities of YB.sub.12 and
      YBO.sub.3 are coexistent with YB.sub.6. Consequently, a stable phase in
      which YB.sub.6 is the principal constituent is acquired in a narrow range
      of 1500.degree.-1550.degree.C.
PAR  On the other hand, EuB.sub.6 is stably formed in a wide range of
      1400.degree.-1700.degree.C. as seen in the table.
PAR  The borothermal reaction conforming to Equation (3) has been explained
      above. Where the starting materials are changed, the stable phase whose
      principal constituent is YB.sub.6 cannot be formed as seen in Table 1.
      After all, (Y.sub.1.sub.-x Eu.sub.x)B.sub.6 is formed in the temperature
      range of 1500.degree.-1550.degree.C. in conformity with Equation (3).
PAR  An example of the method of forming (Y.sub.1.sub.-x Eu.sub.x)B.sub.6 will
      now be described.
PAR  Starting materials of Y.sub.2 O.sub.3, Eu.sub.2 O.sub.3 and B powders
      having purities of at least 99.9% were weighed and mixed at predetermined
      compounding ratios. The mixture was put into a solvent of acetone, and was
      mixed and pulverized well in an agate mortar. Further, a very small amount
      of polyvinyl alcohol as a molding agent was added, and the solution was
      agitated. The solution was dried at 150.degree.C. by a drier for 30
      minutes. Thereafter, the mixture was molded into discs by means of a press
      applying a pressure of about 1 ton/cm.sup.2, to make compacts (each being
      15 mm. in diameter and approximately 5 mm. in thickness). The compact was
      received in a boron nitride crucible. It was caused to react at a
      temperature of 1525.degree.C. for 1 hour in a small-sized Tanmann furnace
      while establishing a vacuum of 10.sup.-.sup.2 - 10.sup.-.sup.3 Torr to
      exhaust the produced BO gas.
PAR  In order to prevent carbon of a heating unit of the Tanmann furnace from
      vaporizing, Ar gas of at least 1 atm. was caused to flow through the
      heating unit during the heating. Since the reaction itself is a degassing
      reaction, the heating unit portion and a specimen portion were sealed by
      alumina crucible so as to be held under the vacuum.
PAR  The value of x in (Y.sub.1.sub.-x Eu.sub.x)B.sub.6 was changed to 0, 0.2,
      0.3, 0.4, 0.6, 0.8 and 1.0. As the result of the observation of the metal
      structure and the powder X-ray diffraction, it was revealed that the
      single phase of the hexaboride was formed in each case.
PAR  FIG. 1 shows the results of measurements by the X-ray diffraction on the
      composition-dependence of the lattice constant a.sub.o in (Y.sub.1.sub.-x
      Eu.sub.x)B.sub.6. The relationship between the value x and the lattice
      constant a.sub.o exhibits a good linearity for values from 0 - 1.0 for x.
      It is apparent that (Y.sub.1.sub.-x Eu.sub.x)B.sub.6 forms a single solid
      solution without having two phases over the full range.
PAR  Description will now be made of the work function of (Y.sub.1.sub.-x
      Eu.sub.x)B.sub.6.
PAR  The work function of the material (Y.sub.1.sub.-x Eu.sub.x)B.sub.6 obtained
      as stated above was measured by the use of the usual Kelvin type vibrating
      capacity method based on a contact potential difference. More
      specifically, a capacitor was formed between the opposing poles of the
      disc-shaped specimen S and a reference specimen (whose value of work
      function was known) R, and the reference plane was vibrated at a frequency
      of 20 Hz. The A.C. component of a current due to a contact potential
      difference thus caused between the specimens S and R was amplified by a
      preamplifier of high input impedance and a lock-in amplifier. The
      amplified signal was fed back as a compensating potential difference to
      the reference plane R. In this way, the work function .phi..sub.CPD of the
      specimen at 300.degree.K was evaluated from the contact potential
      difference (CPD) of the specimen. In the measurement, a specimen chamber
      was evacuated to a vacuum of 5 .times. 10.sup.-.sup.10 Torr and ion
      bombardment was conducted with Ar.sup.+ ions of 1 KV .times. 15 .mu.A for
      several minutes, e.g. 10 min. to subject the specimen to surface
      treatment, whereupon the work function was evaluated at 300.degree.K. The
      precision was .+-. 5 meV.
PAR  FIG. 2 is a graph which shows the relationship between the work function
      .phi..sub.CPD and x of (Y.sub.1.sub.-x Eu.sub.x)B.sub.6 at 300.degree.K.
PAR  As apparent from the figure, some europium is necessary for obtaining a
      material having a small work function. Strictly speaking, the europium
      concentration for a smaller work function materials lies in a range of
      about 0.2 to 0.8 than either YB.sub.6 or EuB.sub.6. Europium-yttrium
      hexaboride in the above-mentioned range is harder to separate into other
      borides with larger work function, and so it has stable emission
      properties. The work function .phi..sub.CPD is small in a range of x of
      about 0.3 - 0.7, and is particularly small in a range of 0.3 - 0.6.
      Accordingly, (Y.sub.1.sub.-x Eu.sub.x)B.sub.6 for use as the electron
      emissive material should suitably have a composition of a range of x of
      0.3 - 0.7.
PAR  As stated above, the hexaboride of (Y.sub.1.sub.-x Eu.sub.x)B.sub.6 (0.3
      .times.  0.7) is very small in the work function at the normal
      temperature, and is therefore a material effective for a field emission
      type cold cathode. An electron ray source of high brightness can be easily
      obtained.
PAR  Description will now be made of the thermionic emission characteristic of
      (Y.sub.1.sub.-x Eu.sub.x)B.sub.6 according to this invention.
PAR  The measurement of the thermionic emission characteristic was carried out
      as explained below by the use of a common hot cathode tester. From the
      specimen prepared by the method previously set forth, a specimen having a
      sectional area of about 3 mm.sup.2 and a length of about 10 mm was cut
      out. It was held between electrode blocks made of molybdenum. Further, on
      a principal axis in the direction of the vertical bisector of the
      specimen, a slit plate having an aperture diameter of 1.5 mm. and a
      Faraday collector were, respectively, placed perpendicularly to the
      principal axis. The distance between the specimen and the slit plate was
      not greater than 1 mm. The specimen was heated in such a way that an A.C.
      current of 20 A at the maximum was conducted directly through the
      specimen. The temperature was measured by a pyrometer through a view port
      located on the opposite side of the specimen. As an acceleration voltage a
      D.C. voltage of 5 KV at the maximum was applied via an ammeter between the
      side of a specimen electrode equal in potential to the slit and the
      Faraday collector, so as to collect thermions towards the Faraday
      collector. Using the temperature T (.degree.K) measured by the pyrometer
      and the current I (A) measured by the ammeter at this time, Richardson
      plots were obtained. The evacuation of a specimen chamber was performed by
      an ion pump, and the degree of vacuum was 10.sup.-.sup.6 - 10.sup.-.sup.7
      Torr.
PAR  As shown in FIG. 2, the composition at which the work function
      .phi..sub.CPD of the (Y.sub.1.sub.-x Eu.sub.x)B.sub.6 system at
      300.degree.K becomes smallest is at x = 0.4. The thermionic emission
      characteristic at x = 0.4 was therefore investigated. FIG. 3 shows the
      Richardson plots of (Y.sub.0.6 Eu.sub.0.4)B.sub.6 at 1100.degree. to
      1500.degree.K. The plots were taken as log.sub.10 J/T.sup.2 versus
      10.sup.3 /T where J denotes the current density (A/cm.sup.2) owing to the
      thermionic emission and T the temperature (.degree.K) of the specimen. As
      apparent from FIG. 3, the thermionic emission of (Y.sub.0.6
      Eu.sub.0.4)B.sub.6 at 1200.degree.K is approximately 7 times as great as
      that of LaB.sub.6. The work function of .phi..sub.TE in the thermionic
      emission as evaluated from the gradient of a straight line of the
      Richardson plots in FIG. 3 is 1.46 eV. This value is slightly different
      from the value of the work function as evaluated from the contact
      potential difference, and the disparity will be ascribable to the
      temperature-dependence of the work function.
PAR  As described above, the hexaboride of (Y, Eu)B.sub.6 is smaller in the work
      function and remarkably greater in the characteristic of thermionic
      emission than LaB.sub.6 even at high temperatures of about 1200.degree.K,
      so that it is also effective for a hot cathode. Accordingly, an electron
      ray source of high brightness can be easily acquired.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electron emissive material which has a calcium hexaboride type
      crystal structure and which is represented by a general formula of
      (Y.sub.1.sub.-x Eu.sub.x)B.sub.6 where 0&lt;x&lt;1.
NUM  2.
PAR  2. The electrom emissive material according to claim 1, wherein the value x
      lies in a range of 0.2 to 0.8.
NUM  3.
PAR  3. The electron emissive material according to claim 1, wherein the value x
      lies in a range of 0.3 to 0.7.
NUM  4.
PAR  4. The electron emissive material according to claim 1, wherein the value x
      lies in a range of 0.3 to 0.6.
NUM  5.
PAR  5. The electron emissive material according to claim 1, which is used in a
      thermionic emission cathode.
NUM  6.
PAR  6. The electron emissive material according to claim 1, which is used in a
      field emission type cold cathode.
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PAL  Shannon, Journal of the American Ceramic  Society, Vol. 53, No. 11, Nov.
      1970, pp. 635-636.
PAL  Scholder, Zeitschrift fur Anorganische und Allgemeine Chemie, Band 319,
      (1963), pp. 375-386.
ABST
PAL  Compositions of the formula
PA1  Ba.sub.1.sub.-x A.sub.x Pb.sub.1.sub.-y Bi.sub.y O.sub.3
PAL  where
PA1  A is Na, K, Rb, Cs, Sr or Pb,
PA1  x is 0 to about 0.5,
PA1  y is about 0.05-0.3, with the proviso that x .ltoreq. y when A is Na, K, Rb
      or Cs
PAL  Are superconductors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to novel superconductors, and more particularly to
      solid compositions which are oxides of barium, lead and bismuth.
PAR  2. Background of the Invention
PAR  Superconducting oxide compounds are rare. In most structures the presence
      of oxygen is detrimental to superconductivity. The only oxide with a
      superconducting state above 7K is reported to be a spinel structure having
      a composition near LiTi.sub.2 O.sub.4 (Johnston et al., Mat. Res. Bull. 8,
      p. 777-784 (1973)).
PAR  The compound BaPbO.sub.3 is described by Shannon and Bierstedt in Jour. Am.
      Ceram. Soc., vol. 53, p. 635-636 (1970). Metallic conduction is shown with
      a room temperature resistivity of about 300 micro ohm cm. which
      extrapolates to about 90 .times. 10.sup..sup.-6 ohm cm. at OK. A
      diffraction pattern is given which is interpreted as a perovskite
      structure with orthorhombic distortion.
PAR  The compound BaBiO.sub.3 is described by Scholder et al., Z. anorg. allgem.
      Chemie, 319, 375-386 (1963) as having an ordered perovskite structure. No
      properties are given.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that solid solutions can be formed between the
      two types of perovskite structures BaPbO.sub.3 and BaBiO.sub.3, and that
      for a certain restricted range of this series the compositions have
      superconducting properties which are maintained at unusually high
      temperatures. These superconductive compositions are of the formula
EQU  Ba.sub.1.sub.-x A.sub.x Pb.sub.1.sub.-y Bi.sub.y O.sub.3
PAL  where
PA1  A is Na, K, Rb, Cs, Sr or Pb,
PA1  x is 0 to about 0.5,
PA1  y is about 0.5-0.3, with the proviso that x.ltoreq.y when A is Na, K, Rb or
      Cs.
PAC  DESCRIPTION OF THE INVENTION
PAR  The compositions of this invention contain lead and bismuth in high formal
      valence states. Accordingly, they are quite stable in oxidizing
      environments. In contrast to the few superconducting oxides known
      heretofore which contain elements in reduced oxidation states, these
      compositions make it possible to fabricate superconductive arrays by
      conventional sintering procedures.
PAR  The compositions of this invention all crystallize in a structure related
      to that of the mineral perovskite, CaTiO.sub.3, which is the prototype of
      a large class of perovskite-type compositions. While the perovskite-type
      structure is ideally cubic, small distortions from cubic symmetry are
      common, as are superstructure variants in which a larger unit cell
      extended by a simple multiple in one or more dimensions is needed to
      account for some ordering of the cations among particular sites. The novel
      perovskite-type compositions of this invention behave similarly and like
      the well-known variants still yield characteristic x-ray patterns which
      are easily recognized as being of the perovskite-type. The powder
      diffraction pattern reported for BaPbO.sub.3 serves as a particularly good
      prototype for the compositions of this invention.
PAR  Many oxides of perovskite-type structure are known to have minor departures
      in stoichiometry from the ideal formula ABO.sub.3. Thus, slight oxygen
      deficiencies up to about 5% are quite common and may be expected to
      pertain as well in some of these new compositions. Such minor oxygen loss
      would be easily compensated by a lower valence for a small proportion of
      the Pb.sup..sup.+4 or Bi.sup..sup.+5 occupying the Ti.sup..sup.+4 sites of
      the prototype CaTiO.sub.3 perovskite. It will also be appreciated that
      minor amounts of lead could exist as Pb.sup..sup.+2 and by virtue of
      similar size and chemical nature to Ba.sup..sup.+2 might thus occupy a few
      of the prototype's Ca.sup..sup.+2 sites.
PAR  The accuracy of the stoichiometry Ba.sub.1.sub.-x A.sub.x Pb.sub.1.sub.-y
      Bi.sub.y O.sub.3 will be understood in the light of the foregoing
      considerations. Departures from this formulation will be minor, often
      within the accuracy limits of many conventional analytical methods, and
      their essential character will be confirmed by the perovskite-type
      diffraction patterns. Accordingly, minor deviations from the above
      stoichiometry are considered to be within the scope of the above structure
      provided the composition exhibits a perovskite-type diffraction pattern.
PAR  The compositions of this invention may be prepared by direct combination of
      the metal oxides or their precursors by heating at temperatures of about
      600.degree.-1000.degree.C., and preferably about
      800.degree.-1000.degree.C. The use of oxide precursors such as the
      nitrates or carbonates is preferred for convenience and to avoid
      contamination that may accompany the use of caustic oxides such as BaO and
      Na.sub.2 O. Any inert container may be used; gold vessels are particularly
      useful to avoid contamination. The reactants should be intimately mixed
      before heating. Regrinding at one or more intermediate stages of the
      complete heating cycle may be desirable to facilitate the solid state
      reaction particularly in the lower temperature ranges. While the reaction
      is normally carried out in air, oxygen-rich atmospheres may be used.
      Reducing atmospheres should be avoided to insure complete oxidation of
      lead and bismuth.
PAR  The new compositions all show the onset of superconductivity at
      temperatures above the boiling point of liquid helium, 4.2K. and some at
      temperatures as high as about 13K. The temperature marking the onset of
      superconductivity, T.sub.c, is indicated by conventional criteria, e.g.,
      the sudden loss of usual electrical resistivity, and the sudden change in
      magnetic susceptibility (Meissner Effect). Electrical measurements show an
      apparently complete loss of resistivity at a single temperature, T.sub.c.
      The change in magnetic susceptibility, initiated at about the same upper
      temperature as the loss in resistivity, extends over a range of
      temperatures and may not be completed above 4K. Electrical measurements
      however are less precise and their sharp change may merely reflect a first
      superconductive path, shorting out the specimen rather than a homogeneous
      change in state. Accordingly, the change in susceptibility measured by the
      Meissner Effect and described below is regarded as the more meaningful
      criterion of superconduction.
PAR  The Meissner Effect procedure employed here for characterizing
      superconductive behavior is described below. The finely-ground powdered
      product is packed into small capillary tubes (melting point tubes of 1 mm
      bore) to a constant depth (5.00 mm measured by low power microscope). The
      filled tube forms the core of a close-fitting coil in which the magnetic
      susceptibility can be measured in a constant magnetic field (1 Oersted in
      these measurements). The susceptibility is indicated by a voltage signal
      as a function of temperature in a surrounding helium cryostat.
PAR  As the temperature is lowered the voltage signal, otherwise quite constant,
      suddenly begins to rise at the superconducting transition temperature as
      the magnetic flux is expelled from the superconducting portions of the
      core into the surrounding coil. The voltage signal levels off at a higher
      level when all material capable of transforming to a superconductive state
      has done so. The total change in susceptibility (e.g., the percentage
      change in voltage signal) is a relative indication of the amount of
      superconducting phase. The homogeneity of the superconducting composition
      is indicated by the sharpness (.DELTA.T) of the transition.
PAR  The low field used in the tests employed here gives an essentially
      zero-field transition temperature. Little hysteresis was observed
      (generally no more than a tenth of a degree) upon cycling thru the
      transition temperature. This temperature corresponds well with the
      temperature observed from resistivity measurement as the onset of
      superconductivity.
PAR  The transition temperatures observed for these new compositions are
      surprisingly high but are not always sharp. In a number of the examples
      below, the permeability was still changing at the lowest temperature
      available in the apparatus (4.2K) indicating that transformation was not
      yet complete. It is possible that the surprising effect of variations in
      composition (critical limit of x and y) is manifested on a microscopic
      scale in slightly non-homogeneous powders which show a range of critical
      temperatures. The sharpness of the transition is affected by thermal
      history of the product. For particular needs, heat treatments may be
      adapted for specific compositions to increase the sharpness of the
      transition.
PAC  EXAMPLES OF THE INVENTION
PAR  The following examples, illustrating the novel products of this invention
      and the method of their preparation, are given without any intention that
      the invention be limited thereto.
DETD
PAC  EXAMPLE 1
PAC  BaPb.sub.0.75 Bi.sub.0.25 O.sub.3
PAR  1.2425g. Ba(NO.sub.3).sub.2, 1.1809g. Pb(NO.sub.3).sub.2 and 0.5765g.
      Bi(NO.sub.3).sub.3.5H.sub.2 O were mixed by grinding in a mortar. These
      reactants were heated in air for about 10 hours at 800.degree.C with
      regrinding after several minutes at 800.degree.C. A black powder was
      obtained which gave an x-ray diffraction pattern characteristic of the
      perovskite structure.
PAR  This sample was reground, pelletted, and heated at 900.degree.C in air for
      about 10 hrs. The electrical resistivity of this pellet measured by a
      four-probe method was found to be 0.15 ohm cm at 298K. The activation
      energy of resistivity was 0.03 eV just below room temperature. As the
      temperature was lowered the activation energy decreased, and the sample
      resistance suddenly became very small below about 11K. indicating
      superconductive behavior.
PAC  EXAMPLES 2-12
PAR  Other examples of the invention are shown in Table 1. The preparations were
      made from the indicated starting materials in the manner of Example 1. A
      single heating cycle of 10 hours at 900.degree.C was used in all cases
      except Examples 6 and 10, where a 10 hr. cycle at 800.degree.C was used.
      Each of the preparations exhibited a perovskite-type diffraction pattern.
      Examples 6-12 illustrate the substitution of elements A for a portion of
      the barium.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Product Make-Up                                                           

     Example                                                                   

          g.Ba(NO.sub.3).sub.2                                                 

                 g.Pb(NO.sub.3).sub.2                                          

                        g.Bi(NO.sub.3).sub.3 -5H.sub.2 O                       

                                  g. other  x   y   T.sub.c *                  

     __________________________________________________________________________

     2    1.3062 1.5726 0.1212    --        0   0.05                           

                                                     9                         

     3    1.2897 1.4709 0.2394    --        0   0.10                           

                                                    10.5                       

     4    1.2579 1.2752 0.4669    --        0   0.20                           

                                                    11                         

     5    1.2276 1.0889 0.6835    --        0   0.30                           

                                                    12.5                       

     6    1.1534 1.2181 0.5946    0.0339 K.sub.2 CO.sub.3                      

                                            0.1 0.25                           

                                                    12.5                       

     7    1.1360 1.1997 0.5857    0.0787 Cs.sub.2 CO.sub.3                     

                                            0.1 0.25                           

                                                    11.5                       

     8    1.1391 1.1277 0.7047    0.0335 K.sub.2 CO.sub.3                      

                                            0.1 0.30                           

                                                    11                         

     9    1.0449 1.1587 0.7273    0.0691 K.sub.2 CO.sub.3                      

                                            0.2 0.30                           

                                                    12                         

     10   1.1306 1.1144 0.6995    0.0555 Rb.sub.2 CO.sub.3                     

                                            0.1 0.30                           

                                                    12                         

     11   1.1421 1.1257 0.7066    0.0257 Na.sub.2 CO.sub.3                     

                                            0.1 0.30                           

                                                    12                         

     12   1.1135 1.0975 0.6889    0.1002 Sr(NO.sub.3).sub.2                    

                                            0.1 0.30                           

                                                    10.5                       

     __________________________________________________________________________

      *Onset of Meissner Effect, K.                                            

PAR  Although the invention has been described and exemplified by way of
      specific embodiments, it is not intended that it be limited thereto. As
      will be apparent to those skilled in the art, numerous modifications and
      variations of these embodiments can be made without departing from the
      spirit of the invention or the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Compositions of the formula Ba.sub.1.sub.-x A.sub.x Pb.sub.1.sub.-y
      Bi.sub.y O.sub.3
PAL  where
PA1  A is Na, K, Rb, Cs, Sr or Pb,
PA1  x is 0 to 0.5,
PA1  y is 0.05-0.3 with the proviso that x is equal to or less than y when A is
      Na, K, Rb or Cs.
NUM  2.
PAR  2. The compositions of claim 1 which have a perovskite-type crystalline
      structure.
NUM  3.
PAR  3. The compositions of claim 2 which are superconductors with transition
      temperatures above 4.2K.
NUM  4.
PAR  4. The compositions of claim 3 in which x is 0.
NUM  5.
PAR  5. The compositions of claim 4 in which y is 0.2-0.3.
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ABST
PAL  A non-phosphate built granular detergent composition is prepared which
      exhibits a free-flowing character resulting from the addition to the
      composition of benzoate salts as an anti-caking aid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The instant invention relates to granular detergent compositions which are
      resistant to granule lumping, said product exhibiting free-flowing
      granules upon pouring.
PAR  Recent attempts have been made to eliminate phosphate builders from
      detergent compositions because of the ability of these materials to act as
      a nutrient in promoting the growth of algae. As a consequence of the
      possible ecological effects of the continued use of phosphate builders in
      substantial quantities, attempts have been made to materially reduce or
      eliminate the need for phosphate salts in commercial detergent
      compositions.
PAR  A significant drawback in the elimination of phosphate builders from
      detergent products is that non-phosphate built products have poorer
      lumping and caking properties. More particularly, non-phosphate built
      products lack the capacity under conditions of high humidity and
      temperature to maintain their discrete granular form. A phosphate built
      product such as one employing sodium tripolyphosphate has a tendency to
      act as a moisture sink under conditions of high humidity, thereby lowering
      the caking effects upon the detergent granules Non-phosphate built
      products, however, such as those employing water-soluble salts of
      carbonates, bicarbonates, silicates, citrates and sesquicarbonates, while
      having a certain tendency to act as a moisture sink, do not perform as
      well in that capacity as phosphates. The use of a non-phosphate builder
      under conditions of high humidity results in a sticky, non-free-flowing
      product in a short period of time after the detergent package has been
      opened. Under very high humidity conditions a non-phosphate built product
      may cake to such an extent that a substantial amount of the detergent
      product cannot be removed from the package.
PAR  In order to compensate for the loss of the effective moisture sink provided
      by the phosphate builders, it has been suggested to use a more protective
      packaging material for the detergent composition. The use of a more
      humidity resistant packaging suffers from the defects of increased cost
      and the protection is substantially lessened upon the consumer's opening
      of the package. Prior art methods suggested to reduce the caking tendency
      of non-phosphate products include the use of toluene sulfonate or sodium
      sulfosuccinate as anti-caking agents. Sodium sulfosuccinate is a
      relatively expensive material to use while toluene sulfonate in a
      non-phosphate product may actually aggravate caking.
PAR  As an alternative to the inclusion of a phosphate builder moisture sink,
      special packaging or the use of other anti-caking agents, the applicants
      have found that the salts of benzoic acid are employed as effective
      anti-caking agents.
PAR  Accordingly, it is an object of the present invention to provide a
      non-phosphate detergent granule which is resistant to humidity caking.
PAR  It is a further object of the present invention to provide a non-phosphate
      detergent granule which requires less special packaging to ensure a
      free-flowing product.
PAR  It has been surprisingly discovered that the addition of salts of benzoic
      acid when thoroughly mixed in the detergent composition will give a
      granular detergent with exceptional pourability, storage stability, and
      acceptable caking properties.
PAR  The above-described desirable effects are most noticeably observed in a
      non-phosphate detergent granule which does not contain toluene sulfonate.
      In products in which toluene sulfonate must be used for other purposes,
      such as to reduce acid mix viscosity, the salts of benzoic acid taught in
      this patent minimize the tendency of the toluene sulfonate to cause a
      sticky, non-free-flowing product. Detergent compositions utilizing benzoic
      acid as a viscosity aid to reduce acid mix viscosity are described in the
      concurrently filed and commonly assigned U.S. Pat. applications of J. A.
      Sagel and C. E. Weber having Ser. No. 523,392 and a filing date of Nov.
      13, 1974 and Ser. No. 523,390 and a filing date of Nov. 13, 1974 herein
      incorporated by reference.
PAC  SUMMARY OF THE INVENTION
PAR  One aspect of the applicants' invention is a freeflowing non-phosphate,
      non-calcium carbonate containing granular detergent composition
      comprising:
PA1  a. from 5 to 90% by weight of a water-soluble detergency builder;
PA1  b. from 5 to 50% by weight of an organic water-soluble synthetic detergent
      selected from the group consisting of anionic, nonionic, zwitterionic, and
      ampholytic detergents and mixtures thereof; and
PA1  c. from about 0.10 to about 13% by weight of a salt of benzoic acid.
PAR  Another aspect of the applicants' invention includes elements (a) through
      (c) listed above and additionally comprises a crystallization seed in from
      1 to 40% by weight of the total composition. The crystallization seed
      mentioned above functions as a growth site for hardness ions which have
      been precipitated by a precipitating builder salt anion.
PAR  When percentages or ratios are given throughout the application, the
      measurement is by weight unless expressly otherwise stated. Alkyl includes
      branch-chained as well as straight-chained material when used throughout
      the application.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The instant invention comprises three components. The first of these
      components is a water-soluble, non-phosphate detergency builder. The
      second component is an organic watersoluble synthetic detergent selected
      from the group consisting of anionic, nonionic, zwitterionic, and
      ampholytic detergents and mixtures thereof. The third component of this
      composition is a salt of benzoic acid.
PAR  The present invention is best appreciated in a composition in which toluene
      sulfonate is absent. However, in cases where toluene sulfonate is present,
      the benefits of the invention, while somewhat offset, will still give a
      relatively free-flowing spray-dried granular detergent composition.
PAC  ANTI-CAKING AID
PAR  The anti-caking aid used in producing the free-flowing, relatively
      non-caking detergent granules of this invention are the salts of benzoic
      acid. The preferred benzoate salts used as anti-caking aids are preferably
      water-soluble, such as the ammonium, sodium, and potassium salts; however,
      water-insoluble salts are also employed such as the calcium or magnesium
      salts. The anti-caking aids are added at any point in the processing of
      the detergent composition provided that they are added at such a point
      that they become thoroughly mixed with the other components before granule
      formation. While spray-drying is the preferred method of preparing the
      granules, methods such as agglomeration, fluidized beds, drum drying, or
      ribbon drying as described in U.S. Pat. No. 3,202,613 herein incorporated
      by reference, are useful in the present invention.
PAR  If the salts are of benzoic acid which are somewhat insoluble in organic
      solution, the most convenient point of addition will be in the crutcher
      mix where water and other salts are present.
PAR  Benzoic acid is used in the present invention to achieve in situ formation
      of its salts. Thus, benzoic acid is added to the crutcher mix and
      neutralized along with the other materials present, or the benzoic acid is
      added as a viscosity to the detergent precursor as is described in the two
      concurrently filed commonly assigned applications previously incorporated
      by reference.
PAR  The composition in the crutcher mix contains a variety of materials such as
      neutralized or partially-neutralized detergents, inorganic and organic
      builders, water, additional inorganic salts such as sodium sulfate, and
      other optional ingredients such as a crystallization seed described later
      in this patent and toluene sulfonate. This complex crutcher mix exhibiting
      water-soluble and insoluble inorganic matter and organic materials of
      varying ionic character will give granules with a substantial proportion
      of organic material on the outer surface of the granule. It has been found
      by the patentee that granules with a substantial proportion of organic
      material on the outer surfaces of the granule will tend to be a stickier,
      less free-flowing product when exposed to conditions of high humidity.
PAR  The patentees have discovered that by the addition of anti-caking aid of
      this invention that the amount of organic material on the outer surface of
      the detergent granule is kept to a minimum. Thus under conditions of high
      humidity, the product tends to be less sticky and more free-flowing.
      Without being bound to any theory, it is the applicants' belief that the
      presence of the benzoate salts in the crutcher mix tends to cause the
      detergent composition to form droplets in which the organic phase has a
      reduced solubility in the surrounding aqueous phase, the result being a
      granule which contains a substantial portion of inorganic matter in the
      outer surface of the granule.
PAR  The amount of the anti-caking aid added to the crutcher plus the amount
      added as a viscosity aid make up the total amount present in the final
      granular product.
PAR  The amount of anti-caking aid used in the present detergent composition
      will depend upon the factor determinative of the miscibility of the
      organic and inorganic phases in the crutcher mix. Factors determining
      miscibility of the organic and inorganic phases of the crutcher include
      the relative concentrations of the water in the crutcher, the amounts and
      types of inorganic salts present, the concentration and nature of the
      organic material present, and the temperature of the crutcher mix. Other
      factors useful in determining the amount of anti-caking aid to be used
      will become apparent upon experimentation. The amount of anti-caking aid
      should be between about 0.1 and about 13%, preferably about 0.5 to about
      10%, and more preferably about 2 to 8% by weight of the finished product.
      Larger amounts of anti-caking aid may be utilized; however, amounts
      greater than 13% do not substantially contribute to the anti-caking
      benefits of the present invention.
PAC  DETERGENT COMPONENT
PAR  Preferably the detergent component of the present invention is a
      water-soluble salt of: an ethoxylated sulfated alcohol with an average
      degree of ethoxylation of about 1 to 4 and an alkyl chain length of about
      14 to 16; tallow ethoxy sulfate; tallow alcohol sulfates; an alkyl benzene
      sulfonate with an average alkyl chain length between 11 and 12, preferably
      11.2 carbon atoms; a C.sub.6 -C.sub.20 .alpha.-sulfocarboxylic acid or
      ester thereof having 1 to 14 carbon atoms in the alcohol radical; a
      C.sub.8 -C.sub.24 paraffin sulfonate; a C.sub.10 -C.sub.24 .alpha.-olefin
      sulfonate or mixtures thereof; or other anionic sulfur-containing
      surfactant. Such preferred detergents are discussed below.
PAR  An especially preferred alkyl ether sulfate detergent component of the
      present invention is a mixture of alkyl ether sulfates, said mixture
      having an average (arithmetic mean) carbon chain length within the range
      of about 12 to 16 carbon atoms, preferably from about 14 to 15 carbon
      atoms, and an average (arithmetic mean) degree of ethoxylation of from
      about 1 to 4 moles of ethylene oxide, preferably from about 2 to 3 moles
      of ethylene oxide.
PAR  Specifically, such preferred mixtures comprise from about 0 to 10% by
      weight of mixture of C.sub.12-13 compounds, from about 50 to 100% by
      weight of mixture of C.sub.14-15 compounds, and from about 0 to 45% by
      weight of mixture of C.sub.16-17 compounds, and from about 0 to 10% by
      weight of a mixture of C.sub.18-19 compounds. Further, such preferred
      alkyl ether sulfate mixtures comprise from about 0 to 30% by weight of
      mixture of compounds having a degree of ethoxylation of 0, from about 45
      to 95% by weight of mixture of compounds having a degree of ethoxylation
      from 1 to 4, from about 5 to 25% by weight of mixture of compounds having
      a degree of ethoxylation from 5 to 8, and from about 0 to 15% by weight of
      mixture of compounds having a degree of ethoxylation greater than 8. The
      sulfated condensation products of ethoxylated alcohols of 8 to 24 alkyl
      carbons and with from 1 to 30, preferably 1 to 4 moles of ethylene oxide
      may be used in place of the preferred alkyl ether sulfates discussed
      above.
PAR  Another class of detergents which may be used in the present invention
      includes the water-soluble salts, particularly the alkali metal, ammonium,
      and alkylolammonium salts of organic sulfuric reaction products having in
      their molecular structure an alkyl group containing from about 8 to about
      22  carbon atoms and a sulfuric acid ester group. Examples of this group
      of synthetic detergents are the sodium and potassium alkyl sulfates,
      especially those obtained by sulfating the higher alcohols (C.sub.8
      -C.sub.18 carbon atoms) produced by reducing the glycerides of tallow or
      coconut oil.
PAR  Preferred water-soluble organic detergent compounds herein include linear
      alkyl benzene sulfonates containing from about 9 to 15 carbon atoms in the
      alkyl group. Examples of the above are sodium and potassium alkyl benzene
      sulfonates in which the alkyl group contains from about 11 to about 12
      carbon atoms, in straight chain or branched chain configuration, e.g.,
      those of the type described in U.S. Pat. Nos. 2,220,099 and 2,477,383.
      Especially valuable are straight chain alkyl benzene sulfonates in which
      the average of the alkyl groups is about 11.2 carbon atoms, abbreviated as
      C.sub.11.2 LAS.
PAR  Another useful detergent compound herein includes the water-soluble salts
      of esters of .alpha.-sulfonated fatty acids containing from about 6 to 20
      carbon atoms in the fatty acid group and their esters from about 1 to 14
      carbon atoms in the alcohol radical.
PAR  Preferred "olefin sulfonate" detergent mixtures utilizable yerein comprise
      olefin sulfonates containing from about 10 to about 24 carbon atoms. Such
      materials can be produced by sulfonation of .alpha.-olefins by means of
      uncomplexed sulfur trioxide followed by neutralization under conditions
      such that any sultones present are hydrolyzed to the corresponding
      hydroxy-alkane sulfonates. The .alpha.-olefin starting materials
      preferably have from 14 to 16 carbon atoms. Said preferred .alpha.-olefin
      sulfonates are described in U.S. Pat. 3,332,880, incorporated herein by
      reference.
PAR  The paraffin sulfonates embraced in the present invention are essentially
      linear and contain from 8 to 24 carbon atoms, preferably 12 to 20 and more
      preferably 14 to 18 carbon atoms in the alkyl radical.
PAR  Other anionic detergent compounds herein include the sodium alkyl glyceryl
      ether sulfates, especially those ethers of higher alcohols derived from
      tallow and coconut oil; sodium coconut oil fatty acid monoglyceride
      sulfonates and sulfates; and sodium or potassium salts of alkyl phenol
      ethylene oxide ether sulfate containing about 1 to about 10 units of
      ethylene oxide per molecule and wherein the alkyl groups contain about 8
      to about 12 carbon atoms.
PAR  Water-soluble salts of the higher fatty acids, i.e. "soaps", are useful as
      the detergent component of the composition herein. This class of
      detergents includes ordinary alkali metal soaps such as the sodium,
      potassium, ammonium and alkylolammonium salts of higher fatty acids
      containing from about 8 to about 24 carbon atoms and preferably from about
      10 to about 20 carbon atoms. Soaps can be made by direct saponification of
      fats and oils or by the neutralization of free fatty acids. Particularly
      useful are the sodium and potassium salts of the mixtures of fatty acids
      derived from coconut oil and tallow, i.e., sodium or potassium tallow and
      coconut soap.
PAR  Water-soluble nonionic synthetic detergents are also useful as the
      detergent component of the instant composition. Such nonionic detergent
      materials can be broadly defined as compounds produced by the condensation
      of alkylene oxide groups (hydrophilic in nature) with an organic
      hydrophobic compound, which may be aliphatic or alkyl aromatic in nature.
      The length of the polyoxyalkylene group which is condensed with any
      particular hydrophobic group can be readily adjusted to yield a
      water-soluble compound having the desired degree of balance between
      hydrophilic and hydrophobic elements.
PAR  For example, a well-known class of nonionic synthetic detergents is made
      available on the market under the trade name "Pluronic" sold by Wyandotte
      Chemicals. These compounds are formed by condensing ethylene oxide with a
      hydrophobic based formed by the condensation of propylene oxide with
      propylene glycol. Other suitable nonionic synthetic detergents include the
      polyethylene oxide condensates of alkyl phenols, e.g., the condensation
      products of alkyl phenols having an alkyl group containing from about 6 to
      12 carbon atoms in either a straight chain or branched chain
      configuration, with ethylene oxide, the said ethylene oxide being present
      in amounts equal to 5 to 25 moles of ethylene oxide per mole of alkyl
      phenol.
PAR  The water-soluble condensation products of aliphatic alcohols having from 8
      to 22 carbon atoms, in either straight chain or branched configuration,
      with ethylene oxide, e.g., a coconut alcohol-ethylene oxide condensate
      having from 5 to 30 moles of ethylene oxide per mole of coconut alcohol,
      the coconut alcohol fraction having from 10 to 14 carbon atoms, are also
      useful nonionic detergents herein.
PAR  Semi-polar nonionic detergents include water-soluble amine oxides
      containing one alkyl moiety of from about 10 to 28  carbon atoms and 2
      moieties selected from the group consisting of alkyl groups and
      hydroxyalkyl groups containing from 1 to about 3 carbon atoms;
      water-soluble phosphine oxide detergents containing one alkyl moiety of
      about 10 to 28 carbon atoms and 2 moieties selected from the group
      consisting of alkyl groups and hydroxyalkyl groups containing from about 1
      to 3 carbon atoms; and water-soluble sulfoxide detergents containing one
      alkyl moiety of from about 10 to 28 carbon atoms and a moiety selected
      from the group consisting of alkyl and hydroxyalkyl moieties of from 1 to
      3 carbon atoms.
PAR  Ampholytic detergents include derivatives of aliphatic or aliphatic
      derivatives of heterocyclic secondary and tertiary amines in which the
      aliphatic moiety can be straight chain or branched and wherein one of the
      aliphatic substituents contains from about 8 to 18 carbon atoms and at
      least one aliphatic substituent contains an anionic water-solubilizing
      group.
PAR  Zwitterionic detergents include derivatives of aliphatic quaternary
      ammonium, phosphonium and sulfonium compounds in which the aliphatic
      moieties can be straight chain or branched, and wherein one of the
      aliphatic substituents contains from about 8 to 18 carbon atoms and one
      contains an anionic water-solubilizing group.
PAR  Other useful detergents include water-soluble salts of
      2-acyloxy-alkane-1-sulfonic acids containing from about 2 to 9 carbon
      atoms in the acyl group and from about 9 to about 23 carbon atoms in the
      alkane moiety; .beta.-alkyloxy alkane sulfonates containing from about 1
      to 3 carbon atoms in the alkyl group and from about 8 to 20 carbon atoms
      in the alkane moiety; alkyl dimethyl amine oxides wherein the alkyl group
      contains from about 11 to 16 carbon atoms;
      alkyldimethyl-ammoniopropane-sulfonates and
      alkyl-dimethyl-ammonio-hydroxypropane-sulfonates wherein the alkyl group
      in both types contains from about 14 to 18 carbon atoms; soaps as
      hereinabove defined; the condensation product of tallow fatty alcohol with
      about 11 moles of ethylene oxide; the condensation product of a C.sub.13
      (avg.) secondary alcohol with 9 moles of ethylene oxide; and alkyl
      glyceral ether sulfates with from 10 to 18 carbon atoms in the alkyl
      radical.
PAR  A typical listing of the classes and species of detergent compounds useful
      herein appear in U.S. Pat. No. 3,664,961, incorporated herein by
      reference. The following list of detergent compounds and mixtures which
      can be used in the instant compositions is representative of such
      materials, but is not intended to be limiting.
PAR  The detergent is present at levels of about 5 to 50% and preferably about
      10 to 30% by weight of the finished product.
PAR  It is to be recognized that any of the foregoing detergents can be used
      separately herein or as mixtures.
PAC  BUILDER COMPONENT
PAR  Examples of suitable water-soluble, inorganic detergency builder salts are
      alkali metal carbonates, borates, bicarbonates, silicates and sulfates.
      Specific examples of such salts are sodium and potassium tetraborates,
      perborates, bicarbonates and carbonates. If desired, a seeded carbonate
      system such as the one discussed under optional ingredients may be
      employed. Sodium sulfate, although not classed as a builder salt, is
      included in this category.
PAR  A preferred builder system comprises using zeolitic materials as described
      in the following copending applications incorporated by reference: Ser.
      No. 450,266, Corkill, Madison and Burns, filed Mar. 11, 1974; Ser. No.
      379,881, Gedge and Madison, filed July 16, 1973; Ser. No. 379,882, Madison
      and Corkill, filed July 16, 1973; and Ser. No. 379,883, Corkill and
      Madison, filed July 16, 1973.
PAR  Examples of suitable organic detergency builder salts are: (1)
      water-soluble aminopolycarboxylates, e.g. sodium and potassium
      ethylenediaminetetraacetates, nitrilotriacetates and N-(
      2-hydroxyethyl)-nitrilodiacetates; (2) water-soluble salts of phytic acid,
      e.g. , sodium and potassium phytates -- see U.S. Pat. No. 2,739,942; (3)
      water-soluble polyphosphonates, including specifically, sodium, potassium
      and lithium salts of ethane-1-hydroxy-1,1-diphosphonic acid, sodium,
      potassium and lithium salts of methylene diphosphonic acid, sodium,
      potassium and lithium salts of ethylene diphosphonic acid, and sodium,
      potassium and lithium salts of ethane-1,1,2-triphosphonic acid. Other
      examples include the alkali metal salts of
      ethane-2-carboxy-1,1-diphosphonic acid, hydroxymethanediphosphonic acid,
      carbonyldiphosphonic acid, ethane-1-hydroxy-1,1,2-triphosphonic acid,
      ethane-2-hydroxy-1,1,2-triphosphonic acid, propane-1,1,3,3-tetraphosphonic
      acid, propane-1,1,2,3-tetraphosphonic acid, and
      propane-1,2,2,3-tetraphosphonic acid; and (4) water-soluble salts of
      polycarboxylate polymers and copolymers as described in U.S. Pat. No.
      3,308,067.
PAR  A useful detergent builder which may be employed in the present invention
      comprises a water-soluble salt of a polymeric aliphatic polycarboxylic
      acid having the following structural relationships as to the position of
      the carboxylate groups and possessing the following prescribed physical
      characteristics: (a) a minimum molecular weight of about 350 calculated as
      to the acid form; (b) an equivalent weight of about 50 to about 80
      calculated as to acid form; (c) at least 45 mole percent of the monomeric
      species having at least two carboxyl radicals separated from each other by
      not more than two carbon atoms; (d) the site of attachment of the polymer
      chain of any carboxyl-containing radical being separated by not more than
      three carbon atoms along the polymer chain from the site of attachment of
      the next carboxyl-containing radical. Specific examples of the
      above-described builders include polymers of itaconic acid, aconitic acid,
      maleic acid, mesaconic acid, fumaric acid, methylene malonic acid and
      citraconic acid and copolymers with themselves.
PAR  In addition, other builders which can be used satisfactorily include
      water-soluble salts of mellitic acid, citric acid, pyromellitic acid,
      benzene pentacarboxylic acid, oxydiacetic acid, carboxymethyloxysuccinic
      acid, and oxydisuccinic acid.
PAR  The builder-containing detergent compositions of this invention contain a
      water-soluble detergent and builder in a weight ratio of 10:1 to 1:10. The
      amount of builder in the detergent composition is from about 5 to 90%,
      preferably about 10 to 60%, and most preferably about 20 to 50% by weight
      in a weight ratio of detergent to builder of from 2:3 to 1:5.
PAC  OPTIONAL INGREDIENTS
PAR  Other ingredients can also be added to the detergent composition of this
      invention. Soil-suspending agents such as water-soluble salts of
      carboxymethylcellulose and carboxyhydroxymethylcellulose are common
      components of detergent compositions of this type. Dyes, pigments, optical
      brighteners, and perfumes can be added in varying amounts if desired.
      Other materials such as fluorescers, antiseptics, germicides, enzymes, and
      minor amounts of other anti-caking aids may also be added.
PAR  Crystallization seeds which may be incorporated into the present invention
      at levels of 1 to 40%, preferably 5 to 25% by weight are as follows:
      calcium carbonate, calcium and magnesium oxalate, barium sulfate, calcium,
      magnesium and aluminum silicates, calcium and magnesium oxides, calcium
      and magnesium salts of fatty acids having from 12 to 22 carbon atoms,
      calcium and magnesium hydroxide, calcium fluoride, barium carbonate. The
      use of crystallization seeds is described in Canadian Pat. No. 511,607,
      British Pat. No. 607,274, and Belgian Pat. No. 798,856 all of which are
      incorporated by reference. Processes for preparing calcium carbonate, a
      preferred crystallization seed, are described in British Pat. No. 962,812,
      incorporated by reference. The crystallization seed, if utilized in the
      present invention, should have a particle size of less than 1 micron.
      Calcium carbonate crystallization seeds meeting the above specifications
      are available from Wyandotte Chemical Company under the trade names
      Purecal O and Purecal U. Preferentially, crystallization seeds will be in
      the range of less than 1 micron with a surface area greater than 50
      m.sup.2 /gm.
PAR  Another manner of incorporating crystallization seeds and a precipitating
      builder is to use a double salt such as gaylussite or pirssonite or their
      anhydrous form. The above salts have the formula CaCO.sub.3.sup.. Na.sub.2
      CO.sub.3.sup.. xH.sub.2 O where x = 5, 2, or 0, respectively.
PAR  The crystallization seeds mentioned above are used in combination with a
      builder which precipitates rather than sequesters hardness ions. Examples
      of precipitating builder salts are sodium carbonate, sodium oxylate, and
      other water soluble salts which will precipitate calcium and magnesium
      ions to form a salt at least as insoluble as the crystallization seed
      employed.
PAC  COMPOSITION PREPARATION AND UTILIZATION
PAR  The compositions of the present invention are preferably prepared by
      spray-drying an aqueous slurry of the various components which have been
      admixed in the crutcher. The total composition in the crutcher is about 60
      to 75% solids, preferably about 68%. The slurry in the crutcher is
      maintained between about 130.degree.F to 200.degree.F, preferably at about
      180.degree.F. The spray-drying is accomplished by pumping the slurry to a
      conventional spray-drying tower. Preferred methods and apparatus for
      spray-drying are described in U.S. Pat. Nos. 3,629,951 and 3,629,955,
      herein incorporated by reference.
PAR  Alternatively, the granules may be prepared by agglomeration as described
      in U.S. Pat. No. 2,895,916. Further refinements in the art such as using
      the fluidzed bed may be employed in the present invention.
PAR  The following examples are illustrative of the present invention:
DETD
PAC  EXAMPLE I
PAR  1.7 parts of benzoic acid are dissolved in 12 parts of an ethoxylated
      alcohol having an alkyl chain length average varying between 12 and 16 and
      the average degree of ethoxylation of said mixture varying between 1 and 4
      moles of ethylene oxide, said mixture comprising:
PA1  a. from about 0 to 10% by weight of said ethoxylated alcohol mixture of
      compounds containing 12 or 13 carbon atoms in the alkyl radical;
PA1  b. from about 50 to 100% by weight of said ethoxylated alcohol mixture of
      compounds containing 14 or 15 carbon atoms in the alkyl radical;
PA1  c. from about 0 to 45% by weight of said ethoxylated alcohol mixture of
      compounds containing 16 or 17 carbon atoms in the alkyl radical;
PA1  d. from about 0 to 10% by weight of said ethoxylated alcohol mixture of
      compounds containing 18 or 19 carbon atoms in the alkyl radical;
PA1  e. from about 3 to 30% by weight of said ethoxylated alcohol mixture of
      compounds having a degree of ethoxylation of zero;
PA1  f. from about 45 to 95% by weight of said ethoxylated alcohol mixture of
      compounds having a degree of ethoxylation of from 1 to 4;
PA1  g. from about 5 to 25% by weight of said ethoxylated alcohol mixture of
      compounds having a degree of ethoxylation of from 5 to 8;
PA1  h. from about 0 to 15% by weight of said ethoxylated alcohol mixture of
      compounds having a degree of ethoxylation greater than 8.
PAR  The combined mixture is then sulfated with 30% oleum using conventional
      sulfation practices. The resultant acid mix is then neutralized with
      caustic forming a paste of a sodium alkyl ether sulfate and the sodium
      salt of benzoic acid together with sodium sulfate and the water of
      neutralization.
PAR  25 parts of sodium carbonate are added to the paste and the composition is
      thoroughly mixed. The composition is then spray-dried by conventional
      methods to give a uniform free-flowing non-sticky detergent granule.
PAC  EXAMPLE II
PAR  The same composition is prepared as in Example I; however 22 grams of
      (Purecal O) calcium carbonate are added to the crutcher slurry and
      thoroughly mixed. The slurry is then spray-dried to obtain a free-flowing
      detergent granule. The detergent of this example is relatively calcium
      hardness insensitive and thereby maintains a higher effective
      concentration in an underbuilt system. The detergent used herein does not
      substantially inhibit the seeding function by adsorbing on the growth
      sites of the seeds.
PAC  EXAMPLE III
PAR  A detergent granule is prepared by agglomeration using the compounds
      described in Example 1 wherein the synthetic detergent makes up 70% of the
      spray-dried composition, the sodium carbonate builder 5% and the sodium
      benzoate 13%. Moisture, sodium sulfate, and other minor ingredients make
      up the remainder.
PAC  EXAMPLE IV
PAR  A free-flowing spray-dried detergent granule is prepared by sulfonating an
      alkyl benzene having an average of 11 to 12 carbon atoms in the
      essentially linear alkyl radical. The resultant material is neutralized
      with caustic and the mixture is combined with sodium carbonate and
      potassium benzoate in the crutcher such that the alkyl benzene sulfonate
      makes up 5% by weight of the spray-dried final product, the potassium
      benzoate .5% and the Na.sub.2 CO.sub.3 90%. Moisture, Na.sub.2 SO.sub.4
      and other ingredients make up the remainder.
PAC  EXAMPLE V
PAR  7.0 parts of benzoic acid are dissolved in 13.0 parts of an ethoxylated
      alcohol having an alkyl chain length average varying between 16 and 19 and
      the average degree of ethoxylation of said mixture varying between 1 and 5
      moles of ethylene oxide; said mixture comprising:
PA1  a. from about 0 to 2% by weight of said ethoxylated alcohol mixture of
      compounds containing 12 or 13 carbon atoms;
PA1  b. from about 0 to 33% by weight of said ethoxylated alcohol mixture of
      compounds containing 14 or 15 carbon atoms;
PA1  c. from about 25 to 55% by weight of said ethoxylated alcohol mixture of
      compounds containing 16 or 17 carbon atoms;
PA1  d. from about 30 to 70% by weight of said ethoxylated alcohol mixture of
      compounds containing 18 or 19 carbon atoms;
PA1  e. from about 1 to 30% by weight of said ethoxylated alcohol mixture of
      compounds having a degree of ethoxylation of zero;
PA1  f. from about 50 to 80% by weight of said ethoxylated alcohol mixture of
      compounds having a degree of ethoxylation of from 1 to 4;
PA1  g. from about 3 to 30% by weight of said ethoxylated alcohol mixture of
      compounds having a degree of ethoxylation of from 5 to 8; and
PA1  h. from about 0 to 10% by weight of said ethoxylated alcohol mixture of
      compounds having a degree of ethoxylation greater than 8.
PAL  The combined mixture is sulfated with 30% oleum using conventional
      sulfation practices. The resultant acid mix is then neutralized with
      caustic forming a paste of a sodium alkyl ether sulfate and the sodium
      salt of benzoic acid together with sodium sulfate and the water of
      neutralization.
PAR  40.0 parts of sodium carbonate are added to the paste and the composition
      is thoroughly mixed. The composition is then spray-dried by conventional
      methods to give uniform free-flowing non-sticky detergent granules.
PAC  EXAMPLE VI
PAR  A detergent granule is prepared using the ethoxylated alcohol described in
      Example V. The ethoxylated alcohol is sulfated by any method and
      neutralized with potassium hydroxide. The neutralized mixture is then
      combined with potassium benzoate and sodium carbonate in the crutcher such
      that the final spray-dried composition is 15% by weight potassium alkyl
      ether sulfate, 4% potassium benzoate, and 15% sodium carbonate. The
      mixture is then spray-dried to give a free-flowing granular product.
PAC  EXAMPLE VII
PAR  The following compositions are prepared and spray-dried:
TBL                    A         B                                             

     ______________________________________                                    

     Sodium alkyl ether sulfate*                                               

                         15.0%       15.0%                                     

     Tallow alcohol sulfate                                                    

                         2.0         2.0                                       

     Purecal O CaCO.sub.3                                                      

                         22.0        22.0                                      

     Na.sub.2 CO.sub.3   25.0        25.0                                      

     Na.sub.2 SO.sub.4   12.4        12.4                                      

     Sodium silicate (2.4:1                                                    

                         14.1        14.1                                      

      SiO.sub.2 :Na.sub.2 O                                                    

     Sodium sulfosuccinate                                                     

                         1.9         1.9                                       

     Sodium benzoate     --          2.0                                       

     Sodium toluene sulfonate                                                  

                         1.9         --                                        

     Moisture            3.5         3.5                                       

     Minors              Balance     Balance                                   

     TOTAL               100.0%      100.0%                                    

     ______________________________________                                    

      *The distribution of chain lengths and ethoxylates of this material is   

      within the ranges described in Example I.                                

PAR  Compositions A and B of Example VII were measured for their percentage pour
      grade under varying conditions of temperature and humidity as is shown in
      FIGS. 1, 2 and 3. Composition B in accordance with the instant invention
      exhibits superior anti-caking tendencies over the prior art composition A.
PAR  The method of conducting a percentage pour grade test is as follows.
PAR  The spray-dried granular detergent compositions were packaged in
      conventional detergent cartons. The cartons were then torn open at the top
      to simulate handling of the product by a consumer. The void space in the
      cartons is approximately 6 inches by 2 inches by 7/8 inch. The flap formed
      by tearing the carton top is bent back such that it does not interfere
      with the access of the humid air to the product and presents an opening of
      approximately 2 inches by 2 inches. At various intervals during the test
      cartons containing compositions A and B were removed and the percentage
      pour grade was determined using a Granules Pouring Tester described below.
PAR  The Granules Pouring Tester is designed to hold a conventional detergent
      carton firmly while operating through the several cycles of the pour test.
      The first (pour) cycle of the pour test consists of placing an upright
      detergent carton in the Granules Pour Tester which has means to rotate the
      upright box through an angle of 150.degree.  from the vertical position
      with means to stop momentarily at the 150.degree. position and return the
      box to its original position. The opened package while passing through and
      returning from the angle of 150.degree. releases the product which passes
      through or is trapped by a wire screen of one-quarter inch mesh. The
      product flowing through said screen collects in a large graduated
      cylinder.
PAR  The free-flowing product consists of granules which have passed through the
      screen and those more lumpy granules which have been trapped by the
      screen. It is permissible during the test to tap the screen lightly to
      ensure that the product is above to flow around the lumpy granules trapped
      on the screen. The volume of graduated cylinder which has been tapped
      slightly to settle the detergent granules therein is then read and the
      volume is recorded. Any material retained on the screen should be ignored
      at this point. The graduated cylinder with the product remaining in it is
      replaced under the screen for the second stage of the pour test.
PAR  The second (shake) cycle of the pour test consists of shaking the detergent
      package as it is held in the Granules Pour Tester at 150.degree. below the
      vertical or original position. The Granules Pour Tester is equipped with
      means to gently shake the package approximating the amount of force that a
      consumer would impart while attempting to remove the loosely packed
      product. The product passing through the screen is collected in the
      partially filled graduate and the volume is determined as it was at the
      end of the pour cycle again ignoring all lumpy material accumulated on the
      screen during the pour and shake cycles.
PAR  The third (crush) cycle of the pour test consists of breaking up the
      product lumps remaining on the screen from the pour and shake cycles and
      collecting those materials in the partially filled graduate. The total
      volume of product from the crush cycle is then determined.
PAR  The fourth (residue) cycle of the pour test consists of removing the
      residual product in the carton by hand, forcing it through the screen and
      into the cylinder to determine the total volume of the original packaged
      sample.
PAR  The percent pour grade is thus determined by the following formula:
      ##EQU1##
PAR  In the above formulas A is the amount of freeflowing non-lumpy material
      obtained in the pour cycle. B is the total amount of non-lumpy material
      available by pouring and moderate shaking. C is the total amount of
      material which can be removed from the package under the standard test
      conditions (i.e. B + lumpy material left on the 1/4 inch screen). D is the
      total amount of material in the package (i.e., C + amount of product
      removed from the package by hand).
PAR  The percent pour grade (corrected for volume) is plotted in FIGS. 1-3 for
      compositions A and B against the days of exposure at the conditions stated
      on the face of each figure. A higher percent pour grade indicates that a
      product is less subject to humidity caking.
PAR  The South Florida Cycle (FIG. 3) approximates the conditions involving
      changes of temperature and changes in relative humidity which a detergent
      product would undergo in the hands of a consumer living in the southern
      half of Florida.
PAC  EXAMPLE VIII
PAR  Compositions A and B are prepared in accordance with Example VII wherein
      the sodium alkyl ether sulfate in the instant example has an average alkyl
      chain length of about 15 carbon atoms with at least 90% of the alkyl
      chains falling in the range of 14-16 and an average degree of ethoxylation
      of about 2.25. The mixture is then spray-dried to give a free-flowing
      granular product with acceptable caking properties.
PAC  EXAMPLE IX
PAR  The composition of Example I is prepared; however, in addition, 10 parts of
      the sodium salt of an .alpha.-olefin sulfonate containing an alkyl
      distribution of 10-24 carbon atoms is added to the crutcher mix. The
      composition is then spray-dried to give a free-flowing non-lumping
      granular product.
PAC  EXAMPLE X
PAR  A composition is prepared containing the following materials:
TBL  C.sub.11.8 LAS          20%                                               

     Aluminosilicate*        25%                                               

     Sodium silicate         15%                                               

     (Na.sub.2 O/SiO.sub.2 wt. ratio =                                         

     1:2.4)                                                                    

     Na.sub.2 SO.sub.4       20%                                               

     Sodium acetate           5%                                               

     Sodium benzoate          2%                                               

     Water                    4%                                               

     Minors                  Balance                                           

      *The description of the aluminosilicates is found in U.S. Application    

      Serial No. 379,882, previously incorporated by reference.                

PAL  The composition is then spray-dried to give a freeflowing granular product.
PAR  Other compositions which are illustrative of the instant invention are set
      forth as follows in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                    SURFACTANT    BUILDER                                      

                    (grams)       (grams)                                      

     __________________________________________________________________________

     Crispening                                                                

              Amount of                                                        

                    C.sub.12 LAS                                               

                          C.sub.16 .alpha.-olefin                              

                                  Sodium citrate                               

                                          Sodium mellitate                     

                                                   Sodium silicate             

     Aid Added                                                                 

              Crispening  sulfonate                                            

              Aid Added                                                        

              (grams)                                                          

     Benzoic acid                                                              

              2     17            30               10                          

     Calcium benzoate                                                          

              3           15              10       15                          

     __________________________________________________________________________

PAR  The compositions given in the above Table are spray-dried to give
      free-flowing granules. The acid forms of the crispening aid will be
      present as salts in a granular product.
PAR  Compositions of the instant invention are employed by dissolving them in
      aqueous washing or laundering solutions to the extent of from about 0.01
      to about 2% by weight. Preferably such compositions are utilized in water
      to the extent of from about 0.06 to about 0.18% by weight. This preferred
      concentration is approximated when about 0.5 to 1.5 cups of the instant
      detergent compositions are added to the 17-23 gallons of water held by
      commercially available washing machines. Washing solution pH provided by
      the instant compositions generally varies between 9.5 and 10.5. Soiled
      fabrics and other articles are added to the laundering liquor and cleansed
      in the usual manner.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A non-phosphate, non-calcium carbonate-containing spray dried granular
      detergent composition comprising:
PA1  a. from 5 to 90% by weight of a water-soluble detergency builder;
PA1  b. from 5 to 50% by weight of an organic watersoluble synthetic detergent
      selected from the group consisting of anionic, nonionic, zwitterionic, and
      ampholytic detergents and mixtures thereof; and
PA1  c. from about 0.10 to about 13.0% by weight of a salt of benzoic acid.
NUM  2.
PAR  2. The composition of claim 1 wherein component (c) is a water-soluble
      benzoic acid salt at from about 0.5 to about 10% by weight.
NUM  3.
PAR  3. The composition of claim 2 wherein the detergency builder is selected
      from the group consisting of water-soluble salts of carbonates,
      bicarbonates, sesquicarbonates, citrates, and silicates.
NUM  4.
PAR  4. The composition of claim 3 wherein the detergent is an alkyl ether
      sulfate wherein the alkyl group has from 8 to 24 carbon atoms and the
      degree of ethoxylation is from 1 to 30, said detergent being present at
      from 10 to 30% by weight; and the benzoate salt is present at from about 2
      to 8% by weight.
NUM  5.
PAR  5. The composition of claim 3 wherein component (c) is sodium benzoate.
NUM  6.
PAR  6. A process for the preparation of a free-flowing, non-phosphate
      non-calcium carbonate containing granular detergent composition from a
      slurry comprising on a dry weight basis of from 5 to 90% by weight of a
      water-soluble detergency builder; from 5 to 50% by weight of an organic
      water-soluble synthetic detergent selected from the group consisting of
      anionic, nonionic, zwitterionic, and ampholytic detergents and mixtures
      thereof; the improvement thereon comprising including in said slurry from
      about 0.10 to 13% by weight on a dry basis of a benzoate salt and forming
      a granule from the slurry.
NUM  7.
PAR  7. The process of claim 6 wherein the step of granule formation is
      accomplished by spray drying.
NUM  8.
PAR  8. The process of claim 7 wherein the salt added is sodium benzoate.
NUM  9.
PAR  9. The composition of claim 7 wherein the benzoic acid salt is calcium
      benzoate.
PATN
WKU  039323170
SRC  5
APN  3980634
APT  1
ART  165
APD  19730917
TTL  Compositions for removing acrylic based coatings
ISD  19760113
NCL  4
ECL  1,3
EXP  Herbert, Jr.; Thomas J.
INVT
NAM  Williams; Ralph P.
CTY  Bartlesville
STA  OK
ASSG
NAM  Phillips Petroleum Company
CTY  Bartlesville
STA  OK
COD  02
CLAS
OCL  252541
XCL  134 40
XCL  252 89
XCL  252DIG8
EDF  2
ICL  C11D  158
ICL  C11D  1755
ICL  C11D  732
FSC  252
FSS  541;523;549;DIG. 8;89
FSC  134
FSS  40
UREF
PNO  2461340
ISD  19490200
NAM  Morris et al.
XCL  252549
UREF
PNO  2482631
ISD  19490900
NAM  Morris et al.
XCL  252549
UREF
PNO  3553143
ISD  19710100
NAM  Bauer
XCL  252523
UREF
PNO  3703472
ISD  19721100
NAM  Shaw et al.
XCL  252523
LREP
FRM  Neuman, Williams, Anderson & Olson
ABST
PAL  Compositions useful for removing or stripping acrylic based coatings, such
      as acrylic floor waxes, comprising ammonia, a surfactant and water-soluble
      sulfolanes.
BSUM
PAR  This invention relates to compositions useful for removing or stripping
      acrylic based coatings from surfaces.
PAR  During recent years acrylic based floor waxes have been developed and the
      use of such waxes is becoming more popular. At times it is desired to
      remove such coating compositions from surfaces on which they have been
      applied and it is to this problem that the present invention is directed.
      Acrylic coatings, especially floor waxes, are generally polyacrylates or
      copolymers of acrylates and acrylic acid in a water based formulation.
      These form transparent films after solvent evaporation which range from
      relatively soft to harder cross-linked films for high traffic
      applications. To remove these films, powerful detergents are often
      required which may adversely affect the base to which these acrylic
      coatings have been applied.
PAR  The present invention provides compositions which are effective for
      removing or stripping acrylic coating compositions from floors or other
      surfaces. The stripping compositions of this invention comprise ammonia, a
      sulfolane compound and a minor amount of a surfactant. Optionally and
      preferably, a small amount of an inorganic alkaline salt is also present
      in the composition. Such compositions can be readily diluted with water
      and used in known manner to remove acrylic based coatings from floors or
      other surfaces.
PAR  Illustratively, applicant's stripping compositions comprise the following
      components:
TBL                             Wt. %                                          

     Sulfolane                  70-93                                          

     Ammonia (aqua) about 29% by weight                                        

      NH.sub.3 concentration or concentrated                                   

      NH.sub.4 OH*               5-25                                          

     Surfactant                 1-2                                            

     Inorganic Alkaline Salt    0-1                                            

      *Commercial concentrated ammonium hydroxide (NH.sub.4 OH) contains a     

      minimum of 28.5 Weight percent NH.sub.3 and a maximum 30 weight percent  

      NH.sub.3.                                                                

PAR  The sulfolane compounds employed in applicant's stripping composition
      include sulfolane itself and derivatives thereof which are water soluble,
      by which is meant those sulfolane compounds that result in a single phase
      when the stripping concentrate is diluted with water. These sulfolanes may
      be represented by the following formula:
      ##EQU1##
      wherein each R is hydrogen or alkyl of 1 to 2 carbon atoms or alkoxy of 1
      to 2 carbon atoms and wherein at least five of the R groups are hydrogen.
PAR  In addition to sulfolane, the following alkyl, alkoxy or alkyl/alkoxy
      substituted derivatives of sulfolane can be used: 3-methylsulfolane,
      3,4-diethylsulfolane, 2,5-dimethylsulfolane, 3-methoxysulfolane,
      2,4-dimethyl-3-methoxysulfolane, 2,4-dimethyl-4-ethoxysulfolane,
      3,4-diethoxysulfolane, 2-methoxy-3-ethylsulfolane, 3,3-dimethylsulfolane,
      2,2-diethylsulfolane and the like.
PAR  A wide variety of nonionic and anionic surface active agents can be
      employed in the stripping composition of this invention. It is generally
      preferred to employ a 50/50 mixture of nonionic and anionic surfactants.
      These can be chosed from standard reference materials listing various
      available surfactants. The principal criteria for usefulness is the
      compatibility of the surfactants with the other components of the
      composition and the stability imparted. Compatibility and stability can be
      determined by simple testing of compositions formulated with a particular
      surfactant. By compatibility and stability is meant that the resultant
      concentrate comprises a single phase, homogeneous mixture, stable at
      temperatures normally encountered in the home, i.e. 40-110.degree.F. and
      which, when diluted with water as disclosed herebelow, will form a single
      phase, homogeneous acrylic wax removing solution. In the alternative, the
      nonionic surfactants can be chosen on the basis of their HLB value with
      those nonionic surfactants having an HLB value between 10 and 18 being
      suitable and the preferred HLB value being between about 14 and 17. The
      HLB value of an emulsifier or surfactant is an expression of its
      Hydrophile-Lipophile Balance, i.e., the balance of the size and strength
      of the hydrophilic (water-loving or polar) and the lipophilic (oil-loving
      or non-polar) groups of the emulsifier. All emulsifiers consist of a
      molecule that combines both hydrophilic and lipophilic groups. Surfactants
      or emulsifiers having an HLB value of about 10 to 18 are oil-in-water
      emulsifiers, with those having an HLB value between about 10 and 18
      functioning as solubilizers and those having an HLB value of about 13 to
      15 functioning as detergents. The HLB value of nonionic surfactants, if
      not specified by  the supplier, can be readily calculated by methods known
      to the art, such as methods described, for example, on pages 18 and 19 in
      the publication entitled "The Atlas HLB System", published by Atlas
      Chemical Industries, Inc., copyright 1963. Representative suitable
      nonionic surfactants include polyoxyethylene sorbitan monolaurate (HLB
      16.7 ), polyoxyethylene sorbitan monooleate (HLB 15.0), polyoxyethylene
      lauryl ether (HLB 16.9), polyoxyethylene cetyl ether (HLB 15.7),
      polyoxyethylene sorbitan monopalmitate (HLB 15.6) and the like.
PAR  Useful anionic surfactants include alkali metal salts of alkyl-sulfuric
      acids, RSO.sub.4 H, where R is an aliphatic radical having 8-18 carbon
      atoms, such as sodium 2-ethylhexylsulfate, sodium laurylsulfate, potassium
      octadecyl sulfate, sodium stearyl sulfate, sodium tridecanyl sulfate and
      the like. Compatible mixtures of surfactants can be employed.
PAR  In addition to ammonia, a sulfolane and surfactant it is preferred, but not
      necessary, to employ in the stripping composition a small amount, i.e. up
      to about 1%, of an inorganic alkaline salt such as those currently
      employed as "builders" in detergent compositions. Such include alkali
      metal carbonates, borates, phosphates, polyphosphates, bicarbonates and
      silicates. Inorganic phosphate salts, such as alkali metal
      tripolyphosphates and higher condensed phosphates, are particularly
      preferred since in addition to providing alkalinity for detergency, they
      serve as water softening agents by chelating or sequestering magnesium and
      calcium ions present in hard water. Representative alkaline detergent
      salts which can be optionally employed in the stripping compositions,
      based on experience of those skilled in the art, are sodium carbonate,
      sodium bicarbonate, sodium metasilicate, sodium borate, sodium perborate,
      di-,  tri- and monosodium orthophosphates, sodium sesquicarbonate,
      potassium carbonate, sodium hydroxide, potassium hydroxide, sodium
      sesquisilicate, sodium orthosilicate, potassium bicarbonate, potassium
      silicates, alkaline condensed phosphate salts such as tetrasodium
      pyrophosphate or tetrapotassium pyrophosphate and polyphosphates such as
      sodium tripolyphosphate.
PAR  In use the stripping compositions are diluted with water and applied to a
      surface bearing an acrylic base coating. Dilutions of about 1 part
      stripping composition (concentrate) to 5-12 parts of water, and preferably
      about 8 to 10 parts of water, can be used satisfactorily. The stripping
      composition asserts a solubilizing effect on the acrylic base coating
      which permits it to be removed by simple mopping or scrubbing. The diluted
      stripping composition is permitted to remain on the surface to be stripped
      for several minutes, such as 5 to 15 minutes, and then removed. If
      necessary, the stripping composition can be reapplied one or more times to
      complete the stripping.
PAR  The advantages of the invention will be further apparent from consideration
      of the following example.
DETD
PAC  EXAMPLE
PAR  A number of formulations were made up as shown in Table I. Each formulation
      was diluted 1 part with about 8 parts of warm water and applied to a
      linoleum floor which had been waxed repeatedly over a six month period
      with an acrylic wax (Johnson's Future). The diluted cleaning solutions
      were allowed to stand on the floor for about 10 minutes and were then
      removed with a wet mop. The results are in Table I.
TBL                Table I                                                     

     ______________________________________                                    

     Formu-                                                                    

     lation                                                                    

           Sulfo-           Dilution                                           

     No.** lane    Ammonia* Water   Wax Removal Ability                        

     ______________________________________                                    

     1     83 g    15 g     800 g   Excellent -- Complete                      

                                     removal                                   

     2     88 g    10 g     800 g   Excellent -- Complete                      

                                     removal                                   

     3     93 g     5 g     800 g   Good -- mostly removed                     

     4     97 g     1 g     800 g   Poor -- none removed                       

     5     98 g     0 g     800 g   Poor -- none removed                       

     ______________________________________                                    

      *About 29% aqueous solution (Commercial concentrated ammonium hydroxide  

      (NH.sub.4 OH) contains a minimum of 28.5 weight percent NH.sub.3 and a   

      maximum 30 weight percent NH.sub.3).                                     

      **All formulations contained 1 g sodium tripolyphosphate and 1 g of a    

      surfactant composition of 50% by weight (polyoxyethylene sorbitan        

      monooleate) (60% by weight) and polyoxyethylene sorbitan monooleate (40% 

      by weight) (HLB 16) and 50% by weight sodium lauryl sulfate.             

PAR  Those modifications and equivalents which fall within the spirit of the
      invention are to be considered a part thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition useful for dilution with water to remove acrylic based
      coating compositions which comprises from about 5-25% by weight of
      concentrated aqueous ammonia, from 1 to 2% by weight of an organic surface
      active agent, from 0-1% by weight of an inorganic alkaline salt and from
      about 70-93% by weight of a sulfolane compound having the formula:
      ##EQU2##
      wherein each R is hydrogen or alkyl of 1 to 2 carbon atoms or alkoxy of 1
      to 2 carbon atoms and wherein at least five of the R groups are hydrogen.
NUM  2.
PAR  2. A composition in accordance with claim 1 wherein the sulfolane compound
      is sulfolane itself.
NUM  3.
PAR  3. A method of removing acrylic based coating compositions which comprises
      contacting said acrylic based coating compositions with an aqueous
      solution of a composition comprising from about 5-25% by weight of
      concentrated aqueous ammonia, from 1 to 2% by weight of an organic surface
      active agent, from 0-1% by weight of an inorganic alkaline salt and from
      about 70-93% by weight of a sulfolane compound having the formula:
      ##EQU3##
      wherein each R is hydrogen or alkyl of 1 to 2 carbon atoms or alkoxy of 1
      to 2 carbon atoms and wherein at least five of the R groups are hydrogen.
NUM  4.
PAR  4. A method in accordance with claim 3 wherein the sulfolane compound is
      sulfolane itself.
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XCL  260 318F
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XCL  260 37N
XCL  260 37P
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XCL  260 459P
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ABST
PAL  Chloral is copolymerized with one or more isocyanate, isothiocyanate,
      diisocynate, diisothiocyanate or ketene compounds to produce copolymers
      which are nonflammable and which can be made into a variety of useful,
      shaped objects. The process of making the copolymers involves preparing a
      homogeneous mixture of monomers and polymerization initiator at a
      temperature above the threshold polymerization temperature of the mixture,
      cooling the homogeneous mixture below the threshold polymerization
      temperature and maintaining the homogeneous mixture quiescent during the
      polymerization.
PARN
PAR  This is a division, of application Ser. No. 352,387, filed Apr. 18, 1973,
      which is a divisional of application Ser. No. 227,684 filed Feb. 18, 1972
      (now U.S. Pat. No. 3,775,371), which is a divisional of application Ser.
      No. 886,739 filed Dec. 19, 1969 (now U.S. Pat. No. 3,668,184), which is a
      continuation-in-part of application Ser. No. 731,622 filed May 23, 1968,
      which in turn was a continuation-in-part of applications Ser. No. 580,217
      filed Sept. 19, 1966 and Ser. No. 558,631 filed June 20, 1966, the last
      three of which are now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a new class of copolymers of chloral with at
      least one isocyanate, isothiocyanate, diisocyanate, diisothiocyanate or
      ketene and process for their preparation.
PAR  2. Description of Prior Art
PAR  Applicant's U.S. Pat. No. 3,454,527 issued July 8, 1969, discloses
      homopolymers of chloral prepared by a process which involves preparing a
      uniform mixture of chloral and polymerization initiator at a temperature
      above the threshold polymerization temperature of the mixture, cooling the
      uniform mixture below the threshold polymerization temperature, and
      maintaining the mixture quiescent during the polymerization.
PAR  U.S. Pat. No. 3,265,665 issued to Mantell et al. on Aug. 9, 1966 discloses
      copolymers of formaldehyde and isocyanates by a polymerization process
      which involves cooling to low temperatures. Chloral is not disclosed nor
      suggested and quiescent conditions are not maintained during the
      polymerization process.
PAR  Takida et al, Kobunski Kagaku [Chemistry of High Polymers, Japan] 22,
      463-472, July 1965, show the copolymerization of chloral with phenyl
      isocyanate at low temperatures but do not use quiescent polymerization
      conditions. Their process produced only crumbly, powdery products.
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention is directed to addition copolymers of chloral and at least
      one comonomer selected from the group consisting of
      ##EQU1##
      wherein, X is selected from the group consisting of oxygen and sulfur;
PA1  R.sup.1 and R.sup.2, alike or different and separately or jointly, are
      selected from the group consisting of (1) monovalent groups selected from
      the group consisting of hydrogen, cyano, lower alkoxycarbonyl, and
      unsubstituted and substituted hydrocarbyl and hydrocarbyloxy in which any
      hydrocarbyl moiety is of 1-18 carbon atoms selected from the group
      consisting of alkyl, cycloalkyl, aryl, aralkyl and alkaryl, and any
      substituent is selected from the group consisting of lower alkoxy,
      fluorine, chlorine, bromine, and iodine; and (2) divalent groups selected
      from alkylene of 2 to 7 carbons;
PA1  R.sup.3 is selected from the group consisting of nonsubstituted and
      substituted alkyl and cycloalkyl of up to 18 carbons, aryl of 6-18 carbons
      and alkaryl and aralkyl of 7-24 carbons, any substitution being selected
      from the group consisting of fluorine, chlorine, bromine, iodine, nitro,
      cyano, phenylazo, --NY.sub.2, --OY, --SY,
      ##EQU2##
      in which Y is lower alkyl or phenyl; and R.sup.4 is selected from the
      group consisting of nonsubstituted and substituted alkylene, alkarylene,
      aralkylene, cycloalkylene, alkylenebis(cycloalkylene),
      alkylenebis(arylene), arylene, arylenebis(alkylene) of up to 18 carbons
      and anthraquinonylene, any substitution being selected from the group
      consisting of fluorine, chlorine, bromine, iodine, nitro, cyano,
      phenylazo, --NY.sub.2, --OY, --SY,
      ##EQU3##
      in which Y is lower alkyl or phenyl. Either one or a plurality of ketenes,
      isocyanates, isothiocyanates, diisocyanates, and/or diisothiocyanates may
      be reacted with chloral.
PAR  In the above definition of R.sup.1 and R.sup.2, preferred hydrocarbyl
      moieties are alkyl of 1 to 18 carbon atoms, cyclolower alkyl, phenyl,
      naphthyl, benzyl, tolyl, mesityl and duryl.
PAR  As illustrated below, the hydrocarbylene or substituted hydrocarbylene
      group R.sup.4 may involve aliphatic, cycloaliphatic, and aromatic
      structures with the two isocyanate or isothiocyanate groups stemming from
      aliphatic or aromatic carbon atoms. The R.sup.1, R.sup.2, R.sup.3 and
      R.sup.4 structures pass unchanged through the polymerization reaction.
PAR  The ketene copolymers of this invention are addition polymers which may
      generally be represented by formula IV
      ##EQU4##
      in which a represents the mol percentage of chloral units and 100-a
      represents the mole percentage of ketene units in the copolymer and
      R.sup.1 and R.sup.2 are as defined above. Each copolymer molecule contains
      at least four chloral units.
PAR  The isocyanate, isothiocyanate, diisocyanate and diisothiocyanate
      copolymers of this invention are addition polymers which may generally be
      represented by formulas V and VI
      ##EQU5##
      in which b and c represent the mol percentage of chloral units and 100-b
      and 100-c represent respectively the mol percentage of isocyanate and
      diisocyanate units in the copolymer, and R.sup.3 and R.sup.4 are as
      defined above. Each copolymer molecule contains at least four chloral
      units.
PAR  It will be understood that more than one compound of formulas I, II and III
      can be polymerized with chloral in the process of this invention. The
      invention thus includes an addition copolymer of chloral and at least one
      comonomer selected from at least two of the groups or formulas, I, II and
      III.
PAR  The ketene, isocyanate, isothiocyanate, diisocyanate and diisothiocyanate
      copolymers of this invention also include branched and crosslinked
      products in which both N=C=X groups of compounds of formula III polymerize
      with chloral to form network structures, for which no simple recurring
      structural formulas can be drawn.
PAR  The copolymers of this invention contain from 1 to 99.9 mol percent of
      chloral and in general have better thermal stability than polychloral.
      Copolymers having about 50 to 99.9 mol percent of chloral are a preferred
      class. Even more preferred are copolymers having about 80 to 99.9 mol
      percent of chloral. The copolymers may range from soluble, fusible
      products to insoluble, infusible products depending on the specific
      ingredients used and their proportions.
PAR  Copolymers containing from about 80 up to 99.9 mol percent of chloral and a
      corresponding 0.1 up to about 20 mol percent of comonomer are usually
      insoluble in common organic solvents such as methanol, ethanol, acetone,
      benzene, toluene, chloroform, carbon tetrachloride, tetrachloroethylene,
      ethyl acetate, etc., and are substantially infusible at temperatures up to
      their decomposition point. Where the chloral content of the copolymer is
      below about 80 mol percent the products are generally soluble and fusible.
      It is to be noted however, that the 80 mol percent of chloral content does
      not always form the line of demarcation. The specific comonomer used, that
      is, isocyanate, ketene, diisocyanate, etc. has an effect on the
      characteristics of the final polymer. For example in chloralisocyanate
      copolymers having less or more than 80 mol percent of chloral, some may be
      soluble and infusible, or fusible and insoluble, depending on the
      particular comonomer isocyanate used to make the copolymer.
PAR  The process of preparing the copolymers comprises cryotachensic
      polymerization. This involves forming a homogeneous mixture of the
      monomers, an anionic polymerization initiator, and 0 to 99% by weight of
      the total composition of an aprotic solvent, at a temperature above the
      threshold polymerization temperature of the mixture, cooling the
      homogeneous mixture below the threshold temperature whereby polymerization
      occurs, and maintaining the mixture at such lower temperature until
      polymerization subsides. A critical aspect is that the polymerization
      mixture is undisturbed, that is, it remains quiescent during
      polymerization whereby the mixture initially forms a continuous gel which
      ultimately converts to high polymer. If the mixture is disturbed or
      agitated during polymerization, the resultant polymer has diminished
      strength, toughness and infrangibility.
PAR  The cryotachensic polymerization process generally involves preparing a
      homogeneous mixture of the monomers and polymerization initiator and
      copolymerizing the monomers simultaneously by cooling. It is to be
      understood however that the process also includes partial polymerization
      of chloral alone, followed by reaction with the other comonomers. In this
      variation of the process a uniform mixture of only chloral and
      polymerization initiator, with or without aprotic solvents, is prepared at
      a temperature above the threshold polymerization temperature of the
      mixture. The mixture is then cooled below its threshold polymerization
      temperature under quiescent conditions to partially polymerize the chloral
      to polychloral. The other comonomer or comonomers are then added to the
      reaction vessel and caused to copolymerize with chloral under conditions
      which may be quiescent or not. It is believed the added material
      copolymerizes not only with the remaining free chloral but also forms
      block copolymers with the polychloral.
PAR  The initiator is always uniformly distributed in the monomer mixture before
      any polymerization occurs. Thus, when polymerization is brought about by
      cooling the composition below the threshold polymerization temperature,
      the composition generally becomes gelled and unflowable within one minute
      or less. The degree of conversion of monomers to copolymer increases with
      time but generally is substantially complete within one hour. The order of
      addition may be varied but in general the initiator is preferably added
      after the addition of solvent, if any is used; or the initiator may be
      added in solution.
PAR  The threshold polymerization temperature of a polymerization mixture
      containing monomeric chloral, one or more ketenes and/or one or more
      isocyanates, isothiocyanates, diisocyanates or diisothiocyanates and an
      initiator, and optionally a solvent, is determined as follows: The mixture
      is prepared and thoroughly blended at an elevated temperature, for
      example, at its reflux temperature or at 65.degree.C., whichever is lower.
      The mixture is then stirred and cooled at a rate of 2.degree.C./min., the
      stirring being conducted to insure uniform cooling of the entire mass of
      liquid. The threshold polymerization temperature is that temperature at
      which there is noted the first haziness or opalescence due to solid
      copolymer separating in the mixture.
PAR  The monomer-initiator-solvent compositions have threshold polymerization
      temperatures in the range from 0.degree.-60.degree.C. The threshold
      temperature is affected by both the nature and the amount of the ketene,
      isocyanate, isothiocyanate, diisocyanate or diisothiocyanate comonomers
      and any aprotic liquid and its amount present. The maximum temperature at
      which the polymerization mixture is prepared is not critical and generally
      falls between the threshold polymerization temperature of the particular
      mixture and the reflux temperature thereof. Generally speaking, the
      threshold polymerization temperature is highest with monomers per se while
      reaction mixtures containing solvents show lower threshold polymerization
      temperatures. Mixtures containing about 25% chloral by volume have
      threshold polymerization tempreatures near room temperature.
PAR  Copolymerization of the monomers in the polymerization mixture can be
      conducted at the threshold polymerization temperature. However, the heat
      of polymerization is most readily dissipated and the toughness and
      molecular weight of the polymer are increased if a polymerization
      temperature of at least 5.degree.C. below the threshold polymerization
      temperature is used, and preferably the temperature is at least
      25.degree.C. below and still more preferably, at least 50.degree. to
      135.degree.C. below the threshold polymerization temperature. Cooling to
      the desired low temperature may be accomplished by any means known to the
      art.
PAR  The cryotachensic polymerization process can be carried out in the presence
      of air. However, it is preferred to use an atmosphere to which the
      monomers and the initiator are inert. Thus, it is desirable to exclude
      moisture, oxygen, carbon dioxide, acidic or basic vapors, and vapors of
      protic solvents. An inert atmosphere is preferred when pure monomers are
      to be held for substantial lengths of time prior to polymerization and is
      particularly advantageous when it is desired to hold a mixture containing
      the monomers and a polymerization initiator above the threshold
      polymerization temperature of the composition for more than a few minutes.
      An inert atmosphere may be obtained by operating at reduced pressures, by
      operating in nitrogen, helium, or the like, or by other means known in the
      art.
PAR  It is preferable to bring about polymerization by cooling the
      polymerization mixture below its threshold temperature within a short time
      after contact of the initiator with the monomers. For example, it is
      preferable to carry out polymerization within one hour after contact of
      monomers with the catalyst and more preferably within ten minutes or less.
PAR  Polymerization initiators suitable for use in the present process are
      essentially those of my previously mentioned coassigned applications Ser.
      Nos. 580,217, 558,631 and 731,622, and include all of those known to
      initiate anionic polymerization. Effective initiating amounts of initiator
      are generally between 0.001 and 10% of the combined weight of chloral and
      comonomer(s); preferred amounts are 0.005 to 5% by weight. Many of the
      initiators are Lewis bases. Examples of initiators include: (a) tertiary
      organic compounds of elements of Group V-A of the Periodic Table, i.e.,
      compounds QR.sub.3, where Q is N, P, As, Sb, or Bi, and R is a hydrocarbyl
      group containing 1-18 carbon atoms with the proviso that when Q is N, no
      more than one R can be aryl. The R groups may be alike or different and
      can be taken together to indicate the hydrocarbon part of a cyclic 5- to
      7-membered ring system in which Q is a heteroatom as in pyridine,
      substituted pyridines such as trimethylpyridine, quinoline,
      triethylenediamine, and alkyl, aryl and benzo derivatives of such
      compounds. Thus the hydrocarbyl groups may be alkyl as in methyl, ethyl,
      dodecyl and octadecyl, alkenyl as in 9-octadecenyl, aryl as in phenyl,
      naphthyl, anthryl and benzanthryl, cycloalkyl as in cyclopropyl,
      cyclopentyl, cyclohexyl and cycloheptyl, aralkyl as in benzyl and
      phenethyl, alkaryl as in tolyl and xylyl; and the like; (b) onium,
      particularly ammonium, phosphonium and sulfonium fluorides, chlorides,
      bromides, iodides, hydroxides, alkoxides, thialkoxides, carboxylates,
      cyanamides, cyanates, thiocyanates and azides. The onium cations may be
      hydrocarbyl substituted, the hydrocarbyl groups being as described for the
      first group of initiators; (c) Group IA, Group IIA, or Group IIIA metal
      hydrides, hydroxides, halides, alkyls, alkoxides, carboxylates,
      cyanamides, cyanates, thiocyanates, and azides, and particularly lithium
      chloride and similar halides; and (d) phosphine and phosphonium compounds
      wherein the phosphorous atom carries one or more substituents such as:
      hydrocarbyl groups (as described under (a) above for the first group of
      initiators); hydrocarbyl groups containing halogen; and hydrocarbyl groups
      and halogenated hydrocarbyl groups connected to P through oxygen or
      sulfur. The Periodic Table referred to herein is that set forth in
      Deming's, General Chemistry, John Wiley and Sons, Inc., New York, 5th
      Edition, 1944, Chapter 11.
PAR  The aprotic solvents, when used as reaction media, must be unreactive with
      the monomers and the initiator and preferably should be good solvents for
      each. The resulting polymerization mixture must be homogeneous at the
      threshold polymerization temperature. Aromatic and aliphatic hydrocarbons,
      as well as ethers, nitriles and ketones, are preferred. Toluene is
      particularly preferred. Halocarbons such as carbon tetrachloride, esters
      and amines such as N,N-dimethylformamide and N,N-dimethylacetamide are
      operable if the polymerization is carried out within less than one hour
      and particularly less than a few minutes after mixing of the monomers with
      the solvent and initiator. Specific solvents suitable for use in the
      polymerization according to this invention include benzene, n-hexane,
      cyclohexane, diethyl ether, anisole, acetone, cyclohexanone, methyl ethyl
      ketone, ethyl acetate, acetonitrile, nitrobenzene, methylene chloride,
      chloroform, tert-butyl chloride, dimethyl sulfoxide, tetramethylurea,
      hexamethylphosphoramide and the like. Amounts of aprotic liquid up to 10%
      by weight aid in solubilizing the initiator in the monomers. High
      concentrations of aprotic liquid can assist in the application of the
      unpolymerized mixture as a paint, or for dipping, impregnating and coating
      operations prior to cooling to bring about polymerization.
PAR  With initiators which are readily soluble in the warm monomer mixture, no
      added liquid is required for dispersing purposes. A small amount of such
      liquid, however, may be desirable to permit shrinkage of the bulk
      copolymer by evaporation of the liquid after polymerization. This is
      sometimes useful in providing for removal of complicated solid shapes from
      the molds in which they are prepared.
PAR  The polymerization mixtures can be prepared in the mold in which the
      polymer is to be formed or the mixture can be prepared in another
      container and then transferred to the mold which is at a temperature above
      the threshold polymerization temperature and which is then cooled
      therebelow to bring about polymerization.
PAR  The compositions are useful either as unfilled compositions or filled
      compositions containing up to about 70% by weight of a filler or
      reinforcing agent. All filler types known in the polymer art, whether
      inorganic or organic, may be used. Included are pigments; glass in the
      form of flakes, fibers, filaments, fabrics, roving, mat, powder, hollow
      fibers, glass balloons and the like; carbon in the form of carbon black,
      fibers and graphite; silicas such as diatomaceous earth, fibrous quartz,
      pulverized quartz, ground silica and pyrogenic silica; boron and metals in
      the form of a powder, wool or fiber including iron, steel, aluminum,
      bronze, copper, lead, silver, gold and the like; metal oxides such as iron
      oxide, alumina, titania, alumina fibers or "whiskers," sapphire
      "whiskers," titania "whiskers," and the like; salts such as calcium
      silicate, talc, clays, mica, calcium carbonate, barium ferrite, barium
      sulphate, boehmite, vermiculite, molybdenum disulfide, asbestos, fibrous
      barium sulfate, calcite, and the like; dyes; fibers derived from natural
      or synthetic sources including wool, nylon, polyacrylonitrile,
      polyethylene terephthalate, polypropylene, polypivalolactone and
      fluorocarbon plastics such as powder and fibers of
      polytetrafluoroethylene, polychlorotrifluoroethylene and the like; all as
      well known in the art.
PAR  One or more fillers may be mixed with the monomers, prior to or subsequent
      to the addition of the polymerization initiator, at a temperature above
      the threshold polymerization temperature of the mixture. The uniform
      mixture is then cooled below the threshold polymerization as described
      above.
PAR  The products of the invention are resistant to fire and high temperatures
      and this property makes them especially valuable in applications where
      resistance to high temperatures is desirable. The products may be used in
      their filled or unfilled state and because they are machinable, they may
      be made into a wide variety of durable, heat resistant shaped solids of
      all sorts such as chess men, dishes, cups, saucers bowls, balls, dolls and
      toys of all sorts. They can be made as heat and fire resistant: roofing
      tiles; architectural sheets and panels one inch or more in thickness;
      house drain gutters; heater housings; motor coil insulation; structural or
      resilient foams; fibers for fire resistant cloth, clothing, drapes, rugs
      and carpets, etc; fibrids for making heat resistant paper; tough films for
      packaging and wrapping; potting resins for embedding objects of all kinds;
      etc., etc.
PAR  By employing equipment capable of moving the homogeneous polymerizable
      mixture of monomers and initiator from a temperature zone above its
      threshold polymerization temperature through a cooling, polymerization
      zone to a polymer discharge area, it is possible to carry out the
      polymerization process on a continuous basis without agitating the
      polymerization mixture. Continuous polymerization in this manner is
      suitable for preparing films, sheeting, beading, rods, tubes, pipes and
      similar shaped objects commonly prepared from other polymers by melt
      extrusion. Belt casting of transparent sheeting and films is particularly
      well adapted to this mode of operation.
PAR  The internal physical make-up of the shaped chloral copolymers prepared
      according to this invention is such as to permit ready removal of any
      solvent or unpolymerized monomers by evaporation, extraction or other
      common means. This same make-up permits ready access to the interior of
      large moldings by gaseous reagents or solutions of agents for
      post-treatment or stabilization, or by solvents for removing initiator
      residues. Post-treatments of the copolymers with benzoyl chloride, acetic
      anhydride, and phosphorus pentachloride can be performed.
PAC  EMBODIMENTS OF THE INVENTION
PAR  The following non-limiting examples further illustrate the invention. Parts
      and percentages are by weight unless otherwise noted.
DETD
PAC  EXAMPLE 1
PAC  Copolymer of Chloral and Phenyl Isocyanate
PAR  A mixture of 160 ml. of chloral and 160 ml. of toluene was added to a 1
      liter round-bottom flask equipped with a nitrogen inlet and outlet, a
      reflux condenser, a mechanical stirrer and a thermometer. To this mixture,
      which was at a temperature of 25.degree.C., there was added with rapid
      stirring a solution of 0.30 g. of lithium tert-butoxide in 480 ml. of
      dried toluene. The stirring was discontinued after the mixture had become
      completely homogeneous and it was determined that its threshold
      polymerization temperature was 22.degree.C. When the mixture became
      quiescent, that is, was no longer in an agitated state, the flask
      containing the quiescent mixture was cooled down to and held at
      -78.degree.C. for 16 hours while maintaining the mixture in its quiescent
      state. At the end of the 16 hours some of the chloral had homopolymerized
      to a solid gel. The flask was then connected to an oil pump and held under
      reduced pressure for a period of 24 hours to remove most of the solvent.
      During this time the flask and its contents were allowed to warm up to
      room temperature. 50 ml. of phenylisocyanate was added to the flask
      containing the coalesced mixture of chloral monomer and chloral
      homopolymer and allowed to react for 16 hours. After that time excess
      phenyl isocynate was drained off and the flask broken. The polymer was
      washed with toluene, and dried. 155 g. of copolymer was obtained in
      spherical form reflecting the shape of the container in which it was made.
      Characterization of this polymer by nitrogen analysis (Found: N, 0.89%,
      0.99%) showed that 10 mole percent of phenyl isocyanate had copolymerized.
      The polymer was tough and insoluble in common organic solvents.
PAC  EXAMPLE 2
PAC  Copolymer of Chloral and Phenyl Isocyanate
PAR  In a procedure similar to that of Example 1, a mixture of 200 ml. of
      chloral and 600 ml. of toluene containing 0.27 g. of lithium tert-butoxide
      (threshold polymerization temperature 30.degree.C.) was prepared at a
      temperature about 30.degree.C. The quiescent, homogeneous mixture was
      cooled down to and held at -78.degree.C. for 16 hours. To the resulting
      gel mixture of polychloral and chloral monomer (approximately 30% of the
      monomer initially charged) was added 100 ml. of a 20% (by volume) solution
      of phenyl isocyanate in toluene. After 8 hours, solvent and excess phenyl
      isocyanate were removed under reduced pressure and the product was washed
      in toluene and dried to obtain 237.5 g. of polymer containing 8 mol
      percent of copolymerized phenyl isocyanate. This copolymer was also tough
      and insoluble in common organic solvents.
PAC  EXAMPLE 3
PAC  Copolymer of Chloral and Phenyl Isocyanate
PAR  Part A
PAR  In a dry test tube (18 .times. 200 mm.), which was blanketed with nitrogen,
      a mixture of 30 g. of freshly distilled chloral and 2.7 g. of freshly
      distilled phenyl isocyanate was heated in an oil bath to 65.degree.C. A 1
      molar solution of lithium tert-butoxide (0.4 ml.) in cyclohexane was then
      added. The threshold polymerization temperature of this mixture was
      47.degree.C. One part of the initiated mixture was left in the test tube
      until the mixture became quiescent and the tube was then placed without
      shaking into a -50.degree.C. bath. Polymerization commenced almost
      immediately. The polymerization was essentially complete in 1 hour. The
      tube containing the copolymer was taken out of the cooling bath and
      allowed to come to room temperature. The plug of chloral-phenyl isocyanate
      copolymer was removed from the test tube and washed with carbon
      tetrachloride. Elemental analysis for C, H, and N (see Table I) indicated
      that the polymer contained 10 mole percent of phenyl isocyanate. The
      infrared spectrum showed a strong band at 5.70 .mu. indicative of a
      urethane linkage.
PAR  Part B
PAR  The other part of the initiated comonomer mixture was drawn into a warm
      syringe and placed between glass plates, separated by a 0.1 mm. gasket, at
      a temperature above 65.degree.C. and allowed to become quiescent. The
      quiescent mixture was polymerized by cooling the assembly at -50.degree.C.
      for one hour. The resulting film was washed with carbon tetrachloride. A
      clear film of chloral-phenyl isocyanate copolymer was obtained which was
      stiff and tough. The polymer was insoluble in common organic solvents. The
      thermal stability of this sample was substantially improved over the
      homopolymer of chloral. The 5% weight-loss temperature of the copolymer
      determined at a heating rate of 6.degree.C./min. in nitrogen was
      197.degree.C. and 200.degree.C. in two samples; typical samples of chloral
      homopolymer had a 5% weight-loss temperature in the range of
      85.degree.-120.degree.C.
PAC  EXAMPLES 4-40
PAR  Similar copolymerizations of chloral were carried out with other
      isocyanates as comonomers. The procedures of Example 3, Parts A and B,
      were followed exactly and the results are shown in Table I which follows.
      In the table the modulus values refer to stiffness or tension.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Copolymerization of Chloral with Isocyanates                              

     __________________________________________________________________________

                                                  Film Properties, Part B      

            Comonomer        Mole %                                            

                                 Copolymer Mole % Tensile                      

                                                       Elonga-                 

     Chloral            Amount                                                 

                             Chloral                                           

                                 Analysis (%)                                  

                                           Chloral                             

                                                  Strength                     

                                                       tion at                 

                                                              Modulus          

     Ex.                                                                       

        (ml.) Type      (ml.)                                                  

                             In Feed                                           

                                 C   H  N  In Polymer                          

                                                  (psi)                        

                                                       Break                   

                                                              (psi)            

     __________________________________________________________________________

      3 20  Phenyl isocyanate                                                  

                         3    88 20.56                                         

                                     1.11                                      

                                        1.13                                   

                                           90     6720 8.8                     

                                        1.15                                   

      4 20  Methyl isocyanate                                                  

                         3    80                                               

      5 20  n-Butyl isocyanate                                                 

                         3    88.5                                             

                                 17.00                                         

                                     1.05                                      

                                        0.54                                   

                                           95     6460 22.3   173,600          

                                        0.54                                   

      6 20  Octadecyl isocyanate                                               

                         7    90 22.23                                         

                                     2.07                                      

                                        0.61                                   

                                           94     6220 6.8                     

                                        0.61                                   

      7 20  Dodecyl isocyanate                                                 

                         5    90 19.88                                         

                                     1.37                                      

                                        0.58                                   

                                           95     6880 20.8   225,000          

                                        0.57                                   

      8 20  Isopropyl isocyanate                                               

                         3    86 16.81                                         

                                     0.75                                      

                                        0.35                                   

                                           97     6300 18.8                    

                                        0.35                                   

      9 20  Toluene diisocyanate                                               

                         3    90 21.27                                         

                                     1.24                                      

                                        2.22                                   

                                           89     5490 9.8    171,000          

                                        2.30                                   

     10 20  1-Naphthyl isocyanate                                              

                         3    86.5                                             

                                 16.96                                         

                                     1.20                                      

                                        0.47                                   

                                           95     6950 29.3   149,000          

                                        0.37                                   

     11 20  Ethyl isocyanate                                                   

                         3    84 17.65                                         

                                     0.98                                      

                                        0.86                                   

                                           91     6760 6.0                     

                                        0.96                                   

     12 10  n-Butyl isocyanate                                                 

                         2.85 80 18.74                                         

                                     1.12                                      

                                        0.86                                   

                                           91     7120 12.3   300,000          

                                        0.91                                   

     13 20  n-Butyl isocyanate                                                 

                         2.25 91 17.15                                         

                                     0.91                                      

                                        0.55                                   

                                           95     6870 16.8   221,000          

                                        0.41                                   

     14 20  n-Butyl isocyanate                                                 

                         1.15 95 17.37                                         

                                     0.89                                      

                                        0.46                                   

                                           95     7430 16.5   115,000          

                                        0.45                                   

     15 20  n-Butyl isocyanate                                                 

                         0.57 97.5                                             

                                 16.77                                         

                                     1.00                                      

                                        0.21                                   

                                           97.5   5800 9.3    264,300          

                                        0.24                                   

     16 20  .alpha.,.alpha.,.alpha.',.alpha.'-Tetramethyl-                     

                         3 (g.)                                                

                              94 15.81                                         

                                     0.86                                      

                                        0.08                                   

                                           99.4   4610 32.5   181,000          

            xylylene diisocyanate       0.11                                   

     17 20  4,4'-diisocyanato-                                                 

                         3    94.5                                             

                                 16.32                                         

                                     0.89                                      

                                        0.25                                   

                                           97.5   5590 23.0                    

            dicyclohexylmethane         0.24                                   

     18 20  Hexamethylene diiso-                                               

                         3    91 18.83                                         

                                     1.24                                      

                                        1.17                                   

                                           94     5810 7.8    182,000          

            cyanate                     1.23                                   

     19 20  Phenyl isothiocyanate                                              

                         2.65(g.)                                              

                              91 16.70                                         

                                     1.24                                      

                                        0.13                                   

                                           98.7   4500 15.3   215,000          

                                        0.13                                   

     20 20  n-Butyl isothiocyanate                                             

                         2 (g.)                                                

                              92.5      0.13                                   

                                           98.7                                

     21 20  Methyl isothiocyanate                                              

                         1.5(g.)                                               

                              91        0.19                                   

                                           98.4                                

     22 20  Methyl isocyanate                                                  

                         1 (g.)                                                

                              93        0.93                                   

                                           91.6                                

     23 20  2,5-Dichlorophenyl                                                 

                         2 (g.)                                                

                              95        0.36                                   

                                           96                                  

            isocyanate                                                         

     24 20  3,4-Dibromophenyl                                                  

                         6.1(g.)                                               

                              90 16.87                                         

                                     0.72                                      

                                        0.52                                   

                                           95                                  

            isocyanate                                                         

     25 20  p-Bromophenyl isocyanate                                           

                         3.96(g.)                                              

                              91        0.89                                   

                                           90     7020 17.3                    

     26 20  o-Chlorophenyl iso-                                                

                         3.07(g.)                                              

                              91        0.77                                   

                                           91.6   6930 31.8                    

            cyanate                                                            

     27 20  m-Chlorophenyl iso-                                                

                         3.07(g.)                                              

                              91        1.00                                   

                                           89     6780 16.3                    

            cyanate                                                            

     28 20  p-Chlorophenyl iso-                                                

                         3.07(g.)                                              

                              91        1.12                                   

                                           87.5   8620 40.8                    

            cyanate                                                            

     29 20  o-Methoxyphenyl iso-                                               

                         2.98(g.)                                              

                              91        0.94                                   

                                           90     7020 17.8                    

            cyanate                                                            

     30 20  p-Methoxyphenyl iso-                                               

                         2.98(g.)                                              

                              91        1.03                                   

                                           89     6470 20.3                    

            cyanate                                                            

     31 20  o-Ethoxyphenyl iso-                                                

                         3.26(g.)                                              

                              91        0.93                                   

                                           90     6390 17.3                    

            cyanate                                                            

     32 20  p-Ethoxyphenyl iso-                                                

                         3.26(g.)                                              

                              91        1.01                                   

                                           89     6540 17.8                    

            cyanate                                                            

     33 20  o-Nitrophenyl iso-                                                 

                         3.24(g.)                                              

                              91        0.93                                   

                                           95     5210 28.8                    

            cyanate                                                            

     34 20  m-Nitrophenyl iso-                                                 

                         Saturated                                             

                              94        1.39                                   

                                           93     5510 5.5                     

            cyanate      solution                                              

     35 20  p-Nitrophenyl iso-                                                 

                         Saturated                                             

                              97        1.42                                   

                                           93     4470 4.0                     

            cyanate      solution                                              

     36 20  o-Tolyl isocyanate                                                 

                         2.66(g.)                                              

                              91        1.28                                   

                                           87.5   7250 25.0                    

     37 20  m-Tolyl isocyanate                                                 

                         2.66(g.)                                              

                              91        0.62                                   

                                           94     6890 20.5                    

     38 20  p-Tolyl isocyanate                                                 

                         2.66(g.)                                              

                              91        0.62                                   

                                           94     7130 28.8                    

     39 20  Methylene di-phenyl                                                

                         3.3 (g.)                                              

                              87                  4540 4.5                     

            diisocyanate                                                       

     40 20  Octyl isocyanate                                                   

                         3.0 (g.)                                              

                              92        0.12                                   

                                           98.7   5910 50.0                    

     __________________________________________________________________________

PAC  EXAMPLE 41
PAC  Copolymer of Chloral and Phenyl Isocyanate
PAR  In a dried test tube, 4 ml. of chloral and 0.4 ml. of phenyl isocyanate
      were dissolved in 20 ml. of toluene. The resultant mixture was heated to
      60.degree.C. and 0.12 ml. of 1-molar lithium tert-butoxide in toluene was
      added thereto. The test tube was stoppered and the quiescent mixture was
      cooled to -20.degree.C. The mixture set up in a few minutes to a
      transparent gel. After 1 hour, the tube was allowed to come to room
      temperature and to stand overnight. Toluene was partially removed under
      reduced pressure and the polymer plug was taken out of the test tube. The
      polymer gel had collapsed and was clear. Toluene and traces of unreacted
      monomers remaining in the polymer were allowed to evaporate at room
      temperature in the air. A conherent plug of chloral/phenyl isocyanate
      copolymer was obtained having the characteristic IR absorption of 5.70
      .mu..
PAC  EXAMPLE 42
PAC  Copolymer of Chloral and Phenyl Isocyanate
PAR  In a dried test tube, chloral (4 ml.) and phenyl isocyanate (0.4 ml.) were
      dissolved in 20 ml. of pentane. The mixture was heated to the boiling
      point and 0.15 ml. of 1-molar lithium tert-butoxide in cyclohexane was
      injected into the mixture. The threshold polymerization temperature of
      this mixture was 29.degree.C. The test tube containing the resulting clear
      solution was stoppered and its contents allowed to become quiescent. The
      test tube was then placed without shaking in a bath at -20.degree.C. After
      a few minutes, the contents polymerized to an opaque mass. After 1 hour
      the test tube was allowed to come to room temperature. The test tube was
      opened and some pentane was allowed to evaporate until the polymer shrank
      from the glass surface. The polymer was removed from the test tube and
      pentane and unreacted monomers allowed to evaporate completely (1 day).
      The polymer mass weighed 7.2 g. and had the shape and approximate volume
      of the test tube. The polymer was cut in half and the cut faces showed the
      physical structure of a foam of very fine pore size. The density of this
      foam was 0.35 (as compared to polychloral of 1.9.). The infrared spectrum
      determined on a thin section of the foam showed the characteristic bands
      of a chloral-phenyl isocyanate copolymer especially the strong urethane
      band at 5.70 .mu..
PAR  The following example illustrates the variation in characteristics produced
      by varying the proportions of the reactants.
PAC  EXAMPLE 43
PAC  Copolymer of Chloral and Phenyl Isocyanate
PAR  A series of test tubes were charged under nitrogen with chloral and phenyl
      isocyanate in the amounts indicated below and heated to 60.degree.C. To
      each tube was then added 0.8 ml. of a one molar solution in chloroform of
      a polymerization initiator, 1/1 triisopropyl phosphine/chloral salt having
      the formula
EQU  [(i-C.sub.3 H.sub.7).sub.3 POCH=CCl.sub.2 ].sup.+ Cl.sup.-
PAL  to form a homogeneous mixture (see example 105 C below for preparation of
      this initiator). After each mixture had become placid it was cooled
      without agitation to -25.degree.C. and held at that temperature for 16
      hours. The data below give the properties of the resultant copolymers.
     Charged         Nature of Resultant                                       

                                    Isolated                                   

     Ex.  Chloral C.sub.6 H.sub.5 NCO                                          

                            Material Containing                                

                                          Copolymer                            

     43   ml.     ml.    mol% the Copolymer  grams                             

     ______________________________________                                    

     A    11.8     8.7   40   solid         15.9                               

     B    9.8     11.0   50   solid         14.7                               

     C    7.9     13.2   60   solid         12.5                               

     D    5.9     15.4   70   visc., clear  8.8                                

     E    5.9     15.4   70   very visc., clear                                

                                            9.1                                

     F    4.9     16.5   75   visc., clear  7.6                                

     G    5.9     17.6   80   sl. visc., clear                                 

                                            5.5                                

     ______________________________________                                    

PAL  Copolymers A, B, and C were ground in methanol in a high speed blender. The
      particles were then washed thoroughly with methanol, then with acetone,
      and then dried. Materials D, E, F, and G were dissolved in benzene and
      then precipitated into a large volume of methanol. The resultant particles
      were washed with methanol, then with acetone, and finally dried.
PAR  The isolated polymers showed the following properties:
TBL                  Inh. Visc.                                                

          Wt. %                                                                

               Mol % 0.5% CHCl.sub.3                                           

                            Osmotic                                            

                                  Molds to Clear                               

                                            Decomp.                            

                                                   Sol. in                     

     Ex. 43                                                                    

          N    C.sub.6 H.sub.5 NCO                                             

                     25.degree.C.                                              

                            Mol. Wt.                                           

                                  Film at .degree.C.                           

                                            Temp. .degree.C.                   

                                                   Benzene                     

     __________________________________________________________________________

     A    0.98 10.3  --     --    No        270    No                          

     B    1.19 12.2  --     --    No        250    No                          

     C    1.47 15.0  --     --    No        270    Partially                   

     D    2.00 20.2  0.15   94,300                                             

                                  --        --     Yes                         

     E    1.70 17.2  --     150,900                                            

                                  No        280    Yes                         

     F    1.84 18.8  --     68,600                                             

                                  --        --     Yes                         

     G    2.04 22.2  --     67,100                                             

                                  280-290   300    Yes                         

     __________________________________________________________________________

PAR  Copolymer C contained a little soluble polymer. A 3-g. portion of the
      finely divided product which had been washed and dried as above was
      leached with benzene. The benzene solution was poured into methanol to
      give, after washing and drying, 0.8 g. of polymer having 1.66 wt. % N
      (equal to 16.8 mole % of C.sub.6 H.sub.5 NCO content) and an inherent
      viscosity 0.17 measured at 0.5% in chloroform at 25.degree.C.
PAR  All of these copolymers showed infrared absorption peaks characteristic of
      ##EQU6##
      units derived from chloral and
      ##EQU7##
      units derived from phenyl isocyanate.
PAC  EXAMPLE 44
PAC  Copolymer of Chloral, Butyl Isocyanate, Phenyl Isocyanate and
      2,4-Diisocyanatotoluene
PAR  In a 300 ml., round-bottom, glass flask were placed 250 ml. of chloral, 13
      ml. of butyl isocyanate, 13 ml. of phenyl isocyanate, 13 ml. of
      2,4-diisocyanatotoluene, and 0.25 g. of Celanthrene red dye. The flask was
      equipped with a stand pipe which was closed with a calcium chloride tube.
      The mixture was heated to 65.degree.C. and 15 ml. of a 1-molar lithium
      tert-butoxide solution in cyclohexane was added to form a uniform mixture.
      The threshold polymerization temperature of this mixture was determined to
      be 47.degree.C. After the mixture became quiescent, the flask and its
      contents was placed without agitation in a bath at -78.degree.C. and
      polymerization commenced immediately. After 16 hours, the flask was
      brought to room temperature. The contents had polymerized completely to a
      bright-red, almost transparent sphere of chloral/butyl isocyanate/phenyl
      isocyanate/2,4-diisocyanatotoluene copolymer. The block was hard and
      tough, and had the exact shape of the vessel in which it was prepared.
PAR  Other examples of the copolymers of this invention are obtained when the
      following isocyanates, diisocyanates, isothiocyanates and
      diisothiocyanates are used in place of phenyl isocyanate, as for instance
      in the procedure of Example 3:
PA1  methoxydifluoromethyl isocyanate;
PA1  2(4-ethylphenyl)1,1-dimethylethyl isocyanate;
PA1  2-benzo[b]thien-3-yl-1-methylethyl isocyanate;
PA1  1,5-naphthylene diisocyanate;
PA1  p-[bis-(2-chloroethyl)amino]phenyl isocyanate;
PA1  ethoxycarbonylmethyl isocyanate;
PA1  3-cyano-1-methyl-3,3-diphenylpropyl isocyanate;
PA1  o-cyanophenyl isocyanate;
PA1  1-diethylamino-1,2,2-trifluoroethyl isocyanate;
PA1  .alpha.,.alpha. -dimethylphenethyl isocyanate;
PA1  heptafluoropropyl isocyanate;
PA1  2-iodo-1-indanyl isocyanate;
PA1  4-phenylanthryl isocyanate;
PA1  2,6-anthraquinonylene diisocyanate;
PA1  3-benzyloxy-4-methoxyphenethyl isocyanate;
PA1  trifluoromethyl isocyanate;
PA1  1,2,3,4,4a,9,10,10a-octahydro-7-isopropyl-1,4a-dimethyl-1-phenanthryl
      isocyanate;
PA1  2,4,6-triiodophenyl isocyanate;
PA1  abietyl isocyanate;
PA1  6-fluoro-2-pyridyl isocyanate;
PA1  1-adamantyl isocyanate;
PA1  3,3,3-trinitropropyl isocyanate;
PA1  2-(phenylthio)ethyl isocyanate;
PA1  p-phenylazophenyl isocyanate;
PA1  benzyl isothiocyanate;
PA1  butyl isocyanatoacetate;
PA1  p-bromophenyl isothiocyanate;
PA1  p-butoxyphenyl isothiocyanate;
PA1  o-chloro-.alpha.-phenylbenzyl isothiocyanate;
PA1  14-cyanotetradecyl isothiocyanate;
PA1  cyclohexyl isothiocyanate;
PA1  cyclooctyl isothiocyanate;
PA1  2-diethylaminoethyl isothiocyanate;
PA1  2,2-difluoroethyl isothiocyanate;
PA1  2,4-dinitrophenyl isothiocyanate;
PA1  ethylene diisothiocyanate;
PA1  p-iodophenyl isothiocyanate;
PA1  4-methylthiobutyl isothiocyanate;
PA1  p-phenylene diisothiocyanate;
PA1  2-pyridyl isothiocyanate;
PA1  p-(methylthio)phenyl isothiocyanate; and
PA1  9-phenanthryl isothiocyanate.
PAC  EXAMPLE 45
PAC  Copolymer of Chloral and Diphenyl Ketene
PAR  Part A
PAR  In a dry test tube (18 .times. 200 mm.), which was blanketed with nitrogen,
      a mixture of 15 g. of freshly distilled chloral and 1 g. of freshly
      distilled diphenylketene was heated in an oil bath to 65.degree.C. A 1
      molar solution of lithium tert-butoxide in cyclohexane (0.2 ml.) was then
      added and the mixture stirred, while still under nitrogen, to produce a
      uniform mixture. The threshold polymerization temperature of this mixture
      was 51.degree.C. One part of the calm, initiated mixture was left in the
      test tube, and the tube was placed without agitation into a -40.degree.C.
      bath. Polymerization in the unagitated mixture commenced almost
      immediately and was essentially complete in 1 hour. The tube containing
      the copolymer was taken out of the cooling bath and allowed to come to
      room temperature. The plug of chloral-diphenylketene copolymer was removed
      from the test tube.
PAR  Part B
PAR  The other part of the initiated comonomer mixture was transferred under
      nitrogen at temperatures above 65.degree.C. to a mold formed by two glass
      plates separated by a strand of elastic fiber about 0.1 mm. thick. The
      assembly with its unagitated contents still under nitrogen was then placed
      in a bath at -40.degree.C. and maintained in placid condition for about 1
      hour. A clear film of chloral-diphenylketene copolymer was obtained which
      was stiff and tough. The film was washed with carbon tetrachloride and
      dried. The polymer was insoluble in all common organic solvents. Elemental
      analysis for C and H (Table II) indicated that the polymer contained 3.3
      mole percent of diphenylketene. The infrared spectrum showed a strong band
      at 5.75 .mu. indicative of an ester linkage. The thermal stability or this
      sample was substantially improved over chloral homopolymer. The 5% weight
      loss temperature of the copolymer determined at a heating rate of
      6.degree.C./min. in nitrogen was 235.degree.C. Typical samples of chloral
      homopolymer prepared by a similar process had 5% weight loss temperatures
      in the range of 85.degree.-120.degree.C.
PAC  EXAMPLE 46
PAC  Copolymer of Chloral and Butylethylketene
PAR  A copolymerization was carried out by the procedure of Example 45 using
      butylethylketene as the comonomer. Components: 20 ml. of chloral,
      butylethylketene (10 ml. of a 20% solution in hexane), and lithium
      tert-butoxide (0.4 ml. of 1 molar cyclohexane solution). The film was
      clear, tough, and insoluble. The infrared spectrum of this copolymer
      showed a strong absorption band at 5.75.mu. indicative of an ester
      linkage. The 5% weight loss temperature was 153.degree.C.
PAC  EXAMPLES 47 and 48
PAR  Copolymerizations of chloral were carried out with dimethylketene and
      pentamethyleneketene using the procedure of Example 45 to produce films.
      These are tabulated in Table II together with Examples 45 and 46.
TBL                                    Table II                                

     __________________________________________________________________________

     Copolymerization of Chloral with Ketenes                                  

     __________________________________________________________________________

                        Molar                         Mech. Properties         

                        Feed Ratio   Copolymer                                 

                                              Mol Percent                      

                                                      of Films                 

     Chloral Comonomer  Chloral/                                               

                               Initiator*                                      

                                     Analysis(%)                               

                                              Chloral in                       

                                                      Tensile                  

                                                             Ultimate          

     Ex.                                                                       

        (g.) Type  Amount                                                      

                        Ketene (ml.) C    H   Copolymer                        

                                                      Str.   Elong. %          

                                                      (psi.)                   

     __________________________________________________________________________

     45 15   diphenyl-                                                         

                   1.g. 20     0.2   19.15                                     

                                          0.91                                 

                                              96.7    6,330  20.5              

             ketene                  19.18                                     

                                          0.92                                 

     46 30   butyl-                                                            

                   2 g. 12.5   0.4   16.82                                     

                                          0.82                                 

                                              99.0                             

             ethyl-                                                            

             ketene                                                            

     47 30   dimethyl-                                                         

                   1.2 g.                                                      

                        12     0.4   17.23                                     

                                          1.14                                 

                                              98.0                             

             ketene                                                            

     48 30   penta-                                                            

                   0.8 g.                                                      

                        28     0.4   17.17                                     

                                          1.04                                 

                                              98.0                             

             methylene-                                                        

             ketene                                                            

     __________________________________________________________________________

      *Lithium tert-butoxide (1 molar) in cyclohexane.                         

PAC  EXAMPLE 49
PAC  Copolymer of Chloral and Dimethylketene
PAR  In a 50 ml. glass polymerization tube was placed a sealed vial containing
      0.2 ml. of a 2 molar solution of lithium tert-butoxide in cyclohexane and
      several steel balls. Chloral (30 g.) was added to the tube and
      dimethylketene (1.2 g.) was then condensed into the tube. The supernatant
      air in the tube was evacuated after which the tube was sealed and heated
      to 60.degree.C. The tube was shaken vigorously to cause the steel balls to
      break the vial containing the initiator and to produce a homogeneous
      solution. After the contents of the tube had come to rest it was placed
      without agitation in a -30.degree.C. bath. Polymerization commenced in the
      placid mixture almost immediately. The tube was taken out after an hour
      and the polymerization was allowed to go to completion overnight at room
      temperature. The initial yellow color of the solution almost completely
      disappeared during the polymerization. The tube was opened and a tough and
      stiff chloral-dimethylketene copolymer was obtained. Elemental analysis
      for carbon and hydrogen indicated the polymer contained 6% of
      dimethylketene, and the infrared spectrum of the polymer showed a strong
      ester band at 5.75 .mu..
PAC  EXAMPLES 50 and 51
PAR  Copolymerizations of chloral were carried out with ketene and methylketene
      using the sealed tube procedure of Example 49. Details of these are shown
      in Table III.
TBL                                    Table III                               

     __________________________________________________________________________

     Copolymerization of Chloral with Ketenes                                  

     __________________________________________________________________________

                        Molar                                                  

                        Feed Ratio   Copolymer                                 

                                              Mol Percent                      

     Chloral Comonomer  Chloral/                                               

                               Initiator*                                      

                                     Analysis(%)                               

                                              Chloral in                       

     Ex.                                                                       

        (g.) Type  Amount                                                      

                        Ketene                                                 

                          (ml.)      C    H   Copolymer                        

     __________________________________________________________________________

     49 30   dimethyl-                                                         

                   1.2 g.                                                      

                        12     0.4   17.17                                     

                                          1.15                                 

                                              98.0                             

             ketene                  17.20                                     

                                          1.05                                 

     50 30   ketene                                                            

                   1.0 g.                                                      

                        8.5    0.4   16.95                                     

                                          0.88                                 

                                              95.2                             

     51 30   methyl-                                                           

                   1.2 g.                                                      

                        9.5    0.4   16.92                                     

                                          1.05                                 

                                              96.1                             

             ketene                  16.91                                     

                                          1.08                                 

     __________________________________________________________________________

      *Lithium tert-butoxide (1 molar) in cyclohexane.                         

PAR  When the following ketenes are substituted for dimethylketene in the
      procedure of Example 49, the corresponding chloral-ketene copolymers are
      obtained:
PA1  phenoxyketene;
PA1  p-chlorophenoxyketene;
PA1  2,4-dichlorophenoxyketene;
PA1  2,4,6-trichlorophenoxyketene;
PA1  diphenoxyketene;
PA1  bis(p-biphenyl)ketene;
PA1  di-p-tolylketene;
PA1  dimesitylketene;
PA1  dodecylethylketene;
PA1  durylphenylketene;
PA1  tetradecylketene;
PA1  octadecylketene;
PA1  benzylmethylketene;
PA1  cyclohexylketene;
PA1  dimethyleneketene (carbonylcyclopropane);
PA1  tetramethyleneketene (carbonylcyclopentane);
PA1  (1-naphthyl)phenylketene;
PA1  3,3,3-trichloropropylketene;
PA1  p-methoxyphenylketene;
PA1  dicyanoketene (carbonylmalononitrile);
PA1  (ethoxycarbonyl)ketene;
PA1  and (ethoxycarbonyl)-p-tolylketene.
PAC  FILLED COMPOSITIONS
PAR  It has been pointed out above that the copolymers of this invention can be
      combined with fillers and reinforcing of all types whether inorganic or
      organic.
PAR  The chloral copolymer moiety of the filled compositions forms a matrix
      representing 1-99% by weight, of the total weight of the filled
      compositions and preferably 60-95% of the total weight of the filled
      compositions. When fiber fillers are used, such as especially treated
      glass fibers capable of chemical bond formation between the copolymer and
      glass fiber, tough rigid reinforced objects can be obtained. The filled
      chloral copolymer compositions, in general, possess a combination of
      mechanical and physical properties as follows: good weathering, high
      rigidity, non-burning, as they do not support combustion, and good tensile
      and impact strength. When a bond is formed between the matrix resin and
      the filler, an added property of good hydrolytic stability is obtained.
      Preferably, this bond should be a chemical bond such as that formed
      between the copolymer and glass treated with a vinylsilane or Werner-type
      chromate complex containing an addition polymerizable group. However, good
      properties are observed in filled compositions where the bond between the
      matrix copolymer and filler is other than a chemical bond such as a Van
      der Waals bond.
PAR  Filled compositions are prepared by mixing fillers with a catalyzed mixture
      of chloral and comonomers prior to cryotachensic polymerization.
      Alternatively, the filler can be mixed with the mixture of monomers, then
      after complete mixing, the desired quantity of initiator is added to the
      mixture, prior to cryotachensic polymerization. It is preferable to degas
      the catalyzed mixtures prior to polymerization to remove oxygen and any
      other dissolved gas present to minimize the formation of voids in the
      final product.
PAR  Rigid shaped objects can be produced with the catalyzed filler-monomer
      mixture such as flat, curved, corrugated or otherwise shaped sheets for
      glazing and architectural uses, automobile bodies, exterior step treads,
      boat hulls and decking, fishing poles, fire barriers, laundry tubs,
      electrical appliance housings, bearings, motor insulation, rocket motor
      casings and the like. The non-burning characteristics of the products of
      this invention make them particularly advantageous in these uses.
PAR  The mechanical properties of the reinforced copolymer panels compare very
      favorably with the mechanical properties of available fiber glass
      reinforced polyester compositions.
PAR  The chloral copolymer reinforced sheets are completely noncombustible
      whereas polyester panels burn vigorously and even so called flame
      retardant compositions support combustion when compared in the American
      Society for Testing and Materials (ASTM) flammability test D635-63.
PAC  EXAMPLE 52
PAC  Copolymer of Chloral and p-Phenyl Isocyanate Filled with Glass Wool
PAR  A layer of glass wool about 3 mm thick, measuring about 220 mm .times. 140
      mm. and weighing about 15 g. was placed between two 3 mm. glass plates
      measuring 180 mm. .times. 280 mm. A length of 6 mm..times. 1.5mm. wall gum
      rubber tubing was inserted between the plates about 1 inch in from the
      edges to serve as a gasket which was liquid tight except for a small
      opening near one corner through which the polymerizable monomer mixture
      can be introduced. The assembly was clamped together with spring clamps on
      all edges and heated to 60.degree.C. A mixture of chloral (93.5 ml.) and
      p-chlorophenyl isocyanate (6.2 ml.) was heated under nitrogen to
      68.degree.C. and mixed with 4.0 ml. of a 1 molar solution of triphenyl
      phosphine in benzene. This initiated monomer mixture was transferred with
      a preheated (60.degree.C.) hypodermic syringe having a large bore (12 ga)
      needle long enough to reach nearly to the bottom of the glass-filled mold.
      The preheated mold was carefully filled, from the bottom up in order to
      displace the air trapped in the glass, with the hot mixture of initiated
      monomer. With the polymerization mixture in quiescent condition, the
      filled mold was quickly immersed in ice water taking care to keep any
      water from getting into the casting through the opening in the gasket and
      to keep the polymerization mixture quiescent during the polymerization.
      After one hour the mold was removed from the ice bath and allowed to warm
      to room temperature overnight. One half (A) of the strong, hard, nearly
      transparent reinforced chloral/p-chlorphenyl isocyanate copolymer sheet
      was cured in a 100.degree.C. air over. After 24 hours it had lost 22.2% in
      weight, but was essentially unchanged in length or width. The other half
      (B) of the sheet was allowed to air dry. It lost less than 3% in weight in
      one week.
PAR  Examples 53-80 which follow, show the preparation of chloral homopolymer
      and copolymer sheets reinforced with selected fibrous materials and
      prepared in the manner indicated. The detailed procedure of Example 52 was
      used except for the differences shown.
TBL                                    TABLE IV                                

     __________________________________________________________________________

                    Monomer Charge                                             

     Fibrous             Co-  Ini-       Tensile                               

                                               Elonga-                         

                                                     Flexural                  

                                                           Flexural            

     Reinforcing Agent                                                         

                    Chloral                                                    

                         monomer                                               

                              tiator                                           

                                  Work-up                                      

                                         Strength                              

                                               tion  Strength                  

                                                           Modulus             

     Ex.                                                                       

        Material                                                               

               g.   ml.  ml.  ml. Procedure                                    

                                         (psi) (psi) (psi) (psi)               

     __________________________________________________________________________

     53 Glass wool                                                             

                26.2                                                           

                    93.5 6.2A 4.0B                                             

                                  Under vacuum                                 

                                         5,930 5     229,000                   

        (as in Ex. 52)            for 2 days                                   

     54 Polypival-                                                             

                15  93.5 6.2A 4.0B                                             

                                  Air Dry                                      

        olactone.sup.1            100.degree.C.,                               

                                  168 hrs.                                     

     55 Polyethylene                                                           

                 4.5                                                           

                    93.5 6.2A 4.0B                                             

                                  Air Dry                                      

                                         3,730 24.0                            

        terephthalate.sup.2                                                    

     56 Poly-   12.0                                                           

                    93.5 6.2A 4.0B                                             

                                  Air Dry                                      

        propylene.sup.3                                                        

     57 Fiber glass.sup.4                                                      

                35.0                                                           

                    93.5 6.2A 4.0B                                             

                                  Air Dry                                      

                                         12,580                                

                                               2.57  571,000                   

                                                           16,600              

                                  100.degree.C.,                               

                                  169 hrs.                                     

     58 Fiber glass.sup.5                                                      

                35.0                                                           

                    93.5 6.2A 4.0B                                             

                                  Air Dry                                      

                                         11,500                                

                                               3.2   453,000                   

                                                           12,800              

                                  100.degree.C.,                               

                                         12,720                                

                                               2.5                             

                                  169 hrs.                                     

     59 Fiber glass.sup.6                                                      

                27.3                                                           

                    140.3                                                      

                         10.5C                                                 

                              6.0B                                             

                                  120.degree.C.,                               

                                         13,800                                

                                               2.0   576,000                   

                                                           20,000              

                                  1 hr.                                        

     60 Fiber glass.sup.7                                                      

                28.2                                                           

                    140.3                                                      

                         9.3A 6.0B                                             

                                  110.degree.C.,                               

                                         5,900 2     300,000                   

                                                           10,000              

                                  1 hr.                                        

     61 Fiber glass.sup.7                                                      

                 8.3                                                           

                    140.3                                                      

                         9.3A 6.0B                                             

                                  110.degree.C.,                               

                                         6,190       362,000                   

                                                           9,940               

                                  1 hr.                                        

     62 Fiber glass.sup.6                                                      

                20.6                                                           

                    140.3                                                      

                         9.3A 6.0B                                             

                                  120.degree.C.,                               

                                         9,560       464,000                   

                                                           14,200              

                                  1 hr.                                        

     63 Fiber glass.sup.6                                                      

                50.0                                                           

                    140.3                                                      

                         9.3A 6.0B                                             

                                  120.degree.C.,                               

                                         12,800      593,000                   

                                                           16,200              

                                  1 hr.                                        

     64 Fiber glass.sup.6                                                      

                39.4                                                           

                    140.3                                                      

                         9.3A 6.0B                                             

                                  120.degree.C.,                               

                                         11,300      539,000                   

                                                           14,000              

                                  1 hr.                                        

     65 Fiber glass.sup.6                                                      

                51.6                                                           

                    140.3                                                      

                         9.3A 6.0B                                             

                                  120.degree.C.,                               

                                         16,000      752,000                   

                                                           19,700              

                                  1 hr.                                        

     66 Fiber glass.sup.6                                                      

                26.8                                                           

                    140  8.25D                                                 

                              6.0B                                             

                                  120.degree.C.,                               

                                         8,880       574,000                   

                                                           16,400              

                                  1 hr.                                        

     67 Fiber glass.sup.6                                                      

                26.7                                                           

                    140  10.5E                                                 

                              6.0B                                             

                                  120.degree. C.,                              

                                         5,410       718,000                   

                                                           15,000              

                                  1 hr.                                        

     68 Fiber glass.sup.6                                                      

                28.5                                                           

                    140  10.5F                                                 

                              6.0B                                             

                                  120.degree.C.,                               

                                         9,810       595,000                   

                                                           18,900              

                                  1 hr.                                        

     69 Fiber glass.sup.6                                                      

                27.4                                                           

                    140  12.0C                                                 

                              6.0B                                             

                                  120.degree.C.,                               

                                         11,000                                

                                  1 hr.                                        

     70 Fiber glass.sup.6                                                      

                29.5                                                           

                    140  14.25H                                                

                              6.0B                                             

                                  120.degree.C.,                               

                                  1 hr.                                        

     71 Fiber glass.sup.6                                                      

                27.7                                                           

                    140  9.1I 6.0B                                             

                                  120.degree.C.,                               

                                         5,350       532,000                   

                                                           13,100              

                                  1 hr.                                        

     72 Fiber glass.sup.6                                                      

                28.4                                                           

                    140  None 6.0B                                             

                                  120.degree.C.,                               

                                         7,190       652,000                   

                                                           15,900              

                                  1 hr.                                        

     73 Fiber glass.sup.6                                                      

                28.3                                                           

                    144  4.6F 6.0B                                             

                                  120.degree.C.,                               

                                         9,930       476,000                   

                                                           120,000             

                                  1 hr.                                        

     74 Fiber glass.sup.6                                                      

                26.2                                                           

                    135  24.0F                                                 

                              6.0B                                             

                                  120.degree.C.,                               

                                         7,310       539,000                   

                                                           10,400              

                                  1 hr.                                        

     75 Fiber glass.sup.6                                                      

                27.0                                                           

                    147  1.8A 6.0B                                             

                                  120.degree.C.,                               

                                         11,000                                

                                               3.3   487,000                   

                                                           13,500              

                                  1 hr.                                        

     76 Fiber glass.sup.6                                                      

                26.6                                                           

                    143  5.6A 6.0B                                             

                                  120.degree.C.,                               

                                         8,990 3.1   470,000                   

                                                           13,100              

                                  1 hr.                                        

     77 Fiber glass.sup.6                                                      

                26.6                                                           

                    140  11.0A                                                 

                              6.0B                                             

                                  120.degree.C.,                               

                                         11,000                                

                                               3.8   517,000                   

                                                           13,200              

                                  1 hr.                                        

     78 Fiber glass.sup.6                                                      

                25.2                                                           

                    137  16.5A                                                 

                              6.0B                                             

                                  120.degree.C.,                               

                                         7,660 2.6   487,000                   

                                                           14,600              

                                  1 hr.                                        

     79 Fiber glass.sup.6                                                      

                26.6                                                           

                    130  24.0A                                                 

                              6.0B                                             

                                  120.degree.C.,                               

                                         4,580 2.7   394,000                   

                                                           12,900              

                                  1 hr.                                        

     80 Fiber glass.sup.6                                                      

                27.8                                                           

                    126  30.0A                                                 

                              6.0B                                             

                                  120.degree.C.,                               

                                         8,570 3.4   385,000                   

                                                           11,200              

                                  1 hr.                                        

     __________________________________________________________________________

                  Notched                                                      

                  Izod Impact                                                  

                  Strength                                                     

              Ex. (ft. lbs./in.)                                               

                            Remarks                                            

     __________________________________________________________________________

              53  1.58      Strong, hard sheet of reinforced                   

                            chloral/p-chlorophenyl                             

                            isocyanate copolymer                               

              54  3.82      Strong, hard reinforced copolymer sheet            

                  3.94      Strong, hard reinforced copolymer sheet            

              55  1.34      Strong, hard reinforced copolymer sheet            

              56  4.84      Strong, hard reinforced copolymer sheet            

              57  12.2      Strong, hard reinforced copolymer sheet            

                  11.7      Strong, hard reinforced copolymer sheet            

              58  12.9      Strong, hard reinforced copolymer sheet            

              59  11.7      Strong, hard sheet of reinforced chloral/2,4-      

                            toluene diisocyanate copolymer                     

              60  17.7      Strong, hard reinforced copolymer sheet            

              61  9.4       8.3 vol. % glass                                   

              62  7.9       10.6 vol. % glass                                  

              63  10.4      14.7 vol. % glass                                  

              64  13.5      24.3 vol. % glass                                  

              65  16.2      45.2 vol. % glass                                  

              66  9.2       Strong, hard sheet of reinforced chloral/phenyl    

                            isocyanate copolymer                               

              67  14.5      Strong, hard sheet of reinforced chloral/diphenyl  

                            ketone copolymer                                   

              68  11.8      Strong, hard sheet of reinforced chloral/toluene   

                            diisocyanate copolymer, 5 mole % toluene           

                            diisocyanate                                       

              69  14.6      Strong, hard sheet of reinforced                   

                            chloral/hexamethylene                              

                            diisocyanate copolymer                             

              70  9.8       Strong, hard sheet of reinforced chloral/p,p'-     

                            diisocyanatidiphenylmethane copolymer              

              71  11.2      Strong, hard sheet of reinforced chloral/2,5-      

                            dichlorophenyl isocyanate copolymer                

              72  9.9       Strong, hard sheet of reinforced polychloral       

              73  10.4      2 Mole percent toluene diisocyanate                

              74  11.1      10 Mole percent toluene diisocyanate               

              75  10.6      1 Mole percent p-chlorophenyl isocyanate           

              76  9.9       3 Mole percent p-chlorophenyl isocyanate           

              77  10.5      6 Mole percent p-chlorophenyl isocyanate           

              78  13.2      8 Mole percent p-chlorophenyl isocyanate           

              79  10.8      12 Mole percent p-chlorophenyl isocyanate          

              80  12.9      15 Mole percent p-chlorophenyl isocyanate          

     __________________________________________________________________________

      .sup.1 Bat of fibers having strength of 1.5 grams per denier, prepared   

      from polypivalolactone fibers of U.S. Pat. No. 2,658,055.                

      .sup.2 Bat of fibers.                                                    

      .sup. 3 Random fibers in bat form.                                       

      .sup.4 Chopped glass fiber reinforced bat treated with a silane.         

      .sup.5 Washed with chloroform and vacuum dried before use.               

      .sup.6 Washed with acetone and dried before use.                         

      .sup.7 Continuous fiber reinforcing but treated with a silane. Washed wit

      chloroform and dried before use.                                         

      A. p-chlorophenyl isocyanate.                                            

      B. 1-Folar triphenylphosphine in benzene.                                

      C. 2,4-Toluene diisocyanate.                                             

      D. Phenyl isocyanate.                                                    

      E. Diphenyl ketone.                                                      

      F. 80% 2,4-Toluene diisocyanate, 20% 2,6-toluene diisocyanate.           

      G. Hexamethylene diisocyanate.                                           

      H. p,p'-Diisocyanatediphenylmethane.                                     

      I. 2,5-Dichlorophenyl isocyanate.                                        

PAC  EXAMPLE 81
PAC  A. Fabric-Reinforced Pipe of Chloral Polymers
PAR  The bottom third of each of a series of 18 mm. outside diameter (OD) test
      tubes was wrapped with 50 mm. wide strips of various fabrics until the
      wrapped test tube would just comfortably fit inside a test tube of 26 mm.
      inside diameter (ID). The coaxially assembled tubes were held under vacuum
      at 70.degree.C. to remove any traces of moisture and the free space
      between the heated test tubes was filled with chloral monomer heated to
      68.degree.C. to which had been added 0.1 mole percent of lithium
      tert-butoxide. The polymerization mixtures were allowed to become placid
      and the filled assemblies were then chilled to 0.degree.C. for periods of
      time ranging from 20 min. to 16 hours without agitating the polymerization
      mixtures. After the assemblies had warmed to room temperature, the test
      tubes were broken away to leave short lengths of fabric reinforced
      cylinders of strong, hard polychloral about 2 inches long, 18 mm. ID, and
      26 mm. OD. Cylinders reinforced with woven fiberglass cloth, woven
      polytetrafluoroethylene fabric, fiberglass filter cloth, and nonwoven
      felts of polypivalolactone and polypropylene were prepared. Similarly
      strong reinforced tubes of chloral copolymers are obtained when the
      chloral/-p-chlorophenyl isocyanate/triphenylphosphine mixture of Example
      52 is used in place of the chloral/lithium tert-butoxide mixture above.
PAC  B. Non-Reinforced Pipe of Chloral-Phenyl Isocyanate Copolymers.
PAR  An open-ended glass tube about 300 mm. long and 75 mm. inside diameter was
      fitted with a rubber stopper at each end, each stopper having a central
      opening. A second, smaller glass tube about 300 mm. long but with an
      outside diameter of 45 mm. was positioned coaxially within the larger tube
      by insertion through the central openings in the rubber stoppers, and the
      assembly mounted vertically. The smaller inner tube was closed at its
      bottom end with a solid rubber stopper. The upper stopper of the outer
      tube was additionally provided with two smaller holes opening into the
      bore of the outer tube, one to admit nitrogen gas and the other, itself
      loosely stoppered, to admit monomer and initiator into the bore of the
      outer tube. Hot (65.degree.C.) water was circulated through the smaller
      tube and a 65.degree.C. water bath raised around the outer one. A mixture
      of chloral (625 ml.) and phenyl isocyanate (29 ml., 4 mole %) was heated
      to 65.degree.C., mixed with 33 ml. of 3.2% lithium tertbutoxide in
      cyclohexane and used to fill the annular space between the concentric
      tubes and the resulting homogeneous mixture allowed to become motionless.
      Circulation of the hot water in the inner tube was continued but the hot
      water bath surrounding the outer tube was removed. A -20.degree.C. cooling
      bath was then raised around the outer tube at the rate of 3 mm. per minute
      until the cooling bath reached the top level of the quiescent
      polymerization mixture and completely surrounded it. Cooling of the outer
      tube was continued for 30 minutes while the inner tube was still being
      kept warm. After 30 minutes of standing under these conditions, the flow
      of hot water into the inner tube was stopped and the hot water in the tube
      was removed by suction, the cooling bath still being in position around
      the outer tube. After another 30 minute period the stopper closing the
      bottom end of the inner tube was removed thus allowing the -20.degree.C.
      bath liquid to enter and fill the center tube. After 30 minutes of thus
      cooling both the inside and outside tubes, the cold bath was removed and
      the resulting copolymer product allowed to warm to room temperature
      overnight before the glass was broken away. The resulting pipe section was
      void-free and had a smooth outer surface. The inner surface was relatively
      rough and uneven. Since the manner of cooling caused polymerization to
      occur from the outer wall inward, the shrinkage which occurred during
      polymerization caused the polymer to shrink away from the inner tube. The
      inner surface was machined smooth to give a strong pipe about 200 mm.
      long, 75 mm. OD, and 50 mm. ID.
PAC  EXAMPLE 82
PAC  Chloral, p-Chlorophenyl Isocyanate, Diphenylketene Terpolymer
PAR  In a dry 250 ml. glass flask which was continuously blanketed with
      nitrogen, there was mixed 140 ml. of freshly distilled chloral, 9.3 ml. of
      p-chlorophenyl isocyanate and 1.5 ml. of diphenylketene. The mixture was
      heated to 65.degree.C. and 6.0 ml. of a 1 molar solution of
      triphenylphosphine in benzene was added and mixed in well to form a
      uniform mixture. The initiator-containing mixture was transferred at
      temperatures above 60.degree.C. to a mold formed of two glass plates
      separated by a 3 mm. gum-rubber gasket and the mixture allowed to become
      motionless. The assembly was cooled at 0.degree.C. to bring about
      polymerizition of the motionless mixture. The mold was opened after
      polymerization had been completed to release a clear, tough 3 mm. thick
      sheet of chloral/p-chlorophenyl isocyanate/-diphenylketene terpolymer
      useful for glazing.
PAC  EXAMPLE 83
PAC  A. Chloral, p-Chlorophenyl Isocyanate, Dodecyl Isocyanate Terpolymer
PAR  The procedure of Example 82 was repeated, using a mixture of 140 ml.
      chloral, 7 ml. p-chlorophenyl isocyanate, 2 ml. dodecyl isocyanate and 6.0
      ml. of a 1 molar solution of triphenylphosphine in benzene. A tough, clear
      sheet of chloral/p-chlorophenyl isocyanate/dodecyl isocyanate terpolymer
      was obtained.
PAC  B. Chloral, p-Chlorophenyl Isocyanate, Hexyl Isocyanate Terpolymer
PAR  The procedure of Example 82 was repeated using a mixture of 140 ml.
      chloral, 7 ml. p-chlorophenyl isocyanate, 2ml. hexyl isocyanate and 6.0
      ml. of 1 molar solution of triphenylphosphine in benzene. A tough, clear
      sheet of chloral/p-chlorophenyl isocyanate/hexyl isocyanate terpolymer was
      obtained.
PAC  EXAMPLE 84
PAC  Chloral, Diphenylketene, 3,4-Dibromophenyl Isocyanate, Hexamethylene
      Diisocyanate Tetrapolymer
PAR  Part A
PAR  In a dry 500-ml. Erlenmeyer flask, which was blanketed with nitrogen, a
      mixture of 210 g. (1.40 moles, 93.6 mole %) of freshly distilled chloral,
      9.2 g. (0.05 mole, 3.1 mole %) of diphenyl ketene, 8.3 g. (0.03 mole, 2.0
      mole %) of 3,4-dibromophenyl isocyanate and 3.3 g. (0.02 mole, 1.3 mole %)
      of hexamethylene diisocyanate was heated to 55.degree.C. A 1-molar
      solution of triphenyl phosphine in benzene (6.0 ml.) was then added and
      mixed in well to form a homogeneous solution. One part of this heated
      mixture was transferred into a warm test tube, and the tube was then
      cooled to 0.degree.C. without agitation. Polymerization commenced almost
      immediately and was essentially completed in one hour to form a
      tetrapolymer. The tube containing the tetrapolymer was then allowed to
      come to room temperature. The plug of chloral/diphenyl
      ketene/3,4-dibromophenyl isocyanate/hexamethylene diisocyanate
      tetrapolymer was then removed from the test tube, extracted for 50 hours
      with acetone, dried for  20 hours at 60.degree.C./1mm. and analyzed: C,
      19.41; H, 1.00; N, 0.27; Br, 2.75; and Cl, 66.66. This corresponds to a
      chloral/diphenyl ketene/3,4-dibromophenyl isocyanate/hexamethylene
      diisocyanate molar ratio of 95/1.5/2.5/1.0 for which the calculated
      analysis is C, 18.73; H, 0.83; N, 0.41; Br, 2.60; Cl, 66.67.
PAR  Part B
PAR  Another part of the above heated initiated mixture of monomers as prepared
      in Part A was transferred at temperatures above 55.degree.C. to a mold
      formed by two glass plates separated by a strand of elastic fiber about
      0.1 mm. thick. The assembly and its quiescent contents was then cooled to
      0.degree.C. without agitation and kept at that temperature for about one
      hour. A clear film of chloral/diphenyl ketene/3,4-dibromophenyl
      isocyanate/hexamethylene diisocyanate tetrapolymer was obtained which was
      stiff and tough. The composition was the same as the product in Part A
      above. The infrared spectrum of the film showed a strong band at 5.70 .mu.
      indicative of a urethane linkage and a weaker, well separated band at 5.85
      .mu. indicative of an ester linkage.
PAR  Part C
PAR  Another part of the above described, heated initiated mixture of monomers
      as prepared in Part A was transferred at temperatures above 55.degree.C.
      to a mold formed by two glass plates separated by rubber tubing to make 3
      mm. thick sheets. The assembly and its quiescent contents was then cooled
      to 0.degree.C. without agitation and kept at that temperature for about 1
      hour. A clear sheet of chloral/diphenyl ketene/3,4-dibromophenyl
      isocyanate/hexamethylene diisocyanate was obtained which was stiff and
      tough. It was extracted with acetone as described in Part A. Elemental
      analysis for C, H, N, and Br, (C, 18.99; H, 0.98, N, 0.26; Br 2.29 Cl,
      67.21) indicated the chloral polymer contained 95 mole percent of chloral,
      1.5 mole percent of diphenyl ketene, 2.5 mole percent of 3,4-dibromophenyl
      isocyanate, and 1.0 mole percent of hexamethylene diisocyanate. The
      infrared spectrum (Nujol mull) showed a strong band at 5.70 .mu.
      indicative of a urethane linkage, and a weaker, well separated band at
      5.85 .mu. indicative of an ester linkage.
PAC  EXAMPLE 5
PAC  Chloral-Phenyl Isocyanate Copolymer Filled With Carbon Black
PAR  An initiated monomer solution was prepared by mixing 50 ml. of chloral, 150
      ml. of toluene and 0.12 g. of lithium tert-butoxide at 30.degree.C. To 25
      ml. of this solution in a 125 ml. Erlenmyer flask closed with a rubber
      stopper was added 0.2 g. of carbon black. The flask was shaken quickly to
      disperse the carbon black and when uniform and quiescent, the mixture was
      placed in an ice bath and held there until the chloral monomer gelled.
      Polymerization was completed by cooling to 5.degree.C. for 12 hours.
      Residual solvent was removed at 0.2 mm. pressure. The polymer plug
      obtained was soaked with a 20% phenylisocyanate solution in toluene for a
      time sufficient to allow formation of a copolymer of chloral and
      phenylisocyanate. The sample was washed and dried to give a shiny black
      block of polymer which was machined into a flat chip about 4 mm. thick and
      33 mm. in diameter.
PAC  EXAMPLE 86
PAC  A. Chloral, p-Chlorphenyl Isocyanate Copolymer With Phthalocyanine Blue
      Pigment
PAR  An experiment similar to Example 85 was carried out with copper
      phthalocyanine blue pigment instead of carbon black. Copper phthalocyanine
      blue (0.025 g.) was dispersed in the above initiated chloral mixture (40
      ml.) and polymerization was carried out as described above to give a
      copolymer plug having a deep blue color.
PAC  B. Chloral, p-Chlorophenyl Isocyanate Copolymer With
      PolyTetrafluoroethylene Flock as Filler
PAR  An experiment similar to Example 85 was carried out with fluorocarbon
      polymer flock instead of carbon black. 10 grams of chopped fibers of
      polytetrafluoroethylene were suspended in 60 ml. of the above initiated
      chloral mixture and polymerization carried out as described above under
      Example 85. A flock filled copolymer was obtained.
PAC  EXAMPLE 87
PAC  Pigmented Chloral, p-Chlorophenyl Isocyanate Copolymers
PAR  To a mixture of 10 ml. of chloral and 0.6 ml. of p-chlorophenylisocyanate
      was added at 60.degree.C. a one molar benzene solution of
      triphenylphosphine (0.4 ml.) and 0.025 g. or 0.050 g. of the following
      pigments in separate experiments: Polychloro copper phthalocyanine, copper
      phthalocyanine blue, beta quinacridone, gamma quinacridone, coated lead
      chromate pigment, (U.S. Pat. No. 2,885,366), coated molybdate orange
      pigment (U.S. Pat. No. 2,885,366), and nickel azo complex.
PAR  The uniform, quiescent mixtures were placed in an ice bath for 2 hours and
      then allowed to stand for 16 hours at room temperature. The polymerization
      was accomplished smoothly and gave polymer pieces which lost approximately
      10% weight upon heating for 1 hour at 120.degree.C. The pieces did not
      change color during the heat treatment.
PAC  EXAMPLE 88
PAC  Chloral, p-Chlorophenyl Isocyanate Copolymer Filled With Titanium Dioxide
PAR  To a mixture of chloral (140 ml.) and p-chlorophenylisocyanate (9.3 ml.),
      at 50.degree. was added a one molar benzene solution of triphenylphosphine
      (6 ml.) and finely divided TiO.sub.2 (4 g.). This mixture was placed
      between glass plates held apart with a 3 mm. rubber spacer.
PAR  The assembly and its quiescent contents was placed in an ice bath for 1
      hour and then held for 16 hours at room temperature for completion of the
      polymerization. The pigmented polymer sheet was heat treated for 1 hour at
      120.degree.C. The weight loss was 19% to give a white, opaque sheet.
PAR  For each of the following dyed copolymer preparations listed in Table V,
      the following polymerization mixture was used: chloral (70 ml.),
      p-chlorophenylisocyanate (4.2 ml.) and a one molar benzene solution of
      triphenylphosphine (2.8 ml.). To the mixture heated at 50.degree.C., a dye
      (type and amount as shown in Table V) was added, and the homogeneous
      solution was placed in a cell formed formed by glass plates held apart by
      a 3 mm. polyvinyl chloride spacer. Polymerization was carried out by
      placing the assembly and its motionless polymerization mixture in an ice
      bath at 0.degree.C. for 2 hours, and then held at room temperature for 16
      hours. Colored copolymer sheets having a thickness of 3 mm. and good color
      stability, even after heat treatment for 1 hour at 120.degree.C. (weight
      loss 8-14%), were obtained.
      ##SPC1##
PAR  The unpolymerized liquid mixtures of chloral and the comonomers described
      above and these liquids containing a polymerization catalyst, aprotic
      solvent or filler form another embodiment of the invention. The
      concentration of chloral, comonomers, catalysts, aprotic solvents,
      fillers, etc., are as described above. The liquid mixtures of chloral and
      comonomers without initiator can conveniently be stored and shipped prior
      to polymerization since they do not undergo polymerization in the absence
      of a polymerization initiator. The unpolymerized liquid mixtures
      containing a catalyst may be stored and shipped if they are maintained
      above the threshold polymerization temperature of the particular liquid.
      It should be understood, however, that storage times may vary from one
      composition to another, some being storable and shippable for longer
      periods of time than others. These liquid mixtures can be heated in a
      range whose lower limit is above their threshold temperature and whose
      upper limit is below their reflux temperature. However the temperature
      should not exceed the decomposition temperature of any of the ingredients
      of said liquid mixtures. Fillers can be added to the mixtures of monomers
      maintained above the threshold temperature. The filler-comonomer mixtures
      are in the form of a paste having a dough-like consistency which can be
      fabricated into shaped objects by matched-die molding coupled with cooling
      the mixture bwlow the threshold temperature.
PAR  The conversion of comonomers to polymer may be made over wide ranges of
      polymerization conditions.
PAC  EXAMPLE 96
PAC  Chloral, p-Chlorophenyl Isocyanate Copolymer Sheets
PAR  To a mixture of 140 ml. of chloral and 9.3 ml. of p-chlorophenyl isocyanate
      at 50.degree.C. was added 6.0 ml. of a 1 M solution of triphenylphosphine
      in benzene. The resulting uniform mixture was used to fill 3 mm. clear
      sheet molds (described in Example 82). The molds containing the quiescent
      polymerization mixtures were then polymerized under a variety of
      conditions of time and temperature. The resultant polymerized sheets were
      then weighed, baked one hour at 120.degree.C. and then extracted for 24
      hours in acetone, dried in vacuo at 60.degree.C. and reweighed. Conversion
      of the monomers (1) to polymer stable at 120.degree.C. and (2) to polymer
      stable to acetone extraction was calculated.
TBL  ______________________________________                                    

     Ex.                      % Conversion                                     

     No.  Polymerization conditions                                            

                              (1)       (2)                                    

     ______________________________________                                    

     A    1 hr. at 35.degree.C., 16 hrs. at *r.t.                              

                              77.4      57.3                                   

     B    1 hr. at 0.degree.C., 16 hrs. at r.t.                                

                              88.5      69.8                                   

     C    5 min. at 0.degree.C., 16 hrs. at r.t.                               

                              86.6      69.4                                   

     D    16 hrs. at 0.degree.C.                                               

                              89.6      73.8                                   

     E    1 hr. at 0.degree.C.                                                 

                              85.8      66.8                                   

     F    1 hr. at -50.degree.C., 16 hrs. at r.t.                              

                              82.3      60.6                                   

     ______________________________________                                    

PAC  STABILIZATION OF POLYMERS BY HEAT TREATMENT
PAR  It has been mentioned earlier that solvent and unpolymerized monomers may
      be removed from the copolymers of this invention by evaporation or
      extraction. Such treatment results in polymer of enhanced thermal
      stability.
PAR  The polymers may also be stabilized against thermal degradation by,
      surprisingly enough, a heat treatment at a temperature range of 80.degree.
      to 175.degree.C. for a period of time ranging from 5 minutes up to several
      hours. It is believed that the raw polymers contain stable polymer, an
      "unstable" fraction, and unchanged monomers and solvent. In order to
      prepare polymers having enhanced usefulness, particularly for extended use
      at elevated temperatures, the solvent and unchanged monomers should be
      removed and more importantly the less stable portion present in the
      polymer should be altered or removed. The heat treatment appears to remove
      the solvent and unchanged monomers and also results in an enhancement of
      the thermal stability of the polymer.
PAR  This is a most surprising phenomenon since other raw polymers, not
      previously treated for heat stability, such as polyvinyl chloride and
      polyoxymethylene decompose autocatalytically when heated and become less
      stable rather than more stable to heat. Samples of the copolymers of this
      invention that lost weight rapidly at first, 6% in the first 100 hours at
      100.degree.C., became essentially weight-stable, only 0.7% loss per week,
      after being heated at 100.degree.C. for 600 hours.
PAC  EXAMPLE 97
PAC  A. Copolymer of Chloral and p-Chlorophenyl Isocyanate
PAR  A clear sheet 3 mm. thick of 95/5 mole ratio chloral/p-chlorophenyl
      isocyanate, prepared according to Example 52 but omitting the glass wool,
      was cut into four pieces. Piece I was not treated further. Pieces II, III,
      and IV were baked in a 120.degree.C. air oven for 1, 2 and 6 hrs.,
      respectively. The relative thermal stability of the four pieces at
      60.degree. was then determined by measuring the further loss in weight
      after 225 hrs. at 60.degree.. I lost 18.8% while II, III and IV lost only
      1.5, 0.3 and 0.1% respectively.
PAC  B. Copolymer of Chloral and Toluene Diisocyanate
PAR  A sheet like that in A was made substituting toluene diisocyanate for the
      p-chlorophenyl isocyanate to give a 95/5 mole ratio copolymer of
      chloral/toluene diisocyanate. The sheet was cut into four pieces. Piece I
      was not further treated. Pieces II, III and IV were baked at 120.degree.C.
      for 1, 2 and 6 hours, respectively as in A. On aging at 60.degree.C. for
      225 hrs. I lost 14.6% while II, III, and IV lost only 0.2, 0.2 and 0.0%
      respectively.
PAC  STABILIZATION OF POLYMERS BY SOLVENT EXTRACTION
PAR  The copolymers resulting from the cryotachensic copolymerization process
      can be processed in various ways in order to remove any last traces of
      unpolymerized monomers. For some purposes it is sufficient merely to allow
      the polymerized piece to air dry whereupon the unpolymerized material
      spontaneously evaporates. This is illustrated for example in Examples 41
      and 42. The unchanged monomers are removed somewhat more rapidly by
      holding the polymerized piece under reduced pressure for a period as in
      Examples 2 or 53. Even more effective in removal of unchanged monomers as
      well as initiator residues is the process of washing or exhaustively
      extracting the polymer with a liquid in which the monomers are soluble but
      the polymer insoluble. In the case of those polymers of the present
      application which contain at least about 80 mol percent chloral, the
      choice of solvent for such an extractive procedure is quite wide since the
      monomers employed are generally soluble in organic liquids while the
      polymers are not. Unchanged chloral can be removed from the polymer with
      water. Such extractive procedures are illustrated in Examples 2 and 45 B.
PAR  Washing or exhaustive extraction of the copolymers of the present
      application with liquid is as stated above very effective in removal of
      unchanged monomer but in addition washing or exhaustive extraction with
      certain selective solvents results in products of enhanced thermal
      stability and resistance to discoloration on exposure to light. Such
      improvements are expecially desirable in end uses which involve exposure
      to elevated temperatures or in glazing applications where clear sheets
      having prolonged freedom from color development are important.
PAR  It is believed that the solvents which are especially effective in
      enhancing thermal stability actually do more than remove unchanged
      monomers and initiator residue and are in fact effective in eliminating
      certain thermally unstable polymer fractions from some polymer
      preparations. As can be seen from the examples given below solvents such
      as acetone or methanol for example which give polymer of enhanced thermal
      stability, do in fact bring about weight losses much greater than other
      solvents such as water or carbon tetrachloride, which do not markedly
      enhance thermal stability.
PAC  EXAMPLE 98
PAC  Copolymer of chloral and p-Chlorophenyl Isocyanate
PAR  Transparent clear sheets 3 mm. thick were prepared by the general procedure
      of Example 52 but no glass wool was used between the plates. The monomer
      mixture consisted of 140 ml. of chloral and 9.3 ml. of p-chlorophenyl
      isocyanate. It was heated to 52.degree.C. and 6.0 ml. of a 1-molar
      solution of triphenyl phosphine in benzene was added. The polymerization
      was effected by cooling the uniform, quiescent polymerization mixture at
      0.degree.C. for 1 hour. After standing overnight the resultant sheets were
      baked for 1 hour at 120.degree.C. and lost about 12% in weight to give
      clear transparent panels essentially free of unpolymerized chloral. The
      sheets were cut into strips 12.5 mm. wide and about 6 inches long. Each
      piece was weighed, placed in about 50 ml. of solvent, allowed to stand at
      room temperature or at 60.degree.C. for 8 hrs., dried in vacuo at
      50.degree.C. and reweighed. This extraction procedure was repeated with
      fresh solvent each time for eight cycles until the weight loss, expressed
      as percent of the original weight, was constant. As a measure of thermal
      stability the percent of weight loss on holding the extracted piece in a
      circulating air oven at 200.degree.C. was then measured.
TBL                                   Thermal                                  

                                      Stability %                              

     Ex.            Extraction                                                 

                              % lost on                                        

                                      lost in                                  

     No.  Extractant                                                           

                    Temp.     Extraction                                       

                                      4 hrs. at 200.degree.                    

     ______________________________________                                    

     A    None      --        --      34.2                                     

     B    Water     *r.t.     2.0     27.1                                     

                    60.degree.C.                                               

                              2.4     35.2                                     

     C    CCl.sub.4 r.t.      2.5     20.5                                     

                    60.degree.C.                                               

                              2.7     21.8                                     

     D    CHCl.sub.3                                                           

                    r.t.      12.4    3.9                                      

                    60.degree.C.                                               

                              12.5    3.3                                      

     E    Benzene   r.t.      14.1    7.3                                      

                    60.degree.C.                                               

                              15.3    3.5                                      

     F    Pentane   r.t.      14.3    11.7                                     

     G    2-butanone                                                           

                    r.t.      18.4    3.1                                      

                    60.degree.C.                                               

                              18.6    2.0                                      

     H    CH.sub.2 Cl.sub.2                                                    

                    r.t.      17.9    1.0                                      

     I    Acetone   r.t.      18.5    4.6                                      

                    60.degree.C.                                               

                              19.3    1.5                                      

     ______________________________________                                    

      *room temperature                                                        

PAR  Improvement in color retention on outdoor exposure after solvent extraction
      can be seen if pieces like A above (or equivalent sheets which have been
      baked for 1 hr. at 120.degree.C.) are placed on outdoor exposure in
      Arizona along with a solventextracted sample like I above. I will remain
      essentially colorless while A will become increasingly yellow, amber and
      finally red-brown.
PAR  Other effective solvents include acrylonitrile, toluene, acetonitrile,
      acetic acid, acetic anhydride, methyl ethyl ketone, pentane, methylene
      chloride, ethyl acetate, trichloroethylene, tetrahydrofuran, diethyl
      maleate and trimethyl borate.
PAC  STABILIZATION OF POLYMERS WITH ULTRAVIOLET LIGHT SCREENING AGENTS
PAR  The polymers of the invention can be protected against discoloration by
      ultraviolet irradiation by the incorporation of ultra violet screening
      agents. These agents can be incorporated after the polymerization process
      has been carried out or by adding the agent directly into the monomer
      mixture before polymerization is effected.
PAR  Incorporation of such screening agents or light stabilizers into the formed
      polymer can be accomplished by soaking the polymer in the light stabilizer
      or a 0.1-20% solution thereof in an organic solvent.
PAC  EXAMPLE 99
PAC  Copolymer of Chloral and p-Chlorophenyl Isocyanate
PAR  An acetone-extracted sample of 95/5 chloral-pchlorophenyl isocyanate
      copolymer was allowed to soak in a 2% acetone solution of ethyl
      2-cyano-3,3-diphenyl acrylate (Ph.sub.2 C=C(CN)COOEt) for 16 hours,
      blotted dry, heat-treated for 4 hours at 120.degree.C., and given a 30-day
      weather test under accelerated conditions in Arizona. No color formation
      was noted after the exposure. A simultaneously exposed control sample
      without the light stabilizer was brown after exposure.
PAC  EXAMPLE 100
PAC  Copolymer of Chloral and p-Chlorophenyl Isocyanate
PAR  A clear sheet 3 mm. thick of 95/5 mole ratio chloral/p-chlorophenyl
      isocyanate copolymer like that of Example 52 was baked 1 hr. at
      120.degree.C. and cut into strips 1/2 inch wide and 5 inches long. Three
      pieces were soaked in a 2% solution of (a) 2(2'-hydroxy-3',
      5'-ditertbutylphenyl)benzotriazole available from Geigy Chem. Corp. of
      Ardsley, New York, as Tinuvin 327, (b) ethyl 2-cyano-3,3-diphenyl acrylate
      available from General Aniline and Film Corp., New York, N.Y. as Uvinul
      N-35 and (c) 2,2'-dihydroxy-4,4'-dimethoxy benzophenone also available
      from General Aniline and Film Corp as Uvinul D-49. A fourth piece (d) was
      left untreated. On outdoor exposure (d) turned quite dark while (a), (b)
      and (c) remained nearly colorless.
PAR  In addition to the specific benzophenone, benzotriazole and substituted
      acrylate type ultra violet screens, shown above, other members of these
      three types may be used. Examples which might be mentioned are
      2-hydroxy-4-methoxy benzophenone, 2-(2'-hydroxy-5-methylphenyl)
      benzotrizole and
      2-hydroxy-4-(2-hydroxy-3-methylacryloxy)propoxybenzophenone. Other types
      of light stabilizers are listed in Modern Plastics Encyc. and include
      methyl salicylate, phenyl salicylate and resorcinol monobenzoate.
PAC  IMPROVED CONVERSION OF MONOMER TO POLYMER p The use of an aprotic liquid
      has been disclosed
PAR  as an aid in dispersing or dissolving the initiator in the chloral. Often
      the liquid is additionally useful in providing enough shrinkage of the
      polymerized piece to permit its ready removal from the mold in which the
      polymerization process was carried out.
PAR  It has been further found that the use of certain aprotic liquids enhance
      the conversion of the comonomers to the copolymers, an effect which has
      also been observed in the homopolymerization of chloral. High conversion
      of stable polychloral and chloral copolymers is attained by carrying out
      the copolymerization in the presence of up to 95 vol. percent of an inert
      aprotic diluent. These inert diluents are hydrocarbons such as pentane,
      hexane, cyclohexane, heptane, Nujol (liquid paraffinic hydrocarbons),
      toluene, xylene, etc; halocarbons such as carbon tetrachloride,
      trichloroethylene, tetrachloroethylene, 1,1,1-trifluorododecane,
      trichlorotrifluoroethane, chlorinated biphenyls (Arochlor), etc.; and
      ethers which are free of protonic hydrogen or groups other than ether
      oxygen, chlorine or fluorine, such as diethyl ether, dipropyl ether,
      dibutyl ether, diphenyl ether, tetrahydrofuran and the like.
PAC  EXAMPLE 101
PAC  Chloral, p-Chlorophenyl Isocyanate Copolymer
PAR  Chloral/p-chlorophenyl isocyanate monomer mixture, 95/5 mole ratio (10
      ml.), was diluted with 2 ml. of the solvent indicated and heated to
      48.degree.C. a temperature which is in excess of the threshold
      temperature. Initiator (0.4 ml. of 1 molar triphenylphosphine in benzene)
      was added. The resulting homogeneous mixture was allowed to become
      quiescent, cooled without agitation to 0.degree.C. and held at that
      temperature for 1.5 hours. After standing overnight at room temperature,
      the polymerized plugs were weighed, baked 1 hour at 120.degree.C. to
      remove the diluent and the unchanged monomer, reweighed and the conversion
      of monomer to polymer ("treated at 120.degree.C.") calculated. Without the
      diluent present the conversion of monomer to polymer was 87-89%. The
      presence of 20 vol. % of diluent, based on chloral, enhances the
      conversion of polymer up to as much as 97%.
TBL  ______________________________________                                    

     No.     Diluent    vol.%    wt. %   % conversion                          

     ______________________________________                                    

     A     benzene      20       10.6    94.8                                  

     B     cyclohexane  20       9.4     97.1                                  

     C     diethyl ether                                                       

                        20       8.6     93.8                                  

     D     pentane      20       7.6     94.3                                  

     ______________________________________                                    

PAC  EXAMPLE 102
PAC  Chloral, p-Chlorophenyl Isocyanate Copolymer
PAR  Plate molds 3 mm. thick (as described in Example 82) were heated to
      45.degree.C. and filled with a 40.degree.C. mixture of 100 ml. of chloral
      and 6 ml. of p-chlorophenyl isocyanate in inert diluent as indicated below
      and 4 ml. of 1-molar triphenylphosphin in benzene. The filled plates and
      their quiescent mixtures were held at 0.degree.C. for 1.5 hours and then
      overnight at room temperature. The sheets were removed, weighed, baked 4
      hours at 100.degree.C., reweighed and the conversion of monomers to
      polymer calculated.
TBL  __________________________________________________________________________

        Diluent    wt. % diluent.sup.1                                         

                           Percent conversion                                  

     No.                                                                       

        (ml. added)                                                            

                   in mixture                                                  

                           of comonomers to polymer after                      

     __________________________________________________________________________

                           4 hrs. at 120.degree.C                              

                                     1 hr. at 120.degree.                      

                                     followed by                               

                                     acetone extraction                        

     A  None       1.8     84.0      --                                        

     B  cyclohexane(51)                                                        

                   21.8    97.7      --                                        

     C  benzene (45)                                                           

                   21.8    96.7      --                                        

     D  hexane (12.5)                                                          

                   6.8     91.6      --                                        

     E  hexane (21.0)                                                          

                   9.7     91.9      --                                        

     F  hexane (32.6)                                                          

                   13.8    96.3      --                                        

     G  hexane (42.4)                                                          

                   16.8    97.0      --                                        

     H  hexane (60.0)                                                          

                   21.8    97.7      --                                        

     I  ether (25) 11.1    96.6                                                

     J  None       1.8     --        75.0                                      

     K  tetrachloro-                                                           

        ethylene (47.0)                                                        

                   34.0    --        88.9                                      

     L  carbon tetra-                                                          

        chloride (47.0)                                                        

                   33.5    --        86.5                                      

     M  toluene (47.0)                                                         

                   22.2    --        88.6                                      

     N  CCl.sub.2 FCF.sub.2 Cl (47.0)                                          

                   32.6    --        82.0                                      

     __________________________________________________________________________

      .sup.1 Wt. % total diluent including the 1.8% from the benzene of the    

      initiator solution.                                                      

PAR  As shown in Examples 101 and 102 above, copolymers form in higher
      conversions from monomer mixtures containing volatile diluents as compared
      with undiluted monomers. The same is true for monomer mixtures diluted
      with such nonvolatile diluents as Nujol or Aroclor. Copolymers containing
      such nonvolatile diluents can be isolated by baking out the unchanged
      chloral to leave homogeneous solids still containing the nonvolatile
      diluent uniformly dispersed in the chloral copolymer. By extraction with a
      suitable solvent such as acetone the nonvolatile diluent as well as the
      unchanged monomer can be removed to leave unmodified copolymer free of the
      diluent. In either case, conversion of monomers to copolymer is enhanced
      over the conversion realized in the absence of diluent.
PAC  EXAMPLE 103
PAC  A. Copolymers of Chloral and p-Chlorophenyl Isocyanate
PAR  A homogeneous mixture of 10 ml. of chloral, 0.6 ml. of p-chlorophenyl
      isocyanate and 0.4 ml. of a 1-molar solution of triphenylphosphine in
      benzene was prepared in a test tube at 55.degree.C. The tube and its
      placid contents was cooled without shaking to 0.degree.C. for 1.5 hours,
      held at room temperature for 16 hours, and then the resulting polymer plug
      was baked for 1 hour at 120.degree.C. The conversion to polymer was 92.3%.
      Similar plugs to which 5 and 10% by weight of Nujol (light mineral oil) or
      5 and 10% by weight of Aroclor (mixture of chlorinated biphenyls) had been
      added to the monomer mixture before polymerization was effected gave
      conversions to polymer of 94.9, 94.9, 93.0, and 95.7%, respectively. These
      plugs were homogeneous mixtures of copolymer with non-volatile diluent.
      The conversions of comonomers to copolymer were calculated from the known
      weights of ingredients employed and the observed weight of unchanged
      monomer lost on baking.
PAC  B. Copolymers of Chloral and p-Chlorophenyl Isocyanate
PAR  In the following examples 3 mm. sheets were extracted with acetone to
      remove not only the unchanged monomer but also the nonvolatile diluent.
      The enhancement of conversion by virtue of the presence of diluent during
      polymerization is shown.
PAR  Mixtures of 140 ml. of chloral, 9.3 ml. of p-chlorophenylisocyanate and 6.0
      ml. of a 1 molar solution of triphenylphosphine in benzene at 52.degree.C.
      were diluted with the amounts of Nujol or Aroclor indicated below. The
      resulting solutions were used in the preparation of 3 mm. clear sheets by
      the manner of Example 82. The filled forms were cooled to 0.degree.C. for
      1.5 hrs. to effect polymerization. After standing overnight at room
      temperature each sheet was weighed, extracted with acetone for 24 hrs.,
      dried in vacuo at 60.degree.C., reweighed and the conversion of monomer to
      polymer calculated.
TBL  ______________________________________                                    

     Ex.                                                                       

     No.   Diluent (g) Total.sup.1 wt. % diluent                               

                                       % Conversion                            

     ______________________________________                                    

      I    none         1.4            76.4                                    

      II   Nujol (25)  11.1            84.6                                    

     III   Nujol (12.5)                                                        

                        6.4            81.3                                    

      IV   Aroclor (25)                                                        

                       11.1            80.9                                    

     ______________________________________                                    

      .sup.1 The total weight percent of diluent in the charge includes not onl

      the added Nujol or Aroclor but also the benzene introduced as solvent for

      the initiator.                                                           

PAC  FOAMED POLYMERS
PAR  A prior example, No. 42, shows the formation of a foamed chloral copolymer
      using pentane as a solvent for the monomers. Certain fluorocarbons exhibit
      the same property and since chloral copolymers do not support combustion
      nor melt, non-drip, non-flammable foams of these polymers are highly
      useful in various applications such as the building materials industry.
PAR  The foamed products are obtained by dilution of the monomers before
      polymerization with from about 30 to 80 vol. percent of Freon 112 a,
      1,1-difluorotetrachloroethane (CCl.sub.3 CClF.sub.2), Freon BF,
      1,2-difluorotetrachloroethane (CCl.sub.2 FCCl.sub.2 F), and Freon 111,
      monofluoropentachloroethane (C.sub.2 Cl.sub.5 F). These compounds are
      relatively high-melting compounds, melting at 40, 26 and 100.degree.C.,
      respectively. They boil at 91.5, 92, and 137.degree.C., respectively. The
      monomer-Freon solution is cooled to effect polymerization and then the
      Freon is removed in vacuo at room temperature. The fluorocarbons may be
      present in the polymer as solids or liquids. Chloral copolymer foams of
      this invention prepared with these fluorocarbons resist collapse when the
      fluorocarbon is evaporated off.
PAC  EXAMPLE 104
PAC  Copolymers of Chloral and p-Chlorophenyl Isocyanate
PAR  The following polymerizations were carried out in 15 mm. OD test tubes. To
      each was added 1.88 ml. of chloral, 0.12 ml. of p-chlorophenyl isocyanate
      and 8 ml. of one of the diluents specified below. Each mixture was heated
      to 50.degree.C. and 0.08 ml. of a 1-molar solution of
      lithium-tert-butoxide in cyclohexane was added to produce uniform
      mixtures. Polymerization was effected by cooling the mixtures under
      quiescent conditions to 0.degree.C. for 1 hour. After standing at room
      temperature for 16 hours., the test tubes were broken away and the
      diluents evaporated from the gel plugs at &lt;0.1.mu. Hg pressure for 24
      hours at room temperature.
TBL  ______________________________________                                    

                      Diluent                                                  

     ______________________________________                                    

            A          CCl.sub.3 CClF.sub.2                                    

            B          C.sub.2 Cl.sub.5 F                                      

            C          F(CF.sub.2).sub.6 CH.sub.2 CH.sub.3                     

     ______________________________________                                    

PAL  All three pieces were of low density and had shrunk very little on
      evaporation of the diluent. The final plugs were 12 mm. in diameter and
      had been 12.6 mm. in diameter before evaporation of the diluent. The piece
      from B had a density of 0.24 whereas the density of unfoamed copolymer
      ranges from 1.8 to 2.0.
TBL                                    TABLE VI                                

     __________________________________________________________________________

     The following diluents have given foam structures                         

     at the diluent/monomer ratios shown.                                      

                                 Volume                                        

     Diluent       b. pt.                                                      

                        m. pt.   Ratios                                        

     __________________________________________________________________________

     F-112A                                                                    

           CCl.sub.3 CClF.sub.2                                                

                    92.degree.C.                                               

                        41.degree.C.                                           

                               3/1, 4/1, 5/1                                   

                               (not at 2/1)                                    

     BF    CCl.sub.2 FCCl.sub.2 F/                                             

                    92.degree.C.                                               

                        25.degree.C.                                           

                               5/1 (not at &lt;5/1)                               

          CCl.sub.3 CClF.sub.2 95/5                                            

     F-111                                                                     

            C.sub.2 Cl.sub.5 F                                                 

                   137.degree.C.                                               

                        100.degree.C.                                          

                                2/1, 5/1                                       

           F(CF.sub.2).sub.6 C.sub.2 H.sub.5                                   

                   113.degree.C.                                               

                        --        4/1                                          

     Pentane        36.degree.C.                                               

                        -130.degree.C.                                         

                                9/1 to 3/1                                     

     __________________________________________________________________________

PAR  The following diluents, although closely related to those that worked,
      caused the gel plug to collapse on evaporation of the diluent.
TBL  ______________________________________                                    

                   b. pt. m. pt.   No Foam at                                  

     ______________________________________                                    

     F113     CCl.sub.2 FCClF.sub.2                                            

                          48.degree.C.                                         

                                  -35.degree.C.                                

                                         5/1 to 1/1                            

     F214      C.sub.3 Cl.sub.4 F.sub.4                                        

                         112.degree.C.                                         

                                  --     4/1                                   

     CF.sub.3 (CH.sub.2).sub.10 CH.sub.3                                       

                     214.degree.C.                                             

                              --       4/1                                     

     ______________________________________                                    

PAC  INITIATORS
PAR  The following examples illustrate a number of additional suitable
      initiators and their method of preparation.
PAC  EXAMPLE 105
PAC  Tertiary Phosphine/Chloral Reaction Products
PAR  A. (C.sub.6 H.sub.5).sub.3 P/CCl.sub.3 CHO 1/1 Salt
PAR  The salt for which H. Hoffman and H. J. Diehr in Tetrahedron Letters, 13,
      583 (1962) suggested the structure
EQU  [(C.sub.6 H.sub.5).sub.3 P--O--CH=CCl.sub.2 ].sup.+ Cl.sup.-
PAL  and which we have substantiated, was prepared as follows:
PAR  A solution of 52 g. of triphenyl phosphine in 200 ml. of dry ether was
      heated to reflux with stirring under dry nitrogen. As a solution of 25 ml.
      of chloral in 50 ml. of dry ether was added, a white precipitate separated
      with evolution of heat. The addition required about 10 min. The ether was
      removed by evaporation in a stream of dry nitrogen overnight at room
      temperature to leave 78 g. of triphenyldichlorovinyloxyphosphonium
      chloride. A portion (76 g.) of the product was dissolved under dry
      nitrogen in about 300 ml. of dichloromethane and filtered under dry
      nitrogen to remove about 4 g. of insoluble material. The filtrate was
      evaporated to about 250 ml. and diluted with about 100 ml. of petroleum
      ether. When only an oil separated, the mixture was evaporated to about 200
      ml. and then mixed with about 100 ml. of dry diethyl ether. The colorless
      crystals which formed were collected on a filter under nitrogen and dried
      to give 48 g. of pure triphenyldichlorovinyloxyphosphonium chloride, m.p.
      130.degree.-132.degree.C. (dec.).
PAR  Anal. Calcd. for C.sub.20 H.sub.16 OCl.sub.3 P: C, 58.63; H, 3.94; Cl,
      25.96;  P, 7.56. Found: C, 58.31; H, 3.99; Cl, 25.46;  P, 7.47.
PAC  Tertiary Phosphine/Bromal Reaction Product
PAR  B. (C.sub.6 H.sub.5).sub.3 P/CBr.sub.3 CHO 1/1 Salt
PAR  Using the same procedure as in A, 52 g. of triphenylphosphine and 21 ml. of
      bromal yielded a 1/1 salt product a portion of which was recrystallized
      from dichloromethane/ether to yield tan crystals, m.p.
      135.degree.-142.degree.C. (dec.).
PAR  Anal. Calcd. for C.sub.20 H.sub.16 OBr.sub.3 P: C, 44.23; H, 2.98; P, 5.70;
      Br, 44.15 Found: C, 43.99; H, 3.18; P, 5.91; Br, 44.15.
PAC  C. Aliphatic Tertiary Phosphine/Chloral 1/1 Salts
PAR  As tabulated below, 1/1 salt products were prepared from chloral and a
      variety of tertiary alkyl phosphines (R.sub.3 P) by the procedure of A
      above.
TBL  R.sub.3 P    Chloral                                                      

                       Yield, g.                                               

                             M.P. Analysis                                     

     R =      Amt.                                                             

                  ml. (% of theory)                                            

                             .degree.C. (d)                                    

                                  C    H  P   Cl                               

     __________________________________________________________________________

     1.                                                                        

       CH.sub.3                                                                

              4.8 g.                                                           

                  6.7 13.8   105-130                                           

                                  F 24.40                                      

                                       4.19                                    

                                          12.67                                

                                              50.31                            

                                  C 26.88                                      

                                       4.51                                    

                                          13.86                                

                                              47.60                            

     2.                                                                        

       C.sub.2 H.sub.5                                                         

              5.5 g.                                                           

                  4.6 11.7   136-139                                           

                                  F 36.09                                      

                                       6.23                                    

                                          11.35                                

                                              41.91                            

                                  C 36.18                                      

                                       6.07                                    

                                          11.65                                

                                              40.05                            

     3.                                                                        

       i--C.sub.3 H.sub.7                                                      

              16 ml.                                                           

                  10  27 (90)                                                  

                             114-116                                           

                                  F 43.85                                      

                                       7.23                                    

                                           9.90                                

                                              34.40                            

                                  C 43.93                                      

                                       7.21                                    

                                          10.07                                

                                              34.57                            

     4.                                                                        

       n--C.sub.4 H.sub.9                                                      

              20 ml.                                                           

                  10  23     105-108                                           

                                  F 49.51                                      

                                       8.51                                    

                                           8.97                                

                                              29.57                            

                                  C 48.08                                      

                                       8.08                                    

                                           8.86                                

                                              30.42                            

     5.                                                                        

       t--C.sub.4 H.sub.9                                                      

              3 g.                                                             

                  1.6 5.1    --   F 43.35                                      

                                       7.07                                    

                                           8.56                                

                                              34.53                            

                                  C 48.08                                      

                                       8.07                                    

                                           8.86                                

                                              30.42                            

     6.                                                                        

       cyclo--C.sub.6 H.sub.11                                                 

              21 g.                                                            

                  8   18 (67)                                                  

                             140-143                                           

                                  F 55.92                                      

                                       7.92                                    

                                           7.28                                

                                              25.14                            

                                  C 56.14                                      

                                       8.01                                    

                                           7.24                                

                                              24.84                            

     __________________________________________________________________________

PAC  D. Triisopropylphosphine/Chloral 1/3 Product
PAR  To chloral (200 ml.) heated to 60.degree.C. under nitrogen was added 11.5
      g. of triisopropyldichlorovinyloxyphosphonium chloride (from C-3 above).
      The clear solution was held overnight under nitrogen at 60.degree.C. and
      then poured into 400 ml. of dry ether. The oil which first separated
      became crystalline on standing at room temperature. The solid was
      collected under nitrogen and recrystallized by dissolution in 80 ml. of
      dichloromethane and dilution with 400 ml. of dry ether. The crystalline
      3/1 chloral/triisopropylphosphine reaction product was collected and dried
      under dry nitrogen.
PAR  Anal. Calcd. for C.sub.15 H.sub.24 O.sub.3 Cl.sub.9 P: C, 29.90; H, 4.01;
      P, 5.14; Cl, 52.97. Found: C, 30.47; H, 4.29; P, 5.16. Cl, 52.92.
PAC  EXAMPLE 106
PAC  Triphenylphenoxyphosphonium Phenoxide, [(C.sub.6 H.sub.5).sub.3 POC.sub.6
      H.sub.5 ].sup.+ (C.sub.6 H.sub.5 O).sup.-
PAR  To a solution of triphenyl dichlorophosphorane (C.sub.6 H.sub.5).sub.3
      PCl.sub.2 (33.3 g.) in 350 ml. of benzene was added at 5.degree.C. 20.2 g.
      of triethyl amine in 40 ml. of benzene followed by a solution of phenol
      (18.8 g.) in 80 ml. of benzene. The mixture was held at 0.degree.C. for
      0.5 hr. and at room temperature overnight. The triethylammonium chloride
      was removed by filtration. Evaporation of the benzene left a
      semicrystalline residue which when treated with a mixture of cyclohexane,
      acetone and ether deposited 8 g. of crystalline
      triphenylphenoxyphosphonium phenoxide which when unionized can be called
      triphenyldiphenoxyphosphorane.
PAR  Anal. Calcd. for C.sub.30 H.sub.25 PO.sub.2 : C, 80.34; H, 5.62; P, 6.91.
      Found: C, 77.08; H, 5.74; P, 6.79.
PAC  EXAMPLE 107
PAC  Arylaryloxy tertiary Phosphines and Their Sulfur Analogs
PAR  A. Phenyl Ester of Diphenylphosphinous Acid, (C.sub.6 H.sub.5).sub.2
      POC.sub.6 H.sub.5
PAR  Diphenylphosphinous acid chloride [(C.sub.6 H.sub.5).sub.2 PCl, 55 g.] was
      added to a solution of phenol (21.6g) and pyridine (18 g.) in 250 ml. of
      dry ether at 5.degree.C. with stirring. After standing overnight, the
      precipitated pyridinium chloride was removed by filtration and the
      filtrate distilled. The phenyl ester of diphenylphosphinous acid [(C.sub.6
      H.sub.5).sub.2 POC.sub.6 H.sub.5 ] obtained weighed 54 g. and boiled at
      145.degree.C. at 0.1 mm.
PAR  Anal. Calcd. for C.sub.18 H.sub.15 OP: C, 77.69; H, 5.43; P, 11.13. Found:
      C, 76.74; H, 5.51; P, 10.89.
PAR  B. Diphenyl Phenylphosphonite, C.sub.6 H.sub.5 P(OC.sub.6 H.sub.5).sub.2
PAR  To a solution of phenol (38.0 g.) and pyridine (32 g.) in 100 ml. of dry
      ether was added at &lt;10.degree.C. a solution of phenylphosphonous acid
      dichloride, C.sub.6 H.sub.5 PCl.sub.2, (35.8 g.) in 50 ml. of dry ether.
      After 1 hr. at 0.degree.C., the pyridinium chloride was removed by
      filtration and the filtrate distilled. The main fraction (33 g.) of
      diphenyl phenylphosphonite boiled at 170.degree.C. at 0.8 mm.
PAR  Anal. Calcd. for C.sub.18 H.sub.15 PO.sub.2 : C, 73.46; H, 5.14; P, 10.53.
      Found: C, 73.38; H 5.39; P, 10.37.
PAR  C. p-Tolyl Ester of Diphenylthiophosphinous Acid, p-CH.sub.3 C.sub.6
      H.sub.4 SP(C.sub.6 H.sub.5).sub.2
PAR  To a solution of p-methylthiophenol, p-CH.sub.3 C.sub.6 H.sub.4 SH  (12.6
      g.) and pyridine (7.2 g.) in 150 ml. of dry ether was added at 5.degree.C.
      diphenylphosphinous acid chloride (.sub.6 H.sub.5).sub.2 PCl (18 ml.). The
      precipitated pyridinium chloride was removed by filtration and the
      filtrate distilled to give 26 g. of p-tolyl diphenylthiophosphinite,
      p-CH.sub.3 C.sub.6 H.sub.4 SP(C.sub.6 H.sub.5).sub.2 boiling at
      185.degree.C. at 0.5 mm.
PAR  Anal. Calcd. for C.sub.19 H.sub.17 PS: P, 10.04; S, 10.40. Found: P, 9.89;
      S, 11.04.
PAR  D. Di-p-tolyl Phenylthiophosphonite, C.sub.6 H.sub.5 P(SC.sub.6 H.sub.4
      CH.sub.3 -p).sub.2
PAR  To a solution of p-methylthiophenol p-CH.sub.3 C.sub.6 H.sub.4 SH (38 g.)
      and pyridine (22 ml.) in 100 ml. of dry ether was added at &lt;10.degree.C. a
      solution of phenylphosphonous acid dichloride, C.sub.6 H.sub.5 PCl.sub.2,
      (27.0 g.) in ether (50 ml.). After 1 hour, the pyridinium chloride was
      removed by filtration and the filtrate distilled to give 46 g. of
      di-p-tolyl phenylthiophosphonite (p-CH.sub.3 C.sub.6 H.sub.4 S).sub.2
      PC.sub.6 H.sub.5 boiling at 195.degree.C. at 0.4 mm.
PAR  Anal. Calcd. for C.sub.20 H.sub.19 PS.sub.2 : C, 67.77; H, 5.40; P, 8.74;
      S, 18.09. Found: C, 68.16; H. 5.66; P, 8.80;  S, 18.09.
PAC  EXAMPLE 108
PAC  Substituted Tertiary Aryl Phosphines
PAR  A variety of trisubstituted phosphines were prepared by adding an ethereal
      solution of PCl.sub.3, C.sub.6 H.sub.5 PCl.sub.2, or (C.sub.6
      H.sub.5).sub.2 PCl to an ethereal solution containing 3, 2, or 1 mole,
      respectively, of an appropriately substituted phenyl Grignard reagent, or
      in certain cases, the analogous organolithium derivative. The reaction
      mixture was hydrolyzed with an excess of aqueous ammonium chloride, the
      organic layer separated and dried over anhydrous magnesium sulfate.
      Evaporation of the ether left the desired tertiary phosphine which was
      appropriately distilled or recrystallized depending on its physical
      properties.
PAR  The phosphine initiators made in this way are tabulated below.
PAR  A. Tri-p-chlorophenylphosphine (p-Cl-C.sub.6 H.sub.4).sub.3 P
PAR  The Grignard reagent from 200 g. p-chloroiodobenzene and 20.8 g. of
      magnesium was reacted with 15.8 ml. phosphorous trichloride to give 39 g.
      tri(chlorophenyl)phosphine, b.p. 228.degree.C. at 1 mm., m.p.
      103.5.degree.C. ex ethanol.
PAR  B. p-Methoxyphenyldiphenylphosphine (C.sub.6 H.sub.5).sub.2 PC.sub.6
      H.sub.4 OCH.sub.3 -p
PAR  The Grignard reagent from 59 g. p-iodoanisole and 7.3 g. magnesium was
      reacted with 44 g. diphenylphosphinous chloride, (C.sub.6 H.sub.5).sub.2
      PCl to give p-methoxyphenyldiphenylphosphine which turned crystalline
      after distillation.
PAR  Anal. Calcd. for C.sub.19 H.sub.17 PO: C, 78.04; H, 5.86; P, 10.60. Found:
      C, 77.44; H, 6.03; P, 10.10.
PAR  C. Tri-o-methoxyphenylphosphine (o-CH.sub.3 OC.sub.6 H.sub.4).sub.3 P
PAR  The Grignard reagent from 140 g. o-iodoanisole and 17.5 g. of magnesium was
      reacted with 20.6 g. phosphorous trichloride to give crystalline
      tri-o-methoxyphenylphosphine, m.p. 203.degree.C.
PAR  Anal. Calcd. for C.sub.21 H.sub.21 PO.sub.3 : C, 71.58; H, 6.01; P, 8.79.
      Found: C, 71.61; H, 6.12; P, 8.63.
PAR  D. o-Methoxyphenyldiphenylphosphine, (C.sub.6 H.sub.5).sub.2 PC.sub.6
      H.sub.4 OCH.sub.3 -o
PAR  The Grignard reagent from 59 g. o-iodoanisole and 7.3 g. magnesium was
      reacted with 44 g. of diphenylphosphinous chloride to give 41 g. of
      diphenyl-o-methoxyphenylphosphine, m.p. 122.degree.-123.degree.C. ex
      alcohol.
PAR  Anal. Calcd. for C.sub.19 H.sub.17 PO: C, 78.08; H, 5.86, p, 10.60. Found:
      C, 78.00; H, 5.99; P, 10.24.
PAR  E. Tetramesityldiphosphine [(2,4,6-(CH.sub.3).sub.3 C.sub.6 H.sub.2).sub.2
      P].sub.2
PAR  The Grignard reagent from 120 g. mesityl bromide and 17.5 g. magnesium was
      reacted with 20.6 g. phosphorous trichloride to give 27 g. of what is
      apparently tetramesityldiphosphine, m.p. 240.degree.-244.degree.C. (dec.)
      ex ether.
PAR  F. Mesityldiphenylphosphine (C.sub.6 H.sub.5).sub.2 PC.sub.6 H.sub.2
      (CH.sub.3).sub.3 -2,4,6
PAR  The Grignard reagent from 50 g. mesityl bromide and 7.3 g. of magnesium was
      reacted with 44 g. of diphenylphosphinous chloride to give 28.6 g. of
      diphenylmesitylphosphine, b.p. 175.degree.C. at 0.2 mm.
PAR  Anal. Calcd. for C.sub.21 H.sub.21 P: C, 82.87; H, 6.96; P, 10.18. Found:
      C, 81.82; H, 6.96; P, 10.00.
PAR  G. Tri(o-meththiomethylphenyl)phosphine (o-CH.sub.3 SCH.sub.2 C.sub.6
      H.sub.4).sub.3 P
PAR  The organolithium compound from 118 g. o-bromobenzyl methyl sulfide
      (o-BrC.sub.6 H.sub.4 CH.sub.2 SCH.sub.3) and 380 ml. of a hexane solution
      containing an equivalent amount of butyllithium was reacted with 16 ml.
      phosphorous trichloride to give 6 g. of solid tri(o-meththiomethylphenyl)
      phosphine, m.p. 89.degree.-90.degree.C.
PAR  Anal. Calcd. for C.sub.24 H.sub.27 PS.sub.3 : C, 65.12; H, 6.15; P, 7.00;
      S, 21.73. Found: C, 65.48; H, 6.33; P, 7.39; S, 20.37.
PAR  H. Diphenyl-o-meththiomethylphenylphosphine,
PAR  (C.sub.6 H.sub.5).sub.2 PC.sub.6 H.sub.4 CH.sub.2 SCH.sub.3 -o
PAR  The organolithium derivative from 21.7 g. of o-bromobenzyl methyl sulfide
      (o-BrC.sub.6 H.sub.4 CH.sub.2 SCH.sub.3) and 75 ml. of a 1.6 molar hexane
      solution of butyllithium was reacted with 18 ml. of diphenylphosphonous
      chloride to give liquid diphenyl o-meththiomethylphenylphosphine.
PAR  Anal. Calcd. for C.sub.20 H.sub.19 PS: C, 74.51; H, 5.94; P. 9.61; S, 9.95.
      Found: C, 74.35; H, 6.03; P, 9.30; S, 9.56.
PAC  EXAMPLE 109
PAC  Triarylaryloxy(or thio)phosphonium Halides
PAR  A. p-Methylphenylthiotriphenylphosphonium Bromide,  p-CH.sub.3 C.sub.6
      H.sub.4 SP (C.sub.6 H.sub.5).sub.3.sup.+ Br.sup.-
PAR  To a suspension of 12.3 g. of the triphenylphosphine/cyanogen bromide
      reaction product
      ##EQU8##
      in 100 ml. of benzene at 5.degree.-10.degree.C. was added 4.2 g. of
      p-methyl thiophenol in 15 ml. of benzene to give a clear solution which
      was then held at 45.degree.C. for 15 minutes. Evaporation of the benzene
      in vacuo at room temperature left p-methylphenylthiotriphenylphosphonium
      bromide as an oil which turned crystalline on standing at room
      temperature.
PAR  Anal. Calcd. for C.sub.25 H.sub.22 PBrS: P, 6.66; S, 6.89. Found: P, 5.61;
      S, 7.19.
PAR  B. p-Methylphenylthiotriphenylphosphonium Chloride,  p-CH.sub.3 C.sub.6
      H.sub.4 SP(C.sub.6 H.sub.5).sub.3.sup.+ Cl.sup.-
PAR  To a suspension of 10.8 g. of the triphenylphosphine/cyanogen chloride
      reaction product, (C.sub.6 H.sub.5).sub.3 P(CN)Cl in 100 ml. of benzene at
      5.degree.-10.degree.C. was added a solution of 4.2 g. of
      p-methylthiophenol in 15 ml. of benzene. After addition was complete, the
      clear solution was held at 45.degree.C. for 20 minutes. The benzene was
      removed in vacuo at room temperature to leave
      p-methylphenylthiotriphenylphosphonium chloride.
PAR  Anal. Calcd. for C.sub.25 H.sub.22 PClS: P, 7.36; S, 7.62. Found: P, 7.15;
      S, 7.82.
PAR  C. Phenoxytriphenylphosphonium Bromide,
PAR  (C.sub.6 H.sub.5).sub.3 POC.sub.6 H.sub.5.sup.+ Br.sup.-
PAR  To a suspension of 12.3 g. of the triphenylphosphine/cyanogen bromide
      reaction product (C.sub.6 H.sub.5).sub.3 P(CN)Br in 100 ml. of benzene was
      added at 5.degree.-10.degree.C. a solution of 3.1 g. of phenol in 15ml. of
      benzene. The suspension was then held at 40.degree.C. for 20 min. before
      collecting the phenoxytriphenylphosphonium bromide on a filter as a white
      solid.
PAR  Anal. Calcd. for C.sub.24 H.sub.20 POBr: P, 7.12; Br, 18.36. Found: P,
      6.41; Br, 23.13.
PAR  D. Phenoxytriphenylphosphonium Chloride,  (C.sub.6 H.sub.5).sub.3 POC.sub.6
      H.sub.5.sup.+ Cl.sup.-
PAR  To a suspension of 10.8 g. of the reaction product from triphenylphosphine
      and cyanogen chloride (C.sub.6 H.sub.5).sub.3 P(CN)Cl in 100 ml. of
      benzene was added with cooling a solution of 3.1 g. of phenol in 15 ml. of
      benzene. The mixture was heated to 45.degree.C. for 20 minutes and then
      cooled. The solid phenoxytriphenylphosphonium chloride was collected,
      washed with benzene and then pentane and dried to give 12.9 g. of product.
PAR  E. Phenoxydiphenylmethylphosphonium Iodide,  C.sub.6 H.sub.5 OP(CH.sub.3)
      (C.sub.6 H.sub.5).sub.2.sup.+ I.sup.-
PAR  To a solution of 10.5 g. of phenyl diphenylphosphinite (from Ex.107 A) in
      30 ml. of dry ether was added 2.38 ml. of methyl iodide. After standing 3
      days at room temperature, the suspended solid reaction product was
      collected on a filter and dried to give 9.7 g. of
      phenoxydiphenylmethylphosphonium iodide, m.p. 151.degree.-153.degree.C.
      (dec.).
PAR  Anal. Calcd. for C.sub.19 H.sub.18 POI: P, 7.37; I, 30.20. Found: P, 7.33;
      I, 30.40.
PAC  ADDITIONAL POLYMERS
PAR  The following examples are additional illustrations of the preparation of
      the polymers of the invention.
PAC  EXAMPLE 110
PAC  Copolymers of Chloral and p-Chlorophenyl Isocyanate
PAR  In each of a series of test tubes a mixture of 15.11 g. of chloral and 0.6
      ml. of p-chlorophenylisocyanate was heated to 55.degree.C. under a blanket
      of dry nitrogen before adding 0.2 g. of initiator to produce a homogeneous
      mixture. After 5 to 10 minutes at 55.degree.C. during which time no
      polymerization occurred, the tubes with their contents were placed under
      quiescsent conditions in a 0.degree.C. bath for 1.5 hour and then held at
      room temperature overnight. A solid plug of copolymer was formed in each
      case. The plugs were heated for 1 hour at 120.degree.C. and the weight
      loss noted.
TBL  ______________________________________                                    

     Exp.    Initiator            % Wt. Lost                                   

     No.     Structure       Example  1 hr./120.degree.C.                      

     ______________________________________                                    

     A.sup.1                                                                   

          3/1 CCl.sub.3 CHO/[(CH.sub.3).sub.2 CH].sub.3 P                      

                             105-D    9.4                                      

              product                                                          

     B    (C.sub.6 H.sub.5).sub.3 P(OC.sub.6 H.sub.5).sub.2                    

                             106      15.8                                     

     C    (C.sub.6 H.sub.5).sub.2 POC.sub.6 H.sub.5                            

                             107-A    6.0                                      

     D    C.sub.6 H.sub.5 P(OC.sub.6 H.sub.5).sub.2                            

                             107-B    23.6                                     

     E    (C.sub.6 H.sub.5).sub.2 PSC.sub.6 H.sub.4 CH.sub.3 --p               

                             107-C    8.2                                      

     F    C.sub.6 H.sub.5 P(SC.sub.6 H.sub.4 CH.sub.3 --p).sub.2               

                             107-D    13.6                                     

     G    (C.sub.6 H.sub.5).sub.2 PC.sub.6 H.sub.4 OCH.sub.3 --p               

                             108-B    14.8                                     

     H    o--CH.sub.3 OC.sub.6 H.sub.4 P(C.sub.6 H.sub.5).sub.2                

                             108-D    9.9                                      

     I    [(2,4,6-(CH.sub.3).sub.3 C.sub.6 H.sub.2).sub.2 P].sub.2             

                             108-E    17.2                                     

     J    2,4,6-(CH.sub.3).sub.3 C.sub.6 H.sub.2 P(C.sub.6 H.sub.5).sub.2      

                             108-F    7.3                                      

     K    (o--CH.sub.3 SCH.sub.2 C.sub.6 H.sub.4 ).sub.3 P                     

                             108-G    8.9                                      

     L    o--CH.sub.3 SCH.sub.2 C.sub.6 H.sub.4 P(C.sub.6 H.sub.5).sub.2       

                             108-H    8.9                                      

     M    p--CH.sub.3 C.sub.6 H.sub.4 SP(C.sub.6 H.sub.5).sub.3 .sup.+         

          Br.sup.-           109-A    40.7                                     

     N    p--CH.sub.3 C.sub.6 H.sub.4 SP(C.sub.6 H.sub.5).sub.3 .sup.+         

          Cl.sup.-           109-B    26.8                                     

     O    C.sub.6 H.sub.5 OP(C.sub.6 H.sub.5).sub.3 .sup.+ Br.sup.-            

                             109-C    10.6                                     

     P    C.sub.6 H.sub.5 OP(C.sub.6 H.sub.5).sub.3 .sup.+ Cl.sup.-            

                             109-D    20.26                                    

     Q    C.sub.6 H.sub.5 OP(C.sub.6 H.sub.5).sub.2 CH.sub.3 .sup.+ I.sup.-    

                             109-E    8.4                                      

     R    (p--CH.sub.3 C.sub.6 H.sub.4).sub.3 P                                

                             (2)      8.6                                      

     S    (o--CH.sub.3 C.sub.6 H.sub.4).sub.3 P                                

                             (2)      8.4                                      

     T    Br(CH.sub.2).sub.3 P(C.sub.6 H.sub.5).sub.3 .sup.+ Br.sup.-          

                             (2)      26.2                                     

     U    HO(CH.sub.2).sub.2 P(C.sub.6 H.sub.5).sub.3 .sup.+ Cl.sup.-          

                             (2)      32.3                                     

     V    (C.sub.8 H.sub.17).sub.3 PCH.sub.3 .sup.+ (CH.sub.3 O).sub.2         

          PO.sub.2 .sup.-    (2)      36.5                                     

     W.sup.3                                                                   

          (CH.sub. 2 =CH).sub.3 P                                              

                             (2)      26.2.sup.4                               

     X.sup.3                                                                   

          (C.sub.2 H.sub.5).sub.3 N                                            

                             (2)      28.3.sup.4                               

     Y.sup.3                                                                   

          N-ethyl morpholine (2)      44.2.sup.4                               

     Z.sup.3                                                                   

          pyridine           (2)      37.6.sup.4                               

     ______________________________________                                    

      .sup.1 Initiator (0.24 g.)/monomer mixture held for 1 hour at 60.degree.C

      before cooling.                                                          

      .sup.2 Commercially available.                                           

      .sup.3 Initiator (0.4 mole %) added at 65.degree.C.                      

      .sup.4 After 24 hr. at 100.degree.C.                                     

PAC  EXAMPLE 111 1/8 inch Sheets of Copolymers
PAR  A. General Procedure
PAR  For the purpose of preparing a clear, transparent sheet, a 3 mm. thick mold
      was prepared from two sheets of glass (180 mm. .times. 280 mm.) and a
      length of 6 mm. OD .times. 1.5 mm. wall gum rubber tubing as described in
      Example 52, but no glass wool was used between the plates. A mixture of
      freshly distilled chloral with the desired amount of a suitable comonomer
      and, if desired, an inert diluent was heated under a blanket of dry
      nitrogen to a temperature in excess of the polymerization threshold
      temperature commonly in the range of 40.degree.-65.degree.C., before the
      initiator was added and allowed to mix. After the initiated mixture was
      homogeneous, it was used to fill the mold which had been preheated to at
      least the temperature of the initiated monomer. The filled mold was then
      cooled under quiescent conditions, usually in a 0.degree.C. bath, for long
      enough to complete the polymerization; commonly 1.0 to 1.5 hours. After
      warming to room temperature overnight, the polymerized sheet was
      aftertreated in various ways to remove the few percent of unchanged
      chloral still present. Alternately, it was (1) allowed to air dry, (2)
      baked (for example for 1 hour at 120.degree.C.) in air, (3) baked as in
      (2) followed by soaking or continuous extraction in a solvent for the
      unchanged chloral (acetone, methanol, water, chlorinated hydrocarbons,
      hydrocarbons, etc.), or (4) directly (without baking) soaked or
      continuously extracted in such solvents. The solvent extracted sheets
      resulting from (3) or (4) were then dried in vacuo at
      50.degree.-60.degree.C. until all traced of the solvent had been removed.
      The results are summarized in the Table below.
PAR  B. A mixture of 140 ml. of freshly distilled chloral and 9.3 ml.
      p-chlorophenyl isocyanate (95/5 molar ratio) was heated to 52.degree.C.
      under nitrogen. A 1-molar solution (6.0 ml.) of the 1/1
      triisopropylphosphine/chloral salt (of Example 105-C-3) in chloroform was
      added and the resulting solution was used as described above (Example
      111-A) to prepare a 3 mm. sheet. After the polymerized sheet had been
      after-treated as in Example 111-A (4) by acetone extraction, there was
      obtained a clear colorless sheet in 73% conversion. The sheet was useful
      as a transparent glazing panel.
PAR  The following examples illustrate the use of many of the initiators for the
      preparation of 3 mm. sheets of copolymer (95/5 mole ratio
      chloral/p-chlorophenyl isocyanate) following the general procedure
      outlined above in section A and the amounts of reagent given in section B.
TBL                               % Conversion Following                       

                Initiator        After Treatments of Ex. 111-A                 

     Example                                                                   

           Structure       Example                                             

                                 1   2      3.sup.(1)                          

                                                4.sup.(1)                      

                                                    4.sup.(2)                  

                                                        4.sup.(4)              

     __________________________________________________________________________

     C     (C.sub.6 H.sub.5).sub.3 POCH=CCl.sub.2 .sup.+ Cl.sup.-              

                           105-A     89.0                                      

     D     (CH.sub.3).sub.3 POCH=CCl.sub.2 .sup.+ Cl.sup.-                     

                           105-C-1   65.3   37.6                               

     E     (C.sub.2 H.sub.5).sub.3 POCH=CCl.sub.2 .sup.+ Cl.sup.-              

                           105-C-2   73.9   52.8                               

     F     (i--C.sub.3 H.sub.7).sub.3 POCH=CCl.sub.2 .sup.+ Cl.sup.-           

                           105-C-3   85.4   65.5                               

     G     (n--C.sub.4 H.sub.9).sub.3 POCH=CCl.sub.2 .sup.+ Cl.sup.-           

                           105-C-4   77.1   55.2                               

     H     (t--C.sub.4 H.sub.9).sub.3 POCH=CCl.sub.2 .sup.+ Cl.sup.-           

                           105-C-5   88.6   71.2                               

     I     (cyclo--C.sub.6 H.sub.11).sub.3 POCH=CCl.sub.2 .sup.+ Cl.sup.-      

                           105-C-6   78.0   54.3                               

     J     (C.sub.6 H.sub.5).sub.3 POCH=CBr.sub.2 .sup.+ Br.sup.-              

                           105-B     75.0                                      

     K     (C.sub.6 H.sub.5).sub.3 PCl.sub.2                                   

                           *         73.1       68.4                           

                                                    70.1                       

     L     (p--ClC.sub.6 H.sub.4).sub.3 P                                      

                           108-A     79.7       69.5                           

                                                    78.8                       

     M     (C.sub.6 H.sub.5).sub.2 POC.sub.6 H.sub.5                           

                           107-A     88.8       78.7                           

                                                    93.1                       

     N     (n--C.sub.12 H.sub.25).sub.3 N                                      

                           *         83.2                                      

     O     (C.sub.2 H.sub.5).sub.4 N.sup.+ Cl.sup.-                            

                           *         81.6   62.2                               

       P.sup.(3)                                                               

           (C.sub.6 H.sub.5).sub.3 As                                          

                           *     69.6                   44.3                   

       Q.sup.(3)                                                               

           (C.sub.6 H.sub.5).sub.3 Sb                                          

                           *     90.6                                          

                                       51.9.sup.(5)     41.2                   

       R.sup.(3)                                                               

           (C.sub.6 H.sub.5).sub.2 P(CH.sub.2).sub.2 P(C.sub.6 H.sub.5).sub.2  

                           *           64.4.sup.(5)     87.9                   

       S.sup.(3)                                                               

           C.sub.6 H.sub.5 P(C.sub.2 H.sub.5).sub.2                            

                           *     98.2                                          

                                       90.4.sup.(5)     78.5                   

     __________________________________________________________________________

      * = Commercially available.                                              

      .sup.(1) Acetone as extractant.                                          

      .sup.(2) Chloral as extractant.                                          

      .sup.(3) Initiator (0.4 mole %) added to 80 ml. chloral and 4.96 ml.     

      p--ClC.sub.6 H.sub.4 NCO at 65.degree.C.                                 

      .sup.(4) Carbon tetrachloride as extractant.                             

      .sup.(5) After 24 hr. at 100.degree.C.                                   

PAC  EXAMPLES 112-117
PAC  Chloral/p-Chlorophenyl Isocyanate Copolymers
PAR  In each of the following examples the indicated amounts of chloral and
      p-chlorophenyl isocyanate were combined and to this solution was added 0.2
      ml. of dimethylformamide and 0.8 ml. of acetonitrile. The resulting
      solution was heated to 50.degree.C. and thoroughly mixed with the amount
      of initiator solution (1 molar lithium chloride in dimethylformamide)
      indicated. The quiescent mixture was then cooled without agitation to the
      temperature shown for the period indicated. The resulting polymerizate was
      dissolved in toluene. The solution was clarified by filtration and the
      filtrate poured into a large excess of methanol to precipitate the
      chloral/p-chlorophenyl isocyanate copolymer. After being washed thoroughly
      with methanol, the product was dried, weighed, and analyzed for nitrogen
      content, from which the mole percent of
      ##EQU9##
      groups and chloral groups in the copolymer was calculated.
TBL  __________________________________________________________________________

     Example    112  113  114  115  116  117                                   

     __________________________________________________________________________

     Chloral (ml.)                                                             

                5    6.5  5.4  3.4  2.5  1.6                                   

     p--ClC.sub.6 H.sub.4 NCO (ml.)                                            

                3.6  4.2  6.2  8.6  9.8  11.0                                  

     Initiator (ml.)                                                           

                0.27 0.2  0.27 0.27 0.27 0.3                                   

      hrs. at 0.degree.C.                                                      

                1    1    2    2    2    0                                     

      hrs. at room temp.                                                       

                16   16   16   16   16   16                                    

     g. copolymer                                                              

                7.5  13   12.0 9.7  7.7  4.8                                   

     % N in copolymer                                                          

                3.44 3.51 3.84 4.33 4.86 4.94                                  

     mole % isocyanate                                                         

                36.5 37.5 41.1 46.5 52.3 53.1                                  

      in copolymer                                                             

     mole % chloral                                                            

                63.5 62.5 58.9 53.5 47.7 46.9                                  

      in copolymer                                                             

     __________________________________________________________________________

PAC  EXAMPLE 118
PAC  Chloral/Phenyl Isocyanate Copolymer
PAR  To a solution of 9 ml. of phenyl isocyanate and 1 ml. of chloral in 30 ml.
      of dimethylformamide (freshly distilled off P.sub.2 O.sub.5) at
      25.degree.C. was added 2.0 ml. of a saturated solution of sodium cyanide
      in dry dimethylformamide. After the initiator solution was thoroughly
      mixed with the solution of monomers, the quiescent mixture was cooled
      without agitation to -50.degree.C., held at -25.degree.C. overnight, and
      then allowed to warm to room temperature. The resulting polymer solution
      was poured into a large volume of methanol to precipitate the polymer,
      which was washed thoroughly with methanol and dried to give 1.9 g. of
      chloral/phenyl isocyanate copolymer. The product was found to contain
      5.04, 5.05 weight percent of nitrogen, which corresponds to 47.5 mole % of
      ##EQU10##
      units and 52.5 mole % of chloral units in the polymer. The polymer was
      soluble in chloroform.
PAC  EXAMPLE 119
PAR  The procedure of Example 118 was repeated using 9.5 ml. of phenyl
      isocyanate and 0.5 ml. of chloral. There was obtained 1.2 g. of
      chloroform-soluble copolymer having 5.65, 5.67 weight percent of nitrogen
      (53.5 mole % of combined phenyl isocyanate units and 46.5 mole % of
      chloral units).
PAR  Several of the process and product modifications shown in this
      specification and applicable in the preparation and modification of
      chloral homopolymers of the type shown in my U.S. Pat. No. 3,454,527.
PAR  It has been noted above that the conversion of chloral to its homopolymer
      is enhanced when aprotic liquids such as hydrocarbons, halocarbons and
      ethers are present during polymerization. Chloral homopolymer may further
      be stabilized by heat treatment as in Example 97, by solvent extraction as
      in Example 98, and by incorporation of ultraviolet light screen agents as
      in Examples 99 and 100. Polychloral can be prepared in foam or sponge form
      by following the procedures of Example 104. The initiators shown in
      Examples 105 to 111 are also suitable for effecting the cryotachensic
      homopolymerization of chloral.
CLMS
STM  I claim:
NUM  1.
PAR  1. An addition copolymer of chloral and at least one comonomer selected
      from the group consisting of
EQU  R.sup.3 --N=C=X and X=C=N--R.sup.4 --N=C=X
PAL  wherein
PAR  X is selected from the group consisting of oxygen and sulfur;
PA1  R.sup.3 is selected from the group consisting of nonsubstituted alkyl and
      cylcoalkyl of up to 18 carbons, aryl of 6-18 carbons, and alkaryl and
      aralkyl of 7-24 carbons, substitution being selected from the group
      consisting of nitro, cyano, phenylazo, and --NY.sub.2, --OY, --SY,
      ##EQU11##
      in which Y is lower alkyl or phenyl; and R.sup.4 is selected from the
      group consisting of nonsubstituted and substituted alkylene, alkarylene,
      aralkylene, cycloalkylene, alkylenebis(cycloalkylene),
      alkylenebis(arylene), arylene, arylenebis(alkylene) of up to 18 carbons
      and anthraquinonylene, any substitution being selected from the group
      consisting of fluorine, chlorine, bromine, iodine, nitro, cyano,
      phenylazo, and --NY.sub.2, --OY, --SY,
      ##EQU12##
      in which Y is lower alkyl or phenyl, the copolymer containing from 1 to
      99.9 mole percent of chloral.
NUM  2.
PAR  2. A copolymer of claim 1 in which the comonomer is an isocyanate.
NUM  3.
PAR  3. A copolymer of claim 1 in which the comonomer is a diisocyanate.
NUM  4.
PAR  4. A copolymer of claim 1 in which the comonomer is an isothiocyanate,
NUM  5.
PAR  5. A copolymer of claim 1 in which the comonomer is a diisothiocyanate.
NUM  6.
PAR  6. A copolymer of claim 1 in the form of an article of manufacture.
NUM  7.
PAR  7. A copolymer of claim 1 in the form of a film.
NUM  8.
PAR  8. A copolymer of claim 1 in the form of a foam.
NUM  9.
PAR  9. A copolymer of claim 1 in the form of a fiber.
NUM  10.
PAR  10. A copolymer of claim 1 in the form of a sheet.
NUM  11.
PAR  11. A copolymer of claim 1 in the form of pipe.
NUM  12.
PAR  12. A copolymer of claim 1 containing an inorganic filler.
NUM  13.
PAR  13. A copolymer of claim 12 in which the filler is fiber glass.
NUM  14.
PAR  14. A copolymer of claim 1 stabilized against weight loss from heat.
NUM  15.
PAR  15. A copolymer of claim 1 containing from about 50 to 99.9 mol percent of
      chloral.
NUM  16.
PAR  16. A copolymer of claim 1 containing from about 80 to 99.9 mol percent of
      chloral.
NUM  17.
PAR  17. A copolymer of claim 16 wherein the comonomer is hexamethylene
      diisocyanate.
NUM  18.
PAR  18. A copolymer of claim 16 wherein the comonomer is toluene diisocyanate.
NUM  19.
PAR  19. A copolymer of claim 16 wherein the comonomer is
      p,p'diisocyanatodiphenylmethane.
NUM  20.
PAR  20. A copolymer of claim 16 wherein the monomers are chloral, butyl
      isocyanate, phenyl isocyanate and 2,4-diisocyanatotoluene.
NUM  21.
PAR  21. The cryotachensic polymerization process of making a copolymer of
      chloral and at least one comonomer selected from the group consisting of
EQU  R.sup.3 --N=C=X and X=C=N--R.sup.4 --N=C=X
PAL  wherein
PA1  X is selected from the group consisting of oxygen and sulfur;
PA1  R.sup.3 is selected from the group consisting of substituted alkyl and
      cycloalkyl of up to 18 carbons, aryl of 6-18 carbons, and alkaryl and
      aralkyl of 7-24 carbons, substitution being selected from the group
      consisting of nitro, cyano, phenylazo, and --NY.sub.2, --OY, --SY,
      ##EQU13##
      in which Y is lower alkyl and phenyl; and R.sup.4 is selected from the
      group consisting of nonsubstituted and substituted alkylene, alkarylene,
      aralkylene, cycloalkylene, alkylenebis(cycloalkylene),
      alkylenebis(arylene), arylene, arylenebis(alkylene) of up to 18 carbons
      and anthraquinonylene, any substitution being selected from the group
      consisting of fluorine, chlorine, bromine, iodine, nitro, cyano,
      phenylazo, and --NY.sub.2, --OY, --SY,
      ##EQU14##
      in which Y is lower alkyl or phenyl, comprising forming, at a temperature
      above its threshold polymerization temperature, a quiescent homogeneous
      mixture of the monomers and an effective amount of an anionic
      polymerization initiator, cooling the quiescent mixture below its
      threshold polymerization temperature to effect polymerization of the
      monomers, and maintaining the mixture quiescent during the polymerization
      process.
NUM  22.
PAR  22. The process of claim 21 in which a comonomer is an isocyanate.
NUM  23.
PAR  23. The process of claim 21 in which the comonomers are butyl isocyanate,
      phenyl isocyanate and 2,4-diisocyanatotoluene.
NUM  24.
PAR  24. The process of claim 21 carried out in the presence of an aprotic
      solvent which is inert to the monomers and initiator and is liquid at the
      polymerization temperature.
NUM  25.
PAR  25. The process of claim 21 wherein the aprotic solvent is a hydrocarbon.
NUM  26.
PAR  26. The process of claim 21 wherein the aprotic solvent is halogenated
      hydrocarbon.
NUM  27.
PAR  27. The process of claim 21 wherein the process is carried out in a mold to
      produce a shaped copolymer.
NUM  28.
PAR  28. The cryotachensic polymerization process of making a copolymer of
      chloral and at least one comonomer selected from the group consisting of
      R.sup.3 --N=C=X and X=C=N--R.sup.4 --N=C=X wherein
PA1  X is selected from the group consisting of oxygen and sulfur;
PA1  R.sup.3 is selected from the group consisting of substituted alkyl and
      cycloalkyl of up to 18 carbons, aryl of 6-18 carbons, and alkaryl and
      aralkyl of 7-24 carbons, substitution being selected from the group
      consisting of nitro, cyano, phenylazo, and --NY.sub.2, --OY, --SY,
      ##EQU15##
      in which Y is lower alkyl and phenyl; and R.sup.4 is selected from the
      group consisting of nonsubstituted and substitsuted alkylene, alkarylene,
      aralkylene, cylcoalkylene, alkylenebis(cycloalkylene),
      alkylenebis(arylene), arylene, arylenebis(alkylene) of up to 18 carbons
      and anthraquinonylene, any substitution being selected from the group
      consisting of fluorine, chlorine, bromine, iodine, nitro, cyano,
      phenylazo, and --NY.sub.2, --OY, --SY,
      ##EQU16##
      in which Y is lower alkyl or phenyl, comprising forming, at a temperature
      above its threshold polymerization temperature, a quiescent homogeneous
      mixture of chloral and an effective amount of anionic polymerization
      initiator,
PA2  cooling the quiescent mixture below its threshold polymerization
      temperature to effect homopolymerization of part of the chloral under
      quiescent conditions, and then
PA2  adding the at least one comonomer as set out above and causing it to
      copolymerize with at least the remaining free chloral.
NUM  29.
PAR  29. The process of claim 28 in which about 60 percent of the original
      quantity of chloral or polymerized to homopolymer under quiescent
      conditions.
NUM  30.
PAR  30. An unpolymerized liquid mixture of chloral and at least one compound
      selected from the group consisting of
EQU  R.sup.3 --N=C=X, and X=C=N--R.sup.4 --N=C=X,
PAL  wherein
PA1  X is selected from the group consisting of oxygen and sulfur;
PA1  R.sup.3 is selected from the group consisting of substituted alkyl and
      cycloalkyl of up to 18 carbons, aryl of 6-18 carbons, and alkaryl and
      aralkyl of 7-24 carbons, nitro, cyano, phenylazo, --NY.sub.2, --OY, --SY,
      ##EQU17##
      in which Y is lower alkyl or phenyl; and R.sup.4 is selected from the
      group consisting of nonsubstituted and substituted alkylene, alkarylene,
      aralkylene, cycloalkylene, alkylenebis(cycloalkylene),
      alkylenebis(arylene), arylene, arylenebis(alkylene) of up to 18 carbons
      and anthraquinonylene, any substitution being of fluorine, chlorine,
      bromine, iodine, nitro, cyano, phenylazo, and --NY.sub.2, --OY, --SY,
      ##EQU18##
      in which Y is lower alkyl or phenyl; said unpolymerized mixture containing
      from 1 to 99.9 mol percent of chloral.
NUM  31.
PAR  31. A liquid mixture of claim 30 containing from about 50 to 99.9 mol
      percent of chloral.
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PAL  Novel blends comprising biodegradable thermoplastic dialkanoyl polymer,
      e.g., poly(alkylene adipate), and additional material such as naturally
      occurring biodegradable product, e.g., tree bark; and to the novel shaped
      articles therefrom. In one aspect, the invention is directed to novel
      shaped containers fabricated from material comprising biodegradable
      thermoplastic dialkanoyl polymer, said containers possessing a germination
      medium, and optionally, a seed or seedling in such medium.
PARN
PAR  This is a division of application Ser. No. 275,973 filed July 28, 1972, now
      U.S. Pat. No. 3,850,862.
BSUM
PAR  This invention relates to novel blends comprising biodegradable
      thermoplastic dialkanoyl polymer such as poly(ethylene adipate) and other
      components such as naturally occurring biodegradable product, e.g., tree
      bark; to the novel shaped articles fabricated therefrom as exemplified by
      mulch films, transplanter containers, disposable containers, shipping
      crates and boxes, and the like; and to transplanter containers which
      possess a germination medium, and optionally, a seed or seedling in such
      medium.
PAR  Agricultural mulches are used to cover the soil about crops or other
      plantings in order to prevent or retard weed growth and to increase soil
      water retention and temperature. For many years, various naturally
      occurring materials have been used for this purpose such as peat moss,
      wood chips, chopped bark, sawdust, etc. However, repeated rainfalls tend
      to wash away such natural mulches leaving void and barren areas in the
      field. More recently, polyethylene film, both in its transparent state and
      its opaque state, has been found to be a useful mulch. When its presence
      on the ground is no longer desired, the film is physically removed from
      the fields. The necessity of such removal increases costs and complicates
      post harvest field preparation. Currently, the film is collected and
      burned. Obviously, it would be more desirable if the use of synthetic
      mulches more closely conformed to the practice with natural mulches. These
      natural mulches are not removed from the ground, but rather are turned
      back into the soil upon plowing at the start of the next growing season.
      Such factors undoubtedly led to the recent development of photodegradable
      or light degradable polyethylene film mulches. Various additives and
      ultraviolet light absorbers are compounded into the polyethylene thereby
      rendering this polymer photodegradable. The cost disadvantages incurred by
      adding and compounding such ingredients in polyethylene are obvious.
PAR  In the seed and nursery industries, it is the practice of he horticulturist
      to plant seeds or seedlings in soil or conditioned material which is
      contained in relatively small containers, such as metal cans or clay pots,
      so that initial growth may be carefully controlled under greenhouse or
      other desirable conditions. During such growth, the root system of the
      plant develops and becomes established within the soil or other material
      in the container. The use of metal, clay or other similar types of
      containers is generally satisfactory during the initial growth period. A
      major drawback of such containers is that the plant must be entirely
      removed from the container when it is to be transplanted to the field or
      to a larger container. Since the root system has developed within the soil
      or material in which growth was started, the roots are firmly embedded and
      intertwined with such soil and removal from the container of the plant and
      the soil in which the roots are established disturbs the root system anad
      results in damage thereto. It would be advantageous, therefore, if such
      containers were fabricated from materials comprising biodegradable
      substances in which the container possessed the capability of maintaining
      its shape during the initial growth period of a plant and, after
      transplanting the container and its contents to the field, it possessed
      the capability of biodegrading and disintegrating.
PAR  In the regeneration of forests it is the practice of the silviculturist to
      employ, for the most part, bare-root planting methods. Though it is
      estimated that well over one billion bare-root tree seedlings are planted
      annually in North America, the bare-root planting method is fraught with
      disadvantages. A formidable obstacle to the silviculturist is the rapidity
      of physical deterioration of the bare-root stock. Reforestration is also
      beset with labor problems, antiquated tools, and dated concepts of
      planting. The silviculturist has very recently turned to experimenting
      with container planting methods. In this regard, new shapes and types of
      containers and accessory equipment for growing and planting seedlings have
      been devised. One method involves the mechanical metering of containerized
      seedlings into the terrain. The equipment utilized is a "planting gun" in
      which the container, in the shape of a "bullet," is placed into the
      planting gun, passed through the gun muzzle, and then mechanically
      inserted into the ground. The bullet can be fabricated from material such
      as polystyrene and is quite rigid in construction. To permit root egress
      of the seedling from such bullet to the surrounding soil after planting,
      the walls of the bullet can be weakened by strategically located grooves,
      splits, and/or holes. Unfortunately, there are drawbacks to the
      transplanter container method briefly described above. The plastic
      container or bullet is not biodegradable, that is, it is not consumed or
      substantially consumed by the action of microorganisms such as fungi or
      bacteria. Not only does this non-biodegradability factor represent an
      ecological problem, but also interference of the root system by the
      container wall results in damage and stunted growth of the seedling.
PAR  The literal inundation of our lands in recent years with plastic and
      plastic-like packaging material and shipping containers in the form of
      discarded film, boxes, crates, wrappings, etc., has received wide
      attention during the last decade. One approach towards a partial solution
      to this litter and disposal problem has been the incorporation of various
      additives into plastics to make them photodegradable. This approach,
      though of limited applicability, has merit and will probably gain, in the
      coming years, support from citizen-minded and nature-loving groups. Other
      approaches and alternatives, obviously, are being investigated.
PAR  Accordingly, it is an object of this invention to provide novel
      biodegradable blends comprising biodegradable thermoplastic dialkanoyl
      polymer and other components such as naturally occurring biodegradable
      product. It is also an object of the invention to provide novel blends
      from materials comprising biodegradable substances, said blends having the
      capability of being fabricated into articles of commerce, e.g., boxes,
      crates, packing material, and the like. Another object of the invention is
      to provide novel shaped biodegradable articles in the form of film,
      disposable containers, transplanter containers, shipping containers,
      storage containers, packaging material, toys, and the like. A further
      object is to provide an improved transplanter container fabricated from
      materials comprising biodegradable substances, said container having the
      capability of maintaining its shape during the initial growth period of a
      plant whereby the entire container and its contents can be transplanted by
      hand or mechanical means, to the field or to a larger container without
      disturbing or damaging the root system. A still further object is to
      provide a novel biodegradable transplanter container which has sufficient
      strength to contain the soil in which the seed or seedling is planted,
      which has the capability of disintegrating when planted in the field, and
      which upon disintegration possesses the quality of acting as a soil
      conditioner whereby plant growth is encouraged and improved. A particular
      object is to provide an improved transplanter container constructed of
      materials which has the property of holding its shape in a moist and/or
      humid environment. A yet further object of the invention is to provide a
      novel agricultural mulch from material comprising biodegradable
      thermoplastic oxyalkanoyl polymer. Another object of the invention is to
      provide improved methods utilizing biodegradable mulches and transplanter
      containers. Still another object of the invention is to provide a novel
      article of manufacture comprising a biodegradable thermoplastic container,
      a germination medium, and a seed or seedling therein, said container
      having the capability of maintaining its shape during the initial growth
      period of a plant whereby the entire container and its contents can be
      transplanted, by hand or mechanical means, to the field or to a larger
      container without disturbing or damaging the root system. At least one of
      the aforesaid objects and other objects will become apparent to those
      skilled in the art in the light of the specification.
PAR  A broad aspect of the invention is directed to novel blends or mixtures
      comprising biodegradable thermoplastic dialkanoyl polymer and other
      components such as naturally occurring biodegradable product. The
      naturally occurring biodegradable products which are suitable in the
      practice of preferred embodiments of the invention are derived from or are
      a part of plant or animal species, especially those products which have
      not been chemically modified by man. Cellulosic esters and cellulosic
      ethers are substances which have been so modified. Strictly speaking,
      biodegradable materials are those which, because of their chemical
      structure are susceptible to being assimilated by microorganisms such as
      molds, fungi, and bacteria, when buried in the ground or otherwise
      contacted with the organisms under conditions conductive to their growth.
      The term "biodegradable" is often used indiscriminately to refer to
      various types of environmental degradation, including photodegradation.
      Though a polymeric material may be degraded by sunlight and oxygen this
      does not necessarily mean that such material will also be assimilated by
      microorganisms. The term "biodegradable," as used herein, is reserved for
      that type of degradability which is brought about by living organisms,
      usually microorganisms.
PAR  The naturally occurring biodegradable products which are suitable in the
      practice of the invention include, by way of illustrations, sugar cane
      residue, sugar beet residue, peat moss, sawdust, hemp, sisal, linen, corn
      starch, cotton, rice hulls, wheat bran, soybean meal, potato starch, corn
      syrup, rice flour, gelatin, barley flour, rye flour, granulated sugar,
      wheat flour, wood chips, brewers yeast, vegetable gum, egg albumin,
      carboard, disintegrated or shredded tree bark especially Douglas Fir bark
      and Pine bark, cotton seed hulls, manure, disintegrated paper stock,
      shredded wood, hulled and coarsely ground as well as finely ground grain,
      and the like.
PAR  The thermoplastic dialkanoyl polymers which are suitable in the practice of
      the invention possess a reduced viscosity value of at least about 0.1 and
      upwards to about 10, and higher. In various desirable embodiments
      thermoplastic dialkanoyl polymers which have a wide span of usefulness are
      those which possess a reduced viscosity value in the range of from about
      0.2 to about 5. These polymers are further characterized in that they
      contain at least about 10 weight percent recurring linear
      dialkanoyl-containing unit of the formula:
      ##EQU1##
      wherein R represents a divalent aliphatic hydrocarbon radical desirably a
      C.sub.1 -C.sub.12 alkylene and C.sub.2 -C.sub.12 alkylidene, e.g.,
      methylene,, ethylene, propylene, tetramethylene, heptamethylene,
      octamethylene, decamethylene, ethylidene, propylidene, octylidene, etc.;
      and wherein R' represents a divalent aliphatic hydrocarbon radical as
      described above or a divalent aliphatic oxa-hydrocarbon radical desirably
      of the formula -C.sub.2 -C.sub.12 alkylene(oxyC.sub.2 -C.sub.12
      alkylene).sub.x.
PAR  The aforesaid recurring linear unit is interconnected through the oxy group
      (--O--) of one unit with a carbonyl group
      ##EQU2##
      of a second unit. In addition to the recurring linear unit above, the
      thermoplastic dialkanoyl polymer may comprise other moieties or groups
      therein especially those which intersperse or terminate the polymeric
      chain thereof as illustrated by the
      ##EQU3##
      group; the urethane group,
      ##EQU4##
      the
      ##EQU5##
      group; the
      ##EQU6##
      group; the biuret group,
      ##EQU7##
      the divalent mono- and polyaromatic rings including fused and bridged
      rings; lower alkyl substituted oxyalkanoyl groups; catalyst residue; the
      carbonate group,
      ##EQU8##
      and others. In the above illustrated groups, R.sub.1 desirably is hydrogen
      or methyl; x represents an integer which has a value of at least one,
      e.g., from 1 to 4;  and R has the aforesaid meaning.
PAR  As previously noted, the thermoplastic dialkanoyl polymers which are
      suitable in the practice of the invention are expressed in terms of their
      reduced viscosity values. As is well known in the art, reduced viscosity
      value is a measure or indication of the molecular weight of polymers. The
      expression "reduced viscosity" is a value obtained by dividing the
      specific viscosity by the concentration of polymer in the solution, the
      concentration being measured in grams of polymer per 100 milliliters of
      solvent. The specific viscosity is obtained by dividing the difference
      between the viscosity of the solution and the viscosity of the solvent by
      the viscosity of the solvent. Unless otherwise noted, the reduced
      viscosity values herein referred to are measured at a concentration of 0.2
      gram of polymer in 100 milliliters of benzene (benzene is preferred
      although cyclohexanone, chloroform, toluene or other common organic
      solvent for the polymer may be used) at 30.degree.C.
PAR  The thermoplastic dialkanoyl polymers can be prepared by known methods. A
      general procedure for the preparation of poly(alkylene alkanedioate)
      glycols (or dicarboxy compounds) involves well-documented esterification
      techniques using predetermined amounts of an aliphatic diol and an
      alkanedioic acid. A molar excess of the diol results in
      dihydroxyl-terminated polymers whereas the use of a molar excess of the
      dicarboxylic acid gives dicarboxyl-terminated polymers. In general, the
      alkylene alkanedioate polymers are suitably obtained under reaction
      conditions of the order of 250.degree.C., and higher, using low pressures,
      e.g., less than one mm. of Hg. Water of condensation is removed from the
      reaction zone by conventional equipment suitably for such purposes.
      Illustrative of the aliphatic glycols which can be employed are ethylene
      glycol, diethylene glycol, propylene glycol, dipropylene glycol,
      1,4-butanediol, 1,3-butylene glycol, 1,5-pentanediol, 1,6-hexanediol,
      1,8-octanediol, 1,4-cyclohexane-diol, 1,12-dodecanediol, and the like.
      Desirably, the aliphatic glycol contains from 2 to 8 carbon atoms.
      Illustrative alkanedioic acid reactants include malonic acid, succinic
      acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic
      acid, sebacic acid, dodecanedioic acid, and the like. Desirably, the
      alkanedioic acid contains from 2 to 12 carbon atoms. Mixtures of the
      aforesaid aliphatic glycols and/or alkanedioic acids can be employed. In
      addition, the reaction mixture can comprise small amounts of
      hydroxyalkanoic acid, vicinal-epoxy compounds, cyclic ethers, cyclic
      carbonates, etc., e.g., 6-hydroxycaproic acid, ethylene oxide,
      tetrahydrofuran, tetramethylene carbonate, and the like, as well as the
      glycol and diacid reactants. Higher molecular weight themoplastic alkylene
      alkanedioate polymers can be prepared by following the teachings in the
      prior art, e.g., note U.S. Pat. Nos. 2,423,823 and 2,071,250. The
      polyesterification reaction, as typified above, is effected under
      extremely low pressure, e.g., less than about 10.sup.-.sup.3 mm. of Hg
      using equimolor quantities of diol and diacid.
PAR  The alkylene alkanedioate polymers which have number average molecular
      weights of, for example, less than about 25,000 can be characterized by
      hydroxyl end-groups or carboxyl end-groups. If desired, these polymers can
      be reacted with a diisocyanate, e.g., 1,6-hexamethylene diisocyanate, 2,4-
      and/or or 2,6-tolylene diisocyanate, bis(4-isocyanatophenyl)methane,
      bis(4-isocyanatocylohexyl)methane, etc., to extend the polymeric chain
      thereof, or such hydroxyl-terminated polymers or carboxyl-terminated
      polymers as well as their polyurethane extension products can be reacted
      with so-called "chain stoppers" such as a monocarboxylic acid or
      anhydride, or a monohydric compound such as an alkanol.
PAR  Illustrative of other components which can be admixed or combined with the
      thermoplastic dialkanoyl polymers to form novel blends which have a wide
      variety of usefulness include plastic additives such as the normally-solid
      condensation and addition polymers which are produced during the
      polymerization process without the evolution of low-molecular weight
      by-products as well as those which are produced during the polymerization
      process with the evolution of low molecular weight by-products, e.g.,
      water, alcohol, hydrogen chloride, etc., as illustrated by the polyimides,
      the polyureas, the polyurethanes, the polyureides, the polyanhydrides, the
      polyethers, the polyalkenes, the polylactams, the polycarbonates, the
      nitrile rubber gum stocks, the polybutadiene rubber gumstocks, the
      styrene/butadiene rubber gumstocks, the phenolic resins, the epoxy resins,
      the melamine resins, the aminoplasts, the alkenes, and the like. It should
      be understood that the term "polymer," as used herein, is employed in its
      generic sense to include homopolymers and copolymers.
PAR  Typical polymers useful as plastic additives include the poly(hydroxy
      ether)polymers which are formed by the polymerization of aliphatic and
      aromatic polyhydroxy compounds, e.g., alcohols and phenols, with an
      epihalohydrin. Another class of polymers is the thermoplastic
      polycarbonates which are derived from dihydroxy compounds or phenols and
      phosgene. Another class of polymers is the polyamides, such as nylon 6,
      e.g., polycaprolactam; nylon 6/6, e.g., hexaamethylenediamine-adipic acid
      or anhydride polycondensate; nylon 6/10, e.g., hexamethylene
      diaminesebacic acid or anhydride polycondensate; nylon 11, e.g.,
      11-aminoundecanoic acid polycondensate; and the like. Yet another class is
      the normally-solid polyoxyalkylene polymers, both unsubstituted and
      halogenated. The lowest homologous type of this class is the
      polyoxymethylene polymers, otherwise called acetal resins. In addition,
      the normally-solid polyoxyethylene, polyoxypropylene, and polyoxybutylene
      polymers and copolymeric forms such as the poly(oxyethyleneoxypropylene)
      copolymers, the poly(oxymethyleneoxyethylene) copolymers, and the
      poly(oxymethyleneoxypropylene) copolymers which have a block or random
      distribution can be employed as an additive thermoplastic component.
      Illustrative of the thermoplastic polyurethanes include those which are
      formed from the toluene diisocyanates (TDI) or diphenylmethane
      4,4-diisocyanate (MDI) and a wide range of polyols such as polyoxyethylene
      glycol, polyoxypropylene glycol, polyoxyethyleneoxypropylene glycols, etc.
      Polyureas which are suitable include thermoplastic solids having recurring
      units of the formula: [NHR"NHCONHR"NHCO] wherein R" is alkylene or arylene
      having 2 to 12 carbon atoms. Illustrative of the normally-solid addition
      polymers include those prepared via the vinyl polymerization of
      olefinically unsaturated monomers, e.g., monomers having the group &gt;C=C&lt;,
      such as ethylene, propylene, the butylenes, styrene, vinyl acetate,
      fumaric acid, ethyl acrylate, mixtures thereof, and the like. The polymers
      include, for example, the various normally-solid alkene homopolymers and
      copolymers such as the high and low density polyethylenes, the
      polypropylenes, and polybutylenes, the polystyrenes, and the like.
PAR  Still other components which can be admixed or combined with the
      biodegradable thermoplastic dialkanoyl polymer include fibrous and
      nonfibrous fillers, kaolin, bentonite, iron oxide, clay, carbon black,
      lamp black, silica, titanium dioxide, asbestos, vermiculite, metallic
      powders, calcium carbonate, calcium sulfate, powdered glass, mica, and the
      like. The filler, if employed, is desirably in particulate form or of
      small particle size. Particulate polymers are desirably kept in
      particulate form during processing and fabricating by remaining below the
      melting point of the particulate polymer or by crosslinking the
      particulate polymer either chemically or by radiation treatment known in
      the art.
PAR  Though biodegradability of the thermoplastic dialkanoyl polymer is
      oftentimes manifest when at least about 10 weight percent of its weight is
      attributable to dialkanoyl units, especially diadipoyl units, it is
      desirable that the novel blends, and articles therefrom, comprise
      thermoplastic dialkanoyl polymer in which at least about 20 weight percent
      of the weight of such polymer is in the form of dialkanoyl units. In
      specific aspects of the invention, it is preferred that such polymer
      contain at least about 50 weight percent, and preferably still at least
      about 80 weight percent, and upwards to about 100 weight percent of
      dialkanoyl units therein.
PAR  The proportions of the thermoplastic dialkanoyl polymer and other
      components, e.g., naturally occurring biodegradable product, plastic
      additive, filler, etc., in the novel blends can vary over a wide range.
      The optimum composition of the blend will depend, to a significant extent,
      upon a consideration of factors such as the end-use contemplated; the
      characteristics or properties desired in the article of manufacture made
      from the blend, e.g., mechanical strength properties, rate and degree of
      biodegradability, etc.; the thermoplastic dialkanoyl polymer of choice;
      the choice of the naturally occurring biodegradable product of choice,
      plastic additive, and/or filler; the concentrations of such components;
      and the like.
PAR  Broadly, the novel blends of the invention comprise from about 5 to about
      95 weight percent of thermoplastic dialkanoyl polymer and from about 95 to
      about 5 weight percent of the other component(s), based on the total
      weight of the blend. In various desirable embodiments which take into
      consideration various factors as illustrated above, the novel blends
      comprise from about 10 to 90 weight percent, preferably from about 20 to
      about 80 weight percent, of thermoplastic dialkanoyl polymer; and from
      about 10 to about 90 weight percent, preferably from about 20 to about 80
      weight percent, of the other component, e.g., naturally occurring
      biodegradable product; based on the total weight of the blend. The novel
      blend can be comprised of two or more ingredients. For example, the novel
      blend can comprise one or more thermoplastic dialkanoyl polymers,
      naturally occurring biodegradable products, plastic additives, and/or
      fillers.
PAR  Suitable equipment for fluxing the novel blend comprising thermoplastic
      dialkanoyl polymer include Banbury mixers, screw extruders, two-roll or
      multi-roll mills, ribbon or paddle blendors, calenders, and the like. The
      time of blending or fluxing is not narrowly critical. The blending time
      should be sufficient to obtain a substantially uniform mixture.
PAR  In various aspects of the invention the novel blends are useful in the
      preparation of novel biodegradable articles of manufacture such as mulch
      film, disposable containers, shipping containers, storage containers,
      packaging material, transplanter containers, and the like. Well-known
      techniques in the art can be used to fabricate these novel articles and
      they include, for instance, compression molding, injection molding,
      transfer molding, extrusion, vaccum forming, blow molding, calendering,
      rotational molding, coating, dipping, and the like.
PAR  Novel articles of manufacture, e.g., mulch film and transplanter
      containers, which have "tailor-made" or "built-in" properties or
      characteristics can be fabricated from the novel blends. Thermoplastic
      dialkanoyl polymerrs as exemplified by poly(1,6-hexamethylene adipate) are
      capable of accepting high loadings of material in particulate form
      (fillers such as carbon black, talc, etc.; plastic additives such as
      polyethylene, polystyrene, etc; naturally occurring biodegradable products
      such as wood flour, finely ground grain, etc.) thus increasing the
      stiffness or modulus of articles fabricated from such "filled" polymers.
      Moreover, the cost of such articles has been reduced markedly. The
      addition of rubbery material such as natural rubber to the thermoplastic
      dialkanoyl polymer can increase the impact strength and/or elongation
      characteristics of articles fabricated therefrom. Transplanter containers
      and mulch film fabricated from mixtures comprising biodegradable
      thermoplastic dialkanoyl polymer and water-soluble polymers, e.g. wax-like
      and solid water-soluble ethylene oxide homopolymers and copolymers, have
      the ability to undergo relatively slow dissolution or leaching in an
      aqueous or humid surrounding to thus provide a more favorable environment
      for growth of fungi. Additional ingredients which can be included in the
      novel blends are plant nutrients, fertilizer, insecticides, pesticides,
      herbicides, and the like. One can also use plasticizers, dyes, etc., in
      the novel blends to further modify the characteristics of the novel
      articles therefrom.
PAR  In the practice of various embodiments of the invention it is desirable
      that the novel articles of manufacture possess properties and
      characteristics which are suitable for the application contemplated. For
      instance, if the novel articles are to be used in mechanical
      transplantation methods or as shipping containers, e.g., boxes, crates,
      etc., it is highly desirable that such articles have sufficient strength
      properties to withstand breakdown or failure during use. By way of
      illustration, one can use, if desired, containers which are characterized
      by a modulus range of from about 10,000 psi, and lower, to about 1,000,000
      psi (as determined by ASTM Method D-638). On the other hand, containers
      characterized by a much lower modulus can be tolerated in hand planting
      techniques, e.g., at least about 300 psi. It is to be understood that the
      aforementioned values are merely illustrative and that higher and lower
      values are contemplated as being within the scope of the invention.
PAR  One aspect of the invention is directed to novel transplanter containers,
      fabricated from the novel blends, and optionally, a germination medium in
      said containers with/without a seed or seedling in such medium. The
      container can be of any size and shape capable of having utility in
      horticultural, silvicultural, and agricultural applications. It can be in
      the form of a flower pot, cone, bullet, tube, cylinder, tray, etc. It
      should be capable of holding the germination medium therein. In this
      connection additional support or reinforcement material can be used. For
      instance, a container shaped in the form of a hollowed tube, opened at
      both extremities, may not be suitable in holding the germination medium in
      its interior. This drawbaack can be overcomed by stoppering one end of
      such tube with suitable plugging means, if necessary. The germination
      medium can be any mixture suitable for growing plant life such as farm
      products, flowers, shrubs, trees, grass, etc. The germination medium can
      be formed from synthetic materials, substances found in nature, or
      mixtures of both. A desirable germination medium comprises soil formed
      from disintegrated and decomposed rocks and minerals generally mixed with
      organic matter in various stages of decay, and having substantial porosity
      or pore space. The pore space will vary with the texture of the soil. The
      soil may comprise silt, sand, clay, stone, gravel, minerals, organic
      matter, etc. Conditioners and stabilizers can be added to or contained in
      coil and they include, for example, gypsum, calcium chloride, limestone,
      vermiculite, iron sulfate, water-soluble high molecular weight polymeric
      electrolytes, and others. Nutrients can be added to the soil to aid plant
      growth and to supplement the plant-food content thereof. The more
      important ones include the compounds of nitrogen, phosphorous, and
      potassium. Trace elements such as magnesium, iron, zinc, copper, etc.,
      have been shown to be beneficial to plant growth and can be added to the
      soil. Various types of fertilizers provide useful nutrients. They can
      range from inorganic compounds as illustrated by ammonium nitrate types to
      organic compounds such as the long lasting urea forms which release the
      nitrogen slowly.
PAR  Any type of seed or seedling capable of growing in soil in contemplated. Of
      special interest are tree seeds and seedlings as illustrated by the
      deciduous and coniferous types such as oak, ash, maple, elm, Douglas Fir,
      pine, spruce, cedar, etc., shrub seedlings as illustrated by ornamental or
      evergreen types such as taxus, holly, juniper, etc.; plants and flowers of
      the various well-known varieties; and the like.
PAR  By the terms "biodegradable" and "biodegradability," as used herein, are
      meant that the novel blends and articles therefrom are capable of being
      consumed by microorganisms as, for example, bacteria or fungi, in an
      environment suitable to the growth of microorganisms such that there
      results a weight loss of at least approximately 20 weight percent in the
      biodegradable thermoplastic dialkanoyl polymer component in such blend or
      article within a period of about four years, and generally within about
      two years. The degree and rate of biodegradability depend, to an extent,
      on the weight percent content of the unit,
      ##EQU9##
      contained in the thermoplastic dialkanoyl polymer used in the fabrication
      of the container, the nature of the other component(s), e.g., plastic
      additive, naturally occurring biodegradable additive, filler, plasticizer,
      etc. By way of illustration, transplanter containers which are fabricated
      from poly(1,6-hexamethylene adipate), I.sub.r of about 0.6, and peat moss,
      and which are subjected to soil burial tests, evidence weight losses
      upwards to about 50 weight percent, and higher, within a one year period
      due to container disintegration and container consumption by
      microorganisms.
PAR  In the illustrative Examples hereinafter disclosed, numerical references in
      the copolymer or blend designate parts by weight. For example, 67
      ethylene/33 vinyl acetate refers to a copolymer containing 67 parts by
      weight of ethylene and 33 parts by weight of vinyl acetate chemically
      combined therein.
DETD
PAC  EXAMPLES 1-24
PAR  In Examples 1-24 infra, samples of commercially available high molecular
      weight polymers were pressed or molded into plaques from which test
      specimens were cut. These specimens were tested for degradation by fungi
      using ASTM - D-1924-63.sup.(1). This procedure requires the placement of
      test specimens in or on a solid agar growth medium that is deficient only
      in carbon. The medium and specimens are inoculated with the test
      microorganisms and incubated for 3 weeks. Any growth which may occur is
      dependent on the utilization of a component of the specimen as a carbon
      source by the test organism. The test fungi consisted of a mixture of
      Aspergillus niger, Aspergillus flavus, Chaetomium globosum, and
      Penicillium funiculosum. Since possible complication that growth may occur
      as a result of the presence of additives in the polymeric specimen, it was
      necessary that the polymeric specimen tested be free from stabilizers,
      plasticizers, lubricants, and other extraneous organic substances, or that
      the presence of such additives be recognized. If a pure polymeric specimen
      showed heavy growth and concurrent loss of weight and mechanical
      properties this was considered good evidence of its biodegradability.
FNT  (1) ASTM-D-1924: Recommended practice for determining resistance of
      synthetic polymeric materials to fungi. Ann. Book of ASTM Standards, 1970,
      Part 24, page 593.
PAR  After various exposure times up to three weeks, and longer, the samples
      were examined and assigned growth ratings as shown below:
PAR  Growth Ratings:
PA1  0 = No Growth
PA1  1 = Traces (Less than 10 percent Covered)
PA1  2 = Light Growth (10 to 30 percent Covered)
PA1  3 = Medium Growth (30 to 60 percent Covered)
PA1  4 = Heavy Growth (60 to 100 percent Covered)
PAR  The pertinent data are set out in Table I below.
TBL                TABLE I                                                     

     ______________________________________                                    

     Sample  Commercial              Growth                                    

     No.     Thermoplastic           Rating                                    

     ______________________________________                                    

     1      Acrylonitrile/Butadiene/Styrene                                    

            Terpolymer (ABS) .sup.(a)                                          

                                     0                                         

     2      Blend of ABS and Poly(Bisphenol A                                  

            Carbonate) .sup.(b)      0                                         

     3      Butadiene/Acrylonitrile Rubber .sup.(c)                            

                                     0                                         

     4      72/Styrene/28 Acrylonitrile Copolymer                              

                                     0                                         

     5      Poly(Methyl Methacrylate) .sup.(d)                                 

                                     0                                         

     6      Poly(Ethylene Terephthalate) .sup.(e)                              

                                     0                                         

     7      Poly(Cyclohexanedimethanol Tere-                                   

            phthalate) .sup.(f)      0                                         

     8      Poly(Bisphenol A Carbonate) .sup.(g)                               

                                     0                                         

     9      Poly(4-Methyl-1-Pentene) 0                                         

     10     Polyisobutylene .sup.(h) 0                                         

     11     Chlorosulfonated Polyethylene .sup.(i)                             

                                     0                                         

     12     Cellulose Acetate .sup.(j)                                         

                                     0                                         

     13     Cellulose Butyrate .sup.(k)                                        

                                     0                                         

     14     Nylon-6; Nylon-6/6; Nylon-12                                       

                                     0                                         

     15     Poly(Vinyl Butyral)      0                                         

     16     Polyformaldehyde .sup.(l)                                          

                                     0                                         

     17     Poly(Vinyl Ethyl Ether); I.sub.r =4                                

                                     0                                         

     18     Poly(Vinyl Acetate); I.sub.r =0.8                                  

                                     1                                         

     19     Poly(Vinyl Acetate), 50% Hydrolyzed                                

            to Poly(Vinyl Alcohol)   1                                         

     20     High Density Polyethylene,                                         

            31,600 M.W.              0                                         

     21     High Density Polyethylene,                                         

            52,500 M.W.              0                                         

     22     High Density Polyethylene,                                         

            97,300 M.W.              1                                         

     23     Low Density Polyethylene,                                          

            21,000 M.W.              1                                         

     24     Low Density Polyethylene,                                          

            28,000 M.W.              0                                         

     ______________________________________                                    

      .sup.(a) Kralastic K2938 by Uniroyal, Inc.                               

      .sup.(b) Cycoloy by Borg Warner Corp.                                    

      .sup.(c) Hycar 1002 by B. F. Goodrich Co.                                

      .sup.(d) Lucite by E. I. duPont de Nemours & Co.                         

      .sup.(e) Arnite by Polychem AKU-GE, Holland                              

      .sup.(f) Kodel by Eastman Kodak Co.                                      

      .sup.(g) Lexan 101 by General Electric Co.                               

      .sup.(h) Vistanex by I. G. Farben                                        

      .sup.(i) Hypalon (29% Cl) by E.I. duPont de Nemours & Co.                

      .sup.(j) Tenite (036A3719748) by Eastman Kodak Co.                       

      .sup.(k) Tenite (233A22300H2) by Eastman Kodak Co.                       

      .sup.(l) Celcon by Celanese Corp.                                        

PAC  EXAMPLES 25-28
PAR  Various high molecular weight thermoplastic ethylene copolymers were tested
      for biodegradability in the manner set out in Examples 1-24 supra. The
      pertinent data are noted in Table II below.
TBL                TABLE II                                                    

     ______________________________________                                    

     Sample                        Growth                                      

     No.       Ethylene Copolymer  Rating                                      

     ______________________________________                                    

     25       67 Ethylene/33 Vinyl Acetate                                     

                                   1                                           

     26       55 Ethylene/45 Vinyl Acetate                                     

                                   1                                           

     27       85 Ethylene/15 Acrylic Acid                                      

                                   0                                           

     28       82 Ethylene/18 Ethyl Acrylate                                    

                                   0                                           

     ______________________________________                                    

PAC  EXAMPLES 29-38
PAR  Several relatively low molecular weight thermoplastic copolymers of
      ethylene and different vegetable oils were tested for biodegradability in
      the manner set out in Examples 1-24 supra. These copolymers were carefully
      purified before testing to remove unreacted vegetable oil. The pertinent
      data are noted in Table III below.
TBL                TABLE III                                                   

     ______________________________________                                    

     Sample    Ethylene/Vegetable Oil                                          

                                    Growth                                     

     No.       Copolymer            Rating                                     

     ______________________________________                                    

     29       74 Ethylene/26 Castor Oil                                        

                                    0                                          

     30       72 Ethylene/28 Linseed Oil                                       

                                    0                                          

     31       73 Ethylene/27 Safflower Oil                                     

                                    0                                          

     32       73 Ethylene/27 Soybean Oil                                       

                                    0                                          

     33       59 Ethylene/41 Neat Foot Oil                                     

                                    0                                          

     34       80 Ethylene/20 Peanut Oil                                        

                                    0                                          

     35       81 Ethylene/19 Rapeseed Oil                                      

                                    0                                          

     36       84 Ethylene/16 Olive Oil                                         

                                    0                                          

     37       82 Ethylene/18 Corn Oil                                          

                                    0                                          

     38       91 Ethylene/9 Oleic Acid                                         

                                    0                                          

     ______________________________________                                    

PAC  EXAMPLES 39-47
PAR  Since high molecular weight thermoplastic polystyrene evidenced a Growth
      Rating of zero, various high molecular weight thermoplastic copolymers of
      styrene were prepared and tested in the manner indicated in Examples 1-24
      supra. As seen in Table IV below, thermoplastic copolymers of styrene and
      one or more comonomers such as acrylic acid, sodium acrylate, ethyl
      acrylate, dibutyl maleate, and dimethyl itaconate, were resistant to
      attack by the microorganisms. The pertinent data are noted in Table IV
      infra.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Sample                     Reduced   Growth                               

     No.    Copolymer           Viscosity Rating                               

     ______________________________________                                    

     39    84 Styrene/16 Acrylic Acid                                          

                                0.9.sup.(a)                                    

                                          0                                    

     40    84 Styrene/16 Sodium                                                

           Acrylate             --        0                                    

     41    85 Styrene/10 Acrylic Acid/                                         

           5 Dibutyl Maleate    0.5.sup.(a)                                    

                                          0                                    

     42    85 Styrene/10 Acrylic Acid/                                         

           5 Dimethyl Itaconate 0.5.sup.(a)                                    

                                          0                                    

     43    70 Styrene/30 Dimethyl                                              

           Itaconate            0.3.sup.(a)                                    

                                          0                                    

     44    50 Styrene/50 Ethyl                                                 

           Acrylate             0.6.sup.(b)                                    

                                          0                                    

     45    85 Styrene/15 Bis(2-Ethyl-                                          

           hexyl) Fumarate      0.5.sup.(c)                                    

                                          0                                    

     46    85 Styrene/15 Dodecyl                                               

           Acrylate             0.4.sup.(a)                                    

                                          0                                    

     47    85 Styrene/10 Ethyl Acrylate/                                       

           5 Dodecyl Acrylate   0.4.sup.(a)                                    

                                          0                                    

     ______________________________________                                    

      .sup.(a) Measured in dimethylformamide, 0.2 g/100 ml at 30.degree.C.     

      .sup.(b) Measured in acetone, 0.2 g/100 ml at 30.degree.C.               

      .sup.(c) Measured in benzene, 0.2 g/100 ml at 30.degree.C.               

PAC  EXAMPLES 48-54
PAR  Various polymers were tested for biodigradability in the manner indicated
      in Examples 1-24 supra. The results are documented in Table V below.
TBL                TABLE V                                                     

     ______________________________________                                    

     Sample                   Reduced   Growth                                 

     No.     Polymer          Viscosity Rating                                 

     ______________________________________                                    

     48     Poly(Ethylene     high      0                                      

            terephthalate)                                                     

     49     Poly(Cyclohexanedi-                                                

                              high      0                                      

            methanol Terephthalate)                                            

     50     Poly(Ethylene Succinate)                                           

                              0.2       4                                      

     51     Poly(Tetramethylene                                                

                              0.6       1                                      

             Succinate)                                                        

     52     Poly(Tetramethylene                                                

                              0.1       4                                      

             Succinate)                                                        

     53     Poly(Hexamethylene                                                 

                              0.9       4                                      

             Succinate)                                                        

     54     Poly(Ethylene Adipate)                                             

                              0.1       4                                      

     ______________________________________                                    

PAC  EXAMPLE 55
PAR  Thermoplastic poly(hexamethylene succinate), reduced viscosity of about
      0.9, is chosen for biodegradation testing by the soil burial technique. By
      injection molding techniques, this polymer is molded into tensile bars
      measuring approximately 6 inches .times. 0.5 inch .times. 0.13 inch.
      Various tensile bars are buried in a mixture of equal parts of New Jersey
      garden soil, Michigan peat moss, and builders sand. After 12 months the
      bars are removed from the soil. Visual examination shows substantial
      pitting, erosion, and disintegration of the bars.
PAC  EXAMPLE 56
PAR  Thermoplastic poly(ethylene adipate) reduced viscosity of about 0.5, is
      chosen for biodegradation testing by the soil burial technique. By
      injection molding techniques, this polymer is molded into tensile bars
      measuring approximately 6 inches .times. 0.5 inch .times. 0.13 inch.
      Various tensile bars are buried in a mixture of equal parts of New Jersey
      garden soil, Michigan peat moss, and builders sand. After 12 months the
      bars are removed from the soil. Visual examination shows substantial
      pitting, erosion, and disintegration of the bars.
PAC  EXAMPLE 57
PAR  Thermoplastic poly(tetramethylene adipate), reduced viscosity of about 0.5,
      is chosen for biodegradation testing by the soil burial technique. By
      injection molding techniques, this polymer is molded into tensile bars
      measuring approximately 6 inches .times. 0.5 inch .times. 0.13 inch.
      Various tensile bars are buried in a mixture of equal parts of New Jersey
      garden soil, Michigan peat moss, and builders sand. After 12 months the
      bars are removed from the soil. Visual examination shows substantial
      pitting, erosion, and disintegration of the bars.
PAC  EXAMPLE 58
PAR  In lieu of forming tensile bars, the polymers of Examples 55-56 are molded
      into containers shaped similar to small flower pots or whisky jiggers. The
      soil burial tests are then repeated. After 12 months the containers are
      removed. Visual examination shows a high degree of pitting, erosion, and
      disintegration as well as weight loss in the containers.
PAC  EXAMPLES 59-61
PAR  Three thermoplastic polyester polyurethanes are molded into containers
      shaped similar to small flower pots. Each of the polyurethanes are
      prepared by reacting equimolar amounts of bis(4-isocyanatophenyl) methane
      and different polyester diols of about 2,000 number average molecular
      weight. The polyester diols are poly(ethylene adipate) diol,
      poly(1,4-butylene adipate) diol, and poly(1,6-hexamethylene adipate) diol.
      The number average molecular weight of each of the resulting polyurethanes
      is approximately 25,000 to 30,000. These polyurethanes are injection
      molded into containers designed in the shape of a "bullet" measuring
      approximately 5 inches in length and one inch in outside diameter at the
      top. The wall of the bullet is about 1/16 inch in thickness and is
      weakened by a slit 1/16 inch wide that extends longitudinally from the rim
      to a hole near the point of the bullet. The hole is about 1/4 inch wide
      and about 1/2 inch long. The containers are filled with a mixture
      containing equal parts of garden soil, Michigan peta moss, and builders
      sand, and seeded with Douglas Fir. Within the confines of a greenhouse,
      the containers are then inserted into garden soil enriched with plant
      nutrients and conditioners. The watering schedule is predetermined and
      takes into consideration the bullet size, climate, and tree species. After
      a period of 12 months, normal root structure and normal growth of the tree
      seedlings are observed. Visual examination of the bullets shows
      substantial pitting and disintegration.
PAC  EXAMPLES 62-84
PAR  In Examples 62-84 various blends of poly(alkylene alkanoates) along and
      with other substances are formed by fluxing on a two-roll mill for periods
      of time ranging from about 10 to 20 minutes at temperatures generally
      below about 100.degree.C. depending on the softening point of the
      components comprising the blend. Plaques measuring about 6 inches .times.
      6 inches .times. 0.04 inch from the blends are then formed via compression
      molding techniques. Strips measuring approximately 1 inch .times. 2 inches
      .times. 0.04 inch are cut from each plaque. Strips cut from each plaque
      are buried in a mixture of equal parts of New Jersey garden soil, Michigan
      peat moss, and builders sand. After 12 months the strips are removed and
      measured for weight loss. Visual examination of the strips shows
      substantial pitting and disintegration. Strips from each plaque are also
      tested for biodegradation by fungi using ASTM Method D-1924-63. The growth
      rating is 3 or higher. The composition of the blends is set out in Table
      VI below.
TBL                TABLE VI                                                    

     ______________________________________                                    

     Example No.                                                               

                 Composition of Blend                                          

     ______________________________________                                    

     62         80 PEA.sup.(1) /20 Shredded Paper                              

     63         80 PEA/20 Hydroxypropylcellulose                               

     64         80 PEA/20 Rice Hulls                                           

     65         80 PEA/20 Peat Moss                                            

     66         80 PEA/20 Douglas Fir Bark.sup.(2)                             

     67         75 PEA/25 Urea                                                 

     68         75 PEA/25 Egg Albumin                                          

     69         75 PHS.sup.(3) /25 Rice Hulls                                  

     70         75 PHS/25 HDPE.sup.(4)                                         

     71         75 PHS/25 Asbestos                                             

     72         60 PHS/20 LDPE.sup.(5) /20 PEO.sup.(6)                         

     73         70 PHS/30 Polyoxyethylene Diol 20M.sup.(7)                     

     74         80 PTS.sup.(8) /20 Glass Wool                                  

     75         80 PTS/20 Talc                                                 

     76         75 PTS/25 Carbon Black                                         

     77         65 PTS/35 Limestone                                            

     78         50 PTS/25 LDPE/25 PEO                                          

     79         60 PTS/40 Douglas Fir Bark                                     

     80         60 PEA/40 Douglas Fir Bark                                     

     81         50 PEPU.sup.(9) /50 Douglas Fir Bark                           

     82         70 PEA/30 Thermoplastic Polystyrene                            

     83         60 PTS/40 Reclaimed Butadiene/Styrene                          

                Rubber                                                         

     84         50 PEA/25 PEO/25 Sawdust                                       

     ______________________________________                                    

      Footnotes to Table VI:                                                   

      .sup.(1) PEA represents poly(ethylene adipate), I.sub.R of about 0.5,    

      Growth Rating of 4.                                                      

      .sup.(2) Silvacon 412 by Weyerhaeuser Co.                                

      .sup.(3) PHS represents poly(1,6-hexamethylene succinate), I.sub.R of    

      about 0.9, Growth Rating of 4.                                           

      .sup.(4) HDPE represents high density polyethylene                       

      .sup.(5) LDPE represents low density polyethylene                        

      .sup.(6) PEO represents ethylene oxide homopolymer having a number averag

      molecular weight of about 4,000,000.                                     

      .sup.(7) Polyoxyethylene diol of approximately 20,000 number average     

      molecular weight.                                                        

      .sup.(8) PTS represents poly(1,4-tetramethylene succinate), I.sub.R of   

      about 0.6, Growth Rating of 4.                                           

      .sup.(9) PEPU represents thermoplastic polyester polyurethane of about   

      20,000 number average molecular weight prepared by reacting equimolar    

      amounts of poly(1,4-butylene adipate) diol (mol. wt..about.2,000) and    

      bis(4-isocyanatophenyl)methane.                                          

PAC  EXAMPLE 85
PAR  Thermoplastic poly(ethylene adipate), I.sub.R of about 0.6, as well as the
      blends set out in Examples 62-84 are molded into containers designed in
      the shape of a "bullet" measuring approximately 5 inches in length and one
      inch in outside diameter at the top. The wall of the bullet is about 1/16
      inch in thickness and has a hole near the point of the bullet. The
      containers are filled with a mixture containing equal parts of garden
      soil, Michigan peat moss, and builders sand, and seeded with Douglas Fir.
      Within the confines of a greenhouse, the containers are then inserted into
      garden soil enriched with plant nutrients and conditioners. The watering
      schedule is predetermined and takes into consideration the bullet size,
      climate, and tree species. After a period of 12 months, normal root
      structure and normal growth of the tree seedlings are observed. Visual
      examination of the bullets shows substantial pitting and/or
      disintegration.
CLMS
STM  We claim:
NUM  1.
PAR  1. A blend comprising (i) from about 5 to about 95 weight percent of
      biodegradable thermoplastic dialkanoyl polymer, said polymer having a
      reduced viscosity value of at least about 0.1 and upwards to about 10 and
      being further characterized in that at least about 10 weight percent of
      said thermoplastic dialkanoyl polymer is attributable to recurring units
      of the formula
      ##EQU10##
      wherein R represents a divalent aliphatic hydrocarbon radical, and wherein
      R' is of the group consisting of divalent aliphatic hydrocarbon radicals
      and divalent aliphatic oxa-hydrocarbon radicals, (ii) from about 95 to
      about 5 weight percent of substances of the group consisting of plastic
      additives, fillers, and mixtures thereof, and (iii) from 0 to about 90
      weight percent of a naturally occurring biodegradable product; based on
      the total weight of said blend.
NUM  2.
PAR  2. The blend of claim 1 wherein R is of the group consisting of C.sub.1
      -C.sub.12 alkylene, and wherein R' is of the group consisting of C.sub.1
      -C.sub.12 alkylene, and -C.sub.2 -C.sub.12 alkylene (oxy C.sub.2 -C.sub.12
      alkylene).sub.x, the variable x being an integer of at least one.
NUM  3.
PAR  3. The blend of claim 1 wherein said biodegradable thermoplastic dialkanoyl
      polymer has a reduced viscosity value of at least about 0.2 to about 5 and
      is further characterized in that at least about 20 weight percent of said
      polymer is attributable to the recurring dialkanoyl unit shown therein.
NUM  4.
PAR  4. The blend of claim 1 wherein at least about 50 weight percent of said
      polymer is attributable to recurring dialkanoyl units.
NUM  5.
PAR  5. The blend of claim 4 wherein at least about 80 to about 100 weight
      percent of said polymer is attributable to recurring dialkanoyl units.
NUM  6.
PAR  6. The blend of claim 1 comprising (i) from about 5 to less than 95 weight
      percent of biodegradable thermoplastic dialkanoyl polymer, (ii) from more
      than 0 to less than 90 weight percent of naturally occurring biodegradable
      product, and (iii) from more than 5 to less than 90 weight percent of
      ingredients of the group consisting of plastic additives, fillers and
      mixtures thereof, based on the total weight of said blend.
NUM  7.
PAR  7. The blend of claim 6 comprising (i) from about 20 to about 80 weight
      percent of biodegradable thermoplastic dialkanoyl polymer, (ii) from more
      than 0 to about 60 weight percent of naturally occurring biodegradable
      product, and (iii) from more than 5 to about 80 weight percent of
      ingredients of the group consisting of plastic additives, fillers, and
      mixtures thereof, based on the total weight of said blend.
NUM  8.
PAR  8. The blend of claim 7 wherein said naturally occurring biodegradable
      product is tree bark.
NUM  9.
PAR  9. Articles of manufacture from the blend claimed in claim 1.
NUM  10.
PAR  10. Articles of manufacture from the blend claimed in claim 2.
NUM  11.
PAR  11. Articles of manufacture from the blend claimed in claim 4.
NUM  12.
PAR  12. Articles of manufacture from the blend claimed in claim 5.
NUM  13.
PAR  13. Articles of manufacture from the blend claimed in claim 6.
NUM  14.
PAR  14. The articles of manufacture of claim 11 in the form of a container.
NUM  15.
PAR  15. The articles of manufacture of claim 11 in the form of a film.
NUM  16.
PAR  16. The articles of manufacture of claim 11 in the form of packaging
      material.
NUM  17.
PAR  17. The articles of manufacture of claim 9 in the form of a transplanter
      container which has a medium to germinate and grow seeds or seedlings
      therein.
NUM  18.
PAR  18. The container of claim 14 in which there is a medium to germinate and
      grow seeds or seedlings therein.
NUM  19.
PAR  19. The article of manufacture of claim 17 wherein said germination medium
      contains a seed or seedlings therein.
NUM  20.
PAR  20. The article of manufacture of claim 18 wherein said germination medium
      contains a seed or seedling therein.
NUM  21.
PAR  21. A blend as in claim 6 in which said naturally occurring biodegradable
      product is soyabean meal.
NUM  22.
PAR  22. A blend as in claim 7 in which said naturally occurring biodegradable
      product is soyabean meal.
NUM  23.
PAR  23. Articles of manufacture as in claim 13 in which said naturally
      occurring biodegradable product is soyabean meal.
NUM  24.
PAR  24. The articles of manufacture of claim 13 in the form of a container.
NUM  25.
PAR  25. The articles of manufacture of claim 13 of the form of a film.
NUM  26.
PAR  26. The articles of manufacture of claim 13 in the form of packaging
      material.
NUM  27.
PAR  27. The article of manufacture of claim 9 in the form of a transplanter
      container which has a medium to germinate and grow seeds or seedlings
      therein.
NUM  28.
PAR  28. The container of claim 24 in which there is a medium to germinate and
      grow seeds or seedlings therein.
NUM  29.
PAR  29. The article of manufacture of claim 27 wherein said germination medium
      contains a seed or seedlings therein.
NUM  30.
PAR  30. The article of manufacture of claim 28 wherein said germination medium
      contains a seed or seedling therein.
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ABST
PAL  Metal particles used as a color producing component in powder coating
      compositions are individually encapsulated in a thin and continuous
      coating of thermoplastic, organic film-former prior to mixing with the
      particulate, organic, material which serves as the principal film-former
      of the powder coating composition. The coated particles are prepared by
      spray drying a solution of a controlled amount of the thermoplastic
      material in a volatile solvent in which the metal has been dispersed. In a
      preferred embodiment, the coating thus achieved on the metal particles is
      of the same composition as the principal film-former of the powder coating
      composition.
PARN
PAC  RELATION TO PARENT APPLICATION
PAR  This application is a Continuation-In-Part of copending U.S. patent
      application Ser. No. 422,471 filed Dec. 6, 1973 under the same title and
      now abandoned.
BSUM
PAR  This application contains the illustrative examples of the parent
      application and additional illustrative examples wherein the amounts of
      thermoplastic film-forming material deposited on the metal particles prior
      to their incorporation into a powder paint are above that illustrated in
      the parent. The recitational disclosures as to the same in the body of the
      specification are conformed to take into account the additional examples.
PAC  BACKGROUND OF THE INVENTION
PAR  One basic technique for the manufacture of powder coating materials is the
      so-called fusion method. This involves the mixing of solvent-free raw
      materials in their molten state, usually via some form of extruder,
      cooling, pulverization and size separation-classification. This method has
      a number of disadvantages unrelated to pigmentation and an additional
      short-coming when metal flakes are employed as pigments. The high shear
      employed in the mixing stage results in deformation of the metal flakes.
      Additionally, during the pulverization step, the metal flakes are further
      deformed and reduced in particle size. Coatings produced from such powders
      are characterized by a low level of brilliance and poor polychromatic
      appearance.
PAR  Another basic technique for the manufacture of powder coating materials is
      the so-called solution-preparation, solvent-separation technique which can
      be effected by more than one method. This general technique involves the
      preparation of a coating material in an organic solvent, separation of the
      solvent from the paint solids, and size-separation classification. Also,
      pulverization in some form may or may not be required depending upon the
      solvent separation method involved.
PAR  The separation of the solvent can be carried out by conventional spray
      drying techniques or by heat exchange separation wherein the components of
      a paint solution are separated by volatilization of the more volatile
      solvent and separation of the volatilized solvent from the non-volatilized
      paint solids by gravitational forces. Since the metal flakes can be added
      after pulverization, if pulverization is required, when using any of the
      solvent separation methods, damage to the metal flakes during
      pulverization can be avoided by using the solution-preparation,
      solvent-separation technique. Problems do arise, however, with respect to
      distribution and orientation of the metal flakes when the powder coating
      material is applied to the substrate to be coated. This is particularly
      true when the method of application is that of electrostatic spray, the
      method most commonly employed to apply the final coating of paint to
      automobiles and a variety of other metal manufacturers. In such
      applications, the flakes tend to orient in a random fashion with a low
      percentage of the flakes parallel to the substrate. The net result is a
      high degree of metal protusion with little metallic brilliance and a low
      gloss factor.
PAR  Thus, when either of the aforedescribed methods are used to produce
      metal-pigmented, powder-paint coatings in accordance with the prior art
      processes, a substantially higher aluminum to non-metal pigment ratio is
      required, relative to the same ratio in liquid paints, in order to achieve
      the same degree of brightness and metallic appearance obtained with liquid
      paints. Further, the problem of metal flake protusion remains even when
      brightness and metallic appearance are achieved.
PAR  In liquid paints, it is known to partially coat aluminum flakes used as
      pigments to increase the electrostatic spray efficiency of such paints. In
      U.S. Pat. No. 3,575,900, a method is disclosed for precipitating the resin
      of the solution coating upon the aluminum flake in colloidal form. This
      solution is then used as such or mixed with another solution for use. The
      patentee specifically points out that, while it may be convenient to call
      this encapsulation, it is not intended to devote that the aluminum
      particles are completely enveloped. The resin disclosed for this purpose
      is a copolymer of vinyl chloride and monoethylenically unsaturated
      monomers containing about 60 to about 90 percent by weight vinyl chloride.
      Aluminum flake is also partially coated in U.S. Pat. No. 3,532,662. Here
      the coating was carried out with a random copolymer of methyl methacrylate
      and methacrylic acid adsorbed on the pigment. By this method, a dispersion
      is made of the solid particles in a liquid continuous phase comprising an
      organic liquid containing in solution a polymer which is adsorbed by the
      particles and a stabilizer, and modifying the polarity of the continuous
      phase so that the polymer is insoluble therein, the stabilizer being a
      compound containing an anchor component which becomes associated with the
      adsorbed polymer on the particle surface and a pendant chain-like
      component which is solvated by the modified continuous phase and provides
      a stabilizing sheath around the particles. It is alleged that this
      improves the "wetting" of the treated particles by the film-forming
      material dispersion-type coating composition.
PAR  Powder paints have certain advantages over conventional liquid paints in
      that they are essentially free of volatile solvents but they also present
      problems which differ from the problems with liquid paints. These
      differences include differences with respect to employment of aluminum
      flakes as a color producing component. For instance, when flakes partially
      coated by resin precipitate are employed in liquid paints, there remains
      the organic solvent and other components of the solution to prevent direct
      exposure of the flake to the atmosphere and other external influences.
      Further, in powder paints, if aluminum flake is coated, the coating must
      be a relatively dry solid and the size, weight and continuity of the
      organic encapsulation are all factors in affecting the distribution of
      such particles when electrostatically sprayed with the powder that is the
      principal film-former of the coating composition.
PAC  THE INVENTION
PAR  This invention is concerned with the preparation, use and composition of
      powder paints containing metal particles, particularly aluminum flakes,
      and, in most applications, at least one non-metal color producing
      component. The "non-metal color producing component" may be a particulate
      pigment, dye or tint and may be either organic, e.g., carbon black, or
      inorganic, e.g., a metal salt.
PAR  In the practice of this invention, metal particles which are incorporated
      in powder paints to provide the metallic color component of a
      monochromatic or polychromatic finish are encapsulated in a thermoplastic,
      organic coating through which the metal particle is visible to the human
      eye. The coating which is preferably transparent, but may be translucent,
      allows a substantial percent of the metal flakes to be orientated parallel
      to the substrate even when the powder coating material is applied to the
      substrated by conventional electrostatic spray painting. The term
      "substantially transparent" is used herein to mean materials which are
      either transparent or translucent or partially transparent and partially
      translucent.
PAR  In accordance with this invention, the coated metal particles are admixed,
      i.e., cold blended, with the balance of the coating material after the
      principal film-former is in particulate form. The non-metal color
      producing component may be admixed with the film-forming powder before,
      after or during the addition of the coated metal particles but such
      component is preferably added before the coated metal particles. This
      order of mixing avoids degradation of the metal particles in any of the
      steps of preparing the film-forming powder.
PAR  The metal particles most often used as a metallic color producing component
      are aluminum flakes. To avoid unnecessary complication of the description
      of this invention, aluminum flakes will be used to illustrate the
      invention. It should be understood, however, that this method is
      applicable to any particulate metal used as a color producing component in
      a powder coating material. This includes particles which are solely metal,
      metal coated organic particles and polymer-sandwiched metal particles
      having exposed metal edges.
PAR  The film-former used to coat the metal particles in accordance with this
      invention may be the same as or different than the principal film-former
      of the powder coating material. The film-former used to coat the metal
      particles is an organic, polymeric, thermoplastic, film-former hereinafter
      more fully described.
PAR  The preferred method for coating the aluminum flakes is to disperse the
      flakes, preferably in the form of aluminum paste, in a small amount of
      thermoplastic film-former and a solvent for the film-former that is
      suitable for spray drying. The dispersion is then spray dried by
      conventional spray drying techniques. Since there is a small amount of
      film-former relative to the amount of metal flakes, the net result is a
      metal flake coated with a relatively thin, continuous coating of the
      thermoplastic film-former as opposed to a metal flake imbedded in a
      relatively large particle of the film-former.
PAR  More specifically, one first disperses the aluminum flakess in about 2 to
      about 200 weight percent of thermoplastic film-former, based on the actual
      weight of aluminum flakes, i.e., about 2 to about 200 parts by weight of
      thermoplastic film-former per 100 parts by weight aluminum flakes. In one
      embodiment wherein the coating of such flakes is relatively light, the
      aluminum flakes are dispersed in about 2 to about 30 weight percent of
      thermoplastic film-former based on the actual weight of the aluminum
      flakes, i.e., about 2 to about 30 parts by weight of thermoplastic
      film-former per 100 parts by weight aluminum flakes. In most applications,
      it will be found advantageous to use between 10 and 200, preferably
      between about 30 and about 70, parts by weight of thermoplastic
      film-former per 100 parts by weight aluminum flakes. When metal particles
      of different density are used, the weight of aluminum flakes of the same
      surface area can be used to determine the amount of film-former to use in
      coating the metal particles. When less than about 2 weight percent of the
      film-former is used complete encapsulation of the metal flakes may not
      result. When more than about 30 weight percent of the film-former is used,
      care must be taken in controlling the spray dry operation to minimize the
      formation of an excessive amount of spherical particles containing more
      than one metal flake. The incidence of full coverage is high in the 30 to
      70 range above described. Such spherical particles can be removed from the
      other coated aluminum flakes by screening. The inclusion of large,
      multileafed particles in a cured coating provides an irregular appearance.
      A similar result may be obtained if one mixes the uncoated metal flakes
      with the principal film-former of powder paint while the latter is in
      liquid state and then removes the solvent.
PAR  Aluminum paste is aluminum flakes, usually about 60 to about 70 weight
      percent, in a small amount, usually about 30 to about 40 weight percent,
      of a liquid hydrocarbon solvent which serves as a lubricant, e.g., mineral
      spirits. A small amount of an additional lubricant, e.g., stearic acid,
      may be added during the milling operation which produces the aluminum
      flakes. Everett J. Hall originated the method of beating aluminum into
      fine flakes with polished steel balls in a rotating mill while the flakes
      are wet with a liquid hydrocarbon. See U.S. Pat. No. 1,569,484 (1926). A
      detailed description of aluminum paste, its manufacture, flake size,
      testing, uses in paint, etc. is found in Aluminum Paint and Powder, J. D.
      Edwards and Robert I. Wray, 3rd Ed. (1955), Library of Congress Catalog
      Card Number: 55-6623, Reinhold Publishing Corporation, 430 Park Avenue,
      New York, New York, U.S.A. and the same is incorporated herein by
      reference.
PAR  The thermoplastic film-former used to coat the aluminum flakes may be the
      same as or different from the principal film-former of the powder coating
      composition. When the principal film-former is thermoplastic, it is
      preferred to have the film-former used to coat the aluminum flakes of the
      same composition as the principal film-former.
PAR  The best acrylic, thermoplastic, powder coatings known to applicants are
      copolymers of alpha-beta olefinically unsaturated monomers. These are made
      up either solely or predominantly of acrylic monomers, i.e., in excess of
      51 weight percent acrylic monomers, the balance is made up of C.sub.8 -
      C.sub.12 monovinyl hydrocarbons, e.g., styrene, vinyl toluene, alpha
      methyl styrene, tertiary butyl styrene, and acrylic or methacrylic acid.
      The acrylates and methacrylates used in either of these embodiments are
      preferably esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic
      acid or methacrylic acid or mixture of acrylic and methacrylic acids.
      Thus, such a copolymer would contain about 46 to about 100 weight percent
      of esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid, 0 to about 49 weight percent of C.sub.8 - C.sub.12
      monovinyl hydrocarbons and 0 to about 5 weight percent acrylic or
      methacrylic acid with the sum of the aforementioned esters and acrylic or
      methacrylic acid comprising in excess of 51 weight percent of the
      comonomers as stated earlier in this paragraph. One such copolymer
      contains about 76 to about 81 mole percent methyl methacrylate, 1 to 3
      mole percent acrylic acid or methacrylic acid or a mixture of acrylic and
      methacrylic acids, and 16 to 23 mole percent butyl methacrylate.
PAR  One thermoplastic film-former preferred for use as the principal
      film-former is an acrylic polymer having a molecular weight (M.sub.n) in
      the range of 30,000 to 80,000 and a glass transition temperature in the
      range of 60.degree.C. to 110.degree.C. and is exemplified by the
      thermoplastic acrylic powder coating composition disclosed in U.S. patent
      application Ser. No. 172,227 filed Aug. 16, 1971. The disclosures of this
      patent application are incorporated herein by reference. Ideal for coating
      the aluminum flakes for use with these paints are polymeric mixtures of
      the same composition but of lower molecular weight.
PAR  When a thermoplastic film-former is chosen for use in coating the aluminum
      flake in accordance with this invention, such material should be
      operationally compatible with the principal film-former to be chosen for
      the principal film-former. Also the volatile solvent or solvents employed
      to carry out the solution coating and spray drying steps are chosen with a
      view to the solvency of the coating material and their effectiveness in
      spray drying. Starting with this concept, the details for a given flake
      coating or given principal film-former are, of course, well within the
      skill of the paint makers art. With the foregoing in mind, other
      thermoplastic film-formers which can be used to encapsulate the aluminum
      flake include, but not by way of limitation (1) acrylic homopolymers,
      e.g., poly (methyl methacrylate), poly (acrylonitrile), poly (ethyl
      methacrylate), and poly (methyl acrylate), (2) acrylic copolymers, e.g.,
      ethyl-methyl acrylate copolymers, ethylene-ethyl acrylate copolymers, and
      ethylene-ethyl methacrylate copolymers, (3) vinyl hydrocarbon -- acrylic
      copolymers, e.g., styrene-methyl methacrylate copolymers, styrene-methyl
      acrylate copolymers, and styrene-ethyl acrylate copolymers, (4) vinyl
      hydrocarbon monopolymers, e.g., polystyrene, (5) ethylene allyl
      copolymers, e.g., ethylene-allyl alcohol copolymers, ethylene-allyl
      acetate copolymers, and ethylene-allyl benzene copolymers, (6) cellulose
      derivations, e.g., cellulose acetate, cellulose butyrate, cellulose
      propionate, cellulose acetate propionate, and ethyl cellulose, (7)
      polyesters, (8) polyamides, e.g., polyhexamethylene adipamide,
      polyhexamethylene sebacamide, and polycaprolactam, (9) poly (vinyl
      butyral), (10) poly (vinyl alcohol), and (11) poly (vinyl acetal), (12)
      ethylene vinyl acetate copolymers, (13) ethylene-vinyl alcohol copolymers.
      Thermoplastic powder coating materials, their preparation and use are
      disclosed in U.S. Pat. No. 3,532,530 which is incorporated herein by
      reference.
PAR  The principal film-former of the paint with which the thermoplastic coated
      aluminum flakes is blended may be a thermosettable film-former. The
      preferred film-formers for this purpose include thermosettable copolymer
      systems comprising: (a) an epoxy-functional copolymer of monovinyl
      monomers and as crosslinking agent therefor a C.sub.4 - C.sub.20,
      saturated, straight chain, aliphatic, dicarboxylic acid crosslinking
      agent-exemplified by U.S. patent application Ser. No. 172,236 filed Aug.
      16, 1971, now U.S. Pat. No. 3,752,870: (b) an epoxy-functional copolymer
      of monovinyl monomers and as crosslinking agent therefor a mixture of
      about 90 to 98 percent by equivalent weight of a C.sub.4 - C.sub.20,
      saturated, straight chain, aliphatic dicarboxylic acid and about 10 to
      about 2 percent by equivalent weight of a C.sub.10 - C.sub.22, saturated,
      straight chain, aliphatic, monocarboxylic acid-exemplified by U.S. Pat.
      No. 3,730,930; (c) an epoxy-functional copolymer of monovinyl monomers and
      as crosslinking agent therefor a diphenol having a molecular weight in the
      range of about 110 to about 550 -- exemplified by U.S. patent application
      Ser. No. 172,228 filed Aug. 16, 1971, now U.S. Pat. No. 3,758,634; (d) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      therefor a carboxy terminated polymer-exemplified by U.S. patent
      application Ser. No. 172,229 filed Aug. 16, 1971, now U.S. Pat. No.
      3,781,380; (e) an epoxy-functional copolymer of monovinyl monomers and as
      crosslinking agent a phenolic hydroxy terminated polymer - exemplified by
      U.S. patent application Ser. No. 172,225 filed Aug. 16, 1971, now U.S.
      Pat. No. 3,887,520; (f) an epoxy-functional, carboxy-functional,
      self-crosslinkable copolymer of ethylenically unsaturated monomers --
      exemplified by U.S. patent application Ser. No. 172,238 filed Aug. 16,
      1971, now U.S. Pat. No. 3,770,848; (g) a hydroxy-functional,
      carboxy-functional copolymer of monoethylenically unsaturated monomers --
      exemplified by U.S. patent application Ser. No. 172,237 filed Aug. 16,
      1971, now U.S. Pat. No. 3,787,340; (h) an epoxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefor an anhydride of a
      dicarboxylic acid -- exemplified by U.S. patent application Ser. No.
      172,224 filed Aug. 16, 1971, now U.S. Pat. No. 3,781,379; (i) a
      hydroxy-functional copolymer of monoethylenically unsaturated monomers and
      as crosslinking agent therefor a compound selected from dicarboxylic
      acids, melamines, and anhydrides -- exemplified by U.S. patent application
      Ser. No. 172,223 filed Aug. 16, 1971 and abandoned in favor of
      continuation application Ser. No. 407,128 filed Oct. 17, 1973 in turn
      abandoned in favor of continuation-in-part application Ser. No. 526,547
      filed Nov. 25, 1974; (j) an epoxy-functional copolymer of monovinyl
      monomers and as crosslinking agent therefor a compound containing tertiary
      nitrogen atoms -- exemplified by U.S. patent application Ser. No. 172,222
      filed Aug. 16, 1971, now U.S. Pat. No. 3,758,635; (k) a copolymer of an
      alpha-beta unsaturated carboxylic acid and an ethylenically unsaturated
      compound and as crosslinking agent therefor an epoxy resin having two or
      more epoxy groups per molecule - as exemplified by U.S. patent application
      Ser. No. 172,226 filed Aug. 16, 1971, now U.S. Pat. No. 3,758,633; (l) a
      self-crosslinkable, epoxy-functional, anhydride-functional copolymer of
      olefinically unsaturated monomers -- exemplified by U.S. patent
      application Ser. No. 172,235 filed Aug. 16, 1971 now U.S. Pat. No.
      3,758,632; (m) an epoxy-functional copolymer of monovinyl monomers and as
      crosslinking agent therefor a carboxy terminated polymer, e.g., a carboxy
      terminated polymer, e.g., a carboxy terminated polyester, -- exemplified
      by application Ser. No. 223,746 filed Feb. 4, 1972 and abandoned in favor
      of continuation-in-part application Ser. No. 489,271 filed Aug. 5, 1971;
      (n) an epoxy-functional copolymer of vinyl monomers and as crosslinking
      agent therefor a dicarboxylic acid -- exemplified by U.S. patent
      application Ser. No. 228,262 filed Feb. 22, 1972, now U.S. Pat. No.
      3,787,521; (o) an epoxy-functional and hydroxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefor a C.sub.4 -
      C.sub.20, saturated, straight chain, aliphatic dicarboxylic acid --
      exemplified by U.S. patent application Ser. No. 394,874 filed Sept. 6,
      1973 and abandoned in favor of continuation-in-part application Ser. No.
      552,676 filed Feb. 24, 1975; (p) an epoxy-functional copolymer of
      monovinyl monomers with optional hydroxy and/or amide functionality and as
      crosslinking agent therefore (1) a C.sub.4 - C.sub.20, saturated, straight
      chain, aliphatic dicarboxylic acid and (2) a polyanhydride -- exemplified
      by U.S. patent application Ser. No. 344,881 filed Sept. 6, 1973 and now
      abandoned in favor of continuation-in-part application Ser. No. 552,556
      and continuation-in-part application Ser. No. 552,557 both filed Feb. 24,
      1975; (q) an epoxy-functional amide-functional copolymer of monovinyl
      monomers and as cross-linking agent therefor an anhydride of a
      dicarboxylic acid -- exemplified by U.S. patent application Ser. No.
      394,880 filed Sept. 6, 1973 and now abandoned in favor of
      continuation-in-part application Ser. No. 552,572 filed Feb. 24, 1975; (r)
      an epoxy-functional, hydroxy-functional copolymer of monovinyl monomers
      and as crosslinking agent therefore an anhydride of a dicarboxylic acid --
      exemplified by U.S. patent application Ser. No. 394,879 filed Sept. 6,
      1973 and now abandoned in favor of application Ser. No. 552,511 filed Feb.
      24, 1975; (s) an epoxy-furnctional, amide-functional copolymer of
      monovinyl monomers and as crosslinking agent therefore a
      carboxy-terminated polymer -- exemplified by U.S. patent application Ser.
      No. 394,875 filed Sept. 6, 1973 and now abandoned in favor of
      continuation-in-part application Ser. No. 552,518 filed Feb. 24, 1975; (t)
      an epoxy-functional copolymer of monovinyl monomers and as crosslinking
      agent therefore a monomeric or polymeric anhydride and a hydroxy
      carboxylic acid -- exemplified by U.S. patent application Ser. No. 394,878
      filed Sept. 6, 1973 and now abandoned in favor of continuation-in-part
      application Ser. No. 552,079 filed Feb. 24, 1975; (u) an epoxy-functional,
      amide-functional copolymer of monovinyl monomers and as cross-linking
      agent therefore a monomeric or polymeric anhydride and a hydroxy
      carboxylic acid - exemplified by U.S. patent application Ser. No. 394,877
      filed Sept. 6, 1973 and now abandoned in favor of continuation-in-part
      application Ser. No. 552,078 filed Feb. 24, 1975; and (v) an
      epoxy-functional, hydroxy-functional copolymer of monovinyl monomers and
      as crosslinking agent therefore a monomeric or polymeric anhydride and a
      hydroxy carboxylic acid -- exemplified in U.S. patent application Ser. No.
      394,876 filed Sept. 6, 1973 and now abandoned in favor of
      continuation-in-part application Ser. No. 552,077 filed Feb. 24, 1975.
PAR  The disclosures of the aforementioned patents and patent applications are
      incorporated herein by reference.
PAR  Other thermoset film-formers suitable for use in coating the metal
      particles include, but not by way of limitation thermosettable systems in
      which the polymeric component is a polyester, a polyepoxide and
      urethane-modified polyesters, polyepoxides and acrylics. As with the
      acrylics heretofore more specifically described, these may be
      self-crosslinking polymers or may be a combination of functional polymer
      and a coreactable monomeric compound which serves as crosslinking agent.
PAR  The preferred thermosettable powder paints known to applicants for
      automotive topcoats, the use wherein metallic pigments find their greatest
      use, consist essentially of an epoxy-functional copolymer of olefinically
      unsaturated monomers and a crosslinking agent therefor. Such paints,
      exclusive of pigments, may also contain flow control agents, catalysts,
      etc. in very small quantities.
PAR  The copolymer referred to in the preceding paragraph has average molecular
      weight (M.sub.n) in the range of about 1,500 to about 15,000 and glass
      transition temperature in the range of about 40.degree.C. to about
      90.degree.C. The epoxy functionality is provided by employing a glycidyl
      ester of a monoethylenically unsaturated carboxylic acid, e.g., glycidyl
      acrylate or glycidyl methacrylate, as a constituent monomer of the
      copolymer. This monomer should comprise about 5 to about 20 weight percent
      of the total. Additional functionality, e.g., hydroxy functionality or
      amide functionality, may also be employed by inclusion of a C.sub.5 -
      C.sub.7 hydroxy acrylate or methacrylate, e.g., hydroxyethyl acrylate,
      hydroxyethyl methacrylate, hydroxypropyl acrylate, or hydroxypropyl
      methacrylate, or an alpha-beta olefinically unsaturated amide, e.g.,
      acrylamide or methacrylamide, among the constituent monomers. When such
      additional functionality is used, the monomers providing it comprise about
      2 to about 10 weight percent of the constituent monomers. The balance of
      the copolymer, i.e., about 70 to about 93 weight percent of the
      constituent monomers, are made up of monofunctional, olefinically
      unsaturated monomers, i.e., the sole functionality being ethylenic
      unsaturation. These monofunctional, olefinically unsaturated monomers are,
      at least in major proportion, i.e., in excess of 50 weight percent of the
      constituent monomers, acrylic monomers. The preferred monofunctional
      acrylic monomers for this purpose are esters of C.sub.1 - C.sub.8
      monohydric alcohols and acrylic or methacrylic acid, e.g., methyl
      methacrylate, ethyl acrylate, propyl methacrylate, butyl acrylate, butyl
      methacrylate, hexyl acrylate and 2-ethylhexyl acrylate. In this preferred
      embodiment, the remainder, if any, aside from the aforementioned epoxy,
      hydroxy and amide functional monomers which also have olefinic
      unsaturation functionality used up in the polymerization formation of the
      copolymer, is preferably made up to C.sub.8 - C.sub.12 monovinyl
      hydrocarbons, e.g., styrene, vinyl toluene, alpha methyl styrene and
      tertiary butyl styrene. Other vinyl monomers which are suitable in minor
      amounts, i.e., between 0 and 30 weight percent of the constituent
      monomers, include vinyl chloride, acrylonitrile, methacrylonitrile, and
      vinyl acetate.
PAR  The crosslinking agents employed with the aforedescribed copolymer will
      have functionality that will react with the functionality of the
      copolymer. Thus, all of the crosslinking agents heretofore mentioned in
      the recital of powder paint patents and patent applications, e.g., C.sub.4
      - C.sub.20 saturated, aliphatic dicarboxylic acids, mixtures of C.sub.4 -
      C.sub.20 saturated aliphatic dicarboxylic acids and monocarboxylic acids
      of carbon number in the same range, carboxy terminated copolymers having
      molecular weight (M.sub.n) in the range of 650 to 3,000, monomeric
      anhydrides preferably anhydrides having a melting point in the range of
      about 35.degree. to 140.degree.C., e.g., phthalic anhydride, maleic
      anhydride, cyclohexane-1,2-dicarboxylic anhydride, succinic anhydride,
      etc., homopolymers of monomeric anhydrides, and mixtures of such
      anhydrides and hydroxy acids having a melting point in the range
      40.degree. to 150.degree.C., are suitable for use as cross-linking agents
      for these copolymers. The disclosures of all patents and patent
      applications recited herein are incorporated herein by reference. In
      general, these crosslinking agents are employed in amounts such as to
      provide between about 0.3 and about 1.5, preferably between about 0.8 and
      about 1.2, functional groups which are reactable with functional groups on
      the copolymer per functional group on the copolymer.
PAR  The term "vinyl monomer" as used herein means a monomeric compound having
      in its molecular structure the functional group
      ##EQU1##
      wherein X is a hydrogen atom or a methyl group.
PAR  "Alpha-beta unsaturation" as used herein includes both the olefinic
      unsaturation that is between two carbon atoms which are in the alpha and
      beta positions relative to an activating group such as a carboxyl group,
      e.g., the olefinic unsaturation of maleic anhydride, and the olefinic
      unsaturation between the two carbon atoms which are in the alpha and beta
      positions with respect to the terminus of an aliphatic carbon-to-carbon
      chain, e.g., the olefinic unsaturation of acrylic acid or styrene.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The preparation of the coated metal flakes is carried out in a solvent for
      the film-former that is sufficiently volatile for efficient spray drying
      and which will not chemically react with either the film-former or the
      metal flakes to a degree that will significantly modify their properties
      or appearance within the contact times employed to carry out the spray
      drying process. A preferred solvent for this purpose is methylene
      chloride. Other solvents which can be used include toluene, xylene, methyl
      ethyl ketone, methanol, acetone and low boiling napthas.
PAR  A typical formulation for a feed stock for the spray drier in accordance
      with this invention would include the following:
TBL                      Parts by Weight                                       

     ______________________________________                                    

     aluminum paste (65% Al)                                                   

                           30.00                                               

     film-former           11.00                                               

     MeCl.sub.2            200.00                                              

     ______________________________________                                    

PAR  Typical operating parameters for a conventional, 3 ft. diameter spray drier
      equipped with a conventional two-fluid nozzle atomizer, e.g., a gas and a
      liquid as in a conventional air-atomizing, liquid-paint, spray gun, are as
      follows:
TBL  air flow           197 cubic feet/minute                                  

     feed flow          380 ml/minute                                          

     inlet air temperature                                                     

                        180.degree.F.                                          

     outlet air temperature                                                    

                         80.degree.F.                                          

     product rate        6 lbs./hr.                                            

PAR  The coated aluminum, as received from the spray drier, is then sieved
      through a screen of desired particle size, e.g., a 44 micron screen, to
      remove excessively large particles. Approximately 20 percent of the
      product in the form of oversize particles is discarded.
PAR  The non-metal powder component, hereinafter called the "powder component"
      comprises the primary film-forming component and, where the finish is to
      be polychromatic, at least one non-metal color producing component. This
      non-metal color produring component may be a particulate pigment, dye or
      tint. For purposes of this invention, white and black shall be considered
      colors inasmuch as a light reflecting or light absorbing material must be
      added to the organic film-former to provide the finish with a white or
      black appearance in the same manner that a material must be added to the
      organic film-former to reflect light rays that convey to the eye one color
      while absorbing others.
PAR  The formulation of the non-metal powder component, which in the case of a
      polychromatic finish contains a non-metal color producing component, is
      prepared taking into consideration the particular color chosen for
      employment with the metallic color component and the amount of the
      metallic color component to be employed. The powder component is
      quantitatively formulated taking into account the amount of material to be
      brought in through the addition of the coated metal particles.
PAR  A typical composition for the powder component is as follows:
TBL                      Parts by Weight                                       

     ______________________________________                                    

     film-former           94.33                                               

     flow control additive 0.67                                                

     pigment               5.00                                                

     ______________________________________                                    

PAR  The preparation and processing of the non-metal powder component into
      powder form is carried out by one of the conventional powder preparation
      techniques, e.g., extrusion, spray drying, or solvent extraction. Once in
      powdered form, this material is sieved through a suitable screen, e.g., a
      74 micron screen.
PAR  The final step in the preparation of the powder coating material of this
      invention is the blending of the two major components, i.e., the
      thermoplastic, organic coated particles metal component and the non-metal
      powder component. The exact proportions of the two major components will,
      of course, depend on the specific formulation and the amount of metal
      needed. In the typical example aforedescribed, if one blends about 98.5
      parts by weight of the non-metal powder component with about 1.5 parts by
      weight of the coated aluminum, a "low metallic" automotive top coat paint
      results.
PAR  The coated flakes of this invention, of course, can be used with any
      thermoplastic or thermosettable powder paint.
PAR  Appearance of the finished coating will, of course, be a primary factor in
      selecting the total concentration of aluminum flakes in the total powder
      paint composition. This concentration will vary from a very low weight
      percent of the total powder paint composition in some polychromatic
      finishes, i.e., as low as about 0.005 weight percent, advantageously above
      0.25 weight percent and preferably above 0.5 weight percent, to a much
      higher weight percent of the total powder paint composition in the
      so-called "Argent" finishes, i.e., as high as about 25 weight percent. If,
      for example, the spray dried coating on the flakes comprises about 2 to
      about 30 weight percent by weight of the flakes, then, the coated flakes
      will comprise between about 0.005 to about 32.50, advantageously between
      about 0.25 to about 28.75, and preferably between about 0.54 to about
      28.25, weight percent of the total powder paint composition.
PAR  This method provides the additional advantage that the thin layer of
      organic coating on the aluminum flakes substantially reduces the danger of
      explosions which exists with dry aluminum flakes. The usual handling of
      dry aluminum under inert atmosphere is not required after the flakes are
      coated.
PAR  This invention will be more fully understood from the following
      illustrative examples:
DETD
PAC  EXAMPLE 1
PAC  a. Preparation of the Coated Aluminum Flakes
PAR  A thermoplastic coating material for coating aluminum flake is prepared
      from the following materials using the procedure hereinafter outlined:
TBL                      Parts by Weight                                       

     ______________________________________                                    

     poly (methyl methacrylate)                                                

                           100                                                 

        M.sub.n = 15,000                                                       

     poly (lauryl methacrylate)                                                

                            2                                                  

        M.sub.n = 10,000                                                       

     ______________________________________                                    

PAR  The above ingredients are mixed together in a twin shell tumbling mixer for
      10 minutes and then mill rolled at 190.degree.C. for 15 minutes. The blend
      is cooled and pulverized to pass through a 200 mesh screen.
PAR  Two (2) parts by weight of this thermoplastic mixture are combined with 30
      parts by weight of aluminum paste (35 percent by weight mineral spirits
      and 65 percent by weight aluminum flakes that will pass through a 325 mesh
      screen and have typical surface area of 7.5 m.sup.2 /gram, maximum
      particle diameter below 45 microns and most common particle size
      distribution in the range of about 7 to about 15 microns) and 200 parts by
      weight of methylene chloride under low shear agitation so as to disperse
      the aluminum in the thermoplastic material without damage to the aluminum
      flakes.
PAR  Once the above dispersion has been prepared, it is spray dried in a manner
      which produces individual aluminum flakes coated with a thin, continuous
      coating of dry polymers. This is accomplished in a 3 foot diameter spray
      drier equipped with a two-fluid nozzle in counter-current position using
      the following conditions:
TBL  air flow in drying chamber                                                

                            200 cubic feet                                     

     feed rate of mixture   380 ml/minute                                      

     inlet air temperature  180.degree. F.                                     

     two fluid atomization air                                                 

     pressure                80 lbs.                                           

PAR  The product obtained from this process has an overall composition of about
      19.5 parts by weight of aluminum, about 2.0 parts by weight of the
      thermoplastic mixture above described in this example, and a small amount
      of residual solvent, i.e., 0.05 to 0.2 parts, that has not volatilized
      during the spray dry process. This product is then screened through a 44
      micron screen.
PAC  b. Preparation of the Non-Metal Powder Component
PAR  A thermoplastic powder paint is prepared from the following materials using
      the procedure and materials hereinafter described;
TBL                      Parts By Weight                                       

     ______________________________________                                    

     poly (methyl methacrylate)                                                

                           100                                                 

        M.sub.n = 40,000                                                       

     poly (lauryl methacrylate)                                                

                            2                                                  

        M.sub.n = 120,000                                                      

     tetrabutylammonium bromide                                                

                            0.5                                                

     ______________________________________                                    

PAR  The above ingredients are mixed in a twin shell tumbling mixer for 10
      minutes and then mill rolled at 190.degree.C. for 15 minutes. The blend is
      cooled and pulverized to pass through a 200 mesh screen.
PAR  The non-metal powder component of the powder coating composition is
      prepared by mixing 188 parts by weight of this thermoplastic material with
      the following materials:
TBL                      Parts By Weight                                       

     ______________________________________                                    

     poly (lauryl acrylate)                                                    

                           1.34                                                

        M.sub.n = 10,000                                                       

     phthalo green pigment 2.77                                                

     yellow iron oxide pigment                                                 

                           7.24                                                

     ______________________________________                                    

PAR  A homogeneous mixture of the above is obtained by ball milling for 2 hours.
      This mixture is then extruded at 100.degree.C. from a kneading extruder.
      The solid thus obtained is pulverized in an impact mill, i.e., an air
      classified impact mill, and sieved through a 200 mesh screen.
PAC  c. Preparation of the Powder Coating Material
PAR  A powder coating material in accordance with this invention is produced by
      mixing 1.65 parts by weight of the coated aluminum flakes with 98.35 parts
      by weight of the non-metal powder component. A homogeneous mixture of the
      two components is obtained by rapidly tumbling the material in a partially
      filled container for 20 minutes under ambient room conditions, i.e., about
      65.degree. to 75.degree.F. In preparing the powder by this method, it will
      be obvious to those skilled in the art that actual mixing times will vary
      somewhat with the size of the container and the mechanical action.
PAR  The powder thus obtained is then sprayed on an electrically grounded steel
      substrate with a conventional electrostatic powder spray gun operating at
      about 50 KV charging voltage. After spraying, the coated surface is heated
      to about 392.degree.F. for about 20 minutes. The coating thus obtained has
      good gloss and metal particle orientation.
PAC  EXAMPLE 2
PAR  A powder coating material is prepared following the procedure of Example 1
      with the following differences:
PA0  1. The starting mixture for preparation of the coated aluminum flakes is of
      the following composition:
TBL                        Parts By Weight                                     

     ______________________________________                                    

     aluminum paste          30.00                                             

      (65% by weight aluminum and                                              

       35% by weight mineral spirits                                           

     thermoplastic mixture   5.46                                              

      (a) poly (methyl methacrylate) 100                                       

        M.sub.n = 12,000 and                                                   

      (b) poly (lauryl methacrylate   2                                        

        M.sub.n = 9,000                                                        

         poly (butyl acrylate)                                                 

                             0.03                                              

        M.sub.n = 9,000                                                        

     methylene chloride      250.00                                            

     ______________________________________                                    

PAR  This material is mixed and spray dried as in Example 1 and in the resultant
      material the flakes have coating about 2.5 times thicker than that of the
      coated flakes of Example 1. The empirical composition of the spray dried
      product by weight is as follows:
TBL                      Parts by Weight                                       

     ______________________________________                                    

     aluminum (dry)        19.5                                                

     thermoplastic coating 5.49                                                

     ______________________________________                                    

PAR  2. Since the amount of coating on the aluminum flakes is here large enough
      to be a significant factor, it is taken into consideration when
      formulating the non-metal powder component. Here, the non-metal powder
      component is prepared by combining 188 parts by weight of the non-metal
      powder component of Example 1 (b) with the following:
TBL                        Parts by Weight                                     

     ______________________________________                                    

     poly (lauryl acrylate)M.sub.n =10,000                                     

                             1.33                                              

     phthalo green pigment   1.85                                              

     yellow iron oxide       9.18                                              

     ______________________________________                                    

PAR  Subsequent processing of the non-metal powder component is the same as in
      Example 1.
PAR  3. In the blending of the coated metal component and the non-metal powder
      component is altered because of the thickness of coating on the aluminum
      flakes. The ratio here is 1.93 parts by weight of coated aluminum with
      98.08 parts by weight of the non-metal powder component. The resultant
      powder coating maintains the pigment level and has the following
      composition:
TBL                        Parts by Weight                                     

     ______________________________________                                    

     aluminum                1.50                                              

     thermoplastic coating material                                            

                             93.58                                             

     phthalo green pigment   1.50                                              

     yellow iron oxide       3.42                                              

     ______________________________________                                    

PAR  This material is mixed, screened, electrostatically sprayed on a steel
      substrate and heat cured as in Example 1. The finish obtained has
      properties similar to the coatings prepared in Example 1.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is repeated except for the difference that the
      non-metal powder component (b) is prepared by the same procedure but with
      different materials. Here, the thermoplastic film-former is made up of the
      following materials:
TBL                       Parts by Weight                                      

     ______________________________________                                    

     poly (methyl methacrylate)                                                

                            100                                                

        M.sub.n = 60,000                                                       

     poly (tridecyl methacrylate)                                              

                             4                                                 

        M.sub.n = 80,000                                                       

     tribenzylammonium chloride                                                

                             0.2                                               

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  The procedure of Example 1 is repeated except for the differences that the
      film-former for coating the aluminum flake in (a) is prepared by the same
      procedure but with different materials and the non-metal powder component
      (b) is prepared by the same procedure but with different materials: The
      film-former used to coat the aluminum flakes (a) in this example is made
      up of a mixture of:
TBL                      Parts by Weight                                       

     ______________________________________                                    

     poly (methyl methacrylate)                                                

                           100                                                 

        M.sub.n = 10,000                                                       

     poly (butyl methacrylate)                                                 

                            6                                                  

        M.sub.n = 15,000                                                       

     ______________________________________                                    

PAL  The film-former of the non-metal powder component (b) in this example is
      made up of a mixture of:
TBL                        Parts by Weight                                     

     ______________________________________                                    

     poly (methyl methacrylate)                                                

                             100                                               

        M.sub.n = 80,000                                                       

     poly (butyl methacrylate)                                                 

                              6                                                

        M.sub.n = 100,000                                                      

     stearyldimethyl benzyl-ammonium chloride                                  

                              0.6                                              

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  The procedure of Example 1 is repeated except for the difference that the
      film-former of the non-metal powder component (b) is prepared by the same
      procedure but with different materials. Here, the thermoplastic
      film-former is made up of the following materials:
TBL                        Parts by Weight                                     

     ______________________________________                                    

     acrylate copolymer (M.sub.n =15,000)                                      

                             100                                               

      (75 parts methyl methacrylate                                            

      and 25 parts butyl methacrylate)                                         

     poly (2-ethylhexyl acrylate)                                              

                              0.8                                              

      M.sub.n = 10,000                                                         

     tetraethyl ammonium bromide                                               

                              0.3                                              

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  The procedure of Example 5 is repeated with the sole exception that the
      copolymer of 75 parts methyl methacrylate and 25 parts butyl methacrylate
      is replaced with an equal amount of a copolymer of 60 parts methyl
      methacrylate and 40 parts butyl methacrylate (M.sub.n = 80,000).
PAC  EXAMPLE 7
PAR  The procedure of Example 5 is repeated with the sole exception that the
      copolymer of 75 parts methyl methacrylate and 25 parts butyl methacrylate
      is replaced with an equal amount of copolymer of a copolymer of 80 parts
      methyl methacrylate and 20 parts ethyl acrylate (M.sub.n = 80,000).
PAC  EXAMPLE 8
PAR  The procedure of Example 5 is repeated with the sole exception that the
      copolymer of 75 parts methyl methacrylate and 25 parts butyl methacrylate
      is replaced with an equal amount of a copolymer of 85 parts styrene and 15
      parts butyl acrylate.
PAC  EXAMPLE 9
PAR  The procedure of Example 1 is repeated with the difference that the
      film-former of the non-metal powder component (b) is prepared by the same
      procedure but with different materials. Here, the thermoplastic
      film-former is made up of the following materials:
TBL                        Parts by Weight                                     

     ______________________________________                                    

     acrylate copolymer -- M.sub.n = 40,000                                    

                             100                                               

      (a copolymer of 98 parts methyl                                          

      methacrylate and 2 parts of gly-                                         

      cidyl methacrylate)                                                      

     polybutyl acrylate       0.8                                              

      M.sub.n = 50,000                                                         

     triethylene diamine      0.2                                              

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  The procedure of Example 1 is repeated with the difference that the
      film-former of the non-metal powder component (b) is prepared using the
      materials and procedures hereinafter set forth.
PAR  An epoxy-functional acrylic copolymer of vinyl monomers is prepared as
      follows:
TBL  Ingredients           Parts By Weight                                     

     ______________________________________                                    

     glycidyl methacrylate 15                                                  

     methyl methacrylate   45                                                  

     butyl methacrylate    40                                                  

     ______________________________________                                    

PAR  The above named ingredients are mixed together. Three (3) parts by weight
      of 2,2' -- azobis -- (2-methylpropionitrile), hereinafter called AIBN, is
      dissolved in the monomer mixture. The mixture is slowly added to refluxing
      toluene (100 parts) which is stirred vigorously under a nitrogen
      atmosphere. A condenser is provided at the top of the toluene container to
      condense the toluene vapors and return them to the container. The monomer
      mixture is added through a regulating valve and the rate of addition is
      controlled to maintain a reflux temperature (109.degree.C. -
      112.degree.C.) with only a small fraction of heat supplied from an
      external heater. After the addition of the monomer mixture is complete,
      the refluxing is maintained by external heat source for 3 additional
      hours.
PAR  The solution is poured into a shallow stainless steel trays. These trays
      are placed in a vacuum oven and the solvent evaporated therefrom. As the
      solvent is removed, the copolymer solution becomes more concentrated. The
      temperature of the vacuum oven is raised to about 110.degree.C. Drying is
      continued until the solvent content of the copolymer is below 3 percent.
      The trays are cooled and the copolymer collected and ground to pass
      through a 20 mesh screen. The copolymer has a glass transition temperature
      of 53.degree.C. and a molecular weight (M.sub.n) of 4,000.
PAR  One hundred parts by weight of the ground copolymer are mixed with the
      following materials:
TBL                        Parts By Weight                                     

     ______________________________________                                    

     azelaic acid            10.0                                              

     tetrabutyl ammonium bromide                                               

                             0.2                                               

     poly (lauryl acrylate) (M.sub.n =10,000)                                  

                             0.5                                               

     ______________________________________                                    

PAR  The materials are mixed together in a ball mill for 2 hours. The mixture is
      mill rolled at 85.degree.C. to 90.degree.C. for 5 minutes. The solid
      obtained is ground in a ball mill and the powder is sieved with a 140 mesh
      screen.
PAC  EXAMPLE 11
PAR  The procedure of Example 10 is repeated with the difference that the
      film-former of the non-metal powder component is prepared as in Example 10
      using 166 parts by weight of the ground epoxy-functional copolymer of
      Example 10, 22.64 parts by weight of azelaic acid and 1.33 poly (lauryl
      acrylate) -- M.sub.n = 10,000.
PAC  EXAMPLE 12
PAR  The procedure of Example 1 is repeated except for the differences:
PA0  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of the same aluminum paste used in Example 1 (19.5 parts by weight
      aluminum) and 4.7 parts by weight of the thermoplastic coating material.
PA0  2. Following the procedure of Example 2, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAR  The resultant powder coating material is electrostatically sprayed upon a
      steel substrate and heat cured thereon as in Example 1 and the resultant
      finish has similar appearance to that obtained in Example 1.
PAC  EXAMPLE 13
PAR  The procedure of Example 1 is repeated except for the differences:
PA0  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      aluminum paste used in Example 1 (19.5 parts by weight aluminum) and 0.98
      parts by weight of the thermoplastic coating material.
PA0  2. Following the procedure of Example 2, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAR  The resultant powder coating material is electrostatically sprayed upon a
      steel substrate and heat cured thereon as in Example 1 and the resultant
      finish has similar appearance to that obtained in Example 1.
PAC  EXAMPLE 14
PAR  The procedure of Example 1 is repeated except for the differences:
PA0  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of aluminum paste used in Example 1 (19.5 parts by weight aluminum) and
      2.93 parts by weight of the thermoplastic coating material.
PA0  2. Following the procedure of Example 2, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAR  The resultant powder coating material is electrostatically sprayed upon a
      steel substrate and heat cured thereon as in Example 1 and the resultant
      finish has similar appearance to that obtained in Example 1.
PAC  EXAMPLE 15
PAR  The procedure of Example 1 is repeated except for the differences:
PA0  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of aluminum paste (19.5 parts by weight aluminum) and 1.76 parts by weight
      of the thermosettable material.
PA0  2. Following the procedure of Example 2, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAR  The resultant powder coating material is electrostatically sprayed upon a
      metal substrate and heat cured thereon as in Example 1 and the resultant
      finish has similar appearance to that obtained in Example 1.
PAC  EXAMPLE 16
PAR  The procedure of Example 1 is repeated except for the differences:
PA0  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of the aluminum paste used in Example 1 (19.5 parts by weight aluminum)
      and 2.54 parts by weight of the thermoplastic coating material.
PA0  2. Following the procedure of Example 2, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAR  The resultant powder coating material is electrostatically sprayed upon a
      metal substrate and heat cured thereon as in Example 1 and the resultant
      finish has similar appearance to that obtained in Example 1.
PAC  EXAMPLE 17
PAR  The procedure of Example 1 is repeated except for the differences:
PA0  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of the aluminum paste used in Example 1 (19.5 parts by weight aluminum)
      and 0.39 parts by weight of the thermoplastic coating material.
PA0  2. Following the procedure of Example 2, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAC  EXAMPLE 18
PAR  The procedure of Example 1 is repeated except for the difference that the
      non-metal powder component is an epoxy-functional and hydroxy-functional
      copolymer of vinyl monomers prepared as follows:
TBL                             Percent By Weight                              

      Reactants       Grams     Of Total Reactants                             

     ______________________________________                                    

     glycidyl methacrylate                                                     

                      225.0     15                                             

     hydroxyethyl methacrylate                                                 

                      75.0       5                                             

     butyl methacrylate                                                        

                      600.0     40                                             

     styrene          75.0       5                                             

     methyl methacrylate                                                       

                      525.0     35                                             

     ______________________________________                                    

PAR  The above mentioned monomers are admixed in the proportions above set forth
      and 70.0 grams (4.5 percent based on combined weights of reactants) of
      2,2' -- azobis -- (2-methyl propionitrile), hereinafter called AIBN, are
      added to the monomer mixture. The solution is added dropwise over a 3 hour
      period into 1500 ml. toluene at 100.degree. - 108.degree.C. under nitrogen
      atmosphere. Then 0.4 grams of AIBN dissolved in 10 ml. of acetone are
      added over a 1/2 hour period and refluxing is continued for 2 additional
      hours.
PAR  The toluene-polymer solution is diluted in 1500 ml. acetone and coagulated
      in 16 liters of hexane. The white powder is dried in a vacuum oven at
      55.degree.C. for 24 hours. This copolymer has molecular weight -- M.sub.w
      /M.sub.n = 6750/3400 and the molecular weight per epoxy group is about
      1068.
PAR  The thermosettable material is produced by mixing 166 parts of the
      epoxy-functional, hydroxy-functional copolymer with 22.65 parts by weight
      of azelaic acid, and 1.34 parts by weight of poly (lauryl acrylate --
      M.sub.n = 10,000).
PAR  A homogeneous mixture of the above is obtained by ball milling for 2 hours.
      This mixture is then extruded at 100.degree.C. from a kneading extruder.
      The solid thus obtained is pulverized in an impact mill, i.e., an air
      classified impact mill, and sieved through a 200 mesh screen.
PAC  EXAMPLE 19
PAR  The procedure of Example 18 is repeated except for the difference that a
      functionally equivalent amount of poly (azelaic anhydride) is substituted
      for the azelaic acid.
PAC  EXAMPLE 20
PAR  The procedure of Example 19 is repeated except for the difference that
      about 35 percent of the poly (azelaic anhydride) is replaced with a
      functionally equivalent amount of 12-hydroxystearic acid.
PAC  EXAMPLE 21
PAR  The procedure of Example 18 is repeated with the following differences:
PAR  1. The epoxy-functional, hydroxy-functional copolymer is replaced with an
      epoxy-functional, amide-functional copolymer prepared from the below
      listed components in the manner hereinafter described.
TBL                             Percent By Weight                              

      Reactants       Grams     Of Total Reactants                             

     ______________________________________                                    

     glycidyl methacrylate                                                     

                       45       15                                             

     acrylamide        15        5                                             

     butyl methacrylate                                                        

                      111       37                                             

     methyl methacrylate                                                       

                      129       43                                             

     ______________________________________                                    

PAR  The above mentioned monomers are admixed in the proportions above set forth
      and 11.0 grams of 2,2' -- azobis -- (2-methylpropionitrile), hereinafter
      called AIBN, are added to the mixture. The mixture is slowly added to 200
      ml. of toluene heated to 80.degree. - 90.degree. C. which is being stirred
      vigorously under a nitrogen atmosphere. A condenser is provided at the top
      of the toluene container to condense the toluene vapors and return the
      condensed toluene to the container. The monomer mixture is added through a
      regulating valve and the rate of addition is controlled to maintain a
      reaction temperature of 90.degree. - 110.degree.C. with the rest of the
      heat supplied from an external heater. After the addition of the monomer
      mixture is completed (3 hours), 0.8 grams of AIBN dissolved in 10 ml.
      acetone is added over a 1/2 hour period and refluxing is continued for 2
      additional hours.
PAR  The resultant toluene-polymer solution is diluted with 200 mls. acetone and
      coagulated in 2 liters of hexane. The white powder is dried in a vacuum
      over at 55.degree.C. for 24 hours. Its molecular weight is determined to
      be M.sub.w /M.sub.n = 6700/3200 and WPE (molecular weight per epoxide
      group) is about 1000.
PAR  2. The azelaic acid is replaced with a functionally-equivalent amount of a
      carboxy-terminated polymer cross-linking agent. This crosslinking agent is
      prepared in the following manner: Five hundred grams of a commercially
      available epoxy resin, Epon 1001, (epoxide equivalent
      450.degree.-525.degree., melting range 64.degree. - 76.degree.C. and
      molecular weight average 900.degree.C.), is charged into a 500 ml.
      stainless steel beaker having a heating mantle. The epoxy resin is heated
      to 110.degree.C. As the epoxy resin is stirred, 194 grams of azelaic acid
      is added. After a reaction time of 30 minutes, a homogeneous mixture is
      obtained. The mixture resin, only semi-reacted, is poured out into an
      aluminum pan and cooled. The solid mixture is pulverized to pass through a
      100 mesh screen by use of a blender. The mixture resin is only
      semi-reacted because if fully reacted it could not be powdered.
PAC  EXAMPLE 22
PAR  The procedure of Example 1 is repeated except for the difference that the
      poly (lauryl acrylate -- M.sub.n = 10,000) is replaced with an equivalent
      amount of polyethylene glycol perfluro octonoate (M.sub.n =3400).
PAC  EXAMPLE 23
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 0.1 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 24
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principle film-forming powder in
      an amount such that they comprise 32.50 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 25
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are admixed with the principal film-forming powder
      in an amount such that they comprise 0.25 weight percent of the total
      powder paint composition.
PAC  EXAMPLE 26
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 28.75 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 27
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 0.45 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 28
PAR  The procedure of Example 1 is repeated with the differences that the coated
      aluminum flakes are the sole metal-pigment used and they constitute 10
      weight percent of the total powder paint composition. In this example,
      non-metal pigments are not used.
PAC  EXAMPLE 29
PAR  The procedure of Example 1 is repeated with the differences that the coated
      aluminum flakes are the sole metal-pigment used and they constitute 1
      weight percent of the total powder paint composition. In this example, the
      non-metal pigments constitute 21.9 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 30
PAR  The procedure of Example 1 is repeated with the following compositional
      differences. The coated aluminum flakes are mixed with the principal
      film-forming powder in an amount such that they comprise 31.0 weight
      percent of the total powder paint composition and the principal
      film-forming powder contains, as the sole non-metal pigment, phthalo green
      pigment in an amount such that it comprises 0.25 weight percent of the
      total powder paint composition.
PAC  EXAMPLE 31
PAR  The procedure of Example 1 is repeated with the following compositional
      differences. The coated aluminum flakes are mixed with the principal
      film-forming powder in an amount such that they comprise 4.0 weight
      percent of the total powder paint composition and the principal
      film-forming powder contains a mixture of metal-free pigments in an amount
      such that it comprises 22 weight percent of the total powder paint
      composition. The mixture of metal-free pigments consists predominantly of
      chrome yellow with flaventhron (yellow organic), red iron oxide and carbon
      black present from trace amounts to above one weight percent.
PAC  EXAMPLE 32
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with polyacrylonitrile M.sub.n = 15,000 and
      such coating is in the amount of 5 percent by weight of the aluminum
      flakes.
PAC  EXAMPLE 33
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with polyhexamethylene adipamide -- M.sub.n =
      5,000, and such coating is in the amount of 3 percent by weight of the
      aluminum flakes.
PAC  EXAMPLE 34
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with cellulose butyrate -- M.sub.n = 10,000,
      the solvent is methanol, and such coating is in the amount of 5 percent by
      weight of the aluminum flakes. The temperature of the spray drier is
      adjusted to compensate for the change of solvent.
PAC  EXAMPLE 35
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with a polyester, i.e., glycol phthalate --
      M.sub.n = 5,000, the solvent is acetone and such coating is in the amount
      of 10 percent by weight of the aluminum flakes. The temperature of the
      spray drier is adjusted to compensate for the change of solvent.
PAC  EXAMPLE 36
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with a styrenemethyl methacrylate copolymer --
      M.sub.n = 15,000, the solvent is acetone and such coating is in the amount
      of 13 percent by weight of the aluminum flakes. The temperature of the
      spray drier is adjusted to compensate for the change of solvent.
PAC  EXAMPLE 37
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with cellulose acetate -- M.sub.n = 15,000, the
      solvent is methanol, and such coating is in the amount of 7 percent by
      weight of the aluminum flakes. The temperature of the spray drier is
      adjusted to compensate for the change of solvent.
PAC  EXAMPLE 38
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with polystyrene, the solvent is toluene and
      the coating is in the amount of 2.5 percent by weight of the aluminum
      flakes. The temperature of the spray drier is adjusted to compensate for
      the change of solvent.
PAC  EXAMPLE 39
PAR  A series of powder paints, A-E are prepared from the following materials in
      the manner hereinafter set forth and later electrostatically sprayed as in
      Example 1 for test purposes.
PAR  Step I. The materials listed below are thoroughly mixed.
TBL                  A     B     C     D     E                                 

                     PARTS BY WEIGHT                                           

     __________________________________________________________________________

     1.                                                                        

       aluminum paste                                                          

       (65% metal)   30.00 30.00 30.00 30.00 30.00                             

     2.                                                                        

       thermoplastic coating                                                   

       material of paragraph (a)                                               

       Example 1     9.75  13.65 19.5  29.25 39.00                             

       % based on weight of                                                    

       aluminum      50.00 70.00 100.00                                        

                                       150.00                                  

                                             200.00                            

     3.                                                                        

       poly(lauryl acrylate)                                                   

                     0.06  0.08  0.12  0.18  0.23                              

     4.                                                                        

       methylene chloride                                                      

                     250.00                                                    

                           250.00                                              

                                 250.00                                        

                                       250.00                                  

                                             250.00                            

     __________________________________________________________________________

PAR  Step II. This mixture is then spray dried as in the preceding examples and
      a product comprising aluminum flakes encapsulated in a thermoplastic
      coating is obtained wherein the relative weights of the components are as
      follows:
TBL                A    B    C    D    E                                       

                   PARTS BY WEIGHT                                             

     __________________________________________________________________________

     1.                                                                        

       aluminum flakes                                                         

                   19.5 19.5 19.5 19.5 19.5                                    

     2.                                                                        

       thermoplastic coating                                                   

       material from Step I                                                    

                   9.75 13.65                                                  

                             19.50                                             

                                  29.25                                        

                                       39.00                                   

     3.                                                                        

       poly(laurylacrylate)                                                    

                   0.06 0.08 0.12 0.18 0.23                                    

     __________________________________________________________________________

PAR  Step III. These encapsulated aluminum flakes are sieved through a 44 micron
      screen. All particles left on the screen are rejected.
PAR  Step IV. A non-metallic powder mixture is made up by thoroughly mixing the
      below listed materials after which the mixture is pulverized and sieved
      through a 75 micron screen. All particles left on the screen are rejected.
TBL  __________________________________________________________________________

                   A     B     C     D     E                                   

                   PARTS BY WEIGHT                                             

     __________________________________________________________________________

     1.                                                                        

       Resin*      166   166   166   166   166                                 

     2.                                                                        

       Azelaic acid                                                            

                   22.64 22.64 22.64 22.64 22.64                               

     3.                                                                        

       Poly(lauryl acrylate)                                                   

                   1.34  1.34  1.34  1.34  1.34                                

     4.                                                                        

       Pigments                                                                

       (a) thalo green                                                         

                   2.03  2.03  2.04  2.06  2.08                                

       (b) yellow iron oxide                                                   

                   8.04  8.07  8.11  8.18  8.25                                

     __________________________________________________________________________

PAR  Step V. An evenly mixed blend is formed from the encapsulated aluminum
      flakes of Step III and the nonmetallic powder mixture of Step IV in the
      following relative proportions:
TBL  Ingredient           Parts by Weight                                      

     ______________________________________                                    

     aluminum             1.50                                                 

     film-former          93.57                                                

     phthalo green        0.99                                                 

     yellow iron oxide    3.93                                                 

     ______________________________________                                    

PAR  The relative concentrations of ingredients in each of these blends is as
      follows:
TBL                A    B    C    D    E                                       

                   PARTS BY WEIGHT                                             

     __________________________________________________________________________

     1.                                                                        

       encapsulated aluminum                                                   

       flakes       2.255                                                      

                         2.556                                                 

                              3.009                                            

                                   3.764                                       

                                        4.518                                  

     2.                                                                        

       nonmetallic powder                                                      

                   97.745                                                      

                        97.444                                                 

                             96.991                                            

                                  96.236                                       

                                       95.482                                  

     __________________________________________________________________________

PAR  The powders thus obtained are sprayed on electrically grounded substrates
      and baked as in Example 1. Aluminum pigment spacing and orientation is
      best when the resin encapsulation on the aluminum flakes is in the range
      of 50 to 70 weight percent of the aluminum with the very best achieved
      with paint A (50 weight percent encapsulation based on the weight of
      aluminum flakes).
PAC  EXAMPLE 40
PAR  Aluminum flakes are encapsulated as in Example 1 except for the differences
      that solvents other than methylene chloride, i.e., toluene, xylene,
      acetone, hexane and methyl ethyl ketone, are used to disperse the
      film-forming material and aluminum flakes prior to spray drying. The spray
      drying operation is adjusted in conformance with the relative volalities
      of the solvent used in each test. The encapsulated flakes thus prepared
      are incorporated into the powder paint of Example 1, electrostatically
      sprayed upon substrates and the substrates are baked as in Example 1.
PAR  Hydrocarbons, alcohols and ketones boiling in the range of 50.degree.C. to
      152.degree.C., preferably 50.degree.C. to 90.degree.C., can be used for
      this purpose. The amount of solvent used is in excess of the combined
      weights of the aluminum flakes and the film-former used for encapsulation.
      Advantageously, the amount of solvent used is in the range of about 3 to
      100 times the combined weights of film-former and aluminum flakes.
PAR  Apparatus and methods for electrostatically spraying powder coating
      materials are illustrated and described in U.S. Pat. Nos. 3,536,514;
      3,593,678; and 3,598,629.
PAR  The term "copolymer" is used herein to mean a polymer formed from two or
      more different monomers.
PAR  Many modifications of the foregoing examples will be apparent to those
      skilled in the art in view of this specification. It is intended that all
      such modifications which fall within the scope of this invention be
      included within the appended claims.
PAR  The disclosures of U.S. patent application Ser. No. 442,291 filed Feb. 12,
      1974 by Santokh S. Labana et al and entitled "Powder Coating Compositions
      Including Glycidyl Ester-Modified Copolymer" are incorporated herein by
      reference.
PAR  Any and all disclosures appearing in the claims and not specifically
      appearing in the body of this specification are herewith incorporated in
      the body of this specification.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a powder paint which exclusive of catalysts, antistatic agents,
      plasticizers, and flow control agent, the same being known and optional
      additives to powder paints, consists essentially of aluminum flakes,
      non-metal pigment, and a particulate, organic, film-former, the
      improvement wherein
PA1  A. non-metal pigment comprises 0 to about 22 weight percent of said powder
      paint,
PA1  B. said aluminum flakes comprise about 0.005 to about 25 weight percent of
      said powder paint and are encapsulated prior to admixture with said
      particulate, organic, film-former with about 2 to about 200 parts by
      weight of a continuous coating of a thermoplastic, organic film-former per
      100 parts by weight aluminum flakes, said thermoplastic, organic,
      film-former consisting essentially of thermoplastic, organic, film-formers
      selected from the group consisting of
PA2  1polymers of alpha-beta olefinically unsaturated monomers of which about 51
      to about 100 weight percent are acrylic monomers and 0 to about 49 weight
      percent are monovinyl hydrocarbons,
PA2  2 polyamides,
PA2  3 polyesters,
PA2  4 homopolymers of monovinyl hydrocarbons,
PA2  5 cellulose acetate,
PA2  6 cellulose butyrate, and
PA1  C. said particulate, organic film-former is selected from the group
      consisting of
PA2  1 a thermoplastic, particulate, film-former that is a copolymer of
      alpha-beta olefinically unsaturated monomers of which about 51 to about
      100 weight percent are acrylic monomers and 0 to about 49 weight percent
      are C.sub.8 - C.sub.12 monovinyl hydrocarbons, and
PA2  2 a thermosettable, particulate, film-former consisting essentially of a
      copolymer having average molecular weight (M.sub.n) in the range of about
      1500 to about 15,000 and glass transition temperature in the range of
      about 40.degree.C. to about 90.degree.C. bearing functional groups
      provided by constituent monomers selected from the group consisting of
      glycidyl esters of a monoethylenically unsaturated carboxylic acid,
      C.sub.5 - C.sub.7 monohydroxy acrylates, C.sub.5 - C.sub.7 monohydroxy
      methacrylates and alpha-beta olefinically unsaturated amides and wherein
      at least above 50 weight percent of the constituent monomers are acrylic
      monomers and the remainder weight percent, if any, consists essentially of
      C.sub.8 - C.sub.12 monovinyl hydrocarbons, said copolymer being
      self-crosslinkable or employed with a monomeric or polymeric crosslinking
      agent.
NUM  2.
PAR  2. A powder paint in accordance with claim 1 wherein said aluminum flakes
      are encapsulated by dispersing 100 parts by weight of said aluminum flakes
      and about 10 to about 200 parts by weight of said thermoplastic, organic,
      film-former in a volatile solvent boiling in the range of about
      40.degree.C to about 152.degree.C that is fugitive from said
      thermoplastic, organic, film-former and said aluminum flakes in spray
      drying and spray drying said dispersion, said solvent being present in
      said dispersion in an amount in excess of the total amount of said
      aluminum flakes and said film-former.
NUM  3.
PAR  3. A powder paint in accordance with claim 1 wherein said 100 parts by
      weight of said aluminum flakes is dispersed in said solvent with 30 to 70
      parts by weight of said thermoplastic, organic, film-former, said solvent
      is selected from methylene chloride and alcohols, ketones and hydrocarbons
      boiling in the range of about 50.degree.C to about 90.degree.C, and said
      solvent is present in said dispersion in an amount at least 3 times the
      combined amounts of said aluminum flakes and said film-former.
NUM  4.
PAR  4. A powder paint in accordance with claim 1 wherein said encapsulation of
      said aluminum flakes is in the amount of about 30 to about 70 parts by
      weight of said thermosettable, organic film-former per 100 parts by weight
      of said aluminum flakes.
NUM  5.
PAR  5. A powder paint in accordance with claim 1 wherein said encapsulation of
      said aluminum flakes is in the amount of about 2 to about 30 parts by
      weight of said thermoplastic organic film-former per 100 parts by weight
      of said aluminum flakes.
NUM  6.
PAR  6. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former is thermosettable and said copolymer of said
      thermosettable, particulate, film-former is a copolymer of about 5 to
      about 20 weight percent of a glycidyl ester of a monoethylenically
      unsaturated carboxylic acid, about 2 to about 10 weight percent of a
      hydroxy acrylate or methacrylate, and 70 to about 93 weight percent of
      esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid.
NUM  7.
PAR  7. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former is thermosettable and said copolymer of said
      thermosettable, particulate, organic, film-former is a copolymer of about
      5 to about 20 weight percent of a glycidyl ester of a monoethylenically
      unsaturated carboxylic acid, about 2 to about 10 weight percent of an
      alpha-beta olefinically unsaturated amide, and 70 to about 93 percent of
      esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid.
NUM  8.
PAR  8. A powder paint in accordance with claim 1 wherein said thermoplastic,
      particulate, film-former is a copolymer of alpha-beta olefinically
      unsaturated monomers of which about 5 to about 100 weight percent are
      acrylic monomers and 0 to about 49 weight percent are C.sub.8 - C.sub.12
      monovinyl hydrocarbons, has average molecular weight in the range of about
      30,000 to about 80,000 and a glass transition temperature in the range of
      about 60.degree.C. to about 110.degree.C.
NUM  9.
PAR  9. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of a
      monoethylenically unsaturated carboxylic acid, about 2 to about 10 weight
      percent of acrylamide or methacrylamide and about 70 to about 93 weight
      percent of esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid and a cross-linking agent selected from the group
      consisting of dicarboxylic acids and anhydrides of dicarboxylic acids.
NUM  10.
PAR  10. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of about 5 to
      about 20 weight percent of a glycidyl ester of a monoethylenically
      unsaturated carboxylic acid and about 80 to about 95 weight percent of
      esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid and a cross-linking agent selected from the group
      consisting of dicarboxylic acids and anhydrides of dicarboxylic acids.
NUM  11.
PAR  11. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of a
      monoethylenically unsaturated carboxylic acid, about 2 to about 10 weight
      percent of a C.sub.5 - C.sub.7 hydroxy acrylate or methacrylate and about
      70 to about 93 weight percent of esters of a C.sub.1 - C.sub.8 monohydric
      alcohol and a crosslinking agent selected from the group consisting of
      dicarboxylic acids and anhydrides of dicarboxylic acids.
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ABST
PAL  A flame-retardant polymer composition comprising a flame-retardant polymer
      and a different kind of a polymer, the amount incorporated of the
      flame-retardant polymer being 2 to 50 percent by weight based on the
      different polymer and said flame-retardant polymer being prepared by
      copolymerizing 2 to 100 percent by weight of a monomer represented by the
      following general formula (A)
      ##SPC1##
PAL  wherein R.sup.1 and R.sup.2 stand for H or CH.sub.3, R.sup.3 is a linear or
      branched alkylene group having 2 to 6 carbon atoms, which may be
      substituted by a hydroxyl group, X designates Br or Cl, n is a number of
      from 3 to 5, and m is a number of from 0 to 1,
PAL  With 98 to 0 percent by weight of at least one unsaturated compound
      copolymerizable with the monomer (A).
BSUM
PAR  This invention relates to a flame-retardant polymer composition obtained by
      incorporating in a polymer a novel high-molecular-weight flame retardant.
PAR  Various substances have heretofore been proposed as flame retardants for
      macromolecular substances such as fibers and plastics. For example, a
      variety of organic halogen compounds, halogen-containing acid esters,
      antimony oxides and phosphates have heretofore been used. These substances
      are generally effective, but since their molecular weights are low (for
      example, not higher than 1000), when they are incorporated into
      macromolecular substances such as fibers or plastics, with the lapse of
      time they migrate into the surface portion and they are scattered and lost
      under external influences, with the result that the flame retardancy is
      reduced or lost. In the case of reactive-type flame retardants such defect
      is not brought about, but various limitations are imposed on
      macromolecular substances to which the flame retardants are added. In case
      polymerization is conducted by adding such reactive-type flame retardant
      to starting monomers of the objective polymer, there are often brought
      about such undesired phenomena as polymerization inhibition by the flame
      retardant and prolongation of the reaction time. For example, it is known
      that tetrabromobisphenol A is used as a flame retardant in preparing a
      flame-retardant polycarbonate composition (see, for example, U.S. Pat. No.
      3,334,154), but when tetrabrombisphenol A is mixed with the starting
      monomer and a copolymer is prepared from the mixture, as the bromine atom
      substituted on the aromatic ring has a large size, steric hindrance is
      brought about and a long time is required for completion of the
      copolymerization. Further, according to this known method, since the
      temperature for molding of the polycarbonate resin is high (for example,
      280.degree. to 320.degree.C.), discoloration and reduction of the strength
      are caused to occur in the flame-retardant polycarbonate composition. For
      this reason, in order to render a polycarbonate resin flame retardant, it
      is preferred to use a flame retardant that can also act as a plasticizer.
      However, if a low-molecular-weight flame retardant is added and used, such
      properties of the macromolecular substance as tensile forth, bending
      strength and weatherability are degraded and the transparency is also
      reduced, and therefore, the commercial value is drastically lowered in
      many cases. Moreover, some of low-molecular-weight flame retardants such
      as PCB and .gamma.-BHC are poisonous and give irritations to the skin.
PAR  It is therefore a primary object of this invention to provide a
      flame-retardant polymer composition in which the above-mentioned defects
      involved in conventional low-molecular-weight additive-type flame
      retardants and reactive-type flame retardants can be overcome.
PAR  More specifically, the primary object of this invention is to provide a
      flame-retardant polymer composition comprising a flame-retardant polymer
      and a different kind of a polymer, the amount incorporated of the
      flame-retardant polymer being 2 to 50 percent by weight based on the
      different polymer and said flame-retardant polymer being prepared by
      copolymerizing 2 to 100 percent by weight of a monomer represented by the
      following general formula (A)
      ##SPC2##
PA1  wherein R.sup.1 and R.sup.2 stand for H or CH.sub.3, R.sup.3 is a linear or
      branched alkylene group having 2 to 6 carbon atoms, which may be
      substituted by a hydroxyl group, X designates Br or Cl, n is a number of
      from 3 to 5, and m is a number of from 0 to 1,
PAL  with 98 to 0 percent by weight of at least one unsaturated compound
      copolymerizable with the monomer (A).
PAR  Many monomers can be mentioned as the monomer represented by the above
      general formula (A), and among these monomers, compounds represented by
      the following general formulae [I] to [IV] are preferred:
      ##SPC3##
PAR  wherein R.sup.1 and R.sup.2 stand for H or CH.sub.3, R.sup.3 is a linear or
      branched alkylene group having 2 to 6 carbon atoms, X is Br or Cl, and n
      is a number of from 3 to 5.
PAR  As preferred examples of the monomer represented by the above general
      formula [I], there can be mentioned 2,4,6-tribromophenyl acrylate,
      2,4,6-tribromophenyl methacrylate, 2,4,6-trichlorophenyl acrylate,
      2,4,6-trichlorophenyl methacrylate, pentabromophenyl acrylate,
      pentachlorophenyl acrylate, pentachlorophenyl methacrylate and the like.
PAR  As the monomer represented by the general formula [II], there can be
      mentioned, for example, 2-hydroxy-3-tribromophenoxypropyl methacrylate,
      2-hydroxy-3-trichlorophenoxypropyl methacrylate,
      2-hydroxy-3-trichlorophenoxypropyl acrylate and the like.
PAR  As typical instances of the monomer represented by the general formula
      [III], there can be mentioned 3-hydroxy-2-tribromophenoxypropyl
      methacrylate, 3-hydroxy-2-trichlorophenoxypropyl methacrylate,
      3-hydroxy-2-trichlorophenoxypropyl acrylate and the like.
PAR  As typical instances of the monomer represented by the general formula
      [IV], there can be mentioned, 2-trichlorophenoxyethyl acrylate,
      2-trichlorophenoxyethyl methacrylate, 2-tribromophenoxyethyl acrylate,
      2-tribromophenoxyethyl methacrylate, 2-pentachlorophenoxyethyl acrylate,
      2-pentachlorophenoxyethyl methacrylate, 2-pentachlorophenoxy-2-methylethyl
      acrylate, 2-pentabromophenoxy-2-methylethyl acrylate,
      2-pentachlorophenoxy-2-butyl acrylate, 2-pentabromophenoxy-2-butyl
      methacrylate, 4-tribromophenoxybutyl acrylate, 4-tribromophenoxybutyl
      methacrylate, 4-pentachlorophenoxybutyl acrylate,
      4-pentachlorophenoxybutyl acrylate, 4-pentachlorophenoxybutyl
      methacrylate, 4-pentabromophenoxybutyl methacrylate and the like.
PAR  These monomers can be used singly or in the form of a mixture of two or
      more of them.
PAR  As the unsaturated compound copolymerizable with the above flame retardant
      monomer, that is used in this invention, there can be mentioned, for
      example, halogenated olefins such as vinyl chloride, vinylidene chloride
      and vinyl bromide, vinyl aromatic compounds such as chlorostyrene,
      conjugated dienes such as chloroprene, vinyl esters of carboxylic acids
      such as 1,4,5,6,7,7-hexachlorobicyclo-[2,2,1]-5-heptane-2-carboxylic acid
      vinyl ester and
      1,4,5,6,7,7-hexabromobicyclo-[2,2,1]-5-heptene-2-carboxylic acid vinyl
      ester, nitrogen-containing unsaturated compounds such as triallyl
      cyanurate, and phosphorus-containing unsaturated compounds represented by
      the following general formulae:
      ##EQU1##
PAR  The unsaturated compound copolymerizable with the monomer (A), that can be
      used in this invention, is not limited to those exemplified above, but in
      general, it is preferred to employ halogen-containing and/or phosphorus
      containing unsaturated compounds, in order to obtain high flame
      retardancy. It is possible to copolymerize two or more of these
      unsaturated compounds with the monomer represented by the general formula
      (A).
PAR  In forming the flame-retardant polymer, the monomer (A) is used in an
      amount of at least 2 percent by weight, preferably at least 50 percent by
      weight. When the amount used of the monomer (A) is smaller than 2 percent
      by weight, the intended high flame retardancy cannot be obtained.
PAR  Homopolymerization of the flame-retardant monomer (A) or copolymerization
      of the flame-retardant monomer (A) with an unsaturated compound
      copolymerizable therewith can be performed according to any of known
      emulsion polymerization, suspension polymerization, bulk polymerization
      and solution polymerization methods. In case other flame retardant is used
      in combination, the monomer (A) or its mixture with a copolymerizable
      unsaturated compound and other flame retardant (for example, polyvinyl
      chloride) are dissolved in a solvent and then, polymerization is
      conducted, whereby a flame-retardant polymeric material composed of a
      homogeneous mixture of the flame-retardant polymer of this invention and
      polyvinyl chloride is obtained.
PAR  It is desired that the so obtained flame-retardant polymer of this
      invention has a molecular weight not lower than 1,000.
PAR  A polymer obtained by homopolymerization of a monomer represented by the
      general formula (A) is an aromatic nucleus substituted halogen compound
      having not only excellent flame retardancy but higher heat stability than
      aliphatic halogen compounds. If this polymer is molded at such a high
      temperature as, for example, temperatures adopted for heat molding of
      polycarbonate resins, none of poisonous gases such as HCl and HBr are
      generated during processing of the resin, the commercial value of the
      molded product is not reduced and it hardly gives irritations to the human
      body or has hardly corrosive actions to processing machines.
PAR  In case a halogen-containing aliphatic vinyl compound is chosen as a
      comonomer to be copolymerized with a monomer represented by the general
      formula (A), the resulting polymer comes to have both the aromatic
      nucleus-substituted halogen and the aliphatic chain-substituted halogen
      and the decomposition temperature range of the polymer is broadened.
      Accordingly, better results are obtained when such polymer is employed.
      Further, when the monomer (A) is copolymerized with a
      phosphorus-containing unsaturated compound, the resulting polymer
      comprises both halogen and phosphorus, and in this polymer a synergistic
      effect is brought about by halogen and phosphorus and the flame retardant
      effect is further improved [J. Fire & Flammability, 1, 302 (1970)].
PAR  These flame-retardant polymers have a good compatibility with other
      polymers, and when they are incorporated and kneaded into other polymers,
      they are not scattered and lost from the surface under external influences
      and therefore, the flame retardancy of the resulting polymer compositions
      is not reduced or lost.
PAR  Different polymers into which the flame-retardant polymer of this invention
      is incorporated and kneaded include thermoplastic resins such as
      polypropylene, polystyrene, ABS resins, acrylic resins, polyester resins
      and polycarbonate resins, thermosetting resins such as phenol resins,
      unsaturated polyester resins, epoxy resins and cellulose resins, and
      rubbery polymers such as styrene-butadiene rubbers,
      acrylonitrile-butadiene rubbers, polybutadiene rubbers, polyisoprene
      rubbers, ethylenepropylene rubbers, butyl rubbers, polychloroprene
      rubbers, acrylic rubbers and epichlorohydrin rubbers. These polymers can
      be used singly or in the form of a mixture of two or more of them.
PAR  The amount of the flame-retardant polymer incorporated in a different kind
      of a polymer is 2 to 50 percent by weight, preferably 5 to 35 percent by
      weight, based on the different polymer. In case said amount is not less
      than 50 percent by weight, the physical property of said polymer becomes
      worse frequently. Mixing of both the polymers can be accomplished by an
      optional method. For instance, both the polymers are molten and blended in
      the molten state.
PAR  The flame-retardant polymer composition of this invention may further
      comprise additives ordinarily used for resins and rubbers, such as
      stabilizers, lubricants and the like. The flame-retardant polymer
      composition of this invention can be reinforced by glass fibers or other
      fibers, or it can be formed into foams by incorporation of a blowing or
      foaming agent. Still further, a flame retardant assistant such as Sb.sub.2
      O.sub.3 can optionally be incorporated in the flame-retardant polymer
      composition of this invention.
PAR  This invention will now be illustrated more detailedly by reference to the
      following Examples, which by no means limit the scope of this invention.
      In the following Examples, all of "parts" and "percent" are on the weight
      basis.
DETD
PAC  EXAMPLE 1
PAR  500 parts of pentachlorophenyl acrylate and 0.5 part of di-tert-butyl
      peroxide were dissolved in 1500 parts of toluene, and when the mixture was
      agitated for 30 minutes under reflux of toluene, the viscosity of the
      reaction solution increased. Then, the reaction solution was cooled to
      room temperature, and 3,000 parts of methanol was added thereto and the
      mixture was agitated to precipitate white powder. The powder was recovered
      by filtration and dried to obtain 490 parts of a polymer having an average
      molecular weight of 1,500 and a chlorine content of 55.1 percent. The
      theoretical chlorine content of this polymer is 55.30 percent.
PAC  EXAMPLE 2
PAR  7 parts of a pentachlorophenyl acrylate polymer (having an average
      molecular weight of 1500 ) represented by the following general formula
      ##SPC4##
PAR  which was obtained in Example 1, was mixed and kneaded at 270.degree.C.
      with 100 parts of bisphenol A polycarbonate (having an average molecular
      weight of 25,000), and the kneaded mixture was injection molded. The
      molded sample was not broken when taken out of the mold (namely, the
      polymer composition had a very good moldability), and no discoloration was
      observed and the sample was excellent in transparency. The viscosity
      average molecular weight was found to be 22,500.
PAR  When the so formed test piece was subjected to the combustion test
      according to the method UL-94, it was found that the grade of the flame
      retardancy of the test piece was SE-1.
PAR  40 g of the same composition as the preliminarily formed resin composition
      (the above mixture of the pentachlorophenyl acrylate polymer and the
      polycarbonate resin) was charged in a three-neck flask, and it was heated
      while blowing N.sub.2 thereinto. The effluent gas was introduced into an
      aqueous solution of KOH and the change of the KOH concentration was
      traced. From the change of the KOH concentration brought about by
      conducting heating at 360.degree.C for 1 hour, it was found that the
      amount of HCl gas generated from this flame-retardant composition was 15
      ppm. Thus, it was confirmed that the amount of the acidic gas generated by
      heating was very small, though the heating was conducted at a very high
      temperature.
PAC  COMPARATIVE EXAMPLE
PAR  A mixture of 90 percent of bisphenol A and 10 percent of
      tetrabromobisphenol A was reacted with phosgene in a methylene chloride
      reaction medium containing p-tert-butylphenol, pyridine and calcium
      hydroxide, and the resulting copolymer was dried at 125.degree.C and
      molded at about 360.degree.C. The molded product was broken when it was
      taken out of the mold, and it was found that the molded product was very
      brittle. Further, since the copolymer had a very high viscosity at the
      time of melting, it could not fill the space of the mold sufficiently.
PAC  EXAMPLE 3
PAR  A flame-retardant polymer obtained by copolymerizing 2-tribromophenoxyethyl
      acrylate with a phosphorus-containing unsaturated compound represented by
      the following formula
      ##EQU2##
      (1 : 1 copolymer having an average molecular weight of 1,900 and an
      acrylate monomer content of 65.7 percent by weight) was molten and kneaded
      with a combustible resin indicated in Table 1 by means of Brabender
      Plastograph, and the kneaded mixture was compression molded. The molded
      sample was subjected to the combustion test according to the method of
      ASTM-D635 -56T. Results are shown in Table 1. When these resins were
      subjected to the combustion test without incorporation of the above
      flame-retardant polymer, each resin was completely burnt. The
      flame-retardant polymer had a good compatability with each of these
      resins, and in each case there was obtained a transparent flame-retardant
      polymer composition.
TBL                                    Table 1                                 

     __________________________________________________________________________

                          Amount of Flame-                                     

     Resin      Amount of Resin                                                

                          Retardant Polymer                                    

                                     Combustibility                            

     __________________________________________________________________________

     crystalline                                                               

                80 parts  18 parts   self-extinguishing,                       

     polypropylene        5 parts of Sb.sub.2 O.sub.3                          

                                     below 4 seconds                           

     polyacetal 70 parts  30 parts   self-extinguishing,                       

                                     below 5 seconds                           

     polystyrene                                                               

                85 parts  20 parts   self-extinguishing,                       

                                     below 5 seconds                           

     polymethyl-                                                               

                80 parts  23 parts   self-extinguishing,                       

     methacrylate                    below 5 seconds                           

     low pressure method                                                       

                90 parts  15 parts   self-extinguishing,                       

     polyethylene                    below 5 seconds                           

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  15 parts of a flame-retardant polymer formed by copolymerizing
      2-tribromophenolethyl acrylate with pentabromophenyl methacrylate (1:1
      copolymer having an average molecular weight of 2300 and an acrylate
      monomer content of 43.5 percent by weight) was molten and kneaded with 100
      parts of an ABS resin by means of Brabender Plastograph, and the mixture
      was compression molded. The molded sample was subjected to the combustion
      test according to the method of ASTM-D635 -56T, and it was found that the
      sample was self-extinguishing. The sample had a tensile force of 370
      Kg/cm.sup.2 as measured according to ASTM-D638 and a heat distortion
      temperature of 85.degree.C. as measured under a load of 18.6 Kg/cm.sup.2
      according to ASTM-D648. The sample prepared from the ABS resin alone
      without incorporation of the flame-retardant polymer had a tensile force
      of 386 Kg/cm.sup.2 and a heat distortion temperature of 90.degree.C. Thus,
      it was confirmed that these physical properties of the ABS resin were not
      drastically degraded by incorporation of the flame-retardant polymer.
PAC  EXAMPLE 5
PAR  8 parts of a flame-retardant polymer formed by copolymerizing
      4-pentabromophenoxybutyl methacrylate with a phosphorus-containing
      unsaturated compound represented by the following formula
      ##EQU3##
      (1 : 1 copolymer having an average molecular weight of 1,800 and a
      methacrylate monomer content of 61.6 percent by weight) was uniformly
      mixed into a mixture of 80 parts of an unsaturated polyester resin and 20
      parts of styrene, and 3 parts of methylethylketone peroxide was added as a
      catalyst to the mixture and dissolved uniformly therein. Then, 3 parts of
      cobalt naphthenate was added as a promotor to the mixture, and the mixture
      was agitated sufficiently. The resulting resin solution was cast into a
      Teflon-coated resin-molded mold (having a length of 14.5 cm and a width of
      11.8 cm) and allowed to stand still at room temperature overnight, to
      thereby solidify the resin. Then, the cast product was post-cured for 1
      hour in a drier maintained at 100.degree.C. When the so formed molded
      product was subjected to the combustion test according to the method of
      ASTM-D635-56T, it was found that the molded product was incombustible.
      This incombustible unsaturated polyester resin composition was colorless
      and transparent.
PAC  EXAMPLE 6
PAR  70 parts of 2-hydroxy-3-tribromophenoxypropyl methacrylate and 15 parts of
      bischloroethylvinyl phosphonate represented by the following formula
      ##EQU4##
      were dissolved in 250 parts of benzene, and 0.5 part of
      azobisisobutyronitrile was added as an initiator to the solution. The
      solution was kept under reflux of benzene for 3 hours, and it was poured
      into a large quantity of methanol and the mixture was agitated to form a
      viscous liquid. The liquid was washed sufficiently with methanol and dried
      to obtain a copolymer having a 2-hydroxy-3-tribromophenoxypropyl
      methacrylate content of 80.2 percent by weight. 25 parts of the so
      obtained polymer was molten and kneaded with 75 parts of polystyrene by
      means of Brabender Plastograph and the mixture was compression molded.
      When the molded product was subjected to the combustion test according to
      the method of ASTM-D635-56I, it was found that the molded product was
      self-extinguishing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flame-retardant polymer composition comprising a flame-retardant
      polymer and a different kind of a polymer, the amount incorporated of the
      flame-retardant polymer being 2 to 50 percent by weight based on the
      different polymer and said flame-retardant polymer being prepared by
      copolymerizing 2 to 100 percent by weight of a monomer represented by the
      following general formula (A)
      ##SPC5##
PA1  wherein R.sup.1 and R.sup.2 stand for H or CH.sub.3, R.sup.3 is a linear or
      branched alkylene group having 2 to 6 carbon atoms, which may be
      substituted by a hydroxyl group, X designates BR or Cl, n is a number of
      from 3 to 5, and m is a number of from 0 to 1,
PAL  with 98 to 0 percent by weight of at least one unsaturated compound
      copolymerizable with the monomer (A) selected from the group consisting
      of:
PA1  halogenated olefins,
PA1  halogenated vinyl aromatic compounds,
PA1  halogenated vinyl esters of carboxylic acids,
PA1  halogenated conjugated dienes,
PA1  nitrogen containing unsaturated compounds, and phosphorous-containing
      unsaturated compounds, and wherein the different polymer into which the
      flame-retardant polymer is incorporated is at least one member selected
      from the group consisting of polypropylene, polystyrene, ABS resins,
      acrylic resins, polyester resins, polycarbonate resins, phenol resins,
      unsaturated polyester resins, epoxy resins, cellulose resins,
      styrene-butadiene rubbers, acrylonitrile-butadiene rubbers, polybutadiene
      rubbers, polyisoprene rubbers, ethylene-propylene rubbers, butyl rubbers,
      polychloroprene rubbers, acrylic rubbers and epichlorohydrin rubbers.
NUM  2.
PAR  2. A flame-retardant polymer composition set forth in claim 1 wherein the
      monomer represented by the general formula (A) is at least one member
      selected from the group consisting of compounds represented by the
      following general formula [I] to [IV]:
      ##SPC6##
PA1  wherein R.sup.1 and R.sup.2 stand for H or CH.sub.3, R.sup.3 is a linear or
      branched alkylene group having 2 to 6 carbon atoms, X is Br or Cl, and n
      is a number of from 3 to 5.
NUM  3.
PAR  3. A flame-retardant polymer composition set forth in claim 1 wherein the
      monomer represented by the general formula (A) is at least one member
      selected from the group consisting of 2,4,6-tribromophenyl acrylate,
      2,4,6-tribromophenyl methacrylate, 2,4,6-trichlorophenyl acrylate,
      2,4,6-trichlorophenyl methacrylate, pentabromophenyl acrylate,
      pentachlorophenyl acrylate, pentachlorophenyl methacrylate,
      2-hydroxy-3-tribromophenoxypropyl methacrylate,
      2-hydroxy-3-trichlorophenoxypropyl methacrylate,
      2-hydroxy-3-trichlorophenoxypropyl acrylate,
      3-hydroxy-2-tribromophenoxypropyl methacrylate,
      3-hydroxy-2-trichlorophenoxypropyl methacrylate,
      3-hydroxy-2-trichlorophenoxypropyl acrylate, 2-trichlorophenoxyethyl
      acrylate, 2-trichlorophenoxyethyl methacrylate, 2-tribromophenoxyethyl
      acrylate, 2-tribromophenoxyethyl methacrylate, 2-pentachlorophenoxyethyl
      acrylate, 2-pentachlorophenoxyethyl methacrylate,
      2-pentachlorophenoxy-2-methylethyl acrylate,
      2-pentabromophenoxy-2-methylethyl acrylate, 2-pentachlorophenoxy-2-butyl
      acrylate, 2-pentabromophenoxy-2-butyl methacrylate, 4-tribromophenoxybutyl
      acrylate, 4-tribromophenoxybutyl methacrylate, 4-pentachlorophenoxybutyl
      acrylate, 4-pentachlorophenoxybutyl methacrylate and
      4-pentabromophenoxybutyl methacrylate.
NUM  4.
PAR  4. A flame-retardant polymer composition set forth in claim 1 wherein the
      amount used of the monomer represented by the general formula (A) is 50 to
      100 percent by weight.
NUM  5.
PAR  5. A flame-retardant polymer composition set forth in claim 1 wherein the
      flame-retardant polymer consisting of singly the monomer represented by
      the general formula (A).
NUM  6.
PAR  6. A flame-retardant polymer composition set forth in claim 1 wherein the
      amount of the flame-retardant polymer incorporated into the different
      polymer is 5 to 35 percent by weight based on the different polymer.
NUM  7.
PAR  7. The flame-retardant polymer composition set forth in claim 1, wherein
      the unsaturated compounds copolymerizable with the flame-retarding monomer
      represented by the general formula (A) is at least one member selected
      from the group consisting of vinyl chloride, vinylidene chloride, vinyl
      bromide, chlorostyrene, chloroprene,
      1,4,5,6,7,7-hexachlorobicyclo-[2,2,1]-5-heptene-2-carboxylic acid vinyl
      ester, 1,4,5,6,7,7-hexabromobicyclo-[2,2,1]-5-heptene-2-carboxylic acid
      vinyl ester, triallyl cyanurate, and phosphorus-containing unsaturated
      compounds represented by the following general formula:
      ##EQU5##
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ABST
PAL  An improvement in the composition of particulate, water-insoluble alkali
      metal carboxylate salts of starch-acrylonitrile graft copolymers of the
      type which are produced by saponifying starch-acrylonitrile graft
      copolymers with an alkali metal base in an aqueous alcoholic medium and
      which particulate copolymer in its unimproved form is capable of absorbing
      in excess of 50 parts of aqueous fluids per part of copolymer when
      saturated. The improvement comprises the intermixture with the particulate
      copolymer of fumed silica or fumed alumina particles in an amount
      sufficient to increase markedly the rate at which the mixture absorbs
      physiological fluid as compared to the rate of absorption for such fluids
      exhibited by the copolymer before the fumed material is added. The mixture
      also minimizes the undesirable dusting tendency which is a characteristic
      of the particulate copolymer in the absence of the fumed silica or
      alumina.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years, manufacturers of absorbent pads including sanitary
      napkins, tampons, diapers, bed pads and the like have been interested in
      incorporating in or adding to the absorbent elements of such pads,
      supplementary materials capable of absorbing and immobilizing relatively
      large amounts of aqueous fluid per unit of absorbent used. One purpose of
      such additives, of course, is to make the pad more compact, and thus more
      comformable and less conspicuous in use, while increasing the effective
      absorbency characteristics. In addition when such supplements are used,
      the total amount of absorbent material necessary to meet a given capacity
      requirement is reduced and important economies in production cost can be
      realized.
PAR  Among the supplementary materials suggested for this purpose are the
      water-insoluble alkali metal carboxylate salts of starch-acrylonitrile
      graft copolymers obtained by saponifying starch-acrylonitrile graft
      copolymers with an alkali metal base in an aqueous alcoholic medium. These
      graft copolymers are characterized as "being water-insoluble granular
      solids having the ability to absorb water in amount in excess of 50 parts
      per part thereof while retaining their granular character." A detailed
      description of such compositions may be found in U.S. Pat. No. 3,661,815
      which issued May 9, 1972 to T. Smith and is assigned to Grain Processing
      Corporation.
PAR  While these graft copolymers were indeed found to have an extra large
      capacity for aqueous fluids when tested as indicated in the patent, it was
      also found that when the copolymer particles were incorporated in tampon
      or sanitary napkin structures and tested with aqueous saline fluids
      formulated to simulate menstrual fluids, that such fluids did not
      penetrate quickly and the potentially large capacity of the polymers was
      not utilized. Limited tests with menstrual fluids confirmed these results.
      Apparently, when viscous menstrual fluids first strike the polymers, the
      particles tend to expand and agglomerate excessively to form a temporary
      physical barrier against continued unimpaired flow of fluid into the
      interior of the pads. As a result the rated performance of these modified
      napkins and tampons with respect to absorption of menstrual fluids was no
      better than standard products which did not contain a high absorbency
      additive.
PAR  A further disadvantage was noted with respect to use of these copolymer
      salts is that they are supplied in the form of a powder having small
      particle size which tend to dust excessively while the tampons and napkins
      are being fabricated.
PAR  This invention is directed to the discovery that the above indicated
      disadvantages can be overcome by adding certain materials to these graft
      copolymers which increases the rate at which they absorb menstrual fluids,
      while at the same time minimizing the dusting problem.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention the above disadvantages are overcome by
      starting with a mass of particulate water-insoluble alkali metal
      carboxylate salts of starch-acrylonitrile graft copolymers of the type
      which are produced by saponifying a starch-acrylonitrile graft copolymer
      with an alkali metal base in an aqueous alcoholic medium and which
      particulate copolymers before being modified as disclosed herein are
      capable of absorbing in excess of 50 parts by weight of aqueous fluids per
      part when saturated, and intermixing therewith a minor quantity of a fumed
      oxide, such as fumed silica or fumed alumina in an amount sufficient to
      increase the rate at which said mixture absorbs viscous saline fluids such
      as menstrual fluids, compared to an equal quantity of the original salt
      particles, without significantly impairing the total absorbent capacity.
      This intermixing may be readily accomplished by simply adding the fumed
      oxide to the polymer in the desired amount and mechanically stirring the
      two ingredients together. The resulting mixture also has a greatly reduced
      tendency to dust in contrast to the excessive dusting properties of the
      original material.
PAR  More particularly, and as further defined in U.S. Pat. No. 3,661,815, the
      polyacrylonitrile may be either polyacrylonitrile or
      polymethylacrylonitrile; the ratio of acrylonitrile to starch may be in
      the range of 2:1 to 30:1; the saponifying aqueous alcoholic medium may be
      methanolic or ethanolic; and the alkali metal base may be sodium, lithium,
      or potassium hydroxide.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In accordance with this invention, various percentages of fumed silica and
      fumed alumina were added and intermixed with a starch graft copolymer sold
      under the name of Polymer 35A-100 by Grain Processing Corporation. This
      polymer is understood to be a starch-acrylonitrile graft polymer with an
      acylonitrilestarch ratio of 4:1, which was saponified with an
      aqueous-ethanolic-KOH solution as described in U.S. Pat. No. 3,661,815 and
      has a carboxyl content of about 14 percent.
PAR  The mixtures of copolymer and the specified fumed inorganic oxides were
      then tested for rate of water absorption, and rate of synthesized
      menstrual fluid absorption as follows:
PAR  One gram of the product being tested was placed in the bottom of a standard
      50 ml. graduated cylinder. Fifty grams of fluid were then added slowly to
      minimize mixing of the polymer and the fluid. After 15 minutes, the free
      fluid was poured off, and that which had been absorbed and gelled by the
      polymer remained behind. This was weighed to determine the amount of fluid
      absorbed and immobilized by one gram of the product. Fluids used in the
      tests were pure water and a synthetic physiological fluid having the
      viscosity and other physical characteristics of menstrual fluid. The test
      fluid had the following composition:
PA1  8.0 G. NaCMC
PA1  80.0 g. glycerine
PA1  10.0 G. NaCl
PA1  4.0 G. NaHCO.sub.3
PA1  Distilled water to one liter.
PAL  This fluid had a viscosity of about 20 centipoises at 25.degree.C and is
      hereinafter usually identified as syndate. Syndate is commonly used by
      those skilled in the art for testing absorbency of catamenial devices. The
      experiment was run for the polymer alone and for the polymer in thorough
      admixture with small percentages of fumed silica or fumed alumina as
      indicated below. Results were as follows:
TBL             Grams Fluid                                                    

                           % Increase in                                       

                Absorbed Per                                                   

                           Absorption Over                                     

                Gram of Absorbent                                              

                           Polymer Alone                                       

                  Pure             Pure                                        

      Absorbent   Water   Syndate  Water Syndate                               

     ______________________________________                                    

     Polymer 35A-100;                                                          

     alone        28.8    4.87     --    --                                    

     + 1% Fumed Silica                                                         

                  28.1    7.28     -2.4  49.5                                  

     + 2% Fumed Silica                                                         

                  36.2    7.66     25.7  57.3                                  

     + 5% Fumed Silica                                                         

                  --      6.85     --    40.7                                  

     +10% Fumed Silica                                                         

                  32.3    6.06     12.2  24.4                                  

     + 1% Fumed Alumina                                                        

                  --      7.06     --    45.0                                  

     + 2% Fumed Alumina                                                        

                  28.2    8.91     -2.1  83.0                                  

     + 5% Fumed Alumina                                                        

                  28.5    7.56     -1.0  55.2                                  

     +10% Fumed Alumina                                                        

                  --      -.98     --    63.9                                  

     ______________________________________                                    

PAR  The data indicates a remarkable increase in the amount of syndate absorbed
      by polymer in a 15 minute time span when a small amount of a fumed oxide
      is added to the copolymer as compared to the copolymer without any
      additive. It is noted that the marked increase in rate of absorption
      appears to be peculiar to the syndate, or physiological fluid, since the
      change in rate with respect to pure water is relatively insignificant
      except in the case where 2 percent fumed silica is added. In view of the
      fact that the improvement with which this application is concerned is
      important only with respect to menstrual and other viscous physiological
      fluids, only limited testing was done with respect to water alone. In any
      event, the data indicates the optimum rate of improvement occurs when
      about 2 percent fumed oxide is added.
PAR  The polymer 35A-100 as supplied by Grain Processing Corporation is anionic
      and water-insoluble, and is in the form of a fine dusty powder of less
      than 100 mesh particle size. It was discovered that the addition of 1-2
      percent fumed silica also has the desirable effect of greatly reducing the
      dustiness of this product. Fumed alumina has the same effect with respect
      to reducing dustiness, but to a somewhat lesser degree. The reduction in
      dustiness of the polymer greatly alleviates handling problems when the
      material is used as herein described. The reason for the increased rate of
      absorption and less dustiness is not known, but it is theorized that the
      fumed oxide particles are so small that they coat the polymer particles by
      electrostatic attraction. This coating apparently segregates the
      particles, preventing premature agglomeration when wetted, and thus
      providing an increased rate of absorption.
PAR  Fumed silica is silicon dioxide formed by the vapor phase hydrolysis of
      silicon tetrachloride. It is supplied in commercial form as a low density
      waterinsoluble powder with extremely small particle size and a large
      surface area ranging from 50 to 400 square meters per gram. The fumed
      silica used in the Examples is sold under the trademark CAB-O-SIL (Type
      M-5) by Cabot Corporation.
PAR  Fumed alumina is aluminum oxide formed by the flame hydrolysis of aluminum
      chloride. It is also supplied in commercial form as a low density
      water-insoluble powder with extremely small particle size and a large
      surface area in the neighborhood of about 100 square meters per gram. The
      fumed alumina used in the Examples is sold under the trademark ALON-G by
      Cabot Corporation.
PAR  The improved copolymer mixture as defined herein is particularly useful
      when incorporated in catamenial devices such as sanitary napkins and
      tampons and particularly with tampons in which it may be incorporated up
      to 25 percent by weight to improve capacity. Limited tests of tampons
      containing such amounts of the modified polymer vs. unmodified polymer,
      indicated the former had an increased rate of absorption since the number
      of early leakers was substantially reduced as compared to tampons
      containing the unmodified polymer. Early leakage usually indicates rate of
      absorption is too slow for the amount of fluid discharged and bypass
      results even though available absorbent capacity is not utilized.
PAR  Broadly, the improved copolymer is especially useful in absorbent devices
      in which rate of absorption is considered as being equally important as
      total absorbent capacity. In addition to catamenial devices, other
      absorbent products in which these characteristics are desirable are
      disposable diapers, incontinent pads and hospital underpads.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improvement in the composition of particulate, water-insoluble alkali
      metal carboxylate salts of starch-acrylonitrile graft copolymers of the
      type which are produced by saponifying a starch-acrylonitrile graft
      copolymer with an alkali metal base in an aqueous alcoholic medium and
      which particulate copolymer in its unimproved form is capable of absorbing
      in excess of 50 parts by weight of aqueous fluids per part of copolymer,
      and in which the molar ratio of the acrylonitrile to the starch in the
      graft copolymers is in the range of 2:1 to 30:1; said improvement
      comprising modifying said particulate copolymer by mixing therewith a
      minor quantity of a fumed oxide selected from the group consisting of
      fumed silica or fumed alumina in an amount sufficient to increase the rate
      at which said modified copolymer absorbs saline physiological fluids as
      compared to the rate at which said unimproved copolymer absorbs said
      fluids without reducing significantly the total absorbent capacity
      otherwise exhibited by said unimproved copolymer while minimizing the
      tendency of said copolymer to dust.
NUM  2.
PAR  2. An improvement in a water-insoluble, particulate form, alkali metal
      carboxylate salt of a starch-polyacrylonitrile graft copolymer or a
      starch-polymethacrylonitrile graft copolymer which copolymer in
      particulate form is capable of absorbing in excess of 50 parts by weight
      of aqueous fluids per part of copolymer while maintaining insolubility and
      which copolymer has been produced by saponifying a
      starch-polyacrylonitrile or starch-polymethacrylonitrile graft copolymer
      with an aqueous methanolic or ethanolic solution of an alkali base
      selected from the group consisting of sodium hydroxide, lithium hydroxide
      or potassium hydroxide, and in which the molar ratio of the acrylonitrile
      or methacrylonitrile to the starch in the graft copolymer is in the range
      of 2:1 to 30:1; said improvement comprising modifying said particulate
      copolymer by combining and mixing therewith a minor quantity of a fumed
      oxide selected from the group consisting of fumed silica or fumed alumina,
      said quantity being in an amount sufficient to markedly increase the rate
      at which said modified copolymer absorbs saline physiological fluids as
      compared to the rate at which said particulate copolymer in its unimproved
      state absorbs said fluids while minimizing the tendency of said copolymer
      to dust and without reducing significantly the total absorbent capacity
      otherwise exhibited by said unimproved copolymer.
NUM  3.
PAR  3. The improved copolymer composition of claim 2 wherein said fumed oxide
      is added in the amount of in the range of about 1 percent to 10 percent by
      weight.
NUM  4.
PAR  4. The improved copolymer composition of claim 2 wherein said fumed oxide
      is added in the amount of about 2 percent by weight.
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ABST
PAL  In blending additives with finely divided solid polymer, additives with
      melting points below the blending temperature are added first and
      additives with melting points above the blending temperature of the solid
      polymer are added subsequently.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of dispersing additives normally solid
      at room temperature in finely divided solid polymer.
PAR  Conventional methods of dispersing additives such as stabilizers and
      pigments in solid polymers include melt blending the additives and the
      polymer on a roll mill, in a compounding extruder, or in an intensive
      mixer such as a Banbury mixer. Besides being a costly operation, the
      mechanical working necessary to effect adequate dispersion subjects the
      polymer to high shear at elevated temperatures where the polymer is molten
      and such working tends to degrade the polymer, particularly polymer which
      does not yet have a stabilizer well dispersed through it. Many efforts
      have been made to circumvent these shortcomings, for instance, by dry
      blending the additives with the polymer. However, when rather high
      concentrations of additives are blended with the solid polymer in making
      masterbatches for letting down into virgin polymer a sticky and gummy
      mixture often is formed. This sticky mixture accumulates on the blenders
      and other equipment. At times such mixture has restricted and completely
      plugged equipment thus shutting down a plant until the material causing
      the problem is removed. In addition such material often is difficult to
      disperse resulting in uneven distribution of the additives which is almost
      always unacceptable. In the case of antioxidants the portions of the
      polymer receiving less than the desired amount of antioxidant tend to
      degrade rapidly in use or even during fabrication. Conversely when
      antioxidant which has plated out onto the blender flakes off, polymer
      results with an excessive amount of antioxidant present. Depending on the
      antioxidant, this may result in discoloration, odor, or other deleterious
      effects.
PAR  The undesirable results from blending normally solid additives into polymer
      can be alleviated to some extent by first blending the polymer with some
      liquid dispersing agent which acts to stick the additive to the polymer.
      This is an inadequate solution since it necessitates an extra step and
      introduces an unnecessary and in many cases undesirable extra ingredient
      into the blend; nevertheless it is used on a commercial scale at the
      present time thus pointing up the need for a simple solution to the
      problem of dispersing normally solid additives in a polymer.
PAR  It is an object of this invention to disperse normally solid additives in
      solid polymer.
PAR  It is a further object of this invention to obtain excellent dispersion of
      additives in polymers without either the use of costly and possibly
      degrading melt blending or the introduction of unnecessary foreign
      materials such as dispersants.
PAR  It is still a further object of this invention to prepare a masterbatch of
      normally solid additives in polymer without either the use of costly and
      possibly degrading melt blending or the introduction of unnecessary
      foreign materials such as dispersants.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention finely divided solid polymer is combined
      with two or more additives one of which has a melting point below the
      blending temperature and is added first, the other of which has a melting
      point above the blending temperature and is added subsequently. The use of
      the invention results in a well dispersed additive in solid polymer
      mixture even when high concentrations of additives are used without using
      the costly process of melt blending or using liquid dispersing agents.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The drawing, forming a part hereof, is a simplified flow diagram of an
      olefin polymerization process which includes polymer recovery and the
      dispersion of additives in accordance with one embodiment of the instant
      invention.
PAR  Olefin monomer enters the reaction vessel 4 via line 2. Catalyst is fed
      into reaction vessel 4 via line 6. The resulting polymer carrying with it
      catalyst and unreacted monomer is removed from the reaction vessel via
      conduit 8 and passed to separation zone 14 where catalyst and other
      impurities are removed if desired and where the olefin monomer is flashed
      off and returned to the reaction vessel via line 16. The resulting polymer
      is then passed to dryer 18 via line 20, said separation zone and dryer
      constituting the recovery zone of the process. The hot polymer from the
      dryer is withdrawn in the form of fluff or powder via line 22. Line 22 is
      split, part of the polymer going via line 24 to concentrate or masterbatch
      blender 26 where additives are added to the hot polymer using for instance
      a ribbon blender. The additives may be added with the polymer through line
      24 or through inlet 25. The resulting blend is then fed via line 28
      through an appropriate metering device into let-down blender 30 where it
      is let down with virgin polymer from the dryer fed in by line 32; let-down
      blender 30 can be a continuous ribbon blender for instance. The resulting
      blend is fed via line 34 to pelletizer 36.
PAR  This invention is useful when at least two normally solid additives, with
      different melting or softening points as defined below, are to be
      incorporated into a finely divided solid polymer. The additives can be any
      materials which are solid at room temperature and where at least one but
      not all the additives melt below the blending temperature. Said blending
      temperature being below the melting point of the polymer. The blending
      temperature is low enough that the particles of polymer being blended do
      not become fluid and do not have any appreciable tendency to stick
      together. Normally this temperature is substantially below both the
      melting point and softening point of the polymer. Quite often the blending
      temperature is the temperature existing in the polymer particles as
      received from the preceding step in the process. That is, usually it is
      not necessary either to add or remove appreciable heat from the polymer
      merely for the purpose of blending. However, of course the practice of the
      present invention is not dependent upon whether heat is added or removed
      to reach the blending temperature.
PAR  As used herein the term "blending temperature" is used to mean the lowest
      temperature existing in the blending step. Whether a batch or continuous
      blending operation is used, usually the lowest temperature in the blender
      is below the temperature of the entering polymer particles due to heat
      losses in blending and the melting of the lower melting additives.
PAR  By lower melting additives is meant those additives which are sufficiently
      fluid to be thoroughly blended with the polymer particles at the blending
      temperature. On the other hand higher melting additives are those
      additives which are not substantially softened at the temperatures
      encountered in the blending step. It is preferred that a definite
      difference exists between the melting temperatures (or softening
      temperatures) of the lower melting additives and the higher melting
      additives. For example a difference of about 5.degree.F normally exists. A
      difference of about 10.degree.F is preferred to allow for blending
      temperature variation. It may be necessary with a given combination of
      additives to select a blending temperature at a point where a substantial
      gap in the softening or melting temperatures of the additives exists.
PAR  A solid or liquid as used herein means that a particular material is
      normally a solid or liquid at ambient, atmospheric or room temperature,
      that is, approximately 25.degree.C. Softening points are mentioned because
      some additives do not change from a solid to a liquid at a specific
      temperature but merely soften over a temperature range and may be
      amorphous in character. Additives with melting or softening points below
      the blending temperature are selected to be added first. In the practice
      of the present invention, all additives having melting points below the
      blending temperature, whether one or more than one, are completely blended
      with the solid polymer prior to contact with the additives having melting
      points above the blending temperature. The blending can be accomplished in
      a single blender by adding first the lower melting additives and
      subsequently the higher melting additives, or the blending can be
      accomplished in consecutive blenders. It is usually not necessary to have
      separate blenders for each additive but of course this can be done if
      desirable.
PAR  This invention is applicable for use with any suitable thermoplastic
      material in a solid particulate form. The invention is particularly
      applicable for use with homopolymers and copolymers of mono 1-olefins
      having 2-8 carbon atoms such as ethylene, propylene, 1-butene, 1-pentene,
      1-hexene, 4-methyl-1-pentene, and 1-octene. Such polymers include
      polyethylene, polypropylene, ethylene-propylene copolymers,
      ethylene-butene-1 copolymers, ethylene-pentene-1 copolymers,
      propylene-butene-1 copolymers and ethylene-hexene-1 copolymers.
PAR  The term finely divided solid polymer as used herein means solid polymer
      which exists as a powder, fluff, grind or some other particulate form.
      Many polymerization processes produce a product which in its initial state
      from the polymerization and subsequent recovery zones exists in a finely
      divided form, such as a porous fluffy form recovered from the
      polymerization medium in some processes, said fluffy polymer having a bulk
      density of from about 8 to about 22 pounds per cubic foot. Ground polymer
      is suitable. In using powdered or ground polymer the fineness of the grind
      can vary widely, for instance, from about 10 to about 450 mesh but
      generally it will be from 16 to 350 mesh. However, it is possible to use
      particles with a nominal diameter of approximately 1/8 inch or larger. In
      any case the polymer should be composed of sufficiently divided particles
      to permit rapid blending with the additives. The fine polypropylene powder
      or fluff produced by some commercial techniques is in an ideal physical
      state for use in the practice of the instant invention.
PAR  The blending of the finely divided solid polymer and the normally solid
      additives as well as liquid additives can be done in any suitable dry
      blending apparatus which provides sufficient agitation to mix the polymer
      and additives. Particularly suitable is the ribbon blender, either
      continuous or batch type; also suitable are twin cone blenders, drum
      tumblers and zig-zag blenders. The additives are dispersed throughout the
      polymer and to some extent absorbed into the polymer yet the polymer
      undergoes no shear and no appreciable degradation since the rate of
      degradation is very low at temperatures below the melting point of the
      polymer. To further insure against degradation, the polymer can be kept
      under an inert atmosphere such as nitrogen during preparation of the
      concentrate and subsequent blending. The temperature at which the polymer
      is blended with the additives must be lower than the melting point of the
      polymer, but it must be high enough to melt or soften one or more but not
      all of the additives. Frequently the blending temperature of the polymer
      may be within the range of from 125.degree. to 300.degree.F. While the
      polymer can be heated to the proper temperature, in the preferred
      embodiment, the hot polymer fluff or powder goes directly from the
      recovery zone of the reactor into the weigh tank and the blender. For
      example, the temperature of polypropylene fluff directly from the recovery
      zone often is in the range of 210.degree.-240.degree.F and blending the
      fluff with additives in accordance with the present invention and within
      this temperature range has produced excellent results. This is of
      particular advantage when adding antioxidants since the polymer has little
      opportunity for exposure to oxygen to begin the degradation process;
      rather it is stabilized within minutes after it has been produced. By the
      time the higher melting point additives are added, the hot polymer will
      have cooled off somewhat because the residual heat in said polymer effects
      the melting of the additives which were added first and which have melting
      points below the blending temperature. For example with hot polypropylene
      fluff at a temperature of 210.degree. to 240.degree.F coming from the
      recovery zone of the reactor and with the low melting additives added to
      the fluff at that temperature, the temperature of the resultant mixture
      prior to adding the higher melting additives can fall to approximately
      190.degree.F. This temperature, i.e., 190.degree.F, is the blending
      temperature to be used in determining which of the additives fall into the
      high and low melting groups. Of course, this reduction in temperature
      occurs if no outside source of heat is supplied to maintain the mixture at
      a constant temperature and such addition of heat is usually not required.
      But heat can be added or removed if desired by application of the proper
      means to the blender.
PAR  While it is not known exactly what happens during the blending it is
      believed that when the low melting point additives are added first the
      solid polymer absorbs them and then the high melting point additives cover
      the exposed surface of the solid polymer reducing tackiness, etc.
      Observation indicates when the low melting point additives are added the
      solid polymer becomes tacky but when the high melting point additives are
      then added it immediately dries up. This selective addition process gives
      the unexpected result of allowing considerably higher concentrations of
      additives in the polymer mixture before a sticky condition appears than
      can be achieved by blending all the additives at one time with the virgin
      polymer.
PAR  It should be pointed out that where two or more additives are selected to
      be added to the polymer together based on the melting point of the
      additives, if interaction between these additives occurs, the group of
      additives may be further broken down to eliminate such interaction. Also
      while this invention is directed toward the use of solid additives, that
      is solids at ambient temperature, if one or more of the desired additives
      is a liquid at ambient temperature, but because of its nature or because
      of the limitations on the concentration to be used it does not act as a
      dispersing agent so as to make possible satisfactory blends using solid
      polymer, it can be incorporated with the low melting additives.
      Non-limiting examples of the types of additives which are suitable for
      incorporation utilizing the process of this invention include normally
      solid heat stabilizers and antioxidants such as normally solid alkylated
      phenols, thio-bis-alkylated phenols, aromatic amines,
      dialkylthiodipropionate, and the like; ultraviolet light stabilizers such
      as phenyl salycilate, substituted benzophenones, nickel complexes and the
      like; other additives such as pigments, antistatic agents, flame
      retardants and the like which are normally solid and others like glass
      which do not melt but impart special qualities to the polymer.
PAR  The process of this invention is equally applicable to the direct formation
      of the desired blend or to the formation of a masterbatch or concentrate
      blend which is later let down in virgin polymer to give the desired final
      concentration. The present invention finds particular utility in
      masterbatch preparation where relatively high concentrations of additives
      are required. When a masterbatch is being prepared, the finely divided
      solid polymer can have from about 0.1 to about 50 weight percent additive
      blended with it based on the weight of the total mixture. Frequently
      masterbatch recipes call for additive concentrations to be in the range of
      from about 5 to 30 weight percent of masterbatch, but the limiting factor
      on maximum concentration of additives is stickiness and the resultant
      difficulty in handling as additive concentration increases. Such a
      concentrate is then let down with additional finely divided virgin polymer
      in an amount necessary to give the desired final concentration; generally
      the ratio of virgin polymer to concentrate can be in the broad range of
      about 2 to about 100 parts by weight of virgin polymer per part of
      concentrate, but usually the ratio is from 3 to 25.
PAR  The blending time can vary widely depending on the materials involved. One
      minute to about 5 hours blending time may be required, but of course the
      minimum amount of time for adequate dispersion of additives is desired and
      this usually takes from about 5 to 30 minutes. When the polymer and
      additives have been blended and let down with the proper proportion of
      virgin polymer, the mixture can then be pelletized in a pelletizing
      extruder.
PAR  Table I illustrates a list of additives giving their chemical name and
      melting or softening points which are commonly incorporated into
      polypropylene.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                            Melting Point (MP) or                              

     Chemical Name          Softening Point (SP)                               

     __________________________________________________________________________

     3,3'-dilauryl thiodipropionate                                            

                               104.degree.F (SP)                               

     2-hydroxy-4-n-octoxybenzophenone                                          

                               116.degree.F (SP)                               

     3,3'-distearyl thiodipropionate                                           

                               147.degree.F (MP)                               

     2,6-di-tert-butyl-para-cresol                                             

                               156.2.degree.F(MP)                              

     erucamide                 161.6 - 186.8.degree.F (MP)                     

     bis [2-(2-hydroxy-5-tertoctylthiophenol)-4-tert                           

                               Amorphous starts                                

     octyl phenolate] nickel (II)                                              

                               at 194.degree.F (MP)                            

     tetrakis(methylene 3-(3',5'-di-t-butyl-4'-                                

                               248-257.degree.F (MP)                           

     hydroxyphenyl)(propionate) methane                                        

     2,4 bis(4-hydroxy-3,5 ditertiary butyl phenoxy)-                          

                               275.degree.F (MP)                               

     6-(n-octyl-thio) 1,3,5 triazine                                           

     calcium stearate Ca[C.sub.18 H.sub.35 O.sub.2 ].sub.2                     

                               302.degree.F (SP)                               

     __________________________________________________________________________

DETD
PAC  EXAMPLE I
PAR  The polypropylene used in this example was a solid having a particle size
      as evidenced by the weight percent retained on U.S. standard sieve screens
      with the indicated number of meshes per lineal inch as follows: 20 mesh,
      5.9 percent; 60 mesh, 35.8 percent; 100 mesh 16.6 percent; 200 mesh, 18.6
      percent; 325 mesh, 15.0 percent; and greater than 325 mesh, 8.1 percent.
      The polypropylene used was taken directly from the recovery zone of the
      reactor and was used to prepare a masterbatch for letting down with virgin
      polypropylene. Table II illustrates the pounds of additive added to the
      hot polypropylene per 100 pounds of masterbatch.
PAR  The lower melting additives of Group I were selected because their melting
      or softening points were below the blending temperature of approximately
      190.degree.F. The higher melting additives all have melting or softening
      points above 190.degree.F.
TBL                                    TABLE II                                

     __________________________________________________________________________

                                     No./100 No. Masterbatch                   

             Additive                Run 1  Run 2                              

     __________________________________________________________________________

             3,3'-dilauryl thiodipropionate                                    

                                     3.6    6.1                                

     Group I                                                                   

             2-hydroxy-4-n-octoxybenzophenone                                  

                                     2.6    4.4                                

             bis [2(hydroxy-5-tertoctylthiophenol)                             

                                     8.1    13.5                               

     4-tertoctyl phenolate] nickel (II)                                        

     Group II                                                                  

             2,4 bis(4-hydroxy-3,5 ditertiary butyl                            

                                     0.4    0.6                                

              phenoxy) -6-(n-octyl-thio) 1,3,5 triazine                        

             calcium stearate Ca[C.sub.18 H.sub.35 O.sub.2 ].sub.2             

                                     0.3    0.4                                

             Total Additives         15.0   25.0                               

             Polymer                                                           

             Polypropylene           85.0   75.0                               

             Total Masterbatch       100.0  100.0                              

     __________________________________________________________________________

PAR  In Run I all of the additives (Group I and Group II) were blended with the
      polypropylene in a ribbon blender at one time and mixed approximately
      10-15 minutes. In this run in which the total additives equaled 15 weight
      percent of the total masterbatch the feeder from the concentrate blender
      to the let-down blender became overloaded and clogged due to the sticky
      condition of the masterbatch.
PAR  In Run 2, a run of the present invention, the Group I additives were added
      and blended with the hot polypropylene first. A ribbon blender was used as
      in Run 1. The first group of additives were mixed about 5 minutes before
      Group II additives were added. After the Group II additives were added the
      mixture was blended an additional 10-15 minutes.
PAR  In Run 2 the total additives equaled 25 weight percent of the masterbatch.
      Even with the additive concentration at 25 percent, the masterbatch did
      not appear to have the maximum amount of additives possible before the
      masterbatch became too sticky to be carried by the process equipment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of additive to finely divided solid polymer wherein said
      polymer is a polyolefin having a bulk density of from about 8 to 22 pounds
      per cubic foot and wherein at least one additive is softened or melted at
      the blending temperature and at least one additive remains solid at the
      blending temperature and said blending temperature is below the melting
      point of said solid polymer comprising:
PA1  first, adding the additives which melt or soften below said blending
      temperature and blending the resultant mixture; and
PA1  subsequently adding the additives which are solid at the blending
      temperature and blending the resultant mixture.
NUM  2.
PAR  2. The method of claim 1 wherein said polymer is a polyolefin and the size
      of substantially all of the particles of the polymer is within the range
      of 1/8-inch nominal diameter to 450 mesh.
NUM  3.
PAR  3. The method of claim 1 wherein the additive concentration is in the range
      of 0.1 to 50 weight percent based on the weight of the mixture, and said
      mixture is let down with virgin polymer in the range of 2 to 100 parts
      virgin polymer per part of mixture.
NUM  4.
PAR  4. The method of claim 2 wherein said polyolefin is polypropylene, said
      polypropylene is taken directly from a recovery zone of a reactor; said
      polypropylene is blended with additives in the range of from 5 to 30
      weight percent additives based on total weight of mixture; resultant
      mixture is let down with virgin polypropylene in the range of from 3 to 25
      parts of virgin polypropylene per part of mixture.
NUM  5.
PAR  5. The method of claim 2 wherein said polyolefin is polyethylene.
NUM  6.
PAR  6. The method of claim 2 wherein said polyolefin is at a blending
      temperature in the range of 125.degree. to 300.degree.F.
NUM  7.
PAR  7. The method of claim 4 wherein said polypropylene is at a blending
      temperature in the range of 190.degree. to 240.degree.F.
NUM  8.
PAR  8. The method of claim 1 wherein said polyolefin is polypropylene; the
      following low melting additives are added and blended first:
PA1  3,3'dilauryl thiodipropionate
PA1  2-hydroxy-4-n-octoxybenzophenone and,
PA1  the following high melting additives are added and blended subsequently:
PA1  bis[2(hydroxy-5-tertoctylthiophenol)-4-tertoctyl phenolate] nickel (II)
PA1  2,4 bis(4-hydroxy-3,5 ditertiary butyl-6-(n-octyl-thio) 1,3,5 triazine
PA1  calcium stearate Ca[C.sub.18 H.sub.35 O.sub.2 ].sub.2
NUM  9.
PAR  9. The method of claim 8 wherein said polypropylene is polypropylene fluff.
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PAL  Nickel amine, nickel aquo, and nickel bis- complexes of
      2,2'-thiobis(p-alkylphenol), used to stabilize materials against
      degradation by ultraviolet radiation, are stabilized against thermal
      degradation by use of a hydroxyalkylamide of the formula:
      ##EQU1##
      wherein R.sub.1 is alkyl or aryl;
PA1  R.sub.2 is hydroxyalkyl of 2 to 4 carbon atoms; and
PA1  R.sub.3 is hydrogen or hydroxyalkyl of 2 to 4 carbon atoms.
BSUM
PAR  This invention relates to stabilizing nickel amine, nickel aquo, and nickel
      bis-complexes of 2,2'-thiobis(p-alkylphenols) against thermal degradation.
      More particularly, it relates to doing so by use of certain
      N-hydroxyalkylamides.
PAR  Nickel amine, nickel aquo, and nickel bis- complexes of
      2,2'-thiobis(p-alkylphenols) are well known and widely used to stabilize
      polymers against degradation by ultraviolet radiation. The nickel amine
      complexes, which are characterized by a single nitrogen-to-nickel
      coordinate bond and a single nickel-to-sulfur coordinate bond for each
      nickel atom in the complex molecule, may be represented by the formula:
      ##SPC1##
PAL  Wherein each R is an alkyl group of 1 to 18 carbon atoms and A is a member
      selected from the group consisting of primary aliphatic amines, primary
      aromatic amines, and cyclic secondary amines. Foster U.S. Pat. Nos.
      3,215,717 and 3,313,770 discloses many of these complexes wherein A is an
      amine. As disclosed in Stretanski et al. U.S. Pat. No. 3,816,492, a
      preferred nickel amine complex is the one wherein the primary aliphatic
      amine is cyclohexylamine. The nickel aquo complexes may also be
      represented by the same formula wherein A is water. These nickel aquo
      complexes are also disclosed in said Foster patents. The nickel bis-
      complexes, which are characterized by two nickel-to-sulfur coordinate
      bonds for each nickel atom in the complex molecule, may be represented by
      the formula:
      ##SPC2##
PAL  Wherein each R is an alkyl group of 1 to 18 carbon atoms. These nickel
      bis-complexes are disclosed in Fuchsman et al. U.S. Pat. Nos. 2,971,940
      and 2,971,941.
PAR  As disclosed in the aforesaid references, these complexes are all very
      effective for stabilizing polymers against degradation on exposure to
      ultraviolet radiation and they serve to provide dye-sites for
      nickel-chelatable dyes. Illustrative of the polymers wherein these
      complexes may be used are polyolefins such as polyethylene and
      polypropylene, acrylonitrilebutadiene-styrene polymers, polystyrene,
      polycarbonates, polyamides such as nylon, and the like. In such uses,
      typically the complex is blended with the polymer in the desired
      proportion, conventionally from about 0.01 to about 5 percent, preferably
      from about 0.2 to about 2 percent, based on weight of polymer, and the
      blend is then molded to form a finished article, as by injection molding,
      extruding, blow-molding, and fiber spinning. Since these molding processes
      normally involve the use of elevated temperatures, the complex used is
      subjected to conditions causing thermal degradation of the complex.
      Although the nickel cyclohexylamine complex is much more resistant to
      thermal degradation than the other nickel amine or nickel aquo complexes,
      as disclosed in the aforesaid references, all these complexes tend to
      degrade on exposure to heat leading to discoloration of the polymer
      containing them and shade changes when such polymers are dyed.
PAR  In accordance with the present invention, it has now been found that the
      resistance to thermal degradation of all these nickel amine, nickel aquo,
      and nickel bis- complexes can be remarkably improved by the presence in
      the polymer containing such complexes of a hydroxyalkylamide of the
      formula:
      ##EQU2##
      wherein R.sub.1 is alkyl or aryl; R.sub.2 is hydroxyalkyl of 2 to 4 carbon
      atoms; and R.sub.3 is hydrogen or hydroxyalkyl of 2 to 4 carbon atoms.
      Preferably, R.sub.2 is a 2-hydroxyethyl and R.sub.3 is hydrogen or
      2-hydroxyethyl. These hydroxyalkylamides can be prepared by reacting the
      appropriate acyl chloride with the appropriate mono- or di-alkanol amine
      in the presence of an acid acceptor, a well-known reaction for such
      preparations.
PAR  Illustrative of such hydroxyalkylamides are the N-(2-hydroxyethyl),
      N-(2-hydroxypropyl), N,N-bis(2-hydroxyethyl), and N,N-(2-hydroxypropyl)
      substituted caproamide, caprylamide, lauramide, stearamide, behenamide,
      benzamide, naphthamide, anisamide, 4-hydroxy-3,5-di-t-butylbenzamide,
      toluamide, xylamide, etc. Such hydroxyalkylamide will usually be used in a
      concentration of about 5 to about 100 percent, preferably from about 10 to
      about 75 percent by weight based on weight of nickel complex. The exact
      concentration chosen will, of course, be a function of several variables,
      such as the highest temperature to which the polymer containing the nickel
      amine, nickel aquo, or nickel bis- complex will be exposed, the amount of
      time of such exposure, the amount of discoloration which can be tolerated
      for those uses where the absolute minimum of discoloration is not
      absolutely necessary, etc.
PAR  These hydroxyalkylamides may be incorporated into the polymer in any
      manner, either before, with, or after the nickel complex is incorporated
      therein. A preferred manner is to pre-blend the nickel complex with the
      hydroxyalkylamide and then to mix these blended additives with the
      polymer. When this is done, the blend will contain these two additives in
      the desired proportion for use.
PAR  The nickel complex and the hydroxyalkylamide are advantageously used in the
      polymer substrates in combination with other additives or secondary
      stabilizers such as ultraviolet light absorbers, dyes, pigments, hindered
      phenol antioxidants, lubricants, secondary stabilizers such as dilauryl-
      and di-stearyl-thiodipropionates, etc. Illustrative of the ultraviolet
      light absorbers are those mentioned in column 3, lines 14-55 of Bright
      U.S. Pat. No. 3,636,022 and column 4, lines 1-17 of Murray et al. U.S.
      Pat. No. 3,636,023.
PAR  The effectiveness of the hydroxyalkylamides in protecting the nickel
      complexes in polymers in accordance with this invention can be evaluated
      in a number of ways. The heat stability of these new compositions can be
      determined by dry blending with a polymer followed by milling. A milled
      sheet can then be cut into strips which are inserted into a Melt Index
      Apparatus set at 290.degree.C. An extrudate can be removed at regular
      intervals in order to obtain a color profile for each composition. The
      discoloration of the extrudates upon aging is given a numerical rating,
      each number above zero indicating a degree of discoloration:
PA1  0 -- no change
PA1  1 -- yellow-green
PA1  2 -- slightly gray-green
PA1  3 -- tan-green
PA1  4 -- brown-green
PA1  5 -- gray-green
PA1  6 -- brown
PA1  7 -- gray
PA1  8 -- dark brown
PA1  9 -- black
PAR  The invention is further illustrated by the following examples.
DETD
PAC  EXAMPLE I
PAR  50 Grams of unstabilized polypropylene powder (Hercules Profax 6401) was
      dry blended with 0.5 gram of the nickel n-butylamine complex of
      2,2'-thiobis(p-t-octylphenol), 0.1 gram of the indicated amide, and 0.1
      gram of 2,4,6-tri-t-butylphenol as a processing antioxidant. The blended
      mixture was milled on a standard plastic mill at 175.degree.C. The milled
      samples were cut into strips and inserted into a Melt Index Apparatus at
      290.degree.C. and an extrudate removed every minute for 15 minutes in
      order to obtain a thermal discoloration profile for each composition, each
      extrudate being assigned a numerical color rating from 0-9 as described
      above. This data is reported in Table I.
TBL                Table I                                                     

     ______________________________________                                    

     Color Rating of Polypropylene Containing 1%                               

     Nickel n-Butylamine Complex of 2,2'-Thiobis-                              

     (p-t-octylphenol) Plus 0.2% of Indicated Amide                            

     Sample Description*                                                       

                   Minutes Aging at 290.degree.C.                              

                 2    5      7     10   13    15                               

     ______________________________________                                    

     1% NBC alone  0      4      6   8    9     9                              

     1% NBC + 0.2% A                                                           

                   0      2      2   2    2     2                              

     1% NBC + 0.2% B                                                           

                   0      0      0   0    1     1                              

     1% NBC + 0.2% C                                                           

                   0      0      0   0    1     1                              

     1% NBC + 0.2% D                                                           

                   0      0      0   0    1     1                              

     1% NBC + 0.2% E                                                           

                   0      1      1   1    2     5                              

     1% NBC + 0.2% F                                                           

                   0      1      1   1    1     1                              

     1% NBC + 0.2% G                                                           

                   1      4      6   8    9     9                              

     1% NBC + 0.2% H                                                           

                   1      4      6   8    9     9                              

     1% NBC + 0.2% J                                                           

                   0      2      5   7    9     9                              

     1% NBC + 0.2% K                                                           

                   0      4      6   8    9     9                              

     1% NBC + 0.2% L                                                           

                   0      3      4   6    8     9                              

     1% NBC + 0.2% M                                                           

                   0      3      6   8    8     9                              

     1% NBC + 0.2% N                                                           

                   0      4      6   8    8     9                              

     1% NBC + 0.2% P                                                           

                   0      4      6   8    8     9                              

     ______________________________________                                    

       *NBC is nickel n-butylamine complex of 2,2'-thiobis(p-t-octylphenol)    

      A is N,N-bis(2-hydroxyethyl)benzamide                                    

      B is N,N-bis(2-hydroxyethyl)lauramide?                                   

      C is N,N-bis(2-hydroxyethyl)stearamide                                   

      D is N,N-bis(2-hydroxyethyl)caproamide                                   

      E is N,N-bis(2-hydroxypropyl)caproamide                                  

      F is N-(2-hydroxyethyl)lauramide                                         

      G is N-(n-octyl)-3,5-di-t-butyl-4-hydroxybenzamide                       

      H is N,N-bis(n-butyl)-3,5-di-t-butyl-4-hydroxybenzamide                  

      J is N-(2-hydroxyethyl)formamide                                         

      K is 2,4-bis(2-hydroxyethyl)-5,5-dimethylhydantoin                       

      L is N,N'-methylenebisacrylamide                                         

      M is N,N-dimethylstearamide                                              

      N is tris(2-hydroxyethyl)isocyanurate                                    

      P is N-(hydroxymethyl)behenamide                                         

PAR  The data in Table I clearly indicate the superior resistance to thermal
      degradation in polypropylene of the nickel amine complex when stabilized
      with hydroxyalkylamides of the formula
      ##EQU3##
      wherein R.sub.1 is alkyl or aryl; R.sub.2 is hydroxyalkyl of 2 to 4 carbon
      atoms; and R.sub.3 is hydrogen or hydroxyalkyl of 2 to 4 carbon atoms
      (compounds A through F) in accordance with this invention as compared with
      numerous other closely related amides.
PAC  EXAMPLE II
PAR  The procedure of Example I was followed except that the nickel aquo complex
      of 2,2'-thiobis(p-t-octylphenol) was used instead of the nickel
      n-butylamine complex. The color ratings of these samples are reported in
      Table II.
TBL                Table II                                                    

     ______________________________________                                    

     Color Rating of Polypropylene Containing                                  

     1% Nickel Aquo Complex of 2,2'-Thiobis-                                   

     (p-t-octylphenol) Plus 0.2% of Indicated                                  

     Amide                                                                     

     Sample Description*                                                       

                   Minutes Aging at 290.degree.C.                              

                 2    5      7     10   13    15                               

     ______________________________________                                    

     1% NAC alone  0      0      2   5    5     7                              

     1% NAC + 0.2% C                                                           

                   0      0      0   2    2     2                              

     1% NAC + 0.2% F                                                           

                   0      0      0   0    2     2                              

     1% NAC + 0.2% L                                                           

                   0      1      1   1    3     3                              

     1% NAC + 0.2% M                                                           

                   0      0      2   5    5     5                              

     ______________________________________                                    

      *NAC is nickel aquo complex of 2,2'-thiobis(p-t-octylphenol)             

      C, F, L, and M are as defined below Table I, supra.                      

PAR  The data in Table II clearly indicate the superior resistance to thermal
      degradation in polypropylene of the nickel aquo complex when stabilized
      with hydroxyalkylamides in accordance with the present invention although
      some, but not all, other amides do provide useful protection.
PAR  The mixtures of nickel aquo complex and hydroxyalkylamide can be prepared
      by merely admixing or by azeotroping water from an equimolar mixture
      thereof.
PAC  Example III
PAR  The procedure of Example I was followed except that the nickel
      phenol-phenolate of 2,2'-thiobis(p-t-octylphenol), a nickel bis- complex
      sold by Ferro Corporation as AM--101, was used instead of the nickel
      n-butylamine complex. The color ratings of these samples are reported in
      Table III.
TBL                Table III                                                   

     ______________________________________                                    

     Color Rating of Polypropylene                                             

     Containing 1% Nickel Phenol-                                              

     Phenolate of 2,2'-Thiobis(p-                                              

     t-octylphenol) Plus 0.2% of                                               

     Indicated Amide                                                           

     Sample Description*                                                       

                   Minutes Aging at 290.degree.C.                              

                 2    5       7       10    13                                 

     ______________________________________                                    

     1% AM-101 alone                                                           

                   1      6       8     9     9                                

     1% AM-101 + 0.2% C                                                        

                   0      1       1     1     --                               

     1% AM-101 + 0.2% F                                                        

                   0      1       1     3     --                               

     1% AM-101 + 0.2% L                                                        

                   0      1       3     4     6                                

     1% AM-101 + 0.2% M                                                        

                   1      6       8     8     9                                

     ______________________________________                                    

      *AM-101 is nickel phenol-phenolate of 2,2'-thiobis(p-t-octylphenol)      

      C, F, L, and M are as defined below Table I, supra.                      

PAR  The data in Table III clearly indicate the superior resistance to thermal
      degradation in polypropylene of the nickel bis- complex when stabilized
      with hydroxyalkylamides in accordance with the present invention although
      some, but not all, other amides do provide useful protection.
PAC  EXAMPLE IV
PAR  The procedure of Example I was followed except that a different
      unstabilized polypropylene powder (Avisun) was used with 0.05 gram of the
      indicated amide, and some samples additionally contained 0.125 gram of a
      secondary stabilizer, distearylthiodipropionate, also incorporated
      therein. The color ratings of these samples are reported in Table IV.
TBL                Table IV                                                    

     ______________________________________                                    

     Color Rating of Polypropylene Containing                                  

     1% Nickel n-Butylamine Complex of 2,2'-                                   

     Thiobis(p-t-octylphenol) Plus 0.1% of                                     

     Indicated Amide                                                           

     Sample Description*                                                       

                   Minutes Aging at 290.degree.C.                              

                 2    5      7     10   13    15                               

     ______________________________________                                    

     1% NBC alone  0      4      6   8    9     9                              

     1% NBC + 0.1% B                                                           

                   0      0      1   1    2     2                              

     1% NBC + 0.1% R                                                           

                   0      0      1   1    2     2                              

     1% NBC alone with                                                         

     0.25% STDP    1      4      6   8    9     9                              

     1% NBC + 0.1% B                                                           

     with 0.25% STDP                                                           

                   0      0      0   0    2     5                              

     ______________________________________                                    

      *NBC and B are as defined below Table I, supra                           

      R is 3,5-di-t-butyl-4-hydroxy-N,N-bis(2-hydroxyethyl)benzamide           

      STDP is distearyl thiodipropionate                                       

PAR  The data in Table IV clearly indicate the superior resistance to thermal
      degradation in polypropylene of the nickel amine complex when stabilized
      with hydroxyalkylamides in accordance with this invention whether a
      secondary stabilizer, distearyl thiodipropionate, is present or absent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polymer subject to degradation on exposure to ultraviolet radiation
      stabilized against degradation on exposure to ultraviolet radiation by an
      effective amount of a nickel amine, nickel aquo, or nickel bis- complex of
      2,2'-thiobis(p-alkylphenol) wherein each alkyl group has up to 18 carbon
      atoms and further stabilized against thermal degradation of said complex
      on exposure to heat by an effective amount of a hydroxyalkylamide of the
      formula
      ##EQU4##
      wherein R.sub.1 is alkyl or aryl; R.sub.2 is hydroxyalkyl of 2 to 4 carbon
      atoms; and R.sub.3 is hydrogen or hydroxyalkyl of 2 to 4 carbon atoms.
NUM  2.
PAR  2. A polymer composition as defined in claim 1 wherein said complex has the
      formula:
      ##SPC3##
PAL  wherein each R is an alkyl group of 1 to 18 carbon atoms and A is a member
      selected from the group consisting of primary aliphatic amines, primary
      aromatic amines, cyclic secondary amines, and water.
NUM  3.
PAR  3. A polymer composition as defined in claim 1 wherein R.sub.2 is
      2-hydroxyethyl and R.sub.3 is hydrogen or 2-hydroxyethyl.
NUM  4.
PAR  4. A polymer composition as defined in claim 1 wherein said complex is a
      nickel amine complex.
NUM  5.
PAR  5. A polymer composition as defined in claim 1 wherein said complex is
      present in a concentration between about 0.01 percent and about 5 percent
      on weight of polymer and said hydroxyalkylamide is present in a
      concentration between about 5 percent and about 100 percent on weight of
      said complex.
NUM  6.
PAR  6. A polymer composition as defined in claim 1 wherein said polymer is a
      polyolefin.
NUM  7.
PAR  7. A stabilizer composition comprising, in combination, a nickel amine,
      nickel aquo, or nickel bis- complex of 2,2'-thiobis(p-alkylphenol) wherein
      each alkyl group has up to 18 carbon atoms and about 5 percent to about
      100 percent on weight of said complex of a hydroxyalkylamide of the
      formula:
      ##EQU5##
      wherein R.sub.1 is alkyl or aryl; R.sub.2 is hydroxyalkyl of 2 to 4 carbon
      atoms; and R.sub.3 is hydrogen or hydroxyalkyl of 2 to 4 carbon atoms.
NUM  8.
PAR  8. A stabilizer composition as defined in claim 7 wherein said complex has
      the formula:
      ##SPC4##
PAL  wherein each R is an alkyl group of 1 to 18 carbon atoms and A is a member
      selected from the group consisting of primary aliphatic amines, primary
      aromatic amines, cyclic secondary amines, and water.
NUM  9.
PAR  9. A stabilizer composition as defined in claim 7 wherein R.sub.2 is
      2-hydroxyethyl and R.sub.3 is hydrogen or 2-hydroxyethyl.
NUM  10.
PAR  10. A stabilizer composition as defined in claim 7 wherein said complex is
      a nickel amine complex.
NUM  11.
PAR  11. In a process for stabilizing a polymer against degradation on exposure
      to ultraviolet light by incorporating therein an effective amount of
      nickel amine, nickel aquo, or nickel bis- complex, the improvement
      comprising stabilizing said complex against thermal degradation on
      exposure to heat by incorporating therein an effective amount of a
      hydroxyalkylamide of the formula:
      ##EQU6##
      wherein R.sub.1 is alkyl or aryl; R.sub.2 is hydroxyalkyl of 2 to 4 carbon
      atoms; and R.sub.3 is hydrogen or hydroxyalkyl of 2 to 4 carbon atoms.
PATN
WKU  039323250
SRC  5
APN  5081033
APT  1
ART  122
APD  19740923
TTL  Process for preparing
      6-chloro-2-chloromethyl-4-phenylquinazoline-3-oxide and intermediates
      therefor
ISD  19760113
NCL  1
ECL  1
EXP  Rush; Raymond V.
INVT
NAM  Nakanishi; Susumu
CTY  Niantic
STA  CT
INVT
NAM  Barth; Wayne E.
CTY  East Lyme
STA  CT
ASSG
NAM  Pfizer Inc.
CTY  New York
STA  NY
COD  02
CLAS
OCL  260251Q
XCL  260562B
XCL  260566D
EDF  2
ICL  C07D23976
FSC  260
FSS  251 Q
UREF
PNO  3340253
ISD  19670900
NAM  Reeder et al.
OCL  260239.3
LREP
FRM  Connolly and Hutz
ABST
PAL  A process is described for the preparation of
      6-chloro-2-chloromethyl-4-phenylquinazoline-3-oxide, a key intermediate in
      the synthesis of the known useful psychotherapeutic agents:
      chlorodiazepoxide and diazepam. This intermediate is prepared by the
      cyclization of 2-(1'-chloroimino-2'-chloromethyl)-5-chlorobenzophenone,
      itself a new compound. This compound in turn is prepared by the
      chloroacetylation of 2-amino-5-chlorobenzophenone to
      2-chloroacetamido-5-chlorobenzophenone, another novel compound, and
      subsequent iminochloride formation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The 1,4-benzodiazepine 4-oxides: 7-chloro-2-methylamino-5-phenyl-3H-1,4
      -benzodiazepine 4-oxide (chlorodiazepoxide) and
      7-chloro-1,3-dihydro-1-methyl-5 -phenyl-2H-1,4-benzodiazepin-2-one
      (diazepam); have found wide clinical acceptance in the treatment of
      psychoneurotic states manifested by tension, anxiety, apprehension,
      fatigue, depression, agitation and acute alcohol withdrawal. The
      preparation of these compounds and intermediates therefor are described,
      for example, in U.S. Pat. Nos. 2,893,992; 3,311,612; 3,446,806; 3,340,253;
      3,102,116; 3,109,843 and 3,136,815.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is concerned with a process for preparing
      6-chloro-2-chloromethyl-4-phenylquinazoline, a key intermediate in the
      synthesis of the known useful psychotherapeutic agents: chlorodiazepoxide
      and diazepam. This intermediate is prepared by the cyclization of
      2-(1'-chloroimino-2'-chloromethyl)-5-chlorobenzophenone which in turn is
      prepared by the chloroacetylation of 2-amino-5-chlorobenzophenone to
      2-chloroacetamido-5-chlorobenzophenone and subsequent iminochloride
      formation.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A known process for the preparation of 7-chloro-2-methylamino-5-phenyl-3H-
      1,4-benzodiazepine 4-oxide (chlorodiazepoxide) and
      7-chloro-1,3-dihydro-1-methyl-5-phenyl-2H-l,4-benzodiazepin-2-one
      (diazepam) involves the use of the important intermediate,
      6-chloro-2-chloromethyl-4-phenylquinazoline-3-oxide. This compound,
      described in U.S. Pat. No. 2,893,992, is prepared by converting
      2-amino-5-chlorobenzophenone to the oxime (.alpha. and .beta.-oxime
      mixture) which is then treated with a mixture of hydrochloric and acetic
      acids to give the desired compound. This may be contacted with methylamine
      to yield chlorodiazepoxide or in a series of steps to give diazepam.
PAR  The process of the present invention is concerned with an alternate route
      to the preparation of 6-chloro-2-chloromethyl-4-phenylquinazoline-3-oxide
      which involves the use of the new intermediates,
      2-chloroacetamido-5-chlorobenzophenone and
      2-(1'-chloroimino-2'-chloromethyl)-5-chlorobenzophenone. This improved
      process, obviating the troublesome mixture of the oximes of
      2-amino-5-chlorobenzophenone referred to above, proceeds smoothly to give
      the desired intermediate compound in high yield.
PAR  In the process of the present invention, 2-amino-5-chlorobenzophenone is
      chloroacetylated to yield 2-chloroacetamido-5-chlorobenzophenone.
      Subsequent iminochloride formation leads to
      2-(1'-chloroimino-2'-chloromethyl)-5-chlorobenzophenone. Cyclization of
      this compound yields 6-chloro-2-chloromethyl-4-phenylquinazoline-3-oxide.
PAR  The overall synthetic outline is as follows:
      ##SPC1##
PAR  2-Chloroacetamido-5-chlorobenzophenone is prepared by stirring under
      nitrogen a solution of 2-amino-5-chlorobenzophenone in an organic solvent
      such as benzene, methylene chloride, chloroform or the preferred solvent
      ethyl acetate with a slight molar excess of 3 N NaOH aqueous solution
      maintained at a temperature of about 5.degree. to 25.degree.C., preferably
      about 15.degree.C. This is followed by the dropwise addition of a slight
      molar excess of chloroacetyl chloride during a period of about 15 minutes,
      maintaining the reaction temperature at 15.degree.-25.degree.C. The
      reaction time is from 1 to 4 hours with the reaction substantially
      complete in about 1.5 hours.
PAR  In a preferred process, 2-chloroacetamido-5-chlorobenzophenone dissolved in
      methylene chloride is contacted at room temperature under nitrogen with
      about 1.5 to 2 molar equivalents of thionyl chloride and about 3 molar
      equivalents of pyridine. The stirred mixture is then heated under gentle
      reflux for about 18 to 20 hours at 40.degree.-42.degree.C. In place of
      methylene chloride, chloroform at a reaction temperature of about
      60.degree.C. or benzene at 80.degree.C. may be used. Phosgene or
      phosphorus pentachloride may be used in place of thionyl chloride.
PAR  To the crude methylene chloride solution of
      2-(1'-chloroimino-2'-chloromethyl)-5-chlorobenzophenone, obtained as
      described above, is added a slight molar excess of hydroxylamine
      hydrochloride followed by 2-3 molar equivalents of pyridine. The solution
      is stirred at 25.degree.-40.degree.C. until the reaction is substantially
      complete (20-48 hours). In place of methylene chloride, chloroform at a
      reaction temperature of about 60.degree.C. or benzene at 80.degree.C. may
      be used. 6-Chloro-2-chloromethyl-4-quinazoline-3-oxide may be isolated as
      such, if desired, from the resulting reaction mixture by pouring said
      mixture into an ice-water solution of sodium carbonate, and concentrating
      the separated methylene chloride layer. Alternatively, the compound may be
      isolated as the hydrochloride by pouring the reaction mixture into
      ice-water, and working up the separated methylene chloride layer.
PAR  The intermediate, 6-chloro-2-chloromethyl-4-phenylquinazoline-3-oxide, may
      be converted to the known useful psychotherapeutic agents,
      chlorodiazepoxide and diazepam, by reported procedures is illustrated in
      the above synthetic outline and more specifically in the aforementioned
      patents.
DETD
PAC  EXAMPLE I
PAC  Preparation of 2-chloroacetamido-5-chlorobenzophenone
PAR  Under nitrogen atmosphere, a stirred solution of 23.17 g (0.1 mole) of
      2-amino-5-chlorobenzophenone in 200 ml of ethyl acetate was cooled to
      15.degree.C. Then with ice-water bath cooling, 36.7 ml (0.11 mole) of 3 N
      NaOH aqueous solution was added keeping the temperature between 15.degree.
      and 20.degree.C. followed by the dropwise addition of 8.76 ml (0.11 mole)
      of chloroacetyl chloride during a period of 15 minutes maintaining the
      reaction temperature at 15.degree.-25.degree.C. When the addition of
      chloroacetyl chloride was completed, a mass of solid appeared. The slurry
      was stirred at 20.degree.-23.degree.C. for about 1.5 hours.
PAR  The solid was removed by filtration and washed with 100 ml of ethyl
      acetate. The combined clear ethyl acetate solution was then concentrated
      to about one-half volume, and the ethyl acetate replaced with n-heptane.
      The white crystalline material obtained was collected by filtration,
      washed with n-heptane and dried to constant weight to give 29.5 g of
      2-chloroacetamido-5-chlorobenzophenone (96% of theory), m.p.
      119.degree.-120.degree.C.
PAR  Analysis. Calcd. for C.sub.15 H.sub.11 NO.sub.2 Cl.sub.2 (percent): C,
      58.46; H, 3.60; N, 4.54; Cl, 23.01.
PAR  Found (percent): C, 58.62; H, 3.59; N, 4.45; Cl, 23.80.
PAC  EXAMPLE II
PAC  Preparation of 2-(1'-chloroimino-2'-chloromethyl)-5-chlorobenzophenone
PAR  Under nitrogen atmosphere, 5 g (16.2 m. moles) of
      2-chloroacetamido-5-chlorobenzophenone was dissolved in 100 ml of
      methylene chloride. To this solution at room temperature was added 1.77 ml
      (24.3 m. moles) of thionyl chloride followed by 3.92 ml (48.6 m. moles) of
      pyridine. The stirred mixture was heated under gentle reflux at 40.degree.
      .+-. 2.degree.C. for 18 hours. Iminochloride formation was demonstrated by
      n.m.r., namely, chemical shift of CH.sub.2 Cl from 4.11 ppm (.delta.) to
      5.17 ppm (.delta.); NH doublet at 8.6 and 8.8 ppm (.delta.) peaks had
      disappeared.
PAR  The methylene chloride solution of crude iminochloride was used directly in
      the next step reaction without isolation.
PAC  EXAMPLE III
PAC  Preparation of 6-chloro-2-chloromethyl-4-phenylquinazoline-3-oxide
PAR  To the crude methylene chloride solution of iminochloride obtained in
      Example II (assumed 100% of iminochloride or 16.2 m. moles) was added at
      room temperature (24.degree.C.) 1.237 g (1.1 equiv., 17.8 m. moles) of
      hydroxylamine hydrochloride followed by 2.88 ml (2.2 equiv.) of pyridine.
      The reaction mixture was stirred at room temperature for 48 hours. The
      reaction mixture was then poured into ice-water containing 5.15 g of
      sodium carbonate (3 equiv., 48.6 m. moles). The separated methylene
      chloride layer was washed with water, dried over anhydrous magnesium
      sulfate and filtered. The solution was concentrated to about one-half
      volume, and the methylene chloride replaced with n-hexane. The formed
      crystalline material was granulated in hexane, collected by filtration,
      washed with hexane and dried to give 3 g (60.6%) of
      6-chloro-2-chloromethyl-4-phenylquinazoline-3-oxide, m.p.
      132.degree.-134.degree.C.
PAR  Analysis. Calcd. for C.sub.15 H.sub.10 NO.sub.2 Cl.sub.2 (percent): C,
      59.03; H, 3.30; N, 9.18 Cl, 23.24.
PAR  Found (percent): C, 59.23, H, 3.64; N, 9.37; Cl, 23.26.
PAR  The 6-chloro-2-chloromethyl-4-phenylquinazoline-3-oxide may be isolated, if
      desired, as the hydrochloride, m.p. 112.degree.-122.degree.C. (dec.) by
      pouring the reaction mixture as described above into ice-water (without
      added sodium carbonate) and working up the separated methylene chloride
      solution.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing
      6-chloro-2-chloromethyl-4-phenylquinazoline-3-oxide which comprises the
      steps of
PA1  a. adding chloroacetyl chloride to a solution under nitrogen atmosphere of
      2-amino-5-chlorobenzophenone in methylene chloride, chloroform, benzene or
      ethyl acetate and 3 N NaOH solution and stirring at 5.degree.-25.degree.C
      for about 1-4 hours;
PA1  b. separating and contacting the resulting
      2-chloroacetamido-5-chlorobenzophenone of step (a) in methylene chloride,
      chloroform or benzene solvent solution with thionyl chloride, phosgene or
      phosphorus pentachloride in pyridine under nitrogen atmosphere and heating
      under reflux; and
PA1  c. contacting the resulting crude methylene chloride, chloroform or benzene
      solvent solution of
      2-(1'-chloroimino-2'-chloromethyl)-5-chlorobenzophenone of step (b) with
      hydroxylamine hydrochloride and pyridine, stirring at 25.degree.-
      80.degree.C, pouring reaction mixture into ice-water solution of sodium
      carbonate, drying the resulting separated methylene chloride, chloroform
      or benzene layer, concentrating and replacing the methylene chloride,
      chloroform or benzene with hexane, and collecting formed crystalline
      6-chloro-2-chloromethyl-4-phenylquinazoline-3-oxide.
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ABST
PAL  Soft thermoplastic segmented copolyester elastomers consisting essentially
      of a multiplicity of recurring short chain ester units and long chain
      ester units joined through ester linkages, said short chain ester units
      amounting to about 15 to less than 30 percent by weight of said
      copolyester and being derived from a mixture of aromatic dicarboxylic
      acids such as a mixture of terephthalic acid and isophthalic acid
      containing about 55 to 95 percent by weight of terephthalic acid, and
      butanediol, and said long chain ester units amounting to more than 70 to
      85 percent by weight of said copolyester and being derived from a mixture
      of aromatic dicarboxylic acids such as a mixture of terephthalic acid and
      isophthalic acid containing about 55 to 95 percent by weight of
      terephthalic acid, and polytetramethylene ether glycol having an average
      molecular weight of about 1500 to 3500, said copolyester having a melt
      index of less than about 30 and a melting point of about 90.degree. to
      130.degree.C. give superior performance when formulated into pressure
      sensitive adhesives. Such adhesive compositions comprise (A) about 1 to 99
      percent by weight of the soft thermoplastic segmented copolyester and (B)
      about 1 to 99 percent by weight of one or more low molecular weight
      thermoplastic resins.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of application Ser. No. 333,519, filed Feb.
      20, 1973, now abandoned and application Ser. No. 406,650, filed Oct. 9,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to soft thermoplastic, segmented copolyester
      elastomers and to their use in pressure sensitive adhesives.
PAR  2. Description of the Prior Art
PAR  Segmented copolyester elastomers are not new. In U.S. Pat. No. 3,023,192
      Shivers teaches segmented copolyesters containing about 25 to 65 percent
      by weight of short chain ester units preferably derived from an aliphatic
      glycol and an aromatic dicarboxylic acid, and about 35 to 75 percent by
      weight of long chain ester units preferably derived from a high molecular
      weight polyether glycol and an aromatic dicarboxylic acid which are useful
      for the preparation of spandex-type fibers.
PAR  In copending application Ser. No. 279,370, filed Aug. 10, 1972, now U.S.
      Patent 3,832,314, Hoh and Tsukamoto teach thermoplastic compositions
      containing (A) 1 to 99 percent by weight of thermoplastic segmented
      copolyester elastomer consisting essentially of a multiplicity of
      recurring short chain ester units and long chain ester units joined
      through ester linkages, said short chain ester units amounting to 15 to 75
      percent by weight of said copolyester and being of the formula
      ##EQU1##
      and said long chain ester units amounting to 25 to 85 percent by weight of
      said copolyester and being of the formula
      ##EQU2##
      wherein R is the divalent aromatic radical remaining after removal of the
      carboxyl groups from aromatic dicarboxylic acid having a molecular weight
      of less than 350, D is the divalent radical remaining after removal of the
      hydroxyl groups from organic diol having a molecular weight of less than
      250, and G is the divalent radical remaining after removal of the terminal
      hydroxyl groups from long chain glycol having an average molecular weight
      of 350 to 6000, said copolyester having a melt index of less than 150 and
      a melting point of at least 125.degree.C., and (B) 1 to 99 percent by
      weight of low molecular weight thermoplastic resin which forms compatible
      mixtures with the segmented copolyester, is thermally stable at
      150.degree.C., and has a melt viscosity of less than 10,000 centipoises at
      200.degree.C.
PAR  Although the compositions of the Hoh and Tsukamoto patent have good bond
      strength as hot melt adhesives, they do not make particularly good
      pressure sensitive adhesives. In order to provide good pressure sensitive
      adhesive properties, it is necessary that the adhesive remain tacky on its
      surface for an extended period of time. The pressure sensitive adhesive
      compositions exemplified in the Hoh and Tsukamoto patent had to be used
      immediately because they lacked this quality.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention soft thermoplastic segmented copolyester
      elastomers which are useful in preparing superior pressure sensitive
      adhesives are provided which consist essentially of a multiplicity of
      recurring short chain ester units and long chain ester units joined
      through ester linkages, said short chain ester units amounting to about 15
      to less than 30 percent by weight of said copolyester and being of the
      formula
      ##EQU3##
      and said long chain ester units amounting to more than 70 to 85 percent by
      weight of said copolyester and being of the formula
      ##EQU4##
      wherein R is the divalent aromatic radical remaining after removal of the
      carboxyl groups from aromatic dicarboxylic acid having a molecular weight
      of less than about 350, said aromatic dicarboxylic acid being about 55 to
      95 percent by weight terephthalic acid, D is the divalent radical
      remaining after removal of the hydroxyl groups from butanediol, and G is
      the divalent radical remaining after removal of the terminal hydroxyl
      groups from polytetramethylene ether glycol having an average molecular
      weight of about 1,500 to 3,500, said copolyester having a melt index of
      less than about 30 and a melting point of about 90.degree. to
      130.degree.C. These segmented copolyesters provide superior pressure
      sensitive adhesives when used in compositions which comprise (A) about 1
      to 99 percent by weight of the segmented copolyester and (B) about 1 to 99
      percent by weight of low molecular weight thermoplastic resin which forms
      compatible mixtures with the segmented copolyester, is thermally stable at
      150.degree.C., and has a melt viscosity of less than about 10,000
      centipoises at 200.degree.C.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The soft thermoplastic segmented copolyester elastomers of this invention
      consist essentially of about 15 to less than 30 percent recurring short
      chain ester units and more than 70 to 85 percent long chain ester units
      joined through ester linkages. The term "consisting essentially of" as
      used herein, is meant to include in the copolyesters only those
      unspecified polymer units which do not materially affect the basic and
      essential characteristics of the copolyesters of this invention. In other
      words, this term excludes unspecified polymeric units in amounts which
      prevent the advantages of the copolyesters of this invention from being
      realized. The term "short chain ester units," as applied to units in a
      polymer chain, refers to the reaction of butanediol (BDO) with aromatic
      dicarboxylic acids. These units are also referred to herein as "hard
      segments". The term "long chain ester units," as applied to units in a
      polymer chain, refers to the reaction products of polytetramethylene ether
      glycol (PTMEG) with aromatic dicarboxylic acids. These units are also
      referred to herein as "soft segments."
PAR  The weight percent of long chain ester (LCE) units specified herein are
      calculated in accordance with the following equation in which both the
      numerator and denominator are expressed in grams.
      ##EQU5##
      A = (Moles of PTMEG).times.(Mole Wt. of PTMEG) B = (Total Moles of
      phthalate as Acid).times.(Mole Wt. of phthalic Acid Mixture)
PA1  C = (Moles H.sub.2 O).times.(Mole Wt. of H.sub.2 O)
PAR  In this equation the moles of phthalate will be the same as the moles of
      PTMEG and the moles of water will be twice that of PTMEG. The mole weight
      of the phthalic acid mixture should be a weighted average reflecting the
      composition of the mixture. The theoretical polymer yield will be the
      grams of ingredients put into the reaction minus the grams of by-product
      and excess ingredients distilled off.
PAR  The weight percent of short chain ester (SCE) units is defined in an
      analogous manner:
      ##EQU6##
PAR  D = (Moles of BDO).times.(Mole Wt. of BDO)
PA1  e = (total Moles of phthalate as Acid).times.(Mole Wt. of phthalic Acid
      Mixture)
PA1  F = (Moles H.sub.2 O).times.(Mole Wt. of H.sub.2 O)
PAR  Here the moles of butanediol do not include any stoichiometric excess.
PAR  The copolyesters of this invention are prepared by polymerizing with each
      other (a) a mixture of aromatic dicarboxylic acids containing about 55 to
      95 percent by weight of terephthalic acid, (b) polytetramethylene ether
      glycol, and (c) butanediol. By the term "aromatic dicarboxylic acid" is
      meant a dicarboxylic acid in which each carboxyl group is attached to a
      carbon atom in an isolated or fused benzene ring or a ring which is itself
      fused to a benzene ring. The term "dicarboxylic acid," as used herein, is
      intended to include the equivalents of dicarboxylic acids, that is, their
      esters or ester-forming derivatives such as acid chlorides and anhydrides,
      or other derivatives which behave substantially like dicarboxylic acids in
      a polymerization reaction with glycol.
PAR  The aromatic dicarboxylic acid monomers useful herein have a molecular
      weight of less than about 350. This molecular weight requirement pertains
      to the acid itself and not to its ester or ester-forming derivative. Thus,
      the ester of a dicarboxylic acid having a molecular weight greater than
      350 is included in this invention provided the acid itself has a molecular
      weight below about 350.
PAR  The aromatic dicarboxylic acids used with terephthalic acid in preparing
      the segmented copolyesters of this invention can contain any substituent
      group or combinations thereof which do not interfere with the
      polymerization reaction. Representative aromatic dicarboxylic acids
      include isophthalic acid, phthalic acid, bibenzoic acid, substituted
      dicarboxy compounds with benzene nuclei such as bis(p-carboxyphenyl)
      methane, p-oxy(p-carboxyphenyl) benzoic acid, ethylene-bis(p-oxybenzoic
      acid), ethylene-bis(p-benzoic acid), tetramethylene-bis(p-oxybenzoic
      acid), 1,5-naphthalene dicarboxylic acid, 2,6-naphthalene dicarboxylic
      acid, 2,7-naphthalene dicarboxylic acid, phenanthrene dicarboxylic acid,
      anthracene dicarboxylic acid, 4,4'-sulfonyl dibenzoic acid, indene
      dicarboxylic acid, and the like, as well as ring substituted derivatives
      thereof such as C.sub.1 -C.sub.10 alkyl, halo, alkoxy or aryl derivatives.
      Hydroxy acids such as p-(.beta.-hydroxyethoxy) benzoic acid can also be
      used provided an aromatic dicarboxylic acid is also present.
PAR  The preferred aromatic dicarboxylic acids for use in combination with
      terephthalic acid in the preparation of the segmented copolyesters are the
      other aromatic diacids of 8 to 16 carbon atoms, particularly phenylene
      dicarboxylic acids such as phthalic and isophthalic acids. The most
      preferred acids are mixtures of terephthalic and isophthalic acids.
      Preferably, the mixture of aromatic dicarboxylic acids contains about 60
      to 75 percent terephthalic acid.
PAR  In addition to or in place of a portion of the aromatic dicarboxylic acids
      described above aliphatic or cycloaliphatic acids can be used. "Aliphatic
      dicarboxylic acids" are acids in which each carboxy group is attached to a
      fully saturated carbon atom or to a carbon atom which is part of an
      olefinic double bond. If said carbon atom is in a ring, the acid is
      cycloaliphatic, if not, it is aliphatic. Representative aliphatic and
      cycloaliphatic acids are sebacic acid, 1,3- or 1,4-cyclohexane
      dicarboxylic acid, adipic acid, glutaric acid, succinic acid, carbonic
      acid, oxalic acid, itaconic acid, azelaic acid, diethylmalonic acid,
      fumaric acid, citraconic acid, allylmalonate acid,
      4-cyclohexene-1,2-dicarboxylate acid, pimelic acid, suberic acid,
      2,5-diethyladipic acid, 2-ethylsuberic acid, 2,2,3,3-tetramethylsuccinic
      acid, cyclopentanedicarboxylic acid, decahydro-1,5- (or 2,6-) naphthylene
      dicarboxylic acid, 4,4'-bicyclohexyl dicarboxylic acid,
      4,4'-methylenebis(cyclohexyl carboxylic acid), 3,4-furan dicarboxylate,
      and 1,1-cyclobutane dicarboxylate. The preferred aliphatic acids are the
      cyclohexanedicarboxylic acids and adipic acid.
PAR  Butanediol is used in the preparation of the hard segments of the
      copolyesters of this invention. The term "butanediol," as used herein,
      should be construed to include equivalent ester-forming derivatives such
      as tetrahydrofuran or butanediacetate. Other low molecular weight diols of
      less than about 250 molecular weight can also be used in addition to or in
      place of butanediol.
PAR  Included among the low molecular weight (less than about 250) diols which
      react to form short chain ester units of the copolyesters are acyclic,
      alicyclic and aromatic dihydroxy compounds. Preferred are diols with 2-15
      carbon atoms such as ethylene, propylene, isobutylene, pentamethylene,
      2,2-dimethyltrimethylene, hexamethylene and decamethylene glycols,
      dihydroxy cyclohexane, cyclohexane dimethanol, resorcinol, hydroquinone,
      1,5-dihydroxy naphthalene, etc. Especially preferred are aliphatic diols
      containing 2-8 carbon atoms. Included among the bisphenols which can be
      used are bis(p-hydroxy) diphenyl, bis(p-hydroxyphenyl)methane, and
      bis(p-hydroxyphenyl) propane. Equivalent ester-forming derivatives of
      diols are also useful (e.g., ethylene oxide or ethylene carbonate can be
      used in place of ethylene glycol). The term "low molecular weight diols"
      as used herein should be construed to include such equivalent
      ester-forming derivatives; provided however, that the molecular weight
      requirement pertains to the diol only and not to its derivatives.
PAR  The polytetramethylene ether glycols used to prepare the soft segments of
      these copolyesters must have molecular weights of about 1500 to 3500, and
      preferably about 2000 to 3000. In addition to or in place of the
      polytetramethylene ether glycols described above other long chain glycols
      can be used in this invention such as those which have a molecular weight
      of 1,500 to 3,500, a melting point of less than about alkylene C.
      including the poly(alkylene oxide) glycols (wherein alklene is C.sub.2
      -C.sub.8) such as poly(1,2- and 1,3-propylene oxide) glycol,
      poly(tetramethylene oxide) glycol, poly(pentamethylene oxide) glycol,
      poly(hexamethylene oxide) glycol, poly(heptamethylene oxide) glycol,
      poly(octamethylene oxide) glycol, poly(nonamethylene oxide) glycol and
      poly(1,2-butylene oxide) glycol; random or block copolymers of ethylene
      oxide and 1,2-propylene oxide (used in proportions such that the carbon to
      oxygen mole ratio in the glycol exceeds 2.5) and poly-formals prepared by
      reacting formaldehyde with glycols, such as pentamethylene glycol, or
      mixtures of glycols, such as a mixture of tetramethylene and
      pentamethylene glycols.
PAR  In addition, the dicarboxymethyl acids of poly(alkylene oxides) such as the
      one derived from polytetramethylene oxide
EQU  HOOCCH.sub.2 (OCH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2).sub.x OCH.sub.2 COOH
      (III)
PAL  can be used to form long chain glycols in situ, as discussed below.
      Polythioether glycols and polyester glycols also provide useful products.
      In using polyester glycols care must generally be exercised to control a
      tendency to interchange during melt polymerization, but certain sterically
      hindered polyesters, e.g., poly(2,2-dimethyl-1,3-propylene adipate);
      poly(2,2-dimethyl-1,3-propylene/2-methyl-2-ethyl-1,3-propylene
      2,5-dimethylterephthalate);
      poly(2,2-dimethyl-1,3-propylene/2,2-diethyl-1,3-propylene,
      1,4-cyclo-hexanedicarboxylate) and
      poly(1,2-cyclohexylenedimethylene/2,2-dimethyl-1,3-propylene
      1,4-cyclohexanedicarboxylate) can be utilized under normal reaction
      conditions and other more reactive polyester glycols can be used if a
      short residence time is employed. Either polybutadiene or polyisoprene
      glycols, copolymers of these and saturated hydrogenation products of these
      materials are also satisfactory long chain polymeric glycols. In addition,
      the glycol esters of dicarboxylic acids formed by oxidation of
      polyisobutylene diene copolymers are useful raw materials.
PAR  Although the long chain dicarboxylic acids (III) above can be added to the
      polymerization reaction mixture as acids, they react with the low
      molecular weight diol(s) present, these always being in excess, to form
      the corresponding poly(alkylene oxide) ester glycols which then polymerize
      to form the G units in the polymer chain, these particular G units having
      the structure
EQU  --D.sub.1 OCCH.sub.2 (OCH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2).sub.x OCH.sub.2
      COOD.sub.1 --                                             (IV)
PAL  when only one low molecular weight diol (corresponding to D.sub.1) is
      employed. When more than one diol is used, there can be a different diol
      cap (e.g., D.sub.1 and D.sub.2) at each end of the polymer chain unit.
      Such dicarboxylic acids may also react with long chain glycols, if they
      are present, in which case a material is obtained having a formula the
      same as IV above except the D's are replaced with polymeric residues of
      the long chain glycols. The extent to which this reaction occurs is quite
      small, however, since the low molecular weight diol is present in
      considerable molar excess.
PAR  The relative molecular weight of the segmented copolyester is expressed
      herein in terms of melt index, which is an empirical measurement of
      inverse melt viscosity. The segmented copolyester should have a melt index
      of less than about 30 in order to provide compositions having superior
      pressure sensitive properties. The melt indices specified herein are
      determined by the American Society for Testing and Materials (herein
      abbreviated "ASTM") test method D 1238-65T using Condition E at
      190.degree.C. with a 2160 gram load.
PAR  The segmented copolyester should have a melting point of about 90.degree.
      to 130.degree.C.
PAR  The required melting point of the segmented copolyester is obtained by
      providing the polyester with crystallizable short chain ester segments.
      Crystallinity in the short chain ester segments is increased by the use of
      more linear and symmetrical aromatic diacid. By "linear" aromatic diacid
      is meant a diacid in which each of the bonds between the carboxyl carbons
      and their adjacent carbons fall on a straight line drawn from one carboxyl
      carbon to the other. By "symmetrical" aromatic diacid is meant a diacid
      which is symmetrical with respect to a center line drawn from one carboxyl
      carbon to the other. For example, repeating ester units such as
      tetramethylene terephthalate give an especially high melting short chain
      ester segment. On the other hand, when a non-linear and unsymmetrical
      aromatic diacid, such as isophthalic acid, is added to crystallizable
      short chain ester segments, their melting point is depressed. Small
      amounts of isophthalic acid are, however, very useful for controlling the
      melting point and improving the compatibility of segmented copolyesters
      with low molecular weight thermoplastic resins.
PAR  The melting points specified herein are determined by thermomechanical
      analysis. The melting point is determined by measuring penetration of a
      penetrometer type probe into a polymer sample at 10 grams load with the
      temperature programmed at 5.degree.C./min. The details of this method are
      described in many publications, for example, in Du Pont Technical
      Literature for Model 941 Thermomechanical Analyzer, Du Pont Co.,
      Wilmington, Delaware, Oct. 1, 1968.
PAR  The copolyester elastomers of this invention can be made by conventional
      condensation polymerization procedures, as for example, in bulk or in a
      solvent medium which dissolves one or more of the monomers. They are
      conveniently prepared by a conventional ester interchange reaction. A
      preferred procedure involves heating a mixture of the dimethyl esters of
      terephthalic and isophthalic acids, with polytetramethylene ether glycol
      and an excess of butanediol in the presence of a catalyst at 150.degree.
      to 260.degree.C., followed by distilling off the methanol formed by the
      interchange. Heating is continued until methanol evolution is complete.
      Depending on the temperature, catalyst and diol excess, this
      polymerization is complete within a few minutes to a few hours. This
      procedure results in the preparation of a low molecular weight prepolymer
      which can be converted to the high molecular weight segmented copolyester
      of this invention.
PAR  These prepolymers can also be prepared by a number of alternate
      esterification or ester interchange processes. For example, the
      polytetramethylene ether glycol can be reacted with the short chain ester
      copolymer in the presence of catalyst until randomization occurs. The
      short chain ester copolymer can be prepared by ester interchange from
      either the dimethyl esters and butanediol, as above, or from the free
      acids with the diol acetates. Alternatively, the short chain ester
      copolymer can be prepared by direct esterification from appropriate
      diacids, anhydrides or acid chlorides with butanediol or by other
      processes such as reaction of the diacids with cyclic esters or
      carbonates. Obviously the prepolymer can also be prepared by carrying out
      these processes in the presence of polytetramethylene ether glycol.
PAR  The resulting prepolymer is then converted to the high molecular weight
      segmented copolyester elastomer by distillation of the excess of
      butanediol. Best results are usually obtained if this final distillation
      is carried out at less than 1 mm. pressure and 240.degree.-260.degree.C.
      for less than 2 hours in the prsence of an antioxidant such as
      sym-di-beta-naphthyl-p-phenylenediamine or
      1,3,5-trimethyl-2,4,6,-tris[3,5-ditertiary-butyl-4-hydroxybenzyl] benzene.
PAR  Most practical polymerization techniques rely upon ester interchange to
      complete the polymerization reaction. In order to avoid excessive hold
      times at higher temperatures with possible irreversible thermal
      degradation, it is advantageous to employ a catalyst for the ester
      interchange reaction. While a wide variety of catalysts can be used,
      organic titanates such as tetrabutyl titanate, used along or in
      combination with magnesium or zinc acetates, are preferred. Complex
      titanates, such as Mg[HTi(OR).sub.6 ].sub.2, derived from alkali or
      alkaline earth metal alkoxides and titanate esters are also very
      effective. Inorganic titanates such as lanthanum titanate, calcium
      acetate/antimony trioxide mixtures and lithium and magnesium alkoxides are
      representative of other catalysts which can be used.
PAR  While these condensation polymerizations are generally run in the melt
      without added solvent, it is sometimes advantageous to run them in the
      presence of inert solvent in order to facilitate removal of volatile
      products at lower then usual temperatures. This technique is especially
      valuable during prepolymer preparation, for example, by direct
      esterification. Also, butanediol, for example, in terphenyl, is
      conveniently removed during high polymerization by azeotropic
      distillation.
PAR  The processes described above can be run both by batch and continuous
      methods. The preferred method for continuous polymerization; namely, ester
      interchange with a prepolymer, is a well established commercial process.
PAR  In addition to the novel segmented copolyesters, the superior pressure
      sensitive compositions of this invention also contain one or more low
      molecular weight thermoplastic resins which form compatible mixtures with
      the segmented copolyester, are thermally stable at about 150.degree.C.,
      and have melt viscosities of less than about 10,000 centipoises at
      200.degree.C. The term "thermoplastic resin," as used throughout the
      specification and claims, is intended to include heat softenable resins,
      both natural and synthetic, as well as waxy types of material. By the term
      "compatible" it is meant that there is no separation into distinct layers
      between the segmented copolyester and the low molecular weight resin or
      resins at the copolyester melt temperature. In some cases this
      compatibility is achieved in multicomponent blends even though one of the
      low molecular weight thermoplastic resin components may not be compatible
      with the segmented copolyester elastomer alone. By the phrase "thermally
      stable," it is meant that there is no significant permanent alteration in
      the properties of the resin after heating at the specified temperature for
      one hour in the presence of air. The melt viscosities specified herein are
      measured with a Brookfield viscometer by ASTM test method D 1824-66 at
      elevated temperatures as indicated.
PAR  Suitable low molecular weight thermoplastic resins include hydrocarbon
      resins, bituminous asphalts, coal tar pitches, rosins, resin based alkyd
      resins, phenolic resins, chlorinated aliphatic hydrocarbon waxes,
      chlorinated polynuclear aromatic hydrocarbons, and the like.
PAR  The term "hydrocarbon resins" refers to hydrocarbon polymers derived from
      coke-oven gas, coal-tar fractions, cracked and deeply cracked petroleum
      stocks, essentially pure hydrocarbon feeds, and turpentines. Typical
      hydrocarbon resins include coumarone-indene resins, petroleum resins,
      vinyl aromatic polymers, cyclopentadiene resins, and terpene resins. These
      resins are fully described in the Kirk-Othmer "Encyclopedia of Chemical
      Technology," Second Edition, 1966, Interscience Publishers, New York,
      Volume 11, Pages 242 to 255.
PAR  The term "coumarone-indene resins" refers to hydrocarbon resins obtained by
      polymerization of the resin formers recovered from coke-oven gas and in
      the distillation of coal tar and derivatives thereof such as
      phenol-modified coumarone-indene resins. These resins are fully described
      in the Kirk-Othmer Encyclopedia, supra, Volume 11, Pages 243 to 247.
PAR  The term "petroleum resins" refers to hydrocarbon resins obtained by the
      catalytic polymerization of deeply cracked petroleum stocks. These
      petroleum stocks generally contain mixtures of resin formers such as
      styrene, methyl styrene, vinyl toluene, indene, methyl indene, butadiene,
      isoprene, piperylene and pentylenes. These resins are fully described in
      the Kirk-Othmer Encyclopedia, supra, Volume 11, Pages 248 to 250. The
      so-called "polyalkylaromatic resins" fall into this classification.
PAR  The term "vinyl aromatic polymers" refers to low molecular weight
      homopolymers of vinyl aromatic monomers such as styrene, vinyl toluene,
      and alphamethyl styrene, copolymers of two or more of these monomers with
      each other, and copolymers containing one or more of these monomers in
      combination with other monomers such as butadiene, and the like. These
      polymers are distinguished from petroleum resins in that they are prepared
      from substantially pure monomer.
PAR  The term "cyclopentadiene resins" refers to cyclopentadiene homopolymers
      and copolymers derived from coal tar fractions or from cracked petroleum
      streams. These resins are produced by holding a cyclopentadiene-containing
      stock at elevated temperatures for an extended period of time. The
      temperatures at which it is held determines whether the dimer, trimer, or
      higher polymer is obtained. These resins are fully described in the
      Kirk-Othmer Encyclopedia, supra, Volume 11, Pages 250 and 251.
PAR  The term "terpene resins" refers to polymers of terpenes which are
      hydrocarbons of the general formula C.sub.10 H.sub.16 occurring in most
      essential oils and oleoresins of plants, and phenol-modified terpene
      resins. Suitable terpenes include alpha-pinene, beta-pinene, dipentene,
      limonene, myrcene, bornylene, camphene, and the like. These products occur
      as by-products of coking operations of petroleum refining and of paper
      manufacture. These resins are fully described in the Kirk-Othmer
      Encyclopedia, supra, Volume 11, Pages 252 to 254.
PAR  The term "bituminous asphalts" is intended to include both native asphalts
      and asphaltites such as Gilsonite, Glance pitch and Grahanite. A full
      description of bituminous asphalts can be found in Abraham's "Asphalts and
      Allied Substances," 6th Edition, Volume 1, Chapter 2, Van Nostrand Co.,
      Inc., particularly Table III on Page 60.
PAR  The term "coal tar pitches" refers to the residues obtained by the partial
      evaporation or distillation of coal tar obtained by removal of gaseous
      components from bituminous coal. Such pitches include gas-works coal tar
      pitch, coke-oven coal tar pitch, blast furnace coal tar pitch,
      producer-gas coal tar pitch, and the like. These pitches are fully
      described in Abraham's "Asphalts and Allied Substances," supra,
      particularly Table III on Page 61.
PAR  The term "rosins" refers to the resinous materials that occur naturally in
      the oleoresin of pine trees, as well as derivatives thereof including
      rosin esters, modified rosins such as fractionated, hydrogenated,
      dehydrogenated and polymerized rosins, modified rosin esters, and the
      like. These materials are fully described in the Kirk-Othmer Encyclopedia,
      supra, Volume 17, Pages 475 to 505.
PAR  The term "rosin based alkyd resins" refers to alkyd resins in which all or
      a portion of the monobasic fatty acid is replaced by rosin (a mixture of
      diterpene resin acids and non-acidic components). Unmodified alkyd resins
      are polyester products composed of polyhydric alcohol, polybasic acid and
      monobasic fatty acid. Rosin based alkyl resins are described in the
      Kirk-Othmer Encyclopedia, supra, Volume 1, Pages 851, 865 and 866.
PAR  The term "phenolic resins" refers to the products resulting from the
      reaction of phenols with aldehydes. In addition to phenol itself, cresols,
      xylenols, p-tert.-butylphenol, p-phenylphenol and the like may be used as
      the phenol component. Formaldehyde is the most common aldehyde, but
      acetaldehyde, furfuraldehyde and the like may also be used. These resins
      are fully described in the Kirk-Othmer Encyclopedia, supra, Volume 15,
      Pages 176 to 207.
PAR  The term "chlorinated aliphatic hydrocarbon waves" refers to those waxes
      which are commonly called "chlorinated waxes" such as chlorinated paraffin
      waves. These waves typically contain about 30-70 percent by weight of
      chlorine.
PAR  The term "chlorinated polynuclear aromatic hydrocarbons" refers to
      chlorinated aromatic hydrocarbons containing two or more aromatic rings
      such as chlorinated biphenyls, terphenyls, and the like, and mixtures
      thereof. These materials typically contain 30 to 70 percent by weight of
      chlorine.
PAR  The compositions of this invention contain about 1 to 99 percent by weight,
      preferably 5 to 95 percent by weight, of thermoplastic segmented
      copolyester elastomer and about 1 to 99 percent by weight, preferably 5 to
      95 percent by weight, of low molecular weight thermoplastic resins. More
      preferably, the composition contains about 20 to 60 percent by weight of
      the elastomer and about 40 to 80 percent by weight of the resin.
PAR  Typically the compositions of this invention contain more than one low
      molecular weight thermoplastic resin. For example, low molecular weight
      vinyl aromatic polymers have been found to lower the melt viscosity of
      these compositions without substantially lowering the softening point.
      Since low melt viscosity contributes improved wetting by the composition
      of the surface of the substrate, which results in better adhesion, many
      useful compositions will contain some vinyl aromatic polymer. Vinyl
      aromatic polymers are also useful for increasing the compatibility of
      other resins with the segmented copolyester elastomer. Coumarone-indene
      resins of high softening point have been found to give strength to the
      compositions. Phenol-modified coumarone-indene resins have been found to
      have the effect of lowering the softening point of the compositions. In
      fact, the effect of phenol-modified coumarone-indene resins on the melting
      point is so great that the desired melting point is generally achieved by
      the addition of only a small amount of this resin. Any combination of
      these desired properties can be achieved mixing mixign two or more low
      molecular weight thermoplastic resins with the copolyester elastomer in a
      proper proportion. The low molecular weight thermoplastic resins also have
      the effect of lowering the cost of the composition.
PAR  It is sometimes desirable to stabilize the compositions of this invention
      against heat or radiation by ultra-violet light. This can be done by
      incorporating stabilizers or antioxidants in these compositions.
      Satisfactory stabilizers comprise phenols and their derivatives, amines
      and their derivatives, compounds containing both hydroxyl and amine
      groups, hydroxyazines, oximes, polymeric phenolic esters, and salts of
      multivalent metals in which the metal is in its lower valence state.
PAR  Representative phenol derivatives useful as stabilizers include
      hydroquinone, 2,6-ditertiary-butyl-p-cresol, tetrakis[methylene-3-(3',
      5'-ditertiary-butyl-4'-hydroxyphenyl) propionate] methane,
      4,4'-bis(2,6-ditertiary-butylphenol),
      1,3,5-trimethyl-2,4,6-tris-[3,5-ditertiary-butyl-4-hydroxybenzyl]benzene,
      and 4,4'-butylidene-bis(6-tertiary-butyl-m-cresol). Various inorganic
      metal salts or hydroxides can be used as well as organic complexes such as
      nickel dibutyl dithiocarbamate, maganous salicylate, and copper
      3-phenyl-salicylate. Typical amine stabilizers include aromatic amines
      such as N,N'-bis(beta-naphthyl)-p-phenylenediamine,
      N,N'-bis-(1-methylheptyl)-p-phenylene diamine, and either
      phenylbeta-napthyl amine or its reaction products with aldehydes. Mixtures
      of hindered phenols with esters of thiodipropionic acid, mercaptides and
      phosphite esters are particularly useful. Additional stabilization to
      ultraviolet light can be obtained by compounding with various UV absorbers
      such as substituted benzophenones or benzotriazoles.
PAR  The properties of the compositions of this invention can be modified by the
      incorporation of various conventional inorganic fillers such as wood
      flour, silicates, silica gel, alumina, clays, chopped fiberglass, titanium
      dioxide, carbon black, and the like. In general, fillers have the effect
      of increasing that melt viscosity and the modulus or stiffness of the
      composition at various elongations.
PAR  The properties of the compositions of this invention can be further
      modified by the incorporation of thermally stable thermoplastic polymers
      of ethylenically unsaturated monomers including homopolymers of vinyl
      esters such as vinyl acetate, copolymers of these vinyl esters with other
      vinyl monomers such as ethylene, vinyl chloride and the like, and polymers
      of alkyl acrylates and methacrylates, or thermally stable condensation
      polymers such as polyesters and polyamides, and the like. For example, the
      addition of a copolymer of ethylene and vinyl acetate often increases the
      tackiness of pressure sensitive adhesive compositions of this invention.
      These modifying polymers typically have melt viscosities above about
      10,000 centipoises at 200.degree.C. and thus are not low molecular weight
      thermoplastic resins as defined herein.
PAR  These compostions can also be colored by the addition of organic or
      inorganic pigments or organic dyes where their effect is desired. Suitable
      inorganic pigments include rutile and anatase titanium dioxides, aluminum
      powder, cadmium sulfides and sulfo-selenides, lead antimonate, mercury
      cadmiums, chromates of nickel, tin and lead, ceramic greens such as
      chromium, cobalt, titanium and nickel oxides, ceramic blacks such as
      chromium, cobalt and iron oxides, carbon black, ultramarine blue, and the
      like. Suitable organic pigments include phthalocyanine blues and greens,
      quinacridones, and the like. Suitable dyes include disperse dyes such as
      Colour Index Disperse Blues 59, 63 and 64. Optical brightness such as
      "Uvitex" CF, sold by Ciba Corp., and "Tinopal" AN, sold by Geigy Chemical
      Corp., may also be incorporated where their effect is desired.
PAR  Plasticizers including phthalate esters such as dioctyl phthalate and
      dicyclohexyl phthalate, aryl phosphates such as tricresyl phosphate, and
      substituted sulfonamides such as N-cyclohexyl-p-toluene-sulfonamide, and
      the like, may be added for applications where their effect is desired.
      Flame retardant additives, such as zinc borate, antimony trioxide,
      tris(2,3-dichlorpropyl) phosphate, tris(2,3-dibromopropyl) phosphate,
      chlorinated waves, and the like may be added, if desired. Other minor
      additives such as surfactants or lubricants may also be added.
PAR  One of the important advantages of the thermoplastic compositions of this
      invention is that the copolyester elastomers and the low molecular weight
      thermoplastic resins are easy to blend together due to the relatively low
      melt viscosity of these compositions at elevated temperatures as compared
      to compositions of the prior art having comparable bond strength. The
      components of the compositions of this invention can be blended by
      variously well-known procedures such as, for example, blending in molten
      form, blending in a solvent, or mixing aqueous dispersions of the
      components. Blending in the melt may be carried out by first melting the
      segmented copolyester elastomer and then adding low molecular weight
      thermoplastic resin to the melt, by first melting the low molecular weight
      thermoplastic resin and then adding segmented copolyester elastomer to the
      melt, or by first blending the segmented copolyester elastomer and the low
      molecular weight thermoplastic resin together in finely divided form and
      then melting the blend, for example, on a hot roller mill or by
      simultaneously feeding the components to an extruder.
PAR  In addition to these blending procedures, it is also possible to take the
      copolyester from the synthesis step and, while it is still molten, blend
      solid, premelted, or liquid low molecular weight thermoplastic resin with
      it. Other ingredients such as antioxidants, fillers, plasticizers, and the
      like can also be added at this time. This blending process can be carried
      out with an in-line mixer or with a separate mixing vessel, and has the
      advantage that it does not require isolation of the copolyester.
PAR  The thermoplastic compositions of this invention can also be blended by
      dissolving the segmented copolyester and the low molecular weight
      thermoplastic resin in a solvent. Suitable solvents for preparing these
      solutions include chlorinated hydrocarbons such as methylene chloride,
      chloroform, trichloroethylene, solvent mixtures such as mixtures of
      trichloroethylene and isopropanol, and the like.
PAR  Aqueous dispersious of the thermoplastic compositions of this invention can
      be prepared by dissolving the segmented copolyester and the low molecular
      weight thermoplastic resin together in a suitable waterimmiscible organic
      solvent, emulsifying the organic solvent containing the segmented
      copolyester and the low molecular weight thermoplastic resin in water, and
      removing the organic solvent as described by Funck and Wolff in U.S. Pat.
      No. 3,296,172. Dispersions can also be prepared by dissolving the
      segmented copolyester in a suitable water-immiscible organic solvent,
      dissolving the low molecular weight thermoplastic resin in a different
      water-immiscible organic solvent, emulsifying each organic solvent
      solution in water, removing the organic solvent from each emulsion,
      thereby forming separate dispersions, and mixing the dispersions together
      in proper amounts.
PAR  Compositions containing about 50 percent by weight or more of segmented
      copolyester elastomer can be used as concentrates for further compounding
      with the same or other low molecular weight thermoplastic resins and
      modifiers, as well as being useful as such. Such concentrated compositions
      have the advantage of being processable with additional components at
      lower temperatures and shear requirements than the segmented copolyester
      elastomer itself. For example, a mixture containing an equal weight of
      segmented copolyester elastomer and low molecular weight, thermoplastic
      styrene homopolymer is typically blended at a minimum temperature of about
      170.degree.C. However, additional low molecular weight thermoplastic
      resins can be mixed with this concentrate at a minimum blending
      temperature of about 140.degree.C. Moreover, additional low molecular
      weight thermoplastic resins which have limited compatibility with the
      segmented copolyester elastomer alone tend to be more compatible with such
      concentrates.
PAR  The compositions of this invention are useful as pressure sensitive
      adhesives. These compositions can be applied in the form of a solution, an
      aqueous dispersion, or in molten form. The method of application does not
      appreciably affect the performance of the composition.
PAR  Conventional application equipment can be used for applying the
      compositions of this invention in the various forms. For application of
      solutions or dispersions various known application techniques can be used
      including brushing, dipping, roll coating, wirewound rod application,
      doctoring, printing, and the like. Spraying or curtain coating techniques
      are also applicable to these forms of the compositions.
PAR  The compositions of this invention have sufficient thermal stability to
      render them suitable for hot melt application with good pot life. Heating
      to 150.degree. to 200.degree.C. does not appreciably alter the properties
      of the composition. For application of these compositions in the melt
      form, dipping, roll coating, calendaring, curtain coating, extruding, hot
      spraying, and other hot melt application techniques can be used.
PAR  The compositions of this invention are characterized by an outstanding
      combination of pressure sensitive adhesive properties. Performance of a
      pressure sensitive adhesive is gauged by measurement of both peel and
      shear adhesion to standard substrates. Tack is also an important property.
      Compositions described herein display 180.degree. peel values as high as
      4-5 lbs./in. and 90.degree. quick stick values as high as 3.5-4.0 lbs./in.
      They have good shear strength (300+ hrs. at RT) and similarly exhibit good
      high temperature bond strength (as high as 185 min. at 70.degree.C.). Tack
      levels are high (1-6 inches) as measured by rolling ball tack or by
      Polyken probe tack measurement (as high as 950 g.). A good balance of all
      the properties mentioned above can be obtained by proper formulation, or
      any one property can be specifically enhanced by formulation.
DETD
PAC  EXAMPLES OF THE INVENTION
PAR  The following examples, illustrating the novel segmented copolyester
      elastomers and adhesive compositions of this invention, are given without
      any intention that the invention be limited thereto. All parts and
      percentages are by weight. Tensile properties were determined with
      compression molded samples using ASTM test method D1708-66.
PAR  The test methods used in the present sensitive adhesive evaluations are
      procedures developed by the Specifications and Technical Committee of the
      Pressure Sensitive Tape Council (PSTC) as published in their manual
      entitled "Test Methods for Pressure Sensitive Tapes - Fifth Edition" and
      the Polyken Probe Tack Test. Briefly these tests are as follows:
PAC  180.degree. Peel Adhesion Test (PSTC-1)
PAR  Peel adhesion is the force required to remove a pressure sensitive tape
      from a substrate at an angle of 180.degree. at a specified speed. The tape
      is applied to a standard test panel using a 4.5 pound roller to make the
      contact. The tape is pulled on an Instron machine at the rate of 30
      cm./min. and the force is expressed in pounds per inch width of tape.
PAC  90.degree. Peel Quick Stick Adhesion Test (PSTC-5)
PAR  Quick Stick is that property of a pressure sensitive tape which causes the
      tape to adhere to a surface instantly using no external pressure to secure
      more thorough contact. It is measured as the force resisting peeling of a
      tape at 90.degree. from a standard surface upon which it has been applied
      under no other pressure than the weight of the tape itself. The tape is
      peeled from the standard surface in a 90.degree. configuration at the rate
      of 30 cm./min.
PAC  Rolling Ball Tack Test (PSTC-6)
PAR  In this test a 7/16   inch diameter steel ball is rolled down an inclined
      plane to the pressure sensitive surface and the distance the ball rolls is
      measured. The shorter the distance, the better the tack.
PAC  Shear Adhesion Test (PSTC-7)
PAR  Shear adhesion is the force required to pull the pressure sensitive tape
      from a standard flat surface in a direction parallel to the surface to
      which it has been affixed with a definite pressure. It can be measured in
      terms of the time required to pull a standard area of tape from the test
      panel under a standard load. Standard load used was 1000 grams on a 1 in.
      .times. 1 in. tape contact area. Testing was conducted at both room
      temperature and 70.degree.C. Time to failure was recorded.
PAC  Polyken Probe Tack Test
PAR  A Polyken Probe Tack Tester, Model No. TMI 80-2, was used for this test.
      This tester is a device for measuring the tackiness of pressure sensitive
      adhesives, by bringing the flat tip of a probe into contact with the test
      specimen at a controlled rate, contact pressure, and dwell time, and
      subsequently breaking the adhesive bond thus formed, also at a controlled
      rate. The standard probe is a 0.5-cm. diameter, 304 stainless steel rod
      which is mounted by means of a collet chuck directly on a mechanical force
      gauge fitted with a dial indicator.
PAR  In these tests, the highly polished end of the probe was used. A contact
      pressure of 100 g./cm..sup.2, and a dwell time of 1 sec. was also used
      with the probe and sample being brought into contact and separated at the
      rate of 1 cm./sec. Further details of this test are available from the
      Kendall Company or Testing Machines Company.
PAC  EXAMPLE 1
PAR  The following materials are placed in a 3000 ml. resin kettle fitted for
      distillation:
TBL  Polytetramethylene Ether Glycol                                           

     (PTMEG); Number Average Molecular                                         

     Weight 2100           657 g.                                              

     1,4-Butanediol (BDO)  172 g. (40% Excess)                                 

     Dimethyl Terephthalate (DMT)                                              

                           165 g.                                              

     Dimethyl Isophthalate (DMI)                                               

                           165 g.                                              

     Naugard 445            6 g.                                               

     Tyzor TBT (Tetrabutyltitanate,                                            

     5% Solution in BDO)    24 ml.                                             

PAL  Naugard 445 is an antioxidant sold by Naugatuck Chemicals, a division of
      Uniroyal. Tyzor TBT, which is tetrabutyltitanate, sold by E. I. du Pont de
      Nemours and Company, was added as a 5% solution in butanediol.
PAR  The reaction kettle is heated to 150.degree.C. at atmospheric pressure at
      which time the catalyst is charged. The reaction is then heated to
      250.degree.C. under a nitrogen atmosphere over a period of 1 hour.
      Methanol distillation starts almost immediately and is essentially
      complete in 20 minutes. When the temperature reaches 250.degree.C. a
      vacuum of 160 mm. is applied and held for 5 minutes, after which the
      pressure is further reduced to 80 mm. for 5 min., 40 mm. for 5 min., and
      finally to full vacuum (0.5 mm. of Hg or Less) and distillation is
      continued at full vacuum at 250.degree.C. for 1 hour. The resulting
      viscous molten product is scraped from the flask in a nitrogen (H.sub.2 O
      and O.sub.2 free) atmosphere and allowed to cool. Samples for physical
      testing are prepared by compression molding at 175.degree.-185.degree.C.
      followed by rapid cooling in the press. The polymer physical properties
      are listed in Table I.
PAC  EXAMPLE 2
PAR  Following the procedure detailed in Example 1, a polymer is prepared from
      the following materials:
TBL  Polytetramethylene Ether Glycol;                                          

     Number Average Molecular Weight                                           

     2100                    726     g.                                        

     1,4-Butanediol          129     g.                                        

     Dimethyl Terephthalate  180.3   g.                                        

     Dimethyl Isophthalate    90.1   g.                                        

     Naugard 445              6      g.                                        

     Tyzor TBT (Tetrabutyltitanate,                                            

     5% Solution in BDO)      24     ml.                                       

PAL  The properties of the resulting polymer are described in Table I.
PAC  EXAMPLE 3
PAR  The following materials are charged to a 20 gallon distillation vessel:
TBL  Polytetramethylene Ether Glycol;                                          

     Number Average Molecular Weight                                           

     2100                6300    g.                                            

     1,4-Butanediol      1419    g. (50% Excess)                               

     Dimethyl Terephthalate                                                    

                         2097    g.                                            

     Dimethyl Isophthalate                                                     

                          524    g.                                            

     Naugard 445          50     g.                                            

     Tyzor TBT (Neat)      5.8   g.                                            

PAR  The Tyzor TBT is added last to the still and the temperature programmed
      over 1 hour to 210.degree.C. at atmospheric pressure under nitrogen. When
      roughly stoichiometric amounts (865 g.) of methanol are distilled off (2-3
      hours), the still contents are transferred to an autoclave for further
      polymerization. The autoclave is held at 240.degree.C. and the pressure is
      gradually reduced to 1-2 mm. over a 45-minute period. The reaction mixture
      is held at 240.degree.C. until excess (473 g.) diol is distilled off (4-5
      hours). The reaction mixture is then extruded out of the polymerizer in
      ribbon form and subsequently ground to coarse particles. The physical
      properties of the resulting polymer are listed in Table I.
PAC  EXAMPLE 4
PAR  Following the procedure described in Example 3, a thermoplastic copolyester
      elastomer is prepared from the following materials:
TBL  Polytetramethylene Ether Glycol;                                          

     Number Average Molecular Weight                                           

     2100                6300    g.                                            

     1,4-Butanediol      1520    g. (50% Excess)                               

     Dimethyl Trephthalate                                                     

                         1937    g.                                            

     Dimethyl Isophthalate                                                     

                          830    g.                                            

     Naugard 445          50     g.                                            

     Tyzor TBT (Neat)      5.8   g.                                            

PAL  During the distillation 913 g. of methanol and 506 g. of butanediol are
      removed. The physical properties of the resulting polymer are listed in
      Table I.
PAC  EXAMPLE 5
PAR  Following the procedure described in Example 3, a thermoplastic copolyester
      elastomer is prepared from the following materials:
TBL  Polytetramethylene Ether Glycol;                                          

     Number Average Molecular Weight                                           

     2100                5880    g.                                            

     1,4-Butanediol      1570    g. (50% Excess)                               

     Dimethyl Terephthalate                                                    

                         1867    g.                                            

     Dimethyl Isophthalate                                                     

                          934    g.                                            

     Naugard 445          50     g.                                            

     Tyzor TBT (Neat)      5.9   g.                                            

PAL  During the distillation 924 g. of methanol and 523 g. of butanediol are
      removed. The physical properties of the resulting polymer are listed in
      Table I.
PAC  EXAMPLE 6
PAR  Following the procedure described in Example 3, a thermoplastic copolyester
      elastomer is prepared from the following materials:
TBL  Polytetramethylene Ether Glycol;                                          

     Number Average Molecular Weight                                           

     2100                10,500   g.                                           

     1,4-Butanediol       2196    g. (50% Excess)                              

     Dimethyl Terephthalate                                                    

                          2806    g.                                           

     Dimethyl Isophthalate                                                     

                          1320    g.                                           

     Naugard 445           75.0   g.                                           

     Tyzor TBT (Neat)      15.0   g.                                           

PAL  During the distillation 1,362 g. of methanol and 732 g. of butanediol are
      removed. The physical properties of the resulting polymer are listed in
      Table I.
PAC  EXAMPLE 7
PAR  Following the procedure described in Example 1, a thermoplastic copolyester
      elastomer is prepared from the following materials:
TBL  Polytetramethylene Ether Glycol;                                          

     Number Average Molecular Weight                                           

     2100                630     g.                                            

     1,4-Butanediol      152     g. (50% Excess)                               

     Dimethyl Terephthalate                                                    

                         166     g.                                            

     Dimethyl Isophthalate                                                     

                         111     g.                                            

     Naugard 445          4.6    g.                                            

     Tyzor TBT (Neat)     0.58   g.                                            

PAL  During the distillation 91.3 g. of methanol and 50.7 g. of butanediol are
      removed. The physical properties of the resulting polymer are listed in
      Table I.
PAC  EXAMPLE 8
PAR  Following the procedure described in Example 1, a thermoplastic copolyester
      elastomer is prepared from the following materials:
TBL  Polytetramethylene Ether Glycol;                                          

     Number Average Molecular Weight                                           

     2100                567     g.                                            

     1,4-Butanediol      146     g. (50% Excess)                               

     Dimethyl Terephthalate                                                    

                         210     g.                                            

     Dimethyl Isophthalate                                                     

                          52     g.                                            

     Naugard 445          4.2    g.                                            

     Tyzor TBT (Neat)     0.55   g.                                            

PAL  During the distillation 86.5 g. of methanol and 48.6 g. of butanediol are
      removed. The physical properties of the resulting polymer are listed in
      Table I.
PAC  EXAMPLE 9
PAR  Following the procedure described in Example 1, a thermoplastic copolyester
      elastomer is prepared from the following materials:
TBL  Polytetramethylene Ether Glycol;                                          

     Number Average Molecular WEight                                           

     2100                588     g.                                            

     1,4-Butanediol      132     g. (50% Excess)                               

     Dimethyl Terephthalate                                                    

                         196     g.                                            

     Dimethyl Isophthalate                                                     

                          49     g.                                            

     Naugard 445          4.2    g.                                            

     tyzor TBT (Neat)     1.0    g.                                            

PAL  During the distillation 81.0 g. of methanol and 44.0 g. of butanediol are
      removed. The physical properties of the resulting polymer are listed in
      Table I.
PAC  EXAMPLE 10
PAR  Following the procedure described in Example 1, a thermoplastic copolyester
      elastomer is prepared from the following materials:
TBL  Polytetramethylene Ether Glycol;                                          

     Number Average Molecular Weight                                           

     2100                588     g.                                            

     1,4-Butanediol      157     g. (50% Excess)                               

     Dimethyl Terephthalate                                                    

                         187     g.                                            

     Dimethyl Isophthalate                                                     

                          93.5   g.                                            

     Naugard 445          4.4    g.                                            

     Tyzor TBT (Neat)     0.9    g.                                            

PAL  During the distillation 92.0 g. of methanol and 52.0 g. of butanediol are
      removed. The physical properties of the resulting polymer are listed in
      Table I.
PAC  EXAMPLE 11
PAR  Following the procedure described in Example 1, a thermoplastic copolyester
      elastomer is prepared from the following materials.
TBL  Polytetramethylene Ether Glycol;                                          

     Number Average Molecular Weight                                           

     2100                567     g.                                            

     1,4-Butanediol      146     g. (50% Excess)                               

     Dimethyl Terephthalate                                                    

                         210     g.                                            

     Dimethyl Phthalate   52     g.                                            

     Naugard 445          4.2    g.                                            

     Tyzor TBT (Neat)     0.8    g.                                            

PAL  During the distillation 86.0 g. of methanol and 49 g. of butanediol are
      removed. The physical properties of the resulting polymer are listed in
      Table I.
PAC  EXAMPLE 12
PAR  The following materials are polymerized using a continuous process rather
      than a batch process as in the previous examples thereby enabling a higher
      molecular weight polymer to be obtained.
TBL   Polytetramethylene Ether Glycol;                                         

     Number Average Molecular Weight                                           

     2100                   400      parts                                     

     1,4-Butanediol          96.6    parts                                     

     Dimethyl Terephthalate 123      parts                                     

     Dimethyl Isophthalate   52.7    parts                                     

     Goodrit 3110 .times. 104                                                  

                             5.82    parts                                     

     Tyzor TBT (Neat)        0.58    part                                      

PAL  Goodrite 3110 X 104 is a hindered phenol antioxidant sold by B. F. Goodrich
      Co. The physical properties are listed in Table I.
PAC  EXAMPLE 13
PAR  Following the procedure described in Example 3, a thermoplastic copolyester
      elastomer is prepared from the following materials:
TBL  Polytetramethylene Ether Glycol;                                          

     Number Average Molecular Weight                                           

     2900                    10,643    g.                                      

     1,4-Butanediol           1,860    g.                                      

     Dimethyl Terephthalate   2,369    g.                                      

     Dimethyl Isophthalate    1,016    g.                                      

     Naugard 445               71      g.                                      

     Tyzor TBT (Neat)          14.2    g.                                      

PAL  During the distillation 1117 g. of methanol and 620 g. of butanediol are
      removed. The physical properties of the resulting polymer are listed in
      Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     POLYESTER COMPOSITIONS                                                    

                                             Melt  Soften-                     

     Mole Ratios          Tensile Properties Index ing                         

          DMT   BDO       Strength,                                            

                                %   Init. Modulus,                             

                                             (2160 g,                          

                                                   Point                       

     Example                                                                   

          DMT+DMI                                                              

                PTMEG.sup.1                                                    

                     SCE. %                                                    

                          (psi.)                                               

                                Elong.                                         

                                    psi.     190.degree.C.)                    

                                                   (TMA, .degree.C.)           

     __________________________________________________________________________

     1    0.50  4.13 28.9 3700  1200                                           

                                     680     4.10   80                         

     2    0.67  2.71 21.8 4220  1175                                           

                                     540     3.70   40                         

     3    0.80  3.50 25.7 3920  1300                                           

                                    2450     15.0  132                         

     4    0.70  3.75 27.0 4650  1400                                           

                                    2370     9.2   117                         

     5    0.67  4.15 29.1 2870  1400                                           

                                    2460     29.7   97                         

     6    0.68  3.25 24.3 3800  1200                                           

                                    1210     9.2    92                         

     7    0.60  3.75 27.0 2440  1250                                           

                                     676     4.4    93                         

     8    0.80  4.00 28.3 5130  1230                                           

                                    1840     3.3   132                         

     9    0.80  3.50 25.7 5040  1200                                           

                                    2430     4.4   119                         

     10   0.67  4.15 29.1 4100  1100                                           

                                    2220     3.5   113                         

     11   0.80  4.00 28.3 4790  1300                                           

                                    3150     5.7   132                         

     12   0.70  3.75 27.0 4500  1100                                           

                                    1430     7.3   106                         

     13   0.70   3.75.sup.2                                                    

                     24.8 4180  1300                                           

                                    1120     13.6   95                         

     __________________________________________________________________________

      .sup.1 glycol MW = 2100 except when noted.                               

      .sup.2 Glycol MW = 2900                                                  

PAC  EXAMPLE 14
PAR  A pressure sensitive adhesive blend is prepared by blending the following
      materials at 175.degree.C. with stirring for approximately 1 hour until
      homogeneous:
     BLEND I                                                                   

     ______________________________________                                    

     Polymer of Example 1   20      g.                                         

     Piccolastic A-5        20      g.                                         

     Piccolastic A-75       15      g.                                         

     Piccovar L-30          15      g.                                         

     Aroclor 5460           25      g.                                         

     Elvax 40                5      g.                                         

     Naugard 445             0.3    g.                                         

     ______________________________________                                    

PAL  Piccolastic A-5 is a low molecular weight styrene homopolymer having a ring
      and ball softening point of about 5.degree.C. and a melt viscosity of 18
      centipoises at 190.degree.C. solid by Pennsylvania Industrial Chemical
      Corp. Piccolastic A-75 is a low molecular weight styrene homopolymer
      having a ring and ball softening point of about 75.degree.C. sold by
      Pennsylvania Industrial Chemical Corp. Piccovar L-30 is a polyindene
      petroleum resin having a softening point of 30.degree.C. sold by
      Pennsylvania Industrial Chemical Corp. Aroclor 5460 is a chlorinated
      polyphenyl sold by Monsanto Co. Elvax 40 is an ethylene/vinyl acetate
      copolymer containing 60 percent ethylene and 40 percent vinyl acetate sold
      by E. I. du Pont de Nemours and Co.
PAR  Adhesive is applied 1 mil thick to 1-mil Mylar film at 120.degree.C. and
      pressure sensitive adhesive properties are determined. The resulting data
      are given in Table II.
PAC  EXAMPLE 15
PAR  Following the procedure of Example 14 a pressure sensitive adhesive blend
      is prepared by blending the following materials:
TBL  Polymer of Example 2   25      g.                                         

     Piccolastic A-25       24      g.                                         

     Piccolastic A-75       16.5    g.                                         

     Piccotex LC            20      g.                                         

     Elvax 40                4.5    g.                                         

     Paraplex G-62          10      g.                                         

     Naugard 445             0.5    g.                                         

PAL  Piccolastic A-25 is a low molecular weight styrene homopolymer having a
      ring and ball softening point of about 25.degree.C. sold by Pennsylvania
      Industrial Chemical Corp. Piccotex LC is a vinyl toluene/.alpha.-methyl
      styrene copolymer sold by Pennsylvania Industrial Chemical Corp. Paraplex
      G-62 is an epoxidized soybean oil plasticizer sold by Rohm and Haas Co.
      The resulting data are given in Table I.
PAC  EXAMPLE 16
PAR  Following the procedure of Example 14 a pressure sensitive adhesive blend
      was prepared by blending the following materials:
TBL  Polymer of Example 3   30      g.                                         

     Piccovar L-30          25      g.                                         

     Piccotex 75            40      g.                                         

     Elvax 4260              5      g.                                         

     Naugard 445             0.5    g.                                         

PAL  Piccotex 75 is a vinyl toluene copolymer petroleum resin sold by
      Pennsylvania Industrial Corp. Elvax 4260 is an ethylene/vinyl acetate
      copolymer containing 71  percent ethylene, 28 percent vinyl acetate and 1
      percent methacrylic acid sold by E. I. du Pont de Nemours and Company. The
      resulting data are given in Table II.
PAC  EXAMPLE 17
PAR  Following the procedure of Example 14 a pressure sensitive adhesive blend
      is prepared by blending the following materials:
TBL  Polymer of Example 4   30      g.                                         

     Piccotex 75            33      g.                                         

     Picco XPS-250-40        4      g.                                         

     Piccovar L-30          33      g.                                         

     Naugard 445             0.5    g.                                         

PAL  Picco XPS-250-40 is a vinyl toluene/.alpha.-methyl styrene copolymer sold
      by Pennsylvania Industrial Chemical Corp. The resulting data are given in
      Table II. This composition displayed a particularly good balance of
      pressure sensitive properties. Tack was aggressive and high temperature
      bond strength was good.
PAC  EXAMPLE 18
PAR  Following the procedure of Example 14 a pressure sensitive adhesive blend
      was prepared by blending the following materials:
TBL  Polymer of Example 5     28      g.                                       

     Piccolastic A-25         25      g.                                       

     Piccolastic A-50          5      g.                                       

     Piccotex LC              32      g.                                       

     Plasticizer Mixture (10.0 parts/                                          

     16.5 parts/9.0 parts diisooctylphthalate/Paraplex G-62/                   

     Santicisor 409)          10      g.                                       

     Naugard 445               0.5    g.                                       

PAL  Piccolastic A-50 is a low molecular weight styrene homopolymer having a
      softening point of 50.degree.C. and a melt viscosity of 29 centipoises at
      190.degree.C. sold by Pennsylvania Industrial Chemical Corp. Santicizer
      409 is a dibasic acid/glycol based polyester plasticizer sold by Monsanto
      Industrial Chemical Co. The resulting data are given in Table II.
PAC  EXAMPLE 19
PAR  Following the procedure of Example 14 a pressure sensitive adhesive blend
      is prepared by blending the following materials:
TBL  Polymer of Example 6   30      g.                                         

     Piccotex 75            40      g.                                         

     Piccovar L-30          25      g.                                         

     Elvax 4260              5      g.                                         

     Naugard 445             0.5    g.                                         

PAL  The resulting data are given in Table II. This composition gave excellent
      pressure sensitive properties with very high tack and good high
      temperature bond strength.
PAC  EXAMPLE 20
PAR  Following the procedure of Example 14 a pressure sensitive adhesive blend
      was prepared by blending the following materials:
TBL  Polymer of Example 7   25      g.                                         

     Piccolastic A-25       26      g.                                         

     Piccotex LC            29      g.                                         

     Plasticizer Mixture                                                       

     (See Example 21)       10      g.                                         

     Floral 85              10      g.                                         

     Naugard 445             0.5    g.                                         

PAL  Foral 85 is a highly stabilized ester resin having a ring and ball
      softening point of about 85.degree.C. sold by Hercules, Inc. The resulting
      data are given in Table II.
PAC  EXAMPLE 21
PAR  Following the procedure of Example 14 a pressure sensitive adhesive blend
      is prepared by blending the following materials:
TBL  Polymer of Example 8   25      g.                                         

     Piccolastic A-25       28      g.                                         

     Piccotex LC            27      g.                                         

     Plasticizer Mixture                                                       

     (See Example 21)       10      g.                                         

     Floral 85              10      g.                                         

     Naugard 445             0.5    g.                                         

PAL  The resulting data are given in Table II.
PAC  EXAMPLE 22
PAR  Following the procedure of Example 14 a pressure sensitive adhesive blend
      is prepared by blending the following materials:
TBL  Polymer of Example 9   28      g.                                         

     Piccolastic A-25       25      g.                                         

     Piccolastic A-50        5      g.                                         

     Piccotex LC            32      g.                                         

     Plasticizer Mixture                                                       

     (See Example 21)       10      g.                                         

     Naugard 445             0.5    g.                                         

PAL  The resulting data are given in Table II.
PAC  EXAMPLE 23
PAR  Following the procedure of Example 14 a pressure sensitive adhesive blend
      was prepared by blending the following materials:
TBL  Polymer of Example 10  28      g.                                         

     Piccolastic A-25       25      g.                                         

     Piccolastic A-50        5      g.                                         

     Piccotex LC            32      g.                                         

     Plasticizer Mixture                                                       

     (See Example 21)       10      g.                                         

     Naugard 445             0.5    g.                                         

PAL  The resulting data are given in Table II.
PAC  EXAMPLE 24
PAR  Following the procedure of Example 14 a pressure sensitive adhesive blend
      is prepared by blending the following materials:
TBL  Polymer of Example 11  25      g.                                         

     Paraplex G-62          10      g.                                         

     Piccovar L-30          25      g.                                         

     Piccotex LC            25      g.                                         

     Elvax 4260              5      g.                                         

     Santicizer 1 H         10      g.                                         

     Naugard 445             0.5    g.                                         

PAL  Santicizer 1 H is N-cyclohexyl-p-toluene sulfonamide sold by Monsanto
      Industrial Chemical Co. The resulting data are given in Table II.
PAC  EXAMPLE 25
PAR  Following the procedure of Example 14 a pressure sensitive adhesive blend
      is prepared by blending the following materials:
TBL  Polymer of Example 12  30      g.                                         

     Nevex 110              25      g.                                         

     Piccovar L-30          43      g.                                         

     Santicizer 3            2      g.                                         

     Naugard 445             0.5    g.                                         

PAL  Nevex 110 is a polyindene petroleum resin sold by Neville Chemical Co.
      Santicizer 3 is N-ethyl-p-toluene sulfonamide sold by Monsanto Industrial
      Chemical Co. The resulting data are given in Table II. This blend
      exhibited particular resistance to high temperature shear testing as well
      as possessing a good overall balance of pressure sensitive properties.
PAC  EXAMPLE 26
PAR  Following the procedure of Example 14 a pressure sensitive adhesive blend
      is prepared by blending the following materials:
TBL  Polymer of Example 12  40      g.                                         

     Neolyn 20              10      g.                                         

     Santicizer 1 H         20      g.                                         

     Nevex 110              25      g.                                         

     Piccotex 75             5      g.                                         

     Ethyl 330               0.5    g.                                         

PAL  Neolyn 20 is a resin based alkyd resin sold by Hercules, Inc. Ethyl 330 is
      an antioxidant sold by Ethyl Corp. The resulting data are given in Table
      II.
PAC  EXAMPLE 27
PAR  Following the procedure of Example 14 a pressure sensitive adhesive blend
      is prepared by blending the following materials:
TBL  Polymer of Example 13    30 g.                                            

     Piccovar L-30            45 g.                                            

     Nevex 100                23 g.                                            

     Santicizer 3              2 g.                                            

PAL  The resulting data are given in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     PRESSURE SENSITIVE PROPERTIES                                             

     Blend                                                                     

          Polymer                      PSTC-7                                  

                                             Polyken                           

     of   of   PSTC-1,                                                         

                     PSTC-5,                                                   

                           PSTC-6,                                             

                                 PSTC-7,                                       

                                       (70.degree.C),                          

                                             Tack,                             

     Example                                                                   

          Example                                                              

               lb./in.                                                         

                     lb./in.                                                   

                           in.   hrs.  min.  g.                                

     __________________________________________________________________________

     14   1    3.5   --    &gt;12   --    --    --                                

     15   2    2.0   1.3   4.5   --    --    227                               

     16   3    0.5   0     &gt;12   --    --     0                                

     17   4    4.1   3.7   7     300+  13    952                               

     18   5    1.9   2.0   &gt;12   --    --    113                               

     19   6    3.7   4.0   4.5   300+  20    636                               

     20   7    2.2   1.65  --    --    --    420                               

     21   8    0.5   0.8   --    --    --     70                               

     22   9    1.8   0     &gt;12   --    --     49                               

     23   10   0.8   1.1   &gt;12   --    --    125                               

     24   11   1.3   0.7   &gt;12    0    --    138                               

     25   12   4.2   3.5   5.8   300+  22.0  662                               

     26   12   4.1   2.6   1.5   300+  185   250                               

     27   13   3.6   2.5   1.0   --    2.0   540                               

     __________________________________________________________________________

CLMS
STM  We claim
NUM  1.
PAR  1. A soft thermoplastic segmented copolyester elastomer consisting
      essentially of a multiplicity of recurring short chain ester units and
      long chain ester units joined through ester linkages, said short chain
      ester units amounting to 15 to less than 30 percent by weight of said
      copolyester and being of the formula
      ##EQU7##
      and said long chain ester units amounting to more than 70 to 85 percent by
      weight of said copolyester and being of the formula
      ##EQU8##
      wherein R is the divalent aromatic radical remaining after removal of the
      carboxyl groups from aromatic dicarboxylic acid having a molecular weight
      of less than 350, said aromatic dicarboxylic acid being 55 to 95 percent
      by weight terephthalic acid, D is the divalent radical remaining after
      removal of the hydroxyl groups from butanediol, and G is the divalent
      radical remaining after removal of the terminal hydroxyl groups from
      polytetramethylene ether glycol having an average molecular weight of
      1,500 to 3,500, said copolyester having a melt index of less than 30 and a
      melting point of 90.degree. to 130.degree.C.
NUM  2.
PAR  2. The elastomer of claim 1 in which the aromatic dicarboxylic acid is a
      mixture of terephthalic acid and isophthalic acid.
NUM  3.
PAR  3. The elastomer of claim 2 in which the polytetramethylene ether glycol
      has a molecular weight of 2,000 to 3,000.
NUM  4.
PAR  4. The elastomer of claim 2 in which the mixture of terephthalic acid and
      isophthalic acid contains 60 to 75 percent by weight of terephthalic acid.
NUM  5.
PAR  5. A thermoplastic pressure sensitive adhesive composition which comprises,
      based on the total thermoplastic components,
PA1  A. 1 to 99 percent by weight of a soft thermoplastic segmented copolyester
      elastomer consisting essentially of a multiplicity of recurring short
      chain ester units and long chain ester units joined through ester
      linkages, said short chain ester units amounting to 15 to less than 30
      percent by weight of said copolyester and being of the formula
      ##EQU9##
      and said long chain ester units amounting to more than 70 to 85 percent by
      weight of said copolyester and being of the formula
      ##EQU10##
      wherein R is the divalent aromatic radical remaining after removal of the
      carboxyl groups from aromatic dicarboxylic acid having a molecular weight
      of less than 350, said aromatic dicarboxylic acid being 55 to 95 percent
      by weight terephthalic acid, D is the divalent radical remaining after
      removal of the hydroxyl groups from butanediol, and G is the divalent
      radical remaining after removal of the terminal hydroxyl groups from
      polytetramethylene ether glycol having an average molecular weight of 1500
      to 3500, said copolyester having a melt index of less than 30 and a
      melting point of 90.degree. to 130.degree.C. and
PA1  B. 1 to 99 percent by weight of low molecular weight thermoplastic resin
      which forms compatible mixtures with the segmented copolyester, is
      thermally stable at 150.degree.C., and has a melt viscosity of less than
      about 10,000 centipoises at 200.degree.C.
NUM  6.
PAR  6. The composition of claim 5 in which the low molecular weight
      thermoplastic resin is selected from the group consisting of hydrocarbon
      resins, bituminous asphalts, coal tar pitches, rosins, rosin based alkyd
      resins, phenolic resins, chlorinated aliphatic hydrocarbon waxes, and
      chlorinated polynuclear aromatic hydrocarbons.
NUM  7.
PAR  7. The composition of claim 5 in which the thermoplastic segmented
      copolyester elastomer is present in about 20 to 60 percent by weight and
      the low molecular weight thermoplastic resin is present in about 40 to 80
      percent by weight.
NUM  8.
PAR  8. The composition of claim 6 in which the aromatic dicarboxylic acid is a
      mixture of terephthalic acid and isophthalic acid.
NUM  9.
PAR  9. The composition of claim 8 in which the polytetramethylene ether glycol
      has a molecular weight of 2000 to 3000.
NUM  10.
PAR  10. The composition of claim 8 in which the mixture of terephthalic acid
      and isophthalic acid contains 60 to 75 percent by weight of terephthalic
      acid.
NUM  11.
PAR  11. The composition of claim 10 in which the low molecular weight
      thermoplastic resin is selected from the group consisting of hydrocarbon
      resins, rosins, and rosin based alkyd resins.
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PAL  An adhesive composition made from two copolymers of the styrene-butadiene
      type, one having terminal segments of polystyrene and one having terminal
      segments of polybutadiene. A tackifying resin is included in the adhesive,
      together with appropriate solvents.
BSUM
PAR  This invention relates to adhesive compositions. More specifically, this
      invention relates to an adhesive composition comprising a linear or radial
      block copolymer of a conjugated diene and a vinyl aromatic hydrocarbon
      having terminal units or segments derived from the polymerization of the
      vinyl aromatic hydrocarbon, a second copolymer of a conjugated diene and a
      vinyl aromatic hydrocarbon having terminal blocks or segments derived from
      the polymerization of the conjugated diene, and a tackifier in an organic
      solvent which is useful in bonding a variety of like or unlike surfaces
      together.
PAR  Many adhesive and cementing compositions have been suggested in the art for
      bonding material such as rubber, wood, metal, painted objects, plastic,
      paper, fabric, and the like, to each other or to other materials. Various
      types of polymers have been suggested for use in adhesive recipes to
      accomplish these goals, but the majority of the polymers developed in the
      prior art have not been completely satisfactory.
PAR  An object of this invention is to provide an adhesive composition of
      superior tack with satisfactory peel strength and creep resistance.
PAR  Other aspects, objects and advantages of this invention will be apparent to
      those skilled in the art upon careful study of the following
      specification, examples, and appended claims.
PAR  I have now discovered that an adhesive composition having superior tack
      with satisfactory peel strength and creep resistance which is useful for
      and capable of satisfactorily bonding a variety of films to a variety of
      substrates can be prepared by blending a first copolymer, a second
      copolymer, a tackifier and an organic solvent.
PAR  The first component block copolymer of the adhesive composition of this
      invention is one selected from the group consisting of linear block
      copolymers and radial block copolymers, having terminal segments
      comprising essentially polymer made from a vinyl-substituted aromatic
      hydrocarbon. As used herein, the term "linear" block copolymer is intended
      to mean copolymers having the general configuration:
EQU   A--B--A
PAL  wherein each A group is a terminal block segment comprising a polymer made
      from a vinyl-substituted aromatic hydrocarbon and B is a block segment
      comprising a polymer made from a conjugated diene.
PAR  Further, as used herein, the term "radial" or "branched" block copolymer is
      intended to mean copolymers having the general configuration:
EQU  Z(-BA).sub.n
PAL  Wherein each A group is a terminal block segment comprising a polymer made
      from a vinyl-substituted aromatic hydrocarbon and each B is a block
      segment comprising a polymer made from a conjugated diene, Z is derived
      from a polyfunctional compound having at least three reactive sites, and n
      is not less than 3. The radial block copolymer, as herein defined, must
      have at least three block copolymer branches radiating from a nucleus, Z.
PAR  The relative amounts of the vinyl-substituted aromatic hydrocarbon compound
      and the conjugated diene used in producing the block copolymers described
      can vary over a wide range. The amount of conjugated diene present in the
      block copolymer can be present in the range of from about 60 parts by
      weight per 100 parts by weight of the block copolymer to about 80 parts by
      weight. The vinyl-substituted aromatic compounds can be present in the
      range of about 20 to about 40 parts by weight per 100 parts by weight of
      the block copolymer. The amount of vinyl-substituted aromatic hydrocarbon
      that is present as terminal block segments of the copolymer used in this
      invention can vary over a wide range. It is desirable that the terminal
      block segments comprise the vinyl-substituted aromatic hydrocarbon to the
      extent of at least 20 percent by weight of the linear or radial block
      copolymer.
PAR  The vinyl-substituted aromatic compound can be polymerized for a period of
      time to produce a polymer block segment of the vinyl-substituted aromatic
      compound of sufficient size followed by a second polymerization step
      wherein the conjugated diene is polymerized. In some instances, it may be
      desirable to allow all of the vinyl-substituted aromatic compound to be
      polymerized before adding the conjugated diene for the second
      polymerization step. In other instances, any unreacted vinyl-substituted
      aromatic compound can be removed from the polymerization mixture followed
      by the addition of the conjugated diene for the second polymerization
      step. And in still other instances, any unreacted vinyl-substituted
      aromatic compound may be left in the polymerization system and the
      conjugated diene can be added for the second polymerization step. In the
      latter instance, the polymer block segments formed in the second
      polymerization step may contain both conjugated diene monomer units and
      vinyl-substituted aromatic monomer units.
PAR  It is preferable that the terminal polymer block segments on the branched
      block copolymer be homopolymer blocks of the vinyl-substituted aromatic
      compound. However, it is also within the scope of this invention to
      utilize branched block copolymers with terminal polymer block segments
      that are predominantly vinyl-substituted aromatic polymers with minor
      amounts of the conjugated diene monomer units.
PAR  The polymers which are represented by the above copolymers of this
      invention are recognized in the art as having the tensile characteristics
      of vulcanized elastomers although said polymers are in an uncured or
      unvulcanized condition. These polymers are further described in terms of
      their inherent viscosity. According to this invention these polymers have
      inherent viscosity of from 0.75 up to 1.5.
PAR  Monomers suitable for the preparation of the aforementioned block polymers
      include conjugated dienes having from 4 to 12 carbon atoms per molecule
      and vinyl aromatic hydrocarbons having from 8 to 24 carbon atoms per
      molecule. Suitable examples of the above monomers include 1,3-butadiene,
      1,3-pentadiene, 1,3-octadiene, 1,3-dodecadiene, isoprene,
      2,3-dimethyl-1,3-butadiene and the like. Suitable examples of vinyl
      aromatic hydrocarbon monomers include styrene, 4-methylstyrene,
      4-tert-butylstyrene, 3,5-diethylstyrene, 3,5-di-n-butylstyrene, and the
      like. Preferred monomers include 1,3-butadiene, styrene,
      4-tert-butylstyrene and 1,3-pentadiene.
PAR  The above referred to "Z" group which forms the nucleus from which the
      polymer blocks of the radial block copolymer radiate is derived from a
      polyfunctional compound having at least three reactive sites capable of
      reacting with a carbon-lithium bond. Types of polyfunctional compounds
      which can be used include the polyepoxides, polyisocyanates, polyimines,
      polyaldehydes, polyketones, polyanhydrides, polyesters, polyhalides and
      the like. As will be hereinafter described the polymer block segments are
      polymerized in the presence of an organolithium initiator. It is preferred
      that the amount of polyfunctional compound utilized be 1.0 equivalent per
      equivalent of carbon-lithium in the polymer for maximum branching.
      Reference to U.S. Pat. No. 3,281,383, R. P. Zelinski and H. L. Hsieh,
      issued Oct. 25, 1966, will reveal further details of the polyfunctional
      compounds useful in the formation of the radial block copolymers.
PAR  The second component block copolymer of this invention is one selected from
      the group consisting of linear block copolymers and radical block
      copolymers, having terminal segments comprising essentially polymer made
      from a conjugated diene. The second component linear block copolymers have
      the general configuration:
EQU  B--A--B
PAL  wherein each B group is a terminal block segment comprising a polymer made
      from a conjugated diene and A is a block segment comprising a polymer made
      from a vinyl-substituted aromatic hydrocarbon.
PAR  The second component radial block copolymers have the general
      configuration:
EQU  Z(--AB).sub.n
PAL  wherein B 13 a terminal block segment comprising a polymer made from a
      conjugated diene, A is a block segment comprising a polymer made from a
      vinyl-substituted aromatic hydrocarbon, Z is derived from a polyfunctional
      compound having at least three reactive sites, and n is not less than 3.
      The radial block copolymer, as herein defined, must have at least the
      three block copolymer branches radiating from a nucleus, Z.
PAR  The second copolymer is further characterized in that the amount of vinyl
      aromatic hydrocarbon present in the block copolymer is in the range of
      from about 10 to about 70 parts by weight per 100 parts by weight of the
      block copolymer. The second copolymers are characterized as having an
      inherent viscosity of from 0.75 to 2.5, with a preferred range of from 1.0
      to 1.5.
PAR  In contrast to the first copolymer, the second copolymers exhibit tensile
      properties of uncured rubbery polymers. For example, they do not possess
      high green strength which is characteristic of the block copolymers of the
      first type.
PAR  Monomers suitable for the preparation of the second component block
      copolymers include the same monomers as those described as being suitable
      for the preparation of the first component block copolymers.
PAR  The linear block copolymers of this invention can be prepared by any of the
      conventional techniques known in the art, such as those described in U.S
      Pat. No. 3,251,905, R. P. Zelinski, issued May 17, 1966, or in U.S. Pat.
      No. 3,287,333, R. P. Zelinski, issued Nov. 22, 1966.
PAR  The radial block copolymers of this invention can be prepared by any of the
      conventional techniques known in the art, such as those described in U.S.
      Pat. No. 3,281,383, mentioned previously as in U.S. Pat. No. 3,692,874, R.
      C. Farrar and C. F. Wofford, issued Sept. 19, 1972. Briefly, the method of
      forming the radial block copolymers is as follows. The monomer selected to
      be the terminal block segment is polymerized first in the presence of an
      organometallic initiator. After the first monomer has been polymerized to
      form the initial polymer block, the second monomer can then be added to
      the polymerization mixture to produce a block polymer of the two monomers
      having a terminal metallic atom. The metal-terminated polymer can then be
      conveniently reacted with a polyfunctional compound having at least three
      reactive sites capable of reacting with the carbon-metal bond of the
      polymer.
PAR  Generally, the optimum amount of polyfunctional compound is an amount
      constituting one equivalent based upon the metal present in the polymer.
      In other words, each reactive site on the polyfunctional compound will
      react with a carbon-metal bond in the polymer. Larger amounts of the
      polyfunctional compound encourage the production of polymers that are
      coupled in a linear configuration instead of being branched. When
      equivalent amounts of the polyfunctional compound and the metal-terminated
      polymer are reacted, the final product comprises a radial polymer in which
      the component polymer chains project from a nucleus formed from the
      polyfunctional compound.
PAR  The tackifier which is useful in this invention can be any of the
      substances known in the art for enhancing the tack of adhesive
      compositions. Examples of some suitable tackifiers include rosin,
      dehydrogenated rosin, rosin plus polyterpene resins, hydrogenated rosin
      esters of glycerol, hydrogenated rosin esters of pentaerythritol,
      coumarone-indene resins, hydrogenated rosin, esters of polymerized rosin
      and glycerol, maleic anhydride modified rosin and rosin derivatives,
      partial esters of styrenemaleic acid copolymers, chlorinated biphenyls,
      oil-soluble phenol aldehyde resins, and the like.
PAR  The adhesive composition of this invention should be dissolved or dispersed
      in an organic solvent prior to application to a surface. The solvent
      reduces the viscosity of the adhesive composition and serves to wet the
      surfaces of the materials to be bonded together. Although any organic
      solvent which is inert toward the other components of the mixture can be
      used, the preferred solvents are saturated aliphatic, cycloaliphatic, and
      aromatic hydrocarbons, and mixtures thereof, e.g., pentane,
      2-methylpentane, hexane, 3-ethylhexane, heptane, octane, nonane, naphtha,
      cyclopentane, methylcyclopentane, cyclohexane, methylcyclohexane, benzene,
      toluene, xylene and the like. Other liquid organic solvents can be used,
      e.g., halogenated hydrocarbons, ethers, ketones, esters, and the like.
      Mixtures of any of the foregoing solvents can be used with the adhesive
      compositions of this invention. Although the amount of solvent is not
      especially critical, the solvent generally will be used in an amount such
      as to provide a solution or dispersion containing about 40-90, preferably
      60-85, weight percent solvent, with the remainder of the solution or
      dispersion comprising the first copolymer, the second copolymer,
      tackifier, and other substances which optionally can be present, e.g.,
      pigments, wetting agents, antioxidants, curatives, reinforcing agents,
      fillers, and the like.
PAR  The weight ratio of the first copolymer to the second copolymer is
      generally within the range of about 20:1 to about 1.5:1, preferably being
      within the range of about 20:1 to about 3:1.
PAR  The weight ratio of the combined weights of the first and second copolymers
      to the weight of the tackifier is within the range of about 0.1:1  to
      about 10:1, preferably being within the range of about 0.5:1 to about 2:1.
PAR  When the various components of the adhesive combination of this invention
      are blended together, the order of mixing is not critical; one can measure
      each component into an apparatus suitable for blending in any order
      accompanied by mixing, or mixing can be deferred until all of the
      components have been introduced into the blending apparatus. Mixing can
      proceed by any method known in the art for mixing viscous material. Mixing
      should continue until the solution viscosity assumes a constant value.
PAR  The polymer blends of this invention which comprise the block copolymers
      described above find their particular utility in the area of adhesive
      formulations, caulking compounds, sealants, mastics, and the like. In
      particular, the polymer blends of this invention are especially suited to
      the preparation of pressure-sensitive adhesive formulations, i.e.,
      compositions comprising the above blend of block copolymers, solvent,
      tackifier, antioxidant, and the like. They can also be employed in contact
      adhesive formulations and hot melt adhesive formulations. As indicated
      above, a blend of this invention can be employed in the presence of
      conventional fillers, tackifiers, antioxidants, pigments, stabilizers, and
      diluents, to form the above-mentioned adhesive formulations.
PAR  The following examples illustrate the use of the present invention.
PAR  The block copolymers utilized in preparing the adhesive formulations of
      this invention are given in the following table.
TBL                TABLE I                                                     

     ______________________________________                                    

     Polymer Type Schedule                                                     

     Designation                                                               

                Description                                                    

     ______________________________________                                    

     K        Branched block copolymer of 1,3-butadiene                        

              and styrene prepared according to recipe                         

              for copolymer "K", having terminal block                         

              segments of block polystyrene.                                   

     L        Linear block copolymer of 1,3-butadiene                          

              and styrene prepared according to recipe                         

              for copolymer "L", having terminal block                         

              segments of block polybutadiene.                                 

     M        Radial block copolymer of 1,3-butadiene                          

              and styrene commercially available as                            

              "Solprene* 411", a commercial radial 70:30                       

              (by weight) 1,3-butadiene:styrene block                          

              copolymer, having terminal block                                 

              segments of block polystyrene.                                   

     N        Linear block copolymer of 1,3-butadiene                          

              and styrene prepared according to recipe                         

              for copolymer "N" having terminal                                

              block segments of block polybutadiene.                           

     ______________________________________                                    

PAR  It will be noted that the polymer types employed include branched block
      copolymers, linear block copolymers and radial block copolymers. Copolymer
      M is not included under the K designation because it was not prepared
      according to exactly the same recipe as was the K copolymer; however,
      copolymers K and M, both being of the same type, were similarly prepared.
PAR  Copolymer "K" was prepared for use in adhesive formulations in accordance
      with the following recipe:
TBL  Recipe for Copolymer "K"                                                  

                      Parts by weight, or                                      

                      (mhm)                                                    

     ______________________________________                                    

     Cyclohexane        780                                                    

     Styrene             30                                                    

     1,3-Butadiene       70                                                    

     n-Butyllithium, mhm                                                       

                        (2.2)                                                  

     Tetrahydrofuran     0.05                                                  

     Epoxol 9-5(a)      0.4                                                    

      (a)an epoxidized linseed oil which can be                                

     described as glycerol, 1-(9,10:12,13:15,16-                               

     triepoxyoctadecanoate)-2-(9,10:12,13-                                     

     diepoxyoctadecanoate)-3-(9,10-epoxyocta-                                  

     decanoate).                                                               

     ______________________________________                                    

      *Trademark, Phillips Petroleum Co.                                       

PAR  Polymerization was initiated at 70.degree. C. with styrene, n-butyllithium
      and tetrahydrofuran present in the cyclohexane diluent. Polymerization was
      continued for about 30 minutes. 1,3-Butadiene was then added and
      polymerization was continued for an additional 30 minutes. Epoxol 9-5 was
      then added and polymerization continued for an additional 30 minutes. At
      the conclusion of the polymerization, the reaction mixture was charged
      with an antioxidant, N-phenyl-2-naphthylamine, and a terminating agent,
      isopropyl alcohol. The solvent was removed, leaving the polymer as
      product.
PAR  Block copolymer "L" was prepared in accordance with the following recipe:
TBL  Recipe for Copolymer "L"                                                  

                      Parts by weight, or                                      

                      (mhm)                                                    

     ______________________________________                                    

     Cyclohexane        780                                                    

     1,3-Butadiene       70                                                    

     sec-Butyllithium, mhm                                                     

                        (1.0)                                                  

     Styrene             30                                                    

     ______________________________________                                    

PAR  Polymerization was initiated at 70.degree. C. with sec-butyllithium and one
      half the indicated amount of 1,3-butadiene present in the cyclohexane
      diluent. Polymerization was continued for 45 minutes. Styrene was then
      added and polymerization continued for an additional 30 minutes. The
      remainder of the 1,3-butadiene was then added and polymerization resumed
      for 45 minutes. At the conclusion of the polymerization the reaction
      mixture was charged with the antioxidant solution described above and the
      polymer recovered as described above for copolymer "K".
PAR  Block copolymer "N" was prepared in accordance with the following recipe:
TBL  Recipe for Copolymer "N"                                                  

                      Parts by weight, or                                      

                      (mhm)                                                    

     ______________________________________                                    

     Cyclohexane        860                                                    

     1,3-Butadiene       70                                                    

     sec-Butyllithium, mhm                                                     

                        (1.1)                                                  

     Styrene             30                                                    

     ______________________________________                                    

PAR  Polymerization and recovery of copolymer "N" was substantially the same as
      for copolymer "L".
PAR  Copolymer "M" was Solprene* 411, a commercial radial block copolymer of
      1,3-butadiene and styrene containing 30.3 percent by weight total styrene
      and 29.8 percent by weight block polystyrene, and having a Mooney
      viscosity (MS-4 at 280.degree. F.) of 87, inherent viscosity of 1.51 and
      an approximate molecular weight of 300,000.
FNT  *Trademark, Phillips Petroleum Co.
PAR  Adhesive formulations utilizing the polymers listed in Table I were
      prepared according to the schedule given in Table II. These formulations
      were tested as shown in Table III.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Formulation of Adhesive Compositions                                      

     Polymer Combination           Anti-.sup.(a)                               

     Formu-                                                                    

         .sup.() Parts by                                                      

                .sup.() Parts by                                               

                            Tackifier.sup.(b)                                  

                                   oxidant                                     

                                        Solvent                                

     lation                                                                    

         Weight Weight Polymer                                                 

                            Parts by                                           

                                   Parts by                                    

                                        Parts by Weight                        

                                                   AFV.sup.(d), cPs            

     No. Polymer.sup.()                                                        

                Polymer.sup.()                                                 

                       Ratio                                                   

                            Weight Weight                                      

                                        Naphtha(c)                             

                                              Toluene                          

                                                   at 24.degree.C.             

     __________________________________________________________________________

     1   100 K  --     --   100    1    419   47    (e)                        

     2   --     100 L  --   100    1    419   47    (e)                        

     3    90 K   10 L  9:1  100    1    419   47   1310                        

     4   100 M  --     --   100    1    373   93   2260                        

     5    90 M   10 N  9:1  100    1    373   93   2540                        

     6    80 M   20 N  4:1  100    1    373   93   2600                        

     7    70 M   30 N  7:3  100    1    373   93   2860                        

     8    50 M   50 N  1:1  100    1    373   93   3420                        

     9   --     100 N  --   100    1    373   93   4800                        

     __________________________________________________________________________

      .sup.(a) Octadecyl ester of 3(3,5-di-tert-butyl-4-hydroxy)phenylpropionic

      acid.                                                                    

      .sup.(b) Hydrogenated rosin ester of pentaerythritol.                    

      .sup.(c) ASTM Precipitation Grade, b.p. 135-225.degree. F.               

      .sup.(d) Adhesive Formulation Viscosity. Brookkfield viscosity at 24" C. 

      determined in 4-oz. bottles with No. 4 spindle at 20-50 RPM.             

      .sup.(e) Polymer would not dissolve in the formulation solvent. The amoun

      of toluene was doubled to provide a solution for testing.                

TBL                TABLE III                                                   

     ______________________________________                                    

     Adhesive Properties                                                       

                         Creep Resistance.sup.(b)                              

     Formulation                                                               

              Tack..sup.(a) g.                                                 

                         Hr. to creep 1/16 inch at 90.degree. C.               

     ______________________________________                                    

     1        620        0.8                                                   

     2        620        0.1                                                   

     3        900        1.2                                                   

     4        757        26                                                    

     5        787        27                                                    

     6        807        13                                                    

     7        880        12                                                    

     8        813        8                                                     

     9        533        0.1                                                   

     ______________________________________                                    

      .sup.(a) Determined with the polyken Probe Tack Tester according to      

      procedures given in J. Appl. Polymer Sci., 14, p. 2039 (1970).           

      .sup.(b) Creep resistance is based on the time required at 90.degree. C. 

      for 1/16-inch slippage of the bond formed by 1 square inch overlap of an 

      adhesive-coated Mylar film on a steel substrate, the shearing stress bein

      applied by a 2-pound weight hung from the vertical 1-inch wide strip of  

      Mylar film. attached at an angle of 178 degrees relative to the substrate

                                                                               

PAR  The above data indicate that the polymer blends of this invention produce
      adhesive compositions with outstanding tack and cohesive strength.
PAR  It will be evident to those skilled in the art that various modifications
      of this invention can be made, or followed, in the light of the foregoing
      disclosure and discussion, without departing from the spirit or scope
      thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. An adhesive composition comprising:
PA1  a. A block copolymer selected from the group consisting of a linear block
      copolymer represented by the general formula:
EQU  A--B--A
PAL  and a radial block copolymer represented by the general formula:
EQU  Z(--BA).sub.m
PAL  wherein A is a terminal block segment consisting essentially of polymer
      formed from monovinyl-substituted aromatic hydrocarbon units which
      comprise 20 to 40 weight percent of said block copolymer, B is a block
      segment consisting essentially of polymer formed from conjugated diene
      hydrocarbon units which comprise 60 to 80 weight percent of said block
      copolymer, Z is derived from a polyfunctional compound having at least
      three reactive sites, and m is an integer having a value of not less than
      3;
PA1  b. a block copolymer selected from the group consisting of a linear block
      copolymer represented by the general formula:
EQU  B--A--B
PAL  and a radial block copolymer represented by the general formula:
EQU  Z(--AB).sub.n
PAL  wherein B is a terminal block segment consisting essentially of polymer
      formed from conjugated diene hydrocarbon units which comprise 30 to 90
      weight percent of said block copolymer, A is a block segment consisting
      essentially of polymer formed from monovinyl-substituted aromatic
      hydrocarbon units which comprise 10 to 70 weight percent of said block
      copolymer, Z is derived from a polyfunctional compound having at least
      three reactive sites, and n is an integer having a value of not less than
      3;
PA1  c. a resinous tackifier; and,
PA1  d. an organic solvent which is inert toward each of said (a), (b) and (c);
      wherein the weight ratio of said first block copolymer (a) to said second
      block copolymer (b) is in the approximate range of 20:1 to 1.5:1 and
      wherein the weight ratio of the combination of said (a) and (b) to said
      tackifier (c) is in the approximate range of 0.05:1 to 20:1.
NUM  2.
PAR  2. The adhesive composition of claim 1 wherein each of said block segments
      of each of said block copolymers (a) and (b) is made from at least one
      monomer selected from the group consisting of conjugated dienes having
      from 4 to 12 carbon atoms per molecule and monovinyl-substituted aromatic
      hydrocarbons having from 8 to 24 carbon atoms per molecule.
NUM  3.
PAR  3. The adhesive composition of claim 2 wherein said organic solvent is
      selected from saturated aliphatic, saturated cycloaliphatic, and aromatic
      hydrocarbons and further wherein the concentration of said solvent in said
      adhesive composition is in the range of about 40 to about 90 percent by
      weight.
NUM  4.
PAR  4. The adhesive composition of claim 3 wherein said block copolymer (a) is
      a linear block copolymer and said block copolymer (b) is a linear block
      copolymer.
NUM  5.
PAR  5. The adhesive composition of claim 3 wherein said block copolymer (a) is
      a linear block copolymer and said block copolymer (b) is a radial block
      copolymer.
NUM  6.
PAR  6. The adhesive composition of claim 3 wherein said block copolymer (a) is
      a radial block copolymer and said block copolymer (b) is a linear block
      copolymer.
NUM  7.
PAR  7. The adhesive composition of claim 3 wherein said block copolymer (a) is
      a radial block copolymer and said block copolymer (b) is a radial block
      copolymer.
NUM  8.
PAR  8. The adhesive composition of claim 5 wherein said block copolymer (a) is
      formed from 1,3-butadiene and styrene having an approximate
      butadiene:sytyrene ratio of 70:30 by weight and wherein said block
      copolymer (b) is formed from 1,3-butadiene and styrene having an
      approximate butadiene:styrene ratio of 70:30 by weight, said tackifier is
      a hydrogenated rosin ester of pentaerythritol and said solvent is naphtha.
PATN
WKU  039323285
SRC  5
APN  4073312
APT  1
ART  141
APD  19731017
TTL  Hot melt adhesive composition and tape
ISD  19760113
NCL  5
ECL  1
EXA  Fletcher; H. H.
EXP  Czaja; Donald E.
INVT
NAM  Korpman; Ralf
CTY  Somerville
STA  NJ
ASSG
NAM  Johnson & Johnson
CTY  New Brunswick
STA  NJ
COD  02
RLAP
COD  71
APN  195015
APD  19711102
PSC  03
CLAS
OCL  260 27BB
XCL  260 27R
XCL  260 336AQ
XCL  260876B
XCL  260880B
XCL  428355
XCL  428512
EDF  2
ICL  C08K  501
ICL  C08L 5302
ICL  C08L 9304
ICL  C09J  704
FSC  260
FSS  27 R;27 BB;33.6 AQ;876 B;880 B
FSC  117
FSS  122
FSC  428
FSS  355;512
UREF
PNO  3239478
ISD  19660300
NAM  Harlan
OCL  260 27R
UREF
PNO  3325430
ISD  19670600
NAM  Grasley
OCL  260 27BB
UREF
PNO  3577398
ISD  19710500
NAM  Pace
OCL  260879
UREF
PNO  3632540
ISD  19720100
NAM  Unmuth
OCL  260 27R
UREF
PNO  3649579
ISD  19720300
NAM  Gobran
OCL  260 27R
UREF
PNO  3736281
ISD  19730500
NAM  Russell
OCL  260 27R
ABST
PAL  A hot melt pressure-sensitive adhesive composition and tape wherein the
      adhesive comprises an elastomeric component based on an elastomeric and
      thermoplastic A-B-A block copolymer wherein the B blocks are derived from
      isoprene and the A blocks are derived from styrene, and a unique tackifier
      component based on a blend of solid and liquid tackifier resins. The
      elastomeric and tackifier components are combined in specific proportions,
      as are the solid and liquid tackifier resins in the tackifier component.
      Preferred solid and liquid tackifier resins are disclosed.
PARN
PAR  This is a continuation of my co-pending application Ser. No. 195,015 filed
      Nov. 2, 1971, and now abandoned.
BSUM
PAR  The present invention relates to solvent-free hot melt pressure-sensitive
      adhesive compositions and to normally tacky and pressure-sensitive
      adhesive tapes made therefrom.
PAR  Conventional hot melt adhesives are those which are applied to substrates
      in the form of a liquid melt which solidifies on cooling and normally is
      not tacky and pressure-sensitive after application.
PAR  The coating of solvent-free pressure-sensitive adhesives has been a long
      felt goal of the adhesive tape industry. The elimination of solvent
      removes a fire hazard, lowers cost substantially and eliminates the
      problem of air pollution.
PAR  One approach has been to calendar the adhesive without solvent, but this
      requires extremely precise and expensive equipment which also is costly to
      maintain. Furthermore, this method of coating is not satisfactory for
      applying very thin adhesive layers.
PAR  Prior attempts to formulate solvent-free hot melt pressure-sensitive
      adhesives have not been satisfactory in that the adhesives invariably have
      had very poor performance characteristics. For instance, these adhesives
      had low hold properties and low plasticities and have been extremely
      temperature sensitive. The low plasticity of these adhesives resulted in
      roll deformation, i.e., telescoping, gapping and gearing, on aging of tape
      rolls made therefrom.
PAR  U.S. Pat. No. 3,239,478 discloses a new type of adhesive comprising an
      elastomeric and thermoplastic A-B-A block polymer, a solid tackifier resin
      and an extender oil. Although this adhesive is said to be capable of
      formulation as a hot melt adhesive at high oil contents, the resulting
      product also possesses very poor properties and is unsatisfactory as a
      pressure-sensitive adhesive for most applications.
PAR  I have discovered that, contrary to the teachings of U.S. Pat. No.
      3,239,478, I can formulate a superior solvent-free hot melt
      pressure-sensitive adhesive composition by combining an elastomeric
      component based on one particular type of elastomeric and thermoplastic
      A-B-A block copolymer with a unique tackifier component based on a blend
      of solid and liquid tackifier resins within a specific range of
      proportions of tackifier component to elastomeric component; provided that
      the formulation is substantially free of any extender oil or similar oily
      extending material. The adhesive of my invention is formulated in such a
      way that about 125-300 parts, preferably 140-200 parts of the tackifier
      component are present in the adhesive per 100 parts of the elastomeric
      component; and preferably possesses a Brookfield Viscosity at 350.degree.
      F. of about 10,000-75,000 and a Williams Plasticity at 150.degree. F. of
      at least about 1.75 mm.
PAR  The unique hot melt adhesive of my invention, not only possesses the
      aforesaid relatively high Williams Plasticity, but also ages well, and
      exhibits very acceptable quickstick, hold and other performance
      characteristics. Furthermore, my adhesive can readily be applied with
      conventional hot melt application equipment at relatively low cost and at
      high speeds. Solvent costs and air pollution are eliminated.
PAR  The A-B-A block copolymer useful in the elastomeric component of this
      invention comprises an elastomeric B-block (center block) derived from
      isoprene, i.e., polymerized from isoprene either alone or in conjunction
      with a small proportion of other monomers; and thermoplastic A-blocks (end
      blocks) derived from styrene, i.e., polymerized from styrene or styrene
      homologues. The individual A-blocks have a number average molecular weight
      of at least about 7,000 preferably in the range of about 12,000 - 30,000,
      and the A-blocks constitute about 8-35 and preferably about 12-25 percent
      by weight of the block copolymer. The above described A-B-A block
      copolymer may be used as the sole elastomeric constituent of the adhesive,
      and it is preferred that the elastomeric component consist essentially of
      this type of block polymer. However, the elastomeric component of the
      adhesive may include a small proportion by weight of an additional more
      conventional diene elastomer such as natural rubber, or polymers based on
      butadiene, isoprene, butadiene-styrene (SBR rubber),
      butadiene-acrylonitrile (NBR rubber), butyl rubber, or the like, and also
      may include other block polymers based on such diene elastomers.
PAR  According to my invention, the solid and liquid tackifier resins are
      blended in such a way that the proportion of solid to liquid tackifiers in
      the tackifier component ranges between about 4 to 1 and 1 to 3, preferably
      2.5 to 1 and 1 to 1. Solid tackifier resins are those which are friable or
      brittle at room temperature, i.e., about 25.degree. C., and normally have
      softening points above about 60.degree. C., whereas liquid tackifier
      resins are liquid at room temperature, or about 25.degree. C., under
      otherwise normal ambient conditions. Preferably, the solid tackifier
      resins possess a number average molecular weight above about 900 and the
      liquid tackifier resins possess a number average molecular weight below
      about 700.
PAR  Liquid tackifier resins for the purposes of this invention are materials
      generally selected from the group consisting of liquid hydrocarbon resins,
      liquid polyterpenes, liquid rosin esters, liquid polystyrene resins, and
      the like. The solid tackifier resins are of the type listed in Column 5 of
      U.S. Pat. No. 3,239,478 and include rosin and rosin derivatives,
      polyterpenes, coumarone indenes, hydrocarbon resins, and the like. In this
      connection, it should be noted that the rosin esters listed in that patent
      are solids as are all of the tackifier resins referred to therein.
PAR  A preferred tackifier component according to this invention comprises a
      blend of similar solid and liquid hydrocarbon resins of a particular type.
      These preferred resins are polymerized from a stream of aliphatic
      petroleum derivatives in the form of dienes and mono-olefins having 5 or 6
      carbon atoms generally in accordance with the teachings of U.S. Pat. No.
      3,577,398. The resulting solid hydrocarbon resin consists essentially of
      polymerized structures derived from these aliphatic dienes and
      mono-olefins of 5 or 6 carbon atoms and since the dienes are more
      reactive, at least 40 percent by weight and preferably a major proportion
      of said structures are derived from the dienes. In this type of resin, the
      dienes are piperylene and/or isoprene. However, in some formulations, the
      percentage of isoprene is extremely low. In the solid resin of this
      embodiment the molecular weight may range between about 900 and 1300 with
      the mean number average molecular weight being about 1100. This solid
      resin also has a softening point in the neighborhood of 100.degree. C. In
      one preferred form, i.e., Wingtack 95 offered by Goodyear Chemical
      Company, the softening point is 95.degree. C.
PAR  The preferred liquid hydrocarbon tackifier resin of this embodiment of the
      invention also consists essentially of polymerized structures derived from
      aliphatic dienes and mono-olefins of 5 or 6 carbon atoms, at least 40
      percent by weight and preferably a major proportion of which are derived
      from piperylene or from piperylene and isoprene. However, this resin is
      liquid at 25.degree. C. and has a number average molecular weight of about
      500-600, i.e., in Resin W, referred to herinafter in the Examples, the
      number average molecular weight is 530. This liquid resin also contains a
      higher percentage of structures derived from the dienes piperylene and/or
      isoprene, i.e., in the neighborhood of 75% or more by weight of the
      resulting resin. Similarly, in the liquid resin, the amount of
      unsaturation is considerably higher. For instance, with the unsaturation
      expressed in percentage of polymerized units in each molecule having a
      double bond as compared with the total number of units in a molecule, the
      solid resin normally only will have about 10-15% or slightly more
      unsaturation, whereas the liquid resin may have over 25% unsaturation.
PAR  This invention also contemplates that conventional additives may be used in
      the adhesive formulation for various purposes. For instance, antioxidants
      such as 2,5 ditertiary amyl hydroquinone and tertiary butyl cresol may be
      used, as may conventional heat stabilizers such as the zinc salts of alkyl
      dithiocarbamates. Ultra-violet absorbers also may be added to the adhesive
      when improved outdoor weathering is required. Conventional inorganic
      fillers, pigments and coloring agents such as zinc oxide, aluminum
      hydrate, carbon black, clay, calcium carbonate, titanium dioxide and
      others may be used to extend the adhesive and alter its appearance or
      physical properties.
PAR  There are various methods of mixing the ingredients of the hot melt
      pressure-sensitive adhesive composition of this invention and coating the
      composition onto a flexible backing to form a pressure-sensitive adhesive
      tape. Since the block copolymer of this invention, in its preferred form,
      is particulate, one method is to thoroughly blend the dry block polymer
      particles with the solid tackifier resin particles, charge the dry blend
      into the inlet of an extruder and then pump the liquid tackifier into the
      extruder barrel where the formulation will be completely mixed. The
      opposite approach is to form a hot melt of the solid and liquid resins,
      i.e., to melt the solid resin particles with the liquid resins and
      maintain the melt at a temperature of approximately 175.degree. C., and
      then add the block copolymer in the form of small particles which are
      thoroughly mixed in the resin melt. Another method is merely to place all
      the ingredients in a vessel and heat the contents at a low temperature,
      i.e., about 120.degree. C. for 24 hours. At the end of the 24 hour period
      the temperature of the ingredients can be raised to approximately
      175.degree. C. to reduce their viscosity and allow them to be stirred to
      form a thorough mixture in accordance with this invention.
PAR  Similarly, there are a number of methods which may be employed to coat the
      resulting hot melt pressure-sensitive adhesive composition onto a flexible
      backing sheet to form a pressure-sensitive sheet or tape. For instance,
      coating techniques such as hot reverse roll coating, hot gravure coating
      and hot knife coating may be employed. Furthermore, these techniques may
      be varied such as by using a hot roller or rod in place of a conventional
      blade in the so-called knife coating process. However, a preferred
      technique is to pump the hot melt composition through a hot die and then
      wipe the sheet over the die to pick up an adhesive layer of the desired
      weight or thickness. Generally speaking, the amount of adhesive applied to
      the sheet by this technique will depend upon the die opening and internal
      pressure and the speed of the sheet passing the die.
PAR  The resulting adhesive coated sheets and tapes of this invention are more
      than satisfactory for most applications. They possess satisfactory
      adhesive strength and high quickstick and perform quite satisfactorily in
      most applications at elevated temperatures. For instance, the adhesives
      and tapes of this invention will perform satisfactorily at temperatures up
      to 170.degree. F. without offsetting of adhesive, a working temperature
      which is not possible with prior art hot melt adhesives which tend to
      offset above about 120.degree. F. Other and further advantages of this
      invention will appear to one skilled in the art from the following
      examples and claims.
PAR  The following examples are given only by way of illustration and are not
      intended to limit the scope of the invention in any way. Table A gives the
      adhesive formulations for Examples I-V and the physical properties of
      pressure-sensitive adhesive tapes made therefrom. In the examples, all
      proportions are given in parts per 100 parts by weight of the elastomeric
      component unless otherwise shown.
TBL                                    TABLE A                                 

     __________________________________________________________________________

     Material          I    II   III  1V   V                                   

     __________________________________________________________________________

     Kraton 1107 Elastomeric                                                   

                       100  100  100  100  100                                 

      Component                                                                

     Wingtack 95 Solid 120  100  100  100                                      

      Tackifier                                                                

     Resin W Liquid    50   25   100  40                                       

      Tackifier                                                                

     Foral 105 Solid                       120                                 

      Tackifier                                                                

     Staybelite Ester No. 3                50                                  

      Liquid Tackifier                                                         

     Zinc Dibutyl Dithiocarbamate                                              

                       2    2    2    2    2                                   

     Ethyl 330 Antioxidant                                                     

                       1    1    1    1    1                                   

     Adhesion to Steel 47   43   34   40   42                                  

      ozs/inch width                                                           

     Quickstick        6    9    11   9    7                                   

     20.degree. Hold to Chrome (Hrs. & Min.)                                   

                       3:50 4:40 3:25 4:00 3:00                                

     Brookfield Viscosity (approx.)                                            

                       40,000                                                  

                            90,000                                             

                                 34,000                                        

                                      60,000                                   

                                           25,000                              

      350.degree. F.                                                           

     __________________________________________________________________________

PAR  In formulating the adhesives for examples I-IV, all of the ingredients
      except the Kraton 1107 are melted at 175.degree. C. and then the Kraton
      1107 elastomer is added in the form of small particles, i.e.,
      substantially less than 5 millimeters in average cross dimension to form a
      dispersion in the melt. The resin and the elastomer then are thoroughly
      mixed and the resulting hot melt adhesive composition is forced through a
      die slot and wiped onto a unified creped paper backing sheet passing the
      die at a linear speed of approximately 600 feet per minute. The resulting
      product is cooled and then wound into rolls for storage. Rolls of
      pressure-sensitive adhesive tapes are formed from this coated sheet by
      slitting the sheet in accordance with conventional techniques. The
      adhesive formulation of Example V is mixed by placing all the ingredients
      into a kettle heated to 250.degree. F. and letting them stand for
      approximately 24 hours. Then the heated blend is elevated to 350.degree.
      F. and stirred for a short mixing cycle, i.e., 90 minutes to thoroughly
      mix the ingredients. The resulting composition then is hot knife coated
      onto a 11/2 mil thickness film of polyethylene teraphthalate to form a
      pressure-sensitive adhesive sheet and the coated sheet is rolled up for
      storage and subsequently made into tapes as described for the foregoing
      examples.
PAR  In obtaining the physical properties listed in Table A, the adhesive
      strength or adhesion to steel is measured by peeling the tape backing over
      itself 180.degree. at a constant speed (by a force applied to the free end
      of the tape) from a smooth steel surface to which it has been applied by a
      fixed pressure. For the techniques used in conducting this test, see the
      180.degree. peel adhesion test PSTC-1 of the Pressure Sensitive Tape
      Council.
PAR  Quickstick is measured by laying a length of tape, adhesive side up, upon a
      horizontal surface and then rolling a plastic ping pong ball down an
      incline onto the adhesive. The vertical height at which the ball starts
      and the distance the ball rolls along the tape before coming to rest is
      measured. Quickstick is reported as the height in inches raised to the
      three-halves power, divided by the distance rolled in inches. This ratio
      is found to be a constant for a given tape. The ball used is approximately
      1 inch in diameter, and weighs approximately 2 grams. Its outer surface is
      carefully cleaned between each test.
PAR  20.degree. Hold to chrome is measured at room temperature, i.e., 25.degree.
      C. by noting the time in hours that it takes for a 1/2 inch wide strip of
      tape to be pulled from a chrome coated steel plate by a 400 gram weight
      attached to the bottom of the tape. For this purpose, a 1/2 inch length at
      the end of the tape is adhered to the chrome plate which is disposed at
      20.degree. to the vertical in such a way that the tape attached to the
      weight below the adhered portion makes a 20.degree. angle with the plate.
PAR  Viscosity is measured with a Brookfield Viscometer, Moded LVF, using a No.
      4 Spindel rotating at 60 r.p.m. in a Thermosel heater.
PAR  It should be noted that the tapes of each of Examples I-V possess excellent
      quickstick and good adhesion to steel and hold to chrome. Each tape also
      is capable of removal from a smooth surface without offsetting of adhesive
      after having been adhered to the surface for an extended period, such as
      while exposed to a temperature of approximately 75.degree. C.
PAR  Kraton 1107 is a thermoplastic elastomeric A-B-A block polymer of this
      invention offered by the Shell Chemical Company, wherein the styrene
      content (that of the A blocks) is about 12-15%, closer to 15% by weight of
      the block polymer and the polymer possesses a solution viscosity of about
      2000 centipoises at 25% solids in toluene at room temperature (using a
      Brookfield Viscometer with a No. 4 Spindle at 60 r.p.m.), and a number
      average molecular weight of about 110,000-125,000.
PAR  Wingtack 95 resin is a solid tackifier resin consisting predominantly of
      polymerized structures derived from piperylene and isoprene, with the
      ratio of piperylene to isoprene derived structures being at least about 8
      or 9 to 1, and with the remainder being derived from mono-olefins. It
      appears to contain about 12-15 percent unsaturation based upon percentage
      of units in each molecule having a double bond. The said resin is
      polymerized from a stream of aliphatic petroleum derivatives in the form
      of dienes and mono-olefins having 5 or 6 carbon atoms all in accordance
      with the general teachings of the aforesaid U.S. Pat. No. 3,577,398. This
      resin possesses a softening point of about 95.degree. C. by the ball and
      ring method, a number average molecular weight of about 1100 and is
      offered commercially by Goodyear Tire and Rubber Company.
PAR  Resin W is a liquid tackifier resin also consisting predominantly, i.e.,
      about 75% of polymerized structures derived from piperylene and isoprene.
      However, this resin is liquid at 25.degree. C. and has a number average
      molecular weight of about 530. It appears to have at least about 25%
      unsaturation, as explained hereinbefore. It also contains a lesser
      percentage of structures derived from mono-olefins and is offered
      commercially by Goodyear Tire and Rubber Company as liquid Wingtack Resin.
PAR  Foral 105 Solid Tackifier is the pentaerythritol ester of highly stabilized
      rosin having a melting point of 105.degree. C. and is offered by the
      Resins Division of Hercules, Inc. Staybelite Ester No. 3 Liquid Tackifier
      is the diethylene glycol ester of hydrogenated rosin and is a viscous
      liquid at 25.degree. C. It also is offered commercially by the Resins
      Division of Hercules, Inc. Ethyl 330 Antioxidant is
      1,3,5-trimethyl-2,4,6-tris (3,5-di-tertiary butyl-4-hydroxy benzyl)
      benzene.
PAR  Having now described the invention in specific detail and exemplified the
      manner in which it may be carried into practice, it will be readily
      apparent to those skilled in the art that innumerable variations,
      applications, modifications, and extensions of the basic principles
      involved may be made without departing from its spirit or scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A substantially oil-free hot melt pressure-sensitive adhesive
      composition comprising an elastomeric component which comprises a major
      amount by weight of said component of an A-B-A block copolymer wherein B
      is an elastomeric polymer block derived from isoprene and A is a
      thermoplastic polymer block derived from styrene, said A blocks
      constituting about 8-35 percent by weight of the block copolymer; and
      about 125-300 parts per one hundred parts by weight of the elastomeric
      component of a tackifying component consisting essentially of a blend of
      normally solid and liquid tackifier resins, the proportion of solid resin
      to liquid resin in the blend being between about 4 to 1 and 1 to 3, said
      solid resins being normally friable at about 25.degree. C. and said liquid
      resins being in a liquid state at about 25.degree. C., and said solid
      resins consisting essentially of polymerized structures derived from
      aliphatic dienes and mono-olefins of 5 or 6 carbon atoms, at least 40
      percent by weight of said structures being derived from piperylene or from
      piperylene and isoprene.
NUM  2.
PAR  2. A pressure-sensitive adhesive composition according to claim 1, wherein
      said liquid tackifier resins are selected from the group consisting of
      liquid hydrocarbons, liquid rosin esters and liquid polystyrenes.
NUM  3.
PAR  3. A pressure-sensitive adhesive composition according to claim 1, wherein
      said solid tackifier resins have a softening point above about 60.degree.
      C.
NUM  4.
PAR  4. A pressure-sensitive adhesive composition according to claim 1, wherein
      said solid tackifier resins have a number average molecular weight above
      about 900 and said liquid tackifier resins have a number average molecular
      weight below about 700.
NUM  5.
PAR  5. A pressure-sensitive adhesive composition according to claim 1, wherein
      said liquid tackifier resins also consist essentially of polymerized
      structures derived from aliphatic dienes and mono-olefins of 5 or 6 carbon
      atoms, at least 40 percent by weight of said structures being derived from
      piperylene or from piperylene and isoprene.
PATN
WKU  039323293
SRC  5
APN  4937732
APT  1
ART  141
APD  19740801
TTL  Adhesive composition
ISD  19760113
NCL  7
ECL  1
EXP  Jacobs; Lewis T.
INVT
NAM  Lakshmanan; Pallavoor R.
CTY  Allison Park
STA  PA
ASSG
NAM  Gulf Research & Development Company
CTY  Pittsburgh
STA  PA
COD  02
CLAS
OCL  260 27R
XCL  260 285A
EDF  2
ICL  C08L 9304
FSC  260
FSS  27 R;880 B;28.5 A
UREF
PNO  3198760
ISD  19650800
NAM  Widenor
OCL  260 27R
UREF
PNO  3231635
ISD  19660100
NAM  Holden
OCL  260880
UREF
PNO  3658740
ISD  19720400
NAM  Marrs
OCL  260 27R
OREF
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ABST
PAL  An adhesive composition consisting essentially of a styrene-isoprene block
      copolymer, a zinc salt of rosin and a microcrystalline wax.
BSUM
PAR  This invention relates to an adhesive composition having a bond strength at
      room temperature (about 72.degree. F.) and above of at least about one
      pound per inch, preferably at least about 1.5 pounds per inch, consisting
      essentially of a styrene-isoprene block copolymer, a zinc salt or rosin
      (zinc resinate) and a microcrystalline wax.
PAR  The styrene-isoprene block copolymer product present in the adhesive
      composition of the present invention has the following general
      configuration:
EQU  A -- B -- A
PAL  wherein each terminal A is a styrene polymer block with a glass transition
      temperature above about room temperature (26.degree. C.) and which is
      relatively incompatible with the elastomeric segment B, defined
      hereinafter, with the average molecular weight of each A being from about
      2,000 to about 100,000, preferably from about 5,000 to about 50,000. The
      molecular weight of each segment A need not be the same. B is an isoprene
      polymer with a glass transition temperature below about room temperature
      (26.degree. C.), with the average molecular weight of B being from about
      25,000 to about 1,000,000, preferably from about 50,000 to about 500,000.
      The difference in glass transition temperature between an end block A, and
      a center block B, is preferably greater than about 100.degree. C. In the
      block copolymer used herein the total of the terminal blocks A will amount
      to about eight to about 50 weight per cent, preferably about 10 to about
      40 weight per cent, based on the total weight of the block copolymer.
PAR  The second component of the adhesive herein is a zinc salt of rosin
      (including a disproportionated rosin) having a zinc content of between
      about four and about nine weight per cent and a melting point (Ring and
      Ball softening points) of between about 80.degree. to about 190.degree. C.
      Rosin disproportionation involves, for example, heating the resin in
      excess of 200.degree. C. to convert the oxidation-susceptible sites, e.g.,
      conjugated double bond in the abietic acid structure, to less susceptible
      structures, such as dehydro-abietic acid, tetrahydro-abietic acid and
      dihydro-abietic acid.
PAR  The third component of the claimed adhesive is a microcrystalline wax. By
      "microcrystalline wax", I intend to include branched-chain hydrocarbons
      and alkylcycloaliphatic (naphthenic hydrocarbons) as well as
      straight-chain hydrocarbons whose molecular weight range is from about 400
      to about 800, as defined, for example, in Encyclopedia of Polymer Science
      and Technology, Interscience Publishers-A division of John Wiley, New
      York, New York -- 1971 -- Volume 14, pages 770 and 771.
PAR  The adhesive composition herein will consist essentially of the following
      components:
TBL                 Weight Per Cent                                            

                      Broad       Preferred                                    

     Component        Range       Range                                        

     ______________________________________                                    

     Styrene-Isoprene 15-40       20-35                                        

     Block Copolymer                                                           

     Zinc Salt        15-50       20-50                                        

     of Rosin                                                                  

     Microcrystalline 70-10       60-15                                        

     Wax                                                                       

     ______________________________________                                    

PAR  If desired, an antioxidant, such as
      1,3,5-trimethyl-2,4,6-(3,5-ditertiarybutyl-4-hydroxybenzyl)benzene or
      dilaurylthiopropionate, can also be incorporated in the adhesive
      composition in an amount of about 0.1 to about five, preferably about 0.2
      to about two, weight per cent, based on the weight of the final
      composition.
PAR  The adhesive composition can be prepared in any conventional manner. Thus,
      for example, a preferred procedure involves the use of the so-called
      melt-mixing technique wherein the microcrystalline wax, together with
      antioxidant, if used, is maintained in a stirred, molten state at a
      temperature of about 100.degree. to about 190.degree. C., preferably about
      130.degree. to about 170.degree. C., during which time the zinc salt of
      rosin is added thereto, followed by the styreneisoprene block copolymer.
      Mixing is continued until a homogeneous mixture is obtained.
PAR  The new adhesives of the present invention can be used as a hot melt
      adhesive to bond a plastic film, such as polyethylene, to itself or to
      paper, cardboard, aluminum foil, etc. In particular the new adhesives can
      be used to bond polyethylene to itself. A particularly preferred utility
      resides in bonding polyethylene to itself in the preparation of
      polyethylene grocery bags that are often used in place of Kraft paper
      grocery bags. In making such bags that would be competitive with those
      made of Kraft paper it is desirable that polyethylene bags have a bond
      strength at room temperature (about 72.degree. F.) and above of at least
      about one pound per inch, preferably at least about 1.5 pounds per inch.
PAR  The improved adhesive compositions of the present invention can be
      understood by reference to the following. Compositions were prepared
      following the melt-mixing technique described, using a temperature of
      160.degree. to 170.degree. C., containing (1) Kraton 1107; (2) Sta-tac
      100, Staybelite Ester 10 or Zirex; (3) Microwax 15, Multiwax 180M or
      Gulfwax 40; and (4) the antioxidants
      1,3,5-trimethyl-2,4,6-(3,5-ditertiary-4-hydroxybenzyl)benzene and
      dilaurylthiodi-propionate.
PAR  Polyethylene laminate test specimens were prepared by applying each of the
      adhesives so prepared to a 2.0 mil (3 inch .times. 10 inch) high density
      polyethylene film by means of an electrically-operated glue gun that
      dispensed molten adhesive either by mechanical or manual means. The
      adhesive was applied at 149.degree. to 154.degree. C. to the film as a
      continuous bead 1/8 inch wide and then a film of similar dimension was
      placed on top of the film carrying the bead of adhesive. The laminates
      were permitted to rest for 48 hours prior to test specimen preparations.
      Three specimens, each 1 inch .times. 3 inches, were then cut from the film
      samples in a direction across the adhesive direction. The bond strength
      was measured by peeling at the glue line by means of a suitable test
      device, such as an Instron test device, at a peel rate of 2 inches per
      minute. The maximum strength in pounds necessary to cause rupture of the
      bond was noted. The average of three such determinations was recorded. The
      results obtained are tabulated below in Table I.
TBL                                    Table I                                 

     __________________________________________________________________________

     Run Number                                                                

               1  2  3  4  5  6  7  8  9   10   11   12    13  14              

     __________________________________________________________________________

     Components,Grams                                                          

     Kraton 1107                                                               

               20 20 20 20 20 20 20 20 20  20   20   24    20  24              

     Sta-tac 100                                                               

               20 30 None                                                      

                        None                                                   

                           None                                                

                              None                                             

                                 None                                          

                                    None                                       

                                       None                                    

                                           None None None  None                

                                                               30              

     Staybelite                                                                

       Ester 10                                                                

               None                                                            

                  None                                                         

                     20 26 30 None                                             

                                 None                                          

                                    None                                       

                                       None                                    

                                           None None None  None                

                                                               None            

     Zirex     None                                                            

                  None                                                         

                     None                                                      

                        None                                                   

                           None                                                

                              20 26 30 20  26   30   30    26  None            

     Microwax 15                                                               

               60 60 60 54 50 60 54 50 None                                    

                                           None None None  None                

                                                               None            

     Multiwax 180M                                                             

               None                                                            

                  None                                                         

                     None                                                      

                        None                                                   

                           None                                                

                              None                                             

                                 None                                          

                                    None                                       

                                       60  54   50   46    None                

                                                               46              

     Gulfwax 40                                                                

               None                                                            

                  None                                                         

                     None                                                      

                        None                                                   

                           None                                                

                              None                                             

                                 None                                          

                                    None                                       

                                       None                                    

                                           None None None  54  None            

     1,3,5-tri-                                                                

     methyl-2,4,6-                                                             

     (3,5-ditertiary-                                                          

     4-hydroxy                                                                 

     benzyl)benzene                                                            

               0.5                                                             

                  0.5                                                          

                     0.5                                                       

                        0.5                                                    

                           0.5                                                 

                              0.5                                              

                                 0.5                                           

                                    0.5                                        

                                       0.5 0.5  0.5  0.5   0.5 0.5             

     Dilaurylthio-                                                             

       dipropionate                                                            

               0.5                                                             

                  0.5                                                          

                     0.5                                                       

                        0.5                                                    

                           0.5                                                 

                              0.5                                              

                                 0.5                                           

                                    0.5                                        

                                       0.5 0.5  0.5  0.5   0.5 0.5             

     Results                                                                   

     Ring and Ball                                                             

     Softening                                                                 

     Point, .degree.F.                                                         

                194                                                            

                   198                                                         

                     196                                                       

                        196                                                    

                           192                                                 

                               192                                             

                                  200                                          

                                     196                                       

                                       207 207  208  212   188 200             

     Viscosity,                                                                

     Cps at 300.degree.F.                                                      

               1875                                                            

                  2000                                                         

                     475                                                       

                        590                                                    

                           700                                                 

                              1500                                             

                                 1750                                          

                                    1910                                       

                                       11,400                                  

                                           11,200                              

                                                11,200                         

                                                     &gt;25,000                   

                                                           886 10,500          

     Bond Strength,                                                            

     Pounds/Inch At                                                            

       120.degree.F.                                                           

               0.7                                                             

                  0.9                                                          

                     0.5                                                       

                        0.4                                                    

                           0.5                                                 

                              1.1                                              

                                 2.8                                           

                                    2.1                                        

                                       1.3 1.6  1.9  2.5   0.8 0.6             

        73.degree.F.                                                           

               6.4*                                                            

                  6.2*                                                         

                     6.5                                                       

                        6.7                                                    

                           7.3                                                 

                              5.3*                                             

                                 6.1*                                          

                                    6.3*                                       

                                       7.5 6.4  6.6  7.2   6.8 6.7*            

     __________________________________________________________________________

      * Film tore at indicated bond strength                                   

PAR  Referring to the components used in the adhesive compositions above, Kraton
      1107 is a styrene-isoprene block copolymer made and sold by Shell
      Chemicals wherein the terminal styrene block has a molecular weight of
      about 2,000 to about 100,000 and the center isoprene block has a molecular
      weight of about 25,000 to about 1,000,000, with the styrene block
      constituting about 15 per cent by weight of the total block: Sta-tac 100
      is an isoprenepiperylene copolymer made and sold by Rheichold Chemicals,
      Inc., having a melting point of 105.degree. C.; Staybelite Ester 10 is a
      glycerol ester of hydrogenated rosin made and sold by Hercules, Inc.;
      Zirex is a zinc resinate containing 8.75 weight per cent zinc having a
      melting point of 158.degree. to 164.degree. C. and is made and sold by
      Rheichold Chemicals, Inc.; Multiwax 180M is a microcrystalline wax having
      a melting point (ASTM D-127) of 180.degree. to 190.degree. F., a needle
      penetration (ASTM D-1321) at 77.degree.  F. of 15 to 20 and a Saybolt
      Viscosity (ASTM D-88) at 210.degree. F. SUS of 75 to 90 and is made and
      sold by Sonneborn Division of Witco Chemicals Company; Microwax 15 is a
      microcrystalline wax having a melting point (ASTM D-127) of 187.degree. F.
      and is made and sold by International Wax Refining Company; and Gulfwax 40
      has a melting point (ASTM D-87) of 140.1.degree. F., a needle penetration
      (ASTM D-1321) at 77.degree. F. of 14 and a Saybolt Viscosity (ASTM D-127)
      at 210.degree. F. SUS of 41.6 and is made and sold by Gulf Oil
      Corporation.
PAR  The data in Table I illustrates the uniqueness of the adhesive composition
      defined and claimed herein in providing a bond strength that is adequate
      at room temperature and above. The compositions of Examples 1 and 2,
      containing a styrene-isoprene block copolymer, an isoprene-piperylene
      copolymer and microcrystalline wax, and of Examples 3, 4 and 5, containing
      a styrene-isoprene block copolymer, a glycerol ester of a hydrogenated
      rosin and microcrystalline wax, showed unacceptable bonding strength at
      73.degree. F. However, in each of Examples 6, 7 and 8, the mere
      substitution of the zinc salt of rosin (zinc resinate) for either the
      isoprenepiperylene copolymer or the glycerol ester of a hydrogenated rosin
      resulted in adhesive compositions having superior bonding strengths. This
      is further illustrated in Examples 9, 10, 11 and 12 which are similar to
      Examples 6, 7 and 8 except that a different microcrystalline wax was used.
      Example 13 shows that even though a styreneisoprene block copolymer and a
      zinc salt of rosin are present in an adhesive composition the additional
      presence of a microcrystalline wax is critical. In this Example a paraffin
      wax was substituted for the microcrystalline wax but the composition
      failed to have an adequate bonding strength at 120.degree. F. Similarly,
      the absence of a zinc salt of rosin is shown to be critical in Example 14.
      Even though the styrene-isoprene block copolymer and a microcrystalline
      wax are present, the zinc salt of rosin is replaced with an
      isoprenepiperylene copolymer. It will be noted that the bonding strength
      of the adhesive composition at 120.degree. F. is unsatisfactory.
PAR  Obviously, many modifications and variations of the invention, as
      hereinabove set forth, can be made without departing from the spirit and
      scope thereof and, therefore, only such limitations should be imposed as
      are indicated in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An adhesive composition consisting essentially of a styrene-isoprene
      block copolymer, a zinc salt of rosin and a microcrystalline wax wherein
      the components are present in the following ranges:
TBL  Component        Weight Per Cent                                          

     ______________________________________                                    

     Styrene-Isoprene                                                          

     Block Copolymer  20-35                                                    

     Zinc Salt of Rosin                                                        

                      20-50                                                    

     Microcrystalline Wax                                                      

                       60-15.                                                  

     ______________________________________                                    

NUM  2.
PAR  2. The composition of claim 1 wherein the components are present in the
      following ranges:
TBL  Component        Weight Per Cent                                          

     ______________________________________                                    

     Styrene-Isoprene Block                                                    

     Copolymer        15-40                                                    

     Zinc Salt of Rosin                                                        

                      15-50                                                    

     Microcrystalline Wax                                                      

                       70-10.                                                  

     ______________________________________                                    

NUM  3.
PAR  3. The composition of claim 1 wherein the styrene-isoprene block copolymer
      has the following general configuration:
EQU  A -- B -- A
PAL  wherein A is a styrene polymer block having an average molecular weight of
      about 2,000 to about 100,000 and B is an isoprene polymer block having an
      average molecular weight of about 25,000 to about 1,000,000.
NUM  4.
PAR  4. The composition of claim 3 wherein the styrene polymer block has an
      average molecular weight of about 5,000 to about 50,000 and the isoprene
      polymer block has an average molecular weight of about 50,000 to about
      500,000.
NUM  5.
PAR  5. The composition of claim 3 wherein the total of the terminal blocks A
      amount to about eight to about 50 weight per cent of the block copolymer.
NUM  6.
PAR  6. The composition of claim 3 wherein the total of the terminal blocks A
      amount to about 10 to about 40 weight per cent of the block copolymer.
NUM  7.
PAR  7. The composition of claim 1 wherein the zinc content of the zinc salt of
      rosin is from about four to about nine weight per cent.
PATN
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PAL  Rubber World-Materials & Compounding Ingredients for Rubber & Plastics
      (Publishers Printing Co.) (Louisville, Ky.) (1965), page 388.
ABST
PAL  An adhesive composition consisting essentially of a styrene-isoprene block
      copolymer, an isoprene-piperylene copolymer, a zinc salt of rosin and a
      microcrystalline wax.
BSUM
PAR  This invention relates to an adhesive composition having a bond strength at
      room temperature (about 72.degree. F.) and above of at least about one
      pound per inch, preferably at least about 1.5 pounds per inch, consisting
      essentially of a styrene-isoprene block copolymer, an isoprene-piperylene
      copolymer, a zinc salt of rosin (zinc resinate) and a microcrystalline
      wax.
PAR  The styrene-isoprene block copolymer product present in the adhesive
      composition of the present invention has the following general
      configuration:
EQU  A -- B -- A,
PAL  wherein each terminal A is a styrene polymer block with a glass transition
      temperature above about room temperature (26.degree. C.) and which is
      relatively incompatible with the elastomeric segment B, defined
      hereinafter, with the average molecular weight of each A, being from about
      2,000 to about 100,000, preferably from about 5,000 to about 50,000. B is
      an isoprene polymer with a glass transition temperature below about room
      temperature (26.degree. C.), with the average molecular weight of B being
      from about 25,000 to about 1,000,000, preferably from about 50,000 to
      about 500,000. The difference in glass transition temperature between an
      end block A, and a center block B, is preferably greater than about
      100.degree. C. In the block copolymer used herein the total of the
      terminal blocks A will amount to about eight to about 50 weight percent,
      preferably about 10 to about 40 weight percent, based on the total weight
      of the block copolymer.
PAR  The second component of the adhesive herein is an isoprenepiperylene
      copolymer. These copolymers can be obtained, for example, by
      polymerization of a C.sub.5 stream of aliphatic petroleum derivatives
      containing a major proportion of piperylene and isoprene monomers, for
      example, as in U.S. Pat. No. 3,290,275. Although the stream being
      polymerized can contain small amounts of higher carbon number monomers,
      the character of the stream is essentially that attributable to its
      C.sub.5 components. The stream can contain, for example, about 25 weight
      percent each of piperylene and isoprene, with the remainder including, for
      example, tertiary amylenes, tertiary monomers, such as styrene or beta
      pinene, etc. but the copolymer will be made up mainly of piperylene and
      isoprene. In general, the melting points of these copolymers are in the
      range of about 70.degree. to about 130.degree. C.
PAR  The third component of the adhesive herein is a zinc salt of rosin
      (including a disproportionated rosin) having a zinc content of between
      about four and about nine weight percent and a melting point (Ring and
      Ball softening points) of between about 80.degree. to about 190.degree. C.
      Rosin disproportionation involves, for example, heating the resin in
      excess of 200.degree. C. to convert the oxidation-susceptible sites, e.g.,
      conjugated double bond in the abietic acid structure, to less susceptible
      structures, such as dehydro-abietic acid, tetrahydro-abietic acid and
      dihydro-abietic acid.
PAR  The fourth component of the claimed adhesive is a microcrystalline wax. By
      "microcrystalline wax" I intend to include branched-chain hydrocarbons and
      alkylcycloaliphatic (naphthenic hydrocarbons) as well as straight-chain
      hydrocarbons whose molecular weight range is from about 400 to about 800,
      as defined, for example, in Encyclopedia of Polymer Science and
      Technology, Interscience Publishers-A division of John Wiley, New York,
      New York, 1971, Volume 14, pages 770 and 771.
PAR  The adhesive composition herein will consist essentially of the following
      components:
TBL                   Weight Per Cent                                          

                        Broad       Preferred                                  

     Component          Range       Range                                      

     ______________________________________                                    

     Styrene-Isoprene                                                          

      Block Copolymer   15-30       20-28                                      

     Mixture of Isoprene-                                                      

      Piperylene Copolymer                                                     

      and Zinc Salt of Rosin                                                   

                        15-60       20-60                                      

     Microcrystalline Wax                                                      

                        70-10       60-12                                      

     ______________________________________                                    

PAR  While the combined amounts of the zinc salt of rosin and the
      isoprene-piperylene copolymer must be present within the ranges identified
      above in order to obtain the desired bond strength, it is equally critical
      that the weight ratios of the zinc salt of rosin and the
      isoprene-piperylene copolymer be within the range of about 0.55:1 to about
      50:1, preferably within the range of about 1:1 to about 5:1.
PAR  If desired, an antioxidant, such as
      1,3,5-trimethyl-2,4,6-(3,5-ditertiarybutyl-4-hydroxybenzyl)benzene or
      dilaurylthiopropionate, can also be incorporated in the adhesive
      composition in an amount of about 0.1 to about five, preferably about 0.2
      to about two, weight percent, based on the weight of the final
      composition.
PAR  The adhesive composition can be prepared in any conventional manner. Thus,
      for example, a preferred procedure involves the use of the so-called
      melt-mixing technique wherein the microcrystalline wax, together with
      antioxidant, if used, is maintained in a stirred, molten state at a
      temperature of about 100.degree. to about 190.degree. C., preferably about
      130.degree. to about 170.degree. C., during which time the
      isoprene-piperylene copolymer and the zinc salt of rosin are added
      thereto, followed by the styrene-isoprene block copolymer. Mixing is
      continued until a homogeneous mixture is obtained.
PAR  The new adhesives of the present invention can be used as a hot melt
      adhesive to bond a plastic film, such as polyethylene, to itself or to
      paper, cardboard, aluminum foil, etc. In particular, the new adhesives can
      be used to bond polyethylene to itself. A particularly preferred utility
      resides in bonding polyethylene to itself in the preparation of
      polyethylene grocery bags that are often used in place of Kraft paper
      grocery bags. In making such bags that would be competitive with those
      made of Kraft paper it is desirable that polyethylene bags have a bond
      strength at room temperature (about 72.degree. F.) and above of at least
      about one pound per inch, preferably at least about 1.5 pounds per inch.
PAR  The improved adhesive compositions of the present invention can be
      understood by reference to the following. Compositions were prepared
      following the melt-mixing technique described, using a temperature of
      160.degree. to 170.degree. C. containing (1) Kraton 1107; (2) Sta-tac 100
      alone or with Zirex; (3) Multiwax 180M, Microwax 15, Starwax 100 or
      Besquare 195; and the antioxidants
      1,3,5-tri-methyl-2,4,6-(3,5-ditertiary-4-hydroxybenzyl)benzene and
      dilauryl-thiodipropionate.
PAR  Polyethylene laminate test specimens were prepared by applying each of the
      adhesives so prepared to a 2.0 mil (3 inches .times. 10 inches) high
      density polyethylene film by means of an electrically-operated glue gun
      that dispensed molten adhesive either by mechanical or manual means. The
      adhesive was applied at 149.degree. to 154.degree. C. to the film as a
      continuous bead 1/8 inch wide and then a film of similar dimension was
      placed on top of the film carrying the bead of adhesive. The laminates
      were permitted to rest for 48 hours prior to test specimen preparations.
      Three specimens, each 1 inch .times. 3 inches, were then cut from the film
      samples in a direction across the adhesive direction. The bond strength
      was measured by peeling at the glue line by means of a suitable test
      device, such as an Instron test device, at a peel rate of 2 inches per
      minute. The maximum strength in pounds necessary to cause rupture of the
      bond was noted. The average of three such determinations was recorded. The
      results obtained are tabulated below in Table I.
TBL                                    Table I                                 

     __________________________________________________________________________

     Run Number 1    2   3   4   5  6  7  8  9  10 11 12 13  14  15            

     __________________________________________________________________________

     Components, Grams                                                         

     Kraton 1107                                                               

                24   20  20  24  24 24 24 24 24 24 24 24 24  24  24            

     Zirex      None None                                                      

                         None                                                  

                             6   10 15 20 24 24 24 24 24 24  24  24            

     Sta-tac 100                                                               

                30   20  30  24  20 15 10 6  20 6  20 6  20  6   20            

     Multiwax 180M                                                             

                46   None                                                      

                         None                                                  

                             46  46 46 46 46 32 None                           

                                                   None                        

                                                      None                     

                                                         None                  

                                                             None              

                                                                 None          

     Microwax 15                                                               

                None 60  60  None                                              

                                 None                                          

                                    None                                       

                                       None                                    

                                          None                                 

                                             None                              

                                                46 32 None                     

                                                         None                  

                                                             None              

                                                                 None          

     Starwax 100                                                               

                None None                                                      

                         None                                                  

                             None                                              

                                 None                                          

                                    None                                       

                                       None                                    

                                          None                                 

                                             None                              

                                                None                           

                                                   None                        

                                                      46 32  None              

                                                                 None          

     Besquare 195                                                              

                None None                                                      

                         None                                                  

                             None                                              

                                 None                                          

                                    None                                       

                                       None                                    

                                          None                                 

                                             None                              

                                                None                           

                                                   None                        

                                                      None                     

                                                         None                  

                                                             46  32            

     1,3,5-tri-                                                                

     methyl-2,4,6-                                                             

     (3,5-ditertiary-                                                          

     4-hydroxybenzyl)                                                          

     benzene    0.5  0.5 0.5 0.5 0.5                                           

                                    0.5                                        

                                       0.5                                     

                                          0.5                                  

                                             0.5                               

                                                0.5                            

                                                   0.5                         

                                                      0.5                      

                                                         0.5 0.5 0.5           

     Dilaurylthio-                                                             

      dipropionate                                                             

                0.5  0.5 0.5 0.5 0.5                                           

                                    0.5                                        

                                       0.5                                     

                                          0.5                                  

                                             0.5                               

                                                0.5                            

                                                   0.5                         

                                                      0.5                      

                                                         0.5 0.5 0.5           

     Results                                                                   

     Viscosity,                                                                

     Cps at 300.degree. F.                                                     

                10,500                                                         

                     1875                                                      

                         2000                                                  

                             9125                                              

                                 9650                                          

                                    9450                                       

                                       7132                                    

                                          6875                                 

                                             7125                              

                                                3200                           

                                                   3900                        

                                                      6375                     

                                                         5350                  

                                                             5350              

                                                                 6225          

         350.degree. F.                                                        

                1498 Not Not 1512                                              

                                 1700                                          

                                    2062                                       

                                       1850                                    

                                          2010                                 

                                             2387                              

                                                1225                           

                                                   1800                        

                                                      1175                     

                                                         1737                  

                                                             1137              

                                                                 2000          

                     taken                                                     

                         taken                                                 

     Ring and Ball                                                             

     Softening                                                                 

     Point, .degree.F.                                                         

                200  194 198 199 194                                           

                                    203                                        

                                       200                                     

                                          200                                  

                                             200                               

                                                200                            

                                                   202                         

                                                      208                      

                                                         208 208 208           

     Bond Strength,                                                            

     Pounds/Inch At                                                            

         120.degree. F.                                                        

                0.6  0.7 0.9 0.7 0.9                                           

                                    1.4                                        

                                       1.1                                     

                                          1.2                                  

                                             1.4                               

                                                1.6                            

                                                   2.0                         

                                                      1.3                      

                                                         1.5 1.9 3.7           

         73.degree. F.                                                         

                6.7* 6.4*                                                      

                         6.2*                                                  

                             6.6 6.2                                           

                                    6.6                                        

                                       7.5                                     

                                          5.4*                                 

                                             7.2*                              

                                                4.7*                           

                                                   6.5*                        

                                                      6.1*                     

                                                         6.4*                  

                                                             6.0*              

                                                                 6.2*          

     __________________________________________________________________________

      *Film tore at indicated bond strength                                    

PAR  Referring to the components used in the adhesive compositions above, Kraton
      1107 is a styrene-isoprene block copolymer made and sold by Shell
      Chemicals wherein the terminal styrene block has a molecular weight of
      about 2,000 to about 100,000 and the center isoprene block has a molecular
      weight of about 25,000 to about 1,000,000, with the styrene block
      constituting about 15 percent by weight of the total block; Zirex is a
      zinc resinate containing 8.7 weight percent zinc having a melting point of
      158.degree. to 164.degree. C. and is made by Rheichold Chemicals, Inc.;
      Sta-tac 100 is an isoprene-piperylene copolymer made and sold by Rheichold
      Chemicals, Inc. having a melting point of 105.degree. C.; Multiwax 180M is
      a microcrystalline wax having a melting point (ASTM D-127) of 180.degree.
      to 190.degree. F., a needle penetration (ASTM D-1321) at 77.degree. F. of
      15 to 20 and a Saybolt Viscosity (ASTM D-88) at 210.degree.  F. SUS of 75
      to 90 and is made and sold by Sonneborn Division of Witco Chemicals
      Company; Microwax 15 is a microcrystalline wax having a melting point
      (ASTM D-127) of 187.degree. F. and is made and sold by International Wax
      Refining Company; Starwax 100 is a microcrystalline wax having a melting
      point (ASTM D-127) of 182.degree. to 187.degree. F., a needle penetration
      (ASTM D-1321) at 77.degree. F. of 14 to 16 and is made and sold by
      Petrolite Corporation; and Besquare 195 is a microcrystalline wax having a
      melting point (ASTM D-127) of 193 to 198, a needle penetration (ASTM
      D-1321) at 77.degree. F. of 6 to 7, a Saybolt Viscosity (ASTM D-88) at
      210.degree. F. SUS of 85 and is made and sold by Petrolite Corporation.
PAR  The data in Table I illustrates the uniqueness of the adhesive composition
      defined and claimed herein in providing a bond strength that is adequate
      at room temperature and above. With none of the compositions of Examples
      1, 2 and 3, wherein only an isoprenepiperylene copolymer is present but no
      zinc salt of rosin, was a good bond strength obtained. Examples 4 and 5
      show that even if a zinc salt of rosin is also present, but in amounts
      below the defined level, a good bond strength is not achieved. However,
      the remaining examples adequately show that when the two are present
      within the claimed ranges, adhesive compositions are obtained which will
      provide good bond strengths. Surprisingly, the presence of both the
      isoprene-isoprene copolymer and the zinc salt of rosin does not adversely
      increase the viscosity of the desired composition.
PAR  Obviously, many modifications and variations of the invention, as
      hereinabove set forth, can be made without departing from the spirit and
      scope thereof and, therefore, only such limitations should be imposed as
      are indicated in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An adhesive composition consisting essentially of a styrene-isoprene
      block copolymer, an isoprene-piperylene copolymer, a zinc salt of rosin
      having a zinc content of between about four and about nine percent and a
      melting point of between about 80.degree. to about 190.degree. C. and a
      microcrystalline wax, wherein the weight ratio of the zinc salt of rosin
      to the isoprene-piperylene copolymer is in the range of about 0.55:1 to
      about 50:1, wherein the components are present in the following ranges:
TBL  Component               Weight Per Cent                                   

     ______________________________________                                    

     Styrene-Isoprene                                                          

      Block Copolymer        15-30                                             

     Mixture of Isoprene-Piperylene - Copolymer and Zinc Salt of               

      Rosin                  15-60                                             

     Microcrystalline Wax     70-10,                                           

     ______________________________________                                    

PAL  wherein the styrene-isoprene block copolymer has the following general
      configuration:
EQU  A -- B -- A,
PAL  wherein A is a styrene polymer block having an average molecular weight of
      about 2,000 to about 100,000 and B is an isoprene polymer block having an
      average molecular weight of about 25,000 to about 1,000,000, wherein the
      total of the terminal blocks A amount to about eight to about 50 weight
      percent of the block copolymer, with the difference in glass transition
      temperature between an end block A and a center block B being greater than
      about 100.degree. C.
NUM  2.
PAR  2. The composition of claim 1 wherein the weight ratio of the zinc salt of
      rosin to the isoprene-piperylene copolymer is in the range of about 1:1 to
      about 5:1.
NUM  3.
PAR  3. The composition of claim 1 wherein the components are present in the
      following ranges:
TBL  Component               Weight Per Cent                                   

     ______________________________________                                    

     Styrene-Isoprene                                                          

      Block Copolymer        20-28                                             

     Mixture of Isoprene-                                                      

      Piperylene Copolymer                                                     

      and Zinc Salt of Rosin 20-60                                             

     Microcrystalline Wax    60-12                                             

     ______________________________________                                    

NUM  4.
PAR  4. The composition of claim 1 wherein the styrene polymer block has an
      average molecular weight of about 5,000 to about 50,000 and the isoprene
      polymer block has an average molecular weight of about 50,000 to about
      500,000.
NUM  5.
PAR  5. The composition of claim 1 wherein the total of the terminal blocks A
      amount to about 10 to about 40 weight percent of the block copolymer.
NUM  6.
PAR  6. The composition of claim 1 wherein the isoprene-piperylene copolymer has
      a melting point of 70.degree. to about 130.degree. C.
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ABST
PAL  Asphalt emulsions are rapidly hardened by incorporating therein an
      isocyanate-terminated urethane prepolymer formed by reacting one
      equivalent of the OH group of a polyalkylene glycol having the following
      formula
      ##EQU1##
      wherein p + r .gtoreq. q, q .gtoreq. O, p .gtoreq. 1, r .gtoreq. 1 and 20
      .ltoreq. p + q + r .ltoreq. 100, with 1.1 to 2.0 equivalents of the NCO
      group of an organic diisocyanate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for rapidly breaking and hardening an
      asphalt emulsion by incorporating therein a water-soluble urethane
      prepolymer.
PAR  Surfaces of roads are abraded and worn by tire chains and studded snow
      tires, by heavy cars and trucks that travel thereon and by the effects of
      weather. Accordingly, with the increase of the amount of asphalt-paved
      roads, development of excellent repair and resurfacing binders for
      asphalt-paved roads has been demanded. It is preferred that such repair
      binders satisfy the following requirements. Namely, they should be liquid
      at ambient temperature about 10.degree. to 35.degree.C. and they should be
      appliable so as to form a layer having a thickness not exceeding 5 mm.
      After paving, they should show high resistance and durability against
      impacts, shocks and abrasions, and they should have a stickiness or
      adhesiveness, both to the existing asphalt road surface and to aggregate,
      so as to bond tightly the aggregate incorporated therein for rendering the
      road surface non-slippery. Further, they should harden rapidly so that the
      repaved road can be opened for motor traffic within about one hour after
      repaving.
PAR  2. Description of the Prior Art
PAR  As the conventional methods for hardening asphalt emulsions, there are
      known: a method in which, for example, an anionic surface active agent is
      incorporated into a cationic asphalt emulsion; a method in which a
      polyvalent metal ion such as calcium ion is added to an emulsion
      containing a soap as an emulsifier to thereby form a metal soap; and a
      method in which an acid stronger than a carboxylic acid is added to
      destroy or reduce the emulsifying activity of the soap used as an
      emulsifier. According to these conventional methods, the asphalt emulsion
      is broken, but the composition thereafter exists in a viscous mud-like
      state for a long time and it takes a long time for the composition to
      exhibit a sufficient bonding activity. Further, although the resurfaced
      road can be opened to motor traffic after a relatively short time, because
      the asphalt emulsion does not attain a sufficient stickiness to aggregate
      within a short time, scattering of the aggregate placed thereon occurs for
      a time period after opening of the paved road to motor traffic.
      Accordingly, if it is intended to form a skid-preventive surface on the
      paving, the aggregate for improving traction and preventing skids becomes
      scattered and the intended effect cannot be fully obtained. Therefore,
      according to the conventional hardening methods, an asphalt emulsion is
      used principally as binders for blacktopping compositions.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of this invention to provide an asphalt
      emulsion hardening method which is much improved in comparison with the
      above-mentioned conventional hardening methods. The method of this
      invention is characterized by the feature that a special water-soluble
      urethane prepolymer is incorporated into an asphalt emulsion. According to
      the method of this invention, the resurfaced road, driveway or parking lot
      can be opened to motor traffic within about one hour after the paving or
      resurfacing treatment is completed, even though an asphalt emulsion which
      is a liquid material is employed as the resurfacing material. The
      invention provides an improved asphalt composition capable of holding
      tightly aggregate incorporated therein for improving traction.
PAR  More specifically, in accordance with this invention, there is provided a
      method for effecting the rapid hardening of asphalt emulsions
      characterized by incorporating into a road-resurfacing or seal-coating
      emulsion, an isocyanateterminated urethane prepolymer formed by reacting a
      polyalkylene glycol having the following formula
      ##EQU2##
      wherein p + r .gtoreq. q, q .gtoreq. 0, p .gtoreq. 1, r .gtoreq. 1 and 20
      .gtoreq. p + q .gtoreq. r .gtoreq.100,
PAR  with an organic diisocyanate, at a ratio of 1.1 to 2.0 equivalents of the
      NCO groups of said organic diisocyanate, per one equivalent of the OH
      groups of said polyalkylene glycol, thereby to cause the asphalt emulsion
      to harden rapidly.
PAR  As the polyalkylene glycol represented by the above formula I, which is one
      starting material for preparing the urethane prepolymer to be used in this
      invention, there can be mentioned, for example, polyethylene glycol having
      a molecular weight of 1000 or 2000, a block copolymer having a molecular
      weight of 1500 which is formed by adding ethylene oxide to both the
      terminal ends of polypropylene glycol having a molecular weight of 750,
      and a block copolymer having a molecular weight of 1500 which is formed by
      adding ethylene oxide to both the terminal ends of polypropylene glycol
      having a molecular weight of 500. The polyalkylene glycol used in this
      invention is limited to those within the scope of the above formula I
      because the reaction product of such a polyalkylene glycol and an organic
      diisocyanate possesses a self-dispersing property and such reaction
      product can be dissolved or dispersed in water. In contrast, a urethane
      prepolymer formed by using a low-molecular-weight polyol such as
      polyethylene glycol having a molecular weight of 600 is not satisfactory
      because the urethane prepolymer obtained therefrom does not have a
      sufficient hydrophilic property. Further, a urethane prepolymer obtained
      by using a polyol having a high molecular weight such as 6000, as a
      starting reactant, is not satisfactory because the NCO group percentage of
      the resulting reaction product is low and a sufficiently rapid hardening
      effect cannot be obtained.
PAR  As regards propylene oxide-ethylene oxide block copolymers, wherein q in
      formula I is greater than zero, it is not satisfactory to use a copolymer
      in which the molar percent of propylene oxide is larger than the molar
      percent of ethylene oxide, because the resulting urethane prepolymer has a
      reduced water-solubility.
PAR  As the organic diisocyanate used for preparation of a urethane prepolymer
      according to this invention, there can be mentioned, for example, aromatic
      diisocyanates such as tolylene diisocyanate, diphenylmethane diisocyanate,
      naphthalene diisocyanate and xylylene diisocyanate, and aliphatic
      diisocyanates such as hexamethylene diisocyanate, tetramethylene
      diisocyanate and trimethylhexamethylene diisocyanate.
PAR  The urethane prepolymer used in this invention is prepared by reacting (A)
      1 equivalent, based on the OH groups, of a polyalkylene glycol having the
      above formula I, with (B) 1.1 to 2.0 equivalents, preferably 1.1 to 1.5
      equivalents, based on the NCO groups, of an organic diisocyanate such as
      those mentioned above. The reaction is generally conducted at 50.degree.
      to 150.degree.C., preferably 80.degree. to 120.degree.C., until the
      prescribed amount of the NCO group is incorporated in the reaction
      product, preferably for about 1 to about 5 hours.
PAR  The asphalt emulsion used in this invention can be either cationic or
      anionic. As is well known, such emulsions are of the oil-in-water type.
      However, in order to improve the stickiness of the emulsion to aggregate,
      it is preferred to use a cationic asphalt emulsion. For example, an
      asphalt emulsion prepared by using a cationic emulsifier such as an
      ethylene oxide adduct of an alkylamine or its quaternary ammonium salt and
      an acid salt of an alkylamine is preferred. Because the surface of a road
      is to be repaired so that it will possess an anti-skid property, it is
      indispensable that the asphalt emulsion should have a stickiness
      sufficient to hold and bond the aggregate tightly. For this purpose, it is
      preferred to employ a cationic rubber asphalt emulsion, namely, a mixture
      of a cationic asphalt emulsion and a synthetic rubber latex.
PAR  The asphalt emulsion used in this invention includes such rubber-asphalt
      emulsions. As is well known in the art, road-paving or seal-coating
      asphalt emulsions are prepared by emulsifying, in water, asphalt together
      with an emulsifying agent. A wide variety of road-paving and seal-coating
      asphalt emulsions are known in the art and can be used in this invention.
      Most of these asphalt emulsions contain 55 to 65% by weight of asphalt.
PAR  According to this invention, the urethane prepolymer is incorporated into
      the asphalt emulsion in an amount of 1 to 35% by weight, preferably 5 to
      20% by weight, based on the weight of the emulsion (before addition of the
      prepolymer). The asphalt emulsion rapidly hardens after the urethane
      prepolymer is blended therein, normally within about one hour.
PAR  When the amount of the urethane prepolymer incorporated in the asphalt
      emulsion is smaller than 1% by weight, based on the emulsion, the desired
      adhesive or sticking property is not attained in a short time, and when
      the amount of the urethane prepolymer is larger than 35% by weight, a
      large quantity of carbon dioxide gas is generated which causes excessive
      foaming so that the paving layer becomes spongy and this sponginess cannot
      be removed even under pressing by a heavy roll.
PAR  According to this invention, the water-soluble urethane prepolymer reacts
      with water in the asphalt emulsion to form an elastic gel structure which
      simultaneously generating carbon dioxide gas. At the time of formation of
      the gel, the properties of the water in the emulsion are changed thereby
      to break rapidly the asphalt emulsion. In other words, when the urethane
      prepolymer is added to the asphalt emulsion, the emulsion is broken at the
      same rate as the rate of reaction between the urethane prepolymer and
      water. Since the time required for completion of this reaction is shorter
      than 10 minutes, the paved road can be opened for motor traffic in a very
      short time. Further, the polyurethane resin formed by this reaction is
      homogeneously integrated with and distributed in the asphalt whereby there
      is obtained a paving asphalt having improved properties.
PAR  In the rapid hardening method of this invention, the sticking power of the
      asphalt emulsion is manifested rapidly in a very short time, and
      therefore, the method of this invention can be applied effectively for
      repairing or repaving of various roads including national roads and
      superhighways where there is much traffic. It is also useful as a
      seal-coating for driveways and parking lots.
PAR  The urethane prepolymer is incorporated in the liquid asphalt emulsion
      immediately before or during application of the asphalt emulsion to the
      existing asphalt paving. For example, the asphalt emulsion and the liquid
      polyurethane prepolymer can be simultaneously sprayed through separate
      spraying nozzles, with the spraying nozzles for the emulsion and the
      prepolymer being arranged so that the sprays mix with each other whereby
      the urethane prepolymer becomes substantially uniformly distributed
      throughout the emulsion.
PAR  The thus-applied layer can form the exterior surface layer of the asphalt
      paving. Alternatively, loose aggregate can be applied thereon or another
      asphalt paving layer containing aggregate can be applied thereon while the
      thus-applied layer is still tacky, in which case the thus-applied layer
      obtained by the method of the invention acts as a binder between the
      original paving and the aggregate or the final asphalt paving layer.
DETD
PAR  This invention will now be described in more detail by reference to the
      following illustrative Examples.
PAC  EXAMPLE 1
PAR  A urethane prepolymer was added, in the amounts indicated in Table 1, to a
      cationic asphalt emulsion prepared by compounding 60 parts by weight of
      asphalt having a penetration of 180 to 200, with 40 parts by weight of
      water, 0.5 part by weight of beef tallow-alkylpropylene diamine, 0.6 part
      by weight of 35% hydrochloric acid and 0.15 part by weight of calcium
      chloride. The urethane prepolymer and asphalt emulsion were mixed and
      applied to a substrate by spraying them simultaneously. The urethane
      prepolymer was prepared, in advance, by reacting 1 equivalent of
      polyethylene glycol having a molecular weight of 1000, which had been
      dehydrated and dried under reduced pressure, with 1.2 equivalents of
      tolylene diisocyanate (2,4-isomer/2,6-isomer ratio = 80/20) at
      110.degree.C. for 2 hours.
PAR  For comparison, an aqueous solution containing 10% of sodium hydroxide was
      used in an amount of 5% by weight, based on the asphalt emulsion, and both
      the aqueous solution and asphalt emulsion were mixed by spraying them
      simultaneously.
PAR  The time required for breaking of the emulsion, the time required for
      stickiness to be manifested in the asphalt, the compactness of the binder
      and the tensile strength of the binder were measured. The results shown in
      Table 1 were obtained.
TBL                                    TAble 1                                 

     __________________________________________________________________________

     Amount of Ure-                                                            

                 Time required for                                             

                           Time Required for                                   

                                      Compactness of                           

                                              Tensile Strength                 

     thane Prepolymer                                                          

                 breaking of                                                   

                           Stickness to be                                     

                                      Binder.sup.3                             

                                              of Binder.sup.4                  

     Added to Emul-                                                            

                 Emulsion.sup.1                                                

                           Manifested.sup.2   (Kg/cm.sup.2)                    

     sion (% by weight)                                                        

     __________________________________________________________________________

     0 (control) more than 60                                                  

                           more than 60                                        

                                      good    0.5                              

                 minutes   minutes                                             

     1           just after                                                    

                           more than 60                                        

                                      good    0.5                              

                 spraying  minutes                                             

     5           just after                                                    

                           3 minutes  good    0.8                              

                 spraying                                                      

     10          just after                                                    

                           2 minutes  good    1.0                              

                 spraying                                                      

     20          just after                                                    

                           2 minutes  good    1.0                              

                 spraying                                                      

     30          just after                                                    

                           2 minutes  good    1.0                              

                 spraying                                                      

     50 (control)                                                              

                 just after                                                    

                           1 minute   bad     0.3                              

                 spraying                                                      

     10% sodium hydroxide                                                      

                 just after                                                    

                           more than 60                                        

                                      good    0.5                              

     in an amount of 5%                                                        

                 spraying  minutes                                             

     based on emulsion                                                         

     (control)                                                                 

     __________________________________________________________________________

      .sup.1 The time required for the asphalt emulsion to be broken to the    

      mud-like state. Measurement was conducted at 20.degree.C. with a sample  

      paved in a thickness of 5 mm.                                            

      .sup.2 The time required for the mud-like asphalt emulsion to be converte

      to the stringing stickiness-manifesting state.                           

      .sup.3 A sample paved in a thickness of 5 mm was allowed to stand still a

      20.degree.C. for 7 days, and when the resulting binder sample in which th

      stickiness had been completely manifested was touched with a finger, if  

      the binder was free of a spongy touch, the compactness was evaluated as  

      "good".                                                                  

      .sup.4 A sample which had been aged under the conditions described in 3  

      above was roll-pressed under a pressure of 0.7 Kg/cm.sup.2, and the      

      tensile strength was measured according to the method of JIS K-6301.     

PAC  EXAMPLE 2
PAR  An asphalt emulsion having a composition as shown below was mixed with the
      same urethane prepolymer as used in Example 1 by conducting simultaneous
      spraying in the same manner as in Example 1. The results obtained were
      substantially the same as those obtained in Example 1. When a 10% aqueous
      solution of calcium chloride was used in an amount of 20% by weight, based
      on the emulsion, instead of the urethane prepolymer, and they were mixed
      by simultaneous spraying, the results obtained were substantially the same
      as those obtained by using sodium hydroxide in Example 1.
TBL  ______________________________________                                    

     Composition of Asphalt Emulsion Used                                      

     Component        Amount (parts by weight)                                 

     ______________________________________                                    

     Asphalt having a penetration                                              

                      60                                                       

     of 180 to 200                                                             

     Water            40                                                       

     Soap             0.6                                                      

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  3 Parts by weight of hardened beef tallow-alkylmethyl dipolyoxyethylene
      ammonium chloride (mole number (P) of added ethylene oxide being 50) was
      added at room temperature under agitation of 100 parts by weight of a
      styrene-butadiene rubber latex formed by emulsion polymerization using an
      anionic surface active agent (manufactured and sold under trade name
      "Rhodex" by Japanese Synthetic Rubber Co. Ltd.) to form a nonionic
      styrene-butadiene rubber latex. Then, polyoxyethylene
      N,N'-methyl-N-hardened beef tallow-alkylpropylene 1,3-diammonium chloride
      (mole number (P) of added ethylene oxide being 3) was added to asphalt in
      an amount of 3% by weight based on the resulting asphalt emulsion to
      emulsify the asphalt, and 100 parts of the resulting asphalt emulsion
      (asphalt/water ratio = 65/35; penetration of the asphalt being 180 to 200)
      was mixed with 32 parts by weight of the above non-ionic sytrenebutadiene
      rubber latex at room temperature (sytrene-butadiene/ asphalt ratio =
      20/80) to form a stable cationic rubber asphalt emulsion.
PAR  A urethane prepolymer was used in the amounts indicated in Table 2 for the
      thus-obtained cationic rubber asphalt emulsion, and they were mixed by
      simultaneous spraying.
PAR  The urethane prepolymer used was one prepared by reacting 1 equivalent of a
      propylene oxide-ethylene oxide block copolymer having a molecular weight
      of 1500, formed by adding ethylene oxide to both the terminal ends of
      polypropylene glycol having a molecular weight of 750 which had been
      dehydrated and dried under reduced pressure, with 1.3 equivalents of
      diphenylmethane4,4'-diisocyanate at 120.degree.C. for 1 hour.
PAR  For comparison, 10% sodium alkylbenzenesulfonate was used in an amount of
      5% by weight, based on the asphalt emulsion, instead of the urethane
      prepolymer, and they were mixed by simultaneous spraying.
PAR  The thus-obtained samples were tested by the same methods as described in
      Example 1. The results shown in Table 2 were obtained.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Amount of Urethane                                                        

                 Time Required for                                             

                           Time Required                                       

                                    Compactness                                

                                           Tensile Strength                    

     Prepolymer Added to                                                       

                 breaking of                                                   

                           for Stickiness                                      

                                    of Binder                                  

                                           of Binder                           

     Emulsion (% by                                                            

                 Emulsion  to be Manifested                                    

                                           (Kg/cm.sup.2)                       

     weight)                                                                   

     __________________________________________________________________________

     0 (control) more than 60                                                  

                           more than 60                                        

                                    good   1.0                                 

                 minutes   minutes                                             

     1           just after                                                    

                           more than 60                                        

                                    good   1.0                                 

                 spraying  minutes                                             

     5           just after                                                    

                           3 minutes                                           

                                    good   1.5                                 

                 spraying                                                      

     10          just after                                                    

                           2 minutes                                           

                                    good   2.0                                 

                 spraying                                                      

     20          just after                                                    

                           2 minutes                                           

                                    good   2.0                                 

                 spraying                                                      

     30          just after                                                    

                           1 minute good   2.0                                 

                 spraying                                                      

     50 (control)                                                              

                 just after                                                    

                           1 minute bad    0.5                                 

                 spraying                                                      

     10% sodium alkyl-                                                         

                 just after                                                    

                           more than 60                                        

                                    good   1.0                                 

     benzenesulfonate                                                          

                 spraying  minutes                                             

     in an amount of 5%                                                        

     based on emulsion                                                         

     (control)                                                                 

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  An asphalt emulsion having the composition indicated below was mixed with
      the same urethane prepolymer as used in Example 3 by conducting
      simultaneous spraying in the same manner as in Example 1. The results
      obtained were substantially the same as those obtained in Example 1.
PAR  For comparison, a 10% aqueous solution of hydrochloric acid was used in an
      amount of 15% by weight, based on the emulsion, instead of the urethane
      prepolymer, and the solution and emulsion were mixed by simultaneous
      spraying. When the resulting sample was tested, it was found that the time
      required for stickiness to be manifested was more than 60 minutes and the
      tensile strength of the binder was 0.5 Kg/cm.sup.2.
TBL  ______________________________________                                    

     Composition of Asphalt Emulsion Used                                      

     Component         Amount (parts by weight)                                

     ______________________________________                                    

     Asphalt having a penetration                                              

                       60                                                      

     of 180 to 200                                                             

     water             40                                                      

     sodium alkylbenzenesulfonate                                              

                       0.6                                                     

     ______________________________________                                    

CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method for rapidly hardening an aqueous, oil-in-water type, cationic
      or anionic, road-surfacing asphalt emulsion containing from about 55 to 65
      weight percent asphalt or mixture of asphalt and synthetic rubber,
      emulsifier and the balance is water, which comprises incorporating into
      said emulsion from 1 to 35 percent by weight, based on the weight of said
      emulsion, on an isocyanate-terminated, water-soluble, urethane prepolymer
      obtained by reacting an organic diisocyanate with polyalkylene glycol
      having the formula
      ##EQU3##
      wherein p + r .gtoreq. q, q .gtoreq. 0, p .gtoreq. 1, r .gtoreq. 1, and 20
      &lt; p + q + r &lt; 100, at a ratio of 1.1 to 2.0 equivalents of the NCO groups
      of said organic diisocyanate, per one equivalent of the OH groups of said
      polyalkylene glycol.
NUM  2.
PAR  2. A method as claimed in claim 1, in which the amount of said
      isocyanate-terminated, water-soluble, urethane prepolymer is from 5 to 20
      percent by weight, based on the weight of said emulsion.
NUM  3.
PAR  3. A method as claimed in claim 1, in which said ratio is from 1.1 to 1.5
      equivalents of the NCO groups of said organic diisocyanate, per one
      equivalent of the OH groups of said polyalkylene glycol.
NUM  4.
PAR  4. A method as claimed in claim 1, in which said isocyanate-terminated,
      water-soluble, urethane prepolymer is substantially uniformly mixed into
      said emulsion immediately before or during application of said emulsion to
      an existing asphalt paving.
NUM  5.
PAR  5. A method as claimed in claim 4, in which said emulsion and said
      prepolymer are separately sprayed onto asphalt paving with the spray
      patterns thereof intermingling so that a thin layer of a substantially
      uniform mixture of said emulsion and said prepolymer is formed on said
      paving.
NUM  6.
PAR  6. Asphalt paving having a surface coating layer thereon formed by applying
      to said asphalt paving a substantially uniform mixture of (A) an aqueous,
      oil-in-water type, cationic or anionic, roadsurfacing asphalt emulsion
      containing from about 55 to 65 weight percent of asphalt or a mixture of
      asphalt and synthetic rubber, emulsifier and the balance is water, (B)
      from 1 to 35 percent by weight, based on the weight of said emulsion of an
      isocyanate-terminated, water-soluble, urethane prepolymer obtained by
      reacting an organic diisocyanate with polyalkylene glycol having the
      formula
      ##EQU4##
      wherein p + r .gtoreq. q, q .gtoreq. 0, p .gtoreq. 1, r .gtoreq. 1, and 20
      &lt; p + q + r &lt; 100, at a ratio of 1.1 to 2.0 equivalents of the NCO groups
      of said organic diisocyanate, per one equivalent of the OH groups of said
      poolyalkylene glycol.
NUM  7.
PAR  7. A rapidly hardenable road surfacing composition, consisting essentially
      of an aqueous, oil-in-water type, cationic or anionic, road-surfacing
      asphalt emulsion containing from about 55 to 65 weight percent of asphalt
      or mixture of asphalt and synthetic rubber, emulsifier and the balance is
      water, said emulsion having substantially uniformly mixed therein from 1
      to 35 percent by weight, based on the weight of said emulsion, on an
      isocyanate-terminated, water-soluble, urethane prepolymer obtained by
      reacting an organic diisocyanate with polyalkylene glycol having the
      formula
      ##EQU5##
      wherein p + r .gtoreq. q, q .gtoreq. 0, p .gtoreq. 1, r .gtoreq. 1, and 20
      &lt;p + q + r &lt; 100, at a ratio of 1.1 to 2.0 equivalents of the NCO groups
      of said organic diisocyanate, per one equivalent of the OH groups of said
      polyalkylene glycol.
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ABST
PAL  This specification discloses manufacture of copolymers of
      alpha-methylstyrene and styrene in which the alpha-methylstryene may range
      from about 50 to 90% and the softening point may range from about
      60.degree. to 100.degree.C. The copolymers have especial utility with
      elastomers to produce pressure sensitive adhesives and the like, and in
      hot melt coatings.
BSUM
PAR  This invention relates to the manufacture of copolymers of
      alpha-methylstyrene and styrene and uses thereof. More particularly it
      relates to the use of such polymers as tackifiers for synthetic rubbers,
      as constituents of hot melt coatings and adhesives, and other uses.
PAR  The preparation and use of a variety of resins based upon a styrene monomer
      is well known. We have discovered that copolymers of alpha-methylstyrene
      and styrene prepared under controlled conditions exhibit special and
      unexpected usefulness in a number of different areas. Such polymers impart
      good tack to styrene-butadiene rubbers thereby producing good pressure
      sensitive adhesives, mastics, caulks, and sealants. The polymers of the
      invention may also be used to impart tack to elastomeric block copolymers
      of styrene and isoprene and to polychloroprene elastomers to produce
      adhesives. Some, but not all of the polymers, are also effective as
      constituents for hot melt coatings and adhesives where they exhibit good
      compatibility and low cloud point when blended into the mix. The polymers
      are also useful as additives to paint and chemical coatings.
PAR  We prepare a copolymer of alpha-methylstyrene and styrene ranging from
      about 50% alpha-methylstyrene and 50% styrene to about 90%
      alpha-methylstyrene and 10% styrene. We blend the monomers in a solvent
      and react them in the presence of a Friedel-Crafts catalyst. We carefully
      control the temperature of the reaction mixture and maintain the
      temperature within close limits throughout the time of reaction. We react
      the mixture at a selected temperature within a range of about 15.degree.C
      to 45.degree.C. Lime is then added to the reaction mixture to neutralize
      the catalyst. After filtration of the catalyst residue, the solvent is
      stripped from the resin. The resin so produced has a softening point (ring
      and ball) ranging from about 70.degree.C to 100.degree.C. Preferably we
      prepare a polymer of about 70% to 75% alphamethylstyrene and 30% to 25%
      styrene. We prefer to react the monomers at a selected temperature within
      a range from about 15.degree.C to about 33.degree.C, and we prefer to
      maintain the reaction temperature within limits of .+-. 2.degree.C. Under
      some circumstances we may react the monomers at a selected temperature
      within a range of 23.degree.C to 33.degree.C and we may maintain the
      reaction temperature within limits of .+-. 1.degree.C. We prefer to use
      boron trifluoride (BF.sub.3) as a catalyst.
PAR  The resin is useful as an additive for styrene-butadiene rubber (SBR),
      block copolymers of styrene and isoprene, and polychloroprene. The resin
      imparts tack to those elastomers. The compositions of resin and elastomer
      are suitable for use as pressure sensitive adhesives, mastics, sealants,
      and caulks.
PAR  Hot melt compounds are commonly used for sealing and as adhesives. Such
      compounds are frequently used to seal corrugated shipping containers and
      the like and they are especially useful because they are thermoplastic.
      They may be applied hot to corrugated upper but will almost immediately
      set because of quick loss of heat. The compounds do not include solvents
      which could cause fumes or degradation of the corrugated paper. We prefer
      to employ in hot melt compounds one of our resins having a softening point
      (ring and ball) from about 70.degree.C to about 85.degree.C. Such resins
      exhibit exceptional compatibility with paraffin wax and ethylene vinyl
      acetate commonly used in hot melt compositions and exhibit desirably low
      cloud points. In certain hot melt formulations the resin of the invention
      having a softening point of about 100.degree.C has utility.
PAR  The invention may be illustrated by reference to several exemplary resins
      manufactured and used in accordance with the invention.
DETD
PAC  EXAMPLE 1
PAR  A 500 milliliter three neck flask is equipped with a stirrer, thermometer,
      gas outlet tube, and a straight pipe dip tube. The flask is charged with
      70 grams of alpha-methylstyrene 30 grams of styrene and 100 grams of
      Solvesso 100. The mixture is cooled to 15.degree.C. BF.sub.3 gas is
      introduced into the mixture at a flow rate of approximately 0.1 gram per
      minute from time to time over a period of 12 minutes while maintaining a
      temperature in the reaction mixture of 15.degree.C to 20.degree.C through
      use of a dry ice alcohol bath at -15.degree.C. After reaction, the mixture
      turns to a pale yellow color and is allowed to soak at 15.degree.C to
      20.degree.C for 30 minutes. Thereafter the mixture is quenched with
      approximately 5 grams of lime. Twenty grams of Filter Aid is added and the
      mixture heated to approximately 55.degree.C. The mixture is then vacuum
      filtered through Filter Aid. One hundred milliliters of xylol is used to
      rinse the flask and then to wash the filter cake. The resin oil is
      transferred to a single neck round bottom flask fitted with a cork
      containing a gas dip tube thermometer and an exhaust tube. The mixture is
      stripped of solvent at a pot temperature of 210.degree.C under nitrogen
      and is then steam stripped to a maximum pot temperature of 225.degree.C.
PAR  The resin thus produced has the following properties:
TBL  Softening Point (R&B)    98.degree.C                                      

     OMS* Cloud Point         95.degree.C                                      

     Nujol Cloud Point        20.degree.C                                      

     60% Solution Viscosity                                                    

      (In Toluene)            0.9 Stokes                                       

     70% Solution Viscosity                                                    

      (In Toluene)            6.6 Stokes                                       

      *odorless mineral spirits                                                

PAC  EXAMPLE 2
PAR  Seventy-five grams of alpha-methylstyrene and 25 grams of styrene are
      charged to a flask with 200 grams of Solvesso 100. The procedure is
      similar to that of Example 1. BF.sub.3 is added from time to time over a
      10 minute period while maintaining a temperature in the reaction mixture
      of 25.degree. .+-. 2.degree.C. After saturation of the mixture by BF.sub.3
      is noted, the mixture is allowed to soak for 30 minutes at 25.degree. .+-.
      2.degree.C. The resin thus produced has the following properties:
TBL  Softening Point (R&B)    87.degree.C                                      

     Color                    Water White                                      

     OMS Cloud Point          33.degree.C                                      

     Nujol Cloud Point        4.degree.C                                       

     70% Solution Viscosity                                                    

      (In Toluene)            2.6 Stokes                                       

PAC  EXAMPLE 3
PAR  A mixture of 375 grams of alpha-methylstyrene, 125 grams of styrene and
      1,000 grams of Solvesso 100 is charged to a flask. The procedure generally
      follows that of Examples 1 and 2 except that the time for saturation with
      BF.sub.3 is 21 minutes. The reaction temperature is maintained at
      31.degree. .+-. 1.degree.C and the mixture is allowed to soak for 1 hour
      at 31.degree. .+-. 1.degree.C following saturation.
TBL  Softening Point (R&B)    70.degree.C                                      

     Color                    Water White                                      

     OMS Cloud Point          5.degree.C                                       

     Nujol Cloud Point        Clear at 0.degree.C                              

     70% Solution Viscosity                                                    

      (In Toluene)            1.7 Stokes                                       

PAR  It is apparent that the polymerization temperature is related to the
      softening point of the resin, the softening point decreasing as the
      polymerization temperature is raised. It is believed that close and
      accurate control of the polymerization temperature produces a polymer
      having a generally uniform molecular weight. It is thought that the
      effectiveness of the resin may be due, at least in part, to its particular
      weight distribution.
PAR  The usefulness of the resins may be shown by reference to test data. It has
      been found that the resins of the invention impart good tack to SBR,
      Neoprene AC, and Kraton 1107. Several resins prepared in accordance with
      the general procedures set forth in Examples 1, 2, and 3 were separately
      blended with SBR in varying proportions. The mixtures of resin and rubber
      were then applied to film, and tack data on tapes cut from this film were
      obtained following standard test procedures as shown in Tables 1, 2, and
      3.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Tack Data - Pressure Sensitive Tapes - Different Resins                   

     And SBR in Varying Proportions                                            

     __________________________________________________________________________

                     Resin Typical                                             

                              Resin Typical                                    

                                       Resin Typical                           

                     of Example 1                                              

                              of Example 2                                     

                                       of Example 3                            

     __________________________________________________________________________

     30% Resin/                                                                

     70% SBR                                                                   

     Polyken    Gms.          700      600                                     

     180.degree. Peel                                                          

                Ozs.          46       52                                      

     90.degree. Quick Stick                                                    

                Ozs.          5        15                                      

     178.degree. Hold to Steel                                                 

                Mins.         1250     920                                     

     40% Resin/                                                                

     60% SBR                                                                   

     Polyken    Gms. 980      875      890                                     

     180.degree. Peel                                                          

                Ozs. 50       48       56                                      

     90.degree. Quick Stick                                                    

                Ozs. 8        6        17                                      

     178.degree. Hold to Steel                                                 

                Mins.                                                          

                     &gt;1440    570      455                                     

     50% Resin/                                                                

     50% SBR                                                                   

     Polyken    Gms.          1320     1150                                    

     180.degree. Peel                                                          

                Ozs.          56       61                                      

     90.degree. Quick Stick                                                    

                Ozs.          16       28                                      

     178.degree. Hold to Steel                                                 

                Mins.         425      260                                     

     __________________________________________________________________________

TBL                TABLE 2                                                     

     ______________________________________                                    

     Tack Data - Pressure Sensitive Tapes -                                    

     50% Resin Typical of Example 2                                            

     and 50% Neoprene AC - soft                                                

     ______________________________________                                    

     Polyken      gms.          2130                                           

     180.degree. Peel                                                          

                  ozs.          100                                            

     90.degree. Quick Stick                                                    

                  ozs.          Harsh                                          

     178.degree. Hold to Steel                                                 

                  mins.         &gt;8000                                          

     ______________________________________                                    

TBL                TABLE 3                                                     

     ______________________________________                                    

     Tack Data - Pressure Sensitive Tapes -                                    

     Resins Typical of Examples 2 and 3                                        

     And Kraton 1107                                                           

     ______________________________________                                    

                        Resin 2 Resin 3                                        

     ______________________________________                                    

     30% resin/70% polymer                                                     

     Polyken        gms.      1220       980                                   

     180.degree. Peel                                                          

                    ozs.       50        40                                    

     90.degree. Quick Stick                                                    

                    ozs.       38        28                                    

     178.degree. Hold to Steel                                                 

                    mins.     &gt;3000     &gt;3000                                  

     40% resin/60% polymer                                                     

     Polyken        gms.      1520      1220                                   

     180.degree. Peel                                                          

                    ozs.       74        58                                    

     90.degree. Quick Stick                                                    

                    ozs.       36        48                                    

     178.degree. Hold to Steel                                                 

                    mins.     &gt;3000     &gt;3000                                  

     50% resin/50% polymer                                                     

     Polyken        gms.      No Tack   1500                                   

     180.degree. Peel                                                          

                    ozs.      "          80                                    

     90.degree. Quick Stick                                                    

                    ozs.      "          56                                    

     178.degree. Hold to Steel                                                 

                    mins.     "         &gt;3000                                  

     60% resin/40% polymer                                                     

     Polyken        gms.      No Tack    280                                   

     180.degree. Peel                                                          

                    ozs.      "          90                                    

     90.degree. Quick Stick                                                    

                    ozs.      "           0                                    

     178.degree. Hold to Steel                                                 

                    mins.     "         &gt;3000                                  

     70% resin/30% polymer                                                     

     Polyken        gms.      No Tack   No Tack                                

     180.degree. Peel                                                          

                    ozs.      "         "                                      

     90.degree. Quick Stick                                                    

                    ozs.      "         "                                      

     178.degree. Hold to Steel                                                 

                    mins.     "         "                                      

     ______________________________________                                    

PAR  Certain of the resins are effective in hot melt coatings and adhesives.
      Clouding of the hot melt composition indicates a phase separation and,
      consequently, a loss of solubility. Accordingly, it is desirable in such
      compositions that the cloud point be low. The freezing point of paraffin
      wax, a major constituent of many hot melt coatings, is about 154.degree.
      to 158.degree.F and the cloud point of such hot melt compositions is
      usually preferably near that temperature. However, there are applications,
      such as in high hot strength coatings or adhesives, in which complete
      solubility is not desirable.
PAR  A common hot melt composition comprises ethylene vinyl acetate and wax.
      Several resins exemplary of Examples 2 and 3, identified as resins 2 and
      3, respectively, were blended with wax and ethylene vinyl acetate. The
      properties were maintained constant, but the amount of vinyl acetate in
      the ethylene vinyl acetate was varied and cloud point determinations were
      made as shown in Table 4. The data show that there is a wide range of
      vinyl acetate content in which the cloud point is close to the freezing
      point of the wax.
TBL                Table 4                                                     

     ______________________________________                                    

     Cloud Point Determinations In Degrees F.                                  

     For Blends Of 20% Ethylene Vinyl Acetates,                                

     20% Resin, and 60% Wax With Varying                                       

     Ratios Of Ethylene And Vinyl Acetate                                      

     In The Copolymer                                                          

     ______________________________________                                    

     % Vinyl acetate (in ethylene vinyl acetate)                               

     18           25       28       33     40                                  

     ______________________________________                                    

     Resin 2 194      169      158    169    255                               

     Resin 3 158      158      154    162    248                               

     ______________________________________                                    

PAR  Exemplary resins were blended with several waxes in different proportions,
      and the cloud points were determined with the results shown in Table 5.
TBL                Table 5                                                     

     ______________________________________                                    

     Cloud Point Determinations in Degrees F. For                              

     Blends of Wax and Resin in Varying Proportions                            

            % Wax                                                              

            30(1)   50(1)     70(1)     50(2)                                  

     ______________________________________                                    

     Resin 2  158       172       194     226                                  

     Resin 3  154       153       156     180                                  

     ______________________________________                                    

      (1)Atlantic 1116, manufactured by Atlantic Refining Co.                  

      (2)Multiwax 180-M, manufactured by Sonneborn Div. of Witco Chemical Corp.

PAR  Exemplary resins were blended with wax and with ethylene vinyl acetate (72%
      ethylene and 28% vinyl acetate) in varying proportions and cloud point
      determinations were made as shown in Table 6. Again, low cloud point was
      found over a broad range of proportions.
TBL                Table 6                                                     

     ______________________________________                                    

     Cloud Point Determinations In Degrees F                                   

     For Blends of Wax, Resin, and Ethylene                                    

     Vinyl Acetate (72% Ethylene and 28%                                       

     Vinyl Acetate) in Varying Proportions                                     

            EVA     15%       20%       25%                                    

            Resin   15        20        25                                     

            Wax     70        60        50                                     

     ______________________________________                                    

     Resin 2        172       158       158                                    

     Resin 3        158       154       158                                    

     ______________________________________                                    

PAR  Exemplary resins were blended with ethylene vinyl acetate (72% ethylene and
      28% vinyl acetate) and wax with the amounts of wax and resin being varied.
      Cloud point determinations were made as shown in Table 7.
TBL                Table 7                                                     

     ______________________________________                                    

     Cloud Point Determinations In Degrees F.                                  

     For Blends of Wax, Resin, and Ethylene                                    

     Vinyl Acetate (78% Ethylene and 28%                                       

     Vinyl Acetate) in Varying Proportions                                     

     EVA          20%     20%     20%   20%   20%                              

     Resin        10      20      30    40    50                               

     Wax          70      60      50    40    30                               

     ______________________________________                                    

     Resin 2          158     158   169   169   172                            

     Resin 3          158     154   154   156   158                            

     ______________________________________                                    

PAR  Several hot melt compositions were prepared including resins exemplary of
      Examples 1, 2 and 3. Those compositions were then tested for viscosity,
      effectiveness in adhering two sheets of corrugated cardboard, and
      softening temperature. The data are set forth in Table 8.
TBL                                    Table 8                                 

     __________________________________________________________________________

     Blend                                                                     

     Resin 1    --   --   --   --   37.5                                       

     Resin 3    37.5%                                                          

                     37.5%                                                     

                          --   --   --                                         

     Multiwax 180-M(1)                                                         

                24.4 24.4 24.4 24.4 24.4                                       

     Resin 2    --   --   37.5 37.5 --                                         

     Elvax 460(2)                                                              

                24.8 24.8 24.8 24.8 24.8                                       

     Polyethylene                                                              

      AC-8(3)   --   --   13.1 --   13.1                                       

     Polywax 1000(4)                                                           

                --   13.1 --   13.1 --                                         

     BHT(5)     0.25 0.25 0.25 0.25 0.2                                        

     Viscosity                                                                 

     cps a 250.degree.F                                                        

                18,000                                                         

                     12,000                                                    

                          29,750                                               

                               14,600                                          

                                    --                                         

     cps a 275.degree.F                                                        

                10,900                                                         

                      7,300                                                    

                          12,500                                               

                                8,300                                          

                                    --                                         

     cps a 300.degree.F                                                        

                 7,000                                                         

                      4,675                                                    

                           7,500                                               

                                5,300                                          

                                    13,700                                     

     cps a 325.degree.F                                                        

                 4,700                                                         

                      3,200                                                    

                           5,000                                               

                                3,550                                          

                                    --                                         

     cps a 350.degree.F                                                        

                 3,250                                                         

                      2,250                                                    

                           3,450                                               

                                2,450                                          

                                     5,070                                     

     Corrugated Test                                                           

     a -20.degree.F                                                            

                F.T.(6)                                                        

                     F.T. F.T. F.T. F.T.                                       

     a Ambient Temp.                                                           

                F.T. F.T. F.T. F.T. F.T.                                       

     a 140.degree.F                                                            

                F.T. F.T. F.T. F.T. F.T.                                       

     a 150.degree.F                                                            

                F.T. F.T. F.T. F.T. F.T.                                       

     a 160.degree.F                                                            

                F.T. F.T. F.T. F.T. F.T.                                       

     a 165.degree.F                                                            

                Cohesive                                                       

                     F.T. Border-                                              

                               Border-                                         

                                    --                                         

                Failure   line line                                            

     B & R Softening                                                           

                113.degree.C                                                   

                     111.degree.C                                              

                          111.degree.C                                         

                               110.degree.C                                    

                                    --                                         

      Point                                                                    

     __________________________________________________________________________

      (1)Microcrystalline wax, Sonneborn Div. of Witco Chemical Co.            

      (2)Ethylene vinyl acetate (18% vinyl acetate) E.I. DuPont deNemours      

      (3)Allied Chemical Corp.                                                 

      (4)Synthetic Paraffin Wix, Bareco Corp.                                  

      (5)Butylated Hydroxytoluene                                              

      (6)Fiber Tear?                                                           

PAR  We have disclosed certain preferred embodiments of our preferred resins and
      uses thereof. It is to be understood, however, that we do not limit
      ourselves thereto and that the invention may be otherwise variously
      practiced within the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hot melt composition comprising (i) a wax selected from the group
      consisting of paraffin wax and microcrystalline wax, (ii) ethylene vinyl
      acetate, and (iii) a copolymer of alpha-methylstyrene and styrene which
      copolymer has a softening point (ring and ball) up to about 100.degree.C.
NUM  2.
PAR  2. A hot melt composition as set forth in claim 1 in which the softening
      point of the copolymer is about from 70.degree.C to 80.degree.C.
NUM  3.
PAR  3. A hot melt composition as set forth in claim 1 in which the
      alpha-methylstyrene and styrene have been copolymerized within a
      temperature range of about 5.degree.C.
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ABST
PAL  The present invention relates to an anti-migratory (as respects impregnated
      porous sheet members) phenol-formaldehyde resole resin in water emulsions.
      The emulsion is rendered anti-migratory (when impregnated into paper)
      through the addition thereto of an anti-migratory agent selected from the
      group consisting of polyelectrolytes, certain salts of inorganic acids,
      and combinations thereof. The composition is especially useful in the
      impregnation of filter paper.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of co-pending application Ser.
      No. 142,905, filed May 13, 1971 now U.S. Pat. No. 3,719,616 which is a
      continuation-in-part of application Ser. No. 8,679, filed Feb. 4, 1970 and
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to phenolic emulsions. More particularly, the
      present invention relates to resole phenolic resin in water emulsions
      containing an anti-migratory agent which are used to impregnate cellulosic
      substrates.
PAR  2. Description of the Prior Art
PAR  Emulsified phenolics are well known to the prior art and have been
      recommended for use in the proper industry for impregnating substrates and
      for use as beater additives for a variety of end uses.
PAR  When substantially water based phenolics, i.e., either liquid phenolic
      resoles or emulsified (in water) phenolic resins are used for the
      impregnation of paper, there is experienced, during a drying operation
      after paper treatment, a phenomenon known as migration. Thus, the resin
      tends to physically move from center regions of a paper sheet to surface
      regins thereof (i.e. a treated sheet's opposed faces). Thus, in a product
      sheet member from which volatiles have been removed, the resin tends to be
      concentrated at or near treated sheet surfaces. Heretofore, this problem
      has been partially solved by the use of solvent based phenolic resins.
PAR  While, for some purposes, resin migration is desirable since there are
      benefits sometimes achieved by having the phenolic resin near treated
      paper surfaces, for many purposes, the phenomenon of resin migration
      presents severe industrial problems since the product treated sheet has a
      non-uniform resin distribution. For example, resin migration causes loss
      of strength, reduction in porosity, embrittlement (e.g. poor
      pleatability), etc. The art, then, has long sought ways of minimizing and
      even eliminating migration in sheet members treated with emulsifiable
      phenolic resins.
PAR  There has now been discovered a system for minimizing and even
      substantially eliminating phenolic resin migration in porous woven or
      non-woven sheet members treated with emulsifiable water based phenolics.
      Not only does the system of this invention reduce or eliminate phenolic
      resin migration in treated sheet members, but also the product treated
      sheet members display surprising improvement in strength, porosity, and
      flexibility. This new composition of matter results in a very low degree
      of migration that is unattainable with any known water based system and
      even the previously mentioned solvent based phenolics. In addition, the
      system does not suffer from the economic and ecological drawbacks inherent
      in the use of a solvent based phenolic.
PAR  These new compositions of matter are especially useful as impregnating
      resins for filter paper.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improvement in phenolformaldehyde
      resole resin in water emulsions. The improvement provides a resulting
      system with reduced tendency for the resin to migrate (and preferably
      substantially eliminates migration) when the emulsion is used to treat
      (e.g. impregnate) a porous sheet material, such as a cellulosic sheet or
      the like compared to the prior unimproved systems.
PAR  The present invention provides a composition of matter comprising in
      combination:
PA1  A. an emulsified phenol-formaldehyde resole resin system of the type
      comprising phenol-formaldehyde resin dispersed in aqueous medium; and
PA1  B. an anti-migratory agent for the resin system wherein the antimigratory
      agent is selected from the group consisting of:
PA2  1. Polyelectrolytes selected from the group consisting of:
PA3  a. acrylic acid homopolymers and copolymers and salts thereof,
PA3  b. copolymers of maleic anhydride and the half-esters and salts of these
      copolymers,
PA3  c. acrylamide homopolymers and copolymers,
PA3  d. copolymers of vinyl esters and carboxylic acids and salts thereof,
PA3  e. methacrylic acid homopolymers, copolymers and salts thereof,
PA2  2. ammonium and alkali metal salts of hydrochloric and sulfuric acid,
PA2  3. combinations of a polyelectrolyte as defined in (1) above and ammonium
      and alkali metal salts of hydrochloride and sulfuric acid.
PAR  The present invention also relates to a method for making an emulsified
      modified phenolic resole resin system of the type above described
      anti-migratory (as respects reduced capacity of such resin to migrate in a
      porous, sheet-like member after impregnation thereof with such system
      during drying). The method involves the step of admixing with such systems
      (before utilization) an aqueous solution of an anti-migratory agent of the
      type described above to obtain 0.04 to 20.0 parts by weight per 100 parts
      by weight of solids.
PAR  The present invention further relates to a sheet member comprising a
      preformed porous substrate in integral, sheet-like form comprised of
      fibrous material (organic, inorganic, or mixtures thereof) in a woven,
      non-woven, or mixed woven and non-woven form, such substrate having been
      impregnated with an emulsified phenolic resin system of this invention.
      Typically, such as impregnated sheet member contains from about 3 to 95
      weight per cent (based on total impregnated sheet member weight) of solids
      derived from the emulsified phenolic resin system of this invention.
      Preferably, this impregnated sheet member has such solids substantially
      uniformly distributed therethrough.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The present invention is better understood by reference to the attached
      drawings wherein:
PAR  FIG. 1 is an enlarged, vertical, artist's diagrammatic, sectional view
      through a portion of a cellulosic paper sheet member impregnated with an
      emulsified phenolic resin system of this invention containing
      anti-migratory additive.
PAR  FIG. 2 is a further enlarged view of the sheet member of FIG. 1, some parts
      thereof broken away and after the volatiles have been removed in a drying
      operation.
PAR  FIG. 3 shows a plot of parts anti-migratory additive solution per 100 parts
      by weight of initial starting emulsifiable phenolic resin system versus
      per cent total solids present in the product emulsified phenolic resin
      system containing such additive solution.
DETD
PAR  Turning to FIG. 1, there is seen illustrated a resin impregnated celluosic
      paper sheet member prepared in accordance with the teachings of this
      invention. Inspection of this vertical sectional view reveals that the
      resin and other solids derived from the emulsified phenolic system used
      for treatment are uniformly distributed through the sheet member, and that
      surprisingly and unexpectedly, after drying there has been substantially
      no resin migration to upper and lower surfaces of the sheet member during
      the drying operation to remove volatiles from the treated sheet member.
      The non-migratory properties of the emulsions of the present invention are
      further illustrated by FIG. 2. Even under relatively high magnification,
      individual fibers of the sheet member of FIG. 1 are observed to be
      uniformly treated with resin, even though such fibers are taken from the
      mid-region of the sheet member of FIG. 1. Observe that, while in the
      emulsion used for treatment, the resin was present in the form of little
      spherules, in the dried, treated sheet member, the individual fibers
      appear to be uniformly coated with and impregnated with resin.
PAR  FIG. 3 illustrates the quantity of anti-migratory additives of the type
      described in Example 15 (below) needed to achieve approximately equal
      non-migration of resin in papers treated with emulsions containing
      anti-migratory additive at varying solids levels. This curve is only a
      rough estimate or guide to demonstrate that one should consider changing
      the weight ratio of anti-migratory additive to emulsifiable phenolic resin
      if the solids content of the resulting emulsion containing such additive
      is changed appreciably, assuming that such resulting emulsion is to be
      used to saturate a paper sheet during treatment (impregnation). Owing to
      the complex nature of the physical and chemical interrelationships
      involved, those skilled in the art will appreciate that for treating any
      particular paper stock with any given emulsion system by some particular
      treating procedure, the optimum levels of anti-migratory additive for
      differing emulsion resin solids levels and for differing paper basis
      weights must be arrived at through experience in order to achieve maximum
      anti-migratory action consistent with other variables present. In general,
      the concentration of anti-migratory additive in a final emulsion will be
      in the range of from 0.04 to 20 parts by weight per 100 parts by weight of
      solids.
PAR  It is an important feature of the present invention that the anti-migratory
      additives described herein may be used with the starting emulsions
      described herein without rendering the product emulsions so unstable that
      agglomeration results therein at such a rate as to adversely affect or
      even prevent the uniform impregnation of resin into sheet members.
      Obviously, unless the anti-migratory additives are compatible with the
      starting emulsion system, such are of no value whatever in obtaining the
      desired end result. It is interesting to note, for example, in this
      connection that, in general, for all levels of concentration of
      anti-migratory additive in an emulsion below the level indicated by the
      curve in FIG. 3, substantially no emulsion instability (resin
      agglomeration) appears to occur, while for concentrations above such
      level, emulsion instability tends to occur.
PAC  PREFERRED EMBODIMENTS
PAR  Characteristically, in the practice of this invention, there is first
      prepared an emulsifiable phenolic resin system such as known to those
      skilled in the art. The preferred emulsifiable phenolics particularly
      suited for use in this invention are characterized as comprising:
PA1  A. from about 50 to 80 weight per cent total resin solids with the balance
      up to 100 weight per cent thereof being volatile inert solvent liquids,
PA1  B. the solvent liquids comprising (on a 100 weight per cent resin system
      basis) from 0 to about 45 weight per cent of an organic liquid boiling in
      the range from about 30.degree. to 150.degree.C. with the balance up to
      100 weight per cent thereof being water,
PA1  C. the total solids present in said resin system comprising on a 100 weight
      per cent total solids basis:
PA2  1. from about 88 to 99 weight per cent of a phenolformaldehyde resole
      condensate having a formaldehyde to phenol mole ratio of from about 0.85:1
      to 3.0:1, a free formaldehyde content of 1.5 per cent maximum, a viscosity
      in methanol solution at 60 weight per cent solids of not greater than
      about 10,000 centipoises, and a water dilutability of from 15 per cent to
      2000 per cent, based on resin solids, and
PA2  2. from about 1 to 12 weight per cent of a proteinaceous compound soluble
      in an aqueous media at a pH of from 7 to 10.
PAR  Optionally and preferably, the resins solids as above described also
      include from about (on a 100 weight per cent total solids basis) 1 to 15
      weight per cent of urea and/or dicyandiamide (assuming a corresponding or
      appropriate reduction in this amount of phenol-formaldehyde condensate).
PAR  The organic liquid as described above is generally chosen so as to be
      substantially inert (as respects the solids) and also is chosen so as to
      be a mutual solvent for both the solids and the water.
PAR  The organic liquid can comprise mixtures of different organic molecules.
      Preferred organic liquids comprise lower alkanols (such as ethanol,
      methanol, isopropanol, etc.) and lower alkanones (such as acetone or
      methylethyl ketone). The term "lower" refers to less than 7 carbon atoms
      per molecule as used herein.
PAR  As made, these liquid, emulsifiable resins are characteristically colored,
      one-phase, clear liquid solutions having a viscosity ranging from about 50
      to 10,000 centipoises, the exact viscosity of a given liquid resin
      depending upon chemical process and product variables used in manufacture.
      Further characterizing the phenolic resole resin, it is necessary to keep
      the free formaldehyde content of the resole condensate below 1.5% maximum
      in order to permit and facilitate subsequent blending of the proteinaceous
      protective colloid (which is described in detail below) with the resole
      condensate. If the free aldehyde content of the resole condensate is
      greater than 1.5%, gelation of the protective colloid occurs rendering the
      system non-emulsifiable.
PAR  In addition, the phenol-formaldehyde resole condensate must have a water
      dilutability of from 15 per cent to 2000 per cent by weight based on resin
      solids. Water dilutability is a measure of the maximum amount of water
      which can be added to the condensate without causing haze formation. Water
      dilutability is inversely related to the degree of resin advancement and
      if dilutability is too high, the resin will not form an emulsion but
      rather a solution in the solids range previously mentioned. Furthermore,
      if the degree of water dilutability is too low then the resin system will
      either require excessively large amounts of organic solvent to insure a
      homogeneous one phase condition or will have prohibitively short storage
      life.
PAR  Preferred phenol-formaldehyde resole resins are those which are modified
      with melamine. In one preferring procedure, melamine is added initially
      with the phenol and formaldehyde and condenses with formaldehyde
      concurrently with the phenol. In another preferred procedure, the melamine
      is added after the formaldehyde and phenol have partially methylolated. In
      another procedure, melamine-formaldehyde condensate separately prepared is
      added to a phenol-formaldehyde condensate. In general, the resulting
      melamine modified product contains from about 2 to 25 parts by weight of
      melamine per 100 parts of phenol.
PAR  Melamine modified resins are preferred because of the improved stability
      found in emulsion prepared from the emulsifiable melamine modified
      resoles. For example, these emulsions exhibit substantially no
      sedimentation even upon storage for 6 months at room temperature.
PAR  The alkali solubilizable proteinaceous compounds used are well known to
      those of ordinary skill in the art. In general, they are amphoteric but
      are used in the present invention only at a pH of from 7 to 10.
PAR  Suitable aqueous solutions of the proteinaceous compound may therefore be
      prepared in the presence of alkali and alkaline earth metal hydroxides,
      ammonium hydroxide, organic amines, e.g., urea, dicyandiamide, triethyl
      amine, and the like as well as mixtures of the foregoing. The most
      commonly used proteinaceous materials of this type are casein and soya
      proteins; common molecular weights range from 100 to 400 thousand.
PAR  For use in the current invention, the emulsifiable resole resins previously
      described are first converted to resin in water emulsions. Alternately,
      phenolic emulsions known to the art may be also used providing they
      exhibit sufficient stability when subsequently co-mixed with the
      anti-migratory agents of this invention.
PAR  In the preferred case, the clear, one phase, homogeneous, emulsifiable
      resins previously described may be easily converted to resin in water
      emulsions by the simple addition of water with sufficient agitation to
      permit effective blending of the water. This can normally be accomplished
      with the use of conventional propellor type agitators. Depending upon the
      degree of dilutability of the emulsifiable resin, i.e., degree of
      advancement, the formation of phenolic resole emulsion may be first
      characterized by a slight lowering of viscosity with the formation of a
      water-in-resin emulsion and a peak viscosity at the point at which the
      system inverts to a resin in water emulsion. Such is the case with
      relatively high degree of advancement of emulsifiable resin systems having
      a relatively low degree of water dilutability, e.g., 20%. Alternately, the
      lower advanced phenolic resole emulsifiable resins, emulsification may be
      accomplished with no noticeable increase in viscosity and result directly
      in a resin in water emulsion.
PAR  Characteristically, the emulsifiable resin form resin emulsions containing
      5 to 45 parts by weight on solids, 0 to 20 parts by weight of organic
      liquid and 35 to 95 parts by weight of water. The solids content is
      determined by ASTM Test Procedure No. D-115-55. The emulsions comprise
      spherules of phenolic resin, at least about 80 per cent of the spherules
      ranging in size from about 0.01 to 0.8 microns (as measured for example by
      electron microscope).
PAR  The emulsified phenolics are diluted with water to a specified solids and
      formulated with the anti-migratory agent. In the impregnation of filter
      paper, emulsion solids in the range of 5-30 weight per cent are preferred,
      although other solids levels may be used.
PAR  The anti-migratory agents of this invention are selected from the group
      consisting of:
PA1  A. water soluble polyelectrolytes selected from the group consisting of:
PA2  1. acrylic acid homopolymers and copolymers and salts thereof,
PA2  2. copolymers of maleic anhydride and the half-esters and salts of these
      copolymers,
PA2  3. acrylamide homopolymers and copolymers,
PA2  4. copolymers of vinyl esters and carboxylic acids and salts of these
      copolymers,
PA2  5. methacrylic acid homopolymers, copolymers and salts thereof,
PA1  B. ammonium and alkali metal salts of hydrochloric and sulfuric acid,
PA1  C. combinations of a polyelectrolyte as defined in (A) above and ammonium
      and alkali metal salts of hydrochloric and sulfuric acid.
PAR  Specific polyelectrolytes used in the present invention include:
PA1  A. polyacrylic acid and ammonium and alkali metal salts of these acids
      wherein the polyacrylic acid has a weight average molecular weight of at
      least 2,000. Also contemplated for use in this invention are copolymers of
      acrylic acid which contain up to 50 mole per cent of a comonomer such as
      vinyl acetate.
PA1  B. copolymers of maleic anhydride wherein the comonomer is a lower alpha
      olefin containing from 2 to 4 carbon atoms such as ethylene, propylene,
      butylene; a vinyl aromatic monomer such as styrene, chlorostyrene, vinyl
      toluene, etc.; a vinyl ester such as vinyl formate, vinyl acetate, vinyl
      propionate, vinyl benzoate. Included are also copolymers of maleic
      anhydride, wherein up to 50 mole per cent of the carboxylic acid groups of
      the maleic anhydride molecule are esterified with a lower alkyl alcohol
      such as methanol, ethanol, propanol and butanol. Included also are the
      ammonia and alkali metal salts of the maleic anhydride copolymers and the
      ester derivatives of these copolymers.
PA1  C. polyacrylamide and poly(acrylamide-acrylic) acid copolymers and the
      ammonium and alkali metal salts of these copolymers.
PA1  D. copolymers of acrylic acid and 2-ethyl hexyl acrylate which are prepared
      according to the teachings of U.S. Pat. No. 2,945,013 which is
      incorporated herein by reference.
PA1  E. polymethacrylic acid and ammonium and alkali metal salts of these acids
      wherein the polymethacrylic acid has a weight average molecular weight of
      at least 2,000. Also contemplated for use in this invention are copolymers
      of polymethacrylic acid which contain up to 50 mole per cent of a
      comonomer such as vinyl acetate.
PAR  The polyelectrolyte used in the present invention must be sufficiently
      water soluble so as to provide a solution concentration in the
      impregnating emulsion in the range of from 0.04 to 20 per cent by weight
      based on the weight of total system solids in the emulsion. Especially
      preferred anti-migratory agents for use in the present invention are
      combinations of the foregoing polyelectrolytes with the ammonium and
      alkali metal salts of hydrochloric and sulfuric acid. Such combinations
      appear to have a synergistic effect as regards the migration of resin
      particles. The amount of inorganic salt which would be used in combination
      with the polyelectrolyte will depend upon the particular polyelectrolyte
      and inorganic salt used as well as with the particular phenolic resin
      emulsion and particular impregnation application involved. However, in
      these synergistic combinations the ratio of polyelectrolyte to inorganic
      salt is varied from 1:99 to 99:1. Preferably, the ratio of polyelectrolyte
      to inorganic salt will be in the range of from 95:5 to 5:95. These
      synergistic combinations will be discussed in greater detail below in the
      working examples.
PAR  One of the more preferred systems is that which use a combination of a
      polyacrylate and an ammonium or alkali metal salt of hydrochloric or
      sulfuric acid. An especially preferred system is a mixture of ammonium
      chloride or ammonium sulfate and a water soluble polyacrylate.
PAR  The water soluble polyacrylate salts used are well known to those of
      ordinary skill in the art. Molecular weights for such salts can fall in
      the range of from about 100,000 to 700,000 but higher and lower molecular
      weights can be employed. Cations for such salts are selected from the
      group consisting of alkali metals and ammonium. SUch a salt
      characteristically has a pH of about 8 to 10, and preferably about 8.5 to
      9.5, in a 13 weight per cent water solution. In addition, such polymer
      preferably contains at least about 100 units per molecule of the
      structure:
      ##EQU1##
      Further, it is preferred to use a polyacrylate polymer which may contain
      up to about 10 per cent per molecule of units of the structure:
      ##EQU2##
PAR  Such polyacrylate salt polymers are usually prepared either by polymerizing
      acrylic acid and then neutralizing with an alkali metal hydroxide or
      ammonium hydroxide, or, alternatively, by polymerizing acrylonitrile and
      then hydrolyzing the nitrile groups in alkali (especially aqueous sodium
      hydroxide) to an extent such that there is produced a polymer containing
      not more than about 10 weight per cent residual units of Formula II above.
      One preferred polyacrylate salt polymer for use in the present invention
      is available commercially under the trade designation "Acrysol GS" (a
      trademark of the Rohm & Haas Company for its brand of a sodium salt of
      polyacrylic acid containing up to about 10 per cent of units of Formula II
      above). This polymer salt is available commercially as a water solution
      having a pH in the range of from about 8.5 to 9.5 at about 13 per cent
      solids and further having a viscosity of approximately 10,000 to 20,000
      centipoises.
PAR  As indicated above, it is preferred to have also dissolved in such
      anti-migratory additive solution on ammonium salt of a strong inorganic
      acid. Concentrations of such ammonium salt in such solution typically
      range from zero to about 30 parts by weight per 100 parts of solids, and
      preferably from 5 to 20 parts by weight per 100 parts of solids.
PAR  Any convenient treating technique such as dipping, coating, spraying, or
      the like, can be used to impregnate substrates. After treating, the
      treated sheet-like material is dried as in air or oven to lower the
      volatiles content and make the treated sheet-like product easily
      handleable. Usually, the treated sheet-like product is first dried at a
      temperature below one at which any substantial thermosetting or
      cross-linking of resin (in the treated substrate-like member) occurs.
      Thus, common drying temperatures range from about 105.degree. to
      175.degree.C. over (inverse) times of from about 1 to 20 minutes, as those
      skilled in the art appreciate.
PAR  Such an intermediate product treated sheet thereafter is usually formed by
      conventional folding, etc. techniques all well known to those of ordinary
      skill in the art into a desired configuration. After such a sheet forming
      operation, the product is subjected to an elevated temperature for a times
      sufficient to substantially completely thermoset the phenolic resin.
      Typical curing temperatures range from about 120.degree. to 200.degree.C.
      for 30 minutes, as those skilled in the art appreciate.
PAR  Characteristically, it is during the preliminary drying step when solvent
      and carrier liquids are removed from a treated sheet-like member that
      resin migration tends to occur, and, in accordance with the teachings of
      this invention, it is during this drying operation that the anti-migratory
      characateristics associated with the product emulsified resin systems of
      this invention are appreciated. Such reduction in resin migration is
      surprising and unexpected. No special precautions need be observed during
      the preliminary drying step in order to realize benefit of the
      anti-migratory action associated with the emulsions of this invention.
PAR  Tackiness in a dry hot thermoset sheet member inpregnated with an
      emulsified phenolic resin system of this invention may be reduced or
      eliminated by using a phenolic resin which is relatively highly advanced,
PAR  The following examples are set forth to illustrate more clearly the
      principles and practices of this invention to one skilled in the art, and
      they are not intended to be restrictive but merely to be illustrative of
      the invention herein contained. Unless otherwise stated herein, all parts
      and percentages are on a weight basis. Also, unless otherwise stated
      herein, all components and products have physical and chemical
      characteristics as hereinabove specifically stated and explained.
PAR  The following Examples 1 to 14 illustrate suitable emulsifiable liquid
      phenolic resins adopted for use in the preparation of emulsions suitable
      for use as starting materials in this invention.
PAC  EXAMPLE 1
PAR  The product of this example is a highly advanced, emulsifiable phenolic
      resin adapted for use with an anti-migratory additive for treating filter
      paper. Sodium caseinate is the main emulsifier. The following starting
      materials are used:
     Material                   Parts                                          

     ______________________________________                                    

     Phenol                     100                                            

     50% Formalin               85                                             

     Melamine                   5                                              

     50% Caustic Solution (NaOH)                                               

                                1.66                                           

     Methanol                   41                                             

     Water                      15                                             

     Prilled Urea               6.50                                           

     Casein                     6.50                                           

     50% Caustic Solution (NaOH)                                               

                                0.38                                           

     ______________________________________                                    

PAL  Phenol, 50% formalin, melamine and 50% caustic solution are heated under
      vacuum to atmospheric reflux (temperature ranges from 100.degree. to
      103.degree.C.). The reaction proceeds for 80 minutes after reflux starts.
      At the end of reflux, the resin is cooled with vacuum and allowed to level
      at 50.degree.  .+-. 2.degree.C. under 27 inches vacuum. It is then
      dehydrated to a refractive index of about 1.60. At the end of dehydration,
      approximately 41 parts of methanol are charged. Finally, a premixed casein
      solution is added with agitation. A clear, amber colored fluid results.
PAR  Premixing of the casein is accomplished as follows: The urea is dissolved
      in water and the casein is added and slurried. After 30 minutes, the
      caustic solution is added and allowed to mix for 30 minutes. This solution
      may then be added to the resin. The product resin has a total solids
      content (measured by ASTM Test Procedure No. D 115-55) of about 60%.
PAR  The foregoing resin is emulsified as follows: Water is added to the resin
      with sufficient agitation to form an emulsion. It is observed that the
      agitation is sufficient to prevent formation of lumps. First a water in
      resin emulsion is formed. As water is added, the viscosity increases until
      the emulsion inverts to a resin in water emulsion, at which point the
      viscosity decreases with the addition of more water. The product emulsion
      is observed to be infinitely dilutable with water. The resin in water
      emulsion is storage stable and mechanically stable. The emulsion is
      observed to reach a peak viscosity and invert from a water in resin
      emulsion to a resin in water emulsion at about 42% solids (as determined
      by ASTM Test Procedure No. D 115-55).
PAR  When a resin in water emulsion prepared as just described and having a
      solids content of about 10% (same procedure) is cast onto a glass plate, 5
      .times. 7 inches, and then oven dried at a temperature of about
      150.degree.C. for 10 minutes, there is produced a thermoset resin film
      which displays excellent water resistance.
PAC  EXAMPLE 2
PAR  The procedure and starting materials of Example 1 are repeated except that
      after the alcohol has been added, but before the casein solution addition,
      the resin further advanced by refluxing the system at about 80.degree.C.
      until the product achieves a gel time of about 7 - 9 minutes, as
      determined by using a so-called General Electric Gel Test.
PAR  The product resin, when water is similarly added, has properties like those
      associated with the product of Example 1, and, in addition, when a film on
      glass is similarly cast and air dried at 25.degree.C. for 2 hours, the
      product film is observed to be substantially non-tacky demonstrating that
      the product resin is substantially free from sticking tendencies on
      industrial paper treating equipment when this resin is used for paper
      sheet impregnation. When this air dried film is then oven dried as in
      Example 1, the product thermoset film is found to display excellent water
      resistance.
PAC  EXAMPLE 3
TBL  Material                  Parts                                           

     ______________________________________                                    

     Phenol                    100                                             

     50% Formalin              85                                              

     Melamine                  5                                               

     50% caustic Solution (NaOH)                                               

                               1.66                                            

     Ethanol                   5                                               

     Water                     36                                              

     Urea                      6.50                                            

     Casein                    5.40                                            

     28% Ammonia               .94                                             

     ______________________________________                                    

PAL  This reaction proceeds as in Example 1 except that the methanol solvent is
      replaced by ethyl alcohol. The protective colloid (casein) is prepared as
      in Example 1 except that the 50% sodium hydroxide is replaced by a 28%
      ammonia solution. The product resin has a total solids content (measured
      as ASTM Test Procedure No. D 115-35) of about 64%.
PAR  The foregoing resin is emulsified as in Example 1. The product emulsion is
      observed to be infinitely dilutable with water. The resin in water
      emulsion is storage stable and mechanically stable. The emulsion is
      observed to reach a peak viscosity and invert from a water in resin
      emulsion to a resin in water emulsion at about 45 per cent solids (as
      determined by ASTM Test Procedure No. D 115-55).
PAR  When a resin in water emulsion prepared as just described and having a
      solids content of about 10 per cent (same procedure) is cast onto a glass
      plate 5 .times. 7 inches and then oven dried at a temperature of about
      150.degree.C. for 10 minutes there is produced a thermostat resin film
      which displays excellent water resistance.
PAC  EXAMPLE 4
PAR  The following starting materials are used:
TBL  Material                  Parts                                           

     ______________________________________                                    

     Phenol                    100                                             

     50% Formalin              85                                              

     Melamine                  5                                               

     50% Caustic Solution (NaOH)                                               

                               1.66                                            

     Water                     36                                              

     Urea                      6.5                                             

     Casein                    5.4                                             

     28% Ammonia               .94                                             

     ______________________________________                                    

PAR  The reaction proceeds as in Example 1 except that the alcohol solvent is
      replaced by water resulting in a completely aqueous system. The protective
      colloid (casein) is prepared as in Example 1 except that the 50% sodium
      hydroxide solution is replaced by a 28% ammonia solution. The product
      resin has a total solids content (measured by ASTM Test Procedure No. D
      115-55) of about 64%.
PAR  The foregoing resin is emulsified as in Example 1. The product emulsion is
      observed to be infinitely dilutable with water. The resin in water
      emulsion is storage stable and mechanically stable. The emulsion is
      observed to reach a peak viscosity and inverts from a water in resin
      emulsion to a resin in water emulsion at about 45 per cent solids (as
      determined by ASTM Test Procedure No. D 115-55).
PAR  When a resin in water emulsion prepared as just described and having a
      solids content of about 10 per cent (same procedure) is cast onto a glass
      plate 5 .times. 7 inches and then oven dried at a temperature of about
      150.degree.C. for 10 minutes, there is produced a thermoset resin film
      which displays excellent water resistance.
PAC  EXAMPLE 5
PAR  The starting materials and procedures of Example 1 are repeated except that
      the urea is eliminated. There is produced a product emulsifiable resin
      which, when emulsified by the procedure of Example 1, has inversion
      characteristics and water resistance characteristics like those of Example
      1.
PAC  EXAMPLE 6
PAR  The starting materials and procedure of Example 1 are repeated except that
      dicyandiamide is used in place of urea. There is produced a product
      emulsifiable resin which, when emulsified by the procedure of Example 1,
      has inversion characteristics and water resistance characteristics like
      those of Example 1.
PAC  EXAMPLE 7
PAR  The following starting materials are used:
TBL  Material                  Parts                                           

     ______________________________________                                    

     Phenol                    100                                             

     50% Formalin              85                                              

     Melamine                  5                                               

     50% Caustic Solution (NaOH)                                               

                               1.66                                            

     Methanol                  41                                              

     Water                     15                                              

     Prilled Urea              6.50                                            

     Casein                    6.50                                            

     28% Ammonia               .94                                             

     ______________________________________                                    

PAR  The procedure is the same as in Example 2 except that 28% ammonia is used
      in place of the 50% caustic solution.
PAR  Product properties are equivalent to those of Example 2.
PAR  Various anionic or nonionic surfactants (such as sodium dioctyl
      sulfosuccinate or the polyethylene glycols) can be added to all of the
      above examples without interfering with action of the subsequently added
      anti-migratory additive. The surfactants can contribute to emulsion
      stability. They are used in the range of 0-5 part by weight per 100 parts
      by weight of phenolic resin.
PAC  EXAMPLE 8
PAR  The starting materials and the procedure is the same as in Example 7 except
      that 2 parts of sodium dioctyl sulfosuccinate are added to the
      emulsifiable melamine modified phenol-formaldehyde resin formed.
PAC  EXAMPLE 9
PAR  The starting materials and the procedure is the same as in Example 7 except
      that 2 parts of Carbowax 200 (a registered trademark of the Union Carbide
      Company) are substituted for the sodium sulfosuccinate.
PAC  EXAMPLE 10
PAR  The following starting materials are used:
TBL  Material                  Parts                                           

     ______________________________________                                    

     Phenol                    100                                             

     50% Formalin              85                                              

     Melamine                  5                                               

     50% Caustic Solution (NaOH)                                               

                               1.66                                            

     Methanol                  41                                              

     Water                     15                                              

     Prilled Urea              6.50                                            

     Casein                    6.50                                            

     28% Ammonia               .94                                             

     ______________________________________                                    

PAR  The procedure is the same as in Example 2 except that 28% ammonia is used
      in place of the 50% caustic solution.
PAR  Product properties are equivalent to those of Example 2.
PAC  EXAMPLE 11
PAR  Example 1 is repeated here except that 80 parts of formalin are used and
      the melamine is omitted. The resulting resole condensate is formulated as
      in Example 1 and used to prepare a resin in water emulsion at about 35%
      solids. The emulsion is diluted with water to about 10% solids, cast onto
      a glass plate, 5 .times. 7 inches, and then oven dried at a temperature of
      about 150.degree.C. for 10 minutes to produce a thermoset resin film which
      displays excellent water resistance.
PAC  EXAMPLE 12
PAR  The general procedure of Example 2 is repeated here using the resole
      condensate prepared in Example 11. Air dried films on glass are found to
      be substantially non-tacky demenstrating that the present resin is
      substantially free from sticking tendencies on industrial paper treating
      equipment when this resin is used for paper sheet impregnation. Oven dried
      films are found to display excellent water resistance.
PAC  EXAMPLE 13
PAR  In this example the starting materials are the same as those used in
      Example 11. Phenol, 50% formalin and 50% caustic solution are heated under
      vacuum to an 80.degree.C. reflux. The reaction proceeds for 3 hours after
      reflux starts. At the end of reflux, the resin is cooled with vacuum and
      allowed to level at 50.degree. .+-. 20.degree.C. under 27 inch vacuum. It
      is then dehydrated to a refractive index of about 1.60. At the end of
      dehydration, the premixed casein solution is added with agitation. A
      clear, amber colored fluid results which has a free formaldehyde content
      of 1.2% and a water dilutability of about 400%.
PAR  The foregoing resin is emulsified as follows: Water is added to the resin
      with sufficient agitation to form an emulsion. As water is added,
      viscosity decreases to a point at which the solution inverts to an
      emulsion. The product emulsion is observed to be infinitely dilutable with
      water. The resin in water emulsion is storage stable and mechanically
      stable. The emulsion is observed to invert to an emulsion at about 25%
      solids (as determined by ASTM Test Procedure No. D 115-55).
PAR  When a resin in water emulsion prepared as just described and having a
      solids content of about 10% (same procedure) is cast onto a glass plate, 5
      .times. 7 inches, and then oven dried at a temperature of about
      150.degree.C. for 10  minutes, there is produced a thermoset resin film
      which displays excellent water resistance.
PAC  EXAMPLE 14
PAR  The starting materials and procedure of Example 13 are repeated except that
      soya protein replaces the casein used in Example 13. The resulting product
      is an emulsifiable resin which, when emulsified by the procedure of
      Example 13, has inversion characteristics and water resistance
      characteristics like those of Example 13.
PAR  The following Examples 15 and 16 illustrate phenol-formaldehyde resole
      emulsions which are formulated with anti-migratory agents, and sheet
      members treated therewith.
PAC  EXAMPLE 15
PAR  A solution of the following ingredients is prepared:
TBL  Material                    Parts                                         

     ______________________________________                                    

     Water                       100                                           

     Acrysol GS (sodium polyacrylate                                           

      solution)                  100                                           

     Ammonium Chloride            24                                           

     28% Aqueous Ammonium Hydroxide                                            

                                  5                                            

     ______________________________________                                    

PAR  These ingredients are mixed at room temperature until a homogeneous
      solution is formed. This product solution forms an anti-migratory additive
      of this invention suitable for adding to emulsified phenolic systems.
PAR  To evaluate the foregoing additive, the following procedure is used:
PAR  The phenolic resin systems of Examples 1 through 14 (above) are emulsified
      with water and adequate agitation (sufficient to prevent lump formation)
      to form a 13 per cent solids, resin in water emulsion. Then to each of
      these resin in water emulsions is added a dilute solution of the
      anti-migratory additive of this example composed of 25 parts of such
      anti-migratory additive diluted with 133 parts of water per 100 parts of
      the phenolic resin solids of each such emulsion. The diluted
      anti-migratory additive is added in each instance with sufficient
      agitation to avoid any localized concentration of the anti-migratory
      additive in the phenolic resin in water emulsion.
PAR  Each resulting phenolic resin in water emulsion containing its
      above-described anti-migratory additive is then evaluated for migration by
      the following procedure:
PAR  A sample of 100 pounds basis weight relatively porous automotive-type
      filter paper, is saturated with each such additive containing emulsion by
      dipping the paper until each sheet is completely saturated. Each resulting
      so-saturated sheet is then dried for 15 minutes at 160.degree.C. in a
      circulating air oven. At the end of this time, each sheet is removed and
      examined for resin migration. Examination of a cross-section of each
      so-processed sheet reveals that the treating resin in each instance is
      evenly distributed throughout the sheet. Substantially, no resin migration
      is observed. Control examples which contained no anti-migratory agent
      exhibited excessive resin migration with seriously affected the
      performance of the filter paper.
PAC  EXAMPLE 16
PAR  A solution of the following ingredients is made up of:
TBL  Material                    Parts                                         

     ______________________________________                                    

     Acrysol GS (sodium polyacrylate                                           

                                  100                                          

      solution)                                                                

     Water                       1350                                          

     ______________________________________                                    

PAR  These ingredients are mixed at room temperature until a homogeneous
      solution is formed. This product solution forms an anti-migratory additive
      of this invention suitable for adding to emulsified phenolic systems.
PAR  To evaluate the foregoing additive, the following procedure is used.
PAR  A sample of the phenolic resin from Example 13 (above) is emulsified with
      water and adequate agitation (sufficient to prevent lump formation) to
      form a 13 per cent solids, resin in water emulsion. Then to this sample of
      so emulsified resin in water emulsion is added 80 parts of the above
      anti-migratory additive 250 parts of the 13 per cent solids phenolic resin
      in water emulsion. This anti-migratory additive is added with sufficient
      agitation to avoid any localized concentration of the anti-migratory
      additive in the phenolic resin in water emulsion.
PAR  The resulting phenolic resin in water emulsion containing its
      abovedescribed anti-migratory additive is then evaluated for migration as
      in Example 15. Examination of a cross-section of each so-processed sheet
      reveals that the treating resin in each instance is evenly distributed
      throughout the sheet. Substantially no resin migration is observed.
PAC  EXAMPLES 17 to 25
PAR  In the following examples, emulsions are prepared from the phenolic resins
      prepared in Example 1. These emulsions are then formulated with various
      anti-migratory agents and used to impregnate paper as in Example 15, which
      is subsequently examined for resin migration. These examples are tabulated
      in Table 1 below.
PAR  Sodium polyacrylate is available from Rohm & Haas Company as Acrysol GS.
      Polyacrylamide is available from Dow Chemical Company as Separan AP-273.
      Ethylene maleic anhydride is available from Monsanto Company as EMA 31.
      Sodium Salt of styrene maleic anhydride is available from Monsanto Company
      as Stymer S. Polyacrylamide is available from Dow Chemical Company as
      Separan NP-10.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     SUMMARY OF EXAMPLES 17 to 25                                              

     Emulsion                           Anti-Migratory Agent                   

     Parts by Weight                    Parts by Weight                        

     Example                                                                   

          Resin                                                                

              Water Formulation         Agent Water % Solids                   

     __________________________________________________________________________

     17   100 424.5 100 sodium polyacrylate                                    

                                        19    95    10                         

                    100 water                                                  

                     60 ammonium sulfate                                       

     18   100 257   same as in Example 17                                      

                                        10    50    15                         

     19   100 181   same as in Example 17                                      

                                        4.5   22.5  20                         

     20   100 325   100 water           17.2  86    12                         

                    1 polyacrylamide                                           

                    6 ammonium chloride                                        

     21   100 378   187.5 water         15.3  77    11                         

                     12.5 ethylene maleic anhydride                            

                     24 ammonium chloride                                      

     22   100 378   187.5 water         15.3  77    11                         

                     6.2 copolymer of acrylic acid                             

                       2-ethyl-hexyl acrylate (95-5)                           

                     26 sodium chloride                                        

     23   100 374   246 water           35.6  61.4  11                         

                     6.25 polyacrylamide                                       

                     33 sodium sulfate                                         

     24   100 368    5 sodium salt of styrene maleic                           

                                        33    154   9.5                        

                      anhydride                                                

                    100 water                                                  

     25   100 378   200 water           15.3  77    11                         

                     24 ammonium chloride                                      

     __________________________________________________________________________

PAR  Examples 17 to 25 further illustrate some of the variations which are
      possible in the present invention. Examples 17 to 19 illustrate the
      inverse relationship that exists between the phenolic resin solids in the
      emulsion and the amount of anti-migratory agent required. The examples
      also illustrate some of the wide variations which are possible in the
      choice of an anti-migratory agent. In this regard Examples 17 to 23
      illustrate synergistic mixtures of a polyelectrolyte and a salt of
      hydrochloric or sulfuric acid. In these examples resin migration is
      significantly less than in Examples 24 and 25 which contain only a single
      anti-migratory agent. It should be noted, however, that Examples 24 and 25
      show a significant improvement in resin migration over control examples
      which do not contain an anti-migratory agent.
PAR  Paper impregnated with the formulated emulsions of Examples 17 to 25 show
      substantially no resin migration whereas in the control examples which
      contain no anti-migratory agent there was severe resin migration which
      adversely affected the performance of the paper.
PAR  The phenolic emulsions of the present invention which contain an
      anti-migratory agent are used to impregnate a wide variety of substrates.
      Examples of such substrates include fiber glass insulation, fibrous
      reinforcing elements used in the preparation of laminates and composite
      articles, cellulosic materials such as paper, cotton, wood, fiber board,
      particle board, molding pulp, battery separators, etc. Other uses will
      become apparent to those skilled in the art upon reading the above
      specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition of matter comprising in combination:
PA1  A. a stable emulsified phenol-formaldehyde resole resin having a water
      dilutability of from 15 percent to 2000 percent based on the resin solids,
      a formaldehyde to phenol combined mole ratio of from about 0.85 to 3.0 and
      a viscosity in methanol solution at 60 weight percent solids of not
      greater than about 10,000 centipoises and in the form of spherules
      dispersed in aqueous medium of which at least about 80 weight percent of
      the spherules have a maximum dimension from about 0.01 to 0.8 microns and
      containing:
PA2  1. a quantity of solids ranging from about 5 to 45 parts by weight;
PA2  2. a quantity of organic liquid ranging from about 0 to 20 parts by weight,
      and
PA2  3. a quantity of water ranging from 35 to 95 parts by weight; and
PA1  B. a water soluble polyelectrolyte selected from the group consisting of:
PAR  1. polyacrylic acid and copolymers of acrylic acid and vinyl acetate
      containing up to 50 mole percent of vinyl acetate and the ammonium and
      alkali metal salts thereof,
PA2  2. polymethacrylic acid and copolymers of methacrylic acid and vinyl
      acetate containing up to 50 mole percent of vinyl acetate and the ammonium
      and alkali metal salts thereof,
PA2  3. copolymers of maleic anhydride and a comonomer selected from the group
      consisting of ethylene, propylene, butylene, styrene, chlorostyrene, vinyl
      toluene, vinyl formate, vinyl acetate, vinyl propionate, and vinyl
      benzoate and the ammonium and alkali metal salts thereof,
PAR  4. copolymers of a monoalkyl maleate wherein the alkyl group is methyl,
      ethyl, propyl, or butyl and a comonomer selected from the group consisting
      of ethylene, propylene, butylene, styrene, chlorostyrene, vinyltoluene,
      vinyl formate, vinyl acetate, vinyl propionate, and vinyl benzoate and the
      ammonium and alkali metal salts thereof, and
PA2  5. copolymers of acrylic acid and 2-ethylhexyl acrylate containing 93.5 to
      98.5 mole percent of acrylic and 6.5 -1.5 mole percent of 2-ethylhexyl
      acrylate;
PAL  wherein the amount of water soluble polyelectrolyte is in the range from
      0.04 to 20 percent by weight based on the total solids weight of
      phenol-formaldehyde resin.
NUM  2.
PAR  2. The composition of claim 1 wherein the polyelectrolyte is ethylene
      maleic anhydride copolymer.
NUM  3.
PAR  3. The composition of claim 1 containing in addition from 0 to 30 parts by
      weight of an inorganic salt selected from the group consisting of the
      ammonium and alkali metal salts of hydrochloric and sulfuric acid per 100
      parts of solids.
NUM  4.
PAR  4. The composition of claim 3 wherein the water soluble polyelectrolyte is
      sodium polyacrylate and the inorganic salt is ammonium chloride.
NUM  5.
PAR  5. The composition of claim 1 wherein the emulsion solids comprise 5 to 30
      weight percent of the composition.
NUM  6.
PAR  6. The composition of claim 3 wherein there are between 5 and 20 parts by
      weight of the inorganic salt per 100 parts by weight of solids.
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ABST
PAL  This specification discloses ecologically desirable, improved binder
      compositions suitable for bonding fibers. These binders exhibit low
      pollutant characteristics and improved properties, due to a combination
      into the binder of aminoplast resins or non phenolic monomeric materials
      capable of co-condensing with formaldehyde, together with a substantially
      phenol free, low mono methylolphenol high ortho para di methylol phenol
      content, water soluble thermosetting phenol formaldehyde resole solution.
      The phenolic resole resin is made to conform to the desired composition by
      mixing together a high mole ratio of formaldehyde with phenol and calcium
      hydroxide with cooling so that very little reaction takes place. The
      reaction is then allowed to proceed according to a carefully controlled
      temperature-time cycle without external heat input until substantially all
      the phenol has reacted to form condensation products and yet the mixture
      is still infinitely dilutable with water. Such binder compositions may be
      applied at solids levels of 1% to 80% and contain much lower phenolic
      resin component than binders of prior art with similar bonding
      characteristics.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of both (1) application Ser. No.
      400,145, filed Sept. 24, 1973, now abandoned, which was a continuation of
      application Ser. No. 226,265, filed Feb. 14, 1972, now abandoned, which
      was a continuation-in-part of application Ser. No. 44,616, filed June 8,
      1970, now abandoned; and (2) application Ser. No. 226,234, filed Feb. 14,
      1972, now abandoned, which was a continuation-in-part of application Ser.
      No. 44,616, filed June 8, 1970, now abandoned.
BSUM
PAR  This invention relates to the preparation of substantially phenol-free
      water soluble thermosettable phenol formaldehyde resol solutions, to the
      preparation of binder compositions therefrom and to fibre articles such as
      glassfibre insulating products so bonded.
PAR  Phenol formaldehyde resole resins are well known in the art. There also
      exists prior art pertaining to the preparation and use of these and other
      resins, monomers and other additives in binder compositions for the
      bonding of fibre products. Binder systems from such resoles, for example
      for glass fibres, usually comprise, in addition, also substantial
      percentages of co-condensable monomers and polymers, e.g. urea, and urea
      formaldehyde resins and the more costly dicyandiamide and melamine
      formaldehyde resins, along with other ingredients such as mineral oil,
      emulsifiers and stabilizers. Such binders are applied to glass fibres at
      high temperatures, as dilute aqueous dispersions or solutions. Similar
      compositions are used for bonding different materials, such as wood fibre
      or chip products, plywood and paper laminates. Those skilled in the arts
      are making continuing great efforts to optimize resole resins for use in
      bonding compositions.
PAR  For use in binders for glass fibres, prior art resins suffer from some
      combination of the following properties which limit their usefulness for
      this end use:
PAR  The solubility in water (considered in terms of dilutability) or in other
      binder ingredients may be limited and lead to blockage of lines, filters,
      and spray nozzles, etc.
PAR  The stability in storage before conversion into a binder is inadequate.
PAR  The resin may contain excessive unreacted phenol which is steam volatile
      and escapes to the atmosphere during binder applications to the fibres and
      necessitating expensive pollution control equipment to eliminate it and to
      dispose of the waste.
PAR  The resin contains volatile phenol alcohols (mono methylol phenols) which
      can escape to atmosphere during application, forming stable aerosols which
      are difficult to eliminate and necessitate further pollution control
      equipment to eliminate them and to dispose of the wastes.
PAR  The cured bonding material may contain water soluble alkali metal salts
      derived from the catalyst used to promote the methylolation reaction. Such
      alkali metal salts are detrimental to bond strength retention and promote
      corrosion where glass fibre products are used in contact with common
      metals.
PAR  The cost of the phenol formaldehyde resin produced may be excessive due to
      composition, catalyst cost and low resinification efficiency, i.e.: low
      yield of organic resin solids per unit volume charged or per unit of
      reactor time and volume.
PAR  The ratio of resin or binder solids which is retained in the finished
      product to those applied (application efficiency) is inadequate.
      Application efficiency is related to and simulated by the volatility test
      known as "Cone Efficiency".
PAR  The resistance of the cured binder to glass bond under conditions of high
      moisture and/or high temperature is inadequate.
PAR  The phenol formaldehyde resol may not be fully compatible with other
      desirable binder components.
PAR  The resoles and binder compositions of the present invention exhibit an
      advantageous balance of properties based on the above criteria and offer
      material advantages over prior art resins. These advantages have been
      demonstrated convincingly by large scale industrial use of said
      substantially phenol free, high mole ratio, calcium catalysed phenol
      formaldehyde resoles in binders for glass fibers. It is expected said
      resoles would perform satisfactorily in binders for laminated paper and
      wood products and the like with similar advantages.
PAR  Said advantages are principally:
PAR  a. An ecologically desirable reduction in atmospheric pollution during
      curing due to the very low phenol and monomethylolphenol content of the
      resole resin. These two toxic substances are steam volatile and escape to
      the atmosphere during the manufacturing process and elimination of such
      pollution is a great benefit.
PAR  b. A further reduction in pollution due to using a lesser proportion of
      phenolic resole in the bonding solids. This is possible because the high
      mole ratio permits an increase in non phenolic film forming materials.
PAR  c. A further reduction in pollution due to higher yields of cured resin
      solids from the applied binder.
PAR  d. An improvement in the case of control of the resole manufacturing
      process, particularly significant in relation to continuous production
      techniques.
PAR  e. An improvement in the stability of the resole and binders made from it.
PAC  Discussion of the Prior Art
PAR  The extensive prior art on water soluble phenolic resoles does not disclose
      any process to give these benefits.
PAR  Consider the vary low phenol and low monomethyol phenol obtained by this
      process. In U.S. Pat. No. 2,940,954, June 14, 1960, Barr et al have worked
      on this problem and disclose a process for obtaining low values by solvent
      extraction. They indicate that a resole made with a mole ratio of 3 moles
      formaldehyde to 1 mole phenol combined with an alkaline catalyst by the
      recognised methods known to those skilled in the art would analyse to show
      3% unreacted phenol and 10% or more monomethylolphenol at the end of the
      reaction (column 3, lines 28 to 64).
PAR  In Canadian Pat. No. 658,438, Feb. 26, 1973, Smucker disclose reaction of
      phenol with formaldehyde and barium hydroxide catalyst until substantially
      all the phenol is reacted. However, such a mixture is not stable unless
      the resole is immeditely converted to a terpolymer resin based on phenol
      formaldehyde, urea, dicyandiamide, and melamine and the resole itself
      cannot be obtained phenol free for use in binder compostions. Even when
      converted to a terpolymer the resins of the Smucker process do not show
      the stability of resins of this invention.
PAR  High mole ratio resins are disclosed in a number of prior art patents. For
      instance Gladney and Deuzeman U.S. Pat. No. 3,624,274 Nov. 30, 1971, shows
      resins with mole ratios of 1.9 to 2.8 mols formaldehyde per mole of
      phenol. (1.9-2.8:1). Whetstone U.S. Pat. No. 2,441,860, May 18, 1948 shows
      mole ratios from 1.0:1 to 4.0:1. Higashi U.S. Pat. No. 2,862,910 Dec. 2,
      1958 shows mole ratios 0.8:1 to 3.0:1. LeBlanc U.S. Pat. No. 3,304,345,
      shows ratios 1.0:1 to 4.0:1. Monsanto Pat. U.K. Pat. No. 1,023,881,
      Lambuth shows mole ratios 2.2:1 to 3.5:1. Monsanto Pat. U.K. Pat. No.
      733,568 shows mole ratios 2.25:1 to 3.33:1.
PAR  The use of phenolic resoles as sole binding agent for glass fibres is
      restricted effectively to resoles with a formaldehyde to phenol mole ratio
      of 2.6:1. Resoles with higher mole ratios do not develope adequate bond
      strength, and have therefore not been used in glass binder composition. It
      was a surprising and novel discovery to find that the addition of other
      co-condensable materials such as urea, dicyandiamide and the like to these
      high mole ratio resins in the range 2.8:1 to 4.5:1 and especially 3.2:1 to
      4.4:1 mols formaldehyde per mol phenol restored the bond strength to an
      acceptable level, and that good quality glass binders can be produced
      based on such high mole ratio resins.
PAR  The use of calcium as a catalyst is described in the art as examplified by
      Gladney U.S. Pat. No. 3,624,247, LeBlanc U.S. Pat. No. 3,304,345, Monsanto
      U.K. Pat. No. 1,023,881, and Monsanto U.K. Pat. No. 733,568. Alkaline
      earths are described as catalyst in patents such as Whetstone U.S. Pat.
      No. 2,441,860 and Smucker Canadian Pat. No. 658,438. All these patents
      make a general assumption that one alkaline catalyst is equivalent to
      another and indeed interchangeable for resole production and that the
      reaction rate and resulting composition depend on the hydroxyl
      concentration (based on the phenol present).
PAR  A detailed study of the catalysis of mixtures of phenol and formaldehyde by
      calcium hydroxide has shown that this assumption is incorrect. There are
      considerable differences in composition depending on the specific catalyst
      used, and also on the mole ratio of formaldehyde to phenol.
PAR  It is found that use of calcium as a catalyst results in:
PAR  a. Preferential conversion of more formaldehyde to organic resin solids,
      which increases resinification efficiency.
PAR  b. Formation of a higher quantity of O,P-dimethylol phenol which is a
      desired product.
PAR  c. An increase in yield as shown by cone efficiency tests.
PAR  d. A reduction in the content of monomethylol phenol, diphenyls and
      trimethylol phenol.
PAR  The properties of the resole catalysed by calcium are modified as a result
      of this change in composition so that it is feasible to allow the
      condensation to proceed until no free phenol is detectable and yet the
      resole is still infinitely dilutable with water and remains so for a
      sufficiently long period to allow cooling to about 70.degree.F and still
      be infinitely dilutable. This behaviour due to the use of calcium is novel
      and unexpected and not disclosed in or deducible from the prior art.
PAR  To take advantage of the ability to react to such low phenol and
      monomethylol phenol as a practical day to day process demands a high
      degree of uniformity of operation in manufacture.
PAR  The patents mentioned above in discussion of prior art with regard to mole
      ratio and catalyst all call for heating to promote the reaction. It is a
      particularly novel feature of this invention that the conditions specified
      mean that it is not necessary to supply heat from an external source to
      bring about reaction. Using these high mole ratios of formaldehyde to
      phenol and calcium oxide or hydroxide as a catalyst with the water content
      restricted to no more than 6-10 moles per mole of reactants it is found
      that the reaction can be controlled by cooling only.
PAR  Against this general background of modern resin, binder and glass fibre
      technology, of the environmental control requirements and of the
      constraints inherent in the art of preparing water soluble thermosettable
      resin compositions for the bonding of glass fibres, some major objectives
      of this invention are set out herein:
PAR  a. To reduce the emission of phenolic or other organic pollutants to the
      atmosphere by reducing the content of volatile compounds which become
      pollutants, per unit of aqueous thermosettable phenol formaldehyde resol.
PAR  b. Further reduce pollution by reducing the proportions of phenolic resol
      used in binder compositions for bonding glass.
PAR  c. To retain infinite dilutability of the resol with distilled water, by
      minimizing the formation of water insoluble condensation products, such as
      for instance higher phenyls.
PAR  d. To react all available phenol (B.P. = 181.degree.C) in the condensation
      reaction and minimize the formation of o -monomethylol phenol (=
      .alpha.,2-dihydroxy toluene or Saligenin; which sublimates at
      100.degree.C); and p- monomethyl phenol (= .alpha.,4-dihydroxy toluene,
      B.P. = 252.degree.C); which are volatile per se or in the presence of
      steam.
PAR  e. To prepare such aqueous phenolic resins in batch type or continuous
      operation, requiring no after treatment for reduction of the volatiles by
      secondary treatment, e.g. by distillation or solvent extraction.
PAR  f. To retain a moisture resistant non-corrosive bond between glass fibre
      and heat cured binder.
PAR  g. To minimize the amount and settling characteristics of any insoluble
      product of catalyst neutralization.
PAR  h. It was a major objective of the work leading to this invention to
      introduce the catalyst in suitable proportions so as to create a high
      enough exotherm to carry the reaction to completion without input of
      external heat, controlling temperatures throughout the cycle by cooling
      only. The purpose is twofold. In industrial reaction vessels it has been
      observed that advanced, water insoluble condensation products are formed
      on batch-type heating surfaces (coils, jackets), and at least in part are
      released into the resin cook. Secondly, it is very desirable for effective
      reaction control in a continuous process for the manufacture of water
      soluble, aqueous phenol formaldehyde resins of the type here described,
      that temperature control be restricted to the cooling mode.
PAR  i. To dissolve all catalysts without residue.
PAR  j. To produce a material in which any resulting insoluble neutralization
      products of alkaline earth metal catalysts are substantially non-settling
      and non-agglomerating, and have little or no tendency to block pipe lines.
PAR  k. To reduce the content of soluble alkali metal salts, and particularly
      alkali metal chlorides, so they contribute not more than 1.8% of R.sub.2 O
      (R=Na, K or other alkali metal) to the binder composition.
PAR  l. To obtain a moisture resistant non-corrosive bond to glass fibres. This
      precludes the use of such phenolic resins derived from catalyzation with
      high concentrations of hydroxides or salts of alkali metals, as are
      disclosed in British Pat. No. 1,023,881 Monsanto, published Mar. 30, 1966.
PAR  The data from our experimentation undertaken to meet or to approach the
      above objectives and constraints suggested that for the preparation of
      co-condensable thermosetting bonding materials from phenol formaldehyde,
      amine type monomers and/or amine formaldehyde condensation products, the
      phenol formaldehyde resole component might tolerate a relatively high
      percentage of unreacted formaldehyde. Thus it could be prepared from
      unusually high formaldehyde mole ratio charges, even though the prior art
      indicates clearly that detrimental effects of such high mole ratios upon
      the aging and weathering properties of the cured phenolic resin per se are
      to be expected.
PAR  In the art of making binders for bonding glass fibres the use of previously
      known phenolic resins as sole binder material was restricted effectively
      to resoles with a formaldehyde to phenol mole ratio of 2.6:1. An increase
      of mole ratio results in a decrease in bond strength and at ratios of 3:1
      the product is not a suitable bonding agent. It was therefore surprising
      and unexpected to find that high mole ratio resins in the range of 2.8 to
      4.5 or especially 3.2 to 4.4 do form good binders in combination with
      other co-condensable monomers and polymers such as urea, dicyandiamide,
      urea formaldehyde resins, melamine formaldehyde resins, and other binder
      ingredients such as mineral oil, emulsifiers and stabilizers.
PAR  It appeared further advantageous to investigate high catalyst
      concentrations. The prior art teaches that inorganic alkaline catalysts
      for the condensation reaction of phenol with formaldehyde can be selected
      inter-changeably from alkaline earth metal and alkaline metal hydroxides,
      oxides and salts of acids of dissociation constant not greater than 1.1
      .times. 10.sup.-.sup.2. In view of the objectives enumerated above it was
      taken into consideration that:
PAR  a. In the case of soda (Na.sub.2 O) or potassia (K.sub.2 O) catalyzed
      resins, neutralization with acids (hydrochloric, sulfuric or carbonic)
      forms soluble salts in the aqueous solution in quantities objectionable
      for the use of such resins, e.g. for bonding glass fibres. The need arises
      to de-ionize such resins by ion-exchange methods.
PAR  b. In the case of the use of barium hydroxide as catalyst, limitations are
      encountered in solubility, cost, and the properties of the neutralization
      product. Barium sulphate having a specific gravity of 4.5 must be
      precipitated ultra-fine in order to avoid settling during storage, or
      blockage of lines, filters, etc. Similarly, barium carbonate has a gravity
      of 4.3.
PAR  On the other hand, calcium sulphate and calcium carbonate have specific
      gravities of 2.9 and 2.8 respectively. These calcium salts resist settling
      in particle sizes as large as 1 to 2 microns, although they can be readily
      obtained in sub-micron size particles. Calcium oxide and hydroxide were
      found to be superior to the other catalysts. It is conveniently used in
      powdered form, but calcium hydroxide solutions can also be used subject to
      limitations in total water content of the reactants.
PAR  Within the parameters chosen by us and more closely spelled out below, we
      have found the following unexpected effects of catalyzation of the phenol
      formaldehyde reaction with calcium oxide or calcium hydroxide as compared
      to prior art resins, and as compared to high mole ratio resins catalyzed
      with comparable concentrations of sodium hydroxide or barium hydroxide:
PA1  preferential conversion of more formaldehyde to organic resin solids, thus
      increased resinification efficiency.
PA1  preferential formation of o-p-dimethylol phenol
PA1  increased cone efficiency
PA1  reduction in mono-methylol phenol content
PA1  reduced formation of diphenyls and of tri-methylol phenol
PA1  increased chemical stability and shelf life
PA1  increased bond strength to glass fibres, when combined with urea, or other
      amine monomers, or with amino plast resins, in binder compositions as
      described below.
PAR  The present invention therefore provides a method for making an infinitely
      dilutable low phenol aqueous solution of thermosettable phenol
      formaldehyde resin, by selectively catalyzing and controlling the
      methylolation of phenol with formaldehyde to increase resinification,
      minimize the content of monomethylol phenols and higher phenyls and
      maximize the content of o-p-dimethylol phenols, thus producing a resin
      solution component for binder formulations having low air and wash
      water-polluting characteristics when applied to a substrate, comprising
      the steps of (a) mixing U.S.P. phenol, in the absence of other monomers,
      with aqueous formaldehyde, in an amount of 2.8 to 4.5 of moles of
      formaldehyde per mol of phenol, and correspondingly up to about 10 moles
      of water per mol of the reactants, at a temperature not exceeding about
      85.degree.F, and (b) introducing calcium oxide or calcium hydroxide
      catalyst, with cooling in an amount of 3.5 to 7 percent as calcium (Ca)
      based upon the weight of phenol, (0.08 mol to 0.16 mol calcium (Ca) per
      mol of phenol), (c) controlling the exothermic rise in the temperature of
      the reactants without heat input so as to increase to not more than about
      125.degree.F during at least the first hour of reaction, (d) continuing
      the methylolation reaction without heat input at a suitable temperature up
      to 155.degree.F, and (e) terminating said reaction by cooling when the
      condensation reaction product is substantially phenol-free, and is still
      water soluble.
PAR  In a further embodiment such a method for making infinitely dilutable
      substantially phenol free aqueous solutions of thermosettable phenol
      formaldehyde resins, by selectively catalyzing and controlling the
      methylolation of phenol with formaldehyde to increase resinification,
      minimize the content of monomethylol phenols and higher phenyls and
      maximize the content of o-p-dimethylol phenols, thus producing a resin
      solution component for binder formulations having low air and wash water
      polluting characteristics when applied to a substrate, comprising the
      steps of (a) mixing U.S.P. phenol, in the absence of other monomers, with
      aqueous formaldehyde in an amount of 3.2 to 4.4 moles of formaldehyde per
      mol of phenol, and correspondingly from 6 to 10 moles of water per mol of
      the reactants, at a temperature not exceeding about 85.degree.F, and, (b)
      introducing calcium oxide or calcium hydroxide catalyst with cooling up to
      or near its solubility limit in the aqueous mixture present, catalyst in
      an amount of 3.5 to 7 percent as calcium (Ca) based upon the weight of
      phenol, (0.08 mol to 0.16 mol calcium (Ca) per mol of phenol), (c)
      controlling the exothermic rise in temperature of the reactants without
      heat input so as to increase to not more than about 125.degree.F during at
      least the first hour of reaction, (d) continuing the methylolation
      reaction without heat input at a suitable temperature up to 155.degree.F,
      and (e) terminating said reaction by cooling when the condensation
      reaction product is substantially phenol free, and is still water soluble.
PAR  The present invention further provides an aqueous solution of an infinitely
      dilutable thermosettable phenol formaldehyde condensation resin, said
      resin characterized as follows: (i) not over about 0.5% unreacted phenol
      by weight, (ii) between 3 to 16% unreacted formaldehyde, by weight, (iii)
      between 2.3 to 2.7 methylol groups per phenol molecule, (iv) low content
      of water insoluble higher phenyls, (v) low content of monomethylolphenol,
      said solution being prepared by selectively catalyzing and controlling the
      methylolation of 1 mol of phenol with 3.2 to 4.4 mols of formaldehyde with
      calcium oxide and no more than 10 mols of water per mol of reactant, to
      suppress the formation of monomethylol phenols and higher phenyls, and to
      favour the formation o-p-dimethylol phenol.
PAR  The temperature is preferably maintained not higher than about 85.degree.F
      in step (a). The process may be batch or continuous, and there are several
      advantages in using this process in a continuous manner.
PAR  The phenol is introduced in the form of U.S.P. phenol, in the absence of
      monomers such as other (substituted) phenols as may be found in natural
      phenol, or such as amines, e.g. ureas, dicyandiamide, melamine, all of
      which can react competitively with the formaldehyde present, leading
      uncontrollably to indeterminate insoluble reaction products or to their
      precursors.
PAR  The formaldehyde is introduced in aqueous solution of 44% or more
      concentration, (containing no more methanol than 1% for stabilization).
      The formaldehyde is introduced in an amount of 2.8 to 4.5 or preferably
      3.2 to 4.4 moles per mole of phenol. Most preferably it may be introduced
      in an amount of 3.5 to 4.0 mole per mole of phenol, and particularly in an
      amount of about 3.6 to 3.8 moles per mole of phenol. Water may be added to
      the reactants if the formaldehyde solution concentration exceeds 44%, to
      adjust the ratio of from 6 to 10 moles of water per mol of the reactants
      and preferably 6.5 to 10. This water may be added in the form of an
      aqueous solution of calcium hydroxide catalyst. If too little water is
      present heat evolution on catalyst addition may be excessive, and the
      selectivity of the substitution reaction suffers. Excess water will slow
      the reaction time down and may adversely affect the terminal composition.
PAR  The reactants, phenol and formaldehyde which are normally commercially
      stored at 140.degree.F and 120.degree.F respectively, are blended, while
      cooling to a temperature of no more than about 85.degree.F, before
      addition of catalyst.
PAR  The catalyst addition is made under vigorous agitation and with cooling and
      at such a rate as to prevent premature condensation. Preferably the
      temperature is held no higher than about 85.degree.F until all the
      alkaline catalyst is added. The cooling may be reduced to let the
      temperature rise without the use of an external heating source at such a
      rate that the temperature is no more than 125.degree.F after one hour.
      Calcium oxide is preferred over calcium hydroxide catalyst when the
      reactor design has adequate cooling capacity to handle it successfully.
PAR  The calcium catalyst is added as CaO or as Ca(OH).sub.2. It is generally
      introduced in an amount approximating its solubility in the system. This
      will correspond to about 3.5 to 7 weight percent calcium based upon the
      weight of phenol, (0.08 to 0.16 mol Ca(OH).sub.2 per mol of phenol),
      preferably to 4.9 to 5.9 weight percent, 0.11 to 0.14 mol per mol of
      phenol and most preferably to 5.1 to 5.5% by weight of phenol, 0.12 to
      0.13 mol per mol of phenol. The amount soluble will depend on the amount
      of water in the system.
PAR  The reaction may be carried out at any suitable temperature up to and
      preferably no higher than about 155.degree.F and usually for a period of 3
      to 10 hours. Higher temperatures encourage excessive co-condensation and
      the formation of insoluble products. The temperature is preferably to be
      reached from a charge temperature of not over about 85.degree.F, either
      linearily or in a stepwise increase whereby a first temperature no higher
      than 125.degree.F is maintained for at least approximately one hour. The
      condensation reaction is arrested by cooling to 100.degree.F or preferably
      to 70.degree.F either when the minimum content of free (unreacted)
      formaldehyde is attained or when minimum acceptable water dilutability is
      observed whichever may occur first. The minimum free formaldehyde values
      are related to the starting ratio of formaldehyde to phenol. Accordingly,
      they can range from approximately 4.5 weight percent attained with a mole
      ratio of 2.8:1 to approximately 14.0% for a mole ratio of 4.5:1 depending
      on the reaction temperatures and the operating characteristics of the
      reaction equipment.
PAR  It has been observed, that in calcium catalyzed resins as described here,
      presumably because of their low content of insolubles and insolubles
      precursors, the minimum constant free formaldehyde content can be attained
      safely before an unacceptable drop in dilutability occurs. It has been
      further observed that in contrast particularly to prior art sodium
      hydroxide catalyzed resins, the calcium catalyzed resins are less prone to
      proceed to insolubility if the reaction is continued (such as up to as
      much as half an hour) beyond the usual cut-off point. This observation is
      in keeping with the unusual storage stability of these resins.
PAR  Calcium catalyzed resins of this invention can but need not be neutralized
      for storage and subsequent use as binder ingredients. Binders based on the
      non neutralized resins have been tested successfully for large scale use.
      The neutralization of the catalyst with carbon dioxide gas, or alternate
      acids or acidic salts, is readily and preferably conducted in such a
      fashion that a micron or submicron size is formed which is non-settling,
      non-blocking in the resol solutions and in the binder compositions made
      therefrom.
DETD
PAC  EXAMPLES
PAR  The following examples are intended to exemplify the principles underlying
      the present invention and are not intended to be limiting in their scope.
PAR  The neutralized phenol formaldehyde resins produced in examples No. I to
      VII were sampled and several characteristics of these samples were tested,
      following test methods described further below.
PAR  The phenolic resins produced in these examples were then combined with
      other ingredients as disclosed further below to prepare aqueous thermo
      setting binders for bonding glass fibres.
PAC  EXAMPLE I
PAR  Laboratory preparation of a calcium oxide catalyzed resin of a
PAR  Charge Ratio: 2.8 MOL Formaldehyde per 1.0 Mol Phenol
PAR  Ingredients
     Formaldehyde --                                                           

                  aqueous -- 44% solution                                      

                                    1995 gms                                   

     Phenol --    USP 98%           1005 gms                                   

     Calcium Oxide --                                                          

                  Ashgrove Springfield                                         

                                    50.7 gms                                   

                  high calcium pebble                                          

                                    (3.5% Ca)                                  

                  quicklime CaO 96.3%                                          

                                    (based on                                  

                  ground to (--10) mesh                                        

                                    weight of                                  

                  on U.S. standard scale                                       

                                    phenol)                                    

PAR  Procedure
PAR  The formaldehyde was placed in a 3 liter glass reactor. The agitator was
      started, phenol was added, and then calcium oxide was added. The
      temperature was allowed to rise to 125.degree.F. in a period of about 1
      hour. The temperature was held at 125.degree.F. for 30 minutes. The
      temperature was allowed to increase to 150.degree.F. in 30 minutes. The
      temperature was held at 150.degree.F. until the free formaldehyde was
      reduced to 4.5% and then cooled to 75.degree.F. The pH at the end of
      reaction was 8.70.
PAR  The resin was neutralized with carbon dioxide gas to a pH of 7.3 and
      sampled for tests.
PAR  Results
PAR  The properties and composition of the resin are shown in Table I, Example
      I.
PAC  EXAMPLE II
PAR  Industrial production of a calcium oxide catalyzed resin suitable for use
      in binders particularly, in varying combinations with urea.
PAR  Charge Ratio: 2.8 Mol Formaldehyde per 1.0 Mol Phenol
PAR  Batch Size: 2000 gals.
PAR  Ingredients
TBL  Formaldehyde --                                                           

                aqueous -- 44% solution                                        

                                 1375 Imp. gals.                               

     Phenol --  USP 98%           743 Imp. gals.                               

     Calcium oxide --                                                          

                Beachville rotary                                              

                                  406 lbs.                                     

                crushed high calcium                                           

                quicklime -- CaO 92%--                                         

                (-3) mesh on U.S. -                                            

                                 standard scale                                

PAR  Procedure
PAR  The 3000 gals. reactor was charged with formaldehyde and phenol. The
      agitator was started. The catalyst (calcium oxide) was added over a period
      of 15 minutes. When all the catalyst was charged, the temperature was
      allowed to rise to 125.degree.F. in 1 hour. The temperature was held at
      125.degree.F. for 1 hour. The temperature was allowed to increase to
      150.degree.F. over a period of 25 minutes, then held at 150.degree.F. for
      about 11/4 hours to a free formaldehyde content of 4.5%. The mixture was
      cooled to 80.degree.F. The pH at the end of reaction was 8.4.
PAR  The resin was neutralized with carbon dioxide gas to a pH of 7.23, then
      sampled for tests.
PAR  Results
PAR  Properties and Composition - see Table I, Example II
PAC  EXAMPLE III
PAR  Laboratory preparation of a calcium oxide catalyzed resin of a
PAR  Charge Ratio: 3.1 Mol Formaldehyde per 1.0 Mol Phenol
PAR  Ingredients
TBL  Formaldehyde --                                                           

                 aqueous -- 44%     2030 gms                                   

     Phenol --   USP 98%             920 gms                                   

     Calcium oxide --                                                          

                 Beachville rotary  53.9 gms                                   

                 crushed high calcium                                          

                                    (4% Ca)                                    

                 quicklime -- CaO 93.5%                                        

                                    (based on                                  

                 -- (-3) mesh on U.S.                                          

                                    weight of                                  

                 standard scale     phenol)                                    

PAR  Procedure
PAR  Formaldehyde was poured into the glass reactor, and the agitator was
      started. The phenol was added, followed by the calcium oxide. The
      temperature was allowed to rise to 120.degree.F. in a period of about 30
      minutes. The temperature was held at 120.degree.F. for a period of 3
      hours. The temperature was allowed to rise to 140.degree.F in 48 minutes
      then held at 140.degree.F. for 43 minutes. The temperature was then
      allowed to rise to 150.degree.F. and the mixture cooked at this
      temperature to a free formaldehyde content of 5.5%. Then it was cooled to
      75.degree.F. The pH at the end of reaction was7.9.
PAR  The resin was neutralized with carbon dioxide to a pH of 7.2, then sampled
      for tests.
PAR  Results
PAR  Properties and Composition - see Table I, Example III.
PAC  EXAMPLE IV
PAR  Laboratory preparation of a Calcium Oxide catalyzed resin of a
PAR  Charge Ratio: 3.5 Mol Formaldehyde per 1.0 Mol Phenol
PAR  Ingredients
TBL  Formaldehyde --                                                           

                 aqueous -- 44% solution                                       

                                    2139.3 gms                                 

     Phenol --   USP 98%             860.7 gms                                 

     Calcium oxide --                                                          

                 Ashgrove Springfield                                          

                                     49.06                                     

                 high calcium pebble                                           

                                     (4% Ca)                                   

                 quicklime -- CaO 96.3%                                        

                                     (based on                                 

                 ground to (-10) mesh                                          

                                     weight of                                 

                 on U.S. standard    phenol)                                   

PAR  Procedure
PAR  The formaldehyde was poured into the glass reactor. The agitator was
      started. Phenol was added, followed by calcium oxide. The temperature was
      allowed to rise to 100.degree.F. and the mixture held at that temperature
      for 45 minutes. The temperature was allowed to increase to 110.degree.F.
      in 30 minutes period, and held at that temperature for 1 hour and 30
      minutes. The temperature was allowed to rise to 130.degree.F. in 30
      minutes, and held for 1 hour. The temperature was allowed to rise to
      150.degree.F. and held at that temperature till a free formaldehyde of
      8.60%. The mixture was cooled to 75.degree.F. The pH at the end of
      reaction was 8.3.
PAR  The resin was neutralized with carbon dioxide to a pH of about 7.2, then
      sampled for tests.
PAR  Results
PAR  Properties and Composition - see Table I, Example IV.
PAC  EXAMPLE V
PAR  Industrial production of a calcia catalyzed resin suitable for use in
      binders particularly, in varying combinations with urea.
PAR  Charge Ratio: 3.7 Mol Formaldehyde per 1 Mol Phenol
PAR  Batch Size: 3000 gals.
PAR  Ingredients
TBL  Formaldehyde --                                                           

                 aqueous (44%) solution                                        

                                    2235 gals.                                 

     Phenol --   USP 98%             912 gals.                                 

     Ca(OH).sub.2 --                                                           

                 Beachville Chemical High                                      

                                     880 lbs.                                  

                 Calcium Hydrate Powder                                        

                 taken as 99% pure                                             

PAR  Procedure
PAR  The 3,000 gals. reactor was loaded with formaldehyde and phenol. The
      agitator was started. The catalyst (Ca(OH).sub.2) was poured in over a
      period of about one hour and 35 minutes.
PAR  The temperature at this point was about 86.degree.F. It was held at
      86.degree.F. for about 25 minutes, then the temperature was allowed to
      rise to 110.degree.F. for about 28 minutes. The temperature was allowed to
      rise to 125.degree.F. in 20 minutes and held at 125.degree.F. for about 40
      minutes. The temperature was allowed to rise to 150.degree.F. in 50
      minutes and held at 150.degree.F. for about 55 minutes to a free
      formaldehyde of 8.20%. The mixture was cooled to 80.degree.F. The final pH
      was 8.55.
PAR  The resin was neutralized with carbon dioxide to a pH of 7.8, then sampled
      for tests.
PAR  Results
PAR  Properties and composition - see Table I, Example V Also Free phenol - 0.3%
      (by gas chromatography).
PAR  In addition the following proportions were determined by gas chromatography
      of the silylised resin:
PA1  Phenol -- 3.9
PA1  o-methylol phenol -- 6.3
PA1  p-methylol phenol --4.4
PA1  di-phenyl- (o-subst) -- 11.1
PA1  o-o-di-methylol phenol -- 0.6
PA1  o-p-di-methylol phenol -- 52.7
PA1  o-o-p-tri-methylol phenol -- 4.6
PA1  di-phenyl (4 subst) -- 16.4
PAC  EXAMPLE VI
PAR  Industrial production of a calcium hydroxide catalyzed resin suitable for
      use in binders, particularly in varying combinations with urea.
PAR  Charge Ratio: 3.8 Mol Formaldehyde per 1 Mol phenol
PAR  Batch Size: 2400 gals.
PAR  Ingredients
     Formaldehyde            1804 Imp. Gals.                                   

     Phenol                   721 Imp. Gals.                                   

     Ca(OH.sub.2) -- High Calcium                                              

     Beachville chemical hydrate -- Powder                                     

                              750 lbs.                                         

     Ca(OH).sub.2 taken as 91.4%                                               

PAR  Procedure
PAR  The 3000 gal. reactor was charged with formaldehyde and phenol. The
      agitator was started. The catalyst (calcium hydroxide) was added over a
      period of three hours. The temperature was allowed to rise to 84.degree.F.
      When all the catalyst was loaded, the temperature was allowed to rise to
      90.degree.F. then 100.degree.F. and then to 110.degree.F. All these steps
      were carried out within one hour. The temperature was held at
      110.degree.F. for about 1/2 hour. The temperature was increased to
      120.degree.F in 15 minutes and held at 120.degree.F. for about 15 minutes.
      The temperature was allowed to increase the 130.degree.F. in about 15
      minutes, and held at 130.degree.F. for about one hour. The temperature was
      allowed to increase to 140.degree.F. in about 30 minutes. The temperature
      was allowed to rise to 147.degree.F. in about 26 minutes and held at
      147.degree.F. for about 30 minutes to a free formaldehyde content of
      10.5%. The mixture was cooled to 76.degree.F. The pH at the end of
      reaction was 8.45.
PAR  The resin was neutralized with carbon dioxide gas to a pH of 7.2, then
      sampled for tests.
PAR  Results
PAR  Properties and composition - see Table I, Example VI.
PAC  EXAMPLE VII
PAR  Laboratory preparations of a Calcium Oxide catalyzed resin of
PAR  Charge Ratio: 4 Mol Formaldehyde per 1 Mol Phenol
PAR  Ingredients
     Formaldehyde --                                                           

                 aqueous -- 44% solution                                       

                                    2218.80 gms                                

     Phenol --   USP 98%             781.20 gms                                

     Calcium Oxide --                                                          

                 Ashgrove Springfield                                          

                                     55.7 gms                                  

                 high calcium pebble                                           

                 quicklime -- CaO 96.3%                                        

                 ground to (-10) mesh                                          

                 on U.S. standard                                              

PAR  Procedure
PAR  The formaldehyde was poured into the glass reactor. The agitator was
      started. Phenol was added, followed by calcium oxide. The temperature was
      allowed to rise to 100.degree.F. in a period of 10 minutes and the
      temperature was held at this point for 25 minutes. The temperature was
      allowed to rise to 110.degree.F. in 30 minutes, and held at this point for
      1 hour. The temperature was allowed to rise to 120.degree.F. in 30
      minutes, and held there for 1 hour. The temperature was allowed to rise to
      130.degree.F. in 30 minutes, and held for 1 hour. The temperature was
      allowed to rise to 140.degree.F. in 30 minutes, and held there until a
      free formaldehyde of 10.7%. The mixture was cooled to 75.degree.F. The pH
      at the end of the reaction was 8.6. The resin was neutralized with carbon
      dioxide to a pH of about 7.2, then sampled for testing.
PAR  Results
PAR  Properties and composition - see Table I, Example VII.
PAR  LABORATORY STUDIES
PAR  The following laboratory studies relate the unexpected practical
      differences between prior art resins and the resins prepared under
      conditions of this disclosure to quantitative analytical data.
PAC  STUDY I
PAR  2700 to 3000 cc of mixtures of U.S.P. phenol (98.0%) and 44.1% aqueous
      formaldehyde solution (0.3% methanol) were prepared with mol ratios
      ranging from 1 mol phenol to from 2.8 to 4.4 mols formaldehyde and with an
      initial water content of from 6.0 mol to 10.0 mol of water per mole of the
      reactants.
PAR  The mixtures were catalyzed with either sodium hydroxide, or barium
      pentahydrate for comparison with calcium hydroxide as catalyst.
PAR  In keeping with past practice for phenol formaldehyde resols for bonding
      glass fibres, the catalyst concentrations were chosen as follows:
TBL  Sodium Hydroxide (as 50.0% solution)                                      

     2.5 percent Na on                                                         

                  OR: .1022 mol NaOH per mol of phenol                         

     the weight of phenol                                                      

     Barium Hydroxide (98.5% Pentahydrate)                                     

     6.5 percent Ba on                                                         

                  OR: .0446 Mol Ba(OH).sub.2 per mol of phenol                 

     the weight of phenol                                                      

     Calcium Hydroxide (94.5% Ca(OH).sub.2)                                    

     3.5 to 6.7 percent Ca on                                                  

                  OR: .0822 to .1533 mol Ca(OH).sub.2 per                      

     the weight of phenol                                                      

                      mol of phenol.                                           

PAR  (This range closely approximating catalyst solubility in the reactants).
PAR  Glass reaction vessels were used throughout.
PAR  The following cycle was followed for all laboratory cooks of resins for
      this study:
PAR  a. Phenol and formaldehyde were blended and brought to a temperature not
      exceeding 85.degree.F, then held at 85.degree.F.
PAR  b. Catalyst was added over 15 minutes, and the cook cycle timed from the
      first catalyst addition.
PAR  c. The temperature was allowed to rise in linear fashion 1.degree.F every 3
      minutes until it reached 150.degree.F.
PAR  d. The temperature was held at 150.degree.F to the end of the cook cycle,
      i.e.: to initial loss of dilutability with 19 parts of distilled water or
      to constant (lowest) Free Formaldehyde content whichever is reached first.
PAR  e. The resol solution was cooled to below 75.degree.F, and divided into two
      equal portions.
PAR  One portion was left as cooked, the second portion was neutralized, in
      keeping with industrial practice:
PA1  Sodium resins were neutralized to pH 7.3 with hydrochloric acid (35%).
PA1  Barium resins were neutralized to pH 7.3 with dilute sulphuric acid (35%).
PA1  Calcium resins were neutralized to pH 7.6 with carbon dioxide gas.
PAR  Quantities of each of the non-neutralized and neutralized portions of each
      resin cook were used for evaluation of resin composition and properties.
PAR  The following were observed and recorded, on the samples taken as above,
      after termination of the cook:
PAR  By measurements on resin samples, as produced:
PA1  Free (unreacted) formaldehyde
PA1  Water dilutability
PA1  pH
PA1  Free (unreacted) phenol (by gas chromatography
PA1  Solids
PA1  Ash
PA1  Organic Solids
PA1  Shelf Life (stability) at: -20.degree.F, 32.degree.F, 75.degree.F,
      100.degree.F,
PAR  By gas chromatography on silylized resin samples:
PA1  Phenol
PA1  o-Monomethylol Phenol
PA1  p-Monomethylol Phenol
PA1  Diphenyl with O substitutions
PA1  o-o Dimethylol Phenol
PA1  o-p Dimethylol Phenol
PA1  o-o-p Trimethylol Phenol
PA1  Diphenyl with 4 substitutions Neutralized resin samples containing
      inorganic precipitates (of barium sulphate or calcium carbonate) were
      centrifuged prior to gas chromatography.
PAR  The results of this study are presented in Table II. Values which are
      significantly different (higher or lower) for calcium catalyzed resins
      when compared to sodium or barium catalyzed resins are underlined for
      easier reading. The equilibria between the methylolated phenols, can be
      easily disturbed on addition of acids or salts. It is therefore not
      surprising that the measurements obtained on the non-neutralized resins
      are more consistent throughout the range of mol ratios investigated.
      Contrary to prior art indications and teachings catalyzation by calcium
      hydroxide proceeds qualitatively and quantitatively to different results
      than catalyzation by sodium hydroxide or barium hydroxide. The differences
      show up increasingly with increasing mol ratios of formaldehyde to phenol.
      More of the available formaldehyde is converted into organic solids and
      less trimethylol phenol and diphenyl compounds are formed starting at the
      lowest mole ratio examined. Starting from formaldehyde:phenol mol ratio
      3.2:1 up, formation of o-o-dimethylol phenol is minimized. Most
      strikingly, the formation of o-p-dimethylol phenol is favoured by the
      presence of calcium hydroxide is catalyst increasingly so for mol ratios
      3.5:1 and up. Furthermore, a marked reduction in residual monomethylol
      phenols is observed for mol ratios 3.6:1 and up.
PAR  STUDY II was undertaken to more clearly separate the effects of selective
      catalyzation by calcium hydroxide from those resulting from high catalyst
      concentrations per se.
PAR  The procedures described for Study I were followed throughout except for
      the amounts of catalyst added. These were chosen to match exactly those
      used for the calcium catalyzed cooks of Study I.
PAR  The soda and barium catalyzed resins were examined for composition and
      stability only, not for suitability as binder components. Tables III and
      IV contain the values measured, for three mole ratios of sodium hydroxide
      catalyzed resins and two mole ratios of barium hydroxide catalyzed resins.
PAR  The tables compare in each case the resins of this study with those most
      closely corresponding from Study I ( = Table II).
PAR  Table III indicates clearly that increased levels of sodium hydroxide
      catalyst tend to shift values in the direction towards those obtained with
      calcium hydroxide. At no time however are the distinctive differences in
      question in resinification efficiency, i.e.: conversion of more
      formaldehyde to organic resin solids; cone efficiency; selective formation
      of o-p-dimethylol phenol; or in reduced formation of diphenyls and
      trimethylol phenol. Table IV indicates that at a formaldehyde:phenol mol
      ratio 2.8:1 increased levels of barium hydroxide catalyst minimize
      differences, except resinification efficiency and formation of diphenyls.
      At a mol ratio 3.6:1 they tend to shift values in the direction towards
      those obtained with calcium hydroxide.
PAR  The distinctive features of the calcium hydroxide catalyzed resin of 3.6:1
      mole ratio previously discussed herein remain significant, such as high
      resin efficiency; high cone efficiency; reduction in mono-methylol phenol
      content; preferred formation of o-p-dimethylol phenol and reduced
      formation of diphenyls and trimethylol phenol. It was reported separately
      that part of the barium catalyst added remained undissolved, i.e.:
      exceeded the solubility of barium hydroxide in the system, negating the
      practicality of concentrations approaching or exceeding 0.12 mol of barium
      hydroxide per mol of phenol.
PAR  Summarizing the analytical findings of Studies I, II and III, we have
      observed that within the range of mol ratios of 2.8 to 4.4 mol
      formaldehyde to 1 mol of U.S.P. phenol, and more clearly so from 3.2 to
      4.4 mol formaldehyde, catalyzation by calcium hydroxide, as compared to
      sodium hydroxide and barium hydroxide, unexpectedly:
PAR  favours the formation of ortho-para dimethylol phenol,
PAR  reduces the formation of volatile mono methylol phenols,
PAR  reduces the formation of the pre-cursors of insoluble higher phenyls,
      namely o-o-p trimethylol phenol & diphenyls.
PAR  We have further observed (probably because of the above selective
      catalyzation) significantly higher resinification and cone efficiencies of
      the calcium catalyzed resols, as such.
PAR  Although not fully understood, it can be further surmised that the very
      same compositional differences account for the experience that the calcium
      catalyzed resols combine with larger proportions of such monomers as urea,
      melamine or dicyandiamide, or their formaldehyde condensation products,
      without loss of bond strength.
PAR  Table V indicates the hours to complete the reaction and shows calcium to
      be most economical at all mole rations studied. As the rise in temperature
      is controlled to be very close for all three catalysts the result supports
      the view that the reaction proceeds differently when calcium hydroxide is
      the catalyst.
PAR  The following Table VI shows comparative stability data for commercial
      phenol formaldehyde resol solutions kept in storage under industrial
      conditions. These figures have been prepared by the inventors from data
      observed during long operating experience. Compared are the phenol
      formaldehyde resol solutions in large scale use for bonding glass fibres:
PAR  Sodium Hydroxide catalyzed resins in mole ratios up to 2.5:1
PAR  Barium Hydroxide catalyzed resins in mole ratios up to 2.5:1
PAR  Calcium Hydroxide catalyzed resins in mole ratios up to 2.8:1 to 3.7:1 mol
      formaldehyde per mol phenol.
PAR  The characteristic on which stability is measured for purposes of this
      table is the dilutability of the resin solution with distilled water. It
      should be noted that during the period when sodium and barium catalyzed
      resins were in use, the dilutability was considered acceptable if no less
      than 800%, indicating that 8 parts of distilled water could be added to 1
      part of resin solution without clouding. On the basis of the more
      favourable experience with calcium catalyzed resins, the minimum
      acceptable dilutability has been set at no less than 2000%, and the
      figures tabulated indicate in fact a dilutability of over 2400%, i.e.
      dilution to 25 times the original volume.
PAR  Aqueous solutions or dispersions of the special phenol formaledhyde resins
      disclosed herein are useful for bonding together mineral wool fibres, for
      instance glass fibres in the formation of fibrous insulation material.
PAR  In the manufacture of inorganic fibrous products, phenol formaldehyde
      resins, or co-condensates of phenol formaldehyde with related resin
      forming substances have been used as bonding materials for the fibres, in
      order to impart integrity of shape, dimensions and physical properties of
      the finished product. Such resins are most often used as aqueous solutions
      or dispersions, rarely alone, most frequently combined with other
      substances, before application to the mineral or glass fibres. The
      combination of materials is referred to as a "binder". Frequently the
      other substances are cost reducing extenders, lubricants, dyes or the
      like.
PAR  In other cases, urea, dicyandiamide and/or melamine or their water miscible
      condensation products with formaldehyde ("aminoplast resins") are added.
      These may be intended to reduce exothermic activity typical of phenolic
      resins under cure, or they reduce the air pollution which may occur on a
      larger scale during the curing of phenol formaldehyde resins alone. They
      have a decidedly useful effect upon the time-temperature-curing speed
      relationship of the bonding composition, but by themselves exhibit low to
      poor bond strength, particularly so under humid conditions.
PAR  The phenolic resins and other components are blended in aqueous solution
      prior to applying the binder to the glass (or other mineral) fibers being
      formed and collected. Uniformity and stability during prolonged storage
      and under exposure to such conditions as agitation, aeration, etc. are
      important in such binder mixtures.
PAR  It has been found unexpectedly that the use of the aqueous selectively
      catalyzed phenol formaldehyde condensates (resols) defined above permits
      formulation of binders, which compare most favourably with prior art
      aqueous binders based upon sodium, barium or calcium catalyzed phenol
      formaldehyde homo-condensation resins or co-polymer resins of phenols with
      other monomers. Given certain minimum target values for the strength of
      the bond between the cured resin and the glass fibre, in dry or humid
      conditions, the novel binder compositions need to contain a smaller
      proportion of the selectively catalyzed phenolics to amine type monomer or
      aminoplast resins. In the examples we show that binders prepared in
      accordance with the present procedure show better bonding characteristics
      when containing (along with other conventional binder ingredients) 60
      parts of the calcium catalyzed phenolic resin to 40 parts of urea, or 54
      parts of the calcium catalyzed phenolic resin to 46 parts of urea, even 50
      parts of the calcium catalyzed phenolic resins to 50 parts of urea, as
      compared to binders based upon the prior art barium and soda catalyzed
      resins which contain 65 - 70 parts phenolic resin to 35 - 30 parts of
      urea.
PAR  Good commercial binders have been produced when as little as 30% of the
      present calcium catalyzed phenol formaldehyde resin is combined with 70%
      of the prior art alkylated amine copolymer resins disclosed for example in
      U.S. Pat. No. 3,624,246 issued Nov. 30, 1971, entitled "Water Soluble or
      Water Dispersible Alkylated Amine Copolymers" of Deuzeman and Lumley; and
      in U.S. Pat. No. 3,487,048 issued Dec. 30, 1969, entitled "Methylated
      Melamine-formaldehyde Condensate" of Deuzeman, disclosures of which are
      incorporated herein by reference.
PAR  Most strikingly, as little as 18 parts of the new resins has been
      successfully combined with up to 82 parts of a mixture of amine monomers
      with amine formaldehyde copolymer resins to produce a useful low-phenol
      material of good bond strength to glass.
PAR  Keeping in mind the exceptionally low content in the phenolic resin
      component itself of volatile phenol and phenol alcohols, there result
      binder compositions which can be applied and cured with greatly reduced
      emission of air pollutants.
PAR  The binder compositions here disclosed are further characterized by a very
      favourable transition from the water soluble (resol) to the
      viscous-flowable to the solid (resite) state from the point of application
      to full cure. This is variably and controllably affected primarily by
      judicious choice of the proportions of phenol formaldehyde condensate to
      monomeric amines to amine formaldehyde condensates incorporated into the
      binder. It can be further affected by the new freedom to introduce the
      selective calcia catalyzed resin into the binder compositions without
      prior acidic neutralization, because of its superior storage stability.
      The curing characteristics of the binder compositions particularly those
      containing from 50-60 parts of phenol formaldehyde resins to 50-40 parts
      of urea generally parallel those of the resin component.
PAR  Referring to the commonly accepted A-B-C stages in the cure of a phenolic
      resin, the phenolic resin exhibits a long A + B stage, good flow
      characteristics in the B stage and a short curing time from B to C stage.
      This prevents pre-curing at the point of application (which adversely
      affects productivity and quality of the shaped glass fiber article), but
      does not adversely affect the overall speed of cure. Because of this,
      binder compositions made in accordance with the present invention
      generally may be applied at higher solids concentrations, up to 80%, than
      the previously known formulations, without incurring pre-cure problems.
      Thus, the solids level of these binders can be raised over prior art
      materials, if desired, with further economic advantage. When prior art
      materials are used at high solids (exceeding 40%) curing occurs
      prematurely and takes place before the resin is fully distributed over the
      fibres which are to be bonded.
TBL                                    TABLE No. I                             

     __________________________________________________________________________

     PROPERTIES AND COMPOSITION OF CALCIUM CATALYSED PHENOLIC RESINS MADE IN   

     EXAMPLE I TO VII                                                          

     __________________________________________________________________________

     Example No.          I     II    III   IV    V     VI    VII              

     __________________________________________________________________________

     Mole ratio formaldehyde to phenol                                         

                          2.8:1 2.8:1 3.1:1 3.5:1 3.7:1 3.8:1 4.0:1            

     Organic solids       48.44 48.66 45.61 42.8  44.5  39.63 40.2             

     Ash as CaO           2.2   2.2   2.1   2.0   2.03  1.9   1.9              

     Free formaldehyde %  4.5   4.5   5.5   8.6   8.2   10.5  10.7             

     Free phenol (by gas chromatographic                                       

                          1.8   1.8   0.82  0.38  &lt;0.1  0.14  0.29             

     analysis)                                                                 

     pH                   8.7   8.4   7.9   8.3   8.8   8.45  8.6              

     *Gel Time (secs)     528   528   508   503   512   711   655              

     Cone Efficiency      --    73.0  78.4  83.4  --    --    82.4             

     Dilutability         inf.  inf.  inf.  inf.  inf.  inf.  inf.             

     __________________________________________________________________________

      *This test only performed after neutralization of the resin.             

TBL                                    TABLE II                                

     __________________________________________________________________________

     FINISHED NON-NEUTRALIZED RESINS                                           

     Mol Ratio    2.8:1       3.2:1        3.4:1                               

                                               3.5:1                           

                                                    3.6:3                      

     __________________________________________________________________________

     Formaldehyde to Phenol                                                    

     Catalyst     Na  Ba  Ca  Na  Ba   Ca  Ca  Ca   Na                         

     __________________________________________________________________________

     By Direct Analysis                                                        

     Free Phenol  &lt;0.1                                                         

                      0.1 0.5 0.1 0.7  &lt;0.1                                    

                                           &lt;0.1                                

                                               &lt;0.1 &lt;0.1                       

     Free Formaldehyde                                                         

                  5.2 4.9 4.6 7.5 7.7  6.4 7.4 7.65 10.18                      

     Organic Solids                                                            

                  45.9                                                         

                      46.2                                                     

                          48.1                                                 

                              42.7                                             

                                  43.5 46.1                                    

                                           44.8                                

                                               44.4 39.6                       

     Cone Efficiency                                                           

                  73.2                                                         

                      78.7                                                     

                          77.7                                                 

                              77.4                                             

                                  75.6 79.6                                    

                                           80.8                                

                                               80.9 79.5                       

     By Silylization                                                           

     Phenol       13.6                                                         

                      15.5                                                     

                          19.8                                                 

                              5.7 9.0  11.3                                    

                                           10.2                                

                                               6.3  3.8                        

     o-methylol   13.8                                                         

                      10.9                                                     

                          18.1                                                 

                              9.4 6.7  11.1                                    

                                           13.9                                

                                               10.0 7.2                        

     p-methylol   11.3                                                         

                      10.5                                                     

                          10.6                                                 

                              7.8 5.9  9.0 10.5                                

                                               6.0  7.0                        

     Diphenyl (O) 17.1                                                         

                      12.0                                                     

                          14.3                                                 

                              14.8                                             

                                  9.8  12.0                                    

                                           9.4 12.1 12.2                       

     o-o-dimethylol                                                            

                  1.4 0.7 0.5 1.8 1.2  0.7 0.7 0.6  3.4                        

     o-p-dimethylol                                                            

                  30.7                                                         

                      34.4                                                     

                          32.9                                                 

                              38.3                                             

                                  42.8 42.8                                    

                                           43.3                                

                                               50.9 36.6                       

     o-o-p-trimethylol                                                         

                  4.9 5.2 2.3 10.3                                             

                                  13.5 6.8 7.9 7.4  18.6                       

     Diphenyl (4) 7.2 10.8                                                     

                          1.5 11.9                                             

                                  11.1 6.3 4.1 6.7  11.2                       

      FINISHED NEUTRALIZED RESINS                                              

     By Direct Analysis                                                        

     Free Phenol  &lt;0.1                                                         

                      0.4 1.4 0.2 0.85 &lt;0.1                                    

                                           &lt;0.1                                

                                               &lt;0.1 &lt;0.1                       

     Free Formaldehyde                                                         

                  --  --  --  --  --   --  --  --   --                         

     Organic Solids                                                            

                  45.3                                                         

                      44.0                                                     

                          47.7                                                 

                              42.4                                             

                                  42.3 46.2                                    

                                           44.7                                

                                               44.8 40.2                       

     Cone Efficiency                                                           

                  72.4                                                         

                      76.1                                                     

                          75.7                                                 

                              76.1                                             

                                  76.9 77.5                                    

                                           77.9                                

                                               76.4 78.9                       

     By Silylization                                                           

     Phenol       15.4                                                         

                      21.0                                                     

                          17.9                                                 

                              6.8 17.0 11.9                                    

                                           9.9 8.4  5.7                        

     o-methylol   12.3                                                         

                      12.2                                                     

                          14.8                                                 

                              9.4 11.1 11.3                                    

                                           13.5                                

                                               11.2 7.1                        

     p-methylol   14.8                                                         

                      11.0                                                     

                          7.8 7.1 10.1 9.8 10.5                                

                                               8.2  6.6                        

     Diphenyl (O) 16.9                                                         

                      11.4                                                     

                          11.5                                                 

                              12.2                                             

                                  12.4 12.3                                    

                                           9.2 12.3 11.9                       

     o-o-dimethylol                                                            

                  2.6 1.6 1.1 2.6 1.6  0.8 0.8 0.7  4.6                        

     o-p-dimethylol                                                            

                  28.0                                                         

                      30.8                                                     

                          35.1                                                 

                              39.5                                             

                                  33.7 43.2                                    

                                           41.5                                

                                               46.5 48.4                       

     o-o-p-trimethylol                                                         

                  9.2 10.2                                                     

                          10.8                                                 

                              19.4                                             

                                  13.1 9.4 12.0                                

                                               11.2 8.2                        

     Diphenyl (4) 0.8 1.8 1.0 3.0 1.0  1.3 2.6 1.5  7.5                        

     __________________________________________________________________________

     FINISHED NON-NEUTRALIZED RESINS                                           

     Mol Ratio     3.6:1   3.8:1                                               

                                4.0:1       4.4:1                              

     Formaldehyde to Phenol                                                    

     Catalyst      Ba  Ca  Ca   Na  Ba  Ca  Na  Ba  Ca                         

     __________________________________________________________________________

     By Direct Analysis                                                        

     Free Phenol   &lt;0.1                                                        

                       &lt;0.1                                                    

                           &lt;0.1 &lt;0.1                                           

                                    &lt;0.1                                       

                                        &lt;0.1                                   

                                            &lt;0.1                               

                                                &lt;0.1                           

                                                    &lt;0.1                       

     Free Formaldehyde                                                         

                   10.0                                                        

                       8.4 9.85 12.2                                           

                                    11.9                                       

                                        10.0                                   

                                            13.8                               

                                                13.8                           

                                                    12.1                       

     Organic Solids                                                            

                   41.1                                                        

                       42.6                                                    

                           42.6 37.9                                           

                                    38.7                                       

                                        40.9                                   

                                            36.0                               

                                                36.5                           

                                                    38.1                       

     Cone Efficiency                                                           

                   78.5                                                        

                       83.3                                                    

                           83.9 78.2                                           

                                    74.5                                       

                                        86.9                                   

                                            76.6                               

                                                76.8                           

                                                    91.2                       

     By Silylization                                                           

     Phenol        7.6 4.1 3.4  2.8 7.5 2.3 2.3 5.9 0.6                        

     o-methylol    8.2 6.7 5.8  5.6 9.2 5.0 3.8 7.0 1.4                        

     p-methylol    9.2 5.5 4.0  6.3 11.8                                       

                                        4.7 5.7 9.6 1.0                        

     Diphenyl (O)  11.1                                                        

                       9.6 9.4  12.3                                           

                                    10.9                                       

                                        6.6 11.5                               

                                                12.1                           

                                                    3.4                        

     o-o-dimethylol                                                            

                   1.5 1.0 0.7  3.7 1.8 0.4 5.5 2.4 0.6                        

     o-p-dimethylol                                                            

                   37.3                                                        

                       57.6                                                    

                           54.8 37.9                                           

                                    34.8                                       

                                        58.5                                   

                                            35.0                               

                                                36.8                           

                                                    58.0                       

     o-o-p-trimethylol                                                         

                   16.8                                                        

                       9.3 13.7 20.8                                           

                                    15.6                                       

                                        12.8                                   

                                            24.8                               

                                                18.8                           

                                                    21.0                       

     Diphenyl (4)  8.3 6.2 8.2  10.6                                           

                                    8.4 9.7 11.4                               

                                                7.4 14.0                       

     FINISHED NEUTRALIZED RESINS                                               

     By Direct Analysis                                                        

     Free Phenol   &lt;0.1                                                        

                       &lt;0.1                                                    

                           &lt;0.1 &lt;0.1                                           

                                    &lt;0.1                                       

                                        &lt;0.1                                   

                                            &lt;0.1                               

                                                &lt;0.1                           

                                                    &lt;0.1                       

     Free Formaldehyde                                                         

                   --  --  --   --  --  --  --  --  --                         

     Organic Solids                                                            

                   40.1                                                        

                       42.6                                                    

                           43.4 37.6                                           

                                    37.8                                       

                                        41.5                                   

                                            36.0                               

                                                35.8                           

                                                    39.2                       

     Cone Efficiency                                                           

                   75.9                                                        

                       78.0                                                    

                           79.1 77.0                                           

                                    73.2                                       

                                        80.5                                   

                                            78.4                               

                                                76.0                           

                                                    81.5                       

     By Silylization                                                           

     Phenol        9.1 6.3 3.8  3.8 13.0                                       

                                        1.9 3.2 11.4                           

                                                    0.6                        

     o-methylol    7.7 7.9 4.6  5.8 10.3                                       

                                        4.2 3.4 7.3 1.3                        

     p-methylol    8.1 7.0 4.1  6.3 13.2                                       

                                        4.1 5.9 14.3                           

                                                    1.3                        

     Diphenyl (O)  10.3                                                        

                       12.0                                                    

                           9.0  11.1                                           

                                    10.2                                       

                                        5.8 11.2                               

                                                13.2                           

                                                    4.3                        

     o-o-dimethylol                                                            

                   1.6 1.0 1.5  4.3 3.0 0.6 4.8 2.7 0.8                        

     o-p-dimethylol                                                            

                   40.4                                                        

                       53.3                                                    

                           51.7 37.9                                           

                                    30.0                                       

                                        52.2                                   

                                            35.6                               

                                                32.7                           

                                                    58.0                       

     o-o-p-trimethylol                                                         

                   19.7                                                        

                       11.0                                                    

                           23.8 27.5                                           

                                    19.5                                       

                                        27.1                                   

                                            31.5                               

                                                17.6                           

                                                    29.0                       

     Diphenyl (4)  3.1 0.6 1.5  3.3 0.8 4.1 4.4 0.8 3.5                        

     __________________________________________________________________________

TBL                                    TABLE III                               

     __________________________________________________________________________

     Non-Neutralised                                                           

     Mol Ratio          3.4:1           3.6:1           4.0:1                  

     __________________________________________________________________________

     Formaldehyde to phenol                                                    

     Catalyst     NaOH  NaOH Ca(OH).sub.2                                      

                                   NaOH NaOH Ca(OH).sub.2                      

                                                   NaOH NaOH Ca(OH).sub.2      

     Mol % on phenol                                                           

                  10.22 11.03                                                  

                             11.03 10.22                                       

                                        11.97                                  

                                             11.97 10.22                       

                                                        13.85                  

                                                             13.85             

     By direct analysis                                                        

     Free phenol  --    &lt;0.1 &lt;0.1  &lt;0.1 &lt;0.1 &lt;0.1  &lt;0.1 &lt;0.1 &lt;0.1              

     Free formald.                                                             

                  --    8.55 7.4   10.2 9.5  8.4   12.2 11.6 10.0              

     Organic Solids                                                            

                  --    41.8 44.8  39.6 40.0 42.6  37.9 37.3 40.9              

     Cone Eff.    --    75.6 80.8  79.5 79.9 83.3  78.2 80.2 86.9              

     By silylisation                                                           

     Phenol       --    5.4  10.2  3.8  4.4  4.1   2.8  2.0  2.3               

     o-methylol   --    7.6  13.9  7.2  6.8  6.7   5.6  3.2  5.0               

     p-methylol   --    9.3  10.5  7.0  8.6  5.5   6.3  4.0  4.7               

     Diphenyl (o) --    19.5 9.4   12.2 17.8 9.6   12.3 13.1 6.6               

     0-0-dimethylol                                                            

                  --    2.2   0.7  3.4  2.1  1.0   3.7  3.8  0.4               

     o-p-dimethylol                                                            

                  --    37.3 43.3  36.6 39.5 57.6  37.9 40.7 58.5              

     o-o-p trimethylol                                                         

                  --    8.8  7.9   18.6 10.0 9.3   20.8 19.5 12.8              

     Diphenyl (4) --    9.9  6.2   11.2 10.8 6.2   10.6 13.7 9.7               

     Neutralised                                                               

     Mol % on phenol                                                           

                  10.22 11.03                                                  

                             11.03 10.22                                       

                                        11.97                                  

                                             11.97 10.22                       

                                                        13.85                  

                                                             13.85             

     By direct analysis                                                        

     Free phenol  --    &lt;0.1 &lt;0.1  &lt;0.1 &lt;0.1 &lt;0.1  &lt;0.1 &lt;0.1 &lt;0.1              

     Free formald.                                                             

                  --    --   --    --   --   --    --   --   --                

     Organic Solids                                                            

                  --    41.4 46.2  40.2 40.0 42.6  37.6 37.4 41.5              

     Cone Eff.    --    73.6 77.5  78.9 76.6 78.0  77.0 75.8 80.5              

     By silylisation                                                           

     Phenol       --    6.2  9.9   5.7  5.2  6.3   3.8  1.7  1.9               

     o-methylol   --    7.4  13.5  7.1  5.5  7.9   5.8  1.7  4.2               

     p-methylol   --    9.0  10.5  6.6  7.4  7.9   6.3  2.4  4.1               

     Diphenyl (o) --    15.1 9.2   11.9 12.4 12.0  11.1 9.5  5.8               

     o-o-dimethylol                                                            

                  --    3.7  0.8   4.6  3.7   1.0  4.3  41.4 0.6               

     o-p-dimethylol                                                            

                  --    35.4 41.5  48.4 38.0 53.3  37.9 41.3 52.2              

     o-o-p trimethylol                                                         

                  --    18.0 12.0  8.2  21.2 11.0  27.5 31.0 27.1              

     Diphenyl (4) --    5.2  2.6   7.5  6.6  0.6   3.3  8.0  4.1               

     __________________________________________________________________________

TBL                                    TABLE IV                                

     __________________________________________________________________________

     Non-Neutralised                                                           

     Mol Ratio        2.8:1             3.6:1                                  

     formaldehyde to phenol                                                    

     Catalyst   Ba(OH).sub.2                                                   

                      Ba(OH).sub.2                                             

                            Ca(OH).sub.2                                       

                                  Ba(OH).sub.2                                 

                                        Ba(OH).sub.2                           

                                              Ca(OH).sub.2                     

     Mol % on phenol                                                           

                 4.46  8.22  8.22  4.46 11.97 11.97                            

     __________________________________________________________________________

     By direct analysis                                                        

     Free phenol                                                               

                &lt;0.10 0.10  0.5   &lt;0.1  &lt;0.1  &lt;0.1                             

     Free formald.                                                             

                4.9   4.3   4.6   10.0  8.6   8.4                              

     Organic Solids                                                            

                46.2  44.8  48.1  41.1  38.2  42.6                             

     Cone Eff.  78.7  80.4  77.7  78.5  80.3  83.3                             

     By silylisation                                                           

     Phenol     15.5  15.1  19.8  7.6   7.9   4.1                              

     O-Methylol 10.9  12.2  18.1  8.2   8.1   6.7                              

     p-methylol 10.5  15.1  10.6  9.2   8.5   5.5                              

     Diphenyl (o)                                                              

                12.0  13.0  14.3  11.1  12.7  9.6                              

     o-o-dimethylol                                                            

                0.7   0.3   0.5   1.5   0.9   1.0                              

     o-p-dimethylol                                                            

                34.4  31.6  32.9  37.3  42.9  57.6                             

     o-o-p-trimethylol                                                         

                5.2   1.6   2.3   16.8  9.4   9.3                              

     Diphenyl (4)                                                              

                10.8  11.1  1.5   8.3   9.6   6.2                              

     Neutralised                                                               

     Mol % on phenol                                                           

                4.46  8.22  8.22  4.46  11.97 11.97                            

     By direct analysis                                                        

     Free phenol                                                               

                &lt;0.1  0.15  1.4   &lt;0.1  &lt;0.1  &lt;0.1                             

     Free formald.                                                             

                --    --    --    --    --    --                               

     Organic Solids                                                            

                44.0  42.0  47.7  40.1  36.6  42.6                             

     Cone Eff.  76.1  76.8  75.7  75.9  76.8  78.0                             

     By silylisation                                                           

     Phenol     21.0  20.0  17.9  9.1   7.7   6.3                              

     o-methylol 12.2  11.8  14.8  7.7   7.5   7.9                              

     p-methylol 11.0  16.7  7.8   8.1   8.8   7.9                              

     Diphenyl (o)                                                              

                11.4  11.4  11.5  10.3  12.9  12.0                             

     o-o-dimethylol                                                            

                1.6   0.8   1.1   1.6   1.0   1.0                              

     o-p-dimethylol                                                            

                30.8  32.5  35.1  40.4  45.3  53.3                             

     o-o-p trimethylol                                                         

                10.2  5.8   10.8  19.7  12.2  11.0                             

     Diphenyl (4)                                                              

                1.8   1.0   1.0   3.1   4.6   0.6                              

     __________________________________________________________________________

TBL                                    TABLE V                                 

     __________________________________________________________________________

     HOURS TO COMPLETE THE REACTION                                            

     Mol Ratio                                                                 

     Formaldehyde to Phenol                                                    

                     2.8:1                                                     

                          3.2:1                                                

                               3.4:1                                           

                                    3.5:1                                      

                                         3.6:1                                 

                                              3.8:1                            

                                                   4.0:1                       

                                                        4.4:1                  

     __________________________________________________________________________

     Catalyst,                                                                 

             Mol per Mol                                                       

             Phenol                                                            

     NaOH    .1022   6.5  6.5  --   --   6.5  --   6.5  6.5                    

             .1103              5.75                                           

             .1197                        5.75                                 

             .1385                                 5.5                         

     Ba(OH).sub.2                                                              

             .0446   6.5  6.0  --   --   6.0  --   5.5  5.5                    

             .0822   4.5                                                       

             .1197                       3.5                                   

     Ca(OH).sub.2                                                              

             .0822    4.75                                                     

             .1009        5.0                                                  

             .1103             4.5                                             

             .1150                  4.5                                        

             .1197                        4.75                                 

             .1291                            4.5                              

             .1385                                  4.75                       

             .1573                                      4.5                    

     __________________________________________________________________________

TBL                                    TABLE VI                                

     __________________________________________________________________________

     Formaldehyde:                                                             

     Phenol Mol Ratio                                                          

               Up to 2.5:1   Up to 2.5:1   2.8:1 to 3.7:1                      

     Catalyst  NaOH          Ba(OH).sub.2  Ca(OH).sub.2                        

     Resin     As produced                                                     

                      Neutralized                                              

                             As produced                                       

                                    Neutralized                                

                                           As produced                         

                                                  Neutralized                  

     __________________________________________________________________________

     Storage Temp. .degree.F                                                   

     Frozen    --     6 mo.  --     6 mo.  --      3 yrs.                      

     30.degree.F                                                               

               Unstable                                                        

                      2 wks. Unstable                                          

                                    4 wks. 1 yr.  1 yr.                        

     50.degree.F                                                               

               "      3-5 days                                                 

                             "      1 wk.  2 mo.  6 mo.                        

     70.degree.F                                                               

               "      2 days "      4 days  2 wks.                             

                                                  1 mo.                        

     __________________________________________________________________________

TBL                TABLE VII                                                   

     ______________________________________                                    

     SHELF LIFE, DAYS                                                          

     Non-neutralized resin.                                                    

                               100.degree.F                                    

                                         75.degree.F                           

     Resin Mol Catalyst                                                        

     Ratio     Type      Mol/Mol Phenol                                        

     ______________________________________                                    

     Formaldehyde to Phenol                                                    

     2.8:1     NaOH      .1022     16      42                                  

     3.8:1     "         "         16      72                                  

     3.6:1     "         "         16      83                                  

     4.0:1     "         "         16      86                                  

     4.4:1     "         "         16      &gt;86                                 

     3.4:1     "         .1103                                                 

     3.6:1     "         .1197     16      &gt;86                                 

     4.0:1     "         .1385                                                 

     2.8:1     Ba(OH).sub.2                                                    

                         .0446     4       20                                  

     3.2:1     "         "         8       32                                  

     3.6:1     "         "         8       36                                  

     4.0:1     "         "         8       48                                  

     4.4:1     "         "         8       56                                  

     2.8:1     "         .0822     8       32                                  

     3.6:1     "         .1197     8       36                                  

     2.8:1     Ca(OH).sub.2                                                    

                         .0822     4       24                                  

     3.2:1     "         .1009     4       24                                  

     3.4:1     "         .1103     4       24                                  

     3.5:1     "         .1150     4       &gt;24                                 

     3.6:1     "         .1197     4       20                                  

     3.8:1     "         .1291     4       20                                  

     4.0:1     "         .1385     4       16                                  

     4.4:1     "         .1573     4       16                                  

     ______________________________________                                    

     All resins tested were very stable at 32.degree.F and -20.degree.F        

TBL                TABLE VIII                                                  

     ______________________________________                                    

     SHELF LIFE, DAYS                                                          

     Neutralized                                                               

     Formaldehyde                                                              

     to Phenol               100.degree.F                                      

                                      75.degree.F                              

     Resin Mol                                                                 

              Catalyst                                                         

     Ratio    Type      Mol/Mol Phenol                                         

     ______________________________________                                    

     2.8:1    NaOH      .1022        4      8                                  

     3.2:1    "         "            4      8                                  

     3.6:1    "         "            4      12                                 

     4.0:1    "         "            4      20                                 

     4.4:1    "         "            4      16                                 

     3.4:1    "         .1103        4      20                                 

     3.6:1    "         .1197        4      16                                 

     4.0:1    "         .1385        4      20                                 

     2.8:1    Ba(OH).sub.2                                                     

                        .0446        4      4                                  

     3.2:1    "         "            4      4                                  

     3.6:1    "         "            4      8                                  

     4.0:1    "         "            4      16                                 

     4.4:1    "         "            4      24                                 

     2.8:1    "         .0822        4      8                                  

     3.6:1    "         .1197        4      4                                  

     2.8:1    Ca(OH).sub.2                                                     

                        .0822         28    28                                 

     3.2:1    "         .1009        4      24                                 

     3.4:1    "         .1103        4      36                                 

     3.5:1    "         .1150        8      32                                 

     3.6:1    "         .1197        8      32                                 

     3.8:1    "         .1291        8      44                                 

     4.0:1    "         .1385        4      36                                 

     4.4:1    "         .1573        8      36                                 

     ______________________________________                                    

       All resins tested were very stable at 32.degree.F and -20.degree.F.?    

PAR  The principal components of the low phenol aqueous thermosettable
      compositions suitable for bonding mineral fibre (or paper) products
      disclosed in this application comprise:
PAR  a. Aminoplast resins or non-phenolic monomeric materials capable of
      co-condensing with formaldehyde.
PAR  b. A substantially phenol free infinitely dilutable thermosettable phenol
      formaldehyde resol solution.
PAR  c. Ammonia or a water soluble amine to a pH of about 7 to 9.
PAR  d. An acidic curing catalyst in an amount of 0.1 to 2 percent by weight
      based on the weight of the resin components.
PAR  e. Water to a solids content of 1 - 80 percent.
PAR  The preferred thermosettable binder compositions comprise co-condensible
      monomers chosen from the group consisting of melamine, urea,
      dicyandiamide, acetone, methanol and glycols and aminoplast resins chosen
      from urea formaldehyde resin, melamine formaldehyde resin and alkylated
      amine formaldehyde co-polymer resins.
PAR  They can be modified further by incorporation of one or more known binder
      additives chosen from the group consisting of coupling agents such as
      silanes, emulsified mineral oil, ammonium lignosulphonate, tall oil,
      finely divided mineral fillers, viscosity control agents, dyes and
      non-reactive resins.
PAR  An example of an appropriate non-reactive resin would be Vinsol (Trade mark
      of Hercules Chemical Company) which is a dark, brittle, natural resin
      derived from naval stores. It has been found very useful as a component of
      the binders for glass insulation fibers, especially where such products
      are intended for bonding glass fibers for odour free refrigerator
      insulation.
PAR  The resin component (b) is one of the phenol free aqueous thermosettable
      phenol formaldehyde condensation resins described earlier in this
      application as being selectively catalysed from high mol ratio blends of
      Formaldehyde to Phenol. The preferred resin is derived from ratio's of 3.5
      to 3.8 Mols of Formaldehyde to 1 Mol of Phenol. The resin may be
      introduced with or without prior neutralization.
PAR  The ammonia or water soluble amine (c) is used to adjust the pH of the
      composition, to a preferred value of 8.3 - 8.6. This may drift on storage
      to a slightly more acid value. If an amine is used, it may be a volatile
      amine such as benzylamine, diethylamine, dimethylamine, ehtylamine,
      methylamine, trimethylamine, monoethanolamine, or a less volatile amine
      such as diethanolamine, triethanolamine or morpholine.
PAR  The acid curing catalyst (d) will normally be added in the form of a salt
      preferably an ammonium or amine salt of conventional acids such as
      sulfuric, phosphoric, sultamic, acetic, maleic and carbonic acids.
PAR  The amount of water (e) may be varied over a wide range so as to yield
      optimum application characteristics and will be in the range of 20% and
      over, most frequently 70% or over.
PAR  These binders are further combined with mineral fibres and especially glass
      fibres to manufacture fibrous insulation products, imparting integrity of
      shape and physical properties to the finished product. They are
      particularly applicable to the bonding of batts and other shaped articles
      produced from glass fibres, which may be in the form of continuous
      filaments, chopped fiber or glass wool and the like, formed by a variety
      of processes such as steam blowing, flame blowing, centrifugal fiberizing
      and other gaseous entrainment processes.
PAR  In one embodiment the present invention provides a shaped article
      consisting of mineral fibers particularly glass fibers bonded with a cured
      bonding agent derived from aqueous binders of this type.
PAR  The following examples are intended to exemplify further the principles of
      this invention as far as it pertains to the preparation of aqueous heat
      hardenable binders for glass fibre products and to the products there
      from.
PAR  The examples are not intended to be limiting in their scope.
PAC  EXAMPLE VIII
PAR  The neutralized phenol formaldehyde resins of Examples I thru VII were used
      to prepare some typical bonding compositions for glass fibre products, in
      which urea, (solid, or in aqueous 50% solution) was combined with the
      phenolic resin. Ammonium Sulphate was used as acidic catalyst and ammonium
      hydroxide was used to adjust the pH. Silicone (amino ethyl amino propyl
      trimethoxysilane) and mineral oil emulsion were also included in the
      binders.
PAR  The binders were prepared by mixing the ingredients while adding these in
      sequence to the phenol formaldehyde resin component.
PAR  In large scale operations this mixing procedure can be carried out in
      batches or by continuous proportioning pumps. Greater or lesser
      concentrations of the basic binder compositions can be prepared by adding
      less or more water of dilution in a practically desirable range of from 1
      to 80% organic solids, with the water of dilution added at the time of
      preparation, or upon delivery to the point of application of the aqueous
      bonding composition to the glass fibres.
PAR  The compositions and evaluations are shown in Table VII A. It will be noted
      that the resins of this invention permit the use of significantly larger
      proportions of urea then prior resins without loss of excellent bonding
      properties.
TBL                                    TABLE VII - A                           

     __________________________________________________________________________

     BINDERS MADE FROM RESINS OR SAMPLES 1-7                                   

     __________________________________________________________________________

     Calcium catalysed Phenol Formaldehyde Resin                               

     Combined with Urea                                                        

     Binder                                                                    

         Phenolic                                                              

               Wt. of                                                          

                   Wt. of                                                      

                       Wt.   Wt.   Wt. Wt.                                     

                                          Wt.                                  

                                             Phenolic                          

                                                  Binder Standard              

                                                               Gel Time        

     Ref.                                                                      

         Resin Resin                                                           

                   Urea                                                        

                       Ammonium                                                

                             Ammonium                                          

                                   Sili-                                       

                                       Oil                                     

                                          Water                                

                                             Resin                             

                                                  Solids Tensile               

                                                               (Binder         

         Used          Sulphate                                                

                             Hydroxide                                         

                                   cone                                        

                                       Emul. Mole        Strength              

                                                               at              

     Table I           10%         10% 50%   Ratio                             

                                                  %   %  (psi) 2661            

     References        Aqueous     sol.                                        

                                       w.w.  Formal-                           

                                                  Phen.                        

                                                      Urea                     

                                                         dry                   

                                                            wet                

                                                               secs)           

                       Sol'n       w.w.      dehyde                            

                                                  Resn.                        

               (gms)                                                           

                   (gms)                                                       

                       (gms) (gms) (gms)                                       

                                       (gms)                                   

                                          (gms)                                

                                             to Phenol                         

     __________________________________________________________________________

     8-1 Example 1                                                             

               135 35  10    1      1  20 350                                  

                                             2.8:1                             

                                                  65  35 717                   

                                                            442                

                                                               740             

     8-2 Example 2                                                             

               131.5                                                           

                   40  10    1     1   20 350                                  

                                             3.1:1                             

                                                  60  40 558                   

                                                            434                

                                                               935             

     8-3 Example 3                                                             

               126 46  10    1     1   20 350                                  

                                             3.5:1                             

                                                  54  46 665                   

                                                            453                

                                                               1126            

     8-4 Example 4                                                             

               120 46  10    1     1   10 350                                  

                                             3.6:1                             

                                                  54  46 852                   

                                                            504                

     8-5 Example 5                                                             

               121 46  10    1     1   20 350                                  

                                             3.7:1                             

                                                  54  46 727                   

                                                            326                

                                                               1076            

     8-6 Example 6                                                             

               126 50  10    1     1   0-20                                    

                                          350                                  

                                             3.8:1                             

                                                  50  50 656                   

                                                            457                

                                                               1347            

     8-7 Example 7                                                             

               124 50  10    1     1   20 350                                  

                                             4.0:1                             

                                                  50  50 403                   

                                                            485                

                                                               1437            

     __________________________________________________________________________

PAC  EXAMPLE IX
PAR  The calcium catalysed water-soluble resin of Example III (mole ratio 3.1
      Moles formaldehyde to 1 Mol Phenol was compounded into a binder for
      mineral glass fibres following the general procedure of Example VIII. An
      alkylated amine co-polymer resin was included as a co-condensing resin.
      Urea was added as a co-condensing monomer. Ammonium sulphate was added as
      an acidic catalyst and ammonium hydroxide was used to adjust the pH.
      Silicone (amino ethyl amine propyl tri methoxy silane) and mineral oil
      emulsion were also included in the binder. The binder was prepared by
      adding the above in order to the phenolic component. The resin solids of
      the above had the following composition by weight.
TBL                    %         Parts                                         

     ______________________________________                                    

     Calcium catalyzed water-soluble                                           

                         18.1        19                                        

     phenolic resin                                                            

     Alkylated amine copolymer resin                                           

                         66.5        70                                        

     (UFC-31)                                                                  

     Urea                10.5        11                                        

     Ammonium sulphate   .14                                                   

     Silicone            .19                                                   

     Mineral Oil         4.57                                                  

     TOTAL SOLIDS        100.00      100                                       

     ______________________________________                                    

PAR  The thermosetting alkylated amine-co-polymer was produced by the reaction
      of melamine, urea, formaldehyde and methanol in the presence of an alkanol
      amine and a fatty acid following the art disclosed in U.S. Pat. No.
      3,624,246 issued 30 Nov. 1971 entitled "Water Dispersible or Water Soluble
      Alkylated Amine Copolymers" of Deuzeman et al. At a suitable solids
      concentration in water, this binder was applied to glass wool which was
      formed into moulded pipe insulation. A similar insulation made using
      barium catalysed phenolic resin mole ratio 2.1 Mols formaldehyde to 1.0
      Mol phenol was used as a reference standard for evaluation of the above
      binder and product. Evaluation of the samples of moulded pipe gave the
      results shown in Table VIIIA. Based on this evaluation, the experimental
      material was rated as most suitable for manufacture of moulded pipe
      insulation.
TBL                                    TABLE VIII-A                            

     __________________________________________________________________________

     MOULDED PIPE TRAIL                                                        

     TO COMPARE BINDER OF EXAMPLE IX WITH A BINDER MADE FROM                   

     STANDARD BARIUM CATALYSED RESIN                                           

     __________________________________________________________________________

     Properties    600.degree.F  650.degree.F  700.degree.F                    

                                                         750.degree.F          

                   Std    Expt   Std    Expt   Std  Expt Std   Expt            

     __________________________________________________________________________

     1. Density(pcf)                                                           

                   6.7    6.2    6.6    6.2    6.3  6.1  6.2   5.9             

     2. Ignition loss %                                                        

                   7.2    6.8    8.0    7.0    6.7  6.4  6.5   6.6             

     3. Extraction Loss                                                        

        %          5.1    4.7    5.3    4.7    5.2  4.1  3.4   3.8             

     4. Durability                                                             

      a/                                                                       

        Humidity                                                               

        Swelling % 1.5    1.1    0.9    0.8    1.1  0.7  1.0   0.5             

        (120.degree.F) gap                                                     

        (in)       0.1    0.05   0.12   0.05   0.07 0.05 0.09  0.06            

      b/                                                                       

        Autoclave                                                              

        Swelling-% 7.5    5.7    5.7    2.5    2.2  1.6  1.0   0.7             

        (5 psi)                                                                

        Gap (in)   1.05   0.40   0.46   0.14   0.14 0.19 0.10  0.07            

     5. Punking Spread                                                         

        (in)       2.82   2.80   2.89   2.89   2.76 2.77 2.95  2.72            

        (1300.degree.F probe)                                                  

        %          101.4         104.0         99.3      106.1                 

                          100.7         104.0       99.6       97.8            

     __________________________________________________________________________

PAC  EXAMPLE X
PAR  The calcium catalysed water soluble resin of Example VI (3.8 Mols
      formaldehyde to 1.0 Mol phenol) was compounded into a binder using the
      ingredients and procedure of Example IX so as to yield a product with the
      following composition by weight:
TBL                    %         Parts                                         

     ______________________________________                                    

     Calcium catalysed water soluble                                           

                         36.0        40                                        

     phenolic resin                                                            

     Alkylated amine co-polymer                                                

                         31.5        35                                        

     resin                                                                     

     Urea                22.5        25                                        

     Ammonium sulphate   .45                                                   

     Silicone            .09                                                   

     Mineral Oil         9.46                                                  

                         100.00      100                                       

     ______________________________________                                    

PAR  This binder was used to fabricate a glass fiber refrigeration insulation
      material of 2 inch nominal thickness, and this product was tested against
      a standard insulation of 3 inch thickness with the following satisfactory
      results.
TBL  ______________________________________                                    

                        A       B                                              

     1.   Recovery (thickness in ins.)                                         

                              3.20      2.06                                   

     2.   Parting strength (lbs/gms)                                           

          (a) Machine Direction                                                

            i) as received    0.63      0.83                                   

           ii) after autoclaving                                               

                              0.31      0.46                                   

          % loss in strength after                                             

          autoclaving         50.8      44.6                                   

          (b) Cross-machine                                                    

            i) as received    0.71      0.82                                   

           ii) after autoclaving                                               

                              0.37      0.46                                   

          % loss in strength after                                             

          autoclaving         47.9      43.9                                   

     3.   Density (pcf)       1.13      1.09                                   

     4.   Compressive Strength at                                              

          25% deformation (psi)                                                

                              9.2       9.4                                    

     5.   Ignition loss (%)   5.1       3.8                                    

                              5.4       4.2                                    

     6.   Fiber Index (H.T.)  30.0      30.0                                   

                                        30.0                                   

     7.   Extraction loss (%)           11.0                                   

                                        11.6                                   

     ______________________________________                                    

PAC  EXAMPLE XI
PAR  The calcium catalysed water soluble resin of Example VI (1 mole phenol to
      3.8 moles formaldehyde) were compounded into a binder using the
      ingredients and procedure of example 8-6 in Table VII A.
PAR  This product has the following composition by weight on binder solids:
TBL                      %w.w.   Parts                                         

     ______________________________________                                    

     Calcium catalysed water soluble                                           

     phenol formaldehyde resin                                                 

                          44.5        50                                       

     Urea                 44.5        50                                       

     Ammonium Sulphate    .91                                                  

     Silicone             .09                                                  

     Mineral Oil          10.00                                                

                          100.00     100                                       

     ______________________________________                                    

PAR  This binder was used to fabricate a glass fiber refrigeration insulation
      material of 2 inch nominal thickness, and this product was tested against
      a standard insulation of 3 inch thickness with the following satisfactory
      result.
TBL  ______________________________________                                    

     Properties of glass fiber refrigeration insulation material               

     ______________________________________                                    

     A - std. nominally 3" thickness material                                  

     B - experimental insulation made using binder                             

      of example X1.                                                           

                          A      B                                             

     1.  Recovery               3.20     2.03                                  

     2.  Parting strength (lbs./GM)                                            

         (a) Machine direction                                                 

           i/ as received       0.63     0.87                                  

          ii/ after autoclaving 0.31     0.49                                  

         % loss in strength after autoclaving                                  

                                50.8     43.7                                  

         (b) Cross-machine                                                     

           i/ as received       0.71     0.77                                  

          ii/ after autoclaving 0.37     0.45                                  

         % loss in strength after autoclaving                                  

                                47.9     41.6                                  

     3.  Density (pcf)          1.13     1.15                                  

     4.  Compressive strength at 25%                                           

         deformation (psi)      9.2      10.8                                  

     5.  Ignition loss (%)      5.1      5.6                                   

                                5.4      6.1                                   

     6.  Fiber Index (H.T.)     30.0     30.0                                  

                                30.0     30.0                                  

     7.  Extraction loss (%)    --       9.8                                   

                                         9.6                                   

     ______________________________________                                    

PAR  A batch of calcium catalysed water soluble resin made as described in
      Example IV (3.5 Moles formaldehyde to 1.0 mols phenol) was compounded into
      a binder according to the composition and procedure given in example 8-3
      in Table VII A.
PAR  The product has the following composition by weight on binder solids:
TBL                       %      Parts                                         

     ______________________________________                                    

     Calcium catalysed water soluble phenol                                    

     formaldehyde resin    48.5      54                                        

     Urea                  41.3      46                                        

     Ammonium sulphate     .91                                                 

     Silicone              .09                                                 

     Mineral Oil           9.2                                                 

                           100.00    100                                       

     ______________________________________                                    

PAR  This binder was applied to glass wool which was shaped into a bonded
      insulation board for use as a roof deck material having a thickness of
      about 2 inches.
PAR  This roof deck material after curing was evaluated according to the normal
      tests for quality and performance, the results of these are recorded in
      Table IX. The board was found to be satisfactory.
PAR  The standard tests for roof deck material are as follows:
PAR  1. Density check (PCF)
PAR  2. Compressive strength at 25% deformation (ASTM C-165) (X-head 0.05
      inch/min.)
PA1  a. as received
PA1  b. after autoclaving -- 15 min at 5 psi. All samples indicated normal
      compressive properties which coincided accordingly with their respective
      densities.
PAR  3. % swelling after autoclaving -- 15 min @ 5 psi. All samples were within
      the specification.
PAR  4. Ignition loss (%). The samples were all within specification.
PAR  5. Extraction loss or degree of cure (%).
PAR  6. Fiber diameter (H.T.) hundred thousandths of an inch-organic material
      burned off fiber (BOF).
PAR  7. Water absorption (%) on ASTM method (Fiberglass Canada Ltd. test method
      No. 9.4).
PAC  EXAMPLE XIII
PAR  The calcium catalysed water-soluble resin of example V Table I (1 mole
      phenol to 3.7 mole formaldehyde) was compounded into a binder using the
      ingredients and procedure of example 8-5. This binder which has the same
      composition by weight as the binder of Example XII was processed as
      described in Example XII to produce a roof deck material having a
      thickness of about 2 inches. This roof deck material after curing was
      evaluated as described above and found satisfactory. The result of the
      evaluation is given in Table IX. The results show the roof deck material
      of Examples 12 and 13 is very good quality.
TBL                                    TABLE IX                                

     __________________________________________________________________________

     EVALUATION OF ROOF DECKING MATERIAL DESCRIBED IN                          

     EXAMPLES XII AND XIII USING THE TESTS DESCRIBED IN EXAMPLE                

     __________________________________________________________________________

     XIII                                                                      

     Tests                 Example XII                                         

                                    Example XIII                               

                           Binder 8-3                                          

                                    Binder 8-5a                                

                           Resin Compos-                                       

                                    Resin Compos-                              

                           tion as  ition as                                   

                           Example IV                                          

                                    Example V                                  

     __________________________________________________________________________

     1.                                                                        

       Density (pcf)       8.8      9.2                                        

     2.                                                                        

       Compressive strength-deformation                                        

       at 5% and 25%                                                           

       (a) as received  5% 5.8      6.4                                        

       25%                 19.5     21.3                                       

       (b) after autoclaving and drying                                        

        5%                 5.1      6.4                                        

       25%                 15.2     17.5                                       

       % loss in strength after autoclaving                                    

                           22.8     17.8                                       

     3.                                                                        

       % swelling after autoclaving                                            

                           0.63     0.62                                       

     4.                                                                        

       Ignition loss (%)   11.0     14.3                                       

     5.                                                                        

       Extraction loss (%) 9.6      7.5                                        

     6.                                                                        

       Fiber diameter (HT) (BOF)                                               

                           62.0     62.5                                       

     7.                                                                        

       Water absorption (%) 2 tests per                                        

       board (included membrane)                                               

       1.                  3.8      5.5                                        

       2.                  4.4      5.3                                        

       Average             4.1      5.4                                        

     __________________________________________________________________________

PAC  EXAMPLE XIV
PAR  The calcium catalysed water soluble resins of Example I (mole ratio 1 mole
      phenol to 2.8 moles formaldehyde) was compounded into binders using the
      ingredients and procedures of Examples VIII - I. These binders have the
      following composition by weight on a solids basis.
TBL  ______________________________________                                    

                        8 - 1                                                  

                        wt.%     parts                                         

     ______________________________________                                    

     Calcium catalysed water soluble                                           

     phenol formaldehyde  58.5       65                                        

     Urea                 31.5       35                                        

     Ammonium sulphate    .91                                                  

     Mineral Oil          9.0                                                  

     Silicone             .09                                                  

                          100.00     100                                       

     ______________________________________                                    

PAR  These binders were processed into a fiberglass board of about 10 lbs. per
      cubic foot density using standard manufacturing procedures.
PAR  The resulting boards were evaluated according to the standard test methods
      given and found to be superior when compared to similar board formed using
      a conventional sodium catalysed phenol formaldehyde resin mole ratio 2.6
      moles formaldehyde to 1 Mole Phenol in an equivalent formulation. The
      results are shown in Table X.
PAR  In Table X are shown physical tests on fiber glass boards, nominal density
      10pcf when prepared using binder ref. 8-6 of table VII A, based on resin
      of Example VI as compared to a conventional sodium catalysed resin based
      binder.
PAR  A -- Fiber glass board made on binder 8-1 from calcium catalysed resin mole
      ratio 2.8 Moles formaldehyde to 1.0 Mole Phenol
PAR  B -- Reference std., fiber glass board made on a binder from a conventional
      sodium catalysed phenolic resin mole 2.6 moles formaldehyde to 1.0 mole
      phenol.
TBL                TABLE X                                                     

     ______________________________________                                    

     TESTS ON FIBER GLASS Boards                                               

                        A       B                                              

     ______________________________________                                    

     1.  Density check (pcf)  9.9       8.8                                    

     2.  Compressive strength at 25%                                           

         as rec'd (psi)       24.4      17.7                                   

         after autoclaving    19.0      13.2                                   

     3.  % loss in strength after                                              

         autoclaving          22.1      25.4                                   

     4.  % swelling after auto-                                                

         claving              0.28      0.70                                   

     5.  Ignition loss (%)    13.6      10.5                                   

     6.  Extraction (%)       8.8       8.3                                    

     7.  Water absorption (%)                                                  

         2 tests per 12% board                                                 

         includes membrane 1. 1.1       0.9                                    

         2.                   2.4       1.8                                    

         AVERAGE              1.8       1.4                                    

     ______________________________________                                    

PAC  EXAMPLE XV
PAR  The calcium catalysed water soluble resin of Example II (mole ratio 3.1
      Moles formaldehyde to 1.0 Mole Phenol) was compounded into the binders
      with the following composition on a solids basis using the procedure of
      example 10.
TBL  ______________________________________                                    

                      A        B                                               

                      wt%      wt%                                             

     Calcium catalysed water soluble                                           

     phenol formaldehyde                                                       

                        14.5       48.71                                       

     Alkylated amine co-polymer                                                

     resin (UCF - 31)   48.5                                                   

     Urea               6.2        25.4                                        

     Bone Glue          29.61      24.7                                        

     Ammonium sulphate  .99        .99                                         

     Silicone           .2         .2                                          

                        100.00     100.00                                      

     ______________________________________                                    

PAR  The above binder compositions suitably adjusted with water were used to
      manufacture bonded mats of glass wool (tissues) of 10 to 35 mil.
      thickness. The bone glue component is added as an extender and gelling
      agent and adhesive.
PAR  The mats so prepared were of excellent commercial quality as shown by the
      test results recorded in Table XI.
TBL                TABLE XI                                                    

     ______________________________________                                    

                         Binder A                                              

                                Binder B                                       

     ______________________________________                                    

     1.  Tensile strength (lbs)(MD)                                            

                              36.3      37.3                                   

         A. As received       36.3      37.3                                   

         B. After autoclaving 38.0      31.1                                   

         C. After aging       40.3      36.9                                   

     2.  Ignition loss (%)                                                     

         1.                   25.0      23.0                                   

         2.                   25.5      22.3                                   

         AVERAGE              25.3      22.6                                   

     ______________________________________                                    

PAC  EXAMPLE XVI
PAR  This is an example of the use in glass fibre bonding compositions of the
      aqueous phenol formaldehyde resins of this disclosure as produced, i.e.
      without neutralisation of the catalyst prior to storage. Used was
      selectively calcium catalysed phenol formaldehyde resin of a starting mole
      ratio of 3.7 moles of formaldehyde to 1 Mole Phenol, of the general type
      of Example V, but not neutralized with carbon dioxide from pH 8.55 to pH
      7.8.
PAR  112.4 parts by weight of the above aqueous phenol. formaldehyde solution
      containing 44.5 weight percent organic solids, or 54 parts of phenol resin
      solids, were pumped at 50.degree.F. into an agitated vessel and 46 parts
      by weight of uncoated urea prills were added under agitation until fully
      dissolved.
PAR  This high solids concentrate was combined by means of a set of
      proportioning pumps with about 1 part (solids) of Ammonium Sulphate in 10%
      aqueous solution, with 10.0% (solids) of a 50% Mineral Oil emulsion in
      water, with enough aqueous ammonium to adjust pH from 8.3 to 8.6 and water
      to adjust to concentration of this binder composition to from 2 to 30%
      solids.
PAR  Where compared to binders containing prior art phenolic resins, and also
      where compared with the binders as per Example VIII--5 (which contains the
      Selectively catalysed phenolic resin in its neutralised form), binders
      prepared by this method and incorporated industrially into glass fibre
      products exhibit a marked reduction of emission of phenolic pollutants to
      atmosphere. They exhibit desirable characteristics in the final cure, and
      increased application efficiencies.
PAR  The last mentioned is in agreement with the findings of Study I pertaining
      to detrimental effects of neutralisation with acids upon cone
      efficiencies.
PAC  TEST METHODS
PAR  All tests were carried following standardized test methods as follows:
PAR  Free (unreacted) formaldehyde
PAR  50 mls. of a hydroxylamine hydrochloride solution (containing 70 grams in
      one litre of distilled water) are placed in a beaker, and the pH is
      adjusted to 4 with 1.0 N sodium hydroxide solution, while stirring.
PAR  Into a second beaker are weighed 6 .+-. .01 grams of the resin sample, 15
      mls of absolute, formaldehyde free, methanol are added. The content is
      titrated to pH = 4 with 0.5 N sulphuric acid while stirring.
PAR  The adjusted hydroxylamine hydrochloride solution is added to the sample
      allowed to stand for 5 minutes and the excess titrated back with 1.0 N
      NaOH to ph = 4. The % free formaldehyde = 1/2 .times. ml of 1.0 N NaOH
      used in final titration.
PAC  Resin Solids
PAR  a. Total Solids
PAR  Not less than 2 grams of the resin are placed into a weighed ointment tin,
      and weighed to 0.001 gram accuracy. Duplicate. To each of the two samples
      add 10 ml methyl alcohol and place tins and content in a cluster around
      the thermometer in a gravity type constant temperature oven, without lids.
      Dehydrate the samples for exactly two (2) hours at 300.degree.F .+-. 5%.
      Replace the lids as soon as possible after opening oven door, cool samples
      in a dessicator to room temperature and weigh.
PAR  Calculate total solids: Final Weight/original .times. 100 = % Total Solids
PAR  Accept 0.5% difference between duplicate samples and report as the average
      of the two.
PAR  b. Ash Content
PAR  Weigh 10.0 .+-. 0.1 grams of resin into a weighed platinum (2.5 in.
      diameter) evaporating dish with cover. Dehydrate in an oven at
      300.degree.F for one hour, with lid partly open. Transfer into a
      controlled temperature muffle furnace at 1000.degree.F for Na or Ba resins
      or 1600.degree.F for Ca resin, .+-. 50.degree.F. Allow the dish to remain
      in furnace overnight, remove, cool in dessicator and weigh residue.
      Calculate and report as percent Na.sub.2 O Ba O or: Ca O
PAR  c. Organic (Resin) solids: Total Solids -- ash = organic solids
PAC  Cone Efficiency:
PAR  This test is carried out following the method and apparatus for evaluating
      resin or binder systems as described by A. Simison in U.S. Pat. No.
      2,653,473. It serves to determine the percentage of resinous products
      retained during the application to mineral fibres, in relation to those
      introduced into the apparatus under conditions closely simulating those
      experienced in manufacture. The balance represents organics lost by
      volatilization, which represent potential pollutants.
PAC  FREE PHENOL IN PHENOLIC RESIN BY GAS CHROMATOGRAPHY
PAR  Suitably diluted samples of phenolic resin are injected into the gas
      chromatograph and the peak heights compared with those of known
      concentrations of phenol.
PAR  Operating Conditions
PAR  1. F & M Gas chromatograph model 5750 equipped with 2 SS columns 6 ft., 10%
      UC-W-98, 80-100 mesh, T.C. detector.
PAR  2. Standard phenol solutions in methanol ranging 1% to 8% in sufficient
      number of samples to plot an accurate graph based on the peak height.
TBL  __________________________________________________________________________

     Carrier gas  Helium Oven Temp. programmed                                 

                                      110.degree.C to 230.degree.C             

     Flow rate    30 ml/min.                                                   

                         Programme rate                                        

                                      15.degree.C/min.                         

     Injection Port. Temp.                                                     

                  350.degree.C                                                 

                         Attenuation  512 and 8                                

     Detector Temp.                                                            

                  300.degree.C                                                 

     __________________________________________________________________________

PAR  Samples are prepared by dilution in methanol to 50% or 25% as convenient.
      Any precipitate or other solid matter is allowed to settle or is
      centrifuged and 4 g. of the clear liquid is injected into the G.C.
      Standard phenol samples must be run and peak heights measured between the
      corrected baseline and the peak maxima.
      ##EQU1##
PAC  DETERMINATION OF METHYLOL PHENOLS IN PHENOL-FORMALDEHYDE RESINS BY GAS
      CHROMATOGRAPHY
PAC  SUMMARY
PAR  The methylol phenols constituting a significant portion of the water
      soluble phenol formaldehyde resins cannot be determined by direct gas
      chromatography because they react on heating to temperatures below their
      boiling points. It is however possible to replace active hydrogen with
      Trimethylsilyl groups Si (CH.sub.3).sub.3. The silylized derivatives are
      chemically stable, and do not condense in the injection part of a gas
      chromotagraph, thus permitting separation of the eight silylized
      derivatives of phenol, the methylol phenols and the diphenyls up to 4
      substitutions at temperatures up to 310.degree.C.
PAC  METHOD
PAR  A few drops of P/F resin is mixed with an approximate two-fold excess of
      Bis (Trimethylsilyl) Trifluoro Acetamide and reacted. This usually takes
      about 10 mins. helped by slight warming. The resulting product is injected
      into the G.C.
PAR  Using an F & M model 5750 gas chromatograph with thermal conductivity
      detector:
PAR  Column - S.S. 6 foot, 3% SE 30 Ultraphase on Chromosorb W high performance
      80.100 mesh
PAR  Carrier Helium -- 30 ml/min.
PAR  Injection Port -- 300.degree.C
PAR  Detector -- 300.degree.C
PAR  Programme Temperature -- 80.degree.-325.degree.C
PAR  Sample size -- 4
PAR  Attenuation -- 256-4
PAR  The peak heights of eight silylized compounds are measured, totalled and
      each peak is calculated as a percentage of the whole. The eight peaks used
      for measuring are those which are the most significant in demonstrating
      essential differences between resins. The figures representing these
      groups however do not present absolute percentages within the total
      structure of the resin, but show a relationship only.
PAC  GEL TIME
PAR  A brass cup is provided with a heating device suitable for maintaining a
      constant temperature of 130.degree.C .+-. 1.degree.C. The sample is placed
      in the cup and stirred with a glass stirring rod. As the end-point
      approaches, test pulls may be made by lifting the rod approx. 2 in. out of
      the sample with quick pulls. The end-point is reached when the pulled
      thread breaks and "snaps back", showing elasticity. The time is noted and
      recorded in seconds.
PAC  IGNITION LOSS
PAR  The ignition loss is determined as weight percent of the wool product. A
      weighed sample of the material is placed in a muffle oven at 950.degree.F
      + 25.degree.F. When the organic material has ignited and the sample is
      uniform in colour throughout, it is cooled to room temperature and weighed
      and the ignition loss is calculated.
PAC  TENSILE STRENGTH
PAR  The phenolic resin was combined with urea, ammonium sulphate and silicone,
      along with microbeads. The mixture was formed in dogbones, (test bars
      which are thicker at the ends) and cured. One half of the dogbones are
      broken dry using a Scott tester and the other half were subjected to
      saturated steam under pressure then tested.
PAC  COMPRESSION STRENGTH TEST, LIGHT DENSITY GLASS FIBRE PRODUCTS
PAR  The resistance to compression of low density insulating material (below 6
      pounds density in pcf) is determined in pounds/square foot at 25%
      deformation.
PAC  DEFORMATION HARDNESS OF HEAVY DENSITY BOARD (Also weight distribution)
PAR  Heavy density glass fibre products (density 8-15 pcf) are tested
      non-destructively by subjecting to a constant load of 10 psi. This method
      also provides a means of determining weight distribution calculated either
      as lane weights or lane density. The test equipment employs a 4 inch
      diameter pressure foot (12.5 square inches).
PAC  AUTOCLAVE SWELLING ROOF INSULATION
PAR  Roof insulation is tested to determine the percent of swelling after
      exposure for 15 minutes in a steam autoclave capable of maintaining 5 psi
      .+-.1/2 (225.degree.-228.degree.F). An Ames dial gauge is employed to
      measure the thickness to the nearest 0.001 inch. The pressure foot on the
      gauge is 3/4 inch in diameter.
PAC  MOISTURE ABSORPTION, HUMIDITY CABINET
PAR  The moisture pick-up by weight or by volume is determined when subjected to
      a relative humidity of 95-98% at a temperature of 120.degree.F for 96
      hours.
PAC  SWELLING OF PIPE INSULATION
PAR  The dimensional changes of the pipe insulation is tested by subjection to
      high humidity conditions. The humidity cabinet used is capable of
      maintaining a relative humidity of 95% .+-. 3% at a temperature of
      120.degree.F .+-. 3.degree.F. The samples are measured then left for 96
      hours in the humidity cabinet, then wall thickness is remeasured, as is
      any change in curvature.
PAC  WATER ABSORPTION ON GLASS FIBER BASE CAP ROOF INSULATION
PAR  This test determines the volume of water that the roof insulation will
      absorb when submerged. The maximum water absorption rate shall be
      nominally 3% (max. 12%) by volume in a two hour period as per ASTM G-209.
PAC  ANALYSIS FOR DEGREE OF CURE
PAR  The percent of uncured binder of the volume products is determined by
      solvent extraction in a soxhlet apparatus, using acetone as the solvent.
      To analyse for oil content, hexane is used as the solvent.
PAC  HEAT CONDUCTANCE (K VALUE)
PAR  K = rate of heat conductance through a homogeneous material expressed in
      BTU/sq. ft. hr. .degree.F/in. Also called thermal conductivity.
PAC  C VALUE (THERMAL CONDUCTANCE)
PAR  C = thermal conductance of a non-homogeneous material or one of any
      thickness other than 1 inch is defined in BTU/sq. ft. hr. .degree.F for a
      given thickness.
PAC  PUNKING TEST
PAR  Is the determination of the resistance of the material to smoldering when
      subjected to a very hot probe. It is usually reported in inches, which is
      the average diameter of the burned out area.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for making an infinitely dilutable low phenol aqueous solution
      of thermosettable phenol formaldehyde resin, by selectively catalyzing and
      controlling the methylolation of phenol with formaldehyde to increase
      resinification, minimize the content of monomethylol phenols and higher
      phenyls and maximize the content of o-p-dimethylol phenols, thus producing
      a resin solution component for binder formulations having low air and wash
      water-polluting characteristics when applied to a substrate, comprising
      the steps of:
PA1  a. mixing U.S.P. phenol, in the absence of other monomers, with aqueous
      formaldehyde, in an amount of 3.5 to 4.5 of moles of formaldehyde per mol
      of phenol, and correspondingly up to about 10 moles of water per mol of
      the reactants, at a temperature not exceeding about 85.degree.F, and,
PA1  b. introducing calcium oxide or calcium hydroxide catalyst, with cooling in
      an amount of 4.9 to 7 percent as calcium (Ca) based upon the weight of
      phenol, (0.11 mol to 0.16 mol calcium (Ca) per mol of phenol),
PA1  c. controlling the exothermic rise in the temperature of the reactants
      without heat input so as to increase to not more than about 125.degree.F
      during at least the first hour of reaction,
PA1  d. continuing the methylolation reaction without heat input at a suitable
      temperature up to 155.degree.F, and
PA1  e. terminating said reaction by cooling when the condensation reaction
      product is substantially phenol-free, is still water soluble, and contains
      between 3 to 16% unreacted formaldehyde.
NUM  2.
PAR  2. A method as in claim 1 for making infinitely dilutable substantially
      phenol free aqueous solutions of thermosettable phenol formaldehyde
      resins, by selectively catalyzing and controlling the methylolation of
      phenol with formaldehyde to increase resinification, minimize the content
      of monomethylol phenols and higher phenyls and maximize the content of
      o-p-dimethylol phenols, thus producing a resin solution component for
      binder formulations having low air and wash water polluting
      characteristics when applied to a substrate, comprising the steps of:
PA1  a. mixing U.S.P. phenol, in the absence of other monomers, with aqueous
      formaldehyde in an amount of 3.5 to 4.4 mols of formaldehyde per mol of
      phenol, and correspondingly from 6 to 10 moles of water per mol of the
      reactants, at a temperature not exceeding about 85.degree.F, and,
PA1  b. introducing calcium oxide or calcium hydroxide catalyst with cooling up
      to or near its solubility limit in the aqueous mixture present, catalyst
      in an amount of 4.9 to 7 percent as calcium (Ca) based upon the weight of
      phenol, 0.11 mol to 0.16 mol calcium (Ca) per mol of phenol),
PA1  c. controlling the exothermic rise in temperature of the reactants without
      heat input so as to increase to not more than about 125.degree.F during at
      least the first hour of reaction,
PA1  d. continuing the methylolation reaction without heat input at a suitable
      temperature up to 155.degree.F, and
PA1  e. terminating said reaction by cooling when the condensation reaction
      product is substantially phenol free, is still water soluble, and contains
      between 3 to 16 % unreacted formaldehyde.
NUM  3.
PAR  3. A continuous method as in claim 1 for making infinitely dilutable
      substantially phenol free aqueous solutions of thermosettable phenol
      formaldehyde resins, by selectively catalyzing and controlling the
      methylolation of phenol with formaldehyde to increase resinification,
      minimize the content of monomethylol phenols and higher phenyls and
      maximize the content of o-p-dimethylol phenols, thus producing a resin
      solution component for binder formulations having low air and wash water
      polluting characteristics when applied to a substrate, comprising the
      steps of:
PA1  a. continuously mixing U.S.P. phenol, in the absence of other monomers,
      with aqueous formaldehyde in an amount of 3.5 to 4.4 moles of formaldehyde
      per mol of phenol, and correspondingly from 6 to 10 moles of water per mol
      of the reactants, continuously introducing calcium oxide or calcium
      hydroxide catalyst with cooling up to or near its solubility limit in the
      aqueous mixture present, in an amount of 4.9 to 7 percent as calcium (Ca)
      based upon the weight of phenol, (0.11 mol to 0.16 mol calcium (Ca) per
      mol of phenol), while maintaining a temperature of not exceeding about
      85.degree.F,
PA1  b. controlling the exothermic rise in temperature of the reactants without
      heat input so as to increase to not more than about 125.degree.F during at
      least the first hour of reaction,
PA1  c. continuing the methylolation reaction without heat input at a suitable
      temperature up 155.degree.F, and
PA1  d. terminating said reaction by cooling when the condensation reaction
      product is substantially phenol free, is still water soluble, and contains
      between 3 to 16% unreacted formaldehyde.
NUM  4.
PAR  4. A method as in claim 1 wherein the formaldehyde is introduced in an
      amount of 3.5 to 4 mols per mol of phenol and the calcium oxide in an
      amount of from 0.11 mol to 0.14 mol calcium per mol of phenol.
NUM  5.
PAR  5. A method as in claim 1, wherein the formaldehyde is introduced in an
      amount of 3.6 to 3.8 mols per mol of phenol, and the calcium oxide or
      hydroxide in an amount of from 0.12 mol to 0.13 mol calcium per mol of
      phenol.
NUM  6.
PAR  6. A method as in claim 1 wherein the reaction is carried out under
      subatmospheric pressure, and a reflux condenser is employed to maintain
      the reagent concentrations.
NUM  7.
PAR  7. A method as in claim 1 further comprising the step of bringing the
      reaction product to a pH of 7 to 7.6 by addition of an acid.
NUM  8.
PAR  8. A method as in claim 7 wherein the acid is chosen from sulfamic,
      phosphoric, sulfuric, acetic, maleic and carbonic acids, and their
      ammonium salts.
NUM  9.
PAR  9. An aqueous solution of a thermosettable phenol formaldehyde condensation
      resin made according to the method of claim 1.
NUM  10.
PAR  10. An aqueous solution of a thermosettable phenol formaldehyde
      condensation resin made according to the method of claim 7.
NUM  11.
PAR  11. In aqueous thermosettable compositions suitable for bonding, comprising
      a mixture of aminoplast resins or nonphenolic monomeric materials capable
      of co-condensing with formaldehyde, a phenol formaldehyde resin, ammonia
      or a water soluble amine, an acidic curing catalyst, and water, the
      improvements comprising: the phenol formaldehyde resin is present in the
      form of an aqueous solution of a thermosettable phenol formaldehyde
      condensation resin made according to the method of claim 1, the pH of the
      composition is in the range of about 7 to 9, the acidic catalyst is
      present in an amount of 0.1 to 2 percent by weight based on the weight of
      the resin components, and the water is present to a solids content in the
      range of 1-80 percent by weight.
NUM  12.
PAR  12. In aqueous thermosettable compositions suitable for bonding, comprising
      a mixture of aminoplast resins or nonphenolic monomeric materials capable
      of co-condensing with formaldehyde, a phenol formaldehyde resin, ammonia
      or a water soluble amine, an acidic curing catalyst, and water, the
      improvements comprising: the phenol formaldehyde resin is present in the
      form of an aqueous solution of a thermosettable phenol formaldehyde
      condensation resin made according to the method of claim 6, the pH of the
      composition is in the range of about 7 to 9, the acidic catalyst is
      present in an amount of 0.1 to 2 percent by weight based on the weight of
      the resin components, and the water is present to a solids content of 1-80
      percent by weight.
NUM  13.
PAR  13. An aqueous bonding composition as in claim 11 where the aminoplast
      resins are chosen from the group consisting of melamine formaldehyde, urea
      formaldehyde or alkylated amine formaldehyde copolymer resins, and the
      co-condensable monomers are chosen from the group consisting of urea,
      dicyandiamide, melamine, methanol and glycols.
NUM  14.
PAR  14. A binder composition as in claim 11 wherein the acidic curing catalyst
      is an ammonium salt of an acid selected from the group consisting of
      sulfuric acid, phosphoric acid, sulfamic acid, acetic acid, maleic acid
      and carbonic acid.
NUM  15.
PAR  15. A binder composition as in claim 11 having a pH in the range of 8.3 to
      8.6.
NUM  16.
PAR  16. A binder composition as in claim 11 wherein the solids content is 2 to
      30 percent by weight.
NUM  17.
PAR  17. A binder as in claim 11 further comprising one or more binder
      components chosen from the group consisting of coupling agents, emulsified
      mineral oil, ammonium ligno sulfonate, tall oil, finely divided mineral
      fillers, animal glue and dyes.
NUM  18.
PAR  18. A binder as in claim 11 wherein the water soluble amine is chosen from
      the group consisting of benzylamine, diethylamine, diethanolamine,
      dimethylamine, ethylamine, methylamine, trimethyl-amine, monoethanolamine,
      triethanolamine.
NUM  19.
PAR  19. A binder composition as in claim 13 wherein 50 percent by weight of
      urea solids are admixed or co-condensed with 50 percent by weight of the
      phenol formaldehyde resin solids resulting from the selective catalyzation
      by calcium oxide or hydroxide of 3,5 to 4.0 mols of formladehyde with mol
      phenol.
NUM  20.
PAR  20. A binder composition as in claim 13 wherein 46 percent by weight of
      urea solids are admixed or condensed with 54 percent by weight of phenol
      formaldehyde resin solids resulting from the selective catalyzation by
      calcium oxide or hydroxide of 3.5 to 3.7 moles of formaldehyde with 1 mole
      phenol.
NUM  21.
PAR  21. A binder composition as in claim 13 wherein 35 percent by weight of
      urea solids are admixed or co-condensed with 25 percent by weight of an
      alkylated amine copolymer resin solids and with 40 percent by weight of
      phenol formaldehyde resin solids resulting from the selective catalyzation
      by calcium or hydroxide of 3.5 to 3.8 mols of formaldehyde with 1 mol
      phenol.
NUM  22.
PAR  22. A binder composition as in claim 13 wherein 5 percent by weight of urea
      solids are admixed and/or co-condensed with 70 weight percent of alkylated
      amine copolymer resin solids and with 25 percent by weight of phenol
      formaldehyde resin solids resulting from the selective catalyzation by
      calcium oxide or hydroxide of from 3.5 to 3.8 moles of formaldehyde to 1
      mol of phenol.
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ABST
PAL  A water-resistant adhesive composition consisting essentially of a vinyl
      ester polymer, a polyvinyl alcohol in an amount from about 2 to 10 percent
      by weight of the polymer, glyoxal in an amount from about 2 to 15 percent
      by weight of the polymer and a water-miscible alcohol in an amount from
      about 3.5 to 17.0 percent by weight of the polymer is provided. This
      composition in emulsion form has improved viscosity stability and
      coagulation resistance, and improved water resistance when applied as an
      adhesive.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates generally to adhesive compositions and more
      particularly to adhesive compositions based on vinyl ester polymer
      dispersions.
PAR  2. Description of Prior Art
PAR  Aqueous dispersions containing vinyl ester polymers, for example, vinyl
      acetate polymers or copolymers, are well known and have found particular
      utility in adhesive applications. For such uses it has been customary to
      polymerize or copolymerize vinyl acetate in an aqueous medium containing
      polymerization initiators and water-soluble protective colloids. Many of
      the problems associated with the preparation of useful dispersions have
      been discussed in a variety of patents, among which the following are
      included: U.S. Pat. No. 2,227,163 issued to Werner Starik and Heinrich
      Freudenberger on Dec. 31, 1940; U.S. Pat. No. 2,398,344 issued to Henry M.
      Collins and Mogens Kiar on Apr. 16, 1946; U.S. Pat. No. 2,388,600 issued
      to H. M. Collins on Nov. 6, 1945; U.S. Pat. No. 2,892,802 issued to Eugene
      P. Budewitz on June 30, 1959; U.S. Pat. No. 2,956,962 issued to Samuel P.
      Wise on Oct. 18, 1960; U.S. Pat. No. 3,094,500 issued to Stedman C. Herman
      on June 18, 1963, and Canadian Pat. No. 812,285.
PAR  One such problem in providing a suitable adhesive based on a vinyl acetate
      polymer has been improving the viscosity stability and coagulation
      resistance of the adhesive dispersion while maintaining improved water
      resistance of the adhesive after it has been deposited from the
      dispersion. Viscosity stability and coagulation resistance of the adhesive
      dispersion should be maintained both during and after preparation and
      should not be materially affected by either aging at elevated temperatures
      or freezing.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a water-resistant
      adhesive composition consisting essentially of a vinyl ester polymer, a
      polyvinyl alcohol in an amount from about 2 to 10 percent by weight of the
      polymer, glyoxal in an amount from about 2 to 15 percent by weight of the
      polymer, and a water-miscible alcohol in an amount from about 3.5 to 17.0
      per cent by weight of the polymer. This adhesive composition has an
      improved viscosity stability and coagulation resistance, maintains these
      improvements when subjected to aging at elevated temperatures or freezing,
      and has an improved water resistance after it has been deposited from the
      dispersion.
PAR  There is also provided an aqueous dispersion consisting essentially of the
      above adhesive composition.
PAR  There is also provided a material having thereon the above adhesive
      composition.
PAR  There is also provided an improvement in the process of preparing a
      water-resistant adhesive composition wherein a vinyl ester is polymerized
      in an aqueous dispersion containing polyvinyl alcohol and glyoxal is added
      to the polymer dispersion. The improvement comprises adding a
      water-miscible alcohol to the polymer dispersion.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As used herein, the term "consisting essentially of" means that the named
      ingredients are essential; however, other ingredients which do not prevent
      the advantages of the invention from being realized can also be included.
      Thus, while the vinyl ester polymer, polyvinyl alcohol, glyoxal and
      water-miscible alcohol are recited as being essential ingredients, other
      ingredients commonly found in vinyl ester polymer adhesives can also be
      included in the presently claimed adhesives. Among other such ingredients
      are initiators and activators not consumed in the polymerization process,
      buffers, preservatives and fillers. Also, the present adhesives can
      contain water-soluble surfactants. However, the presence of surfactants is
      not ordinarily desirable, especially where a high degree of water
      resistance is required.
PAR  Methods of preparing adhesives based on vinyl ester polymers by dispersion
      polymerization are well known and any of the customary techniques can be
      used; however, preferred methods are disclosed in U.S. patent applications
      Ser. No. 795,057, filed Jan. 29, 1969, now U.S. Pat. No. 3,534,009, and
      Ser. No. 850,649, filed Aug. 15, 1969, now abandoned, by A. Beresniewicz
      and assigned to the assignee of the present application. The aqueous
      polymer dispersion in which these adhesives are prepared contain at least
      about 60 weight percent of polymerized vinyl ester. While vinyl acetate is
      the preferred vinyl ester, other vinyl esters such as vinyl formate, vinyl
      propionate, vinyl butyrate, as well as higher vinyl esters such as vinyl
      stearate and vinyl palmitate are also useful. The vinyl ester polymer can
      be a homopolymer of a particular vinyl ester or it can be the product of
      the copolymerization of a vinyl ester with another vinyl ester or with one
      or more additional ethylenically unsaturated copolymerizable monomers.
      Among others, useful additional copolymerizable monomers include
      acrylates, such as methyl acrylate, ethyl acrylate, 2-ethylhexyl acrylate;
      methacrylates such as methyl methacrylate, ethyl methacrylate,
      2-ethylhexyl methacrylate; carboxylic acids such as acrylic acid and
      methacrylic acid, other vinyl compounds such as vinyl chloride, vinylidene
      chloride, and olefins such as ethylene and the butenes.
PAR  Of the above copolymerizable monomers, ethylene has been found to be
      particularly suitable. In combination with vinyl acetate, ethylene is
      ordinarily copolymerized in an amount of about 5 to 40 percent by weight
      and preferably 10 to 20 percent by weight. A particularly useful method
      for preparing vinyl acetate/ethylene copolymer adhesives involves an
      aqueous dispersion technique wherein the monomers are polymerized under an
      ethylene pressure of about 100 to 1000 psig at a temperature of about
      40.degree. to 80.degree.C. Particularly useful catalyst systems for this
      polymerization include persulfates or peroxides used with or without
      reducing agents such as bisulfites or formaldehyde sulfoxylates.
PAR  In order to prepare the present adhesives, vinyl ester is polymerized in an
      aqueous dispersion containing polyvinyl alcohol, a protective colloid
      usually derived from polyvinyl acetate. The polyvinyl alcohol is the
      result of the hydrolysis, alcoholysis or saponification of polyvinyl
      acetate such that at least 88% of the acetate groups are replaced by
      hydroxy groups. Hereinafter, such polyvinyl alcohols will be referred to
      as hydrolyzed polyvinyl alcohols. The present adhesives contain partially
      hydrolyzed (88%) and/or essentially completely hydrolyzed (over 99%)
      polyvinyl alcohol. The polyvinyl alcohol content of the dispersion will
      generally range from about 2 to 10 percent by weight of the vinyl ester
      polymer. However, best results are obtained when the polyvinyl alcohol
      concentration is about 3 to 6 percent by weight.
PAR  Glyoxal in an amount from about 2 to 15, preferably from about 7 to 10,
      percent by weight of the polymer, and the water-miscible alcohol in an
      amount from about 3.5 to 17.0, preferably from about 7 to 10, percent by
      weight of the polymer are then added to the adhesive dispersion. The
      water-miscible alcohol is added in an amount of at least 3.5 percent by
      weight in order to improve the stability of the adhesive dispersion.
      Amounts in excess of about 17.0 percent by weight, however, ahould be
      avoided since the presence of such amounts of water-miscible alcohol will
      cause the dispersion to lose its tack qualities. The glyoxal and
      water-miscible alcohol can be premixed and added to the dispersion
      simultaneously or they can be added separately. When the water-miscible
      alcohol is added prior to the addition of glyoxal, the alcohol should be
      diluted with water in order to prevent polymer kick out.
PAR  The water-miscible alcohol can be at least on alcohol having 1-3 carbon
      atoms selected from the group consisting of methanol, ethylene glycol,
      propylene glycol, ethanol, isopropanol and n-propanol. Methanol is
      preferred because of commercial availability.
PAR  The adhesives of this invention are good bonding agents for various
      materials, e.g., film, foil, paper, cloth, leather, wood and ceramic
      substrates. Examples of their use include wet-bonding and heat-sealing
      adhesives for folding cartons, bags, cups, labels, tubes, film and foil
      laminations; all-purpose glues; woodworking and other industrial
      adhesives. They may be applied by conventional methods such as roll
      coating and spray coating.
PAR  Dispersions consisting essentially of the adhesives of the present
      invention have the advantages of good stability and high solids content.
      Solids content will range from 40 to 60 percent by weight and will usually
      be in the range of 55 to 60 percent. These adhesives possess excellent
      water resistance when deposited from the dispersions as shown in Example 1
     .
DETD
PAR  The following example describes the use of methanol and ethylene glycol for
      improving the stability of blends of glyoxal with vinyl
      acetate/ethylene/polyvinyl alcohol emulsions while maintaining improved
      water resistance.
PAC  EXAMPLE 1
PAR  A sample of 10grams of a 40% aqueous solution of glyoxal was blended with
      100 grams of a 55% solids containing emulsion of an ethylene/vinyl acetate
      copolymer emulsion containing approximately 13 percent by weight ethylene
      and 87 percent by weight vinyl acetate in which 5 percent by weight of an
      88 percent hydrolyzed polyvinyl alcohol is used as the protective colloid.
      The blend was then used to make a lap joint using wet strength Kraft paper
      with a basis weight of 60 lb./3,000 sq. ft. The joint was made using a
      number 24 RDS wire wound rod for coating the blend onto one strip of the
      paper and then immediately laying and rolling a second sheet of paper on
      top in order to give a one-inch overlap of bonded area. The bonded sheets
      were allowed to air dry for 21 days at room temperature and a one-inch
      wide lap joint was cut from the sheet (thus giving 1 sq. in. of bonded
      area). The joint was then immersed in water at room temperature with a 350
       g. weight attached to the lower end of the lap joint. The joint lasted
      over 8 hours but failed before 24 hours had elapsed.
PAR  A second blend was prepared by first adding 10 g. of methanol to 10 g. of a
      40 % solution of glyoxal and then adding the alcohol-glyoxal blend to 100
      g. of the above 55% solids emulsion. A 1-sq. in. lap joint was prepared
      and tested in the same manner as described above. The joint passed 24
      hours in water without failing.
PAR  A third blend was prepared in which 10 g. of ethylene glycol was added to
      the 10 g. of 40% glyoxal solution before blending with 100 g. of emulsion.
      A 1-sq. inch lap joint which was prepared and tested in the same manner as
      described above also passed 24 hours in water without failing.
PAR  The difference in stability of the blends was shown by accelerating aging
      of the blends in sealed containers in an oven at 60.degree.C. for two
      weeks. At the end of that time, the emulsion containing only the glyoxal
      had jelled while the two emulsions containing either methanol or ethylene
      glycol were both fluid, having viscosities of 395 cps. and 485 cps.,
      respectively, at 20 rpm. on a Brookfield viscometer. Further stability of
      the alcohol containing blends was evident when the blends were cold aged
      at -18.degree.C. for 18 hours. The sample containing only the glyoxal was
      in a jelled state even after rewarming to room temperature. The two blends
      containing the added methanol and ethylene glycol were still fluid even
      after 5 cycles of freezing at -18.degree.C. for 18 hours and thawing at
      23.degree.C. for 6 hours.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An aqueous dispersion of a water-resistant adhesive composition
      consisting essentially of a homo- or copolymer of a vinyl ester of
      aliphatic monocarboxylic acid, polyvinyl alcohol in an amount from about 2
      to 10 percent by weight of the polymer, glyoxal in an amount from about 2
      to 15 percent by weight of the polymer and a water-miscible alcohol having
      1-3 carbon atoms in an amount from about 3.5 to 17.0 percent by weight of
      the polymer.
NUM  2.
PAR  2. The adhesive composition of claim 1 wherein the vinyl ester is vinyl
      acetate.
NUM  3.
PAR  3. The adhesive composition of claim 2 wherein the vinyl acetate polymer is
      a copolymer containing 60 to 95 weight percent vinyl acetate and 40 to 5
      weight percent of an ethylenically unsaturated copolymerizable monomer.
NUM  4.
PAR  4. The adhesive composition of claim 3 wherein the ethylenically
      unsaturated copolymerizable monomer is ethylene and the polyvinyl alcohol
      is at least 88 percent hydrolyzed polyvinyl alcohol.
NUM  5.
PAR  5. The adhesive composition of claim 4 wherein the polyvinyl alcohol is
      present in an amount from about 3 to 6 percent, the glyoxal is present in
      an amount from about 7 to 10 percent and the water-miscible alcohol is at
      least one alcohol selected from the group consisting of methanol, ethylene
      glycol, propylene glycol, ethanol, isopropanol and n-propanol and is
      present in an amount from about 7 to 10 percent.
NUM  6.
PAR  6. The adhesive composition of claim 5 wherein the water-miscible alcohol
      is methanol.
NUM  7.
PAR  7. An adhesive composition consisting essentially of an ethylene/vinyl
      acetate copolymer, said copolymer containing ethylene in an amount from
      about 40 to 5 percent by weight of the copolymer and vinyl acetate in an
      amount from about 60 to 95 percent by weight of the copolymer, polyvinyl
      alcohol in an amount from about 2 to 10 percent by weight of the
      copolymer, glyoxal in an amount from about 2 to 15 percent by weight of
      the copolymer and methanol in an amount from about 3.5 to 17.0 percent by
      weight of the copolymer.
NUM  8.
PAR  8. The adhesive composition of claim 7 wherein the polyvinyl alcohol is
      present in an amount from about 3 to 6 percent, the glyoxal is present in
      an amount from about 7 to 10 percent and the methanol is present in an
      amount from about 7 to 10 percent.
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ABST
PAL  A process for producing substantially colorless poly(vinyl bromide)
      homopolymer and copolymer latexes at high rates and in high yields which
      includes adding an aqueous solution of a reducing agent to an emulsion of
      vinyl bromide containing a water-soluble peroxide, or adding an aqueous
      solution of peroxide to an emulsion of vinyl bromide containing a
      water-soluble reducing agent. The latexes can be dried without significant
      color development and the poly(vinyl bromide) homopolymers and copolymers
      obtained therefrom have improved color stability.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 299,250,
      filed Oct. 20, 1972, now U.S. Pat. No. 3864297, which is a
      continuation-in-part of application Ser. No. 147,620, filed May 27, 1971,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many products commonly used by the consumer ignite quite readily when
      exposed to high temperatures. Typical of such products are articles of
      clothing, various products covered with fabrics, paper goods, products
      made from wood and plastic, and many others. Disposable soft goods in
      particular, burn easily.
PAR  It is known that various materials can be rendered flame-retardant by
      treating them with various bromine-containing compounds. Most of the
      bromine-containing compounds suggested for use in flame-proofing are
      organic compounds. These compounds have been found to have certain
      deficiencies; i.e., they are volatile, do not have sufficient resistance
      to laundering, exude from substrates to which they are applied, and
      sometimes cause dermatological problems. Thus, there is a need to provide
      a flame-retarding, bromine-containing compound which overcomes the above
      deficiencies.
PAR  It is well known that poly(vinyl bromide) can be prepared by the free
      radical innitiated polymerization of vinyl bromide. However, the reaction
      proceeds very slowly when conventional methods of initiating
      polymerization are employed, and impractically low conversions of monomer
      to polymer are obtained. Attempts have been made to achieve more rapid
      polymerization of vinyl bromide and to obtain high yields by using
      relatively large amounts of free radical initiators and by carrying out
      the reaction for long periods of time. However, the polymers obtained in
      such cases are colored, which is indicative of poor thermal stability. For
      example, Ulinska and Mankowski, Studia Soc. Sci. Torun, Sect. B., Vol. 2,
      No. 2 (1960), report that emulsion polymerization of vinyl bromide at
      50.degree.C for 6 hours using 1.5 percent of potasium persulfate as free
      radical initiator gave only a 69 percent yield of a yellow polymer. They
      also report an 88 percent yield of polymer with the same initiator
      concentration after a reaction time of 24 hours, and that the product
      obtained after drying was dark brown. They were able to obtain essentially
      colorless polymers in very low yields (3 to 14 percent) in short reaction
      times (6 hours) by solution polymerization, but attempts to improve yields
      by increasing the reaction time gave brown products.
PAC  THE INVENTION
PAR  In accordance with the present invention, substantially colorless
      poly(vinyl bromide) homopolymer and copolymer latexes are produced at high
      rates and in high yields by adding an aqueous solution of a reducing agent
      to an emulsion of vinyl bromide monomer containing a water-soluble
      peroxidic compound or by adding an aqueous solution of a peroxide to an
      emulsion of vinyl bromide monomer containing a water-soluble reducing
      agent. The latexes can be dried without significant color development and
      the poly(vinyl bromide) homopolymers and copolymers obtained therefrom
      have improved thermal stability.
PAR  As is well known in the art, a polymer latex is an emulsion of a polymer in
      water. The latex is prepared by mixing the monomer with water and
      polymerizing which produces the polymer emulsion.
PAR  Latex particle size of the homopolymers and copolymers of the present
      invention may range from about 0.03 to about 1.5 microns, preferably 0.05
      to 1.0 microns. The latexes of the present invention can contain any
      desired amount by weight poly(vinyl bromide) homopolymer or copolymer
      solids, preferably from about 20 to about 60 percent, more preferably
      about 30 to about 60 percent.
PAR  In the process of the present invention, control of the rate of free
      radical production is extremely critical. On the one hand, the rate of
      radical production must be sufficiently high to provide a practical
      reaction rate, and thus, a reasonable overall reaction time. However, the
      rate of radical production must be low enough to avoid the formation of a
      partially degraded polymer having poor color and thermal stability. In
      addition, within the acceptable range of radical generation rates, the
      supply of radicals produced at a given rate must be maintained for a
      sufficient period of time to provide a high conversion of monomer to
      polymer.
PAR  The proper rate of radical generation can be selected by appropriate choice
      of the rate of addition of reducing agent and the concentration of
      peroxidic compound in the case where the water-soluble peroxidic compound
      is dissolved in the aqueous phase, or alternatively, by the proper choice
      of the rate of addition of peroxidic compound and the concentration of
      reducing agent in the case where the reducing agent is dissolved in the
      aqueous phase. The preferred rate of addition of reducing agent (or
      alternatively, peroxidic compound) will depend upon the concentration of
      the peroxidic compound (or alternatively, reducing agent) in the aqueous
      phase, the manner of addition of the reducing agent (i.e., whether it is
      added continuously or in portions), the chemical nature of the reducing
      agent and the peroxidic compound, and the reaction temperature. For
      convenience, we therefore define the rate of radical production in terms
      of the rate of continuous addition of an exemplary reducing agent, sodium
      sulfite, and the concentration of an exemplary peroxidic compound,
      ammonium persulfate, used in the examples given herein. Also for
      convenience, we specify the addition rates and concentrations for a
      reaction temperature of 50.degree.C. The proper rates of addition and
      concentrations for other reducing agent-peroxidic compound combinations
      required to produce the acceptable radical generation rates as specified
      herein can readily be determined by consideration of the equivalent
      weights of the other reducing agent-peroxidic compound combinations. The
      equivalent weight of a compound is defined as the molecular weight of the
      compound divided by the change in oxidation number per molecule in the
      particular oxidation-reduction reaction under consideration. For example,
      in the reaction between ammonium persulfate and sodium sulfite,
EQU  (NH.sub.4).sub.2 S.sub.2 O.sub.8 + 2 Na.sub.2 SO.sub.3 .fwdarw. 2 Na.sub.2
      SO.sub.4 + 2(NH.sub.4)SO.sub.3
PAL  sulfur undergoes a change in oxidation number from +7 in persulfate to +6
      in sulfate. Since two atoms of sulfur undergo this change of one unit, the
      equivalent weight of ammonium persulfate is one-half the molecular weight.
      The equivalent weight of sodium sulfite is equal to the molecular weight.
      Thus, if one equivalent of ammonium persulfate and one equivalent of
      sodium sulfite were being used to initiate polymerization and it was
      desired to use a different initiator system, one would merely use one
      equivalent of the different peroxidic compound and one equivalent of the
      different reducing agent. The equivalent weights of the different
      peroxidic compounds and reducing agent, and thus the actual weights of
      each material to be used, would be obvious from a consideration of the
      particular oxidation-reduction reaction which they undergo when they
      interact.
PAR  As will be illustrated by the examples, the preferred range of radical
      generation rates required to produce the polymers of this invention is
      defined at the lower limit by the radical generation rate obtained by
      continuously adding an aqueous sodium sulfite solution at a rate of about
      2.8 .times. 10.sup.-.sup.4 of sodium sulfite per hour per hundred parts by
      weight of monomer to an aqueous emulsion of vinyl bromide monomer at about
      50.degree.C containing about 7 parts per million of cupric sulfate (based
      on the weight of monomer), and about 1.5 .times. 10.sup..sup.-3 equivalent
      of ammonium persulfate per hundred parts by weight of monomer. The upper
      limit of the radical generation rate is defined by the rate obtained by
      continuously adding an aqueous sodium sulfite solution at the rate of
      about 8.7 .times. 10.sup..sup.-4 equivalent of sodium sulfite per hour per
      hundred parts by weight of monomer to an aqueous emulsion of vinyl bromide
      monomer at about 50.degree.C containing about 7 parts per million of
      cupric sulfate (based on weight of monomer), and about 4.6 .times.
      10.sup..sup.-3 equivalent of ammonium persulfate per hundred parts by
      weight of monomer. A more preferred range of radical generation rates is,
      at the lower limit, that provided by continuously adding about 3.2 .times.
      10.sup..sup.-4 equivalent of sodium sulfite per hour per hundred parts by
      weight of monomer to an aqueous emulsion of vinyl bromide monomer at about
      50.degree.C containing about 7 parts per million of cupric sulfate and
      about 2.2 .times. 10.sup..sup.-3 equivalent of ammonium persulfate per
      hundred parts by weight of monomer and, at the upper limit, that provided
      by continuously adding about 7.1 .times. 10.sup..sup.-4 equivalent of
      sodium sulfite per hour per hundred parts by weight of monomer to an
      aqueous emulsion of vinyl bromide monomer at about 50.degree.C containing
      about 7 parts per million of cupric sulfate and about 3.9 .times.
      10.sup..sup.-3 equivalent of ammonium persulfate per hundred parts by
      weight of monomer. In the embodiment of this invention wherein the
      peroxidic compound is added to the aqueous emulsion containing the
      reducing agent, the same preferred ranges of radical generation rates are
      applicable. The appropriate rate is determined by interchanging the
      amounts of reducing agent and peroxide. For example, at the lower limit,
      the radical generation rate would be that obtained by continuously adding
      an aqueous ammonium persulfate solution at a rate of about 2.8 .times.
      10.sup..sup.-4 equivalent of ammonium persulfate per hour per hundred
      parts by weight of monomer to an emulsion of vinyl bromide monomer at
      about 50.degree.C containing about 7 parts per million, based on the
      weight of monomer, of cupric sulfate and about 1.5 .times. 10.sup..sup.-3
      equivalent of sodium sulfite per hundred parts by weight of monomer.
PAR  While the preferred rates of radical generation are defined in terms of
      continuous rates of addition of reducing agent to peroxidic compound or
      peroxidic compound to reducing agent, and while continuous addition is a
      desirable procedure for carrying out the process of the present invention,
      it is also possible to obtain the polymers of the invention by
      discontinuous addition of either reducing agent or peroxidic compound, as
      the case may be, so long as the rate of radical generation is maintained
      within the range specified. However, it is not possible to obtain the
      polymers of this invention by adding all of both free radicals initiating
      compounds at the beginning of the polymerization as has been described in
      the prior art since it is not possible by such a procedure to maintain the
      desirable radical generation rates for a sufficient length of time to
      obtain high yields in reasonable reaction times. The reaction time is not
      critical provided that the radical generation rate is within the preferred
      range, but it is or course, necessary to conduct the polymerization at a
      sufficient rate to obtain high yields in reasonable periods of time. Thus,
      while an upper limit on radical generation rates is imposed by the
      requirement that a substantially colorless polymer of improved thermal
      stability be produced, a lower limit is preferred due to the necessity for
      avoiding impractically long reaction times.
PAR  The emulsion of vinyl bromide is prepared by mixing water and vinyl bromide
      monomer in a ratio of water to monomer ranging from about 0.5 to about 5.
      A more preferred ratio is from about 0.7 to about 3.0. Although an
      emulsifier is not essential, it is preferred that an emulsifier is also
      added to the mixture of vinyl bromide and water to promote emulsification.
PAR  To obtain copolymers of vinyl bromide in accordance with the process of the
      present invention, up to 75 percent by weight, preferably up to about 50
      percent by weight, more preferably up to about 25 percent by weight, of
      the vinyl bromide monomer may be replaced with compounds copolymerizable
      therewith. Exemplary of a few of the vast number of compounds
      copolymerizable with vinyl bromide are vinyl acetate; alkyl acrylates such
      as methyl acrylate, ethyl acrylate, propyl acrylate, and the like;
      acrylamide monomers; acrylic acid; methacrylic acid; vinyl chloride;
      vinylidene chloride; glycidyl acrylate, glycidyl methacrylate;
      hydroxyethyl methacrylate; hydroxypropyl methacrylate; and so on.
PAR  The emulsifier may suitably comprise from about 0.5 to about 12 percent by
      weight, based on the weight of vinyl bromide monomer. A more preferred
      range is from about 1 to about 8 percent by weight, based on the weight of
      vinyl bromide monomer.
PAR  The emulsifier may be of the anionic, cationic or nonionic type, or
      mixtures of these types of emulsifiers may be used. Examples of anionic
      emulsifiers given to illustrate but not limit the invention are sodium
      dialkyl sulfosuccinates, such as sodium dioctylsulfosuccinate and sodium
      bis(tridecyl)sulfosuccinate; sodium, potassium or ammonium salts of
      saturated or unsaturated aliphatic carboxylic acids such as lauric,
      myristic, palmitic, stearic, oleic or ricinoleic acids; sodium salts of
      sulfated oils such as castor oil, tall oil, diesel oil or alkyl oleates;
      sodium salts of alkylaryl sulfonic acids such as linear or branched
      dodecylbenzenesulfonic acid or isopropylnaphthalene-sulfonic acid; sodium,
      potassium or ammonium salts of disproportionated rosin or tall oil acids;
      sodium, potassium or ammonium salts of sulfated unsaturated acids such as
      oleic, ricinoleic or tall oil acids; sodium, potassium or ammonium alkyl
      sulfates obtained by sulfonation and subsequent neutralization of linear
      or branched aliphatic alcohols of the C.sub.12 -C.sub.24 range, such as
      sodium lauryl sulfate, sodium tridecyl sulfate or sodium octadecyl
      sulfate; sodium, potassium or ammonium salts of the sulfonic acids
      obtained by sulfonation and subsequent neutralization of linear or
      branched alpha-olefins of the C.sub.12 -C.sub.24 range; sodium salts of
      sulfonated esters formed from polyols and unsaturated aliphatic carboxylic
      acids such as glyceryl trioleate; and the like. Examples of cationic
      emulsifiers are alkyltrimethylammonium halides such as
      cetyltrimethylammonium chloride or dodecyltrimethylammonium chloride;
      acrylamidoalkyldimethyl(2-hydroxyethyl)ammonium salts such as
      stearamidopropyldimethyl-.beta.-hydroxyethylammonium nitrate;
      bis(2-hydroxyethyl)octadecylamine oxide; alkyldimethylbenzylammonium
      chlorides such as lauryldimethylbenzylammonium chloride; and the like.
      Examples of the nonionic emulsifiers are alkyl phenoxy polyoxyethylene
      ethanol, fatty acid ethylene oxide condensates, oxyethylated phenols,
      lanolin, glycerol esters, ethoxylated lanolin, wool wax alcohols, sorbitan
      esters, polyoxyethylene sorbitol oleate, polyoxyethylene fatty glycerides,
      polyoxyethylene palmitate, glycerides of fats and oils, fatty alcohol
      derivatives, fatty acid esters, ethoxylated fatty alcohols,
      polyoxyethylene lauryl ether, polyoxyethylene stearyl ether, oleic
      diethanolamide, and the like.
PAR  As is well known in the art, a reducing agent is a substance that is
      readily oxidized (loses a valence electron), and, thereby, reduces another
      substance (which gains a valence electron). Exemplary of the many reducing
      agents useful in the present invention are sulfurous acid; ammonium,
      sodium or potassium sulfite, ammonium, sodium or potassium bisulfite;
      ammonium, sodium or potassium metabisulfite; ammonium, sodium or potassium
      hydrosulfite; aldehyde sulfoxylates such as ammonium, potassium or sodium
      formaldehyde sulfoxylate; ammonium, sodium and potassium thiosulfate, and
      the like. More preferred reducing agents are the sulfites, bisulfites,
      metabisulfites, aldehyde sulfoxylates, and thiosulfates of ammonia,
      sodium, and potassium. The reducing agent may comprise from about 0.002 to
      about 3.5 percent by weight, based on the total monomer weight. A more
      preferred range is from about 0.05 to about 1.5 percent by weight, based
      on the total monomer weight.
PAR  In one embodiment of the present invention it is also necessary that a
      peroxidic compound be included in the vinyl bromide-water emulsion. As is
      well known in the art, a peroxidic compound is a compound containing the
      bivalent --O--O--  group, where " O"  represents an oxygen atom. Exemplary
      of the many peroxidic compounds useful in the present invention are
      ammonium, potassium, and sodium persulfates; ammonium, potassium, and
      sodium perborates, hydrogen peroxide; sodium, potassium, or ammonium salts
      of peracids such as peracetic acid, perbenzoic acid, succinic acid
      peroxide or tert-butylperoxymaleic acid. More preferred peroxidic
      compounds are ammonium persulfate, potassium persulfate and hydrogen
      peroxide. The peroxide may comprise from about 0.02 to about 3.5 percent
      by weight, based on the total monomer weight. The more preferred range is
      from about 0.05 to about 1.5 percent by weight, based on the total monomer
      weight. In another embodiment of the present invention, the peroxide is
      not added to the emulsion of vinyl bromide until after a water-soluble
      reducing agent has been added to the vinyl bromide emulsion.
PAR  Although a metal salt is not essential, preferably a metal salt is present
      in very low concentration, for example 0.01 to 500 ppm, or more preferably
      0.05 to about 100 ppm, in the emulsion of vinyl bromide. Examples of
      suitable salts are: chromium salts such as chromic acetate, chromic
      chloride, chromic nitrate, chromic sulfate, chromous carbonate, chromous
      chloride, chromous sulfate; manganese salts such as manganese acetate,
      manganese ammonium sulfate, manganese benzoate, manganese chloride,
      manganese carbonate, manganese nitrate, manganese oxalate, manganese
      phosphate, manganous sulfate, manganic sulfate; iron salts such as sodium
      iron pyrophosphates, ferric nitrate, potassium ferricyanide, potassium
      ferrocyanide, ferrous ammonium sulfate, ferrous sulfide, ferric versinate,
      ferric laurate, ferric chloride, ferric nitrate, ferric oxalate, ferric
      sulfate, ferric thiocyanate, ferrous acetate, ferrous carbonate, ferrous
      chloride, ferrous nitrate, ferrous oxalate, ferrous thiosulfate; cobalt
      salts such as cobaltic chloride, cobaltic sulfate, cobaltic sulfide,
      cobaltous acetate, cobaltous ammonium sulfate, cobaltous carbonate,
      cobaltous chloride, cobaltous cyanide, cobaltous ferricyanide, cobaltous
      nitrate, cobaltous phosphate, cobaltous sulfate, cobaltous sulfite,
      cobaltous sulfide, potassium cobaltic cyanide, sodium cobaltinitrite;
      nickel salts such as nickel acetate, nickel ammonium chloride, nickel
      carbonate, nickel cyanide, nickel ferrocyanide, nickel formate, nickel
      nitrate, nickel oxalate, nickel ammonia nitrate, nickel sulfate, nickel
      sulfite, nickel sulfide; copper salts such as cupric acetate, cupric
      ammonium chloride, cupric ammine sulfate, cupric carbonate, cupric
      chloride, cupric cyanide, cupric nitrate, cupric oxalate, cupric
      salicylate, cupric sulfate, cupric sulfide, cupric tartrate, cuprous
      carbonate, cuprous chloride, cuprous cyanide, cuprous ferricyanide,
      cuprous sulfide, cuprous sulfite, cuprous thiocyanate; silver salts such
      as silver acetate, silver carbonate, silver chlorate, silver chloride,
      silver citrate, silver cyanate, silver cyanide, silver ferrocyanide,
      silver fluoride, silver nitrate, silver perchlorate, silver sulfate,
      silver thiosulfate. Preferred salts are those of copper, iron, cobalt and
      silver.
PAR  Additional non-essential ingredients include an antifoam agent in an amount
      sufficient to keep the emulsion from foaming. Generally only a few drops
      are required to prevent foaming. Suitable anti-foam agents include
      silicone compounds, such as dimethyl polysiloxane, copolymers of dimethyl
      polysiloxane, and polyoxyalkylene ethers, emulsified silicone compounds,
      tall oil derivatives, blends of mineral oils and silica derivatives, fatty
      esters, high molecular weight esters, acylated polyamides, polyglycols,
      fatty acid esters of condensed polyalcohols, fatty acid-ethylene oxide
      condensates, glycerol esters, ethyl palmitate, acetylenic glycol blends,
      and the like. Also, about 0.01 to about 500 parts per million (based on
      the weight of the monomer) of a copper salt such as copper sulfate may be
      added to promote reaction between the peroxide and the reducing agent, or
      more preferable from about 0.05 to about 100 parts per million of copper
      sulfate. Other promoters, such as reducible salts of silver, iron and
      other transition metals may also be used. A buffer system containing from
      about 0.05 to about 5 percent by weight, based on the total monomer
      weight, of NaH.sub.2 PO.sub.4.H.sub.2 O and from about 0.05 to about 5
      percent by weight based on the total monomer weight, of Na.sub.2.HPO.sub.4
      may also be added.
PAR  The reaction may be carried out at any temperature from 0.degree. to
      75.degree.C. A more preferred range is from 30.degree. to 60.degree.C.
DETD
PAC  EXAMPLE I
PAR  To a 1-liter stainless steel autoclave were charged 0.780 grams of ammonium
      persulfate, 240 ml of water, 4 drops of Anti-foam 60, which is a silicone
      anti-foaming agent and is manufactured by General Electric Corp., 12.0
      grams of sodium dodecylbenzenesulfonate, 0.50 grams of sodium dihydrogen
      phosphate monohydrate, 0.51 grams of disodium hydrogen phosphate, and
      0.108 ml of a 2 percent copper sulfate pentahydrate solution in water. The
      autoclave was sealed, pressure tested, and evacuated and flushed three
      times with nitrogen. About 200 grams of vinyl bromide were charged to the
      evacuated autoclave, the autoclave was immersed in a bath maintained at
      50.degree.C, and stirring was started. When the temperature of the
      reaction mixture reached 50.degree.C, a solution containing 0.936 gram
      (0.468 percent on monomer) of sodium sulfite and 30 ml of water was added
      to the autoclave at a rate of 5 ml per hour. This corresponds to the rate
      of radical generation provided by adding sodium sulfite at a rate of 6.2
      .times. 10.sup..sup.-4 equivalent per hour per hundred parts by weight of
      monomer to an emulsion of vinyl bromide containing 3.4 .times.
      10.sup..sup.-3 equivalent (0.39 percent) of ammonium persulfate per
      hundred parts by weight of monomer and 7 parts of cupric sulfate per
      million parts by weight of monomer. The autoclave was removed from the
      bath and vented after 6 hours. The reaction product was a white latex
      containing approximately 157.5 g of poly(vinyl bromide) corresponding to a
      conversion of 78.8 percent. After drying overnight at 55.degree.C in an
      air-circulating oven the dry polymer was off-white in color, which shows
      that the polymer had improved thermal stability in comparison with the
      emulsion poly(vinyl bromide) described in the prior art.
PAC  EXAMPLE II
PAR  The reaction was carried out as in Example I with the exceptions that 1.200
      grams of ammonium persulfate were used and the 30 ml of sodium sulfite
      solution contained 1.44 grams (0.72 percent on monomer) of sodium sulfite.
      This corresponds to the rate of radical generation provided by adding
      sodium sulfite at a rate of 9.5 .times. 10.sup..sup.-4 equivalent per hour
      per hundred parts by weight of monomer to an emulsion of vinyl bromide
      containing 5.3 .times. 10.sup..sup.-3 equivalent (0.60 percent) of
      persulfate per hundred parts by weight of monomer and 7 parts of cupric
      sulfate per million parts by weight of monomer. A purple latex containing
      178.5 grams of poly(vinyl bromide), corresponding to a conversion of 89.2
      percent, was obtained. After drying overnight at 55.degree.C in an
      air-circulating oven the dry polymer was dark brown in color. It is
      apparent from the preceding that the highly discolored latex containing
      polymer of inferior thermal stability obtained in this example was the
      result of carrying out the reaction too rapidly, thereby causing an
      excessively high rate of radical generation. This illustrates the
      necessity for performing the reaction in such a manner that the rate of
      radical generation can be carefully controlled.
PAC  EXAMPLE III
PAR  The reaction was carried out as in Example I with the exception that 225 g
      of vinyl bromide were used. This corresponds to the rate of radical
      generation provided by adding sodium sulfite (0.42 percent on monomer) at
      a rate of 5.5 .times. 10.sup..sup.-4 equivalent per hour per hundred parts
      by weight of monomer to an emulsion of vinyl bromide containing 3.0
      .times. 10.sup..sup.-3 equivalent (0.347 percent on monomer) of ammonium
      persulfate per hundred parts by weight of monomer and 7 parts of cupric
      sulfate per million parts by weight of monomer. The reaction product was a
      white latex containing 163.9 g of poly(vinyl bromide), corresponding to a
      conversion of 72.8 percent. After drying overnight at 55.degree.C in an
      air-circulating oven the dry polymer was off-white in color.
PAC  EXAMPLE IV
PAR  To a 10-gallon, stainless steel autoclave were charged 18.3 liters of
      water, 914.0 g of ammonium persulfate (0.62 percent on monomer), 914.0 g
      of sodium dodecylbenzenesulfonate, 38.1 g of sodium dihydrogen phosphate
      monohydrate, 38.8 g of disodium hydrogen phosphate, 8.2 ml of 2 percent
      copper sulfate solution and ca. 25 g of Anti-foam 60. The autoclave was
      sealed and the stirrer was started and adjusted to a rate of 200 rpm while
      the mixture was stirred for about 15 minutes. The vessel was pressure
      tested and then evacuated to a pressure of 3 inches of mercury and flushed
      three times with nitrogen before 33.5 lbs. of vinyl bromide inhibited with
      MEHQ* were added. The autoclave was then heated to 50.degree.C and a
      solution containing 54.8 g of sodium sulfite (0.36 percent on monomer) in
      a 1-liter of solution was added continuously as indicated below:
FNT  *Methyl ether of hydroquinone
PA1  During the first hour, 270 ml of solution were added
PA1  During the second hour, 322 ml of solution were added
PA1  During the third hour, 348 ml of solution were added
PA1  During the fourth hour, 373 ml of solution were added
PA1  During the fifth hour, 385 ml of solution were added
PA1  During the last 24 minutes, 142 ml of solution were added
PAL  This corresponds to the rate of radical generation provided by adding
      sodium sulfite to an emulsion of vinyl bromide containing 5.3 .times.
      10.sup..sup.-3 equivalent of ammonium persulfate per hundred parts by
      weight of monomer at a rate of 9.8 .times. 10.sup..sup.-4 equivalent per
      hundred parts by weight of monomer per hour. The autoclave was cooled and
      vented after 5.4 hours. The product was a purple latex. A 100.0 g portion
      of the latex was dried overnight at 55.degree.C in an air-circulating
      oven. The dry product, 40.90 g, corresponding to a conversion of 91.4
      percent, was brown in color; .eta..sub.rel = 1.132.
PAC  EXAMPLE V
PAR  The reaction was run as in Example IV with the exceptions that 59.4 g of
      ammonium persulfate (0.40 percent on monomer) were charged to the
      autoclave, the sodium sulfite solution contained 35.6 g of sodium sulfite
      (0.23 percent on monomer) in 1-liter of solution, and the addition of
      sulfite solution was carried out as shown below:
PA1  During the first hour, 263 ml of solution were added
PA1  During the second hour, 232 ml of solution were added
PA1  During the third hour, 225 ml of solution were added
PA1  During the fourth hour, 268 ml of solution were added
PA1  During the fifth hour, 249 ml of solution were added
PA1  During the sixth hour, 243 ml of solution were added
PA1  During the seventh hour, 247 ml of solution were added
PA1  During the eighth hour, 257 ml of solution were added.
PAL  This corresponds to the rate of radical generation provided by adding
      sodium sulfite to an emulsion of vinyl bromide containing 3.4 .times.
      10.sup..sup.-3 equivalent of ammonium persulfate per hundred parts by
      weight of monomer at a rate of 4.6 .times. 10.sup..sup.-4 equivalent per
      hundred parts by weight of monomer per hour. The autoclave was cooled and
      vented after 8.0 hours. The product was a white latex. A 100.0 g portion
      of the latex was dried overnight at 55.degree.C in an air-circulating
      oven. The dry product, 38.79 g, corresponding to a conversion of 86.4
      percent, was off-white in color.
PAC  EXAMPLE VI
PAR  To a 1-liter stainless steel autoclave were charged 0.780 grams of ammonium
      persulfate, 240 ml of water, 4 drops of Anti-foam 60, which is a silicone
      anti-foaming agent and is manufactured by General Electric Corp., 12.0
      grams of sodium dodecylbenzenesulfonate, 0.50 grams of sodium hydrogen
      phosphate monohydrate, 0.51 grams of disodium hydrogen phosphate, and
      0.108 ml of a 2 percent copper sulfate pentahydrate solution in water. The
      autoclave was sealed, pressure tested, and evacuated and flushed three
      times with nitrogen. About 200 grams of vinyl bromide were charged to the
      evacuated autoclave, the autoclave was immersed in a bath maintained at
      50.degree.C, and stirring was started. When the temperature of the
      reaction mixture reached 50.degree.C, methyl acrylate was added at the
      rate of one milliliter every 20 minutes until 15 ml had been added, while
      a solution containing 0.936 gram (0.468 percent on monomer) of sodium
      sulfite and 30 ml of water was added to the autoclave at a rate of 5 ml
      per hour. This corresponds to the rate of radical generation provided by
      adding sodium sulfite at a rate of 6.2 .times. 10.sup..sup.-4 equivalent
      per hour per hundred parts by weight of monomer to an emulsion of vinyl
      bromide containing 3.4 .times. 10.sup..sup.-3 equivalent (0.39 percent) of
      ammonium persulfate per hundred parts by weight of monomer and 10 parts of
      cupric sulfate per million parts by weight of monomer. The autoclave was
      removed from the bath and vented after six hours. The reaction product was
      a white latex containing approximately 170.7 g of copolymer corresponding
      to a conversion of 79.4 percent. The copolymer contained 85.6 percent by
      weight polymerized vinyl bromide. After drying overnight at 55.degree.C in
      an air-circulating oven the dry copolymer was off-white in color.
PAR  As can be seen from the examples, the novel products, both the latex and
      the dry product, obtained from the process of the present invention are
      substantially colorless. As mentioned previously, substantially colorless,
      or white, products are much more thermally stable than colored products.
PAR  The polymers prepared in accordance with the present invention are
      eminently suitable for use as flame retardants for many materials such as
      non-woven fabrics, woven fabrics, paper, various types of natural and
      synthetic polymers, wood, and the like. The poly(vinyl bromide) prepared
      by the present invention may be applied to the materials mentioned above
      in latex form by spraying, dipping, padding, coating, and the like, or in
      powder form by coating, spraying, or by mixing or incorporating the
      poly(vinyl bromide) in polymers, paper fibers, and the like, prior to
      forming an object or article from such polymers, fibers, and the like.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the production of poly(vinyl bromide) copolymer latexes
      from vinyl bromide monomer and a monomer copolymerizable therewith, said
      monomer copolymerizable therewith being selected from the group consisting
      of vinyl acetate, methyl acrylate, ethyl acrylate, propyl acrylate,
      acrylamide, acrylic acid, methacrylic acid, vinyl chloride and vinylidene
      chloride, wherein up to about 75 percent by weight of said vinyl bromide
      monomer is replaced with said monomer copolymerizable therewith,
      comprising adding an aqueous solution of a reducing agent to an emulsion
      of vinyl bromide monomer containing a water-soluble peroxide compound,
      wherein said emulsion is at a temperature of from about 0.degree.C to
      about 75.degree.C, and said aqueous solution of said reducing agent is
      added to said emulsion at a rate of:
PA1  a. at least about 2.8 .times. 10.sup..sup.-4 equivalent of said reducing
      agent per hour per hundred parts by weight of said monomer, said emulsion
      containing about 1.5 .times. 10.sup..sup.-3 equivalent of a peroxidic
      compound per hundred parts by weight of said monomer, but
PA1  b. not more than about 8.7 .times. 10.sup..sup.-4 equivalent of said
      reducing agent per hour per hundred parts by weight of said monomer, said
      emulsion containing about 4.6 .times. 10.sup..sup.-3 equivalent of a
      peroxidic compound per hundred parts by weight of said monomer.
NUM  2.
PAR  2. The process of claim 1 wherein said reducing agent is sodium sulfite.
NUM  3.
PAR  3. The process of claim 1 wherein said water-soluble peroxidic compound is
      ammonium persulfate.
NUM  4.
PAR  4. The process of claim 1 wherein said emulsion of vinyl bromide contains
      water and vinyl bromide in a ratio of water to vinyl bromide ranging from
      about 0.5 to 5.
NUM  5.
PAR  5. The process of claim 4 wherein said emulsion of vinyl bromide contains
      from about 0.5 to about 12 percent by weight of an emulsifier based on the
      weight of vinyl bromide monomer.
NUM  6.
PAR  6. The process of claim 5 wherein said emulsifier is selected from the
      group consisting of anionic, cationic and nonionic types of emulsifiers,
      and mixtures thereof.
NUM  7.
PAR  7. The process of claim 1 wherein the said reducing agent is selected from
      the group consisting of sulfurous acid, and sulfites, hydrosulfites,
      bisulfites, metabisulfites, thiosulfates and aldehyde sulfoxylates of
      ammonia, sodium, and potassium.
NUM  8.
PAR  8. The process of claim 1 wherein said reducing agent comprises from about
      0.002 to about 3.5 percent by weight, based on the total weight of said
      vinyl bromide monomer.
NUM  9.
PAR  9. The process of claim 1 wherein said peroxidic compound is selected from
      the group consisting of ammonium, potassium and sodium persulfates;
      ammonium, potassium and sodium perborates; hydrogen peroxide; and
      ammonium, potassium and sodium salts of percarboxylic acids.
NUM  10.
PAR  10. The process of claim 9 wherein said peroxidic compound comprises from
      about 0.02 to about 3.5 percent by weight of said emulsion, based on the
      total weight of the vinyl bromide monomer.
NUM  11.
PAR  11. The process of claim 1 wherein said emulsion contains a metal salt.
NUM  12.
PAR  12. The process of claim 11 wherein said salt is selected from the group
      consisting of chromium salts, manganese salts, iron salts, cobalt salts,
      nickel salts, copper salts, and silver salts.
NUM  13.
PAR  13. The process of claim 1 wherein up to about 25 percent by weight of said
      vinyl bromide monomer is replaced with said monomer copolymerizable
      therewith.
NUM  14.
PAR  14. The process of claim 1 wherein up to about 50 percent by weight of said
      vinyl bromide monomer is replaced with a compound copolymerizable
      therewith.
NUM  15.
PAR  15. A process for the production of poly(vinyl bromide) copolymer latexes
      from vinyl bromide monomer and a monomer copolymerizable therewith, said
      monomer copolymerizable therewith being selected from the group consisting
      of vinyl acetate, methyl acrylate, ethyl acrylate, propyl acrylate,
      acrylamide, acrylic acid, methacrylic acid, vinyl chloride and vinylidene
      chloride, wherein up to about 75 percent by weight of said vinyl bromide
      monomer is replaced with said monomer copolymerizable therewith,
      comprising adding an aqueous solution of a peroxide to an emulsion of
      vinyl bromide monomer containing a water-soluble reducing agent, wherein
      said emulsion is at a temperature of from about 0.degree.C to 75.degree.C,
      and said aqueous solution of said peroxidic compound is added to said
      emulsion at a rate of:
PA1  a. at least about 2.8 .times. 10.sup..sup.-4 equivalent of said peroxidic
      compound per hour per hundred parts by weight of said monomer, said
      emulsion containing about 1.5 .times. 10.sup..sup.-3 equivalent of a
      reducing agent per hundred parts by weight of said monomer, but
PA1  b. not more than about 8.7 .times. 10.sup..sup.-4 equivalent of said
      peroxidic compound per hour per hundred parts by weight of said monomer,
      said emulsion containing about 4.6 .times. 10.sup..sup.-3 equivalent of a
      reducing agent per hundred parts of said monomer.
NUM  16.
PAR  16. The process of claim 15 wherein said reducing agent is sodium sulfite.
NUM  17.
PAR  17. The process of claim 15 wherein said water-soluble peroxidic compound
      is ammonium persulfate.
NUM  18.
PAR  18. The process of claim 15 wherein said emulsion of vinyl bromide contains
      water and vinyl bromide in a ratio of water to vinyl bromide ranging from
      about 0.5 to 5.
NUM  19.
PAR  19. The process of claim 18 wherein said emulsion of vinyl bromide contains
      from about 0.5 to about 12 percent by weight of an emulsifier based on the
      weight of vinyl bromide monomer.
NUM  20.
PAR  20. The process of claim 19 wherein said emulsifier is selected from the
      group consisting of anionic, cationic and nonionic types of emulsifiers,
      and mixtures thereof.
NUM  21.
PAR  21. The process of claim 15 wherein the said reducing agent is selected
      from the group consisting of sulfurous acid, and sulfites, hydrosulfites,
      bisulfites, metabisulfites, thiosulfates and aldehyde sulfoxylates of
      ammonia, sodium and potassium.
NUM  22.
PAR  22. The process of claim 15 wherein said reducing agent comprises from
      about 0.002 to about 3.5 percent by weight, based on the total weight of
      said vinyl bromide monomer.
NUM  23.
PAR  23. The process of claim 15 wherein said peroxidic compound is selected
      from the group consisting of ammonium, potassium and sodium persulfates;
      ammonium, potassium and sodium perborates; hydrogen peroxide; and
      ammonium, potassium and sodium salts of percarboxylic acids.
NUM  24.
PAR  24. The process of claim 23 wherein said peroxidic compound comprises from
      about 0.02 to about 3.5 percent by weight of said emulsion, based on the
      total weight of the vinyl bromide monomer.
NUM  25.
PAR  25. The process of claim 15 wherein said emulsion contains a metal salt.
NUM  26.
PAR  26. The process of claim 25 wherein said salt is selected from the group
      consisting of chromium salts, manganese salts, iron salts, cobalt salts,
      nickel salts, copper salts and silver salts.
NUM  27.
PAR  27. The process of claim 15 wherein up to about 25 percent by weight of
      said vinyl bromide monomer is replaced with said monomer copolymerizable
      therewith.
NUM  28.
PAR  28. The process of claim 15 wherein up to about 50 percent by weight of
      said vinyl bromide monomer is replaced with a compound copolymerizable
      therewith.
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ABST
PAL  A thermoplastic polyester urethane molding composition is disclosed having
      low compression set and high elastic modulus and which comprises the
      reaction product of a poly(epsilon-caprolactone) polymer, a hydroxy
      terminated polyol, an organic diisocyanate and a siloxane polymer. More
      specifically, by adding the siloxane polymer and maintaining a mole ratio
      of isocyanate to isocyanate-reactable hydroxy grouping in the range of
      from about 1.05 to about 1.3 or higher, it is possible to produce an
      improved molding composition having allophanate cross-links. The
      allophanate linkage breaks down at molding temperatures and reforms upon
      cooling thereby allowing an easily moldable thermoplastic urethane
      polyester which, after molding, will maintain its shape and have
      characteristics of a thermoset material. Additionally, the use of the
      siloxane polymer improves certain physical properties of the reaction
      product such as tensile and modulus of elasticity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to thermoplastic polyester-urethane molding
      compositions having certain advantageous molding and physical properties
      for use in sealing mechanisms where low compression set and good physical
      properties are required.
PAR  2. Description of the Prior Art
PAR  Epsilon-caprolactone is known to polymerize with a polyhydric alcohol or a
      glycol-type material to form a hydroxy terminated polyester which, when
      mixed along with a diol chain extender and a diisocyanate of the organic
      type, can be used to form relatively long chain polyester-polyurethane
      polymers. Such polymers are presently known in the industry to be useful
      in many applications including injection and compression molding.
PAR  Exemplary of art using caprolactones is U.S. Pat. No. 3,658,756 which
      discloses the use of a caprolactone hydrolyzate or alcoholizate which is
      reacted with a glycol to form a polyester material. Such polyester
      material is then reacted with an organic diisocyanate and a chain extender
      such as a glycol material to form a polyester-urethane material.
PAR  It is also known to utilize excess ratios of diisocyanate to
      isocyanate-reactable hydroxyl groups in the polyester-polyurethanes in
      order to form allophanate cross-linking bonds. More specifically, the
      excess isocyanates can react through the carbon atom of such isocyanate to
      the nitrogen atom in the urethane grouping in the polyester-polyurethane
      thereby forming the allophanate cross-links.
PAR  It has been found that such allophanate linkages break down at relatively
      high temperatures and reform upon cooling forming a material which is
      thermosetting in character. At the higher temperature the allophanate
      linkage can break or be severed allowing the material to possess more of
      the thermoplastic properties which enhance molding operations.
PAR  However, I have found that, in addition to the above use of the
      epsilon-caprolactone with chain extenders and diisocyanates and the use of
      excess diisocyanate to produce allophanate linkages, unexpected
      improvement properties can result when there is incorporated in the
      reactant mixture an organic siloxane polymer. Such polymer provides and
      also increases the physical properties of the molded product. In a
      specific instance such addition will increase tensile strength, elongation
      percentage and a 100 and 300% modulus elasticity properties.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention can be summarized as a thermoplastic urethane having
      low compression set and high elastic modulus comprising the reaction
      product of a poly(epsilon-caprolactone) polymer, a hydroxy terminated
      chain extender, an organic diisocyanate and a siloxane polymer.
PAR  In a broad embodiment my invention relates to a thermoplastic urethane
      having low compression set and high elastic modulus comprising the
      reaction product of a poly(epsilon-caprolactone) polymer having the
      following general formula:
      ##EQU1##
      wherein R is alkyl, alkenyl or aryl having from one, two and six carbon
      atoms respectively, to about 10 carbon atoms; a hydroxy terminated polyol;
      an organic diisocyanate; and a siloxane polymer having the following
      general formula:
      ##EQU2##
      wherein R.sub.1 is alkyl, alkenyl or aromatic; having a molar ratio of
      isocyanate groups to isocyanate-reactable hydroxy group of from about 1.05
      to about 1.3.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present improved composition comprises a thermoplastic
      polyester-polyurethane which has low compression set and high elastic
      modulus comprising the reaction product of four materials of which three
      enter into chemical reactions to form a polyester-polyurethane composition
      having allophonate cross-links. The fourth material is a siloxane polymer
      not thought to enter into reaction with the other three components.
PAR  One of the reactants used to produce thermoplastic polyester-polyurethane
      is a poly(epsilon-caprolactone) polymer which is produced by the reaction
      of epsilon caprolactone and glycol or polyhydric alcohol. Specifically
      such reaction mechanism is shown in the equation below:
      ##EQU3##
      where x and y can vary depending on the ratio of the reactants and R can
      be alkyl, alkenyl, aryl or other similar type material. In a preferable
      instance the R is alkyl having a reasonably low molecular weight.
PAR  Poly(epsilon-caprolactone) can be purchased from the Union Carbide
      Corporation, Chemical and Plastics Division. They generally are referred
      to under the registered trademark of "NIAX" polyols and have product
      identifications such as D-510, D-520, D-540 and D-560. The average
      molecular weight and other physical properties of such polyols can vary
      depending upon method of production, the ratio of the reactants, etc.
      Specifically the D-510 polyol has an average molecular weight of 530, the
      D-520 has a molecular weight of about 830, the D-540 polyol has a
      molecular weight of about 1,250 while the D-560 polyol has a molecular
      weight of approximately 2,000.
PAR  Another of the reactants used to produce polyester-polyurethane is a
      hydroxy terminated polyol, more typically referred to as a chain extender.
      Such materials can react with the epsilon caprolactone which has been
      reacted with a glycol or dihydric alcohol to form a polyester-polyurethane
      polymer. Specifically, the hydroxy terminated polyols such as lower alkyl
      glycols, for example, ethylene glycol, 1,4 butane diol, di-ethylene
      glycol, propylene glycol or the like are preferred. It is especially
      preferred that the hydroxy terminated polyols have no pendant hydroxyl
      groupings present within the chain other than those at the terminal or end
      portions of the polyol to prevent cross-linking between the
      polyester-polyurethane chains through such pendant hydroxy groupings. It
      is preferred that 1,4 butane diol be utilized as the chain extender.
PAR  The third reactant utilized to produce the above polyesterpolyurethane
      polymer is a suitable organic diisocyanate selected from 2,4 toluene
      diisocyanate, 2,6 toluene dissocyanate, 1,5 naphthalene diisocyanate, 1,4
      di-ethyl benzyl beta-diisocyanate, 4,4 diphenylmethane diisocyanate,
      toluene diisocyanates or other similar type aromatic, aliphatic or
      cycloaliphatic diisocyanates.
PAR  The ratio of isocyanate to hydroxyl groups in the reaction mixture should
      be from about 1.05:1 to about 1.3:1 or greater. In a preferred instance,
      the ratio of isocyanate groups to isocyanate-reactable hydroxy groups
      should vary within the range of from about 1.05:1 to about 1.15:1. Such
      ratios of the diisocyanate to the hydroxyl groups are preferred in order
      to cause formation of the allophanate cross-linking mechanism. Such
      mechanism is shown in the equation below and is thought to take place at
      the nitrogen atom of the urethane segment of the polyester-polyurethane
      polymer.
      ##EQU4##
      In the above equation the vertical cross-linking member is referred to as
      allophanate linkage.
PAR  The allophonate breaks down at molding temperatures forming a diisocyanate
      material and reforms upon cooling. Accordingly, by utilizing a controlled
      excess quantity of diisocyanate it is possible to produce a material
      which, at high molding temperatures, is essentially thermoplastic
      (substantially no cross-linking occuring between the
      polyester-polyurethane chains). After cooling the allophanate linkage
      reforms causing crosslinking to take place between the long
      polyester-polyurethane chains giving the molded product advantages over
      comparable polyester-polyurethane materials which do not contain the
      allophonate linkage.
PAR  The fourth component of the claimed composition is a siloxane polymer which
      is generally represented by the recurring structural formula as shown
      below:
      ##EQU5##
      wherein R is generally an alkyl of low molecular weight. The siloxane
      polymer as shown above is not thought to enter into a chemical reaction
      with the other three components of the present composition. In some
      instances the R grouping above may be aryl or alkenyl or combinations of
      alkyl, aryl or alkenyl. It may also be partially or totally substituted
      with halogens or similar materials.
PAR  The siloxane polymer improves the tensile and elongation properties of the
      molded product. Such improvement in properties is unexpected since the
      siloxane polymer is not thought to enter into a chemical reaction with the
      other three components and accordingly would be expected to degrade the
      physical properties of the produced polyester-polyurethane material.
PAR  Depending upon the physical properties required for the molded composition,
      pure reactants or mixtures thereof may be used to produce the claimed
      composition.
PAR  In preparing the polyester-polyurethane polymer claimed herein, the
      poly(epsilon-caprolactone) polymer should be present as from about 7.5 to
      about 13 mole percent of the total reactants. Of course, this value will
      vary depending upon the particular poly(epsilon-caprolactone) polymer
      utilized but, when using approximately 50-50 mole of NIAX polyols D-560
      and D-540, it is preferred that roughly 10.5 mole percent of the reactants
      be these two components.
PAR  The hydroxy terminated polyol can be present anywhere from about 33 to
      about 41 mole percent of the reactants. Such hydroxy terminated polyols,
      commonly referred to as chain extenders, preferably vary from around 35 to
      about 39 or even more preferably around 37 mole percent of the total moles
      of reactants.
PAR  The diisocyanate of the organic type can vary anywhere from about 48 to
      about 57 mole percent of the total moles of the reactants and preferably
      should be somewhere around 52 mole percent of the total moles of
      reactants. It is preferable to regulate either the quantities of the
      poly(epsilon-caprolactone) polymer, the hydroxy terminated polyol or the
      organic diisocyanate in order to maintain a ratio of isocyanate groups to
      the isocyanate-reactable hydroxy groups of anywhere from about 1.05:1 to
      about 1.3:1. An even more preferable range of such ratios can be from
      about 1.05:1 to about 1.15:1.
PAR  The siloxane polymer as described above should be present anywhere from a
      few tenths of a weight part per hundred to as many as 1 part per hundred
      by weight of the total reactants.
PAR  In producing the reaction product of the above components various
      procedures can be utilized.
PAR  In a preferable instance the poly(epsilon-caprolactone) polymer can be
      heated at about 100.degree.C and degassed to remove dissolved gases and
      water vapors therefrom. Similarly, the hydroxy terminated polyols such as
      1,4 butane diol can be degassed either at the elevated temperature or at
      room temperature. The poly (epsilon-caprolactone) polymer can be heated to
      about 150.degree.C and the required amount of the hydroxy terminated
      polyol can thereafter be added to the mixture. The material can be mixed
      for a few minutes and then a pre-weighed quantity of the organic
      diisocyanide can be added and mixed very vigorously. Thereafter the
      mixture can be cast into a mold, cured for approximately 3 to 3 1/2 hours
      at 300.degree.F and thereafter granulated. The granulated polymer can then
      be processed by thermoplastic processing equipment.
PAR  Other methods of producing such polymers can be used.
DETD
PAR  The following examples are presented to illustrate the specific embodiments
      of the compositions of this invention and should not be utilized to unduly
      restrict the scope of the claims.
PAC  EXAMPLE
PAR  In this example two polymeric reactant products were produced using
      substantially identical processing conditions except that one of the
      compositions produced (composition B) had added to it approximately 0.5
      parts per hundred by weight of Dow Corning siloxane polymer DC 200,
      generally referred to as dimethyl siloxane polymeric material.
PAR  The reaction procedures were as follows: Polyol D-560 and D-540 were heated
      at 100.degree.C and degassed for one hour at 5 mm of mercury. The 1,4
      butane diol was degassed at room temperature for one hour. The mixture of
      D-560 and D-540 NIAX polyols were then heated to approximately 140.degree.
      to 150.degree.C and the required amount of the hydroxy terminated polyol
      (1,4 butane diol) was added to the polyol mixtures and mixed very
      thoroughly for 5 minutes. The predetermined quantity of diphenylmethane
      diisocyanate was then added and the material was mixed very vigorously and
      thereafter cast into a mold. The material was cured for approximately 3 to
      3 1/2 hours at 300.degree.F then granulated.
PAR  Injection molded samples of the granulated polymeric materials produced
      above were then used to make test bars which were tested for various
      properties such as hardness, tensile strength, elongation and tensile
      modulus at 100 and 300% modulus.
PAR  The table below illustrates the differing properties for composition A and
      composition B produced as described above.
     COMPONENT       COMPOSITIONS, MOLE %                                      

     ______________________________________                                    

                   A         B                                                 

     ______________________________________                                    

     Polyol D-560    6.3         6.3                                           

     Polyol D-540    4.2         4.2                                           

     1,4 Butane diol 37.0        37.0                                          

     1,4' Diphenylmethane                                                      

                     52.5        52.5                                          

     diisocyanate                                                              

     Siloxane polymer                                                          

                     --          0.5 (parts                                    

                                by wt. phr)                                    

     TOTAL           100.0      100.0                                          

     PHYSICAL PROPERTIES                                                       

                     A          B                                              

     ______________________________________                                    

     Hardness (Shore A)                                                        

                     93         92                                             

     Tensile (ASTM 412), psi                                                   

                     6010       6300                                           

      100% modulus, psi                                                        

                     1520       1830                                           

      300% modulus, psi                                                        

                     3240       3930                                           

     Elongation, %   440        475                                            

     Rebound (ASTM D-2632)                                                     

                     30         28                                             

     Compression Set (ASTM D-                                                  

                     29         30                                             

     1238 method B, 70 hrs.                                                    

     at 158.degree. F)                                                         

     ______________________________________                                    

CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A plastic molding composition exhibiting thermoplastic properties at
      molding temperatures and thermoset properties at room temperature which
      comprises
PA1  A. the reaction product of:
PA2  1. from about 7.5 to about 13 mol percent of a poly(epsilon-caprolactone)
      polymer having the general formula:
      ##EQU6##
       wherein R is alkyl, alkenyl aryl having from one to 10 OH. carbon atoms,
      where x and y can vary depending on the ratio of the reactants,
PA2  2.
NUM  2.
PAR  2. from about 33 to about 41 mol percent of a lower alkyl glycol, and
PA2  3. from about 48 to about 57 mol percent of an organic diisocyanate;
PA1  and having a molar ratio of isocyanate groups to isocyanate reactable
      hydroxy groups of from about 1.05 to 1.15; and
PA1  B. from about 0.3 to about 1.0 parts per 100 parts by weight of said
      reaction product of a siloxane polymer having the following general
      formula:
      ##EQU7##
PAR    wherein R.sub.1 is alkyl, alkenyl or aromatic. 2. Claim 1 wherein said
      hydroxy terminated polyol comprises: HO(CH.sub.2).sub.4 OH.
NUM  3.
PAR  3. Claim 1 wherein said organic diisocyanate comprises 4,4-diphenylmethane
      diisocyanate.
NUM  4.
PAR  4. Claim 1 wherein R.sub.1 is methyl.
PATN
WKU  039323382
SRC  5
APN  4998057
APT  1
ART  149
APD  19740822
TTL  Photodegradable plastics containing .beta.-halophenyl ketones
ISD  19760113
NCL  1
ECL  1
EXP  Rzucidlo; Eugene C.
INVT
NAM  Freedman; Bernard
CTY  Berkeley
STA  CA
INVT
NAM  Diamond; Martin J.
CTY  Oakland
STA  CA
ASSG
NAM  The United States of America as represented by the Secretary of
      Agriculture
CTY  Washington
STA  DC
COD  06
CLAS
OCL  260 328A
XCL  260DIG43
EDF  2
ICL  C08K  507
FSC  260
FSS  DIG. 43;32.8 A
UREF
PNO  3852227
ISD  19741200
NAM  Matsuda et al.
OCL  260DIG.43
LREP
FR2  Silverstein; M. Howard
FR2  Takacs; William
FR2  Hensley; Max D.
ABST
PAL  Polyolefins capable of photodegradation are prepared by incorporating in
      the polyolefin an additive which contains chlorine, bromine, or iodine in
      a position alpha to a carbonyl group and whicih also contains a phenyl
      group.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention relates to and has among its objects the provision of novel
      plastic compositions capable of photodegradation. Further objects of the
      invention will be evident from the following description wherein parts and
      percentages are by weight unless otherwise specified.
PAR  Plastics have become an important part of the American way of life.
      Innumerable articles of manufacture are made of plastics. One of the main
      uses thereof is in the manufacture of containers for liquids and solids of
      all kinds, particularly foods. Another important use is the manufacture of
      plastic sheet materials such as films and foils. For example, plastic
      films are used in agriculture for covering the soil between plants,
      thereby to prevent the growth of weeds.
PAR  One problem with plastics is that they are not easily decomposed. Thus, for
      example, plastic food containers thrown by the roadside do not decompose
      but remain until collected, thereby polluting the environment. Similarly,
      plastic films used as soil coverings must be removed from the fields prior
      to initiating a new crop.
PAR  The invention described herein concerns a means for obviating the above
      problems in that it provides polyolefin plastics which are capable of
      photodegradation. Containers fabricated from the plastics of the invention
      when exposed to sunlight will gradually decompose and eventually crumble
      away. Thus, such containers when thrown along the roadside will eventually
      become part of the soil. Films prepared from the plastics of the invention
      when used for agricultural purposes will gradually become friable by the
      action of sunlight so that they can be readily plowed into the soil.
PAR  The benefits of the invention are realized by incorporating into a
      polyolefin any of the alpha-halo ketones described below.
PAR  Group I. Alpha-haloacetophenones of the structure -
      ##SPC1##
PAL  Wherein:
PA1  X is chlorine, bromine, or iodine.
PA1  Each of the Y's is independently hydrogen, lower alkyl, phenyl, chlorine,
      bromine, or iodine.
PAR  Illustrative examples of compounds included in Group I are:
PA1  2-bromoacetophenone
PA1  2-chloroacetophenone
PA1  2-iodoacetophenone
PA1  2,4'-dibromoacetophenone
PA1  2,4'-dichloroacetophenone
PA1  2,4'-diiodoacetophenone
PA1  2,2-dibromoacetophenone
PA1  2,2-dichloroacetophenone
PA1  2,2-diiodoacetophenone
PA1  2-bromo-2-phenylacetophenone
PA1  2-chloro-2-phenylacetophenone
PA1  2-iodo-2-phenylacetophenone
PA1  2-bromo-4'-phenylacetophenone
PA1  2-chloro-4'-phenylacetophenone
PA1  2-iodo-4'-phenylacetophenone
PA1  2,2-dibromo-4'-methylacetophenone
PA1  2,2,4'-tribromoacetophenone
PAR  Group II. Dihalobenzyl ketones of the structure
      ##SPC2##
PAL  Wherein:
PA1  X is chlorine, bromine, or iodine,
PA1  Each of the Y's is independently hydrogen, lower
PAR  ALKYL, PHENYL, CHLORINE, BROMINE, OR IODINE.
PAR  Illustrative examples of compounds included in Group II are:
PA1  1,3-dibromo-1,3-diphenylacetone
PA1  1,3-dichloro-1,3-diphenylacetone
PA1  1,3-diiodo-1,3-diphenylacetone
PAR  Group III. 2-Halo-1,3-diphenyl-1,3-propanediones of the structure -
      ##SPC3##
PAL  wherein:
PA1  X is chlorine, bromine, or iodine.
PA1  Each of the Y's is independently hydrogen,
PAR  lower alkyl, phenyl, chlorine, bromine, or iodine.
PAR  Illustrative examples of compounds included in Group III are:
PA1  2-bromo-1,3-diphenyl-1,3-propanedione
PA1  2-chloro-1,3-diphenyl-1,3-propanedione
PA1  2-iodo-1,3-diphenyl-1,3-propanedione.
PAR  Polyolefins containing any of the above compounds (or additives as they are
      often referred herein) decompose readily when exposed to sunlight. The
      decomposition, however, is not instantaneous but is gradual, and the rate
      thereof depends on such factors as the type of polyolefin, the amount of
      the compound added, and the activity of the latter. The reaction which
      takes place can be described as a photodepolymerization in which the
      polymeric chains are reduced to lower molecular weight under the influence
      of sunlight.
PAR  The amount of additive to be incorporated with the polyolefin depends on
      the activity of the additive, and upon the desired rate of
      photo-decomposition. In general, one may use about 0.1 to 10% of the
      additive, based upon the weight of polyolefin. For most purposes about 1
      to 5% of the additive is sufficient to obtain a reasonable and useful rate
      of photo-degradation.
PAR  The polyolefin to which the invention is applied includes, for example,
      high and low density polyethylene, polypropylene, polybutylene,
      polystyrene, mixtures of polyethylene and polypropylene, vinyl
      acetate/ethylene copolymers, and the like. The incorporation of the
      additive with the polyolefin may be carried out in any of the ways known
      in the art of compounding plastics. For example, intimate mixing of the
      polyolefin and additive may be effected by melting and mixing the
      polyolefin with the additive by any suitable means such as a mixer of the
      Banbury or Werner type or in a screw extruder. The compositions of
      polyolefin and additive can be formed into any desired articles such as
      films, tubular sheets, foils, bags, bottles, or other containers by
      application of well-known molding and fabricating techniques.
PAR  It is within the compass of the invention to use known photo-sensitizing
      compounds such as dibenzoyl peroxide, azo-bis-isobutyronitrile, and the
      like in conjunction with the additives of the invention. In some instances
      such photo-sensitizers increase the activity of the additives of the
      invention. Thus, polyolefins containing an additive in accordance with the
      invention and a photo-sensitizer will exhibit an enhanced rate of
      photodegradation.
DETD
PAC  EXAMPLES
PAR  The invention is further demonstrated by the following illustrative
      examples.
PAC  EXAMPLE 1 - PHOTODEGRADABLE POLYSTYRENE FILMS
PAR  A. Commercial polystyrene powder was first purified as follows: The powder
      (90 g.) was placed in a 2-liter Erlenmeyer flask together with 510 ml. of
      chloroform and the mixture was shaken until dissolved. The solution was
      poured slowly with vigorous stirring into a one-gallon Waring Blendor
      containing 2 liters of methanol. The finely precipitated powder was
      filtered, washed with methanol, air-dried, and finally dried in a vacuum
      oven at 52.degree. C. and 30 p.s.i. This procedure was repeated for a
      total of three times and a polystyrene containing no styrene odor was
      obtained.
PAR  B. Incorporation of additive: A wide-mouth jar was charged with 3 g. of the
      purified polystyrene powder, 0.03 g. of additive, and 17 ml. of
      chloroform, then shaken on a wrist-action shaker until solution was
      obtained. The solution was allowed to stand for a few minutes to remove
      entrapped air bubbles. Afterward, the solution was spread on a 4 .times. 8
      inch glass plate with a film-casting knife with a setting of 0.038 in. The
      plate was suspended above chloroform in a covered tray to retard
      evaporation of the solvent. After the plate had dried overnight, it was
      placed in a tray containing distilled water, which floated the film away
      from the glass. This film of polystyrene plus the incorporated additive
      was about 0.004-0.005 inch thick. A piece, 3/4 inch .times.  13/8 inch,
      was cut from the film and its infrared spectrum was taken.
PAR  C. Test procedure: The said piece of film was then irradiated for 66 hours
      by maintaining it on a revolving table 9 in. in diameter with the film
      sample 6 in. from a 275-watt RS sunlamp. After irradiation, an infrared
      spectrum of the sample was again determined. The extent of photo-oxidation
      was taken as a measure of the photodegradability of the irradiated
      material. Photo-oxidation was determined by measuring the increase in the
      carbonyl absorption band of the irradiated sample over that of an
      irradiated sample containing no additive.
PAR  D. Specific additives used: The sequence described above in parts A, B, and
      C was performed with the following additives, each in the amount of 1%,
      based on the weight of polystyrene:
TBL                       O                                                    

                          .parallel.                                           

     A.                                                                        

       2,4'-dibromoacetophenone                                                

                          C--CH.sub.2 Br                                       

                          O                                                    

                          .parallel.                                           

     B.                                                                        

       2,2-dichloroacetophenone                                                

                          C--CHCl.sub.2                                        

                          OBr                                                  

                          .parallel..vertline.                                 

     C.                                                                        

       2-bromo-2-phenylacetophenone                                            

                          C--CH                                                

                          O                                                    

                          .parallel.                                           

     D.                                                                        

       2-chloro-4'-phenylacetophenone                                          

                          C--CH.sub.2 Cl                                       

                          BrOBr                                                

                          .vertline..parallel..vertline.                       

     E.                                                                        

       1,3-dibromo-1,3-diphenylacetone                                         

                          CH--C--CH                                            

                          OBrO                                                 

                          .parallel..vertline..parallel.                       

     F.                                                                        

       2-bromo-1,3-diphenyl-1,3-propanedione                                   

                          C--CH--C                                             

PAL  The results are tabulated below.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Polystyrene and 1% Additive                                               

                               Increase in                                     

                               carbonyl,                                       

                                      Additive                                 

     Run     Additive          absorbance                                      

                                      effectiveness                            

                               units  ratio*                                   

     __________________________________________________________________________

     A    2,4'-dibromoacetophenone                                             

                               0.818  4.1                                      

     B    2,2-dichloroacetophenone                                             

                               0.434  2.2                                      

     C    2-bromo-2-phenylacetophenone                                         

                               0.513  2.5                                      

     D    2-chloro-4'-phenylacetophenone                                       

                               0.271  1.3                                      

     E    1,3-dibromo-1,3-diphenylacetone                                      

                               0.701  3.5                                      

     F    2-bromo-1,3-diphenyl-1,3-propanedione                                

                               0.675  3.3                                      

     Control                                                                   

          None used            0.202  1.0                                      

     __________________________________________________________________________

      *Additive effectiveness ratio is equal to the increase in carbonyl for a 

      particular additive divided by the increase in carbonyl obtained without 

      additive (control). Thus, for example, polystyrene containing            

      2,4'-dibromoacetophenone is oxidized photochemically 0.818/0.202 or 4.1  

      times more than polystyrene without an additive.                         

PAC  EXAMPLE 2 - PHOTODEGRADABLE POLYETHYLENE FILMS
PAR  To 0.6 g. of powdered polyethylene resin was added a solution of 0.006 g.
      of 2,4'-dibromoacetophenone in 0.6 ml. of acetone. The mixture was stirred
      to evenly distribute the additive solution over the particles of
      polyethylene. The mixture was spread as a thin layer on a Mylar sheet
      supported by a ferrotype chrome plate. After allowing the acetone to
      evaporate, the said layer was covered with another Mylar sheet and chrome
      plate. This assembly was heated for 30 seconds at 350.degree. F. and then
      pressed at 370 psi. for 30 seconds. The assembly was then transferred to
      an unheated press and pressed at 4,000 psi. while cooling. A film of
      polyethylene and 1% additive having a thickness of 0.003 to 0.004 inch was
      thus obtained.
PAR  A similar procedure was employed for the preparation of polyethylene films
      containing other additives. The temperature of the heated press was varied
      from 350.degree.-412.degree. F., depending on the melting point of the
      additive. In general, the temperature of the press was about 10.degree. F.
      above the melting point of the additive.
PAR  Samples of the polyethylene additive film and control polyethylene film
      without any additive were tested for photodegradability as described in
      Example 1, except that the time of irradiation was 200 hours. The results
      are summarized below.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Polyethylene plus 1% Additive                                             

                            Increase in                                        

                            carbonyl,                                          

                                   Additive                                    

     Run     Additive       absorbance                                         

                                   effectiveness                               

                            units  ratio                                       

     __________________________________________________________________________

     1    2,4'-dibromoacetophenone                                             

                            0.712  2.3                                         

     2    2,2'-dichloroacetophenone                                            

                            0.894  2.8                                         

     3    2-bromo-2-phenylacetophenone                                         

                            0.574  1.8                                         

     4    1,3-dibromo-1,3-diphenylacetone                                      

                            0.387  1.2                                         

     Control                                                                   

          None used         0.316  1.0                                         

     __________________________________________________________________________

PAC  EXAMPLE 3
PAC  PHOTODEGRADABLE POLYPROPYLENE FILMS
PAR  Polypropylene films containing additives were prepared by the same
      procedure described in Example 2. Photodegradability of the resulting film
      was determined as described in Example 1, using an irradiation time of 66
      hours.
PAR  The results are tabulated below.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Polypropylene plus 1% Additive                                            

                               Increase in                                     

                               carbonyl,                                       

                                      Additive                                 

     Run     Additive          absorbance                                      

                                      effectiveness                            

                               units  ratio                                    

     __________________________________________________________________________

     1    2,4'-dibromoacetophenone                                             

                               1.056  2.6                                      

     2    2,2'-dichloroacetophenone                                            

                               0.580  1.4                                      

     3    2-chloro-4'-phenylacetophenone                                       

                               0.501  1.2                                      

     4    1,3-dibromo-1,3-diphenylacetone                                      

                               1.571  3.8                                      

     5    2-bromo-1,3-diphenyl-1,3-propanedione                                

                               0.554  1.4                                      

     Control                                                                   

          None used            0.411  1.0                                      

     __________________________________________________________________________

CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A photodegradable composition consisting of a polyolefin and about from
      0.1 to 10% of an additive of the structure -
      ##SPC4##
PATN
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SRC  5
APN  4090675
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TTL  Product and process
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EXP  Jacobs; Lewis T.
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UREF
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LREP
FRM  Morton, Bernard, Brown, Roberts & Sutherland
ABST
PAL  Protective coating compositions are prepared comprising aliphatic
      polyol-derived silicates and zinc dust as a filler. The compositions
      provide long-life protection for ferrous substrates against rusting in
      moist and salty atmospheres. The zinc filler and silicate components may
      be compounded in one package or as two packages to be mixed prior to
      application as a film. Compositions comprising zinc filler and the
      aliphatic polyol-derived silicates with solvents, and with or without
      other fillers or organic polymeric materials are especially useful as
      coatings. A range of aliphatic polyol to total alkyl-type or
      alkoxyalkyl-type silicate reacted in making the polyol-derived silicates
      is about 0.15 to 1.8 moles of reactive OH grouping supplied by the polyol
      per mole of ester-exchangeable group in the silicates, the larger ratios
      being especially useful for the silicate reactants having up to, for
      instance, an average of 5 to 6 SiO.sub.2 groups per molecule and
      decreasing progressively as the
      ##EQU1##
      CONTENT INCREASES. The preferred range of reactants provides about 0.35 to
      1.5 moles of reactive OH grouping from the polyol per mole of
      ester-exchangeable groups of the silicate. The preferred silicate
      reactants have from 1 up to about 6 to 8 SiO groups per average molecule
      which corresponds to an extent of hydrolysis from 0% up to about 50%. Such
      hydrolysis may occur before or during the ester-exchange reaction which
      forms the aliphatic polyol-derived silicates of this invention. The
      polyol-derived silicates can also have other uses, e.g., as a binder for
      ceramic molding compositions using non-zinc fillers.
PARN
PAR  This application is a continuation-in-part of my application Ser. No.
      283,964, filed Aug. 28, 1972, which, in turn, is a continuation-in-part of
      my application Ser. No. 107,578, filed Jan. 18, 1971, now abandoned,
      which, in turn, is a continuation-in-part of my application Ser. No.
      75,306, filed Sept. 24, 1970, now abandoned.
BSUM
PAR  The present invention relates to compositions which are particularly useful
      in coatings that can provide galvanic protection when cured on ferrous
      substrates. These coatings contain as essential ingredients
      solvent-soluble, aliphatic-polyol-derived silicate (hereinafter sometimes
      referred to as "polyol silicate") and metallic zinc filler in finely
      divided form. The invention is also directed to liquid solutions
      containing the polyol silicate and an organic solvent for the silicate
      which solvent is compatible therewith and does not cause the composition
      to rapidly gel or change greatly to produce an undesireable composition.
      Although these polyol silicates and their solutions may be used in various
      types of compositions, the invention especially combines metallic
      zinc-containing fillers with these materials to provide slurries or
      dispersions which are relatively stable as single component or single
      package coating compositions and which can be applied and cured as
      coatings on ferrous surfaces and thereby protect the substrates by
      galvanic action against the deteriorating effects of corrosive
      environments. Aside from the zinc filler, the compositions may preferably
      also contain other finely divided filler materials, and, in this regard,
      alumina in its various forms may be used to decrease the amount of zinc
      that might otherwise be required to provide satisfactory coatings. The
      addition to the compositions of this invention of weakly-basic,
      heterocyclic, unsaturated nitrogen compounds may serve to prevent
      agglomeration of the zinc dust particles during storage and to prevent
      gassing of the compositions. The polyol silicates and their solutions of
      this invention can also be used as ceramic molding compositions containing
      the various fillers disclosed herein, with or without metallic zinc.
PAR  Many of the polyol silicates of the present invention, when composited with
      finely divided metallic zinc-containing fillers, give relatively stable
      products which remain essentially ungelled and in usable condition over
      exceptionally long periods of time. These preferred products when kept in
      a moisture-tight and air-tight container, are stable for relatively long
      periods of time against substantial changes in properties, and are ready
      for easy use without further additions being necessary. Thus, these
      preferred compositions offer the great advantage of being single-component
      coating compositions which are more stable for longer periods of time than
      heretofore known alkyl silicate binder-containing coating compositions,
      and which can be readily applied to ferrous substrates and very rapidly
      self-cured under various atmospheric conditions -- dry, rainy, cold or hot
      -- to form rapidly upon curing strongly adherent, relatively hard, stable,
      galvanically-protective coatings.
PAR  The present invention is also directed to a variety of multiple package
      coating compositions of exceptional properties. In one of these, one
      package of the two-package system contains the polyol silicate, while the
      finelly divided zinc is in another package. Either or both of these
      packages may contain additional ingredients, e.g., the polyol silicate may
      be dissolved in a solvent and contain a dispersed filler, and the zinc
      package may contain a variety of fillers, e.g. alumina. In another
      preferred form of the invention, one package designed to be added to a
      polyol silicate package, is comprised of finely divided zinc dispersed in
      an organic solvent, e.g. methyl ethyl ketone, and an acidic zinc salt such
      as zinc chloride, and this package may also contain one or more other
      fillers such as silica, zircon, clay, alumina, talc and the like. These
      ingredients, with or without the elemental zinc, may also serve as curing
      catalyst formulations when combined with silicate-type coating
      compositions, which may or may not contain elemental zinc. The zinc
      metal-containing filler package may be added to the polyol silicate
      package shortly before use. The compositions of this invention may also
      contain minor amounts of other ingredients such as organic polymers, e.g.
      polyvinyl materials, particularly those having reactive OH groups, for
      instance, polyvinyl butyral, preferably reacted with the polyol silicate
      to form stable, one package binders for zinc paint. All of the
      compositions of this invention may contain inorganic fillers, anti-sag
      agents, thickening agents, suspending agents and the like to stabilize,
      actuate or dilute the compositions and provide easy to use, preferably
      single package, zinc paints.
PAR  The present invention is further directed to certain of the polyol
      silicates which are novel products, and which in the most preferred form,
      can be employed in single-package, zinc-containing, galvanic coating
      compositions. By the present invention, I have also devised advantageous
      ways of making the polyol alkyl silicates which are essentially
      ester-exchange reaction products of ortho silicates and polyhydric
      alcohols, particularly the ester exchange products of ethylene glycol and
      lower alkyl and C.sub.3 to C.sub.7 alkoxyalkyl silicates, including their
      siloxane forms, preferably having up to about 8 SiO groups per average
      molecule. The products are useful in the single package, zinc-containing
      compositions of this invention, which can be stored in a container in
      ready-to-use condition.
PAR  I am aware that serious difficulties exist in making and using presently
      available galvanic coating compositions containing metallic zinc and
      inorganic silicate binders, and effort expended towards devising products
      containing an organic silicate binder and metallic zinc is in order to
      obtain improved coating and protective characteristics.
      Commerically-available products have not been sucessful in eliminating the
      problems inherent to these materials. Such products are disclosed in U.S.
      Pat. No. 3,056,684, and contain a partially hydrolyzed, tetraethyl
      orthosilicate as the organic silicate binder. Other galvanic coating
      compositions have been based on the use of hydrolyzed tetraethoxyethyl
      silicate as the binder, but the variety of available organic
      silicate-based galvanic coating compositions is limited. Moreover, these
      conventional hydrolyzed silicates, if they are highly enough hydrolyzed to
      cure rapidly with zinc as a paint, have a poor shelf life of only a few
      months and a pot life, when mixed with zinc dust, of only a few hours. As
      a consequence, these components are maintained as separate packages until
      shortly before use, whereas certain of the products of the present
      invention may be made into single package, stable compositions containing
      both the silicate binder and zinc dust. Further, the conventional
      hydrolyzed silicates, if they have good shelf life in the presence of zinc
      dust, may not cure rapidly at lower temperatures and humidities, if at
      all, and their application as coatings is often prohibited under a variety
      of weather conditions that do not hinder the use of the compositions of
      the present invention. Thus, my compositions can have improved pot life
      and shelf life and cure under all weather condtions. One purpose of the
      present invention is, therefore, to provide new fat-curing, stable,
      easier-to-use galvanic coating compositions containing meetallic zinc and
      polyol silicate reaction products having superior coating and curing
      characteristics under a variety of application conditions such as adverse
      weather, and which provide highly advantageous galvanically-protective
      coatings when cured on ferrous substrates.
PAR  Prior organic silicate coating products have a number of disadvantages,
      and, in particular, they may not be formulated into rapidly-curing,
      single-package, galvanic coating compositions without severe limitations.
      Thus, the pot life of some of these silicate products, when mixed with
      finely divided metallic zinc, is so short, e.g. about four hours, that the
      compositions cannot be marketed or used on a practical basis as a single
      package. Instead, the user of the product must mix the silicate binder
      with the metallic zinc more or less at the time the composition is to be
      applied to the ferrous substrate. In many situtations, this is a severe
      disadvantage to the coatings applicator and he must carefully control the
      operation to insure that the zinc-containing product is applied quickly as
      a coating, otherwise it may gel prematurely and cause waste and perhaps
      even the loss of equipment in which the premature curing action occurs.
      The products of U.S. Pat. No. 3,056,684 currently marketed are of this
      type and thus do not permit the formulation of satisfactory
      rapidly-curing, zinc-containing, galvanic coating compositions having a
      pot life of over a few hours.
PAR  There is possibly one other single package, zinc-containing composition on
      the present commercial market, but its properties are quite inferior in
      making rapidly-curing, hard, adhesive coatings. In any event, the art is
      in great need of improved organic silicate-metallic zinc products of the
      single package variety in order that the coatings applicators may have
      faster curing, harder and more adhesive coatings under a variety of
      adverse application conditions than afforded by the products available,
      and so that a more appropriate selection can be made to satisfy the
      ultimate requirements for the coatings in a greater number of given
      situations.
PAR  Heretofore, the most widely used zinc and silicate-containing coating
      compositions employed for the protection of metallic substrate surfaces,
      have been, to my knowledge, characterized by a hydrolyzed silicate binder
      having nearlly completely a -Si-O-Si- polymeric and cross-linked
      structure. Such previous paint compositions containing substantial amounts
      of the -Si-O-Si- structure, if they are sufficiently hydrolyzed to cure
      rapidly with zinc dust, are not reliable if requiring long storage, since
      they tend to form lumps when combined with zinc dust, develope gaseous
      pressure or even form solid gels upon long-aging, even without zinc dust
      being present. Consequently, such prior zinc-silicate coatings had to be
      blended or mixed at the point of use, due to the necessity of keeping
      various constituents of the ultimate coating composition in separate
      container prior to its application, and even as a two package system, the
      silicate portion was subject to being unusable after six months to a year
      or more of aging. Where such blending or mixing had to be carried out
      manually by the operator, it was difficult and sometimes not possible to
      provide smooth blends free from lumps that would cause clogging of spray
      equipment if the paint compositions were applied by spraying. Also, the
      "pot life" of the zinc-silicate materials was often limited to from 2 to
      12 hours, and clogging of conduit lines with solid zinc silicate particles
      presented a real problem, particularly where such lines were exposed to
      high temperatures, as on the hot decks of ships.
PAR  In addition to the necessity of making available separate coating
      containers in the previous use of silicate coatings, the container for the
      highly hydrolyzed alkyl silicate or organosol, if made of steel had to be
      lined with a special, relatively expensive, corrosion-resistant lining,
      since otherwise the coating composition would ge or become unusable upon
      extended contact with the iron-containing surface, because of the
      instability of the composition. In my novel "one-package" system, a simple
      unlined paint can suffices and is highly satisfactory, without any special
      coating or lining, for storing my liquid suspension coating compositions.
      Some of these coating compositions of my invention when properly
      compounded have a pot life of several days to many years. The longer
      stable products offer an inorganic zinc composition ready for use right
      out of the can sold from the shelf of a paint store for use in the home,
      in preconstruction primers, on ships, in industrial plants or in aerosol
      cans or drums for spraying. Others of my compositions that may be
      especially prepared for certain fast-curing applications, may have a pot
      life of about 1 to 40 weeks or longer and can be made and used before
      gelling or changing enough to materially reduce their advantageous coating
      characteristics. To suspend the zinc dust, it is often advantageous to
      highly shear suspending, antisaging, and antisetting fillers in the polyol
      silicate binder, prior to slowly stirring in the zinc dust. Zinc and othe
      filler particulates, whether in the form of fillers containing finely
      divide elemental metal, even metal dust, or metal silicate, or in the form
      of zinc silicate, are so difficult to mix and suspend into a liquid
      without lumping that controlled mixing or blending, such as can be
      practiced in a paint factory, or the like, is far superior to leaving it
      up to the operator to mix the constituents manually (and usually
      ineffectively) at the locus of use in the field.
PAR  Some of the advantages of my new compositions are that they can be
      preblended in large batches and made up into single package compositions,
      ready for instant use for a coating application or they can be activated
      by adding an accelerator just before using. Additional advantages are that
      they may be made self-curing, do not freeze, are not subject to bacterial
      attack, can be used in the form of an aerosol, can be attractively
      pigmented for high temperature color coatings, and have rapid curing
      characteristics, making possible painting in winter and painting using
      automated programmed dipping, spraying and curing cycles, such as the
      application of a preconstruction primer which may later be welded together
      and recoated with the zinc silicate paint and for coating rolled steel
      which is subsequently recoated, formed or coiled. In addition, the zinc
      dust-containing coatings provide exceptional rapidly self-curing,
      galvanic, porous coatings for ferrous surfaces, and can be incorporated
      into single package or separate package compositions as desired. The
      single package characteristic makes the coating material ready for instant
      application by the user who otherwise may be required to stir for days to
      assure breakup of lumps, if, indeed, this can be even be practically
      accomplished. In addition, the single package permits attaining
      homogeneous and quality-controlled thixotropic slurries of the suspending
      agents in a larger plant, rather than mixing in small uncontrollable
      batches at the locus of use. Because of the exceptional adhesion of these
      coatings, they often can be applied even to surfaces having poor
      preparation and even over scale and give good protection.
PAR  My novel long pot life or single component, stable systems which are one
      preferred form of the present invention, make it possible to apply the
      coating composition by dipping in large tanks, whereas the relatively
      short pot life of prior zinc silicate coatings precluded any possibility
      of successfully dipping large objects in the zinc dust-silicate paint
      because gelling or degradation would occur within a few hours and a new
      batch of zinc dust-silicate paint had to be provided for continuing the
      operation. The resulting loss was sufficiently great to prevent the
      adoption of large scale dip-coating of ferrous objects and surfaces. As
      indicative of their ease of application, my novel one-package,
      zinc-silicate paint compositions can be applied by conventional means,
      including spraying, brushing, rolling or dipping, or by the so-called
      "airless" spraying technique. Another important benefit of some of my
      compositions is that they can be formulated with a high boiling solvent to
      give a product having a flash point of over 100.degree.F.
PAR  One of the important benefits of some of my compositions is that they can
      be packaged in a container, such as an ordinary paint can, and kept
      therein indefinitely, ready for use at any time as self-sufficient coating
      compositions requiring no mixing with other compositions or additives.
      When placed in a moisture and air-tight container, these compositions
      remain smooth, free from lumps and without any tendency to gel or become
      objectionably viscous when tightly sealed. Some of my preferred
      composition have such properties even when the finely divided zinc
      component is included to give a composition ready for application to a
      supporting substrate. When applied and dried, the compositions cure in the
      presence of air and moisture in a minimum amount of time under evaporative
      conditions to give relatively hard, strongly adhesive coatings having
      exceptionally good protective properties toward corrosion and having
      self-healing properties toward scratches that may be formed on the surface
      of the coating. This self-healing property is particularly advantageous
      where the coating is exposed to salt or other corrosive atmospheres. The
      strong adhesion of the coating to the substrate surface, even when applied
      to non-sandblasted, but otherwise clean ferrous metal surfaces, is
      especially advantageous where subsequent coatings to be applied do not
      adhere well to the surface of the substrate itself, such as where certain
      plastics are to be applied to a surface of a steel, aluminum, glass or
      ceramic substrate to which such plastics ordinarily do not bond. Thus, the
      metallic zinc-containing coating compositions of my invention can suitably
      be used as a primer for application to a substrate to condition the
      surface thereof for another of the same or other coatings, even when a
      coating containing a plastic or polymeric material or an inorganic,
      ceramic or porous topcoat.
PAR  Another advantage of some of my coating materials is that they have
      exceptional protective properties at high temperatures, such that a
      finished, dry coating of my composition on a 20-gauge, cold-rolled steel
      test plate can be heated to red heat and then quenched in cold water
      without the slightest indication of cracking or decomposition of the
      coating material. The thermal cycle of high temperature heating and low
      temperature quenching can be repeated many times without any apparent
      degradation of the coating. The exceptional heat resistance of my
      composition is believed to be due to the driving-off by evaporation on
      exposure to air and moisture of all organic groups to leave the inorganic
      grouping --SiO.sub.2, ZnO, SiO.sub.2 --, zinc silicate and possibly zinc
      oxychloride, which is stable up to red heat temperatures, such as
      1100.degree. to 1200.degree.F.
PAR  Coatings formulated from my polyol silicates made from ethylene glycol,
      particularly when methyl ethyl ketone, zinc dust-containing fillers and
      optionally an acidic zinc salt such as a zinc salt of a mineral acid, e.g.
      zinc chloride, or mineral acid catalyst, are used in the products, exhibit
      a very strong, tenacious adhesion to metal substrates. The protective
      surface not only provides a decorative gray color, but also enhances the
      resistance of the metal substrate to oxidation, rusting or other forms of
      corrosion. The adhesion of the coating to the substrate is so extremely
      strong as to indicate the possibility of a chemical reaction between the
      silicate, acidic zinc salt, and ferrous metal-containing substrate. A
      chemical bond between the coating and the substrate seems most likely in
      view of the fact that the coating on the substrate successfully withstands
      bending, impact and thermodegradation.
PAR  The organic silicate binders of the products of the present invention are
      ester-exchange reaction products made from polyol and organic silicate.
      The silicate reacted with polyol is essentially composed of ortho silicate
      whose major portion of organic substituents is essentially of aliphatic,
      including cycloaliphatic, configuration, although a minor amount of
      non-aliphatic radicals, e.g. aromatic groups may be present. The organic
      radicals of the essential ortho silicate are generally saturated and each
      may have up to about 6 or 7 carbon atoms, preferably up to 4 carbon atoms.
      These aliphatic radicals which are attached to a silicon atom through an
      oxygen atom, consist essentially of carbon and hydrogen, and often contain
      oxygen, particularly in the case of ether, ether-alcohol, alcohol, or even
      ester groups. For example, the silicate reactant may contain ortho
      silicates in which the organic radicals are in the form of alkyl,
      hydroxyalkyl, alkoxyalkyl, hydroxyalkoxyalkyl or carboxyalkyl groups
      attached to a silicon atom through an oxygen atom, and preferably these
      groups have straight chain or primary structures. At least two of the
      organic groups per molecule of at least a substantial portion of the
      essential silicate reactant are ester-exchangeable with the polyol
      reactant. Also, these aliphatic or alkyl-type silicate reactants may
      contain one or more siloxane groups, that is, --Si--O--Si--, in aliphatic
      or cyclic and cross-linked configuration. Thus, the silicon atoms may be
      bonded through oxygen to 1, 2, 3 or 4 other silicon atoms with its other
      valences being satisfied with an organic radical of the types described
      herein. The silicate reactant, when in siloxane form, will often have up
      to about 5 or 10 silicon atoms per average molecule, and preferably not
      more than an average of about 6 silicon atoms. If the silicate reactant is
      hydrolyzed to a greater extent, its structure may contain a larger number
      of the siloxane groupings, and they may be in cyclic, crosslinked
      configuration. When the silicate reactant is hydrolyzed, I prefer it to be
      up to about 75% hydrolyzed, preferably up to about 45% hydrolyzed for
      single package paints. For two package paints, the preferred extent of
      hydrolysis is up to about 75%. Mixed or blended silicates differing in
      extent of hydrolysis may also be useful reactants. With hydrolyzed
      silicates, the reaction with polyol decreases cure time and this is a
      particularly important property with silicates that are hydrolyzed below
      about 75% since these products also have longer shelf-life than higher
      hydrolyzed products. The siloxane-type structures are considered herein to
      be ortho silicates, i.e. the four valences of the essential silicon atoms
      are bonded through oxygen atoms to either carbon or another silicon atom
      in cyclic, cross-linked, or aliphatic chain configuration.
PAR  The ortho silicate reactants employed in making some the binder components
      of the present invention include, among others, those having the formula:
      ##EQU2##
      in which the R groups may be similar or dissimilar alkyl-type radicals
      having up to about 4 or 6 carbon atoms, e.g. alkyl, hydroxyalkyl,
      alkoxyalkyl, hydroxyalkoxyalkyl, carboxyalkyl and the like, and y is 0 or
      a number up to about 5, 6 or 10 or more, e.g. about 3 to 9, to provide a
      siloxane structure. Preferably, y does not exceed about 7 for the average
      molecule. The siloxane structures may be disposed in a simple single ring
      or may be in multiple, rings formed by cross-linking, e.g., as represented
      by the following examples:
      ##SPC1##
PAL  The R groups may be the same or different in a given reactant. Also, most
      of the R groups are not stearically-hindered to the extent that the
      reaction will not take place. Included among these useful R groups are
      alkyl of up to, for instance, 4 carbon atoms, e.g., methyl ethyl, propyl
      and butyl groups. Tetraethyl ortho silicate, polymeric ortho silicates of
      about 4 to 10 silicon atoms per molecule, ethoxyethyl or methoxyethyl
      silicates, mixed esters of alkyl and alkoxyalkyl silicates, and the like,
      are highly preferred reactants. The mixed ester silicates may especially
      have ester-exchangeable groups which are predominantly alkoxy alkyl. The R
      groups may also be alkoxyalkyl or carboxyalkyl radicals of 2 to 6 carbon
      atoms, such as ethoxyethyl, methoxyethyl, carboxymethyl and the like.
      Another type of alkyl ortho silicate which may be employed in making my
      binders are those in which one or more R groups are hydroxyalkyl such as
      hydroxyethyl, hydroxypropyl, and the like, or R groups in which are
      contained both ether and alcohol oxygen atoms such as
      hydroxyethyloxyethyl, and in the case of the latter, only minor amounts
      may be desirable due to the low volatility of this substituent. The ortho
      silicates which can be employed in preparing the binders of the present
      invention may contain minor amounts of other ingredients, some or all of
      which may be of silicate configuration and monomeric or polymeric in form.
PAR  A preferred essentially monomeric reactant is a tetraethyl ortho silicate
      containing, for instance, about 75 to 95% or more monomer, and a small
      amount, for instance, about 4 to 10 or 20% of dimer having the formula:
      ##EQU3##
      as well as a minor amount of higher polymers. One product of this type
      which is commercially available is designated "ethyl silicate condensed,"
      and contains about 90 to 95% of tetraethyl ortho silicate, 4 to 9% of the
      above dimer in which R is ethyl, and a small amount, say about 1%, of
      higher polymers. A highly preferred reactant is commercially available
      under the name of "Ethyl Polysilicate 40" , which may not only be
      transesterified by reaction with polyol, but also with monohydric
      compounds such as 2-ethoxyethanol, 2-methoxyethanol, and the like to give
      mixed ester products. The ortho silicate reactant may thus include various
      monomers and polymers and mixed monomers and polymers of the ortho
      silicate type, having minor amounts of silanes, having a minor amount of
      carbon-to-silicon bonds, and having carbon--oxygen-silicon linkages, with
      or without silicon-oxygen-silicon linkages. Materials of these types may
      include minor amounts of tri- or di-alkoxy silanes containing other
      radicals attached by a carbon-silicon linkage, as well as polymers of
      these various materials. Thus, the alkyl ortho silicate may have a
      co-mixture of an alkyl silicate, such as tetraethyl ortho silicate and
      polymers thereof, and a mono- or di-alkyl or aryl, alkoxy silane, such as
      propyl trimethoxysilane, to form a product containing the reacted form of
      such materials. The silicon-carbon bond may in some instances increase the
      water repellancy of the protective coating and offers the possibility of
      the organic portion of the product having functional groups which may bond
      to a functional group on a plastic top coat or an antifoulant coating
      material to improve the adhesion to a substrate.
PAR  The polyol silicate binders of this invention are essentially reaction
      products of the above-described ortho silicates with aliphatic, including
      cycloaliphatic, polyols which are preferably diols or triols, but may have
      many hydroxyl groupings per molecule. The essential polyol reactant may be
      partially etherified or otherwise modified providing it has at least 2
      free hydroxyl groups per average molecule to participate in the
      ester-exchange reaction. Other hydroxy-bearing materials may be present
      and may or may not ester-exchange with another reactant, e.g. the ortho
      silicate reactant. Thus, the polyol-silicate reaction mixture may contain
      a monohydroxy reactant such as an alkanol, ether alkanol or the like, and
      such monohydroxy material may be mixed or ester-exchanged with the polyol
      silicate while or after the latter is formed. Although the polyol or
      monohydroxy material may have a molecular weight of up to about 200 or 400
      or more, especially if they are polyoxyalkylene polyols, such as the
      polyoxyalkylene glycols, e.g. polyethylene glycols, or alkyl-capped,
      polyoxyalkylene polyols, the polyols and monohydroxy materials often have
      molecular weights up to about 100. Higher molecular weight polyols are
      usually a minor molar amount of the total polyol employed with the lower
      molecular weight polyol being the major amount. Preferred polyols are
      ethylene glycol, propylene glycol and glycerol, and ethylene glycol is the
      most highly preferred polyol reactant from both the product quality and
      cost standpoints. Although the polyol silicate binders of this invention
      consist essentially of carbon, hydrogen and oxygen, they may contain other
      elements such as nitrogen, as is the case when diethanol amine or
      triethanol amine is employed as a polyol reactant, although these polyols
      may not be preferred. The polyol silicates derived from
      nitrogen-containing polyols may be employed along with polyol silicates
      derived from other polyols, and such mixtures may be prepared by physical
      admixing or sequential ester-exchange. Such mixtures preferably contain a
      major weight portion of polyol silicates derived from non-nitrogenous
      polyols, and a minor amount of the nitrogen-containing polyol-derived
      polyol silicate sufficient to improve the stability of the compositions.
      The use of nitrogen-containing, polyol-derived polyol silicates may serve
      to reduce lumping of the zinc dust and gassing of the composition. Other
      polyols which may be employed in making the binders of the invention
      include diethylene glycol, trimethylene glycol, triethylene glycol,
      dipropylene glycol, tripropylene glycol, polyethylene glycols, trimethylol
      propane, 1,6- or 2,6-hexanediol, neopentyl glycol, 1,3-butylene glycol,
      pentaerythritol, sorbitol, hexylene glycol, partially-esterified polyols,
      cyclopentanediol and the like. Mixtures of these polyols may also be
      reacted, especially those which contain a major portion of ethylene
      glycol, propylene glycol or glycerol. The choice of polyol may affect the
      gelling characteristics of the product, for instance, if higher molecular
      weight polyols having several hydroxyl groups are used, proper adjustment
      to lower ratios of polyol with respect to the silicate reactant on the
      basis of the number of hydroxyl groups per ester-exchangeable group in the
      silicate is advisable, and the extent of alcohol removal or addition from
      the ester-exchange reaction mixture may be varied to obtain a hard,
      adhesive coating, yet having a mixture that will not gel as a single
      package, zinc-containing paint due to excessive cross-linking. The use of
      polyols having more than 3 carbon atoms may lead to slower curing
      products, especially as the ratio of polyol to silicate increases and thus
      the use of polyols having up to 3 carbon atoms is preferred for materials
      having no residual organic materials in the coating. Similarly, the
      gelling characteristics of the reaction mixture and properties of the
      coating compositions may be affected, depending upon the choice of the
      silicate reactant and the extent of
      ##EQU4##
      and silicon-carbon bonds that may be present. The use in high ratios to
      silicate of higher molecular weight glycols or other polyols having other
      groupings thereon and less volatile, may lead to products which are
      slow-curing and give soft coatings due to their low volatility. This may
      indicate the use of only minor molar amounts of these polyols based on the
      total polyol reacted.
PAR  The ester-exchangeable, monohydroxy components which may be ester-exchanged
      into the polyol silicate reaction products of this invention are
      monofunctional materials, and they generally have a higher boiling point
      than the alcohol formed as the result of this ester-exchange. These
      monohydroxy materials may have a molecular weight up to about 300 to 400
      or more, usually a molecular weight below about 100, and they often
      consist essentially of carbon, hydrogen and oxygen. Among these
      monohydroxy reactants are the alkanols, ether alkanols, keto alkanols and
      the like having, for instance, up to about 24 carbon atoms, but preferably
      up to about 4 or 8 carbon atoms. Thus, materials such as branched alcohols
      may be used to impart stability to the coatings ultimately formed, and, in
      this respect, even t-butyl alcohol and 2-ethylhexyl alcohol may be
      employed, although not preferred. Among the useful alkoxy alkanols are
      methoxyethanol, ethyoxyethanol, and the like. Alkyl-terminated ether
      glycols may also be reacted, e.g. methyl-terminated diethylene glycol,
      CH.sub.3 OCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 OH. When used, the low
      volatility, monofunctional, polyethers are preferably present in minor
      amounts compared with the highly desirable alkyl-terminated monoether
      alcohols such as 2-ethoxy ethanol and methoxyethanol. The amount of
      monohydroxy material reacted during the formation of the polyol silicate
      or subsequently, any range from very small proportions up to preferred
      amounts sufficient to ester-exchange with essentially all of the
      ester-exchangeable groups of the polyol silicate, and even amounts in
      substantial excess being present as a solvent. Preferably the amount of
      monohydroxy material is sufficient to stabilize the polyol silicate
      against gelling and may vary according to the ratio of polyol to silicate
      reacted, the extent of hydrolysis of the silicate, and the presence of
      zinc or other fillers or polymeric materials such as polyvinyl butyral in
      the composition. The ester-exchange reaction can be conducted under the
      conditions disclosed herein for forming the polyol silicates of this
      invention.
PAR  In the case of polyol silicates made from siloxane reactants having a
      plurality of
      ##EQU5##
      bonds, the presence of substantial amounts of monohydroxy materials in the
      product or the reaction mixture in which the polyol silicate is formed,
      can serve to reduce the gelling tendencies of the polyol silicates when
      metallic zinc is or is not present. This stabilizing effect is
      particularly apparent when the monohydroxy material is alkoxy alkanol.
      Preferably, this amount is a substantial molar excess of monohydroxy
      material based on the ester-exchangeable groups of the polyol silicate.
      Apparently, even at low temperatures in the presence of an acid catalyst,
      the monohydroxy material ester-exchanges into the polyol silicate
      structure, and this reaction takes place much more rapidly at elevated
      temperatures.
PAR  The ratio of silicate and polyol reactants reacted in making the binders of
      the present invention may affect the structure and properties of the
      resultant products, as well as the manner in which they may be used in
      coating compositions. Generally, the binder reaction products are made by
      reacting polyol and silicate in amounts such that the ratio of hydroxyl
      groups supplied by the reacted polyol is about 0.15 to 1.8 moles per mole
      of ester-exchangeable group provided by the reacted silicate, preferably
      this amount is about 0.35 to 1.5:1 or even about 0.5 to 1.3:1, or, in the
      case of monomeric silicates, even about 0.5 to 0.9:1. These preferred
      amounts are especially advantageous in making single-package,
      zinc-containing, galvanic coating compositions. In the case of tetraalkyl
      silicate and glycol reactants, these amounts may correspond to about 0.7
      to 3.5 moles of glycol per mole of tetraalkyl ortho silicate, preferably
      about 0.7 to 3:1 or even about 1 to 1.9:1. In the case of silicate esters
      having siloxane polymers therein and having an average of about 5 to 7
      silicon atoms per molecule, ratios of about 0.3 to 3.5, preferably about
      0.7 to 3.5, moles of hydroxy group supplied by the reacted polyol per mole
      of silicon atom in the siloxane, are preferred. Minor amounts of unreacted
      polyol may also be present in the products and serve as a solvent or
      suspending agent for the zinc dust, although the amount of unreacted
      polyol should not be so great as to cause gelling.
PAR  Generally, with the presence of many siloxane groupings in the molecule of
      the silicate reactant, smaller amounts of polyol per unit of siloxane may
      be used to produce coating compositions of desirable curing
      characteristics. As the number of siloxane groupings increases in the
      silicate reactant, the use of smaller amounts of polyol per silicate unit
      ##EQU6##
      in the polysilicate molecule may be necessary to prevent gelling because
      of the large number of sites per molecule available for cross-linking, and
      thus, especially with highly hydrolyzed silicates, the tendency to gel is
      great if the polyol silicate products are not highly diluted with a
      solvent, preferably with a stabilizing monohydric alcohol or alcohol ether
      compound such as 2-ethoxy ethanol, and in the highly hydrolyzed binders,
      the silica content of the ester-exchange product may be about 14% or less
      in order to be stable to gelling tendencies.
PAR  The preferred reacted ratio of glycol to silica in the binder changes with
      the extent of hydrolysis of the silicate, and may also be described in the
      terms of the pounds of glycol per 100 pounds of silica present in the
      binder for preferred curing characteristics and stability against gelling.
      For instance, the monomer, tetraalkoxy or tetraalkoxyalkyl silicate, when
      essentially 0% of hydrolyzed (unhydrolyzed) may have an optimum ratio
      range of around 105 to 200 lbs. of glycol for each 100 lbs. silica (calc.
      SiO.sub.2 of mol. wt. 60) present in the binder; for the dimer of this
      silicate having about 25% hydrolysis, the optimum ratio may be around 80
      to 105 lbs. of glycol for each 100 lbs. silica present in the binder. When
      using a silicate which is about 40% hydrolyzed, e.g. ethyl silicate 40
      having an average of about 5 silicon atoms per molecule, an optimum ratio
      of about 55 to 140 lbs. of glycol per 100 lbs. of silica may be present in
      the binder. For a silicate that is hydrolyzed to about 70%, it may be
      necessary and advisable to react only about 10 to 50 lbs. of glycol for
      each 100 lbs. silica in the binder to achieve adequate shelf life and
      adequate curing of the coating. The latter binder is useful in two package
      systems having limited shelf life and should be highly diluted with
      monofunctional hydroxy compounds to achieve non-rapid gelling
      characteristics. It must be noted, however, that as the hydrolysis
      increases, the stability of both the polyol silicate and the slurry
      containing the polyol silicate and zinc decreases, and dilution with
      adequate monofunctional compound and adjustment of pH (buffering) to
      prevent rapid gelling become increasingly more necessary. The binder
      stability is far longer than the zinc slurry, since the zinc tends to
      react with the higher hydrolyzed binders. For instance, a polyol silicate
      made from a 95% hydrolyzed silicate may have a can life in the presence of
      zinc dust of only 1 day or even 5 hours before gelling, while the can life
      of a polyol silicate made from a 40% hydrolyzed binder may be many years,
      even in the presence of zinc dust, particuularly when buffering agents
      (fillers) are present. The can life of a polyol silicate made from a 95%
      hydrolyzed silicate and having no zinc dust may be no longer than a few
      weeks when highly diluted with monofunctional solvent and having a less
      acidic pH, while the can life of a 75% hydrolyzed silicate derived binder
      is much longer, particularly when diluted with a monofunctional-OH
      solvent. For a binder made from a 40% or less hydrolyzed silicate diluted
      with some monofunctional-OH solvent may have a shelf-life of many years
      under sealed ambient conditions. It should be noted that the presence of
      the glycol or polyol ester-exchanged into the silicate can give faster
      curing coatings with zinc dust than would ever have been possible without
      the polyol (at the same silicate hydrolysis); and hence, the addition and
      ester exchange of the polyol into the silicate helps achieve a coating
      having a rapid cure at low hydrolysis (0 to 60% hydrolyzed), where
      ordinary hydrolyzed silicates would never normally cure, without added
      accelerators, as coatings with zinc dust, and this coating would be very
      soft. The low hydrolysis of the silicate employed is advantageous because
      of highly extended can life of slurries with zinc, and hence, rapid curing
      single package compositions of polyol silicate binders and zinc dust,
      which are stable for long periods of time, and yet when applied as a film,
      cure out very rapidly to hard superior adhesive coatings. In any event,
      enough of the polyol is ester-exchanged with the silicate to give a
      product having improved rapid curing characteristics compared with those
      of the silicate reactant itself, regardless of its extent of hydrolysis,
      but being more noticeable in rapid curing at the lower hydrolysis extents
      up to about 60% hydrolyzed as compared to binders not having the polyol
      reacted therein at these lower hydrolysis extents.
PAR  I have found that silicon-to-carbon bond containing reactants or silicone
      polymers can sometimes be usefully incorporated in minor amounts in the
      novel backbone of my silicate and polysilicate products, although, for
      inorganic zinc coatings, these may not be preferred. Examples of such
      reactants which may be so incorporated are methyl triethoxy silane, propyl
      trimethoxy silane, vinyl trimethoxy silane and hydroxy functional silicone
      polymers. Cross-linking of the silicate product can be effected by
      attaching a functional organic grouping to the silicon of the silicate
      product which may then be made to chemically bond to a plastic topcoat
      containing a reactive grouping.
PAR  The following table gives considerable data with regard to the physical
      form and properties observed, analytical results obtained and postulated
      chemical structures of products prepared by reacting the simplest of the
      aliphatic ortho silicate, specifically tetraethyl ortho silicate, with the
      simplest glycol reactant, specifically ethylene glycol, under conditions
      effecting an ester-alcohol exchange with accompanying near total removal
      by distillation of alcohol released from the reaction mass to show how the
      compositions change with various ratios of silicate/polyol, and the
      chemistry involved. This study was conducted to establish the structure of
      the tetraalkyl silicate-glycol ester exchange products, and the chemistry
      could be extrapolated to polysilicate/polyol reactants, but because of the
      number of available reaction sites and cross-linking possibilities, only
      characterization of the products from monomer reactants was attempted.
      These products were made by removing essentially all alcohol to the point
      of gelling of the product to show how the structures change upon curing.
PAR  Certain information has been omitted from the table in the interest of
      conserving space. Such information includes the following: As to the
      boiling points of the glycol alkyl silicate reaction products of my
      invention, the mole ratio of glycol to silicate is important. When the
      ester-exchanged and reacted mole ratio of glycol to tetraalkyl ortho
      silicate ranges from about 0.5 to below 1 glycol per mole of tetra ortho
      silicate, the resultant products are extremely thermally stable and
      contain structures having predominately the following grouping when
      ester-exchanged released alcohol is removed, causing the bridged structure
      to predominate:
      ##EQU7##
      where n is greater than 1 and the R' groupings are alkoxy. As the ratio of
      glycol to tetraalkyl ortho silicate is progressively increased from 1 to
      less than 2, the structure of the silicate progressively changes from
      bridged to pendant glycol which, with excessive heating and removal of
      monofunctional compounds, gels the resultant polymer, possibly through
      cross-linking-ester exchange condensation of pendant polyol groupings with
      monofunctional alcohol groupings on the silicate, and possibly resulting
      in rearrangements with release of alcohol from the predominant structure
      present in this ratio range which must be carefully made so as to not
      exceed the temperature and degree of alcohol removal where gelling and
      rearrangement occur. As the ratio of glycol to silicate increases from 2
      to 3.5:1, the ratio of pendant to bridged glycol structures increases even
      more when alcohol is removed. These products may be characterized by the
      above structure wherein n is usually only 1 or 2 and the R' groupings are
      both alkoxy and pendant glycol (hydroxyakyloxy). At ratios of over 4 moles
      of glycol/1  mole tetraalkyl silicate, the structure is
      ##EQU8##
      and this material is well-known and distillable under vacuum.
PAR  As to the physical forms of my reaction products, they are all colorless
      and range from non-viscous through viscous, syrupy, semi-solid, but
      flowable, to semi-solid and non-flowable substances. As to the
      solubilities of my products as identified in the following table, product
      No. 1 is soluble in all hydrocarbon solvents and oxygenated organic
      solvents, but insoluble in water;
PAR  No. 2 is soluble in aromatic hydrocarbon solvents; insoluble in paraffinic
      hydrocarbons, soluble in oxygenated solvents; and insoluble in water;
PAR  Nos. 3 through 6 have the same solubilities as No. 2;
PAR  No. 7 is insoluble in aromatic hydrocarbon solvents, soluble in ketones and
      insoluble in water;
PAR  No. 8 is insoluble in most organic solvents except hot alcohol and
      compounds having an active hydrogen.
PAR  It should be noted that any of the above will be water-soluble if water is
      very slowly added to acidic solutions to increase hydrolysis and
      solubility, and could be classified as miscible if added extremely slowly
      to allow hydrolysis reactions to occur before adding the remaining water.
PAR  The following table gives further data as to the same reaction products
      identified above and in the table as Nos. 1 through 8. As to products Nos.
      1 through 8, the mole ratio of ethylene glycol to tetraethyl ortho
      silicate is increasing from 0.5 mole glycol/1 mole tetraethyl ortho
      silicate in No. 1, to 3 moles of glycol/1 mole tetraethyl ortho silicate
      in No. 8. As the glycol ratio is increased, the structure changes
      drastically from products having the glycol-alkyl silicate backbone
      structure,
      ##EQU9##
      in which both hydroxyls of essentially all of a given glycol molecule are
      bonded to different silicon atoms in the ratio of 0.5 to 1 mole glycol per
      mole silicate, to predominately tye pendant-type structure in which only
      one hydroxyl group of the glycol is bonded to a silicon atom. Glycol alkyl
      silicate molecules with perhaps only one or two of the
      ##EQU10##
      backbone groupings per molecule were formed when there was a mole ratio of
      1 mole of tetraethyl ortho silicate to less than 2 moles of glycol, and
      perhaps less than 1 as the ratio increases from 2 to 3.5 and the products
      had none of these backbone groups when the mole ratio was over 4 glycols/1
      silicate and substantially all alcohol was distilled therefrom. In each
      instance in making these products, I withdrew only enough alcohol to
      polymerize the reaction mixture to a very viscous, but not a solid,
      insoluble, consistency.
PAR  It is noted that in the data table, the analysis and structure postulated
      are based on average composition. It is assumed that a distribution of
      products occurs having masses higher and lower in molecular weight, but
      averaging to the given composition, and they are not just a single
      compound.
PAR  While these data are applicable to the monomer, it can readily be seen that
      siloxane polymers having a greater number of available sites for
      cross-linking by ester exchange with a polyol, behave similarly to the
      monomer and have the same ratios, based on hydrolyzable grouping on the
      silicate reactant, and similar structures, but, because of their
      complexity, are more dependent on dilution with monohydric compounds to
      prevent the cross-linking reaction of the pendant type glycol with alkoxy
      groupings on other silicate molecules because of the numerous available
      sites present for ester exchange increases as the siloxane polymer gets
      larger from increasing hydrolysis. The chemical mass action law probably
      applies wherein the affinity of the polyol grouping to undergo
      cross-linking is counteracted (or stabilized against gelling) by the
      monohydric compounds whose affinity for the silicon atom and amount
      present on equilibration with the polyol prevent such cross-linking and
      gelling reactions from occuring, as happens with the polyol until, as the
      coating dries and the reaction solvent evaporates, the cross-linking
      reaction occurs. The control of molecular weight (viscosity) of the polyol
      silicate by addition or removal of monohydric compound is shown in its
      simplest form, for the monomer in equation Y below.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                                             Moles                             

     Analysis of Product                     alcohol                           

        Mole  Refrac-                        collected                         

     Pro-                                                                      

        Ratio tive                       Molec-                                

                                             per mole                          

     duct                                                                      

        Silicate/                                                              

              Index,                                                           

                   Density,                                                    

                         %   %   %   %   ular                                  

                                             of glycol                         

     No.                                                                       

        Glycol                                                                 

              30.degree.C.                                                     

                   25.degree.C.                                                

                         SiO.sub.2                                             

                             C   O   H   wt. charged                           

     __________________________________________________________________________

     1  1/0.5 1.4004                                                           

                   1.004 31.1                                                  

                             43.2                                              

                                 32.2                                          

                                     8.3 386 2/1                               

     2  1/0.9 1.4106                                                           

                   1.062 --  --  --  --  --  2/1                               

                   at 29.degree.C.                                             

     3  1/1   1.4115                                                           

                   1.075 29.9                                                  

                             --  --  --  --  1.82/1                            

     4  1/1.2 --   1.075 28.5                                                  

                             --  --  --  --  --                                

                   at 29.degree.C                                              

     5  1/1.3 1.4200                                                           

                   1.08  28  --  --  --  --  1.45/1                            

                   at 29.degree.C                                              

     6  1/1.5 1.4190                                                           

                   1.09  28  --  --  --  --  1.35/1                            

     7  1/2   1.4204                                                           

                   1.10  25.4                                                  

                             --  --  --  --   1.1/1                            

     8  1/3   1.4306                                                           

                   1.13  20.2                                                  

                             --  --  --  --  0.82/1                            

     Pro-                                                                      

        Postulated Structure                                                   

     duct                                                                      

        ("EtO") stands for                                                     

     No.                                                                       

        ethoxy        Proof of Structure                                       

     __________________________________________________________________________

        HH            The lack of absor-                                       

        .vertline..vertline.                                                   

                      bency peaks (or                                          

     1  (EtO).sub.3 --Si--OCCO--Si--(OEt).sub.3                                

                      troughs) in the IR                                       

        .vertline..vertline.                                                   

                      spectrograph in the                                      

        HH            2.7 micron region                                        

        Et            indicates no (OH)                                        

        .vertline.    group, hence sub-                                        

        HHO           stantially all of                                        

        .vertline..vertline..vertline.                                         

                      the glycol present                                       

     2  (EtO).sub.3 --Si--OCCO--Si--OEt                                        

                      must be in the                                           

        .vertline..vertline..vertline.                                         

                      backbone in the                                          

        HHO           first two example                                        

        .vertline.                                                             

        Et                                                                     

     3  82% backbone glycol 18%                                                

                      herein. Silica                                           

        pendant glycol in poly-                                                

                      content and hydro-                                       

        mer           gen, oxygen and                                          

                      carbon content all                                       

                      support the postu-                                       

     4  Contains both backbone                                                 

                      lated structure                                          

        and pendant glycol                                                     

                      shown, as does al-                                       

        groupings in polymer                                                   

                      so the weight bal-                                       

                      ance; and the IR                                         

     5  35% backbone glycol                                                    

                      NMR data indicate                                        

        65% pendant glycol                                                     

                      the ratios of back-                                      

                      bone to pendant                                          

     6  35% backbone glycol                                                    

                      type glycol in my                                        

        65% pendant glycol                                                     

                      polymer that are                                         

                      shown in the ad-                                         

     7  Some backbone glycol                                                   

                      joining column.                                          

        but predominantly                                                      

        pendant glycol                                                         

     8  Small amount of back-                                                  

                      *For explanation of                                      

        bone glycol but pre-                                                   

                      NMR date, see fol-                                       

        dominantly pendant                                                     

                      lowing.                                                  

        glycol, some free gly-                                                 

        col in the product                                                     

     __________________________________________________________________________

PAR  *The area underneath the Nuclear Magnetic Resonance (NMR) signal peaks is
      directly proportional to the type of hydrogens contributing. When the
      peaks are integrated, one gets the number (or summation) of hydrogen types
      contributing to the peaks relative to others present. When integrated, one
      obtains a ratio of methylene to methyl to methine type hydrogens. The
      structure given and the ratio of backbone to pendant glycol in the table
      of various compositions correlate with the NMR results for the predicted
      composition based on relative charges, assumed reaction, amount of alcohol
      recovered during ester-exchange occurring and also were obtained,
      elemental analysis.
PAR  The NMR of the -OH group in the pendant glycols,
      ##EQU11##
      fall in the range of frequencies 3.25 to 3.45 ppm (delta). The -OH peak is
      absent in the case of backbone glycol type structure.
      ##EQU12##
      The methylene in both the pendant and backbone glycol resonate in the same
      frequency region, and therefore cannot be used for differentiation. This
      is why the -OH is used to identify the pendant from the backbone glycol
      type. The -OH groups in Reagent Grade Glycol molecule (which is not bonded
      to the silicon atom) does not fall in this region.
PAR  Solutions were in 15% deuterated chloroform and NEAT.
PAR  While the structures of the reaction products of the polyol and monomeric
      silicate (e.g., tetraalkyl ortho silicate) are relatively simple, the
      polyol and polymeric alkyl and alkoxy alkyl silicate reaction products and
      mixed esters of these types are of relatively complex structure with
      larger molecules and many more reactive ester exchange sites. Therefore,
      bridging for the larger polymers as the extent of hydrolysis increases is
      thought to occur more easily because of the many sites available, and
      hence, to avoid excessive bridging with ultimate gelling of the products,
      more monomeric hydroxy compounds such as 2-ethoxy ethanol or alcohol may
      be necessary to compete for the sites on the silicon atom with the polyol,
      which, because the polyol is polyfunctional, tends to bridge, cross-link
      and polymerized, while the monomer hydroxy compounds inhibit and stop this
      reaction. It is, therefore, believed that as the polymeric silicate
      reactant is more highly hydrolyzed and more ester exchangeable sites are
      available for ester exchange reaction, in the presence of a large excess
      of monomeric hydroxy compounds, most of the polyol groupings are of the
      pendant type (not cross-linked) until the coating cures, due to alcohol or
      OH-compound removal upon which the hydroxyl groups of the polyol are
      cross-linked between silicon atoms present in the large molecules. This
      seems to be also true, for example, with the usual silicate reactants
      found in Ethyl Silicate 40, which is 40% hydrolyzed and has an average of
      about 5 silicon atoms per molecule and may have a broad distribution of
      monomeric, dimeric, trimeric, tetrameric, cyclic tetramer, cyclic
      pentamer, cross-linked hexamer, cross-linked heptamer-octamer-decamer, and
      so forth, to molecules having up to a maximum of about 16 silicon atoms
      per molecule. With highly hydrolyzed silicates, the cross-linked type
      structures occur have more of the silicon atoms being oxygen-bonded to a
      higher proportion of other silicon atoms as compared to oxygen bonded to
      organic radicals.
PAR  The polyol silicate binders of the present invention can be made by a
      liquid phase, ester-exchange reaction between the polyol and the silicate,
      and during the reaction alcohol corresponding to the alcohol of the R
      groups, as defined above, i.e. ROH, is formed. Although the reaction may
      proceed to an acceptable extent without the removal of the alcohol from
      the reaction mixture, it is preferred, especially with the lower boiling
      products, to remove at least some or even a major portion, if not
      substantially all, of the low boiling alcohol formed and replace it with a
      higher boiling material to raise the flash point of the reaction mixture.
      If a single package product is desired, it is preferable to remove only
      enough of the alcohol to provide a stable product having a sufficiently
      high flash point. This may be a major portion of the alcohol formed. The
      alcohol can be removed by distillation after the reaction or during the
      reaction where the polyol reactant and alkoxy alkanol reactant have higher
      boiling points than the alcohol formed. It is most advantageous to remove
      a portion of the alcohol from the reaction mixture and replace it with an
      alkoxy alkanol, especially where the polyol-ortho silicate product is
      employed to form high flash point, single package metallic zinc-containing
      compositions.
PAR  The extent of the alcohol removal from the reaction mixture may affect the
      molecular weight and gelling tendencies of the product since this removal
      can permit the cross-linking reaction to proceed. Generally, the
      ester-exchange is not allowed to be conducted to the extent that a
      solvent-insoluble product is obtained or gelling occurs when zinc dust is
      added to the product to form a paint, since this would make the polyol
      ortho silicate product virtually useless in coating compositions. It is
      preferred that the reaction be stopped well before the product is
      substantially gelled or will gel in contact with zinc dust, to the point
      of insolubility, although if gellation has not proceeded too far, the
      molecular weight, viscosity and tendencies of the product to gel may be
      reduced by the addition and reaction, e.g. by chain-termination, of
      alcohol back into the product. An example of this type of reaction for a
      monomeric silicate is as given below, and the general stabilizing or
      anti-gelling effect is observed to occur for higher siloxane polymers as
      well, and hence, this controls the tendency to gel or become objectionably
      viscous:
      ##EQU13##
      If excessive alcohol is present, the entire highly polymeric structure may
      be broken down. The reaction occurs more slowly at lower temperatures. The
      binder resulting from excess alcohol addition has a lower flash point and
      poorer properties in zinc-silicate coatings. Alkoxy alkanols as solvents
      are highly preferably to alcohols and it is highly advisable to have a
      minimum of low molecular weight alcohol in the binder as solvent both from
      a standpoint of flash point and cure rate of the zinc film. The presence
      of the alkoxy alkanol may counteract any undesirable result due to any
      alkanol in the product.
PAR  The ester-exchange reaction employed to make the polyol silicate binders of
      this invention generally takes place at elevated temperatures, for
      instance, about 50.degree. or 80.degree. to 150.degree. or 160.degree.C.,
      preferably about 90.degree. to 130.degree.C. The use of an ester-exchange
      catalyst may be necessary to obtain the desired reaction, and a small
      amount, e.g. a trace, or a relatively strongly acidic catalyst, for
      instance, having a dissociation constant at 25.degree.C. of at least about
      0.001, such as sulfuric acid or hydrochloric acid, is highly preferred for
      the silicate-polyol reaction, especially when the latter does not contain
      nitrogen. After the exchange reaction, the acidic catalyst can be removed
      as by distillation, neutralization, reaction, adsorption on a filler, or
      ion exchange. In some instances, a separate catalyst may not be necessary,
      for example, when the polyol reactant contains a nitrogen atom, e.g. as
      with diethanol amine or triethanol amine, or when an alkoxy alkanol or
      another material present in the reaction mixture exerts a catalytic
      effect. For instance, if the reaction mixture contains a material having a
      carbonsilicon bond, e.g., alkyl trialkoxy silane, the reaction may proceed
      adequately in the absence of a separate catalyst, although the product is
      superior as a coating when acid is present. Other materials that may
      provide a catalytic effect are compounds which may participate in the
      ester-exchange reaction such as the alkyl titanates, e.g. butyl titanate
      or alkyl borates, aluminum alcoholates, but their use is not necessary and
      may not be advisable. The ester-exchange reaction system and the product
      may be essentially anhydrous, at least to the extent that insufficient
      water is present to cause the product to gel or cure to an essentially
      solvent-insoluble material. The presence of small amounts of water may not
      be unduly deleterious and may lead to partial hydrolysis of the product in
      situ. The polyol ortho silicate binder reaction products of this
      invention, exhibit substantial, and preferably essentially complete
      solubilty in, solvents for instance, methyl ethyl ketone, 2-ethoxy
      ethanol, and the like, and in some areas the products may react with this
      solvent on standing.
PAR  The polyol ortho silicate binder reaction products of the present invention
      may be by other procedures, and these include an ester-exchange system
      involving the reaction of the ortho silicate, e.g. tetraalkyl ortho
      silicate, tetraalkoxyalkyl silicate mixtures thereof of tetra ortho
      silicates having both alkyl and alkoxy alkyl groups attached to the same
      silicon atom, with a larger amount of the polyol, for instance, by using a
      ratio of greater than 1.8, especially greater than 2 moles of hydroxyl
      group supplied by the polyol per mole of ester-exchangeable group in the
      ortho silicate reactant. Polymeric forms of these silicates may also be
      used as reactants in this procedure. This reaction produces a material
      which can be designated a silicon tetraglycollate in the case of reacting
      a monomeric silicate, i.e. Si(OMOH).sub.4 wherein M is the residue of the
      glycol. This intermediate can then be reacted with additional tetraalkyl
      or tetraalkoxyalkyl silicate or their polymeric forms to provide the
      polyol silicate reaction product of this invention. These reactions can be
      illustrated in simplified form as follows:
      ##EQU14##
      wherein R is ester-exchangeable alkyl, hydroxy alkyl of alkoxyalkyl of,
      say, up to about 4 or 7 carbon atoms, M is the glycol minus its 2 hydroxy
      groups, and x is 1 or more. The removal of the ROH drives the
      polymerization reaction more to completion, and when not removed, the
      glycol groups may be pendant. The overall ratio of polyol or ortho
      silicate reactants supplied to this system can be controlled by the amount
      of the reactants in the second reaction and to supply the desired ratio of
      polyol to ortho silicate as herein designated for making the reaction
      products of this invention. There can also be incorporated in the second
      reaction a variety of other reactants, e.g. polysilicates or silicone
      monomers and polymers, to make products useful in coatings. Also, various
      other reactants such as monohydroxy materials and polyols having at least
      2 functional hydroxy groups per molecule of the types mentioned herein,
      can be present in the second reaction providing the overall ratio of
      polyol, monohydroxy reactant and ortho silicates are in the ratios set
      forth herein for my desired binder products. Generally, in the second
      reaction, the amount of the ortho silicate, e.g. (RO).sub.4 Si, present
      provides about 0.2 to 11 moles of ester-exchangeable group, per mole of
      functional hydroxy group in the intermediate silicate, e.g.
      Si(OMOH).sub.4, and preferably this amount is about 0.3 to 5:1 or even
      about 0.3 or 1.1 to 3:1. The initial reaction of ortho silicate may be
      conducted with excess polyol while optionally removing by distillation
      alcohol formed in the reaction, and optionally continuing this separation
      until the reaction mixture is in an essentially semisolid condition. Then,
      the additional ortho silicate can be added and reacted, optionally with
      further removal of alcohol by distillation, to prepare binder products of
      the present invention. These ester-exchange reactions can be conducted
      under the conditions disclosed herein for this type of reaction.
PAR  The ester-exchange reaction by which my polyol silicate binder products are
      made, can be conducted in the absence of the addition of separate or
      extraneous solvent, although I prefer that at least some solvent be
      present before the reaction is completed in order to lower the viscosity
      of the product during the latter stages of the reaction, and to facilitate
      its handling and prevent its gelling in the presence of zinc. The polyol
      silicate binder is usually the bottoms or residual material in the
      reaction vessel at the conclusion of the ester-exchange, and all or a
      portion of any organic solvent added to the system may also be in the
      bottoms. When a solvent is employed during a reaction, it may often be
      present in amounts from about 5 to 400, preferably about 25 to 300, weight
      percent, based on the polyol silicate reaction product formed. The solvent
      may also be added to dilute the reaction product after the ester-exchange
      is complete, and this addition may be used alternatively or in conjunction
      with the addition of solvent before or during the reaction. Regardless of
      the time and manner of adding the solvent, it is advantageous to prepare a
      solvent solution of the polyol silicate binder for further handling or
      usage. Frequently, these solutions contain at least about 0.1 weight part
      of solvent per part of polyol silicate, and preferably about 0.5 to 10
      weight parts of solvent per part of polyol silicate, including as solvent
      any alcohol present in the composition. While in some instances it may be
      preferable to remove some of any lower flash point alcohol formed in the
      ester-exchange reaction, removal of alcohol ether, e.g. alkoxy alkanol,
      formed in the ester-exchange is not as significant and its presence may be
      advantageous because of its higher flash point and to improve the
      stability of the product.
PAR  The organic solvents which can be included in the polyol silicate reaction
      products of this invention, either before, during or after the reaction,
      include the normally liquid organic solvents which are essentially inert
      to objectionable reaction with the polyol silicate binder reaction
      products and metallic zinc if the latter component is to be included in
      the composition for extended periods of time as in the single package
      systems. Thus, the solvent component can be essentially one which
      dissolves the polyol silicate in the presence of zinc dust and will not in
      the time the composition is stored before being applied as a coating,
      cause significant deterioration of the coating of excessive gassing,
      settling out in the can or lumping up due to excessive reaction with zinc
      dust. The problems are minimized and less important when two-component
      systems are used. The solvents are generally essentially anhydrous, at
      least to the extent that they do not cause undesirable gelling of the
      polyol silicate reaction product through reaction with any water present.
      If the solvent is added before the zinc dust is included in the
      composition, the polyol silicate may react with moisture present to form
      an essentially anhydrous system and prevent excessive gassing. Among the
      useful solvents are ketones, e.g., the methyl ketones such as methyl ethyl
      ketone, especially those ketones other than acetone which may react with
      zinc or zinc chloride or oxide if present; hydrocarbons such as aliphatic,
      aromatic, or mixed hydrocarbon solvents; glycol ethers; ethers; alcohols;
      ether alcohols; keto alcohols; esters; and other essentially neutral,
      non-reactive (with zinc dust) solvents composed essentially of carbon and
      hydrogen and with or without one or both of oxygen and nitrogen. Lower
      flash point alkanols are usually undesirable in most paints, although some
      may be present to stabilize the composition against gelling. Mixtures of
      the various solvents may also be employed and examples of suitable
      solvents are xylene, toluene, naphtha, naphtol spirits, methylethyl
      ketone, kerosine, mineral spirits, methylisobutyl ketone, cyclohexane,
      2-ethoxyethanol, 2-methoxyethanol, ethanol, t-butyl alcohol, isopropanol,
      and the like. It may be advantageous in this invention to use solvents
      composed to a substantial extent, e.g. at least about 10 weight %, of
      alkoxyalkanol or methyl ketone. For instance, in the case of polyol
      silicate binder compositons in which metallic zinc is present, the
      alkoxyalkanol solvent can be used with advantage as a stabilizer, and
      optionally may be a major molar amount based on the total moles of
      ester-exchangeable groups on the polyol silicate plus the moles of
      monohydroxy solvent present. The solvent may even be composed
      predominately or essentially entirely of alkoxy alkanol, alkanol or
      hydrocarbon or their mixtures. This may be the case when, for instance,
      the polyol silicate reaction product is made from a silicate whose
      ester-exchangeable groups are predominantly alkoxy or alkoxy alkyl and the
      silicate has up to about 10 SiO groups per average molecule. In
      compositions containing the polyol silicate and zinc, the solvent may even
      be composed of a sufficient amount of methyl ketone other than acetone,
      e.g. methyl ethyl ketone with or without alcohol, to stabilize the polyol
      silicate against gelling, and such amounts are often at least about 10 or
      at least about 25 weight percent of the total solvent. The methyl ketone
      solvents are very susceptible to reaction and gelling with some of the
      polyol silicates of this invention if the pH is not buffered, as for
      instance with one or more weakly basic materials such as unsaturated,
      heterocyclic amines, or finely divided hydrated alumina or chrome oxide
      filler or a magnesium or calcium silicate, or added zinc dust which itself
      may change the pH enough to prevent the exothermic reaction between the
      polyol silicate and methylethyl ketone or other ketone solvent. The
      solvent component may have a boiling point below about 200.degree.C.,
      preferably below about 140.degree.C., and may also have a Kauri-Butanol
      value (ASTM D1133) of over about 50, preferably over 60. For single
      package formulations in which the solvent, polyol silicate reaction
      product and zinc dust are in contact for long periods of time, the solvent
      component may also have a dielectric constant of preferably less than
      about 18. For two-package formulations, this property may not be
      important, and glycol esters, alcohols and solvents of higher dielectric
      constant can be employed without causing lumping of zinccontaining filler
      components into a difficult-to-use form in the bottom of its container.
PAR  It has been discovered that in order to produce faster curing and harder
      coatings from compositions in which the polyol silicate binder has
      alkoxyalkyl groups, the solvent present should have a more rapid rate of
      evaporation than the bonded groupings on the silicon atoms of the
      silicate. For instance, if the groupings on the silicate are ethoxyethyl
      then the major portion of solvent or diluent should preferably be one that
      evaporates more rapidly than 2-ethoxyethanol if a less porous, stronger
      film is desired. The solvent should evaporate before the coating cures,
      and if the solvent is present when the coating cures, the cured coating
      will be softer and more porous and have less strength and less abrasion
      resistance.
PAR  The galvanic protective coating compositions of the invention are comprised
      essentially of the polyol silicate binder and finely divided particulate
      filler containing metallic zinc as an essential ingredient. The metallic
      zinc component of the filler may be elemental zinc or a zinc alloy higher
      than iron in the electromotive series of metals. These finely divided zinc
      materials may be referred to as dust and often they may have particle
      sizes below about 50 microns, but for some compositions, courser particles
      may be used. The preferred size range for the zinc dust is about 2 to 10
      microns. The zinc component is galvanically-active and often contains at
      least about 85 or 90, preferably over 99, weight % zinc with or without a
      small amount of zinc oxide. The galvanic protective coating compositions
      contain a sufficient amount of metallic zinc to provide a galvanic effect
      when the coating composition is cured on a ferrous substrate. The amount
      of metallic zinc based on the total weight of the polyol silicate and
      zinc, or on a cured coating basis, may be at least about 1 weight %. The
      amount of zinc is often at least about 40 weight %, and preferably about
      50 to 95 or 98 weight %, on the same bases. This amount is not so high or
      low that the composition is not suitable for its intended use. These
      galvanic protective compositions may also contain an organic solvent, e.g.
      of the types and in the amounts described above, and preferred
      compositions of the invention contain a solvent in an amount to provide a
      coating formulation of satisfactory viscosity considering the other
      ingredients present and the contemplated use for the composition.
PAR  My coating compositions containing the polyol silicate binder reaction
      product may have inorganic fillers, as well as various other components
      added to provide beneficial effects. Thus, the composition may contain one
      or more essentially organic solvent-insoluble components, and these
      materials are often naturally-occurring or synthetic mineral materials in
      finely divided form. The fillers may be, for instance, oxygen-containing
      forms of various metals, including silica in its various forms, or the
      oxides or silicates of aluminum, zirconium, zinc, tin, magnesium,
      chromium, titanium, iron and mixtures of such materials. The
      naturallyoccurring minerals may be of the acidic, basic or neutral or
      amphoteric types. The preferred materials for single component
      compositions include one or more of talc, hydrated alumina, alumina,
      chrome oxide, novaculite silica, iron phosphide, and minor amounts of
      suspending clays such as bentonite, montmorillonite, suspending asbestos
      or talcs, in addition to the zinc dust -- although a great variety of
      fillers may be used. Of all the fillers and diluents for the zinc, alumina
      imparts much greater life and hardness to the zinc silicate coatings of
      this invention, inhibiting white zinc rust formation, and extending life
      in moist and salty atmospheres without causing stability problems. A
      greater effect of the use of alumina and iron phosphide with the zinc
      filler was noted in long aging of these coatings and dilution of the zinc
      with as much as about 60% of alumina is possible in thicker, higher build
      coatings using the novel polyol silicates of the invention. Alumina is an
      inexpensive diluent for the zinc and imparts stability to the paint and
      hardness to the resulting coatings without decreasing the coating life
      greatly. Both montmorillonite clay and neutral talc, as finely divided
      fillers, impart smoothness to the zinc films and improve coating life as
      diluents for the zinc dustpolyol silicates, used in my invention.
PAR  The amounts of these non-zinc inorganic fillers that may be included in the
      compositions of this invention are not so great that an unduly deleterious
      result is obtained, for instance, they should not in single-package
      compositions cause undesirable gelling or gassing of the composition.
      Moisture in the filler is not desirable in single-package compositions,
      and the filler, in the absence of zinc dust, may be dried by allowing it
      to stand or by heating it with the polyol silicate prior to addition of
      the zinc. The moisture can react with the polyol silicate, and if the
      moisture is present in minor amounts, its reaction with the polyol
      silicate should do litte harm. The gelling and gassing effects have been
      observed where excessive amounts of moisture in the solvent or in hydrated
      minerals was present and they were not included in the compositions
      sufficiently in advance of the zinc dust to permit reaction of the
      moisture with the polyol silicate. Often, the amount of the inorganic
      filler other than metallic zinc, which may be included in the compositions
      is about 0.1 to 1000 weight percent, preferably about 1 to 600 weight
      percent, based on the polyol silicate present, and depending on the filler
      type, absorption and ultimate use. The total amount of metallic zinc based
      on the total of the inorganic fillers and zinc in the galvanic coating
      compositions may be as little as about 10 weight percent or less, but is
      preferably more than about 50 weight percent where a good galvanic coating
      is important.
PAR  It may be advantageous to include zinc oxide in some of the compositions,
      especially the multi-package compositions, of the present invention since
      it may cause gassing or decomposition of the zinc paint on long standing
      in sealed containers, even if the zinc oxide is present in relatively
      small amounts, particularly if it has absorbed any moisture. The zinc
      oxide may accelerate curing and hardening of the coatings containing other
      fillers, particularly coatings with relatively small amounts of zinc. The
      zinc oxide can be included in the multi-package, zinc dust compositions,
      for instance, those containing the polyol silicate in solution in an
      organic solvent in one package, and zinc dust and zinc oxide in the other
      package, with or without a solvent such as methyl ketone or a compatible
      hydrocarbon. Preferred intermediate two-package systems containing zinc in
      one and polyol silicate in the other may also contain a curing catalyst,
      for instance, of the type discussed herein. The zinc oxide may be in the
      zinc package. The amount of zinc oxide in the compositions may be a minor
      proportion sufficient to enhance the curing properties when the
      composition is cured as a coating on a substrate. Finely divided metallic
      zinc may have zinc oxide formed on its surface. It may be further
      advantageous to include in certain of my compositions a total amount of
      zinc oxide of, for instance, about 1 to 50 weight percent, preferably
      about 3 to 10 weight percent, based on the zinc employed. The zinc oxide
      is preferably essentially anhydrous, e.g. essentially zinc hydroxide free.
PAR  The coating compositions of this invention may also contain a curing
      catalyst in a minor amount sufficient to increase the rate of curing when
      the compositions are applied and cured as coatings on a suitable
      substrate, and exposed to moisture, for instance, that in the atmosphere.
      These catalysts may, with advantage, be a combination of materials which,
      together with the zinc dust, filler, solvent and polyol silicate, while in
      an anhydrous state remain in an unreaction condition, but upon evaporation
      of the solvent and exposure to atmospheric moisture in a coating, catalyze
      the deposition of silica and reaction to form a fast hardening zinc
      silicate coating. For instance, weakly-basic amines such as the
      unsaturated heterocyclic amines or triethanol amine polyol silicates added
      to the paint (strong amines are generally not desirable since they may
      cause brittle coatings with poor adhesion and deteriorate the binder on
      aging) may be a curing accelerator as well as a stabilizer. Minor amounts
      of the acid salts of zinc such as zinc chloride, zinc acetate, zinc
      octoate and mixtures of the acids and acidic salts are curing
      accelerators, and it is particularly advantageous to use these salts in
      conjunction with minor amounts of weakly-basic amine buffers, an alumina
      filler, particularly hydrated alumina, or chrom oxide to stabilize the
      compositions against lumping and gassing. Other catalysts include zinc
      chromatic yellow, alkali metal alcoholates, and the like. Other catalysts
      may include minor amounts of other metal chlorides such as chrom chloride,
      magnesium chloride, aluminum chlorohydrate, etc., in conjunction with a
      weakly-basic amine stabilizer or alumina, including hydrated alumina,
      which tend to inhibit the gelling and gassing tendencies of the metal
      chloride in the presence of the zinc dust.
PAR  Other materials which act as cross-linking agents to provide rapid
      heat-curing formulations are minor amounts, say about 0.5 to 20%, based on
      the polyol silicate present of solvent-soluble copolymers such as
      methlated or butylated melamine, formaldehyde copolymer resins such as the
      commercial products known as Uformite mm83 from Rohm and Haas Co. and
      Amino Formaldehyde resin product 500-15 made by Koppers Company, or
      similar solvent-soluble amino-formaldehyde resins. These may merely be
      added during formulation of the paint. Other catalysts or coating
      hardeners may be employed and include compounds which may react with the
      zinc dust and binder during curing, e.g. chlorinated compounds such as
      CCl.sub. 4 or alkali metal alkoxides such as potassium methylate. The
      curing catalysts may be added to the polyol silicate composition at the
      time desired, and may be included in the liquid organic solvent solution
      of the binder before metallic zinc is added, or along with the zinc or
      other fillers. These compositions also preferably contain an inorganic
      filler, especially alumina, hydrated alumina, chrome oxide and talc, and
      preferably may be marketed with metallic zinc as a single package paint,
      and may be carefully buffered, or they may be marketed as a two-package
      formulation to later be combined with metallic zinc to form galvanic
      coating compositions. Thus, a particularly attractive marketable product
      may contain the polyol silicate binder, organic solvent, buffer and curing
      catalyst, with or without a filler. The amount of each of the curing
      catalyst and buffer which may be included in these various compositions is
      often about 0.00001 to 10 weight %, preferably about 0.001 to 5 weight %
      (depending on the catalyst and stabilizer), based on the polyol silicate.
      When curing catalysts are present with the filler and binder, the filler
      should not be present in amounts, considering its extent of hydration,
      that may cause slow gelling of the binder before use. This is particularly
      true with hydrated talcs, clays and the like. Curing catalyst compositions
      may be made containing an alkoxyalkanol solvent such as 2-ethoxyethanol, a
      minor amount of acidic zinc salt, e.g. zinc chloride, and a sufficient
      amount of hydrated alumina or chrome oxide and/or weakly-basic amine
      buffer which will increase the stability of the paint, yet enhance the
      curing of the coating comprising the polyol silicate in which the catalyst
      is used. The combination of a hydrated alumina, weakly-basic amine buffer
      and zinc chloride in the paint works very well-- the zinc chloride causing
      rapid curing and the alumina and weakly-basic amine buffer stabilizing the
      paint against gelling, gassing or thickening.
PAR  Curing of the film containing polyol silicate reaction product and zinc
      dust containing fillers may occur without any added curing accelerator or
      hardener; however, although it may not be necessary it may be advisable to
      accelerate the cure and to improve the hardness where abrasion of the
      coating may occur, such as on decks of ships and steelcoated walkways.
      Improved hardness and faster cures may be obtained by using catalysts
      which may cause more rapid reaction of the silicate or silicate products
      of curing and the zinc dust or filler by deposition of the silica between
      the packed zinc dust and filler particles in a more adhesive form, or
      reaction to bind the zinc particles together. Generally, the deposition of
      and/or reaction of the adhesive silicate with the zinc dust should occur
      after most of the solvent evaporates to allow better packing of the zinc
      particles and a harder film.
PAR  In two-package systems, the catalyst or accelerator may be added to either
      package, depending on which it is most compatible. The catalyst or
      accelerator may change from an inactive catalyst to an active one when the
      film containing it is exposed to moisture during curing, yet remain
      inactive with the anhydrous binder and/or zinc dust or filler. Such is
      true with esters of acids and complex metal salts which hydrolyze on
      exposure of the film to moisture in the air, or compounds which, on
      addition of the zinc dust, are released to form catalysts which accelerate
      hardening. In other cases, the accelerator, such as zinc oxide, either on
      the zinc particles or separately added to the composition, may, when mixed
      with the polyol silicate binder, upset the equilibrium by pH change and
      produce silicate structures which cure the coating more rapidly.
PAR  In other cases, two or more compounds may contribute as accelerators for
      curing and hardening, such as, for instance, hydrated alumina or magnesium
      silicate and zinc chloride or zinc chloride and alkoxy alkanols together,
      and may each be used advantageously in two-package compositions for rapid
      curing. A great variety of hardening agents are known, which may be used
      in two component compositions such as (minor amounts, e.g. about 0.0001 to
      1% based on the polyol silicate binder) acids, metal acid chlorides and
      other salts, anhydrides, hydrolyzable esters of acids, alkali alcoholates,
      zinc chromate, iron oxide, and minor amounts of lead and chrome
      components, etc. Copper compounds may cause galvanic degradation of the
      zinc coating itself.
PAR  In other cases, very minor amounts of chloride compounds such as
      hydrochloric acid, CCl.sub. 4, zinc chloride, aluminum chlorohydrate, or
      other metal chloride, may enter into a reaction with the ZnO on the
      surface of the zinc dust to give a zinc oxychloride or aluminum
      oxychloride bond insitu with the silicate-zinc bond and deposition of
      adhesive silica all contributing to form harder coatings which may have a
      tendency to mud crack. The uses of accelerators and hardeners may not be
      necessary and need not be limited to the above reactions and the actual
      reaction mechanism of the polyol silicate with zinc dust to cure as a
      galvanic protective film is unknown, and its great advantage in forming
      easier-to-use paints producing superior zinc silicate bonded zinc dust
      films was totally unexpected.
PAR  The polyol ortho silicate products of the present invention can be used to
      make either single or multiple package coating compositions of exceptional
      properties. Thus, one package or component may contain as its essential
      ingredient the polyol ortho silicate, and this component is designed to be
      mixed with another package containing finely divided zinc as its essential
      ingredient. These packages can be mixed to form a galvanically-protected
      coating composition at or near the time the composite is to be applied to
      a ferrous metal or ferrous metal scale covered supporting substrate or
      otherwise used and cured or can be made into a single component paint. The
      polyol ortho silicate in the first package of a multiple package paint can
      be made from the various ratios of polyol to ortho silicate as designated
      above, and the multiple package form of the invention is useful over the
      broad range of polyol to ortho silicate ratios disclosed herein. The
      polyol ortho silicate reaction product may be made with or without the
      removal of alcohol during or after the ester-exchange reaction, and any
      alcohol present in the product may not be disadvantageous, except to lower
      flash point and increase tendencies to dry spray. Glycol ethers can be
      used as co-solvents and tend to esterify into the compositions on standing
      and, when used as the major solvent, give less volatile and higher flash
      point compositions having a longer shelf-life. Also, the resulting
      coatings may be harder than those in which the solvent is predominantly
      hydrocarbon. In the case of the multiple package coating compositions, the
      separate packages are often combined shortly before use, and extended
      storage of the mixture is usually not contemplated. In these situations,
      the instability of the mixed product due to the conjoint presence of
      fillers, moisture impurities, the polyol silicate binder (having higher
      hydrolysis) and zinc may not be disadvantageous, since they often are
      applied as a coating prior to any reactions to cause gas, gel, form lumps
      or thicken extensively as a liquid paint.
PAR  The single-package composition or first composition or first component of
      the multiple package system often contains polyol ortho silicate dissolved
      in a solvent which may be or include the alcohol formed in the
      ester-exchange reaction or any excess polyol reactant, but the solvent
      portion of the component may advantageously be composed to a substantial,
      and preferably to a major, extent of an added or extraneous organic
      solvent of the types described herein such as an alkoxyalkanol and/or
      hydrocarbon. These solutions contain sufficient solvents so that they can
      be readily handled, and often the amount of solvent is 0 to about 600 wt.
      %, preferably about 100 to 400 wt. %, based on the polyol silicate. The
      amount employed may be affected by the binder composition and its silica
      content. The polyol silicate component or the finely divided zinc
      component of the multiple package systems may also contain other
      ingredients such as inorganic fillers of the types described above,
      particularly one or more of silica, alumina, clay, chrome oxide and the
      like, stabilizers or buffers and curing catalysts, as well as all of these
      types of materials. The components of the package may contain minor
      amounts of other fillers which may act as suspending agents, anti-sag
      agents, or thickening agents such as bentonite, asbestos, montmorillonite,
      hydrated alumina and the like, and may contain treated fillers such as
      quaternary ammonium-treated clays.
PAR  In another form of the invention, particularly useful in automatic coating
      during which a near instant cure is required, a combination of finely
      divided zinc, suspending agent or agents, anti-sag agents, a minor amount
      of a curing catalyst, e.g., acidic zinc salt such as one or both of zinc
      chloride and zinc acetate or the like, a minor amount of a thickening
      agent, e.g. polyvinyl butyral, and an organic solvent of the types
      described herein, such as a ketone, e.g. methyl ethyl ketone, with or
      without aromatic-containing hydrocarbon, may serve as one component of the
      package. The materials may form a relatively non-settling, non-gassing,
      non-gelling slurry of dispersion which is stable for months or years and
      is ready for immediate use upon mixing with the other package comprising
      the polyol silicate with solvent and dispersing fillers. When the packages
      are mixed, they may be useful for several days or weeks and when a longer
      pot life is necessary, the mixture may be reactivated by adding more of
      the polyol silicate component to prevent gelling. Either of the packages
      may contain inorganic fillers, including suspending and anti-sag fillers
      as additional ingredients, and particularly useful are one or more of
      alumina, bentonite, clays, chrome oxide, iron oxide, asbestos, hydrated
      alumina, zinc oxide, talc, and silica, but preferably, the fillers are put
      in the polyol silicate package. Zinc oxide is preferably in the package
      containing the finely divided zinc, and the zinc oxide ultimately serves
      to give a faster curing coating. The component containing the finely
      divided zinc may have this ingredient in substantial amounts based on the
      total zinc and filler component, while the curing catalyst is a minor
      component dissolved in the solvent, if present at all. Frequently, the
      solvent to finely divided zinc ratio is about 1 weight part solvent to
      about 1 to 15 weight parts of zinc. Also, the curing catalyst, e.g. zinc
      chloride, may be optionally included as a minor ingredient in the
      solvent-zinc slurry component, e.g. about 0.0001 to 15 weight %,
      preferably about 0.001 to 1%, based on the zinc, or about 0.0003 to 3
      weight % of the polyol silicate in the other component. It is advantageous
      to use the zinc chloride in conjunction with an alumina filler with the
      zinc formulation.
PAR  In the many products of the present invention, the amounts of their various
      components and their chemical nature may affect the characteristics of
      coatings obtained from these compositions and, for instance, control over
      the ratio of polyol silicate to metallic zinc and any other particulate
      fillers present may be significant in producing compositions which cure
      quickly to hard, strongly adherent coatings. If an inappropriate amount of
      an ingredient is included, the resulting coating may be objectionably
      soft, and the proper total ratio of metallic zinc, and any other
      particulate filler, to the polyol silicate reaction product that is
      employed may depend on the particulate size of the metallic zinc or other
      filler and thus upon the surface areas of these materials. Zinc oxide
      which often contains zinc hydroxide may cause severe gassing of the single
      package compositions. Zinc oxide, however, whether added as such or
      present on the surface of the metallic zinc, apparently reacts to some
      extent with any chlorine compounds present and with the polyol silicate
      binder or the curing catalyst to enhance the contact of the solvent and
      the polyol silicate with the surface of the metallic zinc, thereby causing
      faster hardening of the coating, although possibly causing mud cracking.
      Some fillers, such as alumina, neutral talc and clay and oxidation
      products of the zinc, apparently reduce the degradation of the metallic
      zinc, particularly if the filler is neutral and does not contain a metal
      which will build an electric chemical reaction with the zinc, causing its
      degradation such as copper compounds. The galvanic life of the coating may
      increase by the provision of greater amounts of metallic zinc in the
      compositions.
PAR  I have found that the polyol silicates of this invention in the presence of
      zinc dust have reduced tendencies to gas or form lumps when a minor amount
      of a weakly basic amine is added to the paint. Examples of these weakly
      basic amines include the unsaturated heterocyclic amines such as the
      pyridines, pyrimidines, pyrroles, pyridazines, picolines, lutidines, etc.,
      often having up to about 12 carbon atoms. These examples of amines include
      the polyol silicate reaction products of this invention made from
      polyalkanol amines such as triethanol amine, e.g., the product of the
      reaction of Ethyl polysilicate 40 (40 wt. parts), triethanol amine (50 wt.
      parts) and 2 ethoxyethanol (70 wt. parts) or the reaction product of equal
      mols of triethanol amine and tetraethyl orthosilicate. These products can
      be made by heating the reactants together at about 120.degree.C. to effect
      ester-interchange. Other weakly basic amines may also be used to stabilize
      the zinc silicate paints against gassing and lump forming. Strong amines
      are not desirable and tend to cause degradation of the binder upon aging
      and cause mud-cracked films in the polyol silicate zinc coatings. The
      amount of the weak base employed should be sufficient so that the
      composition is stabilized, e.g., does not form lumps or gas when zinc dust
      is present. The actual amount of this added buffering amine necessary may
      depend on the presence of other salts or acidic materials which when
      present may require the use of greater amounts of amine sufficient to
      complex and inhibit gassing and agglomeration of the zinc to cause
      cementing. Suitable amounts of amine are often in the range of about 0.5
      to 10 or more weight % based on the weight of the polyol silicate, and the
      amine may be added to the polyol silicate, which may include solvent,
      before the zinc is included and the amine-containing intermediate products
      marketed or handled as such.
PAR  Other objects, features, and advantages of the invention herein disclosed
      will be readily apparent from the following description of certain
      embodiments in the following examples, but variations and modifications of
      the invention may be effected without departing from the spirit and scope
      of the novel concepts presented.
PAR  The invention will be further illustrated by the following specific
      examples in which, if not indicated otherwise, the percentages are on a
      weight basis.
TBL                EXAMPLE I                                                   

     ______________________________________                                    

                                 PARTS                                         

     REACTANTS          MOLES    BY WEIGHT                                     

     ______________________________________                                    

      Tetraethyl orthosili-                                                    

                        4.8      1000                                          

      cate (containing less                                                    

      than 3% dimer and                                                        

      polymer)                                                                 

      Ethylene Glycol   7.25     450                                           

     CATALYST                                                                  

      Sulfuric Acid (98%         1 to 3 drops                                  

      H.sub.2 SO.sub.4)                                                        

     LIQUID VEHICLE FOR BINDER                                                 

      Methyl Ethyl Ketone        200                                           

      Solvent (Mixed with                                                      

      equal weight of above                                                    

      binder)                                                                  

     INORGANIC MATERIAL                                                        

      Zinc Dust                  500                                           

      Zinc Chloride              2                                             

     Talc (Sierra Mistron        100                                           

      Monomix)                                                                 

     ______________________________________                                    

PAR  1000 Grams of substantially anhydrous tetraethyl orthosilicate, containing
      less than 3% by weight of a dimer plus polymer, together with 450 grams of
      ethylene glycol are mixed together in a suitable reaction vessel equipped
      with heating means, a stirrer and a condensing head having a take-off for
      condenser. The mixture is heated to a temperature of about
      100.degree.-110.degree.C. and 1 to 3 drops of sulfuric acid (98% H.sub.2
      SO.sub.4) are added.
PAR  During the first few minutes after the sulfuric acid addition, the mixture
      in the reaction vessel turns yellow, but clears up toward the end of a
      3-minute period. Ester-exchanged alcohol starts distilling off overhead.
      The rate of such distillation is controlled so as to regulate the rate of
      reaction and to prevent overheating. Evaporation of the liquid in the
      reaction vessel tends to cool the liquid. Consequently, control of the
      rate of distillation controls to some extent the temperature of the
      reaction mass. The amount of alcohol removed and collected controls the
      polymer mass, viscosity and structure.
PAR  Distillation may be carried out at atmospheric or subatmospheric pressure
      to remove the last traces of free alcohol. Collection of the condensed
      alcohol (and any other condensed distillate) is continued until 425 to 450
      grams of alcohol have been distilled and collected. At about this point,
      the reaction mass in the vessel exhibits a tendency to gel or become
      objectionably viscous, due to excessive polymerization reaction. The mass
      may be diluted with a solvent such as toluene. Heating is thereupon
      discontinued and a small proportion of toluene, in the neighborhood of 200
      ml. is added to cool the reaction mass and dissolve the polymer that has
      formed as a result of the polymerization reaction between the silicate and
      the glycol. Upon thinning the reaction mass with toluene, the resulting
      solution was removed from the reactor. After the reaction was run and
      weight balances obtained, it was noted that the glycol used was found to
      have about 1% by weight of water, which apparently did not cause any
      problems with the product or reaction.
PAR  A weight balance shows the following:
TBL                     PARTS BY WEIGHT                                        

     Overhead                                                                  

      Alcohol           425                                                    

     Recovered Solution                                                        

      Polymer product   953                                                    

      Toluene (added to                                                        

      dissolve and liquefy                                                     

      polymer product)  173                                                    

     Lost                                                                      

      Solids (in bottom of                                                     

      reactor)           41                                                    

PAR  The recovered polymer solution had the following characteristics and
      constituents:
TBL  Viscosity               8 cps.                                            

     Odor                    toluene only                                      

     Silica (Equivalent on SiO.sub.2 basis)                                    

                             24.8%                                             

     Liquid (colorless)      75.2%                                             

      Active polymer product 84.7%                                             

      Toluene                15.3%                                             

PAR  After the cooled solution had been removed from the reactor, 100 parts by
      weight of such solution, referred to as "OP4" were used to make up a
      mixture containing zinc and having the following composition:
TBL  OP4                      100                                              

     Zinc chloride (Zn Cl.sub.2 Anhydrous)                                     

                              2                                                

     Methyl ethyl ketone (MEK)                                                 

                              100                                              

     Zinc Dust                500                                              

     Talc (a platy magnesium silicate)                                         

                              100                                              

PAR  As to procedure, the OP4, MEK and zinc chloride are mixed thoroughly and
      the zinc dust added to the resulting mixture in a high shear blender. The
      pigment suspension so obtained is applied to a ferrous metal surface, for
      example, by brushing the suspension onto a cold-rolled non-sandblasted
      steel panel. The suspension is easily applied and not lumpy, and after 10
      minutes gives a very hard, strongly adhering coating. After drying for a
      further 15 minutes, the coating upon being tested for water and oil
      solubility is found unaffected by both. Upon top coating the surface of
      the coated panel with a high-build vinyl coating, excellent adhesion is
      exhibited. The coated and scored panel also shows excellent resistance to
      salt corrosion when exposed to a spray of a 5% salt solution at
      95.degree.F., even after long aging.
PAR  The coating, which is from 2 to 3 mils in thickness when dry, shows an
      absence of cracking, good adhesion by the cross-hatch test, no loss of
      adhesion from 1/16 inch knife scores, and good heat resistance. There is
      substantially no loss of adhesion or of toughness when the coating is
      heated for brief periods to 1100.degree.F., although prolonged heating at
      1100.degree.F. shows that oxidation of the coating takes place.
PAR  A bending test shows no loss in adhesion when bent 90.degree. and only a
      slight loss when bent through 180.degree.. An impact test shows superior
      results by comparison with other known zinc silicate coatings.
PAR  The reactions that take place in carrying out the method of the foregoing
      example, wherein the polymer is substantially non-hydrolyzed and anhydrous
      conditions are maintained, lead to the formation of a polymer portion
      having the novel "backbone" structure represented by the grouping
      ##EQU15##
      wherein R is ethyl or hydroxyethyl (pendant glycol) and x is 1 or a higher
      number.
PAC  EXAMPLE II
PAR  2500 Grams of ethyl silicate condensed, containing 95.5% of
      tetraethylorthosilicate monomer, 4% dimer and 0.5% trimer and some higher
      polymers, are mixed with 1120 grams of ethylene glycol in a 5 liter flask
      equipped with a pot thermometer and a reflux thermometer, stirrer, and
      short receiver. An immiscible dispersion occurs on stirring this mixture,
      but upon heating the mixture with continued stirring to about
      105.degree.C. (pot temperature) and upon adding as catalyst 3 drops of
      concentrated sulfuric acid (98% H.sub.2 SO.sub.4), the mixture shortly
      clears up and within a few minutes, ethyl alcohol starts distilling off. A
      total of 1125 grams of ethyl alcohol is collected up to the point when the
      contents of the vessel started to thicken noticeably. The contents of the
      vessel are then cooled and 100 grams of xylene are added. The resultant
      liquid product is stable and active as a binder.
PAR  The binder so prepared is hereinafter designated as "Silicate No. 1." It
      remains stable and active as a binder for a period of at least six months,
      and probably much longer.
PAC  EXAMPLE III
PAR  500 Grams of "Silicate No. 1" are mixed with 500 grams of methylethyl
      ketone and 2 grams of zinc chloride solution, together with 200 grams of
      dried talc powder (Sierra Neutral platy talc) highly sheared into the
      binder. 2500 Grams of zinc dust is then slowly stirred into the
      composition, and the resulting mixture is thoroughly blended. The
      resultant product when stored in a one gallon sealed can and kept therein
      over a six-month period remains stable and useful as a highly adhesive
      galvanic coating, without any noticeable change upon aging over this
      length of time. The resulting paint is hereinafter called "Paint 1a."
PAC  EXAMPLE IV
PAR  "Paint 1a" is used in a system for continuously and automatically
      dip-coating cleaned steel parts. For this purpose, the parts are placed in
      a wire mesh screen container, and after being dipped in Paint 1a are
      removed and the excess paint liquid thrown off centrifugally while, at the
      same time, spreading the coating evenly over the surfaces of the parts
      undergoing treatment, especially in and about any tubular holes and
      adjacent areas. The parts so coated are then dumped into a pointed wire
      screen to minimize contact between the wet painted surfaces and the
      supporting surfaces of the screen. Rapid drying of the coating takes place
      upon agitation of the screen-supported parts in circulated warm, moist air
      under a hood. The coatings cure in just a few minutes.
PAR  Thereafter, upon testing the coated parts for thickness, hardness,
      immersion in a variety of solvents, adhesion when exposed to salt fog (5%
      salt at 95.degree.F.) and outdoor exposure, the following test results are
      obtained:
TBL  Thickness of coating                                                      

                      1.5 mils (average)                                       

     Hardness (pencil)                                                         

                      4H                                                       

     Adhesion by cross-                                                        

     hatch method     Excellent                                                

     Brittleness (bend)                                                        

                      Not brittle                                              

     Heating to 750.degree.F. for                                              

     4 hours          No effect                                                

     Heating to 1100.degree.F. for                                             

     1 minute and dashing                                                      

     into cold water  No effect                                                

     Solubility in boiling                                                     

     water            None noticeable                                          

     Solubility in boiling                                                     

     xylene           None noticeable                                          

     Solubility in hot                                                         

     lube oil at 300.degree.F.                                                 

                      No effect                                                

     Outdoor exposure, 45.degree.                                              

     tilt to south    No rust after 6 months                                   

     Salt fog (5% salt -                                                       

     95.degree.F.)    No rust after 2000 hours                                 

     Solubility in boiling                                                     

     salt water       None noticeable                                          

     Hot water immersion                                                       

                      No effect.                                               

PAR  When the paint is sealed in a can and kept over a six-month period, no
      pressure builds up. The paint is easily dispersed and the tests noted
      above upon being repeated at the end of the six-month period give
      identical results to those obtained by tests on the fresh paint. No
      differences of any significance and no degradation of the paint are
      ascertainable during a 200 hour aging period.
PAR  In a similar evaluation when the glycol alkyl silicate binder described was
      diluted with an equal volume of xylene instead of the methyl ketone and
      2-1/2 wt. parts of zinc dust added per part of diluted binder, the
      resultant paint was kept in perfect useful condition for a period of one
      and one-half years. The coatings from this binder were excellent providing
      a hard, quick curing and adhesive and highly protective coating for steel.
PAR  When the glycol alkyl silicate binder was diluted with an equal volume of a
      high flash aromatic solvent and 2-1/2 parts of zinc dust and 1/2 wt. part
      of a platy silica flour (Noviculite) and one three-thousandths of one part
      of triethyl amine added to the mix and applied as a coating on a clean
      steel substrate, the coating dried rapidly, was adhesive and protective.
      (Pencil hardness 3H -- Salt spray 5% salt 95.degree. F. -- greater than
      3000 hours -- no rust). This paint mix was kept for 1-1/2 years and found
      to be non-gassing as a coating and did not settle to a hard layer on the
      bottom.
PAC  EXAMPLE V
PAR  In preparing a paint designated as Paint 1b, 500 grams of the glycol alkyl
      silicate binder from Silicate No. 1 are mixed with 500 grams mesityloxide,
      4 grams of zinc chloride, 2500 grams of zinc dust and 200 grams of talc,
      employing a high shear blender to effect thorough blending and mixing.
      Tests identical to those made in Example IV indicated that excellent
      coatings are obtained with nearly identical properties to those obtained
      in the testing of Paint 1a.
PAC  EXAMPLE VI
PAR  500 Grams of the glycol alkyl silicate binder designated previously as
      Silicate No. 1 are mixed with 500 grams of methylisobutyl ketone, 2 grams
      of zinc chloride, 2500 grams of zinc dust and 200 grams of talc. Upon
      being tested in an identical manner to the tests above recited, the
      coating composition designated as Paint 1c gives identical results except
      that the coating produced therefrom is somewhat softer, but it passes all
      of the tests to which Paint 1a was subjected.
PAC  EXAMPLE VII
PAR  500 Grams of Silicate No. 1 are mixed with 500 grams of xylene, 2500 grams
      of zinc dust and 50 grams of neutral talc. The resulting coating from the
      coating composition, designated as Paint 1d, passes all of the tests
      described above, but the resulting coating is somewhat softer and less
      adhesive than the coating from the application of Paint 1a.
PAC  EXAMPLE VIII
PAR  500 Grams of the glycol alkyl silicate binder, Silicate No. 1, are mixed
      with 50 grams of methylethyl ketone and 450 grams of xylene, together with
      2500 grams of zinc dust, 10 grams of bentonite, and 60 grams of talc. Four
      grams of zinc chloride are added and the mix is subjected to high shear
      mixing in a Waring Blendor. The resulting paint, here designated as Paint
      No. 13, appears to be a little softer than Paint No. 1a, but equal to the
      latter in all other respects.
PAR  In order to provide a harder coating than, for instance Paint 1a, various
      forms of finely divided silica, such as Cabosil, a finely divided
      pyrogenic silica aerogel, can be added in an amount equal to about 5 grams
      of the other ingredients of Example III, or a still harder coating is
      obtainable by adding 100 grams of Minusil of an average particle size
      equal to 5 microns.
PAC  EXAMPLE IX
PAR  2500 Grams of ethyl silicate "condensed" and 1125 grams of ethylene glycol
      are heated to 110.degree.C., and 5 drops of toluene sulfonic acid dropped
      in to catalyze the ester-alcohol exchange. Alcohol is distilled off as in
      Example II until 830 grams of ethanol have been removed. The removal of
      the alcohol is stopped before a high polymer is produced. The residual
      mixture in the reaction vessel, which is termed Silicate Binder No. 2,
      produces a somewhat softer and less adhesive coating, but all of the
      coatings pass the test heretofore set forth.
PAC  EXAMPLE X
PAR  950 Grams of ethyl silicate condensed 450 grams of ethylene glycol and 100
      grams of propyl trimethoxy silane are heated to 105.degree.C., and two
      drops of concentrated sulfuric acid added as catalyst. The mixture clears
      up with the volatilization of alcohol. After a total of 480 grams of
      alcohol have been removed, the colorless viscous liquid remaining in the
      reaction vessel is made into a series of paints in the same proportions as
      in Example III, but in smaller quantities. Identical testing procedures
      give similar results to those shown in Example IV, but all of the
      resulting coatings are harder and superior to those obtained from paint
      1a, as in Example IV.
PAR  In the paint produced in accordance with this Example, the backbone is
      believed to contain some
      ##EQU16##
      bonds in addition to the
      ##EQU17##
      bonds that are thought to be present in the coatings of my invention as
      exemplified in my foregoing examples.
PAC  EXAMPLE XI
PAR  1200 Grams of ethyl silicate condensed and 670 grams of propylene glycol,
      with 2 drops of concentrated sulfuric acid to catalyze the ester-alcohol
      exchange are mixed and heated, as in Example I, to 110.degree.C. 637 grams
      of alcohol are removed before further polymerization is stopped by cooling
      the residual mass. The resulting mass is very viscous. Paints made from
      this viscous binder designated Silicate Binder No. 4, but using smaller
      quantities of the binder than shown in Example II for Silicate No. 1, give
      coatings that are harder and slightly less adhesive but satisfactorily
      passing all tests.
PAR  Aerosol cans (200 ml. capacity) are filled with 30 ml. of Silicate Paint
      (Ex. No. 4), 60 ml. of Freon 11 and 60 ml. of Freon 12, with steel bolt as
      an agitator to permit adequate mixing upon being shaken. These cans in a
      sealed state kept their contents in good conditions, ready for use in
      touch-up galvanizing of surfaces.
PAC  EXAMPLE XII
PAR  Any of the foregoing paints is suitable for application as a thin primer
      coating upon steel parts that are to be formed into prefabricated
      structures by welding, since the primer coating permits welding right
      through the coating. After being welded, as in the erection of a building
      from such prefabricated structures, the erected structure is recoated with
      a thicker coat of the same zinc silicate coating composition.
PAR  It is feasible to carry these operations out in an automated production
      line upon cleaned and sand or shot blasted structural pieces, which are
      then dried and either stored for erection later on or are erected
      immediately, or are topcoated with a thicker coat of the same zinc
      silicate coating composition. without the need for removing any rust that
      may have formed. In the welding operation, the zinc silicate coat is
      coverted into the wholly inorganic silicate -- ZnO, SiO, which exhibits no
      burnback in automatic welding tests and is not detrimental to the strength
      and other properties of the weld when the coat has a dry thickness of less
      than 3/4 mil.
PAC  EXAMPLE XIII
PAR  To the glycol alkyl silicate polymer as produced, e.g. in Example I, prior
      to adding any solvent, there are introduced into the reaction vessel 200
      grams of 2-ethoxy ethanol and heating is continued until 120 grams of
      additional ethyl alcohol are driven off and collected. At this point, the
      contents of the vessel start to thicken, the heating is stopped and the
      reaction mass cooled by the addition thereto of 50 ml. of xylene. The
      resultant product containing a mixture of glycol, ethyl, and ethoxyethyl
      silicate polymers is diluted with an equal volume of methylethyl ketone
      and 0.25% by weight of the mixture of zinc chloride added. 200 Grams of
      the resulting liquid mass are mixed under high shearing action with 500
      grams of zinc dust of from 0.5 to 10 microns maximum dimension and .50
      grams of fine platy talc. The resultant mix was stable in a paint can for
      months without developing appreciable gas pressure and without hardening
      or thickening. Where applied as a coating on a clean steel panel, the
      coating cures rapidly to a hardness overnight of 4H. Adherence is
      excellent.
PAC  EXAMPLE XIV
PAR  250 g. of polyethylene glycol (200 mol. wt.) and 145 g. of tetramethyl
      orthosilicate were heated together to a temperature of 95.degree.C. and
      one drop of concentrated sulfuric acid (98%) was added. As a result of
      ester exchange, 60 g. of alcohol were distilled off and recovered. The
      bottoms solidified in the flask to a rubbery gel, but were dissolved upon
      the addition of hot xylene with stirring. The resulting binder was
      suitable for use in a ceramic coating.
PAC  EXAMPLE XV
PAR  1350 g. of sodium methylate, 1300 g. of silicon in finely divided form, and
      4500 g. of methyl alcohol were slurried together in a large flask equipped
      with a condenser. At a pot temperature of 80.degree.-90.degree.C.,
      vigorous evolution of hydrogen occurred. The distillate was collected in a
      second reaction vessel and each 100 g. thereof was reacted with 27.2 g.
      glycol, using 1/4 drop of sulfuric acid as catalyst. Methyl alcohol was
      distilled off from the second reaction vessel and circulated back to the
      initial flask containing the finely divided silicon. The methyl alcohol
      removal was stopped prior to gelling. Periodically, more silicon and
      methanol were added as they were used up. Otherwise, the reaction was a
      continuous one to produce as the product glycol methyl silicate or glycol
      silicate, the ratio of glycol to effluent from the second vessel
      determining whether glycol methyl silicate or glycol silicate was
      produced. The distillate from the first reactor contained a compound
      having about 20% by weight of silica. The final effluent had about 32% by
      weight of silica.
PAR  The bottoms were recovered and diluted with MEK, weight for weight, to
      provide a binder solution suitable for use in zinc dust coatings.
PAC  EXAMPLE XVI
PAR  In this example, a novel glycol silicate binder is prepared by an
      equilibration reaction between (1) the product of a glycol alkyl silicate
      in which the pendant groups are predominately glycol residues; and (2)
      condensed ethyl silicate.
PAR  In the first step of making the glycol silicate, the starting materials
      are:
PAR  2805 g. ethyl silicate condensed (containing 95% tetraethyl ortho silicate
      monomer and 5% dimer)
PAR  3340 g. ethylene glycol.
PAR  These materials were mixed and heated to 110.degree.C. in a 3-neck flask
      equipped with a thermometer, stirrer, a short column, take-off condenser
      and receiver. Two (2) small drops of sulfuric acid were added and the mix
      cleared up as alcohol started coming off. A total of 2480 g. of alcohol
      was collected. The residue remaining in the flask was recovered as a very
      thick semi-solid bottoms and was thought to contain predominately tetra
      glycol silicate.
PAR  To 7.2 oz. (0.78 moles) of this bottoms product (tetra glycol
      orthosilicate) were added 8.8 oz. (1.2 moles) of ethyl silicate condensed
      in a small round bottom 3-neck flask equipped as above. Upon the addition
      of 1/2 drop of concentrated (98%) sulfuric acid to the reaction mass when
      heated to 110.degree.C., the mix immediately cleared up and alcohol
      started distilling off. 67 g. of alcohol were collected before the bottoms
      started to polymerize to a nearly solid condition. Prior to complete
      solidification, the polymerization reaction was stopped and the bottoms
      utilized in making zinc dust coatings by dilution of the bottoms with an
      equal volume of methyl isobutyl ketone (MIBK). The incorporation into one
      part of the diluted binder solution of 2.5 parts by weight of zinc dust of
      a particle size substantially within the range of from about 2 to 10
      microns, and 0.001 part by weight of zinc chloride provides a
      zinc-containing coating composition that gives galvanic protection to
      ferrous substrates. There may also be added to the composition 2.5 parts
      by weight of alumina (Al.sub.2 O.sub.3) of -325 mesh particle size and the
      product is a galvanic coating composition.
PAC  EXAMPLE XVII
PAR  The equation for the reaction is as follows:
      ##EQU18##
      wherein R is an ethyl group and x is an integer of 1 or higher. Also,
      there is some product present having both hydroxyl groups on the alkanol
      amine attached to the same silicon atom as follows:
      ##EQU19##
PAR  In carrying out this reaction:
PAR  150 g. of diethanolamine and 230 g. of tetraethyl orthosilicate were
      charged into a 500 ml. flask equipped as previously recited herein. Upon
      heating the charge to 110.degree.C., the reaction started without the
      addition of any catalyst, and the reaction was continued until the
      reaction mass started to solidify, at which point the heating and removal
      of alcohol were stopped. Prior to stopping, 113 g. of alcohol had been
      removed and recovered. Since this amount of alcohol was equivalent to 2.46
      moles, and since 1.43 moles of diethanolamine and 1.1 moles of ethyl
      silicate had been charged, the logical conclusion was that nearly all of
      the diol is incorporated into the backbone grouping shown in the above
      equation. This would indicate a much higher ratio of ethanolamine went
      into the backbone structure than was ever obtained when glycol was used as
      the reactant that furnished the (OH) groups. It is surmised that in
      addition to the bridge compound formed by the diol between two silicon
      atoms, some product containing the alkanol amine diol with both hydroxyls
      bonded to the same silicon atom occurred.
PAR  Of the residue left in the reaction flask, which is here termed the bottoms
      product, 25 g. were mixed with 25 g. of MEK and 170 g. of zinc dust (Fed.
      HE Superfine) and the resulting dispersion was applied to a panel of cold
      rolled steel. After being dried in 2 minutes, the coating was cured in one
      hour, but was not as hard as the glycol silicate coating similarly made.
PAC  EXAMPLE XVIII
PAR  To 300 g. of the product, Product No. 2 of the Table I above, were added
      490 g. of butyl alcohol and the product heated to 110.degree.C. Ethyl
      alcohol was distilled therefrom 300 g. of distillate had been collected,
      at which point the reaction mass was cooled. The binder solution so
      obtained had a flash point of over 100.degree.F. by the Pansky Martin
      closed cup method. When compounded with zinc dust and ceramic fillers, the
      products made good protective coatings.
PAC  EXAMPLE XIX
PAR  To 300 g. of the product, Item No. 2 of the Table above, were added 30 g.
      of dibutyl tin oxide and 30 g. methyl triethoxy silane. The resulting
      mixture was heated to 110.degree.C. and a small amount of ethyl alcohol
      distilled therefrom. The resultant product was useful in zinc dust coating
      formulations, particularly useful when antifoulant type coatings are
      required such as for the outside of ship hulls.
PAC  EXAMPLE XX
PAR  200 g. of tetraglycol silicate made as in Example XVI were blended with 200
      g. of a partially hydrolyzed ethyl-silicate binder which was prepared as
      follows: 473 g. anhydrous ethyl alcohol and 143 g. condensed ethyl
      silicate (28% silica) were mixed and heated to 65.degree.C. and a solution
      of 0.14 g. hydrochloric acid (37%) in 9.7 g. water added to the above
      slowly over a one hour period.
PAR  25 g. of the above hydrolyzed binder were mixed with 25 g. of tetraglycol
      silicate (made as in Example XVI) and 70 g. zinc dust (Fed. HE Superfine
      Zinc Dust) added. The above resultant paint was applied to a sandblasted
      steel panel as a 2-1/2 mil film. The coating cured rapidly to a
      satisfactory coating, but was not nearly as adhesive or hard as my
      non-hydrolyzed glycol alkyl silicate coatings in a ketone solvent and was
      not as stable in a one-package formulation.
PAC  EXAMPLE XXI
PAR  61 g. of ethyleneglycol and 300 g. of tetra 2-ethoxy ethyl silicate were
      heated to 130.degree.C. and one drop of concentrated sulfuric acid added
      thereto. 137 g. of 2-ethoxy ethanol were distilled therefrom. The
      resultant bottoms product was blended with an equal volume of methyl
      isoamyl ketone and a coating formulation tested as follows:
PA1  1 part blended bottoms and ketone mixture
PA1  0.003 part zinc chloride
PA1  2.8 parts zinc dust.
PAR  The above formulation was applied to a clean steel test panel. The coating
      cured rapidly and gave good protection. The flash point of the paint
      (Pensky-Martin Closed Cup) was over 100.degree.F. This paint, because of
      its high flash point, is more useful in painting in enclosed confined
      areas.
PAC  EXAMPLE XXII
PAR  99.5 trimethylol propane and 385 g. tetraethyl orthosilicate were heated to
      120.degree.C. and one drop sulfuric acid added. A very vigorous reaction
      ensued: After the alcohol was removed by distillation, the bottoms was
      cooled and diluted with methyl isoamyl ketone and tested with zinc dust as
      a paint, and was found to give a passable coating.
PAC  EXAMPLE XXIII
PAR  184 ml. ethyl silicate condensed and 100 g. triethanolamine were heated to
      120.degree.C. Alcohol started coming off at 145.degree.C. 98 ml. of
      alcohol were removed. Upon continued heating, a total of 165 ml. ethyl
      alcohol were removed. The bottoms was dissolved in an equal volume of
      methyl isobutyl ketone and tested with 2-1/2 parts of zinc dust and 0.002
      parts of zinc acetate in a coating. The coating dried slowly to a hard
      zinc silicate type coating with good protective properties.
PAR  The structure of the triethanolamine (TEA) silicate is much more complex
      than is the glycol alkyl silicate polymer. The TEA alkyl silicate is
      probably a polymer containing the bridge between two molecules and other
      compounds contained therein, such as:
      ##EQU20##
      and mixed compounds depending on the degree of reaction and alcohol
      removal as well as the ratio of TEA and alkyl silicate. The coatings from
      zinc dust and TEA alkyl silicate are generally inferior in hardness,
      adhesion and protective value than the more adhesive glycol alkyl silicate
      polymers.
PAC  EXAMPLE XXIV
PAR  In a 5 liter, 3-necked, round bottom pyrex glass flask, equipped with a
      stirrer, 2 plate column, distillation head, receiver, and condenser, were
      charged 3500 g. ethyl silicate condensed (containing 4% dimer and 1% of
      higher polymers, and 95% tetraethyl ortho silicate) and 520 g. of
      anhydrous ethylene glycol and heated while stirring to 110.degree.C. and 1
      drop of concentrated sulfuric acid added. Alcohol released by the
      ester-exchange reactions was distilled and collected to yield 772 g. ethyl
      alcohol and a bottoms product that was a colorless liquid.
PAR  It was noted that this composition would not gel on further heating to
      160.degree.C. as is the case when ratios of glycol to silicate are between
      1 and 4 moles of glycol per mole of silicate which always gel if the
      alcohol released is removed to the point where the molecular mass is
      excessively high. The range of .1 to 0.9 moles of glycol per mole of
      silicate, and the range when excess glycol is present over the 4 moles of
      glycol per mole of silicate will not gel on heating to 160.degree.C. no
      matter how much alcohol is removed. It is advantageous to take these
      important facts into consideration in designing a plant to make the glycol
      alkyl silicate polymer without the possibility of gelling up the reactor.
PAR  The product bottoms from above were found to contain no free hydroxyl
      groupings by infrared and NMR analysis indicated the strong possibility of
      bridge compounds. The product was found to be a mixed distribution of
      glycol ethyl silicate polymers with some unreacted tetra ethyl ortho
      silicate with the average distribution of
      ##EQU21##
PAR  This product and similar bridged polyethanol amine silicate products and
      tertiary butyl polyol silicate ester exchange reaction products are
      particularly useful as cross-linking agents for silicone hydroxy
      functional fluids such as the 2000 viscosity polymethyl siloxane
      functional OH fluids used for making silicone rubbers and resins. The
      cross-linking reaction may be accelerated by heat, or the addition of a
      catalyst such as trace amounts of dibutyl tin dilaurate, zinc octoate,
      cobalt naphthenate, trimethyl borate, or iron octoate or an acid compound
      such as dibutyl phosphite or acetic acid, and similar compounds. The
      polymer rubber or resin so produced is useful in coatings, as adhesion
      promoters, caulks, sealants, etc. The optimum ratio of the above silicate
      product to functional fluid depends on the degree of functionality of the
      silicone hydroxy fluid and the ultimate application. Uses include the
      treatment of glass and metal, and plastic and wood substrates so that
      plastics having reactive groupings, with the glycol alkyl
      silicate-silicone polymer may be bonded more adequately to it. Ranges of
      from about 1 to 70% mole glycol alkyl silicate polymer based on the
      silicone functional fluid are useful.
PAC  EXAMPLE XXV
PAR  This example demonstrates the preparation of tetra glycol silicate in an
      excess of glycol by heating condensed ethyl silicate and glycol together
      to 110.degree.C., adding a drop of sulfuric acid catalyst, removing all
      the alcohol ester exchanged and then adding more condensed ethyl silicate
      to form by transesterification and equilibration and the desired glycol
      ethyl silicate polymer with removal by distillation of alcohol formed.
PAR  The apparatus was the same as described in Example XXIV. Charge: 2 lbs. 6.4
      oz. ethylene glycol and 1 lb. 9.6 oz. ethyl silicate condensed (contg. 95%
      monomer the remainder being mostly dimer). Heated above charge to
      115.degree.C., added 2 drops of concentrated sulfuric acid and distilled
      off 820 ml. ethyl alcohol. 3.78 lbs. of ethyl silicate condensed were then
      added and 4 drops of concentrated HCl, as catalyst was added. The alcohol
      released through ester exchange was distilled from the mix to the point of
      solidification and then a charge weight of xylene equivalent in mass to
      the bottoms was added to dilute the product into a usable binder. The
      solution was a non-viscous pale straw liquid. When mixed with 1 to 4 parts
      by weight of zinc dust and applied as a coating, to a steel substrate, the
      paint coating cured to dry to touch in 8 min. and cured to insolubility in
      organic solvents or water in 2-1/2 hours. The coating did not mucrack up
      to 30 mils.
PAR  To another part portion of the xylene solution of the binder was added 1/4
      part of high flash VM&P naphtha and 2.5 wt. parts of a 50:50 blend of
      novaculite and zinc dust and applied to a clean steel substrate and tested
      in salt spray application. After 2000 hours, the 3 mil. coating which had
      been scored was perfect in all respects, and the scored portion was
      completely filled in with zinc hydroxide products. This shows the galvanic
      and protective action of this coating, even with the low zinc content. A
      silicone rubber topcoat was applied over a portion of the zinc dust
      silicate primer described above. The coating combination in salt spray
      testing was highly superior.
PAR  In another experiment, 1 wt. part of an alumina (Alcoa T61 325 mesh and
      finer) particulate was added to 1/3 weight part of the above binder. This
      coating was pigmented with a small amount of TiO.sub.2 and applied over
      the zinc silicate coating to provide a permanent attractive white porous,
      blister free coating even after 3000 hours in the salt spray. In another
      test, 5% of red iron oxide was added to the alumina to give an attractive
      reddish colored topcoat with excellent protective qualities.
PAR  To another portion of the xylene solution of the binder was added 0.001
      part of triethyl amine, 2-1/2 wt. parts of fine zinc dust (HE Superfine)
      and the mix blended in a Waring Blendor. The paint was kept in suspension
      for a period of 1-1/2 years, yet when applied as a 2 mil. coating over
      steel, it cured rapidly to a hard, protective galvanic coating which cured
      dry to touch in 10 min., dry hard and water and solvent insoluble in 2
      hours and withstood more than 3000 hours in the salt spray test.
PAR  To another portion of the xylene solution of the binder was added 1 wt.
      part of zinc dust and 1 wt. part of Novaculite mineral -325 mesh silica
      flour. The paint was kept in suspension for several months and reapplied
      as a topcoat over a zinc silicate substrate and found to cure hard and
      have excellent protective properties in atmospheric exposure and salt
      spray. Another portion of this paint was applied to a clean steel
      substrate and found to perform excellently in all the above respects and
      tests.
PAR  To another portion of the xylene solution of the binder was added 2 wt.
      parts of (Novaculite mineral flour - 10 micron size) and applied as a
      coating over a zinc silicate primer over a steel substrate. The top coat
      was porous, never blistered after 3000 hours in the salt spray, and
      appeared as perfect as freshly applied.
PAR  To another portion of the xylene solution of the binder was added 2 wt.
      parts of Novacite (325 mesh and finer flour) and 1/10 weight part of a 50%
      solution of TiO.sub.2 ball milled dispersion in isopropyl alcohol. This
      coating was nearly bright white and very attractive. It gave excellent
      protection to a dull colored zinc silicate substrate even after 2000 hours
      in the salt spray (5% salt, 95.degree.F.) and remained as perfect as
      originally put in. The coating was hard, adhesive, yet porous, and
      attractive. A silicone rubber topcoat was applied on the above topcoat to
      provide a shiny glossy white surface coating combination, which was also
      water repellent as well.
PAC  EXAMPLE XXVI
PAR  This example illustrates a continuous process for making glycol alkyl
      silicate polymer from silicon metal powder as base. The following
      equations demonstrate the sequence of the reaction involved:
      ##EQU22##
      the polymer. The sodium and potassium ethoxy ethylate catalyst was
      prepared under anhydrous conditions by the addition of alkali metal to the
      glycol ether. Reactor A is a pyrex glass 1 liter round bottom, 3-neck
      flask equipped with a heater, thermometer and controller, mantle, glass
      stirrer and paddle with attached 10 theoretical plate packed distillation
      column with take-off receiver and return and a hydrogen gas vent on the
      reactor, receiver beyond the condenser. Also attached is a charging flask
      (B) of a slurry of 1 gram mole of silicon metal powder, which has been
      ball milled for 10 hours to reduce particle size, in 4 moles of anhydrous
      ethyl alcohol and the slurry kept homogeneous by a stirrer and attached to
      an inlet tube for continuous addition of the silicon-alcohol slurry to
      Reactor A at the same rate the product and unreacted alcohol are distilled
      from the reaction zone. A thermometer and temperature controller carefully
      control the temperature of the reacting zone of the flask. The charge to
      reactor A was 24 g. of Na metal, 6 g. K metal, 310 g. ethoxy ethyl alcohol
      and 200 g. tetra ethyl ortho silicate. The contents are heated while
      stirring slowly to 195.degree.C. and the silicon metal alcohol slurry from
      B charging flask, charged steadily to reactor A at the same rate the
      tetraethyl silicate and unreacted alcohol is fractionally distilled
      therefrom. The evolution of hydrogen through the cold condenser served to
      remove the unreacted alcohol and product. By continually fractionating the
      TEOS from the alcohol and recharging the unreacted alcohol with more
      alcohol as it is used along with the Si metal in the slurry, a continuous
      automatic equilibrium balance is attained with the resultant preparation
      of about 1-1/2 pounds of ethyl, 2 ethoxy ethyl silicate product per day.
      The mixed alkyl silicate product was then reacted as in the second
      equation with ethylene glycol while fractionating all the alcohol removed
      by inter ester exchange, 2 drops of concentrated sulfuric acid added at
      100.degree.C. to start the ester exchange and alcohol removal. This was
      carried out continuously.
PAR  In the next step, a ratio of 3/8  mole equivalent of the tetraglycol
      silicate containing excess glycol was passed into the next reactor and 1
      mole of ethyl silicate heated to 100.degree.C. to effect an equilibration
      reaction in the presence of a trace of catalyst, the glycol alkyl silicate
      product being the bottoms after continually fractionating off the ethanol,
      so produced by the equilibration ester exchange reactions. The product was
      useful in zinc silicate primer formulations.
PAC  EXAMPLE XXVII
PAR  To the reaction flask and apparatus described in Example XXIV was added
      1800 gms. ethyl silicate condensed (containing 95% tetra ethyl ortho
      silicate and 5% of higher silicate polymers) and 780 g. of ethylene glycol
      and 100 g. of diethanol amine. No acid catalyst was added or was necessary
      for the ester exchange occurring between 120 and 145.degree.C. pot
      temperature. 940 g. of alcohol was removed, at which point the mix
      separated into two layers and neither layer was found usable in a coating.
      The bottom layer was insoluble in either xylene or methyl ethyl ketone.
      However, in an identical run, the alcohol removal was stopped just prior
      to separation and the product found useful as a binder in zinc silicate
      coatings.
PAC  EXAMPLE XXVIII
PAR  In this example, Example XXV was repeated with the change that in the
      second step of equilibration, ethyl silicate 40 (a siloxane silicate
      polymer averaging 5 Si per molecule) was substituted for the condensed
      ethyl silicate. Eight pounds of the ethyl silicate 40 were used instead of
      the 3.78 lbs. of ethyl silicate condensed, to make a copolymer of glycol
      alkyl polysiloxane silicate. The product upon removal of some alcohol --
      stopping prior to gelling -- and diluting with a solvent was evaluated and
      found to give commendable zinc silicate coatings and had good pot life
      properties in the single package.
PAR  A combination inorganic zinc silicate and an organic epoxy zinc coating
      were prepared by the addition of varying amounts of the novel glycol alkyl
      silicate polymer to the epoxy zinc paint (Epon Resin 1001). The curing
      produced a commendable coating of the mixed organic and inorganic variety.
      The coating had good adhesion.
PAC  EXAMPLE XXIX
PAR  A mixed ester silicate was prepared by heating to 110.degree.C. in the
      presence of a trace of sulfuric acid catalyst, 2 moles of methyl
      cellosolve and 1 mole of condensed ethyl silicate and the ethyl alcohol
      removed therefrom by distillation to yield the mixed ethyl, methoxy ethyl
      silicate. One mole of this mixed ester was reacted with one mole of
      ethylene glycol in the presence of a trace of sulfuric acid catalyst at
      100.degree. to 130.degree.C. with the release and removal by distillation
      of the ethyl alcohol to form the polymer "methoxy-ethyl glycol silicate."
      Alcohol removal was stopped just prior to gellation of the bottoms product
      and the product dissolved in a high flash aromatic containing naphtha (1
      part product to 1/2 part by weight of naphtha). For each part of diluted
      bottoms, 2 weight parts of zinc dust and 0.01 weight part of Cabosil M5
      and 1/4 weight part of -325 mesh kaolin was added and mixed on a high
      shear blender to form a homogeneous paint. The paint was test applied to
      the inside of a steel salt storage receptacle for softening water. The
      paint dried overnight before the brine was added. The receptacle was
      examined 1-1/2 years after coating and found to be rust free. The dry
      thickness of the film, which was brush applied was between 1 and 4 mils.
      The paint itself had a high flash point (closed cup over 95.degree.F.).
PAC  EXAMPLE XXX
PAR  A mixed ethyl and Cellosolve silicate was prepared by heating in the
      presence of a trace of sulfuric acid 3 moles of Cellosolve (2-ethoxy
      ethanol) with one mole of tetraethyl ortho silicate and ethyl alcohol was
      released by ester exchange and removed by distillation therefrom. One mole
      of this mixed ester and 0.4 mole of tetraglycol silicate prepared
      essentially as in Example XXVI were heated to 110.degree.C. in the
      presence of 1 drop of sulfuric acid catalyst, and the remaining alcohol,
      released by ester exchange, was removed by distillation, and prior to
      gelling, alcohol removal was stopped and the product bottoms was diluted
      with 1/2 its weight of high flash naphtha (aromatic containing) and for
      each part of this solution was added 1-1/2 parts of zinc dust and 1/2 part
      of talc, blending in a high shear mixer. The homogeneous paint resulting
      was test applied to a steel basement sewage sump, spraying to a dry
      thickness of 3 mils and allowing to dry 1 day before use. After 1-1/2
      years, the coating was perfect with no rust, while an uncoated overflow
      sump next to the coated one, and having been exposed to the same corrosive
      conditions, had completely corroded. The paint had a Pensky Martin Flash
      point of 106.degree.F. and was particularly suitable for coating in inside
      areas where vapor toxicity and flash danger are problems.
PAC  EXAMPLE XXXI
PAR  Two pound moles of anhydrous ethylene glycol were reacted with one pound
      mole of tetraethyl ortho silicate by heating to 75.degree.C. in the
      presence of 2 drops of sulfuric acid. An ester exchange reaction took
      place and the alcohol formed was not removed from the reaction mixture.
      The product solution cleared in a few minutes, was cooled, and had the
      following properties: wt. % silica, 18.0; Gravity at 25.degree.C., 0.99;
      Viscosity at 25.degree.C., 7.5 cps. The reaction product was a white,
      colorless liquid with the odor of alcohol. This binder was tested for
      suitability in zinc dust coatings right after making, by mixing 1 wt. part
      of the binder solution with three weight parts of zinc dust. The resultant
      coating composition was applied at 3 mil (wet) to a clean, steel panel and
      dried to a 2 mil firm, adhesive and hard coating drying to touch in 10
      minutes, to handle in 20 minutes, and to hard and insoluble in acetone in
      1 hour. The pot life of the zinc-containing composition was several days;
      however, when the composition was placed in a container and sealed,
      gassing occurred and the slurry gelled solid in about 2 weeks. The binder
      solution without the zinc, was tested at 4-month intervals for a period of
      2-1/2 years and found to be active and gave a good coating using the same
      formulation with zinc during this period. The binder deteriorated very
      little over this period. Fillers such as "Cabosil" (trademark), silica,
      zinc oxide, clay, asbestos or talc were also used with the zinc dust in
      similar formulations with satisfactory results.
PAC  EXAMPLE XXXII
PAR  Three pound moles of ethylene glycol were reacted by ester exchange with
      one pound mole of tetraethyl ortho silicate by heating to 80.degree.C. in
      the presence of 2 drops of 66.degree.Be Sulfuric acid, whereupon the
      solution cleared up. No alcohol was removed from the reaction. The product
      was cooled and analyzed: Wt. % silica, 14.9; Gravity at 25.degree.C.,
      1.02; Color, water white and clear; Odor, ethyl alcohol; Viscosity at
      25.degree.C., 8 cps.; Solubility, miscible with an equal volume of xylene
      -- but if zinc dust was added, 2 layers formed. This binder solution was
      aged for 2-1/2 years while testing a sample every 4 months for stability
      and was found to be stable during this time.
PAR  Zinc formulation using this binder were tested periodically. The
      formulations included as filler zinc dust or zinc dust and zinc oxide in a
      ratio of one wt. part binder solution to 2-1/2 to 5 wt. parts of filler.
      In each case, coatings were applied to clean, steel surfaces at a 3 mil.
      wet film thickness, and the coatings dried to touch in about 10 minutes,
      becoming soft at first, but hardening well in over 2 hours to form a
      galvanic coating for the steel which had long lasting protection for the
      steel surface, when exposed for 2-1/2 years outside. In each case,
      however, the product always gassed in sealed containers and gelled in
      several days. The following table gives these formulations:
TBL                                    TABLE II                                

     __________________________________________________________________________

     Composition                                                               

               14-1                                                            

                   14-2                                                        

                       14-3                                                    

                           14-4                                                

                               14-5                                            

                                   14-6                                        

                                       14-7                                    

                                           14-8                                

     __________________________________________________________________________

     Wt. parts binder                                                          

      solution 10  10  10  10  10   10  10  10                                 

     Zinc oxide                                                                

                5   5       1   3   3   3   3                                  

     Zinc dust 25  45  40  40  40   40  40  40                                 

     Polyvinyl butyral             0.3 0.3 0.3                                 

     Talc (neutral                                                             

      platy)                           1.5 1.5                                 

     Alcoa Alumina                                                             

      (T61) 325 mesh                       3.0                                 

     __________________________________________________________________________

PAL  All of the coatings were firm and adhesive to the clean steel panel, and
      gave long-lasting protection and could be topcoated promptly (after 3
      hours).
PAC  EXAMPLE XXXIII
PAR  To make the binder, 1 pound mole of tetra-2-ethoxy ethyl silicate
      Si(OCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.3).sub.4 (Gravity at 25.degree.C.,
      1.015; Mole wt., 384; SiO.sub.2, 15.7%) was heated with 2 moles of
      ethylene glycol to 75.degree.C. and 3 drops of 66.degree.Be sulfuric acid
      added. An ester intercharge reaction took place and the product cleared to
      a colorless solution. The solution was cooled and analyzed. 11.8 wt. %
      silica and a flash point (Tag closed cup) of over 100.degree.C. This
      binder was found to be stable for 2-1/2 years, checking each four months
      in a zinc dust formulation using a ratio of 10 wt. parts of binder
      solution to 30 wt. parts of zinc dust. The coatings dried to touch in
      about 10 minutes, and were hard and ready to topcoat in about 1 hour.
      These coatings applied to steel panels were tested 4000 hours in salt fog,
      and found to be satisfactory when they were applied at 2-1/2 mil. or
      greater. Outside exposure of the coated steel for 2 years showed the
      coatings gave complete protection, even in scored areas. Various fillers,
      suspending agents and anti-sag agents were tried in these compositions,
      all being compatible and used successfully, included in these fillers were
      bentones, clays, talcs, asbestos, silicas and zircon.
PAC  EXAMPLE XXXIV
PAR  To show the very superior hardening action and excellent adhesion of two
      component systems of this invention comprising zinc dust, methyl ethyl
      ketone (MEK) and a soluble zinc salt such as zinc chloride as one
      component, and a glycol alkyl silicate binder (called GAS) having a
      reacted ratio of 1.5 moles of glycol per mole of silicate as the second
      component, the following table lists first component slurries (FC) which
      were prepared and aged for a period of 2-1/2 years:
TBL                                    TABLE III                               

     __________________________________________________________________________

     Composition                                                               

                79-3                                                           

                    79-4                                                       

                        79-5                                                   

                            79-6                                               

                                79-7                                           

                                    79-8                                       

                                        79-9                                   

     __________________________________________________________________________

     Zinc dust, lbs.                                                           

                5    5   5   5  61/2                                           

                                    5   5                                      

     Methyl ethyl ketone                                                       

     (MEK), ozs.                                                               

                8   11  20  --  --  --  --                                     

     Methyl n-butyl                                                            

      ketone, ozs.                                                             

                --  --  --  11  8   8   8                                      

     Zinc chloride                                                             

      2H.sub.2 O, grams                                                        

                10  10  30  30  0   24  28                                     

     Silica (Cabosil                                                           

      M5), ozs. 0   0.75                                                       

                        0.75                                                   

                            0.75                                               

                                0   0   3                                      

     Talc, ozs. --  --  --  --  --  --  2                                      

     __________________________________________________________________________

PAL  Each of these slurries was stable and non-gelling over a 2-1/2 year period
      (the slurry of Run No. 79-7 was too thick to use satisfactorily as a
      coating and 79-9 settled out and formed a hard to mix-in layer after 2-1/2
      years).
PAR  The second component (SC) was prepared by ester exchange between 1.2 moles
      of ethylene glycol with 1 mole of tetraethyl ortho silicate in the
      presence of an acid catalyst and with stirring, removal of alcohol
      therefrom by distillation and dilution with 0.5 wt. part of xylene. This
      product which was stable over a 2-1/2 year period analyzed 24 wt. %
      silica; Gravity at 25.degree.C., 1.0395; Acidity calc as HCl, 0.001;
      Silica content, calc as SiO.sub.2, 24.3 wt. %.
TBL                                    TABLE IVA                               

     __________________________________________________________________________

     Coating Compositions of Component FC and Component SC                     

     Series  1            2         6        11    11A      12                 

     Composition                                                               

             1  2   3  4  a b c  d  a b c  d 1 2 3 1 2  3 4 1 2  3             

     __________________________________________________________________________

     Wt. parts of FC                                                           

             IN EACH TEST 150 g. of the first component was charged            

     Identity of FC                                                            

             79-5         79-9      79-6     79-4  79-6     79-3               

     Wt. parts of SC                                                           

             10 20  5  30*                                                     

                          10                                                   

                            15                                                 

                              20 20*                                           

                                    10                                         

                                      20                                       

                                        5  30                                  

                                             10                                

                                               20                              

                                                 5 10                          

                                                     20 5 10                   

                                                            10                 

                                                              20 5             

     Properties                                                                

     of Coatings                                                               

     Fresh FC                                                                  

             All          Fair      Fair     Excellent                         

                                                   E E  G E E E  E             

             Excellent    (Inferior to 1                                       

                                    (Inferior to                               

                          series)   coatings                                   

                                    made with MEK)                             

      6 Months Old FC                                                          

             Same         Same      Same     Same  Same     E E  G             

     21/2 Year Old FC                                                          

             Same         Same      Same     Same  Same     Same               

     Pot Life of Mix                                                           

             1  2   1  2                                                       

             mo.                                                               

                mo. mo.                                                        

                       mo.                                                     

                          All above 1 week pot life                            

     Coating                                                                   

     Properties                                                                

     After mixing                                                              

             E  E   E  E  F F F  F  F F F  F E E E E E  G    E                 

                                                        All                    

     After 1 Day                                                               

             E  E   G  E  F F F  G  F F F  F E E E E E  E    F                 

                                                        Excellent              

     After 3 Days                                                              

             G  E   X  E  F F F  G  F F F  F E E G E E  F    E                 

     After 5 Days                                                              

             F  G   X  E  F F F  E  F F F  F E E F G E  F    E                 

     __________________________________________________________________________

      E - Means very superior, hardness 2H to 4H and highly superior adhesion t

      clean steel.                                                             

      G - Means a good coating, hardness H to 2H and adhesion to clean steel   

      excellent.                                                               

      F - Means fair coating of hardness H and somewhat lower.                 

      X - Means gelled.                                                        

      * - Composition SC also contained a small amount of polyvinyl butyral    

      (PVB), i.e. 5 weight parts of 5% solution of PVB in MEK.                 

PAL  It can be noted how little binder is required with this system to give
      excellent coatings. All of these coatings withstood 4000 hrs. in the salt
      fog test at 2 mil. dry film on clean steel. The ratio of polyol alkyl
      silicate to zinc in these compositions is as low as 1 of paint to 20 zinc
      and this permits less cost.
PAC  EXAMPLE XXXV
PAR  This example describes a two component coating system based on zinc dust in
      one component and talc and glycol alkyl silicate binder in the other.
      Binder 59-1 was prepared by mixing 22 lbs. of the ethylene
      glycol-tetraethyl ortho silicate (ratio of glycol to tetraethyl ortho
      silicate of 1.3 moles/1 mole) with 18 lbs. of methyl n-butyl ketone, 6 oz.
      of silica (Cabosil M5) and 6 g. of zinc chloride. The composition was
      stored in an unlined steel can. This binder had a gravity of 0.93 at
      25.degree.C. and contained 12.0 wt. % silica. To make the talc dispersion,
      1.5 lbs. of binder 59-1 was mixed with 35 g. Sierra fine, neutral platy
      talc. To make the coating formulations, 2-1/2 weight parts of zinc dust
      and 1 part of the talc dispersion were mixed and applied to clean steel
      panels. The coating was dry to touch in 10 minutes, dry to handle in 15
      min., and hard enough to topcoat in 1 hour. The coatings had excellent
      adhesion, even to clean steel, had excellent galvanic protection at plus
      6000 hrs. in salt fog at 95.degree.F., and 5% salt at a film thickness of
      3 mils., scored.
PAC  EXAMPLE XXXVI
PAR  This example shows 2-package system comprising as one package, zinc oxide
      and zinc dust, and as the other package glycol alkyl silicate (ratio of
      1.3 : 2 moles glycol/mole of tetraethyl ortho silicate) in a hydrocarbon
      solvent. For example, a glycol alkyl silicate made to have a reacted ratio
      of 1.3 moles of glycol per mole of silicate was diluted with 0.5 volume of
      xylene to form a binder solution which was stable over a 2-1/2 year
      period. This solution was further mixed with less than 1/2 % Cabosil M5 to
      form the first component. The second component was a blend of 5% zinc
      oxide and zinc dust. To form the coating, 3 parts of the second component
      was blended with one weight part of the first component, and the mixture
      was applied as a coating to clean steel. Even when application of this
      paint occurred in a rain storm, the coating cured adequately to produce a
      highly superior coating, giving lasting galvanic protection to steel
      substrates. The pot life of the mix was about 10 days, at which time the
      coating composition did not gel, but made a somewhat softer coating. The
      coatings (2.5 mil) withstood 5000 hrs. in salt fog and 2-1/2 years
      outside, curing scored areas without rusting.
PAC  EXAMPLE XXXVII
PAR  10 wt. parts of a copolymer (91% polyvinyl chloride, 3% polyvinyl acetate
      and 6% polyvinyl alcohol in a 20% resin solution in MEK having a viscosity
      of 60 cps. at 25.degree.C., said solid polymer having a gravity of 1.39)
      and 200 g. of binder 59-1, described above in Example XXXV were blended
      together to form a stable vehicle. To form a galvanic paint, 3 wt. parts
      of zinc dust was mixed with 1 wt. part of the vehicle, and this
      composition was applied as a coating to a ferrous substrate. The coating
      hardened to a tough, adhesive, galvanic protective coating overnight.
      After 1-1/2 years exposure of a scored steel panel having a 2 mil. dry
      film of this coating, no rusting had occurred. Vinyl topcoats adhered well
      to this coating.
PAC  EXAMPLE XXXVIII
PAR  10 wt. parts of polyvinyl acetate resin having a viscosity (20 wt. % in
      Acetone) of 19 on a Ford No. 4 Cup at 25.degree.C. and a specific gravity
      of 1.18 was used to make a stable glycol silicate binder containing this
      resin by mixing 10 wt. parts with 180 wt. parts of binder 59-1 described
      in Example XXXV. To make a galvanic paint, 1 part of the resin containing
      binder was mixed with 2.5 wt. parts of zinc dust. The paint, applied as a
      4 mil. wet film to clean steel panels, gave excellent protection, and the
      coating was moderately firm and adhesive.
PAC  EXAMPLE XXXIX
PAR  Using a low molecular weight polyvinyl butyral resin, a 15 wt. % solution
      was made in MEK (this polyvinyl butyral is characterized by a 20% soln in
      95% alcohol having a viscosity of 55 cps). 1.85% of this low molecular
      weight resin solution was dissolved in binder 59-1, described in Example
      XXXV, to form a binder solution which was stable over a period of 1-1/2
      years. To make a paint, 2.5 wt. parts of the binder solution containing
      the resin was mixed with 7.5 wt. parts of zinc dust, and applied as a
      coating to clean, cold rolled steel. The resultant coating was somewhat
      flexible when applied as a 1/2 mil. coating and was very adhesive and gave
      protection to the steel against rusting over a period of 1 year. Vinyl
      paints adhered well to this coating.
PAR  In another experiment, 10 wt. parts of the 15% soln of the resin was mixed
      into 30 wt. parts of a neutral talc dispersion having 35 g. talc in 1.5
      lbs. of binder 59-1 to form a stable binder which contains 3.7% polyvinyl
      butyral resin. This blend was stable for a limited period, and to form a
      coating, 2.5 wt. parts of zinc dust was added to the binder resin blend
      and applied to a clean, cold rolled steel panel at 1/2 mil. thickness and
      at 1 mil. thickness. Both coatings were extremely flexible, hardening
      rapidly in 10 minutes to permit handling, and capable of taking any kind
      of bending operation such as is required in the forming of rolled steel
      into stamped parts. This kind of coating makes possible the application of
      an inorganic zinc to cold rolled steel for rust protection until used for
      making formed parts, and permits the further addition of similar coatings
      to the formed parts after forming without further treatment. The 1/2 and 1
      mil. coated steel panels did not rust out in a 1 year period.
PAC  EXAMPLE XL
PAR  This example describes the making of a colloidal silica-ethyl silicate
      copolymer mixture and co-reacting this with a glycol alkyl silicate to
      form a block copolymer useful in binders in zinc-containing coatings.
      Excess 2-ethoxyethanol was mixed with a commercial 30% alcoholic silica
      sol, and alcohol and water were stripped from the mixture until 50% silica
      remained in solution. To 1.25 pounds of the resulting solution were added
      3.8 lbs. of tetraethyl ortho silicate, and 190 ml. ethyl alcohol were
      distilled therefrom to 160.degree.C., whereupon 1.13 lbs. of ethylene
      glycol was added and 840 ml. more of alcohol removed. The ester-exchange
      product was a syrupy, white liquid, useful in zinc coatings. In a more
      desirable experiment, 2.2 moles of ethylene glycol, 1.25 lbs. of the 50%
      colloidal silica-ethoxyethanol mix and 7 lbs. of tetraethyl ortho silicate
      were mixed, and 2100 ml. of ethanol distilled therefrom to produce a
      homogeneous, glycol alkyl silicate-colloidal silica copolymer sol useful
      in zinc-containing coatings.
PAC  EXAMPLE XL-A
PAR  This example describes the making of a glycerol alkyl silicate zinc
      galvanic paint formulation and the testing thereof. 416 grams of an ethyl
      silicate containing 8% dimer and 92% monomer (tetra ethoxy silane) was
      mixed with 93 grams glycerol (USP) and 100 grams of 2-ethoxyethanol and
      heated in a 3-necked flask to 80.degree.C. in the presence of 2 drops of
      66.degree. Be sulfuric acid at which temperature a 50 g. sample was
      pipetted from the solution, cooled and was found to have a gravity of 0.95
      and a silica content of 19%. A 10 g. portion of this liquid was mixed with
      30 g. of zinc dust and applied as a coating on cold rolled steel. The
      coating cured slowly but hardened moderately in 1 day.
PAR  The remainder of the product in the flask was heated to effect further
      ester-exchange and the ethyl alcohol released was distilled therefrom
      until a total of 170 g. was removed. Periodically and at approximately
      equal intervals during the ester-exchange reaction, 10 ml. aliquots were
      removed by pipette and evaluated with zinc dust as a galvanic paint in
      screening tests. It was noted that as the ester-exchange continued, the
      products made better and harder coatings and the further the
      ester-exchange occurred.
PAR  The final residue was cooled and, upon cooling, solidified to a gel which
      would cold flow over a period of time but was easily broken on fast
      impact. This gel was insoluble in water but dissolved in MEK. This
      material in MEK, glycol ethers and alcohol free solvents made an excellent
      zinc dust primer, hardening rapidly and giving exceptional coatings having
      superior resistance to salt fog.
PAC  EXAMPLE XL-B
PAR  This example describes the making of a glycol-2-ethoxyethyl silicate as
      follows (and the evaluation thereof in zinc coatings). Charge 416 wt.
      parts (to a 2 liter RB flask) tetraethoxy silane, 460 wt. parts
      2-ethoxyethanol and 129 wt. parts ethylene glycol. Here, the OR groups on
      the silicate product are either 2-ethoxyethyl groups or pendant
      hydroxyethyl groups. There was removed from the mixture 390 grams of ethyl
      alcohol while heating to 138.degree.C. pot temperature, and the recovered
      bottoms was a clear, colorless liquid having a gravity of 1.049 at
      25.degree.C. and a silica content of 17.4% and a Pensky Tag Flash Point of
      greater than 100.degree.C.
PAR  10 weight parts of the bottoms product was blended with 30 wt. parts of
      zinc dust, and in other similar tests with the zinc containing 5% neutral
      talc, and in another test with the zinc containing 5% kaolin. Coatings 3
      mils thick were applied to cold rolled steel and found to cure to touch in
      15 min. and hard in 1 hour. In another experiment, carbon tetrachloride
      was added to the zinc-dust containing slurry to effect a harder coating,
      and in another similar test 1/2% of ethyl hexoic acid was added to the
      silicate product prior to mixing with the zinc dust to effect more rapid
      curing. All of the resulting products had good salt spray resistance (4000
      hours salt fog with no rust). The resultant binders were stable for over a
      2-1/2 year period with no gelling.
PAR  It should be noted that the 2 ethoxy ethanol in Examples 13, 21, 29, 30,
      40A, and 40B contained between 0.2 and 0.5% water, by Karl Fisher Method
      of Analysis.
PAC  EXAMPLE XLI
PAR  This example describes the making of a methoxy ethyl glycol silicate as
      follows: Charge to liter flask 416 grams tetraethoxy silane, 404 grams
      methoxy ethanol, 124 grams ethylene glycol, and 2 drops sulfuric acid,
      66.degree. Be. The mixture was heated and alcohol distilled therefrom. The
      bottoms product had a gravity of 1.075, a silica content of 18.5% and
      weighed 640 grams. The maximum pot temperature was 130.degree.C. The
      product was tested as the immediately preceding example with zinc dust and
      was found to give good coatings and to have a shelf life of over 2-1/2
      years.
PAC  EXAMPLE XLII
PAR  In this example, a mixed glycol and polyethylene glycol-glycol
      alkoxysilicate reaction product was prepared by charging 1.5 moles
      tetraethoxy silane, 0.85 mole ethylene glycol and 0.15 mole polyethylene
      glycol of 200 mol. wt. in a reaction vessel. The mixture was heated to
      70.degree.C. in a liter RB flask and 1 drop of sulfuric acid was added.
      105 ml. of ethyl alcohol was distilled from the reaction mixture, and 56
      g. of xylene was then added to the mixture. The gravity of the product at
      30.degree.C. was 1.0, and the product was water white and clear and had a
      silica content of 24.1%. When tested in a proportion of 1 part binder to 5
      parts zinc dust, the product gave a slow curing coating having good
      protective properties against rusting when finally cured.
PAC  EXAMPLE XLIII
PAR  I have discovered that the addition of minor amounts of solvent-soluble
      polyvinyl butyral and similar polyvinyl alkylal polymers or copolymers,
      with or without other vinyl and organic compounds, to my single package
      compositions containing polyol silicates, having a hydrolysis of about up
      to 45%, gives improvements for certain applications. These compositions
      may or may not contain zinc dust. In single package or multi-package
      coating compositions of this invention in which the solvent is either
      predominantly alcohol or 2-ethoxy ethanol, the amount of polyvinyl alkylal
      is often about 10 to 65%, preferably about 10 to 30%, based on the polyol
      silicate. In single package systems, the proportion of monofunctional
      solvent must be substantial, with the binding having a silica control of
      from 5 to 10% because of the required dilution with monofunctional OH
      compound to prevent gelling. Polyvinyl alkylals can be prepared from the
      reaction of polyvinyl alcohol with lower alkanals having, e.g., up to
      about 5 carbon atoms, and more preferably from reaction of polyvinyl
      acetate dissolved in an alcohol with the aldehyde. The acetal-type
      groupings in the structure of the butyraldehyde derived polymer is
      ##EQU23##
      with a certain proportion of the groupings, as polyvinyl alcohol (at 2 to
      30%). The polyvinyl alkylal polymers have minor amounts of polyvinyl
      alcohol or polyvinyl acetate groupings, for example, about 5 to 25% of the
      vinyl groups may be polyvinyl alcohol groups. The polymers may have about
      50 to 90% acetal-type groups. To be useful in my coatings, the polymers
      must be of an appropriate molecular weight and composition to be soluble
      and compatible in minor proportions in my compositions and not cause them
      to gel before use. Such molecular weights may often be in the range of
      about 20,000 to 50,000. In addition, the polymers should be used to the
      extent that in situations where a subsequent organic topcoat is applied to
      the zinc-glycol silicate primer containing the organic polymeric
      compounds, they will not be present in composition or extent that will
      cause porr adhesion and poor bonding compatibility with top-coats applied
      thereon. I have found that when the polyvinylaldehyde copolymers are
      properly used, their advantages are increased life of the coating in salty
      atmospheres, less zinc degradation through white zinc rust and with
      resultant longer life of the coating, improved galvanic protective
      properties, better flexibility, improved adhesion to substrate and
      improved adhesion of vinyl and other compatible solvent-based organic
      plastic coatings.
PAR  By increasing the amount of polyvinyl butyral copolymer in the cured film
      of the glycol alkyl silicate coating to greater than about 2%, flexible
      coatings are possible which are useful for coating roll-steel stock which
      is sold in coils and which is capable of being bent and formed in
      conventional shaping and bending apparatus and which may be subsequently
      recoated over the zinc primer with the same or other coatings, either
      before or after forming, without rusting or rust undercutting occurring
      during storage or handling. Since some of the compositions can be made to
      cure rapidly (in seconds or minutes), automated coating devices can be
      utilized for coating cold rolled steel. Heat curing cycles of as rapid as
      30 seconds at 150.degree.C. is possible in these coatings when
      methylalkanol and butylalkanol melamine formaldehyde copolymers are used
      in conjunction with the butyral and polyol silicates.
PAR  Other polymeric compounds which may be used alone, but preferably as
      copolymers in minor amounts in my compositions, are given below. While the
      polyvinyl alcohol alone is quite insoluble - as copolymers with a great
      variety of vinyl compounds, it becomes compatible and gives reaction OH
      groups which react by ester exchange with the silicate grouping, giving
      preferred products for use in the zinc coatings.
      ##EQU24##
      and particularly the hydroxylated acrylates and methacrylates. The R in
      these formulas is usually lower alkyl such as methyl or ethyl. The
      polymers may also be polyvinyl pyrollidone or polyoxyalkylene glycols;
      however, these latter polymers may be water soluble and remain in the zinc
      coating, and should be washed out prior to top coating to achieve good
      adhesion. Other resins such as minor amounts, e.g. about 5% based on the
      polyol silicate, of methylated or butylated melamineformaldehyde or other
      aminoplast resins may be added to the compositions to promote rapid heat
      curing and improve properties of the coating.
PAR  Some of the commercial polyvinyl butyral products useful in my
      zinc-containing polyol silicate coating compositions include the
      following, with a characterization of their properties: Butvar (Monsanto)
      with ranges in viscosity of 10% solution in 95% alcohol of 55 cps. for
      B79; and up to 1570 cps. for B72A; Union Carbide's polyvinyl butyral, No.
      XYHL, which was a copolymer of 0.5% polyvinyl acetate, 19.5% of polyvinyl
      alcohol, and 80% polyvinyl butyral having a specific gravity of 1.12 and
      an inherent viscosity of 0.9 (ASTM D1243-58 + Procedure A). I have found
      generally that in the glycol silicate binders in ketone solvents, 2% or
      less of the polyvinyl butyrals was compatible and stable. In the glycol
      silicate binders in glycol ether, i.e. alkyl-capped glycol, solvents, much
      higher levels of solubility were possible for longer shelf-life stability
      without gelling.
PAR  Experiments illustrating use of polyvinyl butyral in my polyol silicate
      binders in zinc dust and ceramic coatings include the following in Table
      V, and in Examples LXIV c, d, e, f and k; LXV a, b and c: LXIII.
TBL                                    TABLE V                                 

     __________________________________________________________________________

             Composition, Parts By Weight                                      

     Ingredients                                                               

            Exp. 45-1                                                          

                   2   3     4    5    6    7   8     9    10                  

     __________________________________________________________________________

     methyl-n-butyl                                                            

      ketone 40    40  40         45                                           

     PVB1    2     10  4                                                       

     PBV2                    10        4        30    50   0.45 lbs.           

     PVB3                                   10                                 

     zinc chloride                                                             

             6     5   4                                                       

     zinc dust                                                                 

             135   105 400   100       200  250 250        13 lbs.             

     SC1     4.5   4   3                                                       

     SC2                     30   380           70    60   4 lbs.              

     SC3                               50                                      

     SC4                                    90                                 

     Results thickened                                                         

                   gelled                                                      

                       thickened                                               

                             gelled in          binder                         

                                                      binder                   

             and gelled                                                        

                   in 5                                                        

                       to unus-                                                

                             5 days             stable                         

                                                      solid in                 

             in 2 hrs.                                                         

                   min.                                                        

                       able con-                                               

                             (good for          but with                       

                                                      4 hours                  

                       sistency                                                

                             2-pkg.)            zinc gel-                      

                                                led in 2                       

                                                days                           

     Description of                                                            

     coating and   not not   very binder                                       

                                       binder         not run                  

                                                           binder without      

     paint   not run                                                           

                   run run   flexible                                          

                                  stable                                       

                                       stable              zinc very           

                                       without             stable 1 yr.,       

                                       zinc                paint good          

                                                           over 2 wk. per      

     Cure descrip-                                                             

             not run                                                           

                   not not   coating                                           

                                  5 min.              not run                  

     tion          run run   hard and                                          

                                  very                                         

                             adhesive                                          

                                  flexible,                                    

                                  hard and                                     

                                  adhesive                                     

                                  coating                                      

     __________________________________________________________________________

      (NOTE: limited shelf life in binder in a ketone solvent necessitates the 

      use of small amounts, e.g., less than 2%, when long storage is           

      contemplated.)                                                           

PAR  In other compatability tests using 5% of the SCl, the glycol alkyl silicate
      binder in ketone gels in 2 to 5 days and 6.8% gels the binder in 4 hours.
      By adding a polyvinyl butyral having fewer reactive groupings, higher
      levels with improved shelf-life stability can be used.
PAR  Designations for preceding table:
PA0  Pvb1 - is a 20% solution of polyvinyl butyral (PVB) in methyl-n-butyl
      ketone. This lower molecular weight polyvinyl butyral is characterized by
      a 10% solution in 95% alcohol having a viscosity of 55 cps. at
      25.degree.C.
PA0  Pvb2 - is a 15% solution of polyvinyl butyral (PBBI) in methyl ethyl ketone
      (MEK).
PA0  Pvb3 - is 10% PVBI in MEK.
PA0  Sci - is the second component, a glycol alkyl silicate which is defined as
      SC in Example XXXIV.
PA0  Sc2 - is another glycol alkyl silicate binder and filler mix containing 5%
      of finely-divided neutral platy talc in the glycol silicate binder
      composition 59-1 (described in Example XXXV).
PA0  Sc3 - binder was a reaction product described in Example XXXIII.
PA0  Sc4 - is a mix of the reaction product of 150 g. tetraethyl silicate
      condensed, 44.7 g. glycol, 28.6 g. 2-ethoxyethanol heated to 100.degree.C.
      in the presence of 1 drop HCl, then cooled, and 1.g. ZnCl.sub.2 and 10 g.
      finely-divided platy talc were added and diluted with 150 g.
      2-ethoxyethanol.
PAC  EXAMPLE XLIV
PAR  The preparation, properties and use of polyol silicates compounded into
      single-component formulations with zinc dust are described below:
PAR  A glycol-ethyl silicate binder was prepared by heating 1.3 moles of
      ethylene glycol with 1 mole of tetra ethyl ortho silicate in the presence
      of a sulfuric acid catalyst and removing the alcohol released, dissolving
      the resultant bottoms product in sufficient xylene to liquefy. The
      resultant product was stable over a 2-1/2 year period, not changing during
      this period. The product (GASB) had the following properties:
     GASB                                                                      

     % silica         24.12                                                    

     specific gravity                                                          

     at 25            1.05                                                     

     % acidity as HCl 0.001                                                    

     appearance       colorless, clear liquid                                  

     % xylene         20                                                       

     freezing point   less than -30.degree.F. below                            

                      zero.                                                    

     solubility       soluble in xylene, ke-                                   

                      tone, cyclohexane, oxy-                                  

                      genated solvents, gly-                                   

                      col ethers, etc.                                         

PAR  It was formulated into a single-component paint as follows:
TBL  2       lbs.   GASB                                                       

     3       lbs.   methyl ethyl ketone (MEK)                                  

     1.5     oz.    Cabosil M5 (a pyrogenic silica)                            

     10      g.     zinc chloride (ZnCl.sub.2.2H.sub.2 O)                      

     13      lbs.   zinc dust (No. 1 in table).                                

PAR  The GASB, MEK and zinc chloride were blended with the Cabosil M5 and the
      zinc dust added and sheared briefly into the liquids. The paint was
      packaged in a one-gallon epoxy-lined can and sealed for 2-1/2 years at
      from 65 to 95.degree.F., and after this period was placed on a paint
      shaker for 1/2 minute, opened and found to be homogeneous and easily used
      as a paint. The paint was applied (2 mils dry) to cold rolled steel
      panels, drying to touch in less than 4 minutes and to a hard coating in
      about 1/2 hour, and could be topcoated without deleterious effects after 4
      hours. The completely cured coating had a pencil hardness of 4H. Salt fog
      (5% salt - 95.degree.F.) tests for a three-month period on a scored panel
      revealed exceptional protection - no rust or rust undercutting, and the
      scored area was completely healed. The mixed paint had a gravity of 2.35
      at 25.degree.C. No gassing or balling up and gelling of the paint occurred
      during this period.
PAC  EXAMPLE XLV
PAR  Here, a direct comparison of the curing rates of zinc dust coatings made
      with binders of hydrolyzed silicates and binders made from the same
      hydrolyzed silicates with a minor amount of polyol ester-exchanged into
      the product, shows an advantage of my innovation. Also, comparisons in
      methods of making and variations in ingredients are described with the
      effect on the resulting coatings.
PAR  Ethyl Silicate 40 is a polymeric siloxane containing an average of slightly
      over 5 siloxane groupings per molecule and is prepared from tetraethyl
      ortho silicate by partial hydrolysis in the presence of a trace of
      hydrochloric acid with distillation of alcohol released therefrom with
      condensation and neutralization. The equation for the reaction is given:
      ##EQU25##
      This product is an average theoretical product; however, the actual
      composition may have monomer, dimer, trimer, tetramer, cyclic pentamer,
      and many higher cyclic and cross-linked polysilicates having up to about a
      maximum of 18 SiO groups per molecule but having an average composition of
      about 5 SiO groups per molecule. The resultant product had 40 wt. % silica
      and a specific gravity of 1.053 and was a distribution of monomeric,
      dimeric and polymeric siloxanes.
PAR  The following was charged to a large reactor:
TBL  3,045    weight parts of the above Ethyl Silicate                         

     10,351   weight parts 2-ethoxyethanol                                     

     209      weight parts water.                                              

     0.53     weight parts conc. sulfuric acid added                           

              to the water as catalyst.                                        

PAL  The mixture was heated to reflux with removal of all ethyl alcohol formed
      by ester-exchange up to 138.degree.C. (approximately 5,070 weight parts).
      The remaining bottoms product had a gravity at 25.degree.C. of 1.055 and a
      silica content of 20 wt. %. The product (45-I) was calculated to be 54%
      hydrolyzed and condensed.
PAR  A small portion of product 45-I was mixed with 3 wt. portions of zinc dust
      and tested as a coating by painting a cold rolled steel panel. It was
      discovered that the coating would not cure, even after several days, and
      in order to attempt to accelerate cure, the blend was made acid until it
      contained 0.06 wt. % HCl. This higher acid product coating cured to
      insolubility in acetone after exposing the coating to moist air at
      85.degree.F. for 96 hours. This curing is not considered to be rapid
      enough to be accepted as a usable material since it is so slow, yet, as
      can be seen below in Table VI, even as little as 11% ethylene glycol in
      the reaction product accelerated the cure time to only 1/2 hour.
PAR  To test the effect of ester-exchanging ethylene glycol into the above
      polymeric siloxane, the siloxane was slit into several portions and glycol
      and acid added as follows:
TBL                                    TABLE VI                                

     __________________________________________________________________________

                         Composition, Weight Parts                             

     Ingredients     Run 2    3     4     5     6                              

     __________________________________________________________________________

     Polymeric Siloxane (45-1)                                                 

                         .rarw.in each case 1,000 weight parts were            

                         added.fwdarw.          3160                           

     Ethylene Glycol     155  310   620    155   363                           

     Hydrochloric Acid 37%                                                     

                         1.6   3     3     4.8  10.4                           

     2-Ethoxyethanol                      1155  3523                           

     (All the above mixtures were heated to 110.degree.C. and cooled.)         

     Cure Time                                                                 

     (2 mils dry coating) in                                                   

                         .rarw.Dry to touch in about 15 minutes.fwdarw.        

     test with zinc dust on                                                    

     steel panel (3 parts                                                      

                         .rarw.Dry to insolubility in acetone in about 1/2     

                         hour.fwdarw.                                          

     zinc:1 part binder)                                                       

                         .rarw.Could topcoat in 2 hrs..fwdarw.                 

      To make improved coating binders from the above products of Table VI,
      polyvinyl butyral (Butvar 79) was added to each product, and the composite
      was tested as a zinc dust-containing coating; i.e., 0.4%, 1%, 2%, 3%, 4%,
      5% and 10%. In every case but the last two higher ratios, the film cured
      to a hard and acetone-insoluble, insoluble coating in about 40 minutes. In
      another test, 0.1% Bentone 27 (xylene wetted) was sheared into the binders
      to produce a non-sagging paint.
PAR  The above experiments, except for polyvinyl butyral addition, were also
      carried out on a binder prepared by mixing initially the same
      stoichiometric amounts of water, glycol, 2-ethoxyethanol, tetraethyl
      silicate and acid catalyst and hydrolyzing, ester-exchanging and removing
      alcohol all in one step. The resultant product had identical properties
      and use characteristics, and in similar experiments it was found that any
      combination could be used, provided that the final equilibration
      temperature was reached and an acid catalyst was present.
PAR  In a third series of experiments similar to the above, stoichiometric mole
      amounts of 2-methoxyethanol was substituted for the 2-ethoxyethanol with
      satisfactory results. It was found that alkoxyalkanols were suitable,
      provided they are volatile enough to evaporate from the coating.
PAR  In a fourth series of similar tests, minor amounts (10%) of glycerol,
      polyethylene glycol (200 and 400 molecular weight) were found to be
      compatible with the glycol in ester-exchange with the silicate and
      produced binder paints containing zinc dust which cured well and to
      commendable coatings.
PAR  In a fifth series of tests, it was shown that on varying the degree of
      hydrolysis of the silicate, the relative mole amount of polyol should be
      decreased to provide a stable binder useful in coatings. This decrease is
      based on and calculated from the ratio of moles of monoalkoxy groupings on
      the silicon atoms in the siloxane polymer per mole of hydroxy grouping on
      the polyol and the broad range and preferred range are given in the
      specification. The hydrolysis of the binder may with advantage range
      between 0 and 75% when polyol is added and the optimum hydrolysis range is
      about 50% hydrolyzed or less as shown in this example and others
      throughout this specification.
PAR  In a sixth series of similar tests, various fillers were added to the
      binder besides the zinc dust. It was concluded that when the polyvinyl
      butyral was present, the extensive dilution of the zinc dust with larger
      quantities of other fillers was not as desirable nor necessary. It was
      concluded then that fillers that should be added, aside from the zinc, are
      those which helped suspend the zinc dust, stabilized the slurry against
      gelling or gassing, and prevented sag.
PAC  EXAMPLE XLVI
PAR  This series of tests demonstrates the importance of using an acidic
      catalyst in ester-exchange of the ethylene glycol, and the accelerated
      curing and hardening of zinc coatings resulting from the presence of the
      acid in the mix.
TBL  ______________________________________                                    

     Silicate Reactant A                                                       

     ______________________________________                                    

     Tetra kis 2-methoxy                                                       

                      B.P. 133-134.degree.C.                                   

     ethyl silicate                                                            

                      n.sub.D.sup.25 1.41917                                   

                      d 25.degree.C. 1.054                                     

                      SiO.sub.2 = 18.1%                                        

     Polyol Reactant B                                                         

                      Ethylene glycol                                          

     ______________________________________                                    

PAC  Binder 46A
PAR  No acid catalyst used (acid free) and heated only to 50.degree.C.
PAR  328 grams Silicate (Reactant A).
PAR  62 grams ethylene glycol (Reactant B) were heated to 50.degree.C.; all
      became clear, although it was not known whether ester-exchange occurred. A
      small sample was taken and gravity found to be 1.07, SiO.sub.2 of 15%,
      acidity neutral.
PAR  The above was tested in a zinc dust coating on steel (3 mils wet film) by
      mixing 1 wt. part binder 46A and 3 wt. parts of zinc dust. The film did
      not cure after several days of exposure to the atmosphere showing that an
      acidic material is necessary for the desired reaction to occur.
PAC  Binder 46B
PAR  130 wt. parts of the binder 46A (above) was heated to 110.degree.C. with 28
      wt. parts of ethylene glycol, and tested as in the case of Binder 46A with
      zinc dust. The coating would not harden after several days aging.
PAC  Binder 46C
PAR  Addition of acid during ester-exchange. Another 130 grams of the product
      46A was mixed with 1/2 drop (0.02 ml.) concentrated HCl (37%) and heated
      to 100.degree.C., cooled and tested as in a zinc coating as with Binder
      46A. Now the film cured rapidly to a hard, adhesive coating. Note that
      only a trace of acid is necessary for obtaining a workable binder which
      cures with zinc. It was estimated that the binder had only 0.005% acid
      calculated as HCl.
PAC  Binder 46D
PAR  Demonstration of advantage of using a larger amount of acid. To another 130
      grams of product 46A was added 0.1  ml. concentrated hydrochloric acid and
      heated to 100.degree.C., cooled and tested as a binder 46D using 3 grams
      of zinc/l gram binder as above. This product cured even more rapidly than
      Binder 46C and formed a harder coating. Binder 46D had 0.0285% HCl based
      on binder.
PAC  Binder 46E
PAR  Demonstration of advantage of using even a larger amount of acid in the
      binder. To 30 grams of Binder 46A from example above, was added 0.1 ml.
      concentrated hydrochloric acid (37%) and heated to 100.degree.C. The mix
      was cooled and tested as above with zinc to determine its value as a
      binder. The product cured even more rapidly than either Binder 46C or 56D,
      and was found to be stable over a long period of time as a binder. Once
      the acid catalyst reaction of polyol and silicate have taken place, the
      addition of a basic material such as asbestos, talc or even sodium
      ethylate or methylate does not destroy the ability of the binders to
      harden well with zinc dust to form hard adhesive zinc silicate coatings.
PAC  Binder 46F
PAR  Demonstration of inability to use an excessive amount of a weak acid such
      as acetic acid. To 30 grams of Binder 46A was added 0.1 g. glacial acetic
      acid, and the mix was heated to 100.degree.C. Again, this binder was
      evaluated as above with zinc dust. The mix gelled with zinc dust in only
      10 minutes. The coating on steel was soft and not acceptable.
PAC  EXAMPLE XLVII
PAR  In each experiment below, the binder was prepared by heating the
      ingredients together to 100.degree.C. without removal of alcohol, cooled
      and evaluated in a zinc dust paint by mixing 1 wt. part of resultant
      binder with 3 wt. parts of zinc dust and applied as paint to a clean steel
      panel.
PAC  EXAMPLE XLVIII
PAR  This example shows the advantage of using a polyol, hydrocarbon ether
      silicate and particularly in this case, a glycerol hydrocarbon ether
      (ethoxyethyl) as a highly useful self-curing binder for making ethoxyethyl
      glycol silicate galvanic coatings.
PAR  3000 weight parts of the 2-ethoxyethyl polysilicate (or polysiloxane) from
      Example XLV, designated as 45-1, was mixed with 248 weight parts of
      glycerol and 0.03 weight parts of 37% hydrochloric acid and heated to
      115.degree.C., cooled and evaluated in zinc dust coating formulations.
      During this syntheses, it was found to be advantageous to add the glycerol
      very slowly to the heated polysiloxane to prevent precipitation of a
      white, solid material from solution. The resulting binder could be diluted
      with a hydrocarbon (paraffinic, naphthenic or aromatic) or other organic
      solvent or could be used as is or diluted with 2-ethoxy ethanol. When
      mixed in various ratios with zinc dust and optionally other fillers (e.g.
      clays, talcs, and the like), antisag and suspending agents, and optionally
      polyvinyl butyral, the galvanic coatings resulting were hard, adhesive,
      self-curing and highly protective to steel containing substrates. When
      applied to wet sandblasted steel surfaces (while still wet), this coating
      cured to an exceptionally hard, adhesive and rapidly self-curing galvanic
      coating, preventing any rust with undercutting and scratches being
      self-curing. As in many of the other polyol silicate-zinc dust coatings
      described herein, and particularly those having zinc chloride therein,
      this versatility in use even over wet sandblasted surfaces permits less
      costly, safer and more healthful and simpler methods of preparing the
      surface of the steel -- by water sandblasting -- without any loss of
      protective abilities of the excellent galvanic coating thereon.
PAR  In addition, the finished zinc-glycerol, ethoxyethyl silicate paint had a
      flash point (Pensky Tag closed cup) of over 104.degree.F. and could be
      regarded as a single package system with adequate pot life to allow mixing
      large batches and being stable enough to ship to the locus of use as a
      homogeneous zinc dust paint. Salt spray tests (5% salt at 95.degree.F.)
      for 4 months on a 3 mil test film on 20 gauge steel panels (wet
      sandblasted), showed no signs of rust or rust undercutting.
PAR  In a similar series of experiments, the ratio of glycerol was increased to
      466 grams glycerol per 3000 grams polysiloxane, and in another series to
      1000 grams glycerol per 3000 grams polysiloxane. In the former example,
      the catalyst was 3 drops of 37% HCl and in the latter test, no acid
      catalyst was used, but a trace was present in the 2-ethoxyethyl
      polysilicate. The zinc binder compositions made with these
      glycerol-hydrocarbon ether silicates and zinc dust self-cured rapidly to
      highly protective galvanic coatings. Salt spray (5% salt at 95.degree.F.)
      tests for 4 months on a 3 mil test film on 20-gauge steel panels showed no
      signs of rust or rust undercutting. In order to achieve stability against
      gelling with higher ratios of glycol to silicate, dilution with a
      monohydroxy compound such as 2-ethoxy ethanol was employed.
PAR  In a similar series of experiments, polysiloxanes which were hydrolyzed to
      10, 25, 40, 60 and 70%, respectively, were similarly made as described
      above using as the ratio of about one-half mole reactive hydroxyl in the
      polyol per each mole of ester-exchangeable mole grouping on the
      polysilicate. All of these made excellent zinc dust-silicate coating
      giving long life protection against rusting in moist and salty
      atmospheres, to the ferrous substrates.
TBL                                    TABLE VII                               

     __________________________________________________________________________

                Composition, Weight Parts                                      

     Ingredients                                                               

             Run                                                               

                47-1    47-2                                                   

                            47-3    47-4   47-5   47-6   47-7                  

     __________________________________________________________________________

     Tetraethoxy silane                                                        

                208     208 208     208    20.8   208    208                   

     Ethylene Glycol                                                           

                62      62  62      62            62     62                    

     Diethylene Glycol                                                         

                10      30                               30                    

     Polyethylene Glycol                                                       

      400                                                                      

     Glycerol               30      10     5      10                           

     Polyethylene Glycol                                                       

      200                                                30                    

     2 Ethoxyethanol        10      275    15     275                          

     HCl (37%) Mixture                                                         

      talc added to                                                            

      binder when hot                                                          

                0.05    0.05                                                   

                            0.05    0.05   0.1    0.62   0.05                  

     Additional Ingredi-                                                       

     ents Added to Above                                                       

     Isopropanol                                                               

     t-butanol                                                                 

     Results of Test with                                                      

     Zinc Dust in Coating                                                      

                Coatings poor,                                                 

                        slow                                                   

                            Cured ade-                                         

                                    Coating                                    

                                           Cured in 1                          

                                                  Much hard-                   

                                                         coating               

                drying.     quately to                                         

                                    softer but                                 

                                           hr. to er than                      

                                                         cured                 

                            give a  adequate                                   

                                           yield a                             

                                                  47-4.  slowly but            

                            good, hard                                         

                                    for pro-                                   

                                           fairly        formed a              

                            protective                                         

                                    tecting.                                   

                                           hard coat-    hard, film,           

                            coating        ing.          adhesive              

                            having ex-                   coating.              

                            cellent                                            

                            spray (at                                          

                            3 mils)                                            

                            protective                                         

                            properties over                                    

                            4000 hrs.                                          

                                Composition, Weight Parts                      

     Ingredients                                                               

             Run                                                               

                47-8   47-9  47-10 47-11 47-12 47-13    47-14                  

     __________________________________________________________________________

     Tetraethoxy silane                                                        

                208    208                              104                    

     Ethylene Glycol                                                           

                62     124   ADDED 100 WT. PARTS 47-9.                         

                                               ADDED 70                        

                                               WT. PARTS                       

                                               47-9.                           

     Diethylene Glycol                                                         

     Polyethylene Glycol                                                       

      400       30                                      100                    

     Glycerol                                                                  

     Polyethylene Glycol                                                       

      200                                                                      

     2 Ethoxyethanol   180                                                     

     HCl (37%) Mixture                                                         

      talc added to                                                            

      binder when hot                                                          

                0.05   0.1                                                     

     Additional Ingredi-                                                       

     ents Added to Above                                                       

     Isopropanol             80                                                

     t-butanol                     5     10    20                              

     Results of Test With                                                      

     Zinc Dust in Coating                                                      

                Coating                                                        

                       Firm, hard coatings resulting in each case. Dried       

                       slowly                        Coating too               

                cured to a                                                     

                        (15 min.) but cured in about 3/4hr. to insolubility    

                                                     slow drying               

                softer   acetone. The binders were exceptionally               

                                                     to be use-                

                film than                            ful in most               

                47-7.                                applications.             

     __________________________________________________________________________

PAC  EXAMPLE XLIX
PAR  This series of examples shows the utility of using glycol alkyl silicates
      having the reacted mole ratios of ethylene glycol to tetraethyl silicate
      of 2 to 1, 1.8 to 1 and 2.4 to 1 in zinc dust paints comprising MEK and
      having a shelf life of over 21/2 years. 3000 grams of condensed ethyl
      silicate having 90% monomer, 8% dimer and 2% trimer, and 1350 gms.
      ethylene glycol were heated to reflux and 5 drops of sulfuric acid added
      and 1,325 g. ethyl alcohol distilled therefrom. The product had a mole
      ratio of glycol/silicate of 2/1. Similar reactions were made, adjusting in
      each case the mole ratio of glycol/silicate to 1.8/1 and 2.4/1. To 50 g.
      of each of these products was added 50 g. MEK and 250 g. fresh zinc dust.
      The resultant paint was homogeneous and usable after 21/2 years aging in a
      simple container, and when applied to a cold rolled steel panel, said
      coating was hard, adhesive and highly protective in salt fog tests.
      Portions of the zinc silicate paints made from these glycol silicates were
      mixed with zinc chloride in proportions ranging from 0.5 to 10%, and the
      resultant paint mixes applied over steel panels containing mil scale. The
      3 mil dry films were tested over extended periods for galvanic protection
      and were found to withstand 4000 hours of salt fog testing (95.degree.F.
      and 5% salt) with no further rusting or rust undercutting, demonstrating
      the utility of these valuable coatings even over rusty surfaces.
PAC  EXAMPLE L
PAR  In this experiment, 1000 g. ethyl silicate condensed (95% monomer) was
      heated to 112.degree.C. with 290 g. ethylene glycol and 1/2 drop of butyl
      titanate added with no noticeable ester-exchange reaction as evidenced by
      no distillation of alcohol. Thereafter, 0.1 g. of boric oxide (B.sub.2
      O.sub.3) was added and still no reaction took place. When 0.03 ml. of
      concentrated sulfuric acid was then added, alcohol started coming off
      rapidly showing the transesterification reaction had started. The alcohol
      was removed to a point of product gelling, and the product cooled and was
      dissolved in MEK and 30 g. of hexamethyl disiloxane (a known silicone
      capping agent) added at 80.degree.C. This material acted as a capping
      agent for any silanol groups which may have formed during aging. 105 wt.
      parts of the product binder was mixed with 2 parts of zinc chloride, 40
      parts of talc and 100 parts of MEK, and 700 parts of zinc dust, and the
      slurry was well-mixed and stored for 21/2 years. The product paint in a
      common tinned paint can was completely stable as a single package paint
      for over 21/2 years, and the coating made therefrom was satisfactory,
      giving a galvanic, self-curing protective film over a steel substrate. The
      coating gave excellent salt fog protection (3 mil dry film -- no rust,
      3000 hours salt fog at 95.degree.F., 5% salt) on a cold rolled steel
      panel.
PAC  EXAMPLE LI
PAR  In an open beaker the following were mixed together and heated to
      110.degree.C.
PAR  24.8 g. Ethylene glycol
PAR  74.4 g. Ethyl Silicate 40 (a siloxane and silicate polymer having an
      average of 5 SiO groups per molecule and having a distribution of from 1
      SiO to 15 SiO groups per molecule and having 40 weight % silica and a
      gravity of 1.051)
PAR  201.0 g. Butyl cellosolve
PAR  0.4 ml. HCl (as catalyst).
PAR  This binder was stable for 2-1/2 years and was tested on several occasions
      during this period with zinc dust as a zinc coating using 1 weight part
      binder to 3 weight parts of zinc dust and was found to work excellently as
      a galvanic paint for a steel substrate. The coating was slow drying
      because of the low volatility of the solvent but produced an excellent
      coating.
PAC  EXAMPLE LII
PAR  Mixed and heated to 80.degree.C. in an open beaker the following:
PAR  74.4 g. Ethyl Silicate 40
PA1  4.68 g. Water
PA1  7.5 g. Ethylene glycol
PA1  212 g. Methoxy ethanol
PA1  0.1 ml. HCl
PAR  The binder sample was tested periodically as in Example 51 with zinc dust
      as a galvanic coating and was found to work excellently over an extended
      period. The binder was calculated to have 70% hydrolysis and condensation.
PAC  EXAMPLE LIII
PA1  74.4 g. Ethyl Silicate 40 as described in Example LI
PA1  4.68 g. Water
PA1  4.0 g. Ethylene glycol
PA1  212 g. Methoxy ethanol
PA1  0.1 ml. HCl.
PAL  The binder was sample tested periodically as in Example LI with zinc dust
      as a galvanic coating and was found to work excellently as a galvanic
      paint.
PAC  EXAMPLE LIV
PAR  In a glass flask reactor, the following were mixed and heated to reflux and
      alcohol removed by distillation therefrom to a point of gelation
PA1  3.75 lbs. Ethyl Silicate 40 (described in Example LI)
PA1  1.24 lbs. Ethylene glycol
PA1  2.85 lbs. 2-Ethoxy ethanol.
PAL  The maximum pot temperature reached was 135.degree.C., at which time the
      mix gelled solid. To solubilize the mix, varying increments of 2 ethoxy
      ethanol were added and heated each time to 135.degree.C. to attempt to
      find the amount required to permanently solubilize the mix. It was noted
      that as in former examples, a slight mole excess of monofunctional
      compound, in this case 2 ethoxy ethanol is necessary to prevent excessive
      gelling or polymer buildup due to excessive polymerization. This mole
      ratio is based on the number of ester-exchangeable groupings in the
      hydrolyzed binder and the need for excess monofunctional compound is
      especially important to avoid gelling when there are numerous
TBL           .vertline..vertline.                                             

              --Si--O--Si--                                                    

              .vertline..vertline.                                             

PAL  (siloxane) groupings per polymeric reactant molecule and the ratio of
      polyol/silicate is such as to allow formation of the high polymeric
      structure. The ethoxy ethanol acts as a chain terminator to stabilize the
      mix. When the above mix was diluted with an additional 1.80 lbs. of ethoxy
      ethanol, it did not gel on heating, and eventual dilution with ethoxy
      ethanol was made to give a total charge and weight balance as follows:
TBL  3.75 lbs.                                                                 

             Ethyl Silicate 40                                                 

     6.55 lbs.                                                                 

             2-ethoxy ethanol                                                  

                             Properties: clear,                                

     1.24 lbs.                                                                 

             Ethylene glycol colorless, gravity                                

     11.54 lbs.                                                                

             total change    1.04 at 25.degree.C. Sili-                        

     2.3  lbs.                                                                 

             Ethyl alcohol dis-                                                

                             ca 16%.                                           

             tilled therefrom                                                  

     9.24 lbs.                                                                 

             Product.                                                          

PAR  A number of excellent stable binders were made from the above by dilution
      with various hydrocarbon ethers and solvents as follows and storage
      samples made for testing:
PAR  a. Dilute 50:50 with 2 ethoxy ethanol and added various proportions of a
      strong mineral acid as follows and stored for 21/2 years and tested
      periodically.
PAR  a-1. 50:50 with 2 ethoxyethanol - gravity 0.98 at 25.degree.C. - 8% Silica.
PAR  a-2. 75:25 with 2 ethoxy ethanol (Binder): 2 ethoxy ethanol.
PAR  Properties of (a-2) gravity 1.01 at 25.degree.C.; 12% Silica.
PAR  In each case, 1 pint of each of the above was mixed with the following
      ratios of HCL (37% and evaluated as a binder over an extended period.
PA1  1/2 ml. HCl
PA1  1/4 ml. HCl
PA1  1 ml. HCl
PA1  2 ml. HCl.
PAL  All samples were useful over extended periods of time and all yielded
      excellent coatings with zinc dust.
PAR  Various other fillers and suspending agents were tested with these binders
      -- i.e. neutral talc, kaolin, alumina, including hydrated alumina, chrome
      oxide, and bentonite, and found to give favorable coatings with the zinc.
PAC  EXAMPLE LV
PAR  3.0 lbs. ethyl silicate condensed containing 6% dimer and 2% trimer
PA1  2.61 lbs. 2 ethoxy ethanol
PA1  0.9 lbs. ethylene glycol
PAL  were mixed and heated to 147.degree.C., and a total of 2.528 lbs. of
      alcohol was stripped off. I calculated that this was nearly the
      theoretical amount of alcohol present.
TBL  ______________________________________                                    

     20%      silica      Product analysis                                     

     .0016    acidity     (called Silicate                                     

     1.079    gravity     No. 55).                                             

     ______________________________________                                    

PAR  The following dilutions were made with Silicate 55 to form stable binders:
TBL  (55a)   50 wt. pts. above Silicate No. 55                                 

             50 wt. pts. 2 ethoxy ethanol                                      

            0.5 wt. pts. Hydrochloric acid (37%)                               

PAL  mixed in a beaker at room temperature and found to be stable and yield
      excellent inorganic zinc silicate coatings in a ratio of 1 binder to 2 to
      8 wt. parts of zinc dust.
TBL  ______________________________________                                    

     (55b)   50 wt. pts. Silicate No. 55                                       

             50 wt. pts. Propylene glycol                                      

                         methyl ether   Mixed at                               

             0.2 wt. pts.                                                      

                         Hydrochloric acid                                     

                                        room tem-                              

             10 wt. pts. Neutral Magnesium                                     

                                        perature                               

                         Silicate.                                             

PAL  This binder was again very useful in zinc silicate coatings in a ratio
      range of 1 binder to 6 zinc dust.
PAR  Other fillers tried were kaolin, bentonite, alumina, silica, and zircon,
      and were found to give a variety of good coatings with the zinc dust.
PAC  EXAMPLE LVI
PAR  In a small beaker, the following were heated to boiling
TBL  41/2 wt. pts. Glycerol                                                    

      8 wt. pts. Isopropoxytrimethoxy silicate                                 

     10 wt. pts. Propylene glycol methyl ether                                 

PAL  heated to 80.degree.C. to effect ester exchange. The product was cooled and
      tested in zinc dust coatings as in Example LV, and found to perform
      excellently to give hard adhesive coatings.
PAC  EXAMPLE LVII
PAR  The procedure for Example LVII was repeated using
TBL  34.2      g. Hexaethoxy disiloxane                                        

     12.4        Ethylene glycol                                               

     74.4      g. Propylene glycol methyl ether                                

     1         g. Hydrochloric acid (37%).                                     

PAR  This made a satisfactory coating with zinc dust in a 1 binder to 4 zinc
      dust ratio, drying slowly to a hard, adhesive coating.
PAC  EXAMPLE LVIII
PAR  There were charged to a large glass-lined reactor fitted with a
      fractionating column the following:
TBL  2,950 lbs.  Ethyl Silicate 40 (containing 42.6%                           

                  silica as SiO.sub.2)                                         

     4,442 lbs.  2-ethoxyethanol (containing 0.2% water)                       

     956 lbs.    ethylene glycol                                               

     8,348 lbs.  Total.                                                        

      These ingredients were mixed well, and a solution of 185 g. of sulfuric
      acid dissolved in 200 g. water and diluted to 1 gallon with
      2-ethoxyethanol was added to the reactor. The resulting mixture was heated
      to boiling, and 1,930 lbs. of ethyl alcohol was fractionally distilled
      therefrom, leaving in the reactor 6,318 lbs. of the ester-exchange
      ethylene glycol -- 2-ethoxyethyl silicate in a 2-ethoxyethanol solvent.
      This material is designated Binder 58A below.
PAR  To make the final binder (58B), 3,882 lbs. of additional 2-ethoxyethanol
      (containing 0.2% water) and 1,800 lbs. of a 20% solution of polyvinyl
      butyral (Monsanto Butvar 79) in 2-ethoxyethanol were added to Binder 58A
      at 80.degree.C., and the mixture was heated to 80.degree.C. for at least
      10 min., then cooled and drumed. The resulting product (Binder 58B)
      contained 10.5% silica as SiO.sub.2 and 3% polyvinyl butyral solids. It
      was noted that if about 1,000 g. of finely-divided zinc dust dispersed in
      2 lbs. of 2-ethoxyethanol, was blended with the entire batch (12,000 lbs.)
      of Binder 58B, the resulting product could safely be packaged in unlined
      steel drums. It may be found advantageous, but not necessary, to add from
      10 to 30 lbs. of a 30% solution of zinc chloride or other zinc salt in
      2-ethoxyethanol into the 12,000 lbs. batch to accelerate the rate of cure
      of zinc coatings utilizing this binder. In many formulations, the zinc
      salt addition is not preferred.
PAR  This product was found to be quite stable over a 31/2 year period of aging,
      and when mixed with 2 to 5 wt. parts of fine zinc dust per weight part of
      Binder 58B, made a zinc coating having good flexibility, hardness,
      adhesion, and giving good protective properties when coated on steel. A 3
      mil dry coating on cold-rolled steel gave exceptional protection even in
      scored areas under salt fog testing for a 6 month period at 95.degree.F.,
      and with a 5% salt solution.
PAC  EXAMPLE LIX
PAR  20 lbs. of Bentone 27 (National Lead) was dispersed in 80 lbs. naphthol
      spirits and 100 lbs. of 2-ethoxyethanol was added to gel the bentone. The
      gel was then dispersed into 3,000 lbs. of Binder 58 A, and 1,000 lbs. of
      Novacite was added to form a thick slurry. The slurry was diluted with
      1,500 lbs. of naphthol spirits, a Rule 66 approved solvent, which had a
      flash point over 100.degree.F. Into this mixture was blended 100 lbs. of
      methylated melamine-formaldehyde resin (Rohm & Haas). From 1 to 3 weight
      parts of zinc dust per part of Binder 58A was stirred into this mix to
      form an easy-to-apply paint. A 1 mil film of the paint dried to
      insolubility in methylethyl ketone solvent in less than 11/2 hours, had
      excellent adhesion and gave excellent protection under water to steel
      substrates for exceptionally long periods.
PAC  EXAMPLE LX
TBL          A mixture of                                                      

             1,100 lbs. Binder 58B                                             

     Binder  1,100 lbs. 22% polyvinyl butyral in 2-ethoxy-                     

      60                ethanol solvent                                        

             850 lbs.   xylene, and                                            

             600 lbs.   methyl alcohol                                         

PAL  was heated to 80.degree.C. for 10 minutes, cooled and tested in zinc paint
      formulations in a 1 wt. part zinc dust to 1 wt. Binder 60 ratio. The
      product was found to be particularly suitable as a single-package, zinc
      silicate flexible paint suitable for maintenance and preconstruction use,
      as well as for continuous coil coating, with a life of over 2 years, and
      giving exceptional protection to steel substrates when applied thereon or
      over coatings or treatments thereon. The flexibility allowed the film to
      be formed, bent, etc., into various shapes from a coiled roll. The coating
      could either be topcoated with another zinc silicate itself, an organic
      vinyl, epoxy, a chlorinated alkyd, vinyl acrylic, or silicone-polyester
      type top coating or other coating such as porous ceramic polyol silicate
      coatings, etc.
PAC  EXAMPLE LXI
PAR  An ethylene glycol-ethyl silicate binder (containing 24% silica) which was
      prepared by ester-exchanging 3 moles of ethylene glycol with 2 moles of
      tetraethyl orthosilicate in the presence of a trace of sulfuric acid with
      removal of alcohol therefrom to push the reaction to the point just before
      gelling. To make the final paint, 200 wt. parts of this product was mixed
      with 100 parts of a solution of 22% polyvinyl butyral in methylethyl
      ketone, 500 wt. parts methylethyl ketone and 100 wt. parts methanol. This
      solution was stable for long periods, and when mixed with zinc dust in a
      ratio of 1 to 2 wt. parts of zinc per wt. part of solution, formed an
      excellent, stable paint which had a pot life of many months and was found
      to be particularly useful for application by dipping or spraying to form
      excellent, adhesive films which were quite flexible and adhering even to
      nonsandblasted steel.
PAC  EXAMPLE LXII
PAR  A stable, very easily mixed, and non-settling zinc silicate paint was
      provided by first making the anti-settling binder by mixing 286 lbs of
      Binder 58A with 100 lbs. of a 22% solution of polyvinyl butyral in
      2-ethoxyethanol, 90 lbs. 2-ethoxyethanol and 15 lbs. of
      melamine-formaldehyde resin (Koppers No. 500-15). The mixture was heated
      to 70.degree.C. 20 lbs. of Bentone 27 (a montmorillonite mineral -
      specially treated) (National Lead), 100 lbs. naphthol spirits and 10 lbs.
      of methanol were added to form a gel. This gel was then high sheared into
      the binder mixture. To make the final paint, 1,400 lbs. of zinc dust was
      slowly stirred into the sheared mixture to make a stable,
      single-component, non-gasing zinc silicate primer paint. Minor amounts of
      curing accelerators such as zinc chloride could be added. This paint had
      exceptional stability over extended periods without settling hard, forming
      any lumps, gasing or decomposing. The films from this paint, although not
      immediately as hard as some zinc silicates, was quite firm and extremely
      adhesive and very protective, particularly under water and salt water for
      long periods. The coating could be rapidly heat cured to a handable
      hardness at elevated temperature, e.g. 70.degree.C., for a minute. This
      product is particularly suitable for preconstruction primers or coil
      coatings to allow fast curing, continuous operations and are excellent
      adhesions for topcoats of epoxy, vinyl, acrylic, silica polyester, and
      polyol silicate ceramic coatings.
PAC  EXAMPLE LXIII
PAR  In this example, a 2-ethoxyethyl polysilicate was made by ester-exchanging
      Ethyl Silicate 40 with 1/3 mole excess 2-ethoxyethanol in the presence of
      a trace of sulfuric acid while removing the alcohol released. The
      resultant product, having 20% silica as SiO.sub.2 and being a solution of
      the 2-ethoxyethyl polysilicate in 2-ethoxyethanol, was split into 12
      portions and appropriate amounts of water added to hydrolyze the product
      from 40% theoretical (as is Ethyl Silicate 40) to 45, 50, 55, 60, 65, 70,
      75, 80, 85, 90, 95, and 100 theoretical % hydrolyzed, respectively. It is
      assumed that 100% hydrolysis (theoretical hydrolysis and condensation) is
      equivalent to 1 mole of water added for each 2 moles of ester-exchangeable
      groupings on the silicon atoms in the silicate. The amount of zinc dust in
      these compositions was 0.5 to 10 weight parts per weight part of binder.
      Can-stable, single-package formulations can be made with lower than 45%
      hydrolyzed silicates, while when using silicates hydrolyzed to a greater
      extent, the products have shorter can-life in the presence of zinc. The
      can-life of the products decreases progressively as the extent of
      hydrolysis increases. It is often advantageous to have enough glycol or
      polyol to accelerate the cure, but excessive amounts, while accelerating
      the cure, may cause very slow evaporation from the film, requiring longer
      curing time to reach the point when the film can be topcoated, with an
      organic or similar zinc silicate coating. The presence of excess
      non-volatile, water-soluble glycol or other higher molecular weight
      water-soluble polyols prevents sticking of topcoats, until this material
      has either evaporated, reacted or been washed-off. Proper curing is
      important so that the topcoat will have good adhesion. In prior art zinc
      coatings, the zinc was allowed to weather to a corrosion product of zinc
      carbonate, which allows topcoating without problems; however, in the
      presence of considerable salty air, the corrosion products may be Zn
      (OH).sub.2 or Zn.sub.2 SO.sub.3 in industrial atmospheres and may cause
      water-solubility of the coating products, inhibit the adhesion of organic
      topcoats, and actually require pretreatment with a wash primer such as
      polyvinyl butyral. By incorporating or reacting polyvinyl butyral with the
      polysilicate or along with a small amount of melamine-formaldehyde resin
      provides better adhesion of organic or inorganic zinc topcoats to the zinc
      silicate primer.
PAR  The resistance to gelling of the binder containing substantial polyvinyl
      butyral, and particularly of the one-package zinc paint, is dependent on
      the extent of dilution with excess monohydroxy compound, particularly
      2-ethoxyethanol, and if much polyvinyl butyral is in the binder, the
      silica content of the binder should be low, say about 4 to 10%, to
      maintain anti-gelling properties. At a hydrolysis of 0 to about 45 or 50%
      for the system of this example, the zinc-silicate product is suitable as a
      single package. At greater hydrolysis levels the stability goes down
      rapidly and the tendency to gas goes up. The polyvinyl butyral lowers the
      stability much more when the silicate is more than 50% hydrolyzed, and may
      require much more dilution with a monohydroxy compound to be stable. If
      there be a low level of silica, e.g. about 4% in the binder, the ratio of
      binder to zinc should be correspondingly higher to give the proper ratio
      to achieve the hardest coating.
PAR  At a hydrolysis of 40-45% for the polyol-alkoxyalkyl silicate in a
      2-ethoxyethanol solvent, and having a polyvinyl butyral content in the
      binder of about 10 wt. %, the silica content of the binder may be about 4
      to 8% to be most suitable as a single-package mix, or else it may gel. Of
      course, the molecular weight and hydroxyl content of the polyvinyl butyral
      have an effect on the tendency to gel and high dilution of the product
      with more functional OH components may be necessary to prevent such
      gelation, and have a balanced binder in which the ratios are such as to
      inhibit gelling as is described herein. In place of a portion of the zinc
      dust, many fillers can advantageously be used as a diluent -- particularly
      aluminum oxide, aluminum hydrate, chrome oxide, novaculite, etc.
PAR  Ceramic coatings in which all of the zinc is replaced by such fillers,
      along with suspending fillers, have exceptional properties and can be
      applied as single-package compositions. For example, it may be
      advantageous to make high temperature resistant coatings by using Binder
      58A, without zinc dust being added, with about 0.1 to 15 parts of filler
      per part of binder. One or more suitable solvents may be included in such
      compositions, and these solvents may be of the types previously mentioned
      such as hydrocarbons, ethers, alcohols and ether alcohols. The various
      polyol silicate products described herein may be used in these ceramic
      coatings. Filler includes alumina, silica, zircon and similar refractory
      materials and minor amounts of suspending fillers such as asbestos
      bentonite, talc, and the like.
PAC  EXAMPLE LXIV
PAR  1000 lbs. tetramethyl silicate was made by the reaction of methyl alcohol
      with silicon metal in the presence of a sodium methylate catalyst. The
      methyl silicate product was mixed with 1019 lbs. of 2 ethoxyethanol, 95
      lbs. water and 1/2 lb. concentrated HCl and 302 lbs. ethylene glycol
      added, the mixture was heated to reflux, distilling therefrom all methanol
      released by ester-exchange, leaving a solution of a mixed glycol -- 2
      ethoxyethyl ester of the polysilicate in a 2 ethoxyethanol solvent and
      having 19 to 20% silica, calculated as SiO.sub.2. It was noted that the
      ester-exchange reaction and hydrolysis reaction could be carried out in
      situ provided the mix is acidic. The product solution was called Binder A.
      It should be noted that equivalent molar proportions of ethyl silicate,
      methoxyethyl silicate, or 2 ethoxyethyl silicate could be substituted for
      the methyl silicate in the hydrolysis and ester-exchange reaction;
      however, with the latter two, less than 2 ethoxyethanol solvent need be
      used to achieve the 20% silica binder. The methoxyethyl and 2 ethoxyethyl
      silicates can be very cheaply synthesized from the reaction of the
      alkoxyalkanol with silicon metal in the alkoxyalkyl silicate as solvent in
      the presence of an alkali metal alkoxyalkoxide catalyst.
PAR  a. To 50 lbs. Binder A, 20 lbs. naphthol spirits (an aromatic free
      hydrocarbon solvent passing Rule 66 and having a flash point greater than
      100.degree.F. (closed cup) and having a final boiling endpoint of less
      than 340.degree.F.), and 0.7 lbs. finely divided chrysotile asbestos
      (called Calidria Asbestos) and the mix stirred together to disperse. 80
      lbs. of zinc dust (2 to 30 micron) was added and stirred in to make a very
      stable, single component paint which was non-gassing and non-gelling, and
      when applied to steel panels, gave long-lasting corrosion protection
      thereto.
PAR  b. The product from a) was modified by adding thereto 10 lbs. of finely
      divided Novaculite silica flour to give a long-lasting paint and a good
      protective zinc film. Similarly, the following fillers were substituted in
      various amounts (depending on thixiotropy) for the Novaculite flour,
      alumina, magnesium carbonate, calcium carbonate, talc, kaolin, attapulgus
      clay and finely divided Ferro-phosphorous or phosphates -- a synthetic
      by-product of the phosphorous reducing furnaces. These fillers were found
      to be compatible and work well to form a non-gelling paint with the zinc
      dust which was non-gassing and gave a hard, protective film when properly
      compounded. Since zinc dust is getting quite expensive and in short
      supply, these neutral type fillers often can be used as a substantial
      volume proportion to cut costs and yet not produce a vastly inferior
      coating.
PAR  c. To 2250 lbs. of Binder A was added, with heat to 60.degree.C., 900 lbs.
      of 2 ethoxyethanol and 500 lbs. of a 22% solution of polyvinyl butyral
      (molecular weight 50,000) in a 2-ethoxyethanol solvent. The resultant
      product on cooling produced a very stable binder which, when used in
      proportions of 2 to 6 parts zinc dust/part binder, gave excellent zinc
      coatings. A small amount of zinc chloride (0.1 to 20 g. per gallon added
      as a solution in 2-ethoxyethanol produced coatings that hardened more
      rapidly, particularly when aluminum oxide (hydrated or calcined) was also
      present in the zinc paint medium. Excessive zinc chloride or zinc oxide,
      together cause gassing as often as does moisture added to the mix after
      the zinc has been added. It is preferable to expose any moisture
      containing solvents and fillers to the polyol silicate binder prior to
      adding the zinc dust, since the binder often reacts with any moisture to
      make the system anhydrous. The presence of alumina, particularly hydrated
      alumina, magnesium silicates, etc., absorbs acidic materials from the mix
      and extends the lift of the single-package formulations. By increasing the
      percentage of hydrocarbon, the settling and lumping of the zinc may be
      decreased. It should be noted that dilution with mono-functional OH
      compounds is necessary when considerable polymerizing butyral is heated to
      prevent gellation.
PAR  d. In place of the 2 ethoxyethanol used in c) above, either or both xylene
      or ethyl benzene was used to give a good paint having rapid curing
      properties.
PAR  e. To 10 lbs. of the binder product from c) was added 10 lbs. of 22%
      polyvinyl butyral in 2-ethoxyethanol, and 10 lbs. of xylene and 6 lbs. of
      ethyl alcohol were mixed with 36 lbs. of zinc dust to give a permanently
      stalbe zinc dust paint which gave a flexible coating on curing which would
      even adhere to an epoxy-zinc or organic coating, and yet give added
      protection to the steel surface underneath. This binder had 5% silica and
      a pH of 4 to 6. The coating composite underwent mild forming operations
      without substantial cracking or peeling, and when applied to mildly sand-
      or shot-blasted cold rolled steel and cured, underwent even the most
      severe forming operations without peeling or cracking.
PAR  f. To the binder product of e) (without zinc) was added 2% by weight of
      methylated melamine-formaldehyde polymer and various amounts of zinc dust
      added - from ratios of 1/1 to 3/1 zinc to liquid. The coatings were
      heat-cured in about 30 seconds at 70.degree.C. and were particularly good
      for use on substrates in which fast heat curing is possible. The coatings
      were exceptionally good for underwater use.
PAR  g. In the above examples, suspending agents 2% bentone, 1 to 2% hydroxyl
      propyl cellulose, minor amounts of attapulgus clay, fibrous asbestos and
      hydrated alumina were very useful in various combinations or singly to
      provide excellent, well suspended zinc paints. The addition of minor
      amounts of suspending agent helpers such as quaternary ammonium compounds,
      amides, amines may help the suspension be more lasting.
PAR  h. Similar binders were made as in using glycerol, pentaerithritol and
      sorbitol in the proper range of OH in the polyol to ester-exchangeable
      grouping on the silicate and found to be suitable for paints.
PAR  i. Binder A was mixed with 3, 4, 5, and 6 weight parts of 150 mesh (and
      finer) tabular alumina and found to produce excellent, hard, heat-proof
      coatings which were found to be useful for mold surfaces for casting of
      steel, resistors and electronic components. Color coatings were made by
      adding minor amounts (1/2 to 10 weight percent of cobalt aluminate (blue),
      chrom oxide (green), iron oxide (red) or TiO.sub.2 (white), and in
      addition, minor amounts of silanes were added to improve the water
      repulsion characteristics and increase the dielectric properties. The
      above ceramic coatings were found to be stable for years. The addition of
      as little as a small fraction of a percent of fibrous asbestos or bentone
      27 prevented settling of these paints, and improved ease of application,
      sag, evenness in application and drying characteristics.
PAR  j. Binder A was mixed (diluted) with 1% water and found to work well in the
      above formulations curing more rapidly but being more susceptible to
      gelling and gassing if gel promoting agents were present, and having a
      lower pot and shelf life, although satisfactory for most applications.
PAR  k. This formulation is considered to be the optimum for cost, shelf
      stability, non-settling, rapid cure to an exceptionally hard coating and
      relative ease of use. Note that the base formulation does not include
      suspending agents - bentone - which improves the characteristics:
PA1  250 g. Binder A
PA1  20 g. Hydrated alumina (extremely finely divided)
PA1  3 g. 30% Zinc chloride in 2 ethoxyethanol solvent
PA1  5 g. Polyethylene glycol 600
PA1  700 g. Zinc dust
PA1  100 g. Fine (1 to 10 micron) Novaculite flour
PAL  where mixed together and sealed in a paint can for 3 years and retested,
      found to be easily shaken or stirred into a homogeneous paint mix, having
      no gas or lumps and which made a very hard adhesive, rapid-curing coating.
      Aluminas, and particularly hydrated alumina, are very desirable as
      diluents for the zinc dust to neutralize excess acid and extend the pot
      life with zinc and other fillers. The combination with zinc chloride and
      other metal acid chloride or other metal acid salts in combination with
      the hydrated alumina gives a more rapidly curing coating. Using the same
      formula above, a second paint was made, but 10 g. bentonite and 100 ml.
      ethyl benzene were gelled and dispersed in the liquid vehicle prior to
      adding the zinc chloride and other ingredients without alumina.
PAC  EXAMPLE LXV
PAR  Binder B was made as follows: 1000 lbs. of tetraethyl ortho silicate and
      450 lbs. of ethylene glycol were heated with 1/2 lb. concentrated (37%)
      hydrochloric acid and 450 lbs. alcohol were distilled therefrom to yield a
      viscous silicate product having a silica content of 24%. This product was
      made into the following binders and paint products:
PAR  a. 20 lbs. of Binder B was mixed with 10 lbs. polyvinyl butyral (30% in
      MEK), 10 lbs. of methyl alcohol, and 50 lbs. MEK. The binder was stable
      and when 1 weight portion was mixed with 1.1 weight parts of zinc dust,
      there was formed a stable, single-package paint product with excellent
      shelflife and an application to a substrate and curing gave a flexible,
      zinc silicate coating.
PAR  b. The same fillers in Example LXIV were found suitable in this example
      substituting Binder B, as are the same solvents and pigments. The Binder B
      paint, however, was more stable in single component paints with less
      monofunctional compounds present since there are fewer reactive sites for
      crosslinking.
PAR  c. A variety of neutral organic solvents, including alcohols,
      alkoxyalkanols and hydrocarbons with boiling points up to 210.degree.C.
      were added to Binder B and found to be satisfactory as solvents. Included
      are also solvents such as liquid propane, being used as a cosolvent with a
      more polar solvent to dissolve and propel the zinc containing filler and
      organic polyol silicate paint from an aerosol container, ready for usage
      in the field, aboard ship, inn maintenance touch-up work and in the home.
PAC  EXAMPLE LXVI
PAR  Two Binders C and D were prepared and shown very useful in this example.
      Binder C was prepared by heating to about 90.degree.C. 200 g. ethylene
      glycol, 340 g. ethyl silicate 40, 20 g. 2 ethoxyethanol and 1/2 ml. of 37%
      hydrochloric acid. Similar binders were prepared using 50 and 100 grams of
      ethylene glycol instead of 200 grams and were satisfactory but not as good
      as the 200 gram-derived product in coating and gelling formulations.
      Binder D was prepared identically to Binder C except that after reaction,
      12 g. of polyalkanol amine silicate (the reaction product by
      ester-exchange of 1 mole diethanol amine and 1 mole tetraethyl ortho
      silicate was added.
PAR  Binders C and D are indefinitely stable by themselves or in anhydrous
      environments; however, Binder C is self-gelling in the presence of
      moisture and a basic material, whether the basic material be present in a
      filler or added with the moisture or prior to moisture, and cured when
      exposed to moisture either as a thin film exposed to air, moisture or by
      adding a small amount of water to cure or gel the mix. Fillers may be
      added prior to the gelling to form ceramic shapes. Binder D cures simply
      on exposure to minor amounts of moisture on a thin film or a mixture of
      filler and Binder D together to form a self-curing coating. Particularly
      good fillers are alumina, silica, chrome oxide, zircon, zinc dust,
      aluminum silicates and the like. Both binders C and D are inexpensive and
      very useful for making zinc dust silicate coatings (single or
      multi-package) according to this invention.
PAR  The advantages of the systems are the versatility of self-curing and that
      coating formulations can be so compounded and adjusted to give
      reproducible curing times, which cure extremely rapidly when applied as a
      refractory or filler containing slurry as a film on a metal surface or a
      mold or other substrate. Binder C can be gelled as desired with various
      gel agents, including moisture and ammonia, ammonia water, ammonium
      acetate, carbonate or lactate water solutions, or using a mildly basic
      filler which acts as the base to cure or gel the slurry in the presence of
      moisture. The amount of moisture or aqueous solutions of base, controls
      the time required to gel. It is often advantageous to gel the mix in the
      presence of considerable filler, homogeneously dispersed in the binder,
      either as a coating or to form a solid ceramic shaped material in a
      pattern mold therefore. Once poured as a liquid slurry into a shaped
      pattern mold and gelled (cured), the remaining solvent can be allowed to
      evaporate, if necessary, or the ceramic material heated to drive off the
      remaining organic materials to form a totally ceramic material having the
      shape so cast and formed into a mold. The molds so formed are useful in
      many high temperature applications. Their advantage over conventional
      molds are less shrinkage due to syneresis, more reproducible and
      controllable curing times, controlled by the amount of water added,
      greater green strength, and lower fired strength which allows easy removal
      of the mold after casting of steel therein, particularly where thin
      delicate steel castings are made which tear and crack if the mold is too
      strong, and ease of use -- since they are permanent, one component
      slurries and can be gelled at will be added moisture or gel agents. If
      2-package systems are used and the binder and gel agent are mixed prior to
      adding the refractory filler, the system has the added advantage that the
      binder itself has an indefinate stability -- ready for use at any time for
      years. Refractories include alumina, fused silica, zircon, mullite, clays,
      and other well known refractories.
PAR  The system is also adaptable for ceramic shell molding, which is building
      up of multiple self-curing ceramic coatings on a disposable pattern
      material of the shape desired to form the molds thereof, then removal of
      the pattern material and firing the mold prior to pouring metal therein to
      form a casting of the exact configuration of the disposable patterns.
PAR  To demonstrate the advantages of the weakly basic amine stabilizing agent,
      the following examples have been carried out.
PAC  EXAMPLE LXVII
PAR  To make the glycol silicate binder, the following reactants are heated to
      100.degree.C. while mixing: 58.9 wt. % Ethyl polysilicate 40, 36.62 wt. %
      ethylene glycol, 4.4 wt. % 2-ethoxyethanol, 0.08 wt. % hydrochloric acid
      (37%). The above reactants form a product called No. 42-3 with the
      following properties: 25% silica as SiO.sub.2, gravity 1.074 at
      23.degree.C., refractive index (at 23.degree.C.) 1.4131, % hydrolysis 42%,
      and stability at 20.degree.-28.degree.C. over 3-1/2 years.
PAR  In making a single package paint using binder No.  42-3, 8 wt. parts
      montmorillonite and 100 wt. parts of toluene are highly sheared together
      and the following ingredients are blended in the following sequence: 100
      wt. parts 2-ethoxyethanol, 200 wt. parts of 42-3 (the above binder), 5 wt.
      parts 2-methyl pyrimidine, and 1000 wt. parts zinc dust, 2-20 microns. The
      paint product cured dry to touch in 5 minutes, hard in one hour, and had
      exceptional life in a salt fog atmosphere (3+ mil over 3 months). The
      paint remained sealed without serious deleterious effects of gassing, or
      agglomeration and cementation of the zinc dust particles to form lumps or
      a hard layer on the bottom of the can.
PAR  In making another single package paint, 8 wt. parts montmorillonite and 100
      wt. parts toluene are highly sheared together, and the following
      ingredients are added in sequence: 60 wt. parts 2-ethoxyethanol, 10 wt.
      parts 2-methyl pyrimidine, and 500 wt. parts zinc dust. The paint product
      cured dry to touch in 5 minutes, hard in one hour and had exceptional life
      in a salt fog atmosphere at 95.degree.F., 5% salt fog (similar to the ASTM
      procedure), at 3+ mils [dry film thickness], and lasting over 3 months.
      The paint remained non-gassing and in an easy to use form while sealed in
      a can, yet when opened it was easy to mix and had not thickened
      appreciably and gave a good, fast curing coating.
PAC  EXAMPLE LXVIII (EXPERIMENT 65-1)
PAR  A binder was made from 100 wt. parts of the No. 42-3 binder and 5 wt. parts
      pyridine (binder 66-1). To make the paint, I mixed 20 wt. parts of 66-1
      binder, 10 wt. parts denatured alcohol and 100 g. zinc dust. Coatings of
      this composition were applied to cleaned rolled steel panels to yield
      extremely hard coatings when cured, but slightly mud-cracked. In a similar
      experiment the pyridine was reduced to 1/5 of this amount and produced a
      stable composition giving better coatings with less mud cracking.
PAC  EXAMPLE LXIX
PAR  Experiment No. 65-2: Experiment 65-1 was repeated using benzozothiazole
      instead of pyridine. A 3 mil film was applied to a cold rolled, cleaned
      steel panel and found to cure to a hard, adhesive useful and protective
      coating.
PAR  Experiment No. 65-3: Same as 65-2 above except picoline was substituted for
      pyridine. Same application and results were as above in 65-2.
PAR  Experiment No. 65-4: Experiment 65-1 was repeated while using
      N-methyl-2-pyrrolidone instead of pyridine with similar results as above
      in 65-2.
PAR  Experiment No. 65-5: Experiment 65-1 was repeated using 8-hydroxy quinoline
      instead of pyridine. Using the same applications procedure as in 65-2,
      similar hard, adhesive zinc silicate coatings were produced and the paint
      was nongassing and easy to mix.
PAR  Experiment No. 64-2: A stabilizer-curing-accelerator was made by heating 90
      wt. parts of Ethyl polysilicate 40, 50 wt. parts of triethylanol amine and
      70 wt. parts of 2-ethoxyethanol to a temperature of about 120.degree.C.
      The resulting product which is an accelerator, is stable at room
      temperature 20.degree.-280.degree.C. for at least 3 years. The following
      were mixed together to form a coating paint, 10 wt. parts of above
      accelerator, 200 wt parts of binder 42-3, 100 wt. parts ethylbenzene, 12
      wt. parts montmorillonite, 800 wt. parts zinc dust (2-10 microns), 200 wt.
      parts of alumina, and 50 wt. parts of iron phosphide (submicron and micron
      size). The mix was stable for 8 months when sealed in a can, yet gave a
      highly superior coating which had a hardness of 6H, was 100% adhesive
      (with cross-hatch test using 1/8 in. squares) and gave good protection in
      salt fog testing as compared to conventional zinc silicate paint after
      exposure for 2 months at 95.degree.F. in 5% salt fog testing at over 3 mil
      thickness (dry) film.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. An essentially anhydrous polyol silicate composition consisting
      essentially of solvent-soluble, polyol silicate ester-exchange reaction
      product of (1) silicate consisting essentially of a member selected from
      the group consisting of (a) ortho silicates having ester-exchangeable
      groups of 1 to 6 carbon atoms selected from the group consisting of alkyl,
      hydroxyalkyl, alkoxyalkyl and hydroxyalkoxyalkyl; (b) siloxanes of (a);
      and (c) mixtures of (a) and (b); with the proviso that when (1) is (a),
      (1) has one or more groups selected from the group consisting of
      hydroxyalkyl, alkoxyalkyl or hydroxyalkoxyalkyl; and (2) aliphatic polyol
      which is esterexchangeable with (1) said reaction product being made by
      reacting (1) and (2) in amounts providing a ratio of hydroxyl groups of
      (2) of about 0.15 to 1.8 moles per mole of ester-exchangeable group of
      (1); and said reaction product being in a liquid organic solvent.
NUM  2.
PAR  2. A composition of claim 1 in which (1) is siloxane having up to about 7
      siloxane groups per average molecule and the solvent consists essentially
      of alkoxyalkanol in molar excess based on the ester-exchangeable groups of
      the reaction product.
NUM  3.
PAR  3. A composition of claim 1 wherein the solvent has as an essential
      component a member selected from the group consisting of methyl ketones
      other than acetone, alkoxyalkanols, alkanols, hydrocarbons, and mixtures
      thereof.
NUM  4.
PAR  4. A composition of claim 1 in which the reaction product is free of the
      major portion of alcohol formed in said ester-exchange reaction.
NUM  5.
PAR  5. A composition of claim 4 wherein the mole ratio of hydroxyl groups
      provided by (2) is about 0.35 to 1.5 per mole of ester-exchangeable groups
      of (1).
NUM  6.
PAR  6. A composition of claim 1 in which (1) is tetraalkoxyalkyl silicate,
      mixed silicates having alkyl and alkoxyalkyl groups, siloxanes thereof or
      of tetraalkyl silicate, having up to about 10 SiO groups per average
      molecule, and mixtures thereof.
NUM  7.
PAR  7. A composition of claim 1 which contains an acidic zinc salt catalyst.
NUM  8.
PAR  8. A composition of claim 1 in which (2) is ethylene glycol and (1) is
      tetraalkoxyalkyl silicate, mixed silicates having alkyl and alkoxyalkyl
      groups, siloxanes thereof or of tetraalkyl silicate, having up to about 10
      SiO groups per average molecule, and mixtures thereof.
NUM  9.
PAR  9. A composition of claim 8 in which ester-exchangeable groups of (1) are
      ethyl or ethoxyethyl.
NUM  10.
PAR  10. A composition of claim 9 which is in a solvent consisting essentially
      of ethoxyethanol and in which the ester-exchangeable groups of (1) are
      predominantly ethoxyethyl.
NUM  11.
PAR  11. A composition of claim 10 having filler therein selected from the group
      consisting of finely-divided silica, metal oxides and metal silicates.
NUM  12.
PAR  12. A composition of claim 11 in which the filler contains one or more of
      talc, alumina and zinc oxide in an amount sufficient to improve the curing
      properties of the composition.
NUM  13.
PAR  13. A composition of claim 11 which contains an acid zinc salt curing
      catalyst for the composition.
NUM  14.
PAR  14. A method of making essentially anhydrous glycol silicate product which
      comprises conducting in the presence of an acidic catalyst, an
      ester-exchange reaction between (1) silicate consisting essentially of
      ortho silicate having alkyl or alkoxyalkyl groups of 1 to 6 carbon atoms,
      and (2) aliphatic diol, said reaction product being made by reacting (1)
      and (2) in amounts providing a ratio of above 1.8 moles of hydroxyl groups
      of (2) per mole of ester-exchangeable group of (1) to obtain a
      substantially non-gelled intermediate product having the formula
      (HOMO).sub.4 Si in which M is the aliphatic diol minus two hydroxyl
      groups, reacting said intermediate product with (1) in the presence of an
      acidic catalyst to obtain a solvent-soluble product, the ratio of
      ester-exchangeable group of (1) present during said latter reaction being
      about 0.2 to 11 moles per mole of hydroxyl group of said intermediate.
NUM  15.
PAR  15. The method of claim 14 in which (2) is ethylene glycol.
NUM  16.
PAR  16. The method of claim 15 in which (1) is tetraethyl silicate.
NUM  17.
PAR  17. The method of claim 14 in which the ratio of hydroxyl groups provided
      by (2) per mole of ester-exchangeable group of (1) is greater than 4:1.
NUM  18.
PAR  18. The method of claim 17 in which the reaction of (1) and (2) is
      conducted until the reaction mixture is semi-solid.
NUM  19.
PAR  19. The method of claim 18 in which the ratio of ester-exchangeable groups
      of (1) is about 0.3 to 5 moles per mole of hydroxyl group of said
      intermediate present in the latter reaction.
NUM  20.
PAR  20. An essentially anhydrous polyol silicate product consisting essentially
      of solvent-soluble polyol silicate ester-exchange reaction product of (1)
      silicate consisting essentially of a member selected from the group
      consisting of (a) ortho silicates having ester-exchangeable groups of 1 to
      6 carbon atoms selected from the group consisting of alkyl, hydroxyalkyl,
      alkoxyalkyl and hydroxyalkoxyalkyl; (b) siloxanes of (a); and (c) mixtures
      of (a) and (b); with the proviso that when (1) is (a), (1) has one or more
      groups selected from the group consisting of hydroxyalkyl, (a) alkoxyalkyl
      or hydroxyalkoxyalkyl; and (2) aliphatic polyol esterexchangeable with
      (1), said reaction product being made by reacting (1) and (2) in amounts
      providing a ratio of hydroxyl groups of (2) of about 0.15 to 1.8 moles per
      mole of ester-exchangeable group of (1).
NUM  21.
PAR  21. A product of claim 20 in which ester-exchangeable groups of (1) are
      alkyl or alkoxyalkyl.
NUM  22.
PAR  22. A product of claim 21 in which (2) is selected from the group
      consisting of ethylene glycol, propylene glycol and glycerol.
NUM  23.
PAR  23. A product of claim 22 in which the ester-exchange reaction is
      acid-catalyzed and is conducted at a temperature of about 50.degree. to
      160.degree.C.
NUM  24.
PAR  24. A product of claim 20 which contains a zinc acid salt curing catalyst.
NUM  25.
PAR  25. A product of claim 20 which contains one or more of talc, alumina and
      zinc oxide in an amount sufficient to improve the curing properties of the
      composition.
NUM  26.
PAR  26. A product of claim 25 which contains a zinc acid salt curing catalyst.
NUM  27.
PAR  27. A product of claim 20 in which said ratio is about 0.3 to 1.5:1.
NUM  28.
PAR  28. A product of claim 20 in which the ester-exchange reaction is
      acid-catalyzed.
NUM  29.
PAR  29. A product of claim 28 in which the esterexchange reaction is at a
      temperature of about 50.degree. to 160.degree.C.
NUM  30.
PAR  30. A product of claim 29 in which (2) is ethylene glycol and (1) has
      ester-exchangeable groups which are ethyl or ethoxyethyl.
NUM  31.
PAR  31. An essentially anhydrous polyol silicate product consisting essentially
      of solvent-soluble, polyol silicate ester-exchange reaction product of (1)
      silicate consisting essentially of a member selected from the group
      consisting of ortho silicates having ester-exchangeable groups of 1 to 6
      carbon atoms selected from the group consisting of alkyl, hydroxyalkyl,
      alkoxyalkyl and hydroxyalkoxyalkyl, siloxanes thereof and their mixtures,
      and (2) aliphatic polyol ester-exchangeable with (1) and consisting
      essentially of a member selected from the group consisting of diethanol
      amine and triethanol amine, said reaction product being made by reacting
      (1) and (2) in amounts providing a ratio of hydroxyl groups of (2) of
      about 0.15 to 1.8 moles per mole of ester-exchangeable group of (1), said
      esterexchange reaction being conducted at a temperature of about
      50.degree. to 160.degree.C.
NUM  32.
PAR  32. A product of claim 31 in which said esterexchangeable groups of (1) are
      alkyl or alkoxyalkyl.
NUM  33.
PAR  33. A product of claim 32 in which said esterexchangeable groups are ethyl
      or ethoxyethyl.
NUM  34.
PAR  34. A product of claim 31 in which the ratio of hydroxyl groups provided by
      (2) is about 0.35 to 1.5 moles per mole of ester-exchangeable group of
      (1).
NUM  35.
PAR  35. An essentially anhydrous polyol silicate product consisting essentially
      of solvent-soluble, polyol silicate esterexchange reaction product of (1)
      silicate consisting essentially of a member selected from the group
      consisting of ortho silicates having ester-exchangeable groups of up to 6
      carbon atoms selected from the group consisting of alkyl, hydroxyalkyl,
      alkoxyalkyl and hydroxyalkoxyalkyl, said groups being predominantly
      alkoxyalkyl groups, siloxanes thereof and their mixtures, and (2 )
      aliphatic polyol ester-exchangeable with (1), said reaction product being
      made by reacting (1) and (2) in amounts providing a ratio of hydroxyl
      groups of (2) of about 0.15 to 1.8 moles per mole of ester-exchangeable
      group of (1).
NUM  36.
PAR  36. A product of claim 35 in which said ester-exchangeable groups are
      predominantly ethoxyethyl.
NUM  37.
PAR  37. A product of claim 36 in which the ratio of hydroxyl groups provided by
      (2) is about 0.35 to 1.5 moles per mole of ester-exchangeable group of
      (1), the esterexchange reaction is acid-catalyzed and conducted at a
      temperature of about 50.degree. to 160.degree.C.
NUM  38.
PAR  38. An essentially anhydrous polyol silicate composition consisting
      essentially of solvent--soluble, polyol silicate ester-exchange reaction
      product of (1) silicate consisting essentially of siloxane of ortho
      silicate having esterexchangeable groups of 1 to 6 carbon atoms selected
      from the group consisting of alkyl, hydroxyalkyl, alkoxyalkyl and
      hydroxyalkoxyalkyl, and (2) aliphatic polyol which is esterexchangeable
      with (1) said reaction product being made by reacting (1) and (2) in
      amounts providing a ratio of hydroxyl groups of (2) of about 0.15 to 1.8
      moles per mole of ester-exchangeable group of (1).
NUM  39.
PAR  39. A composition of claim 38 wherein the mole ratio of hydroxyl groups
      provided by (2) is about 0.35 to 1.5 per mole of ester-exchangeable groups
      of (1).
NUM  40.
PAR  40. The composition of claim 38 in which ester-exchangeable groups of (1)
      are alkyl or alkoxyalkyl.
NUM  41.
PAR  41. The composition of claim 40 in which said esterexchange reaction
      product is in a solvent selected from the group consisting of
      alkoxyalkanol, alkanol, hydrocarbon, and mixtures thereof.
NUM  42.
PAR  42. The composition of claim 41 in which (1) is a siloxane having up to
      about 7 SiO groups per average molecule.
NUM  43.
PAR  43. A composition of claim 42 in which (2) is ethylene glycol.
NUM  44.
PAR  44. A product of claim 38 in which the ester-exchange reaction is
      acid-catalyzed.
NUM  45.
PAR  45. A product of claim 44 in which the esterexchange reaction is at a
      temperature of about 50.degree. to 160.degree.C.
NUM  46.
PAR  46. A product of claim 45 in which (2) is ethylene glycol and (1) has
      ester-exchangeable groups which are ethyl or ethoxyethyl.
NUM  47.
PAR  47. A product of claim 46 which contains a sufficient amount of zinc oxide
      to improve the curing properties of the composition.
NUM  48.
PAR  48. A product of claim 46 which contains zinc acid salt curing catalyst.
NUM  49.
PAR  49. An essentially anhydrous polyol silicate product consisting essentially
      of solvent-soluble polyol silicate, acidcatalyzed, ester-exchange reaction
      product of (1) silicate consisting essentially of a member selected from
      the group consisting of ortho silicates having ester-exchangeable groups
      of 1 to 6 carbon atoms selected from the group consisting of alkyl,
      hydroxyalkyl, alkoxyalkyl and hydroxyalkoxyalkyl, the siloxanes thereof,
      and their mixtures, and (2) aliphatic polyol selected from the group
      consisting of ethylene glycol, propylene glycol and glycerol, said
      reaction product being made by reacting (1) and (2) in amounts providing a
      ratio of hydroxy groups of (2) of about 0.35 to 0.9 mole per mole of
      ester-exchangeable group of (1).
NUM  50.
PAR  50. A product of claim 49 in which the esterexchange reaction is at a
      temperature of about 50.degree. to 160.degree.C.
NUM  51.
PAR  51. A product of claim 50 in which (2) is ethylene glycol.
NUM  52.
PAR  52. A product of claim 51 in which (1) has esterexchangeable groups which
      are ethyl or ethoxyethyl.
NUM  53.
PAR  53. A product of claim 52 which contains a zinc acid salt curing catalyst.
NUM  54.
PAR  54. A product of claim 53 which contains one or more of talc, alumina and
      zinc oxide in an amount sufficient to improve the curing properties of the
      composition.
NUM  55.
PAR  55. An essentially anhydrous polyol silicate composition consisting
      essentially of solvent-soluble, polyol silicate esterexchange reaction
      product of (1) silicate consisting essentially of a member selected from
      the group consisting of ortho silicates having ester-exchangeable groups
      of 1 to 6 carbon atoms selected from the group consisting of alkyl,
      hydroxyalkyl, alkoxyalkyl and hydroxyalkoxyalkyl, siloxanes thereof and
      their mixtures, and (2) aliphatic polyol which is ester-exchangeable with
      (1) said reaction product being made by reacting (1) and (2) in amounts
      providing a ratio of hydroxyl groups of (2) of about 0.15 to 1.8 moles per
      mole of ester-exchangeable group of (1); and a minor, stabilizing amount
      of unsaturated heterocyclic amine.
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ABST
PAL  A coating composition is disclosed for producing alcohol-insoluble films
      which comprises a mixture of an alcohol-soluble nylon copolymer, an
      alcohol-soluble alkoxymethylated nylon and an acid catalyst.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  The present invention relates to a coating composition for forming
      alcohol-insoluble nylon coating films.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  As alcohol-soluble nylons generally used as surfacefinishing agents or
      adhesives, there may be mentioned (1) nylon copolymers comprising monomer
      units of two, three or four members selected from the group consisting of
      nylon 6, nylon 6.6, nylon 6.10, nylon 11, nylon 12 and nylon 6.12, and (2)
      N-alkoxymethylated nylons. In general, the nylon copolymers are superior
      to N-alkoxymethylated nylons in mechanical or physical properties. On the
      other hand, the N-alkoxymethylated nylons can be insolubilized in alcohol
      by adding an acid thereto.
PAR  The alcohol-soluble nylon copolymers are thus soluble in a lower alcohol
      such as methanol or ethanol or a solvent mixture of such a lower alcohol
      and a chlorinated hydrocarbon or aromatic hydrocarbon such as
      trichloroethylene or toluene.
PAR  The object to be coated is dipped into the solution thus obtained or the
      solution is applied to the object with a roll or brush to form a coating
      thereon and then the object is heated to remove the solvent, thereby
      forming the nylon coating film. The film thus formed has an excellent
      abrasive resistance and adhesive strength to the object.
PAR  Further, nylon coating films have a special desirable touch which cannot be
      obtained by other materials, and, therefore, they have been used widely as
      surface treating agents or adhesives for textiles, woods, papers,
      leathers, rubbers and metals. However, the coating films thus formed from
      the alcoholsoluble nylon copolymers are reversibly soluble in alcohols
      and, accordingly, they cannot be used for coating an object which will be
      contacted with alcohols. Under the circumstances as above, many attempts
      have been made to insolubilize the coating films of alcohol-soluble nylon
      copolymers.
PAR  There has been proposed a process wherein a light-sensitive cross-linking
      agent such as N,N-methylene-bisacrylamide is added to a coating
      composition and it is then exposed to ultraviolet rays to insolubilize the
      same, and a process wherein melamine is added to the composition and it is
      then heated to insolubilize the same. However, these prior processes have
      been troublesome, because treatment with ultraviolet rays is required or
      the temperature employed in the insolubilization by heating is sometimes
      excessively high.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered that nylon film coatings which are insoluble in
      alcohols, can be obtained from a solution prepared by adding to (1) an
      alcohol-soluble copolymerized nylon such as
      .epsilon.-caprolactam/hexamethylenediamine adipate copolymer (nylon
      6/6.6), .epsilon.-caprolactam/laurolactam copolymer (nylon 6/12),
      .epsilon.-caprolactam/hexamethylenediamine adipate/laurolactam terpolymer
      (nylon 6/6.6/12) or .epsilon.-caprolactam/hexamethylenediamine
      adipate/hexamethylenedodecanedioamide terpolymer (nylon 6/6.6/6.12), (2)
      from 5 to 90 weight percent, based on the total weight of resins (1) plus
      (2), (calculated as an N-alkoxymethylated nylond having a degree of
      alkoxymethylation of 30 molar percent) of an N-alkoxymethylated nylon such
      as methoxymethylated .epsilon.-caprolactam polymer, methoxymethylated
      hexamethylenediamine adipate polymer, methoxymethylated
      .epsilon.-caprolactam/laurolactam copolymer or propoxymethylated
      .epsilon.-caprolactam polymer, and further adding thereto (3) from 0.5 to
      8 weight percent, preferably 2 to 5 weight percent, based on the weight of
      the N-alkoxymethylated nylon, of an aliphatic carboxylic acid such as
      tartaric acid, maleic acid, crotonic acid, malonic acid, succinic acid,
      oxalic acid, adipic acid or citric acid, an aromatic carboxylic acid such
      as o-, m- or p-hydroxybenzoic acid, 2,4-dihydroxybenzoic acid, or
      2-hydroxy-4-methoxybenzoic acid or an inorganic acid such as
      hypophosphorous acid. Also ptoluenesulfonic acid and chromic acid
      anhydride can be used. The present invention has been attained on the
      basis of this discovery.
PAR  Although the insolubilization of an N-alkoxymethylated nylon in the
      presence of an acid catalyst is known, it is a surprising phenomenon,
      which is unexpected from conventional techniques, that an alcohol-soluble
      nylon copolymer can be insolubilized by adding thereto from about 5 to 90
      weight percent, preferably 5 to 30 weight percent, based on the total
      resins, of an N-alkoxymethylated nylon having a degree of
      alkoxymethylation of 30 molar percent, together with said acid.
PAR  The insolubilization phenomenon that occurs as described above is
      considered to be owing to the fact that the N-alkoxymethylated nylon coils
      around the alcohol-soluble, nylon copolymer when it is cross-linked by the
      acid under heating.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a graph showing the results of tensile tests of films made
      of compositions comprising an alcohol-soluble nylond 6/6.6/12 copolymer
      (.epsilon.-caprolactam (nylon 6):hexamethylenediamine adipate (nylon
      6:6):laurolactam (nylon 12), weight ratio=1:1:1) and an N-alkoxymethylated
      nylon 6 (degree of methoxymethylation-about 30 percent) in various
      proportions and containing 5 weight percent, based on the weight of
      N-alkoxymethylated nylon, of hypophosphorous acid as catalyst. Curve p
      shows the elongation (%) at the breaking point. Curve q shows the strength
      (kg/cm.sup.2) at the breaking point.
PAR  In a solubilization test, it was found that the composition of the
      alcohol-soluble nylon 6/6.6/12 copolymer and the N-alkoxymethylated nylon
      6 become insoluble if the amount of the latter is 5 wt. percent or more.
      Thus, the proportion of the components of the composition of the present
      invention can be selected suitably depending upon the use, according to
      the drawing and the results of the alcohol solubilization test.
PAR  The coating compositions can be prepared by mixing an alcohol-soluble
      copolymerized nylon, the acid catalyst, and an alcohol-soluble
      alkoxymethylated nylon in a mutual solvent, such as an alkanol of 1 to 6
      carbon atoms, a chlorinated aliphatic hydrocarbon of 1 to 6 carbon atoms
      or an aromatic hydrocarbon or mixtures thereof. In use the coating is
      applied, the solvent removed and the coating cured by heating to form a
      cured and finished film.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention will be further described by reference to the
      following illustrative Examples.
PAC  EXAMPLE 1
PAR  A 20 percent solution of an alcohol-soluble nylon 6/6.6/12 copolymer
      (.epsilon.-caprolactam (nylon 6):hexamethylenediamine adipate (nylon
      6.6):laurolactam (nylon 12), weight ratio=1:1:1 in methanol/toluene
      (weight ratio=7.3) and a 20 percent solution of an N-methoxymethylated
      nylon 6 (degree of methoxymethylation = about 30 percent) in
      methanol/toluene (weight ratio = 7.3), to which 5 weight percent of
      hypophosphorous acid, based on the weight of the N-methoxymethylated
      nylon, was added, were prepared, respectively. The two solutions thus
      prepared were mixed together in the proportions as shown in Table 1. Each
      of the mixtures was applied to an aluminum plate and was cured at
      140.degree.C for 5 minutes to form a coating film. In all of A, B and C,
      the adhesive properties were excellent. Film A was somewhat soft. Film C
      was quite hard. Film B had a suitable hardness.
PAC  EXAMPLE 2
PAR  The two solutions prepared in Example 1 were mixed together in the
      proportions as shown in Table 1. Each of the mixtures was applied to a
      rubber plate and was cured at 140.degree.C for 5 minutes. After immersion
      in alcohol for three days, film A was attacked a little but films B and C
      were not changed. The elongation of film B was too low and the film C had
      no elongation at all and, accordingly, in both cases, the nylon coating
      films came off when the rubber plates coated with the films were
      stretched. Film D was very excellent, because a plasticizer
      (benzenesulfonebutylamide, 10 weight percent) was incorporated therein to
      increase its softness. In rubber gloves the whole surface of which had
      been coated with film D, the coating film did not come off at all in the
      use, and the softness of the gloves was similar to untreated rubber
      gloves.
PAC  EXAMPLES 3
PAR  The two solutions prepared in Example 1 were mixed together in the
      proportions as shown in Table 1. Each of the mixtures was applied to
      leather and was cured at 140.degree.C for 5 minutes. Film A had superior
      softness and touch to films B and C.
TBL                Table 1                                                     

     ______________________________________                                    

            Substance                                                          

                    Alcohol-soluble                                            

                                   Remark                                      

            to be   copolymerized                                              

            coated  nylon                                                      

                    N-alkoxymethyl-                                            

                    lated nylon 6                                              

     ______________________________________                                    

            A               9 / 1                                              

     Example                                                                   

            B     Aluminum  6 / 4                                              

     1      C               3 / 7                                              

            A               9 / 1                                              

     Example                                                                   

            B     Rubber    7 / 3                                              

     2      C               3 / 7                                              

            D               7 / 3        Added with                            

                                         plasticizer                           

            A               9 / 1                                              

     Example                                                                   

            B     Leather   8 / 2                                              

     3      C               3 / 7                                              

     ______________________________________                                    

PAR  As the alcohol solubilization test, the 20% solution of the
      N-methoxymethylated nylon 6 prepared in Example 1, which contained 5 wt.%
      of hypophosphorous acid based on the N-methoxymethylated nylon, was added
      to the 20% solution of the methanol-soluble nylon copolymer prepared in
      Example 1 in an amount which will make the amount of the former to be 5
      wt.% or more based on the total resins. From the obtained solution, a film
      was made by casting and this film was heat-treated at 140.degree.C for 5
      minutes. The thus obtained film was insoluble in methanol.
PAR  In the tensile tests shown in the drawing, the films were made by a
      solution casting method in a thickness of about 100 .mu.. The films
      obtained by casting were heat-treated at 140.degree.C for 5 minutes and
      the tensile strength of the film was measured by a tensile tester
      (TENSILON UTM-2) at 500 mm/min.
PAR  As will be seen from the drawing, while the strength at the breaking point
      does not substantially change depending on the amounts of the
      N-methoxymethylated nylon 6 added, the elongation at the breaking point
      changes remarkably depending on the amount of the N-methoxymethylated
      nylon 6. Thus, the addition of the N-methoxymethylated nylon to the
      alcohol-soluble nylon copolymer in an amount of more than 90 wt.% based on
      the total resins is not preferable, since it will lower the elongation of
      the film too much.
PAR  Generally, in such cases as the coating of metal articles where elongation
      of the coated films is not required, the amount of addition of the
      N-methoxymethylated nylon can be made larger, while, in such cases as the
      coating of rubber articles where elongation of the coated films is
      required, the amount of addition of the N-methoxymethylated nylon should
      be made relatively small, thus enabling to conduct the coating in a manner
      suitable to the object to the coated.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A coating composition comprising a solution of (1) an alcohol-soluble
      nylon polymer selected from the group consisting of
      .epsilon.-caprolactam/hexamethylenediamine adipate copolymer,
      .epsilon.-caprolactam/laurolactam copolymer,
      .epsilon.-caprolactam/hexamethylenediamine adipate/laurolactam terpolymer
      and .epsilon.-caprolactam/hexamethylenediamine
      adipate/hexamethylenedodecanedioamide terpolymer, (2) from 5 to 90 weight
      percent of the total of (1) and (2), calculated as an N-alkoxymethylated
      nylon of a degree of alkoxymethylation of 30 molar percent, of an
      N-alkoxymethylated nylon selected from the group consisting of
      methoxymethylated .epsilon.-caprolactam polymer, methoxymethylated
      hexamethylenediamine adipate polymer, methoxymethylated
      .epsilon.-caprolactam/laurolactam copolymer and propoxymethylated
      .epsilon.-caprolactam polymer, and (3) from 0.5 to 8 weight percent, based
      on the weight of the N-alkoxymethylated nylon (2), of an acid catalyst
      selected from the group consisting of tartaric acid, maleic acid, crotonic
      acid, malonic acid, succinic acid, oxalic acid, adipic acid, citric acid,
      o-, m- and p- hydroxybenzoic acids, 2,4-dihydroxybenzoic acid,
      2-hydroxy-4-methoxybenzoic acid, hypophosphorous acid, chromic acid
      anhydride and p-toluenesulfonic acid, dissolved in (4) a solvent selected
      from the group consisting of alkanols of 1 to 6 carbon atoms, chlorinated
      aliphatic hydrocarbons of 1 to 6 carbon atoms, aromatic hydrocarbons and
      mixtures thereof.
NUM  2.
PAR  2. The composition according to claim 1 wherein the acid catalyst is
      hypophosphorous acid.
NUM  3.
PAR  3. The composition according to claim 2 wherein said nylon polymer is a
      terpolymer of .epsilon.-caprolactam/hexamethylenediamine
      adipate/laurolactam, in a weight ratio of 1/1/1, and said
      N-alkoxymethylated nylon is N-methoxymethylated .epsilon.-caprolactam
      polymer.
NUM  4.
PAR  4. The composition according to claim 1 wherein the amount of said acid
      catalyst is from 2 to 5 weight percent, based on the weight of said
      N-alkoxymethylated nylon.
NUM  5.
PAR  5. The composition according to claim 1 wherein the amount of said
      N-alkoxymethylated nylon is from 5 to 30 weight percent of of the total of
      (1) and (2).
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ABST
PAL  Solvent-free hot melt compositions for use as sealants, adhesives, caulking
      compounds or the like are produced by intimately blending elastomeric
      polymers with tackifying resins and plasticizers to obtain products having
      a hardness at room temperature of at least about 5 on the Shore A
      Durometer scale while being sufficiently soft at temperatures of about
      50.degree.F or higher to permit them to be easily extruded or otherwise
      applied. Adhesion promoters, lubricants, fillers and the like are
      preferably added to the composition to improve the properties thereof. The
      products are characterized by their stability over a wide range of
      temperatures, their resistance to oxidation and weathering, and their low
      moisture vapor transmission properites.
PARN
PAR  This application is a continuation of copending application Ser. No.
      256,928 filed May 25, 1972 now abandoned.
BSUM
PAC  FIELD OF INVENTION
PAR  Many types of adhesives, sealants, caulking compositions and the like have
      been developed heretofore and are discussed at length in the book entitled
      "Sealants" by Adolfos Damusis published in 1967 by Reinhold Publishing
      Company. However, such compositions generally contail substantial amounts
      of volatile solvents which are often toxic or flammable and in any event
      are gradually released from the material resulting in delays in the
      operations in which they are employed and shrinkage of the material which
      is objectionable in many situations. Certain compositions of this type
      also contain curing or vulcanizing agents which interact to change the
      properties of the material over extended periods of time and do not lend
      themselves to rapid manufacturing operations.
PAR  Hot melt compositions are generally free of such objections in that they
      are soft or fluid at elevated temperatures but harden upon cooling without
      thereafter undergoing material change in volume or chemical or physical
      properties. While many of the polymers used in solvent and reaction type
      adhesives and sealants possess desirable properties, such as elasticity
      and moisture resistance, they have not been capable of use in hot melt
      compositions heretofore for the reason that they are not generally
      thermoplastic or workable in the absence of solvents or do not possess
      their desired properties until vulcanization or curing of the constituents
      thereof has taken place. Moreover, they do not possess adequate adhesive
      properties for many uses when in contact with glass and other substrates
      without the use of a priming coat first applied to such surfaces by a
      further operation. See for example, U.S. Pat. Nos. 2,903,437; 3,027,337;
      3,340,224; and 3,553,913.
PAR  In accordance with the present invention a wide variety of hot melt
      compositions adapted for use as adhesives, sealants, caulking
      compositions, expansion joints and the like are provided which are
      sufficiently soft or fluid at a temperature above about 150.degree.F to
      permit them to be readily applied in use and which harden upon cooling
      without solvent release or chemical reaction between constituents thereof.
PAR  These advantages are attained by provided compositions which in general
      consist of intimate mixtures of elastomeric polymers having a molecular
      weight of at least about 15,000 with plasticizing agents and tackifying
      resins. In most compositions adhesion promoters, lubricants and fillers
      are added to improve the properties of the hot melt compositions.
PAR  The hardness of the compositions at room temperature may vary from about 5
      to 95 on a Shore A Durometer depending upon its formulation and the use
      for which the product is intended whereas they are all sufficiently soft
      at temperatures of about 150.degree.F to 375.degree.F to permit them to be
      readily applied by conventional equipment such as a heated caulking gun or
      the like.
PAR  Typical compositions embodying the present invention contain from about 10
      to 100 parts by weight of one or more solid elastomeric polymers having a
      molecular weight of from about 15,000 up to 200,000 or 300,000 or more.
      Among such polymers and the trade names by which they are sometimes
      identified are, butyl rubbers such as the copolymers of isobutylene and
      isoprene (Ex 214 and PB201) polyisobutylene having a high molecular weight
      in the range below about 150,000 (Vistonex MML140); butadienestyrene
      (Buna-S) and styrene-butadienestyrene polymers (GRS and Kraton SBS).
PAR  The elastomeric polymers are intimately blended with tackifying resins and
      plasticizers in varying amounts depending upon the purpose for which the
      hot melt is to be employed. The amount of tackifying resins may range from
      about 1 to 400 parts for each 100 parts by weight of the elastomeric
      polymer employed whereas the amount of the plasticizer used may vary from
      about 15 to 600 parts to each 100 parts by weight of the elastomer used.
PAR  Among the tackifying resins preferred are terpene resins (Piccohesive 125);
      polyterpene resins (Wing Tack 95 and Foral 105); phenolic resins (SP559
      and Super Beckocite 2000); hydrogenated rosin (Stabilite ester 10); and
      hydrocarbon resins (Nevillac 10 and ERJ 683). Typical plasticizers are
      polybutenes (Indopol 1900 and H-100); polyisobutylenes having a low
      molecular weight not exceeding about 10,000 (Vistonex LMMS); phosphate
      esters (Santicizer 148); dibutyl phthalate; plasticizers low temperature
      plasticizers such as straight chain aliphatic acid esters TP90B, TP95, ZP
      680, parafine oils (Sun Par 2100); coal tars and asphalts. Chlorinated
      polyphenyl (Aroclor 5460) and chlorinated biphenyl (Aroclor 1254) may be
      used for both their tackifying and plasticizing properties.
PAR  Adhesion promoters are incorporated in most compositions in amounts ranging
      from 0.5 to 60 parts by weight for each 100 parts by weight of the
      elastomer and are preferably selected from the group consisting of epoxy
      resins, organic silanes and mixtures thereof and urethane polyesters and
      polyethers. Typical adhesion promoters are epoxy resins having an epoxide
      equivalent of from 150 to 3000 such as the resins sold by Shell Chemical
      Company under the names Epon 1002 and 828. Among the organic silanes
      employed are those sold by Union Carbide Corporation which are vinyl,
      cyclic epoxy, aliphatic epoxy and methacryloxy silanes identified as
      A-186, A-187, A-153 and A-151. Other adhesion promoters which may be used
      are urethane polyesters and polyethers such as Solthane 291 and Guardthane
      72, ethylene vinyl acetate sold by Union Carbide under the designation EVA
      and the phenolic resin known as Methylon 75108.
PAR  While certain of the constituents of the composition as herein described
      are referred to as "tackifyers" , "plasticizers" and "adhesion promoters"
      , some of these agents are poly-functional in that they possess both
      tackifying and plasticizing or other properties or may improve the action
      of other agents in the composition by reason of their use in combination.
      Thus for example, the terpene resins often serve as plasticizers or
      improve the action of other plasticizers used in the mixture.
PAR  In most compositions it is desirable to use epoxy resin as the principal
      adhesion promoter but mixtures of epoxy resins with an organic silane
      often are found to be more effective, particularly when the hot melt
      composition is to be used in contact with glass. They serve in combination
      to improve the cohesive strength of the material. The silanes are
      particularly useful when the hot melt is applied to glass since it is then
      unnecessary to apply a priming layer to the glass prior to application of
      the hot melt. However, when a silane compound is used in combination with
      an epoxy resin, the compounds selected should be chosen so as to avoid
      chemical reaction therebetween. Thus amino silanes are not generally
      adapted for use in combination with epoxy resins in compositions of the
      present invention.
PAR  Furthermore the use of epoxy resins in combination with the organic silanes
      improves the resistance to the action of water and ultra-violet light so
      as to increase its life and continued adhesion properties under adverse
      weather conditions.
PAR  From 5 to 1000 parts by weight of fillers based on each 100 parts of the
      elastomeric polymer may be used in producing the hot melt compositions of
      the present invention. Typical of such fillers are carbon blacks; calcium
      carbonate, talc, titanium, dioxide, asbestos filbers, clay, silica, wood
      flour and the like.
PAR  In producing the compositions the constituents are intimately mixed and
      blended in a mill such as a Baker-Perkins Sigma Blade Mixer. Ordinarily
      the elastomer and tackifying resin are introduced first and when well
      blended the adhesion promoter and at least part of the filler is added and
      the plasticizer then introduced as the mixing operation is continued. The
      blending is effected by the shearing action of the mill and generally is
      carried out for about 30 to 60 minutes during which time the temperature
      rises to about 100.degree. to 140.degree.F, and preferably is kept below
      about 250.degree.F. No chemical reaction takes place between the
      constituents of the composition during mixing thereof. The product is
      instead a simple, mechanical mixture of the ingredients.
PAR  The proportions and selection of the elastomers, tackifyers, plasticizers
      and other ingredients employed can be varied depending on the particular
      properties desired in producing hot melt adhesives for use in the
      manufacture of shoes, box board, plywood, metal clad sheets and laminates,
      modular home, truck bodies, and motor vehicle parts, wall panelling and
      building elements. In addition, the compositions may also be compounded
      for use as caulking materials, expansion joints for roads, bridges and
      buildings, sealants for window and structural joints, back bedding for
      windows and for other purposes.
PAR  The following compositions are typical of those adhesives adapted for use
      in the manufacture of shoes, box board, and the like. The proportions
      given are in parts by weight:
     Composition          1=      2       3                                    

     ______________________________________                                    

     Rubber (EX 214)      25      10      25                                   

     Tackifier (Wing Tack 95)                                                  

                          75      90      75                                   

     Plasticizer (Indopol 1900)                                                

                          25      25      20                                   

     Plasticizer (Indopol 100)                                                 

                          20      20      --                                   

     Adhesion Promoter (Epon 1007)                                             

                          20      20      10                                   

     Filler (CaCo.sub.3)  40      40      --                                   

     ______________________________________                                    

PAR  These adhesives are soft at temperatures of 250.degree.F and can be applied
      readily with conventional equipment but have a hardness of from 20 to 90
      on the Shore A Durometer at room temperature.
PAR  The following adhesives are better adapted for use in building
      comstructions, laminates and the production of metal clad sheets.
TBL  ______________________________________                                    

     Composition  4        5        6      7                                   

     ______________________________________                                    

     EX 214       100      100      100    100                                 

     Super Beckocite                                                           

                  --       25       --     --                                  

     Epon 1004    20       30       20     20                                  

     Silane A 186 2        --       --     --                                  

     Aroclor 5460 25       --       --     --                                  

     Stearic Acid 2        2        2      2                                   

     Camel Carb   50       75       --     --                                  

     CaCO.sub.3   75       100      --     --                                  

     Carbon Black 10       10       --     --                                  

     Indopol H 100                                                             

                  40       50       --     --                                  

     Indopol 1900 60       100      --     --                                  

     Asbestos 114 2        2        --     --                                  

     Sun Par 2100 --       --       50     100                                 

     Statex RH    --       --       80     100                                 

     Hardness (Shore A)                                                        

                  40       45       36     32                                  

     ______________________________________                                    

PAR  These adhesives are somewhat more elastic and flexible that the
      compositions 1, 2 and 3 above and while relatively fluid at temperatures
      of 300.degree.F for easy application they harden at room temperature. They
      adhere tenaciously to glass, aluminum and other sheet material and impart
      structural strength to building elements.
PAR  Compositions designed for use as caulking compoinds, sealants for
      buildings, windows and other assemblies are exemplified by the following:
TBL  Composition       8            9                                          

     ______________________________________                                    

     EX 214            100          100                                        

     Indopol 1900      50           50                                         

     Indopol 100       75           --                                         

     CaCO.sub.3        400          80                                         

     Asbestos 144      200          --                                         

     Epon 1007         20           40                                         

     Silane A 186      2            --                                         

     Wing Tack 95      --           100                                        

     Hardness (Shore A)                                                        

                       15-50        28                                         

     ______________________________________                                    

PAR  Other sealants embodying the present invention are as follows:
TBL  Composition                                                               

                10  11  12  13  14  15  16  17  18                             

     __________________________________________________________________________

     EX 214     50  50  50  50  50  50  50  50  50                             

     Wing Tack 95                                                              

                50  50  50  50  50  50  50  50  50                             

     CaCO.sub.3 40  40  40  40  40  40  40  40  40                             

     Epon 1007  --  20  --  10  20  --  --  --  --                             

     Silane A 186                                                              

                --  --  2.0 1.0 2.0 --  --  --  --                             

     Methylon 75108                                                            

                --  --  --  --  --  5   10  --  --                             

     Ethyl Acrylic Acid                                                        

                --  --  --  --  --  --  --  10  25                             

     Stearic Acid                                                              

                1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1                              

     Indopol 1900                                                              

                25  25  25  25  25  25  25  25  25                             

     Hardness (Shore A)                                                        

                28  34  35  30  32  23  37  34  45                             

     __________________________________________________________________________

PAR  Compositions in the form of ductile materials for back bedding in mounting
      windows and the like are represented by the following:
TBL  Composition       23           24                                         

     ______________________________________                                    

     EX 214            50           50                                         

     Wing Tack 95      25           --                                         

     Super Beckocite 2000                                                      

                       --           25                                         

     Indopol H-100     50           --                                         

     Sun Par 2100      --           50                                         

     CaCO.sub.3        60           --                                         

     Carbon Black      10           --                                         

     Epon 1007         20           --                                         

     Statex RH         --           70                                         

     Stearic Acid       1            1                                         

     Hardness (Shore A)                                                        

                       35           40                                         

     ______________________________________                                    

PAR  These products are all soft and flowable at temperatures above 250.degree.F
      and adhere tenaciously to glass, aluminum and the like.
PAR  The following composition is particularly adapted for use in expansion
      joints for roads, airport runways, bridges, sidewalks and elsewhere.
TBL  ______________________________________                                    

     Composition            25                                                 

     ______________________________________                                    

     EX 214                 50                                                 

     Asphalt                50                                                 

     CaCO.sub.3             50                                                 

     Carbon Black           25                                                 

     Wing Tack 95           15                                                 

     Epon 1004              20                                                 

     Hardness (Shore A)     27                                                 

     ______________________________________                                    

PAR  Another expansion joint composition is exemplified by the following:
TBL  Composition            26                                                 

     ______________________________________                                    

     EX 214                 75                                                 

     Aroclor 5460           25                                                 

     Stearic Acid           1.5                                                

     Epon 1007              20                                                 

     Silane 186             1.0                                                

     Carbon Black           75                                                 

     Indopol 1900           40                                                 

     Indopol 100            30                                                 

     Hardness (Shore A)     32                                                 

     ______________________________________                                    

PAR  All of the products described above are characterized by the fact that they
      are solvent-free and do not rely upon chemical reactions to cure or
      vulcanize the rubber or other elastomers of the blend. As a result they do
      not undergo shrinkage or material change in physical properties after
      cooling to room temperature following application. Moreover, they are easy
      and economical to produce and easy to handle using conventional equipment
      without delay or danger of fire or the need for special ventilation in the
      areas where they are employed.
PAR  It will be apparent from the foregoing discussion and discussion and
      examples cited, that compositions embodying the present invention are
      capable of many modifications depending upon the particular attributes and
      physical properties desired for the various uses and applications of the
      hot melt compositions. In view thereof it should be understood that the
      particular embodiments and formulations of the products cited are intended
      to be illustrative only and are not intended to limit the scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Solvent free hot-melt compositions adapted to be extruded as sealants,
      adhesives, caulking compounds, expansion joints and the like consisting
      essentially of an unreacted mechanical mixture of 100 parts by weight of
      polymerized elastomeric butyl rubber composed essentially of a copolymer
      of isobutylene and isoprene having a molecular weight above about 15,000;
      with from 1 to 400 parts by weight of tackifying resin selected from the
      group consisting of terpene resins, polyterpene resins, phenolic resins,
      hydrogenated rosin, hydrocarbon resins and mixtures thereof; from 15 to
      600 parts by weight of plasticizer selected from the group consisting of
      polybutenes, low molecular weight polyisobutylenes, phosphate esters,
      dibutyl phthalate, straight chain aliphatic acid esters, parafine oils,
      coal tars, asphalts, chlorinated polyphenyl, chlorinated biphenyl and
      mixtures thereof; from about 0.5 to 60 parts by weight of adhesion
      promoter comprising an epoxy resin having an epoxide equivalent of from
      about 150 to 300; and from about 5 to 1,000 parts by weight of inert
      filler material, said composition being readily extrudable at temperatures
      above about 150.degree.F. while hardening upon cooling without undergoing
      chemical change, and having a hardness of about 5 to 95 on a Shore A
      Durometer at room temperature.
NUM  2.
PAR  2. A hot melt composition as defined in claim 1 wherein the adhesion
      promoter includes an organic silane.
NUM  3.
PAR  3. A hot melt composition as defined in claim 1 having approximately the
      following composition in parts by weight:
TBL  Copolymer of Isobutylene                                                  

     and Isoprene           10                                                 

     Polyterpene resin      90                                                 

     Polybutene             45                                                 

     Epoxy resin            20                                                 

     Filler                 40.                                                

NUM  4.
PAR  4. A hot melt composition as defined in claim 1 having approximately the
      following composition in parts by weight:
TBL  Copolymer of isobutylene                                                  

     and isoprene           100                                                

     Phenolic resin          25                                                

     Epoxy resin             30                                                

     Stearic acid            2                                                 

     Filler                 187                                                

     Polybutene             150.                                               

NUM  5.
PAR  5. A hot melt composition as defined in claim 1 having approximately the
      following composition in parts by weight:
TBL  Copolymer of isobutylene                                                  

     and isoprene           50                                                 

     Polyterpene resin      50                                                 

     Filler                 40                                                 

     Epoxy resin            10                                                 

     Organic silane          1                                                 

     Stearic Acid            1                                                 

     Polybutene             25.                                                
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ABST
PAL  This invention relates to a technique for improving the properties of the
      so-called methyl methacrylate lacquers prepared from polymers containing
      methyl methacrylate as a main monomer.
PAL  That is, a liquid coating composition, which contains as a main component a
      polymer obtained by polymerization of methyl methacrylate alone or of a
      monomer mixture comprising 60 - 98 % by weight of methyl methacrylate and
      2 - 40 % by weight of other monomer copolymerizable therewith, is
      ordinarily called as a methyl methacrylate lacquer.
PARN
PAR  This is a continuation, of application Ser. No. 199,020, filed Nov. 15,
      1971, now abandoned; which is a Continuation of application, Ser. No.
      689,764, filed Dec. 2, 1967 now abandoned, which applications are relied
      upon and the entire disclosure and specifications of which are hereby
      incorporated by reference.
BSUM
PAR  The present invention pertains to a two-pack type polyurethane coating
      composition comprising a composition obtained by copolymerizing 50 - 95
      parts by weight of a monomer mixture composed mainly of methyl
      methacrylate, which gives said methyl methacrylate lacquer, with 5 - 50
      parts by weight of a polymerizable monomer having at least one hydroxyl
      group in a molecule, e.g. 2-hydroxyethyl methacrylate, to obtain a
      copolymer, and then combining a polyisocyanate compound with said
      copolymer.
PAR  A film formed from such composition has overcome the drawbacks of methyl
      methacrylate lacquer in impact resistance, adhesiveness, solvent
      resistance and crack resistance, and is excellent in weather resistance,
      durability, water resistance, chemical resistance and gloss.
PAR  A liquid coating compostion containing a polymer composed mainly of methyl
      methacrylate.
PAR  Generally, films of the so-called methyl methacrylate lacquers prepared
      from polymers containing methyl methacrylate as a main monomer have
      excellent characteristics in such properties as colorlessness,
      transparency, gloss retention over a long period and resistance to
      yellowing.
PAR  However, when formed into a film, a methyl methacrylate lacquer obtained by
      polymerizing methyl methacrylate alone or in combination with a small
      amount of an acrylate of C.sub.2 - C.sub.16 alkanol, e.g. ethyl acrylate,
      n-butyl acrylate or 2-ethylhexyl acrylate, or a methacrylate of C.sub.4 -
      C.sub.16 alkanol, e.g. 2-ethylhexyl methacrylate or lauryl methacrylate
      (these monomers are so-called internal-plasticizing monomers), tends to
      form cracks in the film by swelling or shrinking action due to temperature
      variation or to moisture, and encounters difficulties in impact resistance
      and in adhesion onto coated substrate surface. Further, this kind of
      lacquer is liable to cause shrinking or cracking phenomenon when recoated
      onto its own film or overcoated onto other films. That is, the lacquer is
      inferior in recoating and overcoating.
PAR  In case the amounts of said plasticizable monomers are increased, the above
      drawbacks can be overcome to a considerable extent, but the resulting film
      becomes soft, and not only it becomes high in temperature susceptibility
      and thermoplastic tendency but also it is deteriorated in gasoline
      resistance and water resistance.
PAR  Even in the case of a methyl methacrylate lacquer in which an
      internal-plasticizing monomer has been used in such a suitable amount as
      to satisfy, from the standpoint of its composition, the hardness, gasoline
      resistance and crack resistance of the resulting film and such proportion
      as recoating and the like, these properties are not satisfactory, in
      practice, unless the molecular weight of the polymer employed is made
      higher than a definite limit. However, the molecular weight of a copolymer
      obtained by solution polymerization is closely connected with the
      viscosity of the copolymer solution, and therefore such methyl
      methacrylate lacquer cannot be applied, in general, unless it is diluted,
      before application, with a large amount of solvent. This indicates the
      fact that such a methyl methacrylate lacquer as mentioned above is not
      well retained on a substrate to be coated, cannot be applied thickly by
      one time application and tends to cause wobbing particularly in spray
      coating.
PAR  In accordance with the present invention, a copolymer is obtained by
      copolymerizing a polymerizable monomer capable of forming a methyl
      methacrylate lacquer with another polymerizable monomer having at least
      one hydroxyl group in a molecule, and the copolymer chains are
      cross-linked, in a film state, by means of a polyisocyanate compound to
      obtain a coating composition which is excellent not only in such
      mechanical properties of the resulting film as hardness, impact
      resistance, flexibility and adhesiveness but also in workability, weather
      resistance, chemical resistance, crack resistance, solvent resistance,
      gloss and coated surface state.
PAR  The copolymer useful for the production of the present coating composition
      is obtained by copolymerizing 60 - 95 parts by weight of a methyl
      methacrylate monomer, or of a monomer mixture comprising 60 - 98 % by
      weight of methyl methacrylate and 2 - 40 % by weight of other monomer
      copolymerizable therewith, with 5 - 40 parts by weight of a polymerizable
      monomer having at least one hydroxyl group in a molecule. To this
      copolymer, at least one polyisocyanate compound having at least 2
      isocyanate groups in a molecule is added so that the amount of isocyanate
      groups becomes 0.2 - 5.0 equivalents based on the hydroxyl group in the
      copolymer, whereby the vehicle of the present two-pack type coating
      composition is obtained.
PAR  In the present invention, the monomers capable of being copolymerized with
      methyl methacrylate within the range of 2 - 40 % by weight include
      acrylates of C.sub.1 - C.sub.16 alkanol, methacrylates of C.sub.2 -
      C.sub.16 alkanol, styrene, vinyltoluene, .alpha.-methylstyrene,
      acrylonitrile, methacrylonitrile, vinyl formate, vinyl acetate, vinyl
      butyrate, vinyl stearate, methyl vinyl ether and ethyl vinyl ether. These
      monomers are preferably used, in the case of the present invention, in an
      amount up to 40 % by weight based on the amount of methyl methacrylate. If
      the amount is more than said limit, the characteristics of methyl
      methacrylate are lost. In addition to such relatively neutral monomers as
      mentioned above, there may be copolymerized, in order to increase the
      wettability of pigments and copolymers, a small amount of acrylic acid,
      methacrylic acid, crotonic acid, itaconic acid, maleic acid, fumaric acid,
      acrylamide or methacrylamide. Further, in order to promote the
      cross-linking reaction of isocyanate groups with hydroxyl groups, there
      may be copolymerized a small amount of a monomer having a tertiary amino
      group such as, for example, N,N'-dimethylamino ethylmethacrylate or
      N,N'-diethylamino ethylmethacrylate.
PAR  The polymerizable monomers having at least one hydroxyl group in a molecule
      which are used in the present invention include 2-hydroxyethyl acrylate,
      2-hydroxypropyl acrylate, 2-hydroxybutyl acrylate, 2-hydroxyethyl
      methacrylate, 2-hydroxypropyl methacrylate, 2-hydroxybutyl methacrylate,
      N-methylol acrylamide, N-methylol methacrylamide, allyl alcohol, methallyl
      alcohol and crotyl alcohol. If the amount of the polymerizable monomer
      having a hydroxyl group is less than 5 parts by weight based on the total
      monomer, cross-linking density becomes too low to form a film having
      desired properties, whereas if the amount is more than 50 parts by weight,
      the merits of the resulting methyl methacrylate lacquer become not marked.
PAR  What is particularly interesting in the above case is that in case a
      markedly flat and smooth film is desired to be obtained by use of the
      present coating composition, it is preferable to introduce into the
      copolymer a component obtained by the 1 : 1 addition reaction of a
      terminal epoxy compound having one polymerizable unsaturated group and a
      fatty acid. By the 1 : 1 addition reaction of terminal epoxy group and
      carboxyl group, one hydroxyl group is formed.
      ##EQU1##
      The thus obtained addition reaction product is used as the polymerizable
      unsaturated monomer having at least one hydroxyl group in a molecule. In
      this case, a side chain due to the long carbon-carbon bond of fatty acid
      component is introduced into the copolymer, so that the coating
      composition is lowered in surface tension to readily form a particularly
      smooth film. The above addition reaction may be effected either before,
      during or after the copolymerization reaction for preparation of the
      copolymer. The terminal epoxy compounds having polymerizable unsaturated
      groups which are used in the above system include glycidyl acrylate,
      glycidyl methacrylate and allyl glycidyl ether, and the fatty acids
      include linseed oil fatty acid, sardine oil fatty acid, tung oil fatty
      acid, dehydrated castor oil fatty acid, safflower oil fatty acid, soybean
      oil fatty acid, whale oil fatty acid, rice bran oil fatty acid, cottonseed
      oil fatty acid, castor oil fatty acid and coconut oil fatty acid. The
      addition reaction of the carboxyl group of fatty acid and the epoxy group
      of epoxy compound is effected at a temperature of 100.degree.-
      180.degree.C. Further, the addition reaction may be carried out in the
      presence of a slight amount of a Lewis base catalyst much as tertiary
      amine.
PAR  As the type of polymerization reaction for the preparation of copolymers
      having such compositions and characteristics as mentioned above, there may
      be adopted any of the conventional methods for the polymerization of
      methyl methacrylate. Preferably, the polymerization is effected in a
      solution at a temperature of 70.degree.- 180.degree.C. in the presence of
      a polymerization initiator such as peroxides or azo compounds.
PAR  The thus obtained copolymers having methyl methacrylate as main component
      and hydroxyl groups as pendant groups are then cross-linked by means of
      polyisocyanate compounds. As these polyisocyanate compounds, there are
      used aliphatic and alicyclic diisocyanates such as hexamethylene
      diisocyanate, 2,4-diisocyanate-1-methylcyclohexane, diisocyanate
      cyclobutane, tetramethylene diisocyanate, o-, m- and p-xylylene
      diisocyanates, dicyclohexylmethane diisocyanate and
      dimethyldicyclohexylmethane diisocyanate, and aromatic polyisocyanates
      such as tolylene-2,4-diisocyanate, tolylene-2,6-diisocyanate,
      diphenylmethane-4,4'-diisocyanate,
      3-methyldiphenylmethane-4,4'-diisocyanate, m- and p-phenylene
      diisocyanates, chlorophenylene-2,4-diisocyanate,
      naphthalene-1,5-diisocyanate,
      diphenyl-4,4'-diisocyanate-3,3'-dimethyldiphenyl, 1,3,5-triisopropyl-2,4l
      -diisocyanate and diphenylether diisocyanate, and mixtures thereof.
      Further, there are used polyurethane-polyisocyanate compounds obtained by
      reacting excess of the above-mentioned polyisocyanate compounds with
      polyhydroxy compounds such as ethylene glycol, diethylene glycol,
      neopentyl glycol, trimethylolethane trimethylolpropane, glycerine and
      hexanetriol. In addition, isocyanurate group-containing polyisocyanate
      compounds, allophanate group-containing polyisocyanate compounds and
      biuret group-containing polyisocyanate compounds are also usable. In some
      cases, polyisocyanate compounds derived from dimer acids may also be
      employed.
PAR  These polyisocyanate compounds are used in such an amount that the amount
      of isocyanate group becomes 0.2 - 5.0 equivalents based on the hydroxyl
      group in the copolymer. If the amount is less than said range, no
      sufficient effect of cross-linking can be attained, while an amount more
      than said range is not necessary for the present coating composition.
PAR  Solvents to be used in the preparation of the present copolymers and in the
      production and application of the present coating compositions are those
      which are not reactive with isocyanate groups. These include, for example,
      aliphatic hydrocarbons, alicyclic hydrocarbons, aromatic hydrocarbons,
      halogenated hydrocarbons, ethers, esters, ketones and nitriles.
      Concretely, benzene, toluene, xylene, solvent naphthas, dioxane, acetene,
      acetonitrile, methyl ethyl ketone, methyl isobutyl ketone, diisopropyl
      ketone, ethyl acetate, propyl acetate, butyl acetate, ethylene glycol
      monoethylether acetate, diethylene glycol monoethylether acetate and
      3-methoxybutyl acetate are frequently employed.
PAR  The present coating compositions are colored by addition of pigments,
      except the cases where clear films are desired to be obtained. Examples of
      such pigments are oxides, hydroxides, silicates, chromates, sulfides,
      sulfates and carbonates of metals, various organic pigments, carbon black
      and metal flake pigments. The amount of pigment to be used is greatly
      affected by the kind of pigment but is preferably up to 300 parts by
      weight per 100 parts by weight of resin solid.
PAR  The amount of solvent to be incorporated at the time of application of the
      coating composition varies depending on the manner of application, but is
      preferably such that the weight ratio of resin solid to solvent is from 60
      : 40 to 10 : 90.
PAR  The present coating compositions can be applied to materials to be coated
      either by spray coating, brush coating, dip coating or roller coating. The
      resulting films may be allowed to dry and cure at room temperature, or may
      be dried and cured by heating at temperatures below 150.degree.C. The
      curing rate at the time of drying may be accelerated by use of a compound
      known as a catalyst such as, for example, dibutyltin dilaurate, stannous
      caprylate or dimethylbenzylamine.
PAR  As suitable materials to be coated with the present coating compositions,
      there are metals, wood, rubbers, glass, fibers, leathers and various
      polymer materials.
DETD
PAR  The present invention will be illustrated in detail below with reference to
      examples.
PAR  The starting material compositions of individual examples and testing data
      of the resulting resin solutions were as set forth in Table 1.
      Polmerization, in the case of Example 1, for instance, was effected in the
      following manner:
PAR  Given amounts of methyl methacrylate, 2-hydroxyethyl methacrylate, lauryl
      mercaptan as a chain transfer agent, xylene, ethyl acetate, butyl acetate
      and ethylene glycol monoethylether acetate were charged into a reactor,
      and the reaction system was flushed with nitrogen gas, if necessary. The
      reaction system was brought into a reflux state with stirring, and a
      solution of the polymerization initiator azobisisobutyronitrile in a
      solvent (toluene) bearing the mark * was added dropwise over a period of 2
      hours to the reaction system in the above-mentioned state to effect
      polymerization reaction. After completion of the dropwise addition, the
      reaction system was heated and refluxed with stirring for additional 2
      hours. The testing data of the resulting resin solution were measured
      according to ordinary methods.
TBL                                    Table 1.                                

     __________________________________________________________________________

            Example No.     2    3    4    5    6    7                         

     __________________________________________________________________________

            Methylmethacrylate                                                 

                            85   81   72   82   63   81                        

            Ethyl acrylate  --   9    --   --   --   --                        

            n-Butyl acrylate                                                   

                            10   --   18   8    27   --                        

            Lauryl methacrylate                                                

                            --   --   --   --   --   --                        

            2-Ethylhexyl acrylate                                              

                            --   --   --   --   --   9                         

            2-Hydroxyethyl methacrylate                                        

                            5    10   --   --   10   10                        

     Starting                                                                  

            2-Hydroxypropyl methacrylate                                       

                            --   --   10   --   --   --                        

     material                                                                  

     composition                                                               

            N-Methylol acrylamide                                              

                            --   --   --   10   --   --                        

     (parts                                                                    

     by     Fatty acid-expoxy compound                                         

     weight)                                                                   

            addition product                                                   

                            --   --   --   --   --   --                        

            Lauryl mercaptan                                                   

                            0.6  0.7  0.5  1.5  0.5  0.6                       

            Toluene         30*  30*  30*  30*  30*  30*                       

            Xylene          10   20   10   --   30   10                        

            Ethyl acetate   30   30   30   30   30   30                        

            Butyl acetate   20   10   20   30   --   20                        

            Ethylene glycol monoethyl-                                         

            ether acetate   10   10   10   10   10   10                        

            Methyl isobutyl ketone                                             

                            --   --   --   --   --   --                        

            Acetonitrile    --   --   --   --   --   --                        

            Azobisisobutyronitrile                                             

                            1.2  1.0  1.2  1.5  1.2  1.2                       

            Non-volatile (W %)                                                 

                            50   52   52   52   52   51                        

     Testing                                                                   

            Viscosity (Gardner-Holtz)                                          

                            Z.sub.4 -Z.sub.5                                   

                                 Z.sub.6                                       

                                      Z.sub.4 -Z.sub.5                         

                                           Z.sub.6                             

                                                Z.sub.5                        

                                                     Z.sub.6                   

     data   Amount of hydroxyl group                                           

            in resin solution (W %)                                            

                            0.327                                              

                                 0.654                                         

                                      0.590                                    

                                           0.842                               

                                                0.654                          

                                                     0.654                     

            Example No.     8    9    10   12   13                             

            Methylmethacrylate                                                 

                            76.5 85   56   66   60                             

            Ethyl acrylate  --   --   --   --   --                             

            n-Butyl acrylate                                                   

                            8.5  --   24   --   --                             

            Lauryl methacrylate                                                

                            --   --   --   4    --                             

            2-Ethylhexyl acrylate                                              

                            --   --   --   --   --                             

            2-Hydroxyethyl methacrylate                                        

                            15   15   20   --   --                             

     Starting                                                                  

            2-Hydroxypropyl methacrylate                                       

                            --   --   --   --   --                             

     material                                                                  

     composition                                                               

            N-Methylol acrylamide                                              

                            --   --   --   --   --                             

     (parts                                                                    

     by     Fatty acid-expoxy compound                                         

     weight)                                                                   

            addition product                                                   

                            --   --   --   30.sup.a)                           

                                                40.sup.b)                      

            Lauryl mercaptan                                                   

                            0.5  2.0  0.5  1.4  1.4                            

            Toluene         30*  30*  30*  30*  --                             

                                           20                                  

            Xylene          10   --   --   50   40                             

            Ethyl acetate   30   30   --   --   20*                            

            Butyl acetate   20   30   15   --   40                             

            Ethylene glycol monoethyl-                                         

            ether acetate   10   10   10   --   --                             

            Methyl isobutyl ketone                                             

                            --   --   15   --   --                             

            Acetonitrile    --   --   30   --   --                             

            Azobisisobutyronitrile                                             

                            1.2  1.2  1.2  1.2  1.4                            

            Non-volatile (W %)                                                 

                            52   52   52   50   50                             

     Testing                                                                   

            Viscosity (Gardner-Holtz)                                          

                            Z.sub.6 &lt;                                          

                                 Z.sub.4                                       

                                      Z.sub.2                                  

                                           Y-Z  Q                              

     data   Amount of hydroxyl group                                           

            in resin solution (W %)                                            

                            0.983                                              

                                 0.983                                         

                                      1.307                                    

                                           0.606                               

                                                0.824                          

     __________________________________________________________________________

PAL  Note:
PAR  a. The fatty acid-epoxy compound addition product which was used in Example
      12 was prepared in the following manner:
TBL  Dehydrated castor oil fatty acid                                          

                             420.00 parts                                      

     Glycidyl methacrylate   224.00 parts                                      

     N,N'-Diethylamino ethyl methacrylate                                      

                              1.50 parts                                       

     Xylene                  159.00 parts                                      

     Hydroquinone             0.23 parts                                       

PAR  The above materials were charged into a reactor. After flushing the
      reaction system with nitrogen gas, the temperature was elevated to
      140.degree.C. with stirring. Subsequently, the addition reaction of the
      carboxyl group of dehydrated castor fatty acid with the epoxy group of
      glycidyl methacrylate was traced while estimating the amount of carboxyl
      group left in the system. This addition reaction is a considerably
      exothermic reaction, and the xylene was added in order to prevent the
      system from the sudden increase in temperature while the radical inhibitor
      hydroquinone was added so that no polymerization reaction takes place at
      this stage. Further, the N,N'-diethylamino ethyl methacrylate was used at
      this stage as a catalyst for the addition reaction of epoxy group with
      carboxyl group. After 4 hours, the acid number was reduced by about 100 %.
      The product of the above addition reaction is sometimes used after
      isolation and purification but, in the case of the present invention, the
      product is not required to be isolated. The amount (30 parts by weight) of
      the addition product in the composition is of course the amount of only
      the addition product.
PAR  b. The fatty acid-epoxy compound addition product which was used in Example
      13 was prepared in the following manner:
TBL  Rice bran oil fatty acid                                                  

                           200.00 parts                                        

     Glycidyl methacrylate 115.00 parts                                        

     Xylene                 79.00 parts                                        

     Hydroquinone           0.06 parts                                         

PAR  The above materials were charged into a reactor, and addition reaction was
      effected according to the same procedures as in the case of a). After 5
      hours, the acid number was reduced by 98 %. The amount (40 parts of
      weight) of the addition product in the composition is of course the amount
      of only the addition product.
PAR  The amount of solvent bearing the mark * shows the amount and kind of the
      solvent which was used to dissolve azobisisobutyronitrile and was added
      dropwise.
PAR  A clear film of the resin solution prepared according to individual
      examples set forth in Table 1 is obtained in the following manner:
PAR  To the solution, a polyisocyanate compound is added so that the amount
      thereof becomes 0.2 - 5.0 equivalents based on the hydroxyl group
      contained in the resin solution. After thorough stirring, the mixture is
      diluted to a viscosity suitable for application and is then applied to a
      material to be coated to obtain a clear film.
PAR  Further, a colored film of each resin solution is obtained in the following
      manner:
PAR  The resin solution is charged with a pigment and, if necessary, with a
      small amount of an antifoating agent or the like, and the pigment is
      dispersed by use of an ordinary dispersing means to prepare an enamel. To
      the enamel, a polyisocyanate compound is added so that the amount of
      isocyanate group becomes 0.2 - 5.0 equivalents based on the hydroxyl group
      of the resin contained in the enamel. After thorough stirring, the mixture
      is diluted to a viscosity suitable for application and is then applied to
      a material to be coated to obtain a colored film.
PAR  The proportion of the films of coating compositions using the copolymers
      obtained in the above examples were as shown in Table 2, in which the
      aluminum leafing type pigment employed was "Alpaste 1109 A" (a product of
      Toyo Aluminum K. K.), the coloring pigment was "Microlith 4GT Blue" (in
      product of Ciba Ltd.), the titanium dioxide was "Rutile Type Titanium
      Oxide R-820" (a product of Ishihara Sangyo K. K.), and the polyisocyanate
      compound was "Dosmodur N-75" (a product of Bayer).
PAR  The properties of the films of the thus obtained coating compositions were
      tested according to the following procedures:
PAR  Each of the coating compositions was diluted with solvents to a suitable
      viscosity, was applied onto a 0.8 mm. thick steel plate coated with an
      expoxy resin-modified acrylic primer, and was dried and cured at room
      temperature for 7 days or at 80.degree.C. for 20 minutes. The thickness of
      the dried film was so controlled that the thickness of the primer became
      about 40 microns and that of the film of the present coating composition
      became 40 - 50 microns.
PAR  The glass of the resulting film was measured from a value at an angle of
      60.degree. of Murakami's glass meter. The hardness of the film was
      measured from a pencil hardness value and was represented by a
      scratch-free maximum grade hardness. The impact strength was measured by
      means of a Du Pont's impact tester using a stand of 1/2 inch in diameter
      and a weight of 500 g. The adhesiveness was measured in such a manner that
      by use of a needle, 100 squares of 2 mm. in side were marked on the film,
      and an adhesive tape was attached onto the squares and was then vigorously
      peeled off. If no square had come off, the film was decided to be
      "passed". The gasoline resistance was measured in such a manner that the
      film was immersed in a commercially available loaded colored gasoline at
      room temperature for 24 hours, was taken out and, after 30 minutes, was
      observed to investigate whether or not there was any such change as glass
      reduction or coloration. After 4 hours, the pencil hardness of the film
      was measured to investigate the hardness retention thereof. The hot water
      resistance of the film was tested by immersing in city water at
      40.degree.C. for 240 hours. The ultraviolet ray resistance of the film was
      measured by using two 15 W ultraviolet sterilization lamps having a main
      wave length of 253.7 m.mu. which had been arranged side by side, allowing
      the film to stand for 100 hours at a distance of 30 cm. from the lamps,
      and evaluating the resistance from the observation after irradiation
      (whether or not there was any yellowing or chalking) and from the value
      given by a glassmeter at an angle of 60.degree.. The thus obtained
      properties of films of the present coating compositions are shown in Table
      2 together with the blended additives.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Example No.       1    2        3       4   5         6                   

     __________________________________________________________________________

     Blended                                                                   

          Resin solution                                                       

                       200                                                     

                          200                                                  

                             200     200  200                                  

                                             200 200   200 200                 

     Addi-                                                                     

          Rutile type titanium                                                 

                       -- 40 --      40   -- --  40    --  --                  

     tives                                                                     

          di-oxide                                                             

     (part                                                                     

          Aluminum leafing                                                     

                       4  -- 4       --   4  --  --    4   --                  

     by   type pigment                                                         

     weight)                                                                   

          Blue coloring agent                                                  

                       3  -- 3       --   3  --  --    3   --                  

          Desmodur N - 75                                                      

                       11 11 11      22   22 20  28    28  22                  

          Value of glossmeter                                                  

                       93 92 93      91   91 96  86    88  95                  

          Pencil hardness                                                      

                       2H 2H 2H      2H   H  3H  H     H   H                   

          Impact strength (cm)                                                 

                       25 30 40      30   40 20  30    30  30                  

          Adhesiveness test                                                    

                       do do do      do   do do  do    do  do                  

     Film       Observation                                                    

                       do do Substantially                                     

                                     un-  do do  do    do  do                  

     effici-                                                                   

          Gasoline                                                             

                Hardness     unchanged                                         

                                     changed                                   

     encies                                                                    

          resistance                                                           

                retention                                                      

                       2H HB B       2H   H  H   H     H   2B                  

     Hot water resistance                                                      

                       do do do      do   do do  do    do  do                  

                Observation                                                    

                       do do do      do   do --  Excellent                     

                                                       do  --                  

     Ultraviolet                                                               

                value of                                                       

     resistance glossmeter                                                     

                       80 80 85      81   80 --  82    80  --                  

     Example No.       7         8       9       10  12    13                  

     __________________________________________________________________________

     Blended                                                                   

          Resin solution                                                       

                       200   200 200 200 200 200 200 200   200                 

     Addi-                                                                     

          Rutile type titanium                                                 

                       40    --  40  --  40  --  --  50    50                  

     tives                                                                     

          di-oxide                                                             

     (part                                                                     

          Aluminum leafing                                                     

                       --    4   --  4   --  4   --  --    --                  

     by   type pigment                                                         

     weight)                                                                   

          Blue coloring agent                                                  

                       --    3   --  3   --  3   --  --    --                  

          Desmodur N - 75                                                      

                       22    22  33  33  33  33  43  28    27                  

          Value of glossmeter                                                  

                       90    93  80  81  93  90  80  92    94                  

          Pencil Hardness                                                      

                       3H    2H  H   2H  H   H   H   H     2H                  

          Impact strength (cm)                                                 

                       25    35  30  25  30  40  30  50    30                  

          Adhesiveness test                                                    

                       do    do  do  do  do  do  do  do    do                  

     Film       Observation                                                    

                       do    do  do  do  do  do  do  do    do                  

     effici-                                                                   

          Gasoline                                                             

                Hardness                                                       

     encies                                                                    

          resistance                                                           

                retention                                                      

                       H     B   H   2H  H   H   HB  H     H                   

     Hot water resistance                                                      

                       do    do  do  do  do  do  do  do    do                  

                Observation                                                    

                       Excellent                                               

                             do  do  do  do  do  --  Excellent                 

                                                           do                  

     Ultraviolet                                                               

                value of                                                       

     resistance glossmeter                                                     

                       80    90  73  76  90  85  --  88    86                  

     __________________________________________________________________________

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A coating composition comprising a solvent incapable of reacting with an
      isocyanate group and film-forming ingredients consisting of (A) a
      copolymer obtained by copolymerizing 85 to 90 parts by weight of methyl
      methacrylate with 10 to 15 parts by weight of a polymerizable monomer
      having at least one hydroxyl group in themmolecule selected from the group
      consisting of 2-hydroxalkyl acrylates, 2-hydroxyalkyl methacrylates,
      N-methylol acrylamide, N-methylol methacrylamide, allyl alcohol, methallyl
      alcohol and crotyl alcohol, the total amount of the two being 100 parts by
      weight and (B) at least one polyisocyanate compound having at least two
      isocyanate groups in the molecule added to said copolymer in an amount of
      0.2 to 5.0 equivalents to the hydroxyl groups of said copolymer.
NUM  2.
PAR  2. A coating composition according to claim 1, wherein the polymerizable
      monomer having at least one hydroxyl group in the molecule is
      2-hydroxyethyl methacrylate.
NUM  3.
PAR  3. A coating composition according to claim 1, wherein the polymerizable
      monomer having at least one hydroxyl group in the molecule is N-methylol
      acrylamide.
NUM  4.
PAR  4. A coating composition according to claim 1, wherein up to 5% by weight
      of the total constituents of the copolymer is a tertiary amino
      group-containing monomer unit.
NUM  5.
PAR  5. A coating composition according to claim 1, wherein the composition
      further contains a pigment in an amount of 1 to 300 party by weight per
      100 parts by weight of the resin solid.
NUM  6.
PAR  6. A coating composition according to claim 5, wherein 1 to 5 parts by
      weight of an aluminum flake pigment and 1 to 5 parts by weight of a
      colored disperse pigment paste are uniformly dispersed in the copolymer
      solution per 100 parts by weight of the film-forming ingredients.
NUM  7.
PAR  7. A coating composition according to claim 1 wherein said copolymer is
      obtained by copolymerizing 63 parts by weight of methyl methacrylate, 27
      parts by weight of n-butyl acrylate and 10 parts by weight of
      2-hydroxyethyl methacrylate.
NUM  8.
PAR  8. A coating composition comprising a solvent incapable of reacting with an
      isocyanate group and film-forming ingredients consisting of (A) a
      copolymer obtained by copolymerizing 50 to 95 parts by weight of methyl
      methacrylate with 5 to 50 parts by weight of a member selected from the
      group consisting of a 1 : 1 adduct of a fatty acid and a glycidyl ester of
      an alpha beta-ethylenically unsaturated acid and a mixture of said 1 : 1
      adduct with another polymerizable monomer having at least one hydroxyl
      group in the molecule, the total amount of said monomers being 100 parts
      by weight, and (B) at least one polyisocyanate compound having at least
      two isocyanate groups in the molecule added to said copolymer in an amount
      of 0.2 to 5.0 equivalents to the hydroxyl groups of said copolymer.
NUM  9.
PAR  9. A coating composition comprising a solvent incapable of reacting with an
      isocyanate group and film-forming ingredients consisting of (A) a
      copolymer obtained by copolymerizing 49 to 93 parts by weight of methyl
      methacrylate, 2 to 38 parts by weight of a polymerizalbe unsaturated
      monomer and 5 to 50 parts by weight of a member selected from the group
      consisting 1 : 1 adduct of a fatty acid and a glycidyl ester of an alpha,
      beta-ethylenically unsaturated acid and a mixture of said 1 : 1 adduct
      with another polymerizable monomer having at least one hydroxyl group in
      the molecule, the total amount of said monomers being 100 parts by weight,
      and (B) at least one polyisocyanate compound having at least one
      isocyanate group in the molecule added to said copolymer in an amount of
      0.2 to 5.0 equivalents to the hydroxyl groups of said copolymer.
NUM  10.
PAR  10. A coating composition comprising a solvent incapable of reacting with
      an isocyanate group and the film-forming ingredients consisting of (A) a
      copolymer obtained by copolymerizing 50 to 80.75 parts by weight of methyl
      methacrylate, 2.5 to 28.5 parts by weight of at least one member selected
      from the group consisting of styrene, vinyl toluene and alphamethylstyrene
      and 5 to 33.25 parts by weight of one member selected from the group
      consisting of at least acrylates of C.sub.1 -C.sub.16 alkanols,
      methacrylates of C.sub.2 -C.sub.16 alkanols, acrylonitrile,
      methacrylonitrile, vinyl formate, vinyl acetate, vinyl butyrate, vinyl
      stearate, methyl vinyl ether and ethyl vinyl ether with 5 to 42.5 parts by
      weight of a member selected from the group consisting of a 1 : 1 adduct of
      a fatty acid and a glycidyl ester of an alpha, beta-ethylenically
      unsaturated acid and a mixture of said 1 : 1 adduct with another
      polymerizable monomer having at least one hydroxyl group in the molecule,
      the total amount of said monomers being 100 parts by weight, and (B) at
      least one polyisocyanate compound having at least two isocyanate groups in
      the molecule added to said copolymer in an amount of 0.2 to 5.0
      equivalents to the hydroxyl groups of said copolymer.
NUM  11.
PAR  11. A coating composition according to claim 8, wherein up to 5% by weight
      of the total constituents of the copolymer is a tertiary amino
      group-containing monomer unit.
NUM  12.
PAR  12. A coating composition according to claim 9, wherein up to 5% by weight
      of the total constituents of the copolymer is a tertiary amino
      group-containing monomer unit.
NUM  13.
PAR  13. A coating composition according to claim 10, wherein up to 5% by weight
      of the total constituents of the copolymer is a tertiary amino
      group-containing conomer unit.
NUM  14.
PAR  14. A coating composition according to claim 8, wherein the fatty acid is
      at least one member selected from the group consisting of dehydrated
      castor oil fatty acid, rice bran oil fatty acid and coconut oil fatty
      acid.
NUM  15.
PAR  15. A coating composition according to claim 9, wherein the fatty acid is
      at least one member selected from the group consisting of dehydrated
      castor oil fatty acid, rice bran oil fatty acid and coconut oil fatty
      acid.
NUM  16.
PAR  16. A coating composition according to claim 10, wherein the fatty acid is
      at least one member selected from the group consisting of dehydrated
      castor oil fatty acid, rice bran oil fatty acid and coconut oil fatty
      acid.
NUM  17.
PAR  17. A coating composition according to claim 8, wherein the glycidyl ester
      of an alpha, beta-ethylenically unsaturated acid is at least one member
      selected from the group consisting of glycidyl methacrylate and glycidyl
      acrylate.
NUM  18.
PAR  18. A coating composition according to claim 9, wherein the glycidyl ester
      of an alpha, beta-ethlenically unsaturated acid is at least one member
      selected from the group consisting of glycidyl methacrylate and glycidyl
      acrylate.
NUM  19.
PAR  19. A coating composition according to claim 10, wherein the glycidyl ester
      of an alpha, beta-ethylenically unsaturated acid is at least one member
      selected from the group consisting of glycidyl methacrylate and glycidyl
      acrylate.
NUM  20.
PAR  20. A coating composition comprising a solvent incapable of reacting with
      an isocyanate group and film-forming ingredients consisting of (A) a
      copolymer obtained by copolymerizing 85 parts by weight of methyl
      methacrylate monomer with 15 parts by weight of 2-hydroxyethyl
      methacrylate monomer; and (B) at least one polyisocyanate compound having
      at least two isocyanate groups in the molecule added to said copolymer in
      an amount of 0.2 to 5.0 equivalents to the hydroxyl groups of said
      copolymer.
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ABST
PAL  A new epoxy resin adhesive composition having exceptionally high tensile
      lap shear strength is prepared from a mixture of a polyglycidyl ether of a
      novolac resin, a diglycidyl ether of bisphenol A, 3,4,3',4'-benzophenone
      tetracarboxylic dianhydride and maleic anhydride. The resin is cured with
      a metal complex of acetylacetone such as zinc acetylacetonate.
BSUM
PAR  This invention relates to new and useful epoxy resin adhesive compositions
      which are cured at relatively mild conditions and which have exceptionally
      high tensile lap shear strength values.
PAR  Heretofore, epoxy resin adhesive compositions having excellent tensile lap
      shear strength have been made from a diglycidyl ether of bisphenol A epoxy
      resin and 3,4,3'4'-benzophenone tetracarboxylic dianhydride. The tensile
      lap shear strength of adhesives prepared from optimum formulations using
      these components and cured at optimum conditions generally varies between
      about 2,400 to 2,800 psi. Since the tensile lap shear strength as
      determined by ASTM D1002-64  is the accepted standard for determining the
      functional quality of an adhesive, it can be stated as a general guide
      that the greater the tensile lap shear strength, the better the adhesive.
      I have discovered that epoxy resin adhesive compositions of exceptionally
      high tensile lap shear strengths, up to and exceeding 4,000 psi., can be
      prepared from a mixture of epoxy resins and anhydrides, that is, a
      diglycidyl ether of a dihydric phenol, a polyglycidyl ether of a novolac
      resin, maleic anhydride and 3,4,3',4'-benzophenone tetracarboxylic
      dianhydride.
PAR  The diglycidyl ethers of dihydric phenols that are useful herein are
      generally made by the reaction of epichlorohydrin with a dihydric phenol,
      bisphenol A being the most frequently utilized dihydric phenol. The
      preferred diglycidyl ethers of dihydric phenols possess an average
      molecular weight of about 350 to about 600. As a result of the
      conventional method of preparation, that is by the reaction of
      epichlorohydrin and the dihydric phenol, the product is a mixture of
      molecules of different molecular weights, the preponderance of which
      possess a molecular weight between about 350 and about 600 in the
      formulations preferred herein. The polyglycidyl ethers of novolac resins
      are conventionally made by the reaction of epichlorohydrin with the
      phenolic hydroxyls in a novolac resin resulting in a mixture of variously
      sized molecules and a variation in the number of epoxy groups per
      molecule. The preferred polyglycidyl ethers of novolac resins which are
      used in producing the exceptionally high tensile lap shear strength
      adhesives herein have an average number of epoxy groups per molecule of
      between about two and about four.
PAR  This mixture of the diglycidyl ether of a dihydric phenol and the
      polyglycidyl ether of a novolac resin contains a weight ratio of the
      dihydric phenol diepoxide to the novolac polyepoxide as high as 3:1 but
      preferably no higher than about 1:1 and a ratio as low as 1:4 but
      preferably no lower than about 1:3. The most preferred weight ratio of the
      dihydric phenol diepoxide to the novolac polyepoxide is about 1:2.
PAR  The anhydride cross-linking agent that produces the excellent tensile lap
      shear strength in conjunction with the mixture of polyepoxides is maleic
      anhydride and 3,4,3',4'-benzophenone tetracarboxylic dianhydride, at a
      weight ratio of the maleic anhydride to the diaryl dianhydride as high as
      about 3:1 but preferably no higher than about 2:1 and as low as about 1:4
      but preferably no lower than about 1:3. The most preferred formulation
      utilizes the two anhydrides in about a 1:1 weight ratio.
PAR  I have discovered that both of the defined glycidyl-type epoxides are
      required within the proportions specified and both of the anhydrides
      within the proportions specified in order to obtain the exceptional
      tensile lap shear strength which, in part, characterizes this invention.
      In addition, the total amount of these glycidyl-type epoxides and the
      anhydrides must provide an A/E ratio (the ratio of the chemical anhydride
      equivalents to the chemical epoxide equivalents) of between about 0.4 and
      about 1.5 and preferably between about 0.6 and about 1.25.
PAR  The addition of fillers comprising a powered metal and, in particular, the
      addition of a combination of a metallic and non-metallic oxide filler
      results in useful adhesive formulations herein. Suitable metallic fillers
      include finely divided or powdered metals, exemplified but not limited to
      aluminum and iron.
PAR  Non-metallic fillers alone appear to decrease the tensile lap shear
      strength of the adhesives of this invention. On the other hand, the
      addition of a non-metallic oxide, such as silicon dioxide, together with
      the powdered metal results in a suitable tensile lap shear strength of the
      adhesive. The non-metallic oxide should be finely divided. In addition to
      the silicon dioxide mentioned above, suitable non-metallic oxide materials
      include alumina, calcium carbonate, magnesium silicate, alumina silicate,
      kaolin, hydrated alumina and thixotropic agents such as bentonite clays.
PAR  The fillers both metallic and non-metallic oxide can range in particle size
      between 200 mesh to about 0.015 micron. The amount of filler to be
      employed depends to some extent upon the thickening properties of the
      particular filler chosen. The metallic fillers, such as powdered aluminum,
      tend to have less thickening effect on the epoxy resin mixture than the
      non-metallic materials, such as the alumina silicates. The amount of
      metallic filler should be at least 20 parts per hundred parts of epoxy
      resin (phr.) and can suitably be as high as 200 phr. with the preferred
      amount of metallic filler being between 80 and 120 phr. Much lower amounts
      of the non-metallic oxide thickener type fillers are employed, amounts
      between 1 and 50 phr. being generally satisfactory and preferred amounts
      being between 1 and 20 phr.
PAR  As noted, the best adhesive formulations are those which use a combination
      of a powdered metallic filler, such as aluminum, and a finely divided
      non-metallic oxide filler, such as silicon dioxide. Particularly preferred
      combinations are those using between 80 and 120 phr. of powdered metals
      and between 1 and 10 phr. of the non-metallic oxide fillers.
PAR  Another significant aspect of this invention is my discovery that this
      exceptionally high tensile lap shear strength is obtained only when the
      resin formulation is cured to a copolymer of the four resin components
      with an accelerator comprising a metal complex of acetylacetone.
      Surprisingly, the use of this accelerator results in the exceptionally
      high tensile lap shear strength with the particular resin formulation
      specified herein but does not produce a significant improvement in prior
      art formulations such as a diglycidyl ether of bisphenol A and
      3,4,3',4'-benzophenone tetracarboxylic dianhydride formulation. Another
      substantial advantage resulting from the use of the metal complex of
      acetylacetone is a substantial reduction of the severity of the cure
      conditions. Thus, a product having a tensile lap shear of better than
      4,000 psi. can be obtained using a metal complex of acetylacetone after a
      cure at 150.degree. C. for 15 minutes. This is in contrast with a tensile
      lap shear of about 2,400 to about 2,800 psi. using either a cure
      temperature of 200.degree. C. for two hours with the specified prior art
      formulation and no accelerator or a cure temperature of 150.degree. C. for
      15 minutes using the same prior art formulation and a metal complex of
      acetylacetone.
PAR  The most preferred metal complex of acetylacetone for use herein as an
      accelerator is zinc acetylacetonate, however, other metal acetylacetonates
      are useful herein including iron acetylacetonate, aluminum
      acetylacetonate, magnesium acetylacetonate, nickel acetylacetonate,
      zirconium acetylacetonate, and the like. The metal complex of
      acetylacetone can be used in a range of 0.1 to about 5 parts per hundred
      parts of resin and preferably a range of about 0.5 to about 3 parts per
      hundred parts of resin.
PAR  The adhesive formulation cannot be mixed by heating the mixture without
      obtaining gelatin and hardening of the mixture. Instead admixing is
      carried out at about room temperature (about 20.degree.-25.degree. C.) to
      obtain a stable composition which can be applied to a substrate and cured
      at elevated temperatures. In this procedure the solid diaryl dianhydride
      and the solid maleic anhydride are suspended in a solution of the
      diglycidyl ether of bisphenol A and the polyglycidyl ether of a novolac
      resin. The suspension is formed by subjecting a mixture of the powdered
      anhydrides and the liquid epoxy resin mixture to a mixing under high shear
      for a time sufficient to maintain the solid anhydrides in suspension for a
      period of time greater than the expected storage time of the resin
      mixture. Preferred means for obtaining the suspension include the use of
      three-roll mills, ball mills, chain mills, and the like. Following this,
      the filler and the powdered metal can be incorporated into the suspension
      in the desired quantities by simple mechanical stirring.
PAR  The adhesive compositions of this invention are applied to a suitable
      substrate at room temperature or thereabout before curing. Since elevated
      temperatures are required for curing, the substrate should be such that it
      is not damaged by the high curing temperatures required. Normally, the
      adhesives of this invention are employed for the attachment of one
      metallic part to another, although ceramic or other heat resistant
      materials can also suitably be joined together with the adhesive
      compositions of this invention. It has been found that the prior treatment
      of the substrate is important so far as the strength of the tensile lap
      shear bond obtainable is concerned. Acid-etching is the preferred
      procedure for preparing a metal surface for bonding using the adhesive
      compositions of this invention.
PAR  The curing conditions that are useful herein include broadly, a temperature
      of about 100.degree. C. to about 250.degree. C., preferably about
      130.degree. C. to about 200.degree. C. and most preferably about
      140.degree. C. to about 160.degree. C. The time for cure is broadly about
      one second to about five hours and preferably about one minute to about 45
      minutes. The lower the temperature, the longer the cure time required and
      the higher the temperature the shorter the cure time required. Low
      temperature, rapid cures are economically preferred.
PAR  When used herein, the expressions "parts per hundred parts of epoxy resin,"
      "parts per hundred parts of resin" and "phr." are equivalent expressions
      and are used with specific reference to the total amount of epoxy resin in
      the formulation.
DETD
PAR  The following examples are set out to illustrate the novel process and
      compositions of the present invention and to provide a better
      understanding of its details and advantages.
PAR  As used herein, Epon 828 is a commercial liquid reaction product of
      bisphenol A and epichlorohydrin, which is sold by Shell Chemical Company.
      It possesses an epoxy equivalent value of 175-210 and a viscosity (cps.)
      at 25.degree. C. of 10,000 to 20,000. D.E.N. 438 is a polyglycidyl ether
      of a phenol-formaldehyde novolac resin sold by Dow Chemical Company having
      an average of 3.6 epoxy groups per molecule and a viscosity (cps.) at
      52.degree. C. of 35,000 to 70,000.
PAR  Cab-O-Sil is a submicroscopic pyrogenic silica prepared in a hot gaseous
      environment (1,100.degree. C.), having a external surface area of about
      200 square meters per gram and a particle size of 0.015 micron, which was
      obtained from Cabot Corporation. Alclad is an aluminum alloy containing
      3.8 to 4.9 percent copper which is sold by the Aluminum Company of America
      as Alclad 2024T3. The aluminum was acid-etched and the adhesive joints
      were tested by ASTM D1002-64 using four inch (10.2 cm.) by one inch (2.5
      cm.) strips of the aluminum. Two strips were joined together lengthwise
      with a layer of the adhesive in a one-half square inch (1.3 sq. cm.)
      overlap joint.
PAC  EXAMPLE 1
PAR  This experiment exemplifies the prior art formulation. A suspension of
      powdered 3,4,3',4'-benzophenone tetracarboxylic dianhydride and Epon 828
      was prepared on a three-roll mill in relative amounts to provide an A/E
      ratio of 0.6. Following this, three parts of Cab-O-Sil per hundred parts
      resin (phr.) and 100 phr. atomized aluminum were mixed in. The adhesive
      formulation was applied to two acid-etched Alclad strips, cured at
      200.degree. C. for two hours and tested in accordance with ASTM D1002-64.
      The tensile lap shear strength of a series of formulations made according
      to those proportions and conditions fell in the range of about 2,400 to
      about 2,800 psi.
PAC  EXAMPLE 2
PAR  Example 1 was repeated except that two parts of zinc acetylacetonate per
      hundred parts of resin were added to the formulation and the cure was
      effected at 150.degree. C. for 15 minutes. The tensile lap shear strength
      of the freshly tested joint was found to be 2,800 psi.
PAC  EXAMPLE 3
PAR  All proportions and conditions of Example 2 were repeated in a series of
      three formulations except that the epoxy resin portion was a mixture of
      D.E.N. 438 and Epon 828 in weight ratios of 2:1, 1:1 and 1:2. No maleic
      anhydride was present. The tensile lap shear value for Alclad joints made
      as described in Example 1 was 2,550 psi. for each formulation.
PAC  EXAMPLE 4
PAR  Two formulations were prepared as described in Example 2 except that both
      included maleic anhydride in a weight ratio of maleic anhydride to
      3,4,3',4'-benzophenone tetracarboxylic dianhydride of 1:1. No polyglycidyl
      ether of a novolac resin was present. The first formulation was prepared
      with an A/E ratio of 0.85 and the resulting Alclad joint cured at
      150.degree. C. for 15 minutes was found to have a tensile lap shear
      strength of 3,000 psi. The second formulation was prepared with an A/E
      ratio of 1.15 and after curing the resulting Alclad joint at 150.degree.
      C. for 30 minutes, its tensile lap shear strength was determined to be
      3,220 psi.
PAC  EXAMPLE 5
PAR  A solution of D.E.N. 438 in Epon 828 was prepared in a weight ratio of 2:1.
      A 1:1 weight ratio of maleic anhydride and 3,4,3',4'-benzophenone
      tetracarboxylic dianhydride was suspended in the solution of epoxides at
      an A/E ratio of 1.15. Three parts per hundred parts resin (phr.) of
      Cab-O-Sil, 100 phr. of atomized aluminum and two phr. zinc acetylacetonate
      were incorporated into the formulation. Four Alclad joints were prepared
      and each was cured at 150.degree. C. for 15 minutes. Tensile lap shear
      strengths for the four joints were measured as 4,300; 4,315; 4,285 and
      3,620 psi., respectively, for an average tensile lap shear strength of
      4,130 psi.
PAC  EXAMPLE 6
PAR  A second formulation was prepared using the same conditions and proportions
      as described in Example 5. Three Alclad joints were prepared from this
      formulation and were cured at 150.degree. C. for 15 minutes. The tensile
      lap shear strength for each of these three joints was measured and found
      to be 4,060; 3,760 and 3,635 psi., respectively, for an average of 3,820
      psi.
PAC  EXAMPLE 7
PAR  The procedure of Example 5 was repeated using the same proportions and
      conditions. After curing an Alclad joint prepared from this formulation,
      the sample exhibited a tensile lap shear strength of 3,980 psi.
PAC  EXAMPLE 8
PAR  Example 5 was repeated using the same proportions and conditions except
      that the epoxy resin mixture was D.E.N. 438 and Epon 828 in a weight ratio
      of 1:2. Two joints were prepared and cured at 150.degree. C. for 30
      minutes and found to have a tensile lap shear strength by ASTM D1002-64 of
      3,780 and 3,210 psi., respectively, for an average of 3,495 psi.
PAC  EXAMPLE 9
PAR  Four resin samples were made according to the procedure of Example 5 except
      that different accelerators were used. All samples were cured at
      150.degree. C. for 30 minutes. The first sample contained no accelerator
      and was found to have a tensile lap shear strength of 802 psi. The second
      sample utilized two phr. of dicyandiamide and resulted in a tensile lap
      shear strength of 2,670 psi. The third sample utilizing two phr. of
      2-ethyl-4-methylimidazole resulted in a tensile lap shear strength of
      2,620 psi. The fourth sample utilizing two phr. parts resin of
      benzyldimethylamine resulted in a tensile lap shear strength of 2,670 psi.
PAR  It is to be understood that the above disclosure is by way of specific
      example and that numerous modifications and variations are available to
      those of ordinary skill in the art without departing from the true spirit
      and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A new adhesive composition suitable for application at room temperature
      and which on curing results in an adhesive joint having excellent tensile
      lap shear strength comprising a mixture of
PA1  3,4,3',4'-benzophenone tetracarboxylic dianhydride and maleic anhydride in
      a weight ratio of from about 4:1 to about 1:3;
PA1  a polyglycidyl ether of a phenol-formaldehyde novolac resin having an
      average of two to about four epoxy groups per molecule and a diglycidyl
      ether of a dihydric phenol having a molecular weight between about 350 and
      600 in an amount to provide an A/E ratio of between about 0.4 and about
      1.5 at a weight ratio of the polyglydicyl ether of the novolac resin to
      the diglycidyl ether of a dihydric phenol of between about 4:1 to about
      1:3; and
PA1  about 0.1 part to about 5 parts of a metal complex of acetylacetone
      selected from the group consisting of zinc acetylacetonate, iron
      acetylacetonate, aluminum acetylacetonate, magnesium acetylacetonate,
      nickel acetylacetonate and zirconium acetylacetonate per 100 parts of
      epoxy resin.
NUM  2.
PAR  2. A new adhesive composition in accordance with claim 1 in which the
      weight ratio of 3,4,3',4'-benzophenone tetracarboxyl dianhydride to maleic
      anhydride is between about 3:1 and about 1:2 and the weight ratio of the
      polyglycidyl ether of the novolac resin to the diglycidyl ether of a
      dihydric phenol is between about 3:1 and about 1:1.
NUM  3.
PAR  3. A new adhesive composition in accordance with claim 1 in which the metal
      complex of acetylacetone is zinc acetylacetonate.
NUM  4.
PAR  4. A new adhesive composition in accordance with claim 3 in which the
      weight ratio of anhydrides is about 1:1, the diglycidyl ether of a
      dihydric phenol is a diglycidyl ether of bisphenol A in about a 1:2 weight
      ratio with the polyglycidyl ether of a novolac resin, and the A/E ratio is
      between about 0.6 and about 1.25.
NUM  5.
PAR  5. A new adhesive composition in accordance with claim 1 which includes
      about 20 parts to about 100 parts of a powdered metal per 100 parts of the
      resin, and about one part to about 50 parts of a non-metallic oxide filler
      per 100 parts of resin.
NUM  6.
PAR  6. A new cured adhesive composition comprising
PA1  3,4,3',4'-benzophenone tetracarboxylic dianhydride and maleic anhydride in
      a weight ratio of from about 4:1 to about 1:3; and
PA1  a polyglycidyl ether of a phenol-formaldehyde novolac resin having an
      average of two to about four epoxy groups per molecule and a diglycidyl
      ether of a dihydric phenol having a molecular weight between about 350 and
      600 in an amount to provide an A/E ratio of between about 0.4 and about
      1.5 at a weight ratio of the polyglycidyl ether of the novolac resin to
      the diglycidyl ether of a dihydric phenol of between about 4:1 to about
      1:3;
PA1  said composition prepared at a temperature between about 100.degree. C. and
      about 250.degree. C. in the presence of about 0.1 part to about 5 parts of
      a metal complex of acetylacetone selected from the group consisting of
      zinc acetylacetonate, iron acetylacetonate, aluminum acetylacetonate,
      magnesium acetylacetonate, nickel acetylacetonate and zirconium
      acetylacetonate per 100 parts of epoxy resin.
NUM  7.
PAR  7. A new adhesive composition in accordance with claim 6 in which the
      weight ratio of 3,4,3',4'-benzophenone tetracarboxylic dianhydride to
      maleic anhydride is between about 3:1 and about 1:2 and the weight ratio
      of the polyglydicyl ether of the novolac resin to the diglycidyl ether of
      a dihydric phenol is between about 3:1 and about 1:1.
NUM  8.
PAR  8. A new adhesive composition in accordance with claim 6 in which the
      weight ratio of the anhydrides is about 1:1, the diglycidyl ether of a
      dihydric phenol is a diglycidyl ether of bisphenol A at a weight ratio to
      the polyglycidyl ether of the novolac resin of about 1:2 and the A/E ratio
      is between about 0.6 and about 1.25.
NUM  9.
PAR  9. A new adhesive composition in accordance with claim 8 which includes
      about 20 parts to about 100 parts of a powdered metal per 100 parts of the
      resin, and about one part to about 50 parts of a non-metallic oxide filler
      per 100 parts of resin.
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ABST
PAL  A composite wire of a metal, a metal oxide or carbide of a metal, metal
      oxide or metal carbide powder and a mixture of a phenolic resin and a
      thermoplastic resin cured in a suitable shape for use in metallizing or
      coating a surface by flame spraying.
BSUM
PAR  This invention relates to a sprayable composition for use in a flame
      spraying device; more particularly, this invention relates to flame
      spraying of a non-drawable metal and alloys thereof, metal carbide, or
      metal oxide compositions whereby these are formed in a composition capable
      of control not only in respect to its working in the flame zone, but also
      in respect to a metal or metal oxide deposit being formed and its
      characteristics e.g. surface coating. Articles of manufacture made from
      these compositions are within the scope of the invention.
PAC  PRIOR ART
PAR  It is known that it would be desirable to form a composite wire useful in
      the flame spraying of a non-drawable metal. For example, U.S. Pat. No.
      2,570,649 discloses a heat-fusible, non-pliable metal in substantially
      subdivided form mixed and formed in spray-wire shape by synthetic plastic
      and a binder substance. U.S. Pat. No. 2,997,413 teaches the desirability
      of forming a metal oxide flame spray stick wherein the stick is shaped by
      sintering particles of a refractory metal oxide. U.S. Pat. No. 3,305,326
      discloses a powder mixture for flame spray comprising a boron containing
      nickel or cobalt metal powder and coated powder particles comprising a
      metal nucleus and a coating of a metal capable of exothermically reacting
      with the metal nucleus to form an intermetallic compound. In U.S. Pat. No.
      2,943,951 a flame spraying method and composition is disclosed. The
      composition comprises molybdenum disilicide coated with a film of silicon
      dioxide. The granular particles are mixed with a binder and extruded into
      a string approximately 1/8 inch in thickness. Still further, a flame spray
      material as a composite in a form suitable for flame spraying formed of at
      least two metal components which exothermically react with each other when
      melted is disclosed in U.S. Pat. No. 3,322,515.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a composite wire consisting essentially of a metal
      powder or metal oxide powder and a mixture of thermoplastic resins and a
      specific phenolic resin. It has been discovered that composite wires made
      from certain metal powders or metal oxide powders and thermoplastic
      binders result in poor flame spraying performance. However, it has now
      been found that binders of thermoplastic materials lose their strength in
      the 200.degree. to 400.degree. Fahrenheit range thus releasing the metal
      powder before it had been melted or these binders fail cohesively. As a
      result, a deposit is formed of fine, cold particles which adhere poorly to
      the substrate and to themselves and consequently have poor mechanical
      strength. Moreover, the use of phenolic resins with the metal powders
      overcome the above noted deficiency by holding the powders in the
      oxy-acetylene flame until the metal powders are melted and, as melted,
      spray in relatively large droplets thus approaching the same flame
      spraying characteristics of solid metal wires; however, the composite wire
      of phenolic resin and metal powder alone produce a wire that is brittle
      and cannot be successfully wound on a reel and subsequently unwound for
      feeding through the flame spraying equipment and the cohesive properties
      of the wire, its working, and the performance of the coating cannot be
      readily controlled.
PAR  It has now been discovered that by a specific combination of phenolic
      resins, thermoplastic resins, and a metal powder or a metal oxide powder
      or a metal carbide powder, a composite wire can be made for flame spraying
      said metals, metal oxides and carbides having very high melting points
      whereby adherent coatings on a variety of substrates are obtained having
      good properties. The novel composite wire is a tough, flexible wire
      capable of being reeled and unreeled and performs in flame spraying as
      well as a conventional solid wire, thus providing a readily utilizable
      source of hard-to-draw metals, oxides or ceramics for use such as
      coatings.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In an embodiment of this invention, the composite wire will contain from
      about 75 to about 95 percent of a refractory metal powder. The remainder
      of the composite wire, i.e., from about 5 to 25 percent weight, will be a
      mixture of thermoplastic and phenolic resins, with the phenolic resin to
      thermoplastic material being in the ratio from 4:1 to 1:9 based on these
      two components in the composite; preferably based on the total composite
      phenolics constitute 7 to 12 percent by weight.
PAR  Because the metal powder, metal oxide powder, or metal carbide powder or
      mixtures of these, are melted prior to spraying in the flame spraying gun,
      the powder particle size may vary, except that particles which are too
      coarse, produce an extruded wire with a rough exterior surface. It has
      been found by experience that particles with a size smaller than those
      which will pass through an 80-mesh screen (U.S. Standard Sieve Series) are
      satisfactory. It is optional that all or most particles be within a
      specific size range. It is preferred to use particles finer than 100-mesh
      and coarser than 5 microns.
PAR  Preferably the metal base materials, which are incorporated into the
      composite wire, are high melting powder materials or those difficult to
      shape into a wire by conventional wire-making methods, such as molybdenum,
      boron, tantalum, tungsten, iron, silicon, alloys of each, cobalt, alloys
      of nickel and chromium with iron, Hastelloy (a trademark for a series of
      high strength nickel based corrosion resistant alloys) and carbides of the
      above mentioned metals, and metals such as vanadium and titanium or oxides
      such as alumina, zirconia, titania, and chromia.
PAR  It has been found that up to as much as 25 percent by weight or more of the
      resin mixture may be incorporated into the wire composition. For
      economical and contamination considerations, it is preferred to compound a
      wire having as small an amount of the resin mixture as possible. It has
      also been found that to produce a composite wire having typical
      characteristics lending itself to extruding, coiling and uncoiling for use
      in flame spraying techniques it requires, as a practical lower limit, a
      thermoplastic material as a component thereof approximately 2.5 percent by
      weight, but more desirably 3 percent by weight of the total composite. A
      thermoplastic material component up to about 20 percent by weight may be
      used as an upper limit.
PAR  The term thermoplastic as used herein applied particularly to synthetic
      resins that are softened by heat and then regain their original properties
      upon cooling. Thermoplastic resins that have been found to work as a
      combination with the metel, metal carbide, or metal oxide, and the
      phenolic resin are polyethylene, polypropylene, polystyrene,
      polyethylene-vinyl acetate, polyamide such as Nylon 6/6, etc. and a series
      of polyester resins marketed under the trademark "VITEL".
PAR  In attempting to produce a composite wire capable of withstanding the
      mechanical handling in flame spraying, a number of thermosetting resins
      including polyesters, epoxies, polyurethanes, and silicones have been
      inventigated. These thermosetting resins did prove unsatisfactory for
      unknown reasons. The phenolic resins proved to be the only thermosetting
      resin useful in making a satisfactory composite wire. The term
      "thermosetting" is used herein as applied to a phenoplast resin; more
      specifically, a phenol and an aldehyde, more particularly and preferably
      phenol and formaldehyde resin, which solidifies or sets on heating and
      cannot be remelted.
PAR  The phenolic resins are obtained by the condensation of phenol or a
      substituted phenol with an aldehyde such as formaldehyde (including
      paraformaldehyde), acetaldehyde, and furfural. As a phenol, phenol itself,
      meta-cresol or 3,5-xylenol is used. Phenol-formaldehyde resins are typical
      and constitute the main class of phenoplast resins. Phenol-furfural resins
      exhibit a somewhat sharper transition from the soft thermoplastic stage to
      the cured, infusible state and can be fabricated into a composite wire
      since these resins have a general tendency to harden before the actual
      curing conditions are reached. The quantity of the thermosetting phenolic
      resins in the composite wire can range from a high of 22 percent down to
      as low as about 21/2 percent by weight based on the total weight of the
      composite wire.
PAR  In general, the phenolic resins are readily available materials of commerce
      and can be purchased as such from many sources. In accordance with the
      invention, these resins are used for purposes of formulation in their
      uncross-linked state (in respect to basic curing, Stage A resins, as
      distinguished from Stage B or C, the last of which is a fully
      cross-linked, i.e., thermoset resin; or in respect to acid catalyst
      curing, in the "novolak" stage). In A or novolak stage, these resins are
      soluble in solvents such as alcohols, ketones, etc. When sold, these A
      stage or novolak resins are capable of being cross-linked, in the case of
      the A stage resins by further heating and in the case of the novolak
      resins by mixing with a catalyst such as hexamethylenetetramine.
PAR  In a preferred method for preparing a composite wire of each of a
      thermoplastic material, i.e. polyester resin, polyethlene, polypropylene,
      or an ethylene-vinyl acetate polymer is added in solid form to a solvent
      such as methylethyl ketone. A viscous liquid is obtained. The phenolic
      material is then thoroughly admixed with the metal powder, metal carbide
      or metal oxide powder or mixtures of these. As phenolic resin, a
      phenol-formaldehyde condensate of 1 mole phenol and up to 1.5 moles of
      formaldehyde, by weight is used. The thermoplastic material is then added
      to the phenolic resin/metal powder mixture. After thoroughly stirring, the
      mixture is dried at 200.degree.  Fahrenheit for about one hour. The hard
      material is pulverized to produce a powder suitable for feeding to a
      plastics extruder, relying upon the thermosetting and thermoplastic
      materials for fusion and binding. The temperature range during extrusion
      is from 200.degree.-300.degree. Fahrenheit. The extruded wire is coiled
      directly onto reels for shipment. Of the above metals, molybdenum powder
      is preferred.
PAR  Inasmuch as the curing rate of the phenolic resin can be regulated with
      additives such as catalysts etc., the extrusion barrel and die
      temperature, as well as the pressure, it may be regulated to obtain the
      necessary cure stage. Generally, a die temperature of 200.degree.
      Fahrenheit to 220.degree. Fahrenheit (maybe up to 250.degree. is used.
      Pressure in the die is about 3,000 psig. to 6,000 psig. The admixture may
      also be extruded twice.
PAR  A strong tough wire of the standardized flame spray gun sizes were made and
      when post cured from 30 to 80 minutes at a temperature from
      150.degree.-180.degree. Centigrade the wire was even stronger, tougher,
      and more flexible than when first extruded.
PAR  Typical spraying of a wire of 90 percent molybdenum powder, 5 percent
      phenolic, and 5 percent of Elvax, i.e., ethylene-vinyl acetate copolymer
      (The DuPont Corporation - 400 Series as described in its Technical
      Information Bulletin) as follows:
TBL  Surface       :     mild steel                                            

     Spray distance                                                            

                   :     4 inches                                              

     Oxygen        :     30 psig.                                              

     Acetylene     :     17 psig.                                              

     Air           :     100 psig.                                             

     Wire feed     :     10.6 inches per minute                                

PAR  The molten molybdenum did not bounce off the coated surface as much as when
      using other solid wires made for flame spraying. The physical appearance
      of the surface was good--molten molybdenum with very few large lumps. The
      hardness was 1945 diamond pyramid hardness, indicating a high interstitial
      oxygen content and some carbide formation. The test procedure is described
      in ASTM (E92) 31. A conventional molybdenum spray showed a hardness of 627
      dph. A blend test showed that the novel molybdenum spray adhered to the
      plate well.
PAR  In use for flame spraying, the wire may be fed at speeds of from about 7 to
      30 inches per minute with the spray gun held at a distance between about 2
      to 7 inches from the surface to be coated. Oxygen, acetylene and air
      pressures to the gun are adjusted according to practices known to those
      familiar with the art of flame spraying. Surface hardness will vary
      depending upon the material to be coated and the material being coated.
DETD
PAC  EXAMPLE I (COMPARISON EXAMPLE)
PAR  Molybdenum powder and a phenolic resin in novolak stage of condensation
      were mixed in a weight ratio of 4 to 1. Wire was extruded from this
      mixture and cured at 350.degree. Fahrenheit for 10 minutes to harden the
      phenolic to its thermosetting stage. The result was a stiff, brittle rod,
      rather than a coilable wire.
PAC  EXAMPLE II (COMPARISION EXAMPLE)
PAR  Molybdenum was blended with heated (softened) ELVAX (Trademark of E. I.
      DuPont de Nemours for its brand of ethylenevinyl acetate copolymer) in a
      weight ratio of 92 to 8. A flexible wire was produced from this
      composition and this wire flame sprayed according to industry practice.
      The coating produced by the wire was soft, had poor adhesion to the
      substrate and had poor integrity as measured by wear tests. Microscopic
      examination revealed that the powder and the coating had been deposited
      cold. The tip of the wire after spraying was not molten, but looked like
      the molybdenum-plastic mixture that had not been in the hot zone of the
      torch.
PAC  EXAMPLE III (COMPARISON EXAMPLE)
PAR  Molybdenum (90%) was combined with a thermosetting-thermoplastic resin
      mixture 5 percent and 5 percent respectively based on the total weight of
      composite. The thermoset plastic was an epoxy resin (of a bisphenol and
      glycidol condensate cured with an amine) and the thermoplastic resin was
      ELVAX (E. I. DuPont de Nemours ethylene-vinyl acetate copolymer). The
      formed wire produced poor flame-spraying results because periodic release
      of large pieces of the wire occured during spraying, part of the plastic
      binder was not consumed in the flame, and deposited on the substrate along
      with the molybdenum.
PAC  EXAMPLE IV
PAR  Molybdenum powder, phenolic powder, and VITEL (trademark of Goodyear Tire
      and Rubber Co.) polyester of a diacid and a glycol were dissolved in
      methyl ethyl ketone and were blended in a ratio of 89:7:4 by weight. The
      mix was dried in an oven at 200.degree. Fahrenheit for an hour to drive
      off the solvent. The dried material was broken up into small pieces
      approximately 1/32 inch in diameter. These were fed to a plastics extruder
      with a barrel temperature of 250.degree. Fahrenheit and extruded. The wire
      produced was coiled, and was thereafter ready for use in an oxyacetylene
      flame spraying gun.
PAC  EXAMPLE V
PAR  Molybdenum powder, and a phenolic resin (novolak type) of phenol and
      formaldehyde dissolved in methyl alcohol, and ELVAX (a trademark of E. I.
      DuPont de Nemours, Inc. ethylene-vinyl acetate copolymer) were dissolved
      in hot toluene, mixed in a ratio of 90:5:5, and dried in an oven at 200
      degrees Fahrenheit for one hour (hexa had been admixed to the phenolic
      resin beforehand). The dried material was crushed and extruded as in the
      example above whereby curing is obtained and, if needed, further carried
      out by heating anywhere from 30 to 80 minutes at a temperature from
      150.degree.-170.degree. Centigrade. When flame sprayed, the pointed tip of
      the wire was a cone of melted molybdenum, indicating that melting took
      place before the molybdenum was released from the wire.
PAC  EXAMPLE VI
PAR  Molybdenum, phenolic resin (as described in Example V) dissolved in methy
      alcohol, and VITEL (trademark of Goodyear Tire and Rubber Co. polyester)
      dissolved in methyl ethyl ketone were mixed in a ratio of 70:20:10 and
      dried to remove the solvents. After grinding, the material was extruded as
      in Example IV. Flame spraying again resulted in molten droplets of
      molybdenum deposited on the substrate and the wire again exhibited a
      melted tip.
PAC  EXAMPLE VII
PAR  A mixture of 90 percent tungsten metal powder, 5 percent phenolic resin and
      5 percent thermoplastic were prepared as in Example V and extruded into a
      strong, flexible wire. The resulting wire was sprayed onto a substrate
      whereby a smooth, dense coating was obtained and the wire melted before
      deposition. The wire speed was decreased to 10 inches per minute for
      complete melting of the tungsten metal.
PAC  EXAMPLE VIII
PAR  In a similar manner as in Example VII, a 90 percent alumina, 5 percent
      phenolic and 5 percent thermoplastic (ELVAX) wire composite were prepared
      and resulted, when sprayed at a rate of 20 inches per minute in a hard,
      dense coating.
PAR  In a similar manner as illustrated in Example V, the previously mentioned
      metals, alloys, carbides, and oxides are prepared and are flame sprayable.
PAR  Further, mixtures of a metal powder, which is low melting e.g. copper and
      carbide, which is very high melting, may be combined. Thus, for example,
      copper and silicon carbide powder has been combined in a composite wire
      formed by the methods illustrated above (as in Example V) and a coating
      obtained which had good abrasive resistance and heat dissipation and was
      found to be useful, such as on brake and clutch surfaces.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. As an article of manufacture, a composite wire adapted for flame
      spraying consisting essentially of a particulate material selected from
      the group consisting of molybdenum, boron, tantalum, tungsten, tungsten
      carbide, silicon carbide, alumina, zirconia, oxides of chrome, titania,
      alloys of nickel and chromium with iron, and mixtures of these, said
      material having a particle size smaller than 80-mesh in an admixture with
      a mixture of a thermoplastic resin and a phenolic resin in a cured state
      wherein said material comprises from about 75 percent to about 971/2
      percent by weight of total composite with the balance being said phenolic
      resin and thermoplastic resin in a ratio to each other of 4:1 to 1:9.
NUM  2.
PAR  2. The article as defined in claim 1, and wherein the particle size of said
      material is from 1 to 200 microns.
NUM  3.
PAR  3. The article as defined in claim 1 wherein the thermoplastic resin is
      selected from the group consisting of polyvinyl resins, polystyrene
      resins, polyethylene resins, polypropylene resins, polyester resins and
      mixtures thereof.
NUM  4.
PAR  4. The article as defined in claim 1 wherein from about 21/2 percent to
      about 20 percent by weight of said wire is a resin mixture of a phenolic
      resin and a thermoplastic resin.
NUM  5.
PAR  5. The article as defined in claim 1 and wherein the phenolic resin in a
      phenol-formaldehyde resin and the thermoplastic is an ethylene-vinyl
      acetate resin.
NUM  6.
PAR  6. The article as defined in claim 1 consisting essentially of powdered
      molybdenum and a 1 to 1 weight ratio mixture of a phenolic resin and a
      thermoplastic resin.
NUM  7.
PAR  7. The article as defined in claim 4 wherein the thermoplastic resin is
      selected from the group consisting of polyvinyl resins, polystyrene
      resins, polyethylene resins, polypropylene resins, acrylic resins,
      ethylene-vinyl acetate polyamide resins, polyester resins, and mixtures
      thereof.
NUM  8.
PAR  8. The article as defined in claim 4 wherein the mixture of resins comprise
      from about 5 to 25 percent by weight of the composite wire.
NUM  9.
PAR  9. The article as defined in claim 5, wherein the thermoplastic resin is a
      polyester resin.
PATN
WKU  039323455
SRC  5
APN  5476860
APT  1
ART  141
APD  19750206
TTL  Method for preparing pigmented polyesters wherein the pigment glycol
      slurry is preheated
ISD  19760113
NCL  4
ECL  1
EXA  Person; S. M.
EXP  Czaja; Donald E.
INVT
NAM  Champlin; Roger A.
CTY  Uniontown
STA  OH
ASSG
NAM  The Goodyear Tire & Rubber Company
CTY  Akron
STA  OH
COD  02
CLAS
OCL  260 40P
EDF  2
ICL  C08L 6702
FSC  260
FSS  40 P
UREF
PNO  2962466
ISD  19601100
NAM  Parnell
XCL  260 40P
UREF
PNO  3002942
ISD  19611000
NAM  Zoetbroad et al.
XCL  260 40P
UREF
PNO  3275590
ISD  19660900
NAM  Thomas
OCL  260 40P
LREP
FR2  Brunner; F. W.
FR2  Ward; J. P.
ABST
PAL  There is disclosed an improvement in the pigmenting of polyesters derived
      from free dicarboxylic acids and glycols employing a slurry consisting of
      pigmenting agent and a glycol which improvement comprises heating said
      slurry to a temperature ranging from about 90.degree. C. to about
      1.degree. to 2.degree. C. below the boiling point of the glycol
      constituent and adding the heated slurry to the polyester forming
      reactants when the temperature of said reactants ranges from about
      210.degree. to 240.degree. C. and the pressure in the reaction vessel
      employed ranges from about 20 to 70 pounds per square inch gauge.
BSUM
PAR  It is well known to add finely divided pigmenting agents to high molecular
      weight linear polyesters used in the production of fibers, the most
      commonly employed pigmenting agent being titanium dioxide. It is also well
      known that these finely divided pigmenting agents can be added to such
      polyesters through the use of pigment/glycol slurries. Furthermore, it is
      known that possibly the single most important problem associated with the
      pigmentation of such polyesters employing pigment/glycol slurries is the
      inability to achieve a uniform and homogeneous distribution of said finely
      divided pigments in the polyesters being pigmented. This problem is
      particularly prevalent in the pigmentation of high molecular weight linear
      polyesters derived from free dicarboxylic acids and glycols employing such
      slurries, especially when such slurries are added during the process of
      making the polyester. The problem of agglomeration of the pigment
      particles in this particular instance is attributed to the rather severe
      reaction conditions existing at the time of addition to the pigment.
PAR  Various solutions have been offered for overcoming this problem, including
      the use of a dispersing agent or agents in combination with the
      pigment/glycol slurry or the ester forming reactants employed in the
      production of the high molecular weight polyester. It has also been
      proposed to employ pigmented masterbatches wherein the pigment is
      dispersed in a polymeric matrix which may or may not be the same as the
      polyester to which the masterbatch is to be added. When the masterbatch
      procedure is employed the masterbatch is generally added at or near the
      end of the polyester forming process, i.e. at or near the end of the
      condensation reaction. The drawbacks to these solutions are, in the main,
      economic in nature. For example, in processes employing pigment/glycol
      slurries, the addition of dispersing agents to avoid agglomeration of the
      finely divided pigment particles not only adds to the cost of the final
      product but can also change the properties of the final product. In
      processes involving the use of pigmented masterbatches the preparation of
      the polyester matrix involves not only additional expense but also
      additional process steps as well.
PAR  There has now been discovered an improvement in the pigmentation of high
      molecular weight linear polyester derived from free dicarboxylic acids and
      glycols employing a pigment/glycol slurry where the slurry is added during
      the process of preparing said polyesters and which improvement essentially
      eliminates agglomeration of the finely divided pigment, thereby assuring a
      uniform and homogeneous dispersion of finely divided pigment in said
      polyester without the need of a dispersing agent and avoids the costly
      preparation of pigmented mastermatches. Accordingly, the present invention
      provides an improvement in the pigmentation of high molecular weight
      linear polyesters prepared by reacting a mixture of a free dicarboxylic
      acid and a glycol of the series HO(CH.sub.2).sub.n OH where n is an
      integer ranging from 2 to 10 in a solvent consisting of preformed molten
      low molecular weight polyester derived from the same free acid and glycol
      as the polyester being produced, said solvent having a number average
      molecular weight of about 300 to about 2000, at a temperature ranging from
      about the melting point of said solvent to about 300.degree. C. and at a
      pressure ranging from about 20 to 1000 pounds per square inch gauge
      pressure, distilling out the water formed in the reaction at such a rate
      that the pressure remains constant within said range, adding a
      condensation polymerization catalyst and then heating and reacting the
      mixture at a temperature ranging from about 265.degree. to 280.degree. C.
      at a pressure of about one millimeter of mercury pressure or less until
      high molecular weight linear polyester having an intrinsic viscosity of at
      least 0.4 is formed and wherein during the course of the preparation of
      the high molecular weight linear polyester there is added thereto a slurry
      consisting of a pigmenting agent and the same glycol used in the
      preparation of the linear polyester, which improvement comprises heating
      said pigment/glycol slurry at a temperature ranging from about 90.degree.
      C. to about 1.degree. to 2.degree. C. below the boiling point of the
      glycol and adding said heated pigment/glycol slurry to the reaction
      mixture of free dicarboxylic acid, glycol and low molecular weight linear
      polyester solvent when the temperature of said mixture ranges from about
      210.degree. C. to 240.degree. C. and the pressure ranges from about 20 to
      70 pounds per square inch gauge of pressure. As used throughout this
      specification the term "polyester" is intended to include both
      homopolyesters and copolyesters. The term "high molecular weight" is
      defined as a polyester having an intrinsic viscosity of at least 0.4 and
      preferably 0.6 as measured in a 60/40 phenol/tetrachloroethane mixed
      solvent at 30.degree. C.
PAR  The above described process, to which the improvement of the present
      invention is applicable, can be operated as a batch process or a
      continuous process. In operating the process batchwise the weight ratio of
      the preformed low molecular weight polyester solvent to the total batch
      (acid and glycol added) will be in the range of from about 30/70 to 60/40.
      A ratio of 50/50 will generally be used. In certain continuous operations
      the ratio can be as high as 98/2 or higher. It is most advantageous,
      however, to operate the process on a continuous basis. When the process is
      operated on a continuous basis the free dicarboxylic acid and glycol are
      continuously added to the preformed molten low molecular weight polyester
      solvent prepared from the same acid and glycol, and an amount of low
      molecular weight polyester prepolymer product approximately equal to the
      acid and glycol added continuously withdrawn. The low molecular weight
      polyester prepolymer being continuously withdrawn is continuously
      transferred to a polymerization apparatus and polymerized to high
      molecular weight resin which is continuously withdrawn from the
      polymerization vessel at approximately the same rate as low molecular
      weight polyester prepolymer being transferred thereto.
PAR  The process to which the improvement of the present invention is applicable
      can be operated over a wide range of temperatures. The temperature used
      for the esterification reaction of the dicarboxylic acid with the glycol
      should be at least as high as the melting temperature of the preformed
      molten low molecular weight polyester solvent but not so high as to cause
      a large degree of degradation of said solvent which can result in a
      decrease in the desirable properties of the ultimate product. Thus the
      temperature can range from about 150.degree. C. to about 300.degree. C.
      and is preferably operated from about 220.degree. C. to 260.degree. C. The
      temperature used in the polycondensation or polymerization of the low
      molecular weight polyester product resulting from the esterification
      reaction can range from about 260.degree. C. to 290.degree. C., although
      other temperatures can also be employed in accordance with known practice.
PAR  The pressures employed in the esterification reaction of the dicarboxylic
      acid with the glycol, like the temperatures employed, can vary over a wide
      range. Thus the pressures employed in this stage of the process can range
      from about 20 to 1000 pounds per square inch gauge pressure and preferably
      from 20 to 100 pounds per square inch gauge pressure. The condensation or
      polymerization stage of the process is operated under reduced pressures,
      generally below 10 millimeters of mercury pressure and usually at or below
      1 millimeter of mercury pressure.
PAR  In addition to the above pressure and temperature conditions required for
      the condensation or polymerization stage of the process a suitable
      polymerization catalyst is also required. Suitable polymerization
      catalysts are any of the well known catalysts used for the
      polycondensation of esters including antimony trioxide, zinc borate,
      litharge, lead acetate, magnesium oxide and the like. No catalyst is
      required for the initial esterification reaction although catalysts such
      as zinc acetate, manganese acetate and alkali metal alcoholates can be
      employed if desired. In addition, alkali metal salts such as sodium
      acetates can be employed as stabilizers if so desired. Also, the reaction
      is preferably carried out in the absence of oxygen with the usual known
      techniques.
PAR  The preformed molten low molecular weight polyester initially employed as
      the solvent for the esterification reaction is characterized by having a
      number average molecular weight ranging from about 300 to 2000.
      Furthermore, it can have the same number average molecular weight as the
      final product of the esterification reaction or it can have a different
      number average molecular weight, i.e., it can have a higher or lower
      number average molecular weight since the number average molecular weight
      of the final product of the esterification reaction is regulated by the
      amounts and ratios of the dicarboxylic acid and the glycol added to the
      system. The preformed molten low molecular weight polyester used as the
      solvent will be composed of units of the same acid and glycol that are
      reacted in admixture with said preformed molten low molecular weight
      polyester solvent. For example, if it is desired to produce pigmented
      polyethylene terephthalate the polyester solvent will also be comprised of
      terephthalic acid and ethylene glycol units. The initial preformed molten
      low molecular weight polyester solvent can be prepared by polymerizing the
      bis glycol ester or by any other well known and suitable method.
PAR  As noted earlier, high molecular weight linear polyesters prepared in
      accordance with the above described process can be pigmented employing
      either pigment/glycol slurries, pigmented masterbatches or pigment/glycol
      slurries wherein dispersing agents are employed. However, these methods
      have generally resulted in products characterized by nonuniform and
      nonhomogeneous dispersions of pigment particles, have proved to be
      disadvantageous from an economical standpoint or have resulted in products
      possessing poorer physical properties. Through the use of the present
      invention these disadvantages can be overcome as illustrated by the
      examples below. In the following examples all parts and percentages are by
      weight unless otherwise specified.
DETD
PAC  EXAMPLE 1
PAC  A. Preparation of Pigment/Glycol Slurry
PAR  A mixture consisting of 50 parts of titanium dioxide (TiO.sub.2) and 50
      parts of ethylene glycol were sandmilled and the resulting dispersion put
      through a 5 micron filtering element prior to use.
PAC  B. Preparation of Low Molecular Weight Polyester Solvent
PAR  To a jacketed stainless steel reaction vessel equipped with an agitator,
      vapor take off, nitrogen inlet and vent were added 129.9 parts of
      terephthalic acid and 52.3 parts of ethylene glycol. The reactor was then
      purged with nitrogen and the vent closed. Agitation and heating of the
      reaction mixture was then commenced under a nitrogen atmosphere, 35 pounds
      per square inch gauge (psig) pressure. The reaction was complete when 28.1
      parts of by-product water was distilled off. The total reaction time was
      between 4 to 5 hours and the temperature of the molten low molecular
      weight polyethylene terephthalate solvent was about 270.degree. C. at the
      time of completion of the reaction.
PAC  C. Preparation of Pigmented Polyethylene Terephthalate
PAR  To the above molten low molecular weight polyethylene terephthalate solvent
      were then added 86.6 parts of terephthalic acid, 35.5 parts of ethylene
      glycol, 0.015 part of sodium (as sodium acetate) and 0.004 part of
      phosphorous (as triethylene diphosphite). Upon the addition to and mixing
      of these ingredients with the low molecular weight solvent the temperature
      of the mixture dropped to about 217.degree. C. At this point the pressure
      in the reaction vessel was increased from 35 psig to 70 psig using
      nitrogen gas. As soon as the pressure in the reaction vessel reached 70
      psig, 0.25 part of the sandmilled and filtered TiO.sub.2 /ethylene glycol
      slurry prepared above was added to the reaction using nitrogen pressure.
      Prior to this addition, however, the slurry was heated to a temperature of
      about 162.degree. C. After addition of the slurry the pressure was reduced
      to 35 psig and esterification of the terephthalic acid commenced. Once
      18.75 parts of the by-product water were collected and the temperature of
      the reaction mixture reached 270.degree. C., 40 percent of the mixture in
      this reaction vessel was transferred to a second reaction vessel.
      Immediately after this transfer was completed, 0.195 part of antimony (as
      antimony glycolate) was added to the reaction mixture and evacuation of
      the pressure in this vessel from atmospheric pressure to about 5.0
      millimeters of mercury pressure was commenced. The time required to reach
      5.0 millimeters of mercury pressure was about 115 minutes. Over this same
      period of time the temperature of the polymerizing polyethylene
      terephthalate was increased from about 260.degree. C. to about 272.degree.
      C. At the end of this time the polymerizing polyethylene terephthalate was
      transferred to yet a third reaction vessel wherein the pressure was
      reduced to about 0.2 millimeter of mercury pressure and the temperature of
      the polymerization mass increased to about 280.degree. C. During this time
      by-product ethylene glycol was continuously removed and after 115 minutes
      pigmented polyethylene terephthalate having the desired intrinsic
      viscosity was obtained. The molten polyester was then extruded from the
      third reaction vessel, cooled and diced into pellets. The product was
      uniformly delustered and exhibited an excellent pigment dispersion.
      Microscopic examination of a 0.05 gram sample of the delustered polyester
      disclosed that there was present one TiO.sub.2 particle in the 10 to 20
      micron range and no particles in the 20 to 100 micron range or above.
PAC  EXAMPLE 2
PAC  Comparative Example
PAR  A second pigmented polyethylene terephthalate sample was prepared, with one
      exception, in the same manner as in Example 1 employing the same amounts
      of reactants and additions and, as closely as possible, the same pressure
      and temperature conditions. The one exception to the procedure employed in
      Example 1 was that in the present example the TiO.sub.2 /glycol slurry was
      not heated prior to its addition to the reaction mass. The final product
      exhibited a poorer dispersion, based on particle count, than was obtained
      in the product of Example 1. Upon microscopic examination there was
      present in a 0.05 gram sample of the product produced in this second
      example 6 particles in the 10 to 100 micron range with two thirds of these
      particles being in the 20 to 100 micron range.
PAC  EXAMPLE 3
PAC  Comparative Example
PAR  A third pigmented polyethylene terephthalate sample was prepared in the
      same manner as in Example 1 except that in this instance the pressure in
      the reaction vessel was reduced from 35 psig to atmospheric pressure, the
      heated TiO.sub.2 /glycol slurry added and the vessel immediately pressured
      back to 35 psig. The microscopic examination of a 0.05 gram sample of this
      polyester disclosed 10 particles in the 10 to 100 micron range with one
      tenth of these particles being in the 20 to 100 micron range.
PAC  EXAMPLE 4
PAC  Comparative Example
PAR  A fourth pigmented polyethylene terephthalate sample was prepared in the
      same manner as in Example 1 except here the TiO.sub.2 /glycol slurry was
      not heated and the slurry added after the pressure in the reaction vessel
      had been reduced from 35 psig to atmospheric pressure. After addition of
      the slurry the pressure in the reaction vessel was again returned to 35
      psig and the reaction completed as in Example 1. Subsequent examination of
      a 0.05 gram sample of this polyester revealed that there were 16 pigment
      particles in the 10 to 100 micron range with one fourth of these particles
      falling within the 20 to 100 micron range. The table below contains a
      summary of the results obtained in the above examples.
TBL                TABLE I                                                     

     ______________________________________                                    

           Pressure in                                                         

                      Temp. of   Pigment                                       

     Exam- Reactor at TiO.sub.2 Slurry                                         

                                 Pigment                                       

                                        Particle                               

                                               Size                            

     ple   Time of TiO.sub.2                                                   

                      at Time of Count, Microns                                

                                               ( )                             

     No.   Addition,psig                                                       

                      Addition,.degree.C.                                      

                                 10-100 20-100 100                             

     ______________________________________                                    

     1       70         162      1      0      0                               

     2       70         R.T..sup.(b)                                           

                                 6      4      0                               

     3       ATM.sup.(a)                                                       

                        145      10     1      0                               

     4       ATM        R.T.     16     4      0                               

     ______________________________________                                    

      .sup.(a) ATM: Atmospheric Pressure                                       

      .sup.(b) R.T.: Room Temperature                                          

PAR  The criticality of heating the pigment/glycol slurry prior to its addition
      to the initial polyester forming reactants and of the temperature and
      pressure conditions in the reaction vessel at the time of the addition of
      the slurry have been illustrated above. It is readily apparent from these
      examples that uniform and homogeneous dispersion of the pigment in
      polyethylene terephthalate can be achieved through the use of the present
      invention. The absence of any one of the three essential conditions
      results in a nonhomogeneous dispersion and examples have also been
      included above which illustrate this point.
PAR  The invention has been illustrated above particularly with respect to the
      use of terephthalic acid and ethylene glycol as reactants. It can also be
      used to prepare polyesters from other acids and other glycols. For
      example, instead of terephthalic acid and ethylene glycol other acids and
      other glycols can be used.
PAR  Thus the invention is applicable to the preparation of polyesters and
      copolyesters of various dicarboxylic acids and various glycols.
      Representative examples of acids which can be used are aromatic
      dicarboxylic acids such as isophthalic acid, orthophthalic acid,
      p,p'-diphenyl dicarboxylic acid and 2,6-naphthalic acid; cycloaliphatic
      dicarboxylic acids such as hexahydroterephthalic acid; and saturated
      aliphatic dicarboxylic acids having from 4 to 10 carbon atoms such as
      succinic acid, adipic acid, sebacic acid, etc. Polyesters of other glycols
      can also be similarly prepared. Representative examples of such glycols
      are the polymethylene glycols of the series HO(CH.sub.2).sub.n OH where n
      is an integer from 2 to 10, such as ethylene glycol, propylene glycol,
      tetramethylene glycol, hexamethylene glycol and decamethylene glycol; the
      cyclohexane diols such as cyclohexane dimethanol; aromatic diols such as
      di-.beta.-hydroxyethoxy benzene and 2,2-bis
      [4(.beta.-hydroxyethoxy)phenyl] propane and similar varieties of glycols.
      The invention can be used to prepare copolyesters by reacting one or more
      acids with one or more glycols.
PAR  The invention is especially suitable for the preparation of copolyesters of
      terephthalic acid such as the ethylene terephthalate-ethylene isophthalate
      copolyesters containing terephthalic acid as a major portion of the acid
      component such as the 90/10, 80/20, 70/30 and 60/40 copolyester, i.e.,
      those copolyesters containing from 90 to 60 mol percent of terephthalic
      acid based on the total acid component and from 10 to 40 mol percent of
      isophthalic acid based on the total acid component.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a process for preparing uniformly pigmented polyesters formed by
      reacting a mixture of at least one dicarboxylic acid and at least one
      glycol in a solvent consisting of preformed polyester having a molecular
      weight ranging from about 200 to about 3000 in a reaction vessel at a
      temperature ranging from above the melting point of said solvent to about
      300.degree. C. and at a pressure ranging from about 20 to about 1000
      pounds per square inch gauge pressure, distilling out the water formed in
      the reaction at such a rate that the pressure remains constant within said
      range, adding a condensation polymerization catalyst and then heating and
      reacting the mixture at a temperature ranging from about 265.degree. to
      285.degree. C. at a pressure of about one millimeter of mercury pressure
      or less until high molecular weight polyester having an intrinsic
      viscosity of at least 0.4 is formed and wherein during the course of said
      process a slurry consisting of a pigmenting agent and a glycol is added to
      the mixture, the improvement which comprises heating the slurry to a
      temperature from about 90.degree. C. to about 1.degree. to 2.degree. C.
      below the boiling point of said slurry and adding said heated slurry to
      the reaction mixture of dicarboxylic acid and glycol in the preformed
      polyester solvent when the temperature of said reacting mixture ranges
      from about 210.degree. C. to about 240.degree. C. and the pressure in the
      reaction vessel ranges from about 20 to about 70 pounds per square inch
      gauge pressure.
NUM  2.
PAR  2. The improvement according to claim 1 wherein the dicarboxylic acid is
      selected from the group consisting of aromatic dicarboxylic acids and
      mixtures thereof and mixtures of aromatic dicarboxylic acids and saturated
      aliphatic dicarboxylic acids having from 4 to 10 carbon atoms and the
      glycol is selected from the group consisting of glycols of the series
      HO(CH.sub.2).sub.n OH where n is an integer ranging from 2 to 10 and
      cyclohexene diols.
NUM  3.
PAR  3. The improvement of claim 2 wherein the aromatic dicarboxylic acid is
      terephthalic acid and the glycol is ethylene glycol.
NUM  4.
PAR  4. The improvement according to claim 3 wherein the slurry consists of the
      pigmenting agent, titanium dioxide and the glycol, ethylene glycol.
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ABST
PAL  Pigmented photopolymerizable ethylenically unsaturated ester compositions
      used as coatings and printing inks are stabilized to premature gelation by
      incorporating therein a stabilizing amount of a thiocarbamate compound
      having the formula
      ##EQU1##
      OR A METAL CATION HAVING A VALENCE OF 1 TO 3 AND EACH OF R, R.sub.1,
      R.sub.2, and R.sub.3 (same or different) are hydrogen, aryl, saturated and
      unsaturated alkyl groups having 1 to 20 carbon atoms, aralkyl or alkaryl
      groups having 7 to 15 carbon atoms and amino, sulfo-and oxy-substituted
      alkyl and aryl groups, n is an integer of 1 to 3 and x is an integer from
      0 to 1.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This application is a continuation-in-part of Serial Number 452,227 filed
      March 18, 1974, now abandoned.
BSUM
PAR  This invention relates to pigmented photopolymerizable compositions which
      are useful as coatings and printing inks and more particularly to
      pigmented photopolymerizable compositions which are stable to premature
      gelation.
PAR  2. The Prior Art
PAR  Printing inks and coatings prepared from photopolymerizable compounds are
      known to the art which can be polymerized and dried by exposure to
      ultraviolet radiation as for example, U.S. Pat. Nos. 2,453,769, 2,453,770,
      3,013,895, 3,051,591, 3,326,710, 3,511,710 and 3,772,062.
PAR  These photopolymerizable inks and coatings are generally pigmented
      ethylenically unsaturated polyester compositions. When photoinitiators are
      incorporated in the composition, thin liquid films of the
      photopolymerizable composition can be cured to a hard film within 1 second
      or less using medium pressure mercury lamps.
PAR  The use of photopolymerizable inks and coatings eliminates the use of
      volatile organic solvents and the high cost and time of oven-baking which
      has heretofore been the conventional practice for drying and hardening
      inks and coatings.
PAR  In formulating inks using photopolymerizable unsaturated polyester
      vehicles, it was found that for some unexplainable reason, when the ester
      vehicles, which are normally stable to gelation at room temperature were
      pigmented with certain colorants, e.g. copper or nickel phthalocyanine
      pigments, the ester vehicle polymerized to form undesirable gels. The
      formation of gels in the ink or coating formulation substantially destroys
      the commercial utility of the material. Extending the time in which a
      pigmented composition will gel is important in commercial practice as
      several weeks storage is often required between formulation of the ink or
      pigmented coating and actual use of the material in printing and coating
      applications.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided
      photopolymerizable compositions which when pigmented with metal
      phthalocyanines exhibit improved stability to gel formation and which may
      be rapidly polymerized and hardened by exposure to a source of ultraviolet
      radiation, the compositions being comprised of an ethylenically
      unsaturated ester and a stabilizing amount of a thiocarbamate compound
      having the formula:
      ##EQU2##
      metal cation having a valence of 1 to 3 and each of R, R.sub.1, R.sub.2,
      and R.sub.3 (same or different) are hydrogen, aryl, saturated and
      unsaturated alkyl groups having 1 to 20 carbon atoms, aralkyl or alkaryl
      groups having 7 to 15 carbon atoms and amino, sulfo-and oxy-substituted
      alkyl and aryl groups, n is an integer of 1 to 3 and x is an integer from
      0 to 1. Thus, the alkyl groups represented by R, R.sub.1, R.sub.2 and
      R.sub.3 may be straight chain aliphatic groups, branched chained aliphatic
      groups and cyclic aliphatic groups or form heterocyclic ring structures
      with the nitrogen atom present in the thiocarbamate compound.
PAR  When thiocarbamate compounds of the type disclosed are incorporated in
      metal phthalocyanine pigmented ethylenically unsaturated esters in
      accordance with the practice of the present invention, the period of time
      during which the pigmented photopolymerizable ester will withstand gel
      formation is extended to commercially acceptable levels.
PAC  PREFERRED EMBODIMENTS
PAR  The term "ethylenically unsaturated ester compound" as used herein means,
      monohydric alcohol esters of .alpha., .beta. -ethylenically unsaturated
      acids, polyesters obtained by the reaction of an .alpha., .beta.
      -ethylenically unsaturated mono- or dibasic-acids with a polyhydric
      alcohol having 2 to 6 hydroxyl groups or a polyepoxide containing at least
      2 reactive epoxy groups in the polyepoxide molecule and mixtures thereof.
PAR  Included within the meaning of .alpha., .beta. ethylenically unsaturated
      acid are unsaturated monocarboxylic acids having from 3 to 6 carbon atoms,
      e.g. acrylic acid, methacrylic acid, crotonic acid and sorbic acid and
      unsaturated dicarboxylic acids having 4 to 10 carbon atoms, e.g. maleic
      acid, tetrahydrophthalic acid, furmaric acid, glutaconic acid, itaconic
      acid and the like.
PAR  Illustrative of photopolymerizable ethylenically unsaturated polyesters
      useful in the practice of the present invention are acrylic acid and
      methacrylic acid esters of aliphatic polyhydric alcohols such as, for
      example, the di- and polyacrylates and the di- and polymethacrylates of
      ethylene glycol, polyalkylene glycols such as diethylene glycol,
      triethylene glycol, tetraethylene glycol, tetramethylene glycol, the
      corresponding ether glycols, triethylolethane, trimethylolpropane,
      pentaerythritol, dipentaerythritol and polypentaerythritols.
PAR  Typical unsaturated polyesters include, but are not limited to
      trimethylolpropane triacrylate, trimethylolethane triacrylate,
      triethylolpropane trimethacrylate, trimethylolethane trimethaacrylate,
      tetramethylene glycol dimethacrylate, ethylene glycol dimethacrylate,
      triethylene glycol dimethacrylate, tetraethylene glycol diacrylate,
      tetraethylene glycol dimethacrylate, pentaerythritol diacrylate,
      pentaerythritol triacrylate, pentaerythritol tetraacrylate,
      dipentaerythritol diacrylate, dipentaerythritol triacrylate,
      dipentaerythritol tetraacrylate, dipentaerythritol pentaacrylate,
      dipentaerythritol hexaacrylate, pentaerythritol dimethacrylate,
      pentaerythritol trimethacrylate, and dipentaerythritol dimethacrylate.
PAR  A preferred class of ethylenically unsaturated polyester compounds useful
      in the practice of the present invention are the reaction products of a
      polyepoxide having at least two reactive groups in the polyepoxide
      molecule and an ethylenically unsaturated acid such as the .alpha., .beta.
      -ethylenically unsaturated monocarboxylic acids having 3 to 6 carbon atoms
      and .alpha., .beta. -ethylenically unsaturated dibasic acids having 4 to
      10 carbon atoms previously discussed. These polyepoxide derived polyesters
      are well known to the art, e.g., U.S. Pat. No. 3,637,618, U.S. Pat. No.
      3,408,422, U.S. Pat. No. 3,373,075, and Br. Pat. No. 1,241,851, the
      teachings of which are incorporated herein by reference.
PAR  Typical examples of polyepoxide compounds used for the preparation of
      ethylenically unsaturated polyesters preferred in the practice of the
      present invention include epoxidized polybutadiene (Oxiron 2001),
      epoxidized linseed oil (Epoxol 9-5), 1,4-butylene diglycidyl ether (RD-2),
      vinylcyclohexene di- epoxide (Epoxide 206) resorcinol diglycidyl ether
      (Kopoxite 159), Bisphenol A-diglycidyl ether (DER-332),
      s-tetraphenylethane tetra-glycidyl ether (Epon 1031), novalac resin
      polyglydicyl ether (DEN 438), dicyclopentadiene diepoxide (Epoxide 207)
      and dipentene dioxide.
PAR  Polyesters especially preferred in the practice of the present invention
      are polyesters prepared by reacting Bisphenol A-diglycidyl ether, i.e. the
      diglycidyl ether of 2,2-bis (4-hydroxyphenyl propane) with an
      ethylenically unsaturated monocarboxylic acid such as acrylic or
      methacrylic acid at a molar ratio of about 1:2 to prepare the diacrylate
      reaction product or with an ethylenically unsaturated dicarboxylic acid
      such as itaconic acid at equal molar ratios.
PAR  The bisphenol A-diglycidyl ether diacrylate may be blended with the
      bisphenol A-diglycidyl ether itaconate as well as other ethylenically
      unsaturated compounds and especially acrylate ester compounds to prepare
      photopolymerizable mixtures having the physical properties suitable for
      printing inks and coatings.
PAR  Examples of thiocarbamate compounds useful in the practice of the present
      invention include, tetramethylthiuram disulfide, tetraethylthiuram
      disulfide, tetrapropylthiuram disulfide, tetrabutylthiuram disulfide,
      tetradecylthiuram disulfide, tetrahexadecylthiuram disulfide,
      tetracicosylthiuram disulfide, 1-methyl-1-propyl-6-butyl-6-methyl thiuram
      di- sulfide, 1-propyl-1-butyl-6-methyl-6-t-butyl thiuram disulfide,
      dihexamethylene thiuram disulfide, dipentamethylene thiuram disulfide,
      piperdinium pentamethylene dithiocarbamate, piperdinium dibutyl
      dithiocarbamate, piperdinium dicyclohexyl dithiocarbamate, piperdinium
      di(3-oxycyclohexyl) dithiocarbamate, metal thiocarbamates as for example,
      nickel dipropyldithiocarbamate, nickel dibutyldithiocarbamate, nickel
      didecyldithiocarbamate, zinc dimethyldithiocarbamate, zinc
      dibutyldithiocarbamate, zinc dihexyldithiocarbamate, sodium dibutyl
      dithiocarbamate, zinc dimethyl dithiocarbamate, sodium
      dibutyldithiocarbamate, zinc diethyldithiocarbamate, zinc
      diamyldithiocarbamate, sodium dioctadecyldithiocarbamate, nickel
      diphenyldithiocarbamate, nickel dibenzyldithiocarbamate, nickel
      di(orthotolylaminoethyl) dithiocarbamate, zinc
      dicyclohexyldithiocarbamate, ammonium dipropyldithiocarbamate, potassium
      dihexyldithiocarbamate, calcium dihexyldithiocarbamate, zirconium
      diethyldithiocarbamate, cobalt dibutyldithiocarbamate, antimony
      dibutyldithiocarbamate, bismuth dimethyldithiocarbamate, lead
      dimethyldithiocarbamate, tin dibutyldithiocarbamate, nickel
      dicyclopentyldithiocarbamate, zinc
      1-butyl-1-cylcohexyl-7-butyl-7-cyclohexyl dithiocarbamate, nickel
      di(3-oxacyclohexyl) dithiocarbamate, zinc di(4-oxacyclohexyl)
      dithiocarbamate, nickel di(3-thiocyclohexyl) dithiocarbamate, nickel
      di(4-azacyclohexyl) dithiocarbamate, zinc 1-butyl-1-
      (3-oxacyclohexyl)-7-butyl-7-(3-oxacyclohexyl) dithiocarbamate, nickel
      di(4-pyridyl) dithiocarbamate, zinc di (4-n,n-dimethyl anilino)
      dithiocarbamate, copper di(4-anisyl) dithiocarbamate, nickel
      di(4-thioanisyl) dithiocarbamate, and zinc di(3-furanyl) dithiocarbamate.
PAR  The thiocarbamate compounds may be incorporated in the photopolymerizable
      ester compositions at concentrations ranging from about 0.10 to about 1.0%
      by weight. Higher concentrations may be used if necessary, but
      concentrations substantially in excess of 1.0% by weight have been found
      to have a significant retarding effect on the speed at which the
      photopolymerizable composition will be cured by ultraviolet radiation.
PAR  Illustrative examples of phthalocyanine pigments useful as pigments for
      photopolymerizable ester based printing inks include copper phthalocyanine
      (Pigment Blue 15) copper polychlorophthalocyanine green and copper
      polybromochlorophthalocyanine.
PAR  Photoinitiators may be incorporated in the ester compositions used as
      vehicles for the photopolymerizable printing inks and coatings to
      accelerate the speed at which the inks and coatings harden. Illustrative
      examples of suitable photoinitiators include benzophenone, Mitchler's
      ketone (4,4-bis) (dimethylamino benzophenone) and mixtures thereof. The
      photoinitiators are incorporated in the photopolymerizable compositions at
      a concentration of 0.1 to 5% by weight.
PAR  In general, printing inks prepared using the pigmented photopolymerizable
      compositions of the present invention are prepared in the same manner as
      conventional printing inks. Generally, the printing inks contain about 30
      to about 95 percent by weight of the photoinitiated photopolymerizable
      compositions and about 5 to 70 percent by weight of the pigment.
PAR  In printing metal surfaces with ultraviolet curable printing inks, the ink
      is applied using a printing press conventionally used for printing on a
      metal substrate. Once the metal substrate, generally in the form of a
      sheet is printed, the substrate is positioned to pass under a source of
      ultraviolet light to dry and harden the ink. In most instances, the
      ultraviolet light source is maintained at about 0.5 to about 5 inches from
      the printed substrate undergoing irradiation.
PAR  Rapid drying of the inks using the photoinitiated compositions of the
      present invention is effected within seconds of exposure to ultraviolet
      light emitted from an artificial source having a wave length in the range
      between 4000A and 1800A.
PAR  In the printing of metal coil stock for beverage container manufacture
      where extremely high speed drying of the ink (i.e. within one second) is
      required, mercury vapor discharge lamps, especially of the medium pressure
      type are used as a source of ultraviolet radiation. The output of
      commercially available medium pressure mercury vapor lamps varies between
      100 to 200 watts per linear inch of lamp surface.
DETD
PAR  The present invention is illustrated by the Example which follows:
PAC  EXAMPLE
PAR  A photopolymerizable printing ink vehicle was prepared and consisted of
      54.0 parts of the diacrylate reaction product of bisphenol A-diglycidyl
      ether and acrylic acid, 39.0 parts pentaerythritol tetraacrylate, 2.6
      parts of an unsaturated polyester prepared by reacting equal molar amounts
      of itaconic acid and bisphenol A-diglycidyl ether, 3.0 parts of
      tetraethylene glycol diacrylate, 0.8 parts Mitchler's ketone and 0.6 parts
      benzophenone.
PAR  To determine the stability of the ink vehicle to gel formation when metal
      phthalocyanine pigments were incorporated therein the following test
      procedure was utilized.
PAR  Into a two ounce glass jar was placed 17.43 grams of the photopolymerizable
      ink vehicle just described as well as 2.4 grams of a metal phthalocyanine
      pigment and 0.25-1.0% by weight based on the ink vehicle of a
      thiocarbamate compound dissolved in 1.5 grams methyl ethyl ketone. The
      mixture was then stirred using a high speed air motor (60 psi) until the
      pigment was uniformly distributed in the ink vehicle. The pigmented sample
      was placed in an oven heated to 325.degree.F and monitored every 20
      minutes for the appearance of gel material in the jar. By this test
      unpigmented vehicle gels in 80 minutes.
PAR  A series of storage stability tests were run using varying concentrations
      of different thiocarbamate compounds. The results of these accelerated gel
      stability tests are recorded in Tables I and II below.
PAR  In Table I, the pigment incorporated in the vehicle was copper
      phthalocyanine blue pigment. In Table II, copper polychlorophthalocyanine
      green pigment designated "CPG" and nickel phthalocyanine blue designated
      "NPB", were used as the pigments. The appearance of a gel in the test jars
      is designated by the term "Gel".
PAR  For purposes of comparison, in a separate series of tests run in accordance
      with the procedure of the Example, a number of known stabilizer compounds
      as well as compounds closely related to the compounds used in the present
      invention, but outside the scope of the invention, were incorporated in
      the pigmented ink vehicle and these comparison ink compositions were also
      tested for gel stability. The results of these comparative tests,
      designated by the symbol "C", are also summarized in Tables I and II. Also
      tests in which no stabilizer compounds were incorporated in the pigmented
      ink vehicle were also run and are also designated by the symbol "C" in the
      Tables.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                           Concen-                                             

                                Gellation Time                                 

     Test                  tration                                             

                                (Minutes)                                      

     No.    Stabilizer     Wt. %                                               

                                40 80 100 110                                  

     __________________________________________________________________________

     1  Zinc dibutyldithiocarbamate                                            

                           0.25           Gel                                  

     2  Zinc dibutyldithiocarbamate                                            

                           1.0                Gel                              

     3  Nickel dibutyldithiocarbamate                                          

                           0.5     Gel                                         

     4  Nickel dibutyldithiocarbamate                                          

                           1.0        Gel                                      

     5  Tetraethylthiuram disulfide                                            

                           0.25    Gel                                         

     6  Tetraethylthiuram disulfide                                            

                           1.0        Gel                                      

     7  Sodium N,N-diethyldithiocarbamate                                      

                           1.0            Gel                                  

     8  Piperidinium pentamethylene                                            

                           1.0     Gel                                         

        dithiocarbamate                                                        

     9  1-Pyrrolidenecarbodithioc acid                                         

                           0.25    Gel                                         

        ammonium salt                                                          

     10 1-Pyrrolidenecarbodithioc acid                                         

                           1.0     Gel                                         

        ammonium salt                                                          

     C.sub.1                                                                   

        None               0    Gel                                            

     C.sub.2                                                                   

        p-Methoxyphenol    1.0  Gel                                            

     C.sub.3                                                                   

        p-methoxyphenol    2.0  Gel                                            

     C.sub.4                                                                   

        2,6-Di-tert.-butyl-4-methylphenol                                      

                           1.0  Gel                                            

     C.sub.5                                                                   

        2,6-Di-tert.-butyl-4-methylphenol                                      

                           2.0  Gel                                            

     C.sub.6                                                                   

        1,1,3,3-tetraethyl-2-thiourea                                          

                           1.0  Gel                                            

     C.sub.7                                                                   

        N,N-Dimethylthioformamide                                              

                           1.0  Gel                                            

     C.sub.8                                                                   

        Zinc isopropyl xanthate                                                

                           1.0  Gel                                            

     __________________________________________________________________________

TBL                                    TABLE II                                

     __________________________________________________________________________

                          Concen-   Gellation Time                             

     Test                 tration   (Minutes)                                  

     No.    Stabilizer    Wt. %                                                

                               Pigment                                         

                                    20 40 60                                   

     __________________________________________________________________________

     11  Zinc dibutyl dithiocarbamate                                          

                          1.0  CPG        Gel                                  

     C.sub.9                                                                   

         2,6-di-t-butyl-4-methylphenol                                         

                          1.0  CPG     Gel                                     

     C.sub.10                                                                  

         2,-6-di-t-butyl-4-methylphenol                                        

                          2.0  CPG     Gel                                     

     C.sub.11                                                                  

         None             0    CPG     Gel                                     

     12  Zinc dibutyldithiocarbamate                                           

                          0.25 NPB        Gel                                  

     13  Nickel dibutyldithiocarbamate                                         

                          0.25 NPB     Gel                                     

     C.sub.12                                                                  

         None             0    NPB  Gel                                        

     __________________________________________________________________________

PAR  The data in the Tables indicate that metal phthalocyanine pigmented
      photopolymerizable compositions stabilized in accordance with the practice
      of the present invention exhibit superior storage stability when compared
      to pigmented photopolymerizable compositions stabilized with compounds
      outside the scope of the invention.
PAR  Pigmented photopolymerizable compositions composed of 12 percent by weight
      copper phthalocyanine blue pigment and 88 percent by weight of an ink
      vehicle composed of composition number 1 of Table I were applied to steel
      plate of the type used in the manufacture of steel beverage containers
      using a number 10 draw bar which evenly distributed the compositions as a
      thin film on the plate.
PAR  After application of the stabilized pigmented photopolymerizable
      compositions, the coated plates were placed under a medium pressure
      mercury lamp at a distance of about 1.0 inches from the lamp surface.
PAR  The radiation emitted by the lamp was approximately 200 watts/in. of lamp
      surface. The coated plates when exposed to the ultraviolet radiation dried
      in 0.6 seconds.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photopolymerizable composition stabilized to gel formation comprised
      of a metal phthalocyanine pigmented ethylenically unsaturated ester and a
      stabilizing amount of a thiocarbamate compound having the formula
      ##EQU3##
      wherein M is selected from the group consisting of
      ##EQU4##
      and a metal cation having a valence of 1 to 3 and each of R, R.sub.1,
      R.sub.2 and R.sub.3 are selected from the group consisting of hydrogen,
      aryl, alkyl groups having 1 to 20 carbon atoms, aralkyl and alkaryl groups
      having 7 to 15 carbon atoms and amino-, sulfo-and oxy-substituted alkyl
      and aryl groups, n is an integer of 1 to 3 and x is an integer of 0 to 1.
NUM  2.
PAR  2. The composition of claim 1 wherein the thiocarbamate compound is zinc
      dibutyldithiocarbamate.
NUM  3.
PAR  3. The composition of claim 1 wherein the thiocarbamate compound is nickel
      dibutyldithiocarbamate.
NUM  4.
PAR  4. The composition of claim 1 wherein the thiocarbamate compound is
      tetraethylthiuram disulfide.
NUM  5.
PAR  5. The composition of claim 1 wherein the thiocarbamate compound is sodium
      N,N-diethyldithiocarbamate.
NUM  6.
PAR  6. The composition of claim 1 wherein the thiocarbamate compound is
      piperidinium pentamethylene dithiocarbamate.
NUM  7.
PAR  7. The composition of claim 1 wherein the thiocarbamate is
      1-pyrrolidenecarbodithioc acid ammonium salt.
NUM  8.
PAR  8. The composition of claim 7 wherein the ethylenically unsaturated ester
      is the reaction product of a polyepoxide having at least two reactive
      groups in the polyepoxide molecule and an acid selected from the group
      consisting of .alpha., .beta. -ethylenically unsaturated monocarboxylic
      acids having 3 to 6 carbon atoms and .alpha., .beta. -ethylenically
      unsaturated dibasic acids having 4 to 1 carbon atoms.
NUM  9.
PAR  9. The composition of claim 7 wherein the unsaturated compound is the
      reaction product of a polyhydric alcohol having 2 to 6 carbon atoms and an
      acid selected from the group consisting of .alpha., .beta. -ethylenically
      unsaturated monocarboxylic acids having 3 to 6 carbon atoms and .alpha.,
      .beta. -ethylenically unsaturated dibasic acids having 4 to 10 carbon
      atoms.
NUM  10.
PAR  10. The composition of claim 8 wherein the polyepoxide is the diglycidyl
      ether of bisphenol A.
NUM  11.
PAR  11. The composition of claim 8 wherein the acid is acrylic acid.
NUM  12.
PAR  12. The composition of claim 8 wherein the acid is itaconic acid.
NUM  13.
PAR  13. The composition of claim 9 wherein the alcohol is pentaerythritol.
NUM  14.
PAR  14. The composition of claim 9 wherein the alcohol is polyethylene glycol.
NUM  15.
PAR  15. The composition of claim 1 wherein the thiocarbamate compound is
      incorporated in the unsaturated ester at a concentration at about 0.10 to
      about 1.0 percent by weight.
NUM  16.
PAR  16. The composition of claim 1 wherein the metal phthalocyanine pigment
      incorporated in the unsaturated ester is a copper phthalocyanine pigment.
NUM  17.
PAR  17. The composition of claim 1 wherein the metal phthalocyanine pigment
      incorporated in the unsaturated ester is a nickel phthalocyanine pigment.
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ABST
PAL  Metal particles used as color producing component in powder coating
      compositions are individually encapsulated in a thin and continuous
      coating of thermosettable, organic film-former prior to mixing with the
      particulate, organic, material which serves as the principal film-former
      of the powder coating composition. The coated particles are prepared by
      spray drying a solution of a controlled amount of the thermosettable
      material in a volatile solvent in which the metal has been dispersed. In
      the preferred embodiment, the coating thus achieved on the metal particles
      is cross-linkable with the principal film-former of the powder coating
      composition.
PARN
PAC  RELATION TO PARENT APPLICATION
PAR  This application is a Continuation-in-Part of copending U.S. Pat.
      application Ser. No. 422,472, filed Dec. 6, 1973 under the same title and
      now abandoned. This application contains the illustrative examples of the
      parent application and additional illustrative examples wherein the
      amounts of thermosettable film-forming material deposited on the metal
      particles prior to their incorporation into a power paint are above that
      illustrated in the parent. The recitational disclosures as to the same in
      the body of the specification are conformed to take into account the
      additional examples.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One basic technique for the manufacture of powder coating materials is the
      so-called fusion method. This involves the mixing of solvent-free raw
      materials in their molten state, usually via some form of extruder,
      cooling, pulverization and size separation-classification. This method has
      a number of disadvantages unrelated to pigmentation and an additional
      short-coming when metal flakes are employed as pigments. The high shear
      employed in the mixing storage results in deformation of the metal flakes.
      Additionally, during the pulverization step, the metal flakes are further
      deformed and reduced in particle size. Coatings produced from such powders
      are characterized by a low level of brilliance and poor polychromatic
      appearance.
PAR  Another basic technique for the manufacture of powder coating materials is
      the so-called solution-preparation, solvent-separation technique which can
      be effected by more than one method. This general technique involves the
      preparation of a coating material in an organic solvent, separation of the
      solvent from the paint solids, and size-separation classification. Also,
      pulverization in some form may or may not be required depending upon the
      solvent separation method involved.
PAR  The separation of the solvent can be carried out by conventional spray
      drying techniques or by heat exchange separation wherein the components of
      a paint solution are separated by volatilization of the more volatile
      solvent and separation of the volatilized solvent from the nonvolatilized
      paint solids by gravitational forces. Since the metal flakes can be added
      after pulverization, if pulverization is required when using any of the
      solvent separation methods, damage to the metal flakes during
      pulverization can be avoided by using the solution
      preparation-solvent-separation technique. Problems do arise, however, with
      respect to distribution and orientation of the metal flakes when the
      powder coating material is applied to the substrate to be coated. This is
      particularly true when the method of application is that of electrostatic
      spray, the method most commonly employed to apply the final coating of
      paint to automobiles and a variety of other metal manufacturers. In such
      applications, the flakes tend to orient in a random fashion with a low
      percentage of the flakes parallel to the substrate. The net result is a
      high degree of metal protusion with little metallic brilliance and a low
      gloss factor.
PAR  Thus, when either of the aforedescribed methods are used to produce
      metal-pigmented, powder-paint coatings in accordance with the prior art
      processes, a substantially higher aluminum to non-metal pigment ratio is
      required, relative to the same ratio in liquid paints, in order to achieve
      the same degree of brightness and metallic appearance obtained with liquid
      paints. Further, the problem of metal flakes protusion remains even when
      brightness and metallic appearance are achieved.
PAR  In liquid paints, it is known to partially coat aluminum flakes used as
      pigments to increase the electrostatic spray efficiency of such paints. In
      U.S. Pat. No. 3,575,900, a method is disclosed for precipitating the resin
      of the solution coating upon the aluminum flake in colloidal form. This
      solution is then used as such or mixed with another solution for use. The
      patentee specifically points out that, while it may be convenient to call
      this encapsulation, it is not intended to denote that the aluminum
      particles are completely enveloped. This resin disclosed for this purpose
      is a copolymer of vinyl chloride and monethylenically unsaturated monomers
      containing about 60 to about 90 percent weight vinyl chloride. Aluminum
      flake is also partially coated in U.S. Pat. No. 3,532,662. Here the
      coating was carried out with a random copolymer of methyl methacrylate and
      methacrylic acid absorbed on the pigment. By this method, a dispersion is
      made of the solid particles in a liquid continuous phase comprising an
      organic liquid containing in solution a polymer which is absorbed by the
      particles and a stabilizer, and modifying the polarity of the continuous
      phase so that the polymer is insoluble therein, the stabilizer being a
      compound container an anchor component which becomes associated with the
      absorbed polymer on the particle surface and a pendant chain-like
      component which is solvated by the modified continuous phase and provides
      a stabilizing sheath around the particles. It is alleged that this
      improves the "wetting" of the treated particles by the film-forming
      material dispersion-type coating composition.
PAR  Powder paints have certain advantages over conventional liquid paints in
      that they are essentially free of volatile solvents but they also present
      problems which differ from the problems encountered with liquid paints.
      These differences include differences with respect to employment of
      aluminum flakes as a color producing component. For instance, when flakes
      partially coated by resin precipitate are employed in liquid paints, there
      remains the organic solvent and other components of the solution to
      prevent direct exposure of the flake to the atmosphere and other external
      influences. Further, in powder paints, if aluminum flake is coated, the
      coating must be a relatively dry solid and the size, weight and continuity
      of the organic encapsulation are all factors in affecting the distribution
      of such particles when electrostatically sprayed with the powder that is
      the principal film-former of the coating composition.
PAC  THE INVENTION
PAR  This invention is concerned with the preparation, use and composition of
      powder paints containing metal particles, particularly aluminum flakes,
      and, in most applications, at least one non-metal color producing
      component. The "non-metal color producing component" may be a particular
      pigment, dye or tint and may be either organic, e.g., carbon black, or
      inorganic, e.g., a metal salt.
PAR  In the practice of this invention, metal particles which are incorporated
      in powder paints to provide the metallic color component of a
      monochromatic or polychromatic finish are encapsulated in a
      thermosettable, organic coating through which the metal particle is
      visible to the human eye. This coating which is preferably transparent,
      but may be translucent, allows a substantial percent of the metal flakes
      to be oriented parallel to the substrate even when the powder coating
      material is applied to the substrate by conventional electrostatic spray
      painting.
PAR  The term "substantially transparent" is used herein to means materials
      which are either transparent or translucent or partially transparent and
      partially translucent.
PAR  In accordance with this invention, the coated metal particles are admixed,
      i.e., cold blended, with the balance of the coating material after the
      principal film-former is in particulate form. The non-metal color
      producing component may be admixed with the film-forming powder before,
      after or during the addition of the coated metal particles but such
      component is preferably added before the coated metal particles. This
      order of mixing avoids degradation of the metal particles in any of the
      steps of preparing the film-forming powder.
PAR  The metal particles most often used as a metallic color producing component
      are aluminum flakes. To avoid unnecessary complication of the description
      of this invention, aluminum flakes will be used to illustrate the
      invention. If should be understood, however, that this method is
      applicable to any particulate metal used as a color producing component in
      a powder coating material. This includes particles which are solely metal,
      metal coated organic particles and polymer-sandwiched metal particles
      having exposed metal edges.
PAR  The film-former used to coat the metal particles in accordance with this
      invention may be the same as or different than the principal film-former
      of the powder coating material. The film-former used to coat the metal
      particles in an organic, thermosetting, film-former which may take the
      form of a self-crosslinkable polymer or a chemically-functional polymer
      and a crosslinking agent reactable therewith. In the preferred embodiment,
      it is also crosslinkable with the principal film-former of the powder
      coating composition.
PAR  The preferred method for coating the aluminum flakes is to disperse the
      flakes, preferably in the form of aluminum paste, in a small amount of
      thermosetting organic film-former and a solvent for the film-former that
      is suitable for spray drying. The dispersion is then spray dried by
      conventional spray drying techniques. Since there is a small amount of
      film-former relative to the amount of metal flakes, the net result is a
      metal flake coated with a relatively thin, continuous, coating of the
      film-former as opposed to a metal flake imbedded in a relatively large
      particle of the film-former.
PAR  More specifically, one first disperses the aluminum flakes in about 2 to
      about 200 weight percent of thermosettable film-former, based on the
      actual weight of aluminum flakes, i.e., about 2 to about 200 parts by
      weight of thermosettable film-former per 100 parts by weight aluminum
      flakes. In one embodiment wherein the coating of such flakes is relatively
      light, the aluminum flakes are dispersed in about 2 to about 30 weight
      percent of thermosettable film-former based on the actual weight of the
      aluminum flakes, i.e., about 2 to about 30 parts by weight of
      thermosettable film-former per 100 parts by weight aluminum flakes. In
      most applications, it will be found advantageous to use between 10 and
      200, preferably between about 30 and about 70, parts by weight of
      thermosettable film-former per 100 parts by weight aluminum flakes. When
      metal particles of different density are used, the weight of aluminum
      flakes of the same surface area can be used to determine the amount of
      film-former to use in coating the metal particles. When less that about 2
      weight percent of the film-former is used, complete encapsulation of the
      metal flakes may not result. When more than about 30 weight percent of the
      film-former is used, care must be taken in controlling the spray drying
      operation to minimize the formation of an excessive amount of spherical
      particles containing more than one metal flake. The incidence of full
      coverage is high in the 30 to 70 range above described. Such spherical
      particles can be removed from the other coated aluminum flakes by
      screening. The inclusion of large, multileafed particles in a cured
      coating provides an irregular appearance. A similar result may be obtained
      if one mixes the uncoated metal flakes with the principal film-former of a
      powder paint while the latter is in liquid state and then removes the
      solvent.
PAR  Aluminum paste is aluminum flakes, usually about 60 to about 70 weight
      percent, in a smaller amount, usually about 30 to about 40 weight percent,
      of a liquid hydrocarbon solvent which serves as a lubricant, e.g., mineral
      spirits. A small amount of an additional lubricant, e.g., stearic acid,
      may be added during the milling operation which produces the aluminum
      flakes. Everett J. Hall is credited with originating the method of beating
      aluminum into fine flakes with polished steel balls in a rotating mill
      while the flakes are wet with a liquid hydrocarbon. See U.S. Pat. No.
      1,569,484 (1926). A detailed description of aluminum paste, its
      manufacture, flake size, testing, uses in paint, etc. is found in Aluminum
      Paint and Powder, J. D. Edwards and Robert I. Wray, 3rd Ed. (1955),
      Library of Congress Catalog Card Number: 55-6623, Reinhold Publishing
      Corporation, 430 Park Avenue, New York, New York, U.S.A. and the same is
      incorporated herein by reference.
PAR  The film-former used to coat the aluminum flakes may be a self-crosslinking
      polymer or copolymer or a chemically functional polymer or copolymer and a
      monomeric crosslinking agent. The preferred film-formers for this purpose
      include thermosettable copolymer systems comprising: (a) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      therefor a C.sub.4 - C.sub.20, saturated, straight chain, aliphatic,
      dicarboxylic acid crosslinking agent-exemplified by U.S. Pat. application
      Ser. No. 172,236 filed Aug. 16, 1971, now U.S. Pat. No. 3,752,870: (b) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      therefor a mixture of about 90 to 98 percent by equivalent weight of a
      C.sub.4 - C.sub.20, saturated, straight chain, aliphatic dicarboxylic acid
      and about 10 to about 2 percent by equivalent weight of a C.sub.10 -
      C.sub.22, saturated straight chain, aliphatic, monocarboxylic
      acid-exemplified by U.S. Pat. No. 3,730,930; (c) an epoxy-functional
      copolymer of monovinyl monomers and as crosslinking agent therefor a
      diphenol having a molecular weight in the range of about 110 to about 550
      - exemplified by U.S. Pat. application Ser. No. 172,228 filed Aug. 16,
      1971, now U.S. Pat. No. 3,758,634; (d) an epoxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefor a carboxy terminated
      polymer-exemplified by U.S. Pat. application Ser. No. 172,229 filed Aug.
      16, 1971, now U.S. Pat. No. 3,781,380; (e) an epoxy-functional copolymer
      of monovinyl monomers and as crosslinking agent a phenolic hydroxy
      terminated polymer - exemplified by U.S. Pat. application Ser. No. 172,225
      filed Aug. 16, 1971, now U.S. Pat. No. 3,787,520; (f) an epoxy-functional,
      carboxy-functional, self-crosslinkable copolymer of ethylenically
      unsaturated monomers - exemplified by U.S. Pat. application Ser. No.
      172,238 filed Aug. 16, 1971, now U.S. Pat. No. 3,770,848; (g) a
      hydroxy-functional, carboxy-functional copolymer of monoethylenically
      unsaturated monomers - exemplified by U.S. Pat. application Ser. No.
      172,237 filed Aug.  16, 1971, now U.S. Pat. No. 3,787,340; (h) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      therefor an anhydride of a dicarboxylic acid - exemplified by U.S. Pat.
      application Ser. No. 172,224 filed Aug. 16, 1971, now U.S. Pat. No.
      3,781,379; (i) a hydroxy-functional copolymer of monoethylenically
      unsaturated monomers and as crosslinking agent therefor a compound
      selected from dicarboxylic acids, melamines, and anhydrides - exemplified
      by U.S. Pat. application Ser. No. 172,223 filed Aug. 16, 1971 and
      abandoned in favor or continuation application Ser. No. 407,128 filed Oct.
      17, 1973 in turn abandoned in favor of continuation-in-part application
      Ser. No. 526,547 filed Nov. 25, 1974; (j) an epoxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefor a compound
      containing tertiary nitrogen atoms - exemplified by U.S. Pat. application
      Ser. No. 172,222 filed Aug. 16, 1971, now U.S. Pat. No. 3,758,635; (k) a
      copolymer of an alpha-beta unsaturated carboxylic acid and an
      ethylenically unsaturated compound and as crosslinking agent therefor an
      epoxy resin having two or more epoxy groups per molecule - as exemplified
      by U.S. Pat. application Ser. No. 172,226 filed Aug. 16, 1971, now U.S.
      Pat. No. 3,758,633; (l) a self-crosslinkable, epoxy-functional,
      anhydride-functional copolymer of olefinically unsaturated monomers -
      exemplified by U.S. Pat. application Ser. No. 172,235 filed Aug. 16, 1971,
      now U.S. Pat. No. 3,758,632; (m) an epoxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefor a carboxy terminated
      polymer, e.g., a carboxy terminated polymer, e.g., a carboxy terminated
      polyester, - exemplified by application Ser. No. 223,746 filed Feb. 4,
      1972 and abandoned in favor of continuation-in-part application Ser. No.
      489,271 filed Aug. 5, 1971; (n) an epoxy-functional copolymer of vinyl
      monomers and as crosslinking agent therefor a dicarboxylic acid -
      exemplified by U.S. Pat. application Ser. No. 228,262 filed Feb. 22, 1972,
      now U.S. Pat. No. 3,787,521; (o) an epoxy-functional and
      hydroxy-functional copolymer of monovinyl monomers and as crosslinking
      agent therefor a C.sub.4 - C.sub. 20, saturated, straight chain, aliphatic
      dicarboxylic acid - exemplified by U.S. Pat. application Ser. No. 394,874
      filed Sept. 6, 1973 and abandoned in favor of continuation-in-part
      application Ser. No. 552,676 filed Feb. 24, 1975; (p) an epoxy-functional
      copolymer of monovinyl monomers with optional hydroxy and/or amide
      functionality and as crosslinking agent therefore (1) a C.sub.4 -
      C.sub.20, saturated, straight chain, aliphatic dicarboxylic acid and (2) a
      polyanhydride - exemplified by U.S. Pat. application Ser. No. 344,881
      filed Sept. 6, 1973 and now abandoned in favor of continuation-in-part
      application Ser. No. 552,556 and continuation-in-part application Ser. No.
      552,557 both filed Feb. 24, 1975; (q) an epoxy-functional amide-functional
      copolymer of monovinyl monomers and as crosslinking agent therefor an
      anhydride of a dicarboxylic acid - exemplified by U.S. Pat. application
      Ser. No. 394,880 filed Sept. 6, 1973 and now abandoned in favor of
      continuation-in-part application Ser. No. 552,572 filed Feb. 24, 1975; (r)
      an epoxy-functional, hydroxy-functional copolymer of monovinyl monomers
      and as crosslinking agent therefore an anhydride of a dicarboxylic acid -
      exemplified by U.S. Pat. application Ser. No. 394,879 filed Sept. 6, 1973
      and now abandoned in favor of application Ser. No. 552,511 filed Feb. 24,
      1975; (s) an epoxy-functional, amide-functional copolymer of monovinyl
      monomers and as crosslinking agent therefore a carboxy-terminated polymer
      - exemplified by U.S. Pat. application Ser. No. 394,875 filed Sept. 6,
      1973 and now abandoned in favor of continuation-in-part application Ser.
      No. 552,518 filed Feb. 24, 1975; (t) an epoxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefore a monomeric or
      polymeric anhydride and a hydroxy carboxylic acid - exemplified by U.S.
      Pat. application Ser. No. 394,878 filed Sept. 6, 1973 and now abandoned in
      favor of continuation-in-part application Ser. No. 552,079 filed Feb. 24,
      1975; (u) an epoxy-functional, amide-functional copolymer of monovinyl
      monomers and as crosslinking agent therefore a monomeric or polymeric
      anhydride and a hydroxy carboxylic acid - exemplified by U.S. Pat.
      application Ser. No. 394,877 filed Sept. 6, 1973 and now abandoned in
      favor of continuation-in-part application Ser. No. 552,078 filed Feb. 24,
      1975; and (v) an epoxy-functional hydroxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefore a monomeric or
      polymeric anhydride and a hydroxy carboxylic acid - exemplified in U.S.
      Pat. application Ser. No. 394,876 filed Sept. 6, 1973 and now abandoned in
      favor of continuation-in-part application Ser. No. 552,077 filed Feb. 24,
      1975.
PAR  The disclosures of the aforementioned patents and patent applications are
      incorporated herein by reference.
PAR  The term "vinyl monomer" as used herein means a monomeric compound having
      in its molecular structure the functional group
      ##EQU1##
      wherein X is a hydrogen atom or a methyl group.
PAR  Other thermoset film-formers suitable for use in coating the metal
      particles include, but not by way of limitation thermosettable systems in
      which the polymeric component is a polyester, a polyepoxide and
      urethane-modified polyesters, polyepoxides and acrylics. As with the
      acrylics heretofore more specifically described, these may be
      self-crosslinking polymers or may be a combination of functional polymer
      and a coreactable monomeric compound which serves as crosslinking agent.
PAR  The preferred thermosettable powder paints known to applicants for
      automotive topcoats, the use wherein metallic pigments find their greatest
      use, consist essentially of an epoxy-functional copolymer of olefinically
      unsaturated monomers and a crosslinking agent therefor. Such paints,
      exclusive of pigments, may also contain flow control agents, catalysts,
      etc. in very small quantities.
PAR  The copolymer referred to in the preceding paragraph has average molecular
      weight (M.sub.n) in the range of about 1500 to about 15,000 and glass
      transition temperature in the range of about 40.degree.C. to about
      90.degree.C. The epoxy functionality is provided by employing a glycidyl
      ester of a monoethylenically unsaturated carboxylic acid, e.g., glycidyl
      acrylate or glycidyl methacrylate, as a constituent monomer of the
      copolymer. This monomer should comprise about 5 to about 20 weight percent
      of the total. Additional functionality, e.g, hydroxy functionality or
      amide functionality, may also be employed by inclusion of a C.sub.5 -
      C.sub.7 hydroxy acrylate or methacrylate, e.g., hydroxyethyl acrylate,
      hydroxyethyl methacrylate, hydroxypropyl acrylate, or hydroxy-propyl
      methacrylate, or in alpha-beta olefinically unsaturated amide, e.g.,
      acrylamide or methacrylamide, among the constitutent monomers. When such
      additional functionality is used, the monomers providing it comprise about
      2 to about 10 weight percent of the constituent monomers. The balance of
      the copolymer, i.e., about 70 to about 93 weight percent of the
      constituent monomers, are made up of a monofunctional, olefinically
      unsaturated monomers, i.e., the sole functionality being ethylenic
      unsaturation. These monofunctional, olefinically unsaturated monomers are,
      at least in major proportion, i.e., in excess of 50 weight percent of the
      constituent monomers, acrylic monomers. The preferred monofunctional
      acrylic monomers for this purpose are esters of C.sub.1 - C.sub.8
      monohydric alcohols and acrylic or methacrylic acid, e.g., methyl
      methacrylate, ethyl acrylate, propyl methacrylate, butyl acrylate, butyl
      methacrylate, hexyl acrylate and 2-ethylhexyl acrylate. In this preferred
      embodiment, the remainder, if any, aside from the aforementioned epoxy,
      hydroxy and amide functional monomers which also have olefinic
      unsaturation functionality used up in the polymerization formation of the
      copolymer, is preferably made up to C.sub.8 - C.sub.12 monovinyl
      hydrocarbons, e.g., styrene, vinyl toluene, alpha methyl styrene and
      tertiary butyl styrene. Other vinyl monomers which are suitable in minor
      amounts, i.e., between 0 and 30 weight percent of the constituent
      monomers, include vinyl chloride, acrylonitrile, methacrylonitrile, and
      vinyl acetate.
PAR  The crosslinking agents employed with the aforedescribed copolymer will
      have functionality that will react with the functionality of the
      copolymer. Thus, all of the crosslinking agents heretofore mentioned in
      the recital of powder paint patents and patent applications, e.g., C.sub.4
      - C.sub.20 saturated, aliphatic dicarboxylic acids, mixtures of C.sub.4 -
      C.sub.20 saturated aliphatic dicarboxylic acids and monocarboxylic acids
      of carbon number in the same range, carboxy terminated copolymers having
      molecular weight (M.sub.n) in the range of 650 to 3000, monomeric
      anhydrides preferably anhydrides having a melting point in the range of
      about 35.degree. to 140.degree.C., e.g., phthalic anhydride, maleic
      anhydride, cyclohexane-1,2-dicarboxylic anhydride, succinic anhydride,
      etc., homopolymers of monomeric anhydrides, and mixtures of such
      anhydrides and hydroxy acids having a melting point in the range of
      40.degree. to 150.degree.C., are suitable for use as crosslinking agents
      for these copolymers. The disclosures of all patents and patent
      applications recited herein are incorporated herein by reference. In
      general, these crosslinking agents are employed in amounts such as to
      provide between about 0.3  and about 1.5, preferably between about 0.8 and
      about 1.2, functional groups which are reactable with functional groups on
      the copolymer per functional group on the copolymer.
PAR  The best acrylic, thermoplastic, powder coatings known to applicants are
      copolymers of alpha-beta olefinically unsaturated monomers. These are made
      up either solely or predominantly of acrylic monomers, i.e., acrylates,
      methacrylates, mixtures of acrylates and methacrylates and a small
      fraction of acrylic or methacrylic acid. In the embodiment wherein the
      copolymer is made up predominantly of acrylic monomers, i.e., in excess of
      51 weight percent acrylic monomers, the acrylic monomers may include up to
      about 5 weight percent acrylic acid, methacrylic acid or a mixture of
      acrylic and methacrylic acids while the balance is made up of C.sub.8 -
      C.sub.12 monovinyl hydrocarbons, e.g., styrene, vinyl toluene, alpha
      methyl styrene, and tertiary butyl styrene. The acrylates and
      methacrylates used in either of these embodiments are preferably esters of
      a C.sub.1 - C.sub.8 monohydric alcohol and acrylic acid or methacrylic
      acid or a mixture of acrylic and methacrylic acids. Thus, such a copolymer
      would contain about 46 to about 100 weight percent of esters of a C.sub.1
      - C.sub.8 monohydric alcohol and acrylic or methacrylic acid, 0 to about
      49 weight percent of C.sub.8 - C.sub.12 monovinyl hydrocarbons and 0 to
      about 5 weight percent acrylic or methacrylic acid with the sum of the
      aforementioned esters and acrylic or methacrylic acid comprising in excess
      of 51 weight percent of the comonomers as stated earlier in this
      paragraph. One such copolymer contains about 76 to about 81 mole percent
      methyl methacrylate 1 to 3 mole percent acrylic acid or methacrylic acid
      or a mixture of acrylic and methacrylic acids, and 16 to 23 percent butyl
      methacrylate.
PAR  "Alpha-beta unsaturation" as used herein includes both the olefinic
      unsaturation that is between two carbon atoms which are in the alpha and
      beta positions relative to an activating group such as a carboxyl group,
      e.g., the olefinic unsaturation of maleic anhydride, and the olefinic
      unsaturation between the two carbon atoms which are in the alpha and beta
      positions with respect to the terminus of an aliphatic carbon-to-carbon
      chain, e.g., the olefinic unsaturation of acrylic acid, methyl
      methacrylate or styrene.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The preparation of the coated metal flakes is carried out in a solvent for
      the film-former that is sufficiently volatile for efficient spray drying
      and which will not chemically react with either the film-former of the
      metal flakes to a degree that will significantly modify their properties
      or appearance within the contact times employed to carry out the spray
      drying process. A preferred solvent for this purpose is methylene
      chloride. Other solvents which can be used include toluene, xylene, methyl
      ethyl ketone, acetone and low boiling petroleum naphthas.
PAR  A typical formulation for the feed stock for the spray drier in accordance
      with this invention would include the following:
TBL                   Parts by Weight                                          

     ______________________________________                                    

     aluminum paste     30.00                                                  

     film former        2.00                                                   

     MeCl.sub.2         200.00                                                 

     ______________________________________                                    

PAR  Typical operating parameters for a convention, 3 ft. diameter spray drier
      equipped with a conventional two-fluid nozzle atomizer, e.g., a glass and
      a liquid as in a convention air stomixing (liquid) paint spray gun are as
      follows:
TBL  air flow          197 cubic feet/minute                                   

     feed flow         380 ml/min.                                             

     inlet air temperature                                                     

                       180.degree.F.                                           

     outlet air tempera-                                                       

      ture              80.degree.F.                                           

     product rate       6 lbs./hr.                                             

PAR  The coated aluminum, as received from the spray drier, is then sieved
      through a screen of desired particulate size, e.g., a 44 micron screen, to
      remove excessively large particles. Approximately 20 percent of the
      product in the form of oversize particles is discarded.
PAR  The non-metal powder component, hereinafter called the "powder component"
      comprises the primary film-forming component and, where the finish is to
      be polychromatic, at least one metal color producing component. This
      non-metal color producing component may be a pigment, dye or tint. For
      purposes of this invention, white and black shall be considered colors
      inasmuch as a light reflecting or light absorbing material must be added
      to the organic film-former to provide the finish with a white or black
      appearance in the same manner that a material must be added to the organic
      film-former which reflects light rays that convey to the eye one color
      while absorbing others.
PAR  The film-forming component of the powder component is preferably a
      thermosetting film-forming material. Those thermosetting film-forming
      materials heretofore disclosed for use in coating the metal leaves are
      suitable for use as the principal film-former of the powder component. The
      thermosets preferred for the coating of the metal leaves are also the
      preferred thermosets for this purpose.
PAR  In addition, the principal film-former of the powder component of this
      invention may be a thermoplastic powder, e.g., a thermoplastic acrylic
      polymer having a molecular weight (M.sub.n) in the range of 30,000 to
      80,000 and a glass transition temperature in the range of 60.degree.C. to
      110.degree.C. - as exemplified by U.S. Pat. application Ser. No. 172,227
      filed Aug. 16, 1971. These coated flakes, of course, can be used with any
      thermoplastic powder suitable for use as the principal film-former of any
      thermoplastic powder paint.
PAR  The formulation of the non-metal powder component, which in the case of a
      polychromatic finish contains a non-metal color producing component, is
      prepared taking into consideration the particular color chosen for
      employment with the metallic color component and the amount of the
      metallic color component to be employed. The powder component is
      quantitatively formulated taking into account the amount of material to be
      brought in through the addition of the coated metal particles.
PAR  A typical composition for the powder component is as follows:
TBL                    Parts by Weight                                         

     ______________________________________                                    

     film-former         94.33                                                 

     flow control additive                                                     

                         0.67                                                  

     pigment             5.00                                                  

     ______________________________________                                    

PAR  The preparation and processing of the non-metal powder component into
      powder form is carried out by one of the conventional powder preparation
      techniques, e.g., extrusion, spray drying, or solvent extraction. Once in
      powdered form, this material is sieved through a suitable screen, e.g., a
      74 micron screen.
PAR  The final step in the preparation of the powder coating material of this
      invention is the blending of the two major components, i.e., the
      thermoset, organic coated particulate metal component and the non-metal
      powder component. The exact proportions of the two major components will,
      of course, depend on the specific formulation and the amount of metal
      needed. In the typical example aforedescribed, if one blends about 98.5
      parts by weight of the non-metal powder component with about 1.5 parts by
      weight of the coated aluminum, a "low metallic" automotive topcoat paint
      results.
PAR  Appearance of the finished coating will, of course, be a primary factor in
      selecting the total concentration of aluminum flakes in the total powder
      paint composition. This concentration will vary from a very low weight
      percent of the total powder paint composition in some polychromatic
      finishes, i.e., as low as about 0.005 weight percent, to a much higher
      weight percent of the total powder paint composition in the so-called
      "Argent" finishes, i.e., as high as about 25 weight percent. If for
      example, the spray dried coating on the flakes comprises about 2 to about
      30 weight percent by weight of the flakes, then the coated flakes will
      comprise between about 0.005 to about 32.5, advantageously between about
      0.25 to about 28.75, and preferably between about 0.54 to about 28.25,
      weight percent of the total powder paint composition. The principal
      film-forming powder and non-metal pigment, if any, will make up the
      balance of the powder paint composition. When metal flakes are used, the
      non-metal pigment will constitute between 0 and about 22 weight percent of
      the total composition.
PAR  This method provides the additional advantage that the thin layer or
      organic coating on the aluminum flakes substantially reduces the danger of
      explosions which exists with dry aluminum flakes and the usual handling of
      dry aluminum under inert gas atmosphere is not required.
PAR  This invention will be more fully understood from the following
      illustrative examples.
DETD
PAC  EXAMPLE 1
PAC  a. Preparation of the Coated Aluminum Flakes
PAR  A powder paint in accordance with this invention is prepared from the
      following material using the procedures hereinafter outlined:
PAR  1. Preparation of an epoxy-functional acrylic copolymer of vinyl monomers
      is prepared as follows:
     Ingredients         Parts By Weight                                       

     ______________________________________                                    

     glycidyl methacrylate                                                     

                         15                                                    

     methyl methacrylate 45                                                    

     butyl methacrylate  40                                                    

     ______________________________________                                    

PAR  The above named ingredients are mixed together. Three (3) parts by weight
      of 2,2' - axobis - (2-methyl-propionitrile), hereinafter called AIBN, is
      dissolved in the monomer mixture. The mixture is slowly added to refluxing
      toluene (100 parts) which is stirred vigorously under a nitrogen
      atmosphere. A condenser is provided at the top of the toluene container to
      condense the toluene vapors and return them to the container. The monomer
      mixture is added through a regulating valve and the rate of addition is
      controlled to maintain a reflux temperature (109.degree.C. -
      112.degree.C.) with only a small fraction of heat supplied from an
      external heater. After the addition of the monomer mixture is complete,
      the refluxing is maintained by external heat source for 3 additional
      hours.
PAR  The solution is poured into shallow stainless steel trays. These trays are
      placed in a vacuum oven and the solvent evaporated therefrom. As the
      solvent is removed, the copolymer solution becomes more concentrated. The
      temperature of the vacuum oven is raised to about 110.degree.C. Drying is
      continued until the solvent content of the copolymer is below 3 percent.
      The trays are cooled and the copolymer collected and ground to pass
      through 20 mesh screen. The copolymer has a glass transition temperature
      of 53.degree.C. and a molecular weight (M.sub.n) of 4000.
PAR  One hundred parts by weight of the ground copolymer are mixed with the
      following materials:
     azelaic acid             10.0 parts                                       

     poly (lauryl acrylate) (M.sub.n =10,000)                                  

                               0.7 parts                                       

PAR  The materials are mixed together in a ball mill for 2 hours. The mixture is
      mill rolled at 85.degree.C. to 90.degree.C. for 5 minutes. The solid
      obtained is ground in a ball mill and the powder is sieved with a 140 mesh
      screen.
PAR  Two (2) parts by weight of this thermosettable mixture are combined with 30
      parts by weight of aluminum paste (35 percent by weight mineral spirits
      and 65 percent by weight aluminum flakes that will pass through a 325 mesh
      screen and have typical surface area of 7.5 m.sup.2 /g, maximum particle
      diameter below 45 microns and most common particle size distribution in
      the range of about 7 to about 15 microns) and 200 parts by weight of
      methylene chloride under low shear agitation so as to disperse the
      aluminum in the thermosettable material without damage to the aluminum
      flakes.
PAR  Once the above dispersion has been prepared, it is spray dried in a manner
      which will produce individual aluminum flakes coated with a thin,
      continuous coating of dry copolymer. This is accomplished in a 3 foot
      diameter spray drier equipped with a two-fluid nozzle in counter-current
      position using the following conditions:
TBL  air flow in drying chamber                                                

                         200 cubic feet/minute                                 

     feed rate of mixture                                                      

                         380 ml/minute                                         

     inlet air temperature                                                     

                         180.degree.F.                                         

     two fluid atomization air pressure                                        

                          80 lbs.                                              

PAR  The product obtained from this process has an overall composition of 19.5
      parts by weight of aluminum and 2.0 parts by weight of the thermosettable
      mixture aforedescribed plus a small amount of residual solvent (i.e., 0.05
      to 0.2 parts) that has not completely volatilized during the spray dry
      process. This product is then screened through a 44 micron screen.
PAC  b. Preparation of the Non-Metal Powder Component
PAR  A thermosettable material is produced by mixing 166 parts by weight of the
      epoxy-functional copolymer employed in the thermosettable material used to
      coat the aluminum flakes in (a) above with the following materials:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     azelaic acid         22.65                                                

     poly (lauryl acrylate)                                                    

                          1.34                                                 

     phthalo green pigment                                                     

                          1.75                                                 

     yellow iron oxide pigment                                                 

                          8.26                                                 

     ______________________________________                                    

PAR  A homogeneous mixture of the above is obtained by ball milling for 2 hours.
      This mixture is then extruded at 100.degree.C. from a kneading extruder.
      The solid thus obtained is pulverized in an impact mill, i.e., an air
      classified impact mill, and sieved through a 200 mesh screen.
PAC  c. Preparation of the Powder Coating Material
PAR  A powder coating material in accordance with this invention is produced by
      mixing 1.65 parts by weight of the coated aluminum with 98.35 parts of the
      non-metal powder component. A homogeneous mixture of the two components is
      obtained by rapidly tumbling the material in a partially filled container
      for 20 minutes under ambient room conditions, i.e., 65.degree. -
      75.degree.F. In preparing the powder by this method, it will be obvious to
      those skilled in the art that actual mixing times will vary somewhat with
      the size of container and mechanical action.
PAR  It will be noted that in this example the thermosettable material used to
      coat the aluminum flakes and the thermosettable material used to form the
      non-metal powder component are crosslinkable with each other.
PAR  The powder thus obtained is then sprayed on an electrically grounded steel
      substrate with a conventional electrostatic powder spray gun operating at
      about 50 KV charging voltage. After spraying, the coated substrate is
      heated to about 350.degree.F. for about 25 minutes. The coating thus
      obtained has good gloss and metal particle orientation. It is resistant to
      weathering and suitable for automotive top coat application.
PAC  EXAMPLE 2
PAR  A powder coating material is prepared following the procedure of Example 1
      with the following differences: (1) The coated aluminum flakes are
      prepared from the following materials.
TBL  ______________________________________                                    

                         Parts By Weight                                       

     ______________________________________                                    

     aluminum paste        30.000                                              

      (65% aluminum flakes and                                                 

       35% mineral spirits)                                                    

     thermosettable mixture                                                    

                            0.218                                              

      (same epoxy-functional copolymer                                         

       used in example 1 in amount as                                          

       .195 parts by weight and poly                                           

      (azelaic anhydride) .023 parts                                           

      by weight                                                                

     poly (lauryl acrylate)                                                    

                            0.001                                              

      (M.sub.n =10,000                                                         

     methylene chloride    197.000                                             

     ______________________________________                                    

PAR  The product obtained after spray drying has a composition of 19.50 parts by
      weight aluminum, 0.218 parts by weight thermosettable material and 0.001
      parts by weight poly (lauryl acrylate).
PAR  The coated aluminum thus produced in the amount of 1.52 parts by weight is
      combined with 98.48 parts by weight of the  non-metal powder component of
      Example 1 to yield a powder of the following composition:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     aluminum (dry)       1.50                                                 

     thermosettable film-former                                                

                          92.91                                                

      (a)epoxy-functional co-                                                  

       polymer 81.74                                                           

      (b) azelaic acid 11.15                                                   

      (c)Poly(azelaic                                                          

       anhydride) 0.02                                                         

     poly (lauryl acrylate)                                                    

                          0.66                                                 

     phthalo green        0.99                                                 

     yellow iron oxide    3.93                                                 

     ______________________________________                                    

PAR  This powder coating material is electrodeposited upon a metal substrate and
      heat cured as in Example 1. The resulting coating demonstrates good gloss,
      metallic orientation, and weathering resistance.
PAC  EXAMPLE 3
PAR  A powder coating material is prepared following the procedure of Example 1
      with the following differences:
PAR  1. The starting mixture for preparation of the coated aluminum flakes is of
      the following composition:
TBL                       Parts By Weight                                      

     ______________________________________                                    

     aluminum paste         30.00                                              

      (65% by weight aluminum and                                              

       35% by weight mineral spirits)                                          

     thermosettable mixture 5.46                                               

      (a) epoxy-functional copolymer                                           

        of Example 1 - 4.88                                                    

      (b) poly (azelaic                                                        

        anhydride) - 0.58                                                      

     poly (lauryl acrylate) 0.03                                               

     methylene chloride     250.00                                             

     ______________________________________                                    

PAR  This material is mixed and spray dried as in Example 1 and in the resultant
      material flakes have coating about 2.5 times thicker than that of the
      coated flakes of Example 1. The empirical composition of the spray dried
      product by weight is as follows:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     aluminum (dry)       19.5                                                 

     thermosettable material                                                   

                          5.46                                                 

      (a) epoxy copolymer of                                                   

        Example 1 -- 4.88                                                      

      (b) poly (azelaic                                                        

        anhydride) 0.58                                                        

     poly (lauryl acrylate)                                                    

                          0.03                                                 

     ______________________________________                                    

      (2). Since the amount of coating on the aluminum flakes is here large
      enough to be a significant factor, it is taken into consideration when
      formulating the non-metal powder component. Here, the non-metal powder
      component is prepared by combining 166 parts by weight of the ground
      epoxy-functional copolymer of Example 1 with the following:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     azelaic acid         22.64                                                

     poly (lauryl acrylate)                                                    

                          1.33                                                 

     phthalo green pigment                                                     

                          1.80                                                 

     yellow iron oxide    8.23                                                 

     ______________________________________                                    

PAR  Subsequent processing of the non-metal powder component is the same as in
      Example 1. 3. In the blending of the coated metal component and the
      non-metal powder component, the ratio of coated aluminum to non-metal
      powder component is altered because of the thickness of coating on the
      aluminum flakes. The ratio here is 1.93 parts by weight of coated aluminum
      with 98.08 parts by weight of the non-metal powder component. The
      resultant powder coating maintains the pigment level and has the following
      composition:
TBL                       Parts By Weight                                      

     ______________________________________                                    

     aluminum               1.50                                               

     thermosettable material                                                   

                            92.93                                              

      (a) epoxy-functional                                                     

       copolymer of Example 1 - 81.79                                          

      (b) azelaic acid - 11.10                                                 

      (c) poly (azeliac anhy-                                                  

        dride) -  0.04                                                         

     poly (lauryl acrylate) 0.65                                               

     phthalo green pigment  1.50                                               

     yellow iron oxide      3.42                                               

     ______________________________________                                    

PAR  This material is mixed, screened, electrostatically sprayed on a sheet
      substrate, and heat cured as in Example 1. The finish obtained has
      excellent properties and its appearance is similar to the coatings
      prepared in Example 1.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 is repeated except for the differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of the same aluminum paste used in Example 1 (19.5 parts by weight
      aluminum), and 4.7 parts by weight of the thermosettable material, i.e.,
      epoxy-functional copolymer of Example 1 and azelaic acid in the
      proportions used in Example 1, 0.4 parts by weight tetrabutyl ammonium
      bromide, and .03 parts by weight poly (lauryl acrylate).
PAR  2. Following the procedure of Example 3, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAR  Resultant powder coating material is electrostatically sprayed upon a steel
      substrate and heat cured thereon as in Example 1 and the resultant finish
      has similar appearance to that obtained in Example 1.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 is repeated except for the differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      aluminum paste used in Example 1 (19.5 parts by weight aluminum) and 0.98
      parts by weight of the thermosettable material, i.e., epoxy-functional
      copolymer of Example 1 and azelaic acid in the proportions used in Example
      1, 0.1 parts by weight tetrabutyl ammonium bromide, and 0.005 parts by
      weight poly (lauryl acrylate).
PAR  2. Following the procedure of Example 3, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAR  The resultant powder coating material is electrostatically sprayed upon a
      steel substrate and heat cured thereon as in Example 1 and the resultant
      finish has similar appearance to that obtained in Example 1.
PAC  EXAMPLE 6
PAR  The procedure of Example 1 is repeated except for the differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of aluminum paste used in Example 1 (19.5 parts by weight aluminum) and
      from 2.93 parts by weight of the thermosettable material, i.e.,
      epoxy-functional copolymer of Example 1 and azelaic acid in the
      proportions used in Example 1 and azelaic acid in the proportions used in
      Example 1, 0.29 parts by weight tetrabutyl ammonium bromide, and 0.02
      parts by weight poly (lauryl acrylate).
PAR  2. Following the procedure of Example 3, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAR  The resultant powder coating material is electrostatically sprayed upon a
      steel substrate and heat cured thereon as in Example 1 and the resultant
      finish has similar appearances to that obtained in Example 1.
PAC  EXAMPLE 7
PAR  The procedure of Example 1 is repeated except for the differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of aluminum paste used in Example 1 (19.5 parts by weight aluminum) and
      1.76 parts by weight of the thermosettable material, i.e.,
      epoxy-functional copolymer of Example 1 and azelaic acid in the
      proportions used in Example 1, 0.18 parts by weight tetrabutyl ammonium
      bromide, and 0.01 parts by weight poly (lauryl acrylate).
PAR  2. Following the procedure of Example 3, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAR  The resultant powder coating material is electrostatically sprayed upon a
      metal substrate and heat cured thereon as in Example 1 and the resultant
      finish has similar appearance to that obtained in Example 1.
PAC  EXAMPLE 8
PAR  The procedure of Example 1 is repeated except for the differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of the aluminum paste used in Example 1 (19.5 parts by weight aluminum)
      and 2.54 parts by weight of the thermosettable material, i.e.,
      epoxy-functional copolymer of Example 1 and azelaic acid in the
      proportions used in Example 1, 0.25 parts by weight tetrabutyl ammonium
      bromide, and 0.01 parts by weight poly (lauryl acrylate).
PAR  2. Following the procedure of Example 3, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAR  The resultant powder coating material is electrostatically sprayed upon a
      metal substrate and heat cured thereon as in Example 1 and the resultant
      finish has similar appearance to that obtained in Example 1.
PAC  EXAMPLE 9
PAR  The procedure of Example 1 is repeated except for the differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of the aluminum paste used in Example 1 (19.5 parts by weight aluminum)
      and 0.39 parts by weight of the thermosettable material, i.e.,
      epoxy-functional copolymer of Example 1 and azelaic acid in the
      proportions used in Example 1, 0.04 parts by weight tetrabutyl ammonium
      bromide, and 0.002 parts by weight poly (lauryl acrylate).
PAR  2. Following the procedure of Example 3, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAR  The resultant coating material is electrostatically sprayed upon a metal
      substance and heat cured thereon as in Example 1 and the resultant finish
      has similar appearance to that obtained in Example 1.
PAC  EXAMPLE 10
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of an epoxyfunctional and
      hydroxy-functional copolymer of vinyl monomers is substituted for the
      epoxy-functional copolymer of Example 1 and a functionally equivalent
      amount of poly (azelaic anhydride) is substituted for the azelaic acid.
      The epoxy-functional and hydroxy-functional copolymer used in this example
      is prepared from the below listed components in the manner hereinafter
      described.
TBL  ______________________________________                                    

                               Percent by Weight                               

     Reactants       Grams     Of Total Reactants                              

     ______________________________________                                    

     glycidyl methacrylate                                                     

                     225.0     15                                              

     hydroxyethyl methacrylate                                                 

                     75.0       5                                              

     butyl methacrylate                                                        

                     600.0     40                                              

     styrene         75.0       5                                              

     methyl methacrylate                                                       

                     525.0     35                                              

     ______________________________________                                    

PAR  The above mentioned monomers are admixed in the proportions above set forth
      and 70.0 grams (4.5 percent based on combined weights of reactants) of
      2,2' - azobis - (2 - methyl propionitrile), hereinafter called AIBN, are
      added to the monomer mixture. The solution is added dropwise over a 3 hour
      period into 1500 ml. toluene at 100.degree. - 108.degree.C. under nitrogen
      atmosphere. Then 0.4 grams of AIBN dissolved in 10 ml. of acetone are
      added over a 1/2 period and refluxing is continued for 2 additional hours.
PAR  The toluene-polymer solution is diluted in 1500 ml. acetone and coagulated
      in 16 liters of hexane. The white powder is dried in a vacuum oven at
      55.degree.C. for 24 hours. This copolymer has molecular weight - M.sub.w -
      M.sub.n = 6750/3400 and the molecular weight per epoxy group is about
      1068.
PAC  EXAMPLE 11
PAR  The procedure of Example 10 is repeated with the single difference that
      about 35 percent of the poly (azelaic anhydride) is replaced with a
      functionally equivalent amount of 12 - hydroxy stearic acid.
PAC  EXAMPLE 12
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of an epoxyfunctional, amide-functional
      copolymer of vinyl monomers is substituted for the epoxy-functional
      copolymer of Example 1 and a functionally equivalent amount of a
      carboxy-terminated polymer is substituted for the azelaic acid. The
      epoxyfunctional, amide-functional copolymer used in this example is
      prepared from the below listed components in the manner hereinafter
      described:
TBL                           Percent By Weight                                

     Reactants       Grams    Of Total Reactants                               

     ______________________________________                                    

     glycidyl methacrylate                                                     

                      45      15                                               

     acrylamide       15       5                                               

     butyl methacrylate                                                        

                     111      37                                               

     methyl methacrylate                                                       

                     129      43                                               

     ______________________________________                                    

PAR  The above mentioned monomers are admixed in the proportions above set forth
      and 11.0 grams of 2,2' - azobis - (2-methylpropionitrile), hereinafter
      called AIBN, are added to the mixture. The mixture is slowly added to 200
      ml. of toluene heated to 80.degree. - 90.degree. C. which is being stirred
      vigorously under a nitrogen atmosphere. A condenser is provided at the top
      of the toluene container to condense the toluene vapors and return the
      condensed toluene to the container. The monomer mixture is added through a
      regulating valve and the rate of addition is controlled to maintain a
      reaction temperature of 90.degree. - 110.degree.C. with the rest of the
      heat supplied from an external heater. After the addition of the monomer
      mixture is completed (3 hours), 0.8 grams of AIBN dissolved in 10 ml.
      acetone is added over a 1/2 hour period and refluxing is continued for 2
      additional hours.
PAR  The resultant toluene-polymer solution is diluted with 200 mls. acetone and
      coagulated in 2 liters of hexane. The white powder is dried in the vacuum
      over at 55.degree.C. for 24 hours. Its molecular weight is determined to
      be M.sub.w /M.sub.n =6700/3200 and WPE (molecular weight per epoxide
      group) is about 1000.
PAR  The carboxy terminated polymer to be used as crosslinking agent is prepared
      from the following materials in the following manner: Five hundred grams
      of a commercially available epoxy resin, Epon 1001, (epoxide equivalent
      450 - 525, melting range 64.degree. - 76.degree.C. molecular weight
      average 900.degree.C.), is charged into a 500 ml. stainless steel beaker
      having a heating mantle. The epoxy resin is heated to 110.degree.C. As the
      epoxy resin is stirred, 194 grams of azelaic acid are added. After a
      reaction time of 30 minutes, a homogeneous mixture is obtained. The
      mixture resin, only semi-reacted, is poured out into an aluminum pan and
      cooled. The solid mixture is pulverized to pass through a 100 mesh screen
      by use of a blender. The mixture resin is only semi-reacted because if
      fully reacted it could not be powdered. A portion of the carboxy
      terminated polymer is weighed out for making a powder coating composition
      of this invention.
PAC  EXAMPLE 13
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of a hydroxy-functional copolymer is
      substituted for the epoxy-functional copolymer of Example 1 and a
      functionally equivalent amount of hexamethoxy melamine is substituted for
      the azelaic acid.
PAR  The hydroxy-functional copolymer used in this example is prepared from the
      below listed components in the manner hereinafter described:
TBL  Reactants            Parts By Weight                                      

     ______________________________________                                    

     2-hydroxyethyl methacrylate                                               

                          15                                                   

     ethyl acrylate       25                                                   

     methyl methacrylate  60                                                   

     ______________________________________                                    

PAR  A one liter, four-necked flask which contains 150 ml. of toluene and 150
      ml. of methyl ethyl ketone is heated until the contents of the flask are
      at a refluxing temperature of 85.degree.C. A mixture of the above listed
      monomers and 4 parts by weight of 2,2' - azobis - (2 - methyl
      propionitrile), hereinafter called AIBN, in the total amount of 208 grams
      is added in a dropwise fashion over a period of one and a half hours to
      the reaction mixture which is maintained at 85.degree.C. After the monomer
      addition is complete, 0.5 grams of AIBN (dissolved in 20 grams of toluene)
      is added dropwise. The refluxing is continued for an additional one-half
      hour to complete the polymerization.
PAR  The solution is poured into shallow stainless steel trays. These trays are
      placed in a vacuum oven and the solvent evaporated therefrom. As the
      solvent is removed the copolymer becomes more concentrated. The
      temperature of the vacuum oven is raised to 110.degree.C. Drying is
      continued until the solvent content of the copolymer is below 3 percent.
      The trays are cooled and the copolymer collected and ground to pass
      through a 20 mesh screen.
PAC  EXAMPLE 14
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of a selfcrosslinking copolymer is
      substituted for the epoxy-functional copolymer and the azelaic acid.
PAR  The self-crosslinking copolymer used in this example is prepared from the
      following listed components in the manner hereinafter described:
     Reactants               Grams                                             

     ______________________________________                                    

     glycidyl methacrylate    30                                               

     methacrylic acid         21                                               

     methyl methacrylate     129                                               

     butyl methacrylate      120                                               

     ______________________________________                                    

PAR  The monomers above listed are mixed with 12 grams of an initiator, i.e.,
      t-butylperoxypivate. Three hundred grams of benzene is charged into a one
      liter flask which is equipped with a dropping funnel, condenser, stirrer,
      thermometer and nitrogen inlet. The monomer mixture is placed in the
      dropping funnel. The flask is heated to 80.degree.C. and a refluxing of
      the solvent is achieved. While maintaining the reaction temperature at
      80.degree.C., the monomer mixture is added in a dropwise fashion over a 2
      hour period. After the addition is complete, the reaction is continued for
      another 2 hours. The contents of the flask are then cooled to room
      temperature.
PAR  One hundred ml of the resultant solution are mixed with 0.3 grams of poly
      (2-ethylhexyl acrylate). The mixture is dispersed and then is dried in a
      vacuum oven at 70.degree.C. The powder coating obtained is ground to pass
      through a 200 mesh sieve.
PAC  EXAMPLE 15
PAR  The procedure of Example 1 is repeated except for the difference that the
      poly (lauryl acrylate) is replaced with an equivalent amount of poly
      (butyl acrylate) having (M.sub.n =9000).
PAC  EXAMPLE 16
PAR  The procedure of Example 1 is repeated except for the difference that the
      poly (lauryl acrylate) is replaced with an equivalent amount of poly
      (isodedecyl methacrylate).
PAC  EXAMPLE 17
PAR  The procedure of Example 1 is repeated except for the difference that the
      poly (lauryl acrylate) is replaced with an equivalent amount of
      polyethylene glycol perfluoro octonoate (M.sub.n =3400).
PAC  EXAMPLE 18
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flasks are mixed with the principal film-forming powder in
      an amount such that they comprise 0.005 weight % of the total powder paint
      composition.
PAC  EXAMPLE 19
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 32.50 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 20
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 0.25 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 21
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 28.75 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 22
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 0.54 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 23
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 28.25 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 24
PAR  The procedure of Example 1 is repeated with the difference that the coated
      aluminum flakes are the sole metal-pigment used and they constitute 10
      weight percent of the total powder paint composition. In this example,
      non-metal pigments are not used.
PAC  EXAMPLE 25
PAR  The procedure of Example 1 is repeated with the differences that the coated
      aluminum flakes are the sole metal-pigment used and they constitute 1
      weight percent of the total powder paint composition. In this example, the
      non-metal pigments constitute 21.9 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 26
PAR  The procedure of Example 1 is repeated with the following compositional
      differences. The coated aluminum flakes are mixed with the principal
      film-forming powder in an amount such that they comprise 32.5 weight
      percent of the total powder paint composition and the principal
      film-forming powder contains, as the sole non-metal pigment, phthalo green
      pigment in an amount such that it comprises 0.25 weight percent of the
      total powder paint composition.
PAC  EXAMPLE 27
PAR  The procedure of Example 1 is repeated with the following compositional
      differences. The coated aluminum flakes are mixed with the principal
      film-forming powder in an amount such that they comprise 4.0 weight
      percent of the total powder paint composition and the principal
      film-forming powder contains a mixture of metal-free pigments in an amount
      such that it comprises 22 weight percent of the total powder paint
      composition. The mixture of metal-free pigments consists predominantly of
      chrome yellow with flaventhron (yellow organic), red iron oxide and carbon
      black present from trace amounts to above one weight percent.
PAC  EXAMPLE 28
PAR  The procedure of Example 1 is repeated with the following compositional
      difference: The coated aluminum flakes are mixed with the principal
      film-forming powder in an amount such that they comprise 0.5 weight
      percent of the total powder paint composition.
PAC  EXAMPLE 29
PAR  The procedure of Example 1 is repeated except for the difference that the
      non-metal powder component with which the coated aluminum flakes is mixed
      in a thermoplastic powder prepared from the following materials using the
      procedure hereinafter described:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     poly (methyl methacrylate)                                                

                          100                                                  

       M.sub.n = 40,000                                                        

     poly (lauryl methacrylate)                                                

                           2                                                   

       M.sub.n = 120,000                                                       

     tetrabutylammonium bromide                                                

                          0.5                                                  

     ______________________________________                                    

PAR  The above ingredients are mixed in a twin shell tumbling mixer for 10
      minutes and then mill rolled at 190.degree.C. for 15 minutes. The blend is
      cooled and pulverized to pass through a 200 mesh screen.
PAR  The above materials in the amount of 188 parts by weight are mixed with the
      yellow iron oxide pigment (8.26 parts by weight), the phthalo green
      pigment (1.75 parts by weight) and the poly (lauryl acrylate) (1.34 parts
      by weight).
PAR  A homogeneous mixture of the above is obtained by ball milling for 2 hours.
      This mixture is extended at 100.degree.C. from a kneading extruder. The
      solid thus obtained is pulverized in an impact mill, i.e., an air
      classified impact mill, and sieved through a 200 mesh screen.
PAR  A variety of other thermoplastic powders which can be used with the
      encapsulated aluminum flakes are disclosed in U.S. Pat. No. 3,532,530
      which is incorporated herein by reference.
PAC  EXAMPLE 30
PAR  A series of powder paints, A-E are prepared from the following materials in
      the manner hereinafter set forth and later electrostatically sprayed as in
      Example 1 for test purposes.
PAC  STEP I
PAR  The materials listed below are thoroughly mixed.
TBL  __________________________________________________________________________

                   A    B    C    D    E                                       

     __________________________________________________________________________

                   PARTS BY WEIGHT                                             

     __________________________________________________________________________

     1.                                                                        

       aluminum paste                                                          

       (65% metal) 30.00                                                       

                        30.00                                                  

                             30.00                                             

                                  30.00                                        

                                       30.00                                   

     2.                                                                        

       thermosettable                                                          

       mixture     9.75 13.65                                                  

                             19.5 29.25                                        

                                       39.00                                   

       (a) resin*  8.58 12.01                                                  

                             17.16                                             

                                  25.74                                        

                                       34.32                                   

       (b) polyazelaic                                                         

         anhydride 1.17 1.64 2.34 3.51 4.68                                    

         % based on                                                            

         weight of alumi-                                                      

         num       50.00                                                       

                        70.00                                                  

                             100.00                                            

                                  150.00                                       

                                       200.00                                  

     3.                                                                        

       poly(lauryl acrylate)                                                   

                   0.06 0.08 0.12 0.18 0.23                                    

     4.                                                                        

       methylene chloride                                                      

                   250.00                                                      

                        250.00                                                 

                             250.00                                            

                                  250.00                                       

                                       250.00                                  

     __________________________________________________________________________

      *epoxy-functional copolymer of Example 1.                                

PAC  STEP II
PAR  This mixture is then spray dried as in the preceding examples and a product
      comprising aluminum flakes encapsulated in a thermosettable mixture of
      resin and crosslinking agent is obtained wherein the relative weights of
      the components are as follows:
TBL  __________________________________________________________________________

                   A    B    C    D    E                                       

     __________________________________________________________________________

                   PARTS BY WEIGHT                                             

     __________________________________________________________________________

     1.                                                                        

       aluminum flakes                                                         

                   19.5 19.5 19.5 19.5 19.5                                    

     2.                                                                        

       thermosettable mixture                                                  

                   9.75 13.65                                                  

                             19.50                                             

                                  29.25                                        

                                       39.00                                   

     3.                                                                        

       poly(laurylacrylate)                                                    

                   0.06 0.08 0.12 0.18 0.23                                    

     __________________________________________________________________________

PAC  STEP III
PAR  These encapsulated aluminum flakes are sieved through a 44 micron screen.
      All particles left on the screen are rejected.
PAC  STEP IV
PAR  A non-metallic powder mixture is made up by thoroughly mixing the below
      listed materials after which the mixture is pulverized and sieved through
      a 75 micron screen. All particles left on the screen are rejected.
TBL  __________________________________________________________________________

                   A     B     C     D     E                                   

     __________________________________________________________________________

                   PARTS BY WEIGHT                                             

     __________________________________________________________________________

     1.                                                                        

       Resin*      166   166   166   166   166                                 

     2.                                                                        

       Azelaic acid                                                            

                   22.64 22.64 22.64 22.64 22.64                               

     3.                                                                        

       Poly(lauryl                                                             

       acrylate)   1.34  1.34  1.34  1.34  1.34                                

     4.                                                                        

       Pigments                                                                

        (a) thalo green                                                        

                   2.03  2.03  2.04  2.06  2.08                                

        (b) yellow iron oxide                                                  

                   8.04  8.07  8.11  8.18  8.25                                

     __________________________________________________________________________

      *epoxy-functional copolymer of Example 1                                 

PAC  STEP V
PAR  An evenly mixed blend is formed from the encapsulated aluminum flakes of
      Step III and the nonmetallic powder mixture of Step IV in the following
      relative proportions:
TBL                A     B     C     D     E                                   

     __________________________________________________________________________

                   PARTS BY WEIGHT                                             

     __________________________________________________________________________

     1.                                                                        

       encapsulated aluminum                                                   

       flakes      2.255 2.256 3.009 3.764 4.518                               

     2.                                                                        

       nonmetallic powder                                                      

                   97.745                                                      

                         97.444                                                

                               96.991                                          

                                     96.236                                    

                                           95.482                              

     __________________________________________________________________________

PAR  The relative concentrations of ingredients in each of these blends is as
      follows:
TBL  Ingredient           Parts by Weight                                      

     ______________________________________                                    

     aluminum             1.50                                                 

     thermosettable material                                                   

      (resin and crosslinker)                                                  

                          92.91                                                

     poly(laurylacrylate) 0.66                                                 

     phthalo green        0.99                                                 

     yellow iron oxide    3.93                                                 

     ______________________________________                                    

PAR  The powders thus obtained are sprayed on electrically grounded substrates
      and baked as in Example 1. Aluminum pigment spacing and orientation is
      best when the resin encapsulation on the aluminum flakes is in the range
      of 50 to 70 weight percent of the aluminum with the very best achieved
      with paint A (50 weight percent encapsulation based on the weight of
      aluminum flakes).
PAC  EXAMPLE 31
PAR  Aluminum flakes are encapsulated as in Example 1 except for the differences
      that solvents other than methylene chloride, i.e., toluene, xylene,
      acetone, hexane and methyl ethyl ketone, are used to disperse the
      film-forming material and aluminum flakes prior to spray drying. The spray
      drying operation is adjusted in conformance with the relative volalities
      of the solvent used in each test. The encapsulated flakes thus prepared
      are incorporated into the powder paint of Example 1, electrostatically
      sprayed upon substrates and the substrates are baked as in Example 1.
PAR  Hydrocarbons alcohols, and ketones boiling in the range of 50.degree.C. to
      152.degree.C., preferably 50.degree.C. to 90.degree.C., can be used for
      this purpose. The amount of solvent used is in excess of the combined
      weights of the aluminum flakes and the film-former used for encapsulation.
      Advantageously, the amount of solvent used is in the range of about 3 to
      100 times the combined weights of film-former and aluminum flakes.
PAR   Apparatus and methods for electrostatically spraying powder coating
      materials are illustrated and described in U.S. Pat. Nos. 3,536,514;
      3,593,678; and 3,598,629.
PAR  The term "copolymer" is used herein to mean a polymer formed from two or
      more different monomers.
PAR  Many modifications of the foregoing examples will be apparent to those
      skilled in the art in view of this specification. It is intended that all
      such modifications which fall within the scope of this invention be
      included within the appended claims.
PAR  The disclosures of U.S. Pat. application Ser. No. 442,291 filed Feb. 12,
      1974 by Santokh S. Labana et al and entitled "Powder Coating Compositions
      Including Glycidyl Ester-Modified Copolymer" are incorporated herein by
      reference.
PAR  Any and all disclosures appearing in the claims and not specifically
      appearing in the body of this specification are herewith incorporated in
      the body of this specification.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a powder paint which exclusive of catalysts, antistatic agents,
      plasticizers, and flow control agents, the same being known and optional
      additive to powder paints, consists essentially of aluminum flakes,
      non-metal pigment, and a particulate, organic, film-former, the
      improvement wherein
PA1  A. non-metal pigment comprises 0 to about 22 weight percent of said powder
      paint,
PA1  B. said aluminum flakes comprise about 0.005 to about 24 weight percent of
      said powder paint and are encapsulated prior to admixture with said
      particulate, organic, film-former with about 2 to about 200 parts by
      weight of a continuous coating of a thermosettable, organic, film-former
      per 100 parts by weight of aluminum flakes, said thermosettable, organic,
      film-former consisting essentially of a copolymer having average molecular
      weight (M.sub.n) in the range of about 1500 to about 15,000 and glass
      transition temperature in the range of about 40.degree.C. to about
      90.degree.C., bearing functional groups provided by constituent monomers
      selected from the group consisting of glycidyl esters of a
      monoethylenically unsaturated carboxylic acid, C.sub.5 - C.sub.7
      monohydroxy acrylates, C.sub.5 - C.sub.7 monohydroxy methacrylates, and
      alpha-beta olefinically unsaturated amides and wherein at least above 50
      weight percent of the constituent monomers are acrylic monomers and the
      remainder weight percent, if any, consists essentially of C.sub.8
      -C.sub.12 monovinyl hydrocarbons, said copolymer being self-crosslinkable
      or employed in combination with a monomeric or polymeric crosslinking
      agent that is capable of reacting with functional groups on said
      copolymer, and
PA1  C. said particulate, organic, film-former is selected from the group
      consisting of
PA2  1. a thermoplastic, particulate, film-former having average molecular
      weight (M.sub.n) in the range of about 30,000 to about 80,000 and a glass
      transition temperature in the range of about 60.degree.C. to about
      110.degree.C., said thermoplastic, particulate, film-former being a
      polymer of alpha-beta olefinically unsaturated monomers of which about 51
      to about 100 weight percent are acrylic monomers and 0 to about 49 weight
      percent are C.sub.8 -C.sub.12 monovinyl hydrocarbons, and
PA2  2. thermosettable, particulate, film-formers consisting essentially of a
      copolymer having average molecular weight (M.sub.n) in the range of about
      1500 to about 15,000 and glass transition temperature in the range of
      about 40.degree.C. to about 90.degree.C., bearing functional groups
      provided by constituent monomers selected from the group consisting of
      glycidyl esters of a monoethylenically unsaturated carboxylic acid,
      C.sub.5 - C.sub.7 monohydroxy acrylates, C.sub.5 - C.sub.7 monohydroxy
      methacrylates, and alpha-beta olefinically unsaturated amides and wherein
      at least above 50 weight percent of the constituent monomers are acrylic
      monomers and the remainder weight percent, if any, consists essentially of
      C.sub.8 -C.sub.12 monovinyl hydrocarbons said copolymer being
      self-crosslinkable or employed with a monomeric or polymeric crosslinking
      agent that is capable of reacting with functional groups on said
      copolymer.
NUM  2.
PAR  2. A powder paint in accordance with claim 1 wherein said powder paint also
      contains a flow control agent which comprises between about 0.05 and about
      4.0 weight percent of said powder paint and is a polymer having a
      molecular weight (M.sub.n) of at least 1000, and having, at the baking
      temperature of the powder paint a lower surface tension than the surface
      tension of said particulate, organic, film-former, and being a polymer or
      copolymer selected from the group consisting of acrylate esters,
      methacrylate esters, and polyethylene or polypropylene glycol esters of
      fluorinated fatty acids, polymeric siloxanes, and polymeric halogenated
      siloxanes.
NUM  3.
PAR  3. A powder paint in accordance with claim 1 wherein said aluminum flakes
      are encapsulated by dispersing 100 parts by weight of said aluminum flakes
      and about 10 to about 200 parts by weight of said thermosettable, organic,
      film-former in a volatile solvent boiling in the range of about
      40.degree.C to about 152.degree.C that is fugitive from said
      thermosettable, organic, film-former and said aluminum flakes in spray
      drying and spray drying said dispersion, said solvent being present in
      said dispersion in an amount in excess of the total amount of said
      aluminum flakes and said film-former.
NUM  4.
PAR  4. A powder paint in accordance with claim 3 wherein said 100 parts by
      weight of said aluminum flakes is dispersed in said solvent with 30 to 70
      parts by weight of said thermosettable, organic, film-former, said solvent
      is selected from methylene chloride and alcohols, ketones and hydrocarbons
      boiling in the range of about 40.degree.C to about 90.degree.C, and said
      solvent is present in said dispersion in an amount at least 3 times the
      combined amounts of said aluminum flakes and said film-former.
NUM  5.
PAR  5. A powder paint in accordance with claim 1 wherein said encapsulation of
      said aluminum flakes is in the amount of about 30 to about 70 parts by
      weight of said thermosettable, organic film-former per 100 parts by weight
      of said aluminum flakes.
NUM  6.
PAR  6. A powder paint in accordance with claim 1 wherein said encapsulation of
      said aluminum flakes is in the amount of about 2 to about 30 parts by
      weight of said thermosettable, organic film-former per 100 parts by weight
      of said aluminum flakes.
NUM  7.
PAR  7. A powder paint in accordance with claim 1 wherein said aluminum flakes
      are encapsulated in a thermosettable, organic, film-former consisting
      essentially of a copolymer of about 5 to about 20 weight percent of a
      glycidyl ester of a monoethylenically unsaturated carboxylic acid, about 2
      to about 10 weight percent of a hydroxy acrylate or methacrylate, and 70
      to about 93 weight percent of esters of a C.sub.1 - C.sub.8 monohydric
      alcohol with acrylic or methacrylic acid and a crosslinking agent selected
      from the group consisting of dicarboxylic acids and anhydrides of
      dicarboxylic acids.
NUM  8.
PAR  8. A powder paint in accordance with claim 1 wherein said aluminum flakes
      are encapsulated in a thermosettable, organic, film-former consisting
      essentially of a copolymer of about 5 to about 20 weight percent of a
      glycidyl ester of a monoethylenically unsaturated carboxylic acid, about 2
      to about 10 weight percent of an alpha-beta olefinically unsaturated
      amide, and 70 to about 93 weight percent of esters of a C.sub.1 - C.sub.8
      monohydric alcohol and acrylic or methacrylic acid and a crosslinking
      agent selected from the group consisting of dicarboxylic acids and
      anhydrides of dicarboxylic acids.
NUM  9.
PAR  9. A powder paint in accordance with claim 1 wherein said copolymer of said
      particulate, organic, film-former is an epoxy-functional copolymer and is
      employed with a crosslinking agent selected from the group consisting of
      dicarboxylic acids and anhydrides of dicarboxylic acids.
NUM  10.
PAR  10. A powder paint in accordance with claim 1 wherein said aluminum flakes
      are encapsulated in a thermosettable, organic, film-former consisting
      essentially of a copolymer of about 5 to about 20 weight percent of a
      glycidyl ester of a monoethylenically unsaturated carboxylic acid and
      about 80 to about 95 weight percent of esters of a C.sub.1 - C.sub.8
      monohydric alcohol and acrylic or methacrylic acid and a crosslinking
      agent selected from the group consisting of dicarboxylic acids and
      anhydrides of dicarboxylic acids.
NUM  11.
PAR  11. A powder paint in accordance with claim 8 wherein said alpha-beta
      olefinically unsaturated amide is selected from the group consisting of
      acrylamide and methacrylamide.
NUM  12.
PAR  12. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of about 5 to
      about 20 weight percent of a glycidyl ester of a monoethylenically
      unsaturated carboxylic acid and about 80 to about 95 weight percent of
      esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid and a crosslinking agent selected from the group
      consisting of dicarboxylic acids and anhydrides of dicarboxylic acids.
NUM  13.
PAR  13. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of about 5 to
      about 20 weight percent of a glycidyl ester of a monoethylenically
      unsaturated carboxylic acid, about 2 to about 10 weight percent of an
      alpha-beta olefinically unsaturated amide, and about 70 to about 93 weight
      percent of esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid and a crosslinking agent selected from the group
      consisting of dicarboxylic acid and anhydrides of dicarboxylic acids.
NUM  14.
PAR  14. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of about 5 to
      about 20 weight percent of a glycidyl ester of a monoethylenically
      unsaturated carboxylic acid, about 2 to about 10 weight percent of a
      hydroxy acrylate or methacrylate, and about 70 to about 93 weight percent
      of esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid and a crosslinking agent selected from the group
      consisting of dicarboxylic acids and anhydrides.
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ABST
PAL  Improved powder paint compositions providing greater depth variation of
      metal pigment particles comprise (1) aluminum flakes individually
      encapsulated in a thin, continuous, thermosettable, organic film-former
      containing an ammonium salt selected from tetraalkyl ammonium halides and
      substituted tetraalkylammonium halides wherein at least one alkyl radical
      is replaced with an aryl, phenoxy or alkoxy radical and (2) a particulate,
      organic film-former. The encapsulated aluminum flakes are prepared by
      intimately dispersing the aluminum flakes in a solution of the
      thermosettable, organic film-former and the ammonium salt in a volatile
      solvent and spray drying the resultant dispersion. In the preferred
      embodiment, the particulate, organic film-former is also a thermosettable
      material and, in the most preferred embodiment, it is also crosslinkable
      with the thermosettable coating on the aluminum flakes.
PARN
PAC  RELATION TO PARENT APPLICATION
PAR  This application is a Continuation-In-Part of copending U.S. Pat.
      application Ser. No. 422,474 filed Dec. 6, 1973 under the same title and
      now abandoned. This application contains the illustrative examples of the
      parent application and additional illustrative examples wherein the
      amounts of thermosettable film-forming material deposited on the metal
      particles prior to their incorporating into a powder paint are above that
      illustrated in the parent. The recitational disclosures as to the same in
      the body of the specification are conformed to take into account the
      additional examples.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One basic technique for the manufacture of powder coating materials is the
      so-called fusion method. This involves the mixing of solvent-free raw
      materials in their molten state, usually via some form of extruder,
      cooling, pulverization and size separation-classification. This method has
      a number of disadvantages unrelated to pigmentation and an additional
      short-coming when metal flakes are employed as pigments. The high shear
      employed in the mixing stage results in deformation of the metal flakes.
      Additionally, during the pulverization step, the metal flakes are further
      deformed and reduced in particle size. Coatings produced from such powders
      are characterized by a low level of brilliance and poor polychromatic
      appearance.
PAR  Another basic technique for the manufacture of powder coating materials is
      the so-called solution-preparation, solvent-separation technique which can
      be effected by more than one method. This general technique involves the
      preparation of a coating material in an organic solvent, separation of the
      solvent from the paint solids, and size-separation classification. Also,
      pulverization in some form may or may not be required depending upon the
      solvent separation method involved.
PAR  The separation of the solvent can be carried out by conventional spray
      drying techniques or by heat exchange separation wherein the components of
      a paint solution are separated by volatilization of the more volatile
      solvent and separation of the volatilized solvent from the nonvolatilized
      paint solids by gravitational forces. Since the metal flakes can be added
      after pulverization, if pulverization is required when using any of the
      solvent separation methods, damage to the metal flakes during
      pulverization can be avoided by using the solution
      preparation-solvent-separation technique. Problems do arise, however, with
      respect to distribution and orientation of the metal flakes when the
      powder coating material is applied to the substrate to be coated. This is
      particularly true when the method of application is that of electrostatic
      spray, the method most commonly employed to apply the final coating of
      paint to automobiles and a variety of other metal manufacturers. In such
      applications, the flakes tend to orient in a random fashion with a low
      percentage of the flakes parallel to the substrate. The net result is a
      high degree of metal protusion with little metallic brilliance and a low
      gloss factor.
PAR  Thus, when either of the aforedescribed methods are used to produce
      metal-pigmented, powder-paint coatings in accordance with the prior art
      processes, a substantially higher aluminum to non-metal pigment ratio is
      required, relative to the same ratio in liquid paints, in order to achieve
      the same degree of brightness and metallic appearance obtained with liquid
      paints. Further, the problem of metal flake protrusion remains even when
      brightness and metallic appearance are achieved.
PAR  In liquid paints, it is known to partially coat aluminum flakes used as
      pigments to increase the electrostatic spray efficiency of such paints. In
      U.S. Pat. No. 3,575,900, a method is disclosed for precipitating the resin
      of the solution coating upon the aluminum flake in colloidal form. This
      solution is then used as such or mixed with another solution for use. The
      patentee specificially points out that, while it may be convenient to call
      this encapsulation, it is not intended to denote that the aluminum
      particles are completely enveloped. The resin disclosed for this purpose
      is a copolymer of vinyl chloride and monoethylenically unsaturated
      monomers containing about 60 to about 90 percent by weight vinyl chloride.
      Aluminum flake is also partially coated in U.S. Pat. No. 3,532,662. Here
      the coating was carried out with a random copolymer of methyl methacrylate
      and methacrylic acid adsorbed on the pigment. By this method, a dispersion
      is made of the solid particles in a liquid continuous phase comprising an
      organic liquid containing in solution a polymer which is adsorbed by the
      particles and a stabilizer, and modifying the polarity of the continuous
      phase so that the polymer is insoluble therein, the stabilizer being a
      compound containing an anchor component which becomes associated with the
      adsorbed polymer on the particle surface and a pendant, chain-like
      component which is solvated by the modified continuous phase and provides
      a stabilizing sheath around the particles. It is alleged that this
      improves the "wetting" of the treated particles by the film-forming
      material dispersion-type coating composition.
PAR  Powder paints have certain advantages over conventional liquid paints in
      that they are essentially free of volatile solvents but they also present
      problems which differ from the problems encountered with liquid paints.
      These differences include differences with respect to employment of
      aluminum flakes as a color producing component. For instance, when flakes
      partially coated by resin precipitate are employed in liquid paints, there
      remains the organic solvent and other components of the solution to
      prevent direct exposure of the flake to the atmosphere and other external
      influences. Further, in powder paints, if aluminum flake is coated, the
      coating must be a relatively dry solid and the size, weight and continuity
      of the organic encapsulation are all factors in affecting the distribution
      of such particles when electrostatically sprayed with the powder that is
      the principal film-former of the coating composition.
PAR  Coated aluminum flakes, i.e., aluminum flakes individually encapsulated in
      a continuous thermosettable film, admixed with the particulate principal
      film-former of a powder paint and electrostatically sprayed on a metal
      substrate will in a substantial portion orient in parallel relationship to
      the substrate. This substantially reduces or eliminates flake protrusion.
      Unfortunately, however, there remains a tendency for these coated to
      assume a substrate - parallel orientation close to the outer surface of
      the cured coating. This can produce two undesired results. The first of
      these is an insufficient appearance of metallic depth in the coating
      wherein the metal flakes are seen through varying depths of a film which
      is usually colored with a non-metal color producing component. The second
      is an undesired "silvery" effect which dominates the non-metal color
      producing component if the concentration of the near-surface,
      substrate-parallel flakes is too high.
PAC  THE INVENTION
PAR  A dominance of "silvery" effect in polychromatic finishes resulting from an
      overabundance of aluminum flakes near and parallel to the outer surface of
      a cured coating is avoided and depth variation for the metal color
      producing component in polychromatic or monochromatic finishes is achieved
      by including a suitable ammonium salt, preferably a tetraalkyl ammonium
      halide in the thermosettable coating in which the aluminum flakes are
      encapsulated prior to admixture with the principal film-forming powder. To
      avoid unnecessary duplication of disclosure, this invention will be
      described with reference to using the preferred tetraalkyl ammonium
      halides.
PAR  The use of these salts as catalysts and anti-static agents in the principal
      film-former of a powder coating composition is known from U.S. Pat. Nos.
      3,730,930; 3,758,632; 3,758,633; 3,758,634 and 3,758,635. These salts may
      be used in the principal film-former of the coating compositions of this
      invention but such use will not achieve the results of this invention. The
      respective roles of these salts in the encapsulating film and in the
      principal film-former of the powder composition are quite interesting. It
      has been discovered that the effective upper limit for the concentration
      of such salts in the encapsulating film is substantially higher when the
      principal film former also contains such salts than it is when the
      principal film-former does not contain such salts. Thus, when the
      principal film-former of the powder paint composition contains in excess
      of about 0.05, e.g., 0.05 to about 0.15, weight percent of these salts,
      the concentration in the encapsulating film may range between about 0.05
      to about 20, preferably 0.05 to 10, parts by weight per 100 parts by
      weight of the thermosettable film-former used to encapsulate the flakes.
      On the other hand, if the principal film-former is free of such salts, the
      effective range for employing such salts in the encapsulating film is
      about 0.05 to about 12 parts by weight per 100 parts by weight of the
      thermosettable film-former.
PAR  The desired depth variation can also be achieved by mixing nickel powder
      with the encapsulated aluminum flakes in a weight ratio of nickel powder
      to coated aluminum flakes in a weight ratio of nickel powder to coated
      aluminum flakes in the range of 1:4 to 5:1. These coating compositions are
      disclosed in our U.S. Pat. applications Ser. Nos. 506,487 and 506,491
      filed of even date with this application. Nickel powder can be used in the
      coating compositions of this invention when desired. The use of the
      tetraalkyl ammonium halides in accordance with this invention permits one
      to reduce the amount of nickel powder used in conjunction with the coated
      aluminum flakes to achieve a given result. Ordinarily, such reduction will
      be by a factor of about 1/10.
PAR  The preferred tetraalkyl ammonium halides for use in this invention have 1
      to 4 carbons in their alkyl groups, e.g., tetramethyl ammonium bromide,
      chloride and iodide; tetraethylammonium bromide, chloride and iodide; and
      tetrabutyl ammonium bromide, chloride and iodide. Other suitable ammonium
      halides which are suitable include the aryl, alkylauryl, aryloxy, and
      alkoxy substituted tetraalkyl ammonium halides such as dodecyl dimethyl
      (2-phenoxyethyl) ammonium bromide, chloride and iodide and diethyl
      (2-hydroxyethyl) methyl ammonium bromide, etc.
PAR  In addition one may also use the hydrohalides of mono-, di, and tertiary
      amines. Another group of additives which can be used are alkyl-poly
      (ethyleneoxy) phosphates such as, for example, dibutyl-poly (ethyleneoxy)
      phosphate or alkylauryl poly (ethyleneoxy) phosphates such as, for
      example, ethyl benzyl poly (ethyleneoxy) phosphate.
PAR  Aluminum flakes which are incorporated in powder paints to provide a
      metallic color producing component are herein encapsulated in a thin,
      continuous, thermosettable organic coating through which the aluminum
      particle is visible to the human eye. This coating is preferably
      transparent but may be translucent. The term "substantially transparent"
      as used herein means materials which are either transparent or translucent
      or partially transparent and partially translucent.
PAR  As these metal pigments are most frequently used in polychromatic finishes,
      the powder coating composition will ordinarily contain at least one
      non-metal color producing component. The "non-metal color producing
      component" may be a particulate pigment, dye or tint and may be either
      organic, e.g., carbon black, or inorganic, e.g., a metal salt.
PAR  The aluminum color producing component is most often aluminum flakes in the
      form of aluminum paste. To avoid unnecessary complication of the
      description of this invention, such aluminum flakes will be used to
      illustrate the invention. It should be understood, however, that this
      method is applicable to any particulate aluminum used as a color producing
      component in a powder coating material. This includes aluminum particles
      which are solely aluminum, aluminum coated organic particles, and
      polymer-sandwiched metal particles having exposed metal edges.
PAR  In accordance with this invention, the coated metal particles are admixed,
      i.e., cold blended, with the balance of the coating material after the
      principal film-former is in particulate form. The non-metal color
      producing component may be admixed with the film-forming powder before,
      after or during the addition of the coated metal particles but such
      component is preferably added before the coated metal particles. This
      order of mixing avoids degradation of the metal particles in any of the
      steps of preparing the film-forming powder.
PAR  The film-former used to coat the metal particles in accordance with this
      invention may be the same as or different than the principal film-former
      of the powder coating material. The film-former used to coat the metal
      particles is an organic, thermosetting, film-former which may take the
      form of a self-crosslinkable polymer or a chemically functional polymer
      and a crosslinking agent reactable therewith. In the preferred embodiment,
      it is also crosslinkable with the principal film former of the powder
      coating composition.
PAR  The preferred method for coating the aluminum flakes is to disperse the
      flakes, preferably in the form of aluminum paste, in a small amount of
      thermosetting organic film-former and a solvent for the film-former that
      is suitable for spray drying and in which the tetraalkylammonium halide is
      intimately dispersed. The dispersion is then spray dried by conventional
      spray drying techniques. Since there is a small amount of film-former
      relative to the amount of metal flakes, the net result is a metal flake
      coated with a relatively thin, continuous, coating of the film-former
      containing the tetraalkylammonium halide as opposed to a metal flake
      imbedded in a relatively large particle of the film-former.
PAR  More specifically, one first disperses the aluminum flakes in about 2 to
      about 200 weight percent of thermosettable film-former, based on the
      actual weight of aluminum flakes, i.e., about 2 to about 200 parts by
      weight of thermosettable film-former per 100 parts by weight aluminum
      flakes. In one embodiment wherein the coating of such flakes is relatively
      light, the aluminum flakes are dispersed in about 2 to about 30 weight
      percent of thermosettable film-former based on the actual weight of the
      aluminum flakes, i.e., about 2 to about 30 parts by weight of
      thermosettable film-former per 100 parts by weight aluminum flakes. In
      most applications, it will be found advantageous to use between 10 and
      200, preferably between about 30 and about 70, parts by weight of
      thermosettable film-former per 100 parts by weight aluminum flakes. When
      metal particles of different density are used, the weight of aluminum
      flakes of the same surface area can be used to determine the amount of
      film-former to use in coating the metal particles. When less than about 2
      weight percent of the film-former is used, complete encapsulation of the
      metal flakes may not result. When more than about 30 weight percent of the
      film-former is used, care must be taken in controlling the spray drying
      operation to minimize the formation of an excessive amount of spherical
      particles containing more than one metal flake. The incidence of full
      coverage is high in the 30 to 70 range above described. Such spherical
      particles can be removed from the other coated aluminum flakes by
      screening. The inclusion of large, multileafed particles in a cured
      coating provides an irregular appearance. A similar result may be obtained
      if one mixes the uncoated metal flakes with the principal film-former of a
      powder paint while the latter is in liquid state and then removes the
      solvent.
PAR  Aluminum paste is aluminum flakes, usually about 60 to about 70 weight
      percent, in a smaller amount, usually about 30 to about 40 weight percent,
      of a liquid hydrocarbon solvent which serves as a lubricant, e.g., mineral
      spirits. A small amount of an additional lubricant, e.g., stearic acid,
      may be added during the milling operation which produces the aluminum
      flakes. Everett J. Hall is credited with originating the method of beating
      aluminum into fine flakes with polished steel balls in a rotating mill
      while the flakes are wet with a liquid hydrocarbon. See U.S. Pat. No.
      1,569,484 (1926). A detailed description of aluminum paste, its
      manufacture, flake size, testing, uses in paint, etc. is found in Aluminum
      Paint and Powder, J. D. Edwards and Robert I. Wray, 3rd Ed. (1955),
      Library of Congress Catalog Card Number: 55-6623, Reinhold Publishing
      Corporation, 430 Park Avenue, New York, New York, U.S.A. and the same is
      incorporated herein by reference.
PAR  The film-former used to coat the aluminum flakes may be a self-crosslinking
      polymer or copolymer or a chemically functional polymer or copolymer and a
      monomeric crosslinking agent. The preferred film-formers for this purpose
      include thermosettable copolymer systems comprising: (a) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      therefor a C.sub.4 - C.sub.20, saturated, straight chain, aliphatic,
      dicarboxylic acid crosslinking agent-exemplified by U.S. Pat. application
      Ser. No. 172,236 filed Aug. 16, 1971, now U.S. Pat. No. 3,752,870: (b) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      therefor a mixture of about 90 to 98 percent by equivalent weight of a
      C.sub.4 - C.sub.20, saturated, straight chain, aliphatic dicarboxylic acid
      and about 10 to about 2 percent by equivalent weight of a C.sub.10 -
      C.sub.22, saturated straight chain, aliphatic, monocarboxylic
      acid-exemplified by U.S. Pat. No. 3,730,930; (c) an epoxy-functional
      copolymer of monovinyl monomers and as crosslinking agent therefor a
      diphenol having a molecular weight in the range of about 110 to about 550
      - exemplified by U.S. patent application Ser. No. 172,228 filed Aug. 16,
      1971, now U.S. Pat. No. 3,758,634; (d) an epoxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefor a carboxy terminated
      polymerexemplified by U.S. Pat. application Ser. No. 172,229 filed Aug.
      16, 1971, now U.S. Pat. No. 3,781,380; (e) an epoxy-functional copolymer
      of monovinyl monomers and as crosslinking agent a phenolic hydroxy
      terminated polymer - exemplified by U.S. Pat. application Ser. No. 172,225
      filed Aug. 16, 1971, now U.S. Pat. No. 3,787,520; (f) an epoxy-functional,
      carboxy-functional, self-crosslinkable copolymer of ethylenically
      unsaturated monomers - exemplified by U.S. Pat. application Ser. No.
      172,238 filed Aug. 16, 1971, now U.S. Pat. No. 3,770,848; (g) a
      hydroxy-functional, carboxy-functional copolymer of monoethylenically
      unsaturated monomers - exemplified by U.S. Pat. application Ser. No.
      172,237 filed Aug. 16, 1971, now U.S. Pat. No. 3,787,340; (h) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      therefor an anhydride of a dicarboxylic acid - exemplified by U.S. Pat.
      application Ser. No. 172,224 filed Aug. 16, 1971, now U.S. Pat. No.
      3,781,379; (i) a hydroxy-functional copolymer of monoethylenically
      unsaturated monomers and as crosslinking agent therefor a compound
      selected from dicarboxylic acids, melamines, and anhydrides - exemplified
      by U.S. Pat. application Ser. No. 172,223 filed Aug. 16, 1971 and
      abandoned in favor of continuation application Ser. No. 407,128 filed Oct.
      17, 1973 in turn abandoned in favor of continuation-in-part application
      Ser. No. 526,547 filed Nov. 25, 1974; (j) an epoxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefor a compound
      containing tertiary nitrogen atoms - exemplified by U.S. Pat. application
      Ser. No. 172,222 filed Aug. 16, 1971, now U.S. Pat. No. 3,758,635; (k) a
      copolymer of an alpha-beta unsaturated carboxylic acid and an
      ethylenically unsaturated compound and as crosslinking agent therefor an
      epoxy resin having two or more epoxy groups per molecule - as exemplified
      in U.S. Pat. application Ser. No. 172,226 filed Aug. 16, 1971, now U.S.
      Pat. No. 3,758,633; (1) a self-crosslinkable, epoxy-functional,
      anhydride-functional copolymer of olefinically unsaturated monomers -
      exemplified by U.S. Pat. application Ser. No. 172,235 filed Aug. 16, 1971,
      now U.S. Pat. No. 3,758,632; (m) an epoxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefor a carboxy terminated
      polymer, e.g., a carboxy terminated polymer, e.g., a carboxy terminated
      polyester, - exemplified by application Ser. No. 223,746 filed Feb. 4,
      1972 and now abandoned in favor of continuation-in-part application Ser.
      No. 489,271 filed Aug. 5, 1974; (n) an epoxy-functional copolymer of vinyl
      monomers and as crosslinking agent therefor a dicarboxylic acid -
      exemplified by U.S. Pat. application Ser. No. 228,262 filed Feb. 22, 1972,
      now U.S. Pat. No. 3,787,521; (o) an epoxy-functional and
      hydroxy-functional copolymer of monovinyl monomers and as crosslinking
      agent therefor a C.sub.4 -  C.sub.20, saturated, straight chain, aliphatic
      dicarboxylic acid - exemplified by U.S. Pat. application Ser. No. 394,874
      filed Sept. 6, 1973 and now abandoned in favor of application Ser. No.
      552,676 filed Feb. 24, 1975; (p) an epoxy-functional copolymer of
      monovinyl monomers with optional hydroxy and/or amide functionality and as
      crosslinking agent therefore (1) a C.sub.4 - C.sub.20, saturated, straight
      chain, aliphatic dicarboxylic acid and (2) a polyanhydride - exemplified
      by U.S. Pat. application Ser. No. 344,881 filed Sept. 6, 1973 and now
      abandoned in favor of continuation-in-part Ser. No. 552,556 and
      continuation-in-part Ser. No. 552,557, both filed Feb. 24, 1975; (q) an
      epoxy-functional amide-functional copolymer of monovinyl monomers and as
      crosslinking agent therefor an anhydride of a dicarboxylic acid -
      exemplified by U.S. Pat. application Ser. No. 394,880 filed Sept. 6, 1973
      and now abandoned in favor of application Ser. No. 552,572 filed Feb. 24,
      1975; (r) an epoxy-functional, hydroxy-functional copolymer of monovinyl
      monomers and as crosslinking agent therefore an anhydride of a
      dicarboxylic acid - exemplified by U.S. Pat. application Ser. No. 394,879
      filed Sept. 6, 1973 and now abandoned in favor of application Ser. No.
      552,511 filed Feb. 24, 1975; (s) an epoxy-functional, amide-functional
      copolymer of monovinyl monomers and as crosslinking agent therefore a
      carboxy-terminated polymer - exemplified by U.S. Pat. application Ser. No.
      394,875 filed Sept. 6, 1973 and now abandoned in favor of application Ser.
      No. 552,518 filed Feb. 24, 1975; (t) an epoxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefore a monomeric or
      polymeric anhydride and a hydroxy carboxylic acid - exemplified by U.S.
      Pat. application Ser. No. 394,878 filed Sept. 6, 1973 and now abandoned in
      favor of application Ser. No. 552,079 filed Feb. 24, 1975; (u) an
      epoxy-functional, amide-functional copolymer of monovinyl monomers and as
      crosslinking agent therefore a monomeric or polymeric anhydride and a
      hydroxy carboxylic acid - exemplified by U.S. Pat. application Ser. No.
      394,877 filed Sept. 6, 1973 and now abandoned in favor of
      continuation-in-part application Ser. No. 552,078 filed Feb. 24, 1975; and
      (v) an epoxy-functional, hydroxy-functional copolymer of monovinyl
      monomers and as crosslinking agent therefore a monomeric or polymeric
      anhydride and a hydroxy carboxylic acid - exemplified in U.S. Pat.
      application Ser. No. 394,876 filed Sept. 6, 1973 and now abandoned in
      favor of continuation-in-part application Ser. No. 552,077 filed Feb. 24,
      1975.
PAR  The disclosures of the aforementioned patents and patent applications are
      incorporated herein by reference.
PAR  The term "vinyl monomer" as used herein means a monomeric compound having
      in its molecular structure the functional group
      ##EQU1##
      wherein X is a hydrogen atom or a methyl group.
PAR  Other thermoset film-formers suitable for use in coating the metal
      particles include, but not by way of limitation thermosettable systems in
      which the polymeric component is a polyester, a polyepoxide and
      urethane-modified polyesters, polyepoxides and acrylics. As with the
      acrylics heretofore more specifically described, these may be
      self-crosslinking polymers or may be a combination of functional polymer
      and a coreactable monomeric compound which serves as crosslinking agent.
PAR  The preferred thermosettable powder paints known to applicants for
      automotive topcoats, the use wherein metallic pigments find their greatest
      use, consist essentially of an epoxy-functional copolymer of olefinically
      unsaturated monomers and a crosslinking agent therefor. Such paints,
      exclusive of pigments, may also contain flow control agents, catalysts,
      etc. in very small quantities.
PAR  The copolymer referred to in the preceding paragraph has average molecular
      weight (M.sub.n) in the range of about 1500 to about 15,000 and glass
      transition temperature in the range of about 40.degree.C. to about
      90.degree.C. The epoxy functionality is provided by employing a glycidyl
      ester of a monoethylenically unsaturated carboxylic acid, e.g., glycidyl
      acrylate or glycidyl methacrylate, as a constituent monomer of the
      copolymer. This monomer should comprise about 5 to about 20 weight percent
      of the total. Additional functionality, e.g., hydroxy functionality or
      amide functionality, may also be employed by inclusion of a C.sub.5 -
      C.sub.7 hydroxy acrylate or methacrylate, e.g., hydroxyethyl acrylate,
      hydroxyethyl methacrylate, hydroxy propyl acrylate, or hydroxypropyl
      methacrylate, or an alpha-beta olefinically unsaturated amide, e.g.,
      acrylamide or methacrylamide, among the constituent monomers. When such
      additional functionality is used, the monomers providing it comprise about
      2 to about 10 weight percent of the constituent monomers. The balance of
      the copolymer, i.e., about 70 to about 93 weight percent of the
      constituent monomers, are made up of monofunctional, olefinically
      unsaturated monomers, i.e., the sole functionality being ethylenic
      unsaturation. These monofunctional, olefinically unsaturated monomers are,
      at least in major proportion, i.e., in excess of 50 weight percent of the
      constituent monomers, acrylic monomers. The preferred monofunctional
      acrylic monomers for this purpose are esters of C.sub.1 - C.sub.8
      monohydric alcohols and acrylic or methacrylic acid, e.g., methyl
      methacrylate, ethyl acrylate, propyl methacrylate, butyl acrylate, butyl
      methacrylate, hexyl acrylate and 2-ethylhexyl acrylate. In this preferred
      embodiment, the remainder, if any, aside from the aforementioned epoxy,
      hydroxy and amide functional monomers which also have olefinic
      unsaturation functionality used up in the polymerization formation of the
      copolymer, is preferably made up to C.sub.8 - C.sub.12 monovinyl
      hydrocarbons, e.g., styrene, vinyl toluene, alpha methyl styrene and
      tertiary butyl styrene. Other vinyl monomers which are suitable in minor
      amounts, i.e., between 0 and 30 weight percent of the constituent
      monomers, include vinyl chloride, acrylonitrile, methacrylonitrile, and
      vinyl acetate.
PAR  The crosslinking agents employed with the aforedescribed copolymer will
      have functionality that will react with the functionality of the
      copolymer. Thus, all of the crosslinking agents heretofore mentioned in
      the recital of powder paint patents and patent applications, e.g., C.sub.4
      - C.sub.20 saturated, aliphatic dicarboxylic acids, mixtures of C.sub.4 -
      C.sub.20 saturated aliphatic dicarboxylic acids and monocarboxylic acids
      of carbon number in the same range, carboxy terminated copolymers having
      molecular weight (M.sub.n) in the range of 650 to 3000, monomeric
      anhydrides preferably anhydrides having a melting point in the range of
      about 35.degree. to 140.degree.C., e.g., phthalic anhydride, maleic
      anhydride, cyclohexane-1,2-dicarboxylic anhydride, succinic anhydride,
      etc., homopolymers of monomeric anhydrides, and mixtures of such
      anhydrides and hydroxy acids having a melting point in the range
      40.degree. to 150.degree.C., are suitable for use as crosslinking agents
      for these copolymers. The disclosures of all patents and patent
      applications recited herein are incorporated herein by reference. In
      general, these crosslinking agents are employed in amounts such as to
      provide between about 0.3 and about 1.5, preferably between about 0.8 and
      about 1.2, functional groups which are reactable with functional groups on
      the copolymer per functional groups on the copolymer.
PAR  The best acrylic, thermoplastic, powder coatings known to applicants are
      copolymers of alpha-beta olefinically unsaturated monomers. These are made
      up either solely or predominantly of acrylic monomers, i.e., acrylates,
      methacrylates, mixtures of acrylates and methacrylates and a small
      fraction of acrylic or methacrylic acid. In the embodiment wherein the
      copolymer is made up predominantly of acrylic monomers, i.e., in excess of
      51 weight percent acrylic monomers, the acrylic monomers may include up to
      about 5 weight percent acrylic acid, methacrylic acid or a mixture of
      acrylic acid methacrylic acids while the balance is made up of C.sub.8 -
      C.sub.12 monovinyl hydrocarbons, e.g., styrene, vinyl toluene, alpha
      methyl styrene, and tertiary butyl styrene. The acrylates and
      methacrylates used in either of these embodiments are preferably esters of
      a C.sub.1 - C.sub.8 monohydric alcohol and acrylic acid or methacrylic
      acid or a mixture of acrylic and methacrylic acids. Thus, such a copolymer
      would contain about 46 to about 100 weight percent of esters of a C.sub.1
      - C.sub.8 monohydric alcohol and acrylic or methacrylic acid, 0 to about
      49 weight percent of C.sub.8 - C.sub.12 monovinyl hydrocarbons, and 0 to
      about 5 weight percent acrylic or methacrylic acid with the sum of the
      aforementioned esters and acrylic or methacrylic acid comprising in excess
      of 51 weight percent of the comonomers as stated earlier in this
      paragraph. One such copolymer contains about 76 to about 81 mole percent
      methyl methacrylate 1 to 3 mole percent acrylic acid or methacrylic acid
      or a mixture of acrylic and methacrylic acids, and 16 to 23 mole percent
      butyl methacrylate.
PAR  "Alpha-beta unsaturation" as used herein includes both the olefinic
      unsaturation that is between two carbon atoms which are in the alpha and
      beta positions relative to an activating group such as a carboxyl group,
      e.g., the olefinic unsaturation of maleic anhydride, and the olefinic
      unsaturation between the two carbon atoms which are in the alpha and beta
      positions with respect to the terminus of an aliphatic carbon-to-carbon
      chain, e.g., the olefinic unsaturation of acrylic acid, methyl
      methacrylate or styrene.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The preparation of the coated metal flakes is carried out in a solvent for
      the film-former that is sufficiently volatile for efficient spray drying
      and which will not chemically react with either the film-former or the
      metal flakes to a degree that will significantly modify their properties
      or appearance within the contact timer employed to carry out the spray
      drying process. A preferred solvent for this purpose is methylene
      chloride. Other solvents which can be used include toluene, xylene, methyl
      ethyl ketone, acetone and low boiling petroleum naphthas.
PAR  A typical formulation for the feed stock for the spray drier in accordance
      with this invention would include the following:
TBL                  Parts by Weight                                           

     ______________________________________                                    

     aluminum paste    30.00                                                   

     film former       2.00                                                    

     MeCl.sub.2        200.00                                                  

     ______________________________________                                    

PAR  Typical operating parameters for a convention, 3 ft. diameter spray drier
      equipped with a conventional two-fluid nozzle atomizer, e.g., a glass and
      a liquid as in a convention air stomixing (liquid) paint spray gun are as
      follows:
TBL  air flow          197 cubic feet/minute                                   

     feed flow         380 ml/min.                                             

     inlet air temperature                                                     

                       180.degree.F.                                           

     outlet air tempera-                                                       

      ture             80.degree.F.                                            

     product rate      6 lbs./hr.                                              

PAR  The coated aluminum, as received from the spray drier, is then sieved
      through a screen of desired particulate size, e.g., a 44 micron screen, to
      remove excessively large particles. Approximately 20 percent of the
      product in the form of oversize particles is discarded.
PAR  The non-metal powder component, hereinafter called the "powder component"
      comprises the primary film-forming component and where the finish is to be
      polychromatic, at least one metal color producing component. This
      non-metal color producing component may be a pigment, dye or tint. For
      purposes of this invention, white and black shall be considered colors
      inasmuch as a light reflecting or light absorbing material must be added
      to the organic film-former to provide the finish with a white or black
      appearance in the same manner that a material must be added to the organic
      film-former which reflects light rays that convey to the eye one color
      while absorbing others.
PAR  The film-forming component of the powder component is preferably a
      thermosetting film-forming material. Those thermosetting film-forming
      materials heretofore disclosed for use in coating the metal leaves are
      suitable for use as the principal film-former of the powder component. The
      thermosets preferred for the coating of the metal leaves are also the
      preferred thermosets for this purpose.
PAR  In addition, the principal film-former of the powder component of this
      invention may be a thermoplastic powder, e.g., a thermoplastic acrylic
      polymer having a molecular weight (M.sub.n) in the range of 30,000 to
      80,000 and a glass transition temperature in the range of 60.degree.C. to
      110.degree.C. - as exemplified by U.S. Pat. application Ser. No. 172,227
      filed Aug. 16, 1971. These coated flakes, of course, can be used with any
      thermoplastic powder suitable for use as the principal film-former of any
      thermoplastic powder paint.
PAR  The formulation of the non-metal powder component, which in the case of a
      polychromatic finish contains a nonmetal color producing component, is
      prepared taking into consideration the particular color chosen for
      employment with the metallic color component and the amount of the
      metallic color component to be employed. The powder component is
      quantitatively formulated taking into account the amount of material to be
      brought in through the addition of the coated metal particles.
PAR  A typical composition for the powder component is as follows:
TBL                    Parts by Weight                                         

     ______________________________________                                    

     film-former         94.33                                                 

     flow control additive                                                     

                         0.67                                                  

     pigment             5.00                                                  

     ______________________________________                                    

PAR  The preparation and processing of the non-metal powder component into
      powder form is carried out by one of the conventional powder preparation
      techniques, e.g., extrusion, spray drying, or solvent extraction. Once in
      powdered form, this material is sieved through a suitable screen, e.g., a
      74 micron screen.
PAR  The final step in the preparation of the powder coating material of this
      invention is the blending of the two major components, i.e., the
      thermoset, organic coated particulate metal component and the non-metal
      powder component. The exact proportions of the two major components will,
      of course, depend on the specific formulation and the amount of metal
      needed. In the typical example aforedescribed, if one blends about 98.5
      parts by weight of the non-metal powder component with about 1.5 parts by
      weight of the coated aluminum, a "low metallic" automotive topcoat paint
      results.
PAR  Appearance of the finished coating will, of course, be a primary factor in
      selecting the total concentration of aluminum flakes in the total powder
      paint composition. This concentration will vary from a very low weight
      percent of the total powder paint composition in some polychromatic
      finishes, i.e., as low as about 0.005 weight percent, to a much higher
      weight percent of the total powder paint composition in the so-called
      "Argent" finishes, i.e., as high as about 25 weight percent when aluminum
      is the only metal used. If for example, the spray dried coating on the
      flakes comprises about 2 to about 30 weight percent by weight of the
      flakes then, the total metal component of the powder paint composition
      will comprise between about 0.005 to about 32.50, advantageously between
      about 0.25 to about 28.75, and preferably between about 0.54 to about
      28.25, weight percent of the total powder paint composition. These figures
      will be modified by the weight of nickel powder substituted for a portion
      of the aluminum. The principal film-forming powder and non-metal pigment,
      if any, will make up the balance of the powder paint composition. The
      non-metal pigment will constitute between 0 and about 22 weight percent of
      the total composition.
PAR  This invention will be more fully understood from the following
      illustrative examples.
DETD
PAC  EXAMPLE 1
PAC  a. Preparation of The Coated Aluminum Flakes
PAR  A powder paint in accordance with this invention is prepared from the
      following materials using the procedures hereinafter outlined:
PAR  1. Preparation of an epoxy-functional acrylic copolymer of vinyl monomers
      is prepared as follows:
TBL  Ingredients         Parts By Weight                                       

     ______________________________________                                    

     glycidyl methacrylate                                                     

                         15                                                    

     methyl methacrylate 45                                                    

     butyl methacrylate  40                                                    

     ______________________________________                                    

PAR  The above named ingredients are mixed together. Three parts by weight of
      2,2' - azobis - (2-methyl-propionitrile), hereinafter called AIBN, is
      dissolved in the monomer mixture. The mixture is slowly added to refluxing
      toluene (100 parts) which is stirred vigorously under a nitrogen
      atmosphere. A condenser is provided at the top of the toluene container to
      condense the toluene vapors and return them to the container. The monomer
      mixture is added through a regulating valve and the rate of addition is
      controlled to maintain a reflux temperature (109.degree.C. -
      112.degree.C.) with only a small fraction of heat supplied from an
      external heater. After the addition of the monomer mixture is complete,
      the refluxing is maintained by external heat source for 3 additional
      hours.
PAR  The solution is poured into shallow stainless steel trays. These trays are
      placed in a vacuum oven and the solvent evaporated therefrom. As the
      solvent is removed, the copolymer solution becomes more concentrated. The
      temperature of the vacuum oven is raised to about 110.degree.C. Drying is
      continued until the solvent content of the copolymer is below 3 percent.
      The trays are cooled and the copolymer collected and ground to pass
      through 20 mesh screen. The copolymer has a glass transition temperature
      of 53.degree.C. and a molecular weight (M.sub.n) of 4000.
PAR  One hundred parts by weight of the ground copolymer are mixed with the
      following materials:
TBL                       Parts By Weight                                      

     ______________________________________                                    

     azelaic acid           10.0                                               

     tetrabutyl ammonium bromide                                               

                            0.2                                                

     poly (lauryl acrylate)(M.sub.n =10,000)                                   

                            0.5                                                

     ______________________________________                                    

PAR  The materials are mixed together in a ball mill for 2 hours. The mixture is
      mill rolled at 85.degree.C. to 90.degree.C. for 5 minutes. The solid
      obtained is ground in a ball mill and the powder is sieved with a 140 mesh
      screen.
PAR  Two parts by weight of this thermosettable mixture are combined with 30
      parts by weight of aluminum paste (35 percent by weight mineral spirits
      and 65 percent by weight aluminum flakes that will pass through a 325 mesh
      screen and have typical surface area of 7.5 m.sup.2 /g, maximum particle
      diameter below 45 microns and most common particle size distribution in
      the range of about 7 to about 15 microns) and 200 parts by weight of
      methylene chloride under low shear agitation so as to disperse the
      aluminum in the thermosettable material without damage to the aluminum
      flakes.
PAR  Once the above dispersion has been prepared, it is spray dried in a manner
      which will produce individual aluminum flakes coated with a thin,
      continuous coating of dry copolymer containing the tetrabutyl ammonium
      bromide. This is accomplished in a 3 foot diameter spray drier equipped
      with a two-fluid nozzle in counter-current position using the following
      conditions:
TBL  air flow in drying chamber                                                

                         200 cubic feet/minute                                 

     feed rate of mixture                                                      

                         380 ml/minute                                         

     inlet air temperature                                                     

                         180.degree.F.                                         

     two fluid atomization air pressure                                        

                          80 lbs.                                              

PAR  The product obtained from this process has an overall composition of 19.5
      parts by weight of aluminum and 2.0 parts by weight of the thermosettable
      mixture aforedescribed plus a small amount of residual solvent (i.e., 0.05
      to 0.2 parts) that has not completely volatilized during the spray dry
      process. This product is then screened through a 44 micron screen.
PAC  b. Preparation of the Non-Metal Powder Component
PAR  A thermosettable material is produced by mixing 166 parts by weight of the
      epoxy-functional copolymer employed in the thermosettable material used to
      coat the aluminum flakes in (a) above with the following materials:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     azelaic acid         22.65                                                

     poly (lauryl acrylate)                                                    

                          1.34                                                 

     phthalo green pigment                                                     

                          1.75                                                 

     yellow iron oxide pigment                                                 

                          8.26                                                 

     ______________________________________                                    

PAR  A homogeneous mixture of the above is obtained by ball milling for 2 hours.
      This mixture is then extruded at 100.degree.C. from a kneading extruder.
      The solid thus obtained is pulverized in an impact mill, i.e., an air
      classified impact mill, and sieved through a 200 mesh screen.
PAC  c. Preparation of the Powder Coating Material
PAR  A powder coating material in accordance with this invention is produced by
      mixing 1.65 parts by weight of the coated aluminum flakes with 98.35 parts
      of the non-metal powder component. A homogeneous mixture of the two
      components is obtained by rapidly tumbling the material in a partially
      filled container for 20 minutes, under ambient room conditions, i.e.,
      65.degree. - 75.degree. F.
PAR  It will be noted that in this example the thermosettable material used to
      coat the aluminum flakes and the thermosettable material used to form the
      non-metal powder component component are crosslinkable with each other.
PAR  The powder thus obtained is then sprayed on an electrically grounded steel
      substrate with a conventional electrostatic powder spray gun operating at
      about 50 KV charging voltage. After spraying, the coated substrate is
      heated to about 350.degree.F. for about 25 minutes. The coating thus
      obtained has good gloss, good aluminum particle orientation, and good
      aluminum particle depth. It is resistant to weathering and suitable for
      automotive top coat application. The coating thus obtained demonstrates a
      more random metal particle orientation with respect to depth and increased
      polychromatic light reflection of the cured film than is obtained when
      this process is duplicated except for omitting the tetrabutylammonium
      bromide in the coating of the aluminum flakes.
PAC  EXAMPLE 2
PAR  A powder coating material is prepared following the procedure of Example 1
      with the following differences: (1) The coated aluminum flakes are
      prepared from the following materials.
TBL  ______________________________________                                    

                             Parts                                             

                             By by Weight                                      

     ______________________________________                                    

     aluminum paste            30.000                                          

      (65% aluminum flakes and                                                 

      35% mineral spirits)                                                     

     thermosettable mixture    0.218                                           

      (same epoxy-functional copolymer                                         

      used in example 1 in amount as                                           

      195 parts by weight and poly                                             

      (azelaic anhydride) .023 parts by weight                                 

     triethylbenzylammonium chloride                                           

                               0.02                                            

     poly (lauryl acrylate) (M.sub.n =10,000)                                  

                               0.001                                           

     methylene chloride        197.000                                         

     ______________________________________                                    

PAR  The product obtained after spray drying has a composition of 19.50 parts by
      weight aluminum, 0.218 parts by weight thermosettable material, 0.02 parts
      by weight triethylbenzylammonium chloride, and 0.001 parts by weight poly
      (lauryl acrylate).
PAR  The coated aluminum thus produced in the amount of 1.52 parts by weight is
      combined with 98.48 parts by weight of the non-metal powder component of
      Example 1 to yield a powder which, excluding the triethylbenzylammonium
      chloride, has the following composition:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     aluminum (dry)       1.50                                                 

     thermosettable film-former                                                

                          92.91                                                

      (a) epoxy-functional                                                     

        copolymer     81.74                                                    

      (b) azelaic acid   11.15                                                 

      (c) poly (azelaic                                                        

        anhydride)     0.02                                                    

     poly (lauryl acrylate)                                                    

                          0.66                                                 

     phthalo green        0.86                                                 

     yellow iron oxide    4.05                                                 

     ______________________________________                                    

PAR  This powder coating material is electrodeposited upon a metal substrate and
      heat cured as in Example 1. The resulting coating demonstrates good gloss,
      metallic orientation, good aluminum flake depth variation and weathering
      resistance.
PAC  EXAMPLE 3
PAR  A powder coating material is prepared following the procedure of Example 1
      with the following differences:
PAR  1. The starting mixture for preparation of the coated aluminum flakes is of
      the following composition:
TBL                       Parts By Weight                                      

     ______________________________________                                    

     aluminum paste         30.00                                              

      (65% by weight aluminum and                                              

      35% by weight mineral spirits)                                           

     thermosettable mixture 5.46                                               

      (a) epoxy-functional copolymer                                           

       4.88Example 1                                                           

      (b) poly (azelaic                                                        

        0.58dride)                                                             

     tetramethylammonium bromide                                               

                            0.02                                               

     poly (lauryl acrylate) 0.03                                               

     methylene chloride     250.00                                             

     ______________________________________                                    

PAR  This material is mixed and spray dried as in Example 1 and in the resultant
      material the flakes have coating about 2.5 times thicker than that of the
      coated flakes of Example 1. The empirical composition of the spray dried
      product, excluding the tetramethylammonium bromide, is as follows:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     aluminum (uncoated basis)                                                 

                          19.5                                                 

     thermosettable material                                                   

                          5.46                                                 

      (a) epoxy copolymer of                                                   

       4.88mple  1                                                             

      (b) poly (azelaic an-                                                    

        hydride)      0.58                                                     

     poly (lauryl acrylate)                                                    

                          0.03                                                 

     ______________________________________                                    

PAR  2. Since the amount of coating on the aluminum flakes is here large enough
      to be a significant factor, it is taken into consideration when
      formulating the non-metal powder component. Here, the non-metal powder
      component is prepared by combining 166 parts by weight of the ground
      epoxy-functional copolymer of Example 1 with the following:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     azelaic acid         22.64                                                

     poly (lauryl acrylate)                                                    

                          1.33                                                 

     phthalo green pigment                                                     

                          1.80                                                 

     yellow iron oxide    8.23                                                 

     ______________________________________                                    

PAR  Subsequent processing of the non-metal powder component is the same as in
      Example 1.
PAR  3. In the blending of the coated metal component and the non-metal powder
      component, the ratio of coated aluminum to non-metal powder component is
      altered because of the thickness of coating of the aluminum flakes. The
      ratio here is 1.93 parts by weight of coated aluminum with 98.08 parts by
      weight of the non-metal powder component. The resultant powder coating
      maintains the pigment level essentially the same as in Example 1.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 is repeated except for the difference that the
      amount of tetrabutylammonium bromide dispersed in the methylene chloride
      is such as to provide in the spray dried coatings on the aluminum flakes
      an average concentration of 0.5 parts by weight of tetrabutylammonium
      bromide per 100 parts by weight of the thermosettable organic film-former.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 is repeated except for the difference that the
      amount of tetrabutylammonium bromide dispersed in the methylene chloride
      is such as to provide in the spray dried coatings on the aluminum flakes
      an average concentration of 10 parts by weight of tetrabutylammonium
      bromide per 100 parts by weight of the thermosettable organic film-former.
PAC  EXAMPLE 6
PAR  The procedure of Example 1 is repeated except for the differences that the
      non-metal powder component contains tetrabutylammonium bromide in the
      amount of 0.14 weight percent and the thermosettable coatings on the
      aluminum flakes contain tetrabutylammonium bromide in the average amount
      of 20 parts by weight per 100 parts by weight of thermosettable, organic,
      film-former.
PAC  EXAMPLE 7
PAR  The procedure of Example 1 is repeated except for the differences that the
      non-metal powder component contains tetrabutylammonium bromide in the
      amount of 0.07 parts by weight and the thermosettable coating on the
      aluminum flakes contain tetrabutylammonium bromide in the average amount
      of 10 parts by weight per 100 parts by weight of thermosettable, organic,
      film-former.
PAC  EXAMPLE 8
PAR  The procedure of Example 1 is repeated except for the differences that the
      non-metal powder component contains tetrabutylammonium bromide in the
      amount of 0.05 weight percent and the thermosettable coating on the
      aluminum flakes contains tetrabutylammonium bromide in the average amount
      of 1 part by weight per 100 parts by weight of thermosettable, organic,
      film-former.
PAC  EXAMPLE 9
PAR  The procedure of Example 8 is repeated except for the difference that an
      equivalent amount of tetrabutylammonium chloride is substituted for the
      tetrabutylammonium bromide.
PAC  EXAMPLE 10
PAR  The procedure of Example 8 is repeated except for the difference that an
      equivalent amount of tetrabutylammonium iodide is substituted for the
      tetrabutylammonium bromide.
PAC  EXAMPLE 11
PAR  The procedure of Example 8 is repeated except for the difference that an
      equivalent amount of tetramethylammonium bromide is substituted for the
      tetrabutylammonium bromide.
PAC  EXAMPLE 12
PAR  The procedure of Example 8 is repeated except for the differences that the
      non-metal powder component contains 1 weight percent of dodecyl dimethyl
      (2-phenoxyethyl) ammonium bromide in lieu of the tetrabutylammonium
      bromide and the thermosettable coatings on the aluminum flakes contain, in
      lieu of the tetrabutylammonium bromide, dodecyl dimethyl (2-phenoxyethyl)
      ammonium bromide in the average amount of 5 parts by weight per 100 parts
      by weight of the thermosettable film-former.
PAC  EXAMPLE 13
PAR  The procedure of Example 8 is repeated except for the differences that the
      non-metal powder component contains 1 weight percent of diethyl
      (2-hydroxyethyl) methyl ammonium bromide in lieu of the tetrabutylammonium
      bromide and the thermosettable coatings on the aluminum flakes contain, in
      lieu of the tetrabutyl ammonium bromide, diethyl (2-hydroxyethyl) methyl
      ammonium bromide in the average amount of 3 parts by weight per 100 parts
      by weight of the thermosettable film-former.
PAC  EXAMPLE 14
PAR  The procedure of Example 8 is repeated except for the differences that the
      non-metal powder component contains 0.1 weight percent tetrabutylammonium
      bromide and the coatings on the aluminum flakes contain tetrabutylammonium
      bromide in the average amount of 12 parts by weight per 100 parts by
      weight of the thermosettable film-former.
PAC  EXAMPLE 15
PAR  The procedure of Example 1 is repeated except for the difference that the
      coated aluminum flakes are replaced with an equal volume of a mixture of
      nickel powder and coated aluminum flakes prepared in the same manner as
      those used in Example 1 and containing the same concentration of
      tetrabutylammonium bromide contained in the coated flakes of Example 1.
      The weight ratio of nickel powder to coated aluminum flakes in this
      example is 1.5 to 1.
PAC  EXAMPLE 16
PAR  The procedure of Example 15 is repeated except for the difference that the
      weight ratio of nickel powder to coated aluminum flakes is 2.5:1.
PAC  EXAMPLE 17
PAR  The powder coating material is prepared following the procedure of Example
      1 with the following differences: (1) the coated aluminum flakes are
      prepared from the following materials:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     aluminum paste         30.000                                             

      (65% aluminum flakes and                                                 

       35% mineral spirits)                                                    

     thermosettable mixture 0.218                                              

      (same epoxy-functional co-                                               

       polymer used in Example 1                                               

       in amount as 0.195 parts by                                             

       weight and poly (azelaic an-                                            

       hydride) 0.023 parts by weight                                          

     tetrabutylammonium bromide                                                

                            0.021                                              

     poly (lauryl acrylate) 0.001                                              

      (M.sub.n = 10,000)                                                       

     methylene chloride     197.000                                            

     ______________________________________                                    

PAR  The coated aluminum product obtained after spray drying in the amount of
      1.52 parts by weight are combined with 98.48 parts by weight of the
      non-metal powder component of Example 1. This powder coating material is
      electrodeposited upon a metal substrate and heat cured as in Example 1.
      The resulting coating demonstrates good gloss, good metallic orientation,
      good metal depth variation and good weathering resistance.
PAC  EXAMPLE 18
PAR  The procedure of Example 1 is repeated except for the differences: the
      coating of the aluminum flakes is prepared from 30 parts by weight of the
      same aluminum paste used in Example 1 (19.5 parts by weight aluminum) and
      4.7 parts by weight of the thermosettable material, i.e., epoxy-functional
      copolymer of Example 1 and azelaic acid in the proportions used in Example
      1, 0.4 parts by weight tetrabutyl ammonium bromide, and 0.03 parts by
      weight poly (lauryl acrylate).
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 19
PAR  The procedure of Example 1 is repeated except for the differences that the
      coating of the aluminum flakes is prepared from 30 parts by weight of
      aluminum paste used in Example 1 (19.5 parts by weight aluminum) and from
      2.93 parts by weight of the thermosettable material, i.e.,
      epoxy-functional copolymer of Example 1 and azelaic acid in the
      proportions used in Example 1, 0.29 parts by weight tetrabutyl ammonium
      bromide, and 0.02 parts by weight poly (lauryl acrylate).
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 20
PAR  The procedure of Example 1 is repeated except for the following
      differences: the coating of the aluminum flakes is prepared from 30 parts
      by weight of the aluminum paste used in Example 1 (19.5 parts by weight
      aluminum) and 1.76 parts by weight of the thermosettable material, i.e.,
      the epoxy-functional copolymer of Example 1 and azelaic acid in the
      proportions used in Example 1, 0.18 parts by weight tetrabutyl ammonium
      bromide, and 0.01 parts by weight poly (lauryl acrylate) - M.sub.n =
      10,000.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 21
PAR  The procedure of Example 1 is repeated except for the following
      differences: the coating of the aluminum flakes is prepared from 30 parts
      by weight of the aluminum paste used in Example 1 (19.5 parts by weight
      aluminum) and 2.54 parts by weight of the thermosettable material, i.e.,
      the epoxy-functional copolymer of Example 1 and azelaic acid in the
      proportions used in Example 1, 0.25 parts by weight tetrabutyl ammonium
      bromide, and 0.01 parts by weight poly (lauryl acrylate) - M.sub.n =
      10,000.
PAR  The cure finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 22
PAR  The procedure of Example 1 is repeated except for the following
      differences: the coating of the aluminum flakes is prepared from 30 parts
      by weight of the aluminum paste used in Example 1 (19.5 parts by weight
      aluminum) and 0.39 parts by weight of the thermosettable material, i.e.,
      epoxy-functional copolymer of Example 1 and azelaic acid in the
      proportions used in Example 1, 0.04 parts by weight tetrabutyl ammonium
      bromide, and 0.002 parts by weight poly (lauryl acrylate) - M.sub.n =
      10,000.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 23
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of an epoxy-functional and
      hydroxy-functional copolymer of alpha-beta olefinically unsaturated
      monomers is substituted for the epoxy-functional copolymer of Example 1
      and a functionally equivalent amount of poly (azelaic anhydride) is
      substituted for the azelaic acid. The epoxy-functional and
      hydroxy-functional copolymer used in this example is prepared from the
      below listed components in the manner hereinafter described:
TBL                            Percent By Weight                               

     Reactants       Grams     Of Total Reactants                              

     ______________________________________                                    

     glycidyl methacrylate                                                     

                     225.0     15                                              

     hydroxyethyl methacrylate                                                 

                     75.0      5                                               

     butyl methacrylate                                                        

                     600.0     40                                              

     styrene         75.0      5                                               

     methyl methacrylate                                                       

                     525.0     35                                              

     ______________________________________                                    

PAR  The above mentioned monomers are admixed in the proportions above set forth
      and 70.0 grams (4.5 percent based on the continued weights of reactants)
      of 2,2' - azobis - (2-methyl propionitrile), hereinafter called AIBN, are
      added to the monomer mixture. The solution is added dropwise over a 3 hour
      period into 1500 ml. toluene at 100.degree. - 180.degree.C. under nitrogen
      atmosphere. Then 0.4 grams of AIBN dissolved in 10 ml. of acetone are
      added over a 1/2 hour period and refluxing is continued for 2 additional
      hours.
PAR  The toluene-polymer solution is diluted in 1500 ml. acetone and coagulated
      in 16 liters of hexane. The white powder is dried in a vacuum oven at
      55.degree.C. for 24 hours. This copolymer has molecular weight - M.sub.w -
      M.sub.n = 6750/3400 and the molecular weight per epoxy group is about
      1068.
PAR  The cured finish obtained from the aluminum pigmented powder of this
      example has good physical properties and the aluminum flakes demonstrate
      good orientation and good depth variation.
PAC  EXAMPLE 24
PAR  The procedure of Example 23 is repeated with the single difference that
      about 35 percent of the poly (azelaic anhydride) is replaced with a
      functionally equivalent amount of 12 - hydroxystearic acid.
PAC  EXAMPLE 25
PAR  The procedure of Example 1 is repeated except for the difference that an
      epoxy functional, amide-functional copolymer of alpha-beta olefinically
      unsaturated monomers is substituted for the epoxy functional copolymer of
      Example 1 and a functionally equivalent amount of a carboxy-terminated
      polymer is substituted for the azelaic acid. The epoxy-functional amide -
      functional copolymer used in this example is prepared from the below
      listed components in the manner hereinafter described:
TBL                            Percent By Weight                               

     Reactants      Grams      Of Total Reactants                              

     ______________________________________                                    

     glycidyl methacrylate                                                     

                    45         15                                              

     acrylamide     15         5                                               

     butyl methacrylate                                                        

                    111        37                                              

     methyl methacrylate                                                       

                    129        43                                              

     ______________________________________                                    

PAR  The above mentioned monomers are admixed in the proportions above set forth
      and 110 grams of 2,2' - azobis - (2 - methylpropionitrile), hereinafter
      called AIBN, are added to the mixture. The mixture is slowly added to 200
      ml. of toluene heated to 80.degree. - 90.degree. C. which is being stirred
      vigorously under a nitrogen atmosphere. A condenser is provided at the top
      of the toluene container to condense the toluene vapors and return the
      condensed toluene to the container. The monomer mixture is added through a
      regulating valve and the rate of addition is controlled to maintain a
      reaction temperature of 90.degree. - 110.degree.C. with the rest of the
      heat supplied from an external heater. After the addition of the monomer
      mixture is completed (3 hours), 0.8 gram of AIBN dissolved in 10 ml.
      acetone is added over a 1/2 hour period and refluxing is continued for 2
      additional hours.
PAR  The resultant toluene-polymer solution is diluted with 200 mls. acetone and
      coagulated in 2 liters of hexane. The white powder is dried in the vacuum
      oven at 55.degree.C. for 24 hours. Its molecular weight is determined to
      be M.sub.w /M.sub.n = 6700/3200 and WPE (molecular weight per epoxide
      group) is about 1000.
PAR  The carboxy terminated polymer to be used as crosslinking agent is prepared
      from the following materials in the following manner: five hundred grams
      of a commercially available epoxy resin, Epon 1001, (epoxide equivalent
      450 - 525, melting range 64.degree. - 76.degree.C. - molecular weight
      average 900.degree.C.), is charged into a 500 ml. stainless steel beaker
      having a heating mantle. The epoxy resin is heated to 110.degree.C. As the
      epoxy resin is stirred, 194 grams of azelaic acid are added. After a
      reaction time of 30 minutes, a homogeneous mixture is obtained. The
      mixture resin only partially reacted, is poured into an aluminum pan and
      cooled. The solid mixture is pulverized to pass through a 100 mesh screen
      by use of a blender. This resin is only partially reacted because if fully
      reacted it could not be powdered. A portion of the carboxy terminated
      polymer is weighed out for making a powder coating composition in
      accordance with this invention.
PAR  The cured finish obtained from the aluminum pigmented powder of this
      example has good physical properties, and the aluminum flakes demonstrate
      good orientation and good depth variation.
PAC  EXAMPLE 26
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of a hydroxyfunctional copolymer is
      substituted for the epoxy-functional copolymer of Example 1 and a
      functionally equivalent amount of hexamethoxy melamine is substituted for
      the azelaic acid.
PAR  The hydroxy-functional copolymer used in this example is prepared from the
      below listed components in the manner hereinafter described:
TBL  Reactants            Parts By Weight                                      

     ______________________________________                                    

     2-hydroxyethyl methacrylate                                               

                          15                                                   

     ethyl acrylate       25                                                   

     methyl methacrylate  60                                                   

     ______________________________________                                    

PAR  A one liter, four-necked flask which contains 150 ml. of methyl ethyl
      ketone is heated until the contents of the flask are at a refluxing
      temperature of 85.degree.C. A mixture of the above listed monomers and 4
      parts by weight of 2,2' - azobis - (2-methyl propionitrile), hereinafter
      called AIBN, in the total amount of 208 grams is added in a dropwise
      fashion over a period of one and a half hours to the reaction mixture
      which is maintained at 85.degree.C. After the monomer addition is
      complete, 0.5 grams of AIBN (dissolved in 20 grams of toluene) is added
      dropwise. The refluxing is continued for an additional one-half hour to
      complete the polymerization.
PAR  The solution is poured into shallow stainless steel trays. These trays are
      placed in a vacuum oven and the solvent evaporated therefrom. As the
      solvent is removed, the copolymer becomes more concentrated. The
      temperature of the vacuum oven is raised to 110.degree.C. Drying is
      continued until the solvent content of the copolymer is below 3 percent.
      The trays are cooled and the copolymer collected and ground to pass
      through a 20 mesh screen.
PAR  The cured finish obtained from the aluminum pigmented powder of this
      example has good physical appearance and the aluminum flakes are
      distributed with good orientation and depth variation.
PAC  EXAMPLE 27
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of a self-crosslinking copolymer is
      substituted for the epoxy-functional copolymer and the azelaic acid.
PAR  The self-crosslinking copolymer used in this example is prepared from the
      following listed components in the manner hereinafter described.
TBL  ______________________________________                                    

     Reactants              Grams                                              

     ______________________________________                                    

     glycidyl methacrylate  30                                                 

     methacrylic acid       21                                                 

     methyl methacrylate    129                                                

     butyl methacrylate     120                                                

     ______________________________________                                    

PAR  The monomers above listed are mixed with 12 grams of an initiator, i.e.,
      t-butylperoxypivate. Three hundred grams of benzene is charged into a one
      liter flask which is equipped with a dropping funnel. The flask is heated
      to 80.degree.C. and a refluxing of the solvent is achieved. While
      maintaining the reaction temperature at 80.degree.C., the monomer mixture
      is added in a dropwise fashion over a 2 hour period. After the addition is
      complete, the reaction is continued for another two hours. The contents of
      the flask are then cooled to room temperature. One hundred milliliters of
      the resultant solution are mixed with 0.3 grams of poly (2-ethylhexyl
      acrylate). The mixture is dispersed and then is dried in a vacuum over at
      70.degree.C. The powder coating obtained is ground to pass through a 200
      mesh sieve.
PAR  The cured finish obtained from the aluminum pigmented powder of this
      example has good physical appearance and the aluminum flakes are
      distributed with good orientation and depth variation.
PAC  EXAMPLE 28
PAR  The procedure of Example 1 is repeated except for the difference that the
      poly (lauryl acrylate) is replaced with an equivalent amount of poly
      (butyl acrylate) - M.sub.n = 9000.
PAC  EXAMPLE 29
PAR  The procedure of Example 1 is repeated except for the difference that the
      poly (lauryl acrylate) is replaced with an equivalent amount of poly
      (isododecyl methacrylate).
PAC  EXAMPLE 30
PAR  The procedure of Example 1 is repeated except for the difference that the
      poly (lauryl acrylate) is replaced with an equivalent amount of
      polyethylene glycol perfluoro octonoate (M.sub.n =3400).
PAC  EXAMPLE 31
PAR  The procedure of Example 1 is repeated except for the difference that the
      principal film-forming material into which is mixed the encapsulated
      aluminum flakes is a thermoplastic powder coating material prepared from
      the following materials using the procedure hereinafter described.
TBL  ______________________________________                                    

                        Parts By Weight                                        

     ______________________________________                                    

     poly (methyl methacrylate)                                                

                          100                                                  

      M.sub.n = 40,000                                                         

     poly (lauryl methacrylate)                                                

                          2                                                    

      M.sub.n = 120,000                                                        

     tetrabutylammonium bromide                                                

                          0.05                                                 

     ______________________________________                                    

PAR  The above ingredients are mixed in a twin shell tumbling mixer for 10
      minutes and then mill rolled at 190.degree.C. for 15 minutes. The blend is
      cooled and pulverized to pass through a 200 mesh screen.
PAR  The above materials in the amount of 188 parts by weight are mixed with the
      yellow iron oxide pigment (8.26 parts by weight), phthalo green pigment
      (1.75 parts by weight) and 1.34 parts by weight of poly (lauryl acrylate).
PAR  A homogeneous mixture of the above is obtained by ball milling for 2 hours.
      This mixture is extended at 100.degree.C. from a kneading extruder. The
      solid thus obtained is pulverized in an impact mill, i.e., an air
      classified impact mill, and sieved through a 200 mesh screen.
PAR  The aluminum pigmented finished coating thus prepared from these materials
      exhibits good aluminum particle orientation and depth variation.
PAC  EXAMPLE 32
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 0.1 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 33
PAR  The procedure of Example 1 is repeated with the principal film-forming
      powder in an amount such that they comprise 32.50 weight percent of the
      total powder paint composition.
PAC  EXAMPLE 34
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 0.25 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 35
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 28.75 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 36
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 0.45 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 37
PAR  The procedure of Example 1 is repeated with the differences that the coated
      aluminum flakes are the sole metal-pigment used and they constitute 10
      weight percent of the total powder paint composition. In this example,
      non-metal pigments are not used.
PAC  EXAMPLE 38
PAR  The procedure of Example 1 is repeated with the differences that the coated
      aluminum flakes are the sole metal-pigment used and they constitute 1
      weight percent of the total powder paint composition. In this example, the
      non-metal pigments constitute 21.9 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 39
PAR  The procedure of Example 1 is repeated with the following compositional
      differences. The coated aluminum flakes are mixed with the principal
      film-forming powder in an amount such that they comprise 31.0 weight
      percent of the total powder paint composition and the principal
      film-forming powder contains, as the sole nonmetal pigment, phthalo green
      pigment in an amount such that it comprises 0.25 weight percent of the
      total powder paint composition.
PAC  EXAMPLE 40
PAR  The procedure of Example 1 is repeated with the following compositional
      differences. The coated aluminum flakes are mixed with the principal
      film-forming powder in an amount such that they comprise 4.0 weight
      percent of the total powder paint composition and the principal
      film-forming powder contains a mixture of metal-free pigments in an amount
      such that it comprises 22  weight percent of the total powder paint
      composition. The mixture of metal-free pigments consists predominantly of
      chrome yellow with flaventhron (yellow organic), red iron oxide and carbon
      black present from trace amounts to above one weight percent.
PAC  EXAMPLE 41
PAR  The procedure of Example 1 is repeated with the following compositional
      difference: The coated aluminum flakes are mixed with the principal
      film-forming powder in an amount such that they comprise 0.5 weight
      percent of the total powder paint composition.
PAC  EXAMPLE 42
PAR  A series of powder paints, A-E are prepared from the following materials in
      the manner hereinafter set forth and later electrostatically sprayed as in
      Example 1 for test purposes.
PAC  STEP I
PAR  The materials listed below are thoroughly mixed.
TBL  __________________________________________________________________________

                   A     B     C     D     E                                   

                   Parts By Weight                                             

     __________________________________________________________________________

     1.                                                                        

       aluminum paste                                                          

       (65% metal) 30.00 30.00 30.00 30.00 30.00                               

     2.                                                                        

       thermosettable                                                          

       mixture     9.75  13.65 19.5  29.25 39.00                               

       (a) resin*  8.58  12.01 17.16 25.74 34.32                               

       (b) polyazelaic                                                         

       anhydride   1.17  1.64  2.34  3.51  4.68                                

         % based on weight                                                     

         of aluminum                                                           

                   50.00 70.00 100.00                                          

                                     150.00                                    

                                           200.00                              

     3.                                                                        

       poly(lauryl acrylate)                                                   

                   0.06  0.08  0.12  0.18  0.23                                

     4.                                                                        

       tetrabutylammonium                                                      

                   0.45  0.63  0.9   1.125 1.8                                 

       bromide                                                                 

     5.                                                                        

       methylene chloride                                                      

                   250.00                                                      

                         250.00                                                

                               250.00                                          

                                     250.00                                    

                                           250.00                              

     __________________________________________________________________________

      *epoxy--functional copolymer of Example 1.                               

PAC  STEP II
PAR  This mixture is then spray dried as in the preceding examples and a product
      comprising aluminum flakes encapsulated in a thermosettable mixture of
      resin and crosslinking agent is obtained wherein the relative weights of
      the components are as follows:
TBL                A    B    C    D     E                                      

                   Parts by Weight                                             

     __________________________________________________________________________

     1.                                                                        

       aluminum flakes                                                         

                   19.5 19.5 19.5 19.5  19.5                                   

     2.                                                                        

       thermosettable mixture                                                  

                   9.75 13.65                                                  

                             19.50                                             

                                  29.25 39.00                                  

     3.                                                                        

       poly (laurylacrylate)                                                   

                   0.06 0.08 0.12 0.18  0.23                                   

     4.                                                                        

       tetrabutylammonium                                                      

       bromide     0.45 0.63 0.9  1.125 1.8                                    

     __________________________________________________________________________

PAC  STEP III
PAR  These encapsulated aluminum flakes are sieved through a 44 micron screen.
      All particles left on the screen are rejected.
PAC  STEP IV
PAR  A non-metallic powder mixture is made up by thoroughly mixing the below
      listed materials after which the mixture is pulverized and sieved through
      a 75 micron screen. All particles left on the screen are rejected.
TBL  __________________________________________________________________________

                   A     B     C     D     E                                   

                   Parts by Weight                                             

     __________________________________________________________________________

     1.                                                                        

       resin*      166   166   166   166   166                                 

     2.                                                                        

       azelaic acid                                                            

                   22.64 22.64 22.64 22.64 22.64                               

     3.                                                                        

       poly(laurylacrylate)                                                    

                   1.34  1.34  1.34  1.34  1.34                                

     4.                                                                        

       Pigments                                                                

       (a) thalo green                                                         

                   2.03  2.03  2.04  2.06  2.08                                

       (b) yellow iron oxide                                                   

                   8.04  8.07  8.11  8.18  8.25                                

     __________________________________________________________________________

      *epoxy--functional copolymer of Example 1                                

PAC  STEP V
PAR  An evenly mixed blend is formed from the encapsulated aluminum flakes of
      Step III and the nonmetallic powder mixture of Step IV in the following
      relative proportions:
TBL                A     B     C     D     E                                   

                   Parts by Weight                                             

     __________________________________________________________________________

     1.                                                                        

       encapsulated aluminum                                                   

                   2.255 2.256 3.009 3.764 4.518                               

       flakes                                                                  

     2.                                                                        

       nonmetallic powder                                                      

                   97.745                                                      

                         97.444                                                

                               96.991                                          

                                     96.236                                    

                                           95.482                              

     __________________________________________________________________________

PAR  The relative concentrations of ingredients in each of these blends are
      essentially the same.
PAR  The powders thus obtained are sprayed on electrically grounded substrates
      and baked as in Example 1. Aluminum pigment spacing and orientation is
      best when the resin encapsulation on the aluminum flakes is in the range
      of 50 to 70 weight percent of the aluminum with the very best achieved
      with paint A (50 weight percent encapsulation based on the weight of
      aluminum flakes).
PAC  EXAMPLE 43
PAR  Aluminum flakes are encapsulated as in Example 1 except for the differences
      that solvents other than methylene chloride, i.e., toluene, xylene,
      acetone, hexane and methyl ethyl ketone, are used to disperse the
      film-forming material and aluminum flakes prior to spray drying. The spray
      drying operation is adjusted in conformance with the relative volalities
      of the solvent used in each test. The encapsulated flakes thus prepared
      are incorporated into the powder paint of Example 1, electrostatically
      sprayed upon substrates and the substrates are baked as in Example 1.
PAR  Hydrocarbons, alcohols, and ketones boiling in the range of 50.degree.C. to
      152.degree.C., preferably 50.degree.C. to 90.degree.C., can be used for
      this purpose. The amount of solvent used is in excess of the combined
      weights of the aluminum flakes and the film-former used for encapsulation.
      Advantageously, the amount of solvent used is in the range of about 3 to
      100 times the combined weights of film-former and aluminum flakes.
PAR  Apparatus and methods for electrostatically spraying powder coating
      materials are illustrated and described in U.S. Pat. Nos. 3,536,514;
      3,593,678; and 3,598,629.
PAR  The term "copolymer" is used herein to mean a polymer formed from two or
      more different monomers.
PAR  Many modifications of the foregoing examples will be apparent to those
      skilled in the art in view of this specification. It is intended that all
      such modifications which fall within the scope of this invention be
      included within the appended claims.
PAR  The disclosures of U.S. Pat. application Ser. No. 442,291 filed Feb. 12,
      1974 by Santokh S. Labana et al and entitled "Powder Coating Compositions
      Including Glycidyl Ester-Modified Copolymer" are incorporated herein by
      reference.
PAR  Any and all disclosures appearing in the claims and not specifically
      appearing in the body of this specification are herewith incorporated in
      the body of this specification.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a powder paint which exclusive of catalysts, antistatic agents,
      plasticizers and flow control agents, the same being known and optional
      additives to powder paints, consists essentially of aluminum flakes,
      non-metal pigment and a particulate, organic, film-former, the improvement
      wherein
PA1  A. said non-metal pigment comprises 0 to about 22 weight percent of said
      powder paint,
PA1  B. said aluminum flakes comprise about 0.005 to about 25 weight percent of
      said powder paint and are encapsulated prior to admixture with said
      particulate, organic, film-former with about 2 to about 200 parts by
      weight of a continuous coating of a thermosettable, organic, film-former
      per 100 parts by weight aluminum flakes, said thermosettable, organic,
      film-former consisting essentially of a copolymer having average molecular
      weight (M.sub.n) in the range of about 1500 to about 15,000 and glass
      transition temperature in the range of about 40.degree.C. to about
      90.degree.C., bearing functional groups provided by constituent monomers
      selected from the group consisting of glycidyl esters of a
      monoethylenically unsaturated carboxylic acid, C.sub.5 - C.sub.7
      monohydroxy acrylates, C.sub.5 - C.sub.7  monohydroxy methacrylates and
      alpha-beta olefinically unsaturated amides and wherein at least above 50
      weight percent of the constituent monomers are selected from acrylic
      monomers and the remainder weight percent, if any, of the constituent
      monomers consists essentially of C.sub.8 - C.sub.12 monovinyl hydrocarbons
      said copolymer being self-crosslinkable or employed in combination with a
      monomeric or polymeric crosslinking agent that is capable of reacting with
      said functional groups on said copolymer and containing about 0.05 to
      about 20 parts by weight of an ammonium salt selected from the group
      consisting of tetraalkylammonium halides and substituted
      tetraalkylammonium halides wherein at least one alkyl radical is replaced
      with an aryl, phenoxy or alkoxy radical per 100 parts by weight of said
      thermosettable, organic, film-former, and
PA1  C. said particulate, organic, film-former is selected from the group
      consisting of
PA2  1. a thermoplastic, particulate film-former that is a polymer of alpha-beta
      olefinically, unsaturated monomers of which about 51 to about 100 weight
      percent are acrylic monomers and 0 to about 49 weight percent are
      monovinyl hydrocarbons, and
PA2  2. thermosettable, particulate, film-formers consisting essentially of a
      copolymer having average molecular weight (M.sub.n) in the range of about
      1500 to about 15,000 and glass transition temperature in the range of
      about 40.degree.C. to about 90.degree.c., bearing functional groups
      provided by constituent monomers selected from the group consisting of
      glycidyl esters of a monoethylenically unsaturated carboxylic acid,
      C.sub.5 - C.sub.7 monohydroxy acrylates, C.sub.5 - C.sub.7 monohydroxy
      methacrylates and alpha-beta olefinically unsaturated amides and wherein
      at least about 50 weight percent of the constituent monomers are selected
      from acrylic monomers and the remainder weight percent, if any, of the
      constituent monomers consists essentially of C.sub.8 - C.sub.12 monovinyl
      hydrocarbons, said copolymer being self-crosslinkable or employed in
      combination with a monomeric or polymeric crosslinking agent that is
      capable of reacting with said functional groups on said copolymer.
NUM  2.
PAR  2. A powder paint in accordance with claim 1 wherein said ammonium salt is
      a tetraalkylammonium halide in which the alkyl radicals contain 1 to 4
      carbon atoms.
NUM  3.
PAR  3. A powder paint in accordance with claim 1 wherein said encapsulation of
      said aluminum flakes is in the amount of about 30 to about 70 parts by
      weight of said thermosettable, organic, film-former per 100 parts by
      weight of said aluminum flakes.
NUM  4.
PAR  4. A powder paint in accordance with claim 1 wherein said encapsulation of
      said aluminum flakes is in the amount of about 2 to about 30 parts by
      weight of said thermosettable, organic, film-former per 100 parts by
      weight of said aluminum flakes.
NUM  5.
PAR  5. A powder paint in accordance with claim 1 wherein a portion of said
      encapsulated aluminum flakes are replaced with nickel powder, said portion
      being in an amount such as to provide a nickel powder to encapsulated
      aluminum flake weight ratio of about 1.5:1 to about 2.5:1.
NUM  6.
PAR  6. A powder paint in accordance with claim 1 wherein said powder paint also
      contains a flow control agent which comprises between about 0.05 and about
      4.0 weight percent of said powder paint and is a polymer having average
      molecular weight (M.sub.n) of at least 1000, and having, at the baking
      temperature of the powder paint a lower surface tension than the surface
      tension of said particulate, organic, film-former, and being a polymer or
      copolymer selected from the group consisting of acrylate esters,
      methacrylate esters and polyethylene or polypropylene glycol esters of
      fluorinated fatty acids, polymeric siloxanes and polymeric halogenated
      siloxanes.
NUM  7.
PAR  7. A powder paint in accordance with claim 1 wherein said aluminum flakes
      are encapsulated by dispersing 100 parts by weight of said aluminum flakes
      and about 10 to about 200 parts by weight of said thermosettable, organic,
      film-former in a volatile solvent boiling in the range of about
      40.degree.C. to about 152.degree.C. that is fugitive from said
      thermosettable, organic, film-former and said aluminum flakes in spray
      drying and spray drying said dispersion, said solvent being present in
      said dispersion in excess of the total amount of said aluminum flakes and
      said film-former.
NUM  8.
PAR  8. A powder paint in accordance with claim 1 wherein said 100 parts by
      weight of said aluminum flakes is dispersed in said solvent with about 30
      to about 70 parts by weight of said thermosettable, organic, film-former,
      said solvent is selected from methylene chloride and alcohols, ketones and
      hydrocarbons boiling in the range of about 50.degree.C. to about
      90.degree.C. and is present in said dispersion in an amount at least 3
      times the combined amounts of said aluminum flakes and said film-former.
NUM  9.
PAR  9. A powder paint in accordance with claim 1 wherein said aluminum flakes
      are encapsulated in a thermosettable, organic, film-former consisting
      essentially of a copolymer of monoethylenically unsaturated monomers of
      which about 5 to about 20 weight percent of the constituent monomers are
      glycidyl esters of a monoethylenically unsaturated carboxylic acid, in
      excess of 50 weight percent of the constituent monomers are acrylic
      monomers and the remainder weight percent, if any, of the constituent
      monomers consist essentially of C.sub.8 - C.sub.12 monovinyl hydrocarbons,
      and a crosslinking agent selected from the group consisting of
      dicarboxylic acids and anhydrides of dicarboxylic acids.
NUM  10.
PAR  10. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of
      monoethylenically unsaturated monomers of which about 5 to about 20 weight
      percent of the constituent monomers are glycidyl esters of a
      monoethylenically unsaturated carboxylic acid, in excess of 50 weight
      percent of the constitute monomers are acrylic monomers and the remainder
      weight percent, if any, of the constituent monomers consist essentially of
      C.sub.8 - C.sub.12 monovinyl hydrocarbons, and a crosslinking agent
      selected from the group consisting of dicarboxylic acids and anhydrides of
      dicarboxylic acids.
NUM  11.
PAR  11. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former is a thermoplastic, particulate, organic, film-former
      and has average molecular weight (M.sub.n) in the range of about 30,000 to
      about 80,000 and a glass transition temperature in the range of about
      60.degree.C. to about 110.degree.C.
NUM  12.
PAR  12. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former contains about 0.05 to about 0.15 weight percent of
      an ammonium salt selected from the group consisting of tetraalkylammonium
      halides and substituted tetraalkylammonium halides wherein at least one
      alkyl radical is replaced with an aryl, phenoxy or alkoxy radical.
NUM  13.
PAR  13. A powder paint in accordance with claim 1 wherein said copolymer of
      said particulate, organic, film-former bears functional groups provided by
      constituent monomers which are selected from C.sub.5 - C.sub.7 monohydroxy
      acrylates and C.sub.5 - C.sub.7 monohydroxy methacrylates and is employed
      with a melamine crosslinking agent.
NUM  14.
PAR  14. A powder paint in accordance with claim 1 wherein said aluminum flakes
      are encapsulated in a thermosettable, organic, film-former consisting
      essentially of a copolymer of about 5 to about 20 weight percent of a
      glycidyl ester of a monoethylenically unsaturated carboxylic acid and
      about 80 to about 95 weight percent of esters of a C.sub.1 - C.sub.8
      monohydric alcohol and acrylic or methacrylic acid and a crosslinking
      agent selected from the group consisting of dicarboxylic acids and
      anhydrides of dicarboxylic acids.
NUM  15.
PAR  15. A powder paint in accordance with claim 1 wherein said aluminum flakes
      are encapsulated in a thermosettable, organic, film-former consisting
      essentially of a copolymer of about 5 to about 20 weight percent of a
      glycidyl ester of a monoethylenically unsaturated carboxylic acid, about 2
      to about 10 weight percent of a C.sub.5 - C.sub.7 hydroxy acrylate or
      methacrylate and about 70 to about 93 weight percent of esters of a
      C.sub.1 - C.sub.8 monohydric alcohol and acrylic or methacrylic acid and a
      crosslinking agent selected from the group consisting of dicarboxylic
      acids and anhydrides of dicarboxylic acids.
NUM  16.
PAR  16. A powder paint in accordance with claim 1 wherein said aluminum flakes
      are encapsulated in a thermosettable, organic, film-former consisting
      essentially of a copolymer of about 5 to about 20 weight percent of a
      glycidyl ester of monoethylenically unsaturated carboxylic acid, about 2
      to about 10 weight percent of an alpha-beta olefinically unsaturated amide
      and about 70 to about 93 weight percent of esters of a C.sub.1 - C.sub.8
      monohydric alcohol and acrylic or methacrylic acid and a crosslinking
      agent selected from the group consisting of dicarboxylic acids and
      anhydrides of dicarboxylic acids.
NUM  17.
PAR  17. A powder paint in accordance with claim 16 wherein said alpha-beta
      olefinically unsaturated amide is selected from the group consisting of
      acrylamide and methacrylamide.
NUM  18.
PAR  18. A powder paint in accordance with claim 1 wherein said thermosettable,
      organic, film-former used to encapsulate said aluminum flakes contains
      about 0.05 to about 12 parts by weight of said ammonium salt per 100 parts
      by weight of said thermosettable, organic, film-former.
NUM  19.
PAR  19. A powder paint in accordance with claim 1 wherein said thermosettable,
      organic, film-former used to encapsulate said aluminum flakes contains
      about 0.05 to about 10 parts by weight of said ammonium salt per 100 parts
      by weight of said thermosettable, organic, film-former.
NUM  20.
PAR  20. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of about 5 to
      about 20 weight percent of a glycidyl ester of a monoethylenically
      unsaturated carboxylic acid and about 80 to about 95 weight percent of
      esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid and a crosslinking agent selected from the group
      consisting of dicarboxylic acids and anhydrides of dicarboxylic acids.
NUM  21.
PAR  21. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of a
      monoethylenically unsaturated carboxylic acid, about 2 to about 10 weight
      percent of a C.sub.5 - C.sub.7 hydroxy acrylate or methacrylate and about
      70 to about 93 weight percent of esters of a C.sub.1 - C.sub.8 monohydric
      alcohol and acrylic or methacrylic acid and a crosslinking agent selected
      from the group consisting of dicarboxylic acids and anhydrides of
      dicarboxylic acids.
NUM  22.
PAR  22. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of about 5 to
      about 20 weight percent of a glycidyl ester of a monoethylenically
      unsaturated carboxylic acid, about 2 to about 10 weight percent of
      acrylamide or methacrylamide and about 70 to about 83 weight percent of
      esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid and a crosslinking agent selected from the group
      consisting of dicarboxylic acids and anhydrides of dicarboxylic acids.
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PAL  Improved powder paint compositions providing greater depth variation of
      metal pigment particles comprise (1) aluminum flakes individually
      encapsulated in a thin, continuous, thermoplastic, organic film-former
      containing an ammonium salt selected from tetraalkyl ammonium halides and
      substituted tetraalkylammonium halides wherein at least one alkyl radical
      is replaced with an aryl, phenoxy, or alkoxy radical and (2) a
      particulate, organic film-former. The encapsulated aluminum flakes are
      prepared by intimately dispersing the aluminum flakes in a solution of the
      thermoplastic, organic film-former and the ammonium salt in a volatile
      solvent and spray drying the resultant dispersion. In the preferred
      embodiment, the particulate, organic film-former is also a thermoplastic
      material and, in the most preferred embodiment, it is of the same
      composition as the coating on the aluminum flakes.
PARN
PAC  RELATION TO PARENT APPLICATION
PAR  This application is a continuation-in-part of copending U.S. pat.
      application Ser. No. 422,475 filed Dec. 6, 1973 under the same title and
      now abandoned. This application contains the illustrative examples of the
      parent application and additional illustrative examples wherein the amount
      of thermoplastic film-forming material deposited on the metal particles
      prior to their incorporation into a powder paint are above that
      illustrated in the parent. The recitational disclosures as to the same in
      the body of the specification are conformed to take into account the
      additional examples.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One basic technique for the manufacture of powder coating materials is the
      so-called fusion method. This involves the mixing of solvent-free raw
      materials in their molten state, usually via some form of extruder,
      cooling, pulverization and size separation-classification. This method has
      a number of disadvantages unrelated to pigmentation and an additional
      short-coming when metal flakes are employed as pigments. The high shear
      employed in the mixing stage results in deformation of the metal flakes.
      Additionally, during the pulverization step, the metal flakes are further
      deformed and reduced in particle size. Coatings produced from such powders
      are characterized by a low level of brilliance and poor polychromatic
      appearance.
PAR  Another basic technique for the manufacture of powder coating materials is
      the so-called solution-preparation, solvent-separation technique which can
      be effected by more than one method. This general technique involves the
      preparation of a coating material in an organic solvent, separation of the
      solvent from the paint solids, and size-separation classification. Also,
      pulverization in some form may or may not be required depending upon the
      solvent separation method involved.
PAR  The separation of the solvent can be carried out by conventional spray
      drying techniques or by heat exchange separation wherein the components of
      a paint solution are separated by volatilization of the more volatile
      solvent and separation of the volatilized solvent from the non-volatilized
      paint solids by gravitational forces. Since the metal flakes can be added
      after pulverization, if pulverization is required when using any of the
      solvent separation methods, damage to the metal flakes during
      pulverization can be avoided by using the solution
      preparation-solvent-separation technique. Problems do arise, however, with
      respect to distribution and orientation of the metal flakes when the
      powder coating material is applied to the substrate to be coated. This is
      particularly true when the method of application is that of electrostatic
      spray, the method most commonly employed to apply the final coating of
      paint to automobiles and a variety of other metal manufacturers. In such
      applications, the flakes tend to orient in a random fashion with a low
      percentage of the flakes parallel to the substrate. The net result is a
      high degree of metal protusion with little metallic brilliance and a low
      gloss factor.
PAR  Thus, when either of the aforedescribed methods are used to produce
      metal-pigmented, powder-paint coatings in accordance with the prior art
      processes, a substantially higher aluminum to non-metal pigment ratio is
      required, relative to the same ratio in liquid paints, in order to achieve
      the same degree of brightness and metallic appearance obtained with liquid
      paints. Further, the problem of metal flake protrusion remains even when
      brightness and metallic appearance are achieved.
PAR  In liquid paints, it is known to partially coat aluminum flakes used as
      pigments to increase the electrostatic spray efficiency of such paints. In
      U.S. Pat. No. 3,575,900, a method is disclosed for precipitating the resin
      of the solution coating upon the aluminum flake in colloidal form. This
      solution is then used as such then mixed with another solution for use.
      The patentee specifically points out that, while it may be convenient to
      call this encapsulation, it is not intended to denote that the aluminum
      particles are completely enveloped. The resin disclosed for this purpose
      is a copolymer of vinyl chloride and monoethylenically unsaturated
      monomers containing about 60 to about 90% by weight vinyl chloride.
      Aluminum flake is also partially coated in U.S. Pat. No. 3,532,662. Here
      the coating was carried out with a random copolymer of methyl methacrylate
      and methacrylic acid adsorbed on the pigment. By this method, a dispersion
      is made of the solid particles in a liquid continuous phase comprising an
      organic liquid containing in solution a polymer which is adsorbed by the
      particles and a stabilizer, and modifying the polarity of the continuous
      phase so that the polymer is insoluble therein, the stabilizer being a
      compound containing an anchor component which becomes associated with the
      adsorbed polymer on the particle surface and a pendant, chain-like
      component which is solvated by the modified continuous phase and provides
      a stabilizing sheath around the particles. It is alleged that this
      improves the "wetting" of the treated particles by the film-forming
      material dispersion-type coating composition.
PAR  Powder paints have certain advantages over conventional liquid paints in
      that they are essentially free of volatile solvents but they also present
      problems which differ from the problems encountered with liquid paints.
      These differences include differences with respect to employment of
      aluminum flakes as a color producing component. For instance, when flakes
      partially coated by resin precipitate are employed in liquid paints, there
      remains the organic solvent and other components of the solution to
      prevent direct exposure of the flake to the atmosphere and other external
      influences. Further, in powder paints, if aluminum flake is coated, the
      coating must be a relatively dry solid and the size, weight and continuity
      of the organic encapsulation are all factors in affecting the distribution
      of such particles when electrostatically sprayed with the powder that is
      the principal film-former of the coating composition.
PAR  Coated aluminum flakes, i.e., aluminum flakes individually encapsulated in
      a continuous thermoplastic film, admixed with the particulate principal
      film-former of a powder paint and electrostatically sprayed on a metal
      substrate will in a substantial portion orient in parallel relationship to
      the substrate. This substantially reduces or eliminates flake protrusion.
      Unfortunately, however, there remains a tendency for these coated to
      assume a substrate - parallel orientation close to the outer surface of
      the cured coating. This can produce two undesired results. The first of
      these is an insufficient appearance of metallic depth in the coating
      wherein the metal flakes are seen through varying depths of a film which
      is usually colored with a non-metal color producing component. The second
      is an undesired "silvery" effect which dominates the non-metal color
      producing component if the concentration of the near-surface,
      substrate-parallel flakes is too high.
PAC  THE INVENTION
PAR  A dominance of "silvery" effect in polychromatic finishes resulting from an
      overabundance of aluminum flakes near and parallel to the outer surface of
      a cured coating is avoided and depth variation for the metal color
      producing component in polychromatic or monochromatic finishes is achieved
      by including a suitable ammonium salt, preferably a tetraalkyl ammonium
      halide in the thermoplastic coating in which the aluminum flakes are
      encapsulated prior to admixture with the principal film-forming powder. To
      avoid unnecessary duplication of disclosure, this invention will be
      described with reference to using the preferred tetraalkyl ammonium
      halides.
PAR  The use of these salts as catalysts and anti-static agents in the principal
      film-former of a powder coating composition is known from U.S. Pat. Nos.
      3,730,930; 3,758,632; 3,758,633; 3,758,634 and 3,758,635. These salts may
      be used in the principal film-former of the coating compositions of this
      invention but such use will not achieve the results of this invention. The
      respective roles of these salts in the encapsulating film and in the
      principal film-former of the powder composition are quite interesting. It
      has been discovered that the effective upper limit for the concentration
      of such salts in the encapsulating film is substantially higher when the
      principal film former also contains such salts than it is when the
      principal film-former does not contain such salts. Thus, when the
      principal film-former of the powder paint composition contains in excess
      of about 0.05, e.g., 0.05 to about 0.15, weight percent of these salts,
      the concentration in the encapsulating film may range between about 0.05
      to about 20, preferably 0.05 to 10, parts by weight per 100 parts by
      weight of the thermoplastic film-former used to encapsulate the flakes. On
      the other hand, if the principal film-former is free of such salts the
      effective range for employing such salts in the encapsulating film is
      about 0.05 to about 12 parts by weight per 100 parts by weight of the
      thermosettable film-former.
PAR  The desired depth variation can also be achieved by mixing nickel powder
      with the encapsulated aluminum flakes in a weight ratio of nickel powder
      to coated aluminum flakes in a weight ratio of nickel powder to coated
      aluminum flakes in the range of 1:4 to 5:1. These coating compositions are
      disclosed in our U.S. Pat. applications Ser. Nos. 506,487 and 506,491
      filed of even date with this application. Nickel powder can be used in the
      coating compositions of this invention when desired. The use of the
      tetraalkyl ammonium halides in accordance with this invention permits one
      to reduce the amount of nickel powder used in conjunction with the coated
      aluminum flakes to achieve a given result. Ordinarily, such reduction will
      be by a factor of about 1/10.
PAR  The preferred tetraalkyl ammonium halides for use in this invention have 1
      to 4 carbons in their alkyl groups, e.g., tetramethyl ammonium bromide,
      chloride and iodide; tetraethylammonium bromide, chloride and iodide; and
      tetrabutyl ammonium bromide, chloride and iodide. Other suitable ammonium
      halides which are suitable include the aryl, alkylauryl, aryloxy, and
      alkoxy substituted tetraalkyl ammonium halides such as dodecyl dimethyl
      (2-phenoxyethyl) ammonium bromide, chloride and iodide and diethyl
      (2-hydroxyethyl)methyl ammonium bromide, etc.
PAR  In addition one may also use the hydrohalides of mono-,di-, and tertiary
      amines. Another group of additives which can be used are alkyl-poly
      (ethyleneoxy) phosphates such as, for example, dibutyl-poly (ethyleneoxy)
      phosphate or alkylauryl poly (ethyleneoxy) phosphates such as, for
      example, ethyl benzyl poly (ethyleneoxy) phosphate.
PAR  Aluminum flakes which are incorporated in powder paints to provide a
      metallic color producing component are herein encapsulated in a thin,
      continuous, thermoplastic organic coating through which the aluminum
      particle is visible to the human eye. This coating is preferably
      transparent but may be translucent. The term "substantially transparent"
      as used herein means materials which are either transparent or translucent
      or partially transparent and partially translucent.
PAR  As these metal pigments are most frequently used in polychromatic finishes,
      the powder coating composition will ordinarily contain at least one
      non-metal color producing component. The "non-metal color producing
      component" may be a particulate pigment, dye or tint and may be either
      organic, e.g., carbon black, or inorganic, e.g., a metal salt.
PAR  The aluminum color producing component is most often aluminum flakes in the
      form of aluminum paste. To avoid unnecessary complication of the
      description of this invention, such aluminum flakes will be used to
      illustrate the invention. It should be understood, however, that this
      method is applicable to any particulate aluminum used as a color producing
      component in a powder coating material. This includes aluminum particles
      which are solely aluminum, aluminum coated organic particles, and
      polymer-sandwiched metal particles having exposed metal edges.
PAR  In accordance with this invention, the coated metal particles are admixed,
      i.e., cold blended, with the balance of the coating material after the
      principal film-former is in particulate form. The non-metal color
      producing component may be admixed with the film-forming powder before,
      after or during the addition of the coated metal particles but such
      component is preferably added before the coated metal particles. This
      order of mixing avoids degradation of the metal particles in any of the
      steps of preparing the film-forming powder.
PAR  The film-former used to coat the metal particles in accordance with this
      invention may be the same as or different than the principal film-former
      of the powder coating material. The film-former used to coat the metal
      particles is an organic, thermoplastic film-former which may take the form
      of a self-crosslinkable polymer or a chemically functional polymer and a
      crosslinking agent reactable therewith. In the preferred embodiment, it is
      also crosslinkable with the principal film former of the powder coating
      composition.
PAR  The preferred method for coating the aluminum flakes is to disperse the
      flakes, preferably in the form of aluminum paste, in a small amount of
      thermoplastic organic film-former and a solvent for the film-former that
      is suitable for spray drying and in which the tetraalkylammonium halide is
      intimately dispersed. The dispersion is then spray dried by conventional
      spray drying techniques. Since there is a small amount of film-former
      relative to the amount of metal flakes, the net result is a metal flake
      coated with a relatively thin, continuous, coating of the film-former
      containing the tetraalkylammonium halide as opposed to a metal flake
      imbedded in a relatively large particle of the film-former.
PAR  More specifically, one first disperses the aluminum flakes in about 2 to
      about 200 weight percent of thermoplastic film-former, based on the actual
      weight of aluminum flakes, i.e., about 2 to about 200 parts by weight of
      thermoplastic film-former per 100 parts by weight aluminum flakes. In one
      embodiment wherein the coating of such flakes is relatively light, the
      aluminum flakes are dispersed in about 2 to about 30 weight percent of
      thermoplastic film-former based on the actual weight of the aluminum
      flakes, i.e., about 2 to about 30 parts by weight of thermoplastic
      film-former per 100 parts by weight aluminum flakes. In most applications,
      it will be found advantageous to use between 10 and 200, preferably
      between about 30 and about 70, parts by weight of thermoplastic
      film-former per 100 parts by weight aluminum flakes. When metal particles
      of different density are used, the weight of aluminum flakes of the same
      surface area can be used to determine the amount of film-former to use in
      coating the metal particles. When less than about 2 weight percent of the
      film-former is used, complete encapsulation of the metal flakes may not
      result. When more than about 30 weight percent of the film-former is used,
      care must be taken in controlling the spray drying operation to minimize
      the formation of an excessive amount of spherical particles containing
      more than one metal flake. The incidence of full coverage is high in the
      30 to 70 range above described. Such spherical particles can be removed
      from the other coated aluminum flakes by screening. The inclusion of
      large, multileafed particles in a cured coating provides an irregular
      appearance. A similar result may be obtained if one mixes the uncoated
      metal flakes with the principal film-former of a powder paint while the
      latter is in liquid state and then removes the solvent.
PAR  Aluminum paste is aluminum flakes, usually about 60 to about 70 weight
      percent, in a smaller amount, usually about 30 to about 40 weight percent,
      of a liquid hydrocarbon solvent which serves as a lubricant, e.g., mineral
      spirits. A small amount of an additional lubricant, e.g., stearic acid,
      may be added during the milling operation which produces the aluminum
      flakes. Everett J. Hall is credited with originating the method of beating
      aluminum into fine flakes with polished steel balls in a rotating mill
      while the flakes are wet with a liquid hydrocarbon. See U.S. Pat. No.
      1,569,484 (1926). A detailed description of aluminum paste, its
      manufacture, flake size, testing, uses in paint, etc. is found in Aluminum
      Paint and Powder, J. D. Edwards and Robert I. Wray, 3rd Ed. (1955),
      Library of Congress Catalog Card Number: 55-6623, Reinhold Publishing
      Corporation, 430 Park Avenue, New York, New York, U.S.A. and the same is
      incorporated herein by reference.
PAR  The thermoplastic film-former used to coat the aluminum flakes may be the
      same as or different from the principal film-former of the powder coating
      composition. When the principal film-former is thermoplastic, it is
      preferred to have the film-former used to coat the aluminum flakes of the
      same composition as the principal film-former.
PAR  The best acrylic, thermoplastic, powder coatings known to applicants are
      copolymers of alpha-beta olefinically unsaturated monomers. These are made
      up either solely or predominantly of acrylic monomers, i.e., in excess of
      51 weight percent acrylic monomers, the balance is made up of C.sub.8 -
      C.sub.12 monovinyl hydrocarbons, e.g., styrene, vinyl toluene, alpha
      methyl styrene, tertiaryl butyl styrene, and acrylic or methacrylic acid.
      The acrylates and methacrylates used in either of these embodiments are
      preferably esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic
      acid or methacrylic acid or mixture of acrylic and methacrylic acids.
      Thus, such a copolymer would contain about 46 to about 100 weight percent
      of esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid, 0 to about 49 weight percent of C.sub.8 - C.sub.12
      monovinyl hydrocarbons, and 0 to about 5 weight percent acrylic or
      methacrylic acid with the sum of the aforementioned esters and acrylic or
      methacrylic acid comprising in excess of 51 wieght percent of the
      comonomers as stated earlier in this paragraph. One such copolymer
      contains about 76 to about 81 mole percent methyl methacrylate, 1 to 3
      mole percent acrylic acid or methacrylic acid or a mixture of acrylic and
      methacrylic acids, and 16 to 23 mole percent butyl methacrylate.
PAR  One thermoplastic film-former preferred for use as the principal
      film-former is an acrylic polymer having a molecular weight (M.sub.n) in
      the range of 30,000 to 80,000 and a glass transition temperature in the
      range of 60.degree.C. to 110.degree.C. and is exemplified by the
      thermoplastic acrylic powder coating composition disclosed in U.S. Pat.
      application Ser. No. 172,227 filed Aug. 16, 1971. The disclosures of this
      patent application are incorporated herein by reference. Ideal for coating
      the aluminum flakes for use with these paints are polymeric mixtures of
      the same composition but of lower molecular weight.
PAR  When a thermoplastic film-former is chosen for use in coating the aluminum
      flake in accordance with this invention, such material should be
      operationally compatible with the principal film-former to be chosen for
      the principal film-former. Also the volatile solvent or solvents employed
      to carry out the solution coating and spray drying steps are chosen with a
      view to the solvency of the coating material and their effectiveness in
      spray drying. Starting with this concept, the details for a given flake
      coating or given principal film-former are, of course, well within the
      skill of the paint makers art. With the foregoing in mind, other
      thermoplastic film-formers which can be used to encapsulate the aluminum
      flake include, but not by way of limitation (1) acrylic homopolymers,
      e.g., poly (methyl methacrylate), poly (acrylonitrile), poly (ethyl
      methacrylate), and poly (methyl acrylate), (2) acrylic copolymers, e.g.,
      ethylmethyl acrylate copolymers, ethylene-ethyl acrylate copolymers, and
      ethylene-ethyl methacrylate copolymers, (3) vinyl hydrocarbon - acrylic
      copolymers, e.g., styrene-methyl methacrylate copolymers, styrene-methyl
      acrylate copolymers, and styreneethyl acrylate copolymers, (4) vinyl
      hydrocarbon monopolymers, e.g., polystyrene, (5) ethylene allyl
      copolymers, e.g., ethyleneallyl alcohol copolymers, ethylene-allyl acetate
      copolymers, and ethylene-allyl benzene copolymers, (6) cellulose
      derivations, e.g., cellulose acetate, cellulose butyrate, cellulose
      propionate, cellulose acetate propionate, and ethyl cellulose, (7)
      polyesters, (8) polyamides, e.g., polyhexamethylene adipamide,
      polyhexamethylene sebacamide, and polycaprolactam, (9) poly (vinyl
      butyral), (10) poly (vinyl alcohol), and (11) poly (vinyl acetal), (12)
      ethylene vinyl acetate copolymers, (13) ethylene-vinyl alcohol copolymers.
      Thermoplastic powder coating materials, their preparation and use are
      disclosed in U.S. Pat. No. 3,532,530 which is incorporated herein by
      reference.
PAR  The principal film-former of the paint with which the thermoplastic coated
      aluminum flakes is blended may be a thermosettable film-former. The
      preferred film-formers for this purpose include thermosettable copolymer
      systems comprising: (a) an epoxy-functional copolymer of monovinyl
      monomers and as crosslinking agent therefor a C.sub.4 - C.sub.20,
      saturated, straight chain, aliphatic, dicarboxylic acid crosslinking
      agent-exemplified by U.S. Pat. application Ser. No. 172,236 filed Aug. 16,
      1971, now U.S. Pat. 3,752,870: (b) an epoxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefor a mixture of about
      90 to 98 percent by equivalent weight of a C.sub.4 - C.sub.20, saturated,
      straight chain, aliphatic dicarboxylic acid and about 10 to about 2
      percent by equivalent weight of a C.sub.10 - C.sub.22, saturated, straight
      chain, aliphatic, monocarboxylic acid-exemplified by U.S. Pat. No.
      3,730,930; (c) an epoxy-functional copolymer of monovinyl monomers and as
      crosslinking agent therefor a diphenol having a molecular weight in the
      range of about 110 to about 550 - exemplified by U.S. Pat. application
      Ser. No. 172,228 filed Aug. 16, 1971, now U.S. Pat. 3,758,634; (d) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      therefor a carboxy terminated polymerexemplified by U.S. Pat. application
      Ser. No. 172,229 filed Aug. 16, 1971, now U.S. Pat. No. 3,781,380; (e) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      a phenolic hydroxy terminated polymer - exemplified by U.S. Pat.
      application Ser. No. 172,225 filed Aug. 16, 1971, now U.S. Pat. No.
      3,787,520; (f) an epoxy-functional, carboxyfunctional, self-crosslinkable
      copolymer of ethylenically unsaturated monomers - exemplified by U.S. Pat.
      application Ser. No. 172,238 filed Aug. 16, 1971, now U.S. Pat. No.
      3,770,848; (g) a hydroxy-functional, carboxy-functional copolymer of
      monoethylenically unsaturated monomers - exemplified by U.S. Pat.
      application Ser. No. 172,237 filed Aug. 16, 1971, now U.S. Pat. 3,787,340;
       (h) an epoxy-functional copolymer of monovinyl monomers and as
      crosslinking agent therefor an anhydride of a dicarboxylic acid -
      exemplified by U.S. Pat. application Ser. No. 172,224 filed Aug. 16, 1971,
      now U.S. Pat. 3,781,379; (i) a hydroxy-functional copolymer of
      monoethylenically unsaturated monomers and as crosslinking agent therefor
      a compound selected from dicarboxylic acids, melamines, and anhydrides -
      exemplified by U.S. Pat. application Ser. No. 172,223 filed Aug. 16, 1971
      and abandoned in favor of continuation application Ser. No. 407,128 filed
      Oct. 17, 1973 in turn abandoned in favor of continuation-in-part
      application Ser. No. 526,547 filed Nov. 25, 1974; (j) an epoxy-functional
      copolymer of monovinyl monomers and as crosslinking agent therefor a
      compound containing tertiary nitrogen atoms - exemplified by U.S. Pat.
      application Ser. No. 172,222 filed Aug. 16, 1971, now U.S. Pat. No.
      3,758,633; (k) a copolymer of an alpha-beta unsaturated carboxylic acid
      and an ethylenically unsaturated compound and as crosslinking agent
      therefor an epoxy resin having two or more epoxy groups per molecule - as
      exemplified by U.S. Pat. application Ser. No. 172,226  filed Aug. 16,
      1971, now U.S. Pat. No. 3,758,633; (l) a self-crosslinkable,
      epoxy-functional, anhydride-functional copolymer of olefinically
      unsaturated monomers - exemplified by U.S. Pat. application Ser. No.
      172,235  filed Aug. 16, 1971, now U.S. Pat. No. 3,758,632; (m) an
      epoxy-functional copolymer of monovinyl monomers and as crosslinking agent
      therefor a carboxy terminated polymer, e.g., a carboxy terminated polymer,
      e.g., a carboxy terminated polyester, - exemplified by application Ser.
      No. 223,746 filed Feb. 4, 1972 and abandoned in favor of
      continuation-in-part application Ser. No. 489,271 filed Aug. 5, 1974; (n)
      an epoxy-functional copolymer of vinyl monomers and as crosslinking agent
      therefor a dicarboxylic acid - exemplified by U.S. Pat. application Ser.
      No. 228,262 filed Feb. 22, 1972, now U.S. Pat. No. 3,787,521 ; (o) an
      epoxy-functional and hydroxy-functional copolymer of monovinyl monomers
      and as crosslinking agent therefor a C.sub.4 -  C.sub.20, saturated,
      straight chain, aliphatic dicarboxylic acid - exemplified by U.S. Pat.
      application Ser. No. 394,874 filed Sept. 6, 1973 and now abandoned in
      favor of continuation-in-part application Ser. No. 552,676 filed Feb. 24,
      1975; (p) an epoxy-functional copolymer of monovinyl monomers with
      optional hydroxy and/or amide functionality and as crosslinking agent
      therefore (1) a C.sub.4 - C.sub.20, saturated, straight chain, aliphatic
      dicarboxylic acid and (2a polyanhydride - exemplified by U.S. Pat.
      application Ser. No. 344,881 filed Sept. 6, 1973 and now abandoned in
      favor of continuation-in-part application Ser. No. 552,556 filed Feb. 24,
      1975 and continuation-in-part application Ser. No. 552,557 filed Feb. 24,
      1975;  (q) an epoxy-functional amide-functional copolymer of monovinyl
      monomers and as crosslinking agent therefor an anhydride of a dicarboxylic
      acid - exemplified by U.S. Pat. application Ser. No. 394,880 filed Sept.
      6, 1973 and now abandoned in favor of continuation-in-part application
      Ser. No. 552,572 filed Feb. 24, 1975; (r) an epoxy-functional,
      hydroxyfunctional copolymer of monovinyl monomers and as crosslinking
      agent therefore an anhydride of a dicarboxylic acid - exemplified by U.S.
      Pat. application Ser. No. 394,879 filed Sept. 6, 1973 and abandoned in
      favor of continuation-in-part application Ser. No. 552,511 filed Feb. 24,
      1975; (s) an epoxy-functional, amide-functional copolymer of monovinyl
      monomers and as crosslinking agent therefore a carboxy-terminated  polymer
      - exemplified by U.S. Pat. application Ser. No. 394,875 filed Sept. 6,
      1973 and abandoned in favor of continuation-in-part application Ser. No.
      552,518 filed Feb. 24, 1975; (t) an epoxy-functional copolymer of
      monovinyl monomers and as crosslinking agent therefore a monomeric or
      polymeric anhydride and a hydroxy carboxylic acid - exemplified by U.S.
      Pat. application Ser. No. 394,878 filed Sept. 6, 1973and abandoned in
      favor of continuation-in-part application Ser. No. 552,079 filed Feb. 24,
      1975; (u) an epoxy-functional, amide-functional copolymer of monovinyl
      monomers and as crosslinking agent therefore a monomeric or polymeric
      anhydride and a hydroxy carboxylic acid - exemplified by U.S. Pat.
      application Ser. No. 394,877 filed Sept. 6, 1973 and abandoned in favor of
      continuation-in-part application Ser. No. 552,078 filed Feb. 24, 1975; and
      (v) an epoxy-functional, hydroxy-functional copolymer of monovinyl
      monomers and as crosslinking agent therefore a monomeric or polymeric
      anhydride and a hydroxy carboxylic acid - exemplified in U.S. Pat.
      application Ser. No. 394,876 filed Sept. 6, 1973 and abandoned in favor of
      continuation-in-part application Ser. No. 552,077 filed Feb. 24, 1975.
PAR  The disclosures of the aforementioned patents and patent applications are
      incorporated herein by reference.
PAR  Other thermoset film-formers suitable for use in coating the metal
      particles include, but not by way of limitation thermosettable systems in
      which the polymeric component is a polyester, a polyepoxide and
      urethane-modified polyesters, polyepoxides and acrylics. As with the
      acrylics heretofore more specifically described, these may be
      self-crosslinking polymers or may be a combination of functional polymer
      and a coreactable monomeric compound which serves as crosslinking agent.
PAR  The preferred thermosettable powder paints known to applicants for
      automotive topcoats, the use wherein metallic pigments find their greatest
      use, consist essentially of an epoxy-functional copolymer of olefinically
      unsaturated monomers and a crosslinking agent therefor. Such paints,
      exclusive of pigments, may also contain flow control agents, catalysts,
      etc. in very small quantities.
PAR  The copolymer referred to in the preceding paragraph has average molecular
      weight (M.sub.n) in the range of about 1500 to about 15,000 and glass
      transition temperature in the range of about 40.degree.C. to about
      90.degree.C. The epoxy functionality is provided by employing a glycidyl
      ester of a monoethylenically unsaturated carboxylic acid, e.g., glycidyl
      acrylate or glycidyl methacrylate, as a constituent monomer of the
      copolymer. This monomer should comprise about 5 to about 20 weight percent
      of the total. Additional functionality, e.g., hydroxy functionality or
      amide functionality, may also be employed by inclusion of a C.sub.5 -
      C.sub.7 hydroxy acrylate or methacrylate, e.g., hydroxyethyl acrylate,
      hydroxyethyl methacrylate, hydroxypropyl, acrylate, or hydroxypropyl
      methacrylate, or an alpha-beta olefinically unsaturated amide, e.g.,
      acrylamide or methacrylamide, among the constitutent monomers. When such
      additional functionality is used, the monomers providing it comprise about
      2 to about 10 weight percent of the constituent monomers. The balance of
      the copolymer, i.e., about 70 to about 93 weight percent of the
      constituent monomers, are made up of monofunctional, olefinically
      unsaturated monomers, i.e., the sole functionality being ethylenic
      unsaturation. These monofunctional, olefinically unsaturated monomers are,
      at least in major proportion, i.e., in excess of 50 weight percent of the
      constituent monomers, acrylic monomers. The preferred monofunctional
      acrylic monomers for this purpose are esters of C.sub.1 - C.sub.8
      monohydric alcohols and acrylic or methacrylic acid, e.g., methyl
      methacrylate, ethyl acrylate, propyl methacrylate, butyl acrylate, butyl
      methacrylate, hexyl acrylate and 2-ethylhexyl acrylate. In this preferred
      embodiment, the remainder, if any, aside from the aforementioned epoxy,
      hydroxy and amide functional monomers which also have olefinic
      unsaturation functionality used up in the polymerization formation of the
      copolymer, is preferably made up to C.sub.8 - C.sub.12 monovinyl
      hydrocarbons, e.g., styrene, vinyl toluene, alpha methyl styrene and
      tertiary butyl styrene. Other vinyl monomers which are suitable in minor
      amounts, i.e., between 0 and 30 weight percent of the constituent
      monomers, include vinyl chloride, acrylonitrile, methacrylonitrile, and
      vinyl acetate.
PAR  The crosslinking agents employed with the aforedescribed copolymer will
      have functionality that will react with the functionality of the
      copolymer. Thus, all of the crosslinking agents heretofore mentioned in
      the recital of powder paint patents and patent applications, e.g., C.sub.4
      - C.sub.20 saturated, aliphatic dicarboxylic acids, mixtures of C.sub.4 -
      C.sub.20 saturated aliphatic dicarboxylic acids and monocarboxylic acids
      of carbon number in the same range, carboxy terminated copolymers having
      molecular weight (M.sub.n) in the range of 650 to 3000, monomeric
      anhydrides preferably anhydrides having a melting point in the range of
      about 35.degree. to 140.degree.C., e.g., phthalic anhydride, maleic
      anhydride, cyclohexane-1,2-dicarboxylic anhydride, succinic anhydride,
      etc., homopolymers of monomeric anhydrides, and mixtures of such
      anhydrides and hydroxy acids having a melting point in the range
      40.degree. to 150.degree.C., are suitable for use as crosslinking agents
      for these copolymers. The disclosures of all patents and patent
      applications recited herein are incorporated herein by reference. In
      general, these crosslinking agents are employed in amounts such as to
      provide between about 0.3 and about 1.5, preferably between about 0.8 and
      about 1.2, functional groups which are reactable with functional groups on
      the copolymer per functional group on the copolymer.
PAR  The term "vinyl monomer" as used herein means a monomeric compound having
      in its molecular structure the functional group
      ##EQU1##
      wherein X is a hydrogen atom or a methyl group.
PAR  "Alpha-beta unsaturation" as used herein includes both the olefinic
      unsaturation that is between two carbon atoms which are in the alpha and
      beta positions relative to an activating group such as a carboxyl group,
      e.g., the olefinic unsaturation of maleic anhydride, and the olefinic
      unsaturation between the two carbon atoms which are in the alpha and beta
      positions with respect to the terminus of an aliphatic carbon-to-carbon
      chain, e.g., the olefinic unsaturation of acrylic acid or styrene.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The preparation of the coated metal flakes is carried out in a solvent for
      the film-former that is sufficiently volatile for efficient spray drying
      and which will not chemically react with either the film-former or the
      metal flakes to a degree that will significantly modify their properties
      or appearance within the contact times employed to carry out the spray
      drying process. A preferred solvent for this purpose is methylene
      chloride. Other solvents which can be used include toluene, xylene, methyl
      ethyl ketone, methanol, acetone and low boiling napthas.
PAR  A typical formulation for a feed stock for the spray drier in accordance
      with this invention would include the following:
TBL                     Parts by Weight                                        

     ______________________________________                                    

     aluminum paste (65% Al)                                                   

                          30.00                                                

     film-former          11.00                                                

     MeCl.sub.2           200.00                                               

     ______________________________________                                    

PAR  Typical operating parameters for a conventional 3 ft. diameter spray drier
      equipped with a conventional two-fluid nozzle atomizer, e.g., a gas and a
      liquid as in a conventional air-atomizing, liquid-paint, spray gun, are as
      follows:
TBL  air flow         197 cubic feet/minute                                    

     feed flow        380 ml/minute                                            

     inlet air temperature                                                     

                      180.degree.F.                                            

     outlet air temperature                                                    

                       80.degree.F.                                            

     product rate      6 lbs./hr.                                              

PAR  The coated aluminum, as received from the spray drier, is then sieved
      through a screen of desired particle size, e.g., a 44 micron screen, to
      remove excessively large particles. Approximately 20% of the product in
      the form of oversize particles is discarded.
PAR  The non-metal powder component, hereinafter called the "powder component"
      comprises the primary film-forming component and, where the finish is to
      be polychromatic, at least one non-metal color producing component. This
      non-metal color produring component may be a particulate pigment, dye or
      tint. For purposes of this invention, white and black shall be considered
      colors inasmuch as a light reflecting or light absorbing material must be
      added to the organic film-former to provide the finish with a white or
      black appearance in the same manner that a material must be added to the
      organic filmformer to reflect light rays that convey to the eye one color
      while absorbing others.
PAR  The formulation of the non-metal powder component, which in the case of a
      polychromatic finish contains a non-metal color producing component, is
      prepared taking into consideration the particular color chosen for
      employment with the metallic color component and the amount of the
      metallic color component to be employed. The powder component is
      quantitatively formulated taking into account the amount of material to be
      brought in through the addition of the coated metal particles.
PAR  A typical composition for the powder component is as follows:
TBL                     Parts by Weight                                        

     ______________________________________                                    

     film-former          94.33                                                

     flow control additive                                                     

                          0.67                                                 

     pigment              5.00                                                 

     ______________________________________                                    

PAR  The preparation and processing of the non-metal powder component into
      powder form is carried out by one of the conventional powder preparation
      techniques, e.g., extrusion, spray drying, or solvent extraction. Once in
      powdered form, this material is sieved through a suitable screen, e.g., a
      74 micron screen.
PAR  The final step in the preparation of the powder coating material of this
      invention is the blending of the two major components, i.e., the
      thermoplastic, organic coated particles metal component and the non-metal
      powder component. The exact proportions of the two major components will,
      of course, depend on the specific formulation and the amount of metal
      needed. In the typical example aforedescribed, if one blends about 98.5
      parts by weight of the non-metal powder component with about 1.5 parts by
      weight of the coated aluminum, a "low metallic" automotive top coat paint
      results.
PAR  Appearance of the finished coating, will, of course, be a primary factor in
      selecting the total concentration of aluminum flakes in the total powder
      paint composition. This concentration will vary from a very low weight
      percent of the total powder paint composition in some polychromatic
      finishes, i.e., as low as about 0.005 weight percent, to a much higher
      weight percent of the total powder paint composition in the so-called
      "Argent" finishes, i.e., as high as about 25 weight percent when aluminum
      is the only metal used. If for example, the spray dried coating on the
      flakes comprises about 2 to about 30 weight percent by weight of the
      flakes then, the total metal component of the powder paint composition
      will comprise between about 0.005 to about 32.50, advantageously between
      about 0.25 to about 28.75, and preferably between about 0.54 to about
      28.25, weight percent of the total powder paint composition. These figures
      will be modified by the weight of nickel powder substituted for a portion
      of the aluminum. The principal film-forming powder and non-metal pigment,
      if any, will make up the balance of the powder paint composition. The
      non-metal pigment will constitute between 0 and about 22 weight percent of
      the total composition.
PAR  This invention will be more fully understood from the following
      illustrative examples.
DETD
PAC  EXAMPLE 1
PAC  a. Preparation of the Coated Aluminum Flakes
PAR  A thermoplastic coating material for coating aluminum flake is prepared
      from the following materials using the procedure hereinafter outlined:
TBL                   Parts By Weight                                          

     ______________________________________                                    

     poly (methyl methacrylate)                                                

                        100                                                    

     M.sub.n = 15,000                                                          

     poly (Lauryl methacrylate)                                                

                        2                                                      

     M.sub.n = 10,000                                                          

     ______________________________________                                    

PAR  The above ingredients are mixed together in a twin shell tumbling mixer for
      10 minutes and then mill rolled at 190.degree.C. for 15 minutes. The blend
      is cooled and pulverized to pass through a 200 mesh screen.
PAR  Two (2) parts by weight of this thermoplastic mixture are combined with 30
      parts by weight of aluminum paste (35 percent by weight mineral spirits
      and 65 percent by weight aluminum flakes that will pass through a 325 mesh
      screen and have typical surface area of 7.5 m.sup.2 /gram, maximum
      particle diameter below 45 microns and most common particle size
      distribution in the range of about 7 to about 15 microns) 0.20 parts by
      weight of tetrabutylammonium bromide and 200 parts by weight of methylene
      chloride under low shear agitation so as to disperse the aluminum in the
      thermoplastic material without damage to the aluminum flakes.
PAR  Once the above dispersion has been prepared, it is spray dried in a manner
      which produces individual aluminum flakes coated with a thin, continuous
      coating of dry polymer. This is accomplished in a 3 foot diameter spray
      drier equipped with a two-fluid nozzle in counter-current position using
      the following conditions:
TBL  air flow in drying chamber                                                

                          200 cubic feet                                       

     feed rate of mixture 380 ml/minute                                        

     inlet air temperature                                                     

                          180.degree.F.                                        

     two fluid atomization air                                                 

      pressure             80 lbs.                                             

PAR  The product obtained from this process has an overall composition of about
      19.5 parts by weight of aluminum, about 2.0 parts by weight of the
      thermoplastic mixture above described in this example, and a small amount
      of residual solvent, i.e., 0.05 to 0.2 parts, that has not volatilized
      during the spray dry process. This product is then screened through a 44
      micron screen.
PAC  b. Preparation of the Non-Metal Powder Component
PAR  A thermoplastic powder paint is prepared from the following materials using
      the procedure and materials hereinafter described;
TBL                     Parts By Weight                                        

     ______________________________________                                    

     poly (methyl methacrylate)                                                

                          100                                                  

     M.sub.n = 40,000                                                          

     poly (lauryl methacrylate)                                                

                          2                                                    

     M.sub.n = 120,000                                                         

     tetrabutylammonium bromide                                                

                          0.5                                                  

     ______________________________________                                    

PAR  The above ingredients are mixed in a twin shell tumbling mixer for 10
      minutes and then mill rolled at 190.degree.C. for 15 minutes. The blend is
      cooled and pulverized to pass through a 200 mesh screen.
PAR  The non-metal powder component of the powder coating composition is
      prepared by mixing 188 parts by weight of this thermoplastic material with
      the following materials:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     poly (lauryl acrylate)                                                    

                          1.34                                                 

        M.sub.n = 10,000                                                       

     phthalo green pigment                                                     

                          2.77                                                 

     yellow iron oxide pigment                                                 

                          7.24                                                 

     ______________________________________                                    

PAR  A homogeneous mixture of the above is obtained by ball milling for 2 hours.
      This mixture is then extruded at 100.degree.C. from a kneading extruder.
      The solid thus obtained is pulverized in an impact mill, i.e., an air
      classified impact mill, and sieved through a 200 mesh screen.
PAC  c. Preparation of the Powder Coating Material
PAR  A powder coating material in accordance with this invention is produced by
      mixing 1.65 parts by weight of the coated aluminum flakes with 98.35 parts
      by weight of the non-metal powder component. A homogenous mixture of the
      two components is obtained by rapidly tumbling the material in a partially
      filled container for 20 minutes under ambient room conditions, i.e., about
      65.degree. to 75.degree.F. In preparing the powder by this method, it will
      be obvious to those skilled in the art that actual mixing times will vary
      somewhat with the size of the container and the mechanical action.
PAR  The powder thus obtained is then sprayed on an electrically grounded steel
      substrate with a conventional electrostatic powder spray gun operating at
      about 50 KV charging voltage. After spraying, the coated substrate is
      heated to about 392.degree.F. for about 20 minutes. The coating thus
      obtained demonstrates good orientation and depth variation of metal
      particles.
PAC  EXAMPLE 2
PAR  A powder coating material is prepared following the procedure of Example 1
      with the following differences:
PAR  1. The starting mixture for preparation of the coated aluminum flakes is of
      the following composition:
TBL                        Parts By Weight                                     

     ______________________________________                                    

     aluminum paste          30.00                                             

      (65% by weight aluminum and                                              

      35% by weight mineral spirits)                                           

     tetrabutylammonium bromide                                                

     thermoplastic mixture   5.46                                              

      (a) Poly (methyl methacrylate) 100                                       

        M.sub.n = 12,000 and                                                   

      (b) Poly (lauryl methacrylate) 2                                         

        M.sub.n = 9,000                                                        

     poly (butyl acrylate)   0.03                                              

        M.sub.n = 9,000                                                        

     methylene chloride      250.00                                            

     ______________________________________                                    

PAR  This material is mixed and spray dried as in Example 1 and in the resultant
      material the flakes have coating about 2.5   times thicker than that of
      the coated flakes of Example 1. The empirical composition of the spray
      dried product by weight is as follows:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     aluminum (dry)       19.5                                                 

     thermoplastic coating material                                            

                          5.49                                                 

     ______________________________________                                    

PAR  2. Since the amount of coating on the aluminum flakes is here large enough
      to be a significant factor, it is taken into consideration when
      formulating the non-metal powder component. Here, the non-metal powder
      component is prepared by combining 188 parts by weight of the non-metal
      powder component of Example 1 (b) with the following:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     poly (lauryl acrylate)M.sub.n =10,000                                     

                          1.33                                                 

     phthalo green pigment                                                     

                          1.85                                                 

     yellow iron oxide    9.18                                                 

     ______________________________________                                    

PAR  Subsequent processing of the non-metal powder component is the same as in
      Example 1.
PAR  3. In the blending of the coated metal component and the nonmetal powder
      component is altered because of the thickness of coating on the aluminum
      flakes. The ratio here is 1.93 parts by weight of coated aluminum with
      98.08 parts by weight of the non-metal powder component. The resultant
      powder coating maintains the pigment level and, exclusive of the
      tetraalkylammonium bromide, has the following composition:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     aluminum             1.50                                                 

     thermoplastic coating material                                            

                          93.58                                                

     phthalo green pigment                                                     

                          1.50                                                 

     yellow iron oxide    3.42                                                 

     ______________________________________                                    

PAR  This material is mixed, screened, electrostatically sprayed on a steel
      substrate and heat cured as in Example 1. The finish obtained has
      properties similar to the coatings prepared in Example 1.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is repeated except for the difference that the
      non-metal powder component (b) is prepared by the same procedure but with
      different materials. Here, the thermoplastic film-former is made up of the
      following materials:
TBL                       Parts By Weight                                      

     ______________________________________                                    

     poly (methyl methacrylate)                                                

                            100                                                

        M.sub.n = 60,000                                                       

     poly (tridecyl methacrylate)                                              

                            4                                                  

        M.sub.n = 80,000                                                       

     tribenzylammonium chloride                                                

                            0.2                                                

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  The procedure of Example 1 is repeated except for the differences that the
      film-former for coating the aluminum flake in (a) is prepared by the same
      procedure but with different materials and the non-metal powder component
      (b) is prepared by the same procedure but with different materials: The
      filmformer used to coat the aluminum flakes (a) in this example is made up
      of a mixture of:
TBL                       Parts By Weight                                      

     ______________________________________                                    

     poly (methyl methacrylate)                                                

                            100.0                                              

        M.sub.n = 10,000                                                       

     poly (butyl methacrylate)                                                 

                            6.0                                                

        M.sub.n = 15,000                                                       

     trimethylbenzyl ammonium chloride                                         

                            0.02                                               

     ______________________________________                                    

PAR  The film-former of the non-metal powder component (b) in this example is
      made up of a mixture of
TBL                       Parts By Weight                                      

     ______________________________________                                    

     poly (methyl methacrylate)                                                

                            100.0                                              

        M.sub.n = 80,000                                                       

     poly (butyl methacrylate)                                                 

                            6.0                                                

        M.sub.n = 100,000                                                      

     stearyldimethyl benzyl-ammonium chloride                                  

                            .6                                                 

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  The procedure of Example 1 is repeated except for the difference that the
      film-former of the non-metal powder component (b) is prepared by the same
      procedure but with different materials. Here, the thermoplastic
      film-former is made up of the following materials:
TBL                       Parts By Weight                                      

     ______________________________________                                    

     acrylate copolymer (M.sub.n =15,000)                                      

                            100                                                

      (75 parts methyl methacrylate                                            

      and 25 parts butyl methacrylate)                                         

     poly (2-ethylhexyl acrylate)                                              

                            0.8                                                

      M.sub.n = 10,000                                                         

     tetraethyl ammonium bromide                                               

                            0.3                                                

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  The procedure of Example 5 is repeated with the sole exception that the
      copolymer of 75 parts methyl methacrylate and 25 parts butyl methacrylate
      is replaced with an equal amount of a copolymer of 60 parts methyl
      methacrylate and 40 parts butyl methacrylate (M.sub.n = 80,000).
PAC  EXAMPLE 7
PAR  The procedure of Example 5 is repeated with the sole exception that the
      copolymer of 75 parts methyl methacrylate and 25 parts butyl methacrylate
      is replaced with an equal amount of a copolymer of a copolymer of 80 parts
      methyl methacrylate and 20 parts ethyl acrylate (M.sub.n = 80,000).
PAC  EXAMPLE 8
PAR  The procedure of Example 5 is repeated with the sole exception that the
      copolymer of 75 parts methyl methacrylate and 25 parts butyl methacrylate
      is replaced with an equal amount of a copolymer of 85 parts styrene and 15
      parts butyl acrylate.
PAC  EXAMPLE 9
PAR  The procedure of Example 1 is repeated with the difference that the
      film-former of the non-metal powder component (b) is prepared by the same
      procedure but with different materials. Here, the thermoplastic
      film-former is made up of the following materials:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     acrylate copolymer - M.sub.n = 40,000                                     

                            100                                                

      (a copolymer of 98 parts methyl                                          

      methacrylate and 2 parts of gly-                                         

      cidyl methacrylate)                                                      

     polybutyl acrylate     0.8                                                

      M.sub.n = 50,000                                                         

     tetramethylammonium bromide                                               

                            0.2                                                

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  The procedure of Example 1 is repeated with the difference that the
      film-former of the non-metal powder component (b) is prepared using the
      materials and procedures hereinafter set forth.
PAR  An epoxy-functional acrylic copolymer of vinyl monomers is prepared as
      follows:
TBL  Ingredients          Parts By Weight                                      

     ______________________________________                                    

     glycidyl methacrylate                                                     

                          15                                                   

     methyl methacrylate  45                                                   

     butyl methacrylate   40                                                   

     ______________________________________                                    

PAR  The above named ingredients are mixed together. Three parts by weight of
      2,2' - azobis - (2-methylpropionitrile), hereinafter called AIBN, is
      dissolved in the monomer mixture. The mixture is slowly added to refluxing
      toluene (100 parts) which is stirred vigorously under a nitrogen
      atmosphere. A condenser is provided at the top of the toluene container to
      condense the toluene vapors and return them to the container. The monomer
      mixture is added through a regulating valve and the rate of addition is
      controlled to maintain a reflux temperature (109.degree.C. -
      112.degree.C.) with only a small fraction of heat supplied from an
      external heater. After the addition of the monomer mixture is complete,
      the refluxing is maintained by external heat source for 3 additional
      hours.
PAR  The solution is poured into a shallow stainless steel trays. These trays
      are placed in a vacuum oven and the solvent evaporated therefrom. As the
      solvent is removed, the copolymer solution becomes more concentrated. The
      temperature of the vacuum oven is raised to about 110.degree.C. Drying is
      continued until the solvent content of the copolymer is below 3 percent.
      The trays are cooled and the copolymer collected and ground to pass
      through a 20 mesh screen. The copolymer has a glass transition temperature
      of 53.degree.C. and a molecular weight (M.sub.n) of 4,000.
PAR  One hundred parts by weight of the ground copolymer are mixed with the
      following materials:
TBL                     Parts By Weight                                        

     ______________________________________                                    

     azelaic acid         10.0                                                 

     tetrabutyl ammonium bromide                                               

                          0.2                                                  

     poly (lauryl acrylate)(M.sub.n =10,000)                                   

                          0.5                                                  

     ______________________________________                                    

PAR  The materials are mixed together in a ball mill for 2 hours. The mixture is
      mill rolled at 85.degree.C. to 90.degree.C. for 5 minutes. The solid
      obtained is ground in a ball mill and the powder is sieved with a 140 mesh
      screen.
PAC  EXAMPLE 11
PAR  The procedure of Example 10 is repeated with the difference that the
      film-former of the non-metal powder component is prepared as in Example 10
      using 166 parts by weight of the ground epoxy-functional copolymer of
      Example 10, 22.64 parts by weight of azelaic acid, 0.30 parts by weight of
      tetrabutyl ammonium bromide and 1.33 poly (lauryl acrylate) - M.sub.n =
      10,000.
PAC  Example 12
PAR  The procedure of Example 1 is repeated except for the differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of the same aluminum paste used in Example 1 (19.5 parts by weight
      aluminum), 0.4 parts by weight tetraethylammonium bromide, and 4.7 parts
      by weight of the thermoplastic coating material.
PAR  2. Following the procedure of Example 2, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAR  The resultant powder coating material is electrostatically sprayed upon a
      steel substrate and heat cured thereon as in Example 1 and the resultant
      finish has similar appearance to that obtained in Example 1.
PAC  EXAMPLE 13
PAR  The procedure of Example 1 is repeated except for the differences;
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      aluminum paste used in Example 1 (19.5 parts by weight aluminum), 0.2
      parts by weight of tetraethylammonium bromide and 0.98 parts by weight of
      the thermoplastic coating material. 2. Following the procedure of Example
      2, the non-metal powder component is adjusted and employed in an amount
      with the coated aluminum flakes to provide the powder coating material to
      be sprayed with the same level of pigment loading as in such material in
      Example 1.
PAR  The resultant powder coating material is electrostatically sprayed upon a
      steel substrate and heat cured thereon as in Example 1 and the resultant
      finish has similar appearance to that obtained in Example 1.
PAC  EXAMPLE 14
PAR  The procedure of Example 1 is repeated except for the differences;
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of aluminum paste used in Example 1 (19.5 parts by weight of aluminum),
      0.2 parts by weight tetraethylammonium iodide, and 2.93 parts by weight of
      the thermoplastic coating material.
PAR  2. Following the procedure of Example 2, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAR  The resultant powder coating material is electrostatically sprayed upon a
      steel substrate and heat cured thereon as in Example 1 and the resultant
      finish has similar appearance to that obtained in Example 1.
PAC  EXAMPLE 15
PAR  The procedure of Example 1 is repeated except for the differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of aluminum paste (19.5 parts by weight aluminum), 0.3 parts by weight
      tetrabutylammonium chloride, and 1.76 parts by weight of the thermoplastic
      material.
PAR  2. Following the procedure of Example 2, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAR  The resultant powder coating material is electrostatically sprayed upon a
      metal substrate and heat cured thereon as in Example 1 and the resultant
      finish has similar appearance to that obtained in Example 1.
PAC  EXAMPLE 16
PAR  The procedure of Example 1 is repeated except for the differences:
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of the aluminum paste used in Example 1 (19.5 parts by weight aluminum),
      0.3 parts by weight tetraethylammonium bromide and 2.54 parts by weight of
      the thermoplastic coating material.
PAR  2. Following the procedure of Example 2, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAR  The resultant powder coating material is electrostatically sprayed upon a
      metal substrate and heat cured thereon as in Example 1 and the resultant
      finish has similar appearance to that obtained in Example 1.
PAC  EXAMPLE 17
PAR  The procedure of Example 1 is repeated except for the differences;
PAR  1. The coating of the aluminum flakes is prepared from 30 parts by weight
      of the aluminum paste used in Example 1 (19.5 parts by weight aluminum),
      0.20 parts by weight tetraethylammonium bromide and 0.39 parts by weight
      of the thermoplastic coating material.
PAR  2. Following the procedure of Example 2, the non-metal powder component is
      adjusted and employed in an amount with the coated aluminum flakes to
      provide the powder coating material to be sprayed with the same level of
      pigment loading as in such material in Example 1.
PAC  EXAMPLE 18
PAR  The procedure of Example 1 is repeated except for the difference that the
      non-metal powder component is an epoxyfunctional and hydroxy-functional
      copolymer of vinyl monomers prepared as follows:
TBL                            Percent By Weight                               

     Reactants       Grams     Of Total Reactants                              

     ______________________________________                                    

     glycidyl methacrylate                                                     

                     225.0     15                                              

     hydroxyethyl methacrylate                                                 

                     75.0      5                                               

     butyl methacrylate                                                        

                     600.0     40                                              

     styrene         75.0      5                                               

     methyl methacrylate                                                       

                     525.0     35                                              

     ______________________________________                                    

PAR  The above mentioned monomers are admixed in the proportions above set forth
      and 70.0 grams (4.5 percent based on combined weights of reactants) of
      2,2' - azobis - (2-methyl propionitrile), hereinafter called AIBN, are
      added to the monomer mixture. The solution is added dropwise over a 3 hour
      period into 1500 ml. toluene at 100.degree. - 108.degree.C. under nitrogen
      atmosphere. Then 0.4 grams of AIBN dissolved in 10 ml. of acetone are
      added over a 1/2 hour period and refluxing is continued for 2 additional
      hours.
PAR  The toluene-polymer solution is diluted in 1500 ml. acetone and coagulated
      in 16 liters of hexane. The white powder is dried in a vacuum oven at
      55.degree.C. for 24 hours. This copolymer has molecular weight - M.sub.w -
      M.sub.n = 6750/3400 and the molecular weight per epoxy group is about
      1068.
PAR  A thermosettable material is produced by mixing 166 parts of the
      epoxy-functional, hydroxy-functional copolymer with 22.65 parts by weight
      of azelaic acid, and 1.34 parts by weight of poly (lauryl acrylate -
      M.sub.n = 10,000).
PAR  A homogeneous mixture of the above is obtained by ball milling for 2 hours.
      This mixture is then extruded at 100.degree.C. from a kneading extruder.
      The solid thus obtained is pulverized in an impact mill, i.e., an air
      classified impact mill, and sieved through a 200 mesh screen.
PAC  EXAMPLE 19
PAR  The procedure of Example 18 is repeated except for the difference that a
      functionally equivalent amount of poly (azelaic anhydride) is substituted
      for the azelaic acid.
PAC  EXAMPLE 20
PAR  The procedure of Example 19 is repeated except for the difference that
      about 35 percent of the poly (azelaic anhydride) is replaced with a
      functionally equivalent amount of 12-hydroxystearic acid.
PAC  EXAMPLE 21
PAR  The procedure of Example 18 is repeated with the following differences:
PAR  1. The epoxy-functional, hydroxy-functional copolymer is replaced with an
      epoxy-functional, amide-functional copolymer prepared from the below
      listed components in the manner hereinafter described:
TBL                            Percent By Weight                               

     Reactants      Grams      Of Total Reactants                              

     ______________________________________                                    

     glycidyl methacrylate                                                     

                     45        15                                              

     acrylamide      15        5                                               

     butyl methacrylate                                                        

                    111        37                                              

     methyl methacrylate                                                       

                    129        43                                              

     ______________________________________                                    

PAR  The above mentioned monomers are admixed in the proportions above set forth
      and 11.0 grams of 2,2'- azobis - (2-methyl-propionitrile), hereinafter
      called AIBN, are added to the mixture. The mixture is slowly added to 200
      ml. of toluene heated to 80.degree. - 90.degree.C. which is being stirred
      vigorously under a nitrogen atmosphere. A condenser is provided at the top
      of the toluene container to condense the toluene vapors and return the
      condensed toluene to the container. The monomer mixture is added through a
      regulating valve and the rate of addition is controlled to maintain a
      reaction temperature of 90.degree. - 110.degree.C. with the rest of the
      heat supplied from an external heater. After the addition of the monomer
      mixture is completed (3 hours), 0.8 grams of AIBN dissolved in 10 ml.
      acetone is added over a 1/2 hour period and refluxing is continued for 2
      additional hours.
PAR  The resultant toluene-polymer solution is diluted with 200 mls. acetone and
      coagulated in 2 liters of hexane. The white powder is dried in the vacuum
      over at 55.degree.C. for 24 hours. Its molecular weight is determined to
      be M.sub.w /M.sub.n = about 1000.
PAR  2. The azelaic acid is replaced with a functionallyequivalent amount of a
      carboxy-terminated polymer crosslinking agent. This crosslinking agent is
      prepared in the following manner; Five hundred grams of a commercially
      available epoxy resin, Epon 1001, (epoxide equivalent 450-525, melting
      range 64.degree. - 76.degree.C. and molecular weight average
      900.degree.C.), is charged into a 500 ml. stainless steel beaker having a
      heating mantle. The epoxy resin is heated to 110.degree.C. As the epoxy
      resin is stirred, 194 grams of azelaic acid is added. After a reaction
      time of 30 minutes, a homogeneous mixture is obtained. The mixture resin,
      only semi-reacted, is poured out into an aluminum pan and cooled. The
      solid mixture is pulverized to pass through a 100 mesh screen by use of a
      blender. The mixture resin is only semi-reacted because if fully reacted
      it could not be powdered.
PAC  EXAMPLE 22
PAR  The procedure of Example 1 is repeated except for the difference that the
      poly (lauryl acrylate - M.sub.n = 10,000) is replaced with an equivalent
      amount of polyethylene glycol perfluro octonoate (M.sub.n = 3400).
PAC  EXAMPLE 23
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with polyacrylonitrile M.sub.n = 15,000 and
      such coating is in the amount of 5 percent by weight of the aluminum
      flakes.
PAC  EXAMPLE 24
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with polyhexmethylene adipamide - M.sub.n =
      5,000, and such coating is in the amount of 3 percent by weight of the
      aluminum flakes.
PAC  EXAMPLE 25
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with cellulose butyrate - M.sub.n = 10,000, the
      solvent is methanol, and such coating is in the amount of 5 percent by
      weight of the aluminum flakes. The temperature of the spray drier is
      adjusted to compensate for the change of solvent.
PAC  EXAMPLE 26
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with a polyester, i.e., glycol phthalate -
      M.sub.n = 5,000, the solvent is acetone and such coating is in the amount
      of 10 percent by weight of the aluminum flakes. The temperature of the
      spray drier is adjusted to compensate for the change of solvent.
PAC  EXAMPLE 27
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with a styrenemethyl methacrylate copolymer -
      M.sub.n = 15,000, the solvent is acetone and such coating is in the amount
      of 13 percent by weight of the aluminum flakes. The temperature of the
      spray drier is adjusted to compensate for the change of solvent.
PAC  EXAMPLE 28
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with cellulose acetate - m.sub.n = 15,000, the
      solvent is methanol, and such coating is in the amount of 7 percent by
      weight of the aluminum flakes. The temperature of the spray drier is
      adjusted to compensate for the change of solvent.
PAC  EXAMPLE 29
PAR  The procedure of Example 1 is repeated except for the differences that the
      aluminum flakes are coated with polystyrene, the solvent is toluene and
      the coating is in the amount of 2.5 percent by weight of the aluminum
      flakes. The temperature of the spray drier is adjusted to compensate for
      the change of solvent.
PAC  EXAMPLE 30
PAR  The procedure of Example 1 is repeated except for the differences that the
      non-metal powder component contains tetrabutylammonium bromide in the
      amount of 0.14 weight percent and the thermoplastic coatings on the
      aluminum flakes contain tetrabutylammonium bromide in the average amount
      of 20 parts by weight per 100 parts by weight of thermoplastic, organic,
      film-former.
PAC  EXAMPLE 31
PAR  The procedure of Example 1 is repeated except for the differences that the
      non-metal powder component contains tetrabutylammonium bromide in the
      amount of 0.07 parts by weight and the thermoplastic coating on the
      aluminum flakes contain tetrabutylammonium bromide in the average amount
      of 10 parts by weight per 100 parts by weight of thermoplastic, organic,
      film-former.
PAC  EXAMPLE 32
PAR  The procedure of Example 1 is repeated except for the differences that the
      non-metal powder component contains tetrabutylammonium bromide in the
      amount of 0.05 weight percent and the thermoplastic coating on the
      aluminum flakes contains tetrabutylammonium bromide in the average amount
      of 1 part by weight per 100 parts by weight of thermoplastic, organic,
      film-former.
PAC  EXAMPLE 33
PAR  The procedure of Example 8 is repeated except for the difference that an
      equivalent amount of tetrabutylammonium chloride is substituted for the
      tetrabutylammonium bromide.
PAC  EXAMPLE 34
PAR  The procedure of Example 8 is repeated except for the difference that an
      equivalent amount of tetrabutylammonium iodide is substituted for the
      tetrabutylammonium bromide.
PAC  EXAMPLE 35
PAR  The procedure of Example 8 is repeated except for the difference that an
      equivalent amount of tetramethylammonium bromide is substituted for the
      tetrabutylammonium bromide.
PAC  EXAMPLE 36
PAR  The procedure of Example 8 is repeated except for the differences that the
      non-metal powder component contains 1 weight percent of dodecyl dimethyl
      (2-phenoxyethyl) ammonium bromide in lieu of the tetrabutylammonium
      bromide and the thermoplastic coatings on the aluminum flakes contain, in
      lieu of the tetrabutylammonium bromide, dodecyl dimethyl (2-phenoxyethyl)
      ammonium bromide in the average amount of 5 parts by weight per 100 parts
      by weight of the thermoplastic film-former.
PAC  EXAMPLE 37
PAR  The procedure of Example 2 is repeated except for the differences that the
      non-metal powder component contains 1 weight percent of diethyl
      (2-hydroxyethyl) methyl ammonium bromide in lieu of the tetrabutylammonium
      bromide and the thermoplastic coatings on the aluminum flakes contain, in
      lieu of the tetrabutyl ammonium bromide, diethyl (2-hydroxyethyl) methyl
      ammonium bromide in the average amount of 3 parts by weight per 100 parts
      by weight of the thermoplastic film-former.
PAC  EXAMPLE 38
PAR  The procedure of Example 2 is repeated except for the differences that the
      non-metal powder component contains 0.1 weight percent tetrabutylammonium
      bromide and the coatings on the aluminum flakes contain tetrabutylammonium
      bromide in the average amount of 12 parts by weight per 100 parts by
      weight of the thermoplastic film-former.
PAC  EXAMPLE 39
PAR  The procedure of Example 2 is repeated except for the difference that the
      coated aluminum flakes are replaced with an equal volume of a mixture of
      nickel powder and coated aluminum flakes prepared in the same manner as
      those used in Example 1 and containing the same concentration of
      tetrabutylammonium bromide contained in the coated flakes of Example 1.
      The weight ratio of nickel powder to coated aluminum flakes in this
      example is 1.5 to 1.
PAC  EXAMPLE 40
PAR  The procedure of Example 15 is repeated except for the difference that the
      weight ratio of nickel powder to coated aluminum flakes is 2.5:1.
PAC  EXAMPLE 41
PAR  The procedure of Example 1 is repeated except for the differences: the
      coating of the aluminum flakes is prepared from 30 parts by weight of the
      same aluminum paste used in Example 1 (19.5 parts by weight aluminum) and
      4.7 parts by weight of the thermoplastic coating material used in Example
      1, 0.4 parts by weight tetrabutyl ammonium bromide, and 0.03 parts by
      weight poly (lauryl acrylate).
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 42
PAR  The procedure of Example 1 is repeated except for the differences: coating
      of the aluminum flakes is prepared from 30 parts by weight of aluminum
      paste used in Example 1 (19.5 parts by weight aluminum) and from 2.93
      parts by weight of the thermoplastic coating material used in Example 1,
      0.29 parts by weight tetrabutyl ammonium bromide, and 0.02 parts by weight
      poly (lauryl acrylate).
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 43
PAR  The procedure of Example 1 is repeated except for the following
      differences: the coating of the aluminum flakes is prepared from 30 parts
      by weight of the aluminum paste used in Example 1 (19.5 parts by weight
      aluminum) and 1.76 parts by weight of the thermoplastic coating material
      used in Example 1, 0.18 parts by weight tetrabutyl ammonium bromide, and
      0.01 parts by weight poly (lauryl acrylate) - M.sub.n = 10,000.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 44
PAR  The procedure of Example 1 is repeated except for the following
      differences: the coating of the aluminum flakes is prepared from 30 parts
      by weight of the aluminum paste used in Example 1 (19.5 parts by weight
      aluminum) and 2.54 parts by weight of the thermoplastic coating material
      used in Example 1, 0.25 parts by weight tetrabutyl ammonium bromide, and
      0.01 parts by weight poly (lauryl acrylate) - M.sub.n = 10,000.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 45
PAR  The procedure of Example 1 is repeated except for the following
      differences: the coating of the aluminum flakes is prepared from 30 parts
      by weight of the aluminum paste used in Example 1 (19.5 parts by weight
      aluminum) and 0.39 parts by weight of the thermoplastic coating material
      used in Example 1, 0.04 parts by weight tetrabutyl ammonium bromide, and
      0.002 parts by weight poly (lauryl acrylate) - M.sub.n = 10,000.
PAR  The cured finish obtained has good physical properties and good depth
      variation in metal pigment positioning.
PAC  EXAMPLE 46
PAR  The procedure of Example 10 is repeated except for the difference that a
      functionally equivalent amount of an epoxy-functional and
      hydroxy-functional copolymer of alpha-beta olefinically unsaturated
      monomers is substituted for the epoxy-functional copolymer of Example 1
      and a functionally equivalent amount of poly (azelaic anhydride) is
      substituted for the azelaic acid. The epoxy-functional and
      hydroxy-functional copolymer used in this example is prepared from the
      below listed components in the manner hereinafter described:
TBL                            Percent By Weight                               

     Reactants      Grams      Of Total Reactants                              

     ______________________________________                                    

     glycidyl methacrylate                                                     

                    225.0      15                                              

     hydroxyethyl meth-                                                        

      acrylate      75.0       5                                               

     butyl methacrylate                                                        

                    600.0      40                                              

     styrene        75.0       5                                               

     methyl methacrylate                                                       

                    525.0      35                                              

     ______________________________________                                    

PAR  The above mentioned monomers are admixed in the proportions above set forth
      and 70.0 grams (4.5 percent based on the combined weights of reactants) of
      2,2' - azobis - (2-methyl propionitrile), hereinafter called AIBN, are
      added to the monomer mixture. The solution is added dropwise over a 3 hour
      period into 1500 ml. toluene at 100.degree. - 180.degree.C. under nitrogen
      atmosphere. Then 0.4 grams of AIBN dissolved in 10 ml. of acetone are
      added over a 1/2 hour period and refluxing is continued for 2 additional
      hours.
PAR  The toluene-polymer solution is diluted in 1500 ml. acetone and coagulated
      in 16 liters of hexane. The white powder is dried in a vacuum oven at
      55.degree.C. for 24 hours. This copolymer has molecular weight - M.sub.w -
      M.sub.n = 6750/3400 and the molecular weight per epoxy group is about
      1068.
PAR  The cured finish obtained from the aluminum pigmented powder of this
      example has good physical properties and the aluminum flakes demonstrate
      good orientation and good depth variation.
PAC  EXAMPLE 47
PAR  The procedure of Example 46 is repeated with the single difference that
      about 35 percent of the poly (azelaic anhydride) is replaced with a
      functionally equivalent amount of 12-hydroxystearic acid.
PAC  EXAMPLE 48
PAR  The procedure of Example 10 is repeated except for the difference that an
      epoxy functional, amide-functional copolymer of alpha-beta olefinically
      unsaturated monomers is substituted for the epoxy-functional copolymer of
      Example 10 and a functionally equivalent amount of a carboxy-terminated
      polymer is substituted for the azelaic acid. The epoxy-functional,
      amidefunctional copolymer used in this example is prepared from the below
      listed components in the manner hereinafter described:
TBL                            Percent By Weight                               

     Reactants      Grams      Of Total Reactants                              

     ______________________________________                                    

     glycidyl methacrylate                                                     

                     45        15                                              

     acrylamide      15        5                                               

     butyl methacrylate                                                        

                    111        37                                              

     methyl methacrylate                                                       

                    129        43                                              

     ______________________________________                                    

PAR  The above mentioned monomers are admixed in the proportions above set forth
      and 110 grams of 2,2' - azobis - (2-methylpropionitrile), hereinafter
      called AIBN, are added to the mixture. The mixture is slowly added to 200
      ml. of toluene heated to 80.degree. - 90.degree. C. which is being stirred
      vigorously under a nitrogen atmosphere. A condenser is provided at the top
      of the toluene container to condense the toluene vapors and return the
      condensed toluene to the container. The monomer mixture is added through a
      regulating valve and the rate of addition is controlled to maintain a
      reaction temperature of 90.degree. - 110.degree.C. with the rest of the
      heat supplied from an external heater. After the addition of the monomer
      mixture is completed (3 hours), 0.8 gram of AIBN dissolved in 10 ml
      acetone is added over a 1/2 hour period and refluxing is continued for 2
      additional hours.
PAR  The resultant toluene-polymer solution is diluted with 200 mls. acetone and
      coagulated in 2 liters of hexane. The white powder is dried in the vacuum
      oven at 55.degree.C. for 24 hours. Its molecular weight is determined to
      be M.sub.w /M.sub.n = 6700/3200 and WPE (molecular weight per epoxide
      group) is about 1000.
PAR  The carboxy terminated polymer to be used as crosslinking agent is prepared
      from the following materials in the following manner: five hundred grams
      of a commercially available epoxy resin, Epon 1001, (epoxide, equivalent
      450-525, melting range 64.degree. - 76.degree.C. - molecular weight
      average 900.degree.C.), is charged into a 500 ml. stainless steel beaker
      having a heating mantle. The epoxy resin is heated to 110.degree.C. As the
      epoxy resin is stirred, 194 grams of azelaic acid are added. After a
      reaction time of 30 minutes, a homogeneous mixture is obtained. The
      mixture resin, only partially reacted, is poured into an aluminum pan and
      cooled. The solid mixture is pulverized to pass through a 100 mesh screen
      by use of a blender. This resin is only partially reacted because if fully
      reacted it could not be powdered. A portion of the carboxy terminated
      polymer is weighed out for making a powder coating composition in
      accordance with this invention.
PAR  The cured finish obtained from the aluminum pigmented powder of this
      example has good physical properties, and the aluminum flakes demonstrate
      good orientation and good depth variation.
PAC  EXAMPLE 49
PAR  The procedure of Example 10 is repeated except for the difference that a
      functionally equivalent amount of a hydroxyfunctional copolymer is
      substituted for the epoxy-functional copolymer of Example 10 and a
      functionally equivalent amount of hexamethoxy melamine is substituted for
      the azelaic acid.
PAR  The hydroxy-functional copolymer used in this example is prepared from the
      below listed components in the manner hereinafter described:
TBL  Reactants            Parts By Weight                                      

     ______________________________________                                    

     2-hydroxyethyl methacrylate                                               

                          15                                                   

     ethyl acrylate       25                                                   

     methyl methacrylate  60                                                   

     ______________________________________                                    

PAR  A one liter, four-necked flask which contains 150 ml. of methyl ethyl
      ketone is heated until the contents of the flask are at a refluxing
      temperature of 85.degree.C. A mixture of the above listed monomers and 4
      parts by weight of 2,2' - azobis(2-methyl propionitrile), hereinafter
      called AIBN, in the total amount of 208 grams is added in a dropwise
      fashion over a period of one and a half hours to the reaction mixture
      which is maintained at 85.degree.C. After the monomer addition is
      complete, 0.5 grams of AIBN (dissolved in 20 grams of toluene) is added
      dropwise. The refluxing is continued for an additional onehalf hour to
      complete the polymerization.
PAR  The solution is poured into shallow stainless steel trays. These trays are
      placed in a vacuum oven and the solvent evaporated therefrom. As the
      solvent is removed, the copolymer becomes more concentrated. The
      temperature of the vacuum oven is raised to 110.degree.C. Drying is
      continued until the solvent content of the copolymer is below 3 percent.
      The trays are cooled and the copolymer collected and ground to pass
      through a 20 mesh screen.
PAR  The cured finish obtained from the aluminum pigmented powder of this
      example has good physical appearance and the aluminum flakes are
      distributed with good orientation and depth variation.
PAC  EXAMPLE 50
PAR  The procedure of Example 10 is repeated except for the difference that a
      functionally equivalent amount of a self crosslinking copolymer is
      substituted for the epoxy-functional copolymer and the azelaic acid.
PAR  The self-crosslinking copolymer used in this example is prepared from the
      following listed components in the manner hereinafter described:
TBL  Reactants            Grams                                                

     ______________________________________                                    

     glycidyl methacrylate                                                     

                          30                                                   

     methacrylic acid     21                                                   

     methyl methacrylate  129                                                  

     butyl methacrylate   120                                                  

     ______________________________________                                    

PAR  The monomers above listed are mixed with 12 grams of an initiator, i.e.,
      t-butylperoxypivate. Three hundred grams of benzene is charged into a one
      liter flask which is equipped with a dropping funnel. The flask is heated
      to 80.degree.C. and a refluxing of the solvent is achieved. While
      maintaining the reaction temperature at 80.degree.C., the monomer mixture
      is added in a dropwise fashion over a two hour period. After the addition
      is complete, the reaction is continued for another two hours. The contents
      of the flask are then cooled to room temperature. One hundred millileters
      of the resultant solution are mixed with 0.3 grams of poly (2-ethylhexyl
      acrylate). The mixture is dispersed and then is dried in a vacuum oven at
      70.degree.C. The powder coating obtained is ground to pass through a 200
      mesh sieve.
PAR  The cured finish obtained from the aluminum pigmented powder of this
      example has good physical appearance and the aluminum flakes are
      distributed with good orientation and depth variation.
PAC  EXAMPLE 51
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 0.1 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 52
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 32.50 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 53
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are admixed with the principal film-forming powder
      in an amount such that they comprise 0.25 weight percent of the total
      powder paint composition.
PAC  EXAMPLE 54
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 28.75 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 55
PAR  The procedure of Example 1 is repeated with the single difference that the
      coated aluminum flakes are mixed with the principal film-forming powder in
      an amount such that they comprise 0.45 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 56
PAR  The procedure of Example 1 is repeated with the differences that the coated
      aluminum flakes are the sole metalpigment used and they constitute 10
      weight percent of the total powder paint composition. In this example,
      non-metal pigments are not used.
PAC  EXAMPLE 57
PAR  The procedure of Example 1 is repeated with the differences that the coated
      aluminum flakes are the sole metalpigment used and they constitute 1
      weight percent of the total powder paint composition. In this example, the
      non-metal pigments constitute 21.9 weight percent of the total powder
      paint composition.
PAC  EXAMPLE 58
PAR  The procedure of Example 1 is repeated with the following compositional
      differences. The coated aluminum flakes are mixed with the principal
      film-forming powder in an amount such that they comprise 31.0 weight
      percent of the total powder paint composition and the principal
      film-forming powder contains, as the sole non-metal pigment, phthalo green
      pigment in an amount such that it comprises 0.25 weight percent of the
      total powder paint composition.
PAC  EXAMPLE 59
PAR  The procedure of Example 1 is repeated with the following compositional
      differences. The coated aluminum flakes are mixed with the principal
      film-forming powder in an amount such that they comprise 4.0 weight
      percent of the total powder paint composition and the principal
      film-forming powder contains a mixture of metal-free pigments in an amount
      such that it comprises 22 weight percent of the total powder paint
      composition. The mixture of metal-free pigments consists predominantly of
      chrome yellow with flaventhron (yellow organic), red iron oxide and carbon
      black present from trace amounts to above one weight percent.
PAC  EXAMPLE 60
PAR  The procedure of Example 1 is repeated with the following compositional
      difference: The coated aluminum flakes are mixed with the principal
      film-forming powder in an amount such that they comprise 0.5 weight
      percent of the total powder paint composition.
PAC  EXAMPLE 61
PAR  The procedure of Example 1 is repeated except for the difference that the
      coated aluminum flakes are replaced with an equal volume of a mixture of
      nickel powder and coated aluminum flakes prepared in the same manner as
      those used in Example 1 and containing the same concentration of
      tetrabutylammonium bromide contained in the coated flakes of Example 1.
      The weight ratio of nickel powder to coated aluminum flakes in this
      example is 1.5 to 1.
PAC  EXAMPLE 62
PAR  The procedure of Example 15 is repeated except for the difference that the
      weight ratio of nickel powder to coated aluminum flakes is 2.5:1.
PAC  EXAMPLE 63
PAR  A series of powder paints, A-E are prepared from the following materials in
      the manner hereinafter set forth and later electrostatically sprayed as in
      Example 1 for test purposes.
PAC  Step I
PAR  The materials listed below are thoroughly mixed.
TBL  __________________________________________________________________________

                      A     B     C     D     E                                

                      Parts by Weight                                          

     __________________________________________________________________________

     1. aluminum paste                                                         

        (65% metal)   30.00 30.00 30.00 30.00 30.00                            

     2. thermosettable                                                         

        mixture       9.75  13.65 19.5  29.25 39.00                            

        (a) resin*    8.58  12.01 17.16 25.74 34.32                            

        (b) polyazelaic                                                        

        anhydride     1.17  1.64  2.34  3.51  4.68                             

           % based on weight                                                   

           of aluminum                                                         

                      50.00 70.00 100.00                                       

                                        150.00                                 

                                              200.00                           

     3. poly(lauryl acrylate)                                                  

                      0.06  0.08  0.12  0.18  0.23                             

     4. tetrabutylammonium                                                     

                      0.45  0.63  0.9   1.125 1.8                              

        bromide                                                                

     5. methylene chloride                                                     

                      250.00                                                   

                            250.00                                             

                                  250.00                                       

                                        250.00                                 

                                              250.00                           

     __________________________________________________________________________

      *expoy-functional copolymer of Example 1.                                

PAC  STEP II
PAR  This mixture is then spray dried as in the preceding examples and a product
      comprising aluminum flakes encapsulated in a thermosettable mixture of
      resin and crosslinking agent is obtained wherein the relative weights of
      the components are as follows:
TBL                     A    B    C    D     E                                 

                        Parts by Weight                                        

     __________________________________________________________________________

     1. aluminum flakes 19.5 19.5 19.5 19.5  19.5                              

     2. thermosettable mixture                                                 

                        9.75 13.65                                             

                                  19.50                                        

                                       29.25 39.00                             

     3. poly(laurylacrylate)                                                   

                        0.06 0.08 0.12 0.18  0.23                              

     4. tetrabutylammonium                                                     

        bromide         0.45 0.63 0.9  1.125 1.8                               

     __________________________________________________________________________

PAC  STEP III
PAR  These encapsulated aluminum flakes are sieved through a 44 micron screen.
      All particles left on the screen are rejected.
PAC  STEP IV
PAR  A non-metallic powder mixture is made up by thoroughly mixing the below
      listed materials after which the mixture is pulverized and sieved through
      a 75 micron screen. All particles left on the screen are rejected.
TBL                A    B    C    D    E                                       

                   Parts by Weight                                             

     __________________________________________________________________________

     1. resin*     166  166  166  166  166                                     

     2. azelaic acid                                                           

                   22.64                                                       

                        22.64                                                  

                             22.64                                             

                                  22.64                                        

                                       22.64                                   

     3. poly(laurylacrylate)                                                   

                   1.34 1.34 1.34 1.34 1.34                                    

     4. Pigments                                                               

        (a) thalo green                                                        

                   2.03 2.03 2.04 2.06 2.08                                    

        (b) yellow iron oxide                                                  

                   8.04 8.07 8.11 8.18 8.25                                    

     __________________________________________________________________________

      *epoxy-functional copolymer of Example 1                                 

PAC  STEP V
PAR  An evenly mixed blend is formed from the encapsulated aluminum flakes of
      Step III and the nonmetallic powder mixture of Step IV in the following
      relative proportions:
TBL                A     B     C     D     E                                   

                   Parts by Weight                                             

     __________________________________________________________________________

     1. encapsulated aluminum                                                  

                   2.255 2.256 3.009 3.764 4.518                               

      flakes                                                                   

     2. nonmetallic powder                                                     

                   97.745                                                      

                         97.444                                                

                               95.991                                          

                                     96.236                                    

                                           95.482                              

     __________________________________________________________________________

PAR  The relative concentrations of ingredients in each of these blends are
      essentially the same.
PAR  The powders thus obtained are sprayed on electrically grounded substrates
      and baked as in Example 1. Aluminum pigment spacing and orientation is
      best when the resin encapsulation on the aluminum flakes is in the range
      of 50 to 70 weight percent of the aluminum with the very best achieved
      with pain A (50 weight percent encapsulation based on the weight of
      aluminum flakes).
PAC  EXAMPLE 63
PAR  Aluminum flakes are encapsulated as in Example 1 except for the differences
      that solvents other than methylene chloride, i.e., toluene, xylene,
      acetone, hexane and methyl ethyl ketone, are used to disperse the
      film-forming material and aluminum flakes prior to spray drying. The spray
      drying operation is adjusted in conformance with the relative volalities
      of the solvent used in each test. The encapsulated flakes thus prepared
      are incorporated into the powder paint of Example 1, electrostatically
      sprayed upon substrates and the substrates are baked as in Example 1.
PAR  Hydrocarbons, alcohols, and ketones boiling in the range of 50.degree.C. to
      152.degree.C., preferably 50.degree.C. to 90.degree.C., can be used for
      this purpose. The amount of solvent used is in excess of the combined
      weights of the aluminum flakes and the film-former used for encapsulation.
      Advantageously, the amount of solvent used is in the range of about 3 to
      100 times the combined weights of film-former and aluminum flakes.
PAR  Apparatus and methods for electrostatically spraying powder coating
      materials are illustrated and described in U.S. Pat. Nos. 3,536,514;
      3,593,678; and 3,598,629.
PAR  The term "copolymer" is used herein to mean a polymer formed from two or
      more different monomers.
PAR  Many modifications of the foregoing examples will be apparent to those
      skilled in the art in view of this specification. It is intended that all
      such modifications which fall within the scope of this invention be
      included within the appended claims.
PAR  The disclosures of U.S. Pat. application Ser. No. 422,291 filed Feb. 12,
      1974 by Santokh S. Labana et al and entitled "Powder Coating Compositions
      Including Glycidyl EsterModified Copolymer" are incorporated herein by
      reference.
PAR  Any and all disclosures appearing in the claims and not specifically
      appearing in the body of this specification are herewith incorporated in
      the body of this specification.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a powder paint which exclusive of catalysts, antistatic agents,
      plasticizers, and flow control agents, the same being known and optional
      additives to powder paints, consists essentially of aluminum flakes,
      non-metal pigment, and a particulate, organic, film-former, the
      improvement wherein
PA1  A. said non-metal pigment comprises 0 to about 22 weight percent of said
      powder point,
PA1  B. said aluminum flakes comprise about 0.005 to about 25 weight percent of
      said powder paint and are encapsulated prior to admixture with said
      particulate, organic, film-former with about 2 to about 200 parts by
      weight of a continuous coating of a thermoplastic, organic, film-former
      per 100 parts by weight aluminum flakes, said thermoplastic, organic,
      film-former consisting essentially of a thermoplastic, organic,
      film-former selected from the group consisting of
PA2  1. polymers of alpha-beta olefinically unsaturated monomers of which about
      51 to 100 weight percent are acrylic monomers and 0 to about 49 weight
      percent are monovinyl hydrocarbons,
PA2  2. polyamides,
PA2  3. polyesters,
PA2  4. homopolymers of monovinyl hydrocarbons,
PA2  5. cellulose acetate, and
PA2  6. cellulose butyrate, and containing about 0.05 to about 20 parts by
      weight of an ammonium salt selected from the group consisting of
      tetraalkylammonium halides and substituted tetraalkylammonium halides
      wherein at least one alkyl radical is replaced with an aryl, phenoxy or
      alkoxy radical per 100 parts by weight of said thermoplastic, organic,
      film-former, and
PA1  C. said particulate, organic, film-former is selected from the group
      consisting of
PA2  1. a thermoplastic, particulate, film-former that is a copolymer of
      alpha-beta olefinically unsaturated monomers of which about 51 to about
      100 weight percent are acrylic monomers and 0 to about 49 weight percent
      are monovinyl hydrocarbons, and
PA2  2. thermosettable, particulate, film-formers consisting essentially of an
      epoxy- functional copolymer having average molecular weight (M.sub.n) in
      the range of about 1500 to about 15,000 and glass transition temperature
      in the range of about 40.degree.C. to about 90.degree.C. bearing
      functional groups provided by constituent monomers selected from the group
      consisting of glycidyl esters of a monoethylenically unsaturated
      carboxylic acid, C.sub.5 - C.sub.7 monohydroxy acrylates, C.sub.5 -
      C.sub.7 monohydroxy methacrylates and alphabeta olefinically unsaturated
      amides and wherein at least above 50 weight percent of the constituent
      monomers are acrylic monomers and the remainder weight percent, if any, of
      the constituent monomers consists essentially of C.sub.8 - C.sub.12
      monovinyl hydrocarbons, said copolymer being self-crosslinkable or
      employed in combination with a monomeric or polymeric cross-linking agent
      that is capable of reacting with said functional groups on said copolymer,
NUM  2.
PAR  2. A powder paint in accordance with claim 1 wherein said thermoplastic,
      organic, film-former encapsulating said aluminum flakes is a homopolymer
      of acrylonitrile or methacrylonitrile.
NUM  3.
PAR  3. A powder paint in accordance with claim 1 wherein said thermoplastic,
      organic, film-former encapsulating said aluminum flakes is poly
      (acrylonitrile).
NUM  4.
PAR  4. A powder paint in accordance with claim 1 wherein said thermoplastic,
      organic, film-former encapsulating said aluminum flakes is poly.
NUM  5.
PAR  5. A powder paint in accordance with claim 1 wherein said thermoplastic,
      organic, film-former encapsulating said aluminum flakes is poly (styrene).
NUM  6.
PAR  6. A powder paint in accordance with claim 1 wherein said thermoplastic,
      organic, film-former encapsulating said aluminum flakes is a homopolymer
      of an acrylate or methacrylate which is an ester of a C.sub.1 - C.sub.8
      monohydric alcohol and acrylic or methacrylic acid.
NUM  7.
PAR  7. A powder paint in accordance with claim 1 wherein said thermoplastic,
      organic, film-former encapsulating said aluminum flakes is a copolymer of
      about 51 to about 100 weight percent of esters of C.sub.1 - C.sub.8
      monohydric alcohols and acrylic or methacrylic acid and 0 to about 49
      percent of C.sub.8 - C.sub.12 monovinyl hydrocarbons.
NUM  8.
PAR  8. A powder paint in accordance with claim 1 wherein said thermoplastic,
      organic, film-former encapsulating said aluminum flakes is a copolymer
      about 51 to about 100 weight percent acrylic monomers consisting
      essentially of about 46 to about 100 weight percent esters of a C.sub.1 -
      C.sub.8 monohydric alcohol and acrylic or methacrylic acid and 0 to about
      5 weight percent acrylic or methacrylic acid, and 0 to about 49 weight
      percent of C.sub.8 - C.sub.12 monovinyl hydrocarbons.
NUM  9.
PAR  9. A powder paint in accordance with claim 8 wherein said thermoplastic,
      organic, film-former encapsulating said aluminum flakes has average
      molecular weight (M.sub.n) in the range of about 30,000 to about 80,000
      and a glass transition temperature in the range of about 60.degree.C. to
      about 110.degree.C.
NUM  10.
PAR  10. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former is a thermoplastic, particulate, film-former and has
      average molecular weight (M.sub.n) in the range of about 30,000 to about
      80,000 and a glass transition temperature in the range of about
      60.degree.C. to about 110.degree.C.
NUM  11.
PAR  11. In a powder paint which exclusive of catalysts, antistatic agents,
      plasticizers, and flow control agents, the same being known and optional
      additives to powder paints, consists essentially of aluminum flakes,
      non-metal pigment and a particulate, organic, film-former, the improvement
      wherein
PA1  A. said non-metal pigment comprises 0 to about 22 weight percent of said
      powder paint,
PA1  B. said aluminum flakes comprise about 0.005 to about 25 weight percent of
      said powder paint and are encapsulated prior to admixture with said
      particulate, organic, film-former with about 2 to about 200 parts by
      weight of a continuous coating of a thermoplastic, organic, film-former
      consisting essentially of thermoplastic, organic film-formers selected
      from the group consisting of copolymers of alpha-beta olefinically
      unsaturated monomers of which about 51 to 100 weight percent are acrylic
      monomers and 0 to about 49 weight percent are monovinyl hydrocarbon per
      100 parts by weight aluminum flakes and containing about 0.05 to 10 parts
      by weight of an ammonium salt selected from the group consisting of
      tetraalkylammonium halides and substituted tetraalkylammonium halides
      wherein at least one alkyl radical is replaced with an aryl, phenoxy and
      alkoxy radical per 100 parts by weight of said thermoplastic, organic,
      film-former, and
PA1  C. said particulate, organic, film-former is selected from the group
      consisting of
PA2  1. a thermoplastic, particulate, film-former that is a polymer of
      alpha-beta olefinically unsaturated monomers of which about 51 to about
      100 weight percent are acrylic monomers and 0 to about 49 weight percent
      are monovinyl hydrocarbons, and
PA2  2. thermosettable, particulate, film-formers consisting essentially of an
      epoxy-functional copolymer having average molecular weight (M.sub.n) in
      the range of about 1500 to about 15,000 and glass transition temperature
      in the range of about 40.degree.C. to about 90.degree.C. bearing
      functional groups provided by constituent monomers selected from the group
      consisting of glycidyl esters of a monoethylenically unsaturated
      carboxylic acid, C.sub.5 - C.sub.7 monohydroxy acrylates, C.sub.5 -
      C.sub.7 monohydroxy methacrylates and alpha-beta olefinically unsaturated
      amides and wherein at least about 51 weight percent of the constituent
      monomers are acrylic monomers and the remainder weight percent, if any, of
      the constituent monomers consists essentially of C.sub.8 -  C.sub.12
      monovinyl hydrocarbons, said copolymer being self-crosslinkable or
      employed in combination with a monomeric or polymeric crosslinking agent
      that is capable of reacting with said functional groups on said copolymer,
NUM  12.
PAR  12. A powder paint in accordance with claim 11 wherein said particulate,
      organic, film-former is a thermosettable particulate, film-former
      consisting essentially of a copolymer of monoethylenically unsaturated
      monomers of which about 5 to about 20 weight precent of the constituent
      monomers are glycidyl esters of a monoethylenically unsaturated carboxylic
      acid, in excess of 50 weight percent of the constituent monomers are
      acrylic monomers, and the remainder weight percent, if any, of the
      constituent monomers consists essentially of C.sub.8 - C.sub.12 monovinyl
      hydrocarbons, and a crosslinking agent reactable with said copolymer and
      selected from the group consisting of dicarboxylic acids and anhydrides of
      dicarboxylic acids.
NUM  13.
PAR  13. A powder paint in accordance with claim 11 wherein said powder paint
      also contains a flow control agent which comprises between about 0.05 and
      about 4.0 weight percent of said powder paint and is a polymer having
      average molecular weight (M.sub.n) of at least 1000, and having at the
      baking temperature of the powder paint a lower surface tension than the
      surface tension of said particulate, organic, film-former, and being a
      polymer or copolymer selected from the group consisting of acrylate
      esters, methacrylate esters and polyethylene or polypropylene glycol
      esters of fluorinated fatty acids, polymeric siloxanes and polymeric
      halogenated siloxanes.
NUM  14.
PAR  14. A powder paint in accordance with claim 11 wherein a portion of said
      encapsulated aluminum flakes are replaced with nickel powder, said portion
      being in an amount such as to provide a nickel powder to encapsulated
      aluminum flake weight ratio of about 1.5:1 to about 2.5:1.
NUM  15.
PAR  15. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of about 5 to
      about 20 weight percent of a glycidyl ester of a monoethylenically
      unsaturated carboxylic acid and about 80 to about 95 weight percent of
      esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid and a crosslinking agent selected from the group
      consisting of dicarboxylic acids and anhydrides of dicarboxylic acids.
NUM  16.
PAR  16. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of a
      monoethylenically unsaturated carboxylic acid, about 2 to about 10 weight
      percent of a C.sub.5 - C.sub.7 hydroxy acrylate or methacrylate and about
      70 to about 93 weight percent of esters of a C.sub.1 - C.sub.8 monohydric
      alcohol and a crosslinking agent selected from the group consisting of
      dicarboxylic acids and anhydrides of dicarboxylic acids.
NUM  17.
PAR  17. A powder paint in accordance with claim 1 wherein said particulate,
      organic, film-former consists essentially of a copolymer of a
      monoethylenically unsaturated carboxylic acid, about 2 to about 10 weight
      percent of acrylamide or methacrylamide and about 70 to about 93 weight
      percent of esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic or
      methacrylic acid and a crosslinking agent selected from the group
      consisting of dicarboxylic acids and anhydrides of dicarboxylic acids.
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ABST
PAL  A method of manufacturing reinforced resin moldings, wherein a
      fiber-reinforced plastic, obtained by the polymerization, in the presence
      of an inorganic fibrous substance selected from the group consisting of
      glass fiber, slag wool and asbestos, of a vinyl monomer, within an aqueous
      medium in the presence of sulfur dioxide, said fiber-reinforced plastic
      being composed of 5 - 50 wt.% of resin and 95 - 50 wt.% of inorganic
      substance and coated with a polymer, is subjected to compression molding.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of pending application Ser. No.
      334,663 filed under dated of Feb. 22, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  The present invention relates to a method of manufacturing reinforced resin
      moldings.
PAR  B. Description of the Prior Art
PAR  The reinforced resins hitherto known have been obtained by, for instance, a
      method wherein glass fiber is previously impregnated with a thermosetting
      monomer and thereafter polymerizing it in the mold, or a method wherein a
      thermosetting prepolymer is applied as the adhesive sequentially after
      setting glass fiber in the mold beforehand and further heating and curing
      it so as to harden it. The adhesive prevalently employed for these
      conventional methods is the polyester-type thermosetting resin.
PAR  Meanwhile, there have been known instances of applying thermoplastic resins
      such as polyethylene, polypropylene and polystyrene-polyvinyl chloride as
      the adhesive to the reinforced resin. However, in the case of the
      reinforced resins obtained by these conventional methods, the adhesive
      between the fiber and the resin is not always firm, and therefore,
      improvement of such properties as bending strength, impact strength,
      water-durability and thermal stability has been hoped for. Particularly
      the lack of firmness of the adhesion between the fiber and the resin
      entails the drawbacks that the strength in water is remarkably reduced as
      it invites the permeation of water into the bonded surface of the fiber
      and the resin. This remarkable reduction of the strength in water tends to
      occur also in the reinforced resins obtained by the conventional kneading
      method as well as the polymerization method as discussed in the following.
PAR  In the case of kneading upon adding the fiber to a thermoplastic resin, due
      to the cutting of the fiber and the generation of friction heat of the
      polymer, the properties of the resulting reinforced resin are apt to be
      rather inferior. There is also known the method of employing the substance
      obtained by depositing vinyl-type solid polymer onto the surface of the
      fiber by applying the known polymerization initiator as the molding
      material for reinforced resin, but in the thus obtained thermoplastic
      resin.about.fiber complex, the degree of coating the fiber with
      thermoplastic resin is so low that the bonding strength between the fiber
      and the resin is weak and the strength of the resulting product tends to
      be insufficient.
PAR  Further, as another prevalent method of obtaining a molding material by
      coating fiber with resin, there is a method of coating the fiber which
      comprises dispersing the fiber and monomer in a polar solvent (hydrophilic
      solvent) such as water and methanol, adding a radical polymerization
      initiator such as organic peroxide, hydrogen peroxide, persulfate and
      azobisisobutyronitrile to the resulting dispersion to effect
      polymerization and depositing the thus produced polymer onto said fiber.
      However, according to this method, because of the presence of said
      polymerization initiator in said monomer and medium, polymerization would
      take place in places other than the surface of the solid particles, so
      that the probability of said polymer coating the fiber is rather low.
PAR  The present inventors have carried on a series of studies with a view to
      developing a method of remarkably improving the strength of the moldings
      of reinforced resin consisting of the aforesaid thermoplastic resin and
      fiber, and have come to accomplish the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the present invention is to provide a method of
      manufacturing reinforced resin moldings having an excellent mechanical
      strength. Another object of the present invention is to provide a method
      of manufacturing reinforced resin moldings having an excellent strength
      particularly in water. A further object of the present invention is to
      provide a method of manufacturing rein moldings through comparatively easy
      processes.
PAR  In other words, the present invention relates to a method of manufacturing
      reinforced resin moldings, which comprises the processes of polymerizing
      an inorganic fibrous substance and vinyl-type monomer (or monomers) within
      an aqueous medium in the presence of sulfur dioxide to thereby obtain a
      molding material consisting of said inorganic fibrous substance coated
      with a polymer produced by said polymerization, and subjecting the thus
      obtained molding material to compression molding to produce reinforced
      resin moldings. That is, the method under the present invention consists
      of the first process of producing a hydrophobic molding material as coated
      with a polymer firmly and efficiently, and the second process of producing
      moldings by applying heat and pressure to the molding material obtained
      through said first process.
PAR  To be precise, in the first process, the molding material is to be obtained
      by forming a polymer or copolymer of monomers on the surface of an
      inorganic fibrous substance such as glass fiber, slag wool and asbestos.
      That is, said molding material can be produced by adding said inorganic
      fibrous substance to an aqueous dispersion or aqueous emulsion of monomers
      capable of radical polymerization or radical copolymerization and further
      bringing said inorganic fibrous substance in contact with sulfur dioxide
      to thereby effect polymerization.
PAR  The inorganic substance constituting the core of the composition (the
      molding material) in the present invention is, as set forth above,
      selected from the group consisting of glass fiber, slag wool and asbestos.
      As the polymerization starts and progresses while the monomer having
      radical polymerizability or radical copolymerizability is in the state of
      being adsorbed onto the surface of said core, the molding material can be
      obtained in the state of a polymer or copolymer formed on the surface of
      said core, that is, in the state of a polymer or copolymer coated on the
      inorganic fibrous substance.
PAR  As the glass fiber and slag wool for use in the present method, both the
      long fiber and short fiber are applicable; but, from the view point of the
      strength of the product moldings, fiber having a diameter in the range of
      1 - 2.mu. and a length in the range of 1 - 50 mm -- preferably 5 - 30 mm
      -- is suitable. As to the asbestos for use in the present method, inasmuch
      as it consists of a multiplicity of fine fibers, it is desirable to employ
      one of superior quality such as permitting separation of each fiber by
      hand. Failure to separate each fiber from other would result in lack of
      uniformity of the coating effect of the polymer or copolymer.
PAR  As the vinyl-type monomer for use in the present method, monomers having
      independent radical polymerizability or radical copolymerizability are
      applicable. To give examples of such monomers, there are halogenated vinyl
      monomers such as vinyl chloride, styrene, styrene derivatives such as
      .alpha.-methyl styrene, vinyl esters of fatty acids such as vinyl acetate
      and vinyl propionate, unsaturated carboxylic acids such as acrylic acid
      and methacrylic acid, and unsaturated carboxylic ester such as methyl
      acrylate, ethyl acrylate, methyl methacrylate, ethyl methacrylate and
      propyl methacrylate. These monomers can be employed either independently
      or upon combining two or more of them. However, in substance, for the
      purpose of imparting water-durability and strength to the moldings,
      application of vinyl chloride, styrene and methyl polymethacrylate will
      bring on a particularly excellent effect. Furthermore, jointly with these
      vinyl-type monomers, the common divinyl monomers (as the cross-linking
      monomer) like ethylene glycol diacrylate, dimethacrylate such as ethylene
      dimethacrylate, ethylene glycol dimethacrylate, tetraethylene glycol
      dimethacrylate, diallyl ester of dimethacrylate, divinyl benzene, etc. may
      be applied.
PAR  In order to carry out the first process satisfactorily, 1 - 100 parts by
      weight -- preferably 5 - 50 parts by weight -- of the foregoing inorganic
      fibrous substance together with said vinyl-type monomer are added to 100
      parts by weight of an aqueous medium and dispersed thoroughly therein, and
      then sulfur dioxide is added to the thus prepared aqueous suspension and
      mixed thoroughly therein by stirring. The medium is not necessarily
      limited to water, but a mixture of water and methanol and the like are
      also applicable. As to said sulfur dioxide, it is desirable to apply it in
      the form of aqueous solution; yet it may be blown in said suspension in
      gaseous phase, or may be introduced therein in the form of liquid sulfur
      dioxide. Further, it can be replaced with a combination of substances
      capable of producing sulfur dioxide by reacting with each other, such as a
      combination of sulfite and sulfuric acid. The application sequence of this
      sulfur dioxide is optional, and the appropriate amount of application
      thereof is in the range of 0.001 - 10 parts by weight -- preferably 0.05 -
      5 parts by weight -- relative to 100 parts by weight of said vinyl-type
      monomer (vinyl compound).
PAR  The polymerization reaction in the first process does not necessarily
      require heating, but it is preferable to effect it by heating at a
      temperature in the range of 40.degree.-70.degree.C. The reaction is
      usually completed in 0.5-5 hours after the contact between sulfur dioxide
      and said inorganic fibrous substance. As the rate of conversion of monomer
      to polymer is usually in the range of 75 - 95%, it is proper to determine
      the amount of the stock vinyl-type monomer relative to the stock fibrous
      substance to be sufficient for obtaining a desired content of polymer,
      that is, to the extent of the desired amount of polymer/0.75-0.95 or
      thereabout. Inasmuch as the present invention also aims to provide
      reinforced resin moldings superior in stability of size thereof, the
      molding material is desirable to have a composition wherein the content of
      resin is in the range of 5 - 50% by weight -- preferably 5 - 35% by
      weight, and the content of inorganic fibrous substance is in the range of
      95 - 50% by weight --  preferably 95-65% by weight. Accordingly, in the
      first process, the mixing ratio of said vinyl-type monomer and inorganic
      fibrous substance is appropriately determined so as to realize said
      composition.
PAR  In order to effect efficient coating of a polymer on the surface of said
      inorganic fibrous substance, the reaction zone is desirable to be in the
      state of being stirred. In the case of employing long fibers, however, it
      is hard to stir satisfactorily, so that it is desirable to apply shakes.
      At any rate, application of viorous stirring is unadvisable.
PAR  Joint application of the common water-soluble radical polymerization
      initiators such as hydroperoxide and persulfates tends to produce such
      polymers as will not contribute to coating and will lower the coating
      efficiency.
PAR  The composite (molding material) obtained in the first process as above
      consists of fibers firmly coated with a polymer or copolymer formed on the
      surface thereof, so that, even in water, the interface of the fiber and
      the resin is free from permeation of water, and it can provide a material
      for reinforced resin moldings having an extremely superior strength.
PAR  In the second process, the molding material obtained in the first process,
      that is, the fiber coated with synthetic resin, is to be subjected to
      pressure to be formed into moldings. This compression molding is desirable
      to be performed under the condition that 100.degree.-350.degree.C in
      temperature and 10-500 kg/cm.sup.2 in pressure; yet it also will do to
      perform said compression molding without applying heat.
PAR  The reinforced resin moldings obtained through the first process and second
      process as above, when compared with FRIP (fiber resin reinforced
      thermoplastics) equal in the content of polymer as obtained by, for
      instance, kneading method, polymerization method, etc., have a remarkably
      great strength and are superior in stability of size because of high
      content of inorganic substance therein.
PAR  The use of the moldings to be produced by the method of the present
      invention is determined by the shape and construction of said moldings.
      The present moldings can be formed in various shapes through the
      compression molding in the second process and are superior in stability of
      size (and also superior in impact strength), so that they are especially
      suitable for use as engineering plastics, tile and other interior-fixture
      materials. Besides, by adding either thermosetting resin or thermoplastic
      resin or both of these resins to the molding material produced in the
      first process and conducting the compression molding in the second
      process, the impact strength of the product moldings can be further
      improved.
DETD
PAC  DESCRIPTIOn OF THE PREFERRED EMBODIMENTS
PAR  Hereunder will be given concrete examples embody the present invention and
      comparative examples.
PAC  Examples embodying the present invention
PAR  After dispersing 400g each of glass fiber (diameter:8.mu.), glass wool
      (diamter: 3.mu., length of cut piece: 6mm or less), slag wool (diameter:
      2.mu., length of cut piece: 6mm or less) and asbestos (length of fiber:
      3mm or less) in 1,600g of water, a monomer was added to the dispersion
      with shaking over the period of 30 minutes, and subsequently the
      respective dispersion was heated up to 50.degree.-80.degree.C and 12.8g of
      sulfur dioxide were added to the dispersion over the period of 1 hour.
      Further, the dispersion was shaken for 5 hours to effect reaction and was
      then filtered, washed with water, and dried at 130.degree.C. When the
      resulting solid matter was observed by means of a microscope, it was
      confirmed that the polymer had been formed on the surface of the fiber.
      Next, the thus obtained solid matter was subjected to compression molding
      at a predetermined temperature. The result was as shown in the following
      Table 1, respectively.
TBL                Table 1                                                     

     ______________________________________                                    

     Stock fiber                                                               

                Quantity   Reaction   Polymer con-                             

     & monomer  of mono-   temper-    tent in pro-                             

                mer sup-   ature      duct (wt.%)                              

                plied(g)   (.degree.C)                                         

     ______________________________________                                    

     glass fiber                                                               

     --MMA      40         55         8.1                                      

     "          80         55         16.3                                     

     "          120        55         18.4                                     

     glass wool                                                                

     --MMA      40         55         8.2                                      

     "          80         55         15.7                                     

     "          120        55         17.2                                     

     slag wool                                                                 

     --MMA      40         55         8.7                                      

     "          80         55         17.2                                     

     "          120        55         20.5                                     

     slag wool                                                                 

     MMA:St=    80         55         17.0                                     

     50:50                                                                     

     slag wool                                                                 

     MMA:MA=    80         55         17.5                                     

     95:5                                                                      

     slag wool                                                                 

     St:AN=     120        70         10.2                                     

     70:30                                                                     

     asbestos   40         55         8.5                                      

     MMA--MA    80         55         17.3                                     

     (95:5)                                                                    

     ______________________________________                                    

     Stock  Molding condition                                                  

                             Bending                                           

     fiber &                       strength                                    

     monomer                                                                   

            Temper-  Pressure Time of mold-                                    

            ature    (kg/cm.sup.2)                                             

                              (min)                                            

                                   ings                                        

            (.degree.C)            (kg/cm.sup.2)                               

     ______________________________________                                    

     glass                                                                     

     fiber                                                                     

     --MMA  300      120      10   680                                         

     "      300      120      10   965                                         

     "      300      120      10   1057                                        

     glass                                                                     

     wool                                                                      

     --MMA  300      120      10   543                                         

     "      300      120      10   721                                         

     "      300      120      10   816                                         

     slag                                                                      

     wool                                                                      

     --MMA  300      120      10   421                                         

     "      300      120      10   649                                         

     "      300      120      10   872                                         

     slag                                                                      

     wool                                                                      

     MMA:St=                                                                   

            250      250      10   612                                         

     50:50                                                                     

     slag                                                                      

     wool                                                                      

     MMA:MA=                                                                   

            300      250      10   670                                         

     95:5                                                                      

     slag                                                                      

     wool                                                                      

     St:AN= 250      250      10   470                                         

     70:30                                                                     

     asbestos                                                                  

            300      250      10   387                                         

     MMA--MA                                                                   

            300      250      10   605                                         

     ______________________________________                                    

     (95:5)                                                                    

      herein:                                                                  

       MMA=methyl methacrylate,                                                

       MA =methyl acrylate,                                                    

       St =stylene and                                                         

       AN =acrylonitrile                                                       

PAC  Comparative Examples
PAR  After dispersing 400g each of the same fibers as in the foregoing Examples
      embodying the present invention in 1,600g of water, 80g of methyl
      methacrylate were added to each of the resulting dispersions. After 30
      minutes' stirring, the respective dispersion was heated up to
      50.degree.-80.degree.C, and then by adding a variety of known
      polymerization initiators thereto, reaction was effected for 6 hours.
      Subsequently, the thus reacted dispersion was filtered, washed and dried
      in the same way as in said Examples, and the product solid matter was
      subjected to 10 minutes' compression molding under the condition of
      300.degree.C in temperature and 250 kg/cm.sup.2 in pressure. The result
      was as shown in the following Table 2, respectively.
TBL                Table-2                                                     

     ______________________________________                                    

     Comparative                                                               

               Stock      Polymeriza-  Reaction                                

     Example   fiber      tion ini-    temperature                             

     No.                  tiator and   (.degree.C)                             

                          others (g)                                           

     ______________________________________                                    

     1         glass      benzoyl      75                                      

               wool       peroxide                                             

     2         slag       K.sub.2 S.sub.2 O.sub.8  0.8                         

                                       55                                      

               wool       NaHSO.sub.3  0.8                                     

     3         asbestos   azo-bis-     75                                      

                          isobutylo-                                           

                          nitrile                                              

                           0.8                                                 

     4         slag       benzoyl per-                                         

               wool       oxide 0.8                                            

                                       75                                      

                          sodium                                               

                          oleate 0.2                                           

     ______________________________________                                    

     Comparative Polymer content Bending strength                              

     Example No. in product      of moldings                                   

                 (wt.%)          (kg/cm.sup.2)                                 

     ______________________________________                                    

     1           15.5            171                                           

     2           17.1            205                                           

     3           14.8            180                                           

     4           14.5            165                                           

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing fiber-reinforced resin moldings, which
      comprises the steps of:
PA1  forming an aqueous dispersion consisting essentially of from one to 100
      parts by weight of the sum of the weights of the following components A
      and B, per 100 parts by weight of aqueous dispersing medium,
PA2  A. fibers selected from the group consisting of glass fibers, slag wool
      fibers and asbestos fibers,
PA2  B. one or a mixture of .alpha.,.beta.-ethylenically unsaturated, radical
      polymerizable monomers,
PA1  the weight ratio of A/B being such that the polymer-coated fibers obtained
      by the following polymerization step contain from 5 to 50 weight percent
      of polymer;
PA1  adding to said dispersion from 0.001 to 10 parts by weight of SO.sub.2, per
      100 parts by weight of said monomer B, as essentially the sole
      polymerization initiator made present in said dispersion, and maintaining
      said dispersion under polymerizing conditions effective to polymerize said
      monomer B, while agitating said dispersion, to form a polymer of B as a
      coating on the surfaces of fibers A,
PA1  recovering from the dispersion polymer-coated fibers composed of from 5 to
      50 weight percent of polymer;
PA1  and then compression molding said polymer-coated fibers to form a molded
      object.
NUM  2.
PAR  2. A method according to claim 1 in which the content of monomer B in said
      dispersion is from (5/0.95) to (50/0.75) percent by weight, based on the
      sum of the weights of A plus B.
NUM  3.
PAR  3. A method according to claim 1 in which said fibers consist of glass
      fibers having diameters of 1 to 2.mu. and lengths of 1 to 50 mm.
NUM  4.
PAR  4. A method according to claim 1 in which said fibers consist of slag wool
      fibers having diameters of 1 to 2.mu. and lengths of 1 to 50 mm.
NUM  5.
PAR  5. A method according to claim 1 in which said fibers consist of individual
      asbestos fibers.
NUM  6.
PAR  6. A method according to claim 1 in which said monomer B is selected from
      the group consisting of halogenated vinyl compounds, styrene and styrene
      derivatives, vinyl esters of fatty acids, .alpha.,.beta.-ethylenically
      unsaturated carboxylic acids and alkyl esters thereof, and mixtures
      thereof.
NUM  7.
PAR  7. A method according to claim 1 in which the sum of the weights of A and B
      is from 5 to 50 parts by weight, per 100 parts by weight of aqueous
      dispersing medium.
NUM  8.
PAR  8. A method according to claim 7 in which the amount of sulfur dioxide
      added to the dispersion is from 0.05 to 5 parts by weight, per 100 parts
      by weight of monomer B.
NUM  9.
PAR  9. A method according to claim 8 in which polymerization is effected with
      continuous shaking of the dispersion, at a temperature of 40.degree. to
      70.degree.C, for from 0.5 to 5 hours.
NUM  10.
PAR  10. A method according to claim 9 in which the polymer-coated fibers
      contain from 5 to 35 percent by weight of polymer.
NUM  11.
PAR  11. A method according to claim 10 in which said monomer B is selected from
      the group consisting of methylmethacrylate, styrene and vinyl chloride.
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ABST
PAL  Fire retardant qualities are incorporated into polyester fibers by adding
      to the polymer, prior to spinning thereof into filaments, not more than 25
      percent, based on the weight of the polymer, of a compound having the
      general formula:
      ##SPC1##
PAL  Where R and R' are radicals selected from the group consisting of hydrogen,
      methyl, ethyl, aryl, and brominated aryl; where R" is a radical selected
      from the group consisting of alkyl, aryl, and brominated aryl; and where n
      is an integer of from 1 to about 100.
BSUM
PAR  This invention relates to polyesters produced by condensation reactions of
      polymethylene glycols and dicarboxylic acids or reactive derivatives
      thereof.
PAR  It is well known that the polymeric polyesters prepared by the condensation
      of a glycol or its functional derivatives and a dicarboxylic acid or
      polyester-forming derivative thereof, such as an acid halide, a salt, or a
      simple ester of a dibasic acid and volatile monohydric alcohol are
      excellent fiber-forming polymers. Commercially, highly polymeric
      polyesters are prepared, for example, by the condensation of terephthalic
      acid or dimethyl terephthalate and a polymethylene glycol containing from
      about 2 or 10 carbon atoms, and particularly ethylene glycol, generally as
      taught in U.S. Pat. No. 2,465,319 and improvements thereon. These
      polyesters are relatively insoluble, chemically inactive, hydrophobic
      materials capable of being formed into filaments which can be cold-drawn
      to produce textile fibers of superior strength and pliability. It has long
      been considered desirable to impart flame retardant qualities in these
      polyester fibers so that fabrics, particularly those containing natural
      fibers such as cotton, might thereby be rendered nonburnable. A wide
      variety of techniques have been employed to produce flame retardancy in
      polyesters, including the co-polymerization and transesterification of
      monomers which contain halogen and phosphorus, and the incorporation of
      these elements into the polymer by means of additives or carriers.
PAR  By adding the phosphorus-halogen containing compound while the polymer is
      is melt phase, the compound, or the fire resisting elements thereof more
      likely remain in the fiber, even when exposed to subsequent washing or dry
      cleaning operations.
PAR  Phosphorus, bromine and chlorine have long been known as fire retardant
      elements, particularly adaptable for use in polymeric materials.  These
      elements have been introduced into the polymers through a number of
      compounds; the problem of introduction being one of compatibility with the
      polymeric material and reaction. Incompatibility, of course, results in
      degradation or alteration of the polymer. Bromine, chlorine and
      phosphorus, as elements, cannot be added to polyethylene terephthalate
      prior to spinning without causing serious degradation.
PAR  The addition of low molecular weight compounds to polyesters in melt form
      is disadvantageous usually because the volatility of the compound will
      cause it to be removed by distillation; it may act as a plasticizer for
      the polymer to such an extent that the polymer cannot be spun into fiber;
      and it may cause the melting point of the polymer to be lowered to such an
      extent that it will have limited use when spun into fibers. These
      disadvantages may be overcome if the elements of phosphorus and halogen
      are part of a larger molecule such as a polymeric material. This polymeric
      additive need not be compatible with the polyester in the sense that it
      could or would become a part of the polyester chain. It is advantageous
      that the phosphorus and halogen be introduced in one compound not only for
      convenience, but because it is believed that a synergistic action results
      so that lesser amounts of the additive is required than would otherwise be
      necessary.
PAR  It is an object of this invention to provide a compound suitable for use as
      a fire retardant additive in polyethylene terephthalate.
PAR  It is another object of this invention to provide a method of preparing
      fire retardant polyethylene terephthalate fibers.
PAR  Briefly the objects of this invention are accomplished by adding, prior to
      the spinning of the polyethylene terephthalate polymer into filaments, not
      more than about 20 percent, based on the weight of the polymer, of a
      compound having the general formula:
      ##SPC2##
PAL  where R and R' are radicals selected from the group consisting of hydrogen,
      methyl, ethyl, aryl, and brominated aryl; where R" is a radical selected
      from the group consisting of alkyl, aryl, and brominated aryl; and where n
      is an integer of from 1 to about 100.
PAR  By polyester fibers, as used herein, is meant a manufactured fiber in which
      the fiber-forming substance is any long chain synthetic polymer composed
      of at least 85 percent polymerization weight of an ester of a dihydric
      alcohol and terephthalic acid.
PAR  I have discovered that these phosphonates which are brominated via aryl or
      aromatic rings, do not cause serious degradation of the polyester polymer,
      or otherwise interfere with the p9lmerization reaction; and they are more
      hydrolytically stable than the apparently somewhat similar alkoxy
      phosphates already taught as fire retardant additives for polyester
      fibers.  Compounds, such as these, which are brominated via alifatic
      radicals are too unstable for use as a polymer additive.
PAR  Poly(tetrabromobisphenol-A)-phenyl phosphonate, for example, can be
      prepared by heating with stirring equimolar amounts of phenyl phosphonic
      dichloride and tetrabromobisphenol-A, until a homogenous liquid remains.
      Heating is continued and about 175.degree.C. hydrogen chloride is evolved.
      Heating is continued with gradual increase in temperature until a
      polymeric material is present and hydrogen chloride evolution ceases. The
      polymeric material is allowed to cool and solidifies into a glassy mass
      which is finally ground, washed thoroughly with water, dilute caustic
      solution, again with water and finally with methanol. This treatment
      removes the unreacted starting materials. The product obtained is
      dissolved in chloroform, washed with water, treated with carbon and the
      polymer recovered by pouring the chloroform solution into methanol with
      rapid stirring. The polymer is a nearly white solid melting at about
      215.degree.-225.degree.C. Molecular weight was about 2200.
PAR  The additive may be added at any convenient stage prior to spinning. Up to
      about 20% based on the final weight of the modified polymer can be
      tolerated. A minimum effective level is about 10%. As the level reaches
      20, a pronounced weakness in the fiber is found. About 15% of the additive
      is preferred. This should provide about 5-12% bromine in the fiber.
      Preferred bromine and phosphorus content is about 7% and 0.7%
      respectively.
DETD
PAC  EXAMPLE
PAR  A 900 ml. capacity polyester autoclave was charged with 147 g. terephthalic
      acid, 300 ml. ethylene glycol, and 0.1 g. of antimony glycoloxide and the
      system purged with nitrogen. Heating was applied to the enclosed system,
      and when the temperature inside the autoclave had reached 100.degree.C. to
      125.degree.C., the stirrer was started. When the temperature inside the
      autoclave had reached about 230.degree.-235.degree.C. (the pressure being
      about 25 p.s.i.g.), the off-vapor valve was adjusted to maintain these
      conditions of temperature and pressure. Water from the esterification step
      and some ethylene glycol were continually removed for a period of about 60
      minutes. The pressure in the system was adjusted to atmospheric pressure
      and the heating rate continued up to a temperature of 280.degree.C. during
      which time excess glycol is distilled off. 30 grams of
      poly-(tetrabromobisphenol-A) phenyl phosphonate were added to the
      autoclave through an addition put atop the autoclave. Pressure in the
      autoclave was maintained at about 2 mm. or less until a polymer having a
      specific viscosity of about 0.3 was formed. The polymer was extruded
      through a spinnerette and the filaments obtained were drawn about 5 times
      their original length over a hot pin at about 80.degree.C. The drawn fiber
      has an ivory color and melted at 236.degree.C.
PAR  The drawn fiber obtained above was plied with glass fiber and knit into
      tubing of about 34 courses per inch. The technique of plying thermoplastic
      materials such as poly (ethylene terephthalate) with glass fiber and
      knitting into tubing prevents the polyester from pulling away from a flame
      and thus failing to propagate a flame when tested on standard flammability
      testers. When a flame was allowed to impinge on the modified polyester
      above, inclined at an angle of about 45.degree. from the horizontal, the
      tubing ignited briefly after which the flame went out and was not
      propagated. In contrast, a polyester control sample in which the flame
      retardant was omitted burned rapidly, burning a distance of about 8-10
      inches from the point of ignition in a period of 7-8 seconds.
CLMS
STM  I claim:
NUM  1.
PAR  1. Synthetic fibers in which the fiber forming substance is any long chain
      synthetic polymer composed of at least 85% by weight of an ester of
      dihydric alcohol and terephthalic acid containing not more than 20% based
      on the weight of the polymer, of a compound having the general formula:
      ##SPC3##
PAL  where R and R' are radicals selected from the group consisting of hydrogen,
      methyl, ethyl, aryl, and brominated aryl; where R" is a radical selected
      from the group consisting of alkyl, aryl, and brominated aryl; and where n
      is an integer of from 1 to about 100.
NUM  2.
PAR  2. The synthetic fibers of claim 1 containing said compound in the amount
      of about 10-20%.
NUM  3.
PAR  3. The fibers of claim 1 wherein said ester is polyethylene terephthalate.
NUM  4.
PAR  4. The fibers of claim 1 wherein n is about 3
NUM  5.
PAR  5. Fibers of claim 1 wherein the compound is
      poly(2,2-bis(p-hydroxy-dibromo-phenyl)propane) phenyl phosphonate.
NUM  6.
PAR  6. The fibers of claim 5 wherein said compound is present in the amount of
      about 15%.
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ABST
PAL  Polyolefins capable of photodegradation are prepared by incorporating in
      the polyolefin an additive which contains chlorine, bromine, or iodine
      directly linked to the nitrogen atom of an amide or imide group.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention relates to and has among its objects the provision of novel
      plastic compositions capable of photodegradation. Further objects of the
      invention will be evident from the following description wherein parts and
      percentages are by weight unless otherwise specified.
PAR  Plastics have become an important part of the American way of life.
      Innumerable articles of manufacture are made of plastics. One of the main
      uses thereof is in the manufacture of containers for liquids and solids of
      all kinds, particularly foods. Another important use is the manufacture of
      plastic sheet materials such as films and foils. For example, plastic
      films are used in agriculture for covering the soil between plants,
      thereby to prevent the growth of weeds.
PAR  One problem with plastics is that they are not easily decomposed. Thus, for
      example, plastic food containers thrown by the roadside do not decompose
      but remain until collected, thereby polluting the environment. Similarly,
      plastic films used as soil coverings must be removed from the fields prior
      to initiating a new crop.
PAR  The invention described herein concerns a means for obviating the above
      problems in that it provides polyolefin plastics which are capable of
      photodegradation. Containers fabricated from the plastics of the invention
      when exposed to sunlight will gradually decompose and eventually crumble
      away. Thus, such containers when thrown along the roadside will eventually
      become part of the soil. Films prepared from the plastics of the invention
      when used for agricultural purposes will gradually become friable by the
      action of sunlight so that they can be readily plowed into the soil.
PAR  The benefits of the invention are realized by incorporating into a
      polyolefin any of the compounds described below.
PAR  Group I. N-halo imides of the structure
      ##EQU1##
      wherein: X is chlorine, bromine or iodine
PA1  R is a divalent hydrocarbon radical containing 1 to 12 carbon atoms.
PAR  Illustrative examples of compounds included in Group I are:
PA1  N-chloro-succinimide
PA1  N-bromo-succinimide
PA1  N-iodo-succinimide
PA1  N-chloro-phthalimide
PA1  N-bromo-phthalimide
PA1  N-iodo-phthalimide
PA1  The N-chloro, N-bromo, or N-iodo derivatives of the imides of malonic,
      glutaric, adipic, pimelic, suberic, azelaic, or sebacic acids.
PAR  Group II. N-Halo amides of the structure
      ##EQU2##
      wherein: X is chlorine, bromine, or iodine
PA1  Y is hydrogen, chlorine, bromine, or iodine
PA1  R' is a monovalent hydrocarbon radical containing 1 to 18 carbon atoms.
PAR  Illustrative examples of compounds included in Group II are:
PA1  N-chloro-acetamide
PA1  N-bromo-acetamide
PA1  N-iodo-acetamide
PA1  N,n-dichloro-acetamide
PA1  N,n-dibromo-acetamide
PA1  N,n-diiodo-acetamide
PA1  N-chloro-benzamide
PA1  N-bromo-benzamide
PA1  N-iodo-benzamide
PA1  N,n-dichloro-benzamide
PA1  N,n-dibromo-benzamide
PA1  N,n-diiodo-benzamide
PA1  The N-chloro-, N-bromo-, N-iodo-, N,N-dichloro-, N,N-dibromo-, and
      N,N-diiodo- derivatives of the amides of propionic, butyric, valeric,
      caproic, capric, caprylic, lauric, stearic, toluic, or cyclohexane
      carboxylic acids.
PAR  Group III. N-Halo lactams of the structure
      ##EQU3##
      wherein: X is chlorine, bromine or iodine
PA1  R" is a divalent aliphatic hydrocarbon radical containing 1 to 12 carbon
      atoms.
PAR  Illustrative examples of compounds included in Group III are:
PA1  N-chloro-caprolactam
PA1  N-bromo-caprolactam
PA1  N-iodo-caprolactam
PA1  N-chloro-, N-bromo-, or N-iodo-butyrolactam
PA1  N-chloro-, N-bromo-, or N-iodo-valerolactam.
PAR  Group IV. N-Halo hydantoins of the structure
      ##EQU4##
      wherein: One of the Z's is chlorine, bromine, or iodine, and the other Z
      is hydrogen, chlorine, bromine, or iodine.
PA1  R'" is hydrogen or a lower (C.sub.1 -C.sub.4) alkyl radical.
PAR  Illustrative examples of compounds included in Group IV are:
PA1  1-chloro-hydantoin
PA1  1-bromo-hydantoin
PA1  1-iodo-hydantoin
PA1  3-chloro-hydantoin
PA1  3-bromo-hydantoin
PA1  3-iodo-hydantoin
PA1  1,3-dichloro-hydantoin
PA1  1,3-dibromo-hydantoin
PA1  1,3-diiodo-hydantoin
PA1  3-chloro-5-methylhydantoin
PA1  3-bromo-5-methylhydantoin
PA1  3-iodo-5-methylhydantoin
PA1  1,3-dichloro-5-methylhydantoin
PA1  1,3-dibromo-5-methylhydantoin
PA1  1,3-diiodo-5-methylhydantoin
PA1  1-chloro-5,5-dimethylhydantoin
PA1  1-bromo-5,5-dimethylhydantoin
PA1  1-iodo-5,5-dimethylhydantoin
PA1  3-chloro-5,5-dimethylhydantoin
PA1  3-bromo-5,5-dimethylhydantoin
PA1  3-iodo-5,5-dimethylhydantoin
PA1  1,3-dichloro-5,5-dimethylhydantoin
PA1  1,3-dibromo-5,5-dimethylhydantoin
PA1  1,3-diiodo-5,5-dimethylhydantoin
PAR  Group V. N-Halo urethanes of the structure
      ##EQU5##
      wherein: X is chlorine, bromine or iodine
PA1  Y is hydrogen, chlorine, bromine, or iodine
PA1  Alk is a monovalent aliphatic hydrocarbon radical containing 1 to 18 carbon
      atoms.
PAR  Illustrative examples of compounds included in Group V are:
PA1  N-chloro-urethane
PA1  N-bromo-urethane
PA1  N-iodo-urethane
PA1  N,n-dichloro-urethane
PA1  N,n-dibromo-urethane
PA1  N,n-diiodo-urethane
PA1  The isopropyl, butyl, hexyl, decyl, dodecyl, and octadecyl esters of
      N-chloro-, N-bromo-, N-iodo-, N,N-dichloro-, N,N-dibromo-, and
      N,N-diiodo-carbamic acid.
PAR  Group VI. N-Halo sulphonamides of the structure
      ##SPC1##
PAL  wherein:
PA1  X is chlorine, bromine, or iodine
PA1  Y is hydrogen, chlorine, bromine, or iodine
PA1  R"" is hydrogen, lower (C.sub.1 -C.sub.4) alkyl, chlorine, bromine, or
      iodine.
PAR  Illustrative examples of compounds included in Group VI are the N-chloro-,
      N-bromo-, N-iodo-, N,N-dichloro-, N,N-dibromo-, and N,N-diiodo-
      derivatives of benzenesulphonamide, toluenesulphonamide, and
      isopropylbenzenesulphonamide.
PAR  Group VII. N-Halo isocyanuric acids of the structure
      ##EQU6##
      wherein X is chlorine, bromine, or iodine.
PAR  Illustrative examples of compounds included in Group VII are trichloro-,
      tribromo, and triiodo-isocyanuric acid.
PAR  Polyolefins containing any of the above compounds (or additives as they are
      often referred to herein) decompose readily when exposed to sunlight. The
      decomposition, however, is not instantaneous but is gradual, and the rate
      thereof depends on such factors as the type of polyolefin, the amount of
      the compound added, and the activity of the latter. The reaction which
      takes place can be described as a photodepolymerization in which the
      polymeric chains are reduced to lower molecular weight under the influence
      of sunlight.
PAR  The amount of additive to be incorporated with the polyolefin depends on
      the activity of the additive, and upon the desired rate of
      photo-decomposition. In general, one may use about 0.1 to 10% of the
      additive, based upon the weight of polyolefin. For most purposes about 1
      to 2% of the additive is sufficient to obtain a reasonable and useful rate
      of photo-degradation.
PAR  The polyolefin to which the invention is applied includes, for example,
      high and low density polyethylene, polypropylene, polybutylene,
      polystyrene, mixtures of polyethylene and polypropylene, vinyl
      acetate/ethylene copolymers, and the like. The incorporation of the
      additive with the polyolefin may be carried out in any of the ways known
      in the art of compounding plastics. For example, intimate mixing of the
      polyolefin and additive may be effected by melting and mixing the
      polyolefin with the additive by any suitable means such as a mixer of the
      Banbury or Werner type or in a screw extruder. The compositions of
      polyolefin and additive can be formed into any desired articles such as
      films, tubular sheets, foils, bags, bottles, or other containers by
      application of well-known molding and fabricating techniques.
PAR  It is within the compass of the invention to use known photosensitizing
      compounds such as dibenzoyl peroxide, azo-bis-isobutyronitrile, and the
      like in conjunction with the additives of the invention. In some instances
      such photo-sensitizers increase the activity of the additives of the
      invention. Thus, polyolefins containing an additive in accordance with the
      invention and a photo-sensitizer will exhibit an enhanced rate of
      photodegradation.
DETD
PAC  EXAMPLES
PAR  The invention is further demonstrated by the following illustrative
      examples.
PAC  Example 1 -- Photodegradable Polystyrene Films
PAR  A. Commercial polystyrene powder was first purified as follows: The powder
      (90 g.) was placed in a 2-liter Erlenmeyer flask together with 510 ml. of
      chloroform and the mixture was shaken until dissolved. The solution was
      poured slowly with vigorous stirring into a one-gallon Waring Blendor
      containing 2 liters of methanol. The finely precipitated powder was
      filtered, washed with methanol, air-dried, and finally dried in a vacuum
      oven at 52.degree. C. and 30 p.s.i. This procedure was repeated for a
      total of three times and a polystyrene containing no styrene odor was
      obtained.
PAR  B. Incorporation of additive: A wide-mouth jar was charged with 3 g. of the
      purified polystyrene powder, 0.03 g. of additive, and 17 ml. of
      chloroform, then shaken on a wrist-action shaker until solution was
      obtained. The solution was allowed to stand for a few minutes to remove
      entrapped air bubbles. Afterward, the solution was spread on a 4 .times. 8
      inch glass plate with a film-casting knife with a setting of 0.038 in. The
      plate was suspended above chloroform in a covered tray to retard
      evaporation of the solvent. After the plate had dried overnight, it was
      placed in a tray containing distilled water, which floated the film away
      from the glass. This film of polystyrene plus the incorporated additive
      was about 0.004-0.005 inch thick. A piece, 3/4 .times. 13/8 inch was cut
      from the film and its infrared spectrum was taken.
PAR  C. Test procedure: The said piece of film was then irradiated for 66 hours
      by maintaining it on a revolving table 9 in. in diameter with the film
      sample 6 in. from a 275-watt RS sunlamp. After irradiation, an infrared
      spectrum of the sample was again determined. The extent of photo-oxidation
      was taken as a measure of the photodegradability of the irradiated
      material. Photo-oxidation was determined by measuring the increase in the
      carbonyl absorption band of the irradiated sample over that of an
      irradiated sample containing no additive.
PAR  D. Specific additives used: The sequence described above in parts A, B, and
      C was performed with the following additives, each in the amount of 1%,
      based on the weight of polystyrene:
TBL  A.                                                                        

       N-bromosuccinimide                                                      

                        CH.sub.2 --C=O                                         

                        .vertline..angle.N--Br                                 

                        CH.sub.2 --C=O                                         

     B.                                                                        

       N-chlorosuccinimide                                                     

                        CH.sub.2 --C=O                                         

                        .vertline..angle.N--Cl                                 

                        CH.sub.2 --C=O                                         

     C.                                                                        

       N-bromocaprolactam                                                      

                        C=O                                                    

                        (CH.sub.2).sub.4 .angle..angle.N--Br                   

                        CH.sub.2                                               

     D.                                                                        

       1,3-dibromo-5,5-dimethylhydantoin                                       

                        Br--N--C=O                                             

                        .vertline..angle.N--Br                                 

                        CH.sub.3 --C--C=O                                      

                        .vertline.                                             

                        CH.sub.3                                               

     E.                                                                        

       3-bromo-5,5-dimethylhydantoin                                           

                        NH--C=O                                                

                        .vertline..angle.N--Br                                 

                        CH.sub.3 --C--C=O                                      

                        .vertline.                                             

                        CH.sub.3                                               

     F.                                                                        

       N-bromoacetamide O                                                      

                        .parallel.                                             

                        CH.sub.3 --C--NHBr                                     

     G.                                                                        

       N,N-dichlorourethane                                                    

                        O                                                      

                        .parallel.Cl                                           

                        CH.sub.3 --CH.sub.2 --O--C--N.angle.                   

                        Cl                                                     

     H.                                                                        

       N,N-dichlorobenzenesulphonamide                                         

                        Cl                                                     

                        SO.sub.2 N.angle.                                      

                        Cl                                                     

     I.                                                                        

       Trichloroisocyanuric acid                                               

                        Cl                                                     

                         .vertline.                                            

                        N                                                      

                        .angle.                                                

                        O=CC=O                                                 

                        .vertline..vertline.                                   

                        Cl--NN--Cl                                             

                        .angle.                                                

                        C                                                      

                        .parallel.                                             

                        O                                                      

PAR  The results obtained are tabulated below:
TBL                                    Table 2                                 

     __________________________________________________________________________

     Polystyrene and 1% Additive                                               

                             Increase                                          

                             in carbonyl,                                      

                                    Additive                                   

     Run     Additive        absorbance                                        

                                    effectiveness                              

                             units  ratio*                                     

     __________________________________________________________________________

     A    N-bromosuccinimide 1.065  6.1                                        

     B    N-chlorosuccinimide                                                  

                             0.563  3.1                                        

     C    N-bromocaprolactam 0.724  4.1                                        

     D    1,3-dibromo-5,5-dimethylhydantoin                                    

                             1.453  8.3                                        

     E    3-bromo-5,5-dimethylhydantoin                                        

                             1.189  6.8                                        

     F    N-bromoacetamide   0.506  2.9                                        

     G    N-N-dichlorourethane                                                 

                             0.325  1.9                                        

     H    N,N-dichlorobenzenesulphonamide                                      

                             0.383  2.2                                        

     I    Trichloroisocyanuric acid                                            

                             0.413  2.4                                        

     Control                                                                   

          None used          0.176  1.0                                        

     __________________________________________________________________________

      *Additive effectiveness ratio is equal to the increase in carbonyl for a 

      particular additive divided by the increase in carbonyl obtained without 

      additive (control). Thus, for example, polystyrene containing            

      N-bromosuccinimide is oxidized photochemically 1.065/.176 or 6.1 times   

      more than polystyrene without an additive.                               

PAC  Example 2 -- Photodegradable Polyethylene Films
PAR  To 0.6 grams of powdered polyethylene resin was added a solution of 0.006
      gram of N-bromosuccinimide in 0.6 ml. of acetone. The mixture was stirred
      to evenly distribute the additive solution over the particles of
      polyethylene. The mixture was spread as a thin layer on a Mylar sheet
      supported by a ferrotype chrome plate. After allowing the acetone to
      evaporate, the said layer was covered with another Mylar sheet and chrome
      plate. This assembly was heated for 30 seconds at 350.degree. F. and then
      pressed at 370 psi. for 30 seconds. The assembly was then transferred to
      an unheated press and pressed at 4,000 psi. while cooling. A film of
      polyethylene and 1% added N-bromosuccinimide having a thickness of 0.003
      to 0.004 inch was thus obtained.
PAR  A similar procedure was employed for the preparation of polyethylene films
      containing other additives. The temperature of the heated press was varied
      from 350.degree.-412.degree. F., depending on the melting point of the
      additive. In general, the temperature of the press was about 10.degree. F.
      above the melting point of the additive.
PAR  Samples of the polyethylene-additive film and control polyethylene film
      without any additive were tested for photodegradability as described in
      Example 1, except that the time of irradiation was 100 hours.
PAR  The results obtained are summarized below.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Polyethylene + Additive                                                   

                               Increase                                        

                               in carbonyl,                                    

                                      Additive                                 

     Run     Additive          absorbance                                      

                                      effectiveness                            

                               units  ratio                                    

     __________________________________________________________________________

     1    N-bromosuccinimide (1%)                                              

                               0.299  1.2                                      

     2    1,3-dibromo-5,5-dimethylhydantoin (1%)                               

                               0.332  1.4                                      

     3    benzoyl peroxide* (1%)                                               

                               0.138  0.6                                      

     4    1,3-dibromo-5,5-dimethylhydantoin                                    

           (1%) and benzoyl peroxide (1%)                                      

                               0.415  1.7                                      

     Control                                                                   

          None used            0.241  1.0                                      

     __________________________________________________________________________

      *Not illustrative of the invention; included for the purpose of          

      comparison.                                                              

PAC  Example 3 -- Photodegradable Polypropylene Films
PAR  Polypropylene films containing additives were prepared by the same
      procedure described in Example 2. Photodegradability of the resulting film
      was determined as described in Example 1, but using an irradiation time of
      66 hours.
PAR  The results are tabulated below.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Polypropylene + Additives                                                 

                             Increase in                                       

                             carbonyl,                                         

                                    Additive                                   

     Run     Additive        absorbance                                        

                                    effectiveness                              

                             units  ratio                                      

     __________________________________________________________________________

     1    N-bromosuccinimide (1%)                                              

                             0.912  2.0                                        

     2    N-iodosuccinimide (1%)                                               

                             0.547  1.3                                        

     3    N-bromoacetamide (1%)                                                

                             0.629  1.4                                        

     4    N,N-dichlorourethane (1%)                                            

                             0.705  1.5                                        

     5    3-bromo-5,5-dimethylhydantoin (1%)                                   

                             0.587  1.3                                        

     6    benzoyl peroxide* (1%)                                               

                             0.786  1.7                                        

     7    N-bromosuccinimide (1%) and                                          

          benzoyl peroxide (1%)                                                

                             2.571  5.6                                        

     Control                                                                   

          None used          0.462  1.0                                        

     __________________________________________________________________________

      *Not illustrative of the invention; included for purposes of comparison. 

PAC  Example 4
PAR  To 0.6 gram of powdered polypropylene was added a solution of 0.006 gram of
      trichloroisocyanuric acid in 0.6 ml. of acetone. The mixture was stirred
      to evenly distribute the additive solution over the particles of
      polypropylene. The mixture was spread as a thin layer on a Teflon sheet
      supported by a ferrotype chrome plate. After allowing the acetone to
      evaporate, the said layer was covered with another Teflon sheet and chrome
      plate. This assembly was heated for 30 seconds at 480.degree. F. and then
      pressed at 65 psi for 30 seconds. The assembly was then transferred to an
      unheated press and pressed at 4,000 psi while cooling. A film of
      polypropylene and 1% added trichloroisocyanuric acid having a thickness of
      about 0.004 inch was thus obtained.
PAR  Samples of this film and a control polypropylene film without any additive
      were tested for photodegradability as described in Example 1.
PAR  The results are given below.
TBL  ______________________________________                                    

                        Increase in                                            

                        carbonyl,  Additive                                    

     Additive           absorbance effectiveness                               

                        units      ratio                                       

     ______________________________________                                    

     Trichloroisocyanuric acid (1%)                                            

                        1.032      4.9                                         

     None (control)     0.212      1                                           

     ______________________________________                                    

PAC  Example 5
PAR  A film was prepared from purified polystyrene plus 1% N-bromophthalimide as
      described in Example 1. The film and a control film without the additive
      were tested as described in Example 1. It was found that the film
      containing the additive was photodegraded 3.1 times more than the control
      film.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A photodegradable composition consisting of
PA1  a. a polyolefin selected from the group consisting of polyethylene,
      polypropylene, polybutylene, polystyrene, mixtures of polyethylene and
      polypropylene, and vinyl acetate/ethylene copolymers, and
PA1  b. about from 0.1 to 10% of an additive of the structure
      ##EQU7##
      wherein X is chlorine, bromine, or iodine, and R is a divalent hydrocarbon
      radical selected from the group consisting of an alkylene radical
      containing 1 to 8 carbon atoms, and the phenylene radical.
NUM  2.
PAR  2. The composition of claim 1 wherein the additive is N-bromosuccinimide.
NUM  3.
PAR  3. The composition of claim 1 wherein the additive is N-chlorosuccinimide.
NUM  4.
PAR  4. The composition of claim 1 wherein the additive is N-iodosuccinimide.
NUM  5.
PAR  5. The composition of claim 1 wherein the additive is N-bromophthalimide.
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ABST
PAL  This patent describes a novel composition comprising the polymer of a
      butadiene polymer or other olefinic polymer containing functional groups
      and complementary reactive cross-linking agent such as polyisocyanate,
      aziridine or epoxide, and a stabilizer mixture therefor including (1) a
      secondary amine having the formula:
      ##EQU1##
      or wherein R is a monovalent aromatic group such as phenyl or naphthyl,
      and R' is a divalent aromatic group such as phenylene and (2) a
      thiodiester of the formula:
      ##EQU2##
      wherein R" is a monovalent alkyl or aryl group such as methyl, ethyl,
      pentyl, decyl, phenyl, naphthyl and the like and n is an integer from 1 to
      about 20.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various stabilizers are known for the conventional polyurethanes based on
      polyether polyols or hydroxy-terminated polyesters. These stabilizers,
      however, are not adequate for a newly developed class of polyurethane
      polymers obtained by the reaction of polyisocyanates with functionally
      terminated butadiene polymers, or for the class of polymers obtained by
      curing a carboxy-terminated butadiene polymer with an aziridine or
      epoxide. The unique stabilization problems associated with these polymers
      are believed to be due to the presence of both olefinic unsaturation and
      urethane or other hetero atom linkages in the polymer chain. The present
      invention is believed to represent a significant advance in the art by
      providing a combination of stabilizers for this class of polymers which is
      uniquely effective in stabilizing the polymer against degradation due to
      oxidation and decomposition of the urethane or other hetero linkages.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention comprehends a novel composition comprising a
      polymer containing carbon-to-carbon unsaturation and pendant functional
      groups and a complementary reactive cross-linking agent such as a
      polyisocyanate, aziridine or epoxide, and a stabilizer mixture therefor
      including (1) a secondary amine having the formula:
      ##EQU3##
      or
      ##EQU4##
      wherein R is a monovalent aromatic group such as phenyl or naphthyl, and
      R' is a divalent aromatic group such as phenylene and (2 ) a thiodiester
      of the formula:
      ##EQU5##
      wherein R" is a monovalent alkyl or aryl group such as methyl, ethyl,
      pentyl, decyl, phenyl, naphthyl and the like and n is an integer from 1 to
      about 20.
PAR  It is an object of this invention to provide a novel stabilizer system for
      polymers containing olefinic unsaturates as well as urethane or other
      hetero linkage.
PAR  Another object of this invention is to provide a novel stabilized
      polyurethane polymer system particularly adapted as a binder in solid
      rocket propellants.
PAR  A further object of this invention is the provision of a stabilizer system
      which prevents decomposition of the polyurethane by metallic
      polymerization catalyst residues.
PAR  These and other objects and advantages of this invention will be apparent
      from the following detailed decription.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  We have found that the surface and bulk stability of both filled and
      unfilled urethane polymers of functionally terminated butadiene polymer is
      uniquely enhanced by a combination of stabilizers.
PAR  The unique stabilizer combination includes a secondary amine of the type
      ##EQU6##
      or
      ##EQU7##
      where R and R' are as defined above. Specific examples of these compounds
      are:
      ##SPC1##
PAL  ; and thiodipropionate esters of the type:
      ##EQU8##
      where R' is as defined above. The preferred ester is
      di-2-ethyhexyl-thiodipropionate.
PAR  The invention is applicable to all polymers containing carbon-to-carbon
      unsaturation in the backbone and functional groups which are either
      terminal or randomly distributed along the backbone. One preferred class
      of polymers is functionally terminated butadiene polymers cured with
      polyisocyanates, aziridine or epoxides. The functionally terminated
      butadienes include carboxy-terminated polybutadiene and co-polymers of
      acrylic acid and butadiene. In the case of carboxy-termination, curing or
      cross-linking is provided by aziridines such as tris(methyl aziridinyl)
      phosphine oxide, bis(methyl aziridiny)phenylphosphine oxide, N,N,N',
      N'-diethyleneurea, N,N,N', N'-diethylenethiourea,
      1,4-bis-(-1-aziridinyl)butane, 1,10-bis-(-1-aziridinyl)decane. N,N,N', N',
      N", N'-triethylene trimesicamide, and tris(aziridinyl)phosphine sulfide,
      or di- or poly-epoxides such as the diglycidyl ether of
      2,2-(4-hydroxy-phenyl) propane and the triglycidyl ether of glycerin.
PAR  The hydroxy-terminated butadiene polymers are cured with organic di or
      polyisocyanates such as ethylene diisocyanate, trimethylene diisocyanate,
      propylene-1,2-diisocyanate, tetramethylene diisocyanate,
      butylene-1,3-diisocyanate, decamethylene diisocyanate, octadecamethylene
      diisocyanate, 1-propylene-1,2-diisocyanate, 2-propylene-1, 2-diisocyanate,
      1-butylene-1, 2-diisocyanate, 3-butylene-1, 2 -diisocyanate, 1-butylene-1,
      3-diisocyanate, 1-butylene-2, 3-diisocyanate, ethylidene diisocyanate,
      propylidene-1,1-diisocyanate, propylidene-2, 2-diisocyanate,
      cyclopentylene-1,3-diisocyanate, cyclohexylene-1, 3-diisocyanate,
      cyclohexylene-1,2-diisocyanate, cyclohexylene-1, 4-diisocyanate,
      cyclopentylidene diisocyanate, cyclohexylidene diisocyanate, m-phenylene
      diisocyanate, o-phenylene diisocyanate, p-phenylene diisocyanate,
      1-methyl-2,4-phenylene diisocyanate, naphthylene-1,4-diisocyanate,
      diphenylene-4,4'-diisocyanate, 2,4-tolylene diisocyanate, 2,6-tolylene
      diisocyanate, 4,4'-diphenylmethane  diisocyanate, 1,5-naphthalene
      diisocyanate, methylene-bis-(4-phenylisocyanate),
      2,2-propylene-bis-(4-phenylisocyanate), xylylene-1,4-diisocyanate,
      xylylene-1, 3-diisocyanate, 4,4'-diphenylenemethane diisocyanate,
      4,4'-diphenylenepropane diisocyanate, OCN--CH.sub.2 CH.sub.2 --O--CH.sub.2
      --CH.sub.2 --NCO, and 2,3-pyridene diisocyanate.
PAR  In the case where the butadiene polymer is hydroxy-terminated, the cured
      polymer is a polyurethane, the formation of which is generally promoted by
      metallic urethane-forming catalysts such as ferric acetylacetonate. This
      catalyst system presents special problems which are solved by a preferred
      embodiment of this invention in which the two stabilizers discussed above
      are employed in combination with anhydrous metal salts such as chromium
      chloride and copper sulfate, and sulfur.
PAR  While not bound by any theory, it is believed that stabilization occurs as
      follows.
PAR  The amine acts as a free radical trap
      ##SPC2##
      ##EQU9##
PAR  Chromium III chloride, copper sulfate or other metallic salts form
      tightly-bound compounds with acetylacetone.
EQU  Fe(AA).sub.3 + CrCl.sub.3 .revreaction. Cr(AA).sub.3 + FeCl.sub.3 (III)
PAR  Sulfur which is reduced to the sulfide which then forms iron sulfide
EQU  3S.sup.2.sup.- + Fe.sup.3 .revreaction. Fe.sub.2 S.sub.3   (IV)
PAR  The stabilization reactions shown in III and IV above are required in the
      event that a heavy metal acetylacetonate such as ferric acetylacetonate is
      used as a polymerization cataylst, or where heavy metal ions are present
      due to impurities in the propellant. In this case, chromium chloride is
      used to free the iron or other heavy metal for further reaction as shown
      in equation IV. This latter reaction effectively eliminates iron or other
      heavy metal from the polymer medium and prevents it from catalyzing the
      degradation of the urethane link. In this manner, stability for prolonged
      periods of time at 180.degree.F has been achieved.
PAR  The mechanism of stabilization involves the exchange of heavy metal ion and
      chromium ion to form the tightly bound chromium acetylacetonate, leaving
      heavy metal in the form of the chloride. The heavy metal species in this
      form readily reacts with the sulfide ion and is thus effectively removed
      as a reactive moiety in the polymer matrix. Once the heavy metal is in the
      form of the sulfide, it cannot catalyze oxidative attack or reverse the
      crosslinking reaction. In general, if the heavy metal is present as the
      acetylacetonate (to catalyze the polymerization reaction), CrCl.sub.3 and
      sulfur are required; if the heavy metal is present as an impurity, then
      sulfur alone is sufficient. Typical examples of metallic compounds which
      are known catalysts for the polymerization reaction are Fe(AA).sub.3 *,
      MN(AA).sub.3, Mn(AA).sub.2, Cu(AA).sub.2, Cu octoate, Th(AA).sub.4,
      Zr(AA).sub.4, Ce(AA).sub.4, Ce(AA).sub.3, UO.sub.2 (AA).sub.2,
      V(AA).sub.3, VO(AA).sub.2, TiO(AA).sub.2, Zn(AA).sub.2, Zn naphthenate, Zn
      decanoate, Ni(AA).sub.2, Cr(AA).sub.3, Co(AA).sub.3, Co(AA).sub.2,
      In(AA).sub.3, Ni-octoate, Pb(AA).sub.2, Pb naphthenate, Pb octoate,
      Sn-octoate, Bu.sub.2 Sn laurate, Bu.sub.2 Sn acetate. These same metallic
      ions can be present as impurities in the prepolymer curing effects or
      plasticizers.
FNT  * Acetylacetonate
PAR  The stabilizers of this invention are used in an effective stabilizing
      amount, generally on the order of about 0.15 to 0.25% by weight amine,
      about 0.05 to 0.10% by weight ester, 0.07 to 0.12% by weight chromium III
      salt; and 0.15 to 0.45% by weight sulfur, all based on the total weight of
      the composition.
PAR  The improvement in the stability of polyurethanes from hydroxy-terminated
      polybutadiene and toluene diisocyanate and solid rocket propellants are
      shown in Tables 1, 2 and 3. The aging of HTPB binders at 180.degree.F with
      and without these stabilizers is shown in Table 1. In the absence of
      stabilizer, the binder rapidly surface hardens at +180.degree.F. The amine
      antioxidant sym-di-.beta.naphthyl-p-phenylene diamine markedly improves
      the binder surface aging properties. The effectiveness of the
      di-.delta.-ethylhexyl thiodipropionate is also seen in Table 1.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     EFFECT OF STABILIZER TYPE ON THE HIGH TEMPERATURE STORAGE                 

     STABILITY OF A POLYURETHANE FROM HYDROX-TERMINATED                        

     POLYBUTADIENE AND TOLUENE DIISOCYANATE                                    

     Rex Hardness of Binder                                                    

     Surface Stabilizer Com-                                                   

     bination                                                                  

     Storage Time  sym-di-.beta.-naphthyl-.rho.                                

                               di-.alpha.-ethylhexyl                           

                                        amine/                                 

     at 180.degree.F                                                           

             None  p-phenylene-diamine                                         

                               thiodipropionate                                

                                        ester                                  

     __________________________________________________________________________

     None    50    50          50       50                                     

     4 days  90    50          50       50                                     

     1 week  &gt;90   50          60       50                                     

     4 months                                                                  

             &gt;90   60          &gt;90      50                                     

     __________________________________________________________________________

PAR  In the above Table, the amine was used in an amount equal to 0.20% by
      weight and the ester was used in an amount equal to 0.05% by weight, both
      based on the total weight of the composition.
PAR  The best results are obtained with a combination of the amine and ester.
      There has been no change in the binder surface hardness even after four
      months storage at 180.degree.F.
PAR  The effect of the compounds selected to improve the bulk aging properties
      of the hydroxy-terminated polybutadiene propellant is shown in Tables 2
      and 3. This system contains ferric acetylacetoneate.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     EFFECT OF STABILIZERS ON THE 180.degree.F STORAGE STABILITY OF            

     88% SOLIDS PROPELLANTS                                                    

     __________________________________________________________________________

     Batch No.                                                                 

            1            2             3             4                         

     Stabilizers                                                               

     Sulfur --           0.50          --            0.50                      

     CuSO.sub.4                                                                

            --           --            0.10          0.10                      

     sym-di-.beta.-                                                            

     naphthyl-                                                                 

            --           --            --            0.20                      

     p-phenylene-                                                              

     diamine                                                                   

     di-.alpha.-                                                               

            --           --            --            0.05                      

     ethylhexyl                                                                

     thiodipro-                                                                

     pionate                                                                   

            Mechanical Properties at +77.degree.F**                            

     Storage                                                                   

     Time at    .sigma..sub.m                                                  

                  .epsilon..sub.m                                              

                    .epsilon..sub.b                                            

                      E.sub.o                                                  

                             .sigma..sub.m                                     

                                .epsilon..sub.m                                

                                  .epsilon..sub.b                              

                                    E.sub.o                                    

                                           .sigma..sub.m                       

                                              .epsilon..sub.m                  

                                                .epsilon..sub.b                

                                                  E.sub.o                      

                                                         .sigma..sub.m         

                                                            .epsilon..sub.m    

                                                            .epsilon..sub.b    

                                                            E.sub.o            

     180.degree.F,                                                             

            S/I*                                                               

                psi                                                            

                  % % psi                                                      

                         S/I*                                                  

                             psi                                               

                                % % psi                                        

                                       S/I*                                    

                                           psi                                 

                                              % % psi                          

                                                     S/I*                      

                                                         psi                   

                                                            %    %             

                                                            psi                

     weeks                                                                     

     0      --  93                                                             

                  67                                                           

                    73                                                         

                      372                                                      

                         --  100                                               

                                61                                             

                                  69                                           

                                    426                                        

                                       50/48                                   

                                           103                                 

                                              64                               

                                                71                             

                                                  400                          

                                                     60/45                     

                                                         100                   

                                                            51   53            

                                                            428                

     1      53/16                                                              

                35                                                             

                  42                                                           

                    93                                                         

                      184                                                      

                         54/27                                                 

                             48 36                                             

                                  85                                           

                                    295                                        

                                       58/38                                   

                                           67 80                               

                                                88                             

                                                  244                          

                                                     66/45                     

                                                         91 52   55            

                                                            470                

     2      76/0                                                               

                Too soft for                                                   

                         77/9                                                  

                             28 50                                             

                                  79                                           

                                    243                                        

                                       --  49 87                               

                                                99                             

                                                  158                          

                                                     78/40                     

                                                         99 43                 

                                                              51               

                                                                487            

                testing                                                        

     3                       Too soft for                                      

                                       Too soft for  88/59                     

                                                         132                   

                                                            42                 

                                                              42               

                                                                627            

     4                       testing   testing       89/68                     

                                                         157                   

                                                            32                 

                                                              33               

                                                                878            

     5                                               90/72                     

                                                         163                   

                                                            27                 

                                                              28               

                                                                1057           

     6                                               89/73                     

                                                         152                   

                                                            21                 

                                                              21               

                                                                1229           

     8                                                                         

     __________________________________________________________________________

      S=Shore "A" hardness on propellant surface                               

      I=Shore "A" hardness on propellant interior                              

      **Standard ICRPG tensile specimens tested in suplicate and at a strain   

      rate of 0.74 in./in./min.                                                

TBL                                    TABLE 3                                 

     __________________________________________________________________________

     IMPROVED SURFACE AND BULK AGING PROPERTIES OF                             

     88% SOLIDS PROPELLANTS                                                    

     __________________________________________________________________________

     Batch No.  4                  5                                           

     Stabilizer                                                                

     CuSO.sub.4 0.10               --                                          

     CrCl.sub.3 --                 0.10                                        

     Sulfur     0.50               0.50                                        

     sym-di- -naphthyl-                                                        

                0.20               0.20                                        

     p-phenylene-diamine                                                       

     di- -ethylhexyl                                                           

                0.05               0.05                                        

     thiodipropionate                                                          

                Mechanical Properties at 77.degree.F*                          

     Storage Time    m   m  b  E.sub.o  m  m  b  E.sub.o                       

     at 180.degree.F. Wks                                                      

                S/I**                                                          

                     psi %  %  psi S/I**                                       

                                        psi                                    

                                           %  %  psi                           

     0          60/45                                                          

                     100 51 53 428 41/47                                       

                                        87 59 64 302                           

     1          66/45                                                          

                     91  52 55 470 --   -- -- -- --                            

     2          78/40                                                          

                     99  43 51 287 44/45                                       

                                        92 55 68 311                           

     3          85/59                                                          

                     132 42 42 627 --   -- -- -- --                            

     4          89/68                                                          

                     157 32 33 878 --   -- -- -- --                            

     5          90/72                                                          

                     163 27 28 1057                                            

                                   54/47                                       

                                        83 61 63 291                           

     6          89/73                                                          

                     152 21 21 1229                                            

                                   --   -- -- -- --                            

     8          --   --  -- -- --  59/47                                       

                                        89 58 61 317                           

     __________________________________________________________________________

      *Standard ICRPG tensile specimen tested in duplicate and at a strain rate

      of 0.74 in./in./min.                                                     

      **S=Shore "A" hardness on propellant surface                             

      I=Shore "A" hardness on propellant interior                              

PAR  The effect on 180.degree.F aging of no stabilizer, CuSO.sub.4, alone,
      sulfur alone and a combination of CuSO.sub.4 and sulfur are shown in Table
      2. It is seen that only a combination of sulfur and CuSO.sub.4 is
      effective in preventing bulk softening of this propellant.
PAR  The most effective stabilizer system is shown in Table 3. Here a
      combination of CrCl.sub.3, sulfur, sym-di-.beta.-naphthyl-p-phenylene
      diamine and di-.delta.-ethylhexyl thiodipropionate were found to yield at
      least 8 weeks of storage at 180.degree.F with very little change in either
      bulk or surface properties.
PAR  Propellants 1-5 described above have the following compositions:
     (C)                                                                       

     Batch No.        1     2     3     4     5                                

     __________________________________________________________________________

     Ingredient, wt%                                                           

     NH.sub.4 ClO.sub.4                                                        

                      73.00 73.00 73.00 73.00 73.00                            

     Aluminum Powder  15.00 15.00 15.00 15.00 15.00                            

     Hydroxy-terminated polybutadiene                                          

                      7.194 6.894 7.141 6.464 6.464                            

     Propylene oxide adduct of 1, 2,                                           

     6 hexane triol   .233  .223  .231  0.323 0.323                            

     biscyanoethyl dihydroxypropyl                                             

     aniline          .039  .037  .038  0.045 0.045                            

     Toluene diisocyanate                                                      

                      .321  .308  .312  0.402 0.402                            

     Dioctyl Sebacate 4.193 4.018 4.658 3.896 3.896                            

     Copper II Sulfate                                                         

                      --    --    0.100 0.100                                  

     Chromium III chloride                                                     

                      --    --    --    --    0.10                             

     Sulfur           --    0.50  --    0.50  0.50                             

     Phenyl-beta naphthyl amine                                                

                      --    --    --    --    0.20                             

     Sym. di-.beta. naphthyl-p-                                                

     phenylenediamine --    --    --    0.20  0.20                             

     di-2 ethylhexyl-thiodipropionate                                          

                      --    --    --    0.05  0.05                             

     Ferric acetyl acetonate                                                   

                      0.02  .02   0.02  0.02  0.02                             

     __________________________________________________________________________

PAR  In general, the propellants of this invention contain conventional
      additives such as solid oxidizing agents such as ammonium perchlorate and
      metal fuels such as powdered aluminum boron and beryllium.
PAR  Having fully described the invention, it is intended that it be limited
      only by the lawful scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A novel composition comprising a polybutadiene polymer, said polymer
      bearing either pendant or terminal functional groups, a cross-linking
      agent reactive with said polybutadiene polymer, said cross-linking agent
      being selected from the group consisting of a polyisocyanate, an aziridine
      and an epoxide, and a stabilizer mixture including
PA1  1. a secondary amine having the formula
      ##EQU10##
       or
      ##EQU11##
       wherein R is a monovalent aromatic group and R' is a divalent aromatic
      group; and
PA1  2.
NUM  2.
PAR  2. a thiodiester of the formula
      ##EQU12##
       wherein R" is a monovalent organic group and n is an integer from 1 to
PAR   about 20. 2. The composition of claim 1 wherein the amine is
      sym-di-.beta.-naphthyl-p-phenylene diamine and the ester is
      di-.delta.-ethylhexyl thiodipropionate.
NUM  3.
PAR  3. The composition of claim 1 wherein the amine is present in an amount
      from about 0.15 to 0.25% by weight and the ester is present in an amount
      from about 0.05 to 0.10% by weight, based on the total weight of the
      composition.
NUM  4.
PAR  4. The composition of claim 1 wherein the polybutadiene polymer bears
      carboxy functional groups and wherein the cross-linking agent therefor is
      selected from the group consisting of an aziridine and an epoxide.
NUM  5.
PAR  5. A novel composition comprising a polybutadiene polymer, said polymer
      bearing hydroxy functional groups and containing heavy metal ions, a
      polyisocyanate cross-linking agent for such polybutadiene polymer, and a
      stabilizer mixture including
PA1  1. a secondary amine having the formula
      ##EQU13##
       or
      ##EQU14##
       wherein R is a monovalent aromatic group and R' is a divalent aromatic
      groups;
PAR  2. a thiodiester of the formula
      ##EQU15##
       wherein R" is a monovalent organic group and n is an integer from 1 to
      about 20; and
PAR  3. sulfur.
NUM  6.
PAR  6. A novel composition comprising a polybutadiene polymer, said polymer
      bearing hydroxy functional groups and containing heavy metal ions and
      catalyst residues of heavy metal acetylacetonate, a polyisocyanate
      cross-linking agent for such polybutadiene polymer, and a stabilizer
      mixture including
PA1  1. a secondary amine having the formula
      ##EQU16##
       or
      ##EQU17##
       wherein R is a monovalent aromatic group and R' is a divalent aromatic
      groups;
PAR  2. a thiodiester of the formula
      ##EQU18##
       wherein R" is a monovalent organic group and n is an integer from 1 to
      about 20;
PAR  3. an anhydrous metal salt capable of reacting with said acetylacetonate;
      and
PA1  4. sulfur.
NUM  7.
PAR  7. The composition of claim 6 wherein the amine is
      sym-di-.beta.-naphthyl-p-phenylene diamine, the ester is
      di-.delta.-ethylhexyl thiodipropionate and the metal salt is chromium
      chloride.
NUM  8.
PAR  8. The composition of claim 6 wherein the metal salt is chromicchloride.
NUM  9.
PAR  9. The composition of claim 8 wherein the amine is present in an amount
      from about 0.15 to 0.25% by weight, the ester is present in an amount from
      about 0.05 to 0.10% by weight, the chromium compound is present in an
      amount from about 0.07 to 0.12% by weight and sulfur is present in an
      amount from about 0.15 to 0.45% by weight based on the total weight of the
      composition.
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PAL  The thermal stability of urethane-type polymeric compounds prepared from
      cyclic nitrile compounds and nucleophilic compounds by means of a catalyst
      system containing an organotin compound is improved by treating the
      polymeric compounds with a tertiary alcohol.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the preparation of improved polymeric compounds
      containing one or more urea, urethane or thiourethane groups. More
      particularly, the invention relates to a method of improving the thermal
      stability and processability of the above polymeric compounds prepared by
      tin-containing catalysts.
PAR  U.S. Pat. No. 3,652,507 issued to Burk, Jr. et al on Mar. 28, 1973
      describes an improved process for preparing urethane-type polymers by the
      condensation of cyclic nitrile compounds with nucleophilic compounds in
      the presence of a catalytic system comprised of a first metal selected
      from the metals of Groups III through V of the Periodic Chart, e.g., tin,
      and a second metal selected from the metals of Groups I and II and the
      iron series of Group VIII of the Periodic Chart, for example, an alkali
      metal. It has been discovered that when certain tin compounds are used in
      the process disclosed in this patent the polymeric product obtained has a
      very high molecular weight, making it particularly suitable for use in the
      manufacture of molded or extruded products. However, when these polymers
      are subjected to physical processing at elevated temperatures, such as is
      encountered in milling and molding operations, they have been found to
      undergo molecular weight reduction which results in a loss of physical
      properties, thus making the product unsuitable for many uses.
PAR  A method has now been discovered for treating urethane-type polymers
      prepared from catalyst systems containing these tin compounds which
      overcomes the above difficulty. Thus, urethane-type polymers of very high
      molecular weight which do not undergo molecular weight reduction upon
      physical processing at elevated temperatures can be prepared from cyclic
      nitrile compounds and nucleophilic compounds using catalyst systems
      containing tin compounds.
PAR  Accordingly, it is an object of the invention to present a method of
      preparing improved urethane-type polymers. It is another object of the
      invention to present a method of preparing high molecular weight
      urethane-type polymers which have a reduced tendency to undergo molecular
      weight degradation during physical processing at elevated temperatures. It
      is another object of the invention to present a method of improving the
      thermal stability of urethane-type polymers prepared from cyclic nitrile
      compounds and nucleophilic compounds by means of a tincontaining catalyst.
      These and other objects of the invention will become more readily apparent
      from the following description and examples.
PAC  SUMMARY OF THE INVENTION
PAR  Urethane-type polymers prepared from cyclic nitrile compounds and
      nucleophilic compounds are heated with tertiary alcohols containing 4 to
      10 carbon atoms. The polymer, which is dissolved or suspended in the
      tertiary alcohol, is then recovered from the alcohol by any suitable
      means, for example, by insolubilizing the polymer in the tertiary alcohol
      as by the addition of a non-solvent such as methanol. The addition of the
      non-solvent causes the polymer to precipitate out of solution. The
      treatment of the polymer with the alcohol is carried out at a temperature
      of about 60.degree. to 170.degree.C. for a period of about 15 minutes to
      24 hours, preferably for about 1 to 10 hours. The weight ratio of tertiary
      alcohol to polymer being treated is preferably about 1 to 20:1. The
      preferred tertiary alcohol is tertiary butyl alcohol. The process is
      particularly suitable for the preparation of thermallystable, high
      molecular weight polyurethanes prepared from cyclic nitrile carbonates and
      polyols.
PAC  DESCRIPTION OF THE INVENTION
PAR  According to the invention the thermal stability of certain urethane-type
      polymers prepared from cyclic nitrile compounds and nucleophilic compounds
      is improved by contacting the polymer with a tertiary alcohol.
PAC  DEFINITIONS
PAR  The term urethane-type polymers is used herein to describe the polymeric
      compounds obtained when a cyclic nitrile compound reacts with a
      nucleophilic compound to produce a polyurethane, polyurea, polythiourea or
      mixtures of any or all of these.
PAR  The term cyclic nitrile compound is used to describe compounds containing
      ##EQU1##
      groups.
PAR  The term organic nucleophilic group is used herein to describe organic
      compounds having active hydrogen atoms as determined by the Zerewitinoff
      test.
PAR  The term tertiary alcohol is used to define monohydric alcohols in which
      the hydroxyl group is attached to a tertiary carbon atom, i.e., one which
      is attached to three other carbon atoms.
PAR  The thermoplastic urethane-type polymers whose thermal stability is
      improved by this invention are those prepared from cyclic nitrile
      compounds and nucleophilic compounds using catalyst systems containing an
      organotin compound as the sole component or as one of the components.
      These catalytic agents have been found to be particularly useful in the
      preparation of high molecular weight thermoplastic polymers. However, as
      mentioned above, polymers prepared using them frequently undergo thermal
      degradation with a resultant loss in physical properties and such polymers
      are often unsuitable for high temperature processing operations such as
      molding, milling or extrusion.
PAR  Typical organo tin catalysts used to make the polymers improved by the
      present invention include:
PAR  1. Tin oxides such as dibutyltin oxide, dipropyltin oxide, diphenyltin
      oxide, tributyltin oxide, tripropyltin oxide, triphenyltin oxide,
      dibutylpropyltin oxide, dibutylphenyltin oxide, etc.
PAR  2. Tin alkoxides such as dibutyltin dimethoxide, dipropyltin diethoxide,
      diphenyltin dimethoxide, tributyltin methoxide, etc. The preparation and
      use of tin oxides and tin alkoxides for the preparation of polyurethanes
      is described in U.S. Pat. No. 3,652,507, incorporated herein by reference.
PAR  3. Stannoxanes such as octabutyl-tetraacetoxy stannoxane,
      octamethyl-tetraformyloxystannoxane, etc. These compounds and their
      preparation are described in U.S. Pat. No. 3,676,402, incorporated herein
      by reference.
PAR  4. Carboxylic acid salts of tin compounds such as dibutyltin dilaurate,
      dibutyltin distearate, etc.
PAL  The use of these compounds in the preparation of urethanes from cyclic
      nitrile compounds is described in U.S. Pat. No. 3,702,320, incorporated
      herein by reference.
PAR  Urethane-type polymers prepared from oxygencontaining organotin compounds
      appear to be the most susceptible to thermal degradation and the
      improvement of this invention is particularly beneficial in thermally
      stabilizing these polymers. The reason for the thermal instability of
      organotin-catalyzed urethane-type polymers is not known with certainty,
      but it is believed that the polymers contain unreacted catalyst which
      causes the degradation of the polymers when they are processed at elevated
      temperatures.
PAR  The theory of operation of the invention is not fully understood, but it
      appears that contacting the polymer with the tertiary alcohol results in
      the removal and/or deactivation of the catalytic material which caused the
      thermal instability of the polymer. In any event, it has been found that
      tertiary alcohol-treated polymers are much more stable at processing
      temperatures than untreated polymers prepared by the same procedure.
PAR  The alcohols useful in the invention are the tertiary alcohols containing
      up to about 10 carbon atoms. The first tertiary alcohol is tertiary butyl
      alcohol. This alcohol is preferred because of its low cost and because it
      has a lower boiling point and is more efficient than alcohols having a
      higher molecular weight. Alcohols having more than about 10 carbon atoms
      may perform satisfactorily in the invention, but these are not as
      desirable because they have higher melting and boiling points than the
      lower molecular weight alcohols and cannot be used as efficiently as the
      latter alcohols under ordinary operating conditions. Normal and secondary
      alcohols are not satisfactory for use in the process of the invention
      because they are more reactive than tertiary alcohols and often undergo
      transesterification with ester portions of the polymer, thereby causing a
      loss in molecular weight with a consequent reduction in physical
      properties. Tertiary alcohols, on the other hand, do not readily enter
      into transesterification reactions with the ester groupings of the
      urethane-type polymers due to steric hindrance caused by the presence of
      the three alkyl groups attached to the same carbon atom to which is
      attached the hydroxyl group. Thus, tertiary alcohols are specifically
      useful for thermally stabilizing urethane-type polymers prepared from
      cyclic nitrile compounds and nucleophilic compounds by means of catalytic
      systems containing organotin compounds.
PAR  The amount of alcohol used in treating the polymer is not critical and may
      vary from about an amount equal to the weight of polymer being treated up
      to considerable excess of alcohol, e.g., up to about 20 or more parts per
      part by weight of polymer. The use of amounts of alcohol in excess of
      about 20 parts per part of polymer does not appear to provide any added
      benefit and, in fact, may be disadvantageous because of the larger
      equipment necessary to handle such greater amounts. On the other hand,
      amounts less than about 1 part per part of polymer may not provide for
      efficient contact between the solvent and the polymer and the results may
      be inferior to that obtained when operating in the preferred
      solvent-polymer weight ratio. In other words, the weight ratio of tertiary
      alcohol to urethane-type polymer is preferably about 1 to 20:1. In the
      most preferred embodiment the weight ratio of tertiary alcohol to
      urethane-type polymer is about 1 to 10:1.
PAR  The contact between the tertiary alcohol and the urethane-type polymer may
      take place at any temperature below the degradation temperature of the
      polymer. It is often preferred that the contacting take place at elevated
      temperatures since this facilitates more through intermixing of the
      tertiary alcohol and the polymer. In general, temperatures of about
      60.degree. to 170.degree.C. have been found to produce the best results. A
      convenient temperature is the temperature at which reflux of the tertiary
      alcohol occurs under the conditions of the alcohol treatment. With higher
      alcohols it may be necessary to operate the process at subatmospheric
      pressures to reach the refluxing temperature without reaching the
      degradation temperature of the polymer. Accordingly, it is frequently
      preferred to use lower tertiary alcohols in the process of the invention.
PAR  The polymer being treated is contacted with the tertiary alcohol for a
      period of time which preferably varies from about 15 minutes to 24 hours.
      In general, the time period found to be most suitable will vary depending
      upon the temperature at which the contacting takes place, the particular
      tertiary alcohol used in the process and the ratio of alcohol to polymer.
      Usually, suitable results are obtained in the above stated time period.
      Time periods greater than about 24 hours are often impractical. It is
      frequently satisfactory to conduct the alcohol treatment for about 1 to 10
      hours.
PAR  The polymer may be insoluble, partially or fully soluble in the tertiary
      alcohol depending upon the particular polymer being treated, the tertiary
      alcohol used in the process, the relative proportions of alcohol and
      polymer, the temperature at which the treating process is carried out,
      etc. The degree of agitation desirable, if any, will depend upon the
      particular system. In some cases no agitation is necessary; in other cases
      some agitation may be desirable. Often, refluxing alone may provide a
      sufficient degree of agitation to produce the desired results.
PAR  At the completion of the tertiary alcohol treatment, the polymer is
      recovered from the tertiary alcohol, preferably by rendering the polymer
      insoluble in the tertiary alcohol. In some cases the polymer is already
      insoluble in which case the polymer can be directly separated from the
      alcohol by filtration. In other cases, the polymer may be insoluble at
      lower temperatures but soluble at the treatment temperatures. In such
      cases the mixture is merely cooled, causing the polymer to precipitate out
      of solution. In still other cases it may be necessary to add a non-solvent
      for the polymer to the alcohol-polymer mixture to insolubilize the
      polymer. Typical non-solvents found to be suitable for this purpose
      include water and lower normal alcohols such as methanol. Since the
      separation is carried out at lower temperatures, i.e., below about
      60.degree.C., transesterification of the methanol and esters in the
      polymer will not occur.
PAC  THE CYCLIC NITRILE COMPOUNDS
PAR  The cyclic nitrile compounds used to prepare the polymers whose thermal
      stability is improved by the invention have the structure
      ##EQU2##
      wherein X is carbonyl,
      ##EQU3##
      thionyl,
      ##EQU4##
      or oxalyl,
      ##EQU5##
      n is at least 2 and R is an organic radical having from 2 to about 200,000
      carbon atoms and is free of reactive hydrogens as determined by the
      Zerewitinoff test. A compound which contains a reactive hydrogen as
      determined by the Zerewitinoff test is one which, when contacted with a
      Grignard solution of methyl iodine, will effect the liberation of methane
      by decomposition of the Grignard reagent. Frequently R will consist
      essentially of carbon and hydrogen atoms and by "consisting essentially of
      carbon and hydrogen" is meant that the essential composition of the
      radical is carbon and hydrogen but that there can be included therein
      other elements as well, so long as they do not materially affect the
      radical's basic characteristic of being non-interferring in the
      condensation reaction of the cyclic nitrile group with the reactive
      hydrogen group. Examples of non-interferring groups which can be present
      in R and which contain elements other than carbon and hydrogen are alkoxy,
      nitro, and halo groups. The R radical can be aromatic, e.g., of 1 to 3
      aromatic rings (fused or non-fused) or non-aromatic and when the latter,
      can be cyclic or acyclic and saturated or ethylenically or acetylenically
      unsaturated. Acyclic R's can be straight or branched chain. The cyclic
      nitrile carbonate group can be attached to an aromatic ring carbon atom,
      to a cycloaliphatic ring carbon atom or to a non-ring carbon atom.
PAR  R often contains from 2 to 50 carbon atoms when it is aliphatic and from 6
      to 30 carbon atoms when it is aromatic. When R has a content in this
      range, it preferably contains 2 to 12 carbon atoms when aliphatic and 6 to
      18 carbon atoms when aromatic. R may also be of much higher molecular
      weight and may contain up to 200,000 or more carbon atoms. Cyclic nitrile
      compounds in which R has a high molecular weight may be prepared, for
      instance, by polymerizing unsaturated cyclic nitrile compounds such as
      acrylonitrile carbonate. The preparation of cyclic nitrile compounds of
      this type is disclosed in U.S. Pat. No. 3,480,595, the disclosure of which
      is incorporated herein by reference.
PAR  The number of cyclic nitrile functional groups present in the cyclic
      nitrile compounds used to prepare the thermoplastic polymers of the
      invention usually varies from 2 to about 6. In preparing very high
      molecular weight polymers, it is usually desirable than n be about 2 to 3.
PAR  The preparation of the cyclic nitrile compounds useful in the invention
      forms no part of the invention, and one desiring to explore their
      preparation may refer to the above-mentioned patents and U.S. Pat. Nos.
      3,480,595; 3,507,900; 3,609,163; 3,652,507; and 3,658,805, all of which
      are incorporated herein by reference.
PAR  Typical of the aliphatic cyclic nitrile compounds useful in the invention
      are:
PAR  1. Saturated aliphatic and cycloaliphatic compounds such as 1,2-ethane
      di(nitrile carbonate); 1,4-butane di(nitrile carbonate); 1,4-butane
      di(nitrile sulfite); 1,20-eicosane di(nitrile oxalate); 1,40-tetracontane
      di(nitrile carbonate); 5-ethyl-1, 16 -hexadecane di(nitrile carbonate);
      1,4-cyclohexane di(nitrile carbonate).
PAR  2. Unsaturated aliphatic and cycloaliphatic compounds such as
      1,2-ethene-di(nitrile carbonate); 1,4-butene-2-di(nitrile sulfite);
      1,4-butyne-2-di(nitrile carbonate); 1,6-hexyne-2-di(nitrile carbonate);
      1,4-cyclohexene-2-di(nitrile carbonate); etc.
PAR  3. Aromatic compounds such as benzene 1,3-di(nitrile carbonate);
      benzene-1,4-di(nitrile carbonate); and 1,3-diethylbenzene-2,4-di(nitrile
      oxalate); methylbenzene-di(nitrile carbonate);
      1-benzylbenzene-2,4-di(nitrile carbonate); naphthalene-1,7-di(nitrile
      carbonate); 1,2,3,4-tetrahydronaphthalene-di(nitrile carbonate);
      2,2-diphenylpropane-p,p'-di(nitrile carbonate);
      diphenylmethane-p,p'-di(nitrile carbonate); anthracene-2,8-di(nitrile
      carbonate); 1,2-diphenylethane-p,p'-di(nitrile carbonate);
      biphenyl-di(nitrile carbonate); 1,2-diphenylethane-o,o'-di(nitrile
      oxalate); stilbene-p,p'-di(nitrile carbonate); and
      stilbene-o,o'-di(nitrile sulfite).
PAR  Although cyclic nitrile sulfites and cyclic nitrile oxalates function as
      well as, and sometimes better than, cyclic nitrile carbonates, they are
      not as suitable as cyclic nitrile carbonates since the sulfites produce
      sulfur dioxide, an obnoxious and toxic gas, and the oxalates produce
      carbon monoxide, also a very toxic gas. Since the carbonates, upon
      reaction, release harmless and odorless carbon dioxide, these are much
      more suitable for general use. Thus, the preferred cyclic nitrile
      compounds are the saturated aliphatic cyclic nitrile carbonates in which R
      contains 2-12 carbon atoms, such as 1,2-ethane di(nitrile carbonate); and
      1,4-butane di(nitrile carbonate).
PAC  THE NUCLEOPHILIC COMPOUNDS
PAR  Suitable organic nucleophilic compounds used in the preparation of the
      improved compounds of the invention include compounds having the active
      hydrogen present in --OH, --NH--, --NH.sub.2 --, --SH, --SO.sub.2
      NH.sub.2, --SO.sub.2 OH, --COOH, --CSNH.sub.2, and --CONHR groups. The
      organic nucleophilic compounds preferred for use in the invention include
      aliphatic and aromatic polyols, polyamines, and polythiols, and polymers
      such as polyester polyols, polyamines or polythiols, polyether polyols,
      polyamines or polythiols, and polylactones and similar compounds having
      from 2 to 6 or more --OH, --NH--, NH.sub.2, or --SH groups or mixtures of
      these per molecule and having 2 to about 100,000 carbon atoms with
      hydroxyl numbers ranging from 12 to 1,100 or more. Mixtures of two or more
      of these compounds can also be employed.
PAR  The aliphatic and aromatic polyols, polyamines, and polythiols include, for
      example, ethylene glycol; diethylene glycol; thiodiethylene glycol;
      propylene glycol; 1,3-butylene glycol; 1,6-hexanediol; butenediol;
      butynediol; amylene glycols; 2-methyl-pentanediol-2,4; 1,7-heptanediol;
      glycerine; neopentyl glycol; trimethylol propane; pentaerythritol;
      cyclohexane dimethanol; sorbitol; mannitol; glactitol; talitol; xylitol;
      1,2,5,6-tetrahydroxyhexane; styrene glycol; bis(hydroxyethyl)
      diphenyl-diemethylmethane; silanediols, e.g., triphenyl silanols;
      1,4-dihydroxybenzene; etc., and the corresponding amine- and
      thiol-containing compounds.
PAR  The polyhydroxyl-, amine- or thiol-containing polymeric compounds useful in
      this invention include, for instance, polyhydric polyalkylene ethers,
      polyhydroxyl polyesters, and hydroxyl group-containing, preferably
      hydroxyl-group terminated, polymers and the corresponding amine and
      thiol-containing polymers. The polyhydric, polyamine or polythiol
      polyalkylene ethers may have a molecular weight greater than about 350 and
      a hydroxyl number of from about 10 to 600 and may be derived, for example,
      by the polymerization of alkylene oxides, such as ethylene oxide,
      propylene oxide, butylene oxide, and the like. Polyhydric polyalkylene
      ethers may also be prepared by the polymerization of the cyclic ethers,
      such as, for example, dioxane, tetrahydrofuran, and the like, and by the
      condensation of an alkylene oxide with a glycol, such as ethylene glycol,
      propylene glycol, butylene glycol, and the like.
PAR  The hydroxyl-, amine-, and thiol-containing polyesters may be obtained by
      the reaction of aliphatic or aromatic dicarboxylic acids with aliphatic or
      aromatic polyhydric, polyamine or polythiol alcohols in the manner well
      known to the art in proportions that result in esters having at least two
      reactive hydroxy, amino or mercaptan groups. Any polyols, polyamine or
      polythiol alcohols may be used to form the esters, aminoesters, and
      thio-esters and illustrative of such alcohols, amines, and thiols are
      those listed above in the discussion of suitable alcohols, amines, and
      thiols as the active hydrogen-containing reactant. Included within the
      suitable esters, aminoesters, and hydroxyl-containing thioesters are the
      mono and diglycerides of castor oil, tall oil, soya oil, linseed oil,
      etc., and the corresponding amine and thio esters. The latter esters,
      aminoesters, and thioesters are usually prepolymers prepared by the
      reaction of the fatty glyceride with low molecular weight polyhydric,
      polyamine or polythiol alcohols. Illustrative, for instance, of castor
      oil-based prepolymers are propylene glycol monoricinoleate, propylene
      glycol mono-12-hydroxystearate, neopentyl glycol monoricinoleate,
      dehydrated castor oil, ethylene glycol monoricinoleate, ethylene glycol
      mono-12-hydroxystearate, triglyceride or ricinoleic acid, epoxidized
      castor oil, and pentaerythitol tetraricinoleate and the corresponding
      amine and thiol prepolymers. Other suitable polymers, such as those
      derived from 1,4-butadiene; isoprene; 2,3-dimethylbutadiene;
      2-chloro-1,3-butadiene; 2-cyano-1, 3-butadiene; and other polymerizable
      ethylenically unsaturated monomers such as .alpha.-olefins of up to 12
      carbon atoms such as ethylene, propylene, butene, etc.; styrene
      acrylonitrile, acrylic acid or ester, methacrylic acid or ester, vinyl
      chloride, vinylidine chloride, and the like; hydroxyl-terminated
      condensates of phenol and lower aldehydes and hydroxy-terminated
      polyepoxides. A particularly suitable hydroxyl-containing compound is
      styrene-vinyl alcohol copolymer, made by copolymerizing styrene and vinyl
      acetate and partially or fully hydrolyzing the acetate groups to alcohol
      groups.
PAR  The preferred compounds are the polyols, particularly the polyester and
      polyether polyols.
PAR  The functionality of the cyclic nitrile component and the organic
      nucleophilic component is at least 2. It is often desirable that the
      functionality of one or both of the reacting components be higher than 2.
      In general, it is preferred that the cyclic nitrile compounds used have a
      functionality of two and the functionality of the organic polyols,
      polyamines or polythiols be varied since it is much more economical to
      prepare polyfunctional hydroxyl amine, and thiol compounds than
      polyfunctional cyclic nitrile compounds.
PAR  The ratio of cyclic nitrile compound to organic polyol or polythiol
      compounds may vary depending upon the desired properties of the product
      and the functionality of the reacting materials. In general, it is desired
      to use amounts of cyclic nitrile compound and organic polyhydroxyl, amine
      and/or polythiol compounds that will provide a ratio of cyclic nitrile
      functional group to total polyhydroxyl, polyamine, and polythiol groups of
      about 0.7 to 10:1 and preferably about 0.7 to 1.4:1. The same ratios apply
      when using a prepolymer and additional monomer in the composition, i.e.,
      the ratio of the component having the reactive cyclic nitrile groups to
      the component having the reactive hydrogen-containing groups is desirably
      such that there are 0.7 to 10 and preferably 0.7 to 1.4 cyclic nitrile
      functional groups per each reactive hydrogencontaining group in the
      composition.
PAR  The details of the polymerization of the above materials are well known and
      are fully described in U.S. Pat. No. 3,652,507, the disclosure of which is
      incorporated herein by reference.
PAR  In a typical operation the polymer being treated is mixed with the tertiary
      alcohol and the temperature is raised to about 60.degree. to
      170.degree.C., for example, to the refluxing temperature of the alcohol.
      The mixture is held in this temperature, preferably with agitation for the
      desired treatment period and then cooled. The polymer is rendered
      insoluble in the solvent, if necessary, by the addition of a non-solvent
      for the polymer to the mixture. The polymer is then separated from the
      alcohol and non-solvent and dried.
PAR  Polymers treated in accordance with this invention have excellent high
      temperature stability and are well adapted for high temperature operations
      such as molding, milling, etc.
PAR  The following examples illustrate specific embodiments of the invention. In
      these examples parts and percentages are on a weight basis unless
      otherwise indicated.
DETD
PAC  EXAMPLE I
PAR  A polyurethane polymer prepared by reacting 30 mol % of a tetramethylene
      ether glycol, and 20 mol % of 1,4-butanediol with 50 mol % adipodi(nitrile
      carbonate) in the presence of 0.5 weight percent dibutyltin oxide and 0.5
      weight percent sodium stearate has an inherent viscosity (determined by
      dissolving 0.2 gm of polymer in 100 ml. of dimethyl formamide and
      determining inherent viscosity at 30.degree.C.) of 0.82.
PAR  A portion (40g.) of the above polymer is refluxed 18 hours in 700 ml. of
      t-butyl alcohol then precipitated from solution by adding methanol until
      no further precipitation occurs. The precipitate is then dried and milled
      for 5 minutes at 260.degree.F. during which time 0.5% of an antioxidant
      (octadecyl-3-(3'-5'-di-tertiary butyl-4'-hydroxyl phenyl) propionate is
      added. The polymer is then molded for 20 minutes at 260.degree.F. The
      molded polymer has an inherent viscosity of 0.81.
PAC  EXAMPLE A (COMPARATIVE)
PAR  A portion of the untreated polymer prepared in Example I is milled for 5
      minutes at 260.degree.F. during which time 0.5% of an antioxidant
      (octadecyl-3-(3',5'-di-tertiary butyl-4'-hydroxylphenyl) propionate is
      added. The polymer is then molded for 20 minutes at 260.degree.F. The
      molded polymer has an inherent viscosity of 0.57.
PAR  The above examples illustrate that polyurethane prepared from a cyclic
      nitrile carbonate and a polyol using an organotin catalyst changes very
      little in inherent viscosity during molding at an elevated temperature
      when the polymer is contacted with tertiary butyl alcohol prior to molding
      whereas the same polyurethane when not treated with the tertiary butyl
      alcohol undergoes considerable inherent viscosity reduction when molded at
      elevated temperature.
PAR  Although the invention has been described with particular reference to
      specific examples, it is understood the breadth of the invention is not
      limited thereto but is determined by the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for preparing polymers containing urethane, urea or
      thiourethane groups from cyclic nitrile compounds containing
      ##EQU6##
      groups and nucleophilic compounds having active hydrogen atoms using a
      catalyst system comprising an organotin compound, the improvement
      comprising heating the polymeric product with a tertiary alcohol
      containing 4 to 10 carbon atoms for 1/4 to 24 hours and recovering the
      polymer from the tertiary alcohol by insolubilizing it in the tertiary
      alcohol.
NUM  2.
PAR  2. The process of claim 1 wherein said tertiary alcohol contains 4 to 6
      carbon atoms.
NUM  3.
PAR  3. The process of claim 2 wherein said tertiary alcohol is tertiary butyl
      alcohol.
NUM  4.
PAR  4. The process of claim 1 wherein the polymeric product and tertiary
      alcohol are maintained at a temperature of about 60.degree. to
      170.degree.C. for about 1 to 10 hours.
NUM  5.
PAR  5. The process of claim 4 wherein said temperature is the refluxing
      temperature.
NUM  6.
PAR  6. The process of claim 1 wherein the weight ratio of alcohol to polymer is
      about 1 to 20:1.
NUM  7.
PAR  7. The process of claim 1 wherein the polymer is insolubilized in the
      tertiary alcohol by the addition of a non-solvent for the polymer to the
      mixture.
NUM  8.
PAR  8. The process of claim 1 wherein the polymer is insolubilized in the
      tertiary alcohol by the addition of methanol or water to the mixture.
NUM  9.
PAR  9. A process for preparing thermoplastic polymers containing urethane, urea
      or thiourethane groups having improved thermal stability comprising:
PA1  a. Condensing-rearranging a cyclic nitrile compound containing
      ##EQU7##
       groups and a nucleophilic compound having reactive hydrogen atoms in the
      presence of a catalyst comprised of an organotin compound to form a
      thermoplastic polymer.
PA1  b. Contacting said thermoplastic polymer with about 1 to 20 parts by weight
      of a tertiary alcohol per part of polymer at a temperature of about
      60.degree. to 170.degree.C. for about 1/4 to 24 hours.
PA1  c. Insolubilizing the polymer in the tertiary alcohol, and
PA1  d. Separating the polymer from the tertiary alcohol.
NUM  10.
PAR  10. The process of claim 9 wherein said cyclic nitrile compound is a cyclic
      nitrile carbonate and said nucleophilic compound is a polyol.
NUM  11.
PAR  11. The process of claim 10 wherein said cyclic nitrile carbonate is
      adipodi(nitrile carbonate).
NUM  12.
PAR  12. The process of claim 11 wherein said alcohol is tertiary butyl alcohol.
NUM  13.
PAR  13. The process of claim 12 wherein said polymer is refluxed with said
      tertiary butyl alcohol for about 1 to 10 hours.
NUM  14.
PAR  14. The process of claim 13 wherein said insolubilizing is effected by the
      addition of methanol or water to the polymer-tertiary butyl alcohol
      mixture.
NUM  15.
PAR  15. The process of claim 9 wherein the weight ratio of tertiary alcohol to
      polymer is about 1 to 10:1.
NUM  16.
PAR  16. The process of claim 9 wherein said organotin compound is an
      oxygen-containing tin compound.
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ABST
PAL  Addition of a polyether in which one radical is a 2-hydroxyethyl- or
      2-hydroxypropyl-terminated chain of two or more oxyethylene or
      2-oxypropylene units and the other radical is either a defined hydrocarbon
      group or the 2-hydroxyethyl group to an aqueous alkaline emulsion in which
      chloroprene or a mixture of chloroprene with another monomer is undergoing
      polymerization in the presence of an alkyl mercaptan makes it possible to
      carry out the polymerization to a high degree of conversion, while at the
      same time avoiding excessive gel formation. This invention makes possible
      a significant increase in polymer yield without sacrifice of polymer
      quality or performance.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of our copending application Ser. No.
      481,375, filed June 19, 1974, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improvement in the process for the
      polymerization of chloroprene to mercaptanmodified polymers.
PAR  Polymerization of chloroprene in an alkaline aqueous emulsion in the
      presence of alkyl mercaptans as chain transfer agents is well known. It
      has been customary in prior practice to stop chloroprene polymerization at
      a point at which no significant amount of gel was formed because a
      significant amount of such gel is a chloroprene polymer adversely affects
      such processing characteristics as polymer smoothness, die definition, and
      surface appearance of extruded objects. Furthermore, in the preparation of
      solvent based adhesives, such as rubber cements, it is undesirable to have
      present an excessive amount of solvent-insoluble material.
PAR  The point at which gel formation becomes apparent in a chloroprene
      polymerization varies with the temperature of polymerization. For example,
      at 40.degree.C. in a normal emulsion system, the maximum monomer
      conversion possible has been in the neighborhood of 65 to 70%. While gel
      formation can be delayed by lowering the temperature of polymerization,
      changes in the crystalline nature of the resulting polymer make the
      polymer less suitable for certain low temperature applications of the
      final vulcanizate. At 0.degree. to 10.degree.C., polymerization can be
      carried to a conversion as high as about 90%. These polymers crystallize
      rapidly and are, therefore, well suited for use in adhesives. Even in
      these high-conversion polymerizations, it is economically desirable to
      increase the monomer conversion without producing substantial amounts of
      polymer insoluble in usual solvents.
PAR  There is, therefore, a great need for an economically attractive process
      for polymerizing chloroprene monomer to a high degree of conversion
      without sacrificing the desirable properties of the resulting polymer.
PAC  SUMMARY OF THE INVENTION
PAR  The improvement of the present invention provides for polymerization of
      chloroprene in an alkaline aqueous emulsion in the presence of a C.sub.8
      -C.sub.20 alkyl mercaptan and of about 0.05-1 part by weight, per 100
      parts of the starting monomer of a polyether represented by the following
      formula:
      ##EQU1##
      wherein R.sup.1 is (a) a C.sub.10 -C.sub.30 alkyl, aralkyl, alkenyl in
      which the double bond is separated from the oxygen atom by at least one
      saturated carbon atom; a C.sub.6 -C.sub.30 aryl or alkaryl;
      dihydroabietyl, or tetrahydroabietyl; or (b) 2-hydroxethyl; and R.sup.2 in
      each parenthetical unit is, independently of any other such unit, either
      hydrogen or methyl; with the proviso that when R.sup.1 is (a), n is a
      number having an average value of from 2 to about 50; and when R.sup.1 is
      (b), n is a number such that the molecular weight of the compound is from
      about 1000 to about 6000, the units in which R.sup.2 is hydrogen
      constituting 10 to 80% by weight of the polyether and being present as the
      two terminal blocks, the central block of the polyether being constituted
      of units in which R.sup.2 is methyl, this central block having a molecular
      weight from about 900 to about 4000.
PAR  Definition: For the purpose of the present disclosure, the terms
      "polymerization of chloroprene" and "chloroprene polymer" include
      copolymerization of chloroprene with up to equal weight of a
      copolymerizable monomer and a copolymer of chloroprene with a
      copolymerizable monomer, respectively. The term "monomer" means
      chloroprene or a mixture of chloroprene with a copolymerizable monomer.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The presence of a polyether represented by the above formula is critical to
      the success of the invention. In its presence, the polymerization can be
      allowed to proceed to a high monomer conversion and still produce a
      polychloroprene product substantially free of gel polymer.
PAR  An essential feature of the polyethers suitable in the process of the
      instant invention is that they contain at least one terminal
      2-hydroxyethyl or 2-hydroxypropyl group. These ethers are conveniently
      prepared by reaction of ethylene oxide and/or propylene oxide with an
      appropriate hydroxylterminated compound. When R.sup.1 is other than
      2-hydroxyethyl, the ether is prepared by reaction of ethylene oxide or
      propylene oxide with the corresponding compound R.sup.1 -OH. When R.sup.1
      is bonded to the oxygen atom through an aliphatic carbon atom, R.sup.1
      should contain at least ten carbon atoms to impart to the compound the
      proper balance between hydrophilic and lipophilic properties. When R.sup.1
      is bonded to the oxygen atom through an aromatic carbon atom, the lower
      limit of the range is lowered to six carbon atoms. The upper limit is not
      critical. There is no advantage in exceeding thirty carbon atoms.
PAR  The reaction of alcohols, phenols, naphthols, etc. with ethylene and
      propylene oxide is well known in the art. This condensation may be carried
      out in the presence of water or an alcohol and is catalyzed by alkalies
      such as sodium hydroxide, potassium hydroxide, or potassium methoxide. The
      amount of the catalyst is about 0.005 to 0.05 mole per mole of the
      starting alcohol or phenol. The reaction temperature is about
      100.degree.-200.degree.C.
PAR  When R.sup.1 is an alkyl or alkenyl radical, the starting alcohol can
      contain a branched or linear chain. The alcohols may be derived, for
      example, from fats and oils such as coconut oil and tallow. A frequently
      occurring radical is derived from oleic acid. The alcohol may also be
      obtained by the OXO process or derived from a low molecular weight
      polypropylene or polyisobutylene. The preferred alkyl or alkenyl groups
      contain 12 to 18 carbon atoms because these provide the best
      hydrophilic-lipophilic balance.
PAR  When R.sup.1 is alkaryl or aralkyl, the hydroxy compound used for reaction
      with the epoxide is usually an alkylphenol or phenyl-substituted alcohol
      in which the alkyl portion contains at least 4 carbon atoms. Frequently,
      the alkyl radical is branched octyl or nonyl, derived from isobutylene or
      propylene by dimerization or trimerization, respectively. In the
      commercially available alkylated phenols, both ortho- and para-alkylated
      materials can be present as well as some dialkylated phenols. Recently
      linear alkylphenols have become important because of their improved
      biodegradability. These are prepared by alkylating phenol with a linear
      1-alkene or by other well-known methods.
PAR  Unsubstituted aryl groups include, for example, phenyl, naphthyl, anthryl,
      and phenanthryl. They are derived from the corresponding hydroxyaryl
      compounds, such as phenol, naphthol, anthranol, and phenanthrol.
      Tetrahydro- and dihydroabietyl groups can be introduced by epoxidation of
      a commercial mixture containing tetrahydro-, dihydro-, and dehydroabietyl
      alcohols, sold under the name Abitol (Hercules Co.).
PAR  When R.sup.1 is a hydrocarbon radical best results are obtained when n has
      a value of from 3 to 20. No more than 50 moles of the epoxide should be
      allowed to react with the alcohol or phenol because more than this amount
      would change the hydrophilic nature of the compound.
PAR  Representative starting alcohols and phenols for reaction with ethylene
      oxide and/or propylene oxide include:
PAC  Alcohols
PA1  1-Decanol
PA1  1-Dodecanol
PA1  1-Tetradecanol
PA1  1-Hexadecanol
PA1  1-Eicosanol
PA1  9-Octadecen-1-ol
PA1  Tridecanol (various isomeric forms, obtained by the OXO process from
      tetrapropylene)
PA1  7-Dodecen-1-ol
PA1  2,6,8-Trimethyl-4-nonanol
PAC  Phenyl-Substituted Alcohols
PA1  4-Phenyl-1-butanol
PA1  6-Phenyl-2-octanol
PA1  1-Phenyl-2-tridecanol
PA1  4-Phenyl-3-hexanol
PA1  6-Phenyl-1-hexanol
PAC  Hydroxyaryl and Hydroxyalkaryl Compounds
PA1  Phenol
PA1  .alpha.-Naphthol
PA1  .beta.-Naphthol
PA1  Anthranol
PA1  4-Methylphenol
PA1  2,4-Dimethylphenol
PA1  2-Phenylphenol
PA1  4-n-Butylphenol
PA1  4-tert-Butylphenol
PA1  4-(1,1,3,3-tetramethylbutyl)phenol
PA1  4-Nonylphenol
PA1  4-Dodecylphenol
PA1  4-(2-Methylheptyl)phenol
PA1  4-(Trimethylnonyl)phenol
PAL  as well as the corresponding 2-alkylphenols and mixtures containing the
      dialkylated phenols.
PAR  When R.sup.1 is 2-hydroxyethyl, in order to have the proper
      hydrophilic-lipophilic balance, the polyether must contain a central block
      of hydrophobic poly(oxypropylene) units having a molecular weight of at
      least 900 and terminal hydrophilic poly(oxyethylene) units. These
      compounds are available from BASF Wyandotte Corp. under the trademark
      "Pluronic" and can be made according to the teachings of U.S. Pat. No.
      2,674,619 to Lester G. Lundsted. The molecular weight of the central
      polyoxypropylene block can be readily determined during the synthesis by
      the well-known technique of hydroxyl number determination. When a
      commercial product is used, manufacturers' specifications normally would
      be followed. In any event, the structure of the polyether can be
      ascertained by a combination of well-known techniques such as:
PA1  1. Molecular weight determination, e.g., by osmometry;
PA1  2. Nuclear magnetic resonance and/or infrared spectroscopy;
PA1  3. Elemental analysis (propylene oxide contains 27.6% oxygen, ethylene
      oxide 36.3%); and
PA1  4. Comparison of surfactant properties with those of commercial or
      synthetic products of known structure.
PAR  The upper limit of the concentration range of the polyether additive in the
      polymerization medium is not critical, except that the desired effect is
      achieved at a concentration of up to about 1 part per 100 parts of
      monomer, and further increase of concentration is merely wasteful.
      However, below the lower limit of the concentration range, the effect of
      the ether may not be significant enough to be of practical interest.
PAR  Representative comonomers that can be copolymerized with chloroprene in the
      process of the present invention include vinyl aromatic compounds, such as
      styrene, the vinyltoluenes, and vinylnaphthalenes; aliphatic conjugated
      diens such as 1,3-butadiene, isoprene, 2,3-dimethyl-1,3-butadiene, and
      2,3-dichloro-1,3-butadiene; vinyl ethers, esters, and ketones, such as
      methyl vinyl ether, vinyl acetate, and methyl vinyl ketone; esters,
      amides, and nitriles of acrylic and methacrylic acids, such as ethyl
      acrylate, methyl methacrylate, methacrylamide, and acrylonitrile.
PAR  The polymerization process is carried out in a manner well known in the
      art. The monomer is emulsified using a conventional carboxylated
      emulsifying agent. These emulsifying agents include water-soluble soaps of
      monocarboxylic acids containing 10 to 20 carbon atoms per molecule, which
      may be saturated or unsaturated fatty acids or rosin acids such as wood
      rosin or tall oil rosin or hydrogenated, dehydrogenated, or
      disproportionated rosin acids. The cations may be sodium, potassium,
      ammonium, or substituted ammonium; typical substituents being lower alkyl
      and hydroxyalkyl, especially methyl, ethyl, 2-hydroxyethyl, and
      2-hydroxypropyl. The preferred emulsifying agents are the sodium,
      potassium, or ammonium salts of wood rosin or disproportionated resin
      acids because of the desirable properties they impart to the resulting
      polymer, such as good tack and processability. About 1-4 parts by weight
      of emulsifying agent per 100 parts of monomer will normally be used, 3-4
      parts being preferred.
PAR  An organic surfactant of the sulfate or sulfonate type may also be present
      in the polymerization system as additional emulsifying agent. Such
      surfactants are well known and include, among others, alkyl sulfonates,
      alkyl sulfates, sulfonated and sulfated ethers, sulfonated alkyl esters of
      long chain fatty acids, sulfonated glycol esters of long chain fatty
      acids, sulfonated n-alkylamides, alkylaryl sulfonates, and alkyl
      sulfosuccinates. A good discussion of sulfate and sulfonate surfactants
      suitable in the polymerization process according to the present invention
      can be found, for example, in U.S. Pat. No. 2,607,753, to James W. Adams,
      in column 4, lines 8-64. The preferred emulsifying agent of this type is
      the condensation product of formaldehyde and a naphthalenesulfonic acid in
      which the naphthalene nucleus can be substituted with one or more alkyl
      groups. The colloidal stability of the latex subsequent to the
      polymerization is increased in the presence of a sulfate or sulfonate type
      emulsifying agent. The same cations can be associated with sulfate and
      sulfonate type emulsifying agents as with carboxylic emulsifying agents.
      The concentration of any sulfate or sulfonate emulsifying agent, if
      present, is up to about one part by weight per 100 parts of monomer,
      0.4-0.6 part being preferred.
PAR  The pH of the polymerizing emulsion is kept at about 10-13. The monomer
      concentration, while not critical, normally is about 40-60% of the total
      weight of the emulsion.
PAR  The alkyl mercaptans used as chain transfer agents can be branched or
      linear. Dodecyl mercaptan, which is frequently used, is a mixture of alkyl
      mercaptans derived from coconut oil and containing from ten to eighteen
      carbon atoms. Other useful mercaptans include octyl, tert-dodecyl, and
      tridecyl mercaptans. The proportion of the mercaptan will depend on the
      type of polymer desired. If a polymer of high Mooney viscosity (that is,
      relatively high molecular weight) is desired, only a small amount of
      chain-transfer agent is used. On the other hand, fluid polymers having
      Brookfield viscosities in the range of 1,000-1,000,000 centipoises at
      25.degree.C. can be prepared by using larger amounts of mercaptan. The
      useful range will be between 0.05 and 2 parts of mercaptan per 100 parts
      of monomer. While the viscosity of the polymer will largely depend on the
      amount of mercaptan present in the system, the viscosity of the polymer
      will vary somewhat from that obtained when the polyether additive is
      absent. The mechanism of this effect is not clearly understood. The exact
      amount of each agent to be used can be readily determined by one skilled
      in the art.
PAR  Polymerization is initiated and maintained by the addition of a
      free-radical polymerization catalyst, such as alkali metal or ammonium
      persulfates or organic peroxy compounds. The temperature of polymerization
      can vary within the range from the freezing point of the emulsion (about
      0.degree.C.) to about 52.degree.C., preferably from 10.degree. to
      48.degree.C. When the desired degree of polymerization is reached,
      polymerization is stopped by adding a short-stopping agent such as, for
      example, phenothiazine and 4-tert-butylpyrocatechol. Unchanged monomer can
      be steam-stripped, for example, as shown in U.S. Pat. No. 2,467,769. The
      chloroprene polymer can be used as a latex or can be isolated from the
      latex, for example, by the freeze roll technique such as that disclosed in
      U.S. Pat. No. 2,187,146 or by any other conventional method.
PAR  Other conditions being the same, the presence of the polyether of the above
      formula in the polymerization system makes it possible to obtain sol
      polymer substantially free of a gel component at a monomer conversion
      higher than was possible in prior art polymerization systems. In general,
      higher proportions of mercaptan and of the polyether are required at
      higher temperatures and for higher conversions. The required amounts of
      these ingredients can be readily determined by one skilled in the art.
      Monomer conversions of up to substantially 100% are obtainable in the
      instant process.
PAR  The invention now is illustrated by the following example of a
      representative embodiment thereof where all parts, proportions and
      percentages are by weight, unless indicated otherwise.
DETD
PAC  Example
PAR  An aqueous emulsion of chloroprene is prepared using the following recipe:
TBL                         Parts                                              

     Chloroprene            100                                                

     Disproportionated rosin                                                   

                            3                                                  

     Dodecyl mercaptan (DDM) (a)                                               

                            as shown                                           

     Ether of Formula (1)(b)                                                   

                            0.5                                                

     Water                  91.5                                               

     Sodium hydroxide       0.55                                               

     Sodium salt of a condensate                                               

                            0.6                                                

      of formaldehyde and naphthalene-                                         

      solfonic acid (c)                                                        

     Sodium sulfite         0.3                                                

PAR  a. Technical dodecyl mercaptan, which is a mixture of mercaptans derived
      from coconut oil. A typical average composition by weight is:
PA1  3% 1-decanethiol; 61% 1-dodecanethiol;
PA1  23% tetradecanethiol; 11% 1-hexadecanethiol; and
PA1  2 % octadecanethiol.
PAR  b. The following polyethers are used in Experiments A-F:
PA1  A. tridecanol, adduct with 10 moles of propylene oxide
PA1  B. nonylphenol, adduct with 3 moles of propylene oxide
PA1  C. nonylphenol, adduct with 15 moles of propylene oxide
PA1  D. octylphenol, adduct with 9-10 moles of ethylene oxide ("Triton" X-100,
      Rohm & Haas)
PA1  E. octylphenol, adduct with 3 moles of ethylene oxide ("Triton" X-35, Rohm
      & Haas)
PA1  F. composition of the structure
      ##EQU2##
       which is a liquid having an average molecular weight of about 5000, a
      specific gravity of 1.01 and consisting of about 80% of poly(oxypropylene)
      units and about 20% of poly(oxyethylene) units ("Pluronic" L122, BASF
      Wyandotte Corp.)
PA1  G. 2-naphthol, adduct with 8.5 moles of ethylene oxide
PA1  H. o-Phenylphenol, adduct with 9.2 moles of ethylene oxide
PA1  I. o- and p-Phenylphenol (82% p-Phenylphenol) adduct with 9.2 moles of
      ethylene oxide.
PAR  c. Commercially available as "Lomar" PW, Nopco Chemical Division, Diamond
      Shamrock Chemical Co.
PAR  Polymerization is carried out at 40.degree.C. to a monomer conversion as
      shown in the Table, below. The catalyst is an aqueous solution of
      potassium persulfate. Polymerization is stopped by adding an emulsion
      containing equal parts of phenothiazine and 4-tert-butylpyrocatechol (0.01
      to 0.02 part per 100 parts of chloroprene). Unchanged monomer is removed
      by turbannular steam stripping, substantially as described in U.S. Pat.
      No. 2,467,769. The emulsion is acidified to a pH of about 5.6 with dilute
      acetic acid, and the polymer is isolated by freeze rolling as described in
      U.S. Pat. No. 2,187,146. Solubility of the polymeric product is determined
      by adding a 1-5 gram sample of polymer to 100 ml. of benzene in a bottle
      which is stoppered and shaken 4-8 hours at room temperature. The specimen
      is examined visually for an insoluble portion. The Mooney viscosity of the
      isolated polymer (ML 1+2.5/100.degree.C.) is determined according to ASTM
      D 1646-67. The results are summarized in the Table, below:
TBL                                    TABLE                                   

     __________________________________________________________________________

     Polyether Additive                                                        

                A    B    C    D    E    F    G    H    I                      

     DDM parts  0.28 0.28 0.28 0.28 0.28 0.28 0.255                            

                                                   0.255                       

                                                        0.255                  

     Conversion, %                                                             

                87.1 85.6 85.3 86.8 83.4 82.5 85.6 83   84.3                   

     Mooney Viscosity                                                          

                50   52.5 60   41   44.5 49   56   48   52                     

     Solubility in                                                             

      Benzene, %                                                               

                100  100  100  90-95                                           

                                    100  100  100  100  100                    

     __________________________________________________________________________

PAL  The processability (extrusion rate and appearance of milled samples) and
      the physical properties, such as modulus, tensile strength, elongation and
      compression set, of vulcanizates are found to be substantially equivalent
      to those of a chloroprene polymer made by a similar recipe, but in the
      absence of the polyether additive in which the polymerization is stopped
      at a 65% conversion.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process of polymerizing to a high monomer conversion in the
      presence of a C.sub.8 -C.sub.20 alkyl mercaptan in aqueous emulsion at a
      pH of about 10-13, chloroprene in admixture with from 0 to about equal
      weight of a copolymerizable monomer at a temperature from the freezing
      point of the emulsion to about 52.degree.C., the improvement of having
      present in the emulsion about 0.05-1 part by weight per 100 parts of the
      starting monomer, of a polyether having the following formula:
      ##EQU3##
      wherein R.sup.1 is: a. a C.sub.10 -C.sub.30 alkyl, aralkyl, or alkenyl in
      which the double bond is separated from the oxygen atom by at least one
      saturated carbon atom; a C.sub.6 -C.sub.30 aryl or alkaryl; dihydroabietyl
      or tetrahydroabietyl; or
PA1  b. 2-hydroxyethyl; and
PA2  R.sup.2 in each parenthetical unit is independently of any other such unit,
      either hydrogen or methyl;
PA2  with the proviso that when R.sup.1 is (a), n is a number having an average
      value of from 2 to about 50; and when R.sup.1 is (b), n is a number such
      that the molecular weight of the compound is from about 1000 to about
      6000, the units in which R.sup.2 is hydrogen constituting 10 to 80 weight
      percent of the polyether and being present as the two terminal blocks, the
      central block of the polyether being constituted of units in which R.sup.2
      is methyl, this central block having a molecular weight from about 900 to
      about 4000;
PA2  the resulting polymer being substantially gel free.
NUM  2.
PAR  2. The improvement of claim 1 wherein R.sup.1 is a hydrocarbon radical, and
      n has an average value of 3-20.
NUM  3.
PAR  3. The improvement of claim 2 wherein R.sup.1 is tridecyl.
NUM  4.
PAR  4. The improvement of claim 2 wherein R.sup.1 is 2-naphthyl.
NUM  5.
PAR  5. The improvement of claim 2 wherein R.sup.1 is nonylphenyl.
NUM  6.
PAR  6. The improvement of claim 1 wherein R.sup.1 is hydroxyethyl.
NUM  7.
PAR  7. The improvement of claim 1 wherein the alkyl mercaptan is dodecyl
      mercaptan.
NUM  8.
PAR  8. The improvement of claim 1 wherein the polymerization temperature is
      about 10.degree.-48.degree.C.
NUM  9.
PAR  9. The improvement of claim 8 wherein the emulsifying agent is a sodium,
      potassium, or ammonium salt of wood rosin or of disproportionated rosin
      acid; the concentration of the emulsifying agent being about 1-4 parts per
      100 parts by weight of monomer.
NUM  10.
PAR  10. The improvement of claim 9 wherein there is also present in the
      emulsion up to one part by weight of a sulfate or sulfonate surfactant.
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ABST
PAL  Hydrophilic curable resin composition for preparing hydrophilic resin
      coating films on articles, which contains, as the resinous component, a
      polyether ester consisting of 60 to 10 % by weight of non-hydrophilic
      portion and 40 to 90 % by weight of a hydrophilic polyether portion
      forming the main chain of the molecule, and said non-hydrophilic portion
      containing 3 or more equivalents of polymerizable ethylenically
      unsaturated bond component per mole of said polyether ester based on the
      average molecular weight, and the coating films formed therefrom, which
      have water resistance and other excellent properties.
BSUM
PAR  This invention relates to a hydrophilic curable resin composition for
      coating. More particularly, the invention relates to the resin composition
      which can be cured by the irradiation of heat, actinic rays or ionizing
      radiation, or the addition of hardener, where the obtained coating
      therefrom is extremely hydrophilic even after the curing, while such
      coating has excellent water resisting property.
PAR  In the ordinary art, a great variety of hydrophilic resin compositions for
      coatings are well known. For example, there is a composition using ionic
      hydrophilic resin which contains, as a part of the copolymerizable
      material, anionic polymerizable monomers such as acrylic acid and
      2-sulfoethyl methacrylate or cationic polymerizable monomers such as
      vinylpyridine and vinylbenzyl quaternary ammonium salt. Further, it is
      well known that the hydrophilic resin composition can be obtained also by
      copolymerizing nonionic hydrophilic monomers such as 2-hydroxyethyl
      methacrylate, polyethylene glycol monomethacrylate and hydroxypropyl
      methacrylate, as at least one component. Still further, it is known that
      polyethyleneglycol and the like can be used in order to impart the
      hydrophilic property to polyester and to form a polyether ester.
PAR  However, in the above well known hydrophilic compositions, for example,
      with regard to the copolymer of hydrophilic monomers, the hydrophilic
      groups are contained as side chains and cross-linkages are scarcely
      produced, so that the formed coating film is susceptible to chemical
      actions and is subject to hydrolysis, thereby showing poor water
      resistance. Further, the large part of the main chain of the polymer is
      consisting of ethylenic sequence of carbon atoms, thus the obtained
      coating is not always satisfactory in flexibility and unsuitable for the
      use where high flexibility is required. In case of the copolymer of ionic
      comonomers, unless the salt is formed with any counter ions through
      neutralization, the hydrophilic property thereof is not so large, thus
      even though is can be used merely as the water soluble resin composition,
      it may be difficult to be employed as the hydrophilic coating composition
      having a good water resistance. Still further, in case of the conventional
      polyether ester, it is the same as the above that it does not form three
      dimensional structure, and by the existence of polyether portions at the
      terminals of the molecule, the polymer is inferior not only in the water
      resistance but also in other several properties such as friction
      resistance, weather resistance and solvent resistance, therefore, it can
      not be used widely for the purpose of giving hydrophilic property.
PAR  Further, there are polyether derivatives having cross linking functional
      groups such as epoxy group at both ends of the molecule, however in these
      case, the density of cross linkage is low, therefore the superior water
      resistance can not be expected.
PAR  The hydrophilic resin composition for coating of the present invention is
      novel and quite different from the above-mentioned conventional
      hydrophilic resin compositions. The hydrophilic resin composition of the
      present invention comprises polyether ester as the main component, which
      is modified with ethylenically unsaturated groups, and contains 40 to 90 %
      by weight of polyether portion in the main chain of the molecule, at the
      same time, 3 equivalents or more of polymerizable ethylenically
      unsaturated bond component per 1 mole of the number average molecular
      weight are contained. That is, the present invention relates to
      hydrophilic curable resin composition for coating which comprises
      ethylenically unsaturated and hydrophilic resin component consisting of
      linear hydrophilic polyester structure and 3 or more equivalents of
      polymerizable ethylenically unsaturated groups per 1 mole of said
      ethylenically unsaturated and hydrophilic resin, and said ethylenically
      unsaturated and hydrophilic resin having number average molecular weight
      within a range from 2,000 to 10,000 and being formed by either of methods
      consisting of
PAR  A. a method being characterized in that linear hydrophilic carboxylated
      polyester having free carboxyl group pendent from said linear hydrophilic
      polyester structure is made to react upon ethylenically unsaturated
      compounds containing oxirane oxygen, said linear hydrophilic carboxylated
      polyester being formed by polycondensation of dialcohols comprising
      polyalkyleneglycol expressed by the formula
EQU   H--O--CH.sub.2 --CHR'--O).sub.n H
PAL  in which R' represents a hydrogen atom or a methyl group and n represents a
      positive integer from 6 to 50, inclusive, and used in an amount such that
      40 to 90 weight percent of said ethylenically unsaturated and hydrophilic
      resin is consisting of said polyalkylene glycol portion, and benzene
      polycarboxylic acids selected from the group comprising trimellitic acid,
      trimellitic anhydride, hemimellitic acid, pyromellitic acid pyromellitic
      anhydride and benzenepentacarboxylic acid, and said ethylenically
      unsaturated compounds containing oxirane oxygen being selected from the
      group comprising glycidyl acrylate, glycidyl methacrylate and allyl
      glycidyl ether,
PAR  B. a method being characterized in that linear hydrophilic carboxylated
      polyester having free carboxyl group at the terminal of linear hydrophilic
      polyester structure is made to react upon ethylenically unsaturated
      compounds containing oxirane oxygen, said linear hydrophilic carboxylated
      polyester being formed by polycondensation of dialcohols comprising
      polyalkyleneglycol expressed by the formula
EQU  H--O--CH.sub.2 --CHR'--O).sub.n H
PAL  in which R' represents a hydrogen atom or a methyl group and n represents a
      positive integer from 6 to 50, inclusive, and used in an amount such that
      40 to 90 weight percent of said ethylenically unsaturated and hydrophilic
      resin is consisting of said polyalkyleneglycol portion, and 2 to 4 valent
      polycarboxylic acid in an amount such that a free carboxyl group or groups
      are left at the terminal of said linear hydrophilic polyester structure,
      and said ethylenically unsaturated compounds containing oxirane oxygen
      being selected from the group comprising glycidyl acrylate, glycidyl
      methacrylate and allyl glycidyl ether,
PAR  C. a method being characterized in that linear hydrophilic carboxylated
      polyester having free carboxyl group pendent from said linear hydrophilic
      polyester structure is made to react upon ethylenically unsaturated
      compounds containing oxirane oxygen, said linear hydrophilic carboxylated
      polyester being formed by polycondensation of dialcohols comprising
      polyalkyleneglycol and carboxylated dialcohol, said polyalkyleneglycol
      being expressed by the formula
EQU  H--O--CH.sub.2 --CHR'--O).sub.n H
PAL  in which R' represents a hydrogen atom or a methyl group and n represents a
      positive integer from 6 to 50, inclusive, and used in an amount such that
      40 to 90 weight percent of said ethylenically unsaturated and hydrophilic
      resin is consisting of said polyalkyleneglycol portion, said carboxylated
      dialcohols being selected from the group comprising
      .alpha.,.alpha.-dihydroxymethyl propionic acid and tartaric acid, with
      divalent carboxylic acids or acid anhydrides and said ethylenically
      unsaturated compounds containing oxirane oxygen being selected from the
      group comprising glycidyl acrylate, glycidyl methacrylate and allyl
      glycidyl ether, and
PAR  D. a method being characteristic in that linear hydrophilic hydroxylated
      polyester having free hydroxy group pendent from said linear hydrophilic
      polyester structure is made to react upon ethylenically unsaturated
      isocyanate compounds, said linear hydroxylated polyester being formed by
      polycondensation of 2 to 4 valent polyalcohols comprising
      polyalkyleneglycol and tri- and/or tetravalent polyalcohol, said
      polyalkyleneglycol being expressed by the formula
EQU  H--O--CH.sub.2 --CHR'--O).sub.n H
PAL  in which R' represents a hydrogen atom or a methyl group and n represents a
      positive integer from 6 to 50, inclusive, and used in an amount that 40 to
      90 weight percent of said ethylenically unsaturated and hydrophilic resin
      is consisting of said polyalkyleneglycol portion, said tri- and
      tetravalent polyalcohol being selected from the group comprising glycerol,
      trimethyolethane, trimethylolpropane and pentaerithritol, with divalent
      carboxylic acids or acid anhydrides, said ethylenically unsaturated
      isocyanate compounds being formed by reaction of ethylenically unsaturated
      monomer containing hydroxyl group selected from the group comprising
      2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, hydroxypropyl
      acrylate, hydroxypropyl methacrylate and allyl alcohol upon di- and/or
      triisocyanate compound selected from the group comprising tolylene
      diisocyanate, xylylene diisocyanate, hexamethylene diisocyanate,
      4,4'-diphenylmethane diisocyanate and triisocyanate compounds expressed by
      the formula
EQU  H.sub.5 C.sub.2 C(CH.sub.2 OCONHC.sub.6 H.sub.3 CH.sub.3 NCO).sub.3
PAL  and
EQU  OCN(CH.sub.2).sub.6 N[CONH(CH.sub.2).sub.6 NCO].sub.2
PAL  in an amount such that 1 equivalent of isocyanate group being left free per
      1 mole of said di- or triisocyanate compound. The above-mentioned
      "polyether portion" denotes that atomic group having a chemical formula
      --O--CH.sub.2 --CHR--O .sub.n in which R represents a hydrogen atom or a
      methyl group and n represents a positive integer from 6 to 50. The term
      "hydrophobic portion" denotes the parts of the molecule of polyether ester
      other than said polyether portion. The composition of the present
      invention may be applied on the surfaces of articles, and the cross
      linkages in the molecular structure are formed by curing the coating films
      as applied. The obtained film has the excellent hydrophilic property by
      the existence of a relatively large proportion of said polyether portion,
      it has also superior water resistance, in addition to that other several
      properties such as flexibility, friction resistance, weather resistance
      and solvent resistance of the cured film in the present invention are all
      excellent. Accordingly, the coating film obtained in the present invention
      has a wide variety of usages.
PAR  The characteristic features of the hydrophilic resin used for the
      composition of the present invention are that it contains considerably
      large proportion of the hydrophilic polyether structure in the range of 40
      to 90 % by weight, and that the remaining non-hydrophilic portion contains
      the polymerizable ethylenically unsaturated bond component.
PAR  In case the polymer, for example, polyethylene glycol, consists of
      hydrophilic polyether portion and non-hydrophilic portion forming a
      water-resistant resin consisting of polymerizable ethylenically
      unsaturated bond component and the ratio of them is in a suitable range,
      for example, the polyether component exists in a ratio of 40 to 65 % by
      weight, the polymer shows the property of polymeric surface active agent,
      and it is suitable for imparting the hydrophilic property to the surface
      of the coated articles.
PAR  In the present invention, the polymerizable component exists in the
      non-hydrophilic portion of the polymer in a large degree and a dense three
      dimensional structure is formed in the resulting film, therefore the
      content of the polyether component can be increased, for example as high
      as 90 % by weight, which value is very high as compared with the
      conventionally known polyether esters. That is, in order to give the
      surface active property, it is necessary to dispose the hydrophilic
      portion and the non hydrophilic portion in a certain arrangement and in
      layered construction in the molecule, even when the ratio of
      non-hydrophilic portion is very small, such portion can be polymerized,
      and the connections between the non-hydrophilic portions are formed by
      covalent bonds which are far stronger than the secondary bonds such as van
      der Waals' bond, thereby the surface active property can be exhibited.
      Accordingly, it is possible not only that the ratio of hydrophilic portion
      can be increased as compared with the prior ones, but also that several
      properties of the product can be extremely improved by the provision of
      the network structure of the polymer molecule.
PAR  Another characteristic feature of the hydrophilic resin of the present
      invention is that the hydrophilic polyether portion is contained in the
      polymer as a part of the main chain thereof. So that, water molecules are
      adsorbed along the polyether portion and contained in the network
      structure, while the polymer is not attacked by water because the cross
      linkage portions of the molecule are hydrophobic, therefore, the
      hydrophilic resin of the invention is chemically stable and water
      resistance and alkali resistance are good enough.
PAR  The hydrophilic resin composition for coating of the present invention has
      various excellent characteristics as being mentioned in the above,
      therefore it can be used for the coatings of various articles used for
      several purposes. For example, in the portion where the troubles are
      caused due to the wetting by water, that is in case of which may be dimmed
      window glass by condensed water vapour or water drops from a room with
      saturated water vapour, the condensed water can be flowed down as a water
      film by the application of the coating according to the present invention
      to the glass or other surfaces, so that such troubles can be prevented.
      Further, the coatings of the present invention are excellent antistatic
      agents, therefore if electrically insulating polymer articles in various
      configurations are coated with using the composition of the present
      invention, the attraction of light materials such as paper, the
      inconvenience and discomfort by the electric shock, the dirt by the
      attracted dust from the surrounding air and the danger of fire by electric
      discharge to inflammable material can be prevented by the elimination of
      the static electricity.
PAR  In the following, the method for preparing the hydrophilic resin
      composition for coating of the present invention will be explained.
PAR  As disclosed in the above, the hydrophilic resin composition of the
      invention contains, as the principal component, polyether ester having
      polymerizable unsaturated bond component, and more particularly, the
      composition contains the resinous material consisting of 40 to 90 % by
      weight of polyether which is represented by the following general formula:
EQU  H--O-- CH.sub.2 --CHR'--O .sub.n H
PAL  in which R' is a hydrogen atom or a methyl group, and n is an integer from
      6 to 50, inclusive, and 60 to 10 % by weight of the residual
      non-hydrophilic portion comprising arylene groups and/or alkylene groups,
      and if desired, of polymerizable alkenylene group which portion contain 3
      equivalents or more of polymerizable ethylenically unsaturated bond
      component as substituent groups or as side chains or terminal groups per
      mole of the average molecular weight of the resinous material. If the
      amount of said polymerizable ethylenically unsaturated bond component is
      less than 3 equivalents per 1 mole of the number average molecular weight
      of the resin, the curability of the resin is not sufficient. Further, the
      compounds in which polymerizable ethylenically unsaturated bond component
      in which polymerizable ethylenically unsaturated bond component is
      connected to the main chain by way of urethane bond are included in the
      above definition.
PAR  By arylene group is meant an aromatic hydrocarbon in which two hydrogen
      atoms thereof are removed and the reactivity with other atoms or atomic
      groups is given at that position. By alkylene group is meant a group which
      is obtained by removing two hydrogen atoms from the different carbon atoms
      of a saturated hydrocarbon being represented by the general formula,
      C.sub.n H.sub.2n.sub.+2, in which n is a positive integer generally not
      more than 30. Further, by alkenylene group is meant a group which is
      obtained by removing two hydrogen atoms from an unsaturated hydrocarbon
      having a double bond being represented by the general formula, C.sub.n
      H.sub.2n, in which n is a positive integer generally 2 or 3.
PAR  In addition to the above-mentioned arylene group and alkylene group which
      may be added with the polymerizable ethylenically unsaturated bond
      component as the substituent group, the combinations of them such as
      alkylarylene group and arylalkylene group can be used also for the
      composition of the present invention.
PAR  In order to join the component of polymerizable ethylenically unsaturated
      bond to the arylene group or alkylene group, it is necessary to employ the
      raw material having 2 or more, preferably 3 or more of reactive portions.
      So that in the present invention, for example aromatic polycarboxylic
      acids or their anhydrides are used as the material for preparing the
      component having the arylene group. Aromatic polycarboxylic acid can be
      used for introducing the ethylenically unsaturated bond component to the
      terminal of the polymer molecule, further it can be used as the
      intermediate component in the molecule only for the purpose of elongating
      the length of molecular chain in case the unsaturated bond component is
      not so much necessary according to the property of the composition to be
      obtained.
PAR  The aromatic polycarboxylic acid those which are useful in the process are
      phthalic acid anhydride, isophthalic acid, terephthalic acid, naphthalene
      dicarboxylic acids, 1,2,3-benzene tricarboxylic acid (hemimellitic acid),
      1,2,4-benzene tricarboxylic acid (trimellitic acid), trimellitic
      anhydride, 1,3,5-benzene tricarboxylic acid (trimesic acid),
      1,2,4,5-benzene tetracarboxylic acid (pyromellitic acid), pyromellitic
      anhydride and benzene pentacarboxylic acid. Further, the compounds which
      are produced by substituting reactive groups such as hydroxyalkyl group
      and amino group for a part of the carboxyl group of the above compounds
      can also be used. The raw materials for preparing the compounds having
      alkylene groups are aliphatic compounds which have 2 or more of functional
      carboxylic groups, there are for example, adipic acid, succinic acid,
      succinic anhydride, and their alkyl derivatives, malonic acid,
      hydroxysuccinic acid, tartaric acid, .alpha.,.alpha.-dihydroxymethyl
      propionic acid (.alpha.,.alpha.-dimethylol propionic acid) and citric
      acid. Further, polyhydric alcohols such as ethylene glycol, propylene
      glycol, neopentyl glycol, trimethylol ethane, trimethylol propane,
      glycerol and pentaerythritol can be used. As the raw materials for
      preparing the components having the alkenylene groups, there are
      .alpha.,.beta.-unsaturated dicarboxylic acids and their anhydrides, for
      example, maleic acid, maleic anhydride, fumaric acid, itaconic acid,
      citraconic acid and citraconic anhydride can be used.
PAR  The advantage of the employment of the acid anhydrides in place of
      polycarboxylic acid as the raw materials for the formations of arylene
      group, alkylene group and alkenylene group comes from the fact that when
      the ester bonds are formed through the reaction with hydroxyl groups at
      the terminals of polyether and other alcohol components, it is not
      necessary to carry out the reaction at a high temperature which is
      different from the formation of ester bonds by the dehydration
      condensation, thereby the ratio of selectivity between the formation of
      ester bonds by the ring opening of the acid anhydrides and those by
      dehydration of carboxyl groups become large, accordingly, the
      polymolecularity of the polymer is lowered and the uniform composite can
      be obtained.
PAR  With regard to the method for joining the polymerizable ethylenically
      unsaturated bond component to the arylene group or alkylene group, it is
      not necessary to restrict the method to specific one, and as the typical
      example, the use of unsaturated compound containing oxirane ring structure
      may be referred. That is, the oxirane ring forms ester bond in the
      presence of the carboxyl group by the ring opening through heating at a
      relatively low temperature or ar the room temperature without the fear of
      viscosity increase or gelation by the thermal polymerization between
      unsaturated bonds, thereby the introduction of polymerizable substituent
      group by ester bond can be accomplished. As for the compounds having both
      of the ethylenically unsaturated bond component and the oxirane ring which
      can be used for the above purpose, there are, for example, glycidyl
      acrylate, glycidyl methacrylate, and acrylgrycidyl ether.
PAR  As another method for joining the polymerizable ethylenically unsaturated
      bond component, polyisocyanates can be used. That is, the isocyanate group
      forms an urethane bond by the reaction with a hydroxyl group at the room
      temperature or at a relatively low temperature, therefore ethylenically
      unsaturated compound having isocyanate group can be used for this purpose,
      in which the ethylenically unsaturated bond can be connected without the
      fear of thermal polymerization by the unsaturated bond during the
      reaction. The isocyanate compound containing ethylenically unsaturated
      component used for this purpose is, for example, an adduct which is
      prepared by adding an ethylenically unsaturated compound having hydroxyl
      group to di- or triisocyanate so as to leave 1 equivalent of the
      isocyanate group unreacted per 1 mole of said isocyanate compound. As for
      the di- or triisocyanates, for example, there are tolylene diisocyanate,
      xylylene diisocyanate, hexamethylene diisocyanate, 4,4'-diphenylmethane
      diisocyanate, Desmodur L (Tradename of Farbenfabriken Bayer A.G., Germany,
      H.sub.5 C.sub.2 C(CH.sub.2 OCONHC.sub.6 H.sub.3 CH.sub.3 NCO).sub.3 and
      Desmodur N (The same as the above, OCN(CH.sub.2).sub.6 N [CONH(CH.sub.
      2).sub.6 NCO].sub.2. As for said ethylenically unsaturated compounds
      having hydroxyl group, it is generally convenient to use the following
      compounds, for example, 2-hydroxyethyl methacrylate, 2-hydroxyethyl
      acrylate, hydroxypropyl methacrylates, hydroxypropyl acrylates and allyl
      alcohol.
PAR  As explained in the above, the resinous material of the invention is
      prepared from the combination of one or more of materials for arylene
      group, alkylene group or alkenylene group and compounds containing
      polymerizable ethyleneically unsaturated bond component, and polyethers
      such as polyethylene glycol and polypropylene glycol. The applicable
      weight ratio of the above materials is such that the hydrophilic component
      of polyether forms 40 to 90 % by weight, preferably 50 to 80 % by weight,
      of the resin and the other non-hydrophilic component forms 60 to 10 % by
      weight, preferably 50 to 20 % by weight of the resin. If the ratio of
      hydrophilic component is less than 40 % by weight or more than 90 % by
      weight, and that of the non-hydrophilic component is more than 60 % by
      weight or less than 10 % by weight, the surface activity of the obtained
      resinous material is not sufficient, thereby the excellent effects as
      those of the hydrophilic resin composition of the present invention can
      not be expected.
PAR  In general, it is desirable that the obtained resinous material has the
      number average molecular weight of 2,000 to 10,000 to give a wide usage,
      however, it does not always follow for special uses.
PAR  The molecular structure of the resinous material as obtained from the above
      raw materials is conceptually represented as follows:
      ##EQU1##
      or
      ##EQU2##
PAR  In the above formula, X is a non-hydrophilic atomic group such as arylene
      group having branched structure with or without substituent groups, Y is
      an atomic group having polymerizable ethylenically unsaturated bond and Z
      is a hydrophilic atomic group consisting of polyester, and each of them is
      not always a single kind, that is each of them may be a mixture of the
      above-mentioned materials. Further, the above X can be a polymerizable
      alkenylene group, and in such case, it is not necessary to join the
      ethylenically unsaturated group by branched structure. The symbols, 1 and
      m are 0 (zero) or integers from 1 to 3, and each of them of generally 1 or
      2, further they are not necessarily the same numerals in the same
      molecule. The symbol n is 0 or positive integer and is generally not more
      than 20. Further, the sum of 1 and m in the same molecule is 3 or more.
      Accordingly, the case in which X is arylene group, alkylene group or
      alkenylene group having a substituent other than the ethylenically
      unsaturated bond component is included.
PAR  Still further, in case that X is not restricted to arylene group, alkylene
      group or alkenylene group, and X itself is a high polymer such as
      polyester and having a branched structure or alkenylene group as a part
      thereof, the effect of the present invention can be expected equally.
PAR  The proportion of said polymerizable ethylenically unsaturated bond
      component is 3 equivalents or more against 1 mole of the number average
      molecular weight of the polymer. If the proportion is less than 3
      equivalents, the polymerizing property of the hydrophilic resin
      composition is decreased, so that any special effect on the hydrophilic
      property can not be obtained as compared with the known hydrophilic
      compositions. There is no upper limit of said proportion, however, if it
      is contained in an excessively large amount, the stability of the
      composition during the production process and storage is liable to
      decrease, therefore, it is preferably stabilized by adding with a
      polymerization inhibitor or a stabilizer.
PAR  The hydrophilic resin composition of the present invention can be easily
      prepared from the above-mentioned materials. That is, in the first step,
      the intermediate material of polyether ester is produced by using
      polyethyleneglycol or polypropyleneglycol and, if necessary, tri- or
      polyfunctional aromatic or aliphatic compounds as the source of the
      branched structure. This reaction can be carried out according to the
      conventional methods which are well known in the technical field of the
      invention concerned. That is, polyethers such as polyethyleneglycol may be
      mixed with the other raw materials and heated at an appropriate
      temperature.
PAR  In the second step, the residual carboxyl group or hydroxyl group in the
      polyether ester molecule as obtained in the first step is added with the
      polymerizable ethylenically unsaturated bond component. As being explained
      in the above, the compounds containing oxirane ring are used as the
      unsaturated bond components to be connected to carboxyl group, thus the
      reaction with the carboxyl group can be carried out very easily, therefore
      high temperature heating is not necessary, and the reaction can be carried
      out even at room temperature, preferably by heating between 50 to
      80.degree.C. Further, when an unsaturated urethane compound is joined with
      the hydroxyl group, high temperature heating is not necessary too, and
      such reaction can be carried out at room temperature or preferably at a
      temperature of 50.degree. to 80.degree.C. Accordingly, there is no fear of
      thermal polymerization between the ethylenically unsaturated bond
      components, however, if necessary, the known polymerization inhibitor such
      as hydroquinone and benzoquinone may be added previously in an amount not
      exceeding 2g per 1 equivalent of said ethylenically unsaturated bond
      components. If the amount exceeds 2 g per 1 equivalent of said
      ethylenically unsaturated bond components, the curing of the composition
      is obstructed.
PAR  In order to reduce the viscosity of the reaction system and to proceed the
      reaction smoothly and uniformly, each of the above step can be carried out
      in the presence of solvents which are inactive to the esterification or
      urethanation, for example, ketones such as methyl ethyl ketone and methyl
      isobutyl ketone, or the polar solvents of volatile ethers such as dioxane
      and tetrahydrofuran. In such case, the nonpolar hydrocarbon solvents such
      as toluene and xylene can be used together as far as they are not
      obstructive in view of the solubility.
PAR  Thus obtained hydrophilic resin composition is applied on the surfaces of
      several articles as it is, or concentrated, or diluted previously with a
      miscible solvent. The method of the application of the composition may be
      selected from the well known ones such as spraying, dipping, flowing,
      roller coating and so forth. After applying the composition on the surface
      of article, the volatile solvent is vaporized, and followed with the
      curing treatment. As the applicable curing methods, there are, for
      example, heating, irradiation of actinic rays and irradiation of ionizing
      radiation. In case the composition is cured by heating, it is preferable
      to add a polymerization initiator into the composition before the coating.
      As the polymerization initiators, for example,
      .alpha.,.alpha.-azobisisobutyronitrile, benzoyl peroxide and cumene
      hydroperoxide can be used, and the amount of addition thereof may be 0.1
      to 6 % by weight against the resinous content of the composition. If the
      amount is less than 0.1 % by weight against the resinous content, the
      heat-curability of the resin is lowered, and, if the amount exceeds 6 % by
      weight, the storage stability of the composition is injured while the
      heat-curability is not fortified. The most suitable conditions for the
      heating are in the range of a temperature from 80.degree. to 200.degree.
      C, and a duration from 0.5 to 30 minutes, and the heating can be carried
      out in any of air, inert gases, water vapor and vacuum.
PAR  In case that the curing is carried out by using actinic rays, the
      composition may be preferably added with a photosensitizer before the
      coating. As for such photosensitizers, any of compatible organic ones, for
      example, those selected from the group comprising
      tetramethyldiaminobenzophenone, benzoin, N.N-dibutyl-p-nitrosoaniline,
      benzoin methyl ether, benzoin ethyl ether, .alpha.-methylbenzoin,
      .alpha.-phenyl benzoin diacetyl, 1-naphthalene solfonylchloride,
      .omega.-bromoacetophenone, eosine and erithrosine, may be used, and as for
      the light sources, any of the sources which produce the rays of 250 to 600
      mu may be used. The appropriate amount of the photosensitizer to be added
      is 0.1 to 3 % by weight of the resin in the composition. If the amount of
      the photosensitizer to be added is less than 0.1 % by weight of the resin
      in the composition, the photo-curability of the resin does not
      distinguish, and if the amount exceeds 3 % by weight of the resin, the
      durability of the cured coating film is worse while the photo-curability
      of the resin is almost the same as the composition containing 3 % by
      weight of photosensitizer. Further, ionizing radiations such as electron
      beam and gamma rays can be used for the curing of the composition, and the
      dosage of irradiation thereof may be 0.1 to 20 Mrad.
PAR  In the following, the features and advantages of the present invention will
      be explained by way of preparation examples, application examples and test
      examples, and further the comparison with the comparative compositions
      will be shown in order to clarify the superiority of the hydrophilic resin
      composition of the invention, however the present invention is by no means
      restricted to these disclosures.
DETD
PAC  PREPARATION EXAMPLE 1
PAR  Into a 3 liter four neck flask attached with a dropping funnel, a
      thermometer, a reflux condenser and a stirrer, 600 g (1 mole) of
      polyethylene glycol (number average molecular weight: 600), 174.5 g (0.80
      mole) of pyromellitic anhydride and 200 g of methyl ethyl ketone were fed,
      the temperature was raised with stirring, and after about 40 minutes the
      mixture was boiled. The reaction had been partially proceeded when the
      temperature of the reaction system became the boiling point and at that
      time, the reaction system was transparent, then the reaction was further
      proceeded at about 100.degree.C for 5 hours with boiling and reflux, thus
      the acid value as calculated on nonvolatiles became about 118.
PAR  Thereafter, the reaction system was cooled to about 65.degree.C, and 228 g
      (1.6 moles) of glycidyl methacrylate and 1 g of hydroquinone were added,
      further about 450 g of tetrahydrofuran was slowly added drop by drop with
      temperature regulation, thereby the reaction was continued at about
      70.degree. to 75.degree.C with boiling and reflux. After 4 hours
      continuation of this heating, the acid value of the resinous component
      became about 3.5.
PAR  This resin solution was cooled as it is to obtain the hydrophilic resin
      composition for coating. The resin content of this solution was about 60
      %.
PAR  The ratio of polyether portion in this hydrophilic resin was about 58 % by
      weight.
PAC  PREPARATION EXAMPLE 2
PAR  A reaction vessel as used in the foregoing Preparation Example 1 except
      that an inert gas feeding pipe being attached and a separating funnel
      being connected to the reflux condenser, was used. Said vessel was fed
      with 1000 g (1 mole) of polyethylene glycol (number average molecular
      weight: 1000), 196 g (2 moles) of maleic anhydride and 134 g (1 mole) of
      .alpha.,.alpha.-dihydroxymethyl propionic acid. Further, 65 g of toluene
      as a reflux solvent was added to the above mixture. This reaction system
      was heated at a temperature of 170.degree. to 200.degree.C in the presence
      of nitrogen gas flow, while the water produced from the condensation was
      removed. When the acid value of nonvolatiles became 51 after about 6
      hours' reaction, the heating was stopped and cooled to 70.degree.C. Then,
      the reaction system was added with 142 g (1 mole) of glycidyl
      methacrylate, 1 g of hydroquinone and 200 g of acetone and the temperature
      was kept at 65.degree. to 75.degree.C for 4 hours to proceed the addition
      of said glycidyl methacrylate.
PAR  The content of non-volatile matter of the obtained hydrophilic resin
      composition was about 85 %, and the acid value of non-volatile matter was
      7.3.
PAR  The ratio of polyether portion in the hydrophilic resin of this Example was
      about 68 % by weight.
PAC  PREPARATION EXAMPLE 3
PAR  The same reaction vessel as used in Preparation Example 2 was fed with 720
      g (1.8 moles) of polyethylene glycol (number average molecular weight:
      400), 118 g (1.2 moles) of maleic anhydride and 60 g of toluene as a
      reflux solvent, and dehydration condensation was carried out in the
      presence of nitrogen gas flow at a temperature of 170.degree. to
      200.degree.C for about 6 hours, thereby polyether ester of 1.0 in the acid
      value was obtained.
PAR  This reaction mixture was cooled to 80.degree.C and was added with 115 g
      (0.6 mole) of trimellitic anhydride, 160 g (0.6 mole) of dodecylsuccinic
      anhydride (made by Teikoku Kako Kabushiki Kaisha, Japan; trade name: DSA),
      and 240 g of methyl ethyl ketone, and the above acid anyhydrides were
      joined with said polyether ester by the reaction at 90.degree. to
      100.degree.C for 5 hours.
PAR  Thereafter as the third reaction step, the above reaction product was added
      with 230 g (1.8 moles) of glycidyl acrylate and 1.8 g of hydroquinone, and
      caused to react at 60.degree. to 70.degree.C for 4 hours, thereby the
      unsaturated bond was added.
PAR  By the above steps, the hydrophilic resin composition of about 82 % in the
      resin content and 3.2 in the acid value of resinous component was
      obtained. The ratio of polyether portion of this hydrophilic resin
      composition was about 55 % by weight.
PAC  PREPARATION EXAMPLE 4
PAR  The same reaction vessel as used in Preparation Example 2 was fed with
      1,200 g (0.6 mole) of polypropylene glycol (number average molecular
      weight: 2,000), 118 g (1.2 moles) of maleic anhydride and 80 g of toluene,
      and heated at 90.degree. to 100.degree.C for 4 hours, thereby the
      esterification by ring opening of acid anhydride group was carried out.
PAR  Then 69 g (0.75 mole) of dynamite grade glycerol was added and the
      temperature was raised, thereby the dehydration condensation was carried
      out in the presence of nitrogen gas flow at 170.degree. to 200.degree.C
      for 6 hours to obtain a solution of resinous material.
PAR  Further as the third step, the above reaction mixture was cooled to
      60.degree. to 70.degree.C and was added with 240 g of dioxane, and 183 g
      of unsaturated urethane adduct which was prepared by the undermentioned
      method was then added little by little to the above mixture. After this
      addition, the mixture was kept at the same temperature for 5 hours to
      obtain the unsaturated hydrophilic resin, thereby the composition of 82 %
      in the resin content was obtained. The ratio of polyether portion in this
      modified hydrophilic resin was about 72 %.
PAC  PREPARATION OF UNSATURATED URETHANE ADDUCT
PAR  A 1 liter four neck flask with a reflux condenser, a thermometer, a
      dropping funnel and a stirrer was fed with 344 g (2 moles) of tolylene
      diisocyanate and heated at about 60.degree.C by a water bath, while 282 g
      (2.2 moles) of 2-hydroxyethyl methacrylate containing 2 g of benzoquinone
      was dropped slowly for about 1.5 hours from the dropping funnel. During
      the above reaction, the temperature was always regulated at 60.degree. to
      70.degree.C, and after the above dropping, the reaction was completed by
      keeping the reaction mixture at the same temperature for further 3 hours,
      thereby a solid unsaturated urethane adduct was obtained.
PAC  PREPARATION EXAMPLE 5
PAR  Into a 2 liter four neck flask with a condenser, a thermometer, an inert
      gas inlet pipe and a stirrer, 500 g (0.5 mole) of polyethylene glycol
      (number average molecular weight: 1000), 194 g (1 mole) of dimethyl
      terephthalate and a small amount of xylene were introduced, and
      condensation with methanol splitting was carried out at 230.degree. to
      240.degree.C for about 5 hours under nitrogen gas atmosphere. Then, 81 g
      (0.6 mole) of 1,1,1-trimethylolpropane was added and similar condensation
      reaction was carried out to obtain resinous material.
PAR  Then this resinous material was cooled, and 250 g of dioxane and 250 g of
      methyl ethyl ketone were added to dissolve the resinous material, then 244
      g of the unsaturated urethane adduct as obtained in Preparation Example 4
      was caused to react at 60.degree. to 70.degree.C, thereby the modification
      of the resinous material by unsaturation was carried out.
PAR  By the above process, an unsaturated hydrophilic resin composition of about
      65 % in the non-volatile matter content was obtained.
PAR  The ratio of polyether portion of the hydrophilic resin of this Example was
      about 51 % by weight.
PAC  PREPARATION EXAMPLE 6
PAR  The reaction vessel as used in Preparation Example 1 was fed with 1,500 g
      (1 mole) of polyethylene glycol (number average molecular weight: 1500),
      175 g (0.8 mole) of pyromellitic anhydride and 300 g of dioxane, and
      heated at 90.degree. to 100.degree.C for 5 hours. Thereby polyether ester
      was prepared by the ring opening of the acid anhydride.
PAR  Then the reaction mixture was diluted with 300 g of methyl ethyl ketone,
      and further added with 228 g (1.6 moles) of glycidyl methacrylate and 2 g
      of hydroquinone, then heated at 70.degree. to 80.degree.C for 5 hours to
      cause the addition reaction, thereby the hydrophilic resin composition was
      obtained.
PAR  The ratio of polyether portion in this hydrophilic resin was about 78 % by
      weight.
PAC  PREPARATION EXAMPLE 7
PAR  The reaction vessel as used in Preparation Example 1 was fed with 750 g
      (1.5 moles) of polyethylene glycol (number average molecular weight: 500),
      218 g (1 mole) of pyromellitic anhydride and 300 g of dioxane, and heated
      at 90.degree. to 100.degree.C for 5 hours to obtain the polyether ester.
PAR  Then this reaction mixture was added with 456 g (4 moles) of acrylglycidyl
      ether and 2 g of hydroquinone, and was caused to react at 80.degree. to
      90.degree.C for 4 hours to obtain the hydrophilic resin composition.
PAR  The ratio of polyether portion in this hydrophilic resin was about 45 % by
      weight.
PAC  COMPARATIVE EXAMPLE 1
PAR  A 2 liter four neck flask with an inert gas inlet pipe, a reflux condenser,
      a thermometer and a stirrer was fed with 480 g of 2-hydroxyethyl
      methacrylate, 20 g of ethylene glycol dimethacrylate, 400 g of ethyl
      alcohol, 200 g of ethylene glycol monoethyl ether (cellosolve) and 5 g of
      .alpha.,.alpha.-azobisisobutyronitrile, then the mixture was heated to
      polymerize at 78.degree. to 79.degree.C for 5 hours in the presence of
      nitrogen gas flow. After the polymerization, the reaction mixture was
      diluted and cooled with 1800 g of water, 1,400 g of ethyl alcohol and 700
      g of Cellosolve to obtain Comparative Composition 1.
PAC  COMPARATIVE EXAMPLE 2
PAR  The same reaction vessel as used in Comparative Example 1 except that the
      reflux condenser being provided with a separating funnel, was fed with 300
      g (0.5 mole) of polyethylene glycol (number average molecular weight:
      600), 296 g (2.0 moles) of phthalic anhydride, 208 g (2.0 moles) of
      neopentyl glycol and 30 g of xylene as the reflux solvent, and dehydration
      condensation was carried out at 220.degree. to 230.degree.C for about 6
      hours in the presence of nitrogen gas flow. Thereby, polyether ester of
      0.8 in the acid value was obtained. Then, the reaction system was cooled
      to about 90.degree.C and dissolved by adding 300 g of methyl isobutyl
      ketone. And further, 192 g (1.0 mole) of trimellitic anhydride was added
      and heated at 90.degree. to 100.degree.C for about 3 hours. Thereafter,
      the reaction mixture was further added with 142 g (1 mole) of glycidyl
      methacrylate and 0.6  g of hydroquinone and was caused to react at
      70.degree. to 80.degree.C for additional 3 hours to obtain Comparative
      Composition 2.
PAR  The ratio of polyether portion of the resin of this Composition was about
      26 % by weight.
PAC  APPLICATION EXAMPLE 1
PAR  The hydrophilic resin compositions as obtained in Preparation Examples 1,
      2, 3 and 6 were added with .alpha.,.alpha.-azobisisobutyronitrile in the
      amount of 3 % by weight against the resinous solid contents of the
      compositions, respectively. Then the viscosities of the compositions were
      adjusted by additions of methyl ethyl ketone so as to facilitate the
      coating operation, and each of thus prepared composition was applied on
      one side surface of a mild steel plate of 0.8 mm in thickness so as to
      form a coating of 5 to 8 microns in dried thickness. After the evaporation
      of the solvent, each of the test plates were heated at 150.degree.C for 10
      minutes, thereby the applied films were cured.
PAR  Each test plate was held above boiling water with the coated surface below
      and with 45.degree. inclination, thus water vapor was allowed to condense
      on the coated surface, however, the condensed water did not form water
      drops and the coated surface was covered with a smooth water layer. A
      similar test on Comparative Composition 2 was also carried out, however in
      this case, such effect was not observed.
PAR  Further, each of the test plates was immersed into water at 20.degree.C for
      48 hours and 0.5 % aqueous caustic soda for 24 hours, however, any change
      was not found with regard to the coatings obtained from the composition of
      the present invention. The coating film which was obtained from said
      Comparative Composition 2 was partially dissolved by the immersion into
      the 0.5 % aqueous caustic soda.
PAC  APPLICATION EXAMPLE 2
PAR  By using the hydrophilic resin composition as obtained in Preparation
      Example 7 and benzoyl peroxide, a similar test plate was prepared and
      similar tests were carried out. The results thereof were as good as those
      of the above Application Example 1.
PAC  APPLICATION EXAMPLE 3
PAR  The hydrophilic resin composition as obtained in Preparation Example 4 was
      added with benzoin ethyl ether in the amount of 2 % by weight against the
      resinous solid content of the composition, then the viscosity of the
      composition was adjusted by methyl ethyl ketone to facilitate the use.
      Thereafter, thus obtained composition was applied on one side surface of a
      polished glass plate of 2 mm in thickness so as to form a dried coating
      film of about 20 microns thickness. After the evaporation of the solvent,
      the applied film was cured by irradiation of ultraviolet rays for 8
      minutes from a chemical lamp (made by Tokyo Shibaura Electric Co., Ltd.,
      Japan; Model: SL-20BL) which is placed at 20 cm distance.
PAR  With regard to this glass test plate, the similar tests as those in
      Application Examples 1 and 2 were carried out, and as the result, it was
      found that any dimness with water vapour was not caused.
PAC  APPLICATION EXAMPLE 4
PAR  The hydrophilic resin composition as obtained in Preparation Example 5 was
      applied on one side surface of 20 cm .times. 30 cm ABS
      (acrylonitrile-butadiene-styrene) resin plate of 3 mm in thickness so as
      to form a dried layer of about 10 microns thickness, and the formed layer
      was applied with about 8 Mrad dose of 300 KeV electron beam to be cured.
PAR  In a room of 20.degree.C and 60% in relative humidity, this test plate was
      rubbed strongly with dried paper and fabric of polyester fiber, however
      any electric charge was not observed.
PAR  While, an ABS test plate of the same size without said treatment was
      subjected to the same test, in which considerable electric charge was
      observed.
PAC  TEST EXAMPLE
PAR  A part of the hydrophilic resin composition obtained in the above
      Preparation Examples were subjected to water absorption tests according to
      the following manner. Further, Comparative Compositions 1 and 2 were also
      tested in order to compare their results, which are shown in the following
      Table. As will be understood from the Table, the cured coating films
      obtained from the compositions of the present invention have excellent
      water resistance as compared with the ordinary ones.
PAC  METHOD OF WATER ABSORPTION TEST
PAR  The hydrophilic resin composition of each Example as indicated in the
      following Table with or without curing agent, was added with methyl ethyl
      ketone, thereby the viscosity of the composition was adjusted to
      facilitate the coating operation. Said composition was then applied to one
      side of transparent polyester film on the market of 100 microns in
      thickness so as to form a coating layer of 17 to 23 microns in dried
      thickness by using bar coater. After evaporating the solvent at the room
      temperature, each coating layer was cured through the method and condition
      as indicated in the following Table. While, the test piece was weighed
      before and after the coating.
PAR  Each test piece was then immersed into distilled water at 60.degree.C for
      30 minutes, thereafter the test piece was taken out from water and the
      water on the surface was wiped off. And immediately thereafter, the test
      piece was weighed to obtain the quantity of water which is absorbed in the
      coating film. The rate of absorption as indicated in the Table was
      calculated from the following equation.
      ##EQU3##
PAR  With regard to the test pieces which are applied with the hydrophilic resin
      composition of the present invention, the adhesion between the polyester
      film and the coating film is very excellent, the changes of appearance
      such as blistering and peeling after the immersion were not observed, and
      any crack and peeling were not caused even when the coated film was
      folded.
TBL  __________________________________________________________________________

     Results of Water Resistance Tests                                         

     Preparation                          Ratio of water                       

     Example No.       Method of Curing   Absorption                           

     __________________________________________________________________________

     1        Added 3 % AIBN.sup.(1), heated in air at 150.degree.C, 10        

                                          38 %                                 

     1        Added 3 % AIBN, heated in N.sub.2 at 100.degree.C, 10            

                                          12 %                                 

     2        Added 2 % AIBN, heated in air 53 %                               

     2        Added 2 % AIBN, heated in N.sub.2 at 80.degree.C, 10             

                                          29 %                                 

     4        The same as Application Example 3                                

                                          30 %                                 

     5        The same as Application Example 4                                

                                          18 %                                 

     7        Added 3 % BPO.sup.(2), heated in air at 120.degree.C, 10         

                                          22 %                                 

     7        Added 3 % BPO, heated in steam at 100.degree.C, 10               

                                          46 %                                 

     Comparative                                                               

              Added 0.5 % ammonium bichromate,                                 

                                          --.sup.(3)                           

     Composition 1                                                             

              heated in air at 150.degree.C, 10 min.                           

     Comparative                                                               

              Added 2 % ammonium bichromate                                    

                                          95 %                                 

     Composition 1                                                             

              heated in air at 150.degree.C, 10 min..sup.(4)                   

     Comparative                                                               

              Added 3 % AIBN, heated in air at 150.degree.C, 10                

                                          78 %                                 

     Composition 2                                                             

     __________________________________________________________________________

      Notes:                                                                   

      .sup.(1) .alpha.,.alpha.-azobisisobutyronitrile, the addition amount of  

      which is represented by percent by weight against the resinous solid     

      content.                                                                 

      .sup.(2) Benzoyl peroxide, the addition amount of which is the same as th

      above.sup.(1).                                                           

      .sup.(3) Was impossible to measure because the surface of the coating fil

      was dissolved.                                                           

      .sup.(4) The coating film was brittle and was liable to peel off. After  

      the immersion, the coating film peeled off partially.                    

PAR  As will be understood from the disclosures of the above, the coating film
      which is obtained from the composition of the present invention is
      excellent.
PAR  It should be emphasized, however, that the specific examples described and
      shown herein are intended as merely illustrative and in no way restrictive
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A resinous coating composition curable to form a water-resistant
      hydrophilic coating comprising an ethylenically unsaturated resinous
      component having an average molecular weight in the range from 2,000 to
      10,000, said resinous component being the reaction product of 3 or more
      moles of an ethylenically unsaturated compound containing an oxirane
      oxygen selected from the group consisting of glycidyl acrylate, glycidyl
      methacrylate and allyl glycidyl ether with one mole of a condensation
      product of a polycarboxylic acid of functionality 2 to 5 or acid anhydride
      and a polyalkylene glycol represented by the following general formula:
EQU  HO--CH.sub.2 -- CHR' -- O).sub.n H
PAL  in which R' represents hydrogen or a methyl group and n is an integer from
      6 to 50 inclusive, the proportion of polyacid and polyalkylene glycol
      being such that the condensation product is terminated by a carboxylic
      acid group, the proportion of condensation product in the reaction product
      ranging from 40 to 90% by weight of the reaction product.
NUM  2.
PAR  2. Hydrophilic curable resin composition for coating as claimed in claim 1,
      which also contains a polymerization inhibitor comprising hydroquinone and
      benzoquinone is added in an amount not exceeding 2 g per 1 equivalent of
      said polymerizable ethylenically unsaturated groups.
NUM  3.
PAR  3. Hydrophilic curable resin composition for coating as claimed in claim 1,
      which also contains a polymerization initiator comprising
      .alpha.,.alpha.-azobisisobutyronitrile, benzoyl peroxide and cumene
      hydroperoxide is added in an amount from 0.1 to 6 % by weight against said
      ethylenically unsaturated and hydrophilic resin component in said
      hydrophilic curable resin composition.
NUM  4.
PAR  4. Hydrophilic curable resin composition for coating as claimed in claim 1,
      which also contains a photosensitizer comprising
      tetramethyldiaminobenzophenone, benzoin, N,N-dibutyl-p-nitrosoaniline,
      benzoin methyl ether, benzoin ethylether, .alpha.-methylbenzoin,
      .alpha.-phenylbenzoin, diacetyl, 1-naphthalene sulfonylchloride,
      w-bromoacetophenone, eosine and erithrosine is added in an amount from 0.1
      to 3 % by weight against said ethylenically unsaturated and hydrophilic
      resin component in said hydrophilic curable resin composition.
NUM  5.
PAR  5. Hydrophilic curable resin composition for coating as claimed in claim 1,
      which also contains a polymerization inhibitor comprising hydroquinone and
      benzoquinone and polymerization initiator comprising
      .alpha.,.alpha.-azobisisobutyronitrile, benzoyl peroxide and cumene
      hydroperoxide are added in an amount not exceeding 2 g per 1 equivalent of
      said polymerizable ethylenically unsaturated groups and from 0.1 to 6 % by
      weight against said ethylenically unsaturated and hydrophilic resin
      component in said hydrophilic curable resin composition, respectively.
NUM  6.
PAR  6. Hydrophilic curable resin composition for coating as claimed in claim 1,
      which also contains a polymerization inhibitor comprising hydroquinone and
      benzoquinone and photosensitizer comprising
      tetramethyldiaminobenzophenone, benzoin, N,N-dibutyl-p-nitrosoaniline,
      benzoin methyl ether, benzoin ethyl ether, .alpha.-methylbenzoin,
      .alpha.-phenylbenzoin, diacetyl, 1-naphthalene sulfonylchloride,
      w-bromoacetophenone, eosine and erithrosine are added in an amount not
      exceeding 2 g per 1 equivalent of said polymerizable ethylenically
      unsaturated groups and from 0.1 to 3 % by weight against said
      ethylenically unsaturated and hydrophilic resin component in said
      hydrophilic curable resin composition, respectively.
NUM  7.
PAR  7. A resinous coating composition as set forth in claim 1 in which the
      condensation product is obtained using a polyhydric alcohol selected from
      the group consisting of ethylene glycol, propylene glycol, trimethyol
      ethane, trimethyol propane, glycerol and pentaerthitol, or a carboxylated
      dialcohol taken from the group consisting of .alpha.,.alpha.-dihydroxy
      methylpropionic acid.
NUM  8.
PAR  8. A resinous coating composition curable to form a water-resistant
      hydrophilic coating comprising an ethylenically unsaturated resinous
      component having an average molecular weight within the range of 2,000 to
      10,000, said resinous component is the reaction product of 3 or more moles
      of an ethylenically unsaturated compound containing oxirane oxygen
      selected from the group consisting of glycidyl acrylate, glycidyl
      methacrylate and allyl glycidyl ether with one mole of a condensation
      product of a polycarboxylic acid selected from the group consisting of
      adipic acid, succinic acid, succinic anhydride, alkyl derivatives of
      succinic acid, malonic acid, phthalic anhydride, isophthalic acid,
      terephthalic acid, naphthalene dicarboxylic acid, 1,2,3 benzene
      tricarboxylic acid, 1,2,4 benzene tricarboxylic acid, 1,3,5 benzene
      tricarboxylic acid, 1,2,4,5 benzene tetracarboxylic acid, pyromellitic
      anhydride, benzene pentacarboxylic acid, maleic acid, maleic anhydride,
      fumaric acid, itaconic acid, citric acid, citraconic acid, tartaric acid,
      .alpha.,.alpha.-dihydroxymethyl propionic acid; and a polyalkylene glycol
      which is represented by the formula:
EQU  HO--CH.sub.2 -- CHR' -- O).sub.n H
PAL  in which R' represents hydrogen or a methyl group and n is an integer from
      6 to 50 inclusive, the proportion of polycarboxylic acid and polyalkylene
      glycol being such that the condensation product is terminated by a free
      carboxyl group or groups, and the resinous component molecule contains
      from 40 to 90% by weight derived from the condensation product of the
      polycarboxylic acid and the polyalkylene glycol.
NUM  9.
PAR  9. A resinous coating composition curable to form a water-resistant
      hydrophilic coating comprising an ethylenically unsaturated resinous
      component having an average molecular weight ranging from 2,000 to 10,000
      and formed by reacting 3 or more moles of an ethylenically unsaturated
      compound containing oxirane oxygen selected from the group consisting of
      glycidyl acrylate, glycidyl methacrylate and allyl glycidyl ether and one
      mole of a condensation product having 3 or more equivalents of carboxylic
      groups based upon the average molecular weight of said condensation
      product, said condensation product being formed using a polycarboxylic
      acid selected from the group consisting of trimellitic acid, trimellitic
      anhydride, hemimellitic acid, trimesic acid, pyromellitic anhydride and
      benzene pentacarboxylic acid and a polyalkylene glycol of the general
      formula;
EQU  HO--CH.sub.2 -- CHR' --O).sub.n H
PAL  in which R' represents hydrogen or a methyl group and n represents a
      positive integer from 6 to 50 inclusive; said condensation product
      comprising from 40 to 90% by weight of the resinous product.
NUM  10.
PAR  10. A resinous coating composition curable to form a hydrophilic coating
      comprising an ethylenically unsaturated resinous component having an
      average molecular weight in the range from 2,000 to 10,000, and being the
      reaction product of three or more moles of an ethylenically unsaturated
      compound containing an oxirane oxygen selected from the group consisting
      of glycidyl acrylate, glycidyl methacrylate and allyl glycidyl ether with
      one mole of a condensation product of a dibasic carboxylic acid or acid
      anhydride with a dihydric alcohol comprising a polyalkylene glycol
      expressed by the formula:
EQU  HO--CH.sub.2 -- CHR' ).sub.n H
PAL  in which R' represents hydrogen or a methyl group and n represents a
      positive integer from 6 to 50 inclusive; and a carboxylated dialcohol
      selected from the group consisting of an .alpha.,.alpha.-dihydroxymethyl
      propionic acid and tartaric acid; said condensation product comprising
      from 40 to 90% by weight of said resinous component.
NUM  11.
PAR  11. A resinous coating composition curable to form a hydrophilic coating
      which comprises an ethylenically unsaturated resinous component having an
      average molecular weight from 2,000 to 10,000, said resinous component is
      the reaction product of 3 or more moles of an ethylenically unsaturated
      compound selected from the group consisting of glycidyl acrylate, glycidyl
      methacrylate and allyl glycidyl ether, with one mole of a condensation
      product of at least one polycarboxylic acid or acid anhydride of
      functionality 2 to 5 with a polyalcohol comprising a polyalkylene glycol
      having the general formula:
EQU  HO--CH.sub.2 -- CHR' --O).sub.n H
PAL  in which R' represents hydrogen or methyl group and n is a positive integer
      from 6 to 50 inclusive, said acid and polyalcohol being condensed in an
      amount such that the condensation product contains 3 or more carboxyl
      groups, said glycidyl compound being reacted with the condensation product
      in an amount such that the condensation product is from 40 to 90% by
      weight of the resinous component.
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ABST
PAL  A polyurethane coating lacquer composition for substrates such as wood,
      metal, concrete, leather and plastics includes conventional solvents and
PA1  I. the reaction product of
      3-isocyanatomethyl-3,5,5-trimethylcyclohexyl-isocyanate with branched
      chain polyesters having terminal hydroxyl groups based on mixtures of
      aliphatic and aromatic dicarboxylic acids, said polyester and said
      isocyanate being reacted without a catalyst at 10.degree.-35.degree.C. in
      such quantities that there are two isocyanate groups per --OH group, and
      15-85 mol percent of the dicarboxylic acids are aliphatic and the
      remainder aromatic acids; and
PA1  Ii. an aldime having the formula
      ##SPC1##
PAL  Wherein each R is the same or different alkyl having 1 to 8, preferably 1
      to 4 carbon atoms.
BSUM
PAC  BACKGROUND
PAR  The invention relates to two-component polyurethane lacquer compositions
      characterized by high reactivity, long shelf life and color-fast coatings.
PAR  Polyurethane lacquers with high reactivity at low temperatures and
      simultaneously long pot life are of great technical interest.
PAR  Two-component lacquers on the basis of hydroxyl components and isocyanate
      adducts are in many cases not sufficiently reactive for various
      applications in technical production, or else the pot life of strongly
      activated systems imposes very narrow limits on the field of application.
PAR  Two-component lacquers of isocyanate adducts and ketimines, having regard
      to their reactivity and in some cases also from the standpoint of their
      pot life, represent an improvement over pure polyurethane systems, but
      they are capable of only limited use because of their tendency towards
      yellowing.
PAR  Similar inadequacies arise with a large number of aldimes when paired with
      isocyanate adducts.
PAC  SUMMARY
PAR  It has now been discovered that it is also possible to obtain polyurethane
      two-component lacquers containing conventional polyurethane (PUR)
      solvents, of high activity, without the disadvantages described, for the
      purpose of coating substrates such as wood, metal, concrete, leather and
      plastics. The lacquer comprises
PA1  I. the reaction product of
      3-isocyanato-methyl-3,5,5-trimethylcyclohexyl-isocyanate, also known as
      isophoronediisocyanate or IPDI, with branched chain polyesters having
      terminal hydroxyl groups based on mixtures of aliphatic and aromatic
      dicarboxylic acids; and
PA1  Ii. an aldime having the formula
      ##SPC2##
PAL  Wherein R may be the same or different alkyl radical. The polyester and
      IPDI are reacted in such quantities that there are two isocyanate groups
      per OH group, and 15-85, preferably 30-70 mol percent of the dicarboxylic
      acids are aliphatic and the remainder are aromatic acids, without
      catalytic additives at 10.degree.-35.degree.C, preferably
      15.degree.-25.degree.C.
PAR  Isocyanate adducts on the basis of
      3-isocyanatomethyl-3,5,5-trimethylcyclohexyl-isocyanate and aldimes of
      this specific sterically hindered diamine produce, in solution with
      conventional polyurethane (PUR) solvents, highly reactive lacquer systems
      which possess extremely long pot lives and form films color-fast to light.
      The pot lives, depending upon the nature of the solvent, are 20-60 days at
      room temperature or 10-14 days at 50.degree.C.
PAC  DESCRIPTION
PAR  3-isocyanatomethyl-3,5,5-trimethylcyclohexylisocyanate, also known as
      isophoronediisocyanate or IPDI, which is used as the isocyanate component,
      has proved to be particularly advantageous reaction component from the
      standpoint of the efficiency demanded by the market of such lacquer
      systems. The particular suitability of this diisocyanate in conjunction
      with the branched chain polyesters having terminal hydroxyl groups results
      from the structural peculiarity of these sterically hindered cyclo
      aliphatic compound which has the formula
      ##EQU1##
PAR  The side chain aliphatic --NCO group displays at room temperature a
      reactivity approximately 10 times greater than the isocyanate group
      substituted directly on the ring carbon.
PAR  For the reaction with the IPDI, branched chain polyesters having terminal
      hydroxyl groups on the basis of mixtures of aliphatic and aromatic
      dicarboxylic acids and polyols are used, wherein the dicarboxylic acid
      mixture consists as to 15-85 mol percent of aliphatic acid radicals and
      the remainder are aromatic acids. The branching of the polyesters is
      obtained by using, in addition to the principal quantity of polyols, which
      are diols, polyols with more than 2 hydroxyl groups, while the latter
      should be present at least as to 5 mol percent. Polyesters containing tin
      are used preferentially.
PAR  Suitable aliphatic dicarboxylic acids are particularly aliphatic
      hydrocarbon diacids having at least 4 carbon atoms, such as succinic acid,
      glutaric acid, adipic acid, suberic acid, sebacic acid, azelaic acid, etc.
      The aromatic acid component may be, for example, one of the following
      dicarboxylic acids: phthalic, isophthalic and terephthalic acid, etc. The
      said acids may also carry one or more alkyl substiuents having 1 to 6
      carbon atoms.
PAR  For the manufacture of polyesters comprising hydroxyl groups, aliphatic
      hydrocarbon diols are suitable which have terminal primary OH groups (free
      from heteroatoms in the chain), and the central carbon atoms may be alkyl
      substituted. The term central carbon atoms is understood to mean those
      which are not carriers of primary OH groups. The diols may also be
      embraced by the following formula:
EQU  HO -- CH.sub.2 -- (CRR).sub.n -- CH.sub.2 -- OH,
PAL  wherein
PAR  n.gtoreq.O and R equals hydrogen or an alkyl radical, preferably C.sub.1 -
      C.sub.4 alkyl radical, such as ethylene glycol, propylene-glycol (1,3),
      butane diol (1,4), pentane diol (1,5), hexane diol (1,6) also the singly
      and multiply alkyl substituted derivatives, 2,2-dimethylpropane diol (1,3)
      2,2,4- and 2,4,4-trimethylhexane diol (1,6), etc.
PAR  The branching of the polyesters is achieved by partial replacement of the
      diols by polyols with more than 2 hydroxyl groups. The replacement of the
      diols or other polyols may be effected in such quantities that 5-50 mol
      percent of the hydroxyl groups for example originate from such trivalent
      or polyvalent polyols. Polyols of the following general formula are
      suitable for obtaining the cross linkage:
      ##EQU2##
      wherein R' may be an alkyl, preferably C.sub.1 - and C.sub.2 - radical, or
      methylol radical, such as 1,1,1-trimethylolethane,
      1,1,1-trimethylolpropane, pentaerythrite, etc.
PAR  For the manufacture of polyesters, the dicarboxylic acids may also be used
      in the form of functional derivatives, i.e., the corresponding esters and
      the pure and mixed acid anhydrides. Where esters are used, those of short
      chain alcohols are particularly preferred, i.e., the corresponding methyl,
      ethyl, n- and i-propyl and n- and i-butyl esters.
PAR  For the manufacture of the oxyesters, polyesters, polyols and dicarboxylic
      acids are used in such quantities that there are 1.2-1.75 hydroxyl groups
      per carboxylic group.
PAR  For the purpose of incorporating tin into the polyesters, tin esters, tin
      ester oxides, tin alkyl esters, tin halogenides, etc. are suitable, such
      as Di-n-butyl tin oxide, Di-n-butyl tin dilaurate, tin tetrachloride, tin
      dichloride, tin di-isooctate, tin diformiate, etc. Tin compounds are used
      in such quantities that the polyester comprising hydroxyl terminal groups
      contains tin in quantities of 0.01 up to 0.5 weight percent.
PAR  The branched chain polyesters having terminal hydroxyl groups and having
      tin in the polyester molecule may be manufactured in known and customary
      manner. The following method, for example is available for this purpose.
PAR  Dicarboxylic acids or their anhydrides are used as raw materials. The ratio
      of equivalents of acids to alcohol is of course governed by the desired
      molecule size and by the OH number to be obtained. The reaction components
      are first of all heated without a catalyst in a suitable apparatus with
      passage of an inert gas, e.g., nitrogen. At approximately 140.degree.C the
      first water cleavage occurs. The water is removed distillatively from the
      reaction mixture. Within several hours the reaction temperature is raised
      to 210.degree.C. When 60-70% of the theoretical water cleavage has
      occurred, the esterification is continued after adding the tin compound,
      preferably dibutyl tin oxide. After 10-24 hours the reaction is complete.
      In this way, on the one hand reproducible oxyesters of high color quality
      are obtained, and furthermore, the incorporation of the tin catalyst into
      the oxyester molecule is assured in order to activate the subsequent
      urethane and urea formation at low temperatures.
PAR  For the further reaction, the oxyester is freed largely from water by a
      brief vacuum treatment down to a water content of 0.02 weight percent.
      After determining the OH number and water content, the reaction of the
      oxyesters (polyesters) with IPDI is performed in the solvents listed
      hereinbelow exactly in the equivalents ratio of --OH to --NCO fractions of
      1 : 2 at room temperature and with cooling.
PAR  The resulting adducts may either be pigmented with dry customary commercial
      pigments in a sandmill, or else be used as clear lacquers after dilution
      appropriate to the application.
PAR  As solvents for performing the reaction, all anhydrous solvents are
      suitable which also must not contain any reactive hydrogen atoms.
      Furthermore, the suitable solvents must fulfill the condition of being
      solvents for the end products. If the solutions obtained are applied as
      lacquers, then the choice of the suitable solvents is limited by the lower
      and upper boiling points of the customary solvents for lacquers. In
      addition to pure solvents, solvent mixtures may also be used. All solvents
      are used in PUR quality. The following, for example, have been found to be
      particularly useful solvents by their properties, with simultaneously
      reduced malodor. Compounds from the group xylene, cumene, ethylglycol
      acetate, n-butylacetate, etc., also mixtures of n-butylacetate with
      technical xylene mixture and ethylglycol acetate (EGA) in the ratio 6 : 5
      : 2 or 6 : 4 : 3.
PAR  A further constituent of the polyurethane two-component lacquers are the
      aldimes of the general formula described hereinbefore, which can be
      manufactured in known manner by condensation with water cleavage from
      3-aminomethyl-3,5,5-trimethylcyclohexylamine, also known as
      isophoronediamine or IPD, and aliphatic aldehydes, such as acetaldehyde,
      etc. Among the suitable aliphatic aldehydes, those are particularly
      preferred which so far as possible carry further alkyl radicals on the
      .alpha.-carbon atom, whilst from among this group, isobutyraldehyde, which
      is a cheap by-product, has been particularly selected. This aldehyde,
      after reaction with the described diamine to form
      N,N'-diisobutylidene-1-amino-3-aminomethyl-3,5,5-trimethylcyclohexane,
      also produces particularly advantageous technical properties for the
      two-component lacquers according to the invention. The said special
      aldimes produce, in conjunction with the described isocyanates of this
      invention, long pot lives which cannot be obtained with aldimes of other
      diamines. In order to ensure an extremely long pot life, the aldimes used
      must be of appropriate purity and must contain no, or very low proportions
      (less than 0.5 mol percent) of reaction fractions containing amino
      hydrogen.
PAR  It is particularly advantageous if, in the two-component lacquer, the
      isocyanate adducts and the aldimes are used in such quantity that NCO and
      aldime equivalents are present in the ratio of 2 : 1.5 - 1.
PAR  The lacquer systems can be hardened directly with moisture and also with
      diamines formed by the water in order to achieve optimum characteristics.
PAR  The lacquer systems manufactured according to the invention and described
      in the examples exhibit at room temperature touch setting times of 10-12
      minutes, and lead after short drying periods to non-tacky film surfaces.
      With termic activation the development of non-tacky surfaces can be
      shortened depending upon the nature of the substrate and of the layer
      thickness, but in any case decisively; e.g.:
     Substrate Temp.    Time       Surface Condition                           

     ______________________________________                                    

     Wood      25.degree.C                                                     

                        60'        Stackable                                   

               40.degree.C                                                     

                        10'        Stackable                                   

               60.degree.C                                                     

                        5'         Stackable                                   

     Leather   75.degree.C                                                     

                        5'         Non-tacky, stackable                        

                                   after 10' cooling                           

     Metal     80.degree.C                                                     

                        10'        Non-tacky surface                           

     PVC Sheets                                                                

               150.degree.C                                                    

                        4'         Non-tacky surface,                          

                                   stackable after cooling                     

     Polyurethane                                                              

     textile                                                                   

     coating   150.degree.C                                                    

                        3-4'       Non-tacky surface                           

                                   stackable after cooling.                    

     ______________________________________                                    

PAR  A further predicate of the lacquers applied according to the invention
      which would be mentioned is the bubble-free hardening even of very thick
      lacquer layers, which as is known is a serious problem with pure moisture
      hardening lacquer systems.
PAR  The manufacture of the aldimes is generally known. This method of
      manufacture will be indicated by the example of the manufacture of
      diisobutylidene-IPD-aldime.
PAC  Manufacture of the aldimes from isobutyraldehyde and IPD
PAR  3 mol isobutyraldehyde were dripped at 30.degree.-40.degree.C into a batch
      of 1 mol IPD whilst stirring. After the reaction two phases formed which
      were separated from one another. The organic phase was processed by
      distillation. After driving off the first runnings -- substantially
      isobutyraldehyde and small proportions of intermediate products of the
      reaction -- an aldime fraction was obtained in K.sub.P.sbsb.0 .sbsb.2
      113.degree.C, which possed the following characteristics:
PA1  n.sub.D.sup.25 : 1,4667
PA1  Amine number : 138-139
PA1  Yield (% of theory) : 92
DETD
PAR  The invention will be illustrated by the following examples. (The
      determination of lacquer properties was performed in accordance with the
      relevant DIN standards, i.e., pendulum hardness by DIN 53,157, Erichsen
      indentation by DIN 53,156 and lattice section by DIN 53,151.
PAC  EXAMPLE 1
PAC  a. Manufacture of the Oxyester
PAR  498 g isophthalic acid, 292 g adipic acid, 590 g hexanediol-1,6 and 268 g
      1,1,1-trimethylolpropane were esterified. After the cleavage of 5 mol
      water, 0.2 weight percent of di-n-butyl tin oxide (DBTO) was added and the
      esterification was continued up to a TAN value (TAN = total acid number)
      of 0.2.
PAR  By applying a vacuum at 200.degree.C for approximately 30 minutes, a
      product was obtained with a water content of 0.02 weight percent and with
      a hydroxyl value of 224-227 mg KOH/g, theoretically 229 mg KOH/g.
PAC  Formation of the Adduct
PAR  1000 g of the oxyester obtained under 1a were dissolved in 618.5 g of
      anyhydrous ethylglycol acetate (EGA)/technical xylene in the weight
      proportion of 1 : 3 and introduced within 5 hours at 20.degree.C into a
      batch of 891.5 g IPDI in 400 g EGA/technical xylene in the weight
      proportion of 1 : 3 with cooling, stirring and exclusion of moisture. The
      reaction mixture was afterwards stirred for 12 hours and analyzed. The
      --NCO content was 5.75-5.77%, theoretically 5.79%.
PAR  For the testing out of the adduct 1b, the dilution was made with EGA,
      technical xylene or n-butylacetate (PUR quality) depending upon the
      proposed application. In the case of pigmentation, the 65 weight percent
      adduct solution was ground with dried customary commercial inorganic or
      organic pigments in a mill to the correct pigment volume concentration and
      diluted according to the proposed application.
PAC  Mixing the Lacquer and Lacquer Data
PAR  100 g solution of adduct 1b and 7 g diisobutylidene -IPD aldime were
      intensively mixed.
TBL  ______________________________________                                    

     Pot life of the mixture :                                                 

                         20-30 days at 20.degree.C                             

                         7 days at 50.degree.C                                 

     ______________________________________                                    

PAR  The mixture, after dilution with n-butylacetate to 20 weight percent solid
      fraction gave the following value:
PA1  Touch setting time after drying at 20.degree.C in 8-12 minutes according to
      ventilation.
PAR  Stackability after drying depending upon substrate and ventilation:
PA1  at 20.degree.C in 60 minutes
PA1  at 40.degree.C in 15 minutes
PA1  at 60.degree.C in 10 minutes
PA1  at 80.degree.C in 10 minutes
PA1  at 150.degree.C in 5 minutes
PAC  Final Data of Lacquer after Hardening
PAR  The lacquer, after diluting the solution with the same solvent mixture as
      before to 55 weight percent resin fraction, was spread at room
      temperature, using a tensioning frame, onto steel sheets 1mm thick
      (so-called Erichsen sheets) and left to harden at a relative humidity of
      40-60% and at a temperature of 20.degree.C. The following technical
      lacquer values were attained:
TBL  Pendulum hardness (by Konig)                                              

                             153 sec.                                          

     Erichsen indentation    11-12 mm                                          

     Lattice section         0                                                 

     Layer thickness         40.mu.                                            

PAC  Resistance to Solvents and to Chemicals
PA1  After 7 days hardening good
PA1  After 14 days hardening Very good
PAR  These lacquers may be used for coating metals, timber, concrete, gas
      concrete, masonry.
PAC  EXAMPLE 2
PAC  a. Manufacture of the Oxyester
PAR  In accoordance with 1a, 5 mol isophthalic acid, 1 mol acipic acid, 6 mol
      hexanediol 1,6 and 1 mol 1,1,1-trimethylolpropane were esterified.
      Hydroxyl value 100-103 mg KOH/g. Acid Number: &gt;1.
PAC  b. Formation of the Adduct
PAR  1000 g of oxyester 2a, 563.4 g EGA/technical xylene, in the weight ratio 1
      : 3 to dissolve the oxyester and 417.8 g IPDI in 200 g EGA/technical
      xylene in the weight ratio of 1 : 3 were reacted in accordance with 1b.
      NCO number : 3.56-3.58%.
PAC  c. Mixing the Lacquer and Lacquer Data
PAR  100 g of solution of adduct 2b and 5g diisobutylidene IPD aldime were mixed
      intensively.
TBL  ______________________________________                                    

     Pot life of the mixture :                                                 

                         20-30 days at 20.degree.C                             

                         7 days at 50.degree.C.                                

     ______________________________________                                    

PAR  Touch setting time after drying at 20.degree.C in 10-20 minutes according
      to ventilation.
PAC  Final Data of the Lacquer after Hardening
PAR  Metal coating on Erichsen sheets in accordance with Example 1c.
TBL  ______________________________________                                    

     Pendulum hardness (by Konig)                                              

                             80 sec.                                           

     Erichsen indentation    11-12mm                                           

     Lattice section         0                                                 

     Layer thickness         30-40.mu.                                         

     ______________________________________                                    

PAC  Resistance to Solvents and to Chemicals
PA1  After 7 days hardening good
PA1  After 14 days hardening Very good
PAR  Can be used for coating PVC, PVC-synthetic leather, timber, metal.
PAC  EXAMPLE 3
PAC  a. Manufacture of the Oxyester
PAR  In accordance with Example 1a, 3 mol phthalic acid, 2 mol adipic acid, 5
      mol hexane diol 1,6 and 2 mol 1,1,1-trimethylolpropane were esterfied.
      Hydroxyl value 224-227 mg KOH/g. Acid number: &gt;1.
PAC  b. Formation of Adduct
PAR  1000 g oxyester 3a, 621.1g EGA/technical xylene in the weight ratio of 1 :
      3 to dissolve the oxyester and 898.9 g IPDI in 400 g EGA/technical xylene
      in the weight ratio of 1 : 3 were reacted as indicated for adduct
      formation 1b. NCO number 5.76-5.78%
PAC  c. Mixing the Lacquer and Lacquer Data
PAR  100 g solution of adduct 3a and 7 g diisobutylidene IPD aldime were mixed
      intensively.
TBL  ______________________________________                                    

     Pot life of mixture :                                                     

                         20-30 days at 20.degree.C                             

                         7 days at 50.degree.C                                 

     ______________________________________                                    

PAR  Touch setting time after drying at 20.degree.C in 10-20 minutes according
      to ventilation.
PAC  Final Data for the Lacquer after Hardening
PAR  Metal coating on Erichsen sheets in accordance with Example 1c.
TBL  ______________________________________                                    

     Pendulum hardness (by Konig)                                              

                             165 sec.                                          

     Erichsen indentation    11-12 mm.                                         

     Lattice section         0                                                 

     Layer thickness         30-40.mu.                                         

     ______________________________________                                    

PAC  Resistance to Solvents and to Chemicals
PA1  After 7 days good
PA1  After 14 days Very good
PAR  Used for coating of metals, timber, concrete, gas concrete, masonry.
PAC  EXAMPLE 4
PAC  a. Manufacture of the Oxyester
PAR  In accordance with Example 1a, 3 mol phthalic acid, 3 mol adipic acid, 6
      mol hexanediol 1,6 and 1 mol 1,1,1-trimethylolpropane were esterified.
      Hydroxyl value 104-106 mg KOH/g. Acid number: 1.
PAC  b. Manufacture of the Adduct
PAR  1000 g of oxyester 4a, 573.8 g EGA/technical xylene in the weight ratio of
      1 : 3 to dissolve the oxyester and 437.2 g of IPDI in 200 g EGA/technical
      xylene in the weight ratio of 1 : 3 were reacted as in the case of adduct
      formation 1b. NCO number 3.68-370%.
PAC  c. Mixing the Lacquer and Lacquer Data
PAR  100 g of solution of adduct 4b and 5 g diisobutylidene IPD aldime were
      mexed intensively.
TBL  ______________________________________                                    

     Pot life of mixture :                                                     

                         20-30 days at 20.degree.C                             

                         7 days at 50.degree.C                                 

     ______________________________________                                    

PAR  Touch setting time after drying at 20.degree.C in 10-20 minutes according
      to ventilation.
PAC  Final Data for Lacquer after Hardening
PAR  Metal coating on Erichsen sheets in accordance with Example 1c.
TBL  ______________________________________                                    

     Pendulum hardness (by Konig)                                              

                             32 sec.                                           

     Erichsen indentation    11-12 mm.                                         

     Lattice section         0                                                 

     Layer thickness         30-40.mu.                                         

     ______________________________________                                    

PAC  Resistance to Solvents and Chemicals
PA1  After 7 days hardening good
PA1  After 14 days hardening Very good.
PAR  Use for coating leather and PVC.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Polyurethane coating composition comprising
PA1  i. the reaction product of
      3-isocyanatomethyl-3,5,5-trimethylcyclohexyl-isocyanate with branched
      chain polyesters having terminal hydroxyl groups based on mixtures of
      aliphatic and aromatic dicarboxylic acids, said polyester and said
      isocyanate being reacted without a catalyst at 10.degree.-35.degree.C. in
      such quantities that there are two isocyanate groups per --OH group, and
      15-85 mol percent of the dicarboxylic acids are aliphatic and the
      remainder aromatic acids; and
PA1  ii. an aldime having the formula
      ##SPC3##
PAL  wherein each R is the same or different alkyl having 1 to 8, preferably 1
      to 4 carbon atoms.
NUM  2.
PAR  2. Polyurethane composition of claim 1 wherein said polyester contains tin.
NUM  3.
PAR  3. Polyurethane composition of claim 1 wherein the aldime
      N,N'diisobutylidene-1-amino-3-aminomethyl-3, 5,5-trimethylcyclohexane.
NUM  4.
PAR  4. Polyurethane composition of claim 1 wherein isocyanate reaction product
      and aldimes are used in such quantities such that --NCO and aldime
      equivalents are present in the ratio of 2 : 1.5 - 1.
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ABST
PAL  The invention relates to a pulverulent coating material prepared from a
      polyester which contains free carboxyl groups of succinic acid and
      cross-linking agents which react with carboxyl groups at elevated
      temperatures.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 473,340 filed May
      28, 1974.
BSUM
PAR  This invention relates to a pulverulent coating material prepared from a
      polyester which contains free carboxyl groups of succinic acid and
      cross-linking agents which react with carboxyl groups at elevated
      temperatures.
PAR  Linear polyesters which are prepared from dicarboxylic acids and excess
      quantities of diols are disclosed as powder lacquer binders in German OS
      No. 1,905,825. These products can be cross-linked by way of their free
      hydroxyl groups with mixtures of triglycidyl isocyanurate and
      polycarboxylic acid anhydride. The polyesters are, however, so chosen that
      their relative viscosities are between 1.51 and 1.55, and they must
      therefore be ground up under conditions of cooling with carbon dioxide.
      The products melt at temperatures above 180.degree.C and are stoved at
      above 270.degree.C.
PAR  Furthermore, in German OS No. 2,015,563 it has been disclosed to combine a
      weakly branched polyester which contains free carboxyl groups and which
      are based on succinic acid and butane-1,4-diol with diepoxide compounds,
      and to obtain elastomeric, rubbery elastic shaped products by heat
      treating these masses. It is said that an interesting possible means of
      application of these products is, as powders applied by whirl sintering.
PAR  Since the polyesters described in that specification must be crystalline,
      the products are required to be very pure. Furthermore, these systems
      consist of more than 90 mols % of a structural element formed from
      succinic acid and butane-1,4-diol, and consequently the lacquers obtained
      are rubber-like rather than hard.
PAR  Solid acid polyester resins which are cross-linked with polyepoxide resins
      have been described in German OS No. 2,163,962. The acid polyester resins
      are reaction products of an anhydride of a carboxylic acid which is at
      least tribasic, e.g. trimellitic acid, or mixtures thereof with up to 50
      mols percent of dicarboxylic acid anhydrides and a polyester resin which
      has an OH-number of 15 - 50 and a softening point of 60.degree.-
      130.degree.C. The epoxide resin used for cross-linking is preferably
      triglycidyl isocyanurate. Although hard lacquer coats can be obtained from
      these products, the elasticity values of the lacquer films are only 1- 6
      mm (according to DIN 53,156). Moreover, acid polyesters prepared by using
      trimellitic acid anhydride cannot be worked up with bisoxazolines in the
      usual mixing apparatus such as extruders to produce a suitable powder
      lacquer because cross-linking occurs under the operating conditions.
PAR  It is known from German OS No. 2,012,809 that cross-linked reaction
      products can be obtained by heating polyoxazolines and substances which
      contain carboxylic acid groups. The product described as the solid
      polyester which contains carboxylic acid groups and which can be
      pulverised after homogenisation with a bisoxazoline is the reaction
      product of a hydroxyl-containing polyester and phthalic acid anhydride.
      The homogenized mixture of the polyester and bisoxazoline can be
      cross-linked by heating to 170.degree.C. Acid polyesters in which the
      carboxyl end groups are derived exclusively from the phthalic acid group
      are, however, unuseable as powder lacquer binders because the lacquer
      films obtained after 30 minutes' stoving at 170.degree.C are inelastic.
PAR  It has now surprisingly been found that the disadvantages described above
      can be obviated and in addition heat hardenable pulverulent coatings can
      be obtained with improved properties if the polyesters with free carboxyl
      groups which are used are of the kind which are obtained by reacting a
      polyester which contains a hydroxyl group with a specially selected
      dicarboxylic acid anhydride, preferably succinic acid anhydride. Acid
      polyesters obtained in this way which contain free carboxyl groups of
      succinic acid as the end or side groups can be combined both with
      polyepoxide compounds and with polyoxazolines, or with mixtures of these
      classes of substances, to form powder lacquers which give rise to lacquer
      films having excellent properties. One finding which was particularly
      unforeseeable was that polyesters which contain free carboxyl groups of
      succinic acid react smoothly with polyoxazolines to highly cross-linked
      laquer films when stoved and thus give rise to lacquer films with
      excellent properties. This was particularly surprising since it was known
      from the literature (Journal Polymer Sc., Volume 4, pages 257-260 (1966)
      that the yield of polyester amides which can be obtained by reacting
      adipic acid and bisoxazolines in the presence of dimethylformamide for 10
      hours at 120.degree.C is only from 24  to 61 %. The improved elasticity
      obtained when such modified polyesters were cross-linked with polyepoxide
      was equally unexpected.
PAR  This invention relates to a powder lacquer binder obtained from a mixture
      of polyepoxide resin and/or polyoxazoline and polyester resin which
      contain free carboxyl groups and have acid numbers of from 30 to 85 and
      softening points above 40.degree.C, characterised in that the mixtures
      consist of A) polyepoxides and/or polyoxazolines and B) polyester resins
      which contain free carboxyl groups and which are reaction products of
PA1  a. succinic acid anhydride, optionally mixed with other dicarboxylic acid
      anhydrides, and
PA1  b. polyester resins which have an OH number of about 40-100 and which are
      prepared from polyalcohols and aromatic dicarboxylic acids which may be
      replaced to an extent of up to 30 mols % by cycloaliphatic and/or
      aliphatic dicarboxylic acids.
PAR  When the acid polyester resins according to the present invention are
      combined with polyepoxide and/or polyoxazolines which are used as
      cross-linking agents, the mixtures according to the invention are
      distinguished from those previously mentioned by the fact that they
      readily homogenize in the melt in a suitable mixing apparatus at
      temperatures of about 80.degree. to about 120.degree.C and can then be
      ground to the required particle size without prior cooling, and further
      can be hardened at a temperature of between 130.degree.C and 220.degree.C
      and stoved to form a hard, elastic, smooth lacquer.
PAR  The acid polyesters according to the invention are prepared by reacting
      polyesters containing hydroxyl groups with succinic acid anhydride
      optionally in admixture with other dicarboxylic acid anhydrides. The
      following are examples of the dicarboxylic acid anhydrides which may be
      used in combination with succinic acid anhydride: Maleic acid anhydride,
      hexahydrophthalic acid anhydride, tetrahydrophthalic acid anhydride,
      endomethylene tetrahydrophthalic acid anhydride, endoethylene
      tetrahydrophthalic acid anhydride and methyl tetrahydrophthalic acid
      anhydride. The succinic acid anhydride is preferably used in the form of a
      mixture with maleic acid anhydride and/or hexahydrophthalic acid anhydride
      and/or tetrahydrophthalic acid anhydride. A limited proportion of PSA may
      also be included.
PAR  The hydroxyl polyesters which are used as the starting material are
      obtained by known methods, preferably from aromatic polycarboxylic acids
      such as phthalic acid, isophthalic acid, terephthalic acid,
      3,6-dichlorophthalic acid, tetrachlorophthalic acid or, where available,
      their anhydride, and diols such as ethylene glycol, propane-1,2-diol,
      propane-1,3-diol, butane-1,2-diol, butane-1,4-diol,
      dimethylpropane-2,2-diol, hexane-2,5-diol, hexane-1,6-diol,
      4,4'-dihydroxy-dicyclohexyl-propane-2,2,-cyclohexanediol,
      dimethylolcyclohexane, diethyleneglycol and
      2,2-bis-[4-(.beta.-hydroxyethoxy)-phenyl]-propane and polyols such as
      glycerol, hexanetriol, pentaerythritol, sorbitol, trimethylolethane,
      trimethylolpropane and tris-(.beta.-hydroxyethyl)-isocyanurate.
PAR  Cycloaliphatic and/or acyclic polycarboxylic acids may be used additionally
      in a quantity of up to 30 mols percent of all the polycarboxylic acids.
      The following are examples: Tetrahydrophthalic acid, hexahydrophthalic
      acid, endomethylenetetrahydrophthalic acid, adipic acid, succinic acid and
      maleic acid. Minor quantities of monocarboxylic acids such as benzoic
      acid, tert.-butylbenzoic acid, hexahydrobenzoic acid and saturated
      aliphatic monocarboxylic acids may also be included.
PAR  The polyesters are prepared in known manner by esterification at a
      temperature of approximately 170.degree.-260.degree.C, optionally in the
      presence of the usual catalysts such as germanium dioxide or di-n-butyl
      tin oxide. The OH/COOH ratios are suitable chosen so that the end products
      have a hydroxyl number of between about 40 and about 100 and preferably
      between about 55 and 70.
PAR  The polyester which are used are preferable those which can be obtained
      from terephthalic acid, isophthalic acid, ethylene glycol, neopentyl
      glycol, hexane-1,6-diol, glycerol, trimethylolethane, trimethylolpropane
      or pentaerythritol. Polyesters obtained from terephthalic acid, neopentyl
      glycol and/or hexane-1,6-diol and trimethylolpropane are particularly
      preferred. The OH/COOH ratio should be between 1.06 and 1.35 and
      preferably between 1.1 and 1.25. The ratio of polyalcohols to dicarboxylic
      acids is advantageously between 1.05 and 1.25 and preferably from 1.07 to
      1.18.
PAR  These hydroxy-containing polyesters are preferably reacted with a
      stoichiometric quantity of succinic acid anhydride, optionally admixed
      with other dicarboxylic acid anhydrides, at temperatures of about
      160.degree.-210.degree.C in known manner in order to produce the acid
      polyester resins according to the invention which have an acid number of
      between 30 and 85 and preferably between 40 and 60.
PAR  If the succinic acid anhydride is used as a mixture with other dicarboxylic
      acid anhydrides, the quantity of succinic acid anhydride in the mixture
      should preferably be above 50 mols percent, based on the total quantity of
      dicarboxylic acid anhydrides used.
PAR  Polyepoxide resins which contain an average of at least two epoxide groups
      per molecule and/or polyoxazolines are particularly suitable for
      cross-linking the COOH-containing polyesters according to the invention
      for use as a powder lacquer binder.
PAR  The following are examples of suitable polyepoxide resins: Triglycidyl
      isocyanurate; solid polyepoxide having molecular weights of up to 2000,
      such as those which can be obtained from bisphenol A and epichlorhydrin;
      bis-glycidyl esters of terephthalic acid, isophthalic acid, phthalic acid,
      tetrahydrophthalic acid, hexahydrophthalic acid or hexahydroterephthalic
      acid; trisglycidyl esters of trimellitic acid; tetraglycidyl esters of
      pyromellitic acid; the corresponding .beta.-methylglycidyl esters are also
      suitable; glycidyl derivatives of hydantoin according to the following
      formula
      ##EQU1##
      Wherein R denotes an aliphatic (C.sub.1 -C.sub.4), cycloaliphatic or
      araliphatic group and R.sub.1, R.sub.2, R.sub.3 and R.sub.4 each denote a
      hydrogen atom or an aliphatic (C.sub.1 -C.sub.4) or cycloaliphatic
      hydrocarbon group or R.sub.1 and R.sub.2 together or R.sub.3 and R.sub.4
      together may form a divalent aliphatic or cycloaliphatic hydrocarbon
      group, preferably a tetramethylene or pentamethylene group. R.sub.1,
      R.sub.2, R.sub.3 and R.sub.4 in the general formula preferably denote
      hydrogen or a lower alkyl group containing 1 to 4 C atoms.
PAR  Bis-glycidyl esters of terephthalic acid, triglycidyl isocyanurate and
      bis-glycidyl derivatives of hydantoin are of particular interest.
PAR  The following are examples of suitable polyoxazolines: 1,2-, 1,3- and
      1,4-Bis-(.DELTA.2-oxazolinyl-2)-benzene; 1,2-, 1,3-,
      1,4-bis-(.DELTA.2-4-methyl-oxazolinyl-2)-benzene; 1,2-, 1,3-, 1,4-
      bis-(.DELTA.2-5-methyl-oxazolinyl-2)-benzene; 1,2-, 1,3-,
      1,4-bis-(.DELTA.2-5-ethyloxazolinyl-2)-benzene;
      1,2,4-tris-(.DELTA.2-oxzaolinyl-2)-benzene:
      1,2-bis-(.DELTA.2-oxazolinyl-2)-ethane;
      1,4-bis-(.DELTA.2-oxazolinyl-2)-butane;
      1,4-bis-(.DELTA.2-5-methyl-oxazolinyl-2)- butane. The following are
      particularly suitable: 1,3- and 1,4-bis-(.DELTA.2-oxazolinyl-2)-benzene.
PAR  The quantity of cross-linking agent used is preferably chosen so that about
      one epoxide group or oxazoline group is used for each free carboxyl group
      of the polyester. Slight overcross-linking or undercross-linking is also
      possible if so desired.
PAR  The softening points of the mixtures of polyesters which contain free
      carboxyl groups and polyglycidyl esters and/or polyoxazolines are such
      that the mixtures can be worked up with the necessary additives for
      producing the coating substances according to the invention at
      temperatures of between 80.degree. and 120.degree.C. On the other hand,
      the softening points of the mixtures should be such that the coatings
      according to the invention will now clump together but can be ground up
      into free flowing powders with a particle size of about 20 to about 120
      .mu..
PAR  In practice, this means that the polyesters which contain free carboxyl
      groups should have a softening point of between 40.degree. and
      120.degree.C, as determined by differential thermoanalysis.
PAR  The coating substances according to the invention may be prepared in a
      suitable mixing apparatus such as a stirrer vessel or mixing screw
      (extruder). The usual additives such as pigments, levelling agents,
      fillers and catalysts such as tertiary amines and their salts such as
      benzyl dimethylamine, metal salts of organic acids such as tine octoate or
      bismuth salicylate or also imidazoles may be added.
PAR  The products according to the invention are applied to supports by the
      usual methods, in particular by the electrostatic powder spraying process
      (EPS process).
PAR  When heated to temperatures above 130.degree.C and preferably from
      150.degree. to 220.degree.C, the lacquer films rapidly harden to form hard
      and smooth coatings.
DETD
PAR  The following examples illustrate the subject matter of the invention but
      are not intended to restrict it. In the Examples `parts` represents parts
      by weight.
PAC  EXAMPLE 1 and Comparison experiments 1 - 5
PAR  A polyester resin with the following properties is prepared by a
      conventional process from 68.43 parts of bisoxethylbisphenol A, 4.17 parts
      of glycerol and 38.83 parts of terephthalic acid:
     SZ:      10                                                               

     OHZ:     50                                                               

     E.P.:    approx. 70.degree.C (DTA) *)                                     

     Viscosity:                                                                

              155 seconds (50 parts by weight polyester                        

              in 50 parts by weight xylene/                                    

              n-butanol 9:1 according to                                       

              DIN 53 211).                                                     

PAR  30.00 Parts of the above mentioned polyester resin are reacted, in each
      case, with various carboxylic acid anhydrides for 1 hour at the
      temperatures indicated in Table 1 to produce polyester resins which
      contain free carboxyl groups.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Example 1      Comparison experiments                                     

                    1     2     3     4     5                                  

     __________________________________________________________________________

     Quantity of                                                               

             2.67 parts                                                        

                    4.12  2.62  4.07  3.96  5.12                               

     carboxylic                                                                

             succinic                                                          

                    parts parts parts parts parts                              

     acid anhy-                                                                

             acid an-                                                          

                    hexa- maleic                                               

                                tetra phthalic                                 

                                            trimellit-                         

     dride   hydride                                                           

                    hydro-                                                     

                          acid  hydro-                                         

                                      acid an-                                 

                                            ic acid                            

                    phthal-                                                    

                          anhy- phthal-                                        

                                      hydride                                  

                                            anhydride                          

                    ic acid                                                    

                          dride ic acid                                        

                    anhy-       anhy-                                          

                    dride       dride                                          

     Temperature                                                               

             160.degree.C                                                      

                    160.degree.C                                               

                          160.degree.C                                         

                                160.degree.C                                   

                                      160.degree.C                             

                                            180-200.degree.C                   

     SZ      63     57    58    54    58    83                                 

     E.P. (DTA)* 59-60.degree.C                                                

             72-75.degree.C                                                    

                    56-59.degree.C                                             

                          69-72.degree.C                                       

                                61-63.degree.C                                 

                                      87-89.degree.C                           

     Viscosity                                                                 

             156 sec                                                           

                    132 sec                                                    

                          154 sec                                              

                                144 sec                                        

                                      136 sec                                  

                                            292 sec                            

     (40% in                                                                   

     cyclohex-                                                                 

     anone                                                                     

     according                                                                 

     to DIN                                                                    

     53 211)                                                                   

     __________________________________________________________________________

      *SZ = acid number;                                                       

      E.P. = softening point                                                   

      DTA = differential thermal analysis, see R. C. Mackenzie, London, (1970),

      Vol. 1.                                                                  

      OHZ = hydroxyl number                                                    

PAR  The quantities of acid polyester resin of Example 1 and comparison
      experiments 1-5 indicated in Table 2, are size reduced and intimately
      mixed with the appropriate proportions of
      1,4-bis-(.DELTA.2-oxazolinyl-2)-benzene,rutiletitanium dioxide pigment and
      acrylate based levelling agent (Acronal .sup.R 4 F, product of BASF) in a
      pan mixer and then extruded at 110.degree.-120.degree.C. When the
      resulting strand is cold, it is ground in a pin mill to a particle size of
      less than 90.mu. and it is then applied to cleaned metal sheets by means
      of an electrostatic powder spray installation operating at 60 KV. After
      stoving (30 minutes at 180.degree.C), the lacquer coats described in Table
      2 are obtained.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Example 1      Comparison experiments                                     

                    1    2    3    4    5                                      

     __________________________________________________________________________

     Quantity                                                                  

           resin                                                               

                90.5                                                           

                    90.5 90.5 90.5 90.5 86.0                                   

                parts                                                          

                    parts                                                      

                         parts                                                 

                              parts                                            

                                   parts                                       

                                        parts                                  

     "     bisox-                                                              

           azoline                                                             

                9.5 9.5  9.5  9.5  9.5  14.0                                   

     "     TiO.sub.2                                                           

                67.0                                                           

                    67.0 67.0 67.0 67.0 67.0                                   

     level-                                                                    

           ling                                                                

           agent                                                               

                1.0 1.0  1.0  1.0  1.0  1.0                                    

     Appear-                                                                   

     ance of                                                                   

     lacquer                                                                   

     coats:     smooth                                                         

                    smooth                                                     

                         smooth                                                

                              smooth                                           

                                   smooth                                      

                                        cannot                                 

                                        be pro-                                

                                        duced                                  

     Elasticity                                                                

     according                                                                 

     to Erich-                                                                 

     sen:(DIN                                                                  

     53 156)    10mm                                                           

                    &lt;1mm &lt;1mm &lt;1mm &lt;1mm                                        

     __________________________________________________________________________

PAR  It is seen from the comparison of the lacquer coats that only the acid
      polyester resin which contains carboxyl groups of succinic acid in
      accordance with the invention (Example 1) gives an elastic lacquer coat.
PAR  Lacquer coats cannot be obtained at all from the polyester resin prepared
      in comparison experiment 5 because cross-linking has already occurred at
      the stage of homogenization of the mixture in the extruder.
PAC  EXAMPLE 2
PAR  217 Parts of trimethylolpropane, 1484 parts of neopentyl glycol, 212 parts
      of hexane-1,6-diol, 2647 parts of terephthalic acid and 1.99 parts of
      di-n-butyl tin oxide are melted in a 5 l vessel under a stream of
      nitrogen. The contents are heated to 170.degree.-220.degree.C with
      stirring, the water of reaction and a small quantity of neopentyl glycol
      distilling off. When the reaction mixture reaches an acid number of about
      10 to 12, a softening point of 58.degree.-61.degree.C, a viscosity of 155
      seconds 40 parts by weight resin in 60 parts by weight cyclohexanone
      according to DIN 53 211) and an OH number of 58 to 60, it is cooled to
      160.degree.C. 353 parts of succinic acid anhydride are added and stirring
      is continued for one hour until the acid number is 54. The resin melt is
      then discharged.
TBL  __________________________________________________________________________

     Characteristics:                                                          

              Acid number  54                                                  

              Viscosity:   185 seconds (40 parts by weight                     

                           resin in 60 parts by weight                         

                           cyclohexanone according                             

                           to DIN 53 211)                                      

              Softening point:(DTA)                                            

                           46-47.degree.C                                      

     __________________________________________________________________________

PAR  According to Table 3, 100 parts of acid polyester resin, 73.5 parts of
      rutile titanium dioxide pigment and 1.1 part of a levelling agent are
      worked up, in each case with the corresponding quantity of a cross-linking
      agent to produce a powder lacquer as described in Example 1, and then
      applied to cleaned metal sheets by electrostatic spraying. Hard, elastic,
      glossy lacquer coats are obtained after stoving (30 minutes at
      160.degree.C).
TBL                Table 3                                                     

     ______________________________________                                    

     Quantity of cross-                                                        

     linking agent   2a      2b      2c    2d                                  

     ______________________________________                                    

     Triglycidyl     --      1.8     4.5   9.0                                 

     isocyanurate            parts   parts parts                               

     1,4-bis-(.DELTA.2-                                                        

                     10.0    8.0     5.0   --                                  

     oxazolinyl-2)-  parts   parts   parts                                     

     benzene                                                                   

     Lacquer coats:                                                            

     Elasticity accord-                                                        

                     10 mm   10 mm   10 mm 10 mm                               

     ing to Erichsen                                                           

     (DIN 53 156)                                                              

     Gloss 60 degrees C                                                        

                     83      83      83    86                                  

     (according to                                                             

     Gardner) (ASTM-D-523)                                                     

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  181 Parts of trimethylolpropane, 1464 parts of neopentyl glycol, 212 parts
      of hexane-1,6-diol, 2689 parts of terephthalic acid and 2 parts of
      di-n-butyl tin oxide are condensed at 180 to 220.degree.C as described in
      Example 2, until the reaction mixture reaches an acid number of 10,
      softening point of 60.degree.-62.degree.C and viscosity of 110 seconds (20
      parts by weight resin in 80 parts by weight m-cresol according to DIN 53
      211) and an OH number of 52 - 55. The reaction mixture is then cooled to
      160.degree.C, and 159 parts of succinic acid anhydride and 242 parts of
      tetrahydrophthalic acid anhydride are added. The reaction mixture is
      discharged after a reaction time of 1 hour.
TBL  __________________________________________________________________________

     Characteristics:                                                          

              Acid number:  53                                                 

              Viscosity:    182 seconds (40 parts by weight                    

                            in 60 parts by weight                              

                            cyclohexanone according                            

                            to DIN 53 211)                                     

              Softening point: (DTA):                                          

                            54-58.degree.C.                                    

     __________________________________________________________________________

PAR  100 Parts of resin, 9 parts of triglycidyl isocyanurate, 73.5 parts of
      rutile titanium dioxide pigment and 1.1 part of a levelling agent are
      worked up into a powder lacquer as described in Example 1 and when this
      lacquer is applied electrostatically to degreased metal sheets and stoved
      for 30 minutes at 160.degree.C, elastic and glossy lacquer coats are
      obtained.
TBL  ______________________________________                                    

     Erichsen cupping (DIN 53 156):                                            

                              10 mm                                            

     Gloss 60 degrees (according                                               

     to Gardner):             85                                               

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. In a powder lacquer binder consisting of a mixture of
PA1  A. at least one polyoxazoline and
PA1  B. at least one polyester resin which contains free carboxyl groups and has
      an acid number of 30 to 85 and a softening point above 40.degree.C., the
      improvement wherein said polyester resin is the condensation product of
PA2  a. at least one dicarboxylic acid anhydride wherein at least 50 mol %
      thereof is succinic acid anhydride and
PA2  b. at least one polyester resin having an OH number of about 40 to 100,
      said polyester resin being the condensation product of at least one
      polyalcohol and at least one aromatic dicarboxylic acid or said
      condensation product having up to 30 mol % of said aromatic dicarboxylic
      acid replaced with at least one cycloaliphatic dicarboxylic acid, at least
      one aliphatic dicarboxylic acid or a mixture thereof, the quantity of
      polyoxazoline present being sufficient to provide about one oxazoline
      group for each free carboxyl group of the polyester.
NUM  2.
PAR  2. The powder lacquer binder of claim 1 wherein the polyoxazoline is
      1,3-(.DELTA.2-oxazolinyl-2)-benzene, 1,4-(.DELTA.2-oxazolinyl-2)-benzene
      or a mixture thereof.
NUM  3.
PAR  3. The powder lacquer binder of claim 1 wherein said polyester resin having
      an OH number of about 40 to 100 is the condensation product of ethylene
      glycol, neopentyl glycol, hexane-1,6-diol, glycerol, trimethylolethane,
      trimethylopropane, pentaerythritol or a mixture of two or more of said
      polyols and terephthalic acid, isophthalic acid or a mixture of said
      acids.
NUM  4.
PAR  4. The powder lacquer binder of claim 1 wherein said polyester resin having
      an OH number of about 40 to 100 is the condensation product of
      trimethylolpropane and either neopentyl glycol or hexane-1,6-diol or a
      mixture of neopentyl glycol and hexane-1,6-diol with terephthalic acid.
NUM  5.
PAR  5. The powder lacquer binder of claim 1 wherein the ratio of polyalcohol to
      dicarboxylic acid in said polyester resin having an OH number of about 40
      to 100 is between 1.05 and 1.25 and the hydroxyl to carboxy ratio is
      between about 1.06 and 1.35.
NUM  6.
PAR  6. The powder lacquer binder of claim 1 wherein the ratio of polyalcohol to
      dicarboxylic acid in said polyester resin having an OH number of about 40
      to 100 is from 1.07 to 1.18:1 and the hydroxyl to carboxy ratio is from
      1.1 to 1.25:1.
NUM  7.
PAR  7. The powder lacquer binder of claim 1 wherein the polyester resin of
      component (b) has an OH number of 55 to 70.
NUM  8.
PAR  8. The powder lacquer binder of claim 1 wherein component (a) is succinic
      acid anhydride in admixture with at least one member selected from the
      group consisting of maleic acid anhydride, hexahydrophthalic acid
      anhydride and tetrahydrophthalic acid anhydride.
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ABST
PAL  Amino acid-urethane copolymers improved in elongation, tensile strength and
      flexing endurance are prepared by polymerizing a prepolymer having
      terminal isocyanate groups, obtained by reacting a polyether polyol having
      hydroxyl groups substantially at the terminals thereof with an organic
      polyisocyanate in a ratio in equivalent of the organic polyisocyanate to
      the polyether polyol of 1.6 to 2.5, either with an amino acid-N-carboxylic
      acid anhydride or with a polyamino acid polymer obtained by polymerizing
      an amino acid-N-carboxylic acid anhydride.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part application of our application
      Ser. No. 100,838 filed December 22, 1970  now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a process for producing improved amino
      acid-urethane copolymers. More particularly, it relates to a process for
      producing amino acid-urethane copolymers improved in elongation, tensile
      strength and flexing endurance, the process being characterized by
      polymerizing a prepolymer having terminal isocyanate groups, obtained by
      reacting a polyether polyol having hydroxyl groups substantially at the
      terminals thereof with an organic polyisocyanate in a ratio in equivalent
      of the organic polyisocyanate to the polyether polyol (the ratio is
      hereinafter referred to as "ratio of NCO/OH" or simply "NCO/OH") of 1.6 to
      2.5, either with an amino acid-N-carboxylic acid anhydride (hereinafter
      referred to as ANCA) or with a polyamino acid polymer obtained by
      polymerizing an ANCA.
PAR  It is well known in the art that polyamino acid polymers are similar to
      natural leather in properties such as moisture permeability, touch,
      feeling, etc., when a polyamino acid polymer itself is made into a film or
      coated onto a substrate cloth such as a woven fabric or non-woven fabric
      and, thus, is an advantageous material. However, polyamino acid polymers
      have the disadvantage that it is considerably difficult to use them as
      wearing materials and the like, because they do not have sufficient
      elongation and resilience. Furthermore, when a polyamino acid polymer is
      coated onto a woven fabric or non-woven fabric and used as a leather, it
      is necessary to use a suitable adhesive because the polyamino acid polymer
      itself has no adhesiveness. In this case, great difficulties have been
      encountered in selecting suitable adhesives. Hence, improvements in the
      adhesiveness, elongation and like properties have long been sought in the
      art.
PAR  By U.S. Pat. No. 3,655,628 there is known a process for producing amino
      acid-urethane copolymers which comprises reacting a prepolymer obtained
      from an organic diisocyanate and a polyether polyol with an ANCA. These
      copolymers are considerably improved in elongation, adhesiveness,
      elasticity and the like when compared with the aforementioned polyamino
      acid polymers. However, such copolymers produced by a known method are
      still unsatisfactory in elongation, tensile strength and flexing
      endurance.
PAR  As a result of much research for improvement of the amino acid-urethane
      copolymers, the present inventors have found that the copolymers obtained
      by using the prepolymers prepared by reacting an organic polyisocyanate
      with a polyether polyol in a ratio of the isocyanate to the polyol within
      a particular range, have improved elongation, tensile strength and flexing
      endurance. The present invention has been accomplished based on this
      finding.
PAR  In the U.S. Pat. No. 3,655,628, a prepolymer is prepared by reacting an
      organic diisocyanate with a polyether polyol having terminal hydroxyl
      groups in a ratio of NCO/OH of 1.38 (cf column 3, Experimental Example A).
      The thus prepared prepolymer is reacted with an ANCA, whereby an amino
      acid-urethane copolymer, which is improved in elongation, adhesiveness and
      elasticity in comparison with conventional polyamino acid polymers, is
      obtained.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention will be further understood from the following detailed
      description and the accompanying drawings wherein FIGS. 1-1, 1-2, 2-1,
      2-2, 3-1, 3-2, 4-1, 4-2, 5-1, 5-2, 6-1, 6-2, 7-1, 7-2, 8-1, and 8-2,
      respectively, show graphical representations of the relationship between
      the ratios of the polyisocyanate to the polyol in the copolymers of the
      present invention and the properties of the films molded from these
      copolymers.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the process of the present invention, a prepolymer is prepared by
      reacting a polyether polyol having hydroxyl groups substantially at the
      terminals thereof with an organic polyisocyanate, most preferably with
      diisocyanate in a ratio of NCO/OH of 1.6 to 2.5. The prepolymer is reacted
      either with an ANCA or with a polyamino acid polymer obtained by
      polymerizing an ANCA. The thus obtained amino acid-urethane copolymer is
      remarkably improved in elongation, tensile strength and flexing endurance
      when compared with the products produced by using the prepolymers obtained
      by reacting the organic polyisocyanates with the polyether polyols in the
      other ratios.
PAR  The polyether polyols employed in the present process are those having a
      molecular weight of 300 to 5,000, preferably 400 to 2,000 and having
      hydroxyl groups substantially at the terminals thereof. Specifically, the
      suitable polyether polyols are: (a) ring-cleaved polymers of alkylene
      oxides having 2 to 8 carbon atoms (for example, cyclic ethers such as
      ethylene oxide, propylene oxide, oxetane, butylene oxide, tetrahydrofuran,
      tetrahydropyran, 1,2-epoxypentane, 2,3-epoxypentane, 1,2-epoxyhexane,
      2,3-epoxyhexane, 1,2-epoxyheptane, 1,2-epoxyoctane, isobutylene epoxide,
      2,5-dimethyltetrahydrofuran, 2,4-dimethyl-3-hydroxymethyltetrahydrofuran,
      dioxane, etc.), (b) mixtures of said ring-cleaved polymers, (c)
      condensates of said alkylene oxides and alkylene glycols having 2 to 6
      carbon atoms (for example, ethylene glycol, propylene glycol, dipropylene
      glycol, tetramethylene glycol, butanediols, hexanediols and mixtures
      thereof), the condensates being prepared in the presence of a suitable
      catalyst or initiator (for example, trialkylamines such as trimethylamine,
      triethylamine, etc.; inorganic bases such as potassium hydroxide, etc.;
      and halogenides such as boron trifluoride, etc.) and (d) condensates of
      one or more of said alkylene glycols. These polyether polyols and methods
      for preparing them are known in the art. See, for example, Saunders et
      al.: Chemistry and Technology of Polyurethanes, Part 1, Chemistry of High
      Polymers, Vol. 16, Pages 32 to 44 (Interscience Publishers, 1962).
PAR  It has been found that amino acid-urethane copolymers obtained by using
      polyether polyols having linear chains exhibit higher elongations than
      those obtained by using polyether polyols having side chains. In the
      present process, the linear chain polyether polyols containing 4 to 6
      --CH.sub.2 -- groups as repeating units, are preferably used.
PAR  As the organic polyisocyanate, organic diisocyanates such as aliphatic,
      alicyclic and aromatic diisocyanates are usually employed. Particularly
      prefered diisocyanates are aliphatic diisocyanate compounds having an
      ester group (for example, lysine diisocyanate methyl ester, ornithine
      diisocyanate methyl ester, etc.), hexane-1,6-diisocyanate,
      dicyclohexylmethane-4, 4'-diisocyanate, tolylene diisocyanates,
      diphenylmethane-4, 4'-diisocyanate, etc. Mixtures thereof can also be
      used, if desired. However, polymers produced from polyisocyanates and
      polyols, i.e., so-called polyurethanes, generally possess the disadvantage
      that they deteriorate or discolor when exposed to ambient atmospheric
      conditions such as sunlight or the like and, hence, particular care should
      be used in selecting the employed diisocyanate. Such disadvantages are
      particularly noted on the prepolymers from aromatic diisocyanates, for
      example, tolylene diisocyanates, diphenylmethane-4, 4'-diisocyanate, and
      the like. Therefore, it is preferable to select a diisocyanate in view of
      the intended use of the product. As a result of various studies, the
      present inventors have found that the amino acid-urethane copolymers
      produced according to the present process using aliphatic diisocyanates
      having an ester group (for example, lysine diisocyanate alkyl ester and
      ornithine diisocyanate alkyl ester), have excellent properties, that is,
      these copolymers exhibit very little discoloration and a very good
      resistance to light when exposed to sunlight or the like. Further, since
      the thus obtained amino acid-urethane copolymers have ester groups within
      their molecule, they are superior with regard to, for example, resistance
      to solvents and resilience as compared with the amino acid-urethane
      copolymers obtained by using the other diisocyanates.
PAR  Typical examples of aliphatic diisocyanate compounds having at least one
      ester group are given below, and an almost similar effect can be observed
      when any of these compounds are used in place of the compounds shown in
      the working examples: esters of methyl, ethyl, n-propyl, i-propyl, n-butyl
      and its isomers, n-pentyl and its isomers, n-hexyl and its isomers,
      n-octyl and its isomers, n-decyl and its isomers, n-dodecyl and its
      isomers, stearyl, palmityl, methoxymethyl, ethoxymethyl, 2-methoxyethyl,
      2-ethoxyethyl, 3-methoxypropyl, 3-ethoxypropyl, 4-methoxybutyl,
      4-ethoxybutyl, phenyl, benzyl, o-tolyl, m-tolyl, p-tolyl, phenylethyl,
      p-tolylmethyl, o-tolymethyl, m-tolylmethyl, o-(2-chlorotolyl),
      2-chloroethyl, 2-bromoethyl, 2-chloropropyl, 3-chloropropyl,
      1,2-dichloropropyl, 2,3-dichloropropyl, cyclobutyl, cyclopropyl,
      cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclodecyl,
      cyclopentylmethyl, cyclohexylmethyl, cyclobutylmethyl, o-methylcyclohexyl
      and its isomers, and 2-methylcyclohexylmethyl and its isomers of
      2,6-diisocyanate caproic acid (lysine diisocyanate), 2,4-diisocyanate
      butyric acid, 2,5-diisocyanate valeric acid (ornithine diisocyanate),
      2,5-diisocyanate caproic acid, 2,7-diisocyanate heptanoic acid,
      2,5-diisocyanate heptanoic acid, and 2,8-diisocyanate caprylic acid;
      diesters of dimethyl, diethyl, dipropyl(di-n-propyl and di-i-propyl),
      dibutyl(n-, i- and tert-), dioctyl, didecyl, didodecyl, distearyl,
      diphenyl, dibenzyl, di(o-tolyl), di(m-tolyl), di(.beta.-phenylethyl),
      di(p-tolylmethyl), di[o-(2-chlorotolyl)], di(2-chloroethyl),
      di(2-chloropropyl), di(3-chloropropyl), di(2,3-dichloropropyl),
      di(methoxymethyl), di(2-methoxyethyl), di(2-ethoxyethyl),
      di(2-propoxyethyl), di(2-butoxyethyl), di(cyclohexyl), di(cyclopentyl) and
      di(cyclohexylmethyl) of 2,4-diisocyanate glutaric acid, 2,5-diisocyanate
      adipic acid, 2,6-diisocyanate pimelic acid, 2,7-diisocyanate suberic acid,
      2,9-diisocyanate sebacid acid, 2,4-diisocyanate adipic acid and
      2,4-diisocyanate pimelic acid; and the following mixed diesters, for
      example, diesters of methyl-ethyl, methyl-propyl, methyl-butyl,
      ethyl-propyl, ethyl-butyl, n-propyl-i-propyl, propyl-butyl, phenyl-octyl,
      benzyl-stearyl and methyl-benzyl of said acids.
PAR  The compounds used in the present invention can be either optically active
      or inactive. In preparing the prepolymer having isocyanate groups at its
      terminal positions, the reaction of the polyether polyol with the
      diisocyanate can be carried out, in view of the succeeding reaction with
      an ANCA, in the absence of a solvent or in the presence of a proper
      solvent that is incapable of reacting with the raw material compounds
      under the reaction conditions, but is capable of dissolving at least one
      of the raw materials, for example, urethane solvents such as ethers, for
      example, dioxane and the like, dialkylformamide, dialkylacetamide, xylene,
      toluene, cellosolve acetate and 2-ethoxyethyl acetate and halogenated
      hydrocarbon solvents such as chloroform, ethane dichloride,
      tetrachloroethane, trichloroethylene, etc. Furthermore, in this case, the
      reaction proceeds sufficiently without a catalyst at normal or room
      temperature, but in order to accelerate the reaction rate, heating is
      carried out or a suitable catalyst that does not inhibit the
      polymerization reaction with an ANCA substantially, for example, the
      well-known catalysts used in the production of polyurethanes (for example,
      organic bases, organometallic compounds, etc.) are used. Typical examples
      of such catalysts are the following: trimethylamine; triethylamine;
      tripropylamine(n- and iso-); tributylamine(n-, iso-, tert- and sec-);
      tripentylamine; trihexylamine; tricyclohexylamine; tricyclopentylamine;
      N,N-dimethyllauryl-amine; triethanolamine; methyldiethanolamine;
      dimethylethanolamine; ethyldiethanolamine; diethylethanolamine;
      tris(2-oxypropyl)amine; N,N-dimethylcyclohexylamine; triethylenediamine;
      N,N,N'N'-tetramethylmethanediamine; N,N,N',N'-tetraethylmethanediamine;
      N,N,N',N'-tetramethyl-ethylenediamine;
      N,N,N',N'-tetraethylethylenediamine; N,N,N',N'-tetrakis(2-hydroxypropyl)et
     hylenediamine; N,N,N',N'-tetramethylpropylenediamine;
      N,N,N',N'-tetramethyl-1,3-butanediamine;
      N,N,N',N'-tetramethylhexamethylenediamine;
      N,N,N',N",N"-pentamethyldiethylenetriamine;
      N,N,N',N",N",N"'-hexamethyltriethylenetetramine;
      N,N,N',N'-tetraethyl-1,3-butanediamine; dimethylamine; diethylamine;
      dipropylamine; dibutylamine; dipentylamine; dihexylamine;
      dicyclopentylamine; dicyclohexylamine; triazine; morpholine,
      N-methylmorpholine; N-ethylmorpholine; piperidine; piperazine;
      N-methylpiperazine; N,N'-diethylpiperazine; pyridine; dibenzylamine;
      tribenzylamine; N-methylaniline; N-ethylaniline; N,N-dimethylaniline;
      N,N-diethylaniline; diphenylamine; triphenylamine;
      N,N,N',N'-tetramethyl-p-phenylenediamine;
      N,N,N',N'-tetraethylphenylenediamine; dibutyl(propyl, ethyl and methyl)
      tin diacetate; dibutyl(propyl, ethyl and methyl) tin dibutyrate;
      dibutyl(propyl, ethyl and methyl) tin divalerate; dibutyl(propyl, ethyl
      and methyl) tin dioctanoate; dibutyl(propyl, ethyl and methyl) tin
      dilaurate; butyl(propyl, ethyl and methyl) tin trichloride;
      dibutyl(propyl, ethyl and methyl) tin di-2-ethylhexanoate; zinc, nickel,
      cobalt, iron, tin and lead naphthenates; tin oleate; iron, nickel, cobalt
      and tin octanoates; ferrocene; hexogen copper; iron acetylacetonate; etc.
PAR  These catalysts can be used alone or in a mixture, or may be diluted with
      or dissolved in a suitable solvent, and added to the reaction system. The
      catalyst is usually employed in an amount corresponding to 5% by mole or
      less on the basis of the total weight of the polyether polyol initially
      employed.
PAR  Then, the prepolymer having the isocyanate groups at the terminal positions
      thereof is polymerized with an ANCA in the presence of a polymerization
      initiator or with a polyamino acid polymer obtained by polymerizing an
      ANCA in advance.
PAR  The amino acid-N-carboxylic acid anhydrides (ANCA) employed in the present
      process are represented by the following formulae:
      ##EQU1##
      (wherein R and R.sup.1 represent hydrogen atoms or monovalent organic
      residues, and R.sup.2 and R.sup.3 represent divalent organic residues).
PAR  The amino acids in said amino acid-N-carboxylic acid anhydrides (ANCA)
      include acidic amino acids, neutral amino acids and basic amino acids. In
      the NCA prepared from acidic amino acids, for example, .omega.-substituted
      ester compounds having the following general formulae are included:
      ##EQU2##
      wherein p is a whole integer such as 1, 2, 3, 4, etc.; R.sub.x is a
      monovalent hydrocarbon residue [the term "hydrocarbon residue" referring
      to saturated or unsaturated aliphatic, alicyclic or aromatic (including
      aromatic-aliphatic, aliphatic-aromatic and aliphatic-aromatic-aliphatic)
      hydrocarbon moieties having 1-30 carbon atoms, which may include residues
      having various substituent groups, for example, chloro, bromo, fluoro,
      nitro, cyano, alkoxy, carboalkoxy, carboaryloxy, carboalkaryloxy,
      carboaralkoxy, mono- or dialkylated amino, acylated amino, carboalkoxy
      amino, carboaralkoxy amino groups, etc.] and R.sub.y is an alkylene group
      of 2 to 10 carbon atoms. More specifically, these ANCA include NCA of
      aspartic acid, glutamic acid, 2-aminoadipic acid, 2-aminopimelic acid,
      etc. In the N-carboxylic acid anhydrides (NCA) of neutral amino acids, the
      following compounds are included: NCA of amino acids such as glycine,
      alanine, .alpha.-aminobutyric acid, .alpha.,.delta.-diaminopimelic acid,
      valine, norvaline, leucine, isoleucine, norleucine, phenylglycine,
      phenylalanine, tryptophan, proline, .beta.-alanine, .beta.-aminobutyric
      acid, .beta.-aminoisovaleric acid, .beta.-aminocaproic O-substituted
      serine, O-substituted homoserine, O-substituted threonine, O-substituted
      tyrosine, O-substituted hydroxyproline, O-substituted hydroxytryptophan,
      S-substitued cysteine, cystine and methionine. In the NCA of basic amino
      acids, the following are, for example, included: NCA of N-.sup.im
      substituted histidine;
      N-.sup..gamma.substituted-.alpha.,.gamma.-diaminobutyric acid;
      N-.sup..delta.substituted ornithine; N-.sup..epsilon.substituted lysine;
      N.sup.guanido - substituted arginine and others.
PAR  Known initiators of NCA, that is, said organic bases and organometallic
      compounds (for example, alkyllithium, dialkyl zinc, monoalkyl zinc, sodium
      alkoxides, etc.) may be used as a suitable polymerization initiator.
PAR  A good result can usually be obtained when the ANCA is used in an amount of
      0.2 to 2.0 times the weight of the prepolymer having the isocyanate groups
      at the terminals, but the amount of ANCA can be changed appropriately
      depending upon the desired physical properties of the amino acid-urethane
      copolymers to be obtained, i.e., depending upon the desired elongation,
      adhesiveness, resilience, feeling, moisture permeability, touch, etc.
PAR  Generally speaking, when too much polyamino acid polymer is used, the
      physical properties of the polyamino acid polymer become predominant,
      whereas when too little polyamino acid polymer is used, the physical
      properties of the polyurethane become predominant according to the kinds
      of polyether polyol and diisocyanate used.
PAR  The polymerization temperature and time to be employed depend upon the
      combination of the employed reactants, the employed solvent, etc., but
      when the reaction is carried out at an elevated temperature for a long
      time, a considerable color change may take place. In view of this fact, it
      is usually preferable to carry out the reaction for 1-20 hours at a
      temperature of 200.degree.C. or less. As the reaction proceeds even at a
      low temperature, cooling may be effected. Usually, it is most preferable
      to use a temperature of 0.degree.-100.degree.C. When the prepolymer having
      the isocyanate groups at the terminal positions is polymerized with a
      polyamino acid polymer separately prepared from an ANCA according to the
      conventional method, a good result can be obtained by carrying out the
      reaction under the same conditions as said reaction conditions, but in
      this case, it is desirable to complete the reaction by heating just before
      the reaction is finished.
PAR  The amount of the polymerization initiator used in the polymerization of an
      ANCA or polyamino acid polymer with a prepolymer depends upon the
      components in the reaction mixture, the type of the initiator and the
      desired objective of the reaction. Usually, it is desirable to use
      0.005-1.0 mole of the polymerization initiator per mole of the ANCA
      employed.
PAR  Polymerization is usually carried out in a solvent which is capable of
      dissolving at least one of the reactants and which is inert to these
      reactants, but it is desirable that the solvent does not react with the
      raw materials under the reaction conditions used. As the solvent, the
      following inert organic solvents are preferably used: N,N-dialkylamides
      such as dialkylformamide, dialkylacetamide, N-alkyl-2-pyrrolidone, etc.
      and halogenated hydrocarbons such as chloroform, ethane dichloride,
      trichlene, tetrachloroethylene, tetrachloroethane, methylene chloride,
      etc. Organic ethers, such as dioxane, and organic esters of carboxylic
      acids, such as ethyl acetate, can likewise be used. It is possible to use
      these solvents alone or in mixture, and further it is possible to add
      thereto aromatic hydrocarbons or halogenated aromatic hydrocarbons, such
      as benzene, toluene, nitrobenzene, chlorobenzene, etc. The amount of the
      polymerization solvent to be used is not particularly limited, so long as
      it is sufficient to form a good polymerization system, but an amount of
      solvent is usually employed such that it may contain 1-50% of solid
      components.
PAR  The amino acid-urethane copolymers of the present invention are much
      improved in elongation, tensile strength and flexing endurance. Further,
      the copolymers produced according to the present process using aliphatic
      diisocyanates having an ester group (for example, ornithine diisocyanate
      alkyl ester, lysine diisocyanate alkyl ester, etc.) have remarkably good
      resistance to solvents and light in addition to very good adhesiveness,
      elongation, tensile strength and flexing endurance. Therefore, an
      excellent artificial leather can be prepared by coating a substrate cloth
      of woven or non-woven fabrics with the present amino acid-urethane
      copolymer, and the thus-prepared artificial leather can be used for
      manufacturing shoes, bags and clothing. Cotton cloth has been found to be
      a particularly desirable substrate. As to the color change of polymers
      having a comparatively poor resistance to light, it can be prevented to
      some degree by using a coloring agent.
PAR  The following examples are give merely as illustrative of the present
      invention and are not to be considered as limiting.
PAC  EXAMPLE 1
PAR  44 g of polyoxytetramethylene glycol having an OH value of 51.0 obtained by
      ring cleavage polymerization of tetrahydrofuran, 8.5 g of lysine
      diisocyanate methyl ester (hereinafter referred to as LDIM) and 40 g of
      dioxane were mixed (NCO/OH = 2.0). The mixture was subjected to reaction
      at 100.degree.C. for 40 minutes with stirring, whereby a prepolymer having
      isocyanate groups at the terminal positions was obtained (hereinafter
      referred to as prepolymer A.sub.1). Then, 450 g of ethane dichloride was
      immediately added thereto, and 73.0 g of
      .gamma.-methyl-L-glutamate-N-carboxylic acid anhydride was added thereto.
      After stirring at room temperature for 1 hour, 70 g of
      N,N-dimethylformamide was added thereto. After adding 1.31 g of the
      polymerization initiator, triethylamine thereto, stirring was continued
      for 10 hours. Then, the temperature was elevated to near the boiling point
      by heating, and the reaction was continued for 1 hour, whereby a viscous
      solution of copolymer was obtained (this solution is referred to as
      copolymer a.sub.1.). A film was molded from copolymer a.sub.1 by a dry
      process, giving a colorless, transparent film. Copolymer a.sub.1 did not
      turn to a yellow color even after 30 days and had a very superior
      resistance to light as compared with the copolymers prepared in the same
      manner by using other diisocyanates, for example, 4,4'-diphenylmethane
      diisocyanate and tolylene diisocyanate. As for the obtained film,
      comparative values are given below, comparing the properties with those of
      a film of poly-.gamma.-methyl-L-glutamate (the thicknesses of these two
      films were 0.04 - 0.05 mm.).
TBL  ______________________________________                                    

     Film of poly-.gamma.-methyl-L-glutamate                                   

     Tensile strength:                                                         

                    longitudinal 3.0 kg./mm.sup.2                              

                    lateral      5.0 kg/mm.sup.2                               

     Elongation:    longitudinal 90%                                           

                    lateral      110%                                          

     Film prepared from copolymer a.sub.1                                      

     Tensile strength:                                                         

                    longitudinal 2.0 kg/mm.sup.2                               

                    lateral      2.3 kg/mm.sup.2                               

     Elongation:    longitudinal 300%                                          

                    lateral      350%                                          

     ______________________________________                                    

PAR  When copolymer a.sub.1 was applied onto a cotton suede, a coating film
      having strong adhesiveness and requiring no adhesive at all was formed.
PAR  Further, four kinds of prepolymers (prepolymers B.sub.1, C.sub.1, D.sub.1
      and E.sub.1) were prepared in the same manner as in the preparation of
      prepolymer A.sub.1, except that respectively different amounts of LDIM
      were used. Five kinds of copolymer solutions (copolymers b.sub.1, c.sub.1,
      c'.sub.1, d.sub.1 and e.sub.1) were prepared from prepolymers B.sub.1,
      C.sub.1, D.sub.1 and E.sub.1 and .gamma.-methyl-L-glutamate-N-carboxylic
      acid anhydride in the same manner as in the preparation of copolymer
      a.sub.1. Films having a thickness of 0.04 - 0.05 mm. were molded from the
      copolymers by a dry process and were tested on tensile strength and
      elongation. Detailed data are shown in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Prepolymer    A.sub.1                                                     

                         B.sub.1                                               

                                C.sub.1      D.sub.1                           

                                                    E.sub.1                    

     __________________________________________________________________________

     LDIM (g)      8.5   6.8    5.94         10.6   11.9                       

     NCO/OH (equivalent)                                                       

                   2.0   1.6    1.4          2.5    2.8                        

     Copolymer     a.sub.1                                                     

                         b.sub.1                                               

                                c.sub.1                                        

                                       c'.sub.1                                

                                             d.sub.1                           

                                                    e.sub.1                    

     Prepolymer    52.5/73                                                     

                         50.8/70.6                                             

                                49.9/69.4                                      

                                       49.9/73                                 

                                             54.6/75.9                         

                                                    55.9/77.7                  

     NCA of                                                                    

     .gamma.-methyl-                                                           

                   (0.720)                                                     

                         (0.720)                                               

                                (0.720)                                        

                                       (0.684)                                 

                                             (0.720)                           

                                                    (0.720)                    

     L-glutamate                                                               

     (g/g)                                                                     

     Prop-                                                                     

         Tensile strength:                                                     

     erties                                                                    

         (kg/mm.sup.2)                                                         

     of the                                                                    

         Longitudinal:                                                         

                   2.0   1.8    1.2    1.3   1.7    1.4                        

     films                                                                     

         Lateral:  2.3   2.0    1.4    1.5   1.9    1.4                        

         Elongation:                                                           

         (%)                                                                   

         Longitudinal:                                                         

                   300   280    150    140   300    260                        

         Lateral:  350   330    180    160   330    280                        

     __________________________________________________________________________

PAR  The relations between the ratios of the polyisocyanate to the polyol and
      the properties of the films molded from copolymers a.sub.1, b.sub.1,
      c.sub.1, d.sub.1 and e.sub.1 mentioned in Table 1 are shown in FIGS. 1-1
      and 1-2.
PAR  Each of copolymers a.sub.1, b.sub.1, c.sub.1, c'.sub.1, d.sub.1 and e.sub.1
      was diluted with 1,2-dichloroethane by 3 times the volume. The resulted
      solutions were coated on foamed vinylchloride leathers. In the cases of
      copolymers a.sub.1, b.sub.1, d.sub.1 and e.sub.1, the coated surfaces had
      a good gloss. Whereas, in the cases of copolymers c.sub.1 and c'.sub.1,
      whitening was observed on the coated surfaces. In the anti-flex test of
      the coated leathers with Flexometer, the surfaces of the leathers coated
      with the copolymers were observed after every 10,000 flexing runs. In the
      following Examples, the anti-flex tests were carried out in the same
      manner as in this Example. The leathers coated with copolymers c.sub.1,
      c'.sub.1 and e.sub.1 had cracks on the surfaces after 250,000 runs, while
      those coated with copolymers a.sub.1, b.sub.1 and d.sub.1 exhibited no
      crack.
PAC  EXAMPLE 2
PAR  8.5 g of ornithine diisocyanate ethyl ester (hereinafter referred to as
      ODIE) and 40 g of dioxane were added to 46 g of polyoxytetramethylene
      glycol having an OH value of 40.0 obtained by ring cleavage polymerization
      of tetrahydrofuran (NCO/OH = 2.44). The mixture was subjected to reaction
      at 100.degree.C for 50 minutes with stirring, whereby a prepolymer having
      isocyanate groups at the terminals was obtained (this prepolymer is
      referred to as prepolymer A.sub.2). Then, a polymerization solution
      separately obtained by polymerizing 70.0 g of
      .gamma.-methyl-L-glutamate-N-carboxylic acid anhydride in 450 g of ethane
      dichloride using 20 g of triethylamine as an initiator was immediately
      added thereto. The solution mixture was heated at 75.degree.-80.degree.C.
      for 1 hour with stirring to complete the reaction. A polymerization
      solution having a viscosity of 1,500-2,000 c.p.s. was obtained (this
      solution is referred to as copolymer a.sub.2). The film obtained from
      copolymer a.sub.2 by the conventional method had physical properties
      similar to those of the polymer film obtained from copolymer a.sub.1.
PAR  Further, four kinds of prepolymers (prepolymers B.sub.2, C.sub.2, D.sub.2
      and E.sub.2) were prepared in the same manner as in the preparation of
      prepolymer A.sub.2, except that respectively different amounts of ODIE
      were used. Six kinds of copolymer solutions (copolymers b.sub.2, b'.sub.2,
      c.sub.2, c'.sub.2, d.sub.2 and e.sub.2) were prepared from prepolymers
      B.sub.2, C.sub.2, D.sub.2 and E.sub.2 and NCA of
      .gamma.-methyl-L-glutamate according to the procedures in the production
      of copolymer a.sub.2. The copolymers obtained by using prepolymers A.sub.2
      and D.sub.2, i.e. copolymers a.sub.2 and d.sub.2 were more transparent
      than the others.
PAR  Films having a thickness of 0.04 - 0.05 mm were molded from the copolymers
      by a dry process and were tested on tensile strength and elongation.
      Detailed data are shown in Table 2.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Prepolymer    A.sub.2                                                     

                          B.sub.2       C.sub.2      D.sub.2                   

                                                            E.sub.2            

     __________________________________________________________________________

     ODIE (g)      8.5    4.9           2.45         5.8    9.82               

     NCO/OH (equivalent)                                                       

                   2.44   1.4           0.7          1.6    2.8                

     Copolymer     a.sub.2                                                     

                          b.sub.2                                              

                                 b'.sub.2                                      

                                        c.sub.2                                

                                              c'.sub.2                         

                                                     d.sub.2                   

                                                            e.sub.2            

     Prepolymer                                                                

     NCA of        54.5/70                                                     

                          50.9/70                                              

                                 50.9/65.6                                     

                                        48.45/70                               

                                              48.45/62.3                       

                                                     53.8/69.0                 

                                                            55.8/71.7          

     .gamma.-methyl-                                                           

     L-glutamate   (0.778)                                                     

                          (0.726)                                              

                                 (0.778)                                       

                                        (0.692)                                

                                              (0.778)                          

                                                     (0.778)                   

                                                            (0.778)            

     (g/g)                                                                     

     Prop-                                                                     

         Tensile strength                                                      

     erties                                                                    

         (kg/mm.sup.2)                                                         

     of the                                                                    

         Longitudinal :                                                        

                   2.0    1.2    1.1    1.1   1.0    1.8    1.5                

     films                                                                     

         Lateral : 2.3    1.5    1.4    1.4   1.3    2.0    1.6                

         Elongation                                                            

         (%)                                                                   

         Longitudinal :                                                        

                   300    160    170    150   160    290    200                

         Lateral : 350    200    200    180   190    320    230                

     __________________________________________________________________________

PAR  The relations between the ratios of NCO/OH and the properties of the films
      molded from copolymers a.sub.2, b'.sub.2, c'.sub.2, d.sub.2 and e.sub.2
      mentioned in Table 2 are shown in FIGS. 2-1 and 2-2.
PAR  The obtained copolymer solutions were diluted and coated on foamed vinyl
      chloride leathers in the same manner as in Example 1. In the cases of
      copolymers b.sub.2, b'.sub.2, c'.sub.2 and e.sub.2, whitening was observed
      on the coated surfaces. In the anti-flex test of the coated leathers with
      Flexometer, the leathers coated with copolymers b.sub.2, b'.sub.2,
      c.sub.2, c'.sub.2 and e.sub.2 had cracks on the surfaces after 200,000
      runs.
PAC  EXAMPLE 3
PAR  A polymer solution was obtained in the same manner as in Example 1, except
      that 10.0 g of 4,4'-diphenylmethane diisocyanate (hereinafter referred to
      as MDI) was used in place of 8.5 g of lysine diisocyanate methyl ester.
      The polymer solution (hereinafter referred to as copolymer a.sub.3) was
      inferior with regard to resistance to light as compared with copolymer
      a.sub.1, but the film prepared from copolymer a.sub.3 was superior in
      adhesiveness and elongation to the film molded from copolymer a.sub.1 (the
      thicknesses of these films were 0.04-0.05 mm). The film molded from
      copolymer a.sub.3 showed the following properties:
TBL  Elongation:   Longitudinal 350%                                           

                   Lateral      400%                                           

     Tensile strength:                                                         

                   Longitudinal 2.0 kg/mm.sup.2                                

                   Lateral      3.0 kg/mm.sup.2                                

PAR  Further, four kinds of prepolymers (prepolymers B.sub.3, C.sub.3, D.sub.3
      and E.sub.3) were prepared in the same manner as in the preparation of
      prepolymer A.sub.1, except that respectively different amounts of MDI were
      used. Five kinds of copolymer solutions (copolymers b.sub.3, c.sub.3,
      c'.sub.3, d.sub.3 and e.sub.3) were prepared from prepolymers B.sub.3,
      C.sub.3, D.sub.3 and E.sub.3 and NCA of .gamma.-methyl-L-glutamate
      according to the procedures in the production of copolymer a.sub.1.
PAR  Films having a thickness of 0.04-0.05 mm were molded from the copolymers by
      a dry process and were tested on tensile strength and elongation. Detailed
      data are shown in Table 3.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Prepolymer    A.sub.3                                                     

                         B.sub.3                                               

                                C.sub.3      D.sub.3                           

                                                    E.sub.3                    

     __________________________________________________________________________

     MDI (g)       10.0  6.6    6.9          12.5   14                         

     NCO/OH (equivalent)                                                       

                   2.0   1.55   1.38         2.5    2.8                        

     Copolymer     a.sub.3                                                     

                         b.sub.3                                               

                                c.sub.3 *                                      

                                       c'.sub.3 **                             

                                             d.sub.3                           

                                                    e.sub.3                    

     Prepolymer                                                                

     NCA of        54/73 50.6/68.5                                             

                                50.9/68.8                                      

                                       50.9/147                                

                                             56.5/76.4                         

                                                    58/78.4                    

     .gamma.-methyl-                                                           

     L-glutamate   (0.740)                                                     

                         (0.740)                                               

                                (0.740)                                        

                                       (0.345)                                 

                                             (0.740)                           

                                                    (0.740)                    

     (g/g)                                                                     

     Prop-                                                                     

         Tensile strength:                                                     

     erties                                                                    

         (kg/mm.sup.2)                                                         

     of the                                                                    

         Longitudinal :                                                        

                   2.0   2.0    0.60   0.75  1.8    1.4                        

     films                                                                     

         Lateral : 3.0   2.5    0.70   0.80  1.9    1.4                        

         Elongation :                                                          

         (%)                                                                   

         Longitudinal :                                                        

                   500   500    350    350   300    280                        

         Lateral : 550   550    400    400   350    300                        

     __________________________________________________________________________

      *cf Uchida et al USP 3,655,628, Example 4                                

      **cf Uchida et al USP 3,655,628, Example 2                               

PAR  FIGS. 3-1 and 3-2 show the relations between the ratios of NCO/OH and the
      properties of the films molded from copolymers a.sub.3, b.sub.3, c.sub.3,
      d.sub.3 and e.sub.3 mentioned in Table 3.
PAR  The obtained copolymer solutions were diluted and coated on foamed
      vinylchloride leathers in the same manner as in Example 1. In the
      anti-flex test of the coated leathers with Flexometer, the leathers coated
      with copolymers c.sub.3 and c'.sub.3 had cracks on their surfaces after
      150,000 runs and the leather coated with copolymer e.sub.3 had cracks
      after 200,000 runs, whereas the leathers coated with copolymers a.sub.3,
      b.sub.3 and d.sub.3 exhibited no crack after 250,000 runs.
PAR  After treated with a weather-ometer having a xenon lamp (2 KW) for the
      periods of 20 hours and 50 hours, the coated leathers obtained in Examples
      1,2 and 3 were subjected to the anti-flex test with Flexometer. The result
      is shown in the following Table 4.
TBL                                    Table 4                                 

     __________________________________________________________________________

            Period of the                                                      

            treat-                                                             

            ment                                                               

                      20 hours   50 hours                                      

            Flex-                                                              

            ion                                                                

     Coating          50,000                                                   

                           150,000                                             

                                 50,000                                        

                                      150,000                                  

     Copolymer        runs runs  runs runs                                     

     __________________________________________________________________________

            NCO                                                                

     a.sub.1   = 2.0  o    o     o    o                                        

             OH                                                                

         b.sub.1  (                                                            

            "    1.6) o    o     o    o                                        

     Exam.                                                                     

         c.sub.1  (                                                            

            "    1.4) o    o     o - .DELTA.                                   

                                      .DELTA.                                  

     1   c'.sub.1 (                                                            

            "    1.4) o    o     o - .DELTA.                                   

                                      .DELTA.                                  

         d.sub.1  (                                                            

            "    1.6) o    o     o    o                                        

         e.sub.1  (                                                            

            "    2.8) o    o     o - .DELTA.                                   

                                      .DELTA.                                  

         a.sub.2  (                                                            

            "    2.42)                                                         

                      o    o     o    o                                        

         b.sub.2  (                                                            

            "    1.4) o    o     .DELTA.                                       

                                      x                                        

     Exam.                                                                     

         b'.sub.2 (                                                            

            "    1.4) o    o     .DELTA.                                       

                                      x                                        

     2   c.sub.2  (                                                            

            "    0.7) o    o     .DELTA.                                       

                                      x                                        

         c'.sub.2 (                                                            

            "    0.7) o    o     .DELTA.                                       

                                      x                                        

         d.sub.2  (                                                            

            "    1.6) o    o     o    o                                        

         e.sub.2  (                                                            

            "    2.8) o    o     .DELTA.                                       

                                      x                                        

         a.sub.3  (                                                            

            "    2.0) o    .DELTA.                                             

                                 .DELTA.                                       

                                      x                                        

         b.sub.3  (                                                            

            "    1.55)                                                         

                      o    .DELTA.                                             

                                 .DELTA.                                       

                                      x                                        

     Exam.                                                                     

         c.sub.3  (                                                            

            "    1.38)                                                         

                      .DELTA.                                                  

                           x     x    x                                        

     3   c'.sub.3 (                                                            

            "    1.38)                                                         

                      .DELTA.                                                  

                           x     x    x                                        

         d.sub.3  (                                                            

            "    2.5) o    .DELTA.                                             

                                 .DELTA.                                       

                                      x                                        

         e.sub.3  (                                                            

            "    2.8) .DELTA.                                                  

                           x     x    x                                        

     __________________________________________________________________________

     o :                                                                       

        No abnormal state was observed on the surface. -.DELTA. : Some cracks  

        were observed on the surface.                                          

     x :                                                                       

        Many cracks were observed on the surface, or the - surface was         

PAR  As apparent from this Table, the amino acidurethane copolymers produced
      according to the present process, i.e. those obtained by using the
      prepolymers wherein the ratio of NCO to OH were 1.6 to 2.5, were superior
      to those obtained by using the other prepolymers. Further, it is also
      apparent from Table 4 that the copolymers obtained by using aliphatic
      polyisocyanate were superior.
PAC  EXAMPLE 4
PAR  Prepolymers A.sub.4, B.sub.4, C.sub.4, D.sub.4, A'.sub.4, B'.sub.4,
      C'.sub.4 and D'.sub.4 having terminal NCO groups were prepared by reacting
      polyethylene glycols respectively having average molecular weights of 400
      and 600 (hereinafter referred to as PEG-400 and PEG-600, respectively)
      with LDIM at 100.degree.C for 60 minutes, respectively, in the amounts
      shown in the below-mentioned Tables 5-(1) and 5-(2). N,N-dimethylformamide
      (DMF), an NCA of .gamma.-methyl-L-glutamate and ethylene dichloride (EDC)
      were added to the obtained prepolymers and the mixtures were stirred.
      Triethylamine (TEA) was added thereto and reaction was carried out at
      20.degree.C for 10 hours. The resulting reaction solutions were heated to
      80.degree.C for 1 hour and thereafter cooled, whereby viscous solutions
      (copolymers a.sub.4, b.sub.4, c.sub.4, d.sub.4, e.sub.4, a'.sub.4,
      b'.sub.4, c'.sub.4, d'.sub.4 and e'.sub.4 ) were obtained.
PAR  The thus obtained solutions were molded into films having a thickness of
      0.04-0.05 mm. Physical properties of the films are also shown in Tables
      5-(1) and 5-(2).
TBL                                    Table 5 - (1)                           

     __________________________________________________________________________

     Prepolymer    A.sub.4                                                     

                          B.sub.4                                              

                                 C.sub.4                                       

                                        D.sub.4                                

                                               E.sub.4                         

     __________________________________________________________________________

     PEG-400 (g)   8      8      12     8      8                               

     LDIM (g)      8.5    6.8    8.5    10.6   11.9                            

     NCO/OH (equivalent)                                                       

                   2.0    1.6    1.33   2.5    2.8                             

     Copolymer     a.sub.4                                                     

                          b.sub.4                                              

                                 c.sub.4                                       

                                        d.sub.4                                

                                               e.sub.4                         

     NCA (g)       32.4   29.1   40.3   36.5   39.1                            

     DMF (g)       37.0   33.3   41.0   41.8   44.7                            

     EDC (g)       335    301    416    377    404                             

     TEA (g)       0.35   0.32   0.44   0.39   0.42                            

     Prepolymer                                                                

     NCA of        16.5/32.4                                                   

                          14.8/29.1                                            

                                 20.5/40.3                                     

                                        18.6/36.5                              

                                               19.9/39.1                       

     .gamma.-methyl-                                                           

     L-glutamate   (0.509)                                                     

                          (0.509)                                              

                                 (0.509)                                       

                                        (0.509)                                

                                               (0.509)                         

     (g/g)                                                                     

     Prop-                                                                     

         Tensile strength                                                      

     erties                                                                    

         (kg/mm.sup.2)                                                         

     of the                                                                    

         Longitudinal :                                                        

                   1.0    0.9    0.6    0.9    0.7                             

     films                                                                     

         Lateral : 1.1    1.0    0.7    1.1    0.6                             

         Elongation (%)                                                        

         Longitudinal :                                                        

                   350    320    200    350    250                             

         Lateral : 400    360    100    370    260                             

     __________________________________________________________________________

PAR  FIGS. 4-1 and 4-2 show the relations between the ratios of NCO/OH and the
      properties of the films mentioned in Table 5-(1).
TBL                                    Table 5 -(2)                            

     __________________________________________________________________________

     Prepolymer    A'.sub.4                                                    

                          B'.sub.4                                             

                                C'.sub.4                                       

                                      D'.sub.4                                 

                                             E'.sub.4                          

     __________________________________________________________________________

     PEG-600 (g)   12     12    21    12     8.6                               

     LDIM (g)      8.5    6.8   8.5   10.6   8.5                               

     NCO/OH (equivalent)                                                       

                   2.0    1.6   1.4    2.5   2.8                               

     Copolymer     a'.sub.4                                                    

                          b'.sub.4                                             

                                c'.sub.4                                       

                                      d'.sub.4                                 

                                             e'.sub.4                          

     NCA (g)       62.1   57    90    68.5   51.8                              

     DMF (g)       61.5   56.4  88    67.8   51.3                              

     EDC (g)       551    505    797  607    459                               

     TEA (g)       0.34   0.31   0.48 0.37   0.28                              

     Prepolymer                                                                

     NCA of        20.5/62.1                                                   

                          18.8/57                                              

                                29.5/90                                        

                                      22.6/68.5                                

                                             17.1/51.8                         

     .gamma.-methyl-                                                           

     L-glutamate   (0.330)                                                     

                          (0.330)                                              

                                (0.330)                                        

                                      (0.330)                                  

                                             (0.330)                           

     (g/g)                                                                     

     Prop-                                                                     

         Tensile strength                                                      

     erties                                                                    

         (kg/mm.sup.2)                                                         

     of the                                                                    

         Longitudinal :                                                        

                   1.0    0.8   0.5   0.9    0.6                               

     films                                                                     

         Lateral : 1.1    0.9   0.6   0.9    0.6                               

         Elongation (%)                                                        

         Longitudinal :                                                        

                   280    230   150   200    150                               

         Lateral : 300    250   170   220    170                               

     __________________________________________________________________________

PAR  FIGS. 5-1 and 5-2 show the relations between the ratios of NCO/OH and the
      properties of the films mentioned in Table 5-(2).
PAR  The obtained copolymer solutions were diluted with EDC. The resulting
      diluted solutions were coated on foamed polyvinylchloride leathers. The
      result of the comparison in respect of touch and feeling between the
      obtained leathers is as hereunder:
EQU  a'.sub.4 &gt; b'.sub.4 .apprxeq. d'.sub.4 .apprxeq. a.sub.4 &gt; d.sub.4 &gt;
      b.sub.4 &gt; c.sub.4 &gt; c'.sub.4 &gt; e.sub.4 .apprxeq. e'.sub.4
PAR  In the anti-flex test of the obtained leathers, the leathers coated with
      copolymers c.sub.4, c'.sub.4 and e'.sub.4 had cracks after 80,000 runs,
      and the leather coated with copolymer e.sub.4 had cracks after 100,000
      runs. Whereas, the leathers coated with copolymers d.sub.4, a.sub.4,
      b.sub.4, b'.sub.4, a'.sub.4 and d'.sub.4 exhibited no crack under the same
      conditions.
PAC  EXAMPLE 5
PAR  1500 g of EDC and 150 g of NCA of .gamma.-methyl-L-glutamate were poured
      into a four-necked flask equipped with an agitator, a reflux condenser and
      a calcium chloride cylinder, and 4.0 g of TEA was added thereto.
      Polymerization was carried out at 5.degree.C for 3 hours to obtain a
      poly-.gamma.-methyl-L-glutamate solution. The resulting solution was
      divided into ten equal parts.
PAR  Five kinds of prepolymers (prepolymers A.sub.5, B.sub.5, C.sub.5, D.sub.5
      and E.sub.5) were prepared by reacting MDI with PEG-600 in such a flask as
      above-mentioned at 80.degree.-100.degree.C for 1 hour.
PAR  20 g each of these prepolymers was added to one part of the
      poly-.gamma.-methyl-L-glutamate solution together with 134 g of EDC.
      Further, 12.7 g each of prepolymers A.sub.5, D.sub.5 and E.sub.5 was added
      to one part of the poly-.gamma.-methyl-L-glutamate solution together with
      68 g of EDC. The obtained mixtures were subjected to polymerization for 10
      hours at 30.degree.C. Thus, eight kinds of copolymer solutions (copolymers
      a.sub.5, a'.sub.5, b.sub.5, c.sub.5, d.sub.5, d'.sub.5, e.sub.5 and
      e'.sub.5) were prepared.
PAR  Films having a thickness of 0.04-0.05 mm were molded from the thus obtained
      copolymers by a dry process and were tested on tensile strength and
      elongation. Detailed data are shown in Table 6.
TBL                                    Table 6                                 

     __________________________________________________________________________

     Prepolymer    A.sub.5    B.sub.5                                          

                                   C.sub.5                                     

                                        D.sub.5    E.sub.5                     

     __________________________________________________________________________

     MDI (g)       25         19.4 25   31.3       35                          

     PEG-600 (g)   30         30   43   30         30                          

     NCO/OH (equivalent)                                                       

                    2.0       1.55  1.4  2.5       2.8                         

     Copolymer     a.sub.5                                                     

                        a'.sub.5                                               

                              b.sub.5                                          

                                   c.sub.5                                     

                                        d.sub.5                                

                                             d'.sub.5                          

                                                   e.sub.5                     

                                                        e'.sub.5               

     Prepolymer                                                                

     NCA of        20/15                                                       

                        12.7/15                                                

                              20/15                                            

                                   20/15                                       

                                        20/15                                  

                                             12.7/15                           

                                                   20/15                       

                                                        12.7/15                

     .gamma.-methyl-                                                           

     L-glutamate   (1.33)                                                      

                        (0.847)                                                

                              (1.33)                                           

                                   (1.33)                                      

                                        (1.33)                                 

                                             (0.847)                           

                                                   (1.33)                      

                                                        (0.847)                

     (g/g)                                                                     

     Viscosity of the                                                          

     copolymers    1,000                                                       

                        800   1,000                                            

                                   1,200                                       

                                        1,200                                  

                                             1,000 1,300                       

                                                        1,100                  

     (c.p.s.)                                                                  

     Prop-                                                                     

         Tensile strength                                                      

     erties                                                                    

         (kg/mm.sup.2)                                                         

     of the                                                                    

         Longitudinal :                                                        

                   1.6  1.9   1.7  1.2  1.4  1.8   0.9  1.0                    

     films                                                                     

         Lateral : 1.8  2.0   1.7  1.3  1.5  1.9   0.9  1.2                    

         Elongation                                                            

         (%)                                                                   

         Longitudinal :                                                        

                   700  800   650  500  500  750   200  300                    

         Lateral : 750  850   700  550  550  800   250  350                    

     __________________________________________________________________________

PAR  FIGS. 6-1 and 6-2 show the relations between the ratios of NCO/OH and the
      properties of the films molded from copolymers a.sub.5 ; b.sub.5, c.sub.5,
      d.sub.5 and e.sub.5 mentioned in Table 6.
PAR  Each of the obtained copolymer solutions was diluted with a mixture EDC and
      DMF (9:1) by 4 to 10 times the volume. The resulting diluted solutions
      were coated on foamed polyvinylchloride leathers. In the anti-flex test of
      the coated leathers, the leathers coated with copolymers e.sub.5 and
      e'.sub.5 had cracks after 70,000 runs. The leather coated with copolymer
      c.sub.5 had cracks after 100,000 runs, whereas the leathers coated with
      copolymers a.sub.5, b.sub.5, d.sub.5, a'.sub.5 and d'.sub.5 exhibited no
      crack. Further, the leathers coated with copolymers a'.sub.5 and d'.sub.5
      exhibited no crack even after 200,000 runs.
PAC  EXAMPLE 6
PAR  A poly-.gamma.-methyl-L-glutamate solution was prepared in the same manner
      as in Example 5 and divided into ten equal parts.
PAR  Five kinds of prepolymers (prepolymers A.sub.6, B.sub.6, C.sub.6, D.sub.6
      and E.sub.6) were prepared by reacting MDI with polyoxytetramethylene
      glycol having an average molecular weight of 1,000 (referred to as
      PTG-1000) under the same reaction conditions as in Example 5.
PAR  12.7 g each of the obtained prepolymers was added to one part of the
      poly-.gamma.-methyl-L-glutamate solution together with 68 g of EDC.
      Further, 20 g of prepolymer A.sub.6 was added to 1 part of the
      poly-.gamma.-methyl-L-glutamate solution together with 134 g of EDC. The
      obtained mixtures were subjected to polymerization under the same reaction
      conditions as in Example 5. Thus, six copolymer solutions (copolymers
      a.sub.6, a'.sub.6, b.sub.6, c.sub.6, d.sub. 6 and e.sub.6) were obtained.
PAR  Films having a thickness of 0.04-0.05 mm were molded from the obtained
      copolymers and were tested on tensile strength and elongation. Detailed
      data are shown in Table 7.
PAR  Further, each of the obtained copolymer solutions was diluted with a
      mixture of EDC and DMF (9:1) by 3 to 5 times the volume. The resulting
      solutions were coated on foamed polyvinyl chloride leathers. The result of
      the comparison on touch and feeling between the resulting leathers is as
      hereunder:
EQU  a.sub.6 .apprxeq. b.sub.6 &gt; a'.sub.6 .apprxeq. d'.sub.6 &gt;&gt; c.sub.6 &gt;&gt;
      e.sub.6
PAR  The leathers were subjected to the anti-flex test with Flexometer. The
      result of this test is also shown in the following Table 7.
TBL                                    Table 7                                 

     __________________________________________________________________________

     Prepolymer    A.sub.6    B.sub.6                                          

                                    C.sub.6                                    

                                          D.sub.6                              

                                                E.sub.6                        

     __________________________________________________________________________

     MDI (g)        50         50    50    62.5  70                            

     PTG-1000 (g)  100        110   143   100   100                            

     NCO/OH (equivalent)                                                       

                   2.0        1.8   1.4   2.5   2.8                            

     Copolymer     a.sub.6                                                     

                         a'.sub.6                                              

                              b.sub.6                                          

                                    c.sub.6                                    

                                          d.sub.6                              

                                                e.sub.6                        

     Prepolymer                                                                

     NCA of        12.7/15                                                     

                         20/15                                                 

                              12.7/15                                          

                                    12.7/15                                    

                                          12.7/15                              

                                                12.7/15                        

     .gamma.-methyl-                                                           

     L-glutamate   (0.847)                                                     

                         (1.33)                                                

                              (0.847)                                          

                                    (0.847)                                    

                                          (0.847)                              

                                                (0.847)                        

     (g/g)                                                                     

     Prop-                                                                     

         Tensile strength                                                      

     erties                                                                    

         (kg/mm.sup.2)                                                         

     of the                                                                    

         Longitudinal :                                                        

                   1.8   1.5  1.7   1.3   1.4   1.0                            

     films                                                                     

         Lateral : 2.0   1.6  1.7   1.4   1.5   1.1                            

         Elongation (%)                                                        

         Longitudinal :                                                        

                   800   700  600   500   750   400                            

         Lateral : 850   750  650   550   800   450                            

     Anti-flex test:                                                           

     State of the sur-                                                         

                   No    No   No    Cracks                                     

                                          No    Cracks                         

     faces of the  cracks                                                      

                         cracks                                                

                              cracks                                           

                                    were  cracks                               

                                                were                           

     leathers after                 observed.   observed.                      

     100,000 runs                                                              

     __________________________________________________________________________

PAR  FIGS. 7-1 and 7-2 show the relations between the ratios of NCO/OH and the
      properties of the films molded from copolymers a.sub.6, b.sub.6, c.sub.6,
      d.sub.6 and e.sub.6 mentioned in Table 7.
PAC  EXAMPLE 7
PAR  1500 g of EDC and 150 g of an NCA of .gamma.-methyl-L-glutamate were poured
      into a four-necked flask equipped with an agitator, a reflux condenser, a
      calcium cylinder and a thermometer and then 3 g of TEA was added thereto.
      Polymerization was carried out at 0.degree.C for 4 hours. The resulting
      polymerization solution was divided into 10 equal parts.
PAR  Poly-.gamma.-methyl-L-glutamate was isolated from the obtained
      polymerization solution and thereafter the poly-.gamma.-methyl-L-glutamate
      was dissolved in dichloroacetate at 25.degree.C. The reduced viscosity of
      the dichloroacetate solution, i.e. .eta.sp/c = 0.5 of the solution was
      0.5.
PAR  Five kinds of prepolymers (prepolymer A.sub.7, B.sub.7, C.sub.7, D.sub.7
      and E.sub.7) were prepared by reacting LDIM with polyoxytetramethylene
      glycol having an average molecular weight of 2200 (referred to as
      PTG-2200) for one hour at 90.degree.-100.degree.C.
PAR  12.7 g each of the obtained prepolymers was added to one part of the
      poly-.gamma.-methyl-L-glutamate solution together with 68 g of EDC. The
      obtained mixtures were subjected to polymerization for 10 hours at
      30.degree.C. Thus, five copolymer solutions (copolymers a.sub.7, b.sub.7,
      c.sub.7, d.sub.7 and e.sub.7) were obtained.
PAR  Films having a thickness of 0.04--0.05 mm were molded from the obtained
      copolymers and were tested on tensile strength and elongation. Detailed
      data are shown in Table 8.
TBL                                    Table 8                                 

     __________________________________________________________________________

     Prepolymer    A.sub.7                                                     

                         B.sub.7                                               

                               C.sub.7                                         

                                     D.sub.7                                   

                                           E.sub.7                             

     __________________________________________________________________________

     LDIM (g)      8.5   6.8   5.94  10.6  11.9                                

     PTG-2200 (g)  44    44    44    44    44                                  

     NCO/OH (equivalent)                                                       

                   2.0   1.6   1.4   2.5    2.8                                

     Copolymer     a.sub.7                                                     

                         b.sub.7                                               

                               c.sub.7                                         

                                     d.sub.7                                   

                                           e.sub.7                             

     Prepolymer                                                                

     NCA of        12.7/15                                                     

                         12.7/15                                               

                               12.7/15                                         

                                     12.7/15                                   

                                           12.7/15                             

     .gamma.-methyl-                                                           

     L-glutamate   (0.847)                                                     

                         (0.847)                                               

                               (0.847)                                         

                                     (0.847)                                   

                                           (0.847)                             

     (g/g)                                                                     

     Prop-                                                                     

         Tensile strength                                                      

     erties                                                                    

         (kg/mm.sup.2)                                                         

     of the                                                                    

         Longitudinal :                                                        

                   1.2   1.0   0.8   1.0   0.8                                 

     films                                                                     

         Lateral : 1.3   1.1   0.9   1.0   0.8                                 

         Elongation                                                            

         (%)                                                                   

         Longitudinal :                                                        

                   500   350   200   400   300                                 

         Lateral : 550   400   210   450   330                                 

     __________________________________________________________________________

PAR  FIGS. 8-1 and 8-2 show the relations between the ratios of NCO/OH and the
      properties of the films mentioned in Table 8.
PAC  EXAMPLE 8
PAR  200 g of polyoxypropylene glycol having a molecular weight of 1,500 was
      mixed with 48 g of tolylene diisocyanate (NCO/OH = 2.0). The resulting
      mixture was heated at a temperature of 100.degree.C for 4 hours with
      stirring, whereby a prepolymer having isocyanate groups at the terminal
      positions was obtained. Then, 800 g of ethylene dichloride was immediately
      added thereto, and successively 250 g of
      N.sup..epsilon.-carbobenzoyl-L-lysine-N-carboxylic acid anhydride was
      added thereto. After stirring at room temperature for one hour, 150 g of
      N,N-diethylacetamide was added thereto. After the addition of 2.35 g of a
      polymerization initiator (tri-n-butylamine), stirring was continued for 15
      hours. Then, the temperature was elevated to near the boiling point by
      heating, and reaction was carried out for one hour, whereby a viscous
      solution of copolymer was obtained. The resulting solution was inferior in
      its resistance to light as compared with the copolymer solution of Example
      1, but the film prepared therefrom was superior in adhesiveness and
      elongation properties with respect to the film of
      poly-N.sup..epsilon.-carbobenzoxy-L-lysine alone.
PAC  EXAMPLE 9
PAR  24 g of polyoxylhexamethylene glycol having a molecular weight of 2,000 and
      5.0 g of lysine diisocynate methyl ester were mixed (NCO/OH = 1.97). The
      resulting mixture was stirred at 80.degree.C for 1 hour, and then
      dissolved in 80 g of N,N-dimethylformamide, whereby a prepolymer having
      isocyanate groups at the terminals was synthesized. Then, 40 g of
      chloroform and 40 g of dioxane were added thereto, and, furthermore, 20 g
      of .beta.-alanine-N-carboxylic acid anhydride was also added thereto.
      After the addition of 0.3 g of the polymerization initiator,
      triethylenediamine, stirring was continued for 5 hours. Then, the
      temperature was elevated to close to the boiling point by heating, and the
      reaction was continued for 2 hours, whereby a viscous solution of
      copolymer was obtained. The film prepared from the solution had very
      excellent adhesiveness and elongation properties, similar to those of the
      copolymer of Example 1.
PAC  EXAMPLE 10
PAR  50 g of dioxane was added to 24 g of polyoxyhexamethylene glycol having a
      molecular weight of 2,000 and 3.0 g of lysine diisocyanate methyl ester
      (NCO/OH = 1.18). The mixture was stirred at 80.degree.C for 1 hour,
      whereby a prepolymer having isocyanate groups at the terminal positions
      was obtained. Then, a polymerization solution separately prepared by
      polymerizing 90.0 g of .gamma.-benzyl-D-glutamate-N-carboxylic acid
      anhydride in 600 g of ethane dichloride, using 1.0 g of triethylamine as a
      polymerization initiator, was immediately added thereto. This solution
      mixture was heated at 75.degree.-80.degree.C for 1 hour with stirring,
      whereby a copolymerization solution having a viscosity of 2,000-3,000
      c.p.s. was obtained. The film obtained from the copolymerization solution
      according to the conventional method had physical properties similar to
      those of the film obtained in Example 1 and had better elongation and
      adhesiveness properties than the film of poly-.gamma.-benzyl-D-glutamate.
PAR  A prepolymer (NCO/OH = 2) was prepared in the same manner as above, except
      that 5.1 g of lysine diisocyanate methyl ester was used in place of 3 g of
      lysine diisocyanate methyl ester. .gamma.-benzyl-D-glutamate-urethane
      copolymer solution was produced using this prepolymer in the same manner
      as above, except that 97 g of .gamma.-benzyl-D-glutamate-N-carboxylic acid
      anhydride was used.
PAR  When the film of the .gamma.-benzyl-D-glutamate-urethane copolymer obtained
      by using the prepolymer having the ratio of NCO/OH of 1.18 was compared in
      physical properties with that of .gamma.-benzyl-D-glutamate-urethane
      copolymer obtained by using the prepolymer having the ratio of NCO/OH of
      2.0, the latter was superior to the former in both tensile strength and
      elongation.
PAC  EXAMPLES 11-15
PAR  Prepolymers were prepared in accordance with the following method, using
      the components shown in Table 9.
PAR  A diisocyanate component, a solvent X and a catalyst were added to a
      polyether diol component, and a prepolymer was obtained by stirring at
      80.degree.-100.degree.C for 60 minutes.
PAR  A solvent Y shown in Table 10 was added to the prepolymer and then admixed
      with the ANCA component. Stirring was carried out at room temperature for
      1 hour, a polymerization initiator was then added thereto, and the
      reaction was continued for 10 hours. A copolymer solution was obtained by
      heat treatment at 80.degree.C for 1 hour. The colorless, transparent film
      prepared from the solution was greatly improved with respect to elongation
      and adhesiveness properties, as compared with the film obtained from the
      polyamino acid polymer alone.
TBL                                    Table 9                                 

     __________________________________________________________________________

     Example                                                                   

            Diisocyanate                                                       

                     Polyetherdiol                                             

                              NCO/OH Catalyst                                  

                                           Solvent X                           

            component                                                          

                     component                                                 

                              (equivalent)                                     

     __________________________________________________________________________

            4,4'-Diphenyl-                                                     

                     Polyoxytetra-                                             

     11     methane diiso                                                      

                     methylene                                                 

                              2.26   None  Dioxane  40 g                       

            cyanate  glycol                                                    

            10 g     (MW 1350) 24 g                                            

            2,4-Tolylene                                                       

                     Polyoxypropy-         N,N-dimethyl-                       

     12     diisocyanate                                                       

                     lene glycol                                               

                              2.42   None  formamide 30 g                      

            28 g     (MW 1500) 100 g       Dioxane  30 g                       

            Lysine diiso-                                                      

                     Polyoxybuty-    Triethyl-                                 

                                           N,N-diethyl-                        

     13     cyanate ethyl                                                      

                     lene glycol                                               

                              1.63   amine formamide 30 g                      

            ester 8.5 g                                                        

                     (MW 2000) 40 g  0.05 g                                    

            4,4'-Diphenyl-                                                     

                     Polyoxypenta-                                             

        (i) methane diiso-                                                     

                     methylene                                                 

                              1.55   None  Dioxane  30 g                       

            cyanate 8.5 g                                                      

                     glycol                                                    

                     (MW 1600) 35 g                                            

     14 (ii)                                                                   

            "        "  33 g  1.65   "     "                                   

        (iii)                                                                  

            "        " 29.4 g 1.95   "     "                                   

        (iv)                                                                   

            "        " 20.1 g 2.7    "     "                                   

            Lysine diiso-                                                      

                     Polyoxytetra-                                             

            cyanate methyl                                                     

                     methylene oxy-                                            

     15     ester    ethylene gly-                                             

                              2.12   "     "                                   

            9.0 g    col (MW 2000)                                             

                     40 g                                                      

     __________________________________________________________________________

TBL                Table 10                                                    

     ______________________________________                                    

                                        Polymeri-                              

     Ex-    ANCA component                                                     

                          Solvent Y     zation                                 

     ample                              initiator                              

     ______________________________________                                    

            .gamma.-Ethyl-L-                                                   

                          Perchlene 150 g                                      

                                        Triethyl-                              

     11     glutamate NCA Ethane di-    amine                                  

            75 g          chloride 450 g                                       

                                        1.5 g                                  

            .gamma.-Isobutyl-L-                                                

                          Trichlene     Tri-n-                                 

     12     glutamate NCA 800 g         butylamine                             

            70 g                        1.0 g                                  

            .gamma.-Cyclohexyl-L-                                              

                          Ethane di-    Diethyl-                               

     13     glutamate NCA chloride      amine                                  

            70 g          850 g         1.3 g                                  

                NCA of .gamma.-methyl-                                         

                              N,N-dimethyl-                                    

                                          Diethyl-                             

                D-glutamate 30 g                                               

                              formamide 200 g                                  

                                          amine                                

         (i)                              1.5 g                                

                NCA of D-alanine                                               

                              1,2-dichloro-                                    

                40 g          ethane 350 g                                     

                NCA of .gamma.-methyl-                                         

                D-glutamate                                                    

         (ii)   27.9 g        "           "                                    

                NCA of D-alanine          1.42g                                

     14         38.2 g                                                         

                NCA of .gamma.-methyl                                          

                D-glutamate                                                    

         (iii)  26.2 g        "           "                                    

                NCA of D-alanine          1.36g                                

                34.8 g                                                         

                NCA of .gamma.-methyl-                                         

                D-glutamate                                                    

         (iv)   19.7 g        "           "                                    

                NCA of D-alanine          0.96 g                               

                26.3 g                                                         

            O.sup.1,O.sup.2 -di(.gamma.-                                       

                          Dimethyl sulf-                                       

                                        Triethyl-                              

            glutamyl)     oxide 100 g   amine                                  

     15     ethylene glycol                                                    

                          Ethane di-    2.1 g                                  

            NCA 60 g      chloride 700 g                                       

     ______________________________________                                    

PAR  In Example 14, four kinds of copolymer solutions were produced by using the
      prepolymers having the ratios of NCO/OH of 1.55, 1.65, 1.95 and 2.7,
      respectively. As a result of the comparison of the physical properties of
      the films prepared from the four copolymers solutions, it was found that
      so far as elongation and tensile strength are concerned, the films in
      14-(i), (ii) and (iii) are superior to that in 14-(iv), and the film in
      14-(iii) is superior to those in 14-(i) and (ii).
PAR  The invention being thus described, it will be obvious that the same may be
      varied in many ways. Such variations are not to be regarded as a departure
      from the spirit and scope of the invention, and all such modifications as
      would be obvious to one skilled in the art are intended to be included
      herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing an amino acid-urethane copolymer which comprises
      polymerizing (I) a prepolymer having isocyanate groups, which is prepared
      by reacting a polyether polyol having hydroxyl groups substantially at the
      terminals thereof selected from the group consisting of (a) ring-cleaved
      polymers of alkylene oxides having 2 to 8 carbon atoms, (b) mixtures of
      said ring-cleaved polymers, (c) condensates of said alkylene oxides and
      alkylene glycols having 2 to 6 carbon atoms and (d) condensates of one or
      more of said alkylene glycols with an organic polyisocyanate in a ratio in
      equivalent of the organic polyisocyanate to the polyether polyol of 1.6 to
      2.5, with (II) an amino acid-N-carboxylic acid anhydride having the
      formula:
      ##EQU3##
      (wherein R and R.sup.1 are hydrogen atoms or monovalent organic residues,
      and R.sup.2 and R.sup.3 are divalent organic residues).
NUM  2.
PAR  2. The process of claim 1, wherein said organic polyisocyanate is a
      diisocyanate.
NUM  3.
PAR  3. The process of claim 1, wherein said polyether polyol has a molecular
      weight of about 400 to 2,000.
NUM  4.
PAR  4. The process of claim 1, wherein said polyether polyol has from 4 to 6
      --CH.sub.2 -- groups as repeating units in the linear chain.
NUM  5.
PAR  5. The process of claim 1, wherein said organic polyisocyanate is an
      organic diisocyanate containing at least one ester group.
NUM  6.
PAR  6. The process of claim 1, wherein said organic polyisocyanate is an
      aliphatic diisocyanate containing an alkyl ester group.
NUM  7.
PAR  7. The process of claim 6, wherein said aliphatic diisocyanate is selected
      from the group consisting of lysine diisocyanate alkyl ester and ornithine
      diisocyanate alkyl ester.
NUM  8.
PAR  8. The process of claim 1, wherein the reaction of the polyether polyol
      with the organic polyisocyanate is carried out in the presence of a
      catalyst.
NUM  9.
PAR  9. The process of claim 1, wherein from 0.2 to 2.0 parts by weight of the
      amino acid-N-carboxylic acid anhydride is employed per 1 part by weight of
      the prepolymer having isocyanate groups.
NUM  10.
PAR  10. The process of claim 1, wherein the polymerization of the prepolymer
      with the amino acid-N-carboxylic acid anhydride is carried out at a
      temperature of about 0.degree. to 200.degree.C.
NUM  11.
PAR  11. The process of claim 1, wherein the polymerization of the prepolymer
      with the amino acid-N-carboxylic acid anhydride is carried out at a
      temperature of about 0.degree. to 100.degree.C.
NUM  12.
PAR  12. The process of claim 1, wherein the polymerization of the prepolymer
      with the amino acid-N-carboxylic acid anhydride is carried out in the
      presence of a polymerization initiator.
NUM  13.
PAR  13. The process of claim 12, wherein the amount of the polymerization
      initiator is 0.005 to 1.0 mol per mol of the amino acid-N-carboxylic acid
      anhydride.
NUM  14.
PAR  14. An amino acid-urethane copolymer produced by polymerizing (I) a
      prepolymer having isocyanate groups, which is prepared by reacting a
      polyether polyol (molecular weight: 300 - 5,000) having hydroxyl groups
      substantially at the terminals thereof selected from the group consisting
      of (a) ring-cleaved polymers of alkylene oxides having 2 to 8 carbon
      atoms, (b) mixtures of said ring-cleaved polymers, (c) condensates of said
      alkylene oxides and alkylene glycols having 2 to 6 carbon atoms and (d)
      condensates of one or more of said alkylene glycols with an organic
      polyisocyanate in a ratio in equivalent of the organic polyisocyanate to
      the polyether polyol of 1.6 to 2.5, with (II) an amino acid-N-carboxylic
      acid anhydride having the formula:
      ##EQU4##
      (wherein R and R.sup.1 are hydrogen atoms or monovalent organic residues,
      and R.sup.2 and R.sup.3 are divalent organic residues).
NUM  15.
PAR  15. An amino acid-urethane copolymer in accordance with claim 14, wherein
      said organic polyisocyanate is a diisocyanate.
NUM  16.
PAR  16. An amino acid-urethane copolymer in accordance with claim 15, wherein
      said diisocyanate is an aliphatic diisocyanate containing at least one
      alkyl ester group.
NUM  17.
PAR  17. An artificial leather comprising the amino acid-urethane copolymer of
      claim 14 and a woven or nonwoven fabric substrate.
NUM  18.
PAR  18. An artificial leather in accordance with claim 17, wherein the
      substrate is a cotton cloth.
NUM  19.
PAR  19. A film comprising the amino acid-urethane copolymer of claim 14.
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PAL  Diamine cured polyurethane products are prepared by combining an isocyanate
      terminated urethane prepolymer with a compound of the formula:
      ##SPC1##
PAL  Wherein X is a 2-12 carbon alkylene or cycloalkylene group.
PARN
PAC  CROSS REFERENCE TO OTHER APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 451,079
      filed Mar. 14, 1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Hard, impact resistant, polyurethane products are particularly desirable.
      However, in attempting to obtain such products the art has met with some
      difficulty, particularly with regard to the selection of a suitable curing
      agent. Many diamines have been considered for use as a curing agent for
      isocyanate terminated polyurethane prepolymers, but most are generally
      dificient in some respect.
PAR  U.S. Pat. No. 3,188,302 discloses a class of diamine curing agents which
      are particularly suitable for use in preparing such polyurethane products.
      However, these materials also present difficulties, including toxicity
      problems during processing which includes the curing step.
PAR  U.S. Pat. No. 3,681,290 also discloses a class of diamine curing agents.
      These materials are also dificient, for example, in pot life.
PAR  The present invention is directed to novel diamine cured polyurethane
      products and to novel diamine curing agents suitable for use with
      isocyanate terminated prepolymers.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to diamine cured polyurethane products
      prepared by combining an isocyanate terminated urethane prepolymer with a
      diamine compound of the formula:
      ##SPC2##
PAL  Wherein X is a 2-12 carbon alkylene or cycloalkylene group and the rings
      are devoid of substituents other than the amine group.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Isocyanate terminated urethane prepolymers are cured to provide strong,
      rubbery, abrasion resistant solids in conventional hot molding or in
      solvent based coating systems by means of the present invention. For
      solvent based systems the diamine curing agents of the present invention
      are soluble in several conventional solvents used for coating techniques
      and possess kinetics which provide useful working times and conditions and
      also provide the desired 3-dimensional structure in the cured
      polyurethanes.
PAR  In conventional hot molding techniques, the curing agents of the present
      invention possess melting points generally within the desired range for
      such techniques, a reasonable degree of supercooling properties, are
      compatible with a wide range of isocyanate terminated urethane prepolymers
      and, in general, exhibit kinetics that provide useful pot lifes and curing
      times. In addition, the curing agents are generally stable to
      decomposition at their melting points.
PAR  The novel curing agents may be represented by the formula:
      ##SPC3##
PAL  Each ring contains at least one amino group but may contain more than one,
      but contain no other substituents.
PAR  The alkylene and cycloalkylene groups represented by X in Formula A may be
      substituted or unsubstituted. Suitable substituents include 1-5 carbon
      alkyl groups, halogen, e.g., chloro or fluoro, and aryl groups, preferably
      phenyl. In a particularly preferred embodiment, the alkylene or
      cycloalkylene group designated X contains an odd number of carbon atoms,
      more preferably 3 or 5 carbon atoms.
PAR  The diamine curing agents useful in the present invention are prepared by
      reacting p-nitrobenzoyl chloride with a diol and reducing the thus-formed
      compound to the diamine.
PAR  As examples of diols suitable for use in the present invention, mention may
      be made of the following:
PA1  1,3-butanediol
PA1  1,4-butanediol
PA1  2,3-butanediol
PA1  2-n-butyl-2-ethyl-1,3-propanediol
PA1  3-chloro-1,2-propanediol
PA1  1,4-cyclohexanediol
PA1  2,5-dimethyl-2,5-hexanediol
PA1  2,2-dimethyl-1,3-propanediol
PA1  2,2-diphenyl-1,3-propanediol
PA1  1,12-dodecanediol
PA1  ethylene glycol
PA1  2-ethyl-1,3-hexanediol
PA1  2-ethyl-2-methyl-1,3 -propanediol
PA1  1,7-heptanediol
PA1  1,6-hexanediol
PA1  2,5-hexanediol
PA1  2-methyl-1,4-butanediol
PA1  2-methyl-2,4-pentanediol
PA1  1,8-octanediol
PA1  1,5-pentanediol
PA1  2,4-pentanediol
PA1  1-phenyl-1,2-ethanediol
PA1  1,2-propanediol
PA1  1,3-propanediol
PA1  1,1,4,4-tetraphenyl-1,4-butanediol
PA1  2,2,4,4-tetramethyl-1,3-cyclobutanediol
DETD
PAR  The following nonlimiting examples illustrate the preparation of the curing
      agents of the present invention.
PAC  EXAMPLE I
PAR  A solution of 74 g. of p-nitrobenzoyl chloride in 100 cc. of dry pyridine
      was heated to 40.degree. C. with stirring and 15.2 g. of 1,3-propane diol
      was added dropwise over a period of about 15 min. The solution was
      refluxed an additional 5 hours and then poured into 1 liter of ice water.
      The precipitate was filtered and dried in a vacuum oven to yield 63 g. of
      1,3-propane diol di-p-nitrobenzoate (m.p. 114.degree.-115.degree.). 64 g.
      of 1,3-propane diol di-p-nitrobenzoate were mixed with 500 cc. of absolute
      ethanol. The solution was flushed with nitrogen for 1 hour and then 1 g.
      of 10% palladium on charcoal (previously moistened with ethanol) was
      added. After stirring 15 min., 28 cc. of hydrazine hydrate was added
      dropwise over a period of about one-half hour. Heat was applied to
      maintain reflux for about 2 hours. The catalyst was then removed by
      filtered through Celite. After evaporation, the residue was recrystallized
      from 200 cc. ethanol to yield 40 g. of white 1,3 -propanediol
      di-p-aminobenzoate (m.p. 125.degree.-128.degree. C.).
PAR  An elemental analysis showed the following for C.sub.17 H.sub.18 N.sub.2
      O.sub.4 : Calculated: C, 65.0; H, 5.85; N, 8.95. Found: C, 65.06; H, 5.71;
      N, 8.95.
PAC  EXAMPLE II
PAR  To a solution of 18.5 g of p-nitrobenzoyl chloride in 200 cc. of
      tetrahydrofuran was added 3.1 g. of 1,2-ethanediol and the solution was
      refluxed for 2 hours. The solution was then poured into ice water,
      filtered and dried to yield 7.5 g. of 1,2-ethanediol di-p-nitrobenzoate
      (m.p. 107.degree.-110.degree. C.). The 1,2-ethanediol di-p-nitrobenzoate
      was reduced to 1,2-ethanediol di-p-aminobenzoate according to the
      procedure of Example I. The yield was about 3 g. of white solid that
      melted at 212.degree.-215.degree. C.
PAC  EXAMPLE III
PAR  To 37 g. of p-nitrobenzoyl chloride in 100 cc. of pyridine was added 18 g.
      of 1,3-butanediol and the solution was refluxed for 5 hours. The solution
      was poured into 1 liter of water, filtered and dried to provide 36 g. of
      1,3-butanediol di-p-nitrobenzoate melting at 98.degree.-100.degree. C.
      Reduction was carried out according to the procedure of Example I to
      provide 12 g. of 1,3-butanediol di-p-aminobenzoate melting at
      147.degree.-150.degree. C. and having the following elemental analysis:
PAR  Calculated: C, 65.7; H, 6.36; N, 8.73. Found: C, 65.85; H, 6.06; N, 8.45.
PAC  EXAMPLE IV
PAR  To 37 g. of p-nitrobenzoyl chloride in 100 cc. of pyridine was added 15.2
      g. of 1,2-propanediol and the solution was refluxed for 5 hours. The
      solution was then poured into 1 liter of water, filtered and dried to
      provide 36 g. of 1,2-propanediol di-p-nitrobenzoate melting at
      116.degree.-120.degree. C. Reduction was carried out according to the
      procedure of Example I to provide 12 g. of 1,2-propanediol
      di-p-aminobenzoate melting at 137.degree.-138.degree. C.
PAR  The novel polyurethane products of the present invention are prepared by
      combining an isocyanate terminated urethane prepolymer with the
      above-described diamine curing agent. Suitable isocyanate terminated
      urethane prepolymers for use in the present invention are known to the art
      and are disclosed, for example, in "Advances in Urethane Science and
      Technology", Vol. 1, K. D. Frisch and S. L. Regan, Technomic Publishing
      Company, New Jersey, 1971 and "Polyurethane Coatings", Keith Johnson,
      Noyes Data Corporation, New Jersey, 1972. Such isocyanate terminated
      prepolymers include those generally designated in the art as "polyester"
      and "polyether" types. Examples of preferred isocyanate terminated
      urethane prepolymers are disclosed in U.S. Pat. No. 3,188,302 which is
      incorporated herein by reference.
PAR  As stated above, the diamine curing agents and isocyanate prepolymers may
      be combined by conventional techniques known to the art, for example, by
      hot melt techniques or by solvent based techniques.
PAR  The term "curing agent" as used herein is intended to be synonymous with
      "chain extender" as conventionally used in the art.
PAR  The following non-limiting example illustrates the curing of an isocyanate
      terminated urethane prepolymer by the hot melt technique.
PAC  EXAMPLE V
PAR  10 g. of isocyanate terminated prepolymer containing about 4% by weight of
      available NCO groups and prepared from polytetramethylene ether glycol and
      2,4-toluene diisocyanate, (sold under the trade name ADIPRENE L-100 by E.
      I. du Pont de Nemours & Company, Wilmington, Del.) was heated in a glass
      vessel to 110.degree. C. 1.4 g. of 1,3-propanediol di-p-aminobenzoate, the
      diamine curing agent of Example I, was melted and heated to 150.degree. C.
      The diamine was then added to the prepolymer, with thorough stirring, the
      mixture was degassed and poured into a metal mold preheated to 110.degree.
      C. The mold and its contents were maintained at 110.degree. C. for three
      hours. On removal from the mold, a tough, cured polyurethane elastomer was
      obtained. If desired, conventional post curing techniques may be employed.
PAR  As further evidence of the usefulness of the diamine curing agents in
      molding processes, 1,3-propanediol-p-di-aminobenzoate was studied by
      differential thermal analysis, thermogravimetric analysis and infrared
      spectroscopy to determine the stability of the diamine in the melt.
      1,3-propanediol-p-di-aminobenzoate was maintained at its melting point for
      one hour and no weight loss or decomposition was observed, indicating that
      the diamine undergoes no deterioration in the hot melt.
PAR  Maintaining 1,3-propanediol-p-di-aminobenzoate above its melting point for
      100 hours showed no observable ammonolysis. This is unexpected in view of
      the art, e.g., U.S. Pat. No. 3,681,290, wherein it was stated that
      aminoesters normally undergo ammonolysis at elevated temperatures and that
      chlorine substituents ortho to the amine group would provide the
      resistance to ammonolysis.
PAR  Oral toxicity studies in mice have shown the diamines employed in the
      present invention to be relatively nontoxic.
PAR  The following nonlimiting example illustrates the preparation of diamine
      cured polyurethane by the solvent method.
PAC  EXAMPLE VI
PAR  1.3 g. of 1,3-propanediol di-p-aminobenzoate was dissolved in 10 g. of
      2-ethoxyethyl acetate with slight warming and the thus-formed solution was
      added to 10 g. of ADIPRENE L-100 and stirred thoroughly. The viscosity
      stability of the resulting solution was determined to be suitable for most
      applications, as determined by a Brookfield Viscometer Model LVT, spindle
      No. 3 at 60 r.p.m.
TBL  ______________________________________                                    

     Time (min)       Viscosity (cps)                                          

     ______________________________________                                    

     10               180                                                      

     60               232                                                      

     120              290                                                      

     ______________________________________                                    

PAL  The solution was applied to glass and metal surfaces by spraying, dipping
      and drawn down techniques and cured at 110.degree. C. for 3 hours. Tough
      elastomeric films were obtained.
PAC  EXAMPLE VII
PAR  7.0 g. of 1,3-propanediol di-p-aminobenzoate was dispersed in 50 g. of
      ADIPRENE L-100 at room temperature. The mixture was degassed in a vacuum
      and the temperature raised to 80.degree. C. to increase fluidity. The
      mixture was then poured into a preheated metal mold and placed in an oven
      at 130.degree. C. Within 20 minutes the solid dispersion was observed to
      melt and permeate the prepolymer. The oven temperature was lowered to
      100.degree. C. and the urethane demolded after 2 hours and then cured
      overnight at 80.degree. C. A tough elastomer was obtained.
PAR  The utility of the curing agent of the present invention was compared to a
      commercial curing agent by the following procedure:
PAC  EXAMPLE VIII
PAR  The curing agents were placed in a sealed vessel, heated to about
      140.degree. C., degassed and then placed under a blanket of nitrogen. The
      urethane prepolymer (ADIPRENE L-100) was heated to about 170.degree. F.,
      degassed and placed under a blanket of nitrogen. The curing agent and the
      prepolymer were metered together into a mold preheated to 260.degree. F.
      The mixture containing the curing agent of the present invention was held
      at 100.degree. C. for about 11/2 hours and then demolded. The prior art
      mixture was held at 130.degree. C. for about 35 minutes and then demolded.
      Both the mixtures of the present invention and the prior art mixture were
      then oven-cured 6 hours at 100.degree. C. and post-cured for 4 days at
      room temperature. The following table sets forth the properties of the
      polymers obtained by the above-indicated method.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     p.h.r. = parts per 100 parts of resin                                     

                              4,4'-methylene-                                  

                  1,3-propanediol di-                                          

                              bis-(2-chloro-                                   

                  p-aminobenzoate                                              

                              aniline)                                         

                  15.5 phr                                                     

                        14 phr                                                 

                              14 phr                                           

     __________________________________________________________________________

     Tensile Strength (psi)                                                    

                  *5796 4800  5700-6000                                        

                  *5926 5307                                                   

     300% Modulus (psi)                                                        

                  1172  1611  452-500                                          

                  1135  1689                                                   

     200% Modulus (psi)                                                        

                  776   1041  --                                               

                  752   1064                                                   

     100% Modulus (psi)                                                        

                  548    751  257                                              

                  541    748                                                   

     30% Modulus (psi)                                                         

                  369    500  114-137                                          

                  364    501                                                   

     % Elongation 450    435  450-490                                          

                  460    430                                                   

     Elongation Set                                                            

                  10%    8%    10%                                             

                  10%    9%                                                    

     Durometer Shore A                                                         

                  90-92 89-90  90                                              

     __________________________________________________________________________

      *slipped at jaws at tensile                                              

PAR  The procedure described above was repeated with a polyester type prepolymer
      (3.9-4.2% isocyanate group) sold under the trade name PCA-407 by
      Polyurethane Corporation of America. The following table details the
      properties of the polymers produced thereby.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

                              4,4'-methylene-                                  

                  1,3-propanediol di-                                          

                              bis-(2-chloro-                                   

                  p-aminobenzoate                                              

                              aniline)                                         

                  14 phr      14 phr                                           

     __________________________________________________________________________

     Tensile Strength (psi)                                                    

                  *7676       6500-7500                                        

                  *6514                                                        

     300% Modulus (psi)                                                        

                  1695        1200-1500                                        

                  1741                                                         

     200% Modulus (psi)                                                        

                  1074        --                                               

                  1086                                                         

     100% Modulus (psi)                                                        

                   824        --                                               

                   833                                                         

     30% Modulus (psi)                                                         

                   570        --                                               

                   625                                                         

     Elongation   600%         550-650%                                        

                  545%                                                         

     Elongation Set                                                            

                   25%         6%                                              

                   24%                                                         

     Durometer Shore A                                                         

                  90          80                                               

     __________________________________________________________________________

      *slipped from jaws at tensile                                            

PAR  From the foregoing it will be seen that in most respects, polymers prepared
      in accordance with the procedures of the present invention are superior or
      comparable to those prepared with one of the most widely used curing
      agents of the art.
PAR  Other curing agents within the scope of the present invention were employed
      in solvent and hot melt systems and similar satisfactory results were
      obtained.
PAR  The curing agents of the present invention may be employed singly, as shown
      above, or in combination of two or more in order to obtain the optimum
      properties of each curing agent. It should also be understood that
      conventional additives may be employed in the prepolymer curing agent
      composition, such as catalysts, fillers and plasticizers.
PAR  The cured polyurethane products prepared by the present invention may be
      employed wherever conventional polyurethanes are employed. For example,
      they are particularly useful for machine parts, potting and encapsulation
      of electronic equipment, and as a metal replacement. The cured
      polyurethane products of the present invention are particularly suitable
      for use in coating the fluid spreading apparatus in cameras of the
      self-developing type as disclosed in U.S. Pat. No. 3,779,144 issued Dec.
      18, 1973.
PAR  The specific properties of the polymers formed by the method of the present
      invention will depend upon the specific isocyanate terminated prepolymer,
      the specific diamine curing agent, the ratio of isocyanate to amine and
      the curing cycle employed.
PAR  The curing agents of the present invention are satisfactorily employed in
      curing isocyanate terminated polyurethane compositions when used at a
      level of about 0.5:1 to 2:1 based on moles of amine to moles of
      isocyanate, more preferably, the ratio of 0.8:1 to 1.2:1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polyurethane product prepared by reacting an isocyanate terminated
      urethane prepolymer and a curing agent of the formula:
      ##SPC4##
PAL  wherein X is a 2-12 carbon alkylene or cycloalkylene group.
NUM  2.
PAR  2. The product of claim 1 wherein said urethane is a polyether type
      urethane prepolymer.
NUM  3.
PAR  3. The product of claim 1 wherein said urethane is a polyester type
      urethane prepolymer.
NUM  4.
PAR  4. The product of claim 1 wherein the ratio of said curing agent to said
      urethane prepolymer is 0.5:1 to 2:1 based on moles of amine to moles of
      isocyanate.
NUM  5.
PAR  5. The product of claim 4 wherein the ratio of said curing agent to said
      urethane prepolymer is 0.8:1 to 1.2:1 based on moles of amine to moles of
      isocyanate.
NUM  6.
PAR  6. The product of claim 5 wherein the ratio of said curing agent to said
      urethane prepolymer is 0.9:1 based on moles of amine to moles of
      isocyanate.
NUM  7.
PAR  7. The product as defined in claim 6 wherein said urethane prepolymer has
      an isocyanate content of about 2-10% by weight.
NUM  8.
PAR  8. The product of claim 1 wherein said urethane prepolymer has an
      isocyanate content of about 4% by weight.
NUM  9.
PAR  9. The product of claim 1 wherein said reaction is carried out as a hot
      melt.
NUM  10.
PAR  10. The product of claim 1 wherein said reaction is carried out in a
      solvent for said urethane prepolymer and said curing agent.
NUM  11.
PAR  11. The product of claim 1 wherein said curing agent is 1,3-propanediol
      di-p-aminobenzoate.
NUM  12.
PAR  12. The product of claim 1 wherein said curing agent is 1,3-butanediol
      di-p-aminobenzoate.
NUM  13.
PAR  13. The method of preparing a cured polyurethane prepolymer which comprises
      reacting an isocyanate terminated urethane composition and a curing agent
      of the formula:
      ##SPC5##
PAL  wherein X is a 2-12 carbon alkylene or cycloalkylene group.
NUM  14.
PAR  14. The method of claim 13 wherein said reaction is carried out in a hot
      melt.
NUM  15.
PAR  15. The method of claim 13 wherein said reaction is carried out in a
      solution.
NUM  16.
PAR  16. The method of claim 13 wherein the ratio of said curing agent to said
      urethane prepolymer is 0.5:1 to 2:1 based on moles of amine to moles of
      isocyanate.
NUM  17.
PAR  17. The method of claim 13 wherein said urethane prepolymer has an
      isocyanate content of about 4% by weight.
NUM  18.
PAR  18. The method of claim 13 wherein said curing agent is 1,3-propanediol
      di-p-aminobenzoate.
NUM  19.
PAR  19. The method of claim 13 which includes the step of applying the mixture
      of said urethane composition and said curing agent to a surface.
NUM  20.
PAR  20. The product of claim 1 wherein said curing agent is 1,5-pentanediol
      di-p-aminobenzoate.
NUM  21.
PAR  21. The method of claim 13 wherein said curing agent is 1,5-pentanediol
      di-p-aminobenzoate.
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ABST
PAL  Storage stable urethane-type polymer producing compositions in dry powdered
      form are presented comprised of a cyclic nitrile compound of the formula
      ##EQU1##
      WHEREIN X is carbonyl, thionyl or oxalyl, R is an organic radical which is
      free of reactive hydrogen atoms, and n is 2 or more, such as
      adipodi(nitrile carbonate), a nucleophilic compound containing a reactive
      hydrogen atom, such as a polyester or polyether polyol and a catalyst
      comprised of a halide of a metal of Group IIb of the Periodic Table of
      Elements. The preferred catalysts are zinc chloride and zinc bromide.
PARN
PAC  RELATED CASE
PAR  This is a continuation-in-part application of U.S. application Ser. No.
      442,274, filed Feb. 13, 1974, now abandoned. Copending U.S. patent
      application Ser. No. 442,275, filed on Feb. 13, 1974, by D. H. Russell and
      R. W. Lenton discloses and claims the preparation of
      oxazolidone-containing polymeric compounds by the reaction of cyclic
      nitrile compounds with epoxides and optionally nucleophilic compounds in
      the presence of a halide of a metal of Groups IIb, IIIa, IV or VIII of the
      Periodic Table.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improved urethane-type polymer producing
      compositions. More particularly, the present invention relates to improved
      storage stable polymer-producing compositions comprised of one or more
      compounds having reactive hydrogen atoms, one or more cyclic nitrile
      compounds and a catalyst comprising a halide of a metal from Group IIb of
      the Periodic Table.
PAR  In the past, it has been common practice to prepare ureas, urethanes, and
      thiourethanes by the reaction of an isocyanate and an active
      hydrogen-containing material. Although the use of isocyanates for the
      preparation of ureas, urethanes, and thiourethanes is quite popular and
      extensively employed, there are a number of problems with this reaction.
      First, the isocyanates are unstable and present storage and handling
      difficulties. Secondly, many isocyanates, particularly the aliphatic
      isocyanates, are highly toxic. Thirdly, the reactivity of the --NCO group
      precludes premixing of the isocyanate with the reactive
      hydrogen-containing material to form a single component system without
      first blocking the terminal isocyanate groups. However, curing the blocked
      isocyanate materials to liberate the blocking group and to reactivate the
      --NCO group requires high curing temperatures. Finally, in the production
      of foamed polyurethanes, polythiourethanes, and polyureas, via the
      isocyanate route, it is necessary to go through the expense and
      inconvenience of adding a separate foaming agent or of using an excess of
      isocyanate and water to obtain the required gas release.
PAR  The disadvantages mentioned above are not, however, present in a process
      for preparing polymeric organic compounds by condensation of a compound
      containing a reactive hydrogen with a compound having the structural
      formula:
      ##EQU2##
      wherein X is carbonyl, thionyl or oxalyl, R is an organic radical free of
      reactive hydrogen atoms, and n is 2 or more.
PAR  There are several known techniques for carrying out the reaction of an
      active hydrogen-containing material with cyclic nitrile compounds in the
      presence of catalysts. For example, in U.S. Pat. No. 3,531,425 a process
      is described in which the reaction is carried out in the presence of a
      strong base such as tertiary amines, having a pKa above 8. In U.S. Pat.
      No. 3,652,507 the reaction is carried out in the presence of soluble
      catalysts containing a first metal from Groups III through V of the
      Periodic System and a second metal from Groups I, II or the iron series of
      Group VIII of the Periodic System. It was found in accordance with U.S.
      Pat. No. 3,625,507 that in most cases strongly basic materials (alkali
      metal alkoxides, tertiary amines, etc.) must be utilized in conjunction
      with the catalysts in order to obtain reaction rates which are acceptable
      for foam formulation. In U.S. Pat. No. 3,702,320 it is disclosed that the
      reaction may be carried out in the presence of a soluble compound of
      aluminum, tin, titanium, zinc, bismuth or iron at a temperature of about
      120.degree.C to 150.degree.C, provided that when the metal is aluminum,
      tin, titanium, or bismuth no metal of Group I, II or the iron series of
      Group VIII is present and when the metal is zinc or iron, the reaction is
      conducted in the absence of metals of Groups III through V.
PAR  Copending U.S. patent application Ser. No. 427,153, filed on Dec. 21, l973
      in the name of L. G. Wolgemuth discloses that the reactions may be carried
      out in the presence of an alkali metal salt of an organic acid and a metal
      ion of Groups III through V of the Periodic Table.
PAR  The catalyst systems described in U.S. Pat. No. 3,652,507 are effective in
      catalyzing the condensation-rearrangement reaction but they have
      disadvantages which detract from their desirability. First, they are
      difficult to prepare and their preparation involves several chemical steps
      including a purification step. Secondly, they have relatively poor storage
      stability and, therefore, should be freshly prepared for greatest
      effectiveness. Thirdly, polymer prepared using the described catalyst
      systems often undergoes thermal degradation upon further processing.
      Urethane-type polymer producing compositions made from the above described
      catalytic systems having relatively poor shelf life. Because of the need
      for storage stable urethane-type polymer producing systems new and
      improved catalyst systems and compositions are continuously sought.
PAR  It is, therefore, an object of the present invention to present storage
      stable compositions which react upon heating to produce compounds having
      two or more urea, urethane or thiourethane groups comprised of a cyclic
      nitrile compound, and an organic compound having active hydrogens. Another
      object of the present invention is to present improved polyurethane-type
      polymer producing compositions in dry powdered form which can be reacted
      to produce compounds having two or more urea, urethane or thiourethane
      groups comprised of cyclic nitrile compounds, organic compounds having
      active hydrogen atoms and an anhydrous catalyst. It is another object of
      the invention of present improved urethane-type polymer producing
      compositions which react to produce polymers having improved thermal
      stability.
PAR  These and other objects and advantages of the present invention will be
      apparent from the following detailed description.
PAC  SUMMARY OF THE INVENTION
PAR  Storage stable compositions in dry powdered form are presented comprised of
      at least one cyclic nitrile compound of the formula:
      ##EQU3##
      wherein X is carbonyl, thionyl or oxalyl, R is an organic radical free of
      nucleophilic groups as determined by the Zerewitinoff test, and n is 2 or
      more; at least one nucleophilic organic compound having at least two
      reactive hydrogen atom as determined by the Zerewitinoff test and a
      catalytically effective amount of an anhydrous catalyst comprised of a
      halide of a metal of Group IIb of the Periodic Table. The compositions of
      the invention are stable at ordinary storage and handling temperatures but
      will easily react when heated to a temperature of about 120.degree.C to
      about 300.degree.C. The preferred catalyst is zinc chloride.
PAC  DESCRIPTION OF THE INVENTION
PAC  DEFINITIONS
PAR  The term cyclic nitrile compound is used to describe compounds containing
      ##EQU4##
      groups.
PAR  The term urethane-type polymers is used herein to describe the polymeric
      compounds obtained when a cyclic nitrile compound reacts with a
      nucleophilic compound to produce a polyurethane, polyurea, polythiourea or
      mixtures of any or all of these.
PAR  The term organic nucleophilic group is used herein to describe organic
      compounds having active hydrogen atoms as determined by the Zerewitinoff
      test.
PAR  The term storage-stable when applied to a composition means that the
      composition can be stored for several months at ordinary storage
      temperatures without undergoing substantial deterioration or chemical
      change. A storage period of about four months at temperatures of up to
      about 50.degree.C is considered to be a satisfactory minimum storage
      period under this definition.
PAR  In accordance with the invention, one or more of the nucleophilic compounds
      may be combined with one or more cyclic nitrile compounds and a catalyst
      to provide a variety of urethane-type polymer-producing compounds.
PAC  THE CYCLIC NITRILE COMPOUNDS
PAR  The cyclic nitrile compounds used in the invention have the structure
      ##EQU5##
      wherein X is carbonyl,
      ##EQU6##
      thionyl,
      ##EQU7##
      or oxalyl,
      ##EQU8##
      n is at least 2 and R is an organic radical having from 2 to about 200,000
      carbon atoms and is free of reactive hydrogens as determined by the
      Zerewitinoff test. A compound which contains a reactive hydrogen as
      determined by the Zerewitinoff test is one which, when contacted with a
      Grignard solution of methyl iodide, will effect the liberation of methane
      by decomposition of the Grignard reagent. Frequently R will consist
      essentially of carbon and hydrogen atoms and by "consisting essentially of
      carbon and hydrogen" is meant that the essential composition of the
      radical is carbon and hydrogen but that there can be included therein
      other elements as well, so long as they do not materially effect the
      radical's basic characteristic of being non-interfering in the
      condensation reaction of the cyclic nitrile group with the reactive
      hydrogen group. Examples of non-interfering groups which can be present in
      R and which contain elements other than carbon and hydrogen are alkoxy,
      nitro, and halo groups. The R radical can be aromatic, e.g., of 1 to 3
      aromatic rings (fused or non-fused) or non-aromatic and when the latter,
      can be cyclic or acyclic and saturated or ethylenically or acetylenically
      unsaturated. Acyclic R's can be straight or branched chain. The cyclic
      nitrile carbonate group can be attached to an aromatic ring carbon atom,
      to a cycloaliphatic ring carbon or to a non-ring carbon atom.
PAR  R often contains from 2 to 50 carbon atoms when it is aliphatic and from 6
      to 30 carbon atoms when it is aromatic. When R has a content in this
      range, it preferably contains 2 to 12 carbon atoms when aliphatic and 6 to
      18 carbon atoms when aromatic. R may also be of much higher molecular
      weight and may contain up to 200,000 or more carbon atoms. Cyclic nitrile
      compounds in which R has a high molecular weight may be prepared, for
      instance, by polymerizing unsaturated cyclic nitrile compounds, such as
      acrylonitrile carbonate. The preparation of cyclic nitrile compounds of
      this type is disclosed in U.S. Pat. No. 3,480,595, the disclosure of which
      is incorporated herein by reference.
PAR  The number of cyclic nitrile functional groups present in the cyclic
      nitrile compounds used in the invention may vary from 2 to as high as
      100,000 or more per molecule. In preparing high molecular weight polymers,
      it is usually desirable that n be about 2. In the preferred embodiment of
      the invention, n varies from 2 to about 6.
PAR  The preparation of the cyclic nitrile compounds useful in the invention
      forms no part of the invention, and one desiring to explore their
      preparation may refer to the above-mentioned Patents and U.S. Pat. No.
      3,480,595; 3,507,900; 3,609,163; 3,652,507; and 3,658,805, all of which
      are incorporated herein by reference.
PAR  Typical of the aliphatic cyclic nitrile compounds useful in the invention
      are:
PAR  1. Saturated aliphatic and cycloaliphatic compounds such as 1,2-ethane
      di(nitrile carbonate); 1,4-butane di(nitrile sulfite); 1,20-eicosane
      di(nitrile oxalate); 1,40-tetracontane di(nitrile carbonate);
      5-ethyl-1,16-hexadecane di(nitrile carbonate); 1,3,5-pentane tri-(nitrile
      sulfite); 1,4,6,10-decane tetra(nitrile carbonate); 6-methyl-1,5,8-octane
      tri(nitrile oxalate); 1,4-cyclohexane di(nitrile carbonate);
      2-ethyl-1,3,5-cyclohexane tri (nitrile carbonate); etc.
PAR  2. Unsaturated aliphatic and cycloaliphatic compounds such as
      1,2-ethane-di(nitrile carbonate); 1,4-butene-2-di(nitrile sulfite);
      1,6,9-nonene-2-tri(nitrile oxalate); 3-propyl-1,5,7-heptene-2-tri(nitrile
      carbonate); 1,4-butyne-2-di(nitrile carbonate); 1,6-hexyne-2-di(nitrile
      carbonate); 1,4-cyclo-hexene-2-di(nitrile carbonate); etc.
PAR  3. Aromatic compounds such as benzene 1,3-di(nitrile carbonate);
      benzene-1,4-di(nitrile carbonate); and 1,3-diethylbenzene-2,4-di(nitrile
      oxalate); methylbenzene-di(nitrile carbonate);
      1-benzylbenzene-2,4-di-(nitrile carbonate); naphthalene-1,7-di(nitrile
      carbonate); 1,2,3,4-tetrahydronaphthalene-di(nitrile carbonate);
      2,2-diphenylpropane-p,p'-di(nitrile carbonate);
      diphenylmethane-p,p'-di(nitrile carbonate); anthracene-2,8-di(nitrile
      carbonate); 1,2-diphenylethane-p,p'-di(nitrile carbonate);
      biphenyl-di(nitrile carbonate); 1,2-diphenylethane-o,o'-di(nitrile
      oxalate); stilbene-p,p'-di(nitrile carbonate); and
      stilbene-o,o'-di(nitrile sulfite).
PAR  Although cyclic nitrile sulfites and cyclic nitrile oxalates function as
      well as, and sometimes better than, cyclic nitrile carbonates, they are
      not as suitable as cyclic nitrile carbonates since the sulfites produce
      sulfur dioxide, an abnoxious and toxic gas, and the oxalates produce
      carbon monoxide, also a very toxic gas. Since the carbonates, upon
      reaction, release harmless and odorless carbon dioxide, these are much
      more suitable for general use. Thus, the preferred cyclic nitrile
      compounds are the saturated aliphatic cyclic nitrile carbonates in which R
      contains 2-12 carbon atoms, such as 1,2-ethane di(nitrile carbonate);
      1,4-butane di(nitrile carbonate); and 1,4,8-octane tri(nitrile carbonate).
PAC  THE NUCLEOPHILIC COMPOUNDS
PAR  Suitable organic nucleophilic compounds include compounds having the active
      hydrogen present in --OH, --NH--, --NH.sub.2, --SH, --SO.sub.2 NH.sub.2,
      --SO.sub.2 OH, --COOH, --CSNH.sub.2, and --CONHR groups. The organic
      nucleophilic compounds preferred for use in the invention include
      aliphatic and aromatic polyols, polyamines, and polythiols, and polymers
      such as polyester polyols, polyamines or polythiols, polyether polyols,
      polyamines or polythiols, and polylactones and similar compounds having
      from 2 to 6 or more, but preferably 3 or more, --OH, --NH--, NH.sub.2, or
      --SH groups or mixtures of these per molecule and having 2 to about
      100,000 carbon atoms with hydroxyl numbers ranging from 12 to 1,100 or
      more. Mixtures of two or more of these compounds can also be employed.
PAR  The aliphatic and aromatic polyols, polyamines, and polythiols include, for
      example, ethylene glycol; diethylene glycol; thiodiethylene glycol;
      propylene glycol; 1,3-butylene glycol; 1,6-hexanediol; butanediol;
      butynediol; amylene glycols; 2-methyl-pentanediol-2,4; 1,7-heptanediol;
      glycerine, neopentyl glycol; trimethylol propane; pentaerythritol;
      cyclohexane dimethanol; sorbitol; mannitol; glactitol; talitol; xylitol;
      1,2,5,6-tetrahydroxyhexane; styrene glycol;
      bis(hydroxyethyl)diphenyldimethylmethane; silanediols, e.g., triphenyl
      silane; 1,4-dihydroxybenzene; etc., and the corresponding amine- and
      thiol-containing compounds.
PAR  The polyhydroxyl-, amine- or thiol-containing polymeric compounds useful in
      this invention include, for instance, polyhydric polyalkylene ethers,
      polyhydroxyl polyesters, and hydroxyl group-containing, preferably
      hydroxyl-group terminated, polymers and the corresponding amine and
      thiol-containing polymers. The polyhydric, polyamine or polythiol
      polyalkylene ethers may have a molecular weight greater than about 350 and
      a hydroxyl number of from about 10 to 600 and may be derived, for example,
      by the polymerization of alkylene oxides such as ethylene oxide, propylene
      oxide, butylene oxide, and the like. Polyhydric polyalkylene ethers may
      also be prepared by the polymerization of the cyclic ethers such as, for
      example, dioxane, tetrahydrofuran, and the like and by the condensation of
      an alkylene oxide with a glycol, such as ethylene glycol, propylene
      glycol, butylene glycol, and the like.
PAR  The hydroxy-, amine-, and thiol-containing polyesters may be obtained by
      the reaction of aliphatic or aromatic dicarboxylic acids with aliphatic or
      aromatic polyhydric, polyamine or polythiol alcohols in the manner well
      known to the art in proportions that result in esters having at least two
      reactive hydroxy, amino or mercaptan groups. Any polyols, polyamine or
      polythiol alcohols may be used to form the esters, aminoesters, and
      thio-esters and illustrative of such alcohols, amines, and thiols are
      those listed above in the discussion of suitable alcohols, amines, and
      thiols as the active hydrogen-containing reactant. Included within the
      suitable esters, aminoesters, and hydroxyl-containing thioesters are the
      mono and diglycerides of castor oil, tall oil, soya oil, linseed oil,
      etc., and the corresponding amine and thio-esters. The latter esters,
      aminoesters, and thio-esters are usually prepolymers prepared by the
      reaction of the fatty glyceride with low molecular weight polhydric,
      polyamine or polythiol alcohols. Illustrative, for instance, of castor
      oil-based prepolymers are propylene glycol monoricinoleate, propylene
      glycol mono-12-hydroxystearate, neopentyl glycol monoricinoleate,
      dehydrated castor oil, ethylene glycol monoricinoleate, ethylene glycol
      mono-12-hydroxystearate, triglyceride or ricinoleic acid, epoxidized
      castor oil, and pentaerythitol tetraricinoleate and the corresponding
      amine and thiol prepolymers. Other suitable polymers such as those derived
      from 1,4-butadiene; isoprene; 2,3-dimethylbutadiene;
      2-chloro-1,3-butadiene; 2-cyano-1,3-butadiene; and other polymerizable
      ethylenically unsaturated monomers such as .alpha.-olefins of up to 12
      carbon atoms such as ethylene, propylene, butene, etc.; styrene
      acrylonitrile, acrylic acid or ester, methacrylic acid or ester, vinyl
      chloride, vinylidine chloride, and the like; hydroxyl-terminated
      condensates of phenol and lower aldehydes and hydroxy-terminated
      polyepoxides. A particulary suitable hydroxyl-containing compound is
      styrene-vinyl alcohol copolymer, made by copolymerizing styrene and vinyl
      acetate and partially or fully hydrolyzing the acetate groups to alcohol
      groups.
PAR  When compositions having a considerable storage life are to be prepared, it
      is preferable that the functional groups on the nucleophilic compounds be
      either hydroxyl or thiol groups since amine groups are too reactive with
      cyclic nitrile groups to form a stable reactable composition of any
      practical significance.
PAR  The preferred compounds are the polyols, particularly the polyester and
      polyether polyols.
PAR  The functionality of the cyclic nitrile component and the organic
      nucleophilic component is at least 2. It is often desirable that the
      functionality of one or both of the reacting components be higher than 2.
      In general, it is preferred that the cyclic nitrile compounds used have a
      functionality of two and the functionality of the organic polyls,
      polyamines or polythiols be varied since it is much more economical to
      prepare polyfunctional hydroxyl amine, and thiol compounds than
      polyfunctional cyclic nitrile compounds.
PAR  The ratio of cyclic nitrile compound to organic polyol or polythiol
      compounds may vary depending upon the desired properties of the product
      and the functionality of the reacting materials. In general, it is desired
      to use amounts of cyclic nitrile compound and organic polyhydroxyl, amine
      and/or polythiol compounds that will provide a ratio of cyclic nitrile
      functional group to total polyhydroxyl, polyamine, and polythiol groups of
      about 0.7 to 10:1 and preferably about 0.7 to 1.4:1. The same ratios apply
      when using a prepolymer and additional monomer in the composition, i.e.,
      the ratio of the component having the reactive cyclic nitrile groups to
      the component having the reactive hydrogen-containing groups is desirably
      such that there are 0.7 to 10 and preferably 0.7 to 1.4 cyclic nitrile
      functional groups per each reactive hydrogen-containing group in the
      composition.
PAC  THE CATALYST
PAR  The catalyst used in the reaction mixtures of the invention is comprised of
      an anhydrous halide of a metal of Group IIb of the Periodic Table of the
      Elements which includes zinc, cadmium and mercury. The term halide
      includes fluorides, chlorides, bromides, and iodides. Suitable catalysts
      include ZnCl.sub.2, ZnF.sub.2, ZnBr.sub.2, ZnI.sub.2, CdCl.sub.2,
      CdBr.sub.2, HgCl, HgCl.sub.2, HgBr.sub.2, etc. The preferred catalysts are
      the chlorides and bromides of these metals and ZnCl.sub.2 and ZnBr.sub.2
      are the most preferred catalysts.
PAR  The amount of catalyst employed will vary depending upon the type of
      product, the reaction temperature, and the desired properties of the
      product. By way of example, the catalyst is desirably present in an amount
      of from about 0.01% to about 5%, preferably from about 0.1% to about 2%,
      by weight, based on the total weight of the reactive components in the
      reaction mixture. Amounts above or below these ranges may sometimes be
      effectively used but it is preferred that the catalyst concentration be
      within these limits.
PAR  The shelf-stable compositions are substantially anhydrous and may be either
      in the dry powdered state or the liquid state. Dry powdered reaction
      compositions are preferably prepared from solid components although one or
      more of the components may be liquid provided that there is a sufficient
      amount of dry components to completely absorb the liquid components so
      that a free flowing powder can be prepared.
PAR  The particle size of the coating powder compositions of the invention is
      such that most of the composition has a particle size range between 10 to
      500 microns and it is preferred that most of the compositions be in the
      particle size range of about 50 to 250 microns. The various components of
      the coating powder composition may be ground separately or combined and
      ground together. Since heat initiates reaction between the cyclic nitrile
      groups and the polyol, polyamine, or polythiol groups, it is preferred to
      grind the ingredients of the powder formulation separately or under
      conditions such that excess heat is not produced. One particularly
      suitable method is freeze grinding in which the material is frozen before
      grinding to minimize the temperature rise of the mixture. There are many
      well known suitable methods for grinding coating materials to a size
      suitable for powder coating techniques and the method of size reduction of
      the coating powders used in this invention forms no part of the invention.
PAR  The dry powdered reaction compositions of the invention are particularly
      suitable for use in powder coating processes such as electrostatic powder
      spray or fluid bed systems. Additional details of these techniques are
      described in copending commonly owned U.S. patent application Ser. No.
      424,487, filed on Dec. 13, 1973, in the names of D. H. Russell and K. C.
      Frisch, incorporated herein by reference.
PAR  When the storage-stable compositions of the invention are intended for
      application by conventional coating methods such as spraying or brushing
      techniques, they may be made from solid or liquid reactants and diluted,
      as desired, with volatile organic solvents. Suitable solvents commonly
      used in coating film-forming or adhesive technology include anhydrous
      ethyl acetate, butyl acetate, methyl ethyl ketone, methyl isobutyl ketone,
      xylene, toluene, benzene, cellulose acetate (2-ethoxyethyl acetate), and
      the like.
PAR  When the nucleophilic compound contains active hydrogens in a hydroxyl
      group, polyurethane products are prepared; while if the group containing
      the active hydrogens is an amino group, polyurea products are obtained.
      Reaction of the cyclic nitrile adduct reactant with both a hydroxyl
      group-containing compound and an amino group-containing compound, either
      simultaneously or sequentially, provides urea-urethane polymeric products.
      And when the nucleophilic compound contains active hydrogens in a mercapto
      group, then polythiourethane products are obtained.
PAR  As indicated above, products made by means of the instantly disclosed
      catalysts have exceptionally high molecular weights, for example, having
      weight average molecular weights of about 150,000 or higher. Moreover,
      where these poly-condensation products are prepared from difunctional
      cyclic nitrile compounds and difunctional nucleophilic compounds, they are
      soluble in a variety of organic solvents, such as chloroform,
      tetrahydrofuran, dimethylformamide, dimethylsulfoxide, and aromatic
      hydrocarbon solvents. This unique solubility characteristic of the high
      molecular weight polymers is apparently a result of a substantially linear
      (i.e., non-crosslinked) configuration of the polymer molecules, which
      configuration is further evidenced by the thermoplastic character of the
      products. Especially preferred polycondensation products of the present
      invention are those having weight average molecular weights of at least
      about, say, 200,000 or even 300,000; and further unique are those products
      of greater than about 500,000 molecular weight. Preferably, these are
      obtained from difunctional reactants and are soluble in, for example,
      chloroform, although it is recognized that even the difunctional
      reactants-derived products of the present invention become less soluble as
      their molecular weights increase.
PAR  It is possible in accordance with the present invention to produce cellular
      or nonporous plastics, including films, coatings, adhesive layers,
      impregnated compositions, castings, moldings, and the like. However, in
      the production of polyurethane foams by the process of the invention it is
      not necessary, as it is in conventional prior art processes, to employ an
      extraneous foaming or blowing agent since the cyclic nitrile compound
      reactants contain their own internal or "built in" blowing agent namely,
      the gas they evolve during reaction with the nucleophilic compounds.
      Conventional foaming agents, however, may be employed if desired, among
      which may be listed -- low boiling hydrocarbons such as pentane, hexane,
      cyclohexane, and the like, as well as agents which will decompose to
      evolve an inert gas as, for instance, ammonium carbonate, sodium
      bicarbonate, N,N'-dimethyl-N,N'-dinitrosoterephthalamide, para,
      para'-oxybis(benzenesulfonic acid), azodicarbonamide, benzene sulfonyl
      hydrazide, azobisisobutyronitrile, paratertiary butyl benzoylazide, and
      the like.
PAR  Formulation of polyurethane foams can follow the well-established practice
      of the art with the notable exception that the conditions of the reaction
      between the cyclic nitrile compound and nucleophilic compound be
      controlled to effect the reaction at a rate slow enough to preclude escape
      of the evolved gas before gelation to the extent sufficient to entrap the
      evolved gas and form a cellular, elastomeric polyurethane has occurred.
PAR  When preparing foamed products from the compositions of the present
      invention, it is generally preferred to employ at least a trifunctional
      reactant, which can be either the cyclic nitrile compound, the
      nucleophilic compound or both. Thus, for example, excellent polyurethane
      foams can be prepared by condensing a difunctional cyclic nitrile compound
      with a triol to yield a crosslinked product.
PAR  If desired, surface active agents might be in concentrations of about 0.1%
      to 5% by weight of the reactants to stabilize the foam. Generally used are
      silicone emulsifiers and non-ionic surface active agents such as ethylene
      oxide condensates of vegetable oils, alcohols, and organic acids.
PAR  In accordance with the usual practice, inert, inorganic or organic fillers
      or both, and other additives may be included in the reaction mixture.
      Suitable inert, inorganic materials include, for example, clay, talc,
      silica, carbon black, asbestos, glass, mica, calcium carbonate, antimony
      oxide, and the like. Organic fillers include, for instance, the various
      polymers, copolymers, and terpolymers of vinyl chloride, vinyl acetate,
      acrylonitrile, acrylamide, styrene, ethylene, propylene, butadiene,
      divinylbenzene, etc. Other additives which may be added include
      plasticizers such as dioctyl phthalate, di(2-ethylhexyl) adipate, etc.,
      extenders, softeners, coloring agents, and emulsifiers.
PAR  The polymeric products produced by the invention have many uses. For
      example, they are excellent materials for use in the preparation of
      castings, molds, sealants, potting compounds, insecticides, adhesives,
      coatings, films, foams, etc.
PAR  To produce coatings, films, foams, etc. from the storage-stable
      compositions of the invention, the reaction composition is heated to a
      temperature of about 140.degree. to 300.degree.C and preferably
      160.degree. to 250.degree.C until the desired cure is attained. The cure
      time will vary depending upon the catalyst used, the cure temperature, the
      equivalent ratio of the reactants, and the physical properties sought. In
      general, times ranging from 5 minutes to 1 hour are satisfactory.
DETD
PAR  The following working examples of the present invention illustrates a
      specific embodiment. Unless otherwise indicated, parts and percentages are
      on a weight basis.
PAC  EXAMPLE I
PAR  To a suitable container are added 100 parts of 2-ethoxy ethyl acetate
      (solvent); 100 parts of adipodi-(nitrile carbonate) (ADNC) and a tetrol
      made from propylene glycol and pentaerythritol having an equivalent weight
      of 101 and a hydroxyl number of 558 (sold by Wyandotte Chemical Company
      under the trademark Pep 450) in a proportion such that the ratio of cyclic
      nitrile groups to hydroxyl groups is 1:1, and 1 part of anhydrous zinc
      chloride (catalyst). This mixture can be stored for at least four months
      at 50.degree.C without any significant change in properties. After several
      months storage the mixture can be heated at 70.degree.C with stirring for
      30 minutes, cooled to room temperature and then applied to a degreased
      mild steel panel at a thickness of about 1.3 mils. The film can then be
      cured for 30 minutes at 170.degree.C. The cured film when tested will have
      a pencil hardness of about 5H, a Gardner Impact strength of about 160
      inch-pounds (direct and reverse) and will pass a 174  inch mandrel bend
      test.
PAC  EXAMPLE II
PAR  A composition in dry powdered form can be prepared in accordance with the
      procedure of Example I except that the solvent is omitted. The dry mixture
      can be blended under conditions such that very little heat is generated
      and no reaction occurs. The resulting dry powdered composition can be
      stored indefinitely at 50.degree.C. When it is desired to form a product
      from the mixture it can be placed in a mold and heated at 175.degree.C for
      about 15 minutes. A solid polyurethane product having good physical
      properties will be obtained.
PAC  EXAMPLE III
PAR  A dry powdered composition is prepared in accordance with the procedure of
      Example II except that benzene-1,4-di(nitrile sulfite) is substituted for
      the adipodi(nitrile carbonate), 1,2,5,6-tetramercaptohexane is substituted
      for the Pep 450, and anhydrous cadmium chloride (CdCl.sub.2) is
      substituted for the anhydrous zinc chloride. The dry powdered composition
      can be stored indefinitely at 50.degree.C without any substantial change
      in its properties.
PAR  When it is desired to form a product from the composition it is placed in a
      mold and heated at a temperature of about 170.degree.C for about 20
      minutes. A solid polythiourethane having good physical properties will be
      obtained.
PAR  The above Examples illustrate the utility of the catalysts of the invention
      in the preparation of urethane-type polymers.
PAR  Although the invention has been described with particular reference to
      specific Examples, it is contemplated that modifications of these may be
      employed and, accordingly, the breadth of the invention is to be limited
      solely by the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A storage-stable urethane type polymer-forming composition in powdered
      form comprised of
PA1  A. a cyclic nitrile compound having the structural formula
      ##EQU9##
      wherein X is
      ##EQU10##
      R is an organic radical free of reactive hydrogens as determined by the
      Zerewitinoff Test and n is at least 2.
PA1  B. a nucleophilic organic compound having at least 2 reactive
      hydrogen-containing radicals selected from the group consisting of primary
      amino radicals, secondary amino radicals, hydroxy radicals, and mercapto
      radicals, and,
PA1  C. about 0.1 to 5% based on the total weight of A. and B. of a halide of a
      metal of Group IIb of the Periodic Table,
PAL  the cyclic nitrile compound and the nucleophilic compound being present in
      amounts such that the ratio of cyclic nitrile groups to reactive hydrogen
      containing groups is about 0.7 to 10:1.
NUM  2.
PAR  2. The composition of claim 1 wherein C. is present in an amount of about
      0.1 to 2% based on the total weight of A. and B.
NUM  3.
PAR  3. The composition of claim 1 wherein said halide is a chloride or a
      bromide.
NUM  4.
PAR  4. The composition of claim 3 wherein said metal halide is zinc chloride.
NUM  5.
PAR  5. The composition of claim 1 wherein said nucleophilic organic compound is
      selected from the class consisting of organic polyols, organic polythiols,
      and mixtures of these.
NUM  6.
PAR  6. The composition of claim 1 in powder form having a particle size of
      about 10 to 500 microns.
NUM  7.
PAR  7. The composition of claim 6 having a particle size of about 50 to 250
      microns.
NUM  8.
PAR  8. The composition of claim 1 wherein the ratio of cyclic nitrile groups to
      reactive hydrogen-containing groups is about 0.7 to 1.4:1.
NUM  9.
PAR  9. The composition of claim 1 wherein X is
      ##EQU11##
      R contains 2 to 50 carbon atoms, and n is 2 to 6.
NUM  10.
PAR  10. The composition of claim 9 wherein A. is adipodi(nitrile carbonate).
NUM  11.
PAR  11. The composition of claim 10 wherein C. is zinc chloride or zinc
      bromide.
NUM  12.
PAR  12. The composition of claim 1 wherein B. is a polyester polyol or a
      polyether polyol.
NUM  13.
PAR  13. The composition of claim 12 wherein A. is adipodi(nitrile carbonate).
NUM  14.
PAR  14. The composition of claim 13 wherein C. is zinc chloride.
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ABST
PAL  A polyamide sheet having electrical creep resistance of quality class KA 3b
      according to Deutsche Industrie Norm 53,480, especially one prepared by a
      screw injection molding process utilizing a kneading action under a
      pressure of between 5 and 80 kiloponds per square centimeter at a
      temperature of 240.degree. to 320.degree.C utilizing a polyamide of an
      alkyl substituted aliphatic diamine and a lower alkyl ester of
      terephthalic acid.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of Application Ser. No. 771,208,
      filed Oct. 28, 1968, now abandoned, which application carried forward
      disclosure from and was copending with Application Ser. No. 561,412 of
      June 29, 1966, now U.S. Pat. No. 3,449,299.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  FIELD OF THE INVENTION
PAR  This invention is directed to polyamide sheets having electrical creep
      resistance of quality class KA 3b according to Deutsche Industrie Norm
      53,480. More particularly, this invention is directed to such polyamide
      sheets obtained by subjecting certain polyamides of terephthalic acid
      alkyl esters and alkyl substituted aliphatic diamines to a specific type
      of kneading action in a screw injection molding apparatus to thereby
      improve the electrical creep resistance of the amorphous polyamides. This
      invention is also directed to such polyamide sheets having a modulus of
      elasticity according to Deutsche Industrie Norm 53,457 of at least 28,000
      kiloponds per square centimeter.
PAC  DISCUSSION OF THE PRIOR ART
PAR  Amorphous polyamides based on alkyl-substituted aliphatic diamines and
      aromatic dicarboxylic acids, especially terrphthalic acid or dialkyl or
      diaryl esters thereof, are known. Alkyl-substituted aliphatic diamine
      components which these polyamides contain include
      2,2,4-trimethylhexamethylenediamine, 2,4,4-trimethylhexamethylenediamine,
      1,7-diamino-4,4-dimethyloctane, or mixtures of these diamine components.
      Such amorphous polyamides have high tensile strength and high Martens
      thermal stability of shape, and they are rigid. Also, in thick-walled
      moldings they have a transparent appearance which is not altered even by
      long holding in a mold at elevated temperature. Since additionally they
      have a low and constant fabrication shrinkage and have a low coefficient
      of thermal expansion, they are especially suited for the manufacture of
      hard, tough articles of high compressive strength.
PAR  These polyamides can be produced basically by any of the processes commonly
      used for the manufacture of prior art polyamides containing dicarboxylic
      acid and diamine radicals. For example, the aqueous concentrated solution
      of the salt made from an aromatic dicarboxylic acid and a diamine can be
      polycondensed under pressure at first and then in the melt with the
      pressure removed at temperatures up to about 80.degree.C. Also, the
      pressure stage can be circumvented by pre-condensing the salt in
      high-boiling solvents and applying a vacuum in the final stage of the
      polycondensation.
PAR  Furthermore, alkyl esters formed of aromatic dicarboxylic acids with
      alcohols of low molecular weight can be reacted with virtually
      equimolecular amounts of diamine in the presence of water with the
      yielding of alcohol, and the product can be polycondensed in the form of
      an aqueous salt solution. Instead of alkyl esters of low molecular weight,
      the starting product can also be diaryl esters of the aromatic
      dicarboxylic acids, and in this case, the use of water can be avoided.
      Lastly, it is also possible to react dihalides of aromatic dicarboxylic
      acids at room temperature with virtually equimolar amounts of the diamine.
PAR  The above-discussed amorphous polyamides and their manufacture have already
      been described in detail in the following publications: U.S. Pat. No.
      3,150,117; British Patent No. 1,049,987; Belgian Patent No. 723,154 and
      German Offenlegungschrift No. 1,947,217.
PAR  The fabrication of rigid shaped bodies of high impact strength from the
      above-named polyamides is generally performed by means of an
      injection-molding machine or in a heated press. Granular raw materials are
      preferably used. In the case of injection molding, temperatures of
      260.degree. to 320.degree.C are normally used. In the case of the pressing
      process, temperatures of 190.degree. to 230.degree.C generally suffice.
      The articles made by these two methods have good mechanical and thermal
      properties. Their electrical characteristics ane fairly good, too. As far
      as their dielectric constants and dielectric loss factor are concerned,
      they fully comply with insulating material requirements.
PAR  In most cases, however, such polyamide products are not usable in the
      electrical field because they do not meet requirements in regard to
      electrical creep resistance. On the basis of DIN 53480, they must be
      placed in Class KA 3a. Generally, however, higher classifications are
      required, such as KA 3b, for example. According to this DIN standard, a
      test must be made of the performance of the surface of solid insulating
      materials under the action of creep currents. In this test, the creep
      currents are produced on a standardized specimen of the material to be
      tested, between two electrodes to which a potential (AC) of 1 kilovolt is
      applied. The formation of a creep path is the visible result of a local
      thermal decomposition of the insulating material under the action of a
      creep current. In the KA test, the procedure is to let an electrically
      conductive test solution fall drop by drop between the two electrodes
      which are applied to the specimen and which have the alternating current
      applied to them. A determination is made of the number of drops from a
      defined dropper which are required in order to bring about a short
      circuit, and of how deeply the creep path has been etched after 101 drops.
      The thickness of the specimen is to be at least 3 millimeters. The test
      solution used in the KA test is test solution A, that is, distilled water
      with the addition of 0.1 weight percent NH.sub.4 Cl (p.a.) and 0.5 weight
      percent of a sodium salt of a nucleus-alkylated napthalene sulfonic acid,
      for example, the sodium salt of di-n-butylnaphthalene sulfonic acid.
PAR  In Table 1 below are summarized the experimental findings determined on
      articles made from the above-mentioned amorphous transparent polyamides.
      Two different polyamides were used. One was produced by the
      polycondensation of dimethylterephthalate with an isomeric mixture of
      2,2,4-and 2,4,4-trimethylhexamethylenediamine, and has a viscosity number
      of 130. Such is hereafter denominated "Type PA 1". The material in
      granular form was made into specimens for determining the electrical creep
      resistance in accordance with DIN 53480, using both a plunger-type
      injection molding machine and a compression molding machine. The operating
      temperature in the plunger type injection molding machine was 270.degree.C
      at an injection pressure (pressure of the hydraulic fluid for the screw)
      of 1000 kp/cm.sup.2. In the compression molding process, however, a
      temperature of 220.degree.C was applied at a specific injection pressure
      of 250 kp/cm.sup.2. Five individual experiments were performed with each
      of the polyamides in each machine. Table 1 shows that in all cases the
      best creep resistance that could be achieved was KA 3a.
PAC  SUMMARY OF THE INVENTION
PAR  In a particularly desirable embodiment, this invention contemplates a
      polyamide sheet having an electrical creep resistance of quality class KA
      3b according to Deutsche Industrie Norm 53,480, particularly a sheet made
      from a polymer having a viscosity number between 120 and 160, which sheet
      has a modulus of elasticity according to Deutsche Industrie Norm 53,457 of
      at least 28,000 kiloponds per square centimeter. Sheets of the present
      invention are made of amorphous polyamides derived from a terephthalic
      acid dialkyl ester and an alkyl substituted aliphatic diamine, especially
      a diamine of the group consisting of 2,2,4-trimethylhexamethylene diamine,
      2,4,4-trimethylhexamethylene diamine, and 1,7-diamino-4,4-dimethyl octane.
      Amorphous polyamides of such composition are formed into sheets having
      such properties by subjecting them to a kneading operation in a scew
      injection extruder in which the polymeric mass is churned concentrically
      under a pressure of between 15 and 35 kiloponds per square centimer while
      at a temperature between 270.degree. and 300.degree.C. This specific
      kneading and churning process performed in a screw injection molding
      apparatus provides sheets of amorphous polyamide having electrical creep
      resistances of quality class KA 3b according to Deutsche Industrie Norm
      53,480.
PAR  It has been found, in accordance with the present invention, that the
      electrical creep resistances of amorphous polyamides can be changed
      appreciably so that such amorphous polyamides can be classified in the
      Class KA 3b according to DIN 53480 by merely subjecting the same to a
      kneading action, such as that which occurs in a screw type injection
      molding machine, such that the back pressure during such kneading in the
      screw type injection molding machine is between 5 and 80 kp/cm.sup.2,
      preferably between 15 and 35 kp/cm.sup.2. The treatment of the polyamide
      mass occurs within a precise temperature range, i.e., between a
      temperature of 240.degree. and 320.degree.C, preferably between
      270.degree. and 300.degree.C. Amorphous polyamides so treated not only
      have improved electrical creep resistance, but have exceptionally good
      mechanical and thermal properties. These properties are not substantially
      adversely affected during the kneading treatment of the polyamides.
      Generally, the polyamide is subjected to such a kneading action under such
      conditions for a period of time between 5 and 120 seconds, preferably
      between 40 and 90 seconds.
PAR  In one embodiment of this invention, the electrical creep resistance of an
      amorphous polyamide, especially one prepared from a terephthalic acid
      ester or a C-methyl-substituted diamine of hexane or octane is improved by
      intimately incorporating in said amorphous polyamide a polyolefin such
      that the polyolefin is at least 20% by weight, based upon the weight of
      the entire composition. It has been found that such polyamides materially
      improve the electrical creep resistance of amorphous polyamides such that
      they can be classified in Class KA 3b.
PAR  The polyamides are preferably incorporated into the amorphous polyamides by
      subjecting the mixture to the above described kneading action under a
      pressure of between 5 and 80 kp/cm.sup.2 at a temperature of 240.degree.
      to 320.degree.C.
PAR  It has been found that the electrical creep resistance of so treated
      polyamides is substantially unimpaired by the addition of pigments, such
      as titanium dioxide, to the amorphous polyamide mass. Alternatively,
      organic dyes of anthraquinone series having grain sizes between 40 and 500
      microns can be added to the amorphous polyamide at concentrations of 0.01
      and 1% by weight based upon the resultant polyamide mass. Such organic
      dyes not only do not affect the improved electrical creep resistance, but
      present no problems insofar as mechanical properties are concerned.
PAR  It was stated above that the amorphous polyamides are preferably ones
      formed by the polycondensation of a terephthalic acid ester. In cases
      wherein an alkyl ester of the terephthalic acid is employed, the alkyl
      group can have between 1 and 5 carbon atoms in the chain. In instances
      where an aryl ester of the terephthalic acid is employed, the aryl group
      can have a single aromatic nucleus, a branched aromatic nucleus, or a
      plurality of an aromatic nuclei bonded at a single carbon atom.
      Preferably, an alkyl ester of a lower aliphatic alkyl group, such as
      methyl and ethyl, is employed.
PAR  In accordance with this invention, it has been found that it is highly
      desirable to utilize amorphous polyamides which have a viscosity higher
      than that to be obtained after the kneading action is performed.
      Generally, the amorphous polyamides have a viscosity between 130 and 180.
      By subjecting such polyamides to the kneading action of the present
      invention, there is obtained a final amorphous polyamide component having
      a viscosity between 90 and 170.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The etch depth in the test specimens as determined by DIN 53480 can be
      appreciably reduced, i.e., the creep resistance can be increased to KA 3b,
      if the above-named polyamides are modified by the addition of a
      polyolefin, especially polyethylene or polypropylene. The best procedure
      is to thoroughly mix a powder or fine granules made from the polyamides
      with powders made from the polyolefin, using a vortex mixer, such as a
      Wirbelmischer, for this purpose, and compounding this mixture in the melt
      in a twin-screw extruder, such as an Alpine Model DL60. Particularly good
      results in regard to the compounding are achieved by using a polyethylene
      having a density of about 0.927 to 0.930 g/cm.sup.3 or a polypropylene
      having a density of about 0.905 g/cm.sup.3. The improvement of the
      electrical creep resistance was not achieved, however, in a compound
      containing 10% or less by weight of the polyolefin. A definite improvement
      in this regard was not achieved until the polyolefin content amounted to
      at least 20% by weight.
PAR  The test results are shown in Tables 2 and 3, and indicate an improvement
      of the electrical creep resistance through the addition of polyolefins to
      amorphous polyamides. In these experiments in the determination of the
      electrical creep resistance, the procedure was quite analagous to that
      followed in the experiments listed in Table 1. The same two polyamide
      types PA 1 and PA 2 were used. In Tables 2 and 3 are also shown the
      mechanical and thermal characteristics. The experimental findings show
      that, in the process proposed above, the electrical creep resistance of
      the polyamides is indeed improved, but that their desirable thermal and
      mechanical characteristics are impaired. This is especially true in the
      case of the bending stress limit, the ultimate tensile strength and the
      Martens thermal stability of shape.
PAC  OBJECT OF THE INVENTION
PAR  The object of the invention is to prepare shaped bodies from amorphous
      polyamides, so that these bodies will have an improved electrical creep
      strength of Class KA 3b in accordance with 1:1.5 53480 and will at the
      same time have good mechanical as well as thermal characteristics. It was
      found that such shaped bodies can be achieved by fabricating the
      above-described polyamides having viscosity numbers of 130 to 180 in a
      screw-type injection molding machine under very specific temperature and
      pressure conditions. Usually, the starting product is granules of these
      polyamides, and screw-type injection molding machines are used which
      contain screws with a compression of 1:2 or 1:3. Generally, such
      screw-type injection molding machines can have a compression of between
      1:15 and 1:4. In this procedure, it is particularly important to maintain
      a pressure of the order of magnitude of 5 to 80 kp/cm.sup.2 and
      temperatures of 240.degree. to 320.degree.C in the entrance zone of the
      injection molding unit.
PAR  The present invention is seen to be a process for the manufacture of shaped
      bodies, which is characterized in that amorphous polyamides which are
      prepared from terephthalic acid esters and C-methyl-substituted diamines
      of hexane and/or C-methyl-substituted diamines of octane, and which have,
      preferably, the higher viscosity numbers, e.g., 130 to 180, compared to
      the viscosity numbers of the finished product, and electrical creep
      resistance of Class KA 3a, are molded in a screw-type injection molding
      machine, such that the back pressures in the screw-type injection molding
      machine amount to 5 to 80 kp/cm.sup.2, preferably 15 to 35 kp/cm.sup.2,
      and the temperatures of the injection molding unit amount to 240.degree.
      to 320.degree.C, preferably 270.degree. to 300.degree.C. Good mechanical
      and thermal characteristics of the amorphous polyamide are retained during
      processing. In the use of the process of the invention, a reduction of the
      viscosity number of the polyamide is preferably brought about. In many
      cases, however, the reverse effect if achieved, i.e., the viscosity is
      increased.
PAR  In any case, this change is surprisingly accompanied by an improvement in
      the electrical creep resistance of the material. It is especially
      surprising that the mechanical and thermal characteristics remain
      virtually unaltered. If the same moldings are produced in a compression
      molding machine instead of an injection molding machine, or if the
      pressure or the temperatures in the entrance zone of the injection molding
      unit as prescribed by the invention are not maintained, moldings having
      electrical creep resistances of Class KA 3a are obtained, which in
      addition have poor mechanical and thermal characteristics.
PAR  It has also surprisingly been found that the moldings of the invention have
      improved wear characteristics while remaining virtually unaltered in all
      of their other characteristics when titanium dioxide of the rutile type
      having a grain size of, for instance, 63 to 200 microns is finely
      distributed in the polyamide in a concentration of approximately 0.5 to 3
      weight percent. Such a polyamide is most simply obtained by adding this
      titanium dioxide while the polyamide is in the molten state. Similar
      results are obtained also with molding compounds containing organic
      pigments and dyes of the anthraquinone series, the grain sizes of the
      anthraquinone derivatives being preferably between 40 and 500 microns and
      the concentrations being between about 0.01 and 1 percent by weight based
      on the weight of the molding.
PAR  Additives of this kind are more likely to produce an increase of wear than
      the opposite effect. In accordance with the invention, the polyamides may
      also contain the titanium dioxide and the anthraquinone derivative
      simultaneously.
PAR  By the process of the present invention, there is provided objects of
      amorphous polyamides obtained from the polycondensation of
      alkyl-substituted aliphatic diamines and aromatic dicarboxylic acids,
      especially terephthalic acid derivatives and C-methyl-substituted diamines
      of hexane of octane, which amorphous polyamides are characterized by
      viscosity numbers between 90 and 170, preferably between 120 and 160, a
      Martens thermal stability of shape in accordance with DIN 53458 of at
      least 100.degree.C .+-.5.degree.C, and an electrical creep resistance of
      Class KA as determined by DIN 53480. Preferably, the diamine component of
      the amorphous polyamide is selected from the group consisting of 2,2,4-
      and 2,4,4-trimethylhexamethylenediamine, 1,7-diamino-4,4-dimethyloctane or
      mixtures thereof. Desirably, such components have an elasticity modulus
      (bending test) in accordance with DIN 53457 of at least 28,000
      kp/cm.sup.2. Amorphous polyamides of the present invention prepared from
      1,7-diamino-4,4-dimethyloctane are hereinafter referred to as "Type PA 2."
PAR  In the above-described process, reference has been made to subjecting the
      amorphous polyamide mass to a force between given levels of "kp/cm.sup.2."
      In the present case, the abbreviation "kp" refers to the unit "kilopond."
      This unit, kilopond, is defined as the weight of the mass of one kilogram
      at the normal gravity acceleration. Thus, 1 kp equals 1,000 p (pond),
      which value, in turn, is equal to 9.80665 N (Newton). The unit kilopond is
      thus related closely to that of kilogram.
PAR  In order to more fully illustrate the nature of the invention and the
      manner of practicing the same, the following Examples are presented.
      Tables 1 through 8 attached hereto report the various properties of the
      components prepared in accordance with the Examples set forth below. A
      review of such data reveals that merely by subjecting amorphous polyamides
      to the screw-type churning or kneading action under the aforesaid
      conditions of pressure and temperature, there are provided molded
      amorphous polyamide articles of improved electrical creep resistance. Such
      polyamides also possess excellent mechanical and thermal characteristics
      as well as an exceptionally good modulus of elasticity, such as seen, for
      example, in Table 4 below.
PAC  EXAMPLE I
PAR  An amorphous polyamide which had been made by the polycondensation of
      dimethylterephthalate and an isomeric mixture of 2,2,4- and
      2,4,4-trimethylhexamethylenediamine, with a viscosity number of 144, was
      made into 4 millimeter thick test plates in a screw-type injection molding
      machine manufactured by Eggert & Ziegler (Monomat 150 S), by means of a
      screw providing a compression of 1:2. The barrel temperatures in the
      direction of the nozzle amounted to 250, 270, 280, and 280.degree.C. The
      first temperature given (250.degree.C) represents, in the meaning of this
      invention, the temperature in the entrance zone of the injection molding
      unit. The die temperature in the injection molding unit amounted to
      75.degree.C; the screw speed was 30 rpm, at a current of 6 amperes. The
      specific injection pressure and the after-pressure were both set at 140
      kp/cm.sup.2, and the back-pressure was adjusted to 30 kp/cm.sup.2. The
      viscosity number of the molded bodies prepared in this manner was
      approximately 138. A number of characteristic properties of the test
      specimens prepared from the particular polyamide under these conditions
      are listed in Table 4. On all five specimens a creep resistance of Class
      KA 3b was found. If the same amorphpus polyamide with the initial
      viscosity number of 144 was made into a 4 millimeter thick test plate in a
      prior-art manner (in a compression molding machine, for example),
      electrical creep resistances no better than Class KA 3a were achieved,
      although this plate had entirely the same mechanical and thermal
      characteristics as one made in accordance with the invention. That is, the
      values were the same as those which have been listed in Table 4.
PAC  EXAMPLE II
PAR  An amorphous polyamide on a basis of dimethylterephthalate and the isomer
      mixture of 2,2,4- and 2,4,4-trimethylhexamethylenediamine and having a
      viscosity number of 170 was made into 4 millimeter thick test specimens on
      the apparatus described in Example I, under the following conditions:
      barrel temperature (temperature in the entrance zone of the injection
      molding unit) 290.degree., 300.degree., 300.degree.C; die temperature
      85.degree.C; screw speed 20 rpm; specific injection pressure and
      after-pressure 140 kp/cm.sup.2 ; back pressure 10 kp/cm.sup.2. The product
      was injection moldings whose viscosity number ranged from 150 to 160. The
      moldings made from the described polyamide under these conditions had the
      characteristics listed in Table 5. As regards their electrical creep
      resistance, they were all in Class KA 3b.
PAC  EXAMPLE III
PAR  An amorphous polyamide based on dimethylterephthalate and the isomer
      mixture of 2,2,4- and 2,4,4-dimethylhexamethylenediamine and having a
      viscosity number of 150 was intimately mixed in powder form by means of a
      vortex mixer with 3 weight percent of titanium dioxide (rutile type) with
      a grain size of approximately 150 microns and compounded in the molten
      state in a twin-screw extruder (Alpine DL 60). The barrel temperatures
      were 255.degree., 270.degree., 275.degree., 270.degree. and 265.degree.C.
      The screw speed was 17 rpm at a current drain of 26 amperes. The resulting
      granular product had a viscosity number of 140. This product was made into
      test specimens with the injection molding machine described in Example I.
      Here, the barrel temperatures were 240.degree., 260.degree., 270.degree.
      and 270.degree.C, the die temperature 80.degree.C, the screw speed 30 rpm
      at a current drain of 6.3 amperes. The specific injection pressure and the
      after-pressure amounted to 140 kp/cm.sup.2. The back pressure was  20
      kp/cm.sup.2. The injection-molded specimens consisted of a polyamide
      having a viscosity number of 132-136. Otherwise, they had the
      characteristics shown in Table 6.
PAC  EXAMPLE IV
PAR  An amorphous polyamide made of dimethylterephthalate and the diamine
      mixture used in the foregoing examples, and having a viscosity number of
      136, was thoroughly mixed in granulated form (cylinders averaging 3
      millimeters in diameter and 4 millimeters in length) with 0.5 weight
      percent of an anthraquinone dye manufactured by Farbenfabriken Bayer AG
      under the name Helioechtschwarz TW 6653 N (black dye), by means of a
      vortex mixer, and was compounded in the molten state with the apparatus
      described in Example III. The barrel temperatures were 255.degree.,
      270.degree., 275.degree., 270.degree. and 260.degree.C, the screw speed
      was 17 rpm at a current drain of 25 amperes. The resulting product was a
      granular compound having a visity number of 132. This granular compound
      was made into 4 millimeter thick test specimens in the screw injection
      molding machine described in Example I. The barrel temperatures were
      250.degree., 270.degree., 280.degree. and 280.degree.C, the screw speed
      was 30 rpm, at a current drain of 6.5 amperes. The specific injection
      pressure and after-pressure were 140 kp/cm.sup.2, and the back pressure
      was 20 kp/cm.sup.2. The viscosity numner this time was lower; namely,
      around 120-122. The specimens made from the compounds under these
      conditions had the characteristics given in Table 7.
PAC  EXAMPLE V
PAR  An amorphous polyamide composed of dimethylterephthalate and
      1,7-diamino-4,4-dimethyloctane, having a viscosity number of 126, was made
      into test specimens with the apparatus described in Example I, the barrel
      temperatures being 240.degree., 260.degree., 270.degree. and 270.degree.C,
      the die temperature 75.degree.C, the screw speed 20 rpm at a current drain
      of 5.8 amperes, the specific injection pressure and post-pressure 140
      kp/cm.sup.2 and the back pressure 20 kp/cm.sup.2. The specimens prepared
      from the the above-described polyamide under these conditions had the
      characteristics listed in Table 8. The viscosity number for these
      specimens amounted to 110.
PAR  Wherever the viscosity number is mentioned in this specification, it is
      understood to be the viscosity number defined in DIN 53727, 0.5 weight
      percent solutions of the polyamides in m-cresol having been used for its
      determination. The measurements were performed at 25.degree.C.
PAR  For instance, it is apparent that other aromatic dicarboxylic acids can be
      used to prepare the amorphous polyamide, and that such can have
      substitution on the aromatic ring. Additionally, other diamines of varying
      degrees of substitution can be employed. The crux of the present invention
      involves improving the electrical creep resistance of such amines merely
      by subjecting them to a kneading process, such as is generated in a
      screw-type injection molding machine under such conditions that the back
      pressure is between 5 and 80 kp/cm.sup.2, and the temperature of the mass
      is between 240.degree. and 320.degree.C.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Electrical Creep Resistance Determined on Test Specimens 4 mm Thick in    

     Accor-                                                                    

     dance with DIN Standard 53,480                                            

     Polyamide made from dimethylterephthalate and                             

                                   Polyamide made from dimethylterephthalate   

     2,2,4-/2,4,4-trimethylhexamethylenediamine                                

                                   and 1,7-diamino-4,4-dimethyloctane          

     (Viscosity No. 130); Type PA 1                                            

                                   (Viscosity No. 112); Type PA                

     __________________________________________________________________________

                                   2                                           

     Specimen No.                                                              

               1   2   3   4   5   6   7   8   9   10                          

     __________________________________________________________________________

     Test solution A                                                           

     Number of drops                                                           

     for compression                                                           

               &gt;101                                                            

                   &gt;101                                                        

                       &gt;101                                                    

                           &gt;101                                                

                               &gt;101                                            

                                   &gt;101                                        

                                       &gt;101                                    

                                           &gt;101                                

                                               &gt;101                            

                                                   &gt;101                        

     moldings and in-                                                          

     jection moldings                                                          

     Etch depth in mm:                                                         

     compression                                                               

      moldings &gt;4.0                                                            

                   3.64                                                        

                       4.0 &gt;4.0                                                

                               &gt;4.0                                            

                                   &gt;4.0                                        

                                       2.74                                    

                                           2.62                                

                                               3.10                            

                                                   4.0                         

     injection                                                                 

      moldings  4.0                                                            

                   2.74                                                        

                       2.55                                                    

                           2.66                                                

                               3.10                                            

                                   3.51                                        

                                       3.36                                    

                                           &gt;4.0                                

                                               &gt;4.0                            

                                                   3.07                        

     Quality class                                                             

               KA3a                                                            

                   KA3a                                                        

                       KA3a                                                    

                           KA3a                                                

                               KA3a                                            

                                   KA3a                                        

                                       KA3a                                    

                                           KA3a                                

                                               KA3a                            

                                                   KA3a                        

     __________________________________________________________________________

TBL                                    Table 2                                 

     __________________________________________________________________________

     Characteristics of Compounds in Comparison With Characteristics of        

     Unmodified Polyamides                                                     

     __________________________________________________________________________

                                  Compounds made from PA 1                     

                                  Polyethylene wt-%                            

                                                   Polypropylene wt-%          

                 DIN  Unit  PA 1  10    20   40    10    20    40              

     __________________________________________________________________________

     Limit bending stress                                                      

                 53452                                                         

                      kp/cm.sup.2                                              

                            1250  825   575  348   800   470   450             

     Notch impact strength                                                     

                 53453                                                         

                      cm.sup.. kp/cm.sup.2                                     

                            10    12    19   9     9     8     8               

     Ultimate strength                                                         

                 53455                                                         

                      kp/cm.sup.2                                              

                            600   600   450  260   380   300   280             

     Martens stability                                                         

     of shape    53458                                                         

                      .degree.C                                                

                            100   93    85   55    80    73    58              

     Number of drops of                                                        

     Test Solution A                                                           

                 53480      101   101   101  101   101   101   101             

     Etch depth in mm                                                          

                 "          approx.     1.3  1.1-1.4                           

                                                   2.4-3 1.1-1.6               

                                                               1.3             

                            2.5-4.0                                            

                                  2.6-2.8                                      

     Class       "    KA3a  KA3a  Ka3b  KA3b KA3a  KA3b  KA3b                  

     __________________________________________________________________________

TBL                                    Table 3                                 

     __________________________________________________________________________

     Characteristics of Compounds in Comparison to the Characteristics of      

     Unmodified Polyamides                                                     

     __________________________________________________________________________

                                  Compounds made of PA2                        

                                  wt.-% polyethylene                           

                                                    wt.%- polypropylene        

                 DIN  Unit  PA 2  10    20    40    10    20  40               

     __________________________________________________________________________

     Limit bending stress                                                      

                 53452                                                         

                      kp/cm.sup.2                                              

                            1100   700   500   320   720   530                 

                                                               400             

     Notch impact strength                                                     

                 53453                                                         

                      cm.kp/cm.sup.2                                           

                            9.0   10    14    12    10    11  12               

     Ultimate strength                                                         

                 53455                                                         

                      kp/cm.sup.2                                              

                            580    580   500   240   370   300                 

                                                               260             

     Martens stability                                                         

     of shape    53458                                                         

                      .degree.C                                                

                            108   96    90    60    85    76  60               

     Number of drops of                                                        

     test solution A                                                           

                 53480      &gt;101  &gt;101  &gt;101  &gt;101  &gt;101  &gt;101                 

                                                              &gt;101             

     Etch depth in mm                                                          

                 "          2.6-4.0                                            

                                  2.6-3.0                                      

                                        1.6-1.8                                

                                              1.2-1.4                          

                                                    2.4-2.6                    

                                                          1.5-1.7              

                                                              1.3-1.5          

     Class       "          KA3a  KA3a  KA3b  KA3b  KA3a  KA3b                 

                                                              KA3b             

     __________________________________________________________________________

TBL                                    Table 4                                 

     __________________________________________________________________________

     Specimen No.         1    2    3    4    5                                

     __________________________________________________________________________

               DIN  Unit                                                       

     __________________________________________________________________________

     Ultimate strength                                                         

               53455                                                           

                    kp/cm.sup.2                                                

                          600 - 630                                            

     Notch impact                                                              

     strength  53453                                                           

                    cm.kp/cm.sup.2                                             

                          10 - 15                                              

     Modulus of                                                                

     Elasticity                                                                

     (Bending test)                                                            

               53457                                                           

                    kp/cm.sup.2                                                

                           28 500                                              

     Martens stability                                                         

     of shape  53458                                                           

                    .degree.C                                                  

                          100                                                  

     Creep resistance                                                          

               53480                                                           

     Test solution A,                                                          

     number of drops                                                           

                    drops &gt;101 &gt;101 &gt;101 &gt;101 &gt;101                             

     Etch depth     mm     1.2  1.6  1.5  1.4  1.3                             

     Class                KA 3b                                                

                               KA 3b                                           

                                    KA 3b                                      

                                         KA 3b                                 

                                              KA 3b                            

     __________________________________________________________________________

TBL                                    Table 5                                 

     __________________________________________________________________________

     Specimen No.         1    2    3    4    5                                

     __________________________________________________________________________

               DIN  Unit                                                       

     __________________________________________________________________________

     Ultimate strength                                                         

               53455                                                           

                    kp/cm.sup.2                                                

                          600 - 670                                            

     Notch impact                                                              

     strength  53453                                                           

                    cm.kp/cm.sup.2                                             

                          10 - 15                                              

     Modulus of                                                                

     Elasticity                                                                

     (Bending test)                                                            

               53457                                                           

                    kp/cm.sup.2                                                

                           29 000                                              

     Martens stability                                                         

     of shape  53458                                                           

                    .degree.C                                                  

                          100                                                  

     Creep resistance                                                          

               53480                                                           

     Test solution A,                                                          

     number of drops                                                           

                    drops &gt;101 &gt;101 &gt;101 &gt;101 &gt;101                             

     Etch depth     mm    1.3  1.5  1.5  1.45 1.66                             

     Class                KA 3b                                                

                               KA 3b                                           

                                    KA 3b                                      

                                         KA 3b                                 

                                              KA 3b                            

     __________________________________________________________________________

TBL                                    Table 6                                 

     __________________________________________________________________________

     Specimen No.         1    2    3    4    5                                

     __________________________________________________________________________

               DIN  Unit                                                       

     __________________________________________________________________________

     Ultimate strength                                                         

               53455                                                           

                    kp/cm.sup.2                                                

                          600 - 620                                            

     Notch impact                                                              

     strength  53453                                                           

                    cm.kp/cm.sup.2                                             

                           - 12                                                

     Modulus of                                                                

     Elasticity                                                                

     (Bending test)                                                            

               53457                                                           

                    kp/cm.sup.2                                                

                           29 000                                              

     Martens stability                                                         

     of shape  53458                                                           

                    .degree.C                                                  

                          100                                                  

     Creep resistance                                                          

               53480                                                           

     Test solution A,                                                          

     number of drops                                                           

                    drops &gt;101 &gt;101 &gt;101 &gt;101 &gt;101                             

     Etch depth     mm    1.45 1.03 1.56 1.58 1.22                             

     Class                KA 3b                                                

                               KA 3b                                           

                                    KA 3b                                      

                                         Ka 3b                                 

                                              KA 3b                            

     Abrasion resist-                                                          

     ance loss of                                                              

     weight                                                                    

     __________________________________________________________________________

TBL                                    Table 7                                 

     __________________________________________________________________________

     Specimen No.         1    2    3    4    5                                

     __________________________________________________________________________

               DIN  Unit                                                       

     __________________________________________________________________________

     Ultimate strength                                                         

               53455                                                           

                    kp/cm.sup.2                                                

                          600                                                  

     Notch impact                                                              

     strength  53453                                                           

                    cm.kp/cm.sup.2                                             

                          10 - 12                                              

     Modulus of                                                                

     Elasticity                                                                

     (Bending test)                                                            

               53457                                                           

                    kp/cm.sup.2                                                

                           28 500                                              

     Martens stability                                                         

     of shape  53458                                                           

                    .degree.C                                                  

                          100                                                  

     Creep resistance                                                          

               53480                                                           

     Test solution A,                                                          

     number of drops                                                           

                    drops &gt;101 &gt;101 &gt;101 &gt;101 &gt;101                             

     Etch depth     mm    1.91 1.73 1.85 1.55 1.64                             

     Class                KA 3b                                                

                               KA 3b                                           

                                    KA 3b                                      

                                         KA 3b                                 

                                              KA 3b                            

     Abrasion resist-                                                          

     ance loss of                                                              

     weight                                                                    

     __________________________________________________________________________

TBL                                    Table 8                                 

     __________________________________________________________________________

     Specimen No.         1    2    3    4    5                                

     __________________________________________________________________________

               DIN  Unit                                                       

     __________________________________________________________________________

     Ultimate strength                                                         

               53455                                                           

                    kp/cm.sup.2                                                

                          580                                                  

     Notch impact                                                              

     strength  53453                                                           

                    cm.kp/cm.sup.2                                             

                          8 - 10                                               

     Modulus of                                                                

     Elasticity                                                                

     (Bending test)                                                            

               53457                                                           

                    kp/cm.sup.2                                                

                           29 000                                              

     Martens stability                                                         

     of shape  53458                                                           

                    .degree.C                                                  

                          100                                                  

     Creep resistance                                                          

               53480                                                           

     Test solution A,                                                          

     number of drops                                                           

                    drops &gt;101 &gt;101 &gt;101 &gt;101 &gt;101                             

     Etch depth     mm    1.7  1.82 1.9  1.62 1.55                             

     Class                KA 3b                                                

                               KA 3b                                           

                                    KA 3b                                      

                                         KA 3b                                 

                                              KA 3b                            

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polyamide shaped object having an electrical creep resistance of
      quality Class KA 3b according to Deutsche Industrie Norm 53,480, said
      polyamide being an amorphous polyamide of a C-alkyl substituted aliphatic
      diamine of hexane or octane and a terephthalic acid dialkyl diester said
      polyamide shaped object prepared by screw injection kneading a polyamide
      having a viscosity number determined in accordance with Deutsche Industrie
      Norm 53727 employing a 0.5 weight percent solution of polyamide in mcresol
      at 25.degree.C of 130-180, said polyamide being of a C-alkyl substituted
      aliphatic diamine of hexane or octane and a terephthalic acid dialkyl
      diester, under a back pressure of between 5 and 80 kiloponds/cm.sup.2 at a
      temperature between 240.degree. and 320.degree.C.
NUM  2.
PAR  2. A polyamide shaped object according to claim 1, wherein said polyamide
      is an amorphous polyamide prepared from the polycondensation of a
      terephthalic diacid alkyl diester and a C-methyl-substituted diamine of
      octane or hexane.
NUM  3.
PAR  3. A polyamide shaped object according to claim 2, wherein the diamine is
      selected from the group consisting of 2,2,4-trimethylhexamethylenediamine,
      2,4,4-trimethylhexamethylenediamine and 1,7-diamino-4,4-dimethyloctane.
NUM  4.
PAR  4. A polyamide shaped object according to claim 3 having a viscosity number
      between 90 and 170 determined in accordance with Deutsche Industrie Norm
      53727 employing a 0.5 weight percent solution of polyamide in m-cresol at
      25.degree.C and a modulus of elasticity according to Deutsche Industrie
      Norm 53,457 of at least 28,000 kiloponds/cm.sup. 2.
NUM  5.
PAR  5. A polyamide shaped object according to claim 4 having a viscosity number
      between 120 and 160, said viscosity number determined in accordance with
      Deutsche Industrie Norm 53727 employing a 0.5 weight percent solution of
      the polyamide in m-cresol at a temperature of 25.degree.C.
NUM  6.
PAR  6. A polyamide shaped object according to claim 5, wherein the diamine is
      2,2,4-trimethylhexamethylenediamine or 2,4,4-trimethylhexamethylenediamine
      or mixtures thereof.
NUM  7.
PAR  7. The polyamide shaped object according to claim 5, wherein the diamine is
      1,7-diamino-4,4,-dimethyloctane.
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PAL  Water-soluble polyamines which (a) have an average molecular weight of
      above 1,000 (b) contain at least one grouping of the formula
EQU  --R--Z
PAL  in which
PA1  Z denotes a --COOH or --SO.sub.3 H group and
PA1  R represents an alkylene radical, possessing 1 to 7
PA1  C atoms, which is optionally substituted and/or interrupted by a
      carbonamido group,
PAL  Bonded to a basic nitrogen atom, and which (c) are obtainable either by
      reaction of water-soluble low molecular polyamines with compounds which
      introduce acid groups and with compounds which are polyfunctional towards
      amino groups, or by reaction of water-soluble higher-molecular polyamines,
      having an amine equivalent of 43 to 700, in which a hydrogen atom is
      bonded to at least every twentieth basic nitrogen atom, with compounds
      which introduce acid groups and optionally with compounds which are
      polyfunctional towards amino groups; a process for their manufacture and
      their use as agents for increasing the retention of fibres, fillers and
      pigments in the manufacture of paper and for working-up papermaking
      machine effluents by filtration, sedimentation and flotation.
BSUM
PAR  The invention relates to water-soluble polyamines; more particularly it
      concerns water-soluble polyamines which
PA1  A. have an average molecular weight of about 1,000, preferably above 5,000,
PA1  B. contain at least one grouping of the formula
EQU  -- R -- Z
PAL  in which
PA1  Z denotes a -COOH or -SO.sub.3 H group and
PA1  R represents an alkylene radical, possessing 1 to 7
PA1  C atoms, which is optionally substituted and/or interrupted by a
      carbonamido group,
PAL  Bonded to a basic nitrogen atom, and which
PA1  C. are obtainable either by reaction of water-soluble low molecular
      polyamines with compounds which introduce acid groups and with compounds
      which are polyfunctional towards amino groups, or by reaction of
      water-soluble high-molecular polyamines, having an amine equivalent of 43
      to 700, in which a hydrogen atom is bonded to at least every twentieth
      basic nitrogen atom, with compounds which introduce acid groups and
      optionally with compounds which are polyfunctional towards amino groups.
PAR  The invention further relates to a process for the manufacture of these
      water-soluble polyamines and to their use as agents for increasing the
      retention of fibres, fillers and pigments in the manufacture of paper and
      for working-up papermaking machine effluents by filtration, sedimentation
      and flotation.
PAR  To manufacture the water-soluble polyamines according to the invention it
      is possible to use both low molecular polyamines, that is to say
      polyamines of which the average molecular weight is less than 10,000, and
      water-soluble higher-molecular polyamines, that is to say polyamines of
      which the average molecular weight is greater than 10,000.
PAR  As examples of low molecular polyamines there may be mentioned:
      cycloaliphatic and araliphatic polyamines, such as
      1,4-diamino-cyclohexane, 1-aminomethyl-5-amino-1,3,3-trimethyl-cyclohexane
     , 1,3-bis-aminomethylbenzene and benzyl-bis-(3-aminopropyl)-amine, but
      especially:
PAR  A. polyamines of the formula
      ##EQU1##
      in which R.sub.1 and R.sub.2 independently of one another denote hydrogen
      or a C.sub.1 -C.sub.4 -alkyl radical which is optionally substituted by a
      hydroxyl, nitrile or carbonamido group,
PA1  m denotes a number which is at least 1, preferably 1 to 4 and
PA1  n denotes a number which is at least 2, preferably 2 to 4.
PAL  Representatives of these polyamines are, for example, ethylenediamine,
      propylenediamine, tetramethylenediamine, hexamethylenediamine,
      diethylenetriamine, dipropylenetriamine, triethylenetetramine,
      tetraethylenepentamine, pentaethylenehexamine,
      N,N'-dimethylethylenediamine, N-.beta.-hydroxyethyl-ethylenediamine,
      N-.beta.-cyanoethylethylenediamine and
      N-.beta.-carbamidoethyl-ethylenediamine.
PAR  B. Polyamines of the formula
EQU  Y--(CH.sub.2 -CHR.sub.3 -CH.sub.2 -NH).sub.x -H.sub.z      II
PAL  in which
PAR  Y represents oxygen, sulphur or the radical of an at least divalent
      aliphatic, cycloaliphatic, araliphatic or aromatic compound possessing
      hydroxyl and/or sulphhydryl groups,
PAR  R.sub.3 denotes hydrogen or the methyl group,
PAR  x denotes an integer which is at least 1 and preferably 1 - 3 and
PAR  z represents an integer which is at least 2 and preferably 2 - 4.
PAR  Examples of representatives of these polyamines are
      bis-[3-amino-propyl]-ether, bis-[3-aminopropyl]-sulphide, ethylene
      glycol-bis-[3-amino-propyl-ether],
      dithioethylene-glycol-bis-[3-aminopropyl-ether],
      neopentylene-glycol-bis-[3-amino-propyl-ether],
      hexahydro-p-xylylene-glycol-bis-[3-amino-propyl-ether] and
      hydroquinone-bis-[3-amino-propylether].
PAR  C. Polyamines of the formula
      ##EQU2##
      in which
PAR  R.sub.4 represents a C.sub.1 -C.sub.18 -alkyl radical which is optionally
      substituted by an amino or hydroxyl group and
PAR  R.sub.5 and R.sub.6 independently of one another represent hydrogen or a
      methyl group and
PAR  p + q is a number which is 1 to 20, preferably 2 to 5.
PAR  Examples of these polyamines are ethyl-bis-(3-aminopropyl)-amine,
      2-hydroxyethyl-bis-(3-amino-propyl)-amine,
      n-butyl-bis-(3-amino-propyl)-amine, tris-(3-amino-propyl)-amine and above
      all methyl-bis-(3-amino-propyl)-amine.
PAR  D. Further, the known polyamines containing amide groups, especially the
      reaction products from;
PA1  a. cycloaliphatic, araliphatic or heterocyclic, preferably aliphatic,
      polyamines, which contain at least two amino groups capable of amide
      formation and at least one further primary, secondary or tertiary amino
      group; these polyamines can optionally be present mixed with aliphatic,
      cycloaliphatic, araliphatic or heterocyclic diamines containing primary or
      secondary amino groups, with the amount of these diamines advantageously
      being so chosen that up to 20 mol % of diamines are present per mol of the
      further primary, secondary or tertiary amino groups present in the
      polyamines in excess over the minimum of two amino groups capable of amide
      formation;
PA1  b. aliphatic or aromatic dicarboxylic acids, especially saturated aliphatic
      dicarboxylic acids containing 4 to 10 carbon atoms or their functional
      derivatives, such as anhydrides, esters, half-esters or amides, and
      optionally
PA1  c. aminocarboxylic acids containing at least 3 carbon atoms, or their
      lactams, especially .epsilon.-caprolactam.
PAR  These reaction products are described in the literature as
      "polyamine-amines" or "polyamido-amines" or "polyamide-polyamines" or
      "polyaminopolyamides".
PAR  E. Further, polyamines containing amide groups, to which
      1,2-polyalkylenepolyamine side chains have been grafted by reaction with
      1,2-alkyleneimines, these polyamines being described, for example, in
      German Offenlegungsschrift (German Published Specification No.) 1,802,435.
PAR  As examples of water-soluble higher-molecular polyamines which have an
      amine equivalent of 43 to 700 and in which a hydrogen atom is bonded to at
      least every twentieth basic nitrogen atom, which can be the basis of the
      reaction product according to the invention, there may be mentioned: the
      known polymerisation products of ethyleneimine and the previously known
      reaction products of the abovementioned low molecular polyamines,
      especially the polyamines containing amide groups, with compounds which
      are polyfunctional towards amino groups. Such reaction products are
      described, for example, in German Patent specification Nos. 665,791,
      872,269, 897,015, 916,468 and 1,006,155; German Auslegeschrift (German
      Published specification No.) 1,211,922; Belgian Patent specification Nos.
      730,544 and 736,162; British Patent specification No. 775,721; and U.S.
      Patent specification Nos. 2,969,302 and 3,329,657.
PAR  The reaction of the water-soluble polyamines, both of the low molecular
      polyamines and of the higher-molecular polyamines, with the compounds
      which introduce acid groups is usually carried out by adding the compounds
      which introduce acid groups to the 10 to 60% strength aqueous solutions of
      the polyamines and subsequently allowing the resulting reaction mixtures
      to react for about 2 to 20 hours at temperatures of 40.degree. to
      100.degree.C and at a pH-value of above 7.0, preferably 8 to 10. The
      pH-value is adjusted to the desired value by adding aqueous alkali.
PAR  Suitable compounds which introduce acid groups are all compounds which in
      aqueous media, at 20.degree. to 100.degree.C, are capable of reacting with
      amino groups to form such amines as contain a grouping of the formula
EQU  -- R -- Z
PAL  in which Z denotes a --COOH or --SO.sub.3 H group and R represents an
      alkylene radical which has 1 to 7 C-atoms and is optionally substituted
      and/or interrupted by a carbonamido group, preferably an C.sub.1 -C.sub.5
      -alkylene radical which is optionally substituted by a methyl or carbonyl
      group and/or interrupted by a carbonamido group. Such compounds which
      introduce acid groups are, in particular, alkanesultones, such as
      propanesultone or butanesultone; .alpha.,.beta.-unsaturated acids, such as
      vinylsulphonic acid, or .alpha.,.beta.-unsaturated monocarboxylic or
      dicarboxylic acids, for example acrylic, methacrylic, maleic and itaconic
      acid; derivatives of these .alpha.,.beta.-unsaturated acids which possess
      acid groups, for example 2-acrylamido-2,2-dimethylethanesulphonic acid,
      and 1- or 2-halogeno-fatty acids, such as 2-chloro-propionic acid and
      above all chloroacetic acid. The acids can be employed in the form of
      their salts.
PAR  The ratios of the amounts of the compounds which introduce acid groups to
      the amounts of the polyamines are appropriately so chosen that 0.05 to 0.9
      equivalent, especially 0.05 to 0.6 equivalent, preferably 0.15 to 0.6
      equivalent, of acid groups is introduced per equivalent of the basic amino
      groups contained in the polyamines.
PAR  The low molecular polyamines containing acid groups can be reacted in the
      same manner as low molecular polyamines free of acid groups with compounds
      which are polyfunctional towards amino groups to give the polyamines
      according to the invention, with molecular weights of above 1,000,
      preferably above 5,000.
PAR  Suitable compounds, polyfunctional towards amino groups, for the
      manufacture of the polyamines according to the invention are in particular
      those polyfunctional compounds which are capable of reacting completely
      with the amino groups contained in the basic polyamides in aqueous
      solution at pH-values of above 6, preferably above 8.
PAR  As examples of compounds which are polyfunctional towards amino groups
      there may be mentioned: bifunctional compounds, such as
      .alpha.,.omega.-alkanedihalides, for example, 1,2-dichloroethane,
      1,2-dibromoethane, 1,2-dichloropropane, 1,3-dichloropropane and
      1,6-dichlorohexane; .omega.,.omega.'-dihalogeno-ethers, for example
      2,2'-dichloro-diethyl-ether, bis-(.beta.-chloro-isopropyl)-ether, and
      bis-(4-chloro-butyl-ether); halogenohydrins and epihalogenohydrins, for
      example epichlorohydrin, 1,3-dichloropropanol-(2),
      bis-(3-chloro-2-hydroxypropyl)-ether and 1,4-dichloro-2,3epoxy-butane;
      bis-epoxy compounds, for example 1,2,3,4-diepoxybutane, diglycidylether,
      ethane-1,2-bis-glycidyl-ether and butane-1,4-bis-glycidyl-ether;
      .omega.-halogenocarboxylic acid halides, for example chloroacetyl
      chloride, 2-chloropropionyl chloride, 3-chloropropionyl chloride and
      3-bromopropionyl bromide; vinyl compounds, for example divinyl-ether,
      divinylsulphone and methylene-bis-acrylamide; further,
      4-chloromethyl-1,3-dioxolanone-(2) and 2-chloroethyl-chloroformic acid
      ester, and also chloroformic acid esters, 3-chloro-2-hydroxypropyl-ethers
      and glycidyl-ethers of polyalkylene oxides, for example polyethylene
      oxides, and of reaction products of 1 to 50 mols of alkylene oxides such
      as ethylene oxide and/or propylene oxide, with 1 mol of dihydric or
      polyhydric polyols or of other compounds containing at least two active
      hydrogen atoms; trifunctional compounds, such as
      N,N'-triacryloylhetahydro-s-triazine.
PAR  The ratios of the amounts of the polyfunctional compounds to the amounts of
      the low molecular polyamines containing acid groups are appropriately so
      chosen that the minimum amounts required in order to increase the
      molecular weight of the low molecular polyamines several-fold are not
      significantly exceeded. The minimum amounts of compounds which are
      polyfunctional towards amino groups, which have to be employed in order to
      obtain reaction products of the desired high molecular weight or solutions
      thereof having the desired viscosity, depend mainly on the molecular
      weight of the low molecular polyamines on which the products are based and
      can easily be ascertained from case to case by preliminary experiments.
PAR  The manufacture of the polyamines containing acid groups, according to the
      invention, from low molecular polyamines containing acid groups can be
      carried out in accordance with processes which are in themselves known,
      preferably by stirring mixtures of the low molecular polyamines containing
      acid groups and the compounds which are polyfunctional towards amino
      groups in aqueous media at pH-values of above 6 and at temperatures of
      between 0.degree. and 95.degree.C until a sample of the reaction mixture,
      in the form of a 10% strength aqueous solution, shows a viscosity of at
      least 10 cP at 25.degree.C. The total concentration of the components in
      the aqueous reaction mixture should be 10 to 50 percent by weight.
      However, the compounds which are polyfunctional towards the amino groups
      can also be gradually added in portions to the aqueous polyamine solution.
      The content of reaction products in the reaction solution, which is
      preferably between 10 and 30 per cent by weight, is then adjusted to the
      desired final value by dilution with water, if the reaction has been
      carried out at a higher concentration. In some cases it is necessary, in
      order to terminate the reaction after reaching the desired viscosity, to
      adjust the pH-value of the reaction solution to pH 6, preferably to 4-5,
      by adding acids, for example hydrochloric acid, sulphuric acid, phosphoric
      acid or acetic acid. This is above all the case where the minimum amount
      of polyfunctional compounds required to increase the molecular weight of
      the low molecular polyamines, containing acid groups, several-fold has
      been significantly exceeded.
PAR  It is however also possible to carry out the reaction of the low molecular
      polyamines with the compounds which introduce acid groups and the
      polyfunctional compounds in a one-step reaction, in which it is possible
      not only to add the two compounds simultaneously but also to add them
      alternately.
PAR  Furthermore it can be advisable in some cases to react the higher-molecular
      polyamines, containing acid groups, which are obtained by reaction of the
      water-soluble higher-molecular polyamines with the compounds which
      introduce acid groups, once again with chain lengthening agents, that is
      to say with compounds which are polyfunctional towards amino groups, in
      order to obtain water-soluble polyamines containing acid groups and having
      an even higher molecular weight.  The polyamines according to the
      invention are characterised by an average minimum molecular weight of
      1,000, preferably 5,000. The upper limit of their molecular weight is
      determined by their property of being water-soluble. A numerical
      description of the upper limit of their molecular weight is not possible
      since this depends greatly on the polyamines on which they are based and
      on the number of groups contained therein which confer solubility in
      water.
PAR  When using the polyamines according to the invention as auxiliaries for
      increasing the retention of fibres, fillers and pigments, the procedure
      followed, in a manner which is in itself known, is to add the polyamines
      according to the invention, in the form of dilute aqueous solutions, to
      the paper raw material suspension before the stuff box, the point of
      introduction being so chosen that good distribution of the auxiliary in
      the raw material suspension is ensured but an excesssive contact time is
      avoided. The amounts of polyamines which are required to achieve the
      desired retention action and/or of draining off water more quickly can
      without difficulties be determined by preliminary experiments; in general
      it is advisable to use 0.005 to 0.5 percent by weight of polyamines,
      relative to the dry weight of the paper. The addition of polyamines
      according to the invention before the stuff box of a papermaking machine
      furthermore has an advantageous effect on the processing of the
      papermaking machine effluents by filtration, flotation or sedimentation;
      the coagulating action of the polyamines according to the invention
      facilitates very considerably the removal of paper pulp particles from the
      papermaking machine effluent.
PAR  When using the polyamines according to the invention as auxiliaries in
      processing papermaking machine effluents by filtration, flotation or
      sedimentation it is again possible to proceed in a manner which is in
      itself known, preferably by adding the reaction products in question, in
      the form of dilute aqueous solutions, to the papermaking machine effluent,
      appropriately before it enters the pulp trap.
PAR  The amounts of polyamines which produce adequate coagulation of the paper
      raw material components contained in the papermaking machine effluents
      should be chosen in accordance with the composition of the effluents and
      can easily be determined from case to case by preliminary experiments; in
      general, amounts of 0.005 to 2 g of polyamine per m.sup.3 of effluent are
      adequate for this purpose.
PAR  In comparison with the products free of acid groups, the polyamines which
      contain acid groups, according to the invention, show the advantage of
      having less effect on optical whiteners -- the papers show a higher degree
      of whiteness -- and, surprisingly, of giving a higher retention effect in
      the majority of cases. The higher degree of whiteness manifests itself
      particularly if the polyamines containing acid groups are employed in such
      amounts that an equally high retention of fillers, fibres and pigments is
      achieved as when using the polyamines free of acid groups. The high
      compatibility with the cationic or non-ionic additives which are customary
      in paper manufacture, for example wet strength agents, natural or
      synthetic solvents and water-soluble dyestuffs, permits the polyamines to
      be used universally.
DETD
PAR  Some polyamines according to the invention and their use for increasing the
      retention of fibres, fillers and pigments in the manufacture of paper are
      described below by way of examples.
PAC  POLYAMINE 1
PAR  a. 1,000 g of a 30% strength aqueous solution of a polyamide-polyamine
      manufactured from 1.05 mol of diethylenetriamine, 1.0 mol of adipic acid
      and 0.5 mol of .epsilon.-caprolactam (viscosity: 24 cP at 25.degree.C;
      equivalent: 758) are treated with 38.35 g of sodium chloroacetate (0.25
      mol/equivalent) at room temperature, whilst stirring. When the salt has
      dissolved, the solution is heated to 60.degree.C and is stirred at this
      temperature for a further 10 hours, whilst neutralising the hydrochloric
      acid split off during the reaction by addition of 50% strength KOH (amount
      required: 22.5 g). The solution is adjusted to 25% strength by adding
      139.15 ml of water.
PAR  b. A mixture of 1,000 g of this 25% strength polyamide-amine solution, 262
      ml of water and 6.4 g of epichlorohydrin (0.063 mol/amine-equivalent) is
      stirred at 70.degree.C until the viscosity of the solution no longer
      increases (about 9 hours). The 20% strength solution, thus obtained, of
      the polyamine formed has a pH-value of 8.0 and a viscosity of 573 cP at
      25.degree.C.
PAC  POLYAMINE 2
PAR  a. The low molecular poolyamine containing acid groups was manufactured as
      described under polyamine (1a) except that 76.7 g of sodium chloroacetate
      (0.5 mol/equivalent) were employed and 45.0 g of 50% strength KOH were
      used for neutralising the reaction mixture and 78.3 ml of water were used
      for dilution.
PAR  b. The reaction of the low molecular polyamine (2a), containing acid
      groups, with epichlorohydrin was carried out as described under polyamine
      (1b) except that 6.8 g of epichlorohydrin (0.067 mol/amine-equivalent) and
      264 ml of water were used. The 20% strength solution, thus obtained, of
      the polyamine formed has a pH-value of 8.0 and a viscosity of 566 cP at
      25.degree.C.
PAC  POLYAMINE 3
PAR  a. The low molecular polyamine containing acid groups was manufactured as
      described under polyamine (1a) except that 115.05 g of sodium
      chloroacetate (0.75 mol/equivalent) were employed and 67.5 g of 50%
      strength KOH were used for neutralising the reaction mixture and 17.45 ml
      of water were used for dilution.
PAR  b. The reaction of the low molecular polyamine (3a), containing acid
      groups, with epichlorohydrin was carried out as described under polyamine
      (1b) except that 7.1 g of epichlorohydrin (0.070 mol/amine-equivalent) and
      266 ml of water were used. The 20% strength solution, thus obtained, of
      the polyamine formed has a pH-value of 8.0 and a viscosity of 587 cP at
      25.degree.C.
PAC  COMPARISON PRODUCT I
PAR  Comparison Product I, which in contrast to the polyamines 1b, 2b and 3b
      does not contain any acid groups, was obtained from the 30% strength
      aqueous polyamide-polyamine solution used for the manufacture of polyamine
      1a (viscosity 24 cP at 25.degree.C; equivalent 758) by chain lengthening
      with epichlorohydrin analogously to polyamine 1b, 2b or 3b. The 20%
      strength aqueous solution of the chain-lengthened polyamide-polyamine
      which is free of acid groups had a viscosity of 472 cP at 25.degree.C. The
      comparison product is a product according to Belgian Patent specification
      No. 736,162.
PAC  POLYAMINE 4
PAR  a. 1,000 g of a 50% strength aqueous solution of a polyamide-amine
      manufactured from 1.025 mol of diethylenetriamine and 1.0 mol of adipic
      acid (viscosity: 420 cP at 25.degree.C; equivalent: 374) are treated with
      109 g of sodium chloroacetate (0.35 mol/equivalent) at room temperature,
      whilst stirring. After the salt has dissolved, the solution is heated to
      80.degree.C and is stirred for a further 2 hours at this temperature,
      whilst adding sufficient 50% strength KOH to maintain a pH-value of 11.0
      (requisite amount: 110 g). The solution is adjusted to 40% strength by
      adding 31 ml of water.
PAR  b. 700 ml of water are added to 1,000 g of this 40% strength
      polyamide-polyamine solution, after which 19.8 g of epichlorohydrin (0.1
      mol/equivalent) are slowly added at room temperature, whilst stirring. The
      temperature is then raised to 60.degree.C and the solution is further
      stirred at this temperature until the viscosity has risen to about 450 cP
      (about 5 hours). Thereafter the solution is treated with 236 g of water
      and 104 g of concentrated HCl and cooled. The 20% strength clear aqueous
      solution, thus obtained, of the reaction product formed has a pH-value of
      4.5 and a viscosity of 420 cP at 25.degree.C.
PAC  POLYAMINE 5
PAR  A mixture of 1,000 g of the 40% strength polyamide-amine solution described
      under polyamine (4a), 700 ml of water and 32 g of 1,2-dichloroethane (0.15
      mol/equivalent) is stirred at 80.degree. to 85.degree.C in a reaction
      vessel with reflux condenser until the viscosity of the reaction solution
      has risen to about 420 cP at 85.degree.C (after about 10 hours).
      Thereafter the solution is treated with 128 g of concentrated hydrochloric
      acid and 182 g of water and cooled. The 20% strength aqueous solution,
      thus obtained, of the polyamine formed has a pH-value of 4.5 and a
      viscosity of 380 cP at 25.degree.C.
PAC  COMPARISON PRODUCT II
PAR  Comparison product II, which in contrast to the polyamines 4b and 5 does
      not contain any acid groups, was obtained from the 50% strength aqueous
      polyamide-polyamine solution employed for the manufacture of polyamine
      (4a) (viscosity: 420 cP at 25.degree.C; equivalent: 374) by chain
      lengthening with epichlorohydrin analogously to polyamine (4b). The 20%
      strength aqueous solution of the chain-lengthened polyamide-polyamine,
      which is free of acid groups, had a viscosity of 410 cP at 25.degree.C.
      This comparison product is a product according to German
      Offenlegungsschift (German Published specification No.) 1,495,058 = U.S.
      Pat. No. 3,329,657.
PAC  POLYAMINE 6
PAR  a. 1,000 g of a 30% strength aqueous solution of a polyamide-polyamine
      manufactured from 1.05 mol of diethylenetriamine, 1.0 mol of adipic acid
      and 0.5 mol of .epsilon.-caprolactam (viscosity: 24 cP at 25.degree.C;
      equivalent: 758) are treated with 210 g of water and 7.4 g of
      epichlorohydrin (0.061 mol/amine-equivalent) at room temperature, whilst
      stirring, and thereafter the mixture was warmed to 70.degree.C until the
      viscosity no longer rises (about 7 hours). The 25% strength solution, thus
      obtained, of the reaction product formed has a viscosity of about 900 cP
      at 25.degree.C.
PAR  b. 1,217.4 g of this 25% strength polyamide-polyamine solution are treated
      with 38.35 g of sodium chloroacetate (0.25 mol/equivalent) at 70.degree.C
      and the mixture is stirred at this temperature and a pH-value of about 9.0
      until the sodium chloroacetate has been quantitatively converted. In order
      to maintain the pH-value at 9.0 it is necessary to add 31 g of 50%
      strength potassium hydroxide solution. The solution of the
      polyamide-polyamine containing acid groups is adjusted to 20% strength by
      adding 235 g of water. It has a viscosity of 432 cP at 25.degree.C.
PAC  POLYAMINE 7
PAR  1,217.4 g of the 25% strength polyamide-polyamine solution described under
      polyamine (6a) are mixed with 229 ml of water and 75 g of sodium
      2-acrylamido-2,2-dimethylethane-sulphonate (0.25 mol/equivalent) and the
      mixture is stirred for 10 hours at 60.degree.C. The 20% strength aqueous
      solution thus obtained has a viscosity of 465 cP at 25.degree.C.
PAC  POLYAMINE 8
PAR  1,217.4 g of the 25% strength polyamide-polyamine solution described under
      polyamine (6a) are mixed with 273 ml of water and 31 g of sodium acrylate
      (0.25 mol/equivalent) and the mixture is stirred for 12 hours at
      50.degree.C. The 20% strength aqueous solution thus obtained has a
      viscosity of 459 cP at 25.degree.C.
PAC  POLYAMINE 9
PAR  1,217.4 g of the 25% strength polyamide-polyamine solution described under
      polyamine (6a) are stirred for 10 hours at 65.degree.C with 21 g of
      itaconic acid (0.125 mol), 36 g of 50% strength potassium hydroxide
      solution and 247 ml of water. The 20% strength solution thus obtained has
      a viscosity of 471 cP at 25.degree.C.
PAC  POLYAMINE 10
PAR  1,217.4 g of the 25% strength polyamide-polyamine solution described under
      polyamine (6a) are mixed with 175 ml of water and 129 g of a 33% strength
      aqueous solution of sodium vinylsulphonate (0.25 mol/equivalent) and the
      mixture is stirred for 4 hours at 75.degree.C. The 20% strength aqueous
      solution thus obtained has a viscosity of 502 cP at 25.degree.C.
PAC  POLYAMINE 11
PAR  200 ml of water are added to 1,217.4 g of the 25% strength
      polyamide-polyamine solution described under polyamine (6a) and thereafter
      40.2 of propanesultone (0.25 mol/equivalent) are slowly added at room
      temperature, whilst stirring. The temperature is then raised to
      60.degree.C and the mixture is stirred at this temperature for a further
      12 hours, whilst adding sufficient 50% strength KOH to prevent the
      pH-value from falling below 8.5 to 9.0; 31 g are required for this
      purpose. The solution of the polyamide-polyamine is adjusted to 20%
      strength by adding 33 g of water. It has a viscosity of 487 cP at
      25.degree.C.
PAC  POLYAMINE 12
PAR  1,217.4 g of the 25% strength polyamide-polyamine solution described under
      polyamine (6a) are stirred for 10 hours at 65.degree.C with 38 g of maleic
      acid (0.25 mol), 72 g of 50% strength potassium hydroxide solution and 194
      ml of water. The 20% strength solution thus obtained has a viscosity of
      503 cP at 25.degree.C.
PAC  POLYAMINE 13
PAR  300 g of the 30% strength aqueous solution of a polyethylenepolyamine
      manufactured from 1 mol of tetraethylene-pentamine and 1.3 mols of
      1,2-dichloroethane, having a viscosity of 1,320 cP at 25.degree.C and a
      pH-value of 9.0, are mixed with 36 g of acrylic acid (0.25
      mol/equivalent), 18 g of 50% strength potassium hydroxide solution and 96
      ml of water and the solution is subsequently stirred for 12 hours at
      60.degree.C. The 20% strength solution thus prepared has a viscosity of
      402 cP at 25.degree.C.
PAC  POLYAMINE 14
PAR  300 g of a 30% strength aqueous solution of a polyethylenepolyamine
      manufactured from 1 mol of tetraethylenepentamine and 1.3 mols of
      1,2-dichloroethane, having a viscosity of 1,320 cP at 25.degree.C and a
      pH-value of 9.0, are treated with 105 g of sodium chloroacetate (0.25
      mol/equivalent) and the solution is stirred for 8 hours at 75.degree.C,
      adding 65 g of a 45% strength sodium hydroxide solution after the first
      hour. The viscosity of the 20% strength solution is 475 cP at 25.degree.C.
PAC  COMPARISON PRODUCT III
PAR  Comparison Product III, which in contrast to the polyamines 13 and 14 does
      not contain any acid groups, corresponds to the starting
      polyethylenepolyamine from 1 mol of tetraethylenepentamine and 1.3 mols of
      1,2-dichloroethane, used in the manufacture of the polyamines 13 and 14,
      except that the 30% strength aqueous solution was diluted to 20% content.
      This 20% strength solution has a viscosity of 330 cP at 25.degree.C. The
      polyethylenepolyamine was manufactured according to DBP 897,105.
PAC  POLYAMINE 15
PAR  300 g of the 25% strength aqueous solution of a polyethylenepolyamine
      manufactured from 1.0 mol of diethylenetriamine and 1.65 mols of
      epichlorohydrin, having a viscosity of 625 cP at 25.degree.C and a
      pH-value of 8.5, are treated with 33 g of sodium chloroacetate (0.25
      mol/equivalent) and the solution is stirred for a total of 15 hours at
      60.degree.C. Care is taken, through adding 50% strength potassium
      hydroxide solution, that the pH-value does not fall below 8.5 during the
      reaction (requisite amount: 19 g). The solution of the
      polyethylenepolyamine is adjusted to 20% strength by adding 23 ml of
      water. Its viscosity is 382 cP at 25.degree.C.
PAC  COMPARISON PRODUCT IV
PAR  Comparison Product IV, which in contrast to the polyamine 15 does not
      contain any acid groups, corresponding to the polyalkylenepolyamine from
      1.0 mol of diethylenetriamine and 1.65 mols of epichlorohydrin used in the
      manufacture of the polyamine 15, except that the 25% strength aqueous
      solution was diluted to a 20% content. The viscosity of this 20% strength
      solution is 312 cP at 25.degree.C. The product was manufactured according
      to U.S. Pat. No. 2,969,302.
PAC  POLYAMINE 16
PAR  300 g of a 30% strength aqueous solution of a polyethyleneimine obtained by
      polymerisation of ethyleneimine (viscosity: 925 cP at 25.degree.C) are
      treated with 31 g of sodium chloroacetate (0.125 mol/equivalent) and the
      solution is stirred for a total of 15 hours at 60.degree.C. Care is taken,
      through adding 50% strength potassium hydroxide solution, to ensure that
      the pH-value does not drop below 8.5 during the reaction; 15 g are
      required for this purpose. The solution of the polyethyleneimine is
      adjusted to 20% strength by adding 104 ml of water. The viscosity is 342
      cP at 25.degree.C.
PAC  COMPARISON PRODUCT V
PAR  Comparison Product V, which in contrast to the polyamine 16 does not
      contain any carboxyl groups, corresponds to the starting polyethyleneimine
      used in the manufacture of polyamine 16 except that the 30% strength
      aqueous solution was diluted to a content of 20%. This 20% strength
      solution has a viscosity of 287 cP at 25.degree.C. The product was
      manufactured according to DBP No. 872,269.
PAC  POLYAMINE 17
PAR  130 of a 33% strength aqueous solution of sodium vinylsulphonate (0.33 mol)
      are added to a solution of 145 g of bis-(3-aminopropyl)-methylamine (1
      mol) in 290 of water and the mixture is heated to 70.degree.C for 10
      hours. After cooling to room temperature, 80.5 g of epichlorohydrin (0.87
      mol) are added to this solution over the course of 1 hour, whilst
      stirring. The temperature of the reaction mixture is then raised to
      40.degree.C over the course of half an hour and the mixture is further
      stirred at this temperature until the viscosity has risen to about 70 cP
      (about 21/2 hours). Thereafter 145 ml of water are added to the reaction
      mixture, whereby the viscosity drops to about 40 cP. The mixture is now
      warmed at 40.degree.C until the viscosity has risen to about 100 cP (about
      31/2 hours, calculated from the addition of the 145 ml of water).
      Thereafter, a further 113 ml of water are added to the solution. The
      solution prepared in this way is of 25% strength and has a viscosity of
      155 cP at 25.degree.C.
PAC  COMPARISON PRODUCT VI
PAR  Comparison Product VI, which in contrast to the polyamine 17 does not
      contain any sulphonic acid groups, was manufactured analogously to
      polyamine 17 but without the conjoint use of sodium vinylsulphonate, that
      is to say according to DAS No. 1,211,922, Example 1. The 25% strength
      aqueous solution had a viscosity of 145 cP at 25.degree.C.
PAC  EXAMPLE 1
PAR  100 parts by weight of bleached softwood sulphite cellulose
PAR  20 parts by weight of china clay
PAR  0.2 parts by weight of a commercially available whitener
PAR  1 parts by weight of a commercially available 50% strength  resin size
PAR  3 parts by weight of Al.sub.2 (SO.sub.4).sub.3 .times.  18 H.sub.2 O
PAL  are mixed with 30,000 parts by weight of water in a mixing vat which
      precedes a Fourdrinier paper machine (Kammerer type). The contents of the
      vat are passed to the Fourdrinier machine via a stuff box at such speed as
      to produce a paper weighing 80 g/m.sup.2.
PAR  At the stuff box, an aqueous solution of 15 parts by weight of water and
      0.15 part by weight of the 20% strength aqueous solution of the polyamide
      of which the manufacture is described above under Polyamine 1b, is
      continuously added to the papermaking machine by means of a metering pump.
      The addition of the auxiliary results in excellent retention of the fine
      fibres and fillers. Furthermore, the effect of the whiteners is impaired
      less than when using the previously known commercially available cationic
      retention agents.
PAR  If the 20% strength aqueous solution of the polyamine 1b is replaced by the
      same amount of the aqueous solution, also of 20% strength, of the
      polyamines (2b), (3b), (4b), (5b), 6b and 7 - 12 described above,
      equivalent retention of the fine fibres and pigments is achieved. The
      papers again have an excellent degree of whiteness.
PAR  The Tables 1 - 3 which follow illustrate the technical advance brought
      about by the polyamines, containing acid groups, 1b, 2b, 3b, 6b and 7 to
      12 or 4b and 5, according to the invention, as compareed to the
      corresponding compounds free of acid groups (I according to BE No.
      736,162; II according to U.S. Pat. No. 3,329,657).
PAR  As a measure of the retention action, the tables give the ash content of
      the paper and the residue found in the effluent. The degree of whiteness
      was computed with the Elrepho instrument of Messrs. C. Zeiss, from the
      formula
EQU  degree of whiteness = R.sub.y -3(R.sub.x -R.sub.z)
PAL  R.sub.x, R.sub.y and R.sub.z are here the measured reflections of the
      standard colour values x, y and z. Magnesium oxide powder served as the
      white standard.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Retention Action of the Polyamines 1b, 2b and 3b in Comparison to that    

     of the Corresponding Comparison Product I which is Free of Acid Groups    

     Polyamine or                                                              

            Mol of Acid                                                        

                    Ash Content of the                                         

                                Dry Residue in the                             

                                           Degree of Whiteness of the          

     Comparison                                                                

            Equivalent                                                         

                    Paper in % by Weight                                       

                                Effluent, in                                   

                                           Paper                               

     Product                    g/liter.                                       

     __________________________________________________________________________

     none   --       8.1        0.493      110.12                              

     1b     0.25    12.9        0.182      103.67                              

     2b     0.50    13.0        0.198      103.84                              

     3b     0.75    12.7        0.231      104.07                              

     I      0       12.4        0.244      102.83                              

     __________________________________________________________________________

TBL                                    Table 2                                 

     __________________________________________________________________________

     Retention action of the polyamines 4b and 5 in comparison to that of      

     corresponding comparison Product II which is free of acid groups          

     Polyamine or Com-                                                         

                Mol of   Chain Lengthening                                     

                                    Ash Content                                

                                            Dry Residue in                     

                                                     Degree of                 

     parison Product                                                           

                Acid/equivalent                                                

                         Agent      of the Paper                               

                                            the Effluent in                    

                                                     Whiteness                 

                                    in % by Weight                             

                                            g/liter  of the                    

                                                     Paper                     

     __________________________________________________________________________

     None        --      --          8.1    0.493    110.12                    

     4b         0.35     Epichlorohydrin                                       

                                    13.4    0.156    102.87                    

      5         0.35     1,2-Dichloroethane                                    

                                    13.6    0.169    102.53                    

     II         0        --         12.2    0.272    101.14                    

     __________________________________________________________________________

TBL                                    Table 3                                 

     __________________________________________________________________________

     Retention Action of the Polyamines 6b and 7 to 12, Possessing Different   

     Acid Radicals, in                                                         

     Comparison to that of the Comparison Product I which is Free of Acid      

     Groups.                                                                   

     Polyamine                                                                 

           Acid Group of the Polyamine                                         

                             Mol of Acid                                       

                                      Ash Content                              

                                              Dry Residue                      

                                                       Degree of               

                             Group/Equiva-                                     

                                      of the Paper                             

                                              in the Effluent                  

                                                       Whiteness of            

                             lent     in % by Weight                           

                                              in g/liter                       

                                                       the Paper               

     __________________________________________________________________________

     none  --                --        8.1    0.493    110.12                  

     6b    CH.sub.2 COOH     0.25     13.0    0.175    103.87                  

           CH.sub.3                                                            

           .vertline.                                                          

      7    --CH.sub.2 --CH.sub.2 --CONH--C--CH.sub.2 SO.sub.3 H                

                             "        12.9    0.190    103.64                  

           .vertline.                                                          

           CH.sub.3                                                            

     8     --CH.sub.2 --CH.sub.2 --COOH                                        

                             0.25     12.7    0.186    103.77                  

      9    --CH.sub.2 --CH--COOH                                               

                             0.25     12.8    0.200    103.85                  

           .vertline.                                                          

           CH.sub.2 --COOH                                                     

     10    --CH.sub.2 --CH.sub.2 --SO.sub.3 H                                  

                             0.25     13.0    0.208    103.37                  

     11    --(CH.sub.2).sub.3 --SO.sub.3 H                                     

                             0.25     12.7    0.191    103.42                  

     12    --CH--COOH        0.25     12.8    0.210    103.81                  

           .vertline.                                                          

           CH.sub.2 --COOH                                                     

      I    0                  0       12.4    0.244    102.83                  

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  200 kg of an 0.5% strength aqueous suspension of a paper raw material
      consisting of
PAR  40 parts by weight of bleached sulphite cellulose
PAR  30 parts by weight of bleached straw cellulose
PAR  30 parts by weight of bleached sulphate cellulose
PAR  12 parts by weight of china clay.
PAR  2 parts by weight of starch
PAR  1.5 parts by weight of a commercially available strengthened  resin size
PAR  0.2 parts by weight of a commercially available whitener
PAR  3 parts by weight of Al.sub.2 (SO.sub.4).sub.3 .times.  18 H.sub.2 O
PAL  are converted on a laboratory papermaking machine, with continuous metering
      in of 150 g of water which contains 1.5 g of the 20% strength aqueous
      solution of which the preparation is described above under Polyamine 13,
      to give paper weighing 80 g/m.sup.2. Excellent retention of fine fibres
      and china clay is achieved with the aid of the added reaction product.
PAR  If the 20% strength aqueous solution of the polyamine 13 is replaced by the
      same amount of one of the 20% strength aqueous solutions of the polyamines
      14 to 17 described above, an equivalent retention of the fine fibres and
      pigments is achieved.
PAR  Table 4 which follows illustrates the technical advance achieved with the
      polyamines containing acid groups, according to the invention, as
      contrasted with the corresponding comparison products III to IV which are
      free of acid groups (III according to DBP No. 897,015; IV according to
      U.S. Pat. No. 2,969,302; V according to DBP No. 872,269; VI according to
      DBP No. 1,211,922).
PAR  As a measure of the retention action, the table gives the ash content of
      the paper and the residue found in the effluent. The degree of whiteness
      was determined as indicated in Example 1.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Retention Action of Polyethyleneimines 0r Polyalkyleneamines (Polyamines  

     13 to 17), Con-                                                           

     taining Acid Groups, Contrasted with the Comparison Products III - VI     

     which are Free of Acid                                                    

     Groups                                                                    

     Polyamine                                                                 

             Acid Group                                                        

                      Mol of Acid                                              

                               Ash Content                                     

                                       Dry Residue in                          

                                                Degree of White-               

     or Comparison    Group/Equiva-                                            

                               of the Paper                                    

                                       the Effluent                            

                                                ness of the                    

     Product          lent     in % by Weight                                  

                                       in g/liter.                             

                                                Paper                          

     __________________________________________________________________________

      13     --CH.sub.2 =CH--COOH                                              

                      0.25     9.0     0.203    95.92                          

      14     --CH.sub.2 COOH                                                   

                      0.45     8.7     0.211    96.57                          

     III     O        0        8.5     0.231    95.27                          

      15     --CH.sub.2 COOH                                                   

                      0.25     8.8     0.229    96.82                          

     IV      O        0        8.3     0.256    95.76                          

      16     --CH.sub.2 COOH                                                   

                       0.125   8.9     0.192    94.83                          

      V      O        0        8.6     0.223    94.08                          

      17     --CH.sub.2 --CH.sub.2 --SO.sub.3 H                                

                      0.33     8.3     0.231    97.32                          

     VI      O        0        8.1     0.276    96.28                          

     without --       --       5.9     0.423    106.17                         

     auxiliary                                                                 

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  The effluents which arise in the manufacture of sized or unsized loaded
      wrapping paper (with waste paper as the raw material), and which have a
      pH-value of 4.5 to 4.8 or 7.0 to 7.3 are treated, before entering the
      flotation pulp trap, with 1.5 g of the 20% strength aqueous solution of
      the product of which the manufacture is described above under polyamine 1,
      per 1 cbm of effluent. In both cases an excellent clarifying action is
      achieved; the solids content in the effluent is reduced from about 1,500
      mg/l to 20-25 mg/l. The clarified water obtained can be further used as
      diluent water in the manufacture of optically brightened papers.
PAR  If instead of the polyamine 1 the comparison product I is employed, the
      solids content in the effluent is only reduced to 30-35 mg/l.
CLMS
STM  We claim
NUM  1.
PAR  1. A water-soluble modified polyamine having an average molecular weight of
      above 1,000 prepared by reacting
PA1  a. a polyamine of the formula
      ##EQU3##
      wherein R.sub.1 and R.sub.2 is H or C.sub.1 -C.sub.4 alkyl,
PA2  n is an integer of 2-4 and
PA2  m is an integer of 1-4, with
PA1  b. an alkanedicarboxylic acid of 4 to 10 carbon atoms, and with
PA1  c. a compound selected from the group consisting of acrylic acid,
      methacrylic acid, 2-chloroproprionic acid, chloroacetic acid and alkali
      metal salts thereof;
PAL  and thereafter reacting the product of the reaction of (a), (b) and (c)
      with an .alpha.,.omega.-dihaloalkane of 2 to 6 carbon atoms in an aqueous
      medium at a pH above 6 and at a temperature between 0.degree. and
      95.degree.C until the reaction mixture in the form of a 10% aqueous
      solution shows a viscosity of at least 10 cP at 25.degree.C.
NUM  2.
PAR  2. Water-soluble modified polyamines of claim 1 in which said polyamine is
      diethylenetriamine, said dicarboxylic acid is adipic acid and said
      .alpha.,.omega.-alkanedihalide is 1,2 -dichloroethane.
NUM  3.
PAR  3. Water-soluble modified polyamines of claim 1 having an average molecular
      weight of over 5,000.
PATN
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APT  1
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APD  19731012
TTL  Production of polyamides in the presence of a phosphorus acid ester and
      an organic base
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FRM  Stevens, Davis, Miller & Mosher
ABST
PAL  Polyamides are produced by reacting a dicarboxylic acid with a diamine or
      polycondensing an amino acid in the presence of a phosphorous acid ester
      of the formula, R.sup.3.R.sup.4.HPO.sub.3, wherein R.sup.3 and R.sup.4 may
      be the same or different and are individually an alkyl, aralkyl or
      aromatic group which may have at least one substituent, such as diphenyl
      phosphite, and an organic base such as pyridine.
BSUM
PAR  This invention relates to a process for producing polyamides. More
      particularly, this invention relates to a process for producing polyamides
      useful as fibers, etc. by condensing dicarboxylic acids with diamines or
      polycondensing amino acids in the presence of a phosphorous acid ester and
      an organic base.
PAR  Polyamides useful as fibers, plastics, etc. have been produced by various
      processes, but conventional processes have many defects in that it is
      almost impossible to carry out polycondensation under extremely mild
      conditions, and there are some systems wherein almost no polyamidation
      takes place. When an aromatic diamine is used, no nylon salt is produced
      because of its weak basicity and since the polymerization rate of it is so
      small and side reactions take place at high temperatures, the
      polymerization method used for aliphatic diamines under reduced pressure
      and high temperatures cannot be applied to it. In order to obtain a
      polyamide useful as fibers excellent in heat resistance from an aromatic
      diamine, low-temperature solution polymerization or interfacial
      polymerization using a dicarboxylic acid dichloride has been developed.
      But the starting dicarboxylic acid dichloride is so expensive that this
      method is not suitable for commercial scale production. As a direct
      polymerization method of a dicarboxylic acid and an aromatic diamine, melt
      polymerization is proposed by Holmer et al (J. Polymer Sci., A-1, 10, 1547
      (1972)), but this method is not suitable for practical production since
      the use of a thermally stable aromatic diamine is necessary. Ogata et al
      proposed a process for producing a polyamide using triphenyl
      phosphite-imidazole system (Polymer J. 2, 672 (1971)), but only a
      polyamide having very low molecular weight, i.e., .eta. sp/c = 0.1 - 0.3
      in H.sub.2 SO.sub.4, is obtained by this method. On the other hand,
      polyamino acids are produced by a N-carboxyanhydride process, an active
      ester process, or the like, which is an indirect process comprising
      converting an amino acid to an active form and polymerizing said active
      compound. But the conversion to an active form requires very complicated
      processes. A process for producing polypeptides from amino acids directly
      in polyphosphoric acid is proposed by Imoto et al (Makromol. Chem., 85,
      173 (1965)), but the obtained polypeptide only has viscocity in
      dichloroacetic acid of 0.01.
PAR  It is an object of this invention to provide a process for producing
      polyamides by condensing dicarboxylic acid with diamines or polycondensing
      amino acids under extremely mild conditions. It is another object of this
      invention to provide a process for producing polyamides by using the
      systems which have been almost impossible to bring about polyamidation. It
      is still another object of this invention to provide a process for
      producing heat-resistant polymers by direct polymerization of a diamine
      with a polybasic acid without using an anhydride or other active
      derivative of polybasic acid. It is yet another object of this invention
      to provide a process for producing industrially useful polyamino acids.
      Further objects and advantages of this invention will be apparent to one
      skilled in the art from the accompany disclosure and discussion.
PAR  In accordance with the present invention, polyamides are produced by
      reacting a dicarboxylic acid of the formula,
EQU  HOOC--R.sup.1 --COOH                                       (I)
PAL  wherein R.sup.1 is a straight- or branched-chain or cycloaliphatic
      hydrocarbon radical or an aromatic hydrocarbon radical, with a diamine of
      the formula,
EQU  H.sub.2 N--R.sup.2 --NH.sub.2                              (II)
PAL  wherein R.sup.2 is a straight- or branched-chain or cycloaliphatic
      hydrocarbon radical, an aromatic hydrocarbon radical, or a radical in
      which two or more radicals selected from the group consisting of the
      above-mentioned aliphatic and aromatic hydrocarbon radicals are bonded
      through --O-- or --SO.sub.2 --, in the presence of a phosphorous acid
      ester of the formula,
EQU  R.sup.3. R.sup.4. HPO.sub.3                                (III)
PAL  wherein R.sup.3 and R.sup.4 may be the same or different and are
      individually an alkyl, aralkyl or aromatic group which may have at least
      one substituent, and an organic base, or by polycondensing an amino acid
      of the formula,
EQU  H.sub.2 N--R.sup.5 --COOH                                  (IV)
PAL  wherein R.sup.5 is a straight- or branched-chain or cycloaliphatic
      hydrocarbon radical, an aromatic hydrocarbon radical or a radical in which
      two or more radicals selected from the group consisting of the
      above-mentioned aliphatic and aromatic hydrocarbon radicals are bonded
      through --CONH-- group, in the presence of a phosphorous acid ester of the
      formula,
EQU  R.sup.3. R.sup.4. HPO.sub.3                                (III)
PAL  wherein R.sup.3 and R.sup.4 are as defined above, and an organic base.
PAR  As the phosphorous acid ester of the formula (III), the one in which
      R.sup.3 and R.sup.4 are the same such as dimethyl phosphite, diethyl
      phosphite, diisopropyl phosphite, di-n-butyl phosphite and diphenyl
      phosphite is used. Above all, diphenyl phosphite is most preferable.
PAR  As the dicarboxylic acid of the formula (I), that having normal or branched
      alkylene of 2 or more carbon atoms, preferably 2 - 15 carbon atoms,
      cycloalkylene of 4 or more carbon atoms, preferably 4 - 8 carbon atoms or
      phenylene as R.sup.1 is preferable. Examples of these dicarboxylic acids
      are succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid,
      azelaic acid, sebacic acid, brassylic acid, thapsic acid,
      .alpha.-methylglutaric acid, .alpha.-methyladipic acid,
      1,4-cyclohexanedicarboxylic acid, terephthalic acid, isophthalic acid, and
      the like.
PAR  As the diamine of the formula (II), that having normal or branched alkylene
      of 3 or more carbon atoms, preferably 3 - 15 carbon atoms, cycloalkylene
      of 3 or more carbon atoms, preferably 3 - 8 carbon atoms, phenylene,
      xylylene, lower alkylidenebiscycloalkylene wherein the alkylidene moiety
      has 1 - 4 carbon atoms and the cycloalkylene moiety has 3 - 8 carbon
      atoms, or lower alkylidenebisphenylene wherein the alkylidene moiety has 1
      - 4 carbon atoms, or a radical in which two or more radicals selected from
      the group consisting of the above-mentioned aliphatic and aromatic
      hydrocarbon radicals are bonded through --O-- or --SO.sub.2 -- as R.sup.2
      is preferable. Examples of these diamines are trimethylenediamine,
      tetramethylenediamine, pentamethylenediamine, hexamethylenediamine,
      heptamethylenediamine, octamethylenediamine, nonamethylenediamine,
      decamethylenediamine, tridecamethylenediamine, 1,4-diaminocyclohexane,
      p-phenylenediamine, m-xylylenediamine, p-xylylenediamine,
      bis-(4-aminocyclohexyl)-methane, bis-(p-aminophenyl)-methane,
      di-(6-aminohexyl) ether, di-(6-amino-2-ethylhexyl) ether,
      di-(4-aminocylohexyl) ether, di-(4-aminophenyl) ether,
      2,2-bis-[4-(4-aminophenoxy)phenyl]-propane
      ##SPC1##
PAL  di-(6-aminohexyl) sulfone, di-(4-aminocyclohexyl) sulfone,
      di-(4-aminophenyl) sulfone, and the like. Among these compounds, an
      aromatic diamine such as p-phenylenediamine, m-xylylenediamine,
      p-xylylenediamine or bis-(p-aminophenyl)-methane is particularly
      preferable.
PAR  Examples of the amino acids of the formula (IV) are glycine, glycylglycine,
      sarcosine, dimethylglycine, alanine, phenylalanine, .alpha.-aminobutyric
      acid, .alpha.-aminoisobutyric acid, valine, leucine, isoleucine,
      norleucine, .alpha.-aminoenanthic acid, .alpha.-aminocaprylic acid,
      .alpha.-aminopelargonic acid, .alpha.-aminocapric acid,
      .alpha.-aminoundecanoic acid, .alpha.-aminolauric acid,
      .alpha.-aminomyristic acid, .alpha.-aminostearic acid,
      .alpha.-aminoarachic acid, .alpha.-aminocerotic acid,
      .alpha.-aminomelissic acid, .beta.-alanine, .beta.-aminobutyric acid,
      .beta.-aminoisobutyric acid, .beta.-aminovaleric acid,
      .gamma.-aminobutyric acid, .gamma.-aminovaleric acid, .delta.-aminovaleric
      acid, .epsilon.-aminocaproic acid, .OMEGA.-aminoenanthic acid,
      .OMEGA.-aminocaprylic acid, .OMEGA.-aminopelargonic acid,
      .OMEGA.-aminocapric acid, .OMEGA.-aminoundecanoic acid,
      .OMEGA.-aminnotridecanoic acid, 4-aminocyclohexanecarboxylic acid,
      p-aminobenzoic acid, p-(4-aminophenyl)benzoic acid,
      p-(4-aminobenzyl)benzoic acid, and the like. The amino acids may be used
      alone or as a mixture of two or more amino acids.
PAR  As the organic base, tertiary amines such as pyridine, 2-methyl pyridine,
      3-methyl pyridine, 4-methyl pyridine, 2,6-dimethyl pyridine, and the like
      are preferable. Above all, pyridine is most preferable.
PAR  The organic base acts as an acid acceptor and and a catalyst. When the
      organic base is a liquid, it can be used as a solvent and the use of other
      solvent is unnecessary, but if desired, other inert solvent such as
      acetonitrile, N-methyl-2-pyrrolidone or dimethylformamide may be used for
      the reaction.
PAR  The polyamidation reaction of the present invention can be preferably
      carried out at a temperature of from 20.degree. to 200.degree.C, more
      preferably from 40.degree. to 150.degree.C.
PAR  In the process of this invention, about equimolar of a dicarboxylic acid of
      the formula (I) and a diamine of the formula (II) can be preferably used.
      One equivalent or more of a phosphorous acid ester of the formula (III)
      can be preferably used per equivalent of the carboxyl group in the
      dicarboxylic acid or the amino acid used. It is preferable to use two
      moles or more of an organic base per mole of the dicarboxylic acid or the
      amino acid used.
PAR  More concretely, the process of the present invention can be carried out,
      for example, by adding a dicarboxylic acid of the formula (I) and a
      diamine of the formula (II) or adding an amino acid of the formula (IV) to
      a mixed solution obtained by adding a phosphorous acid ester of the
      formula (III) and an organic base to an inert solvent and conducting the
      reaction under desired reaction conditions to give a polyamide as a
      uniform solution or a precipitate. To the resulting polyamide solution, a
      non-solvent such as an alcohol is added to precipitate the polymer. The
      resulting precipitate can be purified by a conventional method.
PAR  According to the process of the present invention, since the condensation
      reaction or polycondensation reaction can be carried out under an
      extremely mild condition, the obtained polyamide shows excellent physical
      and chemical properties. In addition, the reaction of the present
      invention can be applied to a system which has been almost impossible by
      conventional processes. Further, the process of the present invention has
      the following advantages: Polyamides can be produced directly from
      diamines and dicarboxylic acids without using active derivatives thereof.
      Polymerization time can be shortened. Linear polyamino acids can be
      produced without ring-forming dimerization unlike conventional processes
      using free amino acids. Polyamino acids can be produced from free amino
      acids by one step without activating the amino groups and/or carboxyl
      groups thereof. Since the procedures are simple and the starting materials
      can be obtained easily, the process of the present invention is very
      suitable for commercial scale production of polyamides.
PAR  The invention is illustrated more particularly by way of the following
      examples but, as will be more apparent, is not limited to the details
      thereof.
DETD
PAC  EXAMPLE 1
PAR  Adipic acid and hexamethylene diamine (each 0.01 mole) were independently
      suspended in 30 ml of dimethylformamide. To the suspension, 4.9 g of
      diphenyl phosphite (0.02 mole) and 30 ml of pyridine were added and the
      reaction was carried out under reflux. The suspension became an uniform
      solution by heating. After about 30 minutes, white precipitate of the
      polyamide began to deposit. The reaction was completed after additional 3
      hours' reflux. The precipitate was filtered off, washed and dried to give
      the polyamide "Nylon 66" as listed in Table 1. Further, a procedure
      similar to the above-described manner was carried out using pimelic acid
      and heptamethylene diamine to obtain "Nylon 77". The results were as shown
      in Table 1. In Table 1, the intrinsic viscosities of the polymers were
      measured in a 90% formic acid solution at 30.degree.C.
TBL                Table 1                                                     

     ______________________________________                                    

                          Melting                                              

     Polyamide                                                                 

              Yield       point       Intrinsic                                

              (%)         (.degree.C) viscosity                                

     ______________________________________                                    

     Nylon 66 68          252.5       0.20                                     

     Nylon 77 58          200.7       0.15                                     

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  To 0.0375 mole of diphenyl phosphite and 10 ml of pyridine, 40 ml of
      N-methyl-pyrrolidone (hereinafter referred to as NMP) was added and
      polycondensation reaction of 0.0125 mole of adipic acid with 0.0125 mole
      of the diamine as listed in Table 2 was carried out under the reaction
      conditions as listed in Table 2. The results were as shown in Table 2. In
      Table 2, the reduced viscosities (.eta. .sub.sp/c) of the polymers were
      measured at 30.degree.C in a 0.5% solution of concentrated sulfuric acid.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Run                                                                       

        Diamine            Solvent                                             

                                Reaction conditions                            

                                           Yield of                            

                                                .eta.sp/c                      

     No.                   NMP  Time Temp. polymer                             

                           (ml.)                                               

                                (hrs.)                                         

                                     (.degree.C)                               

                                           (%)                                 

     __________________________________________________________________________

     1                     40   3    100   96   1.20                           

     2  do.                40   6    100   94   1.22                           

     3  do.                40   8    100   97   1.34                           

                                           Quanti-                             

     4                     40   6    100   tatively                            

                                                0.22                           

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  Using a procedure similar to that described in Example 2, polycondensation
      reaction of succinic acid with
      ##SPC2##
PAL  was carried out at 100.degree.C for 6 hours. Yield of the polymer was 95%.
      .eta. .sub.sp/c of the polymer was 0.20.
PAC  EXAMPLE 4
PAR  A procedure similar to that described in Example 2 was carried out but
      adipic acid was replaced by sebacic acid. The results were as shown in
      Table 3. In Table 3, .eta. .sub.sp/c of the polymers were measured at
      30.degree.C in a 0.5% solution of concentrated sulfuric acid.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Run                                                                       

        Diamine            Solvent                                             

                                Reaction conditions                            

                                           Yield of                            

                                                .eta.sp/c                      

     No.                   NMP  Time Temp. polymer                             

                           (ml.)                                               

                                (hrs.)                                         

                                     (.degree.C)                               

                                           (%)                                 

     __________________________________________________________________________

     1                     40   6    100   97   1.45                           

     2                     40   8    100   70   0.17                           

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  Using a mixture of 0.0375 mole of diphenyl phosphite, 40 ml of
      N-methyl-pyrrolidone and 10 ml of pyridine, polycondensation reactions of
      0.0125 mole of terephthalic acid with 0.0125 mole of various diamines as
      listed in Table 4 were carried out. The results were as shown in Table 4.
      The reduced viscosities (.eta. .sub.sp/c) of the polymers were measured as
      described in Example 2.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Run                                                                       

        Diamine            Solvent                                             

                                Reaction conditions                            

                                           Yield of                            

                                                .eta.sp/c                      

     No.                   NMP  Time Temp. polymer                             

                           (ml.)                                               

                                (hrs.)                                         

                                     (.degree.C)                               

                                           (%)                                 

     __________________________________________________________________________

     1                     40   6    100    79  0.23                           

     2                     40   6    100   100  0.12                           

     3  do.                40   6    150   100  0.14                           

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  Using a procedure similar to that described in Example 4 Run No. 1, 0.0125
      mole of isophthalic acid and 0.0125 mole of
      ##SPC3##
PAL  were polycondensed to obtain a polyamide having .eta. .sub.sp/c of 0.26
      measured as described in Example 2 in 84% yield.
PAC  EXAMPLE 7
PAR  Using a mixture of 0.0375 mole of diphenyl phosphite, 10 ml of pyridine and
      a solvent as listed in Table 5, polycondensation reactions of 0.0125 mole
      of adipic acid with 0.0125 mole of various diamines as listed in Table 5
      were carried out. The results were as shown in Table 5. .eta. .sub.sp/c of
      the polymers were measured at 30.degree.C in a 0.5% solution of
      concentrated sulfuric acid or NMP.
TBL                                    Table 5                                 

     __________________________________________________________________________

     Run                         Solvent (ml)                                  

                                          Reaction                             

                                                  Yield of                     

                                                       *2                      

     No.                                                                       

        Diamine                       *1  conditions                           

                                                  polymer                      

                                                       .eta.sp/c               

                                 NMP  DMF Time                                 

                                              Temp.                            

                                                  (%)                          

                                          (hrs.)                               

                                              (.degree.C)                      

     __________________________________________________________________________

                                                       0.11                    

     1                           40   --  3   100 79   (0.21)                  

     2  do.                      40   --  6   100 86   0.28                    

                                                  Quanti-                      

     3                           --   60  3   100 tatively                     

                                                       0.24                    

     4  do.                      120  --  6   100 do.  0.95                    

                                                       0.06                    

     5                           --   60  3   100 do.  (0.98)                  

     __________________________________________________________________________

      Note)                                                                    

       *1: DMF means dimethylformamide.                                        

       *2: The values in parentheses are measured in NMP.                      

PAC  EXAMPLE 8
PAR  Using 0.0125 mole of sebacic acid as a dicarboxylic acid and 0.0125 mole of
      di-(4-aminophenyl) ether as a diamine, polycondensation reaction was
      carried out according to a procedure similar to that described in Example
      7. The results were as shown in Table 6. .eta. .sub.sp/c of the polymer
      was measured at 30.degree.C in a 0.5% solution of concentrated sulfuric
      acid.
TBL                                    Table 6                                 

     __________________________________________________________________________

     Run                                                                       

        Diamine        Solvent                                                 

                             Reaction                                          

                                     Yield of                                  

                                          .eta.sp/c                            

     No.               NMP(ml)                                                 

                             Time                                              

                                 Temp.                                         

                                     polymer                                   

                             (hrs.)                                            

                                 (.degree.C)                                   

                                     (%)                                       

     __________________________________________________________________________

     1                 80    6   100 92   0.34                                 

     __________________________________________________________________________

PAC  EXAMPLE 9
PAR  Using 0.0188 mole of diphenyl phosphite, 10 ml of pyridine as an organic
      base and 40 ml of N-methylpyrrolidone as a solvent, polycondensation
      reaction of 0.0125 mole of p-aminobenzoic acid was carried out. The
      results were as shown in Table 7. .eta. .sub.sp/c of the polymers were
      measured at 30.degree.C in a 0.5% solution of concentrated sulfuric acid.
TBL                                    Table 7                                 

     __________________________________________________________________________

     Run                                                                       

        Amino acid     Solvent                                                 

                            Pyridine                                           

                                 Reaction                                      

                                         Yield of                              

                                              .eta.sp/c                        

     No.               NMP  (ml) conditions                                    

                                         polymer                               

                       (ml)      Time                                          

                                     Temp.                                     

                                         (%)                                   

                                 (hrs.)                                        

                                     (.degree.C)                               

     __________________________________________________________________________

     1                 40   10   6   100 79   0.10                             

     2  do.            40   10   8   100 93   0.10                             

     __________________________________________________________________________

PAC  EXAMPLE 10
PAR  Polycondensation reaction of p-aminobenzoic acid was carried out according
      to the procedure of Example 9 Run No. 1 except for employing reaction
      temperature of 130.degree.C. The polymer having .eta. .sub.sp/c of 0.16
      which was measured at 30.degree.C in a 0.5% solution of concentrated
      H.sub.2 SO.sub.4 was obtained in 98% yield.
PAC  EXAMPLE 11
PAR  Using 0.0375 mole of diphenyl phosphite, 10 ml of pyridine as an organic
      base and 50 ml of a solvent as listed in Table 8, polycondensation
      reactions of 0.025 mole of various amino acids as listed in Table 8 were
      carried out. The results were as shown in Table 8.
TBL                                    Table 8                                 

     __________________________________________________________________________

                      Reacion conditions                                       

                                       .eta.sp/c (0.5 %)                       

     Run  Amino acid  Solvent                                                  

                            Time Temp. in    in    Yield Note*.sup.1           

     No.                    (hrs.)                                             

                                 (.degree.C)                                   

                                       H.sub.2 SO.sub.4                        

                                             Cl.sub.2 CHCOOH                   

                                                   (%)                         

     __________________________________________________________________________

     1    Glycine     NMP   6    45    0.06  0.114 24    Crude yield 47%       

                                                         (pptd. in acetone)    

     2     do.        do.   22   45    --    0.114 42    Crude yield 76%       

                                                         (pptd. in acetone)    

     3    Glycine.HCl do.   6    45    0.06  0.11  24    Crude yield 47%       

                                                         (pptd. in acetone)    

     4    Glycylglycine                                                        

                      do.   6    45    0.08  0.115 60                          

     5    .beta.-Alanine                                                       

                      do.   6    60    0.184 0.17  29    Crude yield 84%       

                                                         (pptd. in acetone)    

     6     do.         DMF*.sup.2                                              

                            3    100   --    0.198 34                          

     7    D,L-Alanine NMP   22   45    --    0.11  23                          

     8     do.        do.   5    100   --    0.11  25                          

     9    L-Phenylalanine                                                      

                      do.   20   45    --    0.05  100   The yield is crude    

                                                         yield. (pptd. in      

                                                         water)                

     10    do.        do.   5    100   --    0.05  93    do.                   

     __________________________________________________________________________

       *.sup.1 "pptd." means precipitated.                                     

       *.sup.2 DMF means dimethylformamide.                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a fiber-forming polyamide which comprises
      reacting a dicarboxylic acid of the formula
EQU  HOOC--R.sup.1 --COOH
PAL  wherein R.sup.1 is a straight or branched-chain aliphatic hydrocarbon
      radical, with a diamine of the formula
EQU  H.sub.2 N--R.sup.2 --NH.sub.2
PAL  wherein R.sup.2 is an aromatic carbocyclic radical, or a radical in which
      two or more aromatic carbocyclic radicals are bonded through --0--, in the
      presence of a phosphorous acid ester of the formula, R.sup.3 R.sup.4
      HPO.sub.3 wherein R.sup.3 and R.sup.4 may be same or different and are
      individually an alkyl, aralkyl or aromatic group and in the presence of an
      organic base selected from the group consisting of pyridine, 2-methyl
      pyridine, 4-methyl pyridine and 2,6-dimethyl pyridine, wherein one
      equivalent or more of the phosphorous acid ester is used per equivalent of
      the carboxyl group in the dicarboxylic acid and two moles or more of the
      organic base per mole of the dicarboxylic acid is used.
NUM  2.
PAR  2. A process according to claim 1, wherein the dicarboxylic acid is adipic
      acid or sebacic acid.
NUM  3.
PAR  3. A process according to claim 1, wherein the diamine is
      bis-(p-aminophenyl)-methane.
NUM  4.
PAR  4. A process according to claim 1, wherein the phosphorous acid ester is
      diphenyl phosphite and the organic base is pyridine.
NUM  5.
PAR  5. A process according to claim 1, wherein the reaction is carried out at a
      temperature of from 20.degree. to 200.degree.C.
NUM  6.
PAR  6. A process according to claim 1, wherein about equimolar of the
      dicarboxylic acid and the diamine are used.
NUM  7.
PAR  7. A process according to claim 1 wherein adipic acid is reacted with a
      diamine as set forth in claim 1 wherein R.sub.2 is an aromatic hydrocarbon
      radical.
NUM  8.
PAR  8. A process according to claim 1 wherein adipic acid is reacted with
      bis-(p-aminophenyl)-methane.
NUM  9.
PAR  9. A process according to claim 1, wherein the dicarboxylic acid is adipic
      acid, suberic acid or sebacic acid, the diamine is
      bis-(p-aminophenyl)-methane, di-(4-aminophenyl) ether or
      2,2-bis-[4-(p-aminophenoxy)phenyl]-propane and the phosphorous acid ester
      is dimethyl phosphite, diethyl phosphite, diisopropyl phosphite,
      di-n-butyl phosphite or diphenyl phosphite.
NUM  10.
PAR  10. A process according to claim 1, wherein sebacic acid is reacted with
      bis-(p-aminophenyl)-methane.
NUM  11.
PAR  11. A process according to claim 1, wherein suberic acid is reacted with
      bis-(p-aminophenyl)-methane.
PATN
WKU  039323650
SRC  5
APN  3863158
APT  1
ART  143
APD  19730807
TTL  Preparation of high molecular weight polymer from oxalic acid and
      para-phenylene diisocyanate
ISD  19760113
NCL  11
ECL  1
EXP  Anderson; Harold D.
INVT
NAM  Penisson; Rene
CTY  Lyon
CNT  FR
ASSG
NAM  Rhone-Poulenc-Textile
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19720809
APN  72.29010
PRIR
CNT  FR
APD  19730528
APN  73.19614
CLAS
OCL  260 78R
XCL  260 78S
XCL  264184
EDF  2
ICL  C08G 1876
FSC  260
FSS  78 R
UREF
PNO  3329653
ISD  19670700
NAM  Beavers et al.
OCL  260 78R
UREF
PNO  3738964
ISD  19730600
NAM  Dobinson et al.
OCL  260 78R
UREF
PNO  3770704
ISD  19731100
NAM  Dobinson
OCL  260 78R
OREF
PAL  Chemical Abstracts, Vol. 59, July, 1963, 1762d.
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  A process for preparing high molecular weight aryl alkyl polymers is
      disclosed, wherein oxalic acid and paraphenylene diisocyanate are reacted
      in substantially stoichiometric amounts in a polar, aprotic anhydrous
      organic solvent at a temperature which is raised progressively at a rate
      of about 1 to about 5.degree.C per minute from a lower temperature of
      about 0.degree. to 30.degree. C to a higher temperature of about
      80.degree. to about 150.degree.C in the presence of, at least when the
      viscosity of the reaction mixture exceeds 6,000 poises, a viscosity
      reducing amount of a hydrogen bond breaking agent, such as lithium
      chloride.
PAL  The resulting polymers can be formed into filaments, fibers and films, and
      the filaments exhibit improved tensile strengths and modulus of elasticity
      as compared to similar filaments of other arylalkyl polymers based on
      oxalic acid and other aromatic diisocyanates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to high molecular weight film- and
      fiber-forming nitrogen - containing arylalkyl polymers, and to the process
      for producing same by reacting oxalic acid and paraphenylene diisocyanate.
PAR  Filaments and fibers formed of aromatic polyamides, or aryl-aliphatic
      polyamides, are known to the art. For instance, the Stephens U.S. Pat. No.
      3,418,275 discloses the production of polymers by reacting disubstituted
      aromatic diamines, such as N,N'-diphenyl-p-phenylene diamine, with acid
      halides of dicarboxylic acids, such as oxalylchloride. The article by L.
      B. Sokolo and L. V. Turetsku, Vysokomol. Soed. 4, 1817-21 (1962) describes
      the production of a polymer of paraphenylene diamine and oxaylchloride by
      a gas-liquid interfacial polycondensation reaction.
PAR  The Gilman U.S. Pat. No. 2,268,586 describes the process of preparing
      polyamides by reacting diacids and diisocyanates. Diacids include oxalic
      acid, as well as various aromatic diacids, and suitable diisocyanates are
      aliphatic-aromatic diisocyanates, and aliphatic diisocyanates.
PAR  The Allard U.S. Pat. No. 3,642,715 describes a process for preparing
      aromatic or aryl aliphatic polyamides by reacting, in a solvent medium, an
      aromatic diisocyanate and an aromatic or aliphatic diacid having at least
      three carbon atoms.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a process for preparing high molecular
      weight film- and fiber- forming nitrogen - containing polymers by reacting
      oxalic acid and paraphenylene diisocyanate, and to the resulting polymers.
PAR  This particular polymer, when produced by the process of the present
      invention, has properties which are greatly improved over similar polymers
      produced by reacting oxalic acid and other aromatic diisocyanates.
PAR  The process for producing the arylalkyl polymers in question involves
      reacting substantially stoichiometric amounts of oxalic acid and
      paraphenylene diisocyanate in a polar, aprotic, anhydrous organic solvent
      at a temperature which is progressively raised. A hydrogen bond breaking
      agent is added at the time the viscosity of the reaction mixture exceeds
      6,000 poises.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention is directed to arylalkyl polymers produced by
      reacting substantially stoichiometric amounts of paraphenylene
      diisocyanate and oxalic acid in the presence of an organic, polar,
      aprotic, anhydrous solvent, and to the process for producing same.
      Filaments, fibers and films exhibiting good mechanical properties and
      favorable moduli of elasticity may be formed by wet or dry spinning or
      filming a solution of the polymer.
PAR  The paraphenylene diisocyanate and the oxalic acid are reacted at a
      temperature which is raised progressively from a lower temperature, which
      is about 0.degree. to about 30.degree.C, to a higher temperature of about
      80.degree.C to about 150.degree.C. The temperature is raised progressively
      over the above interval at a rate of about 1.degree. to about 5.degree.C
      per minute.
PAR  A hydrogen bond breaking agent, such as lithium chloride and calcium
      chloride, is present at least during the time the viscosity of the
      reaction mixture is above 6,000 poises. The polymeric solution obtained by
      the polymerization reaction can be wet or dry spun or filmed to form
      shaped articles.
PAR  The filaments and fibers produced from the aryl alkyl polymers produced by
      the process of the present invention have improved mechanical
      characteristics, in relation to filaments and fibers obtained from other
      aryl aliphatic polymers, and specifically have a modulus of elasticity
      greater than 2,000 g/tex and good thermal characteristics.
PAR  The polymers produced by the process of the present invention have an
      inherent viscosity higher than 0.5. The solution viscosity of the polymer,
      at a concentration of 10 - 50%, is generally in the range of 1,000 to
      6,000 poises. Furthermore, the thermal characteristics of the polymers
      produced by the present invention are improved.
PAR  The oxalic acid and the paraphenylene diisocyanate are brought into contact
      at a temperature between 0.degree. and 30.degree.C, preferably at
      atmospheric pressure. The temperature is progressively raised over the
      course of the reaction, at a speed of 1.degree. to 5.degree.C per minute,
      preferably between 1.degree. and 2.degree.C per minute, up to a maximum of
      about 150.degree.C. Before the viscosity of the reaction mixture is too
      great, a hydrogen bond breaking agent, such as lithium or calcium
      chloride, is added.
PAR  "Substantially stoichiometric amount" in the present specification refers
      to molar ratios of oxalic acid/diisocyanate of about 1, and generally
      between 0.90 and 1.20. As the solvent medium, a polar, aprotic, anhydrous,
      organic solvent, such as linear or cyclic amides or phosphoramides, such
      as, for instance, N,N-dimethylacetamide, N-methylpyrrolidone,
      hexamethylphosphoryl triamide, or mixtures thereof, or sulfones, such as,
      for instance, tetramethylenesulfone, may be used. The solvent medium may
      contain certain proportions of hydrocarbon polymer solvents, which are
      inert toward the reactants under the reaction conditions, such as xylene
      or toluene or the like.
PAR  It is essential that a hydrogen bond breaking agent be present in the
      polymerizing mixture at least at the time that the mixture has a viscosity
      greater than 6,000 poises. The hydrogen bond breaking agents are known
      agents. Lithium chloride and calcium chloride are especially preferred,
      but other hydrogen bond breaking agents may be used if desired. The amount
      of the hydrogen bond breaking agent will be at least sufficient to reduce
      the polymerization mixture viscosity to a level below 6000 poises.
      Preferably, the hydrogen bond breaking agent will be used in an amount of
      18 to 25% by weight, based on the weight of the polymer obtained at the
      end of the polymerization reaction. The hydrogen bond breaking agents may
      be introduced either at the beginning of the reaction, or preferably
      during the course of the reaction.
PAR  The mixing of the reagents is preferably accomplished at ambient
      temperature, or a temperature relatively close to ambient temperature. The
      two reagents may be simultaneously or successively dissolved in the
      polymerization solvent, or may be dissolved separately in two different
      portions of the polymerization solvents, and the two responsive solutions
      can then be mixed. The total concentration of the reagents in the initial
      solution is generally between 10 and 50% by weight, preferably between 15
      and 35% by weight (that is, expressed in terms of ultimate polymer weight
      per 100 g of solution). The reagents and the solvents are generally
      introduced in a reactor provided with a stirring device, a sheath for a
      thermometer, a reflux cooler and a dry nitrogen inlet.
PAR  The mixture of the polymerization components is maintained for several
      minutes to 1 hour under agitation at room temperature, during which time
      interval a strong discharge of CO.sub.2 and CO will be noted, and the
      temperature will generally rise to 40.degree. - 45.degree.C. Thereafter,
      the temperature is raised at a regulated rate to between 80.degree.C and
      120.degree.C. Within this range, the reaction mixture generally becomes
      quite viscous and almost pasty, and the hydrogen bond breaking agent, such
      as the lithium chloride or calcium chloride, is preferably added at this
      time to decrease the solution viscosity. This reduction of solution
      viscosity allows the polymerization reaction to be continued with the
      temperature being raised to 140.degree. - 150.degree.C.
PAR  During the reaction, the rate of temperature rise is preferably in the
      order of 1.degree.C per minute. Normally, the duration of the temperature
      rise will be between 2 and 5 hours. To obtain a high degree of
      polymerization, it is generally preferred to then finish the process with
      heating at a constant temperature, corresponding to the maximum
      temperature previously reached, until the viscosity has stabilized.
      Normally, the total duration of the polymerization reaction will not
      exceed 8 hours.
PAR  During the reaction, vigorous stirring is maintained to insure homogeneous
      heating which is essential for the reaction to proceed satisfactorily.
PAR  The polymerization reaction mixture, at the end of the polymerization
      reaction, generally has a viscosity of 1,000 to 6,000 poises, when
      diluted, if necessary, to a concentration of 10 to 14 weight percent
      polymer content. The inherent viscosity of the polymeric product is
      greater than 0.5. The polymer can be separated from the polymerization
      solvent by conventional means, for instance, by precipitation, and can
      then be redissolved in concentrated sulfuric acid, or other solvent, if
      desired, for subsequent spinning operation.
PAR  Alternatively, the polymer may be spun directly from the polymerization
      reaction mixture, diluted, if desired, with additional quantities of
      polymerization solvent. The polymer may be wet or dry spun, or filmed,
      using various known procedures. Preferably, however, the polymer is wet
      spun, suitably through a spinneret into an aqueous coagulating bath
      containing 20 - 80% by weight of solvent, such as the polymerization
      solvent. The resulting filaments can then be subjected to stretching at a
      rate of between 1.2 and 2X, either in air or in a liquid, such as boiling
      water, or a mixture of water and solvent. The filament is then preferably
      washed in water, normally using countercurrent washing techniques, and
      then drained and dried. The filament can then be subjected to a thermal
      treatment under a low tension, for instance, between 0.8 and 1.2 g/tex.
      The thermal treatment is conveniently accomplished in an oven, having a
      temperature in the range of 300.degree. - 400.degree.C. If desired, the
      filament can then be subjected to a slight additional stretching, on the
      order of 1 - 1.5X at elevated temperatures, for instance, in the order of
      300.degree. - 400.degree.C.
PAR  The resulting filaments, fibers and films of the polymers produced by the
      process of the present invention can be used in industrial applications
      requiring the characteristics of mechanical resistance and resistance to
      fatigue and high temperatures. Such applications include tire cords,
      conveyors, belts and the like.
PAC  EXAMPLES OF THE INVENTION
PAR  The invention will be understood more readily by reference to the following
      examples; however, these examples are intended to illustrate the invention
      and are not to be construed to limit the scope of the invention.
PAR  In the following examples, the solution viscosity was measured at
      25.degree.C on an Epprecht-Rheomat 15 apparatus. The inherent viscosity
      was measured at 25.degree.C on a solution of 0.5 g of polymer in 100
      cm.sup.3 of solvent, with the solvent being either N-methyl pyrrolidone or
      concentrated sulphuric acid (1.83 density).
DETD
PAC  EXAMPLE 1
PAR  400 g of paraphenylene diisocyanate (2.5 moles) and 225 g of anhydrous
      oxalic acid (2.5 moles) were dissolved in 2.5 kg of anhydrous N-methyl
      pyrrolidone and the resulting solution was introduced into a
      polymerization reactor. The reactor contents were maintained at room
      temperature for 1 hour, under agitation, during which time the mixture
      became more opaque and strong evolution of CO.sub.2 and CO occurred, while
      the temperature rose to between 30 and 40.degree.C. Thereafter, the
      reactor contents were heated, with the temperature of the reactor contents
      increasing at the rate of 1.degree.C per minute. When the reactor contents
      were at 85.degree.C, 97 g of lithiumchloride were added, and heating was
      continued until the temperature of the reactor contents was 140.degree.C.
      The solution was maintained at 140.degree.C until the solution viscosity,
      which was determined at regular intervals, stabilized with no further
      changes. This viscosity stabilization was achieved at the end of 3 hours
      at 140.degree.C. The solution had a viscosity of  1500 poises, after
      dilution of a concentration of 11% by weight of polymer, based on 100
      grams of the solution. The inherent viscosity of the polymer, measured in
      concentrated sulphuric acid, was 0.9.
PAR  The solution obtained from the polymerization reactor was formed into
      fibers. The solution was extruded at a temperature of 24.degree.C through
      a spinneret having 64 apertures, each of 0.05 mm in diameter, into a
      coagulating bath containing 55% by weight of N-methyl pyrrolidone and 45%
      by weight of water and maintained at 20.degree.C. The resulting fibers
      were then passed, in ambient air, over a first roller turning at a
      peripheral speed of 13 meters per minute, and then over a second roller
      turning at a peripheral speed of 20 meters per minute, which produced a
      stretching of the filament of 1.54X. The filaments were then washed in
      water and dried at 120.degree.C. The dried filaments were then subjected
      to a heating step under a tension of 1 g/tex for 1 minute in an oven at
      325.degree.C. Finally, the filament was subjected to a stretching of 1.2X
      by passing at a speed of 5 meters per minute through a tube 2 meters in
      length and 15 mm in diameter, heated at 325.degree.C.
PAR  The resulting filament exhibited the following characteristics, measured on
      single filaments:
TBL  Tensile strength        38.4 g/tex                                        

     Extension at rupture     2.3 %                                            

     Modulus of Elasticity   2508 g/tex                                        

PAC  EXAMPLE 2
PAR  The solution of the polymer obtained from the polymerization reactor in
      Example 1 was extruded at 24.degree.C through the same spinneret as used
      in Example 1, into a coagulating bath containing 60% by weight of N-methyl
      pyrrolidone and 40% by weight of water and maintained at 20.degree.C. The
      resulting filaments were then subjected to a stretching operation in
      ambient air at a rate of 1.4X. The stretched filaments were then washed in
      water and dried, and then subjected to a heat treatment under a tension of
      1 g/tex for 1 minute in an oven at 375.degree.C. The filament was then
      stretched at a rate of 1.20X in the same tube as used in Example 1, but
      heated to 350.degree.C.
PAR  The resulting filaments had the following characteristics, measured on
      single filaments:
TBL  Tensile strength       53.3 g/tex                                         

     Extension at rupture    2.9 %                                             

     Modulus of elasticity  2340 g/tex                                         

PAC  EXAMPLE 3
PAR  The polymer solution obtained from the polymerization reactor in Example 1
      was extruded through the same spinneret and into the same coagulating bath
      as in Example 2. Then the filament was stretched at a rate of 1.33X in a
      bath maintained at 90.degree.C and containing 63% by weight of N-methyl
      pyrrolidone and 37% by weight of water. Then the filaments were washed in
      water and dried at 120.degree.C. Next the filaments were subjected to a
      heat treatment under a tension of 1.2 g/tex for 1 minute in an oven at
      325.degree.C. Finally, the filaments were stretched in the same tube as
      used in Example 1 at a rate of 1.29X and at a tube temperature of
      325.degree.C.
PAR  The resulting filaments exhibited the following characteristics, measured
      on single filaments:
TBL  Tensile strength       36.9 g/tex                                         

     Extension at rupture    1.9 %                                             

     Modulus of elasticity  2804 g/tex                                         

PAC  EXAMPLE 4
PAR  Example 3 was repeated, except the last stretching operation (in the tube)
      was modified. The filaments were stretched at the rate of 1.29X at a
      temperature of 350.degree.C.
PAR  The resulting filaments had the following characteristics measured on
      single filaments:
TBL  Tensile strength       54.7 g/tex                                         

     Extension at rupture    2.94 %                                            

     Modulus of elasticity  2584 g/tex                                         

PAC  EXAMPLE 5
PAR  The arylalkyl polymer solution obtained from the polymerization reactor in
      Example 1 was extruded at a temperature of 24.degree.C through a spinneret
      having 64 apertures, each 0.08 mm in diameter, into a coagulating bath
      maintained at 20.degree.C and containing 55% by weight of N-methyl
      pyrrolidone and 45% by weight of water. The filament was then stretched in
      ambient air at a rate of 1.33X over a pair of rollers, washed in water and
      then dried at 120.degree.C. The filaments were then stretched at a rate of
      1.39X and at a temperature of 350.degree.C in the same tube as used in
      Example 1.
PAR  The resulting filaments exhibited the following characteristics, measured
      on single filaments:
TBL  Tensile strength       40.6 g/tex                                         

     Extension at rupture    2.66 %                                            

     Modulus of elasticity  2265 g/tex                                         

PAC  EXAMPLE 6
PAR  The arylalkyl polymer solution obtained from the polymerization reactor in
      Example 1 was extruded through the same spinneret as used in Example 1 at
      a temperature of 24.degree.C into a coagulating bath containing 60% by
      weight of N-methyl pyrrolidone and 40% by weight of water and maintained
      at a temperature of 50.degree.C. The gelled polymeric filaments obtained
      were then stretched in boiling water at a rate of 1.47X. The stretched
      filaments were then washed in water and dried at 120.degree.C. The dried
      filaments were then treated under a tension of 1 g/tex in an oven at
      375.degree.C for one minute.
PAR  The resulting filaments had the following characteristics, measured on
      single filaments:
TBL  Tensile strength       26.1 g/tex                                         

     Extension at rupture    1.5 %                                             

     Modulus of elasticity  2069 g/tex                                         

PAC  EXAMPLE 7
PAR  Example 1 was repeated except the filament was under a tension of 1.2 g/tex
      in the heat treatment at 325.degree.C. Thereafter, the filaments were
      stretched in the same 2-meter tube as used in Example 1, with the tube
      heated to 350.degree.C, and the stretching at a rate of 1.2X.
PAR  The resulting filaments exhibited the following characteristics, measured
      on single filaments:
TBL  Tensile strength       53.9 g/tex                                         

     Extension at rupture    2.9 %                                             

     Modulus of elasticity  2480 g/tex                                         

PAC  EXAMPLE 8
PAR  32 g of paraphenylene diisocyanate (0.2 moles) and 18 g of anhydrous oxalic
      acid (0.2 moles) were dissolved in 100 g of anhydrous N-methyl pyrolidone
      in a polymerization reactor. The reactor contents were maintained at room
      temperature and atmospheric pressure for the first hour, whereupon the
      mixture, under constant aggitation, became more opaque and a strong
      evolution of CO.sub.2 and CO occurred, with the temperature rising between
      40.degree. and 45.degree.C at the end of the hour. Thereafter, the reactor
      was heated, with the temperature of the reactor contents increasing at the
      rate of 1.degree.C per minute. 3.5 g of lithium chloride were added to the
      reactor contents when the temperature of the contents was 85.degree.C.
      Heating was continued, at the aforesaid temperature rise rate, until a
      temperature of 140.degree.C was reached, and the reactor contents were
      then maintained at that temperature until the viscosity stabilized, as
      determined by regular interval sampling. The viscosity stabilization was
      reached at the end of 3 hours.
PAR  The polymerization solution, diluted to a polymer concentration of 10% by
      weight, expressed in terms of polymer weight per 100 g of solution, had a
      viscosity of 1200 poises. The inherent viscosity of the aryl alkyl
      polymer, measured in a concentrated sulphuric acid solution, was 0.9.
PAR  The diluted solution (having a polymer concentration of 10%) was then wet
      spun at a rate of 4.1 ml per minute, at a temperature of 25.degree.C. The
      spinneret had 64 apertures, each of a diameter of 0.08 mm. The extruded
      filaments were passed to a coagulating bath maintained at 25.degree.C and
      formed of a mixture of 50% by weight of N-methyl pyrrolidone and 50% by
      weight of water. The gelled polymeric polymeric filaments were then passed
      in ambient air over a set of rollers, the first roller having a peripheral
      speed of 13 meters per minute and the second roller having a peripheral
      speed of 18 meters per minute, resulting in a stretching of the filament
      at the rate of 1.4X. The stretched filament was washed in water on
      rollers, and the resulting filament exhibited the following properties:
TBL  Tensile strength       25 g/tex                                           

     Extension at rupture   15 %                                               

     Modulus of elasticity  600 g/tex                                          

PAR  The filaments were then passed through an electrically heated oven under a
      tension of 1 g/tex, with the oven, wherein the filaments were carried in
      air, being at a temperature of 300.degree.C. The filaments were in the
      oven for one minute.
PAR  The resulting filaments had the following characteristics measured on
      single filaments:
TBL  Tensile strength       35 g/tex                                           

     Extension at rupture   3 - 4 %                                            

     Modulus of elasticity  4200 g/tex                                         

PAC  COMPARATIVE EXAMPLE A
PAR  This comparative example relates to the production of a filament of a
      polymer produced by reacting .alpha.,.alpha.'-diisocyanatodiphenylmethane
      and oxalic acid.
PAR  50 g of .alpha.,.alpha.'-diisocyanatodiphenylmethane (0.2 moles) and 18 g
      of anhydrous oxalic acid (0.2 moles) were dissolved in 130 cm.sup.3 of
      N-methyl pyrrolidone in a polymerization reactor. The concentration of
      monomers in the reaction mixture was 34.3% by weight. The monomers were
      dissolved at ambient temperature under agitation with a strong evolution
      of CO.sub.2 and CO noted, and a temperature rise to 40.degree.C was
      observed. The polymerization reactor was then immersed in a heating oil
      bath, wherein the reactor contents reached a temperature of 100.degree.C
      in 1 hour. At this stage of the reaction, the reaction mixture was
      becoming pasty, and 6.4 g of lithiumchloride were added, causing a
      decrease in the polymer viscosity, and allowing for increased
      polymerization temperatures to be used. The polymerization temperature was
      increased until a temperature of 145.degree.C was reached at the end of
      21/2 hours.
PAR  The resulting highly viscous solution was diluted with N-methyl pyrrolidone
      to a concentration of 20% by weight based on the weight of polymer in
      relation to the total weight of the solution. The viscosity of the 20% by
      weight solution was 2000 poises and the inherent viscosity of the polymer,
      measured in solution in N-methyl pyrrolidone, was 0.9.
PAR  The polymer was spun using the procedure of Example 8, producing, after
      washing in water, filaments having the following properties, measured on
      single filaments:
TBL  Tensile strength       12 g/tex                                           

     Extension at rupture   16 %                                               

     Modulus of elasticity  380 g/tex                                          

PAR  The filaments were subjected to further treatment, as described in Example
      8, except the oven was at a temperature of 325.degree.C. The resulting
      filaments had the following characteristics, measured on single filaments:
TBL  Tensile strength       16 g/tex                                           

     Extension at rupture   6 %                                                

     Modulus of elasticity  450 g/tex                                          

PAR  A comparison of Example 8 and Comparative Example A indicates that the
      tensile strength and modulus of elasticity of the polymer based upon
      oxalic acid and paraphenylene diisocyanate are substantially higher than
      the corresponding values for the polymer based upon oxalic acid and
      .alpha.,.alpha.'-diisocyanate diphenylmethane.
PAC  EXAMPLE 9
PAR  Paraphenylene diisocyanate and oxalic acid were polymerized in N-methyl
      pyrrolidone by the procedure of Example 8, with 6.9 g of lithium chloride
      added when the polymerizing mixture reached a temperature of 85.degree.C.
PAR  The polymerization solution was diluted to a polymer concentration of 12%
      by weight, in relation to the weight of the total solution, and the
      diluted solution had a viscosity of 1,400 poises. The inherent viscosity
      of the polymer, measured in solution of concentrated sulphuric acid, was
      0.8.
PAR  The diluted solution was wet spun at a temperature of 25.degree.C through a
      spinneret having 64 apertures, each of 0.08 mm in diameter, at a yield of
      4.1 ml per minute into a coagulating bath of 60% by weight of N-methyl
      pyrrolidone and 40% by weight of water at a temperature of 30.degree.C.
PAR  The gelled polymer filaments from the bath were stretched in air at the
      rate of 1.2X and then washed on rollers in water. The resulting filaments
      exhibited the following properties measured on single filaments:
TBL  Tensile strength       25 g/tex                                           

     Extension at rupture   16 %                                               

     Modulus of elasticity  550 g/tex                                          

PAR  The filaments were subsequently passed through an oven for 30 seconds at
      375.degree.C under a tension of 0.6 g/tex. The resulting filaments had the
      following characteristics, measured on single filaments:
TBL  Tensile strength       30 g/tex                                           

     Extension at rupture   14 %                                               

     Modulus of elasticity  3900 g/tex                                         

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a high molecular weight film- and
      fiber-forming nitrogen-containing polymer, said process comprising
      reacting, in substantially stoichiometric amounts, oxalic acid and
      paraphenylene diisocyanate in a polar, aprotic, anhydrous, organic solvent
      at a temperature which is raised progressively at a rate of from about
      1.degree. to about 5.degree.C per minute from a lower temperature of about
      0.degree. to about 30.degree.C to a higher temperature of about
      80.degree.C to about 150.degree.C, and in the presence, at least when the
      viscosity of the reaction mixture exceeds 6,000 poises, of a
      viscosity-reducing amount of a hydrogen bond breaking agent selected from
      the group consisting of lithium chloride and calcium chloride.
NUM  2.
PAR  2. Process according to claim 1, wherein the concentration of the reagents
      in the solvent is about 10 to about 50 percent by weight in terms of
      ultimate polymer weight in grams per 100 grams of solution.
NUM  3.
PAR  3. A process according to claim 1, wherein the viscosity of the reaction
      mixture when the polymerization is complete is about 1,000 to about 6,000
      poises.
NUM  4.
PAR  4. Process according to claim 2 wherein said concentration is 15 - 35
      percent by weight.
NUM  5.
PAR  5. Process as claimed in claim 1, wherein about 18 to about 25 weight
      percent of said hydrogen bond breaking agent is used, based on the weight
      of polymer produced.
NUM  6.
PAR  6. Process according to claim 1 wherein said solvent is a linear or cyclic
      amide or phosphoramide or sulphone.
NUM  7.
PAR  7. Process according to claim 1, wherein said temperature rise rate is
      1.degree. - 2.degree.C.
NUM  8.
PAR  8. Process according to claim 1, wherein the reaction temperature is raised
      to about 80 to about 120.degree.C, at which point said lithium chloride or
      calcium chloride is added, and thereafter the temperature is raised to
      about 140.degree. - 150.degree.C.
NUM  9.
PAR  9. Process according to claim 8, wherein the reaction temperature is
      maintained at about 140.degree. to about 150.degree.C until the viscosity
      of the reaction mixture stabilizes.
NUM  10.
PAR  10. Process according to claim 9, wherein the overall reaction time is
      about 2 to about 8 hours.
NUM  11.
PAR  11. Process as claimed in claim 1, wherein the polymer has an inherent
      viscosity, measured at 25.degree.C on a solution of 0.5g of polymer in
      100cm.sup.3 of concentrated sulphuric acid, having a density of 1.83, of
      about 0.9.
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ABST
PAL  This invention relates to the production of basic modified polyamides
      produced by the polycondensation of lactams or .omega.-aminocarboxylic
      acids with 0.1 to 5 mol of triamines of the formula
EQU  H.sub.2 N -- (CH.sub.2).sub.n -- NH -- (CH.sub.2).sub.n -- NH.sub.2
PAL  where n equals 2 to 6 per 100 mol of lactam and 2 equivalents of carboxyl
      groups in the form of dicarboxylic acids and monocarboxylic acids per mol
      of triamine, using a molar ratio of monocarboxylic acids to dicarboxylic
      acids of between 10 : 1 and 1 : 20, which polyamides are dyed with
      reactive dyes.
PARN
PAR  This is a Division of application, Ser. No. 377,090, filed July 6, 1973.
BSUM
PAR  This invention relates to a process for the production of basic modified
      polyamides and threads and fibres made of such polyamides. These threads
      and fibres can be dyed with reactive dyes to produce deep colours which
      are fast to light, perspiration, water, boiling washes and detergents.
PAR  It is known that polyamides and, in particular polyamides produced from
      lactams, can be dyed with reactive dyes. Compared with dispersion dyes and
      acid dyes which are nowadays mainly used for dyeing polyamides, reactive
      dyes have numerous remarkable advantages which can be attributed to the
      reaction between the reactive dye groups and the functional groups of the
      polyamides to form covalent chemical bonds. One particular advantage, for
      example, is the astonishing improvement in the fastness of the colours
      obtained by dyeing polyamides with reactive dyes. In their fastness to
      water, perspiration and abrasion, reactive dyes are distinctly superior to
      conventional dyes.
PAR  The capacity of polyamide fibres to absorb reactive dyes is, however,
      limited and hence the depth of colour which can be obtained on normal
      standard polyamides is correspondingly limited and dyeings which have the
      high fastness to peerspiration, water and boiling washes characteristic of
      reactive dyes cannot be obtained with more than 2% of reactive dye in the
      polyamide. The quantity of reactive dye which can be fixed by the fibres
      is limited by the number of functional end groups in the polyamide and is
      generally not more than 2%. An additional quantity of dye may occasionally
      be present in the form of a salt which can easily be removed by washing
      with alkaline soaps.
PAR  It is also known that basic modified polyamides which contain tertiary
      amino groups in the chain have a higher dye absorption capacity for acid
      dyes and anionic reactive dyes than polyamides which contain only amino
      end groups.
PAR  If the dye content is more than the average of 2%, however, the fastness to
      perspiration, water and washing of reactive dyeings on such polyamides
      which are modified with tertiary amino groups is no better than on
      polyamides in which the only basic groups are amino end groups because the
      tertiary amino groups do not react with the reactive group of the reactive
      dye and therefore it is only the absorption capacity for the dye molecules
      which are bound as salts which is increased. The fastness to perspiration,
      water and washing of the reactive dyeings on polyamides which are basic
      modified with tertiary amino groups is therefore determined solely by the
      number of amino end groups present.
PAR  It is also known that the dye absorption capacity of polyamides can be
      improved by increasing the number of amino end groups in the polyamides.
      This can be achieved, for example, by adding free amines to the
      polyamide-forming starting materials before polycondensation is carried
      out. The amines used for this purpose may be aliphatic mono- or polyamines
      or heterocyclic amines. Polyamides with an increased number of functional
      groups (amino end groups) produced by this method are, however, difficult
      to spin. If it is attempted to obtain a substantial improvement in the dye
      absorption by adding a correspondingly larger quantity of amine, then the
      polyamide mass tends to form drops when attempts are made to spin it, in
      other words spinning is no longer possible.
PAR  According to one known process (Belgian Patent Specification No. 693,000),
      an appropriate quantity of an aliphatic dicarboxylic acid such as adipic
      adid or glutaric acid may be added to the polyamide before condensation in
      addition to the polyamine, the quantity used being 0.3 to 1.1 mol of
      dicarboxylic acid per mol of polyamine. This method, however, has the
      disadvantage that cross-linked structures are likely to be formed by the
      reaction of the dicarboxylic acid with all three amino groups of the
      polyamine. This is found to be a disadvantage when attempts are
      subsequently made to produce threads, fibres or films from the resulting
      polyamides. This formation of cross-linked structures is facilitated by
      the fact that if polyamines contain less than three carbon atoms between
      the primary and secondary amino groups then there is little difference
      between the reactivity of the different amino groups and it is only a
      question of time before cross-linking takes place and the polyamine
      creases to be spinnable. This method cannot therefore in practice be used
      for the production of high molecular weight, linear polyamides for
      spinning.
PAR  It is also known to use aliphatic or aromatic monocarboxylic acids such as
      acetic acid or benzoic acid as polycondensation regulating agents.
      Furthermore, in British Patent Specification No. 1,065,363, it has been
      proposed to use dicarboxylic acids and monocarboxylic acids in addition to
      polyamines. It could be shown that special properties of the polyamides
      could be influenced in the desired manner by using suitable quantities of
      dicarboxylic acid and monocarboxylic acid. Although the polyamides
      obtained by this method are suitable for use as hardeners for epoxy
      resins, it is not possible to modify these compounds with the given
      proportions of monocarboxylic acid, dicarboxylic acid and lactam in such a
      way as to obtain high molecular weight, linear polyamides which could be
      spun; nor was this to be expected.
PAR  It has now been found that basic modified polyamides and products produced
      from them such as threads, films or fibres which can be dyed with reactive
      dyes to produce lightfast dyeings which are fast to perspiration, water
      and boiling washes, even if the products are dyed to deep colour tones,
      can be obtained by the polycondensation of polyamide-forming starting
      materials, in particular lactams, in the presence of aliphatic triamines
      of the formula H.sub.2
      N--(CH.sub.2).sub.n---NH--(CH.sub.2).sub.n--NH.sub.2 where n = 2 to 6,
      dicarboxylic acids and monocarboxylic acids if the reactants are used in
      proportions corresponding to 0.1 to 5.0 mol and preferably 1.0 to 2.0 mol
      of an aliphatic triamine of the above formula per 100 mol of
      polycondensable lactam and two equivalents of carboxyl groups in the form
      of dicarboxylic acids and monocarboxylic acids per mol of triamine and the
      molar ratio of monocarboxylic acids to dicarboxylic acids is between 10:1
      and 1:20, preferably between 3:1 and 1:3.
PAR  This invention therefore relates to a process for the production of a basic
      modified polyamide by the polycondensation of a lactam or an
      .omega.-aminocarboxylic acid in the presence of a triamine of the formula
      H.sub.2 N--(CH.sub.2).sub.n --NH--(CH.sub.2).sub.n --NH.sub.2 wherein n
      equals 2 to 6, a dicarboxylic acid and a monocarboxylic acid, which
      comprises adding to the reactive mixture 0.1 to 5.0 mol of the aliphatic
      triamine per 100 mol of polycondensable lactam and 2 equivalents of
      carboxyl groups in the form of dicarboxylic acids and monocarboxylic acids
      per mol of triamine and the molar ratio of said monocarboxylic acids to
      said dicarboxylic acids being between 10 : 1 and 1 : 20.
PAR  The process according to the invention for producing the basic modified
      polyamides which can be dyed with reactive dyes to produce lightfast
      dyeings which are fast to perspiration, water and boiling detergents even
      if the dyeings are in deep colour tones is carried out by the usual
      methods used for producing the corresponding unmodified polyamides, which
      consist of adding the modifying agents to the usual polyamide-forming
      lactams or .omega.-aminocarboxylic acids. The process is generally carried
      out by keeping the mixture of components in the given proportions in an
      autoclave at temperatures above 200.degree.C and preferably at 250 to
      275.degree.C for 4 to 10 hours with exclusion of oxygen to effect
      polycondensation and then processing the resulting basic modified
      polyamide melts to produce shaped structures such as threads, films or
      firbres. The production of basic modified polyamides in accordance with
      the invention is not affected by the addition of pigments, stabilizers,
      brightening agents and similar substances but all the reactants must be
      able to withstand the given conditions of time and temperature without
      decomposition, for example the monocarboxylic and dicarboxylic acids used
      must not undergo decarboxylation.
PAR  The most suitable lactams for the polycondensation process are aliphatic
      lactams which contain up to 13 ring atoms such as .gamma.-butyrolactam,
      .delta.-valerolactam, .epsilon.-caprolactam or .omega.-lauryl lactam and
      the corresponding .omega.-aminocarboxylic acids such as
      .gamma.-aminobutyric acid, .epsilon.-aminocaproic acid or
      .omega.-aminodecanoic acid. .epsilon.-Caprolactam is particularly suitable
      for producing the polyamides according to the invention.
PAR  Diethylene triamine, 3,3'-diamino-dipropylamine, spermidine,
      4,4'-diamino-dibutylamine and 6,6'-diaminodihexylamine are suitable
      aliphatic triamines for the process. The amines may be used as mixtures
      with each other but diethylene triamine is preferred.
PAR  It has been found that higher valent amines such as triethylene tetramine
      and tetraethylene pentamine may also be used.
PAR  The dicarboxylic acids used may be aliphatic, aromatic or cycloaliphatic,
      e.g. oxalic acid, succinic acid, glutaric acid, adipic acid, sebacic acid,
      decane-dicarboxylic acid, terephthalic acid, isophthalic acid or
      cyclohexane-1,4-dicarboxylic acid. It is particularly suitable to use
      aliphatic dicarboxylic acids which contain up to 10 methylene groups,
      adipic acid being preferred, but their polyamide-forming derivatives,
      e.g., their lower alkyl esters such as dimethyl or diethylesters may also
      be used.
PAR  The monocarboxylic acids used may be aliphatic, aromatic or cycloaliphatic,
      e.g., acetic acid, butyric acid, lauric acid, stearic acid, benzoic acid,
      benzoic acids substituted with alkyl, halogen or alkoxy groups, or
      cyclohexane carboxylic acid. Aromatic monocarboxylic acids are
      particularly suitable, benzoic acid being preferred.
PAR  To obtain a basic modified polyamide which can be dyed with reactive dyes
      to produce lightfast dyeings which are fast to perspiration, water and
      boiling detergents even in deep colour tones, the proportions in which the
      reactants are used is critical, for example it is essential to add 0.1 to
      5.0 mol of aliphatic triamine to 100 mol of polycondensable lactam
      (corresponding to 50 to 440 mVal of amino groups per kg in the polyamide)
      and preferably 1.0 to 2.0 mol, and to use a quantity of monocarboxylic and
      dicarboxylic acids which correspond to 2 carboxyl equivalents to 1 mol of
      aliphatic triamine. In addition, the molar ratio of monocarboxylic acid to
      dicarboxylic acid must be between 1 : 10 and 1 : 20 and is preferably
      between 3 : 1 and 1 : 3
PAR  A further object of this invention is the production of basic modified
      polyamides produced by the polycondensation of lactams or 107
      -aminocarboxylic acids with 0.1 to 5 mol of triamines of the formula
      H.sub.2 N--(CH.sub.2).sub.n --NH--(CH.sub.2).sub.n --NH.sub.2 (where n
      equals 2 to 6) per 100 mol of lactam and 2 equivalents of carboxyl groups
      in the form of dicarboxylic acids and monocarboxylic acids per mol of
      triamine, using a molar ratio of monocarboxylic acids to dicarboxylic
      acids of between 10 : 1 and 1 : 20, which polyamides are dyed with
      reactive dyes.
PAR  The basic modified polyamides produced according to the invention are
      eminently suitable for the production of threads, films or fibres and have
      relative solution viscosities, .eta..sub.rel., of between 2.4 and 3.1 and
      preferably between 2.6 and 2.8. To achieve the excellent dyeing
      properties, it is essential to add aliphatic triamines of the formula
      shown above in quantities preferably of 1.0 to 2.0 mol per 100 mol of
      polyamide forming lactam. The basic modified polyamides produced according
      to the invention then have amino group contents of between 120 mVal/kg and
      220 mVal/kg.
PAR  The basic modified polyamides produced according to the invention contain,
      per 100 mol of the polyamide-forming lactam, 0.1 to 5.0 and preferably 1.0
      to 2.0 recurrent structural units of the general formula
EQU  -- [ CO--NH--(CH.sub.2).sub.n --NH--(CH.sub.2).sub.n --NH--CO ] --
PAL  and/or the formula
      ##EQU1##
      which are capable of reacting with the reactive groups of reactive dyes to
      form recurrent structural units of the general formula
      ##EQU2##
      and/or the formula
      ##EQU3##
      in which n = 2 to 6 and X represents the reactive dye radical (reactive
      dye without the group which is splitted off).
PAR  The reactive dyes used for dyeing the polyamides produced according to the
      invention and the threads and fibres produced from them are preferably
      water-soluble dyes of the azo, anthraquinone or phthalocyanine series
      containing 1 to 4 sulpho groups. These dyes must contain at least one
      group which is capable of reacting with the fibres, for example the
      monochlorotriazinyl-, dichlorotriazinyl-, dichloroquinoxalinyl-,
      trichloropyrimidinyl-, difluoro-chloropyrimidinyl-,
      methylsulphonyl-benzothiazolyl-, ethylsulphonyl-benzothiazolyl,
      methylsulphonyl-pyrimidinyl-, 4-sulphonamido-benzylchloride-,
      .alpha.-bromoacrylamide-, vinyl sulphone- or .beta.-hydroxyethyl-sulphuric
      acid semiester group.
PAR  The reactive dye group X is therefore preferably one which corresponds to
      one of the following formulae:
      ##SPC1##
EQU  D--NH--CO--CH.sub.2 --CH.sub.2 --                          (8)
PAL  or
EQU  D--SO.sub.2 --CH.sub.2 --CH.sub.2 --,                      (9)
PAL  in which
PA1  D represents a dye group from the series of azo, anthraquinone or
      phthalocyanine dyes and
PA1  R' represents a phenyl group which may contain sulpho groups.
PAR  The dyes used for dyeing the basic modified polyamides and therefore those
      corresponding to the following formulae:
      ##SPC2##
EQU  D--NH--CO--CH=CH.sub.2                                     (17)
PAL  or
EQU  D--SO.sub.2 --CH=CH.sub.2                                  (18)
PAL  in which
PA1  D represents a dye group from the series of azo, anthraquinone or
      phthalocyanine dyes,
PA1  Z = cl or F,
PA1  Z.sub.1 = cl,
PA1  Z.sub.2 = so.sub.2 --ch.sub.3 and
PA1  R' represents a phenyl group which may contain sulpho groups. Dyes of this
      kind which contain at least one group capable of reacting with fibre
      materials which contain NH groups and at least one sulphonic acid group
      have been described in the following publications:
PA1  Angewandte Chemie 1961, page 125 - 136;
PA1  Angewandte Chemie,1964, page 423 - 431;
PA1  American Dyestuffs Reporter 1961, page 505 - 515;
PA1  Dyer 1963, page 891 - 892; 1964, page 31 - 37;
PA1  Svf-fachorgan 1964, page 116 - 123;
PA1  Melliand Textilberichte 1967, page 693 - 696;
PA1  Izv. vyssich uc. Zav. Technol. tekstil. Prom. 1966, page 102 - 107;
PA1  Melliand Textilberichte 1968, 1313 - 1321;
PA1  Melliand Textilberichte 1968, page 1444 - 1448;
PA1  Kolloidzeitschrift und Zeitschrift fur Polymere 1968, Volume 1, page 1 -
      10;
PA1  Textilveredlung 1968, page 241 - 247;
PA1  Textile Chemist and Colorist 1969, page 182 -189;
PA1  Textil-Praxis 1971, page 241 - 245;
PA1  Textil Research J. 1971, page 518 -525;
PA1  Textil Praxis 1971, page 499 - 504;
PA1  German Patent Specifications No. 578,742; 578,933; 614,375; 614,896;
      650,328;
PA1  German Offenlegungsschrift No. 1,469,778;
PA1  Belgian Patent Specifications No. 563,200; 578,742; 578,933; 614,375;
      614,896; 619,731; 650,328; 703,598; 732,232;
PA1  British Patent Specifications No. 844,869; 844,870; 882,001; 893,976;
      995,261;
PA1  French Patent Specifications No. 1,143,179; 1,143,180; 1,182,006;
      1,207,778; 1,217,738; 1,271,328; 1,282,228; 1,318,843; 1,323,029;
      1,352,295; 1,427,781; 1,466,567; 1,472,770 and Swiss Patent Specification
      No. 364,062.
PAR  The following are examples of such reactive dyes:
      ##SPC3##
       Dyeing and printing of the basic modified polyamides produced according
      to the invention is generally carried out by applying the dyes to the
      threads, fibres or films or in some cases the granulate produced from the
      polyamides, and this application may be carried out in the presence of
      sodium sulphate and a commercial wetting, levelling or dispersing agent,
      using a slightly acid to slightly alkaline dye bath or slightly acid or
      slightly alkaline printing pastes at a pH of from 3.0 to 9.0, preferably
      4.5 to 6. To improve the levelling and the quantity of dye fixed, it may
      be advantageous to change the pH of the dye bath during the dyeing
      process, i.e., to start the dyeing process in a slightly acid medium at pH
      3 to 5 and then to accelerate and terminate the reaction between the
      reactive group of the dye and the amino or imino groups of the polyamide
      by raising the pH to 7-9 when the bath has become exhausted due to the
      anionic dye being absorbed by the basic polyamide salt formation. In the
      case of printed or pad-dyed textile fabrics or foils, the dyeing process
      is generally a process of extraction carried out at 40.degree. to
      100.degree.C or of steaming at 100.degree. to 102.degree.C.
PAR  Under these conditions, the mobile, replaceable Cl, CH.sub.3 --SO.sub.2 and
      F groups referred to as labile groups Z which are attached to the reactive
      groups are either split off from the dye molecule and replaced by the
      amino or imino group of the basic modified polyamides or the addition of
      an activated unsaturated carbon-carbon bond to the amino or imino group of
      the basic modified polyamides takes place. The linkage between the basic
      modified polyamides and the reactive dyes which is obtained by the
      formation of a covalent bond naturally occurs not only on the modifying
      component but also on the normal end groups of the polyamide. The dyed
      polyamides obtained in this way preferably contain from 0.1 to 0.5 mol of
      reactive dye for each mol of triamine contained in the basic modified
      polyamide, which corresponds to 20 - 100 mmol of reactive dye per kg of
      basic modified polyamide. It is possible in this way to obtain basic
      modified polyamides which can be dyed to deep colours with reactive dyes
      and in which dyeings of medium and deep tones are much more fast to
      perspiration, water and boiling detergents than in known polyamide
      materials obtained by the usual processes, for example by the
      polymerisation of .epsilon.-caprolactam.
PAR  Furthermore, the dyeings obtained are distinguished by their excellent
      lightfastness and the ability to be produced with a richness of colour
      which will satisfy the most stringent requirements. Dyed polyamides which
      are consistently superior in the fastness of their colours to
      perspiration, water and boiling detergents can therefore be obtained in
      the brilliant, full colour tones which could previously only be obtained
      on cellullose fibres and wool.
PAR  Mixtures of cellulose fibres such as cotton or rayon and fibres of
      polyamides produced according to the invention can be dyed tone-in-tone
      with reactive dyes to produce deep colours which are very fast to boiling
      detergents. In fibres produced from previously known polyamides, on the
      other hand, the colours obtained by dyeing with reactive dyes are fast to
      boiling detergents only if they are light in tone and it has therefore not
      previously been possible to obtain deep tones fast to boiling detergents
      on mixtures of polyamide and cellulose fibres.
PAR  The high dye fixing capacity of fibres and threads spun from basic modified
      polyamides produced according to the invention also makes it possible to
      produce multicolour effects by a single bath treatment on mixed fabrics
      woven or knitted from a mixture of conventional polyamides and basic
      modified polyamides produced by the process according to the invention.
PAR  The relative solution viscosities .eta..sub.rel. given in the following
      examples were determined in an Ubbelohde viscosimeter at 25.degree.C,
      using solutions of 10 g of substance in 1 l of m-cresol.
PAR  Determination of the amino groups was carried out by potentiometric
      titration in a solvent mixture of phenol/chloroform (7:3) against N/10
      perchloric acid in glacial acetic acid.
PAR  The melting points were determined by differential thermoanalysis.
PAR  The sulphur content of the dyed polyamides was determined by the method of
      Grote-Krekeler by which the material is burned in air and the combustion
      gas is introduced into a 3% solution of hydrogenperoxide. The sulphur
      content is determined as usual gravimetrically as barium sulphate.
PAR  All parts and percentages refer to weight unless otherwise indicated.
PAR  The following examples are to further illustrate the invention without
      limiting it.
DETD
PAC  EXAMPLE 1
PAR  3575 Parts of E-caprolactam, 127 parts of E-aminocaproic acid, 32.5 parts
      of diethylene triamine, 33 parts of adipic acid and 23.5 parts of benzoic
      acid are heated to 260.degree.C for 3 hours under an atmosphere of oxygen
      free nitrogen without the application of pressure. The mixture is then
      polycondensed by heating for 4 hours at this temperature with stirring.
      About 29 parts of water are split off, which is equal to the theoretically
      calculated quantity. The polycondensate obtained is then spun in water to
      form a bristle (diameter approximately 2.3 to 2.6 mm) which is granulated
      and freed from monomeric and oligomeric constituents by boiling with
      oxygen-free distilled water.
PAR  3125 Parts of basic modified polyamide-6 with a relative solution viscosity
      .eta..sub.rel. of 2.64 and an amino group content of 128 mVal/kg are
      obtained after drying. The polyamide is then spun in a spinning extruder
      in known manner at 280.degree.C to form dtex 50 f 9 endless filaments.
PAR  100 Parts of the basic modified polycaprolactam obtained in this way are
      introduced into a dyeing apparatus as an endless filament wound on a
      spool, and a dye bath consisting of 6 parts of the dye of formula I, 0.5
      parts of triethanolamine dodecylbenzene sulphonate of the following
      formula
      ##SPC4##
PA0  10 parts of anhydrous sodium sulphate,
PA0  3 parts of 60% acetic acid and
PA0  2000 parts of water is then added at 25.degree.C.
PAR  The dye bath was stirred vigorously while heated to 60.degree.C over a
      period of 20 minutes and is then heated to 100.degree.C for 20 minutes and
      finally kept at this temperature for 60 minutes. The dye bath is then made
      slightly alkaline by the addition of 3 parts of anhydrous soda and kept at
      100.degree.C for 15 minutes. The dye bath is then discharged and a fresh
      dye bath consisting of 2,000 parts of water and 1 part of Mersolat H is
      introduced into the apparatus. The dye bath is kept vigorously circulated
      while heated to 100.degree.C for 20 minutes and is then left at this
      temperature for 5 minutes. The dye bath is then discharged and the package
      on the spool is dried. A deep red colour which is very fast to washing and
      perspiration is obtained.
PAR  The sulphur content amounts to 0.29% which corresponds to a pure dyestuff
      content of 45.5 mmol per kg of the basic modified polyamide.
PAR  If the dyeing process is carried out in the same manner on an ordinary
      commercial polycaprolactam endless filament instead of the basic modified
      polycaprolactam material, the dye bath is only partly exhausted and the
      red colour obtained is comparatively pale and only moderately fast to
      washing and perspiration.
PAR  If instead of the basic modified polycaprolactam endless material, equal
      parts of the polycaprolactam endless material described in German
      Auslegeschrift No. 1,223,100 are used, the dye bath is again substantially
      exhausted but the quantity of dye fixed by the material is only slightly
      greater than that fixed by the conventional polycaprolactam endless
      material and the fastness to washing and perspiration is therefore poor.
PAR  The extraction and fixing of the dye of formula I on the three various
      fibre materials is represented by the extraction curves and fixing curves
      in FIG. 1 in which
PA1  A.sub.1 represents the total quantity of dye extracted by ordinary
      polycaprolactam which has not been modified with basic groups,
PA1  A.sub.2 represents the quantity of dye which remains fixed in ordinary
      polycaprolactam not modified with basic groups after it has been treated
      with soap,
PA1  B.sub.1 represents the total quantity of dye extracted by polycaprolactam
      which has been modified by the incorporation of tertiary amino groups,
PA1  B.sub.2 represents the quantity of dye which remains fixed in
      polycaprolactam modified by the incorporation of tertiary amino groups
      after it has been treated with soap,
PA1  C.sub.1 represents the total amount of dye extracted by polycaprolactam
      which has been modified with basic groups in accordance with the
      invention,
PA1  C.sub.2 represents the amount of dye which remains fixed in polycaprolactam
      modified with basic groups according to the invention after it has been
      treated with soap.
PAR  To obtain these curves, six dyeing processes are carried out side by side,
      and one is stopped after 10 minutes and the others after 20, 30, 40, 70
      and 100 minutes respectively. Extinction of the dye liquor is determined
      at these points in time and at the beginning of the dyeing process and the
      extinction values are calculated in percent of the initial extinction of
      the dye bath at time t = 0. The percentages obtained are subtracted from
      100 and the differences are plotted as extraction values in percent at 10,
      20, 30, 40, 70 and 100 minutes. 100 Parts of the dyeings are removed after
      10 minutes and after 20, 30, 40, 70 and 100 minutes respectively and in
      each case treated twice with a solution of 2 parts of anhydrous soda in
      2,000 parts of water at 100.degree.C for 15 minutes and the extinction of
      the combined aftertreatment liquors is determined in each case.
PAR  The extinction values obtained in percent of the initial extinction of the
      dye bath at time t = 0 are converted to equal dilution ratios are
      subtracted from the extraction values, and the differences are plotted as
      quantities of dye fixed.
PAR  If instead of the dye of formula I equal parts of the dye of formula II or
      of formula III or IV are used, deep red dyeings which are very fast to
      washing and perspiration are again obtained on the basic modified
      polycaprolactam endless material. The sulphur content amounts to 0.24%,
      0.33% and 0.28% respectively which corresponds to a pure dyestuff content
      of 25 mmol, 34.4 mmol and 30 mmol/kg of the basic modified polyamide. If
      the dyeing process is then again carried out in the same manner but the
      basic modified polycaprolactam endless material is replaced by equal parts
      of an ordinary commercial polycaprolactam endless material, only partly
      exhausted dye baths are obtained in each case and comparatively pale,
      light red dyeings which are only moderately fast to washing and
      perspiration.
PAR  If instead of the basic modified polycaprolactam endless material, equal
      parts of the polycaprolactam endless material with tertiary amino groups
      described in German Auslegeschrift No. 1,223,100 are used, the dye baths
      are substantially exhausted but the quantity of dye fixed is only slightly
      higher than the quantity fixed by ordinary polycaprolactam endless
      material and the fastness to washing and perspiration is therefore low.
PAC  EXAMPLES 2 - 10
PAR  Polycondensations are carried out in a manner similar to that described in
      Example 1 but using the quantities shown in Table 1. Table 2 shows the
      chemical and physical properties of the basic modified polyamides obtained
      in these examples. Examples 2 and 5 in which no monocarboxylic acid was
      used are given for comparison purposes. The relative viscosities obtained
      in these examples show that the products obtained are unsuitable for
      spinning.
TBL  __________________________________________________________________________

     Table 1                                                                   

     (Starting materials in mols)                                              

     Examples  2   3   4   5   6   7   8   9   10                              

     __________________________________________________________________________

     .epsilon.-caprolactam                                                     

               97  97  97  97  97  97  97  97  97                              

     .epsilon.-aminocaproic                                                    

     acid      3   3   3   3   3   3   3   3   3                               

     Diethylene-                                                               

     triamine  1   1   1   2   2   2   2   0.5 4                               

     Adipic acid                                                               

               1   0.8 0.6 2   1.9 1.7 1.5 0.4 3.7                             

     Benzoic acid                                                              

               0   0.4 0.8 0   0.2 0.6 1.0 0.2 0.6                             

     __________________________________________________________________________

     Table 2                                                                   

     (Properties of the polyamides)                                            

     Examples  2   3   4   5   6   7   8   9   10                              

     __________________________________________________________________________

     Melting point .degree.C                                                   

               219 219 218 217 217 217 216 221 212                             

     Viscosity .eta..sub.rel.                                                  

               3.40                                                            

                   2.95                                                        

                       2.40                                                    

                           3.30                                                

                               3.10                                            

                                   2.75                                        

                                       2.42                                    

                                           3.05                                

                                               2.86                            

     Amino group                                                               

     content                                                                   

     mVal/kg   108 120 135 178 182 185 220 75  360                             

     __________________________________________________________________________

PAR  100 Parts of the basic modified polycaprolactam described in Example 7 are
      introduced in the form of a knitted material into a dye vat and a dye
      liquor consisting of 5 parts of the dye of formula V, 4 parts of sodium
      naphthalene-1,3,5,7-tetrasulphonate, 5 parts of anhydrous sodium
      sulphonate, 3 parts of 60% acetic acid and 3000 parts of water is added at
      25.degree.C.
PAR  The liquor is heated to 60.degree.C over a period of 20 minutes while the
      material is kept in motion and it is then heated to 100.degree.C over a
      period of a further 20 minutes and then kept at this temperature for 60
      minutes. The dye bath is then made slightly alkaline by the addition of 3
      parts of anhydrous soda and kept at 100.degree.C for 15 minutes. The
      liquor is then discharged and the vat filled with fresh liquor consisting
      of 3000 parts of water 1 part of Mersolat H. This is heated to
      100.degree.C over a period of 20 minutes and then left at this temperature
      for 5 minutes while the material is evenly moved through the liquor. The
      liquor is then discharged and the material dried. A deep blue dyeing which
      is very fast to washing and perspiration is obtained. The sulphur content
      amounts to 0.26% which corresponds to a pure dyestuff content of 40.4 mmol
      of the basic modified polyamide.
PAR  If instead of the dye of formula V equal parts of the dye of formula VI, or
      formula VII or VIII are used, the dyeings obtained on the polycaprolactam
      produced according to Example 7 are again deep blue and very fast to
      washing and perspiration. The sulphur content amounts to 0.32%, 0.39% and
      0.27% respectively which corresponds to a pure dyestuff content of 49.4
      mmol, 40.5 mmol and 43.0 mmol per kg of basic modified polyamide.
PAR  If the dyeing process is again carried out in the same manner but the basic
      modified polycaprolactam endless material described in Example 7 is
      replaced by equal parts of an ordinary commercial polycaprolactam endless
      material, the dye bath is only partly exhausted and a comparatively pale
      blue dyeing with only moderate fastness to washing and perspiration is
      obtained.
PAR  If instead of the basic modified polycaprolactam endless material described
      in Example 7 equal parts of the polycaprolactam endless material which
      contains tertiary amino groups described in German Auslegeschrift No.
      1,223,100 are used, the dye bath is substantially exhausted but the dyeing
      obtained is considerably inferior in its fastness to washing and
      perspiration than that obtained on the polycaprolactam endless material
      produced according to Example 7.
PAR  Dyeings obtained by reactive dyestuffs using the polyamides of Examples 3,
      4, 6 and 8 to 10 yield in similar deep dyed polyamides as in Example 7,
      and they show also good fastness.
PAC  EXAMPLE 11
PAR  3685 Parts of .epsilon.-caprolactam, 67.2 parts of diethylene triamine,
      85.6 parts of adipic acid, 15.9 parts of benzoic acid, 12.6 parts of
      TiO.sub.2 and 110.6 parts of water are introduced into a 10 l VA stirr
      autoclave which has been washed with oxygen-free nitrogen, and the
      reaction mixture is heated to 260.degree.C over a period of 3 hours,
      during which time a pressure of about 9 atmospheres builds up. When the
      polymerisation temperature is reached, stirring is continued for one hour
      under pressure and the pressure is then carefully released from the
      autoclave over a period of 2 hours. Most of the water introduced with the
      reaction mixture distils off in the process. Condensation is then
      continued for 2 hours at this temperature under a stream of oxygen-free
      nitrogen and at the same time the water of reaction formed is removed. The
      total quantity of water obtained is about 150 parts. After one hour's
      stirring, the polycondensate obtained is spun in the form of a bristle by
      forcing it into water under a pressure of 5 atmospheres of oxygen-free
      nitrogen and the bristle is then granulated and extracted.
PAR  3635 Parts of basic modified polyamide-6 with a relative solution viscosity
      .eta..sub.rel. of 2.59 and an amino group content of 216 mVal/kg are
      obtained after drying. The polyamide-6 is then formed into an endless
      material in known manner.
PAR  100 parts of the so obtained basic modified polycaprolactam are introduced
      into a dye vat in the form of fibre yarn and a dye liquor consisting of 8
      parts of the dye of Formula IX, 1 part of triethanolamine dodecyl-benzene
      sulphonate of the formula
      ##SPC5##
PAL  5 parts of anhydrous sodium sulphate, 3 parts of 60% acetic acid and 3000
      parts of water, and heated to 30.degree.C is added.
PAR  The liquor is kept in vigorous circulation and at the same time heated to
      60.degree.C over a period of 20 minutes and then to 100.degree.C over a
      period of a further 20 minutes and then kept at this temperature for 60
      minutes. The dye bath is then made slightly alkaline by the addition of 3
      parts of anhydrous soda and kept at 100.degree.C for 15 minutes. The
      liquor is then discharged and replaced by a fresh liquor consisting of
      3000 parts of water and 1 part of Mersolat H.
PAR  The fresh liquor is heated to 100.degree.C over a period of 20 minutes and
      then kept at this temperature for 5 minutes and at the same time
      vigorously agitated. The liquor is then discharged and the yarn dried. A
      deep yellow colour which is very fast to washing and perspiration is
      obtained.
PAR  The sulphur content of the dyed polyamide amounts to 0.48% which
      corresponds to a pure dyestuff content of 75.0 mmol/kg of the basic
      modified polyamide.
PAR  If the dye of formula IX is replaced by equal parts of the dye of formula
      X, a deep yellow colour which is very fast to washing and perspiration is
      again obtained on the polycaprolactam. The sulphur content of the dyed
      polyamide amounts to 0.42% which corresponds to a pure dyestuff content of
      66.0 mmol/kg of the basic modified polyamide. If the dyeing process is
      then again carried out in the same way but using a commercial polyamide
      fibre yarn instead of the fibre yarn produced from the basic modified
      polycaprolactam described in Example 11, the dye bath is only partly
      exhausted and the yellow colour is comparatively weak and only moderately
      fast to washing and perspiration.
PAR  If instead of a fiber yarn produced from the basic modified polycaprolactam
      described in Example 11 equal parts of a fibre yarn of the polycaprolactam
      described in German Auslegeschrift No. 1,223,100 are used, the dye bath is
      substantially exhausted but the colour obtained is substantially less fast
      to washing and perspiration than the colour obtained on the
      polycaprolactam produced according to Example 11.
PAC  EXAMPLE 12
PAR  1228 Parts of E-caprolactam are polycondensed under pressure with 11.2
      parts of diethylene triamine, 17.5 parts of sebacic acid, 5.5 parts of
      cyclohexanecarboxylic acid and 37 parts of water by the method described
      in Example 11. The solution viscosity .eta..sub.rel. of the resulting
      basic modified polyamide is 2.89 and the amino group content 115 mVal/kg.
PAC  EXAMPLE 13
PAR  1228 Parts of E-caprolactam are polycondensed under pressure with 21.2
      parts of 3,3'-diamino-dipropylamine, 19 parts of adipic acid and 3.9 parts
      of acetic acid in the presence of 37 parts of water by the method
      described in Example 11. The solution viscosity .eta..sub.rel. of the
      resulting basic modified polyamide is 2.75 and the amino group content 157
      mVal/kg.
PAC  EXAMPLE 14
PAR  A knitted material obtained from the basic modified polycaprolactam of
      Example 11 was printed with a printing paste consisting of 50 parts of the
      dyestuff of formula VI, 50 parts of urea, 50 parts of 60% acetic acid, 320
      parts of water, 500 parts of a thickener and 30 parts of sodium acetate.
PAR  The material is dryed at 80.degree.C for 1 minute and treated with steam
      102.degree.C for 30 minutes. Thereafter, 100 parts of the printed material
      is washed in an overflow with cold water for 3 minutes, soaped under
      boiling with 5,000 parts of a fresh liquor consisting of 2 parts of soda
      in 998 parts of water, for 10 minutes washed with cold water and
      neutralised with a solution consisting of 2 parts of 30% acetic acid and
      998 parts of water. The printed areas of the material are of deep blue
      colour whereas the not printed areas remain pure white. The obtained print
      is fast to boiling washes and perspiration. The sulphur content of the
      dyed polyamide amounts to 0.53% which corresponds to a pure dyestuff
      content of 82.7 mmol/kg of the basic modified polyamide.
PAR  If instead of the basic modified polycaprolactam described in Example 11 an
      unmodified polycaprolactam is used, only a slight print is obtained.
PAC  EXAMPLE 15
PAR  100 Parts of the basic modified polycaprolactam described in Example 4 are
      introduced into a dyeing apparatus in the form of granules measuring about
      2 to 3 mm in diameter, and a dye liquor consisting of 3 parts of the dye
      of formula VI, 0.5 parts of triethanolamine dodecylbenzene sulphonate of
      the formula
      ##SPC6##
PAL  10 parts of anhydrous sodium sulphate, 3 parts of 60% acetic acid and 2000
      parts of water, is added at 25.degree.C.
PAR  The liquor is heated to 60.degree.C over a period of 20 minutes and at the
      same time vigorously agitated, then heated to 100.degree.C over a period
      of 20 minutes and finally kept at this temperature for 60 minutes. The dye
      bath is then made slightly alkaline by the addition of 3 parts of
      anhydrous soda and kept at 100.degree.C for minutes. The liquor is then
      discharged and the apparatus filled with a fresh liquor consisting of
      2,000 parts of water and 1 part of Mersolat H. The liquor is vigorously
      circulated while heated to 100.degree.C over a period of 20 minutes and
      then kept at this temperature for 5 minutes. It is then discharged and the
      granulate is dried. The deep blue granulate obtained is then spun in a
      spinning extruder in known manner at 240.degree.C to form a deep blue
      endless bristle (diameter approximately 0.1 mm) which is very fast to
      washing and perspiration.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Basic modified polyamides produced by the polycondensation of lactams of
      .omega.-aminocarboxylic acids together with 0.1 to 5 mol of triamines of
      the formula
EQU  H.sub.2 N -- (CH.sub.2).sub.n -- NH -- (CH.sub.2).sub.n -- NH.sub.2
PAL  wherein n equals 2 to 6, per 100 mol of lactam and 2 equivalents of
      carboxyl groups in the form of dicarboxylic acids and monocarboxylic acids
      per mol of triamine, the molar ratio of said monocarboxylic acids to said
      dicarboxylic acids being of between 10 : 1 and 1 : 20, and said basic
      modified polyamides, dyed with reactive dyes.
NUM  2.
PAR  2. The basic modified polyamides dyed with reactive dyes according to claim
      1, wherein the reactive dyes are water soluble reactive dyes.
NUM  3.
PAR  3. The basic modified polyamides dyed with reactive dyes according to claim
      2, wherein the water-soluble reactive dyes are dyes of the triazine,
      pyrimidine, quinoxaline, acrylamide or vinyl sulphone series.
NUM  4.
PAR  4. The modified polyamides dyed with reactive dyes according to claim 3,
      wherein the reactive dyes are those of the formulae
      ##SPC7##
EQU  D--NH--CO--CH = CH.sub.2
PAL  or
EQU  D--SO.sub.2 --CH = CH.sub.2
PAL  wherein
PA1  D represents a dye group from the series of azo, anthraquinone or
      phthalocyanine dyes,
PA1  Z C1 or F
PA1  Z.sub.1 cl
PA1  Z.sub.2 so.sub.2 --ch.sub.3 and
PA1  R' represents a phenyl group or a phenyl group containing sulpho groups.
NUM  5.
PAR  5. Threads and fibers of polyamides according to claim 1.
PATN
WKU  039323676
SRC  5
APN  5524571
APT  1
ART  144
APD  19750224
TTL  Powder paint with epoxy and hydroxy copolymer and mixture of
      dicarboxylic acids and polyanhydrides
ISD  19760113
NCL  5
ECL  1
EXP  Kight, III; John
INVT
NAM  Labana; Santokh S.
CTY  Dearborn Heights
STA  MI
INVT
NAM  Theodore; Ares N.
CTY  Farmington
STA  MI
ASSG
NAM  Ford Motor Company
CTY  Dearborn
STA  MI
COD  02
RLAP
COD  72
APN  394881
APD  19730906
PSC  03
CLAS
OCL  260 784D
XCL  260 4228
XCL  260 8075
XCL  260 8081
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ABST
PAL  Improved powder paint compositions are disclosed which comprise a
      particulate mixture of (1) a qualitatively difunctional copolymer of about
      5 to about 20 weight percent of a glycidyl ester of a monoethylenically
      unsaturated acid, about 2 to about 10 weight percent of C.sub.5 - C.sub.7
      hydroxyalkyl acrylates and/or C.sub.5 - C.sub.7 hydroxyalkyl
      methacrylates, and about 70 to about 93 weight percent monoethylenically
      unsaturated monomers consisting essentially of monofunctional monomers
      selected from the group consisting of esters of a C.sub.1 - C.sub.8
      monohydric alcohol and acrylic acid, esters of a C.sub.1 - C.sub.8
      monohydric alcohol and methacrylic acid and C.sub.8 - C.sub.12 monovinyl
      hydrocarbons, (2) a C.sub.4 - C.sub.20 saturated, straight chain,
      aliphatic dicarboxylic acid which is present in an amount that provides
      about 0.1 to about 0.6 carboxyl group per functional group on said
      copolymer, and (3) a polyanhydride, i.e., a homopolymer of a monomeric
      anhydride of a dicarboxylic acid, having molecular weight in the range of
      about 1000 to about 5000 which is present in an amount that provides about
      0.2 to about 1.1 anhydride groups per epoxy group on said copolymer.
PARN
PAR  This application is a Continuation-In-Part of application Ser. No. 394,881
      filed Sept. 6, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Powder coating compositions are extremely desirable for use in painting
      substrates in that they are essentially free of organic solvents
      conventionally utilized in liquid paint systems. Thus, they give off
      little, if any, volatile material to the environment when heat cured.
PAR  Powder coating compositions comprising (1) a copolymer of a glycidyl
      acrylate and other monofunctional olefinically unsaturated monomers, (2)
      an anhydride crosslinking agent, and (3) a polymeric flow control agent
      were heretofore described in U.S. Pat. No. 3,781,379 issued Dec. 25, 1973
      to S. S. Labana and A. N. Theodore, the inventors herein.
PAR  Powder coating compositions comprising (1) a copolymer of a glycidyl
      acrylate and other monofunctional olefinically unsaturated monomers, (2) a
      dicarboxylic acid crosslinking agent, and (3) a polymeric flow control
      agent were heretofore described in U.S. Pat. No. 3,752,870 to S.S. Labana,
      a coinventor herein.
PAR  Powder coating compositions comprising (1) a copolymer of a glycidyl
      acrylate and other monofunctional olefinically unsaturated monomers, (2) a
      crosslinking agent comprising a mixture of a monocarboxylic acid and a
      dicarboxylic acid, and (3) a polymeric flow control agent were heretofore
      described in U.S. Pat. No. 3,730,930 to Santokh S. Labana, a coinventor
      herein.
PAR  Powder coating compositions comprising (1) a copolymer of a hydroxy
      acrylate and other monofunctional olefinically unsaturated monomers, (2) a
      crosslinking agent selected from anhydrides, dicarboxylic acids, and
      melamines and (3) a polymeric flow control agent were heretofore described
      in copending U.S. patent application Ser. No. 407,128 filed Oct. 17, 1973
      by Santokh S. Labana, a coinventor herein and Yun F. Chang.
PAC  THE INVENTION
PAR  It now has been discovered that powder paints having certain unexpected
      advantages relative to the aforedescribed powder paint compositions can be
      obtained by converting the qualitatively monofunctional (epoxy functional)
      copolymer to a qualitatively difunctional (epoxy and hydroxy functional)
      copolymer and employing such difunctional copolymer in combination with a
      combination of crosslinking agents, i.e., a dicarboxylic acid and a
      polyanhydride.
PAR  Substitution of the polyanhydride for a portion of the dicarboxylic acids
      which otherwise would be required provides a powder paint having improved
      leveling characteristics and further characterized by increased gel time
      and increased adhesion.
PAR  Further improvement in the homogeneity of the powders, can be obtained by
      having the copolymer both epoxy-functional and hydroxy-functional. Such
      powders can be cured at lower temperatures and provide coatings having
      improved mechanical properties and solvent resistance. This provides the
      copolymer with both a difference in functional groups and an increase in
      total functionality and increased polarity. The latter provides, in
      combination with the crosslinking agents, a higher degree of compatibility
      (aiding homogeneous mixing) of the complete coating composition including
      pigment dispersion.
PAR  Those powders are effectively prepared by spray drying in that they resist
      phase separation. They may also be processed by melt blending and vacuum
      drying techniques. They are easily and effectively mixed by extrusion or
      mill rolling.
PAR  The functionality of the copolymer is provided by constituent
      epoxy-functional acrylates and methacrylates and hydroxy-functional
      acrylates and methacrylates. For simplicity, except in those instances
      wherein a specific compound is named, the term "acrylate" is used in this
      specification to include esters of both acrylic and methacrylic acid,
      i.e., acrylates and methacrylates.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The epoxy and hydroxy functional copolymers used in the practice of this
      invention contain between about 5 and about 20, preferably between 8 and
      15, weight percent of a glycidyl ester of a monoethylenically unsaturated
      carboxylic acid, e.g., glycidyl acrylate and glycidyl methacrylate, about
      2 to about 10 weight percent of a C.sub.5 - C.sub.7 hydroxyalkyl acrylates
      and/or C.sub.5 - C.sub.7 hydroxyalkyl methacrylates, i.e., esters of
      C.sub.2 - C.sub.3 dihydric alcohols and acrylic or methacrylic acid, and
      about 70 to about 93 weight percent monoethylenically unsaturated monomers
      consisting essentially of monofunctional monomers selected from the group
      consisting of esters of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic
      acid, esters of a C.sub.1 - C.sub.8 monohydric alcohol and methacrylic
      acid and C.sub.8 - C.sub.12 monovinyl hydrocarbons such as styrene, vinyl
      toluene, t-butyl styrene, chlorostyrene and alpha methyl styrene. The
      preferred hydroxy acrylates are 2-hydroxyethyl methacrylate and
      2-hydroxypropyl methacrylate. In the preferred embodiment in excess of 50
      weight percent of such monofunctional, monoethylenically unsaturated
      monomers are esters of a C.sub.1 - C.sub.8 monohydric alcohol and either
      acrylic or methacrylic acid. Other vinyl monomers such as vinyl chloride,
      acrylonitrile, methacrylonitrile, and vinyl acetate may be used as
      modifying monomers. When employed, these comprise about 0 to about 30
      percent by weight of the monomer mixture but, ordinarily, the remainder
      monomers will consist exclusively of the aforementioned esters of a
      C.sub.1 - C.sub.8 monohydric alcohol and acrylic or methacrylic acid or a
      mixture of such esters and C.sub.8 - C.sub.12 monovinyl hydrocarbons.
PAR  These copolymers have a glass transition temperature in the range of
      40.degree.C. to 90.degree.C., preferably between 50.degree.C. and
      80.degree.C., and a molecular weight (M.sub.n) in the range of about 1500
      to about 15,000, preferably about 2500 to about 6000.
PAR  When dicarboxylic acids have been used as the sole crosslinking agent for
      epoxy-functional copolymers, it has been found advantageous to employ the
      acid in an amount such that about 0.3 to about 1.2 carboxyl groups are
      present for each epoxy group in the copolymer.
PAR  In this invention, a portion of the dicarboxylic acid crosslinking agent is
      replaced by a functionall equivalent amount of a polyanhydride. Thus, a
      mixture of the prepolymer and crosslinking agent in accordance with this
      invention advantageously contains the dicarboxylic acid in an amount
      sufficient to provide about 0.1 to about 0.6 carboxyl groups per
      functional group on the prepolymer and the polyanhydride in an amount
      sufficient to provide about 0.2 to about 1.1 anhydrode groups per same.
PAR  These powder coating compositions include as cross-linking agent for the
      aforedescribed copolymers saturated, straight chain, aliphatic,
      dicarboxylic acid containing 4 to 20 carbon atoms per molecule.
PAR  The preferred dicarboxylic acids are those containing from 5 to 13 carbon
      atoms per molecule. In still greater detail, the most desirable acids are
      adipic acid, pimelic acid, suberic acid, azelaic acid, sebasic acid,
      undecanoic acid and brassylic acid.
PAR  The preferred polyanhydrides are poly (adipic anhydride), poly (azelaic
      anhydride), and poly (sebasic anhydride) but others having molecular
      weight up to about 5000 are useful. Those having molecular weight in the
      range of about 1,000 to about 2500 are preferred.
PAR  These powder coating compositions advantageously contain a flow control
      agent as a part of the powder coating mixture. The flow control agent is a
      polymer having a molecular weight (M.sub.n) of at least 1000 and comprises
      at least 0.05 weight percent of the mixture. The flow control agent has a
      glass transition temperature at least 20.degree.C. below the glass
      transition temperature of the mixture's copolymer.
PAR  One group of suitable flow control agents are acrylic polymers. Preferred
      acrylic polymers which may be used for the flow control agent are
      polylauryl acrylate, polybutyl acrylate, poly (2- ethylhexyl acrylate),
      polylauryl methacrylate and polyisodecyl methacrylate.
PAR  The flow control agent may also be a fluorinated polymer having a surface
      tension, at the baking temperature of the powder, lower than that of the
      copolymer utilized in the mixture. Preferred flow control agents, if the
      agent is a fluorinated polymer are esters of polyethyleneglycol or
      polypropyleneglycol and fluorinated fatty acids. For example, an ester of
      polyethyleneglycol of molecular weight of over 2500 and perfluoro octanoic
      acid is a useful flow control agent. Polymer siloxanes of molecular weight
      of over 1000 (advantageously 1,000 to 20,000) may also be useful as flow
      control agents, e.g. poly (dimethyl siloxane) or poly (methylphenyl)
      siloxane.
PAR  A coating composition formed in accordance with the teachings of this
      invention may include a small weight percent of a catalyst in order to
      increase the crosslinking rate of the powder coating composition at the
      baking temperature thereof. Baking temperatures will ordinarily be in the
      range of 130.degree. to 200.degree.C. and the catalyst should produce a
      gel time for the powder coating composition at the baking temperature to
      be used which is at least 1 minute but no greater than 20 minutes. This
      gel time is preferably in the range of 1 to 12 minutes and most preferably
      between about 2 and about 8 minutes.
PAR  Some catalysts which are suitable for use in the powder coating
      compositions include tetraalkylammonium salts, imidazole type catalyst,
      tertiary amines and metal salts of organic carboxylic acids. The
      tetraalkylammonium salt catalysts include the following: tetrabutyl
      ammonium chloride (bromide or iodide), tetraethyl ammonium chloride
      (bromide or iodide), trimethylbenzylammonium chloride, dodecyl dimethyl
      (2-phenoxyethyl) ammonium bromide, diethyl (2-hydroxy ethyl) methyl
      ammonium bromide. Suitable catalysts of the imidazole type include:
      2-methyl-4-ethyl imidazole, 2-methyl imidazole, imidazole, 2 -
      [(N-benzylanilino) methyl] - 2 - imidazoline phosphate, and 2 - benzyl - 2
      - imidazoline hydrochloride. Suitable tertiary amine catalysts for the
      powder coating compositions of this invention include: triethylenediamine,
      N,N-diethylcyclohexylamine and N-methyl morpholine. The metal salts of
      organic carboxylic acid which are catalysts for the powder coatings of
      this invention include, but are not limited to: stannous octoate, zinc
      naphthenate, cobalt naphthenate, zinc octoate, stannous 2 -ethylhexoate,
      phenylmercuric propionate, lead neodecanoate, dibutyl tin dilaurate and
      lithium benzoate.
PAR  The catalyst used in an individual powder coating composition is generally
      solid at room temperature and has a melting point of from 50.degree.C. to
      200.degree.C.
PAR  Conventional non-metallic and metallic pigments can be used with these
      powder coating compositions. Such are conventionally employed in an amount
      such as to constitute between about 6 and 35 weight percent of the total
      mixture depending on the pigment selected and the gloss required for the
      baked coating.
PAR  Since individual powder coating compositions of this invention can be
      applied to an article to be painted by electrostatic methods, one may
      desire to include a small weight percentage of an antistatic agent in such
      compositions. In particular, the antistatic agent is included in a range
      from 0.05 weight percent of the total powder composition. Suitable
      antistatic agents include, but are not limited to, tetraalkylammonium
      salts as discussed previously and which also serve as catalysts. Other
      suitable antistatic agents include: alkyl-poly (ethyleneoxy) phosphate or
      alkylauryl poly (ethyleneoxy) phosphates as, for example, ethyl benzyl
      poly (ethyleneoxy) phosphate: polyethyleneimine, poly (2-vinyl
      pyrollidone), pyridinium chloride, poly (vinyl pyridium chloride),
      polyvinyl alcohol or inorganic salts.
PAR  A plasticizer may be used in a powder coating composition of this invention
      if desired. The type of plasticizers used very often include adipates,
      phosphates, phthalates, sebacates, polyesters derived from adipic acid or
      azelaic acid, and epoxy or epoxidized plasticizers. Some of these
      plasticizers are: dihexyl adipate, diisooctyl adipate, dicyclohexyl
      adipate, triphenylphosphate, tricresylphosphate, tributylphosphate,
      dibutylphthalate, dioctylphthalate, butyl octyl phthalate, dioctyl
      sebacate, butyl benzyl sebacate, dibenzyl sebacate, butanediol - 1,4 -
      diglycidyl ether, diglycidyl ether of bisphenol A and its polymers and
      cellulose acetate butyrate.
DETD
PAR  Having described the various materials which are employed in formulating
      the powder coating compositions of this invention, a plurality of examples
      are hereinafter set forth to illustrate various individual powder coating
      compositions. In each of the examples, the molecular weight of the
      copolymer is between 1500 and 15000 and the glass transition temperature
      of the copolymer is between 40.degree.C. and 90.degree.C.
PAC  EXAMPLE 1
PAR  An epoxy-functional and hydroxy-functional copolymer is prepared from the
      below listed components in the manner hereinafter set forth:
TBL                  Amounts, Percent by Weight                                

     Reactants       grams    Of Total Reactants                               

     ______________________________________                                    

     glycidyl methacrylate                                                     

                     30       15                                               

     hydroxyethyl methacrylate                                                 

                     10        5                                               

     butyl methacrylate                                                        

                     80       40                                               

     methyl methacrylate                                                       

                     80       40                                               

     ______________________________________                                    

PAR  The above-mentioned monomers are admixed in the proportions above set forth
      and 11.0 grams of 2,2'-azobis(2-methylpropionitrile), hereinafter called
      AIBN, are added to the monomer mixture. The mixture (solution) is slowly
      added to 200 ml. of toluene heated to 80.degree. - 90.degree.C. which is
      being stirred vigorously under a nitrogen atmosphere. A condenser is
      provided at the top of the toluene container to condense the toluene
      vapors and return the condensed toluene to the container. The monomer
      mixture is added through a regulating valve and the rate of addition is
      controlled to maintain a reaction temperature of 90.degree. -
      110.degree.C. with the rest of the heat supplied from an external heater.
      After the addition of the monomer mixture is completed (3 hours), 0.8 gram
      of AIBN dissolved in 10 ml. acetone is added over an one-half hour period
      and refluxing is continued for two additional hours.
PAR  The resultant toluene-polymer solution is diluted with 200 mls. acetone and
      coagulated in two liters of hexane. The white powder is dried in the
      vacuum oven at 55.degree.C. for 2 hours. The molecular weight of this
      copolymer is determined to be M.sub.w /M.sub.n = 6700/3200 and WPE
      (molecular weight per epoxide group) is about 1000.
PAR  This dry copolymer, hereinafter called Copolymer A, is mixed with the
      following ingredients in the proportions hereinafter set forth to form a
      coating powder.
TBL  ______________________________________                                    

     Ingredients              Amounts, grams                                   

     ______________________________________                                    

     Copolymer A              50                                               

     Poly (azelaic anhydride) 5.0                                              

     Azelaic acid             2.1                                              

     Titanium dioxide         4.50                                             

     Ferrite yellow           4.0                                              

     Poly (2-ethylhexyl acrylate), M.sub.n = 11000                             

                              0.42                                             

     ______________________________________                                    

PAR  This mixture is ball-milled for 5 hours and mill rolled for 10 minutes at
      110.degree.C. Subsequently, the cooled material is granulated and
      converted to a particle size range of 5-30 microns with a fluid energy
      mill. This powder demonstrates excellent non-caking characteristics, is
      uniform in appearance, and demonstrates a high gel time.
PAR  This powder is sprayed electrostatically on a grounded steel panel by using
      an electrostatic powder spray gun operating at 50 KV charging voltage. The
      powder coated panels are cured at 160.degree.C. for 20 minutes.
PAR  The cured coatings have good adhesion to the steel panels. They also have
      good impact strength and are not soluble in xylene, toluene, methyl ethyl
      ketone, or gasoline. The appearance of these coated surfaces is excellent
      and free of "orange peel" effect.
PAC  EXAMPLE 2
PAR  Powder coating materials of Example 1 including the copolymer and all other
      ingredients are dispersed in 45 mls. toluene and reduced with acetone to a
      homogeneous mixture containing 30% total solids. After processing this
      mixture with a spray dryer, a powder is obtained that contains less 1.5%
      solvent. This powder is deposited on steel panels and cured at
      160.degree.C. for 25 minutes. The resulting coating has good solvent
      resistance an appearance.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is repeated except that a functionally
      equivalent amount of glycidyl acrylate is substituted for the glycidyl
      methacrylate used to form the copolymer.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of adipic acid is substituted for the
      azelaic acid in the coating material formulation.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of pimelic acid is substituted for the
      azelaic acid in the coating material formulation.
PAC  EXAMPLE 6
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of suberic acid is substituted for the
      azelaic acid in the coating material formulation.
PAC  EXAMPLE 7
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of sebasic acid is substituted for the
      azelaic acid in the coating material formulation.
PAC  EXAMPLE 8
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of undecanoic acid is substituted for the
      azelaic acid in the coating material formulation.
PAC  EXAMPLE 9
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of brassylic acid is substituted for the
      azelaic acid in the coating material formulation.
PAC  EXAMPLE 10
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of poly (adipic anhydride) is substituted
      for the poly (azelaic anhydride) in the coating material formulation.
PAC  EXAMPLE 11
PAR  The procedure of Example 1 is repeated except for the differences that the
      composition of the copolymer and the composition of the coating material
      differ as hereinafter set forth:
PAR  The composition of the copolymer, hereinafter called Copolymer B, is as
      follows:
TBL                  Amounts, Percent by Weight                                

     Reactants       grams    Of Total Reactants                               

     ______________________________________                                    

     Glycidyl methacrylate                                                     

                     30       15                                               

     Hydroxyethyl methacrylate                                                 

                      4        2                                               

     Butyl methacrylate                                                        

                     80       40                                               

     Methyl methacrylate                                                       

                     86       43                                               

     ______________________________________                                    

PAR  The composition of the coating material is as follows:
TBL  Ingredients       Amounts, grams                                          

     ______________________________________                                    

     Copolymer B       50.0                                                    

     Poly (azelaic anhydride)                                                  

                       4.7                                                     

     Azelaic acid      2.35                                                    

     Titanium dioxide  4.50                                                    

     Ferrite yellow    4.0                                                     

     Poly (2-ethylhexyl acrylate)                                              

                       0.42                                                    

     ______________________________________                                    

PAC  EXAMPLE 12
PAR  The procedure of Example 1 is repeated except for the differences that the
      composition of the copolymer and the composition of the complete coating
      material differ as hereinafter set forth:
PAR  The composition of the copolymer, hereinafter called Copolymer C, is as
      follows:
TBL                  Amounts, Percent by Weight                                

     Reactants       grams    Of Total Reactants                               

     ______________________________________                                    

     Glycidyl methacrylate                                                     

                     30       15                                               

     Hydroxyethyl methacrylate                                                 

                     20       10                                               

     Butyl methacrylate                                                        

                     80       40                                               

     Methyl methacrylate                                                       

                     70       35                                               

     ______________________________________                                    

PAR  The composition of the coating material is as follows:
TBL  Ingredients       Amounts, grams                                          

     ______________________________________                                    

     Copolymer C       50.0                                                    

     Poly (azelaic anhydride)                                                  

                       4.4                                                     

     Azelaic acid      1.4                                                     

     Titanium Dioxide  4.50                                                    

     Ferrite yellow    4.0                                                     

     Poly (2-ethylhexyl acrylate)                                              

                       0.42                                                    

     ______________________________________                                    

PAC  EXAMPLE 13
PAR  The procedures of Example 1 are repeated except for the difference that a
      chemically equivalent amount of hydroxyethyl acrylate is substituted for
      the hydroxyethyl methacrylate component of Copolymer C.
PAC  EXAMPLE 14
PAR  The procedures of Example 1 are repeated except for the difference that a
      chemically equivalent amount of hydroxypropyl acrylate is substituted for
      the hydroxyethyl methacrylate component of Copolymer C.
PAC  EXAMPLE 15
PAR  The procedures of Example 1 are repeated except for the difference that a
      chemically equivalent amount of hydroxypropyl methacrylate is substituted
      for the hydroxyethyl methacrylate component of Copolymer C.
PAC  EXAMPLE 16
PAR  The procedures of Example 1 are repeated with the single difference that an
      equivalent amount of poly (butyl acrylate), M.sub.n = 9000 is substituted
      for the poly (2-ethylhexyl acrylate) flow control agent.
PAC  EXAMPLE 17
PAR  The procedures of Example 1 are repeated with the single difference that an
      equivalent amount of poly (lauryl methacrylate) M.sub.n = 6000 is
      substituted for the poly (2-ethyl hexyl acrylate) flow control agent.
PAC  Example 18
PAR  The procedures of Example 1 are repeated with the single difference that an
      equivalent amount of poly (isodecyl methacrylate), M.sub.n = 5000, is
      substituted for the poly (2-ethylhexyl acrylate) flow control agent.
PAC  EXAMPLE 19
PAR  The procedures of Example 1 are repeated with the single difference that an
      equivalent amount of polyethylene glycol perfluoro octonate, M.sub.n =
      3400, is substituted for the poly (2-ethylhexyl acrylate) flow control
      agent.
PAC  EXAMPLE 20
PAR  The procedures of Example 1 are repeated with the single difference that an
      equivalent amount of poly (methyl siloxane) is substituted for the poly
      (2-ethylhexyl acrylate) flow control agent.
PAC  EXAMPLE 21
PAR  The procedures of Example 1 are repeated with the single difference that
      the flow control agent poly (2-ethylhexyl acrylate), is reduced from 0.42
      grams to 0.25 grams.
PAC  EXAMPLE 22
PAR  The procedures of Example 1 are repeated with the single difference that
      the flow control agent, poly (2-ethylhexyl acrylate) is increased from
      0.42 to 0.75 grams.
PAC  EXAMPLE 23
PAR  The procedures of Example 1 are repeated with the single difference that
      the flow control agent, poly (2-ethylhexyl acrylate), is increased from
      0.42 grams to 1.0 grams.
PAC  EXAMPLE 24
PAR  The procedures of Example 1 are repeated with the single difference that
      the flow control agent, poly (2-ethylhexyl acrylate), is increased from
      0.42 grams to 1.5 grams.
PAC  EXAMPLE 25
PAR  The procedure of Example 1 is repeated except for the difference that a
      functionally equivalent amount of poly (sebasic anhydride) is substituted
      for the poly (azelaic anhydride) in the coating material formulation.
PAC  EXAMPLE 26
PAR  The procedure of Example 1 is repeated with the single difference that the
      copolymer is formed from the following monomers:
TBL                   Percent by Weight                                        

     Reactants        Of Total Reactants                                       

     ______________________________________                                    

     glycidyl methacrylate                                                     

                      20                                                       

     hydroxyethyl methacrylate                                                 

                       2                                                       

     isobutyl acrylate                                                         

                      25                                                       

     alpha methyl styrene                                                      

                      15                                                       

     methacrylonitrile                                                         

                      15                                                       

     methyl methacrylate                                                       

                      23                                                       

     ______________________________________                                    

PAC  EXAMPLE 27
PAR  The procedure of Example 1 is repeated with the single difference that the
      copolymer is formed from the following monomers:
TBL                   Percent By Weight                                        

     Reactants        Of Total Reactants                                       

     ______________________________________                                    

     glycidyl methacrylate                                                     

                      12                                                       

     hydroxyethyl methacrylate                                                 

                       3                                                       

     2-ethylhexyl acrylate                                                     

                      10                                                       

     acrylonitrile    25                                                       

     methyl methacrylate                                                       

                      50                                                       

     ______________________________________                                    

PAC  EXAMPLE 28
PAR  The procedure of Example 1 is repeated with the single difference that the
      copolymer is formed from the following monomers as follows:
TBL                   Percent by Weight                                        

     Reactants        Of Total Reactants                                       

     ______________________________________                                    

     glycidyl methacrylate                                                     

                      10                                                       

     hydroxyethyl methacrylate                                                 

                      10                                                       

     vinyl toluene     5                                                       

     butyl methacrylate                                                        

                      35                                                       

     methyl methacrylate                                                       

                      40                                                       

     ______________________________________                                    

PAR  The term "polyanhydride" as used herein means a homopolymer of a monomeric
      anhydride of a dicarboxylic acid.
PAR  Many modifications of this invention will be apparent to those skilled in
      the art in view of this specification. It is intended that all such
      modifications which fall within the scope of this invention be included
      within the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a thermosettable powder paint which exclusive of pigments, catalysts,
      antistatic agents, plasticizers and flow control agents, the same being
      conventional non-reactive additives to a thermosettable powder paint,
      consists essentially of a coreactive particulate mixture of
PA1  1. a qualitatively difunctional copolymer of about 5 to about 20 weight
      percent of a glycidyl ester of a monoethylenically unsaturated acid and
      about 95 to about 80 weight percent of monoethylenically unsaturated
      monomers and having a glass transition temperature in the range of about
      40.degree.C. to about 90.degree.C. and a molecular weight (M.sub.n) in the
      range of about 1500 to about 15,000, and
PA1  2. a C.sub.4 - C.sub.20 saturated, straight chain, aliphatic dicarboxylic
      acid,
PAL  the improvement wherein
PA1  A. said copolymer is qualitatively difunctional and said other
      monoethylenically unsaturated monomers consist essentially of difunctional
      monomers selected from the group consisting of C.sub.5 - C.sub.7
      hydroxyalkyl acrylates and C.sub.5 - C.sub.7 hydroxyalkyl methacrylates in
      an amount comprising about 2 to about 10 weight percent of said copolymer
      and monofunctional monomers selected from the group consisting of esters
      of a C.sub.1 - C.sub.8 monohydric alcohol and acrylic acid, esters of a
      C.sub.1 - C.sub.8 monohydric alcohol and methacrylic acid and C.sub.8 -
      C.sub.12 monovinyl hydrocarbons, and
PA1  B. there is substituted for a portion of said dicarboxylic acid a
      polyanhydride having molecular weight in the range of about 1000 to about
      5000 and the resultant mixture of said dicarboxylic acid and said
      polyanhydride is porportional and quantified such that said dicarboxylic
      acid is present in an amount that provides about 0.1 to about 0.6 carboxyl
      groups per epoxy group on said copolymer and said polyanhydride is present
      in an amount that provides about 0.2 to about 1.1 anhydride groups per
      epoxy group on said polymer.
NUM  2.
PAR  2. A powder paint in accordance with claim 1 wherein said dicarboxylic acid
      is present in an amount sufficient to provide about 0.4 to about 0.6
      carboxyl group for each epoxy group on said copolymer.
NUM  3.
PAR  3. A powder paint in accordance with claim 1 wherein said polyanhydride has
      molecular weight (M.sub.n) in the range of about 1000 to about 2500.
NUM  4.
PAR  4. A powder paint in accordance with claim 1 wherein said copolymer has
      molecular weight (M.sub.n) in the range of about 2500 to about 6000.
NUM  5.
PAR  5. A powder paint in accordance with claim 1 wherein said glycidyl ester is
      an ester selected from the group consisting of glycidyl acrylate and
      glycidyl methacrylate.
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PAL  A powder coating composition particularly useful in coating unprimed
      substrates which comprises a particulate form of a carboxylated
      polyolefin. The carboxylated polyolefin is prepared by reacting a
      polyolefin with an unsaturated dicarboxylic acid component. The
      carboxylated polyolefin has a saponification number of about 2 to about
      12. The carboxylated polyolefin also has either a melt flow of from about
      15 to about 175 g./10 minutes at 230.degree.C. or a melt index of 5 to 75
      at 190.degree.C. The particulate form has a particle size of less than 20
      mesh.
BSUM
PAR  This invention relates to powder coating compositions having particular
      utility for coating substrates including metals, by such means as
      electrostatic spraying, fluidized bed, and the like. In one specific
      aspect, this invention relates to a powder coating composition of a
      carboxylated polyolefin. Such carboxylated polyolefins can be prepared by
      reacting a polyolefin, such as polypropylene, and an unsaturated
      dicarboxylic component to prepare a carboxylated polyolefin having a
      saponification number of about 2 to 12.
PAR  Surface coating powders presently in commercial use generally comprise
      compositions based on poly(vinyl chloride), polyamides, plasticized
      cellulose acetate butyrate, certain polyesters which may contain flow aids
      such as modifying polymeric materials, and cross-linkable epoxy resins.
      Though useful, these materials have one or more drawbacks such as softness
      of the final coating, requirement of primer, need for a volatile
      plasticizer which causes fumes during curing, need for high curing
      temperatures, and need for flow aids. Therefore, it would be an advance in
      the state of the art to provide a powder coating composition having the
      full range of desirable characteristics including cost economy, good
      appearance, good toughness, good impact strength, good flexibility, good
      adhesion, good flowout, relatively low fusion temperatures, good
      pigmentability, and ease of preparation.
PAR  It is, therefore, an object of the present invention to provide powder
      coating compositions having a combination of desirable characteristics for
      coating substrates.
PAR  Another object of this invention is to provide a powder coating composition
      prepared from a carboxylated polyolefin.
PAR  A further object of the invention is to provide a carboxylated polyolefin
      powder coating composition which can be applied to substrates by
      electrostatic spraying, fluidized bed, and the like.
PAR  Another and further object of this invention is to provide articles having
      coatings applied thereto which are prepared from carboxylated polyolefins.
PAR  In accordance with this invention, a novel powder coating composition is
      provided which is prepared from carboxylated polyolefins. The carboxylated
      polyolefins contain small amounts of unsaturated dicarboxylic component,
      with or without minor amounts of other unsaturated acid materials, which
      are grafted onto normally solid polyolefins. These carboxylated
      polyolefins are relatively high melt flow rate (hereinafter M.F.) or melt
      index (hereinafter M.I.) materials which provide products which can be
      powdered and coated onto articles to provide a surface coating having a
      superior combination of coating properties.
PAR  The carboxylated polyolefins useful in the present invention are prepared
      by reacting high molecular weight poly-.alpha.-olefins with an unsaturated
      polycarboxylic component such as unsaturated polycarboxylic acids,
      anhydrides or esters thereof. Generally, the reaction is carried out in
      the presence of a free radical source. These high molecular weight
      poly-.alpha.-olefins include homopolymers prepared from alpha-olefin
      monomers containing 3 to 12 carbon atoms, copolymers of such monomers with
      each other or copolymers of such monomers and ethylene. The high molecular
      weight poly-.alpha.-olefins also include polyethylenes such as high,
      medium and low density polyethylenes having a melt index of about 10 to 80
      as measured at 190.degree.C. One such suitable high molecular weight
      poly-.alpha.-olefin is highly crystalline polypropylene prepared according
      to U.S. Pat. No. 2,969,345.
PAR  The poly-.alpha.-olefins are reacted with unsaturated polycarboxylic
      components such as unsaturated polycarboxylic acids, anhydrides or esters
      thereof at temperatures generally less than 300.degree.C., preferably from
      about 130-240, in the presence of free radical sources. Suitable free
      radical sources are, for example, peroxides such as ditertiary butyl
      peroxide, t-butyl peracetate, t-butyl perbenzoate, or
      2,5-dimethyl-2,5-di(tertiary butylperoxy)hexane. Suitable irradiation
      sources also include, for example, ultraviolet light. Preferably, about 1
      to 15% of the unsaturated polycarboxylic component, such as unsaturated
      polycarboxylic acids, anhydrides or esters thereof, based on the weight of
      the polyolefin, is used in preparing the carboxylated polyolefin used in
      the invention.
PAR  The carboxylated polyolefins useful in the present invention can be
      prepared either in solution, in solvents such as xylene, mineral spirits
      and the like, at temperatures of about 130.degree.-200.degree.C. or in the
      melt phase at temperatures of about 180.degree.-240.degree.C. When the
      carboxylated polyolefins are prepared in solution, the polyolefin is
      generally dissolved in refluxing solvent, for example xylene at
      140.degree.C., and the unsaturated polycarboxylic component, maleic
      anhydride, and peroxide initiator dissolved in solvent are added dropwise
      to the reaction mixture.
PAR  The amount of unsaturated component used is determined by the reaction
      process employed. For example, in a solution process, the unsaturated
      component may be present in an amount of about 1 to 15 weight percent.
      However, in a melt phase reaction, the unsaturated component is preferably
      present in an amount of about 1 weight percent. The amount of peroxide or
      free radical agent used is generally quite low being of the order of about
      0.01 to about 0.5% based on the weight of the poly-.alpha.-olefin.
PAR  The reaction may be carried out either in a batchwise or in a continuous
      manner with contact times in the order of about 1 minute to about 2 hours.
      The reaction of polyethylenes should be carried out in the absence of
      oxygen, preferably in an inert nitrogen atmosphere. The reaction of
      polypropylene and higher .alpha.-olefins preferably is carried out in an
      inert atmosphere. Suitable unsaturated polycarboxylic component such as
      acids and anhydrides are, for example, maleic acid, maleic anhydride,
      fumaric acid, citraconic anhydride, aconitic anhydride and itaconic
      anhydride. Suitable esters are, for example, the half or full esters
      derived from maleic and fumaric acid such as methyl ethyl fumarate,
      dimethyl maleate, dimethyl fumarate, methyl ethyl maleate, dibutyl
      maleate, dipropyl maleate, and the like. The carboxylated polypropylene,
      higher .alpha.-olefin homopolymers and copolymer compositions have a melt
      flow rate of 15 to 175 at 230.degree.C. and a saponification number of 2
      to 12, preferably about 4-8. The carboxylated polyethylene compositions
      have a melt index of 5 to 75 at 190.degree.C. and a saponification number
      of 2 to 12.
PAR  The unreacted, unsaturated polycarboxylic component can be separated from
      the reaction mixture by purging the reaction mixture with an inert gas
      while the melt temperature is between 200.degree. and 300.degree.C. After
      the unreacted unsaturated polycarboxylic component has been removed, the
      modified poly-.alpha.-olefin can be further purified by vacuum stripping,
      solvent extraction, and isolated by removing the solvent.
PAR  One method for the determination of saponification number of maleated
      polypropylene is as follows: Weigh approximately 4 g. of the sample into a
      500 ml. alkali-resistant Erlenmeyer flask and add 100 ml. distilled
      xylene. Heat under a reflux condenser for 1 hour. Cool the solution to
      75.degree.C. or less, and add from a buret 30 ml. standardized .10 N KOH
      in ethyl alcohol. Heat under reflux for 45 minutes. Cool and add from a
      buret standardized .10 N CH.sub.3 COOH in xylene until the mixture is acid
      to phenolphthalein. Add at least 1 ml. excess CH.sub.3 COOH. Reheat the
      solution under reflux for 15 minutes. Remove from heat, add 5 ml. water,
      and titrate to a faint pink end point with .10 N KOH in ethyl alcohol. Run
      a blank in this manner using the same amounts of reagents and the same
      heating times.
TBL  ______________________________________                                    

     Calculation:                                                              

     (For sample)     (For blank)                                              

     [(ml. KOH .times. N)(ml. CH.sub.3 COOH .times. N)]-                       

     [(ml. KOH .times. N)(ml. CH.sub.3 COOH .times. N)] .times. 56.1           

                              = Sap. No.                                       

     g. Sample                                                                 

     ______________________________________                                    

PAR  A particularly useful powder coating of the present invention is a
      carboxylated polyolefin of normally solid polypropylene containing from
      about 0.2 to about 1.5%, preferably 0.4 to 0.8%, by weight based on the
      polypropylene of an unsaturated dicarboxylic acid component. Preferably,
      at least 75 mole percent of the unsaturated dicarboxylic acid component is
      derived from maleic anhydride. The carboxylated polypropylene has a
      saponification number of 2 to 12 and a melt flow of from about 15 to about
      175 g./10 minutes at 230.degree.C., preferably 55 to 100, and is
      processable into a powder which can be applied to substrates and fused to
      form smooth, tough coatings.
PAR  One particular process for preparing a carboxylated polypropylene is to
      graft maleic anhydride to crystalline polypropylene. Such grafting can be
      carried out, for example, by a melt-phase reaction in a compounding
      extruder or Banbury mixer using a peroxide initiator. When cryogenically
      ground to less than about 20 mesh size powder, these carboxylated
      materials can be conveniently coated on substrates using a fluidized
      bedcoating process and, when ground to less than about 100 mesh size
      powder, can be electrostatically spray coated onto substrates such as
      metal panels including umprimed steel or aluminum, and other such suitable
      chargeable substrates. The coated panels are fused at about 350.degree.F.
      to provide smooth coatings which have such properties as good appearance,
      adhesion, flexibility, toughness, impact strength and the like. The
      coating may also be quenched to further improve its gloss.
PAR  In preparing the graft copolymers, the polypropylene which can be in pellet
      or powder form may be coated with the desired amount of unsaturated
      dicarboxylic acid component containing generally about 0.02-0.2% by
      weight, based on polymer weight, of dissolved free-radical initiator.
      Alternatively, the polypropylene and the dicarboxylic acid component
      containing the peroxide can be fed to the extruder in separate stream. The
      polypropylene useful for such reaction is crystalline and has a
      conditioned density as determined by ASTM D-1505 of at least about 0.90 up
      to about 0.93 and a melt flow rate (M.F.) as determined by ASTM D-1238 of
      from about 0.1 to about 60.0. Representative technology for preparing such
      polypropylene is found, for example, in the disclosures of U.S. Pat. Nos.
      3,549,608; 3,412,078; and 3,112,300. The preferred range of initiator is
      about 0.04--0.10% by weight, based on polymer weight. Typical free-radical
      initiators useful in this process include
      2,5-dimethyl-2,5-di(t-butylperoxy)-hexane, di-t-butyl peroxide, t-butyl
      peracetate, and t-butyl perbenzoate. In general, it is beneficial to use a
      peroxide initiator which has a half life of about 2 to 60 seconds at
      200.degree.C. Reaction temperatures of about 175.degree. to 260.degree.C.
      are operable but the 180.degree.-240.degree.C. range is preferred.
      Suitable monomer concentrations include 0.3 to 2.0% by weight based on
      polymer weight; however, preferably 0.75 to 1.25% monomer based on the
      polymer weight.
PAR  Graft copolymers having a saponification number of about 2 (0.2% combined
      maleic anhydride) to 12 (1.5% combined maleic anhydride) and an M.F. of
      about 15 to 175 g./10 minutes at 230.degree.C. are generally suitable to
      provide smooth fused powder coatings which have such properties as good
      appearance, flexibility, adhesion, toughness and impact strength. These
      compositions also provide good protective coatings for preventing rusting
      of steel members or structures. One particular graft copolymer which has
      an excellent combination of properties has a saponification number of 4 to
      8 and an M.F. of from 55 to about 100.
PAR  In some cases it appears to be desirable to start with a low M.F.
      polypropylene (e.g., M.F. 0.1-40) and degrade the molecular weight of the
      polymer during the grafting step to the desired melt-flow. In these cases
      it is necessary to use higher reaction temperatures and a higher peroxide
      concentration. In other cases where higher melt flow polypropylene is
      employed, e.g., up to about 60 or more, it is usually necessary to lower
      the peroxide concentration and employ milder reaction conditions.
PAR  The graft copolymer may preferably be stabilized against thermal, oxidative
      and ultraviolet radiation degradation by addition of various polyolefin
      stabilizers such as, for example: dilauryl thiodipropionate;
      2,6-dioctadecyl-p-cresol; 4,4'-butylidene bis(6-t-butyl-m-cresol);
      4-dodecyloxy-2-hydroxybenzophenone; pentaerythritol
      tetrakis[3-(3,5-di-t-butyl-4-hydroxyphenyl)-propionate]; dioctadecyl
      3,5-di-t-butyl-4-hydroxybenzyl phosphonate; 4,4'-methylene
      bias(2,6-di-t-butylphenol); 2-(3,5-di-t-amyl-2-hydroxyphenyl)benzotriazole
      and combinations thereof.
PAR  It is frequently desirable to incorporate white or colored pigments or
      fillers, such as CaCO.sub.3, in the graft copolymer compositions,
      sometimes in high concentrations. These pigments and fillers may readily
      be added at the same time as the stabilizers. For example, stabilizers,
      fillers and pigments are preferably added to the graft copolymers in
      extruders or Banbury mixers. For the nonpigmented material, coating the
      pellets with stabilizers from a solution thereof is quite satisfactory.
      Typical useful pigments include titanium dioxide (Ti-Pure R100), calcium
      carbonate, talc, Zulu Blue 4849 (Harshaw Chemical Co.), Ultramarine Blue
      C.I. No. 1290 (Hartman -Leddon Co.), Monastral Red B-742D (Du Pont),
      Monastral Green 710D (Du Pont), carbon black and the like. It is
      frequently desirable to prepare masterbatches of graft copolymer
      containing high concentrations, such as 30 to 60% by weight based on total
      masterbatch composition of pigment, filler or the like and then mix the
      masterbatch with additional graft copolymer in a subsequent operation to
      provide desired pigment or filler levels, generally 2 to 30% by weight
      based on total, final composition. In order to provide soft or pastel
      colors, mixtures of TiO.sub.2 and colored pigments may be employed.
PAR  This invention will be further illustrated by the following examples
      although it will be understood that these examples are included merely for
      purposes of illustration and are not intended to limit the scope of the
      invention.
DETD
PAC  EXAMPLE 1 - Preparation of Carboxylated Polypropylene by Reaction by a
      Solution Process in p-Xylene
PAR  The reaction apparatus consists of a 5-liter, 3-necked flask fitted with a
      mechanical stirrer, a water condenser, and a dropping funnel.
      Polypropylene (250 g.) having a melt flow of 4.5 g./10 min. at
      230.degree.C., an I. V. of 1.68 in Tetralin at 145.degree.C., and a
      density of 0.912 g./cc. and maleic anhydride (37.5 g.) are added with
      stirring to 2850 ml. of p-xylene. This reaction mixture is heated to
      reflux, approximately 140.degree.C. After the polymer and maleic anhydride
      are dissolved in the refluxing xylene, 50 ml. of p-xylene solution
      containing 1.82 g. 2,5-dimethyl-2,5-di(t-butyl peroxy)hexane (available
      commercially as Lupersol 101) (0.0025 mole/100 g. of polymer) are added in
      a rapid dropwise manner from the dropping funnel. After addition of the
      peroxide solution, the reaction mixture is allowed to reflux for 1 hour.
      After cooling with stirring for 15 minutes, the hot reaction mixture is
      poured into a large beaker, covered, and allowed to cool to room
      temperature. The reaction mixture (partially gel) is then poured into 4000
      ml. of acetone to precipitate the maleated polypropylene product. The
      precipitated polymer is suction filtered and washed twice with 2000 ml. of
      acetone in a large Waring Blender followed each time by suction
      filtration. The white, powdery product is placed in a large Pyrex dish and
      stabilized by thoroughly wetting with a 120 ml. acetone solution
      containing 0.5 g. of pentaerythritol
      tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)- propionate] and 0.5 g. of
      dilauryl thiodipropionate (0.2% of each based on polymer). The maleated
      polymer is allowed to air dry for 1 hour and then is dried for 48 hours in
      a vacuum oven at 60.degree.C. After drying, 20 g. of the maleated
      polypropylene is stripped under vacuum (&lt;1mm.) at 200.degree.C. to remove
      traces of maleic anhydride. This stripped sample has a M.F. of 60 and a
      saponification number of 9.1 (corresponds to 0.8% combined monomer based
      on polymer).
PAR  The dried, maleated polypropylene is ground with liquid nitrogen in a Wiley
      mill using a 0.5-mm. screen. The powder obtained by grinding is sieved for
      1 hour to obtain the portion that is &lt;140 mesh in size.
PAR  The &lt;140 mesh powder is electrostatically sprayed, using a Gema AG
      Electrostatic Powder Spray Apparatus at a potential of 60 kv., onto
      unprimed bonderized steel test panels. The coated test panels are placed
      in a 350.degree.F. hot air circulating oven for 10 minutes to allow the
      powder to fuse and flow out. The fused powder coating is transparent and
      very smooth. The fused powder coating passes the cross-hatched cellophane
      tape adhesion test and the 1/8-inch conical mandrel bend flexibility test.
      It has a Gardner impact strength (in. lb.) of &gt;80/&gt;80 (front/reverse) and
      pencil hardness of HB.
PAR  Similarly good coatings are obtained when maleated polypropylene of this
      example in the form of 100-150 mesh powder is electrostatically sprayed on
      unprimed steel, aluminum, copper or bronze plates and fused for 10 minutes
      at 350.degree.F.
PAC  EXAMPLE 2 - PREPARATION OF CARBOXYLATED POLYPROPYLENE BY MELT PHASE
      REACTION IN AN EXTRUDER
PAR  Pellets of polypropylene (400 g.) having a melt flow of 4.5 are coated with
      an acetone solution which contains maleic anhydride (1% based on polymer)
      and 0.46 g. of 2,5-dimethyl-2,5-di(t-butyl peroxy)hexane (approximately
      0.12% based on polymer). After allowing the acetone to evaporate, the
      coated pellets are passed through a Brabender extruder at 200.degree.C.
      with a contact time of 90 seconds. The maleated polymer is stabilized with
      0.2% dilauryl thiodipropionate (DLTDP) and 0.2% dioctadecylp-cresol
      (DOPC). It is then stripped at 200.degree.C. and &lt;1 mm. pressure for 3
      hours to remove the uncombined maleic anhydride. The stripped sample is
      colorless and it has a saponification number of 2.6 (0.23% combined maleic
      anhydride) and a melt flow rate of 56 g./10 minutes at 230.degree.C. Thus,
      we have considerably lowered the molecular weight of the polypropylene
      during the extrusion operation.
PAR  The stabilized, maleated polypropylene is cryogenically ground, using
      liquid nitrogen, in a Bantam Mikro-Pulverizer (hammermill) and then sieved
      to obtain the powder which passes through 150 mesh. Powder which is larger
      than 150 mesh is mixed with unground maleated polymer and recycled into
      the hammermill.
PAR  The &lt;150 mesh powder is electrostatically sprayed, using a Gems AG
      Electrostatic Powder Spray Apparatus at a potential of 60 kv. onto
      unprimed bonderized steel test panels. The coated panels are placed in a
      350.degree.F. hot air circulating oven for 10 minutes to allow the powder
      to fuse and flow out. The fused powder coating has good appearance and
      toughness. For example, it has no cratering or orange peel, passes the
      cross hatched cellophane tape adhesion test, passes the 1/8-inch conical
      mandrel bend test, and has a Gardner impact strength of &gt;80/40 in. lb.
      (front/reverse).
PAC  EXAMPLE 3 - PREPARATION OF CARBOXYLATED POLYPROPYLENE BY MELT PHASE
      REACTION IN AN EXTRUDER
PAR  Maleic anhydride (1% based on polymer) is grafted to polypropylene having a
      melt flow of approximately 60 and a density of 0.915 g./cc., using the
      procedure of Example 2 except that the extrusion temperature is
      180.degree.C. and the peroxide is tert-butylperoxypivalate (1.74% based on
      polymer) instead of 2,5-dimethyl-2,5-di(t-butyl peroxy)hexane. A stripped
      sample which has been stabilized with 0.2% DLTDP and 0.2% DOPC has a
      saponification number of 4.7 and a M. F. of 58. Thus, the melt flow rate
      of the polymer is not substantially changed when tert-butylperoxypivalate
      is used as the initiator.
PAR  This maleated polymer is ground according to the procedure of Example 2 to
      provide &lt;150 mesh powder. When electrostatically spray coated on unprimed
      bonderized steel tests panels and fused at 350.degree.F., it provides a
      smooth coating having no craters or orange peel. This coating passes the
      crosshatched cellophane tape test and has a Gardner impact strength of
      &gt;80/20 in. lb. (front/reverse). However, it cracks at the bend in the
      1/8-inch conical mandrel bend test. Thus, coatings made with this maleated
      polypropylene (M. F. 58) are not as flexible as those made from maleated
      polypropylene in which high-molecular-weight polymer (low melt flow rate
      polymer) is simultaneously maleated and degraded in molecular weight to
      provide material with M. F. of 56 as in Example 2.
PAC  EXAMPLE 4 - UNMODIFIED POLYPROPYLENE CONTROLS
PAR  Unmodified polypropylene stabilized with 0.2% DLTDP and 0.2% DOPC and
      having a melt flow rate of 4.5 and conditioned density of 0.912 is
      cryogenically ground according to the grinding procedure described in
      Example 2. The powder obtained is then sieved and the portion which passes
      through a 150 mesh screen is electrostatically sprayed onto umprimed
      bounderized steel test panels. The coated panels are placed in a
      350.degree.F. hot air circulating oven for 10 minutes to allow the powder
      to fuse and flow out. The coated panels have a poor appearance (streaked
      surface) and the coatings have poor flexibility (polymer coating ruptures
      and peels away from metal at the bend in the conical mandrel bend test),
      poor adhesion (polymer adheres to cellophane tape and pulls away from the
      metal in the crosshatched cellophane tape test), and poor impact strength
      (Gardner impact strength of 30 and &lt;10 in. lb. on front and reverse side
      of panel, respectively).
PAR  Similarly poor results are obtained when &lt;150 mesh powder from unmodified
      crystalline polypropylenes having melt flow rates of 15, 30 and 60 are
      fused on metal panels.
PAC  EXAMPLE 5 - PREPARATION OF CARBOXYLATED POLYETHYLENE IN A SOLUTION PROCESS
      IN P-XYLENE
PAR  Polyethylene having a melt index of 30 g./10 min. at 190.degree.C., an I.
      V. of 0.67; and a density of 0.925, is maleated in p-xylene using maleic
      anhydride (5% based on polyethylene) and 2,5-dimethyl-2,5-di(t-butyl
      peroxy)hexane (0.73% based on polyethylene) using the procedure described
      in Example 1. The polymer is stripped and stabilized with 0.2% DLTDP and
      0.2% pentaerythritol tetrakis[3-(3,5,-di-tert-butyl-4-
      hydroxyphenyl)propionate[ as described in Example 1. This material has a
      melt index of 18.1, I. V. of 0.68, and a saponification number of 11.4 (1%
      combined maleic anhydride). Powder (&lt;140 mesh) is electrostatically
      sprayed on unprimed bonderized steel panels and fused at 350.degree.F. for
      10 minutes.
PAR  The coating has a good appearance with very slight cratering. It has a
      pencil hardness of less than 6B, passes the crosshatched cellophane tape
      test, passes the 1/8-inch conical mandrel bend test, and has a Gardner
      impact strength of &gt;80/&gt;80 (front/reverse).
PAR  The fused powder coating of unmodified low-density polyethylene (Tenite
      1917 polyethylene; melt index 30) has both a poor surface appearance and
      poor adhesion (failed crosshatched cellophane tape test).
PAC  EXAMPLE 6 -  PREPARATION OF CARBOXYLATED HIGH DENSITY POLYETHYLENE BY
      REACTING MALEIC ANHYDRIDE WITH HIGH DENSITY POLYETHYLENE IN A SOLUTION
      PROCESS IN P-XYLENE
PAR  High density polyethylene having a melt index of 32 g./10 minutes at
      190.degree.C., an I.V. of 0.87, and a density of 0.965 is maleated in
      p-xylene using maleic anhydride (5% based on polyethylene) and
      2,5-dimethyl-2,5- di(t-butyl peroxy)hexane (0.73% based on polyethylene)
      using the procedure described in Example 1. The maleated polyethylene is
      stripped and stabilized with 0.2% DLTDP and 0.2% pentaerythritol
      tetrakis[3,5-di-tert-butyl-4-hydroxyphenyl)propionate] as described in
      Example 1. This material has a melt index of 10.3, I.V. of 0.95, and s
      saponification number of 11.4 (1% combined maleic anhydride). Powder (&lt;140
      mesh) is electrostatically sprayed on unprimed bonderized steel panels and
      fused at 350.degree.F. for 10 minutes. The coating has a good appearance
      with only very slight cratering. It has a pencil hardness of 4B, passes
      the crosshatched cellophane tape test, passes the 1/8-inch conical mandrel
      bend test, and has a Gardner impact strength of &gt;80/20 (front/reverse).
PAR  The fused powder coating of unmodified high density polyethylene )melt
      index 32 ) has poor appearance, poor adhesion (failed crosshatched
      cellophane tape test), poor flexibility (failed conical mandrel test) and
      poor impact resistance [Gardner impact strength of &lt;10/&lt;10 (front/-
      reverse)].
PAR  The carboxylated polyolefin coating compositions of the present invention
      provide coatings having an excellent combination of physical properties.
      These coatings can be spray coated on metal panels, such as unprimed
      bonderized steel, and fused at 350.degree.F. to provide smooth coatings
      having excellent appearance as well as protection against rusting, for
      example.
PAR  Although the invention has been described in considerable detail with
      particular reference to certain preferred embodiments thereof, it will be
      understood that variations and modifications can be effected within the
      spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A powder coating composition particularly useful in coating unprimed
      substrates which comprises a particulate form of a carboxylated polyolefin
      selected from the group consisting of carboxylated polyethylene
      compositions having a melt index of 5 to 75 at 190.degree.C. and
      carboxylated homo- and copoly-.alpha.-olefins prepared from alpha olefin
      monomers containing 3 to 12  carbon atoms and copolymers of such monomers
      and ethylene having a melt flow rate of 15 to 175 g./10 minutes at
      230.degree.C., said polyolefin having a saponification number of about 2
      to about 12, said particulate form having a particle size less than 20
      mesh.
NUM  2.
PAR  2. A powder coating composition according to claim 1 wherein said
      carboxylated polyolefin is a carboxylated polypropylene
NUM  3.
PAR  3. A powder coating composition according to claim 2 wherein said
      carboxylated polypropylene is a maleated polypropylene.
NUM  4.
PAR  4. A powder coating composition according to claim 3 wherein said melt flow
      is from about 55 to about 100 g./10 minutes at 230.degree.C.
NUM  5.
PAR  5. A powder coating composition according to claim 4 wherein said
      carboxylated polyolefin is a carboxylated polypropylene.
NUM  6.
PAR  6. A powder coating composition according to claim 5 wherein said
      carboxylated polypropylene is a maleated polypropylene.
NUM  7.
PAR  7. A powder coating composition according to claim 6 wherein said
      particulate form has a particle size less than 100 mesh.
NUM  8.
PAR  8. A powder coating composition according to claim 1 wherein said
      carboxylated polyolefin is a carboxylated polyethylene.
NUM  9.
PAR  9. A powder coating composition according to claim 8 wherein said
      carboxylated polyethylene is maleated polyethylene.
NUM  10.
PAR  10. A substrate having thereon an electrostatically deposited coating
      comprising a particulate form of less than 20 mesh size of a carboxylated
      polyolefin selected from the group consisting of carboxylated polyethylene
      and carboxylated homo-and copoly-a-olefins prepared from alpha olefin
      monomers containing 3 to 12 carbon atoms and copolymers of such monomers
      and ethylene having a saponification number of about 2 to about 12, a melt
      flow of from about 15 to about 175 g./10 minutes at 230.degree.C and a
      melt index of 5 to 75 at 190.degree.C.
NUM  11.
PAR  11. A substrate having thereon an electrostatically deposited coating
      comprising a particulate form of less than 20 mesh size of a carboxylated
      polyethylene having a saponification number of about 2 to about, 12 a melt
      index of 5 to 75 at 190.degree.C and a melt flow of 15 to 175 g./10
      minutes at 230.degree.C.
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ABST
PAL  The instant invention relates to novel block copolymers containing olefin
      sulfur-dioxide segments and a process for their preparation. The olefin of
      choice is a "strained" olefin thus capable of reaction with SO.sub.2 in
      the presence of radicals at very high rates. Examples of strained olefins
      include cyclopropene, cyclobutene, norbornene, and the derivatives
      thereof. The novel block copolymers are prepared by contacting the olefin
      and the sulfur dioxide with a polymer under conditions of shearing
      degradation whereby said polymer is broken down into radical-containing
      segments which subsequently combine with the olefin and sulfur dioxide to
      form the novel copolymers described above. The polymer may be selected
      from the group consisting of polyisobutylene, poly(ethylene oxide),
      ethylene-propylene copolymers, poly(propylene oxide), polybutadiene,
      polyisoprene, etc. A novel block polymer formed by this preferred process
      shows improved properties as compared to physical mixtures of said polymer
      and olefin-sulfur dioxide copolymers. For example, the novel polymers
      formed by the preferred process of the instant invention show higher
      moduli and may be plasticized to higher levels while retaining good
      physical properties.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The instant invention relates to novel block copolymers containing
      olefin-sulfur dioxide segments and a process for their preparation. The
      olefin of choice is a strained olefin thus capable of reaction with
      SO.sub.2 in the presence of radicals at very high rates. Examples of
      strained olefins include cyclopropene, cyclobutene, norbornene, and the
      derivatives thereof. Preferably, the olefin is selected from the group
      consisting of norbornene and its derivatives, e.g., 5-chloronorbornene,
      7-chloronorbornene, 5-methyl-norbornene, 5-ethyl-norbornene,
      5-cyanonorbornene, norbornene-5,6-dicarboxylic acid anhydride,
      5-hydroxymethyl-norbornene, 5-acetoxynorbornene,
      norbornene-5,6-dicarboxylic acid esters. The novel block copolymers are
      prepared by contacting the olefin and the sulfur dioxide with a polymer
      under conditions of shearing degradation whereby said polymer is broken
      down into radical-containing segments which subsequently combine with the
      olefin and sulfur dioxide to form the novel copolymers described above.
      The polymer may be selected from the group consisting of polyisobutylene,
      poly (ethylene oxide), ethylene-propylene copolymers, poly(propylene
      oxide), polybutadiene, polyisoprene, etc. A novel block polymer formed by
      this preferred process shows improved properties as compared to physical
      mixtures of said polymer and olefin-sulfur dioxide copolymers. For
      example, the novel polymers formed by the preferred process of the instant
      invention show higher moduli and may be plasticized to higher levels while
      retaining good physical properties.
PAC  BACKGROUND OF THE PRIOR ART
PAR  The copolymers of olefins and SO.sub.2 are well known in the art. These
      polymers may be prepared by various processes, including bulk, solution
      and emulsion polymerization. These polymers have various uses, including
      as thickeners for crude oil, coatings, viscosity index improvers, etc.
PAR  U.S. Pat. No. 2,652,368 teaches the use of copolymers of SO.sub.2 and
      olefins in lubricating oil compositions. These copolymers are prepared by
      the polymerization of a monomeric olefin and sulfur dioxide.
PAR  U.S. Pat. No. 3,442,790 teaches olefin sulfur dioxide copolymers as wax
      crystal modifiers. These materials are essentially alternating copolymers
      of a monomeric olefin and sulfur dioxide. The patentees note that there
      may be some homopolymerization of olefin taking place. This reference,
      however, does not teach the block copolymers of the instant invention.
PAR  U.S. Pat. No. 2,853,373 teaches the use of a copolymer of SO.sub.2 and a
      C.sub.8 to C.sub.24 olefin. These materials are prepared by the
      copolymerization of the monomeric olefin and sulfur dioxide in a manner
      known in the art. Thus, this reference does not teach the block copolymer
      of the instant invention.
PAR  Dainton et al., J. Polymer Sci., 26, pages 351-64 (1957); 29, pages 549-56
      (1958) teach polymers formed from the monomeric olefin and SO.sub.2. These
      materials, since they are prepared by monomeric olefins, are unlike the
      block copolymers of the instant invention.
PAR  In U.S. Pat. Nos. 3,409,548; 3,396,115; and British Pat. No. 1,258,758
      copolymers of olefins and sulfur dioxide are taught as useful in oil-based
      fracturing fluids; dry cleaning solvents; and coatings, respectively. All
      these materials are prepared by the copolymerization of sulfur dioxide and
      a monomeric alpha-olefin. Thus, they are unlike the compositions of the
      instant invention.
PAR  U.S. Pat. No. 3,563,961 teaches a process for the preparation of
      terpolymers of alpha-olefin, sulfur dioxide and monoolefinically
      unsaturated carboxylic acid chlorides or monoolefinically unsaturated
      dicarboxylic anhydrides. These polymers are not characterized as block
      copolymers, since they are prepared from mixtures of the respective
      monomers.
PAR  Crawford et al., J. Appl. Poly Sci., 15, pages 1881-1888 (1971) teach
      copolymers of alpha-olefins and sulfur dioxide. In the preparation
      utilized in this paper, the olefin was added slowly to liquefied sulfur
      dioxide. Thus, the resulting copolymer was not the block copolymers of the
      instant invention.
PAR  In U.S. Pat. 3,728,185, the use of olefin sulfur dioxide copolymers as
      bonding agents for finely divided inorganic fusible or sinterable material
      is disclosed. The olefin-sulfur dioxide copolymer is prepared by methods
      known in the art, that is, the copolymerization of monomeric olefins and
      sulfur dioxide in the presence of free radical catalysts or ultraviolet
      light. These materials, since they are prepared from mixtures, including
      monomeric olefins, do not have the block copolymer structure of the
      compositions of the instant invention. In German Application 2,308,415 and
      netherlands Application 73,02322, copolymers of two monoolefins and sulfur
      dioxide are taught. These materials are prepared from mixtures of the
      monomeric olefin, thus block copolymers similar to those of the instant
      invention are not taught.
PAR  U.S. Pat. 3,313,785 claims block copolymers of olefin-SO.sub.2 and a free
      radical polymerizable monomer, e.g., vinyl chloride, ethyl acrylate, etc.
      are prepared by adding said monomer to a "living" polymer prepared by the
      auto initiated copolymerization of the olefin and SO.sub.2. The teachings
      of this reference have been refuted by G. Sartori et al. in Polymer
      Letters, Vol. 10, pages 583-592 (1972). The disclosure of this patent
      differs from the instant process in that it does not teach the generation
      of free radical containing segments by use of shear, which are utilized in
      initiating the polymerization of an added monomer. Furthermore, since the
      patentee teaches a free radical polymerization mechanism, there is no
      disclosure of how to make block copolymers containing monomers which do
      not undergo free radical polymerization, e.g., isobutene, ethylene oxide,
      etc.
PAR  The novel block copolymers of the instant invention may be used in all of
      the applications described for olefin-SO.sub.2 polymers above. However, as
      will be apparent to the skilled artisan the properties of the novel
      copolymers described below may provide more or less effective use in said
      applications.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been unexpectedly discovered that novel block copolymers may be
      prepared by subjecting a polymer to shearing agitation at conditions
      whereby said polymer breaks down into free radical bearing segments, in
      the presence of an olefin and sulfur dioxide. The olefin and sulfur
      dioxide combine with the free radicals thus formed to form block
      copolymers wherein blocks of the original polymer alternate with blocks of
      an olefin sulfur dioxide segment.
PAR  The olefin is characterized as a strained olefin and may be selected from
      the group consisting of cyclopropene, cyclobutene, norbornene, and
      derivatives thereof. Preferably, the olefin is norbornene, or a derivative
      thereof, e.g., 5-chloronorbornene, 7-chloronorbornene, 5-methylnorbornene,
      5-ethyl-norbornene, 5-cyanonorbornene, norbornene-5,6-dicarboxylic acid
      anhydride, 5-hydroxymethyl-norbornene, 5-acetoxynorbornene,
      norbornene-5,6-dicarboxylic acid esters. Most preferably the olefin is
      norbornene. A strained olefin is defined as a cis cycloolefin having a
      ring strain of at least about 4 kilocalories per mole as compared to a
      corresponding open chain structure. See, for example, Polymer Chemistry of
      Synthetic Elastomers, edited by J. P. Kennedy and E. Tornqvist,
      Interscience Publishers, 1968, especially Table VIII on page 720.
PAR  The polymer may be selected from those known in the art which can, by means
      of shear, be converted into radical bearing segments. These materials will
      preferably have a number average molecular weight of at least 100,000,
      more preferably from 500,000 to 5,000,000, most preferably 1,000,000 to
      4,000,000. The polymer may be a homo- or copolymer composition.
      Nonlimiting examples of these polymeric materials include polyisobutene,
      poly(ethylene oxide), poly(propylene oxide), ethylene-propylene
      copolymers, polybutadiene, polyisoprene, etc. In general, the polymer will
      be selected in view of the properties it will impart to the novel block
      copolymers of the instant invention, e.g., hydrophilicity or
      hydrophobicity. For convenience, since the polymer of choice must be
      dissolved in the olefin or in an inert solvent, as further described
      below, noncrystalline polymers are preferred. Preferably, the polymer may
      be selected from the group consisting of polyisobutylene and polyethylene
      oxide.
PAR  The process of the instant invention is especially useful for preparing
      novel block copolymers wherein one or more segments is an olefin-SO.sub.2
      polymer block and one or more segments is a polymer block made up of
      monomers which do not undergo free radical polymerization. Examples of
      these polymer blocks include polyisobutylene; polyethylene oxide;
      polypropylene oxide; polypentenamer; 1,4-cis-polybutadiene;
      1,4-cis-polyisoprene; polyalkyl vinyl ethers, e.g. polyisobutyl vinyl
      ether; polysiloxanes, e.g., polydimethylsiloxane; and copolymers of
      ethylene and propylene.
PAR  The process of the instant invention may be run in a solvent or in the
      olefin monomer, alone, provided the polymer is at least partly soluble in
      the reaction mixture without addition of a solvent.
PAR  The solvent may be selected, by those skilled in the art, on the basis of
      its ability to dissolve the polymer and its nonsusceptibility to reaction
      with the materials present during the process of the instant invention,
      that is, the solvent should be inert to combination or degradation by the
      olefin or sulfur dioxide reactants and should not react with free
      radicals. The solvent may be selected from the group consisting of
      paraffinic, cycloparaffinic and inert aromatic hydrocarbons,
      ring-chlorinated aromatic hydrocarbons, nitrogen and oxygen-containing
      hydrocarbon derivatives, e.g., acetonitrile, etc. In general, these
      materials should be substantially saturated so that they will not combine
      with SO.sub.2 or the olefin or trap the radicals formed in the process of
      the instant invention. Many aromatic solvents may be used, however, since
      their unsaturation is basically inert at the conditions of the process of
      the instant invention, but certain aromatics will react with and trap
      radicals. Thus, toluene and xylene are preferably not used.
PAR  It will be obvious to the skilled artisan that the process of the instant
      invention, being a free radical process, will be run under an inert
      atmosphere, e.g., nitrogen, argon, etc. or the reactants, especially the
      sulfur dioxide, themselves, may provide the atmosphere.
PAR  The polymer which is to be utilized in the process of the instant invention
      may be mixed with other polymers or used alone. For example, the process
      of the instant invention is applicable to the combination of norbornene
      and sulfur dioxide with polyisobutylene alone or in combination with
      polybutadiene, polyisoprene, ethylene-propylene copolymers, poly(ethylene
      oxide), etc. The process of the instant invention, because of its ability
      to utilized a broad spectrum of polymeric material, leads to great
      flexibility in designing new polymers. For example, physical mixtures of
      starting polymers after combination with olefins and sulfur dioxide, under
      the conditions of the process of the instant invention, may comprise a
      triblock copolymer wherein one block is the olefin-sulfur dioxide segment,
      while each of the other blocks is a different polymeric material, for
      example, polyisobutene-(norbornene-SO.sub.2 copolymer block)-poly(ethylene
      oxide).
PAR  In the process of the instant invention, it is critical that an adequate
      amount of shear be imparted to the polymer so as to break down the polymer
      into radical bearing segments. The amount of shear in each case will vary
      according to the strength of the chemical bonds present in the backbone of
      said polymer. In general, the greater the intensity of the shear, the more
      likely the polymer will break down into free radical bearing segments. The
      amount of shear which can be imparted to a polymer is dependent on various
      parameters. For example, it is important that the viscosity of the polymer
      or the polymer containing solution be sufficient to enable the skilled
      artisan to provide the necessary shear with apparatus known in the art. In
      general, this viscosity will be dependent on the concentration of the
      polymer and the molecular weight thereof. The viscosity will also vary
      with the particular polymer used. However, the skilled artisan may easily
      adjust the above parameters to obtain an adequate rate of free radical
      formation.
PAR  The process of the instant invention is substantially dependent on time and
      temperature as well as the amount of shear imparted to the polymer. Thus,
      extended times of shearing and lower temperatures give rise to block
      polymers which incoporate greater amounts of olefin-sulfur dioxide in the
      block. In general, the process will be run at a temperature of from -80 to
      100.degree.C., more preferably from -60 to 40.degree.C. The shear is
      applied to the polymer for a time of at least 0.5 minutes, more preferably
      from 0.5 minutes to 10 minutes. The amount of olefin which is added in the
      process of the instant invention is dependent on its concentration during
      the shearing of the polymer. In general, from 1 to 80 wt. %, more
      preferably from 10 to 50 wt. % olefin based on starting polymer weight may
      be combined with said polymer. The amount of sulfur dioxide incorporated
      is dependent on the olefin. In general, the sulfur dioxide incorporates
      with the olefin on a 1:1 molar ratio. Sulfur dioxide may be conveniently
      provided by saturating the mixture of a polymer and olefin, with or
      without solvent, by the sulfur dioxide. Alternatively, the sulfur dioxide
      can be passed through said mixture during the shearing of the polymer
      olefin solution. Finally, the sulfur dioxide can be present in an
      atmosphere above said solution during the shearing thereof.
PAR  After the block copolymers of the instant invention are formed according to
      the description above, the material is generally separated from the
      reaction mixture for use. This is conveniently done by means known in the
      art. For example, unreacted olefin and solvent may be removed by
      distillation. The polymer can be reprecipitated from various solvents in
      order to obtain pure materials. In general, it will be found that after
      reaction the mixture will contain unreacted starting polymer, block
      copolymers of the starting polymer and an olefin-sulfur dioxide segment,
      and essentially pure olefin-SO.sub.2 copolymer. These materials will be
      present in varying amounts, dependent on the conditions of the reaction.
      It should be noted that this material can be used as is, or the individual
      components separated for use. It has been found that unexpectedly the
      block copolymer in admixture with the various polymeric components
      described above show improved properties as compared to physical mixtures
      of the starting polymer and the copolymer of the olefin and the sulfur
      dioxide. For example, when compared at equal levels of sulfur dioxide, the
      compositions of the instant invention show higher moduli as compared to
      the physical mixtures of the polymers. Additionally, these materials show
      improved properties when plasticized with various high boiling liquids.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The figures compare the stress-strain properties of products obtained by
      shearing polyisobutene in the presence of norbornene and SO.sub.2 with
      those of physical mixtures of similar composition.
DETD
PAR  In a preferred embodiment, which is intended to be illustrative only, to
      polyisobutylene having a molecular weight of about 4 .times. 10.sup.6 and
      dissolved at a level of 5 grams in 100 ml of n-heptane is added 20 ml of
      liquid sulfur dioxide at a temperature of 0.degree.C. Ten grams of
      norbornene dissolved in 10 ml of n-heptane is added and this mixture is
      agitated at 10,000 rpm for 5 minutes. The agitation is terminated and a
      block copolymer of polyisobutylene and norbornene-sulfur dioxide is
      isolated by precipitating in methanol. This material is found to have
      incorporated 7.2 wt. % sulfur. On this basis, the material is compared to
      a physical mixture of polyisobutylene and a norbornene sulfur dioxide
      copolymer at equal levels of sulfur. It is found that the block copolymer
      shows substantially greater modulus as compared to the physical mixture
      described.
PAR  The following are specific embodiments of the instant invention.
PAC  EXAMPLE 1
PAR  A 400-ml flask having two ball-joint necks at 45.degree. from one another,
      a three-way stopcock inserted in one of the necks for the introduction of
      reagents under an inert atmosphere; and a thermometer in the other neck
      was used in the experiments. 5 g of polyisobutene was dissolved in 100 ml
      of heptane under slow magnetic stirring. When dissolution was complete,
      the magnetic bar was removed inside a dry box while sweeping the flask
      content with nitrogen. A homogenizer stirrer was inserted. 20 ml of
      heptane solution containing 10 g of norbornene was then added and the
      flask cooled with ice water. When the temperature reached 10.degree.C., 20
      ml of liquid SO.sub.2 was added, while stirring at minimum speed. At the
      end of the addition the temperature had dropped to -8.degree.C. The
      stirring speed was increased to 10,000 rpm and kept there for 5 minutes.
      After termination of the shearing, the flask was filled with benzene
      containing hydroquinone and then the contents of the flask poured into 1
      liter of deaerated methanol to coagulate the polymer. The mother liquor
      was discarded, 100 ml of deaerated chloroform was added and the mass
      stirred very slowly until dissolution was complete. The polymer was
      reprecipitated by filling the flask with methanol and dried in vacuo at
      50.degree.C. The polymer weight was 5.8 g. Taking into account that about
      0.1 g of polyisobutene was lost during the removal of the magnetic bar,
      the weight of the norbornene-SO.sub.2 component was 0.9 g, corresponding
      to 15.5% of the crude product. Based on the sulfur analysis, the
      norbornene-SO.sub.2 content was 15.15%, in good agreement with the
      calculated value.
PAR  The experiment was repeated without degradation, i.e. by slowly stirring
      the reaction mixture and no increase in weight of the polymer was
      observed. Therefore no norbornene-SO.sub.2  copolymerization had occurred.
      This was confirmed by the fact that the sulfur content of the raw reaction
      product was only 0.04%.
PAC  EXAMPLE 2
PAR  5 g of polyisobutene was dissolved in 100 ml of chlorobenzene, using slow
      magnetic stirring, as described in Example 1. When dissolution was
      complete, the magnetic bar was removed and the homogenizer stirrer was
      inserted. 20 ml of a chlorobenzene solution containing 10.5 g of
      norbornene was added. The flask was cooled in ice water. When the
      temperature reached 10.degree.C., 22 ml of liquid SO.sub.2 was added while
      stirring at minimum speed. At the end of the addition the temperature had
      dropped to 3.degree.C., the nitrogen stream was replaced by SO.sub.2, then
      the stirring speed was brought to 10,000 rpm and kept there for 20
      minutes, during which time the temperature climbed to 11.degree.C. The
      SO.sub.2 stream was replaced by nitrogen, then the flask was filled with
      benzene containing hydroquinone. The mass was poured into 1 liter of
      deaerated methanol, the polymer precipitated. After discarding the mother
      liquor by siphonation, the polymer was dissolved in 300 ml of deaerated
      chloroform while stirring very slowly, then reprecipitated with methanol.
      After drying in vacuo the weight was 5.7 g. Taking into account that about
      0.1 g of polyisobutene was lost during the removal of the magnetic bar,
      the weight of the norbornene-SO.sub.2 component was .8 g, corresponding to
      14% of the crude product. Based on the sulfur analysis, the
      norbornene-SO.sub.2 content was also 14% therefore in very good agreement
      with the calculated value.
PAR  If the experiment was repeated without degradation, i.e. by slowly stirring
      the reaction mixture, no copolymerization of norbornene with SO.sub.2 was
      observed.
PAC  EXAMPLES 3-19
PAR  In Table 1 the results of shearing polyisobutene (PIB) in the presence of
      norbornene-(NBN) SO.sub.2 at other conditions are given.
PAR  In FIGS. 1 and 2 stress-strain properties of products obtained by shearing
      polyisobutene in the presence of norbornene and SO.sub.2 are compared to
      those of physical mixtures of similar composition. It is clear that the
      reaction products (solid lines) always have higher moduli than their
      corresponding physical mixtures (broken lines). It should be noted that at
      the conditions described in these experiments, i.e. concentrations of
      polyisobutylene in paraffinic or chlorinated aromatic solvents, of from 5
      to 10 weight %, temperatures of from -60 to +40.degree.C., times of from
      0.25 to 20 minutes rates of shear varying from 10,000 to 40,000 rpm's may
      be used to prepare the copolymers of the instant invention.
PAC  EXAMPLES 20-25
PAR  Table 2 gives the results of some experiments in which poly (ethylene
      oxide) (PEO) was sheared in the presence of norbornene-SO.sub.2.
      Characterization of the product is complicated by the fact that
      poly(ethylene oxide) contains a small amount of peroxide. As a
      consequence, a blank experiment carried out without degradation is not
      completely negative. However, the amount of norbornene-SO.sub.2 copolymer
      obtained is much larger with degradation.
PAR  FIG. 3 compares the stress-strain properties of the product of Example 20
      (solid line) with those of a physical mixture of poly (ethylene oxide) and
      norbornene-SO.sub.2 copolymer (broken line) having the same composition.
      The latter is clearly inferior. The same comparison is made in FIG. 4,
      after plasticizing with 200 pph of diethyl phthalate based on
      norbornene-SO.sub.2. (Again the solid line is the novel copolymer of the
      instant invention).
PAR  FIG. 5 shows the stress-strain properties of the product of Example 25,
      again plasticized with 200 pph of diethyl phthalate, based on
      norbornene-SO.sub.2, as compared with those of a physical mixture,
      similarly plasticized. Again the physical mixture is clearly inferior.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     MECHANICAL DEGRADATION OF POLYISOBUTENE IN THE PRESENCE OF NORBORNENE AND 

     SO.sub.2                                                                  

     __________________________________________________________________________

                                      Shearing Conditions                      

     Ex. PIB                                                                   

            Solvent                                                            

                   NBN SO.sub.2              Time Wt. Increase                 

                                                          NBN - SO.sub.2       

     No. g  Type ml                                                            

                   g   ml   T, .degree.C.                                      

                                      rpm    min. g       Calc.                

                                                               Found           

     __________________________________________________________________________

     3   10 C.sub.7.sup.(a)                                                    

                100                                                            

                   10  50   - 5    +20                                         

                                      10,000 5    7       41   34              

     4   10 .phi.Cl.sup.(b)                                                    

                100                                                            

                   10  40   0      +20                                         

                                      30-40,000                                

                                             1.3  14      58   59              

     5   10 C.sub.7                                                            

                100                                                            

                   10  80   -10    +20                                         

                                      30,000 .5   5.5     36   37.5            

     6   5  C.sub.7                                                            

                100                                                            

                   10  40   -10    +20                                         

                                      30,000 .25  2.5     33   35.6            

     7   5  C.sub.7                                                            

                100                                                            

                   10  40   - 5    +20                                         

                                      15,000 7    6.9     58   60              

     8   5  .phi.Cl                                                            

                100                                                            

                   10  24   - 5    +10                                         

                                      15,000 3    .6      11   12              

     9   5  .phi.Cl                                                            

                100                                                            

                   10  30   5         10,000 13   .4      7.5  6.6             

     10  5  .phi.Cl                                                            

                100                                                            

                   10  20   - 5    +10                                         

                                      12,000 5    0.1          4.5             

     11  5  C.sub.7                                                            

                100                                                            

                   10  20   - 7       10,000 3.5  --      --   3.5             

     12  5  C.sub.7                                                            

                100                                                            

                   10  20   -15    + 8                                         

                                      10,000 5    0.9     15.5 16.5            

     13  5  C.sub.7                                                            

                100                                                            

                   10  20+gas                                                  

                            0       10                                         

                                      10,000 5    .62     11.2 7.8             

     14  5  .phi.Cl                                                            

                100                                                            

                   10  20+gas                                                  

                            9         10,000 10   .15     3    1.3             

     15  5  C.sub.7                                                            

                100                                                            

                   10  20+gas                                                  

                            - 3     10                                         

                                      10,000 7    1.7     28   23              

                                                  losses                       

     16  5  C.sub.7                                                            

                100                                                            

                   10  20   -60     50                                         

                                      10,000 5    (3.6)   n.d  51              

     17  5  C.sub.7                                                            

                100                                                            

                   10  20   -65    -60                                         

                                      10,000 1.5  1.3     21   21.05           

     18  5  C.sub.7                                                            

                100                                                            

                   10  gas  25      32                                         

                                      10,000 10   .25     4.9  2.9             

     19  5  C.sub.7                                                            

                100                                                            

                   10  gas  25      40                                         

                                      10,000 20   .3      5.7  5.35            

     __________________________________________________________________________

      .sup.(a) C.sub.7 = n-heptane                                             

      .sup.(b) .phi.Cl = chlorobenzene                                         

TBL                                    TABLE II                                

     __________________________________________________________________________

     MECHANICAL DEGRADATIONS OF PEO IN THE PRESENCE OF NORBORNENE AND          

     __________________________________________________________________________

     SO.sub.2                                                                  

     Example                                                                   

          PEO CH.sub.3 CN                                                      

                   NBN SO.sub.2     Shearing Conditions                        

                                                  Wt. Increase                 

                                                          NBN-SO.sub.2         

     No.  g   ml   g   ml  T, .degree.C.                                       

                                    rpm      Minutes                           

                                                  g       Calc.                

                                                               Found           

     __________________________________________________________________________

     20   2   100  10  20  8     25 30,000   2    3.4     63   63.5            

     21   2   200  10  20  7     11 50,000   .5   .15     11.5 9.7             

     22   3   150  15  30  7        50,000   .5   1.1     25                   

     23   4.2 150  15  30  7        50,000   .5   1       19   21.6            

     24   6   150  15  30  7        50,000   .5   1       14                   

     25   6   150  16  30  5     20 50,000   1.5  9.2     60.5 56.5            

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing block copolymers comprising olefin-sulfur
      dioxide blocks which comprises subjecting a polymer, which can be
      converted by means of shear into radical bearing segments, to shear at
      conditions wherein said polymer is broken down into free radical bearing
      segments, in the presence of the olefin, said olefin being a cis
      cycloolefin having a ring strain of at least about 4 kilocalories per
      mole, as compared to a corresponding open chain structure, and sulfur
      dioxide for a time sufficient to form a block copolymer comprising one or
      more of said polymer segments linked to a olefin-sulfur dioxide copolymer
      block.
NUM  2.
PAR  2. The process of claim 1 wherein said olefin is selected from the group
      consisting of cyclopropene, cyclobutene, norbornene, 5-chloronorbornene,
      7-chloronorbornene, 5-methylnorbornene, 5-ethyl-norbornene,
      5-cyanonorbornene, norbornene-5,6-dicarboxylic acid anhydride,
      5-hydroxymethyl-norbornene, 5-acetoxynorbornene, and
      norbornene-5,6-dicarboxylic acid esters.
NUM  3.
PAR  3. The process of claim 1 wherein said olefin is selected from the group
      consisting of norbornene, 5-chloronorbornene, 7-chloronorbornene,
      5-methyl-norbornene, 5-ethyl-norbornene, 5-cyanonorbornene,
      norbornene-5,6-dicarboxylic acid anhydride, 5-hydroxymethyl-norbornene,
      5-acetoxynorbornene, and norbornene-5,6-dicarboxylic acid esters.
NUM  4.
PAR  4. The process of claim 1 wherein said olefin is norbornene.
NUM  5.
PAR  5. The process of claim 1 wherein said polymer is non-crystalline and has a
      number average molecular weight of from 1,000,000 to 4,000,000.
NUM  6.
PAR  6. The process of claim 5 wherein said polymer is selected from the group
      consisting of polyisobutylene and polyethylene oxide.
NUM  7.
PAR  7. The process of claim 1 wherein the polymer is polyisobutylene.
NUM  8.
PAR  8. The process of claim 1 wherein said polymer is dissolved in a solvent.
NUM  9.
PAR  9. The process of claim 1 wherein said conditions comprise a temperature of
      from -60.degree. to +40.degree.C. and a time of from 0.5 to 10 minutes.
NUM  10.
PAR  10. A block copolymer comprising one or more strained olefin-sulfur dioxide
      segments, wherein said strained olefin is a cis cycloolefin having a ring
      strain of at least about 4 kilocalories per mole as compared to a
      corresponding open chain structure, and one or more polymer blocks of a
      monomer which does not undergo free radical polymerization.
NUM  11.
PAR  11. The composition of claim 10 wherein said polymer block is
      polyisobutylene.
NUM  12.
PAR  12. The composition of claim 10 wherein said polymer block is polyethylene
      oxide.
NUM  13.
PAR  13. The composition of claim 10 wherein said polymer block is polypropylene
      oxide.
NUM  14.
PAR  14. The composition of claim 10 wherein said polymer block is
      polypentenamer.
NUM  15.
PAR  15. The composition of claim 10 wherein said polymer block is
      1,4-cis-polybutadiene.
NUM  16.
PAR  16. The composition of claim 10 wherein said polymer block is
      1,4-cis-polyisoprene.
NUM  17.
PAR  17. The composition of claim 10 wherein said polymer block is polyisobutyl
      vinyl ether.
NUM  18.
PAR  18. The composition of claim 10 wherein said polymer block is
      polydimethylsiloxane.
NUM  19.
PAR  19. The composition of claim 10 wherein said polymer block is a copolymer
      of ethylene and propylene.
NUM  20.
PAR  20. The composition of claim 10 wherein said olefin is selected from the
      group consisting of norbornene, 5-chloronobornene, 7-chloronorbornene,
      5-methyl-norbornene, 5-ethyl-norbornene, 5-cyanonorbornene,
      norbornene-5,6-dicarboxylic acid anhydride, 5-hydroxymethyl-norbornene,
      5-acetoxynorbornene, and norbornene-5,6-dicarboxylic acid esters.
NUM  21.
PAR  21. The composition of claim 20 wherein said olefin is norbornene.
NUM  22.
PAR  22. The composition of claim 20 wherein said polymer block is
      polyisobutylene.
NUM  23.
PAR  23. The composition of claim 20 wherein said polymer block is polyethylene
      oxide.
NUM  24.
PAR  24. The composition of claim 20 wherein said polymer block is polypropylene
      oxide.
NUM  25.
PAR  25. The composition of claim 20 wherein said polymer block is
      polypentenamer.
NUM  26.
PAR  26. The composition of claim 20 wherein said polymer block is
      1,4-cis-polybutadiene.
NUM  27.
PAR  27. The composition of claim 20 wherein said polymer block is
      1,4-cis-polyisoprene.
NUM  28.
PAR  28. The composition of claim 20 wherein said polymer block is polyisobutyl
      vinyl ether.
NUM  29.
PAR  29. The composition of claim 20 wherein said polymer block is
      polydimethylsiloxane.
NUM  30.
PAR  30. The composition of claim 20 wherein said polymer block is a copolymer
      of ethylene and propylene.
NUM  31.
PAR  31. The composition of claim 10 wherein the strained olefin-sulfur dioxide
      comprises from 1 to 80% by weight of said polymer.
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ABST
PAL  Rubber, e.g., butadiene-acrylonitrile copolymer rubber, in readily friable
      or free flowing powdered form is prepared by halogenating (e.g.,
      chlorinating) the rubber in particulate form in an aqueous medium. Sodium
      hypochlorite/acid or chlorine water may be used as the chlorinating agent.
      Preferred bound chlorine content of the treated rubber is at least 0.1%.
BSUM
PAR  This invention relates to a method of preparing powdered rubber, and to
      powdered rubber produced by such method.
PAR  There are certain advantages in providing a rubber in the form of friable
      particles or free flowing powder, as opposed to bales. A friable or
      powdery, pourable, particulate rubber is easier to handle than bales and
      is especially desirable for use in continuous manufacturing processes.
      Conventional techniques for preparing elastomers in powdered form involve
      grinding, spray drying or coagulation with a partitioning agent.
      Unfortunately, these conventional methods are expensive and in some cases
      detrimental to polymer properties.
PAR  In accordance with the present invention it has now been found that rubber,
      e.g., butadiene-acrylonitrile copolymer rubber, can be prepared as a
      friable or free flowing, non-cohering powder by a method involving
      halogenation of the rubber in particulate form. As is well known, rubbers
      such as butadiene-acrylonitrile copolymer rubber (which usually contains
      from about 18% to about 44% of acrylonitrile, by weight) are
      conventionally prepared as a latex by an emulsion polymerization process;
      such latex contains the solid rubber in discrete particulate form,
      dispersed in an aqueous medium. The invention is practiced by halogenating
      of the particles, usually after flocculating the latex. As a result of the
      halogenation treatment, particularly as chlorination treatment, the
      particles acquire non-cohering properties, and can be recovered as a dry,
      free flowing powder.
PAR  The halogenation of the butadiene-acrylonitrile rubber or other rubber
      particles is suitably accomplished by treatment with a chlorinating agent
      such as hypochlorous acid or chlorine water. To bring about the
      chlorination, the aqueous slurry of rubber particles and the chlorinating
      agent are brought together and the mixture is agitated.
PAR  The hypochlorous acid chlorinating agent is conveniently provided by
      reacting sodium hypochlorite and an acid (e.g., acetic acid, hydrochloric
      acid, sulfuric acid, propionic acid, phosphoric acid, nitric acid, malonic
      acid, maleic acid, etc.). The sodium hypochlorite and the acid may be
      premixed prior to adding to the slurry of butadiene-acrylonitrile
      copolymer rubber particles, or the hypochlorous acid chlorinating agent
      may be formed in situ in the slurry of butadiene-acrylonitrile copolymer
      rubber particles by adding sodium hypochlorite and acid to the slurry.
      Thus, an aqueous solution of sodium hypochlorite may be added to
      butadiene-acrylonitrile copolymer rubber latex which has been flocculated
      with salt-acid; the acid remaining in the latex serum reacts with the
      sodium hypochlorite to provide the hypochlorous acid for chlorinating the
      copolymer. Alternatively, the butadieneacrylonitrile copolymer rubber
      particles may be separated from the serum and re-slurried with water to
      which sodium hypochlorite/acid is added to effect chlorination. As
      indicated, chlorine water may be used as an alternative chlorinating agent
      in place of sodium hypochlorite/acid. Chlorination will occur whether the
      serum is present or not. Although the latex is usually flocculated prior
      to addition of the chlorinating agent, this is not essential. It is not
      necessary to heat the reaction mixture and although elevated temperature
      may be employed (e.g., 60.degree.C.) ambient room temperature conditions
      are preferred, for convenience and economy.
PAR  It is surprisingly found that the butadieneacrylonitrile copolymer rubber
      particles subjected to the chlorination treatment in accordance with the
      invention do not cohere but remain in friable or freeflowing form, in
      contrast to untreated butadiene-acrylonitrile copolymer rubber particles,
      which cohere immediately after flocculation. The tendency of the particles
      to cohere may be demonstrated by a coherence test performed as follows: 20
      g of polymer particles are placed in a 100 ml beaker and weighed down with
      a 500 g weight, resulting in an average pressure of 50 g/cm.sup.2 on the
      particles. This pressure is maintained for 24 hours at room temperature
      after which the flow properties of the particles are observed to determine
      (1) whether the particles stick together and cannot be separated without
      using considerable manual force (this sticking behavior is designated
      coherence condition S) or (2) whether the particles cling together but can
      readily be separated (this friable condition is designated coherence
      condition F), or (3) whether the particles are free flowing (this free
      flowing state is designated coherence conditon FF). The free flowing
      particles (coherence condition FF) represent the preferred practice of the
      invention. Less preferred are particles which cling together but are
      friable and can readily be separated (coherence condition F).
PAR  The treatment process of the invention, in addition to providing bound
      chlorine in the butadieneacrylonitrile copolymer rubber (at least 0.05%,
      preferably at least 0.1% bound chlorine by weight of the copolymer), also
      typically results in an increase in the gel content of the copolymer. Both
      of these effects are believed to result from reaction of the particles of
      butadiene-acrylonitrile copolymer rubber with the chlorinating agent
      largely at the surface of the particles. The chlorinating agent in the
      aqueous phase begins to react at the butadiene-acrylonitrile rubber
      surface and the reaction proceeds into the rubber particles as the
      chlorinating agent diffuses into the rubber phase. The surface reaction is
      believed to impart the free flowing (non-sticking) characteristics to the
      rubber particles. The extent of chlorination will vary with a number of
      factors, including the particular butadiene-acrylonitrile copolymer rubber
      employed, the nature and concentration of the chlorinating agent selected,
      the duration of the contact between the chlorinating agent and the rubber
      particles, and the surface area of the rubber particles. Small particles
      of butadiene-acrylonitrile copolymer rubber provide large surface area and
      usually require proportionately a greater percentage of bound chlorine to
      provide the best anti-sticking properties. The bound chlorine content of
      the treated polymer should not be greater than 14%, preferably not greater
      than 5%, by weight. Frequently a butadiene-acrylonitrile copolymer rubber
      which has a high gel content before chlorination will require less
      chlorine per unit of surface area to render the particles free flowing.
PAR  The extent of increase in gel in the butadieneacrylonitrile copolymer
      during the chlorination varies considerably depending on the chlorinating
      reagent. In some applications this increase in gel is desirable. The gel
      data given herein are obtained by extracting a sample of the rubber with
      methyl ethyl ketone as the solvent, for 24 hours at room temperature; the
      gel is the insoluble portion and is expressed as a percentage based on the
      weight of the sample. Although the gel content of the treated copolymer
      rubber may be as high as 95%, preferred products will have a gel content
      not higher than 55%. The treated rubber does not become a resinous,
      non-elastomeric substance, but retains the characteristics of a
      vulcanizable rubber and is capable of being cured to an elastomeric state
      having good physical properties.
PAR  Increasing chlorine content of the treated butadiene-acrylonitrile
      copolymer rubber is ordinarily associated with a decrease in the
      processability of the rubber. The presence of gel can also affect the
      viscoelastic properties of the uncured rubber. Processability can be
      evaluated by determining the film forming characteristics of the copolymer
      rubber. For this purpose a powdered rubber sample may be pressed at
      300.degree.F. and 10,000 psi in a hydraulic press. If a smooth, unbroken
      film is formed in the pressed film test, this indicates ease of massing in
      rubber mixing equipment and facile flow under a mixing deformation.
      Usually up to 55% gel very smooth films are formed. However, in certain
      applications products with higher gel levels and products which do not
      form a continuous film in the described pressed film test are still
      useful.
PAR  The interrelated variables, bound chlorine content, surface area of the
      particles, and gel content, may be used to establish a function, herein
      referred to as the flow number, FN, which defines the most preferred form
      of the invention as follows:
      ##EQU1##
      where FN is the "flow number", Cl is the bound chlorine content of the
      treated butadiene-acrylonitrile copolymer rubber, expressed as grams of
      chlorine per gram of rubber, SA is the surface area of the particles
      expressed in square meters per gram, and the gel content is as described
      previously. (The surface area of the particles may be calculated by
      standard mathematical procedure, from the observed particle size
      distribution of a sample of the treated copolymer.) The preferred practice
      of the invention is represented by the products in which the flow number,
      FN, as defined, as a value of at least 1.7, most preferably from 2.1 to
      12.
PAR  The treating process of the invention is not only an economical and
      efficient way of rendering the butadiene-acrylonitrile copolymer rubber in
      friable or free flowing powder form, but it is also capable of providing
      improved properties in a final vulcanizate, compared to a vulcanizate
      prepared from the same copolymer that has not been subjected to the
      chlorination treatment of the invention.
PAR  The following examples, in which all quantities are expressed by weight
      unless otherwise indicated, will serve to illustrate the practice of the
      invention in more detail.
DETD
PAR  In the examples, several different butadieneacrylonitrile copolymer rubbers
      are employed, identified as follows:
PA1  Nbr-i 35% acrylonitrile Mooney viscosity 65 (ML-4 at 212.degree.F.) gel nil
PA1  Nbr-ii 33% acrylonitrile Mooney viscosity 50 gel nil
PA1  Nbr-iii 33% acrylonitrile Mooney viscosity 55 85% gel
PAR  The Examples employ basically four different modes of chlorination as
      follows:
PAR  Mode A, addition of sodium hypochlorite and acetic acid to a slurry of
      flocculated particles.
PAR  Mode B, addition of sodium hypochlorite and hydrochloric acid to a slurry
      of flocculated particles.
PAR  Mode C, addition of chlorine water to a slurry of flocculated particles.
PAR  Mode D, addition of sodium hypochlorite and acetic acid to non-flocculated
      latex.
PAC  EXAMPLE 1
PAR  The butadiene-acrylonitrile copolymer rubber employed in this example is
      NBR-I identified above. 500 g of a latex (24% solids) of this copolymer is
      charged to a one quart blender. To cream the latex, 58.0 g of a 25%
      aqueous solution of sodium chloride is added to the latex at room
      temperature and the mixture is stirred for one minute. To flocculate the
      creamed latex, it is added slowly to a solution of 50 ml glacial acetic
      acid in 2000 ml water in a one gallon blender with rapid stirring. The
      flocculated polymer particles are separated from the serum by filtration
      through cheesecloth, then washed three times with 2000 ml portions of
      water. The washed particles 120 g) and 2000 ml of water are added to a
      gallon blender and stirred rapidly. Chlorinating is undertaken according
      to Mode A described above by adding simultaneously 15 g of a 14% aqueous
      solution of sodium hypochlorite and 5 ml glacial acetic acid to the
      particle slurry and stirring is continued at room temperature (about
      23.degree.C.) for 15 minutes. The treated particles are washed three times
      with 2000 ml portions of water and air dried 48 hours at room temperature.
      The chlorine content of the product is 0.9%, gel content 50% (measured as
      indicated above). The surface area of the particles is 0.0031 square
      meters per gram. The particles are free flowing in the coherence test
      described above (coherence condition FF), whereas the original
      unchlorinated particles stick together and cannot be separated (condition
      S in the coherence test). In the above-described pressed film test the
      treated particles form a smooth, continuous film. The flow number, FN,
      calculated as described above, is 3.7. The results of this example and
      subsequent examples are summarized in Table I, wherein the surface area is
      expressed as square meters per gram times 10 to the third power.
PAC  EXAMPLE 2
PAR  The butadiene-acrylonitrile copolymer rubber latex employed in Example 1 is
      flocculated and chlorinated as there described, except that the
      chlorination is effected by Mode B identified above, using 20 g of 14%
      aqueous sodium hypochlorite and 10 ml of 35% hydrochloric acid. The
      results are shown in Table I.
PAC  EXAMPLE 3
PAR  Example 2 is repeated using 80 g of 14% aqeuous sodium hypochlorite and 35
      ml of 35% hydrochloric acid, with the results shown in Table I.
PAC  EXAMPLE 4
PAR  Example 1 is repeated except that the butadieneacrylonitrile copolymer
      rubber is NBR-III (initial gel content 85%) identified above and the mode
      A chlorination is carried out using 10 g of 14% aqueous sodium
      hypochlorite and 5 ml glacial acetic acid, with 80 grams of rubber
      particles. Results are given in Table I where it will be seen that the gel
      in the product is 90% and a smooth continuous film is not formed in the
      pressed film test.
PAC  EXAMPLE 5
PAR  Example I is repeated using NBR-II, and 80 g of 14% aqueous sodium
      hypochlorite and 16 ml glacial acetic acid in the Mode A chlorination.
PAC  EXAMPLE 6
PAR  120 g of flocculated, washed NBR-I particles prepared as in Example 1 are
      slurried in 500 ml water and charged to a three-liter three-necked flask
      equipped with a stirrer, condenser and gas dispersion tube, for
      chlorination according to Mode C. Chlorine gas is added via the dispersion
      tube into the stirred particle slurry for a period of 10 minutes at room
      temperature. The rate of chlorine addition is regulated in such manner
      that no noticeable gas evolution is detected. The treated particles are
      washed three times with 2000 ml portions of water and air dried for 48
      hours at room temperature. Results are shown in Table I.
PAC  EXAMPLE 7
PAR  This example employs the procedure of Example 2 with NBR-I and chlorination
      Mode B, 160 g of 14% aqueous sodium hypochlorite and 50 ml of 35%
      hydrochloric acid.
PAC  EXAMPLE 8
PAR  Example 7 is repeated, using 5 g of 14% aqueous sodium hypochlorite and 10
      ml 35% hydrochloric acid. The treated particles are not free flowing but
      they can be separated readily (coherence condition F).
PAC  EXAMPLE 9
PAR  Example 1 is repeated (NBR-I, chlorination Mode A) using 5 g 14% aqueous
      sodium hypochlorite and 10 ml glacial acetic acid. The product displays
      coherence condition F.
PAC  EXAMPLE 10
PAR  Example 4 is repeated (NBR-III, chlorination Mode A), treating 80 g of
      particles with 2.5 g 14% aqueous sodium hypochlorite and 5 ml glacial
      acetic acid. The bound chlorine in the product is 0.1%; it has coherence
      condition F.
PAC  EXAMPLE 11
PAR  This example employs NBR-I and chlorination Mode D on unflocculated latex.
      300 g of the NBR-I latex (24% solids) is added to a one quart blender.
      While agitating, 75 g of 14% aqueous sodium hypochlorite solution is added
      to the latex and stirred for one additional minute. The treated latex is
      added to a one gallon blender with 2000 ml of water. 15 ml of glacial
      acetic acid is slowly added to the treated latex and stirred at room
      temperature for about 15 minutes. The resultant particles are washed three
      times with 2000 ml portions of water and air dried for 48 hours at room
      temperature. The particles are free flowing, have 89% gel, and do not form
      a smooth continuous film in the pressed film test.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Chlorination of Nitrile Rubber                                            

     Example 1   2   3   4   5   6   7   8   9   10  11                        

     __________________________________________________________________________

     NBR     I   I   I   III II  I   I   I   I   III I                         

     Mode of                                                                   

     chlorination                                                              

             A   B   B   A   A   C   B   B   A   A   D                         

     % Chlorine                                                                

             0.9 1.3 4.6 0.4 1.2 5.2 7.2 0.4 0.5 0.1 6.4                       

     % Gel   50  20  52  90  59  52  58  19  48  88  89                        

     Surface Area                                                              

             3.1 5.9 10  6   11.6                                              

                                 14.1                                          

                                     6.8 2.2 4.1 5.5 --                        

     Coherence                                                                 

             FF  FF  FF  FF  FF  FF  FF  F   F   F   FF                        

     Pressed film                                                              

             Yes Yes Yes No  No  Yes No  Yes Yes Yes No                        

     FN      3.7 2.5 5.5 2.2 2   4.6 11.6                                      

                                         2.1 2   1.7 --                        

     __________________________________________________________________________

PAC  EXAMPLES 12-14
PAR  In these examples, the physical properties of sulfur vulcanizates prepared
      from butadiene-acrylonitrile copolymer rubber chlorinated in accordance
      with the invention (Examples 12, 13) are compared to those of a sulfur
      vulcanizate prepared from the nonchlorinated copolymer (Example 14). The
      rubber employed in NBR-I, chlorinated in accordance with Mode B using the
      procedure of Example 2. In Example 12, 10 g 14% aqueous sodium
      hypochlorite and 7 ml 35% hydrochloric acid are used. In Example 13, 40 g
      14% aqueous sodium hypochlorite and 17 ml 35% hydrochloric acid are used.
      The vulcanization recipe is 100 parts NBR, 50 parts MPC carbon black, 5
      parts zinc oxide, 1 part stearic acid, 1 part mercaptobenzothiazole
      disulfide and 1 part sulfur. Eadch stock is cured 45 minutes at
      287.degree.F. The physical properties of the cured polymers are summarized
      in Table II, wherein the tensile strength and modulus (200%) are expressed
      in psi, the elongation (at break) in percent, and the hardness is the
      Shore A hardness.
PAR  The data in Table II indicate certain improvements in cured physical
      properties over the non-chlorinated control (Example 14) especially where
      tensile strength and modulus are concerned, yet, these chlorinated NBR's
      (Examples 12 and 13) have free flowing particle characteristics at
      chlorine and gel levels within the scope of the invention. The
      non-chlorinated nitrile rubber particles are neither friable nor free
      flowing.
TBL                TABLE II                                                    

     ______________________________________                                    

     Cure of Nitrile Rubbers                                                   

     Example      12        13        14                                       

                                      (control)                                

     ______________________________________                                    

     % Chlorine   0.7       3.3       nil                                      

     % Gel        14        29        nil                                      

     Coherence    FF        FF        S                                        

     Tensile      3430      3790      3010                                     

     Modulus      970       2590      620                                      

     Elongation   500       290       610                                      

     Hardness     79        85        70                                       

     ______________________________________                                    

PAR  Other rubbers that may be employed in the invention include
      styrene-butadiene copolymer rubber, polychloroprene rubber, and
      polybutadiene rubber.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of treating rubber selected from the group consisting of
      butadiene-acrylonitrile copolymer rubber, styrene-butadiene copolymer
      rubber, polychloroprene rubber and polybutadiene rubber, wherein the
      rubber is chlorinated by contacting the rubber in an aqueous medium with
      hypochlorous acid as a chlorinating agent while agitating the mixture, the
      said chlorination being continued until the rubber has from 0.05 to 14
      percent by weight of chlorine added thereto, the gel content of the
      thus-treated rubber being not greater than 95% by weight measured in
      methyl ethyl ketone for 24 hours at room temperature, the thus-treated
      rubber thereafter being separated from the aqueous medium and dried to
      provide friable or free-flowing rubber particles, the improvement
      comprising carrying out the said chlorination step while the said rubber
      is present as particles in the form of a slurry in the said aqueous
      medium, the said particles having a surface area of from 0.0022 to 0.0141
      square meter per gram.
NUM  2.
PAR  2. A method as in claim 8 in which the said gel content is not higher than
      55% by weight.
NUM  3.
PAR  3. A method as in claim 8 in which the chlorinated rubber particles remain
      free flowing when tested for choherency by placing 20 grams of the
      particles in a 100 ml beaker and weighing down with a 500 g weight for 24
      hours at room temperature.
NUM  4.
PAR  4. A method as in claim 8 in which the chlorinated rubber particles form a
      smooth continuous film when pressed in a hydraulic press at 300.degree.F.
      under 10,000 psi pressure.
NUM  5.
PAR  5. A method as in claim 8 in which the chlorinated rubber particles display
      a flow number of at least 1.7, the said flow number being given by the
      expression
      ##EQU2##
      wherein FN is the flow number, Cl is the bound chlorine content expressed
      as grams per gram of particles, SA is the surface area expressed as square
      meters per gram of particles, and % gel is the gel content of the
      particles expressed as percent by weight, measured in methyl ethyl ketone
      for 24 hours at room temperature.
NUM  6.
PAR  6. A method as in claim 5 in which the flow number is from 2.1 to 12.
NUM  7.
PAR  7. The product of the method of claim 1.
NUM  8.
PAR  8. A method as in claim 1 in which the said rubber is
      butadiene-acrylonitrile copolymer rubber.
NUM  9.
PAR  9. A method as in claim 8 in which the said aqueous medium is the serum of
      a latex of the said rubber, the said particles being rubber particles
      flocculated from the said latex.
NUM  10.
PAR  10. A method as in claim 9 wherein sodium hypochlorite and an acid are
      added to the latex to bring about flocculation by the action of the acid
      and chlorination by the action of hypochlorous acid formed in situ by
      reaction of the sodium hypochlorite and acid.
NUM  11.
PAR  11. A method as in claim 8 wherein the hypochlorous acid chlorinating agent
      is formed in situ in the aqueous medium by adding sodium hypochlorite and
      an acid thereto.
NUM  12.
PAR  12. A method as in claim 11 wherein said acid is selected from the group
      consisting of acetic acid, hydrochloric acid, sulfuric acid, propionic
      acid, phosphoric acid, nitric acid, malonic acid and maleic acid.
NUM  13.
PAR  13. A method as in claim 12 wherein said acid is acetic acid.
NUM  14.
PAR  14. A method as in claim 12 wherein said acid is hydrochloric acid.
NUM  15.
PAR  15. A method as in claim 8 wherein the hypochlorous acid chlorinating agent
      is formed in situ in the aqueous medium by introducing chlorine gas
      thereto.
NUM  16.
PAR  16. A method as in claim 8 wherein the said rubber in the form of a latex
      is flocculated, and the resulting flocculated rubber particles are
      separated from the rubber latex serum and re-slurried in water prior to
      the chlorination step.
NUM  17.
PAR  17. An improved method of preparing butadiene-acrylonitrile copolymer
      rubber in free-flowing powdered form, wherein the improvement comprises
      the following combination of steps:
PA1  a. providing an aqueous slurry of particles of the butadiene-acrylonitrile
      copolymer rubber by flocculating a latex of the said rubber, the said
      particles having a surface area of from 0.0022 to 0.0141 square meter per
      gram;
PA1  b. chlorinataing the butadiene-acrylonitrile copolymer rubber in the said
      aqueous slurry by contacting the rubber with hypochlorous acid and
      agitating the slurry until the bound chlorine content of the
      butadiene-acrylonitrile copolymer rubber is from 0.1 to 5% by weight, the
      gel content of the thus-treated rubber being not higher than 55% by weight
      measured in methyl ethyl ketone for 24 hours at room temperature,
PA1  c. thereafter separating the resulting chlorinated butadiene-acrylonitrile
      copolymer rubber particles from the aqueous medium and drying the said
      particles, the particles of the resulting powder remaining free flowing
      when tested for coherency by placing 20 grams of the particles in a 100 ml
      breaker and weighing down with a 500 g weight for 24 hours at room
      temperature.
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ABST
PAL  Polymerization reactions may be carried out in a solvent at a temperature
      which is above its lower critical solution temperature thereby resulting
      in a two-phase system comprising a solvent phase containing dissolved
      therein monomers and low molecular weight fractions of polymer and
      dispersed fluid phase comprising a solution of solvent in the higher
      molecular weight fraction of polymer being formed.
PAL  This process technique is particularly advantageous in the preparation of
      low molecular weight isoolefin conjugated diolefin copolymers. In
      particular, propane has been found to be an ideal solvent for the
      isoolefin conjugated diolefin polymerization processes.
PAL  The use of this type of polymerization process results in a low viscosity
      system having excellent heat transfer and low fouling characteristics.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of Ser. No. 22,813, filed Mar.
      26, 1970, and now abandoned, which in turn is a continuation-in-part of
      Ser. No. 550,649, filed May 17, 1966, and now abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to a method of polymerization particularly in the
      process of polymerization where the reactions are highly exothermic and
      the viscosity of the reaction mixture increases greatly at an early stage
      in the reaction, thus leading to a problem in heat transfer which in turn
      results in difficulties in control which are manifested by the development
      of hot spots in the reactor. The ultimate result is gellation of the
      polymer which in turn causes excessive fouling of the reactor.
PAR  Broad disclosures of methods of preparing conventional elastomers, in
      particular butyl rubbers, may be found in U.S. Pat. No. 2,513,820;
      2,529,530; 2,582,411; 2,583,240 and 2,683,138.
PAR  Sparks and Garber disclose a polymerization process for the preparation of
      butyl rubber in their U.S. Pat. No. 2,529,520 which comprises using as the
      vehicle a mixed solvent phase comprising a blend of a non-solvent and a
      solvent for the polymer.
PAR  Illustrative examples of non-solvents for their process are methyl chloride
      and ethyl chloride. Illustrative of examples of solvents are butane and
      pentane. The monomers are completely soluble in the solvent-non-solvent
      system whereas the polymer is only soluble in the solvent portion of the
      vehicle.
PAR  If a proper adjustment is made with respect to the amount of non-solvent,
      olefin to be polymerized and the solvent, a solid polymer can be produced
      which is "solvated" sufficiently to destroy its adhesive power, but is not
      in solution to such an extent as to raise the viscosity of the system
      unduly. Accordingly, polymerization may be conducted to any desired extent
      without yielding a mixture which is too viscous to flow or handle and at
      the same time the stickiness and adhesiveness of the polymer are so slight
      that it is readily removed from the reactor walls and stirring equipment
      merely by the agitation ordinarily produced by the conventional stirrer.
PAR  In effect, the polymerization system comprises a bulk non-solvent vehicle
      having dispersed therein particles of polymer into which solvent has been
      dissolved such that the solvent-polymer mixture is readily broken up into
      smaller particles by agitation and are sufficiently solvated so as to
      avoid agglomeration of the particles.
PAR  U.S. application Ser. No. 550,649, incorporated herein by reference
      discloses certain flowable polymers of this invention prepared in a
      diluent which includes saturated straight chain, branched chain and cyclic
      aliphatic hydrocarbons having from 4-8 carbon atoms. Aromatic material
      such as benzene and toluene are also used. These solvents are solvents for
      the polymers and the polymerization carried out is characterized as
      "solution polymerization". Such a solution polymerization has
      disadvantages resulting from the combination of (1) high viscosity of the
      solution-polymer system and (2) poor heat transfer characteristics
      resulting from the high viscosity and from the rapid fouling.
PAR  Conventional techniques to produce copolymers of isoolefins and diolefins
      such as butyl utilize "slurry-polymerization" type of processes in which a
      non-solvent for the polymer is used as a diluent. However, this type of
      process has drawbacks when the product to be produced is the low molecular
      weight flowable viscous polymers of this invention. At the polymerization
      temperatures, i.e. -30 to -80.degree.C., the slurry particles are sticky
      particles which immediately agglomerate and readily adhere to reactor heat
      transfer surfaces resulting in complete mass fouling of the reactor.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found, and forms the substance of this invention, that
      polymerization processes may be greatly improved by carrying out the
      polymerization process in a solvent for the polymer at a temperature which
      is above the lower critical solution temperature of the polymer.
PAR  When the reaction is carried out in the aforementioned manner, the polymer
      as it forms, drops out of solution. However, the solvent is to some extent
      soluble in the polymer and the polymer-solvent system so formed is
      sufficiently fluid to be readily broken up into discrete particles by
      normal agitation in the reactor.
PAR  An added feature of this invention is that upon standing, the effluent of
      this polymerization process will separate into a lighter solvent phase
      containing the unreacted monomer and the lower molecular weight fraction
      of polymer and a heavier polymer phase containing higher molecular weight
      fraction of polymer and solvent. Both phases are fluid and are readily
      separated by decanting, centrifugation, or other liquid-liquid separation
      methods.
PAR  The lighter phase may be recycled to the reactor without purification and
      the polymer separated from the lower phase. This phase separation
      technique results in a reduction in the pounds of solvent which must be
      processed per pound of polymer produced.
PAR  In particular, in the preparation of a flowable isoolefin-conjugated
      diolefin polymer, propane may be used as the solvent in the manner
      described above. Good heat transfer properties are obtained, fouling is
      minimized, and the length of continuous runs is extended to a commercially
      feasible duration.
PAR  In a preferred embodiment for the preparation of LM polymers, the sole
      vehicle is propane and the catalyst is ethylaluminum dichloride promoted
      with a halide, the catalyst being dissolved in hexane; the feed stream
      comprises 40-44% monomers in propane and the reaction is carried out at
      about  -72.degree.F.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE shows a comparison of heat transfer coefficient as a function of
      onstream time for conventional solution polymerization and the
      cement-suspension polymerization of this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The invention of Ser. No. 550,649 relates to low molecular weight low bulk
      viscosity flowable halogenated and non-halogenated polymer compositions,
      cured mastic compositions formed from said polymers and to a process for
      the formation of the polymers. Though the application is incorporated by
      reference, selected portions will be reproduced as required for the
      purpose of clarity of this disclosure.
PAR  As used in this specification and claims, the term "LM-polymer" means
      copolymers of isoolefins and conjugated diolefins. These LM polymers
      comprise about 85 to 99.5% of a C.sub.4 -C.sub.7 isoolefin such as
      isobutylene and 15-0.5% of a multiolefin of about 4-14 carbon atoms. The
      LM polymers generally have a viscosity average molecular weight of about
      5000 to about 80,000, more preferably about 10,000 to 60,000, most
      preferably about 20,000 to 45,000. The term "halogenated LM polymers" as
      used in the specification and claims refers to the halogenated analogs of
      the aforedescribed LM polymers.
PAR  The polymers of this invention may be prepared from monomer mixes of the
      same isoolefin-conjugated diolefin composition as is used in the
      preparation of butyl rubber.
PAR  The LM polymers of this invention may be halogenated in the same manner in
      which butyl rubber is halogenated. A typical method of halogenating butyl
      rubber is to form a solution containing about 1 to about 60% by weight of
      the butyl rubber in an organic solvent such as hexane and thereafter
      contacting the butyl rubber cement with chlorine gas for a period of 1
      second to 1 hour, say 25 minutes whereby chlorinated butyl rubber and
      hydrogen chloride are formed. The chlorinated copolymers contain about one
      atom of halogen per double bond in the polymer. The preparation of
      halogenated butyl rubbers is described in U.S. Pat. No. 3,099,644 which is
      incorporated herein by reference. This invention is not intended to be
      limited in any way by the manner in which the LM polymers are halogenated.
PAR  The expression "butyl rubber" as employed in the specification and claims
      is intended to include copolymers made from polymerization reactant
      mixture having therein about 70 to about 99.5 wt. % of an isoolefin of
      about 4 to 7 carbon atoms and about 30 to 0.5 wt % of a conjugated
      multiolefin from about 4 to 14 carbon atoms. The resultant copolymer
      contains about 85 to about 99.5% of combined isoolefin and about 0.05 to
      about 15% of combined multiolefin. The term "butyl rubber" is described in
      an article by R. M. Thomas et al. in Industrial Engineering and Chemistry,
      Volume 32, pp. 1283 et seq., October, 1940.
PAR  The term "lower critical solution temperature" as used in the specification
      and claims means the temperature above which a polymer is no longer
      soluble in a solvent. The term "upper critical solution temperature" or
      "theta temperature" as used in the specification and claims is that
      temperature below which a polymer is no longer soluble in the solvent.
PAR  It was discovered and described as the invention of Ser. No. 550,649 that
      room temperature flowable (low bulk viscosity) low molecular weight
      halogenated and nonhalogenated polymer compositions that can be readily
      crosslinked to attractive vulcanizates could be readily formed by the
      reaction of an isoolefin with a conjugated diolefin and certain diluents
      with a promoted or unpromoted aluminum compound catalyst system.
PAR  The reaction is suitably carried out at reduced polymerization temperatures
      and moderate polymerization pressures. The products of this invention and
      that of Ser. No. 550,649 are characterized by a relatively low degree of
      unsaturation and extremely narrow molecular weight distribution which is
      believed to account for their flowability at moderate temperatures. The
      products made by the process of this invention are readily crosslinked
      using conventional techniques and find utility in the formation of coated
      and molded articles, mastics, filaments, caulking compounds, etc. These
      products have somewhat improved physical properties at lower bulk
      viscosities compared to polymers produced at higher molecular weight such
      as those produced in solvent polymerizations, i.e. hexane as the vehicle.
PAR  Illustrative examples of the conjugated diolefins which may be used to
      prepare the LM polymers of this invention include isoprene, and
      1,3-butadiene, 2,3-dimethyl butadiene, piperylene, cyclopentadiene, etc.
      The isoolefin component of these LM polymers is preferably an isoolefin of
      about 4-15 carbon atoms, preferably 4-9 carbon atoms and are typically
      denominated as Type III olefins having the general formula:
      ##EQU1##
      wherein R.sub.1 is H or C.sub.1 -C.sub.12 alicyclic or acyclic hydrocarbon
      radical and R.sub.2 is a C.sub.1 -C.sub.12 alicyclic or acyclic
      hydrocarbon radical or an aromatic radical, e.g. phenyl; provided however,
      where R.sub.2 is an aromatic radical, R.sub.1 may be H and where R.sub.2
      is not an aromatic radical, R.sub.1 may not be H. Preferably, R.sub.1 and
      R.sub.2 are C.sub.1 to C.sub.6 alkyl radicals; more preferably, R.sub.1 is
      methyl and R.sub.2 is C.sub.1 -C.sub.6 alkyl radical; most preferably,
      R.sub.1 and R.sub.2 are independently selected from methyl and ethyl
      radicals.
PAR  Illustrative examples of these Type III olefins suitable for use in the
      practice of this invention are isobutylene, 2-methyl-1-butene,
      alpha-methyl styrene, 2-methyl-1-pentene, 2-methyl-1-octene,
      2-cyclohexyl-1-propene, 2-cyclopentyl-1-propene, methylene cyclohexane,
      methylene cyclopentane, styrene, 2-ethyl-1-butene. In addition, olefins
      which can yield a tertiary carbonium ion by a hydride ion shift are also
      suitable. Such olefins include 3-methyl-1-butene, 3-methyl-1-pentene,
      4-methyl-1-pentene, etc.
PAR  Comonomer compositions useful as feed streams in the preparation of the LM
      polymers contain about 70 to 99.5 mole % preferably 90-99.5 mole % of the
      isoolefin, e.g. isobutylene and about 30-0.5 mole %, preferably about 10
      to 0.5 mole %, of a conjugated diolefin, e.g. isoprene. These comonomer
      feed compositions are similar to those used to produce rubbery polymers
      known in the literature as "butyl rubber". However, the polymers of the
      instant invention are not rubbers in the usual sense.
PAR  Polymers of this invention exhibit iodine numbers of about 20-35,
      Brookfield viscosities at 200.degree.F. and 0.5 RPM varying from about
      10,000 to 600,000 cps., preferably about 10,000 to 200,000 cps. The
      viscosity average molecular weight as determined in diisobutylene at a
      concentration of 5 mg/ml. at 20.degree.C. is at least 10,000 and
      preferably 20,000 to 40,000. These polymers have a narrow molecular weight
      distribution, that is the ratio of the weight average molecular weight
      (M.sub.w) to number average molecular weight (M.sub.n) as determined by
      gel permeation chromatography (gpc) is less than 2.5, preferably less than
      2.0 and a number average molecular weight as calculated by gpc of at least
      10,000.
PAR  The polymerization process of this invention is preferably carried out by
      introducing the polymerization monomers and the diluent in a liquid state
      into a well-stirred tank type reactor. During the polymerization,
      sufficient amounts of diluent are maintained in the reaction vessel such
      that about 0.5 to 20 volumes, preferably 1 to 10 volumes, of diluent are
      present for every volume of polymer plus unreacted monomer.
PAR  The catalyst systems employed in the preparation of the LM polymers of this
      invention comprise a promoted or unpromoted aluminum compound. High yields
      are obtained by using aluminum bromide alone or ethyl aluminum dichloride
      promoted with hydrogen chloride or a C.sub.3 -C.sub.7 organic halide
      compound.
PAR  Illustrative examples of useful organic halides promoters are benzyl
      chloride, benzyl bromide, allyl chloride, isoprene hydrochloride,
      methallyl chloride, t-butyl bromide, t-butyl chloride, secondary butyl
      bromide, secondary butyl chloride, etc. Benzyl chloride is the preferrred
      promoter.
PAR  When the ethyl aluminum dichloride-organic halide catalyst system is used,
      the catalyst system generally comprises about 96-99.5 wt % of ethyl
      aluminum dichloride and about 0.5 to 4 wt % of organic halide promoter.
      However, when hydrogen chloride is used as the promoter, the hydrogen
      chloride may comprise about 0.1 to about 50 wt % of the total catalyst
      system, preferably about 1 to about 20 wt %.
PAR  The concentration of catalyst present in the reaction zone can vary over a
      wide range. The amount of catalyst used must be sufficient to covert from
      70-99 wt. % of the monomer mixture, preferably 75 to 99 wt %, more
      preferably at least 85% thereby insuring that polymers having a narrow
      molecular weight distribution will be produced. Typically, in the case of
      either aluminum bromide catalyst or the ethyl aluminum dichloride organic
      halide catalyst system about 0.5 to 1.5 wt. % of catalyst based upon the
      total monomer is used, preferably, about 0.7 to about 1.0.
PAR  In polymerizations wherein the ethyl aluminum dichloride-HC1 catalyst
      system is employed, smaller amounts of catalyst may be used and catalyst
      concentrations varying from about 0.1 to about 0.3 wt. % of the monomers
      is sufficient to secure high yields from the monomer.
PAR  The conditions at which the polymerization reaction is carried out can vary
      over a wide range. Generally, temperatures ranging from about -30 to
      -80.degree.C. can be used. However, temperatures ranging from about -40 to
      about -60.degree.C. are preferred. The pressures at which the
      polymerization is carried out is not critical provided that it is
      sufficient to maintain the polymerization monomers and solvent in the
      liquid state. Pressures ranging from 1 to 10 atm. can be used. In most
      industrial applications, the pressure within the polymerization reaction
      zone will be the autogeneous pressure exerted by the reactants, e.g. the
      monomers and/or the solvent.
PAR  The reaction time used in the formation of the LM polymers and of this
      invention is not critical. However, sufficient time should be allowed for
      the desired monomer conversion, i.e. 70 to 99%, which depends upon
      temperature, monomer concentration, activity of catalyst, poison levels,
      etc. In general, high yields of low bulk viscosity copolymer products of
      this invention are obtained within the temperature and pressure limits set
      forth above in about 5 minutes to 2 hours.
PAR  Tank type reactors provided with high velocity turbines for obtaining good
      mixing of the reaction monomers and diluents may be employed. The reactor
      may be constructed of any material that is inert to the reactants used and
      is capable of withstanding the operating pressures. The reaction vessels
      made of glass, metal alloys and glass lined metals are satisfactory.
      Typically, reactors of the type used in the commercial preparation of
      butyl rubber are adequate.
PAR  Although the process of this invention is described in terms of preparation
      of LM polymer it will be evident to those skilled in the art that the
      process is applicable in the preparation of any polymer which is
      conventionally prepared by solution polymerization. In particular,
      processes for the preparation of hydrocarbon polymers may be carried out
      by utilizing the concept of selecting a diluent whose lower critical
      solution temperature for the polymer to be prepared, is below the
      temperature at which the reaction is to be carried out.
PAR  Polymers are soluble in solvents in the range between the upper critical
      solution temperature and the lower critical solution temperature. Although
      not all solvent polymer combinations have an upper critical solution
      temperature, that is the polymer is substantially soluble irrespective of
      the fact that the temperature of the solvent is depressed, all hydrocarbon
      solvent-hydrocarbon polymer systems exhibit the lower critical solution
      temperature phenomena. That is, if the temperature of a solution of
      polymer and solvent is increased, a temperature is reached, above which
      the polymer is no longer soluble. Methods of determining lower critical
      solution temperatures, preparation of phase diagrams for polymers in
      various solutions and a general discussion of the thermodynamics involved
      is included in a report entitled "New Aspects of Polymer Solution
      Thermodynamics" by G. Delmas and D. E. Patterson, published in The
      Proceedings of the Paint Research Institute, number 14, which is
      incorporated herein by reference.
PAR  Briefly, the phase diagrams may be prepared by dissolving a polymer in a
      given solvent and increasing the temperature until the polymer begins to
      drop out as exhibited by cloudiness of the solution. The solution is then
      maintained at that temperature until separation of the two phases occurs.
      The upper portion is analyzed for percent polymer as is the lower portion.
      Generally, the lower portion will be a heavier polymer rich phase, the
      upper portion will be a lighter solventrich phase. A phase diagram may be
      prepared based on temperature and polymer volume fraction as parameter.
PAR  In the selection of a suitable solvent for the practice of this invention
      it is first necessary to select the desired molecular weight range of the
      polymer which is to be prepared. The polymer is then dissolved in a
      solvent at a temperature above its upper critical solution temperature
      which may be determined in the same manner as the methods described for
      determining the lower critical solution temperature. The lower critical
      solution temperature is then determined in the manner indicated by Delmas,
      supra. It is desirable to determine the viscosity of the polymer rich
      phase. For proper operation of the process it is preferred that the
      viscosity of the polymer rich phase be about 1 cps. to about 1 .times.
      10.sup.6 cps., more preferably 1 cps. to 1 .times. 10.sup.4 cps., most
      preferably, less than 1000 cps.; ideally, the viscosity is about 1 to
      about 500 cps., e.g. 1-250 cps. Although in theory the process may be
      carried out at any given viscosity of the polymer rich phase, from
      practical considerations it is desired that the polymer rich phase be
      fluid, that is pourable at the reaction conditions.
PAR  It is obvious that in the selection of the solvent to be used, it is
      essential that the lower critical solution temperature be below the
      temperature at which the polymerization is to take place. For example, if
      a reaction is carried out at about -70 to -30.degree.C., then the polymer
      must have a lower critical solution temperature in the solvent of below
      -70.degree. otherwise the desired 2-phase polymerization will not occur.
PAR  In the selection of the solvent for the carrying out of the polymerization
      it may be found that for some solvents the lower critical solution
      temperature and the upper critical solution temperature ("theta
      temperature") are not readily distinguished; that is, there is no range in
      which the polymer is clearly soluble in the solvent. This does not affect
      the application of this technique to the process. The only requirement is
      that in such a circumstance the polymer solvent mixture will separate into
      two phases as described above, i.e. an upper lighter solvent rich fraction
      and a heavier polymer rich fraction, the polymer rich fraction meeting the
      necessary viscosity requirements above.
PAR  It will be obvious to those skilled in the art that the phase separation
      phenomenon described above may be used to separate polymers from solution
      in conventional solution polymerization processes. For example, a solution
      polymerization may be carried out using a solvent whose lower critical
      solution temperature is above the temperature at which the polymerization
      is carried out. The polymer solution may then be warmed to the lower
      critical solution temperature of the system, thereby causing a two-phase
      separation into a polymer rich phase and a solvent rich phase. The result
      is more economical processing of polymer to extract it from the solvent.
PAR  It is further obvious that recognizing the advantages of the process of
      this invention, one need not relate the process to critical solution
      temperature. For example, the vehicle selected may be (1) a solvent for
      the monomer, (2) a non-solvent for the polymer to be prepared, i.e. less
      than 2 wt. % solubility of polymer in vehicle, and (3) sufficiently
      soluble in the polymer to result in a polymer-solvent-system which is
      liquid and has a viscosity of about 1 cps. to about 10.sup.6 cps. more
      preferably about 10.sup.4 cps., most preferably less than 1000 cps. The
      viscosity requirement of the solvent-polymer system is dictated by the
      fact that normal agitation in the reactor must be sufficient to break down
      the solvent-polymer system into droplets which are dispersed in the
      vehicle.
PAR  In the preparation of LM polymers it has been found that propane is an
      ideally suited solvent since the lower critical solution temperature for
      the propane-LM polymer system is below that of the polymerization
      temperature, i.e. about -80 to about -30.degree.C. Preferably, the
      reaction of this invention is carried out in propane at -70 to
      -40.degree.C.
PAR  As pointed out above, on standing the reactant-solvent mixture will
      separate into two phases, the solvent rich phase and the heavier polymer
      rich phase. This phenomena is applicable to a more advanced operation of
      the process. Since the upper solvent rich phase contains monomer and low
      molecular weight polymer outside the desirable product molecular weight
      range, it may be recycled to the reactor without any need for
      purification.
PAR  The heavier polymer rich phase is a concentrated solution of polymer.
      Therefore, less work is required in separating the polymer from the
      diluent since the amount of diluent associated with the polymer has been
      minimized. In separating the polymer rich phase it may be desirable to
      raise the temperature of the solvent polymer mixture to somewhat above the
      reaction temperature in order to insure a cleaner separation. At this
      step, however, the temperature should be below the boiling point of the
      solvent for the pressures used otherwise mixing will occur.
PAR  Throughout the specification and claims, the term "cement suspension" shall
      be taken to mean the mixture of diluent, monomer and polymer at a
      temperature above the lower critical solution temperature of the
      diluent-polymer system.
PAR  It will be evident from the aforementioned discussion that inherent in this
      process is a method for stripping lower molecular weight polymer ends from
      the product polymer, thereby resulting in a more uniform, more desirable
      product. These lower molecular weight fractions may be recycled to the
      reactor where they will grow to polymer molecular weights in the desirable
      range. Not wishing to be bound by the theory, it is postulated that this
      cement suspension phenomena which occurs above the low critical solution
      temperature is due to the fact that the free energy of mixing becomes
      positive at temperatures above the LCST. We know that
PA1  .DELTA.FM = .DELTA.HM-.DELTA.SM
PAL  where:
PA1  .DELTA.FM = free energy of mixing
PA1  .DELTA.HM = heat of mixing (enthalpy)
PA1  .DELTA.SM = entropy of mixing
PA1  T = temperature
PAL  at the UCST (.theta. temperature) the solubility is increasing with
      temperature, the heat of solution is positive but is becoming less
      positive and the entropy of mixing is positive enough to overcome the heat
      of mixing and make .DELTA.FM negative. At the LCST, solubility is
      decreasing with increasing temperature and the heat of solution must now
      be negative (exothermic). Therefore, for .DELTA.FM to become positive
      there must be an unfavorable, as negative, entropy change on mixing. This
      unusual entropy change on mixing can be explained by postulating that
      .DELTA.SM is made up of two components: (1) a geometrical or combinatorial
      entropy of mixing which is of course always positive and (2) a
      non-geometrical or non-combinatorial contribution which is negative and
      overpowers the first. This negative contribution comes about because the
      coefficient of expansion of the solvent is higher than that of the
      polymer, especially as the critical temperature of the solvent is
      approached. Therefore, as the temperature is raised, the solvent molecules
      tend to get further apart than do the polymer molecules. In order for
      solvent molecules to stay associated with the polymer molecules, the
      solvent molecules must assume a more compressed or restricted
      configuration, or one of lower entropy, than they would in pure solvent.
      This negative contribution eventually overcomes the geometrical
      contribution and the overall .DELTA.SM becomes negative so that the
      entropy contribution to the free energy of mixing becomes positive. When
      this positive entropy contribution exceeds the negative heat of mixing, we
      get a net positive free energy of mixing and phase separation occurs to
      give the desired "cement-suspension". The higher coefficient of expansion
      of the solvent compared to the polymer also accounts for the negative heat
      of mixing because in order for the solvent to become associated with the
      polymer, it must assume a more compressed or condensed lower energy state
      and we, in effect, get a "heat of condensation" liberated which
      contributes to the overall heat of mixing and makes it negative. This same
      effect is evident in the negative volume effect of mixing which is
      generally observed.
PAR  In the preparation of LM polymers the propane swollen polymer phase is
      fluid enough that it is easily broken up and dispersed as tiny droplets in
      the propane. Under the mixing conditions employed during polymerization
      (ca. 0.1 hp/gal.) the swollen polymer phase is so finely dispersed in the
      propane diluent that mixture appears to be a slightly cloudy solution.
PAR  If one allows this "cement suspension" to stand it will separate into a
      lower heavy polymer rich phase and a lighter diluent propane rich phase,
      the lighter phase containing monomers and small amounts of low molecular
      weight polymer. The resultant cement suspension combines low viscosity
      with minimum fouling tendencies so that good heat transfer is achieved and
      attractive reactor run lengths can be achieved before a forced shutdown
      for cleaning becomes necessary.
PAR  The exact composition of the two phases depends on molecular weight and
      molecular weight distribution of the polymer as well as the composition of
      the propane phase (i.e. amount of unreacted monomers and other solvents
      present). However, studies have shown that when a typical low molecular
      weight flowable LM polymer is dissolved in pure propane at a temperature
      between -80 and -30.degree.C., a two-phase system results in which the
      lighter phase contains 3% polymer and 97% propane while the heavy phase
      contains about 53% polymer and about 47% propane. These values may vary
      depending on the fraction of polymer which is the low molecular weight
      range.
PAR  The viscosity of the cement suspension produced by this polymerization is
      difficult to measure but is only a few centipoise at the reaction
      temperature, i.e. about 1 to about 50 cps., whereas the viscosity of the
      cement produced during solution polymerization in hexane phase is about
      500 cps. In addition to the advantages of reduced viscosity, improved heat
      transfer and reduced fouling tendency the process of this invention has
      been found to yield a more desirable product in that the product produced
      tends to yield higher vulcanizate properties at reduced bulk viscosity.
      This apparently reflects a somewhat narrower molecular weight distribution
      in the polymer prepared by the process of this invention. This narrower
      distribution is in part due to the ability to maintain more homogeneous
      conditions within the reactor because of the improved heat transfer and
      reduced viscosity which permits better mixing. The narrowness of the
      distribution can be improved still further by separating the soluble low
      ends and recycling them back into the reactor for further growth.
PAR  The advantages of the process of this invention may be more readily
      appreciated by reference to the following examples.
PAC  EXAMPLE 1
PAR  LM polymer was prepared in solution polymerization using hexane as solvent.
      Four feed streams were fed continuously into the reactor. The monomer feed
      stream comprised isobutylene, isoprene and hexane. This solution comprised
      83.4 wt. % monomer, 76.8% isobutylene, and 6.6 wt. % isoprene or 8.5 wt. %
      isoprene or isobutylene, and 16.6% hexane. A 2 wt. % solution of ethyl
      aluminum dichloride in hexane was prepared as the catalyst and a
      cocatalyst feed stream containing 0.0507% benzyl chloride in hexane was
      used as a promoter. Additional diluent was used in carrying out the
      reaction, this diluent being hexane. The monomer feed stream cocatalyst
      and catalyst streams and the diluent stream were precooled and fed
      separately and continuously to a one gallon tank-type reactor wherein
      polymerization ensued. The reactor was maintained at a constant
      temperature of about -70.degree.F. by cooling through a jacket around the
      reactor and through a coil within the reactor. The total heat transfer
      surfaces so provided was about 3.08 ft..sup.2 per gallon. Agitation was
      provided by a mixed flow impellor at a power input of about 0.25
      horsepower per gallon. Under steady state conditions, the residence time
      in the reactor was 21 minutes. The concentration of the various reactants
      in the reactor at steady-state conditions was:
TBL           Input     Converted  Unreacted                                   

              g./min.   g./min.    g./min.                                     

     ______________________________________                                    

     Isobutylene                                                               

                50          47.5       2.5                                     

     Isoprene   4.25        2.55       1.70                                    

     Hexane     82.2        --         --                                      

     EtAlCl.sub.2                                                              

                0.55        --         --                                      

     Benzyl chloride                                                           

                0.0098      --         --                                      

     ______________________________________                                    

PAR  The reaction was carried out at a temperature of about -56.degree.C. and
      the average residence time in the reactor was about 21 minutes. Overall
      conversion was 92% with a catalyst efficiency of 91 g. of polymer produced
      per gram of catalyst.
PAR  The effluent from the reactor was a clear, yellow, viscous solution
      (cement). It was discharged continuously through an overflow line to a
      chilled product receiver into which alcohol was injected at a rate of
      twice the stoichiometric catalyst rate to quench the catalyst and yield a
      clear, colorless, viscous, polymer cement. This was allowed to warm up and
      was deashed by washing three times with an equal volume of water to remove
      catalyst residues.
PAR  It was then heated and stripped under vacuum to remove unreacted monomers,
      alcohol, and hexane, and to yield a clear, colorless, viscous, low
      molecular weight butyl polymer. The resultant polymer had a viscosity
      average molecular weight of 33,000 and contained about 5.0 wt. % isoprene
      (.about.I.sub.2 = 27.7).
PAR  The viscosity of the cement within the reactor at steady-state conditions
      was in excess of 500 cps. and the experimental overall heat transfer
      coefficient was less than 20 BTU/HR., Ft..sup.2, .degree.F. The heat
      transfer coefficient showed a steady decline as the run progressed and
      after about 2-1/2 days on stream, the coefficient had dropped to less than
      10. Difficulty was experienced in maintaining a uniform temperature within
      the reactor and it was necessary to terminate the run. When the reactor
      was dissembled for cleaning, it was found to be completely coated with
      insoluble gel. It should be noted that whereas it was possible to
      polymerize in the small one-gallon reactor, polymerization under similar
      conditions in a large reactor would have been exceedingly difficult or
      impossible. The low area to volume ratio of the larger reactor would make
      it impossible to put enough heat transfer surface into the reactor without
      creating laminar flow conditions which would considerably broaden the
      polymer molecular weight distribution by preventing the maintaining of
      uniform conditions within the reactor. For example, in a 1500 gallon
      butyl-type reactor, calculations indicate only 1 square foot of heat
      surface per gallon could be provided. Furthermore, it would be exceedingly
      difficult to provide the same mixing intensity in the larger reactor - a
      practical upper limit would seem to be about 0.1 horsepower per gallon.
      Hence, a coefficient of greater than 30 BTU/Hr. Ft..sup.2, .degree.F.
      would be required in the large reactor to permit polymerization to be
      conducted under conditions employed in the one-gallon reactor.
      Experimental data and heat transfer calculations both show that even the
      initial coefficient obtained is not high enough and hence, polymerization
      in a commercial scale reactor is impractical.
PAR  In an attempt to carry out an LM polymer solution polymerization, under
      conditions which could be scaled up to commercial size, an effort was made
      to reduce the rate of heat evolution or improve the realized coefficient.
      Modifications attempted to accomplish these objections were increased
      residence time, reduced conversion and reduced feed monomer concentration.
      These routes were thoroughly investigated without success. Hence, solution
      polymerization of LM polymers on a commercial scale in conventional
      reactors does not appear attractive.
PAC  EXAMPLE 2
PAR  In an attempt to eliminate the problems inherent in a solution
      polymerization system, the experiment of Example 1 was carried out using
      propane as the solvent in a cement suspension polymerization. Three feed
      streams were fed continuously into the reactor. The monomer feed for this
      reaction included 99.3% monomers (92.0% isobutylene, 8% isoprene based on
      isobutylene), 0.257% benzyl chloride based on the isobutylene and 0.67%
      hexane based on isobutylene, the hexane being introduced with the benzyl
      chloride. The catalyst stream was a 1.70% ethyl aluminum dichloride in
      propane. The diluent stream was propane. The three feed streams were
      metered, precooled and fed separately and continuously into the one-gallon
      well stirred tank-type reactor of Example 1.
PAR  The steady state conditions within the reactor were:
TBL           Input,    Converted  Unreacted                                   

              g./min.   g./min.    g./min.                                     

     ______________________________________                                    

     Isobutylene                                                               

                46.6        39.5       7.1                                     

     Isoprene   3.72        2.31       1.41                                    

     Hexane     1.85        --         --                                      

     Propane    68.8        --         --                                      

     EtAlCl.sub.2                                                              

                0.486       --         --                                      

     Benzyl Chloride                                                           

                0.0121      --         --                                      

     ______________________________________                                    

PAR  The total reactor throughput was 121.5 grams/min. with a product polymer
      rate of 41.8 grams/min. The reaction temperature was -57.5.degree.C.
      Overall conversion rate was about 83% and reactor residence time was about
      22-1/2 minutes.
PAR  A thin, cloudy, yellow "cement-suspension" was produced in the reactor and
      allowed to discharge into an overflow line into which alcohol was injected
      at twice the stoichiometric rate to quench the catalyst and yield a
      cloudy, colorless cement suspension. This suspension separated slowly into
      a heavy polymer-rich phase and a light propane phase. The polymer was
      deashed and stripped as in Example 1 to yield a low molecular weight
      polymer.
PAR  The LM polymer produced had a viscosity average molecular weight (Mv) of
      about 36,000 and a weight percent isoprene content of about 5.5
      (.about.I.sub.2 = 31).
PAR  The viscosity of the cement suspension in the reactor at steady-state was
      less than 50 cps. and the experimental overall heat transfer coefficient
      was about 70 BTU/Hr., Ft..sup.2, .degree.F. It declined rapidly at first
      and as the run progressed it decreased more slowly. After 10 days on
      stream it dropped to less than 10 and the run was terminated.
PAR  The very substantial heat transfer advantages of the propane
      cement-suspension system as compared to the hexane solution are readily
      apparent. Even more important, is the fact that the low viscosity of the
      propane cement suspension makes it possible to put more heat transfer
      surface into the reactor without encountering laminar flow conditions and
      destroying mixing efficiency. Thus, a commercial size butyl-type reactor
      can readily be designed to prepare LM polymers using the propane cement
      suspension system, whereas a commercial size butyl-type reactor to handle
      viscous cements when LM polymer is polymerized in hexane solution is
      impractical or even impossible to design.
PAC  EXAMPLE 3
PAR  Various experiments were carried out in order to define the heat transfer
      advantage afforded by the cement suspension polymerization as compared to
      solution polymerization. A series of solution polymerizations were run
      under conditions as in Example 1. A second series of cement suspensions
      were run similar to Example 2. All runs were at polymer concentrations of
      33 to 37% in the reactor. The overall heat transfer coefficient as a
      function of onstream time was calculated for both runs.
PAR  Referring now to the FIGURE, the markedly superior heat transfer
      coefficient realized with the propane cement suspension is obvious. The
      cross-hatched envelopes show the range of values observed for the
      cement-suspension runs in propane and for the solution runs in hexane.
      Although the heat transfer coefficient in the propane cement suspension
      reaction declined rapidly during the initial portion of the run, the
      steady state fouling rate in propane is at least as low as hexane as
      indicated by the slope of the curves after 2 or 3 days onstream and by
      longer run lengths achievable with propane diluent.
PAR  The initial more rapid fall-off of overall heat transfer coefficient is due
      to the fact that a slight fouling film has a much more noticeable effect
      on the high coefficient realized in propane than on the much lower
      coefficient realized in hexane. In other words, the thick viscous cement
      film which surrounds the heat transfer surface during polymerization in
      hexane already provides such poor heat transfer that deposition of a thin
      gel film adds little further resistance. On the other hand, the thin fluid
      cement suspension film which surrounds the heat transfer surface during
      polymerization in propane offers so little resistance to heat transfer
      that a microscopic thin gel film is immediately apparent. Nevertheless, as
      the FIGURE shows, the overall heat transfer coefficient remains
      substantially higher in propane than in hexane so that considerably longer
      length runs are possible in the former. In addition, and of even more
      importance, the lower viscosity of the propane cement supsension allows
      for practical design of commercial reactors with sufficient heat transfer
      surfaces.
PAC  EXAMPLE 4
PAR  The advantages of carrying out a polymerization at a temperature above the
      lower critical solution temperature of the polymer-solvent system may be
      more readily appreciated by the following example.
PAR  Three feed streams were prepared:
TBL  Feed No. 1 (Feed Blend with Co-                                           

                         Isobutylene/isoprene/benzyl                           

     Catalyst in Propane)                                                      

                         chloride in propane. 79.4%                            

                         monomers, 73.3% isobutylene,                          

                         8.44% isoprene on isobutylene, - 0.0230% benzyl       

                         chloride on                                           

                         isobutylene, 0.615% hexane,                           

                         20.0% propane. -                                      

     Feed No. 2 (Catalyst) -- 1.7% ethyl aluminum dichloride in propane        

     Feed No. 3 (Diluent) -- Pure propane                                      

PAL  The streams were metered, chilled, and fed separately and continuously into
      a well stirred tank-type reactor as described in Example 2. The feed rates
      were adjusted and the reactor controlled so that the following
      steady-state conditions were maintained within the reactor.
TBL                TABLE III                                                   

     ______________________________________                                    

               In.      Conv.      Un-                                         

               g./min.  g./min.    reacted                                     

     ______________________________________                                    

     Isobutylene 49.9       37.3       12.6                                    

     Isoprene    4.21       2.33       1.88                                    

     Hexane      1.99                                                          

     Propane     74.5                                                          

     EtAlCl.sub.2                                                              

                 0.512      Prod. Rate -- 39.6 g/min.                          

     Benzyl Chloride                                                           

                 0.0115     -- 5.24 lb/hr                                      

     ______________________________________                                    

PAR  The total reactor throughput was 131.1 grams/min. while the product polymer
      rate was 39.6 grams/min. The reaction temperature was -55.5.degree.C. and
      the conversion of monomer to polymer was 73%. Average residence time in
      the reactor was 21 minutes. The product had a Mw of 35,200 and contained
      5.88 wt. % isoprene (.about.I.sub.2 = 33).
PAR  The reactor effluent was a thin, cloudy, yellow cement suspension with a
      non-volatile content of 30.2%. It was collected in a chilled container
      into which alcohol was injected to quench the reaction and yield a
      colorless, cloudy, cementsuspension. A portion of the effluent was deashed
      and recovered by flashing off all the propane and non-volatiles so that
      the total polymer was recovered (designated Sample A). A second portion of
      the effluent was allowed to settle into a polymer rich heavy phase and a
      light phase containing most of the volatiles and some very low molecular
      weight polymer. The light phase was decanted off and the heavy phase was
      deashed and recovered separately (designated Sample B). Properties of the
      total polymer and separated heavy phase are compared below:
TBL                TABLE IV                                                    

     ______________________________________                                    

     GPC                                                                       

     Sample      M.sub.w  M.sub.n  M.sub.w /M.sub.n                            

                                          INOPO*                               

     ______________________________________                                    

     Sample A (Total                                                           

                 35,200   15,000   2.35   33                                   

     Polymer)                                                                  

     Sample B (Heavy-                                                          

                 39,100   18,200   2.15   29                                   

     Phase Only)                                                               

     ______________________________________                                    

      *INOPO = Iodine Number of the Polymer -- grams of I.sub.2 which react wit

      100 grams of polymer using the drastic I.sub.2 -mercuric acetate method a

      described by Gallo, Wiese & Nelson in I. & EC. 40, 1277 (1948).          

PAL  As indicated by the data, the rejection of the low ends which were
      dissolved in the lighter phase results in a more desirable polymer with
      narrower molecular weight distribution.
PAR  In the recovery of the total polymer, 2.31 lbs. of volatiles had to be
      vaporized from the cement suspension per pound of polymer recovered. All
      of this material would have to be recovered, purified and recycled in a
      commercial plant. In the recovery of the heavy phase only polymer, only
      1.82 lbs. of heavy phase had to be processed per pound of polymer
      recovered and 1.68 lbs. of light phase which was separated could be
      recycled directly back into the reactor along with fresh monomers and
      catalyst. This light phase consisted of 1.63 lbs. of volatiles and 0.05
      lbs. of low molecular weight polymer.
PAR  Thus, by utilizing light phase separation and recycle, only 0.82 lbs. of
      volatiles must be vaporized from the heavy phase and repurified for
      recycle per pound of polymer produced compared to 2.31 pounds of volatiles
      for a conventional (i.e., solution) polymerization in which all volatiles
      must be vaporized and recycled.
PAR  By utilizing light phase separation and recycle (which cement supsension
      polymerization makes possible) 1.68 pounds of recycle can be handled
      directly at minimal cost. Hence, the recovery and recycle portions of a
      commercial plant would only have to be about 35% as large for the cement
      suspension process as for a conventional process which did not utilize
      light phase recycle.
PAR  The following examples show the criticality of parameters in order to
      achieve a useful 2-phase "cement-suspension" system in the reactor during
      the polymerization of LM polymers.
PAC  EXAMPLE 5
PAR  In Example 2, a useful 2-phase system was achieved under the following
      conditions:
PA1  % monomers in total reactor feed were 50.32/121.5 = 41.4%
PA1  Reaction temperature was -57.5.degree.C
PA1  Conversion was 83%
PA1  Polymer concentration at steady-state was 34.4%
PA1  Residual monomer concentration at steady-state was 7.0%
PA1  Hexane concentration = 1.53%
PA1  Polymer Mv = 36,000
PAR  At steady-state in the reactor 41.8 g/mm. of polymer were being produced in
      a mixture of hydrocarbon liquids consisting of 68.8 g. of propane, 1.85 g.
      of hexane, and 8.5 g. of unreacted monomers. The hexane and unreacted
      monomers are much better solvents for the polymer than the propane so the
      ratio of good solvent to total solvent in this hydrocarbon mixture was
      10.36/79.16 = 13.1%. At -57.5.degree.C. the system was above the LCST of
      the polymer in this solvent blend and so it formed two phases as it was
      produced in the reactor. It formed about 81 parts by weight of heavy phase
      and 40 parts by weight of light phase with the components partitioning
      between the phases about as follows:
PA1  Heavy phase composition: 40.3 Polymer/8.5 monomers + hexane/32.3 propane or
      about 50% polymer/50% solvents
PA1  Light phase composition: 36.5 propane/1.5 polymer/2.0 monomers + hexane or
      about 3.7% polymer/96.3% solvents
PAR  The light phase was a very thin liquid with a viscosity of under 1 cps. The
      heavy phase was also a liquid phase because of the high amounts of
      solvents associated with the polymer and its viscosity was about 2200 cps.
      This heavy liquid phase was thin enough to be easily broken up and
      dispersed in the light phase to give a liquid/liquid dispersion in the
      reactor with an overall viscosity close to that of the light phase or less
      than 50 cps. to result in good heat transfer and low fouling.
PAR  In another similar run, similar feed streams were fed into the reactor, but
      the catalyst rate was reduced to achieve lower conversion and set up the
      following steady-state within the reactor:
     STEADY-STATE CONDITIONS WITHIN REACTOR                                    

               Input    Converted  Unreacted                                   

               g/min.   g/min.     g/min.                                      

     ______________________________________                                    

     Isobutylene 44.6       26.2       18.4                                    

     Isoprene    3.79       1.75       2.04                                    

     Hexane      2.07                                                          

     Propane     66.7                                                          

     EtAlCl.sub.2                                                              

                 0.281                                                         

     Benzyl Chloride                                                           

                 0.0070                                                        

     ______________________________________                                    

PAR  The total reactor throughout was 117.4 g./min. with a product polymer
      weight of 28.0 g/min. The reaction temperature was -55.degree.C. Overall
      conversion was about 58% and reactor residence time was about 23-1/2 min.
      In this case the reactor effluent was clear yellow viscous solution
      (cement) as in example 1 with the poor heat transfer and other problems of
      that example. The polymer being produced had an Mv of 32,500 and contained
      6.3 wt. % isoprene (.about.I.sub.2 = 35.9).
PAR  In this example, even though we used propane diluent we did not achieve a
      2-phase system but a solution instead because there was too much unreacted
      monomer in the reactor of steady-state. The conditions in this example
      were:
PA1  % Monomers in total reactor feed were 48.39/117.4 = 41.2%
PA1  Reaction temperature was -55.degree.C.
PA1  Conversion was 58%
PA1  Polymer concentration at steady-state was 23.8%
PA1  Residual monomer concentration at steady-state was 17.4%
PA1  Hexane concentration was 1.77%
PA1  Polymer Mv = 32,500
PAR  At steady-state in the reactor 28.0 g./min. of polymer were being produced
      in a mixture of hydrocarbon liquids consisting of 66.7 g. of propane, 2.07
      g. of hexane, and 20.44 g. of unreacted monomers. In this case the ratio
      of good solvents to total solvent in the hydrocarbon mixture was
      22.51/89.2 = 25.2%. At -55.degree.C. the system was below the LCST of the
      polymer in this solvent blend and so it formed a viscous solution rather
      than the desirable 2-phase system.
PAC  EXAMPLE 6
PAR  In a run similar to that of Example 5, similar feed streams were fed into
      the reactor but instead of merely introducing minor amounts of hexane with
      the benzyl chloride, the amount of hexane fed was increased and set up the
      following steady-state within the reactor:
     STEADY-STATE CONDITIONS WITHIN REACTOR                                    

               Input    Converted  Unreacted                                   

               g/min.   g/min.     g/min.                                      

     ______________________________________                                    

     Isobutylene 49.4       38.5       10.9                                    

     Isoprene    4.21       2.16       2.05                                    

     Hexane      29.7                                                          

     Propane     47.4                                                          

     EtAlCl.sub.2                                                              

                 0.60                                                          

     Benzyl Chloride                                                           

                 0.0122                                                        

     ______________________________________                                    

PAR  The total reactor throughput was 131.3 g/min. with a product polymer weight
      of 40.6 g./min. The reactor temperature was -57.5.degree.C. Overall
      conversion was about 75.5% and reactor residence time was about 21
      minutes. In this case, the reactor effluent was again a clear yellow
      viscous solution (cement) as in Example 1 with the poor heat transfer and
      other problems of that example. The polymer being produced had an Mv of
      34,800 and contained 5.3 wt. % isoprene (.about.I.sub.2 = 29.9).
PAR  In this example, we again failed to achieve a desirable 2-phase system in
      the reactor but a solution instead because there was too much of the good
      solvent, e.g., C.sub.5 -C.sub.9 hydrocarbon (hexane here), in the reactor
      at steady-state. The conditions in this example were:
PA1  % Monomers in total reactor feed were 53.61/131.3 = 40.9%
PA1  Reaction temperature was -57.5.degree.C.
PA1  Conversion was 75.5%
PA1  Polymer concentration at steady-state was 30.9%
PA1  Residual monomer concentration at steady-state was 9.85%
PA1  Hexane concentration was 22.6%
PA1  Polymer Mv = 34,800
PAR  At steady-state in the reactor 40.6 g./min. of polymer were being produced
      in a mixture of hydrocarbon liquids consisting of 47.4 g. propane, 29.7 g.
      hexane, and 12.95 g. unreacted monomers. In this case the ratio of good
      solvents to total solvent in the hydrocarbon mixture was 42.65/90.05 =
      47.5%. At -57.5.degree.C. the system was below the LCST of the polymer in
      this solvent blend and so it formed a viscous solution rather than the
      desirable 2-phase system.
PAC  EXAMPLE 7
PAR  In a run similar to that of Example 5, similar feed streams were fed into
      the reactor but the monomer feed concentration was increased in the
      reactor to set up the following steady-state within the reactor:
     STEADY-STATE CONDITIONS WITHIN REACTOR                                    

               Input    Converted  Unreacted                                   

               g./min.  g./min.    g./min.                                     

     ______________________________________                                    

     Isobutylene 50.4       43.3       7.1                                     

     Isoprene    4.17       2.70       1.47                                    

     Hexane      2.10                                                          

     Propane     51.8                                                          

     EtAlCl.sub.2                                                              

                 0.573                                                         

     Benzyl Chloride                                                           

                 0.0116                                                        

     ______________________________________                                    

PAR  The total reactor throughput was 109.1 g/min. with a product polymer weight
      of 46.0 g/min. The reactor temperature was -55.degree.C. Overall
      conversion was about 84.5% and reactor residence time was about 23
      minutes. In this case a 2-phase liquid/liquid system was produced but the
      light phase was dispersed in the heavy phase so that viscosity was very
      high and heat transfer very poor. The polymer being produced had an Mv of
      33,900 and contained 5.9 wt. % isoprene (I.sub.2 = 33).
PAR  In this example, we failed to achieve a desirable 2-phase system because
      there was too much of the heavy phase relative to the amount of light
      phase so that the heavy phase became the continuous phase and very high
      viscosity resulted. The conditions in this example were:
PA1  % Monomers in total reactor feed were 54.57/109.1 = 50.0%
PA1  Reaction temperature was -55.degree.C.
PA1  Conversion was 84.5%
PA1  Polymer concentration at steady-state was 42.1%.
PA1  Residual monomer concentration at steady-state was 7.75%
PA1  Hexane concentration = 1.92%
PA1  Polymer Mv = 33,900
PAR  At steady-state in the reactor, 46.0 g/min. of polymer were being produced
      in a mixture of hydrocarbon liquids consisting of 51.8 g. propane, 2.10 g.
      hexane, and 8.57 g. unreacted monomers. The ratio of good solvents to
      total solvent in this hydrocarbon mixture was 10.67/62.47 = 17.0%. At -
      55.degree.C. the system was above the LCST of the polymer in this solvent
      blend and so it formed two phases as it was produced in the reactor. It
      formed about 91 parts by weight of heavy phase and 18 parts by weight of
      light phase with the components partitioning between the phases about as
      follows:
PA1  Heavy phase composition: 45.5 polymer/9.6 monomers + hexane/35.3 propane or
      about 50% polymer/50% solvents
PA1  Light phase composition: 16.5 propane/0.5 polymer/1.1 monomer + hexane or
      about 2.8% polymer/97.2% solvents
PAR  The light phase was a very thin liquid with a viscosity under 1 cps. The
      heavy phase was also a liquid phase because of the large amounts of
      solvents associated with the polymer and its viscosity was about 2000 cps.
      The heavy phase was thus thin enough to be broken up and dispersed as in
      the Example 2 of the case, but there was so little of the light phase that
      in this case the light phase dispersed in the heavy phase instead of
      vice/versa as in Example 2 and the reactor viscosity was thus very high.
      In order to keep the light phase continuous and be able to disperse the
      heavy phase in it, the light phase should comprise at least 20% by volume
      of the total reactor volume.
PAR  At the high feed monomer concentration used in this example, there is no
      way of achieving an operable 2-phase system. At high conversion there is
      too much heavy phase and a viscous heavy phase continuous 2-phase system
      results. At low conversion there is too much unreacted monomer and a
      viscous solution results. The desirable 2-phase system can thus be
      produced only over a restricted feed monomer concentration range.
PAC  EXAMPLE 8
PAR  The following example illustrates the inoperability of a conventional
      slurry polymerization for producing an LM polymer. In this example we
      attempted to duplicate the conditions of Example 2 but instead of using
      propanae as the diluent we used methylene chloride as the non-solvent.
      Feed streams were similar to Example 2 (of case) except that propane was
      everywhere replaced with methylene chloride. Steady-state flows into the
      reactor were:
     ATTEMPTED STEADY-STATE WITH MeCl.sub.2 DILUENT                            

                          Input                                                

                          g./min.                                              

     ______________________________________                                    

     Isobutylene            47.0                                               

     Isoprene               3.75                                               

     Hexane                 1.75                                               

     Methylene Chloride     68.9                                               

     EtAlCl.sub.2           0.485                                              

     Benzyl Chloride        0.0120                                             

     ______________________________________                                    

PAR  Total reactor throughput was 121.9 g./min. and reactor temperature at the
      start was -57.5.degree.C. and an effort was made to maintain temperature
      at -57.5.degree.C. In this example, it was not possible to establish a
      steady-state within the reactor because within less than one half hour of
      initiating polymerization the reactor had already fouled out and become
      inoperable. Although a lot of polymer was being produced in the reactor,
      the effluent from the reactor persisted as methylene chloride with
      unreacted monomers and essentially no polymer throughout the run. Almost
      all of the polymer produced stayed right in the reactor to fill it up and
      jam the stirrer and plug all feed inlets. A 2-phase system was being
      produced in the reactor, but the polymer was separating as a sticky solid
      phase instead of as a second liquid phase. The sticky polymer particles
      produced agglomerated with each other and stuck to the stirrer and walls
      of the reactor. Mixing and heat transfer very quickly became impossible
      and within less than one half hour the stirrer jammed and the feed inlets
      plugged so the run was aborted. The reactor was warmed and disassembled
      and found to be nearly filled with a sticky mass of LM butyl.
PAR  Clearly, the 2-phase system produced in this example was highly undesirable
      and caused immediate and massive fouling of the reactor. In this example,
      the polymer is essentially insoluble in the methylene chloride and so
      separates from it as produced to form a second phase in the reactor.
      However, the methylene chloride is also essentially insoluble in the
      polymer so instead of the polymer separating as a solvent swollen liquid
      phase (as with propane as the diluent under the right conditions) it
      separates as a sticky monomer swollen solid phase which agglomerates and
      sticks to everything to rapidly foul out the reactor. It is thus clear
      that it is only under very special conditions that a desirable 2-phase
      system is produced which is why Wood and others have taught to avoid this
      2-phase region.
PAR  If the polymer separates as a relatively non-sticky glassy polymer as in
      normal slurry polymerization of high molecular weight butyl at low
      temperatures, the 2-phase system is operable. If it separates as a sticky
      solid as in polymerization of Butyl LM or other elastomers at temperatures
      well above the glass temperature, then the 2-phase system is undesirable
      as it produces immediate mass fouling of the reactor.
PAC  EXAMPLE 9
PAR  In another example which shows the criticality of conditions, required for
      producing a desirable 2-phase system in the reactor, the conditions of
      Example 2 were duplicated except that the polymer to be prepared was
      polyisobutylene. Feed streams were similar to Example 2, but the isoprene
      was replaced by additional isobutylene to establish the following
      steady-state flows into the reactor:
TBL  ATTEMPTED STEADY-STATE WITHOUT ISOPRENE                                   

                          Input                                                

                          g./min.                                              

     ______________________________________                                    

     Isobutylene            50.5                                               

     Isoprene               --                                                 

     Hexane                 1.80                                               

     Propane                68.9                                               

     EtAlCl.sub.2           0.475                                              

     Benzyl Chloride        0.0115                                             

     ______________________________________                                    

PAR  Total reactor throughput was 121.7 g./min. and an effort was made to retain
      reactor temperature at -57.5.degree.C.
PAR  As in Example 8, it was not possible to establish a steady-state within the
      reactor because the reactor rapidly fouled out and became inoperable. A
      very high conversion was achieved and a great deal of polymer was produced
      in the reactor, but the effluent from the reactor persisted as essentially
      pure propane throughout the run. Nearly all of the polymer produced stayed
      in the reactor to foul it out and cause termination of the run. Again a
      2-phase system was being produced in the reactor but the polymer was
      separating as a sticky semi-solid which was too viscous and too sticky to
      disperse in the light phase. The polymer formed a viscous sticky mass
      within the reactor which made mixing and heat transfer impossible. The
      reactor warmed rapidly until the propane started boiling and spurting from
      the reactor and the reaction had to be quenched and the run aborted.
      Polymer recovered from the reactor when it was warmed and disassembled for
      cleaning was a reasonably high molecular polyisobutylene (Mv &gt; 100,000).
PAR  Clearly the 2-phase system produced in this example was also highly
      undesirable and caused rapid massive fouling of the reactor. In this
      example, the VISTANEX being produced was of reasonably high molecular
      weight and all the monomer was essentially being consumed so no unreacted
      monomers were present in the reactor to act as a cosolvent for the
      polymer. The polymer being produced was essentially insoluble in the
      propane and so separated from it as produced to form a second phase in the
      reactor. However, the propane was not soluble enough in the polymer to
      reduce its viscosity enough for it to behave as a second liquid phase and
      be dispersed in the propane. Instead the polymer phase separated as a very
      viscous and sticky semisolid phase which filled the reactor to prevent
      heat transfer and mixing and necessitated termination of the run.
PAR  This example again shows that the desirable liquid/liquid "cement
      suspension" 2-phase system of this invention can only be achieved under
      very carefully selected and controlled conditions.
PAC  EXAMPLE 10
PAR  In this example, the conditions of Example 9 were repeated to produce a
      lower molecular weight polyisobutylene but still failed to produce a
      desirable 2-phase "cement-suspension" system. Feed monomer concentration
      was reduced, polymerization temperature was warmed, and HCl was added as a
      transfer agent to reduce molecular weight. The following steady-state was
      set up within the reactor.
TBL  ______________________________________                                    

     STEADY-STATE CONDITIONS WITHIN REACTOR                                    

             Input    Converted  Unreacted                                     

             g./min.  g/min.     g./min.                                       

     ______________________________________                                    

     Isobutylene                                                               

               34.2       33.2       1.0                                       

     Hexane    0.2                                                             

     Propane   79.8                                                            

     EtAlCl.sub.2                                                              

               0.059                                                           

     HCl       0.073                                                           

     ______________________________________                                    

PAR  Total reactor throughout was 114.3 g./min. with a polymer production of
      33.2 g/min. The reactor temperature was maintained at -40.degree.C.
      Conversion was about 97% and reactor residence time about 24 minutes. The
      polymer being produced had an Mv of .about. 47,000 but we were never able
      to achieve a steady-state because the reactor fouled out.
PAR  In this example, even though propane was used as the diluent, and the
      product produced was a low molecular weight polyisobutylene, we still
      failed to achieve an operable 2-phase "cement-suspension" because the
      polymer was too soluble in the diluent and the diluent was not soluble
      enough in the polymer. Reactor fouling forced termination of the run
      before a good steady-state was reached so we can only approximately
      describe phase compositions and behavior. Reactor effluent soon after
      polymerization initiated was a fairly fluid and nearly colorless solution.
      Viscosity of this solution increased gradually and solids rose to 10-15%
      but it soon became evident that much polymer was remaining in the reactor.
      This was evidenced by worsening heat transfer and laboring of the stirrer.
      After about an hour some very viscous heavy phase started coming out along
      with the solution phase but the heavy phase was not dispersed and was so
      viscous that it was more or less extruding out as a separate phase. The
      high viscosity in the reactor was nearly stopping the stirrer and heat
      transfer was becoming impossible. Shortly thereafter, the propane began to
      boil and spurt globs of viscous polymer out of the reactor so the rum had
      to be terminated. The reactor had nearly filled with the heavy phase
      polymer.
PAR  In this case, the diluent was almost pure propane since nearly all of the
      isobutylene was being polymerized, but the polar HCl was present in high
      enough concentration to make the polymer more soluble in the propane than
      normally, so that the light phase became a moderately viscous polymer
      solution. (The diluent was actually an HCl/propane mixture which had a
      higher solubility parameter than pure propane so the polymer was more
      soluble in it). Some of the polymer produced (the low molecular weight
      tail of the distribution being produced) was thus retained in solution and
      raised the viscosity of the light phase coming out of the reactor. The
      balance of the polymer separated as a heavy phase in the reactor, but the
      propane was not soluble enough in the polymer to convert it to a
      dispersible liquid so it was settling and being retained in the reactor.
      The heavy phase was too viscous to be dispersed as a stable dispersion in
      the light phase so it formed a viscous mass which remained in the reactor
      and fouled it out.
PAR  This 2-phase system was again highly undesirable and produced rapid fouling
      of the reactor. It was undesirable from two aspects:
PA0  1. The light phase had too much polymer dissolved in it and so was already
      fairly viscous. Therefore, even if the heavy phase had been dispersible in
      it, a fairly high reactor viscosity would have resulted. For the 2-phase
      dispersion, viscosity is given approximately by the Einstein relationship:
PA1  N = N.sub.O (1 + 2.5 .phi.)
PAL  where:
PA1  N = Viscosity of suspension
PA1  N.sub.O = Viscosity of external (light) phase
PA1  .phi.= Volume fraction of dispersed (heavy) phase
PAL  Thus, for a desirable 2-phase system, it is necessary that the light phase
      have a very low viscosity or in other words that it contain very little
      dissolved polymer.
PA0  The heavy phase in this example was too viscous to be dispersed in the
      light phase because the solvent phase was not soluble enough in the
      polymer. Under the mixing intensity available the heavy phase settled in
      the reactor and fouled it out.
PAR  In order to achieve the desirable 2-phase "cement-suspension" of this
      invention, then, it is clear that two very specific criteria must be met.
      The light phase must be a very poor solvent for the polymer so that its
      viscosity remains low, whereas the polymer rich heavy phase must separate
      out, containing enough solvents that it behaves as a liquid and can be
      dispersed in the light phase. The upper viscosity limitation of the heavy
      phase at which dispersion can be achieved is dependent upon conditions and
      especially upon the type and intensity of mixing provided but is certainly
      less than 10.sup.6 cps. In most cases, the upper viscosity limitation will
      be about 10.sup.4 cps. with a viscosity of several thousand cps. or less
      being preferred. The light phase should have as low a viscosity as
      possible, most preferably less than 1 cps. but less than 20 cps. as a
      maximum upper limit. The "cement suspension" will have a viscosity as
      given by Einstein's relationship and governed by light phase viscosity and
      volume fraction of the heavy phase. Its viscosity should be less than 100
      cps. and most preferably less than 50 cps.
PAR  The desired "cement-suspension" is produced by careful selection and
      control of parameters. As pointed out in the case, the most general way of
      producing a phase separation is to operate above the LCST of the
      particular polymer/solvent system but all the parameters must be adjusted
      so that a desirable "cement suspension" is produced under polymerization
      conditions.
PAR  Polymerization temperature and catalyst system are chosen to produce the
      desired molecular weight and then the solvent system is chosen to yield
      the desired separation.
PAR  In general, as the temperature is raised further and further above the LCST
      of the system, the polymer phase separates with less and less solvent
      associated with it so that there is only a limited temperature range above
      the LCST in which it will separate as a liquid phase. At higher
      temperatures it will separate as a sticky solid phase which will foul out
      the reactor. The amount of solvent required in the polymer phase to reduce
      its viscosity to the point at which it can be dispersed as a second liquid
      phase is, of course, dependent upon molecular weight of the polymer and so
      the operable range for high molecular weight polymers is narrower than for
      low molecular weight polymers.
PAR  As pointed out in the examples, it is often desirable to use a solvent
      blend one component of which has a solubility parameter close to that of
      the polymer so that it will be preferentially imbibed by the polymer above
      the LCST of the system and so reduce viscosity of the heavy phase.
      Unreacted monomers can often serve as this component of the solvent blend.
      Of course, the LCST is a function of the entire system and the presence of
      the good solvent will raise the LCST. Thus, too much of the good solvent
      will raise the LCST of the system above the polymerization temperature and
      produce solution as shown in our examples. The solvent system must be
      carefully chosen so that a desirable 2-phase system results at the
      required polymerization temperature. Cosolvents can also affect the
      solubility of the polymer in the light phase and must be chosen so that
      the polymer is always very sparingly soluble in the light phase. It is
      generally undesirable for the solvent blend to consist of one component
      with a solubility parameter much lower than the polymer and the other with
      a solubility parameter much higher (as in our example with HCl and propane
      in Example 6) because this is more likely to result in increasing polymer
      solubility in the light phase and so in increasing viscosity of the
      system.
PAR  The relative volumes of the heavy and light phases produced must also be
      properly controlled so that the light phase becomes the continuous phase
      with the heavy phase dispersed in it. As soon as the heavy phase becomes
      continuous a high viscosity results. Generally at least 20 volume % of
      light phase(monomer/solvent rich phase) is required to achieve a useful
      "cement-suspension". Viscosity is of course lower the less the amount of
      heavy phase that is present, but as long as the light phase remains
      continuous and is itself of low viscosity, then reasonable "cement
      suspension" viscosity results. The highest practical volume of heavy phase
      (polymer rich phase) is desirable from a production rate viewpoint.
PAR  The relative volume of heavy phase is of course dependent upon feed monomer
      concentration and conversion; but steady-state unreacted monomer
      concentration is also dependent upon these variables. At high monomer
      concentration and high conversion, heavy phase volume ratio gets too high
      as in Example 7 and the heavy phase becomes continuous to give a
      non-useful viscous 2-phase system. At high monomer concentration and low
      conversion there are too much unreacted monomers present at steady-state
      and LCST is raised above polymerization temperature to give a solution as
      in Example 5. Low feed monomer concentrations are undesirable from a
      production rate viewpoint. There is thus a limited feed monomer
      concentration range over which useful "cement suspensions" can be
      produced. For LM polymers in propane, the preferred feed monomer
      concentration range is 40-44%. Steady-state unreacted monomer
      concentration must be kept below 25% on total solvent at steady-state.
      Steady-state monomer concentration must also not be allowed to fall too
      low or the heavy polymer-rich phase becomes too viscous for proper
      dispersion and also a diffusion controlled polymerization results. For
      Butyl LM polymers in propane, conversion must be controlled between about
      60 and 90% to achieve useful "cement-suspensions".
PAR  In carrying out the polymerization of LM polymers in propane, the monomers
      must be present under steady conditions in the reactor to solvate the
      polymer-rich phase since the propane itself is not sufficiently soluble in
      the polymer. The steady-state monomer concentration in the reactor must be
      about 4 to about 23 weight percent based on monomer plus propane. A
      portion of the monomer may be replaced by a C.sub.5 to C.sub.9 alkane.
      Hence, the critical limitation at steady-state is about 4 to about 25
      volume percent monomers plus C.sub.5 to C .sub.9 alkane based on total
      monomers plus propane plus C.sub.5 -C.sub.9 alkane.
PAR  Where the only non-reactive diluent is propane, the critical monomer
      concentration is achieved by maintaining the monomers concentration in the
      feed at about 40-44 volume percent based on monomers plus propane and
      carrying out the reaction at about 60 to about 90% conversion, preferably
      about 70 to 85% conversion. Under these conditions, the preferred
      polymerization temperature is about -65.degree.F. to about -75.degree.F.,
      e.g.-72.degree.F.
PAR  In carrying out the polymerization of this invention, the preferred
      catalyst/solvent is a C.sub.5 -C.sub.9 alkane, preferably a C.sub.6
      -C.sub.8 alkane, e.g., hexane. The catalyst solvent must be taken into
      account when making the volume concentration calculations described above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A two phase polymerization process for preparing an LM polymer which
      comprises reacting at polymerization conditions a C.sub.4 -C.sub.6
      conjugated diolefin with an isoolefin having the general formula:
      ##EQU2##
      wherein R.sub.1 is H, a C.sub.1 -C.sub.12 acyclic hydrocarbyl radical or a
      C.sub.1 -C.sub.12 alicyclic hydrocarbyl radical and R.sub.2 is a
      hydrocarbyl radical selected from the group consisting of phenyl, C.sub.1
      -C.sub.12 acyclic radicals, C.sub.1 -C.sub.12 alicyclic radicals and
      mixtures thereof, in the presence of a catalyst selected from the group
      consisting of (1) aluminum bromide and (2) ethyl aluminum dichloride
      promoted with a compound selected from the group consisting of hydrogen
      chloride, C.sub.3 -C.sub.7 organic halides, and mixtures thereof, said
      catalyst being dissolved in a C.sub.5 -C.sub.9 alkane; said polymerization
      being carried out in a vehicle wherein said vehicle is (1) propane or (2)
      propane plus a C.sub.5 -C.sub.9 alkane, the reaction being carried out
      continuously with the steady-state concentration of monomers to be
      polymerized plus C.sub.5 -C.sub.9 alkane is about 4 to about 23 weight
      percent based on monomers plus propane, plus C.sub.5 -C.sub.9  alkane, the
      polymerization being carried out at a temperature of about -30 to about
      -80.degree.C. and the polymerization being carried out at a conversion
      rate of about 60 to about 90%.
NUM  2.
PAR  2. The process of claim 1 wherein the propane is the sole vehicle, the
      concentration of monomers in the feed stream to the reactor is about 40-44
      volume % based on monomers plus propane, and the catalyst solvent is
      hexane.
NUM  3.
PAR  3. The process of claim 1 wherein the vehicle is propane plus a C.sub.5
      -C.sub.9 alkane.
NUM  4.
PAR  4. The process of claim 3 wherein the alkane is a C.sub.6 -C.sub.8 alkane.
NUM  5.
PAR  5. The process of claim 4 wherein the alkane is hexane.
NUM  6.
PAR  6. The process of claim 1 wherein R.sub.1 is methyl and R.sub.2 is an alkyl
      radical of about 1 to about 6 carbon atoms.
NUM  7.
PAR  7. The process of claim 1 wherein:
PA1  1. the vehicle containing polymer product is allowed to stand at a
      temperature above the lower critical solution temperature of the
      solvent-polymer system for a time sufficient to cause separation into a
      lighter solvent rich phase and a heavier polymer rich phase;
PA1  2. the lighter solvent rich phase is recycled to the reactor; and
PA1  3. the polymer is separated from the heavier polymer rich phase.
NUM  8.
PAR  8. The process of claim 7 wherein R.sub.1 is methyl and R.sub.2 is an alkyl
      radical having about 1 to about 6 carbon atoms.
NUM  9.
PAR  9. The process of claim 7 wherein the isoolefin is isobutylene, the
      diolefin is isoprene and the catalyst is ethyl aluminum dichloride
      promoted with a minor amount of benzyl chloride.
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ABST
PAL  A co-initiator system for polymerization of ethylenically unsaturated
      monomers comprising a preformed nitrile containing azo compound or
      symmetrical, diacyl peroxide in combination with an in situ or preformed
      acyl peroxy alkyl carbonate.
PARN
PAR  This is a continuation of application Ser. No. 56,714, filed July 20, 1970
      and now abandoned.
BSUM
PAR  This invention pertains to the polymerization of ethylenically unsaturated
      monomers, and more particularly to the polymerization of ethylenically
      unsaturated monomers with novel, organic-peroxide containing co-initiator
      systems.
PAR  The novel co-initiator systems of this invention comprise a preformed,
      nitrile containing azo compound or a preformed symmetrical, diacyl
      peroxide in combination with an acyl peroxy alkyl carbonate. Suitable
      preformed nitrile containing azo compounds include those of the formula:
EQU  [N.tbd.C - R.sub.1 - N=].sub.2
PAL  wherein R.sub.1 is a branched or straight chain hydrocarbon having up to 20
      carbon atoms. It is preferred that R.sub.1 contain less than 10 carbon
      atoms. It is contemplated that R.sub.1 will include non-interfering
      substituents. Exemplary of these nitrile containing azo compounds are
      .alpha., .alpha.'-azobis-2,4-dimethylvaleronitrile and .alpha.,
      .alpha.'-azobis-isobutyronitrile, the preparation of which are disclosed
      in U.S. Pat. No. 2,471,959.
PAR  In general, any preformed, symmetrical diacyl peroxide including those
      heretofore employed in the polymerization of ethylenically unsaturated
      monomers may be substituted herein for the nitrile containing azo
      compounds. These peroxide initiators are of the formula:
      ##EQU1##
      wherein R.sub.2 is any substituted or non-substituted organic group which
      will not interfere with the initiator activity of the peroxide. This
      definition includes the branched or straight chain alkyls having from
      about 1 to 18 carbon atoms, less than 13 carbon atoms particularly
      preferred. Also preferred groups are the aryls, cycloalkyls, and
      substituted derivatives thereof. Such groups include methyl, ethyl,
      isopropyl, n-propyl, isobutyl, n-butyl, hexyl, octyl, nonyl, undecyl,
      tridecyl, cyclohexyl, benzyl, 3-chloropropyl, etc. Examples of preferred
      diacyl compounds to be utilized in the co-initiator system of this
      invention include lauroyl peroxide, pelargonoyl peroxide, isononoyl
      peroxide, myristoyl peroxide, and the like. The preparations of the
      various diacyl peroxides included herein as co-initiators are well known
      to those skilled in this art.
PAR  The present invention involves the use of the aforementioned preformed
      nitrile containing azo compound or symmetrical peroxide in the presence of
      the second co-initiator, an acyl peroxy alkyl carbonate of the formula:
      ##EQU2##
      wherein R.sub.3 and R.sub.4 can be branched or straight chain alkyls,
      cycloalkyls and substituted derivatives thereof that contain
      non-interfering constituents, e.g. the halo derivatives. In addition, the
      R.sub.3 group can be aromatic. It is advantageous, though not required,
      that the straight and branched chain alkyl have less than 18 carbon atoms;
      less than 13 carbon atoms particularly preferred. The preparation of the
      various peroxy carbonates used herein as a co-initiator are well known to
      those skilled in this art.
PAR  In a preferred aspect, it has been found particularly advantageous to
      generate the peroxy carbonate in situ, i.e., where it is consumed
      simultaneously with its formation. In this manner, the requirement for
      refrigeration and attendant dangers of explosion can be completely
      eliminated. While the in situ peroxy carbonate may be prepared by any
      well-known techniques, it is preferably formed by reacting a peracid with
      an aliphatic alkyl chloroformate, as illustrated by the following
      incomplete formula:
      ##EQU3##
      wherein R.sub.3 and R.sub.4 are as previously defined.
PAR  It will be apparent to one skilled in this art that a small amount of base
      must be added to the reaction system to neutralize hydrochloric acid
      generated in the course of the reaction. Thus, the reaction is driven
      further to completion. Generally, any organic or inorganic base strong
      enough to neutralize the HCl being generated can be used herein. Suitable
      bases include pyridine, 3-picoline, quinoline, N,N-diethyl analine,
      2,6-lutidine, NaOH, NaHCO.sub.3, Na.sub.3 PO.sub.4, and the like.
PAR  Polymerization of ethylenically unsaturated monomers can be carried out
      either in a bulk, emulsion or suspension system. In a bulk system, a
      single monomer phase is present, polymerization occurring therein. In
      emulsion and suspension systems, monomer is respectively emulsified and
      suspended in a liquid (water) phase. In both such systems, the polymer
      product precipitates in the water phase.
PAR  It has been unexpectedly found that when polymerization is accomplished
      with in situ formation of the peroxy carbonate in an emulsion or
      suspension, and with the proper selection of the base, consistently higher
      polymer yields are obtained. Though not wishing to be bound by the
      following theory, it is believed that the rate of the in situ reaction is
      dependent in part upon the proximity of the base to the other in situ
      reactants. In other words, the distribution of base in the monomer and
      water phases appears to be controlling.
PAR  The peracid and chloroformate reactants themselves have varying degrees of
      solubility in the two phases, the degree of solubility in each phase a
      function, in part, of the nature of the R.sub.4 and R.sub.3 groups.
      Generally, the larger these groups, the more preferentially soluble the
      reactant will be in the monomer phase. The preferred base, therefore, will
      have solubility characteristics which most nearly match those of the other
      in situ reactants. In some cases a water soluble base such as NaOH will
      give best results. In others, a more organic soluble base such as pyridine
      will give best results. Proper selection of the base can be afforded by
      routine experimentation. However, in the bulk polymerization, an organic
      base should always be employed.
PAR  For emulsion polymerization, unlike a viscous, suspension polymerization,
      the reaction system may be stirred to improve contact between the peracid
      and chloroformate reactants and the base. Proper selection of the base,
      therefore, is not quite as critical.
PAR  The ratio of peroxy carbonate to nitrile or symmetrical diacyl peroxy
      initiator may vary from 1:10 parts by weight, to 1:2 parts by weight. The
      temperature of the polymerization reaction is not critical, and can range
      generally from 40.degree. C. to 70.degree. C., 50.degree. C. to 60.degree.
      C. being preferred. At these temperatures, the acyl peroxy alkyl
      carbonates have a half life of approximately 10 hours. For the above
      reaction temperatures, reaction times will vary from 6 to 12 hours. The
      reaction times are a function of the temperature of the reaction and the
      quantity of monomer conversion desired. All other factors being equal,
      longer reaction times normally result in greater polymer yields. Other
      considerations, however, may necessitate the use of higher reaction
      temperatures to reduce reaction times.
PAR  When in situ formation of the peroxy carbonate is employed, production of
      the co-initiator system approaches 100% of theoretical. Thus, the
      initiator formed is equal to (and controlled by) the molar amount of
      chloroformate or peracid charged to the reaction system. However, to
      insure maximum in situ formation of peroxy carbonate, the amount of
      peracid and base added to the reaction system should generally be in a 10
      and 20 mole percent excess respectively.
PAR  The ethylenically unsaturated monomers polymerized using the co-initiator
      systems of this invention may be any of those which have previously been
      polymerized with peroxide initiators. Such polymerizable monomers include
      the alkylenes such as ethylene, propylene, butene, and pentene; the
      ethylenically unsaturated aromatics such as styrene, and p-chlorostyrene;
      the halogen substituted ethylenically unsaturated monomers such as vinyl
      chloride, vinyl bromide; and the carboxylates such as methyl methacrylate,
      ethyl methacrylate, ethyl acrylate, methyl acrylate, and the like. Two or
      more of these monomers may also be copolymerized with the co-initiator
      systems used herein.
PAR  The following experimental work illustrates the use of the co-initiator
      systems of this invention for the polymerization of vinyl chloride which
      is typical of the reactions involved in this invention.
PAR  In all examples the reactions are carried out in 61/2 ounce coke bottles.
      The co-initiator reactants, because of the very small amounts needed per
      bottle, are first made into dilute solutions in a volumetric flask.
PAR  The preformed initiators are dissolved in toluene, the basic catalysts are
      dissolved in distilled water, the acyl peroxy alkyl chloroformates are
      dissolved in n-hexane, and the peracids are dissolved in ethylformate. The
      solutions are made up so that when one milliliter is pipetted into each
      bottle, it contains the correct amount of reactant. This eliminates the
      need to weigh each individual portion of reactant or to use vials as has
      been done heretofore.
DETD
PAC  EXAMPLE I
PAR  A standard dispersing solution was prepared by adding to 12 moles of water,
      15.00 grams of Na.sub.3 PO.sub.4 . 12 H.sub.2 O (a buffering agent), and
      16.92 grams of the thickening agent-Methocel 65 HG 50cps (a carboxylated
      cellulose). This solution was then diluted to 14.1 liters with distilled
      water. The master suspension solution thus prepared was used in this and
      all of the following examples.
PAR  94 grams of this suspension solution was added to a 61/2 ounce coke bottle
      and frozen. To the frozen dispersing solution was added 50 grams of vinyl
      chloride monomer followed by molar amounts of initiator forming reactants
      equal to 0.075 wt. percent acyl peroxy alkyl carbonate.
PAR  The bottle was tightly capped and placed in a rotating water bath
      maintained at approximately 50.degree. C. for about 12 hours. Thereafter,
      the bottle was cooled to 20.degree. C. and unreacted monomer vented to the
      atmosphere. The polyvinyl chloride was filtered, washed and dried. Each
      polymerization was carried out twice. Yields of polyvinyl chloride in
      Table I are expressed as a percent of the total monomer charge. Weight
      percents reported are based on the total weight of the reaction system.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     IN SITU PEROXIDE FORMATION FOR POLYMERIZATION OF VINYL CHLORIDE           

     12 Hours at 50 .+-. 0.5 C.                                                

     0.000213 moles charged = 0.075% wt. acetyl peroxy isobutyl carbonate      

     Peroxide Formed In situ:                                                  

                   Base   Yield PVC,g                                          

                                  Ave. % Conversion                            

     __________________________________________________________________________

     1.                                                                        

       Acetyl peroxy isobutyl                                                  

                   (a) NaHCO.sub.3                                             

                          37.9, 35.5                                           

                                  73.4                                         

       carbonate                                                               

                   (b) Na.sub.3 PO.sub.4                                       

                          34.6, 35.5                                           

                                  70.1                                         

                   (c) Na.sub.2 CO.sub.3                                       

                          34.5, 33.0                                           

                                  67.5                                         

                   (d) NaOH                                                    

                          32.6, 31.7                                           

                                  64.3                                         

                   (e) Pyridine                                                

                          27.4, 26.4                                           

                                  53.8                                         

     2.                                                                        

       Propionyl peroxy                                                        

                   (a) Pyridine                                                

                          36.6, 37.5                                           

                                  74.1                                         

       isobutyl carbonate                                                      

                   (b) NaHCO.sub.3                                             

                          31.8, 31.9                                           

                                  63.7                                         

                   (c) NaOH                                                    

                          29.9, 31.9                                           

                                  61.8                                         

                   (d) Na.sub.2 CO.sub.3                                       

                          31.6, 30.2                                           

                                  61.8                                         

                   (e) Na.sub.3 PO.sub.4                                       

                          30.0, 30.8                                           

                                  60.8                                         

     __________________________________________________________________________

PAR  Conversion varies with both basic catalysts and peracid used. The
      combination of peracetic acid with NaHCO.sub.3 and perpropionic acid with
      pyridine gave the highest and almost equivalent yields of polyvinyl
      chloride.
PAC  EXAMPLE II
PAR  Vinyl chloride was twice polymerized using a co-initiator system comprising
      0.20 wt. percent lauroyl peroxide and 0.045 wt. percent preformed and
      0.052 wt. percent in situ formed acetyl peroxy isobutyl carbonate,
      respectively.
PAR  The reaction was carried out in a manner similar to Example I. The desired
      base and the lauroyl peroxide were added to a coke bottle containing 94.0
      grams of frozen standard suspension solution. The bottles were capped and
      placed into a freezer. To reduce or eliminate decomposition of the
      peracids or hydrolysis of the isobutyl chloroformate, the in situ
      reactants were added by pipetting into the frozen bottles just before
      addition of 50 grams of the vinyl chloride monomer. The bottles were then
      tightly capped and placed in a rotating water bath maintained at
      50.degree. C. for approximately 12 hours. Thereafter, the bottles are
      cooled at 20.degree. C. and the unreacted monomer vented to the
      atmosphere. The polyvinyl chloride was filtered, washed and dried. Yields,
      expressed as a weight percent of the total monomer charge are reported
      below.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     USE OF CO-INITIATOR SYSTEM TO POLYMERIZE VINYL CHLORIDE AT 50 .+-.        

     0.5.degree. C.                                                            

     FOR 12 HOURS                                                              

     Co-initiator System                                                       

                      Base   Yield PVC, g                                      

                                     Ave. % Conversion                         

     __________________________________________________________________________

     1.                                                                        

       0.20% wt. Lauroyl peroxide                                              

                      --     35.7, 35.4                                        

                                     71.1                                      

       0.045% wt. Acetyl                                                       

       peroxy isobutyl carbonate                                               

       preformed                                                               

     2.                                                                        

       0.20% wt. Lauroyl peroxide                                              

                      (a) Pyridine                                             

                             43.7, 43.1                                        

                                     86.8                                      

       0.052% wt. Acetyl                                                       

                      (b) NaHCO.sub.3                                          

                             34.8, 33.3                                        

                                     68.1                                      

       peroxy isobutyl carbonate,                                              

                      (c) Na.sub.2 CO.sub.3                                    

                             31.4, 32.7                                        

                                     64.1                                      

       formed in situ (d) Na.sub.3 PO.sub.4                                    

                             30.6, 30.4                                        

                                     61.0                                      

                      (e) NaOH                                                 

                             29.9, 30.8                                        

                                     60.7                                      

     __________________________________________________________________________

PAR  In all cases, suitable yields of polymer were obtained. Surprisingly good
      polymer yields were obtained with the in situ system reacted in the
      presence of pyridine.
PAC  EXAMPLE III
PAR  Following the procedure as outlined in Examples I and II, vinyl chloride
      was polymerized using various co-initiator systems, wherein the in situ
      formed initiator was reacted in the presence of pyridine. The results of
      comparing polymer yields with a preformed system containing lauroyl
      peroxide alone are reported in Table 3.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     USE OF CO-INITIATOR SYSTEM TO POLYMERIZE VINYL CHLORIDE AT 50 .+-.        

     0.5.degree. C.                                                            

     FOR 12 HOURS                                                              

     Co-initiator System                                                       

                       Base Yield PVC,g                                        

                                    Ave. % Conversion                          

     __________________________________________________________________________

     1.                                                                        

       0.20% wt. Lauroyl peroxide                                              

                       --   20.5, 20.1                                         

                                    40.6                                       

     2.                                                                        

       0.20% wt. Lauroyl peroxide                                              

                       Pyridine                                                

                            19.9, 19.4                                         

                                    39.3                                       

     3.                                                                        

       0.20% wt. Lauroyl peroxide                                              

                       --   37.1, 38.8                                         

                                    75.9                                       

       0.045% wt. Acetyl peroxy                                                

       isobutyl carbonate, preformed                                           

     4.                                                                        

       0.20% wt. Lauroyl peroxide                                              

                       Pyridine                                                

                            43.4, 44.2                                         

                                    87.6                                       

       0.045% wt. Acetyl peroxy                                                

       isobutyl carbonate, formed                                              

       in situ                                                                 

     5.                                                                        

       0.20% wt. Lauroyl peroxide                                              

                       Pyridine                                                

                            43.5, 43.1                                         

                                    86.6                                       

       0.049% wt. Propionoyl peroxy                                            

       isobutyl carbonate, formed                                              

       in situ                                                                 

     __________________________________________________________________________

PAR  From the above it is seen that pyridine causes little if any induced
      decomposition of the lauroyl peroxide. Additionally, highest polyvinyl
      chloride yields are obtained with a co-initiator system including in situ
      formed acetyl peroxy isobutyl carbonate and pyridine base. The yields
      obtained with propionoyl peroxy isobutyl carbonate are almost equally as
      good.
PAC  EXAMPLE IV
PAR  Following the procedures of Example II, vinyl chloride is polymerized with
      various co-initiator systems both with and without a base. Yields versus
      time data are reported below for these co-initiator systems.
TBL                                    TABLE 4                                 

     __________________________________________________________________________

     USE OF CO-INITIATOR SYSTEM TO POLYMERIZE VINYL CHLORIDE AT 50 .+-.        

     0.5.degree. C.                                                            

                            % Conversion                                       

     Co-Initiator System                                                       

                       Base Time, hr. 2                                        

                                    4   6   8   10  12                         

     __________________________________________________________________________

     1.                                                                        

       0.20% wt. Lauroyl peroxide                                              

                       --        9.9                                           

                                    20.3                                       

                                        34.1                                   

                                            44.9                               

                                                58.3                           

                                                    69.1                       

       0.0425% wt. Acetyl peroxy                                               

       isobutyl carbonate, preformed                                           

     2.                                                                        

       0.20% wt. Lauroyl peroxide                                              

                       Pyridine                                                

                                 7.9                                           

                                    19.8                                       

                                        36.2                                   

                                            50.6                               

                                                68.5                           

                                                    87.8                       

       0.0425% wt. Acetyl peroxy                                               

       isobutyl carbonate, formed                                              

       in situ                                                                 

     3.                                                                        

       0.20% wt. Lauroyl peroxide                                              

                       NaHCO.sub.3                                             

                                 6.2                                           

                                    14.2                                       

                                        24.0                                   

                                            37.9                               

                                                49.0                           

                                                    62.8                       

       0.0425% wt. Acetyl peroxy                                               

       isobutyl carbonate, formed                                              

       in situ                                                                 

     __________________________________________________________________________

PAR  While good yields were obtained for all three systems, superior yields are
      obtained with an in situ formed acetyl peroxy isobutyl carbonate and
      pyridine base.
PAC  EXAMPLE V
PAR  Following the procedure set forth in Example II, various chloroformates are
      reacted with peracidic acid in the presence of a sodium bicarbonate base.
      The results are reported in Table 5.
TBL                                    TABLE 5                                 

     __________________________________________________________________________

     USE OF CO-INITIATOR SYSTEM TO POLYMERIZE VINYL CHLORIDE AT 50 .+-.        

     0.5.degree. C.                                                            

     for 12 HOURS                                                              

     (a) 0.20% Lauroyl peroxide                                                

     (b) 0.000121 Moles acetyl peroxy alkyl carbonate formed in situ in        

     NaHCO.sub.3                                                               

     Chloroformate Used  Yield PVC,g   Ave. % Conversion                       

     __________________________________________________________________________

     1.                                                                        

       Ethyl             44.5, 45.3    89.8                                    

     2.                                                                        

       3-Chloropropyl    38.8, 38.6    77.4                                    

     3.                                                                        

       Isopropyl         34.7, 34.4    69.1                                    

     4.                                                                        

       Isobutyl          32.0, 30.8    62.8                                    

     5.                                                                        

       n-Butyl           30.2, 30.1    60.3                                    

     6.                                                                        

       p-t-Butyl Cyclohexyl                                                    

                         19.1, 19.1    38.2                                    

     __________________________________________________________________________

PAR  In all cases significant yields of polyvinyl chloride were obtained. Best
      yields were obtained with those chloroformates having the greatest water
      solubility.
PAC  EXAMPLE VI
PAR  The procedure of Example V is repeated, pyridine replacing sodium
      bicarbonate as the base.
TBL                                    TABLE 6                                 

     __________________________________________________________________________

     USE OF CO-INITIATOR SYSTEM TO POLYMERIZE VINYL CHLORIDE AT 50 .+-.        

     0.5.degree. C. FOR 12 HOURS                                               

     (a) 0.20% wt. Lauroyl peroxide                                            

     (b) 0.000121 Moles Acetyl Peroxy Alkyl Carbonate formed in situ in        

     Pyridine                                                                  

     Chloroformate Used  Yield PVC,g      Ave % Conversion                     

     __________________________________________________________________________

     1.                                                                        

       Isobutyl          44.1, 43.7       87.8                                 

     2.                                                                        

       Isopropyl         43.7, 43.4       87.1                                 

     3.                                                                        

       n-Butyl           42.9, 43.6       86.5                                 

     4.                                                                        

       Ethyl             41.8, 42.0       83.8                                 

     5.                                                                        

       p-t-Butyl Cyclohexyl                                                    

                         40.6, 40.5       81.1                                 

     6.                                                                        

       3-Chloropropyl    34.4, 33.3       67.7                                 

     __________________________________________________________________________

PAC  EXAMPLE VII
PAR  Repeating the procedures of Example II, polymerization rate data was
      obtained for a series of polymerization using both a preformed
      co-initiator system and a combination of preformed and in situ
      co-initiator system with two difference bases, and the results reported
      below.
TBL                                    TABLE 7                                 

     __________________________________________________________________________

     USE OF CO-INITIATOR SYSTEM TO POLYMERIZE VINYL CHLORIDE AT 50 .+-.        

     0.5.degree. C.                                                            

     Co-Initiator System                                                       

                      Base Time, Hrs.                                          

                                  2   4   6   8   10  12                       

     __________________________________________________________________________

     1.                                                                        

       0.20% Lauroyl peroxide                                                  

                      --          9.9 20.3                                     

                                          34.1                                 

                                              44.9                             

                                                  58.3                         

                                                      69.1                     

       0.0425% APBC.sup.1), preformed                                          

     2.                                                                        

       0.20% Lauroyl peroxide                                                  

                      NaHCO.sub.3 9.1 23.8                                     

                                          39.9                                 

                                              54.9                             

                                                  69.7                         

                                                      85.4                     

       0.0358% APEC.sup.2)                                                     

       formed in situ                                                          

     3.                                                                        

       0.20% Lauroyl peroxide                                                  

                      NaHCO.sub.3 6.2 14.2                                     

                                          24.0                                 

                                              37.9                             

                                                  49.0                         

                                                      62.8                     

       0.0425% APBC, formed                                                    

       in situ                                                                 

     4.                                                                        

       0.20% Lauroyl Peroxide                                                  

                      Pyridine    8.4 20.5                                     

                                          37.1                                 

                                              48.4                             

                                                  62.9                         

                                                      75.5                     

       0.0358% APEC, formed                                                    

       in situ                                                                 

     5.                                                                        

       0.20% Lauroyl peroxide                                                  

                      Pyridine    7.9 19.8                                     

                                          36.2                                 

                                              50.6                             

                                                  68.5                         

                                                      87.8                     

       0.0425% APBC, formed                                                    

       in situ                                                                 

     __________________________________________________________________________

      .sup.1) Acetyl Peroxy Isobutyl Carbonate                                 

      .sup.2) Acetyl Peroxy Ethyl Carbonate                                    

PAR  Significant polymer yields were obtained in all runs. It is further shown
      that in the presence of a suitable base, suprisingly superior yields are
      obtained with an in situ formed co-initiator system.
PAC  EXAMPLE VIII
PAR  Following the procedures of Example III, vinyl chloride was polymerized in
      the presence of a lauroyl peroxide -- acetyl peroxy isobutyl carbonate
      formed in situ co-initiator system in the presence of various tertiary
      amine bases; the results are reported below.
TBL                                    TABLE 8                                 

     __________________________________________________________________________

     USE OF CO-INITIATOR SYSTEM TO POLYMERIZE VINYL CHLORIDE AT 50 .+-.        

     0.5.degree. C. for 12 HOURS                                               

     (a) 0.20% Lauroyl peroxide                                                

     (b) 0.000121 Moles Acetyl Peroxy Isobutyl Carbonate Charged with Various  

     Tertiary Amines                                                           

     Tertiary Amine Used  Yield PVC,g      Ave. % Conversion                   

     __________________________________________________________________________

     1.                                                                        

       Pyridine           44.1, 43.7       87.8                                

     2.                                                                        

       3-Picoline         39.6, 39.1       78.7                                

     3.                                                                        

       2,6-Lutidine       33.1, 33.3       66.4                                

     4.                                                                        

       2-Picoline         29.1, 31.1       60.2                                

     5.                                                                        

       Triethylamine      20.9, 21.2       42.1                                

     6.                                                                        

       Quinoline          12.7, 13.3       26.0                                

     7.                                                                        

       N,N-Dimethyl Analine                                                    

                          12.5, 12.4       24.9                                

     8.                                                                        

       N,N-Diethyl Analine                                                     

                          11.3, 11.5       22.8                                

     __________________________________________________________________________

PAR  While polymerization proceeds in every case, best yields are obtained with
      pyridine. Although this might seem to be surprising as triethylamine is a
      stronger base than pyridine, it is believed that the stronger base causes
      the chloroformate to hydrolyze. The yield of peroxy carbonate is thus
      reduced.
PAC  EXAMPLE IX
PAR  Repeating the procedure of Example II, vinyl chloride is polymerized using
      various preformed diacyl peroxide and nitrile initiators in combination
      with in situ formed acyl monoperoxycarbonates; the results are reported in
      Table 9.
TBL                                    TABLE 9                                 

     __________________________________________________________________________

     USE OF CO-INITIATOR SYSTEM TO POLYMERIZE VINYL CHLORIDE AT 50 .+-. 0.5    

     C.                                                                        

                       Base:                                                   

                       Pyridine                                                

                               % Conversion                                    

     Co-initiator System                                                       

                       Time, Hours                                             

                               2    4   6   8   10  12                         

     __________________________________________________________________________

     1.                                                                        

       0.15% Pelargonoyl       9.6  22.3                                       

                                        35.8                                   

                                            48.8                               

                                                62.9                           

                                                    77.0                       

       Peroxide                                                                

       0.0425% APBC.sup.1), preformed                                          

     2.                                                                        

       0.15% Pelargonoyl       7.1  18.6                                       

                                        33.3                                   

                                            49.1                               

                                                65.8                           

                                                    82.0                       

       Peroxide                                                                

       0.0425% APBC, formed                                                    

       in situ                                                                 

     3.                                                                        

       0.15% Isononoyl peroxide                                                

                               9.0  21.4                                       

                                        35.8                                   

                                            50.1                               

                                                62.9                           

                                                    77.2                       

       0.0425% APBC, preformed                                                 

     4.                                                                        

       0.15% Isononoyl peroxide                                                

                               7.6  20.3                                       

                                        36.5                                   

                                            50.5                               

                                                66.3                           

                                                    80.9                       

       0.0425% APBC, formed in situ                                            

     5.                                                                        

       0.08% Vazo .sup.2)      10.8 28.5                                       

                                        43.8                                   

                                            60.8                               

                                                79.3                           

                                                    92.0                       

       0.0425% APBC, preformed                                                 

     6.                                                                        

       0.08%Vazo                                                               

       0.0425% APBC, formed in situ                                            

                               7.4  20.7                                       

                                        36.8                                   

                                            55.0                               

                                                75.5                           

                                                    93.5                       

     __________________________________________________________________________

      .sup.1) Acetyl peroxy isobutyl carbonate                                 

      .sup.2) .alpha., .alpha.'-azobis-isobutyronitrile                        

PAR  From the above it can be seen that in all cases, good yields of polymer
      were obtained, with the best yields being obtained with the in situ
      co-initiator system.
PAR  Having thus described our invention, other changes and modifications will
      be readily apparent to those of ordinary skill in the art, and within the
      scope of the present invention, defined by the following claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An improved method for polymerization of addition polymerizable monomers
      having ethylenic unsaturation, comprising:
PA1  combining in an suitable liquid, said monomer, a catalytic polymerization
      composition consisting of a first initiator, which is a symmetrical diacyl
      peroxide of the formula:
      ##EQU4##
      wherein: R.sub.2 is branched or straight chain alkyl, aryl, cycloalkyl,
      and substituted derivatives thereof;
PAL  a peracid of the formula:
      ##EQU5##
      and a chloroformate of the formula:
      ##EQU6##
      wherein: R.sub.3 and R.sub.4 are selected from branched or straight chain
      alkyl, cycloalkyl, and substituted derivatives thereof, and wherein
      R.sub.3 can additionally be aromatic, in the presence of sufficient base
      to neutralize the hydrochloric acid generated by the reaction of said
      peracid and said chloroformate to form as a second initiator:
      ##EQU7##
      wherein: R.sub.3 and R.sub.4 have been defined previously; and
PA1  maintaining the mixture at a temperature and for a sufficient time to
      substantially polymerize said monomer.
NUM  2.
PAR  2. A method according to claim 1, wherein the monomer is dispersed in water
      as a suspension.
NUM  3.
PAR  3. A method according to claim 1, wherein said ethylenic unsaturated
      monomer is vinylchloride.
NUM  4.
PAR  4. A method according to claim 1, wherein said first initiator component is
      lauroyl peroxide, said peracid is selected from the group consisting of
      peracetic acid and perpropionic acid and said chloroformate is selected
      from the group consisting of ethyl chloroformate, propyl chloroformate and
      butyl chloroformate.
NUM  5.
PAR  5. A method according to claim 1, wherein said base is pyridine.
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PAL  These polymers are characterized as having a structure of polyalkenemers in
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BSUM
PAR  This invention relates to polymers derived from unsaturated alicyclic
      compounds and to their preparation. More particularly, it relates to
      polymers derived from unsaturated alicyclic compounds that contain two
      carbon-to-carbon double bonds and eight carbon atoms in their rings and to
      their preparation.
PAR  In accordance with this invention, it has been found that polymeric
      materials can be produced from unsaturated alicyclic compounds which
      contain one alicyclic ring, said ring containing eight carbon atoms, and
      having two carbon-to-carbon double bonds in the alicyclic ring by
      subjecting the alicyclic compound to polymerization in the presence of a
      catalyst system which comprises at least one organometallic compound of
      metals selected from Groups Ia, IIa, IIb and IIIa of the Periodic Table of
      the Elements, and at least one salt of metals selected from Group VIb of
      the Periodic Table of the Elements. The Periodic Table of the Elements
      referred to in this application may be found in the Handbook of Chemistry
      and Physics, 44th Edition, April, 1962 Reprint, Page 448, published by the
      Chemical Rubber Publishing Co., Cleveland, Ohio, U.S.A.
PAR  Representative examples of metals from which the organometallic compound
      can be derived are lithium, sodium, potassium, rubidium, cesium,
      beryllium, magnesium, calcium, strontium, barium, radium, zinc, cadmium,
      mercury, aluminum, gallium, indium and thallium. The preferred
      organometallic compounds are compounds of lithium, sodium, magnesium,
      aluminum, gallium, indium, zinc and cadmium.
PAR  Representative examples of organometallic compounds are aluminum compounds
      having at least one aluminum to carbon bond, which are, for example,
      trialkylaluminums such as trimethylaluminum, triethylaluminum,
      tri-n-propylaluminum, tri-n-butylaluminum, triisobutylaluminum,
      trihexylaluminum, trioctylaluminum and the like; dialkylaluminum halides
      such as diethylaluminum chloride, di-n-propylaluminum chloride,
      diisobutylaluminum chloride, diethylaluminum bromide, diethylaluminum
      iodide and the like; alkylaluminum dihalides such as ethylaluminum
      dichloride, ethylaluminum dibromide, ethylaluminum diiodide and the like;
      dialkylaluminum hydrides such as diethylaluminum hydride,
      di-n-propylaluminum hydride, dibutylaluminum hydride and the like; the
      triarylaluminums such as triphenylaluminum and the like; the arylaluminum
      hydrides and dihydrides such as diphenylaluminum hydride and
      phenylaluminum dihydride. Other organometallic compounds, particularly
      those capable of reducing a Group VIb metal salt to a lower valence state
      may also be used. Representative of such organometallic compounds are
      alkyllithium compounds such as ethyllithium, butyllithium and the like;
      lithium aluminum tetraalkyls such as lithium aluminum tetrabutyl, lithium
      aluminum tetraethyl and the like; alkali metal alkyls and aryls such as
      amylsodium, phenyllithium and the like; alkyls and aryls of Group IIa
      metals such as diphenylmagnesium, diethylcalcium and the like; alkyls of
      Group IIb metals such as diethylzinc, diethylcadmium and the like; and
      Grignard agents such as phenyl magnesium bromide and the like. Mixtures of
      these compounds may also be employed, if desired. It is usually preferred
      to employ trialkylaluminums such as triethylaluminum,
      tri-n-propylaluminum, triisobutylaluminum, trihexylaluminum and the like.
PAR  The metal salts employed in the catalyst of this invention are salts of
      metals of Group VIb of the Periodic System and include chromium salts,
      molybdenum salts and tungsten salts. Representative of such salts include
      halides such as chlorides, bromides, iodides and fluorides, which include
      compounds such as chromium dichloride, chromium trichloride, chromium
      hexachloride, molybdenum pentachloride, molybdenum hexachloride, tungsten
      hexachloride, chromium dibromide, chromium tribromide, chromium
      hexabromide, molybdenum pentabromide, molybdenum hexabromide, tungsten
      hexabromide, chromium diiodide, chromium triiodide, chromium hexaiodide,
      molybdenum pentaiodide, molybdenum hexaiodide, tungsten hexaiodide,
      chromium difluoride, chromium trifluoride, chromium hexafluoride,
      molybdenum pentafluoride, molybdenum hexafluoride, and tungsten
      hexafluoride. Other representative salts are those of acetates, benzoates,
      acetylacetonates, sulphates and the like which include compounds such as
      chromium acetate, molybdenum acetate, tungsten acetate, chromium benzoate,
      molybdenum benzoate, tungsten benzoate, chromium acetylacetonate,
      molybdenum acetylacetonate, tungsten acetylacetonate, chromium sulphate,
      molybdenum sulphate and tungsten sulphate. Mixtures of these salts may
      also be employed. Of these, it is usually preferred to employ tungsten
      halides and molybdenum halides representative of which are tungsten
      hexachloride and molybdenum pentachloride.
PAR  The unsaturated alicyclic compound useful in this invention is
      1,5-cyclooctadiene. The polymers produced from the ring-opening
      polymerization of 1,5-cyclooctadiene may be characterized as having a
      structure of polyalkenamers in which the double bonds are of the cis and
      trans vinylene type configuration. These polymers do not contain any of
      the double bonds which are of the 1,2 type configuration.
PAR  The polymers of this invention consist of repeating units of --CH.sub.2
      --CH=CH--CH.sub.2 --CH.sub.2 CH=CH--CH.sub.2 --, and may be characterized
      as having the structure of polyalkenamers in which at least 75 percent of
      the vinylene double bonds are of the cis-type configuration. Since these
      polymers are produced by a ring-opening polymerization as opposed to the
      conventional addition type polymerization through the double bonds, they
      contain no double bonds of the 1,2 type configuration. The linear
      polyoctenamers formed from 1,5-cyclooctadiene by ring-opening
      polymerization are amorphous in nature.
PAR  The catalysts of this invention are prepared by mixing the components by
      well-known techniques. No particular order of mixing is required. The
      catalysts may be prepared by the "preformed" or "in-situ" techniques. By
      the preform method the catalyst components are mixed together prior to
      exposure of either component to the monomer to be polymerized. The in-situ
      method consists of adding the catalyst components to the monomer
      separately. The catalyst components may be mixed either as pure compounds,
      or as suspensions or solutions in liquids which do not adversely affect
      the polymerization.
PAR  The amount of catalyst employed in the polymerizations of this invention
      may be varied over wide concentrations and has not been found to be
      critical. Of course, a catalytic amount of the catalyst must be employed
      to cause polymerization of the monomer. The optimum amount of catalyst
      depends on a number of factors such as temperature, reactants used, purity
      of reactants, reaction times desired and the like. Those skilled in the
      art will readily determine the optimum catalytic ranges. While there is no
      maximum catalytic level, polymerizations can be conducted wherein the
      amount of total catalyst employed may range from about 0.001 to about 5.0
      parts by weight per 100 parts by weight of monomer employed, although a
      range of from about 0.01 to about 1.0 is usually desirable, and a range of
      from about 0.05 to about 0.2 is usually more suitable. The term, total
      catalyst, is meant to include the weight of both the organometallic and
      the metal salt compounds. For example, good bulk polymerization rates have
      been obtained wherein a mixture of 0.05 parts by weight of tungsten
      hexachloride and 0.04 parts by weight of triisobutylaluminum was used to
      polymerize 100 parts by weight of cyclooctene.
PAR  In the catalyst composition the molar ratios of the organometallic
      compounds to the Group VIb metal salts can be varied over the range of
      from about 0.1/1 to about 30/1 or higher. However, a mol ratio of about
      0.25/1 to about 15/1 is usually preferred. It will be recognized by those
      skilled in the art that the optimum molar ratio of the catalyst components
      may vary somewhat with the use of particular combinations of the catalyst
      components, the monomer being polymerized and the polymerization
      conditions. For example, in polymerizing cyclooctene with a catalyst
      comprising an admixture of a trialkylaluminum and tungsten hexachloride,
      it is usually preferred that the molar ratio of the aluminum compound to
      the metal salt is in the range of from about 0.4/1 to about 2.5/1.
PAR  The polymerizations of this invention may be conducted in solution or bulk.
      When the polymerization is carried out in solution, solvents which do not
      adversely affect the polymerization are desired. Representative of useful
      solvents are liquid aromatic hydrocarbons such as benzene and toluene;
      hydrogenated aromatic hydrocarbons such as tetralin; liquid aliphatic
      hydrocarbons such as pentane, heptane, hexane, petroleum ether, decane;
      and liquid cycloaliphatic hydrocarbons such as cyclohexane, decalin, and
      cyclooctane. Mixtures of such solvents may also be used.
PAR  Temperatures at which the polymerization reaction is carried out can be
      varied over a wide range. Usually the temperature can be varied from
      extremely low temperatures such as -60.degree.C. up to high temperatures
      such as 100.degree.C. or higher. Thus, the temperature is not a critical
      factor of the invention. It is generally preferred, however, to conduct
      the reaction at a temperature in the range of from about -20.degree.C. to
      about 80.degree.C. The pressure at which the polymerization is carried out
      can also be varied over a wide range. The reaction can be conducted at
      atmospheric pressure or, if desired, it can be carried out at
      sub-atmospheric pressure or super-atmospheric pressure. Generally, a
      satisfactory polymerization is obtained when the reaction is carried out
      at about autogenous pressure developed by the reactants under the
      operating conditions used.
PAR  The polymerization time will vary and can range from a few seconds to 24
      hours or more, depending upon the polymerization conditions and the degree
      and extent of polymerization desired.
PAR  The polymerization reaction may be carried out as a batch or as a
      continuous process. In performing the polymerizations of this invention,
      the introduction of the monomer, catalyst and solvent, when a solvent is
      employed, can each be made to the reaction zone alternately,
      intermittently, and/or continuously.
PAR  The polymerization of the 1,5-cyclooctadiene of this invention takes place
      through a ring-opening polymerization mechanism. A ring-opening
      polymerization mechanism can be considered as one in which the double
      bonds are severed and these double bonds between the methylidene carbons
      in some manner reconnect to the opened double bond in other ring-open
      monomer molecules to form a high polymer which is linear.
PAR  The ring-opening polymerizataion of cyclooctadiene-1,5 leads to a
      polybutenamer which is equivalent to the 1,4-addition polymer of
      butadiene-1,3. Such a polybutadiene can be rubber-like and it can be
      prepared having no 1,2 or vinyl structure. In practicing this invention,
      polybutenamers can be formed whose structure comprises alternating cis-
      and trans-vinylene groups in successive polymeric repeat units which is
      equivalent to the polymer which may be obtained by the 1,4-addition
      polymerization of butadiene-1,3 in which successive butadiene-1,3 units
      alternately occur in cis- and trans- configurations. Such a polymer could
      be considered an alternating copolymer of cis- and trans-1,4
      poly(butadiene-1,3).
PAR  The ring-opening polymerization of 1,5-cyclooctadiene would yield a
      polybutenamer having no double bonds of the 1,2-configuration, rather, all
      the double bonds of said polymer are of a 1,4-configuration. These double
      bonds may have about 20 to about 90 percent cis-1,4 configuration with the
      remainder of trans 1,4 or a polybutenamer having from about 20 to about 75
      or 80 percent of the 1,4-configuration in cis-1,4 configuration and having
      no 1,2-configuration.
PAR  Ring-opening polymerization of 1,5-cyclooctadiene produces high molecular
      weight polymers which have superior resistance to oxidative aging.
PAR  Bulk polymerizations may be desirable from a process standpoint as
      relatively little heat appears to be evolved per mole of cycloolefin
      polymerized in practicing this invention. This constitutes a great
      advantage for this ring-opening type of polymerization over conventional
      addition polymerization.
PAR  The low volume decrease accompanying a ring-opening polymerization is
      another major advantage over conventional addition polymerization,
      particularly where 1,5-cyclooctadiene is bulk polymerized to form potting
      compounds and various articles, examples of which are molded plastic
      materials, molded rubber-like goods, shoe soles and heels, industrial
      belts, and vehicle tires.
PAR  In these applications the monomer may be polymerized in the presence of one
      or more reinforcing carbon blacks, pigments or resins and certain
      anti-oxidants. The products made by this procedure may be crosslinked by
      adding polymerizable polyfunctional cycloolefins, for example,
      bicyclopentadiene, to the main monomer. The molded products made by
      ring-opening polymerization may be crosslinked by exposure to ionizing
      radiation such as gamma rays, X-rays or electrons. These molded products
      may also be crosslinked or vulcanized by incorporating certain compounds
      which on heating during or subsequent to the polymerization will lead to
      conventional crosslinking or vulcanization of these polymers. One skilled
      in the art may, by a suitable selection of polymerization conditions, use
      the catalyst or by-products of the catalyst preparation to crosslink the
      polymer formed in the shape of a finished article.
PAR  The polymerization reaction may be controlled by incorporating various
      compounds which upon heating release materials which deactivate the
      catalyst. Representative examples of such compounds are the ammonia salts
      such as ammonium chloride, ammonium carbonate, ammonium acetate, ammonium
      oleate, ammonium sulphate, and ammonium phosphate; other ammonia-releasing
      compounds such as tetraalkyl ammonium halides, e.g., tetramethyl ammonium
      chloride; water-releasing agents such as salts with water of
      crystallization, examples of which are, Al.sub.2 (SO.sub.4) . 17H.sub.2 O,
      NH.sub.4 Al(SO.sub.4).sub.2 . 12H.sub.2 O, FeSO.sub.4 . 7H.sub.2 O,
      MgHPO.sub.4 . 7H.sub.2 O, KAl(SO.sub.4).sub.2 . 12H.sub.2 O, KNaCO.sub.3 .
      6H.sub.2 O, Na.sub.2 B.sub.4 O.sub.7 . 10H.sub.2 O, Na.sub.2 CO.sub.3 .
      10H.sub.2 O, Na.sub.2 HPO.sub.4 . 12H.sub.2 O, Na.sub.2 SO.sub.4 .
      10H.sub.2 O, and ZnNO.sub.3 . 6H.sub.2 O.
DETD
PAR  The following examples are set forth to further illustrate the nature of
      this invention. However, it should be understood that the examples are set
      forth for illustrative and not for limitative purposes. The parts and
      percentages are by weight unless otherwise indicated.
PAC  EXAMPLE I
PAR  A 4-ounce bottle was charged with 14.5 grams of 1,5-cyclooctadiene and 75
      ml. pentane which had been passed as a mixture over a silica gel column
      under nitrogen atmosphere. About 10 ml. solvent was vented out before the
      bottle was capped and cooled to -20.degree.C. 4.0 ml. of WCl.sub.6
      solution of a 0.1 M concentration in benzene was added to the bottle
      followed by 2.0 ml. 0.1 M solution of triisobutylaluminum in heptane at
      -20.degree.C., and the polymeriztion was allowed to proceed at this
      temperature for 65 hours. The polymer cement was coagulated in a 1%
      solution of 2,6-ditertiary-butyl-para-cresol in methanol. After drying,
      3.48 grams polymer were recovered which amounted to a 24% yield. The
      polymer was rubbery and had an inherent viscosity value of 0.69 deciliters
      per gram and 4.5% gel. The inherent viscosity of the polymer was
      determined on a solution of 0.1 grams of dry polymer in 100 ml. of benzene
      at 30.degree.C. The gel content of the polymer was obtained by determining
      the percent of polymer which is insoluble when 0.1 gram of dry polymer is
      allowed to stand in 100 ml. of benzene for 2 days at 30.degree.C.
PAR  The infra red analysis revealed that the polymer had a spectra identical to
      a polymer of butadiene-1,3 with a cis content of 78.9%, a trans content of
      16.4% and a 1,2-vinyl content of less than 0.1%.
PAR  Thus, the example above illustrates the preparation of polymers containing
      repeating units of four carbon atoms each and each four carbon units
      containing one carbon-to-carbon double bond. These polymers also contain
      at least 75% of these units in a cis 1,4 structure and have less than 0.2
      or 0.1% of these units in a 1,2 structure. Such polymers are considered a
      polybutadiene in which at least 75% of the units are in a cis 1,4
      configuration and less than 0.2 or 0.1% of the units are in a 1,2
      configuration. Such polymers are also considered a polybutadiene in which
      at least 90% of the units are in a 1,4 configuration and less than 0.2 or
      0.1% of the units are in a 1,2 configuration.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
PAC  EXAMPLE II
PAR  Four solutions each containing 10.0 grams 1,5-cyclooctadiene, 40 ml hexane,
      and 0.1 gram 2,5-ditertiarybutyl-p-cresol antioxidant were dried and
      purified by treatment with an activated alumina-silica gel under nitrogen
      and placed in a constant temperature bath set at 0.degree.C. A catalyst
      comprised of a solution of WCl.sub.6 in chlorobenzene (0.05 M) in
      combination with a solution of ethylaluminum dichloride (EADC) in hexane
      (0.20 M) was employed. All polymerizations were carried out at 0.degree.C.
      The relevant reaction parameters, conversions and the structures of the
      respective polymers are summarized in the following table. The
      polymerizations were short-stopped at the designated reaction times by
      addition of 0.5 ml methanol. Polymer cements were dried at 65.degree.C
      under vacuum. The structure of the respective polybutenamers was
      determined by conventional infrared spectroscopy in CS.sub.2 solutions.
TBL  __________________________________________________________________________

                      Time                                                     

                          Conv                                                 

                              %   %   %                                        

     Reaction                                                                  

          WCl.sub.6 (mM)                                                       

                EADC(mM)                                                       

                      (min)                                                    

                          (%) Trans                                            

                                  Cis 1,2                                      

     __________________________________________________________________________

     1    0.025 0.10  1.50                                                     

                          17.6                                                 

                              18.1                                             

                                  82.9                                         

                                      0                                        

     2    0.020 0.08  2.25                                                     

                          37.7                                                 

                              23.6                                             

                                  76.4                                         

                                      0                                        

     3    0.020 0.04  6.00                                                     

                          43.3                                                 

                              25.5                                             

                                  74.5                                         

                                      0                                        

     4    0.020 0.16  6.50                                                     

                          31.3                                                 

                              22.6                                             

                                  77.4                                         

                                      0                                        

     __________________________________________________________________________

PAR  Thus, the example above illustrates the preparation of polymers of
      1,5-cyclooctadiene prepared by ring-opening polymerization characterized
      by having a structure of polyalkenemers in which the double bonds are of
      the cis and trans type configuration and none of the double bonds are of
      the 1,2 type configuration. The example also illustrates the preparation
      of polymers consisting of repeating units of --CH.sub.2 --CH=CH--CH.sub.2
      --CH.sub.2 --CH=CH--CH.sub.2 -- characterized by having the structure of
      polyalkenamers in which at least 75 percent of the vinylene double bonds
      are of the cis-type configuration and none of the double bonds are of the
      1,2 type configuration.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Rubbery homopolymers of 1,5-cyclooctadiene prepared by ring-opening
      polymerization of 1,5-cyclooctadiene, characterized by having a structure
      of polyalkenamers in which the double bonds are of the cis and trans
      vinylene type of configuration and none of the double bonds are of the 1,2
      type configuration.
NUM  2.
PAR  2. Rubbery homopolymers consisting of repeating units of --CH.sub.2
      --CH=CH--CH.sub.2 --CH.sub.2 --CH=CH--CH.sub.2 13, characterized by having
      the structure of polyalkenamers in which at least 75 percent of the
      vinylene double bonds are of the cis type configuration and none of the
      double bonds are of the 1,2 type configuration.
NUM  3.
PAR  3. A tire which comprises at least in part a rubbery homopolymer according
      to claim 1.
NUM  4.
PAR  4. A tire which comprises at least in part a rubbery homopolymer according
      to claim 2.
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TTL  Bleomycinic acid and process for preparing thereof
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PAL  Umezawa et al.: J. of Antibiotics, 19A, 200-209 (1966).
PAL  Umezawa et al.: J. of Antibiotics, 19A, 210-215 (1966).
PAL  Takita et al.: J. of Antibiotics, 21, 79-80 (1968).
PAL  Takita et al.: J. of Antibiotics, 22, 237-239 (1969).
LREP
FRM  Oblon, Fisher, Spivak, McClelland & Maier
ABST
PAL  A process for preparing bleomycinic acid having a melting point of
      228.degree.-230.degree.C. (decomposition) and an analysis of C : 40.80%, H
      : 5.29%, N : 16.45%, O : 24.78%, S : 4.53%, Cl : 3.37%, and Cu : 4.78%
      which is characterized by being soluble in water, difficultly soluble in
      methanol, acetic acid and dimethylsulfoxide, and insoluble in ethanol,
      ethyl acetate, acetone and ether, and which tests positive to Pauly and
      Ehrlich reactions but tests negative to ninhydrin, Sakaguchi, Dragendorf,
      Tollens, ferric chloride, Fehling and Molish reactions, and which has a
      maximum ultraviolet absorption spectrum at 246 m.mu. and 292 m.mu. and
      which has an infrared absorption spectrum bands at 3350, 1720, 1670, 1640,
      1580, 1460, 1365, 1050, 770 (cm.sup.-.sup.1), and which can be hydrolyzed
      to yield 2'-(2-aminoethyl)-2,4'-bithiazole-4-carboxylic acid, L-threonine,
      4-amino-3-hydroxy-2-methyl-.eta.-valeric acid, .beta.-hydroxy-histidine,
      .beta.-amino-.beta.-(4-amino-6-carboxy-5-methylpyrimidine-2-yl)-propionic
      acid, L-.beta.-amino-alanine, L-gulose and 3-0-carbamoyl-D-mannose, which
      comprises hydrolyzing bleomycin in the presence of a mycelium mass or
      enzyme.
PARN
PAR  This application is a division of copending application Ser. No. 290,986,
      filed on Sept. 21, 1972, now U.S. Pat. No. 3,867,257. The latter
      application was a continuation-in-part of copending application Ser. No.
      252,252, filed on May 11, 1972, now U.S. Pat. No. 3,843,448.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to bleomycinic acid and to a process for preparing
      same.
PAR  2. Description of the Prior Art:
PAR  Bleomycin, antitumor antibiotics are water-soluble basic glycopeptides
      which are chelated with divalent copper, and are produced from
      Streptomyces verticillus. They were first discovered by Hamao Umezawa, et
      al., in 1966, and reported in Journal Of Antibiotics 19A, Page 200 (1966).
PAR  Sixteen varieties of bleomycins, including
      3-dimethylsulfopropylamino-bleomycin(bleomycin A.sub.2) and
      4-guanidinobutylamino-bleomycin (bleomycin B.sub.2), have been produced
      and isolated by conventional cultivation methods including bleomycin
      A.sub.1, A.sub.2, A.sub.5 and B.sub.2. These latter varieties have been
      used in complex form for the treatment of cancroid, malignant lymphoma and
      cerebral tumors, and exhibit antitumor effects and broad cancer
      indications.
PAR  By hydrolysis techniques, the chemical analysis of the bleomycins have been
      noted as follows:
      ##SPC1##
PAR  The various types of bleomycins differ by differing terminal amino group
      "R". In the present invention, R is an --OH group. Many of the bleomycins
      have the same basic nucleus but different side chain amines. The microbial
      activity, antitumor activity and other physiological activity of these
      closely related bleomycins, however, are quite different, depending upon
      the particular amine side chain R in the formula.
PAR  When the bleomycin-producing strain of actinomycetes is inoculated and
      cultivated in a nutritious medium, bleomycins can be produced as complexes
      of bleomycin A.sub.1, A.sub.2, A.sub.5, B.sub.2, etc. If an amine, which
      corresponds to the side chain amine of the intended bleomycin is added, as
      a precursor, a bleomycin having the corresponding amine can be produced.
      Of course, the particular type of amine used is limited by ordinary
      considerations of biosynthesis, so that the range of possible amine
      derivatives attainable has been particularly limited. The type of
      biological activity will substantially vary, depending upon the particular
      variety of bleomycin and hence methods of developing different varieties
      are continually being sought.
PAR  To attain a wider latitude in the preparation of new amine derivatives, it
      was first contemplated to sever the side chain of the bleomycin without
      altering the basic nucleus structure, by enzyme reaction. It was found,
      however, that bleomycin cannot be used as a substrate for commercial or
      available hydrolysis enzymes such as peptidase, protease, pepsin,
      .alpha.-chymotrypsin, pronase, phytin, and amino acid acylase, and no
      severing of the side chain occurred.
PAR  Other microorganisms were studied as a means for producing an enzyme which
      would sever the side chain of bleomycin, and a wide variety of bacteria,
      actinomycetes and molds were considered.
PAR  It has now been discovered that specific mycelium molds having high
      decomposition activities can be used to provide an enzyme reaction which
      will provide novel bleomycinic acid compounds.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is one object of this invention to provide novel varieties
      of bleomycinic acid.
PAR  It is another object of this invention to provide a process for preparing
      said novel varieties of bleomycinic acid.
PAR  It is a still further object of this invention to provide bleomycins by
      reacting bleomycinic acid with an amine.
PAR  These and other objects of this invention, as will hereinafter become more
      readily apparent, have been attained by hydrolysis of bleomycin in the
      presence of a mycelium of the Fusarium genus, or Helminthosporium, or
      enzyme system thereof, or a medium containing same, to provide novel
      bleomycinic acid.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The strain used for this invention is a type of Fungi imperfecti which
      belongs to the Fusarium genus, such as Fusarium roseum Link emend Snyder
      et Hansen IFO 7189 ATCC 20352 (W. C. Synder, H. N. Hansen., American J.
      Bot. Vol. 32 Page 657,666 (1945)), all of which are available Fusarium
      roseum Link emend Snyder et Hansen IFO 8502 (ibid), ATCC 20355
PAR  Fusarium anguioides Sherbakoff IFO 4467 ATCC 20351 (H. W. Wollenweber, Die
      Fusarien, Page 61, Berlin, 1965) etc.; and
PAR  Helminthosporium genus such as Helmintosporium zonatum Ikata et Yoshida IFO
      6678 ATCC 20353 (Ikata Yoshida BYOCHUGAIZASSHI, (Japan) Vol. 30, No. 7,
      Page 209(1943))
PAR  Helmintosporium zonatum Ikata et Yoshida IFO 7521 ATCC 20354 (ibid).
PAR  These strains may be aerobically cultivated in a medium suitable for molds.
      The productivity of the enzyme will not be seriously affected by the
      particular carbon source or nitrogen source. For example, the yield of
      mycelium and the yield of enzyme will be increased when the strain is
      grown in a medium containing a high content of glucose as a carbon source
      and peptone or corn steep liquor as the nitrogen source.
PAR  It is possible to use the mycelium or the mycelium cultured broth per se,
      for hydrolysis of the bleomycin to obtain the desired bleomycinic acid.
      However, when a purified enzyme having high activity is used, the
      formation of impurities can be reduced, and the concentrate of the
      substrate can be increased so that the reaction period can be shortened.
PAR  The strain growth period is preferably from 48 to 72 hours. The optimum
      temperature is 25.degree. - 30.degree.C., and the optimum pH is 6.0 - 7.0.
PAR  In the hydrolysis of bleomycin, the above-mentioned mycelium, or enzyme, is
      suspended or dissolved in a buffer solution of potassium phosphate, and is
      admixed with a solution of bleomycin in a buffer solution containing
      potassium phosphate. The mixture is then reacted for 2 - 10 hours. The
      optimum condition for hydrolysis of bleomycin is at a temperature of
      25.degree. - 45.degree.C. in a 0.05 M potassium phosphate buffer solution,
      concentration of substrate 0.1 - 0.5%, at a pH of 7.0 - 8.0.
PAR  The endpoint of the hydrolysis reaction can be determined by a reaction in
      antimicrobial activity of the bleomycin substrate as measured by
      conventional cup tests using Mycobacterium 607, or by a change in the
      R.sub.f value during thin layer chromatography.
PAR  Following the reaction, impurities are removed and the product is adsorbed
      onto a weak acidic ion-exchange resin, such as Amberlite IRC-50[H.sup.+]
      (trade name of Rohm & Haas Co.), and then is washed with water and is
      eluted with dilute hydrochloric acid. It is then neutralized and
      demineralized. Demineralization can be carried out by adsorption of the
      product on activated carbon (chromatography) grade, washing with water and
      then eluting with a 50% acetone-0.02 N-hydrochloric acid solution.
      Alternatively, demineralization can be carried out by adsorption of the
      product on an ion-exchange resin such as Amberlite CG-50[H.sup.+]; (trade
      name of Rohm & Haas Co.), and then washing with 0.2% acetic acid or water
      followed by elution with a mixture of 50% methanol -- 0.02 N--HCl.
PAR  The demineralized effluent is concentrated and dried and is dissolved in
      0.05 M-ammonium chloride and the product is contacted with CM-Sephadex
      C-25 (trademark) or a dry insoluble powder composed of microscopic beads
      which are synthetic organic compounds derived from a polysaccharide
      dextran, (manufactured and sold by Pharmacia Fine Chemicals, Inc.)
      buffered with 0.05 M-ammonium chloride, and extracted with 0.05 M-ammonium
      chloride. The product, bleomycinic acid, is collected and is demineralized
      using said demineralization method. The solution is concentrated and dried
      at 40.degree.C. under reduced pressure to obtain a high yield of pure
      hydrochloride of bleomycinic acid in powder form.
PAR  In order to confirm the bleomycinic acid, the following tests were carried
      out:
PAR  The resulting bleomycinic acid was hydrolyzed at 105.degree.C. for 24 hours
      in 6N--HCL and the hydrolyzed product was developed using a high voltage
      paper electrophoresis method and paper chromatography.
PAR  By the ninhydrin reaction test of said paper chromatogram of acid
      hydrolyzed product of bleomycinic acid, the ninhydrin positive components
      were found in the same pattern as that of the original bleomycin B.sub.2,
      except for a spot corresponding to the side chain of amine. The hydrolyzed
      products consist of 2'-(2-aminoethyl)-2,4'-bithiazole-4-carboxylic acid,
      L-threonine, 4-amino-3-hydroxy-2-methyl-n-valeric acid,
      .beta.-hydroxy-histidine, and .beta.-amino-.beta.
      (4-amino-6-carboxy-5-methylpyrimidine-2-yl)-propionic acid,
      L-.beta.-aminoalanine, L-gulose, and 3-o-carbamoyl-D-mannose. When the
      resulting bleomycinic acid was subjected to methanolysis in the presence
      of a strong acidic ion-exchange resin (Amberlyst 15, trade name) as a
      catalyst, and then trimethylsilylated, it was found that the product
      contained 1 mole of each of the components of L-gulose and
      3-o-carbamoyl-D-mannose, when measured by gas chromatography.
PAR  When the resulting bleomycinic acid was esterified in methanol in the
      presence of hydrochloric acid as a catalyst, and then was reduced with
      LiBH.sub.4 in anhydrous tetrahydrofuran and further hydrolyzed in the
      presence of an acid, it was found that an alcohol was formed by reducing
      the carboxyl group of 2'-(2-aminoethyl)-2,4'-bithiazol-4-carboxylic acid
      of the terminal amino acid of bleomycinic acid.
PAR  The aqueous solution of the resulting bleomycinic acid (95 mg./2.4 ml.) was
      admixed with 5 equivalents of
      1-ethyl-3-(3-dimethylaminopropyl)carbodiimide and 10 equivalents of
      agmatine sulfate while cooling on ice and the mixture was adjusted to a pH
      of 7.0. The temperature was adjusted to 5.degree.C. and the mixture was
      permitted to stand overnight. The reaction product was contacted with
      CM-Sephadex C-25, in a packed column and was eluted with 0.63 - 0.65
      M-ammonium chloride solution, to yield 8 mg. of bleomycin having an
      antimicrobial activity of 3015 .mu./mg. to Mycobacterium 607.
PAR  According to chromatographic behavior and the result of analysis of the
      acidic hydrolyzed product, the resulting bleomycin was confirmed to be the
      same as bleomycin B.sub.2. The antimicrobial activity of bleomycin B.sub.2
      was 3094 .mu./mg. It was thus confirmed that the resulting product was the
      intended bleomycinic acid.
PAR  The hydrochloride of bleomycinic acid is soluble in water and sparingly
      soluble in methanol, acetic acid, dimethylsulfoxide, and insoluble in
      ethanol, ethyl acetate, acetone and ether.
PAR  The physico-chemical properties of the compound are as follows:
PAR  Melting point 228.degree. - 230.degree.C. (decomposition)
PAR  [.alpha.].sub.436.sup.26 = 81.5.degree. (C = 0.1, H.sub.2 O)
PAR  Elementary Analysis: C: 40.80%, H : 5.29%, N : 16.45%, O : 24.78%, S :
      4.53%, Cl : 3.37%, Cu : 4.78%.
PAR  The ultraviolet absorption spectrum of the hydrochloride of bleomycinic
      acid is slightly different from that of the starting material of
      bleomycin, wherein the maximum absorption, respectively, is at 246 m.mu.
      and 292 m.mu. and E.sub.1cm.sup.1% respectively, is 140.0 and 137.5.
PAR  The infrared absorption spectrum of the product measured as potassium
      bromide tablet. Bands are found at 3350, 1720, 1670, 1640, 1580, 1460,
      1365, 1050, 770 (cm.sup..sup.-1).
PAR  The bleomycinic acid showed positive in Pauly and Ehrlich reaction, but
      provided negative results in ninhydrin reaction. Sakaguchi reaction,
      Dragendorf reaction, Tollens reaction, ferric chloride reaction, Fehling
      and Molisch reactions.
PAR  The bleomycinic acid showed an R.sub.f value of 0.78 in thin layer
      chromatography using silica gel G when developed with a system of 10 : 9 :
      1 of methanol : 10 % ammonium acetate: 10 % ammonia. It also showed an
      R.sub.f value of 0.46 in thin layer chromatography developed with a system
      of 15 : 10 : 3 : 12 of n-propanol : pyridine : acetic acid : water.
PAR  The bleomycinic acid showed an R.sub.f value of 0.86 in paper
      chromatography using a Toyo filter paper No. 51 when developed with 10%
      ammonium chloride, and also showed an R.sub.m value of 0.65 in paper
      electrophoresis at 3000 V for 40 minutes when developed with a system of
      25 : 75 : 900 of formic acid : acetic acid : water. (R.sub.m of alanine is
      1.0). By a cup test using Mycobacterium 607, the anti-microbial activity
      of the product was relatively low, being 159 .mu./mg., as compared with
      the standard of bleomycin A.sub.2, 1000 .mu./mg.
PAR  Various novel bleomycin compounds can be prepared using the resulting
      bleomycinic acid. For example, the bleomycinic acid can be reacted with a
      variety of amines to yield various bleomycin compounds having the
      corresponding amines in the side chain. These bleomycins may exhibit
      excellent antimicrobial activities to Mycobacterium 607, some being
      different from the known bleomycins.
PAR  Bleomycinic acid may be reacted with benzylamine to yield
      benzylamino-bleomycin.
PAR  The structure of bleomycinic acid is:
      ##SPC2##
PAR  The experimental results of biological activity of the benzylaminobleomycin
      (the terminal amino group R is benzylamino group) will be illustrated as
      compared with the above-mentioned bleomycin B.sub.2.
PAC  Preparation of benzylamino-bleomycin
PAR  48.64 mg. (0.038 m mole) of bleomycinic acid and 45.31 mg. (0.38 m mole) of
      benzylamine were dissolved in 1 l. of water and the solution was cooled to
      0.degree. - 5.degree.C. It was then admixed with 28.40 mg. (0.19 m mole)
      of a water soluble carbodiimide and the solution was adjusted to a pH of
      4.5 with 6N--HCl. It was then reacted for 30 minutes, with stirring. After
      the reaction, the reaction mixture was maintained at 0.degree. -
      5.degree.C. for 24 hours. The resulting benzylamino-bleomycin was
      separated and purified, in accordance with the preparation of bleomycin
      B.sub.2 from bleomycinic acid, to yield 15.2 mg. of benzylamino-bleomycin
      having a microbial activity to Mycobacterium 607 of 3250 .mu./mg. By
      chromatographic analysis and by analysis of the acid-hydrolyzed products,
      it was confirmed that the product was benzlyamino-bleomycin.
PAC  (Experiment)
PAR  The above benzylamino-bleomycin or bleomycin B.sub.2 was administered to
      ICR-JCL male mice by intravenous injection at a rate of 10 mg./kg. over a
      period of 10 days. The mice were bred for 5 weeks after the final
      administration and were then dissected. The right and left lungs were
      observed by microscopic examination. The degree of fibrosis in the lung is
      shown in Table 1.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

             Lung                                                              

                Mouse                                                          

                1 2  3  4  5  6   7   8                                        

     __________________________________________________________________________

     Bleomycin B.sub.2                                                         

             L  +    +     ++     -                                            

             R  -    +     .+-.   .+-.                                         

     Benzylamino                                                               

             L    -     -     +       -                                        

     Bleomycin                                                                 

             R    -     -     -       -                                        

             Lung                                                              

                Mouse                                                          

                9 10 11 12 13 14  15  16                                       

     __________________________________________________________________________

     Bleomycin B.sub.2                                                         

             L  .+-. -     -      -                                            

             R  .+-. -     +      -                                            

     Benzylamino                                                               

             L    -     -     -       -                                        

     Bleomycin                                                                 

             R    .+-.  .+-.  -       -                                        

             Lung                                                              

                Mouse         Total                                            

                  17 18 19 20 -  .+-.                                          

                                    .+-.                                       

                                       ++                                      

     __________________________________________________________________________

     Bleomycin B.sub.2                                                         

             L    +     -     5  1  3  1                                       

             R    -     +     4  3  3  0                                       

     Benzylamino                                                               

             L       .+-.     8  1  1  0                                       

     Bleomycin                                                                 

             R       .+-.     7  3  0  0                                       

     __________________________________________________________________________

      The toxicity of the benzylamino-bleomycin was lower than that of bleomyci

      B.sub.2.                                                                 

PAC  (Experiment 2)
PAR  The benzylamino-bleomycin and bleomycin B.sub.2 respectively, showed the
      following inhibitory effect against cell culture of HeLa (S.sub.3 bb cell
      line)
TBL  Concentrations   Inhibitory effect                                        

                    6     3       1.5 (mcg/ml.)                                

     ______________________________________                                    

     Bleomycin B.sub.2                                                         

                      92      64       33                                      

     Benzylamino-bleomycin                                                     

                      92      73       38                                      

     ______________________________________                                    

PAL  wherein the inhibitory effect =
      ##EQU1##
      Co: relative number of cell on the first day t.sub.3 : relative number of
      cell on the third day after the addition of a bleomycin (3 mcg/ml in
      final)
PA1  C.sub.3 : relative number of cell in negative control on the third day
PAR  The benzylamino-bleomycin and bleomycin B.sub.2 were respectively tested on
      the cell culture of Yoshida (the method described by M. Hori, et al.,
      Journal Of Antibiotics Ser. A. Vol. 16, No. 1, Page 1). The results were
      as follows:
TBL  Concentrations                                                            

                   Inhibitory effect                                           

                 5    2.5     1.25    0.625(mcg/ml)                            

     ______________________________________                                    

     Bleomycin B.sub.2                                                         

                   74.9   56.0    34.0  8.6                                    

     Benzylamino-bleomycin                                                     

                   83.5   55.4    28.2  11.1                                   

     ______________________________________                                    

PAL  These results show the effectiveness of the benzylamino-bleomycin against
      tumors.
DETD
PAR  Having generally described the invention, a more complete understanding can
      be attained by reference to certain specific Examples which are provided
      herein for purposes of illustration only and are not intended to be
      limiting in any manner unless otherwise so specified.
PAC  EXAMPLE 1
PAR  A medium consisting of 5% glucose, 0.4% peptone, 0.05% corn steep liquor,
      0.03% magnesium sulfate, 0.1% potassium hydrophosphate, 0.01% sodium
      chloride, 0.01% calcium chloride and 0.001% ferric chloride, was adjusted
      at pH 6.0 and 10 ml. of the medium was charged into a 100 ml. Sakaguchi
      flask and was sterilized at 120.degree.C. under 1 atm. for 15 minutes.
PAR  The medium was inoculated with a platinum loop of Fusarium roseum Link
      emend Snyder et Hansen (IFO 7189), deposited in the Institute for
      Fermentation (Osaka, Japan), ATCC 20352, cultured in slant, and was
      shake-cultured at 27.degree.C. for 72 hours.
PAR  100 ml. of the medium having the same formula was charged to each of the
      500 ml. Sakaguchi flask and was sterilized under the same conditions. 0.2
      ml. of a spore medium resulted was added to each medium and was
      shake-cultured.
PAR  The cultured broths were collected 3 days after initiation of the
      cultivation, and were filtered to yield 15 g./l. of a mycelium mass. 100
      g. of the mycelium mass was suspended in 200 ml. of 0.02 M-potassium
      phosphate buffer solution of pH 7.0 and then the mycelium mass was broken
      by a Frenchpress at a cool temperature and was separated in conventional
      freezing centrifugal separation at 19000 G.
PAR  The resulting supernatant liquid was admixed with solid ammonium sulfate to
      yield a 75% saturated solution, and 2.3 g. of the precipitated enzyme was
      dissolved in a potassium phosphate buffer solution having a pH of 7 and
      was purified by dialysis with the same buffer solution to yield an enzyme
      solution.
PAR  5 g. of bleomycin B.sub.2 was dissolved in 0.05 M-potassium phosphate
      buffer solution and was admixed with said enzyme solution to make a total
      amount of 500 ml. of solution. The mixture was reacted at 35.degree.C. for
      2 hours and was charged to a column 2 cm. in diameter and 50 cm. in
      length, packed with Amberlite IRC-50[H.sup.+] to adsorb the product. After
      washing with water, the product was eluted with 0.2 N--HCl and the
      effluent was neutralized and then was charged to a column 2 cm. in
      diameter and 20 cm. in length, packed with activated carbon for
      chromatography adsorption of the product.
PAR  After washing with water, the product was eluted with a mixture of 50%
      acetone-0.02 N--HCl, and the effluent was concentrated and dried at
      40.degree.C. under reduced pressure. The residue was dissolved in a small
      amount of 0.05 M-ammonium chloride, and was adsorbed with CM-Sephadex C-25
      which was buffered with 0.05 M-ammonium chloride. 0.05 M-ammonium chloride
      was passed through the layer to separate bleomycinic acid. The bleomycinic
      acid solution was collected and demineralized and was concentrated and
      dried at 40.degree.C. under reduced pressure, to yield 900 mg. of
      hydrochloride of bleomycinic acid having 228.degree. - 230.degree.C.
      melting point (decomposition) in powdered form.
PAC  EXAMPLE 2
PAR  Helmintosporium zonatum Ikata et Yoshida (IFO 7521) deposited in the
      Institute of Fermentation (Osaka, Japan) ATCC 20354, was cultured in
      accordance with the process of Example 1, to yield a mycelium mass.
PAR  200 g. of the mycelium mass and 10 g. of bleomycin B.sub.2 were admixed
      with 250 ml. of 1 M-potassium phosphate buffer solution having a pH of
      7.5. 10 ml. of toluene and water were added to the mixture to make a total
      solution of 500 l. The mixture was stirred and then permitted to stand at
      37.degree.C. for 12 hours.
PAR  The reaction solution was filtered under reduced pressure and was washed
      with water and the filtrate was charged in a column, 2.6 cm. in diameter
      and 70 cm. in length, packed with Amberlite IRC-50[H.sup.+] (trade name)
      to adsorb the product.
PAR  After washing with water, the product was eluted with 0.2N--HCl and the
      effluent was adjusted to a pH of 7, and was charged to a column 2.6 cm. in
      diameter and 70 cm. in length, packed with Amberlite CG-50[H.sup.+] to
      adsorb the product. After washing with 0.2% acetic acid, the product was
      eluted with a mixture of 50% methanol-0.02 N--HCl. The effluent was
      concentrated and dried at 40.degree.C. under reduced pressure. The residue
      was dissolved in 0.05 M-ammonium chloride and was adsorbed on CM-Sephadex
      C-25.
PAR  0.05 M-ammonium chloride was passed through the layer to collect the
      bleomycinic acid solution. The solution was concentrated and dried under
      reduced pressure to yield 3.5 g. hydrochloride of bleomycinic acid having
      a melting point of 228.degree.-230.degree.C. (decomposition) in powdered
      form.
PAC  EXAMPLE 3
PAR  Fusarium anguioides Sherbakoff (IFO 4467) deposited in the Institute for
      Fermentation (Osaka, Japan), ATCC 20351, was cultured in accordance with
      the process of Example 1, to yield 10 g. of a mycelium mass per 1 l. of
      cultured broth.
PAR  100 g. of the mycelium mass and 5 g. of complex of bleomycin were dissolved
      in 2.5 l. of 0.05 M-potassium phosphate buffer solution and was admixed
      with 5 ml. of toluene and was well stirred. The mixture was permitted to
      stand at 40.degree.C. for 12 hours. The insoluble material was removed
      from the reaction solution to yield a clear filtrate.
PAR  In accordance with the process of Example 2, the filtrate was purified to
      yield 1.1 g. of hydrochloride of bleomycinic acid having a melting point
      of 228.degree. - 230.degree.C. (decomposition) in powdered form.
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the present
      invention as set forth herein. Accordingly,
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A compound having the structure of:
      ##SPC3##
NUM  2.
PAR  2. Bleomycinic acid having a melting point of 228.degree.-230.degree.C.
      (decomposition) and an analysis of C : 40.80%, H : 5.29%, N : 16.45%, O :
      24.78%, S : 4.53%, C : 3.37%, and Cu : 4.78% which is soluble in water,
      difficultly soluble in methanol, acetic acid and dimethylsulfoxide, and
      which is insoluble in ethanol, ethylacetate, acetone and ether, and which
      tests positive in Pauly and Ehrlich reactions but tests negative in
      ninhydrin, Sakaguchi, Dragendorf, Tollens, ferric chloride, Fehling and
      Molisch reactions, and which has maximum adsorption in the ultraviolet
      absorption spectrum at 246 m.mu. and 292 m.mu. and which has infrared
      absorption spectrum bands at 3350, 1720, 1670, 1640, 1580, 1460, 1365,
      1050, 770 (cm.sup..sup.-1) and can be hydrolyzed to yield
      2'-(2-aminoethyl)-2,4'-bithiazole-4-carboxylic acid, L-threonine,
      4-amino-3-hydroxy-2-methyl-.eta.-valeric acid, .beta.-hydroxy-histidine,
      .beta.-amino-.beta.-(4-amino-6-carboxy-5-methylpyrimidine-2-yl)-propionic
      acid, L-.beta.-amino-alanine, L-gulose and 3-o-carbamoyl-D-mannose.
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ABST
PAL  Thiolcarbonates represented by the formula,
      ##SPC1##
PAL  Wherein R.sub.1 and R.sub.2 are individually a hydrogen atom or a methyl
      group, and R.sub.3 is a straight chain or branched chain saturated or
      unsaturated alkyl group having 1 to 5 carbon atoms or is a benzyl or
      benzhydryl group which may be nuclear substituted, are quite useful for
      protecting the amino or imino groups of amines, hydrazines, amino acids
      and peptides with groups of the formula
      ##EQU1##
      The thiolcarbonates can be easily produced by reacting an alkali metal
      salt of 2-mercaptopyrimidine with phosgene, and reacting the resulting
      thiolchloroformate with an alcohol (R.sub.3 OH), or by reacting a
      2-mercaptopyrimidine with a halocarbonic acid ester.
PARN
PAR  This is a division of application Ser. No. 287,410 filed Sept. 8, 1972, now
      U.S. Pat. No. 3,852,290.
BSUM
PAR  This invention relates to novel thiolcarbonates, a process for producing
      the same and a process for application thereof.
PAR  Amines and hydrazines having protected amino and/or protected peptides, are
      quite useful compounds as starting materials for synthesis of various
      peptides which are extremely useful as foods and pharmaceuticals, or for
      synthesis of other compounds.
PAR  Recently, it has come to be widely recognized that in the synthesis of
      N-protected amino acids and N-protected peptides, t-alkyloxycarbonyl
      groups such as t-butyloxycarbonyl and t-amyloxycarbonyl groups;
      benzhydoxycarbonyl groups; and nuclear substituted or unsubstituted
      benzyloxycarbonyl groups such as benzyloxycarbonyl,
      p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
      p-chlorobenzyloxycarbonyl and p-bromobenzyloxycarbonyl groups are useful
      as protective groups for amino and/or imino groups of amines and
      hydrazines, particularly amino acids and peptides. Among these protective
      groups, the t-alkyloxycarbonyl groups are easily cut from the protected
      amino or imino groups by means of acids but are stable to catalytic
      reduction, whereas the benzyloxycarbonyl group is stable to acids but is
      easily cut by catalytic reduction. Taking advantage of such differences in
      stability between protective groups, the synthesis of complex peptides has
      extensively been conducted selectively. Further, a peptide synthesis
      method called solid-phase method has recently been developed by R. B.
      Merrifield [Journal of American Chemical Society, 85, 2149 (1963)]. Amino
      acids, which have the above-mentioned t-alkyloxycarbonyl groups or nuclear
      substituted or unsubstituted benzyloxycarbonyl groups as protective
      groups, have come to be used also as starting components in said
      solid-phase method, and the importance thereof has come increasingly
      greater.
PAR  As acylating agents for preparation of such N-protected amines and
      hydrazines, various compounds have heretofore been proposed. For example,
      t-alkyl p-nitrophenyl carbonates [Journal of American Chemical Society,
      79, 6180 (1957); Chemische Berichte 95, 1 (1962)], t-alkyl
      N-hydroxysuccinimidyl carbonates [Tetrahydron Letters, 39, 4765 (1966)],
      t-alkyl 8-hydroxyquinolyl carbonate [Liebigs Annalen der Chemie, 716, 216
      (1968)], t-alkyl 2,4,5-trichlorophenyl carbonates [Journal of Chemical
      Society (C), 2632 (1967); Liebigs Annalen der Chemie, 724, 204 (1969)],
      t-alkyl pentachlorophenyl carbonates [Japanese Patent Publication Nos.
      19,685/70 and 36,729/70], t-alkyloxycarbonyl azides [Journal of American
      Chemical Society, 79, 422 (1957), 81, 955 (1959), 82, 2725 (1960);
      Bulletin of the Chemical Society of Japan, 37, 591 (1964); Liebigs Annalen
      der Chemie, 702, 188 (1967)], t-alkylcyanoformates [Journal of Organic
      Chemistry, 29, 2820 (1964)], t-alkylchloroformates [Japanese Patent
      Publication No. 10/71; Bulletin of the Chemical Society of Japan, 38, 1522
      (1965)] and t-alkylfluoroformates [Japanese Patent Publication No.
      22,729/70] have been known as t-alkyloxycarbonylating agents, and benzyl
      N-hydroxypiperidyl carbonates [Chemical and Industry 1722 (1966)],
      p-methoxybenzylazide formates [Chemische Berichte, 95, 1 (1962)] and
      2,4,5-trichlorophenoxycarbonates [Liebigs Annalen der Chemie, 724, 204
      (1969)] have been known as aralkyloxycarbonylating agents.
PAR  However, the above-mentioned known alkyloxycarbonylating agents and
      aralkyloxycarbonylating agents (hereinafter, these are inclusively
      referred to as "acylating agents") have many such drawbacks as mentioned
      below.
PAR  Starting materials for synthesis of the acylating agents are expensive;
      operations for synthesis thereof are complex and require a long period of
      time, a high temperature and the like severe conditions; and the resulting
      acylating agents themselves are unstable. Operations for acylating amines
      and hydrazines by use of the above-mentioned acylating agents are complex,
      require a long period of time, a high temperature and the like severe
      conditions; the conversion of acylation is low; the acylating agents have
      such selectivity as to react with only specific amines and hydrazines; the
      acylation products are difficultly purified; and, in case amines and
      hydrazines to be acylated have other active groups in addition to amino
      and/or imino groups, the said other groups should have previously been
      protected. Despite the fact that in such acylation, particularly in the
      acylation of amino acids and peptides, the purification of acylation
      products is an extremely important question, the above-mentioned known
      acylating agents, particularly mixed carbonates of phenols, have such
      great drawback that phenols, which are released with progress of the
      reaction, tend to migrate in the acylation products and the removal of
      migrated phenols is extremely difficult. The azide type acylating agents
      are explosive, in general, and hence should be stored, handled and reacted
      under strictly controlled conditions. Further, the benzyl- and
      t-alkyl-chloroformates, which may nuclear substituted, have such drawback
      that in case amines or hydrazides to be treated, e.g. amino acids, have
      other active groups in addition to amino and/or imino groups to be
      acylated, i.e. in case the amino acids are, for example, serine or
      threonin having hydroxyl groups, cystein having mercapto groups, and
      histidine having imidazole groups, the above-mentioned chloroformates
      react not only with the amino and/or imino groups but also with the said
      other active groups, so that the active groups other than the amino and/or
      imino groups to be acylated would have previously been protected by other
      protective groups.
PAR  With an aim to overcome the various drawbacks of the known acylating
      agents, the present inventors made extensive studies with respect to the
      functions and production processes of pyrimidyl thiolcarbonate to find
      that the aforesaid thiolcarbonates are suitable for various useful
      applications and have markedly excellent functions as acylating agents for
      introducing N-protective groups into amines and hydrazines, particularly
      amino acids and peptides, and that the thiolcarbonates can be easily
      produced on commercial scale. Based on the above finding, the inventors
      have accomplished the present invention.
PAR  The above-mentioned thiolcarbonates are novel compounds, and processes for
      acylating amines are hydrazines by use of such novel compounds have not
      been proposed yet.
PAR  An object of the present invention is to provide novel thiolcarbonates.
PAR  Another object of the invention is to provide a process for producing the
      novel thiolcarbonates.
PAR  A further object of the invention is to provide a process for acylating
      amines and hydrazines by use of said novel thiolcarbonates which have
      overcome various drawbacks of the known acylating agents.
PAR  Other objects and advantages of the present invention will become apparent
      from the description made hereinbelow.
PAR  The novel thiolcarbonates according to the present invention are
      represented by the formula,
      ##SPC2##
PAL  wherein R.sub.1 and R.sub.2 are individually a hydrogen atom or a methyl
      group; and R.sub.3 is a straight chain or branched chain saturated or
      unsaturated alkyl group having 1 to 5 carbon atoms, or a benzyl or
      benzhydryl group
      ##SPC3##
PAL  which may be nuclear substituted.
PAR  In the above, the alkyl group includes, for example, methyl, ethyl, propyl,
      isopropyl, allyl, butyl, t-butyl, amyl and t-amyl groups, and the benzyl
      group which may be nuclear substituted includes, for example, benzyl,
      p-methoxybenzyl, 2,4-dimethoxybenzyl, 2,4,6-trimethoxybenzyl
      p-nitrobenzyl, p-chlorobenzyl and p-bromobenzyl groups.
PAR  Some examples of the compounds represented by the formula (I) are methyl
      pyrimidyl-2-thiolcarbonate, methyl 4-methyl-pyrimidyl-2-thiolcarbonate and
      methyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate; and ethyl
      pyrimidyl-2-thiolcarbonate, propyl pyrimidyl-2-thiolcarbonate, isopropyl
      pyrimidyl-2-thiolcarbonate, allyl pyrimidyl-2-thiolcarbonate, n-butyl
      pyrimidyl-2-thiolcarbonate, t-butyl pyrimidyl-2-thiolcarbonate, n-amyl
      pyrimidyl-2-thiolcarbonate, t-amyl pyrimidyl-2-thiolcarbonate, benzyl
      pyrimidyl-2-thiolcarbonate, p-methoxybenzyl pyrimidyl-2-thiolcarbonate,
      2,4-dimethoxybenzyl pyrimidyl-2-thiolcarbonate, 2,4,6-trimethoxybenzyl
      pyrimidyl-2-thiolcarbonate, p-nitrobenzyl pyrimidyl-2-thiolcarbonate,
      p-chlorobenzyl pyrimidyl-2-thiolcarbonate, p-bromobenzyl
      pyrimidyl-2-thiolcarbonate and benzhydryl pyrimidyl-2-thiolcarbonate (in
      which thiolcarbonates having 4-methyl and 4,6-dimethyl substituents in the
      pyrimidyl rings have been omitted, but these are naturally included in the
      compounds of the present invention).
PAR  Among the thiolcarbonates represented by the formula (I), the t-alkyl type,
      nuclear substituted or unsubstituted benzyl type and benzhydryl type
      carbonates are particularly important as acylating agents for use in the
      synthesis of N-protected amino acids and N-substituted peptides. Typical
      examples of such thiolcarbonates are t-butyl pyrimidyl-2-thiolcarbonate,
      t-butyl 4-methyl-pyrimidyl-2-thiolcarbonate and t-butyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate; and t-amyl
      pyrimidyl-2-thiolcarbonate, benzyl pyrimidyl-2-thiolcarbonate,
      p-methoxybenzyl pyrimidyl-2-thiolcarbonate, 2,4-dimethoxybenzyl
      pyrimidyl-2-thiolcarbonate, 2,4,6-trimethoxybenzyl
      pyrimidyl-2-thiolcarbonate, p-nitrobenzyl pyrimidyl-2-thiolcarbonate,
      p-chlorobenzyl pyrimidyl-2-thiolcarbonate, p-bromobenzyl
      pyrimidyl-2-thiolcarbonate and benzhydryl pyrimidyl-2-thiolcarbonate (in
      which thiolcarbonates having 4-methyl and 4,6-dimethyl substituents in the
      pyrimidyl rings have been omitted, but these are naturally included in the
      compounds of the present invention.
PAR  In the t-alkyl type, nuclear substituted or unsubstituted benzyl type and
      benzhydryl type thiolcarbonates represented by the formula (I), those
      having methyl groups at the 4 and 6 positions of a pyrimidyl ring are most
      preperable since they show moderate activities in aminolysis of amino
      acids or peptides.
PAR  The thiolcarbonates represented by the formula (I) can be easily produced
      on commercial scale from inexpensive industrial reagents, as will be
      mentioned later. Further, the thiolcarbonates are stable compounds and
      hence can be easily stored and handled and, moreover, the thiolester
      portions thereof are extremely high in activity. Accordingly, they are
      particularly preferable as acylating agents for compounds having amino
      and/or imino groups.
PAR  The thiolcarbonates represented by the formula (I) can be easily produced
      on commercial scale according to the below-mentioned two processes, using
      as starting materials 2-mercapto-4- and/or 6-methyl-substituted or
      unsubstituted pyrimidines:
PAR  a. A process carried out by reacting a 2-mercapto-4- and/or
      6-methyl-substituted or unsubstituted pyrimidine with an alkali, reacting
      the resulting alkali metal salt of said pyrimidine with phosgene and then
      reacting the resulting pyrimidyl thiolchloroformate with an alcohol, or
PAR  b. A process carried out by reacting a 2-mercapto-4- and/or
      6-methyl-substituted or unsubstituted pyrimidine with a halocarbonic acid
      ester.
PAR  The process (a) is explained in further detail below.
PAR  As is clear from the reaction schema shown below, the desired compound (I)
      is obtained by reacting an alkali metal salt represented by the formula
      (II) with phosgene, and reacting the resulting thiolchloroformate
      represented by the formula (III) in the presence of a base with an alcohol
      represented by the formula (IV).
      ##SPC4##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are as defined in the formula (I), and
      M is an alkali metal, preferably lithium, sodium or potassium.
PAR  In the above-mentioned process, the alkali metal salt represented by the
      formula (II) is easily formed by dissolving a 2-mercapto-4- and/or
      6-methyl-substituted or unsubstituted pyrimidine in an aqueous solution of
      an alkali metal hydroxide, preferably lithium hydroxide, sodium hydroxide
      or potassium hydroxide, at a concentration of preferably 10 to 50 % by
      weight. After the dissolution, the aqueous solution is charged into a
      large amount of acetone to deposit the said alkali metal salt as a
      precipitate, which is then recovered by filtration and then dried, for
      example, at 120.degree.C. under reduced pressure, whereby the alkali metal
      salt of pyrimidine can be obtained in the form of a powder or mass.
PAR  The above-mentioned 2-mercapto-4- and/or 6-methyl-substituted or
      unsubstituted pyrimidine, e.g. 2-mercapto-pyrimidine or
      2-mercapto-4,6-dimethylpyrimidine, can be easily prepared according to a
      known process from 1,1,3,3-tetraethoxypropane and thiourea or from
      acetylacetone and thiourea, respectively, in the presence of hydrochloric
      acid as a catalyst.
PAR  The reaction of the alkali metal salt represented by the formula (II) with
      phosgene is carried out by adding the alkali metal salt (II) to a phosgene
      solution under cooling, preferably under cooling at -40.degree. to
      +5.degree.C., and then stirring the resulting mixture at an optional
      temperature below the reflux temperature of the solvent, preferably at
      0.degree. to 40.degree.C. However, the said reaction sufficiently
      progresses even at about room temperature, and hence is ordinarly effected
      at a temperature about room temperature (15.degree. to 30.degree.C.). The
      reaction time varies depending on the kind of the alkali metal salt (II)
      and on the reaction temperature, but is ordinarily from 10 to 120 minutes.
      The amount of phosgene used is preferably about 1 to 2 moles per mole of
      the said alkali metal salt (II). This amount, however, is not critical,
      and phosgene may be used in an amount of more than 2 moles per mole of the
      alkali metal salt (II). The solvent for phosgene may be any solvent so far
      as it is inert to the reactants and to the reaction product, and is
      preferably petroleum ether, ether, benzene, toluene, methylene chloride,
      xylene, chloroform or tetrahydrofuran, for example.
PAR  After completion of the above-mentioned reaction, excess phosgene is
      removed by a suitable procedure, e.g. by injection of nitrogen at a
      temperature of 50.degree. to 60.degree.C. Subsequently, the reaction
      liquid is cooled to room temperature and then filtered, and the filtrate
      is concentrated under reduced pressure in an inert gas such as nitrogen,
      whereby a crude pyrimidyl thiolchloroformate in the form of a liquid which
      is represented by the formula (III) is obtained in a yield of about 80 to
      90 %.
PAR  The thiolchloroformate represented by the formula (III) is quite easily
      reactive with water, so that the above-mentioned operation should be
      effected, both during and after the reaction, in such a state as has
      sufficiently been freed from water. In a water-free state, the pyrimidyl
      thiolchloroformate (III) is stable.
PAR  The pyrimidyl thiolchloroformate (III) decomposes at a temperature of about
      100.degree.C. and hence is difficultly purified by distillation, in
      general. In the subsequent reaction, therefore, the pyrimidyl
      thiolchloroformate (III) is ordinarily used in a crude form, and the
      reaction liquid of pyrimidyl thiolchloroformate prior to concentration is
      sometimes used as it is. Among the pyrimidyl thiolchloroformates (III),
      however, 4,6-dimethyl-pyrimidyl-2-thiolchloroformate can be recovered in
      the form of crystals at a temperature below about 5.degree.C., and
      therefore the thus recovered crystals may be subjected to the subsequent
      reaction.
PAR  The reaction of the pyrimidyl thiolchloroformate represented by the formula
      (III) with the alcohol represented by the formula R.sub.3 --OH (IV) is
      carried out by dissolving in an inert solvent the alcohol (IV) and a base
      as a deacidifying agent, dropping into the resulting solution under
      cooling, preferably at a temperature of -5.degree. to +5.degree.C., the
      pyrimidyl thiolchloroformate (III) obtained by the aforesaid reaction, and
      heating the resulting mixture at a temperature below the reflux
      temperature of the solvent. This reaction, however, proceeds sufficiently
      quickly even at about room temperature and hence is ordinarily effected at
      a temperature about room temperature. The reaction time is ordinarily
      within the range from 2 to 24 hours.
PAR  Examples of the alcohol of the formula (IV) include alkyl alcohols such as
      methanol, ethanol, n-propanol, iso-propanol, allyl alcohol, n-butanol,
      t-butanol, amyl alcohol and t-amyl alcohol, and benzyl alcohols and
      benzhydrols which may have been nuclear substituted such as benzyl
      alcohol, anise alcohol, 2,4-dimethoxybenzyl alcohol,
      2,4,6-trimethoxybenzyl alcohol, p-nitrobenzyl alcohol, p-chlorobenzyl
      alcohol and p-bromobenzyl alcohol.
PAR  As the solvent, any solvent is usable so far as it is inert to the
      reactants and the reaction product, and ether, benzene, toluene, xylene,
      methylene chloride, chloroform, petroleum benzene, tetrahydrofuran or
      other saturated hydrocarbon, for example, is preferable.
PAR  As the deacidifying agent, any of those which are ordinarily used in this
      technical field is usable, and there may be used a tertiary amine such as,
      for example, triethylamine, N-alkylmorpholine, N,N-dialkylaniline,
      pyridine or quinoline.
PAR  Alternatively, the above reaction may be effected without the use of the
      above-mentioned solvent, while making the said tertiary amine display the
      actions of both the solvent and the deacidifying agent. Particularly when
      t-butanol, t-amyl alcohol or the like tertiary alkyl alcohol, which is
      great in steric hindrance and low in reactivity, is used in the reaction,
      it is preferable to adopt the process in which the abovementioned tertiary
      amine is used as a solvent.
PAR  After completion of the reaction, the precipitate formed is separated by
      filtration, and the filtrate is washed and dried according to an ordinary
      procedure. For example, the filtrate is washed with a cold aqueous
      hydrochloric acid solution and an aqueous sodium chloride solution, and
      then dried over anhydrous sodium sulfate. Thereafter, the solvent is
      removed by distillation under reduced pressure, whereby the desired
      thiolcarbonate represented by the formula (I) in the form of crude
      crystals is obtained in such a high yield as 80 % or more, in general. The
      thus obtained crude crystals are ordinarily purified by recrystallization
      from a suitable solvent such as, for example, petroleum ether, a
      hydrocarbon, ethyl acetate, benzene and water-alcohol mixture. In case a
      tertiary amine is used as a solvent, it is preferable that the filtrate
      after separation of precipitate is charged with the said inert solvent and
      then subjected to the same washing, drying, solvent removal distillation
      and recrystallization as above.
PAR  The aforesaid process (b) is explained in further detail below.
PAR  According to the process (b), the thiolcarbonate represented by the formula
      (I) can be obtained by reacting a 2-mercapto-4- and/or 6-methyl
      substituted or unsubstituted pyrimidine (V) with a halocarbonic acid ester
      (VI) in an inert solvent in the presence of a base, as is clear from the
      reaction schema shown below.
      ##SPC5##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are as defined in the formula (I), and
      X is a halogen atom, preferably chlorine, bromine or fluorine.
PAR  As the halocarbonic acid ester represented by the formula (VI),
      chlorocarbonic acid ester, bromocarbonic acid ester or fluorocarbonic acid
      ester is preferable, especially chlorocarbonic acid ester is more
      preferable.
PAR  Examples of the chlorocarbonic acid ester of the formula (VI) include
      methyl chlorocarbonate, ethyl chlorocarbonate, propyl chlorocarbonate,
      isopropyl chlorocarbonate, allyl chlorocarbonate, n-butyl chlorocarbonate,
      t-butyl chlorocarbonate, n-amyl chlorocarbnate, t-amyl chlorocarbonate,
      benzyl chlorocarbonate, p-methoxybenzyl chlorocarbonate,
      2,4-dimethoxybenzyl chlorocarbonate, 2,4,6-trimethoxybenzyl
      chlorocarbonate, p-nitrobenzyl chlorocarbonate, p-chlorobenzyl
      chlorocarbonate, p-bromobenzyl chlorocarbonate and benzhydryl
      chlorocarbonate.
PAR  These compounds are prepared according to a known process. For example,
      chlorocarbonic acid esters are easily prepared from alcohols and phosgene,
      as is well known. However, a chlorocarbonic acid ester of a t-alkyl
      alcohol, e.g. t-butanol or t-amyl alcohol, is unstable, in general, and
      hence should be handled at such a low temperature as below 0.degree.C.
      This halocarbonic acid ester may be used without being isolated from the
      reaction liquid.
PAR  The reaction of the 2-mercapto-4- and/or 6-methyl-substituted or
      unsubstituted pyrimidine (V) with the halocarbonic acid ester (VI) is
      carried out in an inert solvent in the presence of a base as a
      deacidifying agent at a temperature of preferably from -30.degree. to
      60.degree.C.
PAR  As the base, there may be used any of bases which are ordinarily used as
      deacidifying agent in this technical field which include, for example,
      organic bases such as the tertiary amines mentioned in the process (a) and
      inorganic bases such as a hydroxide, carbonate or bicarbonate of alkali
      metal, for example, sodium hydroxide, potassium hydroxide, potassium
      carbonate, sodium carbonate, potassium bicarbonate and sodium bicarbonate.
PAR  In case a tertiary amine is used as a base (deacidifying agent), the
      reaction is effected by dissolving or dispersing the aforesaid
      mercapto-pyrimidine (V) in a solvent, dropping into the resulting solution
      or dispersion the halocarbonic acid ester with stirring at a low
      temperature, preferably at a temperature of -5.degree. to +5.degree.C.,
      and stirring the resulting mixture at a temperature below the reflux
      temperature of the solvent, proferably from -30.degree. to 60.degree.C.,
      for 1 to 24 hours, in general. This reaction progresses sufficiently
      quickly even at about room temperature, and hence may be conducted at a
      temperature about room temperature (15.degree. to 30.degree.C.).
PAR  The solvent to be used may be any of inert solvents which are insoluble in
      water, and includes, for example, methylene chloride, chloroform, ether,
      benzene, petroleum ether, petroleum benzene, toluene, xylene and
      tetrahydrofuran. Among these, methylene chloride and chloroform are
      preferable because they can make the reaction time shorter and can make
      the yield higher.
PAR  After completion of the reaction, the organic phase is washed and dried
      according to an ordinary procedure. For example, the organic phase is
      washed with water or an aqueous sodium chloride solution and then dried
      over anhydrous sodium sulfate. Subsequently, the solvent is concentrated
      under reduced pressure to obtain the desired thiolcarbonate represented by
      the formula (I).
PAR  On the other hand, in case an inorganic base is used as a base, the
      reaction is carried out by dissolving the aforesaid mercapto-pyrimidine
      (V) in an aqueous alkali solution at a concentration of about 10 to 50 %,
      dropping into the resulting solution a solution of the halocarbonic acid
      ester in a solvent under stirring at a low temperature, preferably at a
      temperature of -5.degree. to +5.degree.C., and stirring the resulting
      mixture at a temperature below the reflux temperature of the solvent,
      preferably from -30.degree. to 60.degree.C., for 2 to 24 hours, in
      general. This reaction proceeds sufficiently quickly even at about room
      temperature, and hence is carried out at a temperature about room
      temperature. The amount of alkali used is preferably equivalent to or
      slightly excess of the amount of said mercapto-pyrimidine. As the solvent,
      there is used the same solvent as in the case where the aforesaid organic
      base is used.
PAR  After completion of the reaction, the organic phase is washed and dried
      according to a suitable procedure. For example, the organic phase is
      successively washed with an aqueous alkali solution and water or an
      aqueous sodium chloride solution, and then dried over anhydrous sodium
      sulfate. Thereafter, the solvent is concentrated to obtain the
      thiolcarbonate represented by the formula (I).
PAR  According to the process (b), the desired thiolcarbonate represented by the
      formula (I) can be obtained in such a high yield as 80 % or more, in
      general, regardless of whether the base is an organic or inorganic base.
      However, a t-alkyl 4- and/or 6-methyl-substituted or unsubstituted
      pyrimidyl-2-thiolcarbonate, which is obtained by the reaction of a
      2-mercapto-4- and/or 6-methyl-substituted or unsubstituted pyrimidine with
      a t-alkyl ester of halocarbonic acid, is low in yield, in general. In
      order to increase the yield, therefore, it is preferable to carry out the
      reaction at a low temperature.
PAR  The novel thiolcarbonates represented by the formula (I), which are
      produced according to the above-mentioned processes, are quite useful for
      protecting with groups of the formula
      ##EQU2##
      the amino or imino groups of compounds having amino and/or imino groups,
      e.g. amines, hydrazines, amino acids and peptides, and hence are used as
      acylating agents for the said compounds.
PAR  In the next place, a process for acylating varous amines and hydrazines by
      using as acylating agents the thiolcarbonates represented by the formula
      (I) is explained below.
PAR  The acylation process according to the present invention comprises reacting
      the thiolcarbonate of the formula (I) with a compound (VII) having amino
      and/or imino groups in an inert organic solvent or in an aqueous solution
      thereof in the presence or absence of a base, as shown by the following
      reaction schema:
      ##SPC6##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are as defined in the aforesaid
      formula (I), and H in the formula (VII) is a hydrogen atom in the amino or
      imino group of the compound of the formula (VII), and therefore Z is a
      group formed by removing one hydrogen atom from the amino or imino group
      thereof.
PAR  The compound of the formula (VII) includes an univalent amine or imine, and
      may also be a compound having two or more amino and/or imino groups. In
      the latter case, when all of the functional groups therein are to be
      acylated, the compound of the formula (I) is used in an amount
      corresponding to the numbers of the functional groups in the compound of
      the formula (VII).
PAR  In the above reaction, the inert organic solvent may be any of
      water-soluble organic solvents which are inert to the reactants and the
      reaction product, and is preferably t-butyl alcohol, dioxane,
      tetrahydrofuran or dimethylformamide, for example.
PAR  The base may be any of those which are ordinarily used in this technical
      field, and includes, for example, the tertiary amines and the like organic
      bases and inorganic bases which are used in the production of
      thiolcarbonates represented by the formula (I).
PAR  Generally, the above-mentioned reaction is carried out at a temperature
      ranging from 0.degree. to 80.degree.C. Depending on the kind of the
      compound having an amino or imino group, however, the reaction may be
      conducted at a temperature below 0.degree.C. or above 80.degree.C. If the
      temperature is excessively low, the reaction rate becomes extremely low,
      while if the temperature is excessively high, side-reactions are
      undesirably brought about, in some cases. However, in case the compound
      having amino and/or imino groups has other active group in addition
      thereto, e.g. in case the said compound is any of saccharides or steroids,
      the reaction is desirably carried out at a temperature below 0.degree.C.,
      particularly below -20.degree.C. When the reaction is carried out at a
      temperature about room temperature, a reaction time of more than 2 hours
      is required, in general. However, when the reaction is conducted at such a
      high temperature as about 60.degree.C., the reaction is sufficiently
      complete within 2 hours.
PAR  After completion of the reaction, the reaction product can be easily
      purified according to ordinary washing, extraction and recrystallization.
      Particularly, the 2-mercapto-4- and/or 6-methyl-substituted or
      unsubstituted pyrimidine liberated in the above reaction is easily soluble
      in acid or alkali, so that the reaction product can be readily purified by
      washing with a dilute aqueous acid or alkali solution.
PAR  Examples of the compound having amino and/or imino groups, which is
      represented by the formula (VII), include a wide scope of compounds such
      as aliphatic, alicyclic, aralkyl, aromatic and heterocyclic primary and
      secondary amines; hydrazines, and derivatives thereof; amino acids,
      peptides, and derivatives thereof; various saccharides and steroids having
      amino and/or imino groups. These amine compounds may contain, in addition
      to the amino and/or imino groups, other active groups such as, for
      example, alcoholic and/or phenolic hydroxyl, mercapto, carboxyl, nitro or
      imidazole groups. However, it is natural that the introduction of acyl
      groups, particularly t-alkyloxycarbonyl groups, benzhydroxycarbonyl
      groups, and benzyloxycarbonyl groups, which may have been nuclear
      substituted, is most important for amino acids and peptides. In the
      examples shown later, therefore, the acylation of amino acids is explained
      chiefly, and the acylation of amines and hydrazines is explained with
      respect only to typical compounds. It will be understood from the above
      explanation and from the explanation made in the examples that the
      acylating agents of the present invention are concerned with the amino
      and/or imino groups of the compounds to be acylated and have nothing to do
      with the matrix structures of the compounds to be aminolyzed therewith.
      When the acylating agents of the present invention are used, any compounds
      having amino and/or imino groups can be acylated to give acylation
      products in high yields. Some examples of such compounds are as shown
      below.
PAR  As amino acids and derivatives thereof, there are used all the amino acids
      of natural occurrence and derivatives thereof. Concretely, these compounds
      include, for example, .alpha.-amino acids such as alanine (Ala), arginine
      (Arg), aspartic acid (Asp), asparagine (Asn), cysteine (Cys), cystine
      [(Cys).sub.2 ], diiodotyrosine [Tyr (I.sub.2)], glutamic acid (Glu),
      glycine (Gly), histidine (His), hydroxyproline (Hyp), isoleucine (Ile),
      leucine (Leu), lysine (Lys), methionine (Met), norleucine (Nle), ornithine
      (Orn), phenylalanine (Phe), proline (Pro), serine (Ser), threonine (Thr),
      tryptophan (Trp), tyrosine (Tyr) and valine (Val); .beta.- and
      .omega.-amino acids such as .beta.-alanine, .gamma.-aminobutyric acid and
      .epsilon.-aminocaproic acid; salts of said amino acids such as sodium,
      potassium and magnesium salts; and derivatives of said acids such as acid
      esters and acid amides. Further, synthetic and semi-synthetic amino acids
      such as .alpha.-methylalanine may also be used. It is natural that
      N-terminal-free peptides obtained from two or more of the said amino acids
      are also usable.
PAR  As amines and hydrazines other than the above-mentioned amino acids, there
      may be shown, for example, aliphatic and alicyclic primary and secondary
      amines such as methylamine, dimethylamine, ethylamine, 2-phenylethylamine,
      ethanolamine, isopropylamine, tertiary butylamine,
      N-ethyl-N-.beta.-hydroxyethylamine, octylamine, laurylamine and
      cyclohexylamine; primary and secondary aralkylamines and nuclear
      substituted derivatives thereof such as benzylamine, N-methylbenzylamine,
      p-nitrobenzylamine p-chlorobenzylamine and 2-phenylethylamine; aromatic
      primary and secondary amines and nucleas substituted derivatives thereof
      such as aniline, N-methylaniline, toluidine, xylidine, p-aminophenol,
      p-methylaminophenol, o-carbomethylaniline, p-phenetidine, diphenylamine,
      .alpha.- (and .beta.-) naphthlamines and 4-aminonaphthol (1); heterocyclic
      primary and secondary amines such as ethyleneimine, pyrrolidine, pyrazole
      and indole, and nuclear substituted derivatives thereof; and hydrazines
      and derivatives thereof such as hydrazine, phenylhydrazine,
      2,4-dinitrophenylhydrazine and N-methyl-N-phenylhydrazine.
PAR  As the saccharides and steroids, there may be used various saccharides and
      steroids having amino and/or imino groups such as
      2-amino-1,6-anhydro-2-deoxy-.beta.-D-glucopyranose, L-glucosamine and
      methyl-3-amino-.beta.-L-xylopyranoside. In the acylation of these
      saccharides and steroids, particularly in the cases where they have other
      active groups in addition to amino or imino groups, it is required in most
      cases that only the amino or imino groups should be selectively acylated.
      When the acylating agents of the present invention is used, only the amino
      or imino groups can be selectively acylated even if said other active
      groups have not been protected at all.
PAR  In the acylation process according to the present invention, a compound
      having amino and/or imino groups is subjected to acylation reaction in the
      form of a free amine or of a salt thereof such as, for example,
      hydrochloride, hydrobromide, hydroiodide, sulfate or sulfite. In case the
      compound is subjected to the reaction in the form of a salt, the aforesaid
      deacidifying agent is required to be added to the reaction system.
PAR  According to the acylation process, in which the thiolcarbonate represented
      by the formula (I) is used as an acylating agent, the above-mentioned
      compound having amino and/or imino groups can be easily acylated under
      mild conditons to give a corresponding acylation product in such a high
      yield as more than about 90 %, in general. The acylating agent of the
      present invention is well reactive with substantially all amine compounds.
      Further, the acylating agent of the present invention has such
      characteristic actions which are not seen in the conventional acylating
      agents that even though a compound having amino and/or imino groups, which
      is to be reacted thererwith, additionally has in the molecule such active
      group as, for example, an alcoholic or phenolic hydroxyl, mercapto,
      carboxyl or imidazole group, the acylating agent reacts selectively with
      only the amino and/or imino groups.
PAR  The use of the acylating agent of the present invention brings about such
      advantage that the acylation product obtained by use of said acylating
      agent can be purified with extreme ease. That is, in the aminolysis of the
      thiolcarbonate represented by the formula (I) by means of amino and/or
      imino groups, there are such characteristics that the 2-mercapto-4- and/or
      6-methyl-substituted or unsubstituted pyrimidine is liberated with the
      progress of the reaction and that the said mercapto-pyrimidine is an
      amphoteric compound and is easily soluble in acid or alkali, so that it
      can be easily removed by washing said solution phase with a dilute aqueous
      acid or alkali solution, with the result that an extremely high purity
      acylation product can be obtained. In some cases, the produced
      mercapto-pyrimidine is precipitated with the progress of the reaction. The
      precipitated mercapto-pyrimidine is filtered off and the filtrate is
      purified by washing with a dilute acid or alkali solution as mentioned
      above. The recovered mercapto-pyrimidine can be reused as a starting
      material for the production of the acylating agent of the present
      invention.
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PAR  In the attached drawings,
PAR  FIG. 1 is the infrared spectrum of
      4,6-dimethyl-pyrimidyl-2-thiolchloroformate, the intermediate for the
      production of the thiolcarbonates of the formula (I).
PAR  FIG. 2 - FIG. 7 are the infrared spectra of the thiolcarbonates of the
      formula (I).
PAR  FIG. 8 - FIG. 22 are the infrared spectra of the acylated products obtained
      by using the thiolcarbonates of the formula (I) as acylating agents.
PAR  Procedures for preparing 2-mercapto-4- and/or 6-methyl-substituted or
      unsubstituted pyrimidines and thiolchloroformate thereof which are
      starting materials or intermediates for production of the present
      thiolcarbonates represented by the formula (I) are explained below with
      reference to referential examples.
DETD
PAC  REFERENTIAL EXAMPLE 1
PAC  Synthesis of 2-mercapto-pyrimidine
PAR  A solution of 61 g. (0.80 mole) of thiourea in 600 ml. of ethanol was
      charged into a 2-liter three-necked flask equipped with a stirrer and a
      reflux condenser, and 200 ml. of concentrated hydrochloric acid was added
      to the solution, whereby the liquid became homogenous after several
      minutes. This liquid was mixed with 176 g. (0.80 mole) of
      1,1,3,3-tetraethoxypropane, and the resulting mixture was reacted under
      reflux for about 1 hour. After completion of the reaction, the reaction
      liquid was cooled to 10.degree.C. in an ice bath and maintained at said
      temperature for 30 minutes to deposit 2-mercapto-pyrimidine hydrochloride
      in the form of yellow crystals. The crystals were collected in a Buchner
      funnel, washed with 100 ml. of cold alcohol and then dried at room
      temperature to obtain 89 g. of crude 2-mercapto-pyrimidine hydrochloride
      in yield of 75 %.
PAR  25 Grams (0.17 mole) of the above-mentioned crude 2-mercapto-pyrimidine
      hydrochloride was suspended in 50 ml. of water, and the resulting
      suspension was adjusted to pH 7 to 8 by addition of 27 ml. of a 20 %
      aqueous sodium hydroxide solution, whereby 2-mercapto-pyrimidine was
      precipitated. This mercapto-pyrimidine was recovered by filtration with a
      Buchner funnel, washed with 50 ml. of cold water and then recrystallized
      from a solution comprising 300 ml. of water and 300 ml. of ethanol to
      obtain 19 g. of 2-mercapto-pyrimidine in yield of 70 %.
PAR  Elementary analysis: Calcd. C: 42.84 %, H: 3.59 %, N: 24.98 %, S: 28.59 %
      (for C.sub.4 H.sub.4 N.sub.2 S); Found C: 42.91 %, H: 3.68 %, N: 24.92 %,
      S: 28.48 %.
PAC  REFERENTIAL EXAMPLE 2
PAC  Synthesis of 2-mercapto-4,6-dimethyl-pyrimidine
PAR  76 Grams (1.0 mole) of thiourea was suspended in a solution of 120 g. (1.2
      moles) of acetylacetone in 2,500 ml. of ethanol. The resulting suspension
      was mixed with 250 ml. of concentrated hydrochloric acid, and then reacted
      under reflux for 2 hours. After completion of the reaction, the reaction
      liquid was cooled, whereby beautiful yellow needle-like crystals of
      2-mercapto-4,6-dimethyl-pyrimidine hydrochloride were formed. The reaction
      liquid was allowed to stand overnight to sufficiently deposit the
      crystals, which were then recovered by filtration and dried to obtain 140
      g. of 2-mercapto-4,6-dimethyl-pyrimidine hydrochloride in yield of 80 %.
PAR  To the filtrate after recovery of the above-mentioned pyrimidine
      hydrochloride were again added 110 g. of acetylacetone, 76 g. of thiourea,
      100 ml. of ethanol and 150 ml. of concentrated hydrochloric acid, and the
      resulting mixture was subjected to filtration and drying to obtain 158 g.
      of 2-mercapto-4,6-dimethylpyrimidine hydrochloride in yield of 90 %. The
      filtrate in this case was again subjected to the same operation as above
      to obtain 148 g. of 2-mercapto-4,6-dimethylpyrimidine hydrochloride in
      yield of 84 %.
PAR  200 Grams (1.13 moles) of the above-mentioned
      2-mercapto-4,6-dimethyl-pyrimidine hydrochloride was suspended in 400 ml.
      of water, and the resulting suspension was heated to about 40.degree.C.
      while gradually adding thereto 70 ml. of a 20 % aqueous sodium hydroxide
      solution, whereby the 2-mercapto-4,6-dimethyl-pyrimidine hydrochloride was
      completely dissolved. This solution was adjusted to pH 4.5 to 5.0 by
      gradual addition of a 20 % aqueous sodium hydroxide solution, whereby pale
      yellow crystals of 2-mercapto-4,6-dimethyl-pyrimidine were precipitated.
      The reaction liquid was allowed to stand overnight at room temperature to
      sufficiently deposit the crystals, which were then recovered by filtration
      and dried to obtain 117 g. of 2-mercapto-4,6-dimethyl-pyrimidine in yield
      of 74.3 %.
PAR  Elementary analysis: Calcd. C: 51.40 %, H: 5.75 %, N: 19.98 %, S: 22.87 %
      (for C.sub.6 H.sub.8 N.sub.2 S); Found C: 51.52 %, H: 5.75 %, N: 20.03 %,
      S: 22.75 %.
PAC  REFERENTIAL EXAMPLE 3
PAC  Synthesis of 4,6-dimethyl-pyrimidyl-2-thiolchloroformate
PAR  A solution of 128 g. (3.2 moles) of sodium hydroxide in 600 ml. of water
      was mixed with 420 g. (3 moles) of 2-mercapto-4,6-dimethyl-pyrimidine, and
      the resulting mixture was heated to completely dissolve the
      dimethyl-pyrimidine and then allowed to cool. The resulting solution was
      charged into 15 liters of acetone, whereby a sodium salt of
      2-mercapto-4,6-dimethyl-pyrimidine was precipitated. The precipitated
      sodium salt was recovered by filtration and then dried at 120.degree.C.
      for 24 hours to obtain 462 g. of said sodium salt in a solid form in yield
      of 95 %.
PAR  Subsequently, 324 g. (2 moles) of the above-mentioned sodium salt of
      2-mercapto-4,6-dimethyl-pyrimidine was added as it was, i.e. in the form
      of solid, at 0.degree. to 5.degree.C. to 990 g. of a 30 % toluene solution
      of phosgene, and the resulting mixture was reacted with stirring at room
      temperature for 1 hour. After completion of the reaction, excess phosgene
      was removed by distillation at 50.degree.  to 60.degree.C., while
      injecting nitrogen into the reaction liquid. Thereafter, the precipitate
      formed was filtered and then the toluene was removed by distillation under
      reduced pressure to obtain about 365 g. of
      4,6-dimethylpyrimidyl-2-thiolchloroformate in yield of 90 %.
PAR  The thus obtained pyrimidyl-2-thiolchloroformate is hydrolyzed within a
      short period of time when allowed to stand in air, and hence should be
      stored in a water-free state. Further, the said
      pyrimidyl-2-thiolchloroformate is decomposed when heated to above
      100.degree.C., and therefore the purification thereof according to
      distillation was substantially impossible.
PAR  Infrared absorption spectrum of the above-mentioned
      4,6-dimethyl-pyrimidyl-2-thiolchloroformate is shown in FIG. 1. According
      to the said drawing, specific absorptions derived from C = O in the group
      of
      ##EQU3##
      Cl in the group of
      ##EQU4##
      and pyrimidine ring of said compound are obviously recognized at 1775
      cm.sup.-.sup.1, 800 cm.sup.-.sup.1 and 1587 cm.sup.-.sup.1 and 1253
      cm.sup.-.sup.1, respectively.
PAR  Procedures for producing the present thiolcarbonates represented by the
      formula (I) are illustrated below with reference to examples.
PAC  EXAMPLE 1
PAC  Synthesis of ethyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
PAR  20.3 Grams (0.44 mole) of dehydrated ethanol and 41.8 g. (0.528 mole) of
      pyridine were added to 650 ml. of ether. Into the resulting mixture was
      dropped under stirring and cooling to -5.degree. to 0.degree.C. 81.0 g.
      (0.40 mole) of the 4,6-dimethyl-pyrimidyl-2-thiolchloroformate obtained in
      Referential Example 3, and then the mixture was reacted at 20.degree.C.
      for 3 hours. After completion of the reaction, the reaction liquid was
      washed twice each with 100 ml. of a 10 % aqueous citric acid solution and
      100 ml. of a saturated aqueous sodium chloride solution, and successively
      dried over anhydrous sodium sulfate and then the ether was removed by
      distillation to obtain 78.0 g. of ethyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in the form of syrup in yield of
      92 %. When recrystallized from an ether-petroleum ether solvent, the
      product showed a melting point of 25.degree.C.
PAR  Elementary analysis: Calcd. C: 50.93%, H: 5.70%, N: 13.20% (for C.sub.9
      H.sub.12 O.sub.2 N.sub.2 S); Found C: 50.92%, H: 5.69%, N: 13.23%.
PAR  FIG. 2 shows the infrared spectrum of ethyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate. The infrared spectrum shows the
      presence of
      ##EQU5##
      in the ester bond (1735 cm.sup.-.sup.1),
      ##EQU6##
      (1125 cm.sup.-.sup.1), the pyrimidine ring (1586 and 1258 cm.sup.-.sup.1),
      and --CH.sub.2 -- and --CH.sub.3 groups (1440 and 1370 cm.sup.-.sup.1).
PAC  EXAMPLE 2
PAC  Synthesis of t-butyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
PAR  Into a solution of 69.7 g. (0.94 mole) of t-butyl alcohol in 185.9 g. of
      pyridine was dropped under stirring and cooling to -5.degree. to
      0.degree.C. 95 g. (0.47 mole) of the
      4,6-dimethyl-pyrimidyl-2-thiolchloroformate obtained in Referential
      Example 3, and the resulting mixture was reacted to 20.degree. to
      25.degree.C. for 3 hours. After the reaction, deposited pyridine
      hydrochloride was separated by filtration, and the filtrate was charged
      with 500 ml. of water and then extracted 3 times each with 200 ml. of
      petroleum ether. The petroleum ether phase was sufficiently washed with a
      cold 1N aqueous hydrochloric acid solution, washed twice with an aqueous
      sodium chloride solution and dried over anhydrous sodium sulfate, and then
      the petroleum ether was removed by distillation under reduced pressure,
      whereby crystals were obtained. The crystals were washed with a small
      amount of cold n-pentane and then dried to obtain 96 g. of t-butyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate, yield 85%, m.p. 50.degree. -
      51.degree.C.
PAR  Elementary analysis: Calcd. C: 54.98%, H: 6.71%, N: 11.66%, S: 13.34% (for
      C.sub.11 H.sub.16 O.sub.2 N.sub.2 S); Found C: 54.88%, H: 6.64%, N:
      11.57%, S: 13.29%.
PAR  FIG. 3 shows the infrared spectrum of t-butyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate. The infrared spectrum shows the
      presence of
      ##EQU7##
      in the ester bond (1743 cm.sup.-.sup.1),
      ##EQU8##
      (1105 cm.sup.-.sup.1), the pyrimidine ring (1587 and 1258 cm.sup.-.sup.1),
      and the deformation vibration of CH in --C(CH.sub.3).sub.3 (1393 and 1370
      cm.sup.-.sup.1).
PAC  EXAMPLE 3
PAC  Synthesis of t-amyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
PAR  Into a solution of 26.4 g. (0.30 mole) of t-amyl alcohol in 61 ml. of
      pyridine was dropped under stirring and cooling to -5.degree. to
      0.degree.C. 30.4 g. (0.15 mole) of the
      4,6-dimethyl-pyrimidyl-2-thiolchloroformate obtained in Referential
      Example 3, and the resulting mixture was reacted at 20.degree. to
      25.degree.C. for 3 hours. After the reaction, deposited pyridine
      hydrochloride was separated by filtration, and the filtrate was charged
      with 150 ml. of water and then extracted 3 times each with 60 ml. of
      petroleum ether. The petroleum ether phase was sufficiently washed with a
      cold 1N aqueous hydrochloric acid solution, washed twice with an aqueous
      sodium chloride solution and dried over anhydrous sodium sulfate, and then
      the petroleum ether was removed by distillation under reduced pressure to
      obtain 33.0 g. of t-amyl 4,6-dimethylpyrimidyl-2-thiolcarbonate in the
      form of syrup, yield 85%.
PAR  Elementary analysis: Calcd. C: 56.67%, H: 7.13%, N: 11.01% (for C.sub.12
      H.sub.18 O.sub.2 N.sub.2 S); Found C: 56.70%, H: 7.11%, N: 11.03%.
PAR  FIG. 4 shows the infrared spectrum of t-amyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate. The infrared spectrum shows the
      presence of
      ##EQU9##
      in the ester bond (1730 cm.sup.-.sup.1),
      ##EQU10##
      (1112 cm.sup.-.sup.1), the pyrimidine ring (1584 and 1259 cm.sup.-.sup.1),
      and --CH.sub.2 -- and --CH.sub.3 groups (1434 and 1368 cm.sup.-.sup.1).
PAC  EXAMPLE 4
PAC  Synthesis of n-butyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
PAR  0.44 Mole of n-butanol and 0.528 mole of pyridine were added to 650 ml. of
      ether. Into the resulting mixture was dropped under stirring and cooling
      to -5.degree. to 0.degree.C. 0.40 mole of the
      4,6-dimethyl-pyrimidyl-2-thiolchloroformate obtained in Referential
      Example 3, and the mixture was reacted in the same manner as in Example 1.
      After the reaction, the reaction liquid was washed and dried in the same
      manner as in Example 1, and then the solvent was removed by distillation
      to obtain n-butyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate in a high yield.
PAC  EXAMPLE 5
PAC  Synthesis of benzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
PAR  4.86 Grams (0.045 mole) of benzyl alcohol and 3.57 g. (0.045 mole) of
      pyridine were dissolved in 100 ml. of methylene chloride. Into the
      resulting solution was dropped under stirring and cooling to -5.degree. to
      0.degree.C. 8.10 g. (0.040 mole) of the
      4,6-dimethyl-pyrimidyl-2-thiolchloroformate obtained in Referential
      Example 3, and the resulting mixture was reacted at room temperature for 3
      hours. After completion of the reaction, the reaction liquid was
      successively washed twice with each 20 ml. of a 10% aqueous sodium
      chloride solution, a saturated aqueous sodium bicarbonate solution, a 10%
      aqueous sodium chloride solution, a 0.5 N aqueous hydrochloric acid
      solution and a 10% aqueous sodium chloride solution, and then dried over
      anhydrous sodium sulfate. Subsequently, the methylene chloride was removed
      by distillation, and the residue was recrystallized from an
      ether-petroleum ether solvent to obtain 11.2 g. of benzyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate, yield 91.5%, m.p. 93.4.degree. -
      94.5.degree.C.
PAR  Elementary analysis: Calcd. C: 61.29%, H: 5.14%, N: 10.21%, S: 11.69% (for
      C.sub.14 H.sub.14 O.sub.2 N.sub.2 S); Found C: 61.12%, H: 5.20%, N:
      10.40%, S: 11.98%.
PAR  FIG. 5 shows the infrared spectrum of benzyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate. The infrared spectrum shows the
      presence of
      ##EQU11##
      in the ester bond (1730 cm.sup.-.sup.1),
      ##EQU12##
      (1107 cm.sup.-.sup.1), the pyrimidine ring (1584 cm.sup.-.sup.1) and
      mono-substituted phenyl group (753 and 700 cm.sup.-.sup.1).
PAC  EXAMPLE 6
PAC  Synthesis of p-methoxybenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
PAR  61 Grams (0.44 mole) of anise alcohol and 41.8 g. (0.528 mole) of pyridine
      were dissolved in 650 ml. of ether. Into the resulting solution was
      dropped under stirring and cooling to -5.degree. to 0.degree.C. 81.0 g.
      (0.40 mole) of the 4,6-dimethyl-pyrimidyl-2-thiolchloroformate obtained in
      Referential Example 3, and the resulting mixture was reacted at room
      temperature for 3 hours. After the reaction, the reaction liquid was
      washed 2 times with a 10% aqueous citric acid solution and a saturated
      aqueous sodium chloride solution, and dried over anhydrous sodium sulfate,
      and then the ether was removed by distillation to obtain 120 g. of white
      crystals of p-methoxybenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate in
      yield of 90.0%. When recrystallized from an ether-petroleum ether solvent,
      the product showed a melting point of 58.degree. to 60.degree.C.
PAR  Elementary analysis: Calcd. C: 59.19%, H: 5.30%, N: 9.20%, S: 10.54% (for
      C.sub.15 H.sub.16 O.sub.3 N.sub.2 S); Found C: 58.98%, H: 5.31%, N: 9.22%,
      S: 10.48%.
PAR  FIG. 6 shows the infrared spectrum of p-methoxybenzyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate. The infrared spectrum shows the
      presence of
      ##EQU13##
      in the ester bond (1720 cm.sup.-.sup.1),
      ##EQU14##
      (1125 cm.sup.-.sup.1), the pyrimidine ring (1586 and 1250 cm.sup.-.sup.1),
      --O--CH.sub.3 group (2830 cm.sup.-.sup.1) and 1,4-substituted phenyl group
      (828 cm.sup.-.sup.1).
PAC  EXAMPLE 7
PAC  Synthesis of p-chlorobenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
PAR  0.44 Mole of p-chlorobenzyl alcohol and 0.528 mole of pyridine were
      dissolved in 650 ml. of ether. Into the resulting solution was dropped
      under stirring and cooling to -5.degree. to 0.degree.C. 0.40 mole of the
      4,6-dimethyl-pyrimidyl-2-thiolchloroformate obtained in Referential
      Example 3, and the resulting mixture was reacted in the same manner as in
      Example 6. After the reaction, the reaction liquid was washed and dried in
      the same manner as in Example 6, and then the solvent was removed by
      distillation to obtain p-chlorobenzyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in a high yield.
PAC  EXAMPLE 8
PAC  Synthesis of p-nitrobenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
PAR  p-Nitrobenzyl alcohol (0.44 mole) and 0.528 mole of pyridine were dissolved
      in 650 ml. of ether. Into the resulting solution was dropped under
      stirring and cooling to -5.degree. to 0.degree.C. 0.40 mole of
      4,6-dimethyl-pyrimidyl-2-thiolchloroformate obtained in Referential
      Example 3 and the resulting mixture was reacted in the same manner as in
      Example 6. After the reaction, the reaction liquid was washed and dried in
      the same manner as in Example 6, and then the solvent was removed by
      distillation to obtain p-nitrobenzyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in a high yield.
PAC  EXAMPLE 9
PAC  Synthesis of benzhydryl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
PAR  36.85 Grams (0.20 mole) of benzhydrol and 17.40 g. (0.22 mole) of pyridine
      were dissolved in 450 ml. of ether, and the resulting solution was cooled
      to -5.degree. to 0.degree.C. Into the solution was dropped a solution of
      40.53 g. (0.20 mole) of 4,6-dimethyl-pyrimidyl-2-thiolchloroformate in 50
      ml. of ether, and the mixed solution was reacted with stirring at
      20.degree.C. for 4 hours. After the reaction, a pyridine salt form was
      suction-filtered, and the filtrate was washed twice at 0.degree.C. with
      200 ml. of a 5% aqueous hydrochloric acid solution, once with 200 ml. of a
      10% aqueous sodium bicarbonate solution and once with 200 ml. of a
      saturated aqueous sodium chloride solution, and dried over anhydrous
      sodium sulfate, and then the ether was removed by distillation to obtain
      50.5 g. of crude crystals of benzhydryl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in yield of 72%. When
      recrystallized from an ethyl acetate-petroleum ether solvent, the product
      showed a melting point of 99.degree. to 101.degree.C.
PAR  Elementary analysis: Calcd. C: 68.55%, H: 5.18%, N: 7.99%, S: 9.15% (for
      C.sub.20 H.sub.18 O.sub.2 N.sub.2 S); Found C: 68.48%, H: 5.25%, N: 7.85%,
      S: 9.12%.
PAR  FIG. 7 shows the infrared spectrum benzhydryl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate. The infrared spectrum shows the
      presence of
      ##EQU15##
      in the ester bond (1730 cm.sup.-.sup.1),
      ##EQU16##
      (1118 cm.sup.-.sup.1), the pyrimidine ring (1586 cm.sup.-.sup.1) and
      mono-substituted phenyl group (761 and 700 cm.sup.-.sup.1).
PAC  EXAMPLE 10
PAC  Synthesis of ethyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
PAR  28 Grams (0.2 mole) of 2-mercapto-4,6-dimethyl-pyridine was added to 30 g.
      of a 50% aqueous potassium hydroxide solution. Into the resulting mixture
      was dropped under stirring and ice-cooling a solution of 21.7 g. of ethyl
      chlorocarbonate in 500 ml. of methylene chloride, and then the mixture was
      reacted at room temperature for 24 hours. After completion of the
      reaction, the methylene chloride phase was separated, washed twice with a
      saturated sodium bicarbonate solution and twice with a 10% aqueous sodium
      chloride solution, and dried over anhydrous sodium sulfate, and then the
      methylene chloride was concentrated to obtain 37.5 g. of ethyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in the form of syrup in yield of
      88.4%. When recrystallized from an ether-petroleum ether solvent, the
      product showed a melting point of 23.degree. to 25.degree.C.
PAR  Elementary analysis: Calcd. C: 50.93%, H: 5.70%, N: 13.20% (for C.sub.9
      H.sub.12 O.sub.2 N.sub.2 S); Found C: 50.92%, H: 5.69%, N: 13.23%
PAR  The infrared spectrum of the thus obtained compound is the same as shown in
      FIG. 2.
PAC  EXAMPLE 11
PAC  Synthesis of n-butyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
PAR  0.2 Mole of 2-mercapto-4,6-dimethyl-pyrimidine was added to 30 g. of a 50%
      aqueous potassium hydroxide solution. Into the resulting mixture was
      dropped under stirring and ice-cooling solution of 0.2 mole of n-butyl
      chlorocarbonate in 500 ml. of methylene chloride, and the mixture was
      reacted in the same manner as in Example 10. After the reaction, the
      reaction liquid was washed and dried in the same manner as in Example 10,
      freed from the solvent by distillation and then subjected to
      recrystallization to obtain n-butyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in a high yield.
PAC  EXAMPLE 12
PAC  Synthesis of benzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
PAR  70.1 Grams (0.5 mole) of 2-mercapto-4,6-dimethyl-pyrimidine was added to
      56.1 g. of a 50% aqueous potassium hydroxide solution. Into the resulting
      mixture was dropped under stirring and ice-cooling a solution of 85.3 g.
      (0.5 mole) of carbobenzoxy chloride in 500 ml. of methylene chloride, and
      then the mixture was reacted at room temperature for 24 hours. After the
      reaction, the methylene chloride phase was separated, washed twice with 50
      ml. of a saturated sodium bicarbonate solution and twice with 50 ml. of a
      10% aqueous sodium chloride solution, and dried over anhydrous sodium
      sulfate, and then the methylene chloride was concentrated to obtain 130 g.
      of crystalline benzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate in yield of
      94.9%. When recrystallized from an ether-petroleum ether solvent, the
      product showed a melting point of 94.degree. to 94.5.degree.C.
PAR  Elementary analysis: Calcd. C: 59.19%, H: 5.30%, N: 9.20% (for C.sub.14
      H.sub.14 O.sub.2 N.sub.2 S); Found C: 58.98%, H: 5.31%, N: 9.22%.
PAR  The infrared spectrum of the thus obtained compound is the same as shown in
      FIG. 5.
PAC  EXAMPLE 13
PAC  Synthesis of p-methoxybenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
PAR  Into a solution of 29 g. (0.29 mole) of phosgene in 100 ml. of methylene
      chloride was dropped under stirring at -30.degree. to 10.degree.C. a
      solution of 32.5 ml. (0.26 mole) of p-methoxybenzyl alcohol in 100 ml. of
      methylene chloride, and the mixed solution was further stirred for 30
      minutes. Subsequently, nitrogen gas was injected to remove excess
      phosgene, and the resulting p-methoxybenzyloxy carbonyl chloride solution
      was mixed with 42.0 g. (0.3 mole) of 2-mercapto-4,6-dimethyl-pyrimidine.
      Into this mixture was dropped a solution of 84 ml. (0.6 mole) of
      triethylamine in 100 ml. of methylene chloride. Thereafter, the
      temperature was gradually elevated to room temperature, and the mixture
      was reacted at room temperature for 4 hours. After the reaction, the
      methylene chloride was concentrated and then 200 ml. of ether and 100 ml.
      of water were added to the reaction liquid. Subsequently, the ether phase
      was separated, washed twice with 20 ml. of a cold  10 % aqueous citric
      acid solution and 20 ml. of a saturated aqueous sodium chloride solution
      and dried over anhydrous sodium sulfate, and then the ether was
      concentrated to obtain 70.5 g. of p-methoxybenzyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in yield of 81.0 %. When
      recrystallized from an ether-petroleum ether solvent, the product showed a
      melting point of 58.degree. to 60.degree.C.
PAR  Elementary analysis: Calcd. C: 59.19 %, H: 5.30 %, N: 9.20 % (for C.sub.15
      H.sub.16 O.sub.3 N.sub.2 S); Found C; 58.98 %, H: 5.31 %, N: 9.22 %
PAR  The infrared spectrum of the thus obtained compound is the same as shown in
      FIG. 6.
PAC  EXAMPLE 14
PAC  Synthesis of p-chlorobenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
PAR  The p-chlorobenzyloxy carbonyl chloride solution prepared by the same
      procedure as in Example 13 was mixed with 0.3 mole of
      2-mercapto-4,6-dimethyl-pyrimidine. Into the resulting mixture was dropped
      a solution of 0.6 mole of triethylamine in 100 ml. of methylene chloride,
      and then the mixture was reacted in the same manner as in Example 13.
      After the reaction, the reaction liquid was washed and dried in the same
      manner as in Example 13, concentrated and then recrystallized to obtain
      p-chlorobenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate in a high yield.
PAC  EXAMPLE 15
PAC  Synthesis of p-nitrobenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
PAR  The p-nitrobenzyloxy carbonyl chloride solution prepared by the same
      procedure as in Example 13 was mixed with 0.3 mole of
      2-mercapto-4,6-dimethylpyrimidine. Into the resulting mixture was dropped
      a solution of 0.6 mole of triethylamine in 100 ml. of methylene chloride,
      and then the mixture was reacted in the same manner as in Example 13.
      After the reaction, the reaction liquid was washed and dried in the same
      manner as in Example 13, concentrated and then recrystallized to obtain
      p-nitrobenzyl 4,6-dimethylpyrimidyl-2-thiolcarbonate in a high yield.
PAR  Applications as acylating agents of the thiolcarbonates represented by the
      formula (I) are explained below with reference to examples.
PAC  EXAMPLE 16
PAC  Synthesis of N-t-butyloxycarbonyl-L-leucine
PAR  6.56 Grams (0.050 mole) of L-leucine and 10.5 ml. (0.075 mole) of
      triethylamine were added to 27.5 ml. of water. To the resulting mixture
      was added a solution of 13.2 g. (0.055 mole) of t-butyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in 27.5 ml. of dioxane, and then
      the mixture was reacted under stirring at room temperature for 10 hours.
      After completion of the reaction, 75 ml. of water was added to the
      reaction liquid, and unreacted thiolcarbonate was extracted thrice with
      100 ml. of ethyl acetate. Subsequently, the aqueous phase was cooled to
      0.degree.C., adjusted to pH 3 by addition of a saturated aqueous citric
      acid solution, and then extracted once with 75 ml. of ethyl acetate and
      twice with 40 ml. of ethyl acetate. Thereafter, the ethyl acetate phases
      were united together, washed once with 50 ml. of an aqueous citric acid
      solution at pH 1 and twice with 50 ml. of a saturated aqueous sodium
      chloride solution and dried over anhydrous sodium sulfate, and then the
      ethyl acetate was removed by distillation under reduced pressure, whereby
      a syrupy residue was obtained. This residue was dissolved in 65 ml. of
      ethanol, and the resulting solution was charged with 50 ml. of water and
      then cooled to obtain 11.3 g. of crystals of
      N-t-butyloxycarbonyl-L-leucine monohydrate, yield 97.8 %, m.p. 69.degree.
      to 74.degree.C. [gradually melting at about 59.degree.C.; Journal of
      American Chemical Society. 79, 6180 (1957): 67.degree.-72.degree.C.].
PAR  Elementary analysis: Calcd. C; 52.99 %, H: 9.30 %, N: 5.62 %; Found C:
      52.88 %, H: 9.21 %, N: 5.68 %.
PAC  EXAMPLE 17
PAR  Example 16 was repeated, except that each of sodium hydroxide,
      triethylamine, sodium carbonate and sodium bicarbonate was used as the
      base; each of dioxane, t-butanol and dimethylformamide (D.M.F.) was used
      as the solvent; and the molar ratio (A.A/base) of base to L-leucine and
      the reaction temperature and time were varied as shown in Table 1. The
      yields of the resulting N-t-butyloxycarbonyl-L-leucine were as set forth
      in Table 1, provided that the yields are values of products prior to
      recrystallization.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Base       NaOH            N(C.sub.2 H.sub.5).sub.3                       

                                                    Na.sub.2 CO.sub.3          

                                                         NaHCO.sub.3           

     A.A./Base  1.0/1.1     1.0/1.5                                            

                                1.0/1.1 1.0/1.5     1.0/1.1                    

                                                         1.0/1.1               

     Reaction   30-35           30-35                                          

                                    15-20                                      

                                        30-35   40-45                          

                                                    30-35                      

                                                         30-35                 

      temp. (.degree.C.)                                                       

     Reaction   2   5   10  10  10  5       10  2.5 10   10                    

      time (hr.)                                                               

     Solvent                                                                   

     __________________________________________________________________________

     Dioxane    80.3%                                                          

                    84.4%                                                      

                        87.5%                                                  

                            95.8%                                              

                                82.7%                                          

                                    --  90.3%                                  

                                            100%                               

                                                --  85.2%                      

                                                         20.6%                 

     t-Butanol  74.4%                                                          

                    86.1%                                                      

                        86.4%                                                  

                            --  --  --  86.5%                                  

                                             96.8%                             

                                                --  --   --                    

     D.M.F.     --  86.4%                                                      

                        91.2%                                                  

                            --  --  79.3%                                      

                                        98.6%                                  

                                            100%                               

                                                92.0%                          

                                                    --   --                    

     __________________________________________________________________________

PAC  EXAMPLE 18
PAC  Synthesis of N-t-butyloxycarbonyl-L-alanine
PAR  4.46 Grams (0.050 mole) of L-alanine and 10.5 ml. (0.075 mole) of
      triethylamine were added to 27.5 ml. of water. To the resulting mixture
      was added the same dioxane solution of t-butyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate as in Example 16, and the mixture
      was reacted under stirring at room temperature for 10 hours. After
      completion of the reaction, the reaction liquid was extracted, washed and
      dried in the same manner as in Example 16, and then the ethyl acetate was
      removed by distillation to obtain 9.38 g. of crystals of
      N-t-butyloxycarbonyl-L-alanine in yield of 99.2 %. When recrystallized
      from an ethyl acetate-petroleum ether solvent, the product showed a
      melting point of 81.0.degree. to 82.0.degree.C. [Journal of Chemical
      Society (C), 2632 (1967): 81.degree. to 82.degree.C.]
PAR  Elementary analysis: Calcd. C: 50.78 %, H: 7.99 %, N: 7.40 %; Found C:
      50.94 %, H: 7.82 %, N: 7.46 %.
PAC  EXAMPLE 19
PAC  Synthesis of dicyclohexylamine salt of N-t-butyloxycarbonyl-L-tyrosine
PAR  9.05 Grams (0.050 mole) of L-tyrosine and 17.5 ml. (0.125 mole) of
      triethylamine were added to 27.5 ml. of water. To the resulting mixture
      was added the same dioxane solution of t-butyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate as in Example 16, and the mixture
      was reacted under stirring at room temperature for 24 hours. After
      completion of the reaction, the reaction liquid was extracted, washed and
      dried in the same manner as in Example 16. The thus treated liquid was
      added to a solution of 8.46 g. (0.050 mole) of dicyclohexylamine in 500
      ml. of ethyl acetate, and the resulting mixture was allowed to stand
      overnight in a cold place, whereby crystals were deposited. The crystals
      were recovered by filtration and then washed with ethyl acetate to obtain
      27.29 g. of a dicyclohexylamine salt of N-t-butyloxycarbonyl-L-tyrosine,
      yield 99.2 %, m.p. 208.degree.C. (decomposition) [Journal of Chemical
      Society (C), 2632 (1967): 212.degree.C.].
PAR  Elementary analysis: Calcd. C: 67.50 %, H: 9.15 %, N: 6.05 %; Found C;
      67.47 %, H: 9.17 %, N: 5.98 %.
PAC  EXAMPLE 20
PAR  In the same manner as in Example 18 or 19, various amino acids as shown in
      Table II were reacted with t-butyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
      in the presence of triethylamine, and the reaction products were extracted
      and purified to obtain corresponding N-t-butyloxycarbonyl amino acids.
      Provided that in Run No. 3, ether was used as a precipitant for
      dicyclohexylamine salt. The results obtained were as set forth in Table
      II.
PAR  FIG. 8 - FIG. 11 show the infrared spectra of BOC-L-Ile-OH (monohydrate)
      (No. 2), BOC-L-Pro-OH (No. 4), BOC-L-Ser-OH (1/2 hydrate) (No. 5) and
      BOC-L-Val-OH (No. 7), shown in Table II, respectively.
PAR  FIG. 8 shows the presence of --NH-- (3300 cm.sup.-.sup.1),
      ##EQU17##
      in the carboxyl group (1718 cm.sup.-.sup.1) and
      ##EQU18##
      in the amide bond (1642 cm.sup.-.sup.1).
PAR  FIG. 9 shows the presence of
      ##EQU19##
      in the carboxyl group (1737 cm.sup.-.sup.1) and
      ##EQU20##
      in the
      ##EQU21##
      bond (1638 cm.sup.-.sup.1).
PAR  FIG. 10 shows the presence of --NH-- (3452 cm.sup.-.sup.1), --OH in the
      H.sub.2 O (3375 cm.sup.-.sup.1, broad absorption,
      ##EQU22##
      in the carboxyl group (1708 cm.sup.-.sup.1) and
      ##EQU23##
      in the amide bond (1664 cm.sup.-.sup.1).
PAR  FIG. 11 shows the presence of --NH-- (3300 cm.sup.-.sup.1),
      ##EQU24##
      in the carboxyl group (1705 cm.sup.-.sup.1) and
      ##EQU25##
      in the amide bond (1645 cm.sup.-.sup.1).
TBL                                    Table II                                

     __________________________________________________________________________

     Run                                                                       

        Amino N-t-Butyloxy                                                     

                       Yield Melting Point (.degree.C.)                        

     No.                                                                       

        acid  carbonyl                        Remarks                          

              amino acid                                                       

                       (%)   Present Literature                                

                             invention                                         

                                     value *.sup.3)                            

     __________________________________________________________________________

     1  Gly-OH                                                                 

              BOC*.sup.1) -Gly-OH                                              

                       92.0  87.0-89.0                                         

                                     94-95 Process of Example 18               

              BOC-L-Ile-OH                                                     

     2  L-Ile-OH                                                               

              (monohydrate)                                                    

                       100   68.0-71.0                                         

                                     66-68 Process of Example 18               

              BOC-L-Met-OH                                                     

     3  L-Met-OH       100   135.5-139.0                                       

                                     138-139                                   

                                           Process of Example 19               

              (DCHA*.sup.2))                                                   

     4  L-Pro-OH                                                               

              BOC-L-Pro-OH                                                     

                       95.5  136.0-137.0                                       

                                     134-136                                   

                                           Process of Example 18               

              BOC-L-Ser-OH                                                     

     5  L-Ser-OH                                                               

              (1/2hydrate)                                                     

                       84.6  86.0-71.0                                         

                                     75-78 Process of Example 18               

     6  L-Trp-OH                                                               

              BOC-L-Trp-OH                                                     

                       100   137.0-138.0                                       

                                     135-137                                   

                                           Process of Example 18               

     7  L-Val-OH                                                               

              BOC-L-Val-OH                                                     

                       98.6  76.5-78.6                                         

                                     72-73 Process of Example                  

     __________________________________________________________________________

                                           18                                  

                             CH.sub.3 O                                        

                             .vertline..parallel.                              

     *.sup.1) BOC: t-Butyloxycarbonyl group                                    

                             (CH.sub.3 --C--O--C--)                            

                             .vertline.                                        

     *.sup.2) DCHA: Dicyclohexylamine salt                                     

                             CH.sub.3                                          

     *.sup.3) Literature: Liebigs Annalen der Chemie, 702, 188, (1967).        

PAC  EXAMPLE 21
PAC  Synthesis of dicyclohexylamine salt of N-t-amyloxycarbonyl-L-alanine
PAR  4.46 Grams (0.050 mole) of L-alanine and 10.5 ml. (0.075 mole) of
      triethylamine were added to 27.5 ml. of water. To the resulting mixture
      was added a solution of 14.0 g. (0.055 mole) of t-amyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in 27.5 ml. of dioxane, and the
      mixture was reacted under stirring at room temperature for 24 hours. After
      completion of the reaction, the reaction liquid was extracted, washed and
      dried in the same manner as in Example 16, and then charged with 8.46 g.
      (0.050 mole) of dicyclohexylamine and with petroleum ether to precipitate
      18.25 g. of a dicyclohexylamine salt of N-t-amyloxycarbonyl-L-alanine in
      yield of 98.1 %. When recrystallized from an ether-petroleum ether
      solvent, the product showed a melting point of 125.degree. to
      127.degree.C. [Bulletin of the Chemical Society of Japan, 38(9), 1522
      (1965): 124.degree.-126.degree.C.].
PAR  Elementary analysis: Calcd. C: 65.58 %, H: 10.48 %, N: 7.55 %; Found C:
      65.73 %, H: 10.35 %, N: 7.41 %.
PAC  EXAMPLE 22
PAC  Synthesis of dicyclohexylamine salt of N-t-amyloxycarbonyl-L-tyrosine
PAR  9.05 Grams (0.05 mole) of L-tyrosine and 17.5 ml. (0.125 mole) of
      triethylamine were added to 27.5 ml. of water. To the resulting mixture
      was added the same dioxane solution of t-amyl 4,6-dimethyl-pyrimidyl-2-
      thiolcarbonate as in Example 21, and the mixture was reacted in the same
      manner as in Example 21. After completion of the reaction, the reaction
      liquid was extracted, washed and dried in the same manner as in Example
      16. The thus treated liquid was charged with a solution of 8.46 g. (0.050
      mole) of dicyclohexylamine in 500 ml. of ethyl acetate and with petroleum
      ether, and the resulting mixture was allowed to stand in a cold place,
      whereby crystals were deposited. The crystals were recovered by filtration
      and then washed with ethyl acetate to obtain 23.88 g. of a
      dicyclohexylamine salt of N-t-amyloxycarbonyl-L-tyrosine, yield 98.7 %,
      m.p. 202.degree.C. (decomposition).
PAR  Elementary analysis: Calcd. C: 68.11 %, H: 9.30 %, N: 5.88 %; Found C:
      68.23 %, H: 9.28 %, N: 5.79 %.
PAC  EXAMPLE 23
PAC  Synthesis of N-carbobenzoxy-benzylamine
PAR  To a solution of 1.07 g. (0.01 mole) of benzylamine in 10 ml. of ether was
      added at room temperature a solution of 2.74 g. (0.01 mole) of benzyl
      4,6-dimethylpyrimidyl-2-thiolcarbonate in 10 ml. of ether, and the mixed
      solution was reacted under stirring for 30 minutes. With progress of the
      reaction, 2-mercapto-4,6-dimethylpyrimidine was liberated to form a
      precipitate. The precipitate was separated by filtration, and the filtrate
      was washed twice with 10 ml. of a 1N aqueous hydrochloric acid solution
      and 10 ml. of a 10 % aqueous sodium chloride solution and dried over
      anhydrous sodium sulfate, and then the ether was concentrated to obtain
      crystalline N-carbobenzoxy-benzylamine quantitatively. When recrystallized
      from an ether-petroleum ether solvent, the product showed a melting point
      of 61.degree. to 62.degree.C.
PAR  Elementary analysis: Calcd. C: 74.67 %, H: 6.27 %, N: 5.80 %; Found C:
      74.48 %, H: 6.30 %, N: 5.78 %.
PAC  EXAMPLE 24
PAC  Synthesis of N-carbobenzoxy-L-tryptophan
PAR  2.04 Grams (0.01 mole) of L-tryptophan and 1.67 g. (0.012 mole) of
      triethylamine were added to 8 ml. of water. To the resulting mixture was
      added a solution of 3.01 g. (0.011 mole) of benzyl
      4,6-dimethyl-pyrimidyl-2-thiolcarbonate in 16 ml. of dioxane, and the
      mixture was reacted under stirring at 60.degree. to 65.degree.C. for 2
      hours. After completion of the reaction, the dioxane was removed by
      distillation under reduced pressure, and 15 ml. of water was added to the
      residue. Thereafter, the unreacted thiolcarbonate was extracted with ethyl
      acetate, and the aqueous phase was adjusted to pH 3 by addition of a
      saturated aqueous citric acid solution, and then extracted once with 15
      ml. of ethyl acetate and twice with 8 ml. of ethyl acetate. Subsequently,
      the ethyl acetate phases were united together, washed once with 10 ml. of
      a 1N aqueous hydrochloric acid solution and twice with 10 ml. of a
      saturated aqueous sodium chloride solution and dried over anhydrous sodium
      sulfate, and then the ethyl acetate was removed by distillation under
      reduced pressure, whereby crystals of N-carbobenzoxy-L-tryptophan were
      obtained substantially quantitatively. When recrystallized from an
      etherpetroleum ether solvent, the product showed a melting point of
      122.degree. to 124.degree.C.
PAR  Elementary analysis: Calcd. C: 67.59 %, H: 5.40 %, N: 8.15 %; Found C:
      67.45 %, H: 5.36 %, N: 8.28 %.
PAC  EXAMPLE 25
PAC  Synthesis of N-p-methoxybenzyloxycarbonyl-L-alanine
PAR  8.9 Grams (0.1 mole) of L-alanine and 21 ml. (0.15 mole) of triethylamine
      were added to 55 ml. of water. To the resulting mixture was added a
      solution of 33.5 g. (0.11 mole) of p-methoxybenzyl
      4,6-dimethylpyrimidyl-2-thiolcarbonate in 55 ml. of dioxane, and the
      mixture was reacted under stirring at room temperature for 10 hours. After
      completion of the reaction, the reaction liquid was charged with 150 ml.
      of water and then extracted thrice with 200 ml. of ethyl acetate to remove
      unreacted thiolcarbonate. Thereafter, the aqueous phase was cooled to
      0.degree.C., adjusted to pH 3 by addition of a 10 % aqueous citric acid
      solution and then extracted once with 150 ml. of ethyl acetate and twice
      with 80 ml. of ethyl acetate. Subsequently, the ethyl acetate phases were
      united together, washed twice with 100 ml. of a 10 % aqueous citric acid
      solution and twice with 100 ml. of water and dried over anhydrous sodium
      sulfate to obtain 24.3 g. of crystalline
      N-p-methoxybenzyloxycarbonyl-L-alanine in yield of 95.7 %. When
      recrystallized from an ethyl acetate-petroleum ether solvent, the product
      showed a melting point of 80.degree. to 81.5.degree.C. and specific
      rotation [.alpha.].sub.D.sup.20 of -12.2 (C = 3, acetic acid).
PAR  For comparison, N-p-methoxybenzoxycarbonyl-L-alanine was synthesized by
      acylating L-alanine with known acylating agents. The results obtained were
      as set forth in Table III.
TBL                                    Table III                               

     __________________________________________________________________________

                   Reaction                                                    

                        Reaction                                               

                             Yield of                                          

     Acylating agent                                                           

                   tempera-                                                    

                        time pMZ-L-                                            

                                  Literature                                   

                   ture (hr.)                                                  

                             Ala-OH                                            

                   (.degree.C.)                                                

     __________________________________________________________________________

                   Room           Chem. Pham.                                  

                   tempera-                                                    

                        48   81   Bull., 18,                                   

                   ture           2574 (1970)                                  

                   "    "    58   "                                            

                                  Ann. 724,                                    

                   50   12   79   204 (1969)                                   

                   Room                                                        

                   tempera-                                                    

                        48   51   ibid                                         

                   ture                                                        

                   "    "    72   "                                            

                                  Chem. & Ind.                                 

                   "    72   58   1722 (1966)                                  

                                  Ber. 95, 1                                   

     pMZ-N.sub.3   "    40   59   (1962)                                       

                                  Bull. Chem.                                  

     pMZ-Cl        0-5   2   69.4 Soc. Japan,                                  

                                  43, 177 (1970)                               

     __________________________________________________________________________

     *1) pMZ: p-Methoxybenzyloxycarbonyl group                                 

     .parallel.                                                                

     O--C--)                                                                   

PAR  FIG. 12 shows the infrared spectrum of
      N-p-methoxybenzyloxycarbonyl-L-alanine. The infrared spectrum shows the
      presence of --NH-- (3350 cm.sup.-.sup.1),
      ##EQU26##
      in the carboxyl group (1710 cm.sup.-.sup.1) and
      ##EQU27##
      in the amide bond (1685 cm.sup.-.sup.1).
PAR  From Table III, it is clear that when the known acylating agents are used,
      L-alanine is required to be reacted over a long period of time, and the
      yields are relatively low even though L-alanine is reacted for such long
      period of time. Further, pMZ-Cl is readily decomposed, and therefore the
      reaction using said acylating agent should be effected at a low
      temperature.
PAC  EXAMPLE 26
PAR  In the same manner as in Example 25, the amino acids as shown in Table IV
      were reacted with p-methoxybenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate
      and the reaction products were purified to synthesize corresponding
      N-p-methoxybenzyloxycarbonyl amino acids. The yields and properties of the
      products obtained were as set forth in Table IV.
TBL                                    Table IV                                

     __________________________________________________________________________

     Run                                                                       

        Amino acid                                                             

              pMZ-amino acid                                                   

                       Yield Melting point                                     

                                     Specific rotation                         

     No.               (%)   (.degree.C.)                                      

                                     [.alpha.].sub.D.sup.20                    

     __________________________________________________________________________

     1  L-Asp-OH                                                               

              pMZ-L-Asp-OH                                                     

                       82.3  125-127 +8.5 (C=1, acetic acid)                   

     2  L-Ile-OH                                                               

              pMZ-L-Ile-OH                                                     

                       95.3  63-65   +7.0 (C=2, ethanol)                       

     3  L-Glu-OH                                                               

              pMZ-L-Glu-OH                                                     

                       100   107-110 -7.1 (C=2, acetic acid)                   

     4  Gly-OH                                                                 

              pMZ-Gly-OH                                                       

                       100   96-98   --                                        

     5  L-Met-OH                                                               

              pMZ-L-Met-OH                                                     

                       99.5  74-75   -21.0 (C=0.9, methanol)                   

     6  L-Phe-OH                                                               

              pMZ-L-Phe-OH                                                     

                       93.3   88-89.5                                          

                                     +6.4 (C=2, acetic acid)                   

     7  L-Ser-OH                                                               

              pMZ-L-Ser-OH                                                     

                       82.6   98-100 +6.7 (C=O.856, acetic                     

                                     acid)                                     

     8  L-Val-OH                                                               

              pMZ-L-Val-OH                                                     

                       99.3  62.5-64.5                                         

                                     +5.8 (C=1, D.M.F.)                        

     __________________________________________________________________________

PAR  FIG. 13 to FIG. 16 show the infrared spectra of pMZ-L-Asp-OH (No. 1),
      pMZ-L-Glu-OH (No. 3), pMZ-Gly-OH (No. 4) and pMZ-L-Ser-OH (No. 7), shown
      in Table IV, respectively.
PAR  FIG. 13 shows the presence of --NH-- (3375 cm.sup.-.sup.1) and
      ##EQU28##
      in the carboxyl group and the amide bond (1705 cm.sup.-.sup.1, broad
      absorption).
PAR  FIG. 14 shows the presence of --NH-- (3300 cm.sup.-.sup.1) and
      ##EQU29##
      in the carboxyl group and the amide bond (1688 cm.sup.-.sup.1, broad
      absorption).
PAR  FIG. 15 shows the presence of --NH-- (3300 cm.sup.-.sup.1) and
      ##EQU30##
      in the carboxyl group and the amide bond (1688 cm.sup.-.sup.1, broad
      absorption).
PAR  FIG. 16 shows the presence of --OH group (3550 cm.sup.-.sup.1), --NH--
      (3325 cm.sup.-.sup.1),
      ##EQU31##
      in the carboxyl group (1735 cm.sup.-.sup.1) and
      ##EQU32##
      in the amide bond (1685 cm.sup.-.sup.1).
PAC  EXAMPLE 27
PAC  Synthesis of N-p-methoxybenzyloxycarbonyl-L-asparagine
PAR  In the same manner as in Example 25, 0.1 mole of L-asparagine was reacted
      with 0.11 mole of p-methoxybenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate.
      The reaction liquid was charged with 150 ml. of water and then extracted
      thrice with 200 ml. of ethyl acetate to remove unreacted thiolcarbonate.
      Subsequently, the aqueous phase was cooled to 0.degree.C., adjusted to pH
      3 by addition of a saturated aqueous citric acid solution and then allowed
      to stand for one day in a cold place, whereby crystals were deposited. The
      crystals were recovered by filtration and then dried to obtain 24.5 g. of
      N-p-methoxybenzyloxycarbonyl-L-asparagine, yield 82.3 %, m.p. 160.degree.
      - 163.degree.C., [.alpha.].sub.D.sup. 20 =-5.0 (C = 1, methanol).
PAR  FIG. 17 shows the infrared spectrum of
      N-p-methoxybenzyloxycarbonyl-L-asparagine. The infrared spectrum shows the
      presence of --NH.sub.2 group (3375 cm.sup.-.sup.1), --NH-- (3280
      cm.sup.-.sup.1),
      ##EQU33##
      in the carboxyl group (1743 cm.sup.-.sup.1),
      ##EQU34##
      in the amide bond (1690 cm.sup.-.sup.1) and
      ##EQU35##
      in the acid amide group (1670 cm.sup.-.sup.1).
PAC  EXAMPLE 28
PAC  Synthesis of dicyclohexylamine salt of
      N-p-methoxybenzyloxycarbonyl-L-leucine
PAR  In the same manner as in Example 25, 0.1 mole of L-leucine was reacted with
      0.11 mole of benzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate, and the
      reaction product was purified to obtain 29.6 g. of syrupy
      N-p-methoxybenzyloxycarbonyl-L-leucine in yield of 99.2 %. The thus
      obtained N-p-methoxybenzyloxycarbonyl-L-leucine was dissolved in 300 ml.
      of ethyl acetate, and a solution of 18.1 g. of dicyclohexylamine in 200
      ml. of acetic acid was added to the resulting solution. Subsequently, the
      mixed solution was allowed to stand, whereby a dicyclohexylamine salt of
      said N-p-methoxybenzyloxycarbonyl-L-leucine was deposited as a
      precipitate. When recovered by filtration and dried, the said salt showed
      a melting point of 156.degree. to 160.degree.C. and a specific rotation
      [.alpha.].sub.D.sup. 20 of -6.9 (C = 2, methanol).
PAC  EXAMPLE 29
PAC  Synthesis of dicyclohexylamine salt of
      N-p-methoxybenzyloxycarbonyl-L-proline
PAR  In the same manner as in Example 25, 0.1 mole of L-proline was reacted with
      0.11 mole of p-methoxybenzyl 4,6-dimethyl-pyrimidyl-2-thiolcarbonate, and
      the reaction product was purified to obtain 27.5 g. of syrupy
      N-p-methoxybenzyloxycarbonyl-L-proline in yield of 98.6 %. The thus
      obtained N-p-methoxybenzyloxycarbonyl-L-proline was treated in the same
      manner as in Example 28 to obtain a dicyclohexylamine salt thereof, m.p.
      145.degree. - 147.degree.C., [.alpha.].sub.D.sup. 20 =-23.7 (C = 1,
      methanol).
PAC  EXAMPLE 30
PAC  Synthesis of N-benzhydrylcarbonyl glycine
PAR  0.7506 Gram (0.01 mole) of glycine and 2.1 ml. (0.015 mole) of
      triethylamine were added to 5.5 ml. of water. To the resulting mixture was
      added a solution of 3.8549 g. (0.011 mole) of benzhydroxy
      4,6-dimethylpyrimidyl-2-thiolcarbonate in 11 ml. of dioxane, and the
      mixture was reacted overnight under stirring at room temperature. After
      completion of the reaction, the reaction liquid was charged with 50 ml. of
      water and washed twice with 30 ml. of ethyl acetate. Subsequently, the
      aqueous phase was adjusted, under cooling to 0.degree.C., to pH 2 by
      addition of 15 ml. of a cold 5N aqueous hydrochloric acid solution, and
      then extracted once with 30 ml. of ethyl acetate and twice with 15 ml. of
      ethyl acetate. Thereafter, the ethyl acetate phases were united together,
      washed twice with 15 ml. of a cold aqueous hydrochloric acid solution and
      twice with 30 ml. of a saturated aqueous sodium chloride solution, and
      dried over anhydrous sodium sulfate, and then the ethyl acetate was
      removed by distillation to obtain 2.731 g. of crude N-benzhydroxycarbonyl
      glycine in yield of 95.7 %. When recrystallized from an ether-petroleum
      ether solvent, the product showed a melting point of 113.degree. to
      115.degree.C.
PAR  Elementary analysis: Calcd. C: 67.36 %, H: 5.30 %, N: 4.91 % Found C: 67.46
      %, H: 5.41 %, N: 4.77 %.
PAR  FIG. 18 shows the infrared spectrum of N-benzhydroxycarbonyl gylcine. The
      infrared spectrum shows the presence of --NH-- (3330 cm.sup.-.sup.1),
      ##EQU36##
      in the carboxyl group (1710 cm.sup.-.sup.1) and
      ##EQU37##
      in the amide bond (1660 cm.sup.-.sup.1).
PAC  EXAMPLE 31
PAR  In the same manner as in Example 30, the amino acids as shown in Table V
      were reacted with benzhydryl 4.6-dimethyl-pyrimidyl-2-thiolcarbonate and
      the reaction products were purified to obtain corresponding
      N-benzhydroxycarbonyl amino acids. The results obtained were as set forth
      in Table V. The dicyclohexylamine salts in Run Nos. 1, 2 and 4 were
      prepared in the manner mentioned previously.
TBL                                    Table V                                 

     __________________________________________________________________________

     Run                                                                       

        L-Amino                                                                

              *1)        Yield                                                 

                             Melting                                           

                                   Specific rotation                           

                                             Elementary analysis (%)           

     No.                                                                       

        acid  BhOC-L-amino acid                                                

                         (%) point                                             

                             (.degree.C.)                                      

                                   [.alpha.].sub.D.sup.20                      

                                                 C    H   N                    

     __________________________________________________________________________

              *2)                  +9.1 (C=O.33,                               

                                             Calcd.                            

                                                 72.74                         

                                                      8.39                     

                                                          5.83                 

     1  L-Ala-OH                                                               

              BhOC-L-Ala-OH.DCHA                                               

                         84.0                                                  

                             162-164                                           

                                   chloroform)                                 

                                             Found                             

                                                 72.00                         

                                                      8.44                     

                                                          5.51                 

                                   +59.0 (C=0.40,                              

                                             Calcd.                            

                                                 75.51                         

                                                      7.98                     

                                                          5.04                 

     2  L-Phe-OH                                                               

              BhOC-L-Phe-OH.DCHA                                               

                         87.4                                                  

                             168-171                                           

                                   chloroform)                                 

                                             Found                             

                                                 75.61                         

                                                      8.01                     

                                                          5.05                 

              *3)                  -55.6 (C=1                                  

                                             Calcd.                            

                                                 70.14                         

                                                      5.89                     

                                                          4.30                 

     3  L-Pro-OH                                                               

              BhOC-L-Pro-OH                                                    

                         90.5                                                  

                             81-83 acetic acid)                                

                                             Found                             

                                                 69.73                         

                                                      6.02                     

                                                          4.09                 

                                   +9.5 (C=0.40,                               

                                             Calcd.                            

                                                 73.19                         

                                                      8.72                     

                                                          5.51                 

     4  L-Val-OH                                                               

              BhOC-L-Val-OH.DCHA                                               

                         96.2                                                  

                             137-140                                           

                                   chloroform                                  

                                             Found                             

                                                 73.03                         

                                                      8.79                     

                                                          5.34                 

     __________________________________________________________________________

     *1) BhOC: N-benzhydroxycarbonyl group                                     

     *2) DCHA: Dicyclohexylamine salt (recrystallized from                     

     chloroform-acetone-ether).                                                

     *3) Washed with ether-petroleum ether after crystallization.              

PAR  FIG. 19 - FIG. 22 show the infrared spectra of BhOC-L-Ala-OH.DCHA (No. 1),
      BhOC-L-Phe-OH.DCHA (No. 2), BhOC-L-Pro-OH (No. 3) and BhOC-L-Val-OH.DCHA
      (No. 4), shown in Table V, respectively.
PAR  FIG. 19 shows the presence of --NH-- (3380 cm.sup.-.sup.1),
      ##EQU38##
      in the carboxyl group (1707 cm.sup.-.sup.1) and
      ##EQU39##
      in the amide bond (1638 cm.sup.-.sup.1).
PAR  FIG, 20 shows the presence of --NH-- (3400 cm.sup.-.sup.1),
      ##EQU40##
      in the carboxyl group (1711 cm.sup.-.sup.1) and
      ##EQU41##
      in the amide bond (1630 cm.sup.-.sup.1).
PAR  FIG. 21 shows the presence of
      ##EQU42##
      in the carboxyl group (1708 cm.sup.-.sup.1) and
      ##EQU43##
      in the
      ##EQU44##
      bond (1650 cm.sup.-.sup.1, broad absorption).
PAR  FIG. 22 shows the presence of --NH-- (3280 cm.sup.-.sup.1),
      ##EQU45##
      in the carboxyl group (1701 cm.sup.-.sup.1) and
      ##EQU46##
      in the amide bond (1630 cm.sup.-.sup.1).
PAC  EXAMPLE 32
PAR  0.01 Mole of each of the thiolcarbonates as shown in Table VI was dissolved
      in 30 ml. of ethyl acetate. To the resulting solution was added a solution
      of 0.02 mole of phenylhydrazine or benzylamine in 20 ml. of ethyl acetate,
      and the mixed solution was reacted for one day under stirring. The
      reaction liquid was suction-filtered, and the filtrate was washed twice
      with a cold 5 % aqueous hydrochloric acid solution and twice with 30 ml.
      of a saturated aqueous sodium chloride solution and dried over anhydrous
      sodium sulfate, and then the ethyl acetate was removed by distillation to
      synthesize a corresponding N-acylamine. The results obtained were as set
      forth in Table VI.
TBL                                    Table VI                                

     __________________________________________________________________________

     Run                          Product                                      

     No.                                                                       

        Thiocarbonate      Amine (N-acylamine)                                 

     __________________________________________________________________________

     1                   Phenylhydrazine                                       

                                 BOC--HNHN                                     

     2                   Benzylamine                                           

                                 BOC--HNH.sub.2 C                              

     3                   Phenylhydrazine                                       

                                 pMZ--HNHN                                     

     4                   Benzylamine                                           

                                 pMZ--HNH.sub.2 C                              

     5                   Phenylhydrazine                                       

                                 BhOC--HNHN                                    

     6                   Benzylamine                                           

                                 BhOC--HNH.sub.2 C                             

     __________________________________________________________________________

         Recrysta-                                                             

               Melting                                                         

     Yield                                                                     

         llization                                                             

               point                                                           

                    Elementary analysis (%)                                    

     (%) solvent                                                               

               (.degree.C.)                                                    

                        C   H  N                                               

     __________________________________________________________________________

     90.3                                                                      

         Ether/                                                                

               89-91                                                           

                    Calcd.                                                     

                        63.44                                                  

                            7.74                                               

                               13.45                                           

         Petroleum  Found                                                      

                        63.74                                                  

                            7.81                                               

                               --                                              

         ether                                                                 

     95.6                                                                      

         n-Hexane                                                              

               55-56                                                           

                    Calcd.                                                     

                        69.53                                                  

                            8.27                                               

                               6.76                                            

         n-Heptane  Found                                                      

                        69.75                                                  

                            8.29                                               

                               6.70                                            

     94.7                                                                      

         Ethyl 95-96                                                           

                    Calcd.                                                     

                        66.16                                                  

                            5.92                                               

                               10.29                                           

         acetate/   Found                                                      

                        65.99                                                  

                            5.92                                               

                               --                                              

         Petroleum                                                             

         ether                                                                 

     95.3                                                                      

           "   75.5-76.5                                                       

                    Calcd.                                                     

                        70.83                                                  

                            6.32                                               

                               5.16                                            

                    Found                                                      

                        71.09                                                  

                            6.17                                               

                               4.96                                            

     93.9                                                                      

           "   103-104                                                         

                    Calcd.                                                     

                        75.45                                                  

                            5.70                                               

                               8.80                                            

                    Found                                                      

                        74.19                                                  

                            5.81                                               

                               --                                              

     99.6                                                                      

           "   103-104                                                         

                    Calcd.                                                     

                        79.47                                                  

                            6.03                                               

                               4.41                                            

                    Found                                                      

                        79.61                                                  

                            6.10                                               

                               4.32                                            

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for using a thiolcarbonate represented by the formula,
      ##SPC7##
PAL  wherein R.sub.1 and R.sub.2 are individually a hydrogen atom or a methyl
      group, and R.sub.3 is a straight chain or branched chain alkyl group
      having 1 to 5 carbon atoms, a straight chain or branched chain alkenyl
      group having 2 to 5 carbon atoms, or benzyl or benzhydryl group which may
      be nuclear substituted by a methoxy or nitro group of one or more halogen
      atoms,
PA1  as an acylating agent for acylating the amino or imino group of a compound
      having amino and/or imino groups selected from the group consisting of
      aliphatic, aralkyl, alicyclic, aromatic and heterocyclic primary and
      secondary amines; hydrazines and derivatives thereof; amino acids, and
      peptides obtained from two or more of the said amino acids and derivatives
      thereof; and saccharides and steroids having amino and/or imino groups;
PA1  in an inert organic solvent or in an aqueous solution thereof in the
      presence or absence of a base under mild conditions.
NUM  2.
PAR  2. A method according to claim 1, wherein the acylation is carried out at a
      temperature of 0.degree. to 80.degree.C.
NUM  3.
PAR  3. A method according to claim 1 wherein the compound having amino and/or
      imino groups is .alpha.-amino acids, .beta. - or .omega. - amino acids,
      salts of said amino acids, acid esters or acid amides of said amino acids,
      synthetic or semi-synthetic amino acids, or N-terminal-free peptides
      obtained from two or more of said amino acids.
NUM  4.
PAR  4. A method according to claim 1, wherein the compound having amino and/or
      imino groups is hydrazine or a derivative thereof having at least one
      substituent selected from the group consisting of phenyl, nitro and lower
      alkyl, or a salt of hydrazine or derivative of hydrazine.
NUM  5.
PAR  5. A method according to claim 1, wherein the compound having amino
      and/imino groups is saccharides or steroids having primary or secondary
      amino groups, or salts thereof.
NUM  6.
PAR  6. A method according to claim 1, wherein the compound having amino and/or
      imino groups is aliphatic, aralkyl, alicyclic, aromatic or heterocyclic
      primary or secondary amines or salts thereof.
NUM  7.
PAR  7. A method according to claim 1, wherein a hydrohalide, sulfate or sulfide
      of the compound having amino and/or imino groups is used as a salt of the
      compound having amino and/or imino groups.
NUM  8.
PAR  8. A method according to claim 1, wherein the base is a tertiary amine.
NUM  9.
PAR  9. A method according to claim 8, wherein the tertiary amine is
      triethylamine, N-alkylmorpholine, N,N-dialkylaniline, pyridine or
      quinoline.
NUM  10.
PAR  10. A method according to claim 1, wherein the base is a hydroxide,
      carbonate or bicarbonate of alkali metal.
NUM  11.
PAR  11. A method according to claim 10, wherein the hydroxide, carbonate or
      bicarbonate of alkali metal is sodium hydroxide, potassium hydroxide,
      potassium carbonate, sodium carbonate, potassium bicarbonate or sodium
      bicarbonate.
NUM  12.
PAR  12. A method according to claim 1, wherein the inert organic solvant is
      t-butyl alcohol, dioxane, tetrahydrofuran or dimethylformamide.
NUM  13.
PAR  13. A method for using a thiolcarbonate represented by the formula,
      ##SPC8##
PAL   wherein R.sub.1 and R.sub.2 are individually a hydrogen atom or a methyl
      group, and R.sub.3 is a group of the formula
      ##EQU47##
      wherein R.sub.4, R.sub.5 and R.sub.6 are individually a lower alkyl group,
      as an acylating agent for acylating a hydrazine or an aliphatic, aralkyl,
      alicyclic, aromatic or heterocyclic primary or secondary amine in the
      present of a base to produce a t-alkyloxy-carbonylamine represented by the
      formula,
      ##EQU48##
      wherein R, R and R are as defined above, and Z is a group formed by
      removing one hydrogen from the amino or imino group of the hydrazine or
      amine.
NUM  14.
PAR  14. A method of using a thiolcarbonate represented by the formula,
      ##SPC9##
PAL  wherein R.sub.1 and R.sub.2 are individually a hydrogen atom or a methyl
      group and R.sub.3 is a group of the formula
      ##SPC10##
PAL  (wherein R.sub.7 is as defined below), as an acylating agent for acylating
      a hydrazine or an aliphatic, aralkyl, alicyclic, aromatic or heterocyclic
      primary or secondary amine to produce an aralkyloxy-carbonylamine
      represented by the formula,
      ##SPC11##
PAL  wherein R.sub.7 is a hydrogen atom or a methoxy group, and Z is a group
      formed by removing one hydrogen from the amino or imino group of the
      hydrazine or amine.
PATN
WKU  039323765
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APT  1
ART  117
APD  19711006
TTL  Sulfo phenyl-azo-sulro phenyl-azo-alkoxy-diphenyl compounds
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ECL  1
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ABST
PAL  Compounds having the structure:
      ##SPC1##
PAL  Wherein
PA1  M represents --H, --Li, --Na, --K or --NH.sub.4 ;
PA1  R.sub.1 represents --H, lower alkyl, lower alkoxy, --Cl or --Br;
PA1  R.sub.2 represents --H, lower alkyl or --Cl;
PA1  R.sub.3 represents --H, lower alkyl or lower alkoxy;
PA1  R.sub.4 represents --H, lower alkyl or lower alkoxy;
PA1  R.sub.5 represents --H, lower alkyl, lower alkoxy, --Cl, phenyl, or
      cyclohexyl;
PA1  R.sub.6 represents --H, lower alkyl or lower alkoxy;
PA1  R.sub.7 represents --H, lower alkyl, lower alkyl sulfonyl or --SO.sub.2
      ##SPC2##
PAL  wherein
PA1  R.sub.8 represents --H, --CH.sub.3 or --Cl; the --OR.sub.7 group is located
      o or p to the azo linkage;
PA1  m is 1 or 2, n is 0 or 1 and m + n is 2
PAL  Are useful in the dyeing of polyamides such as nylon, silk and wool, and
      that are especially useful for the dyeing of the deeper dyeing nylon
      components of differential dyeing nylon textiles in yellow to scarlet
      shades.
BSUM
PAR  This invention relates to new compounds that are useful in the dyeing of
      polyamides such as nylon, silk and wool, and that are especially useful
      for the dyeing of the deeper dyeing nylon components of differential
      dyeing nylon textiles.
PAR  The new compounds have the structure
      ##SPC3##
PAL  Wherein
PA1  M represents --H, --Li, --Na, --K or --NH.sub.4 ;
PA1  R.sub.1 represents --H, lower alkyl, lower alkoxy, --Cl or --Br;
PA1  R.sub.2 represents --H, lower alkyl or --Cl;
PA1  R.sub.3 represents --H, lower alkyl or lower alkoxy;
PA1  R.sub.4 represents --H, lower alkyl or lower alkoxy;
PA1  R.sub.5 represents --H, lower alkyl, lower alkoxy, --Cl, phenyl, or
      cyclohexyl;
PA1  R.sub.6 represents --H, lower alkyl or lower alkoxy;
PA1  R.sub.6 represents --H, lower alkyl, lower alkyl sulfonyl or
      ##SPC4##
PA1  Wherein R.sub.8 represents --H, --CH.sub.3 or --Cl; the --OR.sub.7 group is
      located o or p to the azo linkage; m is 1 or 2, n is 0 or 1 and m + n is
      2.
PAR  These compounds are prepared by
PA0  1. diazotizing an aminoaryl sulfonic acid such as orthanilic acid,
      metanilic acid, sulfanilic acid, toluidine sulfonic acid, anisidine
      sulfonic acid, chlorometanilic acid, xylidine sulfonic acid, cresidine
      sulfonic acid, chlorotoluidine sulfonic acid, bromoaniline sulfonic acid,
      dichloroaniline sulfonic acid or an aminoaryl disulfonic acid such as an
      aniline disulfonic acid, a toluidine disulfonic acid, a chlorotoluidine
      disulfonic acid or an anisidine disulfonic acid and the like;
PA0  2. coupling with a suitable aromatic amine capable of coupling para to the
      amino group, such as aniline, o- or m-toluidine, o- or m-anisidine, o- or
      m-phenetidine, cresidine, 2,5-dimethoxy-aniline and the like;
PA0  3. sulfonating the isolated aminomonoazo intermediate, if it does not
      already contain two sulfonic acid groups, to produce an
      aminomonoazo-disulfonic acid intermediate;
PA0  4. rediazotizing the aminomonoazo disulfonic acid intermediate;
PA0  5. coupling with a suitable hydroxybenzene such as phenol, cresol, xylenol,
      methoxyphenol, methoxycresol, chlorophenol, cyclohexylphenol,
      phenylphenol, chlorocresol, propylphenol, butylphenol, amylphenol, or
      hexylphenol and optionally
PA0  6. alkylating the resultant hydroxy disazo dye with dimethyl sulfate,
      diethyl sulfate, methyl chloride, ethyl chloride, methyl bromide, or the
      like or
PA0  7. forming a sulfonic acid ester of the hydroxy disazo dye by reaction with
      reagents such as methane sulfonyl chloride, ethane sulfonyl chloride,
      propane sulfonyl chloride, butane sulfonyl chloride, benzene sulfonyl
      chloride, toluene sulfonyl chloride, chlorobenzene sulfonyl chloride.
PAR  The unalkylated yellow to scarlet dyes produced at step 5 of the above
      process have the generic structure:
      ##SPC5##
PAL  while the alkylated yellow to scarlet dyes produced at step 6 of the above
      process have the generic structure:
      ##SPC6##
PAL  and the esterified yellow to scarlet dyes produced at step 7 of the above
      process have the generic structure:
      ##SPC7##
PAR  While the unalkylated dyes have desirable properties with respect to light
      and wash fastness, as well as dyeing, and economy of manufacture, they
      have the undesirable property of alkaline sensitivity, becoming redder or
      browner in hue upon contact with strongly alkaline reagents such as sodium
      hydroxide, sodium carbonate and the like, and also dye the deep-dyeing
      polyamide fibers in brown or reddish-brown shades which change to yellow
      or orange upon contact with dilute acidic solutions.
PAR  This deficiency is absent in the alkylated and esterified dyes, and, in
      general, the light fastness of these new dyes is better than that of the
      unalkylated dyes.
PAR  A preferred intermediate which is commercially available may be utilized to
      prepare a particularly valuable group of dyes of this invention. This is
      4-aminoazobenzene-3,4'-disulfonic acid having the structure:
      ##SPC8##
PAR  It can be used directly at step 4 of the preparative sequence given above.
      By diazotization, coupling with a suitable hydroxy benzene, and optionally
      alkylating or esterifying, dyes of the generic structure:
      ##SPC9##
PAL  can be readily and economically produced which have outstanding properties.
PAR  The new dyes are usually produced as alkali metal salts of the sulfonic
      acids which can be used as such or converted to the free sulfonic acids by
      treatment with a strong inorganic acid and filtering. The free sulfonic
      acids can also be converted to various salts such as --Na, --K, Li, or
      --NH.sub.4 by neutralization with a suitable hydroxide, carbonate,
      bicarbonate or ammonia.
PAR  The new compounds are useful as lightfast dyes for polyamides imparting
      reddish-yellow to yellowish-red hues. When applied to fibers or fabrics
      composed of two or more different types of polyamides which have differing
      dyeing characteristics -- for example composite nylon yarns or textiles
      composed of regular nylon, deep dyeing nylon, ultradeep dyeing nylon,
      light dyeing (or "resist") nylon and cationic dyeable nylon, the dyes can
      be used to produce striking color contrasts between the different type
      fibers of a given composite by controlling the pH of the dye bath from
      which the dye is applied. Also, the dyes of this invention may be applied
      simultaneously with dyes of other types such as disperse, modified basic,
      or neutral-dyeing acid dyes, to give still other hue and contrast
      variants. In general, the dyes of this invention dye the deeper-dyeing
      nylons well at all usual pH values, e.g. from pH 2-11; however, at pH
      values above about 7 they do not dye regular, light dyeing or cationic
      dyeable nylon appreciably and at pH 9+ do not dye these components at all.
PAR  When the compounds of this invention are applied to a composite yarn or
      textile containing nylon 6 fibers and nylon 66 fibers, good differential
      dyeing is obtained between the nylon 6 and nylon 66 fibers, different
      depth of shade between the two types of nylon being obtained. The ratio of
      depth of shade between the two types of nylon, and the extent of
      exhaustion of the dyebath are dependent upon the pH value of the dyebath.
PAR  In general, degree of exhaustion decreases with increase in pH, and regular
      or light-dyeing nylon 6,6 is dyed in lighter shades or may even be undyed,
      while the more receptive components are deeply colored thus producing
      contrasts.
PAR  The new compounds are compatible with a wide variety of other dyes for
      polyamides when applied simultaneously from a common bath and, in general,
      they are not readily blocked by other dyes.
DETD
PAR  The following examples will serve to illustrate the preparation and use of
      the dyes of this invention. In these examples, parts and percentages are
      by weight and temperatures are in degrees centigrade, unless otherwise
      stated.
PAC  EXAMPLE 1
PAR  4-Aminoazobenzene-3,4'-disulfonic acid (35.7 parts) dissolved in 100 parts
      of water at pH 7.5 was cooled to 0.degree. with ice, treated with 29 parts
      of concentrated hydrochloric acid and diazotized by addition of 7 parts of
      sodium nitrite as a concentrated aqueous solution at 0.degree.. The
      resultant slurry of diazonium salt was added to 9.4 parts of phenol
      dissolved in 50 parts of water, 4 parts of sodium hydroxide, 20 parts of
      sodium carbonate, and ice to lower the temperature to 0.degree.. After
      stirring for one hour the deeply colored solution was treated with sodium
      chloride (20% by weight based on volume of solution) and the brown
      precipitate was filtered and dried. It is a dark brown water-soluble solid
      which dyes nylon and other natural and synthetic polyamide fibers from
      weakly acidic aqueous dyebaths in reddish-yellow shades. The dyeings have
      very good fastness to light and washing. It dyes deep-dyeing nylon from
      neutral to alkaline baths in brown shades. These dyeings change to
      reddish-yellow when contacted with dilute acid solutions. Regular nylon 66
      is only slightly stained by this dye in neutral or alkaline baths, while
      "resist" and cationic-dyeable nylon are completely undyed. It has the
      structure:
      ##SPC10##
PAR  In the foregoing example the phenol was replaced with other phenolic
      coupling components listed in the following table and yielded dyes having
      slight shade changes but otherwise similar properties to that produced in
      Example 1.
     Example           Coupling Component                                      

     No.                                                                       

     ______________________________________                                    

     2                 o-Cresol                                                

     3                 m-Cresol                                                

     4                 p-Cresol                                                

     5                 3-Methoxyphenol                                         

     6                 4-Methoxyphenol                                         

     7                 2-Chlorophenol                                          

     8                 4-tert Butylphenol                                      

     9                 2-sec. Amylphenol                                       

     10                4-Octylphenol                                           

     11                2,6-Dimethylphenol                                      

     12                2-Methyl-6-tert. Butylphenol                            

     13                2-Phenyl-phenol                                         

     14                3,5-Dimethylphenol                                      

     ______________________________________                                    

PAC  EXAMPLE 15
PAR  The dye produced in Example 1 (25.3 parts) was dissolved in 400 parts of
      water with 4 parts sodium hydroxide, heated to 80.degree. and treated
      during 45 minutes with 50 parts of diethyl sulfate keeping the pH above
      11.5 by addition of further amounts of sodium hydroxide solution. The
      solution changed from dark brown to reddish-yellow color. Addition of salt
      (20% based on volume) and cooling to 70.degree. gave crystalline
      precipitate which was filtered and dried. It is an orange colored solid
      which is highly water soluble and dyes nylon and other polyamide fibers in
      bright reddish-yellow shades from weakly acid baths. It dyes deep-dying
      nylon from neutral to alkaline baths in the same reddish-yellow shades
      while leaving other types of nylon in the same alkaline or neutral baths
      relatively slightly stained or unstained. The dyeings have exceptionally
      good fastness to light, excellent wash fastness, and are not changed in
      shade upon treatment with acidic or alkaline solutions. This dye has the
      structure:
      ##SPC11##
PAL  It may be converted to the free disulfonic acid by treatment with mineral
      acid in the cold and filtration; the free acid may in turn be converted to
      the potassium, lithium, or ammonium salts by treatment with potassium
      carbonate, potassium hydroxide, lithium carbonate, or ammonia,
      respectively.
PAR  In Example 15, replacement of the phenol with substituted phenolic coupling
      components listed in the following table yielded new dyes having similar
      properties.
TBL  ______________________________________                                    

     Example No.   Coupling Component                                          

     ______________________________________                                    

     16            o-Cresol                                                    

     17            m-Cresol                                                    

     18            p-Cresol                                                    

     19            3-Methoxyphenol                                             

     20            4-Methoxyphenol                                             

     21            2-Chlorophenol                                              

     22            4-tert.-Butylphenol                                         

     23            2-sec.-Amylphenol                                           

     24            4-Octylphenol                                               

     25            2,6-Dimethylphenol                                          

     26            2-Methyl-6-tert.-Butylphenol                                

     27            2-Phenylphenol                                              

     28            3,5-Dimethylphenol                                          

     ______________________________________                                    

PAC  EXAMPLE 29
PAR  The dye produced in Example 1 (12.6 parts) was dissolved in 90 parts of
      water with 5 parts of sodium carbonate, heated to 80.degree. and treated
      with 6 parts of para-chlorobenzene sulfonylchloride during 5 minutes.
      After 20 minutes 20% (based on volume) of salt was added, the mixture was
      cooled to 30.degree. and the crystalline precipitate was filtered and
      dried.
PAR  It is a water-soluble brown solid which dyes nylon and other natural and
      synthetic polyamide fibers from weakly acidic aqueous dyebaths in
      reddish-yellow shades having good fastness to light and washing. It dyes
      deep-dyeing nylon from neutral to alkaline baths in reddish-yellow shades
      while leaving other types of nylon in the same baths relatively slightly
      stained or unstained.
PAR  In Example 29, while otherwise proceeding as described but using the
      coupling components and sulfonyl chlorides listed in the following table
      as Examples 30-44 new dyes having similar properties were prepared.
TBL  __________________________________________________________________________

     Example No.                                                               

             Diazo Component                                                   

                         Coupling Component                                    

                                    Sulfonyl chloride                          

     __________________________________________________________________________

     30.     4-Aminoazobenzene-                                                

             3,4'-disulfonic acid                                              

                         Phenol     Methane                                    

     31.     "           Phenol     Benzene                                    

     32.     "           Phenol     p-Toluene                                  

     33.     "           m-Cresol   Methane                                    

     34.     "           m-Cresol   Benzene                                    

     35.     "           m-Cresol   p-Toluene                                  

     36.     "           m-Cresol   p-Chlorobenzene                            

     37.     "           3,5-Xylenol                                           

                                    Methane                                    

     38.     "           3,5-Xylenol                                           

                                    Benzene                                    

     39.     "           3,5-Xylenol                                           

                                    p-Toluene                                  

     40.     "           3,5-Xylenol                                           

                                    p-chlorobenzene                            

     41.     "           o-Phenylphenol                                        

                                    Methane                                    

     42.     "           o-Phenylphenol                                        

                                    Benzene                                    

     43.     "           o-Phenylphenol                                        

                                    p-Toluene                                  

     44.     "           o-Phenylphenol                                        

                                    p-Chlorobenzene                            

     __________________________________________________________________________

PAC  EXAMPLES 45-48
PAR  In example 15, while otherwise proceeding as described, the
      4-Aminoazobenzene-3,4'-disulfonic acid was replaced with 4-Amino-2-methyl
      azobenzene-3,4'-disulfonic acid, coupled with the coupling components
      listed below and the resultant dyes alkylated with the reagents listed to
      produce new dyes having similar properties to those of the dye of Example
      15.
TBL  ______________________________________                                    

     Example No.                                                               

                Coupling Component                                             

                                Alkylating Agent                               

     ______________________________________                                    

     45.        Phenol          Dimethyl Sulfate                               

     46.        Phenol          Diethyl Sulfate                                

     47.        o-sec.-Butylphenol                                             

                                Diethyl Sulfate                                

     48.        3,5-Dimethylphenol                                             

                                Diethyl Sulfate                                

     ______________________________________                                    

PAC  EXAMPLE 49
PAR  Aniline-2,5-disulfonic acid (25.3 parts) was diazotized and coupled with
      13.7 parts of Cresidine at pH 3-3.5. The resultant monoazo intermediate
      was rediazotized at 40.degree., the diazonium salt solution treated at
      0.degree. with 10.8 parts of o-Cresol as 90% solution and sufficient
      sodium carbonate to raise the pH to 9 giving a dark solution of the dye
      having the structure:
      ##SPC12##
PAL  Salting the solution with 20% sodium chloride (based on volume), filtering
      the resultant precipitate and drying gave 56 parts of a dark brown colored
      water-soluble solid which dyes nylon and other natural and synthetic
      polyamide fibers from weakly acidic aqueous dye-baths in orange shades
      having good fastness to light and washing. It dyes deep-dyeing nylon from
      neutral to alkaline baths in brown shades which change to orange when
      contacted with dilute acid solutions. Regular nylon 66 is only slightly
      stained by this dye in neutral or alkaline baths, while resist and
      cationic dyeable nylon are completely undyed.
PAR  Dyes having similar dyeing and fastness properties and the shades on nylon
      listed were prepared using the intermediates listed in the following
      table:
TBL  Example                                                                   

          Diazo    First Coupling                                              

                            Second Coupling                                    

                                      Shade on Nylon                           

     No.  Component                                                            

                   Component                                                   

                            Component from Acidic Bath                         

     __________________________________________________________________________

     50.  Aniline-2,5-                                                         

                   2,5-Dimethoxy-                                              

                            Phenol    yellowish-red                            

          disulfonic acid                                                      

                   aniline                                                     

     51.  "        m-Toluidine                                                 

                            Phenol    yellow                                   

     52.  "        Aniline  Phenol    yellow                                   

     53.  "        0-Anisidine                                                 

                            Phenol    reddish-yellow                           

     __________________________________________________________________________

PAC  EXAMPLE 54
PAR  The dye of Example 49 when treated at pH about 11 with excess dimethyl
      sulfate in aqueous solution at 20.degree.-40.degree. gave the dye having
      the structure:
      ##SPC13##
PAL  which dyes nylon and other polyamide fibers from weakly acidic baths orange
      shades having excellent fastness to light and washing. It also dyes
      deep-dyeing nylon in bright orange shades from neutral to weakly alkaline
      aqueous baths while leaving resist, regular, and cationic-dyeable nylon
      nearly unstained in the same baths.
PAR  Dyes having similar dyeing and fastness properties and the shades listed on
      nylon were prepared using the intermediates listed in the following table.
TBL  __________________________________________________________________________

     Example                                                                   

          Diazo    First Coupling                                              

                            Second Coupling                                    

                                      Alkylating or                            

                                                 Shade                         

     No.  Component                                                            

                   Component                                                   

                            Component Esterifying Agent                        

                                                 on Nylon                      

     __________________________________________________________________________

     55.  Aniline-2,5-                                                         

                   Cresidine                                                   

                            o-Cresol  Diethyl Sulfate                          

                                                 orange                        

          disulfonic acid                                                      

     56.  "        Cresidine                                                   

                            o-Cresol  p-Toluene                                

                                      Sulfonyl Chloride                        

                                                 orange                        

     57.  "        2,5-Dimethoxy-                                              

                            Phenol    Dimethyl Sulfate                         

                                                 yellowish-                    

                   aniline                       red                           

     58.  "        "        Phenol    Diethyl Sulfate                          

                                                 "                             

     59.  "        "        Phenol    p-Toluene  "                             

                                      Sulfonyl Chloride                        

     60.  "        m-Toluidine                                                 

                            Phenol    Dimethyl Sulfate                         

                                                 yellow                        

     61.  "        m-Toluidine                                                 

                            Phenol    Diethyl Sulfate                          

                                                 yellow                        

     62.  "        m-Toluidine                                                 

                            Phenol    p-Toluene  yellow                        

                                      Sulfonyl Chloride                        

     63.  "        Aniline  Phenol    Dimethyl Sulfate                         

                                                 yellow                        

     64.  "        Aniline  Phenol    Diethyl Sulfate                          

                                                 yellow                        

     65.  "        Aniline  Phenol    p-Toluene  yellow                        

                                      Sulfonyl Chloride                        

     66.  "        o-Anisidine                                                 

                            Phenol    Dimethyl Sulfate                         

                                                 reddish-                      

                                                 yellow                        

     67.  "        o-Anisidine                                                 

                            Phenol    Diethyl Sulfate                          

                                                 "                             

     68.  "        o-Anisidine                                                 

                            Phenol    p-Toluene  "                             

                                      Sulfonyl Chloride                        

     __________________________________________________________________________

PAC  EXAMPLE 69
PAR  The dye of Example 1 when treated at pH above 11 with excess dimethyl
      sulfate in aqueous solution at 20.degree.-40.degree. gave the dye having
      the structure:
      ##SPC14##
PAL  which has properties very similar to those of the dye of Example 15.
PAR  Many structurally related disazo dyes for nylon that have but a single
      sulfonic group are now known; however, the monosulfonic dyes will not give
      the striking true contrasts when applied to differential dyeing nylon
      textiles provided by the disulfonic disazo dyes of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound having the structure:
      ##SPC15##
PAL  wherein M is H, Na, K, Li and NH.sub.4 ; and R.sub.7 is lower alkyl.
NUM  2.
PAR  2. A compound, according to claim 1, wherein M is Na and R.sub.7 is
      --C.sub.2 H.sub.5.
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ABST
PAL  Hydrosoluble, cationic, azo dyes of the formula:
      ##SPC1##
PAL  Wherein:
PA1  R is an alkyl or aralkyl group;
PA1  R' is an alkyl group having from 1 to 4 carbon atoms;
PA1  R" is H, an alkyl group having from 1 to 4 carbon atoms or a halogen;
PA1  R'" is an alkyl group having from 1 to 4 carbon atoms or a C.sub.1 -C.sub.4
      alkyl group substituted by a halogen, cyano, hydroxy, alkoxy or acyloxy
      group;
PA1  Y is a cyano, amido, acyloxy or carboalkoxy group; and
PA1  X is an anion, are obtained by:
PA1  A. diazotizing a 2-amino-6-alkoxybenzothiazole of the formula (II):
      ##SPC2##
PA1  b. coupling the resultant diazo compound in an acid solution with a
      tertiary amine of the formula (III):
      ##SPC3##
PAL  wherein R', R", R'" and Y are as defined above; and
PA1  C. quaternizing the resultant dye.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 203,861, filed 12/1/71, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The present invention relates to dyes, and in particular, to hydrosoluble,
      monoazoic, cationic dyes.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there are provided a class of hydrosoluble,
      cationic, azo dyes which do not contain any sulfonic or carboxylic acid
      groups, and which have the formula:
      ##SPC4##
PAL  Wherein:
PA1  R is an alkyl or aralkyl group;
PA1  R' is an alkyl group having from 1 to 4 carbon atoms;
PA1  R" is H, an alkyl group having from 1 to 4 carbon atoms, or a halogen;
PA1  R'" is an alkyl group having from 1 to 4 carbon atoms, or a C.sub.1
      -C.sub.4 alkyl group substituted by a halogen, cyano, hydroxy, alkoxy or
      acyloxy group;
PA1  Y is a cyano, amido, acyloxy or carboalkoxy group; and
PA1  X is the anion of a mineral acid, such as: chloride, bromide, iodide,
      phosphate or sulfate anion or the anion of a complex acid of a metal
      halogen, such as: the trichloro-zincate anion, or the anion of an organic
      acid, such as: an alkyl-sulfate or an arylsulfonate anion.
PAR  The dyes of formula (I) are particularly advantageous because of their high
      dyeing power and because, as a result thereof, they lead the obtention of
      a very high intensity of coloring in polyacrylonitrile fibers, with
      excellent general fastness characteristics. It is known, with respect to
      polyacrylonitrile fibers, that one of the basic characteristics required
      for cationic dyes is a high saturation index for the acid radicals of said
      fibers, and that without such a high index it is impossible to obtain deep
      shades.
PAR  Moreover, it is also known that in order to obtain navy blue shades it is,
      in general, necessary to use mixtures of two or more such dyes, which
      sometimes gives rise to considerable tinctorial difficulties, since it is
      necessary to have available mixtures of dyes having the same dyeing rate.
PAR  By using the dyes of formula (I), with their high saturation index, it is
      possible to achieve uniform navy blue dyeings on polyacrylonitrile fibers,
      which are superior to those obtainable with known dyes having an analogous
      structure, wherein the tertiary nitrogen atom has two saturated alkyl
      chains which may also be substituted. Dyeings using the present dyes are
      also superior to those obtained with analogous dyes wherein Y is H or
      those having unsaturated chains, or substituted chains, with a lesser
      number of carbon atoms, which dyes have a lower saturation index than the
      present dyes.
PAR  Finally, with the present dyes, substantial improvement in the fastness to
      moisture is obtained as compared with the known dyes.
PAR  The new dyes of the formula (I) are prepared by a process comprising the
      steps of:
PAR  a. diazotizing a 2-amino-6-alkoxybenzothiazole of the formula (II):
      ##SPC5##
PAL  according to conventional methods, for example, the method disclosed in
      Houben-Weyl: Methoden der organischen Chemie -- vol. X3 (1965);
PAR  b. coupling, in an acid solution, the thus obtained diazo compound with a
      tertiary amine of the formula (III):
      ##SPC6##
PAL  wherein R', R", R'" and Y are as defined above; and
PAR  c. quaternizing the resultant dye. To effect the quaternization, the
      obtained dye is dried, then dissolved in an inert organic solvent and
      alkylated with a known alkylating agent. Among the alkylating agents which
      may be used, there are methyl bromide or iodide, ethyl bromide or iodide,
      propyl bromide or iodide, benzyl chloride or bromide, chloroacetamide,
      .beta.-chloropropionamide, .beta.-chloropropiontrile, dimethyl or diethyl
      sulfate, methyl benzenesulfonate and methyl-, ethyl-, or
      propyl-p-toluensulfonate. Dimethyl or diethyl sulfate and
      methyl-p-toluensulfonate are the preferred alkylating agents. Generally,
      the alkylating agent is used in an excess with respect to the dye.
PAR  The inert organic solvents used in the alkylation step are the aromatic
      hydrocarbons, and halogenated and nitrated aromatic hydrocarbons, such as
      toluene, xylenes, chlorobenzene, o-dichlorobenzene and nitrobenzene; and
      the aliphatic hydrocarbons, and halogenated aromatic hydrocarbons, such as
      chloroform, carbon tetrachloride, tetrachloroethylene and
      tetrachloroethane.
PAR  Water miscible solvents such as dimethylformamide, dimethylsulfoxide,
      tetrahydrofurane, dioxane, acetone and methylethylketone may also be used
      as the solvent; and in some cases, the alkylating agent itself may be used
      in excess as the solvent.
PAR  In general, the choice of the solvent will depend on the solubility and the
      structure of the azoic dye.
PAR  Generally, the alkylation is carried out at high temperature and possibly
      under pressure, although the limits of these parameters must be compatible
      with the stability of the obtained quaternary dye. The course of the
      alkylation is usually monitored by means of thin layer chromatography, and
      the reaction is continued until the chromatogram no longer contains the
      band corresponding to the non-alkylated dye.
PAR  The cationic dye is generally separated by simple filtration of the final
      alkylation mass in which the dye is an insoluble or slightly soluble
      precipitate. When separation proves impossible or in any way difficult, it
      is sufficient to eliminate the solvent either under reduced pressure or by
      steam distillation.
PAR  The purification of the dyes is effected by simple washing with suitable
      solvents or by dissolution in water to eliminate the insoluble impurities
      by filtering. The dyes may then be isolated by adding suitable salts, such
      as sodium chloride or zinc chloride to aqueous solutions thereof.
PAR  The novel dyes of the invention may be used for the dyeing and printing of
      cellulosic fibers mordanted with tannin, silk, leather or synthetic fibers
      such as cellulose acetate, fibers based on modified acid polyesters or
      vinylidene polycyanide, but most of all, synthetic fibers based on
      acrylonitrile polymers and copolymers, which are referred to herein as
      polyacrylonitrile fibers. This term is to be understood as referring to
      polymers containing more than 80% of polyacrylonitrile. Such fibers are
      marketed under the various tradenames, e.g., "Leacril 16" (Chatillon),
      "Euroacryl" (Anic), "Velicren" (Snia Viscosa), "Dralon" (Bayer),
      "Courtelle" (Courtaulds), "Zefran" (Dow Chemical), "Dynel" (Union
      Carbide), "Vonnel" (Mitsubishi), etc.
PAR  The dyeings obtained on such fibers are very uniform and are very intense.
      Moreover, they are distinguished by their excellent fastness to light,
      washing, perspiration, fulling, overdyeing, decatizing, potting, solvents,
      sublimation and fretting or rubbing. The hues which are obtainable vary
      from green blue to navy blue.
PAR  The dyes are insensible to variations in the pH of the dye bath and they
      may be applied as well in an only slightly acid bath or in a strongly
      acidic bath. In general the dyeing is carried out at a pH ranging from 4
      to 5, and at the boiling temperature (100.degree.C) of the bath. Under
      normal dyeing conditions, wool and cotton remain completely unaltered.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The examples which follow illustrate the present invention without thereby
      limiting its scope in any way. Parts and percentages are to be understood
      as expressed in percent by weight, except where otherwise indicated.
PAC  EXAMPLE 1
PAR  a. A solution of nitrosylsulfuric acid was prepared by dissolving 1.55
      parts of sodium nitrite in 33 parts of 95% sulfuric acid. To this
      solution, under stirring, there were added 20 parts of a mixture of acetic
      and propionic acids (5:1) at a temperature below 8.degree.C, and,
      immediately thereafter, during about 30 minutes, there was added a
      solution of 3.65 parts of 2-amino-6-methoxybenzothiazole in 20 parts of a
      mixture of acetic and propionic acids (5:1) at a temperature between
      0.degree. and 4.degree.C. The reaction mixture thus obtained was kept
      under stirring for 2 hours at a temperature between 0.degree. and
      3.degree.C. Thereafter, 0.5 part of urea was added in order to destroy the
      excess nitrosylsulfuric acid.
PAR  b. The diazo solution thus obtained was rapidly added under stirring to a
      coupling solution prepared beforehand, in the following way:
PAR  4.3 parts of N-ethyl-N-(4-cyanobutene-2-yl)m-toluidine were dissolved under
      stirring in 80 parts of 10% sulfuric acid at room temperature, and after
      10 minutes, the solution was clarified with carbon or decolorizing earth.
      Thereupon, a quantity of ground ice was added to the solution in an amount
      sufficient for maintaining the temperature below 5.degree.C.
PAR  This coupling mass was then stirred for 2 hours and then diluted with 400
      parts of water. The mass was then stirred for 1 hour, after which the
      precipitated dye was filtered by washing the cake until reaching a neutral
      reaction to Congo Red. The filtered dye was then dried in an oven, under
      vacuum at 50.degree.C. Thereby were obtained 7.5 parts of a
      non-quaternized dye in the form of a red-brown powder, soluble in organic
      solvents, and having the following structure:
      ##SPC7##
PAR  c. For the transformation into the quaternized product, 7.5 parts of the
      dye and 80 parts of toluene (at 110.degree.C) were heated to the boiling
      point, with care being taken to eliminate all possible traces of water by
      distilling off 10 parts of the toluene. Then the coupling mass was cooled
      to 80.degree.C and 4.7 parts of dimethyl sulfate were then rapidly added
      thereto with stirring. The mass was then cooled to room temperature, the
      precipitate was filtered, washed with 40 parts of toluene and taken up
      with 50 parts of ethyl acetate. It was then filtered and washed again with
      20 parts of ethyl acetate and finally dried at 50.degree.C.
PAR  Thereby there were obtained 9.4 parts of a blackish blue powdery dye which
      dissolved in water with a blue hue. The quaternized dye had the following
      formula:
      ##SPC8##
PAL  The obtained dye is sufficiently pure to be used for dyeing. For this
      purpose, 1 part of dye is kneaded together with 2 parts of 50% acetic
      acid, and the mixture is then dissolved in warm water up to a total volume
      of 5 liters. To the dye bath was then added 1 part of crystallized sodium
      acetate and then there were introduced, at a temperature of 60.degree.C,
      100 g of previously purified polyacrylonitrile yarn. Then the dye bath was
      very slowly brought up to 100.degree.C and the yarn was dyed at the
      boiling temperature for 1 hour. The bath was then slowly cooled to
      60.degree.C, the yarn was rinsed with water, soaped at 70.degree.C for 10
      minutes with an 0.1% anionic detergent solution, then rinsed with water
      and finally dried.
PAR  The dye thus obtained was of pure blue hue, displaying excellent
      characteristics of fastness to light, sublimation, and to wet treatments
      and resistance to solvents.
PAR  With dyes of a higher concentration there was obtained a navy blue hue with
      a complete exhaustion of the bath.
PAR  The N-ethyl-N-(4-cyanobutene-2-yl)-m-toluidine is prepared according to
      known methods by condensing 1-chloro-4-cyano-2-butene (a known compound)
      and N-ethyl-m-toluidine, i.e:
      ##SPC9##
PAR  Into a 50 ml flask fitted with a reflux condenser, a stirrer and a
      therometer, were placed 4.05 g of N-ethyl-m-toluidine, 15 ml of xylol (a
      mixture of isomers with a b.p. ranging from 137.degree. to 140.degree.C),
      0.1 g of hydroquinone and 4.62 g of 1-chloro-4-cyano-butene-2-yl (excess)
      and 5.5 g of anhydrous K.sub.2 CO.sub.3. This mixture was kept under a
      nitrogen atmosphere. The mass was then heated under vigorous stirring, to
      about 110.degree.C and maintained at that temperature for 6 to 7 hours.
PAR  Thereafter the mass was left to cool to room temperature and then was
      filtered to eliminate the inorganic salts, by washing at the end with a
      small amount of xylol.
PAR  Thereafter, the xylol was eliminated by distillation at reduced pressure
      (15 mm Hg); the pressure was then further reduced (0.1 mm Hg) and the
      excess 1-chloro-4-cyano-butene-2-yl was eliminated. The residue may be
      used, as such, for the preparation of the dye. The yield was 75% with
      respect to the amine used.
PAC  EXAMPLE 2
PAR  Following the procedure described in Example 1, 3.9 parts of
      2-amino-6-ethoxybenzothiazole were first diazotized and then coupled with
      4.3 parts of N-ethyl-N-(4-cyano-butene-2-yl)m-toluidine. The obtained dye
      was quaternized with dimethyl sulfate. Thereby, 9.6 parts of the
      quaternized dye were obtained in the form of a bluish black powder that
      dissolved in water with a blue hue:
      ##SPC10##
PAR  This dye has tinctorial characteristics practically identical with those of
      the dye of Example 1. If an aqueous solution of the cationic dye is
      treated with sodium chloride or zinc chloride, one obtains the dye
      respectively in the form of the chloride or chlorozincate.
PAC  EXAMPLE 3
PAR  In 80 parts of toluene there were heated at the boiling point
      (110.degree.C) 7.5 parts of a dye obtained from 3.9 parts of
      2-amino-6-ethoxybenzothiazole and 4.1 parts of
      N-ethyl-N-(4-cyano-butene-2-yl)aniline, according to the process described
      in Example 1. The boiling toluene solution was then cooled to 80.degree.C
      and 5.7 parts of diethyl sulfate were rapidly added thereto, with
      stirring. The mass was thereupon heated to the boiling point
      (110.degree.C) for 4 hours, then cooled and further processed as described
      in Example 1.
PAR  Thereby there were obtained 10.0 parts of a black powdery cationic dye,
      soluble in H.sub.2 O with a blue hue:
      ##SPC11##
PAR  When this dye is applied to polyacrylonitrile yarn according to the
      procedure described in Example 1, one obtains a coloring of a greenish
      blue hue, displaying excellent resistance to light, sublimation, wet
      treatment and solvents.
PAC  EXAMPLE 4
PAR  3.65 parts of 2-amino-6-methoxybenzothiazole were diazotized according to
      the procedure described in Example 1. The diazo solution was then rapidly
      added, under stirring, to a solution of 5.0 parts of
      N-ethyl-N-(4-acetoxybutene-2-yl)m-toluene in 10 parts of acetic acid and
      300 parts of H.sub.2 O, clarified with active carbon. For the separation
      of the dye and the subsequent quaternization of same, the procedures
      described in Example 1 were followed.
PAR  Thereby there were obtained 10.2 parts of a dye in the form of a reddish
      black powder, soluble in H.sub.2 O with a reddish blue hue:
      ##SPC12##
PAR  When this dye is applied to polyacrylonitrile yarn according to Example 1,
      one obtains a reddish blue coloring showing excellent fastness to light
      and resistance to solvents and wet treatments.
PAC  EXAMPLE 5
PAR  The procedures set forth in Example 1 were repeated, except that
      methyl-p-toluenesulfonate at the boiling point (110.degree.C) was used
      instead of dimethyl sulfonate. Thus, there was obtained a dye of the
      formula:
      ##SPC13##
PAL  having the same characteristics as those of the dye of Example 1.
CLMS
STM  Having thus described our invention, what we desire to secure by Letters
      Patent and hereby claim is:
NUM  1.
PAR  1. A water soluble, azoic, cationic dye having the formula:
      ##SPC14##
PAL  wherein:
PA1  R is methyl or ethyl;
PA1  R' is alkyl having from 1 to 4 carbon atoms;
PA1  R" is hydrogen, alkyl having from 1 to 4 carbon atoms, or halogen;
PA1  R'" is alkyl having from 1 to 4 carbon atoms, or C.sub.1 -C.sub.4 alkyl
      substituted by a halogen, cyano or hydroxy;
PA1  Y is cyano or acetoxy; and
PA1  X is an anion.
NUM  2.
PAR  2. A dye according to claim 1 wherein X is the anion of a mineral acid, a
      complex acid of a metal halogen or an organic acid.
NUM  3.
PAR  3. A dye according to claim 2 wherein the anion of a mineral acid is
      chloride, bromide, iodide, phosphate or sulfate.
NUM  4.
PAR  4. A dye according to claim 2 wherein the anion of a complex acid of a
      metal halogen is trichloro-zincate.
NUM  5.
PAR  5. A dye according to claim 2 wherein the anion of an organic acid is an
      alkyl-sulfate or aryl-sulfonate.
NUM  6.
PAR  6. A dye according to claim 5 wherein the alkyl-sulfate is CH.sub.3
      SO.sub.4.sup.-  or C.sub.2 H.sub.5 SO.sub.n.sup.-  and the aryl-sulfonate
      is
      ##SPC15##
NUM  7.
PAR  7. A dye according to claim 1 which is
      ##SPC16##
      4.sup.-
NUM  8.
PAR  8. A dye according to claim 1 which is
      ##SPC17##
NUM  9.
PAR  9. A dye according to claim 1 which is
      ##SPC18##
NUM  10.
PAR  10. A dye according to claim 1 which is
      ##SPC19##
NUM  11.
PAR  11. A dye according to claim 1 which is
      ##SPC20##
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ABST
PAL  Disazo compounds of the formula
      ##SPC1##
PAL  In which R.sub.1 represents a sulphobenzene or sulphonaphthalene radical,
      B.sub.1, B.sub.2, E.sub.1 and E.sub.2 each represents a hydrogen atom, a
      low molecular alkyl or alkoxy radical, R.sub.2 represents a low molecular
      alkylene radical, X represents a functional radical, and --OR.sub.2 --X is
      in the ortho- or para-position to the azo bridge, and process for the
      preparation of these dyestuffs. These dyestuffs provide natural and
      synthetic polyamides, e.g. wool and nylon, with dyeings of excellent
      general fastness properties.
BSUM
PAR  The present invention relates to new disazo compounds which correspond to
      the general formula
      ##SPC2##
PAL  In which R.sub.1 represents a sulphobenzene or sulphonaphthalene radical,
      B.sub.1, B.sub.2, E.sub.1 and E.sub.2 each represent a hydrogen atom, a
      low molecular alkyl or alkoxy radical, R.sub.2 represents a low molecular
      alkylene radical, X represents a functional radical such, for example, as
      a halogen atom, a cyano, hydroxy, alkoxy, aryloxy, carboxy,
      alkoxycarbonal, acyl or acyloxy group, and --OR.sub.2 --X is in the ortho-
      or para-position to the azo bridge. In these compounds, R.sub.1 is
      advantageously a radical
      ##SPC3##
PAL  In which A represents a hydrogen or chlorine atom, a low molecular alkyl or
      alkoxy radical.
PAR  Particular interest attaches to disazo compounds of the formula (1) which
      contain in the molecule several, preferably altogether two to four, lower
      molecular alkyl or alkoxy groups. These groups are bonded in particular as
      substituents B.sub.1 and B.sub.2 to the intermediate component. By low
      molecular alkyl or alkoxy radicals are to be understood those which
      contain at most 4 carbon atoms, for example the n-butyl, n-propyl,
      isopropyl, ethyl and methyl groups, the corresponding butoxy and propoxy
      groups and above all, ethoxy and methoxy groups. The substituents E.sub.1
      and E.sub.2 are preferably hydrogen atoms. The alkylene radical R.sub.2
      may be straight-chain or branched. As examples there may be mentioned: the
      methylene, ethylene, n-propylene, 2-methylpropylene or butylene radical.
      However, alkylene radicals are to be understood here as meaning also
      unsaturated aliphatic radicals such, for example, as the vinylene radical
      (--CH=CH--) or the propylene radical (--CH=CH--CH.sub.2 --). Suitable
      alkylene radicals are preferably lower molecular radicals, that is to say
      radicals which contain approximately 1 to 4 carbon atoms, in particular
      the methylene radical (--CH.sub.2 --) and the ethylene radical (--CH.sub.2
      --CH.sub.2 --). The group --OR.sub.2 --X is preferably in the
      para-position to the azo bridge. As the functional radical X, the hydroxy
      group is to be particularly singled out for mention. Where X is an alkoxy
      group, this latter may also occur as an epoxy group, for example as a
      closed three-membered ring or in long-chain polymerised form. X may also
      be lower alkanoyloxy, lower alkanoyl, lower alkoxycarbonyl, 1,2-epoxyethyl
      or 2,3-epoxypropyl. The disazo compounds of the invention can be
      manufactured in known manner by diazotising a 1-aminobenzene-2,-3 or
      -4-sulphonic acid and coupling with an aminobenzene in the para-position
      such, for example, as 1-amino-2,5-dimethyl- or 2,5-dimethoxybenzene,
      1-amino-2-methyl- or -2-methoxybenzene or with an
      aminobenzene-N-methanesulphonic acid. In this latter case, the
      methanesulphonic acid is split off after the coupling by treating it with
      an alkali, the resulting aminomonoazo compound is subsequently diazotised
      and coupled with a coupling phenol in the ortho- or para-position and the
      phenolic HO group is etherified, for example with substituted
      alkylhalides, such as epichlorohydrin or chloroacetonitrile.
PAR  As examples of starting substances of the 1-aminobenzene-2-, -3- or
      -4-sulphonic acid series there may be cited:
PA1  1-amino-6-methoxybenzene-3- or -4-sulphonic acid
PA1  1-amino-6-methylbenzene-3- or -4-sulphonic acid
PA1  1-amino-6-chlorobenzene-4-sulphonic acid
PA1  1-aminobenzene-3- or -4-sulphonic acid
PA1  1-aminobenzene-2-sulphonic acid
PA1  1-amino-6-ethoxybenzene-3- or -4-sulphonic acid
PA1  1-amino-3,6-dichlorobenzene-4-sulphonic acid
PA1  1-amino-4-methylbenzene-2-sulphonic acid
PA1  1-amino-4-chlorobenzene-2-sulphonic acid and also
PA1  1-aminobenzene-2,5- or -2,4-disulphonic acid.
PAR  Suitable aminonaphthalenesulphonic acids are preferably di- and
      monosulphonic acids, such as 2-aminonaphthalene-4,8-disulphonic acid,
      1-aminonaphthalene-3,6-disulphonic acid and in particular, the .alpha.-
      and .beta.-naphthyl-aminomonosulphonic acids.
PAR  As coupling components for the first coupling there may be mentioned:
      aniline,
PA1  1-amino-2,5-dimethoxybenzene
PA1  1-amino-2-methoxy-5-methoxybenzene
PA1  1-amino-2-methoxybenzene
PA1  1-amino-2,5-diethoxybenzene
PA1  1-amino-2-methylbenzene
PA1  1-amino-2-ethoxybenzene
PA1  1-amino-2,5-dimethylbenzene
PA1  1-amino-2-propoxybenzene
PA1  1-amino-2,5-diethylbenzene.
PAR  Suitable phenolic coupling components are:
PA1  phenol,
PA1  resorcinol,
PA1  1-hydroxy-2- or -3-methoxybenzene
PA1  1-hydroxy-2- or -4-methoxybenzene
PA1  1-hydroxy-3- or -4-butoxybenzene
PA1  1-hydroxy-2-(1-methyl)ethyl-5-methylbenzene
PA1  1-hydroxy-2-(1-methyl)-propylbenzene
PA1  1-hydroxy-3,4-dimethoxybenzene
PA1  1-hydroxy-3-ethoxybenzene
PA1  1-hydroxy-4-(1-methyl)-propylbenzene
PA1  1-hydroxy-4-ethylbenzene
PA1  1-hydroxy-4-tert.-butylbenzene.
PAR  As etherifying agents, particular mention may be made of the alkyl halides
      containing a lower molecular substituted alkyl group;
PA1  ethylene chlorohydrin
PA1  1-chloro-2,3-epoxy-propane
PA1  ethylene bromohydrin
PA1  chloroacetonitrile
PA1  chloropropionitrile
PA1  bromoacetonitrile
PA1  chloroacetone
PA1  bromoacetone
PA1  1,2-dichloroethane
PA1  1,2-dichloroethylene
PA1  1,3-dichloropropane
PA1  propylene chlorohydrin
PA1  chlorodimethyl ether
PA1  .beta.-chlorodiethyl ether
PA1  chloromethyl-phenyl ether
PA1  chloroacetophenone
PA1  .beta.-chloropropionic acid
PA1  ethyl bromoacetate
PA1  ethyl chloroacetate
PA1  glycerine-1- or -2-chlorohydrin.
PAR  The compounds according to the invention are new. They can be used for
      dyeing materials of the most diverse kinds, but are particularly suitable
      for dyeing superpolyurethane and superpolyamide fibres, in particular
      nylon fibres. The dyeing is carried out by the usual methods, for example
      in aqueous, weakly acid to weakly alkaline bath.
PAR  The dyestuffs possess a very good build-up capacity. The dyeings obtained
      are distinguished by excellent fastness properties, and in particular by
      excellent fastness to washing and light.
PAR  The new dyestuffs can be used likewise for dyeing and printing textile
      materials of animal origin, such as leather, silk and especially wool.
PAR  The obtained dyeings are remarkable for the purity of their hues, the
      brilliance and strength of their shades, good fastness to alkali, light
      and wet processing, their levelness and migration properties, and also
      their good cover of streakiness.
PAR  Dyeing can also be carried out with the conjoint use of conventional
      assistants; and the dyed materials can be subjected to known forms of
      aftertreatment.
DETD
PAR  The following Examples illustrate the invention. Unless otherwise stated,
      the parts and percentages are by weight to parts by volume is the same as
      that of the gram to the litre.
PAC  EXAMPLE 1
PAR  44.2 Parts of the dry disazo dyestuff of the formula
      ##SPC4##
PAL  are stirred in 1500 parts of n-butyl alcohol. To the suspension are added
      106 parts of finely powered calcinated sodium carbonate and 48.0 parts of
      ethylene chlorohydrin. The reaction mixture is heated for 30 hours to
      100.degree.-110.degree.C while stirring thoroughly.
PAR  The mixture is then diluted with 1500 parts of water and the n-butyl
      alcohol is expelled with steam. The dyestuff is precipitated by adding 10
      vol. % of sodium chloride and filtered.
PAR  Amounts of unreacted dyestuff are thoroughly rinsed with sodium chloride
      solution which contains sodium carbonate.
PAR  In the dried state, the pure dyestuff is an orange brown powder which, in a
      neutral to weakly acid bath, dyes polyamide fibres in pure orange shades
      which are outstandingly fast to light.
PAC  EXAMPLE 2
PAR  39.5 Parts of the disazo dyestuff of the formula
      ##SPC5##
PAL  are stirred in 500 parts of ethyl alcohol and 200 parts of water. The
      homogeneous mixture is treated with 11 parts of sodium hydroxide solution
      (30%), 34 parts of calcinated sodium carbonate and 35 parts of ethylene
      chlorohydrin, and heated in an autoclave for 20 hours to
      108.degree.-112.degree.C.
PAR  The resulting reaction mixture is cooled, filtered and rinsed with sodium
      chloride solution which contains sodium carbonate.
PAR  In the dried state, the dyestuff is a yellow brown powder which, from a
      neutral to weakly acid bath, dyes polyamide fibres in reddish yellow
      shades which are very fast to light.
PAC  EXAMPLE 3
PAR  41.0 Parts of the dry disazo dyestuff of the formula
      ##SPC6##
PAL  are thoroughly stirred in 1500 parts of n-butyl alcohol. To the suspension
      are added 106 parts of finely powdered calcinated sodium carbonate and 55
      parts of 1-chloro-2,3-epoxypropane. The reaction mixture is heated to
      100.degree.-110.degree.C for 10 hours while stirring thoroughly. It is
      then diluted with water, and the butyl alcohol is expelled with steam.
PAR  The dyestuff is completely precipitated by adding sodium chloride, filtered
      and rinsed with sodium chloride solution which contains sodium carbonate.
PAR  In the dried state, the dyestuff is a yellow brown powder which, in a
      neutral to weakly acid bath, dyes polyamide fibres in yellowish orange
      shades which are very fast to light.
PAR  The following table lists the formulae of further disazo dyestuffs, which
      can be obtained according to the processes of Examples 1 to 3 and dye
      polyamide fibres in orange to red shades.
      ##SPC7##
PAR  Instead of a homogeneous etherifying agent, it is also possible to use
      mixtures of various etherifying agents. Likewise, it is possible to
      etherify stepwise and in succession with various etherifying agents in
      order to thereby obtain dyestuff mixtures possessing particular
      properties, for example in regard to solubility or shade. Thus, for
      example, the phenolic starting product can be reacted partially with
      ethylene chloride and subsequently the remainder of the starting product
      with glycerine-1-chlorohydrin. In this way, dyestuff mixtures are obtained
      which dye polyamide fibres in orange to red shades which are fast to
      light.
PAC  Dyeing Instruction
PAR  A polyamide fabric is introduced at 40.degree.C into a bath which contains
      2% of acetic acid (80%) and 2% of a levelling agent. The bath is left to
      stand for 10 minutes and then an aqueous solution of the dyestuff of
      Example 1 is added. The bath is brought to boiling temperature in the
      course of 30-45 minutes, and the material is dyed subsequently for a
      further 60-90 minutes at the boil. After the material has been washed and
      rinsed, a pure orange dyeing is obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A disazo compound of the formula
      ##SPC8##
      in which R.sub.1 is mono- or disulfonated phenyl or naphthyl which, in
      addition to said sulfo groups is further unsubstituted or substituted by
      chlorine, lower alkyl or lower alkoxy,
PA1  B.sub.1, b.sub.2, e.sub.1 and E.sub.2 each is hydrogen, lower alkyl or
      lower alkoxy,
PA1  R.sub.2 is low molecular alkylene, vinylene or propylene,
PA1  X is chloro hydroxyl cyano, lower alkoxy, phenoxy, carboxyl, lower
      alkanoyl, lower alkoxycarbonyl, benzoyl benzoyl, or 1,2 epoxyethyl or
      2,3-epoxypropyl, and -OR.sub.2 -X is in the ortho- or para-position to the
      azo bridge.
NUM  2.
PAR  2. A disazo compound according to claim 1, in which X has the formula
      --CO--R.sub.3, wherein R.sub.3 represents hydroxy, low molecular alkyl low
      molecular alkoxy or phenyl.
NUM  3.
PAR  3. A disazo compound according to claim 1, in which X has the formula
      --O--R.sub.4, wherein R.sub.4 represents hydrogen, low molecular alkyl or
      phenyl.
NUM  4.
PAR  4. A disazo compound according to claim 1 in which R.sub.1 corresponds to
      the formula
      ##SPC9##
PAL  wherein A represents hydrogen low molecular alkyl or low molecular alkoxy.
NUM  5.
PAR  5. A disazo compound according to claim 4, which contains 2 to 4 low
      molecular alkyl or low molecular alkoxy groups.
NUM  6.
PAR  6. A disazo compound according to claim 5, in which B.sub.1 and B.sub.2
      each represent methoxy or ethoxy.
NUM  7.
PAR  7. A disazo compound according to claim 6, in which E.sub.1 and E.sub.2 are
      hydrogen.
NUM  8.
PAR  8. A disazo compound according to claim 5 in which R.sub.2 represents
      methylene or ethylene.
NUM  9.
PAR  9. A disazo compound according to claim 8, in which X is hydroxy.
NUM  10.
PAR  10. The disazo compound according to claim 9 of the formula
      ##SPC10##
PATN
WKU  039323790
SRC  5
APN  3208486
APT  1
ART  117
APD  19730104
TTL  Water-soluble maroon and rubine sulphodiphenylazophenyl- or
      naphthylazoaniline dyes for polyamide fibers
ISD  19760113
NCL  4
ECL  1
EXP  Higel; Floyd D.
INVT
NAM  Brulard; Andre T.
CTY  Villerot
CNT  BE
ASSG
NAM  Althouse Tertre en abrege "Atsa" societe anonyme
CTY  Brussels
CNT  BE
COD  03
CLAS
OCL  260191
XCL  260177
XCL  260184
XCL  260186
XCL  260187
XCL  260196
XCL  260206
EDF  2
ICL  C09B 3104
ICL  C09B 3108
ICL  D06P  324
FSC  260
FSS  174;186;187;191
UREF
PNO  3092616
ISD  19630600
NAM  Gaetani
OCL  260186
UREF
PNO  3293240
ISD  19661200
NAM  Koike et al.
OCL  260186
UREF
PNO  3351580
ISD  19671100
NAM  Koike et al.
OCL  260160
UREF
PNO  3479332
ISD  19691100
NAM  Jirou et al.
OCL  260186
UREF
PNO  3485814
ISD  19691200
NAM  Speck
OCL  260186
UREF
PNO  3580901
ISD  19710500
NAM  Feeman
OCL  260191
LREP
FRM  Synnestvedt & Lechner
ABST
PAL  Compounds useful for imparting deep maroon and rubine shades to natural and
      synthetic polyamide fibers of the formula:
      ##SPC1##
PAL  In which:
PA1  A and B represent phenyl rings, a --SO.sub.3 H group being attached to one
      of said rings, to which other non solubilizing groups selected among lower
      alkyl or alkoxy, NO.sub.2 and halogen may be attached;
PA1  C represents a naphthyl group or a phenyl group, one or two lower alkyl or
      alkoxy groups being possibly attached to said phenyl ring;
PA1  D represents a phenyl ring;
PA1  R.sub.1 represents hydrogen or a lower alkyl radical which may be
      substituted by a cyano, hydroxy, acyloxy, halogeno or acyl group;
PA1  R.sub.2 represents a lower alkyl radical which may be substituted by a
      cyano, hydroxy, acyloxy, halogeno, sulfonic acid or phenyl radical, the
      phenyl radical being possibly substituted by a non ionogen or ionogen
      solubilizing group, and
PA1  R.sub.3 represents hydrogen, a halogen or a lower alkyl or alkoxy group.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to new valuable maroon and rubine water soluble
      disazo dyes for natural and synthetic polyamide fibers, such as nylon,
      silk or wool having the general structure:
      ##SPC2##
PAL  Wherein:
PA1  A and B represent phenyl rings, at least one of these rings being
      substituted by a --SO.sub.3 H group and possibly also by other non
      solubilizing groups selected among the lower alkyl and alkoxy groups
      containing 1 to 4 carbon atoms, NO.sub.2 and halogens;
PA1  C represents a group selected among the groups of the formulae:
      ##SPC3##
PAL  Wherein R.sub.4 and R.sub.5 which may be identical or different from each
      other represent hydrogen or a lower alkyl or alkoxy radical containing 1
      to 4 carbon atoms,
PA1  D represents a phenyl ring,
PA1  R.sub.1 represents hydrogen or a lower alkyl radical containing 1 to 4
      carbon atoms which may be substituted by a cyano, hydroxy, acyloxy, halo
      or aryl group;
PA1  R.sub.2 represents a lower alkyl radical containing 1 to 4 carbon atoms,
      which may be substituted by a cyano, hydroxy, acyloxy, halo, sulfonic acid
      or phenyl group, the latter being possibly substituted by a non ionogen or
      an ionogen solubilizing group, and
PA1  R.sub.3 represents hydrogen, a halogen or a lower alkyl or alkoxy radical
      containing 1 to 4 carbon atoms.
PAR  The new compounds of formula I may be prepared by a method comprising the
      following steps:
PAR  1. Diazotizing in the usual manner a
      4-amino-1,1'-diphenylamino-monosulfonic acid of the general formula
      ##SPC4##
PAL  In which A and B have the above meanings;
PAR  2. Coupling the obtained diazonium salt of the acid of formula II with
      1-naphthylamine or an aromatic amine of the general formula
      ##SPC5##
PAL  In which R.sub.4 and R.sub.5 have the above meanings;
PAR  3. Rediazotizing the obtained amino azo intermediate;
PAR  4. Coupling the obtained diazonium salt with a N-substituted mono or
      di-alkylamine derivative of the formula:
      ##SPC6##
PAL  In which R.sub.1, R.sub.2 and R.sub.3 have the above meanings.
PAR  When desirable, in order to increase the rate of the first coupling (step
      2), the aromatic amine of formula III may be first converted into its
      N-.omega.-methane sulfonic acid derivative by reaction with a
      formaldehyde-sodium bisulfite adduct, the coupling being then carried out
      at a weakly acidic to neutral pH, possibly in the presence of a buffer or
      a coupling accelerator.
PAR  After the coupling reaction, the methane-sulfonic radical may be easily
      removed by heating in alkaline solution to regenerate the diazotable free
      amino-monoazointermediate.
PAR  If desired, the monoazo intermediate may be isolated prior to the
      rediazotation (step 3) or possibly purified. Rediazotation may occur
      between 0.degree. and 50.degree.C in aqueous acidic solution of
      hydrochloric, sulfuric or phosphoric acid.
PAR  The final coupling (step 4) is preferably carried out in weakly acidic
      aqueous solution and the resulting disazo dyestuff isolated by filtration.
PAR  Suitable starting 4-amino-diphenylamino-monosulfonic acid derivatives of
      formula II include, for example, 4-amino-1,1'-diphenylamino-2-sulfonic
      acid, 4-amino-1,1'-diphenylamino-2'-methoxy-2-sulfonic acid,
      4-amino-1,1'-diphenylamino-4'-nitro-2'-sulfonic acid and
      4-amino-1,1'-diphenylamino-2'-nitro-4'-sulfonic acid.
PAR  Suitable coupling amines of the formula III may be, for example, 1
      naphthylamine, aniline, o- or m- toluidines, o- or m- anisidines or
      phenetidines, cresidine,2,3,2,5 or 2,6 dimethoxyanilines,
      3-amino-4-ethoxytoluene, o-propylaniline, etc. . . . In any case, the para
      position to the amino group must be unsubstituted.
PAR  The final N-substituted phenylamino coupling components of the general
      formula IV may be N-hydroxyethylaniline, N-dihydroxyethylaniline,
      m-chloraniline or toluidine, N-cyanoethylacetoxyethylaniline,
      N-isopropyl-hydroxyethylaniline, N-methyl-N-cyanoethyl-m-toluidine,
      N-ethyl-benzylaniline, N-ethyl-m-sulfo-benzylaniline,
      N-ethyl-N-(m-tolyl)-3-amino propane-sulfonic acid, N-benzyl-phenyl-3-amino
      propane sulfonic acid.
PAR  The new disazo dyes of the present invention have very good solubility in
      water, even when they have only one sulfonic acid group in the molecule,
      and this despite their sometimes high molecular weight.
PAR  In aqueous solution, they dye wool perfectly well, but are preferably
      useful for the dyeing of synthetic polyamide fibers. The monofulfonic acid
      dyes exhaust very well in neutral to weakly alkaline dyeing conditions. A
      somewhat lower pH is preferably used for the dyeing with the disulfonic
      acid derivatives.
PAR  Exhaust properties, covering barre, levelling, light and general fastnesses
      are extremely good. The very deep shades obtained, mainly in the maroon
      and rubine area, allow these dyes to be used in admixture with other
      colors to produce, for example on nylon, black shades of very high
      intensity and quality.
DETD
PAR  The following examples will serve to illustrate the invention in respect of
      the preparation and use of the dyes. Unless otherwise indicated, parts and
      percentages are by weight and temperatures are in degrees centigrade.
PAC  EXAMPLES
PAC  EXAMPLE 1
PAR  A slightly alkaline solution of 30.9 parts of 4
      -amino-1,1'-diphenylamino-4'-nitro-2'-sulfonic acid and 7.1 parts of
      sodium nitrite in 250 parts of water was filtered to eliminate some
      impurities and then poured with good stirring into a mixture of 35 parts
      of concentrated hydrochloric acid and 125 parts of water and ice.
      Temperature: 15.degree..
PAR  Meanwhile, 15.4 parts of 2,5-dimethoxyaniline were dissolved in 75 parts of
      water and 15 parts of concentrated HCl. This solution was added to the
      diazonium salt slurry, and the pH of the mixture was slowly raised to 3.5
      by adding diluted sodium hydroxide solution.
PAR  When coupling was complete, the amino-monoazo compound was filtered. It was
      then dissolved in 600 parts of water and alkali at a pH of about 8.
PAR  To this clarified solution, 9 parts of NaNO.sub.2 were added, followed by
      rapid pouring of 40 parts of concentrated HCl. After 2 hours stirring, the
      temperature was reduced with a little ice and the excess of nitrous ions
      of the obtained diazonium salt was removed by adding some sulfamic acid.
PAR  A warm hydrochloric acid solution of 16.4 parts of N-dihydroxyethylaniline
      in 65 parts of water was then added to the diazonium salt and the pH of
      the mixture was raised to 5 by addition of 12 g of sodium acetate. After
      10 hours of stirring at room temperature, the coupling was complete and
      the disazo dye was separated by filtration.
PAR  Impurities were removed by dissolving and reprecipitating the dyestuff in
      hot water.
PAR  The dried dyestuff is a black powder which dyes polyamide fibers in neutral
      to alkaline baths in dark rubine shade of very good fastness to light and
      washing.
PAC  EXAMPLE 2
PAR  A solution of 30.9 parts of 4-amino-2'-nitro-1,1'-diphenylamino-4'-sulfonic
      acid was diazotized according to the process described in example 1, and
      to the slurry a warm solution of 14.2 parts of 1-naphthylamine in 150
      parts of water and 31 parts of diluted hydrochloric acid was added. The pH
      of the mixture was slowly raised to 4.5 by slow addition of caustic soda
      in solution; temperature was raised to 35.degree. after 5 hours. The so
      obtained suspension of amino monoazo compound was filtered and washed with
      hydrochloric acid to remove the eventual excess of 1-naphthylamine.
PAR  The cake was reslurried in 800 parts of water and 25.6 parts of a 30% NaOH
      solution were added to raise the pH to 11. After heating at 40.degree., 43
      parts of concentrated HCl were poured very rapidly followed by a slow
      addition of 8.2 parts of NaNO.sub.2 in aqueous solution.
PAR  After stirring during 1 hour, the diazo slurry was filtered and repasted in
      1,500 parts of cold water. After addition of 16.4 parts of
      N-dihydroxyethylaniline, the pH was raised to 5 by addition of 116 parts
      of crystallized sodium acetate. After several hours of stirring, the
      coupling was complete and the disazo maroon dye was filtered. It was
      purified by treating the paste with hot water and ethanol.
PAR  The rubine shade obtained by dyeing polyamide fibers in sodium mono
      phosphate bath is very dark and fast to light and washing.
PAR  Similar dyes dyeing in somewhat more acid dyeing conditions can be obtained
      when, for example, instead of N-dihydroxyethylaniline,
      N-ethyl-N-m-sulfobenzylaniline or N-ethyl-N-m-tolyl-3 amino propane
      sulfonic acid are used as second coupling component.
PAC  EXAMPLE 3
PAR  26.4 parts of 4-amino-1,1'-diphenylamino-2-sulfonic acid were diazotized
      according to the usual process at 0.5.degree. by means of 7 parts of
      NaNO.sub.2 in aqueous solution in the presence of HCl.
PAR  To the cold disazo suspension, a solution of 14.3 parts of 1-naphthylamine
      hydrochloride was added. The pH was then allowed to reach 3 by addition of
      24 parts of NaOH (30%). After 2 hours, the pH was dropped again to 1.5 by
      addition of hydrochloric acid; the slurry was heated and the aminoazo
      compound filtered.
PAR  After repasting in 1,000 parts of water and Na OH at a pH of 11 and a
      temperature of 40.degree., 43 parts of concentrated HCl were rapidly
      added, followed by a solution in water of 7.5 parts of NaNO.sub.2.
PAR  The filtered diazo compound was repasted in 700 parts of cold water and
      finally coupled with 16.4 parts of dihydroxyethylaniline. The obtained new
      disazo dye was filtered and dried.
PAR  This compound dyes nylon, silk and wool from neutral aqueous baths in very
      dark violet blue shade of excellent fastnesses.
PAC  EXAMPLES 4 to 11
PAR  In the following table are listed intermediates which were used to make
      other dyes of the general formula I. When prepared by methods simliar to
      those described in the first three examples, the dyes dye polyamide fibers
      in light- and wash-fast more or less bluish, maroon or rubine shades.
TBL                TABLE                                                       

     ______________________________________                                    

     Exam- Diazotable     First cou-  Second Cou-                              

     ple   4-amino-1-diphe-                                                    

                          pling com-  pling compo-                             

     number                                                                    

           nylamine deriva-                                                    

                          ponent      nent                                     

           tive                                                                

     ______________________________________                                    

     4     2'-nitro-4'-sulfo                                                   

                          o-anisidine N-benzyl hydro-                          

                                      xyethylaniline                           

     5     2'-nitro-4'-sulfo                                                   

                          1-naphthylamine                                      

                                      N-cyanoethylace-                         

                                      toxyethylanili-                          

                                      ne                                       

     6     2'-nitro-4'-sulfo                                                   

                          1-naphthylamine                                      

                                      N-ethyl-hy-                              

                                      droxyethyl-m-                            

                                      toluidine                                

     7     4'-nitro-2'-sulfo                                                   

                          2,5-dimethoxy-                                       

                                      N-dihydroxy-                             

                                      ethyl-m-chlor-                           

                                      aniline                                  

     8     4'-nitro-2'sulfo                                                    

                          p-cresidine N-dihydroxy-                             

                                      ethylaniline                             

     9     4'-nitro-2'-sulfo                                                   

                          1-naphthylamine                                      

                                      N-dihydroxy-                             

                                      ethyl-m-tolui-                           

                                      dine                                     

     10    2'-methoxy-2-sulfo                                                  

                          1-naphthylamine                                      

                                      N-dihydroxy-                             

                                      m-chloranili-                            

                                      ne                                       

     11    2'-methoxy-2-sulfo                                                  

                          1-naphthylamine                                      

                                      N-dihydroxy-                             

                                      ethylaniline                             

     ______________________________________                                    

CLMS
STM  What I claim is:
NUM  1.
PAR  1. A compound having the structure:
      ##SPC7##
PAL  wherein
PA1  R.sub.1 represents hydrogen alkyl having 1 to 4 carbon atoms, or alkyl
      having 1 to 4 carbon atoms substituted by cyano or hydroxy;
PA1  R.sub.2 represents alkyl having 1 to 4 carbon atoms, or alkyl having 1 to 4
      carbon atoms substituted by cyano, hydroxy, phenyl or phenyl substituted
      with a sulfonic acid group;
PA1  R.sub.3 represents hydrogen, alkyl having 1 to 4 carbon atoms, or alkoxy
      having 1 to 4 carbon atoms;
PA1  E represents:
      ##SPC8##
PAL  wherein R.sub.4 and R.sub.5 may be the same or different from each other
      and represent hydrogen, alkyl having 1 to 4 carbons or alkoxy having 1 to
      4 carbon atoms;
PA1  R.sub.6 represents hydrogen, alkyl having 1 to 4 carbon atoms, alkoxy
      having 1 to 4 carbon atoms, --NO.sub.2 or halogen;
PA1  R.sub.7 represents hydrogen, alkyl having 1 to 4 carbon atoms, alkoxy
      having 1 to 4 carbon atoms, --NO.sub.2 or halogen;
PA1  m represents the integers 0 and 1;
PA1  n represents the integers 0 and 1; and
PA1  m + n = 1.
NUM  2.
PAR  2. A compound according to claim 1 having the structure:
      ##SPC9##
NUM  3.
PAR  3. A compound according to claim 1 having the structure:
      ##SPC10##
NUM  4.
PAR  4. A compound according to claim 1 having the structure:
      ##SPC11##
PATN
WKU  039323803
SRC  5
APN  4397878
APT  1
ART  117
APD  19740205
TTL  Magenta image-providing phenylazo-naphthyl dyes
ISD  19760113
NCL  12
ECL  1
EXA  Doll; John J.
EXP  Higel; Floyd D.
INVT
NAM  Krutak, Sr.; James J.
CTY  Kingsport
STA  TN
INVT
NAM  Haase; Jan R.
CTY  Rochester
STA  NY
INVT
NAM  Landholm; Richard A.
CTY  Rochester
STA  NY
ASSG
NAM  Eastman Kodak Company
CTY  Rochester
STA  NY
COD  02
CLAS
OCL  260197
XCL   96  12
XCL   96  13
XCL   96  16
XCL   96  3
XCL   96 29R
XCL   96 55
XCL   96 66
XCL  260152
XCL  260156
XCL  260198
XCL  260199
XCL  260200
XCL  260201
XCL  260202
XCL  260456A
XCL  260543R
XCL  260556A
XCL  260556B
XCL  260556C
XCL  260559S
EDF  2
ICL  C09B 2910
ICL  C09B 2920
ICL  G03C  530
ICL  G03C  554
FSC  260
FSS  197;198;199;200;201;202
FSC   96
FSS  3
UREF
PNO  2706684
ISD  19550400
NAM  Graham et al.
XCL  260202
UREF
PNO  3148062
ISD  19640900
NAM  Whitmore et al.
OCL   96 55
UREF
PNO  3443939
ISD  19690500
NAM  Bloom et al.
OCL   96  3
UREF
PNO  3443940
ISD  19690500
NAM  Bloom et al.
OCL   96  3
UREF
PNO  3459548
ISD  19690800
NAM  Bloom et al.
OCL   96  3
UREF
PNO  3498785
ISD  19700300
NAM  Bloom et al.
OCL   96  3
UREF
PNO  3585028
ISD  19710600
NAM  Stephens
OCL   96  3
UREF
PNO  3628952
ISD  19711200
NAM  Puschel et al.
OCL   96  3
UREF
PNO  3709693
ISD  19730100
NAM  Bloom et al.
OCL   96118
UREF
PNO  3737316
ISD  19730600
NAM  Salminen et al.
OCL   96 56.6
UREF
PNO  3751406
ISD  19730800
NAM  Bloom
OCL  260162
LREP
FR2  Stern; Elliott
FR2  Reese, III; Daniel B.
ABST
PAL  A magenta image dye-providing compound having a formula as follows:
      ##SPC1##
PAL  Wherein:
PA1  Car represents a carrier moiety which, as a function of oxidation under
      alkaline conditions, releases a diffusible dye from said compound;
PA1  m and q each represent an integer having a value of 0 or 1;
PA1  X represents a bivalent linking group;
PA1  Z.sup.1 represents hydrogen or Z;
PA1  R.sup.1 represents hydrogen, an alkyl radical an alkoxy radical having 1 to
      about 4 carbon atoms, or halogen;
PA1  D represents cyano, sulfo, fluorosulfonyl, halogen, a --SO.sub.3 -- phenyl
      radical, or a phenylsulfonyl radical;
PA1  R represents hydrogen or an alkyl radical;
PA1  J represents a bivalent radical selected from sulfonyl or carbonyl;
PA1  Q is in the 5- or 8-position relative to G and represents hydroxy or an
      arylamino radical;
PA1  G represents hydroxy, a salt thereof, or a hydrolyzable acyloxy group;
PA1  r represents an integer having a value of 1 or 2;
PA1  Z represents cyano, trifluoromethyl, fluorosulfonyl, carboxy, a carboxylic
      acid ester, nitro in the 2- or 3-position relative to the azo linkage,
      fluoro, chloro or bromo, an alkylsulfonyl radical, a phenylsulfonyl
      radical, an alkylsulfonyl radical, a sulfamoyl radical, or a carbamoyl
      radical;
PA1  With the proviso that there be no more than one sulfo radical and no more
      than one carboxy radical present in said compound.
BSUM
PAR  This invention relates to the art of photography and more particularly, to
      color diffusion transfer photography employing magenta dye-providing
      compounds.
PAR  Color diffusion transfer processes generally involve the use of a
      photographic element comprising a support, at least one silver halide
      emulsion layer and an image dye-providing material which is contained in
      or contiguous to said layer. The image dye-providing material typically
      can be thought of as having the structure Car-Col wherein Col is a
      colorant such as a dye or a dye precursor and Car is an associated carrier
      or monitoring group which, as a function of alkaline processing, effects a
      substantial change in the diffusivity of at least the Col portion of the
      compound.
PAR  After exposure, a photographic element as described above is treated with
      an alkaline processing solution to effect imagewise discrimination in the
      element. As mentioned previously, the imagewise discrimination is
      generally brought about by the monitoring or carrier group which, in the
      presence of the alkaline processing solution, is responsible for a
      substantial change in the diffusivity of at least the dye portion of the
      dye-providing material. As is known in the art, the dye-providing material
      can be initially immobile or initially mobile in the processing solution.
      Upon alkaline processing of an initially immobile dye-providing material,
      a mobile dye can be released imagewise or the material can be imagewise
      rendered soluble and thus mobile. If the material is initially mobile, the
      processing solution typically renders the material insoluble (and thus
      immobile) in an imagewise fashion.
PAR  It is well known in the art to utilize image dye-providing materials in a
      photographic element wherein an imagewise exposed element can be contacted
      with an alkaline processing solution to effect an imagewise difference in
      mobility of at least a portion of the dye-providing material, i.e., to
      effect release of a dye or dye precursor, to render said compound
      insoluble or soluble. It is the particular carrier or monitoring group
      which determines what form the change in diffusivity (of at least the dye
      portion of the material) will take. In certain instances, an increase in
      solubility of a given compound can be accomplished by substantially
      reducing the molecular weight of the compound; see, for example, the
      disclosure in Gompf U.S. Pat. No. 3,698,897, issued Oct. 17, 1972, in
      Fleckenstein et al. U.S. Ser. No. 282,796, filed Aug. 22, 1972, and now
      abandoned, entitled PHOTOGRAPHIC SYSTEMS, and in Anderson et al. Ser. No.
      160,062, filed July 6, l971, entitled COLOR DIFFUSION TRANSFER PROCESSES,
      and now U.S. Pat. No. 3,725,062. Exemplary of systems wherein the
      dye-providing compound splits off a dye are those described in Whitmore
      U.S. Pat. No. 3,227,552, issued Jan. 4, 1966, and Bloom U.S. Pat. No.
      3,443,940, issued May 13, 1969, and Canadian Pat. No. 602,607, issued Aug.
      2, 1960. Similarly, Yutzy U.S. Pat. No. 2,756,142, issued July 24, l956,
      U.S. Pat. No. 2,774,668, issued Dec. 18, l956, and U.S. Pat. No.
      2,983,606, issued May 9, 1961, describe photographic elements wherein a
      dye-providing compound is rendered immobile in an imagewise fashion.
PAR  All of these prior systems have utility; however, it is desired to provide
      new compounds which provide dyes having improved properties, such as
      improved hue, diffusibility, mordantability and the like.
PAR  We have found a class of magenta, azo dye-providing compounds well suited
      for use in color diffusion transfer color elements. The dye-providing
      compounds, as a function of typical processing under alkaline conditions,
      provide a magenta-colored substance having a mobility different than that
      of the compound.
PAR  The objects of the present invention are achieved through the use in color
      diffusion transfer elements of a new class of magenta, azo dye-providing
      compounds, as well as the dyes provided thereby. Typically, these
      compounds are utilized in a photosensitive element which comprises a
      support having thereon at least one photosensitive silver halide emulsion,
      and at least one of said layers having associated therewith a magenta, azo
      dye-providing compound of this invention.
PAR  The compounds of this invention can be represented by the following
      formulas:
      ##SPC2##
PAL  wherein:
PA1  Car represents a carrier which is a moiety that, as a function of oxidation
      under alkaline conditions, provides a substance having a mobility
      different than that of said compound;
PA1  m and q each represent an integer having a value of 0 or 1;
PA1  X represents a bivalent linking group of the formula -R.sup.2 -L.sub.n
      -R.sup.2.sub.p - where each R.sup.2 can be the same or different and each
      represents an alkylene radical having 1 to about 8 carbon atoms; a
      phenylene radical; or a substituted phenylene radical having 6 to about 9
      carbon atoms; L represents a bivalent radical selected from oxy, carbonyl,
      carboxamido, carbamoyl, sulfonamido, sulfamoyl, sulfinyl or sulfonyl; n is
      an integer having a value of 0 or 1; p is 1 and n equals 1 and p is 1 or 0
      when n equals 0 or when q is 0, Car-X- may represent Car-alkylene-SO.sub.2
      -; Car-C.sub.6 H.sub.4 CH.sub.2 SO.sub.2 -, or Car-phenylene-SO.sub.2 -,
      provided that the carbon content of X does not exceed 14 carbon atoms;
PA1  R represents a hydrogen atom, or an alkyl radical having 1 to about 6
      carbon atoms;
PA1  J represents a bivalent radical selected from sulfonyl or carbonyl;
PA1  Q is in the 5- or 8-position relative to G and represents a hydroxy radical
      or a radical having the formula --NHCOR.sup.3 or --NHSO.sub.2 R.sup.3
      wherein R.sup.3 is an alkyl radical having 1 to about 6 carbon atoms, a
      substituted alkyl radical having 1 to about 6 carbon atoms, benzyl,
      phenyl, or a substituted phenyl radical having 6 to about 9  carbon atoms;
PA1  G represents a hydroxy radical, a salt thereof, or a hydrolyzable acyloxy
      group having the formula:
      ##EQU1##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or substituted phenyl having 6 to about 18 carbon atoms;
PA1  r represents an integer having a value of 1 or 2;
PA1  Z represents a cyano radical, a trifluoromethyl radical, fluorosulfonyl, a
      carboxy radical, a carboxylic acid ester having the formula --COOR.sup.4
      wherein R.sup.4 is as described previously, a nitro radical in the 2- or
      3- position relative to the azo linkage, a fluoro, chloro or bromo atom,
      an alkyl- or substituted alkylsulfonyl radical having 1 to about 8 carbon
      atoms, a phenyl- or substituted phenylsulfonyl radical having 6 to about 9
      carbon atoms, an alkyl carbonyl having 2 to about 5 carbon atoms, a
      sulfamoyl radical having the formula --SO.sub.2 NR.sup.5 R.sup.6 wherein
      R.sup.5 represents hydrogen, an alkyl or substituted alkyl radical having
      1 to about 8 carbon atoms; R.sup.6 represents hydrogen, an alkyl or
      substituted alkyl radical having 1 to about 6 carbon atoms, a benzyl
      radical, a phenyl or substituted phenyl radical having 6 to about 9 carbon
      atoms, alkyl- or substituted alkylcarbonyl having 2 to about 7 carbon
      atoms, phenyl- or substituted phenylcarbonyl having 7 to about 10 carbon
      atoms, alkyl- or substituted alkylsulfonyl having 1 to about 6 carbon
      atoms, phenyl- or substituted phenylsulfonyl having 6 to about 9 carbon
      atoms; or R.sup.5 and R.sup.6 taken together with the nitrogen atom to
      which they are bonded may represent morpholino or piperidino; a carbamoyl
      radical having the formula -CON(R.sup.5).sub.2 wherein each R.sup.5 can be
      the same or different and is as described previously;
PA1  Z.sup.1 represents hydrogen or Z;
PA1  R.sup.1 represents a hydrogen atom, an alkyl radical having 1 to about 4
      carbon atoms, a substituted alkyl radical having 1 to about 4 carbon
      atoms, an alkoxy radical having 1 to about 4 carbon atoms, or a halogen
      atom;
PA1  D represents an electron withdrawing group such as a cyano radical, a sulfo
      radical, fluorosulfonyl, a halogen atom, a -SO.sub.3 -phenyl or
      substituted --SO.sub.3 -phenyl radical having 6 to about 9 carbon atoms,
      an alkyl- or substituted alkylsulfonyl radical having 1 to about 8 carbon
      atoms, a phenyl- or substituted phenylsulfonyl radical having 6 to about 9
      carbon atoms, an alkyl- or substituted alkylsulfinyl radical having 1 to
      about 8 carbon atoms, a phenyl- or substituted phenylsulfinyl radical
      having 6 to about 9 carbon atoms, a sulfamoyl radical having the formula
      -SO.sub.2 NR.sup.5 R.sup.6, a carbamoyl radical having the formula
      -CON(R.sup.5).sub.2 wherein each R.sup.5 and R.sup.6 is as described
      previously for Z,
PA1  with the proviso that there be no more than one sulfo radical and no more
      than one carboxy radical present in said compound.
PAR  As mentioned above, the present compounds contain a carrier moiety (Car-)
      which, as a function (direct or inverse) of oxidation under alkaline
      conditions, provides a substance having a mobility different than that of
      the starting compound. Depending upon the carrier used, the dye-providing
      compounds of this invention can be of two basic types: (1) initially
      immobile compounds of which at least a portion is rendered mobile or
      diffusible as a function of development, or (2) initially mobile or
      diffusible compounds which are rendered immobile as a function of
      development. Carriers useful in initially immobile dye-providing compounds
      such as those wherein the carrier, under alkaline conditions, effects a
      splitting off of a ballast group from the dye moiety are described further
      in Whitmore Canadian Pat. No. 602,607, dated Aug. 2, 1960, and Whitmore
      U.S. Pat. No. 3,227,552, issued Jan. 4, 1966, both incorporated herein by
      reference. Among the preferred initially immobile compounds are those in
      which the carrier, as a function of oxidation under alkaline conditions,
      releases a dye having a mobility different than that of the starting
      immobile compound. For example, useful carriers for compounds in which the
      carrier moiety undergoes intramolecular ring closure upon oxidation to
      split off a dye are described in U.S. Pat. Nos. 3,443,939, 3,443,940 and
      3,443,941, all issued May 13, 1969, and all incorporated herein by
      reference. Special initially immobile carriers useful in forming a
      diffusible substance as an inverse function of oxidation are described in
      copending Hinshaw and Condit application Ser. No. 326,628, filed Jan. 26,
      1973, and entitled "Positive-Working Immobile Photographic Compounds and
      Photographic Elements Containing Same", incorporated herein by reference.
      Improved initially immobile dye-providing compounds which undergo redox
      reactions followed by alkali cleavage of the carrier to split off a dye
      are disclosed in Fleckenstein et al. U.S. Ser. No. 282,796, filed Aug. 22,
      1972, now abandoned, entitled "Photographic Systems", incorporated herein
      by reference. The ballasted phenolic and naphtholic carriers of
      Fleckenstein et al are among preferred carrier moieties. Still other
      useful carriers are described in U.S. Pat. No. 3,628,952, issued Dec. 21,
      1971. Additionally, carriers useful in the formation of initially mobile
      compounds such as those wherein the carrier functions as a developer are
      described in Friedman U.S. Pat. No. 2,543,691, issued Feb. 27, 1951; U.S.
      Pat. No. 2,983,606, issued May 8, 1961; and U.S. Pat. No. 3,255,001,
      issued June 7, 1966; all incorporated herein by reference. Carriers of
      this latter type include various hydroquinone moieties.
PAR  Examples of bivalent alkylene linking groups representative of R.sup.2 are
      --CH.sub.2 --, --C.sub.2 H.sub.4 --, --C.sub.6 H.sub.12 --, --C.sub.3
      H.sub.6 --, --C.sub.4 H.sub.8 --, etc., as well as branched alkylene
      radicals such as
      ##EQU2##
      etc.
PAR  References hereinafter to "o", "m" and "p" mean that either the ortho, meta
      or para radicals are indicated, as the case may be.
PAR  Examples of phenylene and substituted phenylene radicals representative of
      R.sup.2 are o,m,p-phenylene, o,m,p-phenylene substituted with chloro,
      methoxy, butoxy, bromo, cyano, nitro, methyl, ethyl, carboxy, sulfo,
      amino, etc.
PAR  As used herein the oxygen- or sulfur-containing bivalent radicals
      representative of L are oxy (--O--), carbonyl (--CO--), carboxamido
      (--CONH--), carbamoyl (--NHCO--) sulfonamido (--SO.sub.2 NH--), sulfamoyl
      (--NHSO.sub.2 --), sulfinyl (--SO--) and sulfonyl (--SO.sub.2 --).
      Therefore, non-limiting examples of bivalent linking groups which may be
      represented by X are
      ##SPC3##
PAR  Examples of the groups which R may represent are hydrogen, methyl, ethyl,
      isopropyl, pentyl, hexyl, etc. The alkyl group represented by R may
      additionally be substituted with cyano, hydroxy, methoxy, etc.
PAR  Examples of groups representative of Q are a hydrogen atom, a hydroxy
      radical or a radical having the formula -NHCOR.sup.3 or -NHSO.sub.2
      R.sup.3 wherein R.sup.3 is as described previously such as --NHCOCH.sub.3,
      --NHCOC.sub.2 H.sub.5, --NHCOC.sub.6 H.sub.13, --NHCOC.sub.2 H.sub.4 CN,
      --NHCOC.sub.3 H.sub.6 SO.sub.2 NH.sub.2, --NHCOCH.sub.2 C.sub.6 H.sub.5,
      --NHCOC.sub.6 H.sub.4 COOH, --NHSO.sub.2 CH.sub.3, --NHSO.sub.2 C.sub.6
      H.sub.4 CN, --NHSO.sub.2 C.sub.6 H.sub.4 Cl, --NHSO.sub.2 C.sub.2 H.sub.5,
      --NHCOC.sub.3 H.sub.6 SO.sub.3 H, --NHSO.sub.2 C.sub.6 H.sub.4 OCH.sub.3,
      etc.
PAR  Examples of the groups which G may represent are hydroxy, salts thereof
      such as alkali metal (e.g., -O.sup.-Li.sup.+, -O.sup.-K.sup.+,
      -O.sup.-Na.sup.+) salts and photographically inactive ammmonium salts
      thereof such as -O.sup.-.sup.+NH.sub.4, -O.sup.-.sup.+NH(CH.sub.3).sub.3,
      -O.sup.-.sup.+N(C.sub.2 H.sub.5).sub.4,
      ##EQU3##
      -O.sup.-.sup.+NH(C.sub.12 H.sub.25).sub.3, -O.sup.-.sup.+NH(C.sub.2
      H.sub.5).sub.3,
      ##SPC4##
PAL  i.e., a trialkyl or tetralkyl ammonium salt (sometimes called "amine
      salts") which does not adversely affect the photographic utility of the
      magenta image dye-providing compound or the physical or chemical processes
      which occur during development of the image.
PAR  G may also advantageously represent a hydrolyzable acyloxy group having the
      formula
      ##EQU4##
      wherein R.sup.4 is as described previously. Non-limiting examples of these
      hydrolyzable groups are
      ##EQU5##
      ##SPC5##
      ##SPC6##
PAR  Examples of the groups which Z and Z.sup.1 may represent are --CF.sub.3, a
      cyano radical (--CN), a carboxylic acid ester such as --COOCH.sub.3,
      --COOC.sub.11 H.sub.23, --COOC.sub.2 H.sub.5, --COOC.sub.6 H.sub.5,
      ##SPC7##
PAL  --cooc.sub.12 h.sub.25 ,
      ##SPC8##
PAL  etc.; a carboxy radical including salts thereof, such asa alkali metal
      salts or photographically inactive ammonium salts (e.g., --COOH,
      --COO.sup.-Li.sup.+, --COO.sup.-K.sup.+, --COO.sup.-Na.sup.+,
      --COO.sup.-NH.sub.4 .sup.+, etc.), a nitro radical (--NO.sub.2) in the 2-
      or 3- position relative to the azo linkage, a fluorosulfonyl radical
      (--SO.sub.2 F); a halogen atom such as chloro, fluoro or bromo; --SO.sub.2
      CH.sub.3, --SO.sub.2 C.sub.2 H.sub.5,
      ##SPC9##
PAL  --so.sub.2 c.sub.6 h.sub.5, --so.sub.2 ch.sub.2 c.sub.6 h.sub.5, --so.sub.2
      c.sub.6 h.sub.13,
      ##SPC10##
PAL  --so.sub.2 c.sub.2 h.sub.4 cn, --so.sub.2 c.sub.3 h.sub.6 oh,
      ##SPC11##
PAL  etc.; --COCH.sub.3, --COC.sub.3 H.sub.7, --COCH.sub.2 C.sub.6 H.sub.5,
      --COC.sub.5 H.sub.11, --SO.sub.2 NH.sub.2, --SO.sub.2 NHCH.sub.3,
      --SO.sub.2 NHC.sub.2 H.sub.5, --SO.sub.2 N(CH.sub.3).sub.2, --SO.sub.2
      NHCH.sub.2 C.sub.6 H.sub.5,
      ##EQU6##
      ##SPC12##
      --SO.sub.2 NHC.sub.2 H.sub.4 ON, --SO.sub.2 NHCOC.sub.6 H.sub.5,
      --SO.sub.2 NHCOCH.sub.3, --SO.sub.2 NHCOC.sub.3 H.sub.7,
      ##EQU7##
      --SO.sub.2 NHCOCH.sub.2 C.sub.6 H.sub.5, --SO.sub.2 NHC.sub.2 H.sub.4
      SO.sub.3 H,
      ##EQU8##
      --SO.sub.2 NHSO.sub.2 CH.sub.3,
      ##EQU9##
      --SO.sub.2 NHSO.sub.2 C.sub.6 H.sub.5,
      ##SPC13##
PAL  --so.sub.2 nhso.sub.2 c.sub.2 h.sub.4 cn, --so.sub.2 nhso.sub.2 c.sub.3
      h.sub.6 oh, --so.sub.2 nhso.sub.2 c.sub.6 h.sub.4 och.sub.3, etc.;
      --CONH.sub.2, --CON(C.sub.2 H.sub.5).sub.2,
      ##EQU10##
      --CONHCH.sub.3, --CONHC.sub.5 H.sub.11, etc.
PAR  Examples of the groups which R.sup.1 may represent are hydrogen,
      --CH.sub.3, --C.sub.2 H.sub.5, --C.sub.3 H.sub.7, --C.sub.4 H.sub.9,
      isopropyl, methoxy, ethoxy, butoxy, isopropoxy, chloro, bromo, fluoro, and
      the alkyl groups represented by R.sup.1 may additionally be substituted
      with cyano, hydroxy, methoxy, etc.
PAR  Examples of electron withdrawing groups which D may represent are cyano, a
      sulfo radical including salts thereof, such as alkali metal or
      photographically inactive ammonium salts (e.g., --SO.sub.3 H, --SO.sub.3
      .sup.-Li.sup.+, SO.sub.3 .sup.-K.sup.+, --SO.sub.3.sup.- Na.sup.+,
      --SO.sub.3 .sup.-NH.sub.4 .sup.+, etc.); --SO.sub.2 F, chloro, bromo,
      fluoro, a --SO.sub.3 C.sub.6 H.sub.5 radical,
      ##SPC14##
      ##SPC15##
PAR  In a preferred embodiment of this invention car is a moiety which, as a
      function of oxidation under alkaline conditions, releases a dye having a
      mobility different than said compound;
PAR  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms,
      phenylene or phenylene substituted with carboxy, chloro, methyl or
      methoxy;
PA1  n is an integer having a value of 0;
PA1  R represents hydrogen;
PA1  J represents sulfonyl;
PA1  m is an integer having a value of 0 or 1;
PA1  Q is in the 5-position relative to G and represents hydroxy, --NHCOR.sup.3
      or --NHSO.sub.2 R.sup.3 wherein R.sup.3 represents an alkyl radical having
      1 to about 4 carbon atoms; an alkyl radical having 1 to about 4  carbon
      atoms substituted with hydroxy, cyano, sulfamoyl, carboxy or sulfo;
      benzyl, phenyl or phenyl substituted with carboxy, chloro, methyl, methoxy
      or sulfamoyl;
PA1  G represents a hydroxy radical or a hydrolyzable acyloxy group having the
      formula:
      ##EQU11##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or substituted phenyl having 6 to about 18 carbon atoms;
PA1  r is an integer having a value of 1;
PA1  Z represents cyano, trifluoromethyl, fluorosulfonyl, chloro, fluoro, bromo,
      a nitro radical in the 2- or 3-position relative to the azo linkage,
      alkylsulfonyl having 1 to about 7 carbon atoms, alkylsulfonyl having 1 to
      about 6 carbon atoms substituted with hydroxy, phenyl, cyano, sulfamoyl,
      carboxy, fluorosulfonyl or sulfo; a sulfamoyl radical having the formula
      -SO.sub.2 NHR.sup.6 wherein R.sup.6 is hydrogen, an alkyl radical having 1
      to about 4 carbon atoms, or an alkyl radical having 1 to about 4 carbon
      atoms substituted with hydroxy, cyano, sulfamoyl, carboxy or sulfo;
      benzyl, phenyl or phenyl substituted with hydroxy, sulfonyl, sulfamoyl,
      carboxy or sulfo;
PA1  Z.sup.1 represents hydrogen;
PA1  R.sup.1 represents hydrogen, methoxy, chloro or fluoro;
PA1  D represents chloro, bromo, alkylsulfonyl having 1 to about 6 carbon atoms,
      alkylsulfonyl having 1 to about 6 atoms substituted with chloro, fluoro,
      hydroxy, phenyl, cyano, sulfamoyl, carboxy, sulfo, sulfamoylphenyl,
      carboxyphenyl, chlorophenyl, cyanophenyl, methylphenyl, nitrophenyl;
      phenylsulfonyl; or a sulfamoyl radical of the formula -SO.sub.2 NR.sup.5
      R.sup.6 wherein R.sup.5 is hydrogen or methyl, R.sup.6 is hydrogen, an
      alkyl radical of 1 to about 8 carbon atoms, an alkyl radical having 1 to
      about 6 carbon atoms substituted with hydroxy, cyano, sulfamoyl, carboxy,
      or sulfo; benzyl; phenyl or phenyl substituted with hydroxy, sulfamoyl,
      carboxy or sulfo; or R.sup.5 and R.sup.6 taken together with the nitrogen
      atom to which they are bonded represents morpholino.
PAR  Even more preferred image dye-providing compounds are those having the
      formula
      ##SPC16##
PAL  wherein
PA1  R.sup.1 represents hydrogen or chloro;
PA1  R.sup.3 represents an alkyl radical having 1 to about 4 carbon atoms;
PA1  D represents an alkylsulfonyl radical having 1 to about 5 carbon atoms,
      benzylsulfonyl, a sulfamoyl radical having the formula -SO.sub.2 NHR.sup.6
      wherein R.sup.6 is an alkyl radical having 1 to about 8 carbon atoms.
PA1  Of these compounds those wherein Car is in the 4-position relative to the
      azo linkage when R.sup.1 is hydrogen and Car is in the 5-position when
      R.sup.1 is chloro; R.sup.3 represents methyl and D represents -SO.sub.2
      CH.sub.2 C.sub.6 H.sub.5, -SO.sub.2 NHC.sub.4 H.sub.9 -t or -SO.sub.2
      NHCH.sub.3 are especially preferred.
PAR  Other especially preferred image dye-providing compounds are those having
      the formula:
      ##SPC17##
PAL  wherein
PA1  D represents --SO.sub.2 NHCH.sub.3 or --SO.sub.2 NHC.sub.4 H.sub.9 t;
PA1  R.sup.1 represents hydrogen or chloro;
PA1  Z represents 5-sulfamoyl when R.sup.1 is 2-chloro; and
PA1  when R.sup.1 is hydrogen Z represents 4-sulfamoyl, 3 -methylsulfonyl or
      3-nitro.
PAR  Even more especially preferred compounds are those having Formulas I, II
      and III above wherein Car- represents a radical of the formula:
      ##SPC18##
PAL  wherein Ball represents an organic ballasting group of such size and
      configuration as to render the compound nondiffusible during development
      in the alkaline processing composition and Y represents the carbon atoms
      necessary to complete a benzene or naphthalene nucleus including
      substituted benzene or naphthalene. When Y represents the atom necessary
      to complete a naphthalene nucleus, Ball can be attached to either ring
      thereof. Preferred ballasting groups are those wherein -Ball represents
      ##EQU12##
      Examples of some preferred carriers are as follows:
      ##SPC19##
      ##SPC20##
PAR  The nature of the ballast group (Ball) in the Formula III for the compounds
      described above is not critical as long as it confers nondiffusibility to
      the compounds. Typical ballast groups include long straight or branched
      chain alkyl radicals linked directly or indirectly to the compound as well
      as aromatic radicals of the benzene and naphthalene series indirectly
      attached or fused directly to the benzene nucleus, etc. Useful ballast
      groups generally have at least 8 carbon atoms such as a substituted or
      unsubstituted alkyl group of 8 to 22 carbon atoms, an amide radical having
      8 to 30 carbon atoms, a keto radical having 8 to 30 carbon atoms, etc.,
      and may even comprise a polymer backbone. Especially preferred compounds
      are those wherein the ballast is attached to the benzene nucleus through a
      carbamoyl radical (--NHCO--) or a sulfamoyl radical (--SO.sub.2 NH--) in
      which the nitrogen is adjacent the ballast group.
PAR  In addition to the ballast, the benzene nucleus in the above formula may
      have groups or atoms attached thereto such as the halogens, alkyl, aryl,
      alkoxy, aryloxy, nitro, amino, alkylamino, arylamino, amido, cyano,
      alkylmercapto, keto, carboalkoxy, heterocyclic groups, etc.
PAR  In a preferred embodiment of this invention CAR is a moiety which as a
      function of oxidation under alkaline conditions, releases a dye having a
      mobility different than that of the image dye-providing compounds.
PAR  The preferred novel dyes which are released from the carrier moieties as a
      function of oxidation under alkaline conditions may be represented by the
      following formulas:
      ##SPC21##
PAL  wherein
PA1  M represents NH.sub.2 SO.sub.2 -, HSO.sub.2 - or lower alkyl-NH-; and
PA1  X, r, j, q, r, m, Q, G, Z, Z.sup.1, D and R.sup.1 are as described
      previously. The preferred released dyes, of course, correspond to the
      above mentioned preferred image dye-providing compounds set forth above.
PAR  When M represents -SO.sub.2 H, the dyes thus represented may be released by
      the reactions described in Bloom, U.S. Pat. No. 3,443,940, in Puschel,
      U.S. Pat. No. 3,628,952 and Gompf, U.S. Pat. No. 3,698,897. When M
      represents lower alkyl-NH- (i.e., an alkyl group having 1 to about 4
      carbon atoms), the dyes thus represented may be released by the reactions
      described in Hinshaw et al., U.S. Ser. No. 326,628. The especially
      preferred released dyes of our invention are those represented by Formulas
      V, VI and VII above when M represents -SO.sub.2 NH.sub.2. These dyes may
      be released by the reactions described in Fleckenstein et al, U.S. Ser.
      No. 282,796 from the carrier moieties described by Formula IV.
PAR  A suitable process for producing a photographic transfer image in color
      using the compounds of our invention, for example those wherein Car is as
      shown in Formula IV, comprises the steps of:
PA1  1. treating the above-described photosensitive element with an alkaline
      processing composition in the presence of a silver halide developing agent
      to effect development of each of the exposed silver halide emulsion
      layers, thereby oxidizing the developing agent and the oxidized developing
      agent in turn cross-oxidizing the sulfonamido compound;
PA1  2. forming an imagewise distribution of diffusible released dye as a
      function of the imagewise exposure of each of the silver halide emulsion
      layers by cleaving each cross-oxidized sulfonamido compound; and
PA1  3. diffusing to a dye image-receiving layer at least a portion of each of
      the imagewise distributions of diffusible released dye to provide an
      image.
PAR  The photosensitive element in the above-described process can be treated
      with an alkaline processing composition to effect or initiate development
      in any manner. A preferred method for applying processing composition is
      by use of a rupturable container or pod which contains the composition. In
      general, the processing composition employed in our system contains the
      developing agent for development, although the composition could also just
      be an alkaline solution where the developer is incorporated in the
      photosensitive element, in which case the alkaline solution serves to
      activate the incorporated developer.
PAR  A photographic film unit according to our invention which is adapted to be
      processed by passing the unit between a pair of juxtaposed
      pressure-applying members, comprises:
PA1  1. a photosensitive element as described above;
PA1  2. a dye image-receiving layer; and
PA1  3. means for discharging an alkaline processing composition within the film
      unit such as a rupturable container which is adapted to be positioned
      during processing of the film unit so that a compressive force applied to
      the container by the pressure-applying members will effect a discharge of
      the contents of the container within the film unit;
PAL  the film unit containing a silver halide developing agent.
PAR  The dye image-receiving layer in the above-described film unit can be
      located on a separate support adapted to be superimposed on the
      photosensitive element after exposure thereof. Such image-receiving
      elements are generally disclosed, for example, in U.S. Pat. No. 3,362,819.
      When the means for discharging the processing composition is a rupturable
      container, typically it is positioned in relation to the photosensitive
      element and the image-receiving element so that a compressive force
      applied to the container by pressure-applying members, such as found in a
      camera designed for in-camera processing, will effect a discharge of the
      contents of the container between the image-receiving element and the
      outermost layer of the photosensitive element. After processing, the dye
      image-receiving element is separated from the photosensitive element.
PAR  The dye image-receiving layer in the above-described film unit can also be
      located integral with the photosensitive silver halide emulsion layer. One
      useful format for integral receiver-negative photosensitive elements is
      disclosed in Belgian Pat. No. 757,960. In such an embodiment, the support
      for the photosensitive element is transparent and is coated with an
      image-receiving layer, a substantially opaque light reflective layer,
      e.g., TiO.sub.2, and then the photosensitive layer of layers described
      above. After exposure of the photosensitive element, a rupturable
      container containing an alkaline processing composition and an opaque
      process sheet are brought into superimposed position. Pressure-applying
      members in the camera rupture the container and spread processing
      composition over the photosensitive element as the film unit is withdrawn
      from the camera. The processing composition develops each exposed silver
      halide emulsion layer and dye images are formed as a function of
      development which diffuse to the image-receiving layer to provide a
      position, right-reading image which is viewed through the transparent
      support on the opaque reflecting layer background.
PAR  Another format for integral negative-receiver photosensitive elements in
      which the present invention can be employed is disclosed in Belgian Pat.
      No. 757,959. In this embodiment, the support for the photosensitive
      element is transparent and is coated with the image-receiving layer, a
      substantially opaque, light-reflective layer and the photosensitive layer
      or layers described above. A rupturable container containing an alkaline
      processing composition and an opacifier is positioned adjacent to the top
      layer and a transparent top sheet. The film unit is placed in a camera,
      exposed through the transparent top sheet and then passed through a pair
      of pressure-applying members in the camera as it is being removed
      therefrom. The pressure-applying members rupture the container and spread
      processing composition and opacifier over the negative portion of the film
      unit to render it light insensitive. The processing composition develops
      each silver halide layer and dye images are formed as a result of
      development which diffuse to the image-receiving layer to provide a
      right-reading image that is viewed through the transparent support on the
      opaque reflecting layer background.
PAR  Still other useful integral formats in which our sulfonamido compounds can
      be employed are described in U.S. Pat. Nos. 3,415,644; 3,415,645;
      3,415,646; 3,647,437; and 3,635,707.
PAR  The film unit or assembly of the present invention can be used to produce
      positive images in single or multicolors. In a three-color system, each
      silver halide emulsion layer of the film assembly will have associated
      therewith an image dye-providing material possessing a predominant
      spectral absorption within the region of the visible spectrum to which
      said silver halide emulsion is sensitive, i.e., the blue-sensitive silver
      halide emulsion layer will have a yellow image dye-providing material
      associated therewith, the green-sensitive silver halide emulsion layer
      will have a magenta image dye-providing material associated therewith, and
      the red-sensitive silver halide emulsion layer will have a cyan image
      dye-providing material associated therewith. The image dye-providing
      material associated with each silver halide emulsion layer can be
      contained either in the silver halide emulsion layer itself or in a layer
      contiguous to the silver halide emulsion layer. The magenta image
      dye-providing material will, of course, be a compound of this invention.
PAR  When G is a hydrolyzable acyloxy group, the absorption spectrum of the azo
      dye is shifted to shorter wavelength. "Shifted dyes" of this type absorb
      light outside the range to which the associated silver halide layer is
      sensitive. The use of certain related shifted azo dye developers is
      described in U.S. Pat. No. 3,307,947 issued Mar. 7, 1967. The shifted
      dye-providing materials of this invention can be advantageously contained
      in the silver halide emulsion layer without substantially reducing the
      sensitivity of the layer. The acyloxy group is hydrolyzed by the alkaline
      processing composition, releasing the cyan dye of the desired hue. The
      yellow and cyan image dye-providing materials can be selected from a
      variety of materials such as those compounds described by Fleckenstein et
      al U.S. Ser. No. 282,796, mentioned previously. Additional useful cyan
      image dye-providing materials are described in co-filed Haase et al.
      application Ser. No. 439,789, filed Feb. 5, 1974 entitled "Photographic
      Materials and Compounds Useful Therein".
PAR  The concentration of the compounds, which preferably are alkalicleavable
      upon oxidation, that are employed in the present invention can be varied
      over a wide range depending upon the particular compound employed and the
      results which are desired. For example, the image dye-providing compounds
      of the present invention can be coated in layers as dispersions in a
      hydrophilic film-forming natural or synthetic polymer, such as gelatin,
      polyvinyl alcohol, etc., which is adapted to be permeated by aqueous
      alkaline processing composition. Preferably, the ratio of dye providing
      compoung to polymer will be about 0.25 to about 4.0. The present compounds
      may then be incorporated in a gelatin by techniques known in the art
      (e.g., a high boiling, water immiscible organic solvent or a low boiling
      or water miscible organic solvent).
PAR  Depending upon which Car is used on the present compounds, a variety of
      silver halide developing agents can be employed in our invention. If the
      carrier used is that of Formula IV, any silver halide developing agent can
      be used as long as it cross-oxidizes with the image dye-providing
      compounds used herein. The developer can be employed in the photosensitive
      element to be activated by the alkaline processing composition. Specific
      examples of developers which can be employed in our invention include
      hydroquinone, aminophenols, e.g., N-methylamino-phenol, Phenidone
      (1-phenyl-3-pyrazolidone) trademark of Ilford, Ltd.; Dimezone
      (1-phenyl-4,4-dimethyl-3-pyrazolidone) trademark of Eastman Kodak Company;
      1-phenyl-4-methyl-4-hydroxymethyl-3-pyrazolidone,
      N,N-diethyl-p-phenylenediamine, 3-methyl-N,N-diethyl-p-phenylenediamine,
      3-methoxy-N,N-diethyl-p-phenylenediamine, etc. The black-and-white
      developers in this list are preferred, in that they have a reduced
      propensity of staining the dye image-receiving layer.
PAR  In a preferred embodiment of our invention, the silver halide developer in
      our process becomes oxidized upon development and reduces silver halide to
      silver metal. The oxidized developer then cross-oxidizes the
      sulfonamido-phenol or sulfonamido-naphthol dye-releasing compound. The
      product of cross-oxidation then undergoes alkaline hydrolysis, thus
      releasing an imagewise distribution of diffusible anionic dye which then
      diffuses to the receiving layer to provide the dye image. The diffusible
      moiety is transferable in alkaline processing composition either by virtue
      of its self-diffusivity or by having attached to it one or more
      solubilizing groups such as --COOH, --SO.sub.3 H, --SO.sub.2 NR.sup.5
      R.sup.6, OH, etc. (where R.sup.5 and R.sup.6 are as described previously
      with at least one being hydrogen).
PAR  In using the especially preferred dye-releasing compounds according to our
      invention, the production of diffusible dye images is a function of
      development of the silver halide emulsions with a silver halide developing
      agent to form either negative or direct positive silver images in the
      emulsion layers. If the silver halide emulsion employed forms a direct
      positive silver image, such as a direct positive internal-image emulsion
      or a solarizing emulsion, which develops in unexposed areas, a positive
      image can be obtained on the dye image-receiving layer. After exposure of
      the film unit, the alkaline processing composition permeates the various
      layers to initiate development in the unexposed photosensitive silver
      halide emulsion layers. The developing agent present in the film unit
      develops each of the silver halide emulsion layers in the unexposed areas
      (since the silver halide emulsions are direct-positive ones), thus causing
      the developing agent to become oxidized imagewise corresponding to the
      unexposed areas of the direct-positive silver halide emulsion layers. The
      oxidized developing agent then cross-oxidizes the dye-releasing compounds
      and the oxidized form of the compounds then undergoes a base-catalyzed
      reaction in a preferred embodiment of our invention, to release the
      preformed dyes imagewise as a function of the imagewise exposure of each
      of the silver halide emulsion layers. At least a portion of the imagewise
      distributions of diffusible dyes diffuse to the image-receiving layer to
      form a positive image of the original subject. After being contacted by
      the alkaline processing composition, a pH-lowering layer in the film unit
      lowers the pH of the film unit (or the image-receiving unit) to stabilize
      the image.
PAR  Internal-image silver halide emulsions useful in those embodiments wherein
      a dye is released as a function of oxidation are directpositive emulsions
      that form latent images predominantly inside the silver halide grains, as
      distinguished from silver halide grains that form latent images
      predominantly on the surface thereof. Such internal-image emulsions are
      described by Davey et al in U.S. Pat. No. 2,592,250, issued Apr. 8, 1952,
      and elsewhere in the literature. Other useful emulsions are described in
      U.S. Pat. No. 3,761,276, dated Sept. 25, 1973. Internal-image silver
      halide emulsions can be defined in terms of the increased maximum density
      obtained when developed with "internal-type" developers over that obtained
      when developed with "surface-type" developers. Suitable internal-image
      emulsions are those which, when measured according to normal photographic
      techniques by coating a test portion of the silver halide emulsion on a
      transparent support, exposing to a light-intensity scale having a fixed
      time between 0.01 and 1 second, and developing for 3 minutes at
      20.degree.C. in Developer A below ("internal-type" developer), have a
      maximum density at least five times the maximum density obtained when an
      equally exposed silver halide emulsion is developed for 4 minutes at
      20.degree.C. in Developer B described below ("surface-type" developer).
      Preferably, the maximum density in Developer A is at least 0.5 density
      unit greater than the maximum density in Developer B.
TBL  ______________________________________                                    

     DEVELOPER A                                                               

     ______________________________________                                    

     Hydroquinone              15 g.                                           

     Monomethyl-p-aminophenol sulfate                                          

                               15 g.                                           

     Sodium sulfite (desiccated)                                               

                               50 g.                                           

     Potassium bromide         10 g.                                           

     Sodium hydroxide          25 g.                                           

     Sodium thiosulfate        20 g.                                           

     Water to make one liter.                                                  

     DEVELOPER B                                                               

     ______________________________________                                    

     P-hydroxyphenylglycine    10 g.                                           

     Sodium carbonate          100 g.                                          

     Water to make one liter.                                                  

     ______________________________________                                    

PAR  The internal-image silver halide emulsions when processed in the presence
      of fogging or nucleating agents provide direct positive silver images.
      Such emulsions are particularly useful in the above-described embodiment.
      Suitable fogging agents include the hydrazines disclosed in Ives U.S. Pat.
      Nos. 2,588,982 issued Mar. 11, 1952, and 2,563,785 issued Aug. 7, 1951;
      the hydrazides and hydrazones disclosed in Whitmore U.S. Pat. No.
      3,227,552 issued Jan. 4, 1966; hydrazone quaternary salts described in
      Lincoln and Heseltine U.S. Pat. No. 3,615,615 issued Oct. 26, 1971;
      hydrazone containing polymethine dyes described in Spence and Janssen U.S.
      Pat. No. 3,718,470 issued Feb. 27, 1973;  or mixtures thereof. The
      quantity of fogging agent employed can be widely varied depending upon the
      results desired. Generally, the concentration of fogging agent is from
      about 0.4 to about 8 grams per mole of silver in the photosensitive layer
      in the photosensitive element or from about 0.1 to about 2 grams per liter
      of developer if it is located in the developer. The fogging agents
      described in U.S. Pat. Nos. 3,615,615 and 3,718,470, however, are
      preferably used in concentrations of about 0.5 to 10.0 grams per mole of
      silver in the photosensitive layer.
PAR  The solarizing direct-positive silver halide emulsions useful in the
      above-described embodiment are well-known silver halide emulsions which
      have been effectively fogged either chemically, such as by the use of
      reducing agents, or by radiation to a point which corresponds
      approximately to the maximum density of the reversal curve as shown by
      Mees, The Theory of the Photographic Process, published by the Macmillan
      Co., New York, New York, 1942, pages 261-297. Typical methods for the
      preparation of solarizing emulsions are shown by Groves British Patent
      443,245, Feb. 25, 1936, who subjected emulsions to Roentgen rays "until an
      emulsion layer formed therefrom, when developed without preliminary
      exposure, is blackened up to the apex of its graduation curve"; Szaz
      British Pat. No. 462,730, Mar. 15, 1937, the use of either light or
      chemicals such as silver nitrate, to convert ordinary silver halide
      emulsions to solarizing direct positive emulsions; and Arens U.S. Pat. No.
      2,005,837, June 25, 1935, the use of silver nitrate and other compounds in
      conjunction with heat to effect solarization. Particularly useful are the
      fogged direct-positive emulsions of Berriman U.S. Pat. No. 3,367,778;
      Illingsworth U.S. Pat. Nos. 3,501,305, 3,501,306 and 3,501,307; and
      combinations thereof.
PAR  Other embodiments in which our imaging chemistry can be employed include
      the techniques described in U.S. Pat. Nos. 3,227,550, 3,227,551, 3,227,552
      and 3,364,022.
PAR  If photographic elements are used which contain compounds of this invention
      wherein Car is a silver halide developer as described, for example, in
      U.S. Pat. No. 2,983,606, when the liquid processing composition is
      applied, it permeates the emulsion to provide a solution of the dye
      developer substantially uniformly distributed in the emulsion. As the
      exposed silver halide emulsion is developed to a negative silver image,
      the oxidation product of the dye developer is immobilized or precipitated
      in situ with the developed silver, thereby providing an imagewise
      distribution of unoxidized dye developer dissolved in the liquid
      processing composition. This immobilization is apparently due, at least in
      part, to a change in the solubility characteristics of the dye developer
      upon oxidation. At least part of this imagewise distribution of unoxidized
      dye-developer is transferred to a superimposed image-receiving layer to
      provide a transfer image.
PAR  Negative silver halide emulsions useful in certain embodiments of this
      invention, such as the above, can comprise, for example, silver chloride,
      silver bromide, silver chlorobromide, silver bromoiodide, silver
      chlorobromiodide or mixtures thereof. The emulsions can be coarse or
      fine-grain and can be prepared by any of the well-known procedures, e.g.,
      single-jet emulsions such as those described in Trivelli and Smith, The
      Photographic Journal, Vol. LXXIX, May, 1939, (pp. 330-338), double-jet
      emulsions, such as Lippmann emulsions, ammoniacal emulsions, thiocyanate
      or thioether ripened emulsions such as those described in Nietz et al U.S.
      Pat. No. 2,222,264 issued Nov. 19, 1940; Illingsworth U.S. Pat. No.
      3,320,069 issued May 16, 1967; and Jones U.S. Pat. No. 3,574,628 issued
      Apr. 13, 1971. The emulsions may be monodispersed regular-grain emulsions
      such as the type described in Klein and Moisar, J. Phot. Sci., Vol. 12,
      No. 5, Sept./Oct., 1964 (pp. 242-251).
PAR  Another embodiment of our invention uses the image-reversing technique
      disclosed in British Pat. No. 904,364, page 19, lines 1-41. In this system
      our dye-providing compounds are used in combination with physical
      development nuclei in a nuclei layer contiguous to the photosensitive
      silver halide negative emulsion layer. The film unit contains a silver
      halide solvent, preferably in a rupturable container with the alkaline
      processing composition.
PAR  The various silver halide emulsion layers of a color film assembly of the
      invention can be disposed in the usual order, i.e., the blue-sensitive
      silver halide emulsion layer first with respect to the exposure side,
      followed by the green-sensitive and red-sensitive silver halide emulsion
      layers. If desired, a yellow dye layer or a yellow colloidal silver layer
      can be present between the blue-sensitive and green-sensitive silver
      halide emulsion layer for absorbing or filtering blue radiation that may
      be transmitted through the blue-sensitive layer. If desired, the
      selectivity sensitized silver halide emulsion layers can be disposed in a
      different order, e.g., the blue-sensitive layer first with respect to the
      exposure side, followed by the red-sensitive and green-sensitive layers.
PAR  The rupturable container employed in this invention can be of the type
      disclosed in U.S. Pat. Nos. 2,543,181; 2,643,886; 2,653,732; 2,724,051;
      3,056,492; 3,056,491 and 3,152,515. In general, such containers comprise a
      rectangular sheet of fluid- and air-impervious material folded
      longitudinally upon itself to form two walls which are sealed to one
      another along their longitudinal and end margins to form a cavity in which
      processing solution is contained.
PAR  In a color film unit according to this invention, each silver halide
      emulsion layer containing a dye image-providing material or having the dye
      image-providing material present in a contiguous layer may be separated
      from the other silver halide emulsion layers in the imageforming portion
      of the film unit by materials including gelatin, calcium alginate, or any
      of those disclosed in U.S. Pat. No. 3,384,483, polymeric materials such as
      polyvinylamides as disclosed in U.S. Pat. No. 3,421,892, or any of those
      disclosed in French Pat. No. 2,028,236 or U.S. Pat. Nos. 2,992,104;
      3,043,692; 3,044,873; 3,061,428; 3,069,263; 3,069,264; 3,121,011; and
      3,427,158.
PAR  Generally speaking, except where noted otherwise, the silver halide
      emulsion layers in the invention comprise photosensitive silver halide
      dispersed in gelatin and are about 0.6 to 6 microns in thickness; the dye
      image-providing materials are dispersed in an aqueous alkaline
      solution-permeable polymeric binder, such as gelatin, as a separate layer
      about 1 to 7 microns in thickness; and the alkaline solution-permeable
      polymeric interlayers, e.g., gelatin, are about 1 to 5 microns in
      thickness. Of course, these thicknesses are approximate only and can be
      modified according to the product desired.
PAR  Any material can be employed as the image-receiving layer in this invention
      as long as the desired function of mordanting or otherwise fixing the dye
      images will be obtained. The particular material chosen will, of course,
      depend upon the dye to be mordanted. If acid dyes are to be mordanted, the
      image-receiving layer can contain basic polymeric mordants such as
      polymers of amino guanidine derivatives of vinyl methyl ketone such as
      described in Minsk U.S. Pat. No. 2,882,156, issued Apr. 14, 1959, and
      basic polymeric mordants such as described in Cohen et al. U.S. Pat. No.
      3,625,694, issued Dec. 7, 1971; U.S. Pat. No. 3,709,690, issued Jan. 9,
      1973; and U.S. application Ser. No. 400,778, filed Sept. 26, 1973, and now
      U.S. Pat. No. 3,898,088. See also U.S. application Ser. No. 412,992 of
      Burness et al; filed Nov. 5, 1973, and now U.S. Pat. No. 3,859,096.
PAR  Preferred mordants are cationic mordants such as polymeric compounds
      composed of a polymer having quaternary nitrogen groups and at least two
      aromatic nuclei for each quaternary nitrogen in the polymer cation (i.e.,
      having at least two aromatic nuclei for each positively charged nitrogen
      atom), such polymeric compounds being substantially free of carboxy
      groups. Useful mordants of this type are comprised of units of the
      following formula in copolymerized relationship with units of at least one
      other ethylenically unsaturated monomer:
      ##EQU13##
      wherein R.sup.7 and R.sup.8 each represent a hydrogen atom or a lower
      alkyl radical (of 1 to about 6 carbon atoms) and R.sup.8 can additionally
      be a group containing at least one aromatic nucleus (e.g., phenyl,
      naphthyl, tolyl); Q can be a divalent alkylene radical (of 1 to about 6
      carbon atoms), a divalent arylene radical, a divalent aralkylene radical,
      a divalent arylenealkylene radical, such as
      ##SPC22##
      ##EQU14##
      wherein R.sup.12 is an alkylene radical, or R.sup.8 can be taken together
      with Q to form a
      ##EQU15##
      R.sup.9, R.sup.10 and R.sup.11 can be alkyl, aralkyl or aryl, or R.sup.9
      and R.sup.10 and the nitrogen atom to which they are attached can together
      with Q represent the atoms and bonds necessary to form a quaternized
      nitrogen-containing heterocyclic ring, and R.sup.- is a monovalent
      negative salt-forming radical or atom in ionic relationship with the
      positive salt-forming radical, wherein said polymer is substantially free
      of carboxy groups and wherein the positive salt forming radical of said
      polymer comprises at least two aryl groups for each quaternary nitrogen
      atom in said polymer. In one preferred embodiment, Q represents a
      phenylene or substituted phenylene radical and R.sup.9, R.sup.10 and
      R.sup.11 are the same or different and represent alkyl groups, the sum of
      their carbon atoms exceeding 12. These preferred polymeric cationic
      mordants are described further in the above-mentioned U.S. Pat. No.
      3,709,690 and U.S. application Ser. No. 400,778, incorporated herein by
      reference.
PAR  Other mordants useful in our invention include poly-4-vinylpyridine, the
      2-vinyl pyridine polymer methyl-p-toluene sulfonate and similar compounds
      described in Sprague et al U.S. Pat. No. 2,484,430, issued Oct. 11, 1949,
      and cetyl trimethylammonium bromide, etc. Effective mordanting
      compositions are also described in Whitmore U.S. Pat. No. 3,271,148 and
      Bush U.S. Pat. No. 3,271,147, both issued Sept. 6, 1966.
PAR  Generally, good results are obtained when the image-receiving layer,
      preferably alkaline solution-permeable, is transparent and about 0.25 to
      about 0.40 mil in thickness. This thickness, of course, can be modified
      depending upon the result desired. The image-receiving layer can also
      contain ultraviolet absorbing materials to protect the mordanted dye
      images from fading due to ultraviolet light, brightening agents such as
      the stilbenes, coumarins, traizines, oxazoles, dye stabilizers such as the
      chromanols, alkylphenols, etc.
PAR  Use of a pH-lowering material in the dye image-receiving element of a film
      unit according to the invention will usually increase the stability of the
      transferred image. Generally, the pH-lowering material will effect a
      reduction in the pH of the image layer from about 13 or 14 to at least 11
      and preferably 4-8 within a short time after imbibition. For example,
      polymeric acids as disclosed in U.S. Pat. No. 3,362,819, or solid acids or
      metallic salts, e.g., zinc acetate, zinc sulfate, magnesium acetate, etc.,
      as disclosed in U.S. Pat. No. 2,584,030 may be employed with good results.
      Such pH-lowering materials reduce the pH of the film unit after
      development to terminate development and substantially reduce further dye
      transfer and thus stabilize the dye image.
PAR  An inert timing or spacer layer can be employed in the practice of our
      invention over the pH-lowering layer which "times" or controls the pH
      reduction as a function of the rate at which alkali diffuses through the
      inert spacer layer. Examples of such timing layers include gelatin,
      polyvinyl alcohol or any of those disclosed in U.S. Pat. No. 3,455,686.
      The timing layer may be effective in evening out the various reaction
      rates over a wide range of temperatures, e.g., premature pH reduction is
      prevented when imbibition is effected at temperatures above room
      temperature, for example, at 95.degree.-100.degree.F. The timing layer is
      usually about 0.1 to about 0.7 mil in thickness. Expecially good results
      are obtained when the timing layer comprises a hydrolyzable polymer or a
      mixture of such polymers which are slowly hydrolyzed by the processing
      composition. Examples of such hydrolyzable polymers include polyvinyl
      acetate, polyamides, cellulose esters, etc.
PAR  The alkaline processing composition employed in this invention is the
      conventional aqueous solution of an alkaline material e.g., sodium
      hydroxide, sodium carbonate or an amine such as diethylamine, preferably
      possessing a pH in excess of 11, and preferably containing a developing
      agent as described previously. The solution also preferably contains a
      viscosity-increasing compound such as a high-molecular-weight polymer,
      e.g., a water-soluble ether inert to alkaline solutions such as
      hydroxyethyl cellulose or alkali metal salts of carboxymethyl cellulose
      such as sodium carboxymethyl cellulose. A concentration of
      viscosity-increasing compound of about 1 to about 5% by weight of the
      processing composition is preferred which will impart thereto a viscosity
      of about 100 cp. to about 200,000 cp. In certain embodiments of our
      invention, an opacifying agent, e.g., TiO.sub.2, carbon black, pH
      indicator dyes, etc., may be added to the processing composition.
PAR  While the alkaline processing composition used in this invention can be
      employed in a rupturable container, as described previously, to
      conveniently facilitate the introduction of processing composition into
      the film unit, other methods of inserting processing composition into the
      film unit could also be employed, e.g., interjecting processing solution
      with communicating members similar to hypodermic syringes which are
      attached either to a camera or camera cartridge.
PAR  The alkaline solution-permeable, substantially opaque, light-reflective
      layer employed in certain embodiments of photographic film units of our
      invention can generally comprise any opacifier dispersed in a binder as
      long as it has the desired properties. Particularly desirable are white
      light-reflective layers since they would be esthetically pleasing
      backgrounds on which to view a transferred dye image and would also
      possess the optical properties desired for reflection of incident
      radiation. Suitable opacifying agents include titanium dioxide, barium
      sulfate, zinc oxide, barium stearate, silver flake, silicates, alumina,
      zirconium oxide, zirconium acetyl acetate, sodium zirconium sulfate,
      kaolin, mica, or mixtures thereof in widely varying amounts depending upon
      the degree of opacity desired. The opacifying agents may be dispersed in
      any binder such as an alkaline solution-permeable polymeric matrix such
      as, for example, gelatin, polyvinyl alcohol, and the like. Brightening
      agents such as the stilbenes, coumarins, triazines and oxazoles can also
      be added to the light-reflective layer, if desired. When it is desired to
      increase the opacifying capacity of the light-reflective layer,
      dark-colored opacifying agents, e.g., carbon black, nigrosine dyes, etc.,
      may be added to it, or coated in a separate layer adjacent to the
      light-reflective layer.
PAR  The supports for the photographic elements of this invention can be any
      material as long as it does not deleteriously effect the photographic
      properties of the film unit and is dimensionally stable. Typical flexible
      sheet materials include cellulose nitrate film, cellulose acetate film,
      poly(vinyl acetal) film, polystyrene film, poly(ethylene-terephthalate)
      film, polycarbonate film, poly-.alpha.-olefins such as polyethylene and
      polypropylene film, and related films or resinous materials. The support
      can be from about 2 to about 9 mils in thickness.
PAR  The silver halide emulsions useful in our invention are well known to those
      skilled in the art and are described in Product Licensing Index, Vol. 92,
      Dec., 1971, publication 9232, p. 107, paragraph I, "Emulsion types"; they
      may be chemically and spectrally sensitized as described on page 107,
      paragraph III, "Chemical sensitization", and pp. 108-109, paragraph XV,
      "Spectral sensitization", of the above article; they can be protected
      against the production of fog and can be stabilized against loss of
      sensitivity during keeping by employing the materials described on p. 107,
      paragraph V, "Antifoggants and stabilizers", of the above article; they
      can contain development modifiers, hardeners, and coating aids as
      described on pp. 107-108, paragraph IV, "Development modifiers"; paragraph
      VII, "Hardeners"; and paragraph XII, "Coating aids", of the above article;
      they and other layers in the photographic elements used in this invention
      can contain plasticizers, vehicles and filter dyes described on p. 108,
      paragraph XI, "Plasticizers and lubricants", and paragraph VIII,
      "Vehicles", and p. 109, paragraph XVI, "Absorbing and filter dyes", of the
      above article; they and other layers in the photographic elements used in
      this invention may contain addenda which are incorporated by using the
      procedures described on p. 109, paragraph XVII, "Methods of addition", of
      the above article; and they can be coated by using the various techniques
      described on p. 109, paragraph XVIII, "Coating procedures", of the above
      article, the disclosures of which are hereby incorporated by reference.
PAR  It will be appreciated that there remains in the photographic element after
      transfer has taken place an imagewise distribution of dye in addition to
      developed silver. A color image comprising residual nondiffusible compound
      may be obtained in this element if the residual silver and silver halide
      are removed by any conventional manner well known to those skilled in the
      photographic art, such as a bleach bath followed by a fix bath, a
      bleach-fix bath, etc. The imagewise distribution of dye may also diffuse
      out of the element into these baths, if desired, rather than to an
      image-receiving element. If a negative-working silver halide emulsion is
      employed in such photosensitive element, then a positive color image, such
      as a color transparency or motion-picture film, may be produced in this
      manner. If a direct-positive silver halide emulsion is employed in such
      photosensitive element, then a negative color image may be produced.
PAR  Preferably, when the desired dye image is retained in the image-forming
      unit, the image dye-providing materials are shifted (G is hydrolyzable
      acyloxy) and are incorporated in the silver halide emulsion layer.
      Improved processes are described in U.S. Ser. No. 422,390, filed Dec. 6,
      1973.
DETD
PAR  The following examples are provided for a further understanding of the
      invention. The structures of all of the compounds were confirmed by their
      infrared and NMR spectra and in some cases by elemental analysis. The
      notation C.sub.5 H.sub.11 -t as used herein is an abbreviation for
      t-pentyl.
PAR  4-Amino-N-[4-(2,4-di-t-pentylphenoxy)-butyl]-1-hydroxy-2-naphthamide may be
      prepared as follows:
      1-hydroxy-N-[4-(2,4-di-t-pentylphenoxy)-butyl]-2-napthamide (U.S. Pat. No.
      2,474,293) is coupled with a diazotized p-anisidine
      ##SPC23##
PAL  The azo group of the compound thus prepared may then be reduced with sodium
      dithionite (Na.sub.2 S.sub.2 O.sub.4) to the corresponding amine (see also
      U.S. Pat. No. 3,458,315, column 10).
PAC  EXAMPLE 1
PAC  Preparation of Dye-Releasing Redox (DRR) Compound No. 1
      ##SPC24##
PAR  A diazonium solution was prepared by bubbling HCl gas into a suspension of
      12.9 g.
      4-p-aminophenylsulfonamideo-N-[(2,4-di-t-pentyl-phenoxy)butyl]-1-hydroxy-2
     -naphthamide in 130 ml. absolute ethanol. After cooling below
      -15.degree.C., 2.7 g. isopentyl nitrite was added and the mixture stirred
      for 35 minutes.
PAR  5-Methanesulfonamido-1-hydroxy-2-t-octylsulfonamide (8.6 g.) was dissolved
      in a mixture of 30 ml. pyridine and 200 ml. absolute ethanol and cooled to
      -10.degree.C. under nitrogen. The above diazonium solution was added over
      20 minutes under nitrogen with cooling, stirred 2 hours at -10.degree.C.,
      and allowed to warm to room temperature overnight. The slurry of
      precipitated product was filtered off. It was recrystallized from 75 ml.
      tetrahydrofuran and reprecipitated by pouring slowly into 800 ml. hexane,
      yielding 12.8 g. (58%) of the DRR compound. The thin layer chromotography
      showed a faint trace of impurity. .lambda. max in dimethylacetamide, .tau.
      565 nm.
PAC  Preparation of Intermediates
PAR  a. The 5-methanesulfonamido-1-hydroxy-2-t-octylsulfonamide was prepared
      from 4.3 g. 5-bis(methanesulfonyl)amino-1-hydroxy-2-t-octylsulfonamide by
      room temperature hydrolysis in 10 ml. of 45% aqueous potassium hydroxide
      in 90 ml. ethanol for 3 hours. The mixture was acidified with concentrated
      HCl, diluted with water to give the crystalline product, 3.14 g., m.p.
      168.degree.-169.degree.C.
PAR  b. The 5-bis(methanesulfonyl)amino-1-hydroxy-2-t-octylsulfonamide was
      obtained by refluxing 24.6 g. of
      5-bis(methanesulfonyl)amino-1-methanesulfonyloxy-2-naphthalenesulfonyl
      chloride with 19.6 g. t-octylamine (1,1,3,3-tetramethylbutylamine) and
      1.29 g. of diisopropylethylamine in 700 ml. dry dioxane for 18 hours. The
      dioxane solution was treated with activated charcoal, filtered, and poured
      into 3 l. water. This mixture was warmed to coagulate the product; and the
      gray solid was filtered off, washed with water, and dried. The crude
      product was purified by dissolving in acetone, filtering and precipitating
      with ether/hexane to yield 13.9 g. (55%), m.p. 212.degree.-213.degree.C.
PAR  c. The
      5-bis(methanesulfonyl)amino-1-methanesulfonyloxy-2-naphthalenesulfonyl
      chloride was prepared from 7.1 g. of a paste of the sodium 2-sulfonate
      analogue in 15 ml. N-methylpyrrolidinone, which was added to 50 ml. of
      phosphoryl chloride with stirring under nitrogen, cooled in an ice-water
      bath. The mixture was stirred cold for 20 minutes, then for 10 minutes at
      room temperature. The resulting paste was poured into 1.5 l. ice-water,
      the solid filtered and washed with dilute hydrochloric acid. The moist
      solid was dissolved in 400 ml. tetrahydrofuran, treated with activated
      charcoal, with anhydrous magnesium sulfate to dry it, and then later
      filtered. The volume of filtrate was reduced to 25 ml. in a rotary
      evaporator and diluted with hexane to precipitate 5.4 g. of the sulfonyl
      chloride, m.p. 240.degree.C. dec.
PAR  d. The sodium
      5-bis(methanesulfonyl)amino-1-methane-sulfonyloxy-2-naphthalene sulfonate
      was prepared from 40 grams of the inner salt of
      5-amino-1-hydroxy-2-naphthalene sulfonic acid by dissolving it in 100 ml.
      water and adjusting the pH to 7.5 with sodium hydroxide solution.
      Methanesulfonyl chloride (80 g.) was added dropwise over a 4 hour period,
      the mixture kept at 35.degree. to 45.degree.C. and pH 6.5 to 7.5 by
      cooling and by periodic addition of sodium hydroxide solution. After
      stirring for 1 hour at room temperature (pH about 7), the mixture was
      filtered and the precipitate freed as much as possible from water. It was
      slurried in 200 ml. of methanol, filtered, washed with ether and dried.
      Yield 78.5 grams.
PAR  e. The inner salt of 5-amino-1-hydroxy-naphthalene-2-sulfonic acid was
      obtained by sulfonation of 50 g. of purified 5-amino-1-naphthol in 100 g.
      sulfuric acid below 30.degree.C. The mixture was stirred 1 hour at room
      temperature, then poured onto about 500 g. ice. The crude product was
      filtered off, then purified first by dissolving in dilute sodium hydroxide
      solution and precipitating with acetic acid and subsequently, by digesting
      the solid 2 l. water containing 100 ml. acetic acid and cooling. The yield
      was 48 g. (70%).
PAR  The products from each step of the above synthesis were characterized for
      identity and/or purity by thin layer chromatography, infrared spectrum and
      NMR spectrum in dimethylsulfoxide-d.sub.6.
PAC  EXAMPLE 2
PAC  Preparation of DRR Compound No. 2
      ##SPC25##
PAR  5-Acetamido-1-hydroxynaphthalene-2-sulfonamide (0.94 g.) was dissolved in 9
      ml. pyridine and diluted with 120 ml. of 20% propionic acid in acetic
      acid. To this solution below 10.degree.C. was added dropwise a cold
      solution of 2.09 g.
      4-(4-aminobenzenesulfonamido)-N-[4-(2,4-di-t-pentyl-phenoxy)butyl]-1-hydro
     xy-2-naphthamide in 15 ml. tetrahydrofuran which has been previously
      diazotized with 0.4 ml. isopentyl nitrite over 30 minutes under a nitrogen
      atmosphere. The mixture was refrigerated overnight, filtered, and diluted
      to 300 ml. with water. The precipitate was filtered off and dried. The
      2.42 g. of crude product was dissolved at 25.degree. in 30 ml. acetic
      acid. The purified product (1.28 g. -- 42% yield) precipitated on
      standing. .lambda. max 557 nm.
PAC  Preparation of Intermediates
PAR  a. The 5-acetamido-1-hydroxynaphthalene-2-sulfonamide was prepared by
      dissolving 10.8 g. of 5-acetamido-1-acetoxynaphthalene-2-sulfonyl chloride
      in 10 ml. dry chloroform and heating on the steam bath with 25.0 g.
      anhydrous ammonium carbonate for 2.5 hours. The yellow-brown solid was
      dissolved by heating with 50 ml. water on the steam bath for 4 hours.
      Acidification with dilute hydrochloric acid to pH5 caused the sulfonamide
      to precipitate. It was filtered off, washed and dried, yielding 5.61 g.
      (63%).
PAR  b. The 5-acetamido-1-acetoxynaphthalene-2-sulfonyl chloride was prepared by
      dropwise treatment of a suspension of dry sodium
      5-acetamido-1-acetoxynaphthalene-2-sulfonate in 100 ml. phosphoryl
      chloride with 5.5 ml. dry dimethylformamide in a nitrogen atmosphere. The
      reaction mixture was stirred 1 hour and then poured over 600 ml. of
      crushed ice. The crude product was filtered and dissolved immediately in
      500 ml. chloroform. The solution was treated with activated charcoal and
      dried over anhydrous magnesium sulfate to give 10.8 g. (44%) of a resinous
      yellow product which showed a single spot on a thin-layer chromotography.
PAR  c. The sodium 5-acetamido-1-acetoxy-2-naphalenesulfonate was prepared by
      acetylation of 5-amino-1-hydroxynaphthalene-2-sulfonic acid (Example 1;
      30.0 g.) with 50 ml. acetic anhydride in 25 ml. pyridine, the mixture
      heated on the steam bath for 1.5 hours. The viscous, cooled solution was
      extracted twice and a total of 600 ml. benzene and then treated with 500
      ml. of saturated aqueous sodium chloride. The resulting tan precipitate
      was filtered, washed with saturated sodium chloride and dried. The yield
      of 59 g. contained some sodium chloride.
PAC  EXAMPLE 3
PAC  Preparation of DRR Compound No. 3
PAR  A schematic representation of the reaction involved is shown below:
PAC  Preparation of Coupler Intermediate,
      5-Methanesulfonamido-2-benzyl-sulfonyl-1-naphthol (Compound B)
      ##SPC26##
PAC  Preparation of Diazonium Intermediate,
      4-(4-Chloro-3-aminobenzenesulfonamido)-1-hydroxy-N-[4-(2,4-di-tert-pentylp
     henoxy)-butyl]-2-naphthamide - (Compound C) and Subsequent Diazotization to
      Compound D
      ##SPC27##
PAC  Preparation of DRR Compound 3
      ##SPC28##
PAC  Preparation of Intermediates
PAC  Preparation of Compound A
PAR  A suspension of 98.4 g. (0.20 mole)
      1-methanesulfonyloxy-5-[N,N-di(methanesulfonyl)amino]-2-naphthalenesulfony
     l chloride, 126 g. (1.00 mole) sodium sulfide, and 400 ml. water was
      stirred vigorously and heated to 70.degree.C. The very thick suspension
      was stirred at 55.degree.-60.degree.C. for 5 hr., then overnight at
      25.degree.C. The product was filtered, and the cake washed with 100 ml.
      cold water and then isopropanol. One hundred and one grams of a white
      powder was produced which was high assay sodium
      1-methanesulfonyloxy-5-[N,N-di(methanesulfonylamino]-2-naphthalenesulfinat
     e. This material was used with no further purification.
PAC  Preparation of Compound B
      (5-Methanesulfonamido-2-benzylsulfonyl-1-naphthol)
PAR  A mixture of 140 g. (0.29 mole) Compound A, 49.5 g. (0.29 mole) benzyl
      bromide, and 300 ml. dry DMF was stirred and heated on a steam bath for 18
      hr. The resulting dark solution was rotary evaporated under reduced
      pressure to remove most of the solvent and the residue heated with 1 l. of
      1N NaOH with stirring on a steam bath for 1 hr. The mixture was poured
      onto 1 l. iced water containing enough acetic acid to neutralize the
      excess NaOH, and filtered. The crude coupler was recrystallized twice from
      boiling acetic acid using Darco treatments and hot filtrations. This gave
      a 75% yield of pure white coupler as analyzed by IR, NMR, and TLC.
PAC  Preparation of Compound C
PAR  A solution of 100 g. (0.39 moles) 4-chloro-3-nitro-benzenesulfonyl chloride
      in 400 ml. p-dioxane was added to a solution of 190 g. (0.39 moles)
      1-hydroxy-4-amino-N-[4-(2,4-di-t-pentylphenoxy)-butyl]-2-naphthamide in
      600 ml. p-dioxane and 40.7 g. (0.39 moles) 2,6-lutidine previously cooled
      to 5.degree.C. The reaction was stirred under argon for 3 hrs. at
      .ltoreq.10.degree.C., and poured onto 3 l. 10% hydrochloric acid. The
      gummy solid which separated solidified on stirring and was filtered and
      air dried to give 280 g.
      4-(4-chloro-3-nitrobenzenesulfonamido)-1-hydroxy-N-[4-(2,4-di-tert-pentylp
     henoxy)-butyl]-2-naphthamide. Recrystallization from 7 l. toluene gave 232
      g. pure material, m.p. 221.degree.-223.degree.C.
PAR  A solution of 120 g. (0.169 moles)
      4-(4-chloro-3-nitrobenzenesulfonamido)-1-hydroxy-N-[4-(2,4-di-tert-pentylp
     henoxy)-butyl]-2-naphthamide in 1.5 l. methanol was treated with 3.0 g. 5%
      sulfided platinum on C catalyst and reduced in a rocking autoclave under
      the following conditions: 500 p.s.i. hydrogen at 85.degree.C. for 1.5 hrs.
      The reaction mixture was filtered and the filtrate evaporated. The residue
      was dissolved in 600 ml. boiling acetic acid, treated with decolorizing
      carbon, filtered hot, and allowed to crystallize. The crystalline product
      was filtered at 25.degree.C. and recrystallized a second time from acetic
      acid. This gave 106 g.
      4-(4-chloro-3-aminobenzenesulfonamido)-1-hydroxy-N-[4-(2,4-di-tert-pentylp
     henoxy)-butyl]-2-naphthamide (Compound C), m.p. 180.degree.-182.degree.C.
PAC  Preparation of Compound D
PAC  Diazotization Step
PAR  A solution of 27.2 g. (0.040 mole)
      4-(4-chloro-3-amino-benzenesulfonamido)-1-hydroxy-N-[4-(2,4-di-tert-pentyl
     phenoxy)-butyl]-2-naphthamide in 1 l. ethanol was prepared at 50.degree.C.
      and cooled to 25.degree.C. Anhydrous HCl was added to the stirred solution
      for 30 minutes at &lt;30.degree.C. The solution was cooled to 0.degree.C. and
      treated with 4.8 g. (0.041 mole) amyl nitrite. The diazotization was
      completed after 30 minutes at 0.degree.C.
PAC  Coupling Step
PAR  A solution of 13.7 g. (0.035 mole) of
      5-methanesulfonamido-2-benzylsulfonyl-1-naphthol in 25 ml. DMF was treated
      with 100 g. anhydrous sodium acetate and the mixture then cooled to
      0.degree.C. The suspension of diazonium salt prepared as described above
      was added in portions with vigorous stirring while maintaining the
      temperature at 0.degree.C. After the addition was completed, 400 g. sodium
      acetate was added. The mixture was stirred at .ltoreq.5.degree.C. for 4
      hrs. TLC indicated complete coupling. The reaction was drowned into 4
      liters ice water containing 100 ml. acetic acid and stirred to coagulate a
      red powder which was filtered off. The crude dye cake was analyzed by TLC
      and found to contain a single magenta DRR component with traces of coupler
      and other nonpolar impurities which presumably arise from partial
      decomposition of the diazonium salt during preparation and/or coupling.
      The impurities were completely removed by crystallization of the crude DRR
      cake (32 g.) from a solution prepared by boiling the DRR compound with 1.9
      l. isopropanol and adding just enough 2-methoxyethanol to give a solution
      while boiling. This gave 15.5 g. of pure dye. The filtrate gave a second
      crop (2.6 g.) of pure DRR compound. Total yield: 18.1 g. (48%).
PAC  Example 4
PAC  Preparation of DRR Compound No. 4
      ##SPC29##
PAR  This compound was prepared in a manner similar to that used in Examples 1
      and 3 in good yield.
PAC  Example 5
PAC  Preparation of Shifted Version DRR Compound No. 4
PAR  Compound No. 4 is esterified with benzoyl chloride in dry acetone using one
      equivalent of pyridine as the hydrogen chloride acceptor. This compound is
      similar to DRR Compound No. 4 except that the hydroxy radical in the para
      position relative to the point of attachment to the azo linkage of the
      naphthalene nucleus is replaced with --OCOC.sub.6 H.sub.5.
PAC  Example 6
PAR  Table I lists examples of dye-releasing redox (DRR) compounds of the
      invention including those prepared in Examples 1-4. Data pertaining to
      these compounds are shown in Table II. Table III lists additional examples
      of DRR compounds as well as data pertaining to those compounds.
PAR  In general the dyes and dye-releasing redox compounds of the invention were
      prepared by known methods as exemplified above.
PAR  The starting compounds are either well known in the art or are prepared by
      known methods. The diazotization and coupling reactions used in making the
      DRR compounds were carried out as described in Fierz-David and Blangley,
      Processes of Dye Chemistry, translated from the 5th Austrian Edition by P.
      W. Vittum, N.Y., Interscience Publishers, Inc., 1949.
PAR  Tables II and III shows the absorption, diffusion, and light stability data
      for the released dyes corresponding to the dye-releasing redox compounds
      of Tables I and III.
PAR  The spectra and light stability tests were measured on a dyed film strip
      containing a mixture of gelatin and
      poly(styrene-CO-N-vinylbenzyl-N,N,N-trihexylammonium chloride), which was
      coated at 2.2 g./m.sup.2 of each component on a polyester support with the
      following exceptions: Compounds 6, 20, 23 and 24 were measured on strips
      of poly[styrene-CO-N-benzyl-N,N-dimethyl-N-(3-maleimidopropyl)ammonium
      chloride] which was coated at 2.2 g./m.sup.2 in mixture with an equal
      amount of gelatin on a cellulose acetate support.
PAR  The dyes were first dissolved in 0.1 N sodium hydroxide (a few drops of
      dimethylformamide were needed in some cases). A strip of undyed mordant
      was immersed in the dye solution until the dye was absorbed by the mordant
      to a density of approximately 1.5 to 2.0. The strip was then placed in a
      Harleco standard aqueous buffer solution of the pH indicated in the table,
      equilibrated for 1 minute, and dried.
PAR  A. Spectrophotometry -- The spectra of the released dyes, when absorbed to
      the mordant on a transparent support, were measured
      spectrophotometrically. The maximum wavelength (.lambda.max) and the
      bandwidth in nm. at one-half the density at the .lambda.max of the curve
      for each dye is also given in the table. This "half bandwidth" along with
      the .lambda.max is indicative of hue, the brightness and purity of color
      being greater, the smaller the half bandwidth.
PAR  B. Light Stability -- The light stability was determined by irradiation of
      a dyed film strip according to one of the following two methods:
PA1  1. Exposure to a "simulated average northern skylight" (SANS) test for 7
      days: a high intensity 6000 W. Xenon arc lamp (ANSI specification PH
      1.42-1969) unit irradiating the sample with 5380 lux at 21.degree.C. and
      45% relative humidity.
PA1  2. Exposure to a high intensity 6000 W. Xenon arc lamp for 2 days, the
      sample receiving 50,000 lux through a Wratten 2B (ultraviolet) filter at
      approximately 38.degree.C. at low humidity.
PAR  In both tests the optical density was measured at .lambda.max both before
      (D.sub.o) and after (D) exposure. These values and the percentage loss are
      given in Tables II and III.
PAR  C. Dye-transfer in receiving element -- Samples of emulsion coating
      containing the image dye-providing compounds were fogged by exposure to
      light and processed by passing them as a "sandwich" with an image
      receiving element and viscous developing composition (goo) between a pair
      of juxtaposed pressure-applying rollers. The developer layer thickness of
      the resulting laminate ranged from about 0.075 to 0.10 mm. The receiving
      element had the following structure (the coverages in mg./dm.sup.2 are
      shown in parenthesis):
     Gelatin (4.3)                                                             

             Carbon (27) + Gelatin (17)                                        

             TiO.sub.2 (25) + Gelatin (22)                                     

             Mordant* (22) + Gelatin (22)                                      

     Cellulose acetate support                                                 

FNT  *poly(styrene-CO-N-vinylbenzyl-N,N,N-trihexylammonium chloride.
PAR  The "goo" contained 20 g. sodium hydroxide, 0.75 g.
      4-hydroxy-methyl-4-methyl-1-phenyl-3-pyrazolidone, 10 g. potassium bromide
      and 25 g. hydroxyethylcellulose, all per liter of solution. Upon
      application of the goo to the fogged emulsion layer, the dyes are released
      and diffuse through the carbon and titania layers to the mordant layer.
      The density of the dyes on the mordant layer was read through the support
      by means of a reflection densitometer after intervals of 30, 60 and 120
      seconds at 24.degree.C. The increase in density, as indicated by the
      values in the table, is a measure of the rate of release and also of the
      diffusivity of the dyes. The three figures given in the table are
      percentages of the densities read at these intervals in relation to the
      eventual maximum density (Dmax). Most of the dyes measured showed at least
      70% diffusion after 60 sec. and 90% after 120 sec.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     DRR                                                                       

     Compound No.                                                              

             Car                                                               

                X     m    D            Q       Z.sup.1                        

     __________________________________________________________________________

     1       4-A*                                                              

                --    O --SO.sub.2 NHC(CH.sub.3).sub.2 CH.sub.2 C(CH.sub.3).sub

                        .3             --NHSO.sub.2 CH.sub.3                   

                                                H                              

     2       4-A                                                               

                --    O --SO.sub.2 NH.sub.2                                    

                                       --NHCOCH.sub.3                          

                                                H                              

     3       5-A                                                               

                --    O --SO.sub.2 CH.sub.2 .phi.                              

                                       --NHSO.sub.2 CH.sub.3                   

                                                2-Cl                           

     4       4-A                                                               

                --    O --SO.sub.2 NH.sub.2                                    

                                       --NHSO.sub.2 CH.sub.3                   

                                                H                              

     5       4-A                                                               

                --    O --SO.sub.2 NHCH.sub.3                                  

                                       --NHSO.sub.2 CH.sub.3                   

                                                H                              

     6       4-A                                                               

                --    O --SO.sub.2 NHC(CH.sub.3).sub.3                         

                                       --NHSO.sub.2 CH.sub.3                   

                                                H                              

     7       4-A                                                               

                --    O --SO.sub.2 NH(CH.sub.2).sub.2 CH(CH.sub.3).sub.2       

                                       --NHSO.sub.2 CH.sub.3                   

                                                H                              

     8       4-A                                                               

                --    O --SO.sub.2 NHCH(CH.sub.3)--C(CH.sub.3).sub.3           

                                       --NHSO.sub.2 CH.sub.3                   

                                                H                              

     9       4-A                                                               

                --    O --SO.sub.2 NCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2       

                                       --NHSO.sub.2 CH.sub.3                   

                                                H                              

     10      4-A                                                               

                --    O --SO.sub.2 NHC(CH.sub.3).sub.3                         

                                       --NHSO.sub.2 C.sub.3 H.sub.7 --n        

                                                H                              

     11      4-A                                                               

                --    O --SO.sub.2 NHC(CH.sub.3).sub.3                         

                                       --NHSO.sub.2 C.sub.4 H.sub.9 --n        

                                                H                              

     12      4-A                                                               

                --    O --SO.sub.2 NHC(CH.sub.3).sub.3                         

                                       --NHSO.sub.2 T**                        

                                                H                              

     13      4-A                                                               

                --    O --SO.sub.2 NHC(CH.sub.3).sub.2 CH.sub.2 C(CH.sub.3).sub

                        .3             --NHSO.sub.2 T**                        

                                                H                              

     14      5-A                                                               

                --    O --SO.sub.2 NHCH.sub.3                                  

                                       --NHSO.sub.2 CH.sub.3                   

                                                2-Cl                           

     15      5-A                                                               

                --    O --SO.sub.2 NHCH.sub.2 CF.sub.3                         

                                       --NHSO.sub.2 CH.sub.3                   

                                                2-Cl                           

     16      5-A                                                               

                --    O --SO.sub.2 NH(CH.sub.2).sub.2 CH(CH.sub.3).sub.2       

                                       --NHSO.sub.2 CH.sub.3                   

                                                2-Cl                           

     17      5-A                                                               

                --    O --SO.sub.2 NHC(CH.sub.3)                               

                                       --NHSO.sub.2 CH.sub.3                   

                                                2-Cl                           

     18      5-A                                                               

                --    O --SO.sub.2 NHCH.sub.2 C(CH.sub.3).sub.3                

                                       --NHSO.sub.2 CH.sub.3                   

                                                2-Cl                           

     19      3-A                                                               

                --    O --SO.sub.2 NHC(CH.sub.3).sub.3                         

                                       --NHSO.sub.2 CH.sub.3                   

                                                4-Cl                           

     20      3-A                                                               

                --    O --SO.sub.2 NH.sub.2                                    

                                       --OH     H                              

     21      3-A                                                               

                --(CH.sub.2).sub.3 --                                          

                      1 --SO.sub.2 NH.sub.2                                    

                                       --OH     H                              

     22      3-A                                                               

                --    O --SO.sub.2 NHCH.sub.3                                  

                                       --OH     H                              

     23      4-A                                                               

                --    O --SO.sub.2 NCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2       

                                       --NHCOCH.sub.3                          

                                                H                              

     24      4-B                                                               

                --    O --SO.sub.2 NHC(CH.sub.3).sub.3                         

                                       --NHSO.sub.2 CH.sub.3                   

                                                H                              

     25      4-C                                                               

                --    O --SO.sub.2 NCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2       

                                       --NHSO.sub.2 CH.sub.3                   

                                                H                              

     26      4-D                                                               

                --    O --SO.sub.2 NCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2       

                                       --NHSO.sub.2 CH.sub.3                   

                                                H                              

     27      4-D                                                               

                --    O --SO.sub.2 NHC(CH.sub.3).sub.3                         

                                       --NHSO.sub.2 CH.sub.3                   

                                                H                              

     28      5-A                                                               

                --    O --SO.sub.2 CH.sub.3                                    

                                       --NHSO.sub.2 CH.sub.3                   

                                                2-Cl                           

     29      5-A                                                               

                --    O --SO.sub.2 (CH.sub.2).sub.2 CH(CH.sub.3).sub.2         

                                       --NHSO.sub.2 CH.sub.3                   

                                                2-Cl                           

     30      5-A                                                               

                --    O --SO.sub.2 NHCH.sub.2 COOH                             

                                       --NHSO.sub.2 CH.sub.3                   

                                                2-Cl                           

     31      3-A                                                               

                --    O --CON(CH.sub.3).sub.2                                  

                                       --NHSO.sub.2 CH.sub.3                   

                                                H                              

     __________________________________________________________________________

       *Position at which Car moiety is bonded relative to azo linkage.        

      **T = --m--C.sub.6 H.sub.4 --SO.sub.2 NH.sub.2?                          

TBL                                    TABLE II                                

     __________________________________________________________________________

     PHOTOGRAPHIC PROPERTIES                                                   

                          Density of Dye                                       

     Released Dye of                                                           

                 Max                                                           

                    Half-Band                                                  

                          Transfer Image (% of Final)                          

                                       Light Stability                         

     DRR Compound No.                                                          

               pH                                                              

                 (nm)                                                          

                    Width (nm)                                                 

                          30 sec.                                              

                              60 sec.                                          

                                  120 sec.                                     

                                       Test No/pH                              

                                              D.sub.o                          

                                                 D  % Loss                     

     __________________________________________________________________________

     1         5 549                                                           

                    96    38  63  86   2/5    1.53                             

                                                 1.28                          

                                                    16                         

     2         7 542                                                           

                    107   41  64  88   --     -- -- --                         

     3         4 548                                                           

                    103   31  57  82   1/5    1.41                             

                                                 1.34                          

                                                     5                         

     4         4 552                                                           

                    99    43  68  89   2/5    1.84                             

                                                 1.65                          

                                                    10                         

     5         4 546                                                           

                    98    48  75  94   1/4    1.17                             

                                                 1.07                          

                                                     8                         

     6         4 545                                                           

                    103   40  62  85   1/4    2.75                             

                                                 2.59                          

                                                     6                         

     7         4 546                                                           

                    97    43  69  91   2/5    1.74                             

                                                 1.53                          

                                                    12                         

     8         --                                                              

                 -- --    38  62  84   2/5    1.74                             

                                                 1.57                          

                                                    16                         

     9         4 551                                                           

                    97    38  63  86   2/5    2.08                             

                                                 1.07                          

                                                    48                         

     10        5 556                                                           

                    92    41  64  85   2/5    1.16                             

                                                 0.91                          

                                                    22                         

     11        5 551                                                           

                    96    34  58  82   2/5    2.13                             

                                                 1.83                          

                                                    14                         

     12        5 557                                                           

                    92    42  68  90   2/5    1.82                             

                                                 0.95                          

                                                    48                         

     13        4 555                                                           

                    97    36  60  84   2/5    1.82                             

                                                 1.64                          

                                                    10                         

     14        5 549                                                           

                    97    48  75  94   2/4    2.08                             

                                                 2.04                          

                                                     2                         

     15        5 544                                                           

                    102   43  71  92   2/5    1.46                             

                                                 1.23                          

                                                    16                         

     16        5 552                                                           

                    99    42  68  89   2/5    1.53                             

                                                 1.39                          

                                                     9                         

     17        4 554                                                           

                    97    44  70  91   2/4    1.84                             

                                                 1.72                          

                                                     7                         

     18        4 551                                                           

                    99    42  68  90   2/5    1.68                             

                                                 1.54                          

                                                     8                         

     19        4 551                                                           

                    94    47  74  94   2/5    1.59                             

                                                 1.42                          

                                                    11                         

     20        5 546                                                           

                    103   43  67  92   1/5    1.33                             

                                                 1.30                          

                                                     2                         

     22        4 544                                                           

                    104   --  --  --   2/5    1.03                             

                                                 0.73                          

                                                    29                         

     23        4 543                                                           

                    106   29  51  75   1/5    1.40                             

                                                 1.18                          

                                                    26                         

     24        4 545                                                           

                    103   40  62  85   1/4    2.75                             

                                                 2.59                          

                                                     6                         

     25        4 551                                                           

                    97    38  63  86   2/5    2.08                             

                                                 1.07                          

                                                    48                         

     26        4 551                                                           

                    97    38  63  86   2/5    2.08                             

                                                 1.07                          

                                                    48                         

     27        4 552                                                           

                    99    43  68  89   2/5    1.84                             

                                                 1.69                          

                                                    10                         

     28        4 540                                                           

                    102   51  79  98   --     -- -- --                         

     29        4 546                                                           

                    --    40  66  90   --     -- -- --                         

     30        5 552                                                           

                    96    39  63  87   2/5    1.31                             

                                                 1.21                          

                                                     8                         

     31        6 563                                                           

                    89    49  71  92   --     -- -- --                         

     __________________________________________________________________________

TBL                                    TABLE III                               

     __________________________________________________________________________

                                      Density of Dye Transfer                  

     DRR Com-               .lambda.Max                                        

                                Half-band                                      

                                      Image (% of Final)                       

                                                   Light Stability             

     pound No.                                                                 

           D         Z    pH                                                   

                            (nm)                                               

                                Width (nm)                                     

                                      30 sec.                                  

                                          60 sec.                              

                                              120 sec.                         

                                                   Text No./pH                 

                                                          D.sub.o              

                                                             D  %              

     __________________________________________________________________________

                                                                Loss           

     32    --SO.sub.2 NHC(CH.sub.3).sub.3                                      

                    4-SO.sub. 2 NH.sub.2                                       

                          5 557 92    42  68  90   2/5    1.82                 

                                                             0.95              

                                                                48             

     38    --SO.sub.2 NHC(CH.sub.3).sub.3                                      

                    3-SO.sub. 2 CH.sub.3                                       

                          4 546 92    46  71  91   2/5    1.32                 

                                                             1.12              

                                                                15             

     34    --SO.sub.2 NHC(CH.sub.3).sub.3                                      

                    3-NO.sub. 2                                                

                          4 553 97    42  65  86   2/5    1.48                 

                                                             1.12              

                                                                24             

     35    --SO.sub.2 NHCH.sub.3                                               

                    2,4-di Cl                                                  

PAC  EXAMPLE 7
PAR  Dyes such as those released from the previously discussed carriers (Car-)
      during alkaline processing were prepared and dissolved in 30 ml. of a 0.5N
      sodium hydroxide solution containing 30 g./l. of hydroxyethylcellulose.
      Each solution was spread between a cellulose acetate cover sheet and a
      receiving element so that the alkaline dye composition was 0.1 mm. thick.
      The receiving element was as described in Example 6. The spectra of the
      dyes when absorbed to the mordant were determined as in Example 6. The
      following Tables IV, V and VI show the general formula of the dyes tested
      and the results obtained.
TBL                                    TABLE IV                                

     __________________________________________________________________________

                                                     Half-Band                 

     Dye                                                                       

        R.sup.1                                                                

               Z      R.sup.5                                                  

                           R.sup.6         R.sup.3                             

                                               .lambda.max (nm)                

                                                     Width (nm)                

     __________________________________________________________________________

      1 H    4-SO.sub. 2 NH.sub.2                                              

                      H  n-C.sub. 3 H.sub.7                                    

                                           CH.sub.3                            

                                               545   101                       

      2 H    4-SO.sub. 2 NH.sub.2                                              

                      H  --(CH.sub.2).sub.3 --SO.sub.2 NH.sub.2                

                                           CH.sub.3                            

                                               547   95                        

      3 H    4-SO.sub. 2 NH.sub.2                                              

                      H  --CH.sub.2 CF.sub.3                                   

                                           CH.sub.3                            

                                               541   98                        

      4 H    4-SO.sub. 2 NH.sub.2                                              

                      H  --cyclohexyl      CH.sub.3                            

                                               549   95                        

      5 H    4-SO.sub. 2 NH.sub.2                                              

                      H  C.sub.6 H.sub.5 --                                    

                                           CH.sub.3                            

                                               546   100                       

                         C.sub.2 H.sub.5                                       

                         .vertline.                                            

      6 H    4-SO.sub. 2 NH.sub.2                                              

                      H  CH.sub.2 C.sub.4 H.sub.9 --                           

                                           CH.sub.3                            

                                               544   98                        

      7 H    4-SO.sub. 2 NH.sub.2                                              

                      H                    CH.sub.3                            

                                               547   96                        

      8 H    4-SO.sub. 2 NH.sub.2                                              

                      H                    CH.sub.3                            

                                               546   90                        

      9 H    4-SO.sub. 2 NH.sub.2                                              

                      =R.sup.6                                                 

                         --CH(CH.sub.3).sub.2                                  

                                           CH.sub.3                            

                                               557   96                        

     10 H    4-SO.sub. 2 NH.sub.2                                              

                      =R.sup.6                                                 

                         --Si(CH.sub.3).sub.3                                  

                                           CH.sub.3                            

                                               546   100                       

                          CH.sub.3 CH.sub.3                                    

                          .vertline..vertline.                                 

     11 H    4-SO.sub. 2 NH.sub.2                                              

                          --CH.sub.2 CH--O--CH--CH.sub.2 --                    

                                           CH.sub.3                            

                                               548   98                        

             H                                                                 

     12 H    4-SO.sub. 2 N.angle.                                              

                          --CH.sub.2 CH.sub.2 --O--CH.sub.2 CH.sub.2 --        

                                           CH.sub.3                            

                                               552   99                        

             CH.sub.3                                                          

             CH.sub.3                                                          

     13 H    4-SO.sub. 2 N.angle.                                              

                          --CH.sub.2 CH.sub.2 --O--CH.sub.2 CH.sub.2 --        

                                           CH.sub.3                            

                                               556   102                       

             CH.sub.3                                                          

     14 H    4-SO.sub. 2 NH.sub.2                                              

                      =R.sup.6                                                 

                         --CH.sub.2 CH.sub.2 OH                                

                                           CH.sub.3                            

                                               548   100                       

     15 H    4-SO.sub. 2 NH.sub.2                                              

                      CH.sub.3                                                 

                         --C.sub.6 H.sub.5 CH.sub.3                            

                                               550   97                        

     16 H    4-SO.sub. 2 NH.sub.2                                              

                          --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2       

                                           CH.sub.3                            

                                               550   105                       

     17 H    4-SO.sub. 2 NH.sub.2                                              

                      H  n-C.sub. 5 H.sub.11                                   

                                           CH.sub.3                            

     18 H    4-SO.sub. 2 NH.sub.2                                              

                      =R.sup.6                                                 

                         CH.sub.2 CH.sub.2 CN                                  

                                           CH.sub.3                            

                                               543   100                       

     19 H    4-SO.sub.2 NH.sub.2                                               

                          --CH.sub.2 CH.sub.2 --O--CH.sub.2 CH.sub.2 --        

                                           C.sub.6 H.sub.5                     

                                               551   98                        

     20 H    4-SO.sub. 2 NH.sub.2                                              

                      H  --tC.sub.4 H.sub.9                                    

                                           C.sub.6 H.sub.5                     

                                               553   96                        

             4-SO.sub. 2 NH                                                    

             .vertline.                                                        

     21 H    (CH.sub.3).sub.3 CCH.sub.2                                        

                      H  --tC.sub.4 H.sub.9                                    

                                           CH.sub.3                            

                                               548                             

             4-SO.sub. 2 NH                                                    

             .vertline.                                                        

     22 H    n-C.sub. 3 H.sub.7                                                

                      H  --tC.sub.4 H.sub.9                                    

                                           CH.sub.3                            

             4-SO.sub. 2 NH                                                    

             .vertline.                                                        

     23 H    A        H  --tC.sub.4 H.sub.9                                    

                                           CH.sub.3                            

                                               560   96                        

     24 H    H.sub.2 NSO.sub.2 --(CH.sub.2).sub.3                              

                          --CH.sub.2 CH.sub.2 --O--CH.sub.2 CH.sub.2 --        

                                           CH.sub.3                            

                                               543   89                        

             3-SO.sub. 2 NH                                                    

             .vertline.                                                        

     25 H    H.sub.2 NSO.sub.2 --(CH.sub.2).sub.3                              

                          --CH.sub.2 CH.sub.2 --O--CH.sub.2 CH.sub.2 --        

                                           CH.sub.3                            

     26 H    4-SO.sub. 2 NH.sub.2                                              

                      H  C(CH.sub.3).sub.3 B   553   95                        

     27 H    4-SO.sub. 2 NH.sub.2                                              

                      H  C(CH.sub.3).sub.2 CH.sub.2 C(CH.sub.3).sub.3          

                                           B   555   96                        

     28 2-Cl 5-SO.sub. 2 NH.sub. 2                                             

                      H  H                 CH.sub.3                            

                                               550   99                        

                         CH.sub.3                                              

                         .vertline.                                            

     29 2-Cl 5-SO.sub. 2 NH.sub.2                                              

                      H  CH--C(CH.sub.3).sub.3                                 

                                           CH.sub.3                            

                                               555   97                        

     30 2-Cl 5-SO.sub. 2 NH.sub.2                                              

                      H  C(CH.sub.3).sub.3 n-C.sub. 3 H.sub.7                  

                                               558   98                        

     31 4-Cl 3-SO.sub. 2 NH.sub.2                                              

                      H  CH.sub.3          CH.sub.3                            

                                               536   95                        

     32 4-Cl 3-SO.sub. 2 NH.sub.2                                              

                      H  C(CH.sub.3).sub.2 CH.sub.2 C(CH.sub.3).sub.3          

                                           CH.sub.3                            

                                               551   95                        

     33 4-Cl 3-SO.sub. 2 NH.sub.2                                              

                      H  C(CH.sub.3).sub.2 CH.sub.2 C(CH.sub.3).sub.3          

                                           A                                   

     34 4-Cl 3-SO.sub. 2 NH.sub.2                                              

                      H  C(CH.sub.3).sub.2 CH.sub.2 C(CH.sub.3).sub.3          

                                           B                                   

     35 H    4-CONH.sub. 2                                                     

                      H  C(CH.sub.3).sub.3 CH.sub.3                            

                                               548   99                        

     36 H    2-SO.sub. 2 NH.sub.2                                              

                      H  C(CH.sub.3).sub.3 CH.sub.3                            

                                               559   94                        

     37 2-OCH.sub. 3                                                           

             5-SO.sub. 2 NH.sub.2                                              

                      H  C(CH.sub.3).sub.3 CH.sub.3                            

                                               542   100                       

     38 H    2-CN     H  H                 CH.sub.3                            

                                               554   98                        

     39 H    2-SO.sub. 2 NH.sub.2                                              

                      H  CH.sub.3          CH.sub.3                            

     40 2-Cl 5-OCH.sub. 3                                                      

                      H  C(CH.sub.3).sub.3 B   550   101                       

     41 H    3-NO.sub. 2                                                       

                      H  C(CH.sub.3).sub.3 B   554   96                        

     42 H    3-SO.sub. 2 CH.sub.3                                              

                      H  C(CH.sub.3).sub.3 B   547   90                        

     43 2-Cl 5-Cl     H  C(CH.sub.3).sub.3 A   559   99                        

     44 2-Cl 5-Cl     H  C(CH.sub.3).sub.3 B   558   101                       

     45 2-Cl 5-Cl     H  CH.sub.3          B   555   101                       

     46 2-Cl 4-Cl     H  C(CH.sub.3).sub.3 B   557   97                        

     47 2-Cl 4-Cl     H  C(CH.sub.3).sub.3 A   555   102                       

     48 2-Cl 4-Cl     H  CH.sub.3          A   553   100                       

     49 2-Cl 4-Cl     H  CH.sub.3          B   552   100                       

     50 H    3-SO.sub. 2 CH.sub.3                                              

                      H  t-C.sub. 8 H.sub.17                                   

                                           B   --    --                        

     __________________________________________________________________________

TBL                                    TABLE V                                 

     __________________________________________________________________________

                                 .lambda.max                                   

                                     Half-Band                                 

     Dye                                                                       

        R.sup.1                                                                

             Z         R.sup.5                                                 

                          R.sup.6                                              

                                 (nm)                                          

                                     Width (nm)                                

     __________________________________________________________________________

     51 H  3-SO.sub. 2 NH.sub.2                                                

                       H COCH.sub.3                                            

                                 546 104                                       

     52 H  4-SO.sub. 2 NH.sub.2                                                

                       H COCH.sub.3                                            

                                 551 111                                       

     53 4-Cl                                                                   

           3-SO.sub. 2 NH.sub.2                                                

                       H H       547 109                                       

     54 3-Cl                                                                   

           3-SO.sub. 2 NH.sub.2                                                

                       H H       544  98                                       

     55 H  3-SO.sub. 2 NH.sub.2                                                

                       H (CH.sub.2).sub.3 SO.sub.2 NH.sub.2                    

                                 552 --                                        

     56 H  3-SO.sub. 2 NH(CH.sub.2).sub.3 SO.sub.2 NH.sub.2                    

                       H H       545 --                                        

     __________________________________________________________________________

TBL                                    TABLE VI                                

     __________________________________________________________________________

                                            Half-Band                          

     Dye No.                                                                   

          R.sup.1                                                              

                 Z       D          pH                                         

                                      .lambda.Max (nm)                         

                                            Width (nm)                         

     __________________________________________________________________________

     57   H     3-SO.sub.2 NH.sub.2                                            

                       --SO.sub.2 NHCOCH.sub.3                                 

                                    5 528   103                                

     58   H     4-SO.sub.2 NH.sub.2                                            

                       --SO.sub.2 NHCOCH.sub.3                                 

                                    4 541   109                                

     59   H     3-SO.sub.2 NH.sub.2                                            

                       --SO.sub.2 NH.sub.2                                     

                                    7 534   100                                

     60   2-OCH.sub.3                                                          

                5-SO.sub.2 NH.sub.2                                            

                       --SO.sub.2 NH.sub.2                                     

                                    7 537   109                                

     61   H     4-SO.sub.2 NHCH.sub.3                                          

                       --SO.sub.2 NH.sub.2                                     

                                    --                                         

                                      538   --                                 

     62   H     3-SO.sub.2 CH.sub.3                                            

                       --SO.sub.2 NH.sub.2                                     

                                    7 541   106                                

     63   3-SO.sub.2 NH.sub.2                                                  

                5-SO.sub.2 NH.sub.2                                            

                       --SO.sub.2 NH.sub.2                                     

                                    7 545   106                                

     64   H     4-G*   --SO.sub.2 NH.sub.2                                     

                                    7 529   --                                 

     65   2-Cl  4-SO.sub.2 NH.sub.2                                            

                       --SO.sub.2 CH.sub.3                                     

                                    4 546   113                                

     66   2-Cl  4-SO.sub.2 NH.sub.2                                            

                       --SO.sub.2 CH.sub.2 .phi.                               

                                    4 561   110                                

     67   H     4-SO.sub.2 NH.sub.2                                            

                       --SO.sub.2 CH.sub.3                                     

                                    4 530   114                                

     68   2-Cl  5-SO.sub.2 NH.sub.2                                            

                       --SO.sub.2 CH.sub.2 --p--C.sub.6 H.sub.4 COOH           

                                    4 545   --                                 

     69   2-Cl  5-SO.sub.2 NH.sub.2                                            

                       --SO.sub.2 CH.sub.2 CH.sub.2 SO.sub.3 H                 

                                    4 540   --                                 

     70   2-Cl  5-SO.sub.2 NH.sub.2                                            

                       --SO.sub.2 CH.sub.2 CH.sub.2 COOH                       

                                    4 542   --                                 

     71   H     4-SO.sub.2 NH.sub.2                                            

                       --CON(CH.sub.3).sub.2                                   

                                    7 573    96                                

     72   H     4-SO.sub.2 NH.sub.2                                            

                       --SO.sub.2 NHCH.sub.2 COOH                              

                                    5 547    96                                

     73   H     3-SO.sub.2 NH.sub.2                                            

                       --SOC.sub.6 H.sub.5                                     

                                    5 554    91                                

     74   2-Cl  5-SO.sub.2 NH.sub.2                                            

                       --SO.sub.3 H 7 566   --                                 

     75   H     4-SO.sub.2 NH.sub.2                                            

                       --SOC.sub.6 H.sub.5                                     

                                    5 567    99                                

     76   2-Cl  5-SO.sub.2 NH.sub.2                                            

                       --SO.sub.3 C.sub.6 H.sub.5                              

                                    5 544   100                                

     77   H     4-SO.sub.2 NH.sub.2                                            

                       --SO.sub.3 C.sub.6 H.sub.5                              

                                    5 537    99                                

     __________________________________________________________________________

      *G = --SO.sub.2 (CH.sub.2).sub.2 CONH--m--C.sub.6 H.sub.4 SO.sub.2 NH.sub

      2?                                                                       

PAC  EXAMPLE 8
PAR  An integral multicolor photosensitive element is prepared by coating the
      following layers in the order recited on a transparent poly(ethylene
      terephthalate) film support (coverages in g./m.sup.2 unless specified
      otherwise):
PA1  1. image-receiving layer of
      copoly[styrene-CO-N-vinyl-benzyl-N,N,N-trihexylammonium chloride] (2.2)
      and gelatin (2.2);
PA1  2. reflecting layer of titanium dioxide (22) and gelatin (2.2);
PA1  3. opaque layer of carbon black (2.7) and gelatin (1.7);
PA1  4. cyan image dye-providing compound (0.54) having the formula
      ##SPC30##
PAL  and gelatin (0.73);
PA1  5. red-sensitive, internal-image gelatin-silver chlorobromide emulsion (1.1
      g. gelatin/m.sup.2 and 1.1 g. silver/m.sup.2),
      2-sec-octadecylhydroquinone-5-sulfonic acid (8 g./mole silver and
      nucleating agent
      1-acetyl-2-[p-[5-amino-2-(2,4-di-t-pentylphenoxy)benzamido]phenyl]hydrazin
     e (1.5 g./mole of silver);
PA1  6. interlayer of gelatin (0.55) and 2,5-di-sec-dodecylhydroquinone (1.1);
PA1  7. magenta DRR Compound (0.65) No. 9 of Table I and gelatin (1.1);
PA1  8. green-sensitive, internal-image gelatin-silver chlorobromide emulsion
      (1.2 g. gelatin/m.sup.2 and 1.1 g. silver/m.sup.2),
      2-sec-octadecylhydroquinone-5-sulfonic acid (16 g./mole silver) and
      nucleating agent
      1-acetyl-2-[p-[5-amino-2-(2,4-di-t-pentylphenoxy)benzamido]phenyl]hydrazin
     e (1.5 g. mole silver);
PA1  9. interlayer of gelatin (0.55) and 2,5-di-sec-dodecyl-hydroquinone (1.1);
PA1  10. yellow image dye-providing compound (1.1) having the formula
      ##SPC31##
PAL  and gelatin (1.1);
PA1  11. blue-sensitive internal-image gelatin-silver chlorobromide emulsion
      (1.1 g. gelatin/m.sup.2 and 1.1 g. silver/m.sup.2),
      2-sec-octadecylhydroquinone-5-sulfonic acid (8 g./mole silver) and
      nucleating agent
      1-acetyl-2-[p-[5-amino-2-(2,4-di-t-pentylphenoxy)benzamido]phenyl]hydrazin
     e (1.5 g./mole silver); and
PA1  12. overcoat of gelatin (0.54).
PAR  The above silver halide emulsions are direct-positive emulsions having high
      internal sensitivity and low surface sensitivity of the type described in
      U.S. Pat. No. 3,761,276.
PAR  The above-prepared photosensitive element is then exposed to a
      graduated-density multicolor test object. The following processing
      composition is employed in a pod and is spread between the photosensitive
      element and an opaque cellulose acetate sheet by passing the transfer
      "sandwich" between a pair of juxtaposed pressure rollers:
     potassium hydroxide     56      g.                                        

     4-hydroxymethyl-4-methyl-1-                                               

      phenyl-3-pyrazolidone  8       g.                                        

     5-methylbenzotriazole   2.4     g.                                        

     t-butylhydroquinone     0.2     g.                                        

     sodium sulfite (anhydrous)                                                

                             2.0     g.                                        

     carbon                  40      g.                                        

     hydroxyethyl cellulose  25      g.                                        

     distilled water to      1000    ml.                                       

PAR  The cover sheet is prepared by coating the following layers on a
      poly(ethylene terephthalate) film support:
PA1  1. a timing layer of cellulose acetate (3.3)
PA1  2. an acid layer of polyacrylic acid (23)
PAR  After 3 hours the following sensitometric results are read from the
      image-receiving side of the laminate:
TBL  Maximum Density         Minimum Density                                   

     Red      Green   Blue         Red   Green Blue                            

     ______________________________________                                    

     2.18     2.18    1.54         0.28  0.27  0.24                            

     ______________________________________                                    

PAR  The yellow image dye-providing compound used in this example is prepared as
      follows:
PAR  To a solution of 7.3 g. (0.015 mole) of 1-hydroxy-4-amino-N-[
      4-(2,4-di-t-amylphenoxy)butyl]-2-naphthamide in 60 ml. of dry pyridine
      cooled to 2.degree.C. in an ice bath and stirred in a nitrogen atmosphere
      are added 6.4 g. (0.016 mole) of
      1-phenyl-3-methylcarbamyl-4-(p-chlorosulfonylphenylazo)-5-pyrazolone. The
      mixture is stirred for 2 hours at room temperature and poured into 1 liter
      of ice and water containing 75 ml. of hydrochloric acid. The precipitate
      is collected, dried and recrystallized to give 10.4 g. of the yellow image
      dye-providing compound.
PAR  The invention has been described in detail with particular reference to
      certain preferred embodiments thereof, but it will be understood that
      variations and modifications can be effected within the spirit and scope
      of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A magenta image dye-providing compound having a formula as follows:
      ##SPC32##
PAL  wherein:
PA1  Car represents a carrier moiety which, as a function of oxidation under
      alkaline conditions, releases a diffusable dye from said compound and
      having the formula
      ##SPC33##
PAL  wherein
PA1  Ball represents an organic ballasting group containing at least 8 carbon
      atoms which renders said compound nondiffusible in a photographic element
      during development in an alkaline processing composition;
PA1  Y represents the carbon atoms necessary to complete a benzene or
      naphthalene nucleus;
PA1  m and q each represent an integer having a value of 0 or 1;
PA1  X represents a bivalent linking group of the formula -R.sup.2 -L.sub.n
      -R.sub.p.sup.2 - where each R.sup.2 can be the same or different and each
      represents alkylene having 1 to 8 carbon atoms; phenylene; or phenylene
      substituted with chloro, bromo, cyano, nitro, methoxy, methyl, carboxy or
      sulfo; L represents oxy, carbonyl, carboxamido, carbomoyl, sulfonamido,
      sulfamoyl sulfinyl or sulfonyl; n is an integer having a value of 0 to 1;
      p is 1 when n equals 1 and p is 1 or 0 when n equals o or when q is o;
      Car-X- represents Car-alkylene-SO.sub.2 -, Car-C.sub.6 H.sub.4 CH.sub.2
      SO.sub.2 -, or Carphenylene-SO.sub.2 -, provided that the carbon content
      of X does not exceed 14 carbon atoms;
PA1  R represents hydrogen or alkyl having 1 to 6 carbon atoms;
PA1  J represents sulfonyl or carbonyl;
PA1  Q is in the 5- or 8-position relative to G and represents hydroxy,
      -NHCOR.sup.3 or -NHSO.sub.2 R.sup.3 wherein R.sup.3 is alkyl having 1 to 6
      carbon atoms, alkyl having 1 to 6 carbon atoms substituted with hydroxy,
      cyano, sulfamoyl, carboxyl or sulfo; benzyl, phenyl, or phenyl substituted
      with carboxy, cyano, chloro, methoxy, methyl or sulfamoyl;
PA1  G represents hydroxy, an alkali metal salt thereof, a photographically
      inactive amine salt thereof, or a hydrolyzable acyloxy group having the
      formula:
      ##EQU16##
      wherein R.sup.4 is alkyl having 1 to 18 carbon atoms, phenyl or phenyl
      substituted with chloro or nitro;
PA1  r represents an integer having a value of 1 or 2;
PA1  Z represents cyano, trifluoromethyl, fluorosulfonyl, carboxy, -COOR.sup.4
      wherein R.sup.4 is as described previously, nitro in the 2- or 3-position
      relative to the azo linkage, fluoro, chloro or bromo, alkylsulfonyl having
      1 to 7 carbon atoms, alkylsulfonyl having 1 to 8 carbon atoms substituted
      with hydroxy, phenyl, cyano, sulfamoyl, carboxy or sulfo; phenylsulfonyl,
      phenylsulfonyl substituted with sulfamoyl, carboxy, fluorosulfonyl or
      methoxy; alkylcarbonyl having 2 to 5 carbon atoms, -SO.sub.2 NR.sup.5
      R.sup.6 wherein R.sup.5 represents hydrogen, alkyl having 1 to 8 carbon
      atoms; R.sup.6 represents hydrogen, alkyl having 1 to 6 carbon atoms,
      alkyl having 1 to 6 carbon atoms substituted with hydroxy, cyano,
      fluorosulfonyl, carboxy or sulfo; benzyl, phenyl, phenyl substituted with
      hydroxy, sulfonyl, sulfamoyl, carboxy or sulfo; alkylcarbonyl having 2 to
      7 carbon atoms, phenylcarbonyl, alkylsulfonyl having 1 to 6 carbon atoms,
      alkylsulfonyl having 1 to 6 carbon atoms substituted with cyano or
      hydroxy; phenylsulfonyl or methoxyphenylsulfonyl; or Z represents
      -CON(R.sup.5).sub.2 wherein each R.sup.5 can be the same or different and
      is as described previously;
PA1  Z.sup.1 represents hydrogen or Z;
PA1  R.sup.1 represents hydrogen, alkyl having 1 to 4 carbon atoms, alkyl having
      1 to 4 carbon atoms substituted with cyano, hydroxy or methoxy; alkoxy
      having 1 to 4 carbon atoms, chloro, bromo or fluoro;
PA1  D represents cyano, sulfo, fluorosulfonyl, chloro, bromo, fluoro, -SO.sub.3
      -phenyl or -SO.sub.3 -phenyl substituted with hydroxy, chloro, carboxy,
      sulfamoyl, methyl or methoxy; alkylsulfonyl having 1 to 8 carbon atoms,
      alkylsulfonyl having 1 to 8 carbon atoms substituted with chloro, fluoro,
      hydroxy, phenyl, cyano, phenylsulfonyl or phenylsulfonyl substituted with
      carboxy, fluorosulfonyl or methoxy; alkylsulfinyl having 1 to 8 carbon
      atoms or alkylsulfinyl having 1 to 8 carbon atoms substituted with cyano,
      phenyl, hydroxy or sulfamoyl; phenylsulfinyl or phenylsulfinyl substituted
      with sulfo or fluorosulfonyl, -SO.sub.2 NR.sup.5 R.sup.6, or
      -CON(R.sup.5).sub.2 wherein each R.sup.5 and R.sup.6 is as described
      previously for Z,
PA1  with the proviso that there be no more than one sulfo radical and no more
      than one carboxy radical present in said compound.
NUM  2.
PAR  2. A compound as described in claim 1 wherein
PA1  Y represents the atoms necessary to complete a naphthalene nucleus;
PA1  R.sup.2 represents alkylene having 1 to 4 carbon atoms, phenylene or
      phenylene substituted with carboxy, chloro, methyl or methoxy;
PA1  n is an integer having a value of 0;
PA1  R represents hydrogen;
PA1  J represents sulfonyl;
PA1  m is an integer having a value of 0 or 1;
PA1  Q is in the 5-position relative to G and represents hydroxy, NHCOR.sup.3 or
      -NHSO.sub.2 R.sup.3 wherein R.sup.3 represents alkyl having 1 to 4 carbon
      atoms; alkyl having 1 to 4 carbon atoms substituted with hydroxy, cyano,
      sulfamoyl, carboxy or sulfo; benzyl, phenyl or phenyl substituted with
      carboxy, chloro, methyl, methoxy or sulfamoyl;
PA1  G represents hydroxy or a hydrolyzable acyloxy group having the formula:
      ##EQU17##
      wherein R.sup.4 is alkyl having 1 to 18 carbon atoms or phenyl;
PA1  r is an integer having a value of 1;
PA1  Z represents cyano, trifluoromethyl, fluorosulfonyl, chloro, fluoro, bromo,
      nitro in the 2- or 3- position relative to the azo linkage, alkylsulfonyl
      having 1 to 7 carbon atoms, alkylsulfonyl having 1 to 6 carbon atoms
      substituted with hydroxy, phenyl, cyano, sulfamoyl, carboxy or sulfo;
      -SO.sub.2 NHR.sup.6 wherein R.sup.6 is hydrogen, alkyl having 1 to 4
      carbon atoms, or alkyl having 1 to 4 carbon atoms substituted with
      hydroxy, cyano, sulfamoyl, carboxy or sulfo; benzyl, phenyl or phenyl
      substituted with hydroxy, sulfonyl, sulfamoyl, carboxy or sulfo;
PA1  Z.sup.1 represents hydrogen;
PA1  R.sup.1 represents hydrogen, methoxy, chloro or fluoro;
PA1  D represents chloro, bromo, alkylsulfonyl having 1 to 6 carbon atoms,
      alkylsulfonyl having 1 to 6 carbon atoms substituted with chloro, fluoro,
      hydroxy, phenyl, cyano, sulfamoyl, carboxy, sulfo, sulfamoylphenyl,
      carboxyphenyl, chlorophenyl, cyanophenyl, methylphenyl, nitrophenyl;
      phenylsulfonyl; -SO.sub.2 NR.sup.5 R.sup.6 wherein R.sup.5 is hydrogen or
      methyl, R.sup.6 is hydrogen; alkyl of 1 to 8 carbon atoms; alkyl having 1
      to 6 carbon atoms substituted with hydroxy, cyano, sulfamoyl, carboxy, or
      sulfo; benzyl, phenyl or phenyl substituted with hydroxy, sulfamoyl,
      carboxy or sulfo.
NUM  3.
PAR  3. A compound having the formula
      ##SPC34##
PAL  wherein
PA1  Car represents a carrier moiety which as a function of oxidation under
      alkaline conditions releases a diffusible magenta dye from said compound;
      and having the formula
      ##SPC35##
PAL  wherein
PA1  Ball represents an organic ballasting group containing at least 8 carbon
      atoms which renders said compound nondiffusible in a photographic element
      during development in an alkaline processing composition;
PA1  Y represents the carbon atoms necessary to complete a benzene or
      naphthalene nucleus;
PA1  R.sup.1 represents hydrogen or chloro;
PA1  R.sup.3 represents alkyl having 1 to 4 carbon atoms;
PA1  D represents alkylsulfonyl having 1 to 5 carbon atoms, benzylsulfonyl,
      -SO.sub.2 NHR.sup.6 wherein R.sup.6 is alkyl having 1 to 8 carbon atoms.
NUM  4.
PAR  4. A compound as described in claim 3 wherein Car is in the 4-position
      relative to the azo linkage when R.sup.1 is hydrogen and Car is in the
      5-position when R.sup.1 is chloro; R.sup.3 represents methyl; and D
      represents -SO.sub.2 CH.sub.2 C.sub.6 H.sub.5, -SO.sub.2 NHC.sub.4 H.sub.9
      -t or -SO.sub.2 NHCH.sub.3.
NUM  5.
PAR  5. A compound as described in claim 4 wherein R.sup.1 is hydrogen and D
      represents -SO.sub.2 NHC.sub.4 H.sub.9 -t.
NUM  6.
PAR  6. A compound as described in claim 4 wherein -Ball is linked to the
      sulfonamidonaphthol nucleus through a bivalent
      ##EQU18##
NUM  7.
PAR  7. A compound as described in claim 5 wherein -Ball represents
      ##SPC36##
PAL  and is in the 2-position relative to the hydroxy group.
NUM  8.
PAR  8. A compound having the formula
      ##SPC37##
PAL  wherein
PA1  Car represents a carrier moiety which as a function of oxidation under
      alkaline conditions releases a diffusible magenta dye from said compound
      and having the formula
      ##SPC38##
PAL  wherein
PA1  Ball represents an organic ballasting group containing at least 8 carbon
      atoms which renders said compound nondiffusible during development in an
      alkaline processing composition;
PA1  Y represents the carbon atoms necessary to complete a benzene or
      naphthalene nucleus;
PA1  D represents -SO.sub.2 NHCH.sub.3 or -SO.sub.2 NHC.sub.4 H.sub.9 t;
PA1  R.sup.1 represents hydrogen or chloro;
PA1  Z represents 5-sulfamoyl when R.sup.1 is 2-chloro; and
PA1  when R.sup.1 is hydrogen Z represents 4-sulfamoyl, 3-methylsulfonyl or
      3-nitro.
NUM  9.
PAR  9. A compound as described in claim 8 wherein -Ball is linked to the
      benzene or naphthalene nucleus through a
      ##EQU19##
NUM  10.
PAR  10. A compound as described in claim 8 wherein -Ball represents
      ##SPC39##
PAL  and is in the 2-position relative to the hydroxy group.
NUM  11.
PAR  11. A compound as described in claim 5 wherein -Ball represents
      ##SPC40##
PAL  and is in the 2-position relative to the hydroxy group.
NUM  12.
PAR  12. A compound as described in claim 8 wherein Y represents the carbon
      atoms necessary to complete a naphthalene nucleus; and -Ball represents
      ##SPC41##
PAL  and is in the 2-position relative to the hydroxy group.
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ABST
PAL  Magenta image dye-providing compound having formulas as follows:
      ##SPC1##
PAL  Wherein:
PA1  Car represents a carrier moiety which, as a function of oxidation under
      alkaline conditions, releases a diffusible dye from said compound;
PA1  m and q each represent an integer having a value of 0 or 1;
PA1  X represents a bivalent linking group;
PA1  R represents hydrogen or alkyl;
PA1  J represents a bivalent radical selected from sulfonyl or carbonyl;
PA1  Q represents hydrogen, hydroxy or an acylamino radical;
PA1  G represents hydroxy, a salt thereof, or a hydrolyzable acyloxy group;
PA1  r represents an integer having a value of 1 or 2;
PA1  Z represents cyano, trifluoromethyl, a carboxy, a carboxylic acid ester,
      nitro in the 2- or 3- position relative to the azo radical,
      fluorosulfonyl, sulfo, halogen, an alkylsulfonyl radical; a phenylsulfonyl
      radical, alkylcarbonyl, a sulfamoyl radical; a carbamoyl radical, and, in
      formulas I or II when r is 1, Z may represent a radical having the formula
      Car-[X--(NR--J).sub.q ].sub.m -- wherein Car, X, J, R, q and m are as
      described previously;
PA1  R.sup.1 represents hydrogen, an alkyl radical, an alkoxy radical or a
      halogen atom;
PA1  E is in the 5-, 6- or 7- position relative to G and represents hydrogen,
      carboxy, a carboxylic acid ester, sulfo, a sulfamoyl radical, a carbamoyl
      radical, alkylsulfonyl radical or a phenylsulfonyl radical;
PA1  Z.sup.1 represents hydrogen or Z;
PA1  with the proviso that there be no more than one sulfo radical and no more
      than one carboxy radical present in said compound.
PARN
PAR  This is a continuation-in-part application of U.S. Ser. No. 331,729, filed
      Feb. 12, 1973, now abandoned.
BSUM
PAR  This invention relates to the art of photography and more particularly, to
      color diffusion transfer photography employing magenta dye-providing
      compounds.
PAR  Color diffusion transfer processes generally involve the use of a
      photographic element comprising a support, at least one silver halide
      emulsion layer and an image dye-providing material which is contained in
      or contiguous to said layer. The image dye-providing material typically
      can be thought of as having the structure Car-Col wherein Col is a
      colorant such as a dye or a dye precursor and Car is an associated carrier
      or monitoring group which, as a function of alkaline processing, effects a
      substantial change in the diffusivity of at least the Col portion of the
      compound.
PAR  After exposure, a photographic element as described above is treated with
      an alkaline processing solution to effect imagewise discrimination in the
      element. As mentioned previously, the imagewise discrimination is
      generally brought about by the monitoring or carrier group which, in the
      presence of the alkaline processing solution, is responsible for a
      substantial change in the diffusivity of at least the dye portion of the
      dye-providing material. As is known in the art, the dye-providing material
      can be initially immobile or initially mobile in the processing solution.
      Upon alkaline processing of an initially immobile dye-providing material,
      a mobile dye can be released imagewise or the material can be imagewise
      rendered soluble and thus mobile. If the material is initially mobile, the
      processing solution typically renders the material insoluble (and thus
      immobile) in an imagewise fashion.
PAR  It is well known in the art to utilize image dye-providing materials in a
      photographic element wherein an imagewise exposed element can be contacted
      with an alkaline processing solution to effect an imagewise difference in
      mobility of at least a portion of the dye-providing material, i.e., to
      effect release of a dye or dye precursor, to render said compound
      insoluble or soluble. It is the particular carrier or monitoring group
      which determines what form the change in diffusivity (of at least the dye
      portion of the material) will take. In certain instances, an increase in
      solubility of a given compound can be accomplished by substantially
      reducing the molecular weight of the compound; see, for example, the
      disclosure in Gompf U.S. Pat. No. 3,698,897, issued Oct. 17, 1972, in
      Fleckenstein et al. allowed U.S. Ser. No. 351,673 which is a
      continuation-in-part of Ser. No. 282,796, filed Aug. 22, 1972, and now
      abandoned, entitled PHOTOGRAPHIC SYSTEMS, in Anderson et al. U.S. Pat. No.
      3,725,062, filed July 6, 1971, entitled COLOR DIFFUSION TRANSFER
      PROCESSES. Exemplary of systems wherein the dye-providing compound splits
      off a dye are those described in Whitmore U.S. Pat. No. 3,227,552, issued
      Jan. 4, 1966, and Bloom U.S. Pat. No. 3,443,940, issued May 13, 1969, and
      Canadian Pat. No. 602,607, issued Aug. 2, 1960. Similarly, Yutzy U.S. Pat.
      No. 2,756,142, issued July 24, 1956, U.S. Pat. No. 2,774,668, issued Dec.
      18, 1956, and U.S. Pat. No. 2,983,606, issued May 9, 1961, describe
      photographic elements wherein a dye-providing compound is rendered
      immobile in an imagewise fashion.
PAR  All of these prior systems have utility; howver, it is desired to provide
      new compounds which provide dyes having improved properties, such as
      improved hue, diffusibility, mordantability and the like.
PAR  We have found a class of magenta, azo dye-providing compounds well suited
      for use in color diffusion transfer color elements. The dye-providing
      compounds, as a function of typical processing under alkaline conditions,
      provide a magenta-colored substance having a mobility different than that
      of the compound.
PAR  The objects of the present invention are achieved through the use in color
      diffusion transfer elements of a new class of magneta, azo dye-providing
      compounds as well as the dyes provided thereby. Typically, these compounds
      are utilized in a photosensitive element which comprises a support having
      thereon at least one photosensitive silver halide emulsion, and at least
      one of said layers having associated therewith a magenta, azo
      dye-providing compound of this invention.
PAR  The compounds of this invention can be represented by the following
      formulas:
      ##SPC2##
PAL  wherein:
PA1  Car represents a carrier which is a moiety that, as a function of oxidation
      under alkaline conditions, provides a substance having a mobility
      different than that of said compound;
PA1  m and q each represent an integer having a value of 0 or 1;
PA1  X represents a bivalent linking group of the formula --R.sup.2 --L.sub.n
      --R.sup.2.sub.p -- where each R.sup.2 can be the same or different and
      each represents an alkylene radical having 1 to about 8 carbon atoms; a
      phenylene radical; or a substituted phenylene radical having 6 to about 9
      carbon atoms; L represents a bivalent radical selected from oxy, carbonyl,
      carboxamido, carbamoyl, sulfonamido, sulfamoyl, sulfinyl or sulfonyl; n is
      an integer having a value of 0 or 1; p is 1 when n equals 1 and p is 1 or
      0 when n equals 0 or when q is 0, L is sulfonyl and n is 1, then p is 0,
      provided that when p is 1 the carbon content of the sum of both R.sup.2
      radicals does not exceed 14 carbon atoms;
PA1  R represents a hydrogen atom, or an alkyl radical having 1 to about 6
      carbon atoms;
PA1  J represents a bivalent radical selected from sulfonyl or carbonyl;
PA1  Q represents a hydrogen atom, a hydroxy radical or a radical having the
      formula --NHCOR.sup.3 or --NHSO.sub.2 R.sup.3 wherein R.sup.3 is an alkyl
      radical having 1 to about 6 carbon atoms, a substituted alkyl radical
      having 1 to about 6 carbon atoms, benzyl, phenyl, or a substituted phenyl
      radical having 6 to about 9 carbon atoms;
PA1  G represents a hydroxy radical, a salt thereof, or a hydrolyzable acyloxy
      group having the formula:
      ##EQU1##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or substituted phenyl having 6 to about 18 carbon atoms;
PA1  r represents an integer having a value of 1 or 2;
PA1  Z represents a cyano radical, a trifluoromethyl radical, a carboxy radical,
      a carboxylic acid ester having the formula --COOR.sup.4 wherein R.sup.4 is
      as described previously, a nitro radical in the 2- or 3- position relative
      to the azo radical, a fluorosulfonyl radical, a sulfo radical, a halogen
      atom, an alkyl- or substituted alkylsulfonyl radical having 1 to about 8
      carbon atoms, a phenyl- or substituted phenylsulfonyl radical having 6 to
      about 9 carbon atoms, an alkyl carbonyl having 2 to about 5 carbon atoms,
      a sulfamoyl radical having the formula --SO.sub.2 NR.sup.5 R.sup.6 wherein
      R.sup.5 and R.sup.6 are the same or different and each may represent
      hydrogen, an alkyl or substituted alkyl radical having 1 to about 6 carbon
      atoms, a benzyl radical, a phenyl or substituted phenyl radical having 6
      to about 9 carbon atoms, alkyl- or substituted alkylcarbonyl having 2 to
      about 7 carbon atoms, phenyl- or substituted phenylcarbonyl having 7 to
      about 10 carbon atoms, alkyl- or substituted alkylsulfonyl having 1 to
      about 6 carbon atoms, phenyl- or substituted phenylsulfonyl having 6 to
      about 9 carbon atoms, or R.sup.5 and R.sup.6 taken together can represent
      =CH--N(CH.sub.3).sub.2 ; a carbamoyl radical having the formula
      --CON(R.sup.5).sub.2 wherein each R.sup.5 can be the same or different and
      is as described previously; and, in Formulas I or II where r is 1, Z may
      represent a radical having the formula Car--[X--(NR-J).sub.q ].sub.m --
      wherein Car, X, J, R, q and m are as described previously;
PA1  R.sup.1 represents a hydrogen atom, an alkyl radical having 1 to about 4
      carbon atoms, a substituted alkyl radical having 1 to about 4 carbon
      atoms, an alkoxy radical having 1 to about 4 carbon atoms, or a halogen
      atom;
PA1  E is in the 5-, 6- or 7- position relative to G and represents a hydrogen
      atom, a carboxy radical, a carboxylic acid ester having the formula
      --COOR.sup.4 wherein R.sup.4 is as described previously, a sulfo radical,
      a sulfamoyl radical having the formula --SO.sub.2 NR.sup.5 R.sup.6, a
      carbamoyl radical having the formula --CON(R.sup.5).sub.2 wherein R.sup.5
      and R.sup.6 are as described previously, an alkyl- or substituted
      alkylsulfonyl radical having 1 to about 8 carbon atoms, or a phenyl- or
      substituted phenylsulfonyl radical having 6 to about 9 carbon atoms;
PA1  Z.sup.1 hydrogen or Z;
PA1  with the proviso that there be no more than one sulfo radical and no more
      than one carboxy radical present in said compound.
PAR  As mentioned above, the present compounds contain a carrier moiety (Car--)
      which, as a function (direct or inverse) of oxidation under alkaline
      conditions, provides a substance having a mobility different than that of
      the starting compound. Depending upon the carrier used, the dye-providing
      compounds of this invention can be of two basic types: (1) initially
      immobile compounds of which at least a portion is rendered mobile or
      diffusible as a function of development, or (2) initially mobile or
      diffusible compounds which are rendered immobile as a function of
      development. Carriers useful in initially immobile dye-providing compounds
      such as those wherein the carrier, under alkaline conditions, effects a
      splitting off of a ballast group from the dye moiety are described further
      in Whitmore Canadian Pat. No. 602,607, dated Aug. 2, 1960, and Whitmore
      U.S. Pat. No. 3,227,552, issued Jan. 4, 1966, both incorporated herein by
      reference. Among the preferred initially immobile compounds are those in
      which the carrier, as a function of oxidation under alkaline conditions,
      releases a dye having a mobility different than that of the starting
      immobile compound. For example, useful carriers for compounds in which the
      carrier moiety undergoes intramolecular ring closure upon oxidation to
      split off a dye are described in U.S. Pat. Nos. 3,443,939, 3,443,940 and
      3,443,941, all issued May 13, 1969, and all incorporated herein by
      reference. Special initially immobile carriers useful in forming a
      diffusible substance as an inverse function of oxidation are described in
      copending Hinshaw and Condit application Ser. No. 326,628, filed Jan. 26,
      1973, and now abandoned, and entitled "Positive-Working Immobile
      Photographic Compounds and Photographic Elements Containing Same,"
      incorporated herein by reference. Improved initially immobile
      dye-providing compounds which undergo redox reactions followed by alkali
      cleavage of the carrier to split off a dye are disclosed in Fleckenstein
      et al. allowed U.S. Ser. No. 351,673 which is a continuation-in-part of
      Serial No. 282,796, filed Aug. 22, 1972, now abandoned, entitled
      "Photographic Systems," incorporated herein by reference. The ballasted
      phenolic and naphtholic carriers of Fleckenstein et al are among preferred
      carrier moieties. Still other useful carriers are described in U.S. Pat.
      No. 3,628,952, issued Dec. 21, 1971. Additionally, carriers useful in the
      formation of initially mobile compounds such as those wherein the carrier
      functions as a developer are described in Friedman U.S. Pat. No.
      2,543,691,  issued Feb. 27, 1951; U.S. Pat. No. 2,983,606, issued May 8,
      1961; and U.S. Pat. 3,255,001, issued June 7, 1966; all incorporated
      herein by reference. Carriers of this latter type include various
      hydroquinone moieties.
PAR  Examples of bivalent alkylene linking groups representative of R.sup.2 are
      --CH.sub.2 --, --C.sub.2 H.sub.4 --, --C.sub.6 H.sub.12 --, --C.sub.3
      H.sub.6 --, --C.sub.4 H.sub.8 --, etc., as well as branched alkylene
      radicals such as
      ##EQU2##
      etc.
PAR  References hereinafter to o, m and p mean that either the ortho, meta or
      para radicals are indicated, as the case may be.
PAR  Examples of phenylene and substituted phenylene radicals representative of
      R.sup.2 are o,m,p-phenylene, o,m,p-phenylene substituted with chloro,
      methoxy, butoxy, bromo, cyano, nitro, methyl, ethyl, carboxy, sulfo,
      amino, etc.
PAR  As used herein the oxygen- or sulfur-containing bivalent radicals
      representative of L are oxy (--O--), carbonyl (--CO--), carboxamido
      (--CONH--), carbamoyl (--NHCO--), sulfonamido (--SO.sub.2 NH--), sulfamoyl
      (--NHSO.sub.2 --) sulfinyl (--SO--) and sulfonyl (--SO.sub.2 --).
      Therefore, non-limiting examples of bivalent linking groups which may be
      represented by X are --CH.sub.2 --O--CH.sub.2 --,
      ##SPC3##
PAR  Examples of the groups which R may represent are hydrogen, methyl, ethyl,
      isopropyl, pentyl, hexyl, etc. The alkyl group represented by R may
      additionally be substituted with cyano, hydroxy, methoxy, etc.
PAR  Examples of groups representative of Q are a hydrogen atom, a hydroxy
      radical or a radical having the formula --NHCOR.sup.3 or --NHSO.sub.2
      R.sup.3 wherein R.sup.3 is as described previously such as --NHCOCH.sub.3,
      --NHCOC.sub.2 H.sub.5, --NHCOC.sub.6 H.sub.13, --NHCOC.sub.2 H.sub.4 CN,
      --NHCOC.sub.3 H.sub.6 SO.sub.2 NH.sub.2, --NHCOCH.sub.2 C.sub.6 H.sub.5,
      --NHCOC.sub.6 H.sub.4 COOH, --NHSO.sub.2 CH.sub.3, --NHSO.sub.2 C.sub.6
      H.sub.4 CN, --NHSO.sub.2 C.sub.6 H.sub.4 Cl, --NHSO.sub.2 C.sub.2 H.sub.5,
      --NHCOC.sub.3 H.sub.6 SO.sub.3 H, --NHSO.sub.2 C.sub.6 H.sub.4 OCH.sub.3,
      etc.
PAR  Examples of the groups which G may represent are hydroxy, salts thereof
      such as alkali metal (e.g., --O.sup.- Li.sup.+, --O.sup.- K.sup.+,
      --O.sup.- Na.sup.+) salts and photographically inactive ammonium salts
      thereof such as --O.sup.-.sup.+ NH.sub.4, --O.sup.-.sup.+
      NH(CH.sub.3).sub.3, --O.sup.-.sup.+ N(C.sub.2 H.sub.5).sub.4,
      ##SPC4##
PAL  or tetralkyl ammonium salt (sometimes called "amine salts") which does not
      adversely affect the photographic utility of the magenta image
      dye-providing compound or the physical or chemical processes which occur
      during development of the image.
PAR  G may also advantageously represent a hydrolyzable acyloxy group having the
      formula
      ##EQU3##
      wherein R.sup.4 is as described previously. Non-limiting examples of these
      hydrolyzable groups are
      ##SPC5##
PAR  Examples of the groups which Z and Z.sup.1 may represent are a cyano
      radical (--CN), a carboxylic acid ester such as --COOCH.sub.3,
      --COOC.sub.11 H.sub.23, --COOC.sub.2 H.sub.5, --COOC.sub.6 H.sub.5,
      ##SPC6##
PAL  --cooc.sub.12 h.sub.25,
      ##SPC7##
PAL  etc.; a carboxy radical including salts thereof, such as alkali metal salts
      or photographically inactive ammonium salts (e.g., --COOH, --COO.sup.-
      Li.sup.+, --COO.sup.- K.sup.+, --COO.sup.- Na.sup.+, --COO.sup.- NH.sub.4
      .sup.+, etc.), a nitro radical (--NO.sub.2) in the 2- or 3- position
      relative to the azo linkage, a fluorosulfonyl radical (--SO.sub.2 F), a
      sulfo radical including salts thereof, such as alkali metal or
      photographically inactive ammonium salts (e.g., --SO.sub.3 H, --SO.sub.3
      .sup.- Li.sup.+, SO.sub.3 .sup.- K.sup.+, --SO.sub.3 .sup.- Na.sup.+,
      --SO.sub.3 .sup.- NH.sub.4 .sup.+, etc.); a halogen atom such as chloro,
      fluoro or bromo; --SO.sub.2 CH.sub.3, --SO.sub.2 C.sub.2 H.sub.5,
      ##SPC8##
PAL  --so.sub.2 c.sub.6 h.sub.5, --so.sub.2 ch.sub.2 c.sub.6 h.sub.5, --so.sub.2
      c.sub.6 h.sub.13,
      ##SPC9##
PAL  --so.sub.2 c.sub.2 h.sub.4 cn, --so.sub.2 c.sub.3 h.sub.6 oh,
      ##SPC10##
PAL  etc.; --COCH.sub.3, --COC.sub.3 H.sub.7, --COCH.sub.2 C.sub.6 H.sub.5,
      --COC.sub.5 H.sub.11, --SO.sub.2 NH.sub.2, --SO.sub.2 NHCH.sub.3,
      --SO.sub.2 NHC.sub.2 H.sub.5, --SO.sub.2 N(CH.sub.3).sub.2, --SO.sub.2
      NHCH.sub.2 C.sub.6 H.sub.5,
      ##EQU4##
      ##SPC11##
      --SO.sub.2 NHC.sub.2 H.sub.4 CN, --SO.sub.2 NHCOC.sub.6 H.sub.5,
      --SO.sub.2 NHCOCH.sub.3, --SO.sub.2 NHCOC.sub.3 H.sub.7,
      ##EQU5##
      --SO.sub.2 NHCOCH.sub.2 C.sub.6 H.sub.5, --SO.sub.2 NHC.sub.2 H.sub.4
      SO.sub.3 H,
      ##EQU6##
      --SO.sub.2 NHSO.sub.2 CH.sub.3,
      ##EQU7##
      --SO.sub.2 NHSO.sub.2 C.sub.6 H.sub.5, --SO.sub.2 N=CH--N(CH.sub.3).sub.2,
      etc.; --CONH.sub.2, --CON(C.sub.2 H.sub.5).sub.2,
      ##EQU8##
      --CONHCH.sub.3, --CONHC.sub.5 H.sub.11 etc.
PAR  Examples of the groups which R.sup.1 may represent are hydrogen,
      --CH.sub.3, --C.sub.2 H.sub.5, --C.sub.3 H.sub.7, --C.sub.4 H.sub.9,
      isopropyl, methoxy, ethoxy, butoxy, isopropoxy, chloro, bromo, fluoro,
      etc.
PAR  Examples of the groups which E may represent are hydrogen, a carboxylic
      acid ester such as --COOCH.sub.3, --COOC.sub.11 H.sub.23, --COOC.sub.2
      H.sub.5, --COOC.sub.6 H.sub.5,
      ##SPC12##
PAL  --cooc.sub.12 h.sub.25,
      ##SPC13##
PAL  etc.; a carboxy radical including salts thereof, such as alkali metal salts
      or photographically inactive ammonium salts (e.g., --COOH, --COO.sup.-
      Li.sup.+, --COO.sup.- K.sup.+, --COO.sup.- Na.sup.+, --COO.sup.- NH.sub.4
      .sup.+, etc.)., --SO.sub.2 NH.sub.2, --SO.sub.2 NHCH.sub.3, --SO.sub.2
      NHC.sub.2 H.sub.5, --SO.sub.2 N(CH.sub.3).sub.2, --SO.sub.2 NHCH.sub.2
      C.sub.6 H.sub.5,
      ##EQU9##
      ##SPC14##
      --SO.sub.2 NHC.sub.2 H.sub.4 CN, --SO.sub.2 NHCOC.sub.6 H.sub.5,
      --SO.sub.2 NHCOCH.sub.3, --SO.sub.2 NHCOC.sub.3 H.sub.7,
      ##EQU10##
      --SO.sub.2 NHCOCH.sub.2 C.sub.6 H.sub.5, --SO.sub.2 NHC.sub.2 H.sub.4
      SO.sub.3 H,
      ##EQU11##
      etc.; --CONH.sub.2, --CON(C.sub.2 H.sub.5).sub.2,
      ##EQU12##
      --CONHCH.sub.3, --CONHC.sub.5 H.sub.11, etc.; --SO.sub.2 CH.sub.3,
      --SO.sub.2 C.sub.2 H.sub.5,
      ##SPC15##
PAL  --so.sub.2 c.sub.6 h.sub.13, --so.sub.2 c.sub.2 h.sub.4 cn, --so.sub.2
      c.sub.6 h.sub.5, --so.sub.2 ch.sub.2 c.sub.6 h.sub.5,
      ##SPC16##
PAL  --so.sub.2 c.sub.2 h.sub.4 oh,
      ##SPC17##
PAL  --so.sub.2 (ch.sub.2).sub.3 so.sub.2 nh.sub.2, --so.sub.2 (ch.sub.2).sub.3
      so.sub.3 h, etc., --CONH.sub.2, --CON(C.sub.2 H.sub.5).sub.2,
      ##EQU13##
      --CONHCH.sub.3, --CONHC.sub.6 H.sub.5, etc.
PAR  Preferred compounds are those having Formulas I, II and III above wherein:
PAR  the Car--[X--(NR--J).sub.q ].sub.m -- substituent in Formula I is in the 5-
      or 6- position relative to G;
PAR  the Car-X-J-NH- substituent in Formula II is in the 5- or 8- position
      relative to G;
PAR  the Car-[X--(NR-J).sub.q ].sub.m -- substituent in Formula III is in the
      2-, 3- or 4- position relative to the azo linkage;
PAR  Car is a moiety which, as a function of oxidation under alkaline
      conditions, releases a dye having a mobility different than said compound;
PAR  R.sup.2 represents an alkylene radical having 1 to about 4 carbon atoms,
      phenylene or phenylene substituted with carboxy, chloro, methyl or
      methoxy;
PAR  L represents sulfamoyl, sulfonamido, carbamoyl or carboxamido;
PAR  R represents hydrogen;
PAR  q is an integer having a value of 1;
PAR  m is an integer having a value of 0 or 1;
PAR  Q represents hydrogen, hydroxy, --NHCOR.sup.3 or --NHSO.sub.2 R.sup.3
      wherein R.sup.3 represents an alkyl radical having 1 to about 4 carbon
      atoms; an alkyl radical having 1 to about 4 carbon atoms substituted with
      hydroxy, cyano, sulfamoyl, carboxy or sulfo; benzyl, phenyl or phenyl
      substituted with carboxy, chloro, methyl, methoxy or sulfamoyl;
PAR  G represents a hydroxy radical or a hydrolyzable acyloxy group having the
      formula:
      ##EQU14##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or substituted phenyl having 6 to about 18 carbon atoms;
PA1  r is an integer having a value of 1;
PA1  Z represents cyano, trifluoromethyl, chloro, fluoro, bromo, alkylsulfonyl
      having 1 to about 6 carbon atoms, alkylsulfonyl having 1 to about 6 carbon
      atoms substituted with hydroxy, phenyl, cyano, sulfamoyl, carboxy,
      fluorosulfonyl or sulfo; phenylsulfonyl; phenylsulfonyl substituted with
      hydroxy, sulfamoyl, fluorosulfonyl, carboxy or sulfo; sulfamoyl radical
      having the formula --SO.sub.2 NHR.sup.6 wherein R.sup.6 is hydrogen, an
      alkyl radical having 1 to about 4 carbon atoms, or an alkyl radical having
      1 to about 4 carbon atoms substituted with hydroxy, cyano, sulfamoyl,
      carboxy or sulfo; benzyl, phenyl or phenyl substituted with hydroxy,
      sulfonyl, sulfamoyl, carboxy or sulfo;
PA1  R.sup.1 represents hydrogen, an alkyl radical having 1 to about 4 carbon
      atoms, an alkoxy radical having 1 to about 4 carbon atoms, chloro, bromo
      or fluoro;
PA1  E represents hydrogen or a sulfamoyl radical of the formula --SO.sub.2
      NHR.sup.6 wherein R.sup.6 is hydrogen; an alkyl radical of 1 to about 4
      carbon atoms; an alkyl radical having 1 to about 6 carbon atoms
      substituted with hydroxy, cyano, sulfamoyl, carboxy, or sulfo; benzyl,
      phenyl or phenyl substituted with hydroxy, sulfamoyl, carboxy or sulfo;
      and
PA1  Z.sup.1 represents hydrogen, methylsulfonyl, cyano or sulfamoyl.
PAR  Especially preferred magenta image dye-providing compounds are those having
      the formula
      ##SPC18##
PAL  wherein
PA1  X represents
      ##SPC19##
PA1  Z represents cyano, a sulfamoyl radical having the formula --SO.sub.2
      NHR.sup.6 wherein R.sup.6 is an alkyl radical having 1 to about 4 carbon
      atoms; or an alkylsulfonyl radical having 1 to about 4 carbon atoms; and
PA1  R.sup.1 represents hydrogen or chloro.
PAR  Of the above compounds those wherein X represents
      ##SPC20##
     Z represents cyano, --SO.sub.2 NHCH.sub.3 or --SO.sub.2 CH.sub.3 ; and
      R.sup.1 represents hydrogen or chloro are the even more preferred.
PAR  Other especially preferred magenta image dye-providing compounds are those
      having the formula
      ##SPC21##
PAL  wherein
PA1  X represents
      ##SPC22##
PA1  G represents hydroxy, a photographically inactive ammonium salt thereof, or
      a hydrolyzable acyloxy group having the formula:
      ##EQU15##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or phenyl substituted with chloro or nitro;
PA1  Z represents cyano, a sulfamoyl radical having the formula --SO.sub.2
      NHR.sup.6 wherein R.sup.6 is an alkyl radical having 1 to about 4 carbon
      atoms; or an alkylsulfonyl radical having 1 to about 4 carbon atoms; and
PA1  R.sup.1 represents hydrogen or chloro.
PAR  Of the above compounds those wherein X represents
      ##SPC23##
     G represents a hydroxy radical; Z represents cyano, --SO.sub.2 NHCH.sub.3
      or --SO.sub.2 CH.sub.3, and R.sup.1 represents hydrogen or chloro are the
      even more preferred.
PAR  Still another group of especially preferred magenta image dye-providing
      compounds having the formula
      ##SPC24##
PAL  wherein
PA1  Q is in the 5-position relative to G and represents hydrogen or
      --NHSO.sub.2 R.sup.3, or Q is in the 8-position relative to G and
      represents --NHCOCH.sub.3 ;
PA1  G represents hydroxy, a photographically inactive ammonium salt thereof, or
      a hydrolyzable acyloxy group having the formula:
      ##EQU16##
      wherein R.sup.4 is an alkyl radical having 1 to about 18 carbon atoms,
      phenyl or phenyl substituted with chloro or nitro;
PA1  R.sup.1 represents hydrogen or chloro; and
PA1  E represents hydrogen or, when Q is --NHCOCH.sub.3, E is in the 5-position
      relative to G and represents --SO.sub.2 NH.sub.2.
PAR  Of the above compounds those wherein Q represents hydrogen, --NHSO.sub.2
      CH.sub.3 or --NHCOCH.sub.3 and G represents hydroxy are the most
      preferred.
PAR  Even more especially preferred compounds are those having Formulas I, II
      and III above wherein Car- represents a radical of the formula:
      ##SPC25##
PAL  wherein Ball represents an organic ballasting group of such size and
      configuration as to render the compound nondiffusible during development
      in the alkaline processing composition and Y represents the carbon atoms
      necessary to complete a benzene or naphthalene nucleus including
      substituted benzene or naphthalene. When Y represents the atom necesssary
      to complete a naphthalene nucleus, Ball can be attached to either ring
      thereof. Preferred ballasting groups are those wherein --Ball represents
      ##EQU17##
      or --SO.sub.2 NH-Ball. Examples of some preferred carriers are as follows:
      ##SPC26##
PAR  The nature of the ballast group (Ball) in the Formula IV for the compounds
      described above is not critical as long as it confers nondiffusibility to
      the compounds. Typical ballast groups include long straight or branched
      chain alkyl radicals linked directly or indirectly to the compound as well
      as aromatic radicals of the benzene and naphthalene series indirectly
      attached or fused directly to the benzene nucleus, etc. Useful ballast
      groups generally have at least 8 carbon atoms such as a substituted or
      unsubstituted alkyl group of 8 to 22 carbon atoms, an amide radical having
      8 to 30 carbon atoms, a keto radical having 8 to 30 carbon atoms, etc.,
      and may even comprise a polymer backbone. Especially preferred compounds
      are those wherein the ballast is attached to the benzene nucleus through a
      carbamoyl radical (--NHCO--) or a sulfamoyl radical (--SO.sub.2 NH--) in
      which the nitrogen is adjacent the ballast group.
PAR  In addition to the ballast, the benzene nucleus in the above formula may
      have groups or atoms attached thereto such as the halogens, alkyl, aryl,
      alkoxy, aryloxy, nitro, amino, alkylamino, arylamino, amido, cyano,
      alkylmercapto, keto, carboalkoxy, heterocyclic groups, etc.
PAR  In a preferred embodiment of this invention CAR is a moiety which as a
      function of oxidation under alkaline conditions, releases a dye having a
      mobility different than that of the image dye-providing compounds.
PAR  The preferred novel dyes which are released from the carrier moieties as a
      function of oxidation under alkaline conditions may be represented by the
      following formulas:
      ##SPC27##
PAL  wherein
PAL  wherein
PA1  m represents NH.sub.2 SO.sub.2 --, HSO.sub.2 -- or lower alkyl--NH--; and
PA1  X, r, j, q, m, Q, G, Z, Z.sup.1, R.sup.1 and E are as described previously,
      except that the Car substituents described for Z are replaced by M. The
      preferred released dyes, of course, correspond to the above mentioned
      preferred image dye-providing compounds set forth above.
PAR  When M represents --SO.sub.2 H, the dyes thus represented may be released
      by the reactions described in Bloom, U.S. Pat. No. 3,443,940, in Puschel,
      U.S. Pat. No. 3,628,952 and Gompf, U.S. Pat. No. 3,698,897. When M
      represents lower alkyl-NH-- (i.e., an alkyl group having 1 to about 4
      carbon atoms), the dyes thus represented may be released by the reactions
      described in Hinshaw et al., U.S. Ser. No. 326,628. The especially
      preferred released dyes of our invention are those represented by Formulas
      V, VI and VII above when M represents --SO.sub.2 NH.sub.2. These dyes may
      be released by the reactions described in Fleckenstein et al., U.S. Ser.
      No. 282,796 from the carrier moieties described by Formula IV.
PAR  A suitable process for producing a photographic transfer image in color
      using the compounds of our invention, for example those wherein Car is as
      shown in Formula IV, comprises the steps of:
PAR  1. treating the above-described photosensitive element with an alkaline
      processing composition in the presence of a silver halide developing agent
      to effect development of each of the exposed silver halide emulsion
      layers, thereby oxidizing the developing agent and the oxidized developing
      agent in turn cross-oxidizing the sulfonamido compound;
PAR  2. forming an imagewise distribution of diffusible released dye as a
      function of the imagewise exposure of each of the silver halide emulsion
      layers by cleaving each cross-oxidized sulfonamido compound; and
PAR  3. diffusing to a dye image-receiving layer at least a portion of each of
      the imagewise distributions of diffusible released dye to provide an
      image.
PAR  The photosensitive element in the above-described process can be treated
      with an alkaline processing composition to effect or initiate development
      in any manner. A preferred method for applying processing composition is
      by use of a rupturable container or pod which contains the composition. In
      general, the processing composition employed in our system contains the
      developing agent for development, although the composition could also just
      be an alkaline solution where the developer is incorporated in the
      photosensitive element, in which case the alkaline solution serves to
      activate the incorporated developer.
PAR  A photographic film unit according to our invention which is adapted to be
      processed by passing the unit between a pair of juxtaposed
      pressure-applying members, comprises:
PA1  1. a photosensitive element as described above;
PA1  2. a dye image-receiving layer; and
PA1  3. means for discharging an alkaline processing composition within the film
      unit such as a rupturable container which is adapted to be positioned
      during processing of the film unit so that a compressive force applied to
      the container by the pressure-applying members will effect a discharge of
      the contents of the container within the film unit;
PAL  the film unit containing a silver halide developing agent.
PAR  The dye image-receiving layer in the above-described film unit can be
      located on a separate support adapted to be superposed on the
      photosensitive element after exposure thereof. Such image-receiving
      elements are generally disclosed, for example, in U.S. Pat. No. 3,362,819.
      When the means for discharging the processing composition is a rupturable
      container, typically it is positioned in relation to the photosensitive
      element and the image-receiving element so that a compressive force
      applied to the container by pressure-applying members, such as found in a
      camera designed for in-camera processing, will effect a discharge of the
      contents of the container between the image-receiving element and the
      outermost layer of the photosensitive element. After processing, the dye
      image-receiving element is separated from the photosensitive element.
PAR  The dye image-receiving layer in the above-described film unit can also be
      located integral with the photosensitive silver halide emulsion layer. One
      useful format for integral receiver-negative photosensitive elements is
      disclosed in Belgian Pat. No. 757,960. In such an embodiment, the support
      for the photosensitive element is transparent and is coated with an
      image-receiving layer, a substantially opaque light reflective layer,
      e.g., TiO.sub.2, and then the photosensitive layer of layers described
      above. After exposure of the photosensitive element, a rupturable
      container containing an alkaline processing composition and an opaque
      process sheet are brought into superposed position. Pressure-applying
      members in the camera rupture the container and spread processing
      composition over the photosensitive element as the film unit is withdrawn
      from the camera. The processing composition develops each exposed silver
      halide emulsion layer and dye images are formed as a function of
      development which diffuse to the image-receiving layer to provide a
      position, right-reading image which is viewed through the transparent
      support on the opaque reflecting layer background.
PAR  Another format for integral negative-receiver photosensitive elements in
      which the present invention can be employed is disclosed in Belgian Pat.
      No. 757,959. In this embodiment, the support for the photosensitive
      element is transparent and is coated with the image-receiving layer, a
      substantially opaque, light-reflective layer and the photosensitive layer
      or layers described above. A rupturable container containing an alkaline
      processing composition and an opacifier is positioned adjacent to the top
      layer and a transparent top sheet. The film unit is placed in a camera,
      exposed through the transparent to sheet and then passed through a pair of
      pressure-applying members in the camera as it is being removed therefrom.
      The pressure-applying members rupture the container and spread processing
      composition and opacifier over the negative portion of the film unit to
      render it light insensitive. The processing composition develops each
      silver halide layer and dye images are formed as a result of development
      which diffuse to the image-receiving layer to provide a right-reading
      image that is viewed through the transparent support on the opaque
      reflecting layer background.
PAR  Still other useful integral formats in which our sulfonamido compounds can
      be employed are described in U.S. Pat. Nos. 3,415,644; 3,415,645;
      3,415,646; 3,647,437; and 3,635,707.
PAR  The film unit or assembly of the present invention can be used to produce
      positive images in single or multicolors. In a three-color system, each
      silver halide emulsion layer of the film assembly will have associated
      therewith an image dye-providing material possessing a predominant
      spectral absorption within the region of the visible spectrum to which
      said silver halide emulsion is sensitive, i.e., the blue-sensitive silver
      halide emulsion layer will have a yellow image dye-providing material
      associated therewith, the green-sensitive silver halide emulsion layer
      will have a magenta image dye-providing material associated therewith, and
      the red-sensitive silver halide emulsion layer will have a cyan image
      dye-providing material associated therewith. The image dye-providing
      material associated with each silver halide emulsion layer can be
      contained either in the silver halide emulsion layer itself or in a layer
      contiguous to the silver halide emulsion layer. The magenta image
      dye-providing material will, or course, be a compound of this invention.
PAR  When G is a hydrolyzable acyloxy group, the absorption spectrum of the azo
      dye is shifted to shorter wavelength. "Shifted dyes" of this type absorb
      light outside the range to which the associated silver halide layer is
      sensitive. The use of certain related shifted azo dye developers is
      described in U.S. Pat. No. 3,307,947 issued Mar. 7, 1967. The shifted
      dye-providing materials of this invention can be advantageously contained
      in the silver halide emulsion layer without substantially reducing the
      sensitivity of the layer. The acyloxy group is hydrolyzed by the alkaline
      processing composition, releasing the cyan dye of the desired hue. The
      yellow and cyan image dy-providing materials can be selected from a
      variety of materials such as those compounds described by Fleckenstein et
      al U.S. Ser. No. 282,796, mentioned previously. Additional useful cyan
      image dye-providing materials are described in co-filed Haase et al
      application Ser. No. 439,789, entitled "Novel Compounds and Photographic
      Materials."
PAR  The concentration of the compounds, which preferably are alkalicleavable
      upon oxidation, that are employed in the present invention can be varied
      over a wide range depending upon the particular compound employed and the
      results which are desired. For example, the image dye-providing compounds
      of the present invention can be coated in layers as dispersions in a
      hydrophilic film-forming natural or synthetic polymer, such as gelatin,
      polyvinyl alcohol, etc., which is adapted to be permeated by aqueous
      alkaline processing composition. Preferably, the ratio of dye-providing
      compound to polymer will be about 0.25 to about 4.0. The present compounds
      may then be incorporated in a gelatin by techniques known in the art (e.g,
      a high boiling, water immiscible organic solvent or a low boiling or water
      miscible organic solvent).
PAR  Depending upon which Car is used on the present compounds, a variety of
      silver halide developing agents can be employed in our invention. If the
      carrier used is that of Formula IV, any silver halide developing agent can
      be used as long as it cross-oxidizes with the image dye-providing
      compounds used herein. The developer can be employed in the photosensitive
      element to be activated by the alkaline processing composition. Specific
      examples of developers which can be employed in our invention include
      hydroquinone, aminophenols, e.g., N-methylaminophenol, Phenidone
      (1-phenyl-3-pyrazolidone) trademark of Ilford, Ltd.; Dimezone
      (1-phenyl-4,4-dimethyl-3-pyrazolidone) trademark of Eastman Kodak Company;
      1-phenyl-4-methyl-4-hydroxymethyl-3-pyrazolidone,
      N,N-diethyl-p-phenylenediamine, 3-methyl-N,N-diethyl-p-phenylenediamine,
      3-methoxy-N,N-diethyl-p-phenylenediamine, etc. The black-and-white
      developers in this list are preferred, in that they have a reduced
      propensity of staining the dye image-receiving layer.
PAR  In a preferred embodiment of our invention, the silver halide developer in
      our process becomes oxidized upon development and reduces silver halide to
      silver metal. The oxidized developer then cross-oxidizes the
      sulfonamido-phenol or sulfonamido-naphthol dye-releasing compound. The
      product of cross-oxidation then undergoes alkaline hydrolysis, thus
      releasing an imagewise distribution of diffusible anionic dye which then
      diffuses to the receiving layer to provide the dye image. The diffusible
      moiety is transferable in alkaline processing composition either by virtue
      of its self-diffusivity or by having attached to it one or more
      solubilizing groups such as --COOH, --SO.sub.3 H, --SO.sub.2 NR.sup.5
      R.sup.6, OH, etc. (where R.sup.5 and R.sup.6 are as described previously
      with at least one being hydrogen).
PAR  In using the especially preferred dye-releasing compounds according to our
      invention, the production of diffusible dye images is a function of
      development of the silver halide emulsions with a silver halide developing
      agent to form either negative or direct positive silver images in the
      emulsion layers. If the silver halide emulsion employed forms a direct
      positive silver image, such as a direct positive internal-image emulsion
      or a solarizing emulsion, which develops in unexposed areas, a positive
      image can be obtained on the dye image-receiving layer. After exposure of
      the film unit, the alkaline processing composition permeates the various
      layers to initiate development in the unexposed photosensitive silver
      halide emulsion layers. The developing agent present in the film unit
      develops each of the silver halide emulsion layers in the unexposed areas
      (since the silver halide emulsions are direct-positive ones), thus causing
      the developing agent to become oxidized imagewise corresponding to the
      unexposed areas of the direct-positive silver halide emulsion layers. The
      oxidized developing agent then crossoxidizes the dye-releasing compounds
      and the oxidized form of the compounds then undergoes a base-catalyzed
      reaction in a preferred embodiment of our invention, to release the
      preformed dyes imagewise as a function of the imagewise exposure of each
      of the silver halide emulsion layers. At least a portion of the imagewise
      distributions of diffusible dyes diffuse to the image-receiving layer to
      form a positive image of the original subject. After being contacted by
      the alkaline processing composition, a pH-lowering layer in the film unit
      lowers the pH of the film unit (or the image-receiving unit) to stabilize
      the image.
PAR  Internal-image silver halide emulsions useful in those embodiments wherein
      a dye is released as a function of oxidation are direct-positive emulsions
      that form latent images predominantly inside the silver halide grains, as
      distinguished from silver halide grains that form latent images
      predominantly on the surface thereof. Such internal-image emulsions are
      described by Davey et al. in U.S. Pat. No. 2,592,250, issued Apr. 8, 1952,
      and elsewhere in the literature. Other useful emulsions are described in
      U.S. Pat. No. 3,761,276, dated Sept. 25, 1973. Internal-image silver
      halide emulsions can be defined in terms of the increased maximum density
      obtained when developed with "internal-type" developers over that obtained
      when developed with "surface-type" developers. Suitable internal-image
      emulsions are those which, when measured according to normal photographic
      techniques by coating a test portion of the silver halide emulsion on a
      transparent support, exposing to a light-intensity scale having a fixed
      time between 0.01 and 1 second, and developing for 3 minutes at
      20.degree.C. in Developer A below ("internal-type" developer), have a
      maximum density at least five times the maximum density obtained when an
      equally exposed silver halide emulsion is developed for 4 minutes at
      20.degree.C. in Developer B described below ("surface-type" developer).
      Preferably, the maximum density in Developer A is at least 0.5 density
      unit greater than the maximum density in Developer B.
TBL                DEVELOPER A                                                 

     ______________________________________                                    

     Hydroquinone             15 g.                                            

     Monomethyl-p-aminophenol sulfate                                          

                              15 g.                                            

     Sodium sulfite (desiccated)                                               

                              50 g.                                            

     Potassium bromide        10 g.                                            

     Sodium hydroxide         25 g.                                            

     Sodium thiosulfate       20 g.                                            

     Water to make one liter.                                                  

     DEVELOPER B                                                               

     ______________________________________                                    

     P-hydroxyphenylglycine   10 g.                                            

     Sodium carbonate         100 g.                                           

     Water to make one liter.                                                  

     ______________________________________                                    

PAR  The internal-image silver halide emulsions when processed in the presence
      of fogging or nucleating agents provide direct positive silver images.
      Such emulsions are particularly useful in the abovedescribed embodiment.
      Suitable fogging agents include the hydrazines disclosed in Ives U.S. Pat.
      Nos. 2,588,982 issued Mar. 11, 1952, and 2,563,785 issued Aug. 7, 1951;
      the hydrazides and hydrazones disclosed in Whitmore U.S. Pat. No.
      3,227,552 issued Jan. 4, 1966; hydrazone quaternary salts described in
      Lincoln and Heseltine U.S. Pat. No. 3,615,615 issued Oct. 26, 1971;
      hydrazone containing polymethine dyes described in Spence and Janssen U.S.
      Pat. NO. 3,718,470 issued Feb. 27, 1973; or mixtures thereof. The quantity
      of fogging agent employed can be widely varied depending upon the results
      desired. Generally, the concentration of fogging agent is from about 0.4
      to about 8 grams per mole of silver in the photosensitive layer in the
      photosensitive element or from about 0.1 to about 2 grams per liter of
      developer if it is located in the developer. The fogging agents described
      in U.S. Pat. Nos. 3,615,615 and 3,718,470, however, are preferably used in
      concentrations of about 0.5 to 10.0 grams per mole of silver in the
      photosensitive layer.
PAR  The solarizing direct-positive silver halide emulsions useful in the
      above-described embodiment are well-known silver halide emulsions which
      have been effectively fogged either chemically, such as by the use of
      reducing agents, or by radiation to a point which corresponds
      approximately to the maximum density of the reversal curve as shown by
      Mees, The Theory of the Photographic Process, published by the Macmillan
      Co., New York, New York, 1942, pages 261-297. Typical methods for the
      preparation of solarizing emulsions are shown by Groves British Pat. No.
      443,245, Feb. 25, 1936, who subjected emulsions to Roentgen rays "until an
      emulsion layer formed therefrom, when developed without preliminary
      exposure, is blackened up to the apex of its graduation curve"; Szaz
      British Pat. NO. 462,730, Mar. 15, 1937, the use of either light or
      chemicals such as silver nitrate, to convert ordinary silver halide
      emulsions to solarizing direct positive emulsions; and Arens U.S. Pat. No.
      2,005,837, June 25, 1935, the use of silver nitrate and other compounds in
      conjunction with heat to effect solarization. Particularly useful are the
      fogged direct-positive emulsions of Berriman U.S. Pat. No. 3,367,778;
      Illingsworth U.S. Pat. Nos. 3,501,305, 3,501,306 and 3,501,307; and
      combinations thereof.
PAR  Other embodiments in which our imaging chemistry can be employed include
      the techniques described in U.S. Pat. Nos. 3,227,550, 3,227,551, 3,227,552
      and 3,364,022.
PAR  If photographic elements are used which contain compounds of this invention
      wherein Car is a silver halide developer as described, for example, in
      U.S. Pat. No. 2,983,606, when the liquid processing composition is
      applied, it permeates the emulsion to provide a solution of the dye
      developer substantially uniformly distributed in the emulsion. As the
      exposed silver halide emulsion is developed to a negative silver image,
      the oxidation product of the dye developer is immobilized or precipitated
      in situ with the developed silver, thereby providing an imagewise
      distribution of unoxidized dye developer dissolved in the liquid
      processing composition. This immobilization is apparently due, at least in
      part, to a change in the solubility characteristics of the dye developer
      upon oxidation. At least part of this imagewise distribution of unoxidized
      dye-developer is transferred to a superposed image-receiving layer to
      provide a transfer image.
PAR  Negative silver halide emulsions useful in certain embodiments of this
      invention, such as the above, can comprise, for example, silver chloride,
      silver bromide, silver chlorobromide, silver bromoiodide, silver
      chlorobromiodide or mixtures thereof. The emulsions can be coarse- or
      fine-grain and can be prepared by any of the well-known procedures, e.g.,
      single-jet emulsions such as those described in Trivelli and Smith, The
      Photographic Journal, Vol. LXXIX, May, 1939 (pp. 330-338), double-jet
      emulsions, such as Lippmann emulsions, ammoniacal emulsions, thiocyanate
      or thioether ripened emulsions such as those described in Nietz et al U.S.
      Pat. No. 2,222,264 issued Nov. 19, 1940; Illingsworth U.S. Pat. No.
      3,320,069 issued May 16, 1967; and Jones U.S. Pat. No. 3,574,628 issued
      Apr. 13, 1971. The emulsions may be monodispersed regular-grain emulsions
      such as the type described in Klein and Moisar, J. Phot. Sci., Vol. 12,
      No. 5, Sept./Oct., 1964 (pp. 242-251).
PAR  Another embodiment of our invention uses the image-reversing technique
      disclosed in British Pat. No. 904,364, page 19, lines 1-41. In this system
      our dye-providing compounds are used in combination with physical
      development nuclei in a nuclei layer contiguous to the photosensitive
      silver halide negative emulsion layer. The film unit contains a silver
      halide solvent, preferably in a rupturable container with the alkaline
      processing composition.
PAR  The various silver halide emulsion layers of a color film assembly of the
      invention can be disposed in the usual order, i.e., the blue-sensitive
      silver halide emulsion layer first with respect to the exposure side,
      followed by the green-sensitive and red-sensitive silver halide emulsion
      layers. If desired, a yellow dye layer or a yellow colloidal silver layer
      can be present between the blue-sensitive and green-sensitive silver
      halide emulsion layer for absorbing or filtering blue radiation that may
      be transmitted through the blue-sensitive layer. If desired, the
      selectivity sensitized silver halide emulsion layers can be disposed in a
      different order, e.g., the blue-sensitive layer first with respect to the
      exposure side, followed by the red-sensitive and green-sensitive layers.
PAR  The rupturable container employed in this invention can be of the type
      disclosed in U.S. Pat. Nos. 2,543,181; 2,643,886; 2,653,732; 2,724,051;
      3,056,492; 3,056,491 and 3,152,515. In general, such containers comprise a
      rectangular sheet of fluid- and air-impervious material folded
      longitudinally upon itself to form two walls which are sealed to one
      another along their longitudinal and end margins to form a cavity in which
      processing solution is contained.
PAR  In a color film unit according to this invention, each silver halide
      emulsion layer containing a dye image-providing material or having the dye
      image-providing material present in a contiguous layer may be separated
      from the other silver halide emulsion layers in the imageforming portion
      of the film unit by materials including gelatin, calcium alginate, or any
      of those disclosed in U.S. Pat. No. 3,384,483, polymeric materials such as
      polyvinylamides as disclosed in U.S. Pat. No. 3,421,892, or any of those
      disclosed in French Pat. No. 2,028,236 or U.S. Pat. Nos. 2,992,104;
      3,043,692; 3,044,873; 3,061,428; 3,069,263; 3,069,264; 3,121,011; and
      3,427,158.
PAR  Generally speaking, except where noted otherwise, the silver halide
      emulsion layers in the invention comprise photosensitive silver halide
      dispersed in gelatin and are about 0.6 to 6 microns in thickness; the dye
      image-providing materials are dispersed in an aqueous alkaline
      solution-permeable polymeric binder, such as gelatin, as a separate layer
      about 1 to 7 microns in thickness; and the alkaline solution-permeable
      polymeric interlayers, e.g., gelatin, are about 1 to 5 microns in
      thickness. Of course, these thicknesses are approximate only and can be
      modified according to the product desired.
PAR  Any material can be employed as the image-receiving layer in this invention
      as long as the desired function of mordanting or otherwise fixing the dye
      images will be obtained. The particular material chosen will, of course,
      depend upon the dye to be mordanted. If acid dyes are to be mordanted, the
      image-receiving layer can contain basic polymeric mordants such as
      polymers of amino guanidine derivatives of vinyl methyl ketone such as
      described in Minsk U.S. Pat. No. 2,882,156, issued Apr. 14, 1959, and
      basic polymeric mordants such as described in Cohen et al U.S. Pat. No.
      3,625,694, issued Dec. 7, 1971; U.S. Pat. No. 3,709,690, issued Jan. 9,
      1973; and U.S. Application Ser. No. 400,778, filed Sept. 26, 1973, now
      U.S. Pat. NO. 3,898,088. See also U.S. Application Ser. No. 412,992 of
      Burness et al., filed Nov. 5, 1973, and now U.S. Pat. NO. 3,859,096.
PAR  Preferred mordants are cationic mordants such as polymeric compounds
      composed of a polymer having quaternary nitrogen groups and at least two
      aromatic nuclei for each quaternary nitrogen in the polymer cation (i.e.,
      having at least two aromatic nuclei for each positively charged nitrogen
      atom), such polymeric compounds being substantially free of carboxy
      groups. Useful mordants of this type are comprised of units of the
      following formula in copolymerized relationship with units of at least one
      other ethylenically unsaturated monomer:
      ##EQU18##
      wherein R.sup.7 and R.sup.8 each represent a hydrogen atom or a lower
      alkyl radical (of 1 to about 6 carbon atoms) and R.sup.8 can additionally
      be a group containing at least one aromatic nucleus (e.g., phenyl,
      naphthyl, tolyl); Q can be a divalent alkylene radical (of 1 to about 6
      carbon atoms), a divalent arylene radical, a divalent aralkylene radical,
      a divalent arylenealkylene radical, such as
      ##SPC28##
      ##EQU19##
      wherein R.sup.12 is an alkylene radical, or R.sup.8 can be taken together
      with Q to form a
      ##EQU20##
      group; R.sup.9, R.sup.10 and R.sup.11 can be alkyl, aralkyl or aryl, or
      R.sup.9 and R.sup.10 and the nitrogen atom to which they are attached can
      together with Q represent the atoms and bonds necessary to form a
      quaternized nitrogen-containing heterocyclic ring, and X.sup.-  is a
      monovalent negative salt-forming radical or atom in ionic relationship
      with the positive salt-forming radical, wherein said polymer is
      substantially free of carboxy groups and wherein the positive salt forming
      radical of said polymer comprises at least two aryl groups for each
      quaternary nitrogen atom in said polymer. In one preferred embodiment, Q
      represents a phenylene or substituted phenylene radical and R.sup.9,
      R.sup.10 and R.sup.11 are the same or different and represent alkyl
      groups, the sum of their carbon atoms exceeding 12. These preferred
      polymeric cationic mordants are described further in the above-mentioned
      U.S. Pat. No. 3,709,690 and U.S. Application Ser. No. 400,778,
      incorporated herein by reference.
PAR  Other mordants useful in our invention include poly-4-vinylpyridine, the
      2-vinyl pyridine polymer methyl-p-toluene sulfonate and similar compounds
      described in Sprague et al U.S. Pat. No. 2,484,430, issued Oct. 11, 1949,
      and cetyl trimethylammonium bromide, etc. Effective mordanting
      compositions are also described in Whitmore U.S. Pat. No. 3,271,148 and
      Bush U.S. Pat. No. 3,271,147, both issued Sept. 6, 1966.
PAR  Generally, good results are obtained when the image-receiving layer,
      preferably alkaline solution-permeable, is transparent and about 0.25 to
      about 0.40 mil in thickness. This thickness, of course, can be modified
      depending upon the result desired. The image-receiving layer can also
      contain ultraviolet absorbing materials to protect the mordanted dye
      images from fading due to ultraviolet light, brightening agents such as
      the stilbenes, coumarins, triazines, oxazoles, dye stabilizers such as the
      chromanols, alkylphenols, etc.
PAR  Use of a pH-lowering material in the dye image-receiving element of a film
      unit according to the invention will usually increase the stability of the
      transferred image. Generally, the pH-lowering material will effect a
      reduction in the pH of the image layer from about 13 or 14 to at least 11
      and preferably 4-8 within a short time after imbibition. For example,
      polymeric acids as disclosed in U.S. Pat. No. 3,362,819, or solid acids or
      metallic salts, e.g., zinc acetate, zinc sulfate, magnesium acetate, etc.,
      as disclosed in U.S. Pat. No. 2,584,030 may be employed with good results.
      Such pH-lowering materials reduce the pH of the film unit after
      development to terminate development and substantially reduce further dye
      transfer and thus stabilize the dye image.
PAR  An inert timing or spacer layer can be employed in the practice of our
      invention over the pH-lowering layer which "times" or controls the pH
      reduction as a function of the rate at which alkali diffuses through the
      inert spacer layer. Examples of such timing layers include gelatin,
      polyvinyl alcohol or any of those disclosed in U.S. Pat. No. 3,455,686.
      The timing layer may be effective in evening out the various reaction
      rates over a wide range of temperatures, e.g., premature pH reduction is
      prevented when imbibition is effected at temperatures above room
      temperature, for example, at 95.degree.-100.degree.F. The timing layer is
      usually about 0.1 to about 0.7 mil in thickness. Especially good results
      are obtained when the timing layer comprises a hydrolyzable polymer or a
      mixture of such polymers which are slowly hydrolyzed by the processing
      composition. Examples of such hydrolyzable polymers include polyvinyl
      acetate, polyamides, cellulose esters, etc.
PAR  The alkaline processing composition employed in this invention is the
      conventional aqueous solution of an alkaline material, e.g., sodium
      hydroxide, sodium carbonate or an amine such as diethylamine, preferably
      possessing a pH in excess of 11, and preferably containing a developing
      agent as described previously. The solution also preferably contains a
      viscosity-increasing compound such as a high-molecular-weight polymer,
      e.g., a water-soluble ether inert to alkaline solutions such as
      hydroxyethyl cellulose or alkali metal salts of carboxymethyl cellulose
      such as sodium carboxymethyl cellulose. A concentration of
      viscosity-increasing compound of about 1 to about 5% by weight of the
      processing composition is preferred which will impart thereto a viscosity
      of about 100 cp. to about 200,000 cp. In certain embodiments of our
      invention, an opacifying agent, e.g., TiO.sub.2, carbon black, pH
      indicator dyes, etc., may be added to the processing composition.
PAR  While the alkaline processing composition used in this invention can be
      employed in a rupturable container, as described previously, to
      conveniently facilitate the introduction of processing composition into
      the film unit, other methods of inserting processing composition into the
      film unit could also be employed, e.g., interjecting processing solution
      with communicating members similar to hypodermic syringes which are
      attached either to a camera or camera cartridge.
PAR  The alkaline solution-permeable, substantially opaque, light-reflective
      layer employed in certain embodiments of photographic film units of our
      invention can generally comprise any opacifier dispersed in a binder as
      long as it has the desired properties. Particularly desirable are white
      light-reflective layers since they would be esthetically pleasing
      backgrounds on which to view a transferred dye image and would also
      possess the optical properties desired for reflection of incident
      radiation. Suitable opacifying agents include titanium dioxide, barium
      sulfate, zinc oxide, barium stearate, silver flake, silicates, alumina,
      zirconium oxide, zirconium acetyl acetate, sodium zirconium sulfate,
      kaolin, mica, or mixtures thereof in widely varying amounts depending upon
      the degree of opacity desired. The opacifying agents may be dispersed in
      any binder such as an alkaline solution-permeable polymeric matrix such
      as, for example, gelatin, polyvinyl alcohol, and the like. Brightening
      agents such as the stilbenes, coumarins, triazines and oxazoles can also
      be added to the light-reflective layer, if desired. When it is desired to
      increase the opacifying capacity of the light-reflective layer,
      dark-colored opacifying agents, e.g., carbon black, nigrosine dyes, etc.,
      may be added to it, or coated in a separate layer adjacent to the
      light-reflective layer.
PAR  The supports for the photographic elements of this invention can be any
      material as long as it does not deleteriously effect the photographic
      properties of the film unit and is dimensionally stable. Typical flexible
      sheet materials include cellulose nitrate film, cellulose acetate film,
      poly(vinyl acetal) film, polystyrene film, poly(ethylene-terephthalate)
      film, polycarbonate film, poly-.alpha.-olefins such as polyethylene and
      polypropylene film, and related films or resinous materials. The support
      can be from about 2 to about 9 mils in thickness.
PAR  The silver halide emulsions useful in our invention are well knonw to those
      skilled in the art and are described in Product Licensing Index, Vol. 92,
      December, 1971, publication 9232, p. 107, paragraph I, "Emulsion types";
      they may be chemically and spectrally sensitized as described on page 107,
      paragraph III, "Chemical sensitization," and pp. 108-109, paragraph XV,
      "Spectral sensitization," of the above article; they can be protected
      against the production of fog and can be stabilized against loss of
      sensitivity during keeping by employing the materials described on p. 107,
      paragraph V, "Antifoggants and stabilizers," of the above article; they
      can contain development modifiers, hardeners, and coating aids as
      described on pp. 107-108, paragraph IV, "Development modifiers"; paragraph
      VII, "Hardeners"; and paragraph XII, "Coating aids", of the above article;
      they and other layers in the photographic elements used in this invention
      can contain plasticizers, vehicles and filter dyes described on p. 108,
      paragraph XI, "Plasticizers and lubricants," and paragraph VII, "
      Vehicles," and p. 109, paragraph XVI, "Absorbing and filter dyes," of the
      above article; they and other layers in the photographic elements used in
      this invention may contain addenda which are incorporated by using the
      procedures described on p. 109, paragraph XVII, "Methods of addition," of
      the above article; and they can be coated by using the various techniques
      described on p. 109, paragraph XVIII, "Coating procedures," of the above
      article, the disclosures of which are hereby incorporated by reference.
PAR  It will be appreciated that there remains in the photographic element after
      transfer has taken place an imagewise distribution of dye in addition to
      developed silver. A color image comprising residual nondiffusible compound
      may be obtained in this element if the residual silver and silver halide
      are removed by any conventional manner well known to those skilled in the
      photographic art, such as a bleach bath followed by a fix bath, a
      bleach-fix bath, etc. The imagewise distribution of dye may also diffuse
      out of the element into these baths, if desired, rather than to an
      image-receiving element. If a negative-working silver halide emulsion is
      employed in such photosensitive element, then a positive color image, such
      as a color transparency or motion-picture film, may be produced in this
      manner. If a direct-positive silver halide emulsion is employed in such
      photosensitive element, then a negative color image may be produced.
PAR  Preferably, when the desired dye image is retained in the image-forming
      unit, the image dye-providing materials are shifted (G is hydrolyzable
      acyloxy) and are incorporated in the silver halide emulsion layer.
      Improved processes are described in U.S. Ser. No. 422,390, filed Dec. 6,
      1973.
PAR  The following examples are provided for a further understanding of the
      invention. The structures of all of the compounds were confirmed by their
      infrared and NMR spectra and in some cases by elemental analysis. The
      notation C.sub.5 H.sub.11 -t as used herein is an abbreviation for
      t-pentyl.
PAR  4-Amino-N-[4-(2,4-di-t-pentylphenoxy)-butyl]-1-hydroxy-2-naphthamide may be
      prepared as follows:
      1-hydroxy-N-[4-(2,4-di-t-pentylphenoxy)-butyl]-2-napthamide (U.S. Pat. No.
      2,474,293) is coupled with a diazotized p-anisidine (e.g.
      ##SPC29##
PAL  The azo group of the compound thus prepared may then be reduced with sodium
      dithionite (Na.sub.2 S.sub.2 O.sub.4) to the corresponding amine (see also
      U.S. Pat. No. 3,458,315, column 10).
DETD
PAC  EXAMPLE 1
PAC  Preparation of Compound No. 1
      ##SPC30##
PAR  To 90 ml. of dry pyridine, under nitrogen, at 0.degree.C. was added 2.95 g
      (0.06 mol) of
      4-amino-N-[4-(2,4-di-tert-pentylphenoxy)butyl]-1-hydroxy-2-naphthamide. To
      this solution 2.9 g. (0.06 mol) of
      4-acetamido-8-[5-N-(dimethylaminomethylene)sulfamoylphenylazo]-5-hydroxy-1
     -naphthalenesulfonyl chloride was added. The reaction mixture was stirred
      at room temperature for ninety minutes and then poured into a mixture of
      ice and concentrated hydrochloric acid. The resulting solid was collected
      on a filter funnel and dried to yield 5.8 g. (&gt;100%). It was purified by
      chromatography using a silica column, with ethyl acetate being used to
      elute the product. The yield was 30%, m.p. 237.degree.C. PREPARATION OF
      INTERMEDIATES: The sulfonyl chloride compound above was prepared from the
      sodium salt of the corresponding sulfonic acid compound by adding 3.0 g.
      (0.01 mol) of N,N-dimethylformamide to a slurry of 4.85 g. (0.01 mol) of
      sodium
      4-acetamido-5-hydroxy-6-(4-sulfamoylphenylazo)-1-naphthalenesulfonate in
      600 ml. of thionyl chloride. The mixture was stirred for 90 minutes at
      room temperature and filtered. The filtrate was poured onto ice, the solid
      collected on a filter funnel and dried to yield 1.3 g. (24%), m.p.
      140.degree.C. The sodium salt of the dye above was obtained as follows:
      300 ml. of 1N hydrochloric acid was added to a solution of 17.2 g. (0.1
      mol) of sulfanilamide in 100 ml. of 1N sodium hydroxide. The solution was
      cooled to 0.degree.C and a solution of 6.9 g. (0.1 mol) of sodium nitrite
      in 80 ml. of water was added at &lt;3.degree.C. This mixture was then added
      to a solution of 8-acetamido-1-acetoxy-5-naphthalenesulfonic acid,
      pyridine salt in 300 ml. of 1N sodium hydroxide at &lt;3.degree.C. The
      reaction mixture was stirred for one hour, solid collected on a filter
      funnel and dried to yield 35.2 g. (72%), m.p. 7300.degree.C. The pyridine
      salt above was obtained by the acetylation of "S acid" in acetic anhydride
      and pyridine at 80.degree.C.
PAC  EXAMPLE 2
PAC  Preparation of Compound No. 2
      ##SPC31##
PAR  This compound was prepared in a manner similar to that used in Example 1.
      The yield was 20%, m.p. 163.degree.-6.degree.C. The
      4-acetamido-8-[5-(N-dimethylaminomethylene)sulfamoyl-2-methoxyphenylazo]-5
     -hydroxy-1-naphthalenesulfonyl chloride was prepared in a manner similar to
      that used in Example 1.
PAC  EXAMPLE 3
PAC  Preparation of Compound No. 3
      ##SPC32##
PAR  The method used in Example 1 was utilized to prepare this compound. The
      yield was 26%, m.p. 168.degree.-72.degree.C dec. The
      4-benzamido-8-[5-N-(dimethylaminomethylene)sulfamoyl-2-methoxyphenylazo]-5
     -hydroxy-1-naphthalenesulfonyl chloride was prepared by the method used for
      Example 1 in 68% yield. Sodium
      4-benzamido-5-hydroxy-8-(2-methoxy-5-sulfamoylphenylazo)-1-naphthalenesulf
     onate was also prepared similarly to Example 1 in 35% yield.
PAC  EXAMPLE 4
PAC  Preparation of Compound No. 4
      ##SPC33##
PAR  The method used for Example 1 was used to prepare this compound. The yield
      was 15%, m.p. 155.degree.-60.degree.C dec. The sulfonyl chloride was
      prepared from 1.0 g. (.0014 mol.) of
      4-benzamido-8-[4-(N-benzenesulfonylsulfamoyl)phenylazo]-5-hydroxy-1-naphth
     alene-sulfonic acid, sodium salt which was stirred overnight in 25 ml. of
      chlorobenzene containing 0.8 g. of phosphorous pentachloride. The solid
      was collected on a filter funnel and dried to yield 1.0 g. (100%). The
      sodium
      4-benzamido-8-[4-(benzenesulfonylsulfamoyl)phenylazo]-5-hydroxy-1-naphthal
     ene sulfonate was prepared in a manner similar to Example 1 in 15% yield.
PAC  EXAMPLE 5
PAC  Preparation of Compound No. 5
      ##SPC34##
PAR  To a solution of 1.95 g. (.004 mol) of
      4-amino-N-[4-(2,4-di-tert-pentylphenoxy)butyl]-1-hydroxy-2-naphthamide in
      50 ml. of dry pyridine at 0.degree.C, under nitrogen, was added 1.95 g.
      (.004 mol) of
      4-acetamido-8-(4-chlorosulfonylphenylazo)-5-hydroxy-1-naphthalenesulfonyl
      chloride. The solution was stirred at 0.degree.C for 1 hour, poured into
      75 ml. of concentrated hydrochloric acid and 75 ml. of ice. The solid was
      collected on a filter funnel and dried. It was then chromatographed on a
      silica column, eluting with ethyl acetate to remove the product. The
      eluents were concentrated to dryness and the resulting solid
      reprecipitated from chloroform with hexane. The solid was collected on a
      filter funnel and dried to yield 1.1 g. (39.%), m.p.
      220.degree.-2.degree.C dec. The
      4-acetamido-8-(4-chlorosulfonylphenylazo)-5-hydroxy-1-naphthalenesulfonyl
      chloride was prepared by heating a solution of 9.7 g. (.02 mol) of sodium
      4-acetamido-5-hydroxy-6 -(4-sulfamoylphenylazo)-1-naphthalenesulfonate in
      150 ml. of chlorosulfonic acid on a steam bath for ninety minutes. The
      solution was cooled and poured onto ice. The solid was collected on a
      filter funnel an dried to yield 9.4 g. (94%). The sodium
      4-acetamido-5-hydroxy-8-(4-sulfamoylphenylazo)-1-naphthalenesulfonate was
      prepared as in Example 1.
PAC  EXAMPLE 6
PAC  Preparation of Compound No. 6
      ##SPC35##
PAR  This compound was prepared in a manner similar to that used for Example 5.
      The yield was 74%, m.p. 138.degree.-42.degree.C. The
      4-acetamido-8-(5-chlorosulfonyl-2-methoxyphenylazo)-5-hydroxy-1-naphthalen
     esulfonyl chloride was prepared according to the method of Example 5. The
      sodium
      4-acetamido-5-hydroxy-8-(5-sulfamoyl-2-methoxyphenylazo)-1-naphthalenesulf
     onate was prepared in a manner similar to that used in Example 1.
PAC  EXAMPLE 7
PAC  Preparation of Compound No. 7
      ##SPC36##
PAR  The method shown for Example 1 was also used to prepare this example in 40%
      yield, m.p. 169.degree.-72.degree.C dec. The
      4-acetamido-8-[4-(N-t-butyl)sulfamoylphenylazo]-5-hydroxy-1-naphthalenesul
     fonyl chloride was prepared, in 89% yield, similarly to Example 1. Sodium
      4-acetamido-8-[4-(N-t-butyl)sulfamoylphenylazo]-5-hydroxy-1-naphthalenesul
     fonic acid was prepared in a manner similar to Example 1. The yield was
      39%.
PAC  EXAMPLE 8
PAC  Preparation of Compound No. 8
      ##SPC37##
PAR  To a solution of 2.50 g. (3.8 mmol) of
      4-m-aminobenzenesulfonamido-N-[4-(2,4-di-tert-pentylphenoxy)butyl]-1-hydro
     xy-2-naphthamide in 20 ml. of trifluoroacetic acid (under nitrogen) in an
      ice-methanol bath was added a cold solution of 0.28 g. (4 mmol) of sodium
      nitrite in 3 ml. of water. The green-yellow diazonium solution, which
      formed immediately, was poured into a stirred solution (under nitrogen) of
      0.62 g. (3.8 mmol) of 1,8-dihydroxynaphthalene in 10 ml. pyridine and 50
      ml. mixed acid (1:5 propionic/acetic acids). The magenta-colored mixture
      was stirred at 0.degree. for 45 minutes and then poured into 600 g. of ice
      water. The crude product was filtered, washed with water, and dried. It
      weighed 3.32 g. The crude material was recrystallized once from a mixture
      of tetrahydrofuran, methanol, and water and again from ethyl
      acetate/hexane to give 2.35 g. m.p. 232.degree.-234.degree.C.
PAC  EXAMPLE 9
PAC  Preparation of Compound No. 9
      ##SPC38##
PAR  To a solution of 1.3 g. (2.0 mmol) of
      4-p-aminobenzenesulfonamido-N-[4-(2,4-di-tert-pentylphenoxy)butyl]-1-hydro
     xy-2-naphthamide in 10 ml. of trifluoroacetic acid (under nitrogen) was
      added a cold solution of 0.14 g. (2 mmol) of sodium nitrite in 1 ml. of
      water. The deep brown-green diazonium solution thus formed was poured into
      a solution of 1-naphthol-6-sulfonamide in 9 ml. pyridine/45 ml. of 1:5
      propionic/acetic acid. Because coupling occurred rather slowly, the
      red-orange solution was stirred 1.5 hours and then poured into 400 g. of
      ice water. The resulting orange solid was filtered, washed with water and
      air dried. The crude product was recrystallized from
      ethanol/tetrahydrofuran/hexane and again from tetrahydrofuran/hexane to
      give 1.07 g. (61%) of magenta dye, m.p. 164.degree.-166.degree.C.
PAC  EXAMPLE 10
PAC  Preparation of Compound No. 10
      ##SPC39##
PAR  A solution of 6.45 g. (10 mmol)
      4-m-aminobenzenesulfonamido-N-[4-(2,4-di-t-pentylphenoxy)butyl]-1-hydroxy-
     2-naphthamide in 100 ml. tetrahydrofuran was cooled to 3.degree.C and
      treated dropwise with 1.2 g. of isopentyl nitrite. The mixture was stirred
      one-half hour and then poured slowly into a cold solution of 1.6 g. (10
      mmol) of 1,5-naphthalenediol in 250 ml. of 20% solution of propionic acid
      in acetic acid followed by 10 drops of pyridine. The mixture was left in
      the refrigerator overnight, filtered, and diluted with water to give a
      tar, which was solidified by heating in glacial acetic acid followed by
      cooling. The solid was filtered off, washed with water and air dried. On
      standing an additional product precipitated from the supernatant, yielding
      a total of 6.5 g. (80%). The product was recrystallized from acetic acid
      to give 2.8 g. of orange powder, m.p. 232.degree.-5.degree. .
PAC  EXAMPLE 11
PAC  Prepartion of Compound No. 11
      ##SPC40##
PAR  A solution of 0.65 g. (1 mmol) of
      4-m-aminobenzenesulfonamido-N-]4-(2,4-di-t-pentylphenoxy)butyl]-1-hydroxy-
     2-naphthamide and 0.14 ml. of isopentyl nitrite in 10 ml of tetrahydrofuran
      was added to a solution of 0.175 g. (1 mmol) of 1-naphthol in 25 ml. of a
      5:1 mixture of acetic acid and propionic acid at 0.degree.C. The reaction
      mixture was stirred for one hour during which time a red solid
      precipitated. The solid was collected and washed with aqueous acetic acid.
      This provided 0.6 g. of pure product in 72% yield, m.p.
      212.degree.-215.degree..
PAC  EXAMPLE 12
PAC  Photographic Testing
PAR  The dye-releasing redox (DRR) compounds were tested for reactivity and
      diffusibility of their released dyes to a receiving element. Each DRR
      compound was dissolved in an equal weight of diethylauramide and finely
      dispersed in gelatin. The dispersion was added to a 0.8 .mu.m
      monodispersed negative-working gelatino-silver bromide emulsion which was
      coated on a polyester film support, the coverage of DRR being about 1.1
      .times. 10.sup.-.sup.5 moles/dm.sup.2 ; silver - 9.2 mg/dm.sup.2 ; and
      gelatin - 32 mg/dm.sup.2. An overcoat layer of 8.6 g/dm.sup.2 of gelatin,
      hardened by formaldehyde was then applied.
PAR  A. Image discrimination -- A sample of the above coating was exposed
      through a step-wedge and then laminated to a mordant-containing receiving
      element with a viscous processing composition (goo) by passing the
      "sandwich" between a pair of juxtaposed pressure-applying rollers. The
      receiving element consisted of a paper support on which was coated a
      mixture of gelatin (21 mg/dm.sup.2) and a mordant,
      poly[styrene-co-N-benzyl-N,N-dimethyl-N-(3-maleimidopropyl)ammonium
      chloride] (21 mg/dm.sup.2). The goo contained per liter of solution: 20 g.
      sodium hydroxide, 0.75 g.
      4-hydroxymethyl-4-methyl-1-phenyl-3-pyrazolidone, 10 g. postassium
      bromide, and 25 g. hydroxyethylcellulose. After 60 seconds, the receiver
      was peeled apart and washed in water to adjust the pH to about 7. Good
      image density in the exposed areas was obtained with practically no
      transfer of dye in the unexposed areas. The Dmax and Dmin for each
      transfer is given under image discrimination in the table.
PAR  B. Spectrophotometry - The spectra of the released dyes when adsorbed to
      the mordant on a transparent support were measured spectrophotometrically.
      The maximum wavelength (.lambda. max) and the bandwidth in nm at one-half
      the density at the .lambda. max of the curve for each dye is also given in
      the table. This "half band width" along with the .lambda. max is
      indicative of hue, the brightness and purity of color being greater, the
      smaller the half band width.
PAR  C. Dye-transfer in receiving element - Another sample of an emulsion
      coating containing the DRR compound was fogged by exposure to light and
      processed by passing it as a "sandwich" with an image receiving element
      and viscous developing composition (goo) between a pair of juxtaposed
      pressure-applying rollers. The developer layer thickness of the resulting
      laminate ranged from about 0.075 to 0.10 mm. The receiving element had the
      following structure (the coverages in mg/dm.sup.2 are shown in
      parenthesis):
     Carbon (27)      + Gelatin (17)                                           

     TiO.sub.2 (215)  + Gelatin (21)                                           

     Mordant* (21)    + Gelatin (11)                                           

             Cellulose acetate support                                         

      *same as above                                                           

PAL  The "goo" contained 20 g. sodium hydroxide, 0.75 g.
      4-hydroxymethyl-4-methyl-1-phenyl-3-pyrazolidone, 10 g. potassium bromide
      and 25 g. hydroxyethylcellulose, all per liter of solution. Upon
      application of the goo to the fogged emulsion layer, the dyes are released
      and diffuse through the carbon and titania layers to the mordant layer.
      The density of the dyes on the mordant layer was read through the support
      by means of a reflection densitometer after intervals of 30, 60 and 120
      seconds at 24.degree.C. The increase in density as indicated by the values
      in the table, is a measure of the rate of release and also of the
      diffusivity of the dyes.
TBL                                    Table 1                                 

     __________________________________________________________________________

     PHOTOGRAPHIC PROPERTIES                                                   

                                      Density of Dye Transfer                  

                     Image Discrimination                                      

                                      Image after                              

     Compound  Half-band                                                       

                     Coverage         Coverage                                 

     of   .lambda. max                                                         

               width (moles .times. 10.sup.-.sup.6                             

                                      (moles .times. 10.sup.-.sup.6            

     Example                                                                   

          (nm) (nm)  per dm.sup.2)                                             

                              Dmax                                             

                                  Dmin                                         

                                      per dm.sup.2)                            

                                               30 sec                          

                                                    60 sec                     

                                                         120                   

     __________________________________________________________________________

                                                         sec                   

     1    540  110   6        1.30                                             

                                  0.24                                         

                                      11       1.72 2.40 2.70                  

     2    530  111   11       2.65                                             

                                  0.58                                         

                                      11       1.60 2.34 2.34                  

     3    540  114   11       2.40                                             

                                  0.45                                         

                                      11       0.75 1.63 2.15                  

     4    535  105   11       1.80                                             

                                  0.85                                         

                                      6        0.33 0.82 1.48                  

     5    540  108   11       2.70                                             

                                  0.20                                         

                                      8        0.64 1.30 1.99                  

     6    530  117   11       2.04                                             

                                  0.30                                         

                                      11       0.75 1.50 2.05                  

     7    544  108   6        1.86                                             

                                  0.48                                         

                                      6        0.62 0.98 1.41                  

     8    545  112   11       2.12                                             

                                  0.38                                         

                                      11       0.64 0.95 1.24                  

     9    538  105   6        1.81                                             

                                  0.96                                         

                                      6        0.81 1.29 1.69                  

     10   570  100   11       2.11                                             

                                  0.60                                         

                                      11       0.73 1.05 1.35                  

     11   542  121   11       1.56                                             

                                  0.58                                         

                                      11       0.59 0.93 1.48                  

     __________________________________________________________________________

PAC  EXAMPLE 13
PAC  Preparation of Compound No. 12
      ##SPC41##
PAR  A solution of 1 mole 5-amino-1-naphthol in dry pyridine was stirred at
      0.degree.C and treated portionwise with 1 mole of p-toluenesulfonyl
      chloride. When analysis showed that the 5-amino-1-naphthol was consumed
      the reaction mixture was poured onto a sufficient quantity of aqueous
      hydrogen chloride to neutralize the excess pyridine and allow separation
      of the product as a fine powder which was filtered, washed with water, and
      recrystallized from ethanol to obtain (96% yield) analytically pure
      5-p-toluenesulfonamido-1-naphthol having a melting point of
      182.degree.-194.degree.C. Next, 2.58 g. (4.00 mmol) of
      4-(m-aminophenylsulfonamido)-N-[4-(2,4-di-tert-pentylphenoxy)butyl]-1-hydr
     oxy-2-naphthamide were dissolved in 10 ml. dry pyridine and treated with 50
      ml. 5:1 acid and 10 ml. concentrated hydrochloric acid. The clear solution
      was cooled to 0.degree.C. and treated with a solution of 284 mg. (4.00
      mmol) sodium nitrite in 3 ml. of ice water. The resulting orange solution
      was added rapidly to a solution of 1.25 g. (4.00 mmol) of the above
      sulfonamidonaphthol dissolved in 8 ml. dry pyridine and 50 ml. 5:1 acid,
      and cooled to 5.degree.C. The orange dye formed immediately. After 40
      minutes at 5.degree.-10.degree., the dye was precipitated by adding 300
      ml. ice water and adjusting the pH to 2 with concentrated HCl. The orange
      powder obtained by filtration was washed with 8 liters of water and dried
      to give 3.31 g. Compound 12. This compound was tested in a manner similar
      to that of Example 12A and the released dye was found to have a .lambda.
      max of 555 nm. The Dmax of transferred image was 0.97.
PAC  EXAMPLE 14
PAC  Preparation of Compound No. 13
      ##SPC42##
PAR  A solution of 8.1 g. (.05 mmol) 5-amino-1-naphthol, 6.1 g. (.05 mmol)
      N,N-dimethylaniline, and in 100 ml. tetrahydrofuran was added dropwise at
      -10.degree.-0.degree.C to a solution of 12.1 g. (0.05 mmol)
      m-chlorosulfonylbenzoyl chloride in tetrahydrofuran (200 ml.). The
      addition required 1 hour. The reaction was nearly complete after the
      addition but was stirred at -10.degree.C for 2 hours, treated with 0.05
      mole of Compound A,
      4-amino-N-[-4-(2,4-di-tert-pentylphenoxy)butyl]-1-hydroxy-2-naphthamide,
      and .05 mole pyridine, and stirred at 25.degree.C until Compound A had
      reacted. The reaction mixture was poured into 2 liters of water and the
      dark oil which separated induced to crystallize by adding 200 ml. 10%
      hydrogen chloride solution. The crude product was filtered, washed with
      water, and air dried to give 42.96 g. of crude product (102% yield).
      Recrystallization from 500 ml. boiling benzene gave, after filtration and
      a slow recrystallization 39 g. of product 2 (92%) having m.p.
      214.degree.-219.degree.C with satisfactory IR and NMR analyses. Next, a
      solution of 8.28 g. (.01 mol) Compound 2 in 4.0 g. 50% sodium hydroxide
      solution and 50 ml. water was added at 0.degree. to a solution of
      diazotized sulfanilic acid (.01 mol) prepared in the usual manner at
      0.degree.C. Coupling at 0.degree.C was conducted for 1 hour at pH 10 by
      proper adjustment of the pH with sodium carbonate solution. The red
      solution was acidified with 10% hydrogen chloride solution, filtered, and
      washed thoroughly with cold water. The crude dye-providing compound
      weighed 9.24 g. (92%) when dried and was purified sufficiently for image
      transfer testing by repeated trituration from boiling acetonitrile. After
      washing thoroughly with cold acetonitrile and diethyl ether, it was
      thoroughly vacuum dried. The resultant Compound 13 was tested as in
      Example 12A and the transferred magenta dye image was found to have a Dmax
      of about 2.2.
PAC  EXAMPLE 15
PAC  Preparation of Compound No. 14
      ##SPC43##
PAR  10.3 g. (.025 mol) of
      N-[5-hydroxy-8-(m-fluorosulfonylphenylazo-1-naphthyl]methanesulfonamide
      was added to 8.0 g. (0.095 mol) of sodium bicarbonate and 12.2 g. (.025
      mol) of
      4-amino-N-[4-(2,4-di-tert-pentylphenoxy)butyl]-1-hydroxy-2-naphthamide in
      80 ml. of dimethylsulfoxide, under nitrogen. The mixture was heated on a
      steam bath for ninety minutes and poured into 1 liter of ice water
      containing 25 ml. of concentrated hydrochloric acid. The solid was
      collected on a filter funnel and dried. After one slurry in 400 ml. of hot
      toluene and one slurry in 100 ml. of acetic acid, the yield of dye was
      12.0 g. (55%). PREPARATION OF INTERMEDIATES: A cooled solution of 2.0 g.
      (0.29 mol) of sodium nitrite in 12 ml. of water was added portionwise, at
      &lt;5.degree.C to a solution of 6.05 g. (.029 mol) of 3-aminobenzenesulfonyl
      fluoride in 50 ml. of 10% hydrochloric acid. This solution was added at
      10.degree.C to a cooled solution of 6.08 g. (.026 mol) of
      N-(5-hydroxy-1-naphthyl)methanesulfonamide in 75 ml. of a mixture of 1
      part by volume propionic acid to 5 parts acetic acid and 18 ml. of
      pyridine. The final solution was stirred at &lt;10.degree.C for 90  minutes
      and poured into 1 liter of ice water. The pH of the aqueous solution was
      adjusted to 2, the solid collected on a filter funnel and dried to yield
      10.3 g. (93%). For the preparation of the above sulfonamide, 20.0 g. (.125
      mol) of 5-amino-1-naphthol was dissolved in 63 ml. of acetone containing
      10 ml. (.13 mol) of pyridine. To this mixture 16.0 g. (.14 mol) of
      methanesulfonyl chloride was added dropwise. The temperature gradually
      rose to 55.degree.C and solution was effected. The solution was stirred
      for 45 minutes and poured into 650 ml. of water containing 15 g. (.375
      mol) of sodium hydroxide. The temperature rose to 60.degree.C. The
      solution was cooled, and acidified with concentrated hydrochloric acid.
      The solid was collected on a filter funnel, washed with water, and dried
      to yield 25.7 g. (87%), m.p. 143.degree.-7.degree.C. Compound No. 14  was
      tested as in Example 12C and found to have transferred dye image densities
      of 1.86, 2.3 and 2.4 after 30, 60 and 120 seconds, respectively.
PAC  EXAMPLE 16
PAR  Dyes such as those released from the previously discussed carriers (Car-)
      during alkaline processing were prepared and dissolved in 30 ml. of a 0.5N
      sodium hydroxide solution containing 30 g/l of hydroxyethylcellulose. Each
      solution was spread between a cellulose acetate cover sheet and a
      receiving element so that the alkaline dye composition was 0.1 mm thick.
      The receiving element was as described in Example 12 only having an
      additional layer of gelatin (43 mg/dm.sup.2) coated over the
      carbon-gelatin layer. The spectra of the dyes when adsorbed to the mordant
      were determined as in Example 12. The following Table II shows the general
      formula of the dyes tested and the results obtained.
PAC  Table II
      ##SPC44##
     Z.sup.2  R.sup.1                                                          

                   E.sup.1    Q     .lambda.1/2 (nm)                           

     __________________________________________________________________________

     4-SO.sub.2 NH.sub.2                                                       

              H    5-SO.sub.2 NH.sub.2                                         

                             8-NHCOCH.sub.3                                    

                                    531                                        

     3-SO.sub.2 NH.sub.2                                                       

              H    "          "     522                                        

     4-SO.sub.2 NH.sub.2                                                       

              2-Cl "          "     543                                        

     3-SO.sub.2 NH.sub.2                                                       

              6-Cl "          "     528                                        

     3-SO.sub.2 NH.sub.2                                                       

              4-Cl "          "     526                                        

     3-SO.sub.2 NH.sub.2                                                       

              6-OCH.sub.3                                                      

                   "          "     519                                        

     2-SO.sub.2 NH.sub.2                                                       

              H    "          "     510                                        

     2-SO.sub.2 NHCH.sub.3                                                     

              H    "          "     538                                        

     4-SO.sub.2 NH(COCH.sub.3)                                                 

              H    "          "     542                                        

     4-SO.sub.2 NH(CH.sub.3)                                                   

              H    "          "     540                                        

     2-SO.sub.2 CH.sub.3                                                       

              H    "          "     540                                        

     4-CN     H    "          "     550                                        

     2-CN     H    "          "     549                                        

     2-CF.sub.3                                                                

              H    "          "     524                                        

     2-Cl     H    "          "     520                                        

     4-SO.sub.2 Na                                                             

              H    H         5-NHCOCH.sub.3                                    

                                    555                                        

     4-SO.sub.2 NH.sub.2                                                       

              H    H         5-OH   571                                        

     3-SO.sub.2 NH.sub.2                                                       

              H    H          "     560                                        

     3-SO.sub.2 NH.sub.2                                                       

              6-Cl H          "     570                                        

     3-SO.sub.2 NH.sub.2                                                       

              H    H         8-OH   532                                        

     4-SO.sub.2 NH.sub.2                                                       

              H    H         5-NHSO.sub.2 CH.sub.3                             

                                    563                                        

     3-SO.sub.2 NH.sub.2                                                       

              H    H          "     552                                        

     4-SO.sub.2 NH.sub.2                                                       

              H    3-SO.sub.2 NH.sub.2                                         

                             H      518                                        

     3-SO.sub.2 NH.sub.2                                                       

              H    6-SO.sub.3 Na                                               

                             8-NHCOCH.sub.3                                    

                                    533                                        

     4-SO.sub.2 NH.sub.2                                                       

              H    5-SO.sub.3 Na                                               

                              "     540                                        

     3-SO.sub.2 NH.sub.2                                                       

              H    3-SO.sub.2 NH.sub.2                                         

                              "     520                                        

     4-SO.sub.2 NH.sub.2                                                       

              2-Cl 3-SO.sub.3 Na                                               

                             8-NHCOCH.sub.3                                    

                                    535                                        

     4-SO.sub.2 NH.sub.2                                                       

              2-Cl 3-SO.sub.3 Na                                               

                             5-NHCOCH.sub.3                                    

                                    530                                        

     3-SO.sub.2 NH.sub.2                                                       

              H    H         8-NHSO.sub.2 CH.sub.3                             

                                    517                                        

     4-SO.sub.2 NH.sub.2                                                       

              H              8-NHCOCH.sub.3                                    

                                    533                                        

     4-SO.sub.2 H                                                              

              H    H         H      541                                        

     2-SO.sub.2 CH.sub.3                                                       

              H    6-SO.sub.2 NH.sub.2                                         

                             H      576                                        

     4-SO.sub.2 CH.sub.3                                                       

              H    6-SO.sub.2 NH.sub.2                                         

                             H      576                                        

     __________________________________________________________________________

PAC  EXAMPLE 17
PAC  Preparation of Compound No. 15
      ##SPC45##
PAR  The above Compound 15 was prepared in a manner similar to Example 15 only
      using
      N-[5-ethoxycarbonyloxy-6-(m-chlorosulfonylphenylazo)-1-naphthyl]methanesul
     famide which was prepared from the 5-hydroxy counterpart (made as in
      Example 15) by reaction with ethyl chloroformate. Compound 15 was tested
      as in Example 15 and found to have a .lambda. max in the coating of 440 nm
      and a .lambda. max of transferred dye of 555 nm and densities of 1.87 (30
      seconds), 2.5 (60 seconds) and 2.6 (120 seconds).
PAC  EXAMPLE 18
PAR  An integral multicolor photosensitive element is prepared by coating the
      following layers in the order recited on a transparent cellulose acetate
      film support:
PA1  1. image-receiving layer of
      copoly[styrene-N-benzyl-N,N-dimethyl-N-(3-maleimidopropyl)ammonium
      chloride] (200 mg./ft..sup.2) and gelatin (100 mg./ft..sup.2);
PA1  2. reflecting layer of titanium dioxide (2000 mg./ft..sup.2) and gelatin
      (200 mg./ft..sup.2);
PA1  3. opaque layer of carbon black (250 mg./ft..sup.2) and gelatin (312
      mg./ft..sup.2);
PA1  4. cyan image dye-providing compound (65 mg./ft..sup.2) having the formula
      ##SPC46##
PAL  and gelatin (100 mg./ft..sup.2);
PA1  5. red-sensitive, internal-image gelatin-silver chlorobromide emulsion (100
      mg. gelatin/ft..sup.2 and 125 mg. silver/ft..sup.2),
      2,5-di-sec-dodecylhydroquinone (25 mg./ft..sup.2) and nucleating agent
      formyl-4-methylphenylhydrazine (1 g./mole of silver);
PA1  6. interlayer of gelatin (100 mg./ft..sup.2) and
      2,5-di-secdodecylhydroquinone (50 mg./ft..sup.2);
PA1  7. magenta image dye-providing Compound No. 14 (95 mg./ft..sup.2) prepared
      in Example 15, and gelatin (175 mg./ft..sup.2);
PA1  8. green-sensitive, internal-image gelatin-silver chlorobromide emulsion
      (125 mg. gelatin/ft..sup.2 and 150 mg. silver/ft..sup.2),
      2,5,di-sec-dodecylhydroquinone (50 mg./ft..sup.2) and nucleating agent
      formyl-4-methylphenylhydrazine (1 g./mole of silver);
PA1  9. interlayer of gelatin (100 mg./ft..sup.2) and
      2,5-di-secdodecylhydroquinone (50 mg./ft..sup.2);
PA1  10. yellow image dye-providing compound (100 mg./ft..sup.2) having the
      formula
      ##SPC47##
PAL  and gelatin (150 mg./ft..sup.2);
PA1  11. blue-sensitive internal-image gelatin-silver chlorobromide emulsion
      (100 mg. gelatin/ft..sup.2 and 150 mg. silver/ft..sup.2),
      2,5-di-sec-dodecylhydroquinone (50 mg./ft..sup.2) and nucleating agent
      formyl-4-methylphenylhydrazine (1 g./mole of silver); and
PA1  12. overcoat of gelatin (82.5 mg./ft..sup.2).
PAR  The above silver halide emulsions are direct-positive emulsions having high
      internal sensitivity and low surface sensitivity of the type described in
      U.S. Pat. No. 2,592,250.
PAR  The above-prepared photosensitive element is then exposed to a
      graduated-density multicolor test object. The following processing
      composition is employed in a pod and is spread between the photosensitive
      element and an opaque cellulose acetate sheet by passing the transfer
      "sandwich" between a pair of juxtaposed pressure rollers:
     sodium hydroxide       40         g.                                      

     4-hydroxymethyl-4-methyl-1-                                               

     phenyl-3-pyrazolidone  4          g.                                      

     5-methylbenzyltriazole 0.1        g.                                      

     potassium iodide       0.01       g.                                      

     hydroxyethyl cellulose 25         g.                                      

     distilled water to     1000       ml.                                     

PAL  After 4 minutes, the element is separated from the opaque sheet, subjected
      to a 1-minute acid rinse, fixed for 4 minutes, washed and dried. The
      following sensitometric results are obtained.
TBL  ______________________________________                                    

     Maximum Density    Minimum Density                                        

     ______________________________________                                    

     Red     Green    Blue      Red    Green  Blue                             

     1.26    1.60     2.52      0.48   0.48   0.54                             

     ______________________________________                                    

PAR  The yellow image dye-providing compound used in this example is prepared as
      follows:
PAR  To a solution of 7.3 g. (0.015 mole) of
      1-hydroxy-4-amino-N-[.DELTA.-(2,4-di-t-amylphenoxy)butyl]-2-naphthamide in
      60 ml. of dry pyridine cooled to 2.degree.C. in an ice bath and stirred in
      a nitrogen atmosphere are added 6.4 g. (0.016 mole) of
      1-phenyl-3-methylcarbamyl-4-(p-chlorosulfonylphenylazo)-5-pyrazolone. The
      mixture is stirred for 2 hours at room temperature and poured into 1 liter
      of ice and water containing 75 ml. of hydrochloric acid. The precipitate
      is collected, dried and recrystallized to give 10.4 g. of the yellow image
      dye-providing compound.
PAR  The photographic elements of this invention can be processed to provide a
      good positive image in the exposed element by a reversal process. The
      following example employs an image dye-providing compound adapted for use
      in the reactions claimed in Hinshaw et al., U.S. Ser. No. 326,628.
PAC  EXAMPLE 19
PAR  An image dye-providing Compound 22 of the following structure is prepared
      in a manner similar to the methods described in Hinshaw et al, U.S. Ser.
      No. 326,628.
      ##SPC48##
PAR  A photographic element is prepared by coating the layers on the support as
      follows:
PA1  1. support;
PA1  2. layer containing 40 mg./ft..sup.2 of the above compound dissolved in 20
      mg./ft..sup.2 of diethyl lauramide, 10 g./ft..sup.2 of
      5-(2-cyanoethylthio)-1-phenyltetrazole dissolved in 30 mg./ft..sup.2 of
      tricresyl phosphate, and gelatin at 125 mg./ft..sup.2 ;
PA1  3. layer containing a negative silver bromoiodide emulsion coated at 100
      mg./ft..sup.2 based on silver and gelatin at 100 mg./ft..sup.2 ;
PA1  4. layer containing gelatin at 50 mg./ft..sup.2.
PAR  A sample of the photographic element is exposed imagewise to a step wedge
      and processed in Kodak Developer DK-50 at a pH of 9.0 for 15 minutes at
      20.degree.C. The element is then washed for 5 minutes, dried, and exposed
      to room light. The sample is then brought into interfacial contact with an
      image-receiving element containing a dye mordant with a viscous processing
      solution inserted between the photographic element and the image-receiving
      element. The viscous processing solution has the formula:
TBL  potassium hydroxide         60 g.                                         

     hydroxyethyl cellulose      30 g.                                         

     4-hydroxymethyl-4-methyl-1-phenyl-3-pyrazolidone                          

                                  3 g.                                         

     sodium thiosulfate           3 g.                                         

     potassium bromide           10 g.                                         

     water to 1 liter                                                          

PAL  After 10 minutes the elements are separated. The receiver is washed and
      dried to provide a good negative image. The photosensitive element is
      washed, bleached, washed, fixed, washed and dried. A good positive cyan
      dye image is obtained in this element.
PAR  The invention has been described in detail with particular reference to
      certain preferred embodiments thereof, but it will be understood that
      variations and modifications can be effected within the spirit and scope
      of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A magenta image dye-providing compound having a formula as follows:
      ##SPC49##
PAL  wherein
PA1  Ball represents an organic ballasting group containing at least 8 carbon
      atoms which renders said compound nondiffusible in a photographic element
      during development in an alkaline processing composition.
PA1  Y represents the carbon atoms necessary to complete a benzene or
      naphthalene nucleus;
PA1  m and q each represent an integer having a value of 0 or 1;
PA1  X represents --R.sup.2 --L.sub.n --R.sup.2 p-- where each R.sup.2 can be
      the same or different and each represents alkylene having 1 to 8 carbon
      atoms; phenylene; or phenylene substituted with chloro, bromo, cyano,
      nitro, methoxy, methyl, carboxy or sulfo; L represents oxy, carbonyl,
      carboxamido, carbamoyl, sulfonamido, sulfamoyl, sulfinyl or sulfonyl; n is
      an integer having a value of 0 or 1; p is 1 when n equals 1 and p is 1 or
      0 when n equals 0 or when q is 0, L is sulfonyl and n is 1, then p is 0,
      provided that when p is 1 the carbon content of the sum of both R.sup.2
      radicals does not exceed 14 carbon atoms;
PA1  R represents hydrogen, or alkyl having `to 6 carbon atoms;
PA1  J represents sulfonyl or carbonyl;
PA1  Q represents hydrogen, hydroxy or --NHCOR.sup.3 or --NHSO.sub.2 R.sup.3
      wherein R.sup.3 is alkyl having 1 to 6 carbon atoms, alkyl having 1 to 4
      carbon atoms substituted with hydroxy, cyano, sulfamoyl, carboxy, or
      sulfo; benzyl, phenyl or phenyl substituted with carboxy, chloro, methyl,
      methoxy or sulfamoyl;
PA1  G represents hydroxy, an alkali metal salt thereof, a photographically
      inactive amine salt thereof or hydrolyzable acyloxy group having the
      formula
      ##EQU21##
      wherein R.sup.4 is alkyl having 1 to about 18 carbon atoms, phenyl or
      phenyl substituted with chloro or nitro having 6 to 18 carbon atoms;
PA1  r represents an integer having a value of 1 or 2;
PA1  Z represents cyano, trifluoromethyl, carboxy, --COOR.sup.4 wherein R.sup.4
      is as described previously, nitro in the 2- or 3- position relative to the
      azo linkage, fluorosulfonyl, sulfo, chloro, bromo, fluoro, alkylsulfonyl
      having 1 to 8 carbon atoms, alkylsulfonyl having 1 to 6 carbon atoms
      substituted with hydroxy, phenyl, cyano, sulfamoyl, carboxy or sulfo;
      phenylsulfonyl or phenylsulfonyl substituted wiht hydroxy, sulfamoyl,
      fluorosulfonyl, carboxy or sulfo; alkylcarbonyl having 2 to 5 carbon
      atoms, --SO.sub.2 NR.sup.5 R.sup.6 wherein R.sup.5 and R.sup.6 are the
      same or different and each represent hydrogen, alkyl having 1 to 6 carbon
      atoms, alkyl having 1 to 4 carbon atoms substituted with hydroxy, cyano,
      sulfamoyl, carboxy or sulfo; benzyl, phenyl, phenyl substituted with
      hydroxy, sulfamoyl, sulfonyl, carboxy or sulfo; alkylcarbonyl having 2 to
      7 carbon atoms, phenylcarbonyl, alkylsulfonyl having 1 to 6 carbon atoms,
      phenylsulfonyl, or R.sup.5 and R.sup.6 taken together represent
      =CH--N(CH.sub.3).sub.2 ; --CON(R.sup.5).sub.2 wherein each R.sup.5 can be
      the same or different and is as described previously; and, in Formulas I
      or II when r is 1, Z represent
      ##SPC50##
PAL  wherein Y, Ball, X, J, R, q and m are as described previously;
PA1  R.sup.1 represents hydrogen, alkyl having 1 to 4 carbon atoms, alkoxy
      having 1 to 4 carbon atoms, chlooro, bromo or fluoro;
PA1  E is in the 5-, 6- or 7-position relative to G and represents hydrogen,
      carboxy, --COOR.sup.4 wherein R.sup.4 is as described previously, sulfo,
      --SO.sub.2 NR.sup.5 R.sup.6, --CON(R.sup.5).sub.2 wherein R.sup.5 and
      R.sup.6 are as described previously, alkylsulfonyl having 1 to 8 carbon
      atoms, alkylsulfonyl having 1 to 8 carbon atoms substituted with cyano,
      hydroxy, sulfamoyl, phenyl or sulfo; phenylsulfonyl or phenylsulfonyl
      substituted with sulfo, carboxy, fluorosulfonyl or methoxy;
PA1  Z.sup.1 represents hydrogen or Z;
PAL  with the proviso that there be no more than one carboxy present in said
      compound.
NUM  2.
PAR  2. A compound as described in claim 1 wherein n and p each have a value of
      0.
NUM  3.
PAR  3. A compound as described in claim 1 wherein m has a value of 0.
NUM  4.
PAR  4. A compound as described in claim 1 wherein G is hydroxy.
NUM  5.
PAR  5. A compound as described in claim 1 wherein the
      ##SPC51##
PAL  substituent in Formula I is in the 5- or 6- position relative to C; the
      ##SPC52##
PAL  substituent in Formula II is in the 5- or 8- position relative to G; and
      the
      ##SPC53##
PAL  substituent in Formula III is in the 2-, 3- or 4- position relative to the
      azo linkage;
PA1  R.sup.2 represents alkylene having 1 to 4 carbon atoms, phenylene or
      phenylene substituted with carboxy, chloro, methyl or methoxy;
PA1  L represents sulfamoyl, sulfonamido, carbamoyl or carboxamido;
PA1  R represents hydrogen;
PA1  q is an integer having a value of 1;
PA1  m is an integer having a value of 0 or 1;
PA1  Q represents hydrogen, hydroxy, --NHCOR.sup.3 or --NHSO.sub.2 R.sup.3
      wherein R.sup.3 represents alkyl having 1 to 4 carbon atoms; alkyl having
      1 to 4 carbon atoms substituted with hydroxy, cyano, sulfamoyl, carboxy or
      sulfo; benzyl, phenyl or phenyl substituted with carboxy, chloro, methyl,
      methoxy or sulfamaoyl;
PA1  G represents hydroxy or a hydrolyzable acyloxy group having the formula:
      ##EQU22##
      wherein R.sup.4 is alkyl having 1 to 18 carbon atoms, phenyl or phenyl
      substituted with chloro or nitro;
PA1  r is an integer having a value of 1;
PA1  Z represents cyano, trifluoromethyl, chloro, fluoro, bromo, alkylsulfonyl
      having 1 to 6 carbon atoms, alkylsulfonyl having 1 to 6 carbon atoms
      substituted with hydroxy, phenyl, cyano, sulfamoyl, carboxy or sulfo;
      phenylsulfonyl; phenylsulfonyl substituted with hydroxy, sulfamoyl,
      fluorosulfonyl, carboxy or sulfo; --SO.sub.2 NHR.sup.6 wherein R.sup.6 is
      hydrogen, alkyl having 1 to 4 carbon atoms, or alkyl having 1 to 4 carbon
      atoms substituted with hydroxy, cyano, sulfamoyl, carboxy or sulfo;
      benzyl, phenyl or phenyl substituted with hydroxy, sulfonyl, sulfamoyl,
      carboxy or sulfo;
PA1  R.sup.1 represents hydrogen, alkyl having 1 to 4 carbon atoms, alkoxy
      having 1 to 4 carbon atoms, chloro, bromo or fluoro;
PA1  E represents hydrogen or --SO.sub.2 NHR.sup.6 wherein R.sup.6 is hydrogen,
      alkyl of 1 to 4 carbon atoms; alkyl having 1 to 6 carbon atoms substituted
      with hydroxy, cyano, sulfamoyl, carboxy, or sulfo; benzyl, phenyl or
      phenyl substituted with hydroxy, sulfamoyl, carboxy or sulfo; and
PA1  Z.sup.1 represents hydrogen, methylsulfonyl, cyano or sulfamoyl.
NUM  6.
PAR  6. A compound as described in claim 5 wherein n and p each have a value of
      0.
NUM  7.
PAR  7. A compound as described in claim 5 wherein m has a value of 0.
NUM  8.
PAR  8. A compound as described in claim 5 wherein G is hydroxy.
NUM  9.
PAR  9. A compound as described in claim 5 having the formula
      ##SPC54##
PAL  wherein
PA1  Y represents the atoms necessary to complete a naphthalene nucleus;
PA1  X represents
      ##SPC55##
PA1  Z represents cyano, a sulfamoyl radical having the formula --SO.sub.2
      NHR.sup.6 wherein R.sup.6 is hydrogen, alkyl having 1 to 4 carbon atoms;
      or alkylsulfonyl having 1 to 4 carbon atoms; and
PA1  R.sup.1 represents hydrogen or chloro.
NUM  10.
PAR  10. A compound as described in claim 9 wherein -Ball is linked to the
      sulfonamidonaphthol nucleus through a bivalent
      ##EQU23##
      or --SO.sub.2 NH-- moiety; X represent
      ##SPC56##
PAL  Z represents cyano, --SO.sub.2 NH.sub.2 or --SO.sub.2 CH.sub.3 ; and
      R.sup.1 represents hydrogen or chloro.
NUM  11.
PAR  11. A compound as described in clalm 10 wherein -Ball represents
      ##SPC57##
PAL  and is in the 2-position relative to the hydroxy group.
NUM  12.
PAR  12. A compound as described in claim 5 having the formula
      ##SPC58##
PAL  wherein
PA1  Y represents the atoms necessary to complete a naphthalene nucleus;
PA1  X represents
      ##SPC59##
PA1  G represents hydroxy, a photographically inactive ammonium salt thereof, or
      a hydrolyzable acyloxy group having the formula:
      ##EQU24##
      wherein R.sup.4 is alkyl having 1 to 18 carbon atoms, phenyl or phenyl
      substituted with chloro or nitro;
PA1  Z represents cyano, a sulfamoyl radical having the formula --SO.sub.2
      NHR.sup.6 wherein R.sup.6 is hydrogen alkyl having 1 to 4 carbon atoms; or
      alkylsulfonyl having 1 to 4 carbon atoms; and
PA1  R.sup.1 represents hydrogen or chloro.
NUM  13.
PAR  13. A compound as described in claim 12 wherein -Ball is linked to the
      sulfonamidonaphthol nucleus through a bivalent
      ##EQU25##
      or --SO.sub.2 NH-- moiety; X represents
      ##SPC60##
PAL  G represents hydroxy; Z represents cyano, --SO.sub.2 NH.sub.2 or --SO.sub.2
      CH.sub.3 ; and R.sup.1 represents hydrogen or chloro.
NUM  14.
PAR  14. A compound as described in claim 13 wherein -Ball represents
      ##SPC61##
PAL  and is in the 2-position relative to the hydroxy group.
NUM  15.
PAR  15. A compound as described in claim 5 having the formula
      ##SPC62##
PA1  Y represents the atoms necessary to complete a naphthalene nucleus;
PA1  Q is in the 5- position relative to G and represents hydrogen or
      --NHSO.sub.2 R.sup.3 ; or Q is in the 8- position relative to G and
      represents --NHCOCH.sub.3 ;
PA1  G represents hydroxy, a photographically inactive ammonium salt thereof, or
      a hydrolyzable acyloxy group having the formula:
      ##EQU26##
      wherein R.sup.4 is alkyl having 1 to 18 carbon atoms, phenyl or phenyl
      substituted with chloro or nitro;
PA1  R.sup.1 represents hydrogen or chloro; and
PA1  E represents hydrogen or, when Q is --NHCOCH.sub.3, E is in the 5- position
      relative to G and represents --SO.sub.2 NH.sub.2.
NUM  16.
PAR  16. A compound as described in claim 15 wherein -BAll is linked to the
      sulfonamidonaphthol nucleus through a bivalent
      ##EQU27##
      or --SO.sub.2 NH-- moiety; Q represents hydrogen, --NHSO.sub.2 CH.sub.3 or
      --NHCOCH.sub.3 ; and G represents hydroxy.
NUM  17.
PAR  17. A compound as described in claim 16 wherein -Ball represents
      ##SPC63##
PAL  and is in the 2-position relative to the hydroxy group.
NUM  18.
PAR  18. A compound as described in claim 10 wherein -Ball represents
      ##SPC64##
PAL  and is in the 2-position relative to the hydroxy group.
NUM  19.
PAR  19. A compound as described in claim 13 wherein -Ball represents
      ##SPC65##
PAL  and is in the 2-position relative to the hydroxy group.
NUM  20.
PAR  20. A compound as described in claim 16 wherein -Ball represents
      ##SPC66##
PAL  and is in the 2-position relative to the hydroxy group.
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PAL  New derivative of butirosin A, 3', 4'-dideoxybutirosin A having not only
      broad antibacterial activities against gram-positive and -negative
      bacteria but also an activity against butirosin-resistant bacteria with a
      low toxicity. It is prepared from the corresponding 3', 4'-dideoxy-3'-eno
      derivative derived from butirosin A or a mixture of butirosins A and B by
      catalytic reduction.
BSUM
PAR  This invention relates to a new derivative of antibiotic substance
      butirosin A and its pharmaceutically acceptable acid addition salts.
PAR  More particularly, it is concerned with 3',4' -dideoxybutirosin A having
      the formula
      ##SPC1##
PAL  As well as its pharmaceutically acceptable acid addition salts.
PAR  The dideoxybutirosin A of this invention is a novel compound which is
      useful as a medicine, as it has not only broad antibacterial activities
      against gram-positive and -negative bacteria as butirosin has, but also an
      activity against butirosin -resistant bacteria. Moreover, the present
      compound surprisingly has a considerably low toxicity as compared with the
      prior similar aminoglycoside antibiotics.
PAR  It is, accordingly, a primary object of this invention to provide the new
      and valuable butirosin A derivative having the above-mentioned formula
      (I), and its acid addition salts.
PAR  Other objects and advantages of this invention will be apparent from the
      following disclosure.
PAR  The dideoxybutirosin A of this invention may be preferably administered
      through parenteral route, for example, by intravenous, intramuscular,
      subcutaneous or like injection in the same manner as done with common
      aminoglycoside antibiotic substances, but it may be orally administered,
      for example, with capsules, tablets and the like. The dosage may depend
      upon the body weight and the kind and severity of a disease, but a daily
      dose for adult is about 100 - 2000 mg., usually about 250 - 500 mg. in
      divided forms 2 - 4 times per day.
PAR  According to the process of this invention, the compound having the
      above-mentioned formula (I) can be obtained by catalytic reduction of a
      compound having the general formula
      ##SPC2##
PAL  Wherein R.sup.1, R.sup.2, R.sup.3 and R.sup.4 may be the same or different
      and each represents hydrogen atom or a group removable by reduction.
PAR  In the above general formula (II), the group, which is removable by
      reduction and represented by R.sup.1, R.sup.2, R.sup.3 or R.sup.4, means
      the group removable by catalytic reduction to form a free amino group and
      preferably may be given an aralkyloxycarbonyl group such as
      benzyloxycarbonyl, naphthylmethyloxycarbonyl, p-nitrobenzyloxycarbonyl and
      the like or allyloxycarbonyl group.
PAR  The process of this invention may be advantageously practiced in the same
      manner as done in common catalytic reduction. For instance, one may
      conduct the process by contacting the compound having the above general
      formula (II) with hydrogen in the presence of a catalyst in an appropriate
      solvent. As the solvent employed in the reaction, there is no particular
      limitation if a solvent does not participate with this reaction, but there
      may be given, in consideration of the solubilities of the starting
      compound and the final product, water; an alcohol such as methanol,
      ethanol or isopropanol; an ether such as dioxyane or tetrahydrofuran,
      dimethylformamide and the like. An aqueous alcohol is particularly
      preferred. Where any of R.sup.1 to R.sup.4 is an aralkyloxycarbonyl group,
      the reaction may proceed more smoothly by conducting it with addition of
      an acid such as hydrochloric acid, hydrobromic acid or trifluoroacetic
      acid. As the catalyst employed in the reaction, there may be, without any
      particular limitation, employed those catalysts commonly utilizable for
      saturation of a double bond. For example, metal elements such as
      palladium, platinum, nickel, rhodium and the like, their oxides and
      catalysts of such metals adsorbed on carriers, e.g., carbon, barium
      carbonate, barium sulfate, silk yarn and the like, are mentioned. Usually
      and preferably is used palladium-carbon. The reaction may be usually
      effected at room temperature and under atmospheric pressure, but it may be
      done at any other temperature and pressure. It usually takes about several
      minutes to several hours to accomplish the reaction.
PAR  After completion of the reaction, the desired product may be recovered from
      the reaction mixture by conventional methods. For example, the catalyst is
      filtered off from the reaction mixutre, a weakly basic anion exchange
      resin is added to the filtrate to adjust its pH to 5-6, and, after
      filtration, the solvent is distilled off to give the end product. This
      product may be further purified by conventional methods such as ion
      exchange chromatography, if required.
PAR  The compound of the above general formula (II) which may be employed as a
      starting material in the process of this invention is novel and produced
      from butirosin A [H. W. Dion et al., Antimicrobial Agents and
      Chemotherapy, 2, 84 (1972)] or a mixture of butirosins A and B, for
      example, according to the method as shown below. In the following
      formulae, configurations of all bonds are the same as seen in butirosin A.
      ##SPC3##
       (wherein, R.sup.0 represents R.sup.1 - R.sup.4 or an arylsulfonyl group
      such as tosyl, benzenesulfonyl, A represents an acyl group such as acetyl,
      propionyl, benzoyl and B represents a hydrocarbylsulfonyl group such as
      methanesulfonyl, toluenesulfonyl). Where R.sup.0 is an arylsulfonyl group
      or an allyloxycarbonyl group, treatment with liquid ammonia-metallic
      sodium gives the compound wherein R.sup.0 is hydrogen atom.
PAR  The antibacterial activities of the compound of this invention are given in
      the following Table I.
TBL                Table I                                                     

     ______________________________________                                    

     Minimum Inhibitory Concentration of 3',4'-                                

     Dideoxybutirosin A                                                        

                             MIC                                               

     Microorganism           (mcg/ml)                                          

     ______________________________________                                    

     Bacillus subtilis P C I-219                                               

                             0.1                                               

     Staphylococcus aureus 209P                                                

                             0.1                                               

     Staph. aureus 56        0.4                                               

     Escherichia coli N I H J                                                  

                             0.4                                               

     E. coli 620*            3.1                                               

     E. coli 665*            3.1                                               

     Klebsiella 806          0.8                                               

     Proteus vulgaris 025    0.8                                               

     Salmonela enteritidis   1.5                                               

     Shigella flexneri 2a    3.1                                               

     Pseudomonas aeruginosa Scr.                                               

                             3.1                                               

     Pseudomonas aeruginosa 1055*                                              

                             6.2                                               

     ______________________________________                                    

      Mark *means butirosin-resistant bacteria                                 

      Medium : Heart-Infusion Agar                                             

PAR  As illustrated in the above Table I, the 3', 4'-dideoxybutirosin A (I) of
      this invention shows outstanding activities against not only butirosin
      sensitive strains but also butirosin-resistant strains.
TBL                Table II                                                    

     ______________________________________                                    

     Protecting Effects of 3',4'-Dideoxybutirosin A in Mice                    

     ED.sub.50 : mg./kg./dose (2 doses subcutaneously at 0 and                 

     4 hours post-infection)                                                   

                    3',4'-Dideoxy                                              

     Microorganism  butirosin A   Butirosin                                    

     ______________________________________                                    

     E. coli 704-1  2.30          2.47                                         

     E. coli 665*   2.43          146.3                                        

     ______________________________________                                    

      *Butirosin-resistant strain                                              

TBL                                    Table III                               

     __________________________________________________________________________

     Susceptibility of Clinical Isolates to 3',4'-                             

     Dideoxybutirosin A                                                        

     MIC mcg./ml.                                                              

              &gt;200                                                             

                  200                                                          

                     100                                                       

                        50 25 12.5                                             

                                  6.2 3.1 1.5 0.8                              

     __________________________________________________________________________

     E. coli  0   0  2  2  15 100 6   0   0   0                                

     (125 strains)                                                             

     P. aeruginosa                                                             

              1   2  5  3  21 41  20  5   3   1                                

     (102 strains)                                                             

     __________________________________________________________________________

TBL                Table IV                                                    

     ______________________________________                                    

     Acute Toxicities of 3',4'-Dideoxybutirosin A                              

     Mice : ddY strain, male, 20 .+-. 0.2 g.                                   

     Route      Dose mg/kg.   Death incidence                                  

     ______________________________________                                    

     i.v.       500           1/2                                              

     i.v.       250           0/3                                              

     s.c.       2000          0/3                                              

     ______________________________________                                    

PAR  As described hereinabove, the pharmaceutically acceptable acid addition
      salts of the 3',4'-dideoxybutirosin A are contemplated to be within the
      purview of this invention and they may be easily formed in a conventional
      manner by the use of various inorganic or organic acid commonly used in
      the art for such purpose, for example, hydrochloric acid, hydrobromic
      acid, sulfuric acid, phosphoric acid, carbonic acid, acetic acid, succinic
      acid, citric acid, maleic acid or malic acid.
PAR  This invention will be more fully illustrated by the following Example and
      Referential Examples.
DETD
PAC  EXAMPLE
PAC  3',4'-Dideoxybutirosin A
PAR  In 4 ml. of methanol is dissolved 100 mg. of
      tetra-N-benzyloxycarbonyl-3',4'-dideoxy-3'-eno-butirosin A and 1.5 ml. of
      water, 0.1 ml. of 2N-hydrochloric acid and 0.2 g. of 10% palladium-carbon
      are added thereto. The mixture is stirred while hydrogen is being
      introduced. After about 2 hours, 0.1 ml. of 2N-hydrochliric acid is added
      and then introduction of hydrogen is continued for additional 1 hour. To
      the reaction mixture is added water and, after filtration, a weakly basic
      anion exchange resin, Amberlite IR-45 (OH.sup.- form) (Trade name) is
      added to the filtrate so that a pH of the solution may be adjusted to
      about 5 and filtered. The filtrate is concentrated at a bath temperature
      below 45.degree.C. under a reduced pressure, the residue is dried in vacuo
      to give 61 mg. of colorless powdery substance. The substance is dissolved
      in water and adsorbed on a column of 16 ml. of a weakly acidic cation
      exchange resin, Amberlite CG-50 (NH.sub.4 .sup.+ form) (Trade name) and
      eluted with 0.5N aqueous ammonia for a while to remove impurities and
      subsequently with 1N-aqueous ammonia. This eluate is concentrated at a
      bath temperature below 45.degree.C. under a reduced pressure to remove the
      ammonia completely and then adjusted to pH of 5 by the addition of
      0.1N-hydrochloric acid. The resulting solution is freeze-dried to give the
      hydrochloride of the desired product as colorless amorphous powders. The
      product is discolored to brown-colored at about 140.degree.C. and
      decomposed at about 155.degree.C. with foaming.
EQU  [.alpha.].sub.D.sup.23 +  19.2.degree. (C = 1.8, H.sub.2 O)
PAL  Analysis for C.sub.21 H.sub.41 N.sub.5 O.sub.10.4 HCl.2H.sub.2 O
PA1  Calculated: C, 35.69; H, 6.99; N, 9.91; Cl, 20.07
PA1  Found: C, 35.22; H, 6.81; N, 10.23; Cl, 20.66
PAR  Following the substantially same procedure as set forth above except that
      carbon dioxide is employed instead of the 0.1N-hydrochloric acid in the
      neutralization step, there is obtained the carbonate of
      3',4'-dideoxybutirosin A.
PAR  M.P. 130.degree. - 145.degree.C. (foaming at 168.degree.C.)
EQU  [.alpha.].sub.D.sup.25 +  15.7.degree. (C = 0.79, H.sub.2 O)
PAL  Analysis for C.sub.21 H.sub.41 N.sub.5 O.sub.10 .2H.sub.2 CO.sub.3.2
      H.sub.2 O
PA1  Calculated: C, 40.40; H, 7.22; N, 10.24
PA1  Found: C, 40.51; H, 7.52; N, 10.58
PAC  REFERENTIAL EXAMPLE
PAC  Tetra-N-benzyloxycarbonyl-3',4'-dideoxy-3'-eno-butirosin A
PAR  1. Tetra-N-benzyloxycarbonylbutirosin (IVa)
PAR  In a mixture of 200 ml. of water and 80 ml. of methanol is dissolved 11.7
      g. of butirosin disulfate dihydrate (a mixture of butirosin A and
      butirosin B, 4 : 1) and 8.0 g. of anhydrous sodium carbonate is added
      thereto. 10.5 ml. of benzyloxycarbonyl chloride is added dropwise thereto
      over 30 minutes, while stirred vigorously under ice-cooling. After
      completion of the dropwise-addition, 20 ml. of methanol is added and
      stirring is continued at room temperature for further 3 hours. The
      methanol is distilled off from the reaction mixture at a bath temperature
      below 45.degree.C. under a reduced pressure and ice-water is added to
      separate out an oily substance. The aqueous layer is removed by
      decantation and ice-water is added thereby the oily substance is being
      washed. After standing, the aqueous layer is removed by decantation. After
      washing with water repeatedly according to the procedure mentioned just
      above, 50 ml. of ether is added and the washing with ether is conducted in
      the same manner as made in the above washing with water. After washing
      twice with ether, an oily substance is dissolved in methanol and filtered.
      The methanol is distilled off from the filtrate under a reduced pressure,
      300 ml. of ether is added to the residue and then the mixture is allowed
      to stand in a refrigerator overnight. The supernatant is removed by
      decantation and the solvent completely distilled off from the residue
      under a reduced pressure to give 17.7 g. of crude product as colorless
      powder, which can be utilized in the subsequent step without further
      purification.
PAR  The crude product is dissolved in dioxane and adsorbed on a column using
      about 20 times volume of silica gel, which is then eluted with a mixture
      of methanol-chloroform (5 - 15 V/V % methanol). The solvent is distilled
      off under a reduced pressure and the residue is dissolved in a small
      amount of methanol. Precipitation with ether gives a pure product as
      powders.
PA1  Ir spectrum .nu. cm.sup.-.sup.1 (Nujol):
PA1  1700, (a broad and strong absorption on CO of benzyloxycarbonyl group)
PA1  1540, (a strong absorption on 2nd absorption of amido)
PAL  Analysis for C.sub.53 H.sub.65 N.sub.5 O.sub.20 1/2H.sub.2 O
PA1  Calculated: C, 57.81; H, 6.04; N, 6.36
PA1  Found: C, 57.64; H, 5.94; N, 6.39
PAR  2. Tetra-N-benzyloxycarbonyl-3',4':3",5"-di-0-cyclohexylidenebutirosin A
      (Va)
PAR  In 30 ml. of dry dimethylformamide is dissolved 10 g. of the (IVa) crude
      product obtained above and 6 ml. of 1,1-dimethoxycyclohexane and 0.35 g.
      of p-toluenesulfonic acid monohydrate are added. The resulting mixture is
      refluxed with stirring for 1.25 hours at a bath temperature of
      35.degree.C. under a reduced pressure (4 mmHg.). To the reaction mixture
      is added excess anhydrous potassium carbonate and stirring is made for 20
      minutes followed by filtration. The solvent is distilled off from the
      filtrate at a bath temperature of 50.degree.C. under a reduced pressure,
      the residue is dissolved in chloroform and the solution is adsorbed on a
      column using 200 g. of silica gel, which is then eluted with a mixture of
      methanol-chloroform (2 - 5 V/V % methanol). The product is confirmed by a
      thin layer chromatography. The solvent is distilled off from the eluate to
      give 6.5 g. of the desired compound of this step as powders.
PAR  NMR spectrum (60 MHz, CDCl.sub.3):
PA1  A broad signal is observed from the proton of the cyclohexylidene group (10
      H) between .delta. 1.0 and .delta. 2.0.
PAL  Analysis for C.sub.65 H.sub.81 N.sub.5 O.sub.20
PA1  Calculated: C, 62.34; H, 6.52; N, 5.59
PA1  Found: C, 61.99; H, 6.49; N, 5.31
PAR  The product thus obtained is hydrolyzed with hydrochloric acid and a paper
      chromatography for detection of a sugar [Toyo filter paper No. 51, ethyl
      acetatepyridine-water (8 : 2 : 1 and an upper phase of 3.6 : 1 : 1.15),
      color developed by aniline hydrogen phthalate] showed only xylose.
PAR  3.
      Tri-o-acetyl-tetra-N-benzyloxycarbonyl-3',4':3",5"-di-0-cyclohexyliidenebu
     tirosin A (VIa)
PAR  In 20 ml. of pyridine is dissolved 3.7 g. of the product (Va) and 8 ml. of
      acetic anhydride is added. The mixture thus obtained is left at room
      temperature overnight. The reaction mixture is poured into ice-water and,
      after stirring well, the mixture is allowed to stand for 30 minutes. The
      supernatant is removed by decantation and oily residue is dissolved in
      chloroform. The solution thus obtained is washed in sequence with
      2N-hydrochloric acid, water, saturated aqueous sodium bicarbonate and
      water and then dried over anhydrous magnesium sulfate. The solvent is
      distilled off from the solution to give the desired compound of this step
      as colorless powders.
PAL  Analysis for C.sub.71 H.sub.87 N.sub.5 O.sub.23
PA1  Calculated: C, 61.86; H, 6.39; N, 5.08
PA1  Found: C, 61.27; H, 6.34; N, 4.99
PAR  4.
      Tri-o-acetyl-tetra-N-benzyloxycarbonyl-3",5"-0-cyclohexylidene-3',4'-di-o-
     methanesulfonylbutirosin A (VIIIa)
PAR  In 40 ml. of acetic acid is dissolved 4.2 g. of the product (VIa), 12 ml.
      of water is added and the mixture is left at room temperature for 2 hours.
      The reaction mixture is ice-cooled and an aqueous 1N-sodium hydroxide
      solution is added in a sufficient amount to neutralize the half of the
      acetic acid followed by extraction with chloroform. The extract is washed
      with a cold aqueous 1N-sodium hydroxide solution until the acetic acid in
      the extract is completely removed. After washing with water, it is dried
      over anhydrous magnesium sulfate. The solvent is distilled off from the
      solution to give 3.6 g. of crude product of
      tri-o-acetyltetra-N-benzyloxycarbonyl-3", 5"-0-cyclohexylidenebutirosin A
      (VIIa). The so obtained crude product is dissolved in 30 ml. of pyridine
      and 7.2 ml. of methanesulfonyl chloride is added under ice-cooling and
      allowed to stand at room temperature for 1 hour. A little amount of water
      is added to the reaction mixture to decompose the unreacted chloride and
      then the mixture is made alkaline with a saturated aqueous sodium
      bicarbonate solution. Thereafter, complete precipitation is made by the
      addition of ice-water. The supernatant is removed by decantation and the
      residue is washed with water. The whole aqueous phase is extracted with a
      little amount of chloroform. The extract is combined with a solution of
      the residue in chloroform, the mixture is washed in sequence with
      2N-hydrochloric acid, water, a saturated aqueous sodium bicarbonate
      solution and water and then dried over anhydrous magnesium sulfate. The
      solvent is distilled off from the solution to give 3.6 g. of the crude
      desired compound of this step as yellow powders. A solution of the so
      obtained powder in chloroform is adsorbed on a column using 72 g. of
      silica gel, which is eluted with chloroform for a while and subsequently
      with a mixture of methanolchloroform (1-2 V/V % methanol). From the eluate
      with the mixture is distilled off the solvent to give 2.6 g. of the pure
      product as colorless powders.
PAR  NMR spectrum (60 MHz, CDCl.sub.3):
PA1  Absorption on the methyl of methanesulfonate at .delta. 3.07 (S) and
      .delta.2.81 (S), one absorption on the methyl of acetyl at .delta.2.13
      (S), and two absorptions on the methyl of acetyl at 2.06 (S)
PAL  Analysis for C.sub.66 H.sub.83 O.sub.27 N.sub.5 S.sub.2
PA1  Calculated: C, 54.95; H, 5.80; N, 4.86; S, 4.45
PA1  Found: C, 55.41; H, 5.80; N, 4.80; S, 4.40
PAR  5. Tetra-N-benzyloxycarbonyl-3',4'-dideoxy-3'-enobutirosin A (IIa)
PAR  In 8 ml. of dry dimethylformamide is dissolved 843 mg. of the product
      (VIIIa) and 2.3 g. of zinc powder is added thereto. The mixture is heated
      at 95.degree. - 100.degree.C. and 4.5 g. of sodium iodide is added with
      vigorous stirring. Heating is continued for 1.5 hours followed by cooling.
      To the reaction mixture is added about 6 times volume of chloroform and
      then the resulting mixture is filtered. The filtrate is washed with a
      saturated aqueous solution of sodium hydrosulfite and dried over anhydrous
      magnesium sulfate. The solvent is distilled off from the solution under a
      reduced pressure to give 0.8 g. of a yellow oily substance. The oily
      substance is dissolved in 6 ml. of methanol and 0.3 ml. of a methanolic
      solution of 2N-sodium methoxide is added to the resulting mixture. The
      mixture is left at room temperature for 15 minutes. Dilution with
      chloroform is done under ice-cooling, followed by washing with aqueous
      sodium chloride and drying over magnesium sulfate. The solvent is
      distilled off from the solution to give 0.7 g. of crude
      tetra-N-benzyloxycarbonyl-3",5"-cyclohexylidene-3',4'-dideoxy-3'-eno-butir
     osin A (IXa) as an oily substance. This crude product is dissolved in
      chloroform and the solution is adsorbed on a column using 15 g. of silica
      gel, which is then eluted with chloroform for a while and subsequently
      with a mixture of methanol-chloroform (2 - 5 V/V % methanol). From the
      eluate by the mixture is distilled off the solvent to give 344 mg. of the
      pure (IXa) product. This product is dissolved in a mixture of 2 ml. of
      acetic acid and 0.7 ml. of water, the solution is heated on a steam bath
      for 10 minutes and concentrated at a bath temperature below 60.degree.C.
      under a reduced pressure. The residue is dissolved in a little amount of
      ethyl acetate and ether is added to separate
      tetra-N-benzyloxycarbonyl-3',4'-dideoxy-3'-eno-butirosin A, which is then
      recovered by filtration and dried. Yield, 259 mg.
PAR  NMR spectrum (60MHz, pyridine-d.sub.5):
PA1  .delta.5.83 (br. s) 2H and no signal on the methyl is observed.
PAL  Analysis for C.sub.53 H.sub.63 N.sub.5 O.sub.18.11/2 H.sub.2 O
PA1  Calculated: C, 58.66; H, 6.13; N, 6.45
PA1  Found: C, 58.51; H, 5.94; N, 6.51
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 3', 4'-Dideoxybutirosin A having the formula
      ##SPC4##
PAL  and its pharmaceutically acceptable acid addition salt.
NUM  2.
PAR  2. 3', 4'-Dideoxybutirosin A hydrochloride.
NUM  3.
PAR  3. 3', 4'-Dideoxybutirosin A carbonate.
PATN
WKU  039323838
SRC  5
APN  4760158
APT  1
ART  124
APD  19740603
TTL  9-Dihydroniddamycin A compounds and related 3-(O)-esters and the process
      for their preparation
ISD  19760113
NCL  24
ECL  1
EXA  Owens; Cary
EXP  Gotts; Lewis
INVT
NAM  Freiberg; Leslie Alan
CTY  Waukegan
STA  IL
ASSG
NAM  Abbott Laboratories
CTY  North Chicago
STA  IL
COD  02
CLAS
OCL  260210AB
XCL  424180
EDF  2
ICL  C07G  300
FSC  260
FSS  210 AB;210 E;210 K
UREF
PNO  3784447
ISD  19740100
NAM  Theriault
OCL  260210AB
UREF
PNO  3792035
ISD  19740200
NAM  Fukatsu et al.
OCL  260210AB
OREF
PAL  Wagner & Zook, Syn. Org. Chemistry, pp. 261 and 293, Wiley & Sons, Inc.,
      New York, 1953.
PAL  Gaylord, Reduction W/Complex Metal Hydrides, p. 308, Interscience
      Publisher's Ltd., New York, 1956.
LREP
FR2  Niblack; Robert L.
FR2  Mallare; Vincent A.
ABST
PAL  Covers 9-dihydroniddamycin A compounds and related 3-(O)-esters, which are
      active antimicrobial agents, and the process for their preparation. These
      compounds are represented by the general formula:
      ##SPC1##
PAL  Wherein R.sub.1 is hydrogen, HCO (formyl), CH.sub.3 CO (acetyl), C.sub.2
      H.sub.5 CO (propionyl) or C.sub.3 H.sub.7 CO (butyryl); R.sub.2 is
      hydrogen or equal to R.sub.1 and R.sub.3 is CHO or CH(OCH.sub.3).sub.2.
BSUM
PAC  DISCLOSURE OF THE INVENTION
PAR  This invention relates to dihydroniddamycin compounds. More particularly,
      it relates to 9-dihydroniddamycin A compounds and related 3-(O)-esters
      that are active in inhibiting microorganism growth such as Staphylococcus
      aureus Wise 155, Mycoplasma gallispeticum S6, and Haemophilus influenzae.
      The compounds of the present invention have the general structural
      formula:
      ##SPC2##
PAL  Wherein R.sub.1 is hydrogen, HCO (formyl), CH.sub.3 CO (acetyl), C.sub.2
      H.sub.5 CO (propionyl) or C.sub.3 H.sub.7 CO (butyryl); R.sub.2 is
      hydrogen or equal to R.sub.1 and R.sub.3 is CHO or CH(OCH.sub.3).sub.2.
      The present compounds have a high antimicrobial activity.
PAR  The compounds of the invention are prepared as shown in the synthesis flow
      chart below, from niddamycin (1) which is first converted to niddamycin
      dimethyl acetal (2) by reaction with methanol in the presence of a
      carefully measured amount of a strong acid catalyst such as hydrochloric
      acid. The acid catalyst may also be a weak acid such as p-nitrobenzoic,
      chloroacetic or difluoroacetic acid added in sufficient quantity to
      achieve a suitable reaction rate. The reaction can be carried out at
      temperatures between 0.degree. and 64.degree. C. for times varying between
      a few hours to several weeks depending on the choice of acid catalyst, its
      concentration and the temperature of the reaction. This process minimizes
      acid catalyzed removal of the neutral sugar observed with strong acid
      solutions, as shown in [Omura, et al., Chem. Pharm. Bull. (Tokyo), 16,
      1167 (1968)]. The intermediate niddamycin dimethyl acetal (2) is reduced
      with lithium borohydride (LiBH.sub.4) in dioxane which provides a mixture
      of epimers, 9-dihydroniddamycins A and B, from which the predominant
      product, 9-dihydroniddamycin A dimethyl acetal (3), is isolated by
      chromatography. The dimethyl acetal (3) yields the desired product,
      9-dihydroniddamycin A (5), by hydrolysis with difluoroacetic acid
      (CHF.sub.2 CO.sub.2 H) in CH.sub.3 CN-H.sub.2 O. This product
      (9-dihydroniddamycin A) is shown to be different from leucomycin A.sub.1
      (9-dihydroniddamycin B) by its mobility on thin-layer-chromatographic
      plates.
PAR  In the synthesis of 3-(O)-acetyl-9-dihydroniddamycin A, where R.sub.1 is
      acetyl, the intermediate niddamycin dimethyl acetal (2) is acetylated with
      acetic anhydride-pyridine, to provide 2',3-di-(O)-acetylniddamycin
      dimethyl acetal (4B). In the acetylation of the intermediate niddamycin
      dimethyl acetal (2) other anhydrides may be used to provide 2',
      3-di-(O)-acylniddamycin dimethyl acetal (4). The other anhydrides that may
      be used include propionic anhydride (R.sub.1 =R.sub.2 =C.sub.2 H.sub.5
      CO), butyric anhydride (R.sub.1 =R.sub.2 =C.sub.3 H.sub.7 CO), or a mixed
      anhydride such as formic acetic anhydride
      ##EQU1##
      (when R.sub.1 =R.sub.2 = HCO. This material, 2',3-di-(O)-acetylniddamycin
      dimethyl acetal (4B) (when R.sub.1 =R.sub.2 =CH.sub.3 CO), on hydrolysis
      with sodium bicarbonate (NaHCO.sub.3) in an aqueous solution of methyl
      alcohol (CH.sub.3 OH--H.sub.2 O) yields 3-(O)-acetylniddamycin dimethyl
      acetal (6B). In the hydrolysis of 2',3-di-(O)-acylniddamycin dimethyl
      acetal (4), products other than the 3-(O)-acetylniddamycin dimethyl acetal
      (6B) may be obtained depending on the value of R.sub.1 and R.sub.2. The
      product when R.sub.1 =R.sub.2 =HCO is 3-(O)-formylniddamycin dimethyl
      acetal (6A); when R.sub.1 =R.sub.2 =C.sub.2 H.sub.5 CO, the product is
      3-(O)-propionylniddamycin dimethyl acetal (6C); and when R.sub.1 =R.sub.2
      =C.sub.3 H.sub.7 CO, the product is 3-(O)-butyrylniddamycin dimethyl
      acetal (6D). In this hydrolysis process, the 2'-acyl group, e.g. the
      2'-acetate group, being vicinal to the dimethylamino group is activated
      and hydrolyzed under mild basic conditions which do not hydrolyze an
      unactivated acyl group such as that at the 3-position. The hydrolysis is
      carried out at 0.degree. to 50.degree. C. in the presence of a slight
      excess of bicarbonate in a mixture of an aqueous organic solvent. Although
      methanol is preferable as an organic solvent, other water-soluble solvents
      such as acetonitrile or ethanol may be used.
PAR  After being hydrolyzed, the 3-(O)-acetylniddamycin dimethyl acetal (6B) is
      then reduced with lithium borohydride in an aprotic solvent such as
      dioxane which reduction is of the 9-keto group and provides a mixture of
      epimers, 3-(O)-acetyl-9-dihydroniddamycins A and B, from which the major
      product, 3-(O)-acetyl-9-dihydroniddamycin A dimethyl acetal (7B), is
      isolated by chromatography.
PAR  In the reduction of 3-(O)-acetylniddamycin dimethyl acetal (6B) with
      lithium borohydride in dioxane, the reduced product, i.e.
      3-(O)-acetyl-9-dihydroniddamycin A dimethyl acetal (7B), corresponds to
      the value of R.sub.1 which is CH.sub.3 CO. Accordingly, the product (7),
      when R.sub.1 is HCO, is 3-(O)-formyl-9-dihydroniddamycin A dimethyl acetal
      (7A); when R.sub.1 is C.sub.2 H.sub.5 CO, the product is
      3-(O)-propionyl-9-dihydroniddamycin A dimethyl acetal (7C); and when
      R.sub.1 is C.sub.3 H.sub.7 CO, the product is
      3-(O)-butyryl-9-dihydroniddamycin A dimethyl acetal (7D). The reaction
      temperatures during the reduction range from 0.degree. to 50.degree. C.
      and the reduction is completed in 1 to 24 hours. Other solvents may be
      used such as ethyl acetate or other reducing agents may be used such as
      sodium borohydride or sodium trimethylborohydride [NaBH(OCH.sub.3).sub.3
      ].
PAR  The desired product (8B), 3-(O)-acetyl-9-dihydroniddamycin A, which is
      different from leucomycin A.sub.3 on thinlayer chromatography is provided
      by the hydrolysis of the dimethyl acetal (7B) in a mixed solvent of 50%
      acetonitrile-water (CH.sub.3 CN-H.sub.2 O) in the presence of about 2.5
      equivalents of difluoroacetic acid as an acid catalyst. The organic
      solvent is not necessary for the reaction as the acid salt of the
      macrolide is sufficiently soluble in water. However, if the acetonitrile
      is not used, the amount of weak acid used must be less since the degree of
      ionization will increase, thereby increasing the proton concentration and
      the reaction rate. Conversely, if less water is used more of the acid
      catalyst must be used to maintain the same reaction rate. Depending on the
      exact conditions, the reaction is complete in 2 to 20 hours at
      temperatures ranging from 0.degree. to 50.degree. C.
PAR  As with the product (7), the desired product (8), i.e.,
      3-(O)-acyl-9-dihydroniddamycin A, will vary as to the corresponding value
      of R.sub.1 which is CH.sub.3 CO for product (8B). Accordingly, when
      R.sub.1 is HCO, the product is 3-(O)-formyl-9-dihydroniddamycin A (8A);
      when R.sub.1 is C.sub.2 H.sub.5 CO, the product is
      3-(O)-propionyl-9-dihydroniddamycin A (8C); and when R.sub.1 is C.sub.3
      H.sub.7 CO, the product is 3-(O)-butyryl-9-dihydroniddamycin A (8D).
PAR  The synthesis of the compounds of this invention are provided in the flow
      charts below, which have numerals to correspond with the structural
      compounds set forth above.
      ##SPC3##
PAR  The following examples further illustrate the compounds and means of
      preparing them according to the present invention. The number in
      parentheses following the chemical name identifies the compounds by such
      specific number, which may be alluded to in succeeding examples to
      identify the compounds by number. These examples, which are meant to be
      illustrations only, are in no way designed to limit the invention.
DETD
PAC  EXAMPLE I
PAC  Niddamycin Dimethyl Acetal (2)
PAR  The methanolic hydrochloric acid reagent employed for the preparation of
      (2) was prepared by mixing 22.4 ml. of concentrated HCl (37.3% HCl by
      weight, specific gravity at 15.degree./15.degree. c. 1.189) with 3.79
      liters of methanol.
PAR  A 50.00 g. (0.06378 mole) sample of niddamycin was stirred while 875 ml. of
      the methanolic hydrochloric acid reagent was added. The reaction mixture
      was stirred while final adjustment of the pH was made by addition of acid
      reagent in 2.0 ml. portions. It was found that when the pH reached 3.0 as
      measured by Hydrion Test papers (range 3.0 -5.0) dimethyl acetal formation
      proceeded at a convenient rate without acid catalyzed degradation of the
      macrolide antibiotic. After standing for 24 hours at 25.degree. C. the
      reaction was complete when checked by thin layer chromatography. A
      solution of 4.4 g. of K.sub.2 CO.sub.3 in 20 ml. of water was added while
      stirring to quench further acid catalyzed reaction. The reaction mixture
      was then concentrated in vacuo to 200 ml. and was poured into 1.0 liter of
      water in which 4.4 g. of K.sub.2 CO.sub.3 was dissolved. The product was
      extracted with 1 .times. 200 and 2 .times. 100 ml. portions of chloroform.
      The combined chloroform extracts were washed with 3 .times. 100 ml.
      portions of water-1% NaHCO.sub.3 -2% Et.sub.3 N. The chloroform was dried
      over anhydrous MgSO.sub.4 and was evaporated in vacuo. The residue was
      dissolved in 200 ml. of methanol and the methanol was evaporated in vacuo
      to remove residual chloroform. The residue was crystallized from methanol
      (170 ml.)-water (100 ml.) to give 35.3 g. of (2) after drying at
      65.degree. in a vacuum oven. The product was polymorphic undergoing a
      crystal change at 110.degree. and melting at 203 - 208.degree. C. in a
      sealed evacuated capillary; [.alpha.].sub.D.sup.25 -39.3.degree. (C =
      1.00, C.sub.2 H.sub.5 OH); .lambda..sub.max .sup.CH.sbsp.3OH 278 nm,
      .epsilon. = 22,750.
PAR  Analysis Calcd. for C.sub.42 H.sub.71 NO.sub.15 (830.032): C: 60.78; H:
      8.62; N: 1.69; O: 28.91
PAR  Found: C: 61.03; H: 8.70; N: 1.64; O: 29.06
PAC  EXAMPLE II
PAC  9-Dihydroniddamycin A Dimethyl Acetal (3)
PAR  A 3.00 g. (3.61 mmole) sample of niddamycin dimethyl acetal (2) was
      dissolved in 120 ml. of dioxane and 0.315 g. (14.45 mmole) of lithium
      borohydride was added. The mixture was stirred at 25.degree. for 80
      minutes and was then poured into 1.0 liter of aqueous 1% NaHCO.sub.3
      solution. The product was extracted with 2 .times. 200 and 1 .times. 100
      ml. portions of benzene. The combined benzene layers were washed with 4
      .times. 75 ml. of 1% aqueous NaHCO.sub.3 solution, were dried over
      Na.sub.2 SO.sub.4, and were concentrated to give 2.839 g. of crude product
      after drying in a vacuum oven at 65.degree. overnight. The product was
      purified by chromatography on 200 g. of silica gel by elution with
      benzene-3% methanol to give 1.08 g. of (3) as a glass;
      [.alpha.].sub.D.sup.25 -58.5.degree. (C = 1.00 , C.sub.2 H.sub.5 OH);
      .lambda..sub.max .sup.CH.sbsp.3OH 232 nm, .epsilon. = 25,900.
PAR  Analysis Calcd. for C.sub.42 H.sub.73 NO.sub.15 (832.048): C: 60.63; H:
      8.84; N: 1.68; O: 28.85
PAR  Found: C: 60.78; H: 9.09; N: 1.62: O: 28.95
PAC  EXAMPLE III
PAC  9-Dihydroniddamycin A (5)
PAR  A 0.759 g. (0.910 mmole) sample of 9-dihydroniddamycin A dimethyl acetal
      (3) was dissolved in 5.7 ml. of acetonitrile and a solution of 0.219 g.
      (2.28 mmole) of difluoroacetic acid in 5.7 ml. of water was added. The
      mixture was allowed to stand at 25.degree. for 4 hours and was then
      diluted with 150 ml. of benzene and 50 ml. of 1% aqueous NaHCO.sub.3
      solution. After thorough mixing the benzene layer was separated and was
      washed with 2 .times. 25 ml. of aqueous 1% NaHCO.sub.3 solution. The
      benzene was dried over Na.sub.2 SO.sub.4 and was evaporated in vacuo to
      give 0.732 g. of amorphous (5) after drying at 70.degree. for 24 hours.
      The product had [.alpha.].sub.D.sup.25 -51.3.degree. (C = 1.00, C.sub.2
      H.sub.5 OH); .lambda..sub.max.sup.CH.sbsp.3OH 233 nm, .epsilon. =  27,100.
PAR  Analysis Calcd. for C.sub.40 H.sub.67 NO.sub.14 (785.797):  C: 61.13; H:
      8.59; N: 1.78: O: 28.50
PAR  Found: C: 61.02; H: 8.82; N: 1.58: O: 28.62
PAR  Thin layer chromatography on silica gel G plates with an eluent system of
      benzene-methanol-NH.sub.4 OH (85:15:1) showed this compound to be
      different from authentic leucomycin A.sub.1 (9-dihydroniddamycin B).
PAC  EXAMPLE IV
PAC  2',3-Di-(O)-Acetylniddamycin Dimethyl Acetal (4B)
PAR  A 5.43 g. (6.53 mmole) sample of (2) was dissolved in 25 ml. of pyridine
      and 2.7 ml. of acetic anhydride was added. The mixture was allowed to
      stand at 25.degree. for 21 days. Then, 4 ml. of methanol was added and 3
      hours later the mixture was diluted with 200 ml. of benzene. The benzene
      mixture was washed with 3 .times. 50 ml. portions of water-1% NaHCO.sub.3,
      was dried over Na.sub.2 SO.sub.4, and was evaporated in vacuo. The residue
      was redissolved in benzene and was re-evaporated to remove last traces of
      pyridine. The residue was dried at 55.degree. in a vacuum oven overnight
      to give 5.88 g. of crude (4B). The sample was crystallized from ethyl
      acetate-hexane to give 3.88 g. of (4B); m.p. 178.degree. - 181.degree. ;
      [.alpha.].sub.D.sup.25 -32.7.degree. (C = 1.00, C.sub.2 H.sub.5 OH);
      .lambda. .sub.max.sup.CH.sbsp.3OH 278 nm, .epsilon. = 21,400.
PAR  Analysis Calcd. for C.sub.46 H.sub.75 NO.sub.17 (914.108): C: 60.44; H:
      8.27; N: 1.53; O: 29.76
PAR  Found: C: 60.26; H: 8.42; N: 1.49; O: 29.56
PAC  EXAMPLE V
PAC  3-(O)-Acetylniddamycin Dimethyl Acetal (6B)
PAR  A 3.50 g. (3.83 mmole) sample of (4B) was suspended in 150 ml. of methanol
      and a solution of 0.756 g. of NaHCO.sub.3 in 50 ml. of water was added.
      The reaction mixture was stirred at 25.degree. for 7 days (the suspension
      of (4B) dissolved after 4 days). The mixture was concentrated at
      25.degree. - 30.degree. under vacuum to 90 ml. and was diluted with 300
      ml. of 1% aqueous NaHCO.sub.3. The product was extracted with 2 .times.
      100 and 4 .times. 50 ml. portions of benzene. The combined benzene
      extracts were washed with 2 .times. 50 ml. portions of 1% aqueous
      NaHCO.sub.3, were dried over Na.sub.2 SO.sub.4, and were evaporated to
      give 3.20 g. of crude (6B) after drying in a vacuum oven at 65.degree.
      overnight. The product was purified by crystallization from methanol-water
      to give 2.42 g. of (6B) with m.p. 202.degree.  - 208.degree.;
      [.alpha.].sub.D.sup.25 -10.5.degree. (C = 1.00, C.sub.2 H.sub.5 OH);
      .lambda..sub.max.sup.CH.sbsp.3OH 278 nm, .epsilon. = 21,800.
PAR  Analysis Calcd. for C.sub.44 H.sub.73 NO.sub.16 (872.079): C: 60.60; H:
      8.44; N: 1.61; O: 29.35
PAR  Found: C: 60.81; H: 8.77; N: 1.56; O: 29.57
PAC  EXAMPLE VI
PAC  3-(O)-Acetyl-9-Dihydroniddamycin A Dimethyl Acetal (7B)
PAR  A 3.00 g. (3.43 mmole) sample of (6B) was dissolved in 120 ml. of dioxane
      at 25.degree.. Then, 0.120 g. (5.52 mmole) of lithium borohydride was
      added, and the mixture was stirred at 25.degree. for 1.5 hours. The
      mixture was then poured into 400 ml. of water-1% NaHCO.sub.3 and the
      product was extracted with 2 .times. 100 and 2 .times. 75 ml. portions of
      benzene. The combined benzene layer was washed with 2 .times. 75 ml.
      portions of aqueous 1% NaHCO.sub.3 solution, was dried over Na.sub.2
      SO.sub.4, and was evaporated to give 2.916 g. of crude product after
      drying in a vacuum oven at 65.degree. overnight. The crude product was
      purified by chromatographing first on a column of 300 g. of silica gel
      presaturated with NH.sub.3 (gas) using CH.sub.2 Cl.sub.2 --C.sub.2 H.sub.5
      OH--CH.sub.3 CN--NH.sub.3  (liquid) (97.5: O.75:1.5:0.2) as the eluent and
      then on a column of 150 g. of silica gel using benzene-methanol (98:2) as
      the eluent. Pure (7B) (0.900 g.) was obtained as an amorphous solid and
      had [.alpha.].sub.D.sup.25 -36.2.degree. (C = 1.00, C.sub.2 H.sub.5 OH);
      .lambda..sub.max.sup.CH.sbsp.3OH 232 nm, .epsilon. = 25,800.
PAR  Analysis Calcd. for C.sub.44 H.sub.75 NO.sub.16 (874.086): C: 60.46; H:
      8.65; N: 1.60; O: 29.29
PAR  Found: C: 60.38; H: 8.79; N: 1.44; O: 29.07
PAC  EXAMPLE VII
PAC  3-(O)-Acetyl-9-Dihydroniddamycin A (8B)
PAR  A 0.550 g. (0.630 mmole) sample of (7B) was dissolved in 4.2 ml. of
      acetonitrile and a solution of 0.161 g. (1.68 mmole) of difluoroacetic
      acid in 4.2 ml. of water was added. The mixture was allowed to stand at
      25.degree. for 5 hours and was then diluted with 100 ml. of benzene and 60
      ml. of water-1% NaHCO.sub.3. After thorough mixing the benzene layer was
      isolated and was washed with 2 .times. 20 ml. of aqueous 1% NaHCO.sub.3
      solution. The benzene layer was dried over Na.sub.2 SO.sub.4 and was
      evaporated to give after drying at 64.degree. overnight 0.518 g. of
      amorphous (8B); [.alpha.].sub.D.sup.25 -38.7.degree. (C = 1.00 C.sub.2
      H.sub.5 OH); .lambda..sub.max.sup.CH.sbsp.3OH 2.32 nm, .epsilon. = 26,600.
PAR  Analysis Calcd. for C.sub.42 H.sub.69 NO.sub.15 (828.016); C: 60.93; H:
      8.40; N: 1.69; O: 28.98
PAR  Found: C: 60.76; H: 8.55; N: 1.50; O: 29.04
PAR  Thin layer chromatography on silica gel G plates with an eluent system of
      benzene-methanol-NH.sub.4 OH (85:15:1) showed this compound to be
      different from authentic leucomycin A.sub.3
      (3-(O)-acetyl-9-dihydroniddamycin B).
PAR  The following examples and tables further illustrate the usefulness of the
      present compounds as active antimicrobials.
PAC  EXAMPLE VIII
PAR  Three niddamycin and two dihydroniddamycin compounds were tested for their
      activity against Streptococcus pyogenes C203, Diplococcus pneumoniae 6301
      and Mycoplasma pneumoniae FH.
PAR  A standard two-fold tube dilution test was used. The medium and inoculum
      were varied with each culture.
PAR  In the test for activity against Streptococcus pyrogenes C203, 5 ml.
      portions of brain-heart infusion broth were used with 0.1 ml. of a 1:100
      dilution culture. The test was incubated for 24 hours at 37.degree. C.
PAR  In the test for activity against Diplococcus pneumoniae 6301, 5 ml.
      portions of brain-heart infusion broth and 20% horse serum were used with
      0.1 ml. of 1:100 dilution culture. The test was incubated for 24 hours at
      37.degree. C.
PAR  In the test for activity against Mycoplasma pneumoniae FH, 4.5 ml. portions
      of PPLO broth were used with 0.5 ml. of a 1:100 dilution culture. the test
      was incubated for 6 days at 37.degree. C.
PAR  the compounds tested are:
PA1  2 -- Niddamycin dimethyl acetal
PA1  4B -- 2',3-Di-(O)-acetylniddamycin dimethyl acetal
PA1  3 --  9-Dihydroniddamycin A dimethyl acetal
PA1  6B -- 3-(O)-Acetylniddamycin dimethyl acetal
PA1  7B -- 3-(O)-Acetyl-9-dihydroniddamycin A dimethyl acetal
PAR  The results of the tests for the activities of the compounds are provided
      below in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Minimum Inhibitory Concentration mcg./ml.                                 

     Com-  Streptococcus                                                       

                        Diplococcus   Mycoplasma                               

     pound pyogenes C203                                                       

                        pneumoniae 6301                                        

                                      pneumoniae FH                            

     ______________________________________                                    

     2     0.78         .ltoreq. 1.56 25                                       

     4B    &gt;100         &gt;100          &gt;100                                     

     3     25           &gt;12.5 - .ltoreq. 100                                   

                                      50                                       

     6B    12.5         &gt;12.5 - .ltoreq. 50                                    

                                      25                                       

     7B    100          &gt;12.5 - .ltoreq. 100                                   

                                      50                                       

     ______________________________________                                    

PAC  EXAMPLE IX
PAR  Two niddamycin derivatives were tested for their activity against 21
      organisms.
PAR  An agar dilution two-fold dilution test was used for the first 14 bacterial
      organisms, while the remaining seven were tested by means of a two-fold
      tube dilution method. The incubation for all the tests was carried out at
      37.degree. C.
PAR  The samples were also tested on the standard FG (fungi) screening program.
PAR  The niddamycin base compound (M-188 ) was used as the control compound.
PAR  The compounds tested are:
PA1  5 --  9-Dihydroniddamycin A
PA1  8b -- 3-(o)-acetyl-9-dihydroniddamycin A
PAR  The results of the tests for the activities of the compounds are provided
      below in Table 2.
TBL                                    Table 2                                 

     __________________________________________________________________________

                        Minimum Inhibitory Concentration mcg./ml.              

                        Niddamycin                                             

     Microorganism      Base   Cpd. 5 Cpd. 8B                                  

     __________________________________________________________________________

     Staphylococcus aureus 9144                                                

                        0.39   0.78   0.78                                     

     Staphylococcus aureus Smith                                               

                        0.39   0.78   0.78                                     

     Staphylococcus aureus Smith ER                                            

                        &gt;100   &gt;100   &gt;100                                     

     Staphylococcus aureus Wise 155                                            

                        0.78   1.56   1.56                                     

     Streptococcus faecalis 10541                                              

                        0.78   0.78   1.56                                     

     Escherichia coli Juhl                                                     

                        &gt;100   &gt;100   &gt;100                                     

     Klebsiella pneumoniae 10031                                               

                        12.5   12.5   25                                       

     Proteus vulgaris Abbott JJ                                                

                        &gt;100   &gt;100   &gt;100                                     

     Proteus mirabilis Finland No. 9                                           

                        &gt;100   &gt;100   &gt;100                                     

     Salmonella typhimurium Ed No. 9                                           

                        &gt;100   &gt;100   &gt;100                                     

     Shigella sonnei 9290                                                      

                        &gt;100   &gt;100   &gt;100                                     

     Pseudomonas aeruginosa BMH No. 10                                         

                        &gt;100   &gt;100   &gt;100                                     

     Streptococcus pyogenes Roper                                              

                        &gt;100   &gt;100   &gt;100                                     

     Pasteurella multocida 10544                                               

                        12.5   12.5   12.5                                     

     Mycoplasma gallispeticum S6                                               

                        0.1    0.25   0.25                                     

     Mycoplasma granularum 19168                                               

                        1.0    2.5    5.0                                      

     Mycoplasma hyorhinis 17981                                                

                        0.25   0.25   0.5                                      

     Mycoplasma pneumoniae FH                                                  

                        10     50     25                                       

     Crithidia fasciculata                                                     

                        &gt;100   &gt;100   &gt;100                                     

     Trichomonas vaginalis C1M1                                                

                        &gt;100   &gt;100   &gt;100                                     

     Haemophilus influenzae 9334                                               

                        3.1    6.2    6.2                                      

      Fungi                                                                    

     C. globosum        &gt;100   &gt;100   &gt;100                                     

     M. verrucaria      &gt;100   &gt;100   &gt;100                                     

     A. versicolor      &gt;100   &gt;100   &gt;100                                     

     P. citrinum        &gt;100   &gt;100   &gt;100                                     

     F. oxysporum       &gt;100   &gt;100   &gt;100                                     

     Alternaria label isolate                                                  

                        &gt;100   &gt;100   &gt;100                                     

     Rhizopus nigricans &gt;100   &gt;100   &gt;100                                     

     __________________________________________________________________________

CLMS
STM  I claim:
NUM  1.
PAR  1. A 9-dihydroniddamycin A compound having the structural formula:
      ##SPC4##
PAL  wherein R.sub.1 and R.sub.2 are the same or different member of the group
      consisting of hydrogen, HCO, CH.sub.3 CO, C.sub.2 H.sub.5 CO or C.sub.3
      H.sub.7 CO; and wherein R.sub.3 is CHO or CH(OCH.sub.3).sub.2.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sub.1 is hydrogen, R.sub.2 is
      hydrogen, and R.sub.3 is CH(OCH.sub.3).sub.2.
NUM  3.
PAR  3. A compound according to claim 2 named 9-dihydroniddamycin A dimethyl
      acetal.
NUM  4.
PAR  4. A compound according to claim 1 wherein R.sub.1 is hydrogen, R.sub.2 is
      hydrogen and R.sub.3 is CHO.
NUM  5.
PAR  5. A compound according to claim 4 named 9-dihydroniddamycin A.
NUM  6.
PAR  6. A compound according to claim 1 wherein R.sub.1 is HCO, R.sub.2 is
      hydrogen and R.sub.3 is CH(OCH.sub.3).sub.2.
NUM  7.
PAR  7. A compound according to claim 6 named 3-(O)-formyl-9-dihydroniddamycin A
      dimethyl acetal.
NUM  8.
PAR  8. A compound according to claim 1 wherein R.sub.1 is HCO, R.sub.2 is
      hydrogen and R.sub.3 is CHO.
NUM  9.
PAR  9. A compound according to claim 8 named 3-(O)-formyl-9-dihydroniddamycin
      A.
NUM  10.
PAR  10. A compound according to claim 1 wherein R.sub.1 is CH.sub.3 CO, R.sub.2
      is hydrogen and R.sub.3 is CH(OCH.sub.3).sub.2.
NUM  11.
PAR  11. A compound according to Claim 10 named 3-(O)-acetyl-9-dihydroniddamycin
      A dimethyl acetal.
NUM  12.
PAR  12. A compound according to claim 1 wherein R.sub.1 is CH.sub.3 CO, R.sub.2
      is hydrogen and R.sub.3 is CHO.
NUM  13.
PAR  13. A compound according to claim 12 named 3-(O)-acetyl-9-dihydroniddamycin
      A.
NUM  14.
PAR  14. A compound according to claim 1 wherein R.sub.1 is C.sub.2 H.sub.5 CO,
      R.sub.2 is hydrogen and R.sub.3 is CH(OCH.sub.3).sub.2.
NUM  15.
PAR  15. A compound according to claim 14 named
      3-(O)-propionyl-9-dihydroniddamycin A dimethyl acetal.
NUM  16.
PAR  16. A compound according to claim 1 wherein R.sub.1 is C.sub.2 H.sub.5 CO,
      R.sub.2 is hydrogen and R.sub.3 is CHO.
NUM  17.
PAR  17. A compound according to claim 16 named
      3-(O)-propionyl-9-dihydroniddamycin A.
NUM  18.
PAR  18. A compound according to claim 1 wherein R.sub.1 is C.sub.3 H.sub.7 CO,
      R.sub.2 is hydrogen and R.sub.3 is CH(OCH.sub.3).sub.2.
NUM  19.
PAR  19. A compound according to claim 18 named
      3-(O)-butyryl-9-dihydroniddamycin A dimethyl acetal.
NUM  20.
PAR  20. A compound according to claim 1 wherein R.sub.1 is C.sub.3 H.sub.7 CO,
      R.sub.2 is hydrogen and R.sub.3 is CHO.
NUM  21.
PAR  21. A compound according to claim 20 named
      3-(O)-butyryl-9-dihydroniddamycin A.
NUM  22.
PAR  22. A method of producing 9-dihydroniddamycin A consisting essentially of
      the steps of:
PA1  a. reacting niddamycin with methanol to convert the niddamycin to
      niddamycin dimethyl acetal;
PA1  b. reducing the niddamycin dimethyl acetal with a mixture of lithium
      borohydride in dioxane to 9-dihydroxyniddamycin A dimethyl acetal; and
PA1  c. hydrolyzing said 9-dihydroxyniddamycin A dimethyl acetal with a solution
      of difluoroacetic acid in CH.sub.3 CN-H.sub.2 O, to provide said
      9-dihydroniddamycin A.
NUM  23.
PAR  23. A method of producing 3-(O)-acyl-9-dihydroniddamycin A consisting
      essentially of the steps of:
PA1  a. acylating niddamycin dimethyl acetal with a mixture of an acyl anhydride
      selected from the group of anhydrides consisting of formyl, acetyl,
      propionyl and butyryl and pyridine to provide 2',3-di-(O)-acylniddamycin
      dimethyl acetal;
PA1  b. hydrolyzing said 2',3-di-(O)-acylniddamycin dimethyl acetal with sodium
      bicarbonate in an aqueous solution of methyl alcohol to yield
      3-(O)-acylniddamycin dimethyl acetal;
PA1  c. reducing said 3-(O)-acylniddamycin dimethyl acetal with sodium
      borohydride in dioxane to provide 3-(O)-acyl-9-dihydroniddamycin A
      dimethyl acetal; and
PA1  d. hydrolyzing said 3-(O)-acyl-9-dihydroniddamycin A dimethyl acetal in a
      mixed solvent of 50% CH.sub.3 CN-H.sub.2 O in the presence of
      difluoroacetic acid to provide 3-(O)-acyl-9-dihydroniddamycin A.
NUM  24.
PAR  24. A method of producing 3-(O)-acetyl-9-dihydroniddamycin A consisting
      essentially of the steps of:
PA1  a. acetylating niddamycin dimethyl acetal with a mixture of acetic
      anhydride and pyridine to provide 2',3-di-(O)-acetylniddamycin dimethyl
      acetal;
PA1  b. hydrolyzing said 2',3-di-(O)-acetylniddamycin dimethyl acetal with
      sodium bicarbonate in an aqueous solution of methyl alcohol to yield
      3-(O)-acetylniddamycin dimethyl acetal;
PA1  c. reducing said 3-(O)-acetylniddamycin dimethyl acetal with sodium
      borohydride in dioxane to provide 3-(O)-acetyl-9-dihydroniddamycin A
      dimethyl acetal; and
PA1  d. hydrolyzing said 3-(O)-acetyl-9-dihydroniddamycin A dimethyl acetal in a
      mixed solvent of 50% CH.sub.3 CN-H.sub.2 O in the presence of
      difluoroacetic acid to provide 3-(O)-acetyl-9-dihydroniddamycin A.
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ABST
PAL  Dibenzazecines of the general formula:
      ##SPC1##
PAL  (wherein R.sup.1 and R.sup.2 are the same or different, each representing a
      hydrogen atom, a hydroxy group, a lower alkoxy group, an aralkoxy group,
      or a hydroxymethyl group; or when adjacent to and taken together with each
      other, they can be an alkylenedioxy group; R.sup.3, R.sup.4, and R.sup.5
      are the same or different, each representing a hydrogen atom, a hydroxy
      group, or a lower alkoxy group, or two of them, when adjacent and bound to
      each other, they can be an alkylenedioxy group; and R.sup.6 represents a
      hydrogen atom, an alkyl group, and R.sup.6 represents a hydrogen atom, an
      alkyl group, an alkenyl group, an aralkyl group or a cycloalkyl group) or
      acid addition salts thereof, exhibiting CNS depressant actions such as
      analgesic action, sedative action, and so on; which can be produced from
      the dibenzoquinolizines.
BSUM
PAR  This invention relates to a novel class of dibenzazecines and to processes
      for their production.
PAR  More particularly, this invention relates to therapeutically valuable
      5,6,7,8,13,14-hexahydrodibenz[c,g]azecines represented by the general
      formula:
      ##SPC2##
PAL  Wherein R.sup.1 and R.sup.2 are the same or different, and each is a member
      selected from the group consisting of hydrogen atom, hydroxy group, lower
      alkoxy group, aralkoxy group and hydroxymethyl group; or when adjacent to
      and taken together with each other, they can be an alkylenedioxy group;
      R.sup.3, R.sup.4, and R.sup.5 are the same or different, and each is a
      member selected from the group consisting of hydrogen atom, hydroxy group,
      and lower alkoxy group; or two of them, when adjacent and bound to each
      other, can be an alkylenedioxy group; and R.sup.6 is a member selected
      from the group consisting of hydrogen atom, alkyl group, alkenyl group,
      aralkyl group, and cycloalkyl group. The following such cases are excluded
      from the above definition: all of R.sup.1 to R.sup.5 are hydrogen atoms
      concurrently; while R.sup.1 and R.sup.2, taken together with each other,
      form a 10,11-methylenedioxy group and two of R.sup.3, R.sup.4, and R.sup.5
      are 3- and 4-methoxy groups, the remaining of R.sup.3, R.sup.4  and
      R.sup.5 is a hydrogen atom and R.sup.6 is a methyl group; and while
      R.sup.1 and R.sup.2 are 10- and 11-methoxy groups and two of R.sup.3,
      R.sup.4, and R.sup.5, taken together with each other, represent a
      3,4-methylenedioxy group, the remaining of R.sup.3, R.sup.4 and R.sup.5 is
      a hydrogen atom and R.sup.6 is a methyl group.
PAR  The object of this invention is to provide the therapeutically valuable
      compounds of the above-mentioned general formula (I) exhibiting potent
      central nervous system depressant actions such as analgesic action,
      sedative action, and the like. Another object of this invention is to
      provide a processs for the production of such valuable compounds (I).
PAR  The starting compounds used in this invention can be shown by the general
      formula (II) and derived from naturally occurring dibenzoquinolizine
      alkaloids such as berberine alkaloids (e.g., berberine, lambertine,
      berlambine), or can be produced by means of total syntheses.
      ##SPC3##
PAL  Wherein R.sup.1.sup.' and R.sup.2.sup.' are the same or different, and each
      is a member selected from the group consisting of hydrogen atom, hydroxy
      group, lower alkoxy group, aralkoxy group, and hydroxymethyl group; or
      when adjacent to and taken together with each other, they can be an
      alkylenedioxy group; R.sup.3.sup.' , R.sup.4.sup.' , and R.sup.5.sup.' are
      the same or different, and each is a member selected from the group
      consisting of hydrogen atom, hydroxy group, and lower alkoxy group; or two
      of them, when adjacent and bound to each other, can be an alkylenedioxy
      group; R.sup.6.sup.' is a member selected from the group consisting of
      alkyl group, alkenyl group, aralkyl group, and cycloalkyl group; and X is
      a halogen atom. Special case of all of R.sup.1.sup.' to R.sup.5.sup.'
      being hydrogen atoms is excluded from this definition.
PAR  In the above definition, the lower alkoxy group means those of up to 6
      carbon atoms such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
      isobutoxy, t-butoxy, n-pentyloxy, n-hexyloxy, and the like. The aralkoxy
      group means those of 7 to 9 carbon atoms such as benzyloxy, phenethyloxy,
      p-methylbenzyloxy, and the like. The alkylenedioxy group means
      methylenedioxy group, ethylenedioxy group, trimethylenedioxy group, and
      the like. The alkyl group means those of up to 6 carbon atoms such as
      methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, s-butyl, t-butyl,
      n-pentyl, n-hexyl, and the like. The alkenyl group means those of 3 to 6
      carbon atoms such as allyl, 2-butenyl, 3-methyl-2-butenyl, and the like.
      The aralkyl group means those of 7 to 9 carbon atoms such as benzyl,
      phenethyl, p-methylbenzyl, p-methoxybenzyl, and the like. The cycloalkyl
      group means those of up to 7 carbon atoms such as cyclopropyl,
      cyclopropylmethyl, cyclobutylmethyl, cyclopentyl, cyclohexyl,
      cyclohexylmethyl, and the like. The halogen atom means chlorine, bromine
      and iodine.
PAR  According to the present invention, the objective compounds (I), excepting
      the case of R.sup.6 = H, can be produced from the dibenzoquinolizinium
      halides of the general formula (II) by means of the Hofmann degradation
      followed by reduction of the intermediate 13, 14-unsaturated or of
      dissolving metal reduction. The compounds (I) in which R.sup.6 is a
      hydrogen atom can be produced from the corresponding materials (I) in
      which R.sup.6 is a benzyl group or an alkyl or aralkyl group, by reductive
      elimination of the benzyl group or oxidation of the alkyl or aralkyl group
      followed by acid or basic hydrolysis. In addition, the compounds (I),
      excepting the case of R.sup.6 = H, can also be produced from the starting
      materials (I), in which R.sup.6 is a hydrogen atom, by the N-substitution
      or the formation of the Schiff bases of amides followed by reduction.
PAR  The conversion of the starting dibenzoquinolizinium halides (II) to the
      objective dibenzazecines (I) (R.sup.6 .noteq. H) is due to the rupture of
      the C-N linkage by the Hofmann degradation or by dissolving metal
      reduction (reduction by metal - liquid ammonia).
PAR  In the process through the Hofmann degradation, the starting compounds (II)
      afford their intermediates, 13,14-dehydro derivatives of the general
      formula (III), as the degradation product,
      ##SPC4##
PAL  (wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, and R.sup.5 each has the same
      meaning as mentioned bbove, R.sup.6.sup.' has the same meaning as R.sup.6
      does but must be not a hydrogen atom) which are reduced to the objective
      compounds (I) by means of catalytic hydrogenation or dissolving metal
      reduction.
PAR  The Hofmann degradation of the compounds (II) may be carried out in a
      conventional manner. For example, the halide ion (X.sup.-) of the
      compounds (II) is displaced by the hydroxide ion (OH.sup.-), and the
      resulting quaternary ammonium hydroxide is permitted to the degradation to
      yield the intermediate (III). The displacement of the halide ion by the
      hydroxide ion is usually effected by treatment of the halides (II) with
      silver oxide in a polar solvent such as methanol, ethanol, propanol,
      ethylene glycol, propylene glycol, and the like, at an elevated
      temperature such as reflux temperature of the solvent used. The subsequent
      degradation is effected by heating the quaternary ammonium hydroxide in or
      without a solvent as mentioned above. Particularly, in the present
      invention, it is very preferable to effect the degradation in
      dimethylsulfoxide at room temperature.
PAR  Alternatively, the rupture of the C-N linkage of the starting compounds
      (II) may also be effected on treatment with a base such as alkoxides
      (e.g., sodium ethoxide, potassium tertbutoxide), phenoxides (e.g., sodium
      phenoxide), or carbonates (e.g., potassium carbonate, sodium carbonate);
      or with an ion exchange resin.
PAR  The resulting 13,14-dehydro intermediate (III) is reduced by means of
      catalytic hydrogenation or dissolving metal reduction.
PAR  The catalytic hydrogenation of the 13,14-dehydro derivatives (III) may be
      effected in a conventional manner using metal catalysts such as platinum
      catalysts, palladium catalysts, nickel catalysts, rhodium catalysts, and
      the like. The hydrogenation is usually conducted at room temperature in a
      suitable solvent such as alcohols (e.g., methanol, ethanol), ethers (e.g.,
      diethyl ether, tetrahydrofuran, dimethoxyethane), esters (e.g., ethyl
      acetate), acids (e.g., acetic acid), and water.
PAR  The dissolving metal reduction of the 13,14-dehydro derivatives (III) may
      be effected by an alkali metal or alkaline earth metal in liquid ammonia.
      The reaction may be carried out substantially in the same manner as in the
      rupture of the C-N linkage by metal - liquid ammonia reduction as
      mentioned below.
PAR  An alternative process for the rupture of the C-N linkage is the dissolving
      metal reduction (metal - liquid ammonia reduction). The reaction is
      usually carried out under cooling at a temperature below the boiling point
      of ammonia (-33.degree.C) in the presence of an alkali metal (e.g.,
      lithium, sodium, potassium) or an alkaline earth metal (e.g., calcium,
      barium) in liquid ammonia. The reaction may also carried out in a tightly
      closed vessel (e.g., autoclave) at a temperature over the boiling point of
      ammonia, for example, at room temperature or under heating. In general,
      the reaction mixture turns dark blue, and this color disappears as the
      reaction proceeds. In this stage, an additional amount of the metal is
      added to the reaction mixture in small portions, and the termination of
      the reaction may be determined by the continuous coloration. In carrying
      out the reaction, it is appropriate to use an aprotic solvent as
      co-solvent such as diethyl ether, tetrahydrofuran, dioxane,
      1,2-dimethoxyethane, and the like. Additionally, an alcohol (e.g.,
      ethanol, isopropanol, tertbutanol) or carboxylic acid (e.g., acetic acid)
      may be used as a proton source. In place of ammonia, an aliphatic amine
      such as methylamine, ethylamine, and the like may be used; the reaction
      may be carried out practically in the same manner as in the case of liquid
      ammonia.
PAR  In this metal - ammonia reduction, when R.sup.1.sup.' and R.sup.2.sup.',
      and/or two of R.sup.3.sup.', R.sup.4.sup.', and R.sup.5 hold a
      methylenedioxy group, such a group may also ruptured to yield the hydroxy
      derivatives as illustrated below by the partial formulae.
      ##SPC5##
PAR  The objective compounds (I), in which R.sup.6 is a hydrogen atom, can be
      produced on the removal of the N-substituents from the compounds (I)
      prepared in a similar manner as described above in which R.sup.6 is a
      benzyl group, or an alkyl or aralkyl group.
PAR  The removal of the N-benzyl group can be achieved by reductive elimination
      (hydrogenolysis) as illustrated below:
      ##SPC6##
PAL  (wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, and R.sup.5 each has the same
      meaning as mentioned above).
PAR  The hydrogenolysis of the N-benzyl derivative (Ia) may be effected by means
      of catalytic hydrogenation using a metal catalyst. The reaction is carried
      out in a conventional manner, for example, in a suitable solvent such as
      alcohols (e.g., methanol, ethanol), ethers (e.g., tetrahydrofuran,
      dimethoxyethane), esters (e.g., ethyl acetate), and the like, in hydrogen
      atmosphere at room temperature or under heating with shaking or stirring.
      The preferred catalyst used in this reaction is platinum catalyst (e.g.,
      platinum oxide, platinum black), palladium catalyst (e.g., palladium
      black, palladium carbon, palladium on alumina, palladium on barium
      sulfate, palladium on calcium carbonate), or nickel catalyst (e.g., Raney
      nickel, Urushibara nickel). The hydrogenolysis usually proceeds well under
      usual pressure (atmospheric pressure), and if required, it is also
      possible to carry out the reaction under increased pressure or in the
      presence of a small amount of an acid as a reaction-accelerating agent
      such as acetic acid, hydrochloric acid, perchloric acid, and the like.
PAR  The removal of the N-alkyl or aralkyl group can be effected by oxidation of
      the N-alkyl or aralkyl group with a suitable oxidizing agent, and
      subsequent acid or basic hydrolysis, as illustrated below:
      ##SPC7##
PAL  (wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, and R.sup.5 each has the same
      meaning as described above; R.sup.7 is an alkyl group or an aralkyl group;
      and R.sup.8 is an acyl group or a formyl group).
PAR  The oxidation of the compounds (IV) is effected by means of an oxidizing
      agent, particularly suitable in this reaction, chromic acid - pyridine
      complex. In the said reaction the methylene group adjacent to the nitrogen
      atom is oxidized to the carbonyl group, for example, when R.sup.7 is a
      methyl group, the oxidation affords the compounds (V) in which R.sup.8 is
      a formyl group; and when R.sup.7 is a benzyl group, R.sup.8 is a benzoyl
      group. Accordingly, at least the adjacent position (.alpha.-carbon atom)
      of the nitrogen atom in the substituent R.sup.7 has to be the methylene
      group in the starting compounds (IV). The oxidation is usually carried out
      at room temperature or under cooling.
PAR  The subsequent hydrolysis is effected on treatment with an acid or base in
      a conventional manner. In general, the hydrolysis is carried out in an
      acid condition using an inorganic acid such as hydrochloric acid,
      hydrobromic acid, sulfuric acid, and the like; or an organic acid such as
      formic acid, acetic acid, trifluoroacetic acid, p-toluenesulfonic acid,
      and the like, at room temperature or under heating, if required in a
      suitable solvent such as water, methanol, ethanol, tertbutanol,
      tetrahydrofuran, dioxane, dimethylsulfoxide, dimethylformamide, and the
      like.
PAR  The resulting N-free derivatives (Ib), if required, can be converted into
      the corresponding N-substituted compounds (Ic) (I: R.sup.6 = H) by the
      N-substitution, the formation of the Schiff bases, or amides followed by
      reduction.
PAR  The N-substitution can be effected in a usual manner used in the
      introduction of alkyl groups, alkenyl groups, aralkyl groups, or
      cycloalkyl groups into amino groups; that is, practically accomplished by
      means of a reagent for introducing such groups into amino groups. Examples
      of such reagents are so-called alkylating agents such as corresponding
      halogenides of the substituents R.sup.6.sup.' (e.g., methyl iodide, ethyl
      bromide, allyl bromide, 3-methyl-2-butenyl bromide, benzyl bromide,
      cyclopropylmethyl bromide, cyclohexylmethyl iodide), sulfates (e.g.,
      dimethyl sulfate, diethyl sulfate), sulfonates (e.g., methyl
      methanesulfonate, ethyl trifluoromethanesulfonate, propyl
      p-toluenesulfonate), and the like. The reaction is usually carried out at
      room temperature or under heating in the presence of a suitable
      acid-abstracting agent such as inorganic bases or organic bases, for
      example, alkali metal carbonates (e.g., sodium carbonate, potassium
      carbonate), alkali metal bicarbonates (e.g., sodium bicarbonate, potassium
      bicarbonate), alkali metal hydroxides (e.g., sodium hydroxide, potassium
      hydroxide), triethylamine, pyridine, and the like. In this reaction, it is
      also appropriate to use a solvent such as alcohols (e.g., methanol,
      ethanol, tert-butanol, 2-ethoxyethanol), ethers (e.g., tetrahydrofuran,
      dioxane, dimethoxyethane), halogeno-hydrocarbons (e.g., methylene
      chloride, chloroform, dichloroethane), dimethylformamide,
      dimethylsulfoxide, and the like.
PAR  Alternatively, the N-substitution can also be achieved by the Schiff base
      formation or amide formation, and subsequent reduction of the C=N
      unsaturation of the Schiff base or of the C=O group of the amide formed.
      The reaction sequence can be illustrated as follows:
      ##SPC8##
PAL  (wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5, and R.sup.6.sup.'
      each has the same meaning as described above; R.sup.9 -C-R.sup.10 and
      COR.sup.11 mean those which can be converted into the substituent
      R.sup.6.sup.' by the reduction; and X' is a halogen atom or a
      hydrocarbonoxy group)
PAR  The formation of the Schiff bases (VI) from the N-free derivatives (Ib) can
      be accomplished by reaction with a carbonyl compound represented by the
      general formula R.sup.9 -CO-R.sup.10. The carbonyl compound involves an
      aldehyde such as formaldehyde, acetaldehyde, propionaldehyde,
      isobutyraldehyde, benzaldehyde, and the like; and a ketone such as
      acetone, methyl ethyl ketone, and the like; which corresponds to the
      objective substituent R.sup.6.sup.'. The reaction may be carried out in a
      conventional manner usually applied to the reaction for the Schiff base
      formation, for example, by treating the N-free derivatives (I) with the
      carbonyl compounds (R.sup.9 -CO-R.sup.10) in a suitable solvent at room
      temperature or under heating. The subsequent reduction of the Schiff bases
      (VI) can be effected by means of catalytic hydrogenation or by a reducing
      agent.
PAR  The catalytic hydrogenation may be carried out in a conventional manner,
      for example, by shaking or stirring a mixture of the Schiff base (VI) and
      a catalyst (e.g., platinum catalyst, palladium catalyst, nickel catalyst)
      in hydrogen atmosphere at room temperature in a suitable solvent (e.g.,
      methanol, ethanol, tetrahydrofuran, ethyl acetate). If required, the
      reaction may be conducted at an elevated temperature under increased
      pressure.
PAR  The reduction with a reducing agent can also be applied to this process.
      The preferred reducing agents are metal hydrides (e.g., lithium aluminum
      hydride, sodium borohydride, potassium borohydride) and formic acid (as
      seen in Leuckart-Wallach reaction). The reaction may be carried out in a
      conventional manner using such reducing agent, for example, in or without
      a suitable solvent such as methanol ethanol, ether, tetrahydrofuran, and
      the like, at room temperature or under heating.
PAR  It is particularly noteworthy that in this process the conversion of the
      N-free derivatives (Ib) to the N-substituted derivatives (Ic) (I : R.sup.6
      .noteq. H) can be accomplished in one step by carrying out the Schiff base
      formation in the aforementioned reduction condition.
PAR  An alternative route, the amide formation and subsequent reduction may be
      effected as follows. The amide formation (N-acylation) is accomplished by
      means of a reactive derivative (R.sup.11 COX') of the carboxylic acid
      corresponding to the substituent R.sup.6.sup.' to be introduced. The
      reactive reagent of the carboxylic acid (R.sup.11 COX') involves acid
      halides such as ethyl chloroformate, acetyl chloride, propionyl chloride,
      benzoyl chloride, etc., and the corresponding esters such as p-nitrophenyl
      esters. The said reaction may be carried out in a suitable solvent such as
      benzene, toluene, tetrahydrofuran, dioxane, pyridine, dimethylformamide,
      and the like, if required, in the presence of a base such as
      triethylamine, pyridine, potassium carbonate, and the like, at room
      temperature or under heating. The subsequent reduction may be carried out
      by means of a suitable reducing agent, for example, lithium aluminum
      hydride, sodium bis(methoxyethoxy)aluminum hydride, etc., in a solvent
      such as diethyl ether, tetrahydrofuran, benzene, toluene, and the like, at
      room temperature or reflux temperatures of the solvent used.
PAR  Additionally, it is also possible to directly introduce the substituent
      R.sup.6.sup.' under action of diazoalkane such as diazomethane,
      diazoethane, and the like, or by addition of unsaturated compound such as
      ethylene, propylene, and the like.
PAR  The aforementioned process for introducing the N-substituents R.sup.6 is
      shown by certain examples of the heretofore known and frequently utilized
      processes for the N-substitution which can be applied to the present
      invention. Other traditional processes for the N-substitution not
      exemplified in this specification may also be applied to the present
      invention.
PAR  In some cases, the N-substitution is accompanied by ether formation on the
      phenolic hydroxy group when one or more of the substituents, R.sup.1 to
      R.sup.5 are free hydroxy radicals. Such side reactions are also included
      in the present invention.
PAR  Thus resulting N-substituted dibenzazecines (I), if required, are able to
      be converted into the corresponding acid addition salts on treatment with
      an organic or inorganic acid such as hydrochloric acid, hydrobromic acid,
      nitric acid, phosphoric acid, sulfuric acid, perchloric acid, acetic acid,
      propionic acid, oxalic acid, malonic acid, succinic acid, adipic acid,
      maleic acid, tartaric acid, lactic acid, citric acid, benzoic acid,
      salicyclic acid, methylsulfonic acid, ethanedisulfonic acid, sulfamic
      acid, and the like.
PAR  Table I indicates the analgesic activity and the acute toxicity of the
      representative compounds (I) prepared in the present invention.
TBL                                    Table I                                 

     __________________________________________________________________________

     Compound                                    Analgesic action              

                                                             Acute toxicity    

     No.   R.sup.1                                                             

                  R.sup.2                                                      

                       R.sup.3                                                 

                            R.sup.4                                            

                                 R.sup.5                                       

                                    R.sup.6  Salt                              

                                                 Writhing                      

                                                       Haffner                 

                                                             (mg/kg)           

     __________________________________________________________________________

     1     H      11--OH                                                       

                       4--OH                                                   

                            3--OH                                              

                                 H  CH.sub.3 HBr 26    --    50-100            

     2     H      11--OH                                                       

                       4--OCH.sub.3                                            

                            3--OCH.sub.3                                       

                                 H  CH.sub.3 HCl 23.2  58    54.9              

     3     10--OH H    4--OCH.sub.3                                            

                            3--OCH.sub.3                                       

                                 H  CH.sub.3 HCl 22.3  37.9   231.4            

     4      10--CH.sub.2 OH                                                    

                  11--OH                                                       

                       4--OCH.sub.3                                            

                            3--OCH.sub.3                                       

                                 H  CH.sub.3 --  45    --    &gt;500              

     5     H      11--OH                                                       

                       4--OH                                                   

                            H    H  CH.sub.3 HClO.sub.4                        

                                                 50    --     300              

     6     10--OH H    4--OH                                                   

                            3--OH                                              

                                 H  CH.sub.3 HBr 75    --     300              

     7     10--OH H    4--OCH.sub.3                                            

                            3--OCH.sub.3                                       

                                 H  H        HCl 26.5  250    500              

     8     10--OH H    4-- OCH.sub.3                                           

                            3--OCH.sub.3                                       

                                 H           HCl 80    --    &gt;1000             

     Standard Aminopyrine                        44    138   335               

     __________________________________________________________________________

PAR  Test Method:
PAR  1. Analgesic activity (Writhing method);
PAR  DS-mice (15 to 17 g body weight, male and female) are treated with an
      intraperitoneal injection of 0.2 mg/10 g of 0.02 % phenylquinone solution
      as a writhing inducer and kept in an individual observation cage for 15
      minutes after the administration of phenylquinone. In the control mice,
      the writhing syndrome occurs about 10 times during this period of time.
      When the mice treated with a test compound do not show this syndrome for a
      period of 15 minutes, the test compound can be estimated to have an
      analgesic activity. The ED.sub.50 is calculated by the up-and-down method
      of Brownlee et al. [Fed. Proc., 18, 412 (1959)]
PAR  2. Analgesic activity (Haffner method);
PAR  The tail-roots of DS-mice (15 to 17 g body weight, male and female) are
      pinched with a pair of forceps. Pain responses, such as biting, head
      turning and vocalization are observed. All of the control animals respond
      to the noxious stimulus with in a period of one second. When the mice
      treated with a test compound do not show any withdrawal response within a
      period of 3 seconds, the test compound can be estimated to have an
      analgesic activity. The ED.sub.50 is calculated by the Bliss' method [Ann.
      Appl. Biol., 22, 134; 307 (1935); Quat. J. Pharmacol., 11, 192 (1938)].
PAR  3. Acute toxicity
PAR  Ten DS-mice (15 to 17 g body weight, male and female) in every group are
      used in the test at each dose level. Each assay compound is tested in 4 to
      5 doses. The mortality is counted during a period of 72 hours after the
      administration of the test compound. The LD.sub.50 is calculated by the
      Bliss'  method.
PAR  As indicated in Table I, a series of the dibenzazecines (I) prepared in the
      present invention show a potent analgesic action not less better than that
      of a commercially available analgesic, aminopyrine. Moreover, they exhibit
      a remarkable sedative action.
PAR  When the compounds (I) prepared in this invention are employed as analgesic
      agents, they may be administered alone or in combination with
      pharmaceutically acceptable carriers, the proportion of which is
      determined by the solubility and chemical property of the compound, chosen
      route of administration, and standard pharmaceutical practice. For
      example, they may be injected parenterally in human adults, that is
      intramuscularly, intravenously or subcutaneously, at a dose of 25 to 300
      mg in the form of a sterile aqueous solution containing 0.1 to 2 % of the
      active ingredient in a solute such as saline or glucose to make the
      solution isotonic. They may also be formulated with suitable excipients in
      the form of tablets or capsules for oral administration and can be
      administered in single or divided doses containing 100 to 1500 mg of the
      active ingredient.
PAR  The invention will be better explained by the following examples which are
      not intended as a limitation thereof.
DETD
PAC  EXAMPLE 1
PAR  To a solution of 20.4 g of
      7-benzyl-9,10-dimethoxy-2,3-methylenedioxy-5,6,7,8,13,13a-hexahydrodibenzo
      [a,g]quinolizinium bromide in 200 ml of methanol is added silver oxide
      freshly prepared from 13.6 g of silver nitrate, and the mixture is
      refluxed for 20 minutes under nitrogen atmosphere. After cooling, the
      mixture is filtered, and the filtrate is treated with 0.6 g of active
      carbon and evaporated to dryness under reduced pressure at a temperature
      below 40.degree.C. The residue (18.75 g) is dissolved in 94 ml of
      dimethylsulfoxide and allowed to stand at room temperature for 15 minutes.
      Ice-water (40 ml) is added to the solution and the mixture is extracted
      with benzene. The extract is dried over anhydrous potassium carbonate,
      passed through a column of 100 g of alumina, and eluated with 250 ml of
      benzene to yield 13.69 g of a crude product, which on recrystallization
      from ether and then from acetone affords 7.49 g (43.6 %) of
      6-benzyl-9,10-dimethoxy-2,3-methylenedioxy-
      5,6,7,8-tetrahydrodibenz[c,g]azecine (the trans-isomer) as colorless
      crystals having mp. 129.degree. - 132.degree.C. UV:
      .lambda..sub.max.sup.EtOH 288 m.mu. (.epsilon. 8039). NMR:
      .delta.(CDCl.sub.3) 3.80 and 3.83 (each 3H, singlet, OCH.sub.3), 3.53 and
      3.97 (2H each, singlet, N-CH.sub.2 -Ar), 5.87 (2H, singlet, O-CH.sub.2
      -O), 6.52 and 7.14 (1H each, doublet, J = 16.5, -CH=CH-). Anal. Calcd. for
      C.sub.27 H.sub.27 NO.sub.4 : C, 75.50%; H, 6.34%; N, 3.26%. Found: C,
      75.64%; H, 6.41%; N, 3.36%.
PAR  The motor liquid of crystallization is evaporated to dryness, and the
      residue is dissolved in 27 ml of ethyl acetate, acidified with
      2N-hydrochloric acid, and filtered to remove the precipitated by-products:
      3-(2-vinyl-4,5-methylenedioxy)phenyl-2-benzyl-7,8-dimethoxy-1,2,3,4-tetrah
     ydroisoquinoline and an unidentified material. The filtrate is neutralized,
      and the resulting free base is chromatographed on 10 g of alumina and
      eluated with 70 ml of benzene. The eluated material (0.85 g) is treated
      with 5 ml of ether, and the resulting crystals (0.32 g) are recrystallized
      from acetone to yield 296 mg of the cis-isomer of the aforementioned
      dibenzazecine as crystals having mp. 165.degree. - 167.degree.C. UV:
      .lambda..sub.max.sup.EtOH 294 m.mu. (.epsilon. 6727). NMR:
      .delta.(CDCl.sub.3) 3.57 and 3.63 (2H each, singlet, N-CH.sub.2 -Ar), 3.73
      and 3.77 (3H each, singlet, OCH.sub.3), 5.73 (2H, singlet, O-CH.sub.2 -O).
      Anal. Calcd. for C.sub.27 H.sub.27 NO.sub.4 : C, 75.50%; H, 6.34%; N,
      3.26%. Found: C, 75.64%; H, 6.41%; N, 3.36%.
PAR  The aforementioned trans-isomer (15.32 g) is dissolved in 300 ml of dioxane
      and shaken with 830 mg of platinum oxide is hydrogen atomosphere for 5
      hours. After the catalyst is filtered off, the filtrate is evaporated to
      dryness under reduced pressure. The resulting crude base (17.4 g) is
      passed through a column of 87 g of silica gel and eluated with benzene to
      yield the pure base (15.58 g) which on recrystallization from an
      azeotropic mixture of benzene - n-hexane affords 15.64 g (93.2 %) of
      6-benzyl-3,4-dimethoxy-10,11-methylenedioxy-5,6,7,8,13,14-hexahydrodibenz[
     c,g]azecine as colorless crystals having mp. 92.degree. - 94.degree.C. NMR:
      .delta.(CDCl.sub.3) 3.78 and 3.83 (3H each, singlet, OCH.sub.3), 3.49 and
      4.03 (2H each, singlet, N-CH.sub.2 -Ar), and 5.87 (2H, singlet, O-CH.sub.2
      -O). Anal. Calcd. for C.sub.27 H.sub.29 NO.sub.4 .1/2 C.sub.6 H.sub.6
      (benzene-adduct): C, 76.57%; H,  6.86%; N, 2.98%. Found: C, 76.28%; H,
      6.92%, N, 2.85%.
PAR  In the same manner as mentioned above, the cis-isomer is also catalytically
      hydrogenated to yield the corresponding dibenz[c,g]azecine in 86 % yield.
PAC  EXAMPLE 2
PAR  To a solution of 124 g of
      7-benzyl-9,10-dimethoxy-2,3-methylenedioxy-5,6,7,8,13,13a-hexaydrodibenzo[
     a,g]quinolizinium bromide in 1.35 liter of 99% methanol is added silver
      oxide prepared from 82.5 g of silver nitrate, and the suspension is
      stirred under heating at 53.degree. - 55.degree.C for 20 minutes.
      Insoluble part is removed by filtration and washed with 99% methanol. The
      washing is combined with the methanol filtrate and evaporated to dryness
      under reduced pressure to yield 116.3 g of the residue. To the residue is
      then added 485 ml of dimethylsulfoxide, and the mixture is vigorously
      stirred for 20 minutes. Ice-water (3 liter) is added thereto, and the
      mixture is extracted twice with benzene of one liter each. The benzene
      extract is washed with water, dried over anhydrous potassium carbonate,
      passed through a column of 500 g of alumina, eluated with benzene, and
      evaporated to dryness under reduced pressure. The resulting residue (93.7
      g) is dissolved in a mixture of 10% hydrochloric acid (600 ml) and acetic
      acid (600 ml) and shaken in hydrogen atmosphere with 5 g of platinum oxide
      for 1 and 5/6 hours. The catalyst is filtered off, and the filtrate is
      concentrated in vacuo to about 800 ml volume, adjusted to pH 2.5 with 10%
      sodium hydroxide solution, then basified with sodium carbonate, and
      extracted with methylene chloride. The extract is washed with 5% sodium
      carbonate solution and then with water, dried over anhydrous sodium
      sulfate, and evaporated to dryness under reduced pressure to yield 83.5 g
      of the residue, which is chromatographed on 800 g of silica gel. Benzene
      and benzene-ethyl acetate elutions are combined and evaporated to dryness
      under reduced pressure, and the resulting crystalline residue is
      recrystallized from ether - n-hexane to yield 47.0 g (38.2 %) of
      6-benzyl-3,4-dimethoxy-10,11-methylenedioxy-5,6,7,8,13,14-hexahydrodibenz[
     c,g]azecine as colorless prisms having mp. 75.degree. - 78.degree.C (as the
      ether adduct).
PAR  Under a similar manner as mentioned above, the following compounds can be
      produced.
PAR  3,4-Dimethoxy-11-hydroxy-6-methyl-5,6,7,8.13,14-hexahydrodibenz[c,g]azecine
     , mp. 135.5.degree. - 137.degree.C, the hydrochloride, mp. 236.degree. -
      238.degree.C (dec), from
      9,10-dimethoxy-2-hydroxy-7-methyl-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quin
     olizinium bromide.
PAR  3,4-Dimethoxy-10-hydroxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
     , mp. 138.degree. - 140.degree.C, the hydrochloride, mp. 241.5.degree. -
      242.5.degree.C (dec), from 9,10-dimethoxy-3-hydroxy-7-methyl-5,6,7,8,13,13
      a-hexahydrodibenzo[a,g]quinolizinium bromide.
PAR  6-Benzyl-3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
     , .nu..sub.max.sup. CHCl 3 3603 cm.sup.-.sup.1, from
      7-benzyl-9,10-dimethoxy-2-hydroxy-5,6,7,8,13,13
      a-hexahydrodibenzo[a,g]quinolizinium bromide.
PAR  6-Benzyl-3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
     , .nu..sub.max.sup. CHCl 3 3603 and 3423 cm.sup.-.sup.1, from
      7-benzyl-9,10-dimethoxy-3-hydroxy-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quin
     olizinium bromide.
PAR  6-Methyl-3,4,11-trimethoxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine, mp.
      89.5.degree. - 91.5.degree.C, from
      7-methyl-2,9,10-trimethoxy-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinolizini
     um bromide.
PAR  6-Methyl-3,4,10-trimethoxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine, mp.
      121.degree. - 122.5.degree.C, from
      7-methyl-3,9,10-trimethoxy-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinolizini
     um bromide.
PAR  10-hydroxymethyl-6-methyl-3,4,11-trimethoxy-5,6,7,8,13,14-hexahydrodibenz[c
     ,g]azecine, mp. 133.degree. - 135.degree.C, from
      3-hydroxymethyl-7-methyl-2,9,10-trimethoxy-5,6,7,8,13,13
      a-hexahydrodibenzo[a,g]quinolizinium bromide.
PAR  11-Methoxy-6-methyl-3,4-methylenedioxy-5,6,7,8,13,14-hexahydrodibenz[c,g]az
     ecine, mp. 103.5.degree.- 106.5.degree.C, from
      2-methoxy-7-methyl-9,10-methylenedioxy-5,6,7,8,13,13a-hexahydrodibenzo[a,g
     ]quinolizinium bromide.
PAR  11-Hydroxymethyl-6-methyl-3,4,10-trimethoxy-5,6,7,8,13,14-hexahydrodibenz[c
     ,g]azecine, mp. 135.degree. - 137.degree.C, from
      2-hydroxymethyl-7-methyl-3,9,10-trimethoxy-5,6,7,8,13,13a-hexahydrodibenzo
     [a,g]quinolizinium bromide.
PAR  11-Hydroxy-6-methyl-3,4-methylenedioxy-5,6,7,8,13,14-hexahydrodibenz[c,g]az
     ecine perchlorate, mp. 213.degree. - 215.degree.C, from
      2-hydroxy-7-methyl-9,10-methylenedioxy-5,6,7,8,13,13a-hexahydrodibenzo[a,g
     ]quinolizinium bromide.
PAR  3-Hydroxy-11-methoxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      oxalate, mp. 199.degree. - 202.degree.C, from
      10-hydroxy-2-methoxy-7-methyl-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinoliz
     inium bromide.
PAR  3,11-Dimethoxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine, mp.
      74.5.degree. - 76.5.degree.C, from
      2,10-dimethoxy-7-methyl-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinolizinium
      bromide.
PAR  4-Hydroxy-11-methoxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine,
      mp. 106.degree. - 108.degree.C, from
      9-hydroxy-2-methoxy-7-methyl-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinolizi
     nium bromide.
PAR  3,11-Dihydroxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      hydrobromide, mp. 259.degree. - 260.degree.C (dec), from
      3,10-dihydroxy-7-methyl-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinolizinium
      bromide.
PAR  4,11-Dihydroxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      perchlorate, mp. 217.degree. - 219.degree.C, from
      2,9-dihydroxy-7-methyl-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinolizinium
      bromide.
PAR  6-Methyl-3,4,10-trihydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      hydrobromide, mp. 121.degree. - 123.degree.C (dec), from
      7-methyl-3,9,10-trihydroxy-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinolizini
     um bromide.
PAR  10-Hydroxy-6-methyl-3,4-methylenedioxy-5,6,7,8,13,14-hexahydrodibenz[c,g]az
     ecine, mp. 151.degree. - 152.degree.C, from
      3-hydroxy-7-methyl-9,10-methylenedioxy-5,6,7,8,13,13a-hexahydrodibenzo[a,g
     ]quinolizinium bromide.
PAR  10-Methoxy-6-methyl-3,4-methylenedioxy-5,6,7,8,13,14-hexahydrodibenz[c,g]az
     ecine, mp. 117.degree. - 119.degree.C, from
      3-methoxy-7-methyl-9,10-methylenedioxy-5,6,7,8,13,13a-hexahydrodibenzo[a,g
     ]quinolizinum bromide.
PAR  4-Hydroxy-10-methoxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      perchlorate, mp. 211.degree. - 213.degree.C (dec), from
      9-hydroxy-3-methoxy-7-methyl-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinolizi
     nium bromide.
PAR  4,10-Dimethoxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine, mp.
      101.5.degree. - 103.degree.C, from
      3,9-dimethoxy-7-methyl-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinolizinium
      bromide.
PAR  3,10-Dimethoxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine, mp.
      102.degree. - 105.degree.C, from
      3,10-dimethoxy-7-methyl-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinolizinium
      bromide.
PAR  10-Hydroxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      hydrochloride, mp. 271.degree. - 272.degree.C (dec), from
      3-hydroxy-7-methyl-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinolizinium
      brimide.
PAR  3-Hydroxy-10-methoxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      hydrochloride, mp. 233.degree. - 235.degree.C (dec), from
      10-hydroxy-3-methoxy-7-methyl-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinoliz
     inium bromide.
PAR  2,3-Dimethoxy-10-hydroxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      hydrochloride, mp. 192.degree. - 194.degree.C (dec), from
      10,11-dimethoxy-3-hydroxy-7-methyl-5,6,7,8,13,13a-hexanydrodibenzo[a,g]qui
     nolizinium bromide.
PAR  10-Hydroxy-2-methoxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      hydrochloride, mp. 247.degree. - 249.degree.C (dec), from
      3-hydroxy-11-methoxy-7-methyl-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinoliz
     inium bromide.
PAR  4,10-Dihydroxy-6-methyl- 5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      perchlorate, mp. 195.degree. - 197.degree.C (dec), from
      3,9-dihydroxy-6-methyl-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinolizinium
      bromide.
PAR  3,10-Dihydroxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine hydrate,
      mp. 116.degree. - 127.degree.C, from
      3,10-dihydroxy-7-methyl-5,6,7,8,13,13a-hexahydrodibenzo[a,g]quinolizinium
      bromide.
PAR  6-Methyl-3,4,10,11-tetrahydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      hydrobromide, mp. 214.degree. - 216.degree.C, from
      7-methyl-2,3,9,10-tetrahydroxy-5,6,7,8,13,13
      a-hexahydrodibenzo[a,g]quinolizinium bromide.
PAR  10,11-Dihydroxy-3,4-dimethoxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]az
     ecine hydrochloride, mp. 236.degree. - 238.degree.C, from
      2,3-dihydroxy-9,10-dimethoxy-7-methyl-5,6,7,8,13,13a-hexahydrodibenzo[a,g]
     quinolizinium bromide.
PAC  EXAMPLE 3
PAR  To a solution of 26 mg of
      3,4-dimethoxy-6-benzyl-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecin
     e in 1 ml of methanol is added 50 ml of 10% palladium-carbon and 0.2 ml of
      6N-hydrochloric acid, and the mixture is shaken in hydrogen atmosphere at
      atmospheric pressure for 18 hours. The catalyst is removed by filtration,
      and the filtrate is evaporated to dryness under reuced pressure. Water is
      added to the residue, and the mixture is basified with 10% sodium
      bicarbonate solution and extracted with chloroform. The chloroform layer
      is washed with water, dried over anhydrous sodium sulfate, and evaporated
      to dryness to yield 17 mg of crystals, which on recrystallization from
      chloroform - methanol afford
      3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine as
      colorless prisms having mp. 205.degree. - 206.degree.C (dec). UV:
      .nu..sub.max.sup.EtOH 281 m.mu. (.epsilon. 2740). IR:
      .nu..sub.max.sup.Nujol 3305 cm.sup.-.sup.1. Anal. Calcd. for C.sub.19
      H.sub.23 O.sub.3 N: C, 72.82%; H, 7.40%, N 4.47%. Found: C, 73.03%; H,
      7.15%; N, 4.32%.
PAR  In the similar manner as mentioned above, the following compounds can be
      produced.
PAR  3,4-Dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine, mp.
      223.degree.- 224.degree.C (dec), from
      6-benzyl-3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecin
     e.
PAR  3,4-Dimethoxy-10,11-methylenedioxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecin
     e, mp. 143.degree. - 143.5.degree.C, from
      6-benzyl-3,4-dimethoxy-10,11-methylenedioxy-5,6,7,8,13,14-hexahydrodibenz[
     c,g]azecine.
PAR  10,11-Dihydroxy-3,4-dimethoxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      hydrochloride, mp. 126.5.degree. - 128.degree.C (dec), from
      6-benzyl-10,11-dihydroxy-3,4-dimethoxy-5,6,7,8,13,14
      hexahydrodibenz[c,g]azecine.
      3,4,10,11,-Tetrahydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      hydrochloride, mp. 127.degree.-129.degree.C (dec), from
      6-benzyl-3,4,10,11-tetrahydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine.
PAC  EXAMPLE 4
PAR  To a chromium trioxide - pyridine complex freshly prepared from 28 g of
      chromium trioxide and 280 ml of anhydrous pyridine is added dropwise a
      solution of 21 g of
      10-benzyloxy-3,4-dimethoxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azec
     ine in 140 ml of pyridine at 10.degree. - 15.degree.C over a period of 35
      minutes, and the mixture is allowed to stand at the same temperature for 2
      hours and then at room temperature for 15 hours. The mixture is then
      diluted with 600 ml of ethyl acetate, stirred well, and filtered to remove
      the inorganic precipitate. The filtrate is passed through a column of
      alumina and celite (kiesel-guhr) and evaporated to dryness. The resulting
      residue (14.3 g) is dissolved in 286 ml of methanol, treated with 7 g of
      sodium borohydride, and chromatographed on 140 g of silica gel. The
      benzene - ethyl acetate (10 : 1) elution (2.45 g) is recrystallized from
      methylene chloride - ether to yield 2.11 g of
      10-benzyloxy-3,4-dimethoxy-6-formyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azec
     ine as colorless needles having mp. 140.degree. - 141.degree.C. IR:
      .nu..sub.max.sup.CHCl 3 1654 cm.sup.-.sup.1. Anal. Calcd. for C.sub.27
      H.sub.29 O.sub.4 N: C, 75.15%; H, 6.77%; N, 3.25%. Found: C, 75.20%; H,
      7.02%; N, 3.23%.
PAR  This product (2.01 g) is dissolved in 50 ml of methanol and shaken with 2 g
      of 10% palladium-carbon in hydrogen atmosphere for 4 hours. The catalyst
      is removed by filtration, and the filtrate is evaporated to dryness under
      reduced pressure. The resulting residue (1.42 g) is recrystallized from
      methanol to yield
      3,4-dimethoxy-6-formyl-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecin
     e as prisms having mp. 226.degree. - 228.degree.C (dec). IR:
      .nu..sub.max.sup.CHCl 3 3124 and 1654 cm.sup.-.sup.1. Anal. Calcd. for
      C.sub.20 H.sub.23 O.sub.4 N: C, 70.36%; H, 6.79%; N, 4.10%. Found: C,
      70.59%; H, 6.79%; N, 3.86%.
PAR  The said product (1.32 g) is dissolved in a mixed medium of 10%
      hydrochloric acid (132 ml) and n-propanol (43 ml), and the mixture is
      refluxed for 8 hours with stirring and then evaporated to dryness under
      reduced pressure. The resulting crystalline residue (1.25 g) is dissolved
      in hot water. The solution is filtered to remove insoluble material,
      basified with sodium carbonate, and then extracted with chloroform. The
      chloroform layer is washed with water, dried over anhydrous sodium
      sulfate, and evaporated to dryness under reduced pressure to yield 1.02 g
      of the crystalline residue, which on recystallization from chloroform -
      methanol affords 840 mg of
      3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine as
      colorless prisms having mp. 205.degree. - 206.degree.C (dec). IR:
      .nu..sub.max.sup.Nujol 3305 cm.sup.-.sup.1. Anal. Calcd. for C.sub.19
      H.sub.23 O.sub.3 N: C, 72.82%; H, 7.40%; N, 4.47%. Found: C, 73.03%; H,
      7.15%; N, 4.32%.
PAC  EXAMPLE 5
PAR  Platinum oxide (50 mg) is hydrogenated in 50 ml of ethanol by shaking in
      hydrogen atmosphere. To this catalyst is added a solution of 51mg of
      3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine and 1
      ml of 37% formaldehyde in 5 ml of ethanol, and the mixture is shaken in
      hydrogen atmosphere for 6 hours. After removal of the catalyst by
      filtration, the mixture is evaporated to dryness under reduced pressure,
      and the residue (46 mg) is chromatographed on thin layer plates of silica
      gel containing 0.2N-sodium hydroxide [developed by chloroform - methanol
      (20 : 1)]. The product is recrystallized from benzene to yield 35 mg of
      3,4-dimethoxy-10-hydroxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecin
     e as colorless crystals having mp. 138.degree. - 140.degree.C. IR:
      .nu..sub.max.sup.Nujol 3461 cm.sup.-.sup.1.
PAR  The hydrochloride, mp. 241.5.degree. - 242.5.degree.C (dec) (recrystallized
      from water). The hydrobromide, mp. 236.degree. - 239.degree.C
      (recrystallized from water).
PAR  In the same manner as mentioned above, the following compounds can be
      produced.
PAR  3,4-Dimethoxy-11-hydroxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
     , mp. 135.5 - 137.degree.C, from
      3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine and
      formaldehyde.
PAR  6-Benzyl-3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
     , .nu..sub.max.sup.CHCl 3 3603 and 3423 cm.sup.-.sup.1, from
      3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine and
      benzaldehyde.
PAR  6-Bnezyl-3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
     , .nu..sub.max.sup.CHCl 3 3603 cm.sup.-.sup.1, from
      3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine and
      benzaldehyde.
PAR  3,4-Dimethoxy-10-hydroxy-6-isobutyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azeci
     ne hydrochloride, mp. 214.degree. - 215.degree.C (dec), from
      3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine and
      isobutyraldehyde.
PAR  3,4-Dimethoxy-11-hydroxy-6-isobutyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azeci
     n hydrochloride, mp. 218.degree. - 219.degree.C (dec), from
      3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine and
      isobutyraldehyde.
PAC  EXAMPLE 6
PAR  A mixture of 100 mg of
      3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine, 42.6
      ml of allyl bromide and 32.3 mg of sodium bicarbonate in 4 ml of
      dimethylformaide is stirred for 2 hours at 100.degree.C in argon
      atmosphere. After cooling, 40 ml of water is added to the mixture, and the
      mixture is extracted with methylene chloride. The extract is washed with
      water, dried over anhydrous sodium sulfate, and evaporated to dryness
      under reduced pressure. The residue is dissolved in benzene, passed
      through a column of 3.8 g of silica gel, and eluated with benzene - ethyl
      acetate (10 : 1). The evaporation of the solvent affords 106 mg of
      6-allyl-3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      as a colorless oily material. IR: .nu..sub.max.sup.CHCl 3 3604, 3420 and
      1641 cm.sup.-.sup.1.
PAR  The hydrochloride, as colorless prisms recrystallized from ethanol -
      acetone, mp. 219.degree. - 220.degree.C (dec). Anal. Calcd. for C.sub.22
      H.sub.27 O.sub.3 N.HCl: C, 67.77%; H, 7.24%; N, 3.59%; Cl, 9.09%. Found:
      C, 67.89%; H, 7.29%; N, 3.41%; Cl, 9.28%.
PAR  In the similar manner as described above, the following compounds can be
      produced.
PAR  6-Allyl-3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      hydrochloride, mp. 231.degree. - 232.degree.C (dec), from
      3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine and
      allyl bromide.
PAR  6-Benzyl-3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      hydrochloride, mp. 185.degree. - 186.degree.C (dec), from
      3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine and
      benzyl chloride.
PAR  6-Benzyl-3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      hydrochloride, mp. 244.degree. - 245.degree.C (dec), from
      3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine and
      benzyl chloride.
PAR  3,4-Dimethoxy-10-hydroxy-6-(3-methyl-2-butenyl)-5,6,7,8,13,14-hexahydrodibe
     nz[c,g]azecine hydrochloride, mp. 210.degree. - 211.degree.C (dec), from
      3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine and
      3-methyl-2-butenyl bromide.
PAR  3,4-Dimethoxy-11-hydroxy-6-(3-methyl-2-butenyl)-5,6,7,8,13,14-hexahydrodibe
     nz[c,g]azecine hydrochloride, mp. 231.degree. - 232.degree.C (dec), from
      3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine and
      3-methyl-2-butenyl bromide.
PAR  3,4-Dimethoxy-10-hydroxy-6-phenethyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azec
     ine, .nu..sub.max.sup.CHCl 3 3603 and 3420 cm.sup.-.sup.1, from
      3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine and
      phenethyl iodide.
PAR  6-Cyclopropylmethyl-3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[
     c,g]azecine hydrochloride, mp. 229.degree. - 230.degree.C (dec), from
      3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine and
      cyclopropylmethyl bromide.
PAR  6-Cyclopropylmethyl-3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrofibenz[
     c,g]azecine hydrochloride,  mp. 238.degree. - 239.degree.C (dec), from
      3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine and
      cyclopropylmethyl bromide.
PAC  EXAMPLE 7
PAR  To 29 ml of liquid ammonia dried with a small quantity of potassium under
      cooling at -60 .about.-65.degree.C are added 963 mg of
      9,10-dimethoxy-7-methyl-2,3-methylenedioxy-5,6,7,8,13,13a-hexahydrodibenzo
     [a,g]quinolizinium iodide (N-methyl-tetrahydroberberinium iodide), 10 ml of
      anhydrous tetrahydrofuran and 148 mg of anhydrous tert-butanol with
      stirring, and then 610 mg of potassium in small portions, and the mixture
      is stirred at -60 .about.-65.degree.C for 2.5 hours. Then, ammonium
      chloride is added to the mixture, and ammonia is distilled off. To the
      residue is added water, and then extracted with benzene. The benzene layer
      is washed with water, evaporated to dryness, chromatographed on silica gel
      thin layer plates, and developed with chloroform - methanol (97 : 3) to
      yield 180 mg of
      3,4-dimethoxy-10-hydroxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecin
     e as crystals having mp. 138.degree. - 140.degree.C, and 200 mg of
      3,4-dimethoxy-11-hydroxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[5,6,7,8,13
     ,14azecine as colorless crystals having mp. 135.5.degree. - 137.degree.C.
PAC  EXAMPLE 8
PAR  To 45 ml of liquid ammonia dried with a small quantity of metal lithium
      under cooling at -65 .about.-70.degree.C are added 1.3 g of
      7-allyl-9,10-dimethoxy-2,3-methylenedioxy-5,6,7,8,13,14-hexahydrodibenzo[a
     ,g]quinolizinium bromide (i.e. N-allyltetrahydroberberinium bromide) and 14
      ml of anhydrous tetrahydrofuran, and then 159 mg of lithium in small
      portions, and the mixture is stirred at -65 .about.-70.degree.C for 2
      hours. Ammonium chloride is added to the reaction mixture, and ammonia is
      distilled off. To the residue is added water and extracted with benzene.
      The benzene layer is washed with water, evaporated to dryness, and
      chromatographed on silica gel thin layer plates to yield
      6-allyl-3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      as an oily meterial and
      6-allyl-3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      as another oily material.
PAR  The 10-hydroxy derivative: IR: .nu..sub.max.sup.CHCl 3 3604, 3420  and 1641
      cm.sup.-.sup.1. UV: .lambda..sub.max.sup.95%EtOH 281 m.mu.(.epsilon.3620).
PAR  The 11-hydroxy derivative: IR: .nu..sub.max.sup.CHCl 3 3606 and 3420
      cm.sup.-.sup.1.
PAR  In the same manner as described above, the following compounds can be
      produced.
PAR  6-Benzyl-3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      (the hydrochloride, mp. 185.degree. - 186.degree.C (dec)) and
      6-benzyl-3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecin
     e (the hydrochloride, mp. 244.degree. - 245.degree.C (dec)) from
      7-benzyl-9,10-dimethoxy-2,3-methylenedioxy-5,6,7,8,13,13a-hexahydrodibenzo
     [a,g]quinolizinium bromide.
PAR  6-Cyclopropylmethyl-3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[
     c,g]azecine (the hydrochloride, mp. 229 - 230.degree.C (dec)) and
      6-cyclopropylmethyl-3,4-dimethoxy-11-hydroxy-5,6,7,8,13,14-hexahydrodibenz
     [c,g]azecine (the hydrochloride, mp. 238 - 239.degree.C (dec)) from
      7-cyclopropylmethyl-9,10-dimethoxy-2,3-methylenedioxy-5,6,7,8,13,13a-hexah
     ydrodibenzo[a,g]quinolizinium bromide.
PAR  3,4-Dimethoxy-10-hydroxy-6-isobutyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azeci
     ne (the hydrochloride, mp. 214.degree. - 215.degree.C (dec)) and
      3,4-dimethoxy-11-hydroxy-6-isobutyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azec
     ine (the hydrochloride, mp. 218.degree. - 219.degree.C (dec)) from
      9,10-dimethoxy-7-isobutyl-2,3-methylenedioxy-5,6,7,8,13,13a-hexahydrodiben
     zo[a,g]quinolizinium bromide.
PAC  EXAMPLE 9
PAR  To 4 liters of liquid ammonia dried with a small quantity of metal lithium
      under cooling at -60 .about.-65.degree.C is added dropwise a solution of
      95.9 g of
      3,4-dimethoxy-6-methyl-10,11-methylenedioxy-5,6,7,8,13,14-hexahydrodibenz[
     c,g]azecine in 575 ml of anhydrous tetrahydrofuran, and then 7.89 g of
      lithium in small portions within a period of 3 hours while stirring the
      mixture. Then 70 g of ammonium chloride is added to the mixture, and
      ammonia is distilled off. To the residue is added water, and extracted
      with benzene. The benzene layer is washed with water and evaporated to
      dryness under reduced pressure, and the residue is separated by means of
      thin layer chromatography using silica gel to yield
      3,4-dimethoxy-10-hydroxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecin
     e as colorless crystals having mp. 138.degree. - 140.degree.C,
      3,4-dimethoxy-11-hydroxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecin
     e as crystals having mp. 135.5.degree. - 137.degree.C,
      3,4-dimethoxy-10-hydroxy-11-hydroxymethyl-6-methyl-5,6,7,8,13,14-hexahydro
     dibenz[c,g]-azecine as crystals having mp. 164.degree. - 165.degree.C
      (dec), and
      3,4-dimethoxy-11-hydroxy-10-hydroxymethyl-6-methyl-5,6,7,8,13,14-hexahydro
     dibenz[c,g]azecin as colorless crystals having mp. 193.degree. -
      193.5.degree.C (dec).
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC9##
PAL  wherein R.sup.1 and R.sup.2 are each selected from the group consisting of
      hydrogen, hydroxy and hydroxymethyl; one of R.sup.3 and R.sup.4 is
      selected from the group consisting of hydrogen, hydroxy and methoxy and
      the other is selected from the group consisting of hydroxy and methoxy and
      R.sup.6 is selected from the group consisting of hydrogen, methyl,
      cyclopropylmethyl and benzyl.
NUM  2.
PAR  2. A compound claimed in claim 1, namely
      3,4-dimethoxy-11-hydroxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecin
     e and acid addition salts thereof.
NUM  3.
PAR  3. A compound claimed in claim 1, namely
      3,4-dimethoxy-10-hydroxy-6-methyl-5,6,7,8,13,14-hexahydrodibenz[c,g]azecin
     e and acid addition salts thereof.
NUM  4.
PAR  4. A compound claimed in claim 1, namely
      3,4-dimethoxy-11-hydroxy-10-hydroxymethyl-6-methyl-5,6,7,8,13,14-hexahydro
     dibenz[c,g]azecine and acid addition salts thereof.
NUM  5.
PAR  5. A compound claimed in claim 1, namely
      3,4-dimethoxy-10-hydroxy-11-hydroxymethyl-6-methyl-5,6,7,8,13,14-hexahydro
     dibenz[c,g]azecine and acid addition salts thereof.
NUM  6.
PAR  6. A compound claimed in claim 1, namely
      10,11-dihydroxy-3,4-dimethoxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine
      and acid addition salts thereof.
NUM  7.
PAR  7. A compound claimed in claim 1, namely
      3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz[c,g]azecine and
      acid addition salts thereof.
NUM  8.
PAR  8. A compound claimed in claim 1, namely
      6-cyclopropylmethyl-3,4-dimethoxy-10-hydroxy-5,6,7,8,13,14-hexahydrodibenz
     [c,g]azecine and acid addition salts thereof.
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ABST
PAL  The invention provides novel antibiotic compounds which are
      6.beta.-acylamidopenam-3-carboxylic acids, and non-toxic derivatives
      thereof, characterized in that the acylamido group has the structure
      ##EQU1##
      WHERE R is a hydrogen atom or an organic group and R.sup.a is an
      etherifying monovalent organic group linked to the oxygen atom through a
      carbon atom. The compounds may be either syn or anti isomers or may exist
      as mixtures e.g. containing at least 75 percent of one isomer. These
      antibiotic compounds possess high antibacterial activity against a range
      of gram positive organisms including penicillinase - producing
      staphylococci coupled with high activity against strains of the
      gram-negative organism Haemophilus influenzae. The invention is also
      concerned with the administration of the compounds.
PARN
PAC  Cross Reference to Related Application
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      252846 filed May 12, 1972 and now abandoned.
BSUM
PAR  This invention is concerned with improvements in or relating to antibiotics
      of the penicillin series.
PAR  The penicillin compounds referred to in this specification are generally
      named with reference to penam (J.Amer.Chem.Soc. 1953, 75, 3293).
PAR  As is well known, antibiotics of the penicillin series are
      6.beta.-acylamidopenam-3.alpha.-carboxylic acids and their various
      non-toxic derivatives e.g. salts, esters, amides, hydrates or the
      corresponding sulphoxides. Substitution may, for example, be present on at
      least one of the gem-dimethyl groups.
PAR  The new compounds of the present invention are characterized in that said
      acylamido group of the penicillin antibiotic is an (.alpha.-etherified
      oximino) acylamido group. The compounds may be either syn or anti isomers
      or mixtures thereof, especially mixtures wherein one isomeric form
      predominates.
PAR  According to one embodiment of the invention, therefore, we provide
      6.beta.-acylamidopenam-3.alpha.-carboxylic acids (and non-toxic
      derivatives thereof) characterized in that said acylamido group has the
      structure:
      ##EQU2##
      WHERE R is a hydrogen atom or an organic group and R.sup.a is an
      etherifying monovalent organic group linked to the oxygen atom through a
      carbon atom. The compounds of the invention may be either syn or anti
      isomers or mixtures thereof, especially such mixtures which contain at
      least 75 percent of one such isomer. Preferably, the mixtures of isomers
      contain at least 90 percent of one of the isomers and not more than 10
      percent of the other.
PAR  The compounds of the invention are defined as having the syn (cis) or anti
      (trans) isomeric form as regards the configuration of the group OR.sup.a
      with respect to the carboxamido group. In this specification, the syn
      configuration is structurally denoted thus:-
      ##EQU3##
      AND THE ANTI CONFIGURATION THUS:
      ##EQU4##
      These configurations are assigned on the basis of the work of Ahmad and
      Spencer (Can.J.Chem., 1961, 39, 1340).
PAR  The 6.beta.-acylamidopenam-3.alpha.-carboxylic acids of the invention may
      be defined by the formula:-
      ##EQU5##
      wherein R and R.sup.a have the above-defined meanings and B is &gt;S or
      &gt;S.fwdarw.O, preferably &gt;S. The invention also includes compounds not
      specifically embraced by formula (I) e.g. 2.beta.-acetoxymethyl
      penicillins.
PAR  The term "non-toxic" as applied to the derivatives of the compounds of the
      invention means those derivatives which are physiologically acceptable in
      the dosage at which they are administered.
PAR  Salts which may be formed, where applicable, from the compounds according
      to the invention include (a) inorganic base salts such as alkali metal,
      e.g. sodium and potassium, alkaline earth metal e.g. calcium, and organic
      base, e.g. procaine, phenylethylbenzylamine, dibenzylethylene diamine
      ethanolamine, diethanolamine, and N-methylglucosamine, salts and (b) acid
      addition salts e.g., with hydrochloric, hydrobromic, sulphuric, nitric,
      phosphoric, toluene-p-sulphonic and methane sulphonic acids. The salts may
      also be in the form of resinates, formed e.g., with a polystyrene resin
      containing amino, quaternary amino, or sulphonic acid groups, or a resin
      containing carboxyl groups, e.g. a polyacrylic acid resin. The resin may
      if desired be cross-linked, e.g. it may be a copolymer of styrene and
      divinyl-benzene containing the appropriate groups. Additionally, the
      derivatives may be in the form of a chelate with a heavy metal such as
      iron or copper.
PAR  The compounds of the invention, including the non-toxic derivatives
      thereof, possessing the syn configuration, are characterized by their high
      antibacterial activity against a range of gram-positive organisms
      including penicillinase-producing staphylococci coupled with high activity
      against strains of the gram-negative organism Haemophilus influenzae.
PAR  The compounds of the invention possessing the syn configuration generally
      possess high stability to .beta.-lactamases of the type produced by the
      gram-negative organism Enterobacter cloacae P99 and in various instances
      also as will appear hereinafter, high stability to .beta.-lactamases
      produced by staphylococcal organisms. Further, certain of the syn
      compounds, as will also appear hereinafter, possess the property of oral
      absorption on administration as evidenced by animal tests. The properties
      described above render the syn compounds of the invention particularly
      useful in the treatment of a variety of diseases caused by pathogenic
      bacteria in human beings and animals. For example, by suitable selection
      of properties, various of the syn compounds of the invention are useful in
      the treatment of upper respiratory tract infections. Again, various of the
      syn compounds of the invention are useful in the treatment of bovine udder
      infections by means of intramammary preparations.
PAR  The compounds of the invention, including the non-toxic derivatives
      thereof, possessing the anti-configuration have been found by us to
      possess anti-bacterial activity against various gram-positive organisms
      coupled with activity against strains of Haemophilus influenzae.
PAR  The group R.sup.a in the above formulae may be a group having a carbon atom
      with one free valency so that it forms the desired ether group with the
      adjacent oxygen atom. The group R.sup.a desirably contains not more than
      16 carbon atoms.
PAR  R.sup.a may thus be, for example, an alkyl group containing 1-16 carbon
      atoms, particularly a lower alkyl group containing 1-8 carbon atoms, e.g.
      a methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl,
      t-butyl, octyl or dodecyl group; an alkenyl group containing 2-16 carbon
      atoms, preferably 2-8 carbon atoms, e.g. a vinyl, allyl, isopropenyl, or
      dimethylallyl group; an alkynyl group containing 2-16 carbon atoms,
      preferably 2-8 carbon atoms, e.g. a propynyl group such as propargyl; a
      cycloalkyl group containing 3-7 carbon atoms, e.g. a cyclopropyl,
      cyclopentyl or cyclohexyl group; a cycloalkenyl group containing 4-7
      carbon atoms, e.g. a cyclopentenyl, cyclohexenyl, cyclopentadieyl group or
      cyclohexadienyl; a carbocyclic aryl group, e.g. a phenyl or naphthyl
      group; a heterocyclic group containing at least one hetero atom selected
      from oxygen, nitrogen and sulphur, e.g. a pyridyl, pyrimidyl, furyl,
      thienyl, thiazolyl, thiadiazolyl, diazolyl, triazolyl, tetrazolyl,
      thiatriazolyl, oxazolyl, oxadiazolyl, benzimidazolyl, benzoxazolyl or
      purinyl group; or a carbocyclic or heterocyclic aryl lower alkyl group in
      which the lower alkyl portion containd 1-4 carbon atoms, e.g. a benzyl,
      phenethyl, diphenylmethyl, triphenylmethyl, thienylmethyl such as
      thien-2-ylmethyl, furylmethyl such as furfuryl, pyridylmethyl, or
      pyrrolylmethyl group.
PAR  In general R.sup.a may be unsubstituted or may carry one or more
      substituents such as, for example, hydroxy; alkoxy, e.g. methoxy, ethoxy,
      n-propoxy or iso-propoxy, as in, for example, methoxymethyl or
      1-ethoxyethyl; aryloxy, e.g. phenoxy; aralkoxy, e.g. benzyloxy; mercapto;
      alkylthio, e.g. methylthio or ethylthio; arylthio; aralkylthio; amino as
      in, for example, 2-aminoethyl; substituted amino, e.g. methylamino
      ethylamino or dimethylamino; halo, e.g. chloro or bromo, as in, for
      example, 2-bromoethyl; nitro; azido; carboxy; esterified carboxy, e.g.
      lower alkoxy carbonyl such as methoxycarbonyl or ethoxycarbonyl, or
      benzyloxycarbonyl; formyl; acyl, e.g. acetyl, propionyl or benzoyl;
      acyloxy e.g. acetoxy, propionyloxy or pivaloyloxy; cyano; phthalimido;
      acylamido, e.g. acetamido or benzamido; alkoxycarbonylamino, e.g.
      methoxycarbonylamino or ethoxycarbonylamino; or aralkoxycarbonylamino,
      e.g. benzyloxycarbonylamino.
PAR  The group R in the above general formulae may be chosen from the following
      list which is not intended to be exhaustive:
PAR  i. Hydrogen,
PAR  ii. R.sup.u, where R.sup.u is aryl (carbocyclic or heterocyclic),
      cycloalkyl, substituted aryl, substituted cycloalkyl, cycloalkadienyl, or
      a non-aromatic or mesionic group. Examples of this group include phenyl;
      naphthyl e.g. naphth-1-yl; phenyl or naphthyl substituted by halo e.g.
      chloro or bromo as in o-chlorophenyl, hydroxy, lower alkyl e.g. methyl,
      nitro, amino, lower alkylamino e.g. methylamino, diloweralkylamino e.g.
      dimethylamino, lower alkanoyl e.g. acetyl, lower alkanoylamido, lower
      alkoxy e.g. methoxy or ethoxy, or lower alkylthio e.g. methylthio; a 5- or
      6- membered heterocyclic group containing at least one hetero atom
      selected from S, N and O e.g. thien-2-yl, thien-3-yl, furyl such as
      fur-2-yl, pyridyl such as pyrid-3-yl, pyrrolyl, N-substituted pyrrolyl
      e.g. N-methylpyrrolyl, or N-benzyloxymethylpyrrolyl, isothiazolyl,
      thiadiazolyl, oxadiazolyl, 3- or 4-iso-xazolyl; substituted 3- or
      4-isoxazolyl e.g. 3-aryl-5-methylisoxazol-4-yl, the aryl group being e.g.
      phenyl or halophenyl; fused heterocyclic groups containing at least one
      hetero atom selected from S, N and O, e.g. benzothienyl such as
      benzothien-3-yl, benzofuryl, indolyl; cyclohexyl; cyclopentyl; sydnone;
      and cyclohexadienyl.
PAR  iii. R.sup.u (CH.sub.2).sub.m Q.sub.n (CH.sub.2).sub.p where R.sup.u has
      the above defined meaning and m is O or an integer from 1 to 4, n is O or
      1, p is an integer from 1 to 4 and Q is S, O or NR wherein R is hydrogen
      or an organic group e.g. alkyl such as methyl or aryl such as phenyl.
      Examples of this group include methyl, ethyl or butyl substituted by the
      various specific R.sup.u groups listed under (ii) e.g. benzyl and the
      appropriate substituted benzyl groups.
PAR  iv. C.sub.n H.sub.2n.sub.+1 wherein n is an integer from 1 to 7.  The group
      may be straight or branched and, if desired, may be interrupted by an
      oxygen or sulphur atom or the group NR wherein R is hydrogen or an organic
      group e.g. alkyl such as methyl or aryl such as phenyl; or be substituted
      by a cyano, carboxy, alkoxycarbonyl, hydroxy or carboxycarbonyl (HOOC.CO.)
      group or by a halogen atom. Examples of such groups include hexyl, heptyl,
      butylthiomethyl, cyanomethyl or trihalomethyl.
PAR  v. C.sub.n H.sub.2n.sub.-1 where n is an integer from 2 to 7. The group may
      be straight or branched and, if desired, may be interrupted by an oxygen
      or sulphur atom or the group NR wherein R is hydrogen or an organic group
      e.g. alkyl such as methyl or aryl such as phenyl. An example of such a
      group is vinyl or propenyl.
PAR  vi. C.sub.n H.sub.2n.sub.-3 where n is an integer from 2 to 7. An example
      of such a group is ethynyl.
PAR  vii. Miscellaneous carbon-linked organic groups including cyano, amido and
      lower alkoxycarbonyl.
PAR  Important antibiotic compounds according to the invention by virtue of
      their being active against a wide variety of gram-positive organisms
      (penicillin-resistant and penicillin sensitive strains of Staph. aureus)
      and possessing activity against Haemophilus influenzae are those having
      the general formula
      ##EQU6##
      [wherein R.sup.u is phenyl; naphthyl; thienyl; furyl; benzothienyl,
      benzofuryl or N-methylpyrrolyl or any or these groups substituted by halo
      (chloro, bromo, iodo or fluoro), hydroxy, lower alkyl, nitro, amino,
      loweralkylamino, diloweralkylamino, lower alkanoyl, lower alkanoylamido,
      lower alkoxy, lower alkylthio or carbamoyl and R.sup.e is C.sub.1 -C.sub.8
      alkyl, cyclopentyl, phenyl, benzyl, phenethyl, thienylmethyl, furylmethyl
      or lower (alkoxyalkyl)] and non-toxic derivatives thereof.
PAR  Particularly important compounds of general formula (II) by virtue of their
      uniformly high activity against gram-positive organisms coupled with
      activity against Haemophilus influenzae are those having the formula
      ##EQU7##
      (wherein R.sup.x is phenyl; naphthyl; thienyl; furyl; benzothienyl or
      benzofuryl and Bu.sup.t is tert.-butyl) and non-toxic derivatives thereof,
      especially as their sodium or potassium salts. These compounds also
      exhibit high stability to .beta.-lactamases of the type produced by E.
      clocae P99, E. coli TEM and by staphylococcal organisms.
PAR  An important group of compounds falling within general formula II are those
      having the general formula
      ##EQU8##
      (wherein R.sup.u is as defined above for formula (II) and R.sup.k is
      methyl or ethyl) and non-toxic derivatives thereof. In addition to
      possessing the stated properties of the compounds of formula (II), the
      compounds of formula (IV) also possess the important property of
      significant absorption on oral administration as evidenced by animal
      tests.
PAR  Important compounds falling within general formula (IV) include the
      following compounds in their syn isomeric form:-
PAL  6.beta.-(2-methoxyimino-2-phenylacetamido)-2,2-dimethylpenam-3.alpha.-carbo
     xylic acid;
PAL  6.beta.-[2-ethoxyimino-2-phenylacetamido]-2,2-dimethylpenam-3.alpha.-carbox
     ylic acid;
PAL  6.beta.-[2-methoxyimino-2-(thien-2-yl)acetamido]-2,2-dimethylpenam-
      3.alpha.-carboxylic acid;
PAL  6.beta.-[2-ethoxyimino-2-(thien-2-yl)acetamido]-2,2-dimethylpenam-3.alpha.-
     carboxylic acid;
PAL  6.beta.-[2-methoxyimino-2-(naphth-1-yl)acetamido]-2,2-dimethylpenam-3.alpha
     .-carboxylic acid;
PAL  6.beta.-[2-methoxyimino-2-(2-chlorophenyl)acetamido]-2,2-dimethylpenam-3.al
     pha.-carboxylic acid,
      6.beta.-[2-methoxyimino-2-(1-methylpyrrol-2-yl)acetamido]-2,2-dimethylpena
     m-3.alpha.-carboxylic acid, especially as their sodium, potassium or
      diethanolamine salts.
PAC  PREPARATION
PAR  The compounds according to the invention may be prepared by any convenient
      method. According to one embodiment of the invention we provide a process
      for the preparation of a compound of the formula
      ##EQU9##
      (wherein R is a hydrogen atom or an organic group, R.sup.a is an
      etherifying monovalent organic group linked to the oxygen atom through a
      carbon atom and B is &gt;S or &gt;S.fwdarw.O) and derivatives thereof, which
      comprises either (A) condensing a compound of the formula
      ##SPC1##
PAL  (wherein B has the above defined meaning and R.sup.10 is hydrogen or a
      carboxyl blocking group) with an acylating agent, advantageously either as
      the syn isomer or as the anti isomer, corresponding to the acid
      ##EQU10##
      (wherein R and R.sup.a have the above defined meanings) or with an
      acylating agent corresponding to an acid which is a precursor for the acid
      VI; or (B) reacting a compound of the formula
      ##SPC2##
PAL  (wherein B and R.sup.10 have the above defined meanings except that
      R.sup.10 is not hydrogen) with an acid, or precursor, of formula VI;
      whereafter, if necessary and desired in each instance, any of the
      following reactions (C) are carried out (i) conversion of a precursor for
      the desired
      ##EQU11##
      group into that said group (ii) removal of any carboxyl blocking groups
      and (iii) reduction of a compound in which B is &gt; S.fwdarw.O to form the
      desired B=&gt;  S compoud and (D) recovering the desired compound of formula
      (I), after separation of isomers if desired.
PAR  Salts of the compounds according to the invention may be formed in any
      convenient way. For example base salts may be formed by reaction of the
      penicillin acid with sodium or potassium 2-ethylhexanoate.
PAR  In practice it is convenient to condense and acylating agent corresponding
      to the acid
      ##EQU12##
      where R and R.sup.a have the above defined meanings, with an amino
      compound
      ##SPC3##
PAL  [where B has the above defined meaning and R.sup.10 is hydrogen or a
      carboxyl blocking group e.g. the residue of an ester-forming alcohol
      (aliphatic or araliphatic), phenol, silanol, stannanol or acid] the
      condensation, if desired, being effected in the presence of a condensation
      agent, and being followed, if necessary, by removal of the group R.sup.10.
      There may also be used, if desired, a derivative of the compound of
      formula (V) such as a salt e.g. a tosylate.
PAR  The compounds of formula I may thus be prepared by employing as the
      acylating agent an acid halide, particularly an acid chloride or bromide.
      The acylation may be effected at temperatures of from -50.degree. to
      +50.degree.C, preferably -20.degree. to +30.degree.C. The acylating agent
      may be prepared by reacting the acid (VI) or a salt thereof with a
      halogenating agent e.g. phosphorus pentachloride, thionyl chloride or
      oxalyl chloride. Use of oxalyl chloride with the sodium or potassium salt
      of the acid (VI) is preferred since under these conditions isomerisation
      is minimal. The acylation may be effected in aqueous or non-aqueous media
      and suitable media include an aqueous ketone such as aqueous acetone, an
      ester e.g. ethyl acetate, or an amide e.g. dimethylacetamide, or a nitrile
      e.g. acetonitrile, or mixtures thereof.
PAR  Acylation with an acid halide may be effected in the presence of an acid
      binding agent e.g. a tertiary amine (e.g. triethylamine or
      dimethylaniline), an inorganic base (e.g. calcium carbonate or sodium
      bicarbonate) or an oxirane, which binds hydrogen halide liberated in the
      acylation reaction. The oxirane is preferably a lower-1,2-alkylene oxide
      e.g. ethylene oxide or propylene oxide.
PAR  When using the free acid form of a compound of formula (VI), suitable
      condensing agents for use in the preparation of the compounds according to
      the invention include carbodiimides, for example N,N'-diethyl-, dipropyl-
      or diisopropylcarbodiimide, N,N'-dicyclohexylcarbodiimide, or
      N-ethyl-N'-.gamma.-dimethylaminopropylcarbodiimide; a suitable carbonyl
      compound, for example carbonyldiimidazole; or an isoxazolinium salt, for
      example, N-ethyl-5-phenylisoxazolinium-3'-sulphonate and
      N-t-butyl-5-methylisoxazolinium perchlorate. The condensation reaction is
      desirably effected in an anhydrous reaction medium, e.g. methylene
      chloride, dimethylformamide or acetonitrile, since one may then regulate
      more precisely reaction parameters such as temperature.
PAR  Alternatively, acylation may be effected with other amide-forming
      derivatives of the free acid such as, for example, a symmetrical anhydride
      or mixed anhydride, e.g. with pivalic acid or formed with a haloformate,
      e.g. a lower alkylhaloformate. The mixed or symmetrical anhydrides may be
      generated in situ. For example, a mixed anhydride may be generated using
      N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline. Mixed anhydrides may also
      be formed with phosphorus acids (for example phosphoric or phosphorous
      acids), sulphuric acid or aliphatic or aromatic sulphonic acids (for
      example p-toluenesulphonic acid). Another convenient acylating agent is an
      activated ester e.g. a compound of the formula
      ##EQU13##
      where L, is for example, an azide, oxysuccinimide, oxybenztriazole,
      pentachlorophenoxy or p-nitrophenoxy group.
PAR  Alternatively the compound of formula (I) may be prepared from a compound
      of formula
      ##SPC4##
PAL  (where B and R.sup.10 have the above defined meanings except that R.sup.10
      is not hydrogen) by reaction with an acid, or precursor, of formula (VI)
      and subsequently removing the group R.sup.10 (see for Example Dutch Patent
      application No. 6808622).
PAR  If desired, one can first prepare a compound of formula
      ##SPC5##
PAL  (where R, R.sup.10 and B have the above defined meanings) and then effect
      reaction of the compound of formula (IX) with R.sup.a O.NH.sub.2 (R.sup.a
      having the above defined meaning), followed, if necessary by removal of
      the group R.sup.10. The reaction product may be separated into syn and
      anti isomers before or after removal of R.sup.10.
PAR  A useful precursor of the desired
      ##EQU14##
      group is the corresponding 2-hydroxyiminoacyl group
      ##EQU15##
      since this may readily converted to the desired group by etherification.
      Thus compounds of formula (I) may be prepared by reacting a compound of
      formula
      ##EQU16##
      wherein R, R.sup.10 and B are as hereinbefore defined, with an etherifying
      agent serving to introduce the group R.sup.a and subsequently if necessary
      and desired carrying out either of reactions C(ii) or C(iii) described
      above and recovering the desired compound of formula (I) after separation
      of isomers if necessary.
PAR  The etherifying agent may be, for example, an organic halide or sulphate,
      or a sulphonate such as tosylate. Other etherifying agents include
      diazoalkanes, e.g. diazomethane or diazoethane, alkyl fluorosulphonates,
      e.g. methyl fluorosulphonate, alkyloxonium tetrafluoroborates, e.g. a
      trialkyloxonium tetrafluoroborate such as triethyloxonium
      tetrafluoroborate and diphenyliodonium bromide. Etherification using a
      diazo compound, fluorosulphonate or tetrafluoroborate may require
      assistance, e.g. with a Lewis acid such as BF.sub.3.
PAR  One may prepare compounds of formula (I) wherein R is an activating group
      such as cyano or 2- or 4-pyridyl by a technique involving nitrosation and
      etherification of the resulting oxime. Thus a compound possessing the
      acylamido group
      ##EQU17##
      where R is an activating group may be nitrosated using, for example,
      nitrous acid (which may be prepared in situ by reaction of an alkali metal
      nitrite with a weak acid e.g. acetic acid), nitrosyl chloride, or an
      organic nitrosating agent e.g. an alkyl, cycloalkyl, or aralkyl nitrite.
      In the case of nitrosation of a compound containing the group
      ##EQU18##
      decarboxylation will occur. Separation of syn and anti-isomers may be
      necessary after the nitrosation or etherification reaction.
PAR  Compounds of the formula (V) may be employed as esters; those of
      formula(VII) are esters. One may also use the free amino acid or an acid
      addition salt of the free amino acid or ester thereof. Salts which may be
      used include acid addition salts e.g. with hydrochloric, hydrobromic,
      sulphuric, nitric, phosphoric, toluene-p-sulphonic and methane sulphonic
      acids.
PAR  The ester may be formed with an alcohol, phenol, silanol or stannanol
      having up to 20 carbon atoms which may readily be split off at a later
      stage of the overall reaction.
PAR  Any esterifying group substituting the 3-carboxyl group of a compound of
      formula (V), (VII) or (IX) is preferably formed with an alcohol (aliphatic
      or araliphatic), phenol, silanol, stannanol or acid which may readily be
      split off at a later stage of the reaction.
PAR  Suitable esters thus include compounds containing as ester group a group
      selected from the following list which is not intended to be an exhaustive
      list of possible ester groups.
PAL  i. - COOCR.sup.f R.sup.g R.sup.h wherein at least one of R.sub.f, R.sup.g
      and R.sup.h  is an electron-donor e.g. p-methoxyphenyl,
      2,4,6-trimethylphenyl, 9-anthryl, methoxy, acetoxy, or fur-2-yl. The
      remaining R.sup.f, R.sup.g and R.sup.h groups may be hydrogen or organic
      substituting groups. Suitable ester groups of this type include
      p-methoxybenzyloxycarbonyl and 2,4,6-trimethylbenzyloxy carbonyl.
PAL  ii. - COOCR.sup.f R.sup.g R.sup.h wherein at least one of R.sup.f, R.sup.g
      and R.sup.h is an electron-attracting group e.g. benzoyl, p-nitrophenyl,
      4-pyridyl, trichloromethyl, tribromomethyl, iodomethyl, cyanomethyl,
      ethoxycarbonylmethyl, arylsulphonylmethyl, 2-dimethylsulphoniumethyl,
      o-nitrophenyl or cyano. The remaining R.sup.f, R.sup.g, and R.sup.h groups
      may be hydrogen or organic substituting groups. Suitable esters of this
      type include benzoylmethoxycarbonyl, p-nitrobenzyloxycarbonyl,
      4-pyridylmethoxycarbonyl, 2,2,2-trichloroethoxycarbonyl and
      2,2,2-tribromoethoxycarbonyl.
PAL  iii. -- COOCR.sup.f R.sup.g R.sup.h wherein at least two of R.sup.f,
      R.sup.g and R.sup.h are hydrocarbon such as alkyl e.g. methyl or ethyl, or
      aryl e.g. phenyl and the remaining R.sup.f, R.sup.g and R.sup.h group, if
      there is one, is hydrogen. Suitable esters of this type include
      t-butyloxycarbonyl, t-amyloxycarbonyl, diphenylmethoxycarbonyl and
      triphenylmethoxycarbonyl.
PAL  iv. -- COOR.sup.i wherein R.sup.i is adamantyl, 2-benzyloxyphenyl,
      4-methylthiophenyl, tetrahydrofur-2-yl or tetrahydropyran-2-yl.
PAL  v. -- Silyloxycarbonyl groups obtained by reaction of a carboxyl group with
      a derivative of a silanol. The derivative of a silanol is conveniently a
      halosilane or a silazane of the formula R.sup.11.sub.3 SiD; R.sup.11.sub.2
      SiD.sub.2 ; R.sup.4.sub.3 Si.NR.sup.4.sub.2 ; R.sup.11.sub.3
      Si.NH.SiR.sup.11.sub.3 ; R.sup.11.sub.3 Si.NH.COR.sup.11 ; R.sup.11.sub.3
      Si.NH.CO.NH.SiR.sup.11.sub.3 ; R.sup.11 NH.CO.NR.sup.11. SiR.sup.11.sub.3
      ; or R.sup.11 C(OSiR.sup.11.sub.3): NSiR.sup.11.sub.3 where D is a halogen
      and the various groups R.sup.11, which can be the same or different,
      represent hydrogen atoms or alkyl, e.g. methyl, ethyl, n-propyl,
      iso-propyl; aryl, e.g. phenyl; or aralkyl e.g. benzyl groups. Preferred
      derivatives of silanols are silyl chlorides such as for example
      trimethylchlorosilane and dimethyldichlorosilane.
PAR  The carboxyl group may be regenerated from an ester by any of the usual
      methods, for example, acid- and basecatalysed hydrolysis is generally
      applicable, as well as enzymically-catalysed hydrolyses; however, aqueous
      mixtures may be poor solvents for these compounds and they may cause
      isomerizations, rearrangements, side-reactions, and general destruction,
      so that special methods may be desirable. Five suitable methods of
      deesterification are
PAC  1. Reactions with Lewis acids
PAR  Suitable Lewis acids for reaction with the esters include trifluoroacetic
      acid, formic acid, hydrochloric acid in acetic acid, zinc bromide in
      benzene and aqueous solutions or suspensions or mercuric compounds. The
      reaction with the Lewis acid may be facilitated by addition of a
      nucleophile such as anisole.
PAC  2. Reduction
PAR  Suitable systems for effecting reduction are zinc/acetic acid, zinc/formic
      acid, zinc/lower alcohol, zinc/pyridine, palladised-charcoal and hydrogen,
      and sodium and liquid ammonia.
PAC  3. Attack by nucleophiles
PAR  Suitable nucleophiles are those containing a nucleophilic oxygen or sulphur
      atom for example alcohols, mercaptans and water.
PAC  4. Oxidative methods, for example, those which involve the use of hydrogen
      peroxide and acetic acid.
PAC  5. Irradiation
PAR  Where at the end of a given preparative sequence compounds are obtained
      wherein B is &gt; S .fwdarw.O and a compound is desired in which B is &gt; S
      conversion to a sulphide may for example, be effected by reduction of the
      corresponding acyloxysulphonium or alkyloxysulphonium salt prepared in
      situ by reaction with e.g. acetyl chloride in the case of an
      acetoxysulphonium salt, reduction being effected by, for example, sodium
      dithionite or by iodide ion as in a solution of potassium iodide in a
      water miscible solvent e.g. acetic acid, tetrahydrofuran, dioxan,
      dimethylformamide or dimethylacetamide. The reaction may be effected at a
      temperature of -20.degree. to +50.degree.C.
PAR  Alternatively, reduction of the 1-sulphinyl group may be effected by
      phosphorus trichloride or tribromide in solvents such as methylene,
      chloride, dimethylformamide or tetrahydrofuran, preferably at a
      temperature of -20.degree.C.
PAR  The acid (VI) to which the acylating agent corresponds may be obtained by
      reacting a glyoxylic acid of formula
EQU  R.CO.COOH
PAL  (where R has the above defined meaning) or an ester thereof with R.sup.a
      O.NH.sub.2 (R.sup.a having the above defined meaning).
PAR  The resulting acid or ester may then be separated into its syn and anti
      isomers e.g. by crystallisation, chromatography or distillation, followed
      when necessary by hydrolysis of the ester.
PAR  Separation of the syn and anti components of an ester derivative of an
      .alpha.(-etherified oximino)carboxylic acid existing as a mixture of the
      syn and anti isomers may be effected by selective hydrolysis of the ester
      under basic conditions, since the less sterically hindered anti isomer
      tends to saponify more rapidly and may thus be removed as the free acid,
      leaving purified syn ester. The separated syn ester may then be converted
      to a corresponding acylating agent as desired. This process as described
      in greater detail in copending application Ser. No. 304,491 of Janice
      Bradshaw and Godfrey Basil Webb filed on even date herewith and now U.S.
      Pat. No. 3,903,113.
PAR  The acid (IV) may also be prepared by carrying out an O-alkylation or
      O-arylation type of reaction on a compound of the formula
      ##EQU19##
      i.e., a 2-hydroxyimino acid or on an ester of such a 2-hydroxyimino acid.
      The desired reaction may be achieved with an organic halide, sulphate or
      sulphonate, e.g. a compound of formula R.sup.a J where R.sup.a has the
      above-defined meaning and J is halogen, sulphate or a sulphonate such as
      tosylate. Alternatively the 2-hydroxyimino acid or an ester thereof may be
      reacted with a diazoalkane, e.g. diazomethane, an alkyl fluorosulphonate,
      e.g. methyl fluorosulphonate, or an alkyloxonium tetrafluoroborate, e.g. a
      trialkyloxonium tetrafluoroborate such as triethyloxonium
      tetrafluoroborate to give the required alkoxyimino acid (VI) or with
      diphenyliodonium bromide to give the required phenoxyimino acid (VI) or an
      ester thereof. Such reactions with a diazo compound, fluorosulphonate or
      tetrafluoroborate may require assistance, e.g. with a Lewis acid such as
      BF.sub.3.
PAR  When converting the acid (VI) to a corresponding acylating agent it will be
      appreciated that any amino groups present in R or R.sup.a should desirably
      be protected to avoid undesirable side reactions; similar protection of
      amino groups is also desirable when reacting the consequent acylating
      agent with a compound of formula (V) or (VII).
PAR  Syn and anti isomers may be distinguished by appropriate techniques, e.g.
      by their ultraviolet spectra, by thin layer or paper chromatography or by
      their nuclear magnetic resonance spectra. For example, for DMSO-d.sub.6
      solution compounds of Formula I exhibit the doublet for the amide NH at a
      lower field for the syn isomers than for the anti-isomers. These factors
      may be employed in monitoring reactions.
PAR  The antibacterial compounds according to the invention may be formulated
      for administration in any convenient way, by analogy with other
      antibiotics and the invention therefore includes within its scope a
      pharmaceutical composition comprising an antibacterial compound of formula
      I or a non-toxic derivative e.g. salt thereof (as herein defined) adapted
      for use in human or veterinary medicine. Such compositions may be
      presented for use in conventional manner with the aid of any necessary
      pharmaceutical carriers or excipient.
PAR  The antibacterial compounds according to the invention may be formulated
      for injection and may be presented in unit dose form in ampoules, or in
      multidose containers with an added preservative. The compositions may take
      such forms as suspensions, solutions, emulsions in oily or aqueous
      vehicles, and may contain formulatory agents such as suspending,
      stabilising and/or dispersing agents. Alternatively the active ingredient
      may be in powder form for reconstitution with a suitable vehicle, e.g.
      sterile, pyrogen-free water, before use.
PAR  The compositions may be presented in a form suitable for absorption by the
      gastro-intestinal tract. Tablets and capsules for oral administration may
      be in unit dose presentation form, and may contain conventional excipients
      such as binding agents, for example, syrup, acacia, gelatin, sorbitol,
      tragacanth, or polyvinyl-pyrollidone; fillers, for example lactose, sugar,
      maize-starch, calcium phosphate, sorbitol or glycine; lubricants, for
      example, magnesium stearate, talc, polyethylene glycol, silica;
      disintegrants, for example, potato starch or acceptable wetting agents
      such as sodium lauryl sulphate. The tablets may be coated according to
      methods well known in the art. Oral liquid preparation may be in the form
      of aqueous or oily suspensions, solutions, emulsions, syrups, elixirs,
      etc. or may be presented as a dry product, for reconstitution with water
      or other suitable vehicle before use. Such liquid preparations may contain
      conventional additives such as suspending agents, for example, sorbitol
      syrup, methyl cellulose, glucose/sugar syrup, gelatin,
      hydroxyethylcellulose, carboxymethyl cellulose, aluminium stearate gel or
      hydrogenated edible fats, emulsifying agents, for example, lecithin,
      sorbitan monooleate or acacia; non-aqueous vehicles which may include
      edible oils, for example, almond oil, fractionated coconut oil, oily
      esters, propylene glycol, or ethyl alcohol; preservatives, for example,
      methyl or propyl p-hydroxybenzoates or sorbic acid. Suppositories will
      contain conventional suppository bases, e.g. cocoa butter or other
      glyceride.
PAR  The composition may also be prepared in suitable forms for absorption
      through the mucous membranes of the nose and throat or bronchial tissues
      and may conveniently take the form of powder or liquid sprays or
      inhalants, lozenges, throat paints etc. For medication of the eyes or
      ears, the preparations may be presented as individual capsules, in liquid
      or semi-liquid form, or may be used as drops etc. Topical applications may
      be formulated in hydrophobic or hydrophilic bases as ointments, creams,
      lotions, paints, powders etc.
PAR  For veterinary medicine the composition, may, for example, be formulated as
      an intramammary preparation in either long acting or quick-release bases.
PAR  The compositions may contain from 0.1 percent upwards, preferably from
      10-60 percent of the active material, depending on the method of
      administration. Where the compositions comprise dosage units, each unit
      will preferably contain 50-500 mg. of the active ingredient. The dosage as
      employed for adult human treatment will preferably range from 100-3000 mg.
      for instance 1,500 mg per day, depending on the route and frequency of
      administration.
PAR  The compounds according to the invention may be administered in combination
      with other therapeutic agents such as antibiotics, for example
      cephalosporins, other penicillins or tetracyclines.
PAR  The following examples illustrate the invention. All temperatures are in
      0.degree.C.
PAC  PREPARATION 1
PAC  2-Methoxyiminophenylacetic acids (syn- and antiisomers)
PAR  A solution of sodium (5 g.) in dry methanol (100 ml) was added to a
      solution of O-methylhydroxylamine hydrochloride (15 g.) in dry methanol
      (100 ml) until neutral to phenolphthalein. The precipitated sodium
      chloride was removed by filtration, and the filtrate added to a solution
      of phenylglyoxylic acid (25 g.) in dry methanol (100 ml). The solution was
      refluxed for 2 hours, cooled, and evaporated to an oil, which was
      dissolved in ether (200 ml), refiltered and evaporated to an oil (32.9
      g.). This was crystallised from petroleum spirit, (bp.
      60.degree.-80.degree. producing a white solid (19.61 g.) and oil (3.9 g.).
PAR  The solid (17.8 g.) and the oil (3.9 g.) were combined (21.7 g.) and
      methylated with ethereal diazomethane, producing an oil (24.2 g.). This
      was purified by chromatography on silica gel (600 g.), producing
      syn-methyl 2-methoxyiminophenylacetate as an oil (13.6 g. 55 percent),
      .lambda..sub.max. (EtOH) 259 nm (.epsilon.10,400) and anti-methyl
      2-methoxyiminophenylacetate, the slower component, as a solid (8.7 g.; 35
      percent), m.p. 54.degree., .lambda..sub.max. (EtOH) 251 nm
      (.epsilon.7,260).
PAR  Methyl 2-methoxyiminophenylacetate (anti-isomer) (8.7 g.) was dissolved in
      methanol (100 ml) and 2N-sodium hydroxide solution (22 ml.) was added. The
      solution was stirred at room temperature for 1 hour, and the pH adjusted
      to 7 with 2N-hydrochloric acid. Methanol was removed by evaporation, water
      (150 ml.) was added, and the solution acidified to pH 1.5 with
      2N-hydrochloric acid. The mixture was extracted with ethyl acetate (3
      .times. 100 ml), the organic extracts were combined, dried and evaporated
      to give a solid (6.74 g.) which was crystallised from petroleum spirit
      (bpt. 60.degree.-80.degree.): benzene, producing
      anti-2-methoxyiminophenylacetic acid (4.84 g.), m.p.
      103.degree.-104.degree., .lambda..sub.max. (EtOH) 248 nm (.epsilon.7,010).
      .tau. (CDCl.sub.3) values include 2.64 (Ph), 5.92 (CH.sub.3).
PAR  Methyl 2-methoxyiminophenylacetate (syn-isomer) (13.6 g.) was hydrolysed in
      a similar manner, but the hydrolysis mixture was stirred for 40 hours at
      room temperature. The white solid (11.13 g.) formed was crystallised from
      petroleum spirit (b.p. 60.degree.-80.degree.); benzene producing
      syn-2-methoxyiminophenylacetic acid as a white solid (10.02 g.). m.p.
      96.degree.-97.degree., .lambda..sub.max. (EtOH) 255 nm, (.epsilon.13,200),
      .epsilon. (CDCl.sub.3) values include 2.2-2.8 (Ph), 5.92 (CH.sub.3).
PAC  Preparation 2
PAC  2-Methoxyimino-(thien-2-yl)-acetic acids (syn- and antiisomers)
PAR  A solution of methoxyamine hydrochloride (5.85 g.) in dry methanol (60 ml.)
      was neutralised (phenolphthalein) with a solution of sodium methoxide in
      methanol [from sodium (2.5 g.) and dry methanol (50 ml.)]. The
      precipitated sodium chloride was removed by filtration, and the filtrate
      was added to a solution of thien-2-ylglyoxylic acid (10 g.) in dry
      methanol (60 ml.). The resulting solution was refluxed for 1 hour, cooled,
      and evaporated to an oil. Ether (100 ml.) was added, the mixture was
      filtered, and the filtrate was evaporated to an oil (13.06 g.).
PAR  The oil (12.5 g.) was dissolved in ether (50 ml.) and an ethereal solution
      of diazomethane was added until a permanent yellow colour remained. The
      excess diazomethane was destroyed by leaving the solution in sunlight for
      1 hour. Evaporation of this solution produced an oil (13.2 g.).
PAR  The oil (10.33 g.) was purified by preparative plate chromatography
      (Kieselgel PF.sub.254 .sub.+ 366) developing three times with 75 percent
      petroleum spirit (b.p. 60.degree.-80.degree.). in benzene, producing a)
      methyl 2-methoxyimino-2-(thien-2-yl)-acetate (syn isomer) (3.44 g., 27
      percent), .lambda..sub.max.sup.EtOH 290 nm (.EPSILON.11,250),
      .lambda..sub.inf. 271 nm (.epsilon.5,400) .nu..sub.max. (CHBr.sub.3) 1738
      and 1230 cm.sup..sup.-1 (CO.sub.2 Me). .tau. values (CDCl.sub.3) include
      6.06 (s, CO.sub.2 Me), 5.78 (s, OCH.sub.3). b) methyl
      2-methoxyimino-2-(thien-2-yl)-acetate (anti-isomer) (1.21 g., 9.5
      percent), .lambda..sub.max..sup.EtOH 221 and 288 nm (.epsilon.5,020 and
      11,000). .nu..sub.max. (CHBr.sub.3) 1732 and 1212 cm.sup..sup.-1 (CO.sub.2
      Me), .tau. (CDCl.sub.3) values include 6.06 (s, CO.sub.2 Me), 6.00 (s,
      OCH.sub.3) and further fractions which were isomeric mixtures.
PAR  2N-sodium hydroxide (8.27 ml.) was added to a solution of methyl
      2-methoxyimino-2-(thien-2-yl)-acetate (syn-isomer) (3.28 g.) in methanol
      (50 ml.) and the solution was stirred at room temperature for 18 hours.
      Water (20 ml.) was added and the solution was evaporated to remove
      methanol, and then washed with ethyl acetate. The pH of the solution under
      ethyl acetate (50 ml.) was altered to 2with 2N-hydrochloric acid. The
      layers were separated and the aqueous phase was extracted with ethyl
      acetate. The organic extracts were combined, dried, and evaporated to a
      white solid (2.58 g.). This was crystallised from cyclohexane, producing
      the title compound (syn-isomer) (2.23 g., 73 percent), m.p. 105.5.degree.,
      .lambda..sub.max..sup.EtOH 289 nm (.epsilon.10,100), .lambda..sub.inf. 262
      and 271 nm. (.epsilon.7,750 and 8,150), .tau. (CDCl.sub.3) values include
      0.32 (OH) and 5.92 (OCH.sub.3). Similar hydrolysis of the anti-methyl
      ester gave 2-methoxyimino-(thien-2-yl)-acetic acid (anti-isomer) (0.85
      g.), .lambda..sub.max..sup.EtOH 286-287 nm (.epsilon.10,200), .tau.
      (CDCl.sub.3) values include 1.31 (OH) and 5.73 (OCH.sub.3).
PAC  PREPARATION 3
PAC  2-t-Butoxyiminothien-2-ylacetic acid (syn isomer)
PAR  A solution of thien-2-ylglyoxylic acid (6.2g.) and sodium bicarbonate
      (3.36g.) in water (100 ml.) was added dropwise to a stirred solution of
      t-butoxyamine hydrochloride (5.65 g.) and sodium bicarbonate (3.78g.) in
      water (100 ml.) at 0.degree.-5.degree. and the mixture was stirred at room
      temperature for 18 hr. The mixture was acidified with 2N hydrochloric acid
      to pH 2.0 and extracted with ethyl acetate. The combined extracts were
      washed with water, dried and concentrated to give a solid (9.75 g.).
      Recrystallisation from petroleum (b.p. 60.degree.-80.degree.) gave the
      title compound (4.0 g., 44 percent), m.p. 106.degree.-107.degree.,
      .lambda..sub.max. (EtOH) 290 nm (.epsilon.11,600), .tau. (CDCl.sub.3)
      values include 2.46, 2.66, 2.98 (d doublets, thienyl protons), 8.60
      (C(CH.sub.3).sub.3).
PAC  PREPARATION 4
PAC  2-Ethoxyiminophenylacetic acids (syn- and anti-isomers)
PAR  Ethoxamine hydrochloride (4.0 g.) and phenylglyoxylic acid (6.0 g.) were
      dissolved in water (50 ml.), and the resulting solution was basified to pH
      4.5, and stirred at this pH for 15 hr. Acidification and extraction of the
      mixture gave, after evaporation of the ethyl acetate, a mixture of syn and
      anti ethoxyiminophenylacetic acids (7.4 g., 94 percent). Four
      recrystallisations from cyclohexane failed to give the pure syn acid.
      However, evaporation of the mother-liquors from the first crystallisation,
      and recrystallisation of the residue from cyclohexane gave
      anti-ethoxyiminophenylacetic acid (1.36, g., 17 percent), m.p.
      90.9.degree.-91.6.degree., .lambda..sub.max. (ethanol) 249 nm
      (.epsilon.7,600), .tau. (DMDO-d.sub.6) values include 2.52 (s, Ph) 5.74
      (q, CH.sub.2), 8.76 (t, -CH.sub.3).
PAR  A solution of the mixed acids (4.0 g.) in ether (100 ml.) was treated with
      an ethereal solution of diazomethane until a yellow colour persisted.
      Acetic acid was added to destroy excess diazomethane and the ether
      solution was washed with sodium bicarbonate solution, water, and brine,
      then dried. Evaporation of the ether gave the methyl esters (4.1 g.) as an
      orange oil. These were separated on five 40 .times. 20 cm. preparative
      plates, eluting with petroleum spirit (b.p. 40.degree.-60.degree.)/ether
      (3:1). The slower band was eluted with chloroform, and removal of the
      solvent gave anti-methyl 2-ethoxyiminophenylacetate (1.45 g.) as a
      pale-yellow oil; .tau. (CDCl.sub.3) values include 2.58 (Ph), 5.66 (q,
      CH.sub.2), 6.12 (s, OCH.sub.3), 8.72 (t, CH.sub.3). Similar treatment of
      the faster band gave syn-methyl 2-ethoxyiminophenylacetate (2.45 g.) as a
      pale yellow oil, .tau. (CDCl.sub.3) values include 2.3-2.7 (m, Ph) 5.72
      (q, CH.sub.2), 6.06 (s, OCH.sub. 3), 8.67 (t, CH.sub.3).
PAR  The above syn-methyl ester (2.39 g.) in methanol (60 ml.) was treated with
      sodium hydroxide solution (2N; 12 ml.), and the solution was stirred for
      18 hr. The methanol was removed, and the aqueous mixture, after being
      acidified to pH 1.5, was extracted with ethyl acetate. The washed and
      dried extracts were evaporated to dryness, and the residue was
      recrystallised from cyclohexane to give syn-2-ethoxyiminophenyl-acetic
      acid (836 mg.), m.p. 77.9.degree.-79.0.degree.,.lambda..sub.max. (ethanol)
      256.5 nm (.epsilon. 12,800); .tau. (DMSO-d.sub.6) values include 2.48 (m,
      Ph), 5.74 (q, CH.sub.2), 8.71 (t, CH.sub.3).
PAC  PREPARATIONS 5-29
PAC  2-Alkoxyiminoarylacetic Acids
PAR  General Procedures
PAR  A mixture of the substituted glyoxylic acid and an excess (10 to 15
      percent) of the alkoxyamine hydrochloride was suspended in water or
      aqueous ethanol, stirred, and the pH of the mixture adjusted to between 4
      and 5 (Method B) with sodium hydroxide solution (N to 10N). A clear
      solution at pH 4 to 5 was maintained during the reaction by further
      additions of sodium hydroxide solution and ethanol as needed. The reaction
      mixture was kept at room temperature until all of the ketoacid was
      consumed (it may be necessary to add a further portion of the more
      volatile alkoxyamines). The progress of the reaction was followed by
      acidification of an aliquot, extraction with ethyl acetate and thin layer
      chromatography of the extract on silica plates (developed with a mixture
      of chloroform; methanol: acetic acid; 18:2:1). The alkoxyiminoacetic acids
      were less polar than the starting keto-acids. The reaction times were 2
      hr. to 2 days. Reactions carried out at pH 7-8 are designated Method A.
      When reaction was complete the pH of the mixture was adjusted to between 7
      and 8 and the ethanol (if any) was removed by evaporation. The aqueous
      mixture was extracted with ether, the extract discarded and the aqueous
      phase acidified to pH &lt; 2 with dilute hydrochloric acid. The mixture was
      extracted with ethyl acetate, the extract dried and evaporated to give the
      crude product which was purified by one of the following methods:
PA0  a Crystallisation and recrystallisation (if needed) from a suitable
      solvent,
PA0  b The crude product dissolved in ether was treated with a small excess of a
      solution of diazomethane in ether. The excess reagent was destroyed with
      acetic acid and the solution washed with sodium bicarbonate solution and
      evaporated to give the crude methyl esters. The esters were separated by
      preparative thick layer chromatography or column chromatography on silica,
      and then hydrolysed conventionally with alkali to give the pure syn or
      anti acids, (c) The mixture of methyl esters was prepared as in (b) and
      the isomers separated by crystallisation from a suitable solvent and
      similarly hydrolysed.
PAR  These methods were employed to prepare the intermediates listed in Tables 1
      (syn-isomers) and 2 (anti-isomers):
TBL                                    TABLE I                                 

     __________________________________________________________________________

                 R CO.sub.2 H                                                  

                 .angle.                                                       

                 .parallel.                                                    

                 N                                                             

                 .vertline.                                                    

                 OR.sup.a                                                      

     Prep-                                                                     

        R       R.sup.a Method                                                 

                            Puri-                                              

                               Mp. .degree.                                    

                                      .tau. values                             

                                                (solvent)                      

                                                       .lambda.                

                                                            .epsilon.          

                                                                Yield %        

     ara-                   fica-                      max.     (before        

     tion                   tion        R         R.sup.a                      

                                                       nm       purifi-        

     No.                                               (EtOH)   cation         

     __________________________________________________________________________

      5 Ph      C(CH.sub.3).sub.3                                              

                        A   (a)                                                

                               127-129.degree.                                 

                                      2.2-2.7   8.62   257  13,060             

                                                                100            

                                      (DMSO-d.sub.6)                           

      6 Ph      CH.sub.2 Ph                                                    

                        A   (a)                                                

                               103.3.degree.                                   

                                      2.2-2.7   4.67 (CH.sub.2)                

                                                       257  15,150             

                                                                100            

                                      (CDCl.sub.3)                             

                                                4.58 (CH.sub.2)                

      7 Ph              B   (a)                                                

                               110-111.degree.                                 

                                      2.44      2.92,2.78,2.44                 

                                      (DMSO-d.sub.6)                           

                                                (thien-2-yl).                  

                                                       --    -- --             

      8         CH.sub.3                                                       

                        B   (a)                                                

                               108-109.degree.                                 

                                      2.61-2.91 5.92   289  10,700             

                                                                91             

                                      (CDCl.sub.3)                             

      9         C.sub.2 H.sub.5                                                

                        B   (a)                                                

                               89.5-91.5.degree.                               

                                      2.29,2.76,2.86                           

                                                5.79 (CH.sub.2)                

                                                       289.5                   

                                                            12,500             

                                                                87             

                                      (DMSO-d.sub.6)                           

                                                8.72 (CH.sub.3)                

     10         CH.sub.2 Ph                                                    

                        B   (a)                                                

                               114-115.degree.                                 

                                      2.29,2.73,2.84                           

                                                2.59 (Ph)                      

                                                       290  12,300             

                                                                88             

                                      (DMSO-d.sub.6)                           

                                                4.77 (CH.sub.2)                

     11         CH.sub.2 CH.sub.2 Br                                           

                        B   (b)                                                

                               92.6.degree.                                    

                                      2.23; 2.71;2.83                          

                                                5.54; 6.28                     

                                                       289  12,200             

                                                                77             

     12         CH.sub.3                                                       

                        B   (b)                                                

                               104.degree.                                     

                                      --        --     --    -- 93             

     13         CH.sub.3                                                       

                        B   (b)                                                

                               98-99.degree.                                   

                                      1.38      5.9    294.5                   

                                                             8,100             

                                                                96             

                                      1.8-2.1                                  

                                      2.1-2.5                                  

     14         C(CH.sub.3).sub.3                                              

                        A   (b)                                                

                               122-123.degree.                                 

                                      1.3-1.5   8.62   296.5                   

                                                             9,300             

                                                                96             

                                      1.3-2.1                                  

                                      2.2-2.5                                  

                                                2.50 (Ph)                      

     15         CH.sub.2 Ph                                                    

                        A   (a)                                                

                               --     1.53,1.92,2.2-2.7                        

                                                4.64 (CH.sub.2)                

                                                       294   8,300             

                                                                86             

     16         CH.sub.3                                                       

                        B   (a)                                                

                               85-87.degree.                                   

                                      2.10,3.18,3.33                           

                                                6.06   275  21,500             

                                                                81             

     17         C(CH.sub.3).sub.3                                              

                        B   (a)                                                

                               110.5- 2.12,3.24,3.35                           

                                                8.70   275.5                   

                                                            16,040             

                                                                95             

                               111.5.degree.                                   

     18         CH.sub.2 Ph                                                    

                        B   (a)                                                

                               104-105.5.degree.                               

                                      2.12,3.19,3.33                           

                                                2.58 (Ph)                      

                                                       277  17,650             

                                                                81             

                                                4.75 (CH.sub.2)                

     19         CH.sub.3                                                       

                        B   (c)                                                

                               129-130.degree.                                 

                                      1.40,1.83,1.95,2.44                      

                                                5.92   233  22,900             

                                                                99             

                                                       284  10,900             

                                                       296.5                   

                                                            10,500             

                                                       306.5                   

                                                             9,270             

                                                       234  21,900             

     20         C(CH.sub.3).sub.3                                              

                        B   (a)                                                

                               175-176.degree.                                 

                                      1.88,2.03,2.3-2.7                        

                                                8.6    284.5                   

                                                            11,200             

                                                                93             

                                                       297  10,800             

                                                       307.5                   

                                                             9,400             

     21         CH.sub.3                                                       

                        B   (a)                                                

                               143-144.degree.                                 

                                      2.00,2.36,2.55                           

                                                6.00   231   5,400             

                                                                98             

                                                       252.5                   

                                                             7,300             

                               (dec)                   296.5                   

                                                            23,600             

     22                 B   (a)                                                

                               104.8-105.4.degree.                             

                                      2.17,3.25,3.40                           

                                                4.92 (CH.sub.2)                

                                                       276  16,300             

                                                                97             

                                                2.33;3.5                       

                                                furyl                          

                                                protons)                       

     23                 B   (a)                                                

                               110-111.degree.                                 

                                      2.12;3.20;3.36                           

                                                4.66 (CH.sub.2)                

                                                       234.5                   

                                                            11,200             

                                                2.43;2.83;                     

                                                       277  17,500             

                                                                90             

                                                2.98 thienyl                   

                                                protons                        

     24         C.sub.2 H.sub.5                                                

                        B   (a)                                                

                               91-92.degree.                                   

                                      2.10;3.19;3.33                           

                                                5.79: 8.75                     

                                                       274.5                   

                                                            15,800             

                                                                92             

     __________________________________________________________________________

TBL                                    TABLE 2                                 

     __________________________________________________________________________

                 R.angle.CO.sub.2 H                                            

                 .parallel.                                                    

                 N                                                             

                 .vertline.                                                    

                 R.sup.a O                                                     

     Prep-                                                                     

          R     R.sup.a                                                        

                      Method                                                   

                          Puri-                                                

                               Mp. .degree.          .lambda.  Yield %         

     ara-                 fica-       .tau. values                             

                                              (DMSO-d.sub.6)                   

                                                     max. .epsilon.            

                                                               (before         

     tion                 tion                       nm        purifi-         

     No.                                R       R.sup.a                        

                                                     (EtOH)    cation)         

     __________________________________________________________________________

     25         CH.sub.3                                                       

                      B   (c)  110.5-111                                       

                                      2.35 - 2.65                              

                                              6.02   225  8,370                

                                                               93              

                                                     (infl.)                   

     26         C(CH.sub.3).sub.3                                              

                      B   (a)  125-126.5                                       

                                      2.35 - 2.90                              

                                              8.72   228  9,080                

                                                               93              

                                                     (infl)                    

     27         CH.sub.2 Ph                                                    

                      B   (a)  116.degree.                                     

                                      2.30 - 2.80                              

                                              2.63 (Ph)                        

                                                     228  9,900                

                                                               98              

                                              4.70 (CH.sub.2)                  

                                                     (infl.)                   

     28         CH.sub.3                                                       

                      B   (a),(c)                                              

                               131.degree.                                     

                                      1.8 -  2.1                               

                                              6.06   269  5,400                

                                                               96              

                                      2.2 - 2.7      279.5                     

                                                          6,800                

     29         CH.sub.2 Ph                                                    

                      A   (a)  128.degree.                                     

                                      1.9 - 2.2                                

                                              2.70 (Ph)                        

                                                     268.5                     

                                                          5,900                

                                                               86              

                                      2.2 - 2.6                                

                                              4.77 (CH.sub.2)                  

                                                     279.5                     

                                                          6,000                

     __________________________________________________________________________

PAC  PREPARATION 30
PAC  2-Benzyloxyiminophenylacetic Acid (anti-isomer)
PAR  Oxalyl chloride (3.75 ml.) was added to a magnetically stirred suspension
      of syn-2-benzyloxyiminophenylacetic acid (10.2 g.) in dry benzene (100
      ml.). Dimethylformamide (2 drops) was added and the mixture stirred for
      21/2 hr., the solid dissolved in about 1/2 hr. The reaction mixture was
      evaporated and the residue dissolved in dry benzene (100 ml.). A mixture
      of dry methanol (20 ml.) and dry pyridine (8.0 ml.) was added and the
      mixture stirred for 11/2 hr. The solvents were evaporated and a solution
      of the residue in ether was washed with dilute hydrochloric acid, water,
      dilute sodium bicarbonate solution and water. Evaporation of the dried
      ether solution gave a mixture of syn- and anti-methyl
      2-benzyloxyiminophenylacetates (10.9 g., 100 percent) in the ratio of
      45:55.
PAR  A solution of the mixture of methyl esters (2.7 g) in methanol (ca. 80 ml.)
      was treated with tetrabutylammonium hydroxide (6.5 ml; 40 percent) and
      then made up to 100 ml. with methanol. At intervals 3 ml. aliquots of the
      reaction mixture were removed and titrated against 0.1N hydrochloric acid.
      After 4 hr. the hydrolysis was about 45% complete and 1.0 N hydrochloric
      acid (4.7 ml; the calculated amount to neutralise the remaining 85 percent
      of the reaction mixture) was added. Water was added and the reaction
      mixture evaporated under reduced pressure to remove methanol. The mixture
      was extracted with ethyl acetate and the organic extract washed thoroughly
      with dilute hydrochloric acid and then worked up conventionally for acidic
      and neutral products. The liquid, neutral ester fraction, (1.15 g; 50
      percent), was estimated to contain about 80 percent syn and 20 percent
      anti isomers by N.M.R. The acidic fraction was a solid (0.91 g; 42
      percent) m.p. 93.0.degree. which was crystallised from cyclohexane
      containing a little benzene to give pure anti-2-benzyloxyiminophenylacetic
      acid m.p. 96.0.degree. [a mixture with authentic syn acid (m.p.
      103.degree.) melted at 77.8.degree.], .lambda..sub.max. (EtOH) 250.5 nm
      (.epsilon. 9,100),.tau. (DMSO-d.sub.6) values include  2.44 (m, Ph), 2.62
      (s, CH.sub.2 Ph), 4.73 (s, CH.sub.2).
PAC  PREPARATION 31
PAC  a Methyl 2-(1 -ethoxy)ethoxyimino-2-(thien-2-yl)acetate (syn-isomer)
PAR  To a stirred mixture of methyl 2-hydroxyimino-2-(thien-2-yl)acetate
      syn-isomer (3.98 g.) and ethyl vinyl ether (2.5 mls) in ethyl acetate (25
      mls) was added phosphorous oxychloride (2 drops). After 20 mins. at
      50.degree. the ethyl acetate was washed with saturated sodium bicarbonate
      solution, dried over sodium sulphate and evaporated to an oil, giving
      methyl 2-(1 -ethoxy)ethoxyimino-2-(thien-2-yl)acetate (syn-isomer) (5.7 g;
      100 percent) .lambda..sub.max. (EtOH) 289 nm (.epsilon. 11,700), .tau.
      (CDCl.sub.3 ; 60 MHz) 2.61 (multiplet; thienyl H.sub.5), 2.82 to 2.97
      (multiplet; thienyl H.sub.3 and H.sub.4), 4.64 (quartet, J5 Hz;
      ##EQU20##
      6.06 (singlet, -COOCH.sub.3), 6.24 (quartet, J 7 Hz, OCH.sub.2), 8.56
      (doublet J 5 Hz; CH-CH.sub.3), 8.79 (triplet, J 7 Hz; O.CH.sub. 2
      CH.sub.3).
PAC  b. 2-(1-Ethoxy)ethoxyimino-2-(thien-2-yl)acetic acid sodium salt
      (syn-isomer)
PAR  1N-Sodium hydroxide (1 equiv.) and enough methanol to form a homogeneous
      system were added to methyl 2-(1 -ethoxy)ethoxyimino-2-(thien-2-yl)acetate
      (syn-isomer) (5.7 g.). After 4 hrs. at 50.degree. the methanol was
      evaporated and the residue azeotroped with benzene/methanol giving a white
      solid, 2-(1 -ethoxy)ethoxyimino-2-(thien-2-yl)acetic acid sodium
      salt(syn-isomer) (4.6 g, 78.5 percent),.lambda..sub.max. (pH 6 buffer)
      287.5 nm (.epsilon. 10,650), .tau. (D.sub.2 O) values include 2.42
      (multiplet; thienyl H.sub.5), 2.68 to 2.84 (multiplet; thienyl H.sub.3 and
      H.sub.4), 4.63 (quartet, J 5 Hz;
      ##EQU21##
      6.21 (quartet, J 7 Hz; -CH.sub.2 -CH.sub.3), 8.57 (doublet, J 5 Hz;
      ##EQU22##
      8.82 (triplet, J 7 Hz; -CH.sub.2 -CH.sub.3).
PAC  PREPARATION 32
PAC  syn-Then-2-yloxyimino(thien-2-yl)acetic acid
PAR  Then-2-yloxamine hydrochloride (7.37 g.) and thien-2-ylglyoxylic acid (6.24
      g.) were dissolved in ethanol (110 ml.) and water (20 ml.). The pH of the
      solution was adjusted to 5.0, and this solution was stirred for 22 hr. The
      ethanol was evaporated off, and the aqueous mixture was neutralised,
      washed twice with ether, then acidified to pH 1.5. The acid mixture was
      extracted with ethyl acetate. The combined extracts were washed, dried and
      evaporated to dryness to give a yellow oil (9.2 g., 86 percent) which
      crystallised on standing. TLC indicated the solid to be a mixture of
      isomers. Recrystallisation of this solid several times from cyclohexane
      effected no separation of isomers. The mixture of acids (5.0 g.) was
      esterified with diazomethane to give the mixture of methyl esters, as a
      pale-yellow oil.
PAR  To a solution of the mixture of methyl esters (2.14 g.) in methanol (50
      ml.) was added 2N sodium hydroxide solution (7.6 ml.). After stirring this
      solution for 0.5 hr., the solution was neutralised. The methanol was
      evaporated and the aqueous residue was extracted with ethyl acetate. The
      extracts were washed, dried, and evaporated to dryness to give a yellow
      oil (1.0 g.). This oil was dissolved in methanol (25 ml.) and stirred for
      18 hr. with 2N sodium hydroxide solution (5 ml.). Methanol was removed by
      evaporation and the aqueous residue, after washing with ethyl acetate then
      acidification to pH 1.7, was extracted with ethyl acetate. The extracts
      were washed, dried, and evaporated to dryness to give a solid (730 mg.).
      Recrystallisation of this solid twice from cyclohexane gave
      syn-2-(thien-2-ylmethyl)oxyimino (thien-2-yl)acetic acid (369 mg.), m.p.
      101.degree.-102.degree., .lambda..sub.max. (EtOH) 239, 289.5 nm (.epsilon.
      11,700, 12,300), .tau. (DMSO-d.sub.6) values include 4.67 (s, CH.sub.2).
PAC  PREPARATION 33
PAC  syn-2-Benzyloxyiminobenzo-[b]-thien-2'-ylacetic acid
PAR  Benzo[b]-thien-2-ylglyoxylic acid (3.092 g) and benzyloxyamine
      hydrochloride (2.72 g.) in ethanol (170 ml.) and water (70 ml.) were
      adjusted to pH 4.5 with sodium hydroxide (40 percent). The solution was
      stirred at this pH at room temperature for 6 hr. Benzyloxyamine
      hydrochloride (500 mg.,) was added and the solution stood at room
      temperature overnight. The solution was adjusted to pH 8 and washed with
      ether. The aqueous phase was acidified under ether to pH 1.5. The ether
      layer was washed with water and dried. Evaporation gave a cream coloured
      solid (4.28 g, 91 percent) as an isomeric mixture.
PAR  The crude isomeric mixture was treated in ether with excess diazomethane in
      ether at 0.degree.-5.degree.. The excess reagent was destroyed with acetic
      acid and the ether solution was washed with sodium bicarbonate, water and
      dried. Evaporation gave an oil (4.45 g., 91 percent). This was dissolved
      in methanol (140 ml.) and treated at room temperature with sodium
      hydroxide solution (1N; 14 ml.) for 21/4 hr. Hydrochloric acid (2N, 7 ml.)
      was added and the alcohol was removed by evaporation. The aqueous phase
      was partitioned between sodium bicarbonate solution and ether. The ether
      layer was washed with water and dried, evaporation gave an oil (2.16 g.,
      44 percent). This was hydrolysed directly in refluxing methanol (70 ml.)
      with sodium hydroxide (1N; 7 ml) for 4 hr. The methanol was removed by
      evaporation and the residue partitioned between water and a little ether.
      The aqueous layer was acidified under ether to pH 1.5 and the ether layer
      was washed with water, dried and evaporated to give a pale cream solid
      (1.97 g, 42 percent). Crystallisation from a mixture of benzene and
      cyclohexane gave the title compound as a white crystalline solid, (1.61 g;
      35 percent), m.p. 141.degree.-143.degree. (dec.),.lambda..sub.max. (EtOH)
      230.5, 253, 297.5 nm (.epsilon. 16,400; 7,400; 24,100), .tau.
      (DMSO-d.sub.6) values include 2.00, 2.36, 2.55 (aromatic protons), 4.71
      (CH.sub.2 singlet).
PAC  PREPARATION 34
PAC  2-Phenoxyimino(thien- 2-yl)acetic acid (anti-isomer)
PAR  Diphenyliodonium bromide (1.74 g.) was added to a solution of methyl
      2-hydroxyimino-thien-2'-ylacetate sodium salt (anti-isomer) (prepared by
      treating methyl anti-hydroxyimino-thien-2-ylacetate with 1 equivalent
      sodium methoxide) (1.04 g.) in benzene:dimethylformamide (2:1; 30 ml.) and
      the mixture was stirred at room temperature for 30 min. then poured into
      water. The aqueous solution was extracted with ethyl acetate washed with
      water, dried and evaporated to give the anti methyl ester (1.9 g). as a
      yellow oil.
PAR  2N-Sodium hydroxide (7.3 ml) was added to a solution of the anti methyl
      ester (1.9 g.) in methanol (20 ml.) and the mixture was left at room
      temperature for 30 min. The methanol was removed by evaporation, the
      aqueous residue was diluted with water, washed with ethyl acetate and
      acidified to pH 2.0 with 2N-hydrochloric acid in the presence of ethyl
      acetate. The organic fraction was separated and combined with the ethyl
      acetate extracts of the aqueous fraction, washed with water, dried and
      evaporated to give pale yellow crystals. Recrystallisation from
      benzene/cyclohexane gave the title compound (830 mg, 46 percent) as yellow
      needles, m.p. 86.degree.,.lambda..sub.max. (EtOH), 297 nm (.epsilon.
      12,100), .lambda. infl. 275 nm (.epsilon. 9,750), .tau. values
      (DMSO-d.sub.6) include 1.89, 2.02, 2.69 (thien-2-yl protons) 2.80 and
      3.1-3.4 (Ph).
PAC  PREPARATION 35
PAC  Benzo[b]-thien-2-ylglyoxylic acid and Benzo[b]-thien1 3-ylglyoxylic acid
PAR  A mixture of 2- and 3-acetylbenzo[b]-thiophene (ca. 1:1) (11.0 g.) in
      pyridine (80 ml.) was warmed to 60.degree. with vigorous stirring and
      selenium dioxide (9.92 g.) was added portionwise. The mixture was heated
      to 110.degree.C and an exothermic reaction occurred, the temperature
      rising to 120.degree.. The reaction was stirred at 90.degree. for 45 mins.
      and then left to cool. Water (80 ml.) was added and the mixture filtered
      through a kieselguhr pad. The pyridine was removed by evaporation and the
      aqueous residue again filtered. The filtrate was acidified to pH 2 under
      ether with 40 percent orthophosphoric acid (40 ml).
PAR  The aqueous phase was extracted with ether and the ether fractions were
      combined, washed with water and dried. Evaporation gave an orange
      crystalline solid (11.0 g., 86 percent). Crystallisation from benzene (100
      ml) gave bright yellow crystals of benzo[b]-thien-2-ylglyoxylic acid (2.3
      g. 18 percent), m.p. 175.9.degree., .lambda..sub.max. (EtOH), 233,
      247,.lambda.infl. 308 nm. (.epsilon. 11,400; 7,200; 14,600), .tau.
      (DMSO-d.sub.6) values include 1.83 (C-4 and C-7 protons), 1.42 (C-3
      proton), 2.40 (C-5 and C-6 protons). The mother liquor was concentrated to
      an orange oil which crystallised on standing (8 g.). Recrystallisation
      from benzene (20 ml.) gave pale yellow needles of
      benzo-[b]-thien-3-ylglyoxylic acid (1.6 g., 12.5 percent), m.p.
      92.degree.-93.degree.,.tau. (DMSO-d.sub.6) values include 0.83 (C-2
      proton), 1.32 (C-4 proton), 1.79 (C-7 proton), 2.40 (C-5 and C-6 protons),
      .lambda..sub.max. (EtOH) 235, 310.5 nm (.epsilon. 11,200 and 7,400).
PAC  2-Alkoxyiminoarylacetyl Chlorides
PAC  Preparation 36
PAC  syn-2-Methoxyiminophenylacetyl chloride
PAR  Phosphorous pentachloride (5.21 g) was added in portions to a stirred
      suspension of syn-2-methoxyiminophenylacetic acid (4.51 g.) in dry benzene
      (20 ml.). Thionyl chloride (0.3 ml) was added to the solution, which was
      refluxed for 30 minutes. Benzene was removed by evaporation, and the
      residue distilled, producing a mixture of syn- and anti- acid chlorides
      (ca. 1:1) as a colourless oil (3.08 g., 62 percent), b.p. 74.degree. (0.01
      mm). A repeat of this reaction (on 5.04 mmole) at room temperature also
      produced a mixture of the isomeric acid chlorides.
PAR  The acid chlorides were separated and purified by preparative plate
      chromatography, developing three times with petroleum spirit (b.p.
      60.degree.-80.degree.) producing the title compound as a colourless oil
      (1.43 g. 24 percent).
PAR  In a further experiment a mixture of syn- and
      anti-2-methoxyiminophenylacetic acids (10 g., ca 1:1) were converted to a
      mixture of acid chlorides as above and chromatographed on silica gel (120
      g., Hopkins and Williams, MFC) using petroleum spirit (b.p.
      60.degree.-80.degree.) to give syn-2-methoxyiminophenylacetyl chloride
      (4.32 g., 39 percent).
PAC  General Method for Converting a 2-Alkoxyiminoarylacetic Acid into its Acid
      Chloride without Isomerisation
PAR  A solution of the pure syn- or anti- 2-alkoxyiminoarylacetic acid (1
      equiv.) in methanol (ca. 2-4 ml./mmole.) was treated with sodium methoxide
      (1 equiv.) in methanol at 0.degree.-25.degree. and the mixture evaporated
      to give the sodium salt which may be dried by azeotroping with several
      portions of benzene and/or drying in vacuo over phosphorus pentoxide.
PAR  The anhydrous sodium salt (1 equiv.) was suspended in dry benzene (ca. 5
      ml/mmole) containing a few drops of dry dimethylformamide and treated with
      freshly distilled oxalyl chloride (1-2.5 equiv.). The mixture was stirred
      at room temperature for 1 hr. and then evaporated to remove benzene. The
      resulting acid chlorides were not characterised but were dissolved in
      acetone or methylene chloride and used immediately to acylate the
      appropriate penicillin nucleus.
PAR  The following acids were converted into their acid chlorides in this way:-
PAL  Syn-2-Ethoxyiminophenylacetic acid,
PAL  Syn-2-t-Butoxyiminophenylacetic acid,
PAL  Syn-2-Benzyloxyiminophenylacetic acid,
PAL  Syn-2-Then-2'-yloxyiminophenylacetic acid,
PAL  Syn-2-Methoxyimino-(thien-2-yl)acetic acid,
PAL  Syn-2-Ethoxyimino-(thien-2-yl)acetic acid,
PAL  Syn-2-t-Butoxyimino-(thien-2-yl)acetic acid,
PAL  Syn-2-(2-Bromoethoxy)imino-(thien-2-yl)-acetic acid,
PAL  Syn-2-Benzyloxyimino-(thien-2-yl)acetic acid,
PAL  Syn-2-Then-2'-yloxyimino-(thien-2-yl)-acetic acid,
PAL  Syn-2-(1-Ethoxy)ethoxyimino-(thien-2-yl)-acetic acid,
PAL  Syn-2-Methoxyimino-o-chlorophenylacetic acid,
PAL  Syn-2-Methoxyiminonaphth-1'-ylacetic acid,
PAL  Syn-2-t-Butoxyiminonaphth-1'-ylacetic acid,
PAL  Syn-2-Benzyloxyiminonaphth-1'-ylacetic acid,
PAL  Syn-2-Methoxyiminobenzo-[b]-thien-3'-ylacetic acid,
PAL  Syn-2-t-Butoxyiminobenzo-[ b]-thien-3'-ylacetic acid,
PAL  Syn-2-Methoxyiminobenzo-[b]-thien-2'-ylacetic acid,
PAL  Syn-2-Benzyloxyiminobenzo-[b]-thien-2'-ylacetic acid,
PAL  Syn-2-Methoxyimino(fur-2-yl)acetic acid,
PAL  Syn-2-t-Butoxyimino-(fur-2-yl)acetic acid,
PAL  Syn-2-Furfuryloxyimino-(fur-2-yl)acetic acid,
PAL  Syn-2-Thien-2'-yloxyimino-(fur-2-yl)acetic acid,
PAL  Syn-2-Ethoxyimino-(fur-2-yl)acetic acid
PAL  Syn-2-Benzyloxyimino-(fur-2-yl)acetic acid, and
PAL  Anti-2-Methoxyiminophenylacetic acid,
PAL  Anti-2-Ethoxyiminophenylacetic acid,
PAL  Anti-2-Benzyloxyiminophenylacetic acid,
PAL  Anti-2-Phenoxyimino-(thien-2-yl)acetic acid,
PAL  Anti-2-Methoxyimino-o-chlorophenylacetic acid,
PAL  Anti-2-t-Butoxyimino-o-chlorophenylacetic acid,
PAL  Anti-2-Benzyloxyimino-o-chlorophenylacetic acid,
PAL  Anti-2-Methoxyiminonaphth-1'-ylacetic acid, and
PAL  Anti-2-Benzyloxyiminonaphth-1'-ylacetic acid.
PAC  PREPARATION A
PAC  Then-2-yloxamine hydrochloride (used as a starting material in Preparation
      7)
PAL  a N-(Then-2-yloxy)phthalimide
PAR  Anhydrous potassium carbonate (11.04 g.) was added to a stirred suspension
      of N-hydroxyphthalimide (17.12 g.) in dry dimethyl sulphoxide (200 ml.). A
      brown colour developed, 2-Chloromethylthiophene (28.5 g.) was added
      dropwise and the mixture was stirred for 16 hr., during which time the
      colour disappeared. The suspension was poured into water (800 ml.) and
      cooled to 5.degree.. The white precipitate was filtered off, and
      recrystallised from ethanol to give colourless needles of
      N-(then-2-yloxy)phthalimide (23.4 g., 83 percent), m.p. 129.7.degree. -
      130.9.degree. .tau. values (DMSO-d.sub.6) are 4.58 (CH.sub.2), 2.28, 2.68,
      2.90 (thienyl protons) 2.08 (phthalimide protons)
PAC  b. Then-2-yloxamine hydrochloride
PAR  A mixture of N-(then-2-yloxy)phthalimide (22.4 g.) 100 percent hydrazine
      hydrate (5 g) and ethanol (600 ml.) was heated under reflux for 2 hours.
      Initially, a yellow solution was formed, but soon solid began to
      precipitate. The mixture was cooled, then acidified with concentrated
      hydrochloric acid (12 ml.). The precipitated phthalhydrazide was filtered
      off and washed with ethanol (3 .times. 50 ml.) and water (100 ml.). The
      combined filtrate and washings were evaporated to dryness, and the
      residue, suspended in water, was basified with 2N sodium hydroxide
      solution. The basic mixture was extracted with ether, and the combined
      extracts were washed (water, saturated brine), dried, and saturated with
      dry hydrogen chloride. The precipitated solid was collected and well
      washed with ether to give then-2-yloxamine hydrochloride, (12.45 g., 87
      percent), m.p. 157.1.degree. - 157.5.degree.. A sample recrystallised from
      ethanol/ether had m.p. 161.7.degree. - 162.1 .tau. values (DMSO-d.sub.6)
      include 4.69 (CH.sub.2), 2.30, 2.72, 2.90 (thienyl protons)
PAC  PREPARATION B
PAC  Furfuryloxamine Hydrochloride (used as a starting material in Preparation
      22)
PAL  a N-Furfuryloxyphthalimide
PAR  To a stirred mixture of N-hydroxyphthalimide (41 g.), anhydrous potassium
      carbonate (26.4 g.) and dry dimethyl sulphoxide (400 ml.) was added
      2-chloromethylfuran (freshly prepared, but undistilled, from 46.2 g.
      furfuryl alcohol according to the method of W. R. Kirner JAGS, 1928, 50,
      1955). The mixture was stirred for 18 hr., then poured into water (1.5 l).
      The precipitated solid was filtered off, washed well with water, and
      recrystallised from ethanol to give N-furfuryloxyphthalimide (42.8 g., 70
      percent), m.p. 145.3.degree.-146.2.degree..tau. values (DMSO-d.sub.6) are
      4.80 (CH.sub.2), 2.22, 3.30, 3.50 (furyl protons) 2.08 (phthalimide
      protons).
PAC  b. Furfuryloxamine Hydrochloride
PAR  100 percent Hydrazine hydrate (20 ml). was added to a stirred solution of
      N-furfuryloxyphthalimide (42.0 g.) in methylene chloride (600 ml.). A
      copious precipitate formed immediately, and the mixture was stirred for 45
      min. 5N Ammonium hydroxide solution (500 ml.) was added to dissolve the
      precipitate, the two layers were separated, and the aqueous layer was
      washed twice with methylene chloride. The combined methylene chloride
      extracts were washed (saturated brine) and dried. Methylene chloride was
      evaporated off, and the residual liquid was dissolved in ether (250 ml.).
      Dry hydrogen chloride was passed into this solution for 1 hour. The
      precipitated solid was filtered off, washed with ether, dried, and
      recrystallised from isopropanol to give furfuryloxamine hydrochloride
      (12.89 g., 50 percent), m.p. 135.degree.-136.degree. (decomp) .tau. values
      (DMSO-d.sub.6) include 4.87 (CH.sub.2), 2.20, 3.27, 3.44 (furyl protons).
PAC  PREPARATION C
PAR  The general procedures described in Preparations 5-29 for the preparation
      of 2-alkoxyiminoarylacetic acids were employed to prepare the
      intermediates listed in tabular form below (the Table may be regarded as a
      continuation of Table 1).
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PAC  2-Alkoxyiminoarylacetyl Chlorides (continued)
PAR  The following acids were converted into their acid chlorides using the
      general method for converting a 2-alkoxyimino arylacetic acid into its
      acid chloride without isomerisation described immediately after
      preparation 36:-
PAL  Syn-2-Butoxyiminophenylacetic acid
PAL  Syn-2-Isopropoxyiminophenylacetic acid
PAL  Syn-2-Ethoxyimino-(benzo[b]-fur-2-yl)acetic acid
PAL  Syn-2-Ethoxyimino-(thien-3-yl)acetic acid
PAC  PREPARATION 40
PAC  2-Phenoxyimino-2-phenylacetic acid (syn- isomer)
PAR  A solution of syn-2-hydroxyimino-2-phenylacetic acid (33 g) in dry methanol
      (500 ml) was treated with 1.105 N sodium methoxide solution (486 ml), and
      stirred for 15 minutes. To the solution was added diphenyliodonium bromide
      (90 g), and the resulting mixture was stirred for 18 hours under nitrogen.
      A small amount of solid was filtered off, and the filtrate was evaporated
      to dryness. Water (600 ml) and ether (600 ml) were added to the residue,
      and the pH of the mixture was adjusted to 7.0 with concentrated
      hydrochloric acid.  The aqueous layer was washed twice with ether, and
      then acidified under ether to pH 1.8 with concentrated hydrochloric acid.
      The acid mixture was extracted into ether, and the combined extracts were
      washed (water, saturated brine), dried, and evaporated to give a dark
      brown solid (ca 35 g). This solid was triturated with ice-cold
      nitromethane. The solid was collected, washed with a little cold
      nitromethane, and dried in vacuo to g, fawn crystals of the title acid
      (24.41 g. 51 percent), m.p. 104.8.degree.-105.1.degree., .lambda..sub.max.
      (ethanol) 267.5, 285 nm (.epsilon. 11,600; 10,100 ). Similarly were
      prepared:
PAC  PREPARATION 41
PAR  2-Phenoxyimino-2-(thien-2-yl)acetic acid (synisomer) (52 percent) m.p.
      98.3-99.5.degree., .lambda..sub.max. (ethanol) 267.5, 303 nm.
      (.epsilon.9,900; 12,000). and
PAC  PREPARATION 42
PAR  2-Phenoxyimino-2-(fur-2-yl)acetic acid (synisomer) (34 percent), m.p.
      100.7.degree.-100.9.degree., .lambda..sub.max. (ethanol) 270.5, 292.5 nm
      (.epsilon.14,300; 15,700).
PAC  PREPARATION 43
PAC  2-Cyclopentyloxyimino-2-(fur-2-yl)acetic acid (synisomer)
PAR  Fur-2-yl glyoxylic acid (2.80 g) and cyclopentyloxamine hydrochloride (3.3
      g) were dissolved in a mixture of water (100 ml) and ethanol (50 ml), and
      the pH of the solution was adjusted to 5.0. The solution was stirred for
      19 hours, the alcohol was evaporated off, and the solution was acidified
      to pH 1.5 under ethyl acetate. The acid mixture was extracted into ethyl
      acetate, and the combined extracts were washed, dried, and evaporated to
      give the crude acid (4.38 g). This acid was treated with charcoal in
      benzene for 15 minutes, filtered, and the filtrate was evaporated to give
      a solid, which was recrystallised twice from cyclohexane to give the title
      acid (2.28 g. 51 percent), m.p. 96.6.degree.-97.7.degree.,
      .lambda..sub.max. (ethanol) 277.5 nm (.epsilon. 15,600).
PAC  PREPARATIONS 44-47
PAC  2-Alkoxyimino-2-arylacetic acids General Procedures
PAR  A mixture of the substituted glyoxylic acid and an excess (10 to 15
      percent) of the alkoxyamine hydrochloride was suspended in water or
      aqueous ethanol, stirred, and the pH of the mixture adjusted to between 4
      and 5 with sodium hydroxide solution (N to 10N). A clear solution at pH 4
      to 5 was maintained during the reaction by further additions of sodium
      hydroxide solution and ethanol as needed. The reaction mixture was kept at
      room temperature until all of the keto-acid was consumed (it may be
      necessary to add a further portion of the more volatile alkoxyamines). The
      progress of the reaction was followed by acidification of an aliquot,
      extraction with ethyl acetate and thin layer chromatography of the extract
      on silica plates (developed with a mixture of chloroform:methanol: acetic
      acid; 18:2:1). The alkoxyiminoacetic acids were less polar than the
      starting keto-acids. The reaction times were 2 hours to 2 days. When
      reaction was complete the pH of the mixture was adjusted to between 7 and
      8 and the ethanol (if any) was removed by evaporation. The aqueous mixture
      was extracted with ether, the extract discarded and the aqueous phase
      acidified to pH &lt;2 with dilute hydrochloric acid. The mixture was
      extracted with ethyl acetate or ether, the extract dried and evaporated to
      give the crude product which was purified by one of the following methods:
PA0  (a) Crystallisation and recrystallisation (if needed) from a suitable
      solvent.
PA0  (b) The crude product dissolved in ether was treated with a small excess of
      a solution of diazomethane in ether. The excess reagent was destroyed with
      acetic acid and the solution washed with sodium bicarbonate solution and
      evaporated to give the crude methyl esters. The esters were separated by
      preparative thick layer chromatography or column chromatography on silica,
      and then hydrolysed conventionally with alkali to give the syn acids,
      which were purified by crystallisation from a suitable solvent.
PAR  These methods were employed to prepare the intermediates listed in Table 3
      (syn-isomers).
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                                 .parallel.                                    

                                 N                                             

                                 .vertline.                                    

                                 CR.sup.a                                      

     Prepar-                      Purific-   .tau. values                      

                                                         .lambda.max.          

     ation                                                                     

          R               R.sup.a ation Mp.degree.                             

                                             (DMSO-d.sub.6)                    

                                                         nm   .epsilon.        

     No.                          (solvent)  R     R.sup.2                     

                                                         (EtOH)                

     __________________________________________________________________________

     44                           (b)   71.2 2.30, 5.25, 291.5                 

                                                              10,900           

                                  (cyclohex- 2.7-  7.9-                        

                                  ane)       3.0   8.6                         

     45                   --C(CH.sub.3).sub.3                                  

                                  (a)   124.5-                                 

                                             2.1-  8.66   232.5,               

                                                              6,700;           

                                  (cyclohex-                                   

                                        125.5                                  

                                             2.45,       296, 25,400;          

                                  ane)       2.45-       307.5                 

                                                              23,500           

                                             2.85,                             

                                             2.78                              

     46                   --CH.sub.3                                           

                                  (a)   114- 3.03, 6.24  286  16,200           

                                  (benzene)                                    

                                        115  3.77,                             

                                             3.92,                             

                                             6.16                              

     47                   --C(CH.sub.3).sub.3                                  

                                  (a)   146- 3.00, 8.66  284  16,000           

                                  (benzene)                                    

                                        147  3.75,                             

                                             3.90,                             

                                             6.16                              

     __________________________________________________________________________

PAC  PREPARATION 48
PAC  2-(Thien-2-ylmethoxyimino)-(1-methylpyrrol-2-yl)acetic acid (syn-isomer)
PAR  A solution of 1-methylpyrrol-2-ylglyoxylic acid (4.6 g) and
      thien-2-ylmethoxamine hydrochloride (5.46 g) in aqueous ethanol (100 ml,
      1:1) was adjusted to pH 4.8 with 10N-sodium hydroxide solution and stirred
      at pH 4.8 for 24 hours (room temperature. A further portion of
      thien-2-ylmethoxamine (0.5 g) was added and the solution was maintained at
      pH 4.8 and room temperature for a further 2 days. The pH was then adjusted
      to 8 with sodium bicarbonate solution and the ethanol was removed by
      evaporation. The aqueous residue was washed with ether and the aqueous
      phase was acidified to pH 1.5 under ether with 2N-hydrochloric acid. The
      ether extracts were combined and washed with water, dried and evaporated
      to give an orange oil (8.8 g). The crude mixture of syn and anti-isomer
      was esterified with a slight excess of diazomethane in ether.
PAR  To a solution of the mixed methyl esters (7.7 g) in methanol (100 ml) was
      added N-sodium hydroxide (28 ml). The mixture was kept at room temperature
      for 3  hours when thin-layer chromatography of an aliquot showed only
      traces of remaining anti-ester. After a further 30 minutes 2N-hydrochloric
      acid (14 ml) was added and the methanol was removed by evaporation. The
      residue was partitioned between ether and excess sodium bicarbonate in
      water. The ether layer was separated, washed with water, dried and
      evaporated to a pale orange oil (5.9 g).
PAR  This oil in methanol (100 ml) was treated with 10N-sodium hydroxide
      solution (4.5 ml) and kept at room temperature for 16 hours. A further
      portion of 10N-sodium hydroxide solution (4.5 ml) was added and after 24
      hours at room temperature the mixture was warmed to 60.degree. for 30
      minutes. The methanol was removed by evaporation and the residue divided
      between ether and sodium bicarbonate solution. The aqueous phase was
      acidified under ether with 2N-hydrochloric acid. The combined ether
      extracts were washed with water and dried. Evaporation of the ether gave a
      pale orange oil (4.8 g) which was crystallised from carbon tetrachloride
      to give the title compound as pale brown crystals (1.9 g); m.p.
      70.degree.-71.degree.; .lambda..sub.max. (EtOH) 235, 287.5 nm
      (.epsilon.11,600 and 17,100); .tau.(DMSO-d.sub.6) values include 4.70 (S,
      CH.sub.2) and 6.18 (S, CH.sub.3).
PAC  General Method for Converting a 2-Substituted-oxyimino-2-arylacetic Acid
      into its Acid Chloride without Isomerisation
PAR  A solution of the pure syn-2-substituted-oxyimino-2-arylacetic acid (1
      equiv.) in methanol (ca. 2-4 ml/mmole) was treated with sodium methoxide
      (1 equiv.) in methanol at 0.degree.-25.degree. and the mixture evaporated
      to give the sodium salt which may be dried by azeotroping with several
      portions of benzene and/or drying in vacuo over phosphorus pentoxide.
PAR  The anhydrous sodium salt (1 equiv.) was suspended in dry benzene (ca. 5
      ml/mmole) containing a few drops of dry dimethylformamide and treated with
      freshly distilled oxalyl chloride (1-2.5 equiv.). The mixture was stirred
      at room temperature for 0.5-1 hour and then evaporated to remove benzene.
      The resulting acid chlorides were not characterised but were dissolved in
      acetone and used immediately to acylate the appropriate penicillin
      nucleus.
PAR  The acids described in Preparations 40-48 were converted into their acid
      chlorides in this way.
PAC  PREPARATION 49
PAC  Cyclopentyloxamine hydrochloride
PAR  A mixture of bromocyclopentane (14.9 g), N-hydroxyphthalimide (16.3 g),
      triethylamine (15 ml), and dimethylformamide (30 ml) was stirred for 16
      hours, then poured into water (500 ml). The oily mixture was extracted
      with ethyl acetate, and the combined extracts, after washing (water),
      drying, and removal of solvent gave a white solid. This solid was
      recrystallised from ethanol to give N-cyclopentyloxyphthalimide (11.37 g,
      49 percent); m.p. 81.2.degree.-82.5.degree.; .nu..sub.max. (CHBr.sub.3)
      include 1780, 1720 cm.sup..sup.-1 (CO-N-CO),
      ##EQU23##
      .tau. values (DMSO-d6) 2.08 (4 Ar-H), 5.12 (cyclopentyl 1-H), 8.18
      (4-CH.sub.2).
PAR  A mixture of N-cyclopentyloxyphthalimide (11 g), 100% hydrazine hydrate
      (2.6 g), and ethanol (30 ml) was heated under reflux for 5 minutes.
      Concentrated hydrochloric acid (6 ml) was added to the mixture, which was
      heated under reflux for a further 5 minutes. Water (20 ml) was added to
      the mixture, which was cooled to room temperature, and filtered. The
      filtrate was evaporated to dryness, ethanol (50 ml) was added to the
      residue, and a small amount of insoluble material was filtered off. The
      filtrate was evaporated to dryness, and the residue was recrystallised
      from ethanol/ether to give cyclopentyloxamine hydrochloride (6.28 g, 96
      percent), m.p. 156.9.degree..
PAC  PREPARATION 50
PAC  syn-Isopropoxyiminophenylacetic acid
PAR  A mixture of phenylglyoxylic acid (3.0 g.), isopropoxyamine hydrochloride
      (2.5 g.), ethanol (100 ml) and water (50 ml) was stirred and adjusted to
      pH 4.5 to 5 with sodium hydroxide solution (2N). The solution was stirred
      for 5 hr. maintaining the pH at 4.5-5 with further additions of sodium
      hydroxide solution. The ethanol was removed by evaporation, the aqueous
      residue acidified and the product collected by extraction with ethyl
      acetate. Evaporation of the ethyl acetate gave a brown oil (4.2 g.). that
      was esterified conventionally with diazomethane to give a mixture of the
      syn and anti methyl esters of the title compound as an oil (4.04 g.).
PAR  The mixture of ester (4.0 g) in methanol (60 ml) was treated with sodium
      hydroxide solution (2N:19.0 ml) and kept for 2 hr. at room temperature.
      The methanol was evaporated and the residue, diluted with water, extracted
      with ethyl acetate. Evaporation of the dried (MgSO.sub.4) ethyl acetate
      solution gave the crude syn methyl ester (0.82 g.). The ester (0.82 g) in
      methanol (20 ml) was treated with sodium hydroxide solution (2N:3.6 ml)
      and kept at room temperature for 31 hr. Conventional isolation of acidic
      material gave the crude syn isomer (0.706 g) which was recrystallised from
      cyclohexane to give the title compound (0.358 g.) m.p. 59.5.degree.
      .lambda..sub.max. (EtOH) 258 nm (.epsilon.12,700), .tau. (DMSO-d.sub.6)
      values include 2.47 (phenyl), 5.53 (O-CH&lt;), 8.71 (CH.sub.3).
DETD
PAC  EXAMPLE 1
PAC  6.beta.-(2-Methoxyimino-2-phenylacetamido)-2,2-dimethylpenam-3.alpha.-carbo
     xylic acid (syn-isomer)
PAR  To a cold (0.degree.-5.degree.) solution of 6.beta.-aminopenicillanic acid
      (0.91 g.) in acetone (10 ml) and water (10 ml) containing sodium
      bicarbonate (0.735 g.) was added a solution of syn
      2-methoxyiminophenylacetyl chloride (0.91g.) in acetone (10 ml) over a
      period of 10 minutes. The mixture was stirred at 0.degree.-5.degree. for
      30 minutes, evaporated to remove acetone, and the solution washed with
      cold ethyl acetate and then poured into a cold stirred mixture of
      2N-hydrochloric acid and ethyl acetate. The layers were separated, and the
      aqueous phase was washed with ethyl acetate. The organic extracts were
      combined, dried, and evaporated to a froth (1.63 g.) which was triturated
      with petroleum (b.p. 60.degree.-80.degree.) producing a pale yellow solid
      (1.52 g.). This was purified by preparative plate chromatography using
      chloroform: methanol (4:1) as developing solvent, producing a solid (0.77
      g.). This was triturated with ether to remove some insoluble material, and
      then crystallised by the addition of petroleum spirit (b.p.
      60.degree.-80.degree.) producing the title compound (0.49 g., 32 percent),
      [60] .sub.D.sup.26 + 195.degree. (c, 0.72 dioxan), .lambda..sub.max. (pH
      6.0 phosphate buffer), 259 nm (.epsilon. 9,400), .nu..sub.max. (Nujol),
      1765 (.beta.-lactam), 1730 (CO.sub.2 H), 1640, 1528 cm..sup.-.sup.1
      (CONH); .tau. (DMSO-d.sub.6) 0.27 (doublet J 7.0 Hz; NH), 2.3-2.6
      (multiplet, Ph), 6.06 (singlet OCH.sub.3), 8.38 and 8.47 (singlets,
      CH.sub.3 groups).
PAC  EXAMPLE 2
PAC  6.beta.-(2-t-Butoxyimino
      fur-2'-ylacetamido)-2,2-dimethylpenam-3.alpha.-carboxylic acid
      (syn-isomer)
PAR  syn-t-Butoxyimino fur-2-ylacetic acid (2.11 g) was treated with sodium
      methoxide solution (0.525 M: 19.1 ml.) at room temperature. Evaporation of
      the methanol gave a buff sodium salt that was dried over phosphorus
      pentoxide overnight. The sodium salt (933 mg.) in dry benzene (10 ml.)
      containing dimethylformamide (1 drop) was treated with oxalyl chloride
      (0.8 ml.) at room temperature for 1 hr. The solvent was removed by
      evaporation and the residue in acetone (20 ml) was added dropwise to a
      solution of 6.beta.-aminopenicillanic acid (864 mg.) and sodium
      bicarbonate (672 mg.) in water (50 ml) at 0.degree.-5.degree.C. The
      resulting solution was stirred at room temperature for 11/2 hr. The
      acetone was removed by evaporation and the aqueous phase adjusted to pH
      8.5 and washed with ether. The aqueous layer was then acidified to pH 2
      under ether and the ether layer was washed with water, dried and
      evaporated to give a pale yellow foam. This was dried to give the title
      compound (1.42 g., 87 percent), [.alpha.] .sub.D + 188.degree. (c 1,
      dioxan), .lambda..sub.max. (pH 6 phosphate buffer) 287.5 nm (.epsilon.
      14,400), .nu..sub.max. (CHBr.sub.3) 1774 (.beta.-lactam), 1670 and 1510
      cm..sup.-.sup.1 (CONH), .tau. (DMSO-d.sub.6) values include 0.48 (d, J 8
      Hz, NH), 2.16 and 3.32 (fur-2-yl protons), 8.70 (C(CH.sub.3).sub.3).
PAC  EXAMPLE 3
PAC  6.beta.-(2-t-Butoxyiminobenzo[b]
      thien-3'-ylacetamido)-2,2-dimethylpenam-3.alpha.-carboxylic acid
      (syn-isomer)
PAR  syn-t-Butoxyiminobenzo[b] thien-3-ylacetic acid (525 mg.) was treated with
      sodium methoxide solution (0.445 M: 4.5 ml.) at room temperature. The
      solvent was removed by evaporation and the resulting solid was dried over
      phosphorus pentoxide. The sodium salt in dry benzene (10 ml.) containing
      dimethylformamide (1 drop) was treated with oxalyl chloride (0.4 ml.) at
      room temperature for 1 hr. The solvent was removed by evaporation and the
      residue in acetone (25 ml) was added dropwise to a solution of
      6.beta.-aminopenicillanic acid (432 mg.) and sodium bicarbonate (420 mg.)
      in water (25 ml.) at room temperature. The resulting pale yellow
      suspension was stirred at room temperature for 3hr. The mixture was
      diluted with water and washed with ether. The aqueous phase was acidified
      to pH 2 under ether. The ether layer was washed with water and dried.
      Evaporation gave the title compound as a pale yellow foam (280 mg., 30
      percent), [.alpha.] .sub.D + 209.degree. (c 1, dioxan), .lambda..sub.max.
      (pH 6 phosphate buffer) 226, 297 nm (.epsilon. 22,400; 10,900),
      .nu..sub.max. (CHBr.sub.3) 1786 (.beta.-lactam), 1680 and 1516
      cm..noteq..sup.1 (CONH), .tau. (DMSO-d.sub.6) values include 0.41 (d, J 8
      Hz, NH), 4.21 (q, 7-proton), 8.56 (C(CH.sub.3).sub.3).
PAC  EXAMPLE 4-26 and 36-56
PAC  General Procedures for the Preparation of 6.beta.-(2-Substituted
      oxyimino-2-arylacetamido)-2,2-dimethylpenam-3.alpha.-carboxylic Acids.
PAL  Method A
PAR  A solution of the appropriate 2-substituted-oxyimino-2-arylacetyl chloride
      (prepared from 1 equiv. of the corresponding sodium salt with oxalyl
      chloride) was dissolved in acetone and the solution was added dropwise to
      a stirred, ice-cold (0.degree.-5.degree.) solution of
      6.beta.-aminopenicillanic acid (1 equiv.) in water containing sodium
      bicarbonate (2-2.5 equiv.). The mixture was stirred for 30 min.-3hr.
      allowing the temperature to rise to room temperature. Acetone was removed
      by evaporation under reduced pressure, the pH was adjusted to ca. 1.5-2.0
      and the product was extracted into ether. The extracts were washed with
      water and saturated brine, dried and evaporated to a foam at low
      temperature.
PAC  Method B
PAR  As above but the product was isolated by extraction with ethyl acetate in
      place of ether.
PAC  Method C
PAR  As in Method A but the sodium salt was extracted into ethyl acetate and the
      extract washed successively with 2N-hydrochloric acid, and water, dried
      and evaporated to a foam.
PAC  Method D
PAR  A solution of the appropriate acid chloride (from 1 equiv. of the sodium
      salt) was dissolved in dry methylene chloride (ca. 5 ml/mmole) and the
      solution was added to a suspension of 6.beta.-aminopenicillanic acid (1
      equiv.) and triethylamine (3 equivs.) in methylene chloride at
      0.degree.-5.degree. with stirring. After stirring at room temperature for
      ca. 1.5 hr. the solution was evaporated to dryness, dissolved in water,
      washed with ethyl acetate and the aqueous layer acidified to pH 1.5 under
      ethyl acetate. The extracts were washed with water and brine and
      evaporated to a foam.
TBL                                    TABLE 4                                 

     __________________________________________________________________________

                      (x)                                                      

                      R--C--CONH                                               

                      .parallel.                                               

                      N                                                        

                      .vertline.                                               

                      OR.sup.a                                                 

     Ex R      R.sup.a     Method                                              

                               [.alpha.].sub.D                                 

                                    pH 6 .epsilon.                             

                                            .beta.-lactam                      

                                                   .tau. values for            

                                                   DMSO-d.sub.6                

                                                                 Yield         

     No.                       (dioxan)                                        

                                    .lambda..sub.max.                          

                                            .nu..sub.max                       

                                                   100 MHz       %             

                                    nm      cm..sup..sup.-1                    

                                            (solvent)                          

                                                    x  R.sup.a                 

                                                               y               

     __________________________________________________________________________

      4 Ph     C.sub.2 H.sub.5                                                 

                            B  + 168.degree.                                   

                                    257.5                                      

                                         9,900                                 

                                            1770 (Nujol)                       

                                                   0.32                        

                                                       5.78 (CH.sub.2)         

                                                              4.26             

                                                                 90            

                                                       8.70 (CH.sub.3)         

      5 Ph     C(CH.sub.3).sub.3                                               

                            D  + 117.degree.                                   

                                    257.5                                      

                                        10,200                                 

                                            1780(CHBr.sub.3)                   

                                                   0.59                        

                                                       8.66   4.25             

                                                                 84            

      6 Ph     CH.sub.2 Ph  D  + 120.degree.                                   

                                    245 11,100                                 

                                            1780(CHBr.sub.3)                   

                                                   0.23                        

                                                       4.77 (CH.sub.2)         

                                                              4.27             

                                                                 88            

      7 Ph                  B  + 108.degree.                                   

                                    236.5                                      

                                        15,000                                 

                                            1770(Nujol)                        

                                                   0.25                        

                                                       4.63 (CH.sub.2)         

                                                              4.30             

                                                                 77            

                                                       2.5, 2.76               

                                                         and                   

                                                       2.97 (thien-            

                                                       2-yl)                   

      8        CH.sub.3     A  + 140.degree.                                   

                                    294 13,600                                 

                                            1778(CHBr.sub.3)                   

                                                   0.22                        

                                                       6.09   4.32             

                                                                 88            

      9        C.sub.2 H.sub.5                                                 

                            B  + 170.degree.                                   

                                    294  9,800                                 

                                            1772(Nujol)                        

                                                   0.20                        

                                                       5.86 (CH.sub.2)         

                                                              4.33             

                                                                 62            

                                                       8.75 (CH.sub.3)         

     10        C(CH.sub.3).sub.3                                               

                            B  + 182.degree.                                   

                                    265 11,300                                 

                                            1780(Nujol)                        

                                                   0.47                        

                                                       8.71   4.31             

                                                                 68            

                                    294 12,500                                 

                                    264  5,500                                 

     11        CH.sub.2 Ph  B  + 179.degree.                                   

                                    272  8,800                                 

                                            1786(Nujol)                        

                                                   0.17                        

                                                       4.84 (CH.sub.2)         

                                                              4.33             

                                                                 44            

                                    295 11,500         2.61 (Ph)               

     12                     B  + 195.degree.                                   

                                    231 11,900                                 

                                            1776(Nujol)                        

                                                   0.20                        

                                                       4.67 (CH.sub.2)         

                                                              4.35             

                                                                 96            

                                    295.5                                      

                                        11,500                                 

     13        CHOCH.sub.2 CH.sub.3                                            

                            B  + 181.degree.                                   

                                    292 10,350                                 

                                            1772(Nujol)                        

                                                   0.29                        

                                                       6.30 (CH.sub.2)         

                                                              4.30             

                                                                 75            

               .vertline.                              8.88 (CH.sub.2 CH.sub.3)

                                                       8                       

               CH.sub.3                                8.66 (CH.sub.3)         

     14        CH.sub.3     A  + 120.degree.                                   

                                    240  8,000                                 

                                            1784(CHBr.sub.3)                   

                                                   0.60                        

                                                       6.01   4.29             

                                                                 90            

                                    (inf.)                                     

     15        CH.sub.3     B  + 189.degree.                                   

                                    291  6,300                                 

                                            1780(Nujol)                        

                                                   0.22                        

                                                       6.00   4.32             

                                                                 65            

     16        C(CH.sub.3).sub.3                                               

                            C  + 197.degree.                                   

                                    297  8,000                                 

                                            1788(Nujol)                        

                                                   0.42                        

                                                       8.59   4.24             

                                                                 89            

     17        CH.sub.2 Ph  C  + 141.degree.                                   

                                    292.5                                      

                                         7,300                                 

                                            1776(Nujol)                        

                                                   0.12                        

                                                       4.67 (CH.sub.2)         

                                                              4.27             

                                                                 98            

     18        CH.sub.3     B  + 151.degree.                                   

                                    223.5                                      

                                        22,500                                 

                                            1770(CHBr.sub.3)                   

                                                   0.24                        

                                                       5.99   4.28             

                                                                 74            

                                    298  9,400                                 

     19        CH.sub.3     A  + 211.degree.                                   

                                    284.5                                      

                                        13,600                                 

                                            1772(CHBr.sub.3)                   

                                                   0.25                        

                                                       6.09   4.34             

                                                                 78            

     20        CH.sub.2 Ph  A  + 171.degree.                                   

                                    286.5                                      

                                        16,000                                 

                                            1782(CHBr.sub.3)                   

                                                   0.20                        

                                                       4.79 (CH.sub.2)         

                                                              4.32             

                                                                 92            

                                                       2.59 (Ph)               

     21        CH.sub.2 Ph  A  + 195.degree.                                   

                                    306 22,600                                 

                                            1780(CHBr.sub.3)                   

                                                   0.06                        

                                                       4.73 (CH.sub.2)         

                                                              4.26             

                                                                 79            

                                                       2.56 (Ph)               

     22        CH.sub.3     A  + 201.degree.                                   

                                    229 15,700                                 

                                            1780(CHBr.sub.3)                   

                                                   0.13                        

                                                       6.05   4.26             

                                                                 90            

                                    305 21,200                                 

     23        CH.sub.2 CH.sub.2 Br                                            

                            B  + 189.5                                         

                                    294.5                                      

                                        10,800                                 

                                            1780(Nujol)                        

                                                   0.27                        

                                                       5.60;                   

                                                              4.30             

                                                                 88            

     24                     B  + 108.degree.                                   

                                    285 14,700                                 

                                            1780(Nujol)                        

                                                   0.26                        

                                                       4.90;                   

                                                              4.38             

                                                                 92            

                                                       3.4-3.6                 

                                                       (furyl                  

                                                       protons)                

     25                     A  + 198                                           

                                    227.5                                      

                                        12,700                                 

                                            1788   0.28                        

                                                       4.68;                   

                                                              4.38;            

                                                                 80            

                                    285.5                                      

                                        16,100                                 

                                            (CHBr.sub.3)                       

                                                       3.25; 3.36              

                                                       (thienyl                

                                                       protons)                

     26        C.sub.2 H.sub.5                                                 

                            A  + 252                                           

                                    284 15,200                                 

                                            1788   0.28                        

                                                       5.77;                   

                                                              4.30             

                                                                 68            

                                            (CHBr.sub.3)                       

     36 Ph     n--C.sub.4 H.sub.9                                              

                            B  + 194                                           

                                    259 10,200                                 

                                            1770   0.37                        

                                                       5.83,                   

                                                              4.26             

                                                                 83            

                                            (Nujol)    8.9, 9.01               

     37 Ph     CH(CH.sub.3).sub.2                                              

                            B  + 202                                           

                                    259 10,200                                 

                                            1780   0.41                        

                                                       5.57,                   

                                                              4.26             

                                                                 51            

                                            (Nujol)                            

     38        C.sub.2 H.sub.5                                                 

                            B  + 160.degree.                                   

                                    253  2,000                                 

                                            1780   0.40                        

                                                       5.82,                   

                                                              4.36             

                                                                 95            

                                    264.5                                      

                                        11,750                                 

                                            (Nujol)                            

     39        C.sub.2 H.sub.5                                                 

                            B  + 200.degree.                                   

                                    232.5                                      

                                         7,950                                 

                                            1775   0.28                        

                                                       5.73,                   

                                                              4.15             

                                                                 77            

                                    inf.    (CHBr.sub.3)                       

                                    303 23,600                                 

     40        Ph           B  + 198.degree.                                   

                                    275 10,200                                 

                                            1782   -0.01                       

                                                       2.5-2.9                 

                                                              4.28             

                                                                 87            

                                    296.5                                      

                                        13,500                                 

                                            (Nujol)                            

     41        Ph           B  +  196.degree.                                  

                                    267  9,400                                 

                                            1774   -0.08                       

                                                       2.4-2.8                 

                                                              4.23             

                                                                 97            

                                    305 10,850                                 

                                            (Nujol)                            

     42                     B  + 190.degree.                                   

                                    285 14,500                                 

                                            1782                               

                                            (Nujol)                            

                                                   0.48                        

                                                       5.29 and                

                                                              4.36             

                                                                 96            

                                                       7.9-8.6                 

     43                     B  + 195.degree.                                   

                                    296 11,000                                 

                                            1788   0.39                        

                                                       5.29 and                

                                                              4.35             

                                                                 95            

                                            (Nujol)    8.0-8.7                 

     44        Bu.sup.t     A  + 195.degree.                                   

                                    302 24,100                                 

                                            1776                               

                                            (CHBr.sub.3)                       

                                                   0.32                        

                                                       8.61   4.22             

                                                                 93            

     45        CH.sub.3     A  + 223.degree.                                   

                                    296 11,200                                 

                                            1780   0.54                        

                                                       6.23   4.39             

                                                                 83            

                                            (CHBr.sub.3)                       

     46        C(CH.sub.3).sub.3                                               

                            A  + 214.degree.                                   

                                    292 13,500                                 

                                            1784   0.72                        

                                                       8.68   4.32             

                                                                 89            

                                            (CHBr.sub.3)                       

     47                     A  + 175.degree.                                   

                                    232 13,100                                 

                                            1786   0.47                        

                                                       4.72   4.38             

                                                                 51            

                                    297.5                                      

                                        12,600                                 

                                            (CHBr.sub.3)                       

                                                       (CH.sub.2)              

     __________________________________________________________________________

TBL                                    TABLE 5                                 

     __________________________________________________________________________

                       (x)                                                     

                       R--C--CONH                                              

                       .parallel.                                              

                       N                                                       

                       .vertline.                                              

                       R.sup.a O                                               

     Ex. R     R.sup.a                                                         

                     Method                                                    

                         [.alpha.].sub.D                                       

                              pH 6 .epsilon.                                   

                                         .beta.-lactam                         

                                                 .tau. values for              

                                                 DMSO-d.sub.6   Yield          

     No.                 (dioxan)                                              

                              .lambda..sub.max.                                

                                         .gamma. max                           

                                                 at 100 MHz     %              

                              nm         cm. .sup..sup.-1                      

                                         (solvent)                             

                                                 x    R.sup.a                  

                                                             y                 

     __________________________________________________________________________

     48  Ph    CH.sub.3                                                        

                     B   + 140.degree.                                         

                              240   8,700                                      

                                         1780(CHBr.sub.3)                      

                                                 1.32                          

                                                     6.01   4.2-               

                                                                91             

                              (inf.)                 4.5                       

     49  Ph    C.sub.2 H.sub.5                                                 

                     B   + 148.degree.                                         

                              245   8,800                                      

                                         1778(Nujol)                           

                                                 1.38                          

                                                     5.75 (CH.sub.2)           

                                                            4.33               

                                                                80             

                              (inf.)                 8.73 (CH.sub.3)           

     50  Ph    CH.sub.2 Ph                                                     

                     A   + 115.degree.                                         

                              240  10,200                                      

                                         1778(CHBr.sub.3)                      

                                                 1.44                          

                                                     4.72 (CH.sub.2)           

                                                            4.32               

                                                                88             

                              (inf.)                                           

     51        CH.sub.3                                                        

                     A   + 156.degree.                                         

                              235   9,100                                      

                                         1780(CHBr.sub.3)                      

                                                 1.68                          

                                                     6.01   4.34               

                                                                96             

                              (inf.)                                           

     52        C(CH.sub.3).sub.3                                               

                     D   + 121.degree.                                         

                              250   8,880                                      

                                         1780(CHBr.sub.3)                      

                                                 1.95                          

                                                     8.72   4.3 90             

                              (inf.)                                           

     53        CH.sub.2 Ph                                                     

                     D   + 111.degree.                                         

                              240   9,600                                      

                                         1778(CHBr.sub.3)                      

                                                 1.80                          

                                                     4.7 (CH.sub.2)            

                                                            4.3 68             

                              (inf.)                 2.6 (Ph)                  

     54        CH.sub.3                                                        

                     B   + 149.degree.                                         

                              268.5                                            

                                   27,600                                      

                                         1780(Nujol)                           

                                                 1.29                          

                                                     6.05   4.32               

                                                                83             

                              277.5                                            

                                   25,400                                      

                              290  18,800                                      

     55        CH.sub.2 Ph                                                     

                     B   + 120.degree.                                         

                              268   7,300                                      

                                         1782(Nujol)                           

                                                 1.46                          

                                                     4.79 (CH.sub.2)           

                                                            4.34               

                                                                57             

                              278.5                                            

                                   14,000            2.66 (Ph)                 

     56        Ph    B   + 149.degree.                                         

                              300  11,700                                      

                                         1770(Nujol)                           

                                                 0.28                          

                                                     2.6    4.2-               

                                                                96             

                                                            4.4                

     __________________________________________________________________________

PAC  EXAMPLE 57
PAC  6.beta.-(2-Methoxyimino-2-phenylacetamido)-2,2-dimethylpenam-3.alpha.-carbo
     xylic Acid (syn-isomer).
PAR  A solution of syn-2-methoxyimino-2-phenylacetic acid (1 g.) in dry
      methylene chloride (10 ml.) containing triethylamine (0.775 ml.) was
      stirred and cooled to 0.degree.. To this solution was added a solution of
      pivaloyl chloride (0.686 ml.) in dry methylene chloride (10 ml.) over 10
      minutes. The solution was stirred at 0.degree. for 1 hour, and at room
      temperature for 1 hour, and cooled to 0.degree. and treated with a cooled
      suspension of 6.beta.-aminopenicillanic acid (1.81 g.) in dry methylene
      chloride (10 ml.) containing triethylamine (1.68 g.). The mixture was
      stirred at 0.degree. for 11/2 hours, and at room temperature for 2 hours.
      The solution was evaporated to dryness, and the oil dissolved in saturated
      sodium bicarbonate solution (50 ml.). The solution was washed with ethyl
      acetate. The aqueous solution under ethyl acetate (30 ml.) was acidified
      to pH 3 with 2N-hydrochloric acid. The layers were separated, and the
      aqueous phase washed with ethyl acetate. The organic extracts were
      combined, dried, and evaporated to a yellow oil (3.1 g.). This was
      purified by preparative plate chromatography (silica) using
      chloroform-methanol (4:1) as developing solvent. Elution of the main band
      and evaporation gave a foam which was dissolved in ether, filtered and the
      filtrate diluted with petroleum spirit (bp. 60.degree.-80.degree.) to
      precipitate a solvated sample of the title compound (0.48 g., 24 percent),
      [.alpha.].sub.D +  170.degree. (c 0.86 dioxan), .lambda..sub.max. (pH 6
      phosphate buffer) 257 nm (.epsilon. 9,450), .nu..sub.max (Nujol) 1765
      (.beta.-lactam), .tau. (DMSO-d.sub.6) 0.32 (doublet, NH), 6.1 (OCH.sub.3).
PAC  EXAMPLE 58
PAC  6.beta.-(2-Phenoxyimino-2-phenylacetamido)-2,2-dimethylpenam-3.alpha.-carbo
     xylic acid (syn-isomer)
PAR  A solution of syn-2-phenoxyiminophenylacetic acid (362 mg) in methanol (2.5
      ml) was neutralised with 0.575 N sodium methoxide solution (2.61 ml).
      Removal of the solvent gave the sodium salt, which, after drying in vacuo
      over phosphorus pentoxide, was suspended in benzene (10 ml) containing
      N,N-dimethylformamide (one drop), and stirred with oxalyl chloride (0.26
      ml) for 0.5 hours. The mixture was evaporated to dryness and the residue,
      dissolved in acetone (15 ml), was added dropwise to a stirred, ice-cooled
      solution of 6.beta.-aminopenicillanic acid (324 mg) in water (25 ml) and
      acetone (10 ml), containing sodium bicarbonate (252 mg). The resulting
      solution was stirred for 1.25 hours, the acetone was evaporated, and the
      aqueous residue was acidified to pH 2.0 under ethyl acetate. The acidic
      mixture was extracted with ethyl acetate. The combined extracts were
      washed (water, saturated brine), dried, and evaporated to give the
      ethylacetate solvated title compound (674 mg, 90 percent); [.alpha.]
      .sub.D.sup.22 + 200.degree. (c 0.98, dioxan); .lambda..sub.max. (pH6
      buffer) 260, 285.5 nm (.epsilon. 9,700; 8,750); .nu..sub.max. (Nujol) 3270
      (NH), 1780 cm.sup.-.sup.1 (.beta. lactam); .tau. values (DMSO-d6) include
      0.02 (NH), 4.21 (6-H), 4.33 (5-H).
PAR  The following Examples serve to illustrate the formulation of
      pharmaceutical preparations.
PAC  EXAMPLE A
PAC  Dry Powder for Injection
PAR  Sterile sodium
      6.beta.-(2-methoxyimino-2-phenylacetamido)-2,2-dimethylpenam-3.alpha.-carb
     oxylate (syn-isomer) powder was filled into glass vials, the claimed fill
      weights being 500 mg. and 1.0 g antibiotic. Filling was carried out
      aseptically under a blanket of nitrogen. The vials were closed using
      rubber discs held in position by aluminium sealing rings, thereby
      preventing gaseous exchange or ingress of micro-organisms. The product was
      intended for reconstitution with Water for Injections or other suitable
      sterile vehicle shortly before administration.
PAC  EXAMPLE B
PAC  Intramammary Infusion for Cattle
     Percentage composition (w/w):                                             

     6.beta.-(2-t-Butoxyimino-2-phenylacetamido)-                              

     2,2-dimethylpenam-3.alpha.-carboxylic acid                                

                           10.00    as sodium                                  

                                    salt                                       

     (syn-isomer)                                                              

     Vehicle to:           100.00                                              

     Vehicle:                                                                  

             Tween 60          3.00                                            

             White Beeswax     6.00                                            

             Arachis Oil       91.00                                           

PAR  The three ingredients of the vehicle were heated together at 150.degree.C
      for 1 hour and then cooled to room temperature with stirring. The sterile
      antibiotic powder was added aseptically to this vehicle and the product
      refined with a high speed stirrer. The preparation was filled aseptically
      into sterile collapsible aluminium tubes with a fill weight of 3.0 g.,
      each tube containing 300 mg. penicillin derivative.
PAC  EXAMPLE C
PAC  Dry Blend for an Oral Syrup
TBL  6.beta.-(2-Methoxyimino-2-phenylacetamido)-                               

     2,2-dimethylpenam-3.alpha.-carboxylic                                     

     Acid (syn-isomer)     5.00 g.   as sodium                                 

                                     salt                                      

     Sodium Saccharin      0.10 g.                                             

     Sodium Citrate (anhydrous)                                                

                           1.00 g.                                             

     Citric Acid (anhydrous)                                                   

                           0.10 g.                                             

     Amaranth              0.01 g.                                             

     Spray-dried Raspberry Flavour                                             

                           1.00 g.                                             

     Sucrose               to 75.00 g.                                         

PAR  The product was intended for reconstitution with sufficient Purified Water
      to give a final volume of 100 ml, which would all be administered within a
      few days, each 5 ml. dose of syrup containing 250 mg. Penicillin
      derivative.
PAR  In order to prepare the blend, the Amaranth was intimately mixed with some
      of the Sodium Citrate and milled. The sodium saccharin and citric acid
      were blended together. They were mixed thoroughly with the colour
      triturate, then with the remainder of the sodium citrate, flavour and
      antibiotic powder in that order. This blend was milled, mixed with sucrose
      and then 75 g. filled into each of a number of 150 ml. capacity bottles,
      which were closed with moistureproof screw caps.
PAC  EXAMPLE D
PAC  a. Oral Capsules
PAR  The antibiotic was blended with one percent magnesium stearate and filled
      into size O hard gelatin capsules, each capsule containing a claimed dose
      of 250 mg. Sodium
      6.beta.-(2-methoxyimino-2-phenylacetamido)-2,2-dimethylpenam-3.alpha.-carb
     oxylate (syn-isomer). The capsules were packed in glass vials with plastic
      caps giving a moisture-proof seal.
CLMS
STM  We claim:
NUM  1.
PAR  1. A penicillin antibiotic of the formula
      ##EQU24##
      wherein R.sup.u is naphthyl; thienyl; benzothienyl or any of these groups
      substituted by chlorine, bromine, iodine, fluorine, hydroxy, lower alkyl,
      nitro, amino, lower alkylamino, diloweralkylamino, lower alkanoyl, lower
      alkanoylamino, lower alkoxy, lower alkylthio or carbamoyl and R.sup.e is
      alkyl of 1-16 carbon atoms; alkenyl of 2-16 carbon atoms; alkynyl of 2-16
      carbon atoms; cycloalkyl of 3-7 carbon atoms; cycloalkenyl of 4-7 carbon
      atoms; phenyl; naphthyl; a heterocyclic radical selected from the group
      consisting of thienyl; furyl; pyridyl; pyrimidyl; pyrrolyl;
      N-methylpyrrolyl; N-benzyloxymethylpyrrolyl; thiazolyl; isothiazolyl;
      diazolyl; triazolyl; tetrazolyl; thiadiazolyl; thiatriazolyl; oxazolyl;
      oxadiazolyl; 3- or 4-isoxazolyl; sydnone; benzothienyl; benzofuryl;
      indolyl; benzimidazolyl; benzoxazolyl and purinyl; phenyl lower alkyl;
      diphenylmethyl; triphenylmethyl; naphthyl lower alkyl; heterocyclic lower
      alkyl in which the heterocyclic moiety is derived from said heterocyclic
      radical, or any of these groups substituted by hydroxy, lower alkoxy,
      phenoxy, benzyloxy, mercapto, lower alkylthio, phenylthio, benzylthio,
      amino, chlorine, bromine, iodine, fluorine, nitro, azido, carboxy, lower
      carbalkoxy, formyl, acetyl, propionyl, benzoyl, acetoxy, propionyloxy,
      pivaloyloxy, cyano, phthalimido, acetamido, benzamido, lower
      alkoxycarbonylamino or benzyloxycarbonylamino; or a physiologically
      acceptable salt thereof.
NUM  2.
PAR  2. A penicillin antibiotic of the formula
      ##EQU25##
      wherein R.sup.x is naphthyl; thienyl; or; benzothienyl and Bu.sup.t is
      tert-butyl or a physiologically acceptable salt thereof.
NUM  3.
PAR  3. A penicillin antibiotic of the formula
      ##EQU26##
      wherein R.sup.u is naphthyl; thienyl; benzothienyl or any of these groups
      substituted by chlorine, bromine, iodine, fluorine, hydroxy, lower alkyl,
      nitro, amino, lower alkylamino, diloweralkylamino, lower alkanoyl, lower
      alkanoyl, lower alkanoylamino, lower alkoxy, lower alkylthio or carbamoyl
      and R.sup.k is methyl or ethyl or a physiologically acceptable salt
      thereof.
NUM  4.
PAR  4. The compound of claim 1 which is
      6.beta.-[2-methoxyimino-2-(benzo-[b]-thien-2-yl)acetamido]-2,2-dimethylpen
     am-3.alpha.-carboxylic acid (syn-isomer).
NUM  5.
PAR  5. The compound of claim 1 which is
      6.beta.-[2-methoxyimino-2-(thien-2-yl)acetamido]2,2-dimethylpenam-3.alpha.
     -carboxylic acid (syn-isomer).
NUM  6.
PAR  6. The compound of claim 1 which is
      6.beta.-[2-ethoxyimino-2-(thien-2-yl)acetamido]2,2-dimethylpenam-3.alpha.-
     carboxylic acid (syn-isomer).
NUM  7.
PAR  7. The compound of claim 1 which is
      6.beta.-[2-bromoethoxyimino-2-(thien-2-yl)acetamido[-2,2-dimethylpenam-3.a
     lpha.-carboxylic acid (syn-isomer).
NUM  8.
PAR  8. The compound of claim 1 which is
      6.beta.-[2-t-butoxyimino-2-(thien-2-yl)acetamido]-2,2-dimethylpenam-3.alph
     a.-carboxylic acid (syn-isomer).
NUM  9.
PAR  9. The compound of claim 1 which is
      6.beta.-[2-(1-ethoxyethoxy)imino-2-(thien-2-yl)acetamido]2,2-dimethylpenam
     -3.alpha.-carboxylic acid (syn-isomer).
NUM  10.
PAR  10. The compound of claim 1 which is
      6.beta.-[2-benzyloxyimino-2-(thien-2-yl)acetamido]2,2-dimethylpenam-3.alph
     a.-carboxylic acid (syn-isomer).
NUM  11.
PAR  11. The compound of claim 1 which is
      6.beta.-[2-(thien-2-ylmethoxyimino-2-(thien-2-yl)acetamido]2,2-dimethylpen
     am-3.alpha.-carboxylic acid (syn-isomer).
NUM  12.
PAR  12. The compound of claim 1 which is
      6.beta.-[2-methoxyimino-2-(naphth-1-yl)acetamido]-2,2-dimethylpenam-3.alph
     a.-carboxylic acid (syn-isomer).
NUM  13.
PAR  13. The compound of claim 1 which is
      6.beta.-[2-t-butoxyimino-2-(naphth-1-yl)acetamido]-2,2-dimethylpenam-3.alp
     ha.-carboxylic acid (syn-isomer).
NUM  14.
PAR  14. The compound of claim 1 which is
      6.beta.-[2-benzyloxyimino-2-(naphth-1-yl)acetamido]-2,2-dimethylpenam-3.al
     pha.-carboxylic acid (syn-isomer).
NUM  15.
PAR  15. The compound of claim 1 which is
      6.beta.-[2-methoxyimino-2-(benzo[b]thien-3-yl)acetamido]-2,2-dimethylpenam
     -3.alpha.-carboxylic acid (syn-isomer).
NUM  16.
PAR  16. The compound of claim 1 which is
      6.beta.-[2-t-butoxyimino-2-(benzo[b]thien-3-yl)acetamido]-2,2-dimethylpena
     m-3.alpha.-carboxylic acid (syn-isomer).
NUM  17.
PAR  17. The compound of claim 1 which is
      6.beta.-[2-benzyloxyimino-2-(benzo[b]thien-2-yl)acetamido]-2,2-dimethylpen
     am-3.alpha.-carboxylic acid (syn-isomer).
NUM  18.
PAR  18. The compound of claim 1 which is
      6.beta.-[2-ethoxyimino-2-(thien-3-yl)-acetamido]-2,2-dimethylpenam-3.alpha
     .-carboxylic acid (syn-isomer).
NUM  19.
PAR  19. The compound of claim 1 which is
      6.beta.-[2-phenoxyimino-2-(2-thienyl)acetamido]-2,2-dimethylpenam-3.alpha.
     -carboxylic acid (syn isomer).
NUM  20.
PAR  20. The compound of claim 1 which is
      6.beta.-[2-cyclopentyloxyimino-2-(2-thienyl)acetamido]
      -2,2-dimethylpenam-3.alpha.-carboxylic acid (syn isomer).
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ABST
PAL  Crystalline, anhydrous sodium cyclacillin is produced by the reaction of a
      primary, secondary or tertiary lower alkylamine salt of
      6-(1-aminocyclohexanecarboxamido)penicillanic acid and a sodium alkanoate
      in the presence of an anhydrous solvent system comprising a lower alkanol
      and a saturated hydrocarbon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The production of sodium cyclacillin has been fraught with problems due to
      the form of the product which is either non-isolable in conventional
      filtration equipment or so hygroscopic as to be very difficult to handle
      in processing subsequent to its recovery from the reaction medium.
      Heretofore, only the hydrated forms of sodium cyclacillin could be
      isolated satisfactorily in conventional filtration equipment. However, the
      hydrated forms of sodium cyclacillin are extremely hygroscopic, presenting
      a relatively non-uniform product which impares quantitative measuring
      techniques of sampling, weighing, dispensing, and the like, as well as
      presenting storage stability problems. Previous attempts to produce
      anhydrous sodium cyclacillin by employing anhydrous conditions throughout
      the processing procedure have afforded a material which was non-isolatable
      in conventional filtration equipment due to its particle size and/or form.
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention, there is provided a process for the
      production of sodium 6-(1-aminocyclohexanecarboxamido)penicillanate which
      comprises reacting an anhydrous amine salt of
      6-(1-aminocyclohexanecarboxamido)penicillanic acid with a sodium salt of
      an alkanoic acid in an anhydrous solvent system of an alkanol containing 2
      or 3 carbon atoms and a saturated hydrocarbon containing from 5 to 8
      carbon atoms. The product, sodium cyclacillin, forms an additional aspect
      of this invention as a free-flowing, white, crystalline, substantially
      anhydrous, readily filterable compound which is less hygroscopic and more
      stable than sodium cyclacillin produced by other processes.
PAR  Applicant has discovered that by performing the reaction of a sodium
      alkanoate with an anhydrous amine salt of cyclacillin in an anhydrous
      solvent system consisting of an alkanol containing 2 or 3 carbon atoms and
      a saturated hydrocarbon containing from 5 to 8 carbon atoms, the product
      is substantially anhydrous, of low hygroscopicity and, surprisingly,
      crystalline in form, rendering it readily filterable by conventional means
      and weighable (dispensable) with accuracy in subsequent processing
      procedures as in the preparation of dosage forms. In fact, the product of
      this invention may be dried in a circulating air oven to obtain it in
      substantially anhydrous form, a property not found in sodium cyclacillin
      containing water of hydration in its molecular structure as is produced by
      other techniques. In addition, the potency of the product of this
      invention is retained for a considerably longer time than that of sodium
      cyclacillin prepared by other techniques
PAR  The reactant amine salt of anhydrous cyclacillin may be any amine derived
      from a primary, secondary or tertiary alkylamine in which each alkyl group
      independently contains from 1 to 4 carbon atoms. The preferred amine salts
      are derived from isopropylamine, diethylamine and triethylamine.
PAR  The alkanoic acid employed as the sodium salt reactant may be any alkanoic
      acid salt that is soluble in the reaction medium. It is preferred to
      employ an alkanoic acid containing from 6 to 14 carbon atoms of which
      2-ethylhexanoic acid is the most preferred acid due to its cost,
      availability, and solubility characteristics.
PAR  The reaction proceeds smoothly at a temperature from -10.degree. to
      40.degree.C. while a temperature from 0.degree. to 30.degree.C. is
      preferred. Thus, depending upon the specific reactants and solvent system
      employed, the reaction may be conducted at about room temperature with
      slight modification for optimization of any specific reaction system.
PAR  The solvent system employed in the process of this invention is a mixture
      of a saturated hydrocarbon and an alkanol. The saturated hydrocarbon may
      contain from 5 to 8 carbon atoms and be from the alkane of cycloalkane
      series. Thus, pentane, hexane, heptane, octane, and the corresponding
      cyclic hydrocarbons and mixtures thereof are applicable in the process of
      this invention. The alkanol may contain 2 or 3 carbon atoms, namely,
      ethanol, propanol and isopropanol.
PAR  The solvent system is initially made up in an approximate 1:1 ratio of
      saturated hydrocarbon to alkanol. Additional amounts of the saturated
      hydrocarbon may be added to the reaction medium after cry stallization is
      initiated, to increase the crop of crystals. Thus, the ratio of saturated
      hydrocarbon to alkanol at the final stage of the reaction is within the
      range of from 1-4:1 parts, respectively. Seed crystals, prepared by
      conventional means such as removal of a portion of the reaction medium,
      cooling, scratching the side of the vessel, etc., are beneficially
      introduced into the reaction medium after addition of the sodium alkanoate
      has begun, to initiate crystallization.
PAR  The crystalline, substantially anhydrous sodium cyclacillin product
      contains no water-of-crystallization although it is hygroscopic and will
      gain weight slowly by absorption of atmospheric moisture. However, the
      hygroscopicity of this substantially anhydrous sodium cyclacillin is much
      less than that of non-crystalline sodium cyclacillin. Isolation and
      packaging handling of the sodium cyclacillin of this invention are greatly
      simplified because of negligible water pick-up in normal processing as
      sharply contrasted with non-crystalline sodium cyclacillin. Package
      stability because of low water pick-up assures a better quality product
      reaching the consumer.
DETD
PAC  EXAMPLE I
PAC  Sodium 6-(1-Aminocyclohexanecarboxamido)penicillanate
PAR  To 300 ml. of anhydrous ethanol is added 100 g. (0.293 mole) of anhydrous
      6-(1-aminocyclohexanecarboxamido)penicillanic acid followed by 23.6 g.
      (0.322 mole) of diethylamine at about 20.degree.C. with stirring. After
      stirring of one half hour, the solution is clarified by filtration through
      diatomaceous earth and the filter cake is washed with 50 ml. of a 1:1
      mixture of hexane and anhydrous ethanol. The resulting solution of
      diethylamine 6-(1-aminocyclohexanecarboxamido)penicillanate is diluted
      with 500 ml. of hexane. To the slowly stirred solution of the diethylamine
      salt is gradually added over a thirty minute period at from about
      20.degree.-23.degree. C., a solution of sodium 2-ethylhexanoate (prepared
      by the reaction of 16.6 g. (0.309 mole) of sodium methoxide with 46.5 g.
      (0.322 mole) of 2-ethylhexanoic acid in 200 ml. of a 1:1 mixture of
      anhydrous ethanol and hexane at a temperature maintained below
      30.degree.C. followed by filtration and the addition of  15 ml. of a 1:1
      mixture of hexane and anhydrous ethanol to wash the filter). After
      addition of about 75 ml. of the solution of sodium 2-ethylhexanoate, seed
      material of sodium 6-(1-aminocyclohexanecarboxamido)penicillanate
      separately formed, is added to the solution to initiate crystallization.
      After complete addition of the sodium 2-ethylhexanoate solution, stirring
      is continued for 1/2 hour, 200 ml. of hexane is added over a 30 minute
      period and stirring is continued for another half hour at from about
      20.degree.-23.degree.C.
PAR  The white, crystalline product is collected by filtration, washed by
      stirring in a mixture of 160 ml. of hexane and 40 ml. of anhydrous
      ethanol, filtered, and finally washed with a mixture of 80 ml. of hexane
      and 20 ml. of anhydrous ethanol. After drying in a vacuum oven at
      45.degree.-50.degree.C., the product amounts to 84.0 g. (79 per cent of
      theory); moisture content 0.27 per cent; potency by bioassay, 99 per cent.
PAR  The X-ray diffraction pattern for the product presented the following
      values in degrees for 20: 6.7*; 10.8; 13.5; 16.0; 16.9*; 17.3*; 19.4*;
      22.2; 23.3; 23.8; 27.6; 28.7; 29.3; 30.2; 24.1, in which the asterisk
      denotes the strongest peaks in the pattern.
PAR  For comparative purposes, sodium cyclacillin was also prepared by the
      following three methods:
PAC  A
PAR  6-(1-Aminocyclohexanecarboxamido)penicillanic acid (122 g.; 0.36 mole)
      followed by 32.6 g. (0.45 mole) of diethylamine is added to 840 ml. of
      acetonitrile with stirring, and the resulting solution is filtered. In a
      separate vessel, 15.1 g. (0.38 mole) of sodium hydroxide pellets is added
      to a mixture of 55 g. (0.38 mole) of 2-ethylhexanoic acid, 300 ml. of
      acetonitrile and 48 ml. of water with stirring. After solution is
      attained, the warm solution is clarified by filtration.
PAR  The solution containing sodium 2-ethylhexanoate is added to the solution of
      the diethylamine salt of the penicillin over 20 minutes at
      20.degree.-25.degree.C. After stirring at room temperature for 1/2 hour
      and then at 0.degree.-5.degree.C. for 1/2 hour, the white sodium salt is
      collected by filtration and dried in a vacuum oven at 45-50.degree.C.
PAC  B
PAR  Following the procedure of German Offenlegungsschrift 2,026,508, Example 3,
      anhydrous cyclacillin was silylated with trimethylchlorosilane in
      tetrahydrofuran with triethylamine present. After removing the
      triethylamine hydrochloride by filtration, the filtrate was concentrated
      under vacuum and dissolved in diethyl ether. The ether solution was added
      to a tetrahydrofuran-diethyl ether solution of sodium 2-ethylhexanoate and
      a calculated amount of water based on a Karl Fischer determination was
      added to de-silylate and precipitate the product. After vacuum drying, the
      sodium cyclacillin retained water.
PAC  C
PAR  A dilute solution of sodium hydroxide was added slowly to a slurry of
      anhydrous cyclacillin in water to a pH of 9.3. The solution was
      freeze-dried for 48 hours to obtain the product.
PAR  Samples of sodium cyclacillin, prepared by the three preceding methods and
      the process of Example I, were compared for potency, moisture content,
      crystallinity, storage stability and hygroscopicity. The results of these
      direct comparisons are presented in the table:
     Test Compared                                                             

                  Example 1                                                    

                         A     B     C                                         

     __________________________________________________________________________

     Iodometric Assay                                                          

                  914    904   883   908                                       

     mcg./mg. (theory 941)                                                     

     Bioassay     941    981   912   945                                       

     mcg./mg. (theory 941)                                                     

     Water Content (KF)                                                        

                  0.5%   2.4%  1.8%  3.8%                                      

     Crystallinity by                                                          

                  crys-  non-crys-                                             

                               non-crys-                                       

                                     non-crys-                                 

     X-ray diffraction                                                         

                  talline                                                      

                         talline                                               

                               talline                                         

                                     talline                                   

     Potency after                                                             

                  804    570   649   534                                       

     Storage at 75.degree.C. for                                               

     1 week (iodometric)                                                       

     Potency after                                                             

                  819    432   660   390                                       

     storage at 75.degree.C. for                                               

     1 week (Bioassay)                                                         

     Moisture Pickup at                                                        

     79% R.H.                                                                  

     1 hour       0.5%   1.1%  5.7%  3.6%                                      

     2 hours      0.8%   8.3%  9.0%  7.0%                                      

     4 hours      1.4%   12.8% 15. % 11.7%                                     

     6 hours      4.7%   12.2% 17.5% 14.6%                                     

     __________________________________________________________________________

PAR  These tests indicate that the process of this invention produces a
      crystalline, less hygroscopic and more stable product than alternate
      procedures. The products of procedures A, B and C presented no X-ray
      diffraction pattern indicative of crystallinity.
PAR  The following examples illustrate the production of sodium cyclacillin
      under analogous reaction conditions to afford the product of this
      invention in substantially identical form to that of Example I.
PAC  EXAMPLE II
PAR  The procedure of Example I was repeated except that the final
      crystallization was carried out at 0.degree.-3.degree.C.; yield, 87.6 g.
      (82 percent of theory); moisture content, 0 percent; potency by bioassay,
      98 percent.
PAC  EXAMPLE III
PAR  The procedure of Example I was repeated replacing the diethylamine with
      19.0 g. (0.32 mole) of isopropylamine; yield, 83.2 g. (79 percent of
      theory); moisture content, 0.14 percent; bioassay, 98 percent.
PAC  EXAMPLE IV
PAR  To 300 ml. of anhydrous ethanol is added 100 g. of anhydrous
      6-(1-aminocyclohexanecarboxamido)penicillanic acid followed by 59.3 g.
      (0.586 mole) of triethylamine. After stirring for one hour, the solution
      is clarified by filtration through diatomaceous earth and a sterilizing
      filter, and the filter cake is washed with 50 ml. of a mixture of hexane
      and anhydrous ethanol. The resulting solution of triethylamine
      6-(1-aminocyclohexanecarboxamido)penicillinate is diluted with 500 ml. of
      hexane. To this slowly stirred solution is gradually added over a
      30-minute period at ambient temperature, a solution of sodium
      2-ethylhexanoate (prepared by the reaction of 16.6 g. of sodium methoxide
      with 46.5 g. of 2-ethylhexanoic acid in 200 ml. of 2 1:1 mixture of
      anhydrous ethanol and hexane at a temperature maintained below
      30.degree.C. followed by sterile filtration and the addition of 15 ml. of
      a mixture of hexane and anhydrous ethanol to wash the filter). After
      addition of about 75 ml. of the solution of  2-ethylhexanoate, seed
      material of sodium 6-(1-aminocyclohexanecarboxamido)penicillanate, is
      added to initiate crystallization. The crystallization and isolation is
      the same as that used in Example I; yield, 91.0 g. (86 percent of theory);
      moisture content, 0.2 percent; bioassay, 98 percent.
PAC  EXAMPLE V
PAR  The procedure of Example I was repeated replacing the hexane with
      cyclohexane throughout the process; yield, 48.4 g. (45 percent of theory);
      moisture content, 0.3 percent; bioassay, 100 percent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Crystalline sodium 6-(1-aminocyclohexanecarboxamido)-penicillanate.
NUM  2.
PAR  2. A process for the production of crystalline sodium
      6-(1-aminocyclohexanecarboxamido)penicillanate which comprises reacting an
      anhydrous amine salt of 6-(1-aminocyclohexanecarboxamido)penicillanic acid
      with a sodium salt of an alkanoic acid in an anhydrous solvent system of a
      lower alkanol containing 2 or 3 carbon atoms and a saturated hydrocarbon
      containing from 5 to 8 carbon atoms.
NUM  3.
PAR  3. The process of claim 2 in which said amine salt of
      6-(1-aminocyclohexanecarboxamido)penicillanic acid is selected from the
      group consisting of primary, secondary and tertiary alkylamine salts in
      which each alkyl group independently contains from 1 to 4 carbon atoms.
NUM  4.
PAR  4. The process of claim 3 in which said amine salt is the
      6-(1-aminocyclohexanecarboxamido)penicillanic acid isopropyl amine salt.
NUM  5.
PAR  5. The process of claim 3 in which said amine salt is the
      6-(1-aminocyclohexanecarboxamido)penicillanic acid diethylanine salt.
NUM  6.
PAR  6. The process of claim 3 in which said amine salt is the
      6-(1-aminocyclohexanecarboxamido)penicillanic acid triethylamine salt.
NUM  7.
PAR  7. The process of claim 2 in which said alkanoic acid contains from 6 to 14
      carbon atoms.
NUM  8.
PAR  8. The process of claim 7 in which said alkanoic acid is 2-ethylhexanoic
      acid.
NUM  9.
PAR  9. The process of claim 2 in which said anhydrous solvent system contains a
      final volume ratio of saturated hydrocarbon to alkanol within the range of
      from 1-4:1 parts, respectively.
NUM  10.
PAR  10. The process of claim 9 in which said solvent system consists of hexane
      and ethanol.
NUM  11.
PAR  11. The process of claim 9 in which said solvent system consists of
      cyclohexane and ethanol.
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ABST
PAL  A 7-imido-3-methyl-3-hydroxycepham-4-carboxylic acid ester is reacted with
      a halogen reagent in the presence of an alkaline reagent to produce
      2-halomethylpenams and a 3-methyl-3-cephem compound.
PARN
PAC  CROSS-REFERENCE
PAR  This application is a continuation-in-part of application Ser. No. 267,796,
      filed June 30, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The cephalosporin antibiotics have recently achieved considerable success
      as therapeutic agents for the treatment of infectious diseases of man.
      This class of antibiotics is produced by two known general methods. In the
      first of these methods, cephalosporin C is produced by culturing the
      organism Cephalosporium acremonium, Newton and Abraham, Biochem. J., 62,
      651 (1956). Cleavage of the .alpha.-aminoadipoyl side chain of
      cephalosporin C according to the method described in U.S. Pat. No.
      3,188,311 affords 7-aminocephalosporanic acid (7-ACA). Acylation of 7-ACA
      with an appropriate acyl halide, as, for example, thiophene-2-acetyl
      chloride, yields the expected 7-acylamidocephalosporanic acid antibiotic.
      The cephalosporin antibiotics obtained from cephalosporin C according to
      this method are derivatives of cephalosporanic acid which possesses an
      acetoxymethyl group attached at the 3-position of the cephalosporin
      nucleus. According to the cephem nomenclature system for the
      cephalosporins, the cephalosporin antibiotics obtained from cephalosporin
      C are named 7-acylamido-3-acetoxymethyl-3-cephem-4-carboxylic acids.
PAR  The second method by which the cephalosporin antibiotics are produced
      involves the chemical conversion of a penicillin antibiotic. This method,
      described in U.S. Pat. No. 3,275,626, involves the conversion of the
      thiazolidine ring of a penicillin into the dihydrothiazine ring of a
      cephalosporin. The fused .beta.-lactam ring of the penicillin molecule
      remains intact during the conversion. This chemical conversion is carried
      out by heating a penicillin sulfoxide in the presence of an acidic
      reagent, such as acetic anhydride, to obtain predominantly a
      7-acylamido-3-methyl-3-cephem-4-carboxylic acid ester (a
      desacetoxycephalosporanic acid) and a
      7-acylamido-3-methyl-3-acyloxycepham-4-carboxylic acid ester. Also
      produced in the chemical conversion process is a
      2-acyloxymethylpenicillin, otherwise designated as a
      6-acylamido-2-methyl-2-acyloxymethylpenam-3-carboxylic acid.
PAR  U.S. Pat. No. 3,275,626 additionally discusses the possibility of
      converting a penicillin sulfoxide by heating it in the presence of any of
      various acidic reagents. The ultimate antibiotic substances which form
      from such reactions will depend to some extent upon the particular acid
      which is employed, with the substituents present in the acid as well as
      the particular structure and relative strength of the acid having some
      effect upon the products formed.
PAR  In carrying out the reaction of a penicillin sulfoxide ester with thionyl
      chloride, it has been found that the following products are obtained:
      ##SPC1##
PAR  It further has been found that the
      2.beta.-chloromethyl-2.alpha.-methylpenam (I above) is unstable and
      gradually rearranges to the corresponding
      3.alpha.-methyl-3.beta.-chlorocepham of the formula
      ##SPC2##
PAL  This rearrangement occurs at room temperature over a period of several
      days. The rearrangement can be greatly accelerated by subjecting the penam
      to an elevated temperature, for example, from about 50.degree.C. to about
      100.degree.C., under which conditions the rearrangement can be
      accomplished in as little as 1 hour. Conversion to the corresponding
      3.alpha.-methyl-3.beta.-chlorocepham can also be effected by maintaining
      the unstable penam in a suitable inert solvent on a chromatographic column
      for a period of from about 24 to about 72 hours and then eluting the
      cepham product from the column.
PAR  In accordance with this invention, it has now been discovered that it is
      possible to convert a
      7-imido-3.beta.-hydroxycepham-3.alpha.-methyl-4-carboxylic acid ester
      having a structure such as (III) above to an active 3-methyl-3-cephem
      antibiotic, and, by ring-contraction, to a
      2.alpha.-halomethylpenam-2.beta.-methyl (penicillin) ring structure and a
      2.beta.-halomethylpenam-2.alpha.-methyl (pencillin) ring structure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a process for converting a
      3-methyl-3-hydroxycepham compound, which comprises reacting a compound
      having the formula
      ##SPC3##
PAL  with a halogen reagent selected from the group consisting of PX.sub.5 and
      SOX.sub.2 in the presence of at least about one mole of an alkaline
      reagent selected from the group consisting of a tertiary amine and an
      inorganic alkaline salt per each mole of the 3-methyl-3-hydroxycepham
      compound and at a temperature within the range of from about 60.degree.C.
      to about 150.degree.C. to obtain a mixture comprising a compound of the
      formula IV
      ##SPC4##
PAL  a compound of the formula V
      ##SPC5##
PAL  and a compound of the formula VI
      ##SPC6##
PAL  in which, in the above formulae, R is the residue of an imide derived from
      a dicarboxylic acid, R.sub.1 is a carboxy protecting group and X is
      chlorine or bromine.
PAR  As stated hereinabove, the 2.beta.-chloromethylpenam-2.alpha.-methyl
      structure rearranges over a period of time to the corresponding
      3.alpha.-methyl-3.beta.-chlorocepham. This is likewise true of the
      2.beta.-halomethylpenam-2.alpha.-methyl structure (V) whether X therein is
      chlorine or bromine. Indeed, in those instances in which X is bromine, the
      rearrangement of the 2.beta.-halomethylpenam-2.alpha.-methyl structure to
      the 3.alpha.-methyl-3.beta.-halocepham (Va)
      ##SPC7##
PAL  is substantially more rapid than in those instances in which X is chlorine.
      Virtually complete rearrangement will be accomplished merely by allowing
      the 2.beta.-bromomethylpenam-2.alpha.-methyl compound to stand at room
      temperature for a period of from about 24 to about 72 hours.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The process of this invention is carried out by heating a
      7-imido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylic acid ester in
      the presence of a halogen reagent selected from the group consisting of
      phosphorus pentachloride, thionyl chloride, phosphorus pentabromide, and
      thionyl bromide, and in the presence of an alkaline reagent.
PAR  The reaction is carried out at a temperature within the range of from about
      60.degree.C. to about 150.degree.C. More preferably, the temperature of
      reaction is between 75.degree.C. and 100.degree.C. Typically, the time of
      reaction will range from about 30  minutes to about 2 hours, with the
      reaction time to some degree being dependent upon the particular reactants
      which are employed as well as the temperature at which the reaction is
      carried out. Normally, the higher the temperature of reaction the shorter
      the reaction time. Usually, the reaction will be completed after the
      reactants have been maintained in contact at the selected reaction
      temperature for about 30 to about 45 minutes.
PAR  Also, it is pointed out that, depending upon the time and temperature of
      reaction, it is possible to recover from the reaction mixture amounts of
      the 3.alpha.-methyl-3.beta.-halocepham. The immediate precursor of this
      structure, nevertheless, is the 2.beta.-halomethylpenam-2.alpha.-methyl
      compound produced by the process of this invention.
PAR  The conversion of the 3-methyl-3-hydroxycepham compound preferably is
      carried out in the presence of a suitable inert solvent, specifically, one
      which will facilitate adequate mixing of the reactants. Suitable solvents
      are those having a boiling point at least as high as the temperature of
      reaction and include, for example, aromatic hydrocarbons such as benzene
      and toluene; halogenated hydrocarbons such as carbon tetrachloride,
      chlorobenzene, bromoform, bromobenzene, 1,2-dichloroethane,
      1,2-dibromoethane, and the like; amides, such as N,N-dimethylformamide,
      N,N-dimethylacetamide, and the like; aliphatic nitriles, such as
      acetonitrile, propionitrile, and the like; esters, such as ethyl acetate,
      and the like; ethers, such as dioxane, and the like; and any other
      appropriate inert solvents. Preferred solvents are those having a boiling
      point within the temperature range at which the reaction is to be carried
      out, thereby permitting the reaction mixture to be refluxed while
      retaining temperature control.
PAR  The conversion of the 3-methyl-3-hydroxycepham compound is accomplished in
      the presence of both the halogen reagent and an alkaline reagent. The
      halogen reagent is selected from the group consisting of phosphorous
      pentachloride, thionyl chloride, phosphorous pentabromide, and thionyl
      bromide. In order to ensure the presence of sufficient halogen reagent,
      preferably at least one mole of the halogen reagent is used per each mole
      of the 3-methyl-3-hydroxycepham. Usually a molar excess of the halogen
      reagent will be employed, and typically the amount of halogen reagent will
      range from slightly over equimolar to about 2.5 moles of the halogen
      reagent per mole of the 3-methyl-3-hydroxycepham compound. Preferably, the
      halogen reagent will be present in an amount of from about 1.1 to about
      2.0 moles per each mole of the 3-methyl-3-hydroxycepham compound.
PAR  The identity of the halo group present in the 2-halomethylpenam compounds
      which are formed is dependent upon the identity of the halogen in the
      halogen reagent. If the halogen reagent is a chlorine compound, the
      products will be the two isomeric 2-chloromethylpenams, and a
      3-methyl-3-cephem. If the halogen reagent is a bromine compound, the
      products will be the two isomeric 2-bromomethylpenams, and a
      3-methyl-3-cephem.
PAR  The other reactant which is employed in the conversion of the
      3-methyl-3-hydroxycepham is an alkaline reagent. Alkaline reagents which
      are suitable for conversion of the 3hydroxycepham include tertiary amines
      and inorganic alkaline salts. Examples of suitable tertiary amines include
      those which contain alkyl groups having from one to five carbon atoms,
      such as trimethylamine, triethylamine, tripropylamine, tributylamine,
      triamylamine, methyldiethylamine, and the like. Other suitable tertiary
      amines include cyclic amines, such as pyridine, quinoline,
      N-methylmorpholine, N-methylpiperidine, and the like. Suitable typical
      inorganic alkaline salts include sodium carbonate, sodium bicarbonate,
      sodium acetate, potassium carbonate, potassium bicarbonate, potassium
      acetate, lithium carbonate, lithium bicarbonate, lithium acetate, disodium
      hydrogen phosphate, trisodium phosphate, dipotassium hydrogen phosphate,
      tripotassium phosphate, sodium benzoate, potassium benzoate, sodium
      formate, potassium formate, disodium phthalate, potassium hydrogen
      phthalate, and the like.
PAR  The alkaline reagent which is employed must be present in an amount at
      least about equimolar to the 3-methyl-3-hydroxycepham compound. The amount
      of alkaline reagent which is employed has some effect on the relative
      ratio of the products which will be formed from the conversion. Generally,
      as the amount of alkaline reagent is increased above one mole per each
      mole of the 3-methyl-3-hydroxycepham compound, the relative amount of the
      7-imido-3-methyl-3-cephem-4-carboxylic acid ester (IV) present in the
      product mixture will be increased. Preferably, from about 1.0 to about 2.0
      moles of the alkaline reagent will be employed per each mole of the
      3-methyl-3-hydroxycepham compound, and, more preferably, the molar ratio
      of alkaline reagent to 3-methyl-3-hydroxycepham will be from about 1.1 to
      about 1.5.
PAR  As mentioned hereinabove, the 3-methyl-3-hydroxycepham compound used as
      starting material in the process of this invention can be prepared by
      reacting the corresponding penicillin sulfoxide with thionyl chloride in
      accordance with the general reaction described in U.S. Pat. No. 3,275,626.
      The 3-methyl-3-hydroxycepham compounds are also available in accordance
      with the techniques described in U.S. Pat. Nos. 3,668,201 and 3,668,202.
      These involve heating a penicillin sulfoxide in the presence of sulfuric
      or sulfamic acid in a solvent system containing a tertiary carboxamide.
PAR  The 3-methyl-3-hydroxycepham used as starting material in the process of
      this invention has the following formula:
      ##SPC8##
PAR  R.sub.1 in the above formula as well as in the products of the process of
      this invention denotes a carboxy protecting group. The nature of the
      carboxy protecting group is not important, and any of those known in the
      art can be used. Preferably, however, this group is the residue of an
      ester function which is removable by acid treatment or by hydrogenation.
      Preferred carboxy protecting groups include, for example, C.sub.1 -C.sub.4
      alkyl, 2,2,2-trihaloethyl, 2-iodoethyl, benzyl, p-nitrobenzyl,
      succinimidomethyl, phthalimidomethyl, p-methoxybenzyl, benzhydryl, C.sub.2
      -C.sub.6 alkanoyloxymethyl, phenacyl, or p-halophenacyl, in any of the
      above of which halo denotes chlorine, bromine, or iodine.
PAR  Specific illustrations of the preferred ester residues of the carboxyl
      group of the 3-hydroxycepham compound used in the process of this
      invention include, for example, methyl, ethyl, n-propyl, isopropyl,
      n-butyl, secbutyl, isobutyl, t-butyl, 2,2,2-trichloroethyl,
      2,2,2-tribromoethyl, 2-iodoethyl, benzyl, p-nitrobenzyl,
      succinimidomethyl, phthalimidomethyl, p-methoxybenzyl, benzhydryl,
      acetoxymethyl, pivaloyloxymethyl, propionoxymethyl, phenacyl,
      p-chlorophenacyl, p-bromophenacyl, and the like.
PAR  Highly preferred ester residues are methyl, benzyl, p-nitrobenzyl,
      p-methoxybenzyl, benzhydryl, and 2,2,2-trichloroethyl.
PAR  In the above formula as well as in those depicting the products of the
      process of this invention, the cyclic imide radical defined by R taken
      together with the nitrogen-dicarbonyl combination to which it is bonded
      can be obtained by reacting a precursor of the 3-methyl-3-hydroxycepham
      compound, such as the 6-amino group of 6-aminopenicillanic acid (6-APA) or
      an ester of 6-APA with a dicarboxylic acid or anhydride or other reactive
      variant thereof, and treating the resulting derivative with a C.sub.1
      -C.sub.4 alkyl haloformate, for example, ethyl chloroformate, in the
      presence of an organic base. Preferably, R is C.sub.2 -C.sub.4 alkylene,
      C.sub.2 -C.sub.4 alkenylene, -CH.sub.2 -Y-CH.sub.2 - in which Y is oxygen
      or sulfur, 1,2-cyclohexylene, 1,2-phenylene, 1,2-cyclohexenylene, or a
      substituted derivative of any of these having from 1 to 4 substituents
      selected from the group consisting of C.sub.1 -C.sub.3 alkyl, C.sub.1
      -C.sub.3 alkoxy, nitro, fluoro, chloro, bromo and iodo. More preferably, R
      is C.sub.2 -C.sub.4 alkylene, C.sub.2 -C.sub.4 alkenylene, -CH.sub.2
      -Y-CH.sub.2 - in which Y is oxygen or sulfur, 1,2-cyclohexylene,
      1,2-phenylene, or 1,2-cyclohexenylene, each of which is unsubstituted or
      singly substituted with any of the aforementioned substitutents.
      Typically, R is the residue of a C.sub.4 to C.sub.10 dicarboxylic acid,
      and the cyclic imide thus represented is prepared from such dicarboxylic
      acid, its anhydride, or an appropriate reactive variant thereof. Cyclic
      imides can be prepared, for example, from acids such as succinic, maleic,
      glutaric, diglycolic, thiodiglycolic, phthalic, and the like, or their
      resoective anhydrides, as well as from cyclohexane-1,2-dicarboxylic,
      3-cyclohexene-1,2-dicarboxylic, halogen substituted dicarboxylic acids or
      anhydrides such as 4,5-dichlorophthalic, tetraiodophthalic,
      4-bromophthalic, nitro substituted dicarboxylic acids and anhydrides such
      as 3-nitrophthalic acid, alkyl substituted dicarboxylic acids and
      anhydrides such as methylmaleic acid, as well as related compounds and
      compounds of similar reactivities. Additional examples of cyclic
      anhydrides of the type defined are found in the prior art such as in the
      Journal of Organic Chemistry, Volume 26, pp. 3,365-3,367 (September,
      1961). 6-Phthalimidopenicillanic acid can also be prepared from 6-APA and
      N-carboethoxyphthalimide according to the procedure of Y. G. Perron et
      al., Journal of Medicinal Chemistry, Volume 5, (1962), p. 1016.
PAR  The thus-produced 6-imido-substituted penicillanic acid or ester can then
      be oxidized in accordance with known techniques to produce the penicillin
      sulfoxide. This sulfoxide, having an appropriate carboxy protecting group,
      can then be reacted in accordance with the teaching provided in U.S. Pat.
      No. 3,275,626 or that provided in U.S. Pat. Nos. 3,668,201 and 3,668,202,
      to produce the 3-hydroxycepham starting material.
PAR  Representative of the product conversions which are available in accordance
      with the process of this invention are the following. It will be
      understood, however, that the ratio of products may vary depending upon
      the particular reactants which are employed, the relative quantities of
      reactants, and the conditions of reaction.
PAR  Methyl 7-phthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate to
      methyl 7-phthalimido-3-methyl-3-cephem-4-carboxylate, methyl
      6-phthalimido-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxylate, and
      methyl
      6-phthalimido-2.beta.-halomethylpenam-2.alpha.-methyl-3-carboxylate, the
      latter rearranging over a period of time to methyl
      7-phthalimido-3.alpha.-methyl-3.beta.-halocepham-4-carboxylate.
PAR  2,2,2-Trichloroethyl
      7-phthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate to
      2,2,2-trichloroethyl 7-phthalimido-3-methyl-3-cephem-4-carboxylate,
      2,2,2-trichloroethyl
      6-phthalimido-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxylate, and
      2,2,2-trichloroethyl
      6-phthalimido-2.beta.-halomethylpenam-2.alpha.-methyl-3-carboxylate, the
      latter rearranging over a period of time to 2,2,2-trichloroethyl
      7-phthalimido-3.alpha.-methyl-3.beta.-halocepham-4-carboxylate.
PAR  p-Nitrobenzyl
      7-phthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate to
      p-nitropbenzyl 7-phthalimido-3-methyl-3-cephem-4-carboxylate,
      p-nitrobenzyl 6-phthalimido-2.alpha.-halomethylpenam-2.beta.-methyl-3-carb
     oxylate, and p-nitrobenzyl
      6-phthalimido-2.beta.-halomethylpenam-2.alpha.-methyl-3-carboxylate, the
      latter rearranging over a period of time to p-nitrobenzyl
      7-phthalimido-3.alpha.-methyl-3.beta.-halocepham-4-carboxylate.
PAR  Benzyl 7-succinimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate to
      benzyl 7-succinimido-3-methyl-3-cephem-4-carboxylate, benzyl
      6-succinimido-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxylate, and
      benzyl
      6-succinimido-2.beta.-halomethylpenam-2.alpha.-methyl-3-carboxylate, the
      latter rearranging over a period of time to benzyl
      7-succinimido-3.alpha.-methyl-3.beta.-halocepham-4-carboxylate.
PAR  Benzhydryl
      7-phthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate to
      benzhydryl 7-phthalimido-3-methyl-3-cephem-4-carboxylate, benzyhydryl
      6-phthalimido-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxylate, and
      benzhydryl
      6-phthalimido-2.beta.-halomethylpenam-2.alpha.-methyl-3-carboxylate, the
      latter rearranging over a period of time to benzhydryl
      7-phthalimido-3.alpha.-methyl-3.beta.halocepham-4-carboxylate.
PAR  t-Butyl 7-glutarimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate
      to t-butyl 7-glutarimido-3-methyl-3-cephem-4-carboxylate, t-butyl
      6-glutarimido-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxylate, and
      t-butyl
      6-glutarimido-2.beta.-halomethylpenam-2.alpha.-methyl-3-carboxylate, the
      latter rearranging over a period of time to t-butyl
      7-glutarimido-3.alpha.-methyl-3.beta.-halocepham-4-carboxylate.
PAR  p-Nitrobenzyl
      7-diglycolimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate to
      p-nitrobenzyl 7-diglycolimido-3-methyl-3-cephem-4-carboxylate,
      p-nitrobenzyl
      6-diglycolimido-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxylate, and
      p-nitropbenzyl
      6-diglycolimido-2.beta.-halomethylpenam-2.alpha.-methyl-3-carboxylate, the
      latter rearranging over a period of time to p-nitrobenzyl
      7-diglycolimido-3.alpha.-methyl-3.beta.-halocepham-4-carboxylate.
PAR  Benzhydryl
      7-(3'-bromophthalimido)-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylat
     e to benzhydryl 7-(3'-bromophthalimido)--3-methyl-3-cepham-4-carboxylate,
      benzhydryl
      6-(3'-bromophthalimido)-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxyl
     ate, and benzyhydryl
      6-(3'-bromophthalimido)-2.beta.-halomethylpenam-2.alpha.-methyl-3-carboxyl
     ate, the latter rearranging over a period of time to benzhydryl
      7-(3'-bromophthalimido)-3.alpha.-methyl-3.beta.-halocepham-4-carboxylate.
PAR  p-Nitrobenzyl
      7-tetraiodophthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate
      to p-nitrobenzyl 7-tetraiodophthalimido-3-methyl-3-cephem-4-carboxylate,
      p-nitrobenzyl 6
      -tetraiodophthalimido-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxylat
     e, and p-nitrobenzyl
      6-tetraiodophthalimido-2.beta.-halomethylpenam-2.alpha.-methyl-3-carboxyla
     te, the latter rearranging over a period of time to p-nitrobenzyl
      7-tetraiodophthalimido-3.alpha.-methyl-3.beta.-halocepham-4-carboxylate.
PAR  p-Methoxybenzyl
      7-(3'-nitrophthalimido)-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylat
     e to p-methoxybenzyl
      7-(3'-nitrophthalimido)-3-methyl-3-cephem-4-carboxylate, p-methoxybenzyl
      6-(3'-nitrophthalimido)-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxyl
     ate, and p-methoxybenzyl
      6-(3'-nitrophthalimido)-2.beta.-halomethylpenam-2.alpha.-methyl-3-carboxyl
     ate, the latter rearranging over a period of time to p-methoxybenzyl
      7-(3'-nitrophthalimido)-3.alpha.-methyl-3.beta.-halocepham-4-carboxylate.
PAR  Phthalimidomethyl
      7-(4',5'-dichlorophthalimido)-3.alpha.-methyl-3.beta.-hydroxycepham-4-carb
     oxylate to phthalimidomethyl
      7-(4',5'-dichlorophthalimido)-3-methyl-3-cephem-4-carboxylate,
      phthalimidomethyl
      6-(4',5'-dichlorophthalimido)-2.alpha.-halomethylpenam-2.beta.-methyl-3-ca
     rboxylate, and phthalimidomethyl
      6-(4',5'-dichlorophthalimido)-2.beta.-halomethylpenam-2.alpha.-methyl-3-ca
     rboxylate, the latter rearranging over a period of time to
      phthalimidomethyl 7-(4',5'-dichlorophthalimido)-3.alpha.-methyl-3.beta.-ha
     locepham-4-carboxylate.
PAR  Succinimidomethyl
      7-hexahydrophthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate
      to succinimidomethyl
      7-hexahydrophthalimido-3-methyl-3-cephem-4-carboxylate, succinimidomethyl
      6-hexahydrophthalimido-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxyla
     te, and succinimidomethyl
      6-hexahydrophthalimido-2.beta.-halomethylpehan-2.alpha.-methyl-3-carboxyla
     te, the latter rearranging over a period of time to succinimidomethyl
      7-hexahydrophthalimido-3.alpha.-methyl-3.beta.-halocepham-4-carboxylate
PAR  Iodoethyl
      7-diglycolimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate to
      iodoethyl 7-diglycolimido-3-methyl-3-cephem-4-carboxylate, iodoethyl
      6-diglycolimido-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxylate, and
      iodoethyl
      6-diglycolimido-2.beta.-halomethylpenam-2.alpha.-methyl-3-carboxylate, the
      latter rearranging over a period of time to iodoethyl
      7-diglycolimido-3.alpha.-methyl-3.beta.-halocepham-4-carboxylate.
PAR  Pivaloyloxymethyl
      7-(1',2',3',6'-tetrahydrophthalimido)-3.alpha.-methyl-3.beta.-hydroxycephe
     m-4-carboxylate to pivaloyloxymethyl
      7-(1',2',3',6'-tetrahydrophthalimido)-3-methyl-3-cephem-4-carboxylate,
      pivaloyloxymethyl
      6-(1',2',3',6'-tetrahydrophthalimido)-2.alpha.-halomethylpenam-2.beta.-met
     hyl-3-carboxylate, and pivaloyloxymethyl
      6-(1',2',3',6'-tetrahydrophthalimido-2.beta.-halomethylphenam-2.alpha.-met
     hyl-3-carboxylate, the latter rearranging over a period of time to
      pivaloyloxymethyl
      7-(1',2',3',6'-tetrahydrophthalimido)-3.alpha.-methyl-3.beta.-halocepham-4
     -carboxylate.
PAR  Acetoxymethyl
      7-(3'-methylphthalimido)-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxyla
     te to acetoxymethyl
      7-(3'-methyl-phthalimido)-3-methyl-3-cephem-4-carboxylate, acetoxymethyl
      6-(3'-methylphthalimido)-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxy
     late, and acetoxymethyl
      6-(3'-methylphthalimido)-2.beta.-halomethylpenam-2.alpha.-methyl-3-carboxy
     late, the latter rearranging over a period of time to acetoxymethyl
      7-(3'-methylphthalimido)-3.alpha.-methyl-3.beta.-halocepham-4-carboxylate.
PAR  Phenacyl
      7-(4'-methoxyphthalimido)-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxyl
     ate to phenacyl 7-(4'-methoxyphthalimido)-3-methyl-3-cephem-4-carboxylate,
      phenacyl
      6(4'-methoxyphthalimido)-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxy
     late, and phenacyl
      6-(4'-methoxyphthalimido)-2.beta.-halomethylpenam-2.alpha.-methyl-3-carbox
     ylate; the latter rearranging over a period of time to phenacyl
      7-(4'-methoxyphthalimido)-3.alpha.-methyl-3.beta.-halocepham-4-carobxylate
     .
PAR  p-Nitrobenzyl
      7-thiodiglycolimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate to
      p-nitrobenzyl 7-thiodiglycolimido-3-methyl-3-cephem-4-carboxylate,
      p-nitrobenzyl
      6-thiodiglycolimido-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxylate,
      and p-nitrobenzyl
      6-thiodiglycalimido-2.beta.-halomethylpenam-2.alpha.-methyl-3-carobxylate,
      the latter rearranging over a period of time to p-nitrobenzyl
      7-thiodiglycolimido-3.alpha.-methyl-3.beta.halocepham-4-carboxylate.
PAR  p-Chlorophenacyl
      7-glutarimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate to
      p-chlorophenacyl 7-glutarimido-3-methyl-3-cephem-4-carboxylate,
      p-chlorophenacyl
      6-glutarimido-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxylate, and
      p-chlorophenacyl
      6-glutarimido-2.beta.-halomethylpenam-2.alpha.-methyl-3-carboxylate, the
      latter rearranging over a period of time to p-chlorophenacyl
      7-glutarimido-3.alpha.-methyl-3.beta.-halocepham-4-carboxylate.
PAR  2,2,2-Trichloroethyl
      7-(3'-isopropylphthalimido)-3.alpha.-methyl-3.beta.-hydroxycepham-4-carbox
     ylate to 2,2,2-trichloroethyl
      7-(3'-isopropylphthalimido)-3-methyl-3-cephem-4-carboxylate,
      2,2,2-trichloroethyl
      6-(3'-isopropylphthalimido)-2.alpha.-halomethylpenam-2.beta.-methyl-3-carb
     oxylate, and 2,2,2-trichloroethyl
      6-(3'-isopropylphthalimido)-2.beta.-halomethylpenam-2.alpha.-methyl-3-carb
     oxylate, the latter rearranging over a period of time to
      2,2,2-trichloroethyl
      7-(3'-isopropylphthalimido)-3.alpha.-methyl-3.beta.-halocepham-4-carboxyla
     te.
PAR  p-Methoxybenzyl 7
      -(3'-fluorophthalimido)-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylat
     e to p-methoxybenzyl 7-(3'-fluorophthalimido)-3-methyl-
      3-cephem-4-carboxylate, p-methoxybenzyl
      6-(3'-fluorophthalimido)-2.alpha.-halomethylpenam-2.beta.-methyl-3-carboxy
     late, and p-methoxybenzyl
      6-(3'-fluorophthalimido)-2.beta.-halomethylpenam-2.alpha.-methyl-3-carboxy
     late, the latter rearranging over a period of time to p-methoxybenzyl
      7-(3'-fluorophthalimido)-3.alpha.-methyl-3.beta.-halocepham-4-carboxylate.
PAR  p-Nitrobenzyl 7-(1',4',5',6'-tetrahydrophthalimido)-3.alpha.
      -methyl-3.beta.-hydroxycepham-4-carboxylate to p-nitrobenzyl
      7-(1',4',5',6'-tetrahydrophthalimido)-3-methyl-3-cephem-4-carboxylate,
      p-nitrobenzyl
      6-(1',4',5',6'-tetrahydrophthalimido)-2.alpha.-halomethylpenam-2.beta.-met
     hyl-3-carboxylate, and p-nitrobenzyl
      6-(1',4',5',6'-tetrahydrophthalimido)-2.beta.-halomethylpenam-2.alpha.
      -methyl-3-carboxylate, the latter rearranging over a period of time to
      p-nitrobenzyl
      7-(1',4',5',6'-tetrahydrophthalimido)-3.alpha.-methyl-3.beta.-halocepham-4
     -carboxylate.
PAR  In the above representative conversions, the term "halo" refers to chloro
      or bromo. Whether the products are the chloro or the bromo derivatives is
      determined by the identity of the particular halogen compound employed in
      the reaction.
PAR  The products produced in accordance with the process of this invention can
      be isolated by employing conventional methods. These can include, for
      example, chromatographic separation, filtration, recrystallization, and
      the like.
PAR  The 3-methyl-3-cephem (desacetoxycephalosporin) ester produced by the
      process of this invention can be converted by known techniques to an
      active antibiotic by cleavage of the ester function. Deesterification can
      be achieved by treatment of the ester with an acid such as trifluoroacetic
      acid, hydrochloric acid, and the like, or with zinc and acid, such as
      formic acid, acetic acid, or hydrochloric acid. It can likewise be
      accomplished by hydrogenating the ester in the presence of palladium,
      rhodium, or a compound thereof, in suspension or on a carrier such as
      barium sulfate, carbon, alumina, or the like.
PAR  Furthermore, other active antibiotics can be obtained from the previously
      or subsequently deesterified 3-methyl-3-cephem compound either by opening
      the 7-imido substituent to form a 7-amido derivative or by cleaving the
      7-imido substituent and acylating the resulting
      7-aminodesacetoxycephalosporin (7-ADCA).
PAR  The following examples are provided to further illustrate this invention.
      It is not intended that this invention be limited in scope by reason of
      any of these examples.
DETD
PAC  EXAMPLE I
PAC  Preparation of Methyl
      7-Phthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate Starting
      Material.
PAR  A solution of methyl 6-phthalimido-2,2-dimethylpenam-3-carboxylate-1-oxide
      (2.25 g., 6 mmol) and thionyl chloride (0.47 ml., 6.5 mmol) in 90 ml. dry
      carbon tetrachloride was refluxed for 1 hour, cooled and evaporated in
      vacuo to dryness. An nmr spectrum of the crude product showed a 2:3:3
      mixture of methyl
      7-phthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate, methyl
      6-phthalimido-2.beta.-chloromethylpenam-2.alpha.-methyl-3-carboxylate, and
      methyl
      6-phthalimido-2.alpha.-chloromethylpenam-2.beta.-methyl-3-carboxylate,
      respectively. The products were separated by chromatography on silica gel
      and fully characterized by spectroscopy.
PAC  EXAMPLE II
PAR  To a refluxing solution of 3.76 g. (10 mmol) of methyl
      7-phthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate and 1.3
      ml. (18 mmol) of thionyl chloride in 180 ml. of dry CCl.sub.4, 1.67 ml.
      (11 mmol) of triethylamine in 20 ml. of dry CCl.sub.4 was added dropwise
      over a 45 minute period. After addition of the triethylamine was
      completed, the mixture was refluxed for an additional 30 minutes. The
      solution was then filtered and evaporated in vacuo to dryness.
PAR  An nmr of the crude product showed it to contain, as a major product,
      methyl 6-phthalimido-2.beta.-chloromethylpenam-2.alpha.-methyl-3-carboxyla
     te, and, as minor products, methyl
      6-phthalimido-2.alpha.-chloromethylpenam-2.beta.-methyl-3-carboxylate and
      methyl 7-phthalimido-3-methyl-3-cephem-4-carboxylate. The crude product
      was taken up in 80 ml. of ethyl acetate and washed with water (2 .times.
      60 ml.), brine (60 ml.), and dried over MgSO.sub.4. Evaporation of the
      solvent gave a light yellow amorphous solid which was triturated with 50
      ml. of a mixture of diethyl ether and ethyl acetate (1:1). The solid was
      filtered and washed with diethyl ether to give 1.72 g. of a white
      amorphous solid identified by nmr as methyl 6-phthalimido
      2.beta.-chloromethylpenam-2.alpha.-methyl-3-carboxylate. Evaporation of
      the filtrate from above gave a light yellow foam which was chromatographed
      on 50 g. of silica gel washed with acid. Eluting the column with 5:95
      ethyl acetate:benzene gave an additional 740 mg. of the
      2.beta.-chloromethylpenam compound (62 percent total yield). Continued
      elution gave 350 mg. of a 1:1 mixture by nmr of the
      2.beta.-chloromethylpenam and methyl
      6-phthalimido-2.alpha.-chloromethylpenam-2.beta.-methyl-3-carboxylate.
      From the latter fraction was obtained 130 mg. of the
      2.alpha.-chloromethylpenam compound.
PAC  EXAMPLE III
PAR  A solution of methyl
      7-phthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate (188
      mg., 0.5 mmol), thionyl chloride (.08 ml., 1.1 mmol) and triethylamine
      (.14 ml., 1 mmol) in 20 ml. of dry carbon tetrachloride was refluxed for
      70 minutes, cooled, filtered, and evaporated to dryness in vacuo. An nmr
      of the crude product showed it to be chiefly a 3:2 mixture of methyl
      7-phthalimido-3-methyl-3-cephem-4-carboxylate and methyl
      6-phthalimido-2.beta.-chloromethylpenam-2.alpha.-methyl-3-carboxylate,
      respectively. Trace amounts of methyl
      6-phthalimido-2.alpha.-chloromethylpenam-2.beta.-methyl-3-carboxylate were
      also detected. The mixture was separated by chromatography over a silica
      gel column.
PAC  EXAMPLE IV
PAC  Preparation of p-Nitrobenzyl
      7-Phthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate Starting
      Material.
PAR  A mixture of N,N-dimethylacetamide (240 ml.), benzene (360 CH.sub.ml.) and
      concentrated sulfuric acid was dried azeotropically for 1/2 hour.
      p-Nitrobenzyl 6-phthalimido-2,2-dimethylpenam-3-carboxylate-1-oxide (20
      g.) was added and the mixture refluxed for 7 hours using a Dean-Stark
      trap. After cooling, the reaction mixture was evaporated in vacuo to near
      dryness. The residue was then dissolved in 450 ml. of ethyl acetate and
      washed with water (2 .times. 300 ml.) and brine (200 ml.). The organic
      layer was dried over MgSO.sub.4 and evaporated to dryness.
      Recrystallization of the residue from chloroform/cyclohexane gave 4.7 g.
      (39 percent) of p-nitrobenzyl
      7-phthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate as tan
      needles (mp 250.degree.-251.degree.): nmr (DMSO-d.sub.6 /CDCl.sub.3) 77
      (3, s, 3-CH.sub.3), 200 (3, broad m, 3-OH + 2-CH.sub.2), 271 (1, s, H),
      322 (1, d, J=4  Hz, .beta.-lactam H), 325 (2, s, ester CH.sub.2), 347 (1,
      d, J=4 HZ, .beta. -lactam H), 478 (8, m, ArH); ir (mull) 1790 (s) (.beta.
      -lactam C=O), 1743 and 1782 (phthalimido C=O) and 1728 cm.sup.-.sup.1
      (ester C=O).
PAR  Anal. Calcd for C.sub.23 H.sub.19 N.sub.3 O.sub.8 S:  C, 55,53; H, 3.85; N,
      8.45; S, 6.45. Found: C, 55.26; H, 3.79; N, 8.15; S, 6.50.
PAC  EXAMPLE V
PAR  Triethylamine (1.2 ml., 8.8 mmol) in 20 ml. of 1,2-dichloroethane was added
      dropwise to a refluxing solution of p-nitrpbenzyl
      7-phthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate (3.98
      g., 8 mmol) and thionyl chloride (0.7 ml., 9 mmol) in 250 ml. of
      1,2-dichloroethane. After 1 hour at reflux, another 0.5 ml. thionyl
      chloride and 0.5 ml. triethylamine were added to the reaction mixture.
      After 2 more hours at reflux the dark brown mixture was cooled. Analysis
      of the dark brown mixture by nmr showed it to contain p-nitrobenzyl
      6-phthalimido-2.beta.-chloromethylpenam-2.alpha.-methyl-3-carboxylate and
      as minor products, p-nitrobenzyl 6-phthalimido-2.alpha.
      -chloromethylpenam-2.beta.-methyl-3-carboxylate and p-nitrobenzyl
      7-phthalimido-3-methyl-3-cephem-4-carboxylate. The mixture was evaporated
      in vacuo to dryness. The crude product was then taken up in 80 ml.
      chloroform, refluxed with 7 g. of decolorizing carbon and filtered. The
      filtrate was washed with water (2.times.  50 ml.) and brine (50 ml.),
      dried and evaporated in vacuo to dryness. Recrystallization from ethyl
      acetate/diethyl ether/pet. ether gave 2.3 g. (56 percent) of p-nitrobenzyl
      6-phthalimido-2.beta.-chloromethylpenam-2.alpha.-methyl-3-carboxylate as
      tan needles (mp 161.degree.-163.degree.): nmr (CDCl.sub.3) 93 (3, s,
      3CH.sub.3), 220 and 270 (2, ABq, J=12 HZ), 311 (1, s, 4-H), 319 (2, s,
      ester CH.sub.2), 343 (2, s, .beta. -lactam protons), and 478 Hz (8, m,
      ArH): ir (CHCl.sub.3) 1809 (.beta. -lactam C=O), 1735 (ester C=O), 1743
      (s) and 1787 cm.sup.-.sup.1 (phthalimido C=O).
PAR  Anal. Calcd for C.sub.23 H.sub.18 N.sub.3 ClO.sub.7 S:  C, 53.53; H, 3.52;
      N, 8.14; Cl, 6.87. Found: C, 53.70; H, 3.65; N, 8.33; Cl, 6.90.
PAC  EXAMPLE VI
PAC  Preparation of p-Methoxybenzyl
      7-Phthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate Starting
      Material.
PAR  A mixture of 4 drops of conc, sulfuric acid in 60 ml. N,N-dimethylacetamide
      and 80 ml. of benzene was dried azeotropically for 30 minutes.
      p-Methoxybenzyl 6-phthalimido-2,2-dimethylpenam-3-carboxylate-1-oxide (5.0
      g., 10 mmol) was then added. The reaction mixture was refluxed for 30
      minutes, cooled and evaporated to near dryness. Ethyl acetate (150 ml.)
      was added to the product, and the resulting solution was evaporated in
      vacuo to dryness. A crystalline product formed during evaporation of the
      solvent. The product was then slurried with 50 ml. of ethyl acetate.
      Filtration gave 3.1 grams (62 percent) of p-methoxybenzyl
      7-phthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate as
      colorless crystals, mp 216.degree.-217.degree.: nmr (CDCl.sub.3) 76 (3, s,
      3-CH.sub.3), 149 and 205 (2, ABq, J=14 Hz, 2-CH.sub.2), 230 (3, s,
      OCH.sub.3), 274 (1, s, 4-H), 300 (1, broad s, OH), 309 (2, s, ester
      CH.sub.2), 324 (1, d, J=4.5 Hz, azetidinone H), 335 (1, d, J=4.5 Hz,
      azetidinone H), 426 (4, q, p-CH.sub.3 OC.sub.6 H.sub.4 ArH) and 469 Hz (4,
      m, phthalimido H); ir (mull) 3460 (OH), 1725 (ester C=O), 1739 and 1781
      (phthalimido C=O) and 1802 cm.sup.-.sup.1 (azetidinone C=O, shoulder).
PAR  Anal. Calcd for C.sub.24 H.sub.22 N.sub.2 O.sub.7 S:  C, 59.74; H, 4.60; N,
      5.81; O, 23.21; S, 6.65. Found: C, 59.47; H, 4.50; N, 5.73; O, 23.41; S,
      6.90.
PAC  EXAMPLE VII
PAR  Triethylamine (2.10 ml., 15 mmol), in 50 ml. 1,2-dichloroethane was added
      dropwise to a refluxing solution of p-methoxybenzyl
      7-phthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate (7.23
      g., 15 mmol) and thionyl chloride (1.30 ml., 16 mmol) in 400 ml. of
      1,2-dichloroethane After 90 minutes at reflux another 0.3 ml. of thionyl
      chloride and 0.2 ml. of triethylamine were added to the reaction mixture.
      The mixture was then refluxed for an additional 30 minutes and cooled. The
      crude reaction mixture contained p-methoxybenzyl 6-phthalimido-2
      -chloromethylpenam-2 -methyl-3-carboxylate and p-methoxybenzyl
      7-phthalimido-3-methyl-3-cephem-4 carboxylate as minor products and
      p-methoxybenzyl
      6-phthalimido-2.beta.-chloromethylpenam-2.alpha.-methyl-3-carboxylate as
      the major product. The mixture was evaporated to dryness. The crude
      product was chromatographed on a silica gel column (250 g., 4 .times. 35
      cm.) which was developed with 6 percent benzene in ethyl acetate taking 22
      ml. fractions every 15 minutes. A total of 4.5 grams (60 percent) of
      p-methoxybenzyl
      6-phthalimido-2.beta.-chloromethylpenam-2.alpha.-methyl-3-carboxylate was
      obtained: nmr (CDCl.sub.3) 90 (3, s, 3-CH.sub.3), 229 (3, s, OCH.sub.3).
      219 and 267 (s, ABq, J=12 Hz, 2-CH.sub.2), 306 (1, s, 4-H), 310 (2, s,
      ester CH.sub.2) 343 (2, s, azetidinone protons), 426 (4, q, benzyl ArH),
      and 469 Hz (4, m, phthalimido H): ir (CHCl.sub.3) 1806 (azetidinone C=O),
      1736 (ester C=O), and 1745, 1788 cm.sup.-.sup.1 (phthalimido C=O).
PAR  Anal. Calcd for C.sub.24 H.sub.21 N.sub.2 ClO.sub.6 S:  C, 57.54; H, 4.23;
      N, 5.59; S, 6.40; Cl, 7.08. 4  Found: C, 57.35; H, 4.42; N, 5.42; S, 6.19;
      Cl, 7.79.
PAC  EXAMPLE VIII
PAR  A solution of methyl
      7-phthalimido-3.alpha.-methyl-3.beta.-hydroxycepham-4-carboxylate (374
      mg., 1 mmol) and phosphorus pentachloride (315 mg., 1.5 mmol) in 25 ml. of
      dry carbon tetrachloride was refluxed for 45 minutes. Triethylamine (0.14
      ml., 1 mmol) was then added to the reaction mixture. After refluxing for
      an additional 45 minutes, the mixture was cooled, filtered, and the
      filtrate was evaporated to dryness. An nmr spectrum of the crude product
      showed approximately a 5:5:1 mixture of methyl
      7-phthalimido-3-methyl-3-cephem-4-carboxylate, methyl
      6-phthalimido-2.beta.-chloromethylpenam-2.alpha. -methyl-3-carboxylate,
      and methyl
      6-phthalimido-2.alpha.-chloromethylpenam-2.beta.-methyl-3-carboxylate,
      respectively.
PAC  EXAMPLE IX
PAR  Methyl
      6-phthalimido-2.alpha.-methyl-2.beta.-chloromethylpenam-3-carboxylate (1.4
     4 g.; 3.65 mmole) was chromatographed on a 4 .times. 70 cm. column packed
      with 80 g. (15 cm.) of acid washed silica gel. The
      2.beta.-chloromethylpenam compound was washed onto the column with 100 ml.
      (out of a total of 200 ml.) of toluene at an initial rate of 1.8 ml. per
      minute. The flow rate was then shut off, and the column was allowed to
      stand for 2.5 days. The column was then developed at 1.0 ml. per minute
      using a mixture containing 10 percent ethyl acetate in toluene. Fractions
      of 20 ml. each were collected. Fractions 41-80 gave 0.57 g. of methyl
      7-phthalimido-3.alpha.-methyl-3.beta.-chlorocepham-4-carboxylate: nmr
      (CDCl.sub.3) 105 (s, 3, C.sub.3 -.alpha.CH.sub.3); 184,206 (ABq, 2,
      C.sub.2 -H); 297 (s, 1, C.sub.4 -H); 324  (d, 1, C.sub.6 -H): and 337 Hz
      (d, 1, C.sub.7 -H).
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for converting a 3-methyl-3-hydroxycepham compound, which
      comprises the step of reacting a compound of the formula
      ##SPC9##
PAL  with a halogen reagent selected from the group consisting of PX.sub.5 and
      SOX.sub.2 in the presence of at least about one mole of an alkaline
      reagent selected from the group consisting of a tertiary amine and an
      inorganic alkaline salt per each mole of the 3-methyl-3-hydroxycepham
      compound and at a temperature within the range of from about 60.degree.C.
      to about 150.degree.C. to obtain a mixture of a compound of the formula IV
      ##SPC10##
PAL  a compound of the formula V
      ##SPC11##
PAL  and a compound of the formula VI
      ##SPC12##
PAL  in which, in the above formulae, R is the residue of an imide derived from
      a dicarboxylic acid, R.sub.1 is a carboxy protecting group and X is
      chlorine or bromine.
NUM  2.
PAR  2. Process of claim 1, in which R is C.sub.2 -C.sub.4 alkylene, C.sub.2
      -C.sub.4 alkenylene, -CH.sub.2 -Y-CH.sub.2 - in which Y is oxygen or
      sulfur, 1,2-cyclohexylene, 1,2-phenylene, 1,2-cyclohexenylene, or a
      substituted derivative of any of the above having from 1 to 4 substituents
      selected from the group consisting of C.sub.1 -C.sub.3 alkyl, C.sub.1
      -C.sub.3 alkoxy, nitro, fluoro, chloro, bromo, or iodo.
NUM  3.
PAR  3. Process of claim 2, in which R is C.sub.2 -C.sub.4 alkylene, C.sub.2
      -C.sub.4 alkenylene, -CH.sub.2 -Y-CH.sub.2 - in which Y is oxygen or
      sulfur, 1,2-cyclohexylene, 1,2-phenylene, or 1,2-cyclohexenylene.
NUM  4.
PAR  4. Process of claim 3, in which R.sub.1 is C.sub.1 -C.sub.4 alkyl,
      2,2,2-trihaloethyl, 2-iodoethyl, benzyl, p-nitrobenzyl, succinimidomethyl,
      phthalimidomethyl, p-methoxybenzyl, benzhydryl, C.sub.2 -C.sub.6
      alkanoyloxymethyl, phenacyl, or p-halophenacyl.
NUM  5.
PAR  5. Process of claim 4, in which the halogen reagent is present in an amount
      of from about 1.1 to about 2.0 moles per each mole of the
      3-methyl-3-hydroxycepham compound.
NUM  6.
PAR  6. Process of claim 5, in which the alkaline reagent is a tertiary amine.
NUM  7.
PAR  7. Process of claim 6, in which the tertiary amine is present in an amount
      of from about 1.0 to about 2.0 moles per each mole of the
      3-methyl-3-hydroxycepham compound.
NUM  8.
PAR  8. Process of claim 7, in which X is chlorine.
NUM  9.
PAR  9. Process of claim 8, in which the halogen reagent is phosphorous
      pentachloride.
NUM  10.
PAR  10. Process of claim 8, in which the halogen reagent is thionyl chloride.
NUM  11.
PAR  11. Process of claim 8, in which the tertiary amine is triethylamine.
NUM  12.
PAR  12. Process of claim 11, in which R is 1,2-phenylene.
NUM  13.
PAR  13. Process of claim 12, in which R.sub.1 is p-nitrobenzyl.
NUM  14.
PAR  14. Process of claim 12, in which R.sub.1 is p-methoxybenzyl.
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ABST
PAL  Steroidal 6-azido-4,6-pregnadieno[3,2-c]pyrazoles having glucocorticoid
      activity are prepared by treating a
      6-unsubstituted-4,6-pregnadieno[3,2-c]pyrazole with a halogen azide
      followed by treatment of the thereby formed
      6-azido-7-halogeno-6,7-dihydro-4-pregnene[3,2-c]pyrazole with a
      dehydrohalogenating agent. Other methods of preparing these compounds are
      described, including the process of treating a 6-azido-17.alpha.,20;
      20,21-bismethylenedioxy-4,6-pregnadiene-3-one with an alkyl formate in the
      presence of base followed by treatment of the resulting 2-hydroxymethylene
      derivative with a hydrazine or, alternatively, by converting said
      2-hydroxymethylene to a 2-alkoxymethylene derivative followed by treatment
      thereof with a hydrazine.
PAL  Preferred compounds include
      6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyr
     azoles, particularly 2'-phenyl-9.alpha.-fluoro(and
      9.alpha.-chloro)-16-methyl-derivatives thereof which possess potent
      anti-inflammatory activity. Of interest is
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to novel steroidal compositions-of-matter, to
      methods for their manufacture and to novel intermediates useful therein.
PAR  More specifically, this invention relates to compositions-of-matter having
      glucocorticoid activity which may be classified as
      6-azido-20-keto-4,6-pregnadieno [3,2-c] pyrazoles, to methods for their
      manufacture, and to novel intermediates useful therein, including
      6-azido-7-halogeno-6,7-dihydro-20-keto-4-pregneno [3,2-c] pyrazoles.
PAR  In particular, this invention relates to 6-azido-20-keto-4,6-pregnadieno
      [3,2-c] pyrazoles unsubstituted at C-21 or having a 21-fluoro-, 21-chloro,
      21-hydroxy or a 21-acyloxy group, said pregnadienopyrazoles exhibiting
      anti-inflammatory activity and in the case of the 21-unsubstituted-,
      21-chloro-and 21-fluoro derivatives, also exhibiting progestational
      activity. This invention also relates to methods for the manufacture of
      the foregoing 4,6-pregnadieno [3,2-c] pyrazoles and to novel intermediates
      useful therein, including 21-unsubstituted, 21-fluoro-, 21-chloro-,
      21-hydroxy-, and
      21-acyloxy-6-azido-7-halogeno-6,7-dihydro-20-keto-4-pregneno [3,2-c]
      pyrazoles.
PAR  Our invention also includes the method of using said 6-azido-17.alpha.
      -hydroxy-20-keto-21-unsubstituted-(or 21-fluoro-, 21-chloro-, 21-hydroxy-,
      or 21-acyloxy-)-4,6-pregnadieno [3,2-c] pyrazoles as anti-inflammatory
      agents; the method of using 6-azido-17.alpha.- lower
      alkanoyloxy-20-keto-21-unsubstituted (or 21- fluoro- or
      21-chloro-)-4,6-pregnadieno[3,2-c]pyrazoles as progestational agents, and
      to pharmaceutical formulations useful in said methods.
PAC  Description of the Prior Art
PAR  Known in the art are
      6-unsubstituted-20-keto-4,6-pregnadieno[3,2-c]pyrazoles having
      anti-inflammatory activity and their method of preparation from the
      corresponding 6-unsubstituted-3-keto-1,2-dihydro-4,6-pregnadiene by
      treatment with an alkyl formate and thence treatment of the resulting
      2-hydroxy-methylene-3-keto-4,6-pregnadiene derivative with a hydrazine.
PAR  Also known in the art are 3,20-diketo-6-azido-21-unsubstituted (also
      21-chloro and 21-fluoro)-4,6-pregnadienes having progestational activity
      and 3,20-diketo-6-azido-17.alpha.,21 -dihydroxy-4,6-pregnadienes and
      acyloxy derivatives thereof having corticoid activity, and methods for
      their preparation from the corresponding 6-unsubstituted analogs by
      epoxidation at C-6,7, followed by cleavage of the resulting
      6.alpha.,7.alpha.-oxido derivative with an alkali metal azide and thence
      treatment of the 3,20-diketo-6.beta. -azido-7.alpha.-hydroxy-4-pregnene
      thereby formed or a 7.alpha. -ester thereof, with concentrated
      hydrochloric acid in a lower alkanoic acid, or alternatively, treating
      said 3,20-diketo-6.beta. -azido-7.alpha. -acyloxy-4-pregnene with a
      tetraalkylammonium halide in an aprotic solvent.
PAR  By our invention, we have discovered novel
      6-azido-20-keto-4,6-pregnadieno[3,2-c]pyrazoles having corticoid activity,
      and methods for their preparation, such as by treatment of the
      corresponding 6-unsubstituted-20-keto-4,6-pregnadieno[3,2-c]-pyrazole with
      a halogen azide followed by dehydrohalogenation of the novel
      6-azido-7-halogeno-20-keto-4,6-pregnadieno[3,2-c]-pyrazole thereby formed.
PAR  By our invention, we have also discovered that
      6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyr
     azole derivatives exhibit enhanced anti-inflammatory activity over that
      exhibited by the corresponding
      6-unsubstituted-4,6-pregnadieno[3,2-c]pyrazole or by the corresponding
      3-keto-6-azido-4,6-pregnadieno-des[3,2-c]pyrazole derivative.
DETD
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAC  Composition of Matter Aspect
PAR  The invention sought to be patented in one composition-of-matter aspect
      resides in the concept of a chemical compound exhibiting glucocorticoid
      activity and having a molecular structure comprising a steroid with a
      6-azido-20-keto-4,6-pregnadieno-[3,2-c]pyrazole nucleus unsubstituted at
      C-21 or having at C-21 a member selected from the group consisting of a
      halogen of atomic weight less than 40, hydroxy- and acyloxy and preferably
      also having hydroxyl groups at the 11.beta.- and 17.alpha.- positions, and
      a halogen of atomic weight less than 40 at the 9.alpha.-position. Of the
      foregoing, preferred as anti-inflammatory agents are the 21-hydroxy and
      21-acyloxy derivatives, particularly preferred species of this invention
      being
      6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16-methyl-20-keto
     -4,6-pregnadieno[3,2-c]pyrazoles and their 21esters.
PAR  Included among the pharmacologically active
      6-azido-20-keto-4,6-pregnadieno[3,2-c]pyrazoles of this invention are
      compounds of following formula I:
      ##SPC1##
PAR  wherein G is a member selected from the group consisting of hydrogen, lower
      alkyl, cycloalkyl, aralkyl, aryl and lower hydrocarbon carboxylic acyl;
PAR  Q is a member selected from the group consisting of hydroxy, OR wherein R
      is an acyl radical of a hydrocarbon carboxylic acid having up to 12 carbon
      atoms, and hydrogen provided W is a member selected from the group
      consisting of hydrogen and (H, lower alkyl);
PAR  W is a member selected from the group consisting of
      ##EQU1##
      (H, lower alkyl), (H,.alpha.-hydroxy) and (H,.alpha.-OR.sub.1), wherein
      R.sub.1 is an acyl radical of a hydrocarbon carboxylic acid having up to
      12 carbon atoms, =CHT wherein T is a member selected from the group
      consisting of hydrogen, lower alkyl, fluorine and chlorine and W and Q
      taken together is 16.alpha.,17.alpha. -lower alkylidenedioxy;
PAR  X is a member selected from the group consisting of hydrogen and halogen
      having an atomic weight less than 100;
PAR  Y is a member selected from the group consisting of
      ##EQU2##
      oxygen, (H,.beta.OH), (H,.beta.OCOH), and (H,.beta.-halogen of atomic
      weight less than 100) providing X is halogen;
PAR  Z is a member selected from the group consisting of hydrogen, hydroxy,
      halogen having an atomic weight up to 40, OR.sub.2 wherein R.sub.2 is an
      acyl radical of an acid selected from the group consisting of a
      hydrocarbon carboxylic acid having up to 12 carbon atoms, phosphoric acid
      and the mono- and di-alkali and alkaline earth metal salts thereof, and Z
      together with Q is a member selected from the group consisting of
      alkylidenedioxy and alkyl orthoalkanoate.
PAR  Alkyl groups included within the definition of G and W are preferably lower
      alkyl, particularly those having up to four carbon atoms such as methyl,
      ethyl, n-propyl, iso-propyl, n-butyl, sec.-butyl and tert.-butyl, although
      higher homologs such as pentyl and hexyl fall within the scope of this
      invention.
PAR  Other groups contemplated for the substituent "G" are cycloalkyl groups
      preferably having up to 8 carbon atoms including cyclopentyl, cyclohexyl,
      cycloheptyl, cyclooctyl and substituted alkyl groups such as
      .beta.-hydroxyethyl-; aralkyl groups such as benzyl, .alpha. or
      .beta.-phenethyl, aryl groups derived from any aromatic nucleus including
      phenyl and substituted phenyl derivatives such as o-, m-, and
      p-halogenophenyl, particularly p-fluorophenyl-; p-trifluoromethylphenyl-;
      o-, m-, and p-tolyl; o-, m-, and p-alkoxyphenyl-, o-, m-, and
      p-nitrophenyl-, 1"-naphthyl-, 2"-pyridyl-, 3"-pyridyl-, 4"-pyridyl-,
      4"-pyridyloxide and 2"-pyrimidyl-; and acyl radicals of hydrocarbon
      carboxylic acids having up to 12 carbon atoms as listed hereinbelow. Of
      the foregoing substituents included within the definition of G, preferred
      are phenyl-, p-fluorophenyl-, p-nitrophenyl-, and p-trifluoromethylphenyl.
PAR  As used in the specification and claims of this application, the term
      "acyl" denotes a radical derived from an acid by the removal of the
      hydroxyl group, e.g. acetyl is the acyl radical of acetic acid,
      benzenesulfonyl is the acyl radical of benzenesulfonic acid, and benzoyl
      is the acyl radical of benzoic acid.
PAR  The acyl radicals of the compounds of this invention as defined by G, R,
      R.sub.1 and R.sub.2 in Formula I hereinabove include those derived from
      hydrocarbon carboxylic acids having up to 12 carbon atoms which may be
      saturated, unsaturated, straight chain or branched chain, aliphatic,
      cyclic, cyclic-aliphatic, aromatic, aryl-aliphatic, or alkyl-aromatic, and
      may be substituted by hydroxy, alkoxy containing from 1 to 5 carbon atoms
      or by halogen such as fluorine, chlorine, or bromine. Typical ester groups
      of the 6-azido-20-keto-4,6-pregnadieno[3,2-c]pyrazoles of our invention
      are thus derived from hydrocarbon carboxylic acids such as alkanoic acids
      exemplified by formic, acetic, propionic, trimethylacetic, butyric,
      iso-butyric, valeric, iso-valeric, caproic, tert.-butylacetic, enanthic,
      caprylic, capric, cyclopentylpropionic, undecylic, lauric, and
      adamantanecarboxylic acids; substituted alkanoic acids such as
      phenoxyacetic, trifluoroacetic, and .beta.-chloropropionic acids; aromatic
      and substituted aromatic acids including benzoic, toluic, p-chlorobenzoic
      acids; aryl-alkanoic acids such as phenylacetic, phenylpropionic and
      isonicotinic acids; unsaturated acids such as acrylic and sorbic acids;
      and dibasic acids such as succinic, tartaric, phthalic and benzene
      disulfonic acids.
PAR  The term "lower alkanoyloxy" is contemplated as including acid radicals of
      lower alkanoic acids having preferably up to 8 carbon atoms such as
      radicals obtained from acetic, propionic, butyric, valeric, caprylic,
      caproic, tert. -butylacetic acid and the like.
PAR  The halogens at C-9 as defined by X in about Formula I are bromine,
      chlorine, and preferably fluorine. The halogens at C-21 as defined by Z in
      above Formula I are fluorine and chlorine.
PAR  The alkylidene groups contemplated in the compounds of our invention are
      preferably lower alkylidenes, i.e. hydrocarbon radicals having preferably
      up to four carbon atoms and having a terminal double bond attached to the
      steroid nucleus, including radicals such as methylene, ethylidene,
      n-propylidene, iso-propylidene, n-butylidene, and sec.-butylidene and the
      like. The 16-lower alkylidene derivatives of this invention (i.e. when W
      in above Formula I is =CHT) are double bonded to the D ring at C-16. The
      16.alpha.,17.alpha. -alkylidenedioxy derivatives have the alkylidene
      terminal bonds attached to different oxygen atoms, i.e. to the oxygens at
      C-16 and C-17 in the case of the 16.alpha.,17.alpha.,alkylidenedioxy
      derivatives, and to oxygens at C-17 and C-21 in the case of the 17.alpha.
      ,21-alkylidenedioxy derivatives.
PAR  The physical embodiments of the
      6-azido-20-keto-4,6-pregadieno[3,2-c]pyrazoles of formula I are
      characterized by being crystalline solids, usually off-white to tan in
      color, which are insoluble in water (with the exception of alkali metal
      salts of esters such as the hemisuccinate and phosphate esters thereof)
      and soluble in most organic solvents, particularly in acetone, dioxane,
      dimethylformamide and dimethylsulfoxide, although of limited solubility in
      non-polar solvents such as dialkyl ethers and alkyl hydrocarbons.
PAR  The above-defined 6-azido-20-keto-4,6-pregnadieno-[3,2-c]pyrazoles produced
      in accordance with our invention, particularly those wherein Z is hydroxy,
      acyloxy, or together with Q is a 17.alpha.,21-alkylidenedioxy, exhibit
      corticoid activity. Of these, the
      6-azido-20-keto-21-oxygenated-4,6-pregnadieno[3,2-c]-pyrazoles devoid of
      oxygen at C-17 and unsubstituted at C-16, particularly those which are
      also unsubstituted at C-9 and C-11 (i.e. those wherein X and Y are each
      hydrogen) possess mineralo-corticoid properties and, as such, are useful
      in the treatment of conditions requiring retention of sodium, e.g. adrenal
      insufficiency (i.e. Addison's disease) and salt losing syndromes.
PAR  The 6-azido-20-keto-21-oxygenated-4,6-pregnadieno-[3,2-c]pyrazoles defined
      by Formula I which have halogens at C-9 and at C-11 or an oxygen function
      at C-11 possess glucocorticoid activity and are particularly valuable as
      anti-inflammatory agents. Of these, preferred are 11,17-bis-oxygenated
      derivatives, particularly
      6-azido-17.alpha.,21-dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazoles and
      esters thereof having an 11.beta.-hydroxyl function, and preferably also
      having a 2'-phenyl or a 2'-substituted phenyl substituent, which compounds
      possess enhanced anti-inflammatory activity, particularly valuable
      compounds being those having 9.alpha.-fluoro- and 16-methyl-substituents.
PAR  The enhanced anti-inflammatory activity of the preferred compounds of this
      invention, i.e. such as the aforementioned
      2'-phenyl-6-azido-4,6-pregnadieno[3,2-c]pyrazoles oxygenated at C-11,
      C-17, and C-21-, particularly 9.alpha. -fluoro-11.beta.-hydroxy
      derivatives thereof, are demonstrated by pharmacological tests in animals
      as set forth in Table I hereinbelow. Thus, for example,
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno
     -[3,2-c]pyrazole 21-acetate, when tested for anti-inflammatory activity by
      the well-known systemic granuloma pouch assay described by Selye and
      modified by Robert and Nezamis, exhibits anti-inflammatory activity
      greater than 18 times that of prednisolone-acetate, thus demonstrating
      that 2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregna
     dieno[3,2-c]pyrazole 21-acetate is about 4.5 times more active as an
      anti-inflammatory agent in the systemic pouch test than the corresponding
      6-unsubstituted analog, i.e.
      2'-phenyl-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno
      [3,2-c]pyrazole 21-acetate, and about 15 times more active than the
      corresponding despyrazole-3-keto-analog, i.e.,
      6-azido-4,6-pregnadiene-11.beta.-17.alpha.,21-triol-3,20-dione 21-acetate.
      Similarly,
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21trihydroxy-16.alpha
     .-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate exhibits
      anti-inflammatory activity greater than 84 times that of prednisolone
      acetate when tested in the granuloma pouch assay, thus demonstrating that
      this compound is about 2.4 times more active as an anti-inflammatory agent
      in the systemic pouch test than the corresponding 6-unsubstituted analog,
      i.e. 2'-phenyl-9.alpha.-fluoro-16.alpha.
      -methyl-11.beta.,17.alpha.-21-trihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyr
     azole 21-acetate and about 8.6 times more active than the corresponding
      despyrazole-3-keto analog, i.e. 6-azido-9.alpha.
      -fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alpha.
      -methyl-4,6-pregnadiene-3,20-dione.
TBL                Table 1                                                     

     ______________________________________                                    

     Relative Anti-Inflammatory Potencies of                                   

     6-Azido Steroids and Analogues in the                                     

     Systemic Granuloma Pouch Assay                                            

     Compound               Relative Potency                                   

     ______________________________________                                    

     Prednisolone acetate   1                                                  

     6-Azido-4,6-pregnadiene-11.beta.,17.alpha.,21-                            

                            1.2                                                

     triol-3,20-dione 21-acetate                                               

     2'-Phenyl-11.beta.,17.alpha.,21-trihydroxy-                               

                            3.8                                                

     20-keto-4,6-pregnadieno[3,2-c]-                                           

     pyrazole 21-acetate                                                       

     2'-Phenyl-6-azido-11.beta.,17.alpha.,21-tri-                              

                            17.9                                               

     hydroxy-20-keto-4,6-pregnadieno-                                          

     [3,2-c]pyrazole 21-acetate                                                

     6-Azido-9.alpha.-fluoro-16.alpha.-methyl-                                 

                            9.8                                                

     4,6-pregnadiene-11.beta.,17.alpha.,21-triol-                              

     3,20-dione                                                                

     2'-Phenyl-9.alpha.-fluoro-11.beta.,17.alpha.,21-                          

                            36.2                                               

     trihydroxy-16.alpha.-methyl-4,6-pregna-                                   

     dieno[3,2-c]pyrazole 21-acetate                                           

     2'-Phenyl-6-azido-9.alpha.-fluoro-11.beta.,                               

                            84.9                                               

     17.alpha.,21-trihydroxy-16.alpha.-methyl-20-                              

     keto-4,6-pregnadieno-[3,2-c]-                                             

     pyrazole 21-acetate                                                       

     ______________________________________                                    

PAR  Illustrative of the preferred
      6-azido-20-keto-4,6-pregnadieno[3,2-c]pyrazole anti-inflammatory agents
      defined by formula I, i.e. those wherein Y, Q and Z are oxygen functions,
      particularly
      6-azido-17.alpha.,21-dihydroxy-20-keto-4,6-pregnadieno-[3,2-c]pyrazoles
      and esters thereof having an 11.beta.-hydroxyl function or an 11-formate
      ester and preferably also having a 2'-phenyl or a 2'-p-substituted phenyl
      and a 9.alpha. -halogeno substituent, are the following:
PA1  2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno[
     3,2-c]pyrazole and the 21-acetate, 17-valerate, 17,21-dipropionate and
      17,21-iso-propylidene derivatives thereof;
PA1  2'-phenyl- 6-azido-9.alpha.
      -fluoro-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyr
     azole;
PA1  2'-phenyl-6-azido-9.alpha.
      -fluoro-11.beta.-formyloxy-17.alpha.,21-dihydroxy-20-keto-4,6-pregnadieno[
     3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.-chloro-11.beta.,17.alpha.,21-trihydroxy-20-keto-
     4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-16.alpha.
      -methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-p-fluorophenyl-6-azido-11.beta., 17.alpha.,21-trihydroxy-16.alpha.
      -methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.
      -fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methyl-20-keto-4,6-preg
     nadieno[3,2-c]pyrazole and the 21-acetate, 17-valerate, 17,21-dipropionate
      and 17,21-iso-propylidene derivatives thereof;
PA1  2'-p-fluorophenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-
     16.alpha.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.
      -chloro-11.beta.,17.alpha.,21-trihydroxy-20-keto-16.alpha.-methyl-4,6-preg
     nadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-20-keto-
     4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-p-fluorophenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-
     20-keto-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.
      -fluoro-11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-20-keto-4,6-pregn
     adieno[3,2-c]pyrazole and the 21-acetate, 17-valerate, 17,21-dipropionate
      and 17,21-iso-propylidene derivatives thereof and the corresponding
      2'-p-fluorophenyl derivatives of the foregoing;
PA1  2'-phenyl-6-azido-9.alpha.
      -chloro-11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-20-keto-4,6-pregn
     adieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-11.beta.,16.alpha.,17.alpha.,21-tetrahydroxy-20-keto-4,6-
     pregnadieno[3,2-c]pyrazole, the 16,21-diacetate ester thereof, and the
      16.alpha.,17.alpha.-iso-propylidene derivative thereof;
PA1  2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,16.alpha.,17.alpha.,21-tetrahydr
     oxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole, the 16,21-diacetate ester
      thereof, and the 16.alpha.,17.alpha. -iso-propylidene derivative thereof;
PA1  2'-phenyl-6-azido-9.alpha.-chloro-11.beta.-16.alpha.,17.alpha.,21-tetrahydr
     oxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-16-methylene-20-keto-4,6
     -pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.
      -fluoro-11.beta.,17.alpha.,21-trihydroxy-16-methylene-20-keto-4,6-pregnadi
     eno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.
      -chloro-11.beta.,17.alpha.,21-trihydroxy-16-methylene-20-keto-4,6-pregnadi
     eno[3,2-c]pyrazole.
PAR  The 11-keto analogs of the foregoing while possessing anti-inflammatory
      activity, are more frequently used as intermediates in the preparation of
      the corresponding 11.beta.-hydroxy-6-azido-4,6-pregnadieno[3,2-c]pyrazoles
      which exhibit greater anti-inflammatory activity than the 11-keto
      precursors.
PAR  The
      6-azido-9.alpha.,11.beta.-dihalogeno-17.alpha.,21-bisoxygenated-20-keto-4,
     6-pregnadieno[3,2-c]pyrazoles of this invention (especially the 17-mono-
      and 17,21-dilower alkanoate esters thereof) wherein X and Y are halogen
      (preferably wherein C-11 halogen (Y) is at least as electronegative as the
      C-9 halogen (X)) also possess superior anti-inflammatory activity, being
      useful mainly as topical anti-inflammatory agents.
PAR  Particularly valuable
      6-azido-9.alpha.,11.beta.-dihalogeno-20-keto-4,6-pregnadieno[3,2-c]pyrazol
     es of this group include compounds such as:
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-17.alpha.,21-dihydroxy-20-keto
     -4,6-pregnadieno[3,2-c]pyrazole, the 21-acetate, the 17-butyrate, the
      17-valerate, the 17,21-dipropionate, the 17,21-dibutyrate, the
      17,21-divalerate, and the 17,21-iso-propylidene derivatives thereof;
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.alpha.,17.alpha.,21-trihydr
     oxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole, the 16,21-diacetate, the
      16.alpha.,17.alpha. -iso-propylidene, and the 16.alpha.,17.alpha.
      -iso-propylidene 21-acetate thereof;
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.alpha.
      -methyl-17.alpha.,21-dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole, the
       17-propionate, the 17,21-dipropionate, the 17,21-dibutyrate and the
      17,21-divalerate thereof;
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.beta.-methyl-17.alpha.,21-d
     ihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole, the 17-propionate and the
      17,21-dipropionate thereof;
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16-methylene-17.alpha.,21-dihy
     droxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.
      -bromo-11.beta.-chloro-17.alpha.,21-dihydroxy-20-keto-4,6-pregnadieno[3,2-
     C]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.-bromo-11.beta.-chloro-16.alpha.-methyl-17.alpha.
     ,21-dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.-bromo-11.beta.-chloro-16.beta.-methyl-17.alpha.,
     21-dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.-chloro-11.beta.-fluoro-16.beta.-methyl-17.alpha.
     ,21-dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.-bromo-11.beta.-chloro-16-methylene-17.alpha.,21-
     dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole; and
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.-dibromo-17.alpha.,21dihydroxy-20-keto-4
     ,6-pregnadieno[3,2-c]pyrazole, the 21-acetate, the 17-valerate, the
      17,21-dipropionate, the 17,21-dibutyrate, the 17,21-divalerate, and the
      17,21-iso-propylidene derivatives thereof.
PA1  In addition to the
      11-substituted-6-azido-17.alpha.,21-dihydroxy-4,6-pregnadieno[3,2-c]pyrazo
     les and esters thereof of formula I listed hereinabove which are preferred
      as anti-inflammatory agents, our invention also includes
      21-unsubstituted-, 21-fluoro- and
      21-chloro-6-azido-4,6-pregnadieno[3,2-c]pyrazoles having particularly
      useful topical anti-inflammatory properties as well as progestational
      activity.
PAR  Particularly useful topical anti-inflammatory agents of this group are
      21-desoxy-6-azido-11-substituted -16-lower
      alkyl-17.alpha.-alkanoyloxy-4,6-pregnadieno[3,2-c]pyrazoles, preferably
      11.beta.-hydroxy-, 9.alpha.-halogeno-11.beta.-hydroxy- and
      9.alpha.,11.beta.-dihalogeno derivatives thereof exemplified by
      2'-phenyl-6-azido-11.beta.,17.alpha.-dihydroxy-16.alpha.-methyl-20-keto-4,
     6-pregnadieno[3,2-c]pyrazole, the 9.alpha.-fluoro and 9.alpha.-chloro
      analogs thereof and the 17-acetate, 17-propionate, 17-n-butyrate,
      17-valerate, and 11-formate-17-valerate esters of the foregoing:
PA1  2'-phenyl-6-azido-11.beta.,17.alpha.-dihydroxy-16.beta.-methyl-20-keto-4,6-
     pregnadieno[3,2-c]pyrazole, the 9.alpha.-fluoro and 9.alpha.-chloro analogs
      thereof and the 17-acetate, 17-propionate, 17-n-butyrate, 17-valerate, and
      11-formate-17-valerate esters of the foregoing;
PA1  2'-phenyl-6-azido-11.beta.,17.alpha.-dihydroxy-16.alpha.-methyl-20-keto-21-
     fluoro-4,6-pregnadieno[3,2-c]pyrazole, the 9.alpha.-fluoro and
      9.alpha.-chloro analogs thereof and the 17-acetate, 17-propionate,
      17-n-butyrate, 17-valerate, and 11-formate-17-valerate esters of the
      foregoing;
PA1  2'-phenyl-6-azido-11.beta.,17.alpha.-dihydroxy-16.beta.-methyl-20-keto-21-f
     luoro-4,6-pregnadieno[3,2-c]pyrazole, the 9.alpha.-fluoro and
      9.alpha.-chloro analogs thereof and the 17-acetate, 17-propionate,
      17-n-butyrate, 17-valerate, and 11-formate-17-valerate esters of the
      foregoing;
PA1  2'-phenyl-6-azido-11.beta.,17.alpha.-dihydroxy-16.alpha.-methyl-20-keto-21-
     chloro-4,6-pregnadieno[3,2-c]pyrazole, the 9.alpha.-fluoro and
      9.alpha.-chloro analogs thereof and the 17-acetate, 17-propionate,
      17-n-butyrate, 17-valerate, and 11-formate-17-valerate esters of the
      foregoing;
PA1  2'-phenyl-6-azido-11.beta.,17.alpha.-dihydroxy-16.beta.-methyl-20-keto-21-c
     hloro-4,6-pregnadieno[3,2-c]pyrazole, the 9.alpha.-fluoro and
      9.alpha.-chloro analogs thereof and the 17-acetate, 17-propionate,
      17-n-butyrate, 17-valerate, and 11-formate-17-valerate esters of the
      foregoing;
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.alpha.-methyl-17.alpha.-hyd
     roxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole and the 21-fluoro- and
      21-chloro analogs thereof as well as the 17-acetate, 17-propionate,
      17-n-butyrate and 17-valerate esters of the foregoing;
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.beta.-methyl-17.alpha.-hydr
     oxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole and the 21-fluoro- and 21-chloro
      analogs thereof as well as the 17-acetate, 17-propionate, 17-n-butyrate
      and 17-valerate esters of the foregoing;
PA1  2'-phenyl-6-azido-11,20-diketo-16.beta.-methyl-17.alpha.-hydroxy-4,6-pregna
     dieno[3,2-c]pyrazole, the 16.alpha.-methyl epimer thereof, and the
      17-acetate, 17-caproate, and 17-valerate thereof;
PA1  2'-phenyl-6-azido-9.alpha.-fluoro-11,20-diketo-16.beta.-methyl-17.alpha.-hy
     droxy-4,6-pregnadieno[3,2-c]pyrazole and the 16.alpha.-methyl epimer
      thereof;
PA1  2'-phenyl-6-azido-9.alpha.,21-difluoro-11,20-diketo-16.alpha.-methyl-17.alp
     ha.-hydroxy-4,6-pregnadieno[3,2-c]pyrazole and the 16.beta.-methyl epimer
      thereof;
PA1  2'-phenyl-6-azido-11,20-diketo-17.alpha.-hydroxy-16.alpha.-methyl-21-fluoro
     -4,6-pregnadieno[3,2-c]pyrazole and the 16.beta.-methyl epimer thereof;
PAR  Our invention also includes 6-azido-16-lower alkyl-17.alpha.-lower
      alkanoyloxy-20-keto-21-desoxy-4,6-pregnadieno[3,2-c]pyrazoles
      unsubstituted in the C-ring which are valuable mainly as progestational
      agents exemplified by:
PA1  2'-phenyl-6-azido-16.beta.-methyl-17.alpha.-acetoxy-20-keto-4,6-pregnadieno
     [3,2-c]pyrazole and the 16.alpha.-methyl epimer thereof;
PA1  2'-phenyl-6-azido-16.beta.-methyl-17.alpha.-acetoxy-20-keto-21-fluoro-4,6-p
     regnadieno[3,2-c]pyrazole and the 16.alpha.-methyl epimer thereof; and
PA1  2'-phenyl-6-azido-16.beta.-methyl-17.alpha.-acetoxy-20-keto-21-chloro-4,6-p
     regnadieno[3,2-c]pyrazole and the 16.alpha.-methyl epimer thereof.
PAR  In general, 21-desoxy compounds of our invention which are substituted in
      the C-ring and have a 17.alpha.-hydroxy or preferably a
      17.alpha.-alkanoyloxy group possess topical anti-inflammatory activity.
      Those which are unsubstituted in the C-ring while possessing some
      corticoid activity, possess greater progestational activity and may be
      used as medicaments in conditions requiring a progestational agent, e.g.
      in fertility control and in the management of various menstrual disorders
      and in pregnancy maintenance.
PAR  Other 21-desoxy compounds of this invention are 6-azido-16-lower
      alkylidene-4,6-pregnadieno[3,2-c]pyrazoles substituted at C-17 by a
      hydroxy or an alkanoyloxy group (i.e. compounds of formula I wherein Q is
      hydroxy or alkanoyloxy having up to 12 carbon atoms, usually lower
      alkanoyloxy, and W is =CHT; T being H, lower alkyl, chlorine, fluorine)
      such as:
PA1  2'-phenyl-6-azido-16-methylene-17.alpha.-acetoxy-20-keto-4,6-pregnadieno[3,
     2-c]pyrazole and the corresponding 17-caproate ester thereof;
PA1  2'-phenyl-6-azido-16-n-butylidene-17.alpha.-acetoxy-20-keto-4,6-pregnadieno
     [3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16-methylene-17.alpha.-acetoxy
     -20-keto-4,6-pregnadieno[3,2-c]pyrazole and the corresponding 17-caproate,
      17-decanoate and the 17-dodecanoate thereof;
PA1  2'-phenyl-6-azido-16-methylene-17.alpha.-propionyloxy-20-keto-4,6-pregnadie
     no[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16-ethylidene-17.alpha.-acetox
     y-20-keto-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.-bromo-11.beta.-fluoro-16-methylene-17.alpha.-ace
     toxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-16-methylene-17.alpha.-a
     cetoxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole and the corresponding
      17-caproate thereof;
PA1  2'-phenyl-6-azido-9.alpha.-fluoro-11,20-diketo-16-methylene-17.alpha.-aceto
     xy-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-11.beta.-hydroxy-16-methylene-17.alpha.-acetoxy-20-keto-4
     ,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-11,20-diketo-16-methylene-17.alpha.-acetoxy-4,6-pregnadie
     no[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-16-methylene-17.alpha.-acetoxy-20-keto-21-fluoro-4,6-preg
     nadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-16-methylene-17.alpha.-acetoxy-20-keto-21-chloro-4,6-preg
     nadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-21-fluoro-16-methylene-17.alph
     a.-acetoxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.,21-trichloro-16-methylene-17.alpha.-ace
     toxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-16-chloromethylene-17.alpha.-acetoxy-20-keto-4,6-pregnadi
     eno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-16-chloro-methylene-17.a
     lpha.-acetoxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-16-fluoromethylene-17.alpha.-acetoxy-20-keto-4,6-pregnadi
     eno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-16-fluoro-methylene-17.a
     lpha.-acetoxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole;
PA1  2'-phenyl-6-azido-11.beta.-hydroxy-16-chloromethylene-17.alpha.-acetoxy-20-
     keto-4,6-pregnadieno[3,2-c]pyrazole, and analogous 17.alpha.-hydroxy
      derivatives of the aforelisted compounds.
PAR  Other 16-substituted-21-desoxy-6-azido-4,6-pregnadieno[3,2-c]pyrazoles
      include
      6-azido-16.alpha.,17.alpha.-dihydroxy-4,6-pregnadieno[3,2-c]pyrazoles of
      formula I and their 16.alpha.,17.alpha.-iso-propylidene derivatives (i.e.
      compounds of formula I wherein W is (H,.alpha.OH) and Q is hydroxy and
      their 16.alpha.,17.alpha.-alkylidene derivatives) such as:
PA1  2'-phenyl-6-azido-16.alpha.,17.alpha.-dihydroxy-20-keto-4,6-pregnadieno[3,2
     -c]pyrazole and the 16.alpha.,17.alpha.-iso-propylidene and
      16.alpha.,17.alpha.-acetophenide derivatives thereof;
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.alpha.,17.alpha.-dihydroxy-
     20-keto-4,6-pregnadieno[3,2-c]pyrazole and the
      16.alpha.,17.alpha.-iso-propylidene and 16.alpha.,17.alpha.-acetophenide
      derivatives thereof;
PA1  2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,16.alpha.,17.alpha.-trihydroxy-2
     0-keto-4,6-pregnadieno[3,2-c]pyrazole and the
      16.alpha.,17.alpha.-iso-propylidene and 16.alpha.,17.alpha.-acetophenide
      derivatives thereof.
PAR  The 17.alpha.-hydroxy analogs of the aforelisted compounds are usually
      useful mainly as intermediates in preparing the corresponding
      17.alpha.-acyloxy compounds of formula I.
PAR  Other 21-desoxy compounds of formula I of our invention are
      6-azido-4,6-pregnadieno[3,2-c]pyrazoles useful mainly as progestational
      agents which are unsubstituted at C-9 and/or at C-11 and/or at C-17 and
      which are either unsubstituted at C-16 or have a 16-lower alkyl group.
      Some typical compounds of this class are:
PA1  2'-phenyl-6-azido-20-keto-4,6-pregnadieno[3,2-c]pyrazole and the
      16.alpha.-methyl and 16.beta.-methyl analogs thereof;
PA1  2'-phenyl-6-azido-20-keto-21-fluoro-4,6-pregnadieno[3,2-c]pyrazole and the
      16.alpha.-methyl and 16.beta.-methyl analogs thereof;
PA1  2'-phenyl-6-azido-11,20-diketo-4,6-pregnadieno[3,2-c]-pyrazole and the
      16.alpha.-methyl and 16.beta.-methyl analogs thereof;
PA1  2'-phenyl-6-azido-11.beta.-hydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole
      and the 16.alpha.-methyl and 16.beta.-methyl analogs thereof;
PA1  2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-20-keto-4,6-pregnadieno[
     3,2-c]pyrazole, the 16.alpha.-methyl and the 16.beta.-methyl analogs
      thereof, and the corresponding 9.alpha.-chloro analogs of the foregoing;
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-20-keto-4,6-pregnadieno[3,2-c]
     pyrazole and the 16.alpha.-methyl and 16.beta.-methyl analogs thereof;
PA1  2'-phenyl-6-azido-9.alpha.-bromo-11.beta.-chloro-20-keto-4,6-pregnadieno[3,
     2-c]pyrazole and the 16.alpha.-methyl and 16.beta.-methyl analogs thereof;
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.,21-trichloro-4,6-pregnadieno[3,2-c]pyra
     zole and the 16.alpha.-methyl and 16.beta.-methyl analogs thereof; and
PA1  2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-21-fluoro-20-keto-4,6-pregnadi
     eno[3,2-c]pyrazole and the 16.alpha.-methyl and 16.beta.-methyl analogs
      thereof.
PAR  In addition to the therapeutically active 2'-phenyl-21-oxygenated and
      21-desoxy-20-keto-4,6-pregnadieno[3,2-c]-pyrazoles listed hereinabove, our
      invention also includes the corresponding compounds of formula I wherein
      the pyrazole function is unsubstituted as well as those wherein the
      pyrazole function is substituted by groups such as a 2'-lower alkyl (e.g.
      2'-methyl, 2'-ethyl), a 2'-cycloalkyl (e.g. 2'-cyclopentyl and
      2'-cyclohexyl), or by a 2'-(p-substituted phenyl) group (e.g.
      2'-(p-fluorophenyl) and 2'-(p-trifluoromethylphenyl)).
PAC  Compositions-of-Matter Useful as Intermediates
PAR  Another composition-of-matter aspect of our invention includes
      6-azido-7-halogeno-4-pregneno[3,2-c]pyrazoles which are useful as
      intermediates in preparing the therapeutically active
      6-azido-4,6-pregnadieno[3,2-c]pyrazoles of this invention as described
      hereinbelow in the discussion of the Process Aspect of the Invention.
      These intermediates include 6-azido-7-halogeno-4-pregneno[3,2-c]pyrazoles
      of the following formula II:
      ##SPC2##
PAR  wherein X' is a halogen of atomic weight greater than 20;
PAR  G, Q, W, X, Y and Z are as defined hereinabove for formula I;
PAR  and when Q and Z are hydroxy and W is other than (H,.alpha.OH), the
      (17.alpha.,20;20,21)-bisalkylidenedioxy derivatives thereof.
PAR  The above compounds of formula II are useful as intermediates in preparing
      the 6-azido-20-keto-4,6-pregnadieno[3,2-c]pyrazoles of formula I via one
      of the process aspects of our invention whereby a
      6-unsubstituted-4,6-pregnadieno[3,2-c]pyrazole is treated with a halogen
      azide (usually bromine azide) followed by treatment of the
      6-azido-7-halogeno derivative of formula II thereby formed with a
      dehydrohalogenating agent (e.g. tetramethyl-ammonium fluoride) whereby is
      obtained a compound of formula I.
PAR  The physical embodiments of the compounds of formula II, their method of
      preparation and use as intermediates are further illustrated in the
      examples hereinbelow. The requisite starting
      6-unsubstituted-20-keto-4,6-pregnadieno[3,2-c]pyrazoles are either known
      compounds or are prepared via known procedures such as those described in
      the preparations hereinbelow. A convenient method for their preparation
      comprises treating a 3,20-diketo-6,7-unsubstituted-4,6-pregnadiene
      (preferably as the 17,20;20,21-bismethylenedioxy derivatives when the
      starting compound has a corticoid side chain at C-17, or as a 20-hydroxyl
      derivative when the starting compound is a
      20-keto-21-desoxy-4,6-pregnadiene) with sodium hydride, sodium methoxide,
      and ethyl formate and thence treating the resulting
      2-hydroxymethylene-3-keto-4,6-pregnadiene with hydrazine or a derivative
      thereof (e.g. phenylhydrazine) whereby is obtained the corresponding
      20-keto-4,6-pregnadieno[3,2-c]pyrazole in the form of the
      17.alpha.,20;20,21-bismethylenedioxy or 20-hydroxyl derivative. Treatment
      of the foregoing with acid yields the requisite
      20-keto-4,6-pregnadieno[3,2-c]pyrazole having free 17.alpha. and
      21-hydroxy groups and a 20-keto function. Treatment of the latter with a
      mild oxidizing agent, yields starting compounds having a free
      20-keto-21-desoxy side chain at C-17.
PAR  Typical intermediates of formula II include compounds such as:
PA1  2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.alpha.,21-trihydroxy-16.alpha.
     -methyl-20-keto-4-pregneno[3,2-c]pyrazole 21-acetate, 16.beta.-methyl
      epimer thereof, and the corresponding 7-chloro-derivatives;
PA1  2'-phenyl-67-azido-7-bromo-9.alpha.-fluoro-11,20-diketo-16.alpha.-methyl-17
     .alpha.,21-dihydroxy-4-pregneno[3,2-c]pyrazole 21-acetate, the
      16.beta.-methyl epimer thereof, and the corresponding 7-chloro
      derivatives;
PA1  2'-phenyl-6-azido-7-bromo-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-preg
     nadieno[3,2-c]pyrazole 21-acetate, the 16.alpha.-methyl and 16.beta.-methyl
      homologs thereof, and the corresponding 7-chloro derivatives;
PA1  2'-phenyl-6-azido-7-bromo-11,20-diketo-17.alpha.,21-dihydroxy-4-pregneno[3,
     2-c]pyrazole 21-acetate, the 16.alpha.-methyl and 16.beta.-methyl homologs
      thereof, and the corresponding 7-chloro derivatives.
PAR  Another composition-of-matter aspect of our invention are compounds which
      are valuable mainly as intermediates, i.e. compounds defined by following
      formula III:
      ##SPC3##
PAR  wherein Z is a member selected from the group consisting of iodine,
      bromine, and hydrocarbonsulfonyloxy, said hydrocarbon having up to 7
      carbon atoms; and G, Q, W, X and Y are as hereinabove defined for formula
      I.
PAR  The 21-hydrocarbonsulfonate ester intermediates of formula III include the
      21-methanesulfonate esters, the 21-ethanesulfonate esters, the
      21-benzenesulfonate esters and the 21-p-toluenesulfonate esters of the
      21-hydroxy-6-azido-4,6-pregnadieno[3,2-c]pyrazoles defined by formula I.
      They are prepared from the corresponding 21-hydroxy precursors utilizing
      known methods such as that wherein the steroidal 21-alcohol (e.g.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole) is treated with
      hydrocarbonsulfonyl chloride (e.g. methanesulfonyl chloride) in pyridine
      at low temperatures whereby is formed the corresponding steroidal
      21-hydrocarbonsulfonate (e.g.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-methanesulfonate). The
      hydrocarbonsulfonate esters of formula III are useful intermediates in the
      preparation of 21-phosphate esters of formula I utilizing procedures
      analogous to those known in the art. Thus a
      6-azido-4,6-pregnadieno[3,2-c]pyrazole 21-hydrocarbonsulfonate of formula
      III (e.g. 2'-phenyl-6-azido-
      9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methyl-20-keto-
     4,6-pregnadieno[3,2-c]pyrazole 21-methanesulfonate), upon treatment with
      sodium bromide or preferably sodium iodide in actone, is converted to the
      corresponding 21-bromo- or 21-iodo derivative of formula III (e.g.
      2'-phenyl-6-azido-9.alpha.-fluoro-21-iodo (or
      21-bromo)-11.beta.,17.alpha.-dihydroxy-16.alpha.-methyl-20-keto-4,6-pregna
     dieno[3,2-c]pyrazole), which upon treatment with phosphoric acid in
      methanol, yields a 21-phosphate ester of formula I (e.g.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-phosphate).
PAR  The 21-phosphate esters are also conveniently prepared by treatment of the
      corresponding 21-hydroxy steroid with pyrophosphoryl chloride in
      tetrahydrofuran whereby is obtained the 21-trichloropyrophosphate ester
      which decomposes in water to produce the 21-phosphate ester.
PAR  Because of their solubility characteristics, the 21-phosphate esters of
      6-azido-20-keto-4,6,-pregnadieno[3,2-c]pyrazoles of formula I are
      particularly valuable for administration via the oral route and the
      intravenous route as aqueous solutions of their salts.
PAR  In addition to the foregoing, the 21-methanesulfonate esters of formula III
      may be used as intermediates in preparing the corresponding
      21-unsubstituted steroids since, after conversion thereof to the 21-bromo-
      or 21-iodo-pregnane intermediate as discussed hereinabove, the resulting
      6-azido-21-iodo-(or 21-bromo-)-4,6-pregnadieno[3,2-c]pyrazole (e.g.
      2'-phenyl-6-azido-9.alpha.-fluoro-21-iodo-11.beta.,17.alpha.-dihydroxy-16.
     alpha.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole may be reduced by
      known methods such as with sodium iodide in acetic acid to obtain the
      corresponding 21-desoxy-6-azido-4,6-pregnadieno [3,2-c]pyrazole of formula
      I, e.g.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.-dihydroxy-16.alpha.-m
     ethyl-20-keto-4,6-pregnadieno [3,2-c]pyrazole. Alternatively, the 21-iodo
      (or 21-bromo-) intermediates of formula III may be converted to the
      corresponding 21-fluoro or 21-chloro compound of formula I by treatment
      thereof with silver fluoride, lithium chloride or tetraalkyl-ammonium
      chloride, respectively, in acetonitrile.
PAR  Another composition-of-matter aspect of this invention relates to
      17.alpha.,20;20,21-bismethylenedioxy derivatives of compounds of formula I
      which are valuable as intermediates, said compounds being defined by the
      following formula IV:
      ##SPC4##
PAL  wherein G, X and Y are as defined for formula I and W' is a member selected
      from the group consisting of
      ##EQU3##
      (H, lower alkyl), =CHT wherein T is a member selected from the group
      consisting of hydrogen, lower alkyl, fluorine and chlorine.
PAR  Other valuable intermediates are
      2-hydroxymethylene-6-azido-9.alpha.-X-11-Y-16-W'
      -17.alpha.,20;20,21-bismethylenedioxy-4,6-pregnadiene-3-ones wherein X and
      Y are as defined for formula I and W' is as defined for formula IV. These
      compounds and those defined by formula IV are valuable as intermediates in
      the process aspects of our invention wherein a
      3-keto-6-azido-17.alpha.,20;20,21, bismethylenedioxy-4,6-pregnadiene (e.g.
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20,21-bismethylenedi
     oxy-4,6-pregnadiene-3-one-11.beta.-ol) is treated with ethyl formate in
      strong base followed by treatment of the corresponding 2-hydroxymethylene
      derivative thereby formed with hydrazine or a substituted derivative
      thereof (e.g. phenylhydrazine) whereby is obtained a
      6-azido-17.alpha.,20;20,21
      bismethylenedioxy-4,6-pregnadieno[3,2-c]pyrazole of formula IV (e.g.
      2'-phenyl-6-azido-9.alpha.-fluoro-17.alpha.,20;20,21-bismethylenedioxy-11.
     beta.-hydroxy-16.alpha.-methyl-4,6-pregnadieno[3,2-c]pyrazole) which, upon
      treatment with acid or with triphenylcarbenium tetrafluoroborate according
      to known procedures is converted to a free 17.alpha.,21-dihydroxy-20-keto
      compound of formula I (e.g.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]-pyrazole having corticoid
      activity.
PAC  Process Aspects of the Invention
PAR  The pharmacologically active
      6-azido-20-keto-4,6-pregnadieno[3,2-c]pyrazoles of formula I, particularly
      the 9.alpha.-halogeno derivatives thereof, are conveniently prepared via
      one process-aspect of our invention from the corresponding
      6-unsubstituted-20-keto-4,6-pregnadieno[3,2-c]pyrazole wherein the
      21-hydroxyl group is preferably protected by an ester group or by
      formation of a 17.alpha.,21-alkylidenedioxy derivative (e.g.
      2'-phenyl-9.alpha.-fluoro-11.beta.-17.alpha.,21-trihydroxy-16.alpha.-methy
     l-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate and
      2'-phenyl-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methyl-17.alpha.,21-i
     sopropylidenedioxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole, respectively) by
      treatment thereof with a halogen azide (i.e. chlorine azide, iodine azide
      or, preferably, bromine azide) in a polar solvent system followed by
      treatment of the resulting 6-azido-7-halogeno
      -20-keto-4-pregneno[3,2-c]pyrazole (e.g.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy
     -16.alpha.-methyl-20-keto-4-pregneno [3,2-c]-pyrazole 21-acetate (a novel
      intermediate of formula II)) with a dehydrohalogenating agent in an
      aprotic solvent (e.g. tetramethylammonium fluoride in acetonitrile).
PAR  In preparing the 6-azido-7-halogeno intermediates or formula II bromine
      azide is the preferred reagent because of its greater ease of handling
      over chlorine azide and iodine azide. In our process, we prefer to prepare
      the bromine azide in situ in slight excess in the presence of the
      6,7-unsubstituted-20-keto-4,6-pregnadieno[3,2-c]pyrazole (usually about
      10% over the molar quantity of
      6,7-unsubstituted-20-keto-4,6-pregnadieno[3,2-c]pyrazole) and to isolate
      the resulting novel
      6-azido-7-halogeno-20-keto-4,6-pregnadieno[3,2-c]pyrazole of formula II
      prior to reaction thereof in an aprotic solvent with a dehydrohalogenating
      agent (preferably tetramethylammonium fluoride in acetonitrile).
PAR  In a preferred mode of preparing the
      6-azido-7-halogeno-4,6-pregnadieno[3,2-c]pyrazoles of our invention, to 1
      mole of a 6,7-unsubstituted-4,6-pregnadieno[3,2-c]pyrazole (e.g.
      2'-phenyl-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methy
     l-20-keto-4,6-pregnadieno[3,2-c]pyrazole or preferably the 21-acetate ester
      thereof) in dichlormethane to which a few drops of tertiary butanol have
      been added, there is first added 1.1 moles of N-bromosuccinimide and then
      a solution of hydrazoic acid in dichloromethane prepared from 2.5 moles of
      sodium azide and 2.75 moles of hydrochloric acid. The reaction mixture is
      stirred at room temperature from about 30 minutes to about three hours,
      preferably under an atmosphere of nitrogen, thence poured into water, and
      the resulting product isolated utilizing known techniques, such as by
      extraction with an organic solvent (e.g. dichloromethane), washing the
      resulting organic extract with aqueous sodium thiosulfate, aqueous sodium
      bicarbonate, then water, drying the organic solvent, thence evaporating
      the solution to a residue comprising a novel
      6-azido-7-halogeno-20-keto4,6-pregnadieno[3,2-c]pyrazole  of formula II
      (e.g. 2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.,17.alpha. ,21
      -trihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate).
PAR  In the foregoing procedure, in place of N-bromosuccinimide there may be
      used acyl amides such as N-bromoacetamide,
      1,3-dibromo-5,5-dimethylhydantoin, and the like.
PAR  Solvents preferred for use in the foregoing process are halogenated
      hydrocarbons such as chloroform, ethylene dichloride, dichloromethane;
      however, other solvents may also be used such as ethers,
      1,2-dimethoxyethane, acetonitrile, tetrahydrofuran and the like.
PAR  The 6-azido-7-halogeno-20-keto-4,6-pregnadieno[3,2-c]pyrazoles of formula
      II are usually off-white, crystalline solids of sufficient purity to use
      without further purification in the dehydrohalogenation process of our
      invention.
PAR  When dehydrohalogenating a
      6-azido-7-halogeno-20-keto-4,6-pregnadieno[3,2-c]pyrazole according to our
      process, the preferred reagent is a tetraalkylammonium halide, usually
      tetramethylammonium fluoride as the pentahydrate. Other
      dehydrohalogenating agents which may be used are calcium carbonate,
      diazabicyclooctane (DABCO), diazabicyclononane (DBN), diazabicycloundecane
      (DBU), and concentrated hydrochloric acid in a lower alkanoic acid.
PAR  Generally, when carrying out a preferred mode of our dehydrohalogenation
      process, to a mole of the
      6-azido-7-halogeno-20-keto-4-pregneno[3,2-c]pyrazole (e.g.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.,17.alpha. ,21
      -trihydroxy-16.alpha.-methyl-20-keto-4-pregneno[3,2-c]pyrazole or the
      21-acetate thereof, in solution or suspension in an aprotic solvent
      (usually acetonitrile) there is added (either in the solid state or in
      solution) tetraalkylammonium halide (preferably tetramethylammonium
      fluoride) in quantities ranging from 1.5 to 5 moles per mole of steroid.
      The reaction mixture is stirred or left standing at temperatures ranging
      from about 0.degree.C to about 80.degree.C until the dehydrohalogenation
      at C-7(6) is completed as evidenced by thin layer chromatography or by
      spectroscopic evaluation (Reaction times usually range from a few hours to
      several days.) The resulting
      6-azido-20-keto-4,6-pregnadieno[3,2-c]pyrazole (e.g.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha. ,21
      -trihydroxy-16.alpha.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole or
      21-acetate thereof) is isolated utilizing known techniques. Usually, the
      reaction mixture is poured into water, extracted with ether, the organic
      extract washed with water, dried and evaporated to a residue comprising
      the desired 6-azido-20-keto-4,6-pregnadieno[3,2-c]pyrazole (e.g.
      2'-phenyl-6-azido-9.alpha. -fluoro-11.beta.,17.alpha. ,21
      -trihydroxy-16.alpha.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole or the
      21-acetate thereof). Purification is effected utilizing known techniques
      including chromatography and crystallization methods.
PAR  Aprotic solvents suitable for use in our process include dimethylsulfoxide,
      dimethylacetamide, dioxane, tetrahydrofuran, and preferably acetonitrile
      or dimethylformamide.
PAR  The tetraalkylammonium halide reagents necessary to our process are known
      in the art. We have found it most convenient to use tetramethylammonium
      chloride, or, preferably, tetramethylammonium fluoride, since they are
      commercially available and good product yields are obtained thereby. When
      utilizing the commercially available tetramethylammonium fluoride
      pentahydrate as reagent, the water of hydration may be removed therefrom
      by azeotropic distillation with acetonitrile although the reaction will
      proceed when the pentahydrate is used as reagent. When preparing the
      anhydrous form of the tetramethylammonium fluoride reagent, the azeotropic
      distillation is continued until the reagent is a solid at 50.degree.C, at
      which point it is most suitable for use as a dehydrohalogenating reagent
      to convert a 6-azido-7-halogeno-4-pregneno[3,2-c]pyrazole to a
      6-azido-4,6-pregnadieno[3,2-c]pyrazole.
PAR  The tetraalkylammonium halide reagents have limited solubility in the
      aprotic solvents utilized in this process; therefore, it is preferable to
      stir the reaction mixture when dehydrohalogenating at C-7(6). The reaction
      will proceed without stirring, however, with the tetraalkylammonium halide
      dissolving as the reaction proceeds.
PAR  Our process whereby a 6-unsubstituted-4,6-pregnadieno[3,2-c]pyrazole upon
      treatment with a halogen azide, is converted to the corresponding
      6-azido-7-halogeno-4-pregneno[3,2-c]pyrazole and thence dehydrohalogenated
      to produce a 6-azido-4,6-pregnadieno[3,2-c]pyrazole, is advantageously
      carried out under mild conditions at temperatures in the range of from
      about 0.degree.C to about 80.degree.C (usually at room temperature) in a
      media which is close to neutrality. Our process is of particular value,
      therefore, when preparing a 6-azido-4,6-pregnadieno[3,2-c]pyrazole which
      possesses groupings sensitive to strong acids or strong bases, for
      example, when preparing a 6-azido-4,6-pregnadieno[3,2-c]pyrazole of the
      corticoid series possessing the dihydroxyacetone side chain at C-17 or a
      6-azido-4,6-pregnadieno[3,2-c]pyrazole of the progesterone series having a
      17.alpha.-acetoxy function, both of which groupings are known to react
      with strong bases.
PAR  Substituents present in the 6-unsubstituted-4,6-pregnadieno[3,2-c]pyrazole
      starting steroids of our process usually remain unchanged under the
      conditions of this process; thus, by way of example, the
      6-azido-4,6-pregnadieno[3,2-c]pyrazole starting steroids of this process
      aspect of our invention may be substituted at C-1 by a lower alkyl group;
      at C-9 by halogen; at c-11 by oxygen, hydroxyl, formyloxy and halogen; at
      C-16 by lower alkyl, lower alkylidene, halogenoalkylidene, halogen, or
      alkanoyloxy; and at C-17 there may be present a corticoid side chain or
      17.alpha.-substituted progesterone side chain, as well as esters and
      derivatives thereof.
PAR  This process aspect of our invention provides a convenient method for
      introducing a 6-azido group into 4,6-pregnadieno[3,2-c]pyrazoles utilizing
      novel 6-azido-7-halogeno-4-pregneno[3,2-c]pyrazoles heretofore unknown in
      the art. This process is particularly useful when the starting
      6-unsubstituted steroid possesses a 9.alpha.-halogeno-11.beta.-hydroxyl
      function since the desired
      6-azido-9.alpha.-halogeno-11.beta.-hydroxy-pregnadieno pyrazole is
      produced in two reaction steps whereas it takes a minimum of four steps to
      produce a 9,11-halohydrin of this invention from a despyrazolo-6-azido
      steroid by the other process of this invention discussed hereinbelow. This
      process is also of particular value since it has been found one cannot
      produce isolatable quantities of 6-azido derivatives of
      4,6-pregnadieno[3,2-c]pyrazoles by methods analogous to those known in the
      art for preparing 6-azido derivatives of 3-keto-4,6-pregnadienes, such as
      the method whereby a 3-keto-4,6-pregnadiene is converted to the
      corresponding 6.alpha.,7 .alpha.-oxido derivative, thence to a
      6.beta.-azido-7.alpha.-acyloxy derivative which is dehydrocylated with a
      tetraalkylammonium halide or with hydrochloric acid in the presence of a
      lower alkanoic acid in an inert solvent.
PAR  The 6-unsubstituted-4,6-pregnadieno[3,2-c]pyrazole starting steroids of
      this process are all either known compounds or are prepared conveniently
      from the corresponding 3-keto-6-unsubstituted -4,6-pregnadienes utilizing
      known techniques such as disclosed specifically in the Preparations
      herein. In general, a 6-unsubstituted- 3-keto-4,6-pregnadiene wherein the
      cortical side chain is preferably protected as a bismethylenedioxy group
      or wherein the progesterone side chain is protected by reduction of the
      20-keto group to a 20-hydroxyl function by means known in the art, is
      treated with alkyl formate in the presence of a strong base under an inert
      atmosphere, whereby is formed the corresponding 2-hydroxymethylene
      derivative which, in turn, may either be treated with hydrazine or a
      mono-substituted hydrazine, whereby is formed a
      4,6-pregnadieno[3,2-c]pyrazole or substituted pyrazole. Alternatively, the
      2-hydroxymethylene intermediate may be converted to the corresponding
      2-alkoxymethylene derivative by treatment with a lower alkanol in the
      presence of acid and the resulting alkoxymethylene derivative treated with
      hydrazine or a mono-substituted hydrazine whereby a
      6-unsubstituted-4,6-pregnadieno[3,2-c]pyrazole is formed. Thus, for
      example, 1,2-dihydro-6-dehydrodexamethasone in the form of the 17.alpha.
      ,20;20,21-bismethylenedioxy derivative (i.e.
      9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20,21-bismethylenedioxy-4,6-
     pregnadiene-11.beta.-ol-3-one) in anhydrous tetrahydrofuran/benzene, upon
      treatment with ethyl formate in the presence of sodium hydride and sodium
      methoxide, is converted to the corresponding 2-hydroxymethylene derivative
      which, upon treatment with phenylhydrazine in ethanol at reflux
      temperature, produces a 2'-phenylpyrazole derivative, namely 2'-phenyl-
      9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methyl-17.alpha.
      ,20;20,21-bismethylenedioxy-4,6-pregnadieno[3,2-c]pyrazole which upon
      treatment with an acid (e.g. 60% aqueous formic acid), is converted to the
      steroidal pyrazole having a free cortical side chain, namely 2'
      -phenyl-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methyl-
     20-keto-4,6-pregnadieno[3,2-c]pyrazole.
PAR  In another process of this invention, the
      6-azido-20-keto-4,6-pregnadieno[3,2-c]pyrazoles of formula I are prepared
      by treating a 3,20-diketo-6-azido-4,6-pregnadiene in the form of its
      17.alpha.,20;20,21-bis-methylenedioxy derivative with an alkyl formate in
      the presence of strong base and followed by treatment of the resulting
      2-hydroxymethylene derivative with hydrazine (whereby is formed a
      6-azido-4,6-pregnadieno[3,2-c]pyrazole) or with a mono-substituted
      hydrazine (whereby is formed predominantly a
      2'-substituted-6-azido-4,6-pregnadieno[3,2-c]pyrazole). Alternatively, the
      2-hydroxymethylene derivative is converted to the corresponding
      2-alkoxymethylene derivative by treatment with a lower alkanol in the
      presence of acid and thence treatment of the resulting alkoxymethylene
      derivative with hydrazine or a monosubstituted hydrazine whereby is formed
      a 6-azido-4,6-pregnadieno[3,2-c]pyrazole or a 2'-substituted derivative
      thereof, respectively.
PAR  Among the monosubstituted hydrazines which may be used for the process of
      our invention are: alkylhydrazines, such as methylhydrazine,
      ethylhydrazine, propylhydrazines, butylhydrazines, cycloalkylhydrazines;
      arylhydrazines including phenylhydrazine and the substituted
      phenylhydrazines, such as o-, m-, and p-halophenylhydrazines, o-, m-, and
      p-tolyhydrazines, o-, m-, and p-alkoxyphenylhydrazines, o-, m-, and
      p-nitrophenylhydrazines, 1-hydrazinonaphthalene, 2-hydrazinopyridine,
      3-hydrazinopyridine, 4-hydrazinopyridine, 4-hydrazinopyridine oxide, and
      2-hydrazinopyrimidine; aralkylhydrazines, such as benzylhydrazine and
      .alpha.(or .beta.)-phenylethylhydrazine.
PAR  There are thereby produced
      2'-substituted-6-azido-4,6-pregnadieno[3,2-c]pyrazoles including:
      2'-alkyls such as 2'-methyl-, 2'-ethyl-, 2'-butyl-, 2'-propyl-,
      2'-(.beta.-hydroxyethyl)-; 2'-cycloalkyl-; 2'-aryl- which may be derived
      from any aromatic nucleus, including 2'-phenyl- and the
      2'-substituted-phenyl derivatives such as o-, m-, and p-halogenophenyl;
      o-, m-, and p-tolyl; o-, m-, and p-alkoxyphenyl-, o-, m-, and
      p-nitrophenyl-; 2'-(1"-naphthyl)-, 2'-(2"-pyridyl)-, 2'-(3"-pyridyl)-,
      2'-(4"-pyridyl)-, 2'-(4"-pyridyloxide)-, 2'-(2"-pyrimidyl)-; 2'-aralkyl-,
      such as 2'-benzyl- and 2'-phenylethenyl-4,6-pregnadieno[3,2-c]pyrazoles.
PAR  Preferred hydrazine reagents for this process aspect of our invention are
      phenylhydrazine and p-fluorophenylhydrazine whereby are produced preferred
      compounds of this invention, namely,
      2'-phenyl-6-azido-4,6-pregnadieno[3,2-c]pyrazoles and
      2'-(p-fluorophenyl)-6-azido-4,6-pregnadieno[3,2-c]pyrazoles of formula I.
PAR  The 2'-alkyl-6-azido-4,6-pregnadieno[3,2-c]pyrazoles of formula I (i.e.
      those compounds wherein G is alkyl or cycloalkyl) may also be prepared by
      direct alkylation of the
      N-unsubstituted-6-azido-4,6-pregnadieno[3,2-c]pyrazoles of formula I (i.e.
      those compounds wherein G is H).
PAR  In this process, prior to reaction with an alkyl formate, starting
      compounds having a cortical side chain at C-17 and an 11.beta.-hydroxyl
      group, particularly those also having a 9.alpha.-halogeno substituent, can
      be converted to the corresponding
      11-keto-17.alpha.,20;20,21-bismethylenedioxy derivative; in the case of
      starting compounds having a progesterone side chain at C-17, the 20-keto
      is converted to the 20-hydroxyl derivative. The 3,11-diketo-6-azido-or the
      3-keto-6-azido-9.alpha.-halogeno-11-keto-4,6-pregnadiene intermediate is
      then treated with ethyl formate in the presence of strong base and the
      resulting 2-hydroxymethylene derivative is reacted with hydrazine or a
      monosubstituted hydrazine to give a
      6-azido-11-keto-4,6-pregnadieno[3,2-c]pyrazole or
      6-azido-9.alpha.-halogeno-11-keto-4,6-pregnadieno[3,2-c]pyrazole of this
      invention in the form of the 17.alpha.,20;20,21 -bismethylenedioxy or
      20-hydroxy derivative. The 11-keto-4,6-pregnadieno pyrazole derivatives
      are then reduced to the corresponding 11.alpha.-hydroxy derivative, by
      methods known in the art. Alternatively, compounds of this invention
      containing an 11.beta.-hydroxyl function are prepared by this process
      utilizing 11.alpha.-hydroxy intermediates. Thus, for example, when
      preparing
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole by this process,
      6-azido-1,2-dihydro-6-dehydrodexamethasone is first converted to the
      17.alpha.,20;20,21-bismethylenedioxy derivative (i.e.
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20,21-bismethylenedi
     oxy-4,6-pregnadiene-11.beta.-ol-3-one), thence treated with ethyl formate
      and sodium hydride, followed by treatment of the 2-hydroxymethylene
      derivative thereby formed with phenylhydrazine to yield
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methyl-17.alp
     ha.,20;20,21-bismethylenedioxy-4,6-pregnadieno[3,2-c]pyrazole, which upon
      treatment with a dilute acid (e.g. 60% aqueous formic acid) or with
      triphenylcarbenium tetrafluoroborate yields a
      9.alpha.-fluoro-11.beta.,17.alpha. ,21-trihydroxy compound of formula I,
      i.e. 2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha. ,21
      -trihydroxy-16.alpha.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole.
PAR  The 2'-N-acyl derivatives of our invention (i.e. those compounds of formula
      I wherein G is a lower hydrocarboncarboxylic acyl) are prepared by
      treating an N-unsubstituted-17.alpha.,20;20,21-bis-methylenedioxy
      derivative of formula IV or an N-unsubstituted-20-keto-21-desoxy
      derivative of formula I with an acylating agent, e.g. a lower hydrocarbon
      carboxylic acid acylating agent such as benzoic anhydride or tertiary
      butyl acetyl chloride; a lower alkanoic anhydride such as acetic anhydride
      or propionic anhydride; a lower alkanoyl halide such as acetyl chloride;
      or a polybasic anhydride such as .beta.,.beta. -dimethylglutaric
      anhydride, succinic anhydride, and the like, in the presence of an organic
      base such as pyridine.
PAR  As mentioned hereinabove, upon treatment of a
      6-azido-17.alpha.,20;20,21-bis-methylenedioxy-4,6-pregnadieno[3,23,2pyrazo
     les with a dilute acid or with triphenylcarbenium tetrafluoroborate, the
      BMD protecting group is removed and there is obtained the corresponding
      6-azido-17.alpha.,21 -dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazoles of
      formula I.
PAR  Any acyl groups present in the 2'-position (i.e. those compounds wherein G
      is a hydrocarbon carboxylic acyl) may be removed by treating the steroidal
      pyrazole as the BMD derivative with sodium methoxide in methanol to form
      the corresponding compound of formula I wherein G is hydrogen. Under these
      conditions, a 9,11-halohydrin may convert to a 9.beta.,11.beta. -epoxide,
      thus requiring regeneration to the 9,11-halohydrin by treatment with a
      hydrogen halide according to known procedures.
PAR  2'-acyl-21-acrylate derivatives of our invention (i.e. compounds of formula
      I wherein G is a hydrocarbon carboxylic acyl and Z is --OR.sub.2, R.sub.2
      being a hydrocarbon carboxylic acid radical) in which both acyl
      derivatives are the same, may be prepared (1) by reacting a
      6-azido-21-hydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole of formula I
      wherein G is H and Z is hydroxy with two equivalents of an acylating agent
      or (2) by reaction of a
      2'-acyl-21-hydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole (i.e. a compound
      of formula I wherein G is acyl and Z is hydroxy) with one equivalent of an
      acylating agent in which the acyl group of the acylating agent is the same
      as the acyl group already present at the 2'-position of the pyrazole.
PAR  The 2'-acyl-21-acylate derivatives of the above described
      6-azido-17.alpha.,21-dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazoles in
      which the acyl groups are different are prepared by reaction of a
      2'-acyl-17.alpha.,21-dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole of
      formula I with an acylating agent in which the acyl group of the acylating
      agent is diffferent from the acyl group already present at the 2'-position
      of the pyrazole.
PAR  Acylating agents which can be used for this purpose include a lower
      hydrocarbon carboxylic acid acylating agent such as benzoic anhydride,
      tertiary butyl acetyl chloride; a lower alkanoic anhydride or lower
      alkanoyl halide such as acetic anhydride, propionic anhydride; or a
      polybasic anhydride such as .beta.,.beta.-dimethylglutaric anhydride,
      succinic anhydride and the like, in the presence of an organic base such
      as pyridine.
PAR  A 6-azido-20-keto-4,6-pregnadieno[3,2-c]pyrazole of formula I wherein Z is
      hydroxyl may be converted to a 21-desoxy compound of formula I (i.e.
      wherein Z is hydrogen) by treating a
      6-azido-20-keto-17.alpha.,21-dihydroxy-4,6-pregnadieno[3,2-c]pyrazole of
      formula I with methanesulfonyl chloride in a nonaqueous base (e.g.
      pyridine, triethylamine, collidine, N-methylmorpholine) whereby is formed
      a 21-methanesulfonyl derivative of formula III. Prior to treatment with
      methanesulfonyl chloride, a steroid starting compound in which G is
      hydrogen is preferably converted to the corresponding 2'-acyl derivative
      before undergoing this reaction. The
      6-azido-17.alpha.,21-dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole
      21-mesylate of formula III is then treated with an alkali iodide to form
      the corresponding 21-iodo compound (i.e. a compound of formula III wherein
      Z is iodine). Treatment of the foregoing
      6-azido-17.alpha.-hydroxy-20-keto-21-iodo-4,6-pregnadieno[ 3,2-c]pyrazole
      of formula III with sodium iodide in acetic acid will yield the
      corresponding 21-desoxy compound of this invention, i.e. a compound of
      formula I wherein Z is hydrogen. Alternatively, treatment of the 21-iodo
      (or 21-bromo) intermediates with silver fluoride or silver chloride,
      respectively, in acetonitrile will yield the corresponding 21-fluoro and
      21-chloro compounds.
PAR  The 21-dihydrogen phosphate esters of this invention (i.e. compounds of
      formula I wherein Z is OR.sub.2, R.sub.2 being the acyl radical of
      phosphoric acid) are prepared by reaction of the corresponding
      21-iodo-compound (compound of formula III wherein Z is iodine) with a
      mixture of silver phosphate and phosphoric acid or, preferably, by
      reaction of the corresponding 21-hydroxy compound with pyrophosphoryl
      chloride utilizing known techniques. Both the mono- and dialkali metal
      salts and alkaline earth metal salts of the dihydrogen phosphate ester
      thereby formed may be obtained by neutralizing said dihydrogen phosphate
      ester with an alkali methoxide or alkaline earth methoxide. Treatment of a
      dialkali or alkaline earth metal salt of a 21-phosphate ester of formula I
      wherein G is an acyl radical with additional alkali methoxide will convert
      the N-acyl compound of formula I into a free amine, i.e. a compound of
      formula I wherein G is hydrogen. Compounds of formula I wherein Z is a
      dialkali metal salt of a phosphoric acid radical may be converted to the
      free dihydrogen phosphate by contacting the 21-phosphate ester metal salt
      with an ion exchange resin.
PAC  Preparation of Esters of Our Invention
PAR  6-azido-4,6-pregnadieno[3,2-c]pyrazoles of formula I having ester groups
      such as at C-16, C-17, and C-21 can be converted in known manner into
      6-azido-4,6-pregnadieno[3,2-c]pyrazoles having free hydroxyl groups as,
      for example, by the action of acidic or alkaline saponification agents.
      When the 6-azido-4,6-pregnadieno[3,2-c]pyrazoles of formula I contains a
      chlorohydrin or bromohydrin at C-9 and C-11 (i.e. wherein X is halogeno
      and Y is (H,.beta.OH)), we prefer to hydrolyze in a slightly acid medium,
      e.g. utilizing 70% perchloric acid in methanol-chloroform to minimize
      epoxide formation at C-9 and C-11. When hydrolyzing ester groups of
      compounds of formula I not containing a 9(11)-chlorohydrin or bromohydrin,
      we usually prefer to use methanolic sodium hydroxide keeping the reaction
      medium at about 0.degree.C and under an inert atmosphere, e.g. Argon. If
      an ester group is present at C-11, such as in
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha. ,21 -trihydroxy-
      16.alpha.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole triacetate, it is
      convenient to convert the esterified compound to the free hydroxy analog
      by the action of the microorganism Flavobacterium dehydrogenans.
PAR  Similarly, alkylidenedioxy functions at C-17(21) in a
      6-azido-4,6-pregnadieno[3,2-c]pyrazole of formula I can be converted in
      known manner to the corresponding 17,21-dihydroxy steroid in an acidic
      medium (e.g. 50% aqueous acetic acid) under an atmosphere of nitrogen.
PAR  Compounds of formula I, prepared in accordance with our invention, which
      possess a 21-hydroxyl group, can be converted into pharmacologically
      acceptable esters utilizing known procedures. When preparing hydrocarbon
      carboxylic acid esters of hydroxy groups at C-21 and most secondary
      hydroxy groups such as at C-16, we prefer to utilize as esterification
      medium an acid anhydride in pyridine at room temperature, e.g. acetic
      anhydride, propionic anhydride, valeric anhydride in pyridine. When an
      ester of an aromatic carboxylic acid is desired, the acyl halide, e.g.
      benzoyl chloride, toluyl chloride, in pyridine is preferably utilized as
      esterification agent.
PAR  Similarly, procedures known in the art are utilized to convert a
      17,21-dihydroxy compound of our invention, e.g. of formula I to the
      corresponding 17-mono-acyl or 17,21-di-acyl derivative, e.g. of formula I.
      Thus, 17.alpha.,21 -diesters may be prepared by acylation of the
      corresponding 17.alpha. ,21-diols or 17.alpha.-hydroxy-21-acyloxy
      compounds. This is preferably effected by reaction of the steroid with an
      appropriate acid anhydride in the presence of a strong acid catalyst such
      as, e.g. p-toluenesulfonic acid, perchloric acid or strongly acidic cation
      exchange resins, or by using trifluoroacetic anhydride with an appropriate
      lower alkanoic acid. The reaction may be carried out in the absence of a
      solvent or in a non-polar solvent, e.g. carbon tetrachloride, benzene,
      toluene, methylenechloride and chloroform. Heating may or may not be
      necessary according to the reactivity of the reaction components.
PAR  When preparing a compound of formula I having different acyl groups at C-17
      and C-21, one may first prepare a 21-monoester and then esterify the C-21
      monoacylate under more forcing conditions to introduce a different acyl
      group in the 17.alpha.-position.
PAR  Prior to esterifying a 17.alpha.-hydroxyl group, any 11.beta.-hydroxyl
      function ought be protected such as by preparing the
      11.beta.-trifluoroacetate ester which, after esterification at C-17, may
      be hydrolyzed with mild base (e.g. dilute aqueous sodium bicarbonate)
      without hydrolyzing the other ester groups at C-17 and/or at C-21.
PAR  The 17,21-diesters may also be prepared by acylation of the corresponding
      21-hydroxy-17.alpha.-monoesters by treatment thereof with the appropriate
      acid anhydride or acid chloride under basic conditions, preferably in the
      presence of a tertiary organic base, e.g. pyridine, quinoline,
      N-methylpiperidine, N-methylmorpholine, p-dimethylaminopyridine or
      dimethylaniline. The reaction may be carried out with or without solvents
      or with or without heat as may be necessary.
PAR  The 17.alpha.-monoesters of our invention may be prepared by hydrolysis of
      a corresponding 17,21-orthoester or 17.alpha.,21 -diester.
PAR  In preparing 17-monoesters via hydrolysis of a 17,21 -orthoester, the
      17,21-orthoester is conveniently prepared by reaction of the 17.alpha.,
      21-diol with an alkylorthoester followed by hydrolysis of the resulting
      17,21-orthoester under mild conditions, i.e. hydrolysis in the presence of
      an acid catalyst, e.g. a lower alkanoic acid such as acetic or propionic,
      or a strong mineral acid such as hydrochloric, sulfuric acid. When no
      substituent is present at C-16 the hydrolysis is preferably carried out
      under buffered conditions at a pH in the range of 4 to 6.
PAR  The acyl groups at C-17 and at C-21 of the 17-monoacyloxy and
      17,21-diacyloxy-6-azido-4,6-pregnadieno[ 3,2 -c]pyrazoles of formula I may
      be introduced either before or after the 6-azido function is present in
      the molecule. When a BMD derivative is utilized in our process, the ester
      groups are necessarily introduced after removal of the BMD function.
PAR  The novel 6-azido-20-keto-16.alpha.,17.alpha.,21-trihydroxy compounds of
      formula I may be converted to the 6-azido-16.alpha.,
      17.alpha.-alkylidenedioxy derivatives utilizing procedures known in the
      art, e.g. by reacting an 11.beta.,16.alpha.,17.alpha.-trihydroxy steroid
      of formula I (e.g. 6-azido-11.beta.,
      16.alpha.,17.alpha.,21-tetrahydroxy-20-keto-4,6-pregnadieno[ 3,2
      -c]pyrazole) with a ketone or aldehyde (e.g. acetone, acetylaldehyde,
      acetophenone) in the presence of a mineral acid (e.g. hydrochloric acid)
      whereby is obtained the corresponding 16.alpha.,17.alpha.-alkylidenedioxy
      derivative (e.g.
      6-azido-11.beta.,21-dihydroxy-16.alpha.,17.alpha.-isopropylidenedioxy-20-k
     eto-4,6-pregnadieno[ 3,2 -c]pyrazole).
PAR  Similarly, 17,21-alkylidenedioxy derivatives of formula I may be prepared
      from the corresponding 17,21-dihydroxy-20-keto derivatives by treatment
      with a ketone, aldehyde, acetal, or lower alkyl ketal in the presence of a
      small amount of acid utilizing known techniques. For example,
      2'-phenyl-6-azido-11.beta.-hydroxy-20-keto-17.alpha.,21-dihydroxy-4,6-preg
     nadieno[ 3,2 -c]pyrazole and 2,2-dimethoxypropane in dimethylformamide in
      the presence of a catalytic amount of p-toluenesulfonic acid produces
      2'-phenyl-6-azido-11.beta.-hydroxy-17.alpha.,21-isopropylidenedioxy-20-ket
     o-4,6-pregnadieno[3,2 -c]pyrazole.
PAR  The present invention includes within its scope pharmaceutical compositions
      comprising our novel 6-azido-20-keto-4,6-pregnadieno[ 3,2 -c]pyrazoles of
      formula I in association with a compatible, pharmaceutically acceptable
      carrier or coating. Also included within our invention is the method of
      eliciting an anti-inflammatory response in a warm-blooded animal having a
      susceptible inflammatory disorder which comprises administering to said
      animal a nontoxic, anti-inflammatorily effective amount of a
      6-azido-20-keto-4,6-pregnadieno[ 3,2 -c]pyrazole of formula I.
PAR  In general, the pharmacologically active 6-azido-20-keto-4,6-pregnadieno[
      3,2 -c]pyrazoles of this invention as defined by formula I have
      pharmacological effects similar to that of the corresponding
      6-unsubstituted analog and may be administered in similar pharmaceutical
      forms and for the same indications for which the corresponding
      6-unsubstituted-20-keto-4,6-pregnadieno[3,2 -c]pyrazole or the
      corresponding 3,20-diketo-6-azido-4,6-pregnadiene would be applicable, the
      total daily dosage depending upon the nature and severity of the
      inflammation being treated, the age and size of the patient, and the
      specific potency of the 6-azido-20-keto-4,6-pregnadieno[ 3,2 -c]pyrazole
      being administered. When administering preferred compounds of our
      invention, i.e. 6-azido-17.alpha.,21-dihydroxy-20-keto-4,6-pregnadieno[
      3,2 -c]pyrazoles of formula I having an oxygen function at C-11 or a
      9.alpha.,11.beta.-dihalogeno grouping, particularly those substituted at
      C-16 by a methyl, methylene or .alpha. -hydroxyl group and at N-2' by a
      phenyl or p-fluorophenyl group, the therapeutic dosages advantageously
      will generally be lower than those required when administering the
      corresponding 6-unsubstituted analog or the corresponding
      3-keto-despyrazole analog as evidenced by the therapeutic ratios set forth
      in Table I hereinabove.
PAR  The 6-azido-4,6-pregnadieno[ 3,2 -c]pyrazoles of formula I may be
      administered orally in the form of tablets, elixirs, capsules and the like
      for all inflammatory disorders, particularly arthritis, rheumatism and the
      like; intravenously in aqueous solution as the 21-hemisuccinate or
      21-phosphate ester for the treatment of shock; intramuscularly for
      long-term systemic activity or intra-articularly for long-term local
      activity with minimal systemic effects in aqueous suspension as the 17,21
      -dilower alkanoate esters, e.g. 17,21-dipropionate, and 17,21-dibutyrate;
      or topically in creams, lotions, aerosols or ointments as the 17-mono
      lower alkanoate (e.g. 17-valerate) or as the 17,21-diesters (e.g.
      17,21-dipropionate) in the treatment of contact and allergic dermatitis
      and psoriasis; or in the form of ophthalmic suspensions or nasal sprays.
      In each instance, the pharmaceutical dosage forms are prepared according
      to procedures well known in the art and may contain other active
      ingredients, e.g. neomycin sulfate in creams for topical use.
PAR  The pharmaceutical formulations of this invention are prepared by combining
      the active ingredient (i.e. a compound of formula I) with conventional
      pharmaceutical diluents and carriers which are based upon the desired
      route of administration.
PAR  The following examples illustrate pharmaceutical compositions according to
      this invention as well as the process and compounds claimed herein.
PAC  PHARMACEUTICAL COMPOSITIONS
PAR  Following are examples of pharmaceutical compositions comprising
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno
     [ 3,2 -c] pyrazole 21-acetate and
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate which are
      illustrative of formulations in which the compounds of out invention may
      be incorporated.
TBL  ______________________________________                                    

     I. Parenteral Compositions                                                

     A. Intramuscular or Subcutaneous                                          

       Aqeuous Suspension     mg/ml                                            

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate (sterile      

     precipitated)            0.1-0.3                                          

     Monobasic Sodium Phosphate                                                

                              6.0                                              

     Dibasic Sodium Phosphate Anhydrous                                        

                              0.5                                              

     Polysorbate 80, USP      0.05                                             

     Benzyl Alcohol, R        9.0                                              

     Methylparaben, USP       1.3                                              

     Propylparaben, USP       0.2                                              

     Sodium Chloride, USP     2.5                                              

     Sodium Carboxymethylcellulose, USP                                        

                              3.0                                              

     Disodium Edetate, USP    0.1                                              

     Water for Injection, USP q.s. ad                                          

                              1.0 ml.                                          

     ______________________________________                                    

TBL  ______________________________________                                    

     B. Intramuscular or Subcutaneous Oil                                      

       Injection              mg/ml                                            

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate (sterile      

     precipitated             0.1-0.3                                          

     Aluminum Monostearate, USP                                                

                              20.0                                             

     Propylparaben, USP       1.0                                              

     Sesame Oil, USP (heat treated) q.s ad                                     

                              1.0 ml.                                          

     ______________________________________                                    

TBL  ______________________________________                                    

     C. Intra-articular Injection                                              

                              mg/ml                                            

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

                              0.1-0.3                                          

     Sodium Chloride, USP     7.0                                              

     Sodium Carboxymethylcellulose, USP                                        

                              3.0                                              

     Polysorbate 80, USP      0.05                                             

     Benzyl Alcohol, R        9.0                                              

     Water for Injection, USP q.s. ad                                          

                              1.0 ml.                                          

     ______________________________________                                    

TBL  ______________________________________                                    

     D. Intravenous Infusion    mg/ml                                          

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

                                0.1-0.3                                        

     Dimethylacetamide q.s. ad  1.0 ml.                                        

     ______________________________________                                    

      NOTE:-                                                                   

      This infusion is to be diluted with 500 ml of 5% Dextrose Injection, USP 

      before administration.                                                   

PAR  In above compositions IA, IB, IC, and ID 0.5 to 0.8 mg/ml of
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6pregnadieno[
      3,2 -c]pyrazole 21-acetate may be used in place of the 0.1 to 0.3 mg/ml of
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.
      ,17.alpha.,21-trihydroxy-16.alpha.-methyl-20-keto-4,6-pregnadieno[ 3,2
      -c]pyrazole 21-acetate.
TBL  II. Ophthalmic Compositions                                               

     A.  Ointment               mg/g                                           

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

     (microcrystalline, sterile)                                               

                                5.0                                            

     Gentamicin base            3.0                                            

     Methylparaben, USP         0.1                                            

     Propylparaben, USP         0.5                                            

     Phenyl ethanol             0.5                                            

     Mineral Oil, USP           179.0                                          

     White Petrolatum, USP      811.9                                          

     ______________________________________                                    

TBL  B. Ointment                  mg/g                                         

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

     (microcrystalline, sterile)  5.0                                          

     Methylparaben, USP           0.1                                          

     Propylparaben, USP           0.5                                          

     Phenyl ethanol               0.5                                          

     Mineral Oil, USP             179.0                                        

     White Petrolatum, USP        814.9                                        

     ______________________________________                                    

TBL  C. Suspension                mg/ml                                        

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

     (microcrystalline, sterile)  5.0                                          

     Dibasic Sodium Phosphate USP 0.25                                         

     Monobasic Sodium Phosphate USP                                            

                                  1.25                                         

     Sodium Chloride USP          6.4                                          

     Tween 80                     0.5                                          

     Benzalkonium Chloride USP    0.1                                          

     Disodium Edetate USP         0.1                                          

     Purified Water, USP Distilled q.s. ad                                     

                                  1.0 ml.                                      

     ______________________________________                                    

TBL  D. Suspension                mg/ml                                        

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

     (microcrystalline, sterile)  5.0                                          

     Gentamicin                   3.0                                          

     Dibasic Sodium Phosphate USP 0.25                                         

     Monobasic Sodium Phosphate USP                                            

                                  1.25                                         

     Sodium Chloride USP          6.4                                          

     Tween 80                     0.5                                          

     Benzalkonium Chloride USP    0.1                                          

     Disodium Edetate USP         0.1                                          

     Purified Water USP Distilled q.s. ad                                      

                                  1.0 ml.                                      

     ______________________________________                                    

PAR  In above compositions IIA, IIB, IIC, and IID,
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno
     [ 3,2 -c] pyrazole 21-acetate may be used instead of
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20-keto-4,6-pregnadieno[3,2 -c]pyrazole 21-acetate.
TBL  ______________________________________                                    

     III. Otic Compositions                                                    

     A.                       mg/ml                                            

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

     (microcrystalline, sterile)                                               

                              5.0                                              

     Disodium Edetate USP     1.0                                              

     Polyvinylpyrrolidone     30.0                                             

     Polysorbate 80, USP      10.0                                             

     Propylene Glycol USP     100.0                                            

     Glycerin USP             700.0                                            

     Purified Water, USP, Distilled, q.s. ad                                   

                              1.0 ml.                                          

     ______________________________________                                    

TBL  B.                       mg/ml                                            

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

     (microcrystalline, sterile)                                               

                              5.0                                              

     Neomycin USP micronized  3.5                                              

     Polymyxin B sulfate USP micronized                                        

                              10,000 units                                     

     Disodium Edetate USP     1.0                                              

     Polyvinylpyrrolidone     30.0                                             

     Polysorbate 80 USP       10.0                                             

     Propylene Glycol USP     100.0                                            

     Glycerin USP             700.0                                            

     Purified Water, USP, Distilled q.s. ad                                    

                              1.0                                              

     ______________________________________                                    

PAR  In above compositions IIIA and IIIB
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno
     [ 3,2 -c]pyrazole-  21-acetate may be used instead of
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20-keto-4,6-pregnadieno[ 3,2 -c]pyrazole 21-acetate.
TBL  ______________________________________                                    

     IV. Oral Compositions                                                     

     A. Liquid               mg/ml                                             

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

                             0.05                                              

     Methylparaben USP       0.10                                              

     Propylparaben USP       0.02                                              

     Citric Acid USP         3.00                                              

     Standard Granulated Sugar, Food Grade                                     

                             550.00                                            

     FD and C Yellow No. 6   0.05                                              

     Imitation Flavor        1.00                                              

     Alcohol USP             5.00                                              

     Purified Water USP To Make                                                

                             1.00 ml.                                          

     ______________________________________                                    

PAR  In above composition IVA, there may be used 0.25 mg./ml. of
      6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno[ 3,2
      -c]pyrazole 21-acetate instead of 0.05 mg./ml. of
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20-keto-4,6-pregnadieno[3,2 -c] pyrazole 21-acetate.
TBL  ______________________________________                                    

     B. Tablet Compositions                                                    

                          mg/tablet                                            

     ______________________________________                                    

     (1) 2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.

     alpha.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate           

                          0.3       0.15                                       

     Lactose Direct Compression Grade                                          

                          74.2      74.35                                      

     Microcrystalline Cellulose                                                

                          10.0      10.0                                       

     Sodium Lauryl Sulfate, USP                                                

                          5.0       5.0                                        

     Starch Direct Compression Grade                                           

                          10.0      10.0                                       

     Magnesium Stearate   0.5       0.5                                        

                          100.0     100.0                                      

     ______________________________________                                    

TBL                     mg/tablet                                              

     (2) 2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.

     alpha.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate           

                          0.3       0.15                                       

     Lactose USP          79.2      79.35                                      

     Sodium Lauryl Sulfate, USP                                                

                          5.0       5.0                                        

     Polyvinylpyrrolidone 5.0       5.0                                        

     Corn Starch, Food Grade                                                   

                          10.0      10.0                                       

     Magnesium Stearate, USP                                                   

                          0.5       0.5                                        

                          100.0     100.0                                      

     (3) 2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.

     alpha.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate           

                          0.3       0.15                                       

     Lactose USP          79.2      79.35                                      

     Sodium Lauryl Sulfate, USP                                                

                          5.0       5.00                                       

     Starch Paste (15% solids)                                                 

                          5.0       5.0                                        

     Corn Starch, Food Grade                                                   

                          10.0      10.0                                       

     Magnesium Stearate   0.5       0.5                                        

                          100.00    100.00                                     

     ______________________________________                                    

TBL  C. Capsule Compositions                                                   

                          mg/capsule                                           

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

                          0.3       0.15                                       

     Lactose USP          194.2     194.35                                     

     Corn Starch, Food Grade                                                   

                          20.0      20.0                                       

     Sodium Lauryl Sulfate, USP                                                

                          10.0      10.0                                       

     Magnesium Stearate, USP                                                   

                          0.5       0.5                                        

                          225.00    225.00                                     

     ______________________________________                                    

PAR  in above compositions IVB(1), IVB(2), IVB(3), and IV(C), there may be used
      1 mg./tablet or 0.50 mgm./tablet of
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno
     [ 3,2 -c] pyrazole  21-acetate in place of 0.3 mg./tablet or 0.15
      mg./tablet, respectively of
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20-keto-4,6-pregnadieno[ 3,2 -c]pyrazole 21-acetate.
TBL  ______________________________________                                    

     V. Topical Compositions                                                   

     A. Ointment              mg/g                                             

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

                              0.1                                              

     Methylparaben USP        0.5                                              

     Propylparaben USP        0.1                                              

     Mineral Oil USP          100.0                                            

     White Petrolatum USP To Make                                              

                              1.0 g.                                           

     ______________________________________                                    

TBL  B. Ointment                                                               

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

                              0.1                                              

     Stearyl Alcohol USP      50.0                                             

     Polyethylene Glycol 400 USP                                               

                              600.0                                            

     Polyethylene Glycol 4000 USP To Make                                      

                              1.0 g                                            

     ______________________________________                                    

TBL  C. Cream                                                                  

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

                              0.1                                              

     White Petrolatum USP     150.0                                            

     Cetostearyl Alcohol      72.0                                             

     Cetomacrogol 1000        22.5                                             

     Mineral Oil USP          60.0                                             

     4-Chloro-m-Cresol        1.0                                              

     Propylene Glycol USP     50.0                                             

     Sodium Biphosphate, Reagent Grade                                         

                              3.0                                              

     Purified Water USP To Make                                                

                              1.0 g.                                           

     ______________________________________                                    

TBL  D. Cream             mg/g                                                 

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

                               0.1                                             

     Stearic Acid USP          60.0                                            

     Glyceryl Monostearate, Pure                                               

                               100.0                                           

     Propylene Glycol USP      50.0                                            

     Polyoxyethylene Sorbitan Monopalmitate                                    

                               50.0                                            

     Sorbitol Solution USP     30.0                                            

     Benzyl Alcohol NF         10.0                                            

     Purified Water USP To Make                                                

                               1.0 g.                                          

     ______________________________________                                    

TBL  E. Lotion                                                                 

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

                               0.1                                             

     Isopropanol               400.0                                           

     Carbopol 934, P Grade     3.0                                             

     Sodium Hydroxide USP To Adjust to about pH 5                              

     Purified Water USP To Make                                                

                               1.0 g.                                          

     ______________________________________                                    

TBL  F. Lotion                                                                 

     ______________________________________                                    

     2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph

     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate               

                               0.1                                             

     Methylparaben USP         1.5                                             

     Glycerin USP              50.0                                            

     Isopropanol               52.0                                            

     Polyethylene Glycol Ether of Fatty Alcohols                               

                               9.3                                             

     Diethylene Glycol Monostearate                                            

                               6.5                                             

     Cetostearyl Alcohol       6.5                                             

     Mineral Oil USP           19.5                                            

     Citric Acid USP To Adjust to about pH 5                                   

     Purified Water USP To Make                                                

                               1.0 g.                                          

     ______________________________________                                    

PAR  In above compositions VA, VB, VC, VD, VE, and VF, there may be used 0.5
      mg/g of
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno
     [ 3,2 -c]pyrazole 21-acetate instead of 0.1 mg/g of
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20-keto-4,6-pregnadieno[ 3,2 -c]pyrazole 21-acetate.
PAC  PREPARATION 1
PAC  Preparation of
      2'-Phenyl-9.alpha.-Fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-Methy
     l-20-Keto-4,6-Pregnadieno[3,2-c]pyrazole
PAC  A.
      2-Hydroxymethylene-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20,21-bis
     -methylenedioxy-4,6-pregnadiene-11.beta.-ol-3-one
PAR  To a solution of
      9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20,21-bis-methylenedioxy-4,6
     -pregnadiene-11.beta.-ol-3-one (1.58 G.) in a 2:1 mixture of anhydrous
      tetrahydrofuran/benzene (200 ml.) under nitrogen, add 970 mg. of sodium
      hydride (51% in mineral oil powder) and 970 mg. of sodium methoxide
      (previously dried in vacuo at 100.degree.C) and 3 ml. of ethyl formate
      (freshly distilled). Stir for 2.5 hours, add a saturated aqueous solution
      of potassium dihydrogen phosphate and distill most of the organic solvent
      in vacuo. Add water and benzene to the resultant residue, wash the benzene
      solution with 5% aqueous sodium bicarbonate (3 times), then extract the
      benzene solution with 2% aqueous sodium hydroxide (3 times). Wash the
      sodium hydroxide extract with benzene, then acidify with 2% hydrochloric
      acid. Filter, wash with water and air-dry the resultant precipitate
      comprising
      2-hydroxymethylene-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20,21-bis
     methylenedioxy-4,6-pregnadiene-11.beta.-ol-3-one which can be used without
      further purification for the following procedure in Preparation 1B.
PAR  If desired, the compound of this invention may be purified by
      crystallization from ether/acetone to obtain
      2-hydroxymethylene-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20,21-bis
     methylenedioxy-  4,6-pregnadiene-11.beta.-ol-3-one as a methanol solvate.
PAR  NMR (CDCl.sub.3): 0.96 (3H, d), 1.19 (3H), 1.31 (3H), 3.48 (1H), 4.00 (2H),
      4.28 (1H, broad), 4.94-5.23 (4H, m), 4.80 (1H), 6.07 (2H, d of  d), 7.7
      (1H) ppm.
PAR  .lambda..sub.max.sup.methanol 288 m.mu.  (.epsilon.17,050);
PAR  .lambda..sub.max.sup.methanol-NaOH) 254, 261, 277  (sh), 287, 298 (sh)
      m.mu.
PAC  B. 2'-Phenyl-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methyl-17.alpha.,
      ,20;20,21-bismethylenedioxy-4,6-pregnadieno[3,2-c]pyrazole
PAR  To a solution of 1.1 g. of
      2-hydroxymethylene-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20,21-bis
     methylenedioxy-4,6-pregnadiene-11.beta.-ol-3-one (prepared as described in
      preparation 1A) in 15 ml. of ethanol under an atmosphere of nitrogen, add
      0.6 ml. of phenylhydrazine and heat at reflux temperature under an
      atmosphere of nitrogen for 1 hour. Distill in vacuo to a residue. Dissolve
      the residue in ether, wash the ether solution with 2% hydrochloric acid
      followed by water. Dry the ether solution over sodium sulfate, then
      concentrate the ether solution to a small volume, chromatograph the ether
      concentrate over silica gel (2.5 .times. 25 (m.) eluting with chloroform.
      Combine the like chloroform eluates as determined by thin layer
      chromatography and evaporate the combined eluates in vacuo to a residue
      comprising
      2'-phenyl-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methyl-17.alpha.,20;2
     0,21-bismethylenedioxy-4,6-pregnadieno[ 3,2 -c]pyrazole. Further purify by
      crystallization from acetone/hexane; yield = 539 mg.; M.P.
      255.degree.-257.degree.C; [.alpha.].sub.D.sup.26.sup..degree.
      -178.8.degree.  (chloroform);
PAR  .lambda..sub.max.sup.methanol 223 m.mu. (.epsilon. 10,150), 286
      m.mu.(.epsilon.14,600), 314 m.mu. (.epsilon.17,200);
PAR  NMR (CDCl.sub. 3): .delta. 0.94 (3H,d), 1.18 (3H), 1.27 (3H), 3.96 (2H),
      4.25 (1H, br), 4.94-5.22 (4H, m), 5.85 (2H, d of d), 6.23 (1H), 7.37 (1H,
      broad), 7.46 (5H) ppm.
PAC  C. 2'-Phenyl-9.alpha.-fluoro-11.beta.,17.alpha.
      ,21-trihydroxy-16.alpha.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole
PAR  Dissolve 539 mg. of
      2'-phenyl-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methyl-17.alpha.,20:2
     0,21-bismethylenedioxy-4,6-pregnadieno[ 3,2 -c]pyrazole in 60% aqueous
      formic acid (25 ml.). Heat the solution on a steam bath under an
      atmosphere of nitrogen for 30 minutes, then concentrate in vacuo to a
      residue. Dissolve the residue in a mixture of ethyl acetate and ether,
      wash the organic solution with 10% aqueous sodium bicarbonate, then with
      water. Concentrate the organic solution in vacuo, then dissolve the
      residue in a mixture of ethanol (50 ml.) and tetrahydrofuran (25 ml.). Add
      3 ml. of 1 N potassium hydroxide, stir under nitrogen for 30 minutes, then
      add water (200 ml.) and dilute acetic acid until mixture is neutral.
      Filter, wash with water and air-dry the resultant precipitate comprising
      2'-phenyl-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methy
     l-20-keto-4,6-pregnadieno[ 3,2 -c]pyrazole. Purify by crystallization from
      dichloromethane-isopropyl ether (yield 193 mg.); melting point:
      260.degree.C, 270.degree.-280.degree.C;
      [.alpha.].sub.D.sup.26.sup..degree. -96.9.degree. (dioxane)
PAR  .lambda..sub.max.sup.methanol 220 m.mu.  (.epsilon.13,070), 285
      m.mu.(.epsilon.17,800), 313 m.mu. (.epsilon.19,450).
PAC  D.
      2'-Phenyl-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methy
     l-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate
PAR  Dissolve 1 g. of 2' -phenyl-9.alpha.-fluoro-11.beta.,17.alpha.
      ,21-trihydroxy-16.alpha.-methyl-20 -keto-4,6-pregnadieno[ 3,2 -c]pyrazole
      in 10 ml. of pyridine, add 3 ml. of acetic anhydride, and allow the
      reaction mixture to stand for 5 hours at room temperature. Add the
      reaction solution to a large volume of water, filter the resultant
      precipitate wash with water, and chromatograph over 200 g. of silica gel.
      Elute with chloroform/ethyl acetate (4:1). Combine the eluates and
      evaporate in vacuo to a residue. Purify the residue by crystallization
      from ethyl acetate/isopropanol to give 2'-phenyl-9.alpha.-fluoro-11.beta.
      ,17.alpha.,21-trihydroxy-16.alpha.-methyl-20-keto-4,6-pregnadieno[3,2
      -c]pyrazole 21-acetate; melting point: 275.degree.-282.degree.C;
      [.alpha.].sub.D.sup.26.sup..degree. -55.degree. (chloroform);
PAR  .lambda..sub.max.sup.methanol 220 m.mu.  (.epsilon. 14,350), 285 m.mu.
      (.epsilon.19,000 ), 314 m.mu. (.epsilon.22,400).
PAC  PREPARATION 2
PAC  2'-Phenyl-11.beta.,17.alpha.,21-Trihydroxy-20-Keto-4,6-Pregnadieno[3,2-c]py
     razole 21-acetate
PAC  A.
      2-Hydroxymethylene-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregnadiene-11
     .beta.-ol-3-one
PAR  To a solution of
      17.alpha.,20;20,21-bismethylenedioxy-4,6-pregnadiene-11.beta.-ol-3-one
      (1005 g.) in benzene (200 ml.) add 2 ml. of ethyl formate (freshly
      distilled) and 460 mg. of sodium hydride (51% in mineral oil powder) and
      stir the reaction mixture under an atmosphere of nitrogen for 22.5 hours.
      Add a saturated aqueous solution of potassium dihydrogen phosphate.
      Separate the layers and wash the organic layer with 5% aqueous sodium
      bicarbonate (3 times), then extract with 2% sodium hydroxide solution (3
      times). Acidify with 2.5 N hydrochloric acid, then filter, wash with
      water, and air dry the resultant precipitate comprising
      2-hydroxymethylene-17.alpha.20;20,21-bismethylenedioxy-4,6-pregnadiene-11.
     beta.-ol-3-one;  yield 500 mg. Purify by crystallization from acetone;
      melting point: 240.degree.-245.degree.C:
      [.alpha.].sub.D.sup.26.sup..degree. - 200.3.degree. (chloroform):
      .lambda..sub.max.sup.methanol 290 m.mu. (.epsilon.18,550);
PA1  .lambda..sub.max.sup.(methanol-NaOH) 257,263,277 (sh), 289 m.mu.; NMR
      (DMSO-d.sub.6): .delta.1.08 (3H), 1.12 (3H), 3.98 (2H,q), 4.22 (1H,broad),
      4.88-5.18 (4H, m), 5.63 (1H), 6.21 (2H), 7.91 (1H) ppm.
PAC  B.
      2'-Phenyl-11.beta.-hydroxy-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregna
     dieno [3,2-c]pyrazole
PAR  Dissolve 350 mg. of
      2-hydroxymethylene-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregnadiene-11
     .beta.-ol-3-one in 50 ml. of ethanol, add 0.5 ml. of phenylhydrazine and
      heat at reflux temperature under an atmosphere of nitrogen for 2 hours.
      Concentrate the solution in vacuo and dissolve the resultant residue in
      ether. Wash the ether solution successively with 1% hydrochloric acid, 5%
      aqueous sodium hydroxide and water. Dry the ether solution over sodium
      sulfate and evaporate in vacuo to a residue. Chromatograph the residue on
      silica gel (10 .times. 10 cm.) thin layer plates, develop twice with
      chloroform/ethyl acetate (1:1). Extract the most polar ultraviolet
      absorbing zone with chloroform/acetone. Evaporate the extracts and purify
      the residue by crystallization from acetone/isopropyl ether to give
      2'-phenyl-11.beta.-hydroxy-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregna
     dieno[3,2-c]pyrazole; melting point: 245.degree.-250.degree.C;
      [.alpha.].sub.D.sup.26.sup..degree. - 155.9.degree. (chloroform);
PAR  .lambda..sub.max.sup.methanol 224 m.mu. (.epsilon.11,400), 283 m.mu.
      (.epsilon.14,500), 313 m.mu. (.epsilon.16,700); NMR (CDCl.sub.3): .delta.
      1.08 (3H), 1.18 (3H), 3.98 (2H), 3.42 (1H,broad), 4.90-5.19 (4H, m), 5.92
      (2H, d of d), 6.13 (1H), 7.37 (1H), 7.44 (5H) ppm.
PAC  C.
      2'-Phenyl-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno[3,2-c]p
     yrazole
PAR  Prepare a solution of 887 mg. of
      2'-phenyl-11.beta.-hydroxy-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregna
     dieno[3,2-c]pyrazole in 60% formic acid (30 ml.), then heat the solution
      under an atmosphere of nitrogen on a steam bath for 1 hour. Concentrate
      the solution in vacuo, dissolve the resultant residue in 30 ml. of
      ethanol, add 4 ml. of 1N aqueous potassium hydroxide and stir under an
      atmosphere of nitrogen for 1 hour. Neutralize with acetic acid, pour the
      neutralized solution into water and filter, wash and air-dry the resultant
      precipitate comprising
      2'-phenyl-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno[3,2-c]p
     yrazole which is used without further purification in following Preparation
      2D.
PAC  D.
      2'-Phenyl-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno[3,2-c]p
     yrazole 21-acetate
PAR  Dissolve the
      2'-phenyl-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno[3,2-c]p
     yrazole prepared in Preparation 2C in 2 ml. of pyridine. Add 5 ml. of
      acetic anhydride and allow the reaction mixture to stand at room
      temperature for 3 hours. Pour the solution into water, filter, and air-dry
      the resultant precipitate, then chromatograph the precipitate over silica
      gel (2.3 .times. 11 cm.) eluting with dichloromethane/ether (7:3). Combine
      the like eluates as determined by thin layer chromatography and evaporate
      to a residue comprising
      2'-phenyl-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno[3,2-c]p
     yrazole 21-acetate; yield 295 mg. Further purify by crystallization from
      acetone/hexane; melting point: 235.degree.-240.degree.C;
      [.alpha.].sub.D.sup.26.sup..degree. - 6.2.degree. (chloroform);
PAR  .lambda..sub.max.sup.methanol 223 m.mu. (.epsilon.13,050), 288 m.mu.
      (.epsilon.16,800); 314 m.mu. (.epsilon.20,100).
PAC  PREPARATION 3
PAC  6-Azido-9.alpha.-Fluoro-16.alpha.-Methyl-17.alpha.,20;20,21-Bismethylenedio
     xy-4,6-Pregnadiene-3,11-Dione
PAC  A.
      6.beta.,7.beta.-Dihydroxy-9.alpha.-Fluoro-16.alpha.-Methyl-17.alpha.,20;20
     ,21-Bismethylenedioxy-4-Pregnene-3,11-Dione
PAR  To 1.74 gm. of
      9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20,21-bismethylenedioxy-4,6-
     pregnadiene-3,11-dione add a solution of 1 gm. osmium tetroxide in 50 ml.
      of dioxane. Add an additional 30 ml. portion of dioxane and stir the
      mixture at room temperature for 2 days. Add an additional 0.25 gm. of
      osmium tetroxide and stir the reaction mixture at room temperature for an
      additional 2 days. Bubble hydrogen sulphide into the mixture, filter the
      reaction mixture through Celite, and evaporate the filtrate in vacuo to a
      residue comprising
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20
     ,21-bismethylenedioxy-4-pregnene-3,11-dione. Purify by chromatography over
      silica gel eluting with 4:1 methylene chloride/ether. Combine the like
      fractions as determined by thin layer chromatography and evaporate the
      combined like fractions in vacuo to a residue. Crystallize the residue
      from methylene chloride/isopropyl ether to obtain
      6.beta.7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20,
     21-bismethylenedioxy-4-pregnene-3,11-dione;
      [.alpha.].sub.D.sup.26.sup..degree. = -22.degree. (chloroform);
PAR  .lambda..sub.max.sup.methanol 230 nm (.epsilon.-12,700)  Mass Spectrum:
      M.sup.+ =466;
PAR  NMR: (CHCl.sub.3) 0.88 (3H s), 1.01 (3H d); J=6.5 Hz 1.67 (3H s),  3.93 (1H
      b.s.), 3.98 (2H s), 4.31 (1H t), 5.12 (4H m), and 5.96 (1H s) ppm;  IR:
      3400, 3350, 1720 and 1660 cm.sup.-.sup.1 (nujol).
PAC  B.
      6.beta.,7.beta.-Dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-17.a
     lpha.,20;20,21-Bismethylenedioxy-4-Pregnene-3,11-Dione
PAR  To a solution of 320 mg. of
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20
     ,21-bismethylenedioxy-4-pregnene-3,11-dione in 6 ml. of pyridine at
      0.degree.C add 0.6 ml. of methanesulfonyl chloride. Allow the reaction
      mixture to warm to room temperature, stir at room temperature for 3 hours,
      then pour into water. Separate the resultant precipitate by filtration,
      wash the precipitate with water, and dissolve in methylene chloride. Dry
      the solution over magnesium sulfate, filter and evaporate in vacuo to a
      residue comprising
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-17.a
     lpha.,20;20,21-bismethylenedioxy-4-pregnene-3,11-dione, which is used
      without further purification in the procedure of following Preparation 3C.
PAC  C.
      6-Azido-9.alpha.-Fluoro-16.alpha.-Methyl-17.alpha.,20;20,21-bismethylenedi
     oxy-4,6-Pregnadiene-3,11-Dione
PAR  To the
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-17.a
     lpha.,20;20,21-bismethylenedioxy-4-pregnene-3,11-dione prepared in
      preceding Preparation 3B, in 5 ml. of dimethylformamide add 1.7 gm. of
      sodium azide and stir at room temperature under an atmosphere of nitrogen
      in the dark for 24 hours. Pour into water and separate the resultant
      precipitate by filtration, dry the precipitate in air and chromatograph
      over silica gel G.F. 254 eluting with chloroform-ethyl acetate (2:1).
      Combine the like eluates as determined by thin layer chromatography and
      evaporate the combined eluates to a residue comprising
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20,21-bismethylenedi
     oxy-4,6-pregnadiene-3,11-dione;
PAR  .lambda..sub.max.sup.methanol 251 and 300 nm; NMR: (CHCl.sub.3) 0.92 (3H
      s), 1.03 (3H d);  J=7.0Hz, 1.38 (3Hs), 4.0 (2H s), 5.11 (4H m), 5.46 (1H
      d); J=2.0Hz and 6.23 (1H s) ppm.  IR: 2100 cm.sup.-.sup.1, 1725, 1670,
      1610 and 1590 cm.sup.-.sup.1 (CH.sub.2 Cl.sub.2)
PAC  PREPARATION 4
PAC  6-Azido-9.alpha.-Fluoro-16.alpha.-Methyl-17.alpha.,20;20,21-Bismethylenedio
     xy-4,6-Pregnadiene-11.beta.-ol-3-one
PAC  A.
      6.beta.,7.beta.-Dihydroxy-9.alpha.-Fluoro-16.alpha.-Methyl-17.alpha.,20;20
     ,21-Bismethylenedioxy-4-Pregnene-11.beta.-ol-3-one
PAR  To a solution of 6 gm. of osmium tetroxide in 200 ml. of dioxane add a
      solution of 9.53 gm. of
      9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20,21-bismethylenedioxy-4,6-
     pregnadiene-11.beta.-ol-3-one in 20 ml. of pyridine and 200 ml. of dioxane.
      Stir the reaction mixture at room temperature in the dark for 3 days then
      bubble hydrogen sulphide through the reaction for 10 minutes. Filter the
      reaction mixture through Celite then allow the filtrate to evaporate at
      room temperature to a residue comprising
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20
     ,21-bismethylenedioxy-4-pregnene-11.beta.-ol-3-one. Purify by
      chromatographying over Florisil, eluting with ether. Evaporate the
      combined, like eluates to a residue, crystallize residue from
      acetone-hexane to give
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20
     ,21-bismethylenedioxy-4-pregnene-11.beta.-ol-3-one.
PAR  (Yield=1.84 gms.):
PAL  Uv (meOH) .lambda.max 238 nm (.epsilon.=11,700); m.p.
      245.degree.-250.degree.C; Mass Spectrum M.sup.+=  468; NMR (DMSO) 0.88 (3H
      d) J=6.5Hz, 1.12 (3H s), 1.62 (3H s), 3.85-4.53 (6H unresolved), 4.85-5.30
      (6H unresolved), 5.87 ppm (1H s); [.alpha.].sub.D.sup.26 = - 42.2.degree.
      (dioxane); I/R (nujol) 3400, 3340, 1700, 1650, 1610 cm.sup.-.sup.1.
PAC  B. 6.beta.,
      6.beta.-Dimethanesulfonyloxy-9.alpha.-Fluoro-16.alpha.-Methyl-17.alpha.,20
     ;20,21 -Bismethylenedioxy-4-Pregnene-11.beta.-ol-3-one.
PAR  To a solution of 1.84 gm. of
      6.beta.,7.beta.-dihydroxy-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20
     ,21-bismethylenedioxy-4-pregnene-11.beta.-ol-3-one in 25 ml. of pyridine at
      0.degree.C, add 2 ml. of methanesulfonyl chloride, allow the reaction
      mixture to warm to room temperature, stir at room temperature for 3 hours,
      then pour into water. Separate the resultant precipitate by filtration,
      wash the precipitate with water and dissolve in methylene chloride. Dry
      the methylene chloride solution over magnesium sulfate and evaporate in
      vacuo to a residue comprising
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-17.a
     lpha.,20;20,21-bismethylenedioxy-4-pregnene-11.beta.-ol-3-one, which is
      used without further purification in the following Preparation 4C.
PAC  C.
      6-Azido-9.alpha.-Fluoro-16.alpha.-Methyl-17.alpha.,20;20,21-Bismethylenedi
     oxy-4,6-pregnadiene-11.beta.-ol-3-one
PAR  To the
      6.beta.,7.beta.-dimethanesulfonyloxy-9.alpha.-fluoro-16.alpha.-methyl-17.a
     lpha.,20;20,21-bismethylenedioxy-4-pregnene-11.beta.-ol-3-one prepared in
      above Preparation 4B in 15 ml. of dimethyl formamide add 8 gm. of sodium
      azide. Stir the reaction mixture at room temperature under an atmosphere
      of nitrogen in the dark for 24 hours, then pour into water. Separate the
      resultant precipitate by filtration, dry the precipitate in air then
      chromatograph over silica gel G.F. 254 eluting with
      chloroform/ethylacetate (2:1). Combine the like fractions as determined by
      thin layer chromatography and evaporate the combined eluates to a residue
      comprising
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20,21-bismethylenedi
     oxy-4,6-pregnadiene-11.beta.-ol-3-one.
PAR  (Yield=485 mg); m.p. 225.degree.-235.degree.C; U.V. (MeOH) .lambda.max 250
      (.epsilon.=13,600)  and 298 nm (.epsilon.=12,200); [.alpha.].sub.D.sup.26
      (CHCl.sub.3) + 29.degree.; NMR (CDCl.sub.3) 0.99   (3H d); J=6.5Hz, 1.22
      (3H s), 1.47 (3H s), 4.0 (2H s), 5.10 (4H m), 5.55 (1H d); J=2Hz 6.17 ppm
      (1H s); I/R (nujol) 3350, 2100, 1640 and 1620 cm.sup.-.sup.1.
PAC  EXAMPLE 1
PAC  2'
      -Phenyl-6-Azido-9.alpha.-Fluoro-11.beta.,17.alpha.,21-Trihydroxy-16.alpha.
     -Methyl-20-Keto-4,6-Pregnadieno[3,2-c]Pyrazole 21-Acetate
PAC  A. 2'-Phenyl-6-Azido-7-Bromo-9.alpha.-Fluoro-11.beta.,
      17.alpha.,21-Trihydroxy-16.alpha.-Methyl-20
      -keto-4-Pregneno[3,2-c]Pyrazole 21-acetate
PAR  To a suspension of sodium azide (163 mg., 2.5 mmoles) in dichloromethane
      (20 ml.) add dropwise 3 N hydrochloric acid (0.8 ml., 1.1 equivalents).
      Add the resulting mixture containing hydrazoic acid to a solution of
      2'-phenyl-9.alpha.-fluoro-11.beta.,17.alpha.
      ,21-trihydroxy-16.alpha.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole
      21-acetate (543.6 mg.,1 mmole) and N-bromosuccinimide (196 mg., 1.1 mmole)
      in a mixture of dichloromethane (30 ml.) and tertiary butanol (0.1 ml.).
      Stir the reaction mixture at room temperature for 40 minutes then pour
      into water and extract with dichloromethane. Wash the combined organic
      extract successively with 5% aqueous sodium thiosulfate, 5% sodium
      bicarbonate, then water. Dry the organic solution over sodium sulfate and
      evaporate in vacuo to a residue comprising
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy
     -16.alpha.-methyl-20-keto-4-pregneno[3,2-c]pyrazole 21-acetate which is
      used without further purification in Example 1 B following.
PAC  B.
      2'-Phenyl-6-Azido-9.alpha.-Fluoro-11.beta.,17.alpha.,21-Trihydroxy-16.alph
     a.-Methyl-20-Keto-4,6-Pregnadieno[3,2-c]Pyrazole 21-Acetate
PAR  Dissolve the
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy
     -16.alpha.-methyl-20 -keto-4-pregneno[3,2-c]pyrazole (prepared as described
      in above Example 1A) in acetonitrile (40 ml.). Add tetramethylammonium
      fluoride pentahydrate (1 g.) and stir the reaction mixture under an
      atmosphere of nitrogen at room temperature for 5 days. Remove the solids
      by filtration, then evaporate the solution in vacuo to a residue.
      Partition the residue between dichloromethane and water, separate the
      organic extract, wash the organic extract with water, dry over magnesium
      sulfate and evaporate in vacuo to a residue. Chromatograph the residue
      over silica gel with gradient elution with petroleum ether/ether 7:3 4:6.
      Combine the like eluates as determined by thin layer chromatography and
      evaporate the combined eluates to a residue comprising
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20 keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate; yield=182 mg.
      Purify by crystallization from ether/petroleum ether; yield=132 mg. of
      2'-phenyl-6-azido-9.alpha.
      -fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methyl-20
      keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate; m.p. =230.degree.C (dec.);
      [.alpha.].sub.D.sup.26.sup..degree. +  22.7.degree. (chloroform);
PAR  .lambda..sub.max.sup.methanol 222 m.mu. (.epsilon.18,130), 290 m.mu.(sh)
      (.epsilon.22,380), 317 m.mu.   (.epsilon.24,680);
PAR  NMR (DMSO-d.sub.6): .delta.0.87 (3H, d) 0.98 (3H), 1.27 (3H), 2.13 (3H),
      4.97 (2H, q), 5.38 (1H), 6.66 (1H), 7.55 (5H), 7.63 (1H), ppm.
PAC  C. Other
      2'-Phenyl-6-Azido-9.alpha.-Halogeno-17.alpha.,21-Dihydroxy-20-Keto-4,6-Pre
     gnadieno[3,2-c]Pyrazoles
PAR  1. In a manner similar to that described in Example 1A or in Example 2A,
      treat each of the following
      6-unsubstituted-9.alpha.-halogeno-4,6-pregnadieno[3,2-c]pyrazoles with
      hydrazoic acid in dichloromethane and by N-bromosuccinimide in
      dichloromethane and tertiary butanol:
PA1  1.
      2'-phenyl-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl
     -20-keto-4,6-pregnadiono[3,2-c]pyrazole 21-acetate,
PA1  2.
      2'-phenyl-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pre
     gnadieno[3,2-c]pyrazole 21-acetate,
PA1  3.
      2'-phenyl-9.alpha.-chloro-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methy
     l-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  4.
      2'-phenyl-9.alpha.-chloro-11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl
     -20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  5.
      2'-phenyl-9.alpha.-chloro-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pre
     gnadieno[3,2-c]pyrazole 21-acetate,
PA1  6.
      2'-phenyl-9.alpha.-bromo-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methyl
     -20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  7.
      2'-phenyl-9.alpha.-bromo-11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-
     20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  8.
      2'-phenyl-9.alpha.-bromo-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-preg
     nadieno[3,2-c]pyrazole 21-acetate,
PA1  9.
      2'-phenyl-9.alpha.-fluoro-11,20-diketo-16.alpha.-methyl-17.alpha.,21-dihyd
     roxy-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  10.
      2'-phenyl-9.alpha.-fluoro-11,20-diketo-16.beta.-methyl-17.alpha.,21-dihydr
     oxy-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  11.
      2'-phenyl-9.alpha.-fluoro-11,20-diketo-17.alpha.,21-dihydroxy-4,6-pregnadi
     eno[3,2-c]pyrazole 21-acetate,
PA1  12. 2'-phenyl-9.alpha.-chloro-11,20
      -diketo-16.alpha.-methyl-17.alpha.,21-dihydroxy-4,6-pregnadieno[3,2-c]pyra
     zole 21-acetate,
PA1  13.
      2'-phenyl-9.alpha.-chloro-11,20-diketo-16.beta.-methyl-17.alpha.,21-dihydr
     oxy-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  14.
      2'-phenyl-9.alpha.-chloro-11,20-diketo-17.alpha.,21-dihydroxy-4,6-pregnadi
     eno[3,2-c]pyrazole 21-acetate,
PA1  15.
      2'-phenyl-9.alpha.-bromo-11,20-diketo-16.alpha.-methyl-17.alpha.,21-dihydr
     oxy-4,6-pregnadieno[3,2-c]pyrazole 21acetate,
PA1  16.
      2'-phenyl-9.alpha.-bromo-11,20-diketo-16.beta.-methyl-17.beta.,21-dihydrox
     y-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  17.
      2'-phenyl-9.alpha.-bromo-11,20-diketo-17.alpha.,21-dihydroxy-4,6-pregnadie
     no[3,2-c]pyrazole 21-acetate.
PAR  Isolate and purify each of the resultant products in a manner similar to
      that described in Example 1A or 1B to obtain, respectively,
PA1  1.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy
     -16.beta.-methyl-20-keto-4-pregneno[3,2-c]pyrazole 21acetate,
PA1  2.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy
     -20-keto-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  3.
      2'-phenyl-6-azido-7-bromo-9.alpha.-chloro-11.beta.,17.alpha.,21-trihydroxy
     -16.alpha.-methyl-20-keto-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  4.
      2'-phenyl-6-azido-7-bromo-9.alpha.-chloro-11.beta.,17.alpha.,21-trihydroxy
     -16.beta.-methyl-20-keto-4-pregneno[3,2-C]pyrazole 21-acetate,
PA1  5.
      2'-phenyl-6-azido-7-bromo-9.alpha.-chloro-11.beta.,17.alpha.,21-trihydroxy
     -20-keto-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  6.
      2'-phenyl-6-azido-7,9.alpha.-dibromo-11.beta.,17.alpha.,21-trihydroxy-16.a
     lpha.-methyl-20-keto-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  7.
      2'-phenyl-6-azido-7,9.alpha.-dibromo-11.beta.,17.alpha.,21-trihydroxy-16.b
     eta.-methyl-20-keto-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  8.
      2'-phenyl-6-azido-7,9.alpha.-dibromo-11.beta.,17.alpha.,21-trihydroxy-20-k
     eto-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  9.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11,20-diketo-17.alpha.,21-dihydr
     oxy-16.alpha.-methyl-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  10.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11,20-diketo-17.alpha.,21-dihydr
     oxy-16.beta.-methyl-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  11.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11,20-diketo-17,21-dihydroxy-4-p
     regneno[3,2-c]pyrazole 21-acetate,
PA1  12.
      2'-phenyl-6-azido-7-bromo-9.alpha.-chloro-11,20-diketo-16.alpha.-methyl-17
     .alpha.,21-dihydroxy-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  13. 2'-phenyl-6-azido-7-bromo-9.alpha.-chloro-11,20
      -diketo-16.beta.-methyl-17.alpha.,21-dihydroxy-4-pregneno[3,2-c]pyrazole
      21-acetate,
PA1  14.
      2'-phenyl-6-azido-7-bromo-9.alpha.-chloro-11,20-diketo-17.alpha.,21-dihydr
     oxy-4-pregneno[3,2-c]pyrazole 21acetate,
PA1  15.
      2'-phenyl-6-azido-7,9.alpha.-dibromo-11,20-diketo-16.alpha.-methyl-17.alph
     a.,21-dihydroxy-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  16.
      2'-phenyl-6-azido-7,9.alpha.-dibromo-11,20-diketo-16.beta.-methyl-17.alpha
     .,21-dihydroxy-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  17.
      2'-phenyl-6-azido-7,9.alpha.-dibromo-11,20-diketo-17.alpha.,21-dihydroxy-4
     -pregneno[3,2-c]pyrazole 21-acetate.
PAR  2. In a manner similar to that described in above Example 1B treat each of
      the 6-azido-7-bromo-4-pregneno[3,2-c]pyrazoles prepared in above Example
      1C(1) with tetramethylammoniumfluoride in acetonitrile. Isolate and purify
      each of the resultant products to obtain, respectively,
PA1  1.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.beta
     .-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate.
PA1  2.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-20-keto
     -4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  3.
      2'-phenyl-6-azido-9.alpha.-chloro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  4.
      2'-phenyl-6-azido-9.alpha.-chloro-11.beta.,17.alpha.,21-trihydroxy-16.beta
     .-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  5.
      2'-phenyl-6-azido-9.alpha.-chloro-11.beta.,17.alpha.,21-trihydroxy-20-keto
     -4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  6.
      2'-phenyl-6-azido-9.alpha.-bromo-11.beta.,17.alpha.,21-trihydroxy-16.alpha
     .-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  7.
      2'-phenyl-6-azido-9.alpha.-bromo-11.beta.,17.alpha.,21-trihydroxy-16.beta.
     -methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  8.
      2'-phenyl-6-azido-9.alpha.-bromo-11.beta.,17.alpha.,21-trihydroxy-20-keto-
     4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  9.
      2'-phenyl-6-azido-9.alpha.-fluoro-11,20-diketo-16.alpha.-methyl-17.alpha.,
     21-dihydroxy-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  10.
      2'-phenyl-6-azido-9.alpha.-fluoro-11,20-diketo-16.beta.-methyl-17.alpha.,2
     1-dihydroxy-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  11.
      2'-phenyl-6-azido-9.alpha.-fluoro-11,20-diketo-17.alpha.21-dihydroxy-4,6-p
     regnadieno[3,2-c]pyrazole 21-acetate, 12.
      2'-phenyl-6-azido-9.alpha.-chloro-11,20-diketo-16.alpha.-methyl-17.alpha.,
     21-dihydroxy-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  13.
      2'-phenyl-6-azido-9.alpha.-chloro-11,20-diketo-16.beta.-methyl-17.alpha.,2
     1-dihydroxy-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  14.
      2'-phenyl-6-azido-9.alpha.-chloro-11,20-diketo-17.alpha.,21-dihydroxy-4,6-
     pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  15.
      2'-phenyl-6-azido-9.alpha.-bromo-11,20-diketo-16.alpha.-methyl-17.alpha.,2
     1-dihydroxy-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  16. 2'
      -phenyl-6-azido-9.alpha.-bromo-11,20-diketo-16.beta.-methyl-17.alpha.,21-d
     ihydroxy-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  17.
      2'-phenyl-6-azido-9.alpha.-bromo-11,20-diketo-17.alpha.,21-dihydroxy-4,6-p
     regnadieno[3,2-c]pyrazole 21-acetate.
PAC  EXAMPLE 2
PAC  2'-Phenyl-6-Azido-11.beta.,17.alpha.,21-Trihydroxy-20-Keto-4,6-Pregnadieno/
     3.2-c/pyrazole 21-Acetate
PAC  2'-Phenyl-6-azido-7-bromo-11.beta.,17.alpha.,21-trihydroxy-20-keto-4-pregne
     no/3,2-c/pyrazole 21-acetate
PAR  Prepare a solution of hydrazoic acid in dichloromethane by adding sodium
      azide (65 mg., 1mmole) to 1 N hydrochloric acid (1 ml., 1 mmole), then
      extracting with dichloromethane (12 ml.). Add the freshly prepared
      solution of hydrazoic acid in dichloromethane to a solution of
      2'-phenyl-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno[3,2-c]p
     yrazole 21-acetate (251 mg., 0.5 mmoles) and N-bromosuccinimide(100 mg.,
      0.55 mmoles) in dichloromethane (30 ml.) containing 2 drops of tertiary
      butanol. Stir at room temperature under an atmosphere of nitrogen for 2
      1/4 hours. Evaporate the solvent in vacuo to a residue comprising
      2'-phenyl-6-azido-7-bromo-11.beta.,17.alpha.,21-trihydroxy-20-keto-4-pregn
     eno[3,2-c]-pyrazole 21-acetate which is used without further purification
      in the procedure of Example 2B following.
PAC  2'-Phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno/
     3,2-c/pyrazole 21-acetate
PAR  Dissolve the
      2'-phenyl-6-azido-7-bromo-11.beta.,17.alpha.,21-trihydroxy-20-keto-4-pregn
     eno[3,2-c]pyrazole 21-acetate prepared in above Example 2A in acetonitrile
      (10 ml.), add tetramethylammonium fluoride pentahydrate (500 mg.) and stir
      under an atmosphere of nitrogen for 5 days at room temperature. Pour the
      reaction mixture into water, extract the aqueous mixture with ether,
      combine the ether extracts, wash the combined ether extracts with water,
      dry the ether extracts over magnesium sulfate, filter and evaporate in
      vacuo to a residue. Chromatograph the residue over silica gel using
      gradient elution with petroleum ether/ether (7:3.fwdarw.4:6). Combine the
      like eluates as determined by thin layer chromatography and evaporate the
      combined eluates in vacuo to a residue comprising
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno
     [3,2-c]pyrazole 21-acetate;
PAR  .lambda..sub.max.sup.methanol 223 m.mu.,  228 m.mu.,  319 m.mu.; Mass
      Spectrum: M.sup.+ 543; I.R. (methylene chloride) 2110, 1748, 1725, 1600,
      1275 cm.sup.-.sup.1.
PAC  C. Other
      2'-Phenyl-6-azido-17.alpha.,21-dihydroxy-20-keto-4,6-pregnadieno/3,2-c/pyr
     azoles
PAR  1. In a manner similar to that described in Example 2A treat each of the
      following 2'-phenyl-4,6-pregnadieno[3,2-c]-pyrazoles with hydrazoic acid
      in dichloromethane and N-bromosuccinimide in the presence of tertiary
      butanol:
PA1  1.
      2'-phenyl-11,20-diketo-17.alpha.,21-dihydroxy-4,6-pregnadieno[3,2-c]pyrazo
     le 21-acetate,
PA1  2. 2'-phenyl-11.beta.,17.alpha.,
      21-trihydroxy-16.alpha.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole
      21-acetate,
PA1  3.
      2'-phenyl-11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-20-keto-4,6-pre
     gnadieno[3,2-c]pyrazole 21-acetate,
PA1  4.
      2'-phenyl-11,20-diketo-16.alpha.-methyl-17.alpha.,21-dihydroxy-4,6-pregnad
     ieno[3,2-c]pyrazole 21-acetate.
PA1  5.
      2'-phenyl-11,20-diketo-16.beta.-methyl-17.alpha.,21-dihydroxy-4,6-pregnadi
     eno[3,2-c]pyrazole 21-acetate.
PAR  Isolate and purify each of the resultant products in a manner similar to
      that described in Example 2A to obtain, respectively.
PA1  1.
      2'-phenyl-6-azido-7-bromo-11,20-diketo-17.alpha.,21-dihydroxy-4-pregneno[3
     ,2-c]pyrazole 21-acetate,
PA1  2.
      2'-phenyl-6-azido-7-bromo-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methy
     l-20-keto-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  3.
      2'-phenyl-6-azido-7-bromo-11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl
     -20-keto-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  4.
      2'-phenyl-6-azido-7-bromo-11,20-diketo-16.alpha.-methyl-17.alpha.,21-dihyd
     roxy-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  5. 2'-phenyl-6-azido-7-bromo-11,20-diketo-16.beta.-methyl-17.alpha.,
      21-dihydroxy-4-pregneno [3,2-c]pyrazole 21-acetate.
PAR  2. In a manner similar to that described in Examples 2B treat each of the
      2'-phenyl-6-azido-7bromo-4-pregneno[3,2-c]-pyrazoles prepared in Example
      2C(1) with tetramethylammoniumfluoride in acetonitrile and isolate and
      purify each of the resultant products to obtain, respectively,
PA1  1.
      2'-phenyl-6-azido-11,20-diketo-17.alpha.,21-dihydroxy-4,6-pregnadieno[3,2-
     c]pyrazole 21-acetate,
PA1  2.
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methyl-20-ket
     o-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  3.
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-20-keto
     -4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  4.
      2'-phenyl-6-azido-11,20-diketo-16.alpha.-methyl-17.alpha.,21-dihydroxy-4,6
     pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  5.
      2'-phenyl-6-azido-11,20-diketo-16.beta.-methyl-17.alpha.,21-dihydroxy-4,6-
     pregnadieno[3,2-c]pyrazole 21-acetate.
PAC  EXAMPLE 3
PAC  2'-Phenyl-6-Azido-9.alpha.-Fluoro-11,20-Diketo-16.alpha.-Methyl-17.alpha.,2
     1-Dihydroxy-4,6-Pregnadieno/3,2-c /Pyrazole-21-Acetate
PAC  A.
      2-Hydroxymethylene-6-Azido-9.alpha.-Fluoro-16.alpha.-Methyl-17.alpha.,20;2
     0,21-Bismethylenedioxy-4,6-Pregnadiene-3,11-Dione
PAR  Dissolve 110 mg. of 6-azido-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;
      20,21-bismethylenedioxy-4,6-pregnadiene-3,11-dione in 15 ml. of benzene,
      then remove 10 ml. of the benzene by distillation. Cool the residue in an
      ice bath. Then, under an atmosphere of nitrogen, add 55 mg. of sodium
      hydride (50% dispersion in mineral oil) and 50 mg. of sodium methoxide
      followed by 0.2 ml. of freshly distilled ethyl formate. Stir the reaction
      mixture for 2 hours slowly allowing the mixture to warm to room
      temperature, then add an aqueous solution of potassium dihydrogen
      phosphate. Extract the reaction mixture with benzene, wash the combined
      benzene extracts twice with dilute aqueous sodium bicarbonate solution,
      then extract with dilute aqueous sodium hydroxide solution. Extract the
      resulting sodium hydroxide solution with benzene then acidify with 2%
      hydrochloric acid. Extract the acidified aqueous solution with benzene.
      Wash the combined benzene extracts with water, dry over magnesium sulphate
      and evaporate to a residue comprising
      2-hydroxymethylene-6-azido-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;2
     0,21-bismethylenedioxy-4,6-pregnadiene-3,11-dione;
PAR  UV (MeOH), .lambda.max, 261 nm, (.epsilon.12,600); 296 nm (.epsilon.8,700)
      and 390 nm, (.epsilon.5,200).
PAR  NMR (CDCl.sub. 3) 0.91 (3H s); 1.05 (3H d); J=7.5Hz, 1.25 (3H s), 4.0 (2H
      s), 5.13 (4H m), 5.44 (1H s), 6.35 (1H s) and 8.0 (1H s) ppm.
PAC  B. 2'-Phenyl-6-azido-9.alpha.-fluoro-11-keto-16.alpha.-methyl-17.alpha.,20;
      20,21-Bismethylenedioxy-4,6-pregnadieno/ 3,2-c /pyrazole
PAR  To a solution of 55 mg. of 2
      -hydroxymethylene-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20,21-bism
     ethylenedioxy-4,6-pregnadiene-3,11-dione in 2 ml. of methanol add 3 drops
      of phenylhydrazine. Heat the mixture on a steam bath under an atmosphere
      of nitrogen for 30 minutes, cool and pour into water. Separate the
      resultant precipitate by filtration, wash the precipitate with water, dry,
      then chromatograph on a preparative plate of silica gel using ethyl
      acetate-hexane (1:1). Identify each of the bands by ultraviolet spectrum,
      then extract with ethyl acetate the band exhibiting the ultraviolet
      spectrum of the desired product. Combine the ethylacetate extracts and
      evaporate to a residue comprising
      2'-phenyl-6-azido-9.alpha.-fluoro-11-keto-16.alpha.-methyl-17.alpha.,20;20
     ,21-bismethylenedioxy-4,6-pregnadieno[3,2-c]pyrazole;
PA1  Mass Spectrum M.sup.+ 573; UV .lambda..sub.max.sup.methanol 222, 285 sh,
      and 315 nm; IR 2100 cm.sup.-1(methylene chloride).
PAC  C.
      2'-Phenyl-6-Azido-9.alpha.-Fluoro-11,20-Diketo-16.alpha.-Methyl-17.alpha.,
     21-Dihydroxy-4,6-Pregnadieno/3,2-c/Pyrazole 21-Acetate
PAR  1. To a solution of 100 mg. of
      2'-phenyl-6-azido-9.alpha.-fluoro-11-keto-16.alpha.-methyl-17.alpha.,20;20
     ,21-bismethylenedioxy-4,6-pregnadieno-[3,2-c]pyrazole in 25 ml. of
      anhydrous methylene chloride, add 120 mg. (2.1 equivalents) of
      triphenylcarbenium tetrafluoroborate. Allow the reaction mixture to stand
      at room temperature for 16 hours. Wash the reaction mixture with 10%
      aqueous sodium bicarbonate, then with water and dry the solution over
      magnesium sulfate. Evaporate the methylene chloride and chromatograph the
      resultant residue over silica gel eluting with ethyl ether. Combine the
      like eluates as determined by thin layer chromatography and evaporate the
      combined eluates to a residue comprising
      2'-phenyl-6-azido-9.alpha.-fluoro-11,20-diketo-16.alpha.-methyl-17.alpha.-
     21-dihydroxy-4,6-pregnadieno[3,2-c]pyrazole (yield=35 mg.). Re-esterify by
      treating the foregoing product with 0.5 ml. acetic anhydride in 0.5 ml. of
      pyridine and allowing the mixture to stand overnight at room temperature.
      Pour the reaction mixture into dilute hydrochloric acid, filter off the
      resultant precipitate, wash with water then dry to give
      2'-phenyl-6-azido-9.alpha.-fluoro-11,20-diketo-16.alpha.-methyl-17.alpha.,
     21-dihydroxy-4,6-pregnadieneo[3,2-c] pyrazole 21-acetate.
PAR  2. Alternatively, the compound of this example is prepared as follows:
PAR  Add 3 ml. of 60% aqueous formic acid to 98 mg. of
      2'-phenyl-6-azido-9.alpha.-fluoro-11keto-16.alpha.-methyl-17.alpha.,20;20,
     21-bismethylenedioxy-4,6-pregnadieno[3,2-c]pyrazole. Heat the solution on a
      steam bath under nitrogen for 30 minutes. Concentrate the solution in
      vacuo, dissolve the resultant residue in ethyl acetate, wash with 10%
      aqueous sodium bicarbonate, then with water. Evaporate the ethyl acetate
      in vacuo, dissolve the resultant residue in a mixture of 5.0 ml. of
      ethanol and 1.0 ml. of 1 N aqueous potassium hydroxide. Stir under
      nitrogen at room temperature for 30 minutes, add 100 ml. of water, acidify
      with dilute acetic acid, then separate the resultant precipitate by
      filtration, wash with water, and air dry to give
      2'-phenyl-6-azido-9.alpha.-fluoro-11,20-diketo-16.alpha.-methyl-17.alpha.,
     21-dihydroxy-4,6-pregnadieno[3,2-c]-pyrazole. Purify by chromatographing on
      Florisil eluting with ether-petroleum ether. Re-esterify in the manner
      described in Example 3C(1).
PAC  EXAMPLE 4
PAC  Alternate Procedure for the Preparation of
      2'-Phenyl-6-Azido-9.alpha.-Fluoro-11.beta.,17.alpha.,21-Trihydroxy-16.alph
     a.-Methyl-20-Keto-4,6-Pregnadieno/3,2-c/Pyrazole 21-Acetate
PAC  A.
      2-Hydroxymethylene-6-Azido-9.alpha.-Fluoro-16.alpha.-Methyl-17.alpha.,20;2
     0,21-Bismethylenedioxy-4,6-Pregnadiene-11.beta.-ol- 3-one
PAR  To a solution of 480 mg. of
      6-azido-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;20,21-bismethylenedi
     oxy-4,6-pregnadiene-11.beta.-ol-3-one in 25 ml. of dry benzene at
      0.degree.C under an atmosphere of nitrogen, add 246 mg. of sodium hydride
      (50% dispersion in mineral oil) and 30 mg. of sodium methoxide followed by
      1.0 ml. of freshly distilled ethyl formate. Stir the reaction mixture
      overnight allowing it to slowly warm to room temperature. Add a saturated
      solution of potassium dihydrogen phosphate, extract the mixture with
      benzene, wash the combined benzene extracts twice with 2% sodium
      bicarbonate solution, then with 2% sodium hydroxide solution. Wash the
      sodium hydroxide extracts with benzene, acidify with 2% hydrochloric acid,
      then re-extract with benzene. Wash the combined benzene extracts with
      water, dry over magnesium sulfate and evaporate in vacuo to a residue
      comprising
      2-hydroxymethylene-6-azido-9.alpha.fluoro-16.alpha.-methyl-17.alpha.,20;20
     ,21-bismethylenedioxy-4,6-pregnadiene-11.beta.-ol- 3-one,
PAR  (Yield 400 mg.); NMR (CDCl.sub.3) 1.00 (3H d), J=6.5Hz, 1.21 (3H s), 1.33
      (3H s), 4.0 (2H s), 4.28 (1H unresolved), 5.08 (4H m), 5.55 (1H d)
      J=2.5Hz, 6.27 (1H s), 7.91 ppm (1H s); Mass Spectrum: M.sup.+ 503; I/R
      (nujol) 3400, 2100 and 1640 cm.sup.-.sup.1 ; U.V. (MeOH) .lambda.max 260
      (.epsilon.12,300) 298 nm (.epsilon.9,400).
PAC  B. 2'-Phenyl-6-Azido-9.alpha.Fluoro-
      11.beta.-Hydroxy-16.alpha.-Methyl-17.alpha.,20;20,21-Bismethylenedioxy-4,6
     -Pregnadieno/3,2-c/Pyrazole
PAR  To a solution of the 400 mg. of
      2-hydroxymethylene-6-azido-9.alpha.-fluoro-16.alpha.-methyl-17.alpha.,20;2
     0,21-bismethylenedioxy-4,6-pregnadiene-11.beta.-ol- 3-one in 10 ml. of
      ethanol, add 1.0 ml. of phenylhydrazine Heat the mixture on a stream bath
      under an atmosphere of nitrogen for 30 minutes, cool and pour into water.
      Isolate the resultant precipitate by filtration, wash and dry, then
      chromatograph over silica gel eluting with chloroform. Combine the like
      eluates and evaporate in vacuo to a residue comprising
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methyl-17.alp
     ha.,20;21-bismethylenedioxy-4,6-pregnadieno[3,2 -c]pyrazole. (Yield 138
      mg.). Purify by crystallization from ether.
PAR  (Yield 40 mg.); M.P. 230.degree.--237.degree.c; [.alpha.].sub.D.sup.26
      (CHCl.sub.3) -73.1.degree.; Mass Spectrum: M.sup.+ = 575; IR (nujol) 3300,
      2100, 1600 and 1510 cm.sup.-.sup.1 ; UV (MeOH) .lambda.max 224
      (.epsilon.=12,800), 295 sh (.epsilon.=16,500) and 318 nm
      (.epsilon.=19,000); NMR (CDCl.sub.3) 1.00 (3 H d) J=7Hz, 1.23 (3H s), 1.30
      (3H s), 4.00 (2H s), 4.32 (1H bs), 5.08 (4H m), 5.26 (1H s), 6.78 (1H s),
      and 7.48 ppm (6H s).
PAC  C.
      2'-Phenyl-6-Azido-9.alpha.-Fluoro-11.beta.,17.alpha.,21-Trihydroxy-16.alph
     a.-Methyl-20-Keto-4,6-Pregnadieno/3,2-c/Pyrazole 21-Acetate
PAR  Treat
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methyl-17.alp
     ha.,20;20,21-bismethylenedioxy-4,6-pregnadieno[3,2-c]pyrazole in a manner
      similar to that described in Example 3C(1) or 3C (2) and isolate the
      resultant product as described to obtain
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate.
PAC  EXAMPLE 5
PAC  2'-Phenyl-6-Azido-17.alpha.,21-Dihydroxy-20-Keto-4,6-Pregnadieno/3,2-c/Pyra
     zole 21-Lower Alkanoates
PAC  A.
      2'-Phenyl-6-Azido-7-Bromo-17.alpha.,21-Dihydroxy-20-Keto-4-Pregneno-/3,2-c
     /Pyrazole 21-Lower Alkanoates
PAR  In a manner similar to that described in Example 1A or 2A treat each of the
      following
      2'-phenyl-17.alpha.,21-dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole
      21-lower alkanoates with hydrazoic acid and N-bromosuccinimide in
      dichloromethane in the presence of t-butanol:
PA1  1.
      2'-phenyl-11.beta.,16.alpha.,17.alpha.,21-tetrahydroxy-20-keto-4,6-pregnad
     ieno[3,2-c]pyrazole 16,21-diacetate,
PA1  2.
      2'-phenyl-11.beta.,21-dihydroxy-16.alpha.,17.alpha.-isopropylidenedioxy-20
     -keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  3.
      2'-phenyl-9.alpha.-floro-11.beta.,16.alpha.,17.alpha.,21-tetrahydroxy-20-k
     eto-4,6-pregnadieno[3,2-c]pyrazole 16,21-diacetate,
PA1  4.
      2'-phenyl-9.alpha.-fluoro-11,20-diketo-16.alpha.,17.alpha.,21-trihydroxy-4
     ,6-pregnadieno[3,2-c]pyrazole 16,21-dipropionate,
PA1  5.
      2'-phenyl-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16-methylene-20
     keto-4,6-pregnadieno[3,2-c]-pyrazole 21-acetate,
PA1  6.
      2'-phenyl-9.alpha.-fluoro-11,20-diketo-16-methylene-17.alpha.,21-dihydroxy
     -4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  7.
      2'-phenyl-9.alpha.,11.beta.-dichloro-17.alpha.,21-dihydroxy-20-keto-4,6-pr
     egnadieno[3,2-c]pyrazole 21-acetate,
PA1  8.
      2'-phenyl-9.alpha.,11.beta.-dichloro-17.alpha.,21-dihydroxy-20-keto-4,6-pr
     egnadieno[3,2-c]pyrazole 17-valerate,
PA1  9.
      2'-phenyl-9.alpha.,11.beta.-dichloro-17.alpha.,21-dihydroxy-20-keto-4,6-pr
     egnadieno[3,2-c]pyrazole 17,21-dipropionate,
PA1  10.
      2'-phenyl-9.alpha.,11.beta.-dichloro-17.alpha.,21-isopropylidenedioxy-20-k
     eto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  11.
      2'-phenyl-9.alpha.,11.beta.-dichloro-16.alpha.,17.alpha.,21-trihydroxy-20-
     keto-4,6-pregnadieno[3,2-c]pyrazole 16,21-diacetate,
PA1  12.
      2'-phenyl-9.alpha.,11.beta.-dichloro-16.alpha.,17.alpha.-isopropylidenedio
     xy-20-keto-21-hydroxy-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  13.
      2'-phenyl-9.alpha.,11.beta.-dichloro-16.alpha.-methyl-17.alpha.,21-dihydro
     xy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 17,21-dipropionate,
PA1  14.
      2'-phenyl-9.alpha.,11.beta.-dichloro-16.beta.-methyl-17.alpha.,21-dihydrox
     y-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  15.
      2'-phenyl-9.alpha.,11.beta.-dichloro-16.beta.-methyl-17.alpha.,21-dihydrox
     y-20keto-4,6-pregnadieno[3,2-c]pyrazole 17,21-dipropionate,
PA1  16.
      2'-phenyl-9.alpha.,11.beta.-dichloro-16-methylene-17.alpha.,21-dihydroxy-2
     0-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  17.
      2'-phenyl-9.alpha.-bromo-11.beta.-chloro-17.alpha.,21-dihydroxy-20-keto-4,
     6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  18.
      2'-phenyl-9.alpha.-bromo-11.beta.-chloro-16.alpha.-methyl-17.alpha.,21-dih
     ydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  19.
      2'-phenyl-9.alpha.-bromo-11.beta.-chloro-16.beta.-methyl-17.alpha.,21-dihy
     droxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  20.
      2'-phenyl-9.alpha.-bromo-11.beta.-chloro-16-methylene-17.alpha.,21-dihydro
     xy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate.
PAR  Isolate and purify each of the resultant products in a manner similar to
      that described in Example 1A to obtain, respectively,
PA1  1.
      2'-phenyl-6-azido-7-bromo-11.beta.,16.alpha.,17.alpha.,21-tetrahydroxy-20-
     keto-4-pregneno[3,2-c]pyrazole 16,21-diacetate,
PA1  2.
      2'-phenyl-6-azido-7-bromo-11.beta.,21-dihydroxy-16.alpha.,17.alpha.-isopro
     pylidenedioxy-20-keto-4-pregneno[3,2-c]-pyrazole 21-acetate,
PA1  3.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.,16.alpha.,17.alpha.,21-
     tetrahydroxy-20-keto-4-pregneno[3,2-c]pyrazole 16,21-diacetate,
PA1  4.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11,20-diketo-16.alpha.,17.alpha.
     ,21-trihydroxy-4-pregneno[3,2-c]pyrazole 16,21-dipropionate,
PA1  5.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy
     -16-methylene-20-keto-4-pregneno[3,2-c]-pyrazole 21-acetate,
PA1  6.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11,20-diketo-16-methylene-17.alp
     ha.,21-dihydroxy-4-pregneno[3,2-c]-pyrazole 21-acetate,
PA1  7.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-17.alpha.,21-dihydrox
     y-20-keto-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  8.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-17.alpha.,21-dihydrox
     y-20-keto-4-pregneno[3,2-c]pyrazole 17 valerate,
PA1  9.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-17.alpha.,21-dihydrox
     y-20-keto-4-pregneno[3,2-c]pyrazole 17,21-dipropionate,
PA1  10.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-17.alpha.,21-isopropy
     lidenedioxy-20-keto-4-pregneno[3,2-c]-pyrazole,
PA1  11.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-16.alpha.,17.alpha.,2
     1-trihydroxy-20-keto-4-pregneno[3,2-c]pyrazole 16,21-diacetate,
PA1  12.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-16.alpha.,17.alpha.-i
     sopropylidenedioxy-20-keto-21-hydroxy-4-pregneno-[3,2-c]pyrazole
      21-acetate, 13.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-16.alpha.-methyl-17.a
     lpha.,21-dihydroxy-20-keto-4-pregneno[3,2-c]pyrazole-17,21-dipropionate,
PA1  14.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-16.beta.-methyl-17.al
     pha.,21-dihydroxy-20-keto-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  15.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-16.beta.-methyl-17.al
     pha.,21-dihydroxy-20-keto-4-pregneno[3,2-c]17,21-dipropionate,
PA1  16.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-16-methylene-17.alpha
     .,21-dihydroxy-20-keto-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  17.
      2'-phenyl-6-azido-7,9.alpha.-dibromo-11.beta.-chloro-17.alpha.,21dihydroxy
     -20-keto-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  18.
      2'-phenyl-6-azido-7,9.alpha.-dibromo-11.beta.-chloro-16.alpha.-methyl-17.a
     lpha.,21-dihydroxy-20-keto-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  19.
      2'-phenyl-6-azido-7,9.alpha.-dibromo-11.beta.-chloro-16.beta.-methyl-17.al
     pha.,21-dihydroxy-20-keto-4-pregneno[3,2-c]pyrazole 21-acetate,
PA1  20.
      2'-phenyl-6-azido-7,9.alpha.-dibromo-11.beta.-chloro-16-methylene-17.alpha
     .,21-dihydroxy-20-keto-4-pregneno[3,2-c]pyrazole 21-acetate.
PAC  B.
      2'-Phenyl-6-Azido-17.alpha.,21-Dihydroxy-20-Keto-4,6-Pregnadieno[3,2-c]Pyr
     azole 21-Lower Alkanoates
PAR  In a manner similar to that described in Example 1B treat each of the
      2'-phenyl-6-azido-7-bromo-17.alpha.,21-dihydroxy-20-keto-4-pregneno[3,2-c]
     pyrazole 21-lower alkanoates obtained as described in Example 5A with
      tetramethylammonium fluoride in acetonitrile at room temperature. Isolate
      and purify each of the resultant products to obtain, respectively,
PA1  1.
      2'-phenyl-6-azido-11.beta.,16.alpha.,17.alpha.,21-tetrahydroxy-20-keto-4,6
     -pregnadieno[3,2-c]pyrazole 16,21-diacetate,
PA1  2.
      2'-phenyl-6-azido-11.beta.,21-dihydroxy-16.alpha.,17.alpha.-isopropylidene
     dioxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  3. 2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,16.alpha.,17.alpha.,
      21-tetrahydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 16,21-diacetate,
PA1  4. 2'-phenyl-6-azido-9.alpha.-fluoro-11,20-diketo-16.alpha.,17.alpha.,21
      trihydroxy-4,6-pregnadieno[3,2-c]pyrazole 16,21dipropionate,
PA1  5.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16-meth
     ylene-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  6.
      2'-phenyl-6-azido-9.alpha.-fluoro-11,20-diketo-16-methylene-17.alpha.,21-d
     ihydroxy-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  7.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-17.alpha.,21-dihydroxy-20-ket
     o-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  8.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-17.alpha.,21-dihydroxy20-keto
     -4,6-pregnadieno[3,2-c]pyrazole 17-valerate,
PA1  9. 2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-17.alpha.,21-dihydroxy
      20-keto-4,6-pregnadieno[3,2-c]pyrazole 17,21-dipropionate,
PA1  10.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-17.alpha.,21-isopropylidene-d
     ioxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole
PA1  11.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.alpha.17.alpha.,21-trihydr
     oxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 16,21-diacetate,
PA1  12.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.alpha.,17.alpha.-isopropyl
     idene-dioxy-20-keto-21-hydroxy-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  13.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.beta.-methyl-17.alpha.,21-
     dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 17,21-dipropionate,
PA1  14.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.beta.-methyl-17.alpha.,21-
     dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  15.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.beta.-methyl-17.alpha.,21-
     dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 17,21-dipropionate,
PA1  16.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16-methylene-17.alpha.,21-dih
     ydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  17.
      2'-phenyl-6-azido-9.alpha.-bromo-11.beta.-chloro-17.alpha.,21-dihydroxy-20
     -keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  18.
      2'-phenyl-6-azido-9.alpha.-bromo-11.beta.-chloro-16.alpha.-methyl-17.alpha
     .,21-dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  19.
      2'-phenyl-6-azido-9.alpha.-bromo-11.beta.-chloro-16.beta.-methyl-17.alpha.
     ,21-dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  20.
      2'-phenyl-6-azido-9.alpha.-bromo-11.beta.-chloro-16-methylene-17.alpha.,21
     -dihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate.
PAC  EXAMPLE 6
PAC  2'-Phenyl-6-Azido-20-Keto-21-Desoxy 4,6-Pregnadieno/3,2-c/Pyrazoles
PAC  A. 2'-Phenyl-6-Azido-7-Bromo-20-Keto-21-Desoxy-4-Pregneneo 3,2-c/Pyrazoles
PAR  In a manner similar to that described in Example 1A or 2A treat each of the
      following 2'-phenyl-20-keto-21-desoxy-4,6-pregnadieno [3,2-c]pyrazoles
      with hydrazoic acid and N-bromosuccinimide in dichloromethane in the
      presence of t-butanol: ps
PA1  1.
      2'-phenyl-9.alpha.,11.beta.-dichloro-16-methylene-17.alpha.-acetoxy-20-ket
     o-4,6-pregnadieno[3,2-c]pyrazole,
PA1  2.
      2'-phenyl-9.alpha.,11.beta.-dichloro-16-ethylidene-17.alpha.-acetoxy-20-ke
     to-4,6-pregnadieno[3,2-c]pyrazole,
PA1  3.
      2'-phenyl-9.alpha.-bromo-11.beta.-fluoro-16-methylene-17.alpha.-acetoxy-20
     -keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  4.
      2'-phenyl-9.alpha.-fluoro-11.beta.-hydroxy-16-methylene-17.alpha.-acetoxy-
     20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  5.
      2'-phenyl-9.alpha.-fluoro-11,20-diketo-16-methylene-17.alpha.acetoxy-4,6-p
     regnadieno[3,2-c]pyrazole,
PA1  6.
      2'-phenyl-9.alpha.,11.beta.-dichloro-21-fluoro-16-methylene-17.alpha.-acet
     oxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  7. 2'-phenyl-9.alpha.,11.beta.,
      21-trichloro-16-methylene-17.alpha.-acetoxy-20-keto-4,6-pregnadieno[3,2-c]
     pyrazole,
PA1  8.
      2'-phenyl-9.alpha.-fluoro-11.beta.-hydroxy-16-chloromethylene-17.alpha.-ac
     etoxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  9.
      2'-phenyl-9.alpha.-fluoro-11.beta.-hydroxy-16-fluoromethylene-17.alpha.-ac
     etoxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  10.
      2'-phenyl-16.alpha.,17.alpha.-isopropylidenedioxy-20-keto-4,6-pregnadieno[
     3,2-c]pyrazole,
PA1  11.
      2'-phenyl-9.alpha.,11.beta.-dichloro-16.alpha.,17.alpha.-isopropylidenedio
     xy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  12.
      2'-phenyl-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.,17.alpha.-isopropylid
     enedioxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  13.
      2'-phenyl-9.alpha.,11.beta.-dichloro-16.beta.-methyl-17.alpha.-acetoxy-20-
     keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  14. 2'-phenyl-9.alpha.,11.beta.-dichloro-16.alpha.-methyl-17.alpha.-acetoxy
      20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  15.
      2'-phenyl-9.alpha.-fluoro-11,20-diketo-16.beta.-methyl-17.alpha.-acetoxy-4
     ,6-pregnadieno[3,2-c]pyrazole,
PA1  16.
      2'-phenyl-9.alpha.-fluoro-11,20-diketo-16.alpha.-methyl-17.alpha.acetoxy-2
     0-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  17.
      2'-phenyl-9.alpha.-fluoro-11.beta.-hydroxy-16.beta.-methyl-17.alpha.acetox
     y-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  18.
      2'-phenyl-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methyl-17.alpha.-acet
     oxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  19. 2'-phenyl-9.alpha.,21-difluoro-11,20
      -diketo-17.alpha.-hydroxy-4,6-pregnadieno[3,2-c]pyrazole,
PA1  20. 2'-phenyl-9.alpha.,21-difluoro-11,20-diketo-16.alpha.-methyl
      17.alpha.-hydroxy-4,6-pregnadieno[3,2-c]pyrazole,
PA1  21.
      2'-phenyl-9.alpha.,21-difluoro-11,20-diketo-16.beta.-methyl-17.alpha.-hydr
     oxy-4,6-pregnadieno[3,2-c]pyrazole,
PA1  22.
      2'-phenyl-9.alpha.,21-difluoro-11.beta.,17.alpha.-dihydroxy-20-keto-4,6-pr
     egnadieno[3,2-c]pyrazole,
PA1  23.
      2'-phenyl-9.alpha.,21-difluoro-11.beta.,17.alpha.-dihydroxy-16.alpha.-meth
     yl-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  24.
      2'-phenyl-9.alpha.,21-difluoro-11.beta.,17.alpha.-dihydroxy-16.beta.methyl
     -20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  25. 2'-phenyl-9.alpha.-fluoro-11.beta.-hydroxy-20-keto-4,6
      -pregnadieno[3,2-c]pyrazole,
PA1  26.
      2'-phenyl-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methyl-20-keto-4,6-pr
     egnadieno[3,2-c]pyrazole,
PA1  27.
      2'-phenyl-9.alpha.-fluoro-11.beta.-hydroxy-16.beta.-methyl-20-keto-4,6-pre
     gnadieno[3,2-c]pyrazole,
PA1  28.
      2'-phenyl-9.alpha.,11.beta.-dichloro-20-keto-4,6-pregnadieno[3,2-c]pyrazol
     e,
PA1  29.
      2'-phenyl-9.alpha.,11.beta.-dichloro-16.alpha.-methyl-20-keto-4,6-pregnadi
     eno[3,2-c]pyrazole,
PA1  30.
      2'-phenyl-9.alpha.,11.beta.-dichloro-16.beta.-methyl-20-keto-4,6-pregnadie
     no[3,2-c]pyrazole,
PA1  31.
      2'-phenyl-9.alpha.-bromo-11.beta.-chloro-20-keto-4,6-pregnadieno[3,2-c]pyr
     azole,
PA1  32.
      2'-phenyl-9.alpha.-bromo-11.beta.-chloro-16.alpha.-methyl-20-keto-4,6-preg
     nadieno[3,2-c]pyrazole,
PA1  33.
      2'-phenyl-9.alpha.-bromo-11.beta.-chloro-16.beta.-methyl-20-keto-4,6-pregn
     adieno[3,2-c]pyrazole,
PA1  34.
      2'-phenyl-9.alpha.,11.beta.,21-trichloro-20-keto-4,6-pregnadieno[3,2-c]pyr
     azole,
PA1  35.
      2'-phenyl-9.alpha.,11.beta.,21-trichloro-16.alpha.-methyl-20-keto-4,6-preg
     nadieno[3,2-c]pyrazole,
PA1  36.
      2'-phenyl-9.alpha.,11.beta.,21-trichloro-16.beta.-methyl-20-keto-4,6-pregn
     adieno[3,2-c]pyrazole,
PA1  37. 2'-phenyl-9.alpha.,11.beta.-dichloro-21-fluoro-20-keto-
      4,6-pregnadieno[3,2-c]pyrazole,
PA1  38. 2'-phenyl-9.alpha.,11.beta.-dichloro-21-fluoro-16.beta.-methyl
      20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  39.
      2'-phenyl-9.alpha.,11.beta.-dichloro-21-fluoro-16.beta.-methyl-20-keto-4,6
     -pregnadieno[3,2-c]pyrazole,
PA1  40.
      2'-phenyl-16-methylene-17.alpha.-acetoxy-20-keto-4,6-pregnadieno[3,2-c]pyr
     azole,
PA1  41.
      2'-phenyl-16-(n-butylidene)-17.alpha.-acetoxy-20-keto-4,6-pregnadieno[3,2-
     c]pyrazole,
PA1  42. 2'-phenyl-16-methylene-17.alpha.-propionoxy-20-keto-4,6-pregnadieno
      [3,2-c]pyrazole,
PA1  43. 2'-phenyl-11.alpha.-hydroxy-16-methylene-17.alpha.-acetoxy
      20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  44. 2'-phenyl-11,20-diketo-16-methylene-17.alpha.-acetoxy
      4,6-pregnadieno[3,2-c]pyrazole,
PA1  45.
      2'-phenyl-16-methylene-17.alpha.-acetoxy-20-keto-21-fluoro-4,6-pregnadieno
     [3,2-c]pyrazole,
PA1  46.
      2'-phenyl-16-methylene-17.alpha.-acetoxy-20-keto-21-chloro-4,6-pregnadieno
     [3,2-c]pyrazole,
PA1  47.
      2'-phenyl-16-chloromethylene-17.alpha.-acetoxy-20-keto-4,6-pregnadieno[3,2
     -c]pyrazole,
PA1  48.
      2'-phenyl-16-fluoromethylene-17.alpha.-acetoxy-20-keto-4,6-pregnadieno[3,2
     -c]pyrazole,
PA1  49.
      2'-phenyl-11.beta.-hydroxy-16-chloromethylene-17.alpha.-acetoxy-20-keto-4,
     6-pregnadieno[3,2-c]pyrazole,
PA1  50.
      2'-phenyl-16.beta.-methyl-17.alpha.-acetoxy-20-keto-4,6-pregnadieno[3,2-c]
     pyrazole,
PA1  51.
      2'-phenyl-16.alpha.-methyl-17.alpha.-acetoxy-20-keto-4,6-pregnadieno[3,2-c
     ]pyrazole,
PA1  52. 2'-phenyl-11,20-diketo-16.beta.-methyl-17.alpha.-acetoxy
      4,6-pregnadieno[3,2-c]pyrazole,
PA1  53. 2'-phenyl-11,20 -diketo-16.alpha.-methyl-17.alpha.-acetoxy
      4,6-pregnadieno[3,2-c]pyrazole,
PA1  54. 2'-phenyl-11.beta.-hydroxy-16.beta.-methyl-17.alpha.-acetoxy
      20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  55. 2'-phenyl-11.beta.-hydroxy-16.alpha.-methyl-17.alpha.-acetoxy
      20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  56.
      2'-phenyl-16.beta.-methyl-17.alpha.-acetoxy-20-keto-21-fluoro-4,6-pregnadi
     eno[3,2-c]pyrazole,
PA1  57.
      2'-phenyl-16.alpha.-methyl-17.alpha.-acetoxy-20-keto-21fluoro-4,6-pregnadi
     eno[3,2-c]pyrazole,
PA1  58.
      2'-phenyl-11,20-diketo-17.alpha.-hydroxy-21-fluoro-4,6-pregnadieno[3,2-c]p
     yrazole,
PA1  59. 2'-phenyl-11,20
      -diketo-16.alpha.-methyl-17.alpha.-hydroxy21-fluoro-4,6-pregnadieno[3,2-c]
     pyrazole,
PA1  60. 2'-phenyl-11,20 -diketo-16.beta.-methyl-17.alpha.-hydroxy
      21-fluoro-4,6-pregnadieno[3,2-c]pyrazole,
PA1  61.
      2'-phenyl-17.alpha.-hydroxy-20-keto-21-fluoro-4,6-pregnadieno[3,2-c]pyrazo
     le,
PA1  62. 2'-phenyl-16.alpha.-methyl-17.alpha.-hydroxy-20-keto
      21-fluoro-4,6-pregnadieno[3,2-c]pyrazole,
PA1  63.
      2'-phenyl-16.beta.-methyl-17.alpha.-hydroxy-20-keto21-fluoro-4,6-pregnadie
     no[3,2-c]pyrazole,
PA1  64. 2'-phenyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  65. 2'-phenyl-16.alpha.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  66. 2'-phenyl-16.beta.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  67. 2'-phenyl-20-keto-21-fluoro-4,6-pregnadieno [3,2-c]pyrazole,
PA1  68.
      2'-phenyl-16.alpha.-methyl-20-keto-21-fluoro-4,6-pregnadieno[3,2-c]pyrazol
     e,
PA1  69.
      2'-phenyl-16.beta.-methyl-20-keto-21-fluoro-4,6-pregnadieno[3,2-c[pyrazole
PA1  70. 2'-phenyl-11,20 -diketo-4,6-pregnadieno[3,2-c]pyrazole,
PA1  71. 2'-phenyl-11,20 -diketo-16.alpha.-methyl-4,6-pregnadieno
      [3,2-c]pyrazole,
PA1  72. 2'-phenyl-11,20-diketo-16.beta.-methyl-4,6-pregnadieno [3,2-c]pyrazole,
PA1  73. 2'-phenyl-11.beta.-hydroxy-20-keto-4,6-pregnadieno [3,2-c]pyrazole,
PA1  74.
      2'-phenyl-11.beta.-hydroxy-16.alpha.-methyl-20-keto-4,6-pregnadieno[3,2-c]
     pyrazole,
PA1  75.
      2'-phenyl-11.alpha.-hydroxy-16.beta.-methyl-20-keto-4,6-pregnadieno[3,2-c]
     pyrazole.
PAR  Isolate and purify each of the resultant products in a manner similar to
      that described in Example 1A or 2A to obtain, respectively,
PA1  1.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-16-methylene-17.alpha
     .-acetoxy-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  2.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-16-ethylidene-17.alph
     a.-acetoxy-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  3.
      2'-phenyl-6-azido-7,9.alpha.-dibromo-11.beta.-fluoro-16-methylene-17.alpha
     . -acetoxy-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  4.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.-hydroxy-16-methylene-17
     .alpha.-acetoxy-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  5.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11,20-diketo-16-methylene-17.alp
     ha.-acetoxy-4-pregneno[3,2-c]pyrazole,
PA1  6.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-21-fluoro-16-methylen
     e-17.alpha.-acetoxy-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  7.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.,21-trichloro-16-methylene-17.a
     lpha.-acetoxy-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  8.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.-hydroxy-16-chloromethyl
     ene-17.alpha.-acetoxy-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  9.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.-hydroxy-16-fluoromethyl
     ene-17.alpha.-acetoxy-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  10.
      2'-phenyl-6-azido-7-bromo-16.alpha.,17.alpha.-isopropylidenedioxy-20-keto-
     4-pregneno[3,2-c]pyrazole,
PA1  11.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-16.alpha.,17.alpha.-i
     sopropylidenedioxy-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  12.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.,17.al
     pha.-isopropylidenedioxy-20 -keto-4-pregneno[3,2-c]pyrazole,
PA1  13.
      2'-azido-6-azide-7-bromo-9.alpha.,11.beta.-dichloro-16.beta.-methyl-17.alp
     ha.-acetoxy-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  14.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-16.alpha.-methyl-17.a
     lpha.-acetoxy-4-pregneno[3,2-c]pyrazole,
PA1  15.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11,20-diketo-16.beta.-methyl-17.
     alpha.-acetoxy-4-pregneno[3,2-c]pyrazole,
PA1  16. 2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11,20
      -diketo-16.alpha.-methyl-17.alpha.-acetoxy-4-pregneno[3,2-c]pyrazole,
PA1  17.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.-hydroxy-16.beta.-methyl
     -17.alpha.-acetoxy-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  18.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methy
     l-17.alpha.-acetoxy-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  19.
      2'-phenyl-6-azido-7-bromo-9.alpha.,21-difluoro-11,20-diketo-17.alpha.-hydr
     oxy-4-pregneno[3,2-c]pyrazole,
PA1  20.
      2'-phenyl-6-azido-7-bromo-9.alpha.,21-difluoro-11,20-diketo-16.alpha.-meth
     yl-17.alpha.-hydroxy-4-pregneno[3,2-c]pyrazole,
PA1  21.
      2'-phenyl-6-azido-7-bromo-9.alpha.,21-difluoro-11,20-diketo-16.beta.-methy
     l-17.alpha.-hydroxy-4-pregneno[3,2-c]pyrazole,
PA1  22.
      2'-phenyl-6-azido-7-bromo-9.alpha.,21-difluoro-11.beta.,17.alpha.-dihydrox
     y-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  23. 2'-phenyl-6-azido-7-bromo-9.alpha.,21-difluoro-11.beta.,
      17.alpha.-dihydroxy-16.alpha.-methyl-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  24.
      2'-phenyl-6-azido-7-bromo-9.alpha.,21-difluoro-11.beta.,17.alpha.-dihydrox
     y-16.beta.-methyl-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  25.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.-hydroxy-20-keto-4-pregn
     eno[3,2-c]pyrazole,
PA1  26.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methy
     l-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  27.
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta.-hydroxy-16.beta.-methyl
     -20-keto-4-pregneno[3,2-c]pyrazole,
PA1  28.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-20-keto-4-pregneno[3,
     2-c]pyrazole,
PA1  29. 2'-phenyl-6-azido-7-bromo-9.alpha.,
      11.beta.-dichloro-16.alpha.-methyl-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  30.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-16.beta.-methyl-20-ke
     to-4-pregneno[3,2-c]pyrazole,
PA1  31.
      2'-phenyl-6-azido-7,9.alpha.-dibromo-11.alpha.-chloro-20-keto-4-pregneno[3
     ,2-c]pyrazole,
PA1  32.
      2'-phenyl-6-azido-7,9.alpha.-dibromo-11.beta.-chloro-16.alpha.-methyl-20-k
     eto-4-pregneno[ 3,2-c]pyrazole,
PA1  33.
      2'-phenyl-6-azido-7,9.alpha.-dibromo-11.beta.-chloro-16.beta.-methyl-20-ke
     to-4-pregneno[3,2-c]pyrazole,
PA1  34.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.,21-trichloro-20-keto-4-pregnen
     o[3,2-c]pyrazole,
PA1  35.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.,21-trichloro-16.alpha.-methyl-
     20-keto-4-pregneno[3,2-c]pyrazole,
PA1  36.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.,21-trichloro-16.beta.-methyl-2
     0-keto-4-pregneno[3,2-c]pyrazole,
PA1  37.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-21-fluoro-20-keto-4-p
     regneno[3,2-c]pyrazole,
PA1  38.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-21-fluoro-16.alpha.-m
     ethyl-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  39.
      2'-phenyl-6-azido-7-bromo-9.alpha.,11.beta.-dichloro-21-fluoro-16.beta.-me
     thyl-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  40.
      2'-phenyl-6-azido-7-bromo-16-methylene-17.alpha.-acetoxy-20-keto-4-pregnen
     o[3,2-c]pyrazole,
PA1  41.
      2'-phenyl-6-azido-7-bromo-16-(n-butylidene)-17.alpha.-acetoxy-20-keto-4-pr
     egneno[3,2-c]pyrazole,
PA1  42.
      2'-phenyl-6-azido-7-bromo-16-methylene-17.alpha.-propionoxy-20-keto-4-preg
     neno[3,2-c]pyrazole,
PA1  43.
      2'-phenyl-6-azido-7-bromo-11.beta.-hydroxy-16-methylene-17.alpha.-acetoxy-
     20-keto-4-pregneno[3,2-c]pyrazole,
PA1  44. 2'-phenyl-6-azido-7-bromo-11,20-diketo-16-methylene-17.alpha.-acetoxy-
      4-pregneno[3,2-c]pyrazole,
PA1  45.
      2'-phenyl-6-azido-7-bromo-16-methylene-17.alpha.-acetoxy-20-keto-21-fluoro
     -4-pregneno[3,2-c]pyrazole,
PA1  46.
      2'-phenyl-6-azido-7-bromo-16-methylene-17.alpha.-acetoxy-20-keto-21-chloro
     -4-pregneno[3,2-c]pyrazole,
PA1  47.
      2'-phenyl-6-azido-7-bromo-16-chloromethylene-17.alpha.-acetoxy-20-keto-4-p
     regneno[3,2-c]pyrazole,
PA1  48.
      2'-phenyl-6-azido-7-bromo-16-fluoromethylene-17.alpha.-actoxy-20-keto-4-pr
     egneno[3,2-c]pyrazole,
PA1  49.
      2'-phenyl-6-azido-7-bromo-11.beta.-hydroxy-16-chloromethylene-17.alpha.-ac
     etoxy-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  50.
      2'-phenyl-6-azido-7-bromo-16.beta.-methyl-17.alpha.-acetoxy-20-keto-4-preg
     neno[3,2-c]pyrazole,
PA1  51.
      2'-phenyl-6-azido-7-bromo-16.alpha.-methyl-17.alpha.-acetoxy-20-keto-4-pre
     gneno[3,2-c]pyrazole,
PA1  52.
      2'-phenyl-6-azido-7-bromo-11,20-diketo-16.beta.-methyl-17.alpha.-acetoxy-4
     -pregneno[3,2-c]pyrazole,
PA1  53.
      2'-phenyl-6-azido-7-bromo-11,20-diketo-16.alpha.-methyl-17.alpha.-acetoxy-
     4-pregneno[3,2-c]pyrazole,
PA1  54.
      2'-phenyl-6-azido-7-bromo-11.beta.-hydroxy-16.beta.-methyl-17.alpha.-aceto
     xy-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  55.
      2'-phenyl-6-azido-7-bromo-11.beta.-hydroxy-16.alpha.-methyl-17.alpha.-acet
     oxy-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  56.
      2'-phenyl-6-azido-7-bromo-16.alpha.-methyl-17.alpha.-acetoxy-20-keto-21-fl
     uoro-4-pregneno[3,2-c]pyrazole,
PA1  57.
      2'-phenyl-6-azido-7-bromo-16.alpha.-methyl-17.alpha.-acetoxy-20-keto-21-fl
     uoro-4-pregneno[3,2-c]pyrazole,
PA1  58.
      2'-phenyl-6-azido-7-bromo-11,20-diketo-17.alpha.-hydroxy-21-fluoro-4-pregn
     eno[3,2-c]pyrazole,
PA1  59.
      2'-phenyl-6-azido-7-bromo-11,20-diketo-16.alpha.-methyl-17.alpha.-hydroxy-
     21-fluoro-4-pregneno[3,2-c]pyrazole,
PA1  60. 2'-phenyl-6-azido-7-bromo-11,20-diketo-16.beta.-methyl-
      17.alpha.-hydroxy-21-fluoro-4-pregneno[3,2-c]pyrazole,
PA1  61.
      2'-phenyl-6-azido-7-bromo-17.alpha.-hydroxy-20-keto-21-fluoro-4-pregneno[3
     ,2-c]pyrazole,
PA1  62.
      2'-phenyl-6-azido-7-bromo-16.alpha.-methyl-17.alpha.-hydroxy-20-keto-21-fl
     uoro-4-pregneno[3,2-c]pyrazole,
PA1  63.
      2'-phenyl-6-azido-7-bromo-16.beta.-methyl-17.alpha.-hydroxy-20-keto-21-flu
     oro-4-pregneno[3,2-c]pyrazole,
PA1  64. 2'-phenyl-6-azido-7-bromo-20-keto-4-pregneno[3,2-c]pyrazole,
PA1  65.
      2'-phenyl-6-azido-7-bromo-16.alpha.-methyl-20-keto-4-pregneno[3,2-c]pyrazo
     le,
PA1  66.
      2'-phenyl-6-azido-7-bromo-16.beta.-methyl-20-keto-4-pregneno[3,2-c]pyrazol
     e,
PA1  67. 2'-phenyl-6-azido-7-bromo-20-keto-21-fluoro-4-pregneno[3,2-c]pyrazole,
PA1  68.
      2'phenyl-6azido-7-bromo-16.alpha.-methyl-20-keto-21-fluoro-4-pregneno[3,2-
     c]pyrazole,
PA1  69.
      2'-phenyl-6-azido-7-bromo-16.beta.-methyl-20-keto-21-fluoro-4-pregneno[3,2
     -c]pyrazole,
PA1  70. 2'-phenyl-6-azido-7-bromo-11,20-diketo-4-pregneno[3,2-c]pyrazole,
PA1  71.
      2'-phenyl-6-azido-7-bromo-11,20-diketo-16.alpha.-methyl-4-pregneno[3,2-c]p
     yrazole,
PA1  72.
      2'-phenyl-6-azido-7-bromo-11,20-diketo-16.beta.-methyl-4-pregneno[3,2-c]py
     razole,
PA1  73.
      2'-phenyl-6-azido-7-bromo-11.beta.-hydroxy-20-keto-4-pregneno[3,2-c]pyrazo
     le,
PA1  74.
      2'-phenyl-6-azido-7-bromo-11.beta.-hydroxy-16.alpha.-methyl-20-keto-4-preg
     neno[3,2-c]pyrazole,
PA1  75.
      2'-phenyl-6-azido-7-bromo-11.beta.-hydroxy-16.beta.-methyl-20-keto-4-pregn
     eno[3,2-c]pyrazole.
PAC  B. 2'-Phenyl-6-Azido-20-Keto-21-Desoxy-4,6-Pregnadieno[3,2-c]Pyrazoles
PAR  In a manner similar to that described in Example 1B treat each of the
      2'-phenyl-6-azido-7-bromo-20-keto-4-pregneno[3,2-c]pyrazoles  obtained in
      Example 6A with tetramethylammonium fluoride in acetonitrile under
      nitrogen at room temperature. Isolate and purify each of the resultant
      products in a manner similar to that described to obtain, respectively,
PA1  1.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16-methylene-17.alpha.-acetox
     y-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  2.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16-ethylidene-17.alpha.-aceto
     xy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  3.
      2'-phenyl-6-azido-9.alpha.-bromo-11.beta.-fluoro-16-methylene-17.alpha.-ac
     etoxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  4.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-16-methylene-17.alpha.-
     acetoxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  5. 2'-phenyl-6-azido-9.alpha.-fluoro-11,20
      -diketo-16-methylene-17.alpha.-acetoxy-4,6-pregnadieno[3,2-c]pyrazole,
PA1  6.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-21-fluoro-16-methylene-17.alp
     ha.-acetoxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  7.
      2'-phenyl-6-azido-9.alpha.,11.beta.,21-trichloro-16-methylene-17.alpha.-ac
     etoxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  8.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-16-chloromethylene-17.a
     lpha.-acetoxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  9.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-16-fluoromethylene-17.a
     lpha.-acetoxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  10.
      2'-phenyl-6-azido-16.alpha.,17.alpha.-isopropylidenedioxy-20-keto-4,6-preg
     nadieno[3,2-c]pyrazole,
PA1  11.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.alpha.,17.alpha.-isopropyl
     idenedioxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  12.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.,17.alpha.-iso
     propylidenedioxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  13.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.beta.-methyl-17.alpha.-ace
     toxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  14.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.alpha.-methyl-17.alpha.-ac
     etoxy-20-keto-4,6-pregnadieno[3,2-]-c]
PA1  15.
      2'-phenyl-6-azido-9.alpha.-fluoro-11,20-diketo-16.beta.-methyl-17.alpha.-a
     cetoxy-4,6-pregnadieno[3,2-c]pyrazole,
PA1  16.
      2'-phenyl-6-azido-9.alpha.-fluoro-11,20-diketo-16.alpha.-methyl-17.alpha.-
     acetoxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  17.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-16.beta.-methyl-17.alph
     a.-acetoxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  18.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methyl-17.alp
     ha.-acetoxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  19.
      2'-phenyl-6-azido-9.alpha.,21-difluoro-11,20-diketo-17.alpha.-hydroxy-4,6-
     pregnadieno[3,2-c]pyrazole,
PA1  20.
      2'-phenyl-6-azido-9.alpha.,21-difluoro-11,20-diketo-16.alpha.-methyl-17.al
     pha.-hydroxy-4,6-pregnadieno[3,2-c]pyrazole,
PA1  21.
      2'-phenyl-6-azido-9.alpha.,21-difluoro-11,20-diketo-16.beta.-methyl-17.bet
     a.-hydroxy-4,6-pregnadieno[3,2-c]pyrazole,
PA1  22.
      2'-phenyl-6-azido-9.alpha.,21-difluoro-11.beta.,17.alpha.-dihydroxy-20-ket
     o-4,6-pregnadieno[3,2-c]pyrazole,
PA1  23.
      2'-phenyl-6-azido-9.alpha.,21-difluoro-11.beta.,17.alpha.-dihydroxy-16.alp
     ha.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  24.
      2'-phenyl-6-azido-9.alpha.,21-difluoro-11.beta.,17.alpha.-dihydroxy-16.bet
     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  25.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-20-keto-4,6-pregnadieno
     [3,2-c]pyrazole,
PA1  26.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-16.alpha.-methyl-20-ket
     o-4,6-pregnadieno[3,2-c]pyrazole,
PA1  27.
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.-hydroxy-16.beta.-methyl-20-keto
     -4,6-pregnadieno[3,2-c]pyrazole,
PA1  28.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-20-keto-4,6-pregnadieno[3,2-c
     ]pyrazole,
PA1  29.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.alpha.-methyl-20-keto-4,6-
     pregnadieno[3,2-c]pyrazole,
PA1  30.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-16.beta.-methyl-20-keto-4,6-p
     regnadieno[3,2-c]pyrazole,
PA1  31.
      2'-phenyl-6-azido-9.alpha.-bromo-11.beta.-chloro-20-keto-4,6-pregnadieno[3
     ,2-c]pyrazole,
PA1  32.
      2'-phenyl-6-azido-9.alpha.-bromo-11.beta.-chloro-16.alpha.-methyl-20-keto-
     4,6-pregnadieno[3,2-c]pyrazole,
PA1  33.
      2'-phenyl-6-azido-9.alpha.-bromo-11.beta.-chloro-16.beta.-methyl-20-keto-4
     ,6-pregnadieno[3,2-c]pyrazole,
PA1  34.
      2'-phenyl-6-azido-9.alpha.,11.beta.,21-trichloro-20-keto-4,6-pregnadieno[3
     ,2-c]pyrazole,
PA1  35.
      2'-phenyl-6-azido-9.alpha.,11.beta.,21-trichloro-16.alpha.-methyl-20-keto-
     4,6-pregnadieno[3,2-c]pyrazole,
PA1  36.
      2'-phenyl-6-azido-9.alpha.,11.beta.,21-trichloro-16.beta.-methyl-20-keto-4
     ,6-pregnadieno[3,2-c]pyrazole,
PA1  37.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-21-fluoro-20-keto-4,6-pregnad
     ieno[3,2-c]pyrazole,
PA1  38.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-21-fluoro-16.alpha.-methyl-20
     -keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  39.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-21-fluoro-16.beta.-methyl-20-
     keto-4,6-pregnadieno[3,2-c]pyrazole.
PA1  40.
      2'-phenyl-6-azido-16-methylene-17.alpha.-acetoxy-20-keto-4,6-pregnadieno[3
     ,2-c]pyrazole,
PA1  41.
      2'-phenyl-6-azido-16-(n-butylidene)-17.alpha.-acetoxy-20-keto-4,6-pregnadi
     eno[3,2-c]pyrazole,
PA1  42.
      2'-phenyl-6-azido-16-methylene-17.alpha.-propionyloxy-20-keto-4,6-pregnadi
     eno[3,2-c]pyrazole,
PA1  43.
      2'-phenyl-6-azido-11.beta.-hydroxy-16-methylene-17.alpha.-acetoxy-20-keto-
     4,6-pregnadieno[3,2-c]pyrazole,
PA1  44.
      2'-phenyl-6-azido-11,20-diketo-16-methylene-17.alpha.-acetoxy-4,6-pregnadi
     eno[3,2-c]pyrazole,
PA1  45.
      2'-phenyl-6-azido-16-methylene-17.alpha.-acetoxy-20-keto-21-fluoro-4,6-pre
     gnadieno[3,2-c]pyrazole,
PA1  46. 2'-phenyl-6-azido-16-methylene-17.alpha.-acetoxy-20
      -keto-21-chloro-4,6-pregnadieno[3,2-c]pyrazole,
PA1  47.
      2'-phenyl-6-azido-16-chloromethylene-17.alpha.-acetoxy-20-keto-4,6-pregnad
     ieno[3,2-c]pyrazole,
PA1  48. 2'-phenyl-6-azido-16-fluoromethylene-17.alpha.-acetoxy-20-keto-4,6
      -pregnadieno[3,2-c]pyrazole,
PA1  49.
      2'-phenyl-6-azido-11.beta.-hydroxy-16-chloromethylene-17.alpha.-acetoxy-20
     -keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  50.
      2'-phenyl-6-azido-16.beta.-methyl-17.alpha.-acetoxy-20-keto-4,6-pregnadien
     o[3,2-c]pyrazole,
PA1  51.
      2'-phenyl-6-azido-16.alpha.-methyl-17.alpha.-acetoxy-20-keto-4,6-pregnadie
     no[3,2-c]pyrazole,
PA1  52.
      2'-phenyl-6-azido-11,20-diketo-16.beta.-methyl-17.alpha.-acetoxy-4,6-pregn
     adieno[3,2-c]pyrazole,
PA1  53.
      2'-phenyl-6-azido-11,20-diketo-16.alpha.-methyl-17.alpha.-acetoxy-4,6-preg
     nadieno[3,2-c]pyrazole,
PA1  54.
      2'-phenyl-6-azido-11.beta.-hydroxy-16.beta.-methyl-17.alpha.-acetoxy-20-ke
     to-4,6-pregnadieno[3,2-c]pyrazole,
PA1  55.
      2'-phenyl-6-azido-11.beta.-hydroxy-16.alpha.-methyl-17.alpha.-acetoxy-20-k
     eto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  56.
      2'-phenyl-6-azido-16.beta.-methyl-17.alpha.-acetoxy-20-keto-21-fluoro-4,6-
     pregnadieno[3,2-c]pyrazole,
PA1  57.
      2'-phenyl-6-azido-16.alpha.-methyl-17.alpha.-acetoxy-20-keto-21-fluoro-4,6
     -pregnadieno[3,2-c]pyrazole,
PA1  58.
      2'-phenyl-6-azido-11,20-diketo-17.alpha.-hydroxy-21-fluoro-4,6-pregnadieno
     [3,2-c]pyrazole,
PA1  59.
      2'-phenyl-6-azido-11,20-diketo-16.alpha.-methyl-17.alpha.-hydroxy-21-fluor
     o-4,6-pregnadieno[3,2-c]pyrazole,
PA1  60.
      2'-phenyl-6-azido-11,20-diketo-16.beta.-methyl-17.alpha.-hydroxy-21-fluoro
     -4,6-pregnadieno[3,2-c]pyrazole,
PA1  61.
      2'-phenyl-6-azido-17.alpha.-hydroxy-20-keto-21-fluoro-4,6-pregnadieno[3,2-
     c]pyrazole,
PA1  62.
      2'-phenyl-6-azido-16.alpha.-methyl-17.alpha.-hydroxy-20-keto-21-fluoro-4,6
     -pregnadieno[3,2-c]pyrazole,
PA1  63.
      2'-phenyl-6-azido-16.beta.-methyl-17.alpha.-hydroxy-20-keto-21-fluoro-4,6-
     pregnadieno[3,2-c]pyrazole,
PA1  64. 2'-phenyl-6-azido-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  65.
      2'-phenyl-6-azido-16.alpha.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  66.
      2'-phenyl-6-azido-16.beta.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  67. 2'-phenyl-6-azido-20-keto-21-fluoro-4,6-pregnadieno[3,2-c]pyrazole,
PA1  68.
      2'-phenyl-6-azido-16.alpha.-methyl-20-keto-21-fluoro-4,6-pregnadieno[3,2-c
     ]pyrazole,
PA1  69.
      2'-phenyl-6-azido-16.beta.-methyl-20-keto-21-fluoro-4,6-pregnadieno[3,2-c]
     pyrazole,
PA1  70. 2'-phenyl-6-azido-11,20-diketo-4,6-pregnadieno[3,2-c]pyrazole,
PA1  71.
      2'-phenyl-6-azido-11,20-diketo-16.alpha.-methyl-4,6-pregnadieno[3,2-c]pyra
     zole,
PA1  72.
      2'-phenyl-6-azido-11,20-diketo-16.beta.-methyl-4,6-pregnadieno[3,2-c]pyraz
     ole,
PA1  73.
      2'-phenyl-6-azido-11.beta.-hydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole,
PA1  74.
      2'-phenyl-6-azido-11.beta.-hydroxy-16.alpha.-methyl-20-keto-4,6-pregnadien
     o[3,2-c]pyrazole,
PA1  75.
      2'-phenyl-6-azido-11.beta.-hydroxy-16.beta.-methyl-20-keto-4,6-pregnadieno
     [3,2-c]pyrazole.
PAC  EXAMPLE 7
PAC  Alternate Procedure for the Preparation of
      2'-Phenyl-6-Azido-17.alpha.,21-Dihydroxy-20-Keto
      4,6-Pregnadieno[3,2-c]Pyrazoles
PAC  A.
      2'-Hydroxymethylene-3-Keto-6-Azido-17.alpha.,20;20,21-Bismethylenedioxy-4,
     6-Pregnadienes
PAR  In a manner similar to that described in Example 3A treat each of the
      following 3-keto-6-azido-4,6-pregnadienes with sodium hydride, sodium
      methoxide, and ethyl formate in benzene under an atmosphere of nitrogen:
PA1  1.
      6-azido-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregnadiene-11.beta.-ol-3
     -one,
PA1  2.
      6-azido-16.alpha.-methyl-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregnadi
     ene-11.beta.-ol-3-one,
PA1  3.
      6-azido-16.beta.-methyl-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregnadie
     ne-11.beta.-ol-3-one,
PA1  4. 6-azido-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregnadiene-3,11-dione,
PA1  5.
      6-azido-16.alpha.-methyl-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregnadi
     ene-3,11-dione,
PA1  6.
      6-azido-16.beta.-methyl-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregnadie
     ne-3,11-dione,
PA1  7.
      6-azido-16-methylene-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregnadiene-
     11.beta.-ol-3-one,
PA1  8.
      6-azido-16-methylene-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregnadiene-
     3,11-dione,
PA1  9.
      6-azido-9.alpha.,11.beta.-dichloro-17.alpha.,20;20,21-bismethylenedioxy-4,
     6-pregnadiene-3-one.
PAR  Isolate and purify each of the resultant products in a manner similar to
      that described in Example 3A to obtain, respectively,
PA1  1.
      2-hydroxymethylene-6-azido-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregna
     diene-11.beta.-ol-3-one,
PA1  2.
      2-hydroxymethylene-6-azido-16.alpha.-methyl-17.alpha.,20;20,21-bismethylen
     edioxy-4,6-pregnadiene-11.beta.-ol-3-one,
PA1  3.
      2-hydroxymethylene-6-azido-16.beta.-methyl-17.alpha.,20;20,21-bismethylene
     dioxy-4,6-pregnadiene-11.beta.-ol-3-one,
PA1  4.
      2-hydroxymethylene-6-azido-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregna
     diene-3,11-dione,
PA1  5.
      2-hydroxymethylene-6-azido-16.alpha.-methyl-17.alpha.,20;20,21-bismethylen
     edioxy-4,6-pregnadiene-3,11-dione,
PA1  6.
      2-hydroxymethylene-6-azido-16.beta.-methyl-17.alpha.,20;20,21-bismethylene
     dioxy-4,6-pregnadiene-3,11-dione,
PA1  7.
      2-hydroxymethylene-6-azido-16-methylene-17.alpha.,20;20,21-bismethylenedio
     xy-4,6-pregnadiene-11.beta.-ol-3-one,
PA1  8.
      2-hydroxymethylene-6-azido-16-methylene-17.alpha.,20;20,21bismethylenediox
     y-4,6-pregnadiene-3,11-dione,
PA1  9. 2-hydroxymethylene-6-azido-9.alpha.,11.beta.-dichloro-17.alpha.,20;20,21
      -bismethylenedioxy-4,6-pregnadiene-3-one.
PAC  B.
      2'-Phenyl-6-Azido-17.alpha.,20;20,21-Bismethylenedioxy-4,6-Pregnadieno[3,2
     -c]Pyrazoles
PAR  In a manner similar to that described in Example 3B treat each of the
      2-hydroxymethylene-6-azido-4,6-pregnadienes prepared as described in
      Example 3A with phenylhydrazine in ethanol. Isolate and purify each of the
      resultant products in a manner similar to that described to obtain,
      respectively,
PA1  1.
      2'-phenyl-6-azido-11.beta.-hydroxy-17.alpha.,20;20,21-bismethylenedioxy-4,
     6-pregnadieno[3,2-c]pyrazole,
PA1  2.
      2'-phenyl-6-azido-11.beta.-hydroxy-16.alpha.-methyl-17.alpha.,20;20,21-bis
     methylenedioxy-4,6-pregnadieno[3,2-c]pyrazole,
PA1  3.
      2'-phenyl-6-azido-11.beta.-hydroxy-16.beta.-methyl-17.alpha.,20;20,21-bism
     ethylenedioxy-4,6-pregnadieno[3,2-c]pyrazole,
PA1  4.
      2'-phenyl-6-azido-11-keto-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregnad
     ieno[3,2-c]pyrazole,
PA1  5.
      2'-phenyl-6-azido-11-keto-16.alpha.-methyl-17.alpha.,20;20,21-bismethylene
     dioxy-4,6-pregnadieno[3,2-c]pyrazole,
PA1  6.
      2'-phenyl-6-azido-11-keto-16.beta.-methyl-17.alpha.,20;20,21-bismethylened
     ioxy-4,6-pregnadieno[3,2-c]pyrazole,
PA1  7. 2'-phenyl-6-azido-11.beta.-hydroxy-16-methylene-17.alpha.,20;20,21
      -bismethylenedioxy-4,6-pregnadieno[3,2-c]pyrazole,
PA1  8.
      2'-phenyl-6-azido-11-keto-16-methylene-17.alpha.,20;20,21-bismethylenediox
     y-4,6-pregnadieno[3,2-c]pyrazole,
PA1  9.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-17.alpha.,20;20,21-bismethyle
     nedioxy-4,6-pregnadieno[3,2-c]pyrazole.
PAR  C. In a manner similar to that described in Example 3C treat each of the
      2'-phenyl-6-azido-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregnadieno[3,2
     -c]pyrazoles prepared in above Example 7B with triphenylcarbenium
      tetrafluoroborate followed by aqueous bicarbonate or with 60% aqueous
      formic acid followed by aqueous potassium hydroxide to obtain,
      respectively,
PA1  1.
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno
     [3,2-c]pyrazole,
PA1  2.
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methyl-20-ket
     o-4,6-pregnadieno[3,2-c]pyrazole,
PA1  3.
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-20-keto
     -4,6-pregnadieno[3,2-c]pyrazole,
PA1  4.
      2'-phenyl-6-azido-11,20-diketo-17.alpha.,21-dihydroxy-4,6-pregnadieno[3,2-
     c]pyrazole,
PA1  5.
      2'-phenyl-6-azido-11,20-diketo-16.alpha.-methyl-17.alpha.,21-dihydroxy-4,6
     -pregnadieno[3,2-c]pyrazole,
PA1  6.
      2'-phenyl-6-azido-11,20-diketo-16.beta.-methyl-17.alpha.,21-dihydroxy-4,6-
     pregnadieno[3,2-c]pyrazole,
PA1  7.
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-16-methylene-20-keto-4,
     6-pregnadieno[3,2-c]pyrazole,
PA1  8.
      2'-phenyl-6-azido-11,20-diketo-16-methylene-17.alpha.,21-dihydroxy-4,6-pre
     gnadieno[3,2-c]pyrazole,
PA1  9.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-17.alpha.,21-dihydroxy-20-ket
     o-4,6-pregnadieno[3,2-c]pyrazole.
PAC  D.
      2'-Phenyl-6-Azido-17.alpha.,21-Dihydroxy-20-Keto-4,6-Pregnadieno[3,2-c]Pyr
     azole 21-Acetates
PAR  Dissolve 1 gm. of each of the
      6-azido-21-hydroxy-4,6-pregnadieno[3,2-c]pyrazoles prepared in Example 7C
      in 10 ml. of pyridine and 3 ml. of acetic anhydride. Allow each of the
      reaction solutions to stand at room temperature, pour into dilute
      hydrochloric acid, separate by filtration each of the resultant
      precipitates, wash with water and air dry to yield, respectively,
PA1  1.
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno
     [3,2-c]pyrazole 21-acetate,
PA1  2.
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methyl-20-ket
     o-4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  3.
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-16.beta.-methyl-20-keto
     -4,6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  4.
      2'-phenyl-6-azido-11,20-diketo-17.alpha.,21-dihydroxy-4,6-pregnadieno[3,2-
     c]pyrazole 21-acetate,
PA1  5.
      2'-phenyl-6-azido-11,20-diketo-16.alpha.-methyl-17.alpha.,21-dihydroxy-4,6
     -pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  6.
      2'-phenyl-6-azido-11,20-diketo-16.beta.-methyl-17.alpha.,21-dihydroxy-4,6-
     pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  7.
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-16-methylene-20-keto-4,
     6-pregnadieno[3,2-c]pyrazole 21-acetate,
PA1  8.
      2'-phenyl-6-azido-11,20-diketo-16-methylene-17.alpha.,21-dihydroxy-4,6-pre
     gnadieno[3,2-c]pyrazole 21-acetate,
PA1  9.
      2'-phenyl-6-azido-9.alpha.,11.beta.-dichloro-17.alpha.,21-dihydroxy-20-ket
     o-4,6-pregnadieno[3,2-c]pyrazole 21-acetate.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from the group consisting of a
      6-azido-4,6-pregnadieno [3,2-c]pyrazole of the following formula:
      ##SPC5##
PAR  wherein G is a member selected from the group consisting of hydrogen, lower
      alkyl, cycloalkyl, aralkyl, aryl and lower hydrocarbon carboxylic acyl;
PAR  Q is a member selected from the group consisting of hydroxy, OR wherein R
      is an acyl radical of a hydrocarbon carboxylic acid having up to 12 carbon
      atoms, and hydrogen provided W is a member selected from the group
      consisting of hydrogen and (H, lower alkyl);
PAR  W is a member selected from the group consisting of
      ##EQU4##
      (H, lower alkyl), (H,.alpha.-hydroxy) and (H,.alpha.-OR.sub.1), wherein
      R.sub.1 is an acyl radical of a hydrocarbon carboxylic acid having up to
      12 carbon atoms, =CHT wherein T is a member selected from the group
      consisting of hydrogen, lower alkyl, fluorine and chlorine and W and Q
      taken together is 16.alpha.,17.alpha.-lower alkylidenedioxy;
PAR  X is a member selected from the group consisting of hydrogen and halogen
      having an atomic weight less than 100;
PAR  Y is a member selected from the group consisting of
      ##EQU5##
      provided X is hydrogen, oxygen, (H,.beta.OH), (H,.beta.OCOH), and
      (H,.beta.-halogen of atomic weight less than 100) providing X is halogen;
PAR  Z is a member selected from the group consisting of hydrogen, hydroxy,
      halogen having an atomic weight up to 40, OR.sub.2 wherein R.sub.2 is an
      acyl radical of an acid selected from the group consisting of a
      hydrocarbon carboxylic acid having up to 12 carbon atoms, phosphoric acid
      and the mono- and di-alkali and alkaline earth metal salts thereof, and Z
      together with Q is a member selected from the group consisting of
      alkylidenedioxy and alkyl orthoalkanoate.
NUM  2.
PAR  2. A compound of claim 1 wherein G is a member selected from the group
      consisting of hydrogen, lower alkyl, phenyl, and phenyl substituted in the
      para position by a member selected from the group consisting of fluoro,
      trifluoromethyl, and nitro.
NUM  3.
PAR  3. A compound of claim 1 wherein G is phenyl or p-fluorophenyl; W is
      (H,methyl); and Y is (H,.beta.OH).
NUM  4.
PAR  4. A compound of claim 1 wherein G is phenyl or p-fluorophenyl; W is
      (H,.alpha.-methyl); X is a halogen having an atomic weight less than 40; Y
      is (H,.beta.OH), and Q and Z are each members selected from the group
      consisting of hydroxy or lower alkanoyloxy.
NUM  5.
PAR  5. A compound of claim 1 wherein G is phenyl, W is (H,.alpha.-methyl), X is
      fluorine, Y is (H,.beta.OH) and Q and Z are each members selected from the
      group consisting of hydroxy or lower alkanoyloxy.
NUM  6.
PAR  6. A compound of claim 1 wherein G is phenyl, W is (H,.alpha.-methyl); X is
      fluorine; Y is (H,.beta.OH); Q is hydroxy and Z is acetoxy, said compound
      being
      2'-phenyl-6-azido-9.alpha.-fluoro-11.beta.,17.alpha.,21-trihydroxy-16.alph
     a.-methyl-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate.
NUM  7.
PAR  7. A compound of claim 1 wherein G is phenyl, W is
      ##EQU6##
      X is hydrogen, Y is (H,.beta.OH); Q is hydroxy and Z is acetoxy, said
      compound being
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-20-keto-4,6-pregnadieno
      [3,2-c]pyrazole 21-acetate.
NUM  8.
PAR  8. A compound of claim 1 wherein G is phenyl; W is (H,.alpha.-methyl); Q is
      hydroxy; X is hydrogen; Y is (H,.beta.OH), and Z is acetoxy, said compound
      being
      2'-phenyl-6-azido-11.beta.,17.alpha.,21-trihydroxy-16.alpha.-methyl-20-ket
     o-4,6-pregnadieno-[3,2-c]pyrazole 21-acetate.
NUM  9.
PAR  9. The process for the preparation of 6-azido-4,6-pregnadieno
      [3,2-c]pyrazoles of the following formula I:
      ##SPC6##
PAR  wherein G is a member selected from the group consisting of hydrogen, lower
      alkyl, cycloalkyl, aralkyl, aryl, and lower hydrocarbon carboxylic acid;
PAR  Q is a member selected from the group consisting of hydroxy, OR wherein R
      is an acyl radical or a hydrocarboncarboxylic acid having up to 12 carbon
      atoms, and hydrogen provided W is a member selected from the group
      consisting of hydrogen and (H,lower alkyl);
PAR  W is a member selected from the group consisting of
      ##EQU7##
      (H,lower alkyl), (H,.alpha.-hydroxy), (H,.alpha.-OR.sub.1) wherein R.sub.1
      is an acyl radical of a hydrocarbon carboxylic acid having up to 12 carbon
      atoms, =CHT wherein T is a member selected from the group consisting of
      hydrogen, lower alkyl, fluorine and chlorine and W and Q taken together is
      16.alpha.,17.alpha.-lower alkylidenedioxy;
PAR  X is a member selected from the group consisting of hydrogen and halogen
      having an atomic weight less than 100;
PAR  Y is a member selected from the group consisting of hydrogen provided X is
      hydrogen, oxygen, (H,.beta.OH), and (H,.beta.-halogen of atomic weight
      less than 100) providing X is halogen;
PAR  Z is a member selected from the group consisting of hydrogen, hydroxy,
      halogen having an atomic weight up to 40, OR.sub.2 wherein R.sub.2 is an
      acyl radical of an acid selected from the group consisting of a
      hydrocarbon carboxylic acid having up to 12 carbon atoms, and Z taken
      together with Q is alkylidenedioxy; and
PAR  when Z and Q are hydroxy and W is other than (H.alpha.OH), the
      17.alpha.,20;20,21-bisalkylidenedioxy derivatives thereof,
PAR  which comprises treating a 6-azido-7-halogeno-4-pregneno-[3,2-c]pyrazole of
      following formula II:
      ##SPC7##
PAR  wherein G, Q, W, X, Y and Z are as hereinabove defined, and X.sub.1 is a
      halogen of atomic weight greater than 20, with a dehydrohalogenating agent
      in an aprotic solvent.
NUM  10.
PAR  10. The process of claim 9 wherein said dehydrohalogenating agent is a
      tetraalkylammonium halide.
NUM  11.
PAR  11. The process of claim 9 wherein said dehydrohalogenating agent in an
      aprotic solvent is tetramethylammonium fluoride in acetonitrile.
NUM  12.
PAR  12. The process of claim 9 wherein said
      6-azido-7-halogeno-4-pregneno[3,2-c]pyrazole is a compound of formula II
      wherein X is halogen.
NUM  13.
PAR  13. The process of claim 9 wherein said
      6-azido-7-halogeno-4-pregneno[3,2-c]pyrazole is a compound of formula II
      wherein X is halogen, X' is bromine, and said dehydrohalogenating agent in
      an aprotic solvent is tetramethylammonium fluoride in acetonitrile.
NUM  14.
PAR  14. The process of claim 9 wherein said
      6-azido-7-halogeno-4-pregneno[3,2-c]pyrazole is a compound of formula II
      wherein X is fluorine, X' is bromine, Y is (H,.beta.OH), W is (H,methyl),
      Z is lower alkanoyl, and said dehydrohalogenating agent is an aprotic
      solvent is tetramethylammonium fluoride in acetonitrile.
NUM  15.
PAR  15. The process of claim 9 wherein said
      6-azido-7-halogeno-4-pregneno[3,2-c]pyrazole of formula II is prepared by
      treating a 6-unsubstituted-4,6-pregnadieno[3,2-c]pyrazole of following
      formula III:
      ##SPC8##
PAR  wherein G, Q, W, X, Y and Z are as defined for formula I, claim 9, with a
      halogen azide, wherein said halogen has an atomic weight greater than 20.
NUM  16.
PAR  16. The process of claim 15 wherein said halogen azide is bromine azide
      whereby is obtained a 6-azido-7-bromo derivative of formula II.
NUM  17.
PAR  17. A 6-azido-7-halogeno-4-pregneno[3,2-c]pyrazole of the following
      formula:
      ##SPC9##
PAR  wherein X' is a halogen of atomic weight greater than 20;
PAR  wherein G is a member selected from the group consisting of hydrogen, lower
      alkyl, cycloalkyl, aralkyl, aryl, and lower hydrocarbon carboxylic acyl;
PAR  Q is a member selected from the group consisting of hydroxy, OR wherein R
      is an acyl radical of a hydrocarboncarboxylic acid having up to 12 carbon
      atoms, and hydrogen provided W is a member selected from the group
      consisting of hydrogen and (H,lower alkyl);
PAR  W is a member selected from the group consisting of hydrogen, (H,lower
      alkyl), (H,.alpha.-hydroxy) and (H,.alpha.-OR.sub.1), wherein R.sub.1 is
      an acyl radical of a hydrocarbon carboxylic acid having up to 12 carbon
      atoms, =CHT wherein T is a member selected from the group consisting of
      hydrogen, lower alkyl, fluorine and chlorine and W and Q together is
      16.alpha. ,17.alpha.-lower alkylidenedioxy;
PAR  X is a member selected from the group consisting of hydrogen and halogen
      having an atomic weight less than 100;
PAR  Y is a member selected from the group consisting of hydrogen provided X is
      hydrogen, oxygen, (H,.beta.OH), and (H,.beta.-halogen of atomic weight
      less than 100) providing X is halogen;
PAR  Z is a member selected from the group consisting of hydrogen, hydroxy,
      halogen having an atomic weight up to 40, OR.sub.2 wherein R.sub.2 is an
      acyl radical of an acid selected from the group consisting of a
      hydrocarbon carboxylic acid having up to 12 carbon atoms, and Z together
      with Q is alkylidenedioxy,
PAR  and when Q and Z are hydroxy and W is other than (H,.alpha.OH), the
      (17.alpha., 20;20,21)-bisalkylidenedioxy derivatives thereof.
NUM  18.
PAR  18. A compound of claim 17 wherein X' is bromine and X is a halogen of
      atomic weight less than 100.
NUM  19.
PAR  19. A compound of claim 17 wherein G is phenyl, Q is hydroxyl, W is
      (H,.alpha.-methyl), X is fluorine, X' is bromine, Y is (H,.beta.OH), and Z
      is acetoxy, said compound being
      2'-phenyl-6-azido-7-bromo-9.alpha.-fluoro-11.beta., 17.alpha.
      ,21-trihydroxy-16.alpha.-methyl-20-keto-4,6-pregnadieno [3,2-c]pyrazole
      21acetate.
NUM  20.
PAR  20. A compound of claim 17 wherein G is phenyl, Q is hydroxyl, Y is
      (H,.beta.OH), W and X are hydrogen, X' is bromine, Z is acetoxy, said
      compound being 2'-phenyl-6-azido-7-bromo-11.beta.,17.alpha.
      ,21-trihydroxy-20-keto-4,6-pregnadieno[3,2-c]pyrazole 21-acetate.
NUM  21.
PAR  21. The process for the preparation of a
      6-azido-4,6-pregnadieno[3,2-c]pyrazole of the following formula I:
      ##SPC10##
PAR  wherein G is a member selected from the group consisting of hydrogen, lower
      alkyl, cycloalkyl, aralkyl, aryl, and lower hydrocarbon carboxylic acyl;
PAR  W is a member selected from the group consisting of
      ##EQU8##
      (H,lower alkyl), (H,.alpha.-OR.sub.1) wherein R.sub.1 is an acyl radical
      of a hydrocarbon carboxylic acid having up to 12 carbon atoms, =CHT
      wherein T is a member selected from the group consisting of hydrogen,
      lower alkyl, fluorine and chlorine;
PAR  X is a member selected from the group consisting of hydrogen and halogen
      having an atomic weight less than 100;
PAR  Y is a member selected from the group consisting of
      ##EQU9##
      provided X is hydrogen, oxygen, (H,.beta.OH), and (H,.beta.-halogen of
      atomic weight less than 100) providing X is halogen;
PAR  which comprises treating a 3-keto-6-azido-4,6-pregnadiene of the following
      formula II:
      ##SPC11##
PAR  wherein W, X and Y are as hereinabove defined; with an alkyl formate in the
      presence of a strong base under an inert atmosphere,
PAR  followed by treatment of the thereby formed 2-hydroxymethylene derivative
      of formula II either with a hydrazine derivative of formula III:
EQU  GNHNH.sub.2                                                (III)
PAR  wherein G is as hereinabove defined, whereby is formed a 17.alpha.,
      20;20,21-bismethylenedioxy derivative of formula I;  or with a lower
      alkanol in the presence of acid followed by treatment of the resulting
      2-alkoxymethylene derivative of formula II with a hydrazine of formula III
      wherein G is as hereinabove defined, whereby is formed a
      17.alpha.,20;20,21-bismethylenedioxy derivative of formula I;  and
      treating the thereby formed 17.alpha.,20;20,21-bismethylenedioxy
      derivative of a compound of formula I with acid.
NUM  22.
PAR  22. The process of claim 21 including the step of isolating the compound of
      formula I thereby formed.
NUM  23.
PAR  23. The process of claim 9 including the step of isolating the compound of
      formula I thereby formed.
NUM  24.
PAR  24. A
      6-azido-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregnadieno[3,2-c]pyrazol
     e of the following formula:
      ##SPC12##
PAR  wherein G is a member selected from the group consisting of hydrogen, lower
      alkyl, cycloalkyl, aralkyl, aryl and lower hydrocarbon carboxylic acyl;
PAR  X is a member selected from the group consisting of hydrogen and halogen
      having an atomic weight less than 100;
PAR  Y is a member selected from the group consisting of
      ##EQU10##
      provided X is hydrogen, oxygen, (H,.beta.OH), and (H,.beta.-halogen of
      atomic weight less than 100) providing X is halogen; and
PAR  W' is a member selected from the group consisting of
      ##EQU11##
      (H,lower alkyl), =CHT wherein T is a member selected from the group
      consisting of hydrogen, lower alkyl, fluorine and chlorine.
NUM  25.
PAR  25. A 6-azido-21-substituted-4,6-pregnadieno[3,2-c]pyrazole of the
      following formula:
      ##SPC13##
PAR  wherein G is a member selected from the group consisting of hydrogen, lower
      alkyl, cycloalkyl, aralkyl, aryl and lower hydrocarbon carboxylic acyl;
PAR  Q is a member selected from the group consisting of hydroxy, OR wherein R
      is an acyl radical of a hydrocarbon carboxylic acid having up to 12 carbon
      atoms, and hydrogen provided W is a member selected from the group
      consisting of hydrogen and (H, lower alkyl);
PAR  W is a member selected from the group consisting of
      ##EQU12##
      (H, lower alkyl), (H, .alpha.-hydroxy) and (H,.alpha.-OR.sub.1), wherein
      R.sub.1 is an acyl radical of a hydrocarbon carboxylic acid having up to
      12 carbon atoms, =CHT wherein T is a member selected from the group
      consisting of hydrogen, lower alkyl, fluorine and chlorine and W and Q
      taken together is 16.alpha.,17.alpha.-lower alkylidenedioxy;
PAR  X is a member selected from the group consisting of hydrogen and halogen
      having an atomic weight less than 100;
PAR  Y is a member selected from the group consisting of
      ##EQU13##
      provided X is hydrogen, oxygen, (H,.beta.OH), and (H,.beta.-halogen of
      atomic weight less than 100) providing X is halogen; and
PAR  Z' is a member selected from the group consisting of iodine, bromine and
      hydrocarbonsulfonyloxy having up to 7 carbon atoms.
NUM  26.
PAR  26. A
      2-hydroxymethylene-6-azido-17.alpha.,20;20,21-bismethylenedioxy-4,6-pregna
     dien-3-one of the following formula:
      ##SPC14##
PAR  wherein X is a member selected from the group consisting of hydrogen and
      halogen having an atomic weight less than 100;
PAR  Y is a member selected from the group consisting of
      ##EQU14##
      provided X is hydrogen, oxygen, (H,.beta.OH), and (H,.beta.-halogen of
      atomic weight less than 100) providing X is halogen; and
PAR  W' is a member selected from the group
      ##EQU15##
      (H, lower alkyl), =CHT wherein T is a member selected from the group
      consisting of hydrogen, lower alkyl, fluorine and chlorine.
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PAL  The
      2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-15-substituted-.omega.-pentanorpr
     ostaglandins and various intermediates employed in their preparation. The
      novel prostaglandins of this invention have been found to have activity
      profiles comparable to the parent prostaglandins, but exhibit a greater
      tissue specificity of action.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to certain novel analogs of the naturally occurring
      prostaglandins. In particular, it relates to novel
      2-descarboxy-2-(tetrazol-5-yl)-15-substituted-.omega.-pentanorprostaglandi
     ns and various novel intermediates useful in their preparation.
PAR  The prostaglandins are C-20 unsaturated fatty acids which exhibit diverse
      physiological effects. For instance, the prostaglandins of the E and A
      series are potent vasodilators (Bergstrom, et al., Acta Physiol. Scand.
      64:332-33, 1965 and Bergstrom, et al., Life Sci. 6:449-455, 1967) and
      lower systemic arterial blood pressure (vasodepression) on intravenous
      administration (Weeks and King, Federation Proc. 23:327, 1965; Bergstrom,
      et al., 1965, op. cit.; Carlson, et al., Acta Med. Scand. 183:423-430,
      1968; and Carlson et al., Acta Physiol. Scand. 75:161-169, 1969). Another
      well known physiological action for PGE.sub.1 and PGE.sub.2 is as a
      bronchodilator (Cuthbert, Brit. Med. J. 4:723-726, 1969).
PAR  Still another important physiological role for the natural prostaglandins
      is in connection with the reproductive cycle. PGE.sub.2 is known to
      possess the ability to induce labor (Karim, et al., J. Obstet. Gynaec.
      Brit. Cwlth. 77:200-210, 1970), to induce therapeutic abortion (Bygdeman,
      et al., Contraception, 4, 293 (1971) and to be useful for control of
      fertility (Karim, Contraception, 3, 173 (1971)). Patents have been
      obtained for several prostaglandins of the E and F series as inducers of
      labor in mammals (Belgian Pat. No. 754,158 and West German Pat. No.
      2,034,641), and on PGE.sub.1, F.sub.2 and F.sub.3 for control of the
      reproductive cycle (South African Pat. No. 69/6089). It has been shown
      that luteolysis can take place as a result of administration of
      PGF.sub.2.sub..alpha. [Labhsetwar, Nature, 230, 528 (1971)] and hence
      prostaglandins have utility for fertility control by a process in which
      smooth muscle stimulation is not necessary.
PAR  Still other known physiological activities for PGE.sub.1 are in the
      inhibition of gastric acid secretion (Shaw and Ramwell, In: Worchester
      Symp. on Prostaglandins, New York, Wiley, 1968, p. 55-64) and also of
      platelet aggregation (Emmons, et al., Brit. Med. J. 2:468-472, 1967).
PAR  It is now known that such physiological effects will be produced in vivo
      for only a short period, following the administration of a prostaglandin.
      Evidence indicates that the reason for this rapid cessation of activity is
      that the natural prostaglandins are quickly and efficiently metabolically
      deactivated by .beta.-oxidation of the carboxylic acid side-chain and by
      oxidation of the 15.alpha.-hydroxy group (Anggard, et al., Acta. Physiol.
      Scand. 81, 396 (1971) and references cited therein). It has been shown
      that placing a 15-alkyl group in the prostaglandins has the effect of
      increasing the duration of action possibly by preventing the oxidation of
      the C15-hydroxyl [Yankee and Bundy, JACS 94, 3651 (1972)], Kirton and
      Forbes, Prostaglandins, 1, 319 (1972).
PAR  It was, of course, considered desirable to create analogs of the
      prostaglandins which would have physiological activities equivalent to the
      natural compounds, but in which the selectivity of action and the duration
      of the activity would be increased. Increased selectivity of action would
      be expected to alleviate the severe side effects, particularly
      gastrointestinal side effects frequently observed following systemic
      administration of the natural prostaglandins (Lancet, 536, 1971).
PAC  SUMMARY OF THE INVENTION
PAR  These needs are met by the 2-descarboxy-2-[tetrazol-5-yl]11
      -desoxy-.omega.-pentanorprostaglandins and their C.sub.15 epimers having
      at the 15-position a hydroxyl or keto group and one substituent of the
      formula:
      ##EQU1##
      wherein Ar is .alpha.- or .beta.-thienyl; 5-phenyl-.alpha.- or
      .beta.-thienyl; 5-lower alkyl-.alpha.- or .beta.-thienyl; .alpha.- or
      .beta.-naphthyl; tropyl, phenyl; 3,4-dimethoxyphenyl;
      3,4-methylenedioxyphenyl; 3,4-dichlorophenyl; 3,5-dimethylphenyl; and
      monosubstituted phenyl wherein said substituent is bromo, chloro, fluoro,
      trifluoromethyl, phenyl, lower alkyl, or lower alkoxy; and R is hydrogen
      or methyl and the pharmaceutically acceptable salts thereof. Preferred
      compounds of this invention are the
      15-substituted-2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-.omega.-pentanorpr
     ostaglandins of the E and F series, their C.sub.15 epimers, and 15 keto
      derivatives.
PAR  Such preferred compounds are represented by the formula:
      ##SPC1##
PAL  wherein
PAR  Ar is .alpha.- or .beta.-thienyl; 5-phenyl-.alpha.- or .beta.-thienyl;
      5-lower alkyl .alpha.- or .beta.-thienyl; .alpha.- or .beta.-naphthyl;
      tropyl; phenyl; 3,5-dimethylphenyl; 3,4-dimethoxyphenyl
      3,4-methylenedioxyphenyl; 3,4-dichlorophenyl; and monosubstituted phenyl
      wherein said substituent is bromo, chloro, fluoro, trifluoromethyl,
      phenyl, lower alkyl, or lower alkoxy; R is hydrogen or methyl;
PAL  and wherein
PA1  M and N aree each
      ##SPC2##
PA1  W is a single bond or cis double bond; and
PA1  Z is a single bond or trans double bond.
PAR  In addition to prostaglandins wherein said prostaglandin is PGE.sub.2,
      PGE.sub.1, PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta.,
      PGF.sub.1.sub..alpha.,PGF.sub.1.sub..beta., PGE.sub.o,
      PGF.sub.o.sub..alpha., PGF.sub.o.sub..beta., 13,14-dihydro PGE.sub.2,
      13,14-dihydro PGF.sub.2.sub..alpha.  and 13,14-dihydro
      PGF.sub.2.sub..beta., and their C.sub.15 epimers having at the 15-position
      a hydroxy or keto group and one substituent of the formula
      ##EQU2##
      wherein Ar is .alpha.- or .beta.-thienyl; 5-phenyl-.alpha.- or
      .beta.-thienyl; 5-lower alkyl-.alpha.- or .beta.-thienyl; .alpha.- or
      .beta.-naphthyl; tropyl, phenyl; 3,5-dimethylphenyl; 3,4-dimethoxyphenyl;
      3,4-methylenedioxyphenyl; 3,4-dichlorophenyl; and monosubstituted phenyl
      wherein said substituent is bromo, chloro, fluoro, trifluoromethyl,
      phenyl, lower alkyl, or lower alkoxy; and R is hydrogen or methyl.
PAR  An especially preferred series of novel compounds are represented by the
      formula:
      ##SPC3##
PAL  and its C.sub.15 epimer.
PAR  Another especially preferred series of novel compounds is represented by
      the formula:
      ##SPC4##
PAL  and its C.sub.15 epimer.
PAR  Still other especially preferred novel compounds are represented by the
      formula
      ##SPC5##
PAL  and its C.sub.15 epimer wherein R, Ar, W and Z are as defined above.
PAR  Another especially preferred series of novel compounds are represented by
      the formula:
      ##SPC6##
PAR  Another especially preferred series of novel compounds is represented by
      the formula:
      ##SPC7##
PAR  Still other especially preferred novel compounds are represented by the
      formula:
      ##SPC8##
PAL  wherein R, Ar, W and Z are as defined above.
PAR  Especially preferred are:
PAR  15-keto-11-deshydroxy-16-(m-tolyl)-2-descarboxy-2-(tetrazol-5-yl)-.omega.-t
     etranorprostaglandin E.sub.2,
      15-keto-11-deshydroxy-16-phenyl-2-(tetrazol-5-yl)-.omega.-tetranorprostagl
     andin E.sub.2, 15-keto-11-deshydroxy
      -16-phenyl-2-descarboxy-2-(tetrazol-5-yl)-.omega.-tetranorprostaglandin
      E.sub.0, 15-keto-11-deshydroxy-16-phenyl-2-descarboxy-2-(tetrazol-5-yl)
      -.omega.-tetranorprostaglandin E.sub.1,
      15-keto-11-deshydroxy-16-(m-tolyl)-2-descarboxy-2-(tetrazol-5-yl)-13,14-di
     hydro-.omega.-tetranorprostaglandin E.sub.2,
      15-keto-11-deshydroxy-16-(m-tolyl)-2-descarboxy-2-(tetrazol
      -5-yl)-.omega.-tetranorprostaglandin F.sub.2.sub..alpha.,
      15-keto-11-deshydroxy-16-(m-tolyl)-2-descarboxy-2-(tetrazol-5-yl)-13,14-di
     hydro-.omega.-tetranorprostaglandin F.sub.2.sub..alpha.,
      11-deshydroxy-16-(5-phenyl-.alpha.-thienyl)-2-descarboxy-2-(tetrazol-5-yl)
     -.omega.-tetranorprostaglandin E.sub.2, 11-deshydroxy
      -16-((-)-methyl)-16-phenyl-2-descarboxy-2-(tetrazol-5-yl)-.omega.-tetranor
     prostaglandin E.sub.2,
      11-deshydroxy-16-((.+-.)-methyl)-16-phenyl-2-descarboxy-2-(tetrazol-5-yl)-
     .omega.-tetranorprostaglandin E.sub.2, (.+-.)-11
      deshydroxy-16-(.beta.-naphthyl)-2-descarboxy-2-(tetrazol-5-yl)-.omega.-tet
     ranorprostaglandin E.sub.2, (.+-.)-15-epi-11-deshydroxy-
      16-(.beta.-naphthyl)-2-descarboxy-2-(tetrazol-5-yl)-.omega.-tetranorprosta
     glandin E.sub.2,
      11-deshydroxy-16-phenyl-2-descarboxy-2-(tetrazol-5-yl)-.omega.-tetranorpro
     staglandin E.sub.0, and
      11-deshydroxy-16-(m-tolyl)-2-descarboxy-2-(tetrazol-5-yl)-.omega.-tetranor
     prostaglandin E.sub.2. This invention further comprises useful
      intermediates for the preparation of these prostaglandins as follows:
PAR  A compound of the structure;
      ##SPC9##
PAL  and the C.sub.15 epimers thereof,
PAL  wherein R.sup.1 is 2-tetrahydropyranyl or dimethyl-tert-butylsilyl and M,
      W, Z, Ar and R are as defined above.
PAR  A compound of the structure:
      ##SPC10##
PAL  wherein R.sub.2 is alkyl of from 1 to 8 carbons, phenalkyl of up to 9
      carbons, phenyl, tolyl, p-biphenyl or .alpha.- or .beta.-naphthyl.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As shown in Scheme A, the first step (1.fwdarw.2) is a condensation between
      the known aldehyde 1 (Corey and Ravindranathan, Tetrahedron Lett, 1971,
      4753 with an appropriate 3-keto phosphonate to produce enone 2. The keto
      phosphonate is usually produced by condensation of the appropriate
      carboxylic acid ester with a dialkyl methyl phosphonate. Typically the
      desired methyl ester is condensed with dimethyl methyl phosphonate.
PAR  Enone 2 is then reduced to enol 3 with zinc borohydride or a hindred alkyl
      borohydride such as lithium triethylborohydride. This reduction produces a
      mixture of epimers both of which may be used as substrates for further
      reactions. The 3 is used to produce prostaglandin analogs having an
      .alpha.-hydroxyl at C.sub.15. The epimer of 3 is used to produce
      prostaglandin analogs having a .beta.-hydroxyl at C.sub.15. In addition,
      the mixture of C.sub.15 epimers may be used to produce 15-keto
      prostaglandin analogs. The epimers produced in the hydride reduction can
      be separated by column preparative thin layer or preparative high pressure
      liquid chromatography. In the reduction reaction ethers such as
      tetrahydrofuran or 1,2-dimethoxyethane are usually employed as solvents.
PAR  Enone 2 may be reduced catalytically with hydrogen to ketone 6, a suitable
      starting material for the preparation of 13,14dihydroprostaglandin
      tetrazol analogs of the present invention. This reduction may be achieved
      with either a homogenous catalyst such as
      tris-triphenylphosphinerhodiumchloride or with a heterogenous catalyst
      system such as platinum, palladium or rhodium. The stage at which the
      reduction is carried out is not critical as will be seen below.
      ##SPC11##
PAR  Enone 2 may also be reduced with borohydride ion to produce alcohol 7 in a
      single step or alternatively, enol 3 may be catalytically reduced to
      produce alcohol 7 using conditions described above.
PAR  (3.fwdarw.4) involves the protection of the free hydroxyl group with an
      acid labile protecting group. Any sufficiently acid labile group is
      satisfactory, however, the most usual ones are tetrahydropyranyl or
      dimethyl-tert-butylsilyl which can be incorporated in molecule by
      treatment with dihydropyran and an acid catalyst, usually
      p-toluenesulfonic acid, in an anhydrous medium or dimethyltert-butylsilyl
      chloride and imidazole, respectively.
PAR  (4.fwdarw.5) is a reduction of the lactone 4 to hemiacetal 5 using a
      suitable reducing agent such as diisobutyl aluminum hydride in an inert
      solvent. Low reaction temperatures are preferred and -60.degree. to
      -70.degree.C. are usual. However, higher temperatures may be employed if
      over reduction does not occur. 5 is then purified if desired by column
      chromatography. As indicated in Scheme A, compounds 4 and 5 may be
      catalytically reduced to 8 and 9 respectively, by the procedure outlined
      above.
PAR  The conversion of (6.fwdarw.9) follows that already outlined by the
      conversion of (2.fwdarw.5).
PAR  The remainder of the synthesis of the two- series prostaglandin analogs of
      this invention is outlined in Scheme B. (5.fwdarw.10) is a Wittig
      condensation in which hemiacetal 5 is reacted with 4-(tetrazol-
      5-yl)butyltriphenylphosphonium bromide (22) in dimethyl sulfoxide in the
      presence of sodium methylsulfinyl methide.
      ##SPC12##
PAL  10 is then purified as above. The conversion of 10.fwdarw.11 is an acid
      catalyzed hydrolysis of protecting group. Any acid may be used which does
      not cause destruction of the molecule in the course of the removal of the
      protecting group, however this is accomplished most often by the use of
      65% aqueous acetic acid. Alternatively, the dimethyl-tert-butylsilyl
      protecting group may be removed by the action of tetraalkylammonium
      fluoride in a solvent such as tetrahydrofuran. The product is purified as
      above.
PAR  11 is an 11-desoxy 15-substituted-.omega.-pentanorprostaglandin of the
      F.sub.2.sub..alpha.  series. The prostaglandin tetrazol analogs of the
      E.sub.2 series of this invention (13) are prepared from intermediate 10
      which may be oxidized by any reagent capable of oxidizing hydroxyl groups
      which does not attack double bonds. However, the Jones reagent is usually
      preferred. The product is purified as above to produce intermediate 12.
      Intermediate 12 may be converted into the prostaglandin analogs of the
      E.sub.2 series (13) of this invention in the same manner as described for
      (10.fwdarw.11). Furthermore, intermediate 12 may be reduced with sodium
      borohydride to a mixture of intermediate 15 and its C.sub.9 epimer which
      are separable by column, preparative thin layer, or preparative high
      pressure liquid chromatography and which can be converted into
      prostaglandin tetrazol analogs of the F.sub.2.sub..alpha.  and
      F.sub.2.sub..beta.  series of this invention by the methods given for
      (10.fwdarw.11). Alternatively, compound 13 may be reduced with sodium
      borohydride to provide the F.sub.2.sub..alpha.  and F.sub.2.sub..beta.
      prostaglandin tetrazol analogs of this invention directly. This epimeric
      mixture may be separated as described above for 15 to provide pure
      PGF.sub.2.sub..alpha.  and PGF.sub.2.sub..beta..
PAR  The various reduced tetrazol prostaglandin analogs of this invention, that
      is, prostaglandins of the one, zero and 13,14-dihydro two series are
      produced as shown on Scheme C. Intermediate 6 may be converted to 19 by
      the steps already outlined for the conversion of (2.fwdarw.10). 19 may
      then be converted to 20 by the steps discussed above for the conversion
      10.fwdarw.15. 20 may be catalytically reduced to produce 18 (R.sub.1 THP
      or (CH.sub.3).sub.2 Si C(CH.sub.3).sub.3) which is the precursor for the
      prostaglandin tetrazol analogs of the zero series of this invention by the
      steps previously outlined.
PAR  (16.fwdarw.17) is a selective catalytic hydrogenation of the 5-6 cis double
      bond at low temperature using catalysts such as those described above.
      Especially preferred for this reduction is the use of palladium on carbon
      as a catalyst and a reaction temperature of -20.degree.C. 17 (R.sub.1 THP
      or (CH.sub.3).sub.2 Si C(CH.sub.3).sub.3) is not only a precursor for the
      prostaglandin tetrazol analogs of the "one" series of this invention but
      also for the "zero" series since 17 may be reduced to 18 reducing the
      methods described for (4.fwdarw.8). Similarly, 16 may be reduced to 18 by
      the same procedure. The removal of the protecting groups is carried out as
      previously described and 17, 18, 19, and 20 wherein R.sub.1 THP or
      (CH.sub.3).sub.2 Si C(CH.sub.3).sub.3 may be deprotected in this way to
      produce tetrazol prostaglandins of the "one," "zero," and "13,14-dihydro
      two" series of this invention. The production of prostaglandins of the E
      and F series wherein said prostaglandin of the "zero," "one," or
      "13,14-dihydro two" series from 16, 17, 18, 19 and 20 follows that
      previously described for the conversion of 10.fwdarw.11, 12, 13, 14, and
      15.
      ##SPC13##
PAR  Furthermore,the 15-substituted-.omega.-pentanorprostaglandin tetrazol
      analogs of the E.sub.1, F.sub.1.sub..beta. and F.sub.1.sub..alpha.  series
      may be obtained directly from the corresponding prostaglandin analog of
      the "2-series," by first protecting the hydroxyl by introducing dimethyl
      isopropyl silyl groups reducing selectively the cis double bond, and
      removing the protecting group.
PAR  The reduction is usually accomplished as discussed above for 16.fwdarw.17
      and removal of the protecting group is accomplished by contacting reduced
      protected compound with 3:1 acetic acid: water for 10 minutes or until
      reaction is substantially complete.
PAR  2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-15-substituted-.omega.-pentanorpro
     staglandin analogs of the "one" series may be prepared by the alternate
      synthesis summarized in Scheme D. For the first step in the preparation of
      the above named prostaglandin analogs, the hemiacetal
      2-[5.alpha.-hydroxy-2.beta.-benzyloxymethylcyclopent-1.alpha.-yl]-acetalde
     hyde, .gamma.-hemiacetal is caused to react with the disodium salt of
      4-(tetrazol-5-yl)butyltriphenylphosphonium bromide (22) as described above
      for 5.fwdarw.10. This tetrazol-containing intermediate may be converted by
      procedures described in detail in the appended examples as summarized
      below.
PAR  As shown in Scheme D, hemiacetal 21 is caused to react with the reagent 22
      to produce 23.
      ##SPC14##
PAR  23.fwdarw.24 involves acylation of 23 with acetic anhydride and pyridine to
      form an acetate intermediate. Other blocking groups may be used provided
      the group is stable to hydrogenation and mild acid hydrolysis. Such groups
      include alkanoyl of from 2 to 9 carbons phenalkanoyl of up to 10 carbons,
      benzoyl, toloyl, p-phenyl benzoyl or .alpha.- or .beta.-naphthoyl. The
      protected benzyl ether upon reduction with hydrogen and palladium on
      carbon in an appropriate solvent containing a suitable acid catalyst,
      ethanol and acetic acid or ethyl acetate and hydrochloric acid being
      especially preferred, affords a hydroxy compound oxidation of which with
      Collins' reagent yields aldehyde 24.
PAR  24.fwdarw.17 involves treatment of 24 with the sodium salt of the
      appropriate 3-ketophosphonate under conditions described for 1.fwdarw.2,
      to form an enone reduction of which with a hindred alkyl borohydride such
      as lithium triethylborohydride or zinc borohydride forms an enol. The
      hydroxyl group is then protected by treatment with dihydropyran to form a
      tetrahydropyranyl ether. Other protecting groups may be employed provided
      they stable to mild basic hydrolysis and easily removable by mild acid
      hydrolysis. Such groups include tetrahydrofuryl, or dimethyl-t-butyl
      silyl. This protected compound is then contacted with aqueous sodium
      hydroxide to yield 17. The conversion of 17 to the
      2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-15-substituted-.omega.-pentanorpr
     ostaglandins of the "one" series of this invention follows the procedure
      outlined above.
      ##SPC15##
PAR  2-Descarboxy-2-(tetrazol-5-yl)-11-desoxy-15-keto-15-substituted-.omega.-pen
     tanorprostaglandins E of this invention may be prepared as summarized in
      Scheme E. 25.fwdarw.26 involves oxidation of the alcohol moieties of 25.
      Any reagent capable of oxidizing hydroxyl groups which does not attack
      double bonds may be used, however, the Jones' reagent is usually
      preferred. The 15-keto-prostaglandin E analogs of this inventin of the
      13,14-dihydro two-, one-, and zero- series may be prepared from compounds
      27, 29  and 31  as described for 25.fwdarw.26 above.
PAR  Scheme F summarizes the preparation of the
      2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-15-keto-15-substituted-.omega.-pe
     ntanorprostaglandin F.sub..beta. and F.sub..beta. analogs of this
      invention. 33.fwdarw.34 involves acylation of 33 with acetic anhydride and
      pyridine to form an acetate intermediate. Other blocking groups may be
      used provided the group is stable to mild acid hydrolysis. Such groups
      include alkanoyl of from 2 to 9 carbons, phenalkanoyl of up to 10 carbons,
      benzoyl, tolyl, p-phenylbenzoyl, or .alpha.- or .beta.-naphthoyl. The
      protectin group at C.sub.15 is then removed as described above to provide
      a second intermediate. The next step involves oxidation of the C.sub.15
      alcohol moiety to provide a third intermediate. Any reagent capable of
      oxidizing hydroxyl groups which does not attack double bonds may be used,
      however, the Jones' reagent is usually preferred. The last step in this
      sequence involves transesterification of the protecting group at C.sub.9.
      ##SPC16##
PAL  This is usually done by treatment with anhydrous potassium carbonate in an
      alcoholic solvent such as methanol, which affords the 15-keto
      F.sub.2.sub..alpha. or F.sub.2.sub..beta. analogs of this invention. The
      15-keto-prostaglandin F.sub..alpha. or F.sub..beta. analogs of the present
      invention of the 13,14-dihydro two-, one-, and zero- series may be
      prepared from compounds 35, 37, and 39 as described for 33.fwdarw.34. It
      shold be noted that the stereochemistry of the hydroxyl group at C.sub.15
      is unimportant for the preparation of all 15-keto compounds of the present
      invention; 15.beta.,15.alpha., or an epimeric mixture will all afford the
      same 15-keto analog.
PAR  In the foregoing procedures, where purification by column chromatography is
      desired, appropriate chromatographic supports include neutral alumina and
      silica gel and 60-200 mesh silica gel is generally preferred. The
      chromatography is suitably conducted in reaction-inert solvents such as
      ether, ethyl acetate, benzene, chloroform, methylene chloride, cyclohexane
      and n-hexane, as further illustrated in the appended examples. Where
      purification by high pressure liquid chromatography is desired,
      appropriate supports include `Corasil,` `Porasil,` and `Lichrosorb` with
      inert solvents such as ether, chloroform, methylenechloride, cyclohexane
      and n-hexane being employed.
PAR  It will be seen that the foregoing formulae depict optically active
      compounds. Although only one optical antipode is depicted it is intended
      that both optical antipodes (i.e. ent and nat) be embraced by the
      foregoing formulae herein and in the appended claims. It will be clear, in
      addition, that the corresponding racemates will exhibit valuable
      biological activity and it is also intended that such racemates also be
      embraced by the foregoing formulae herein and in the appended claims. The
      racemic mixtures are readily prepared by the same methods employed herein
      to synthesize the optically active species, by mere substitution of
      corresponding racemic precursors in place of optically active (i.e. ent
      and nat) starting materials. Furthermore, in the foregoing formulae
      wherein R is methyl an addition chiral center is created. It is intended
      that both R and S (+ and -), as well as, racemic forms at this center be
      embraced by the foregoing formulae herein and in the appended claims.
PAR  In numerous in vivo and in vitro tests we have demonstrated that the new
      prostaglandin analogs possess physiological activities of greater
      selectivity, potency, and duration of action to those exhibited by the
      natural prostaglandins (see above). These tests include, among others, a
      test for effect on isolated smooth muscle from guinea pig uterus,
      inhibitin of histamine-induced bronchospasm in the guinea pig, effect on
      dog blood pressure, inhibition of stress-induced ulceration in the rat,
      diarrheal effect in the mouse, and inhibition of stimulated gastric acid
      secretion in rats and dogs.
PAR  The physiological responses observed in these tests are useful in
      determining the utility of the test substance for the treatment of various
      natural and pathological conditions. Such determined utilities include:
      vasodilator activity, antihypertensive activity, bronchodilator activity,
      antifertility activity and antiulcer activity.
PAR  The novel
      2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-15-substituted-.omega.-pentanorpr
     ostaglandins of this invention possess highly selective activity profiles
      compared with the corresponding naturally occurring prostaglandins and, in
      many cases, exhibit a longer duration of action. The novel prostaglandin
      analogs of this invention possess useful vasodilator activity. A prime
      example of the therapeutic importance of these prostaglandin analogs is
      the efficacy of
      2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-16-phenyl-.omega.-tetranorprostag
     landin Eo and
      2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-15-((+)-1-phenyleth-1-yl)-.omega.
     -pentanorprostaglandin E.sub.2 which exhibits hypotensive activity of
      greatly enhanced potency and duration as compared with PGE.sub.2 itself.
      At the same time, the smooth muscle stimulating activity is markedly
      depressed in comparison with PGE.sub.2. In a similar manner, other E and
      F.sub..beta. analogs of this invention exhibit desirable hypotensive
      activity.
PAR  In addition,
      2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-16-phenyl-.omega.-tetranorprostag
     landin E.sub.2 and
      2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-16-(5-phenyl-.alpha.-thienyl)-.om
     ega.-tetranorprostaglandin E.sub.2 exhibit high bronchodilator activity
      with reduced non-vascular smooth muscle activity. In similar fashion,
      other 2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-15-substituted-.omega.-pent
     anorprostaglandin E.sub.1 and E.sub.2 analogs of the present invention
      display desirable bronchodilator activity.
PAR  Another outstanding example of the therapeutic importance of these
      prostaglandin analogs is the potent, selective antiulcer and antisecretory
      activity displayed by the
      2-descarboxy-2-tetrazol-5-yl)-11-desoxy-16-(.beta.-naphthyl)-.omega.-tetra
     nor PGE.sub.2 and
      2-descarboxy-2-(tetrazole-5-yl)-11-desoxy-15-keto-16-(m-tolyl)-.omega.-tet
     ranor PGE.sub.2. Similarly, other PGE and 15-keto analogs of this invention
      possess these desirable gastrointestinal effects.
PAR  The esters of the prostaglandin analogs of this invention which are
      acylated at C.sub.9 and/or C.sub.15 are readily prepared from the
      corresponding parent by acylation which is usually carried out using
      carboxylic acid anhydride or carboxylic acid chloride as the acylation
      agents. Such acyl groups are lower alkanoyl, benzoyl and substituted
      benzoyl wherein said substituent is halo, trifluoromethyl, lower alkoxy or
      phenyl or formyl. Such esters possess the activity of the prostaglandin
      analog from which they are derived.
PAR  The prostaglandin analogs which have a beta hydroxyl at C.sub.15 and
      possess a C.sub.15 lower alkyl group have action which is similar to their
      epimers. In some cases, however, the selectivity that these compound
      display, such as the antiulcer activity of the 15-epi-16-m-tolyl PGE.sub.2
      analog, exceeds that of the epimeric compounds. Pharmacological acceptable
      salts useful for the purposes described above are those with
      pharmacologically acceptable metal cations, ammonium, amine cations, or
      quaternary ammonium cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc, and iron, are within the scope of this
      invention.
PAR  Pharmacologically acceptable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, triethylamine, ethylamine, dibutylamine,
      triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, crotylamine, cyclopentylamine, dicyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      1-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono-, di-, and triethanolamine, ethyldiethanolamine,
      N-butylethanolamine, 2-amino-1-butanol, 2-amino-2 - ethyl-1,3-propanediol,
      2-amino-2-methyl-1-propanol, tris(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)diethanolamine, galactamine,
      N-methylglucamine, N-methylglucosamine, epherdrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium, tetraethylammonium,
      benzyltrimethylammonium, phenyltriethylammonium and the like.
PAR  The new compounds of this invention can be used in a variety of
      pharmaceutical preparations which contain the compound or a
      pharmaceutically acceptable salt thereof, and they may be administered in
      the same manner as natural prostaglandins by a variety of routes, such as
      intravenous, oral and topical, including aerosol, intravaginal, and
      intranasal, among others.
PAR  To produce bronchodilation or to increase nasal potency, an appropriate
      dosage form would be an aqueous ethanolic solution of
      2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-16-Ar-substituted-.omega.-tetrano
     r PGE.sub.1 or PGE.sub.2 employed as an aerosol using fluorinated
      hydrocarbons as propellant in the amount of from about 3-500 .mu.g/dose.
PAR  The 16-Ar substituted-.omega.-tetranorprostaglandin analogs of the E.sub.0
      and 13,14-dihydro E.sub.2 or F.sub..beta. series of the present invention
      are useful hypotensive agents. For treatment of hypertension these drugs
      could appropriately be administered as an intravenous injection at doses
      of about 0.5-10 .mu.g/kg or preferably in the form of capsules or tablets
      at doses of 0.005 to 0.5 mg/kg/day.
PAR  The 15-keto-16-Ar substituted-.omega.-tetranorprostaglandin analogs or
      15-epi-16-Ar substituted-.omega.-tetranorprostaglandin E analogs of the
      present invention are useful antiulcer agents. For treatment of peptic
      ulcers these drugs may be administered in the form of capsules or tablets
      at doses of 0.005 to 0.5 mg/kg/day.
PAR  To prepare any of the above dosage forms or any of the numerous other forms
      possible, various reaction-inert diluents, excipients or carriers may be
      employed. Such substances include, for example, water, ethanol, gelatins,
      lactose, starches, magnesium stearate, talc, vegetable oils, benzyl
      alcohols, gums, polyalkylene glycols, petroleum jelly, cholesterol and
      other known carriers for medicaments. If desired, these pharmaceutical
      compositions may contain auxiliary substances such as preserving agents,
      wetting agents, stabilizing agents, or other therapeutic agents such as
      antibiotics.
DETD
PAR  The following examples are merely illustrative, and in no way limit the
      scope of the appended claims. In these examples it will be appreciated
      that all temperatures are expressed in Centigrade, all melting and boiling
      points are uncorrected.
PAC  EXAMPLE I
PAC  Dimethyl 2-Oxo-3-phenylpropylphosphonate
PAR  A solution of 6.2 g. (50 mmoles) dimethyl methylphosphonate (Aldrich) in
      125 ml dry tetrahydrofuran was cooled to -78.degree. in a dry nitrogen
      atmosphere. To the stirred phosphonate solution was added 21 ml of 2.37 M
      n-butyllithium in hexane solution (Alfa Inorganics, Inc.) dropwise over a
      period of 18 minutes at such a rate that the reaction temperature never
      rose above -65.degree.. After an additional 5 minutes stirring at
      -78.degree., 7.5 g (50.0 mmole) methyl was added dropwise at a rate that
      kept the reaction temperature less than -70.degree. (20 minutes). After
      3.5 hours at -78.degree. the reaction mixture was allowed to warm to
      ambient temperature, neutralized with 6 ml acetic acid and rotary
      evaporated to a white gel. The gelatonous material was taken up in 75 ml
      water, the aqueous phase extracted with 100 ml portions of chloroform
      (3x), the combined organic extracts were backwashed (50 cc H.sub. 2 O),
      dried (MgSO.sub.4), and concentrated (water aspirator) to a crude residue
      and distilled, b.p. 134-5.degree. (&lt;0.1 mm) to give 3.5 g (29%) dimethyl
      2-oxo-3-phenylpropylphosphonate.
PAR  The nmr spectrum (CDCl.sub.3) showed a doublet centered at 3.7.delta.
      (J=11.5 cps, 6H) for
      ##EQU3##
      a triplet centered at 3.37.delta. (2H) for CH.sub.3 --O--CH.sub.2
      --CH.sub.2 --, a singlet at 3.28.delta. (3H) for CH.sub.3 --O--CH.sub.2
      --, a doublet centered at 3.14.delta. (J=23 cps, 2H)
      ##EQU4##
      a singlet at 3.9.delta. (2H) for
      ##EQU5##
      and a broad singlet at 7.2.delta. (6H) for C.sub.6 H.sub.5 --.
PAC  EXAMPLE II
PAC  2-[5.alpha.-Hydroxy-2.beta.-(3-oxo-4-phenyl-trans-1-buten-1-yl)-cyclopent-1
     .alpha.-yl]acetic acid, .gamma.-lactone (2a)
PAL  Method A:
PAR  Dimethyl 2-oxo-3-phenylpropylphosphonate (6.93 g, 28.6 mmole) in 420 ml
      anhydrous THF was treated with 1.21 g (28.6 mmole) 57% sodium hydride in a
      dry nitrogen atmosphere at room temperature. After 60 min. of stirring the
      known 2-[5.alpha.-hydroxy-2.beta.-formylcyclopent-1.alpha.-yl]acetic acid,
      .gamma.-lactone (1) in 50 ml anhydrous THF was added. After 95 minutes the
      reaction mixture was quenched with 4.2 ml glacial acetic acid, filtered,
      evaporated and combined with 250 ml ethyl acetate which was washed
      successively with 100 ml saturated sodium bicarbonate solution (2x), 150
      ml water (1x), 150 ml saturated brine (1x), dried (Na.sub.2 SO.sub.4) and
      evaporated to yield 2.51 g
      2-[5.alpha.-hydroxy-2.beta.-(3-oxo-4-phenyl-trans-1-buten-1-yl)cyclopent-1
     .alpha.-yl]acetic acid, .gamma.-lactone (2a) as a solid after column
      chromatography (Silica gel, Baker, 60-200 mesh), m.p.
      52.degree.-56.degree., [.alpha.].sub.D.sup.25 =+35.0.degree. (C=0.8,
      CHCl.sub.3).
PAR  The nmr spectrum (CDCl.sub.3) exhibited a doublet of doublets centered at
      6.80.delta. (1H, J=7, 16 cps) and a doublet centered at 6.27.delta. (1H,
      J=16 cps) for the olefinic protons, a broad singlet at 7.26.delta. (5H)
      for
      ##EQU6##
      a singlet at 3.82.delta. (2H) for
      ##EQU7##
      and multiplets at 4.78-5.18.delta. (1H) and 1.2-2.8.delta. (8H) for the
      remainder of the protons.
PAL  Method B:
PAR  To a solution of 6.93 g (28.6 mmoles) of dimethyl
      2-oxo-3-phenylpropylphosphonate in 200 ml of 1,2-dimethoxyethane, cooled
      to 0.degree., is added 28 ml of a 1.0M solution of n-butyllithium in
      hexane. The solution is let stir for 5 minutes then 3.85 g (25 mmoles) of
      the aldehyde 1 is added. The mixture is warmed to room temperature and is
      stirred for 2 hours, then is quenched by the addition of glacial acetic
      acid. The quenched reaction is concentrated, then diluted with methylene
      chloride. The organic layer is washed with saturated NaHCO.sub.3, water,
      and saturated brine, is dried (anhydrous MgSO.sub.4), and is concentrated.
      Purification of the crude product by column chromatography affords the
      desired
      2-[5.alpha.-hydroxy-2.beta.-(3-oxo-4-phenyl-trans-1-buten-1-yl)cyclopent-1
     .alpha.-yl]acetic acid .gamma.-lactone (2a).
PAC  EXAMPLE III
PAC  2-[5.alpha.-hydroxy-2.beta.-(3.alpha.-hydroxy-4-phenyl-trans-1-buten-1-yl)c
     yclopent-1.alpha.-yl]acetic acid, .gamma.-lactone (3a) and
      2-[5.alpha.-hydroxy-2.beta.-(3.beta.-hydroxy-4-phenyl-trans-1-buten-1-yl)c
     yclopent-1.alpha.-yl]acetic acid, .gamma.-lactone (epi 3a)
PAR  To a solution of 2.5 g (9.25 mmole)
      2-[5.alpha.-hydroxy-2.beta.-(3-oxo-4-phenyl-trans-1-buten-1-yl)cyclopent-1
     .alpha.-yl]acetic acid, .gamma.-lactone (2) in 30 ml dry THF in a dry
      nitrogen atmosphere at -78.degree. was added dropwise 9.25 ml of a 1.0M
      lithium triethylborohydride solution. After stirring at -78.degree. for 30
      min., 20 ml of acetic acid/water (40:60) was added. After the reaction
      came to room temperature, 40 ml of water was added and the reaction was
      extracted with methylene chloride (3.times.50 ml), washed with brine
      (2.times.5 ml), dried (Na.sub.2 SO.sub.4) and concentrated (water
      aspirator). The resultant oil was purified by column chromatography on
      silica gel (Baker "Analyzed" Reagent 60-200 mesh) using cyclohexane and
      ether as eluents. After elution of less polar impurities a fraction
      containing 365 mg
      2-[5.alpha.-hydroxy-2.beta.-(3.alpha.-hydroxy-4-phenyl-trans-
      1-buten-1-yl)cyclopent-1.alpha.-yl]acetic acid, .gamma.-lactone (3a), a
      578 mg fraction of mixed 3a and epi 3a and finally a fraction (489 mg) of
      2-[5.alpha.-hydroxy-2.beta.-(3.beta.-hydroxy-4-phenyl-trans-1-buten-yl)cyc
     lopent-1.alpha.-yl]acetic acid, .gamma.-lactone epi 3a were obtained.
PAR  The 3a had [.alpha.].sub.d.sup.25 =+6.623.degree. (C=1.0, CHCl.sub.3) and
      epi 3 had [.alpha.].sub.D.sup.25 =+24.305.degree. (C=1.69, CHCl.sub.3).
PAR  The product of this Example (epi 3a) may also be converted to 15-epi- or
      15-keto-2-descarboxy-2-(tetrazol-5-yl)-16-phenyl-11-desoxy-.omega.-tetrano
     rprostaglandin E, F.sub..alpha. and F.sub..beta. of the two-, one-, zero-
      and 13,14-dihydro two- series by the procedures of Examples IV-XII, XXVI,
      XXIX-XXXII, and XXXVIII.
PAR  The products of this Example (3a and epi 3a) may be converted by the
      procedure of Example XXVI to 7a and epi 7a, intermediates suitable for the
      preparation of the
      2-descarboxy-2-(tetrazol-5-yl)-13,14-dihydro-16-phenyl-11-desoxy-.omega.-t
     etranorprostaglandins E.sub.2, F.sub.2.sub..alpha. and F.sub.2.sub..beta.
      of this invention.
PAC  EXMPLE IV
PAC  2-[5.alpha.-Hydroxy-2.beta.-(3.alpha.-(tetrahydropyran-2-yloxy)-4-phenyl-tr
     ans-1-buten-1-yl)cyclopent-1.alpha.-yl]acetic acid, .gamma.-lactone (4a)
PAR  To a solution of 805 mg (2.96 mmole)
      2-[5.alpha.-hydroxy-2.beta.-(3.alpha.-hydroxy-4-phenyl-trans-1-buten-1-yl)
     cyclopent-1.alpha.-yl]acetic acid, .gamma.-lactone (3a) in 20 ml anhydrous
      methylene chloride and 0.735 ml of 2,3-dihydropyran at 0.degree. in a dry
      nitrogen atmosphere was added 35.3 mg p-toluenesulfonic acid, monohydrate.
      After stirring for 35 minutes, the reaction mixture was combined with 150
      ml ether, the ether solution washed with saturated sodium bicarbonate
      (2.times.100ml) then saturated brine (1.times.100 ml), dried (Na.sub.2
      SO.sub.4) and concentrated to yield 1.2 g (&gt;100%) crude
      2-[5.alpha.-hydroxy-2.beta.-(3.alpha.-(tetrahydropyran-2-yloxy)-4-phenyl-t
     rans-1-buten-1-yl)cyclopent-1.alpha.-yl]acetic acid, .gamma.-lactone (4a).
PAR  The ir (CHCl.sub.3) spectrum had a medium adsorbtion at 975 cm.sup.-.sup.1
      for the trans-double bond and a strong adsorbtion at 1770 cm.sup.-.sup.1
      of the lactone carbonyl.
PAC  EXAMPLE V
PAC  2-[5.alpha.-Hydroxy-2.beta.-(3.alpha.-dimethyl-tert-butylsilyloxy-4-phenyl-
     trans-1-buten-1-yl)cyclopent-1.alpha.-yl]acetic acid, .gamma.-lactone (4a)
PAR  A solution of 548 mg (2.0 mmole) of
      2-[5.alpha.-hydroxy-2.beta.-(3.alpha.-hydroxy-4-phenyl-trans-1-buten-1-yl)
     cyclopent-1.alpha.-yl]acetic acid, .gamma.-lactone (3a), 375 mg (2.5 mmole)
      of dimethyl-tert-butylsilyl chloride, and 340 mg (5.0 mmole) of imidazole
      in 1.0 ml of dimethylformamide is heated at 35.degree. for 18 hours. The
      reaction mixture is then diluted with water and the aqueous layer
      extracted with methylene chloride. The organic extracts are dried
      (anhydrous MgSO.sub.4) and concentrated to provide the desired
      2-[5.alpha.-hydroxy-2.beta.-(3.alpha.-dimethyl-tert-butylsilyloxy-4-phenyl
     -trans-1-buten-1-yl)cyclopent-1.alpha.-yl]acetic acid, .gamma.-lactone
      (4a).
PAR  The product of this Example (4a) may be converted by the procedures of
      Example XXVI to 7a, an intermediate suitable for the preparation of the
      2-descarboxy-2-(tetrazol-5-yl)-13,14-dihydro-16-phenyl-11-desoxy-.omega.-t
     etranorprostaglandins E.sub.2, F.sub.2.sub..alpha. and F.sub.2.sub..beta.
      of this invention.
PAC  EXAMPLE VI
PAC  2-[5.alpha.-Hydroxy-2.beta.-(3.alpha.-(tetrahydropyran-2-yloxy)-4-phenyl-tr
     ans-1-buten-1-yl)cyclopent-1.alpha.-yl/acetaldehyde, .gamma.-hemiacetal
      (5a)
PAR  A solution of 1.1 g (2.96 mmole)
      2-[5.alpha.-hydroxy-2.beta.-[3.alpha.-(tetrahydropyran-2-yloxy)-4-phenyl-t
     rans-1-buten-1-yl]cyclopent-1.alpha.-yl]acetic acid, .gamma.-lactone (4a)
      in 15 ml dry toluene was cooled to -78.degree. in a dry nitrogen
      atmosphere. To this cooled solution was added 4.05 ml of 20%
      diisobutylaluminum hydride in a n-hexane (Alfa Inorganics) dropwise at
      such a rate so that the internal temperature never rose above -65.degree.
      (15 minutes). After an additional 30 minutes of stirring at -78.degree.,
      anhydrous methanol was added until gas evolution ceased and the reaction
      mixture was allowed to warm to room temperature. The reaction mixture was
      combined with 150 ml ether, washed with 50% sodium potassium tartrate
      solution (2.times.50 ml), brine (1.times.75 ml), dried (Na.sub.2 SO.sub.4)
      and concentrated to yield 883 mg
      2-[5.alpha.-hydroxy-2.beta.-(3.alpha.-(tetrahydropyran-
      2-yloxy)-4-phenyl-trans-1-buten-1-yl)cyclopent-1-yl]acetaldehyde,
      .gamma.-hemaicetal (5a) after column chromatography.
PAR  The product of this Example (5a) may be converted by the procedure of
      Example XXVI to 9a, an intermediate suitable for the preparation of the
      2-descarboxy-2-(tetrazol-5-yl)-13,14-dihydro-16-phenyl-11-desoxy-.omega.-t
     etranorprostaglandins E.sub.2, F.sub.2.sub..alpha. and F.sub.2.sub..beta.
      of this invention.
PAC  EXAMPLE VII
PAC  5.alpha.-hydroxy-2.beta.-[3.alpha.-(tetrahydropyran-2-yloxy)-4-phenyl-trans
     -1-buten-1-yl]-1.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclopentane
      (10a)
PAR  To a solution of 4.6 g (9.8 mmole)
      [4-(tetrazol-5-yl)-n-butyl]triphenylphosphonium bromide in a dry nitrogen
      atmosphere in 20 ml dry dimethyl sulfoxide was added 9.8 ml (19.6 mmole)
      of a 2M solution of sodium methylsulfinylmethide in dimethyl sulfoxide. To
      this red ylide solution was added dropwise a solution of 883 mg (2.46
      mmole)
      2-[5.alpha.-hydroxy-2.beta.-(3.alpha.-tetrahydropyran-2-yloxy)-4-phenyl-tr
     ans-1-buten-yl)cyclopent-1.alpha.-yl]acetaldehyde, .gamma.-hemiacetal (5a)
      in 10 ml dry dimethyl sulfoxide over a period of 20 minutes. After an
      additional 1 hour stirring at room temperature the reaction mixture is
      poured onto ice water, ethyl acetate (150 ml) and 20 ml 1.0N HCl. The
      acidic solution was further extracted with ethyl acetate (2.times.75 ml)
      and the combined organic extracts washed twice with water (100 ml), brine
      (1.times.100 ml), dried (MgSO.sub.4) and evaporated to a solid residue.
      The residue was purified by column chromatography on silica gel (Baker
      "Analyzed" Reagent 60-200 mesh) using chloroform and ethyl acetate as
      eluents. After removal of high R.sub.f impurities, 576 mg of
      5.alpha.-hydroxy-2.beta.-[3.alpha.-(tetrahydropyran-2-yloxy)-4-phenyl-tran
     s-1-buten-1-yl]-1.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclopentane
      (10a) was collected.
PAR  The product of this Example (10a) may be hydrolyzed as described in Example
      IX to provide the
      2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-16-phenyl-.omega.-tetranor
      PGF.sub.2.sub..alpha. (11a).
PAR  This product (11a) may be hydrogenated as described in Examples XI and XII
      to afford the corresponding PGF.sub.1.sub..alpha. and
      PGF.sub.0.sub..alpha. analogs.
PAC  EXAMPLE VIII
PAC  2.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]-3.beta.-[3.alpha.-(tetrahydro
     pyran-2-yloxy)-4-phenyl-trans-1-buten-1-yl]cyclopentanone (12a)
PAR  To a solution cooled to -10.degree. under nitrogen of 576 mg (1.24 mmole)
      (10a) in 20 ml reagent grade acetone was added dropwise to 0.56 ml (1.48
      mmole) of Jones' reagent. After 15 minutes at -10.degree., 0.4 ml
      2-propanol was added and the reaction mixture was allowed to stir an
      additional 5 minutes at which time it was combined with 150 ml ethyl
      acetate, washed with water (2.times.50 ml), dried (MgSO.sub.4) and
      concentrated to give 566 mg of the desired
      2.alpha.-[6-tetrazol-5-yl)-cis-2-hexen-1-yl]-3.beta.-[3.alpha.-(tetrahydro
     pyran-2-yloxy)-4-phenyl-trans-1-buten-1-yl]cyclopentanone (12a) which was
      used without purification.
PAR  Reduction of the product of this Example (12a) by the procedure of Example
      X followed by hydrolysis as described in Example IX provides the
      2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-16-phenyl-.omega.-tetranor
      PGF.sub.2.sub..alpha. and PGF.sub.2.sub..beta..
PAC  EXAMPLE IX
PAC  2.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]-3.beta.-(3.alpha.-hydroxy-4-p
     henyl-trans-1-buten-1-yl)cyclopentanone (13a)
PAR  A solution of 566 mg (12a) in 5.6 ml of a 65:35 mixture of glacial acetic
      acid:water was stirred under nitrogen at 25.degree. for 18 hours then was
      concentrated by rotary evaporation. The resultant crude oil was purified
      by column chromatography on silica gel (Baker 60-200 mesh) using
      chloroform and ethyl acetate as eluents. After elution of less polar
      impurities the oily 13a weighing 89 mg was collected. The ir (CHCl.sub.3)
      exhibited a strong adsorbtion at 1730 cm.sup.-.sup.1 for the
      cyclopentanone carbonyl and a medium adsorbtion at 973 cm.sup.-.sup.1 for
      the trans double bond. The specific rotation (C 0.89, CHCl.sub.3) was
      recorded at three wavelengths: [.alpha.].sub.D.sup.25 =-20.8.degree.;
      [.alpha.].sub.436.sup.25 =-73.5.degree.; [.alpha.].sub.365.sup.25
      =-239.9.degree..
PAC  EXAMPLE X
PAC  5.alpha.-hydroxy-2.beta.-[3.alpha.-hydroxy-4-phenylbut-1-yl]-1.alpha.-[6-(t
     etrazol-5-yl)hex-1-yl]cyclopentane and
      5.beta.-hydroxy-2.beta.-[3.alpha.-hydroxy-4-phenylbut-1-yl]-1.alpha.-[6-(t
     etrazol-5-yl)hex-1-yl]cyclopentane
PAR  To a solution, cooled to 0.degree., of 100 mg of the
      2.alpha.-[6-(tetrazol-5-yl)hex-1-yl]-3.beta.-[3.alpha.-hydroxy-4-phenylbut
     -1-yl]cyclopentanone in 10 ml of methanol is added a cooled solution of 300
      mg of sodium borohydride in 35 ml of methanol. The mixture is stirred at
      0.degree.-5.degree. for 30 minutes then 2 ml of water is added. After
      removal of the methanol by rotary evaporation, the aqueous layer is
      overlaid with ethyl acetate and is acidified to pH 3 with 10% HCl. The
      aqueous layer is extracted with ethyl acetate and the combined organic
      extracts are washed with water and saturated brine, are dried (anhydrous
      MgSO.sub.4), and are concentrated. Purification of the crude product by
      column chromatography affords the desired
      5.alpha.-hydroxy-2.beta.-[3.alpha.-hydroxy-4-phenylbut-1-yl]-1.alpha.-[6-(
     tetrazol-5-yl)hex-1-yl]-cyclopentane and 5.beta.-hydroxy-2.beta.-[3.alpha.
      -hydroxy-4-phenylbut-1-yl]-1.alpha.-[6-(tetrazol-5-yl)hex-1-yl]cyclopentan
     e.
PAC  EXAMPLE XI
PAC  2.alpha.-[6-(tetrazol-5-yl)hex-1-yl]-3.beta.-[3.alpha.-hydroxy-4-phenylbut-
     1-yl]-cyclopentanone
PAR  A mixture of 500 mg of
      2.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]-3.beta.-[3.alpha.-hydroxy-4-
     phenyl-trans-1-buten-1-yl]cyclopentanone and 50 mg of 10% palladium on
      carbon in 50 ml of ethyl acetate is stirred under 1 atmosphere of hydrogen
      for 3 hours. The mixture is filtered and the filtrate concentrated to
      provide, after purification by column chromatography, the
      2.alpha.-[6-(tetrazol-5-yl)-hex-1-yl]-3.beta.-[3.alpha.-hydroxy-4-phenylbu
     t-1-yl]-cyclopentanone.
PAC  EXAMPLE XII
PAC  2.alpha.-[6-(tetrazol-5-yl)hex-1-yl]-3.beta.-[3.alpha.-hydroxy-4-phenyl-tra
     ns-1-buten-1-yl]cyclopentanone
PAR  A solution of 46 mg
      2.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]-3.beta.-[3.alpha.-hydroxy-4-
     phenyl-trans-1-buten-1-yl]cyclopentanone in 5 ml of dry ether is treated
      with 448 mg (3.6 mmole) dimethyl isopropyl chlorosilane and 360 mg (3.6
      mmole) triethylamine at 25.degree. for 48 hours. The reaction mixture is
      cooled to 0.degree., methanol is added and the resulting solution is
      washed with water (3 .times. 2 ml), dried (MgSO.sub.4) and evaporated to a
      residue (67 mg). The crude residue is then taken up in 6 ml methanol and
      30 mg of 5% Pd/C and the resultant slurry is hydrogenated for 4 hours at
      -22.degree. (CCl.sub.4 /Dry ICE). After filtration through super cell and
      evaporation, the hydrogenated product is hydrolyzed in 2 ml of acetic
      acid-water (3:1) for 10 minutes, diluted with water (20 ml) and extracted
      with ethyl acetate (4 .times. 15 ml). The combined organic extracts are
      washed with water (2 .times. 10 ml), dried (MgSO.sub.4) and evaporated to
      yield
      2.alpha.-[6-(tetrazol-5-yl)hex-1-yl]-3.beta.-[3.alpha.-hydroxy-4-phenyl-tr
     ans-1-buten-1-yl]cyclopentanone after column chromatography.
PAC  EXAMPLE XIII
PAC  2-[2.beta.-benzyloxymethyl-5.alpha.-hydroxycyclopent-1.alpha.-yl]acetaldehy
     de, .gamma.-hemiacetal (21)
PAR  To a solution, cooled to -78.degree. under nitrogen, of 10.0 g (40.5
      mmoles) of the known
      2-[2.beta.-benzyloxymethyl-5.alpha.-hydroxycyclopent-1.alpha.-yl]acetic
      acid, .gamma.-lactone in 100 ml of toluene was added 55.5 ml of a 20%
      solution of diisobutylaluminum hydride in hexane (Alfa). The solution was
      stirred for 40 minutes then was quenched in the cold by the dropwise
      addition of methanol until gas evolution ceased. The quenched reaction
      mixture was let warm to room temperature, then was concentrated. The
      resultant oil was slurried in hot methanol, filtered, and the filtrate was
      concentrated. Purification of the crude product by silica gel
      chromatography using mixtures of benzene: ethylacetate as eluents afforded
      the desired
      2-[2.beta.-benzyloxymethyl-5.alpha.-hydroxycyclopent-1.alpha.-yl]acetaldeh
     yde, .gamma.-hemiacetal (21a) as a viscous oil weighing 8.91 g (86% yield).
PAC  EXAMPLE XIV
PAC  5.alpha.-hydroxy-2.beta.-benzyloxymethyl-1.alpha.-[6-tetrazol-5-yl)-cis-2-h
     exen-1-yl]cyclopentene (23a)
PAR  To a solution of 11.7 g (25.0 mmoles) of
      [4-(tetrazol-5-yl)-butyl]triphenylphosphonium bromide in 25 ml of dimethyl
      sulfoxide was added dropwise 27 ml of a 1.81 M solution of sodium
      methylsulfinylmethide in dimethyl sulfoxide. To the resultant red ylide
      solution was added a solution of 2.48 g (10.0 mmoles) of the
      2-[2.beta.-benzyloxymethyl-5.alpha.-hydroxycyclopent-1.alpha.-yl]acetaldeh
     yde, .gamma.-hemiacetal (21a) in 20 ml of dimethyl sulfoxide. After being
      stirred for 1.5 hours under nitrogen at room temperature the reaction was
      poured onto ice-water. The basic aqueous solution was extracted with a 2:1
      mixture of ethyl acetate: ether was then laid with ethyl acetate, was
      acidified to pH 3 with 10% aqueous hydrochloric acid, and was extracted
      with ethyl acetate. The combined ethyl acetate extracts were washed with
      water, dried (anhydrous magnesium sulfate), and concentrated. The crude
      product was dissolved in ethyl acetate and was let crystallize.
      Concentration of the filtrate provided the desired
      5.alpha.-hydroxy-2.beta.-benzyloxymethyl-
      1.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclopentane (23a) weighing
      5.32 g which was used without purification.
PAC  EXAMPLE XV
PAC  5.alpha.-acetoxy-2.beta.-benzyloxymethyl-1.alpha.-[6
      -(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclopentane
PAR  A mixture of 5.32 g (10.0 mmoles) of the crude alcohol of Example XIV, 30.0
      ml of pyridine and 4.43 ml (46.8 mmoles) of acetic anhydride was stirred
      under nitrogen at 50.degree. for 5.5 hours. The mixture was poured onto
      200 ml of cold 6N hydrochloric acid. The aqueous layer was extracted with
      ethyl acetate. The organic extracts were washed with water and saturated
      brine, were dried (anhydrous magnesium sulfate), and were concentrated.
      Purification of the crude product by silica gel chromatography using
      mixtures of benzene: ethyl acetate as eluents provided the desired
      5.alpha.-acetoxy-
      2.beta.-benzyloxymethyl-1.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclo
     pentane weighing 2.78 g (70% yield).
PAC  EXAMPLE XVI
PAC  5.alpha.-acetoxy-2.beta.-hydroxymethyl-1.alpha.-[6-(tetrazol-5-yl)-hex-1-yl
     ]cyclopentane
PAR  A heterogeneous mixture of 2.38 g (5.97 mmoles) of the chromatographed
      benzyl ether of Example XV, 500 mg of 10% palladiuim on carbon, and 24 ml
      of a 20:1 mixture of absolute ethanol:glacial acetic acid was stirred at
      room temperature under one atmosphere of hydrogen for 19 hours. The
      mixture was then filtered through Celite 545 and the filtrate was
      concentrated and was azeotroped under reduced pressure with toluene to
      provide the desired
      5.alpha.-acetoxy-2.beta.-hydroxymethyl-1.alpha.-[6-(tetrazol-5-yl)-hex-1-y
     l]cyclopentane weighing 1.74 g (94% yield), which was recrystallized from
      ethyl acetate: hexane (m.p. 65.5.degree.-66.degree.).
PAC  EXAMPLE XVII
PAC  5.alpha.-acetoxy-2.beta.-formyl-1.alpha.-[6-(tetrazol-5-yl)-hex-1-yl]cyclop
     entane (24a)
PAR  To a stirred solution of 3.88 ml (48.0 mmoles) of pyridine in 58 ml of
      methylene chloride, cooled to 10.degree. to 15.degree. under nitrogen, was
      added portionwise over a period of 30 minutes 2.40 g (24.0 mmoles) of
      chromium trioxide. The dark burgundy solution was let warm to room
      temperature then was cooled to 0.degree.. To the cold solution was added a
      solution of 930 mg (3.0 mmoles) of the alcohol of Example XVI in 9.0 ml of
      methylene chloride with the concomitant formation of a dense black
      precipitate. The suspension was stirred in the cold for 45 minutes then
      8.30 g (60.0 mmoles) of finely ground sodium bisulfite monohydrate was
      added. After being stirred for 10 minutes 7.22 g (60.0 mmoles) of
      anhydrous magnesium sulfate was added. After being stirred for 5 minutes
      the dark suspension was filtered through a pad of Celite, was washed with
      methylene chloride, then was concentrated. Purification of the crude
      product by silica gel chromatography using a 1:1 mixture of methylene
      chloride: ethyl acetate as eluent afforded the desired
      5.alpha.-acetoxy-2.beta.-formyl-1.alpha.-[6-(tetrazol-5-yl)-hex-1-yl]
      cyclopentane (24a) as a colorless oil weighing 633 mg (69.0% yield).
PAC  EXAMPLE XVIII
PAC  5.alpha.-acetoxy-2.beta.-(3-oxo-4-phenyl-trans-1-buten-1-yl)-1.alpha.-[6-(t
     etrazol-5-yl)-hex-1-yl]cyclopentane
PAR  To a suspension of 260 mg (6.18 mmoles) of a 57.0% dispersion of sodium
      hydride in mineral oil in 30 ml of tetrahydrofuran was added 1.58 g (6.18
      mmoles) of the known dimethyl-2-oxo-3-phenylpropylphosphonate. The mixture
      was stirred at room temperature for 20 minutes under nitrogen with the
      concomitant formation of a yellow precipitate. To this suspension was
      added a solution of 6.33 mg (2.06 mmoles) of the aldehyde of Example XVII
      in 5 ml of tetrahydrofuran. The solution was stirred at room temperature
      for 50 minutes under nitrogen then was quenched by the addition of glacial
      acetic acid to pH 5 and was concentrated. The resultant mixture was
      dissolved in ethyl acetate; the organic layer was washed with water and
      saturated brine, was dried (anhydrous magnesium sulfate), and was
      concentrated. Purification of the crude product by dry column
      chromatography (silica gel) afforded the desired
      5.alpha.-acetoxy-2.beta.-(3-oxo-4-phenyl-trans-1-buten-1yl)-1.alpha.-[6-(t
     etrazol-5yl)-hex-1-yl]cyclopentane as a colorless oil weighing 533 mg (61%
      yield).
PAC  EXAMPLE XIX
PAC  5.alpha.-acetoxy-2.beta.-(3.alpha.-hydroxy-4-phenyl-trans-1-buten-1-yl)-1.a
     lpha.-[6 -(tetrazol-5-yl)hex-1-yl]cyclopentane
PAR  To a solution, cooled to -78.degree., of 849 mg (2.0 mmoles) of the enone
      of Example XVIII in 20 ml of tetrahydrofuran is added 4.0 ml (4.0 mmoles)
      of a 1.0 M solution of lithium tri-ethylborohydride in tetrahydrofuran.
      The solution is stirred at -78.degree. under nitrogen for 0.5 hour then is
      quenched by the addition of 10 ml of 40% aqueous acetic acid. The quenched
      reaction mixture is let warm to room temperature and is extracted with
      ethyl acetate; the combined organic extracts are washed with water and
      saturated brine, are dried (anhydrous magnesium sulfate), are
      concentrated, and azeotroped with toluene. Purification of the crude
      product by silica gel chromatography provides the
      5.alpha.-acetoxy-2.beta.-(3.alpha.-hydroxy-4-phenyl-trans-1-buten-1-yl)-1.
     alpha.-[6-(tetrazol-5-yl)-hex-1-yl]cyclopentane and the
      5.alpha.-acetoxy-2.beta.-(3.beta.-hydroxy-4-phenyl-trans-1-buten-1-yl)-1.a
     lpha.-[6-(tetrazol-5-yl)hex-1-yl]cyclopentane.
PAR  The
      5.alpha.-acetoxy-2.beta.-(3.beta.-hydroxy-4-phenyl-trans-1-buten-1-yl)-1.a
     lpha.-[6-(tetrazol-5-yl)hex-1-yl]cyclopentane may be converted by the
      procedures in Example XX-XXIII to
      11-deshydroxy-15-epi-2-descarboxy-2-(tetrazol-5-yl)PGE.sub.1 and
      PGF.sub.1.sub..alpha..
PAC  EXAMPLE XX
PAC  5.alpha.-hydroxy-2.beta.-(3.alpha.-hydroxy-4-phenyl-trans-1-buten-1-yl)-1.a
     lpha.-[6-(tetrazol-5-yl)-hex-1-yl]cyclopenntane (17a)
PAR  A solution of 424 mg (1.00 mmole) of the alcohol of Example XIX, 3.0 ml
      (3.0 mmoles) of 1.0 N aqueous sodium hydroxide, 3.0 ml of tetrahydrofuran,
      and 3.0 ml of absolute methanol is stirred under nitrogen at room
      temperature for 2.5 hours. The solution is then acidified by the addition
      of 3.0 ml of 1.0N hydrochloric acid and is extracted with ethyl acetate.
      The combined organic extracts are dried (anhydrous magnesium sulfate) and
      concentrated. Purification of the crude product by silica gel
      chromatography provides the desired
      5.alpha.-hydroxy-2.beta.-(3.alpha.-hydroxy-4-phenyl-trans-1-buten-1-yl)-1.
     alpha.-[6-(tetrazol-5-yl)-hex-1-yl]cyclopentane.
PAC  EXAMPLE XXI
PAC  5.alpha.-acetoxy-2.beta.-(3.alpha.-(tetrahydropyran-2-yloxy)-4-phenyl-trans
     -1-buten-1-yl)-1.alpha.-[6-(tetrazol-5-yl)-hex-1-yl]cyclopentane
PAR  A solution of 250 mg of the alcohol of Example XIX, 0.250 ml of
      dihydropyran, 2.5 ml of methylene chloride, and 2.5 mg of
      p-toluenesulfonic acid monohydrate is stirred at room temperature under
      nitrogen for 15 minutes. The reaction mixture is then diluted with ether,
      washed with water, is dried (anhydrous magnesium sulfate), and is
      concentrated to provide the desired
      5.alpha.-acetoxy-2.beta.-(3.alpha.-(tetrahydropyran-2-yloxy)-4-phenyl-tran
     s-1-buten-1-yl)-1.alpha.-[6-(tetrazol-5-yl)-hex-1-yl]cyclopentane.
PAC  EXAMPLE XXII
PAC  5.alpha.-hydroxy-2.beta.-(3.alpha.-(tetrahydropyran-2-yloxy)-4-phenyl-trans
     -1-buten-1-yl)-1.alpha.-[6-(tetrazol-5-yl)-hex-1-yl]cyclopentane
PAR  A homogeneous solution of 221 mg (0.436 mmole) of the crude THP ether of
      Example XXI, 1.30 ml (1.30 mmoles) of a 1.0N aqueous sodium hydroxide
      solution, 1.3 ml of methanol, and 1.3 ml of tetrahydrofuran is stirred at
      room temperature overnight. The reaction mixture is then quenched by the
      addition of 1.30 ml (1.30 mmoles) of a 1.0 N aqueous hydrochloric acid
      solution and is diluted with ethyl acetate. The organic layer is dried
      (anhydrous magnesium sulfate) and concentrated. Purification of the crude
      product by silica gel chromatography affords the desired
      5.alpha.-hydroxy-2.beta.-(3.alpha.-(tetrahydropyran-2-yloxy)-4-phenyl-tran
     s-1-buten-1-yl)-1.alpha.-[6-(tetrazol-5-yl)hex-1-yl]cyclopentane.
PAC  EXAMPLE XXIII
PAC  1.alpha.-[6-(tetrazol-5-yl)-hex-1-yl]-2.beta.-(3.alpha.-(tetrahydropyran-2-
     yloxy)-4-phenyl-1-buten-1-yl)cyclopentanone
PAR  To a solution, cooled to -23.degree. under nitrogen, of 178 mg (0.371
      mmole) of the alcohol of Example XXII in 4.0 ml of acetone is added
      dropwise 0.163 ml (0.408 mmole) of Jones' reagent. The reaction is stirred
      in the cold for 15 minutes then is quenched by the addition of 0.163 ml of
      isopropyl alcohol. The quenched reaction is stirred in the cold for 5
      minutes then is diluted with ethyl acetate. The organic solution is washed
      with water, is dried (anhydrous magnesium sulfate), and is concentrated to
      afford the desired
      1.alpha.-[6-(tetrazol-5-yl)hex-1yl]-2.beta.-(3.alpha.-tetrahydropyran-2-yl
     oxy)-4-phenyl-trans-1-buten-1-yl)cyclopentanone which is used without
      purification.
PAC  EXAMPLE XXIV
PAC  1.alpha.-[6-(tetrazol-5-yl)-hex-1-yl]-2.beta.-(3.alpha.-hydroxy-trans-4-phe
     nyl-1-buten-1-yl)cyclopentanone
PAR  A homogeneous solution of 0.190 g of the crude THP ether of Example XXIII
      in 2.0 ml of a 65:35 mixture of glacial acetic acid: water is stirred
      under nitrogen at room temperature for 12 hours, then is concentrated and
      azeotroped with toluene. Purification of the crude product by silica gel
      chromatography affords the desired
      1.alpha.-[6-(tetrazol-5-yl)hex-1-yl]-2.beta.-(3.alpha.-hydroxy-4-phenyl-tr
     ans-1-buten-1-yl)cyclopentanone.
PAC  EXAMPLE XXV
PAC  2-[5.alpha.-hydroxy-2.beta.-(3-oxo-4-(m-tolyl)but-1-yl)cyclopent-1.alpha.-y
     l]-acetic acid, .gamma.-lactone (6b)
PAR  A mixture of 6.8 g (23 mmoles) of
      2-[5.alpha.-hydroxy-2.beta.-(3-oxo-4-(m-tolyl)-trans-1-buten-1-yl)cyclopen
     t-1.alpha.-yl]acetic acid, .gamma.-lactone, (2b) 50 ml of ethyl acetate,
      and 670 mg of 10% palladium on carbon was hydrogenated on a Parr shaker.
      The mixture was filtered and the filtrate concentrated to provide 6.8 g of
      the desired
      2-[5.alpha.-hydroxy-2.beta.-(3-oxo-4-(m-tolyl)but-1-yl)cyclopent-1.alpha.-
     yl]acetic acid, .gamma.-lactone (6b) as an oil which crystallized upon
      standing (m.p. 60.degree.-62.degree.).
PAR  The ir spectrum (CHCl.sub.3) of 6b exhibited strong absorptions at 1765 and
      1700 cm.sup.-.sup.1.
PAR  The product of this Example (6b) may be converted to the
      2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-16-(m-tolyl)-13,14-dihydro-.omega
     .-tetranor PGE.sub.2, PGF.sub.2.sub..beta., and PGF.sub.2.sub..alpha.
      analogs of this invention by the procedures of Examples III-IX, X-XII,
      XXVIII, XXIX-XXXII, and XXXVIII.
PAC  EXAMPLE XXVI
PAC  2-[5.alpha.-hydroxy-2.beta.-(3.alpha.-(tetrahydropyran-2-yloxy)-4-(m-tolyl)
     but-1-yl)cyclopent-1.alpha.-yl]acetic acid, .gamma.-lactone (8b)
PAR  A mixture of 2.4 g (6.1 mmole) of
      2-[5.alpha.-hydroxy-2.beta.-(3.alpha.-(tetrahydropyran-2-yloxy)-4-(m-tolyl
     )-trans-1-buten-1-yl)cyclopent-1.alpha.-yl]acetic acid, .gamma.-lactone
      (4b), 50 ml of ethyl acetate, and 250 mg of 10% palladium on carbon was
      hydrogenated on a Parr shaker. The reaction mixture was then filtered and
      the filtrate concentrated to provide 2.4 g of the desired
      2-[5.alpha.-hydroxy-2.beta.-(3.alpha.-(tetrahydropyran-2-yloxy)-4-(m-tolyl
     )but-1-yl)cyclopent-1.alpha.-yl]acetic acid, .gamma.-lactone (8b) as a
      colorless oil which was used without purification.
PAR  The ir spectrum (CHCl.sub.3) of 8b exhibited a strong absorption at 1770
      cm.sup.-.sup.1.
PAR  The product of this Example (8b) may be converted by the procedures of
      Examples VII-X, XXVIII, and XXIX-XXXII to the
      2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-13,14-dihydro-16-(m-tolyl)-.omega
     .-tetranor PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta.
      analogs of this invention.
PAC  EXAMPLE XXVII
PAC  2.alpha.-[6-(tetrazol-5-yl)hex-1-yl]-3.beta.-[3.alpha.-(tetrahydropyran-2-y
     loxy)-4-phenylbut-1-yl]cyclopentanone
PAR  A mixture of 618 mg of the product of Example VIII, 100 ml of methanol, and
      135 mg of 10% palladium on carbon was hydrogenated on a Parr shaker for
      1.0 hour. The mixture was then filtered through "Super Cell" and the
      filtrate was concentrated to provide the desired
      2.alpha.-[6-(tetrazol-5-yl)hex-1-yl]-3.beta.-[3.alpha.-(tetrahydropyran-2-
     yloxy)-4-phenylbut-1-yl]cyclopentanone which was used without purification.
PAC  EXAMPLE XXVIII
PAC  2.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]-3.beta.-(3-oxo-4-(m-tolyl)-tr
     ans-1-buten-1-yl)cyclopentanone:
PAR  To a solution cooled to -10.degree. under nitrogen of 394 mg (1 mmole)
      2.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]-3.beta.-(3.beta.-hydroxy-4-(
     m-tolyl)-trans-1-buten-1-yl)cyclopentanone in 20 ml of reagent grade
      acetone was added dropwise 0.52 ml (1.1 mmole) of Jones' reagent. After 3
      minutes at -10.degree., 0.3 ml of 2-propanol was added and the reaction
      was combined with 150 ml ethyl acetate, washed with water (2.times.50 ml),
      dried (MgSO.sub.4) and concentrated to give 400 mg of crude product which
      was purified by column chromatography to yield 300 mg
      2.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]-3.beta.-[3-oxo-4-(m-tolyl)-t
     rans-1-buten-1-yl]cyclopentanone.
PAC  EXAMPLE XXIX
PAC  5.alpha.-acetoxy-2.beta.-[3.alpha.-(tetrahydropyran-2-yloxy)-4-(m-tolyl)-tr
     ans-1-buten-1yl]-1.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclopentanon
     e
PAR  A solution of 300 mg (0.62 mmole)
      5.alpha.-hydroxy-2.beta.-[3.alpha.-(tetrahydropyran-2-yloxy)-4-(m-tolyl)-t
     rans-1-buten-1-yl]-1.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclopentan
     e in 1.9 ml pyridine containing 0.28 ml acetic anhydride was stirred at
      50.degree. in a dry nitrogen atmosphere for 5 hrs. The reaction was then
      poured onto 10 ml of ice-cold 6N hydrochloric acid. The aqueous layer was
      extracted with EtOAc (4 .times. 10 ml) and the combined extract washed
      with brine, dried over Na.sub.2 SO.sub.4 and concentrated to give 306 mg
      of the desired
      5.alpha.-acetoxy-2.beta.-[3.alpha.-(tetrahydropyran-2-yloxy)-4-(m-tolyl)-t
     rans-1-buten-1-yl]-1.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclopentan
     e.
PAC  EXAMPLE XXX
PAC  5.alpha.-acetoxy-2.beta.-[3.alpha.-hydroxy-4-(m-tolyl)-trans-1-buten-1-yl]-
     1.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclopentane
PAR  A solution of 306 mg
      5.alpha.-acetoxy-2.beta.-[3.alpha.-(tetrahydropyran-2-yloxy)-4-(m-tolyl)-t
     rans-1-buten-1-yl]cyclopentane in 5 ml of a 65:35 mixture of glacial acetic
      acid:water was stirred under nitrogen at 25.degree. for 18 hrs. then was
      concentrated by rotary evaporation. The resultant crude oil was purified
      by column chromatography on silica gel (Baker 60-200 mesh) using methylene
      chloride and ethyl acetate as eluents. After elution of less polar
      impurities, 85 mg of the desired
      5.alpha.-acetoxy-2.beta.-[3.alpha.-hydroxy-4-(m-tolyl)-trans-1-buten-1-yl]
     -1.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclopentane was collected.
      The ir (CHCl.sub.3) exhibited a strong absortions at 1720 cm.sup.-.sup.1
      for the ester carbonyl and broad absortion at 3550 cm.sup.-.sup.1 for the
      hydroxyl.
PAC  EXAMPLE XXXI
PAC  5.alpha.-acetoxy-2.beta.-[3-oxo-4-(m-tolyl)-trans-1-buten-1-yl]-1.alpha.-[6
     -((tetrazol- 5-yl)-cis-2-hexen-1-yl]cyclopentane
PAR  To a solution cooled to -10.degree. under nitrogen of 85 mg (0.2 mmole)
      5.alpha.-acetoxy-2.beta.-[3.alpha.-hydroxy-4-(m-tolyl)-trans-1-buten-1-yl]
     -1.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclopentane in 2.5 ml of
      reagent grade acetone was added dropwise 73 .gamma. l of Jones' reagent.
      After 3 minutes at -10.degree. , 1 drop of 2-propanol was added and the
      reaction combined with 50 ml ethyl acetate, washed with water (2 .times.
      25 ml) dried (Na.sub.2 SO.sub.4) and concentrated to give 80 mg of the
      desired
      5.alpha.-acetoxy-2.beta.-[3-oxo-4-(m-tolyl)-trans-1-buten-1-yl]-1.alpha.-[
     6 -(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclopentane. The ir (CHCl.sub.3)
      exhibited a strong absorbtion at 1710 cm.sup.-.sup.1 for the ester
      carbonyl and absortion at 1675, 1650 and 1605 for the enone carbonyl.
PAC  EXAMPLE XXXII
PAC  5.alpha.-hydroxy-2.beta.-[3-oxo-4-(m-tolyl)-trans-1-buten-1-yl]-1.alpha.-(6
     -(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclopentane
PAR  A solution of 80 mg (0.18 mmole)
      5.alpha.-acetoxy-2.beta.-[3-oxo-4-(m-tolyl)-trans-1-buten-1-yl]-1.alpha.-[
     6-(tetrazol-5-yl)-cis-2-hexen-1-yl] cyclopentane in 2 ml of tetrahydrofuran
      containing 0.6 ml of 1.0N aqueous sodium hydroxyl and 1.5 ml of methanol
      was stirred for 8 hrs. in a dry nitrogen atmosphere. The reaction was
      concentrated by rotary evaporation and purified by column chromatography
      on silica gel elutery with methylene chloride and ethyl acetate. After
      elution of less polar impurities, 18 mg of
      5.alpha.-hydroxy-2.beta.-[3-oxo-4-(m-tolyl)-trans-1-buten-1-yl]-1.alpha.-[
     6-(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclopentane was collected. The ir
      (CHCl.sub.3) spectrum exhibited strong abosrbtion at 1700 and 1600
      cm.sup.-.sup.1 for the enone and broad absorbtion at 3550 cm.sup.-.sup.1
      for the hydroxyl.
PAC  EXAMPLE XXXIII
PAC  2-[5.alpha.-hydroxy-2.beta.-(3-(1,3-dioxolane)-4-(m-tolyl)but-1-yl)cyclopen
     t-1.alpha.-yl]acetic acid, .gamma.-lactone
PAR  A solution of 2.83 g (9.9 mmole) of
      2-[5.alpha.-hydroxy-2.beta.-(3-oxo-4-(m-tolyl)but-1-yl)cyclopent-1.alpha.-
     yl]acetic acid, .gamma.-lactone, 6.2 g (100 mmole) ethylene glycol and 100
      mg p-toluenesulfonic acid in 30 ml benzene was heated at reflux with
      azeotropic removal of water (Dean-Stark trap). The reaction mixture was
      cooled, washed with saturated sodium bicarbonate, dried over Na.sub.2
      SO.sub.4 and evaporated to give 3.2 g of the desired
      2-[5.alpha.-hydroxy-2.beta.-(3-(1,3-dioxolane)-4-(m-tolyl)but-1-yl)cyclope
     nt-1.alpha.-yl]acetic acid, .gamma.-lactone as an oil.
PAR  The ir spectrum (CHCl.sub.3) exhibited strong absorbtion at 1765
      cm.sup.-.sup.1.
PAC  EXAMPLE XXXIV
PAC  2-[5.alpha.-hydroxy-2.beta.-(3-(1,3-dioxolane)-4-(m-tolyl)but-1-yl)cyclopen
     t-1.alpha.-yl]acetaldehyde, .gamma.-hemiacetal
PAR  A solution of 3.2 g (9.7 mmole)
      2-[5.alpha.-hydroxy-2.beta.-(3-(1,3-dioxolane)-4-(m-tolyl)but-1-yl)cyclope
     nt-1.alpha.-yl]acetic acid, .gamma.-lactone in 150 ml dry toluene was
      cooled to -78.degree. in a dry nitrogen atmosphere. To this cooled
      solution was added 13.34 ml of 20% diisobutylaluminum hydride in n-hexane
      (Alfa Inorganics) dropwise at such a rate so that the internal temperature
      never rose above -65.degree. (15 min.). After an additional 30 min. at
      -78.degree., the reaction was poured onto ether, washed with saturated
      sodium, potassium tartrate solvent dried over MgSO.sub.4 and evaporated to
      afford 3.0 g of desired
      2-[5.alpha.-hydroxy-2.beta.-(3-(1,3-dioxolane)-4-(m-tolyl)but-1-yl)cyclope
     nt-1.alpha.-yl]acetaldehyde, .gamma.-hemiacetal after column
      chromatography.
PAC  EXAMPLE XXXV
PAC  5.alpha.-hydroxy-2.beta.-[ 3-(1,3-dioxolane)-4-((m-tolyl)but-1-yl]-1.alpha.
      -[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclopentane
PAR  To a solution of 16.81 g (36 mmole)
      (4-(tetrazol-5-yl)-n-butyl)triphenylphosphonium bromide in a dry nitrogen
      atmosphere in 100 ml of dry dimethylsulfoxide was added 32.6 ml (68 mmole)
      of a 2M solution of sodium methylsulfinylmethide in dimethyl sulfoxide. To
      this red ylide solution was added dropwise a solution of 3.0 g (9 mmole)
      2-[5.alpha.-hydroxy-2.beta.-(3-(1,3-dioxolane)-4-(m-tolyl)but-1-yl)cyclope
     nt-1.alpha.-yl]acetaldehyde, .gamma.-hemiacetal in 10 ml of dry
      dimethylsulfoxide. After 1 hr. stirring at room temperature, the reaction
      mixture was poured onto ice water and ethyl acetate. This mixture was
      acidified (1N HCl) with vigorous stirring. The acidic solution was further
      extracted with ethyl acetate and the combined ethyl acetate extracts were
      evaporated to a solid residue. The residue was purified by column
      chromatograph on silica gel (Baker "Analyzed" Reagent 60-200 mesh) using
      benzene and ethyl acetate as eluents. After removal of higher R.sub.f
      impurities, 450 mg of 5.alpha.-hydroxy-2.beta.
      -[3-(1,3-dioxolane)-4-(m-tolyl)-but-1-yl]-1.alpha.-[6-(tetrazol-5-yl)-cis-
     2-hexen-1-yl]cyclopentane was collected.
PAC  EXAMPLE XXXVI
PAC  2.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]-3.beta.-(3-(1,3-dioxolane)-4-
     (m-tolyl)but-1-yl]cyclopentanone
PAR  To a solution cooled to -10.degree. under nitrogen of 420 mg (0.95 mmole)
      5.alpha.-hydroxy-2.beta.-[3-(1,3-dioxolane)-4-(m-tolyl)but-1-yl]-1.alpha.-
     [6-(tetrazol-5-yl)-cis-2-hexen-1-yl]cyclopentane was added dropwise 0.4 ml
      (1.0 mmole) of Jones' reagent. After 15 min. at -10.degree., 1 drop of
      2-propanol was added and the reaction diluted with ether, washed with
      water, dried over MgSO.sub.4 and concentrated to give 400 ml of desired
      product which was used without purification.
PAC  EXAMPLE XXXVII
PAC  2.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]-3.beta.-[3-oxo-4-(m-tolyl)but
     -1-yl]cyclopentanone
PAR  A solution of 400 mg of
      2.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]-3.beta.-[3-(1,3-dioxolane)-4
     -(m-tolyl)but-1-yl]cyclopentanone in 5 ml of a 65:35 mixture of glacial
      acetic acid:water was stirred under nitrogen at 25.degree. for 18 hrs.
      then concentrated by rotary evaporation. The resultant crude oil was
      purified by column chromatography on silica gel (Mallincrodt CC-7) using
      methylene chloride and ether as eluents. After elution of less polar
      impurities, the oily product weighing 100 mg was obtained.
PAR  The ir spectrum exhibited a strong absorbtion at 1730 cm.sup..sup.-1 and
      1700 cm.sup..sup.-1 for the carbonyls.
PAC  EXAMPLE XXXVIII
PAC  2.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]-3.beta.-[3.alpha.-hydroxy-4-p
     henyl-trans-1-buten-1-yl]cyclopentanone
PAR  A mixture of 494 mg (1.0 mmole) of
      2.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-yl]-3.beta.-[3.alpha.-(dimethyl-te
     rt-butylsilyloxy)-4-phenyl-trans-1-buten-1-yl]cyclopentanone and 522 mg
      (2.0 mmole) of tetra-n-butyl-ammonium fluoride in 5 ml of tetrahydrofuran
      is stirred at 0.degree. for 5 minutes then 25.degree. for 30 minutes. The
      mixture is then diluted with water and extracted with ethyl acetate. The
      combined organic extracts are washed with saturated brine, dried
      (anhydrous MgSO.sub.4) and concentrated to provide, after chromatographic
      purification,
      2.alpha.-[6-(tetrazol-5-yl)-cis-2-hexen-1-yl]-3.beta.-[3.beta.-hydroxy-4-p
     henyl-trans-1-buten-1-yl]cyclopentanone.
PAC  EXAMPLE XXXIX
PAC  5.alpha.-hydroxy-2.beta.-[3.alpha.-(tetrahydropyran-2-yloxy)-4-phenyl-trans
     -1-buten-1-yl]-1.alpha.-[6-(tetrazol-5-yl)hex-1-yl]cyclopentane
PAR  A solution of the product of Example VII (250 mg) and 25 mg of 5% palladium
      on carbon in 2.5 ml of methanol, cooled to -20.degree., is stirred under
      one atmosphere of hydrogen for 3 hours. The mixture is filtered and the
      filtrate is concentrated to afford the crude
      5.alpha.-hydroxy-2.beta.-[3.alpha.-(tetrahydropyran-2-yloxy)-4-phenyl-tran
     s-1-buten-1-yl]-1.alpha.-[6-(tetrazol-5-yl)hex-1-yl]cyclopentane which is
      used without purification.
PAR  The product of this Example may be hydrolyzed as described in Example IX to
      provide after chromatographic purification
      2-descarboxy-2-(tetrazol-5-yl)-16-phenyl-11-desoxy-.omega.-tetranor
      PGF.sub.1.sub..alpha.. The product of this Example may also be converted
      to 2-descarboxy-2-(tetrazol-5-yl)-16-phenyl-11-desoxy-.omega.-tetranor
      PGE.sub.2 by the procedures of Examples VIII-IX.
TBL  __________________________________________________________________________

                     Additional Compounds                                      

                     ROO                                                       

                     .vertline..parallel..parallel.                            

                     Ar--CH--C--CH--P--(OMC).sub.2                             

                     .vertline.                                                

                     R                                                         

     Ar         R    bp/mp     Rotation                                        

                                       NMR (Jeps)                              

     __________________________________________________________________________

     m-methylphenyl                                                            

                H    158-162.degree./0.4mm                                     

                                       3.75 (11.5)*, 3.02 (22)**               

     o-biphenyl H    purified by column                                        

                                       3.74 (11.5)*, 3.05 (22)**               

                     chromatography                                            

     5-phenyl-2-thienyl                                                        

                H    mp 64-65.degree.  3.75 (11.5)*, 3.08 (22)**               

     .beta.-naphthyl                                                           

                H    mp 45-47.degree.  3.73 (11.5)*, 3.10 (22)**               

     p-chlorophenyl                                                            

                H    purified by column                                        

                                       3.76 (11.5)*, 3.15 (22)**               

                     chromatography                                            

     p-t-butylphenyl                                                           

                H    180.degree.-/0.2 mm                                       

                                       3.74 (11.5)*, 3.11 (22)**               

     phenyl     (+)Me                                                          

                     purified by column                                        

                               +205(CHCl.sub.3)                                

                                       3.78 (11.5)* 3.26 (22)**                

                     chromatography    3.71 (11.5)*, 2.93 (22)**               

     phenyl     (-)Me                                                          

                     purified by column                                        

                               -233(CHCl.sub.3)                                

                                       3.78 (11.5)* 3.26 (22)**                

                     chromatography    3.71 (11.5)*, 2.93 (22)**               

     __________________________________________________________________________

     *methoxy protons                                                          

     **CCH.sub.2 --P                                                           

     .parallel..vertline.                                                      

     OO                                                                        

     __________________________________________________________________________

TBL  __________________________________________________________________________

     Additional Compounds of the Structure                                     

     Ar         Z* R    mp     IR data cm.sup.-.sup.1                          

                                               Rotation                        

     __________________________________________________________________________

     m-methylphenyl                                                            

                D  H    80.5-82.5                                              

                               1770, 1680, 1620, 980                           

     o-biphenyl D  H    51-52.degree.                                          

                               1770, 1675, 1620, 980                           

     5-phenyl-2-thienyl                                                        

                D  H    oil    1775, 1700, 1680, 1640, 980                     

     .beta.-naphthyl (rac.)                                                    

                D  H    oil    1770, 1700, 1680, 1620, 970                     

     p-chlorophenyl                                                            

                D  H    oil    1779, 1709, 1672, 1639, 980                     

     p-t-butylphenyl                                                           

                D  H    oil    1770, 1695, 1675, 1635, 975                     

     phenyl     D  (+)Me                                                       

                        oil    1770, 1710, 1620, 975                           

                                               +112.1 (CHCl.sub.3)             

     phenyl     D  (-)Me                                                       

                        55-58.degree.                                          

                               1770, 1710, 1620, 975                           

                                               -32.79 (CHCl.sub.3)             

     __________________________________________________________________________

      *D=trans double bond; S=single bond                                      

TBL  __________________________________________________________________________

     Additional Compounds                                                      

     Ar         R    T   Z.sup.(a)                                             

                             Polarity.sup.(b)                                  

                                    SS.sup.(c)                                 

                                              IR data cm.sup.-.sup.1           

     __________________________________________________________________________

     m-methylphenyl                                                            

                H    .alpha.--OH                                               

                         D   LP     H.phi.Et.sub.2 O                           

                                              1770, 970, 3600                  

     m-methylphenyl                                                            

                H    .beta.--OH                                                

                         D   MP               1770, 970, 3600                  

     o-biphenyl H    .alpha.--OH                                               

                         D   LB     H.phi.Et.sub.2 O                           

                                              1770, 975, 3600                  

     o-biphenyl H    .beta.--OH                                                

                         D   MP               1770, 975, 3600                  

     5-phenyl-2-thienyl                                                        

                H    .alpha.--OH                                               

                         D   LP     H.phi.Et.sub.2 O                           

                                              1770, 975, 3600                  

     5-phenyl-2-thienyl                                                        

                H    .beta.--OH                                                

                         D   MP               1770, 970, 3600                  

     .beta.-naphthyl                                                           

                H    .alpha.--OH                                               

                         D   LP     H.phi./Et.sub.2 O                          

                                              1770, 970, 3598                  

     .beta.-naphthyl                                                           

                H    .beta.--OH                                                

                         D   MP               1770, 970, 3598                  

     p-chlorophenyl                                                            

                H    .alpha.--OH                                               

                         D   LP     H.phi./Et.sub.2 O                          

                                              1770, 970, 3598                  

     p-chlorophenyl                                                            

                H    .beta.--OH                                                

                         D   MP               1770, 970, 3598                  

     p-t-butylphenyl                                                           

                H    .alpha.--OH                                               

                         D   LP     H.phi./EtoAc                               

                                              1770, 970, 3598                  

     p-t-butylphenyl                                                           

                H    .beta.--OH                                                

                         D   MP               1770, 970, 3598                  

     phenyl     (+)Me                                                          

                     .alpha. --OH                                              

                         D   LP     10%EtoAc/Benzene                           

                                              1770, 970, 3600                  

     phenyl     (+)Me                                                          

                     .beta.--OH                                                

                         D   MP     10%EtoAc/Benzene                           

                                              1770, 970, 3598                  

     phenyl     (-)Me                                                          

                     .alpha.--OH                                               

                         D   LP     20%Et.sub.2 O/Benzene                      

                                              1770, 970, 3600                  

     phenyl     (-)Me                                                          

                     .beta.--OH                                                

                         D   MP     20%Et.sub.2 O/Benzene                      

                                              1770, 970, 3600                  

     __________________________________________________________________________

      .sup.(a) D is trans double bond; S is single bond                        

      .sup.(b) TLC mobility LP=less polar, MP=more polar                       

      .sup.(c) Solvent system for column chromatography isomer separation      

TBL  ______________________________________                                    

     Additional Compounds                                                      

     Ar           T        R        Z*   IR data cm.sup.-.sup.1                

     ______________________________________                                    

     m-methylphenyl                                                            

                  .alpha.--OTHP                                                

                           H        D    1770, 970                             

     m-methylphenyl                                                            

                  .beta.--OTHP                                                 

                           H        D    1770, 970                             

     o-biphenyl   .alpha.--OTHP                                                

                           H        D    1770, 970                             

     o-biphenyl   .beta.--OTHP                                                 

                           H        D    1770, 970                             

     5-phenyl-2-thienyl                                                        

                  .alpha.--OTHP                                                

                           H        D    1770, 970                             

     5-phenyl-2-thienyl                                                        

                  .beta.--OTHP                                                 

                           H        D    1770, 970                             

     .beta.-naphthyl                                                           

                  .alpha.--OTHP                                                

                           H        D    1770, 970                             

     .beta.-naphthyl                                                           

                  .beta.--OTHP                                                 

                           H        D    1770, 970                             

     p-chlorophenyl                                                            

                  .alpha.--OTHP                                                

                           H        D    1770, 970                             

     p-chlorophenyl                                                            

                  .beta.--OTHP                                                 

                           H        D    1770, 970                             

     p-t-butylphenyl                                                           

                  .alpha.--OTHP                                                

                           H        D    1770, 970                             

     p-t-butylphenyl                                                           

                  .beta.--OTHP                                                 

                           H        D    1770, 970                             

     phenyl       .alpha.--OTHP                                                

                           (+)Me    D    1770, 970                             

     phenyl       .beta.--OTHP                                                 

                           (+)Me    D    1770, 970                             

     phenyl       .alpha.--OTHP                                                

                           (-)Me    D    1770, 970                             

     phenyl       .beta.--OTHP                                                 

                           (-)Me    D    1770, 970                             

     ______________________________________                                    

      *D is trans double bond; S is single bond.                               

TBL  ______________________________________                                    

     Additional Compounds                                                      

     Ar           T        R        Z*   IR data cm.sup.-.sup.1                

     ______________________________________                                    

     m-methylphenyl                                                            

                  .alpha.--OTHP                                                

                           H        D    970                                   

     m-methylphenyl                                                            

                  .beta.--OTHP                                                 

                           H        D    970                                   

     o-biphenyl   .alpha.--OTHP                                                

                           H        D    970                                   

     o-biphenyl   .beta.--OTHP                                                 

                           H        D    970                                   

     5-phenyl-2-thienyl                                                        

                  .alpha.--OTHP                                                

                           H        D    970                                   

     5-phenyl-2-thienyl                                                        

                  .beta.--OTHP                                                 

                           H        D    970                                   

     .beta.-naphthyl                                                           

                  .alpha.--OTHP                                                

                           H        D    970                                   

     .beta.-naphthyl                                                           

                  .beta.--OTHP                                                 

                           H        D    970                                   

     p-chlorophenyl                                                            

                  .alpha.--OTHP                                                

                           H        D    970                                   

     p-chlorophenyl                                                            

                  .beta.--OTHP                                                 

                           H        D    970                                   

     p-t-butylphenyl                                                           

                  .alpha.---OTHP                                               

                           H        D    965                                   

     p-t-butylphenyl                                                           

                  .beta.--OTHP                                                 

                           H        D    965                                   

     phenyl       .alpha.--OTHP                                                

                           (+)Me    D    975                                   

     phenyl       .beta.--OTHP                                                 

                           (+)Me    D    975                                   

     phenyl       .alpha.--OTHP                                                

                           (-)Me    D    975                                   

     phenyl       .beta.--OTHP                                                 

                           (-)Me    D    975                                   

     ______________________________________                                    

      *D is trans double bond; S is single bond.                               

TBL  ______________________________________                                    

     Additional Compounds                                                      

     Ar           T        R        W*     Z**                                 

     ______________________________________                                    

     m-methylphenyl                                                            

                  .alpha.--OTHP                                                

                           H        D      D                                   

     m-methylphenyl                                                            

                  .beta.--OTHP                                                 

                           H        D      D                                   

     o-biphenyl   .alpha.--OTHP                                                

                           H        D      D                                   

     o-biphenyl   .beta.--OTHP                                                 

                           H        D      D                                   

     5-phenyl-2-thienyl                                                        

                  .alpha.--OTHP                                                

                           H        D      D                                   

     5-phenyl-2-thienyl                                                        

                  .beta.--OTHP H                                               

                           D        D                                          

     .beta.-naphthyl                                                           

                  .alpha.--OTHP                                                

                           H        D      D                                   

     .beta.-naphthyl                                                           

                  .beta.--OTHP                                                 

                           H        D      D                                   

     p-chlorophenyl                                                            

                  .alpha.--OTHP                                                

                           H        D      D                                   

     p-chlorophenyl                                                            

                  .beta.--OTHP                                                 

                           H        D      D                                   

     p-t-butylphenyl                                                           

                  .alpha.--OTHP                                                

                           H        D      D                                   

     p-t-butylphenyl                                                           

                  .beta.--OTHP                                                 

                           H        D      D                                   

     phenyl       .alpha.--OTHP                                                

                           (+)Me    D      D                                   

     phenyl       .beta.--OTHP                                                 

                           (+)Me    D      D                                   

     phenyl       .alpha.--OTHP                                                

                           (-)Me    D      D                                   

     phenyl       .beta.--OTHP                                                 

                           (-)Me    D      D                                   

     ______________________________________                                    

      *D is cis double bond; S is single bond.                                 

      **D is trans double bond; S is single bond.                              

TBL  __________________________________________________________________________

     Additional Compounds                                                      

     Ar         T    R    W* Z** IR data                                       

     __________________________________________________________________________

     m-methylphenyl                                                            

                .alpha.--OTHP                                                  

                     H    D  D   1740, 970                                     

     m-methylphenyl                                                            

                .beta.--OTHP                                                   

                     H    D  D   1740, 970                                     

     o-biphenyl .alpha.--OTHP                                                  

                     H    D  D   1740, 970                                     

     o-biphenyl .beta.--OTHP                                                   

                     H    D  D   1740, 970                                     

     5-phenyl-2-thienyl                                                        

                .alpha.--OTHP                                                  

                     H    D  D   1740, 970                                     

     5-phenyl-2-thienyl                                                        

                .beta.--OTHP                                                   

                     H    D  D   1740, 970                                     

     .beta.-naphthyl                                                           

                .alpha.--OTHP                                                  

                     H    D  D   1738, 970                                     

     .beta.-naphthyl                                                           

                .beta.--OTHP                                                   

                     H    D  D   1738, 970                                     

     p-chlorophenyl                                                            

                .alpha.--OTHP                                                  

                     H    D  D   1740, 970                                     

     p-chlorophenyl                                                            

                .beta.--OTHP                                                   

                     H    D  D   1740, 970                                     

     p-t-butylphenyl                                                           

                .alpha.--OTHP                                                  

                     H    D  D   1740, 965                                     

     p-t-butylphenyl                                                           

                .beta.--OTHP                                                   

                     H    D  D   1740, 965                                     

     phenyl     .alpha.--OTHP                                                  

                     (+)Me                                                     

                          D  D   1740, 970                                     

     phenyl     .beta.--OTHP                                                   

                     (+)Me                                                     

                          D  D   1740, 970                                     

     phenyl     .alpha.--OTHP                                                  

                     (-)Me                                                     

                          D  D   1740, 970                                     

     phenyl     .beta.--OTHP                                                   

                     (-)Me                                                     

                          D  D   1740, 970                                     

     __________________________________________________________________________

      *D is cis double bond; S is single bond.                                 

       **D is trans double bond; S is single bond.                             

TBL  __________________________________________________________________________

     Additional Compounds                                                      

     Ar         T   R    W* Z** IR data cm.sup.-.sup.1                         

     __________________________________________________________________________

     m-methylphenyl                                                            

                .alpha.--OH                                                    

                    H    D  D   3550 (broad) 1740, 970                         

     m-methylphenyl                                                            

                .beta.--OH                                                     

                    H    D  D   3550 (broad) 1740, 970                         

     o-biphenyl .alpha.--OH                                                    

                    H    D  D   3550 (broad) 1740, 970                         

     o-biphenyl .beta.--OH                                                     

                    H    D  D   3550 (broad) 1740, 970                         

     5-phenyl-2-thienyl                                                        

                .alpha.--OH                                                    

                    H    D  D   3550 (broad) 1740, 970                         

     5-phenyl-2-thienyl                                                        

                .beta.--OH                                                     

                    H    D  D   3550 (broad) 1740, 970                         

     .beta.-naphthyl                                                           

                .alpha.--OH                                                    

                    H    D  D   3550 (broad) 1740, 970                         

     .beta.-naphthyl                                                           

                .beta.--OH                                                     

                    H    D  D   3550 (broad) 1740, 970                         

     p-chlorophenyl                                                            

                .alpha.--OH                                                    

                    H    D  D   3550 (broad) 1740, 970                         

     p-chlorophenyl                                                            

                .beta.--OH                                                     

                    H    D  D   3550 (broad) 1740, 970                         

     p-t-butylphenyl                                                           

                .alpha.--OH                                                    

                    H    D  D   3550 (broad) 1740, 965                         

     p-t-butylphenyl                                                           

                .beta.--OH                                                     

                    H    D  D   3550 (broad) 1740, 965                         

     phenyl     .alpha.--OH                                                    

                    (+)Me                                                      

                         D  D   3550 (broad) 1740, 970                         

     phenyl     .beta.--OH                                                     

                    (+)Me                                                      

                         D  D   3550 (broad) 1740, 970                         

     phenyl     .alpha.--OH                                                    

                    (-)Me                                                      

                         D  D   3550 (broad) 1740, 970                         

     phenyl     .beta.--OH                                                     

                    (-)Me                                                      

                         D  D   3550 (broad) 1740, 970                         

     __________________________________________________________________________

      *D is cis double bond; S is single bond.                                 

      **D is trans double bond; S is single bond.                              

TBL  ______________________________________                                    

     Additional Compounds                                                      

     Ar      R     W*     Z**   IR data cm.sup.-.sup.1                         

     ______________________________________                                    

     .beta.-naphthyl                                                           

             H     D      D     1740, 1700, 1680, 1620, 970                    

     ______________________________________                                    

      *D is cis double bond; S is single bond.                                 

      **D is trans double bond; S is single bond.                              

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 2-descarboxy-2-[tetrazol-5-yl]-11-desoxy-.omega.-pentanorprostaglandins
      and their C.sub.15 epimers having at the 15-position a hydroxy or a keto
      group and one substituent of the formula:
      ##EQU8##
      wherein Ar is .alpha.- or .beta.-thienyl; 5-phenyl-.alpha.- or
      .beta.-thienyl; 5-lower alkyl-.alpha.- or .beta.-thienyl; .alpha.- or
      .beta.-naphthyl; tropyl, phenyl; 3,5-dimethylphenyl; 3,4-dimethoxyphenyl;
      3,4-methylenedioxyphenyl; 3,4-dichlorophenyl; and monosubstituted phenyl
      wherein said substituent is bromo, chloro, fluoro, trifluoromethyl,
      phenyl, lower alkyl, or lower alkoxy; and R is hydrogen or methyl.
NUM  2.
PAR  2. 2-descarboxy-2-[tetrazol-5-yl]-11-desoxy-.omega.-pentanorprotaglandins
      of the E or F series and their C.sub.15 epimers having at the 15-position
      a hydroxy or keto group and one substituent of the formula:
      ##EQU9##
      wherein Ar is .alpha.- or .beta.-thienyl; 5-phenyl-.alpha.- or
      .beta.-thienyl; 5-lower alkyl-.alpha.- or .beta. -thienyl; .alpha.- or
      .beta. -naphthyl; tropyl, phenyl; 3,5-dimethylphenyl; 3,4-dimethoxyphenyl;
      3,4-methylenedioxyphenyl; 3,4-dichlorophenyl and monosubstituted phenyl
      wherein said substituent is bromo, chloro, fluoro, trifluoromethyl,
      phenyl, lower alkyl, or lower alkoxy; and R is hydrogen or methyl.
NUM  3.
PAR  3. A compound of the structure:
      ##SPC17##
PAL  wherein
PA1  Ar is .alpha.- or .beta.-thienyl; 5-phenyl-.alpha.- or .beta.-thienyl;
      5-lower alkyl-.alpha.- or .beta.-thienyl; .alpha.- or .beta.-naphthyl;
      tropyl, phenyl; 3,5-dimethylphenyl, 3,4-dimethoxyphenyl;
      3,4-methylenedioxyphenyl; 3,4-dichlorophenyl; and monosubstituted phenyl
      wherein said substituent is bromo, chloro, fluoro, trifluoromethyl,
      phenyl, lower alkyl, or lower alkoxy;
PA1  R is hydrogen or methyl;
PA1  W is a single bond or cis double bond;
PA1  Z is a single bond or trans double bond; and
PA1  M and N are each keto,
      ##EQU10##
NUM  4.
PAR  4. A compound of the structure;
      ##SPC18##
PAL  wherein
PA1  Ar is .alpha.- or .beta.-thienyl; 5-phenyl-.alpha.- or .beta.-thienyl;
      5-lower alkyl-.alpha.- or .beta.-thienyl; .alpha.- or .beta.-naphthyl;
      tropyl, phenyl; 3,5-dimethylphenyl; 3,4-dimethoxyphenyl;
      3,4-methylenedioxyphenyl; 3,4-dichlorophenyl; and monosubstituted phenyl
      wherein said substituent is bromo, chloro, fluoro, trifluoromethyl,
      phenyl, lower alkyl, or lower alkoxy;
PA1  R is hydrogen or methyl;
PA1  W is a single bond or cis double bond; and
PA1  Z is a single bond or trans double bond.
NUM  5.
PAR  5. A compound of the formula:
      ##SPC19##
PAL  wherein
PA1  Ar is .alpha.- or .beta.-thienyl; 5-phenyl-.alpha.- or .beta.-thienyl;
      5-lower alkyl-.alpha.- or .beta.-thienyl; .alpha.- or .beta.-naphthyl;
      tropyl, phenyl; 3,5-dimethylphenyl; 3,4-dimethoxyphenyl;
      3,4-methylenedioxyphenyl; 3,4-dichlorophenyl; and monosubstituted phenyl
      wherein said substituent is bromo, chloro, fluoro, trifluoromethyl,
      phenyl, lower alkyl, or lower alkoxy;
PA1  R is hydrogen or methyl;
PA1  W is a single bond or cis double bond; and
PA1  Z is a single bond or trans double bond.
NUM  6.
PAR  6. A compound of the formula:
      ##SPC20##
PAL  wherein
PA1  Ar is .alpha.- or .beta.-thienyl; 5-phenyl-.alpha.- or .beta. -thienyl;
      5-lower alkyl-.alpha.- or .beta. -thienyl; .alpha.- or .beta.-naphthyl;
      tropyl, phenyl, 3,5-dimethylphenyl; 3,4-dimethoxyphenyl;
      3,4-methylenedioxyphenyl; 3,4-dichlorophenyl; and monosubstituted phenyl
      wherein said substituent is bromo, chloro, fluoro, trifluoromethyl,
      phenyl, lower alkyl, or lower alkoxy;
PA1  R is hydrogen or methyl;
PA1  W is a single bond or cis double bond; and
PA1  Z is a single bond or trans double bond.
NUM  7.
PAR  7. A compound of the structure:
      ##SPC21##
PAL  and the C.sub.15 epimers thereof,
PAL  wherein
PA1  Ar is .alpha.- or .beta.-thienyl; 5-phenyl-.alpha.- or .beta.-thienyl;
      5-lower alkyl-.alpha.- or .beta.-thienyl; .alpha.- or .beta.-naphthyl;
      tropyl, phenyl; 3,5-dimethylphenyl; 3,4-dimethoxyphenyl;
      3,4-methylenedioxyphenyl; 3,4-dichlorophenyl; and monosubstituted phenyl
      wherein said substituent is bromo, chloro, fluoro, trifluoromethyl,
      phenyl, lower alkyl, or lower alkoxy;
PA1  R is hydrogen or methyl;
PA1  W is a single bond or cis double bond; and
PA1  Z is a single bond or trans double bond.
NUM  8.
PAR  8. A compound of the structure:
      ##SPC22##
PAL  and the C.sub.15 epimers thereof,
PAL  wherein
PA1  Ar is .alpha.- or .beta.-thienyl; 5-phenyl-.alpha.- or .beta.-thienyl;
      5-lower alkyl-.alpha.- or .beta.-thienyl; .alpha.- or .beta.-naphthyl;
      tropyl, phenyl; 3,5-dimethylphenyl; 3,4-dimethoxyphenyl;
      3,4-methylenedioxyphenyl; 3,4-dichlorophenyl; and monosubstituted phenyl
      wherein said substituent is bromo, chloro, fluoro, trifluoromethyl,
      phenyl, lower alkyl, or lower alkoxy;
PA1  R is hydrogen or methyl;
PA1  W is a single bond or cis double bond; and
PA1  Z is a single bond or trans double bond.
NUM  9.
PAR  9. A compound of the structure:
      ##SPC23##
PAL  and the C.sub.15 epimers thereof,
PAL  wherein
PA1  Ar is .alpha.- or .beta.-thienyl; 5-phenyl-.alpha.- or .beta.-thienyl;
      5-lower alkyl-.alpha.- or .beta.-thienyl; .alpha.- or .beta.-naphthyl;
      tropyl, phenyl; 3,5-dimethylphenyl; 3,4-dimethoxyphenyl;
      3,4-methylenedioxyphenyl; 3,4-dichlorophenyl; and monosbustituted phenyl
      wherein said substituent is bromo, chloro, fluoro, trifluoromethyl,
      phenyl, lower alkyl, or lower alkoxy;
PA1  R is hydrogen or methyl;
PA1  W is a single bond or cis double bond; and
PA1  Z is a single bond or trans double bond.
NUM  10.
PAR  10. A compound of the structure:
      ##SPC24##
PAL  and the C.sub.15 epimers thereof,
PAL  wherein
PA1  Ar is .alpha.- or .beta.-thienyl; 5-phenyl-.alpha.- or .beta.-thienyl;
      5-lower alkyl-.alpha.- or .beta.-thienyl; .alpha.- or .beta.-naphthyl;
      tropyl, phenyl; 3,5-dimethylphenyl; 3,4-dimethoxyphenyl;
      3,4-methylenedioxyphenyl; 3,4-dichlorophenyl; and monosubstituted phenyl
      wherein said substituent is bromo, chloro, fluoro, trifluoromethyl,
      phenyl, lower alkyl, or lower alkoxy;
PA1  R is hydrogen or methyl;
PA1  W is a single bond or cis double bond;
PA1  Z is a single bond or trans double bond;
PA1  R.sub.1 is tetrahydropyranyl or dimethyl-tert-butylsilyl; and
      ##EQU11##
       or = 0.
NUM  11.
PAR  11. A compound of claim 3 wherein W is a cis double bond and Z is a trans
      double bond.
NUM  12.
PAR  12. A compound of claim 3 wherein W is a cis double bond and Z is a single
      bond.
NUM  13.
PAR  13. A compound of claim 3 wherein both W and Z are single bonds.
NUM  14.
PAR  14. A compound of claim 3 wherein W is a single bond and Z is a trans
      double bond.
NUM  15.
PAR  15. A compound of claim 4 wherein W is a cis double bond and Z is a trans
      double bond.
NUM  16.
PAR  16. A compound of claim 4 wherein W is a cis double bond and Z is a single
      bond.
NUM  17.
PAR  17. A compound of claim 4 wherein W is a single bond and Z is a trans
      double bond.
NUM  18.
PAR  18. A compound of claim 4 wherein both W and Z are single bonds.
NUM  19.
PAR  19. A compound of claim 9 wherein W is a cis double bond and Z is a trans
      double bond.
NUM  20.
PAR  20. A compound of claim 9 wherein both W and Z are single bonds.
NUM  21.
PAR  21. A compound of claim 9 wherein W is a cis double bond and Z is a single
      bond.
NUM  22.
PAR  22. A compound of claim 9 wherein W is a single bond and Z is a trans
      double bond.
NUM  23.
PAR  23. A compound of the structure:
      ##SPC25##
PAL  wherein R.sub.2 is alkyl of from 1 to 8 carbons, phenalkyl of up to 9
      carbons, phenyl, tolyl, p-biphenyl and .alpha.- or .beta.-naphthyl.
NUM  24.
PAR  24. A compound of claim 4 wherein Ar is m-tolyl, W is a cis double bond, Z
      is a trans double bond, and R is hydrogen.
NUM  25.
PAR  25. A compound of claim 4 wherein Ar is phenyl, W is a cis double bond, Z
      is a trans double bond, and R is hydrogen.
NUM  26.
PAR  26. A compound of claim 4 wherein Ar is phenyl, W and Z are single bonds,
      and R is hydrogen.
NUM  27.
PAR  27. A compound of claim 4 wherein Ar is phenyl, W is a single bond, Z is a
      trans double bond, and R is hydrogen.
NUM  28.
PAR  28. A compound of claim 4 wherein Ar is m-tolyl, W is a cis double bond, Z
      is a single bond, and R is hydrogen.
NUM  29.
PAR  29. A compound of claim 6 wherein Ar is m-tolyl, W is a cis double bond, Z
      is a trans double bond, and R is hydrogen.
NUM  30.
PAR  30. A compound of claim 6 wherein Ar is m-tolyl, W is a cis double bond, Z
      is a single bond, and R is hydrogen.
NUM  31.
PAR  31. A compound of claim 9 wherein Ar is 5-phenyl-.alpha.-thienyl, W is a
      cis double bond, Z is a trans double bond, and R is hydrogen.
NUM  32.
PAR  32. A compound of claim 9 wherein Ar is phenyl, W is a cis double bond, Z
      is a trans double bond, and R is (-)-methyl.
NUM  33.
PAR  33. A compound of claim 9 wherein Ar is phenyl, W is a cis double bond, Z
      is a trans double bond, and R is (+)-methyl.
NUM  34.
PAR  34. A compound of claim 9 wherein Ar is .beta.-naphthyl, W is a cis double
      bond, Z is a trans double bond, R is hydrogen, and said prostaglandin is
      racemic.
NUM  35.
PAR  35. A compound of claim 9 wherein Ar is .beta.-naphthyl, W is a cis double
      bond, Z is a trans double bond, R is hydrogen, and said prostaglandin is a
      racemic C.sub.15 epimer.
NUM  36.
PAR  36. A compound of claim 9 wherein Ar is phenyl, W and Z are single bonds,
      and R is hydrogen.
NUM  37.
PAR  37. A compound of claim 9 wherein Ar is m-tolyl, W is a cis double bond, Z
      is a trans double bond, and R is hydrogen.
PATN
WKU  039323900
SRC  5
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ABST
PAL  2-Thia-1,3,5-triaza-7-phosphaadamantane 2,2-dioxide was prepared. The
      phosphine was converted to the phosphine oxide derivative by reaction with
      hydrogen peroxide and the methyl phosphonium iodide derivative of the
      phosphene was prepared by reaction with methyl iodide.
PARN
PAR  This is a division of application Ser. No. 471,516, filed May 20, 1974, now
      U.S. Pat. No. 3,899,618.
BSUM
PAR  This invention relates to a hexamethylenetetramine analog containing sulfur
      and phosphorus. More specifically this invention relates to
      2-thia-1,3,5-triaza-7-phosphaadamantane 2,2-dioxide and its derivatives,
      2-thia-1,3,5-triaza-7-phosphaadamantane 2,2,7-trioxide and
      2-thia-1,3,5-triaza-7-methyl-7-phosphonia-adamantane 2,2-dioxide iodide
      which are useful as flame retardants for cellulosic textiles and to
      methods of their preparation.
PAR  The main object of the instant invention is to disclose the compound
      2-thia-1,3,5-triaza-7-phosphaadamantane produced by processes of the
      instant invention.
PAR  A second object of the instant invention is to disclose the derivatives of
      2-thia-1,3,5-triaza-7-phosphaadamantane 2,2-dioxide,
      2-thia-1,3,5-triaza-7-phosphaadamantane 2,2,7-trioxide and
      2-thia-1,3,5-triaza-7-methyl-7-phosphoniaadamantane 2,2-dioxide iodide.
PAR  Searching the prior art we find that the process for the preparation of
      tris(aminomethyl)phosphine is conducted by reacting a secondary amine with
      tris(hydroxymethyl)phosphine by itself or in the presence of formaldehyde.
      [K. A. Petrov, V. A. Parshina, B. A. Orlov, and G. M. Trypine, Zhur.
      Obshch. Khem., 32, 4017 (1962)]. The prior art also shows that
      hexamethylenetetramine or a solution of formaldehyde and ammonia can be
      employed rather than simple amines. [D. J. Daigle, A. B. Pepperman, Jr.,
      and S. L. Vail, Ser. No. 391,189; filed Aug. 24, 1973], now U.S. Pat. No.
      3,899,619. In this prior art a phosphine (C.sub.6 H.sub.12 N.sub.3 P)
      having the graphic formula can be prepared by reacting
      tris(hydroxymethyl)phosphine with hexamethylenetetramine, preferably in
      the presence of formaldehyde.
      ##SPC1##
PAL  The amine of the present invention differs from those of the prior arts in
      that hexamethylenetetramine or ammonia and sulfamide is employed rather
      than secondary amine. Thus, the phosphine of the present invention is of a
      new type. In the course of the investigation we have found that a
      phosphine (C.sub.5 H.sub.10 N.sub.3 O.sub.2 PS) having the graphic formula
      shown below can be prepared by reacting tris(hydroxymethyl)phosphine
      ##SPC2##
PAL  With sulfamide and ammonia or preferably a source of ammonia,
      hexamethylenetetramine and preferably in the presence of formaldehyde.
PAR  In accordance with the present invention the reaction of
      tris(hydroxymethyl)phosphine with sulfamide and hexamethylenetetramine is
      carried out by dissolving the rea-ent tris(hydroxymethyl)phosphine in 20%
      formalin (5-10 times the weight of the reagent) and hexamethylenetetramine
      and sulfamide added and dissolved in the solution at room temperature. The
      final solution was allowed to stand at room temperature overnight. This
      same procedure may be carried out using a solution of ammonia in place of
      hexamethylenetetramine. The phosphine product was identified by infrared
      and proton magnetic resonance spectra, and by elemental analysis.
PAR  Further, in accordance with the present invention
      2-thia-1,3,5-triaza-7-phosphaadamantane 2,2,7-trioxide was prepared by
      reaction of 2-thia-1,3,5-triaza-7-phosphaadamantane 2,2-dioxide with a
      peroxide in an appropriate solvent.
PAR  In accordance with the present invention
      2-thia-1,3,5-triaza-7-methyl-7-phosphoniaadamantane 2,2-dioxide iodide was
      prepared by reaction of 2-thia-1,3,5-triaza-7-phosphaadamantane
      2,2-dioxide with methyl iodide in an appropriate solvent.
PAR  These compounds are useful as flame retardants for cellulosic material and
      also as intermediates for other chemical compounds and polymers. Cotton
      fabric was made flame retardant by impregnating the fabric with a 15%
      dimethyl sulfoxide solution of the compound and drying the fabric. The
      concentration of the flame retardant may be varied above or below 15%
      depending on the degree of flame retardancy desired.
DETD
PAR  The following examples illustrate the methods of carrying out the invention
      and are included for purposes of illustration, not as a limitation
      thereof.
PAC  EXAMPLE 1
PAR  Preparation of 2-thia-1,3,5-triaza-7-phosphaadamantane 2,2-dioxide.
      Tris(hydroxymethyl)phosphine (3.9 g, 80%, 0.025 moles) was dissolved in
      formalin (20 ml, 40%, 0.267 moles) and water (20 ml). Sulfamide (2.4 g,
      0.025 mole) and hexamethylenetetramine (3.5 g, 0.025 mole) were added
      together and dissolved in the solution at room temperature. The solution
      heated up slightly and over the next twenty-four hours a precipitate
      formed. Filtration, dissolution of the solid in 4 successive 30 ml acetone
      washes and evaporation of the acetone yielded 3.42 g of crude
      2-thia-1,3,5-triaza-7-phosphaadamantane 2,2-dioxide (66% yield) [mp
      274.degree.-5.degree. (water)].
PAR  Anal. Calcd. for C.sub.5 H.sub.10 N.sub.3 O.sub.2 PS: C, 28.98; H, 4.86; N,
      20.28; P, 14.95; S, 15.48; mol. wt. 207.2. Found: C, 28.85; H, 4.82; N,
      20.26; P, 15.14; S, 15.62; mol. wt. 210.
PAC  EXAMPLE 2
PAR  Preparation of 2-thia-1,3,5-triaza-7-phosphaadamantane 2,2,7-trioxide.
      2-Thia-1,3,5-triaza-7-phosphaadamantane 2,2-dioxide (0.5g, 0.0024 mole)
      and t-butyl hydroperoxide (70% solution, 0.3 g, 0.0024 mole) were stirred
      in a 25 ml acetone-25 ethanol solution for 1 hour at room temperature. The
      solution was filtered to yield 0.5 g of crude
      2-thia-1,3,5-triaza-7-phosphaadamantane 2,2,7-trioxide (92% yield) [MP
      245.degree.-6.degree. (propanol)].
PAR  Anal. Calcd. for C.sub.5 H.sub.10 N.sub.3 O.sub.3 PS: C, 26.90; H, 4.52; N,
      18.83; P, 13.87; S, 14.37; mol. wt. 223.2 Found: C, 27.11; H, 4.55; N,
      18.98; P, 14.10; S, 14.20; mol. wt. 227.
PAC  EXAMPLE 3
PAR  Preparation of 2-thia-1,3,5-triaza-7-methyl-7-phosphoniaadamantane
      2,2-dioxide iodide. 2-Thia-1,3,5-triaza-7-phosphaadamantane (0.35 g,
      0.0017 mole) and methyl iodide (0.3 g, 0.002 mole) were refluxed for 24
      hours in a 5 ml chloroform-40 ml ethyl acetate solution. The solution was
      filtered to yield 0.45 g of crude
      2-thia-1,3,5-triaza-7-methyl-7-phosphonia-adamantane 2,2-dioxide iodide
      (76% yield) [MP 202.degree.-3.degree. (methylethyl acetate)].
PAR  Anal. Calcd. for C.sub.6 H.sub.13 N.sub.3 O.sub.2 PSI: C, 20.64; H, 3.75;
      N, 12.04; P, 8.87; S, 9.19; I, 36.35. Found: 20.82; H, 3.75; N, 12.14; P,
      8.90; S, 9.34, I, 36.52.
PAC  EXAMPLE 4
PAR  A solution of ammonia may be used in place of hexamethylenetetramine to
      prepare 2-thia-1,3,5-triaza-7-phosphaadamantane 2,2-dioxide.
      Tris(hydroxymethyl)phosphine (3.9 g, 80%, 0.025 moles) was dissolved in
      formalin (20 ml, 40%, 0.267 moles) and water (20 ml). Ammonium hydroxide
      (29% NH.sub.3, 1.7 ml, 0.025 moles) was added to the solution at room
      temperature. Sulfamide (2.4 g, 0.025 mole) was then added and dissolved in
      the solution at room temperature. The solution heated up slightly and over
      the next twenty-four hours a precipitate formed. Filtration, dissolution
      of the solid in 4 successive 30 ml acetone washes and evaporation of the
      acetone yielded 1.0 g of crude 2-thia-1,3,5-triaza-7-phosphaadamantane
      (19.3% yield).
PAC  EXAMPLE 5
PAR  Fabric Treatment: A dimethyl sulfoxide solution containing 15% by weight of
      2-thia-1,3,5-triaza-7-phosphaadamantane 2,2-dioxide was applied to 8 oz.
      cotton sateen fabric by passing through squeeze rolls to an 80% wet pickup
      and rying for 4 minutes at 90.degree.C. The fabric had a 12% weight gain
      and was flame retardant.
PAR  The fabric treatments were evaluated by a well known rapid evaluation flame
      retardancy test which consists of cutting a small specimen (about 1 cm.
      .times. 7 cm.) of the fabric to be evaluated, placing the specimen above
      the flame of a kitchen match with the long axis of the fabric specimen at
      an angle of 180.degree. to the flame, igniting the specimen (if it can
      ignite), removing the flaming specimen from the flame, and rotating the
      specimen until the flame is extinguished and recording that angle. (The
      0.degree. angle would be where the flame is at the top of the specimen,
      and the most severe test would be where the flame would be at the bottom.
      This would be the 180.degree. angle.)
PAR  The specimens of Example 1 dod not support combustion upon being submitted
      to this test, that is, the flame was extinguished at a 135.degree. angle;
      therefore, they passed the flame retardancy test.
PAR  The same results were obtained with fabrics treated in the same manner with
      compounds prepared as described in examples (2), (3).
CLMS
STM  We claim:
NUM  1.
PAR  1. 2-Thia-1,3,5-triaza-7-phosphaadamantane 2,2-dioxide.
NUM  2.
PAR  2. 2-Thia-1,3,5-triaza-7-phosphaadamantane 2,2,7-trioxide.
NUM  3.
PAR  3. 2-Thia-1,3,5-triaza-7-methyl-7-phosphoniaadamantane 2,2-dioxide iodide.
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ABST
PAL  Novel penicillin and cephalosporin isocyanates are described which are
      useful intermediates for reaction with compounds containing an active
      hydrogen to produce penicillin and cephalosporin derivatives having
      activity against gram positive and/or gram negative bacteria.
BSUM
PAR  This invention relates to novel penicillin and cephalosporin isocyanates,
      processes for their preparation and use of such isocyanates to prepare
      penicillins and cephalosporins having activity against gram positive
      and/or gram negative bacteria.
PAR  Accordingly, one aspect of the present invention relates to novel
      penicillin and cephalosporin isocyanates.
PAR  Another aspect of the present invention relates to the use of amino
      substituted penicillins or cephalosporins to manufacture the novel
      isocyanates of the present invention.
PAR  A further aspect of the present invention relates to the isocyanates of the
      present invention as intermediates in the synthesis of penicillins and
      cephalosporins having antibacterial activity.
PAR  These and other aspects of the present invention will be apparent from the
      following description.
PAR  In its broadest aspects the present invention relates to isocyanates of the
      formulae:
      ##SPC1##
PAL  Wherein:
PAR  A is a member selected from the group consisting of oxygen and sulfur;
PAR  R is an organic radical;
PAR  R.sup.1 and R.sup.2 are selected from the group consisting of hydrogen,
      lower alkyl, alicyclic, aryl, aryl(lower)alkyl, heterocyclic, heterocyclic
      lower alkyl or any other organic radicals described in the penicillin or
      cephalosporin literature linked directly or through
      ##EQU1##
      RADICAL TO THE AMINO GROUP AT THE 6-POSITION OF A SEMI-SYNTHETIC
      PENICILLIN OR AT THE 7-POSITION OF A SEMI-SYNTHETIC CEPHALOSPORIN. Any of
      the foregoing radicals may contain one or more substituents as identified
      hereinafter;
PA1  R.sup.1 and R.sup.2 may be joined together to form an alicyclic or
      heterocyclic ring;
PA1  R.sup.3 may be any organic substituent that is considered suitable in the
      cephalosporin art for substitution at the 3-position on the cephalosporin
      nucleus by linkage through the methylene radical and n is a number from 0
      through 3; m is a number which is either 0 or 1.
PAR  Heterocyclic as defined by R.sup.1 and R.sup.2 is preferably a mono
      heterocyclic ring of aromatic character having five to six ring atoms in
      the heterocyclic ring and up to and including three hetero atoms selected
      from the class consisting of oxygen, sulfur and nitrogen. The heterocyclic
      ring may have a fused-on benzene ring attached thereto.
PAR  The term "aryl" as used throughout the specification means a mono or
      bicyclic carbocyclic ring of aromatic character which may or may not be
      substituted. The term "alicyclic" as used throughout the specification
      means a mono or bicyclic carbocyclic ring of non-aromatic character having
      four to 10 carbon atoms and which is either completely saturated, contains
      a single double bond or two or three conjugated or non-conjugated double
      bonds as represented by cycloalkyl, cycloalkenyl, cycloalkadienyl or
      cycloalkatrienyl.
PAR  The word "substituted" as used throughout the specification means a radical
      substituted with a group selected from the class consisting of nitro,
      halogen, trifluoromethyl, (lower)alkoxy, (lower)alkyl, amino, hydroxy,
      sulfamyl, di(lower)alkylamino and (lower)alkanoylamino. The symbol ".phi."
      means phenyl.
PAR  The term (lower)alkyl, except where otherwise indicated, means a straight
      or branched chain having one through six carbon atoms (e.g. methyl, ethyl,
      isopropyl, hexyl, tert-butyl, etc.) The term "halogen" means chlorine,
      fluorine, bromine and iodine. The term (lower)alkoxy means a straight or
      branched chain having one through six carbon atoms (e.g. methoxy, ethoxy,
      propoxy, etc.)
PAR  In formulas I and II, those groups represented by R are selected from the
      class consisting of
      ##EQU2##
      wherein: R.sup.4 is a member selected from the class consisting of (1)
      hydrogen; (2) a metallic cation such as sodium, potassium, calcium,
      aluminum, etc.; (3) a non-metallic cation formed from a trialkylamine or a
      dialkylamine (e.g. triethylamine, procaine, dibenzylamine,
      N,N'-dibenzylethylene diamine, 1-ephenamine); (4) N-(lower)alkyl
      piperidines (e.g. N-methylpiperidine); (5) a heterocyclic quaternary
      ammonium group (e.g. pyridinium, quinolinium, picolinium); (6) other
      non-toxic amines that will form salts with the carboxyl group; (7) an
      organic group which is capable of smooth reaction with the carboxylic acid
      group to form an ester and is stable during reaction of a compound of
      formulae I and II with a compound containing an active hydrogen and such
      organic groups being removable chemically or enzymatically under mild
      conditions without destruction of the penicillin or cephalosporin nucleus;
      and (8) R.sup.4 and R.sup.3 may be joined together to form a lactone when
      R.sup.3 is hydroxyl.
PAR  Illustrative of organic radicals represented by R.sup.4 are aryl,
      aryl(lower)alkylene, cycloalkyl, substituted aryl(lower) alkylene,
      halo(lower)alkyl, C.sub.3 -C.sub.7 tert(lower)alkyl, aroyl--CH.sub.2 --,
      substituted aroyl--CH.sub.2 --, diarylmethylene, substituted
      diarylmethylene, phthalimido(lower)alkylene, succinimido(lower)alkylene,
      C.sub.5 to C.sub.7 tert-alkenyl, C.sub.5 to C.sub.7 tert-alkynyl as well
      as the following groups:
      ##EQU3##
      wherein:
PAR  q is a number which is either 0 or 1;
PAR  R.sup.5, R.sup.6 and R.sup.7 are selected from the class consisting of
      lower alkyl, aryl(lower)alkyl, cycloalkyl of 5 to 8 carbon atoms and aryl;
      R.sup.8 and R.sup.9 are each selected from the class consisting of:
      aryloxy, (lower)alkoxy, arylthio, aryl(lower)alkyloxy, (lower)alkyl, aryl,
      halo(lower)alkyl, aryl(lower)alkyl and W; and R.sup.8 and R.sup.9 may be
      joined together to form with phosphorus, the ring
      ##SPC2##
PAL  wherein Z is selected from the class consisting of oxygen, CH.sub.2 and
      sulfur; R.sup.10 is hydrogen or (lower)alkyl; t is an integer from 1 to 6;
      W is selected from the group consisting of halogen, and a group
      represented by formulas (f) or (g) supra.
PAR  Examples of suitable radicals described in the prior art represented by
      R.sup.4 are found in the following U.S. Pat. Nos., among others, the
      disclosures of which are incorporated herein by reference: 3,249,622;
      3,284,451; 3,466,275; 3,483,188; 3,485,819; 3,553,203; 3,558,602;
      3,574,799; 3,621,011; 3,635,953; 3,654,266; 3,655,658; 3,660,395.
      Applicants also incorporate herein by reference the disclosure of
      copending application, Ser. Nos. 186,397, 197,142 and 217,942.
PAR  X and Y in the formula
      ##EQU4##
      when taken separately are both electron withdrawing groups and when taken
      together with the nitrogen atom to which they are attached complete a
      cyclic electron withdrawing group. The electron withdrawing groups
      represented by X and Y alone or taken together are those defined in claim
      8 and column 2, lines 58-66, and column 3, lines 1 through 75, of U.S.
      Pat. No. 3,635,953, the disclosure of which is incorporated herein as
      though fully described at this point. The preferred compounds represented
      by
      ##EQU5##
      are those of the formula
      ##SPC3##
PAL  wherein R.sup.a and R.sup.b are selected from the class consisting of
      hydrogen, (lower)alkyl, (lower)alkoxy and halogen, preferably R.sup.a and
      R.sup.b are each hydrogen.
PAR  Illustrative of heterocyclic lower alkyl or heterocyclic radicals
      represented by R.sup.1 and R.sup.2 are thienyl, furyl, pyridyl, picolyl,
      pyrryl, thenyl, furfuryl, thianaphthenyl, benzothienyl, benzofuryl,
      isothiazolyl, indolyl, imidazolyl, oxazolyl, 1,2,4-triazolyl,
      1,3,4-thiadiazolyl, 1,3,4-oxadiazinyl, 1,3,4-dithiazolyl, pyrimidinyl,
      benzimidazolyl, etc. Illustrative of aryl and aryl (lower)alkyl radicals
      represented by R.sup.1 and R.sup.2 are phenyl, benzyl, phenethyl,
      p-chlorophenyl, p-nitrophenyl, o-aminophenyl, p-hydroxyphenyl, naphthyl,
      tetrahydronaphthyl, m-trifluoromethylphenyl, etc. Alicyclic radicals
      represented by R.sup.1 and R.sup.2 alone or joined together are
      cyclobutyl, cyclopentyl, cyclohexyl, cyclooctyl, cyclopentenyl,
      cyclohexenyl, 1,4-cyclohexadienyl, cycloheptatrienyl, etc. Specific groups
      illustrated by R.sup.1 and R.sup.2 are found in U.S. Pat. Nos. 3,579,506;
      3,531,470; 3,594,366; 3,483,188; 3,558,601; 3,595,855; 3,202,654;
      3,268,514; 3,560,489; 3,579,514; 3,592,812; 3,518,260 and 3,627,761.
PAR  The term "aroyl" includes both monocyclic and bicyclic aromatic radicals
      having six through 10 ring carbon atoms as well as a monoheterocyclic
      radical as previously defined of aromatic character. Illustrative are
      nicotinoyl, isonicotinoyl, benzoyl, p-nitrobenzoyl, o-methylbenozyl,
      thenoyl, furoyl, napthoyl, etc.
PAR  Organic radicals defined by R.sup.3 are selected from those known in the
      art as represented by the class consisting of hydrogen, hydroxy, a hydroxy
      group which is esterified with a carboxylic acid and in which the ester
      oxygens may be replaced by sulfur atoms, a quaternary ammonium group, a
      primary, secondary or tertiary amine [e.g. (lower)alkylamino,
      di(lower)alkylamino, phenyl (lower)alkylamino, N-heterocyclic tertiary
      amine, etc.], an azide group, a guanylmercapto group, an
      .alpha.-iminoalkylmercapto group and a mercapto group which has been
      etherified. Illustrative groups defined by R.sup.3 may be found in U.S.
      Pat. Nos. 3,483,197; 3,553,203; 3,536,698; 3,627,760; 3,637,678;
      3,641,021; and 3,644,347, the disclosures of which are incorporated herein
      by reference.
PAR  A more preferred class of compounds within the scope of the present
      invention nare represented by the formulae:
      ##SPC4##
PAL  wherein:
PAR  R is selected from the group consisting of
      ##SPC5##
PAR  R.sup.11 is selected from the class consisting of aryl and substituted
      aryl; cycloalkyl having four to eight ring atoms; cycloalkenyl having four
      to eight ring atoms; an alicyclic radical having six to eight carbon atoms
      and containing two or three conjugated or non-conjugated double bonds; a
      five or six membered heterocyclic ring of aromatic character having a
      single hetero atom selected from the class consisting of oxygen, sulfur
      and nitrogen;
PAR  R.sup.12 is selected from the class consisting of hydrogen and lower alkyl;
PAR  R.sup.13 is selected from the class consisting of hydrogen, a quaternary
      ammonium radical and an acyloxy radical derived from a hydrocarbon
      carboxylic acid having up to eight carbon atoms (e.g. acetoxy,
      propionoyloxy, butanolyloxy, pentanolyoxy, etc.)
PAR  The preferred compounds are those of formula III and IV wherein:
PAR  R.sup.4 is selected from the class consisting of trimethylsilyl,
      1,3,2-dioxaphospholanyl, tert-butyl, benzyl, phthalimidomethyl,
      succinimidomethyl, pivaloyloxymethyl, 2,2,2-trichloroethyl, trityl,
      dimethyl silene ester as described in U.S. Pat. No. 3,654,266, phenacyl
      and benzhydryl.
PAR  R.sup.11 is selected from the class consisting of phenyl, substituted
      phenyl, cyclohexyl, 1,4-cyclohexadienyl, cyclohexenyl, thienyl; R.sup.12
      is hydrogen; and R.sup.13 is selected from the class consisting of
      hydrogen, acetoxy and pyridinium; and n is 0.
PAR  The novel penicillin and cephalosporin isocyanate intermediates of the
      present invention may be prepared in accordance with the following
      reaction sequence:
      ##EQU6##
      wherein R.sup.16 may be either:
      ##EQU7##
      The foregoing reaction is preferably carried out in an inert anhydrous
      organic solvent at a temperature below -20.degree.C. and preferably
      between about -25.degree.C. and about -50.degree.C. As solvents, toluene,
      dichlormethane, chloroform, ethylene dichloride and benzene may be
      employed. To facilitate the reaction, an organic base can be added to the
      reaction mixture to bind the hydrogen chloride formed; tertiary amines
      such as triethylamine, N-ethylpiperidine are advantageously used for this
      purpose.
PAR  The starting materials of formula I can be prepared by procedures well
      known in the art such as by acylation of 6-APA, 7-ACA, 7-ADCA or
      derivatives thereof. Typical preparation of such compounds are illustrated
      in U.S. Pat. Nos. 3,594,366; 3,558,602; 3,518,260; 3,595,855; 3,213,083;
      3,481,922; 3,483,188; 3,531,470.
PAR  The isocyanates of this invention react with an organic compound containing
      an active hydrogen atom or a carbionoid reagent (e.g. a Grignard compound
      or organolithium compound) to form non-toxic penicillins and
      cephalosporins having activity against gram positive and/or gram negative
      bacteria. The classes of compounds are those that will react with the
      selected isocyanate compound under temperature and pH conditions that will
      not result in destruction of the penicillin or cephalosporin nucleus.
      Thus, the isocyanate penicillins and cephalosporins of formula I and II
      may be reacted with the following type of compounds:
      ##EQU8##
      R.sup.13 is selected from the class consisting of (lower)alkyl, aryl,
      ara(lower)alkyl, mono(lower)alkylamino(lower)alkyl, di(lower)
      alkylamino(lower)alkyl, cycloalkyl, halo(lower)alkyl; R.sup.14 and
      R.sup.15 are selected from the class consisting of hydrogen and R.sup.13 ;
      R.sup.14 and R.sup.15 may be joined together to form with the nitrogen
      atom a five to seven member saturated heterocyclic ring which may contain
      one additional hetero atom selected from the class consisting of oxygen,
      sulfur and nitrogen.
PAR  The products obtained by reacting the isocyanates with an organic compound
      as defined in (a) through (m) supra have the following nucleus:
      ##SPC6##
PAL  wherein Q is selected from the class consisting of:
      ##EQU9##
PAR  In reacting the isocyanates of the present invention with an active
      hydrogen containing compound of a carbionoid reagent as described supra,
      it is advantageous to use one or more catalysts. Suitable catalysts
      include inorganic bases such as sodium hydroxide or tertiary amines such
      as triethylamine, pyridine, N-methylmorpholine, triethylenediamine,
      N,N,N',N'-tetramethyl-1,3-diaminobutane, and N-methyl benzimidazole. Other
      catalysts that may be used are metal compounds such as di-n-butyltin
      diacetate, etc.
PAR  The conditions employed in reacting the isocyanates of the present
      invention with another compound to obtain a compound of formula V or VI
      must be such that there is no alteration or destruction of the penicillin
      or cephalosporin nucleus. Therefore, temperatures ranging from about
      -20.degree.C. to about 45.degree.C. and a pH of below about 10 should be
      used. The reaction is carried out preferably in the presence of an inert
      anhydrous organic solvent such as benzene, toluene, 1,2-dimethoxyethane,
      etc.
PAR  The penicillin or cephalosporin nucleus means the ring structure which has
      been identified in the art by the name "penam" and "cepham" (see U.S. Pat.
      No. 3,660,395, column 3).
DETD
PAR  The following examples are illustrative of the products and processes of
      the present invention:
PAC  EXAMPLE 1
PAC  6-[D-2-(1,4-cyclohexadien-1-yl)-2-isocyanatoacetamido]penicillanic acid,
      trimethyl silyl ester
PAR  In a 4-necked 500 ml. flask equipped with a stirrer, dropping funnel with a
      phosphorous pentoxide drying tube, a thermometer, and a gas inlet tube
      through which nitrogen is admitted, toluene (60 ml.) and dry
      dihydroampicillin (7.03 g.; 0.0200 mole) are placed. Triethylamine (6.26
      ml.; 0.0452 mole) is added over 20 min. The funnel is flushed with a small
      amount of toluene and freshly distilled trimethylchlorosilane (7.20 ml.;
      0.568 mole) is added dropwise. Stirring is continued for 2.5 hr. Toluene
      (30 ml.) is added and the temperature is lowered to -60.degree.C.
      Triethylamine (2.58 ml.; 0.0186 mole) is added. Then phosgene (5.10 g.;
      0.0516 mole; 20.4 ml. of a 25% solution in toluene) is added while the
      temperature of the reaction is not allowed to rise above -40.degree.C.
      After complete addition of the phosgene, stirring is continued for 3.0 hr.
      The greater part of the residual phosgene is then removed by vacuum
      distillation at -40.degree.C. into a vessel cooled with liquid nitrogen.
      The temperature is slowly brought to -20.degree.C. to remove the remaining
      traces of phosgene, trimethylchlorosilane and triethylamine. The reaction
      mixture is then taken slowly to room temperature and dryness.
PAR  The solid is dispersed in toluene and the insoluble triethylamine
      hydrochloride filtered off. The filtrate is concentrated in vacuo to give
      the title product.
PAR  The trimethyl silyl protective group may be split off in accordance with
      the procedure described in U.S. Pat. No. 3,249,622.
PAR  Dihydroampicillin as used throughout the specification means
      6-[D-2-amino-2-(1,4-cyclohexadien-1-yl)acetamido]penicillanic acid.
PAC  EXAMPLE 2
PAC  6-[D-2 -isocyanato- 2 -phenylacetamido]penicillanic acid, trimethyl silyl
      ester
PAR  Following the same procedure as described in Example 1 and using the same
      quantity of each reagent except that dihydroampicillin is replaced by
      ampicillin, the above titled product is obtained.
PAC  EXAMPLE 3
PAC  7-[D-2-(1,4-cyclohexadien-1-yl)- 2 -isocyanatoacetamido-]cephalosporanic
      acid, trimethyl silyl ester
PAR  D-2-amino-2-(1,4-cyclohexadien-1-yl)acetic acid (3.06 g., 0.020 mole) is
      dissolved in 2-N sodium hydroxide (10 ml.) and dioxane (30 ml.) and
      o-nitrophenylsulfenyl chloride (4.16 g., 0.022 mole) are added in portions
      over 20 min. while 2-N sodium hydroxide (12 ml.) is added dropwise with
      stirring. The reaction mixture is stirred an additional hr. and then
      poured into icewater (200 ml.). The mixture is filtered, the pH adjusted
      to 2.5 with 6-N sulfuric acid, and then extracted with ethyl acetate (5
      .times. 100 ml.). The extract is washed with water, brine, dried with
      sodium sulfate, and concentrated to give a quantitative yield of
      D-2-(1,4-cyclohexadien-1-yl)-2-o-nitrosulfenylaminoacetic acid.
PAR  A mixture of the o-nitrosulfenyl derivative of
      D-2-amino-2-(1,4-cyclohexadien-1-yl)acetic acid (6.12 g., 0.020 mole) and
      triethylamine (2.76 ml., 0.020 mole) dissolved in dimethylformamide (80
      ml.) is treated dropwise with ethylchloroformate (1.90 ml., 0.020 mole) in
      ether (5 ml.) at -10.degree.C. with stirring. After 20 min.,
      7-aminocephalosporanic acid (6.8 g., 0.025 mole) dissolved in ice-water
      (50 ml.) with triethylamine (3.86 ml., 0.028 mole) is added. The mixture
      is stirred with no external cooling for 1.5 hr., poured into ice-water
      (200 ml.) and extracted with ether (3 .times. 100 ml.). The pH of the
      aqueous phase is adjusted from 7.2 to 3.0 with 6-N sulfuric acid. The
      mixture is extracted with ethyl acetate (5 .times. 100 ml.). The extract
      is washed with water and brine, dried over sodium sulfate, filtered, and
      concentrated in vacuo. The yield of the blocked cephalosporin is 5.5 g.
      (50%). This material is deblocked by dissolving in methyl alcohol (75 ml.)
      and treating with thioacetamide (7.5 g., 0.10 mole) and glacial acetic
      acid (25 ml.) for 15 min. The precipitated bis(o-nitro-phenyl) disulfide
      is filtered off and the filtrate diluted with water (200 ml.). The organic
      solvents are removed in vacuo, and the aqueous solution extracted with
      ethyl acetate until no further color is extracted. The aqueous layer is
      lyophilized, and the dry solid is washed free of thioacetamide with
      several portions of 1:1 ethyl alcohol:ether to yield a hydrate of
      7-[D-2-amino-2-(1,4-cyclohexadien-1-yl)acetamido]cephalosporanic acid.
      Dissolution in water, filtration and lyophilization gives a purer product.
      This product is dehydrated by placing it in methylene chloride followed by
      the addition of triethylamine to form the soluble triethylamine salt of
      7-[D-2-amino-2-(1,4-cyclohexadien-1-yl)acetamido] cephalosporanic acid
      which is dried with a Linde 4A molecular sieve such as described in U.S.
      Pat. No. 3,381,001. The dried product is then treated in the same manner
      as described in Example 1 to obtain the above titled product.
PAC  EXAMPLE 4
PAC  6-[2-(1-isocyanatocyclohexyl)acetamido]penicillanic acid, trimethyl silyl
      ester
PAR  Following the procedure of Example 1, 7.1 grams of
      6-[2-(1-aminocyclohexyl)acetamido]penicillanic acid is reacted with 5.10
      grams phosgene for 18 hours to produce the above titled product.
PAR  The 6-[2-(1-aminocyclohexyl)acetamido]penicillanic acid starting material
      is prepared as follows:
PAR  6-Aminopenicillanic acid (4.7 g., 21.9 meq.) is suspended in water (600
      ml.) at a pH of 5.0 and temperature of 4.degree.C. To this suspension is
      added with vigorous stirring the N-carboxy anhydride of
      1-aminocyclohexaneacetic acid (4 g., 21.9 meq.). The mixture is allowed to
      remain at 4.degree.C. with stirring for 24 hours. The resulting clear
      solution is lyophilized to yield 7.7 g. of the compound,
      6-[2-(1-aminocyclohexyl)acetamido]penicillanic acid.
PAC  EXAMPLE 5
PAC  7-(D-2-isocyanato-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2
     .0]-oct-2-ene-2-carboxylic acid, trimethyl silyl ester
PAR  Following the procedure of Example 1, 3.65 grams of cephalolexin
      monohydrate is reacted with 5.10 grams phosgene for 18 hours to yield the
      above titled product.
PAC  EXAMPLE 6
PAC  7-(D-2-isocyanato-2-phenylacetamido)cephalosporanic acid, trimethyl silyl
      ester
PAR  Following the procedure of Example 1, 2.95 grams of cephaloglycin dihydrate
      is reacted with 5.10 g. phosgene for 18 hours to yield the above titled
      product.
PAC  EXAMPLE 7
PAC  6-[(1-isocyanatocyclohexyl)carboxamido]penicillanic acid, trimethyl silyl
      ester
PAR  Following the procedure of Example 1, 6.82 grams of
      6-[(1-aminocyclohexyl)carboxamido]penicillanic acid is reacted with 5.10
      grams phosgene to yield the above titled product.
PAC  EXAMPLE 8
PAC  6-[D-2-(1,4-cyclohexadien-1-yl)-2-isothiocyanatoacetamido]penicillanic
      acid, trimethyl silyl ester
PAR  The above identified compound is prepared in the same manner as described
      in Example 1, using the same materials except that the phosgene is
      replaced by thiophosgene and the reaction time is 18 hours rather than 3
      hours.
PAR  In each of Examples 4 through 8 the carboxyl protective group is removed by
      hydrolysis with water in accordance with prior art procedures such as
      described in U.S. Pat. No. 3,249,622.
PAC  EXAMPLE 9
PAR  In accordance with the procedure of Example 1, the following isocyanate
      penicillins can be obtained by reacting the appropriate .alpha.-amino
      substituted penicillin with phosgene or thiophosgene.
      ##SPC7##
PAC  EXAMPLE 10
PAR  In accordance with the procedure of Example 1, the following isocyanate
      penicillins can be obtained by selecting the appropriate silene esters of
      .alpha.-amino substituted penicillins. The silenated esters are prepared
      as described in U.S. Pat. No. 3,654,266.
      ##SPC8##
PAR  In this example, Radical X stands for:
      ##EQU10##
      in formula C and the corresponding isocyanate in formula D.
PAC  EXAMPLE 11
PAR  In accordance with the procedure of Example 1, the following isocyanate
      cephalosporins can be obtained by reacting phosgene or thiophosgene with
      the appropriate .alpha.-amino substituted cephalosporin.
      ##SPC9##
PAR  In this example, radical XI stands for:
      ##SPC10##
PAL  in formula E and the corresponding isocyanate in formula F.
PAC  EXAMPLE 12
PAR  In accordance with the procedure of Example 1, the following isocyanato
      cephalosporins can be obtained by selection of the appropriate
      .alpha.-amino substituted starting material of formula G. The compounds of
      formula G may be prepared in accordance with the procedures described in
      U.S. application Ser. No. 197,142, now U.S. Pat. No. 3,859,298, the
      disclosure of which is incorporated herein by reference.
      ##SPC11##
PAR  The following examples are illustrative of the use of the isocyanate
      compounds of the present invention to prepare known as well as novel
      penicillins or cephalosporins having antibacterial activity.
PAC  EXAMPLE 13
PAC  6-[D-2-(3-benzimidazolylureido)-2-(1,4-cyclohexadien-1-yl)acetamido]penicil
     lanic acid
PAR  To a suspension of benzimidazole (1.26 g.; 0.0107 mole) in toluene (50 ml.)
      with pyridine (2 drops), a solution of the titled compound prepared in
      Example 1 (4.0 g.; 0.0089 mole) in toluene (15 ml.) is added over 10 min.
      at 35.degree.C. under nitrogen. After 20 minutes, the reaction mixture is
      cooled in an ice-bath and moist air is passed through for 2 hrs. The
      precipitate is collected, washed with toluene and petroleum ether and
      dried to give 4.17 g. product (79%) of the above titled product. An
      analytical sample is prepared by addition of 1.37 g. of the above titled
      product in an alcohol-ether solution (15 ml.; 50 ml.) and treatment with
      an equivalent amount of cyclohexylamine to give 1.0  g. of oil (overall
      yield, 50%) of the cyclohexylamine salt of the above titled product.
PAR  Anal. Calcd. for C.sub.24 H.sub.25 N.sub.5 O.sub.5 S. C.sub.6 H.sub.13
      N.H.sub.2 O: C, 58.81; H, 6.58; N, 13.72. Found: C, 59.08; H, 6.61; N,
      13.54.
PAC  EXAMPLE 14
PAC  6-[1-(3-phenylureido)cyclohexanecarboxamido]penicillanic acid, hemihydrate
PAR  To a solution of aniline (1.10 ml.; 0.012 mole) and pyridine (2 drops) in
      toluene (50 ml.), a solution of the trimethylsilyl ester of
      6-(1-isocyanatocyclohexanecarboxamido)penicillanic acid (4.40 g.; 0.010
      mole) in toluene (15 ml.) is added over 10 min. at 35.degree.C. under
      nitrogen. After 5 min., the reaction mixture is cooled in an ice-bath, and
      moist air is passed through for 2 hr. The precipitate is collected, washed
      with toluene and petroleum ether and dried. The product is dispersed in
      water, and the mixture is extracted with ethyl acetate. The organic
      extract is washed with water, brine, and dried over sodium sulfate for 1
      hr. and concentrated in vacuo to give a 50% yield of the hemihydrate of
      the above titled product.
PAR  Anal. Calcd. for C.sub.22 H.sub.28 N.sub.4 O.sub.5 S. 1/4 H.sub.2 O: C,
      56.30; H, 6.23; N, 11.95. Found: C, 56.29; H, 6.43; N, 11.45.
PAC  EXAMPLE 15
PAC  6-[D-2-(1,4-cyclohexadien-1-yl)-2-ethoxycarbonylaminoacetamido]penicillanic
      acid
PAR  To 4.50 g. (0.010 mole) of the titled product of Example 1 is added ethanol
      (10 ml.) and pyridine (0.1 ml.) at 0.degree.C. The reaction mixture is
      stirred for 1 hr. at room temperature and then diluted with ether (100
      ml.) and extracted with 1 M. phosphate buffer (pH 7.0). The buffer extract
      is acidified to pH 2.5 and extracted with ethyl acetate. The organic
      extract is washed with water, brine and dried over sodium sulfate. The
      solution of the product is concentrated to dryness to give the above
      titled product.
PAC  EXAMPLE 16
PAC  6-[D-2-(3-[L-1-carboxy-3-methylthiopropyl]ureido)-2-(1,4-cyclohexadien-1-yl
     )-acetamido]penicillanic acid
PAR  A mixture of L-methionine (29.8 g; 0.20 mole) and hexamethyldisilizane
      (64.4 g; 0.40 mole) is refluxed under nitrogen for 3 hr. to obtain
      complete solubilization. The reaction is cooled to room temperature and
      n-hexane (100 ml), triethylamine (10.1 g; 0.10 mole) and trimethylsilyl
      chloride (10.8 g; 0.10 mole) are added. The reaction is stirred overnight;
      the precipitated triethylamine hydrochloride is removed by filtration. The
      filtrate is fractionally distilled at atmospheric pressure to remove the
      n-hexane and under vacuum to obtain the product
      N-trimethylsilyl-L-methionine trimethylsilyl ester (43.6 g; 75% yield).
PAR  Anal. Calcd. for C.sub.11 H.sub.27 NO.sub.2 Si.sub.2 S: C, 45.00; H, 9.26;
      N, 4.76. Found: C, 44.52; H, 9.42; N, 5.18.
PAR  N-trimethylsilyl-L-methionine trimethylsilylester (5.86 g; 0.02 mole),
      pyridine (0.1 ml), and triethylamine (0.1 ml) are added to a solution of
      dihydroampicillin isocyanate (8.74 g; 0.02 mole) in chloroform (100 ml).
      The reaction is stirred overnight and concentrated in vacuo. The residue
      is taken up in a mixture of ethyl acetate (100 ml) and water (50 ml), and
      the pH is adjusted to 2.0 with dilute hydrochloric acid. The mixture is
      stirred for 1 hr, and the ethyl acetate layer is separated, washed with
      water (50 ml) and brine (2 .times. 50 ml) and dried with sodium sulfate.
      The ethyl acetate solution is concentrated in vacuo. The residue is
      triturated with ether and dried in vacuo to give the above-titled product
      (7 g; 65% yield).
PAR  Anal. Calcd. for C.sub.22 H.sub.30 N.sub.4 O.sub.7 S.sub.2 : C, 50.17; H,
      5.74; N, 10.63. Found: C, 50.39; H, 5.96; N, 10.10.
PAC  EXAMPLE 17
PAC  6-[D-2-(2-aminoacetamido)-2-(1,4-cyclohexadien-1-yl)acetamido] penicillanic
      acid
PAR  4.48 g. of the isocyanate prepared in Example 1 (0.010 mole) in toluene
      under dry nitrogen, carbobenzoxyglycine (0.010 mole) and pyridine (0.2
      ml.) are added. The reaction is allowed to react until the evolution of
      carbon dioxide ceases. The reaction mixture is cooled in an ice-bath and
      cold acetone with 3% water is added. The reaction mixture is diluted with
      more toluene and extracted with aqueous sodium bicarbonate solution to
      give a neutral aqueous phase. Upon concentration, the sodium salt is
      recovered. A 5% solution of this salt in water is added to an aqueous
      suspension of 30% palladium-barium carbonate (2 .times. the amount of
      salt) previously shaken under hydrogen for 1 hr., the mixture is
      hydrogenated at 15 lbs. pressure for 1 hr., then filtered. The filtrate is
      adjusted to pH 2.0, then washed with ether. The aqueous phase is adjusted
      to pH 4.7 and concentrated to give the final product.
PAC  EXAMPLE 18
PAC  6-(D-2-acetamido-2-phenylacetamido)penicillanic acid
PAR  To a solution of the isocyanate derivative of Example 2 (5.1 g.; 11.4 mM)
      in toluene (50 ml.), acetic acid (0.65 ml.; 11.4 mM) and pyridine (0.2
      ml.) are added. After 6 hr., ethyl acetate is added, and the solution is
      poured over a mixture of ice and water (50 ml.) The pH is adjusted from
      6.5 to 2.5, and the mixture extracted with methyl isobutyl ketone. The
      organic phase is washed with water and brine and dried over sodium
      sulfate. Cyclohexylamine (1.31 ml.; 11.4 mM) dissolved in a small amount
      of methyl isobutyl ketone is added dropwise. The initial precipitate that
      formed is discarded, and the filtrate is concentrated to yield the
      monohydrated cyclohexylamine salt of the product (1.1 g.; 2.2 mM; 19%
      yield).
PAC  EXAMPLE 19
PAR  The isocyanates of the present invention may be reacted with other active
      hydrogen containing compounds, Grignard reagents or carbanions to produce
      penicillins having antibacterial activity as illustrated herein.
      ##SPC12##
PAL  Other known penicillins and cephalosporins within the scope of formulas V
      and VI may be prepared from the isocyanates of the present invention,
      including those exemplified in U.S. Pat. Nos. 3,152,050; 3,268,514;
      3,340,252; 3,433,784; 3,352,858; 3,471,474; 3,479,339; 3,481,922;
      3,483,188; 3,553,202; 3,579,501; 3,579,780; 3,647,780; British Pat. No.
      1,250,611; British Pat. No. 1,061,335; British Pat. No. 1,051,675; Belgium
      Pat. No. 753,387; Belgium Pat. No. 767,647; Belgium Pat. No. 747,382;
      Belgium Pat. No. 870,531; South African Pat. No. 67/1498; West German Pat.
      No. 2,055,337; West German Pat. No. 2,127;178; West German Pat. No.
      2,127,179; Netherlands Pat. No. 6,610,055; Netherlands Pat. No. 7,005,519;
      and U.S. Pat. No. 3,673,183.
PAR  The compounds of Formulae V & VI in addition to being advantageously
      utilizable in their acid form, may also be used in the form of the
      therapeutically-active, non-toxic, pharmaceutically acceptable salts,
      including acid addition salts at an amino group, e.g. the hydrochloride,
      sulfate, citrate, succinate, fumarate, maleate, and the like; or non-toxic
      metallic salts at the carboxy group, such as alkali or alkaline earth
      metal, e.g. sodium, potassium, calcium and aluminum salts; and as organic
      salts, e.g., the ammonium salt and substituted ammonium salts, e.g. salts
      of such non-toxic amines as trialkylamines, e.g. triethylamine, procaine,
      dibenzylamine, N-benzyl-.beta.-phenethylamine; N, N-alkylene diamines,
      such as N,N'-dibenzylethylenediamine; N-(lower)alkylpiperidine, e.g.
      N-ethyl-piperidine; dehydroabietylamine;
      N,N'-bisdehydroabiethylethylenediamine; and other amines which have been
      used to form salts with benzyl-penicillin, phenoxymethyl penicillin and
      the like. Preparation of the desired products in the form of the
      above-described salts can be accomplished by conventional procedures. For
      example, the alkali or alkaline earth metal salts can be produced by
      treatment with an alkaline or alkali earth metal salt of a weak acid, such
      as 2-ethylhexanoic acid.
PAR  When the non-toxic penicillin or cephalosporin compounds prepared from the
      isocyanates of formula I are employed pharmaceutically, i.e. as
      antibacterial agents, they may be administered to a host afflicted with a
      bacterial infection alone or in combination with pharmaceutically
      acceptable carriers, the proportion of which is determined by the
      solubility and chemical nature of the compound, chosen route of
      administration and standard pharmacological practice. For example they may
      be administered orally in the form of tablets or capsules containing such
      excipients as starch, milk, sugar, and so forth. They may be administered
      orally in the form of solution or they may be injected parenterally, e.g.
      intramuscularly. For parenteral administration, they may be used in the
      form of a sterile solution or suspensions containing other solutes, for
      example, enough saline or glucose to make the solution isotonic.
PAR  The dosage of the present pharmacologically active agents will vary with
      the form of administration and the particular compound chosen.
      Furthermore, it will vary with the particular subject under treatment.
      Generally, treatment is initiated with small dosages substantially less
      than the optimum dose of the compound. Thereafter, the dosage is increased
      by small increments until the optimum effect under the circumstances is
      reached. It will generally be found that when the composition is
      administered orally, larger quantities of the active agent will be
      required to produce the same effect as a smaller quantity given
      parenterally. In general, the compounds of this invention are most
      desirably administered at a concentration level that will generally afford
      effective results without causing any harmful or deleterious side effects.
PAR  When the compounds are used in vitro applications, such as disinfecting
      compositions, they may be dissolved or suspended in a suitable inert
      carrier, such as water, at a concentration of about 0.1 to 1% by weight
      and applied by washing or spraying.
PAR  The in vitro antibacterial activity of the compounds of Formulae V and VI
      may be determined by the agar plate dilution method as follows:
PAR  A stock solution of the test compound at 10,000 g./ml. is prepared.
      Two-fold dilutions are made with sterile water, and 1 ml. quanties of
      dilution are incorporated in 9 ml. of seed agar in sterile petri dishes.
      Hardened surfaces are inoculated with test organisms and incubated 18
      hours at 35.degree.C. The activity of the test compound is measured as the
      minimal inhibitory concentration (MIC) expressed in g./ml., defined as the
      least amount of material that completely inhibits the test organism. This
      test is described in general on pages 303-305 in the "Manual of Clinical
      Microbiology," J. E. Blair et al., editor, published by the American
      Society for Microbiology.
PAR  The in vivo antibacterial potency of the compounds of Formulae V and VI may
      be determined as follows:
PAR  Mice are divided into four groups of 10 mice in each group. The mice are
      injected intraperitoneally with 0.5 ml. of a standardized suspension of
      the infective agent in 5% gastric mucin. Six hours post injection each
      group of mice receives a single, graded dose of the test compound by the
      suscutaneous or oral route. All animals are observed for 14 days and
      deaths are recorded daily. The CD.sub.50 (curative dose) values are
      determined by the method of Reed and Muench, American J. of Hygiene, 27,
      493 (1938).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group having the formula:
      ##SPC13##
PAL  wherein
PA1  R.sup.1 is selected from the group consisting of phenyl, substituted
      phenyl, naphthyl, substituted naphthyl, wherein the substituted phenyl and
      substituted naphthyl is substituted with a group selected from the class
      consisting of nitro, halogen, trifluoromethyl, (lower)alkoxy, (lower)
      alkyl, amino, hydroxy, sulfamyl, di(lower)alkylamino and (lower)
      alkanoylamino, a cycloalkyl, having from four to eight ring atoms,
      cycloalkenyl having from four to eight ring atoms and an alicyclic group
      having from six to eight carbon atoms and containing two or three
      conjugated or non-conjugated double bonds, a heterocyclic radical selected
      from the class consisting of thienyl, furyl, pyridyl and pyrimidinyl,
      R.sup.2 is hydrogen or lower alkyl having from one to six carbon atoms
PA1  R.sup.3 is selected from the class consisting of hydrogen, pyridinium and
      an alkanoyloxy radical derived from a hydrocarbon carboxylic acid having
      from one to eight carbon atoms;
PA1  A is sulfur or oxygen;
PA1  R is
      ##EQU11##
      wherein R.sup.5, R.sup.6 and R.sup.7 are selected from the group
      consisting of lower alkyl, aryl(lower)alkyl, wherein the aryl portion is
      phenyl or naphthyl, cycloalkyl of 5 to 8 carbon atoms, phenyl and
      naphthyl;
PA1  m is either 0 or 1, n is a whole number from 0 to 3.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sup.1 is substituted phenyl or
      phenyl, R.sup.2 is hydrogen, R.sup.3 is
      ##EQU12##
      A is oxygen, R is
      ##EQU13##
      wherein R.sup.5, R.sup.6, R.sup.7 are lower alkyl
PA1  n is a whole number from 0 to 3 and
PA1  m is 0.
NUM  3.
PAR  3. A compound according to claim 2 wherein R.sup.1 is phenyl, R.sup.5,
      R.sup.6 and R.sup.7 are methyl and n is 0.
NUM  4.
PAR  4. A compound selected from the group having the formula:
      ##EQU14##
      wherein R.sup.1 is selected from the group consisting of phenyl,
      substituted phenyl, naphthyl, substituted naphthyl, wherein the
      substituted phenyl and substituted naphthyl is substituted with a group
      selected from the class consisting of nitro, halogen, trifluoromethyl,
      (lower)alkoxy, (lower) alkyl, amino, hydroxy, sulfamyl,
      di(lower)alkylamino and (lower) alkanoylamino, a cycloalkyl, having from
      four to eight ring atoms, cycloalkenyl having from four to eight ring
      atoms and an alicyclic group having from six to eight carbon atoms and
      containing two or three conjugated or non-conjugated double bonds, a
      heterocyclic radical selected from the class consisting of thienyl, furyl,
      pyridyl and pyrimidinyl,
PA1  R.sup.2 is hydrogen or lower alkyl having from one to six carbon atoms
PA1  R.sup.3 is selected from the class consisting of hydrogen, pyridinium and
      an alkanoyloxy radical derived from a hydrocarbon carboxylic acid having
      from one to eight carbon atoms;
PA1  A is sulfur or oxygen;
PA1  R is selected from the class consisting of
      ##SPC14##
PA1  wherein R.sup.4 is selected from the class consisting of phenyl or naphthyl
      (lower) alkylene, halo(lower)alkyl, wherein the (lower)alkyl portion has
      from one to six atoms, phenyl, naphthyl, diphenylmethylene, benzoyl,
      tert-butyl, phthalimido (lower)alkylene, succinimido(lower)alkylene,
      C.sub.5 to C.sub.7 tert-alkenyl, C.sub.5 to C.sub.7 tert-alkynyl or a
      member selected from the group consisting of
      ##SPC15##
PAL  wherein: R.sup.5, R.sup.6 and R.sup.7 are selected from the class
      consisting of (lower)alkyl and aryl(lower)alkyl; wherein aryl is phenyl or
      naphthyl W is selected from the group represented by the following
      formula:
      ##SPC16##
PAL  wherein q is a number which is either zero or one, n is a number from 0
      through 3, R.sup.11 is selected from the group consisting of phenyl,
      substituted phenyl, naphthyl, substituted naphthyl, wherein the
      substituted phenyl and substituted naphthyl is substituted with a group
      selected from the class consisting of nitro, halogen, trifluoromethyl,
      (lower) alkoxy, (lower) alkyl, amino, hydroxy, sulfamyl, di(lower)
      alkylamino and (lower) alkanoylamino, a cycloalkyl, having from four to
      eight ring atoms, cycloalkenyl having from four to eight ring atoms and an
      alicyclic group having from six to eight carbon atoms and containing two
      or three conjugated or non-conjugated double bonds, heterocyclic radical
      selected from the class consisting of thienyl, furyl, pyridyl and
      pyrimidinyl, R.sup.12 is hydrogen or lower alkyl having from one to six
      carbon atoms
PA1  R.sup.13 is selected from the class consisting of hydrogen, pyridinium and
      an alkanoyloxy radical derived from a hydrocarbon carboxylic acid having
      up to eight carbon atoms.
NUM  5.
PAR  5. A compound according to claim 4 wherein R.sup.4
PA1  is selected from the class consisting of trimethylsilyl,
      1,3,2-dioxaphospholanyl, tert-butyl, benzyl, phthalimidomethyl,
      succinimidomethyl, pivaloyloxymethyl 2,2,2-phthalimidomethyl,
      succinimidomethyl, pivaloyloxymethyl, 2,2,2-trichloroethyl, trityl,
      phenacyl and benzhydryl.
NUM  6.
PAR  6. A compound according to claim 4 where R.sup.11 is cycloalkenyl.
NUM  7.
PAR  7. A compound according to claim 4 wherein R.sup.11 is cycloalkyl.
NUM  8.
PAR  8. A compound according to claim 4 wherein R.sup.11 is an alicyclic group.
NUM  9.
PAR  9. A compound according to claim 4 wherein R is --O--R.sup.4 and R.sup.4 is
      ##EQU15##
NUM  10.
PAR  10. A compound according to claim 4 wherein R.sup.4 is O-R.sup.4 and
      R.sup.4 is
      ##EQU16##
NUM  11.
PAR  11. A compound according to claim 6, wherein cycloalkenyl is cyclohexenyl.
NUM  12.
PAR  12. A compound according to claim 4 wherein R.sup.1 is phenyl.
NUM  13.
PAR  13. A compound according to claim 7 wherein cycloalkyl is cyclohexyl.
NUM  14.
PAR  14. A compound according to claim 8 wherein said alicyclic radical is 1,4
      -cyclohexadienyl.
NUM  15.
PAR  15. A compound according to claim 4 where R.sup.11 is thienyl.
NUM  16.
PAR  16. A compound according to claim 4 wherein R is O--R.sup.4 and R.sup.4 is
      selected from the class consisting of tert-butyl, benzyl, phenacyl,
      benzhydryl, trityl, pivaloyloxymethyl, succinimidomethyl and
      phthalimidomethyl.
NUM  17.
PAR  17. A compound according to claim 4 which is 7-(D-2-)1,
      4-cyclohexadien-1-yl)-2-isocyanatoacetamido)cephalosporanic acid.
NUM  18.
PAR  18. A compound according to claim 4 which is
      7-(D-2-isocyanato-2-phenylacetamido)cephalosporanic acid, trimethyl silyl
      ester.
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ABST
PAL  7-Aminocephalosporanic acid (7-ACA) and
      7-amino-3-methyl-3-cephem-4-carboxylic acid (7-ADCA) are valuable
      intermediates in the preparation of semi-synthetic cephalosporins. These
      compounds are commonly prepared by cleaving the amide bond of compounds
      having the formula
      ##SPC1##
PAL  In which R.sup.6 is H or
      ##EQU1##
      R is the side chain of a known penicillin, especially phenoxymethyl or
      benzyl, and the amino and carboxyl functions are blocked; by
PAL  A. halogenating the blocked compounds Ia or IIa to produce an imino-halide;
PAL  B. forming an imino-ether from the imino-halide by treatment with an
      alcohol; and
PAL  C. mixing said imino-ether with water or an alcohol to produce
      7-aminocephalosporanic acid or 7-amino-3-methyl-3-cephem-4-carboxylic
      acid.
PAL  The invention claimed is the use of dicyclohexylamine or diisopropylamine
      instead of a tertiary amine acid scavenger in step A.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to a more ecologically desirable and safe procedure
      for cleaving cephalosporins and then recovering the acid scavenger
      required in the cleavage process.
PAR  2. Description of the Prior Art:
PAR  Several processes for the chemical cleavage of cephalosporin C or certain
      of its derivatives are described in the patent literature (U.S. Pat. Nos.
      3,188,311, 3,234,223, 3,124,576, 3,573,296, 3,573,295 and 3,697,515 and
      British Pat. No. 1,041,985. None of these processes employ or teach acid
      scavengers other than tertiary amines.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to the use of two secondary amine acid scavengers in
      the cleavage of compounds Ia and IIa to produce 7-ACA or 7-ADCA.
PAR  7 -aminocephalosporanic acid (7-ACA) and
      7-amino-3-methyl-3-cephem-4-carboxylic acid (7-ADCA) are available
      intermediates in the preparation of a multitude of semisynthetic
      cephalosporanic acid antibacterial agents. Commercial supplies of 7-ACA
      and 7-ADCA are prepared by the chemical degradation of either naturally
      occurring cephalosporanic acids, i.e., cephelosporin C or penicillins
      rearranged by the sulfoxide process (thermal rearrangement) to produce
      compounds such as 7-phenoxyacetamido-3-methyl-3-cephem-4-carboxylic acid.
PAR  Most 7-ACA is derived from cephalosporin C (U.S. Pat. No. 3,093,638) which
      has the structure
      ##SPC2##
PAR  The production of 7-ACA by currently available methods is fraught with
      difficulties from the fermentation step to the chemical cleavage of
      cephalosporin C.
PAR  Because of its highly ionic nature, cephalosporin C is extremely difficult
      to harvest by solvent extraction of the fermentation broth. Methods have
      been devised to improve recovery by the in situ formation of N-acylated
      cephalosporin C derivatives (see U.S. Pat. No. 3,573,296 and 3,573,295),
      which are then solvent extractable and usable as such or after
      purification in the subsequent preparation of 7-ACA.
PAR  It was found in U.S. Pat. Nos. 3,473,295 and 3,573,296 that haloformate
      derivatives and isocyanate derivatives having the formula
      ##SPC3##
PAL  wherein R.sup.1 is --O--R.sup.2 or --NH--R.sup.2 in which R.sup.2 is
      (lower)alkyl or aryl having the formula
      ##SPC4##
PAL  in which n is an integer of 1 to 6 and R.sup.3 and R.sup.4 are alike or
      different and each is H, Cl, Br, F, NO.sub.2, , (lower)alkyl or
      (lower)alkoxy can be prepared in situ in whole fermentation broth and then
      be extracted from the aqueous phase by organic solvent extraction. The N-
      blocked cephalosporin C was then isolated as the sodium salt but the
      purity was often less than desirable. It was subsequently found (as
      disclosed by our colleague Thomas J. Brooks, Jr. in U.S. application Ser.
      No. 283,887) that N-Carbisobutoxycephalosporin C could be conveniently
      purified by recrystallization as the di(dicyclohexylamine) salt in 97%
      purity.
PAR  Subsequent studies showed the di(dicyclohexylamine) salt of
      N-carbisobutoxycephalosporin C could be used directly in the silylation
      step of the cleavage reaction to block two carboxyl groups, e.g.
      ##SPC5##
PAL  and/or possibly some IVa"' consisting of
      ##EQU2##
      linked by ester formation to 2 carboxyl groups of 2 molecules of IIIa. For
      simplicity, formula IVa' is representative of all the possible silyl
      esters so produced by the reaction.
PAR  The yields of compound IVa using the di (dicyclohexylamine) salt of
      compound IIIa were found to be approximately as good as those obtained
      using a tertiary amine, e.g., triethylamine or dimethylaniline. That is to
      say, the secondary amine, dicyclohexylamine, did not prevent formation of
      the silyl esters of compound IIIa.
PAR  The discovery of this unexpected result stimulated the investigation of the
      possibility of using dicyclohexylamine as the acid scavenger in the
      formation of the iminohalide derivative of compound Va formed by the
      interaction of compound IVa with phosphorous petachloride.
PAR  Accordingly, compound IVa was treated with phosphorous pentachloride in the
      presence of dicyclohexylamine in a molar ratio of 1:1.25:2.44 (compound
      IVa: PCl.sub.5 : dicyclohexylamine) at about -45.degree.C. Analytical
      studies indicated the formation of compound Va having the structure
      ##SPC6##
PAR  Compound Va, in situ was cooled to -60.degree.C and chilled methanol was
      added with stirring to produce the compound VIa, which was identified by
      analytical studies, i.e.,
      ##SPC7##
PAR  Treatment of VIa with 50% aqueous methanol at -40.degree.C produced 7-ACA
      in 76% yield.
PAR  The discovery that it is possible to use a secondary amine as the acid
      scavenger in this cleavage reaction was a pleasant and unexpected
      surprise.
PAR  Chemically, one would expect dicyclohexylamine to react competitively with
      the PCl.sub.5 used therein to produce phosphorous compounds of the
      formulas, for example,
      ##EQU3##
PAR  If the dicyclohexylamine so reacted with the PCl.sub.5, the PCl.sub.5 would
      be available to form the imino-halide compound Va and the
      dicyclohexylamine would be unavailable as an acid scavenger for that HCl
      generated by the PCl.sub.5 that did react with compound IVa to form
      compound Va.
PAR  It is probable that there is some interaction of the PCl.sub.5 and
      dicyclohexylamine taking place, but it is either insignificant or
      reversible and as such has no effect on the main reaction between compound
      IVa and the PCl.sub.5.
PAR  A second chemical reaction can occur between secondary amines and
      imino-halides. The secondary amine is normally expected to react with
      imino-halides to produce an amidine, e.g.,
      ##EQU4##
      The amidines so produced would be stable to hydrolysis and would not
      produce 7-ACA under the conditions employed.
PAR  Thus the failure of dicyclohexylamine to so react with the imino-halide Va
      was also an unexpected result.
PAR  Subsidiary benefits of this discovery are the commercially desirable ones
      which include:
PAR  1. the excellent recovery of dicyclohexylamine from the reaction process,
      thereby resulting in decreased costs and a lesser pollution of the
      environment. 2. a safer process because it means the use of less volatile
      dicyclohexylamine instead of dimethylaniline, a notoriously toxic
      chemical.
PAR  Subsequent experiments, as illustrated in the examples, indicate the
      cleavage reaction works substantially as well using dicyclohexylamine as
      the acid scavenger as does the use of a tertiary amine such as pyridine,
      triethylamine or dimethylaniline. Furthermore, it was subsequently found
      that diisopropylamine can also be used as the acid scavenger. The yields
      with either amine is in the range of 55 to 89% depending upon the molar
      ratios of the reactants so used. The use of dicyclohexylamine appears to
      have the advantage over diisopropylamine in that it is more easily
      recovered and purified for recycling in the process.
PAR  The process using dicyclohexylamine or diisopropylamine is completely
      adaptable to the cleavage of compound having the formula IIa, especially
      when R is phenoxymethyl or benzyl.
PAR  7-aminocephalosporanic acid has the structure
      ##SPC8##
PAR  7-amino-3-methyl-3-cephem-4-carboxylic acid has the structure
      ##SPC9##
PAR  The term "(lower)alkyl" for the purpose of the present invention is defined
      as an alkyl group comprised of 1 to 10 carbon atoms, including for
      example, methyl, ethyl n-propyl, isopropyl, n-butyl, isobutyl, t-butyl,
      n-pentyl, etc., and the like, but especially methyl, ethyl, n-propyl,
      isopropyl, n-butyl and isobutyl. The terms "(lower)alkoxy" and
      "halo(lower)alkyl" are also defined as moieties containing 1 to 10 carbon
      atoms.
PAR  A preferred embodiment of the instant invention is the process for the
      preparation of a compound having the formula
      ##SPC10##
PAR  in which R.sup.6 is H or acetoxy and R.sup.5 is OH or the residue of an
      acid blocking group, which process comprises treating a compound having
      the formula
      ##SPC11##
PAL  in which R.sup.6 is H or acetoxy, CO.sub.2 R.sup.5 is a carboxyl group
      blocked to convert it into a group not reacting with the acid halide used
      for forming the imino-halide, and acyl is the residue of a carboxylic
      acid; with an acid halide to form an imino-halide, converting the
      imino-halide into an imino-ether by means of treating the imino-halide
      with an alcohol and splitting the imino-ether double bond with a compound
      containing a hydroxy group; the improvement of which comprises using
      diisopropylamine or dicyclohexylamine as the acid scavenger in the
      imino-halide forming step.
PAR  A more preferred embodiment is the process for the preparation of a
      compound having the formula
      ##SPC12##
PAL  in which R.sup.6 is H or acetoxy and R.sup.5 is OH or OY in which Y is
      alkyl of 1 to 10 carbon atoms, a radical of the formula
      ##SPC13##
PAL  in which n is an integer of 0 to 6 and R.sup.11 and R.sup.12 are alike or
      different and each is H, Cl, Br, F, NO.sub.2, (lower)alkyl or
      (lower)alkoxy, or Y is 2,2,2-trichloroethyl, methoxymethyl and
      pivaloyloxymethyl; which process comprises treating a compound having the
      formula
      ##SPC14##
PAL  wherein R.sup.6 is H or acetoxy, R is the side chain of a known fermentable
      penicillin, R.sup.7 is H, R.sup.8 is alkanoyl of 2 to 20 carbons, but
      preferably 2 to 6 carbons, or R.sup.8 is a radical of the formula
      ##EQU5##
      in which R.sup.10 is alkyl of 1 to 6 carbons or a group of the formula
      ##SPC15##
PAL  wherein n is an integer of 0 to 6 and R.sup.11 and R.sup.12 are alike or
      different and each is H, Cl, Br, F, NO.sub.2, (lower)alkyl or (lower)
      alkoxy, or R.sup.8 is trichloroacetyl, chloroacetyl, phenylacetyl or
      benzoyl, or when R.sup.7 and R.sup.8 are taken together an o-phthaloyl
      group; R.sup.5 is --OY in which Y is alkyl of 1 to 10 carbon atoms, a
      radical of the formula
      ##SPC16##
PAL  is which n is an integer of 0 to 6 and R.sup.11 and R.sup.12 are alike or
      different and each is H, CL, Br, F, NO.sub.2, (lower)alkyl or
      (lower)alkoxy; or Y is --CH.sub.2 --CCl.sub.3, --Si(CH.sub.3).sub.2 Cl,
      --Si(CH.sub.3).sub.3 or
      ##EQU6##
      with an acid halide to form an imino-halide, converting the imino-halide
      into an imino-ether by means of treating the imino-halide with an alcohol,
      and splitting the imino-ether double bond by the addition of water; the
      improvement which comprises using diisopropylamine or dicyclohexylamine as
      the acid scavenger in the imino-halide forming steps.
PAR  A preferred embodiment of the instant invention is the process for the
      preparation a compound having the formula
      ##SPC17##
PAL  in which R.sup.6 is H or acetoxy; which process comprises treating a
      compound having the formula
      ##SPC18##
PAL  wherein R.sup.6 is H or acetoxy, R is phenoxymethyl or benzyl, R.sup.7 is
      H, R.sup.8 is alkanoyl of 2 to 6 carbons, a radical of the formula
      ##EQU7##
      in which R.sup.10 is alkyl of 1 to 6 carbons or a group of the formula
      ##SPC19##
PAL  wherein n is an integer of 0 to 6 and R.sup.11 and R.sup.12 are alike or
      different and each is H, Cl, Br, F, NO.sub.2, (lower)alkyl or
      (lower)alkoxy, or R.sup.8 is trichloroacetyl, chloroacetyl, phenylacetyl
      or benzoyl, or when R.sup.7 and R.sup.8 are taken together an o-phthaloyl
      group and R.sup.5 is
      ##EQU8##
      with an acid halide to form an iminohalide, converting the imino-halide
      into an imino-ether by means of treating the imino-ether with a
      (lower)alkanol, and splitting the imino-halide double bond by treatment
      with water; the improvement of which comprises using diisopropylamine or
      dicyclohexylamine as the acid scavenger in the imino-halide forming step.
PAR  The most preferred embodiment is the process for the preparation of
      7-aminocephalosporanic acid from compound XXa in which R.sup.6 is acetoxy,
      R.sup.7 is H, R.sup.8 is carbisobutoxy,
      ##EQU9##
      the reaction solvent is methylene chloride, the acid halide is phosphorous
      pentachloride, the (lower)alkanol is methanol and the acid scavenger is
      dicyclohexylamine.
PAR  Another most preferred embodiment is the process for the preparation of
      7-amino-3-methyl-3-cephem-4-carboxylic acid from compound XXb in which R
      is phenoxymethyl, R.sup.5 is
      ##EQU10##
      the solvent of reaction is methylene chloride, the acid halide is
      phosphorous pentachloride, the (lower)alkanol is methanol and the acid
      scavenger is dicyclohexylamine.
PAR  In the starting materials XX, 7-N-acyl group is the acyl group of any mono-
      or dicarboxylic acid, especially the .delta.-aminoadipoyl group of which
      the free amino and carboxyl groups are blocked.
PAR  Groups useful for the blocking of the free amino and carboxyl groups
      occurring in 7-acyl radicals are known in the art, especially from the
      field of aminoacids and peptides. It should, however, be noted, that in
      the present reaction the whole acyl residue is split off and rejected and
      that, therefore, there is no need to use blocking groups which can be
      split off after the reaction has been carried out. Useful for blocking the
      amino group is, for example, a lower alkyl, aryl or acyl radical,
      advantageously a radical which reduces the basicity of the amino group.
      The aryl radicals may be substituted. Especially suitable are the
      2:4-dinitrophenyl, the 2:4:6-trinitrophenyl, the
      2:4-dinitro-6-methoxy-phenyl, the 4-cyanophenyl and the
      4-carbomethoxyphenyl radical. Acyl are more especially lower alkanoyl
      radical with one to six carbon atoms, for example acetyl, propionyl,
      butyryl, also aroyl radicals, such as benzoyl, as well as benzoyl
      substituted by nitro, cyano, sulfo groups, halogen atoms, lower alkyl or
      lower alkoxy groups, and preferably N:N-phthaloyl; further, arylower
      alkanoyl radicals, such as phenylacetyl, or the benzenesulfonyl or
      toluenesulfonyl radical may be used for blocking the amino group. The
      amino groups can also be blocked by protonation.
PAR  The free carboxyl group is, for instance, blocked by esterification. As in
      the case of amino groups occurring in the acyl radical, also a carboxyl
      group occurring in the acyl radical can be blocked in suitable way and
      there is no critical point in this regard as the whole acyl residue is
      split off in the reaction. Thus, esters with hydroxy compounds can be
      used, for example, with alcohols such as unsubstituted or substituted
      alcohols or phenols. In most cases, it will be preferred to start with
      compounds in which a carboxyl group occurring in the 7-acyl residue is
      blocked in the same way as the carboxyl group in 4-position of the
      dihydrothiazine ring. Hydroxy compounds suitable for that purpose are
      indicated for illustration below. It is, however, also possible,
      especially in the case of the .delta.-aminoadipolyl residue, to block the
      amino and carboxyl group together, for example by reaction with
      isocyanates or isothiocyanates with formation of a hydantoin or
      thiohydantoin ring.
PAR  If, in the starting material of formula XX, the 7-acyl group is the blocked
      .delta.-aminoadipoyl group, the compound is derived from Cephalosporin C.
      Other 7-acylaminocephalosporanic acids or derivatives thereof,
      respectively, can also be used as starting materials for the new process.
      Thus, the acyl group can be an aliphatic, aromatic heterocyclic,
      araliphatic or heterocyclicaliphatic carboxylic acid radical, especially
      the acyl radical of naturally occurring 7-acylaminocephalosporanic acids
      and 6-acylaminopenicillanic acids [that can be prepared starting from
      naturally occurring cephalosporins or penicillins], for example
      cephalosporin C or 6-(.delta.-amino-adipoyl)amino penicillanic acid,
      penicillin G, V, F, dihydro-F, K, X or O. In the starting compounds of
      formula XX, the carboxyl group occurring in 4-position is blocked during
      the reaction with the imino-halide forming agent. The purpose of the
      blocking is to avoid the carboxyl group being halogenated by that agent,
      for instance phosphorous pentachloride. As blocking groups, therefore, any
      compound may be used, which converts the carboxyl group into a group not
      reacting with that agent. If the 7-desacylated compound is to be isolated
      in the form of the free carboxylic acid, a blocking group should be used
      which can be split off without destruction of the cephalosporin nucleus.
      Such blocking groups are, for instance, ester groups that can be split in
      an acidic or neutral or weakly basic (up to pH9) reaction medium, for
      instance, by reduction, solvolysis, for instance acid hydrolysis or
      photolysis. Advantageously, the carboxyl group is esterified with hydroxy
      compounds known in the field of aminoacids and peptides to be readily
      eliminable from the ester especially in a non-alkaline medium. Such
      hydroxy compounds derive from elements of the fourth group (IV A) of the
      periodic system having an atom weight of at most 120, for instance from
      carbon, silicon, germanium or tin. For illustration, methanol substituted
      by at least one phenyl group which phenyl may be substituted by one or
      more substituents selected from the group consisting of halogen atoms such
      as chlorine, bromine, fluorine, iodine, lower alkyl, lower alkoxy,
      especially methoxy, or the nitro group, for instance, benzylalcohol,
      diphenylmethanol, triphenylmethanol, para-methoxyphenyl-methanol
      3,5-dimethoxy-benzylalcohol, di-paramethoxyphenyl-methanol,
      para-nitrobenzylalcohol, 2,4,6-trimethylbenzylalcohol,
      3,4-dimethoxy-6-nitro-benzylalcohol,
      .alpha.-phenyl-.alpha.-(3,4-dimethoxy-6-nitro-phenyl)-methanol,
      .alpha.-methyl-.alpha.-(3,4 -dimethoxy-6-nitrophenyl)-methanol, further
      methanol substituted by three lower alkyl groups such as tertiary butanol,
      tertiary amylalcohol or ethanol, substituted by 3 halogen atoms in
      2-position, e.g. trichloroethanol, tribromethanol; further 2-iodoethanol,
      tetrahydropyranol, stannylalcohol.
PAR  As mentioned above, the blocking group has to be present only during the
      step of formation of the imide halide. After that step it can be split
      off, if desired. This splitting can be effected by solvolysis, for
      instance with water or alcohols, if desired in an acidic or weakly
      alkaline medium, or by reduction, for instance with hydrogen in the
      presence of a catalyst or with metals such as zinc, or finally, by
      photolysis, preferably in a polar medium.
PAR  A blocking ester group can also be retained if it is split enzymatically in
      the tissue on administration of the compound.
PAR  Agents forming imido-halides are, more especially acid halides,
      particularly chlorides, which are derived from phosphorus, sulfur, carbon
      or their oxygen acids, for example phosphorus oxychloride, phosphorus
      pentachloride, phosphorus trichloride, thionyl chloride, phosgene and
      oxalyl chloride
PAR  The imino-halide is reacted with an alcohol to form an imino-ether.
      Alcohols are, for example, lower alkanols such as ethanol, n-propanol,
      isopropanol n-butanol, especially methanol, phenyl lower alkanols, for
      instance, benzyl alcohol, or (lower)alkyldiols, such as propylene or
      ethylene glycol. The iminoether is an intermediate which need not be
      isolated but can be split in the same reaction medium.
PAR  The splitting of the C=N double bond of the iminoether to form the compound
      XXX is carried out with a compound containing a hydroxyl group such as
      water or an alcohol, for instance, that alcohol used for forming the
      iminoether, or with a mixture of alcohol with water, preferably at a pH
      from 0 to 4.
PAR  Other examples of what acyl can represent in compounds XX are the radical
      having the formula
EQU  R.sub.2 (CH.sub.2).sub.n CO
PAL  in which n represents an integer of 0 to 4, preferably 1, and in which a
      CH.sub.2 -group, especially in .alpha.-position may be substituted, for
      instance by amino, halogen, lower alkoxy, cyan, nitro or carboxyl, and
      R.sub.2 represents an unsubstituted or substituted aryl, cycloalkyl, or
      heterocyclyl radical or an aryloxy, arylthio, cycloalkoxy, heterocyclyloxy
      or heterocyclylthio radical, the aryl or heterocyclyl radicals being
      monocyclic or dicyclic, for example 2:6-dimethoxy-benzoyl,
      tetrahydronaphthoxyl, 2-methoxynaphthoyl, 2-ethoxy-naphthoxyl,
      3-pyridyl-benzoyl, phenylacetyl, phenylglycyl, phenylalanyl,
      phenylcyanacetyl, p-chlorophenyl-cyanacetyl, phenoxyacetyl,
      S-phenyl-thioacetyl, S-bromophenylthioacetyl, .alpha.-phenoxypropionyl,
      .beta.-phenoxypropionyl, .alpha.-phenoxy-phenylacetyl,
      .alpha.-methoxyphenylacetyl, .alpha.-methoxy-3:4-dichlorophenyl-acetyl,
      pyridyl(3)-acetyl, pyridyl(20)-acetyl, 1-methyl-imidazolyl(2)-thioacetyl,
      1,2,4-triazolyl(3)-thioacetyl, thiolinyl(2)-thioacetyl,
      imidazolinyl(2)-thioacetyl, 1-methylimidazoly(1)-acetyl,
      benzyloxy-carbonyl, S-benzylthioacetyl, S-benzylthiopropionyl,
      hexahydrobenzyloxycarbonyl, cyclopentanoyl, cyclohexanoyl,
      2-thienylacetyl, 2-thienyl-cyanacetyl, 3-thienylacetyl, 2-furylacetyl,
      2-indoylacetyl, 2-phenyl-5-methyl-isoxazoly-carbonyl,
      2-(2'-chlorophenyl)-5-methyl-isoxazolyl carbonyl, indenylcarbonyl, or a
      radical of the formula
EQU  C.sub.n H.sub.2n.sub.+1 CO or C.sub.n H.sub.2n.sub.-1 CO
PAL  in which n represents an integer of 1 to 7, and the chain is straight or
      branched and, if desired, is interrupted by an oxygen atom or a sulfur
      atom or is substituted, for instance, by halogen, cyan, carboxy,
      carbalkoxy, lower alkoxy, nitro or amino, for example, a propionyl,
      butyryl, hexanoyl, oxtanoyl, butylthioacetyl, acrylyl,
      .alpha.-cyano-.beta.-dimethyl-acroyl, crotonyl, 2-pentenoyl,
      allylthioacetyl, chloroacetyl, .beta.-bromopropionyl, dichloroacetyl,
      dibromacetyl, difluoroactyl, ethoxycarbonylacetyl,
      dimethoxycarbonylacetyl, cyanacetyl, .alpha.-cyanopropionyl, nitroacetyl,
      aminoacetyl, or .alpha.-carboxylpropionyl radical.
DETD
PAC  EXAMPLES
PAC  EXAMPLE 1
PAC  Preparation of 7-aminocephalosporanic acid via dicyclohexylamine
PAR  N-Carbisobutoxycephalosporin C di(dicyclohexylamine) salt (IIIa, 10 g.) was
      added to 150 ml of dry methylene chloride, followed by 3.5 ml. of
      dichlorodimethylsilane over a 10 minute period with stirring. Two
      additional 10 gram portions of IIIa were added to the resultant slurry,
      followed each time by 3.5 ml of dichlorodimethylsilane. The final slurry
      was aged for 30 minutes with vigorous stirring and then brought to 240 ml
      volume with additional methylene chloride. A sample of the slurry was
      determined to be the desired disilyl ester of N-carbisobutoxycephalosporin
      C (IVa).
PAR  A one-third portion of the slurry (11.38 mmoles of the IVa ester) was
      treated with 5.73 ml (27.77 mmoles) of dicyclohexylamine. The resultant
      slurry was cooled to -45.degree. C and 3 g. (14.23 mmoles) of finely
      ground PCl.sub.5 was added with stirring and continued cooling. The
      temperature surged to -35.degree. C and the chlorination slurry was cooled
      back to -40.degree. C and held there for 15 minutes. The chlorination mix
      was cooled to -60.degree. C and 40 mls of precooled methanol (-70.degree.
      C) was added all at once. The mixture was aged with stirring for 120
      minutes at -40.degree. C.
PAR  Ice cold 50% aqueous methanol (16.8 ml) was added to the -40.degree.C
      mixture. The temperature rose to -10.degree. C and was held in the range
      of -10 to -40.degree. C for 25 minutes. The mixture was warmed to
      0.degree. C and dripped into 140 ml of methanol and 28 ml of water keeping
      the mixture at constant pH 3.6 with NH.sub.4 OH.
PAR  The 7-ACA slurry so produced was stirred for 60 minutes at 5 to 10.degree.
      C, then filtered and washed with ice cold water and methanol. The yield
      was 2.37 g. of 97% pure 7-ACA (76.7%).
PAR  Concentration in vacuo or at atmospheric pressure of the mother liquors
      leaves a post residue consisting of essentially dicyclohexylamine
      hydrochloride, water and unreacted or decomposed cephalosporin C
      by-products. Basification of the pH to about 9 with sodium hydroxide,
      followed by physical separation of the two layers produces essentially
      pure dicyclohexylamine in about 85-95% recofery of theory.
PAC  EXAMPLE 2
PAC  Preparation of 7-ACA via dicyclohexylamine
PAR  Compound IIIa (40 g, 45.55 mmoles) was suspended in dry methylene chloride
      (400 ml) followed by the addition of dichlorodimethylsilane (14.0 ml,
      14.89 g, 116.03 mmoles) at 25.degree. under a nitrogen atmosphere. The
      slurry was stirred at 25.degree. for 1 hour and cooled to -40.degree..
      Dicyclohexylamine (45.36 ml, 41.28 g. 227.66 mmoles) dissolved in
      methylene chloride to a total volume of 120 mls was added slowly to the
      ester slurry at -40.degree.. After 20 ml of the amine was added, finely
      ground phosphorous pentachloride (20.86 g, 100.16 mmoles) was added in one
      portion to the slurry. The temperature rose 5.degree.-8.degree. during the
      addition of the phosphorous pentachloride. The remainder of the amine
      solution was added slowly over a 30-40 minute period and chlorination was
      allowed to proceed for 2 hours at -30 to -40.degree.. The slurry was
      cooled to -50.degree. and precooled (-60.degree.) methanol (46.2 ml., 36.5
      g, 1.138 moles) was added over 15-20 minutes maintaining the temperature
      below -40.degree.. Methylation was allowed to proceed for 1 1/2 hours at
      -40.degree.. Methanol (150 ml) was rapidly added and the mixture stirred
      at -35 to -40.degree. for 0.5 hours. Water (25.0 ml) was added at
      -35.degree. and the mixture stirred at this temperature at -35.degree. for
      1 hour. The slurry was warmed to 0.degree.-5.degree.. Water (30.0 ml) and
      methanol (200 ml) were added until all of the dicyclohexylamine
      hydrochloride dissolved. A portion of the batch (0.33 volume) was
      cyrstallized by pH adjustment with 6N ammonium hydroxide at
      0.degree.-5.degree.. The remainder of the solution was added to the 7-ACA
      slurry over a 30-40 minute period maintaining the pH at 3.4-3.6. After the
      addition, the slurry was stirred for 1 hour at 0.degree.-5.degree. holding
      the pH at 3.6. The slurry was filtered, washed with methanol and dried at
      40.degree.-50.degree.: 9.43 g (76%). Infrared and NMR spectra were
      consistent for structure. The yield corrected for input cephalosporin
      potency and output 7-ACA potency is 10.28 g., 83%. The material assayed at
      966 mcg/mg by chemical assay.
PAC  EXAMPLE 3
PAC  Preparation of 7-ACA via diisopropylamine
PAR  Compound IIIa (20.0g, 22.77 mmoles) was suspended in dry methylene chloride
      (200 ml) followed by the addition of dichlorodimethylsilane (7.0 ml, 7.49
      g, 58.02 mmoles) at 25.degree. C under a nitrogen atmosphere. The slurry
      was stirred at 25.degree. C for 1 hour and cooled to -40.degree. C.
      Diisopropylamine (15.96 ml, 11.52 g, 113.86 mmoles) dissolved in methylene
      chloride to a total volume of 60 ml was added slowly to the ester slurry
      at -40.degree. C. After 10 ml of the amine was added, finely ground
      phosphorus pentachloride (10.43 g, 40.98 mmoles) was added in one portion
      to the slurry. The temperature rose 5.degree.-8.degree. during the
      addition of the phosphorus pentachloride. The remainder of the amine
      solution was added slowly over a 30-40 minute period and chlorination was
      allowed to proceed for 2 hours at -30.degree. to -40.degree. C. The slurry
      was cooled to -50.degree. C and precooled (-60.degree.)methanol (23.1 ml,
      18.3 g, 569.3 mmoles) was added over a 15-20 minute period maintaining the
      temperature below -40.degree. C. Methylation was allowed to proceed for 1
      1/2 hours at -40.degree. C. Methanol (50 ml) was rapidly added and the
      mixture stirred at -35.degree. to -40.degree. for 0.5 hours. Water (12.0
      ml) was added at -35.degree.C and the mixture stirred at this temperature
      for 1 hour. The slurry was warmed to 0.degree.-5.degree.. Water (15.0 ml)
      and methanol (75 ml) were added until all of the dicyclohexylamine
      hydrochloride dissolved. A portion of the batch (0.33 volume) was
      crystallized by pH adjustment with 6N ammonium hydroxide at
      0.degree.-5.degree.. The remainder of the solution was added to the 7-ACA
      slurry over a 30-40 minute period maintaining the pH at 3.4-3.6. After the
      addition, the slurry was stirred for 1 hour at 0.degree.-5.degree. holding
      the pH at 3.6. The slurry was filtered, washed with methanol and dried at
      40.degree.-45.degree.: 4.92 g, 79.4%. Infrared and NMR spectra were
      consistent for structure. The yield corrected for input cephalosporin
      potency is 5.15 g, 83%.
PAC  EXAMPLE 4
PAC  Preparation of 7-ACA using dicyclohexylamine
PAR  Substitution in the procedure of example 2 for the amounts of compound
      IIIa, PCl.sub.5, CH.sub.2 Cl.sub.2, dicyclohexylamine (DCHA),
      dichlorodimethylsilane (DDS) and methanol used therein of the amounts
      indicated in the following chart produced 7-ACA in the indicated yields.
      Each experiment was modified in some manner as to the order or mode of
      addition of the DCHA and/or PCl.sub.5 as footnoted below the chart.
TBL                                    TABLE                                   

     __________________________________________________________________________

     Compound                            Actual                                

                                               Theoretical  Chem.              

     IIIa    PCl.sub.5                                                         

                       DCHA Methanol                                           

                                   CH.sub.2 Cl.sub.2                           

                                         Yield(g)                              

                                               Yield  % Yield*                 

                                                            Potency            

     __________________________________________________________________________

     No. 1 20.0 g                                                              

             5.22, 1.1eq.                                                      

                      6.81 ml                                                  

                            23.11 ml.                                          

                                   170 ml.                                     

                                         no yield                              

                      1.5 eq.            obtained                              

     No. 2 20.0 g                                                              

             5.22, 1.1eq.                                                      

                      13.61 ml                                                 

                            23.11 ml.                                          

                                   170 l.                                      

                                         2 gms.                                

                                               6.2 gms.                        

                                                      32%   --                 

                      3.0 eq.                                                  

     No. 3 20.0 g                                                              

             10.43, 2.2eq.                                                     

                      22.68 ml                                                 

                            23.11 ml.                                          

                                   170 ml.                                     

                                         5.52  6.2    89%   840 mcg/mg.        

                      5.0 eq.                                                  

     No. 4 20.0 g                                                              

             14.23, 3.0eq.                                                     

                      27.22 ml                                                 

                            23.11 ml.                                          

                                   170 ml.                                     

                                         3.48  6.2     56.1%                   

                                                            985 mcg/mg.        

                      6.0 eq.                                                  

     No. 5 20.0 g                                                              

             10.43g, 2.2eq.                                                    

                      22.68 ml                                                 

                            23.11 ml.                                          

                                   170 ml.                                     

                                         5.53  6.2    89%   983/mcg/mg.        

                      5.0 eq.                                                  

     No. 6 20.0 g                                                              

             10.43g, 2.2eq.                                                    

                      22.68 ml                                                 

                            23.11 ml.                                          

                                   170 ml.                                     

                                         5.23  6.2    85%   965 mcg/mg.        

                      5.0 eq.                                                  

     No. 7 40.0 g                                                              

             20.86g, 2.2eq.                                                    

                      45.36 ml                                                 

                            46.22 ml.                                          

                                   400 ml.                                     

                                         8.8   12.4   71%   954 mcg/mg.        

                      5.0 eq.                                                  

     No. 8 20.0 g                                                              

             10.43, 2.2eq.                                                     

                      22.68 ml                                                 

                            23.11 ml.                                          

                                   170 ml.                                     

                                         5.14  6.2    83%   962 mcg/mg.        

                      5.0 eq.                                                  

     No. 9 40.0 g                                                              

             20.86, 2.2eq                                                      

                      45.36 ml                                                 

                            46.22 ml.                                          

                                   400 ml.                                     

                                         10.64 12.4   86%   966 mcg/mg.        

                      5.0 eq.                                                  

     __________________________________________________________________________

     No. 1                                                                     

          PCl.sub.5 added in solution as rapidly as possible, immediately      

          followed by DCHA addition.                                           

     No. 2                                                                     

          PCl.sub.5 added in solution as rapidly as possible, immediately      

          followed by DCHA addition.                                           

     No. 3                                                                     

          PCl.sub.5 in solution and base in solution added over a 20 minute    

          period simultaneously.                                               

     No. 4                                                                     

          Same as No. 3.                                                       

     No. 5                                                                     

          Base suspended in CH.sub.2 Cl.sub.2 (total volume=60 mls) 16-17% or  

          10 mls. DCHA added, then solid, finely                               

          ground PCl.sub.5, then continue dripping in base over a 20 minute    

          period.                                                              

     No. 6                                                                     

          Same as No.5.                                                        

     No. 7                                                                     

          Same as No.3.                                                        

     No. 8                                                                     

          Same as No.5.                                                        

     No. 9                                                                     

          Same as No.5.                                                        

     __________________________________________________________________________

      *Not corrected for purity of starting material or product.               

PAC  EXAMPLE 5
PAC  Preparation of N-Carbisobutoxycephalosporin C di (dicyclohexylamine) salt
      from cephalosporin C whole broth
PAR  One kg of cephalosporin C whole broth was adjusted to pH 2.0 with 30%
      sulfuric acid. Filter aid was added and the slurry was filtered through a
      precoated Buchner filter. The cake was washed with water to a filtrate and
      wash volume of 1500 ml.
PAR  One-fourth volume (375 ml) of acetone was added to the filtrate and washes
      and the mixture was adjusted to pH 8.0-8.2 with 10% NaOH while cooling to
      0.degree.-5.degree.C.
PAR  While maintaining the pH at 8.0 with 10% NaOH on an automatic titrator, 15
      ml of isobutyl chloroformate dissolved in 45 ml of acetone dried over
      molecular sieves was dripped in during 60-minutes time. The mixture was
      held at pH 8.0 for another 30 minutes at 0.degree.-5.degree. C. Assays
      showed &lt;2% residual cephalosporin C and 94% yield of
      N-Carbisobutoxycephalosporin C.
PAR  1500 ml of methylisobutylketone (MIBK) was added to the acylated mixture.
      The pH was adjusted to 2.0 with 30% sulfuric acid and the emulsion was
      stirred for 10 minutes at 0.degree.-5.degree. C. The layers were then
      separated using a DeLaval centrifuge. The aqueous layer was extracted
      again with 500 ml of fresh MIBK for 5 minutes and separated in the
      centrifuge. The two rich MIBK extracts were combined and polishfiltered
      through filter aid. The clear filtrate was vacuum concentrated at
      40.degree. C to 400 ml. To the 400 ml of concentrate, 25 ml of water was
      added. The pH was adjusted to 4.5 with dicyclohexylamine and the mixture
      was stirred for 1-2 hours at 25.degree.-30.degree.C during which time a
      thick slurry of crystals was obtained. The pH was then adjusted to 5.0-6.0
      with dicyclohexylamine and the slurry was stirred another 2 hours at
      25.degree.-30.degree.C. The slurry was then filtered and the crystals
      washed thoroughly with MIBK and then with acetone. After vacuum drying at
      45.degree.C for 16 hours, the yield of dry, crystalline
      N-carbisobutoxycephalosporin C di (dicyclohexylamine) salt was 75% of
      theory based on the whole broth assay.
PAR  Variations in the above procedure have given equivalent or improved
      results. Successful variations have been adjustment of whole broth to pH 4
      instead of 2 with sulfuric acid, adjustment of whole broth to pH 4 with
      oxalic acid, and crystallization of concentrate at pH 5.0 or 5.5 instead
      of 6.0.
PAC  EXAMPLE 6
PAC  Preparation of 7-aminocephalosporanic acid from monosodium
      N-carbisobutoxycephalosporin C and dicyclohexylamine (see U.S. Pat. No.
      3,573,296 for starting material)
PAR  Sodium N-carbisobutoxycephalosporin C (13.5 g.) , 90 ml of methylene
      chloride and 5.0 ml of dicyclohexylamine are mixed together.
      Dichlorodimethylsilane (6.2 ml) is added with stirring at about room
      temperature and stirring is continued for about 30 minutes. The slurry is
      then cooled to -60.degree. C and 12 grams of phosphorus pentachloride
      dissolved in 100 ml of methylene chloride is added. An additional 11.0 of
      dicyclohexylamine is added while the temperature is kept below
      -40.degree.C. The temperature is lowered to below -60.degree.C and 60 ml
      of methanol (-70.degree.C) is added slowly. The temperature is kept below
      -40.degree.C. Subsequently, 55 ml of water is added slowly, allowing the
      temperature to rise. The mixture is kept cooled to about 0.degree.C.
      Ammonium hydroxide is added slowly to raise the pH to about 3.6. The
      precipitate which forms is collected by filtration is 7-ACA.
PAC  EXAMPLE 7
PAC  Preparation of 7-ACA from N-phthaloylcephalosporin C-dibenzyl ester
PAR  N-Phthaloylcephalosporin C-dibenzyl ester (11.38 mmoles) is dissolved in 50
      ml of methylene chloride and cooled to -45.degree. C. Dicyclohexylamine
      (5.73 ml., 27.77 mmoles) is added followed by 3 g (14.23 mmoles) of finely
      ground PCl.sub.5 with stirring and continued cooling below -45.degree.C.
      The chlorination mix is cooled to -60.degree.C after about 15 minutes, and
      40 mls of precooled methanol (-70.degree.C) is added all at once. Stirring
      is continued about 2 hours.
PAR  Ice cold 50% aqueous methanol is added (16.8 ml) and the temperature is
      held below -10.degree. C for 25 minutes. The mixture is warmed to about
      0.degree.C and adjusted to pH 3.3 with ammonium hydroxide. The organic
      solvents are removed in vacuo and the aqueous phase is extracted with
      benzene and ethyl acetate (2:1). The organic phase is extracted with 3%
      aqueous phosphoric acid and this solution is adjusted to pH 8.5 and then
      extracted with ethyl acetate. The ethyl acetate phase containing the
      7-aminocephalosporanic acid benzyl ester is dried over sodium sulfate,
      filtered and taken to dryness to yield the desired 7-aminocephalosporanic
      acid benzyl ester.
PAC  EXAMPLE 8
PAC  Preparation of 7-ACA and 7ADCA from various blocked cephalosporin C
      derivatives
PAR  Substitution in the general procedure of example 7 for the
      N-phthaloylcephalosporanic C dibenzyl ester used therein of equimolar
      quantities of
PA0  1 N-phenylacetylcephalosporin C-dibenzyl ester,
PA0  2. N-carbobenzoxycephalosporin D-dibenzyl ester,
PA0  3. N-2,4-dinitrophenylcephalosporin C-dibenzyl ester,
PA0  4. N-benzoylcephalosporin C-dibenzyl ester,
PA0  5. N-phthaloylcephalosporin C-di-(para-methoxybenzyl ester,
PA0  6. N-phthaloylcephalosporin C-dibenzhydryl ester,
PA0  7. N-phthaloylcephalosporin C-di (tetrahydropyron-2-yl ester)
PA0  8. N-2,4-dinitrophenylcephalosporin C-di (paranitrophenyl ester),
PA0  9.
      7-[4-(1-phenyl-2-thiono-5-oxoimidazoolidine-4-yl)-butyryl]aminocephalospor
     anic acid methyl ester,
PA0  10. 7-(phenylacetamido)cephalosporanic acid benzhydryl ester,
PA0  11. 7-(phenylacetamido)-3-methyl-3-cephem-4-carboxylic acid benzhydryl
      ester,
PA0  12. 7-(phenylacetamido)-3-methyl-3-cephem-4-carboxylic acid methoxymethyl
      ester,
PA0  13. N-phthaloylcephalosporin C di (trichloroethylester), or
PA0  14. 7-(phenoxyacetamido)-3-methyl-3-cephm-4-carboxylic acid methoxymethyl
      ester
PAL  produces respectively
PA0  1'. 7-aminocephalosporanic acid benzyl ester,
PA0  2'. 7-aminocephalosporanic acid benzyl ester,
PA0  3'. 7-aminocephalosporanic acid benzyl ester,
PA0  4'. 7-aminocephalosporanic acid benzyl ester,
PA0  5'. 7-aminocephalosporanic acid p-methoxybenzyl ester,
PA0  6'. 7-aminocephalosporanic acid benzhydryl ester,
PA0  7'. 7-aminocephalosporanic acid tetrahydropyran-2-yl ester,
PA0  8'. 7-aminocephalosporanic acid p-nitrophenyl ester,
PA0  9'. 7-aminocephalosporanic acid methyl ester,
PA0  10'. 7-aminocephalosporanic acid benzhydryl ester,
PA0  11'. 7-amino-3-methyl-3-cephem-4-carboxylic acid benzhydryl ester,
PA0  12'. 7 -amino-3-methyl-3-cephem-4-carboxylic acid methoxymethyl ester,
PA0  13'. 7-aminocephalosporanic acid trichloroethyl ester, and
PA0  14'. 7-amino-3-methyl-3-cephem-4-carboxylic acid methoxymethyl ester.
PAC  EXAMPLE 9
PAC  Preparation of 7-ACA via silyl ester and dicyclohexylamine or
      diisopropylamine
PAR  N-Carbisobutoxycephalosporin C (34.14 mmoles) as the free acid is added to
      150 ml of methylene chloride, followed by dicyclohexylamine (75 mmoles) or
      diisopropylamine (75 mmoles), subsequently followed by 10.5 ml of
      dichlorodimethylsilane over a ten minute period with stirring. The
      resultant slurry is aged 30 minutes with vigorous stirring and then
      brought to 240 ml with additional methylene chloride.
PAR  A one-third portion of the slurry is cooled to 45.degree.C and then treated
      with 27.77 mmoles of dicyclohexylamine or diisopropylamine (the same one
      as is used above in the silyl ester formation). The PCL.sub.5, methanol
      and water steps are conducted in a manner identical to that used in
      example 1 to produce 7-ACA.
PAC  EXAMPLE 10
PAC  Preparation of 7-ACA from various blocked cephalosporin C derivatives
PAR  Substitution in the procedure of Example 9 for the
      N-carbisobutoxycephalosporin C used therein of an equimolaar quantity of
PA0  1. N-phenylacetylcephalosporin C,
PA0  2. n-carbobenzoxycephalosporin C,
PA0  3. n-benzoylcephalosporin C,
PA0  4. n-phthaloylcephalosporin C,
PA0  5. n-2,4-dinitrocephalosporin C,
PA0  6. n-chloroacetylcephalosporin C,
PA0  7. n-acetylcephalosporin C,
PA0  8. n-(n'-butylcarbanoyl)cephalosporin C,
PA0  9. n-(n'-p-methylphenylcarbanoyl)cephalosporin C,
PA0  10. n-(n'-isopropylcarbanoyl)cephalosporin C,
PA0  11. n-(n'-isobutylcarbanoyl)cephalosporin C,
PA0  12. n-(n'-phenylcarbanoyl)cephalosporin C,
PA0  13. n-trichloroacetylcephalosporin C produces 7-ACA.
PAC  EXAMPLE 11
PAC  Preparation of 7-ADCA
PAR  7-(Phenoxyacetamido)-3-methyl-3-cephem-4-carboxylic acid (11.38 mmoles) is
      dissolved in 80 ml of methylene chloride. Dicyclohexylamine or
      diisopropylamine (13 mmoles) is added with stirring and 1.75 ml of
      dichlorodimethylsilane is added. After stirring for 30 minutes, the
      mixture is cooled to -45.degree. C and an additional 27.77 mmoles of the
      same amine as used above is added followed by 3 g of finely powdered
      PCl.sub.5.
PAR  The remaining steps of the reaction and workup are identical to those in
      example 1 to produce 7-amino-3-methyl-3-cephem-4-carboxylic acid.
PAC  EXAMPLE 12
PAC  Preparation of 7-ADCA
PAR  Substitution in the procedure of example 11 for the
      7-(phenoxyacetamido)-3-methyl-3-cephem-4-carboxylic acid used therein of
      an equimolar quantity of
      7-(phenylacetamido)-3-methyl-3-cephem-4-carboxylic acid produces 7-ADCA.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process for the preparation of a compound having the formula
      ##SPC20##
PAL  in which R.sup.6 is H or acetoxy and R.sup.5 is OH or the residue of an
      acid blocking group, which process comprises treating a compound having
      the formula
      ##SPC21##
PAL  in which R.sup.6 is H or acetoxy, CO.sub.2 R.sup.9 is a carboxyl group
      blocked to convert it into a group not reacting with the acid halide used
      for forming the imino-halide, and acyl is the residue of a carboxylic
      acid; with an acid halide to form an imino-halide, converting the
      imino-halide into an imino-ether by means of treating the imino-halide
      with an alcohol and splitting the imino-ether double bond with a compound
      containing a hydroxy group; the improvement of which comprises using
      diisopropylamine or dicyclohexylamine as the acid scavenger in the
      imino-halide forming step.
NUM  2.
PAR  2. A process of claim 1 for the preparation of a compound having the
      formula
      ##SPC22##
PAL  in which R.sup.6 is H or acetoxy, and R.sup.5 is --OH or --OY in which Y is
      alkyl of 1 to 10 carbon atoms, a radical of the formula
      ##SPC23##
PAL  in which n is an integer of 0 to 6 and R.sup.11 and R.sup.12 are alike or
      different and each is H, Cl, Br, F, NO.sub.2, (lower)aklyl or
      (lower)alkoxy, or Y is 2,2,2-trichloromethyl, methoxymethyl or
      pivaloyloxymethyl; which process comprises treating a compound having the
      formula
      ##SPC24##
PAL  wherein R.sup.6 is H or acetoxy, R is the side chain of a known fermentable
      penicillin, R.sup.7 is H, R.sup.8 is alkanoyl of 2 to 20 carbons, but
      preferable 2 to 6 carbons, or R.sup.8 is a radical of the formula
      ##EQU11##
      in which R.sup.10 is alkyl of 1 to 6 carbons or a group of the formula
      ##SPC25##
PAL  wherein n is an integer of 0 to 6 and R.sup.11 and R.sup.12 are alike or
      different and each is H, Cl, Br, F, NO.sub.2, (lower)alkyl or
      (lower)alkoxy, or R.sup.8 is trichloroacetyl, chloroacetyl, phenylacetyl
      or benzoyl, or when R.sup.7 and R.sup.8  are taken together an o-phthaloyl
      group; R.sup.5 is --OY in which Y is alkyl of 1 to 10 carbon atoms, a
      radical of the formula
      ##SPC26##
PAL  in which n is an integer of 0 to 6 and R.sup.11 and R.sup.12 are alike or
      different and each is H, Cl, Br, F, NO.sub.2, (lower)alkyl or
      (lower)alkoxy; or Y is --CH.sub.2 --CCl.sub.3, methoxymethyl,
      pivaloyloxymethyl,
      ##EQU12##
      or -Si(CH.sub.3).sub.3 ; with an acid halide to form an imino-halide,
      converting the imino-halide into an imino-ether by means of treating the
      imino-halide with an alcohol, and splitting the imino-ether double bond by
      the addition of water; the improvement of which comprises using
      diisopropylamine or dicyclohexylamine as the acid scavenger in the
      imino-halide forming step.
NUM  3.
PAR  3. A process of claim 1 for the preparation of a compound having the
      formula
      ##SPC27##
PAL  in which R.sup.6 is H or acetoxy; which process comprises treating a
      compound having the formula
      ##SPC28##
PAL  wherein R.sup.6 is H or acetoxy, R is phenoxymethyl or benzyl, R.sup.7 is
      H, R.sup.8 is alkanoyl of 2 to 6 carbons, a radical of the formula
      ##EQU13##
      in which R.sup.10 is alkyl of 1 to 6 carbons or a group of the formula
      ##SPC29##
PAL  wherein n is an integer of 0 to 6 and R.sup.11 and R.sup.12 are alike or
      different and each is H, Cl, Br, F, NO.sub.2, (lower)alkyl or
      (lower)alkoxy; or R.sup.8 is trichloroacetyl, chloroacetyl, phenylacetyl
      or benzoyl, or when R.sup.7 and R.sup.8 are taken together an o-phthaloyl
      groupl and R.sup.5 is
      ##EQU14##
      with an acid halide to form an iminohalide, converting the imino-halide
      into an imino-ether by means of treating the imino-ether with a
      (lower)alkanol, and splitting the imino-ether double bond by treatment
      with water; the improvement of which comprises using diisopropylamine or
      dicyclohexylamine as the acid scavenger in the imino-halide forming step.
NUM  4.
PAR  4. The process of claim 3 for the preparation of 7-aminocephalosporanic
      acid from compound XXa in which R.sup.6 is acetoxy, R.sup.7 is H, R.sup.8
      is carbisobutoxy, R.sup.5 is
      ##EQU15##
      the solvent of reaction is methylene chloride, the acid halide is
      phosphorus pentachloride, the (lower)alkanol is methanol and the acid
      scavenger is dicyclohexylamine.
NUM  5.
PAR  5. The process of claim 3 for the preparation of
      7-amino-3-methyl-3-cephem-4-carboxylic acid from compound XXb in which R
      is phenoxymethyl, R.sup.5 is
      ##EQU16##
      the solvent of reaction is methylene chloride, the acid halide is
      phosphorus pentachloride, the (lower)alkanol is methanol and the acid
      scavenger is dicyclohexylamine.
NUM  6.
PAR  6. The process of claim 1 wherein the temperature is maintained below
      -20.degree.C. during the formation of the imino-halide and its subsequent
      conversion to the imino-ether.
NUM  7.
PAR  7. The process of claim 1 wherein the temperature is maintained below
      -40.degree.C. during the formation of the imino-halide and its subsequent
      conversion to the imino-ether.
NUM  8.
PAR  8. The process of claim 4 wherein the temperature is maintained below
      -20.degree.C. during the formation of the imino-halide and its subsequent
      conversion to the imino-ether.
NUM  9.
PAR  9. The process of claim 4 wherein the temperature is maintained below
      -40.degree.C. during the formation of the imino-halide and its subsequent
      conversion to the imino-ether.
NUM  10.
PAR  10. The process of claim 5 wherein the temperature is maintained below
      -20.degree.C. during the formation of the imino-halide and its subsequent
      conversion to the imino-ether.
NUM  11.
PAR  11. The process of claim 5 wherein the temperature is maintained below
      -40.degree.C. during the formation of the imino-halide and its subsequent
      conversion to the imino-ether.
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PAL  3-Methylenecepham-4-carboxylic acids and esters of the Formula I and
      3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acids and esters of the
      Formula II
      ##SPC1##
PAL  where R is hydrogen or an organic acyl group and R.sub.1 is hydrogen,
      C.sub.1 -C.sub.4 alkyl a carboxylic acid protecting group or a
      pharmaceutically acceptable cation are prepared via the reductive
      displacement of a 3-substituted methyl cephalosporin of the Formula III
      ##SPC2##
PAL  where R.sub.2 is an organic residue such that --SR.sub.2 constitutes a
      reductively displaceable moiety, and R and R.sub.1 have the same meanings
      as defined in Formulae I and II, reductive displacement being accomplished
      by catalytic hydrogenation or chemical reduction. The 3-methylene cepham
      compounds are isomerized in dimethylacetamide in the presence of a
      tertiary alkyl amine to provide 3-methyl-7-acylamido-.DELTA..sup.3
      -cephem-4-carboxylic acids and esters.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The cephalosporin antibiotics stem from the discovery of cephalosporin C
      produced in the fermentation of Cephalosporium acremonium.
PAR  The parent group of antibiotics possess in common the basic structural
      features represented by the following general formula for a
      7-acylamidocephalosporanic acid
      ##SPC3##
PAL  And are characterized by a .beta.-lactam ring fused to a dihydrothiazine
      ring bearing an acetoxymethyl group in the 3-position; a carbon to carbon
      double bond in the 3-position and a carboxylic acid function in the
      4-position. Cephalosporin C is represented by the above formula when the
      acyl group is 5-aminoadipoyl.
PAR  Numerous modifications have been made in the parent structure, including
      those in which the acetoxy function at the 3-methyl position has been
      replaced by another group.
PAR  Among the variations which have led to new and useful antibiotics have been
      the desacetoxycephalosporanic acids represented by the formula
      ##SPC4##
PAL  Wherein the 3-position is substituted by a methyl group in place of the
      acetoxymethyl group of the cephalosporanic acids.
PAR  Heretofore, two general methods have been employed to prepare the
      desacetoxycephalosporanic acids. In the first of these methods,
      cephalosporin C is converted to 7-aminocephalosporanic acid (7-ACA) by
      cleaving the 5-aminoadipoyl side chain therefrom, for example, by the
      procedure described by Morin et al. in U.S. Pat. No. 3,188,311. The 7-ACA
      is then subjected to hydrogenolysis according to the method described in
      J. Med. Chem., 7, 117 (1964) to provide 7-aminodesacetoxycephalosporanic
      acid (7-ADCA). Acylation of 7-ADCA with the desired acyl moiety according
      to well known acylation methods thus provides the
      7-acylamidodesacetoxycephalosporanic acid.
PAR  The catalytic hydrogenolysis of cephalosporin C has been reported to yield
      desacetoxycephalosporin C, Biochem J., 79, 377 (1961).
PAR  Alternatively, the desired desacetoxycephalosporanic acid can be prepared
      by the rearrangement of an appropriately substituted penicillanate
      sulfoxide ester according to the procedure described by U.S. Pat. No.
      3,275,626, issued Sept. 27, 1966.
PAR  Although the preceding methods for the preparation of the
      desacetoxycephalosporanic acids are valuable synthetic methods, the search
      for more efficient and economical processes for the preparation of these
      antibiotics continues.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  As discussed above, 7-aminodesacetoxycephalosporanic acid is a useful
      intermediate for the preparation of the desacetoxycephalosporanic acid
      antibiotics. For example, acylation of 7-ADCA in a mixed anhydride
      reaction with tert-butyloxycarbonyl (t-BOC) protected D-phenylglycine
      using methyl chloroformate followed by the removal of the t-BOC group
      provides 7-(.alpha.-D-aminophenylacetamido)desacetoxycephalosporanic acid,
      commonly known as cephalexin.
PAR  According to the cephem nomenclature system of the cephalosporin
      antibiotics, Morin, et al. J. Am. Chem. Soc., 84, 3400 (1962), 7-ADCA is
      designated as 3-methyl-7-amino-.DELTA..sup.3 -cephem-4-carboxylic acid,
      wherein the .DELTA..sup.3 refers to the endocyclic position of the carbon
      to carbon double bond. Other useful cephalosporin intermediates are known
      wherein the carbon to carbon double bond is located in the 2-position
      (.DELTA..sup.2) of the cephem ring, for example, the 7-acyl-.DELTA..sup.2
      -cephem-4-carboxylic acid esters described by U.S. Pat. No. 3,536,705 and
      J. Org. Chem., 35, 2429 (1970). However, compounds of the cephem structure
      having an exocyclic double bond as shown in the formula below, have not
      been previously characterized in the prior art.
      ##SPC5##
PAR  In U.S. Pat. No. 3,275,626 the proposed mechanism of the rearrangement of
      penicillin ester sulfoxides to desacetoxycephalosporanate esters is
      discussed. One of the proposed by-products of the rearrangement, depicted
      structurally in the discussion of the mechanism is an ester of a
      7-acylamido-3-methylenecepham-4-carboxylic acid. This postulated product
      has not heretofore been described either in terms of its physical and
      chemical properties or in terms of its usefulness and no practical method
      for its preparation has as yet been described.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to cephalosporin compounds having the
      3-methylenecepham structural moiety. In particular this invention relates
      to 3-methylene-7-amino and 7-acylamidocepham-4-carboxylic acids, the salts
      and esters thereof and to a method for their production.
PAR  This invention further relates to a method for the preparation of
      desacetoxycephalosporanic acids and the salts and esters thereof.
PAR  The 3-methylenecepham compounds provided by the present invention are
      represented by the following structural Formula I
      ##SPC6##
PAL  wherein R represents hydrogen or an organic acyl group and R.sub.1 is
      hydrogen, an alkali, alkaline earth metal, or zinc cation, C.sub.1
      -C.sub.4 alkyl, or a carboxylic acid protecting ester moiety.
PAR  The 3-methylenecepham-4-carboxylic acids are prepared by the reduction of a
      3-substituted methyl-.DELTA..sup.3 -cephem-4-carboxylic acid represented
      by the Formula III
      ##SPC7##
PAL  wherein R is hydrogen or an organic acyl group, R.sub.1 is hydrogen, an
      alkali, alkaline earth metal or zinc cation, C.sub.1 -C.sub.4 alkyl, or a
      carboxylic acid protecting group, and R.sub.2 is an organic moiety which
      can contain carbon, oxygen, sulfur or nitrogen or an inorganic sulfo
      radical such that --SR.sub.2 forms a reductively displaceable leaving
      group. The reduction of a 3-substituted methylcephalosporin represented by
      the Formula III, according to the method of this invention, results in the
      displacement of the group --SR.sub.2, to yield predominantly a
      3-methylenecephalosporin represented by the Formula I which is generally
      accompanied by the production of a 3-methylcephalosporin represented by
      the Formula II.
PAR  This novel reaction is designated as a reductive displacement reaction in
      that it proceeds under either catalytic hydrogenation conditions or under
      chemical reduction conditions with loss of the group SR.sub.2 and
      formation of a 7-amino or 7-acylamidocepham-4-carboxylic acid having an
      exocyclic double bond in the 3-position and varying amounts of the
      correspondingly 7-substituted 3-methyl-.DELTA..sup.3 -cephem.
PAR  The reductive displacement reaction is carried out by dissolving the
      3-substituted methyl-7-amino or 7-acylamido-.DELTA..sup.3
      -cephem-4-carboxylic acid, a salt or an ester thereof in a suitable
      solvent and reacting the solution with hydrogen maintained at a pressure
      between about 15 and 500 psi. in the presence of a hydrogenation catalyst.
      The reaction is performed at a temperature between about 15.degree. and
      60.degree.C. and preferably at about 25.degree. to 45.degree.C. The
      preferred hydrogenation catalyst is Raney nickel.
PAR  The reductive displacement reaction is also effected under chemical
      reduction conditions in the presence of dimethylformamide (DMF) by
      employing as the reducing agent a metal-acid combination, such as zinc in
      the presence of a carboxylic acid having a pKa value below about pKa 4.0,
      for example, formic acid or a dilute mineral acid; a bimetallic couple
      such as the zinc-copper couple in the presence of an acid; an amalgamated
      metal such as aluminum amalgam and zinc amalgam in the presence of an acid
      or an oxidizable metallic salt such as the chromous salts, for example,
      chromous chloride and chromous acetate. The preferred chemical reducing
      agent is zinc and formic acid in the presence of DMF.
PAR  The 3-methylene-7-amino or 7-acylamidocepham-4-carboxylic acids and esters
      are valuable chemical intermediates useful for the synthesis of the
      3-methyl-.DELTA..sup.3 -cephem antibiotics, the desacetoxycephalosporanic
      acids. Thus in another of its aspects the present invention provides a
      novel method for the isomerization of a 3-methylenecepham compound to a
      3-methyl-.DELTA..sup.3 -cephem antibiotic compound. The isomerization is
      carried out by dissolving the desired 3-methylene-7-amino or
      7-acylamidocepham acid or ester in an isomerization medium comprising an
      aprotic solvent with a high dielectric constant such as dimethylacetamide
      and a tertiary amine base having a pK'a of at least 9.5 and preferably
      triethylamine.
PAR  The starting materials employed in the preparation of the 3-methylenecepham
      acid salts and esters, the 3-substituted methyl-.DELTA..sup.3 -cephem
      acids, have been previously described and are prepared according to known
      methods. In general, the starting materials are obtained by reacting a
      7-amino or a 7-acylamidocephalosporanic acid (a
      3-acetoxymethyl-.DELTA..sup.3 -cephem acid) for example,
      phenoxyacetamidocephalosporanic acid with a sulfur nucleophile HSR.sub.2,
      for example, thiobenzoic acid or thiourea, to effect the nucleophilic
      displacement of the acetoxyl group and provide a 3-substituted
      methylcephalosporin of the Formula III.
PAR  In one of its broader aspects the present invention thus provides a method
      for preparing a 3-methyl-.DELTA..sup.3 -cephem acid, salt or ester from a
      3-acetoxymethyl-.DELTA..sup.3 -cephem acid which comprises, first, the
      preparation of a 3-substituted methyl-.DELTA..sup.3 -cephem acid of the
      prior art via the nucleophilic displacement reaction with a compound
      HSR.sub.2, and secondly the reductive displacement reaction of this
      invention whereby the group SR.sub.2 is displaced to provide a
      3-methylenecepham acid, salt or ester, and finally the isomerization of
      the exo double bond of the 3-methylenecepham acid or ester to afford the
      3-methyl-.DELTA..sup.3 -cephem acid or ester.
PAR  The foregoing reaction sequence is illustrated by the following general
      reaction scheme.
      ##SPC8##
PAC  DETAILED DESCRIPTION
PAR  The 3-methylenecephalosporin compounds provided by the present invention
      are represented by the following structural Formula I:
      ##SPC9##
PAL  wherein:
PA1  R.sub.1 is hydrogen, C.sub.1 -C.sub.4 alkyl a carboxylic acid protecting
      group or a pharmaceutically acceptable cation,
PA1  R is hydrogen, C.sub.1 -C.sub.8 alkanoyl, C.sub.6 -C.sub.10 cycloalkanoyl,
      C.sub.2 -C.sub.8 hydroxyalkanoyl, C.sub.3 -C.sub.8 alkanoyl substituted by
      carboxy and amino or protected amino, benzoyl, substituted benzoyl, or an
      acyl group represented by the formula
      ##EQU1##
      wherein P is .alpha.-thienyl, .beta.-thienyl, .alpha.-furyl, .beta.-furyl,
      benzothienyl, benzofuryl, phenyl or substituted phenyl,
PA1  Z is oxygen or sulfur,
PA1  n is 0 or 1,
PA1  m is an integer of from 0 to 3
PA1  a is hydrogen, C.sub.1 -C.sub.3 lower alkyl,
PA1  b is hydrogen, C.sub.1 -C.sub.3 lower alkyl, hydroxy, amino or protected
      amino,
PAL  and when n is 1, P is phenyl or substituted phenyl and b is other than
      hydroxy, amino or protected amino.
PAR  The term, "C.sub.1 -C.sub.8 alkanoyl" as used herein refers to formyl,
      acetyl, propionyl, n-butyryl, isobutyryl, valeryl, caproyl, heptanoyl,
      isoocantoyl and the like. "C.sub.6 -C.sub.10 cycloalkanoyl" refers to
      cyclopentanoyl, cyclohexanoyl, 4-methylcyclohexanoyl, cycloheptanoyl,
      3-methylcycloheptanoyl, 3-ethylcyclohexanoyl, 3,4-dimethylcyclopentanoyl
      and the like. "C.sub.2 -C.sub.8 hydroxyalkanoyl" refers to glycoloyl,
      .alpha.-hydroxypropionyl, .beta.-hydroxybutyryl, .gamma.-hydroxybutyryl,
      .gamma.-hydroxyvaleryl and like hydroxy substituted alkanoyl radicals. The
      term "C.sub.3 -C.sub.8 alkanoyl substituted by carboxy and amino" refers
      to the amino acid radicals such as 5'-aminoadipoyl, 2'-aminosuccinoyl,
      4'-aminoglutaroyl, 7'-aminosuberoyl and the like. Substituted benzoyl
      refers to benzoyl substituted on one or more carbon atoms of the benzene
      ring thereof with C.sub.1 -C.sub.3 alkyl, C.sub.1 -C.sub.3 alkoxy, halogen
      or amino, for example, 4-methylbenzoyl, 4-isopropylbenzoyl,
      3,4-dimethylbenzoyl, 4-chlorobenzoyl, 3-bromobenzoyl, 4-methoxybenzoyl,
      3-methoxy-4-ethoxybenzoyl, 3-isopropoxybenzoyl, 2-aminobenzoyl,
      3-amino-4-methylbenzoyl and like substituted benzoyl groups.
PAR  The term "substituted phenyl" refers to phenyl substituted at one or more
      ring positions by C.sub.1 -C.sub.3 alkyl, C.sub.1 -C.sub.3 alkoxy,
      hydroxy, halogen or amino, for example, 3,4-dimethylphenyl, 4-ethylphenyl,
      4-isopropylphenyl, 4-methoxyphenyl, 4-methoxy-3-ethoxyphenyl,
      4-isopropoxyphenyl, 3,4-dichlorophenyl, 3-hydroxyphenyl, 2-bromophenyl,
      4-fluorophenyl, 3,4-dihydroxyphenyl, 2-hydroxyphenyl, 4-aminophenyl,
      4-acetamidophenyl and the like.
PAR  "Carboxylic acid protecting group" refers to the organic ester or anhydride
      forming radicals which are commonly employed in the protection of the
      carboxylic acid function of the penicillin and cephalosporin antibiotics
      and more generally for the protection of the carboxylic acid function of
      amino acids and peptides. Such protecting groups are those which are
      relatively labile and susceptible to cleavage under acid or base
      hydrolytic or hydrogenolytic conditions and includes, for example, the
      tert-butyl, benzyl, p-methoxybenzyl, 2,2,2-trichloroethyl, p-nitrobenzyl,
      benzyhydryl, 4methoxybenzylhydryl, phenacyl, p-bromophenacyl,
      tetrahydropyranyl esters and the mixed anhydrides formed with acetic and
      propionic acids.
PAR  "Pharmaceutically acceptable cation" refers to the alkali metal cations
      such as the lithium, sodium and potassium cations and the alkaline earth
      metal cations such as the calcium and magnesium cations and the zinc
      cation.
PAR  The terms "halo" and "halogen" as used in this description refer to fluoro,
      chloro, bromo and iodo.
PAR  The term "protected amino" as used herein refers to a primary amino group
      substituted by one of the commonly employed amine blocking groups such as
      tert-butyloxycarbonyl, benzyloxycarbonyl, substituted benzyloxycarbonyl,
      trichloroethyloxycarbonyl, adamantyloxycarbonyl, trifluoroacetyl,
      chloroacetyl, pentane-1,3-dione, phthaloyl, formyl and like amine blocking
      groups which are commonly employed in the antibiotic and polypeptide arts.
PAR  The novel compounds represented by the Formula I where R is H or an organic
      acyl group containing a free amino group, for example 5'-aminoadipoyl, and
      where R.sub.1 is hydrogen are capable of existing in the zwitterionic
      form. For example where R and R.sub.1 are both hydrogen, the compound
      represented is 3-methylene-7-aminocepham-4-carboxylic acid, or where R is
      .alpha.-phenylglycyl and R.sub.1 is H, the compound represented is
      7-(D-.alpha.-phenylglycylamido)-3-methylenecepham-4-carboxylic acid. Both
      such compounds can exist in the zwitterionic forms, which forms are to be
      understood as included within the scope of the present invention.
PAR  Illustrative of the acyl groups represented by R in Formula I are formyl,
      acetyl, propionyl, hexanoyl, phenylacetyl, phenoxyacetyl,
      4-methylphenylacetyl, 4-chlorophenylacetyl, .alpha.-thienylacetyl,
      .beta.-thienylacetyl, .beta.-phenylpropionyl, .alpha.-furylacetyl,
      .beta.-furylacetyl, benzoyl, phenylmercaptoacetyl,
      .alpha.-benzofurylacetyl, .alpha.-benzothienylacetyl, valeryl,
      3,4-dimethylphenylacetyl, 4-methoxyphenylacetyl, o-tolylmercaptoacetyl,
      5'-aminoadipoyl, .alpha.-amino-.alpha.-phenylacetyl,
      5'-(chloroacetamido)adipoyl, 5'-(formamido) adipoyl,
      5'-(phthalimido)adipoyl, .alpha.-hydroxy-.alpha.-phenylacetyl,
      .alpha.-amino-.alpha.-(3-hydroxyphenyl) acetyl, cyclopentylacetyl,
      3-chlorophenylmercaptoacetyl, 2-bromophenylmercaptoacetyl,
      .alpha.-phenoxyisoamoyl, .alpha.-phenoxyisobutanoyl,
      .alpha.-phenoxy-n-butanoyl, .alpha.-(4-methoxyphenoxy) isobutanoyl
      radicals.
PAR  Specific examples of the compounds included within the scope of the present
      invention are the following:
PA0  3-methylene-7-aminocepham-4-carboxylic acid
PA0  benzyl 3-methylene-7-aminocepham-4-carboxylate
PA0  3-methylene-7-acetamidocepham-4-carboxylic acid
PA0  3-methylene-7-phenylacetamidocepham-4-carboxylic acid
PA0  3-methylene-7-phenoxyacetamidocepham-4-carboxylic acid
PA0  3-methylene-7-[2'-(.alpha. -thienyl)acetamido]cepham-4-carboxylic acid
PA0  3-methylene-7-[2'-(.alpha. -thienyl)acetamido]cepham-4-carboxylic acid
PA0  tert-butyl
      3-methylene-7-[2'-(3-hydroxyphenyl)-2'-aminoacetamido]-cepham-4-carboxylat
     e
PA0  3-methylene-7-[2'-(3-hydroxyphenyl)-2'-aminoacetamido]cepham-4-carboxylic
      acid
PA0  3-methylene-7-[2'-(.alpha. furyl)acetamido]cepham-4-carboxylic acid
PA0  3-methylene-7-[2'-(.beta.-thienyl)-2'-aminoacetamido]cepham-4-carboxylic
      acid
PA0  3-methylene-7-(2'-phenyl-2'-aminoacetamido)cepham-4-carboxylic acid
PA0  3-methylene-7-n-valeramidocepham-4-carboxylic acid
PA0  3-methylene-7-caprylamidocepham-4-carboxylic acid
PA0  3-methylene-7-[2'-(.alpha.-benzothienyl)acetamido]cepham 4-carboxylic acid
PA0  2,2,2-trichloroethyl
      3-methylene-7-(2'-phenoxyacetamido)cepham-4-carboxylate
PA0  3-methylene-7-(2'-phenoxy-2',2'-dimethylacetamido)cepham-4-carboxylic acid
PA0  3-methylene-7-(2'-phenyl-2'-hydroxyacetamido)cepham-4-carboxylic acid
PA0  3-methylene-7-[2'-(4-methylphenyl)acetamido]cepham-4-carboxylic acid
PA0  3-methylene-7-(5'-aminoadipamido)cepham-4-carboxylic acid
PA0  p-nitrobenzyl 3-methylene-7-(2'-phenoxyacetamido)cepham-4-carboxylate
PA0  3-methylene-7-propionamidocepham-4-carboyxlic acid
PA0  3-methylene-7-isovaleramidocepham-4-carboxylic acid
PA0  3-methylene-7-n-butyramidocepham-4-carboxylic acid
PA0  3-methylene-7-benzoylcepham-4-carboxylic acid
PA0  3-methylene-7-cyclopentamidocepham-4-carboxylic acid
PA0  benzhydryl 3-methylene-7 -cyclohexanamidocepham-4-carboxylate
PA0  p-nitrobenzyl 3-methylene-7-aminocepham-4-carboxylate
PA0  p-methoxybenzyl 3-methylene-7-aminocepham-4-carboxylate
PA0  3-methylene-7-[2'-(4-methoxyphenyl)acetamido]cepham-4-carboxylic acid
PA0  3-methylene-7-[2'-(4-chlorophenyl)acetamido]cepham-4-carboxylic acid
PA0  3-methylene-7-(2'-phenoxy-2'-ethylacetamido)cepham-4-carboxylic acid
PA0  3-methylene-7-[2'-(3-aminophenyl)acetamido]cepham-4-carboxylic acid
PA0  2,2,2-trichloroethyl 3-methylene-7-aminocepham-4-carboxylate
PA0  3-methylene-7-(5'-hydroxyvaleramido)cepham-4-carboxylic acid
PA0  3-methylene-7-[2'-(.alpha.-benzofuryl)acetamido]cepham-4-carboxylic acid
PA0  t-butyl 3-methylene-7-aminocepham-4-carboxylate
PA0  phenacyl 3-methylene-7-aminocepham-4-carboxylate
PA0  3-methylene-7-formamidocepham-4-carboxylic acid
PA0  3-methylene-7-(5'-acetylaminoadipamido)cepham-4-carboxylic acid
PA0  3-methylene-7-(5'-phthaloylaminoadipamido)cepham-4-carboxylic acid
PA0  benzyl 3-methylene-7-[2'-(.alpha.-thienyl)acetamido]cepham-4-carboxylate
PA0  3-methylene-7-[2'-(o-tolylmercapto)acetamido]cepham-4-carboxylic acid
PA0  3-methylene-7-[2'-(m-chlorophenylmercapto)acetamido]cepham-4-carboxylic
      acid
PA0  3-methylene-7-(phenylmercaptoacetamido)cepham-4-carboxylic acid
PA0  t-butyl
      3-methylene-7-[2'-(o-methoxyphenylmercapto)acetamido]-cepham-4-carboxylate
PA0  3-methylene-7-[2'-(p-ethoxyphenylmercapto)acetamido]cepham-4-carboxylic
      acid
PA0  3-methylene-7-(5'-propionylaminoadipamido)cepham-4-carboxylic acid
PA0  3-methylene-7-(5'-propionylaminoadipamido)cepham-4-carboxylic acid
      di-p-nitrobenzyl ester.
PA0  p-nitrobenzyl
      3-methylene-7-(.alpha.-aminophenylacetamido)cepham-4-carboxylate
PA0  3-methylene-7-(5'-thiobenzoylacetylaminoadipamido)cepham-4-carboxylic acid
PAR  The 3-methylenecepham-4-carboxylic acids provided by this invention are in
      general highly crystalline compounds exhibiting, in many cases, enhanced
      water solubility in comparison with the correspondingly substituted
      3-methyl-.DELTA..sup.3 -cephem-4-carboxylic acids
      (desacetoxycephalosporanic acids). In contrast to the
      3-methyl-.alpha..sup.3 -cephem-4-carboxylic acids, the 3-methylenecepham
      compounds do not display absorption in the 260 m.mu. region of the
      ultraviolet spectrum but, like the 3-methyl-.DELTA..sup.3 -cephem
      compounds, they show absorption at about 1790 cm..sup.- .sup.1 in the
      infrared region of the spectrum characteristic of the .beta.-lactam
      carbonyl. The nuclear magnetic resonance spectra of the 3-methylenecepham
      compounds show the presence of an allylic type hydrogen at C.sub.4 and two
      vinylic hydrogens attached to a carbon substituent at C.sub.3,
      characteristics which are in agreement with the structure of the
      3-methylenecepham-4-carboxylic acids designated herein.
PAR  The novel 3-methylenecephalosporin compounds are prepared by reacting under
      reducing conditions a 7-amino or a 7-acylamido-.DELTA..sup.3
      -cephem-4-carboxylic acid or ester substituted in the 3-position of the
      cephem nucleus by a group represented by the formula -- CH.sub.2 -- S --
      R.sub.2 wherein R.sub.2 represents an organic radical, or the
      SO.sub.3.sup.-  M.sup.+ group wherein M.sup.+ is a metallic cation.
PAR  According to the practice of this invention, the 3-methylenecephalosporins
      of Formula I are prepared with a 3-substitutedmethylcephalosporin
      represented by the Formula III.
      ##SPC10##
PAL  wherein
PA1  R has the same meanings as previously assigned in Formula I,
PA1  R.sub.1 is hydrogen, an alkali, alkaline earth metal or zinc cation, or a
      carboxylic acid protecting group,
PA1  R.sub.2 is C.sub.2 -C.sub.4 alkanoyl, C.sub.2 -C.sub.4 haloalkanoyl,
      benzoyl, substituted benzoyl, C.sub.1 -c.sub.4 lower alkyl, C.sub.1
      -C.sub.12 alkoxythionocarbonyl, an amidino or substituted amidino group of
      the formula
      ##EQU2##
      wherein R.sub.4, R.sub.5, R.sub.6 and R.sub.7 are the same or different
      and each represents hydrogen, C.sub.1 -C.sub.6 alkyl, C.sub.3 -C.sub.7
      cycloalkyl, aryl, aralkyl, substituted aryl or substituted aralkyl,
PAR  a thiocarbamoyl group of the formula
      ##EQU3##
      wherein R.sub.8 and R.sub.9 when taken separately are the same or
      different and are hydrogen, C.sub.1 -C.sub.6 alkyl, phenyl or substituted
      phenyl and R.sub.8 R.sub.9 when taken together form a 4 or 5 membered
      alkylene, azaalkylene or oxaalkylene bridge,
PAR  a monocyclic heteroaryl or bicyclic heteroaryl group containing nitrogen,
      sulfur or oxygen,
PAR  or a sulfo group of the formula - SO.sub.3 .sup.- M.sup.+
PAR  wherein M.sup.+ is an alkali or alkaline earth metal cation, and when
      R.sub.2 is an amidino or a substituted amidino group, R.sub.1 is hydrogen,
      or when R.sub.2 is - SO.sub.3.sup.- M.sup.+, R.sub.1 is also M.sup.+.
PAR  Illustrative of the readily displaceable nucleophilic groups represented by
      - S - R.sub.2 are
      ##EQU4##
      and the like. The term "Aryl" refers to phenyl, .alpha.-naphthyl of
      .beta.-naphthyl and "aralkyl" refers to benzyl, .beta.-phenethyl,
      3-phenylpropyl, .alpha.-naphthylmethyl, 2-(.beta.-naphthyl)ethyl and the
      like and "substituted phenyl" and "substituted aralkyl" refers to such
      aryl and aralkyl groups substituted on one or more ring positions by
      C.sub.1 -C.sub.4 lower alkyl, C.sub.1 -C.sub.4 lower alkoxy, halogen,
      amino or hydroxy.
PAR  When in the above Formula III, R.sub.2 represents a thiocarbamoyl group of
      the formula
      ##EQU5##
      and R.sub.8 and R.sub.9 are taken together to form a 4- or 5-membered
      alkylene, azaalkylene or oxalkylene bridge with the nitrogen, the groups
      represented thereby are illustrated by pyrrolidinothiocarbonyl,
      piperidinothiocarbonyl, piperazinothiocarbonyl, morpholinothiocarbonyl and
      the like.
PAR  When R.sub.2 represents "a monocyclic heteroaryl or a bicyclic heteroaryl"
      R.sub.2 is representative of such groups as pyridyl, 2-pyrimidyl,
      2-imidazolyl, 2-benzimidazolyl, 2-thiazolyl, 2-benzthiazolyl,
      2-benzoxazolyl, 2-tetrazolyl, 1-methyl-2-tetrazolyl, thiadiazoyl,
      2-methyl-5-thiadiazoyl and the like.
PAR  The compounds represented by the Formula III are prepared according to
      methods previously practiced in the cephalosporin antibiotic art. In
      general they are prepared by a nycleophilic displacement reaction of a
      cephalosporanic acid with a nucleophile represented by H - S - R.sub.2.
      More particularly, the compounds represented by the Formula III, wherein
      R.sub.2 is C.sub.1 -C.sub.12 alkoxythionocarbonyl, are prepared according
      to the procedure described by U.S. Pat. No. 3,446,803. When R.sub.2
      represents an amidino or substituted amidino group, the
      7-acylamidocephalosporin iso-thiouronium salts or substituted
      iso-thiouronium salts represented thereby are prepared and described
      according to U.S. Pat. No. 3,278,531. Likewise, the preparation and
      properties of the remaining compounds represented by the Formula III are
      described by U.S. Pat. Nos. 3,261,832, 3,239,516, and 3,243,435.
PAR  Examples of 3-substituted methylcephalosporins represented by the Formula
      III are the following:
PA0  3-amidinothiomethyl-7-(2'-phenoxyacetamido)-.DELTA..sup.3
      -cephem-4-carboxylic acid, inner salt,
PA0  3-amidinothiomethyl-7-(2'-phenylacetamido)-.DELTA..sup.3
      -cephem-4-carboxylic acid, inner salt,
PA0  3-methylthiomethyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid,
PA0  3-methylthiomethyl-7-acetamido-.DELTA..sup.3 -cephem-4-carboxylic acid,
PA0  3-amidinothiomethyl-7-(D-2'-hydroxy-2'-phenylacetamido)-.DELTA..sup.3
      -cephem-4-carboxylic acid, inner salt,
PA0  3-benzoylthiomethyl-7-(D-2'-amino-2'-phenylacetamido)-.DELTA..sup.3 -cephem
      carboxylic acid,
PA0  benzyl 3-benzoylthiomethyl-7-caprylamido-.DELTA..sup.3
      -cephem-4-carboxylate,
PA0  3-amidinothiomethyl-7-[2'-(.alpha.-thienyl)-2'-aminoacetamido]-.DELTA..sup.
     3 -cephem-4-carboxylic acid, inner salt,
PA0  t-butyl 3-benzoylthiomethyl-7-(2'-phenoxyacetamido)-.DELTA..sup.3
      -cephem-4-carboxylate,
PA0  3-benzoylthiomethyl-7-amino-.DELTA..sup.3 -cephem-4-carboxylic acid
PA0  p-nitrobenzyl
      3-ethoxythionocarbonylthiomethyl-7-(D-2'-amino-2'-phenylacetamido)-.DELTA.
     .sup.3 -cephem-4-carboxylate,
PA0  3-isopropoxythionocarbonylthiomethyl-7-[2'-(.alpha.-thienyl)acetamido]-.DEL
     TA..sup.3 -cephem-4-carboxylic acid,
PA0  phenacyl 3-ethoxythionocarbonylthiomethyl-7-propionamido-.DELTA..sup.3
      -cephem-4-carboxylate,
PA0  3-(2-pyridylthiomethyl)-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem 4-carboxylic acid,
PA0  3-(2-benzimidazolylthiomethyl)-7-(2'-phenoxyacetamido)-.DELTA..sup.3
      -cephem-4-carboxylic acid,
PA0  3-(methylthionocarbonylthiomethyl)-7-[2'-(.beta.-furyl)acetamido]-.DELTA..s
     up.3 -cephem-4-carboxylic acid,
PA0  3-piperazinothionocarbonylthiomethyl-7-(2'-phenoxyacetamido)-.DELTA..sup.3
      -cephem-4-carboxylic acid,
PA0  3-benzoylthiomethyl-7-(5'-amino-5'-carboxyvaleramido))-.DELTA..sup.3
      -cephem 4-carboxylic acid,
PA0  3-benzoylthiomethyl-7-[5'-(2-benzoylthioacetamido)-5'-carboxyvaleramido-.DE
     LTA..sup.3 -cephem-4-carboxylic acid,
PA0  3-ethoxythionocarbonylthiomethyl-7-(5'-propionamido-5'-carboxy-valeramido)-
     .DELTA..sup.3 -cephem-4-carboxylic acid,
PA0  3-p-nitrobenzoylthiomethyl-7-acetamido-.DELTA..sup.3 -cephem-4-carboxylic
      acid,
PA0  3-[5-(1-methyl-2-tetrazolyl)thiomethyl]-7-[2'-(.alpha.-thienyl)-acetamido]-
     .DELTA..sup.3 -cephem-4-carboxylic acid,
PA0  3-methylthionocarbonylthiomethyl-7-amino-.DELTA..sup.3 -cephem-4-carboxylic
      acid,
PA0  benzhydryl
      7-[5'-benzoylthioacetamido)-5'-(carbodiphenylmethoxy)-valeramido]-3-benzoy
     lthiomethyl-.DELTA..sup.3 -cephem-4-carboxylate,
PA0  3-amidinothiomethyl-7-(5'-formamido-5'-carboxyvaleramido)-.DELTA..sup.3
      -cephem-4-carboxylic acid, inner salt,
PA0  3-ethoxythionocarbonylthiomethyl-7-(5'-amino-5'-carboxyvaleramido)-.DELTA..
     sup.3 -cephem-4-carboxylic acid,
PA0  3-ethoxythionocarbonylthiomethyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..
     sup.3 -cephem-4-carboxylic acid,
PA0  3-ethoxythionocarbonylthiomethyl-7-(2'-amino-2'-phenylacetamido)-.DELTA..su
     p.3 -cephem-4-carboxylic acid,
PA0  3-sulfothiomethyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid disodium salt,
PA0  3-sulfothiomethyl-7-(5'-amino-5'-carboxyvaleramido)-.DELTA..sup.3
      -cephem-4-carboxylic acid, disodium salt,
PA0  3-benzoylthiomethyl-7-(5'-phthalimido-5'-carboxyvaleramido)-.DELTA..sup.3
      -cephem-4-carboxylic acid,
PA0  3-(4-nitrobenzoylthiomethyl)-7-formamido-.DELTA..sup.3 -cephem-4-carboxylic
      acid,
PA0  3-sulfothiomethyl-7-phenylacetamido-.DELTA..sup.3 -cephem-4-carboxylic
      acid, di-potassium salt,
PA0  3-sulfothiomethyl-7-acetamido-.DELTA..sup.3 -cephem-4-carboxylic acid, di
      sodium salt,
PA0  3-sulfothiomethyl-7-amino-.DELTA..sup.3 -cephem-4-carboxylic acid, di
      sodium salt,
PA0  3-ethoxythionocarbonylthiomethyl-7-[2'-(2-methoxycarbonyl-1-methylvinylamin
     o)-2'-phenylacetamido]-.DELTA..sup.3 -cephem-4-carboxylic acid.
PAR  According to the present invention a compound of the Formula III is reacted
      with hydrogen under reducing conditions comprising either catalytic
      hydrogenation conditions or chemical reduction conditions to provide a
      3-methylenecephalosporin of the Formula I. The reductive displacement
      reaction is illustrated by the following general equation:
      ##SPC11##
PAL  wherein R, R.sub.1 and R.sub.2 have the same meanings as previously
      assigned. The reaction is characterized herein as a reductive displacement
      reaction in that, under the reducing conditions employed, the group S -
      R.sub.2 is displaced with the formation of an exocyclic double bond in the
      3-position of the cepham ring. The group SR.sub.2 can be characterized as
      a leaving group, displaced under the reducing conditions employed.
PAR  The reductive displacement reaction is carried out with molecular hydrogen
      in the presence of a metallic hydrogenation catalyst or with nascent
      hydrogen formed by a reactive metallic couple, an amalgamated metal or the
      combination of a metal and acid in the presence of DMF. The reductive
      displacement reaction can also be carried out with the salts of chromium
      in the +2 valence state.
PAR  The reductive displacement reaction is carried out under catalytic
      hydrogenation conditions by dissolving a 3-substituted methyl
      cephalosporanic acid or an ester or cationic salt thereof in a suitable
      solvent and hydrogenating the solution in an atmosphere of hydrogen
      maintained at a pressure between about 15  and about 500 psi. The
      hydrogenation can be conducted at a temperature between about 5.degree.
      and 65.degree.C. and preferably at about 25.degree. to 45.degree.C.
      Hydrogenation catalysts which are effective in the reaction include the
      base metal catalysts such as nickel and cobalt, preferably the activated
      catalysts of the Raney type such as Raney nickel and Raney cobalt, and the
      noble metal catalysts such as platinum, palladium and rhodium. The
      preferred hydrogenation catalyst is Raney nickel.
PAR  The catalytic reduction can be carried out in a variety of solvents. In
      general, any aqueous or non-aqueous solvent which is unreactive with
      respect to the starting material, and preferably one that is not itself
      reduced, can be used. For example, methanol, ethanol, isopropanol,
      dimethylformamide, dioxane, tetrahydrofuran and the like, either alone or
      in admixture with water are suitable solvents. When the 3-substituted
      methyl cephalosporin is employed in a salt form, water alone can be used
      as the solvent.
PAR  The hydrogenation is allowed to proceed for about 24 hours at the preferred
      temperature range, although at somewhat higher temperatures the reaction
      proceeds more quickly.
PAR  The reductive displacement reaction can also be carried out under chemical
      reducing conditions well known in the art, whereby nascent hydrogen is
      generated or a readily oxidizable metallic salt functions as the reducing
      agent. Chemical reducing agents which can be employed in the present
      preparative method include metallic zinc in the presence of suitable acid,
      amalgamated metals such as zinc amalgam and aluminum amalgam, bimetallic
      couples such as the zinc-copper couple, and the salts of oxidizable
      metals, for example chromous chloride, chromous bromide, chromous acetate
      and the like.
PAR  The chemical reduction is carried out in an aqueous medium containing
      dimethylformamide (DMF) or dimethylacetamide (DMA) and if necessitated by
      the solubility of the particular 3-substituted methyl cephalosporin a
      co-solvent such as a water miscible ether solvent can be added.
      Co-solvents which can be employed include tetrahydrofuran, dioxane and the
      like.
PAR  The reduction is carried out with any of the above chemical reducing agents
      for about 6 to 24 hours at a temperature between about 0.degree. and
      60.degree.C. The preferred temperature of reaction appears to be between
      about 15.degree. and 45.degree.C.
PAR  When an amalgamated metal is employed in the reductive displacement
      reaction, a solvent system comprising water, an alcoholic solvent such as
      ethanol and dimethylformamide is employed. When zinc or a metallic couple
      are employed a desirable solvent system comprises a mixture of water, a
      water miscible co-solvent such as tetrahydrofuran, dimethylformamide and
      an acid such as formic acid.
PAR  The preferred chemical reducing agent of the present method is zinc in the
      presence of an acid. Acids which can be employed in combination with zinc
      include dilute aqueous mineral acids such as hydrochloric acid and
      sulfuric acid of a concentration of about 0.5 to 5 percent or a carboxylic
      acid having a pKa of less than 4.0 such as formic acid, the chlorinated
      acetic acids such as the mono-, di- and trichloroacetic acids. A preferred
      acid is formic acid.
PAR  As previously mentioned, the chemical reduction is carried out in the
      presence of dimethylformamide or dimethylacetamide. The amount of DMF or
      DMA which is employed is not critical, provided it is present in a
      catalytic amount corresponding to at least about one percent by weight of
      the amount of reducing agent employed. It is preferable, however, to
      employ a larger amount of DMF or DMA to enhance the solubility of the
      starting material in certain instances.
PAR  The chemical reducing agent is preferably employed in excess. For example,
      the preferred reducing agent, zinc, is employed in an amount corresponding
      to from about 2 gram atoms to 10 gram atoms of zinc per gram of
      3-substituted methyl cephalosporin employed.
PAR  Likewise, the acid used in combination with the reducing agent is
      preferably employed in excess.
PAR  In a preferred embodiment of the present method a 3-substituted methyl
      cephalosporin of the Formula III, for example, 300 mg. of
      3-ethoxythionocarbonylthiomethyl-7-phenoxyacetamido-.DELTA..sup.3
      -cephem-4-carboxylic acid, (0.6 mmloles) is dissolved in a solvent mixture
      of 5.5 ml. of tetrahydrofuran, 1.5 ml. of water, 1.5 ml. of formic acid
      and 1.5 ml. of DMF and 700 mg. of zinc dust is added. The reaction mixture
      is stirred for 18 hours at ambient temperature to afford
      3-methylene-7-phenoxyacetamidocepham-4-carboxylic acid as the predominant
      product.
PAR  The reductive displacement reaction can be carried out on a 3-substituted
      methyl cephalosporin as the free acid or as a salt or ester thereof.
      However, when the carboxylic acid protecting group is an acid labile ester
      or anhydride forming group and the preferred chemical reducing agent, zinc
      in the presence of formic acid, is employed the labile ester can undergo
      extensive cleavage to yield the 3-methylene cepham of the Formula I in the
      free acid form.
PAR  When R.sub.1 is the Formula III represents a carboxylic acid protecting
      ester group such as benzyl, benzhydryl or P-methoxy-benzyl and the
      hydrogenation is carried out with Raney nickel the ester group remains
      substantially intact during the reductive displacement reaction. A like
      result is obtained when zinc in the presence of formic acid is employed.
      However, when palladium or supported palladium is used as the
      hydrogenation catalyst with a benzyl, substituted benzyl or benzhydryl
      ester, considerable hydrogenolysis of the ester group can occur,
      particularly when the reductive displacement reaction is carried out at
      higher temperatures.
PAR  Consequently, when it is desired to prepare a
      3-methylenecepham-4-carboxylate of the Formula I, wherein R.sub.1 is a
      carboxylic acid protecting group which is susceptible to cleavage under
      the conditions of the reductive displacement reaction, the unprotected
      3-methylenecepham-4-carboxylic acid can be first prepared. Following the
      reductive displacement reaction the 3-methylenecepham-4-carboxylic acid
      reduction product can be isolated and then protected with the desired
      ester group by esterification or the mixed anhydride thereof with acetic
      or propionic acid can be prepared according to well known procedures. For
      example, 3-ethoxythionocarbonylthiomethyl-7-amino-.DELTA..sup.3
      -cephem-4-carboxylic acid, obtained by the reaction of
      7-aminocephalosporanic acid (7ACA) with ethyl xanthate, is hydrogenated in
      the presence of Raney nickel to yield
      3-methylene-7-aminocepham-4-carboxylic acid. The cepham acid is then
      acylated and esterified according to known procedures to obtain the
      desired ester of the Formula I.
PAR  When R.sub.2 in the Formula III represents the group
EQU  - SO.sub.3.sup..sup.- M.sup.+
PAL  the compounds represented thereby undergo the reductive displacement
      reaction under catalytic hydrogenation conditions, preferably in the
      presence of Raney nickel catalyst, to yield the 3-methylene cepham of the
      Formula I in satisfactory yields. However, when the reductive displacement
      reaction is carried out under acidic chemical reducing conditions as, for
      example, with zinc in the presence of formic acid and DMF, only minor
      amounts of the 3-methylenecepham-4-carboxylic acid or ester is formed.
PAR  The production of the 3-methylene-7-acylamidocepham-4-carboxylic acids,
      esters and salts represented by the Formula I according to the
      above-described reductive displacement reaction is accompanied generally
      by the production of the corresponding isomer
      3-methyl-7-acylamido-.DELTA..sup.3 -cephem-4-carboxylic acids, esters or
      salts, and in some instances the corresponding 3-methyl-.DELTA..sup.2
      -cephem isomer has been observed.
PAR  The reduction product mixture comprising the 3-methylene-cepham and the
      3-methyl-.DELTA..sup.3 and .DELTA..sup.2 cephem acids, esters or salts can
      be separated by chromatography over a suitable adsorbent to obtain the
      individual isomeric reduction products. Chromatographic adsorbents such as
      silica gel, alumina and the like can be employed to effect the separation.
      Alternatively, the reduction product mixture can be separated into the
      respective isomers by fractional recrystallization or by preparative thin
      layer chromatography according to well known techniques.
PAR  The 3-methylenecephalosporins of this invention themselves display
      relatively low antimicrobial activity. However, they are valuable
      intermediates in the synthesis desacetoxycephalosporin
      desacetozycephalosporin antibiotics of high activity.
PAR  For example,
      3-ethoxythionocarbonylthiomethyl-7(2'-amino-2'-phenylacetamido)-.DELTA..su
     p.3 -cephem-4-carboxylic acid is hydrogenated in the presence of Raney
      nickel to provide the reductive displacement product 3-methylene-7
      -(2'-amino-2'-phenylacetamido)cepham-4-carboxylic acid. The
      3-exomethylenecepham reduction product is then isomerized according to the
      method hereinafter described to provide the desacetoxycephalosporin
      antibiotic, 3-methyl-7-(2'-amino2'phenylacetamido)-.DELTA..sup.3
      -cephem-4-carboxylic acid (cephalexin).
PAR  A further aspect of the present invention, therefore, comprises the
      conversion of the 3-methylenecephalosporins provided herein, by an
      isomerization process, to afford 3-methyl-7 -acylamido-.DELTA..sup.3
      -cephem-4-carboxylic acids. The conversion, as illustrated by the
      following simplified reaction scheme involves the isomerization of the exo
      double bond to the endo position, resulting in the formation of the
      -.DELTA..sup.3 -cephem compound from the 3-methylenecepham compound.
      ##SPC12##
PAL  R and R.sub.1 have the same meanings as previously defined.
PAR  The isomerization is carried out by commingling a 3-methylenecepham acid or
      ester obtained by the reductive displacement of a 3-substituted
      methylcephalosporin acid or ester with an aprotic solvent having a
      dielectric constant and a strongly basic tertiary organic amine. Aprotic
      solvents which can be employed in the isomerization process are those
      having a high dielectric constant as for example solvents such as
      dimethylsulfoxide, dimethylacetamide, dimethylformamide and the like. The
      preferred solvent of this invention is dimethylacetamide (DMA)
PAR  Tertiary organic amines which can be used in the isomerization process in
      combination with an aprotic solvent include amines having a pK'a of about
      pK'a 9.5 or greater such as the tertiary alkyl amines containing
      C.sub.1-C.sub.10 alkyl groups. Illustrative of such amines are
      trimethylamine, triethylamine, tri-n-propyl amine, methyldiethylamine,
      tri-n-butylamine, tri-n-octylamine, tri-n-decylamine and the like. The
      preferred amine of this invention is triethylamine.
PAR  The amine is preferably employed in excess of the amount of
      3-methylenecepham compound although lesser amounts of amine produce
      substantial isomerization. In many instances the isomerization proceeds
      satisfactorily when a few drops or a catalytic amount of the amine is
      employed.
PAR  The isomerization process is conveniently carried out at ambient
      temperature and appears to proceed at a rapid rate between about
      20.degree. and 35.degree.C. However, the isomerization mixture is
      generally stirred at ambient temperature for about 12 hours to ensure
      complete isomerization of the exo double bond to the endo position.
PAR  The following illustrates the practice of the isomerization process of this
      invention. One hundred milligrams of
      3-methylene-7-[2'-(.alpha.-thienyl)acetamido]cepham-4-carboxylic acid were
      dissolved in 5 ml. of dimethylacetamide containing about 15 drops of
      triethylamine and the reaction mixture was stirred at room temperature for
      18 hours. The reaction mixture was poured into a water-ethyl acetate
      mixture and the mixture acidified to pH 2 with hydrochloric acid. The
      ethyl acetate layer was separated, was washed with an acid and was then
      evaporated to dryness to yield
      3-methyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cepham-4-carboxylic acid in 70 percent yield.
PAR  The present invention thus provides a method for the preparation of
      desacetoxycephalosporanic acids or esters from cephalosporanic acids or
      esters. As previously mentioned, the reduction of a 3-substituted
      methylcephalosporin of the Formula III in many instances affords an
      isomeric mixture comprising both a 3-methylenecepham compound and the
      isomeric .DELTA..sup.3 -cephem compound. In the practice of this invention
      the isomeric mixture can be separated by known chromatographic or
      crystallization procedures to provide the individual isomers. The
      3-methylenecepham isomer can then be subjected to the isomerization
      conditions described above to yield the desired .DELTA..sup.3 -cephem
      antibiotic.
PAR  Alternatively, the reduction product mixture comprising the 3-exo and
      3-endo isomers can be subjected to the isomerization reaction conditions
      to provide substantially the desired .DELTA..sup.3 -cephen antibiotic,
      generally separable by fractional crystallization.
PAR  The latter alternative procedure is preferable to the, former since it
      avoids the time-consuming separation methods of chromatography and
      fractional crystallization at an intermediary stage. In another of its
      aspects the present invention provides a novel group of compounds
      represented by the Formula IV.
      ##SPC13##
PAL  wherein R.sub.10 is hydrogen, C.sub.1 -C.sub.4 alkyl, 4-nitrobenzyl,
      4-methoxybenzyl, benzyl, benzyldryl, 2,2,2-trichloroethyl, trimethylsilyl,
      or a pharmaceutically acceptable cation.
PAR  The term "C.sub.1 -C.sub.4 alkyl" refers to methyl, ethyl, n-propyl,
      isopropyl, n-butyl, sec-butyl, iso-butyl and tert-butyl. The term
      "pharmaceutically acceptable cation" has the same meaning as previously
      defined herein.
PAR  Illustrative compounds represented by the Formula IV are:
PA1  3-methylene-7-aminocepham-4-carboxylic acid
PA1  3-methylene-7-aminocepham-4-carboxylic acid sodium salt
PA1  3-methylene-7-aminocepham-4-carboxylic acid potassium salt
PA1  3-methylene-7-aminocepham-4-carboxylic acid methyl ester
PA1  3-methylene-7-aminocepham-4-carboxylic acid t-butyl ester
PA1  3-methylene-7-aminocepham-4-carboxylic acid 4-nitrobenzyl ester
PA1  3-methylene-7-aminocepham-4-carboxylic acid trimethylsilyl ester and
PA1  3-methylene-7-aminocepham-4-carboxylic acid 4-methoxybenzyl ester.
PAR  The compounds represented by the Formula IV are valuable intermediates in
      the process for the preparation of desacetoxycephalosporin antibiotics,
      for example, cephalexin. They are prepared according to the reductive
      displacement method of this invention, as described above, and undergo
      isomerization to afford 3-methyl-7-amino-.DELTA..sup.3
      -cephem-4-carboxylic acid and esters.
PAR  In the practice of the isomerization method of this invention, a
      3-methylene-7-aminocepham-4-carboxylic acid or ester thereof is commingled
      with an aprotic solvent such as dimethylacetamide in the presence of a
      tertiary amine, preferably thriethyl amine, to effect the isomerization of
      the exo double bond to the endo position and afford the
      3-methyl-7-amino-.DELTA..sup.3 -cephem-4-carboxylic acid or ester (7-ADCA
      nucleus).
PAR  A particularly useful compound of the Formula IV for the preparation of the
      7-aminodesacetoxycephalosporanic acid nucleus is the trimethylsilyl ester
      of 3-methylene-7-aminocepham-4-carboxylic acid (R.sub.10 =
      trimethylsilyl). Accordingly, to a suspension of
      3-methylene-7-aminocepham-4-carboxylic acid in acetonitrile is added with
      stirring a trimethylsilylating agent such as N-(trimethylsilyl)acetamide
      or bis-trimethylsilyl acetamide to form the trimethylsilyl ester. As the
      ester forms a solution is obtained. Thereafter a tertiary organic amine,
      such as triethylamine is added to effect the isomerization of the exo
      double bond to the endo position and provide in solution the
      trimethylsilyl ester of 7-ADCA. The solution is diluted with water and the
      pH adjusted to about pH 3.5 to effect the hydrolysis of the trimethylsilyl
      ester of 7-ADCA with the formation of a crystalline precipitate of 7-ADCA.
PAR  The 7-ADCA is filtered and can then be acylated with the desired acyl
      group, for example, with the amino-protected phenylglycine acyl moiety to
      provide the antibiotic cephalexin.
PAR  Alternatively, the acylation step can be carried out on the trimethylsilyl
      ester of 7-ADCA prepared in situ and thereafter recovering the
      trimethylsilyl ester of cephalexin. Hydrolysis of the cephalexin ester
      with water then provides cephalexin. The acylation of 7-ADCA with an
      amino-protected phenylglycine, for example,
      N-(t-butyloxycarbonyl)-protected phenylglycine, can be carried out
      according to well known acylation procedures. Likewise the hydrolysis of
      the trimethylsilyl esters of 7-ADCA and cephalexin are carried out by well
      known procedures.
DETD
PAR  The following examples more fully illustrate the present invention.
PAC  EXAMPLE 1
PAR  A solution of one gram of
      3-amidinothiomethyl-7-(2'-phenoxyacetamido)-.DELTA..sup.3
      -cephem-4-carboxylic acid inner salt in 100 ml. of 50 percent (by volume)
      aqueous ethanol was hydrogenated at room temperature for 18 hours in an
      atmosphere of hydrogen gas under 45 psi pressure in the presence of 6 g.
      of Raney nickel catalyst. the hydrogenation was carried out in a Parr low
      pressure hydrogenation apparatus. The catalyst was filtered and the
      filtrate was evaporated in vacuo to remove the ethanol solvent. Ethyl
      acetate was added to the aqueous concentrate which was then acidified to
      pH 2.5. The ethyl acetate layer was separated, washed with water, dried
      over anhydrous magnesium sulfate and evaporated in vacuo to a small
      volume. On cooling, the ethyl acetate concentrate deposited
      3-methylene-7-(2-phenoxyacetamido)-cepham-4-carboxylic acid as a white
      crystalline compound.
PAR  Elemental analysis calculated for C.sub.16 H.sub.16 N.sub.2 0.sub.5 S:
      Theory: C, 55.17; H, 4.63; N, 8.04. Found: C, 55.38; H, 4.86; N, 8.90.
PAL  The nuclear magnetic resonance spectrum in dimethylsulfoxide, d.sub.6
      showed the following signals at the indicated tau values.
PAR  6.50 (s, 2H, C.sub.2 H.sub.2), 5.40 (s, 2H, side-chain CH.sub.2), 4.90 (s,
      1H, C.sub.4 H), 4.72-4.42 (m, 4H, C.sub.3, CH.sub.2 and C.sub.6 H and
      C.sub.7 H and C.sub.7 H), 3.20-2.60 (m, 5H, aromatic H) and 0.92 (d, 1H,
      amide NH).
PAC  EXAMPLE 2
PAR  A solution of one gram of
      3-amidinothiomethyl-7-(2-phenylacetamido)-.DELTA..sup.3
      -cephem-4-carboxylic acid in 100 ml. of 50 percent (by volume) aqueous
      ethanol was hydrogenated for 12 hours at room temperature in an atmosphere
      of hydrogen gas at 45 psi pressure in the presence of 6 g. of Raney nickel
      catalyst. The catalyst was filtered and the filtrate was evaporated in
      vacuo to remove ethanol. The aqueous concentrate was slurried with ethyl
      acetate and the pH was adjusted to pH 2.5 with 1 N hydrochloric acid. The
      ethyl acetate layer was separated, washed with water and dried over
      magnesium sulfate. The dried ethyl acetate layer was concentrated to a
      small volume in vacuo and refrigerated to yield
      3-methylene-7-(phenylacetamido)cepham- 4-carboxylic acid as white
      crystals.
PAR  Elemental analysis calculated for C.sub.16 H.sub.16 N.sub.2 0.sub.4 S:
      Theory: C, 57.82; H, 4.85; N, 8.43. Found: C, 57.84; H, 5.04; N, 8.31.
PAC  EXAMPLE 3
PAR  A solution of one gram of
      3-amidinothiomethyl-7-[2'-(.alpha.-thienyl)acetamido] -.DELTA..sup.3
      -cephem-4-carboxylic acid in 100 ml. of 50 percent (by volume aqueous
      ethanol was hydrogenated for 12 hours at room temperature in an atmosphere
      of hydrogen at 45 psi in the presence of 6 g. of Raney nickel catalyst.
      The catalyst was filtered and washed with water. The filtrate and catalyst
      wash were combined and evaporated to dryness in vacuo. The residue was
      dissolved in 25 ml. of water and 50 ml. of ethyl acetate was added. The
      mixture was acidified to pH 2.5 with 1 N hydrochloric acid and the ethyl
      acetate layer was separated, dried over magnesium sulfate and evaporated
      to dryness. The amorphous residue was crystallized from methylene
      dichloride to yield 3-methylene-7-[2'-(.alpha.-thienyl)acetamido]
      cepham-4-carboxylic acid as a white crystalline compound.
PAR  The nuclear magnetic resonance spectrum in dimethyl sulfoxide, d.sub.6
      showed the following signals at the indicated tau values: 6.49 (2d, 2H,
      C.sub.2, H.sub.2), 6.24 (s, 2H, side-chain CH.sub.2), 4.90 (s, 1H, C.sub.4
      H), 4.72 (s, 2H, C.sub.3 CH.sub.2), 4.80-4.46 (m, 2H, C.sub.6 H and
      C.sub.7 H, overlapping C.sub.3 CH.sub.2), 3.11-260 (m, 3H, aromatic H) and
      0.98 (d, 1H, amide NH).
PAC  EXAMPLE 4
PAR  One gram of
      3-ethoxythionocarbonylthiomethyl-7-[2'-(.alpha.-thienyl)acetamido]
      -.DELTA..sup.3 -cephem-4-carboxylic acid sodium salt was dissolved in 100
      ml. of 50 percent (by volume) aqueous ethanol and the solution was
      hydrogenated at room temperature overnight in an atmosphere of hydrogen at
      a pressure of 45 psi. in the presence of 6 g. of Raney nickel catalyst.
      The catalyst was filtered and the filtrate was concentrated in vacuo by
      evaporation of ethanol. Ethyl acetate was added to the aqueous concentrate
      and the pH of the mixture was adjusted to pH 2.5 by the addition of 1 N
      hydrochloric acid. The ethyl acetate layer was separated, dried and
      evaporated in vacuo to dryness. The residue was crystallized from
      methylene chloride to yield 3-methylene-7-[2'-(.alpha.-thienyl)acetamido]
      -cepham-4-carboxylic acid as a white crystalline compound.
PAC  EXAMPLE 5
PAR  One gram of
      3-benzoylthiomethyl-7-[2'-(.alpha.-thienyl)-acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid sodium salt was dissolved in 40 ml. of water
      containing 50 ml. of ethanol and the solution was hydrogenated at room
      temperature for 12 hours in an atmosphere of hydrogen at a pressure of 45
      psi. in the presence of 6 g. of Raney nickel catalyst. The catalyst was
      filtered and the filtrate was evaporated to dryness in vacuo to yield a
      mixture of starting material and the reduction product,
      3-methylene-7-[2'-(.alpha.-thienyl)-acetamido]cepham-4-carboxylic acid as
      the sodium salt as determined by thin layer chromatography.
PAC  EXAMPLE 6
PAR  A solution of 770 mg. of
      3-methylmercaptomethyl-7-[2'-(.alpha.-thienyl)acetamido] -.DELTA..sup.3
      -cephem-4-carboxylic acid sodium salt was dissolved in 50 ml. of water
      containing 50 ml. of ethanol and the solution was hydrogenated for 13
      hours at room temperature in an atmosphere of hydrogen at a pressure of 45
      psi. in the presence of 2.3 g. of Raney nickel catalyst. The catalyst was
      filtered and the filtrate was evaporated to dryness to yield approximately
      a 50 percent mixture of the starting material and the reduction product,
      3methylene-7-[2'-(.alpha.-thienyl)acetamido]cepham-4-carboxylic acid
      sodium salt, as determined by thin layer chromatography.
PAC  EXAMPLE 7
PAR  A solution of one gram of
      3-sulfothiomethyl-7-[2'-(.alpha.-thienyl)acetamido] -.DELTA..sup.3
      -cephem-4-carboxylic acid disodium salt in 50 percent ethanol was
      hydrogenated in the presence of 6 g. of Raney nickel under a hydrogen
      atmosphere maintained at 45 psi. The hydrogenation was conducted for 16
      hours at room temperature. The catalyst was filtered and washed with
      ethanol and the wash was combined with the filtrate and the total was
      evaporated to dryness in vacuo. A thin layer chromatogram of the solid
      residual hydrogenation product showed the product to be
      3-methylene-7-[2'-(.alpha.-thienyl)-acetamido]cepham-4-carboxylic acid
      containing a trace of
      3-methyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid.
PAR  The solid residue was dissolved in a mixture of ethyl acetate-water and the
      ethyl acetate layer was separated and was washed with 5 percent
      hydrochloric acid and with water. The washed ethyl acetate layer was then
      dried over magnesium sulfate and then was concentrated in vacuo to a
      volume of about 20 ml. The purified product
      3-methylene-7-[2'-(.alpha.-thienyl)acetamido]cepham-4-carboxylic acid
      crystallized at room temperature and melted at a temperature of about
      178.degree.C.
PAC  EXAMPLE 8
PAR  To a solution of 1.1 g. of benzyl
      3-ethoxythionocarbonylthiomethyl-7-[2'-(.alpha.-thienyl)acetamido]
      -.DELTA..sup.3 -cephem-4carboxylate in 100 ml. of 50 percent aqueous
      ethanol was added 10 g. of Raney nickel and the mixture was reduced at
      room temperature in a Parr low pressure hydrogenation apparatus under
      hydrogen at a pressure of 45 psi. for 18 hours. The catalyst was filtered
      and the filtrate was evaporated to an aqueous residue. The aqueous residue
      was extracted with ethyl acetate and the extract was dried over sodium
      sulfate. The dried extract was evaporated to dryness and the solid residue
      was recrystallized from a small volume of ethyl acetate to yield a white
      crystalline product containing 80 percent of benzyl
      3-methylene-7-[2'-(.alpha.-thienyl)acetamido] cepham-4carboxylate as shown
      by the NMR spectrum of the reduction product.
PAC  EXAMPLE 9
PAR  To a suspension of 1.8 g. of
      7-(D-.alpha.-hydroxy-.alpha.-phenylacetamido)cephalosporanic acid in 7 ml.
      of water was added 2 N sodium hydroxide until the pH was adjusted to pH 7.
      To the resulting neutral solution was added 600 mg. of thiourea and the
      reaction mixture was heated for 18 hours in a water bath maintained at a
      temperature of 55.degree.C.
PAR  The reaction product crystallized, was filtered, washed with water and was
      dried in a vacuum desicator to yield 950 mg. of dry crystalline
      isothiouronium salt,
      3-amidinothiomethyl-7-(D-.alpha.-hydroxy-.alpha.-phenyl)-.DELTA..sup.3
      -cephem-4-carboxylic acid, inner salt.
PAR  Elemental analysis calculated for C.sub.17 H.sub.18 N.sub.4 O.sub. 5
      S.sub.2.sup.. H.sub.2 O Calculated: C, 46.35; H, 4.57; N, 12.72. Found: C,
      46.54; H, 4.82; N, 12.67.
PAC  EXAMPLE 10
PAR  A solution of 900 mg. of
      3-amidinothiomethyl-7-(D-.alpha.-hydroxy-.alpha.-phenylacetamido)-.DELTA..
     sup.3 -cephem -4-carboxylic acid inner salt in 50 ml. of water containing
      50 ml. of ethanol was hydrogenated for 12 hours at room temperature in an
      atmosphere of hydrogen at a pressure of 45 psi. in the presence of 6 g. of
      Raney nickel catalyst. The catalyst was filtered and the filtrate was
      acidified to pH 2.5. The acidified filtrate was evaporated to remove
      ethanol and was then extracted with ethyl acetate. The extract was dried
      and concentrated to a small volume to precipitate the reduction product,
      3-methylene-7-(D-.alpha.-hydroxy-.alpha.-phenylacetamido)cepham-4-carboxyl
     ic acid, as a white crystalline compound.
PAR  Elemental analysis calculated for C.sub.16 H.sub.16 N.sub.2 O.sub. 5 S:
      Theory: C, 55.16; H, 4.63; N, 8.04. Found: C, 55.29; H, 4.91; N, 7.75.
PAR  Thin layer chromatography of a sample of the crystalline reduction product
      indicated the presence of two minor impurities.
PAC  EXAMPLE 11
PAR  Two grams of 3-[5-(1-methyltetrazolyl)thiomethyl]
      -7-[2'-(.alpha.thienyl)acetamido] -.DELTA..sup.3 -cephem-4carboxylic acid
      sodium salt were dissolved in 100 ml. of 50 percent aqueous ethanol and 10
      g. of Raney nickel were added to the solution. The mixture was reduced
      under 40 psi. of hydrogen pressure at room temperature for 18 hours. The
      catalyst was filtered and the filtrate was evaporated to remove ethanol.
      The aqueous residue was acidified with dilute hydrochloric acid and then
      extracted with ethyl acetate. The extract was washed with water and dried.
      Evaporation of the dried extract yielded a mixture comprising
      3-methylene-7-[2-(.alpha.-thienyl)acetamido]cepham-4-carboxylic acid and
      3-methyl-7-[2-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid as determined by a thin layer chromatographic
      comparison with authentic samples of each compound.
PAR  The product mixture was fractionally recrystallized from methylene chloride
      to yield 500 mg. of the 3-methylene product was a white crystalline
      compound.
PAC  EXAMPLE 12
PAR  Two grams of 3-[5(1-methyltetrazolyl)thiomethyl]-7-[2'-
      (.alpha.-thienyl)acetamido].DELTA..sup.3 -cephem-4-carboxylic acid sodium
      salt was dissolved in 16 ml. of tetrahydrofuran containing 5 ml. each of
      water, dimethylformamide and formic acid, and 2.8 grams of zinc dust was
      added to the solution. The reduction mixture was stirred at room
      temperature for 18 hours and filtered. The filtrate was evaporated to
      remove tetrahydrofuran and the aqueous acidic residue was extracted with
      ethyl acetate. The extract was washed with 5 percent aqueous hydrochloric
      acid and with water and was then dried. The dry extract was evaporated to
      a small volume and on dilution with ether deposited a crystalline mixture
      of the reduction products,
      3-methylene-7-[2-(.alpha.-thienyl)acetamido]cepham-4-carboxylic acid and
      3-methyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid.
PAR  The crystalline mixture was fractionally recrystallized from methylene
      chloride to yield 700 mg. of
      3-methylene-7-[2-(.alpha.-thienyl)acetamido]cepham-4-carboxylic acid as a
      white crystalline solid.
PAC  EXAMPLE 13
PAR  To a solution of 300 mg. of
      3-ethoxythionocarbonylthiomethyl-7-phenoxyacetamido-.DELTA..sup.3
      -cephem-4-carboxylic acid sodium salt in 5.5 ml. of tetrahydrofuran, 1.5
      ml. water, 1.5 ml. of formic acid and 1.5 ml. of DMF was added 700 mg. of
      zinc dust and the reduction mixture was stirred at room temperature for
      about 18 hours. The zinc was filtered and the filtrate was concentrated in
      vacuo. The concentrate was taken up in ethyl acetate-water, acidified to
      pH 2.5 and the ethyl acetate layer was separated and washed successively
      with 5 percent hydrochloric acid and water and dried. The dried ethyl
      acetate layer was evaporated to dryness. The NMR spectrum of the residue
      showed the residue was comprised mainly of
      3-methylene-7-phenoxyacetamidocepham4-carboxylic acid and some unreacted
      starting material.
PAC  EXAMPLE 14
PAR  A solution of 500 mg. of
      3-benzoylthiomethyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid sodium salt was dissolved in a solvent mixture
      containing 5.5 ml. of tetrahydrofuran, 1.5 ml. of water, 1.5 ml. of formic
      acid and 1.5 ml. of dimethylformamide. Five grams of zinc dust were added
      and the reaction mixture was stirred and heated at 50.degree.C. for 6
      hours. The reaction mixture was allowed to cool to room temperature, and
      filtered and the filtrate was evaporated in vacuo to remove the
      tetrahydrofuran. The residue was dissolved in a mixture of ethyl acetate
      and water, acidified to pH 2.5 and the ethyl acetate layer was separated.
      The ethyl acetate layer was washed with 5 percent hydrochloric acid and
      water and was then dried. The ethyl acetate was evaporated to a small
      volume and diluted with 3 volumes of ether to precipitate the reduction
      product, 3-methylene-7-[2'-(.alpha.-thienyl)acetamido]cepham-4-carboxylic
      acid, as a white crystalline solid.
PAC  EXAMPLE 15
PAR  To a solution of 8.2 g. of 3
      amidinothiomethyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid inner salt in a solvent mixture comprising 60
      ml. of tetrahydrofuran, 20 ml. of DMF, 20 ml. of formic acid and 25 ml. of
      water was added 13 g. of zinc dust and the mixture was stirred at room
      temperature overnight. The zinc was filtered from the reaction mixture and
      washed with tetrahydrofuran. The filtrate and wash were combined and
      concentrated in vacuo to remove the low boiling solvent. The residue was
      dissolved in a mixture of water and ethyl acetate and the organic layer
      separated. The separated layer was washed with 5 percent hydrochloric acid
      and with water and then dried. The dried solution was evaporated to a
      small volune in vacuo to obtain 4 g. of 3
      -methylene-7-[2'-(.alpha.-thienyl)acetamido]cepham-4-carboxylic acid.
PAC  EXAMPLE 16
PAR  Five grams of
      3-benzoylthiomethyl-7-[2'-(.alpha.-thienyl)-acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid sodium salt was dissolved in a mixture of 55 ml.
      of tetrahydrofuran, 15 ml. of DMF, 15 ml. of formic acid and 15 ml. of
      water. To the solution was added 7 g. of zinc dust and the mixture was
      stirred at room temperature for 12 hours. The reaction mixture was
      filtered and the zinc washed on the filter with tetrahydrofuran. The
      filtrate and zinc wash were combined and concentrated in vacuo to remove
      the more volatile solvents. The concentrate was taken up in ethyl acetate
      water and the ethyl acetate layer separated. The ethyl acetate solution
      was washed with 5 percent hydrochloric acid and water before drying over
      magnesium sulfate. The dried solution was then concentrated in vacuo to a
      volume of 20 ml. to precipitate 1.2 g. of the reaction product,
      3-methylene-7-[2'-(.alpha.-thienyl)acetamido]-cepham-4-carboxylic acid,
      melting at about 178.degree.C. The following physical data obtained on the
      above product is in agreement with its designated structure:
PAR  NMR spectrum: (in CDCl.sub.3 -DMSO d.sub.6) in tau values: 6.52 (2d, 2H,
      C.sub.2 H.sub.2), 6.20 (s, 2H, side-chain CH.sub.2), 4.98 (s, 1H, C.sub.4
      H), 4.77 (s, 2H, C.sub.3 CH.sub.2), 4.70-4.32 (m, 2H, C.sub.6 H and
      C.sub.7 H), 3.10-2.8 (m, 3H, aromatic H) and 1.72 (d, 1H, amide NH).
PAR  Infrared Absorption Spectrum: (Nujol mull) in microns 2.95 (amide NH), 5.7
      (.beta.-lactam carbonyl), 5.75 (carboxyl carbonyl), 6.1 and 6.6 (amide
      carbonyl).
PAR  Electrometric titration in 66 percent aqueous DMF shows the presence of one
      titratable group having a pKa value of 4.4.
PAR  The molecular weight based on the above titration data was 335(calculated,
      338).
PAR  Elemental analysis calculated for C.sub.14 H.sub.14 N.sub.2 O.sub.4 S:
      Theory: C, 49.71; H, 4.17; N, 8.28.Found: C, 49.58; H, 4.36; N, 8.25.
PAR  The filtrate obtained after filtering off the reaction product from the
      ethyl acetate concentrate was shown by NMR and thin layer chromatography
      to contain additional amounts of
      3-methylene-7-[2'-(.alpha.-thienyl)acetamido]cepham-4-carboxylic acid and
      the isomeric 3-methyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem4-carboxylic acid.
PAC  EXAMPLE 17
PAR  To a solution of 500 mg. of
      3-benzoylthiomethyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid sodium salt in a solvent mixture comprising 5.5
      ml. of tetrahydrofuran, 1.5 ml. of water, 1.5 ml. of formic acid and 2
      drops of DMF was added one gram of zinc dust and the mixture was stirred
      at room temperature for 24 hours. The reaction mixture was filtered and
      the filtrate concentrated in vacuo. The residue was diluted with water and
      extracted with ethyl acetate. The extract was washed with 5 percent
      hydrochloric acid and with water and dried. The dried extract was
      evaporated to dryness to obtain the reduction product as an amorphous
      residue. The residue was slurried with methylene chloride to provide 222
      mg. of crystalline product
      3-methylene-7-[2'-(.alpha.-thienyl)acetamido]cepham-4-carboxylic acid.
PAC  EXAMPLE 18
PAR  One gram of
      3amidinothiomethyl-7-[2'-(.alpha.-thienyl)-acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid was dissolved in a solvent mixture comprising
      5.5 ml. of tetrahydrofuran, 1.5 ml. of water, 1.5 ml. of DMF and 1.5 ml.
      of formic acid. The reaction solution was cooled to a temperature of
      0.degree.-5.degree.C. and was stirred for 24 hours with 1.4 g. of zinc
      dust. The reation mixture was filtered and the filtrate concentrated in
      vacuo. Water was added to the concentrate which was then extracted with
      ethyl acetate. The extract was washed with 5 percent hydrochloric acid and
      with water and dried. The dried extract was evaporated in vacuo to obtain
      a mixture of
      3-methylene-7-[2'-.alpha.-thienyl)acetamido]-cephem-4-carboxylic acid and
      3-methyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid in a ratio of about 4:1 respectively.
PAC  EXAMPLE 19
PAR  A solution of 11 g. (31 mmole) of
      3-ethoxythionocarbonylthiomethyl-7-amino-.DELTA..sup.3
      -cephem-4-carboxylic acid sodium salt in 260 ml. of a 5 percent solution
      of sodium bicarbonate containing 40 ml. of ethanol was hyrogenated for 12
      hours under a hydrogen pressure of 45 psi. at room temperature in the
      presence of 66g. of Raney nickel catalyst. The reaction mixture was
      filtered to remove the catalyst and the filtrate was cooled in an ice bath
      and acidified to pH 3.5 with concentrated hydrochloric acid. A precipitate
      of unreacted starting material (ca. 2.2g.) was filtered and the filtrate
      was evaporated in vacuo to a small volume. The crude reaction product
      precipitated from the concentrate and was filtered. The crude reaction
      product was crystallized from water to give 4.5g. (85% yield) of pure
      3-methylene-7-aminocepham-4-carboxylic acid.
PAR  The nuclear magnetic resonance spectrum of the product in DMSO d.sub.6 gave
      the following signals at the indicated tau values: 6.49 (g, 2H, C.sub.2
      H.sub.2), 5.46 (d, 1H, C.sub.6 H), 5.07 (s, 1H, C.sub.4 H), 4.80 (broad s,
      3H, C.sub.3 CH.sub.2 and C.sub.7 H) and 4.13 (broad s, washed out by
      D.sub.2 O).
PAR  The mass spectrum gave a peak at 214 m/e corresponding to C.sub.8 H.sub.10
      N.sub.2 O.sub.3 S, with the calculated molecular weight of 214.2.
PAR  The infrared spectrum showed bands at 5.65 (.beta.-lactam) and 6.1
      (carboxylate) microns.
PAR  Elemental analysis calculated for C.sub.8 H.sub.10 N.sub.2 O.sub.3 S:
      Theory: C, 44.85; H, 4.70; N, 13.08. Found: C, 45.12; H, 4.73; N, 13.11.
PAC  EXAMPLE 20
PAR  Five grams of
      3-benzoylthiomethyl-7-(.alpha.-thienyl)-acetamido-.DELTA..sup.3
      -cephem-4-carboxylic acid sodium salt was nearly all dissolved in 50 ml.
      of dimethylacetamide and 2.9 g. of benzyl bromide was added to the
      solution with stirring. The mixture was stirred overnight at room
      temperature and was then taken up in a large volume of water-ethyl acetate
      mixture. The ethyl acetate layer was separated and was washed with 5
      percent hydrochloric acid and with water. The washed ethyl acetate
      solution was then dried and evaporated in vacuo to a smaller volume. On
      cooling, 4.5 g. of benzyl
      3-benzoylthiomethyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem-4-carboxylate slowly crystallized. Melting point
      150.degree.-151.degree.C.
PAR  Elemental analysis calculated for C.sub.28 H.sub.24 N.sub.2 O.sub.5 S.sub.3
      Calculated: C, 59.56; H, 4.28; N, 4.96. Found: C, 59.53; H, 4.57; N, 5.12.
PAC  EXAMPLE 21
PAR  To a solution of one gram of benzyl
      3-benzoylthiomethyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem-4-carboxylate in a solvent mixture of 6 ml. of tetrahydrofuran,
      1.5 ml. of DMF, 1.5 ml. of water and 1.5 ml. of formic acid was added 1.4
      g. of zinc dust and the reduction mixture was stirred at room temperature
      for 18 hours. The zinc was filtered and the filtrate was concentrated by
      evaporation in vacuo. The concentrate was taken up in waterethyl acetate
      and the ethyl acetate layer was separated and washed with 5 percent
      hydrochloric acid and water before being dried over magnesium sulfate. The
      dried ethyl acetate solution was evaporated to dryness and the residue was
      crystallized from benzene-ether to yield 800 mg. of a crystalline product
      comprising a 3:2 mixture of benzyl
      3-methyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem-4-carboxylate and benzyl 3-methylene
      -7-[2'-(.alpha.-thienyl)acetamido] -cepham-4-carboxylate respectively as
      shown by the NMR spectrum of the product mixture.
PAR  The NMR (CDCl.sub.3) showed signals at the following tau values:
PA1  7.86 (s, C.sub.3 methyl)
PA1  6.68 (2d, 2H, C.sub.2 hydrogen)
PA1  6.15 (s, 2H, side-chain methylene)
PA1  5.03 (d, 1H, C.sub.6 - hydrogen)
PA1  4.82-4.57 (m, C.sub.4 -hydrogen, C.sub.3 -methylene and ester CH.sub.2)
PA1  4.21 g, 1H, C.sub.7 -hydrogen)
PA1  3.15-2.56 (m, aromatic hydrogen)
PAC  EXAMPLE 22
PAR  A solution of 570 mg. of
      3-benzoylthiomethyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid sodium salt in 10 ml. of tetrahydrofuran, 10 ml.
      of water and 10 ml. of DMF was added to chromous chloride (prepared from 5
      g. of chromium chloride in an atmosphere of carbon dioxide) and the
      reaction mixture was stirred at room temperature for 3 hours. The reaction
      mixture was evaporated and the residue was taken up in ethyl acetate. The
      ethyl acetate was then washed with water and dried. Evaporation of the
      dried ethyl acetate product solution yielded a reaction product mixture
      comprising mainly 3-methylene-7-[2-(.alpha.-thienyl) acetamido]
      cepham-4-carboxylic acid. Thin layer chromatography showed the presence of
      starting material as well as a minor amount of
      3-methyl-7-[2-(.alpha.-thienyl) acetamido]-.DELTA..sup.3 -cephem-4-
      carboxylic acid.
PAC  EXAMPLE 23
PAR  To a solution of two grams of 3-amidinothiomethyl-7-[2'-(.alpha.-thienyl)
      acetamido]-.DELTA..sup.3 -cephem-4-carboxylic acid in 8 ml. of DMF and 3
      ml. of ethanol was added one gram of finely cut aluminum foil and 60 mg.
      of mercuric chloride. The reaction mixture was stirred in a water bath
      maintained at a temperature of 50.degree.C. for 1.5 hours. The reaction
      mixture was cooled to room temperature and poured into a water-ethyl
      acetate mixture. The organic layer was separated and was washed
      successively with 5 percent hydrochloric acid and water and then dried.
      The dried organic layer was evaporated to dryness to yield 100 mg. of a
      crystalline mixture comprising mainly 3-methylene-7-[2-(.alpha.-thienyl)
      acetamido]-cepham-4-carboxylic acid as shown by its NMR Spectrum.
PAC  EXAMPLE 24
PAR  To a solution of 700 mg. of
      3-methylene-7-[2'-(.alpha.-thienyl)-acetamido]cepham-4-carboxylic acid
      sodium salt in 7 ml. of dimethylacetamide was added 600 mg. of anisyl
      bromide and the mixture was stirred at room temperature overnight. The
      precipitate was filtered and crystallized from ethyl acetate to yield
      p-methoxybenzyl 3-methylene-7-[2'-(.alpha.-thienyl) acetamido]
      cepham-4-carboxylate melting at about 114.degree.C.
PAR  Elemental analysis calculated for C.sub.22 H.sub.22 N.sub.2 O.sub.5 S.sub.2
      : Calculated: C, 57.64; H, 4.84; N, 6.11. Found: C, 57.76; H, 4.94; N,
      6.02.
PAL  Nmr spectrum (in CDCl.sub.3) showed signals at the following tau values:
PA1  6.65 (2d, 2H, C.sub.2 -H)
PA1  4.20 (s, 5H, ester -OCH.sub.3, and side chain CH.sub.2)
PA1  4.90 - 4.8 (m, 5H, C.sub.4 -H, C.sub.3 methylene and ester CH.sub.2)
PA1  4.66 (d, 1H, C.sub.6 -H)
PA1  4.27 (g, 1H, C.sub.7 -H) and
PA1  3.3 - 2.66 (m, 8-H, amide N-H and aromatic hydrogen)
PAC  EXAMPLE 25
PAR  A suspension of 677 mg. of 3-methylene-7-[2'-(.alpha.-thienyl)-acetamido]
      cepham-4-carboxylic acid in 30 ml. of water was converted to the sodium
      salt by adjusting the pH of the suspension to pH 5.5 with 1 N sodium
      hydroxide. The salt solution was filtered and evaporated to dryness in
      vacuo to obtain the dry solid sodium salt.
PAR  The sodium salt was dissolved in 20 ml. of DMA and 475 mg. of p-nitrobenzyl
      bromide were added with stirring. The reaction mixture was stirred at room
      temperature for about 18 hours and was then evaporated in vacuo. The
      residue was dissolved in ethyl acetate and the solution was washed
      sucessively with 5 percent sodium bicarbonate and water. The solution was
      then dried and evaporated to a small volume. The reaction product
      crystallized to yield 300 mg. of p-nitrobenzyl
      3-methylene-7-[2'-(.alpha.-thienyl)-acetamido]cepham-4-carboxylate melting
      at about 157.degree. C.
PAR  The nuclear magnetic resonance spectrum of the product showed the following
      signals at the indicated tau values:
PA1  6.46 (2d, 2H, C.sub.2 H.sub.2)
PA1  6.21 (s, 2H, side-chain CH.sub.2)
PA1  4.71 (s, 1H, C.sub.4 H)
PA1  4.63 (s, 2H, C.sub.3 CH.sub.2)
PA1  4.55 (s, 2H, ester CH.sub.2)
PA1  4.7-4.39 (m, 2H, C.sub.6 H and C.sub.7 H)
PA1  3.1-1.6 (m. 7H, aromatic H)
PA1  0.82 (d, 1H, amide NH)
PAR  The infrared spectrum (nujol mull) showed the following absorption maxima
      at the indicated wavelength in microns:
PA1  5.70 (.beta.-lactam carbonyl)
PA1  5.75 (ester carbonyl)
PA1  6.0 and 6.5 (amide carbonyl)
PAR  The ultraviolet absorption spectrum (in ethanol) showed absorption bands at
      237 .mu. (E = 10,700) and 264 .mu. (e = 9,000).
PAR  Elemental analysis calculated for C.sub.21 H.sub.19 N.sub.3 O.sub.6 S.sub.2
      : Theory: C, 53.28; H, 4.05; N, 8.88. Found: C, 53.09; H, 4.32; N, 8.61.
PAC  EXAMPLE 26
PAR  To 5 ml. of dimethylacetamide containing 4 drops of triethylamine was added
      100 mg. of p-nitrobenzyl 3-methylene-7-[2'-(.alpha.-thienyl) acetamido]
      cepham-4-carboxylate and the solution obtained thereby was stored at room
      temperature overnight. The reaction mixture was poured into a mixture of
      water-ethyl acetate and the ethyl acetate layer was separated and washed
      with 5 percent hydrochloric acid and water before drying over magnesium
      sulfate. The dried ethyl acetate layer was evaporated to dryness to yield
      p-nitrobenzyl 3-methyl-7-[2'-(.alpha.-thienyl) acetamido]-.DELTA..sup.3
      -cephem-4-carboxylate as a white crystalline solid.
PAC  EXAMPLE 27
PAR  To 5 ml. of dimethylacetamide containing 15 drops of triethylamine was
      added 100 mg. of
      3-methylene-7-[2'-(.DELTA.-thienyl)-acetamido]cepham-4-carboxylic acid and
      the solution was stored at room temperature overnight. The reaction
      mixture was poured into a mixture of water-ethyl acetate and immediately
      acidified to pH 2 with 5 percent hydrochloric acid. The ethyl acetate
      layer was separated and was washed with 5 percent hydrochloric acid and
      water and was then dried over magnesium sulfate. The dried ethyl acetate
      layer was evaporated to dryness in vacuo to yield a solid residual product
      which on examination of its NMR spectrum and its silica gel thin layer
      chromatogram was shown to comprise 70 percent of the isomerized product,
      3-methyl-7-[2'-(.alpha.-thienyl)-acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid.
PAC  EXAMPLE 28
PAR  To a well stirred suspension of one gram of
      3-methylene-7-aminocepham-4-carboxylic acid in 20 ml. of acetonitrile was
      added 3 g. of N-(trimethylsilyl) acetamide. To the resulting solution 3
      drops of triethylamine were added and the reaction solution was stirred at
      room temperature for 2 hours. The reaction solution was diluted with water
      and the pH of the solution adjusted to pH 3.5 with hydrochloric acid. The
      reaction product, 3-methyl-7-amino-.DELTA..sup.3 -cephem-4-carboxylic acid
      (7-ADCA) formed as a crystalline precipitate from the acidified reaction
      solution.
CLMS
STM  I claim:
NUM  1.
PAR  1. The process for preparing a compound of the formula
      ##SPC14##
PAL  which comprises reducing a 3-substituted methyl-.DELTA..sup.3 -cephem
      compound of the formula
      ##SPC15##
PAL   in an inert solvent (1) in the presence of hydrogen and a nickel or cobalt
      hydrogenation catalyst at a temperature between 25.degree. and
      45.degree.C. or (2) in the presence of dimethylformamide at a temperature
      between 0.degree. and 60.degree.C. with a reducing agent selected from the
      group consisting of
PA1  a. aluminum amalgam,
PA1  b. zinc in the presence of an acid,
PA1  c. zinc amalgam in the presence of an acid,
PA1  d. zinc-copper couple in the presence of an acid, and
PA1  e. chromium II cations in the presence of an acid,
PAL  wherein b-e, said acid is a carboxylic acid having a pK'a of pK'a 4.0 or
      lower or a dilute mineral acid at a concentration between 0.5 and 5
      percent;
PAL  wherein in the foregoing formulae
PA1  R.sub.1 is hydrogen, C.sub.1 -C.sub.4 alkyl, benzyl, p-methoxybenzyl,
      benzhydryl, 4-methoxybenzhydryl and phenacyl; or a pharmaceutically
      acceptable cation;
PA1  R is hydrogen, C.sub.1 -C.sub.8 alkanoyl, C.sub.6 -C.sub.10 cycloalkanoyl,
      C.sub.2 -C.sub.8 hydroxyalkanoyl, C.sub.3 -C.sub.8 alkanoyl substituted by
      carboxy and amino or protected amino, benzoyl, C.sub.1 -C.sub.3
      alkylbenzoyl, C.sub.1 -C.sub.3 alkoxybenzoyl, halobenzoyl, aminobenzoyl,
      or an acyl group represented by the formula
      ##EQU6##
      wherein P is .alpha.-thienyl, .beta.-thienyl, .alpha.-furyl, .beta.-furyl,
      benzothienyl, benzofuryl, phenyl, C.sub.1 -C.sub.3 alkylphenyl, C.sub.1
      -C.sub.3 alkoxyphenyl, hydroxyphenyl, halophenyl or aminophenyl,
PA1  Z is oxygen or sulfur,
PA1  n is 0 or 1,
PA1  m is an integer of from 0 to 3,
PA1  a is hydrogen or C.sub.1 -C.sub.3 alkyl,
PA1  b is hydrogen, C.sub.1 -C.sub.3 alkyl, hydroxy, or amino,
PAL  with the limitation that when
PA1  n is 1, P is phenyl, C.sub.1 -C.sub.3 alkylphenyl, C.sub.1 -C.sub.3
      alkoxyphenyl, hydroxyphenyl, halophenyl or aminophenyl and b is hydrogen
      or C.sub.1 -C.sub.3 alkyl.
PA1  R.sub.2 is C.sub.2 -C.sub.4 alkanoyl, C.sub.2 -C.sub.4 haloalkanoyl,
      benzoyl, C.sub.1 -C.sub.3 alkylbenzoyl, C.sub.1 -C.sub.3 alkoxybenzoyl,
      halobenzoyl, or aminobenzoyl, C.sub.1 -C.sub.4 alkyl, C.sub.1 -C.sub.12
      alkoxythionocarbonyl, an amidino group of the formula
      ##EQU7##
      wherein R.sub.4, R.sub.5, R.sub.6 and R.sub.7 are the same or different,
      and represent hydrogen, C.sub.1 -C.sub.6 alkyl, C.sub.3 -C.sub.7
      cycloalkyl, phenyl, phenyl substituted by C.sub.1 -C.sub.4 lower alkyl,
      halogen, amino or hydroxy, naphthyl, benzyl, 2-phenethyl, 3-phenylpropyl,
      naphthylmethyl or 2-naphthylethyl,
PAL  a thiocarbamoyl group of the formula
      ##EQU8##
      wherein R.sub.8 and R.sub.9 when taken separately are the same or
      different and are hydrogen, C.sub.1 -C.sub.6 alkyl, phenyl, C.sub.1
      -C.sub.3 alkylphenyl, C.sub.1 -C.sub.3 alkoxyphenyl, halophenyl,
      hydroxyphenyl or aminophenyl, and R.sub.8 and R.sub.9 when taken together
      form a 4 or 5 membered alkylene, azaalkylene or oxaalkylene bridge;
PA1  a heteroaryl group selected from the group consisting of pyridyl,
      2-pyrimidyl, 2-imidazolyl, 2-thiazolyl, 2-benzthiazolyl, 2-benzoxazolyl,
      2-tetrazolyl, 1-methyl-2-tetrazolyl, thiadiazolyl and
      2-methyl-5-thiadiazolyl; or
PA1  a group of the formula -SO.sub.3 -M.sup.+
PAL  wherein
PA1  M.sup.+ is an alkali or alkaline earth metal cation; such that when R.sub.2
      is amidino or substituted amidino group, R.sub.1 is hydrogen or when
      R.sub.2 is --SO.sub.3 --M.sup.+, R.sub.1 is M.sup.+.
NUM  2.
PAR  2. The process of claim 1 wherein the reduction is carried out in the
      presence of hydrogen and a nickel or cobalt hydrogenation catalyst.
NUM  3.
PAR  3. The process of claim 2 wherein the hydrogenation catalyst is Raney
      nickel.
NUM  4.
PAR  4. The process of claim 1 wherein the reduction is carried out in the
      presence of dimethylformamide with a reducing agent selected from the
      group consisting of aluminum amalgam, zinc, zinc amalgam, zinc-copper
      couple and chromium II cations.
NUM  5.
PAR  5. The process of claim 4 wherein the reducing agent is zinc in the
      presence of formic acid.
NUM  6.
PAR  6. The process of claim 4 wherein the reducing agent is zinc in the
      presence of hydrochloric acid at a concentration between 0.5 and 5
      percent.
NUM  7.
PAR  7. The process of claim 3 wherein the compound reduced is
      3-amidinothiomethyl-7-(2'-phenoxyacetamido)-.DELTA..sup.3
      -cephem-4-carboxylic acid inner salt.
NUM  8.
PAR  8. The process of claim 3 wherein the compound reduced is
      3-ethoxythionocarbonylthiomethyl-7-[2'-(.alpha.-thienyl)-acetamido]-.DELTA
     ..sup.3 -cephem-4-carboxylic acid.
NUM  9.
PAR  9. The process of claim 3 wherein the compound reduced is
      3-methylmercaptomethyl-7-[2'-(.alpha.-thienyl) acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid sodium salt.
NUM  10.
PAR  10. The process of claim 3 wherein the compound reduced is
      3-ethoxythionocarbonylthiomethyl-7-amino-.DELTA..sup.3
      -cephem-4-carboxylic acid.
NUM  11.
PAR  11. The process of claim 3 wherein the compound reduced is
      3-ethoxythionocarbonylthiomethyl-7-(5'-propionamido-5'-carboxyvaleramido)-
     .DELTA..sup.3 -cephem-4-carboxylic acid.
NUM  12.
PAR  12. The process of claim 3 wherein the compound reduced is
      3-ethoxythionocarbonylthiomethyl-7-(5'-acetamido-5'-carboxyvaleramido)-.DE
     LTA..sup.3 -cephem-4-carboxylic acid.
NUM  13.
PAR  13. The process of claim 4 wherein the compound reduced is
      3-benzoylthiomethyl-7-(2'-amino-2'-phenylacetamido)-.DELTA..sup.3
      -cephem-4-carboxylic acid.
NUM  14.
PAR  14. The process of claim 2 wherein the compound reduced is disodium
      3-sulfothiomethyl-7-[2'-(.alpha.-thienyl) acetamido]-.DELTA..sup.3
      -cephem-4-carboxylate.
NUM  15.
PAR  15. The process for converting a 3-methylenecepham compound of the formula
      ##SPC16##
PAL  to a .DELTA..sup.3 -cephem compound of the formula
      ##SPC17##
PAL  which comprises commingling said 3-methylenecepham with an aprotic solvent
      having a high dielectric constant and a tertiary amine having a pK'a of at
      least pK'a 9.5 wherein in the foregoing formulae
PA1  R.sub.1 is hydrogen, a carboxylic acid protecting group, or a
      pharmaceutically acceptable cation;
PA1  R is hydrogen, C.sub.1 -C.sub.8 alkanoyl, C.sub.6 -C.sub.10 cycloalkanoyl,
      C.sub.2 -C.sub.8 hydroxyalkanoyl, C.sub.3 -C.sub.8 alkanoyl substituted by
      carboxy and amino or protected amino, benzoyl, C.sub.1 -C.sub.3
      alkylbenzoyl, C.sub.1 -C.sub.3 alkoxybenzoyl, halobenzoyl, aminobenzoyl,
      or an acyl group represented by the formula
      ##EQU9##
      wherein P is .alpha.-thienyl, .beta.-thienyl, .alpha.-furyl, .beta.-furyl,
      benzothienyl, benzofuryl, phenyl, C.sub.1 - C.sub.3 alkylphenyl, C.sub.1 -
      C.sub.3 alkoxyphenyl, hydroxyphenyl, halophenyl or aminophenyl,
PA1  Z is oxygen or sulfur,
PA1  n is 0 or 1,
PA1  m is an integer of from 0 to 3,
PA1  a is hydrogen or C.sub.1 - C.sub.3 alkyl,
PA1  b is hydrogen, C.sub.1 - C.sub.3 alkyl, hydroxy, amino or or protected
      amino,
PAL  with the limitation that when n is 1, P is phenyl C.sub.1 - C.sub.3
      alkylphenyl, C.sub.2 - C.sub.3 alkoxyphenyl, hydroxyphenyl, halophenyl or
      aminophenyl and b is hydrogen or C.sub.1 - C.sub.3 alkyl.
NUM  16.
PAR  16. The process of claim 14 wherein the aprotic solvent is
      dimethylacetamide and the tertiary amine is triethylamine.
NUM  17.
PAR  17. A compound of the formula
      ##SPC18##
PAL  wherein R.sub.10 is hydrogen, C.sub.1 - C.sub.4 alkyl, 4-nitrobenzyl,
      4-methoxybenzyl, 2,2,2-trichloroethyl, trimethylsilyl, or a
NUM  18.
PAR  18. A compound of the formula
      ##SPC19##
NUM  19.
PAR  19. The process of claim 4 wherein the compound reduced is
      3-benzoylthiomethyl-7-[2'-(.alpha.-thienyl)acetamido]-.DELTA..sup.3
      -cephem-4-carboxylic acid.
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ABST
PAL  The disclosure relates to a process for producing an antiviral complex by
      cultivation of Sirodesmium diversum, to novel components of the complex
      and to derivatives thereof having antiviral activity, to processes for
      their manufacture, to pharmaceutical compositions containing the complex,
      the novel components or their derivatives, and to a method of producing an
      antiviral effect.
BSUM
PAR  This invention relates to a novel antiviral complex, its production and its
      components.
PAR  According to the invention there is provided a process for producing an
      antiviral complex which comprises the cultivation of an antiviral complex
      producing strain of Sirodesmium diversum in an aqueous nutrient medium
      containing a source of assimilable carbon and a source of assimilable
      nitrogen, extraction of the culture filtrate with a substantially water
      immiscible organic solvent, and evaporation of the extract to dryness.
PAR  A suitable strain of the fungus is for example Sirodesmium diversum (Cooke)
      Hughes originating from the Commonwealth Mycological Institute, located at
      Ferry Lane, Kew, England and catalogued as C.M.I. 102,519.
PAR  The culture grows well on conventional mycological agar media, and after 6
      days the colonies show a central area of sporing mycelium surrounded by a
      zone of immature hyphae which may be both aerial and submerged, or
      primarily submerged. This zone is not coloured. The sporing area is
      normally dark brown, with spore-bearing cells arising from the agar and
      from aerial growth, which can be quite vigorous - as for instance on malt
      agar, or which can be sparse as for instance on Czapek-Dox agar.
PAR  The spores, which are produced from unspecialised branches of
      conidiophores, are seen in long, rarely branched, chains. They are
      amerospores and didymospores phargmospores are rare) which mature
      basipetally. When mature, the spores are coarsely warted with a
      brown/yellow cell wall usually quite thick, but with occasional thin
      places. Amerospores are globose 10(9-11).mu.m in diameter, while the
      didymospores are subcylindric with a constriction at the septum 18(15-22)
      .times. 10(9-15).mu.m (they look essentially like two amerospores which
      have failed to separate).
PAR  A suitable source of assimilable carbon is, for example, a polyhydric
      alcohol, for example sucrose, glucose, lactose, glycerol or mannitol; a
      source of polymerised carbohydrate, for example starch; a
      naturally-occurring or synthetic oil or fat; or mixtures of two or more of
      the abovementioned substances. The carbon source is generally present in
      the medium within the range of 0.1 to 30 percent by weight and preferably
      within the range of 2 to 8 percent by weight.
PAR  A suitable source of assimilable nitrogen is an inorganic source or an
      organic source. it may conveniently be provided in the form of, for
      example, a nitrate of an alkali metal or an alkaline earth metal, or an
      ammonium salt of an inorganic acid or an organic acid, for example sodium,
      potassium, calcium or ammonium nitrate or ammonium tartrate, ammonium
      sulphate or ammonium phosphate. It may also be provided in the form of an
      amino-acid, for example glycine, a seed meal, for example cottonseed meal,
      or corn steep liquor, peptone, urea, a yeast extract or a meat extract.
      Mixtures of two or more of the abovementioned substances may be used. The
      nitrogen source is generally present in the medium in an amount such that
      there is present between 0.001 and 1.0 percent, and preferably between
      0.01 and 0.5 percent of elementary nitrogen in the medium.
PAR  The medium usually contains smaller quantities of essential elements such
      as phosphorus (for example as potassium dihydogen phosphate or di-ammonium
      hydrogen phosphate), magnesium (for example as magnesium sulphate or
      magnesium carbonate), sulphur (for example as a sulphate) and potassium
      (for example as potassium chloride or potassium carbonate) and minute
      quantities of so-called trace elements such as iron, manganese, zinc,
      molybdenum or copper.
PAR  As a suitable aqueous nutrient medium there may be mentioned, for example,
      the medium known as Czapek-Dox.
PAR  The cultivation of the organism may be carried out within the temperature
      range of 15.degree. to 35.degree.C., preferably at a temperature of about
      25.degree.C.
PAR  A suitable substantially water-immiscible organic solvent is, for example,
      chloroform, ethyl acetate, toluene or diethyl ether, and of these
      chloroform is preferred.
PAR  The antiviral complex has been found to comprise eight new compounds which
      possess antiviral properties. Thus according to a further feature of the
      invention there are provided eight new antiviral poducts isolated from the
      antiviral complex obtained from the culture filtrate of Sirodesmium
      diversum and identified as Sirodesmins A,B,C,D, E,F,G and H respectively.
PAR  Sirodesmin A has the structure given in formula I in which R.sup.1 is
      acetyl, R.sup.2 is hydrogen and n is 2:-
      ##SPC1##
PAR  The stereochemistry illustrated is the relative stereochemistry.
PAR  Sirodesmin B has the structure I in which R.sup.1 is acetyl, R.sup.2 is
      hydrogen and n is 4 and Sirodesmin C has the structure I in which R.sup.1
      is acetyl, R.sup.2 is hydrogen and n is 3.
PAR  The 3 compounds, Sirodesmins A, B and C, incorporate an
      epi-(n)-thiadioxopiperazine ring system. Other molecules possessing the
      epi-(n)-thiadioxopiperazine ring system and having antiviral properties
      are known, for example Aranotin and Apoaranotin (U.K. Pat. No. 1,238,327)
      and Gliotoxin, but these known compounds are either not as active as the
      compounds of the present invention, or have a lower therapeutic ratio as
      hereinafter defined.
PAR  Treatment of the antiviral complex with sulphur dioxide gives rise to
      another compound having antiviral properties, Sirodesmin J. Thus according
      to a further feature of the invention, we provide a further compound
      Sirodesmin J.
PAR  The Sirodesmins A,B,C,D,E,F,G,H and J are identifiable by the following
      characteristics:-
PAC  SIRODESMIN A
PAR  Molecular formula C.sub.20 H.sub.26 N.sub.2 O.sub.8 S.sub.2
PAR  Analysis. Found C,49.7; H,5.4; N,5.8; S,12.8% Calc. for C.sub.20 H.sub.26
      N.sub.2 O.sub.8 S.sub.2 ;C,49.4; H,5.4; N,5.8; S,13.2%
PAR  Mass Spectrum. No parent is shown but a strong peak at (M-S.sub.2).sup.+.
      Found m/e 422,1731, C.sub.20 H.sub.26 N.sub.2 O.sub.8 requires m/e
      422.1689. On silylation with trimethylsilyl imidazole (benzene,
      60.degree., 3 hr.) there is formed a bis-trimethylsilyl derivative. No
      parent ion is seen in the mass spectrum of this derivative but a weak peak
      corresponding to (M-CH.sub.3).sup.+ is seen at m/e 615.1689, C.sub.25
      H.sub.39 N.sub.2 O.sub.8 S.sub.2 Si.sub.2 requires 615.1686.
PAR  Acetylation. Treatment of Sirodesmin A with acetic anhydride in pyridine
      for 1 week at 22.degree.C. gives a bis-acetate, m.p.
      186.degree.-189.degree.C. Found C,50.5; H, 5.3; N, 4.9%. C.sub.24 H.sub.30
      N.sub.2 O.sub.10 S.sub.2 requires C, 50.7; H,5.2; N, 4.9%. Mass spectrum
      highest peak (M-S.sub.2).sup.+  at m/e 506.1871. C.sub.24 H.sub.30 N.sub.2
      O.sub.10 requires m/e 506.1901.
PAR  Treatment with Sirodesmin A with acetic anhydride in pyridine for 1 hour at
      22.degree.C. gives a monoacetate. Found C,49.9; H, 5.3; N, 5.3; S,11.7%;
      C.sub.22 H.sub.28 N.sub.2 O.sub.9 S.sub.2 requires C,50.0; H, 5.3; N,5.2;
      S,12.1%. Mass spectrum a small peak for (M-S).sup.+  at m/e 496 and a
      strong peak for (M-S.sub.2).sup.+  at m/e 464.
PAR  Hydrolysis of Sirodesmin A with 0.1N methanolic HCl gives
      Desacetylsirodesmin A, m.p. 198.degree.-201.degree.C. Found C,48.4; H,5.6;
      N, 6.0; S,14.3%; C.sub.18 H.sub.24 N.sub.2 O.sub.7 S.sub.2 requires C,
      48.8; H,5.6; N,6.3; S,14.4%. Mass spectrum. No parent ion is shown but a
      strong peak for (M-S.sub.2).sup.+  at m/e 380.
PAR  Treatment of Sirodesmin A with triphenylphosphine in chloroform gives a
      monosulphide. Found, C,52.7; H,5.7; N,5.8; S,7.1%; C.sub.18 H.sub.26
      N.sub.2 O.sub.8 S requires C,52.9; H, 5.8; N, 6.2; S,7.0%. Mass spectrum.
      Molecular ion seen in m/e 454.
PAC  SIRODESMIN B
PAR  Molecular formula C.sub.20 H.sub.26 N.sub.2 O.sub.8 S.sub.4. Analysis Found
      C,43.4; H,4.9; N, 4.9; S, 22.8%. C.sub.20 H.sub.26 N.sub.2 O.sub.8 S.sub.4
      requires C, 43.6; H, 4.8; N, 5.1; S,23.3%. Mass spectrum. No parent is
      shown but a strong peak for (M-S.sub.4).sup.+  at m/e 422. The spectrum is
      virtually identical with that of Sirodesmin A. On silylation with
      bis-trimethylsilyl trifluoroacetamide (benzene, 50.degree., 3 hr.) there
      is formed a bis-trimethylsilyl derivative. No parent is seen in the mass
      spectrum of this derivative but a weak peak corresponding to
      [M-(S+CH.sub.3)].sup.+  is seen at m/e 647.1445 C.sub.25 H.sub.39 N.sub.2
      O.sub.8 S.sub.3 Si.sub.2 requires m/e 647.1407.
PAC  SIRODESMIN C
PAR  Molecular formula C.sub.20 H.sub.26 N.sub.2 O.sub.8 S.sub.3. Analysis.
      Found C, 46.3; H, 5.1; N,5.5; S,18.0%; C.sub.20 H.sub.26 N.sub.2 O.sub.8
      S.sub.3 requires C, 46.3; H, 5.0; N, 5.4; S, 18.5%. Mass spectrum. Strong
      peak corresponding to (M-S.sub.3).sup.+  at m/e 422 (C.sub.20 H.sub.26
      N.sub.2 O.sub.8).
PAC  SIRODESMIN D
PAR  Molecular formula C.sub.20 H.sub.26 N.sub.2 O.sub.8 S.sub.x in which x is
      probably 4. Mass spectrum. No parent ion is shown but a strong peak for
      (M-S.sub.x).sup.+  at m/e 422.
PAC  SIRODESMIN E
PAR  Molecular formula C.sub.20 H.sub.26 N.sub.2 O.sub.8 S.sub.x in which x is
      probably 3. Mass spectrum. No parent ion is shown but a strong peak for
      (M-S.sub.x).sup.+  at m/e 422.
PAC  SIRODESMIN F
PAR  Molecular formula C.sub.20 H.sub.26 N.sub.2 O.sub.8 S.sub.x in which x is
      probably 3. Mass spectrum. No parent ion is shown but a strong peak for
      (M-S.sub.x).sup.+  at m/e 422.
PAC  SIRODESMIN G
PAR  Molecular formula C.sub.20 H.sub.26 N.sub.2 O.sub.8 S.sub.2. Analysis.
      Found C, 49.7; H, 5.4; N, 5.7; S,12.6%. Calculated for C.sub.20 H.sub.26
      N.sub.2 O.sub.8 S.sub.2, C, 49.4; H, 5.4; N, 5.8; S,13.2%. Mass spectrum.
      No parent ion is shown but a strong peak for (M-S.sub.2).sup.+  at m/e
      422. Hydrolysis: Treatment of Sirodesmin G with 0.1N methanolic HCl gave
      Desacetylsirodesmin G, m.p. 195.degree.-196.5.degree.C. Found C, 48.4; H,
      5.5; N, 6.5; S, 14.6%. Calculated for C.sub.18 H.sub.24 N.sub.2 O.sub.7
      S.sub.2, C, 48.8; H,5.5; N, 6.3; S,14.4%. Mass spectrum. No parent ion,
      but a strong peak for (M-S.sub.2).sup.+  at m/e 380. Acetylation.
      Treatment of Sirodesmin G with acetic anhydride in pyridine for 9 days at
      ambient temperature gives Sirodesmin G bisacetate, m.p.
      159.degree.-159.5.degree.C.
PAC  SIRODESMIN H
PAR  Molecular formula C.sub.20 H.sub.26 N.sub.2 O.sub.8 S.sub.x. Mass spectrum.
      No parent ion, but a strong peak for (M-S.sub.x).sup.+  at m/e 422.
PAC  SIRODESMIN J
PAR  Molecular formula C.sub.20 H.sub.26 N.sub.2 O.sub.8 S.sub.2. Analysis.
      Found C, 49.8; H, 5.5; N, 5.5%. Calculated for C.sub.20 H.sub.26 N.sub.2
      O.sub.8 S.sub.2, C, 49.4; H, 5.4; N, 5.8%. Mass spectrum. No parent ion
      but a strong peak for (M-S.sub.2).sup.+  at m/e 422 and a weak peak for
      (M-S).sup.+ at m/e 454.
PAR  The Sirodesmins A,B,C,D,E,F,G,H and J and their derivatives are separated
      by analtyical thin layer chromatography on silica gel G.F. After
      development the plates are sprayed with chromic acid solution and then
      heated; the spots first appear yellow, then black. The R.sub.f values,
      using three different solvent systems, are as follows:-
TBL            Toluene;     Chloroform:                                        

                                       Chloroform:                             

     Compound  Ethyl Acetate                                                   

                            methanol:  ethyl acetate                           

               1:2          formic acid                                        

                            95:4:1     1:1                                     

     ______________________________________                                    

     Sirodesmin A                                                              

               0.23         0.35       0.19                                    

     Sirodesmin B                                                              

               0.07         0.24       0.06                                    

     Sirodesmin C                                                              

               0.17         0.29       0.14                                    

     Sirodesmin D                                                              

               0.31         0.29       0.25                                    

     Sirodesmin E                                                              

               0.36         0.33       0.27                                    

     Sirodesmin F                                                              

               0.42         0.35       0.34                                    

     Sirodesmin G                                                              

               0.38         0.39       0.32                                    

     Sirodesmin H                                                              

               0.23         0.28       0.17                                    

     Sirodesmin J                                                              

               0.38         0.35       0.28                                    

     Desacetyl-                                                                

      sirodesmin A                                                             

               0.23         0.24       0.15                                    

     Sirodesmin A                                                              

      bisacetate                                                               

               0.39         0.51       0.36                                    

     Desacetyl-                                                                

      sirodesmin G                                                             

               0.33         0.27       0.23                                    

     Sirodesmin G                                                              

      bisacetate                                                               

               0.52         0.55       0.49                                    

     Sirodesmin A                                                              

      monoacetate                                                              

               0.31         0.45       0.26                                    

     Sirodesmin                                                                

      monosulphide                                                             

               0.24         0.29       0.19                                    

     ______________________________________                                    

PAR  The Sirodesmins A-H are separated by high pressure liquid chromatography.
      Using a Du Pont 820 Liquid Chromatograph with an E.T.H. Permaphase (1 m.
      .times.2.1 m.m. internal diameter) having as mobile phase a gradient of 0
      to 1.25% redistilled ethanol in 2,2,4-trimethylpentane in 50 minutes, and
      at a pressure of 2000 p.s.i., the following retention times were
      recorded:-
TBL                   Retention Time                                           

     Compound         (minutes)                                                

     ______________________________________                                    

     Sirodesmin G     15.5                                                     

     Soridesmin E     23.5                                                     

     Sirodesmins A + D                                                         

                      30.0                                                     

     Sirodesmin C     35.0                                                     

     Sirodesmin H     40.0                                                     

     Sirodesmin B     44.0                                                     

     Sirodesmin F     49.0                                                     

     ______________________________________                                    

PAR  The Sirodesmins are most readily identified by examination of their N.M.R.
      spectra. The figures in the following tables provide the relevant
      assignments for the protons of Sirodesmins A,B,C,D,E,F,G,H and J when
      examined on a Varian HA100 N.M.R. spectrophotometer, in deuterochloroform
      as solvent except where otherwise indicated, using tetramethylsilane as an
      internal standard (.tau. = 10.0). A bis-urethane is made in the N.M.R.
      sample tube by addition of trichloroacetyl isocyanate. The carbon numbers
      referred to in the tables are those depicted in figure I.
TBL                Sirodesmin A                                                

     ______________________________________                                    

     Carbon                                                                    

           Sub-      Signal   Coupling                                         

                                     Bis-    Coupling                          

      No.  stituent  (.tau.)  constant                                         

                                     Urethane                                  

                                             constant                          

                              (Hz)   Signal (.tau.)                            

                                             (Hz)                              

     ______________________________________                                    

     2     CH.sub.2 OH                                                         

                     5.72            4.9                                       

                                             12                                

                                     5.10                                      

     3     CH.sub.3  6.86            6.85                                      

     5     H         6.86            6.32                                      

                              16             16                                

           H         6.94            6.52                                      

     6     H         4.26            4.32                                      

     5'    H         5.78            5.84                                      

                               7              7                                

           CH.sub.3  8.71            8.76                                      

     4'    CH.sub.3  8.98            9.01                                      

           CH.sub.3  9.06            9.09                                      

     6     CH.sub.3 CO.O                                                       

                     7.90            7.93                                      

     8     H         7.44            7.42                                      

                              14*            14                                

           H         8.04            7.98                                      

     8a    H         5.52            5.10                                      

     ______________________________________                                    

      *Coupling constant with hydrogen at 8a position 8.5 Hz                   

TBL                Sirodesmin B                                                

     ______________________________________                                    

     Carbon                                                                    

           Sub-      Signal   Coupling                                         

                                     Bis-    Coupling                          

      No.  stituent   (.tau.) constant                                         

                                     Urethane                                  

                                             constant                          

                              (Hz)   Signal (.tau.)                            

                                             (Hz)                              

     ______________________________________                                    

     2     CH.sub.2 OH                                                         

                     5.88     *      5.16                                      

     3     CH.sub.3  6.97            6.90                                      

     5     H         6.74            6.33                                      

                              15             16                                

           H         7.32            6.67                                      

     6     H         4.46            4.73                                      

     5'    H         5.84            5.72                                      

                               7              7                                

           CH.sub.3  8.74            8.77                                      

     4'    CH.sub.3  9.04            8.98                                      

           CH.sub.3  9.08            9.04                                      

     6     CH.sub.3 CO.O                                                       

                     7.98            7.86                                      

     8     H         7.49            7.47                                      

                              14+             14+                              

           H         8.14            8.01                                      

     8a    H         5.24            4.56                                      

     ______________________________________                                    

      *Coupling constant 12Hz on addition of D.sub.2 O                         

      +Coupling constant with hydrogen at 8a position 9 Hz                     

PAR  Sirodesmin C exists as a mixture of two conformers in solution at room
      temperature. This has a precedent in, for example, the trisulphide
      Sporidesmin E. Thus several signals are duplicated in the N.M.R. spectra
      of solutions of Sirodesmin C in benzene or tetrachloroethylene when
      measured at room temperature. The spectra are less complex when measured
      at higher temperatures.
PAC  SIRODESMIN C IN TETRACHLOROETHYLENE
PAC  i. Room Temperature
TBL  Carbon                                                                    

     No.      Substituent   Signal (.tau.)                                     

     ______________________________________                                    

     5'       CH.sub.3      8.70, 8.76                                         

     4'       CH.sub.3      9.01, 9.09                                         

     6        CH.sub.3 CO.O 8.00                                               

     3        CH.sub.3      6.78, 6.96                                         

     6        H             4.68, 4.93                                         

     ______________________________________                                    

PAC  ii. 120.degree.C.
PAR  The 5' and 4' methyl signals become much sharper, the two lines for
      3-methyl become single line, and the two lines for 6-H become single broad
      line. Sirodesmin C urethane in tetrachloroethylene
PAC  i. Room Temperature
TBL  Carbon                                                                    

     No.      Substituent   Signal (.tau.)                                     

     ______________________________________                                    

     5'       CH.sub.3      8.83, 8.86, 8.94                                   

     4'       CH.sub.3      9.07, 9.15                                         

     6        CH.sub.3 CO.O 8.07                                               

              NH            0.99, 1.03, 1.09, 1.21                             

     ______________________________________                                    

PAC  ii. 120.degree.C.
PAR  Signals due to 5', 4' and 6-acetate methyls become very sharp and the
      urethane NH signals become two lines.
PAC  SIRODESMIN C IN BENZENE (D.sub.6)
PAC  i. Room Temperature
TBL  Carbon No.                                                                

              Substituent   Signal (.tau.)                                     

     ______________________________________                                    

     5'       CH.sub.3      9.1, 9.06, 9.04, 9.00                              

     4'       CH.sub.3      9.25, 9.37, 9.41                                   

     6        CH.sub.3 CO.O 8.52                                               

     3        CH.sub.3      7.03, 7.13                                         

     6        H             4.23, 4.50                                         

     ______________________________________                                    

PAC  ii. 78.degree.C.
PAR  "Duplicated" signals clearly beginning to merge but the process is not
      complete.
TBL                Sirodesmin D                                                

     ______________________________________                                    

     Carbon               Signal    Coupling constant                          

      No.    Substituent  (.tau.)   (Hz)                                       

     ______________________________________                                    

     3       CH.sub.3     6.92                                                 

     5       H            6.58                                                 

                                    16                                         

             H            7.24                                                 

     6       H            4.62                                                 

     6       CH.sub.3 CO.O                                                     

                          7.94                                                 

     8       H            7.35                                                 

                                     14*                                       

             H            8.20                                                 

     8a      H            5.39                                                 

     4'      CH.sub.3     8.90                                                 

             CH.sub.3     8.98                                                 

     5'      CH.sub.3     8.77                                                 

                                     7                                         

             H            6.09                                                 

     ______________________________________                                    

      *Coupling constant with hydrogen at 8a position 9 Hz.                    

TBL                Sirodesmin G                                                

     ______________________________________                                    

     Carbon               Signal    Coupling constant                          

      No.    Substituent  (.tau.)   (Hz)                                       

     ______________________________________                                    

     2       CH.sub.2 OH  5.83                                                 

             CH.sub.2 OH  6.53                                                 

     3       CH.sub.3     6.91                                                 

     5       H.sub.2      6.80                                                 

     6       H            4.50                                                 

     5'      H            6.10                                                 

                                    7                                          

             CH.sub.3     8.78                                                 

     4'      CH.sub.3     8.93                                                 

             CH.sub.3     9.01                                                 

     6       CH.sub.3 CO.O                                                     

                          7.96                                                 

     8       H            7.29                                                 

                                    14*                                        

             H            8.29                                                 

     8a      H            5.72                                                 

     ______________________________________                                    

      *Coupling constant with hydrogen at 8a position 9Hz.                     

PAR  The main n.m.r. resonances (.tau. values of CDCl.sub.3 solution) of
      Sirodesmins E,F,H,J and Desacetylsirodesmin G are as follows:-
PA1  Sirodesmin E 9.02(CH.sub.3), 8.93(CH.sub.3), 8.95, 8.83, 8.77,
      7.99(CH.sub.3 CO.O), 6.96(NCH.sub.3), 6.79, 5.34.
PA1  Sirodesmin F 9.06(CH.sub.3), 9.00(CH.sub.3), 8.73(CH.sub.3), 7.93(CH.sub.3
      CO.O), 7.29, 6.95, 6.79(NCH.sub.3), 5.30.
PA1  Sirodesmin H 9.01(CH.sub.3), 8.93(CH.sub.3), 8.79(CH.sub.3), 7.98(CH.sub.3
      CO.O), 6.93(NCH.sub.3), 6.41, 5.25.
PA1  Sirodesmin J 9.03(CH.sub.3), 8.98, 8.94, 8.79, 8.73, 7.91(CH.sub.3 CO.O),
      7.88, 6.84(NCH.sub.3), 6.60, 5.11.
PA1  Desacetylsirodesmin G 9.01(CH.sub.3), 8.98(CH.sub.3), 8.77, 8.33, 7.38,
      7.13, 6.87(NCH.sub.3), 6.80, 6.14, 5.4-5.9, 4.7-5.0.
PAC  INFRA-RED SPECTRA
PAR  The infra-red spectra of the Sirodesmins are very similar. The principal
      absorption maxima of compounds examined as dispersions in liquid paraffin
      are as follows:-
     Compound                                                                  

             Absorption (cm..sup..sup.-1)                                      

     __________________________________________________________________________

     Sirodesmin A                                                              

             3450                                                              

                 1765 1690 1395 1225                                           

                             1112                                              

                                 1075                                          

                                     1045                                      

                                         1008                                  

                                             943 722                           

     Sirodesmin B                                                              

             3450                                                              

                 1765 1680 1375 1228                                           

                             1118                                              

                                 1082                                          

                                     1045    946 722                           

     Sirodesmin C                                                              

             3450                                                              

                 1760 1685 1375 1225                                           

                                 1080                                          

                                     1045                                      

                                         1008                                  

                                             945 722                           

     Sirodesmin D                                                              

             3400                                                              

                 1750 1670 1375 1230                                           

                             1153                                              

                                 1083                                          

                                     1045                                      

                                         1015    721                           

     Sirodesmin E                                                              

             3450                                                              

                 1750 1675 1375 1230                                           

                             1155                                              

                                 1083                                          

                                     1047                                      

                                         1012    722                           

     Sirodesmin G                                                              

             3450                                                              

                 1750 1683 1375 1230                                           

                             1155                                              

                                 1083                                          

                                     1047                                      

                                         1015    722                           

     Sirodesmin J                                                              

             3450                                                              

                 1760 1680 1380 1235                                           

                             1085                                              

                                 1047            722                           

     Sirodesmin A                                                              

      monoacetate                                                              

             3500                                                              

                 1745 1675 1360 1210                                           

                             1035            937 725                           

     Sirodesmin A                                                              

     bisacetate  1760 1695 1380 1235                                           

                             1082                                              

                                 1055         940                              

     Desacetyl-                                                                

      sirodesmin A                                                             

             3500                                                              

                 1748 1675 1412 1390                                           

                             1375                                              

                                 1355                                          

                                     1305                                      

                                         1265                                  

                                             1240                              

                                                 1210                          

             1130                                                              

                 1085 1050 1008  939                                           

                              857                                              

                                  800                                          

                                      727                                      

     __________________________________________________________________________

PAR  The Sirodesmins A,B,C,D,E,F,G and H, may be isolated from the antiviral
      complex by chromatography, for example by a combination of column
      chromatography and preparative thin layer chromatography. Thus according
      to a further feature of the inventionn we provide a process for the
      isolation of Sirodesmin A which comprises subjecting the antiviral complex
      to chromatography.
PAR  As mentioned above, treatment of Sirodesmin A with methanolic HCl gives
      Desacetylsirodesmin A. Therefore according to a further feature of the
      invention we provide a desacetyl derivative of Sirodesmin A,B or C which
      has the formula I in which both R.sup.1 and R.sup.2 are hydrogen and n is
      2,4 or 3 respectively.
PAR  As mentioned above, treatment of Sirodesmin G with methanolic HCl gives
      Desacetylsirodesmin G. Therefore according to a further feature of the
      invention we provide Desacetylsirodesmin G, having a melting point of
      about 195.degree.-196.5.degree.C. and having nuclear magnetic resonances
      indeuterochloroform solution at 9.01, 8.98, 8.77, 8.33, 7.38, 7.13, 6.87,
      6.80, 6.14, 5.4-5.9 and 4.7-5.0.tau..
PAR  According to a further feature of the invention, we provide a process for
      the manufacture of the desacetyl derivative of Sirodesmin A,B,C or G which
      comprises treatment of an alcoholic solution of Sirodesmin A,B,C or G with
      an inorganic acid. The solvent is preferably an alcohol or aqueous
      alcohol, for example methanol or aqueous methanol, and the acid is
      preferably HCl.
PAR  As mentioned above, treatment of Sirodesmin A with acetic anhydride in
      pyridine for 1 hour gives a monoacetate. Therefore according to a further
      feature of the invention we provide Sirodesmin A monoacetate, Sirodesmin B
      monoacetate or Sirodesmin C monoacetate which has the formula I in which
      R.sup.1 and R.sup.2 are both acetyl and n is 2,4 or 3 respectively.
PAR  According to a further feature of the invention we provide a process for
      the manufacture of Sirodesmin A monoacetate, Sirodesmin B monoacetate or
      Sirodesmin C monoacetate which comprises treatment of a solution of
      Sirodesmin A,B or C with acetic anhydride or an acetyl halide, for example
      acetyl chloride, in a non-hydroxylic organic solvent for a period of
      between 15 minutes and 4 hours. The preferred conditions are treatment
      with acetic anhydride in pyridine solution for 1 hour.
PAR  As mentioned above, treatment of Sirodesmin A with triphenylphosphine in
      chloroform gives Sirodesmin A monosulphide. Therefore according to a
      further feature of the invention we provide Sirodesmin monosulphide which
      has the formula I in which R.sup.1 is acetyl, R.sup.2 is hydrogen and n is
      1.
PAR  According to a further feature of the invention we provide a process for
      the manufacture of Sirodesmin monosulphide which comprises treatment of a
      solution of Sirodesmin A in an organic solvent with triphenylphosphine.
      The solvent may, for example, be toluene, benzene or chloroform, of which
      chloroform is preferred.
PAR  Sirodesmins B and C are both readily converted into Sirodesmin A by
      treatment with thionyl chloride in pyridine at 0.degree.C. The conversion
      may be effected directly in the antiviral complex and this greatly
      facilitates the isolation of Sirodesmin A.
PAR  Thus according to a further feature of the invention there is provided a
      process for the manufacture of Sirodesmin A by treatment of Sirodesmin B
      and/or Sirodesmin C, or of the antiviral complex obtained from the culture
      filtrate, with thionyl chloride in an organic base as solvent at a
      temperature below room temperature.
PAR  Sirodesmin A is converted into a mixture of A,B and C by treatment with
      sulphur in pyridine at room temperature.
PAR  Thus according to a further feature of the invention, there is provided a
      process for the manufacture of Sirodesmins B and C by treatment of a
      solution of Sirodesmin A in an organic solvent with sulphur in the
      presence of an organic base. The organic base itself may act as solvent.
PAR  It can be seen that Sirodesmins A,B and C, their monoacetates, their
      desacetyl derivatives and Sirodesmin monosulphide are interconvertable.
      Therefore as a further feature of the invention there is provided a
      compound of the formula I wherein n is 1,2,3 or 4 and either R.sup.1 is
      acetyl and R.sup.2 is hydrogen or R.sup.1 and R.sup.2 are both hydrogen or
      both acetyl.
PAR  The complex obtained by extraction of the fungal broth, the new compounds
      Sirodesmins A,B,C,D,E,F and G isolated therefrom, Sirodesmin J, the
      desacetyl derivatives of Sirodesmins A and G, Sirodesmin A monoacetate and
      Sirodesmin monosulphide all possess antiviral activity in the presence of
      host cells, in particular they possess activity against rhinoviruses in
      the presence of human embryonic lung cells, and against Coxsackie A and B
      Echo viruses. The activity against rhinoviruses is measured essentially as
      follows:
PAR  Human embryonic lung cells are cultured in conventional manner on Eagle's
      Minimal Essential Medium with 1 percent calf serum added, in 3 inches
      .times. 1/2 inch glass tubes, and the tubes are incubated at 33.degree.C.
      Eight groups of three such tubes per group are treated with test solutions
      of a test compound in the same medium, and containing respectively 200,
      50, 12.5, 3.1, 0.8, 0.2, 0.05 and 0.00 .mu.g. of test compound per ml. of
      test solution. Incubation at 33.degree.C. is continued, and after 24 hours
      each tube is challenged with a dose of a rhinovirus, for example
      rhinovirus type 2, of 100 times the tissue culture 50 percent infectious
      dose. After a further 2 days of incubation at 33.degree.C., each tube is
      assessed visually for a cytopathic effect caused by compound toxicity,
      which is a generalised cytopathic effect on the whole cell sheet, and for
      the cytopathic effect caused by virus growth, which is a characteristic,
      focal cytopathic effect, readily distinguishable from compound toxicity.
      The "active dose" of a test compound is determined as being that
      concentration of the compound which protects 50 percent of the cells
      against the cytopathic effect caused by virus growth; and the "toxic dose"
      is determined as being that concentration of test compound which produces
      compound toxicity as described above in 50 percent of the cells in
      cultures treated with that concentration of the compound.
PAR  The antiviral complex and the compounds of the invention inhibit the growth
      of rhinovirus type 2 at a concentration equal to or less than 0.25
      .mu.g./ml. without at the same time producing any visible toxic effects on
      the tissue culture cells at doses of at least ten times the lowest active
      dose.
PAR  Sirodesmin A was administered intranasally to male and female rats at a
      dose of 0.25 mg./kg./day for 14 days. All the rats survived and no
      histological abnormalities were noted on post-mortem.
PAR  When used to produce an antiviral effect in the presence of host cells, the
      complex or compound is administered to the host to produce a concentration
      in the vicinity of the virus of 0.003 to 0.25 .mu.g./ml. Application to
      nasal or throat tissues at a dose of 0.01 to 0.1 mg. administered 3 to 6
      times a day is appropriate. In man this is equivalent to a daily oral dose
      of from 2 to 20 mg. per adult person.
PAR  Thus according to a further feature of the invention there is provided a
      pharmaceutical composition which comprises the antiviral complex, or at
      least one compound of the invention, in association with a
      pharmaceutically acceptable diluent or carrier.
PAR  The pharmaceutical composition of the invention may be in the form of a
      conventional tablet, lozenge, capsule, aqueous or oily solution or
      suspension, emulsion, nasal drops, nasal or throat spray, aerosol or
      snuff, and may be manufactured by conventional techniques and incorporate
      conventional excipients.
PAR  Preferred compositions of the invention are those which enable the
      antiviral complex or compound to produce an antiviral concentration of the
      complex or compound in those parts of the host where rhinoviruses normally
      grow, for example the mucosa of the nose and throat, either by direct
      application of the composition to those parts or indirectly by producing a
      sufficient blood-level of the antiviral complex or compound after oral
      dosing.
PAR  Such peferred compositions for direct application are, for example,
      lozenges which may be dissolved slowly in the mouth, in order to bathe the
      mouth and associated passages with a solution of the active ingredient,
      and nasal sprays and throat sprays in the form of a solution of the
      antiviral complex or compound in an inert, pharmaceutically acceptable
      liquid which may be inhaled and deposited in the nasal passages and in the
      throat, and preferred compositions for oral dosage are, for example,
      tablets.
PAR  A suitable tablet or lozenge contains from .05 mg. to 5 mg. of an antiviral
      compound of the invention, and the normal regimen for the prophylaxis or
      treatment of the rhinovirus infection is one tablet 3 to 6 times per day.
PAR  A suitable nasal or throat spray contains from 0.01 to 1 mg. of an
      antiviral compound of the invention per ml. of solution, and for the
      prophylaxis or treatment of the rhinovirus infection, about 0.1 ml. of
      such a solution is sprayed into the nose or throat of the host 3 to 6
      times per day.
PAR  The compositions of the invention may also contain other known
      pharmaceutically useful compounds, for example nasal decongestants,
      antipyretics or antiseptics.
PAR  The complex, compounds, or compositions of the invention may be used
      prophylactically either generally, or in particular by hosts who come, or
      are likely to come, into close contact with another host who has a
      rhinovirus infection.
PAR  Administration of the complex or of a compound or composition of the
      invention for the treatment of a host having a rhinovirus infection may
      not in many cases relieve the associated symptoms, since by the time the
      symptoms appear the rhinovirus infection may be fully developed, but such
      treatment may be useful for preventing the spread of the infection to
      other hosts.
PAR  The invention is illustrated but not limited by the following Examples in
      which Examples 6 and 16 illustrate the preparation of derivatives:
DETD
PAC  EXAMPLE 1
PAR  A nutrient medium was made up as follows:
TBL  Sodium nitrate          2.0 g.                                            

     Potassium dihydrogen phosphate                                            

                             1.0 g.                                            

     Magnesium sulphate heptahydrate                                           

                             0.5 g.                                            

     Potassium chloride      0.5 g.                                            

     Ferrous sulphate heptahydrate                                             

                             0.01 g.                                           

     Dextrose ("Cerelose" brand;                                               

     "Cerelose" is a Registered -Trade Mark)                                   

                             50.0 g.                                           

     Yeast extract ("Oxoid" brand;                                             

     "Oxoid" is a Registered                                                   

     Trade Mark)             1.0 g.                                            

     Minor element concentrate (see below)                                     

                             1.0 ml.                                           

     Distilled water to      1 liter                                           

PAR  The minor element concentrate was made up as follows:-
TBL  Ferrous sulphate heptahydrate                                             

                             1.0 g.                                            

     Copper sulphate pentahydrate                                              

                             0.15 g.                                           

     Zinc sulphate heptahydrate                                                

                             1.0 g.                                            

     Manganese sulphate tetrahydrate                                           

                             0.1 g.                                            

     Potassium molybdate     0.1 g.                                            

PAL  were dissolved in distilled water, with the addition of sufficient
      concentrated hydrochloric acid to give a clear solution, and finally
      diluted to 1 liter with distilled water.
PAR  The nutrient medium was adjusted to pH 5.8 with 10N aqueous potassium
      hydroxide and then autoclaved at 10 p.s.i. for 25 minutes. Sirodesmium
      diversum C.M.I. 102519 was grown at a temperature of 25.degree. in surface
      culture in 90 Thompson bottles each containing 1 liter of the nutrient
      medium. The product was harvested after 35 days and the culture filtrate
      (70 liters, pH.about.6.5) was extracted with toluene (2 .times. 14
      liters). The combined toluene extracts were dried with anhydrous sodium
      sulphate, and then evaporated at 60.degree.C./20 mm. The residue (7.1 g.)
      was washed with petroleum ether (b.p. 60.degree.-80.degree.C., 4 .times.
      25 ml.) and the washings were discarded to give the antiviral complex.
PAC  EXAMPLE 2
PAR  The antiviral complex from two runs of Example 1 were pooled (6.52 g.) and
      then split into 2 equal portions. Each portion was fractionated separately
      by dry-column chromatography, each column being prepared as follows:-
PAR  A 2 liter flask containing silica gel (900 g., Hopkins and Williams Ltd.,
      "Silica Gel M.F.C.") and water (100 ml.), was rotated at room temperature
      for 2 hours. Diethyl ether: ethyl acetate (3:2) (115 ml.) was added and
      the flask rotated for a further 3 hours. Finally, the silica gel was
      packed in a nylon sheath to give a dry column 90 cm. .times. 4 cm.
PAR  The complex was added to the top of the column in the minimum volume of
      ether: ethyl acetate (3:2) and the column was developed with the same
      solvent mixture until the solvent front reached the base of the column.
      Each column was excised into six equal sections and equivalent sections
      from the two columns were combined, then eluted with ethyl acetate:
      methanol (97:3) (3 .times. 500 ml.). Evaporation of the solvents yielded
      six fractions; fraction 1 was the least polar and fraction 6 was the most
      polar. Fractions 1-3 were discarded; fraction 4 contained Sirodesmins A
      and C together with less polar material, fraction 5 contained Sirodesmins
      A, B and C together with unwanted material, fraction 6 contained
      Sirodesmin B together with baseline material.
PAR  Fractions 4-6 were separated further as detailed below by preparative thin
      layer chromatography on silica gel G.F. (each plate 20 .times. 40 .times.
      0.1 cm.). Two solvent mixtures were used for development:- Solvent I was
      ethyl acetate: toluene (2:1), solvent II was formic acid: methanol;
      chloroform (1:4:95). The separated material was recovered by elution of
      the appropriate bands with ethyl acetate: methanol (97:3).
PAR  T.l.c. separation of dry column fraction 4 (780 mg. 8 plates, solvent I)
      gave fraction (i) (92 mg., mainly Sirodesmin A) and fraction (ii) (165
      mg., mainly Sirodesmins A and C). Further t.l.c. separation of fraction
      (i) (1 plate developed twice, solvent II) gave fraction (iii) (43 mg.,
      Sirodesmin A). Further t.l.c. separation of fraction (ii) (2 plates
      developed twice, solvent II) gave faction (iv) (36.4 mg., Sirodesmin A and
      a trace of Sirodesmin C) and fraction (v) (65 mg., Sirodesmin C
      contaminated with slight traces of Sirodesmins A and B).
PAR  T.l.c. separation of dry column fraction 5 (716 mg., 8 plates, solvent I)
      gave fraction (vi) (296 mg., mainly Sirodesmins A and C) which was
      separated further (6 plates, solvent II) to give fraction (vii) (63.4 mg.,
      mainly Sirodesmin A) and fraction (viii) (146 mg., mainly Sirodesmin C).
      Fractions (iv) and (Vii) were combined, then further separated (2 plates
      developed twice, solvent II) to give fraction (ix) (37 mg., Sirodesmin A).
      Fractions (iii) and (ix) were combined and dissolved in benzene (2 ml.),
      and petroleum ether (b.p. 60.degree.-80.degree.C.) was then added dropwise
      to the stirred solution to precipitate solid Sirodesmin A (68 mg.).
PAR  Fraction (viii) was further separated (1 plate developed twice, solvent II)
      to give a fraction (x) (68 mg., Sirodesmin C contaminated with slight
      traces of Sirodesmins A and B). Fractions (v) and (x) were combined and
      dissolved in ethyl acetate (2 ml.) and the solid Sirodesmin C (60 mg.) was
      recovered by precipitation with petroleum ether.
PAR  T.l.c. separation of dry column fraction 6 (6 plates, solvent II) gave
      fraction (xi) (193 mg., an oil, Sirodesmin B) which on treatment with
      benzene: petroleum ether yielded solid Sirodesmin B (113 mg.).
PAC  EXAMPLE 3
PAR  The antiviral complex (2.5 g.), obtained from a 90 liter fermentation, in
      dry pyridine (50 ml.), was treated with thionyl chloride (5.0 ml.) for 15
      minutes at 0.degree.C., then added to iced-water (500 ml.) and left for an
      additional 15 minutes. The mixture was adjusted to pH 2 with 2N. sulphuric
      acid, then extracted with chloroform (3 .times. 500 ml.). The extracts
      were dried over sodium sulphate, then concentrated to an oil (1.43 g.)
      which was applied to a "dry column" of silica gel (430 g.) prepared as
      follows:-
PAR  A 2 liter flask containing silica gel (1 kg., Hopkin and Williams Ltd.,
      Silica Gel M.F.C.) and water (120 ml.), was rotated at room temperature
      for 2 hours. Ethyl acetate: toluene (2:1) (112.5 ml.) was then added and
      the flask rotated for a further 3 hours. The column was developed with
      ethyl acetate: toluene (2:1), then excised into 9 portions each of which
      was eluted with ethyl acetate: methanol (97:3) (3 .times. 500 ml.). The
      fractions containing Sirodesmin A were pooled, then separated by t.l.c.
      (silica gel G.F., ethyl acetate: toluene (2:1) ) to give pure Sirodesmin A
      as an oil (218 mg.).
PAR  A second batch of petroleum washed toluene extract from a 90 liter
      fermentation was processed similarly and the two samples of Sirodesmin A
      (total 505 mg.) were pooled and dissolved in benzene (5 ml.). Solid
      Sirodesmin A (385 mg.) was pecipitated from the solution by dropwise
      addition of petroleum ether (b.p. 60.degree.-80.degree.C.).
PAC  EXAMPLE 4
PAR  Sirodesmin B (50 mg.) in dry pyridine (1.0 ml.) was treated with thionyl
      chloride (0.1 ml.) for 12 minutes at 0.degree.C., then added to iced-water
      (25 ml.) and left for 15 minutes. The solution was adjusted to pH 2 with
      2N.sulphuric acid, then extracted with chloroform (3 .times. 20 ml.). The
      extracts were dried over sodium sulphate, then concentrated to an oil
      (29.4 mg.) which was essentially Sirodesmin A but contained traces of
      Sirodesmin B and C. The crude product was purified by preparative t.l.c.
      on silica gel G.F. (solvent, formic acid: methanol: chloroform, 1:4:95) to
      yield Sirodesmin A as an oil (12.5 mg.).
PAC  EXAMPLE 5
PAR  Sirodesmin C (5.0 mg.) in dry pyridine (0.1 ml.) was treated with thionyl
      chloride (0.01 ml.) for 10 minutes at 0.degree.C., then added to
      iced-water (5 ml.) and left for 15 minutes. The solution was adjusted to
      pH 2 with 2N.sulphuric acid, then extracted with chloroform (3 .times. 5
      ml.). The extracts were dried over sodium sulphate, then concentrated to
      yield Sirodesmin A as an oil (4.3 mg.).
PAC  EXAMPLE 6
PAR  Sirodesmin A (250 mg.) in dry pyridine (9.5 ml.) was reacted with acetic
      anhydride (6.25 ml.) at room temperature in the absence of light for 1
      week, then treated with water (1.25 ml.) for 1 hour at 5.degree.C. The
      mixture was adjusted to pH 2 with 2N. sulphuric acid, then diluted with
      water (25 ml.) and extracted with ethyl acetate (4 .times. 50 ml.). The
      extracts were dried over sodium sulphate, then concentated to an oil (280
      mg.) which was purified by preparative silica gel t.l.c. (solvent:- formic
      acid: methanol: chloroform, 1:4:95). The major component so obtained was
      recrystallised twice from ethyl acetate: petroleum to give Sirodesmin A
      bis-acetate as pale yellow needles (127 mg.), m.p.
      186.degree.-189.degree.C.
PAC  EXAMPLE 7
PAR  A solution of Sirodesmin A (50 mg.) and sulphur (15 mg.) in pyridine (2
      ml.) was kept at room temperature in the dark for 24 hours, then
      evaporated to dryness at 35.degree.C. Sirodesmins A, B and C were obtained
      by preparative thin layer chromatography of the residue (1 plate silica
      gel GF, 40 .times. 20 .times. 0.1 cm.; solvent system-ethyl acetate:
      toluene, 2:1).
PAC  EXAMPLE 8
PAR  A culture grown as described in Example 1 was harvested after 28 days and
      the filtrate (70 l.) was extracted with chloroform (2 .times. 14 l.) dried
      over anhydrous sodium sulphate and evaporated under reduced pressure to
      give the antiviral complex. Toluene, methanol, chloroform and water were
      shaken together in the ratio by volume of 9:9:4:4 respectively to give a
      2-phase system (upper and lower). The antiviral complex (15 g.) was
      dissolved in the lower phase (300 ml.) and this solution and then two
      further portions (300 ml.) of lower phase were shaken with upper phase (2
      .times. 100 ml.). The combined lower phases (900 ml.) were evaporated to
      dryness and the residue was dissolved in the lower phase (100 ml.) of a
      second two phase system prepared by shaking light petroleum (b.p.
      60.degree.-80.degree.C.), toluene, methanol and water in the ratio by
      volume of 2:3:4:1 respectively. This solution and a second portion of the
      lower phase of the second two-phase system (100 ml.) were shaken
      successively with upper phase (2 .times. 100 ml.) and the combined lower
      phases (200 ml.) were evaporated to dryness. The residue (10 g.) was
      chromatographed on deactivated silica gel (850 g.) [prepared by treating
      portions of silica gel (250 g.) with water (30 ml.) and mixing thoroughly
      in a screw-capped bottle by rolling on a ball mill] and the fractions
      which were eluted were further purified by multiple preparative thin layer
      chromatography on silica gel G.F. in which after each run, the relevant
      material was isolated from the plate in the usual way and reapplied to a
      further plate before being developed. The results of the chromotography
      are displayed in the following Table:-
TBL  Column            T.l.c.   Compound                                       

     Chromatography    Chromatography                                          

                                Isolated                                       

     __________________________________________________________________________

     Fraction                                                                  

          Developing Solvent                                                   

                       Developing                                              

     No.               Solvent(s)                                              

     % Ethyl acetate                                                           

                   Volume                                                      

     in toluene    (1)                                                         

     __________________________________________________________________________

     1    20       4.5                                                         

     2    30       2.0                                                         

     3    30       1.7 a,b      Sirodesmin G                                   

     4    40       3.6 b,b,b,c  Sirodesmin F                                   

                       b,b,b,b,c,c,b,c                                         

                                Sirodesmin E                                   

                       b,a,b    Sirodesmin D                                   

     5    40       1.0 b.a      Sirodesmin H                                   

     6    50       1.4 b        Sirodesmin A                                   

     7    50       5.0 b,b      Sirodesmin A                                   

                       d,b*     Sirodesmin C                                   

     8    50       1.4                                                         

     9    100      1.8                                                         

     10   100      5.6 **       Sirodesmin B                                   

     __________________________________________________________________________

      a Toluene: ethyl acetate 1:2                                             

      b Chloroform: methanol: formic acid 95:4:1                               

      c Chloroform: ethyl acetate 1:1                                          

      d Chloroform: methanol 95:5                                              

       *Final purification using solvent b as this inhibits the                

      disproportionation reaction during chromatography of Sirodesmin C into a 

      mixture of Sirodesmins A and B.                                          

      **Purified on a column of 225 g. of deactivated silica developed with    

      chloroform.                                                              

PAC  EXAMPLE 9
PAR  To a solution of the purified antiviral complex (11 g.) (prepared as
      described in Example 8 by solvent partition) in pyridine (30 ml.) was
      added a cold solution of SO.sub.2 in pyridine (prepared by bubbling
      SO.sub.2 into 51 ml. of pyridine until the volume was 62 ml.). After 1/2
      hour at room temperature, the reaction mixture was poured onto ice and the
      pH adjusted to 2 with 2NHCl (410 ml.). The mixture was extracted with
      chloroform, and the chloroform washed, dried and evaporated to give a
      residue (8.9 g.) which was chromatographed on deactivated silica gel, with
      the following results:-
TBL  Development            Fraction Weight                                    

     Fraction                                                                  

            % Ethyl acetate         (g)                                        

     No.    in toluene   Volume (1)                                            

     ______________________________________                                    

     1      40           1.1                                                   

     2      40           1.6        1.2                                        

     3      40           0.5                                                   

     4      40           0.9        0.88                                       

     5      40           1.1                                                   

                                    2.5                                        

     6      70           1.6                                                   

     ______________________________________                                    

PAR  Fraction 2 was purified by preparative thin layer chromatography on silica
      gel GF, first using CHCl.sub.3 : CH.sub.3 OH: HCOOH 95:4:1 as solvent to
      separate the high and low R.sub.f fractions. The low R.sub.f fractions
      were further purified by preparative t.l.c. using ethyl acetate:
      CHCl.sub.3 7:3 as solvent to give Sirodesmin J.
PAR  The high R.sub.f fractions were purified by preparative t.l.c. using
      CHCl.sub.3 : CH.sub.3 OH: HCOOH 95:4:1 as solvent followed by toluene:
      ethyl acetate 1:2 as solvent to give Sirodesmin G.
PAR  Fractions 5 and 6 were combined and chromatographed on a column of
      deactivated silica gel (288 g.) with chloroform to give Sirodesmin A.
PAC  EXAMPLE 10
PAR  The residue from the chloroform extract described in Example 9 (4.46 g.)
      was dissolved in methanol (400 ml.) containing concentrated HCl (4 ml.)
      and the solution allowed to stand 40 hours at room temperature. The
      solution was evaporated to 35 ml. and water (35 ml.) added. the mixture
      was extracted with a mixture of light petroleum (b.p.
      60.degree.-80.degree.C.) and toluene (2:3, 2 .times. 20 ml.) and these
      extracts and some unsoluble matter discarded. The remaining aqueous phase
      was extracted with chloroform, the chloroform evaporated and the residue
      divided into equal portions.
PAR  One portion (1.15 g.) was chromatographed on deactivated silica gel as
      follows:-
TBL                              Solvent                                       

     Fraction No.                                                              

                 Solvent         Volume (ml.)                                  

     ______________________________________                                    

     1         Toluene: Ethyl acetate                                          

                                 370                                           

               1:1                                                             

     2         CHCl.sub.3        480                                           

     3         CHCl.sub.3        870                                           

     ______________________________________                                    

PAR  The residue from fraction 3 was recrystallised from acetone to give
      Desacetylsirodesmin A, m.p. 199.degree.-201.degree.C.
PAR  The other portion of crude product was crystallised from acetone to give
      Desacetylsirodesmin A, m.p. 198.degree.-201.degree.C.
PAC  EXAMPLE 11
PAR  A nutrient medium made up as described in Example 1 was adjusted to pH 5.6
      with 10N aqueous potassium hydroxide and then autoclaved at 10 p.s.i. for
      25 minutes. Sirodesmium diversum C.M.I. 102519 was grown at a temperature
      of 25.degree.C. in 500 ml. conical flasks, each containing 150 mls. of the
      medium, on a rotary shaker. After 4 days, 12 mls. of the broth was used to
      innoculate each of a further number of shake flasks containing the same
      amount of the same medium. After 12 days under the same conditions of
      growth the flasks were harvested. The filtrate (50 ml.) was adjusted to pH
      6.0 and extracted twice with half its volume of chloroform. The combined
      extracts were evaporated to give the antiviral complex.
PAC  EXAMPLE 12
PAR  Sirodesmium diversum C.M.I. 102519 was grown at a temperature of
      25.degree.C. in 2 liter conical flasks on a rotary shaker, each flask
      containing 1 liter of a nutrient medium made up as described in Example
      11. After three days, 3 liters of the broth was used to innoculate 30
      liters of a nutrient medium made up as follows:-
TBL  Glycerol               40.0 g.                                            

     Sodium nitrate         2.21 g.                                            

     Potassium dihydrogen phosphate                                            

                            5.0 g.                                             

     Magnesium sulphate heptahydrate                                           

                            1.0 g.                                             

     Distilled water to 1.0 1.                                                 

PAR  The nutrient medium was autoclaved at 15 p.s.i. for 25 minutes. The pH of
      the medium was not adjusted, and the pH of the sterilized medium was 4.9.
PAR  The medium was contained in a glass and stainless steel fermenter of 40
      liters capacity. Sterile air was supplied at 15 l./minute and the contents
      agitated by a 4-bladed turbine driven at 380 r.p.m., no baffling being
      used. An antifoam agent, propylene glycol 750, was added when required.
PAR  After 15 days, the pH of the broth was 6.7. The pH was adjusted tp 6.0, the
      filtrate from the broth was extracted with chloroform, and the chloroform
      evaporated to give the antiviral complex.
PAC  EXAMPLE 13
PAR  A solution of Sirodesmin A (0.083 g.) in methanol (100 ml.) containing
      concentrated HCl (1 ml.) was allowed to stand in the dark at room
      temperature for 4 days, then evaporated to dryness below 20.degree.C.
      Methanol was added to the residue and the solution was evaporated to
      remove the last traces of HCl. The residue was purified by preparative
      thin layer chromatography on silica gel GF using CHCl.sub.3 : CH.sub.3 OH:
      HCOOH 95:4:1 as solvent to give Desacetylsirodesmin A, m.p.
      198.degree.-201.degree.C. on recrystallisation from ethyl
      acetate/petroleum ether.
PAC  EXAMPLE 14
PAR  A solution of Sirodesmin A (0.15 g.) and triphenyl phosphine (0.078 g.) in
      chloroform was allowed to stand 4 hours at room temperature and then
      evaporated to dryness. The residue was purified by preparative thin layer
      chromatography on silica gel GF using CHCl.sub.3 : CH.sub.3 OH: HCOOH
      95:4:1 as solvent to give Sirodesmin monosulphide, obtained as a gel which
      dried as a colourless powder by precipitating it from an ethyl acetate
      solution with petroleum ether.
PAC  EXAMPLE 15
PAR  Sirodesmin G (0.1 g.) was dissolved in methanol (100 ml.) containing
      concentrated HCl (1 ml.) and the solution was allowed to stand for 3 days
      at ambient temperature in the dark. The solvent was distilled off and the
      residue purified by preparative thin layer chromatography on silica gel GF
      using 5 percent methanol/chloroform as developing solvent to give
      Desacetylsirodesmin G, m.p. 195.degree.-196.5.degree.C. on
      recrystallisation from acetone.
PAC  EXAMPLE 16
PAR  Sirodesmin G (0.044 g.) was dissolved in a mixture of pyridine (2 ml.) and
      acetic anhydride (1 ml.) and the solution was allowed to stand in the dark
      for 9 days at room temperature. The solution was cooled in ice/salt, cold
      water (0.4 ml.) added and the mixture allowed to stand for 4 hours. After
      addition of 3N H.sub.2 SO.sub.4 (60 ml.) the mixture was extracted with
      ethyl acetate (3 .times. 25 ml.) and the combined extracts washed with
      water (50 ml.), 5 percent NaHCO.sub.3 solution (2 .times. 50 ml.) and
      again water (50 ml.). The organic layer was evaported, and the residue
      recrytallised from ethyl acetate/petroleum ether to give Sirodesmin G
      bisacetate, m.p. 159.degree.-159.5.degree.C.
PAC  EXAMPLE 17
PAR  An intranasal spray formulation of Sirodesmin A is made up using the
      following constituents:-
     Sirodesmin A        6 mg.                                                 

     Thimerosal          2 mg.                                                 

     Methyl p-hydroxybenzoate                                                  

                         80 mg.                                                

     Propyl p-hydroxybenzoate                                                  

                         20 mg.                                                

     Sodium phosphate    500 mg.                                               

     EDTA disodium salt  5 mg.                                                 

     Pyrogen-free distilled water to 100 ml.                                   
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PAR  1. A compound of the formula:-
      ##SPC2##
PAL  wherein n is 2 and either R.sup.1 is acetyl and R.sup.2 is hydrogen or
NUM  2.
PAR  2. Sirodesmin A having formula I set out in claim 1 wherein n is 2, R.sup.1
      is acetyl and R.sup.2 is hydrogen.
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ABST
PAL  New tricyclic fused imidazole derivatives of the general formula (I),
      ##SPC1##
PAL  wherein
PA1  R.sub.1 stands for hydrogen or hydroxy,
PA1  n is equal to zero or one,
PA1  m is equal to zero, one or two,
PA1  A stands for a group of the general formula (II),
      ##EQU1##
        wherein R.sub.2 represents hydrogen or hydroxy,
PA2  R.sub.3 represents hydrogen or amino, or
PA2  Q and Z each stand for nitrogen or a =C-- group, or
PA1  A stands for a group of the general formula (III),
      ##EQU2##
       wherein R.sub.4 and R.sub.5 each represent hydrogen, methyl, chlorine or
      nitro,
PAL  Were prepared by reacting a compound of the general formula (IV)
      ##SPC2##
PAL  wherein A and n each have the same meanings as defined above, with a
      compound of the general formula (V),
      ##EQU3##
      wherein X stands for halogen, R.sub.6 stands for hydrogen and R.sub.7
      stands for a group of the general formula (VI),
EQU  --(CH.sub.2).sub.m --X                                     (VI)
PAL  in which m and X each have the same meanings as defined above, or R.sub.6
      and R.sub.7 together stand for oxygen. The reaction is carried out
      optionally in the presence of a base. The compounds of the general formula
      (I) can be converted into their acid addition salts.
PAL  The compounds of the general formula (I) as well as their acid addition
      salts exert antipyretic and antiphlogistic activities, inhibit the
      reproduction of viruses, and exert a protecting effect against albumine
      shock.
BSUM
PAR  This invention relates to new tricyclic fused imidazole derivatives and
      acid addition salts thereof, and a process for the preparation of these
      compounds.
PAR  The compounds according to the invention correspond to the general formula
      (I)
      ##SPC3##
PAL  wherein
PA1  R.sub.1 stands for hydrogen or hydroxy,
PA1  n is equal to zero or one,
PA1  m is equal to zero, one or two,
PA1  A stands for a group of the general formula (II),
      ##EQU4##
       wherein R.sub.2 represents hydrogen or hydroxy,
PA2  R.sub.3 represents hydrogen or amino, and
PA2  Q and Z each stand for nitrogen or a =CH-- group, or
PA1  A stands for a group of the general formula (III),
      ##EQU5##
       wherein R.sub.4 and R.sub.5 each represent hydrogen, methyl, chlorine or
      nitro.
PAR  We have found that the compounds of the general formula (I) possess
      valuable pharmacological properties. More particularly, these compounds
      exert antipyretic and antiphlogistic activities, inhibit the reproduction
      of viruses, and exert a protecting effect against albumine shock.
PAR  As regards the antipyretic and antiphlogistic activities, compounds of the
      general formula (I), wherein A stands for a group of the general formula
      (II) and R.sub.2 and R.sub.3 each represent hydrogen or R.sub.2 stands for
      hydroxy and R.sub.3 stands for amino, or A represents a group of the
      general formula (III), wherein R.sub.4 and R.sub.5 are the same and stand
      for hydrogen of methyl, are the most advantageous ones. Of these compounds
      3,4-dihydro-2H-(1,3)-thiazino[3,2-a]pyrido[3,2-d]imidazole is the most
      active one.
PAR  A protecting effect against albumine shock is exerted primarily by the
      compounds that contain a group of the general formula (III) as A
      substituent and hydroxy as R.sub.1 substituent. Of these compounds
      3,4-dihydro-3-hydroxy-2H-(1,3)-thiazino[3,2-a]benzimidazole proved to be
      the most active one.
PAR  As regards the inhibiting effect exerted on the reproduction of viruses,
      compounds of the general formula (I) wherein R.sub.1 stands for hydroxy
      proved to be the most advantageous. In this group
      3,4-dihydro-3-hydroxy-7,8-dimethyl-2H-(1,3)-thiazino[3,2-a]benzimidazole
      shows the most potent effect.
PAR  The antipyretic effect of the compounds was examined according to the
      method of Winder (C. V. Winder et al.: Pharmac. exp. Ther. 138, 405
      (1963)). A 15 % yeast suspension was administered in a dosage of 1 ml./100
      g. body weight to male rats each weighing 210 .+-. 10 g. No food was given
      to the animals, they could consume water, however, ad libitum. 16 Hours
      after the administration of yeast, the body temperature of the animals was
      taken, and the compound to be tested was administered into the animals
      orally through a tube. Thereafter the change in rectal temperature of the
      animals was recorded for 5 hours, using an "Elab" type electrothermometer.
      During this period no water was given to the animals. The results of the
      experiments carried out with
      3,4-dihydro-2H-(1,3)-thiazino[3,2-a]pyrido[3,2-d]imidazole are summarized
      in Table 1. As the reference substance, phenacetine, a widely applied
      antipyretic was used.
TBL                Table 1                                                     

     ______________________________________                                    

     Substance   Dosage  Temperature change observed                           

               mg./kg.                                                         

                     1       2       3    4    5                               

                   hours after treatment, .degree.C                            

     ______________________________________                                    

     3,4-dihydro-2H-                                                           

                 60      -1.2    -1.1  -1.0 -0.5 -0.6                          

     (1,3)-thiazino-                                                           

     [3,2-a]pyrido-                                                            

                 120     -1.8    -1.4  -1.8 -1.8 -1.1                          

     [3,2-d]imidazole                                                          

     Phenacetine 60      -1.3    -1.2  -1.5 -0.7 -1.0                          

                 120     -1.7    -2.1  -2.4 -1.6 -1.4                          

     ______________________________________                                    

PAR  The protecting effect against the anaphylaxic shock caused by albumine was
      examined by Herxheimer's method (H. Herxheimer and E. Szersemann: Arch.
      int. Pharmacodyn. 125, 265 (1960)). Guinea pigs, each weighing 300 to 400
      g., were senzibilized by the intraperitoneal administration of a 5 %
      eggalbumine solution. This treatment was repeated on the next day. Two
      weeks after the senzibilization, a 5% albumine solution was inhalated by
      the animals in the form of an aerosol, and the time elapsed until the
      development of shock was measured. The compound to be tested was
      administered intraperitoneally in a dosage of 20 mg./kg. 30 minutes before
      the aerosol treatment. The test was carried out on groups each consisting
      of 6 animals. The animals showing no dyspnoe for 10 minutes were
      considered as being protected. In this test
      3,4-dihydro-3-hydroxy-2H-(1,3)-thiazino[3,2-a]benzimidazole, in a dosage
      of 20 mg./kg., exerted a protective effect of 80%. The ED.sub.50 value of
      theophylline was 17 mg./kg. in the same test. On the basis of these
      results 3,4-dihydro-3-hydroxy-2H-(1,3)-thiazino[3,2-a]benzimidazole can be
      regarded as an active therapeutic for the treatment of bronchial asthma.
PAR  The inhibiting effect exerted on virus reproduction was examined by the
      plaque method (S. Pacsa, O. Hankovszky, K. Hideg: Acta microbiol. Acad.
      Sci Hung. 12, 215 /1965/; S. Pacsa, O. Hankovszky, K. Hideg: Nature 208,
      409 /1965/). The tests were carried out on HEp-2 cell cultures propagated
      in a McCoy culture liquid containing 10% of inactivated bovine serum.
      Monolayers of the culture were formed by introducing 5.times.10.sup.5 or
      10.sup.6 HEp-2 cells per dish into Petri dishes of 3 cm. or 5 cm.
      diameter, respectively, and incubating the system for 2 to 3 days at
      37.degree.C. Thereafter the culture liquid was removed and the monolayers
      were inoculated with 20 to 150 PFU (plaque forming units) of a polio 1
      virus of Mahoney strain. After an absorption period of one hour at room
      temperature the cell cultures were covered with F-11 culture liquid
      containing agar and 0.5 % of bovine serum. 4 to 8 Petri dishes were used
      for the examination of each compound, adding the compounds in different
      concentrations to the individual dishes. The results were evaluated on the
      third and fourth days of incubation. In this test the inhibiting effect of
      3,4-dihydro-3-hydroxy-7,8-dimethyl-2H-(1,3)-thiazino[3,2-a]benzimidazole
      varied between 50 to 95%, depending on the concentration.
PAR  The compounds of the general formula (I), wherein R.sub.1, n, m, and A each
      have the same meanings as defined above, and the acid addition salts
      thereof can be prepared according to the invention by reacting a compound
      of the general formula (IV)
      ##SPC4##
PAL  wherein A and n each have the same meanings as defined above, with a
      compound of the general formula (V),
      ##EQU6##
      wherein X stands for halogen, R.sub.6 stands for hydrogen and R.sub.7
      stands for a group of the general formula (IV),
EQU  --(CH.sub.2).sub.m -- X                                    (VI)
PAL  in which m and X each have the same meanings as defined above, or R.sub.6
      and R.sub.7 together stand for oxygen, optionally in the presence of a
      base, preferably an alkali or alkaline earth metal hydroxide, and if
      desired, converting the obtained free bases into their acid addition
      salts, or alternately, converting the obtained salts into the free bases,
      and, if desired, separating the isomeric mixtures formed optionally into
      the pure isomers.
PAR  The compounds of the general formula (IV) may also exist in their
      tautomeric forms, obtained by the migration of the hydrogen atom to the
      other nitrogen atom of the imidazole ring and the simultaneous
      rearrangement of the double bond. Such a tautomeric rearrangement occurs
      when e.g. the hydrogen attached to the sulfur atom of the side chain
      migrates to the nitrogen of the ring, and the double bond is shifted
      simultaneously between the sulfur atom and the adjacent carbon atom. The
      thus formed thione compound is rearranged thereafter into the more stable
      thiol form, but in this rearrangement, either of the hydrogens attached to
      the ring nitrogens may migrate to othe sulfur atom. As a consequence of
      these rearrangement reactions, the compound of the general formula (IV)
      may exist in the form of two isomeric thiols.
PAR  If group A is symmetric, that is, the R.sub.2, R.sub.3 and Q, Z pairs in
      formula (II), or the R.sub.4, R.sub.5 pair in group (III) have the same
      meaning, the tautomeric thiol forms are the same in structure, i.e., the
      tautomery is only apparent. Otherwise, i.e., when group A is asymmetric,
      the compounds of the general formula (IV) exist in the form of two
      isomeric thiols, in a concentration ratio depending on the tautomeric
      equilibrium constant.
PAR  If the starting compounds of the general formula (IV) contain an asymmetric
      A substituent, the end-products of the general formula (I) obtained
      therefrom may also be mixtures of two isomers with the same empirical
      formula.
PAR  Groups (II) and (III), represented by substituent A, may be attached to the
      imidazole ring in compounds (I) and (IV) in two ways, and these two
      possibilities represent the structures of the isomers existing as a
      consequence of the above tautomeric rearrangement.
PAR  For the sake of clarity, each of the compounds (IV) and (I) that conatin an
      asymmetric A substituent is referred to in the specification and the
      claims as a single compound, under the name of the isomeric form that is
      more probable on the basis of the inductive effects of the substituents.
PAR  The acid binding agent and the reactant of the general formula (V) can be
      added to the reaction mixture in any desired sequence. Preferably, the
      base acting as acid binding agent is added first, and then the reactant of
      the general formula (V) is added.
PAR  The organic or mineral base can be administered in solid state or in the
      form of a solution or suspension formed with water or an aqueous organic
      solvent.
PAR  According to an advantageous method of the invention the separation of the
      halide salt by-product in the form of an insoluble precipitate from the
      end-product is promoted by an appropriate ratio of water and the organic
      solvent.
PAR  The reaction of the compound having the general formula (IV) with a
      compound of the general formula (V) in the presence of an acid binding
      agent is generally carried out at elevated temperatures, preferably at the
      boiling point of the reaction mixture. The reaction is completed when the
      inorganic halide ceases to separate.
PAR  An acid binding agent, preferably an alkali or alkaline earth metal
      hydroxide, such as sodium hydroxide, potassium hydroxide, hydrated lime
      oxide, etc. is used.
PAR  The compounds of the general formula (I) can be separated from the halide
      salt by-product e.g. by filtration or centrifugation. Thereafter the
      solvent is removed from the solution containing the end-product preferably
      by evaporation to dryness under reduced pressure. If desired, the
      thus-obtained free base can be purified, e.g., by recrystallization from a
      suitable solvent, such as, an alcohol, acetone, ether, etc.
PAR  Any of the free bases of the general formula (I) can be converted into its
      acid addition salt by reacting it with an appropriate organic or mineral
      acid.
PAR  The salt formation can be carried out directly in the reaction mixture
      where the bases of the general formula (I) were formed. In this instance,
      the end-products are separated in the form of their salts formed with
      mineral or organic acids.
PAR  The optionally formed isomeric mixtures or acid addition salts thereof can
      be separated by known methods to yield the individual isomers in pure
      state. The separation methods are based on the differences in the physical
      or chemical properties of the respective isomers.
PAR  The compounds of the invention can be converted into pharmaceutical
      products using organic or mineral carriers which are inert towards the
      active agents and suitable for enteral or parenteral administration.
PAR  The pharmaceutical compositions may contain the new compounds of the
      general formula (I) either alone or in combination with other known active
      agents.
PAR  If desired, the pharmaceutical products can be sterilized or admixed with
      other auxiliary substances, such as, salts influencing the osmotic
      pressure, buffers, etc.
DETD
PAR  The invention is elucidated in detail by the aid of the following
      non-limiting Examples.
PAC  EXAMPLE 1
PAC  3,4-Dihydro-2H-(1,3)-thiazino[3,2-a]benzimidazole
PAR  15.0 g. (0.1 moles) of 2-mercapto-benzimidazole are suspended in 100 ml. of
      alcohol, and a solution of 8 g. (0.2 moles) of sodium hydroxide in 10 ml.
      of water is added. Thereafter 15.7 g (0.1 moles) of
      1,3-chloro-bromo-propane are added to the obtained solution, and the
      mixture is refluxed for about 3 hours. At the end of the reaction the
      mineral salts cease to separate.
PAR  The separated mineral salts are removed by filtration and washed with a
      minimum amount of alcohol. The combined filtrate and wash is evaporated to
      dryness under reduced pressure to yield 12.0 g. (63 %) of
      3,4-dihydro-2H-(1,3)-thiazino[3,2-a]benzimidazole; m.p.:
      146.degree.-147.degree.C (heating rate: 4.degree.C/min.) After
      recrystallization from alcohol, the product melts at
      147.degree.-148.degree.C.
PAR  Analysis: Calculated for C.sub.10 H.sub.10 N.sub.2 S (190.26): C: 63.13 %,
      H: 5.30 %, N: 14.72 %, S: 16,85 %, Found: C: 63.15 % H: 5.36 % N: 14.70 %
      S: 16.20 %.
PAC  EXAMPLE 2
PAC  3,4-Dihydro-2H-(1,3)-thiazino[3,2-a]benzimidazole hydrochloride
PAR  The base obtained as described in Example 1 is dissolved in a mixture of
      alcohol and acetone, and the solution is acidified to pH 3 with
      hydrochloric acid. The separated crystals are filtered off, washed and
      dried. This way 15,7 g. (90 %) of
      3,4-dihydro-2H-(1,3)-thiazino[3,2-a]benzimidazole hydrochloride are
      obtained; m.p.: 198.degree.-199.degree.C.
PAR  Analysis: Calculated for C.sub.10 H.sub.10 N.sub.2 S.HCl (226.73): C:
      52.98%, H: 4.89%, N: 12.36%, S: 14.14%, Cl:15.63%; Found: C: 53.05%, H:
      5.20%, N: 12.13%, S: 14.00%, Cl:15.93%.
PAR  NMR-spectrum (in D.sub.2 O):
PA1  7.25 (2h, m, =N--CH.sub.2 --CH.sub.2 --CH.sub.2 --S--)
PA1  6.30 (2h, t, =N--CH.sub.2 --CH.sub.2 --CH.sub.2 --S--)
PA1  5.52 (2h, t, =N--CH.sub.2 --CH.sub.2 --CH.sub.2 --S--)
PA1  2.34 (4h, s, aromatic protons)
PAC  EXAMPLE 3
PAC  4,5-Dihydro-1H,3H-(1,4)-thiazepino[4,3-a]benzimidazole
PAR  16.4 G. (0.1 moles) of 2-mercapto-methylene-benzimidazole are dissolved in
      100 ml of methanol, and 11.2 g. (0.2 moles) of potassium hydroxide
      dissolved in a small amount of methanol are added, followed by 15.7 g.
      (0.1 moles) of 1,3-chloro-bromo-propane. The reaction mixture is refluxed
      for 3 hours. At the end of the reaction, the mineral salts cease to
      separate.
PAR  The product is separated as described in Example 1. 15.1 G. (74 %) of
      4,5-dihydro-1H,3H-(1,4)-thiazepino[4,3-a]benzimidazole are obtained; m.p.:
      155.degree.-157.degree.C (heating rate: 4.degree.C/min.)
PAR  Analysis: Calculated for C.sub.11 H.sub.12 N.sub.2 S (204.29): C: 64.67%,
      H: 5,92%, N: 13.17% S: 15.70%; Found: C: 64.55%, H: 5.55%, N: 13.15%, S:
      15.44%.
PAC  EXAMPLE 4
PAC  4,5-Dihydro-1H,3H-(1,4)-thiazepino[4,3-a]benzimidazole hydrochloride
PAR  One proceeds as described in Example 2 with the difference that the base
      obtained in Example 3 is used as a starting substance. The product melts
      at 172.degree.-174.degree.C (heating rate: 4.degree.C/min.)
PAR  Analysis: Calcualted for C.sub.11 H.sub.12 N.sub.2 S.HCl (240.75): C:
      53.88%, H:5.44%, N: 11.63%, S: 13.32%, Cl: 14.73%; Found: C: 54.66%, H:
      5.50%, N:11.90%, S: 13.25%, Cl: 14.44%.
PAC  EXAMPLE 5
PAC  3,4-Dihydro-3-hydroxy-7,8-dimethyl-2H-(1,3)-thiazino-[3,2-a]benzimidazole
PAR  17.8 G. (0.1 moles) of 2-thiol-5,6-dimethyl-benzimidazole are suspended in
      150 ml of ethanol, and a solution of 4.0 g. (0.1 moles) of sodium
      hydroxide formed with 10 to 15 ml. of water is added. 9.2 G. (0.1 moles)
      of epichlorohydrine are added to the obtained solution, and the reaction
      mixture is refluxed for 3 hours.
PAR  The reaction mixture is processed as described in Example 1 to yield 20.3
      g. (87 %) of
      3,4-dihydro-3-hydroxy-7,8-dimethyl-2H-(1,3)-thiazino[3,2-a]benzimidazole;
      m.p.: 266.degree.-267.degree.C (heating rate: 4.degree.C/min.).
PAR  Analysis: Calculated for C.sub.12 H.sub.14 N.sub.2 OS (234.32): C: 61.51%,
      H: 6.02%, N: 11.96%, S: 13.69%; Found: C: 61.56% H: 6.13% N: 12.00% S:
      13.36%.
PAR  NMR-spectrum (in trifluoroacetic acid):
PA1  7.48 (6H, s, --/CH.sub.3 /.sub.2)
PA1  6.20 (2h, m, =N--CH.sub.2 --CH--CH.sub.2 --S--)
PA1  5.30 to 5.50 (2H, m, =N--CH.sub.2 --CH--CH.sub.2 --S--)
PA1  4.65 to 4.85 (1H, m, =N--CH.sub.2 --CH--CH.sub.2 --S--)
PA1  2.50 (1h, s, aromatic proton)
PA1  2.58 (1H, s, aromatic proton)
PAC  EXAMPLE 6
PAC  3,4-Dihydro-3-hydroxy-7,8-dimethyl-2H-(1,3)-thiazino[3,2-a]benzimidazole
      hydrochloride
PAR  One proceeds as described in Example 2 with the difference that the
      compound obtained according to Example 5 is used as starting substance.
      The product melts at 272.degree.-274.degree.C (heating rate: 4.degree.
      C/min.).
PAR  Analysis: Calculated for C.sub.12 H.sub.14 N.sub.2 OS.HCl (270.78): C:
      53.23%, H: 5.58%, N: 10.35%, S: 11.84%, Cl: 13.10%; Found: C: 53.24%, H:
      6.01%, N: 10.54%, S: 12.07%, Cl: 13.14%.
PAR  In the following Examples, the bases are prepared as described in Examples
      1, 3 or 5, while the acid addition salts are prepared as described in
      Example 2.
PAC  EXAMPLE 7
PAC  2,3-Dihydro-(1,3)-thiazolo[3,2-a]benzimidazole
PAR  The compound melts at 239.degree.-240.degree.C (heating rate:
      4.degree.C/min.).
PAR  Analysis: Calculated for C.sub.9 H.sub.8 N.sub.2 S (178.12): C: 61.34%, H:
      4.57%, N: 15.90%, S: 18.19%; Found: C: 60.59%, H: 4.60%, N: 15.69%, S:
      18.62%.
PAC  EXAMPLE 8
PAC  2,3-Dihydro-(1,3)-thiazolo[3,2-a]benzimidazole hydrochloride
PAR  The compound melts at 217.degree.-219.degree.C (heating rate:
      4.degree.C/min.).
PAR  Analysis: Calculated for C.sub.9 H.sub.8 N.sub.2 S.HCl (212.70): C: 50.82%,
      H: 4.26%, N: 13.17%, S: 15.08%, Cl: 16.67%; Found: C: 50.75%, H: 4.39%, N:
      13.17%, S: 14.83%, Cl: 16.84%.
PAR  NMR-spectrum (in D.sub.2 O): 6.07 (4H, s, --CH.sub.2 --CH.sub.2 --), 2.40
      (4H, s, aromatic protons)
PAC  EXAMPLE 9
PAC  4,5-Dihydro-2H,3H-(1,3)-thiazepino[3,2-a]benzimidazole hydrochloride
PAR  The compound melts at 128.degree.-129.degree.C (heating rate:
      4.degree.C/min.).
PAR  Analysis: Calculated for C.sub.11 H.sub.12 N.sub.2 S.HCl (240.75): C:
      54.88%, H: 5.44%, N: 11.64%, S: 13.32%, Cl: 14.72%, Found: C: 54.30%, H:
      5.24%, N: 11.72%, S: 13.28%, Cl: 15.10%.
PAC  EXAMPLE 10
PAC  3,4-Dihydro-3-hydroxy-2H-(1,3)-thiazino[3,2-a]benzimidazole
PAR  The compound melts at 214.degree.-215.degree.C (heating rate:
      4.degree.C/min.).
PAR  Analysis: Calculated for C.sub.10 H.sub.10 N.sub.2 S (206.26): C: 58.23%,
      H: 4.89%, N: 13.58%, S: 15.54%; Found: C: 58.33%, H: 5.21%, N: 13.42%, S:
      15.22%.
PAR  NMR-spectrum (in trifluoroacetic acid):
PA1  6.20 (2H, m, =N--CH.sub.2 --CH--CH.sub.2 --S--)
PA1  5.36 (2h, m, =N--CH.sub.2 --CH--CH.sub.2 --S--)
PA1  4.75 (1h, m, =N--CH.sub.2 --CH--CH.sub.2 --S--)
PA1  2.83 (4h, s, aromatic protons)
PAC  EXAMPLE 11
PAC  3,4-Dihydro-3-hydroxy-2H-(1,3)-thiazino[3,2-a]benzimidazole hydrochloride
PAR  The compound melts at 211.degree.-212.degree.C (heating rate:
      4.degree.C/min).
PAR  Analysis: Calculated for C.sub.10 H.sub.10 N.sub.2 S.HCl (242.73): C:
      49.48%, H: 4.57%, N: 11.54%, S: 13.21%, Cl: 14.61%; Found: C: 49.44%, H:
      4.93%, N: 11.44%, S: 13.37%, Cl: 14.45%.
PAR  NMR-spectrum (in D.sub.2 O):
PA1  6.22 (2h, t, =N--CH.sub.2 --CH--CH.sub.2 --S--)
PA1  5.46 (2h, t, =N--CH.sub.2 --CH--CH.sub.2 --S--)
PA1  4.95 (1h, m, =N--CH.sub.2 CH--CH.sub.2 --S--)
PA1  2.33 (4h, s, aromatic protons)
PAC  EXAMPLE 12
PAC  4,5-Dihydro-4-hydroxy-1H,3H-(1,4)-thiazepino[4,3-a]benzimidazole
PAR  The compound melts at 231.degree.-233.degree.C (heating rate:
      4.degree.C/min.)
PAR  Analysis: Calculated for C.sub.11 H.sub.12 N.sub.2 OS (220.29): C: 59.97%,
      H: 5.49%, N: 12.72%, S: 14.56%; Found: C: 60.44%, H: 5.47%, N: 12.76%, S:
      14.20%.
PAR  NMR-spectrum (in trifluoroacetic acid):
PA1  6.48 (2H, m, =N--CH.sub.2 --CH--CH.sub.2 --S--)
PA1  5.58 (2h, s, --CH.sub.2 --S--)
PA1  4.80 to 5.38 (3H, m, = N--CH.sub.2 --CH--CH.sub.2 --S--)
PA1  2.20 (4h, s, aromatic protons)
PAC  EXAMPLE 13
PAC  4,5-Dihydro-4-hydroxy-1H,3H-(1,4)-thiazepino[4,3-a]benzimidazole
      hydrochloride
PAR  The compound melts at 191.degree.-192.degree.C (heating rate:
      4.degree.C/min.)
PAR  Analysis: Calculated for C.sub.11 H.sub.12 N.sub.2 OS.HCL (256.75) C:
      51.46%, H: 5.10%, N:10.91%, S:12.49%, Cl:13.81%; Found: C: 50.96%, H:
      5.46%, N:10.85%, S:12.53%, Cl:13.36%.
PAC  EXAMPLE 14
PAC  3,4-Dihydro-7,8-dimethyl-2H-(1,3)-thiazino[3,2-a]benzimidazole
PAR  The compound melts at 225.degree.-226.degree.C (heating rate:
      4.degree.C/min.)
PAR  Analysis: Calculated for C.sub.12 H.sub.14 N.sub.2 S (218.32): C: 66.02%,
      H: 6.46%, N: 12.83%, S: 14.69%; Found: C: 65.93% H: 6.54% N: 12.50% S:
      15.01%.
PAC  EXAMPLE 15
PAC  3,4-Dihydro-7,8-dimethyl-2H-(1,3)-thiazino[3,2-a]benzimidazole
      hydrochloride
PAR  The compound melts at 218.degree.-220.degree.C (Heating rate
      4.degree.C/min.)
PAR  Analysis: Calculated for C.sub.12 H.sub.14 N.sub.2 S.HCl (254.78): C:
      56.57%, H: 5.39%, N: 11.00%, S: 12.59%, Cl: 13.91%; Found: C: 56.92%, H:
      5.10%, N: 10.85%, S : 12.73%, Cl: 13.61%.
PAR  NMR-spectrum (in D.sub.2 O):
PA1  8.72 (6h, s, /CH.sub.3 /.sub.2)
PA1  7.40 to 8.70 (2H, m, = N--CH.sub.2 --CH.sub.2 --S--)
PA1  6.50 (2h, t, =N--CH.sub.2 --CH.sub.2 --CH.sub.2 --S--)
PA1  5.85 (2h, m, =N--CH.sub.2 --CH.sub.2 --CH.sub.2 --S--)
PA1  2.85 (1h, s, aromatic proton)
PA1  2.75 (1H, s, aromatic proton)
PAC  EXAMPLE 16
PAC  3,4-Dihydro-8,9-dimethyl-2H,2H-(1,3)-thiazepino[3,2-a]benzimidazole
      hydrochloride
PAR  The compound melts at 138.degree.-139.degree.C (heating rate:
      4.degree.C/min.).
PAR  Analysis: Calculated for C.sub.13 H.sub.16 N.sub.2 S.HCl (2.68.81): C:
      58.09%, H: 6.37%, N: 10.42%, S: 11.93%, Cl: 13.19%; Found: C: 58.26%, H:
      6.45%, N: 10.67%, S: 11.87%, Cl: 13.03%.
PAC  EXAMPLE 17
PAC  3,4-Dihydro-7-chloro-2H-(1,3)-thiazino[3,2-a]benzimidazole
PAR  The compound melts at 178.degree.-179.degree.C (heating rate:
      4.degree.C/min.),
PAR  Analysis: Calculated for C.sub.10 H.sub.9 ClN.sub.2 OS (240.71): C: 49.90%,
      H: 3.77%, N: 11.64%, S: 13.32%, Cl: 14.73%; Found: C: 50.22%, H: 3.11%, N:
      11.97%, S: 13.67%, Cl: 14.28%.
PAC  EXAMPLE 18
PAC  3,4-Dihydro-2H-(1,3)-thiazino[3,2-a]pyrido[3,2-d]imidazole dihydrochloride
PAR  The compound melts at 182.degree.-183.degree.C (heating rate:
      4.degree.C/min.).
PAR  Analysis: Calculated for C.sub.9 H.sub.9 N.sub.3 S.2HCl (267.17): C:
      40.93%, H: 4.19%, N: 15.91%, S: 12.12%, Cl: 26.84%; Found: C: 40.40%, H:
      4.40%, N: 16.03%, S: 12.32%, Cl: 26.48%.
PAR  NMR-spectrum (in D.sub.2 O):
PA1  7.45 (2h, m, =N--CH.sub.2 --CH.sub.2 --S--)
PA1  6.46 (2h, m, =N--CH.sub.2 --CH.sub.2 --CH.sub.2 --S--)
PA1  5.50 (2h, m, =N--CH.sub.2 --CH.sub.2 --CH.sub.2 --S--)
PA1  1.50 to 2.50 (3H, pyridine protons)
PAC  EXAMPLE 19
PAC  3,4-Dihydro-3-hydroxy-2H-(1,3)-thiazino[3,2-a]pyrido[3,2-d]imidazole
      hydrochloride
PAR  The compound melts at 183.degree.-185.degree.C (heating rate:
      4.degree.C/min.).
PAC  Analysis: Calculated for C.sub.9 H.sub.9 N.sub.3 OS.HCl (243.71): C:
      44.36%, H: 4.13%, N: 17.25%, S:13.16%, Cl: 14.54%; Found: C: 44.25%, H:
      4.10%, N: 17.63%, S:13.27%, Cl: 14.52%.
PAC  EXAMPLE 20
PAC  3,4-Dihydro-2H-(1,3)-thiazino[3,2-a]pyrimidino[5,4-d]imidazole
PAR  The compound melts at 128.degree.-130.degree.C (heating rate:
      4.degree.C/min.).
PAR  Analysis: Calculated for C.sub.8 H.sub.8 N.sub.4 S (192.24): C: 49.99%, H:
      4.19%, N: 29.14%, S: 16.68%; Found: C: 50.06%, H: 4.37%, N: 29.21%, S:
      16.45%.
PAC  EXAMPLE 21
PAC  3,4-Dihydro-2H-(1,3)-thiazino [3,2-a] pyrimidino[5,4-d]imidazole
      hydrochloride
PAR  The compound melts at 180.degree.-182.degree.C (heating rate:
      4.degree.C/min.).
PAR  Analysis: Calculated for C.sub.8 H.sub.8 N.sub.4 S.HCl (228.70): C: 42.02%,
      H: 3.96%, N: 24.50%, S: 14.02%, Cl: 15.50%; Found: C: 42.01%, H: 4.07%, N:
      23.90%, S: 14.14%, Cl: 15.50%.
PAR  NMR-spectrum (in D.sub.2 O):
PA1  7.32 (2h, m, =N--CH.sub.2 --CH.sub.2 --CH.sub.2 --S--)
PA1  6.45 (2h, t, =N--CH.sub.2 --CH.sub.2 --CH.sub.2 --S--)
PA1  5.38 (2h, t, =N--CH.sub.2 --CH.sub.2 --CH.sub.2 --S--)
PA1  0.58 to 0.80 (2H, m, pyrimidine protons)
PAC  EXAMPLE 22
PAC  3,4-Dihydro-6-hydroxy-8-amino-2H-(1,3)-thiazino[3,2-a]pyrimidino[5,4-d]imid
     azole
PAR  The compound melts at 300.degree.C (heating rate: 4.degree.C/min.).
PAC  Analysis: Calculated for C.sub.8 H.sub.9 N.sub.5 OS (225.25): C: 43.05%, H:
      4.06%, N: 31.37%, S: 14.36%; Found: C: 43.09%, H: 4.17%, N: 30.97%, S:
      13.71%.
PAC  EXAMPLE 23
PAC  3,4-Dihydro-6-hydroxy-8-amino-2H-(1,3)-thiazino[3,2-a]pyrimidino[5,4-d]imid
     azole hydrochloride
PAR  The compound melts at 350.degree.C (heating rate; 4.degree.C/min.).
PAR  Analysis: Calculated for C.sub.8 H.sub.9 N.sub.5 OS.HCl (259.71): C:37.00%,
      H: 3.88%, N: 26.97%, S: 12.34%, Cl: 13.65%; Found: C: 36.86%, H: 3.49%, N:
      26.89%, S: 12.50%, Cl: 13.34%.
PAC  EXAMPLE 24
PAC  3,4-Dihydro-3,6-dihydroxy
      -8-amino-(1,3)-thiazino[3,2-a]pyrimidino[5,4-d]imidazole dihydrochloride
PAR  The compound melts at 340.degree.C (heating rate: 4.degree.C/min.).
PAR  Analysis: Calculated for C.sub.8 H.sub.9 N.sub.5 O.sub.2 S.2HCl (312.17):
      C: 30.78%, H: 3.55%, N: 22.43%, S: 10.27%, Cl: 22.72%; Found: C: 30.45%,
      H: 3.49%, N: 22.60%, S: 9.93%, Cl: 22.23%.
PAC  EXAMPLE 25
PAC  2,3-Dihydro-7-chloro-(1,3)-thiazolo[3,2-a]benzimidazole hydrochloride
PAR  The compound melts at 176.degree.-178.degree.C (heating rate:
      4.degree.C/min.)
PAR  Analysis: Calculated for C.sub.9 H.sub.7 ClN.sub.2 S.HCl (247.15): C:
      43.74%, H: 3.27%, N: 11.33%, S: 12.97%, Cl: 28.69%; Found: C: 43.60%, H:
      3.55%, N: 11.20%, S: 12.69%, Cl: 28.82%.
PAC  EXAMPLE 26
      2,3-Dihydro-7-nitro-(1,3)-thiazolo[3,2-a]benzimidazolehydrochloride
PAR  The compound melts at 180.degree.-182.degree.C (heating rate:
      4.degree.C/min.).
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A tricyclic fused imidazole derivative of the formula (I),
      ##SPC5##
PAL  wherein
PA1  R.sub.1 stands for hydrogen or hydroxy,
PA1  n is equal to zero or one,
PA1  m is equal to zero or one, m+n=1,
PA1  A stands for a group of the formula (II),
      ##EQU7##
       wherein R.sub.2 represents hydrogen or hydroxy,
PA2  R.sub.3 represents hydrogen or amino, and
PA2  Q and Z each stand for nitrogen or a =CH-- group, or
PA1  A stands for a group of the formula (III),
      ##EQU8##
       wherein R.sub.4 and R.sub.5 each represent hydrogen, methyl, chlorine or
      nitro, or an acid additional salt thereof.
NUM  2.
PAR  2. 3,4-Dihydro-3-hydroxy-2H-(1,3)-thiazino[3,2-a]benzimidazole or an acid
      addition salt thereof.
NUM  3.
PAR  3. 3,4-Dihydro-3-hydroxy-7,8-dimethyl-2H-(1,3)-thiazino[3,2-a]
      benzimidazole or an acid addition salt thereof.
NUM  4.
PAR  4. 3,4-Dihydro-2H-(1,3)-thiazino[3,2-a]pyrido[3,2-d]imidazole or an acid
      addition salt thereof.
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ABST
PAL  New cyanomethylthioacetylcephalosporins of the following general formula,
      and their salts
      ##SPC1##
PAL  Wherein R is hydrogen or a salt forming ion of the group consisting of
      aluminum, alkali metal, alkaline earth metal, lower alkylamine,
      phenyl-lower alkylamine, N,N'-dibenzylethylenediamine, procaine or lower
      alkylpiperidine; R.sub.1 and R.sub.2 each is hydrogen, lower alkyl, lower
      alkenyl, phenyl, hydroxyphenyl, chlorophenyl, benzyl, phenethyl or R.sub.1
      and R.sub.2 together complete a cyclopentyl or cyclohexyl group; R.sub.3
      is cyclo-lower alkyl, cyclo-lower alkenyl or cyclo-lower alkadienyl; and X
      is hydrogen, lower alkanoyloxy, lower alkoxy or lower alkylthio.
PARN
PAC  CROSS REFERENCE TO OTHER APPLICATIONS
PAR  This application is a division of application Ser. No. 278,168, filed Aug.
      4, 1972, U.S. Pat. No. 3,855,212, Dec. 17, 1974.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to new antibacterial cyanomethylthioacetyl
      cephalosporins which have the formula
      ##SPC2##
PAL  R represents hydrogen, lower alkyl aralkyl, tri(lower alkyl)silyl, a salt
      forming ion or the group
      ##EQU1##
      R.sub.1 and R.sub.2, which may be the same or different, each represents
      hydrogen, lower alkyl, lower alkenyl, aryl or aralkyl, each of which
      (other than hydrogen) may be substituted with halogen, lower alkyl or
      lower alkoxy; R.sub.1 and R.sub.2, in addition, may form a carbocyclic
      ring with the carbon to which they are attached; R.sub.3 represents
      hydrogen, lower alkyl, lower alkenyl, cyclo-lower alkyl, unsaturated
      cyclo-lower alkyl, aryl, which may be substituted with halogen, hydroxy,
      amino, lower alkyl or lower alkoxy, aralkyl or certain heterocyclic
      groups; R.sub.4 represents lower alkyl, aryl or aralkyl; X is hydrogen,
      hydroxy, lower alkanoyloxy, lower alkoxy, lower alkylthio, aroyloxy,
      aralkanoyloxy, the radical of a nitrogen base or a quaternary ammonium
      radical. In addition X and R may represent a bond linking carbon and
      oxygen in a lactone ring.
PAR  The preferred members within each group are as follows: R is hydrogen, or a
      salt forming ion, especially an alkali metal like sodium or potassium;
      R.sub.1 and R.sub.2 each is hydrogen, lower alkyl, especially methyl or
      ethyl, lower alkenyl, especially, allyl, phenyl, hydroxyphenyl,
      chlorophenyl, benzyl or phenethyl, most preferably R.sub.2 is hydrogen
      when R.sub.1 is other than hydrogen, and also R.sub.1 and R.sub.2 together
      complete the cyclopentyl or cyclohexyl ring; R.sub.3 is hydrogen, lower
      alkyl, especially methyl or ethyl, lower alkenyl, especially allyl,
      cyclopentyl, cyclohexyl, phenyl, hydroxyphenyl, aminophenyl, chlorophenyl,
      benzyl, furyl, thienyl, pyrrolidyl or pyridyl; and X is hydrogen, lower
      alkanoyloxy, especially acetoxy, lower alkoxy, especially methoxy, lower
      alkylthio, especially methylthio, or pyridinium.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The various groups represented by the symbols have the meanings defined
      below and these definitions are retained throughout this specification.
PAR  The lower alkyl groups are straight or branched chain hydrocarbon radicals
      having one to seven carbons in the chain, for example, methyl, ethyl,
      propyl, isopropyl, butyl, isobutyl, t-butyl, amyl or the like. The lower
      alkoxy and lower alkylthio groups contain the same radicals. The lower
      alkenyl groups are double bonded, monounsaturated hydrocarbon radicals of
      the same type, the two to four carbon members being preferred, especially
      allyl.
PAR  The cyclo-lower alkyl groups included cycloaliphatic groups having four to
      seven carbons in the ring as cyclobutyl, cyclopentyl, cyclohexyl and
      cycloheptyl. The cyclic groups may also be unsaturated, e.g., cycloalkenyl
      and cycloalkadienyl groups of the same type, e.g., cyclobutenyl,
      cyclopentenyl, cyclohexenyl, cyclopentadienyl, cyclohexadienyl, etc. The
      double bond or bonds may be variously located. A preferred radical is the
      1,4-cyclohexadienyl group.
PAR  The foregoing may by simply substituted as defined above, with one to three
      groups such as halogen, hydroxy, amino, lower alkyl or lower alkoxy,
      preferably only one substituent.
PAR  The aryl groups are phenyl and simply substituted phenyl containing one to
      three substituents (preferably only one) as defined above. The aralkyl
      groups include phenyl-lower alkyl and those similarly substituted on the
      phenyl ring as defined above.
PAR  The lower alkanoyloxy, aroyloxy and aralkanoyloxy groups represented by X
      include the acyl group of acid esters. The lower alkanoyl radicals are the
      acyl radicals of lower fatty acids containing alkyl radicals of the type
      described above. The lower alkanoyloxy groups include, for example,
      acetoxy, propionyloxy, butyryloxy and the like. The aroyloxy groups are
      benzoyloxy and the aralkanoyloxy groups consisting of phenyl-lower
      alkanoyloxy radicals of the type described. X also represents the radical
      of an amine, e.g., a lower alkylamine like methylamine, ethylamine,
      dimethylamine, triethylamine, phenyl-lower alkylamine like dibenzylamine,
      phenyl-lower alkylpyridinium like N,N'-dibenzylpyridinium, pyridinium,
      1-quinolinium, 1-picolinium, etc. X and R may also join together, as
      indicated above, to form a bond linking carbon and oxygen in a lactone
      ring.
PAR  The heterocyclic groups represented by R.sub.3 are 5- to 6-membered
      monocyclic heterocyclic radicals (exclusive of hydrogen) containing
      nitrogen, sulfur or oxygen in the ring in addition to carbon (not more
      than two hetero atoms), and members of this group simply substituted as
      discussed above with respect to the phenyl groups. The heterocyclic
      radicals include pyridyl, pyrrolidyl, morpholinyl, thienyl, furyl,
      oxazolyl, isoxazolyl, thiazolyl and the like, as well as the simply
      substituted members, especially the halo, lower alkyl (particularly methyl
      and ethyl), lower alkoxy (particularly methoxy and ethoxy), phenyl and
      hydroxy-lower alkyl (particularly hydroxymethyl and hydroxyethyl)
      substituted members.
PAR  The salt forming ions may be metal ions, e.g., aluminum, alkali metal ions
      such as sodium or potassium, alkaline earth metal ions such as calcium or
      magnesium, or an amine salt ion, of which a number are known for this
      purpose, for example, aralkylamine like, dibenzylamine,
      N,N-dibenzylethylenediamine, lower alkylamine like methylamine,
      triethylamine, procaine, lower alkylpiperidine like N-ethylpiperidine,
      etc.
PAR  The compounds of formula I are produced by acylating a compound of the
      formula
      ##SPC3##
PAL  wherein X and R have the meaning defined above, with a reactive derivative
      of an acid of the formula
      ##EQU2##
      wherein R.sub.1, R.sub.2 and R.sub.3 have the meaning defined above and
      R.sub.5 in this case is hydrogen.
PAR  The reactive derivatives of the acids of formula III include, for example,
      acid halides, acid anhydrides, mixed anhydrides of the acid with carbonic
      acid monoesters, trimethylacetic acid or benzoic acid, acid azides, active
      esters like cyanomethyl ester, p-nitrophenyl ester or
      2,4-dinitrophenylester, or active amides like acylimidazoles.
PAR  An acid of formula III may also be reacted with a compound of formula II in
      the presence of a carbodiimide, for example, N,N-dicyclohexylcarbodiimide,
      an isoxazolium salt, for example, N-ethyl-5-phenylisoxazolium-3-sulfonate
      or 2-ethoxy-1,2-dihydroquinoline-1-carboxylic acid ester.
PAR  The acids of formula III and their ester of formula VI are new compounds
      which may be produced from the corresponding derivatives of
      haloacetonitriles having the formula
      ##EQU3##
      wherein R.sub.1 and R.sub.2 have the meaning defined above and hal is
      halogen, especially chlorine, by reaction with a thioacetic acid ester of
      the formula
      ##EQU4##
      wherein R.sub.3 has the meaning defined above and R.sub.5 here is lower
      alkyl, especially methyl or ethyl, in the presence of an acid binding
      agent. The ester formed by this reaction has the formula
      ##EQU5##
      and this is converted, at the conclusion of that reaction, to the free
      acid of formula III by conventional saponification.
PAR  Alternatively, acids of formula III, i.e., wherein R.sub.5 is hydrogen may
      be produced directly by reacting a haloacetonitrile of formula IV with a
      thioacetic acid of formula V, i.e., R.sub.5 is hydrogen in formula V, in
      the presence of a base, e.g., an alkylamine like triethylamine.
PAR  An alternate process for the production of a compound of formula III is by
      the reaction of a thioacetonitrile of the formula
      ##EQU6##
      with a haloacetic acid of the formula
      ##EQU7##
      wherein hal is halogen, preferably chlorine, in the presence of an acid
      binding agent.
PAR  Another route for the synthesis of the esters of formula III, i.e., wherein
      R.sub.5 is lower alkyl, is by converting an ester of
      halomethylmercaptoacetic acid [C.A. 58, 5630 (1963)] with cyanide as
      follows:
      ##EQU8##
PAR  When R is the acyloxymethyl group
      ##EQU9##
      this group may be introduced onto the 7-aminocephalosporanic acid moiety
      either prior to or subsequent to the reaction with the acylating agent by
      treatment with one or two moles of a halomethyl ester of the formula
EQU  hal--CH.sub.2 OCOR.sub.4                                   (IX)
PAL  wherein hal is halogen, preferably chlorine or bromine, in an inert organic
      solvent such as dimethylformamide, acetone, dioxane, benzene or the like
      at about ambient temperature or below.
PAR  The products of this invention form salts which are also part of the
      invention. Basic salts form with the acid moiety as discussed above when
      the symbol R is hydrogen.
PAR  It will be appreciated that certain of the compounds of this invention
      exist in various states of solvation as well as in different isomeric or
      optically active forms. The various forms as well as their mixtures are
      within the scope of this invention.
PAR  Further process details are provided in examples.
PAR  The compounds of this invention have a broad spectrum of antibacterial
      activity against both gram positive and gram negative organisms such as
      Staphylococcus aureus, Salmonella schottmuelleri, Pseudomonas aeruginosa,
      Proteus vulgaris, Escherichia coli and Streptococcus pyogenes. They may be
      used as antibacterial agents in a prophylactic manner, e.g., in cleaning
      or as surface disinfecting compositions, or otherwise to combat infections
      due to organisms such as those named above, and in general may be utilized
      in a manner similar to cephalothin and other cephalosporins. For example,
      a compound of formula I or a physiologically acceptable salt thereof may
      be used in various animal species in an amount of about 1 to 100 mg./kg.,
      daily, orally or parenterally, in single or two to four divided doses to
      treat infections of bacterial origin, e.g., 5.0 mg./kg. in mice.
PAR  Up to about 600 mg. of a compound of formula I or a physiologically
      acceptable salt thereof may be incorporated in an oral dosage form such as
      tablets, capsules or elixirs or in an injectable form in a sterile aqueous
      vehicle prepared according to conventional pharmaceutical practice.
PAR  They may also be used in cleaning or disinfecting compositions, e.g., for
      cleaning barns or dairy equipment, at a concentration of about 0.2 to 1%
      by weight of such compounds admixed with, suspended or dissolved in
      conventional inert dry or aqueous carriers for application by washing or
      spraying.
PAR  They are also useful as nutritional supplements in animal feeds.
DETD
PAR  The following examples are illustrative of the invention. All temperatures
      are on the centigrade scale. Additional variations may be produced in the
      same manner by appropriate substitution in the starting material.
PAC  EXAMPLE 1
PAC  2-[(Cyanomethyl)thio]acetic acid methyl ester
PAR  31.8 G. (0.3 mol) of thioacetic acid methyl ester are added to 150 ml. (0.3
      mol.) of 2N sodium methylate solution. 22.6 g. (0.3 mol.) of
      chloroacetonitrile dissolved in 30 ml. of methanol are added dropwise
      while cooling and stirring. It is stirred overnight then refluxed for 30
      minutes. The reaction mixture is cooled and the solvent is evaporated. 100
      ml. of water are added to the residue and the aqueous solution is
      extracted twice with ether. The combined ether extracts are decolorized
      with activated carbon and dried with magnesium sulfate. The ether is
      distilled off and the residue is distilled under vacuum. 30.5 g. of
      2-[(cyanomethyl)thio]acetic acid methyl ester are obtained b.p..sub.10mm
      132.degree.-134.degree..
PAC  EXAMPLE 2
PAC  2-[(Cyanomethyl)thio]acetic acid potassium salt
PAR  14.5 G. (0.1 mol.) of 2-[(cyanomethyl)thio]acetic acid methyl ester are
      dissolved in ethanol and a solution of 6.7 g. (0.12 mol.) of potassium
      hydroxide in 40 ml. of ethanol is added dropwise while cooling. This is
      stirred 4 hours at room temperature and 1 hour at 0.degree.. The resulting
      precipitate is filtered under suction, washed with ethanol and ether and
      dried. 15.4 g. of 2-[(cyanomethyl)thio]acetic acid, potassium salt, m.p.
      203.degree.-205.degree. (dec.) are obtained. The free acid is obtained by
      dissolving the potassium salt in water and treating with an equivalent
      amount of aqueous sulfuric acid. The ether solution is dried and
      concentrated to obtain the free acid.
PAC  EXAMPLE 3
PAC  2-[(Cyanomethyl)thio]acetyl chloride
PAR  30 G. of 2-[(cyanomethyl)thio]acetic acid potassium salt are suspended in
      benzene, 5 drops of pyridine are added and the mixture is cooled to
      10.degree.. At this temperature 76.7 g. of oxalyl chloride in 150 ml. of
      benzene are slowly dropped in with stirring. After the vigorous evolution
      of gas has stopped, the reaction mixture is stirred for 1 hour at room
      temperature. This is then filtered and the filtrate is concentrated at
      room temperature. The residue is distilled under vacuum to obtain 19.8 g.
      of 2-[(cyanomethyl)thio]acetyl chloride, b.p. .sub.0.1mm
      110.degree.-115.degree..
PAC  EXAMPLE 4
PAC  7-[2-[(Cyanomethyl)thio]acetamido]-3-desacetoxycephalosporanic acid
PAR  2.14 G. (0.01 mol.) of 7-amino-3-desacetoxycephalosporanic acid are
      suspended in 50 ml. of water at room temperature. 1.4 ml. of triethylamine
      salt are added and this is stirred until a clear solution is obtained. 50
      ml. of acetone are added and the solution is cooled to
      0.degree.-5.degree.. Simultaneously a solution of 1.65 g. (0.01 mol.) of
      2-[(Cyanomethyl)thio]acetyl chloride in 15 ml. of acetone and a solution
      of 1.4 ml. of triethylamine in 15 ml. of acetone are added dropwise while
      stirring with care that the pH stays in the range 7.5-8. This is stirred
      for an additional 30 minutes at 5.degree.. Then 50 ml. of ethyl acetate
      are added, cooled to 0.degree. and acidified with 2N hydrochloric acid to
      pH1.5. The mixture is filtered, the layers are separated, the organic
      phase is washed three times with water, dried with magnesium sulfate and
      the solvent is evaporated in a rotary evaporator. 1.9 g. of
      7-[2-[(cyanomethyl)]thio]acetamido-3-desacetoxycephalosporanic acid are
      obtained. The crude product is dissolved in methanol, filtered and 5 ml.
      of a 2N solution of potassium ethylhexanoate in n-butanol are added. This
      solution is poured into 300 ml. of ether. The precipitate is filtered
      under suction and washed with ether.
PAR  The yield amounts to 1.8 g. of the potassium salt of
      7-[2-[(cyanomethyl)thio]acetamido]-3-desacetoxycephalosporanic acid, m.p.
      175.degree. (dec.). The amorphous product is crystallized from a little
      methanol, m.p. 197.degree.-200.degree. (dec.).
PAC  EXAMPLE 5
PAC  7-[2-[(Cyanomethyl)thio]acetamido]-cephalosporanic acid
PAR  By substituting 7-aminocephalosporanic acid for the
      7-amino-3-desacetoxycephalosporanic acid in the procedure of Example 4,
      there are obtained 7-[2[-(cyanomethyl)thio]acetamido]cephalosporanic acid
      and the crystalline potassium salt, m.p. 168.degree.-170.degree. (dec.).
PAC  EXAMPLE 6
PAR  To obtain the triethylamine salt of
      7-[2-[(cyanomethyl)thio]acetamido]cephalosporanic acid, an equivalent
      amount of triethylamine is added to an ethanol solution of
      7-[2-[(cyanomethyl)thio]acetamido]cephalosporanic acid and the reaction
      product is concentrated at reduced pressure to deposit the product.
PAR  The following additional products are obtained according to the procedure
      of Example 4 by substituting for the 2-[(cyanomethyl)thio]acetyl chloride
      the appropriately substituted derivative and substituting for the 7-ADCA
      the appropriately substituted derivative:
TBL                                    TABLE                                   

     __________________________________________________________________________

     Ex.                                                                       

        R           R.sub.1         R.sub.2   R.sub.3       X                  

     __________________________________________________________________________

      7 H           H               H                       H                  

      8 CH.sub.3    CH.sub.3        H         H             H                  

      9 C.sub.2 H.sub.5                                                        

                    C.sub.2 H.sub.5 C.sub.2 H.sub.5                            

                                              CH.sub.3      OH                 

     10 K           C.sub.2 H.sub.5 H         C.sub.3 H.sub.7                  

                                                            pyridinium         

        O                                                                      

        .parallel.                                                             

     11 --CH.sub.2 OC--CH(CH.sub.3).sub.2                                      

                    H               H         C.sub.6 H.sub.5 CH.sub.2         

                                                            OCOCH.sub.3        

        O                                                                      

        .parallel.                                                             

     12 --CH.sub.2 OC--C.sub.6 H.sub.5                                         

                    CH.sub.2 --CH=CH.sub.2 --                                  

                                    H         4--ClC.sub.6 H.sub.4 --          

                                                            OCOCH.sub.3        

     13 K                           H         3,4--(CH.sub.3 O).sub.2 C.sub.6  

                                              H.sub.3 --    H                  

     14 C.sub.2 H.sub.5                                                        

                    CH.sub.3        CH.sub.3  3,4,5--(CH.sub.3 O).sub.3        

                                              C.sub.6 H.sub.2                  

                                                            OCOCH.sub.3        

     15 H                                     4--CH.sub.3 C.sub.6 H.sub.4      

                                                            OCOCH.sub.3        

     16 lactone (+X)                                                           

                    C.sub.2 H.sub.5 H         3,4--(Br).sub.2 C.sub.6 H.sub.3  

                                              --            lactone (+R)       

     17 K                           H         2,4--(Cl).sub.2 C.sub.6 H.sub.3  

                                              --            OCOCH.sub.3        

     18 K           H               H                       OCOCH.sub.3        

     19 C.sub.2 H.sub.5             H                       OCOCH.sub.3        

     20 Na          H               H                       OCOCH.sub.3        

     21 C.sub.2 H.sub.5 --                                                     

                    CH.sub.3        H         OCOCH.sub.3                      

     22 C.sub.6 H.sub.5 CH.sub.2 -- H                       OOCH.sub.2 C.sub.6 

                                                            H.sub.5            

        O                                                                      

        .parallel.                                                             

     23 --CH.sub.2 OC--CH(CH.sub.3).sub.2                                      

                    --CH.sub.2 OH   C.sub.2 H.sub.5                            

                                              C.sub.6 H.sub.5 --H              

        O                                                                      

        .parallel.                                                             

     24 --CH.sub.2 O--C--CH(CH.sub.3).sub.2                                    

                    H               C.sub.2 H.sub.5 --                         

                                              --OOC--C.sub.6 H.sub.5           

     25 H                                     C.sub.6 H.sub.5 --               

                                                            H                  

     26 Na                                    C.sub.2 H.sub.5 --               

                                                            H                  

        O                                                                      

        .parallel.                                                             

     27 --CH.sub.2 O--C--CH(CH.sub.3).sub.2   C.sub.6 H.sub.5 --               

                                                            --OCOCH.sub.3      

     28 --Si(CH.sub.3).sub.3                                                   

                    --CH.sub.2 --CH=CH.sub.2                                   

                                    H         C.sub.2 H.sub.5 --               

                                                            H                  

     29 --N(C.sub.2 H.sub.5).sub.3                                             

                    CH.sub.3        H         C.sub.6 H.sub.5 --               

                                                            H                  

     30 Na                          H         C.sub.6 H.sub.5 --               

                                                            --OCOCH.sub.3      

     31 K           H               H                       --SCH.sub.3        

     32 H           H               H                       --OCH.sub.3        

        0                                                                      

        .parallel.                                                             

     33 --CH.sub.2 OCC.sub.6 H.sub.5                                           

                    H               H                       H                  

     34 K           CH.sub.3        CH.sub.3  CH.sub.2 =CH--CH.sub.2 --        

                                                            H                  

     35 H           H               H         CH.sub.3 CH=CH--CH.sub.2         

                                                            --OCOCH.sub.3      

     36 H           H               H         CH.sub.2 =CH--CH.sub.2 --CH.sub.2

                                               --           OCOCH.sub.3        

     37 K           C.sub.2 H.sub.5 H                       H                  

     38 H           H               H         CH.sub.2 =CH--CH.sub.2 --        

                                                            OCOCH.sub.3        

     39 K           CH.sub.3        H                       H                  

     40 H           H               H                       pyridinium         

     41 K           C.sub.2 H.sub.5 H                       H                  

     42 H           H               H                       OCOCH.sub.3        

     43 K           H               H                       H                  

     44 H           H               H                       OCOCH.sub.3        

     45 H           CH.sub.3        H                       H                  

     __________________________________________________________________________

PAC  EXAMPLE 46
PAR  A sterile powder for reconstitution for use intramuscularly is prepared
      from the following ingredients which supply 1000 vials each containing 250
      mg. of active ingredient:
TBL  7-[2-[(cyanomethyl)thio]acetamido]-                                       

     cephalosporanic acid, sterile                                             

                                 250 gm.                                       

     Lecithin powder, sterile    50 gm.                                        

     Sodium carboxymethylcellulose,                                            

     sterile                     20 gm.                                        

PAR  The sterile powders are aseptically blended and filled into sterile vials,
      and sealed. The addition of 1 ml. of water for injection to the vial
      provides a suspension for intramuscular injection.
PAC  EXAMPLE 47
PAC  DL-2-[(cyanomethyl)thio]-2-phenyl Acetic Acid
PAR  16.8 Gms. (0.1 mol.) of DL-2-phenylthioacetic acid and 22.7 gms. (0.225
      mol.) of triethylamine are dissolved in 200 ml. of anhydrous
      tetrahydrofuran. The solution is cooled to 0.degree. to 5.degree. and a
      solution of 7.54 gms. (0.1 mol.) of chloroacetonitrile is added dropwise
      at this temperature. The mixture is stirred at 0.degree. to 5.degree. for
      3 hours and then kept overnight at room temperature. The solution is
      concentrated, the residue is taken up with water, acidified with 2N
      hydrochloric acid and extracted several times with ether. The ether
      extracts are washed with water, dried with magnesium sulfate and
      concentrated. The residue crystallizes to yield 20.6 gms. of
      DL-2-[(cyanomethyl)thio]-2-phenyl acetic acid, m.p.
      110.degree.-112.degree.. After recrystallization from benzene, the acid
      melts at 114.degree..
PAC  EXAMPLE 48
PAC  7-[DL-2-[(cyanomethyl)thio]-2-phenylacetamido]cephalosporanic acid
PAR  1.1 Gm. (.0054 mol.) of 7-[DL-2-(cyanomethyl)thio]-2-phenyl acetic acid are
      dissolved in 12.5 ml. of dioxane. A solution of 0.98 gms. of
      2,4-dinitrophenol in 12.5 ml. of dioxane is added, the mixture is cooled
      with ice water and 1.08 gms. of dicyclohexylcarbodiimide are added. This
      is stirred for 30 minutes with cooling and 30 minutes at room temperature,
      and the resulting precipitate (dicyclohexylurea, 1.1 gm.) is filtered
      under suction. The filtrate is concentrated at room temperature under
      vacuum. To the oily residue is added with cooling a solution prepared from
      1.36 gms. (0.05 mols.) of 7-aminocephalosporanic acid and 1.06 gms. of
      triethylamine in 12.5 ml. of methylene chloride. The mixture is stirred
      for 16 hours at room temperature.
PAR  A slight turbidity is removed by filtration and the solution is slowly
      added to 200 ml. of cold, vigorously stirred ether. After filtering under
      suction, the residue is dissolved in a small amount of methylene chloride
      and reprecipitated in the same manner as described above. The yield
      amounts to 1.7 gms. of the triethylamine salt of
      7-[DL-2-[(cyanomethyl)thio]-2-phenylacetamido]cephalosporanic acid. A
      sample of the product shows only a trace of dinitrophenol by thin layer
      chromatography.
PAR  To produce the free acid, 1.6 gms. of the triethylamine salt are dissolved
      in 40 ml. of water, layered over with ethyl acetate and acidified with 2N
      hydrochloride while cooling and stirring. The layers are separated, the
      aqueous layer is extracted several times with ethyl acetate, the combined
      extracts are washed three times with water, decolorized with activated
      charcoal, dried with magnesium sulfate and then the solution is evaporated
      to dryness. The viscous residue is dissolved in 25 ml. of methylene
      chloride and the solution is poured into 200 ml. of vigorously stirred
      petroleum ether. 0.9 gms. of
      7-[DL-2-[(cyanomethyl)thio]-2-phenylacetamido]cephalosporanic acid
      precipitate.
PAR  The potassium salt is produced by dissolving 0.8 gms. of the acid in 10 ml.
      of methanol and to this is added 1.25 ml. of a 2N solution of ethyl
      hexanoate in n-butanol. A light turbidity is filtered off and the solution
      is slowly poured into 200 ml. of vigorously stirred ether. There are
      obtained 0.75 gms. of the potassium salt, m.p. below 60.degree. (dec.).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC4##
PAL  wherein R is hydrogen or a salt forming ion of the group consisting of
      aluminum, alkali metal, alkaline earth metal, mono-lower alkylamine;
      dilower alkylamine, tri-lower alkylamine, dibenzylamine, N,N'-dibenzyl-
      ethylenediamine, procaine or lower alkylpiperidine; R.sub.1 and R.sub.2
      each is hydrogen, lower alkyl, lower alkenyl, phenyl, hydroxyphenyl,
      chlorophenyl, benzyl, phenethyl or R.sub.1 and R.sub.2 together complete
      the cyclopentyl or cyclohexyl group; R.sub.3 is C.sub.4 -C.sub.7
      -cyclo-lower alkyl, C.sub.4 -C.sub.7 -cyclo-lower alkenyl or C.sub.4
      -C.sub.7 -cyclo-lower alkadienyl; and X is hydrogen, lower alkanoyloxy,
      lower alkoxy or lower alkylthio; said lower alkyl, lower alkenyl, lower
      alkanoyloxy and lower alkoxy groups having up to seven carbon atoms.
NUM  2.
PAR  2. A compound as in claim 1 wherein R.sub.3 is cyclo-lower alkadienyl.
NUM  3.
PAR  3. A compound as in claim 2 wherein the cyclo-lower alkadienyl group is
      cyclohexadienyl.
NUM  4.
PAR  4. A compound as in claim 1 wherein R is hydrogen or alkali metal, R.sub.1
      and R.sub.2 each is hydrogen, R.sub.3 is cyclohexadienyl and X is hydrogen
      or acetoxy.
NUM  5.
PAR  5. A compound as in claim 4 wherein R is hydrogen and X is acetoxy.
NUM  6.
PAR  6. A compound as in claim 4 wherein R is potassium and X is hydrogen.
NUM  7.
PAR  7. A compound as in claim 1 wherein R is potassium, R.sub.1 is ethyl,
      R.sub.2 and X each is hydrogen and R.sub.3 is cyclohexyl.
NUM  8.
PAR  8. A compound as in claim 1 wherein R, R.sub.1 and R.sub.2 each is
      hydrogen, R.sub.3 is cyclohexenyl and X is acetoxy.
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ABST
PAL  New cyanomethylthioacetylcephalosporins of the following general formula,
      and their salts
      ##SPC1##
PAL  Wherein R is hydrogen or a salt forming ion of the group consisting of
      aluminum, alkali metal, alkaline earth metal, lower alkylamine,
      phenyl-lower alkylamine, N,N'-dibenzylethylenediamine, procaine or lower
      alkylpiperidine; R.sub.1 and R.sub.2 each is hydrogen, lower alkyl, lower
      alkenyl, phenyl, hydroxyphenyl, chlorophenyl, benzyl, phenethyl, or
      R.sub.1 and R.sub.2 together complete a cyclopentyl or cyclohexyl group;
      R.sub.3 is hydrogen, lower alkyl or lower alkenyl; and X is lower alkoxy
      or lower alkylthio; are useful as antibacterial agents.
PARN
PAC  CROSS-REFERENCE TO OTHER APPLICATIONS
PAR  This application is a division of application Ser. No. 278,168, filed Aug.
      4, 1972, U.S. Pat. No. 3,855,212, Dec. 17, 1974.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to new antibacterial
      cyanomethylthioacetylcephalosporins which have the formula
      ##SPC2##
PAR  R represents hydrogen, lower alkyl, aralkyl, tri(lower alkyl)silyl, a salt
      forming ion or the group
      ##EQU1##
      R.sub.1 and R.sub.2, which may be the same or different, each represents
      hydrogen, lower alkyl, lower alkenyl, aryl or aralkyl, each of which
      (other than hydrogen) may be substituted with halogen, lower alkyl or
      lower alkoxy; R.sub.1 and R.sub.2, in addition, may form a carbocyclic
      ring with the carbon to which they are attached; R.sub.3 represents
      hydrogen, lower alkyl, lower alkenyl, cyclo-lower alkyl, unsaturated
      cyclo-lower alkyl, aryl, which may be substituted with halogen, hydroxy,
      amino, lower alkyl or lower alkoxy, aralkyl or certain heterocyclic
      groups; R.sub.4 represents lower alkyl, aryl or aralkyl; X is hydrogen,
      hydroxy, lower alkanoyloxy, lower alkoxy, lower alkylthio, aroyloxy,
      aralkanoyloxy, the radical of a nitrogen base or a quaternary ammonium
      radical. In addition X and R may represent a bond linking carbon and
      oxygen in a lactone ring.
PAR  The preferred members within each group are as follows: R is hydrogen, or a
      salt forming ion, especially an alkali metal like sodium or potassium;
      R.sub.1 and R.sub.2 each is hydrogen, lower alkyl, especially methyl or
      ethyl, lower alkenyl, especially, allyl, phenyl, hydroxyphenyl,
      chlorophenyl, benzyl or phenethyl, most preferably R.sub.2 is hydrogen
      when R.sub.1 is other than hydrogen, and also R.sub.1 and R.sub.2 together
      complete the cyclopentyl or cyclohexyl ring; R.sub.3 is hydrogen, lower
      alkyl, especially methyl or ethyl, lower alkenyl, especially allyl,
      cyclopentyl, cyclohexyl, phenyl, hydroxyphenyl, aminophenyl, chlorophenyl,
      benzyl, furyl, thienyl, pyrrolidyl or pyridyl; and X is hydrogen, lower
      alkanoyloxy, especially acetoxy, lower alkoxy, especially methoxy, lower
      alkylthio, especially methylthio, or pyridinium.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The various groups represented by the symbols have the meanings defined
      below and these definitions are retained throughout this specification.
PAR  The lower alkyl groups are straight or branched chain hydrocarbon radicals
      having one to seven carbons in the chain, for example, methyl, ethyl,
      propyl, isopropyl, butyl, isobutyl, t-butyl, amyl or the like. The lower
      alkoxy and lower alkylthio groups contain the same radicals. The lower
      alkenyl groups are double bonded, monounsaturated hydrocarbon radicals of
      the same type, the two to four carbon members being preferred, especially
      allyl.
PAR  The cyclo-lower alkyl groups included cycloaliphatic groups having four to
      seven carbons in the ring as cyclobutyl, cyclopentyl, cyclohexyl and
      cycloheptyl. The cyclic groups may also be unsaturated, e.g., cycloalkenyl
      and cycloalkadienyl groups of the same type, e.g., cyclobutenyl,
      cyclopentenyl, cyclohexenyl, cyclopentadienyl, cyclohexadienyl, etc. The
      double bond or bonds may be variously located. A preferred radical is the
      1,4-cyclohexadienyl group.
PAR  The foregoing may by simply substituted as defined above, with one to three
      groups such as halogen, hydroxy, amino, lower alkyl or lower alkoxy,
      preferably only one substituent.
PAR  The aryl groups are phenyl and simply substituted phenyl containing one to
      three substituents (preferably only one) as defined above. The aralkyl
      groups include phenyl-lower alkyl and those similarly substituted on the
      phenyl ring as defined above.
PAR  The lower alkanoyloxy, aroyloxy and aralkanoyloxy groups represented by X
      include the acyl group of acid esters. The lower alkanoyl radicals are the
      acyl radicals of lower fatty acids containing alkyl radicals of the type
      described above. The lower alkanoyloxy groups include, for example,
      acetoxy, propionyloxy, butyryloxy and the like. The aroyloxy groups are
      benzoyloxy and the aralkanoyloxy groups consisting of phenyl-lower
      alkanoyloxy radicals of the type described. X also represents the radical
      of an amine, e.g., a lower alkylamine like methylamine, ethylamine,
      dimethylamine, triethylamine, phenyl-lower alkylamine like dibenzylamine,
      phenyllower alkylpyridinium like N,N'-dibenzylpyridinium, pyridinium,
      1-quinolinium, 1-picolinium, etc. X and R may also join together, as
      indicated above, to form a bond linking carbon and oxygen in a lactone
      ring.
PAR  The heterocyclic groups represented by R.sub.3 are 5- to 6- membered
      monocyclic heterocyclic radicals (exclusive of hydrogen) containing
      nitrogen, sulfur or oxygen in the ring in addition to carbon (not more
      than two hetero atoms), and members of this group simply substituted as
      discussed above with respect to the phenyl groups. The heterocyclic
      radicals include pyridyl, pyrrolidyl, morpholinyl, thienyl, furyl,
      oxazolyl, isoxazolyl, thiazolyl and the like, as well as the simply
      substituted members, especially the halo, lower alkyl (particularly methyl
      and ethyl), lower alkoxy (particularly methoxy and ethoxy), phenyl and
      hydroxy-lower alkyl (particularly hydroxymethyl and hydroxyethyl)
      substituted members.
PAR  The salt forming ions may be metal ions, e.g., aluminum, alkali metal ions
      such as sodium or potassium, alkaline earth metal ions such as calcium or
      magnesium, or an amine salt ion, of which a number are known for this
      purpose, for example, aralkylamine like, dibenzylamine,
      N,N-dibenzylethylenediamine, lower alkylamine like methylamine,
      triethylamine, procaine, lower alkylpiperidine like N-ethylpiperidine,
      etc.
PAR  The compounds of formula I are produced by acylating a compound of the
      formula
      ##SPC3##
PAL  wherein X and R have the meaning defined above, with a reactive derivative
      of an acid of the formula
      ##EQU2##
      wherein R.sub.1, R.sub.2 and R.sub.3 have the meaning defined above and
      R.sub.5 in this case is hydrogen.
PAR  The reactive derivatives of the acids of formula III include, for example,
      acid halides, acid anhydrides, mixed anhydrides of the acid with carbonic
      acid monoesters, trimethylacetic acid or benzoic acid, acid azides, active
      esters like cyanomethyl ester, p-nitrophenyl ester or
      2,4-dinitrophenylester, or active amides like acylimidazoles.
PAR  An acid of formula III may also be reacted with a compound of formula II in
      the presence of a carbodiimide, for example, N,N-dicyclohexylcarbodiimide,
      an isoxazolium salt, for example, N-ethyl-5-phenylisoxazolium-3-sulfonate
      or 2-ethoxy-1,2-dihydroquinoline-1-carboxylic acid ester.
PAR  The acids of formula III and their ester of formula VI are new compounds
      which may be produced from the corresponding derivatives of
      haloacetonitriles having the formula
      ##EQU3##
      wherein R.sub.1 and R.sub.2 have the meaning defined above and hal is
      halogen, especially chlorine, by reaction with a thioacetic acid ester of
      the formula
      ##EQU4##
      wherein R.sub.3 has the meaning defined above and R.sub.5 here is lower
      alkyl, especially methyl or ethyl, in the presence of an acid binding
      agent. The ester formed by this reaction has the formula
      ##EQU5##
      and this is converted, at the conclusion of that reaction, to the free
      acid of formula III by conventional saponification.
PAR  Alternatively, acids of formula III, i.e., wherein R.sub.5 is hydrogen may
      be produced directly by reacting a haloacetonitrile of fromula IV with a
      thioacetic acid of formula V, i.e., R.sub.5 is hydrogen in formula V, in
      the presence of a base, e.g., an alkylamine like triethylamine.
PAR  An alternate process for the production of a compound of formula III is by
      the reaction of a thioacetonitrile of the formula
      ##EQU6##
      with a haloacetic acid of the formula
      ##EQU7##
      wherein hal is halogen, preferably chlorine, in the presence of an acid
      binding agent.
PAR  Another route for the synthesis of the esters of formula III, i.e., wherein
      R.sub.5 is lower alkyl, is by converting an ester of
      halomethylmercaptoacetic acid [C.A. 58, 5630 (1963)] with cyanide as
      follows:
      ##EQU8##
PAR  When R is the acyloxymethyl group
      ##EQU9##
      this group may be introduced onto the 7-aminocephalosporanic acid moiety
      either prior to or subsequent to the reaction with the acylating agent by
      treatment with one or two moles of a halomethyl ester of the formula
PAL  (IX)
EQU  hal--CH.sub.2 OCOR.sub.4
PAL  wherein hal is halogen, preferably chlorine or bromine, in an inert organic
      solvent such as dimethylformamide, acetone, dioxane, benzene or the like
      at about ambient temperature or below.
PAR  The products of this invention form salts which are also part of the
      invention. Basic salts form with the acid moiety as discussed above when
      the symbol R is hydrogen.
PAR  It will be appreciated that certain of the compounds of this invention
      exist in various states of solvation as well as in different isomeric or
      optically active forms. The various forms as well as their mixtures are
      within the scope of this invention.
PAR  Further process details are provided in examples.
PAR  The compounds of this invention have a broad spectrum of antibacterial
      activity against both gram positive and gram negative organisms such as
      Staphylococcus aureus, Salmonella schottmuelleri, Pseudomonas aeruginose,
      Proteus vulgaris, Escherichia coli and streptococcus pyogenes. They may be
      used as antibacterial agents in a prophylactic manner, e.g., in cleaning
      or as surface disinfecting compositions, or otherwise to combat infections
      due to organisms such as those named above, and in general may be utilized
      in a manner similar to cephalothin and other cephalosporins. For example,
      a compound of formula I or a physiologically acceptable salt thereof may
      be used in various animal species in an amount of about 1 to 100 mg./kg.,
      daily, orally or parenterally, in single or two to four divided doses to
      treat infections of bacterial origin, e.g., 5.0 mg./kg. in mice.
PAR  Up to about 600 mg. of a compound of formula I or a physiologically
      acceptable salt thereof may be incorporated in an oral dosage form such as
      tablets, capsules or elixirs or in an injectable form in a sterile aqueous
      vehicle prepared according to conventional pharmaceutical practice.
PAR  They may also be used in cleaning or disinfecting compositions, e.g., for
      cleaning barns or dairy equipment, at a concentration of about 0.2 to 1%
      by weight of such compounds admixed with, suspended or dissolved in
      conventional inert dry or aqueous carriers for application by washing or
      spraying.
PAR  They are also useful as nutritional supplements in animal feeds.
PAR  The following examples are illustrative of the invention. All temperatures
      are on the centigrade scale. Additional variations may be produced in the
      same manner by appropriate substitution in the starting material.
DETD
PAC  EXAMPLE 1
PAC  2-[(Cyanomethyl)thio]acetic acid methyl ester
PAR  31.8 g. (0.3 mol.) of thioacetic acid methyl ester are added to 150 ml.
      (0.3 mol.) of 2N sodium methylate solution. 22.6 g. (0.3 mol.) of
      chloroacetonitrile dissolved in 30 ml. of methanol are added dropwise
      while cooling and stirring. It is stirred overnight then refluxed for 30
      minutes. The reaction mixture is cooled and the solvent is evaporated. 100
      ml. of water are added to the residue and the aqueous solution is
      extracted twice with ether. The combined ether extracts are decolorized
      with activated carbon and dried with magnesium sulfate. The ether is
      distilled off and the residue is distilled under vacuum. 30.5 g. of
      2-[(cyanomethyl)thio]-acetic acid methyl ester are obtained b.p..sub.10mm
      132.degree.-134.degree..
PAC  EXAMPLE 2
PAC  2-[(Cyanomethyl)thio]acetic acid potassium salt
PAR  14.5 g. (0.1 mol.) of 2-[(cyanomethyl)thio]acetic acid methyl ester are
      dissolved in ethanol and a solution of 6.7 g. (0.12 mol.) of potassium
      hydroxide in 40 ml. of ethanol is added dropwise while cooling. This is
      stirred 4 hours at room temperature and 1 hour at 0.degree.. The resulting
      precipitate is filtered under suction, washed with ethanol and ether and
      dried. 15.4 g. of 2-[(cyanomethyl)thio]acetic acid, potassium salt, m.p.
      203.degree.-205.degree. (dec.) are obtained. The free acid is obtained by
      dissolving the potassium salt in water and treating with an equivalent
      amount of aqueous sulfuric acid. The ether solution is dried and
      concentrated to obtain the free acid.
PAC  EXAMPLE 3
PAC  2-[(Cyanomethyl)thio]acetyl chloride
PAR  30 g. of 2-[(cyanomethyl)thio]acetic acid potassium salt are suspended in
      benzene, 5 drops of pyridine are added and the mixture is cooled to
      10.degree.. At this temperature 76.7 g. of oxalyl chloride in 150 ml. of
      benzene are slowly dropped in with stirring. After the vigorous evolution
      of gas has stopped, the reaction mixture is stirred for 1 hour at room
      temperature. This is then filtered and the filtrate is concentrated at
      room temperature. The residue is distilled under vacuum to obtain 19.8 g.
      of 2-[(cyanomethyl)thio]acetyl chloride, b.p. .sub.0.1mm
      110.degree.-115.degree..
PAC  EXAMPLE 4
PAC  7-[2-[(Cyanomethyl)thio]acetamido]-3-desacetoxycephalosporanic acid
PAR  2.14 g. (0.01 mol.) of 7-amino-3-desacetoxycephalosporanic acid are
      suspended in 50 ml. of water at room temperature. 1.4 ml. of triethylamine
      salt are added and this is stirred until a clear solution is obtained. 50
      ml. of acetone are added and the solution is cooled to
      0.degree.-5.degree.. Simultaneously a solution of 1.65 g. (0.01 mol.) of
      2-[(Cyanomethyl)thio]acetyl chloride in 15 ml. of acetone and a solution
      of 1.4 ml. of triethylamine in 15 ml. of acetone are added dropwise while
      stirring with care that the pH stays in the range 7.5 - 8. This is stirred
      for an additional 30 minutes at 5.degree.. Then 50 ml. of ethyl acetate
      are added, cooled to 0.degree. and acidified with 2N hydrochloric acid to
      pH1.5. The mixture is filtered, the layers are separated, the organic
      phase is washed three times with water, dried with magnesium sulfate and
      the solvent is evaporated in a rotary evaporator. 1.9 g. of
      7-[2-[(cyanomethyl) thio]-acetamido]-3-desacetoxycephalosporanic acid are
      obtained. The crude product is dissolved in methanol, filtered and 5 ml.
      of a 2N solution of potassium ethylhexanoate in n-butanol are added. This
      solution is poured into 300 ml. of ether. The precipitate is filtered
      under suction and washed with ether.
PAR  The yield amounts to 1.8 g. of the potassium salt of 7-[2-[(cyanomethyl)
      thio]acetamido]-3-desacetoxycaphalosporanic acid, m.p. 175.degree. (dec.).
      The amorphous product is crystallized from a little methanol, m.p.
      197.degree.-200.degree. (dec.).
PAC  EXAMPLE 5
PAC  7-[2-[(Cyanomethyl)thio]acetamido]-caphalosporanic acid
PAR  By substituting 7-aminocephalosporanic acid for the
      7-amino-3-desacetoxycephalosporanic acid in the procedure of Example 4,
      there are obtained 7-[2-[(cyanomethyl)thio]-acetamido]cephalosporanic acid
      and the crystalline potassium salt, m.p. 168.degree.-170.degree. (dec.).
PAC  EXAMPLE 6
PAR  To obtain the triethylamine salt of
      7-[2-[(cyanomethyl)thio]-acetamido]cephalosporanic acid, an equivalent
      amount of triethylamine is added to an ethanol solution of
      7-[2-[(cyanomethyl)thio]-acetamido]cephalosporanic acid and the reaction
      prduct is concentrated at reduced pressure to deposit the product.
PAR  The following additional products are obtained according to the procedure
      of Example 4 by substituting for the 2-[(cyanomethyl)thio]acetyl chloride
      the appropriately substituted derivative and substituting for the 7-ADCA
      the appropriately substituted derivative:
TBL                                    TABLE                                   

     __________________________________________________________________________

     Example                                                                   

          R           R.sub.1        R.sub.2   R.sub.3      X                  

     __________________________________________________________________________

      7   H           H              H                      H                  

      8   CH.sub.3    CH.sub.3       H         H            H                  

      9   C.sub.2 H.sub.5                                                      

                      C.sub.2 H.sub.5                                          

                                     C.sub.2 H.sub.5                           

                                               CH.sub.3     OH                 

     10   K           C.sub.2 H.sub.5                                          

                                     H         C.sub.3 H.sub.7                 

                                                            pyridinium         

          O                                                                    

          .parallel.                                                           

     11   --CH.sub.2 OC--CH(CH.sub.3).sub.2                                    

                      H              H         C.sub.6 H.sub.5 CH.sub.2        

                                                            OCOCH.sub.3        

          O                                                                    

          .parallel.                                                           

     12   --CH.sub.2 OC--C.sub.6 H.sub.5                                       

                      CH.sub.2 --CH=CH.sub.2 --                                

                                     H         4--ClC.sub.6 H.sub.4 --         

                                                            OCOCH.sub.3        

     13   K                          H         3,4--(CH.sub.3 O).sub.2 C.sub.6 

                                               H.sub.3 --   H                  

     14   C.sub.2 H.sub.5                                                      

                      CH.sub.3       CH.sub.3  3,4,5--(CH.sub.3 O).sub.3       

                                               C.sub.6 H.sub.2 --              

                                                            OCOCH.sub.3        

     15   H                                    4--CH.sub.3 C.sub.6 H.sub.4     

                                                            OCOCH.sub.3        

     16   lactone (+X)                                                         

                      C.sub.2 H.sub.5                                          

                                     H         3,4--(Br).sub.2 C.sub.6 H.sub.3 

                                               --           lactone (+R)       

     17   K                          H         2,4--(Cl).sub.2 C.sub.6 H.sub.3 

                                               --           OCOCH.sub.3        

     18   K           H              H         C.sub.6 H.sub.5 ------------    

                                                            OCOCH.sub.3        

                                               .parallel..parallel.            

                                               N.parallel.                     

                                               .angle..vertline.               

                                               OCH.sub.3                       

     19   C.sub.2 H.sub.5            H                      OCOCH.sub.3        

     20   Na          H              H                      OCOCH.sub.3        

     21   C.sub.2 H.sub.5 --                                                   

                      CH.sub.3       H                      OCOCH.sub.3        

     22   C.sub.6 H.sub.5 CH.sub.2 --                                          

                                     H                      OOCH.sub.2 C.sub.6 

                                                            H.sub.5            

          O                                                                    

          .parallel.                                                           

     23   --CH.sub.2 OC--CH(CH.sub.3).sub.2                                    

                      --CH.sub.2 OH  C.sub.2 H.sub. 5                          

                                               C.sub.6 H.sub.5 --H             

          O                                                                    

          .parallel.                                                           

     24   --CH.sub.2 O--C--CH(CH.sub.3).sub.2                                  

                                     H         C.sub.2 H.sub.5 --              

                                                            --OOC--C.sub.6     

                                                            H.sub.5            

     25   H                                    C.sub.6 H.sub.5 --              

                                                            H                  

     26   Na                                   C.sub.2 H.sub.5 --              

                                                            H                  

          O                                                                    

          .parallel.                                                           

     27   --CH.sub.2 O--C--CH(CH.sub.3).sub.2  C.sub.6 H.sub.5 --              

                                                            --OCOCH.sub.3      

     28   --Si(CH.sub.3).sub.3                                                 

                      --CH.sub.2 --CH=CH.sub.2                                 

                                     H         C.sub.2 H.sub.5 --              

                                                            H                  

     29   --N(C.sub.2 H.sub.5).sub.3                                           

                      CH.sub.3       H         C.sub.6 H.sub.5 --              

                                                            H                  

     30   Na                         H         C.sub.6 H.sub.5 --              

                                                            --OCOCH.sub.3      

     31   K           H              H                      --SCH.sub.3        

     32   H           H              H                      --OCH.sub.3        

          O                                                                    

          .parallel.                                                           

     33   --CH.sub.2 OCC.sub.6 H.sub.5                                         

                      H              H                      H                  

     34   K           CH.sub. 3      CH.sub.3  CH.sub.2 =CH--CH.sub.2 --       

                                                            H                  

     35   H           H              H         CH.sub.3 CH=CH--CH.sub.2        

                                                            --OCOCH.sub.3      

     36   H           H              H         CH.sub.2 =CH--CH.sub.2 --CH.sub.

                                               2 --         OCOCH.sub.3        

     37   K           C.sub.2 H.sub.5                                          

                                     H                      H                  

     38   H           H              H         CH.sub.2 =CH--CH.sub.2 --       

                                                            OCOCH.sub.3        

     39   K           CH.sub.3       H                      H                  

     40   H           H              H                      pyridinium         

     41   K           C.sub.2 H.sub.5                                          

                                     H                      H                  

     42   H           H              H                      OCOCH.sub.3        

     43   K           H              H                      H                  

     44   H           H              H                      OCOCH.sub.3        

     45   H           CH.sub.3       H                      H                  

     __________________________________________________________________________

PAC  EXAMPLE 46
PAR  A sterile powder for reconstitution for use intramuscularly is prepared
      from the following ingredients which supply 1000 vials each containing 250
      mg. of active ingredient:
TBL  7-[2-[(cyanomethyl)thio]acetamido]-                                       

     cephalosporanic acid, sterile                                             

                              250     gm.                                      

     Lecithin powder, sterile 50      gm.                                      

     Sodium carboxymethylcellulose,                                            

     sterile                  20      gm.                                      

PAR  The sterile powders are aseptically blended and filled into sterile vials,
      and sealed. The addition of 1 ml. of water for injection to the vial
      provides a suspension for intramuscular injection.
PAC  EXAMPLE 47
PAC  DL-2-[(cyanomethyl)thio]-2-phenyl Acetic Acid
PAR  16.8 gms. (0.1 mol.) of DL-2-phenylthioacetic acid and 22.7 gms. (0.225
      mol.) of triethylamine are dissolved in 200 ml. of anhydrous
      tetrahydrofuran. The solution is cooled to 0.degree. to 5.degree. and a
      solution of 7.54 gms. (0.1 mol.) of chloroacetonitrile is added dropwise
      at this temperature. The mixture is stirred at 0.degree. to 5.degree. for
      3 hours and then kept overnight at room temperature. The solution is
      concentrated, the residue is taken up with water, acidified with 2N
      hydrochloric acid and extracted several times with ether. The ether
      extracts are washed with water, dried with magnesium sulfate and
      concentrated. The residue crystallizes to yield 20.6 gms. of
      DL-2-[(cyanomethyl)thio]-2-phenyl acetic acid, m.p.
      110.degree.-112.degree.. After recrystallization from benzene, the acid
      melts at 114.degree..
PAC  EXAMPLE 48
PAC  7-[DL-2-[(cyanomethyl)thio]-2-phenylacetamido]cephalosporanic acid
PAR  1.1 gm. (.0054 mol.) of 7-[DL-2-[(cyanomethyl)thio]-2-phenyl]acetic acid
      are dissolved in 12.5 ml. of dioxane. A solution of 0.98 gms. of
      2,4-dinitrophenol in 12.5 ml. of dioxane is added, the mixture is cooled
      with ice water and 1.08 gms. of dicyclohexylcarbodiimide are added. This
      is stirred for 30 minutes with cooling and 30 minutes at room temperature,
      and the resulting precipitate (dicyclohexylurea, 1.1 gm.) is filtered
      under suction. The filtrate is concentrated at room temperature under
      vacuum. To the oily residue is added with cooling a solution prepared from
      1.36 gms. (0.05 mols.) of 7-aminocephalosporanic acid and 1.06 gms. of
      triethylamine in 12.5 ml. of methylene chloride. The mixture is stirred
      for 16 hours at room temperature.
PAR  A slight turbidity is removed by filtration and the solution is slowly
      added to 200 ml. of cold, vigorously stirred ether. After filtering under
      suction, the residue is dissolved in a small amount of methylene chloride
      and reprecipitated in the same manner as described above. The yield
      amounts to 1.7 gms. of the triethylamine salt of
      7-[DL-2-[(cyanomethyl)thio]-2-phenylacetamido]caphalosporanic acid. A
      sample of the product shows only a trace of dinitrophenol by thin layer
      chromatography.
PAR  To produce the free acid, 1.6 gms. of the triethylamine salt are dissolved
      in 40 ml. of water, layered over with ethyl acetate and acidified with 2N
      hydrochloride while cooling and stirring. The layers are separated, the
      aqueous layer is extracted several times with ethyl acetate, the combined
      extracts are washed three times with water, decolorized with activated
      charcoal, dried with magnesium sulfate and then the solution is evaporated
      to dryness. The viscous residue is dissolved in 25 ml. of methylene
      chloride and the solution is poured into 200 ml. of vigorously stirred
      petroleum ether. 0.9 gms. of
      7-[DL-2-[(cyanomethyl)thio]-2-phenylacetamido]-cephalosporanic acid
      precipitate.
PAR  The potassium salt is produced by dissolving 0.8 gms. of the acid in 10 ml.
      of methanol and to this is added 1.25 ml. of a 2N solution of ethyl
      hexanoate in n-butanol. A light turbidity is filtered off and the solution
      is slowly poured into 200 ml. of vigorously stirred ether. There are
      obtained 0.75 gms. of the potassium salt, m.p. below 60.degree. (dec.).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC4##
PAL  wherein R is hydrogen or a salt forming ion of the group consisting of
      aluminum, alkali metal, alkaline earth metal, mono-lower alkylamine,
      di-lower alkylamine, tri-lower alkylamine, dibenzylamine, N,N-dibenzyl
      diamine, procaine or lower alkylpiperidine; R.sub.1 and R.sub.2 each is
      hydrogen, lower alkyl, lower alkenyl, phenyl, hydroxyphenyl, chlorophenyl,
      benzyl, phenethyl or R.sub.1 and R.sub.2 together complete the cyclopentyl
      or cyclohexyl group; R.sub.3 is hydrogen, lower alkyl or lower alkenyl;
      and X is lower alkoxy or lower alkylthio; said lower alkyl, lower alkenyl
      and lower alkoxy groups having up to seven carbon atoms.
NUM  2.
PAR  2. A compound as in claim 1 wherein R is hydrogen or alkali metal and X is
      lower alkoxy or lower alkylthio.
NUM  3.
PAR  3. A compound as in claim 1 wherein R is hydrogen or alkali metal, R.sub.1,
      R.sub.2 and R.sub.3 each is hydrogen and X is lower alkoxy or lower
      alkylthio.
NUM  4.
PAR  4. A compound as in claim 1 wherein R, R.sub.1, R.sub.2 and R.sub.3 each is
      hydrogen and X is methoxy.
NUM  5.
PAR  5. A compound as in claim 1 wherein R is potassium, R.sub.1, R.sub.2 and
      R.sub.3 each is hydrogen and X is methylthio.
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PAL  Penicillin sulfoxides are converted to 3-halo-3-methyl-cepham-4-carboxylic
      acid esters and amides or the corresponding cephem derivatives by heating
      the penicillin sulfoxide precursor in a polyhaloalkane solvent to a
      temperature between 50.degree. to about 150.degree.C. in the presence of
      an equimolar amount of a neutral or basic catalyst, respectively. The
      catalysts employed are bases such as pyridine, picoline, lutidine,
      quinoline, isoquinoline, dimethylaniline or a quaternary ammonium salt.
      The 3-halo-cepham intermediates produced with a quaternary ammonium
      catalyst are dehydrohalogenated to afford known cephem derivatives or
      converted to the free 4-carboxylic acid and the alkali metal, alkaline
      earth metal or ammonium salts thereof to afford novel antibacterial
      agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The conversion of penicillin sulfoxides to desacetoxy cephalosporins has
      been accomplished in poor yield in refluxing toluene or xylene in the
      presence of an acid such as p-toluene sulfonic acid or acetic anhydride.
      Morin et.al., U.S. Pat. No. 3,275,626. Analogous processes are disclosed
      in U.S. Pat. Nos. 3,647,787; 3,668,202; and Belgium Pat. Nos. 747,119,
      747,120 and 763,104. The reaction has been considered to proceed through
      cleavage of the sulfurcarbon bond of the thiazolidine ring of penicillin
      to afford an unsaturated sulfenic acid, and possibly an intermediate
      anhydride or protonated sulfenic acid, which ring closes with the olefinic
      unsaturation to form a sulfonium ion, the latter being subject to attack
      by an anion to open the sulfonium ring in the production of a
      cephalosporin derivative or a substituted penam system. Barton et.al., J.
      Chem. Soc. (London) (C), pp. 3540-3550 (1971). It is known that
      isothiazoles result from treatment of a penicillin sulfoxide ester with
      triethylamine or pyridine Morin et.al. J.A.C.S. 91, 1401 (1969); Barton
      et.al., supra at page 3542.
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention, there is provided a process for
      converting penicillin sulfoxides to cephalosporin derivatives which
      comprises heating the penicillin sulfoxide precursor in an inert
      polyhaloalkane solvent to a temperature between 50.degree. to about
      150.degree.C. for a period of from 10 to 50 hours in the presence of at
      least an equimolar amount of a neutral or basic catalyst.
PAR  A second process aspect of this invention provides a process for
      dehydrohalogenating the 3-halo-3-methyl-cepham derivatives to obtain the
      corresponding known cephem derivatives which comprises heating the 3-halo
      cepham in the presence of a base selected from the group consisting of
      pyridine, 1,5-diazabicyclo[4.3.0]non-5-ene,
      1,8-diazabicyclo[5.4.0]undec-7-ene, 1,8-bis[dimethylamino]naphthalene,
      4-dimethylaminopyridine, triethylamine, an alkali metal carbonate, sodium
      acetate and silver acetate in an inert organic solvent at a temperature
      from about -20.degree. to about 50.degree.C. for a period up to about 24
      hours. By selection of the reaction conditions and reagent, the reaction
      can be made to occur instantaneously upon dissolution of the
      3-halo-cepham. The product cephem is recovered by removal of the salt
      by-product, removal of the solvent, followed by crystallization from an
      appropriate solvent or by chromatographing the product residue, employing
      known techniques. Thus, the 3-halo-3-methyl-cepham-4-carboxylic acid
      esters and amides of this invention are intermediates readily convertible
      to cephalosporin derivatives of known antibacterial activity.
PAR  A third process aspect of this invention provides a process for selectively
      deacylating the 7-amido group of a 3-halo-3-methyl-cepham-4-carboxylic
      acid ester or amide which comprises introducing a stoichiometric excess of
      PCl.sub.5 to a solution of the 3-halo-cepham followed by the introduction
      of a tertiary amine base selected from the group consisting of pyridine,
      picoline, quinoline, isoquinoline, lutidine, and an
      N,N-di(lower)alkylaniline, preferably dimethylaniline, at a temperature
      between about -35.degree.C. and ambient temperature. The iminochloride
      product is solvolyzed and precipitated by sequential treatment with a
      lower alkanol, such as methanol, and water to afford the hydrochloride of
      the 7-amino-3-halo-cepham derivative. The 7-amino group may be then
      readily acylated by known means with known acyl groups to tailor the
      compound as desired.
PAR  The 4-carboxylic acid ester or amide group employed to protect the
      carboxylic acid during the processes described, may be any protective
      group known to the art. After rearrangement of the penicillin sulfoxide to
      either the 3-halo-cepham or the cephem derivative, the ester or amide
      function is readily removed, if desired, by conventional techniques such
      as hydrogenolysis to afford the free carboxylic acid which may then be
      tailored to yield a more desirable carboxylic acid salt, ester or amide
      for further processing or for a specific pharmaceutical application.
      Likewise, acid addition salts of the cephalosporin derivatives, where
      applicable and desired are produced by known techniques employing such
      pharmaceutically acceptable organic and inorganic acids as hydrochloric,
      hydrobromic, sulfuric, nitric, phosphoric, acetic, benzenesulfonic,
      toluene sulfonic, methanesulfonic, ethanesulfonic acids, and the like.
PAR  The compound aspect of this invention involves the intermediate
      3-halo-3-methyl-cepham derivatives of the formula:
      ##SPC1##
PAL  in which
PA1  R.sup.1 represents hydrogen or an organic acyl radical found in penicillin
      and cephalosporin derivatives including the aliphatic, cycloaliphatic,
      aromatic and heterocyclic acyl radicals of known penicillins. Specific
      examples of R.sup.1 are --H, acetyl, phenylacetyl, .alpha.-aminophenyl
      acetyl, phenoxyacetyl, thiophenoxyacetyl, 2-thienylacetyl,
      tetrazolylacetyl, cyanoacetyl, sydnone-3-acetyl, pyridylthioacetyl,
      alpha-hydroxyphenylacetyl, and alpha-hydroxy-2-thienylacetyl,
PA1  R.sup.2 represents hydrogen or a radical that in conjunction with R.sup.1 N
      may form a phthalimido radical, or
      ##SPC2##
PAL  in which
PA1  R.sup.4 and R.sup.5 are hydrogen or a lower alkyl group and R.sup.6 is
      phenyl or 1,4-cyclohexadienyl;
PA1  R.sup.3 is a member selected from the group consisting of hydroxy, lower
      alkoxy, 2,2,2-trichloroethoxy, aryloxy of 6 to 10 carbon atoms, aralkoxy
      of 7 to 12 carbon atoms, alkoxyaralkoxy of 9 to 14 carbon atoms, mono- or
      di-lower alkylamino, arylamino of 6 to 10 carbon atoms, saccarimido, and
      phthalimido, and OM where M is an alkali metal cation, an alkaline earth
      metal cation or the ammonium cation;
PA1  A is a member selected from the group consisting of --Cl, --Br and --I; and
PA1  the pharmaceutically acceptable acid addition salts thereof.
PAR  Within the compound aspect of this invention is the preferred group of
      3-halocepham derivatives of the formula
      ##SPC3##
PAL  in which
PA1  R.sup.1 is a member selected from the group consisting of --H, phenylacetyl
      and 2-thienylacetyl;
PA1  R.sup.3 is a member selected from the group consisting of --OH and
      p-nitrobenzyloxy and
PA1  A is a member selected from the group consisting of --Cl and --Br.
PAR  The 3-halocepham derivatives exhibit antibacterial activity when either in
      the form of the free 4-carboxylic acid or its alkali metal, alkaline earth
      metal or ammonium salt, against gram-positive and gram-negative test
      organisms as well as penicillin resistant staphlococcus at an inhibitory
      concentration at or below 250 micrograms per milliliter using the well
      known and scientifically accepted agar serial dilution testing technique.
      Thus, the compounds of this invention are useful in the fields of
      comparative pharmacology and in microbiology and may be used as growth
      promotors in animals and for the treatment of infections amenable to
      treatment with penicillins and cephalosporins.
PAR  The catalyst employed in the first process aspect of this invention is a
      tertiary amine base selected from the group consisting of pyridine,
      picoline, quinoline, isoquinoline, lutidine, and N,N-di(lower)alkylaniline
      or a quaternary ammonium salt catalyst which presents the structural
      formula
EQU  (R.sup.7).sub.3 N.sup.+-R.sup.8 . A.sup.-
PAL  in which the groups
PA1  R.sup.7 and the nitrogen atom to which they are attached represent a
      tertiary amine, the R.sup.7 substituents being indepently selected from
      the group consisting of lower alkyl, aryl of 6 to 10 carbon atoms, aralkyl
      of 7 to 12 carbon atoms or the three R.sup.7 groups taken with the
      nitrogen atom to which they are attached represent an aromatic or
      cycloaliphatic ring structure selected from the group consisting of
      pyridine, 2-, 3-, or 4-picoline, quinoline, isoquinoline, lutidine, and an
      N,N-di(lower)alkylaniline;
PA1  R.sup.8 represents a quaternizing substituent selected from the group
      consisting of
EQU  --CH.sub.2 CH.sub.2 Y
PAL  in which
PA1  Y is a group displaceable as an anion or a free base. Thus Y may be a
      halogen, an acyloxy group, an azide, or a quaternary ammonium group.
      Hence, Y may be chloro, bromo, iodo, p-toluenesulfonyl, lower alkanoyloxy,
      azido, thioacetoxy, pyridinium, and the like;
PA2  2,4-dinitrophenyl, 2,6-pyrimidinyl, and cyanuryl radicals; and
PA1  A represents a halo anion, and when Y represents a quaternary ammonium
      group there is of necessity an additional halo anion associated with the
      di-quaternary ammonium salt.
PAR  When the first process aspect of this invention is performed in the
      presence of the above described quaternary ammonium salts containing the
      group --CH.sub.2 CH.sub.2 Y, the product is a 3-halocepham, whereas
      performance of the process in the presence of a tertiary amine or a
      quaternary ammonium salt devoid of the --CH.sub.2 CH.sub.2 Y group leads
      directly to the corresponding dehydrohalogenated cephem.
PAR  Thus, the process of this invention provides a means for converting
      penicillin sulfoxides to desacetoxy cephalosporin derivatives directly or
      via a 3-halo-3-methyl-cepham intermediate depending upon the catalyst
      employed. The use of a tertiary amine base catalyst conducts the reaction
      directly to the cephem product while the quaternary ammonium derivative of
      the tertiary amine base containing the quaternizing substituent --CH.sub.2
      CH.sub.2 Y, affords the 3-halo-cepham product. In either event, the use of
      a polyhaloalkane solvent serves to assist in the reaction to the extent
      that by-product formation is either completely avoided when employing the
      quaternary ammonium salts or markedly reduced when a free tertiary amine
      base is employed as the catalyst. Hence, the critical aspects of the first
      process aspect of this invention resides in the catalyst and in the
      reaction solvent.
PAR  It is preferred to employ approximately an equimolar amount of catalyst and
      penicillin sulfoxide although up to a molar excess of the catalyst may be
      used without deleterious effect. However, a large excess of the basic
      catalyst is to be avoided. In those cases where the catalyst is a tertiary
      amine, it should be as sterically unhindered as possible. The preferred
      tertiary amine bases in decreasing order of preference are: pyridine, 4-
      and 3-picoline, quinoline, 2-picoline, lutidine, and dimethylaniline.
PAR  The intermediate penicillin sulfoxides are known compounds and are
      illustrated by the formula:
      ##SPC4##
PAL  in which
PA1  R represents a member selected from the group consisting of methyl, benzyl,
      phenoxymethyl, thiophenoxymethyl, 2-thienylmethyl, tetrazolylmethyl,
      cyanomethyl, sydnone-3-methyl, pyridylthiomethyl, alpha-hydroxybenzyl and
      alpha-hydroxy-2-thienylacetyl; and R.sup.2 and R.sup.3 are described
      above.
PAR  Although applicants do not intend to be limited by any specific reaction
      theory, it is believed that the 3-halocepham intermediate is also formed
      when the process is performed in the presence of a tertiary amine
      catalyst. This conclusion is based upon the fact that the tertiary amine
      catalysts react with the polyhaloalkane solvents at about the same rate as
      is required for the overall conversion of the penicillin sulfoxide to the
      final cephem product, while the formation of the intermediate 3-halocepham
      occurs faster in the presence of a quaternary ammonium salt containing the
      omega-haloalkane moiety. Thus, it is hypothesized that sufficient free
      tertiary amine is present in the polyhaloalkane solvent at any given time
      during the reaction to cause dehydrohalogenation of the 3-halo cepham.
      Thus, from applicants observations that (1) the conversion of penicillin
      sulfoxides to a cephem product in the presence of a pure base procedes
      only with poor yield in solvents other than polyhaloalkanes, (2) the
      reaction in the presence of a pure base and a polyhaloalkane solvent
      affords the cephem in good yields, (3) the conversion of a penicillin
      sulfoxide to a 3-halo cepham proceeds faster in the presence of the
      described quaternary ammonium salts than the formation of the salts from
      the amine and solvents, and (4) the rate of formation of a quaternary
      ammonium salt in the absence of a sulfoxide is similar to the rate of
      formation of the cephem derivatives in the presence of a sulfoxide; it is
      assumed that the tertiary amine catalyst is at least partially converted
      to a quaternary ammonium salt by reaction with the solvent according to
      the equation:
      ##SPC5##
PAL  which salt directs the reaction
      ##SPC6##
PAL  which intermediate readily dehydrohalogenates in the presence of the
      tertiary amine to afford the cephem product without a large formation of
      the isothiazole by-product observed by Morin et.al., supra.
PAR  Therefore, the solvent employed in the first process aspect of this
      invention is considered to be critical. The solvents are polyhaloalkanes
      of 1 to 4 carbon atoms in a straight chain containing two or more
      halo-substituents, the halo groups being chlorine, bromine or iodine.
      Examples of the solvents are dibromomethane, 1,2-dichloroethane,
      1,2-dibromoethane, 1,2-diiodoethane, 1-bromo-2-chloroethane,
      1,2-dichloropropane, 1,3-dibromopropane, 1,1,4-trichlorobutane,
      1,2-dichlorobutane, 1,3-dichlorobutane, 1,1,2-trichloroethane, and the
      like. As indicated above, solvents other than the polyhaloalkanes may be
      used, such as acetonitrile, nitromethane, dioxane, dimethoxyethane, and
      the like, with an attending decrease in the yield of cephalosporin
      product.
PAR  The reaction is carried out by mixing the penicillin sulfoxide with the
      catalyst in such a molar ratio that there is at least one mole of catalyst
      per mole of sulfoxide in the solvent system, and heating the reaction
      mixture for from 10 to about 50 hours at temperatures ranging between
      50.degree. and 150.degree.C., preferably for 15 to 30 hours at 70.degree.
      to 120.degree.C.
PAR  The cephalosporin products, both the 3-halo derivative as well as the
      dehydrohalogenated product, may be recovered by removal from the solvent
      followed by chromatographic separation or crystallization from a suitable
      solvent system.
PAR  Throughout this specification reference to "lower" alkyl groups is intended
      to embrace straight and branched chain univalent aliphatic hydrocarbon
      radicals containing from 1 to 6 carbon atoms.
PAR  The following examples are presented by way of illustration and are not to
      be construed as limitations on the scope of the contribution.
DETD
PAC  EXAMPLE 1
PAC  1-(2-Chloroethyl)pyridinium Chloride.
PAR  A solution of pyridine (100 g, 1.25 mole) in 800 ml. of 1,2-dichloroethane
      was refluxed for 72 hours. The white crystalline material which formed was
      filtered, washed repeatedly with fresh 1,2-dichloroethane and dried.
      Collected 200 g (89 per cent yield), nmr (D.sub.2 O) ppm (.delta.), 4.3
      (t, 3), 5.6 (t, 3), 8.1 - 9.3 (m, 5).
PAC  EXAMPLE 2
PAC  1-(2-Bromoethyl)quinolinium Bromide
PAR  A solution of quinoline (20 ml) in 200 ml of 1,2-dibromoethane was heated
      under nitrogen at 70.degree.C. for 18 hours. The crystalline solid was
      filtered, washed with dichloromethane and recrystallized from
      methanol-ether. Collected 32 g (65 per cent yield) m.p.
      205.degree.-207.degree.C. Nmr (D.sub.2 O) 4.22 (t, 2), 5.63 (t, 2), 7.8 -
      8.6 (m, 5), 9.1 - 9.6 (m, 3).
PAC  EXAMPLE 3
PAC  3-Chloro-3-methyl-8-oxo-7-(2-phenylacetamido)-5-thia-1-azabicyclo[4.2.0]oct
     ane-2-carboxylic acid p-nitrobenzyl ester.
PAR  To a solution of 6-(2-phenylacetamido)penicillanic acid p-nitrobenzyl ester
      1-oxide (5 g, 10.3 mmoles) in 2,400 ml. of dry 1,2-dichloroethane was
      added 1-(2-chloroethyl)-pyridinium chloride (3.8 g, 21.3 mmoles). The
      mixture was heated to reflux for 21 hours, it was then concentrated to 500
      ml., washed with water, treated with charcoal, dried and flash evaporated.
      The residual oil was dissolved in dichloromethane and the solution
      obtained was added to pentane. A light yellow solid was obtained (4.36 g,
      83 per cent yield), which was further recrystallized from
      dichloromethane-pentane, m.p. 134.degree.-136.degree.C., nmr (DCCl.sub.3)
      ppm (.delta.), 1.63 (s, 3, 3-methyl), 3.12 (ABq, .delta. 0.925 ppm, J 15
      cps, 2--CH.sub.2),
      ##EQU1##
      4.80 (s, 1, 4--H), 5.16 (d, 1, 6H), 5.30 (s, 2, 0--CH.sub.2), 5.68 (q, 1,
      7H), 6.6 (d, 1, NH), 7.30 (s, 5, C.sub.6 H.sub.5), 7.95 (ABq, .delta. 0.75
      ppm, J 9 cps, p--NO.sub.2 --C.sub.6 H.sub.4).
PAR  Elemental Analysis for C.sub.23 H.sub.22 ClN.sub.4 O.sub.6 S (mw 503.96);
      Calc'd: C, 54.81; H, 4.40; N, 8.34; Cl, 7.04; S, 6.36. Found: C, 54.42; H,
      4.59; N, 7.95; Cl, 7.08; S, 6.49.
PAC  EXAMPLE 4
PAC  3-Bromo-3-methyl-8-oxo-7-(2-phenylacetamido)-5-thia-1-azabicyclo[4.2.0]octa
     ne-2-carboxylic acid p-nitrobenzyl ester.
PAC  Method I
PAR  To a solution of 6-(2-phenylacetamido)penicillanic acid p-nitrobenzyl ester
      1-oxide (1 g, 2.06 mmoles) in 100 ml. of dry 1,2-dibromoethane was added
      1-(2-bromoethyl)pyridinium bromide (1.13 g, 4.2 mmoles). The mixture was
      heated at 90.degree.C. for 10 hours. The solvent was flash evaporated and
      the residue was chromatographed on 25 g. of silica gel eluted with ether.
      The residue obtained after evaporated of the eluent was crystallized from
      dichloromethane pentane to give 300 mg (26.4 per cent yield) of the title
      compound, m.p. 136.degree.-137.5.degree.C.; nmr (DMSO-D.sub.6) ppm
      (.delta.), 1.81 (s, 3, 3--CH.sub.3), 3.1 (ABq, .delta. 0.775 ppm, J 15
      cps, 2-cps, 2--CH.sub.2),
      ##EQU2##
      4.86 (s, 1, 4--H), 5.23 (d, 1, 6H), 5.70 (s, 2, 0--CH.sub.2), 5.60 (q, 1,
      7H), 6.57 (d, 1, NH), 7.32 (s, 5, C.sub.6 H.sub.5), 7.90 (ABq, .delta.
      0.725 ppm, J 9 cps, p--NO.sub.2 --C.sub.6 H.sub.4).
PAR  Elemental Analysis for C.sub.23 H.sub.22 BrN.sub.3 O.sub.6 S (mw  548.45):
      Calc'd: C, 50.37; H, 4.04; N, 7.66; Br, 14.57. Found: C, 51.20; H, 4.15;
      N, 7.76; Br, 14.67.
PAR  The nmr spectrum indicated a small amount of dehydrohalogenated product,
      which accounts for the high C analysis.
PAC  Method II
PAR  To a solution of 6-(2-phenylacetamido)penicillanic acid p-nitrobenzyl ester
      1-oxide (2.42 g, 5 mmoles) in 150 ml of 1,2-dibromethane was added
      1-(2-bromoethyl)quinolinium bromide (1.6 g, 5 mmoles). The mixture was
      heated for 16 hours at 85.degree.C. The solvent was washed with water,
      mixed with charcoal, dried over magnesium sulfate and flash evaporated to
      an oil which was chromatographed on 40 g. of silica gel eluted with ether.
      The desired product crystallized in the eluent. Collected 1.32 g. (48 per
      cent yield) mp. and nmr were identical to those described in Method I.
PAR  Found: C, 50.80; H, 4.02; N, 7.69.
PAC  Method III
PAR  When this reaction was carried out under the same conditions as those
      described in Method I but replacing the 1,2-dibromoethane solvent for
      dibromomethane the desired title compound was obtained in lower yield.
PAC  Method IV
PAR  The title compound was also prepared in lower yield when the reaction was
      carried out under the same conditions as those described in Method I but
      replacing the 1-(2-bromoethyl)pyridinium bromide by 1,1'-ethylene
      bis(pyridinium bromide).
PAC  EXAMPLE 5
PAC  3-Chloro-3-methyl-8-oxo-7-(2-phenylacetamido)-5-thia-1-azabicyclo[4.2.
      ]octane-2-carboxylic acid.
PAR  3-Chloro-3-methyl-8-oxo-7-(2-phenylacetamido)-5-thia-1-azabicyclo[4,2,0]oct
     ane-2-carboxylic acid p-nitrobenzyl ester (1.06 g, 2.1 mmoles) was
      hydrogenated in 60 ml of ethyl acetate over 1 g. of 10 per cent palladium
      on charcoal. The catalyst was filtered and washed with ethyl acetate. The
      filtrate was extracted with ice cold saturated sodium bicarbonate (100
      ml.). The aqueous phase was covered with fresh ethyl acetate (100 ml.) and
      was acidified with concentrated hydrochloric acid to pH 1.5. The organic
      phase was separated, dried and flash concentrated to a total of 10 ml. The
      obtained solution was added to pentane to give 475 mg. (61 per cent yield)
      of the desired acid, which did not melt but slowly decomposed above
      90.degree.C., nmr (DMSO-D.sub.6) ppm (.delta.), 1.75 (s, 3, CH.sub.3),
      3.32 (ABq, .delta. 0.675 ppm, J 14.2 cps, 2--CH.sub.2),
      ##EQU3##
      4.55 (s, 1, 4--H), 5.22 (2, 1, 6H), 5.51 (q, 1, 7H), 7.34 (s, 5, C.sub.6
      H.sub.5), 9.1 (d, 1, NH).
PAR  Elemental Analysis for C.sub.16 H.sub.17 ClN.sub.2 O.sub.4 S (mw 368.81):
      Calc'd: C, 52.10; H, 4.65; N, 7.60; Cl, 9.60; S, 8.70. Found: C, 52.00; H,
      4.60; N, 7.48; Cl, 9.29; S, 8.29.
PAC  EXAMPLE 6
PAC  3-Bromo-3-methyl-8-oxo-7-(2-phenylacetamido)-5-thia-1-azabicyclo[4.2.0]octa
     ne-2-carboxylic acid.
PAR  The title compound was prepared in 65 per cent yield from the p-nitrobenzyl
      ester by the same procedure as that described in Example 5, nmr
      (DCCl.sub.3) ppm (.delta.), 1.83 (s, 3, CH.sub.3), 3.18 (ABq, .delta.
      0.875 ppm, J 10 cps, 2--CH.sub.2),
      ##EQU4##
      4.81 (s, 1, 4H), 5.28 (d, 1, 6H), 5.60 (q, 1, 6H), 7.15 (d, 1, NH), 7.40
      (s, 5, C.sub.6 H.sub.5).
PAC  EXAMPLE 7
PAC  3-Methyl-8-oxo-7-(2-phenylacetamido)-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-
     carboxylic acid, p-nitrobenzyl ester.
PAC  Method I
PAR  To a solution of 6-(2-phenylacetamido)penicillanic acid p-nitrobenzyl ester
      1-oxide (1.2 g, 2.47 mmole) in 100 ml. of 1,2-dichloroethane was added
      pyridine (200 mg, 2.47 mmoles). The solution was heated to reflux for 29
      hours, it was then washed with dilute hydrochloric acid and water, treated
      with charcoal, dried and flash evaporated. The residual oil was
      chromatographed on 25 g. of silica gel using 2:1 diethyl ether:
      dichloromethane as eluents. Evaporation of the combined eluents gave 0.51
      g. (45 per cent yield), of the title compound, mp and nmr identical to the
      literature values; and 0.26 g. (22 per cent yield) of the known isomer
      .alpha.-isopropylidene-3-oxo-4-(2-phenylacetamido)-4
      -isothiazoline-2-acetic acid p-nitrobenzyl ester.
PAC  Method II
PAR  When this reaction was carried out under the same conditions of Method I
      but replacing the pyridine by other amines such as picolines, lutidine,
      quinoline, etc., larger amounts of the isothiazoline isomer and small
      amounts of the title compound were isolated.
PAC  Method III
PAR  When this reaction was carried out under the same conditions of Method I
      but replacing the pyridine by such salts as
      1-(2,4-dinitrophenyl)pyridinium chloride, cyanuryl pyridinium chloride,
      1-(6-chloropyrimidin-2-yl)pyridinium chloride, varying amounts of the
      title compound and the isothiazoline isomer were isolated.
PAC  Method IV
PAR  When this reaction was carried out under the same conditions of Method I
      but using different solvents such as dioxane, 1,2-dimethoxyethane,
      acetonitrile, nitromethane, trichloroethylene, lower yields of the title
      compounds and higher yields of the isothiazoline isomer were obtained.
PAC  EXAMPLE 8
PAC  7-Amino-3-chloro-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]octane-2-carboxyl
     ic acid p-nitrobenzyl ester.
PAR  To an ice cold solution of
      3-chloro-3-methyl-8-oxo-7-(2-phenylacetamido)-5-thia-1-azabicyclo[4.2.0]oc
     tane-2-carboxylic acid, p-nitrobenzyl ester (5.04 g, 10 mmoles) in 100 ml
      of dichloromethane, are added in rapid succession phosphorus pentachloride
      (3.1 g, 15 mmoles) and N,N-dimethylaniline (1.8 g, 15 mmoles). The mixture
      is stirred at 0.degree.C. for 15 minutes and at 25.degree.C. for 3 hours,
      then 30 ml. of absolute methyl alcohol is added and the solution is
      further stirred for 1 hour. The solvent is flash evaporated. To the
      residue are added 25 ml. of ethyl acetate and 30 ml. of water and the
      mixture is stirred thoroughly. The crystalline solid thus obtained is
      filtered and air dried to give 2.75 g (65.2 per cent yield) of product,
      which decomposes above 160.degree.C. NMR (DMSO-D.sub.6) ppm (.delta.),
      1.74 (s, 3,3-CH.sub.3), 3.38 (ABq, .delta. 0.45 ppm, J 9 cps,
      2--CH.sub.2), 4.92 (s, 1, 4H), 5.0 (d, 1, 6H), 5.34 (d, 1, 7H), 5.51 (s,
      2, CO.sub.2 CH.sub.2 ), 8.05 (ABq, .delta. 0.525 ppm, J 5 cps, p-NO.sub.2
      --C.sub.6 H.sub.4).
PAR  Elemental Analysis for C.sub.15 H.sub.16 N.sub.3 Cl0.sub.5 S.HCl.1/2H.sub.2
      O: Calc'd: C, 41.77; H, 4.21; N, 9.74. Found: C, 41.54; H, 4.11; N, 9.80.
PAC  EXAMPLE 9
PAC  3-Chloro-3-methyl-8-oxo-7-[2-(2-thienyl)acetamido)]-5-thia-1-azabicyclo[4.2
     .0]octane-2-carboxylic acid, p-nitrobenzyl ester.
PAR  To a mixture of
      7-amino-3-chloro-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]octane-2-carboxy
     lic acid, p-nitrobenzyl ester, hydrochloride (1.05 g, 2.5 mmoles) and
      2-thienylacetyl chloride (0.4 g, 2.5 mmoles) in 50 ml. of dichloromethane,
      N,N-dimethylaniline (0.61 g, 5 mmoles) is added. The mixture is stirred at
      0.degree.C. for 1 hour and is then washed with ice cold 1N hydrochloric
      acid, and ice cold water. The organic phase is dried, decolorized with
      charcoal, concentrated to 10 ml. and added to vigorously stirred pentane.
      The product 1.04 g (86 per cent yield) is obtained as a white powder which
      decomposes about 70.degree.C. NMR (DMSO-D.sub.6) ppm (.delta.) 1.69 (s, 3,
      3--CH.sub.3), 3.28 (ABq, .delta., 0.575 ppm, J 11 cps, 2 -CH.sub.2),
      ##EQU5##
      4.86 (s, 1, 4-H), 5.25 (d, 1, 6H), 5.42 (s, 2, CO.sub.2 CH.sub.2), 5.53
      (d, 1, 7H), 7.0 (m, 2), 7.4 (m, 1) (2-thienyl), 8.04 (ABq, .delta. 0.575
      ppm, J 5 cps, p-NO.sub.2 --C.sub.6 H.sub.4).
PAR  Elemental Analysis for C.sub.21 H.sub.20 N.sub.3 Cl0.sub.6 S.sub.2 :
      Calc'd: C, 49.46; H, 3.95; N, 8.24. Found: C, 49.43; H, 3.92; N, 8.01.
PAR  Similarly, analogous deacylated
      7-amino-3-chloro-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]octane-2-carboxy
     lic acid esters and amides are reacylated in 7-position by the technique
      illustrated in Example 9 to introduce an acetyl, phenylacetyl,
      .alpha.-aminophenylacetyl, phenoxyacetyl, thiophenoxyacetyl,
      2-thienylacetyl, tetrazolylacetyl, cyanoacetyl, sydnone-3-acetyl,
      pyridylthioacetyl, alpha-hydroxyphenylacetyl or
      alpha-hydroxy-2-thienylacetyl group.
PAC  EXAMPLE 10
PAC  3-Chloro-3-methyl-8-oxo-7-[2-(2-thienyl)acetamido)]-5-thia-1-azabicyclo[4.2
     .0]octane-2-carboxylic acid.
PAR  The title compound was prepared from the ester of Example 9 by the same
      procedure as that described in Example 5. The product obtained in 70 per
      cent yield decomposed above 80.degree.C., nmr (DCCl.sub.3) ppm (.delta.)
      1.73 (s, 3, 3 -CH.sub.3), 3.20 (ABq, .delta. 1.0 ppm, J 10 cps, 2
      -CH.sub.2),
      ##EQU6##
      4.70 (s, 1, 4--H), 5.26 (d, 1, 6--H), 5.60 (d, 1, 7H), 7.0 (m, 2) and 7.3
      (m, 1) (2-thienyl).
PAR  Elemental Analysis for C.sub.14 H.sub.15 N.sub.2 Cl0.sub.4 S.sub.2 :
      Calc'd: C, 44.85; H, 4.03; N, 7.47. Found: C, 44.59; H, 4.19; N, 7.14.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC7##
PAL  in which
PA1  R.sup.3 is a member selected from the group consisting of hydroxy, lower
      alkoxy, 2,2,2-trichloroethoxy, aryloxy of 6 to 10 carbon atoms, aralkoxy
      of 7 to 12 carbon atoms, alkoxyaralkoxy of 9 to 14 carbon atoms, mono- or
      di-lower alkylamino, arylamino of 6 to 10 carbon atoms, saccarimido,
      phthalimido, and OM where M is an alkali metal cation, an alkaline earth
      metal cation or the ammonium cation;
PA1  A is a member selected from the group consisting of --Cl, --Br and --I; and
PAL  the pharmaceutically acceptable acid addition salts thereof.
NUM  2.
PAR  2. The compound of claim 1 which is
      7-amino-3-chloro-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]octane-2-carboxy
     lic acid, p-nitrobenzyl ester.
PATN
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INVT
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CTY  North Caldwell
STA  NJ
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NAM  Hoffmann-La Roche Inc.
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STA  NJ
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PAL  Knollmueller, Chem. Abstracts, Vol. 75, Abstract No. 129776K (1971).
LREP
FR2  Welt; Samuel L.
FR2  Leon; Bernard S.
FR2  Hoffmann; Frank P.
ABST
PAL  Novel 1,4-benzodiazepine derivatives, bearing between positions 1- and 2- a
      thiazolo or oxathiazepino ring, methods for their preparation and novel
      intermediates employed in these processes are disclosed. These
      1,2-heterocyclic-1,4-benzodiazepines are useful as muscle-relaxant,
      anti-convulsant and sedative agents.
PARN
PAR  This is a division, of application Ser. No. 383,362 filed July 27, 1973,
      now U.S. Pat. No. 3,850,948.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to novel 1,4-benzodiazepine derivatives
      bearing between positions 1- and 2- a sulfur containing heterocyclic ring.
      More particularly, this invention covers 1,4-benzodiazepines bearing a
      thiazolo or oxathiazepino ring between the 1-and 2-positions. The
      invention further comprehends processes for making these novel
      benzodiazepines and novel intermediates employed in these processes.
PAR  More specifically, the compounds of the present invention are selected from
      the group consisting of compounds of the formula
      ##SPC1##
PAL  And of the formula
      ##SPC2##
PA1  Wherein R is selected from the group consisting of hydrogen, halogen, lower
      alkyl, trifluoromethyl, nitro, cyano, lower alkoxy and lower alkylthio;
      R.sub.1 signifies hydrogen or halogen
PAL  And the pharmaceutically acceptable acid addition salts thereof.
PAR  As used herein, the term "lower alkyl" either alone or in combination
      refers to straight and branched chain hydrocarbon groups containing from 1
      to 7, preferably from 1 to 4, carbon atoms; such as, for example, methyl,
      ethyl, propyl, isopropyl, isobutyl, butyl and the like. The term "halogen"
      refers to all four forms thereof, i.e. bromine, chlorine, fluorine and
      iodine. The term "lower alkoxy" designates straight or branched chain
      saturated hydrocarbonoxy groups containing from 1 to 7 carbon atoms,
      preferably from 1 to 4 carbon atoms, such as methoxy, ethoxy, propoxy and
      the like.
PAR  Preferred among the compounds falling within the scope of formula I or II
      above are those wherein R signifies halogen or nitro and is located in the
      7-position of the basic benzodiazepine moiety, and R.sub.1 is located at
      the ortho-position of the 5-phenyl ring in the basic benzodiazepine
      moiety, i.e. compounds of the formula
      ##SPC3##
PAL  And of the formula
      ##SPC4##
PA1  Wherein R' signifies halogen or nitro
PA1  And R.sub.1 is as described above.
PAR  When the R substituent signifies halogen, chlorine is preferred, while when
      R.sub.1 signifies halogen, chlorine and fluorine are preferred.
PAR  The most preferred of the compounds of formulae I and II above are:
      3a,4-dihydro-8-chloro-6-phenylthiazolo[3,2-A]-1,4-benzodiazepin-1(2H)-one
      and 10-chloro-3,4,5a, 6-tetrahydro-8-phenyl-1H-
      1,5,3-oxathiazepino[3,4-A]-1,4-benzodiazepine.
PAR  The compounds of the present invention can be prepared as described below.
      Thus, the compounds of formula I above may be prepared by treating the
      corresponding 3H-1,4-benzodiazepine of the formula
      ##SPC5##
PA1  wherein R and R.sub.1 are as described above
PAL  with mercaptoacetic acid. The reaction between the benzodiazepine starting
      material of formula III and mercaptoacetic acid is preferably effected in
      the presence of a non-nucleophilic inert organic solvent. Suitable
      solvents for this purpose include ethers, such as tetrahydrofuran,
      aromatic hydrocarbons such as benzene, toluene and xylene, halogenated
      aliphatic hydrocarbons such as methylene chloride, chloroform and the
      like. Temperature is not critical to this process aspect so that
      temperatures in the range of from room temperature to the reflux
      temperature of the reaction mixture can be employed, with reflux
      temperature being preferred.
PAR  The starting materials of formula III above are known compounds or can be
      prepared in analogy to the preparation of the known compounds.
PAR  In an alternate synthetic approach, the compounds of formula I above can be
      prepared by reacting a 2,5-epithio-1,4-benzodiazepine of the formula
      ##SPC6##
PA1  wherein R and R.sub.1 are as described above
PAL  with mercaptoacetic acid. The reaction conditons employed in the reaction
      between the compound of formula IV above and mercaptoacetic acid are the
      same as those described above for the reaction of the compound of formula
      III with mercaptoacetic acid.
PAR  The compounds of formula IV above used as the starting materials in this
      alternate synthetic approach to the desired end products of formula I can
      be prepared by bubbling hydrogen sulfide into a solution of a
      benzodiazepine of formula III above. Suitable solvents for this purpose
      include non-nucleophilic inert organic solvents such as ethers, for
      example, tetrahydrofuran, aromatic hydrocarbons such as benzene, toluene,
      xylene, cyclohexane and the like, halogenated aliphatic hydrocarbons such
      as methylene chloride, chloroform and the like.
PAR  The compounds of formula IV above are novel and as such form a part of the
      present invention. These compounds are not only useful as intermediates in
      the preparation of the compounds of formula I as described above or the
      compounds of formula II as described hereinafter, but are useful in
      themselves as sedative, muscle relaxant and anti-convulsant agents.
PAR  In a further process aspect the compounds of formula III above may be used
      as the starting materials in the preparation of the desired end products
      of formula II. Following this preparative approach, the compounds of
      formula III are first treated with 2- mercaptoethanol to yield the
      2-hydroxyethylthio-1,4-benzodiazepine of the formula
      ##SPC7##
PA1  wherein R and R.sub.1 are as described
PA1  above
PAR  The compounds of formula V above are novel and as such form a part of the
      present invention. These compounds are not only useful as intermediates in
      the preparation of the compounds of formula II above, but are also active
      themselves as musclerelaxant, anticonvulsant and sedative agents.
PAR  The so-obtained compounds of formula V above are then reacted with aqueous
      formaldehyde to yield the desired end products of formula II. The reaction
      between the compound of formula V above and aqueous formaldehyde is
      preferably effected in the presence of an inert organic solvent. Suitable
      solvents for this purpose include ethers such as tetrahydrofuran, alkanols
      such as methanol, ethanol, propanol and the like and aromatic hydrocarbons
      such as benzene, toluene, xylene and the like. Temperature is not a
      critical aspect to this process and thus the reaction is preferably
      effected at room temperature. The intermediate of formula V above used in
      the preparation of the formula II compound can also by prepared by
      treating the 2,5-epithio-1,4-benzodiazepine of formula IV above with
      mercaptoethanol. The reaction between the compound of formula IV above and
      mercaptoethanol is preferably effected in the presence of an inert
      non-nucleophilic organic solvent. Suitable solvents include ethers such as
      tetrahydrofuran, aromatic hydrocarbons such as benzene, toluene, xylene
      and the like, halogenated aliphatic hydrocarbons such as methylene
      chloride and chloroform. This reaction is expediently effected at elevated
      temperatures, preferably at the reflux temperature of the reaction
      mixture.
PAR  The compounds of formulae I, II, IV and V above form pharmaceutically
      acceptable acid addition salts with organic and inorganic acids. Thus the
      compounds of the present invention form pharmaceutically acceptable acid
      addition salts with inorganic acids such as the hydrohalic acids, for
      example hydrochloric acid and hydrobromic acid, and with organic acids
      such as tartaric acid, citric acid, camphor sulfonic acid, ethane sulfonic
      acid, toluene sulfonic acid, salicylic acid, ascorbic acid, maleic acid,
      succinic acid, formic acid, acetic acid and the like.
PAR  The compounds of formula I above as well as their pharmaceutically
      acceptable acid addition salts are useful as anticonvulsant agents, while
      the compounds of formulae II, IV and V above are useful as
      anti-convulsant, muscle relaxant and sedative agents. Thus, the compounds
      of the present invention and their pharmaceutically acceptable salts can
      be used as medicaments. For example, they can be used in the form of
      pharmaceutical preparations which contain them or their salts in
      ad-mixture with a pharmaceutical organic or inorganic carrier material
      which is suitable for enteral or parenteral application such as, for
      example, water, gelatin, lactose, starches, magnesium sterate, talc,
      vegetable oils, gum arabic, polyalkyleneglycols, vaseline, etc. The
      pharmaceutical preparations can be prepared in solid form (e.g. as
      tablets, dragees, suppositories, capsules) or in liquid form (e.g. as
      solutions, suspensions or emulsions). They may be sterilized and/or
      contain additives such as preserving, stabilizing, wetting or emulsifying
      agents, salts for varying the osmotic pressure or buffers. They can also
      contain other therapeutically valuable substances.
PAR  The compounds of formulae I, II, IV and V above or their pharmaceutically
      acceptable salts can be administered at dosages adjusted to individual
      requirements and fitted to the pharmaceutical exigencies of the situation.
      Convenient pharmaceutical dosages are in the range of from about 2 mg. to
      about 200 mg. per day.
PAR  The useful anticonvulsant activity of the compounds of formulae I, II, IV
      and V above is shown in warm blooded animals utilizing the standard
      antimetrazole test. This test was carried out according to the method of
      Everett and Richard (J.P.E.T., 81: 402, 1944). The ED.sub.50 was
      calculated as the dose which would prevent convulsions in 50% of the mice
      tested after administration of 125 mg/kg of pentylenetetrazole by the
      subcutaneous route. Following these test procedures compounds such as:
      3a,-4-dihydro-8-chloro-6-phenylthiazolo[3,2-A]-1,4-benzodiazepin-1(2H)-one
      (Compound A),
      7-chloro-2,3-dihydro-2-(2-hydroxyethylthio)-5-phenyl-1H-1,4-benzodiazepine
      (Compound B),
      10-chloro-3,4,5a,6-tetrahydro-8-phenyl-1H-1,5,3-oxathiazepino[3,4-A]-1,4-b
     enzodiazepine(Compound C), and
      7-chloro-2,3,4,5-tetrahydro-5-phenyl-2,5-epithio-1H-1,4-benzodiazepine
      (Compound D) show an ED.sub.50 of 137.+-.23, 3.22.+-.0.35, 5.4.+-.1.0 and
      6.0 mg/kg respectively, indicating that these compounds exhibit
      anti-convulsant activity.
PAR  The sedative and muscle relaxant activity of the compounds of formulae II,
      IV and V above are shown using the standard foot shock test. In this test
      a pair of mice is confined under a 1 liter beaker placed on a grid which
      presents elicited to the feet. At least five fighting episodes are
      elicitated in a two minute period. Pairs of mice are marked and pretreated
      1 hour prior to a second shock. Logarithmic dose intervals are utilized up
      to a maximum of 10 mg/kg. At the 100% blocking dose, three out of three
      pairs must be blocked from fighting. The measurements are made at the dose
      level at which 100% blocking is observed and the results are expressed as
      the dose in mg/kg (PD.sub.50) which blocks the fighting response for
      1-hour. Following these test procedures, compound B exhibited a PD.sub.50
      of 10 mg/kg, compound C exhibited a PD.sub.50 of 50 mg/kg, and compound D
      exhibited a PD.sub.50 of 50 mg/kg, indicating that these compounds exhibit
      sedative and muscle-relaxant activity.
PAR  The following examples are illustrative of the present invention. All
      temperatures are given in degrees Centigrade.
DETD
PAC  EXAMPLE 1
PAC  Preparation of
      7-chloro-5-(2-fluorophenyl)-2,3,4,5-tetrahydro-2,5-epithio-1H-1,4-benzodia
     zepine.
PAR  A mixture of manganese dioxide (General Metallic Oxides, Type No. 37) (50
      g) in benzene (500 ml) was heated and stirred under reflux while
      collecting water in a Dean-Stark trap. After 1 hr,
      7-chloro-2,3-dihydro-5-(2-fluorophenyl)-1H-1,4-benzodiazepine (5 g) and
      acetic acid (17 ml) were added and stirring under reflux was continued for
      an additional hour. Tlc analysis of the reaction mixture at this point
      established that the oxidation was complete. The manganese dioxide was
      filtered out and washed with a 1:1 mixture of ethanol and methylene
      chloride. The combined filtrate and washings was washed with aqueous
      sodium carbonate solution and with water, dried and evaporated to leave an
      oily residue.
PAR  The residue was taken up in tetrahydrofuran (150 ml) and hydrogen sulfide
      gas was bubbled through the stirred solution for 11/2 hr. The solvent was
      evaporated and the residue taken up in methylene chloride, decolorized
      with charcoal and concentrated with addition of petroleum ether until the
      product began to crystallize. In this manner the above-named product was
      obtained as pale yellow crystals, mp 124.degree.-127.degree..
PAC  EXAMPLE 2
PAC  Preparation of
      7-chloro-2,3,4,5-tetrahydro-5-phenyl-2,5-epithio-1H-1,4-benzodiazepine.
PAR  A stirred solution of crude 7-chloro-5-phenyl-3H-1,4-benzodiazepine
      obtained from the oxidation of
      7-chloro-2,3-dihydro-5-phenyl-1H-1,4-benzodiazepine (120 g) with manganese
      dioxide in THF (1 1.) was saturated with hydrogen sulfide gas for 11/2
      hours. The solvent was evaporated and the solid residue triturated with
      ether, filtered and washed with ether to give the above-named product as a
      colorless powder. Crystals from methylene chloride/ether had mp
      142.degree.-144.degree. (dec).
PAC  EXAMPLE 3
PAC  Preparation of
      7-chloro-2,3-dihydro-2-(2-hydroxyethylthio)-5-phenyl-1H-1,4-benzodiazepine
     .
PAR  7-chloro-2,3-dihydro-5-phenyl-1H-1,4-benzodiazepine (10 g) was oxidized to
      7-chloro-5-phenyl-3H-1,4-benzodiazepine as described in Example 1 with the
      addition of 0.1 ml of acetic acid. The crude oxidation product was taken
      up in THF (60 ml), treated with 2-mercaptoethanol (10 ml ) and heated
      under reflux overnight. The resulting solution was concentrated under
      reduced pressure until the product began to crystallize and then diluted
      with 100 ml of ether. The product was collected and washed with ether to
      give the above-named product as colorless crystals, mp
      135.degree.-140.degree. (dec).
PAC  EXAMPLE 4
PAC  Preparation of 10-chloro-3,4,5a,
      6-tetrahydro-8-phenyl-1H-1,5,3-oxathiazepino[3,4-a]-1,4-benzodiazepine.
PAR  7-chloro-2,3-dihydro-2-(2-hydroxyethylthio)-5-phenyl-1H-1,4-benzodiazepine
      (500 mg) in THF (10 ml) was treated with 37% aqueous formaldehyde solution
      (2 ml) and kept for 5 hours.
PAR  Dilution with water while scratching induced crystallization of a yellow
      solid. Recrystallization from methylene chloride/ether gave the
      above-named product as pale yellow prisms, mp 160.degree.-164.degree..
PAC  EXAMPLE 5
PAC  Preparation of 3a,4-Dihydro-8-chloro-6-phenylthiazolo[3,2-a]-1,4-
      benzodiazepin-1(2H)-one.
PAR  Crude 7-chloro-5-phenyl-3H-1,4-benzodiazepine from the oxidation of
      7-chloro-2,3-dihydro-5-phenyl-1H-1,4-benzodiazepine (15 g) in benzene (1
      1.) was treated slowly with excess mercaptoacetic acid (15 ml) and then
      stirred and heated under reflux for 23 hr. The cooled solution was washed
      with aqueous sodium carbonate, dried, evaporated, and the oily residue
      taken up in ether. A mixture of the above-named product and the
      bis-thiazolo compound
      {2-chloro-8a,9-dihydro-13a-phenyl-13aH-bis-thiazolo-[4,5-a:3',2'-d]-1,4-
      benzodiazepin-6,11 (7H,12H)-dione} which is also formed during the
      reaction crystallized out on standing. Chromatography of this mixture on
      500 g of silica gel with hexane/ethyl acetate mixtures as eluent provided,
      after a recrystallization from methylene chloride/methanol, the desired
      end product named above, which is the more polar substance. This product
      was obtained as pale yellow crystals mp 228.degree.-230.degree..
PAC  EXAMPLE 6
PAC  Preparation of 7-chloro-2,3-dihydro-2-(2-hydroxyethylthio)-5-phenyl-1H-1,4
      -benzodiazepine.
PAR  A solution of
      7-chloro-2,3,4,5-tetrahydro-5-phenyl-2,5-epithio-1H-1,4-benzodiazepine (
     1g. ) and 2-mercaptoethanol (1 ml) in THF (15 ml) was heated under reflux
      overnight. The resulting solution was concentrated under reduced pressure
      and then diluted with ether to induce crystallization of the product. The
      product was filtered out and washed with ether to give the above-named
      compound, m.p. 135.degree.-140.degree. (dec.).
PAC  EXAMPLE 7
PAC  Preparation of 3a,4-dihydro-8-chloro-6-phenylthiazolo [3,2-a] -1,4-
      benzodiazepin-1(2H)-one.
PAR  A solution of
      7-chloro-2,3,4,5-tetrahydro-5-phenyl-2,5-epithio-1H-1,4-benzodiazepine
      (500 mg) in THF was treated slowly with excess mercaptoacetic acid (0.5
      ml) and stirred and heated under reflux for 16 hours. The cooled solution
      was washed with aqueous sodium carbonate, dried, evaporated, and the oily
      residue taken up in ether. The desired product was re-crystallized from
      methylene chloride/methanol and was obtained as pale yellow crystals, m.p.
      228.degree.-230.degree..
PAC  EXAMPLE 8
TBL                Capsule Formulation                                         

     ______________________________________                                    

                              Per Capsule                                      

     3a,4-Dihydro-8-chloro-6-phenylthiazolo-                                   

     [3,2-a]-1,4- benzodiazepin-1(2H)-one                                      

                               50 mg                                           

     Lactose, USP             125 mg                                           

     Corn Starch, USP          30 mg                                           

     Talc, USP                 5 mg                                            

     Total Weight             210 mg                                           

     ______________________________________                                    

PAC  Procedure:
PAR  1. The drug was mixed with lactose and corn starch in a suitable mixer.
PAR  2. The mixture was further blended by passing through a Fitzpatrick
      Comminuting machine with a No. 1A screen with knives forward.
PAR  3. The blended powder was returned to the mixer, the talc added and blended
      thoroughly.
PAR  4. The mixture was filled into No. 4 hard shell gelatin capsules on a Parke
      Davis capsulating machine.
PAC  EXAMPLE 9
PAC  Capsule Formulation
TBL                Capsule Formulation                                         

     ______________________________________                                    

                              Per Capsule                                      

     3a,4-Dihydro-8-chloro-6-phenylthiazolo-                                   

     [3,2-a]-1,4- benzodiazepin-1(2H)-one                                      

                               10 mg                                           

     Lactose                  158 mg                                           

     Corn Starch               37 mg                                           

     Talc                      5 mg                                            

     Total Weight             210 mg                                           

     ______________________________________                                    

PAC  Procedure:
PAR  1. The drug was mixed with the lactose and corn starch in a suitable mixer.
PAR  2. The mixer was further blended by passing through a Fitzpatrick
      Comminuting machine with a No. 1A screen with knives forward.
PAR  3. The blended powder was returned to the mixer, the talc added and blended
      thoroughly. The mixture was then filled into No. 4 hard shell gelatin
      capsules on a Parke Davis capsulating machine. (Any similar type machine
      may be used).
PAC  EXAMPLE 10
TBL                Tablet Formulation                                          

     ______________________________________                                    

                              Per Tablet                                       

     3a,4-Dihydro-8-chloro-6-phenylthiazolo-                                   

     1,4- benzodiazepin-1(2H)-one                                              

                              25.00 mg                                         

     Lactose, USP             64.50 mg                                         

     Corn Starch              10.00 mg                                         

     Magnesium Stearate        0.50 mg                                         

     Total Weight             100.00 mg                                        

     ______________________________________                                    

PAC  Procedure:
PAR  1. The drug was mixed with the lactose, corn starch and magnesium stearate
      in a suitable mixer.
PAR  2. The mixture was further blended by passing through a Fitzpatrick
      Comminuting machine fitted with a No. 1A screen with knives forward.
PAR  3. The mixed powders were slugged on a tablet compressing machine.
PAR  4. The slugs were comminuted to a mesh size (No. 16 screen) and mixed well.
PAR  5. The tablets were compressed at a tablet weight of 100 mg using tablet
      punches having a diameter of approximately 1/4 inch. (Tablets may be
      either flat or biconvex and may be scored if desired).
PAC  EXAMPLE 11
PAC  Tablet Formulation
TBL                Tablet Formulation                                          

     ______________________________________                                    

                              Per Tablet                                       

     3a,4-Dihydro-8-chloro-6-phenylthiazolo-                                   

     1,4- benzodiazepin-1(2H)-one                                              

                               10.0 mg                                         

     Lactose                  113.5 mg                                         

     Corn Starch               70.5 mg                                         

     Pregelatinized Corn Starch                                                

                               8.0 mg                                          

     Calcium Stearate          3.0 mg                                          

     Total Weight             205.0 mg                                         

     ______________________________________                                    

PAC  Procedure:
PAR  1. The drug was mixed with the lactose, corn starch and pregelatinized corn
      starch in a suitable size mixer.
PAR  2. The mix was passed through a Fitzpatrick Comminuting machine fitted with
      No. 1A screen and with knives forward.
PAR  3. The mix was returned to the mixer and moistened with water to a thick
      paste. The moist mass was passed through a No. 12 screen and the moist
      granules were dried on paper lined trays at 110.degree.F.
PAR  4. The dried granules were returned to the mixer, the calcium stearate was
      added, and mixed well.
PAR  5. The granules were compressed at a tablet weight of 200 mg using standard
      concave punches having a diameter of 5/16 inch.
PAC  EXAMPLE 12
PAR  The formulations set forth in Examples 8-11 above can be prepared,
      incorporating the following compounds as the active ingredients:
PAR  7-chloro-2,3-dihydro-2-(2-hydroxyethylthio)-5-phenyl-1H-1,4-benzodiazepine
      and 10
      -chloro-3,4,5A,6-tetrahydro-8-phenyl-1H-1,5,3-Oxathiazepino[3,4-H]-1,4-ben
     zodiazepine.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC8##
PA1  wherein R is selected from the group consisting of hydrogen, halogen, lower
      alkyl, trifluoromethyl, nitro, cyano, lower alkoxy and lower alkylthio;
      R.sub.1 signifies hydrogen or halogen
PAL  and the pharmaceutically acceptable acid addition salts thereof.
NUM  2.
PAR  2. The compound of claim 1 of the formula
      7-chloro-2,3,4,5-tetrahydro-5-phenyl-2,5-epithio-1H-1,4-benzodiazepine.
NUM  3.
PAR  3. The compound of claim 1 of the formula
      7-chloro-5-(2-fluorophenyl)-2,3,4,5-tetrahydro-2,5-epithio-1H-1,4-benzodia
     zepine.
PATN
WKU  039324001
SRC  5
APN  3895173
APT  1
ART  122
APD  19730816
TTL  Thiazole derivatives
ISD  19760113
NCL  10
ECL  1,10
EXP  Gallagher; Richard J.
INVT
NAM  Hibino; Toshihiko
CTY  Takarazuka
CNT  JA
INVT
NAM  Suzuki; Yoshio
CTY  Itami
CNT  JA
INVT
NAM  Okano; Shigeru
CTY  Kawani
CNT  JA
INVT
NAM  Hara; Yoichi
CTY  Toyonaka
CNT  JA
INVT
NAM  Sato; Etsuro
CTY  Takarazuka
CNT  JA
ASSG
NAM  Sumitomo Chemical Company, Limited
CNT  JA
COD  03
PRIR
CNT  JA
APD  19720817
APN  47-82574
PRIR
CNT  JA
APD  19730405
APN  48-39354
CLAS
OCL  2602471M
XCL  260243B
XCL  260250BN
XCL  2602565R
XCL  260287F
XCL  260287CE
XCL  260288CE
XCL  26029368
XCL  2602948D
XCL  260302H
XCL  260302S
XCL  26029357
XCL  424246
XCL  424248
XCL  424250
XCL  424251
XCL  424258
XCL  424263
XCL  424267
XCL  424270
EDF  2
ICL  C07D27736
FSC  260
FSS  302 S;302 H;247.1 M;293.68
UREF
PNO  2221147
ISD  19401100
NAM  Mathes
OCL  260302S
UREF
PNO  3158623
ISD  19641100
NAM  Von Esch et al.
OCL  260302H
UREF
PNO  3228952
ISD  19660100
NAM  Reifschneider
OCL  260302S
FREF
PNO  599,475
ISD  19600600
CNT  CA
OCL  260302S
OREF
PAL  Wagner et al., Synthetic Organic Chemistry, N.Y., John Wiley & Sons, 1953,
      pp. 787-788.
LREP
FRM  Wenderoth, Lind & Ponack
ABST
PAL  This invention relates to thiazole derivatives of the formula (I):
      ##EQU1##
      wherein R.sub.1 and R.sub.2 are each hydrogen, lower alkyl, cycloalkyl,
      optionally substituted aryl or optionally substituted heteroaromatic rings
      containing oxygen, sulfur, nitrogen or combinations thereof, and R.sub.3
      and R.sub.4 are each hydrogen or lower alkyl and salts thereof. The
      thiazole derivatives of the formula (I) have excellent pharmacological
      properties such as .beta.-adrenergic receptor blocking effects and are
      valuable compounds exerting preventive or therapeutic effects on heart
      diseases, for example, arrhythmia, coronary heart disease, etc.
BSUM
PAR  This invention relates to novel thiazole derivatives of the formula (I);
      ##EQU2##
      wherein R.sub.1 and R.sub.2 are each hydrogen, lower alkyl, cycloalkyl,
      optionally substituted aryl or optionally substituted heteroaromatic ring
      containing oxygen, sulfur, nitrogen or these combination, and R.sub.3 and
      R.sub.4 are each hydrogen or lower alkyl, and salts thereof and to the
      production thereof.
PAR  In the above significances, "lower alkyl" includes C.sub.1 - C.sub.4 alkyl
      (for example, methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
      sec-butyl, t-butyl), and methyl, ethyl, iso-propyl, and t-butyl are
      preferable.
PAR  The term "optionally substituted aryl" means to include phenyl, substituted
      phenyl, naphthyl and substituted naphthyl and, as the substituent of the
      substituted phenyl and naphthyl, there may be mentioned C.sub.1 - C.sub.4
      alkyl (for example, methyl, ethyl, n-propyl, iso-propyl, n-butyl,
      iso-butyl, sec-butyl, t-butyl), C.sub.1 - C.sub.4 alkoxy (for example,
      methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, iso-butoxy, t-butoxy),
      hydroxyl, C.sub.3 - C.sub.5 alkenyl (for example, propenyl, butenyl,
      hexenyl), C.sub.3 - C.sub.5 alkenyloxy (for example, propenyloxy,
      butenyloxy,), halogeno (for example, iodo, chloro, bromo, fluoro), cyano,
      amino, nitro, aryloxy (for example, phenoxy, naphthoxy) and acylamino (for
      example, acetoamido, propionamido, benzamido).
PAR  The term "cycloalkyl" means to include C.sub.3 - C.sub.6 cycloalkyl, among
      which cyclohexyl is preferable.
PAR  The term "optionally substituted heteroaromatic ring" includes 5 and 6
      membered ring containing oxygen, sulfur, nitrogen or these combination and
      rings formed by the condensation thereof with benzene ring, preferable
      ones including furyl, thienyl, pyrrolyl, thiazolyl, iso-thiazolyl,
      imidazolyl, pyrazolyl, oxazolyl, isoxazolyl, pyridyl, pyrimidinyl,
      pyrazinyl, benzothienyl, benzoimidazolyl, indolyl and quinolyl. Among
      them, furyl, thienyl, thiazolyl, pyrrolyl, pyridyl are most preferable. As
      the substituent of these hetero aromatic ring, there may be exemplified
      lower alkyl, lower alkoxy, halogen, amino, nitro, cyano, phenyl,
      acylamino, group of the formula
      ##EQU3##
      (wherein Y is hydroxy, lower alkyl, lower alkoxy or lower alkenyloxy) and
      group of the formula
      ##EQU4##
      (wherein R.sub.5 and R.sub.6 are each hydrogen, amino, lower alkyl,
      cycloalkyl, optionally substituted aryl and, when taken together with
      adjacent nitrogen, may forms a hetero cyclic group). In the above the term
      "acylamino" may include C.sub.2 - C.sub.8 acylamino, (for example,
      acetamido, propionamido, benzamido), and the term "lower alkenyloxy"
      includes C.sub.3 - C.sub.5 alkenyloxy (for example, propenyloxy,
      butenyloxy, hexenyloxy), and the term "cycloalkyl" includes C.sub.3 -
      C.sub.6 cycloalkyl wherein cyclopropyl, cyclopentyl and cyclohexyl are
      preferable, and the term "heterocyclic group" includes 5 and 6 membered
      heterocyclic group, in which morpholinyl, pyrrolidinyl, piperidyl and
      thiomorpholinyl are preferable. The other terms "lower alkyl", "lower
      alkoxy", "halogen" and "optionally substituted aryl" are the same meanings
      as mentioned above.
PAR  A principal object of the present invention is to provide novel thiazole
      derivatives of the formula (I).
PAR  Another object of the present invention is to provide a process for
      producing novel thiazole derivatives of the formula (I).
PAR  Still another object is to provide a pharmaceutical composition containing
      an effective amount of at least one thiazole derivative of the formula (I)
      and pharmaceutically acceptable carrier.
PAR  Other objects will be apparent from the following description.
PAR  The thiazole derivatives of the formula (I) have excellent pharmacological
      properties such as .beta.-adrenergic receptor blocking effect and are
      valuable compounds exerting preventive or therapeutic effect on a heart
      disease, for example, arrhythmia, coronary heart disease, etc.
PAR  In order to show such properties, .beta.-adrenergic receptor blocking
      activity and acute toxicity of thiazole derivatives of the formula (I) are
      compared with propranolol and practolol which are commercially available
      compounds and are known as one of the most effective compounds in the
      field of this invention. As will be appreviated from the following Tables,
      thiazole derivatives of the formula (I) have stronger or same
      .beta.-adrenergic receptor blocking activity but less toxicity as compared
      with propranolol and practolol.
TBL                Table 1                                                     

     ______________________________________                                    

                .beta.-adrenergic receptor blocking                            

     Compound   activity in open chest dog                                     

                (propranolol = 1)                                              

     ______________________________________                                    

              DPC      DPI        DDE                                          

     compd. of                                                                 

     Example 23 2          1.5        4                                        

     compd. of                                                                 

     Example 37 15         15         8                                        

     compd. of                                                                 

     Example 35 2          3          0.8                                      

     Propranolol                                                               

                1          1          1                                        

     Practolol  0.5        0.7        0.08                                     

     ______________________________________                                    

PAL  Note: A determination of .beta.-adrenergic receptor blocking activity of
      test compounds in open chest dog was as follows. Thus dogs were
      anesthetized with pentbarbital sodium (administrated 30 - 40 mg./kg.
      intraveneously). Heart rate, myocardial contractile force and blood
      pressure were recorded with NIHON KODEN RM-150 polygraph. A depressive
      effect of test compounds on positive chronotropic (DPC), positive
      inotropic (DPI) and depressor effect (DDE) induced by isoproternol, which
      was injected intraveneously at a quarter interval, was determined.
TBL                Table 2                                                     

     ______________________________________                                    

     Acute toxicity                                                            

     Compound           Acute toxicity                                         

                        LD.sub.50 (mg./kg.)                                    

     ______________________________________                                    

     compd. of Example 23                                                      

                        46                                                     

     compd. of Example 37                                                      

                        86                                                     

     compd. of Example 35                                                      

                        60                                                     

     Propranolol        23                                                     

     ______________________________________                                    

PAL  Note: For the determination of the intraveneous LD.sub.50, 10 male mice
      were used and the method of up and down was used for calculation of the
      LD.sub.50.
PAR  According to the present invention, the thiazole derivatives of the formula
      (I)
      ##EQU5##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 have the same meanings as
      defined before, are prepared by reating an aminoalcohol of the formula
      (II)
      ##EQU6##
      wherein R.sub.3 and R.sub.4 have the same meanings as defined before and X
      is halogen, with a 2-mercaptothiazole derivative of the formula (III)
      ##EQU7##
      wherein R.sub.1 and R.sub.2 have the same meanings as defined before.
PAR  More particularly, the thiazole derivatives of the formula (I) are prepared
      by reacting a 2-mercaptothiazole derivative of the formula (III) in the
      presence of water, organic solvent (for example, alcohol, dioxane) or
      water-organic solvent (for example, water-alcohol, water-dioxane) with
      equal moles of the aminoalcohol of the formula (II).
PAR  In this case, the reaction is preferablly carried out in the presence of
      organic or inorganic base such as sodium hydroxide, potassium hydroxide,
      sodium carbonate, potassium carbonate, pyridine or tertiary amine.
PAR  In order to avoid oxidation and polymerization of aminoalcohol (II) this
      reaction is preferably carried out under nitrogen gas atmosphere at a
      temperature below 25.degree.C.
PAR  Alternatively, the present thiazole derivatives (I) may quantitatively be
      prepared by treating a 2-mercaptothiazole derivative (III) with an
      inorganic base such as potassium hydroxide, sodium hydroxide, potassium
      carbonate or sodium carbonate on aqueous alcohol to form form the salt and
      then reacting the salt with an aminoalcohol (II), and this method is
      particularly advantageous for commercially producing the thiazole
      derivatives (I), thus obtained thiazole derivatives and salts thereof can
      be isolated and refined by a conventional procedure such as extraction,
      recrystallization, reprecipitation, column chromatography or treatment
      with carbon powder, and can be converted to the pharmaceutically
      acceptable salts with inorganic or organic acid (for example, hydrochloric
      acid, sulfuric acid, phosphoric acid, tartaric acid) according to a
      conventional procedure.
PAR  2-mercaptothiazole derivatives (III) can be prepared according to a
      conventional method. One example is illustrated below.
PAR  (Journal of The Organic Chemistry; 6, 764 (1941), Journal of The Chemical
      Society; 1945, 925, U.S.P. 2,186,421)
      ##EQU8##
PAR  In this reaction, mercaptothiazole derivatives (III) are prepared by
      reacting the compound (IV) with equal moles of the compound (V). When the
      compound (IV) is unstable in free-amine form, this reaction is preferably
      carried out by reacting the salt of the compound (IV) (for example,
      hydrochloric acid salt) with two moles of the compound (V).
PAR  Thiazole derivatives (I) and salts thereof may be brought into a suitable
      form such as tablet, powder, solution, capsule, injection or emulsion for
      administration according to the conventional method and may be
      administered orally or parenterally.
PAR  The usual dosage of thiazole derivatives (I) of the present invention is
      within a range of 1 mg./day to 1000 mg./day.
PAR  In order to illustrate the invention in details, the following Examples are
      given but not by way of limitation.
DETD
PAC  EXAMPLE 1
PAR  2-(3'-t-butylamino-2'-hydroxypropylthio)-4-phenyl thiazole hydrochloride.
PAR  To a solution of 2 mercapto-4-phenyl thiazole, 5.78 g. in 100 ml. of 2.2 %
      aqueous sodium hydroxide solution, 1-chloro-3-t-butylaminopropanol, 7.85
      g. in 150 ml. of methanol was added dropwise.
PAR  The reaction solution added with 10 % aqueous sodium hydroxide solution,
      was extracted with chloroform. The extract was washed with water, dried
      and evaporated to have a pale yellowish oil, which was purified by
      chromatography on alumina column in chloroform.
PAR  The oil was treated with 5 % alcoholic hydrogen chloride solution, and a
      precipitate was recrystallized from acetone-methanol to yield
      2-(3'-t-butylamino-2'-hydroxypropylthio)-4-phenyl thiazole hydrochloride;
      white solid, m.p. 169.degree. - 174.degree.C.
TBL  ______________________________________                                    

     C.sub.16 H.sub.22 N.sub.2 OS.sub.2.2HCl                                   

     Anal. Calcd. for                                                          

     C;     48.48,     H; 6.06,  N; 7.07,                                      

                                         S; 16.16,                             

     Cl;    18.43 (%)                                                          

     Found                                                                     

     C;     48.34,     H; 6.15,  N; 6.83,                                      

                                         S; 15.11,                             

     Cl;    17.00 (%)                                                          

     ______________________________________                                    

PAR  According to Example 1, the following compounds were synthesized.
      ##EQU9##
PAC  EXAMPLE 37
PAR  2-(3'-t-butylamino-2'-hydroxypropylthio)-4-(5'-carbamoyl-2'-thienyl)thiazol
     e.
PAR  To a solution of 2-mercapto-4-(5'-carbamoyl-2'-thienyl)thiazole, 3.2 g. in
      20 ml. of 0.3 % aqueous sodium hydroxide solution,
      1-chloro-3-t-butylaminopropanol, 12.64 g. in 20 ml. of methanol was added,
      while the temperature was maintained at 20.degree.C.
PAR  The reaction solution was stirred at room temperature for 4 hours, and then
      condensed to a half volume in vacuo.
PAR  The residual solution, added with 100 ml. of water, was extracted with
      chloroform.
PAR  The chloroform extract was washed with water, dried over anhydrous
      magnesium sulfate and evaporated in vacuo to give a residue, 4.8 g., which
      was recrystallized from chloroform-light petroleum to yield
      2-(3'-t-butylamino-2'-hydroxypropylthio)-4-(5'-carbamoyl-2'-thienyl)thiazo
     le; needles, m.p. 148.degree. - 149.degree.C.
TBL  ______________________________________                                    

     C.sub.15 H.sub.21 O.sub.2 N.sub.3 S.sub.3                                 

     Anal. Calcd. for                                                          

     C;     48.52,    H; 5.66,  N; 11.32,                                      

                                         S; 25.88                              

                                                (%)                            

     Found                                                                     

     C;     48.31,    H; 5.42,  N; 11.15,                                      

                                         S; 25  (%)                            

     ______________________________________                                    

PAR  According to Example 37, the following compounds were synthesized.
TBL  __________________________________________________________________________

                         OHCH.sub.3                                            

                         .vertline..vertline.                                  

                         SCH.sub.2 CHCH.sub.2 NHC--CH.sub.3                    

                                     (Type III)                                

                         .vertline.                                            

                         CH.sub.3                                              

     Exam-                                                                     

     ple No.                                                                   

          R             Isolated form                                          

                                Physical const.                                

     __________________________________________________________________________

     38   CH.sub.3 NH   hydrochloride                                          

                                m.p. 142 - 144.degree.C.                       

                                (acetone-methanol)                             

     39   CH.sub.3 (CH.sub.2).sub.3 NH                                         

                        hydrochloride                                          

                                m.p. 106 - 108.degree.C.                       

                                (acetone-methanol)                             

     40                 hydrochloride                                          

                                m.p. 163 - 165.degree.C.                       

                                (acetone-methanol)                             

     41                 hydrochloride                                          

                                m.p. 165 - 166.degree.C.                       

                                (acetone-methanol)                             

     42                 hydrochloride                                          

                                m.p. 178 - 179.degree.C.                       

                                (acetone-methanol)                             

     43   H.sub.2 NNH-- hydrochloride                                          

                                m.p. 202 - 207.degree.C.                       

                                (acetone-methanol)                             

     44   (CH.sub.3 CH.sub.2).sub.2 N--                                        

                        hydrochloride                                          

                                m.p. 152 - 153.degree.C.                       

                                (acetone-methanol)                             

                                m.p. 140 - 141.degree.C.                       

     45                 free base                                              

                                (light petroleum-                              

                                benzene)                                       

     46   (CH.sub.3).sub.3 C--O--                                              

                        hydrochloride                                          

                                m.p. 251 - 252.degree.C.                       

                                (acetone-methanol)                             

     47   CH.sub.3 --   free base                                              

                                n.sub.d.sup.25 1.6032                          

     __________________________________________________________________________

PAC  EXAMPLE 48
PAR  2-(3'-t-butylamino-2'-hydroxypropylthio)-4-(5'-ethoxycarbonyl-2'-thienyl)th
     iazole hydrochloride.
PAR  A solution of
      2-(3'-t-butylamino-2'-hydroxypropylthio)-4-(5'-t-butoxycarbonyl-2'-thienyl
     )thiazole, 1.0 g. in 50 ml. of 3 % H.sub.2 SO.sub.4 ethanolic solution was
      refluxed for 3.5 hours.
PAR  After cooling, the solution was neutralized with sodiumbicarbonate (solid),
      filtered and dried up in vacuo to a residue, which was extracted with
      chloroform. The chloroform extract was washed with satd. NaHCO.sub.3
      aqueous solution, dried and evaporated to a residue, which was converted
      to its hydrochloride salt followed recrystallization from acetone to yield
      0.3 g. of
      2-(3'-t-butylamino-2'-hydroxypropylthio)-4-(5'-ethoxycarbonyl-2'-thienyl)t
     hiazole hydrochloride, m.p. 118.degree. - 119.degree.C.
TBL  ______________________________________                                    

     C.sub.17 H.sub.25 O.sub.3 N.sub.2 S.sub.3 Cl                              

     Anal. Calcd. for                                                          

     C;   46.73,  H; 5.72, N; 6.41,                                            

                                  S; 21.99,                                    

                                          Cl; 8.13 (%)                         

     Found                                                                     

     C;   46.73,  H; 5.61, N; 6.46,                                            

                                  S; 21.78,                                    

                                          Cl; 8.42 (%)                         

     ______________________________________                                    

PAR  The following two esters were synthesized according to Example 48.
TBL  __________________________________________________________________________

                          CH.sub.3                                             

                          .vertline.                                           

                          SCH.sub.2 CHCH.sub.2 NHC--CH.sub.3                   

                          .vertline.                                           

                          CH.sub.3                                             

                          (Type IV)                                            

     Example                                                                   

     No.   R        Isolated form                                              

                            Physical const.                                    

     __________________________________________________________________________

     49    CH.sub.3 hydrochloride                                              

                            m.p. 124 - 126.degree.C.                           

                             (acetone)                                         

     50    CH.sub.2 CH=CH.sub.2 --                                             

                    hydrochloride                                              

                            m.p. 135 - 136.degree.C.                           

                             (acetone)                                         

     __________________________________________________________________________

PAC  EXAMPLE 51
PAR  2-(3'-t-butylamino-2-hydroxypropylthio)-4-(5'-carboxyl 2'-thienyl)thiazole
      hydrochloride.
PAR  A solution of
      2-(3'-t-butylamino-2'-hydroxypropylthio)-4-(5'-t-butoxycarbonyl-2'-thienyl
     )thiazole hydrochloride, 0.34 g. in 20 ml. of 5 % methanolic hydrochloride
      solution was stood at room temperature for 30 minutes and then dried up in
      vacuo.
PAR  Recrystallization of a residue from acetone yielded
      2-(3'-t-butylamino-2'-hydroxypropylthio)-4-(5'-carboxy-2'-thienyl)thiazole
      hydrochloride; needles, m.p. 251.degree. - 252.degree.C.
TBL  ______________________________________                                    

     C.sub.15 H.sub.20 O.sub.3 N.sub.2 S.sub.3.HCl                             

     Anal. Calcd. for                                                          

     C; 44.06,                                                                 

             H; 5.14,  N; 6.85,  S; 23.50,                                     

                                         Cl; 8.69                              

     Found                                                                     

     C; 43.88,                                                                 

             H; 5.32,  N; 6.90,  S; 22.85,                                     

                                         Cl; 8.43                              

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A novel thiazole derivative of the formula:
      ##EQU10##
      wherein R.sub.1 is hydrogen, C.sub.1 - C.sub.4 alkyl, C.sub.4 - C.sub.6
      cycloalkyl, naphthyl, phenyl, phenyl substituted by a member selected from
      the group consisting of C.sub.1 - C.sub.4 alkyl, C.sub.1 - C.sub.4 alkoxy,
      hydroxyl, C.sub.3 - C.sub.5 alkenyl, C.sub.3 C.sub.5 alkenyloxy, iodo,
      chloro, bromo, fluoro, cyano, amino, nitro, phenoxy, naphthoxy, acetamido,
      propionamido and benzamido or naphthyl substituted by a member selected
      from the group consisting of C.sub.1 - C.sub.4 alkyl, C.sub.1 - C.sub.4
      alkoxy, hydroxy, fluoro, iodo, chloro or bromo, cyano, amino, nitro,
      acetamido, propionamido and benzamido, and R.sub.2 is hydrogen and R.sub.3
      and R.sub.4 are each hydrogen or C.sub.1 - C.sub.4 alkyl.
NUM  2.
PAR  2. A novel thiazole derivative of the formula,
      ##EQU11##
      wherein R.sub.1 and R.sub.2 are hydrogen, methyl, cyclohexyl, naphthyl,
      phenyl or substituted phenyl having a group selected from the group
      consisting of methyl, methoxy, allyloxy, hydroxy, fluoro, bromo and cyano,
      and R.sub.3 and R.sub.4 are each hydrogen or t-butyl.
NUM  3.
PAR  3. A novel thiazole derivative of the formula,
      ##EQU12##
NUM  4.
PAR  4. A novel thiazole derivative of the formula,
      ##EQU13##
NUM  5.
PAR  5. A novel thiazole derivative of the formula,
      ##EQU14##
NUM  6.
PAR  6. A novel thiazole derivative of the formula,
      ##EQU15##
NUM  7.
PAR  7. A novel thiazole derivative of the formula:
      ##EQU16##
NUM  8.
PAR  8. A thiazole derivative of the formula:
      ##EQU17##
      wherein R.sub.1 is furyl or C.sub.1 - C.sub.4 alkylfuryl, R.sub.2 is
      hydrogen and R.sub.3 and R.sub.4 are each hydrogen or lower alkyl.
NUM  9.
PAR  9. A thiazole derivative of the formula:
      ##EQU18##
      wherein R.sub.1 is pyrrolyl or C.sub.1 - C.sub.4 alkyl pyrrolyl, R.sub.2
      is hydrogen and R.sub.3 and R.sub.4 are each hydrogen or C.sub.1 - C.sub.4
      alkyl.
NUM  10.
PAR  10. A thiazole derivative of the formula
      ##EQU19##
      wherein R.sub.1 is thienyl or substituted thienyl having one or more
      groups selected from the group consisting of C.sub.1 - C.sub.4 alkyl,
      phenyl, bromo, iodo, nitro,
      ##EQU20##
      wherein Y is C.sub.1 - C.sub.4 alkoxy, methyl or propenyloxy or
      ##EQU21##
      wherein R.sub.5 and R.sub.6 are each hydrogen, C.sub.1 - C.sub.4 alkyl,
      amino or cyclohexyl and when taken together with adjacent nitrogen are
      morpholinyl, piperidyl or pyrrolidinyl, R.sub.2 is hydrogen and R.sub.3
      and R.sub.4 are each are hydrogen or lower alkyl.
PATN
WKU  039324010
SRC  5
APN  4382072
APT  1
ART  121
APD  19740131
TTL  Mixed acrylic acid/methacrylic acid esters of tris (hydroxyalkyl)
      isocyanurates
ISD  19760113
NCL  2
ECL  1
EXP  Ford; John M.
INVT
NAM  Berg; Carl John
CTY  St. Paul
STA  MN
INVT
NAM  Deviny; Edward John
CTY  Roseville
STA  MN
ASSG
NAM  Minnesota Mining and Manufacturing Company
CTY  St. Paul
STA  MN
COD  02
CLAS
OCL  260248NS
XCL   96115P
EDF  2
ICL  C07D25134
FSC  260
FSS  248 NS
UREF
PNO  3821098
ISD  19740600
NAM  Garratt et al.
OCL  260248
LREP
FRM  Alexander, Sell, Steldt & DeLaHunt
ABST
PAL  The reaction product of a mixture of acrylic acid and methacrylic acid with
      tris (hydroxyalkyl) isocyanurates is found to have a reduced tendency to
      crystallize, making the reaction product especially useful in
      photopolymerizable compositions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Reaction products of tris (hydroxyalkyl) isocyanurates, such as tris
      (2-hydroxyethyl) isocyanurate, and either acrylic or methacrylic acid,
      exhibit many of the properties needed by photopolymerizable monomers in a
      dry-film photoresist. For example, these reaction products may be
      dispersed into a film-forming polymeric binder material to provide a
      photosensitive layer that has the necessary balance between adhesion to,
      and removability from, a metal substrate that is to be processed using a
      photoresist. Further, these reaction products react rapidly upon exposure
      to an imagewise pattern of actinic radiation to provide an imagewise
      difference in the removability of the photosensitive layer from the metal
      substrate. And these reaction products contribute, together with the
      binder material, to the resistance and continued firm adhesion needed by
      the developed resist areas of the photosensitive layer during subsequent
      processing of the resist-covered metal substrate.
PAR  However, it has been found that dry-film photoresists that incorporate
      these monomers have inadequate storage life. After a period of storage of
      the photoresist, the monomers crystallize, whereupon the photosensitive
      layer of the photoresist loses the clarity and uniformity needed to
      achieve the desired rapid and full reaction upon imagewise exposure to
      actinic radiation, adhesion to substrate, and other desired properties.
      The result is that despite the unusually desirable combination of other
      useful properties exhibited by the described monomers, they have limited
      usefulness in photoresists because of their limited storage life.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a new class of monomers of the general type
      described above but which maintain their desired combination of properties
      throughout a long storage life. Briefly, the new class of monomers
      comprise the reaction product of
PA1  1 a tris (hydroxyalkyl) isocyanurate, represented by the formula,
      ##SPC1##
PAL  Where R is alkylene of one to four carbon atoms; and
PA1  2 a mixture comprising acrylic acid and methacrylic acid,
PAL  The weight-ratio of acrylic to methacrylic acid lying between 80:20 and
      20:80, and sufficient acrylic and methacrylic acid being included in the
      reaction mixture to esterify at least 80 percent of the hydroxyl groups.
PAR  This new class of monomers is described herein as "chemically mixed"
      acrylic acid/methacrylic acid esters of tris (hydroxyalkyl) isocyanurates.
      (The term "chemically mixed" is used since acrylate and methacrylate
      groups can be formed during the reaction on the same molecule.) Although
      it has been found that a physical mixture of acrylates of tris
      (hydroxyalkyl) isocyanurate with methacrylates of tris (hydroxyalkyl)
      isocyanurate does not have the desired reduction in crystallization, the
      described chemically mixed esters do have the desired storage life. For
      example, dry-film photoresists using photopolymerizable monomers of the
      invention have been stored nearly a year without any tendency to
      crystallize.
DETD
PAC  DETAILED DESCRIPTION
PAR  As previously noted, the tris (hydroxyalkyl) isocyanurate ingredient in
      reaction products of the invention can be represented by the formula,
      ##SPC2##
PAL  where R is alkylene of 1 to 4 carbon atoms. Preferably R is alkylene of 2
      carbon atoms. These materials are prepared by known procedures (see U.S.
      Pat. Nos. 3,088,948, 3,121,082 and 3,249,607; and Z. N. Pazenko et al,
      UKR. KIHM. ZH. 30 (2), 195-8 (1964), for example); and at least one - tris
      (2-hydroxyethyl) isocyanurate - is available commercially as "THEIC"
      polyol from Allied Chemical Company.
PAR  Reaction of the described class of isocyanurates with a mixture of acrylic
      and methacrylic acid is conveniently conducted in benzene (to remove water
      of reaction), together with a catalyst such as p-toluene sulfonic acid and
      a polymerization inhibitor such as phenothiazine. A slight excess of acid
      may be used, and the reaction is continued until at least nearly the
      theoretical amount of water is collected. The reaction is generally
      conducted at a temperature in the range of 190.degree.-215.degree.F.
      Following completion of the reaction, the reaction product is typically
      washed several times with an alkaline solution, after which most of any
      remaining amount of benzene is removed.
PAR  Generally at least 80 percent of the hydroxyl groups on the isocyanurate
      are esterified and more preferably 90 percent or more are esterified. Any
      hydroxyl groups that are not esterified with acrylic or methacrylic acid
      may be subsequently allowed to react with some other compound, to achieve
      varied effects.
PAR  A variety of ratios of acrylic and methacrylic acid may be reacted with the
      isocyanurate. Improved properties are obtained when the weight-ratio of
      acrylic and methacrylic acid lies between 80:20 and 20:80, though the
      preferred range is from 70:30 to 50:50, and the most preferred product
      includes acrylate and methacrylate groups in a 60:40 ratio. At the outer
      limits of the described ranges, a greater tendency to crystallize has been
      noticed.
PAR  The monomers of this invention are generally dispersed in a polymeric
      binder material, together with a photoinitiator and other additives such
      as indicating dyes, adhesion promoters and pigments, to form a
      photopolymerizable composition. As noted above, one use for such a
      composition is as the photosensitive layer in a dry-film negative
      photoresist. In such a dry-film photoresist, the photopolymerizable
      composition is coated onto generally optically clear carrier film such as
      polyethylene terephthalate, and usually covered with a protective film
      such as polyethylene. Photopolymerizable compositions incorporating
      monomers of the invention can also be coated directly onto metal substrate
      to form a photoresist in situ.
PAR  The binder material in a photopolymerizable composition that incorporates
      monomers of the invention can be selected from a variety of polymeric
      film-forming materials. A number of useful binder materials are described
      in Celeste U.S. Pat. No. 3,469,982, one preferred class being polymers and
      copolymers based on various acrylates and methacrylates. Another preferred
      class of binder materials comprises the reaction products of
      styrene-maleic anhydride with dialkylamines to prepare half-amide products
      in which about one-third to two-thirds of the anhydride groups are
      reacted. Such modified polymers are described in an application of Berg,
      Ser. No. 438,206, filed the same day as this application, now U.S. Pat.
      3,873,319. Generally between about 50 and 200 parts of the monomer of this
      invention, preferably 90 to 140 parts, are used with 100 parts of binder
      material.
PAR  The photoinitiator that is generally included in photopolymerizable
      compositions together with monomers of the invention can be any compound
      that will react upon exposure to actinic radiation to initiate
      polymerization of the monomer. Generally, the photoinitiator generates
      free radicals that cause addition-polymerization of the photopolymerizable
      monomer through reaction of the ethylenically unsaturated substituent
      ester groups on the isocyanurate ring. The photoinitiator should be
      thermally inactive at the elevated temperatures to which a photosensitive
      layer of a photoresist may be subjected during drying and heat-lamination
      steps; generally thermal stability in the range of about
      250.degree.-350.degree.F. is satisfactory. Catalytic amounts of the
      photoinitiator are used, generally on the order of about 0.1 to 20
      weight-percent, preferably 1-5 weight-percent, of the photopolymerizable
      monomer. A wide variety of photoinitiators are useful with
      photopolymerizable monomers of the invention, including substituted or
      unsubstituted anthraquinones and phenanthraquinones; vicinal ketaldonyl
      compounds, such as benzoin; and benzophenones.
PAR  Preferred initiators are vinyl-substituted halomethyl-s-triazines, such as
      2-(4-methoxystyryl)-4,6-bis (trichloromethyl)-s-triazine, described in
      copending application Ser. No. 177,851, filed Sept. 3, 1971. These
      photoinitiators are preferred because they induce higher crosslinking
      rates for the photopolymerizable monomers than do other photoinitiators;
      low concentrations of these photoinitiators can be used because of their
      effectiveness; they are less oxygen-inhibited than other photoinitiators;
      and they do not require the presence of sensitizing dyes.
PAR  The invention will be further illustrated by the following example. A
      ten-gallon, glass-lined kettle equipped with a Barrett trap for collecting
      and measuring water of reaction was charged with the following
      ingredients:
TBL                      Grams                                                 

     ______________________________________                                    

     Acrylic acid          3564 (49.5 moles)                                   

     Methylacrylic acid    2838 (33 moles)                                     

     Tris (2-hydroxylethyl)-isocyanurate                                       

     ("THEIC" polyol from Allied Chemical                                      

     Company)              6525 (25 moles)                                     

     P-toluenesulfonic acid                                                    

                            545                                                

     Phenothiazine           1.3                                               

     ______________________________________                                    

PAL  The batch was heated with stirring to 175.degree.F. to insure solution,
      after which 3,340 grams of benzene was added to form an azeotrope with
      water of reaction and thus aid in removal of the water. The temperature
      was increased to 190.degree.-200.degree.F., and in 2 hours 10 minutes,
      1220 grams or 90 percent of the theoretical water had been collected. At
      this point the kettle was cooled rapidly. When the batch was below
      75.degree.F., 7.6 liters each of benzene and heptane were added. The
      solution was then washed several times with alkaline solutions and
      deionized water. The organic phase was placed over molecular sieves after
      these washings and stored overnight in a cooler. The liquid was then
      filtered off into a 20-gallon glass kettle, one gram of phenothiazene
      added, and benzene removed by applying a vacuum of 20 inches and heat at
      125.degree.F. for 1 hour. The product was then drained into an epoxy-lined
      pail. There was obtained 18.6 pounds of product (76 percent of the amount
      theoretically obtainable from the ingredients).
PAR  Next, a five-gallon, epoxy-lined pail, equipped with an air-motor-driven
      mechanical stirrer, was charged with 4600 grams of methyl ethyl ketone. A
      sheet of clear polytetrafluoroethylene (Teflon), having one hole for the
      stirrer shaft and another 1-inch diameter hole for a plastic funnel, was
      placed over the top of the pail. Next, 3,310 grams of styrene-maleic
      anhydride copolymer having a molecular weight of about 1600 (SMA-1000 A
      resin from Arco) was introduced into the pail through the funnel over a
      period of several minutes with stirring. The copolymer dissolved
      completely in the solvent in 45 minutes at 30.degree.C. Next, 1210 parts
      of di-n-hexylamine was added smoothly through the funnel over a period of
      one minute, during which time there was an exotherm form 30.degree.C. to
      47.degree.C. The solution was left to cool to room temperature, and then
      1608 grams of a 2-weight-percent solids solution of
      1,5-bis(4-dimethylaminophenyl) pentadienone-3 indicating dye in
      tetrahydrofuran was added with stirring.
PAR  Next, 5,025 grams of the photopolymerizable monomer described above, which
      included 10.4 percent of benzene solvent, was rapidly mixed into the
      solution. Then 904 grams of a 10 percent-solids solution of benzotriazole
      in tetrahydrofuran; 36 grams of a fluorocarbon surfactant; 246 grams of a
      15 weight-percent-solids solution of
      2-(4-methoxystyryl)-4,6-bis(trichloromethyl)-s-triazine in
      tetrahydrofuran; and 565 grams of an 8 percent-solids dispersion of
      duPont's Monastrol Blue BT 417D non-flocculating blue pigment in methyl
      isobutyl ketone were added to the solution.
PAR  The complete mixture was then coated onto a 2-mil thick polyethylene
      terephthalate film by an extrusion knife, and dried at 70.degree.C. for 7
      minutes to produce a 1.7-mil thick dry photosensitive layer. Thereupon the
      coated film was wound into a roll, together with a 2-mil thick liner or
      cover film of polyethylene.
PAR  The resulting dry-film photoresist was then tested by first removing the
      cover film and laminating the photoresist, photosensitive layer down, to a
      copper-clad substrate by passing the photoresist and substrate through
      pressure rolls that were heated to over 130.degree.F. and applied 15-30
      pounds per square inch pressure. The photosensitive layer was then exposed
      (through the polyethylene terephthalate film) through a high-contrast
      photographic transparency of a printed circuit pattern including a series
      of 5-mil wide lines separated by 5-mil wide spaces by low-pressure
      ultraviolet mercury lamps ("Colight" Model M-218 exposure frame using GE
      H400A-33-1/T 16 400-watt, mercury-vapor lamp bulbs) for 90-180 seconds.
      Next the polyethylene terephthalate carrier film was removed and a one
      percent-solids solution of sodium carbonate in water was sprayed onto the
      laminate through a commercial spray developer for 1 minute, which removed
      the nonexposed areas of the photosensitive layer. The result was
      well-defined tough adherent dimensionally true image or resist areas.
PAR  Next, the laminate was immersed for 36 minutes in a potassium copper
      pyrophosphate solution heated to 50.degree.C. The laminate was then rinsed
      and dried by rubbing with a paper towel. No change was apparent in the
      image or resist areas.
PAR  The resist areas were then removed by spraying the laminate with a one
      percent-solids solution of sodium hydroxide in water heated to
      150.degree.F. for 1-2 minutes.
PAR  These tests were repeated on samples of the photoresist of this example at
      several month intervals through a period of eight months with similar
      results. Resist patterns prepared as described above were also
      successfully subjected to etching operations using ferric chloride, acidic
      ammonium persulfate, and even strong hydrochloric acid solutions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The non-crystalline reaction product of
PA1  1.
      ##SPC3##
PAL  where R is alkylene of one to four carbon atoms, with
PA1  2. a mixture comprising acrylic acid and methacrylic acid;
PAL  the weight-ratio of acrylic acid to methacrylic acid in the reaction
      mixture being between about 80:20 and 20:80, and sufficient acrylic acid
      and methacrylic acid being included in the reaction mixture to esterify at
      least 80 percent of the hydroxyl groups on the isocyanurate ring.
NUM  2.
PAR  2. The non-crystalline reaction product of
PA1  1.
      ##SPC4##
PAL  where R is ethylene, with
PA1  2. a mixture comprising acrylic acid and methacrylic acid;
PAL  the weight-ratio of acrylic acid to methacrylic acid in the mixture being
      between 70:30 and 50:50, and sufficient acrylic acid and methacrylic acid
      being included in the reaction mixture to esterify at least 80 percent of
      the hydroxyl groups on the isocyanurate ring.
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ABST
PAL  Aliphatic and aromatic nitriles are trimerized to substituted symmetrical
      triazines in the presence of trifluoromethanesulfonic acid.
BSUM
PAR  This invention relates to substituted sym-triazines. In one aspect it
      relates to the preparation of alkyl-substituted sym-triazines. In another
      aspect it relates to the preparation of aromatic-substituted
      sym-triazines.
PAR  Compounds having the sym-triazine ring structure are well known in the art
      as intermediates in the preparation of dyes, pharmaceuticals, rodenticides
      and the like. There are several processes reported in the prior art for
      the preparation of alkyl- and aryl-substituted triazines which require the
      use of various catalysts. These include strong acid catalysts such as
      sulfuric acid, chlorosulfonic acid, hydrochloric acid in alcohol, and
      Lewis acids, amides and hydrides of alkali metals and alkaline earth
      metals, metal alkyls, metallic sodium and elemental bromine. In the
      acid-catalyzed reactions, the available literature stresses that those
      nitriles possessing an alpha-hydrogen; i.e., aliphatic nitriles, will not
      trimerize. Aliphatic-substituted triazines have been prepared from
      aliphatic nitriles via the imidate, however, the reaction is difficult to
      handle and requires isolation of the imidate salt.
PAR  It is an object of this invention to provide an improved process for the
      preparation of substituted sym-triazines.
PAR  It is another object to provide an improved process for the preparation of
      alkyl-substituted sym-triazines.
PAR  It is another object to provide an improved process for the preparation of
      aromatic-substituted sym-triazines.
PAR  Other objects, aspects, and advantages of the invention will become
      apparent to those skilled in the art upon consideration of the
      accompanying disclosure.
PAR  In accordance with the present invention there is provided a process for
      the preparation of substituted triazines of the general formula
      ##EQU1##
      wherein R is a radical selected from the group consisting of alkyl, aryl
      and combinations thereof, such as aralkyl and alkaryl, and substituted
      aryl, such as haloaryl and alkoxyaryl, having from 2 to 9 carbon atoms per
      radical group, wherein the alkyl group contains an alpha-hydrogen, i.e., a
      hydrogen atom on the carbon atom which is bonded to the nitrile function.
      Substituents of the substituted aryl radical groups include halogen, alkyl
      and alkoxy. When present, such substituents are preferably located in the
      3,4 and/or 5 positions.
PAR  According to the process of the present invention, an organic nitrile
      having the general formula R-CN, wherein R is selected from the group
      consisting of alkyl, aryl and substituted aryl having from 2 to 9 carbon
      atoms per radical group, wherein the alkyl group contains an
      alpha-hydrogen, is reacted under reaction conditions in the presence of
      trifluoromethanesulfonic acid to form a symmetrical triazine.
PAR  In one embodiment of this invention, the organic nitrile is an aliphatic
      nitrile. The product of this process is a 2,4,6-trialkyl-1,3,5-triazine.
PAR  In another embodiment of this invention, the organic nitrile is an aromatic
      or substituted aromatic nitrile in which case the product of the process
      is a 2,4,6-triaryl-1,3,5-triazine.
PAR  Examples of suitable organic nitriles for use in this invention include:
      propionitrile, n-butyronitrile, isobutyronitrile, n-nonanenitrile,
      pentanenitrile, benzonitrile, o-tolunitrile, p-chlorobenzonitrile,
      p-iodobenzonitrile, phenylacetonitrile, p-methoxybenzonitrile,
      m-fluorobenzonitrile, p-bromobenzonitrile, p-tolunitrile, m-tolunitrile
      and the like.
PAR  As noted above, the trimerization reaction is carried out in the presence
      of trifluoromethanesulfonic acid. The amount of trifluoromethanesulfonic
      acid used can vary within rather broad limits, ranging from 0.8 to 20
      moles of trifluoromethanesulfonic acid per mole of nitrile. In a presently
      preferred embodiment the molar ratio of trifluoromethanesulfonic acid to
      nitrile is in the approximate range of 1.2 to 10.
PAR  The trimerization reaction is rapid and exothermic, therefore the admixture
      of nitrile and trifluoromethanesulfonic acid is prepared at relatively low
      temperatures to avoid overheating. After admixture of the nitrile and
      trifluoromethanesulfonic acid, the reaction mixture can be warmed or
      heated to cause the trimerization to proceed to completion. The
      temperature of reaction can range from -20.degree. to 100.degree.C,
      preferably from 10.degree. to 50.degree.C. In a presently preferred
      embodiment, the nitrile is added to the trifluoromethanesulfonic acid.
PAR  Reaction time will be sufficient to effect the desired conversion of
      nitrile to triazine compound and generally ranges from 0.25 to 24 hours.
PAR  Within the parameters given above, the reaction can be carried out
      batchwise or continuously, using any suitable apparatus. After completion
      of the reaction, the trimer can be isolated and purified by any suitable
      means including solvent extraction, filtration, crystallization and
      distillation.
PAR  The present invention provides a facile process for the preparation of
      alkyl- and aryl-substituted triazines. Heretofore, trialkyl-substituted
      s-triazines were prepared either with great difficulty or not at all using
      the processes of the prior art.
PAR  The following examples illustrate the invention.
PAR  The exemplary runs described in the following examples were carried out in
      an appropriately sized 3-neck round-bottom flask equipped with a
      thermometer, condenser, addition funnel, nitrogen inlet tube and magnetic
      stirring device. According to the presently preferred procedure, the
      trifluoromethanesulfonic acid was placed in the reaction flask and cooled
      to about 0.degree.C. The nitrile was added, dropwise, to the cooled
      trifluoromethanesulfonic acid over a time period ranging from 30 minutes
      to 1 hour. After addition of the nitrile was complete, the reaction
      mixture was stirred, at room temperature, for up to about 18 hours. To
      isolate the trimer, the reaction mixture was poured over ice, then
      neutralized with ammonium hydroxide or sodium bicarbonate and the trimer
      isolated by filtration or by extraction with ether or methylene chloride.
      The trimer was purified by recrystallization or distillation.
PAR  Alternatively, most of the trifluoromethanesulfonic acid was removed from
      the reaction mixture by vacuum distillation prior to pouring the reaction
      mixture over ice. (See Example X.)
DETD
PAC  EXAMPLE I
PAR  Benzonitrile (5.2 g, 0.05 mol) was added dropwise over a period of 100 sec
      to 20 ml (34 g, 0.23 mol) of stirred trifluoromethanesulfonic acid with
      the temperature being allowed to rise as high as 91.degree.C. When the
      reaction mixture cooled to 25.degree.C, the yellow solution was poured
      into 100 ml cold ethanol. The yellow color disappeared and a white
      flocculent precipitate formed. Recrystallization of this precipitate from
      150 ml chloroform afforded 3.43 g (66 percent yield) of
      2,4,6-triphenyl-s-triazine (white crystals, m.p. 235.degree.-237.degree.C)
      (Lit. m.p. 232.degree.C, J. Chem. Soc., 1941, 278). The 3.43 g sample of
      product exhibited no nitrile bands in the infrared spectrum but the
      infrared spectral band characteristic of the triazine structure was very
      strong at 6.6.mu..
PAC  EXAMPLE II
PAR  p-Tolunitrile (11.7 g, 0.10 mol) was added in small portions to 25 ml (42.5
      g, 0.29 mol) of trifluoromethanesulfonic acid at 25.degree.-30.degree.C.
      After stirring overnight, the dark brown reaction mixture was poured on
      ice and neutralized with ammonium hydroxide. The insoluble precipitate was
      filtered off and washed with acetone to give 9.7 g of white solid.
      Recrystallization of this solid from toluene gave 7.5 g (64 percent yield)
      of 2,4,6-tri-p-tolyl-s-triazine (white crystals m.p.
      282.degree.-285.degree.C) [Lit. m.p. 283.degree.-285.degree.C., J. Amer.
      Chem. Soc., 80, 1442 (1958)]. The infrared spectrum of the product
      exhibited the characteristic triazine bands at 6.6.mu. and 12.45.mu. .
TBL  ______________________________________                                    

     Anal. Calcd. for C.sub.24 H.sub.21 N.sub.3 :                              

                           C,82.02; H,6.02; N,11.95.                           

           Found:          C,81.73; H,5.84; N,11.80.                           

     ______________________________________                                    

PAC  EXAMPLE III
PAR  m-Tolunitrile (11.7 g, 0.10 mol) was added dropwise to 30 ml (51 g, 0.35
      mol) trifluoromethanesulfonic acid at 2.degree.-8.degree.C over a period
      of 20 minutes. The orange mixture was stirred at 25.degree.C for 18 hours,
      poured on ice, neutralized with ammonium hydroxide and extracted with
      methylene chloride. The methylene chloride extract was dried and
      concentration provided 11.1 g of off-white solid. Recrystallization of
      this solid from n-hexane gave 9.2 g (78 percent yield) of
      2,4,6-tri-m-tolyl-s-triazine (white fluffy crystals, m.p.
      155.degree.-155.5.degree.C) [Lit, m.p. 151.degree.-152.degree.C, J. Amer.
      Chem. Soc., 80, 1442 (1958)]. The characteristic triazine band at 6.5.mu.
      was present in the infrared spectrum of the product.
TBL  ______________________________________                                    

     Anal. Calcd. for C.sub.24 H.sub.21 N.sub.3 :                              

                           C,82.02; H,6.02; N,11.95.                           

           Found:          C,81.93; H,6.16; N,11.62.                           

     ______________________________________                                    

PAC  EXAMPLE IV
PAR  o-Tolunitrile (11.7 g, 0.10 mol) was added dropwise to 25 ml (42.5 g, 0.29
      mol) trifluoromethanesulfonic acid at 0.degree.-5.degree.C. After storing
      at room temperature overnight, the reaction mixture was poured on ice,
      neutralized with ammonia and extracted with ether. After drying the
      ethereal extract, concentration provided 9.5 g of impure product.
      Recrystallization of the crude product from n-hexane provided 3.1 g of
      white crystals (m.p. 95.degree.-115.degree.C) and evaporation of the
      filtrate gave an additional 4.5 g which was recrystallized to give 0.40 g
      of 2,4,6-tri-o-tolyl-s-triazine (white crystals, m.p.
      112.degree.-114.degree.C) (Lit. m.p. 110.degree.C, J. Chem. Soc., 1941,
      278). The characteristic triazine band at 6.5.mu. was observed in the
      infrared spectrum of the product.
TBL  ______________________________________                                    

     Anal. Calcd. for C.sub.24 H.sub.21 N.sub.3 :                              

                           C,82.02; H,6.02; N,11.95.                           

           Found:          C,81.96; H,5.95; N,11.82.                           

     ______________________________________                                    

PAC  EXAMPLE V
PAR  p-Chlorobenzonitrile (6.8 g, 0.05 mol) was added in small portions to 25 ml
      (42.5 g, 0.29 mol) trifluoromethanesulfonic acid at 0.degree.-10.degree.C.
      The mixture became dark orange but was homogeneous; on removal of the ice
      bath, the mixture warmed to 30.degree.-40.degree.C. After stirring
      overnight, the mixture was poured on ice and a white flocculent
      precipitate formed. After neutralization with ammonium hydroxide, the
      precipitate formed. After neutralization with ammonium hydroxide, the
      precipitate was isolated by filtration and dried to give 10.2 g of
      2,4,6-tri-p-chlorophenyl-s-triazine (white powdery crystals, m.p.
      336.degree.-339.degree.C). Recrystallization from 400 ml toluene gave 3.9
      g (36 percent yield) of 2,4,6-tri-p-chlorophenyl-s-triazine (asbestos-like
      crystals, m.p. 337.degree.-340.degree.C) (Lit. m.p. 335.degree.C, J. Chem.
      Soc., 1941, 278). The infrared spectrum of the product exhibited a strong
      band at 6.6.mu. characteristic of the triazine structure.
PAC  EXAMPLE VI
PAR  p-Bromobenzonitrile (18.2 g, 0.10 mol) was added in small portions to 30 ml
      (51 g, 0.35 mol) trifluoromethanesulfonic acid at 0-10.degree.C. The
      orange solution was homogeneous and was allowed to stand overnight at room
      temperature. The mixture was poured on ice and neutralized with ammonium
      hydroxide. A solid was removed by filtration and washed with 600 ml of a
      50/50 mixture of methylene chloride/acetone to remove unreacted nitrile
      leaving 16.7 g of 2,4,6-tri-p-bromophenyl-s-triazine (white solid, m.p.
      350-354.degree.C) [Lit. m.p. 361-362.degree.C, Chem. Abstr., 42, 2259
      (1948)]. A 5 g portion of the product was recrystallized from boiling
      benzene to give white crystals of the same melting point,
      350.degree.-354.degree.C. Infrared spectral analysis was consistent with
      the proposed triazine structure.
TBL  ______________________________________                                    

     Anal. Calcd. for C.sub.21 H.sub.12 Br.sub.3 N.sub.3 :                     

                           C,46.18; H,2.20; N,7.70;                            

                           Br,43.9.                                            

           Found:          C,46.17; H,2.35; N,7.67;                            

                           Br,41.91.                                           

     ______________________________________                                    

PAC  EXAMPLE VII
PAR  p-Methoxybenzonitrile (13.3 g, 0.10 mol) was added in small portions to 30
      ml (51 g, 0.35 mol) trifluoromethanesulfonic acid at 0.degree.-10.degree.C
      with heat evolution and formation of a black color. The thickened mixture
      was allowed to stand overnight and was poured on ice followed by
      neutralization with ammonium hydroxide. A yellow solid was isolated by
      filtration and air dried. Recrystallization of this yellow solid from
      N,N-dimethylformamide and water followed by washing the recrystallized
      material with ethanol and ether gave 7.8 g (59 percent yield) of
      2,4,6-tris-p-methoxy-phenyl-s-triazine (m.p. 216.5.degree.-219.degree.C)
      [Lit. m.p. 214.degree.-216.degree.C, J. Org. Chem., 26, 2778 (1961)].
TBL  ______________________________________                                    

     Anal. Calcd. for C.sub.24 N.sub.21 N.sub.3 O.sub.3 :                      

                            C,72.16; H,5.30; N.10.52.                          

           Found:           C,71.42; H,5.11; N,10.56.                          

     ______________________________________                                    

PAC  EXAMPLE VIII
PAR  Propionitrile (5.5 g, 0.10 mol) was added dropwise over a period of 20
      minutes to 20 ml (34 g, 0.23 mol) trifluoromethanesulfonic acid at
      2.degree.-5.degree.C. The mixture was allowed to warm to 23.degree.C and
      stirred an additional 105 minutes. The yellow solution was poured on ice,
      made basic with ammonium hydroxide and extracted with ether. After drying,
      the ethereal extract was slowly distilled and 5.7 g of the residue was
      distilled in vacuo. A sample of 2,4,6-triethyl-s-triazine was collected at
      60.6/3.0 mm [Lit. b.p., 125.degree./3 mm, f.p. 27, J. Org. Chem., 26, 2778
      (1961)], and solidified on cooling to long needles. Infrared spectral
      analysis supported the structure assignment in that the strong band
      characteristic of the triazine structure was present at 6.5.mu.. The
      nuclear magnetic resonance spectrum was consistent with the proposed
      triazine structure.
TBL  ______________________________________                                    

     Anal.                                                                     

          Calcd. for C.sub.9 H.sub.15 N.sub.3 :                                

                        C,65.42; H,9.15; N,25.43; M.W. 165.                    

          Found:        C,65.64; H,9.11; N,25.42; M.W. 165*.                   

     ______________________________________                                    

      *by osmometry                                                            

PAC  EXAMPLE IX
PAR  n-Butyronitrile (6.9 g, 0.10 mol) was added dropwise to 20 ml (34 g, 0.23
      mol) trifluoromethanesulfonic acid over a period of 5 minutes with the
      temperature rising to 21.degree.C. After stirring overnight, the mixture
      was poured on ice and made basic with ammonium hydroxide. Extraction of
      the yellow solution with ether followed by drying and distillation of the
      ethereal extract gave 4.58 g of an oily residue. Distillation gave 1.99 g
      2,4,6-tri-n-propyl-s-triazine (29 percent yield) collected at
      71.degree.-72.degree.C (0.5 mm) [Lit. b.p. 71.5-72.degree./1 mm, Chem.
      Abstr., 58, 526 (1963)]. Gas chromatographic analysis of the distilled
      product indicated a 98 percent purity of the alkyl substituted triazine.
      Infrared and nuclear magnetic spectral analyses were consistent with the
      proposed 2,4,6-tri-n-propyl-s-triazine structure.
TBL  ______________________________________                                    

     Anal.                                                                     

          Calcd. for C.sub.12 H.sub.21 N.sub.3 :                               

                        C,69.52; H,10.21; N,20.27; M.W. 207                    

          Found:        C,69.50; H,10.28; N,19.86; M.W. 200                    

     ______________________________________                                    

      *by osmometry                                                            

PAC  EXAMPLE X
PAR  Isobutyronitrile (20.73 g, 0.30 mol) was added dropwise to 50 ml (85 g,
      0.58 mol) of cold trifluoromethanesulfonic acid over a period of 46
      minutes with the temperature being maintained at 0.degree.-9.degree.C. The
      deep red solution was allowed to stir at room temperature overnight. The
      viscous reaction mixture was transferred to a 50 ml pear-shaped flask and
      distilled under vacuum. Trifluoromethanesulfonic acid (20.36 g) was
      collected at 28.degree.-63.degree.C (0.5 mm) with the pot temperature
      rising to 150.degree.C. The pot residue, 48.7 g, was dissolved in
      chloroform and washed three times with water and the chloroform solution
      was made basic with ammonium hydroxide. The basic chloroform solution was
      washed with water and the organic phase was separated and dried over
      anhydrous magnesium sulfate. Concentration of the chloroform solution gave
      22.18 g of a mobile red-brown oil. Distillation of 21.27 g provided a
      major fraction (13.12 g, 63 percent yield) of the desired triazine,
      2,4,6-tri-isopropyl-s-triazine [b.p. 68.degree.C (2.0 mm), n.sub.D.sup.20
      1.4590] [Lit. b.p. 98.degree./15 mm, J. Org. Chem., 26, 2778 (1961)] ,
      with only 1.65 g of pot residue. Gas chromatographic analysis indicated
      the major fraction to be 96 percent 2,4,6-tri-isopropyl-s-triazine.
PAC  EXAMPLE XI
PAR  Using the procedure described for Example IX, 0.10 mol isobutyronitrile was
      added to 20 ml (34 g, 0.23 mol) trifluoromethanesulfonic acid. Reaction
      workup and fractionation gave a 46 percent distilled yield of
      2,4,6-tri-isopropyl-s-triazine, b.p. 77.5.degree.-78.degree.C/5.0 mm (99.4
      percent purity by GLC). The infrared and nuclear magnetic resonance
      spectral analyses were consistent with the proposed
      2,4,6-tri-isopropyl-s-triazine structure.
TBL  ______________________________________                                    

     Anal. Calcd. for C.sub.12 H.sub.21 N.sub.3 :                              

                           C,69.52; H,10.21; N,20.27.                          

           Found:          C,69.45; H,9.98; N,19.50.                           

     ______________________________________                                    

PAR  A comparison of Examples X and XI demonstrates that an improved yield of
      2,4,6-tri-isopropyl-s-triazine is obtained if trifluoromethanesulfonic
      acid is distilled from the reaction mixture prior to water quenching.
PAC  EXAMPLE XII
PAR  Chlorosulfonic acid has been shown to be an effective catalyst for the
      trimerization of benzonitrile, providing a 68 percent yield of
      2,4,6-triphenyl-s-triazine (J. Chem. Soc., 1941, 278). However, as shown
      in the following example, chlorosulfonic acid is ineffective to trimerize
      isobutyronitrile.
PAR  Isobutyronitrile (20.73 g, 0.30 mol) was added slowly to 50 ml of
      chlorosulfonic acid over a period of about 45 minutes. The temperature
      increased to about 39.degree.C before the reaction mixture was cooled.
      After all the isobutyronitrile had been added, the reaction mixture was
      stirred overnight at room temperature. Vacuum distillation was attempted
      but the mixture foamed so vigorously that the distillation was stopped and
      the reaction mixture was poured on ice. The mixture was made basic with
      ammonium hydroxide and extracted with ether. The ethereal extract was
      dried and concentrated to 1.9 g of residue which contained very little, if
      any, triazine according to infrared spectral analysis. The major product
      was isobutyramide.
PAR  Inasmuch as chlorosulfonic acid can be used to catalyze the trimerization
      of benzonitrile, yet was ineffective to catalyze the trimerization of
      isobutyronitrile, it was surprising to discover that
      trifluoromethanesulfonic acid could be used in the trimerization of both
      aromatic and aliphatic nitriles, as disclosed herein.
PAR  It will be evident to those skilled in the art that various modifications
      of this invention can be made, or followed, in the light of the foregoing
      disclosure and discussion, without departing from the spirit or scope
      thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a substituted triazine of the formula
      ##EQU2##
      wherein R is a radical selected from the group consisting of alkyl, aryl
      and substituted aryl having from 2 to 9 carbon atoms per radical group,
      wherein said alkyl group contains an alpha-hydrogen, and wherein said
      substituted aryl is substituted with alkyl, halogen or alkoxy which
      comprises reacting a nitrile having the formula R-CN, wherein R is as
      defined above, under reaction conditions in the presence of
      trifluoromethanesulfonic acid.
NUM  2.
PAR  2. The process of claim 1 wherein the molar ratio of said
      trifluoromethanesulfonic acid to said nitrile is in the range of 0.8:1 to
      20:1.
NUM  3.
PAR  3. The process of claim 1 wherein said nitrile is contacted with said
      trifluoromethanesulfonic acid at a temperature in the range of -20.degree.
      to 100.degree.C for a time sufficient to effect trimerization.
NUM  4.
PAR  4. The process of claim 1 wherein said R is aryl.
NUM  5.
PAR  5. The process of claim 1 wherein said R is alkyl.
NUM  6.
PAR  6. The process of claim 1 wherein said R is substituted aryl.
NUM  7.
PAR  7. The process of claim 1 wherein said nitrile is benzonitrile.
NUM  8.
PAR  8. The process of claim 1 wherein said nitrile is p-tolunitrile.
NUM  9.
PAR  9. The process of claim 1 wherein said nitrile is n-tolunitrile.
NUM  10.
PAR  10. The process of claim 1 wherein said nitrile is o-tolunitrile.
NUM  11.
PAR  11. The process of claim 1 wherein said nitrile is p-chlorobenzonitrile.
NUM  12.
PAR  12. The process of claim 1 wherein said nitrile is p-bromobenzonitrile.
NUM  13.
PAR  13. The process of claim 1 wherein said nitrile is p-methoxybenzonitrile.
NUM  14.
PAR  14. The process of claim 1 wherein said nitrile is propionitrile.
NUM  15.
PAR  15. The process of claim 1 wherein said nitrile is n-butyronitrile.
NUM  16.
PAR  16. The process of claim 1 wherein said nitrile is isobutyronitrile.
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ABST
PAL  Amides of phosphorus-containing acids are reacted with sulphenyl halides to
      give phosphorus-containing acid amides in which one or more of the
      nitrogen atoms carries the appropriate substitutent attached through a
      sulphur atom. These substituted amides are inhibitors of premature
      vulcanisation in rubbers. The most effective compounds are arylamides
      substituted by secondary alkylthio groups.
BSUM
PAR  This invention relates to amides of phosphorus-containing acids of value as
      inhibitors of premature vulcanisation in rubbers.
PAR  It is customary in the manufacture of vulcanised rubbers to incorporate
      into the unvulcanised rubber various additives such as antioxidants,
      antiozonants, fillers, vulcanisation activators, etc., and lastly
      vulcanisation accelerators and a vulcanising agent such as sulphur. The
      compounded rubber is then shaped and finally raised to vulcanisation
      temperature. Before the final stage, however, some premature vulcanisation
      may take place, especially during the compounding stage in a mill or
      Banbury mixer when heat is generated, or during handling such as
      calendering or extruding, or in some cases even during storage. Premature
      vulcanisation causes the rubber to become lumpy with the result that
      subsequent processing or vulcanising operations cannot be carried out
      satisfactorily. Premature vulcanisation may be reduced by using delayed
      action accelerators of for example the benzthiazylsulphenamide type and
      also by the use of retarders such as N-nitrosodiphenylamine or salicylic
      acid, but these retarders frequently introduce other difficulties. No
      satisfactory means of preventing premature vulcanisation has hitherto been
      found and the increasing use of furnace carbon blacks and of antioxidants
      and antiozonants based on p-phenylenediamine has exacerbated the problem.
      It has now been found that certain novel N-substituted amides of
      phosphorus-containing acids are powerful inhibitors of premature
      vulcanisation.
PAR  According to the invention there are provided amides of the formula
      ##EQU1##
      wherein R is an optionally-substituted hydrocarbyl group, R.sup.1 is a
      hydrogen atom, an optionally-substituted hydrocarbyl group, or a group
      -SO.sub.2 -R, -CO-R, -S-R, or -N=CHR and R.sup.2 and R.sup.3, which may be
      the same or different, are each a group R-S-NR.sup.1 - or a hydrogen or
      halogen atom or an optionally-substituted alkyl, alkenyl, cycloalkyl,
      aryl, alkoxy, alkenoxy, cycloalkyloxy, aryloxy, alkylthio, alkenylthio,
      cycloalkylthio, arylthio or heterocyclylthio group or an amino or
      substituted amino group or R.sup.2 and R.sup.3 together with the
      phosphorus atom form a heterocyclic ring or R.sup.1 and R.sup.2 together
      with the phosphorus and nitrogen atoms form a heterocyclic ring.
PAR  As examples of groups which may be represented by R or R.sup.1 there are
      mentioned alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, tert.-butyl, hexyl, n-octyl, tert.-octyl, n-dodecyl,
      tert.-dodecyl and n-octadecyl, alkenyl groups such as propenyl,
      n-but-1-enyl, isobutenyl, n-pent-1-enyl, dodecenyl and n-octadecenyl,
      cycloalkyl groups such as cyclopentyl and cyclohexyl, aryl groups such as
      phenyl, o-, m- and p-tolyl and naphthyl, and substituted hydrocarbyl
      groups such as .beta.-methoxyethyl, alkyloxycarbonylethyl,
      .beta.-cyanoethyl, 2-formylprop-2-yl, 4-chlorophenyl, 4-methoxyphenyl,
      4-dimethylaminophenyl, 2-nitrophenyl, 4-nitrophenyl,
      2,3,4,5,6-pentachlorophenyl, 2-methoxycarbonylphenyl and
      4-phenylsulphonylphenyl.
PAR  R may also be a divalent or polyvalent hydroxycarbyl group linking through
      sulphur atoms two or more amides of phosphorus-containing acid groups, for
      example alkylene, p-phenylene, cyclooctylene or cyclododecylene.
PAR  R.sup.1 may also be an alkyl or arylsulphonyl group such as
      p-toluenesulphonyl, an optionally substituted alkylideneamino group such
      as benzylideneamino, an alkyl or arylcarbonyl group such as acetyl or an
      alkyl or arylthio group or optionally substituted derivative of any one of
      these.
PAR  In those amides which contain two or more groups R or R.sup.1 the groups R
      or the groups R.sup.1 may be the same or different.
PAR  It is preferred that R be an alkyl group, especially a secondary alkyl, or
      a cycloalkyl group.
PAR  It is preferred that R.sup.1 by an optionally substituted aryl group,
      especially phenyl.
PAR  As a halogen atom which may be represented by R.sup.2 or R.sup.3 there is
      mentioned bromine and, especially, chlorine.
PAR  As examples of groups which may be represented by R.sup.2 or R.sup.3 there
      are mentioned the alkyl, alkenyl, cycloalkyl and aryl groups and
      substituted derivatives thereof which may be represented by R or R.sup.1
      and alkoxy, alkenyloxy, cycloalkyloxy, aryloxy, alkylthio, alkenylthio,
      cycloalkylthio and arylthio groups and substituted derivatives thereof
      derived from such groups.
PAR  As examples of heterocyclylthio groups which may be represented by R.sup.2
      or R.sup.3 there are mentioned 2-benzothiazolylthio, 2-benzoxazolythio,
      2-benzimidazolylthio, 2-pyrimidinylthio and 2-triazinylthio groups.
PAR  As examples of substituted amino groups which may be represented by R.sup.2
      or R.sup.3 there are mentioned ethylamino, diethylamino, dimethylamino,
      phenylamino, methylphenylamino and ethylphenylamino.
PAR  As examples of heterocyclic rings which may be formed from R.sup.2 and
      R.sup.3 together with the phosphorus atom there are mentioned
      2-oxo-1,3,2-diazaphospholane, 2-oxo-4,5-benzo-1,3,2-diazaphospholane,
      2-oxo-1,3,2-oxozaphosphloane, 2-oxo-4,5-benzo-1,3,2-oxazaphospholane,
      2-oxo-4,5-benzo-1,3,2-oxazaphospholane,
      2-oxo-4,5-benzo-1,3-thiazaphospholane, and 2-oxo-2,3,-dithiaphospholane.
PAR  As examples of amides of this invention there are mentioned
      N,N.sup.1,N.sup.11 -tris-(isopropylthio)-N,N.sup.1,N.sup.11
      -triphenylphosphoric triamide, N,N.sup.1,N.sup.11
      -tris-(n-butylthio)-N,N.sup.1,N.sup.11 -triphenylphosphoric triamide,
      N,N.sup.1,N.sup.11 -tris-(cyclohexylthio)-N,N.sup.1,N.sup.11
      -triphenylphosphoric triamide, N,N.sup.1,N.sup.11
      -tris-(benzylthio)-N,N.sup.1 N.sup.11 -tris(p-methoxyphenyl)phosphoric
      triamide, N,N.sup.1,N.sup.11 -tris-(n-dodecylthio)-N,N.sup.1,N.sup.11
      -tris (o-chlorophenyl)-phosphoric triamide, N,N.sup.1,N.sup.11
      -tris-(tert.-octylthio)-N,N.sup.1,N.sup.11 -triphenylphosphoric triamide,
      N,N.sup.1,N.sup.11 -tris-(n-octadecylthio)-N,N.sup.1,N.sup.11
      -tris-(p-dimethylaminophenyl) phosphoric triamide, N,N.sup.1,N.sup.11
      -tris-(methylthio)-N,N.sup.1,N.sup.11 -trimethylphosphoric triamide,
      N,N.sup.1,N.sup.11 -tris-(isopropylthio)-N,N.sup.1,N.sup.11
      -trimethylphosphoric triamide, N,N.sup.1,N.sup.11
      -tris-(isopropylthio)-N,N.sup.1,N.sup.11 -cyclohexyl-phosphoric triamide,
      N,N.sup.1,N.sup.11 -tris-(cyclohexylthio)-N,N.sup.1,N.sup.11
      -trimethylphosphoric triamide, N,N.sup.1 -bis-(butylthio)-N,N.sup.1
      -diphenyl-N.sup.11 -diethylenoxyphosphoric triamide, N,N.sup.1,N.sup.11
      -tris-(phenylthio)-N,N.sup.1,N.sup.11 -triphenylphosphoric triamide,
      N,N.sup.1,N.sup.11 -tris-(p-methoxyphenylthio)-N,N.sup.1,N.sup.11
      -triphenylphosphoric triamide, N,N.sup.1,N.sup.11
      -tris(isopropylthio)-2-anilino-2-oxo-1,3,2-diazaphospholane,
      N,N.sup.1,N.sup.11
      -tris-(cyclohexylthio)-2-methylamino-4,5-benzo-1,3,2-diazaphospholane,
      methyl-N,N.sup.1 -bis-(sec-butylthio)-N,N.sup.1
      -diphenylphosphorodiamidate, phenyl-N,N.sup.1 -bis-(methylthio)-N,N.sup.1
      -diphenylphosphorodiamidate, ethyl-N,N.sup.1
      -bis-(n-dodecylthio)-N,N.sup.1 -bis-(o-tolyl)phosphorodiamidate,
      ethyl-N,N.sup.1 -bis-(cyclohexylthio)-N,N.sup.1
      -diethylphosphorodiamidate, phenyl-N,N.sup.1
      -bis-(tert.-octylthio)-N,N.sup.1 -dimethyl phosphorodiamidate,
      diethyl-N-phenyl-N-(iso-propylthio)-phospho-amidate, 2-methoxy-2
      -oxo-1,3,2-diazaphospholane,
      2-phenoxy-2-oxo-1,3-bis-(sec-butylthio)-4,5-benzo-1,3,2-diazaphospholane,
      N-isopropylthiophenylphosphoramidic acid dichloride, N,N.sup.1
      -bis-(n-butylthio)-N,N.sup.1 -diphenyl phosphorodiamidic acid chloride,
      N,N.sup.1 -bis-(phenylthio)-N,N.sup.1 -dimethylphosphorodiamidic acid
      chloride, N,N.sup.1 -bis-(p-tolylthio)-N,N.sup.1 -diphenyl-phosphoric
      diamide, N,N.sup.1 -bis-(methylthio)-N,N.sup.1 -dimethyl-phosphoric
      diamide, N,N.sup.1 -bis-(p-chlorophenylthio)-N,N.sup.1
      -di-(cyclohexyl)phosphoric diamide,
      1,3-bis-(isopropylthio)-2-phenyl-2-oxo-1,3,2-diazaphosphospholane,
      N-phenyl-N-(cyclohexylthio)-dimethylphosphinic amide,
      N-(p-nitrophenyl)-N-(sec-butylthio)-diethylphosphinic amide,
      N-methyl-N-(tert.-butylthio)-diphenylphosphinic amide,
      N-(benzylthio)-N-cyclohexyldiphenylphosphinic amide and
      1,3-di(isopropyl=thio)-2-ethoxy-2-oxo-4,5-benzo-1,3,2-diazaphospholane.
PAR  According to the invention there is also provided a process for the
      manufacture of amides of the formula I which comprises reacting a compound
      of the formula
      ##EQU2##
      with a sulphenyl halide of the formula R - S - Halogen wherein R.sup.1 has
      the meaning given hereinbefore and R.sup.4 and R.sup.5 are each a group of
      the type represented by R.sup.2 and R.sup.3.
PAR  The process is conveniently carried out at a temperature below 100.degree.C
      and preferably between -10.degree. and 50.degree., preferably in an inert
      solvent such as cyclohexane, carbon tetrachloride, dimethylformamide or
      toluene, and in presence of an acid binding agent such as pyridine,
      triethylamine, N,N-dimethylaniline or potassium carbonate. Mixtures of
      inert solvents may be used and improved yields are sometimes obtained when
      one component, which may be present in comparative small proportions, is
      of a polar nature, e.g. dimethyl formamide.
PAR  The amount of sulphenyl halide, peferably sulphenyl chloride or bromide, is
      preferably about 1 molar proportion for each -NHR.sup.1 group. In these
      circumstances a group R.sup.4 or R.sup.5 which represents a -NHR.sup.1
      group will be converted into a group -NR.sup.1 -SR. If a deficiency of
      sulphenyl halide is used only a corresponding proportion of the groups of
      the type -NHR.sup.1 will be converted into groups -NR.sup.1 -SR. In those
      cases in which R.sup.1 is a hydrogen atom the use of excess sulphenyl
      halide may lead to amides in which R.sup.1 is a group -RS.
PAR  The amide of formula I may be conveniently isolated by removal of most of
      the solvent under reduced pressure and crystallisation in the case of
      solids. Suitable solvents for crystallisation include alcohol, hexane,
      chloroform and toluene. Where the products are liquids purification is
      most readily effected by chromatography over silica gel or alumina.
PAR  As compounds of formula II which may be used in the process of the
      invention there may be mentioned phosphoric triamides, e.g.
      N,N.sup.1,N.sup.11 -triphenyl phosphoric triamide, N,N.sup.1,N.sup.11
      -tri-(p-methoxyphenyl) phosphoric triamide, N,N.sup.1,N.sup.11
      -tri-(p-tolyl) phosphoric triamide, N,N.sup.1,N.sup.11 -tri-(o-tolyl)
      phosphoric triamide, N,N.sup.1,N.sup.11 -tri-(p-chlorophenyl) phosphoric
      triamide, N,N.sup.1,N.sup.11 -tri-(phenylsulphonylphenyl) phosphoric
      triamide, N,N.sup.1,N.sup.11 -tri-(p-dimethylaminophenyl) phosphoric
      triamide, N,N.sup.1,N.sup.11 -tri-(p-nitrophenyl) phosphoric triamide,
      N,N.sup.1,N.sup.11 -trimethyl-phosphoric triamide, N,N.sup.1 N.sup.11
      -triethylphosphoric triamide, N,N.sup.1,N.sup.11
      -tris-cyclohexylphosphoric triamide, N,N.sup.1,N.sup.11
      -tris-(tert.-octyl) phosphoric triamide, N,N.sup.1,N.sup.11 -tri-(n-octyl)
      phosphoric triamide, N,N.sup.1,N.sup.11 -tri-(n-dodecyl) phosphoric
      triamide, N,N.sup.1,N.sup.11 -tris-(tert.-hexadecyl) phosphoric triamide,
      N,N.sup.1,N.sup.11 -tri-(n-octadecyl) phosphoric triamide, N.sup.1
      -phenyl-N.sup.1,N.sup.11 -bis-(morpholyl) phosphoric triamide,
      2-anilino-2-oxo-1,3,2-diazaphospholane and
      2-methylamino-2-oxo-1,3,2-diazaphospholane, phosphorodiamidates such as
      methyl-N,N.sup.1 -diphenylphosphorodiamidate, phenyl-N,N.sup.1
      -diphenylphosphorodiamidate, cyclohexyl-N,N.sup.1
      -diphenylphosphorodiamidate, ethyl-N,N-dimethyl-N.sup.1
      -phenyl-phosphorodiamidate, ethyl-N,N.sup.1 -di-(o-tolyl)
      phosphorodiamidate, ethyl-N,N.sup.1 -di-(p-methoxyphenyl)
      phosphorodiamidate, ethyl-N,N.sup.1 -diethyl phosphoramidate,
      phenyl-N,N.sup.1 -di-(isopropyl) phosphorodiamidate, methyl-N,N.sup.1
      -di-(cyclohexyl) phosphorodiamidate and ethyl-N,N-diethyleneoxy-N.sup.1
      -phenyl phosphorodiamidate, -N-alkyl phosphoroamidates such as
      diethyl-N-phenyl phosphoramidate diethyl-N-(o-tolyl) phosphoramidate,
      diethyl-N-methyl phosphoamidate, diphenyl-N-cyclohexyl phosphoramidate,
      dimethyl-N-(n-dodecyl) phosphoramidate,
      2-methoxy-2-oxo-1,3,2-diazophospholane and
      2-phenoxy-2-oxo-4,5-benzo-1,3,2-diazaphospholane, acid chlorides of
      substituted phosphoramidic acids such as phenylphosphoramidic acid
      dichloride and cyclohexylphosphoramidic acid dichloride, chlorides of
      substituted phosphorodiamidic acids such as N,N.sup.1 -diphenyl
      phosphorodiamidic acid chloride, N,N-diethyleneoxy-N.sup.1 -phenyl
      phosphorodiamidic acid chloride, N,N.sup.1 -dimethyl phosphorodiamidic
      acid chloride, phosphonic diamides such as N,N.sup.1 -diphenylphosphonic
      diamide, N,N.sup.1 -di(p-tolyl) phosphonic diamide, N,N.sup.1 -dimethyl
      phosphonic diamide, N,N.sup.1 -diethyl phosphonic diamide, N,N.sup.1
      -di-(cyclohexyl) phosphonic diamide, N,N.sup.1 -di-(p-methoxyphenyl)
      phosphonic diamide, N-phenyl-N.sup.1 -methylphosphonic diamide, N,N.sup.1
      -di-(p-chlorophenyl) phosphonic diamide and
      2-phenyl-2-oxo-1,3,2-diazaphospholane and phosphinic amides such as
      N-phenyl-dimethyl phosphinic amide, N-phenyldiphenylphosphinic amide,
      N-(p-nitrophenyl dimethylphosphinic amide,
      N-(o-chlorophenyl)-diethylphosphinic amide, N-methyl diphenylphosphinic
      amide and N-(cyclohexyl diphenyl phosphinic amide.
PAR  According to the invention there is further provided a process for reducing
      the premature vulcanisation of a rubber containing a vulcanising agent and
      a vulcanisation accelerator which comprises incorporating in the rubber an
      amide of the formula I.
PAR  The vulcanising agent used in this second process of the invention may be a
      sulphur donor, such as N,N'-dithiobismorpholine,
      N,N'-dithiobis-caprolactam, tetramethylthiuram disulphide,
      diethylthiophosphenyl disulphide or diethylthiophosphenyl trisulphide or
      preferably elemental sulphur, or for example a peroxide or other type of
      vulcanising agent.
PAR  The vulcanisation accelerator used in the second process of the invention
      is preferably a sulphenamide such as
      N-cyclohexylbenzothiazole-2-sulphenamide,
      N-t-butylbenzothiazole-2-sulphenamide,
      N-diethyleneoxybenzothiazole-2-sulphenamide or
      N-dicyclohexylbenzothiazole-2-sulphenamide, a thiazole such as
      mercaptothiazole, 2-mercaptobenzothiazole or its metal salts e.g. zinc,
      sodium or copper salt or dibenzothiazyl disulphide or a thiuram such as
      tetramethylthiuram monosulphide, tetramethylthiuram disulphide,
      tetramethylthiuram tetrasulphide, tetraethylthiuram monosulphide,
      tetraethylthiuram disulphide, or a metal salt of a dithiocarbamate such as
      zinc dimethyldithiocarbamate or sodium diethyldithiocarbamate.
PAR  Other types of accelerator may however be used such as diaryl guanidines,
      thioureas, xanthates or aldehyde-amine condensates, or mixtures of any of
      these and the above accelerators.
PAR  Amides of the formula I in which R is a trichloromethyl group are effective
      as inhibitors of premature vulcanisation using a thiazole accelerator such
      as 2-mercaptobenzthiazole, but much less effective with sulphenamide
      accelerators.
PAR  The amounts of vulcanisation agent and accelerator may be those
      conventionally used in the manufacture of rubber vulcanisates.
PAR  The amount of amide may be from 0.01 percent to 5 percent and preferably
      from 0.05 to 2.5 percent of the weight of the rubber.
PAR  Rubbers which may be used in the second process of the invention include
      both natural and synthetic rubbers and mixtures thereof. The synthetic
      rubber may in general be any polymeric material containing olefinic
      unsaturation and capable of being cross-linked by particularly sulphur,
      but also be peroxide or other cross-linking agents. Examples of synthetic
      rubbers include cis-polybutadiene, butyl rubber, ethylene-propylene
      terpolymer, polymers of 1,3-butadienes such as isoprene and chloroprene
      and copolymers of 1,3-butadiene with other monomers such as styrene,
      acrylonitrile and isobutylene.
PAR  The amide may be incorporated into the rubber by any conventional dry
      rubber or latex compounding procedure, for example on a rubber mill, in an
      internal mixer, through a screw type extruder blender, as a solution in an
      organic solvent or as an aqueous dispersion. If desired the latex into
      which the amide has been incorporated may be coagulated and converted into
      dry raw rubber by conventional techniques and used subsequently for making
      vulcanisable compositions.
PAR  According to the invention there are also provided unvulcanised rubber
      compositions containing an amide of formula I.
PAR  The rubber mix may also contain conventional rubber adjuvants such as
      anitoxidants, antiozonants, fillers, peptising agents, pigments, blowing
      agents, and accelerator activators such as zinc oxide and stearic acid, or
      such adjuvants may be incorporated subsequently into the unvulcanised
      rubber composition.
PAR  The invention is of particular value when the rubber composition is
      reinforced with a furnace black or contains a p-phenylene diamine-based
      antiozonant since such rubber compositions are especially prone to
      premature vulcanisation.
PAR  Incorporation of the amide into the rubber may be assisted if the amide is
      blended with an inert inorganic diluent such as silica alumina, calcium
      carbonate or Fuller's earth. Such blends, which will preferably contain
      from 10 to 70 percent of the amide, represent another feature of the
      invention.
PAR  By the second process of the invention there are obtained vulcanisable
      rubber compositions which can be handled on conventional rubber processing
      machines or stored for long periods with little tendency to premature
      vulcanisation but which will cure readily at conventional vulcanisation
      temperatures to give vulcanisates of excellent physical properties. These
      vulcanisable rubber compositions, their vulcanisation by heating to
      conventional vulcanisation temperatures, and the vulcanisates so obtained
      are further features of this invention.
PAR  The invention is illustrated but not limited by the following Examples in
      which all parts and percentages are by weight unless otherwise stated.
DETD
PAC  EXAMPLE 1
PAR  A solution of 16.55 parts of isopropyl sulphenyl chloride in 150 parts of
      carbon tetrachloride was added slowly to a stirred mixture of 16.77 parts
      of N,N.sup.1,N.sup.11 -triphenyl phosphoric trianilide and 18 parts of
      triethylamine in 150 parts of carbon tetrachloride. The mixture was
      filtered at 35.degree., and the solvent was removed from the filtrate
      under reduced pressure, to leave a viscous yellow oil which on trituration
      with petroleum ether (6.p. 60.degree.-80.degree.C) gave 14.6 parts of
      N,N.sup.1,N.sup.11 -tris (isopropylthio) phosphoric acid trianilide, a
      colourless solid m.p. 115.degree.-117.degree.. The NMR spectrum was in
      accordance with the designated structure.
TBL  ______________________________________                                    

     Example 2                Parts                                            

     ______________________________________                                    

     Natural Rubber Smoked Sheets                                              

                              100                                              

     Zinc Oxide               3.5                                              

     Stearic Acid             3                                                

     High Abrasion Furnace Black                                               

                              45                                               

     Process Oil              3.5                                              

     Sulphur                  2.5                                              

     N-Cyclohexyl-2-benzthiazylsulphenamide                                    

                              0.5                                              

     N,N.sup.1,N.sup.11 -tris-(isopropylthio)phosphoric                        

              acid trianilide Variable                                         

     ______________________________________                                    

PAR  The above ingredients were mixed on a 2-roll laboratory rubber mill in
      conventional manner and the mixed sheeted stock was tested for scorch
      characteristics in a Mooney rotating disc Plastometer and cure
      characteristics in an oscillating disc Rheometer. The results are
      tabulated below:
TBL  Mooney Scorch Rheometer Cure Characteristics at 130.degree.C              

     Retarder                                                                  

          at 130.degree.C                                                      

                   Induction Time                                              

                            Torque at                                          

                                   Time to reach                               

          Minimum + 10                                                         

                   T.sub.2 (Minutes)                                           

                            95% Peak                                           

                                   95% Peak Torque                             

          (Minutes)         (inch lbs.)                                        

                                   (Minutes)                                   

     __________________________________________________________________________

     Nil  9        7.4      60     21.4                                        

     0.1  14.5     9.5      61.9   22.7                                        

     0.2  18.5     11.5     61.9   25.2                                        

     0.3  23       12.7     62.3   26.5                                        

     0.5  31       15.0     61.4   28.8                                        

     __________________________________________________________________________

     Example 3                                                                 

     __________________________________________________________________________

     SBR                            100                                        

     High Abrasion Furnace Black    52                                         

     High Aromatic Oil              10                                         

     Zinc Oxide                     3.5                                        

     Stearic Acid                   1.5                                        

     Sulphur                        1.8                                        

     N-Cyclohexyl-2-benzthiazylsulphenamide                                    

                                    1.2                                        

     N,N.sup.1,N.sup.11 -tris (isopropylthio) phosphoric acid                  

                                    Variablede                                 

     __________________________________________________________________________

PAR  The above ingredients were mixed and tested as in Example 2. The results
      are tabulated below:
TBL                                    TABLE II                                

     __________________________________________________________________________

     Mooney Scorch Rheometer Cure Characteristics at 130.degree.C              

     Retarder                                                                  

          at 130.degree.C                                                      

                   Induction Time                                              

                            Torque at                                          

                                   Time to reach                               

          Minimum + 10                                                         

                   T.sub.2 (Minutes)                                           

                            95% Peak                                           

                                   95% Peak Torque                             

          (Minutes)         (inch lbs.)                                        

                                   (Minutes)                                   

     __________________________________________________________________________

     Nil  34       10.3     57.2   21.8                                        

     0.1  41.5     11.8     55.3   23.4                                        

     0.2  48       13.3     55.4   24.2                                        

     0.3  58       14.4     52.5   25.1                                        

     0.5  62       15.0     53.9   25.5                                        

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  Using the rubber mix described in Example 2 but substituting
      N-cyclohexyl-2-benzthiazyl sulphenamide by 2-mercaptobenzothiazole and
      testing in a similar manner, the following results were obtained:
TBL                                    TABLE III                               

     __________________________________________________________________________

     Mooney Scorch Rheometer Cure Characteristics at 150.degree.C              

     Retarder                                                                  

          at 120.degree.C                                                      

                   Induction Time                                              

                            Torque at                                          

                                   Time to reach                               

          Minimum + 10                                                         

                   T.sub.2 (Minutes)                                           

                            95% Peak                                           

                                   95% Peak Torque                             

          (Minutes)         (inch lbs.)                                        

                                   (Minutes)                                   

     __________________________________________________________________________

     Nil   9       4.6      52.7   21                                          

     0.1   121/2   5.4      52.6   21                                          

     0.2  17       6.1      53.6   21.5                                        

     0.3  23       7.0      53.6   21.5                                        

     __________________________________________________________________________

     Example 5                                                                 

     __________________________________________________________________________

     Natural Rubber Pale Crepe  100                                            

     Zinc Oxide                 10                                             

     Stearic Acid               1                                              

     Blanc Fixe                 75                                             

     Titanium Dioxide           10                                             

     Sulphur                    2.5                                            

     2-Mercaptobenzothiazole    0.5                                            

     __________________________________________________________________________

PAR  Mixing and testing for scorch characteristics was done in conventional
      manner as in previous examples. The results were as follows:
TBL  Moony Scorch times at 130.degree.C without retarder                       

                                  7 Minutes                                    

     Moony Scorch times at 130.degree.C with 0.25 parts of                     

     N,N.sup.1,N.sup.11 -tris (isopropylthio) phosphoric trianilide            

                                  161/2 Minutes                                

PAC  EXAMPLE 6
PAR  A solution of 22.1 parts of isopropyl sulphenyl chloride in 150 parts of
      cyclohexane is added to a suspension of 32.2 parts of N,N.sup.1
      -diphenyl-p-tolyl phosphuric diamide and 20.2 parts of triethylamine in
      150 parts of toluene. The reaction mixture is stirred for 1 hour.
      Insoluble material is filtered off, and the filtrates are concentrated
      under reduced pressure to leave a yellow oil which is chromatographed over
      silica gel. Elution with carbon tetrachloride gives 36 parts of
      N,N'-bis(isopropylthio)-N,N'-diphenyl p-tolylphosphinic diamide as a
      colourless solid m.p. 87-88.degree.C.
PAR  Found C, 63.1; H, 6.6; N, 4.6; P, 6.0; S, 13.4 percent; C.sub.25 H.sub.31
      N.sub.2 OPS.sub.2 requires C, 63.8; H, 6.6; N, 5.95; P, 6.6; S, 13.6
      percent.
PAC  EXAMPLE 7
PAR  A solution of 33.15 parts of isopropyl sulphenyl chloride in 150 parts of
      cyclohexane is added to a stirred suspension of 34.1 parts of
      N,N.sup.1,N.sup.11 -tricyclohexylphosphoric triamide and 30.3 parts of
      triethylamine in 30 parts of cyclohexane. The reaction is exothermic but
      easily controlled and after the addition is complete the mixture is
      stirred for a further 1 hour. Insoluble material is filtered off and the
      filtrates evaporated under reduced pressure and the residue is
      chromatographed over silica gel. Elution with carbon tetrachloride yields
      16 parts of N,N.sup.1,N.sup.11 -tricyclohexyl-N,N.sup.1 N.sup.11
      -tris(isopropylthio)phosphoric triamide as a pale yellow oil. Found C,
      55.1; H, 9.3; N, 7.3; P, 5.6%, C.sub.27 H.sub.54 N.sub.3 OPS.sub.3
      requires C, 57.6%; H, 9.6%; N, 7.5%; P, 5.5%.
PAC  EXAMPLE 8
PAR  A solution of 44.2 parts of isopropyl sulphenyl chloride in 150 parts of
      cyclohexane is added to a solution of 35 parts of N,N.sup.1,N.sup.11
      -triisobutylphosphoric triamide and 40.4 parts of triethylamine in 150
      parts of cyclohexane at room temperature. After stirring for 1 hour the
      insoluble triethylamine hydrochloride is filtered off. The filtrates are
      washed with 10% hydrochloric acid, 10% sodium bicarbonate and finally
      water. The organic layer is dried over anhydrous magnesium sulphate and
      evaporated at reduced pressure. The residue is chromatographed over silica
      gel. Elution with carbon tetrachloride gives 21 parts of N,N.sup.1
      N.sup.11 -triisobutyl-N,N.sup.1,N.sup.11 tris(isopropylthio)phosphoric
      triamide as a yellow oil. Found N, 9.1; S, 18.2 percent; C.sub.21 H.sub.48
      N.sub.3 OPS.sub.3 requires N, 8.7; P, 19.8 percent. The structure is
      confirmed by N.M.R. spectoscopy.
PAC  EXAMPLE 9
PAR  A solution of 9.2 parts of 2-formyl-2-methylethyl sulphenyl chloride in 150
      parts of carbon tetrachloride is added to a suspension of 22.9 parts of
      N,P,-triphenylphosphinic amide and 6.74 parts of triethylamine in 150
      parts of carbon tetrachloride at room temperature. The reaction mixture is
      stirred for a further 1 hour. The insoluble material is filtered off and
      the filtrate evaporated under reduced pressure to give a viscous liquid
      which is chromatographed over silica gel. Elution with chloroform yields 2
      parts of N,N,P-triphenyl-N-(2-formyl-2-methylethylthio)phosphinic amide as
      a colourless solid, m.p. 168.degree.-171.degree.C. The infra red and
      nuclear magnetic resonance spectra are consistant with the indicated
      structure.
PAC  EXAMPLE 10
PAR  A solution of 11.1 parts of isopropyl sulphenyl chloride in 100 parts of
      carbon tetrachloride is added to a suspension of 30.9 parts of
      N,P,P-triphenylphosphinic amide and 10.0 parts of triethylamine in 150
      parts of carbon tetrachloride at room temperature. The mixture is stirred
      for a further 1 hour. The triethylamine hydrochloride is filtered off and
      the filtrates evaporated under reduced pressure to give a white solid.
      This is recrystallised from methylated spirits to yield 16.5 parts of
      N-isopropylthio-N,P,P-triphenylphosphinic amide as a colourless solid m.p.
      148.degree.-150.degree.C. Found, C, 67.2; H. 6.2; N, 4.0; P, 8.1 percent,
      C.sub.21 H.sub.22 NOPS requires C, 68.7; H, 6.0; N, 3.8; P, 8.45 percent.
      The NMR spectrum is consistent with the proposed structure.
PAC  EXAMPLE 11
PAR  A solution of 43.35 parts of phenyl sulphenyl chloride in 100 parts of
      cyclohexane is added to a suspension of 32.3 parts of phosphoric
      trianilide and 30.7 parts triethylamine in 100 parts of cyclohexane at
      room temperature. The reaction mixture is stirred a further one hour, and
      filtered. The filtrates are washed with water, dried and solvent removed
      under reduced pressure leaving a yellow oil. On trituration with petroleum
      ether b.p. 40.degree.-60.degree. a white solid is obtained.
      Crystallisation from aqueous cellusolve gave 11.4 parts of
      N,N.sup.1,N.sup.11 -tris(phenylthio)-N,N.sup.1,N.sup.11 -triphenyl
      phosphoric triamide as a colourless solid m.p. 145.degree.-147.degree.C.
      Micro analysis, NMR and IR and consistant with the indicated structure.
PAC  EXAMPLE 12
PAR  A solution of 37.35 parts of n-butyl sulphenyl chloride in 100 parts of
      carbon tetrachloride is added to a stirred suspension of 32.3 parts of
      phosphoric trianilide and 30.3 parts of triethylamine in 100 parts of
      carbon tetrachloride at room temperature. The reaction mixture is stirred
      for a further 1 hour, and filtered. The filtrates are evaporated under
      reduced pressure and the residue is chromatographed over silica gel to
      give 19 parts of N,N.sup.1,N.sup.11 -tris(n-butyl)-N,N.sup.1 N.sup.11
      -triphenyl phosphoric triamide as a pale yellow oil. The I.R., N.M.R. and
      micro analysis is consistent with the indicated structure.
PAC  EXAMPLE 13
PAR  A solution of 22.6 parts of cyclohexane sulphenyl chloride in 100 parts of
      cyclohexane is added to a stirred suspension of 16.7 parts of
      N,N.sup.1,N.sup.11 -triphenyl phosphoric triamide and 18.0 parts of
      triethylamine in 200 parts of cyclohexane. When the addition is complete
      the mixture is heated to reflux for 30 minutes, filtered hot and the
      filtrate evaporated down under reduced pressure. The residue is
      crystallised from diethyl ether to give 12.5 parts of N,N.sup.1,N.sup.11
      -tris (cyclohexylthio)-phosphoric trianilide as a colourless solid, m.p.
      137.degree.-138.degree..
PAC  EXAMPLE 14
PAR  A solution of 16.55 parts of isopropyl sulphenyl chloride in cyclohexane is
      added to a stirred suspension of 18.27 parts of N,N.sup.1,N.sup.11
      -tris(4-methoxyphenyl)phosphoric triamide and 18.0 parts of triethylamine
      in 100 parts of cyclohexane. After filtering off insoluble material the
      filtrate is evaporated to small volume under reduced pressure whereupon
      10.8 parts of N,N.sup.1,N.sup.11 -tris(isopropylthio) N,N.sup.1,N.sup.11
      -tris(4-methoxyphenyl)phosphoric triamide are obtained as a colourless
      solid, m.p. 106.degree.-108.degree..
PAC  EXAMPLE 15
PAR  A solution of 11.05 parts of isopropyl sulphenyl chloride in 100 parts of
      cyclohexane is added to a stirred mixture of 16.2 parts of phenyl
      N,N.sup.1 -diphenylphosphorodiamidate and 16 parts of triethylamine in 100
      parts of cyclohexane. The mixture is heated to 70.degree. for 1 hour,
      insoluble material filtered off and the filtrate evaporated to small
      volume whereupon phenyl N,N.sup.1 -diphenyl-N,N.sup.1
      -bis(isopropylthio)phosphorodiamide (5.0 parts) crystallises as a
      colourless solid, m.p. 56.degree.-57.degree..
PAC  EXAMPLE 16
PAR  A solution of 20.05 parts of 4-tert.-butyl phenylsulphenyl chloride in 100
      parts of carbon tetrachloride is added dropwise to a stirred mixture of
      10.7 parts of phosphoric trianilide, 10.1 parts of triethylamine and 0.5
      parts of dimethylformamide in 100  parts of toluene. The mixture is
      stirred at 40.degree. for 30 minutes, filtered and the filtrate is
      evaporated down under reduced pressure to leave a pale yellow oil which,
      on chromatography over silicagel gives N,N.sup.1,N.sup.11 -triphenyl
      N,N.sup.1,N.sup.11 -tris(4-tert.-butylphenylthio) phosphoric triamide (4.3
      parts) as a colourless solid, m.p. 174.degree.-175.degree..
PAC  EXAMPLE 17
PAR  Using the basic rubber compostions and procedure given in Example 2,
      further additives were tested for scorch characteristics in a "Mooney"
      rotating disc plastometer. The results are given in Table IV below.
TBL                                    TABLE IV                                

     __________________________________________________________________________

                        Parts                                                  

                             Mooney "Scorch"                                   

     Retarder           by   Temp.                                             

                                 Time for Minimum + 10 Units                   

                        Weight                                                 

                             .degree.C                                         

                                 (Minutes)                                     

     __________________________________________________________________________

         Nil            --   130.degree.                                       

                                 10                                            

     Product described in Example 6                                            

                        0.25 130.degree.                                       

                                 22                                            

     Product described in Example 10                                           

                        0.25 130.degree.                                       

                                 19                                            

     Product described in Example 13                                           

                        0.25 130.degree.                                       

                                 21                                            

     Product described in Example 14                                           

                        0.25 130.degree.                                       

                                 20                                            

         Nil            --   120.degree.                                       

                                 23                                            

     Product described in Example 7                                            

                        0.3  120.degree.                                       

                                 25                                            

     Product described in Example 8                                            

                        0.3  120.degree.                                       

                                 25                                            

     Product described in Example 9                                            

                        0.25 120.degree.                                       

                                 33                                            

     Product described in Example 11                                           

                        0.25 120.degree.                                       

                                 41                                            

     Product described in Example 12                                           

                        0.25 120.degree.                                       

                                 36                                            

     Product described in Example 15                                           

                        0.25 120.degree.                                       

                                 48                                            

     __________________________________________________________________________

PAC  EXAMPLE 18
PAR  The rubber composition given in Example 2 was mixed in the manner
      described. Test sheets were vulcanised in a stream heated laboratory press
      by heating for 15 minutes at 153.degree.C. Appropriate test pieces were
      cut from the vulcanisates and their physical properties determined by the
      procedures of current British Standard Specification BS-903. The results
      were as follows:
TBL                                    TABLE V                                 

     __________________________________________________________________________

     Physical Property                                                         

                   Without                                                     

                         With 0.25 Parts                                       

                                   With 0.5 Parts of                           

                   Retarder                                                    

                         of Retarder                                           

                                   Retarder                                    

     __________________________________________________________________________

     Hardness      64.5.degree.                                                

                         64.degree.                                            

                                   63.5.degree.                                

     Resilience (%) at 18.degree.C                                             

                   66.7  67        65.8                                        

     Tensile Strength (MN/M.sup.2)                                             

                   29.4  30.2      29.2                                        

     Elongation at Break (%)                                                   

                   430   430       420                                         

     Modulus at 300% (MN/M.sup.2)                                              

                   19.7  20.2      19.2                                        

     Tensile strength after                                                    

     ageing in cell-oven at                                                    

     100.degree.C for 2 days (MN/M.sup.2)                                      

                   17.4  18.1      19.0                                        

     100.degree.C for 4 days (MN/M.sup.2)                                      

                   7.9   9.2       9.2                                         

     100.degree.C for 6 days (MN/M.sup.2)                                      

                   5.7   5.9       4.9                                         

     __________________________________________________________________________

PAC  EXAMPLE 19
PAR  The rubber composition given in Example 3 was mixed in the manner
      described. Test sheets were vulcanised in a steam heated laboratory press
      by heating for 30 minutes at 153.degree.C. Appropriate test pieces were
      cut from the vulcanisates and their physical properties determined by the
      procedures of current British Standard Specification B.S.-903. The results
      were as follows:
TBL                                    TABLE VI                                

     __________________________________________________________________________

     Physical Property                                                         

                   Without                                                     

                         With 0.25 Parts                                       

                                   With 0.5 Parts of                           

                   Retarder                                                    

                         of Retarder                                           

                                   Retarder                                    

     __________________________________________________________________________

     Hardness (B.S..degree.)                                                   

                   62.5  62.5      63                                          

     Resilience (%)                                                            

                   48.3  48.3      47.2                                        

     Tensile Strength (MN/M.sup.2)                                             

                   24.0  25.1      24.8                                        

     Elongation at Break (%)                                                   

                   480   495       470                                         

     Modulus at 100% (MN/M.sup.2)                                              

                   3.5   3.7       4.3                                         

     After ageing 2 days at                                                    

     100.degree.C in cell-overn:                                               

     Tensile Strength (MN/M.sup.2)                                             

                   23.8  23.9      23.0                                        

     Modulus at 100% (MN/M.sup.2)                                              

                   5.2   7.2       8.4                                         

     Elongation at Break (%)                                                   

                   370   330       300                                         

     After ageing for 4 days                                                   

     at 100.degree.C in cell-oven:                                             

     Tensile strength (MN/M.sup.2)                                             

                   22.4  22.2      21.8                                        

     Modulus at 100% (MN/M.sup.2)                                              

                   8.4   8.1       9.1                                         

     Elongation at Break (%)                                                   

                   280   270       260                                         

     After ageing for 6 days                                                   

     at 100.degree.C in cell-oven:                                             

     Tensile strength (MN/M.sup.2)                                             

                   21.4  21.8      22.0                                        

     Modulus at 100% (MN/M.sup.2)                                              

                   9.4   9.0       10.0                                        

     Elongation at Break (%)                                                   

                   260   265       265                                         

     __________________________________________________________________________

     Example 20                   Parts                                        

     __________________________________________________________________________

     Natural Rubber Smoked Sheets 100                                          

     Zinc Oxide                   3.5                                          

     Stearic Acid                 3                                            

     High-abrasion Furnace Black  45                                           

     Process Oil                  3.5                                          

     Sulphur                      2.5                                          

     Dibenzthiazyldisulphide      0.5                                          

     N,N.sup.1,N.sup.11 -Tris(trichloromethylthio)phosphoric                   

     acid trianilide              0 or 0.5                                     

     __________________________________________________________________________

PAR  The above tread type composition was mixed on a laboratory mill and tested
      as described in Example 2. The results were as following:
TBL                TEST VII                                                    

     ______________________________________                                    

     Test              Without   With 0.5                                      

                       Retarder  p.h.r. Retarder                               

     ______________________________________                                    

     Mooney Scorch at 120.degree.C                                             

     (Minimum + 10) minutes                                                    

                       14.75     17.75                                         

     Rheometer at 150.degree.C                                                 

     Induction Time (T.sub.2) Mins.                                            

                       5.7       6.5                                           

     Peak Torque (inch lbs.)                                                   

                       50.1      50.6                                          

     Time to 90% Peak (Mins.)                                                  

                       20.7      23.3                                          

     ______________________________________                                    

PAR  The N,N.sup.1,N.sup.11 -tris(trichloromethylthio)phosphoric acid trianilide
      used above is a cream-coloured solid, meeting at 64.degree.-65.degree.C,
      and was prepared by the procedure described in Example 1 using
      trichloromethylsulphenyl chloride in place of isopropylsulphenyl chloride.
TBL  ______________________________________                                    

     Example 21            Parts                                               

     ______________________________________                                    

     Natural Rubber Smoked Sheets                                              

                           100                                                 

     Zinc Oxide            3.5                                                 

     Stearic Acid          1.5                                                 

     General Purpose Furnace Black                                             

                           35                                                  

     Process Oil           3                                                   

     Sulphur               2.5                                                 

     Dibenzthiazyldisulphide                                                   

                           1.0                                                 

     Retarder as in Example 20                                                 

                           0 or 0.5                                            

     ______________________________________                                    

PAR  The above tyre-casing type composition was mixed and tested as in Example
      20. The results were as following:
TBL                TABLE VIII                                                  

     ______________________________________                                    

     Test              Without  With 0.5                                       

                       Retarder p.h.r. Retarder                                

     ______________________________________                                    

     Mooney Scorch at 120.degree.C                                             

     (Minimum + 10) Minutes                                                    

                       16       19.25                                          

     Rheometer at 150.degree.C                                                 

     Induction time (T.sub.2) Mins.                                            

                       6.1      6.8                                            

     Peak Torque (in. lbs.)                                                    

                       48.4     52.4                                           

     Time to 90% Peak (Mins.)                                                  

                       16.8     24.1                                           

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. An amide of the formula
      ##EQU3##
      wherein R is alkyl of up to 18 carbon atoms, 2-formylprop-2-yl, alkenyl of
      up to 18 carbon atoms, cyclopentyl, cyclohexyl, phenyl, tolyl, butyl
      phenyl, naphthyl, .beta.-methyoxyethyl, .beta.-cyanoethyl, 4-chlorophenyl,
      4-methoxyphenyl, 4-dimethylaminophenyl, 2-nitrophenyl, 4-nitrophenyl,
      2,3,4,5,6-pentachlorophenyl, 2-methoxycarbonylphenyl or
      4-phenylsulphonylphenyl; R.sup.1 is hydrogen, alkyl of up to 18 carbon
      atoms, 2-formylprop2-yl, alkenyl of up to 18 carbon atoms, cyclopentyl,
      cyclohexyl, phenyl, tolyl, naphthyl, .beta.-methoxyethyl,
      .beta.-cyanoethyl, 4-chlorophenyl, 4-methoxyphenyl, 4-dimethylaminophenyl,
      2-nitrophenyl, 4-nitrophenyl, 2,3,4,5,6-pentachlorophenyl,
      2-methoxycarbonylphenyl, 4-phenylsulphonylphenyl, p-toluene sulphonyl,
      acetyl or N=CH-R where R has the meaning stated above; R.sup.2 and R.sup.3
      are each a group R-S-NR.sup.1 where each of R and R.sup.1 have the meaning
      stated above, hydrogen, halogen, a value as recited for R,
      2-benzothiazolylthio, 2-benzoxazolythio, 2-benzimidazolylthio,
      2-pyrimidinylthio or 2-triazinylthio groups, amino, ethylamino,
      diethylamino, dimethylamino, phenylamino, methylphenylamino or
      ethylphenylamino; or R.sup.2 and R.sup.3 together with the phosphorus atom
      joining them form 2-oxo-1,3,2-diazaphospholane,
      2-oxo-4,5-benzo-1,3,2-diazaphospholane, 2-oxo-1,3,2-oxazaphospholane,
      2-oxo-4,5-benzo-1,3,2-oxazaphospholane,
      2-oxo-4,5-benzo-1,3-thiazaphospholane, or 2-oxo-2,3-dithiaphospholane.
NUM  2.
PAR  2. An amide as claimed in claim 1 wherein R is a secondary alkyl,
      cyclopentyl or cyclohexyl.
NUM  3.
PAR  3. An amide as claimed in claim 1 wherein R.sup.1 is phenyl.
NUM  4.
PAR  4. An amide as claimed in claim 1 wherein one or both of R.sup.2 and
      R.sup.3 is a group R-S-NR.sup.1.
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ABST
PAL  Process for the preparation of an amino-pyrazine falling within the
      formula:
      ##SPC1##
PAL  In which R.sub.1 and R.sub.2 each represent a hydrogen atom, or an alkyl or
      aryl group, or together with the carbon atoms of the pyrazine ring form a
      cyclic hydrocarbon having 5 to 7 carbon atoms, and X represents a cyano,
      carboxy, carbonamido, alkoxy-carbonyl or aryloxycarbonyl group which
      comprises subjecting a 2-aza-1,3-butadiene of the general formula:
      ##EQU1##
      wherein Z and Zi each represent an alkyl group or together with the
      nitrogen atom form a heterocyclic compound possibly containing another
      hetero atom to the action of ammonia and reacting the
      4-amino-2-aza-1,3-butadiene of formula
      ##EQU2##
      thus obtained with a basic agent: novel compounds of formula VIII in which
      R.sub.1 and R.sub.2 each represent a different alkyl or aryl group or
      together with the carbon atoms of the pyrazine ring form a cyclic
      hydrocarbon containing 5 to 7 carbon atoms: intermediate compounds of
      formula:
      ##EQU3##
      wherein X, R.sub.1 and R.sub.2 have the meanings given above and Z and Z'
      each represent an alkyl group or together with the nitrogen atom form a
      heterocyclic compound possibly containing another hetero-atom; and
      intermediate compounds of the formula:
      ##EQU4##
      wherein X, R.sub.1 and R.sub.2 have the meanings given above.
BSUM
PAR  The present invention relates to a new process for the preparation of
      aminopyrazines, new aminopyrazines and new intermediate products obtained
      by this process. The aminopyrazines may themselves be used as intermediate
      products for the preparation of medicaments (Dutch Applications No.
      6,409,712, 6,409,713, 6,409,714, 6,409,715, 6,409,716 and 6,409,717 of
      Oct. 1, 1965 and 6,501,301 of Oct. 4, 1965.
PAR  Several methods have been proposed for the synthesis of aminopyrazines.
      Thus, aminopyrazines may be obtained by condensing the aminomalonic
      derivative of formula II with the dicarbonyl derivative of formula I (see
      the Dutch Applications mentioned above, Belgian Patent No. 639,389 or O.
      Vogl and E. C. Taylor, J. Amer.Chem.Soc., 1959, 81, 2472).
      ##SPC2##
PAR  The carboxamide of formula III may be converted into the corresponding acid
      and ester. The following comments may be made about this process:
PAR  The starting products are not very easy to obtain. Thus, the malonic
      derivative of formula II must be prepared from ethyl cyanoacetate in 4
      very complex stages. On the other hand, the yield of the condensation is
      moderate. Finally, this method only leads to pyrazines which are not
      substituted in the 5-position.
PAR  Another method consists in reacting the pyrimidine of the formula IV (which
      itself is derived from the amide of formula II mentioned above) with a
      dicarbonyl derivative of formula (V)
      ##SPC3##
PAR  If R and R' are two different groups, two isomeric pteridines of formulae
      (VI) and (VI') are thus obtained; the latter may be hydrolysed to
      pyrazines of formula (VII) and (VII');
      ##SPC4##
      but the separation of the two isomers is difficult and the assigning of a
      structure is problematical, if not impossible. For this reason, this
      method of preparation (see above patent and J. Weijlard, M. Tischler, A.
      E. Erikson, J.Amer. Chem.Soc., 1945 67, 802 and E. C. Taylor, J.Amer.Chem.
      Soc., 1952, 74, 1651) has generally only been used for pyrazines having
      identical R and R' groups.
PAR  Moreover, the 3-amino-2-cyano-pyrazines are not directly available and are
      obtained by dehydration of the corresponding amines (J. H. Jones, E. J.
      Cragoe Jr., J. Medicin. Chem., 1958, 11, 322, A. Albert, K. Ohta, Chem.
      Communic., 1969, 1168).
PAR  It has now been found that pyrazines of the following general formula:
      ##SPC5##
PAL  in which R.sub.1 and R.sub.2 represent hydrogen atoms or alkyl or aryl
      groups, or form with the carbon atoms of the pyrazine ring a cyclic
      hydrocarbon containing 5 to 7 carbon atoms, and X represents a cyano,
      carboxy, carbonamido, alkoxycarbonyl or aryloxy-carbonyl group may be
      obtained by a new method, which is not limited like some of the processes
      described above. The process according to the invention is specific and
      leads to single pyrazines of well defined structure, and it uses readily
      available starting substances.
PAR  According to the present invention a process for the preparation of
      pyrazines of general formula VIII is provided which comprises subjecting a
      2-aza-1,3-butadiene of general formula (IX) to transamination by the
      action of ammonia to produce an azadiene of general formula (X) and then
      reacting this with a basic agent to produce a pyrazine of formula (VIII).
      ##EQU5##
      ##SPC6##
PAR  Neither the butadines of general formula IX nor those of general formula X
      are described in the literature. Those compounds of formula (VIII) in
      which R.sub.1 and R.sub.2 represent identical groups are known but the
      others are novel.
PAR  In formulae (IX) and (X), R.sub.1 and R.sub.2 represent hydrogen atoms,
      alkyl or aryl groups, or form with the diene grouping a cyclic hydrocarbon
      containing 5 to 7 carbon atoms, X represents a cyano, carboxy,
      carbonamido, alkoxycarbonyl or aryloxycarbonyl group. In formula (IX) Z
      and Z' represent alkyl groups or form with the nitrogen atom a
      heterocyclic compound possibly having another heteroatom. The
      transamination reactions are advantageously effected in a solvent,
      especially an aliphatic chlorinated solvent such as for example methylene
      chloride or chloroform. The ammonia is advantageously added in the form of
      an alcoholic solution thereof for example in methanol or ethanol. The
      temperature may advantageously vary from -30.degree.C. to +25.degree.C.
PAR  The azadienes of formula (X) easily cyclise to give pyrazines of the
      formula (VIII) in the presence of the basic agents. The cyclisation
      reaction may be carried out for example at the ambient temperature in an
      aliphatic alcohol with sodium alcoholate as the basic agent. The operation
      may also be carried out for example under pressure with an alcoholic
      solution of ammonia at a temperature between 60.degree.C. and
      100.degree.C.
PAR  On the other hand, the transamination and the cyclisation may be carried
      out in a single operation without isolation of the aminoazadiene of
      formula (X). The direct passage to the pyrazine can be effected in an
      aliphatic chlorinated solvent such as chloroform or methylene chloride by
      the action of an alcoholic solution of ammonia at a temperature between
      -30.degree.C. and +25.degree.C. The pyrazine may also be obtained by
      treatment with an alcoholic solution of ammonia at a temperature between
      60.degree.C. and 100.degree.C in an autoclave.
PAR  The N-(ZZ')-4-amino-1-cyano-2-aza-1,3-butadienes of formula (IX) may be
      prepared for example by a general process characterised by reacting an
      O-tosyl oxime of the general formula:
      ##SPC7##
      with an aminoalkene or cycloalkene of the general formula:
      ##EQU6##
      wherein X, R.sub.1, R.sub.2, Z and Z' having the same significance as
      above.
PAR  As Examples of compounds of formula (XI) may be mentioned
      O-tosyl-dicyanoformaldehyde-oxime, O-tosyl-cyano-(methoxy and
      ethoxy-carbonyl)-formaldehyde-oximes and
      O-tosyl-cyano-carbonamido-formaldehyde-oxime. These oximes are readily
      available by conversion of the compounds of formula CN--CH.sub.2 --X, in
      which X has the same significance as above, into nitroso compounds and
      subsequent tosylation (J. M. Biehler et al., Bull.Soc. Chim., 1971, 7,
      2711).
PAR  As examples of the formula (XII) may be mentioned 1-morpholino-1-butene,
      -heptene, -cyclopentene- and- cyclohexene, 1-piperidino-1-pentene, and
      .alpha.-pyrrolidino-styrene.
PAR  The reaction of the O-tosyl-oximes of formula (XI) with the alkenes or
      cycloalkenes of formula (XII) is advantageously effected in a solvent.
      Aliphatic chlorinated solvents such as for example methylene chloride,
      dichloroethylene, chloroform, and ethers such as for example diethyl oxide
      or dibutyl oxide are particularly suitable. The operation is preferably
      carried out in the presence of a compound capable of fixing the
      p-toluenesulphonic acid liberated in the reaction. For example, a tertiary
      amine such as triethylamine, pyridine or an excess of aminoalkene of the
      formula (XII) may be used. The reaction is advantageously carried out at a
      temperature between -10.degree.C. and +25.degree.C. The azadienes are
      precipitated, and are generally coloured solids.
DETD
PAR  In the following examples, which are purely illustrative, the parts
      indicated are parts by weight unless the contrary is stated.
PAC  EXAMPLE 1
PAR  A reactor provided with a stirring device, a feed pipe for nitrogen, a
      bromine feed and a calcium chloride tube is filled with a solution of 15
      parts of O-tosyl-C-cyano-C-(ethoxycarbonyl)-formaldehyde-oxime and 5.5
      parts of dry triethylamine in 500 parts by volume of dry ether. The
      solution is cooled to -10.degree.C. and 8.5 parts of 1-morpholino-1-butene
      diluted in 100 parts by volume of dry ether are slowly added with
      stirring. The mixture is allowed to react for 6 hours at a temperature of
      -10.degree.C. and the reaction medium is diluted with 100 parts by volume
      of ligroin (b.p. 70.degree.-100.degree.C.). The product is left overnight
      at 0.degree.C. The precipitate obtained is filtered off and washed 3 times
      on the filter with 100 parts of cold water so as to remove the ammonium
      salts which accompany the azadiene. The latter is dried and recrystallised
      from ligroin (b.p. 70.degree.-100.degree.C.). 8 parts of pure
      1-cyano-1-ethoxycarbonyl- 3-morpholinomethylene-2-aza-1-pentene (m.p.
      127.degree.-128.degree.C.)are thus obtained.
TBL  ______________________________________                                    

     Analysis          C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.13 H.sub.19 N.sub.3 O.sub.3 :                        

                       58.88    7.17     15.84                                 

     Found:            59.13    7.24     15.48                                 

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  One operates as in Example 1, but the 15 parts of O-tosyl-oxime used are
      replaced by 12.7 parts of O-tosyl-C-dicyano-formaldehyde-oxime and the 8.5
      parts of butene are replaced by 9.2 parts of 1-morpholino-1-cycopentene.
      10 parts of 1-dicyanomethyleneamino-2-morpholino-1-cyclopentene are
      obtained. Melting point 157.degree.-158.degree.C. after recrystallising
      from absolute alcohol. Yield with respect to the oxime 90%.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.12 H.sub.14 N.sub.4 O:                               

                       62.6     6.09     24.35                                 

     Found:            62.5     6.18     22.86                                 

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  One operates as in Example 1, but the 8.5 parts of 1-morpholino-1-butene
      are replaced by 9.2 parts of 1-piperidino-1-pentene. 8.5 parts of
      1-cyano-1-ethoxycarbonyl-3-piperidinomethylene-2-aza-1-hexene are thus
      obtained, which when recrystallised from ligroin melts at 106.degree.C.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.15 H.sub.23 N.sub.3 O.sub.2 :                        

                       64.98    8.30     15.16                                 

     Found:            64.76    8.35     15.32                                 

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  One operates as in Example 1, but the 8.5 parts of 1-morpholino-1-butene
      are replaced by 11 parts of 1-morpholine-1-heptene. 9 parts of
      1-cyano-1-ethoxycarbonyl-3-morpholinomethylene-2-aza-1-octene are obtained
      which when recrystallised from ligroin, melts at 114.degree.C.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.16 H.sub.25 N.sub.3 O.sub.3 :                        

                       62.54    8.14     13.68                                 

     Found:            62.63    8.27     13.87                                 

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  One operates as in Example 1, but the 8.5 parts of 1-morpholino-1-butene
      are replaced by 10 parts of .alpha.-pyrrolidino-styrene. After reacting
      for 2 hours at -10.degree.C,
      1-cyano-1-ethoxycarbonyl-4-phenyl-4-pyrrolidino-2-aza-1,3-butadiene is
      obtained with a yield of 95% with respect to the oxime. When
      recrystallised from alcohol, this product melts at
      170.degree.-172.degree.C.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.17 H.sub.19 N.sub.3 O.sub.2 :                        

                       68.7     6.40     14.14                                 

     Found:            68.9     6.41     14.03                                 

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  If in Example 1, the 8.5 parts of 1-morpholino-1-butene are replaced by 9.2
      parts of 1-morpholino-1-cyclopentene and the mixture is allowed to react
      for 4 hours at 25.degree.C. then
      1-cyano-1-ethoxycarbonyl-4-morpholino-3,4-trimethylene-2-aza-1,3-butadiene
      is obtained which, when recrystallised from ethanol, melts at
      173.degree.-174.degree.C. Yield: 60% with respect to the oxime.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.14 H.sub.19 N.sub.3 O.sub.3 :                        

                       60.50    6.86     15.16                                 

     Found:            60.79    6.92     15.14                                 

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  If in Example 1 the 8.5 parts of 1-morpholino-1-butene are replaced by 9.5
      parts of 1-morpholino-1-cyclohexene and the mixture is allowed to react
      for 4 hours at 250.degree.C. then
      1-cyano-1-ethoxycarbonyl-4-morpholino-3,4-tetramethylene-2-aza-1,3-butadie
     ne is obtained which, when recrystallised from ethanol, melts at
      147.degree.-149.degree.C. Yield: 70% with respect to the oxime.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.15 H.sub.21 N.sub.3 O.sub.3 :                        

                       61.85    7.22     14.43                                 

     Found:            61.05    7.44     14.35                                 

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  One operates as in Example 1, but the 15 parts of
      O-tosyl-C-cyano-C-(ethoxycarbonyl)-formaldehyde-oxime are replaced by 12.7
      parts of O-tosyl-C-dicyano-formaldehydeoxime and the 8.5 parts of
      1-morpholino-1-butene are replaced by 9.5 parts of
      1-morpholino-1-cyclohexene. After reacting for 4 hours at -10.degree.C.
      one obtains 1-dicyanomethyleneamino-2-morpholino-1-cyclohexane with a
      yield of 80% with respect to the oxime. When recrystallised from ethanol,
      the product melts at 143.degree.-145.degree.C.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.13 H.sub.16 N.sub.4 O:                               

                       63.93    6.56     22.95                                 

     Found:            63.48    6.66     22.53                                 

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  If in Example 1 the 15 parts of
      O-tosyl-C-cyano-C-(ethoxycarbonyl)formaldehyde-oxime are replaced by 14
      parts of O-tosyl-C-cyano-C-(methoxycarbonyl)formaldehyde-oxime and the 8.5
      parts of 1-morpholino-1-butene are replaced by 9.5 parts of
      1-morpholino-1-cyclohexene and the mixture is allowed to react for 4 hours
      at 25.degree.C, then
      1-cyano-1-methoxycarbonyl-4-morpholino-3,4-tetramethylene-2-aza-1,3-butadi
     ene is obtained which, when recrystallised from methanol, melts at
      118.degree.-119.degree.C.  Yield: 60% with respect to the oxime.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.14 H.sub.19 N.sub.3 O.sub.3 :                        

                       60.50    6.86     15.16                                 

     Found:            60.53    6.91     14.97                                 

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  If in Example 1 the 8.5 parts of 1-morpholino-1-butene are replaced by 9
      parts of 1-piperidino-1-cyclohexene and the mixture is allowed to react
      for 4 hours at 25.degree.C. then
      1-cyano-1-ethoxycarbonyl-4-piperidino-3,4-tetramethylene-2-aza-1,3-butadie
     ne is obtained which, after recrystallisation from ethanol, melts at
      100.degree.-101.degree.C. Yield: 65% with respect to the oxime.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.16 H.sub.23 N.sub.3 O.sub.2 :                        

                       66.43    7.95     14.53                                 

     Found:            65.88    7.84     14.8                                  

     ______________________________________                                    

PAC  EXAMPLE 11
PAR  One operates as in Example 1, but the 15 parts of
      O-tosyl-C-cyano-C-(ethoxycarbonyl)formaldehyde-oxime are replaced by 12.7
      parts of O-tosyl-C-dicyano-formaldehydeoxime and the 8.5 parts of
      1-morpholino-1-butene are replaced by 9 parts of
      1-piperidino-1-cyclohexene. After reacting for 4 hours at -10.degree.C.
      one obtains 1-dicyano-methyleneamino-2-piperidino-1-cyclohexene in a yield
      of 89% with respect to the oxime. After recrystallisation from ethanol,
      this product melts at 127.degree.-129.degree.C.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.14 H.sub.18 N.sub.4 :                                

                       69.42    7.44     23.14                                 

     Found:            69.74    7.85     22.9                                  

     ______________________________________                                    

PAC  EXAMPLE 12
PAC  Preparation of 1-cyano-1-ethoxycarbonyl-4-phenyl-2-aza-1,3-butadiene
PAR  A reactor provided with a stirring device, a bromine feed and a calcium
      chloride tube, is filled with a solution of 6.3 parts of
      1-cyano-1-ethoxycarbonyl-4-morpholino-4-phenyl-2-aza-1,3-butadiene in 63
      parts by volume of dry methylene chloride. 1.4 parts by weight of ammonia
      (in the form of a concentrated solution in ethanol) are added at the
      ambient temperature over a period of three days.
PAR  The reaction is allowed to finish over a further day and the solvents are
      removed under reduced pressure. 8.8 parts of
      1-cyano-1-ethoxycarbonyl-4-amino-4-phenyl-2-aza-1,3-butadiene are thus
      obtained. After recrystallising from absolute alcohol, this melts at
      139.degree.-140.degree.C.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.13 H.sub.13 N.sub.3 O.sub.2 :                        

                       64.19    5.34     17.28                                 

     Found:            64.13    5.35     17.26                                 

     ______________________________________                                    

PAC  EXAMPLE 13
PAC  Preparation of
      1-cyano-1-methoxycarbonyl-3-methyl-4-amino-4-phenyl-2-aza-1,3-butadiene
PAR  One operates as in Example 12, but the
      1-cyano-1-ethoxycarbonyl-4-morpholino-4-phenyl-2-aza-1,3-butadiene is
      replaced by
      1-cyano-1-methoxycarbonyl-3-methyl-4-morpholino-4-phenyl-2-aza-1,3-butadie
     ne and the reaction is effected at -30.degree.C. 4.1 parts of
      1-cyano-1-methoxycarbonyl-3-methyl-4-amino--4-phenyl-2-aza-1,3-butadiene
      are obtained after a reaction time of 3 days. After recrystallisation from
      methanol the product melts at 145.degree.C.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.13 H.sub.13 N.sub.3 O.sub.2 :                        

                       64.19    5.34     17.28                                 

     Found:            64.13    5.49     17.31                                 

     ______________________________________                                    

PAC  EXAMPLE 14
PAC  Preparation of
      1-cyano-1-methoxycarbonyl-4-amino-4-phenyl-2-aza-1,3-butadiene
PAR  One operates as in Example 12, but the 6.3 parts of
      1-cyano-1-ethoxycarbonyl-4-morpholino-4-phenyl-2-aza-1,3-butadiene are
      replaced by 6 parts of
      1-cyano-1-methoxy-carbonyl-4-morpholino-4-phenyl-2-aza-1,3-butadiene. 3.7
      parts of 1-cyano-1-methoxycarbonyl-4-amino-4-phenyl-2-aza-1,3-butadiene
      are obtained. After recrystallisation from methanol, the product melts at
      186.degree.C.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.12 H.sub.11 N.sub.3 O.sub.2 :                        

                       62.88    4.81     18.34                                 

     Found:            62-84    4.96     18.38                                 

     ______________________________________                                    

PAC  EXAMPLE 15
PAC  Preparation of 2-methoxycarbonyl-3-amino-5-phenyl-6-methyl-pyrazine
PAR  A reactor provided with a stirring device, a bromine feed and a calcium
      chloride tube is filled with a solution of 4 parts of
      1-cyano-1-methoxycarbonyl-3-methyl-4-amino-4-phenyl-2-aza-1,3-butadiene in
      120 parts by volume of a mixture of dry methanol and dry methylene
      chloride (10 : 1 by volume.) 0.9 parts of sodium methylate dissolved in
      dry methanol are added rapidly at the ambient temperature with stirring.
      The reaction is finished at the end of 15 minutes, and the greater part of
      the solvents is evaporated under reduced pressure. The
      2-methoxycarbonyl-3-amino-5-phenyl-6-methyl pyrazine which is precipitated
      is filtered off, then recrystallised from methanol and 3 parts of pyrazine
      are obtained. M.p. 162.degree.C.
PAC  EXAMPLE 16
PAC  Direct preparation of 2-methoxycarbonyl-3-amino-5-phenyl-6-methyl-pyrazine
      in an autoclave
PAR  An autoclave fitted with a stirring device and surrounded by a heating
      jacket is filled with 3.1 parts of
      1-cyano-1-methoxycarbonyl-3-methyl-4-morpholino-4-phenyl-2-aza-1,3-butadie
     ne in 110 parts by volume of a mixture of dry methanol and dry methylene
      chloride (10 : 1) and 0.255 parts by weight of annomia in the form of a
      concentrated methanolic solution. After reacting for 4 hours at
      85.degree.C. one obtains 1.5 parts of
      2-methoxy-carbonyl-3-amino-5-phenyl-6-methyl-pyrazine. After
      recrystallisation from methanol, the melting point is
      162.degree.-163.degree.C.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.13 H.sub.13 N.sub.3 O.sub.2 :                        

                       64.19    5.34     17.28                                 

     Found:            63.40    5.54     17.24                                 

     ______________________________________                                    

PAC  EXAMPLE 17
PAC  Preparation of 2-methoxycarbonyl-3-amino-5-phenyl-pyrazine
PAR  One operates as in Example 15, but the 4 parts of
      1-cyano-1-methoxycarbonyl-3-methyl-4-amino-4-phenyl-2-aza-1,3-butadiene
      are replaced by 3.8 parts of
      1-cyano-1-methoxy-carbonyl-4-amino-4-phenyl-2-aza-1,3-butadiene. 3.66
      parts of 2-methoxycarbonyl-3-amino-5-phenyl-pyrazine are obtained. After
      recrystallisation of the product from methanol the melting point is
      228.degree.C.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.12 H.sub.11 N.sub.3 O.sub.2 :                        

                       62.88    4.81     18.34                                 

     Found:            62.74    4.69     18.43                                 

     ______________________________________                                    

PAC  EXAMPLE 18
PAC  Preparation of 2-cyano-3-amino-5-phenyl-6-methyl-pyrazine
PAR  A reactor provided with a stirring device, a bromine feed and a calcium
      chloride tube is filled with 1.42 parts of
      1,1-dicyano-3-methyl-4-morpholino-4-phenyl-2-aza-1,3-butadiene in 20 parts
      by volume of dry methylene chloride. 0.34 parts by weight of ammonia in
      the form of a methanolic solution are added at -30.degree.C. over a period
      of 4 days. After evaporation of the solvents in vacuo and
      recrystallisation of the crude product from methanol, 0.95 parts of
      2-cyano-3-amino-5-phenyl-6-methyl-pyrazine are obtained in a field of 91%
      with respect to the starting azadiene.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.12 H.sub.10 N.sub.4 :                                

                       68.60    4.77     26.63                                 

     Found:            68.61    4.70     26.69                                 

     ______________________________________                                    

PAC  EXAMPLE 19
PAC  Preparation of 2-cyano-3-amino-5,6-tetramethylenepyrazine
PAR  One operates as in Example 18, but the 1.4 parts of
      1,1-dicyano-3-methyl-4-morpholino-4-phenyl-2-aza-1,3-butadiene are
      replaced by 1.2 parts of
      1,1-dicyano-3,4-tetramethylene-4-morpholino-2-aza-1,3-butadiene, the
      reaction being carried out at 20.degree.C. After recrystallisation from
      methanol, 0.83 parts of 2-cyano-3-amino-5,6-tetramethylenepyrazine are
      obtained.
TBL  ______________________________________                                    

     Analysis:         C %      H %      N %                                   

     ______________________________________                                    

     Calculated for C.sub.9 H.sub.10 N.sub.4 :                                 

                       62.10    5.75     32.15                                 

     Found:            61.99    5.86     31.98                                 

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of an aminopyrazine represented by the
      formula:
      ##SPC8##
PAL  in which R.sub.1 and R.sub.2 each represent hydrogen, alkyl having from 1
      to 5 carbon atoms, or phenyl, or together with the carbon atoms of the
      pyrazine ring to which they are linked form a cycloalkene having from 5 to
      7 carbon atoms in the ring, and X represents cyano, carboxy, carbonamide
      or alkoxycarbonyl having from 1 to 4 carbon atoms in the alkoxy chain
      which consists in contacting a 1-cyano-4-N(disubstituted)
      amino-2-azo-1,3-butadiene of the formula:
      ##EQU7##
      wherein Z and Z' together with the nitrogen atom form a morpholino,
      piperidino or pyrrolidino group, which may be unsubstituted or substituted
      by one or several lower alkyl groups, with ammonia in the presence of a
      solvent and reacting the 1-cyano-4-amino-2-aza-1,3-butadiene of the
      formula:
      ##EQU8##
      thus obtained with a basic agent selected from the group consisting of
      alcoholoates, ammonia, amines and quaternary ammonium hydroxides.
NUM  2.
PAR  2. Process according to claim 1 wherein the basic agent is sodium
      alcoholate and the reaction with the basic agent is effected in an
      aliphatic alcohol at ambient temperature.
NUM  3.
PAR  3. Process according to claim 1 wherein the basic agent is an alcoholic
      solution of ammonia and the reaction with the basic agent is effected
      under pressure at a temperature of from 60.degree.C to 100.degree.C.
NUM  4.
PAR  4. Process according to claim 1 wherein ammonia is the basic agent and the
      contact between ammonia and the 1-cyano-4-N(disubstituted)
      amino-2-aza-1,3-butadiene is effected in the presence of a solvent
      selected from the group consisting of halogenated aliphatic hydrocarbons
      and halogenated aromatic hydrocarbons.
NUM  5.
PAR  5. Process according to claim 4 wherein the solvent is a chlorinated
      aliphatic hydrocarbon having 1 or 2 carbon atoms.
NUM  6.
PAR  6. Process according to claim 1 wherein ammonia is the basic agent and is
      used in alcoholic solution for contact with the 1-cyano-4-N(disubstituted)
      amino-2-aza-1,3-butadiene.
NUM  7.
PAR  7. Process according to claim 1 wherein ammonia is the basic agent and the
      contact between ammonia and the 1-cyano-4-N(disubstituted)
      amino-2-aza-1,3-butadiene is effected at a temperature of from
      -30.degree.C to 25.degree.C.
NUM  8.
PAR  8. Process according to claim 1 wherein there is no isolation of the
      1-cyano-4-amino-2-aza-1,3-butadiene.
NUM  9.
PAR  9. Process according to claim 8 wherein the 1-cyano-4-N(disubstituted)
      amino-2-aza-1,3-butadiene is reacted with an alcoholic solution of
      ammonia.
NUM  10.
PAR  10. Process according to claim 9 wherein the reaction is effected in an
      autoclave at a temperature of from 60.degree.C to 100.degree.C.
NUM  11.
PAR  11. Process according to claim 9 wherein the reaction is effected at a
      temperature of from -30.degree.C to +25.degree.C in the presence of a
      solvent selected from the group consisting of halogenated aliphatic
      hydrocarbons and halogenated aromatic hydrocarbons.
NUM  12.
PAR  12. Process according to claim 1 wherein the 1-cyano-4-N-(disubstituted)
      amino-2-aza-1,3-butadiene is prepared by reacting an O-tosyl oxime of the
      formula:
      ##SPC9##
PAL  with an aminoalkene or cycloalkene of the formula:
      ##EQU9##
      wherein X, R.sub.1, R.sub.2, Z and Z' have the meanings given in claim 1.
NUM  13.
PAR  13. Process according to claim 12 wherein the reaction is effected in a
      solvent selected from the group consisting of chlorinated aliphatic
      hydrocarbons and ethers.
NUM  14.
PAR  14. Process according to claim 12 wherein the reaction is effected in the
      presence of a tertiary amine or an excess of the aminoalkene or
      cycloalkene.
NUM  15.
PAR  15. Process according to claim 12 wherein the reaction is effected at a
      temperature of from -10.degree.C to +25.degree.C.
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PAL  Phenylpyridazine compounds of the general formula
      ##SPC1##
PAL  In which Hal is a chlorine or bromine atom and R is a straight-chain or
      branched alkyl group containing 2 to 20 carbon atoms when Hal is chlorine
      and 1 to 20 carbon atoms when Hal is bromine, or is the group --OR',
      wherein R' is an alkyl group of 1 to 18 carbon atoms which may be
      straight-chain or branched, and which have valuable herbicidal properties.
BSUM
PAR  This invention relates to phenylpyridazine compounds, a process for the
      preparation thereof and herbicidal compositions containing them.
PAR  It has been known for a considerable time that pyridazine derivatives
      influence plant growth. Thus, pyridazines which contain two or three
      halogen atoms or up to two halogen atoms and, in addition, alkylated amino
      groups, alkoxy groups or alkylmercapto groups, are described in Austrain
      Pat. No. 198,997 as agents for influencing plant growth. The compounds
      described in detail therein are either total herbicides or have other
      effects on the plant such as, for example, defoliation. Furthermore,
      3-chloro-pyridazine-6-oxyacetic acid may be used as a hormonal agent for
      combating weeds but the breadth of its activity is inadequate.
PAR  West German Nos. 1,567,131 and 1,910,620 disclose phenylpyridazine ethers
      which may be used to combat grasses in rice cultures.
PAR  It has now been found that previously unknown phenylpyridazine derivatives
      of the general formula:
      ##SPC2##
PAL  In which Hal is a chlorine or bromine atom and R is a straight-chain or
      branched alkyl group containing 2 to 20  carbon atoms when Hal is chlorine
      or 1 to 20 carbon atoms when Hal is bromine, or is the group --OR',
      wherein R' is an alkyl group containing 1 to 18 carbon atoms which may be
      straight-chain or branched, display very advantageous herbicidal
      properties and furthermore are tolerated by numerous crop plants, for
      example cerals.
PAR  The present invention also provides a process for the preparation of a
      3-phenyl-6-halopyridazine compound of the formula (I) which comprises
      reacting 3-phenyl-6-chloro-4-hydroxypyridazine or
      3-phenyl-6-bromo-4-hydroxypyridazine or a salt thereof, at an elevated
      temperature, optionally in the presence of a solvent and optionally with
      the addition of an acid acceptor, with an acid chloride of the formula Cl
      -- COR, wherein R is as defined above, or an acid anhydride of the formula
      R"OCOCOR", wherein R" is a straightchain or branched alkyl group
      containing 1 to 20 carbon atoms.
PAR  The addition of an acid acceptor, for example of a tertiary amine, if the
      reaction is to be carried out with an acid chloride, accelerates the
      reaction and allows it to be performed even at normal temperature.
PAR  The reaction of the initial pyridazine compound with the acid chloride
      should be carried out at a temperature above 100.degree.C, especially if
      an acid acceptor is not added. Under these conditions, hydrochloric acid
      gas is split off spontaneously and the desired reaction takes place
      largely quantitatively. Since the phenyl-halohydroxypyridazine is
      sparingly soluble and high-melting, in some cases, it may be of advantage
      to use a salt of the acid pyridazine compound, for example an amine salt,
      and a suitable inert solvent.
PAR  If instead of the acid chloride the corresponding acid anhydride is
      employed, the yield is generally less since the reaction leads to an
      equilibrium condition because the carboxylic acid liberated again
      partially splits the ester.
PAR  3-Phenyl-4-hydroxy-6-chloropyridazine of melting point 220.degree.C.
      (decomposition) which is used as the starting material may be obtained
      from 3-phenyl-4,6-dichloropyridazine by heating with sodium hydroxide
      solution.
PAR  Equally, 3-phenyl-4-hydroxy-6-bromopyridazine, melting point 215.degree.C
      (decomposition) may be obtained by reacting 3-phenyl-4,6-dibromopyridazine
      with sodium hydroxide solution at boiling point.
PAR  The esters according to the invention, of the formula (I), are mostly
      viscous liquids of high boiling point which cannot be distilled without
      decomposition.
PAR  They may be decomposed by water relatively easily and then give on the one
      hand the initial pyridazine which, because of its low solubility,
      precipitates directly as a solid from the ester and, on the other hand,
      the corresponding acid.
PAR  The invention further provides a herbicidal composition for the selective
      combating of weeds in crop plants which comprises, as the active
      ingredient, one or more compounds of the formula (I) in admixture with
      solid and/or liquid inert extenders or diluents and/or wetting agents.
PAR  Since the compounds are not active in the sense of growth substances, the
      danger of damage to adjoining crops is substantially less. The substances
      are therefore also preferentially suitable for combating weeds in
      monocotyledon crop plants in the immediate vicinity of sensitive crops.
PAR  The compositions according to the invention may be in the form of
      dispersions or emulsions, pulverulent preparations of granules. They also
      may be admixed with other herbicidal active substances.
PAR  The possibility of combination with various growth regulators such as, for
      example, 2-chloroethyl-trimethylammonium chloride (Chlormequat) is of
      great practical importance.
PAR  Conjoint application of the compounds according to the invention with
      fungicides, insecticides, other biocides and/or plant nutrients is also of
      advantage.
PAR  For compositions in the form of aqueous dispersions or emulsions it is
      advisable to add a dispersing agent such as, for example, sodium
      oleyl-methyl-tauride. Solid extenders which may be used include various
      types of clays, for example kaolin.
PAR  The combination of the compounds according to the invention with a
      non-phytotoxic oil, for example a mineral oil-emulsifier mixture,
      consisting of a paraffin mineral oil and an emulsifier, is advantageous.
      The herbicidal action may be increased yet further by the addition of such
      a "spray oil" to a spraying solution of the compound according to the
      invention. Such combinations usually contain 0.1 to 10 kg of the active
      compound according to the present invention and 1 to 10 liters of a
      non-phytotoxic oil, distributed in an amount of water of 50 to 1,000
      liters.
PAR  The preparation and mode of action of the compounds according to the
      invention will be illustrated in more detail in the Examples which follow:
DETD
PAC  EXAMPLE 1
PAR  5.0 G of 3-phenyl-4-hydroxy-6-chloropyridazine were boiled with 20 g. of
      propionic acid chloride for 3 hours under a reflux condenser. The excess
      propionic acid chloride was distilled off in vacuo, the oily residue was
      stirred with 50 ml. of petroleum ether and filtered using active charcoal
      and the filtrate was evaporated. A light yellow oil remained.
      n.sub.D.sup.20 = 1.5828.
PAR  Yield: 4.6 g, corresponding to 75% of theory, of
      3-phenyl-6-chloro-pyridazinyl-(4)-propionic acid ester.
TBL  __________________________________________________________________________

     C calculated                                                              

             59.44%                                                            

                   H calculated                                                

                          4.22 %                                               

                                N calculated                                   

                                       10.67%                                  

     found   58.9% found  4.3%  found  10.3%                                   

     Cl calculated                                                             

             13.50%                                                            

                   O calculated                                                

                          12.18%                                               

     found   13.2% found  12.5%                                                

     __________________________________________________________________________

PAR  The following compounds were prepared in an analogous manner:
PA1  a. 3-Phenyl-6-chloro-pyridazinyl-(4)-n-butyric acid ester; 60% yield;
      n.sub.D.sup.20 = 1.5765;
PA1  b. 3-Phenyl-6-chloro-pyridazinyl-(4)-isobutyric acid ester; 90% yield;
      n.sub.D.sup.20 = 1.5696;
PA1  c. 3-Phenyl-6-chloro-pyridazinyl-(4)-n-valeric acid ester; 88% yield;
      n.sub.D.sup.20 = 1.5628;
PA1  d. 3-Phenyl-6-chloro-pyridazinyl-(4)-isovaleric acid ester; 78% yield;
      n.sub.D.sup.20 = 1.5595;
PA1  e. 3-Phenyl-6-chloro-pyridazinyl-(4)-2'-ethylhexanoic acid ester; 65%
      yield; n.sub.D.sup.20 = 1.5355;
PA1  f. 3-Phenyl-6-chloro-pyridazinyl-(4)-caprylic acid ester; 65% yield;
      n.sub.D.sup.20 = 1.5265.
PAC  EXAMPLE 2
PAR  5.0 G of 3-phenyl-4-hydroxy-6-chloropyridazine were suspended in 50 ml of
      benzene, 2.75 g of triethylamine were added and the mixture was stirred. A
      solution of 8.0 g of stearic acid chloride in 20 ml of benzene was added
      to the vigorously stirred mixture of the resulting salt with benzene.
      Whilst doing so, the temperature of the mixture rose from 22.degree.C to
      40.degree.C. The reaction was allowed to take place for 15 minutes whilst
      stirring, 20 ml of water were then added, the mixture was stirred briefly,
      the aqueous phase was separated off, the benzene solution was dried with
      Na.sub.2 SO.sub.4 and filtered using active charcoal, and the filtrate was
      evaporated. A viscous oil was left, which solidified after some hours.
      Recrystallisation from petroleum ether gave crystals of melting point
      62.degree.-64.degree.C. Yield: 10.0 g corresponding to 87% of theory of
      3-phenyl-6-chloropyridazinyl-(4)-stearic acid ester.
     C calculated                                                              

             71.08%                                                            

                   H calculated                                                

                          8.74% N calculated                                   

                                       5.92%                                   

     found   71.2% found  8.7%  found  5.8%                                    

     Cl calculated                                                             

             7.49% O calculated                                                

                          6.76%                                                

     found   7.4%  found  6.8%                                                 

PAR  The following compounds were prepared analogously:
PA1  a. 3-Phenyl-6-chloro-pyridazinyl-(4)-pivalic acid ester; 65% yield;
      n.sub.D.sup.20 = 1.5462;
PA1  b. 3-Phenyl-6-chloro-pyridazinyl-(4)-n-caproic acid ester; 54% yield;
      n.sub.D.sup.20 = 1.5380;
PA1  c. 3-Phenyl-6-chloro-pyridazinyl-(4)-oenanthic acid ester; 62% yield;
      n.sub.D.sup.20 = 1.5465;
PA1  d. 3-Phenyl-6-chloro-pyridazinyl-(4)-pelargonic acid ester; 58% yield;
      melting point= 18.degree.-22.degree.C;
PA1  e. 3-Phenyl-6-chloro-pyridazinyl-(4)-myristic acid ester; 75% yield;
      melting point= 52.degree.-54.degree.C;
PA1  f. 3-Phenyl-6-bromopyridazinyl-(4)-n-butyric acid ester; 85% yield;
      n.sub.D.sup.20 = 1.5783;
PA1  g. 3-Phenyl-6-bromopyridazinyl-(4)-n-octanoic acid ester; 86% yield;
      n.sub.D.sup.20 = 1.5548.
PAC  EXAMPLE 3
PAR  5.0 G of 3-phenyl-4-hydroxy-6-chloropyridazine were mixed with 20 g of
      chloroformic acid n-pentyl ester and heated to 130.degree.-140.degree.C
      for 1 hour. The excess chloroformic acid ester was then distilled off in
      vacuo, the oily residue which remained was stirred with 50 ml of petroleum
      ether and filtered using active charcoal and the filtrate was evaporated
      in vacuo. A light yellow oil remained.
EQU  n.sub.D.sup.20 = 1.5570
PAR  Yield: 5.9 g, corresponding to 76% of theory, of
      3-phenyl-6-chloro-pyridazinyl-(4)-n-pentyl carbonate.
TBL  __________________________________________________________________________

     C calculated                                                              

             59.91%                                                            

                   H calculated                                                

                          5.34% N calculated                                   

                                       8.73%                                   

     found   59.8% found  5.5%  found  8.6%                                    

     Cl calculated                                                             

             11.05%                                                            

                   O calculated                                                

                          14.96%                                               

     found   11.6% found  14.6%                                                

     __________________________________________________________________________

PAR  The following compounds were prepared analogously:
PA1  a. 3-Phenyl-6-chloro-pyridazinyl-(4)-ethyl carbonate; 54% yield;
      n.sub.D.sup.20 = 1.5825;
PA1  b. 3-Phenyl-6-chloro-pyridazinyl-(4)-isopropyl carbonate; 52% yield;
      n.sub.D.sup.20 = 1.5602;
PA1  c. 3-Phenyl-6-chloro-pyridazinyl-(4)-isobutylcarrbonate; 46% yield;
      n.sub.D.sup.20 = 1.5630.
PAC  EXAMPLE 4
PAR  5.0 G of 3-phenyl-4-hydroxy-6-chloropyridazine were suspended in 70 g of
      benzene, a solution of 0.90 g of NaOH in 5 ml of water was added and the
      water was removed through a water separator by boiling under reflux, with
      vigorous stirring. 3.5 G of chloroformic acid n-hexyl ester were added to
      the mixture thus obtained, which consisted of the sodium salt of
      3-phenyl-4-hydroxy-6-chloropyridazine and benzene, and the whole was
      boiled for 30 minutes under reflux. It was then cooled and briefly stirred
      with 10 ml of water, the aqueous phase was separated off, the benzene
      solution was dried with Na.sub.2 SO.sub.4 and filtered using active
      charcoal and the filtrate was evaporated. The oily residue was stirred
      with 50 ml of petroleum ether and filtered using active charcoal, and the
      filtrate was evaporated in vacuo.
PAR  A light yellow oil was left. n.sub.D.sup.20 = 1.5380
PAR  Yield: 3.5 g, corresponding to 43% of theory, of
      3-phenyl-6-chloro-pyridazinyl-(4)-n-hexyl carbonate.
TBL  __________________________________________________________________________

     C calculated                                                              

             60.98%                                                            

                   H calculated                                                

                          5.72% N calculated                                   

                                       8.37%                                   

     found   60.7% found  5.8%  found  8.4%                                    

     Cl calculated                                                             

             10.59%                                                            

                   O calculated                                                

                          14.3%                                                

     found   10.4% found  14.7%                                                

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  10 g of 3-phenyl-4-hydroxy-6-chloropyridazine were suspended in 100 ml of
      benzene, 5.5 g of triethylamine were added, the mixture was stirred for 5
      minutes, a solution of 9.4 g of chloroformic acid 2-ethylhexyl ester was
      then added rapidly and the mixture was allowed to react for 15 minutes. It
      was then briefly stirred with 20 ml of water, the aqueous phase was
      separated off, the benzene solution was dried with Na.sub.2 SO.sub.4 and
      filtered using active charcoal and the filtrate was evaporated in vacuo.
      The oil which was left as a residue was stirred with 100 ml of petroleum
      ether and filtered using active charcoal, and the filtrate was again
      evaporated in vacuo.
PAR  A light yellow oil was obtained. n.sub.D.sup.20 = 1.5375
PAR  Yield: 12.8 g, corresponding to 73% of theory, of
      3-phenyl-6-chloro-pyridazinyl-(4)-2'-ethylhexyl carbonate.
TBL  __________________________________________________________________________

     C calculated                                                              

             62.89%                                                            

                   H calculated                                                

                          6.39% N calculated                                   

                                       7.72%                                   

     found   62.8% found  7.0%         7.3%                                    

     Cl calculated                                                             

             9.77% O calculated                                                

                          13.23%                                               

     found   10.1% found  12.7%                                                

     __________________________________________________________________________

PAR  The following compounds were prepared analogously:
PA1  a. 3-Phenyl-6-chloro-pyridazinyl-(4)-n-propyl carbonate; 77% yield;
      n.sub.D.sup.20 = 1.5570;
PA1  b. 3-Phenyl-6-chloro-pyridazinyl-(4)-n-butyl carbonate; 81% yield;
      n.sub.D.sup.20 = 1.5590;
PA1  c. 3-Phenyl-6-chloro-pyridazinyl-(4)-isoamyl carbonate; 75% yield;
      n.sub.D.sup.20 = 1.5485;
PA1  d. 3-Phenyl-6-chloro-pyridazinyl-(4)-n-heptyl carbonate; 71% yield;
      n.sub.D.sup.20 = 1.5340;
PA1  e. 3-Phenyl-6-chloro-pyridazinyl-(4)-n-octyl carbonate; 78% yield;
      n.sub.D.sup.20 = 1.5340;
PA1  f. 3-Phenyl-6-chloro-pyridazinyl-(4)-n-decyl carbonate; 86% yield;
      n.sub.D.sup.20 = 1.5280;
PA1  g. 3-Phenyl-6-bromo-pyridazinyl-(4)-n-amyl carbonate; 75% yield;
      n.sub.D.sup.20 = 1.5687.
PAC  EXAMPLE 6
PAR  20 G of (3-phenyl-6-chloro-pyridazinyl)-(4))-isobutyrate, 70 g of xylene
      and 10 g of alkylarylsulphonate mixed with polyoxyethylene-sorbitane-tall
      oil ester were mixed; on stirring the emulsion concentrate, thus obtained,
      into the amount of water required for application to the plant, a stable
      emulsion was obtained.
PAC  EXAMPLE 7
PAR  50 G of (3-phenyl-6-chloro-pyridazinyl-(4))-n-pentyl carbonate, 43 g of
      xylene and 7 g of alkylarylsulphonate mixed with
      polyoxyethylene-sorbitane-tall oil ester were mixed. The emulsion
      concentrate gave a stable emulsion on stirring into water. All further
      compounds according to the invention were formulated similarly.
PAC  EXAMPLE 8
PAR  Weeds grown in a greenhouse:
     Erodium cicutarium  Stork's bill                                          

     Centaurea jacea     Knapweed                                              

     Lapsana communis    Nipplewort                                            

     Galium aparine      Goosegrass                                            

     Stellaria media     Chickweed                                             

     Matricaria chamomilla                                                     

                         Camomile                                              

     Lamium purpureum    Deadnettle                                            

     Veronica hederaefolia                                                     

                         Speedwell                                             

PAL  were sprayed with the spraying solution of the compound according to the
      invention after the weeds had reached the 4-6 leaf stage. The spraying
      solution was used in the form of an emulsion concentrate. To prepare an
      emulsion concentrate, 20% by weight of the active substances were
      dissolved in 70% by weight of xylene and 10% by weight of an emulsifier
      (alkylarylsulphonate mixed with polyoxyethylene-sorbitane-tall oil ester)
      were added. The dosage was between 380 g. and 1,160 g. of the active
      compound per hectare.
PAR  14 Days after the treatment the herbicidal effect on the weeds was
      determined in accordance with the E.W.R.C. Assessment Scheme. (E.W.R.C. =
      European Weed Research Council). The numerical values 1 to 9 correspond to
      the following proportions destroyed
TBL  Rating of the herbicidal                                                  

                     Corresponding to % destruc-                               

     action          tion of the weeds                                         

     ______________________________________                                    

     1               100                                                       

     2               97.5                                                      

     3               95                                                        

     4               90                                                        

     5               85                                                        

     6               75                                                        

     7               65                                                        

     8               32.5                                                      

     9               0                                                         

     ______________________________________                                    

TBL                                    Example 8                               

     __________________________________________________________________________

     Formula I     Herbicidal action on different weeds                        

                   (ratings 1 - 9)                                             

     R =        Hal.                                                           

                  Active Erodium                                               

                              Centaurea                                        

                                    Lapsana                                    

                                         Galium                                

                                              Stellaria                        

                                                    Matricaria                 

                                                          Lamium               

                                                               Vero-           

                  compound                                                     

                         cicut.                                                

                              jacea comm.                                      

                                         aparine                               

                                              media Chamom.                    

                                                          prup nica            

                  kg/ha                                        hed.            

     __________________________________________________________________________

     C.sub.2 H.sub.5                                                           

                Cl                                                             

                  0.38 0.63                                                    

                         1/1  1/1   1/1  1/1  1/1   1/1   2/1  1/1             

     C.sub.3 H.sub.7                                                           

                Cl                                                             

                  0.45 0.67                                                    

                         1/1  3/1   1/1  2/1  4/2   2/1   1/1  1/1             

     CH.(CH.sub.3).sub.2                                                       

                Cl                                                             

                  0.42 0.67                                                    

                         1/1  1/1   1/1  1/1  1/1   1/1   1/1  1/1             

     C.sub.4 H.sub.9                                                           

                Cl                                                             

                  0.42 0.70                                                    

                         1/1  1/1   1/1  1/1  3/2   2/1   1/1  1/1             

     CH.sub.2 CH.(CH.sub.3).sub.2                                              

                Cl                                                             

                  0.42 0.70                                                    

                         1/1  1/1   1/1  1/1  5/3   3/2   1/1  1/1             

     C.sub.7 H.sub.15                                                          

                Cl                                                             

                  0.48 0.80                                                    

                         1/1  3/1   1/1  1/1  4/3   3/2   1/1  1/1             

     CH.(C.sub.2 H.sub.5).C.sub.4 H.sub.9                                      

                Cl                                                             

                  0.48 0.80                                                    

                         1/1  3/2   1/1  1/1  5/4   4/3   1/1  1/1             

     C.sub.6 H.sub.13                                                          

                Cl                                                             

                  0.46 0.77                                                    

                         1/1  3/1   1/1  1/1  2/1   2/1   3/2  2/1             

     C.sub.8 H.sub.17                                                          

                Cl                                                             

                  0.50 0.84                                                    

                         1/1  2/1   1/1  1/1  2/1   2/1   3/1  2/1             

     C.sub.13 H.sub.27                                                         

                Cl                                                             

                  0.60 1.01                                                    

                         1/1  2/1   1/1  1/1  2/1   2/1   5/2  2/1             

     C.sub.17 H.sub.35                                                         

                Cl                                                             

                  0.69 1.16                                                    

                         1/1  5/2   2/1  5/2  2/1   2/1   5/2  5/3             

     O.C.sub.2 H.sub.5                                                         

                Cl                                                             

                  0.45 0.67                                                    

                         1/1  1/1   1/1  3/1  6/3   1/1   1/1  1/1             

     O.CH.(CH.sub.3).sub.2                                                     

                Cl                                                             

                  0.42 0.70                                                    

                         1/1  1/1   1/1  1/1  6/3   1/1   1/1  1/1             

     O.C.sub.4 H.sub.9                                                         

                Cl                                                             

                  0.44 0.74                                                    

                         1/1  1/1   1/1  3/1  5/2   1/1   1/1  3/2             

     O.CH.sub.2 CH.(CH.sub.3).sub.2                                            

                Cl                                                             

                  0.44 0.74                                                    

                         1/1  1/1   1/1  3/1  4/2   1/1   1/1  1/1             

     O.C.sub.5 H.sub.11                                                        

                Cl                                                             

                  0.46 0.77                                                    

                         1/1  1/1   1/1  1/1  1/1   1/1   1/1  1/1             

     O.C.sub.6 H.sub.13                                                        

                Cl                                                             

                  0.48 0.81                                                    

                         1/1  1/1   4/2  6/5  7/5   7/5   4/2  4/2             

     O.C.sub.7 H.sub.15                                                        

                Cl                                                             

                  0.50 0.84                                                    

                         1/1  1/1   1/1  1/1  3/2   1/1   4/2  4/2             

     O.C.sub.8 H.sub.17                                                        

                Cl                                                             

                  0.52 0.88                                                    

                         1/1  1/1   1/1  1/1  3/1   1/1   4/1  5/2             

     O.CH.sub.2 CH(C.sub.2 H.sub.5)C.sub.4 H.sub.9                             

                Cl                                                             

                  0.52 0.88                                                    

                         1/1  1/1   1/1  1/1  3/1   1/1   4/1  3/1             

     O.C.sub.10 H.sub.21                                                       

                Cl                                                             

                  0.56 0.94                                                    

                         1/1  1/1   1/1  1/1  1/1   1/1   1/1  1/1             

     C (CH.sub.3).sub.3                                                        

                Cl                                                             

                  0.46 0.77                                                    

                         1/1  1/1   1/1  1/1  1/1   1/1   1/1  1/1             

     O.CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                                    

                Cl                                                             

                  0.42 0.70                                                    

                         1/1  1/1   1/1  1/1  1/1   1/1   1/1  1/1             

     C.sub.3 H.sub.7                                                           

                Br                                                             

                  0.40 0.67                                                    

                         1/1  1/1   1/1  1/1  2/1   1/1   2/1  1/1             

     C.sub.7 H.sub.15                                                          

                Br                                                             

                  0.46 0.77                                                    

                         1/1  1/1   1/1  1/1  2/1   1/1   1/1  2/1             

     O.C.sub.5 H.sub.11                                                        

                Br                                                             

                  0.44 0.74                                                    

                         1/1  1/1   1/1  1/1  2/1   1/1   2/1  2/1             

     __________________________________________________________________________

PAC  EXAMPLE 9
PAR  Crop plants grown in a greenhouse
TBL  Triticum vulgare      Wheat                                               

     Hordeum sativum       Barley                                              

     Avena sativa          Oats                                                

     Secale cereale        Rye                                                 

     Zea mays              Maize                                               

     Spinacia oleracea     Spinach                                             

     Vicia faba            Horse bean                                          

     Trifolium pratense    Purple clover                                       

     Beta vulgaris         Sugar beet                                          

     Raphanus sativus var.radicula                                             

                           Radish                                              

     Cucumis sativa        Cucumber                                            

     Phelum pratense       Timothy                                             

PAL  were sprayed with the emulsion, described in Example 8, of the compounds
      according to the invention. At the time of treatment, the varieties of
      cereal and maize had formed 3 leaves, the timothy was in the tillering
      stage and the sugar beets, horse beans, radishes, spinach and cucumbers
      had formed the cotyledons or primary leaves and the first pair of foliage
      leaves. Purple clover was treated after the first trifoliate leaf had
      developed.
PAR  The dosage corresponded to 0.6 and 1.2 kg of active substance per hectare.
PAR  14 Days after the treatment, the degree of damage to the crop plants was
      determined in accordance with the following scheme:
TBL  Rating of damage to                                                       

                     Corresponding to % thinning-                              

     the crop plants out or scorching or inhibi-                               

                     tion of growth                                            

     ______________________________________                                    

     1               0                                                         

     2               2.5                                                       

     3               5                                                         

     4               10                                                        

     5               15                                                        

     6               25                                                        

     7               35                                                        

     8               67.5                                                      

     9               100                                                       

     ______________________________________                                    

TBL                                    Example 9                               

     __________________________________________________________________________

     Formula I           Toleration by crop plants (ratings 1 - 9)             

                   Active                                                      

     R =        Hal.                                                           

                   compound                                                    

                         Trit.                                                 

                             Hord.                                             

                                 Avena                                         

                                     Secale                                    

                                         Zea                                   

                                            Spin.                              

                                                Vic.                           

                                                   Trif.                       

                                                       Beta                    

                                                          Raph                 

                                                             Cuc               

                                                                Ph.            

                   f kg/ha                                                     

                         vulg.                                                 

                             sat.                                              

                                 sat.                                          

                                     cor.                                      

                                         mays                                  

                                            oler.                              

                                                f. prat.                       

                                                       vulg.                   

                                                          sat.                 

                                                             sat.              

                                                                prat.          

     __________________________________________________________________________

     C.sub.2 H.sub.5                                                           

                Cl 0.6                                                         

                      1.2                                                      

                         1/1 1/1 1/1 1/1 1/1                                   

                                            6/7 2/2                            

                                                   3/4 9/9                     

                                                          3/3                  

                                                             3/3               

                                                                2/2            

     C.sub.3 H.sub.7                                                           

                Cl       1/1 1/1 1/1 1/1 1/1                                   

                                            8/9 2/3                            

                                                   2/2 9/9                     

                                                          2/2                  

                                                             3/3               

                                                                1/2            

     CH.(CH.sub.3).sub.2                                                       

                Cl       1/1 1/1 1/1 1/1 1/1                                   

                                            5/7 3/4                            

                                                   6/7 9/9                     

                                                          7/8                  

                                                             5/6               

                                                                2/2            

     C.sub.4 H.sub.9                                                           

                Cl       1/1 1/1 1/1 1/1 1/1                                   

                                            3/3 2/2                            

                                                   2/2 9/9                     

                                                          1/2                  

                                                             2/2               

                                                                1/1            

     CH.sub.2 CH.(CH.sub.3).sub.2                                              

                Cl       1/1 1/1 1/1 1/1 1/1                                   

                                            5/7 3/3                            

                                                   3/4 9/9                     

                                                          3/4                  

                                                             2/2               

                                                                1/2            

     C.sub.7 H.sub.15                                                          

                Cl       1/1 1/1 1/1 1/1 1/1                                   

                                            5/7 2/3                            

                                                   6/7 9/9                     

                                                          3/3                  

                                                             2/3               

                                                                1/1            

     CH.(C.sub.2 H.sub.5).C.sub.4 H.sub.9                                      

                Cl       1/1 1/1 1/1 1/1 1/1                                   

                                            4/6 2/2                            

                                                   6/6 9/9                     

                                                          3/4                  

                                                             2/2               

                                                                1/2            

     C.sub.6 H.sub.13                                                          

                Cl       1/1 1/1 1/1 1/1 1/1                                   

                                            9/9 4/4                            

                                                   8/8 9/9                     

                                                          5/5                  

                                                             3/3               

                                                                1/2            

     C.sub.8 H.sub.17                                                          

                Cl       1/1 1/1 1/1 1/1 1/1                                   

                                            8/9 5/6                            

                                                   8/9 9/9                     

                                                          8/8                  

                                                             3/4               

                                                                1/2            

     C.sub.13 H.sub.27                                                         

                Cl       1/1 1/1 1/1 1/1 1/1                                   

                                            8/8 6/7                            

                                                   8/9 9/9                     

                                                          5/6                  

                                                             6/7               

                                                                1/2            

     C.sub.17 H.sub.35                                                         

                Cl       1/1 1/1 1/1 1/1 1/1                                   

                                            6/7 3/3                            

                                                   6/6 9/9                     

                                                          3/6                  

                                                             3/3               

                                                                1/2            

     O.C.sub.2 H.sub.5                                                         

                Cl 0.6                                                         

                      1.2                                                      

                         1/1 1/1 1/2 1/1 1/1                                   

                                            6/8 3/4                            

                                                   6/6 9/9                     

                                                          3/6                  

                                                             5/5               

                                                                1/2            

     O.CH.(CH.sub.3).sub.2                                                     

                Cl       1/1 1/1 1/2 1/1 1/1                                   

                                            7/9 4/6                            

                                                   7/8 9/9                     

                                                          3/6                  

                                                             5/5               

                                                                1/2            

     O.C.sub.4 H.sub.9                                                         

                Cl       1/1 1/1 1/2 1/1 1/1                                   

                                            7/9 4/6                            

                                                   7/8 9/9                     

                                                          3/6                  

                                                             4/5               

                                                                1/2            

     O.CH.sub.2 CH(CH.sub.3).sub.2                                             

                Cl       1/1 1/1 1/1 1/1 1/1                                   

                                            6/6 3/3                            

                                                   6/6 9/9                     

                                                          3/6                  

                                                             2/2               

                                                                1/2            

     O.C.sub.5 H.sub.11                                                        

                Cl       1/1 1/1 1/2 1/1 1/1                                   

                                            7/9 6/8                            

                                                   8/8 9/9                     

                                                          3/8                  

                                                             5/5               

                                                                1/2            

     O.C.sub.6 H.sub.13                                                        

                Cl       1/1 1/1 1/1 1/1 1/1                                   

                                            6/6 3/3                            

                                                   6/6 9/9                     

                                                          3/3                  

                                                             3/4               

                                                                1/2            

     O.C.sub.7 H.sub.15                                                        

                Cl       1/1 1/1 1/2 1/1 1/1                                   

                                            9/9 6/8                            

                                                   7/8 9/9                     

                                                          3/3                  

                                                             5/5               

                                                                1/2            

     O.C.sub.8 H.sub.17                                                        

                Cl       1/1 1/1 1/2 1/1 1/1                                   

                                            8/8 6/6                            

                                                   7/8 9/9                     

                                                          3/6                  

                                                             3/4               

                                                                1/2            

     O.CH.sub.2 CH(C.sub.2 H.sub.5)C.sub.4 H.sub.9                             

                Cl       1/1 1/1 1/1 1/1 1/1                                   

                                            7/8 6/8                            

                                                   5/5 9/9                     

                                                          3/6                  

                                                             2/4               

                                                                1/2            

     O.C.sub.10 H.sub.21                                                       

                Cl       1/1 1/1 1/1 1/1 1/1                                   

                                            9/9 8/9                            

                                                   6/8 9/9                     

                                                          8/8                  

                                                             3/4               

                                                                1/2            

     C(CH.sub.3).sub.3                                                         

                Cl       1/1 1/1 1/2 1/1 1/1                                   

                                            8/8 6/8                            

                                                   8/8 9/9                     

                                                          6/6                  

                                                             3/3               

                                                                1/2            

     O.CH.sub.2 CH.sub.2 CH(CH.sub.3).sub.2                                    

                Cl       1/1 1/1 1/1 1/1 1/1                                   

                                            8/8 6/8                            

                                                   8/8 9/9                     

                                                          6/6                  

                                                             4/6               

                                                                1/2            

     C.sub.3 H.sub.7                                                           

                Br       1/1 1/1 1/2 1/1 1/1                                   

                                            7/8 6/8                            

                                                   8/8 8/9                     

                                                          5/6                  

                                                             4/5               

                                                                2/2            

     C.sub.7 H.sub.15                                                          

                Br       1/1 1/1 1/2 1/1 1/1                                   

                                            8/8 7/8                            

                                                   8/8 7/8                     

                                                          4/5                  

                                                             5/5               

                                                                1/2            

     O.C.sub.5 H.sub.11                                                        

                Br       1/1 1/1 1/2 1/1 1/1                                   

                                            8/9 7/8                            

                                                   8/8 8/9                     

                                                          5/6                  

                                                             4/4               

                                                                1/2            

     __________________________________________________________________________

PAR  As can be seen from Example 8, the use of the compounds according to the
      invention leads to 100% success in combating a series of weeds even when
      using amounts of only between 380 and 1,160 g of the active compound per
      hectare.
PAR  Example 9 shows that in the case of a number of crop plants there is good
      to very good toleration of the compounds listed. The group of the grasses,
      in particular, proved to be largely tolerant so that the compounds can be
      used for combating weeds, for example in cereal cultures.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A phenylpyridazine having the formula
      ##SPC3##
PAL  in which Hal is an atom selected from the group consisting of chlorine and
      bromine and R is selected from the group consisting of straight-chain or
      branched alkyl having 2 to 20 carbon atoms, when Hal is chlorine, and,
      when Hal is bromine, having 1 to 20 carbon atoms, and consisting of the
      group OR', wherein R' is selected from the group consisting of
      straight-chain or branched alkyl having 1 to 18 carbon atoms.
NUM  2.
PAR  2. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-propionic acid ester.
NUM  3.
PAR  3. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-n-butyric acid ester.
NUM  4.
PAR  4. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-iso-butyric acid ester.
NUM  5.
PAR  5. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-n-valeric acid ester.
NUM  6.
PAR  6. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-iso-valeric acid ester.
NUM  7.
PAR  7. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-2'-ethylhexanoic acid ester.
NUM  8.
PAR  8. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-caprylic acid ester.
NUM  9.
PAR  9. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-stearic acid ester.
NUM  10.
PAR  10. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-pivalic acid ester.
NUM  11.
PAR  11. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-caproic acid ester.
NUM  12.
PAR  12. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-oenanthic acid ester.
NUM  13.
PAR  13. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-pelargonic acid ester.
NUM  14.
PAR  14. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-myristic acid ester.
NUM  15.
PAR  15. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-n-pentyl-carbonate.
NUM  16.
PAR  16. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-ethyl carbonate.
NUM  17.
PAR  17. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-isopropyl carbonate.
NUM  18.
PAR  18. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-isobutyl carbonate.
NUM  19.
PAR  19. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-n-hexyl carbonate.
NUM  20.
PAR  20. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-2-ethylhexyl carbonate.
NUM  21.
PAR  21. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-n-propyl carbonate.
NUM  22.
PAR  22. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-n-butyl carbonate.
NUM  23.
PAR  23. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-isoamyl carbonate.
NUM  24.
PAR  24. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-n-heptyl carbonate.
NUM  25.
PAR  25. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-n-octyl carbonate.
NUM  26.
PAR  26. The phenylpyridazine according to claim 1
      3-Phenyl-6-chloro-pyridazinyl-(4)-n-decyl carbonate.
NUM  27.
PAR  27. The phenylpyridazine according to claim 1
      3-Phenyl-6-bromo-pyridazinyl-(4)-n-butyric acid ester.
NUM  28.
PAR  28. The phenylpyridazine according to claim 1
      3-Phenyl-6-bromo-pyridazinyl-(4)-n-octanoic acid ester.
NUM  29.
PAR  29. The phenylpyridazine according to claim 1
      3-Phenyl-6-bromo-pyridazinyl-(4)-n-amyl carbonate.
NUM  30.
PAR  30. The phenylpyridazine according to claim 1, having the formula
      ##SPC4##
PAL  wherein R' is alkyl having 1 to 18 carbon atoms and Hal is selected from
      the group consisting of chlorine and bromine.
PATN
WKU  039324060
SRC  5
APN  4636422
APT  1
ART  122
APD  19740423
TTL  2-Trifluoromethylimino-1,3-dithiolo [4,5-b]-quinoxalines
ISD  19760113
NCL  7
ECL  1
EXA  Berch; Mark L.
EXP  Rush; Raymond V.
INVT
NAM  Buttner; Gerhard
CTY  Cologne
CNT  DT
INVT
NAM  Sasse; Klaus
CTY  Schildgen
CNT  DT
INVT
NAM  Hammann; Ingeborg
CTY  Cologne
CNT  DT
INVT
NAM  Kaspers; Helmut
CTY  Leverkusen
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CTY  Leverkusen
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730504
APN  2322434
CLAS
OCL  260250Q
XCL  424250
EDF  2
ICL  C07D49504
FSC  260
FSS  250 Q;250 R
UREF
PNO  3029238
ISD  19620400
NAM  Sasse et al.
OCL  260250Q
UREF
PNO  3091613
ISD  19630500
NAM  Sasse et al.
OCL  260250Q
UREF
PNO  3141886
ISD  19640700
NAM  Sasse et al.
OCL  260250Q
UREF
PNO  3223706
ISD  19651200
NAM  Sasse et al.
OCL  260250Q
OREF
PAL  Sasse et al., Chemical Abstract 57: 12507f to 12509e at 12509c.
LREP
FRM  Burgess, Dinklage & Sprung
ABST
PAL  2-Trifluoromethylimino-1,3-dithiolo[4,5-b]-quinoxalines of the formula
      ##SPC1##
PAL  In which
PAL  X is lower alkyl, lower alkoxy, trihalogeno-methyl, trihalogenomethoxy,
      halogen or nitro, and
PAL  n is an integer from 0 to 4,
PAL  Which possess insecticidal, acaricidal, fungicidal and nematocidal
      properties.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      particular new 2-trifluoromethylimino-1,3-dithiolo[4,5-b]-quinoxalines
      substituted with alkyl, alkoxy, trifluoromethyl, trifluoromethoxy, nitro
      or halogen, which possess insecticidal, acaricidal, fungicidal or
      nematocidal properties, active compositions in the form of mixtures of
      such compounds with solid and liquid dispersible carrier vehicles and
      methods for producing such compounds and for using such compounds in a new
      way especially for combating pests, e.g. insects, acarids, fungi and
      nematodes, with other and further objects becoming apparent from a study
      of the within specification and accompanying examples.
PAR  It has been disclosed in German Published Specifications DAS 1,088,965 and
      1,100,372 that acylation products of 2,3-dimercaptoquinoxaline or its
      nuclear-substituted derivatives can be employed for combating
      phytopathogenic fungi and various insects, especially spider mites.
      However, notwithstanding their good fungicidal and acaricidal properties,
      these compounds display only a slight insecticidal activity. Furthermore,
      their possible use is restricted because their plant tolerance is not
      always adequate.
PAR  The present invention provides, as new compounds, the
      2-trifluoromethylimino-1,3-dithiolo[4,5-b]-quinoxalines of the formula
      ##SPC2##
PAL  In which
PAR  X is lower alkyl, lower alkoxy, trihalogenomethyl, trihalogenomethoxy,
      halogen or nitro, and
PAR  N IS AN INTEGER FROM 0 TO 4.
PAR  Preferably n is 0, 1 or 2; and X is fluorine, chlorine, nitro, or alkyl or
      alkoxy of up to 4 carbon atoms, e.g. methyl or methoxy.
PAR  Surprisingly, the 2-trifluoromethylimino-1,3-dithiolo-[4,5-b]-quinoxalines
      according to the invention, while exhibiting fungicidal activity as good
      as 2-phenylimino-1,3-dithiolo-[4,5-b]-quinoxaline (Compound A), which is
      chemically the nearest known compound of analogous type of activity,
      display a better insecticidal and acaricidal action and better tolerance
      by plants. The compounds according to the invention thus represent an
      enrichment of the art.
PAR  The present invention also provides a process for the preparation of a
      compound of the formula (I) in which an optionally nuclear-substituted
      2,3-dimercaptoquinoxaline of the general formula
      ##SPC3##
PAL  In which
PAR  X and n have the above-mentioned meanings, or a salt thereof, is reacted,
      in the presence of a hydrogen-fluoride acceptor, with perfluoroazapropene,
      of the formula
EQU  F.sub.2 C=NCF.sub.3                                        (III)
PAL  in the presence of an inert solvent or diluent.
PAR  If 6-methyl-2,3-dimercapto-quinoxaline and perfluoroazapropene are used as
      starting materials and sodium fluoride as the acid-binding agent, the
      course of the reaction can be represented by the following equation:
      ##SPC4##
PAR  The compounds of the general formula (II) are known and can be prepared
      according to German Published Specifications DAS 1,088,965 and 1,100,372.
PAR  The following may be mentioned as examples of the starting compounds (II):
      2,3-dimercaptoquinoxaline, 5-methyl-2,3-dimercaptoquinoxaline,
      6-methyl-2,3-dimercaptoquinoxaline,
      5,7-dimethyl-2,3-dimercaptoquinoxaline, 6-trifluoromethyl-2,3-dimercaptoqu
     inoxaline, 6-methoxy-2,3-dimercaptoquinoxaline,
      5-chloro-2,3-dimercaptoquinoxaline, 6-chloro-2,3-dimercaptoquinoxaline,
      6,7-dichloro-2,3-dimercaptoquinoxaline,
      5,7-dichloro-2,3-dimercaptoquinoxaline and
      6-nitro-2,3-dimercaptoquinoxaline.
PAR  The perfluoroazapropene of the formula (III) to be used as a starting
      compound is also known (see Chem. Rev. 65, 387 (1965); and J. chem. Eng.
      Data 10, 398 (1965)).
PAR  Possible diluents are all inert organic solvents, such as hydrocarbons, for
      example toluene; halogenated hydrocarbons, for example methylene chloride,
      carbon tetrachloride, tetrachloroethylene or chlorobenzene; or ethers, for
      example diethyl ether, dioxane or tetrahydrofuran; but preferred are
      dipolar aprotic solvents, such as acetone, acetonitrile,
      dimethylformamide, dimethylacetamide, sulfolane or dimethylsulfoxide.
PAR  Acid-binding agents such as alkali metal carbonates, alkali metal
      fluorides, preferably sodium fluoride, and tertiary aliphatic or aromatic
      amines, such as trialkylamines, (especially triethylamine), pyridine or
      dimethylbenzylamine, can be used as acceptors for the hydrogen fluoride
      liberated in the reaction.
PAR  The reaction temperatures are in general between -20.degree.C and
      +100.degree.C, preferably between 0.degree. and 80.degree.C.
PAR  The process according to the invention can be carried out by dissolving 1
      mole of starting material of the general formula (II) in dry
      dimethylformamide, acetone, acetonitrile or toluene, adding 2 moles of dry
      sodium fluoride or triethylamine and passing 1 to 1.5 moles, preferably
      1.1 moles, of perfluoroazapropene, from a steel cylinder, slowly into this
      suspension, in the temperature range indicated, while stirring. After
      completion of the reaction the mixture is stirred for a little while
      longer and is worked up as appropriate to the solvent used. In the case of
      aprotic solvents the mixture is filtered and the solvent is concentrated
      in vacuo.
PAR  In the case of dipolar aprotic solvents the reaction mixture is poured into
      ice-water while stirring. The precipitate formed is filtered off, dried
      and, if necessary, purified by recrystallization.
PAR  The compounds according to the invention possess marked activity against
      acarids, as well as against phytopathogenic fungi, in addition to a good
      insecticidal activity, for example against sucking and biting insects. In
      addition, they are both fungicidally active (for example, against powdery
      mildew fungi) and microbistatically active. Some of the compounds of the
      present invention are also nematocidally active.
PAR  To the sucking insects there belong, in the main, aphids (Aphididae) such
      as the green peach aphid (Myzus persicae), the bean aphid (Doralis fabae),
      the bird cherry aphid (Rhopalosiphum padi), the pea aphid (Macrosiphum
      pisi) and the potato aphid (Macrosiphum solanifolii), the currant gall
      aphid (Cryptomyzus korschelti), the rosy apple aphid (Sappaphis mali), the
      mealy plum aphid (Hyalopterus arundinis) and the cherry black-fly (Myzus
      cerasi); in addition, scales and mealybugs (Coccina), for example the
      oleander scale (Aspidiotus hederae) and the soft scale (Lecanium
      hesperidum) as well as the grape mealybug (Pseudococcus maritimus); thrips
      (Thysanoptera), such as Hercinothrips femoralis, and bugs, for example the
      beet bug, (Piesma quadrata), the red cotton bug (Dysdercus intermedius),
      the bed bug (Cimex lectularius), the assassin bug (Rhodnius prolixus) and
      Chagas' bug (Triatoma infestans) and, further, cicadas, such as Euscelis
      bilobatus and Nephotettix bipunctatus.
PAR  In the case of the biting insects, above all there should be mentioned
      butterfly caterpillars (Lepidoptera) such as the diamind-back moth
      (Plutella maculipennis), the gypsy moth (Lymantria dispar), the brown-tail
      moth (Euproctis chrysorrhoea) and tent caterpillar (Malacosoma neustria);
      further, the cabbage moth (Mamestra brassicae) and the cutworm (Agrotis
      segetum), the large white butterfly (Pieris brassicae), the small winter
      moth (Cheimatobia brumata), the green oak tortrix moth (Tortrix viridana),
      the fall armyworm (Laphygma frugiperda) and cotton worm (Prodenia litura),
      the ermine moth (Hyponomeuta padella), the Mediterranean flour moth
      (Ephestia Kuhniella) and greater wax moth (Galleria mellonella).
PAR  Also to be classed with the biting insects are beetles (Coleoptera), for
      example the granary weevil (Sitophilus granarius = Calandra granaria), the
      Colorado beetle (Leptinotarsa decemlineata), the dock beetle (Gastrophysa
      viridula), the mustard beetle (Phaedon cochleariae), the blossom beetle
      (Meligethes aeneus), the raspberry beetle (Byturus tomentosus), the bean
      weevil (Bruchidius = Acanthoscelides obtectus), the leather beetle
      (Dermestes frischi), the khapra beetle (Trogoderma granarium), the flour
      beetle (Tribolium castaneum), the northern corn billbug (Calandra or
      Sitophilus zeamais), the drugstore beetle (Stegobium paniceum), the yellow
      mealworm (Tenebrio molitor) and the saw-toothed grain beetle (Oryzaephilus
      surinamensis), and also species living in the soil, for example wireworms
      (Agriotes spec.) and larvae of the cockchafer (Melolontha melolontha);
      cockroaches, such as the German cockroach (Blattella germanica), American
      cockroach (Periplaneta americana), Madeira cockroach (Leucophaea or
      Rhyparobia maderae), oriental cockroach (Blatta orientalis), the giant
      cockroach (Blaberus giganteus) and the black giant cockroach (Blaberus
      fuscus) as well as Henschoutedenia flexivitta; further, Orthoptera, for
      example the house cricket (Gryllus domesticus); termites such as the
      eastern subterranean termite (Reticulitermes flavipes) and Hymenoptera
      such as ants, for example the garden ant (Lasius niger).
PAR  The Diptera comprise essentially the flies, such as the vinegar fly
      (Drosophila melanogaster), the Mediterranean fruit fly (Ceratitis
      capitata), the house fly (Musca domestica), the little house fly (Fannia
      canicularis), the black blow fly (Phormia regina) and bluebottle fly
      (Calliphora erythrocephala) as well as the stable fly (Stomoxys
      calcitrans); further, gnats, for example mosquitoes such as the yellow
      fever mosquito (Aedes aegypti), the northern house mosquito (Culex
      pipiens) and the malaria mosquito (Anopheles stephensi).
PAR  With the mites (Acarina) there are classed in particular, the spider mites
      (Tetranychidae) such as the two-spotted spider mite (Tetranychus urticae)
      and the European red mite (Paratetranychus pilosus = Panonychus ulmi),
      gall mites, for example the blackcurrant gall mite (Eriophyes ribis) and
      tarsonemids, for example the broad mite (Hemitarsonemus latus) and the
      cyclamen mite (Tarsonemus pallidus); finally, ticks, such as the relapsing
      fever tick (Ornithodorus moubata).
PAR  When applied against pests harmful to health and pests of stored products,
      particularly flies and mosquitoes, the present compounds are also
      distinguished by an outstanding residual activity on wood and clay, as
      well as a good stability to alkali on limed substrates.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert) pesticide
      diluents or extenders, i.e. diluents, carriers or extenders of the type
      usable in conventional pesticide formulations or compositions, e.g.
      conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carriers vehicle
      assistants, e.g. conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g. benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g. chlorobenzenes, etc.), cycloalkanes (e.g. cyclohexane,
      etc.), paraffins (e.g. petroleum or mineral oil fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, chloroethylenes, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, glycol, etc.) as well
      as ethers and esters thereof (e.g. glycol monomethyl ether, etc.), amines
      (e.g. ethanolamine, etc.), amides (e.g. dimethyl formamide, etc.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), acetonitrile, ketones (e.g.
      acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone,
      etc.), and/or water; as well as inert dispersible finely divided solid
      carriers, such as ground natural minerals (e.g. kaolins, clays, alumina,
      silica, chalk, i.e. calcium carbonate, talc, attapulgite, montmorillonite,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates, e.g. alkali silicates, etc.); whereas the
      following may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryl sulfonates,
      albumin hydrolyzates, etc., and especially alkyl arylpolyglycol ethers,
      magnesium stearate, sodium oleate, etc.); and/or dispersing agents, such
      as lignin, sulfite waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other insecticides, acaricides,
      fungicides and nematocides, or bactericides, rodenticides, herbicides,
      fertilizers, growth-regulating agents, etc., if desired, or in the form of
      particular dosage preparations for specific application made therefrom,
      such as solutions, emulsions, suspensions, powders, pastes, and granules
      which are thus ready for use.
PAR  As concerns commerically marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95% by weight, and preferably
      0.5-90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application of field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001-10%, preferably 0.01-1%, by weight of the mixture.
      Thus, the present invention contemplates over-all compositions which
      comprises mixtures of a conventional dispersible carrier vehicle such as
      (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g. a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.001-95%, and preferably 0.01-95%, by weight of the
      mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e. mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      15 to 1000 g/hectare, preferably 40 to 600 g/hectare, are sufficient. In
      this process it is possible to use highly concentrated liquid compositions
      with said liquid carrier vehicles containing from about 20 to about 95% by
      weight of the active compound or even the 100% active substance alone,
      e.g. about 20-100% by weight of the active compound.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. insects, acarids, fungi and
      nematodes, and more particularly methods of combating at least one of
      insects, acarids and fungi, which comprises applying to at least one of
      correspondingly (a) such insects, (b) such acarids, (c) such fungi, (d)
      such nematodes and (e) the corresponding habitat thereof, i.e. the locus
      to be protected, a correspondingly combative or toxic amount, i.e. an
      insecticidally, acaricidally, fungicidally or nematocidally effective
      amount, of the particular active compound of the invention alone or
      together with a carrier vehicle as noted above. The instant formulations
      or compositions are applied in the usual manner, for instance by spraying,
      atomizing, vaporizing, scattering, dusting, watering, squirting,
      sprinkling, pouring, fumigating, dressing, encrusting, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
PAR  The synthesis, unexpectedly superiority and outstanding activity of the
      particular new compounds of the present invention are illustrated, without
      limitation, by the following examples:
DETD
PAC  EXAMPLE 1
PAC  Tetranychus Test (resistant)
PAR  Solvent: 3 parts by weight of dimethylformamide
PAR  Emulsifier: 1 part by weight of alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      the active compound was mixed with the stated amount of solvent and the
      stated amount of emulsifier, and the concentrate was diluted with water to
      the desired concentration.
PAR  Bean plants (Phaseolus vulgaris), which had a height of approximately 10-30
      cm, were sprayed with the preparation of the active compound until
      dripping wet. These bean plants were heavily infested with the two-spotted
      spider mite (Tetranychus urticae) in all stages of development.
PAR  After the specified periods of time, the effectiveness of the preparation
      of active compound was determined by counting the dead mites. The degree
      of destruction thus obtained is expressed as a percentage: 100% means that
      all the spider mites were killed, whereas 0% means that none of the spider
      mites were killed.
PAR  The active compounds, the concentrations, by weight, of the active
      compounds, the evaluation times and the results can be seen from the
      following table:
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     (Mites which damage plants)                                               

     Tetranychus test (resistant)                                              

     Active compounds         Active compound                                  

                                       Degree of destruction in                

                              concentration in %                               

                                       % after 8 days                          

     __________________________________________________________________________

                              0.1      40                                      

     (known)               (A)                                                 

                              0.01     0                                       

                           (2)                                                 

                              0.1      100                                     

                              0.01     100                                     

                              0.001    40                                      

                           (4)                                                 

                              0.1      100                                     

                              0.01     100                                     

                              0.001    40                                      

                           (3)                                                 

                              0.1      100                                     

                              0.01     100                                     

                              0.001    70                                      

                           (5)                                                 

                              0.1      98                                      

                              0.01     20                                      

                           (10)                                                

                              0.1      100                                     

                              0.01     90                                      

                           (8)                                                 

                              0.1      98                                      

                              0.01     30                                      

                           (1)                                                 

                              0.1      100                                     

                              0.01     98                                      

                           (7)                                                 

                              0.1      100                                     

                              0.01     90                                      

                              0.001    40                                      

                           (6)                                                 

                              0.1      100                                     

                              0.01     40                                      

                              0.1      100                                     

                              0.01     90                                      

                           (9)                                                 

                              0.1      100                                     

                              0.01     100                                     

                              0.001    40                                      

                           (11)                                                

                              0.1      100                                     

                              0.01     90                                      

                              0.001    40                                      

     __________________________________________________________________________

PAC  EXAMPLE 2
PAC  Plutella Test
PAR  Solvent: 3 parts by weight of dimethylformamide
PAR  Emulsifier: 1 part by weight of alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      the active compound was mixed with the stated amount of solvent and the
      stated amount of emulsifier, and the concentrate was diluted with water,
      to the desired concentration.
PAR  Cabbage leaves (Brassica oleracea) were sprayed with the preparation of the
      active compound until dew moist and were then infested with caterpillars
      of the diamond-back moth (Plutella maculipennis).
PAR  After the specified periods of time, the degree of destruction was
      determined as a percentage: 100% means that all the caterpillars were
      killed whereas 0% means that none of the caterpillars were killed.
PAR  The active compounds, the concentrations, by weight, of the active
      compounds, the evaluation times and the results can be seen from the
      following table:
TBL                                    Table 2                                 

     __________________________________________________________________________

     (Insects which damage plants)                                             

     Plutella test                                                             

     Active compounds         Active compound                                  

                                       Degree of destruction in                

                              concentration in %                               

                                       % after 3 days                          

     __________________________________________________________________________

                              0.1      20                                      

     (known)               (A)                                                 

                           (2)                                                 

                              0.1      100                                     

                              0.01     100                                     

                           (4)                                                 

                              0.1      100                                     

                              0.01     50                                      

                           (3)                                                 

                              0.1      100                                     

                              0.01     100                                     

                           (1)                                                 

                              0.1      100                                     

                              0.01     100                                     

                           (7)                                                 

                              0.1      100                                     

                              0.01     50                                      

                           (6)                                                 

                              0.1      100                                     

                              0.01     100                                     

                           (9)                                                 

                              0.1      100                                     

                              0.01     100                                     

     __________________________________________________________________________

PAC  EXAMPLE 3
PAC  Mycelium Growth Test
PAR  Nutrient medium used:
PA1  20 parts by weight of agar-agar
PA1  200 parts by weight of potato decoction
PA1  5 parts by weight of malt
PA1  15 parts by weight of dextrose
PA1  5 parts by weight of peptone
PA1  2 parts by weight of Na.sub.2 HPO.sub.4
PA1  0.3 part by weight of Ca(NO.sub.3).sub.2
PAR  Proportion of solvent to nutrient medium:
PA1  2 parts by weight of solvent mixture
PA1  100 parts by weight of agar nutrient medium
PAR  Composition of the solvent mixture:
PA1  0.19 part by weight of DMF or acetone
PA1  0.01 part by weight of emulsifier Emulvin W
PA1  1.80 parts by weight of water
PA1  2 parts by weight of solvent mixture
PAR  The amount of active compound required for the desired concentration of
      active compound in the nutrient medium was mixed with the stated amount of
      solvent mixture. The concentrate was thoroughly mixed, in the stated
      proportion, with the liquid nutrient medium which had been cooled to
      42.degree.C. and was poured into Petri dishes of 9 cm diameter. Control
      plates to which the preparation had not been added were also set up.
PAR  When the nutrient medium had cooled and solidified, the plates were
      inoculated with the species of fungi stated in the table and incubated at
      about 21.degree.C.
PAR  Evaluation was carried out after 4-10 days, dependent on the speed of
      growth of the fungi. When evaluation was carried out the radial growth of
      the mycelium on the treated nutrient media was compared with the growth on
      the control nutrient media. In the evaluation of the fungus growth, the
      following characteristic values were used:
PA1  1 no fungus growth
PA1  up to 3 very strong inhibition of growth
PA1  up to 5 medium inhibition of growth
PA1  up to 7 slight inhibition of growth
PA1  9 growth equal to that of untreated control.
PAR  The active compounds, their concentrations and the results can be seen from
      the following table:
TBL                                    Table 3                                 

     __________________________________________________________________________

     Mycelium growth test Active compound                                      

                                    Test organisms                             

                          concentration, ppm                                   

     Active compounds                                                          

                                    1 2 3 4 5 6 7   8 9 10                     

                                                          11                   

                                                            12                 

                                                              13               

                                                                14             

                                                                  15           

     __________________________________________________________________________

                          10        3 5 3 1 1 1 3   3 1 3 1 1 3 1 1            

                      (6)                                                      

                          10        5 --                                       

                                        --                                     

                                          --                                   

                                            1 3 5   5 1 --                     

                                                          1 1 1 1 1            

                      (9)                                                      

                          10        --                                         

                                      --                                       

                                        1 --                                   

                                            2 3 --  --                         

                                                      1 --                     

                                                          3 5 1 1 1            

                      (10)                                                     

                          10        --                                         

                                      --                                       

                                        1 1 1 1 3   5 1 --                     

                                                          1 3 1 1 1            

                      (1)                                                      

     __________________________________________________________________________

      1 Fusarium culmorum                                                      

      2 Sclerotinia sclerotiorum                                               

      3 Fusarium nivale                                                        

      4 Colletotrichum coffeanum                                               

      5 Rhizoctonia solani                                                     

      6 Pythium ultimum                                                        

      7 Cochliobolus miyabeanus                                                

      8 Verticillium alboatrum                                                 

      9  Piricularia oryzae                                                    

      10 Phialophora cinerescens                                               

      11 Helminthosporium gramineum                                            

      12 Mycosphaerella musicola                                               

      13 Phytophthora cactorum                                                 

      14 Venturia inaequalis                                                   

      15 Pellicularia sasakii                                                  

PAC  EXAMPLE 4
PAC  Erysiphe Test
PAR  Solvent: 4.7 parts by weight of acetone
PAR  Emulsifier: 0.3 part by weight of alkylaryl polyglycol ether
PAR  Water: 95 parts by weight
PAR  The amount of the active compound required for the desired concentration of
      active compound in the spray liquid was mixed with the stated amount of
      the solvent, and the concentrate was diluted with the stated amount of
      water containing the stated additions.
PAR  Young cucumber plants with about three foliage leaves were sprayed with the
      spray liquid until dripping wet. The cucumber plants remained in a
      greenhouse for 24 hours to dry. They were then, for the purpose of
      inoculation, dusted with conidia of the fungus Erysiphe cichoreacearum.
      The plants were subsequently placed in a greenhouse at
      23.degree.-24.degree.C and at a relative atmospheric humidity of about
      75%.
PAR  After 12 days, the infection of the cucumber plants was determined as a
      percentage of the untreated but also inoculated control plants. 0% means
      no infection; 100% means that the infection was exactly as great as in the
      case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results can be seen from the following table:
TBL                                    Table 4                                 

     __________________________________________________________________________

     Erysiphe test                                                             

     Active compound            Infection in % of the infection of the         

                                untreated                                      

                                control at an active compound concentration of 

                                0.025% by weight                               

     __________________________________________________________________________

     (known)                 (A)                                               

                                100                                            

                             (4)                                               

                                19                                             

                             (7)                                               

                                 9                                             

     __________________________________________________________________________

PAC  EXAMPLE 5
PAC  Podosphaera Test (powdery mildew of apples) [Protective]
PAR  Solvent: 4.7 parts by weight of acetone
PAR  Emulsifier: 0.3 part by weight of alkylaryl polyglycol ether
PAR  Water: 95 parts by weight
PAR  The amount of active compound required for the desired concentration of the
      active compound in the spray liquid was mixed with the stated amount of
      solvent, and the concentrate was diluted with the stated amount of water
      which contained the stated additions.
PAR  Young apple seedlings in the 4-6 leaf stage were sprayed with the spray
      liquid until dripping wet. The plants remained in a greenhouse for 24
      hours at 20.degree.C and at a relative atmospheric humidity of 70%. They
      were then inoculated by dusting with conidia of the apple powdery mildew
      causative organism (Podosphaera leucotricha Salm.) and placed in a
      greenhouse at a temperature of 21.degree.-23.degree.C and at a relative
      atmospheric humidity of about 70%.
PAR  Ten days after the inoculation, the infection of the seedlings was
      determined as a percentage of the untreated but also inoculated control
      plants.
PAR  0% means no infection; 100% means that the infection was exactly as great
      as in the case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results can be seen from the following table:
TBL                                    Table 5                                 

     __________________________________________________________________________

     Podosphaera test / protective                                             

     Active compound            Infection in % of the infection of the         

                                untreated                                      

                                control at an active compound concentration of 

                                0.005 % by weight                              

     __________________________________________________________________________

     (known)                 (5)                                               

                                100                                            

                             (7)                                               

                                26                                             

                             (6)                                               

                                32                                             

     __________________________________________________________________________

PAR  The process of the present invention is illustrated in the following
      preparative Examples.
PAC  EXAMPLE 6
      ##SPC5##
PAR  273 g (1.2 moles) of 2,3-dimercapto-6-chloro-quinoxaline were dissolved in
      600 ml. of dry dimethylformamide. 245 g (2.4 moles) of triethylamine were
      added dropwise at 10.degree.-15.degree.C and 175 g (1.3 moles) of
      perfluoroazapropene were introduced into this suspension at
      10.degree.-25.degree.C. After completion of the reaction, the mixture was
      further stirred for 45 minutes at room temperature and the reaction
      mixture was poured into approximately 4 kg of ice-water, while stirring.
      The precipitate which separated out was filtered off and dried. Extraction
      with 1 liter of carbon tetrachloride or methylene chloride and removal of
      the solvent gave 294 g (75%) of a yellow odorless powder of melting point
      115.degree.-120.degree.C.
PAC  EXAMPLE 7
      ##SPC6##
PAR  38.8 g (0.2 mole) of 2,3-dimercaptoquinoxaline were dissolved in 200 ml of
      dimethylformamide and 17 g (0.4 mole) of dry sodium fluoride were added.
      30 g of perfluoroazapropene were introduced into this suspension at room
      temperature, at a moderate speed, so that as little gas as possible
      escaped. The reaction mixture was stirred further for approximately 30
      minutes at room temperature and was then poured onto 500 g of ice. The
      precipitate which separated out was filtered off, dried, and extracted
      once with 200 ml of hot carbon tetrachloride or twice with 150 ml of hot
      cyclohexane at a time. After removing the solvent, 30 g (52%) of yellow
      crystals of melting point 157.degree.-160.degree.C were left.
PAC  EXAMPLE 8
      ##SPC7##
PAR  20.8 g (0.1 mole) of 6-methyl-2,3-dimercaptoquinoxaline were partially
      dissolved in 100 ml of dry dioxane, 9 g (0.2 mole) of dry sodium fluoride
      were added and 15 g (0.11 mole) of perfluoroazapropene were introduced
      slowly at 90.degree.C, with good stirring, in such a way that no gas was
      evolved. After completion of the introduction, the reaction mixture was
      allowed to cool and was poured onto 300 g of ice and worked up in the
      manner indicated in Example 7. 13.5 g (45%) of yellow crystals of melting
      point 118.degree.-120.degree.C were obtained.
PAR  The compounds listed below can be prepared by methods analogous to those
      described in Examples 6 to 8:
TBL  Compound                                                                  

           Formula            Melting point (.degree.C)                        

                                       Appearance                              

     No.                                                                       

     __________________________________________________________________________

     4                        100 - 104                                        

                                       yellow crystals                         

     5                        218 - 222                                        

                                       yellow crystals                         

     6                        183 - 85 yellow crystals                         

     7                        130 - 132                                        

                                       yellow crystals                         

     8                        140 - 46 yellow crystals                         

     9                        68 - 70  yellow crystals                         

     10                       139 - 141                                        

                                       yellow crystals                         

     11                       105 - 107                                        

                                       yellow crystals -                       

     __________________________________________________________________________

PAR  Other compounds which can be similarly prepared include:
      ##SPC8##
PAL  and the like.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A 2-trifluoromethylimino-1,3-dithiolo -quinoxaline of the formula
      ##SPC9##
PAL  in which
PA1  each X is selected independently from the group of lower alkyl of up to 4
      carbon atoms, lower alkoxy, trihalogenomethyl, trihalogenomethoxy, halogen
      and nitro, and
PA1  n is 0, 1 or 2.
NUM  2.
PAR  2. A compound according to claim 1, in which n is 0, 1 or 2; and each X is
      selected independently from the group of methyl, methoxy, trifluoromethyl,
      trifluoromethoxy, fluorine, chlorine and nitro.
NUM  3.
PAR  3. The compound according to claim 1 of the formula
      ##SPC10##
NUM  4.
PAR  4. The compound according to claim 1 of the formula
      ##SPC11##
NUM  5.
PAR  5. The compound according to claim 1 of the formula
      ##SPC12##
NUM  6.
PAR  6. The compound according to claim 1 of the formula
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PAL  Optionally substituted 1,2,3,5-tetrahydroimidazo[2,1-b]-quinazolin-2-ones
      and 6-[H]-1,2,3,4-tetrahydropyrimido[2,1-b]-quinazolin-2-ones or the
      pharmaceutically acceptable salts thereof are compounds useful as blood
      platelet anti-aggregative and/or antihypertensive and/or bronchodilator
      agents in mammals, including humans.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The compounds of the present invention are useful in the control of mild to
      severe hypertension, as anti-clotting agents and bronchodilators.
PAR  2. Description of the Prior Art
PAR  The compounds of the present invention are new and novel. The literature
      discloses the following prior art:
PAR  A. The compounds characterized as 1- and
      9-alkyl-2,3-dihydroimidazo-[1,2-a]-benzimidazoles [R. J. North and A. R.
      Day, J. Hetero. Chem., 655  (1969)]. The compounds have the following
      structure:
      ##SPC1##
PAL  In which R.sup.1 and R.sup.2 are optionally substituted with alkyl
      functions.
PAR  B. B. Loev, T. Jen and R. A. McLean, Experientia, 27, 875 (1971) disclose
      the compound having the formula
      ##SPC2##
PAL  As having potent antihypertensive activity in rats, dogs, cats and rabbits.
PAR  C. R. Grout and M. Partridge, J. Chem. Soc., 3551 (1960) report the
      synthesis of the compound
      ##SPC3##
PAL  No antihypertensive activity was reported.
PAR  D. K. Lempert and G. Doleschall, Experientia, 18, 401 (1962) and Acta
      Chimica Academiae Scientiarum Hungaricae, 45, 357-68  (1965) report the
      synthesis of the compounds
      ##SPC4##
PAR  No antihypertensive activity was reported.
PAR  E. A. Simonov et al., Khim. Farmatseut. Zh., (1969) [Annual Reports in
      Medicinal Chemistry, Chapt. 6, 53 (1969)] report the preparation of
      9-substituted imidazobenzimidazoles having the formula
      ##SPC5##
PAL  said compounds reported to have hypotensive effects in animals but no
      detailed data was presented.
PAR  F. G. E. Hardtmann, German Patent No. 2,025,248 (1970) reports
      bronchodilating the hypotensive effects for the compounds having the
      formula
      ##SPC6##
PAR  G. T. Jen et al., J. Med. Chem., 15 (7), 727-31 (1972) describe the
      compounds having the formula
      ##SPC7##
PAL  in which R is H, 6-Cl, 7-Cl, 7-MeO, 7-OH, 8-Cl, 9-Cl and 9-CH.sub.3 as
      being hypotensive agents.
PAC  SUMMARY OF THE INVENTION
PAR  The compounds having the formula
      ##SPC8##
PAL  in which R.sup.1 is H, phenyl or (lower)alkyl, R.sup.2 and R.sup.3 when
      alike are H, chloro, bromo, fluoro, (lower)alkyl, hydroxy or
      (lower)alkoxy, R.sup.2 and R.sup.3 when different are hydrogen, chloro,
      bromo, fluoro, SO.sub.3 H, CF.sub.3, hydroxy, nitro, amino, phenyl or
      (lower)alkyl of 1 to 3 carbon atoms or (lower)alkoxy of 1 to 3 carbon
      atoms, or when taken together R.sup.2 and R.sup.3 are methylenedioxy or
      the residue of a phenyl ring, and n is an integer of 1 or 2; or a
      pharmaceutically acceptable acid addition salt thereof are hypotensive,
      blood platelet antiaggregative and/or bronchodilator agents.
PAC  DETAILED DESCRIPTION
PAR  This invention relates to new synthetic compounds of value as hypotensive
      and blood platelet antiaggregative agents. Most particularly the compounds
      of the invention are 1,2,3,5-tetrahydroimidazo-[2,1-b]-quinazolin-2-ones
      having the formula
      ##SPC9##
PAL  or 6-[H]-1,2,3,4-tetrahydropyrimido-[2,1-b]-quinazolin-2-ones having the
      formula
      ##SPC10##
PAL  in which R.sup.1 is H, phenyl or (lower)alkyl, R.sup.2 and R.sup.3 when
      alike are H, chloro, bromo, fluoro, hydroxy or (lower)alkyl of 1 to 3
      carbons or (lower)alkoxy of 1 to 3 carbon atoms, R.sup.2 and R.sup.3 when
      different are hydrogen, chloro, bromo, fluoro, CF.sub.3, SO.sub.3 H,
      (lower)-alkyl, hydroxy, nitro, amino, (lower)alkoxy or phenyl, or when
      taken together R.sup.2 and R.sup.3 are methylenedioxy or the residue of a
      phenyl ring; or a pharmaceutically acceptable acid addition salt thereof.
PAR  Hypertension is a rather common and serious disease, particularly in
      elderly people. High blood pressure, a result of hypertension, is a common
      but serious disease. Most particularly, hypertension is often the cause of
      crippling or fatal strokes in the elderly. It was therefore an object of
      the present invention to provide compounds useful in the treatment of mild
      to severe hypertension.
PAR  Subsequent to the preparation of some of the compounds of the present
      invention, it was found that most of the compounds also possessed unique
      properties as blood platelet anti-aggregative agents. These compounds are
      useful in the prevention of intravascular thrombosis, prevention of
      coronary thrombosis, prevention of transient ischemic episodes, prevention
      of platelet thrombosis in the use of prosthetic devises (artificial heart
      valves, etc.). A large number of the compounds of the present invention
      have also been found to possess desirable bronchodilator activity in
      mammals.
PAR  The objects of the present invention have been achieved by the provision of
      the compound having the formula
      ##SPC11##
PAL  in which R.sup.1, R.sup.2 and R.sup.3 are as defined above.
PAR  For the purpose of this disclosure, the compounds of the present invention
      are represented as having the formulas Ia and Ib. However, compounds Ia
      and Ib can exist in several possible tautomeric forms, e.g.:
      ##SPC12##
PAR  All the possible tautomers are considered an integral part of the present
      invention and all these forms are considered included when the compounds
      are represented as formula Ia or Ib.
PAR  Also considered an integral part of this invention are the optical isomers
      of those compounds having an asymetric center, e.g., (+) and
      (-)-5,6-dimethyl-1,2,3,5-tetrahydroimidazo[2,1-b]-quinazolin-2-one. The
      racemic mixture of these compounds are resolved by those methods commonly
      known in the art.
PAR  The nontoxic salts that are pharmaceutically acceptable include the
      hydrochlorides, hydrobromides, hydroiodides, (lower)alkylsulfates,
      (lower)-alkyl and aryl sulfonates, phosphates, sulfates, maleates,
      fumarates, succinates, tartrates, citrates, and other commonly used in the
      art.
PAR  The salts obtained through the variation of the acid used in some cases
      have special advantage due to increased stability, increased solubility,
      decreased solubility, ease of crystallization, lack of objectionable
      taste, etc., but these are all subsidiary to the main physiological action
      of the free base, which is independent of the character of the acid used
      in the preparation of the salt.
PAR  Most of the compounds of the present invention can be prepared as shown in
      Chart I.
      ##SPC13##
PAL  R.sup.1, r.sup.2 and R.sup.3 and n are as defined above and R.sup.4 is
      (lower)alkyl.
PAR  In other cases, particularly when R.sup.2 or R.sup.3 is a bromine or
      NO.sub.2, it may be desirable to brominate or nitrate after producing
      compound I (see examples).
PAR  Two alternative processes for the preparation of the compounds of the
      instant invention are found in Charts II and III. In some instances, these
      are the preferred synthetic route.
      ##SPC14##
PAR  Compounds possessing a substituent at positions 5 and 6 are preferably
      prepared by the synthetic route illustrated by Chart II.
PAR  The objectives of the present invention have been achieved by the provision
      according to the present invention, of the process for the synthesis of
      compounds having the formula
      ##SPC15##
PAL  in which R.sup.1 is H, phenyl or (lower)alkyl, R.sup.2 and R.sup.3 when
      alike are hydrogen, chloro, bromo, fluoro, hydroxy or (lower)alkyl of 1 to
      3 carbon atoms or (lower)alkoxy of 1 to 3 carbon atoms, R.sup.2 and
      R.sup.3 when different are hydrogen, chloro, bromo, fluoro, CF.sub.3,
      SO.sub.3 H, hydroxy, nitro, amino, phenyl or (lower)alkyl or (lower)alkoxy
      or when taken together R.sup.2 and R.sup.3 are methylenedioxy or the
      residue of a phenyl ring, and n is an integer of 1 or 2; which process
      comprises the consecutive steps of
PAR  1. reducing one mole of compound III, preferably with a noble metal
      catalyst, particularly 5% palladium on carbon, in the presence of hydrogen
      under positive pressure until three moles of hydrogen are absorbed, in an
      organic solvent, preferably a (lower)alkanol such as ethanol, n-propanol,
      isopropanol and the like to produce a compound having the formula
      ##SPC16##
PAL  in which R.sup.1, R.sup.2, R.sup.3, R.sup.4 are n are as defined above; and
      2. treating one mole of compound IV with at least one mole of cyanogen
      bromide, but preferably about 1.0 to 2.0 moles, and most preferably about
      1.0 to 1.1 moles, in a reaction inert organic solvent, i.e., a
      (lower)alkanol, preferably ethanol, n-propanol, isopropanol, with or
      without the presence of some water, with the aid of heat, preferably at
      about reflux temperatures, to produce compound I.
PAR  The pharmaceutically acceptable, nontoxic salts of compound I are readily
      prepared by the addition of stoichiometric (or larger quantities) of the
      desired acid to a solution of compound I. Since compound I has only one
      strongly basic grouping, it only forms monosalts, e.g., monohydrochloride.
PAR  A preferred embodiment of the present invention is the compound having the
      formula
      ##SPC17##
PAL  in which R.sup.1 is H, phenyl or (lower)alkyl, R.sup.2 and R.sup.3 when
      alike are hydrogen, chloro, bromo, fluoro, hydroxy, (lower)alkoxy of 1 to
      3 carbon atoms or (lower)alkyl of 1 to 3 carbon atoms, R.sup.2 and R.sup.3
      when different are hydrogen, chloro, bromo, fluoro, CF.sub.3, SO.sub.3 H,
      hydroxy, phenyl, amino, nitro, (lower)alkyl or (lower)alkoxy or when taken
      together R.sup.2 and R.sup.3 are methylenedioxy or the residue of a phenyl
      ring (-C=CH-CH=CH-), and n is an integer of 1 or 2; or a pharmaceutically
      acceptable acid addition salt thereof.
PAR  A more preferred embodiment is the compound having the formula
      ##SPC18##
PAL  in which R.sup.1 is H, phenyl or (lower)alkyl, R.sup.2 and R.sup.3 when
      different are hydrogen, chloro, bromo, cluoro, CF.sub.3, SO.sub.3 H,
      (lower)alkyl or (lower)alkoxy, hydroxy, nitro, amino, or phenyl, R.sup.2
      and R.sup.3 when alike are hydrogen, chloro, bromo, fluoro, hydroxy,
      (lower)alkyl of 1 to 3 carbon atoms or (lower)alkoxy of 1 to 3 carbon
      atoms, or when taken together R.sup.2 and R.sup.3 are methylenedioxy or
      the residue of a phenyl ring (-CH=CH-CH=CH-), and n is an integer of 1 or
      2; or a pharmaceutically acceptable acid addition salt thereof.
PAR  A more preferred embodiment is the compound having the formula
      ##SPC19##
      in which R.sup.1 is H, phenyl or (lower)alkyl, R.sup.2 and R.sup.3 when
      different are hydrogen, chloro, bromo, fluoro, CF.sub.3, SO.sub.3 H,
      hydroxy, (lower)alkyl or (lower)alkoxy, nitro, amino or phenyl, R.sup.2
      and R.sup.3 when alike are hydrogen, chloro, bromo, fluoro, hydroxy,
      (lower)alkyl of 1 to 3 carbon atoms or (lower)alkoxy of 1 to 3 carbon
      atoms, or when taken together R.sup.2 and R.sup.3 are methylenedioxy or
      the residue of a phenyl ring (-CH=CH-CH=CH-); or a pharmaceutically
      acceptable acid addition salt thereof.
PAR  A still more preferred embodiment is the compound having the formula
      ##SPC20##
PAL  in which R.sup.2 and R.sup.3 when different are hydrogen, CF.sub.3,
      SO.sub.3 H, chloro, bromo, fluoro, nitro, amino, hydroxy, (lower)alkoxy or
      (lower)alkyl, R.sup.2 and R.sup.3 when alike are hydrogen, chloro, bromo,
      fluoro, hydroxy, (lower)alkyl of 1 to 3 carbon atoms or (lower)alkoxy of 1
      to 3 carbon atoms, or when taken together R.sup.2 and R.sup.3 are
      methylenedioxy or the residue of a phenyl ring (-CH=CH-CH=CH-); or a
      pharmaceutically acceptable acid addition salt thereof.
PAR  A most preferred embodiment is the compound having the formula
      ##SPC21##
PAL  in which R.sup.2 and R.sup.3 are alike or different and are H, hydroxy,
      (lower)alkyl of 1 to 3 carbon atoms or (lower)alkoxy of 1 to 3 carbon
      atoms, chloro or fluoro; or a pharmaceutically acceptable salt thereof.
PAR  Another more preferred embodiment is the compound having the formula
      ##SPC22##
PAL  in which R.sup.2 and R.sup.3 are alike or different and are H, Cl, methoxy,
      methyl, nitro or hydroxy and R.sup.1 is H, phenyl or methyl; or the
      hydrochloride salt thereof.
PAR  The most preferred embodiments are the compounds of formula IM in which
PAR  1. R.sup.1, R.sup.2 and R.sup.3 are H;
PAR  2. R.sup.2 and R.sup.3 are methoxy and R.sup.1 is H;
PAR  3. R.sup.1 and R.sup.2 are H and R.sup.3 is methoxy;
PAR  4. R.sup.2 is methoxy and R.sup.1 and R.sup.3 are H;
PAR  5. R.sup.1 and R.sup.2 are H and R.sup.3 is methyl;
PAR  6. R.sup.2 is methyl and R.sup.1 and R.sup.3 are H;
PAR  7. R.sup.2 and R.sup.3 are methyl and R.sup.1 is H;
PAR  8. R.sup.2 and R.sup.3 taken together are -CH=CH-CH=CH- and R.sup.1 is H;
PAR  9. R.sup.2 is NO.sub.2, R.sup.3 is methyl and R.sup.1 is H; or the
      hydrochloride salts thereof;
PAR  10. R.sup.2 is chloro, R.sup.3 is methyl and R.sup.1 is H; or the
      hydrochloride salt thereof;
PAR  11. R.sup.1 and R.sup.3 are CH.sub.3 and R.sup.2 is H; or the hydrochloride
      salt thereof.
PAR  For the purpose of this disclosure, the term (lower)alkyl shall mean
      straight and branched chain saturated aliphatic groups having 1 to 6
      carbons inclusive unless otherwise stated. The term (lower)alkanol or
      (lower)alkoxy shall have the same connotation, an alcohol or alkoxy group
      of 1 to 6 carbons inclusive unless otherwise stated.
PAR  Pharmacological evaluation has indicated the compounds of the present
      invention possess hypotensive activity.
PAR  The blood pressure of unanesthetized rats and dogs was measured directly by
      means of a transducer attached to an intra-arterial cannula and in
      anesthetized dogs by a mercury manometer attached to a carotid cannula.
PAR  The compounds of the instant invention were tested as the hydrochloride
      salts by the above method in genetically hypertensive rats in doses of 50
      mg./kg. orally.
PAR  At the present time, indications are that the compounds do not appear to be
      acting in the same way as 2-(2,6 -dichloroanilino)-2-imidazoline
      hydrochloride ["CATAPRES"]. Their activity is probably not attributable to
      .alpha.-adrenergic blockade or to ganglionic blocking action.
PAR  In the treatment of hypertension in animals including man, the compounds of
      the present invention are administered orally and/or parenterally, in
      accordance with conventional procedures for the administration of
      hypotensive agents in an amount of from about 0.5 mg./kg./dose to 30
      mg./kg./dose depending upon the route of administration and the particular
      compound of the invention. The preferred dosage for the compounds of the
      invention is in the range of about 1.0 to 15.0 mg./kg./dose two to four
      times a day.
PAR  Pharmacological evaluation has also indicated the compounds of the present
      invention possess blood platelet anti-aggregative activity.
PAR  The aggregometer method of Born (1), as modified by Mustard et al. (2) was
      used to assess the in vitro activity of the various compounds as to
      inhibition of adenosine diphosphate (ADP) and collagen induced platelet
      aggregation. Platelet rich plasma was separated by centrifugation from
      citrated (3.8 percent) rabbit blood. ADP in final concentration of 0.5
      mcg./ml. or 0.05 ml. of a collagen suspension prepared according to the
      method described by Evans et al. (3) was used to induce aggregation. The
      various compounds tested were dissolved in dimethylsulfoxide (DMSO) so
      that 5 mcl. added to the platelet rich plasma would yield the desired test
      concentration. Vehicle control trials were done and compared with
      aggregation induced in platelet rich plasma containing various
      concentrations of the test compounds. Dose response curves were obtained
      and Effective Concentration (EC50) values calculated.
PA1  1. Born, G. V. R., J. Physiol., London, 162, 67P (1962).
PA1  2. mustard, J. F., Hegardt, B. Rowsell, H. C. and MacMillan, R. L., J. Lab.
      Clin. Med. 64, 548 (1964).
PA1  3. Evans, G. Marian M. C., Packham, M. A., Nishizawa, E. E., Mustard, J. F.
      and Murphy, E. A., J. Exp. Med., 128, 877 (1968).
PAR  Table I is illustrative of the hypotensive and blood platelet
      anti-aggregative activity of some of the preferred embodiments of the
      present invention.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                             Blood Pressure                                    

                                      In Vitro   In Vivo/In Vitro*             

     Com- R                  % Change Rats                                     

                                      EC.sub.50 (mcg/ml.)                      

                                                 Rabbits I.P.                  

                                                           Dogs P.O.           

     pound                                                                     

          Position           P.O. 50 mg./  Colla-                              

                                                 ED.sub.50 (mg./kg.)           

                                                           5 mg./kg. ADP       

     No.  6      7   8   9     kg.    ADP  gen   ADP       %                   

     __________________________________________________________________________

                                                           Inhibition          

     1    H      H   H   H   -36.+-.6 6    2     &gt;72                           

     2    Cl     H   H   H   -37.+-.8 1    0.02  2                             

     3    H      Cl  H   H   -4.+-.5  0.5  0.2   &gt;10                           

     4    H      H   Cl  H   -14      6    1.5   18                            

     5    H      H   H   Cl  -10.+-.1 7    0.3   6                             

     6    H      Br  H   H   -8.+-.3  0.4  0.2   5                             

     7    H      H   F   H   -27.+-.3 6    2     &gt;10                           

     8    H      NO.sub.2                                                      

                     H   H   5.+-.2   2    0.2   &gt;10                           

     9    H      NH.sub.2                                                      

                     H   H   -10.+-.14                                         

                                      50   6                                   

     10   CH.sub.3                                                             

                 H   H   H   -37.+-. 8                                         

                                      0.5  0.1   0.6       76                  

     11   H      CH.sub.3                                                      

                     H   H            2    0.3   &gt;10                           

     45   CH.sub.3                                                             

                 Cl  H   H            0.09 0.012 --        46 .+-.8            

     12   H      H   H   CH.sub.3                                              

                             -22.+-.10                                         

                                      4    3     &gt;10                           

     13   OME    H   H   H   -20.+-.14                                         

                                      0.5  0.2   4         19                  

     14   H      OME H   H   -19.+-.4 1    0.2   4         17                  

     15   H      H   H   OME -16.+-.3 NA   NA                                  

     16   OME    OME H   H            0.4        0.7                           

     17   H      OME OME H   +26      5          4          0                  

     18   H      O   O   H   -25.+-.12                                         

                                      0.7  0.07  &gt;50                           

     39   --CH=CH--  H   H   -59      --   --    --        --                  

          CH=CH--                                                              

     Position                                                                  

          7      8   9   10                                                    

     __________________________________________________________________________

     19   H      H   H   H   -32.+-.4 25   4                                   

     20   Cl     H   H   H   -12.+-.1 6    0.7   8                             

     21   H      Br  H   H   Toxic    3    1.5   9                             

     22   CH.sub.3                                                             

                 H   H   H   -26.+-.9 3    0.3   &gt;10                           

     23   H      CH.sub.3                                                      

                     H   H   -7.+-.2  16   2                                   

     24   H      H   H   CH.sub.3                                              

                             -19      NA   NA                                  

     25   OME    H   H   H   -5.+-.3  2    0.4   8                             

     26   H      OME H   H   -19.+-.6 6    1.5   &gt;10                           

     27   H      H   H   OME +1.+-.4  NA   NA                                  

     28   H      OME OME H   +7.+-.2  NA   32                                  

     Position                                                                  

          6      7   8   9                                                     

     __________________________________________________________________________

     29   H      H   H   H   -28      2    7     35                            

     50   CH.sub.3                                                             

                 H   H   H   -49                                               

     51   H      CH.sub.3                                                      

                     H   H   -34                                               

     __________________________________________________________________________

      +Denotes an increase in b.p.                                             

      -Denotes a decrease in b.p.                                              

PAL  *In vivo/In vitro testing:
PAR  Before dosing the animals, blood samples are taken. The blood is
      centrifuged to obtain the blood platelet-rich plasma. Aggregation of this
      plasma is induced with ADP or collagen. This is the control.
PAR  The animals are then dosed with the compounds to be tested (orally or
      parenterally). Depending upon the route of administration, 1 to 2 hours
      are allowed to elapse after dosing. Blood is drawn and the same procedure
      employed as for the control in untreated animals.
PAR  The dose required to produce 50% inhibition of the aggregation is
      determined by dose response data obtained in this manner.
PAC  Experimental
PAR  All products described are supported by satisfactory infrared (IR) and
      nuclear magnetic resonance (nmr) spectra. Melting points are uncorrected.
      Temperatures are expressed in degrees Centigrade (.degree.C.) and
      pressures in millimeters of mercury (mm).
DETD
PAC  EXAMPLE 1
PAC  Preparation of N-(o-Nitrobenzyl)ethyl glycine
PAR  To a suspension of 55.9 g. (4.0 .times. 10.sup..sup.-1 moles) of ethyl
      glycine hydrochloride in 300 ml. of absolute ethyl alcohol was slowly
      added (.about.5 minutes) under a nitrogen atmosphere a solution of 70 ml.
      (5.0 .times. 10.sup..sup.-1 moles) of triethylamine in 200 ml. of absolute
      ethyl alcohol. The mixture was heated to reflux and a solution of 17.2 g.
      (1.0 .times. 10.sup..sup.-1 moles)o-nitrobenzylchloride in 200 ml. of
      absolute ethyl alcohol was added over a 1.5 hour period. Upon complete
      addition, the mixture was allowed to reflux for 18 hours, cooled to room
      temperature and the solvent removed in vacuo. To the solid residue was
      added 500 ml. of water and enough 10% hydrochloric acid to make the
      solution acidic (pH.about.3). The acidic solution was washed with
      methylene chloride (2 .times. 150 ml.), made neutral (pH.about.7) by the
      addition of saturated sodium bicarbonate and the insoluble oil extracted
      with methylene chloride (2 .times. 250 ml). The methylene chloride
      extracts were combined, washed with water (250 ml.), dried (K.sub.2
      CO.sub.3) and the solvent removed in vacuo resulting in a yellow oil.
      Owing to the instability of the oil toward distillation, the compound was
      used as such in subsequent reaction.
PAC  EXAMPLE 2
PAC  Preparation of N-(o-Aminobenzyl)ethyl glycine.
PAR  To a solution of 13.0 g. (5.46 .times. 10.sup..sup.-2 moles) of
      N-(o-nitrobenzyl)ethyl glycine in 200 ml. of absolute ethyl alcohol was
      added slowly 0.76 g. (5% by weight) of 10% Pd/C catalyst and the mixture
      placed on a Paar hydrogenator. The mixture was shaken until theoretical
      hydrogen (16.4 .times. 10.sup..sup.-2 moles) had been absorbed, removed
      from the Paar and the mixture filtered under suction. The catalyst was
      washed with ethyl alcohol and the solvent removed in vacuo affording a
      yellow oil. Purification of the oil was effected by distillation yielding
      8.8 g. (77% yield) of a colorless oil; b.p. 124.degree.-126.degree.C.
      (0.03 mm).
PAR  Anal. calc'd. for C.sub.11 H.sub.16 N.sub.2 O.sub.2 :C, 63.44; H, 7.74, N,
      13.45.  Found:C, 63.57; H, 7.89; N, 13.57.
PAC  EXAMPLE 3
PAC  Preparation of 1,2,3,5-tetrahydroimidazo [2,1-b]-quinazolin-2-one (1).
PAR  To a solution of 6.24 g. (3.0 .times. 10.sup..sup.-2 moles) of
      N-(o-aminobenzyl)ethyl glycinate in 150 ml. of 95% ethyl alcohol was
      poured at room temperature a solution of 3.19 g. (3.0 .times.
      10.sup..sup.-2 moles) of cyanogen bromide in 30 ml. of 95% ethyl alcohol.
      The mixture was allowed to stir at room temperature for 15 minutes, heated
      to reflux for 18 hours, cooled to room temperature and the solvent removed
      in vacuo. To the resulting semi-solid mass was added 200 ml. of water and
      it was made basic (pH 10) by the addition of a saturated sodium
      bicarbonate solution. After stirring for 0.5 hours at room temperature,
      the precipitate was filtered, washed with water and dried under high
      vacuum/P.sub.2 O.sub.5 resulting in 3.33 g. (65% yield) of a colorless
      powder, mp. &gt;285.degree.C. Purification could be effected by
      crystallization from hot dimethylformamide or by formation of the
      hydrochloride salt from acetonitrile/ether solvent pair.
PAR  1,2,3,5-tetrahydroimidazo-[2,1-b]-quinazolin-2-one hydrochloride: mp.
      259.degree.-263.degree. W/decomp.
PAR  Anal. calc'd. for C.sub.10 H.sub.9 N.sub.3 O.HCl: C, 53.70; H, 4.51; N,
      18.79; Cl, 15.85.  Found:C, 53.57; H, 4.79; N, 18.93; Cl, 15.77.
      ##SPC23##
PAC  Preparation of Substituted N-(o-Nitrobenzyl)-Ethyl Glycinates. Glycinates
PAR  Substitution in the procedure of Example 1 for the o-nitrobenzyl chloride
      used therein of an equimolar quantity of the appropriately R.sup.1,
      R.sup.2, R.sup.3 -substituted o-nitrobenzylchloride produced the compounds
      having formula III in which n, R.sup.1, R.sup.2 and R.sup.3 are as
      designated:
     Compound                                                                  

     No.       R.sup.1  R.sup.2      R.sup.3                                   

                                            n                                  

     ______________________________________                                    

      2A       H        H           6--Cl   1                                  

      3A       H        H           5--Cl   1                                  

      4A       H        H           4--Cl   1                                  

      5A       H        H           3--Cl   1                                  

      7A       H        H           4--F    1                                  

     10A       H        H           6--CH.sub.3                                

                                            1                                  

     11A       H        H           5--CH.sub.3                                

                                            1                                  

     12A       H        H           3--CH.sub.3                                

                                            1                                  

     13A       H        H           6--OCH.sub.3                               

                                            1                                  

     14A       H        H           5--OCH.sub.3                               

                                            1                                  

     15A       H        H           3--OCH.sub.3                               

                                            1                                  

     16A       H        5--OCH.sub.3                                           

                                    6--OCH.sub.3                               

                                            1                                  

     17A       H        4--OCH.sub.3                                           

                                    5--OCH.sub.3                               

                                            1                                  

     18A       H        R.sup.2 and R.sup.3 are methylenedioxy                 

                                          1                                    

     19A       H        H           H       2                                  

     20A       H        H           6--Cl   2                                  

     22A       H        H           6--CH.sub.3                                

                                            2                                  

     23A       H        H           5--CH.sub.3                                

                                            2                                  

     24A       H        H           3--CH.sub.3                                

                                            2                                  

     25A       H        H           6--OCH.sub.3                               

                                            2                                  

     26A       H        H           5--OCH.sub.3                               

                                            2                                  

      27AA     H        H           3--OCH.sub.3                               

                                            2                                  

     28A       H        4-- OCH.sub.3                                          

                                    5--OCH.sub.3                               

                                            2                                  

     29A       CH.sub.3 H           H       1                                  

     30A       CH.sub.3 H           H       2                                  

     31A       H        3--CH.sub.3 6--CH.sub.3                                

                                            1                                  

     32A       H        H           6--Br   1                                  

     33A       H        H           6--F    1                                  

     ______________________________________                                    

      ##SPC24##
PAR  Substitution in the procedure of example 2 for the
      N-(o-nitrobenzyl)ethylglycine used therein of an equimolar quantity of the
      appropriately R.sup.1, R.sup.2, R.sup.3 -substituted compound III produced
      the compounds having the formula IV:
TBL  Com-                                                                      

     pound                                                                     

     No.  n R.sup.1                                                            

                R.sup.2     R.sup.3                                            

                                R.sup.4                                        

                                   b.p. (mm.)                                  

                                           % yield                             

     __________________________________________________________________________

      2B  1 H   H          6--Cl                                               

                                Et **m.p. 185-                                 

                                           *80%                                

                                   186.degree.C. as                            

                                           crude                               

                                   2.HCl                                       

      3B  1 H   H          5--Cl                                               

                                Et **      *                                   

      4B  1 H   H          4--Cl                                               

                                Et **      *                                   

      5B  1 H   H          3--Cl                                               

                                Et **      *                                   

      7B  1 H   H          4--F Et 138.degree.C.(0.35)                         

                                           *63                                 

                                           (crude)                             

     10B  1 H   H          6--CH.sub.3                                         

                                Et 170.degree.C.(0.3)                          

     11B  1 H   H          5--CH.sub.3                                         

                                Et 129-133.degree.C.                           

                                   (0.1)                                       

     13B  1 H   H          6--OCH.sub.3                                        

                                Et **                                          

     14B  1 H   H          5--OCH.sub.3                                        

                                Et 162-164.degree.C.                           

                                           98                                  

                                   (0.3)   (crude)                             

     15B  1 H   H          3--OCH.sub.3                                        

                                Et **                                          

     16B  1 H   5--OCH.sub.3                                                   

                           5--OCH.sub.3                                        

                                Et **                                          

     17B  1 H   4-- OCH.sub.3                                                  

                           6--OCH.sub.3                                        

                                Et *m.p. 202-                                  

                                           93                                  

                                   203.degree.C.                               

                                           (crude)                             

     18B  1 H   R.sup.2 and R.sup.3 are                                        

                                Et **      99                                  

                methylenedioxy             (crude)                             

     19B  2 H   H          H    Et m.p. 178-                                   

                                           52                                  

                                   180.degree.C. as                            

                                   HCl                                         

     20B  2 H   H          6--Cl                                               

                                Et m.p. 191-                                   

                                           *                                   

                                   193.degree.C. as                            

                                   2.HCl                                       

     22B  2 H   H          6--CH.sub.3                                         

                                Et m.p. 204-                                   

                                   206.degree.C. as                            

                                   2.HCl                                       

     23B  2 H   H          5--CH.sub.3                                         

                                Me 126-129.degree.C.                           

                                   (0.06)                                      

     24B  2 H   H          3--CH.sub.3                                         

                                Me 136.degree.C.(0.07)                         

     25B  2 H   H          6--OCH.sub.3                                        

                                Me **                                          

     26B  2 H   H          5--OCH.sub.3                                        

                                Me **                                          

     27B  2 H   H          3--OCH.sub.3                                        

                                Me **                                          

     28B  2 H   4--OCH.sub.3                                                   

                           5--OCH.sub.3                                        

                                Me **                                          

     29B  1 CH.sub.3                                                           

                H          H    Et **                                          

     30B  2 CH.sub.3                                                           

                H          H    Me **                                          

     31B  1 H   3--CH.sub.3                                                    

                           6--CH.sub.3                                         

                                Et **      92                                  

     32B  1 H   H          6--F Et **      74                                  

     33B  1 H   H          4--CF.sub.3                                         

                                Et M.P. 182-3.degree.C.                        

                                           78                                  

     34B  1 H   H          4--CH.sub.3                                         

                                Et **      97                                  

     35B  1 H   4--CH.sub.3                                                    

                           6--CH.sub.3                                         

                                Et **      88                                  

     36B  1 H   4--CH.sub.3                                                    

                           5--CH.sub.3                                         

                                Et **      91                                  

     37B  1 H   5--CH.sub.3                                                    

                           6--CH.sub.3                                         

                                Et **      99                                  

     38B  1 H   H          6--Et                                               

                                Et **      90                                  

     39B  1 H   5,6--CH=CH--CH= Et **      92                                  

                CH--                                                           

     40B  1 H   4--Cl      6--Cl                                               

                                Et **      92                                  

                                           Example 19                          

     41B  1 H   3--Cl      6--Cl                                               

                                Et **      Example 21                          

     42B  1 H   H          6--Br                                               

                                Et **      74                                  

                                           Example 18                          

     43B  1 H   H          6--CF.sub.3                                         

                                Et **      Example 20                          

     __________________________________________________________________________

       *These reductions were carried out in the presence of two equivalents of

      hydrochloric acid.                                                       

      **Compounds could not be distilled: used crude in subsequent reactions.  

      ##SPC25##
PAR  Substitution in the procedure of example 3 for the N-(o-aminobenzyl)ethyl
      glycinate used therein of an equimolar quantity of the appropriate
      compound IV described in example 5 produced the compounds I listed below:
     Compound                                                                  

     No.   n R.sup.1                                                           

                 R.sup.2                                                       

                        R.sup.3 m.p. (HCl)C..degree.                           

     __________________________________________________________________________

      2    1 H   H      6--Cl   245.degree. w/decomp.                          

      3    1 H   H      7--Cl   &gt;250.degree.*                                  

      4    1 H   H      8--Cl   251-53.degree. w/decomp.                       

      5    1 H   H      9--Cl   261-64.degree. w/decomp.                       

      7    1 H   H      8--F    280.degree. w/decomp.                          

     10    1 H   H      6--CH.sub.3                                            

                                &gt;250.degree.                                   

     11    1 H   H      7--CH.sub.3                                            

                                265-70.degree.C                                

     12    1 H   H      9--CH.sub.3                                            

                                &gt;280.degree.                                   

     13    1 H   H      6--OCH.sub.3                                           

                                288-290.degree.                                

     14    1 H   H      7--OCH.sub.3                                           

                                267-70.degree. w/decomp.                       

     15    1 H   H      9--OCH.sub.3                                           

                                262-264.degree.                                

     16    1 H   6--OCH.sub.3                                                  

                        7--OCH.sub.3                                           

                                263-65.degree.*                                

     17    1 H   8--OCH.sub.3                                                  

                        7--OCH.sub.3                                           

                                227-28 w/decomp. *                             

     18    1 H   R.sup.2 and R.sup.3 are                                       

                                &gt;250.degree.*                                  

                 7,8-methylene-                                                

                 dioxy                                                         

     19    2 H   H      H       260-64.degree.*                                

     20    2 H   H      7--Cl   &gt;280.degree.*                                  

     22    2 H   H      7--CH.sub.3                                            

                                &gt;280.degree.*                                  

     23    2 H   H      8--CH.sub.3                                            

                                269-72.degree. (free base)*                    

     24    2 H   H      10--CH.sub.3                                           

                                192-95.degree. (free base)*                    

     25    2 H   H      7--OCH.sub.3                                           

                                274-81.degree. decomp.*                        

     26    2 H   H      8--OCH.sub.3                                           

                                254-56.degree.*                                

     27    2 H   H      10--OCH.sub.3                                          

                                272-74.degree.*                                

     28    2 H   9--OCH.sub.3                                                  

                        8--OCH.sub.3                                           

                                269-73.degree.*                                

     29    1 CH.sub.3                                                          

                 H      H       266-67.degree.*                                

     30    2 CH.sub.3                                                          

                 H      H       &gt;275.degree.*                                  

     31    1 H   9--CH.sub.3                                                   

                        6--CH.sub.3                                            

                                &gt;200.degree. decomp.                           

     32    1 H   H      6--F    275-280.degree. decomp.                        

     33    1 H   H      8--CF.sub.3                                            

                                &gt;275.degree.                                   

     34    1 H   H      8--CH.sub.3                                            

                                &gt;200.degree. decomp.                           

     35    1 H   8--CH.sub.3                                                   

                        6--CH.sub.3                                            

                                &gt;200.degree. decomp.                           

     36    1 H   8--CH.sub.3                                                   

                        7--CH.sub.3                                            

                                &gt;200.degree. decomp.                           

     37    1 H   7--CH.sub.3                                                   

                        6--CH.sub.3                                            

                                &gt;200.degree. decomp.                           

     38    1 H   H      6--Et   &gt;200.degree. decomp.                           

     39    1 H   6,7--CH=CH--CH=CH--                                           

                                &gt;275.degree. C                                 

     40    1 H   8--Cl  6--Cl   &gt;275.degree. C                                 

     41    1 H   9--Cl  6--Cl   &gt;275.degree. C                                 

     42    1 H   H      6--Br   &gt;275.degree. C                                 

     43    1 H   H      6--CF.sub.3                                            

                                302.degree. C decomp.                          

     __________________________________________________________________________

TBL  Analyses                                                                  

     Compound                                                                  

     No.                                                                       

     ______________________________________                                    

      2.        Anal. calc'd. for C.sub.10 H.sub.8 ClN.sub.3 O.HCl: C, 46.53;  

             H, 3.51; N, 16.28; Cl, 27.47.                                     

                   Found: C, 46.60;                                            

             H, 3.68; N, 16.14; Cl, 27.32.                                     

      3.        Anal. calc'd. for C.sub.10 H.sub.8 ClN.sub.3 O:                

             C, 54.19; H, 3.64; N, 18.96; Cl, 16.00.                           

                   Found: C, 54.35;                                            

             H, 3.73; N, 19.19; Cl, 15.87.                                     

      4.        Anal. calc'd. for C.sub.10 H.sub.8 ClN.sub.3 O.HCl.1/2H.sub.2  

             O:                                                                

             C, 44.96; H, 3.77; N, 15.73; Cl, 26.54.                           

                   Found: C, 45.07; H,                                         

             3.99; N, 15.82; Cl, 25.90.                                        

      5.        Anal. calc'd. for C.sub.10 H.sub.8 ClN.sub.3 O: C, 54.19;      

             H, 3.64; N, 18.96; Cl, 16.00.                                     

                   Found: C, 54.35; H,                                         

             3.87; N, 19.22; Cl, 16.18.                                        

      7.        Anal. calc'd. for C.sub.10 H.sub.8 FN.sub.3 O.HCl:             

             C, 49.70; H, 3.75; N, 17.39.                                      

                   Found: C, 50.07; H,                                         

             3.86; N, 17.96.                                                   

     10.        Anal. calc'd. for C.sub.11 H.sub.11 N.sub.3 O.HCl.1/2H.sub.2   

             O:                                                                

             C, 52.91; H, 5.25; N, 16.83; Cl, 14.20.                           

                   C, 53.20;                                                   

             H, 5.28; N, 17.00; Cl, 14.28.                                     

     11.        Anal. calc'd. for C.sub.11 H.sub.11 N.sub.3 O.HCl.H.sub.2 O:   

             C, 51.66; H, 5.52; N, 16.43; Cl, 13.86.                           

                   Found: C, 52.07;                                            

             H, 5.74; N, 16.57; Cl, 13.96.                                     

     12.        Anal. calc'd. for C.sub.11 H.sub.11 N.sub.3 O.HCl:             

             C, 55.59; H, 5.09; N, 17.68.                                      

                   Found: C, 55.59;                                            

             H, 5.25; N, 17.87                                                 

     13.        Anal. calc'd. for C.sub.11 H.sub.11 N.sub.3 O.sub.2.HCl:       

             C, 52.08; H, 4.77; N, 16.56.                                      

                   Found: C, 51.54;                                            

             H, 4.84; N, 16.69.                                                

     14.        Anal. calc'd. for C.sub.11 H.sub.11 N.sub.2 O.sub.2.HCl:       

             C,52.08;                                                          

             H, 4.77; N, 16.56; Cl, 13.98.                                     

                   Found: C, 51.82;                                            

             H, 4.92; N, 16.70; Cl, 14.22.                                     

     15.        Anal. calc'd. for C.sub.11 H.sub.11 N.sub.3 O.sub.2.HCl.-      

             1/2H.sub.2 O: C, 50.29; H, 4.99; N, 15.99.                        

                   Found: C, 50.60;                                            

             H, 4.99; N, 16.07.                                                

     16.        Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O.sub.3.HCl:       

             C, 50.80; H, 4.97; N, 14.81.                                      

                   Found: C, 50.64;                                            

             H, 5.12; N, 14.51.                                                

     17.        Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O.sub.3.HCl.1/2    

             H.sub.2 O: C, 49.23; H, 5.17; N, 14.36; Cl, 12.11.                

                   Found: C, 49.46;                                            

             H, 4.92; N, 14.48; Cl. 12.28.                                     

     18.        Anal. calc'd. for C.sub.11 H.sub.9 N.sub.3 O.sub.3 : C,        

             57.14; H, 3.92; N, 18.17.                                         

                   Found: C, 57.13;                                            

             H, 4.01; N, 18.48.                                                

     19.        Anal. calc'd. for C.sub.11 H.sub.11 N.sub.3 O: C,              

             65.67; H, 5.51; N, 20.88.                                         

                   FOund: C, 65.61;                                            

             H, 5.62; N, 20.70.                                                

     20.        Anal. calc'd. for C.sub.11 H.sub.10 ClN.sub.3 O.HCl:           

             C, 48.55; H, 4.08; N, 15.44.                                      

                   Found: C, 48.28;                                            

             H, 4.37; N, 15.21.                                                

     22.        Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O.HCl:             

             C, 57.26; H, 5.61; N, 16.69; Cl, 14.08.                           

                   Found: C, 56.96;                                            

             H, 5.66; N, 16.90; Cl, 14.15.                                     

     23.        Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O: C,              

             66.95; H, 6.09; N, 19.52.                                         

                   FOund: C, 67.09;                                            

             H, 6.35; N, 19.40.                                                

     24.        Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O: C, 66.95;       

             H, 6.09; N, 19.52.                                                

                   Found: C, 66.87; H,                                         

             6.34; N, 19.85.                                                   

     25.        Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O.sub.2.1/2H.sub.2 

             O:                                                                

             C, 60.01; H, 5.46; N, 17.49.                                      

                   Found: C, 60.12; H,                                         

             5.74; N, 17.54.                                                   

     26.        Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O.sub.2.HCl:       

             C, 53.84; H, 5.27; N, 15.70.                                      

                   Found: C, 53.77; H,                                         

             5.47; N, 15.45.                                                   

     27.        Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O.sub.2.HCl.1/2H.su

             b.2 O:                                                            

             C, 52.08; H, 5.46; N, 15.19.                                      

                   Found: C, 51.78; H,                                         

             5.13; N, 15.08                                                    

     28.        Anal. calc'd. for C.sub.13 H.sub.15 N.sub.3 O.sub.3.1/2H.sub.2 

             O:                                                                

             C, 57.77; H, 5.97; N, 15.55.                                      

                   Found: C, 57.42; H,                                         

             6.02; N, 15.36.                                                   

     29.        Anal. calc'd. for C.sub.11 H.sub.11 N.sub.3 O: C, 65.66        

             H, 5.51; H, 20.88                                                 

                   Found: C, 65.40; H,                                         

             5.56; N, 20.51.                                                   

     30.        Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O: C, 66.96;       

             H, 6.09; N, 19.52.                                                

                   Found: C, 67.07; H,                                         

             6.36; N, 19.34.                                                   

     31.        Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O.HCl: C,          

             57.26; H, 5.61; N, 16.69; Cl, 14.08.                              

                   Found: C, 57.43;                                            

             H, 5.85; N, 16.70; Cl, 13.75.                                     

     32.        Anal. calc'd. for C.sub.10 H.sub.8 FN.sub.3 O.HCl: C,          

             49.70; H, 3.75; N, 17.39.                                         

                   Found: C, 49.55;                                            

             H, 3.98; N, 17.42.                                                

     33.        Anal. calc'd. for C.sub.11 H.sub.8 F.sub.3 N.sub.3 O: C,       

             51.77; H, 3.16; N, 16.47.                                         

                   Found: C, 51.70;                                            

             H, 3.19; N, 16.23.                                                

     34.        Anal. calc'd. for C.sub.11 H.sub.11 N.sub.3 O: C, 65.67;       

             H, 5.51; N, 20.88.                                                

                   Found: C, 64.79;                                            

             H, 5.70; N, 20.82.                                                

     35.        Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O.HCl.H.sub.2 O:   

             C, 53.44; H, 5.98; N, 15.58; Cl, 13.14.                           

                   Found: C, 53.71;                                            

             H, 6.13; N, 15.6; Cl, 12.84.                                      

     36.        Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O.HCl.H.sub.2 O:   

             C, 53.64; H, 5.63; N, 15.64; Cl, 13.19.                           

                   Found: C, 53.91; H,                                         

             5.92; N, 15.75; Cl, 13.36.                                        

     37.        Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O: C, 66.95;       

             H, 6.09; N, 19.52.                                                

                   Found: C, 66.83;                                            

             H, 6.23; N, 19.30.                                                

     38.        Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O.HCl: C, 57.26;   

             H, 5.61; N, 16.69; Cl, 14.08.                                     

                   Found: C, 56.93; H,                                         

             5.61; N, 16.81; Cl, 14.02.                                        

     39.        Anal. calc'd. for C.sub.14 H.sub.11 N.sub.3 O.HCl: C, 61.43;   

             H, 4.42; N, 15.35.                                                

                   Found: C, 61.52; H,                                         

             4.96; N, 12.17.                                                   

     40.        Anal. calc'd. for C.sub.10 H.sub.7 Cl.sub.2 N.sub.3 O: C,      

             46.90;                                                            

             H, 2,76; N, 16.41.                                                

                   Found: C, 46.90; H,                                         

             2.91; N, 16.38.                                                   

     41.        Anal. calc'd. for C.sub.10 H.sub.7 Cl.sub.2 N.sub.3 O: C,      

             46.90;                                                            

             H, 2.76; N, 16.41.                                                

                   Found: C. 46.64; H,                                         

             3.00; N, 16.39.                                                   

     42.        Anal. calc'd. for C.sub.10 H.sub.8 BrN.sub.3 O.HCl: C,         

             39.69; H, 3.00; N, 13.89.                                         

                   Found: C, 39.62; H,                                         

             3.17; N, 14.02.                                                   

     43.        Anal. calc'd. for C.sub.11 H.sub.8 F.sub.3 N.sub.3 O: C,       

             51.77;                                                            

             H, 3.16; N, 16.47.                                                

                   Found: C, 51.50; H,                                         

             3.41; N, 16.52.                                                   

     ______________________________________                                    

PAR  The IR (infrared) and NMR (nuclear magnetic resonance) spectra of all the
      compounds were consistent with the structure.
PAC  EXAMPLE 7
PAC  Ethyl .beta.-(o-Nitrobenzylamino)-propionate (see J.A.C.S., 80, 1168 (1958)
PAR  o-Nitrobenzylamine hydrochloride (20.4 g., 0.114 mole) was dissolved in a
      minimum volume of water and the solution was made strongly basic by
      addition of 10% sodium hydroxide. The clear oil which formed was extracted
      into two 120-ml. portions of ether. The ether was dried with 10 g. of
      anhydrous sodium sulfate, filtered, and finally dried over Drierite. The
      dried solution was filtered and evaporated, leaving a yellow oil. The oil
      was dissolved in 100 ml. of absolute ethanol and 11.4 g (0.114 mole) of
      freshly distilled ethyl acrylate was added. This solution was allowed to
      stand overnight and the solvent removed by distillation from a steam-cone.
      The oily residue was dissolved in 200 ml. of dry ether, the solution was
      cooled in an ice bath, and treated with dry hydrogen chloride. When
      precipitation was complete, the solid was filtered and dissolved in 120
      ml. of boiling absolute ethanol. The hydrochloride crystallized from this
      solution on cooling yielding 20.7 g. of the aminopropionate hydrochloride,
      m.p. 137.5.degree.-139.0.degree.. By concentrating and cooling the mother
      liquor, an additional 5 g. was obtained, m.p. 136.5.degree.-138.5.degree.,
      and by repeating this operation 1.1 g., m.p. 136.degree.-139.degree., was
      obtained, raising the total yield to 26.8 g. (81.4%). The analytical
      sample was prepared by repeated crystallization from absolute ethanol to
      give a melting point of 138.5.degree.-139.0.degree..
PAR  Anal. calc'd. for C.sub.12 H.sub.17 O.sub.4 N.sub.2 Cl: C, 49.91; H, 5.94;
      N, 9.70.  Found: C, 49.9; H, 5.94; N, 9.51.
      ##SPC26##
PAR  Substitution in the procedure of example 4 for the o-nitrobenzylamine used
      therein of an equimolar quantity of the appropriately R.sup.1, R.sup.2,
      R.sup.3 substituted o-nitrobenzylamine produces compounds III in which
      R.sup.1, R.sup.2, R.sup.3 - is as defined in the specification.
PAC  EXAMPLE 9
PAC  Preparation of 7-Bromo-1,2,3,5-tetrahydroimidazo[2,1-b]-quinazolin-2-one
PAR  To a vigorously stirred solution of 1.87 g. (0.01 mole) of
      1,2,3,5-tetrahydroimidazo[2,1-b]-quinazolin-2-one in 40 ml. of glacial
      acetic acid was added dropwise at room temperature 1.60 g. (0.01 mole) of
      bromine. The mixture was stirred at room temperature for one hour, water
      (50 ml.) was added and the volume concentrated (10-15 ml.) in vacuo.
      Additional water (50 ml.) was added, the solution made basic with ammonium
      hydroxide, warmed and the insoluble material filtered under suction. The
      colorless solid was washed with water, dried and crystallized from 50 ml.
      of 5% hydrochloric acid yielding 0.8 g. (30% yield) of a colorless solid:
      m.p. &gt;275.degree.. Purification was effected by crystallization from
      methanol/ether; m.p. 275.degree. to yield the title product.
PAR  Anal. calc'd. for C.sub.10 H.sub.8 BrN.sub.3 O.HCl: C, 39.70; H, 3.00; N,
      13.89.
PAR  Found: C, 39.34; H, 3.20; N, 13.88.
PAC  EXAMPLE 10
PAC  Preparation of 7-Nitro-1,2,3,5-tetrahydroimidazo-[2,1-b]quinazolin-2-one
PAR  To a stirred, 0.degree. suspension of 11.20 g. (6.0 .times. 10-2 moles) of
      1,2,3,5-tetrahydroimidazo[2,1-b]-quinazolin-2-one in acetonitrile (150
      ml.) was added dropwise 83.0 g. (6.6 .times. 10.sup.12 moles of nitric
      acid) of a 5% nitric acid/sulfuric acid solution. The mixture was allowed
      to stir at 0.degree. for 45 minutes, warmed to room temperature and
      stirred an additional 2 hours. The mixture was poured into 700 ml. of ice
      water, the organic layer separated, the acidic aquo solution washed with
      methylene chloride (2 .times. 100 ml.) and filtered. The aqueous solution
      was made basic (pH 8) by the dropwise addition of 40% sodium hydroxide,
      the basic solution stirred for 30 minutes and the precipitate filtered
      under suction. The yellow solid was washed with water, then acetone and
      dried under high vacuum (almost quantitative yield). The solid was
      suspended in water (350 ml.), the solution saturated with hydrogen
      chloride, heated to boiling and filtered. Saturated sodium chloride
      solution (100 ml.) was added, the mixture cooled and the precipitate
      isolated yielding 6.92 g. (43% yield) of a yellow powder. M.p.
      &gt;280.degree.: Spectral data was consistent with assigned structure: the
      7-Nitro-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one-hydrochloride was
      used as such in subsequent reaction.
PAC  EXAMPLE 11
PAC  Preparation of 7-Amino-1,2,3,5-tetrahydroimidazo-[2,1-b]quinazolin-2-one
PAR  To a suspension of 9.18 g. (3.4 .times. 10.sup.-.sup.2 mole) of
      7-Nitro-1,2,3,5-tetrahydroimidazo[2,1-b]-quinazolin-2-one hydrochloride in
      95% ethanol (300 ml.) was added 10 ml. of concentrated hydrochloric acid
      and 0.45 g. of 10% Pd/C catalyst. The mixture was placed on a Paar
      hydrogenator, shaken until theoretical hydrogen absorbed, removed and
      water (150 ml.) added to effect dissolution of precipitate. The mixture
      was filtered under suction, the catalyst washed with 95% ethanol and the
      mixture evaporated to dryness yielding 9.02 g. of a yellow powder.
      Purification of the free base was effected yielding
      7-Amino-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one; m.p.
      &gt;275.degree..
PAR  Anal. calc'd. for C.sub.10 H.sub.10 N.sub.4 O: C, 59.39; H, 4.98; N, 27.71.
      Found: C, 59.14; H, 5.16; N, 28.03.
PAC  EXAMPLE 12
PAC  Preparation of 6-Hydroxy-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one
PAR  A mixture of 16.0 g. (6.91 .times. 10.sup.-.sup.2 moles) of compound 13 and
      750 ml. of 48% aqueous hydrobromic acid was heated to reflux for 22 hours,
      the mixture cooled by the addition of ice, the precipitate filtered under
      suction, washed with water and dried. The precipitate was dissolved in a
      minimum amount of 1N hydrochloric acid, treated with charcoal, filtered
      and cooled (4.degree.) overnight. The precipitate was isolated and dried
      yielding 4.65 g. of colorless needles; m.p. &gt;280.degree. to yield the
      title compound.
PAR  Anal. calc'D. for C.sub.10 H.sub.9 N.sub.3 O.sub.2 .HCl: C, 50.11; H, 4.21;
      N, 17.53. Found: C, 49.82; H, 4.30; N, 17.33.
PAC  EXAMPLE 13
PAC  Preparation of 7-Hydroxy-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one
PAR  Substitution in the procedure of example 12 for the
      6-methoxy-1,2,3,5-tetrahydroimidazo-[2,1-b]quinazolin-2-one-used therein
      of an equimolar quantity of
      7-methoxy-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one produced the
      title product; m.p. 300.degree.C.
PAR  Anal. calc'd. for C.sub.10 H.sub.9 N.sub.3 O.sub.2 .HCl: C, 50.11; H, 4.21;
      N, 17.53. Found: C, 50.31; H, 4.46; N, 17.42.
PAC  EXAMPLE 14
PAC  Preparation of
      8-Bromo-6-[H]-1,2,3,4-tetrahydropyrimido[2,1-b]quinazolin-2-one
PAR  Substitution in the procedure of example 9 for the
      1,2,3,5-tetrahydroimidazo[2,1-b]-quinazolin-2-one used therein of an
      equimolar quantity of
      6-[H]-1,2,3,4-Tetrahydropyrimido[2,1-b]-quinazolin-2-one at about
      60.degree. C. produced the title compound; m.p. 267.degree.-69.degree. C.
      w/decomp.
PAR  Anal. calc'd. for C.sub.11 H.sub.10 BrN.sub.3 O 1/3H.sub.2 O: C, 46.18; H,
      3.76; N, 14.69. Found: C, 46.23; H, 3.63; N, 14.96.
PAC  EXAMPLE 15
PAC  Preparation of
      6-Methyl-7-nitro-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one
PAR  Substitution in the procedure of example 10 for the
      1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one used therein by an
      equimolar quantity of
      6-methyl-1,2,3,5-tetrahydroimidazo[2,1-b]-quinazolin-2-one produced the
      title compound; m.p. &gt;300.degree..
PAR  Anal. calc'd. for C.sub.11 H.sub.10 N.sub.4 O.sub.3 .HCl: C, 46.75; H,
      3.92; N, 19.82; Cl, 12.54. Found: C, 46.95; H, 4.10; N, 19.66; Cl, 12.63.
PAC  EXAMPLE 16
PAC  Preparation of N-(2,3-dimethyl-6-nitrobenzyl)ethyl glycinate
PAR  To a mixture of 1.80 g (10 mmole) of 2,3-dimethyl-6-nitrobenzyl amine, 0.60
      g (5.6 mmole) of sodium carbonate in 30 ml of dimethylformamide heated to
      80.degree. was added dropwise over a 45 min period a solution of 1.25 ml
      (11 mmole) of ethyl bromoacetate in 10 ml of dimethylformamide. The
      mixture was allowed to stir at 80.degree. for 16 hr., cooled, 15 ml of
      water added and the solvent removed in vacuo. The residue was diluted with
      water, acidified with 10% hydrochloric acid and the acidic solution washed
      with ether. The acidic aqueous solution was made basic with ammonium
      hydroxide, extracted with ether, the ethereal extracts combined, washed
      with water and dried (Na.sub.2 SO.sub.4). Removal of the solvent in vacuo
      afforded 2.50 g (93% yield) of a brown solid. Purification was effected by
      crystallization from methylcyclohexane; m.p. 50.degree.-3.degree..
PAR  Anal. calc'd. for C.sub.13 H.sub.18 N.sub.2 O.sub.4 : C, 58.64; H, 6.81; N,
      10.52. Found: C, 58.77; H, 7.10; N, 10.40.
      ##SPC27##
PAR  Substitution in the procedure of example 16 for the
      2,3-dimethyl-6-nitrobenzylamine used therein of an equimolar quantity of
      the appropriately R.sup.2, R.sup.3 -substituted o-nitrobenzylamine
      produced the compounds having formula III in which n, R.sup.2 and R.sup.3
      are as designated:
TBL  Compound                                mp                                

     No.     R.sup.2    R.sup.3  n   % Yield                                   

                                            (Hcl)                              

     ______________________________________                                    

     33A     H          4--CF.sub.3                                            

                                 1   60     146-8                              

     34A     H          4--CH.sub.3                                            

                                 1   77     122-4                              

     35A     4--CH.sub.3                                                       

                        6--CH.sub.3                                            

                                 1   79     136-7                              

     36A     4--CH.sub.3                                                       

                        5--CH.sub.3                                            

                                 1   47     --                                 

     37A     5--CH.sub.3                                                       

                        6--CH.sub.3                                            

                                 1   41     50-3 *                             

     38A     H          6--Et    1   45     154-7                              

     39A     2,3-CH=CH-CH=CH-                                                  

                             1     72     --                                   

     40A     4--Cl      6--Cl    1   65     oil                                

     ______________________________________                                    

     33A:    Anal. Calc'd. for C.sub.12 H.sub.13 F.sub.3 N.sub.2 O.sub.4.HCl:  

             C, 42.05;                                                         

             H, 4.12; N, 8.17.                                                 

                    Found: C, 42.21;                                           

             H, 4.31; N, 8.32.                                                 

     34A:    Anal. Calc'd. for C.sub.12 H.sub.16 N.sub.2 O.sub.4.HCl: C,       

             49.99;                                                            

             H, 5.94; N, 9.70; Cl, 12.28.                                      

                   Found: C, 49.77;                                            

             H, 6.03; N, 9.77; Cl, 12.58.                                      

     35A:    Anal. Calc'd. for C.sub.13 H.sub.18 N.sub.2 O.sub.4.HCl: C,       

             51.57; H,                                                         

             6.23; N, 9.26; Cl, 11.71.                                         

                   Found: C, 51.54;                                            

             H, 6.39; N, 9.24; Cl, 11.59.                                      

     37A:    Anal. Calc'd. for C.sub.13 H.sub.18 N.sub.2 O.sub.4 : C, 58.64;   

             H,                                                                

             6.81; N, 10.52.                                                   

                   Found: C, 58.77;                                            

             H, 7.10; N, 10.40.                                                

     38A:    Anal. Calc'd. for C.sub.13 H.sub.18 N.sub.2 O.sub.4.HCl: C,       

             51.57;                                                            

             H, 6.32; N, 9.26; Cl, 11.71.                                      

                   Found: C, 51.39; H,                                         

             6.32; N, 9.49; Cl, 11.64.                                         

     ______________________________________                                    

      * -as free base.                                                         

PAC  EXAMPLE 18
PAC  Preparation of N-(2-amino-6-bromobenzyl)ethyl glycinate
PAR  To a stirred 0.degree. solution of 113 g (0.50 moles) of stannous
      chloride-dihydrate in concentrated hydrochloric acid (125 ml) was added a
      solution of 31.69 g (0.10 moles) of N-(2-nitro-6-bromobenzyl)-ethyl
      glycine in concentrated hydrochloric acid (100 ml). After the initial rise
      in temperature subsided, the ice bath was removed, the mixture stirred for
      0.5 hrs. and then warmed (45.degree.-50.degree.) on a steam bath for 1.5
      hrs. The mixture was cooled to room temperature, poured into 1 liter of
      cooled 3.8 M sodium hydroxide, the mixture was rendered alkaline (pH 10)
      by the addition of 1N sodium hydroxide and extracted with ether. The
      etheral extracts were combined, washed with water, dried (K.sub.2
      CO.sub.3) and the solvent removed in vacuo affording 21.2 g (74% yield) of
      an orange oil which solidified on standing; mp 39.degree.-41.degree..
PAR  Anal. Calc'd. for C.sub.11 H.sub.15 BrN.sub.2 O.sub.2 : C, 46.00; H, 5.27;
      N, 9.76. Found: C, 46.21; H, 5.33; N, 10.03.
PAC  EXAMPLE 19
PAC  Preparation of N-(2-amino-4,6-dichlorobenzyl)ethyl glycinate (40B)
PAR  Substitution in the procedure of example 18 for the
      N-(2-nitro-6-bromobenzyl)ethyl glycine used therein of an equimolar
      quantity of N-(2-nitro-4,6-dichlorobenzyl)ethyl glycine produced the title
      product in 92% yield; m.p. 69.5.degree.-70.degree. C.
PAR  Anal. Calc'd. for C.sub.11 H.sub.14 Cl.sub.2 N.sub.2 O.sub.2 : C, 47.67; H,
      5.09; N, 10.11. Found: C, 47.73; H, 5.33; N, 10.16.
PAC  EXAMPLE 20
PAC  Preparation of N-(2-amino-6-trifluoromethylbenzyl)-ethyl glycinate
PAR  To a suspension of 7.40 g (53 mmole) of ethyl glycine hydrochloride salt in
      100 ml of methylene chloride was added under a nitrogen atmosphere 5.30 g
      (53 mmole) of triethylamine. To the stirred mixture was added portionwise
      3.25 g (13 mmole) of 2-amino-6-trifluoromethylbenzyl chloride
      hydrochloride and upon complete addition, the mixture was stirred an
      additional 2 hrs at room temperature. The methylene chloride was removed
      in vacuo, water added to the residue and the mixture made basic with
      sodium bicarbonate. The mixture was extracted with ether, the ether
      extracts combined, washed with water and dried (Na.sub.2 SO.sub.4).
      Removal of the solvent in vacuo afforded 3.68 g (99% yield) of a pale
      yellow oil. The sample was used as such without further purification.
PAC  EXAMPLE 21
PAC  Preparation of N-(2-amino-3,6-dichlorobenzyl)ethyl glycinate (41B)
PAR  Substitution in the procedure of example 20 for the
      2-amino-6-trifluoromethylbenzyl chloride hydrochloride used therein of an
      equimolar quantity of 2-amino-3,6-dichlorobenzyl chloride hydrochloride
      produced the title product.
PAC  EXAMPLE 22
PAC  Preparation of
      7-Bromo-6-methyl-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one (44)
PAR  Substitution in the procedure of example 9 for the
      1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one used therein of an
      equimolar quantity of
      6-methyl-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one produced the
      title product.
PAR  Anal. calc'd. for C.sub.11 H.sub.10 BrN.sub.3 O: C, 47.16; H, 3.60; N,
      15.00. Found: C, 46.87; H, 3.82; N, 15.26.
PAC  EXAMPLE 23
PAC  Preparation of
      7-Chloro-6-methyl-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one (45)
PAR  Substitution in the procedure of example 9 for the
      1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one and bromine used therein
      of equimolar quantities of
      6-methyl-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one and chlorine
      produced the title product.
PAR  Anal. calc'd. for C.sub.11 H.sub.10 ClN.sub.3 O.HCl: C, 48.55; H, 4.08; N,
      15.44; Cl, 26.05. Found: C, 48.92; H, 4.45; N, 15.64; Cl, 22.38.
PAC  EXAMPLE 24
PAC  Preparation of
      6-Chloro-7-bromo-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one (46)
PAR  To a solution of 1.30 g (8 mmole) of anhydrous ferric chloride in 30 ml of
      nitromethane was added 1.30 g (5 mmole) of solid
      6-chloro-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one and 0.80 g (5
      mmole) of bromine. The system was stoppered, warmed to 50.degree. in an
      oil bath overnight, cooled to room temperature and the solvent removed in
      vacuo. The resulting solid was suspended in water (50 ml), the mixture
      made basic (pH 10) with sodium bicarbonate and stirred at room temperature
      for 20 min. The solid was filtered under suction, washed with water, then
      isopropyl alcohol and dried yielding 1.19 g (78% yield) of a beige colored
      powder. Purification was effected by formation of the hydrochloride salt
      from acetonitrile; mp &gt;275.degree..
PAR  Anal. calc'd. for C.sub.10 H.sub.7 BrClN.sub.3 O.HCl: C, 35.64; H, 2.39; N,
      12.47. Found: C, 37.98; H, 2.94; N, 12.70.
PAR  Poor analysis is attributed to loss of hydrogen chloride from the salt upon
      drying.
PAC  EXAMPLE 25
PAC  Preparation of
      6,7-Dichloro-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one (47)
PAR  Substitution in the procedure of example 24 for the bromine used therein of
      an equimolar quantity of chlorine produced the title product.
PAR  Anal. Calc'd. for C.sub.10 H.sub.7 Cl.sub.2 N.sub.3 O.HCl: C, 41.06; H,
      2.76; N, 14.36; Cl, 36.36.
PAR  Found: C, 42.45; H, 2.95; N, 15.27; Cl, 31.66.
PAR  Poor analysis is attributed to loss of hydrogen chloride from the salt upon
      drying.
PAC  EXAMPLE 26
PAC  Preparation of 7-Amino-6-methyl-1,2,3,5-tetrahydroimidazo[
      2,1-b]quinazolin-2-one (48)
PAR  Substitution in the procedure of example 11 for the
      7-nitro-1,2,3,5-tetrahydroimidazo[2,1-b]-quinazolin-2-one used therein of
      an equimolar quantity of
      7-nitro-6-methyl-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one produced
      the title product; m.p. &gt;260.degree. C.
PAR  Anal. calc'd. for C.sub.11 H.sub.12 N.sub.4 O.2HBr: C, 34.94; H, 3.73; N,
      14.82. Found: C, 35.01; H, 4.02; N, 14.69.
PAC  EXAMPLE 27
PAC  Preparation of
      6,7-Dihydroxy-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one (49)
PAR  Substitution in the procedure of example 12 for the
      6-methoxy-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one and 750 ml of
      48% aqueous hydrobromic acid used therein of an equimolar quantity of
      6,7-dimethoxy-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one and 1500 ml
      of 48% aqueous hydrobromic acid produced the title compound; m.p.
      &gt;250.degree. C.
PAR  Anal. Calc'd. for C.sub.10 H.sub.9 N.sub.3 O.sub.3.HCl.1/2H.sub.2 O: C,
      45.38; H, 4.19; N, 15.88. Found: C, 45.52; H, 4.04; N, 16.39.
PAC  EXAMPLE 28
PAC  Preparation of 2-methyl-6-nitrobenzyl alcohol.
PAR  To a 0.degree. solution of 54.30 g (0.30 moles) of 2-methyl-6-nitrobenzoic
      acid in 500 ml of anhydrous tetrahydrofuran was added dropwise under a
      nitrogen atmosphere, 380 ml (0.38 moles) of a stock IM boran/THF solution
      at such a rate that the temperature did not exceed 5.degree.. Upon
      complete addition, the ice bath was removed, the solution allowed to stir
      at room temperature for 14 hours, heated to reflux for 4 hrs. and then
      cooled to 0.degree. in an ice bath. The reaction was quenched by the
      dropwise addition of 400 ml of 10% hydrochloric acid, the solution heated
      to reflux on a steam bath for 0.5 hrs., the THF solvent distilled at
      atmospheric pressure and the insoluble precipitate extracted into
      methylene chloride. The methylene chloride extracts were combined, washed
      with satd. sodium bicarbonate solution, dried (Na.sub.2 SO.sub.4) and the
      solvent removed in vacuo affording a reddish colored semi solid.
      Purification was effected from 300 ml of carbon tetrachloride resulting in
      41.35 g (84% yield) of yellow flakes; mp 67.degree.-8.degree..
PAR  Anal. calc'd. for C.sub.8 H.sub.9 NO.sub.3 : C, 57.48; H, 5.43; N, 8.38.
      Found: C, 57.34; H, 5.42; N, 8.47.
PAC  EXAMPLE 29
PAC  Preparation of 2-Methyl-6-nitrobenzyl chloride
PAR  To a solution of 100 g (0.60 mole) of 2-methyl-6-nitro-benzyl alcohol and 5
      ml of pyridine in 1.5 l of benzene was added dropwise 87 ml (1.2 mole) of
      neat thionyl chloride. The solution was heated to reflux for 2 hr, cooled
      to 0.degree. and the reaction quenched by the slow addition of 500 ml of
      water. The organic phase was separated, washed with dilute sodium
      bicarbonate, dried (Na.sub.2 SO.sub.4) and the solvent removed in vacuo.
      The resulting solid was crystallized from 600 ml of cyclohexane yielding
      100 g (90% yield) of a colorless solid mp 55.degree.-6.degree.: strong
      lachrymator and skin irritant.
PAR  Anal. calc'd. for C.sub.8 H.sub.8 ClNO.sub.2 : C, 51.76; H, 4.34; N, 7.55;
      Cl, 19.10. Found: C, 51.99; H, 4.39; N, 7.61; Cl, 19.21.
PAC  EXAMPLE 30
PAC  Preparation of 2-bromo-6-nitrobenzyl bromide
PAR  To a solution of 57.4 g (0.27 mole) of 2-bromo-6-nitro toluene in 800 ml of
      carbon tetrachloride was added 52.0 g (0.29 mole) of N-bromosuccinimide
      and 2.5 g of benzoyl peroxide. The mixture was heated to reflux for 64
      hr., cooled and filtered. Removal of the solvent in vacuo afforded 86.1 g
      of a viscous oil. Purification was effected by washing through alumina
      (CCl.sub.4 /ether) and crystallization from ethyl alcohol; mp
      61.5.degree.-63.degree..
PAR  Anal. calc'd. for C.sub.7 H.sub.5 Br.sub.2 NO.sub.2 : C, 28.50; H, 1.71; N,
      4.75. Found: C, 28.86; H, 1.92; N, 4.85.
PAC  EXAMPLE 31
PAC  Preparation of 2,3-dimethyl-6-nitrobenzylamine
PAR  To a solution of 5.70 g (32.4 mmole) of 2,3-dimethyl-6-nitrobenzonitrile in
      35 ml of anhydrous tetrahydrofuran was added dropwise under nitrogen 65 ml
      (65.0 mmole) of a stock IM borane/THF solution. After stirring at room
      temperature for 19 hr., the solution was cooled to 0.degree. in an ice
      bath and the reaction quenched by the dropwise addition of 75 ml of 10%
      hydrochloric acid. The solution was heated to reflux for 0.5 hr., the
      tetrahydrofuran distilled at atmospheric pressure and the solid removed by
      filtration. The acidic aqueous solution was washed with ether, made basic
      with ammonium hydroxide and extracted with ether. The etheral extracts
      were combined, washed with water, dried (K.sub.2 CO.sub.3) and the solvent
      removed in vacuo affording 3.6 g (62% yield) of a brownish colored oil.
      Purification could be effected by preparation of the hydrochloride salt:
      mp &gt;225 w/decomp. (EtOH).
PAR  Anal. calc'd. for C.sub.9 H.sub.12 N.sub.2 O.sub.2.HCl: C, 49.89; H, 6.05;
      N, 12.93; Cl, 16.36. Found: C, 50.02; H, 6.05; N, 12.94; Cl, 16.08.
      ##SPC28##
PAR  Substitution in the procedure of example 30 for the
      2,3-dimethyl-6-nitrobenzonitrile used therein of an equimolar quantity of
      the appropriately R.sup.2, R.sup.3 -substituted 6-nitrobenzonitrile
      produced the compounds  having formula XX in which R.sup.2 and R.sup.3 are
      as designated:
TBL  R.sup.2      R.sup.3  % Yield  M.P.                                       

     ______________________________________                                    

     H            4--CF.sub.3                                                  

                           28       190-2.degree.C                             

     H            4--CH.sub.3                                                  

                           72       122-4.degree.C                             

     2--CH.sub.3  4--CH.sub.3                                                  

                           77*      &gt;200.degree.C(d)                           

     3--CH.sub.3  4--CH.sub.3                                                  

                           59*      &gt;230.degree.C(d)                           

     2--CH.sub.3  3--CH.sub.3                                                  

                           62*      &gt;230.degree.C(d)                           

     H            2--Et    59*      &gt;230.degree.C(d)                           

     2-Cl         4--Cl    67       oil                                        

     2,3--CH=CH--CH=CH--                                                       

                       2.3      89-91.degree.C                                 

     ______________________________________                                    

      *as the HCl salt.   4-CF.sub.3 Anal. calc'd. for C.sub.8 H.sub.7 F.sub.3 

      N.sub.2 O.sub.2.HCL: C, 37.45; H, 3.14; N, 10.92. Found: C, 37.54; H,
      3.18; N, 11.23.
PAR  2,4-diMe Anal. calc'd. for C.sub.9 H.sub.12 N.sub.2 O.sub.2.HCL: C, 49.89;
      H, 6.05; N, 12.93; Cl, 16.36.
PAR  Found: C, 49.85; H, 6.03; N, 13.09; Cl, 16.25.
PAR  3,4-diMe Anal. calc'd. for C.sub.9 H.sub.12 N.sub.2 O.sub.2 .HCl: C, 49.89;
      H, 6.05; N, 12.93; Cl, 16.36. Found: C, 50.06; H, 6.19; N, 12.98; Cl,
      15.98. 2,3-diMe Anal. calc'd. for C.sub.9 H.sub.12 N.sub.2 O.sub.2. HCl:
      C, 49.89; H, 6.05; N, 12.93; Cl, 16.36. Found: C, 50.02; H, 6.05; N,
      12.94; Cl, 16.08. 2-Et Anal. calc'd. for C.sub.9 H.sub.12 N.sub.2. HCL: C,
      49.89; H, 6.05; N, 12.93; Cl, 16.36. Found: C, 49.60; H, 6.11; N, 13.00;
      Cl, 16.26. 2,3-CH=CH-CH=CH- Anal. calc'd. for C.sub.11 H.sub.10 N.sub.2
      O.sub.2 : C, 65.33; H, 4.98; N, 13.86. Found: C, 65.63; H, 5.24; N, 13.67.
PAC  EXAMPLE 33
PAC  Preparation of 2-Amino-6-trifluoromethylbenzyl alcohol
PAR  To 25ml (25 mmole) of a 1M lithium aluminum hydride/tetrahydrofuran stock
      solution was added dropwise under a nitrogen atmosphere a solution of 5.04
      g (23 mmole) of 6-trifluoromethyl anthranilic acid in 25 ml of
      tetrahydrofuran. After the initial vigorous reaction subsided, the mixture
      was heated to reflux for 18 hrs., cooled and the reaction quenched by the
      dropwise addition of 1.9 ml of water and 1.5 ml of 10% aqueous sodium
      hydroxide solution. The mixture was stirred at room temperature for 1.5
      hrs., the solid filtered under suction and washed with ether. Removal of
      the solvent in vacuo from the filtrate afforded a crystalline solid which
      was purified by formation of the hydrochloride salt (MeOH/ether) yielding
      4.06 g (77% yield) of a colorless solid; mp 150.degree.-1.degree.. Anal.
      calc'd. for C.sub.8 H.sub.8 NOF.sub.3. HCl: C, 42.21; H, 3.98; N, 6.15.
      Found: C, 42.17; H, 4.28; N, 6.02.
PAC  EXAMPLE 34
PAC  Preparation of 2-Amino-6-trifluoromethylbenzyl chloride
PAR  To 4.06 g (7.8 mmole) of 2-amino-6-trifluoromethylbenzyl alcohol in a
      pressure bottle was added 60 ml of concentrated hydrochloric acid, the
      bottled stoppered and immersed in an oil bath maintained at 100.degree..
      The mixture was stirred for 1.5 hr., cooled and the precipitate filtered
      under suction. The colorless solid was washed with water and dried under
      high vacuum, yielding 3.28 g (75% yield) of a colorless solid; mp
      155-161.degree.. The sample was used as such without further purification.
PAC  EXAMPLE 35
PAC  Preparation of 2,5-Dimethyl-6-nitrobenzyl alcohol
PAR  Substitution in the procedure of example 28 for the 2-methyl-6-nitrobenzoic
      acid used therein of an equimolar quantity of 2,5-dimethyl-6-nitrobenzoic
      acid produced the title compound in 81% yield.
PAC  EXAMPLE 36
PAC  Preparation of 2,5-Dimethyl-6-nitrobenzyl chloride
PAR  Substitution in the procedure of example 29 for the 2-methyl-6-nitrobenzyl
      alcohol used therein of an equimolar quantity of 2-fluoro-6-nitrotoluene
      produced the title product in 52% yield.
PAC  EXAMPLE 37
PAC  Preparation of 2-amino-3,6-dichlorobenzyl alcohol.
PAR  Substitution in the procedure of example 33 for the
      6-trifluoromethylanthranilic acid used therein of an equimolar quantity of
      3,6-dichloroanthranilic acid produced the title product in 72% yield; m.p.
      96.degree.-97.degree.C.
PAR  Anal. calc'd. for C.sub.7 H.sub.7 Cl.sub.2 NO: C, 43.78; H, 3.67; N, 7.30.
      Found: C, 43.59; H, 3.80; N, 7.49.
PAC  EXAMPLE 38
PAC  Preparation of 2-amino-3,6-dichlorobenzyl chloride
PAR  Substitution in the procedure of example 34 for the
      2-amino-6-trifluoromethylbenzyl alcohol used therein of an equimolar
      quantity of 2-amino-3,6-dichlorobenzyl alcohol produced the title product.
PAC  EXAMPLE 39
PAC  Preparation of 6-methyl-1,2,3,5-tetrahydroimidazo-[2,1-b]quinazolin-2-one
      (10)
PAR  To a 0.degree. solution of 1.06 g (6.64 mmole) of bromine in 0.1 ml of
      water was added dropwise with stirring a solution of 0.367 g (7.50 mmole)
      of sodium cyanide in 2.6 ml of water. Upon complete addition, the reaction
      was stirred in the cold for 1.25 hr., removed from the ice bath, allowed
      to warm to room temperature (15 min) and 12 ml of absolute ethyl alcohol
      added. To this solution was added a solution of 1.32 g (5.97 mmole) of
      N-(2-amino-6-methylbenzyl)ethyl glycinate in 15 ml of absolute ethyl
      alcohol, the mixture allowed to stir at room temperature for 20 min. and
      heated slowly to reflux. After 18 hrs., of reflux, the solution was cooled
      and the solvent removed. To the resulting solid was added 30 ml. of water,
      the mixture made basic (pH-12) by the addition of concentrated ammonium
      hydroxide and the mixture allowed to stir for 30 mins. at room
      temperature. The precipitate was filtered, washed with water and dried
      yielding 0.93 g (77% yield) of
      6-methyl-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one. Purification
      was effected by formation of the hydrochloride salt (30 ml of 1N HCL/1 g
      of product).
PAC  EXAMPLE 40
PAC  Preparation of 3-(carbethoxymethyl)-3,4
      -dihydro-5-methyl-4-methylene-1-H-quinazolin-2-one
PAR  To a solution of 22.4 g (0.15 mole) of 2-amino-6-methylacetophenone in
      toluene (750 ml) was added a solution of 19.4 g (0.15 mole) of ethyl
      isocyanatoacetate in toluene (150 ml). The system was fitted with a
      Dean-Stark trap and the solution heated to reflux. After the theoretical
      removal of water (3 hrs), the solution was cooled to 0.degree. overnight.
      The solution was filtered, the precipitate washed with cold toluene and
      dried yielding 33.9 g (87% yield) of colorless crystals. Purification was
      effected by recrystallization from toluene; m.p. 151.degree.-4.degree..
PAR  Anal. Calc'd. for C.sub.14 H.sub.16 N.sub.2 O.sub.3 : C, 64.60; H, 6.20; N,
      10.76. Found: C, 64.75; H, 6.24; N, 11.04.
PAC  EXAMPLE 41
PAC  Preparation of 3-(carbethoxymethyl)-4,5-dimethyl-1,
      2,3,4-tetrahydroquinazolin-2one
PAR  To a suspension of 11.0 g (42 mmole) of
      3-(carbethoxymethyl)-3,4-dihydro-5-methyl-4-methylene-1-H-quinazolin-2-one
      in 200 ml of 95% ethyl alcohol was added 1.0 g of 10% Pd/C catalyst and
      the mixture placed on a Paar hydrogenator. After theoretical hydrogen
      absorption, the solution was filtered under suction, the catalyst washed
      with ethyl alcohol and the solvent removed in vacuo affording 10.9 g (98%
      yield) of a colorless solid identified as the title compound.
PAC  EXAMPLE 42
PAC  Preparation of
      2-chloro-3-carbethoxymethyl-4,5-dimethyl-3,4-dihydroquinazoline
PAR  A mixture of 4.00 g (15.4 mmole) of 3-(carbethoxymethyl)
      -4,5-dimethyl-1,2,3,4-tetrahydroquinazolin-2-one and 40 ml of phosphorus
      oxychloride was immersed in an oil bath (100.degree.) for 1.5 hr. The
      solution was cooled, the excess phosphorus oxychoride removed under
      aspirator pressure and the residue dissolved in chloroform (100 ml). The
      chloroform solution was washed with an aqueous saturated sodium
      bicarbonate solution until the wash was neutral, the chloroform extract
      separated, dried (Mg SO.sub.4) and the solvent removed in vacuo affording
      4.5 g of an oil. The spectral data was consistent with the title compound
      and the compound was used as such.
PAC  EXAMPLE 43
PAC  Preparation of
      5,6-dimethyl-1,2,3,5-tetrahydroimidazo[2,1-b]quinazolin-2-one (50)
PAR  To a solution of 4.3 g (15.4 mmole) of
      2-chloro-3-(carbethoxymethyl)-4,5-dimethyl-3,4-dihydroquinazoline in 50 ml
      of absolute ethanol was added a solution of 2.0 g (120 mmole) of ammonia
      in 25 ml of absolute ethanol, the system was stoppered and immersed in an
      oil bath (100.degree.). After 16 hrs. of heating, the solution was cooled,
      the solvent removed in vacuo and the residue crystallized from 1N
      hydrochloride acid affording 2.29 g (59% yield) of yellow crystals mp
      235.degree.-40.degree..
PAR  Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O.HCl: C, 57.26; H, 5.61; N,
      16.69. Found: C, 57.08; H, 5.56; N, 16.82.
PAC  EXAMPLE 44
PAC  Preparation of
      3-(carbethoxymethyl)-3,4-dihydro-6-methyl-4-methylene-1-H-quinazolin-2-one
PAR  Substitution in the procedure of example 40 for the
      2-amino-6-methylacetophenone used therein of an equimolar quantity of
      2-amino-5-methylacetophenone produced the title compound; m.p.
PAR  Anal. Calc'd. for C.sub.14 H.sub.16 N.sub.2 O.sub.3 : C, 64.60, H, 6.20; N,
      10.76. Found: C, 64.89; H, 6.26; N, 10.99
PAC  EXAMPLE 45
PAC  Preparation of
      3-(carbethoxymethyl)-4,6-dimethyl-1,2,3,4-tetrahydroquinazolin-2-one
PAR  Substitution in the procedure of example 41 for the
      3-(carbethoxymethyl)-3,4-dihydro-5-methyl-4-methylene-1-H-quinazolin-2-one
      used therein of an equimolar quantity of
      3-(carbethoxymethyl)-3,4-dihydro-6-methyl-4-methylene-1-H-quinazolin-2-one
      produced the title product; m.p. 113.degree.-114.5.degree. C; 98% yield.
PAR  Anal. calc'd. for C.sub.14 H.sub.16 N.sub.2 O.sub.3 : C, 64.10; H, 6.92; N,
      10.68. Found: C, 64.56; H, 6.87; N, 10.97.
PAC  EXAMPLE 46
PAC  Preparation of
      2-chloro-3-carbethoxymethyl-4,6-dimethyl-3,4-dihydroquinazoline
PAR  Substitution in the procedure of example 42 for the
      3-(carbethoxymethyl)-4,5-dimethyl-1,2,3,4-tetrahydroquinazolin-2-one used
      therein of an equimolar quantity of
      3-(carbethoxymethyl)-4,6-dimethyl-1,2,3,4-tetrahydroquinazolin-2-one
      produced the title compound as an oil which was used as such in the next
      example.
PAC  EXAMPLE 47
PAC  Preparation of
      5,7-Dimethyl-1,2,3,5-tetrahydroimidazo-[2,1-b]quinazolin-2-one (51)
PAR  Substitution in the procedure of example 43 for the
      2-chloro-3-(carbethoxymethyl)-4,5-dimethyl-3,4-dihydro-quinazolin used
      therein of an equimolar quantity of
      2-chloro-3-(carbethoxymethyl)-4,6-dimethyl-3,4-dihydro-quinazoline
      produced the title product; m.p. 265.degree.-70.degree. C. in 47% yield.
PAR  Anal. calc'd. for C.sub.12 H.sub.13 N.sub.3 O.HCl: C, 57.26; H, 5.61; N,
      16.69. Found: C, 57.12; H, 5.62; N, 16.42.
PAC  EXAMPLE 48
PAC  Preparation of
      5-methyl-3-(carbethoxymethyl)-1,2,3,4-tetrahydroquinazolin-2-one
PAR  To a cooled solution of 15.00 g (67 mmole) of N-(2-amino-6-methyl benzyl)
      glycine ethyl ester in 300 ml of anhydrous tetrahydrofuran under a
      nitrogen atmosphere was added a solution of 11.72 g (72 mmole) of
      1,1'-carbonyldiimidazole in 200 ml of anhydrous tetrahydrofuran at such a
      rate that the temperature did not exceed 5.degree.. Upon complete
      addition, the solution was allowed to stir at room temperature for 2
      hours, heated to reflux for 18 hours, cooled to room temperature and the
      tetrahydrofuran removed in vacuo. The residue was dissolved in methylene
      chloride (250 ml), washed with 5% aqueous hydrochloric acid (2.times.100
      ml), then water (100 ml). The methylene chloride extract was dired
      (Na.sub.2 SO.sub.4) and the solvent removed in vacuo affording 14.0 g (83%
      yield) of a colorless solid. purification was effected by crystallization
      from nitromethane; m.p.; 184.degree.-5.degree..
PAR  Anal. calc'd. for C.sub.13 H.sub.16 N.sub.2 O.sub.3 : C, 62.89; H, 6.50; N,
      11.28. Found; C, 62.85; H, 6.45; N, 11.22.
PAC  EXAMPLE 49
PAC  Preparation of 2-Chloro-3-carbethoxymethyl-5-methyl-3,4-dihydroquinazoline
      hydrochloride
PAR  A mixture of 2.45 g (10 mmole) of
      5-methyl-3-carbethoxymethyl-1,2,3,4-tetrahydroquinazolin-2-one and 20 ml
      of phosphorus oxychloride was immersed in an oil bath
      (105.degree.-110.degree.) for 3.5 hrs. The solution was cooled, the excess
      phosphorus oxychloride removed under aspirator pressure and the residue
      dissolved in chloroform (50 ml). ice water was added, the mixture shaken
      and Ice % sodium hydroxide was added dropwise to attain a pH=6. the above
      process was repeated until a pH=6 was maintained after shaking, the
      chloroform extract was separated, dried (Na.sub.2 SO.sub.4) and the
      solvent saturated with hydrogen chloride gas and the mixture heated to
      gentle boiling for 10 minutes. The mixture was filtered while hot and the
      precipitate dried yielding 2.11 g (70% yield) of a pale yellow powder.
      Purification was effected by crystallization from acetonitrile; m.p.
      199-201.
PAR  Anal. calc'd. for C.sub.13 H.sub.15 ClN.sub.2 O.sub.2 HCl: C, 51.52, H,
      5.28; N, 9.24. Found: C, 51,87; H, 5.28; N, 9.27.
PAC  EXAMPLE 50
PAC  Preparation of 6-methyl-1,2,3,5-tetrahydroimidazo-[2,1-b]quinazolin-2-one
      (10)
PAR  To a solution of 0.60 g (2 mmole) in 20 ml of absolute ethyl alcohol was
      added 1.36 g (4 mmole) of a 5% ammonia/ethyl alcohol stock solution, the
      system stoppered and immersed in an oil bath (100.degree.). After 16 hrs.
      of heating, the solution was cooled, the solvent removed in vacuo and the
      residue suspended in water (30 ml). The mixture was made basic (pH9) by
      the addition of saturated sodium bicarbonate solution, the mixture stirred
      at room temperature and filtered. The precipitate was washed with water,
      then isopropyl alcohol and dried yielding 0.32 g (80% yield) of a
      colorless powder. The spectral properties (ir and nmr) were identical to
      the known 6-methyl-1,2,3,5-tetrahydroimidazo [2,1-b]quinazolin-2-one (see
      example 6).
CLMS
STM  We claim:
NUM  1.
PAR  1. The compound having the formula
      ##SPC29##
PAL  in which R.sup.1 is H, phenyl or (lower)alkyl, R.sup.2 and R.sup.3 when
      different are hydrogen, chloro, bromo, fluoro, CF.sub.3, SO.sub.3 H,
      hydroxy, (lower)alkyl or (lower) alkoxy, nitro, amino or phenyl, R.sup.2
      and R.sup.3 when alike are hydrogen, bromo, chloro, fluoro, hydroxy,
      (lower)alkyl of 1 to 3 carbon atoms or (lower)alkoxy of 1 to 3 carbon
      atoms, or when taken together R.sup.2 and R.sup.3 are methylenedioxy or
      the moiety -CH=CH-CH=CH-, and n is an integer of 1 or 2; or a
      pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. The compound of claim 1 having the formula
      ##SPC30##
     in which R.sup.1 is H, phenyl or (lower)alkyl, R.sup.2 and R.sup.3  when
      different are hydrogen, chloro, bromo, fluoro, CF.sub.3, SO.sub.3 H.
      hydroxy, (lower)alkyl or (lower)alkoxy or phenyl, R.sup.2 and R.sup.3 when
      alike are hydrogen, chloro, bromo, fluoro, hydroxy, (lower)alkyl of 1 to 3
      carbon atoms or (lower)alkoxy of 1 to 3 carbon atoms, or when taken
      together R.sup.2 and R.sup.3 are methylenedioxy or the moiety
      -CH=CH-CH=CH-, and n is an integer of 1 or 2; or a pharmaceutically
      acceptable acid salt thereof.
NUM  3.
PAR  3. The compound of claim 1 having the formula
      ##SPC31##
PAL  in which R.sup.1 is H, phenyl or (lower)alkyl, R.sup.2 and R.sup.3 when
      different are hydrogen, chloro, bromo, CF.sub.3, SO.sub.3 H, fluoro,
      hydroxy, nitro, amino, phenyl, (lower)alkyl or (lower)alkoxy, R.sup.2 and
      R.sup.3 when alike are hydrogen, chloro, bromo, fluoro, hydroxy,
      (lower)alkyl of 1 to 3 carbon atoms or (lower)alkoxy of 1 to 3 carbon
      atoms, or when taken together R.sup.2 and R.sup.3 are methylenedioxy or
      the moiety -CH=CH-CH=CH-; or a pharmaceutically acceptable acid addition
      salt thereof.
NUM  4.
PAR  4. The compound of claim 3 having the formula
      ##SPC32##
PAL  in which R.sup.2 and R.sup.3 when different are hydrogen, chloro, bromo,
      fluoro, nitro, amino, CF.sub.3, SO.sub.3 H, hydroxy, (lower)alkoxy or
      (lower)alkyl, R.sup.2 and R.sup.3 when alike are hydrogen, chloro, bromo,
      fluoro, hydroxy, (lower)alkyl of 1 to 3 carbon atoms or (lower)alkoxy of 1
      to 3 carbon atoms, or when taken together R.sup.2 and R.sup.3 are
      methylenedioxy or the moiety -CH=CH-CH=CH-; or a pharmaceutically
      acceptable acid addition salt thereof.
NUM  5.
PAR  5. The compound of claim 2 having the formula
      ##SPC33##
PAL  in which R.sup.2 and R.sup.3 are alike or different and are H, hydroxy,
      (lower)alkoxy of 1 to 3 carbon atoms or (lower)alkyl of 1 to 3 carbon
      atoms, chloro, or fluoro; or a pharmaceutically acceptable salt thereof.
NUM  6.
PAR  6. The compound of claim 2 having the formula
      ##SPC34##
PAL  in which R.sup.2 and R.sup.3 are alike or different and each is H, Cl,
      methoxy, methyl or hydroxy; or the hydrochloride salt thereof.
NUM  7.
PAR  7. The compound of claim 6 in which R.sup.2 and R.sup.3 are hydrogen; or
      the hydrochloride salt thereof.
NUM  8.
PAR  8. The compound of claim 6 in which R.sup.2 and R.sup.3 are methoxy; or the
      hydrochloride salt thereof.
NUM  9.
PAR  9. The compound of claim 6 in which R.sup.2 and R.sup.3 are methyl; or the
      hydrochloride salt thereof.
NUM  10.
PAR  10. The compound of claim 6 in which R.sup.2 is H and R.sup.3 is methoxy;
      or the hydrochloride salt thereof.
NUM  11.
PAR  11. The compound of claim 6 in which R.sup.2 is methoxy and R.sup.3 is
      hydrogen; or the hydrochloride salt thereof.
NUM  12.
PAR  12. The compound of claim 6 in which R.sup.2 is hydrogen and R.sup.3 is
      methyl; or the hydrochloride salt thereof.
NUM  13.
PAR  13. The compound of claim 6 in which R.sup.2 is methyl and R.sup.3 is
      hydrogen; or the hydrochloride salt thereof.
NUM  14.
PAR  14. The compound of claim 4 in which R.sup.2 is nitro and R.sup.3 is
      methyl; or the hydrochloride salt thereof.
NUM  15.
PAR  15. The compound of claim 4 in which R.sup.2 and R.sup.3 when taken
      together are -CH=CH-CH=CH-; or the hydrochloride salt thereof.
NUM  16.
PAR  16. The compound having the formula
      ##SPC35##
PAL  or an acid addition salt thereof.
NUM  17.
PAR  17. The hydrochloride salt of the compound of claim 16.
NUM  18.
PAR  18. The compound having the formula
      ##SPC36##
PAL  or an acid addition salt thereof.
NUM  19.
PAR  19. The hydrochloride salt of the compound of claim 18.
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ABST
PAL  A compound of the formula
      ##SPC1##
PAL  Wherein X is a member of the group consisting of H and Br, and R is a
      member of the group consisting of straight-chain and branched-chain alkyl
      radicals and cycloalkyl radicals having from 5 - 8 C-atoms. The invention
      also relates to the preparation of the new compounds. The pyrimidines of
      the invention are useful pesticides, particularly herbicides and
      fungicides.
BSUM
PAR  This invention relates to new pyrimidines of the general formula
      ##SPC2##
PAL  Wherein X is a member of the group consisting of H and Br, and R is a
      member of the group consisting of straight-chain and branched-chain alkyl
      radicals and cycloalkyl radicals having from 5 - 8 C-atoms. The invention
      also relates to the preparation of the new compounds.
PAR  The following compounds are mentioned by way of example:
PA1  4-(1,2-dimethylpropylamino)-2-chloro-6-methylpyrimidine
PA1  4-(1,3-dimethylbutylamino)-2-chloro-6-methylpyrimidine
PA1  4-(1,3-dimethylpentylamino)-2-chloro-6-methylpyrimidine
PA1  4-(2-ethylhexylamino)-2-chloro-6-methylpyrimidine
PA1  4-cyclohexylamino-2-chloro-6-methylpyrimidine
PA1  4-(1,2-dimethylpropylamino)-5-bromo-2-chloro-6-methylpyrimidine
PA1  4-(1,3-dimethylbutylamino)-5-bromo-2-chloro-6-methylpyrimidine
PA1  4-(1,3-dimethylpentylamino)-5-bromo-2-chloro-6-methylpyrimidine
PA1  4-(2-ethylhexylamino)-5-bromo-2-chloro-6-methylpyrimidine
PA1  4-cyclohexylamino-5-bromo-2-chloro-6-methylpyrimidine
PAR  Pyrimidines or their hydrobromides of the general formula
      ##SPC3##
PAL  Are made by reacting a solution of 2,4-dichloro-6-methylpyrimidine with
      1.8-2.2 times the molar amount of the appropriate amine, at -30.degree. to
      80.degree.C, preferably -15.degree. to 30.degree.C. The aminohydrochloride
      obtained is withdrawn from the reaction mixture and the isomers formed are
      separated by fractional distillation in vacuo. In the case where X stands
      for Br, bromination is carried out with 0.95 to 1.1 mol bromine per mol
      pyrimidine in the presence of chlorinated hydrocarbons or low-molecular
      carboxylic acids at 0.degree. - 80.degree.C, preferably at 20.degree. -
      50.degree.C.
PAR  Suitable solvents for the reaction of the 2,4-dichloro-6-methylpyrimidine
      with the required amine for instance: chlorinated hydrocarbons, such as
      chlorobenzene, dichlorobenzenes, water, lower alcohols, if desired in
      mixture with water, e.g. methanol, ethanol, butanol, propanol; the
      reaction medium or the reaction product may likewise be used.
PAR  Suitable solvents for the separation of 2-chloro-4-amino-, as well as
      4-chloro-2-amino-6-methylpyrimidine are e.g. chlorinated hydrocarbons such
      as carbon tetrachloride, chloroform, methylene chloride, hydrocarbons,
      such as benzene and toluene; also ether, e.g. diethyl ether, dibutyl ether
      and tetrahydro furane.
PAR  Suitable solvents for the bromination are halogenated hydrocarbons, e.g.
      carbon tetrabromide or carbon tetrachloride, chloroform, methylene
      chloride and low-molecular aliphatic carboxylic acids, such as acetic or
      propionic acids.
PAR  The pyrimidines of the formula
      ##SPC4##
PAL  or their hydrobromides are useful pesticides, particularly herbicides and
      fungicides.
PAR  When the compounds according to the invention have herbicidal properties,
      they are effective in after-germination and have a pronounced selectivity
      to useful grains and kale plants. However, they destroy weeds, e.g. crab
      grass, wild oats and the other broad-leafed weeds.
PAR  The effective agents can be worked up to emulsion concentrates, spraying
      powders and dusting powders in a conventional manner.
PAR  In the following, a number of examples will be given for the description of
      the herbicides and their preparation according to the invention, but it
      should be understood that these are for illustration only, and not by way
      of limitation.
DETD
PAC  Preparation of the products according to the invention:
PAC  EXAMPLES 1-5
PAR  1.5 mol (245 g) of 2,4-dichloro-6-methylpyrimidine are dissolved in 1 liter
      ethanol and thereto are added drop by drop, 3 mols of the required amine
      in the course of about one hour. The reaction is exothermic. After the
      addition of the amine, the mixture remained standing at room temperature
      for about 3 days. The solvent was distilled off at 10 mm Hg; to the
      residue, chloroform and water were added, and the aminohydrochloride
      separated as an aqueous layer. The organic phase was dried with sodium
      sulfate or potassium carbonate, the solvent withdrawn, and the residue
      fractionated in vacuo. Obtained was the desired isomer A
      ##SPC5##
PAL  By-product Isomer B
      ##SPC6##
PAL  The structures were determined by NMR -spectroscopy.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Com-             React.                                                   

                          Isomer A   Isomer B Byproduct)                       

     pound                                                                     

         Radical R in Formula                                                  

                      Tem.                                                     

                          B.p.       B.p.         Analysis (%)                 

     No.*                                                                      

         A and B      .degree.C                                                

                          Yield .degree.C mm Hg                                

                                     Yield .degree.C mm Hg                     

                                                  C     H  N   Cl              

     __________________________________________________________________________

     1   --CH(CH.sub.3)CH(CH.sub.3).sub.2                                      

                      0-10.degree.                                             

                          50%                                                  

                             135-138.degree.                                   

                                  0,15                                         

                                     19%                                       

                                         90-100.degree.                        

                                             0,15-0,4                          

                                                  **                           

                                                    56,20                      

                                                        7,55                   

                                                           19,66               

                                                               16,59           

                                                  * A55,3                      

                                                        7,3                    

                                                           20,0                

                                                               17,1            

                                                  * B55,1                      

                                                        8,1                    

                                                           19,5                

                                                               18,2            

     2                0-5.degree.                                              

                          48%                                                  

                             152-156.degree.                                   

                                  0,1                                          

                                     16%                                       

                                        112-115.degree.                        

                                             0,1  **                           

                                                    58,50                      

                                                        7,16                   

                                                           18,62               

                                                               15,72           

                                                  * A57,31                     

                                                        7,24                   

                                                           18,38               

                                                               17,68           

                                                  * B58,24                     

                                                        6,61                   

                                                           17,82               

                                                               17,02           

     3   --CH(CH.sub.3)CH.sub.2 CH(CH.sub.3).sub.2                             

                      50.degree.                                               

                          60%                                                  

                             137.degree.                                       

                                  0,4                                          

                                     22%                                       

                                        111-117.degree.                        

                                             0,5-1,2                           

                                                  **                           

                                                    58,01                      

                                                        7,97                   

                                                           18,45               

                                                               15,57           

                                                  * A57,6                      

                                                        7,9                    

                                                           18,2                

                                                               15,5            

                                                  * B56,7                      

                                                        8,1                    

                                                           20,1                

                                                               15,6            

     4   --CH(CH.sub.3)CH.sub.2 CH--C.sub.2 H.sub.5                            

                      40.degree.                                               

                          55%                                                  

                             130-140.degree.                                   

                                  0,2                                          

                                     30%                                       

                                        105-108.degree.                        

                                             0,2  **                           

                                                    59,61                      

                                                        8,34                   

                                                           17,38               

                                                               14,67           

         .vertline.                                                            

         CH.sub. 3                                * A58,8                      

                                                        8,4                    

                                                           19,4                

                                                               14,67           

                                                  * B57,1                      

                                                        8,0                    

                                                           17,8                

                                                               17,1            

     5   --CH.sub.2 CH(C.sub.2 H.sub.5)(CH.sub.2).sub.3 CH.sub.3               

                      0-10.degree.                                             

                          48%                                                  

                             154-160.degree.                                   

                                  0,06                                         

                                     30%                                       

                                        100-130.degree.                        

                                             0.05 **                           

                                                    61,02                      

                                                        8,67                   

                                                           16,45               

                                                               13,86           

                                                  * A59,44                     

                                                        8,51                   

                                                           17,11               

                                                               14,96           

                                                  * B61,27                     

                                                        8,51                   

                                                           16,47               

                                                               14,08           

     __________________________________________________________________________

     *The numbers of the compound refer only to Isomers A                      

                                                  ** = Calc.                   

     * = Found                                                                 

PAC  Preparation of 2-chloro-4-amino-5-bromo-6-methylpyrimidines:
PAR  0.05 mol of the desired 2-chloro-4-amino-5-bromo-6-methylpyrimidine were
      dissolved in 50 ml carbon tetrachloride and thereto are added drop by drop
      within about 3/4 hour 0.05 mol bromine (8 g) dissolved in 10 ml carbon
      tetrachloride. In general, the reaction product was precipitated from the
      reaction solution in the form of crystals. The reaction temperature was
      30.degree.-40.degree.C. There was an after-reaction for about 1.5 hours at
      30.degree.-40.degree.C. The structures were determined by
      NMR-spectroscopy.
PAR  The yields, analyses and melting points of the obtained products can be
      seen from Table 2. In col. 2 of the table shows whether or not the product
      was precipitated from the reaction solution in the form of crystals.
TBL                                    Table 2                                 

     __________________________________________________________________________

         Radical R in the                                                      

         general formula                                                       

                        crystals                                               

                        from                                                   

                        re-                                  The analysis      

     Com-               action                                                 

                            recrys- melt-                    was               

     pound              solu-                                                  

                            talized                                            

                                 %  ing  Analysis (%)        calculated        

     No.                tions                                                  

                            from yield                                         

                                    point                    for               

                                         C     H  N   Cl Br                    

     __________________________________________________________________________

     6   --CH(CH.sub.3)CH.sub.2 CH(CH.sub.3).sub.2                             

                        yes --   45 136-138.degree.                            

                                         **                                    

                                           34,09                               

                                               4,68                            

                                                  10,84                        

                                                      9,15                     

                                                         41,24                 

                                                             C.sub.11 H.sub.17 

                                                             N.sub.3 ClBr      

                                         * 29,32                               

                                               4,27                            

                                                  --  9,10                     

                                                         45,4                  

                                                             .sup.. 1 HBr*     

     7   --CH.sub.2 CH(C.sub.2 H.sub.5)(CH.sub.2).sub.3 CH.sub.3               

                        no  Butyl-                                             

                                 77 159-162.degree.                            

                                         **                                    

                                           37,57                               

                                               5,33                            

                                                  10,11                        

                                                      8,53                     

                                                         38,46                 

                                                             C.sub.13 H.sub.21 

                                                             N.sub.3 ClBr      

                            acetate      * 37,61                               

                                               5,72                            

                                                  --  8,54                     

                                                         38,40                 

                                                             .sup.. 1 HBr      

     8   --CH(CH.sub.3)CH(CH.sub.3).sub.2                                      

                        yes acetic                                             

                                 65 178.degree.u.Z.                            

                                         **                                    

                                           26,41                               

                                               3,77                            

                                                   9,25                        

                                                      7,82                     

                                                         52,75                 

                                                             C.sub.10 H.sub.15 

                                                             N.sub.3 ClBr      

                            acid         * 27,14                               

                                               3,84                            

                                                  --  8,00                     

                                                         53,2                  

                                                             .sup.. 2 HBr      

     9                  yes --   75 228-230.degree.                            

                                         **                                    

                                           34,27                               

                                               4,18                            

                                                  10,90                        

                                                      9,20                     

                                                         41,45                 

                                                             C.sub.11 H.sub.15 

                                                             N.sub.3 ClBr      

                                         * 33,44                               

                                               4,95                            

                                                  --  9,45                     

                                                         40,70                 

                                                             .sup.. 1 HBr      

     10  --CH(CH.sub.3)CH.sub.2 CH(CH.sub.3)C.sub.2 H.sub.5                    

                        yes acetic                                             

                                 50 120-122.degree.                            

                                         **                                    

                                           32,87                               

                                               4,70                            

                                                  --  8,09                     

                                                         44,75                 

                                                             C.sub.12 H.sub.19 

                                                             N.sub.3 ClBr      

                            acid         * 33,51                               

                                               4,94                            

                                                  --  7,57                     

                                                         44,81                 

                                                             .sup.. 1,5        

     __________________________________________________________________________

                                                             HBr               

      ** = calc.                                                               

      * = found                                                                

      *According to NMR spectroscopy the compound contains about 10% of an     

      undeterminable compound as impurity                                      

PAR  As mentioned before, the effective agents may be formulated in a
      conventional manner as emulsion concentrates, spraying powders and dusting
      powders.
PAR  Here are some of the formulations used:
PAR  All percentages given by weight
TBL                   A:Emulsion Concentrate                                   

     ______________________________________                                    

     Effective Agent    10 - 50%                                               

     Cyclohexanone      20 - 60%                                               

     Xylene              5 - 20%                                               

     Emulsifier IHS      5 - 15%                                               

     ______________________________________                                    

PAL  Ihs is a mixture of sodium alkyl-benzenesulfonate, alkylpolyglycol ether
      and solvent; IHS is a commercial name of Chemical Manufactureres Huls
      (Germany)
TBL                   B:Spraying Powder                                        

     ______________________________________                                    

     Effective Agent    30 - 80%                                               

     Sodiumsulfosuccinic acid                                                  

     dioctylester       2 - 3%                                                 

     Sodium ligninsulfonate                                                    

                        0 - 4%                                                 

     Highly dispersed SiO.sub.2                                                

                        0 - 3%                                                 

     Kaolin             10 - 60%                                               

                        C:Dusting Powder                                       

     ______________________________________                                    

     Effective Agent     5 - 25%                                               

     Highly dispersed SiO.sub.2                                                

                        0 - 1%                                                 

     Calcium Carbonate  70 - 95%                                               

     ______________________________________                                    

PAL  The wetting and dispersing agents used in combination with emulsion
      concentrates and spraying powders could be replaced by other suitable
      substances, e.g. Calciumdodecylbenzolsulfonate, alkylphenol
      ethylene-oxidcondensates, sodiumalkylnaphtalenesulfonates, and others.
      Also for spraying and dusting powders, other inert ingredients may be used
      as fillers, for instance, talcum, magnesium carbonate, montmorillonite or
      china clay.
PAR  When the emulsion concentrate is made, the active agent is thoroughly mixed
      with the solvents in a stirrer-equipped vessel. When powder preparations
      are made, the dry mixture is ground to a grain size of less than 20 .mu.
      on a sledge hammer mill or other suitable grinding device, mixed once
      again and finally passed through a sieve.
PAR  The testing of the herbicidal properties of the below-mentioned plants are
      carried out after having set out the plants in dishes in a greenhouse:
PAR  Corn, barley, crab grass, wild oats, mustard, corn flower, cleavers and
      sugar beets.
PAR  14 days after germination, the plants were treated with 6 kg/ha of active
      ingredient which was formulated as emulsion concentrate (A). Evaluation
      occured the last time 28 days after spraying.
PAR  Table 3 shows the results:
TBL                Table 3                                                     

     ______________________________________                                    

     Plant       Compound No.                                                  

               1    2     3      4    5    6    7                              

     ______________________________________                                    

     Corn        2      0     0    0    4    4    0                            

     Barley      9      1     0    3    10   3    0                            

     Crab Grass  5      7     5    8    10   10   9                            

     Wild Oats   7      6     10   6    10   10   10                           

     Mustard     4      8     3    9    6    4    6                            

     Corn Flower 3      8     2    7    10   6    8                            

     Cleavers    7      7     10   6    10   10   10                           

     Beet        10     8     10   10   10   10   10                           

     ______________________________________                                    

      Code:                                                                    

      0 = no action                                                            

      10 = plants completely destroyed                                         

PAR  In addition to the herbicidal effect, compound 5 shows fungicidal and
      insecticidal action.
PAR  Compound 5 has in a concentration of 2,000 ppm, a 100% effectiveness
      against bean rust (Uromyces phaseoli).
PAR  Compound 7 as a 0.1% spraying liquid kills red spider mites and aphids
      completely after 3 days.
PAR  The expert will be aware that the claimed agents can be combined with known
      herbicides of the class of ureas, the arylhydroxy fatty acids, the
      triazines, the carbamates and thiocarbamates, the dinitro alkylanilines,
      the acylanilides, and the dinitrophenols, to mention only the most
      important ones. In that manner, effectiveness can be increased or a better
      compatability with the cultures can be achieved. A combination with known
      insecticides or fungicides is likewise possible.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions. Consequently, such changes and modifications are properly,
      equitably, and intended to be, within the full range of equivalence of the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC7##
PAL  wherein X is a member of the group consisting of H and Br, and R is a
      member of the group consisting of straight-chain and branched-chain alkyl
      and cycloalkyl having from 5 to 8 C-atoms.
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ABST
PAL  2-Phenyl-4(3H)-quinazolones bearing a urethane or thiourethane group on the
      2-phenyl substituent, a second urethane or thiourethane group on the benzo
      ring of the quinazolone nucleus and an alkyl, cycloalkyl or phenyl group
      in the 3-position are prepared by treating the corresponding bis-amino
      compound with an acid derivative or the corresponding bis(isocyanate) or
      bis(isothiocyanate) with an alcohol. The compounds, of which
      2-[3'-(methoxycarbonylamino)-phenyl]-3-phenyl-6-methoxycarbonylamino-4-(3H
     )-quinazolone is a typical embodiment, are cytostatic agents.
PARN
PAR  This is a continuation-in-part of our copending application Ser. No.
      188,454 filed Oct. 12, 1971, now abandoned.
BSUM
PAR  The present invention relates to new quinazolonediurethanes, to processes
      for their production and medicinal use as cytostatic agents.
PAR  Some quinazolone derivatives having hypnotic, tranquillizing and/or
      muscle-relaxing properties are known. See e.g., Angew. Chemie 74 (1962),
      855-861. None of these derivatives are known to have any effect against
      malignant growth.
PAR  The present invention provides a new class of quinazolone derivatives of
      the formula:
      ##SPC1##
PAL  In which
PA1  X is an oxygen or sulfur atom;
PA1  R is an optionally substituted alkyl radical optionally having its carbon
      chain interrupted by an oxygen or sulfur atom; or an optionally
      substituted cycloalkyl radical, aralkyl or aryl radical; and
PA1  R.sup.1 is an optionally substituted alkyl, cycloalkyl or phenyl radical.
PAR  A preferred class of the above compounds are those of the formula:
      ##SPC2##
PAL  Wherein
PA1  X is oxygen or sulfur;
PA1  R.sup.1 is lower alkyl, cycloalkyl, unsubstituted phenyl or phenyl
      substituted with from one to three members selected from the group
      consisting of chloro, fluoro, bromo, lower alkyl or lower alkoxy; and
PA1  R is cycloalkyl, (lower alkyl)cycloalkyl, unsubstituted alkyl or lower
      alkyl substituted by hydroxy, lower alkoxy, phenyl, phenoxy, cycloalkyl,
      furyl, tetrahydrofuryl, imidazolyl, triazole or -NR.sup.2 R.sup.3 wherein
      R.sup.2 and R.sup.3 when taken independently are lower alkyl and when
      taken together are alkylene of from four to seven carbon atoms.
PAR  By the term alkyl is intended a straight or branched monovalent hydrocarbon
      chain of from one to 20 carbon atoms. When qualified by the term "lower,"
      such chains will contain from one to six, preferably one to four, carbon
      atoms. Typical of such groups are thus methyl, ethyl, propyl, isopropyl,
      butyl, sec.-butyl, isobutyl, tert.butyl, pentyl, neopentyl, hexyl and the
      like. The term lower alkoxy refers to a lower alkyl group joined to the
      remainder of the molecule through an ethereal oxygen atom, such as
      methoxy, ethoxy, propoxy, isopropoxy, butoxy and the like. Cycloalkyl
      denotes a monovalent saturated cyclic hydrocarbon group of from three to
      seven, preferably five or six, carbon atoms such as cyclopropyl,
      cyclobutyl, cyclohexyl and cycloheptyl.
PAR  Thus in the compounds of the present invention, the substituent R.sup.1 can
      be a straight-chain or branched alkyl radical with one to 20, especially
      with one to four, carbon atoms, a cycloalkyl radical of three to seven,
      especially five or six, carbon atoms, or a phenyl radical which can be
      unsubstituted or can carry one or more, preferably one to three,
      substituents. Preferred substituents are halogen atoms, especially
      fluorine, chlorine and bromine, lower alkyl, especially methyl or ethyl,
      and lower alkoxy.
PAR  The substituent R can similarly be a cycloalkyl group of three to seven,
      especially five or six, carbon atoms or a straight-chain or branched alkyl
      radical with one to 20, especially one to six, carbon atoms, i.e., lower
      alkyl. When R is lower alkyl, it can be unsubstituted or can carry one or
      more, preferably one or two, substituents such as halogen atoms,
      especially fluorine, chlorine and bromine, cyano, hydroxy, carboxyl,
      carbo(lower alkoxy), sulfonic acid, lower alkoxy, phenyl, phenoxy,
      diloweralkylamino, saturated five to seven -membered heterocyclic ring, or
      a heterocyclic ring such as furyl, tetrahydrofuryl, imidazolyl or
      triazolyl.
PAR  The invention further provides processes, hereinafter designated (a) and
      (b), for the production of these new quinazolone derivatives.
PAR  Process (a) comprises reacting a diamine of the formula:
      ##SPC3##
PAL  with an acid derivative of the formula:
      ##EQU1##
      in which R, R.sup.1 and X are as defined above, and Y is a halogen atom,
      preferably a chloro, bromo, or lower alkoxy, OCOlower alkoxy, or
      --S.CH.sub.2.CO.OH.
PAR  Process (b) comprises reacting a diisocyanate or dithioisocyanate of the
      formula:
      ##SPC4##
PAL  with an alcohol of the formula:
EQU  RGH                                                        (V)
PAL  in which R, R.sup.1 and X are as defined above.
PAR  Taking 2-(3'-aminophenyl)-3-phenyl-6-amino-4-(3H)-quinazolone and
      chloroformic acid methyl ester as typical starting materials, the course
      of the reaction in Process (a) can be represented in the specific
      following equation:
      ##SPC5##
PAR  Taking 2-(3'-isocyanatophenyl)-3-phenyl-6-isocyanato-4-(3H)-quinazolone and
      methanol as typical starting materials, the course of the reaction in
      Process (b) can be represented in the specific following equation:
      ##SPC6##
PAR  The diamines of formula (II) can be obtained according to known methods
      such as by catalytic hydrogenation of the corresponding dinitro compounds,
      which, in turn, can be produced from nitroanthranilic acids and
      N-substituted nitrobenzimide chlorides in a polar solvent such as acetone
      and in the presence of an aliphatic tertiary amine such as triethylamine
      at a temperature between 0.degree. and 50.degree.C. (see German
      Offenlegungsschriften Nos. 1,809,174 and 1,809,175). Alternatively, the
      dinitro compounds can be produced by reaction of nitroanthranilic acids
      and nitrobenzoyl chlorides to give the corresponding benzoxazinones which
      are then reacted with primary aliphatic or aromatic amines. In both cases,
      intermediate products which are sometimes first produced can be cyclized
      either thermally by heating above 100.degree.C. in an organic solvent such
      as glycerol or with a dehydrating agent such as phosphorus pentoxide in
      N-methylpyrrolidone to yield the dinitro compounds.
PAR  The diisocyanate of formula (V) used in Process (b) can be produced from a
      diamine of formula (II) as for example by phosgenation of the
      hydrochloride in chlorobenzene at 80.degree. to 120.degree.C.
PAR  The dithioisocyanates of formula (IV) used in Process (b) according to the
      invention can be prepared from the corresponding diamines of formula (II)
      by reaction with thiophosgene, for example at 15.degree. to 35.degree.C.,
      in the presence of calcium carbonate in aqueous suspension.
      .beta.-Hydroxyurethanes of formula (I) can be obtained from the diamines
      by reaction with glycol carbonates.
PAR  The acid derivatives of formula (III) used in Process (a) and the alcohols
      ROH used in Process (b) are known.
PAR  As a diluent in Process (a) there can be used any solvent which does not
      react with compounds of the general formulas (II) and (III). Preferably,
      however, solvents in which both the starting compounds and the end product
      are easily soluble are used, as for example, aliphatic ketones, such as
      acetone, aromatic hydrocarbons, such as benzene or toluene, and
      chlorinated hydrocarbons, such as chlorobenzene. Preferably however an
      N,N-dialkylamide of a lower alkanoic acid such as dimethylformamide or
      dimethylacetamide and an N-alkyllactam such as N-methylpyrrolidone is used
      as solvent.
PAR  An excess of the alcohol ROH is preferably used as the solvent for the
      process (b); however, the reaction can also be carried out in the presence
      of an inert diluent, for example, dioxane, aromatic hydrocarbons,
      dimethylformamide, dimethylacetamide and N-methylpyrrolidone.
PAR  Any of the customary acid-binding agents can be used to bind the acid
      liberated in Process (a).
PAR  In those cases in Process (a) in which the solvent itself does not act as
      an acid acceptor, it is advisable to bind the hydrochloric acid produced
      with an inorganic or organic base as for example an alkaline earth metal
      or alkali metal carbonate or hydroxide or tertiary amine. Examples of such
      acid binding agents are sodium hydroxide, potassium carbonate, calcium
      carbonate, sodium bicarbonate, triethylamine and pyridine.
PAR  In Process (a), the temperature at which the compounds of formulas (II) and
      (III) are reacted can be varied over a substantial range, in general from
      about -10.degree. to about 100.degree.C., preferably between 0.degree. and
      50.degree.C.
PAR  The temperature at which the compound of formula (IV) and the alcohol ROH
      are reacted in Process (b) can also be varied over a substantial range, in
      general from about 10.degree. to about 120.degree.C., preferably between
      25.degree. and 80.degree.C.
PAR  In Process (a), at least 2 mols of the acid derivative of formula (III) are
      employed per mol of the diamine of formula (II); most preferably the molar
      ratio diamine: acid is from 1 : 2.1 to 1 : 3.
PAR  The reaction of the diamine of formula (II) with the acid derivative of
      formula (III) in Process (a) can be carried out not only in solution but
      also, if desired, in suspension or in emulsion, for example in water. In
      these cases, however, it is advisable to employ a larger excess of the
      acid derivative (III).
PAR  In Process (b), preferably 1 to 10 mols, especially 2.2 to 6 mols, of the
      alcohol ROH are employed per mol of the compound of formula (IV), unless
      the alcohol is used as the solvent.
PAR  When the alcohol ROH is reacted with the diisocyanate or diisothiocyanate
      of formula (IV) in Process (b) it is advisable to add a small amount of a
      basic catalyst, for example triethylamine, pyridine, triethylenediamine or
      dimethylcyclohexylamine. This catalyst is generally added in an amount of
      0.1 to 5 per cent by weight, relative to the amount by weight of the total
      reaction mixture.
PAR  Table 1 sets forth a number of typical quinazolonediurethanes of the
      invention as illustration of the compounds within its scope.
      ##SPC7##
DETD
PAR  The following examples will serve to further typify the invention without
      being a limitation on the scope thereof. The relationship of parts by
      weight to parts by volume is as of the kilogram to liters or of the gram
      to milliliters.
PAC  EXAMPLE 1
PAC  2-[3'-(methoxycarbonylamino)-phenyl]-3-phenyl-6-methoxycarbonylamino-4-(3H)
     -quinazolone [Compound No. (2)]
      ##SPC8##
PAL  a. From 2-(3'-aminophenyl)-3-phenyl-6-amino-4-(3H)-quinazolone and
      chloroformic acid methyl ester.
PAR  32.8 parts by weight of
      2-(3'-aminophenyl)-3-phenyl-6-amino-4-(3H)-quinazolone are dissolved in
      150 parts by volume of N-methylpyrrolidone. 25 parts by weight of
      chloroformic acid methyl ester are added dropwise at 2.degree.-5.degree.C,
      whilst cooling with ice. The mixture is then stirred for a further 4 hours
      at room temperature and thereafter poured into water, and the product is
      filtered off and recrystallised from ethanol, with addition of active
      charcoal.
PAR  Yield of
      2-[3'-(methoxycarbonylamino)-phenyl]-3-phenyl-6-methoxycarbonylamino-4-(3H
     )-quinazolone: 34 parts by weight (76.5% of theory).
PAR  Melting point: 248.degree.-51.degree.C.
PAR  The melting point very greatly depends on the crystallinity of the product;
      if the product is precipitated in an amorphous form the melting point can
      be up to 50.degree.C lower, for example at 198.degree.-200.degree.C, even
      though, according to analysis and IR examinations, the product does not
      contain any impurities.
PAR  Analysis: Calculated: C --64.86%, H--4.54%, O--18.0%, N--12.61%. Found:
      C--64.8 %, H--4.6 %, O--18.4%, N--12.6 %.
PAL  b. From 2-(3'-isocyanatophenyl)-3-phenyl-6-isocyanato-4-(3H)-quinazolone
      and methanol.
PAR  38 parts by weight of
      2-(3'-isocyanatophenyl)-3-phenyl-6-isocyanato-4-(3H)-quinazolone and 2
      parts by volume of triethylamine are heated with 200 parts by volume of
      methanol to the boil for 30 minutes. Thereafter the mixture is stirred
      into water and the product is recrystallised from ethanol. Yield of
      2-[3'-(methoxycarbonylamino)-phenyl]-3-phenyl-6-methoxycarbonylamino-4-(3H
     )-quinazolone: 36 parts by weight (81% of theory).
PAR  Melting point: 243.degree.-45.degree.C.
PAR  Analysis: Calculated: C--64.86%, H--4.54%, O--18.0%, N--12.61%. Found:
      C--64.7 %, H--4.7 %, O--18.2%, N--12.8 %.
PAR  2-(3'-Isocyanatophenyl)-3-phenyl-6-isocyanato-4-(3H)-quinazolone is
      obtained as follows from
      2-(3'-aminophenyl)-3-phenyl-6-amino-4-(3H)-quinazolone:
PAR  164 parts by weight of
      2-(3'-aminophenyl)-3-phenyl-6-amino-4-(3H)-quinazolone are suspended in
      1,000 parts by volume of anhydrous chlorobenzene. Dry hydrogen chloride is
      passed into the suspension until at least the amount of hydrochloric acid
      gas required to form the dihydrochloride has been absorbed. Thereafter
      phosgene is passed in at 80.degree.-100.degree.C until a clear solution is
      produced. The mixture is then stirred for a further 1/2 hour at
      100.degree.C, nitrogen is then blown through, and the clear solution is
      concentrated in vacuo.
PAR  According to IR examinations, the white product which remains is pure
      2-(3'-isocyanatophenyl)-3-phenyl-6-isocyanato-4-(3H)-quinazolone.
PAR  Melting point 153.degree.-155.degree.C.
PAR  The other diisocyanates to be employed as starting compounds can be
      obtained analogously.
PAC  EXAMPLES 2 - 12
PAR  The quinazolone-bisurethanes listed in Table 1 are obtained analogously to
      Example 1 (a) from the following diamines and ethyl chloroformate in
      Example 2, methyl chloroformate in Examples 3 through 11 and
      4-tert.butylcyclohexyl chloroformate in Example 12:
TBL  Example                                                                   

                Diamine                                                        

     ______________________________________                                    

     2      2-(3-aminophenyl)-3-phenyl-6-amino-4(3H)                           

            quinazolone                                                        

     3      2-(3-aminophenyl)-3-(2-chlorophenyl-6-amino-                       

            4(3H) quinazolone                                                  

     4      2-(3-aminophenyl)-3-(4-methoxyphenyl)-6-amino-                     

            4(3H) quinazolone                                                  

     5      2-(3-aminophenyl)-3-(2-methylphenyl)-6-amino-                      

            4(3H) quinazolone                                                  

     6      2-(3-aminophenyl)-3-(3-methoxyphenyl)-6-amino-                     

            4(3H) quinazolone                                                  

     7      2-(3-aminophenyl)-3-(2-chloro-5-methylphenyl)-                     

            6-amino-4(3H) quinazolone                                          

     8      2-(3-aminophenyl)-3-methyl-6-amino-4(3H)                           

            quinazolone                                                        

     9      2-(4-aminophenyl)-3-phenyl-6-amino-4(3H)                           

            quinazolone                                                        

     10     2-(3-aminophenyl)-3-phenyl-7-amino-4(3H)                           

            quinazolone                                                        

     11     2-(4-aminophenyl)-3-phenyl-7-amino-4(3H)                           

            quinazolone                                                        

     12     2-(3-aminophenyl)-3-phenyl-6-amino-4(3H)                           

            quinazolone                                                        

     ______________________________________                                    

TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Ex.                                                                       

        Formula                                 Compound                       

                                                      Melting                  

                                                           Yield, %            

                                                No.   Point                    

                                                           of theory           

                                                      (.degree.C)              

     __________________________________________________________________________

     2.                                         (5)   204-206                  

                                                           86                  

     3.                                         (7)   250-53                   

                                                           72                  

     4.                                         (10)  262-65                   

                                                           79                  

     5.                                         (8)   252-54                   

                                                           71                  

     6.                                         (9)   195-98                   

                                                           68                  

     7.                                         (11)  166-70                   

                                                           76                  

     8.                                         (1)   234-35                   

                                                           88                  

     9.                                         (3)   266-68                   

                                                           72                  

     10.                                        (4)   143-45                   

                                                           69                  

     11.                                        (22)  267-70                   

                                                           67                  

     12.                                        (23)  155-158                  

                                                           56                  

     __________________________________________________________________________

PAC  EXAMPLES 12 - 24
PAR  The quinazolonediurethanes listed in Table 3 are produced analogously to
      Example 1 (b) by substituting appropriate quantities of the following
      alcohols for methanol:
     Example         Alcohol                                                   

     ______________________________________                                    

     13            2-dimethylaminoethanol                                      

     14            2-dipropylaminoethanol                                      

     15            furfuryl alcohol                                            

     16            tetrahydrofurfuryl alcohol                                  

     17            benzyl alcohol                                              

     18            cyclohexanol                                                

     19            2-phenoxyethanol                                            

     20            2-pyrrolidinoethanol                                        

     21            2-piperidinoethanol                                         

     22            2-hexahydroazepinoethanol                                   

     23            2-(1-imidazolyl)ethanol                                     

     24            2-(1,2,4-triazol-2-yl)ethanol                               

     ______________________________________                                    

      ##SPC9##
PAC  EXAMPLE 25
PAC  2-[3'-(.beta.-hydroxyethoxycarbonylamino)-phenyl]-3-phenyl-6-(.beta.-hydrox
     yethoxy-carbonylamino)-4-(3H)-quinazolone [Compound (6)].
      ##SPC10##
PAR  32.8 parts by weight of
      2-(3'-aminophenyl)-3-phenyl-6-amino-4-(3H)-quinazolone and 100 parts by
      weight of glycol carbonate are heated to 100.degree.C for 3 hours. After
      cooling, methanol is added, the mixture is cooled with ice, and the
      product is filtered off.
PAR  Yield of
      2[3'-(.beta.-hydroxyethoxycarbonylamino)-phenyl]-3-phenyl-6-(.beta.-hydrox
     yethoxycarbonylamino)-4-(3H)-quinazolone: 26 parts by weight (53% of
      theory).
PAR  Melting point: 232.degree.-235.degree.C.
PAC  EXAMPLE 26
PAC  2-[3'-(.beta.,.gamma.-dihydroxypropyloxycarbonylamino)-phenyl]-3-phenyl-6-(
     .beta.,.gamma.-dihydroxypropyloxycarbonylamino)-4-(3H)-quinazolone
      [Compound No. 20].
      ##SPC11##
PAR  13 parts by weight of
      2-(3'-isocyanatophenyl)-3-phenyl-6-isocyanato-4-(3H)-quinazolone are
      dissolved in 60 parts by volume of anhydrous dimethylformamide. 60 parts
      by weight of glycerol, dissolved in 60 parts by volume of anhydrous
      dimethylformamide, and 5 parts by volume of triethylamine are then added.
      Thereafter the mixture is stirred for a further hour at room temperature
      and 4 hours at 60.degree.C and is then stirred into water, and the product
      is filtered off and dried.
PAR  Yield of
      2[3'-(.beta.,.gamma.-dihydroxypropyloxycarbonylamino)-phenyl]-3-phenyl-6-(
     .beta.,.gamma.-dihydroxypropyloxycarbonylamino)-4-(3H)-quinazolone: 15
      parts by weight (67% of theory).
PAR  Melting point: 172.degree.-74.degree.C.
PAR  Analysis: Calculated: C--59.6%, H--4.96%, O--25.55%, N--9.95%. Found:
      C--59.1%, H--5.1 %, O--24.9 %, N--10.0%.
PAR  According to NMR examinations, the product only contains small amounts of
      the isomeric
      2[3'-(bishydroxymethyl-methoxycarbonylamino)-phenyl]-3-phenyl-6-(bishydrox
     ymethyl-methoxycarbonylamino)-4-(3H)-quinazolone [Compound (21)] of the
      formula:
      ##SPC12##
PAC  EXAMPLE 27
PAC  2-[3'-(methoxy-thiocarbonylamino)-phenyl]-3-phenyl-6-methoxythiocarbonyl-am
     ino-4-(3H)-quinazolone [Compound (14)]
      ##SPC13##
PAR  5 parts by weight of metallic sodium are dissolved in 150 parts by volume
      of absolute methanol. 34 parts by weight of
      2-(3'-isothiocyanatophenyl)-3-phenyl-6-isothiocyanato-4-(3H)-quinazolone
      are then added and the mixture is stirred for a further 11/2 hours at room
      temperature (about 20.degree.C) and 1 hour at 40.degree.C. The solution is
      filtered in order to remove small amounts of insoluble residues. The
      filtrate is stirred into water and acidified with hydrochloric acid. The
      precipitate is filtered off and dried in vacuo at 50.degree.C.
PAR  Yield of
      2-[3'-methoxy-thiocarbonylamino)-phenyl]-3-phenyl-6-methoxythiocarbonyl-am
     ino-4-(3H)-quinazolone: 30.5 parts by weight (78% of theory).
PAR  Melting point: 155.degree.-158.degree.C.
PAR  Analysis: Calculated: C--60.5%, H--4.2%, O--10.1%, N--11.75%, S--13.4%
      Found: C--60.1%, H--4.5%, O--10.4%, N--12.0 %, S--13.0%
PAR  The
      2-(3'-isothiocyanatophenyl)-3-phenyl-6-isothiocyanato-4-(3H)-quinazolone e
     mployed as the starting material is produced as follows:
PAR  65.5 parts by weight of
      2-(3'-aminophenyl)-3-phenyl)-3-phenyl-6-amino-4-(3H)-quinazolone are
      introduced in portions, at 0.5.degree.C, into a mixture of 240 parts by
      volume of water, 150 parts by volume of ethylene chloride, 60 parts by
      weight of calcium carbonate and 52 parts by weight of thiophosgene.
      Thereafter the mixture is stirred for a further 18 hours at room
      temperature. The product is then filtered off, stirred with dilute HCl,
      again filtered off and washed until neutral. and finally stirred with
      methanol and dried in vacuo.
PAR  Yield: 67 parts by weight (81.4% of theory).
PAR  The remaining diisothiocyanates to be employed as starting compounds can be
      obtained analogously.
PAC  EXAMPLES 28 - 29
PAR  The quinazolone-bisthiourethanes listed in Table 4 can be prepared
      analogously to Example 27 from
      2-(3'-isothiocyanato)-3-phenyl-6-isothiocyanato-4-(3H)-quinazolone and
      sodium butoxide and sodium 2-dimethylaminoethoxide, respectively.
      ##SPC14##
PAR  The cytostatic activity of the compounds according to the invention can be
      conveniently observed in vivo in the model of transplanted lymphatic
      leukemia L 1210 on mice as follows: Mice weighing 18-22 g (Strain B 6 D 2
      F 1) are injected intraperitoneally with 2 .times. 10.sup.5 leukemia cells
      (L 1210) in 0.2 ml of ascites fluid. The test compound was administered
      intraperitoneally on each of four days, in an amount of from 25 to 700
      mg/kg, starting 24 hours after the transplantation of the leukemia cells.
      The duration of the test is 2-3 weeks. To assess the results of the test,
      the survival time index (ST index) is determined as follows, using the
      Survival Time 50 (ST 50) of the control groups as 100%:
      ##EQU2##
      The calculated quotient is the index of the change in the ST for animals
      under the treatment. Values less than 100% denote a reduced survival time
      of the treated group of animals and hence a toxic action of the
      preparation while values greater than 100% denote an increased survival
      time, which, depending upon the level of the index, express an inhibition
      of the tumor growth.
TBL                Table 5                                                     

     ______________________________________                                    

     Compound No.                                                              

                Leukaemia L 1210,                                              

                optimum dose in mg/kg                                          

                                Survival time                                  

                of body weight, index, %                                       

                4 .times. intraperitoneally                                    

     ______________________________________                                    

     (2)        100             1047                                           

     (3)        200             113.3                                          

     (5)        350             913                                            

     (7)        100             187                                            

     (8)        700             187                                            

     (11)       175             126.7                                          

     (31)       25              113.3                                          

     ______________________________________                                    

PAR  As can be seen from the representative results given above, the
      quinazolone-diurethanes of the invention have highly valuable cytostatic
      properties. In actual use, these new quinazolonediurethanes can be
      administered orally or parenterally, through utilization of pharmaceutical
      compositions containing as the active ingredient at least one of these
      quinazolonediurethanes in admixture with a pharmaceutically acceptable
      solid or liquid diluent or carrier. In the present specification the
      expression "pharmaceutically acceptable diluent or carrier" denotes a
      non-toxic substance that when mixed with the active ingredient or
      ingredients renders it more suitable for administration. Other
      pharmaceutically acceptable ingredients such as salts in correct
      quantities to render the composition isotonic, buffers, surfactants,
      coloring and flavoring agents, and preservatives may of course also be
      present. Examples of suitable solid and liquid diluents and carriers
      include buffered aqueous solutions, isotonic saline aqueous solutions,
      paraffins such as petroleum fractions, vegetable oils such as groundnut
      and sesame oil, glycerol, glycols such as propylene glycol or polyethylene
      glycol optionally in admixture with water, natural rock powders as for
      example kaolins, aluminas, talc or chalk, synthetic rock powders such as
      highly disperse silica and silicates, sugars including unrefined sugar,
      lactose and glucose, starches, cellulose and its derivatives, stearates
      and stearic acid.
PAR  Examples of pharmaceutical compositions according to the invention are
      pastes, solutions, aqueous suspensions, elixirs, syrups, granules and
      powders, either free-flowing or compressed into tablets.
PAR  Pharmaceutical compositions of the invention adapted for oral
      administration employ diluents and carriers which adapt the active
      ingredient or ingredients for oral administration. Examples of such
      diluents and carriers include solid vehicles, excipients and lubricants
      such as glucose, lactose and sucrose, corn starch, potato starch, sodium
      carboxymethyl cellulose, ethyl cellulose and cellulose acetate, powdered
      gum tragacanth, gelatin, alginic acid, agar, stearic acid, sodium, calcium
      and magnesium stearates, sodium lauryl sulfate, polyvinyl-pyrrolidone,
      sodium citrate, calcium carbonate, and dicalcium phosphate.
PAR  The pharmaceutical compositions of the invention can also contain other
      non-toxic adjuvants and modifiers such as dyes, surfactants for example,
      emulsifiers, such as nonionic and anionic emulsifiers, for example
      polyoxyethylene-fatty acid esters, polyoxyethylene-fatty alcohol ethers,
      alkylsulfonates and arylsulfonates, and dispersing agents, for example
      lignin and methylcellulose, perfumes, flavoring agents, preservatives and
      biocides.
PAR  The quinazolonediurethanes of the invention may also be administered
      parenterally in pharmaceutical compositions adapted for parenteral
      injection. The diluents and carriers used are therefore preferably those
      that adapt the active ingredient for parenteral administration. Examples
      of such diluents and carriers are solvents and suspending diluents such as
      water and water-miscible organic solvents, in particular sesame oil,
      groundnut oil, aqueous propylene glycol, and N,N'-dimethyl formamide.
      Examples of pharmaceutical compositions of the invention are sterile
      isotonic saline aqueous solutions of the active ingredient, which may be
      buffered with a pharmaceutically acceptable buffer and are preferably
      pyrogen-free.
PAR  The pharmaceutical compositions of the invention preferably contain 0.1 to
      99 wt.% more preferably 0.5 to 90 wt.% of a new quinazolonediurethane of
      the invention. Preferably the compositions are in dosage unit form. The
      expression "dosage unit form" as used in the present specification refers
      to a medicament in the form of discrete portions, each containing a unit
      dose or a multiple or sub-multiple of a unit dose of the active
      ingredient, as for example, one, two, three or four unit doses or a half,
      a third or a quarter of a unit dose. A "unit dose" is the amount of the
      active ingredient to be administered on one occasion and will usually be a
      daily dose, or a half, a third, or a quarter of a daily dose depending on
      whether the medicament is to be administered once or, for example, twice,
      three times, or four times a day. The discrete portions constituting the
      medicament in dosage unit form can include a protective envelope. The
      active ingredient can be undiluted and contained in such an envelope, or
      can be mixed with a pharmaceutically acceptable solid or liquid diluent or
      carrier. Such portions can for example be in monolithic coherent form,
      such as tablets, lozenges, pills, suppositories, or dragees; in wrapped or
      concealed form, the active ingredients being within a protective envelope,
      such as wrapped powders, cachets, sachets, capsules, or ampoules; or in
      the form of a sterile solution suitable for parenteral injection, such as
      ampoules of buffered, isotonic, sterile, pyrogen-free aqueous solution.
PAR  In general it has proved advantageous to administer amounts of 50 mg to 300
      mg/kg of body weight per day to achieve effective results. Nevertheless it
      will at times be necessary to deviate from the amounts mentioned, and in
      particular to do so as a function of the nature and body weight of the
      subject to be treated, its individual behavior towards the medicine, the
      type of formulation and of administration of the medicine, and the point
      in time or interval at which it is administered. Thus it may in some cases
      suffice to use less than the above mentioned minimum amount, while in
      other cases the upper limit mentioned must be exceeded. Where larger
      amounts are administered, it can be advisable to divide these into several
      individual administrations over the course of the day.
PAR  The compounds can of course be administered in combination with other
      active ingredients.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC15##
PAL  wherein
PA1  X is oxygen or sulfur;
PA1  R.sup.1 is alkyl of 1 to 6 carbon atoms, unsubstituted phenyl or phenyl
      substituted with from one to three members selected from the group
      consisting of chloro, fluoro, bromo, alkyl of one to six carbon atoms and
      alkoxy of one to six carbon atoms; and
PA1  R is cycloalkyl of five or six carbon atoms, alkylcycloalkyl wherein alkyl
      is of one to six carbon atoms and cycloalkyl is of five or six carbon
      atoms, unsubstituted alkyl of one to 20 carbon atoms, or alkyl of one to
      six carbon atoms substituted by hydroxy, alkoxy of one to six carbon
      atoms, phenyl, phenoxy or cycloalkyl of five or six carbon atoms.
NUM  2.
PAR  2. A compound according to claim 1 wherein R is cycloalkyl or
      (alkyl)cycloalkyl.
NUM  3.
PAR  3. A compound according to claim 1 wherein R is unsubstituted alkyl of 1 to
      6 carbon atoms or alkyl of one to six carbon atoms substituted by hydroxy,
      alkoxy of one to six carbon atoms, phenyl, phenoxy or cycloalkyl.
NUM  4.
PAR  4. The compound according to claim 1 of the formula:
      ##SPC16##
NUM  5.
PAR  5. The compound according to claim 1 of the formula:
      ##SPC17##
NUM  6.
PAR  6. The compound according to claim 1 of the formula:
      ##SPC18##
NUM  7.
PAR  7. The compound according to claim 1 of the formula:
      ##SPC19##
NUM  8.
PAR  8. The compound according to claim 1 of the formula:
      ##SPC20##
NUM  9.
PAR  9. The compound according to claim 1 of the formula:
      ##SPC21##
NUM  10.
PAR  10. The compound according to claim 1 of the formula:
      ##SPC22##
NUM  11.
PAR  11. The compound according to claim 1 of the formula:
      ##SPC23##
NUM  12.
PAR  12. The compound according to claim 1 of the formula:
      ##SPC24##
NUM  13.
PAR  13. The compound according to claim 1 of the formula:
      ##SPC25##
NUM  14.
PAR  14. The compound according to claim 1 of the formula:
      ##SPC26##
NUM  15.
PAR  15. The compound according to claim 1 of the formula:
      ##SPC27##
NUM  16.
PAR  16. The compound according to claim 1 of the formula:
      ##SPC28##
NUM  17.
PAR  17. The compound according to claim 1 of the formula:
      ##SPC29##
NUM  18.
PAR  18. The compound according to claim 1 of the formula:
      ##SPC30##
NUM  19.
PAR  19. The compound according to claim 1 of the formula:
      ##SPC31##
NUM  20.
PAR  20. The compound according to claim 1 of the formula:
      ##SPC32##
NUM  21.
PAR  21. The compound according to claim 1 of the formula:
      ##SPC33##
NUM  22.
PAR  22. The compound according to claim 1 of the formula:
      ##SPC34##
NUM  23.
PAR  23. A compound according to claim 1 wherein
PA1  X is oxygen;
PA1  R.sup.1 is phenyl or phenyl substituted by one or two members selected from
      the group consisting of chloro and alkyl of one to four carbon atoms; and
PA1  R is alkyl of one to six carbon atoms.
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ABST
PAL  Disclosed are new compounds of the formula
      ##EQU1##
      wherein R.sup.1 is selected from the group consisting of alkyl, alkenyl,
      haloalkyl, alkoxy, alkylthio, alkylsulfonyl and alkylsulfinyl; R.sup.2 is
      selected from the group consisting of alkyl, alkenyl, haloalkyl and
      ##EQU2##
      wherein R.sup.3 and R.sup.4 are each selected from the group consisting of
      hydrogen and alkyl; and R.sup.5 is alkyl. The subject compounds are useful
      as herbicides.
BSUM
PAR  This invention relates to new compositions of matter and more specifically
      relates to new chemical compounds of the formula
      ##EQU3##
      wherein R.sup.1 is selected from the group consisting of alkyl, alkenyl,
      haloalkyl, alkoxy, alkylthio, alkylsulfonyl and alkylsulfinyl; R.sup.2 is
      selected from the group consisting of alkyl, alkenyl, haloalkyl and
      ##EQU4##
      wherein R.sup.3 and R.sup.4 are each selected from the group consisting of
      hydrogen and alkyl; and R.sup.5 is alkyl.
PAR  In a preferred embodiment of the present invention R.sup.1 is selected from
      the group consisting of lower alkyl, lower alkenyl, lower chloroalkyl,
      lower bromoalkyl, trifluoromethyl, lower alkoxy, lower alkylthio, lower
      alkylsulfonyl and lower alkylsulfinyl; R.sup.2 is selected from the group
      consisting of lower alkyl, lower alkenyl, lower chloroalkyl, lower
      bormoalkyl and
      ##EQU5##
      wherein R.sup.3 and R.sup.4 are each selected from the group consisting of
      hydrogen and lower alkyl; and R.sup.5 is lower alkyl.
PAR  The term lower as used herein designates a straight or branched carbon
      chain of up to six carbon atoms.
PAR  The compounds of the present invention are unexpectedly useful as
      herbicides.
PAR  The compounds of this invention can be readily prepared by reacting a
      compound of the formula
      ##EQU6##
      wherein R.sup.1 and R.sup.2 are as heretofore described, with an alcohol
      of the formula
EQU  R.sup.5 OH                                                 (III)
PAL  wherein R.sup.5 is as heretofore described. This reaction can be effected
      by combining the compound of formula II with an excess molar amount of the
      alcohol of formula III in the presence of a catalytic amount of
      toluenesulfonic acid and heating the reaction mixture at a temperature of
      from about 50.degree.C to about the reflux temperature of the mixture for
      a period of from about 6 to about 24 hours. After this time the reaction
      mixture can be stripped of excess alcohol under reduced pressure to yield
      the desired product as the residue. This product can then be used as such
      or can be further purified by conventional techniques such as
      recrystallization and the like.
PAR  The compounds of formula II can be prepared by heating a compound of the
      formula
      ##EQU7##
      wherein R.sup.1 and R.sup.2 are as heretofore described and R.sup.6 and
      R.sup.7 are methyl or ethyl, in a dilute, aqueous, acidic reaction medium
      for a period of about 10 to about 60 minutes. Temperatures of from about
      70.degree.C to the reflux temperature of the reaction mixture can be
      utilized. The reaction medium can comprise a dilute aqueous inorganic acid
      such as hydrochloric acid at a concentration of from about 0.5 to about 5
      percent. Upon completion of the reaction the desired product can be
      recovered as a precipitate by cooling the reaction mixture. This product
      can be used as such or can be further purified by conventional means such
      as recrystallization and the like.
PAR  The compounds of formula IV can be prepared by reacting a molar amount of
      an isocyanate dimer of the formula
      ##EQU8##
      wherein R.sup.1 is as heretofore described, with about two molar amounts
      of an acetal of the formula
      ##EQU9##
      wherein R.sup.2, R.sup.6 and R.sup.7 are as heretofore described. This
      reaction can be effected by heating a mixture of the isocyanate dimer and
      the acetal in an inert organic reaction medium such as benzene at the
      reflux temperature of the reaction mixture. Heating at reflux can be
      continued for a period of from about 2 to about 30 minutes to ensure
      completion of the reaction. After this time the desired product can be
      recovered upon evaporation of the reaction medium and can be used as such
      or can be further purified by standard techniques in the art.
PAR  The isocyanate dimer of formula V can be prepared by reacting a thiadiazole
      of the formula
      ##EQU10##
      wherein R.sup.1 is as heretofore described, with phosgene. This reaction
      can be effected by adding a slurry or solution of the thiadiazole, in a
      suitable organic solvent such as ethyl acetate, to a saturated solution of
      phosgene in an organic solvent such as ethyl acetate. The resulting
      mixture can be stirred at ambient temperatures for a period of from about
      4 to about 24 hours. The reaction mixture can then be purged with nitrogen
      gas to remove unreacted phosgene. The desired product can then be
      recovered by filtration if formed as a precipitate or upon evaporation of
      the organic solvent used if soluble therein. This product can be used as
      such or can be further purified if desired.
PAR  Exemplary thiadiazoles of formula VII useful for preparing the compounds of
      the present invention are 5-methyl-2-amino-1,3,4-thiadiazole,
      5-ethyl-2-amino-1,3,4-thiadiazole, 5-propyl-2-amino-1,3,4-thiadiazole,
      5-allyl-2-amino-1,3,4-thiadiazole,
      5-pent-3-enyl-2-amino-1,3,4-thiadiazole, 5-chloromethyl-2-amino-1,3,4-thia
     diazole, 5-.beta.-chloroethyl-2-amino-1,3,4-thiadiazole,
      5-.gamma.-chloropropyl-2-amino-1,3,4-thiadiazole,
      5-trichloromethyl-2-amino-1,3,4-thiadiazole,
      5-methoxy-2-amino-1,3,4-thiadiazole, 5-ethoxy-2-amino-1,3,4-thiadiazole,
      5-propoxy-2-amino-1,3,4-thiadiazole, 5-butyloxy-2-amino-1,3,4-thiadiazole,
      5-hexyloxy-2-amino-1,3,4-thiadiazole,
      5-methylthio-2-amino-1,3,4-thiadiazole,
      5-ethylthio-2-amino-1,3,4-thiadiazole,
      5-propylthio-2-amino-1,3,4-thiadiazole,
      5-butylthio-2-amino-1,3,4-thiadiazole,
      5-methylsulfonyl-2-amino-1,3,4-thiadiazole,
      5-ethylsulfonyl-2-amino-1,3,4-thiadiazole,
      5-butylsulfonyl-2-amino-1,3,4-thiadiazole,
      5-methylsulfinyl-2-amino-1,3,4-thiadiazole,
      5-ethylsulfinyl-2-amino-1,3,4-thiadiazole,
      5-propylsulfinyl-2-amino-1,3,4-thiadiazole,
      5-t-butyl-2-amino-1,3,4-thiadiazole, 5-trifluoromethyl-2-amino-
      1,3,4-thiadiazole and the like.
PAR  The acetal of formula VI when not readily available can be prepared by
      reacting an amine of the formula
      ##EQU11##
      wherein R.sup.2 is as heretofore described with the dimethyl or diethyl
      acetal of .beta.-bromopropionaldehyde. This reaction can be effected by
      combining from about 1 to about 2 molar amounts of the amine of formula
      VIII with one molar amount of the acetal of .beta.-bromopropionaldehyde in
      about equimolar proportions in an inert organic reaction medium such as
      methanol. The reaction mixture can then be heated at reflux for a period
      of from about 4 to about 8 hours. After this time the reaction mixture can
      be cooled to room temperature and an alkali metal hydroxide or carbonate
      can be added in an amount sufficient to neutralize the reaction mixture.
      Stirring can be continued at room temperature for a period of up to about
      24 hours to ensure completion of the reaction. After this time the
      reaction mixture can be filtered and the filtrate distilled under reduced
      pressure to yield the desired product.
PAR  Exemplary compounds of formula VIII are methylamine, ethylamine,
      propylamine, isopropylamine, n-butylamine, t-butylamine, pentylamine,
      hexylamine, allylamine, propargylamine, 2-butenylamine, 3-butenylamine,
      3-pentenylamine, 4-pentenylamine, 5-hexenylamine,
      1-methyl-2-propynylamine, 1,1-dimethyl-2-propynylamine,
      1-ethyl-2-propynylamine, 1,1-diethyl-2-propynylamine,
      1-propyl-2-propynylamine, 1,1-dipropyl-2-propynylamine,
      1-chloroallylamine, 1-bromoallylamine, 4-chloro-2-butenylamine,
      6-chloro-4-hexenylamine and the like.
PAR  Exemplary useful alcohols of formula III are methanol, ethanol, propanol,
      isopropanol, butanol, sec-butanol, t-butanol, pentanol, hexanol and the
      like.
PAR  The manner in which the compounds of the present invention can be prepared
      is more specifically illustrated in the following examples.
DETD
PAC  EXAMPLE 1
PAC  Preparation of 5-Methyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methyl-2-amino-1,3,4 -thiadiazole (40 grams) in ethyl acetate (300 ml)
      is added to the reaction vessel and the resulting mixture is stirred for a
      period of about 16 hours, resulting in the formation of a precipitate. The
      reaction mixture is then purged with nitrogen gas to remove unreacted
      phosgene. The purged mixture is then filtered to recover the precipitate.
      The precipitate is then recrystallized to yield the desired product
      5-methyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 2
PAC  Preparation of the Dimethyl Acetal of 3-Methylaminopropionaldehyde
PAR  Methylamine (1.0 mole), the dimethyl acetal of 3-bromopropionaldehyde (0.5
      mole) and methanol (100 ml) are charged into a glass reaction vessel
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture is heated at reflux, with stirring, for a period of about
      4 hours. After this time the reaction mixture is cooled to room
      temperature and sodium hydroxide (20 grams) is added. The reaction mixture
      is then stirred for an additional period of about 8 hours. The reaction
      mixture is then filtered and the filtrate is distilled under reduced
      pressure to yield the desired product the dimethyl acetal of
      3-methylaminopropionaldehyde.
PAC  EXAMPLE 3
PAC  Preparation of the Dimethyl Acetal of
      3-[1-Methyl-3-(5-methyl-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde
PAR  A mixture of 5-methyl-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05 mole),
      the dimethyl acetal of 3-methylaminopropionaldehyde (0.1 mole) and benzene
      (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      the dimethyl acetal of
      3-[1-methyl-3-(5-methyl-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde.
PAC  EXAMPLE 4
PAC  Preparation of
      Tetrahydro-1-(5-methyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-hydroxy-2(1H)-pyr
     imidinone
PAR  The dimethyl acetal of
      3-[1-methyl-3-(5-methyl-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde (15
      grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      tetrahydro-1-(5-methyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-hydroxy-2(1H)-pyr
     imidinone.
PAC  EXAMPLE 5
PAC  Preparation of
      Tetrahydro-1-(5-methyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(1H)-pyr
     imidinone
PAR  Tetrahydro-1-(5-methyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-hydroxy-2(1H)-pyri
     midinone (7 grams), methyl alcohol (50 ml) and toluenesulfonic acid (0.2
      grams) are charged into a glass reaction vessel equipped with a mechanical
      stirrer, thermometer and reflux condenser. The reaction mixture is then
      heated at reflux for a period of about 24 hours. After this time the
      mixture is stripped of unreacted alcohol under reduced pressure to yield a
      solid product. This product is then recrystallized to yield the desired
      product
      tetrahydro-1-(5-methyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(1H)-pyr
     imidinone.
PAC  EXAMPLE 6
PAC  Preparation of 5-Methoxy-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methoxy-2-amino-1,3,4-thiadiazole (40 grams) in ethyl acetate (300 ml)
      is added to the reaction vessel and the resulting mixture is stirred for a
      period of about 16 hours, resulting in the formation of a precipitate. The
      reaction mixture is then purged with nitrogen gas to remove unreacted
      phosgene. The purged mixture is then filtered to recover the precipitate.
      The precipitate is then recrystallized to yield the desired product
      5-methoxy-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 7
PAC  Preparation of the Dimethyl Acetal of 3-Ethylaminopropionaldehyde
PAR  Ethylamine (2.0 mole), the dimethyl acetal of 3-bromopropionaldehyde (1.0
      mole) and methanol (100 ml) are charged into a glass reaction vessel
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture is heated at reflux, with stirring, for a period of about
      5 hours. After this time the reaction mixture is cooled to room
      temperature and sodium hydroxide (20 grams) is added. The reaction mixture
      is then stirred for an additional period of about 12 hours. The reaction
      mixture is then filtered and the filtrate is distilled under reduced
      pressure to yield the desired product the dimethyl acetal of
      3-ethylaminopropionaldehyde.
PAC  EXAMPLE 8
PAC  Preparation of the Dimethyl Acetal of
      3-[1-(Ethyl-3-(5-methoxy-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde
PAR  A mixture of 5-methoxy-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05 mole),
      the dimethyl acetal of 3-ethylaminopropionaldehyde (0.1 mole) and benzene
      (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      the dimethyl acetal of
      3-[1-ethyl-3-(5-methoxy-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde.
PAC  EXAMPLE 9
PAC  Preparation of
      Tetrahydro-1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-6-hydroxy-2(1H)-pyr
     imidinone
PAR  The dimethyl acetal of
      3-[1-ethyl-3-(5-methoxy-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde (15
      grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      tetrahydro-1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-6-hydroxy-2(1H)-pyr
     imidinone.
PAC  EXAMPLE 10
PAC  Preparation of
      Tetrahydro-1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-6-ethoxy-2(1H)-pyri
     midinone
PAR  Tetrahydro-1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-6-hydroxy-2(1H)-pyri
     midinone (7 grams), ethyl alcohol (50 ml) and toluenesulfonic acid (0.2
      grams) are charged into a glass reaction vessel equipped with a mechanical
      stirrer, thermometer and reflux condenser. The reaction mixture is then
      heated at reflux for a period of about 24 hours. After this time the
      mixture is stripped of unreacted alcohol under reduced pressure to yield a
      solid product. This product is then recrystallized to yield the desired
      product
      tetrahydro-1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-6-ethoxy-2(1H)-pyri
     midinone.
PAC  EXAMPLE 11
PAC  Preparation of 5-Methylthio-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methylthio-2-amino-1,,3,4-thiadiazole (45 grams) in ethyl acetate (300
      ml) is added to the reaction vessel and the resulting mixture is stirred
      for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-methylthio-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 12
PAC  Preparation of the Dimethyl Acetal of 3-Propylaminopropionaldehyde
PAR  Propylamine (2.0 mole), the dimethyl acetal of 3-bromopropionaldehyde (1.0
      mole) and methanol (100 ml) are charged into a glass reaction vessel
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture is heated at reflux, with stirring, for a period of about
      3 hours. After this time the reaction mixture is cooled to room
      temperature and sodium hydroxide (20 grams) is added. The reaction mixture
      is then stirred for an additional period of about 6 hours. The reaction
      mixture is then filtered and the filtrate is distilled under reduced
      pressure to yield the desired product the dimethyl acetal of
      3-propylaminopropionaldehyde.
PAC  EXAMPLE 13
PAC  Preparation of the Dimethyl Acetal of
      3-[1-Propyl-3-(5-methylthio-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde
PAR  A mixture of 5-methylthio-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05
      mole), the dimethyl acetal of 3-propylpropionaldehyde (0.1 mole) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      the dimethyl acetal of
      3-[1-propyl-3-(5-methylthio-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde.
PAC  EXAMPLE 14
PAC  Preparation of
      Tetrahydro-1-(5-methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-6-hydroxy-2(1H)
     -pyrimidinone
PAR  The dimethyl acetal of
      3-[1-propyl-3-(5-methylthio-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde
      (15 grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      tetrahydro-1-(5-methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-6-hydroxy-2(1H)
     -pyrimidinone.
PAC  EXAMPLE 15
PAC  Preparation of
      Tetrahydro-1-(5-methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-6-propoxy-2(1H)
     -pyrimidinone
PAR  Tetrahydro-1-(5-methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-6-hydroxy-2(1H)-
     pyrimidinone (7 grams), propyl alcohol (50 ml) and toluenesulfonic acid
      (0.2 grams) are charged into a glass reaction vessel equipped with a
      mechanical stirrer, thermometer and reflux condenser. The reaction mixture
      is then heated at reflux for a period of about 24 hours. After this time
      the mixture is stripped of unreacted alcohol under reduced pressure to
      yield a solid product. This product is then recrystallized to yield the
      desired product
      tetrahydro-1-(5-methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-6-propoxy-2(1H)
     -pyrimidinone.
PAC  EXAMPLE 16
PAC  Preparation of 5-Methylsulfonyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methylsulfonyl-2-amino-1,3,4-thiadiazole (50 grams) in ethyl acetate
      (300 ml) is added to the reaction vessel and the resulting mixture is
      stirred for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-methylsulfonyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 17
PAC  Preparation of the Dimethyl Acetal of 3-Allylaminopropionaldehyde
PAR  Allylamine (1.0 mole), the dimethyl acetal of 3-bromopropionaldehyde (0.5
      mole) and methanol (100 ml) are charged into a glass reaction vessel
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture is heated at reflux, with stirring, for a period of about
      8 hours. After this time the reaction mixture is cooled to room
      temperature and sodium hydroxide (20 grams) is added. The reaction mixture
      is then stirred for an additional period of about 14 hours. The reaction
      mixture is then filtered and the filtrate is distilled under reduced
      pressure to yield the desired product the dimethyl acetal of
      3-allylaminopropionaldehyde.
PAC  EXAMPLE 18
PAC  Preparation of the Dimethyl Acetal of
      3-[1-Allyl-3-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)ureido]propionaldehyd
     e
PAR  A mixture of 5-methylsulfonyl-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05
      mole), the dimethyl acetal of 3-allylaminopropionaldehyde (0.1 mole) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      the dimethyl acetal of
      3-[1-allyl-3-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)ureido]propionaldehyd
     e.
PAC  EXAMPLE 19
PAC  Preparation of
      Tetrahydro-1-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-allyl-6-hydroxy-2(
     1H)-pyrimidinone
PAR  The dimethyl acetal of
      3-[1-methyl-3-(5-methyl-sulfonyl-1,3,4-thiadiazol-2-yl)ureido]propionaldeh
     yde (15 grams), water (400 ml) and hydrochloric acid (4 ml) are charged
      into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. The reaction mixture is heated at reflux
      for a period of about 15 minutes. The reaction mixture is then filtered
      while hot and the filtrate is cooled to form a precipitate. The
      precipitate is recovered by filtration, is dried and is recrystallized to
      yield the desired product
      tetrahydro-1-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-allyl-6-hydroxy-2(
     1H)-pyrimidinone.
PAC  EXAMPLE 20
PAC  Preparation of
      Tetrahydro-1-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-allyl-6-butoxy-2(1
     H)-pyrimidinone
PAR  Tetrahydro-1-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-allyl-6-hydroxy-2(1
     H)-pyrimidinone (7 grams), butyl alcohol (50 ml) and toluenesulfonic acid
      (0.2 grams) are charged into a glass reaction vessel equipped with a
      mechanical stirrer, thermometer and reflux condenser. The reaction mixture
      is then heated at reflux for a period of about 24 hours. After this time
      the mixture is stripped of unreacted alcohol under reduced pressure to
      yield a solid product. This product is then recrystallized to yield the
      desired product
      tetrahydro-1-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-allyl-6-butoxy-2(1
     H)-pyrimidinone.
PAC  EXAMPLE 21
PAC  Preparation of 5-Methylsulfinyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methylsulfinyl-2-amino-1,3,4-thiadiazole (50 grams) in ethyl acetate
      (300 ml) is added to the reaction vessel and the resulting mixture is
      stirred for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-methylsulfinyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 22
PAC  Preparation of the Dimethyl Acetal of 3-Propargylaminopropionaldehyde
PAR  Propargylamine (2.0 mole), the dimethyl acetal of 3-bromopropionaldehyde
      (1.0 mole) and methanol (100 ml) are charged into a glass reaction vessel
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture is heated at reflux, with stirring, for a period of about
      6 hours. After this time the reaction mixture is cooled to room
      temperature and sodium hydroxide (20 grams) is added. The reaction mixture
      is then stirred for an additional period of about 18 hours. The reaction
      mixture is then filtered and the filtrate is distilled under reduced
      pressure to yield the desired product the dimethyl acetal of
      3-propargylaminopropionaldehyde.
PAC  EXAMPLE 23
PAC  Preparation of the Dimethyl Acetal of
      3-[1-Propargyl-3-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)ureido]propionald
     ehyde
PAR  A mixture of 5-methylsulfinyl-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05
      mole), the dimethyl acetal of 3-propargylaminopropionaldehyde (0.1 mole)
      and benzene (60 ml) are charged into a glass reaction vessel equipped with
      a mechanical stirrer and reflux condenser. The reaction mixture is heated
      at reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      the dimethyl acetal of
      3-[1-propargyl-3-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)ureido]propionald
     ehyde.
PAC  EXAMPLE 24
PAC  Preparation of
      Tetrahydro-1-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-3-propargyl-6-hydrox
     y-2(1H)-pyrimidinone
PAR  The dimethyl acetal of
      3-[1-propargyl-3-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)ureido]propionald
     ehyde (15 grams), water (400 ml) and hydrochloric acid (4 ml) are charged
      into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. The reaction mixture is heated at reflux
      for a period of about 15 minutes. The reaction mixture is then filtered
      while hot and the filtrate is cooled to form a precipitate. The
      precipitate is recovered by filtration, is dried and is recrystallized to
      yield the desired product
      tetrahydro-1-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-3-propargyl-6-hydrox
     y-2(1H)-pyrimidinone.
PAC  EXAMPLE 25
PAC  Preparation of
      Tetrahydro-1-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-3-propargyl-6-hexylo
     xy-2(1H)-pyrimidinone
PAR  Tetrahydro-1-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-3-propargyl-6-hydroxy
     -2(1H)-pyrimidinone (7 grams), hexyl alcohol (50 ml) and toluenesulfonic
      acid (0.2 grams) are charged into a glass reaction vessel equipped with a
      mechanical stirrer, thermometer and reflux condenser. The reaction mixture
      is then heated at reflux for a period of about 24 hours. After this time
      the mixture is stripped of unreacted alcohol under reduced pressure to
      yield a solid product. This product is then recrystallized to yield the
      desired product tetrahydro-1-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-
      3-propargyl-6-hexyloxy-2(1H)-pyrimidinone.
PAC  EXAMPLE 26
PAC  Preparation of 5-Trifluoromethyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) was charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-trifluoromethyl- 2-amino-1,3,4-thiadiazole (45 grams) in ethyl acetate
      (300 ml) was added to the reaction vessel and the resulting mixture was
      stirred for a period of about 16 hours resulting in the formation of a
      precipitate. The reaction mixture was then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture was filtered to recover 48
      grams of a white solid. This solid was recrystallized from dimethyl
      formamide to yield the desired product
      5-trifluoromethyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 27
PAC  Preparation of the Dimethyl Acetal of
      3-[1-Methyl-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)ureido]propionaldeh
     yde
PAR  A mixture of 5-trifluoromethyl-1,3,4-thiadiazol-2-yl isocyanate dimer (9.5
      grams), the dimethyl acetal of 3-methylaminopropionaldehyde (5.8 grams)
      and benzene (60 ml) are charged into a glass reaction vessel equipped with
      a mechanical stirrer and reflux condenser. The reaction mixture is heated
      at reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. This product is recrystallized to yield the desired product the
      dimethyl acetal of
      3-[1-methyl-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)ureido]propionaldeh
     yde.
PAC  EXAMPLE 28
PAC  Preparation of
      Tetrahydro-1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-hydroxy-
     2(1H)-pyrimidinone
PAR  The dimethyl acetal of
      3-[1-methyl-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)ureido]propionaldeh
     yde (15 grams), water (400 ml) and hydrochloric acid (4 ml) are charged
      into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. The reaction mixture is heated at reflux
      for a period of about 15 minutes. The reaction mixture is then filtered
      while hot and the filtrate is cooled resulting in the formation of a
      precipitate. The precipitate is recovered by filtration, is dried and is
      recrystallized to yield the desired product
      tetrahydro-1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-hydroxy-
     2(1H)-pyrimidinone.
PAC  EXAMPLE 29
PAC  Preparation of
      Tetrahydro-1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-
     2(1H)-pyrimidinone
PAR  Tetrahydro-1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-hydroxy-2
     (1H)-pyrimidinone (7 grams), methyl alcohol (50 ml) and toluenesulfonic
      acid (0.2 grams) are charged into a glass reaction vessel equipped with a
      mechanical stirrer, thermometer and reflux heated The reaction mixture is
      then heated at reflux for a period of about 24 hours. After this time the
      mixture is stripped of unreacted alcohol under reduced pressure to yield a
      solid product. This product is then recrystallized to yield the desired
      product
      tetrahydro-1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-
     2(1H)-pyrimidinone.
PAC  EXAMPLE 30
PAC  Preparation of 5-t-Butyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) was charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-t-butyl- 2-amino-1,3,4-thiadiazole (10 grams) in ethyl acetate (300 ml)
      was added to the reaction vessel and the resulting mixture was stirred for
      a period of about 16 hours resulting in the formation of a precipitate.
      The reaction mixture was then purged with nitrogen gas to remove unreacted
      phosgene. The purged mixture was then filtered to recover the desired
      product 5-t-butyl-1,3,4-thiadiazol-2-yl isocyanate dimer as a solid having
      a melting point of 261.degree. to 263.degree.C.
PAC  EXAMPLE 31
PAC  Preparation of the Dimethyl Acetal of
      3-[1-Methyl-3-(5-t-butyl-1,3,4-thiadiazol- 2-yl)ureido]propionaldehyde
PAR  A mixture of 5-t-butyl-1,3,4-thiadiazol-2-yl isocyanate dimer (6 grams),
      the dimethyl acetal of 3-methylaminopropionaldehyde (4.0 grams) and
      benzene (50 ml) are charged into a glass reaction flask equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux, with stirring, for a period of about 5 minutes. After this time
      the reaction mixture is stripped of benzene to yield a residue. The
      residue is then recrystallized to yield the desired product the dimethyl
      acetal of
      3-[1-methyl-3-(5-t-butyl-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde.
PAC  EXAMPLE 32
PAC  Preparation of Tetrahydro- 1-(5-t-butyl-
      1,3,4-thiadiazol-2-yl)-3-methyl-6-hydroxy-2(1H)-pyrimidinone
PAR  The dimethyl acetal of
      3-[1-methyl-3-(5-t-butyl-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde (16
      grams), concentrated hydrochloric acid (10 ml) and water (500 ml) are
      charged into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. The reaction mixture is heated at reflux
      for a period of about 15 minutes. The reaction mixture is filtered while
      hot and the filtrate is then cooled, resulting in the formation of a
      precipitate. The precipitate is recovered by filtration, dried and is
      recrystallized to yield the desired product
      tetrahydro-1-(5-t-butyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-hydroxy-2(1H)-py
     rimidinone.
PAC  EXAMPLE 33
PAC  Preparation of
      Tetrahydro-1-(5-t-butyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(1H)-py
     rimidinone
PAR  Tetrahydro-1-(5-t-butyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-hydroxy-2(1H)-pyr
     imidinone (7 grams), methyl alcohol (50 ml) and toluenesulfonic acid (0.2
      grams) are charged into a glass reaction vessel equipped with a mechanical
      stirrer, thermometer and reflux condenser. The reaction mixture is then
      heated at reflux for a period of about 24 hours. After this time the
      mixture is stripped of unreacted alcohol under reduced pressure to yield a
      solid product. This product is then recrystallized to yield the desired
      product
      tetrahydro-1-(5-t-butyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(1H)-py
     rimidinone.
PAC  EXAMPLE 34
PAC  Preparation of the Diethyl Acetal of 3-But-3-enylaminopropionaldehyde
PAR  But-3-enylamine (1.0 mole), the diethyl acetal of 3-bromopropionaldehyde
      (1.0 mole) and methanol (100 ml) are charged into a glass reaction vessel
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture is heated at reflux with stirring for a period of about 6
      hours. After this time the reaction mixture is cooled to room temperature
      and sodium hydroxide (20 grams) is added. The reaction mixture is then
      stirred for an additional period of about 16 hours. The mixture is then
      filtered and the filtrate is distilled to yield the desired product the
      diethyl acetal of 3-but-3-enylaminopropionaldehyde.
PAC  EXAMPLE 35
PAC  Preparation of the Diethyl Acetal of
      3-[1-But-3-enyl-3-(5-methoxy-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde
PAR  A mixture of 5-methoxy-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05 mole),
      the diethyl acetal of 3-but-3-enylaminopropionaldehyde (0.1 mole) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield the desired product
      the diethyl acetal of
      3-[1-but-3-enyl-3-(5-methoxy-1,3,4-thiadiazol-2-yl)ureido]-propionaldehyde
     .
PAC  EXAMPLE 36
PAC  Preparation of Tetrahydro-1-(5-methoxy-1,3,4-thiadiazol-
      2-yl)-3-but-3-enyl-6-hydroxy-2(1H)-pyrimidinone
PAR  The diethyl acetal of
      3-[1-but-3-enyl-3-(5-methoxy-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde
      (15 grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      tetrahydro-1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-but-3-enyl-6-hydroxy-2(1H
     )-pyrimidinone.
PAC  EXAMPLE 37
PAC  Preparation of
      Tetrahydro-1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-but-3-enyl-6-ethoxy-2(1H)
     -pyrimidinone
PAR  Tetrahydro-1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-but-3-enyl-6-hydroxy-2(1H)
     -pyrimidinone  (7 grams), ethyl alcohol (50 ml) and toluenesulfonic acid
      (0.2 grams) are charged into a glass reaction vessel equipped with a
      mechanical stirrer, thermomater and reflux condenser. The reaction mixture
      is then heated at reflux for a period of about 24 hours. After this time
      the mixture is stripped of unreacted alcohol under reduced pressure to
      yield a solid product. This product is then recrystallized to yield the
      desired product
      tetrahydro-1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-but-3-enyl-6-ethoxy-2(1H)
     -pyrimidinone.
PAC  EXAMPLE 38
PAC  Preparation of the Diethyl Acetal of
      3-(1,1-Dimethylprop-2-ynylamino)propionaldehyde
PAR  1,1-Dimethylprop-2-ynylamine (1.0 mole), the diethyl acetal of
      3-bromopropionaldehyde (1.0 mole) and methanol (100 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux with stirring
      for a period of about 6 hours. After this time the reaction mixture is
      cooled to room temperature and sodium hydroxide (20 grams) is added. The
      reaction mixture is then stirred for an additional period of about 16
      hours. The mixture is then filtered and the filtrate is distilled to yield
      the desired product the diethyl acetal of
      3-(1,1-dimethylprop-2-ynylamino)propionaldehyde.
PAC  EXAMPLE 39
PAC  Preparation of the Diethyl Acetal of
      3-[1-(1,1-Dimethylprop-2-ynyl)-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)
     ureido]propionaldehyde
PAR  A mixture of 5-trifluoromethyl-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05
      mole), the diethyl acetal of
      3-(1,1-dimethylprop-2-ynylamino)propionaldehyde (0.1 mole) and benzene (60
      ml) are charged into a glass reaction vessel equipped with a mechanical
      stirrer and reflux condenser. The reaction mixture is heated at reflux for
      a period of about 15 minutes. After this time the mixture is stripped of
      benzene under reduced pressure to yield a solid product as the residue.
      The residue is then recrystallized to yield the desired product the
      diethyl acetal of
      3-[1-(1,1-dimethylprop-2-ynyl)-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)
     ureido]propionaldehyde.
PAC  EXAMPLE 40
PAC  Preparation of
      Tetrahydro-1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-(1,1-dimethylprop
     -2-ynyl)-6-hydroxy-2(1H)-pyrimidinone
PAR  The diethyl acetal of
      3-[1-(1,1-dimethylprop-2-ynyl)-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)
     ureido]-propionaldehyde (15 grams), water (400 ml) and hydrochloric acid (4
      ml) are charged into a glass reaction vessel equipped with a mechanical
      stirrer, thermometer and reflux condenser. The reaction mixture is heated
      at reflux for a period of about 15 minutes. The reaction mixture is then
      filtered while hot and the filtrate is cooled to form a precipitate. The
      precipitate is recovered by filtration, is dried and is recrystallized to
      yield the desired product
      tetrahydro-1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-(1,1-dimethylprop
     -2-ynyl)-6-hydroxy-2(1H)-pyrimidinone.
PAC  EXAMPLE 41
PAC  Preparation of
      Tetrahydro-1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-(1,1-dimethylprop
     -2-ynyl)-6-methoxy-2(1H)-pyrimidinone
PAR  Tetrahydro-1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-(1,1-dimethylprop-
     2-ynyl)-6-hydroxy-2(1H)-pyrimidinone (7 grams), methyl alcohol (50 ml) and
      toluenesulfonic acid (0.2 grams) are charged into a glass reaction vessel
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture is then heated at reflux for a period of about 24 hours.
      After this time the mixture is stripped of unreacted alcohol under reduced
      pressure to yield a solid product. This product is then recrystallized to
      yield the desired product
      tetrahydro-1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-(1,1-dimethylprop
     -2-ynyl)-6-methoxy-2(1H)-pyrimidinone.
PAC  EXAMPLE 42
PAC  Preparation of 5-Allyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-allyl-2-amino-1,3,4-thiadiazole (40 grams) in ethyl acetate (300 ml) is
      added to the reaction vessel and the resulting mixture is stirred for a
      period of about 16 hours, resulting in the formation of a precipitate. The
      reaction mixture is then purged with nitrogen gas to remove unreacted
      phosgene. The purged mixture is then filtered to recover the precipitate.
      The precipitate is then recrystallized to yield the desired product
      5-allyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 43
PAC  Preparation of the Dimethyl Acetal of 3-Chloromethylaminopropionaldehyde
PAR  Chloromethylamine (1.0 mole), the dimethyl acetal of 3-bromopropionaldehyde
      (0.5 mole) and methanol (100 ml) are charged into a glass reaction vessel
      equipped with a mechanical stirrer, thermometer and reflux condenser. The
      reaction mixture is heated at reflux, with stirring, for a period of about
      4 hours. After this time the reaction mixture is cooled to room
      temperature and sodium hydroxide (20 grams) is added. The reaction mixture
      is then stirred for an additional period of about 8 hours. The reaction
      mixture is then filtered and the filtrate is distilled under reduced
      pressure to yield the desired product the dimethyl acetal of
      3-chloromethylaminopropionaldehyde.
PAC  EXAMPLE 44
PAC  Preparation of the Dimethyl Acetal of
      3-[1-Chloromethyl-3-(5-allyl-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde
PAR  A mixture of 5-allyl-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05 mole),
      the dimethyl acetal of 3-chloromethylamino-propionaldehyde (0.1 mole) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      the dimethyl acetal of
      3-[1-chloromethyl-3-(5-allyl-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde.
PAC  EXAMPLE 45
PAC  Preparation of
      Tetrahydro-1-(5-allyl-1,3,4-thiadiazol-21yl)-3-chloromethyl-6-hydroxy-2(1H
     )-pyrimidinone
PAR  The dimethyl acetal of
      3-[1-chloromethyl-3-(5-allyl-1,3,4-thiadiazol-2-yl)ureido]propionaldehyde
      (15 grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      tetrahydro-1-(5-allyl-1,3,4-thiadiazol-2-yl)-3-chloromethyl-6-hydroxy-2(1H
     )-pyrimidinone.
PAC  EXAMPLE 46
PAC  Preparation of
      Tetrahydro-1-(5-allyl-1,3,4-thiadiazol-2-yl)-3-chloromethyl-6-methoxy-2(1H
     )-pyrimidinone
PAR  Tetrahydro-1-(5-allyl-1,3,4-thiadiazol-2-yl)-3-chloromethyl-6-hydroxy-2(1H)
     -pyrimidinone (7 grams), methyl alcohol (50 ml) and toluenesulfonic acid
      (0.2 grams) are charged into a glass reaction vessel equipped with a
      mechanical stirrer, thermometer and reflux condenser. The reaction mixture
      is then heated at reflux for a period of about 24 hours. After this time
      the mixture is stripped of unreacted alcohol under reduced pressure to
      yield a solid product. This product is then recrystallized to yield the
      desired product
      tetrahydro-1-(5-allyl-1,3,4-thiadiazol-2-yl)-3-chloromethyl-6-methoxy-2(1H
     )-pyrimidinone.
PAR  Additional exemplary compounds within the scope of the present invention
      which can be prepared by the procedures of the foregoing examples are
      tetrahydro-1-(5-ethyl-1,3,4-thiadiazol-2-yl)-3-butyl-6-pentyloxy-2(1H)-pyr
     imidinone,
      tetrahydro-1-(5-propyl-1,3,4-thiadiazol-2-yl)-3-pentyl-6-methoxy-2(1H)-pyr
     imidinone,
      tetrahydro-1-(5-isopropyl-1,3,4-thiadiazol-2-yl)-3-hexyl-6-methoxy-2(1H)-p
     yrimidinone,
      tetrahydro-1-(5-hexyl-1,3,4-thiadiazol-2-yl)-3-pent-3-enyl-6-methoxy-2(1H)
     -pyrimidinone,
      tetrahydro-1-(5-but-3-enyl-1,3,4-thiadiazol-2-yl)-3-hex-4-enyl-6-methoxy-2
     (1H)-pyrimidinone,
      tetrahydro-1-(5-hex-4-enyl-1,3,4-thiadiazol-2-yl)-3-bromomethyl-6-methoxy-
     2(1H)-pyrimidinone,
      tetrahydro-1-(5-chloromethyl-1,3,4-thiadiazol-2-yl)-3-.beta.-bromoethyl-6-
     methoxy-2(1H)-pyrimidinone,
      tetrahydro-1-(5-.beta.-bromoethyl-1,3,4-thiadiazol-2-yl)-3-.gamma.-chlorop
     ropyl-6-methoxy-2(1H)-pyrimidinone,
      tetrahydro-1-(5-.gamma.-chloropropyl-1,3,4-thiadiazol-2-yl)-3-.omega.-chlo
     rohexyl-6-methoxy-2(1H)-pyrimidinone,
      tetrahydro-1-(5-.omega.-chlorohexyl-1,3,4-thiadiazol-2-yl)-3
      -(1,1-diethylprop-2-ynyl)-6-methoxy-2(1H)-pyrimidinone,
      tetrahydro-1-(5-ethoxy-1,3,4-thiadiazol-2-yl)-3-(1-methyl-1-ethylprop-2-yn
     yl)-6-methoxy-2(1H)-pyrimidinone,
      tetrahydro-1-(5-propoxy-1,3,4-thiadiazol-2-yl)-3-(1,1-dipropylprop-2-ynyl)
     -6-methoxy-2(1H)-pyrimidinone,
      tetrahydro-1-(5-butyloxy-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(1H)-p
     yrimidinone,
      tetrahydro-1-(5-pentyloxy-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(1H)-
     pyrimidinone,
      tetrahydro-1-(5-ethylthio-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(1H)-
     pyrimidinone,
      tetrahydro-1-(5-propythio-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(1H)-
     pyrimidinone,
      tetrahydro-1-(5-butylthio-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(1H)-
     pyrimidinone,
      tetrahydro-1-(5-hexylthio-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(1H)-
     pyrimidinone,
      tetrahydro-1-(5-ethylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(
     1H)-pyrimidinone,
      tetrahydro-1-(5-propylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2
     (1H)-pyrimidinone,
      tetrahydro-1-(5-hexylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(
     1H)-pyrimidinone, tetrahydro-1
      -(5-ethylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(1H)-pyrimidi
     none,
      tetrahydro-1-(5-propylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2
     (1H)-pyrimidinone,
      tetrahydro-1-(5-hexylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(
     1H)-pyrimidinone and the like.
PAR  For practical use as herbicides the compounds of this invention are
      generally incorporated into herbicidal compositions which comprise an
      inert carrier and a herbicidally toxic amount of such a compound. Such
      herbicidal compositions, which can also be called formulations, enable the
      active compound to be applied conveniently to the site of the weed
      infestation in any desired quantity. These compositions can be solids such
      as dusts, granules, or wettable powders; or they can be liquids such as
      solutions, aerosols, or emulsifiable concentrates.
PAR  For example, dusts can be prepared by grinding and blending the active
      compound with a solid inert carrier such as the talcs, clays, silicas,
      pyrophyllite, and the like. Granular formulations can be prepared by
      impregnating the compound, usually dissolved in a suitable solvent, onto
      and into granulated carriers such as the attapulgites or the
      vermiculities, usually of a particle size range of from about 0.3 to 1.5
      mm. Wettable powders, which can be dispersed in water or oil to any
      desired concentration of the active compound, can be prepared by
      incorporating wetting agents into concentrated dust compositions.
PAR  In some cases the active compounds are sufficiently soluble in common
      organic solvents such as kerosene or xylene so that they can be used
      directly as solutions in these solvents. Frequently, solutions of
      herbicides can be dispersed under super-atmospheric pressure as aerosols.
      However, preferred liquid herbicidal compositions are emulsifiable
      concentrates, which comprise an active compound according to this
      invention and as the inert carrier, a solvent and an emulsifier. Such
      emulsifiable concentrates can be extended with water and/or oil to any
      desired concentration of active compound for application as sprays to the
      site of the weed infestation. The emulsifiers most commonly used in these
      concentrates are nonionic or mixtures of nonionic with anionic
      surface-active agents. With the use of some emulsifier systems an inverted
      emulsion (water in oil) can be prepared for direct application to weed
      infestations.
PAR  A typical herbicidal composition according to this invention is illustrated
      by the following example, in which the quantities are in parts by weight.
PAC  EXAMPLE 47
TBL                Preparation of a Dust                                       

     ______________________________________                                    

     Product of Example 5      10                                              

     Powdered Talc             90                                              

     ______________________________________                                    

PAR  The above ingredients are mixed in a mechanical grinder-blender and are
      ground until a homogeneous, free-flowing dust of the desired particle size
      is obtained. This dust is suitable for direct application to the site of
      the weed infestation.
PAR  The compounds of this invention can be applied as herbicides in any manner
      recognized by the art. One method for the control of weeds comprises
      contacting the locus of said weeds with a herbicidal composition
      comprising an inert carrier and as an essential active ingredient, in a
      quantity which is herbicidally toxic to said weeds, a compound of the
      present invention. The concentration of the new compounds of this
      invention in the herbicidal compositions will vary greatly with the type
      of formulation and the purpose for which it is designed, but generally the
      herbicidal compositions will comprise from about 0.05 to about 95 percent
      by weight of the active compounds of this invention. In a preferred
      embodiment of this invention, the herbicidal compositions will comprise
      from about 5 to about 75 percent by weight of the active compound. The
      compositions can also comprise such additional substances as other
      pesticides, such as insecticides, nematocides, fungicides, and the like;
      stabilizers, spreaders, deactivators, adhesives, stickers, fertilizers,
      activators, synergists, and the like.
PAR  The compounds of the present invention are also useful when combined with
      other herbicides and/or defoliants, dessicants, growth inhibitors, and the
      like in the herbicidal compositions heretofore described. These other
      materials can comprise from about 5 to about 95% of the active ingredients
      in the herbicidal compositions. Use of combinations of these other
      herbicides and/or defoliants, dessicants, etc. with the compounds of the
      present invention provide herbicidal compositions which are more effective
      in controlling weeds and often provide results unattainable with separate
      compositions of the individual herbicides. The other herbicides,
      defoliants, dessicants and plant growth inhibitors, with which the
      compounds of this invention can be used in the herbicidal compositions to
      control weeds, can include chlorophenoxy herbicides such as 2,4-D,
      2,4,5-T, MCPA, MCPB, 4(2,4-DB), 2,4-DEB, 4-CPB, 4-CPA, 4-CPP, 2,4,5-TB,
      2,4,5-TES, 3,4-DA, silvex and the like; carbamate herbicides such as IPC,
      CIPC, swep, barban, BCPC, CEPC, CPPC, and the like; thiocarbamate and
      dithiocarbamate herbicides such as CDEC, metham sodium, EPTC, diallate,
      PEBC, perbulate, vernolate and the like; substituted urea herbicides such
      as norea, siduron, dichloral urea, chloroxuron, cycluron, fenuron,
      monuron, monuron TCA, diuron, linuron, monolinuron, neburon, buturon,
      trimeturon and the like; symmetrical triazine herbicides such as simazine,
      chlorazine, atraone, desmetryne, norazine, ipazine, prometryn, atazine,
      trietazine, simetone, prometone, propazine, ametryne and the like;
      chloroacetamide herbicides such as 4-(chloroacetyl)morpholine,
      1-(chloroacetyl)piperidine and the like; chlorinated aliphatic acid
      herbicides such as TCA, dalapon, 2,3-dichloropropionic acid, 2,2,3-TPA and
      the like; chlorinated benzoic acid and phenylacetic acid herbicides such
      as 2,3,6-TBA, 2,3,5,6-TBA, dicamba, tricamba, amiben, fenac, PBA,
      2-methoxy-3,6-dichlorophenylacetic acid,
      3-methoxy-2,6-dichlorophenylacetic acid,
      2-methoxy-3,5,6-trichlorophenylacetic acid, 2,4-dichloro-3-nitrobenzoic
      acid and the like; and such compounds as aminotriazole, maleic hydrazide,
      phenyl mercuric acetate, endothal, biuret, technical chlordane, dimethyl
      2,3,5,6-tetrachloroterephthalate, diquat, erbon, DNC, DNBP, dichlobenil,
      DPA, diphenamid, dipropalin, trifluralin, solan, dicryl, merphos, DMPA,
      DSMA, MSMA, potassium azide, acrolein, benefin, bensulide, AMS, bromacil,
      2-(3,4-dichlorophenyl)-4-methyl-1,2,4-oxadiazolidine-3,5-dione,
      bromoxynil, cacodylic acid, CMA, CPMF, cypromid, DCB, DCPA, dichlone,
      diphenatril, DMTT, DNAP, EBEP, EXD, HCA, ioxynil, IPX, isocil, potassium
      cyanate, MAA, MAMA, MCPES, MCPP, MH, molinate, NPA, OCH, paraquat, PCP,
      picloram, DPA, PCA, pyrichlor, sesone, terbacil, terbutol, TCBA, brominil,
      CP-50144, H-176-1, H-732, M-2901, planavin, sodium tetraborate, calcium
      cyanamid, DEF, ethyl xanthogen disulfide, sindone, sindone B, propanil and
      the like.
PAR  Such herbicides can also be used in the methods and compositions of this
      invention in the form of their salts, esters, amides, and other
      derivatives whenever applicable to the particular parent compounds.
PAR  Weeds are undesirable plants growing where they are not wanted, having no
      economic value, and interfering with the production of cultivated crops,
      with the growing of ornamental plants, or with the welfare of livestock.
      Many types of weeds are known, including annuals such as pigweed,
      lambsquarters, foxtail, crabgrass, wild mustard, field pennycress,
      ryegrass, goose grass, chickweed, wild oats, velvet-leaf, purslane,
      barnyardgrass, smartweed, knotweed, cocklebur, wild buckwheat, kochia,
      medic, corn cockle, ragweed, sowthistle, coffeeweed, croton, cuphea,
      dodder, fumitory, groundsel, hemp nettle, knawel, spurge, spurry, emex,
      jungle rice, pondweed, dog fennel, carpetweed, morningglory, bedstraw,
      ducksalad, naiad, cheatgrass, fall panicum, jimsonweed, witchgrass,
      switchgrass, watergrass, teaweed, wild turnip and sprangletop; biennials
      such as wild carrot, matricaria, wild barley, campion, chamomile, burdock,
      mullein, roundleaved mallow, bull thistle, hounds-tongue, moth mullein and
      purple star thistle; or perennials such as white cockle, perennial
      ryegrass, quackgrass, Johnson grass, Canada thistle, hedge bindweed,
      Bermuda grass, sheep sorrel, curly dock, nutgrass, field chickweed,
      dandelion, campanula, field bindweed, Russian knapweed, mesquite,
      toadflax, yarrow, aster, gromwell, horsetail, ironweed, sesbania, bulrush,
      cattail, wintercress, horsenettle, nutsedge, milkweed and sicklepod.
PAR  Similarly, such weeds can be classified as broadleaf or grassy weeds. It is
      economically desirable to control the growth of such weeds without
      damaging beneficial plants or livestock.
PAR  The new compounds of this invention are particularly valuable for weed
      control because they are toxic to many species and groups of weeds while
      they are relatively nontoxic to many beneficial plants. The exact amount
      of compound required will depend on a variety of factors, including the
      hardiness of the particular weed species, weather, type of soil, method of
      application, the kind of beneficial plants in the same area, and the like.
      Thus, while the application of up to only about one or two ounces of
      active compound per acre may be sufficient for good control of a light
      infestation of weeds growing under adverse conditions, the application of
      10 pounds or more of an active compound per acre may be required for good
      control of a dense infestation of hardy perennial weeds growing under
      favorable conditions.
PAR  The herbicidal toxicity of the new compounds of this invention can be
      demonstrated by the following established testing techniques known to the
      art, pre- and post-emergence testing.
PAR  The herbicidal activity of the compounds of this invention can be
      demonstrated by experiments carried out for the pre-emergence control of a
      variety of weeds. In these experiments small plastic greenhouse pots
      filled with dry soil are seeded with the various weed seeds. Twenty-four
      hours or less after seeding the pots are sprayed with water until the soil
      is wet and a test compound formulated as an aqueous emulsion of an acetone
      solution containing emulsifiers is sprayed at the desired concentrations
      on the surface of the soil.
PAR  After spraying, the soil containers are placed in the greenhouse and
      provided with supplementary heat as required and daily or more frequent
      watering. The plants are maintained under these conditions for a period of
      from 15 to 21 days, at which time the condition of the plants and the
      degree of injury to the plants is rated on a scale of from 0 to 10, as
      follows: 0 = no injury, 1,2 = slight injury, 3,4 = moderate injury, 5,6 =
      moderately severe injury, 7,8,9 = severe injury and 10 = death.
PAR  The herbicidal activity of the compounds of this invention can also be
      demonstrated by experiments carried out for the post-emergence control of
      a variety of weeds. In these experiments the compounds to be tested are
      formulated as aqueous emulsions and sprayed at the desired dosage on the
      foliage of the weeds that have attained a prescribed size. After spraying
      the plants are placed in a greenhouse and watered daily or more
      frequently. Water is not applied to the foliage of the treated plants. The
      severity of the injury is determined 10 to 15 days after treatment and is
      rated on the scale of from 0 to 10 heretofore described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##EQU12##
      wherein R.sup.1 is selected from the group consisting of lower alkyl,
      lower alkenyl, lower chloroalkyl, lower bromoalkyl, trifluoromethyl, lower
      alkoxy, lower alkylthio, lower alkylsulfonyl and lower alkylsulfinyl;
      R.sup.2 is selected from the group consisting of lower alkyl, lower
      alkenyl, lower chloroalkyl, lower bromoalkyl, and
      ##EQU13##
      wherein R.sup.3 and R.sup.4 are each selected from the group consisting of
      hydrogen and lower alkyl; and R.sup.5 is lower alkyl.
NUM  2.
PAR  2. A compound of claim 1 which is,
      tetrahydro-1-(5-methyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(1H)-pyr
     imidinone.
NUM  3.
PAR  3. A compound of claim 1 which is,
      tetrahydro-1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-6-ethoxy-2(1H)-pyri
     midinone.
NUM  4.
PAR  4. A compound of claim 1 which is,
      tetrahydro-1-(5-methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-6-propoxy-2(1H)
     -pyrimidinone.
NUM  5.
PAR  5. A compound of claim 1 which is,
      tetrahydro-1-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-allyl-6-butoxy-2(1
     H)-pyrimidinone.
NUM  6.
PAR  6. A compound of claim 1 which is,
      tetrahydro-1-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-3-propargyl-6-hexylo
     xy-2(1H)-pyrimidinone.
NUM  7.
PAR  7. A compound of claim 1 which is,
      tetrahydro-1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-
     2(1H)-pyrimidinone.
NUM  8.
PAR  8. A compound of claim 1 which is,
      tetrahydro-1-(5-t-butyl-1,3,4-thiadiazol-2-yl)-3-methyl-6-methoxy-2(1H)-py
     rimidinone.
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ABST
PAL  New 3,4-dihydro-2H-naphthalene-1-one-5-oxypropyl-piperazine derivatives of
      the formula:
      ##SPC1##
PAL  Wherein
PA1  A is hydrogen or hydroxyl;
PA1  X is hydrogen, halogen, alkyl or
PA1  Alkoxy; and
PA1  n is 0, 1 or 2;
PAL  And the pharmacologically compatible salts thereof; are outstandingly
      effective in blood pressure depressing and tranquilizing or sedative
      therapy; further, these compounds have antioedematous action and reduce
      capillary permeability.
BSUM
PAR  The present invention is concerned with novel
      3,4-dihydro-2H-naphthalene-1-one-5-oxypropyl-piperazine compounds and with
      therapeutic compositions containing them.
PAR  The new 3,4-dihydro-2H-naphthalene-1-one-5-oxypropyl-piperazine compounds
      according to the present invention are compounds of the formula:
      ##SPC2##
PAL  Wherein
PA1  A is hydrogen or hydroxyl;
PA1  X is hydrogen, halogen, alkyl or alkoxy; and
PA1  n is 0, 1 or 2;
PAL  And the pharmacologically compatible salts thereof.
PAR  When A in the compounds of general formula (I) according to the present
      invention is a hydroxyl group, then the present invention is also
      concerned with the normally obtained racemic mixtures, as well as with the
      pure L- and D-enantiomers and the salts thereof.
PAR  The new compounds (I) possess outstanding blood pressure-sinking and thus
      anti-hypertensive properties. We have found that the new compounds have an
      anti-oedematous action and reduce capillary permeability. They can
      suppress the liberation and action of histamine and serotonin and thus
      also have an anti-inflammatory and anti-allergic activity. The substances
      inhibit the secondary conditioned reactions in rats, without reducing the
      muscle tone. From this aspect, an action similar to that of
      chloropromazine on the central nervous system is to be expected, i.e.
      tranquilizing or sedative properties.
PAR  The alkyl and alkoxy radicals in the above formula (I) preferably contain
      up to 3 carbon atoms.
PAR  The new compounds of formula (I) according to the present invention can be
      prepared, for example, by one of the following methods:
PAR  A. REACTION OF COMPOUNDS OF THE FORMULA:
      ##EQU1##
      wherein Y and Z represent reactive groups, which can be the same or
      different, and A has the same meaning as above or A and Z together can
      also represent an oxygen atom, with 5-hydroxy-1-oxotetraline or a reactive
      derivative thereof and with a piperazine derivative of the formula:
      ##SPC3##
PAL  Wherein X and n have the same meanings as above, possibly with temporary
      protection of the group A; or
PAR  B. WHEN A is a hydroxyl group, reaction of a compound of the formula:
      ##SPC4##
PAL  Wherein R.sub.1 is a hydrogen atom and R.sub.2 is a halogen atom or R.sub.1
      and R.sub.2 together also represent a valency bond, or a reactive
      derivative thereof, with a piperazine derivative of the formula (III) and
      the reactive derivative converted, if necessary, into a compound of
      formula (I);
PAR  whereafter, if desired, the product obtained is converted into a
      pharmacologically compatible salt.
PAR  As reactive derivatives of 5-hydroxy-1-oxotetraline or of the compounds of
      formula (IV), there are especially preferred the open and cyclic ketals.
      After the condensation reaction has taken place, the ketal groupings can
      be split off with dilute acids.
PAR  In the case of process (a), if desired, all three components can be reacted
      simultaneously. However, it is preferable to carry out the reaction in two
      stages in which the compounds (II) and (III) are first condensed and the
      product obtained is subsequently reacted with 5-hydroxy-1-oxotetraline; or
      also the 5-hydroxy-1-oxotetraline is first reacted with the compound (II)
      and the reaction product obtained thereafter condensed with a piperazine
      derivative (III).
PAR  The condensation reactions can be carried out in the presence of an
      acid-binding agent, for example of a tertiary amine, such as
      triethylamine, or of an appropriate ion exchanger, or of an alkali metal
      carbonate or bicarbonate, or there can be used the sodium or potassium
      salt of 5-hydroxy-1-oxotetraline, which is obtained in conventional
      manner. As solvent, there can be used a lower alcohol, for example
      isopropanol, or tetrahydrofuran. When A is a hydroxyl group, it is
      preferable temporarily to block this by means of a protective group which
      can easily be split off, for example by an acyl radical or a benzyl,
      triphenylmethyl or tetrahydropyranyl-(2) radical. These protective groups
      can subsequently be removed again by acidic or alkaline hydrolysis or
      hydrogenolytically.
PAR  Reactive groups Y and Z in the compounds of formula (II) are, in
      particular, acid residues which can be derived, for example, from
      hydrohalic acids or from sulfonic acids.
PAR  The reaction according to process (b) can be accomplished by mixing
      together molar amounts of the reaction components and leaving the reaction
      mixture to stand at ambient temperature; however, the reaction can be
      accelerated by briefly heating. If desired, a solvent, for example a lower
      alcohol, can also be added.
PAR  As starting materials for process (b), there can be used
      5-(2,3-epoxypropyloxy)-tetralone-(1), which is described in German Patent
      Specification No. 1,948,144.
PAR  For the preparation of the salts, the new compounds according to the
      present invention are reacted with pharmacologically compatible organic or
      inorganic acids, for example, by hydrochloric acid, sulfuric acid,
      phosphoric acid, lactic acid, citric acid or an alkyl-sulfonic acid.
PAR  The following examples are given for the purpose of illustrating the
      present invention:
DETD
PAC  EXAMPLE 1
PAC  Preparation of
      5-{3-[4-(4-Methylphenyl)-1-piperazinyl]-propoxy}-3,4-dihydro-2H-naphthalen
     e-1-one
PAR  55.4 ml (0.4 mol) triethylamine were added to a solution of 35.2 g (0.2
      mol) 1-(4-methylphenyl)-piperazine and 31.5 g (0.2 mol)
      1-chloro-3-bromopropane in 41 ml anhydrous tetrahydrofuran and the
      reaction mixture then stirred for six hours at 60.degree.-65.degree.C.
      Thereafter, the crystals which had precipitated out were filtered off with
      suction and the filtrate was evaporated in a vacuum. There was obtained a
      quantitative yield of crude
      1-(3-chloropropyl)-4-(4-methylphenyl)-piperazine which was purified by
      rapid distillation at an efficient oil pump vacuum. The yield was 41.23 g
      (80% of theory); b.p. 147.degree.-150.degree.C/0.05 mm HG; m.p.
      34.degree.-36.degree.C.
PAR  A solution of 8.1 g (0.05 mol) 5-hydroxy-1-oxotetraline and 3.09 g (0.055
      mol) potassium hydroxide in 260 ml isopropanol was boiled under reflux for
      fifteen minutes. Thereafter, a solution of 13.9 g (0.055 mol)
      1-(3-chloropropyl)-4-(4-methylphenyl)-piperazine in 50 ml isopropanol was
      added thereto and the reaction mixture further heated under reflux for six
      hours. During this time, a weak current of nitrogen was passed through the
      apparatus. After cooling and filtering off with suction the precipitated
      potassium chloride, 15 ml of approximately 7N methanolic hydrochloric acid
      was stirred into the filtrate. Colorless crystals separated out upon
      cooling with ice. There were obtained 19.40 g (93.5% of theory)
      5-{3-[4-(4-methylphenyl)-1-piperazinyl]-propoxy}-3,4-dihydro-2H-naphthalen
     e-1-one hydrochloride after filtering off with suction. This compound melts
      at 197.degree.-202.degree.C. After recrystallization from one liter of
      water, there was obtained the analytically pure substance; yield 13.66 g
      (66.0% of theory); m.p. 204.degree.-206.degree.C.
PAR  The following compounds were obtained in an analogous manner:
PAR  5-{
      3-[4-(2-chlorophenyl)-1-piperazinyl]-propoxy}-3,4-dihydro-2H-naphthalene-1
     -one
PAR  from 5-hydroxy-1-oxotetraline and
      1-(3-chloropropyl)-4-(2-chlorophenyl)-piperazine; yield 78.0% of theory;
      m.p. of the hydrochloride (recrystallized from water)
      248.degree.-250.degree.C;
PAR  5-{3-[4-(4-chlorophenyl)-1-piperzinyl]-propoxy}-3,4-dihydro-2H-naphthalene-
     1-one
PAR  from 5-hydroxy-1-oxotetraline and
      1-(3-chloropropyl)-4-(4-chlorophenyl)-piperazine; yield 70.0% of theory;
      the hydrochloride, after recrystallization from 96% ethanol and drying in
      a vacuum desiccator, still contained 0.55 mol water; m.p.
      189.degree.-191.degree.C;
PAR  5-{3-[4-(2-methylphenyl)-1-piperazinyl]-propoxy}-3,4-dihydro-2H-naphthalene
     -1-one
PAR  from 5-hydroxy-1-oxotetraline and 1-(3-chloropropyl)-4
      -(2-methylphenyl)-piperazine; yield 73.4% of theory; m.p. of the
      hydrochloride (recrystallized from water) 243.degree.-245.degree.C;
PAR  5-{3-[4-(2-methoxyphenyl)-1-piperazinyl]-propoxy}-3,4-dihydro-2H-naphthalen
     e-1-one
PAR  from 5-hydroxy-1-oxotetraline and
      1-(3-chloropropyl)-4-(2-methoxyphenyl)-piperazine; yield 78.8% of theory;
      the hydrochloride, after recrystallization from water and drying,
      contained 0.486 mol water; m.p. 174.degree.-175.degree.C;
PAR  5-{3-[4-(4-methoxyphenyl)-1-piperazinyl]-propoxy}-3,4-dihydro-2H-naphthalen
     e-1-one
PAR  from 5-hydroxy-1-oxotetraline and
      1-(3-chloropropyl)-4-(4-methoxyphenyl)-piperazine; yield 84.5% of theory;
      m.p. of the hydrochloride (recrystallized from ethanol)
      191.degree.-192.degree.C;
PAR  5-{3-[4-(4-chlorobenzyl)-1-piperazinyl]-propoxy}-3,4-dihydro-2H-naphthalene
     -1-one
PAR  from 5-hydroxy-1-oxotetraline and
      1-(3-chloropropyl)-4-(4-chlorobenzyl)-piperazine; yield 72.1% of theory;
      m.p. of the dihydrochloride (recrystallized from 1N hydrochloric acid)
      239.degree.C (decomposed);
PAR  5-{3-[4-(2-ethylphenyl)-1-piperazinyl]-propoxy}-3,4-dihydro-2H-naphthalene-
     1-one
PAR  from 5-hydroxy-1-oxotetraline and
      1-(3-chloropropyl)-4-(2-ethylphenyl)-piperazine; yield 70% of theory; m.p.
      of the hydrochloride (recrystallized from water) 209.degree.-210.degree.C;
PAR  5-{3-[4-(4-bromobenzyl)-1-piperazinyl]-propoxy}-3,4-dihydro-2H-naphthalene-
     1-one
PAR  From 5-hydroxy-1-oxotetraline and
      1-(3-chloropropyl)-4-(4-bromobenzyl)-piperazine; yield 50% of theory; m.p.
      of the dihydrochloride (recrystallized from 1N hydrochloric acid)
      256.degree.-259.degree.C (decomposed);
PAR  5-{3-[4-(2-methoxybenzyl)-1-piperazinyl]-propoxy}-3,4-dihydro-2H-naphthalen
     e-1-one
PAR  from 5-hydroxy-1-oxotetraline and
      1-(3-chloropropyl)-4-(2-methoxybenzyl)-piperazine; yield 57.1% of theory;
      m.p. of the dihydrochloride (recrystallized from 1N hydrochloric acid)
      241.degree.-243.degree.C;
PAR  5-{3-[4-(2-ethoxybenzyl)-1-piperazinyl]-propoxy}-3,4-dihydro-2H-naphthalene
     -1-one
PAR  from 5-hydroxy-1-oxotetraline and
      1-(3-chloropropyl)-4-(2-ethoxybenzyl)-piperazine; yield 64.3% of theory;
      m.p. of the dihydrochloride (recrystallized from ethanol) 223.degree.C;
PAR  5-{3-[4-(2-ethoxyphenyl)-1-piperazinyl]-propoxy}-3,4-dihydro-2H-naphthalene
     -1-one
PAR  from 5-hydroxy-1-oxotetraline and
      1-(3-chloropropyl)-4-(2-ethoxyphenyl)-piperazine; yield 86% of theory; the
      hydrochloride, after recrystallization from water, contained, after
      drying, 0.406 mol water; m.p. 196.degree.-197.degree.C.
PAC  EXAMPLE 2
PAC  Preparation of
      5-[3-(4-Phenyl-1-piperazinyl)-propoxy]-3,4-dihydro-2H-naphthalene-1-one
PAR  32.43 g (0.2 mol) 5-hydroxy-1-oxotetraline and 120.14 g (0.6 mol)
      1,3-dibromopropane were, while stirring, heated to the boil in 200 ml
      anhydrous isopropanol and thereafter 41.46 g (0.3 mol) pulverized
      anhydrous potassium carbonate were added thereto over the course of about
      three hours. Subsequently, the reaction mixture was vigorously stirred for
      six hours at reflux temperature, then filtered with suction and the filter
      cake washed out with isopropanol. The filtrate was evaporated in a vacuum
      and excess 1,3-dibromopropane was substantially stripped off. The oily
      evaporation residue obtained was taken up in chloroform, the chloroform
      solution was extracted several times with a dilute aqueous solution of
      sodium hydroxide, then shaken with water until neutral and dried. After
      distilling off the chloroform, the oily residue was distilled at oil pump
      vacuum. Between 145.degree.-155.degree.C/0.05 mm Hg, there were obtained
      32.3 g (57.1% of theory) 5-(3-bromopropoxy)-1-oxotetraline, which was then
      further worked up.
PAR  27.64 g (0.2 mol) pulverized anhydrous potassium carbonate were added,
      while stirring, to a solution of 28.3 g (0.1 mol)
      5-(3-bromopropoxy)-1-oxotetraline and 16.22 g (0.1 mol)
      1-phenyl-piperazine in 100 ml anhydrous tetrahydrofuran, the reaction
      mixture was then vigorously stirred for six hours at
      60.degree.-65.degree.C, filtered with suction, the filter cake was washed
      with tetrahydrofuran and the filtrate was evaporated in a vacuum. The oily
      residue obtained was taken up in 150 ml isopropanol, filtered through
      charcoal and the solution then mixed, while stirring, with 30 ml
      approximately 7N methanolic hydrochloric acid. Upon cooling with ice, pale
      crystals separated out which subsequently, while still moist, were
      recrystallized from 800 ml 0.1N hydrochloric acid. There were obtained
      26.7 g (65.1% of theory) colorless
      5-[3-(4-phenyl-1-piperazinyl)-propoxy]-3,4-dihydro-2H-naphthalene-1-one
      hydrochloride; m.p. 212.degree.-214.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of 5-{3
      -[4-(2-chlorophenyl)-1-piperazinyl]-2-hydroxy-propoxy}-3,4-dihydro-2H-naph
     thalene-1-one
PAR  8.72 g (0.04 mol) 5-(2,3-epoxypropoxy)-tetral-1-one and 7.84 g (0.04 mol)
      1-(2-chlorophenyl)-piperazine were boiled under reflux for two hours in 40
      ml absolute ethanol, subsequently cooled with ice and the precipitated
      crystals were filtered off with suction. There were obtained 14.48 g
      (87.4% of theory)
      5-{3-[4-(2-chlorphenyl)-1-piperazinyl]-2-hydroxypropoxy}-3,4-dihydro-2H-na
     phthalene-1-one; m.p. 112.degree.-114.degree.C.
PAR  For further purification, this base was introduced into 30 ml methanol and
      mixed with excess 7N methanolic hydrochloric acid. Ether was added thereto
      and the crystals which precipitated out were filtered off and
      recrystallized from 650 ml water. There were obtained 14.88 g (82.3% of
      theory) pure
      5-{3-[4-(2-chlorophenyl)-1-piperazinyl]-2-hydroxypropoxy}-3,4-dihydro-2H-n
     aphthalene-1-one hydrochloride which, after drying in a vacuum desiccator,
      contained 0.511 mol water; m.p. 182.degree.-184.degree.C.
PAR  The following compounds were prepared in an analogous manner:
PAR  5-{3-[4-(2-methoxyphenyl)-1-piperazinyl]-2-hydroxypropoxy}-3,4-dihydro-2H-n
     aphthalene-1-one
PAR  from 5-(2,3-epoxypropoxy)-tetral-1-one and 1-(2-methoxyphenyl)-piperazine;
      yield 86.5% of theory; m.p. 120.degree.C; after drying in a vacuum
      desiccator, the hydrochloride contained 0.816 mol water; m.p.
      167.degree.-168.degree.C;
PAR  5-{3-[4-(2-methylphenyl)-1-piperazinyl]-2-hydroxypropoxy}-3,4-dihydro-2H-na
     phthalene-1-one
PAR  from 5-(2,3-epoxypropoxy)-tetralon-1-one and 1-(2-methylphenyl)-piperazine;
      yield 55.8% of theory; the hydrochloride, after recrystallizing from water
      and drying, contained 1 mol water; m.p. 183.degree.-184.degree.C.
PAC  EXAMPLE 4
PAC  Preparation of
      5-{3-[4-(4-Chlorophenyl)-1-piperazinyl]-2-hydroxypropoxy}-3,4-dihydro-2H-n
     aphthalene-1-one
PAR  8.72 g (0.04 mol) 5-(2,3-epoxypropoxy)-tetral-1-one and 7.84 g (0.04 mol)
      1-(4-chlorophenyl)-piperazine were boiled under reflux for two hours in 40
      ml absolute ethanol and thereafter cooled to ambient temperature. The
      reaction mixture was then acidified with approximately 7N methanolic
      hydrochloric acid and, after cooling with ice, the precipitated colorless
      crystals were filtered off with suction. From the mother liquor there was
      obtained, after the addition of ether, a further crystal fraction. The
      total yield was 15.88 g (88.1% of theory)
      5-{3-[4-(4-chlorophenyl)-1-piperazinyl]-2-hydroxypropoxy}-3,4-dihydro-2H-n
     aphthalene-1-one hydrochloride which, after recrystallization from 85%
      aqueous ethanol melts at 204.degree.-205.degree.C.
PAR  The following compounds were obtained in an analogous manner:
PAR  5-{3-[4-(4-methylphenyl)-1-piperazinyl]-2-hydroxypropoxy}-3,4-dihydro-2H-na
     phthalene-1-one
PAR  from 5-(2,3-epoxypropoxy)-tetral-1-one and 1-(4-methylphenyl)-piperazine;
      yield 92.2% of theory; the dihydrochloride, recrystallized from methanol
      and tetrahydrofuran, melted, with decomposition, from 235.degree.C;
PAR  5-{3-[4-(4-methoxyphenyl)-1-piperazinyl]-2-hydroxypropoxy}-3,4-dihydro-2H-n
     aphthalene-1-one
PAR  From 5-(2,3-epoxypropoxy)-tetral-1-one and 1-(4-methoxyphenyl)-piperazine;
      yield 93.5% of theory; m.p. of the hydrochloride, recrystallized from
      ethanol; 165.degree.-167.degree.C;
PAR  5-[3-(4-phenyl-1-piperazinyl)-2-hydroxypropoxy]-3,4-dihydro-2H-naphthalene-
     1-one
PAR  from 5-(2,3-epoxypropoxy)-tetral-1-one and 1-phenyl-piperazine; yield 90%
      of theory; the hydrochloride, after recrystallization from water and
      drying in a vacuum desiccator, contained 0.56 mol water; m.p.
      193.degree.-194.degree.C.
PAC  EXAMPLE 5
PAC  Preparation of
      5-{3-[4-(4-Chlorophenyl)-1-piperazinyl[-2-hydroxypropoxy}-3,4-dihydro-2H-n
     aphthalene-1-one
PAR  4.92 g (0.025 mol) 1-(4-chlorophenyl)-piperazine in 2.5 ml isopropanol were
      mixed, while stirring, with 2.30 g (0.025 mol) epichlorohydrin and the
      reaction mixture further stirred for seventy-five minutes. In the course
      of 15-20 minutes, the reaction mixture heated up to 70.degree.-80.degree.C
      and, after 30-40 minutes,
      1-(4-chlorophenyl)-4-(3-chloro-2-hydroxypropyl)-piperazine crystallized
      out which was then filtered off with suction and purified by
      recrystallization from isopropanol. Without working up the mother liquor,
      the yield was 3.40 g (47.0% of theory); m.p. 92.degree.-93.degree.C.
PAR  A solution of 4.05 g (0.025 mol) 5-hydroxy-1-oxotetraline in 50 ml
      isopropanol was mixed with 25 ml 1N isopropanolic potassium hydroxide
      solution and heated under reflux for ten minutes. Thereafter, the crude
      1-(4-chlorophenyl)-4-(3-chloro-2-hydroxypropyl)-piperazine prepared above
      was added thereto after the whole of the reaction mixture had been
      dissolved by the addition of 20 ml hot isopropanol and the reaction
      mixture then stirred under reflux for six hours. During this time, a weak
      current of nitrogen was passed through the apparatus. After cooling and
      filtering off with suction the precipitated potassium chloride, the
      filtrate was acidified by stirring with approximately 7N methanolic
      hydrochloric acid. Upon cooling, colorless crystals separated out which
      were filtered off and recrystallized from approximately 85% aqueous
      ethanol. There were obtained 8.92 g (79% of theory)
      5-{3-[4-(4-chlorophenyl)-1-piperazinyl]-2-hydroxypropoxy}-3,4-dihydro-2H-n
     aphthalene-1-one; m.p. 204.degree.-205.degree.C.
PAR  The new compounds according to the present invention can be admixed with
      solid or liquid pharmaceutical diluents or carriers and, if desired, also
      with odoriferous, flavoring and/or coloring materials and then formed, for
      example, into tablets or dragees or, with the addition of appropriate
      adjuvants suspended or dissolved in water or in an oil, for example olive
      oil.
PAR  The compounds of the invention constitute potent anti-hypertensive agents.
      The compounds have proved particularly effective in the treatment of
      patients with severe or sustained elevation of blood pressure,
      particularly diastolic pressure. The compounds are suitable for use in
      almost all forms of fixed and progressive hypertensive disease, including
      that in which blood pressure is moderately elevated. The compounds have
      also proved effective in renal hypertension, including hypertension
      secondary to pyelonephritis, glomerulonephritis and renal amyloidosis. The
      substances inhibit the secondary conditioned reactions in rats, without
      reducing the muscle tone, indicating tranquilizing or sedative properties.
PAR  The compounds can be administered orally, as pills, tablets, capsules,
      powders and the like. The preferred form of oral administration is as a
      tablet containing 1 to 20 mg of active compound.
PAR  The compounds can also be administered parenterally. Injection solutions
      containing 10 mg/ml of the injection solution are preferred.
PAR  The dosage schedule is entirely dependent on the condition of the patient,
      his response to the treatment and whether or not he is ambulatory or
      hospitalized. The treatment should be begun with small doses (10 mg) and
      increased gradually depending upon the patient's response. The dosage can
      be increased at 5 to 7 day intervals until an average daily dose of 1 to
      20 mg is reached. Only one dose a day is usually required.
PAR  In order to establish the effectiveness of the dihydro-naphthalenone
      compounds of the invention as agents for reducing blood pressure, a series
      of tests were carried out as follows:
PAR  1. Definition of a catalepsy in rats with the method according to Taeschler
      et al. (Taeschler, M., A. Fanchamps and A. Cerletti: Zur Bedeutung
      verschiedener pharmakodynamischer Eigenschaften der Phenothiazinderivate
      fuer ihre klinische Wirksamkeit. Psychiatria et Neurologie 139, 85 -
      104(1960)). The method was somewhat modified and carried out as follows:
      Each of the 4 extremities was put one after the other on a 5 cm high
      wooden block; if the rat did not pull back the leg within 15 seconds, then
      one point was given for each extremity. Through graphic interpolation the
      dosage needed for a two-point rating was determined (ED.sub.2 points).
PAR  2. A modified open-field-method was employed for the definition of the
      locomotor depression. In this test, rats which had been treated with the
      test compounds were compared with rats which had only received solvents.
      Thirty minutes after the intraperitoneal administering of the substance,
      the animals were put in pairs (a treated and an untreated animal) into the
      halves of a box with a surface area of 1 .times. 1 meter. Two examiners,
      who did not know which rat had been treated, decided which of the two rats
      showed less motor activity. If the examiner had to quess, then he gave the
      animal of his choice one point; if he thought he had detested a
      difference, two points; if he was sure, three points.
PAR  If the choice was correct, these points were marked +, if the choice was
      incorrect, these points were marked -. When evaluating (calculation of the
      effective dose), the six possible readings from -3 to +3 were transformed
      into arbitrary units, -3 being made equal to 0 and +3 to 5. The
      intermediate values resulted accordingly. From these units and the
      logarithms of the doses the regression straight line was calculated and
      the readings of both observers were recorded separately. The ED.sub.4
      units indicated the doses which correspond to a median reading of +2
      points = 4 units.
PAR  3. A catheter was implanted into the A. femoralis of rats for the detection
      of a blood pressure decreasing effect. The dosage at which the blood
      pressure decreased by 30 mm Hg was determined 1 - 2 hours after oral
      application of the substances.
PAR  The following compounds were used in the tests:
PAR  A --
      5-{3-[4-(2-Methylphenyl)-1-piperazinyl]-propyloxy}-3,4-dihydro-2H-naphthal
     ene-1-one;
PAR  B --
      5-{3-[4-(2-Methoxyphenyl)-1-piperazinyl]-propyloxy}-3,4-dihydro-2H-naphtha
     lene-1-one;
PAR  C --
      5-{3-[4-(2-Chlorophenyl)-1-piperazinyl]-propyloxy}-3,4-dihydro-2H-naphthal
     ene-1-one;
PAR  D --
      5-[-3-(4-Phenyl-1-piperazinyl)-propoxy]-3,4-dihydro-2H-naphthalene-1-one;
      and
PAR  E --
      5-{3-[4-(2-Ethylphenyl)-1-piperazinyl]-propyloxy}-3,4-dihydro-2H-naphthale
     ne-1-one.
PAR  The results of the experiment are set out in the Table which follows:
TBL                TABLE                                                       

     ______________________________________                                    

     Comparison of effective doses (mg/kg) of                                  

     Chloropromazine and inventive compounds                                   

              CATALEPSY                                                        

                       LOCOMOTIVE BLOOD PRESSURE                               

              ED.sub.2 POINTS                                                  

                       DEPRESSION DECREASE                                     

                       ED.sub.4 UNITS                                          

                                  ED.sub..sub.-30 mm Hg                        

     ______________________________________                                    

     Chloropromazine*                                                          

                 3.5       3.1        3.0                                      

     A          &gt;24.0      12.0       3.5                                      

     B           10.7      3.3        3.6                                      

     C          &gt;24.0      13.0       3.7                                      

     D          &gt;24.0      8.5        3.2                                      

     E          &gt;24.0      9.8        3.3                                      

     ______________________________________                                    

     *Comparison Compound =                                                    

                    2-chloro-10-(3-dimethylamino-                              

                    propyl) phenothiazine = MEGAPHEN                           

PAR  From the above table it can be seen that the blood pressure decreasing
      effect of all substances was about the same, whereas the sedative effect
      (judged by locomotor depression) was somewhat lower than with the
      comparison substance. To achieve this effect, the new compounds required
      considerably smaller dosages than the dosages at which rat catalepsy was
      induced, i.e., the inventive compounds provide a far greater margin of
      safety with respect to catalepsy than does the comparison substance. Thus,
      the appearance of extrapyramidal side effects using the inventive
      compounds in humans can be expected (in contrast to chloropromazine) only
      when the sedating or blood pressure decreasing dosage is by far exceeded.
      With chloropromazine, the effective dosage for catalepsy, locomotor
      depression and blood pressure decrease were about the same.
PAR  It will be understood that the specification and examples are illustrative
      but not limitative of the present invention and that other embodiments
      within the spirit and scope of the invention will suggest themselves to
      those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 3,4-dihydro-2H-naphthalene-1-one-5-oxypropyl-piperazine compound of the
      formula
      ##SPC5##
PAL  wherein
PA1  A is hydrogen or hydroxyl;
PA1  X is hydrogen, halogen, alkyl of up to 3 carbon atoms or alkoxy of up to 3
      carbon atoms; and
PA1  n is 0, 1 or 2;
PAL  and the pharmacologically compatible salts thereof.
NUM  2.
PAR  2. 3,4-Dihydro-2H-naphthalene-1-one-5-oxypropylpiperazine compound as
      claimed in claim 1 wherein A is hydrogen.
NUM  3.
PAR  3. 3,4-Dihydro-2H-naphthalene-1-one-5-oxypropylpiperazine compound as
      claimed in claim 1 wherein A is hydroxyl.
NUM  4.
PAR  4. 3,4-Dihydro-2H-naphthalene-1-one-5-oxypropylpiperazine compounds as
      claimed in claim 1 wherein A is hydroxyl and said compounds comprise a
      racemic mixture.
NUM  5.
PAR  5. 3,4-Dihydro-2H-naphthalene-1-one-5-oxypropylpiperazine compound as
      claimed in claim 1 wherein said compound comprises the L-enantiomer.
NUM  6.
PAR  6. 3,4-Dihydro-2H-naphthalene-1-one-5-oxypropylpiperazine compound as
      claimed in claim 1 wherein said compound comprises the D-enantiomer.
NUM  7.
PAR  7. 3,4-Dihydro-2H-naphthalene-1-one-5-oxypropylpiperazine compound as
      claimed in claim 1 wherein X is hydrogen.
NUM  8.
PAR  8. 3,4-Dihydro-2H-napthalene-1-one-5-oxypropylpiperazine compound as
      claimed in claim 1 wherein X is halogen.
NUM  9.
PAR  9. 3,4-Dihydro-2H-naphthalene-1-one-5-oxypropylpiperazine compound as
      claimed in claim 1 wherein X is alkyl of up to 3 carbon atoms.
NUM  10.
PAR  10. 3,4-Dihydro-2H-naphthalene-1-one-5-oxypropylpiperazine compound as
      claimed in claim 1 wherein X is alkoxy of up to 3 carbon atoms.
NUM  11.
PAR  11. 3,4-Dihydro-2H-naphthalene-1-one-5-oxypropylpiperazine compound as
      claimed in claim 1 wherein n is O.
NUM  12.
PAR  12. 3,4-Dihydro-2H-naphthalene-1-one-5-oxypropylpiperazine compound as
      claimed in claim 1 wherein n is 1.
NUM  13.
PAR  13. 3,4-Dihydro-2H-naphthalene-1-one-5-oxypropylpiperazine compound as
      claimed in claim 1 wherein n is 2.
NUM  14.
PAR  14. 3,4-Dihydro-2H-naphthalene-1-one-5-oxypropyl piperazine compound as
      claimed in claim 1 designated
      5-{3-[4-(2-methoxyphenyl)-1-piperazinyl]-propyloxy}-3,4-dihydro-2H-naphtha
     lene-1-one.
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PAL  Disclosed are compounds of the class of isoquinolines substituted at the
      1-position by an amino function bearing a hydroxy-alkyl nitrate moiety,
      e.g., 1-(5-hydroxypentyl)-amino-6,7-methylene-dioxyisoquinoline nitrate.
      The compounds have various pharmacological activities in animals and are
      useful, for example, as anti-hypertensive agents, anti-anginal agents and
      in the treatment of shock. Also disclosed are the corresponding hydroxy
      intermediates which are useful in preparation of the nitrates and also as
      hypotensive agents or as agents in the treatment of shock.
PARN
PAR  This is a division of application Ser. No. 95,989 filed Dec. 7, 1970, now
      U.S. Pat. No. 3,778,440.
BSUM
PAR  This invention relates to isoquinoline derivatives, and more particularly
      to isoquinolines which are substituted at the 1-position by an amino
      function bearing a hydroxyalkyl nitrate moiety. The invention also relates
      to pharmaceutical methods and compositions utilizing said compounds. The
      invention further relates to corresponding hydroxyalkyl substituted
      isoquinolines useful as intermediates in preparation of said nitrates.
PAR  The compounds of the invention may be represented by the structural formula
      I:
      ##SPC1##
PAL  wherein
PA1  R is from the group of
PA2  A. --CH.sub.2 (--CH.sub.2).sub.n --ONO.sub.2
      ##EQU1##
      C. --CH.sub.2 (--CH.sub.2).sub.z --N[--CH.sub.2 (CH.sub.2).sub.y
      --ONO.sub.2 ].sub.2
PA1  R.sub.1 is from the group of
PA2  D. --CH.sub.2 (--CH.sub.2).sub.n --ONO.sub.2 when R is (a) as above
      defined,
PA2  E. hydrogen, and
PA2  F. lower alkyl of 1 to 4 carbon atoms,
PA1  R.degree. is hydrogen, --(CH.sub.2 --).sub.m CH.sub.3 or --(CH.sub.2
      --).sub.y ONO.sub.2, provided that one R.degree. (and only one) is other
      than hydrogen, that the sum of n and m does not exceed 6 and that the sum
      of n and y does not exceed 7, or
PA1  R and R.sub.1 together with the 1- amino nitrogen attached to the
      isoquinoline ring form
      ##SPC2##
PA1  n is 1 to 6, preferably 3 to 5,
PA1  m is 0 to 4,
PA1  y is 1 to 4,
PA1  z is 1 to 4, and
PAL  Each of Y, Y' and Y" is hydrogen, lower alkoxy of 1 to 3 carbon atoms,
      e.g., methoxy or lower alkyl of 1 to 3 carbon atoms, e.g. methyl, or Y and
      Y' together form methylenedioxy; provided that no more than 2 of Y, Y' and
      Y" are lower alkyl; or a pharmaceutically acceptable non-toxic acid
      addition salt thereof.
PAR  A preferred method for preparation of the compounds of formula I involves
      in a Step A reaction the nitration of the corresponding hydroxy compound
      of formula II:
      ##SPC3##
PAL  wherein Y, Y' and Y" are as defined and R.sub.2 and R.sub.3 are the
      non-nitrate bearing hydroxyalkyl substituents corresponding to R and
      R.sub.1, respectively, i.e.:
PA1  R.sub.2 is from the group of:
PA2  A. --CH.sub.2 (--CH.sub.2).sub.n --OH
      ##EQU2##
      C. --CH.sub.2 (--CH.sub.2).sub.z --N[--CH.sub.2 (--CH.sub.2).sub.y
      --OH].sub.2
PA1  R.sub.3 is from the group of:
PA2  d. --CH.sub.2 (--CH.sub.2).sub.n --OH when R.sub.2 is (a) as above defined,
PA2  e. hydrogen, and
PA2  f. lower alkyl of 1 to 4 carbon atoms,
PA1  R.sub.a .degree. is hydrogen, --(CH.sub.2 --).sub.m CH.sub.3 or --(CH.sub.2
      --).sub.y OH, provided that one R'a.degree. is other than hydrogen, that
      the sum of n and m does not exceed 6 and that the sum of n and y does not
      exceed 7, or
PA1  R.sub.2 and R.sub.3 together with the 1- amino nitrogen attached to the
      isoquinoline ring form
      ##SPC4##
PA1  n, m, y  and z and Y, Y' and Y" are as defined.
PAR  The preparation of compounds I by Step A involves a nitration  reaction
      which may be carried out in a manner known per se for nitrating
      hydroxyalkyl groups. A preferred method of conducting the nitration
      involves the reaction of a compound II with nitric acid in presence of a
      carboxylic acid anhydride which is preferably of from 3 to 8 carbon atoms,
      more preferably acetic acid anhydride. The reaction may be suitably
      carried out in an organic solvent medium at temperatures in the range of
      from minus 70.degree.C. to plus 50.degree.C., preferably minus 5.degree.C.
      to plus 20.degree.C. The solvent medium for the reaction is preferably
      provided by employing a lower aliphatic carboxylic acid, e.g., acetic
      acid, although other well known organic solvents may be employed or the
      reaction may be carried out employing an excess of the carboxylic acid
      anhydride. The product compound I may be isolated from the reaction
      mixture of Step A by working up by established procedures.
PAR  A preferred method for preparation of compounds II involves a Step B
      reaction of a 1-haloisoquinoline of formula III:
      ##SPC5##
PAL  wherein Y, Y' and Y" are as defined and X is halo from the group of chloro
      or bromo, preferably chloro, with a compound of formula IV:
      ##EQU3##
      wherein R.sub.2 and R.sub.3 are as defined.
PAR  The reaction of Step B is of known type and may be carried out in a
      conventional manner by subjecting a compound III to reaction with the
      compound IV at elevated temperatures which may be suitably in the range of
      30.degree.C. to 180.degree.C., preferably 60.degree.C. to 160.degree.C.
      The reaction may be suitably carried out in an inert organic solvent which
      may be any of several of the well-known conventional solvents, preferably
      an aromatic solvent such as benzene. Another preferred solvent is
      isopropanol. Alternately, the reaction may be initiated and/or carried out
      in the inert liquid medium provided by employing an excess of compound IV
      when the compound is liquid at the reaction temperature or by fusion of
      solid reactants. An acid binding agent such as sodium carbonate may be
      also employed to advantage in the reaction, if desired. The reaction
      product compound II may be isolated from the reaction mixture of Step B by
      established procedures.
PAR  The compounds of formulae III and IV are either known or may be prepared
      from known materials by established procedures, for example, as described
      for compounds III by Anderson et al., J. Am. Pharm. Assoc. Sci. Ed. 41,
      643-50 (1952).
PAR  Also within the scope of the novel compounds of the invention are
      pharmaceutically acceptable salts not materially affecting the
      pharmacological effect of the compounds of formula I. Such salts include
      the acid addition salts, e.g., the methane sulfonate, hydronitrate,
      hydrosulfate, fumarate, hydrochloride and maleate. It is convenient to
      prepare the compounds of formula I as a hydronitrate addition salt. Such
      salts may be then readily converted to the free bases by conventional
      procedures. In preparing the free bases from the acid addition salt, it is
      also convenient to employ a buffer system, e.g., a system comprising a 1:1
      molar mixture of acetic acid and sodium acetate, followed by working up by
      conventional procedures. The free bases may be readily converted into the
      hydronitrate and other acid addition salts by established procedures.
PAR  The compounds of formula I and their pharmaceutically acceptable acid
      addition salts are useful because they possess pharmacological activity in
      animals. In particular, the compounds of the formula I, excluding those of
      the formula Ia as hereinafter defined, are useful as anti-hypertensive
      agents as indicated by a lowering of blood pressure on intravenous
      administration to the anesthetized dog in the Cannulated Blood Vessel
      Test. Such compounds of the formula I (excluding those of the formula Ia)
      are further useful as antianginal agents as indicated by effecting
      coronary dilation in the anesthetized dog on intravenous administration
      and measurement of blood flow through the anterior descending branch of
      the left coronary artery and by effecting cerebral vasodilation in the
      anesthetized dog on intravenous administration.
PAR  The compounds of the formula I having the formula Ia:
      ##SPC6##
PAL  wherein z is as defined and each R.sub.4 is lower alkoxy of 1 to 3 carbon
      atoms, as represented by the compound of Example 1 hereinafter, effect an
      increase in blood pressure and coronary dilation in the above-identified
      tests in the anesthetized dog. This unusual and desirable combination of
      effecting coronary dilation and an increase in blood pressure indicates
      that the compounds of the formula Ia are useful in the treatment of
      myocardial or hemorrhagic shock.
PAR  For the above uses, the compounds of the formula I including formula Ia may
      be combined with a pharmaceutically acceptable carrier, and such other
      conventional adjuvants as may be necessary, and administered orally in
      such forms as tablets, capsules, elixirs, suspensions and the like or
      parenterally in the form of an injectable solution or suspension. For the
      above-mentioned uses, the dosage administered will, of course, vary
      depending upon the compounds used, the therapy desired and the mode of
      administration. However, for use as anti-hypertensive agents, satisfactory
      results in general are obtained with the compounds of the formula I
      (excluding those of the formula Ia) when administered at a daily dosage of
      from about 0.2 milligrams to about 100 milligrams per kilogram of body
      weight, preferably given in divided doses 2 to 4 times a day, or in
      sustained release form. For most larger mammals, the administration of
      from about 16 milligrams to about 500 milligrams of the compound per day
      provides satisfactory results and dosage forms suitable for internal
      administration comprise from about 4 milligrams to about 250 milligrams of
      the compound in admixture with a solid or liquid pharmaceutical carrier or
      diluent.
PAR  As anti-anginal agents, satisfactory results may be obtained when
      administered at a daily dosage of from 0.2 to 100 milligrams per kilogram
      of body weight, given as required or in divided doses or in sustained
      release form. For most larger mammals a dosage of from 16 to 500
      milligrams, pro re nata, provides satisfactory results. The compounds may
      also be used prophylactically in mammals to prevent or minimize angina
      attacks at a daily dosage of 16 to 500 milligrams, or in divided doses of
      from 4 to 250 milligrams.
PAR  For the treatment of myocardial or hemorrhagic shock the compounds of the
      formula Ia may be administered to obtain effective results at a dosage of
      from 0.008 to 80 milligrams per kilogram of animal body weight, pro re
      nata. For most mammals satisfactory results are obtained on the
      administration of from 0.6 to 200 milligrams, pro re nata. For use in the
      treatment of such shocks parental administration is usually preferred.
PAR  Some of the compounds of the formula II employed as intermediates are known
      in the art. Various of the compounds of the formula II which are not
      heretofore known may be represented by the following structural formulae:
      ##SPC7##
PAL  wherein
PA1  R.sub.5 is --CH.sub.2 (--CH.sub.2).sub.x --OH;
PA1  R.sub.6 is hydrogen or --CH.sub.2 (--CH.sub.2).sub.n --OH;
PAL  each of
PA1  Y.sub.2, y'.sub.2 and Y".sub.2 is hydrogen or lower alkoxy of 1 to 3 carbon
      atoms provided that at least two of Y.sub.2, Y'.sub.2 and Y".sub.2 are
      other than hydrogen; or Y.sub.2 and Y'.sub.2  together form
      methylenedioxy;
PA1  x is 2 to 6;
PA1  R.sub.7 is from the group of:
      ##EQU4##
      b. --CH.sub.2 (--CH.sub.2).sub.z --N[--CH.sub.2 (CH.sub.2).sub.y
      --OH].sub.2
PA1  R.sub.8 is hydrogen, or
PA1  R.sub.7 and R.sub.8 together with the 1-amino nitrogen attached to the
      isoquinoline ring form
      ##SPC8##
PAL  each of
PA1  Y.sub.3, y'.sub.3 and Y".sub.3 is hydrogen or lower alkoxy of 1 to 3 carbon
      atoms provided at least one is other than hydrogen, or Y.sub.3 and
      Y'.sub.3 together form methylenedioxy, and
PA1  n, R.sub.a .degree.a, y and z are as above defined and subject to the
      provisos on the sum of n and m and the sum of n and y previously given.
PAR  The compounds of the formulae IIa and IIb are also useful as pharmaceutical
      agents. In particular, the compounds of the formula IIa and IIb, except
      those of the formula IIc hereinafter, are useful as hypotensive agents as
      indicated by a lowering of blood pressure in the anesthetized dog on
      intravenous administration.
PAR  The compounds of the formula IIb having the formula IIc:
      ##SPC9##
PAL  wherein R.sub.4 and z are as defined, as represented by the compound of
      Step A of Example 1 hereinafter, effect coronary dilation and also effect
      an increase in blood pressure in the anesthetized dog in the
      above-identified tests for such indications. The compounds of the formula
      IIc are therefore also useful in the treatment of animals suffering from
      myocardial or hemorrhagic shock, and for the treatment of such shocks the
      compounds of the formula IIc are indicated as preferred over those of the
      formula Ia.
PAR  For the use of the compounds of the formulae IIa and IIb (except those of
      the formula IIc) as hypotensive agents satisfactory results may be
      obtained when administered at a daily dose of from 0.4 milligram to 150
      milligrams per kilogram of body weight. For most mammals the
      administration of from about 20 to 600 milligrams per day provides
      satisfactory results and dosage forms comprise from about 5 to 300
      milligrams of the compounds in admixture with a solid or liquid carrier or
      diluent.
PAR  For the treatment of myocardial or hemorrhagic shock the compounds of the
      formula IIc may be effectively administered at a dosage of from 0.004 to
      40 milligrams per kilogram of animal body weight, pro re nata. For most
      mammals satisfactory results are obtained on the administration of from
      0.3 to 150 milligrams, pro re nata. For such usage the compounds of the
      formula IIc are preferably administered parenterally, e.g., intravenously.
PAR  The compounds of the formulae IIa and IIb also form acid addition salts and
      those pharmaceutically acceptable acid addition salts of the compound of
      the formulae IIa and IIb are included within the scope of the
      pharmaceutically useful compounds of the formulae IIa and IIb of the
      invention. Such salts include by way of illustration the hydrochloride,
      maleate and methanesulfonate and may be formed from or converted to the
      corresponding free base by conventional procedures.
PAR  For the above usages, oral administration with carriers may take place in
      such conventional forms as tablets, dispersible powders, granules,
      capsules, syrups and elixirs. Such compositions may be prepared according
      to any method known in the art for the manufacture of pharmaceutical
      compositions, and such compositions may contain one or more conventional
      adjuvants, such as sweetening agents, flavoring agents, coloring agents
      and preserving agents, in order to provide an elegant and palatable
      preparation. Tablets may contain the active ingredient in admixture with
      conventional pharmaceutical excipients, i.e., inert diluents such as
      calcium carbonate, sodium carbonate, lactose and talc, granulating and
      disintegrating agents, e.g., starch and alginic acid, binding agents,
      e.g., starch, gelatin and acacia, and lubricating agents, e.g., magnesium
      stearate, stearic acid and talc. The tablets may be uncoated or coated by
      known techniques to delay disintegration and adsorption in the
      gastro-intestinal tract and thereby provide a sustained action over a
      longer period. Similarly, suspensions, syrups and elixirs may contain the
      active ingredient in admixture with any of the conventional excipients
      utilized for the preparation of such compositions, e.g., suspending agents
      (methylcellulose, tragacanth and sodium alginate), wetting agents
      (lecithin, polyoxyethylene stearate and polyoxyethylene sorbitan
      mono-oleate) and preservatives (ethyl-p-hydroxybenzoate). Capsules may
      contain the active ingredient alone or admixed with an inert solid
      diluent, e.g., calcium carbonate, calcium phosphate and kaolin. Except for
      the use in the treatment of shocks the preferred pharmaceutical
      compositions from the standpoint of preparation and ease of administration
      are solid compositions, particularly hard-filled gelatin capsules and
      tablets.
PAR  A representative formulation is a tablet prepared by conventional
      tabletting techniques and containing the following ingredients:
TBL  Ingredients            Weight (mg.)                                       

     ______________________________________                                    

     Compound of the formula I                                                 

                            50                                                 

     Tragacanth             10                                                 

     Lactose                197.5                                              

     Corn starch            25                                                 

     Talcum                 15                                                 

     Magnesium stearate     2.5                                                

     ______________________________________                                    

PAR  Compositions for parenteral administration for use, for example, in the
      treatment of shocks, may be formulated by well-known methods to contain in
      effective amount of a compound Ia or IIc as active ingredient in a
      conventional inert carrier or suspension or solvent medium, together with
      other additives such as dispersing agents, wetting agents, buffering
      agents and other conventional ingredients, as desired.
PAR  A representative formulation for intravenous administration is a solution
      prepared by standard procedures and containing the following ingredient:
TBL  Ingredient            Weight (%)                                          

     ______________________________________                                    

     Compound of Step A of Example 1                                           

                            5                                                  

     Sodium chloride        to make isotonic                                   

     Buffer Agent           to adjust pH                                       

     Ethanol, U.S.P.        10-20                                              

     Propylene Glycol       15-25                                              

     Water for Injection    55-75                                              

     ______________________________________                                    

PAR  In general, the compositions of the invention adapted for either oral or
      parenteral administration may contain 1% to 90% by weight of the active
      ingredient in combination with the inert carrier, more usually 3% to 40%.
PAR  The following examples are given for the purpose of illustration only.
DETD
PAC  EXAMPLE 1
PAC  1-[4-(2-hydroxyethyl)-1-piperazino]-6,7-dimethoxyisoquinoline nitrate
      dimaleate.
      ##SPC10##
PAR  Step A: Preparation of
      1-[4-(2-hydroxyethyl)-1-piperazino]-6,7-dimethoxyisoquinoline
PAR  A mixture of 2.6 g. of 1-chloro-6,7-dimethoxyisoquinoline and 6.0 g. of
      2-hydroxyethylpiperazine is heated at 140.degree.C. for 2 hours and then
      combined with 50 ml. of isopropanol and 2 g. of sodium carbonate. The
      resulting mixture is refluxed for 15 minutes, filtered, evaporated in
      vacuo to an oil which is purified by chromatography on silica gel to
      obtain 1-[4-(2-hydroxyethyl)-1-piperazino]-6,7-dimethoxyisoquinoline, m.p.
      115.degree.-118.degree.C.
PAR  Step B: Preparation of
      1-[4-(2-hydroxyethyl)-1-piperazino]-6,7dimethoxyisoquinoline nitrate
      dimaleate
PAR  A solution of 2.37 g. of
      1-[4-(2-hydroxyethyl)-1-piperazino]-6,7-dimethoxyisoquinoline in12 ml. of
      acetic acid is added dropwise to a stirred mixture of 4.3 ml. of acetic
      anhydride and 1.4 ml. of 90% nitric acid at a temperature of 5.degree.C.
      The resulting mixture is stirred for 10 minutes and then added to an
      excess of ice-cold aqueous ammonia solution. The resulting mixture is
      extracted with methylene chloride and the extract dried and evaporated in
      vacuo to an oil which is purified by chromatography on silica gel to
      obtain an amber oil of the free base of the title compound. This oil in an
      amount of 1.35 g. is dissolved in methylene chloride and 0.855 g. of
      maleic acid added. The resulting solution is filtered, evaporated to a
      small volume and the residue crystallized from methanol/diethyl ether to
      obtain 1-[4-(2-hydroxyethyl)-1-piperazino]-6,7-dimethoxyisoquinoline
      nitrate dimaleate, m.p. 139.degree.C. (decomp.).
PAC  EXAMPLE 2
PAC  1-(5-hydroxypentyl)amino-6,7-methylenedioxyisoquinoline nitrate maleate.
      ##SPC11##
PAR  Step A: Preparation of
      1-(5-hydroxypentyl)amino-6,7-methylenedioxy-isoquinoline
PAR  A mixture of 1.8 g. of 1-chloro-6,7-methylenedioxyisoquinoline and 5 g. of
      5-hydroxypentylamine is heated at 140.degree.C. for 5.5 hours. The
      resulting material is dissolved in methanol, sodium carbonate added and
      the resulting mixture refluxed for 15 minutes. The resulting mixture is
      filtered and evaporated in vacuo to an oil which is dissolved in
      chloroform. The resulting solution is evaporated in vacuo and the residue
      purified by chromatography over silica gel. The resulting oily product is
      then crystallized from ethanol/ethyl acetate and recrystallized from ethyl
      acetate/methanol to obtain
      1-(5-hydroxypentyl)amino-6,7-methylenedioxyisoquinoline, m.p.
      132.5.degree.-134.degree.C.
PAR  Step B: Preparation of
      1-(5-hydroxypentyl)amino-6,7-methylenedioxyisoquinoline nitrate maleate
PAR  A solution of 0.835 g. of
      1-(5-hydroxypentyl)amino-6,7-methylenedioxyisoquinoline and 1 ml. of
      acetic acid is added dropwise to a stirred mixture of 1.32 ml. of acetic
      anhydride and 0.44 ml. of nitric acid at a temperature of minus
      3.degree.C. The reaction mixture is stirred for about 20 minutes at about
      minus 3.degree.C., and then added to an excess of ice-cold aqueous ammonia
      solution and twice extracted with ethyl acetate. The combined organic
      extracts are dried, filtered and evaporated in vacuo to an oil which is
      redissolved in chloroform. The resulting solution is passed through silica
      gel to obtain 0.965 g. of an oil of the free base of the above title
      compound. This oil is dissolved in methylene chloride and 0.5 g. of maleic
      acid is added. The resulting solution is filtered, evaporated to a small
      volume and diethyl ether added to crystallize a material which is then
      recrystallized from methanol/diethyl ether to obtain
      1-(5-hydroxypentyl)amino-6,7-methylenedioxyisoquinoline nitrate maleate,
      m.p. 138.degree.-139.5.degree.C.
PAC  EXAMPLE 3
PAR  Following the procedure of Example 2 the following compounds are similarly
      prepared:
PAR  a. 1-[3-bis(2-hydroxyethyl)aminopropyl]amino-6,7-dimethoxyisoquinoline.
PAR  a-1. 1-[3-bis(2-hydroxyethyl)aminopropyl]amino-6,7-dimethoxyisoquinoline
      dinitrate dimaleate, m.p. 81.degree.C. (decomp.).
PAR  b.
      1-[3-bis(2-hydroxyethyl)aminopropyl]amino-6,7-methylenedioxyisoquinoline.
     (recrystallized from ethanol).
PAR  b-1.
      1-[3-bis(2-hydroxyethyl)aminopropyl]amino-6,7-methylenedioxyisoquinoline
      dinitrate dimaleate, as an oil.
PAR  c. 1-[4-(2-hydroxyethyl)-1-piperazino]-6,7-methylenedioxyisoquinoline.
PAR  c-1. 1-[4-(2-hydroxyethyl)-1-piperazino]-6,7-methylenedioxyisoquinoline
      nitrate dimaleate, m.p. 139.degree.C. (decomp.). (crystallized from
      methanol/diethyl ether).
PAR  d. 1-[3-bis(2-hydroxyethyl)aminopropyl]aminoisoquinoline.
PAR  d-1. 1-[3-bis(2-hydroxyethyl)aminopropyl]aminoisoquinoline dinitrate
      dihydrochloride, m.p. 123.5.degree.-126.degree.C. (decomp.). (crystallized
      from methanol/isopropanol/diethyl ether).
PAR  e. 1-[4-(2-hydroxyethyl-1-piperazino]-isoquinoline.
PAR  e-1. 1-[4-(2-hydroxyethyl)-1-piperazino]-isoquinoline nitrate
      dihydrochloride, m.p. 173.degree.C. (decomp.).
PAR  f. 1-(5-hydroxypentyl)amino-isoquinoline, m.p. 109.degree.-110.degree.C.
      (crystallized from ethyl acetate).
PAR  f-1. 1-(5-hydroxypentyl)amino-isoquinoline nitrate hydronitrate, m.p.
      121.degree.-122.degree.C. (decomp.) (crystallized from methanol/ diethyl
      ether).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC12##
PAL  wherein z is 1 to 4 and each of Y, Y' and Y" is hydrogen, alkoxy of 1 to 3
      carbon atoms or alkyl of 1 to 3 carbon atoms, or Y and Y' together form
      methylenedioxy; provided that no more than 2 of Y, Y' and Y" are lower
      alkyl; or a pharmaceutically acceptable non-toxic acid addition salt
      thereof.
NUM  2.
PAR  2. A compound of claim 1 having the formula:
      ##SPC13##
PAL  in which each R.sub.4 is alkoxy and z is 1 to 4, or a pharmaceutically
      acceptable non-toxic acid addition salt thereof.
NUM  3.
PAR  3. The compound of claim 2 in which each R.sub.4 is methoxy and z is 1.
NUM  4.
PAR  4. The compound of claim 3 in the form of a pharmaceutically acceptable
      non-toxic acid addition salt thereof.
NUM  5.
PAR  5. The compound of claim 1 in which Y" is hydrogen, Y and Y' together form
      methylenedioxy and z is 1.
NUM  6.
PAR  6. The compound of claim 1 in which each of Y, Y' and Y" is hydrogen and z
      is 1.
PATN
WKU  039324133
SRC  5
APN  3625559
APT  1
ART  122
APD  19730521
TTL  Process for the preparation of 4'-alkoxy-4-naphthalimido-pyrazolium
      compounds and intermediates therefor
ISD  19760113
NCL  5
ECL  1
EXA  Berch; Mark L.
EXP  Daus; Donald G.
INVT
NAM  Domergue; Annick Marthe Suzanne Simone
CTY  Eaubonne
CNT  FR
INVT
NAM  Sureau; Robert Frederic Michel
CTY  Enghien-le-Bains
CNT  FR
INVT
NAM  Leboulenger; Jean Ernest Etienne
CTY  Taverny
CNT  FR
INVT
NAM  Houssin; Jean Marie Alfred
CTY  Enghien-le-Bains
CNT  FR
ASSG
NAM  Products Chimiques Ugine Kuhlmann
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19720524
APN  72.18445
CLAS
OCL  260270H
XCL  260281
EDF  2
ICL  C07D21724
ICL  C07D23140
FSC  260
FSS  281;281 N;281 NH;270 H
UREF
PNO  3649633
ISD  19720300
NAM  Mingasson et al.
OCL  260281
UREF
PNO  3697525
ISD  19721000
NAM  Okada
OCL  260281
FREF
PNO  45-2668
ISD  19700100
CNT  JA
OCL  260281
LREP
FRM  Browne, Beveridge, DeGrandi & Kline
ABST
PAL  A process for the preparation of an optical brightening agent falling
      within the formula:
      ##SPC1##
PAL  In which R represents an alkyl group containing 1 to 4 carbon atoms,
      R.sub.1 and R.sub.2 each represent a hydrogen atom, an alkyl group
      containing 1 to 4 carbon atoms or a phenyl group either unsubstituted or
      substituted by at least one alkyl group containing 1 to 4 carbon atoms,
      R.sub.3 and R.sub.4 each represent an alkyl group containing 1 to 4 carbon
      atoms and A.sup.- represents a monovalent anion which comprises reacting a
      compound of the formula:
      ##SPC2##
PAL  In which R.sub.1, R.sub.2, R.sub.3, R.sub.4, and A.sup.- have the meanings
      given above, with an alcoholate of the formula RO-Me in which R represents
      an alkyl group containing 1 to 4 carbon atoms and Me is an alkali metal;
      compounds falling within the formula:
      ##SPC3##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and A.sup.- have the meanings
      given above.
BSUM
PAR  The present invention relates to a new process for the preparation of
      4'-alkoxy-4-napthalimido-pyrazolium compounds. These compounds are
      utilisable as optical brightening agents for fibres based on polymers or
      copolymers of acrylonitrile.
PAR  French Pat. No. 1,541,050 describes organic compounds of cationic nature
      corresponding to the general formula:
      ##SPC4##
PAL  In which R represents an alkyl radical, B.sup.+  represents a cyclic
      ammonium group and A represents a monovalent anion or its equivalent.
      According to the process of the prior art, these optical brightening
      agents are prepared from compounds of the general formula:
      ##SPC5##
PAL  In which R has the same meaning as above and B represents a mono- or
      polycyclic heterocyclic nitrogen group, with which an alkylating agent of
      formula A-alkyl, for example an alkyl halide, sulphate or sulphonate, is
      reacted.
PAR  According to the present invention a process is provided for the
      preparation of an optical brightening agent falling within the formula:
      ##SPC6##
PAL  In which R represents an alkyl group containing 1 to 4 carbon atoms,
      R.sub.1 and R.sub.2 each represent a hydrogen atom, an alkyl group
      containing 1 to 4 carbon atoms or a phenyl group either unsubstituted or
      substituted by at least one alkyl group containing 1 to 4 carbon atoms,
      R.sub.3 and R.sub.4 each represent an alkyl group containing 1 to 4 carbon
      atoms, and A.sup.-  represents a monovalent anion which comprises reacting
      a compound of the formula:
      ##SPC7##
PAL  In which R.sub.1, R.sub.2, R.sub.3, R.sub.4 and A.sup.-  have the meanings
      given above with an alkali metal alcoholate of the formula ROMe, in which
      R represents an alkyl group containing 1 to 4 carbon atoms and Me
      represents an alkali metal preferably sodium.
PAR  The reaction is preferably effected in an excess of alcohol ROH at a
      temperature between 20.degree.C. and the boiling temperature of the
      alcohol.
PAR  The compounds of formula (IV), which are novel, may be obtained for example
      from bromonaphthalimides of the following formula:
      ##SPC8##
PAL  With which is reacted an alkylating agent of the formula A-alkyl, for
      example an alkyl halide, sulphate or sulphonate, if desired in the
      presence of a solvent such as an aromatic hydrocarbon or a chlorinated
      derivative thereof, an alcohol or dimethylformamide. An alkyl sulphate,
      for example dimethyl sulphate, is preferably used.
PAR  The bromonaphthalimides of formula (V) are easily converted to the
      quaternary compounds and give quaternary salts which are easy to separate
      in the pure state. The bromonaphthalimides of formula (IV) have the
      characteristic of reacting with alkali metal alcoholates to give the
      quaternary salts of the formula (III), in a pure form and with excellent
      yields. The possibility of this reaction is quite surprising since
      analogous quaternary salts containing a pyridinium, triazolium, thiazolium
      or 3- (or 5)-pyrazolio nucleus have a very poor stability under these same
      reaction conditions. It was therefore entirely unexpected to obtain the
      4-pyrazolio compounds according to the process of the present invention.
DETD
PAR  The following Examples illustrate the present invention without restricting
      it thereto; the parts are parts by weight.
PAC  EXAMPLE 1
PAR  12.75 parts of 4'-bromo-4-naphthalimido-1,2,3,5tetramethyl-pyrazolium
      methylsulphate were introduced into 125 parts of methanol containing 1.15
      parts of sodium. The mixture was heated under reflux for an hour, left to
      cool and the mineral salts were filtered off.
PAR  The light yellow solution was evaporated under vacuum, diluted by the
      addition of 100 parts of water and acidified with 2.5 parts of
      hydrochloric acid. Sodium chloride in the proportion of 20% was added, and
      then 6.3 parts of a solution of zinc chloride (d=1.26) were added
      gradually until precipitation was complete. The solid was filtered off and
      dried, and 10 parts of hydrated
      4'-methoxy-4-naphthalimido-1,2,3,5-tetramethylpyrazolium chlorozincate
      (m.p. 265.degree.C.) were obtained. After crystallising from methanol,
      analysis gave the following results:
PAR  For C.sub.20 H.sub.20 Cl N.sub.3 O.sub.3, 1/2ZnCl.sub.2,H.sub.2 O.
      Calculated %: C: 50.9; H: 4.66; N: 8.90; Cl: 15.0.   Found %: C; 50.4; H:
      4.45; N: 8.66; Cl: 14.9.
PAC  EXAMPLE 2
PAR  18.5 parts of 4-bromo-N(3,5-dimethyl-4-pyrazolyl)naphthalimide were
      introduced at 85.degree.C. into 20 parts of dimethyl sulphate and the
      mixture was then heated for 3 hours at 130.degree.C. After cooling, 50
      parts of water were added and the product was left at the ambient
      temperature for 12 hours while stirring. The excess dimethyl sulphate was
      hydrolysed, and the solution was clarified with animal black, filtered and
      neutralised to pH 3 with sodium bicarbonate. A precipitate was thus
      obtained which was filtered off and dried, and was the pyrazolium
      methylsulphate of the above formula which melts at 254-255.degree.C. 20
      parts of 4'-bromo-4-naphthalimido-1,2,3,5-tetramethyl-pyrazolium
      methylsulphate were obtained. After crystallising from methanol, analysis
      gave the following results:
PAR  For C.sub.20 H.sub.20 Br N.sub.3 O.sub.6 S, H.sub.2 O.  Calculated %: C:
      45.6; H: 3.7; N: 7.9. Found %: C: 45.6; H: 3.8; N: 8.0.
PAC  EXAMPLE 3
PAR  The operation was as in Example 1, but the 125 parts of methanol were
      replaced by 125 parts of absolute ethanol. 7.5 parts of
      4'-ethoxy-4-naphthalimido-1,2,3,5-tetramethylpyrazolium chlorozincate were
      obtained (m.p. 237.degree.C.)
PAC  EXAMPLE 4
PAR  5 parts of 4'-bromo-4-napthalimido-5-phenyl-1,2,3-trimethyl-pyrazolium
      bromide were introduced into 50 parts of methanol containing 0.23 parts of
      sodium. The mixture was heated under reflux for an hour, then acidified
      with hydrochloric acid and the methanol was evaporated in vacuo. The
      residue was taken up in 20 parts of water. Sodium chloride in the
      proportion of 20% was added to the light yellow solution obtained. Then
      1.22 parts of a zinc chloride solution (d=1.26) were added until
      precipitation was complete. 5 parts of
      4'methoxy-4-naphthalimido-5-phenyl-1,2,3-trimethyl-pyrazolium
      chlorozincate were obtained (m.p. 220.degree.C.).
PAC  EXAMPLE 5
PAR  17.3 parts of 4-bromo-N(5-phenyl-3-methyl-4 -pyrazolyl)-naphthalimide and
      16 parts of dimethyl sulphate were heated at 130.degree.C. for 2 hours,
      then cooled, and 50 parts of water were added. It was left at the ambient
      temperature for 12 hours while stirring. The excess dimethyl sulphate was
      hydrolysed, and the solution obtained was clarified with animal black and
      then neutralised to pH 3 with 9.5 parts of sodium bicarbonate. 30 parts of
      sodium bromide were then added to the solution at 0.degree.C. and the
      precipitate was filtered off. 22 parts of 4'-bromo-4-naphthalimido-5
      -phenyl-1,2,3-trimethyl-pyrazolium bromide were obtained (m.p.
      240.degree.C.).
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of an optical brightening agent falling
      within the formula:
      ##SPC9##
PAL  in which R represents an alkyl group of 1 to 4 carbon atoms, R.sub.1 and
      R.sub.2 each represent a hydrogen atom, an alkyl group of 1 to 4 carbon
      atoms or a phenyl group either unsubstituted or substituted by one or two
      alkyl groups of 1 to 4 carbon atoms, with the proviso that if either
      R.sub.1 or R.sub.2 are bis (t-butyl) phenyl, then the t-butyl groups are
      not in adjacent positions on the phenyl ring, R.sub.3 and R.sub.4 each
      represent an alkyl group of 1 to 4 carbon atoms and A.sup.-  represents
      the monovalent anion chloride, bromide, chlorozincate or methylsulfate
      which consists of reacting a compound of the formula:
      ##SPC10##
PAL  in which R.sub.1, R.sub.2, R.sub.4, and A.sup.-  have the meanings given
      above, with an alcoholate of the formula RO-Me in which R represents an
      alkyl group of 1 to 4 carbon atoms and Me is an alkali metal.
NUM  2.
PAR  2. Process according to claim 1 wherein the reaction is effected in an
      excess of alcohol ROH.
NUM  3.
PAR  3. Process according to claim 2 wherein the reaction is effected at a
      temperature between 20.degree.C. and the boiling temperature of the
      alcohol.
NUM  4.
PAR  4. Process according to claim 1 wherein Me is sodium.
NUM  5.
PAR  5. Compounds falling within the formula:
      ##SPC11##
PAL  wherein R.sub.1 and R.sub.2 each represent a hydrogen atom, an alkyl group
      of 1 to 4 carbon atoms or a phenyl group either unsubstituted or
      substituted by one or two alkyl groups of 1 to 4 carbon atoms, with the
      proviso that if either R.sub.1 or R.sub.2 are bis (t-butyl) phenyl, then
      the t-butyl groups are not in adjacent positions on the phenyl ring,
      R.sub.3 and R.sub.4 each represent an alkyl group of 1 to 4 carbon atoms
      and A.sup.-  represents the monovalent anion chloride, bromide,
      chlorozincate or methylsulfate.
PATN
WKU  039324141
SRC  5
APN  4566297
APT  1
ART  122
APD  19740401
TTL  Acridone compounds
ISD  19760113
NCL  16
ECL  1
EXA  Rivers; Diana G.
EXP  Rizzo; Nicholas S.
INVT
NAM  Altiparmakian; Rodolf
CTY  Binningen
CNT  CH
INVT
NAM  Bohler; Hans
CTY  Rheinfelden, AG
CNT  CH
ASSG
NAM  Sandoz Ltd., (Sandoz AG)
CTY  Basel
CNT  CH
COD  03
PRIR
CNT  CH
APD  19730406
APN  5028/73
CLAS
OCL  260279R
XCL  260155
XCL  106 23
XCL  106193P
XCL  106288Q
XCL  117132R
XCL  117167
XCL  260 37P
XCL  260 4221
EDF  2
ICL  C09B 1500
ICL  C07D21908
FSC  260
FSS  279 R;155
FSC  106
FSS  288 Q
UREF
PNO  2503899
ISD  19500400
NAM  Britton et al.
OCL  260279R
OREF
PAL  Fieser et al., "Advanced Organic Chemistry," Reinhold Publishing Corp.,
      N.Y., (1961), pp. 626-637.
PAL  Burdeska et al., Chemical Abstracts, Vol. 78, No. 4, 17,591b, Jan. 29,
      1973.
LREP
FR2  Sharkin; Gerald D.
FR2  Vila; Richard E.
FR2  Borovian; Joseph J.
ABST
PAL  Disclosed are pigments of formula I
      ##SPC1##
PAL  in which
PA1  The R.sub.1 's, independently, each signify hydrogen, halogen, nitro,
      cyano, methyl, alkoxy, aminocarbonyl, alkylcarbonylamino, benzoylamino,
      phenylaminocarbonyl, alkylamino or phenylamino,
PA1  The R.sub.2 's, independently, each signify hydrogen, halogen or methyl,
PA1  The R.sub.3 's, independently, signify hydrogen or halogen, and
PA1  R.sub.4 signifies a direct bond or a group --R.sub.5 --NH--, in which the
      imino group is bound to nucleus A, and R.sub.5 signifies a 1,3- or
      1,4-phenylene radical, unsubstituted or substituted by up to two
      substituents selected from halogen, methyl, alkoxy and nitro; or a radical
      ##SPC2##
PA1   in which X signifies a direct bond, --O--, --SO.sub.2 --, --N=N-- or
      --NHCO-- and rings B and C are unsubstituted or substituted by up to two
      substituents selected from halogen, methyl, alkoxy and nitro,
PAL  And their use in pigmenting synthetic plastics and resins and paper and as
      colorants in surface coating media such as paints, lacquers and printing
      inks.
BSUM
PAR  The invention relates to acridone compounds.
PAR  The invention provides compounds of formula I,
      ##SPC3##
PAL  in which
PA1  The R.sub.1 's, independently, each signify hydrogen, halogen, nitro,
      cyano, methyl, alkoxy, aminocarbonyl, alkylcarbonylamino, benzoylamino,
      phenylaminocarbonyl, alkylamino or phenylamino,
PA1  The R.sub.2 's, independently, each signify hydrogen, halogen or methyl,
PA1  The R.sub.3 's, independently, signify hydrogen or halogen, and
PA1  R.sub.4 signifies a direct bond or a group --R.sub.5 --NH--, in which the
      imino group is bound to nucleus A, and R.sub.5 signifies a 1,3- or
      1,4-phenylene radical, unsubstituted or substituted by up to two
      substituents selected from halogen, methyl, alkoxy and nitro; or a radical
      ##SPC4##
PA1   in which X signifies a direct bond, --O--, --SO.sub.2 --, --N=N-- or
      --NHCO-- and rings B and C are unsubstituted or substituted by up to two
      substituents selected from halogen, methyl, alkoxy and nitro,
PAL  And mixtures thereof.
PAR  By "halogen," as used herein, is to be understood fluorine, chlorine or
      bromine, chlorine and bromine being the preferred halogens.
PAR  Any alkyl or alkoxy radical or moiety in the compounds of formula I, unless
      otherwise stated, is preferably of 1, 2, 3 or 4 carbon atoms, more
      preferably of 1 or 2 carbon atoms.
PAR  In the compounds of formula I, the R.sub.1 's, independently, preferably
      signify hydrogen, methyl, chlorine or bromine. The R.sub.2 's,
      independently, preferably signify hydrogen or methyl, more preferably
      hydrogen. The R.sub.3 's, independently, preferably signify hydrogen,
      chlorine or bromine. R.sub.4 preferably signifies a direct bond, or
      --R.sub.5 --NH--, in which R.sub.5 signifies a 1,3- or 1,4-phenylene
      radical or a 4,4'-diphenylene radical, which phenylene radical or
      radicals, independently, are unsubstituted or substituted by up to two
      substituents selected from chlorine, bromine, methyl, nitro, methoxy or
      ethoxy; or a group
      ##SPC5##
PAL  in which X signifies --O--, --SO.sub.2 --, --N=N-- or --NH--CO--.
PAR  The preferred compounds of formula I are the compounds of formula I',
      ##SPC6##
PAL  in which
PA1  the R.sub.1 ''s, independently, each signify hydrogen, chlorine, bromine,
      methyl or methoxy,
PA1  the R.sub.3 ' 's, independently, each signify hydrogen, chlorine or
      bromine, and
PA1  R.sub.4 ' signifies a direct bond or --R.sub.5 '--NH--, in which the imino
      group is bound to ring A', and R.sub.5 ' signifies a 1,4-phenylene or
      4,4'-diphenylene radical, which phenylene radical in the 2 and 5 positions
      and which diphenylene radical in the 3 and 3' positions bears a
      substituent selected from chlorine, bromine, methyl, methoxy, ethoxy and
      nitro,
PAL  and mixtures thereof.
PAR  Further preferred compounds of formula Iare the compounds of formula I",
      ##SPC7##
PAL  in which
PA1  the R.sub.1 " 's, independently, each signify hydrogen, chlorine, bromine
      or methyl,
PA1  the R.sub.3 " 's, independently, each signify hydrogen, chlorine or
      bromine, and
PA1  R.sub.4 " signifies a direct bond or
      ##SPC8##
PA1   in which the imino group is bound to ring A", and
PA1  the R.sub.6 's, independently, signify chlorine or bromine,
PAL  and mixtures thereof.
PAR  In the compounds of formula I", the R.sub.6 's are preferably the same.
PAR  The invention also provides a process for the production of compounds of
      formula I, and mixtures thereof, characterised by
PAR  a. condensing a compound of formula II,
      ##SPC9##
PAL  in which
PA1  the R.sub.1 's, R.sub.2 's and R.sub.3 are as defined
PA1  Y signifies an amino group,
PA1  T signifies chlorine or bromine, and
PA1  n signifies 1 or 2,
PAL  or a mixture thereof, with a compound of formula III,
      ##SPC10##
PAL  in which the R.sub.1 's, R.sub.2 's, R.sub.3, R.sub.4, Y, T and n are as
      defined above, or a mixture thereof, or
PAR  b. obtaining a compound of formula I, in which R.sub.4 is other than a
      direct bond, or a mixture thereof, by condensing a compound of formula II,
      above, wherein n signifies 2, or a mixture thereof, with a compound of
      formula IV,
EQU  R.sub.4a (NH.sub.2).sub.2                                  IV
PAL  in which R.sub.4a has the same significance as R.sub.4, above, other than a
      direct bond, or a mixture thereof.
PAR  In process (a), the compounds of formula II and III are preferably
      condensed in the mol ratio of 1:1. Where, in the compounds of formula III,
      R.sub.4 signifies other than a direct bond, n, in the compounds of
      formulae II and III, preferably signifies 2.
PAR  In process (b), the compounds of formula II are preferably condensed with
      the compounds of formula IV in the mol ratio 2:1.
PAR  The condensation reaction involved in processes (a) and (b) may be carried
      out in conventional manner. Thus, they are preferably carried out in an
      organic solvent, such as in a xylene mixture or in nitrobenzene. A
      suitable reaction temperature is from 120.degree. to 240.degree.C,
      preferably from 160.degree. to 210.degree.C. The reactions are preferably
      carried out in the presence of a basic condensation agent or acid binding
      agent, e.g. sodium or potassium carbonate or bicarbonate.
PAR  As will be appreciated, where mixtures of starting materials are employed,
      the resulting compounds of formula I will be in corresponding mixture
      form, and when pure starting materials are employed, the resulting
      compounds of formula I will be obtained in corresponding pure form.
      Mixtures of compounds of formula I may alternatively be obtained by simple
      admixture of two or more compounds of formula I.
PAR  The resulting compounds of formula I or mixtures thereof may be isolated
      and purified in conventional manner.
PAR  The compounds of formulae II, III and IV are either known or may be
      obtained in conventional manner from available starting materials.
PAR  The compounds of formula I and mixtures thereof are useful as pigments,
      particularly after conditioning by conventional methods for pigments.
PAR  They are suitable for pigmenting synthetic plastics and resins in the mass,
      with or without the use of solvents. The compounds may be incorporated in
      the mass in conventional manner and in conventional amounts, depending on
      the effect required. As examples of synthetic plastics and resins may be
      given polyethylene, polypropylene, polystyrene, polyvinylchloride and
      synthetic latices and poromerics (synthetic leathers).
PAR  They are also suitable for spin dyeing of viscose rayon, polyacrilonitrile,
      aromatic polyesters and cellulose acetate, again being employed in
      conventional manner and in conventional amounts.
PAR  Further, they are suitable for use as colourants in surface coating media,
      whether of an oil, water or solvent basis, such as lacquers and printing
      inks, again being incorporated therein in conventional manner and in
      conventional amounts.
PAR  Still further, they are suitable for use in conventional manner in the
      coating and printing of textiles and for dyeing paper in the stock prior
      to sheet formation.
PAR  The pigment effects produced using the compounds of formula I or mixtures
      thereof have notable migration and light fastness properties, good
      fastness to overspraying and solvents, good transparency and heat
      stability and good distribution properties in plastics in the mass.
DETD
PAR  The invention is illustrated by the following Examples, in which all parts
      and percentages are by weight and the temperatures in degrees centigrade.
PAC  EXAMPLE 1
PAR  11 Parts of 1-chloro-4-nitroacridone, 10.2 parts of 1-amino-4-nitroacridone
      and 7.2 parts of potassium carbonate are heated to 186.degree. in 145
      parts of nitrobenzene over the course of 1 hour while stirring. After
      cooling to approximately 50.degree. the orange coloured crystals are
      filtered off, washed first with nitrobenzene, subsequently with ethanol
      and boiled for a short period in 200 parts of water in order to free them
      from inorganic impurities. Then they are filtered off again, washed with
      water and dried. The dye of formula
      ##SPC11##
PAL  is obtained. In order to improve the pigment properties it is boiled in 60
      parts of dimethyl formamide over the course of 30 minutes. After cooling
      to 100.degree. the dye is filtered, washed first with hot dimethyl
      formamide, then with alcohol and finally dried.
PAC  EXAMPLE 2
PAR  5.5 Parts of 1-chloro-4-nitroacridone, 1.8 parts of
      2,5-dichloro-1,4-phenylene diamine and 3.6 parts of potassium carbonate
      are heated to 200.degree. in 60 parts of nitrobenzene over the course of
      approximately 1 hour while stirring. The process is continued as described
      in Example 1. Thus, the red crystalline pigment of formula
      ##SPC12##
PAL  is obtained. It pigments plastics and lacquers in red shades which have
      very good light fastness, heat stability and migration resistance.
PAR  In the following Table further dyes of formula Ic
      ##SPC13##
PAL  and the shades of their sample dyeings in polyvinyl chloride are indicated.
      The dyes are produced in analogy with the process described in Example 1
      or 2.
TBL                                    Table                                   

     __________________________________________________________________________

     Exp.                                                                      

     No.                                                                       

        a   b   c   d  e   f  g   R.sub.4           Shade in                   

     __________________________________________________________________________

                                                    PVC                        

     3  H   --CH.sub.3                                                         

                H   H  H   H  H   direct bond       orange                     

     4  H   H   H   H  H   --Cl                                                

                              H   do.                 do.                      

     5  H   --CH.sub.3                                                         

                H   H  H   --Cl                                                

                              H   do.                 do.                      

     6  H   do. --CH.sub.3                                                     

                    H  H   H  H                     red                        

     7  H   do. do. H  H   --Cl                                                

                              --Cl                                             

                                  do.                 do.                      

     8  H   H   H    --CH.sub.3                                                

                       H   H  do. orange                                       

     9  --Cl                                                                   

            --Cl                                                               

                --Cl                                                           

                    --Cl                                                       

                       H   H  H   do.               reddish                    

                                                    brown                      

     10 H    CH.sub.3                                                          

                H   H  H   --Br                                                

                              H   direct bond       orange                     

     11 --Cl                                                                   

            H   H   --Cl                                                       

                       H   H  H                     yellowish                  

                                                    brown                      

     12 H   --Br                                                               

                --Br                                                           

                    H  H   H  H                     brown                      

        H   H   H   H  H   H  H                                                

     13 H   --Br                                                               

                --Br                                                           

                    H  H   H  H                     red                        

        H   H   --Br                                                           

                    H  H   H  H                                                

     14 H   H   H   H  H   --Cl                                                

                              --Cl                                             

                                  do.               brown                      

     15 H   H   H   H  H   --Br                                                

                              --Br                                             

                                  do.                do.                       

     16 H   H   H   H  H   H  H                     orangestichig              

                                                    brown                      

     17 H   H   H   H  H   H  H                      do.                       

     18 H   H   H   H  H   H  H                     yellowish                  

                                                    orange                     

     19 H   H   H   H  H   H  H                      do.                       

     20 H   H   H   H  H   H  H                     brown-violet               

     21 H   H   H   H  H   H  H                     yellowish                  

                                                    red                        

     22 H   H   H   H  H   H  H                     reddish                    

                                                    brown                      

     23 H   H   H   H  H   H  H                     yellow                     

     24 H   H   H   H  H   H  H                      do.                       

     25 H   H   H   H  H   H  H                      do.                       

     26 H   H   H   H  H   H  H                     yellowish                  

                                                    red                        

                                                    reddish                    

     27 H   H   H   H  H   H  H                     brown                      

     28 H   H   H   H  H   H  H                     yellow                     

     29 H   H   H   H  H   H  H                     yellowish                  

                                                    red                        

     30 H   H   H   H  H   H  H                     greenish                   

                                                    yellow                     

     31 H   H   H   H  H   H  H                     reddish                    

                                                    yellow                     

     32 H   H   H   H  H   H  H                     greenish                   

                                                    yellow                     

     33 H   H   H   H  H   H  H                     yellow                     

     34 H   H   H   H  H   H  H                     reddish                    

                                                    yellow                     

     35 H   H   H   H  H   H  H                     yellow                     

     36 H   H   H   H  H   H  H                     red                        

     37 H    --CH.sub.3                                                        

                 --CH.sub.3                                                    

                    H  H   H  H                     red                        

     __________________________________________________________________________

PAC  APPLICATION EXAMPLE
PAR  Two Parts of the pigment of Example 1, saltground in accordance with
      conventional methods, are ground in a ball mill over the course of 24
      hours with 48 parts of a lacquer of the following composition:
PA1  43.88 parts of a 60% solution of alkyd-melamine formaldehyde resin in
      xylene,
PA1  17.18 parts of a 65% melamine resin solution in butanol,
PA1  4.57 parts of butanol,
PA1  31.37 parts of xylene and
PA1  7 parts of ethyl glycol acetate.
PAL  The lacquer containing the pigment is separated from the balls by means of
      a nylon filter, and an aluminium sheet (on cardboard) is sprayed with this
      "full shade mixture". The sheet sprayed in this way is allowed to dry in
      the air for 15 minutes and then stoved 30 minutes at 140.degree.. The
      orange coloured film thus obtained shows good light and migration fastness
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of formula I,
      ##SPC14##
PAL  wherein the
PA1  R.sub.1 's are independently hydrogen, C.sub.1-4 alkyl, C.sub.1-4 alkoxy,
      chlorine or bromine,
PA1  the R.sub.2 's are independently hydrogen, methyl, chlorine or bromine,
PA1  the R.sub.3 's are independently hydrogen, chlorine or bromine, and
PA1  R.sub.4 is a direct bond or a group --R.sub.5 --NH--, in which the imino
      group is bound to nucleus A, and R.sub.5 is a 1,3- or 1,4-phenylene
      radical, unsubstituted or substituted by 1 or 2 substituents selected from
      chlorine, bromine, methyl, C.sub.1-4 alkoxy and nitro; or a radical
      ##SPC15##
PA1   in which X is a direct bond, --O--, --SO.sub.2 --, --N=N--, or --NHCO--
      and each of rings B and C is optionally substituted by 1 or 2 substituents
      selected from chlorine, bromine, methyl, C.sub.1-4 alkoxy and nitro,
PAL  or a mixture of compounds of formula I.
NUM  2.
PAR  2. A compound or mixture of compounds of claim 1, wherein the R.sub.1 's
      are independently, hydrogen, methyl, methoxy, chlorine or bromine.
NUM  3.
PAR  3. A compound or mixture of compounds of Claim 2, wherein the R.sub.1 's
      are independently hydrogen, methyl, chlorine or bromine.
NUM  4.
PAR  4. A compound or mixture of compounds of claim 1, wherein the R.sub.2 's
      are independently hydrogen or methyl.
NUM  5.
PAR  5. A compound or mixture of compounds of Claim 3, wherein the R.sub.2 's
      are hydrogen.
NUM  6.
PAR  6. A compound or mixture of compounds of claim 1, wherein R.sub.4 is a
      direct bond or --R.sub.5 --NH--, where R.sub.5 signifies a 1,3- or
      1,4-phenylene radical; a 4,4'-diphenylene radical, which phenylene radical
      or radicals are each, independently, unsubstituted or substituted by up to
      2 substituents selected from chlorine, bromine, methyl, nitro or C.sub.1-4
      alkoxy; or a group
      ##SPC16##
PAL  in which X is --O--, --SO.sub.2 --, --N=N-- or --NH--CO--.
NUM  7.
PAR  7. A compound or mixture of compounds of claim 6, and of formula I',
      ##SPC17##
PAL  in which
PA1  the R.sub.1 ''s are independently hydrogen, chlorine, bromine, methyl or
      methoxy,
PA1  the R.sub.3 ' 's are independently hydrogen, chlorine or bromine, and
PA1  R.sub.4 ' is a direct bond or --R.sub.5 '--NH--, in which the imino group
      is bound to ring A', and R.sub.5 ' signifies a 1,4-phenylene or
      4,4'-diphenylene radical, which phenylene radical in the 2 and 5 positions
      and which diphenylene radical in the 3 and 3' positions bears a
      substituent selected from chlorine, bromine, methyl, methoxy, ethoxy and
      nitro.
NUM  8.
PAR  8. A compound or mixtures of compounds of claim 7, and of formula I",
      ##SPC18##
PAL  in which
PA1  the R.sub.1 " 's are independently hydrogen, chlorine, bromine or methyl,
PA1  the R.sub.3 " 's are independently hydrogen, chlorine or bromine, and
PA1  R.sub.4 " is a direct bond or
      ##SPC19##
     in which the imino group is bound to ring A", and
PA1  the R.sub.6 's are independently, chlorine or bromine.
NUM  9.
PAR  9. A compound or mixture of compounds of claim 8, wherein the R.sub.6 's
      are the same.
NUM  10.
PAR  10. A compound of claim 8 and of formula
      ##SPC20##
NUM  11.
PAR  11. A compound of claim 8 and of formula
      ##SPC21##
NUM  12.
PAR  12. A compound of claim 8, and of formula
      ##SPC22##
NUM  13.
PAR  13. A compound of claim 8, and of formula
      ##SPC23##
NUM  14.
PAR  14. A compound of claim 8, and of formula
      ##SPC24##
NUM  15.
PAR  15. A compound of claim 8, and of formula
      ##SPC25##
NUM  16.
PAR  16. A compound of claim 8, and of formula
      ##SPC26##
PATN
WKU  039324150
SRC  5
APN  3899365
APT  1
ART  122
APD  19730820
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ABST
PAL  A class of pyrylium dyes, having at least one rigidized,
      nitrogen-containing heterocyclic ring fused thereto is described. The
      rigidized dyes are useful lasing components in lasing media.
PARN
PAR  This is a division of U.S. Ser. No. 244,916 filed Apr. 17, 1972 now U.S.
      Pat. No. 3,822,270.
PAR  U.S. Ser. No. 244,916 is a continuation-in-part application based on Ser.
      No. 170,349 filed Aug. 9, 1971 now abandoned.
BSUM
PAR  This invention relates to a novel class of pyrylium dye having a fused,
      rigidized nitrogen-containing ring.
PAR  Compounds of the hereinafter described type are more rigid in configuration
      than the corresponding uncyclized amino-substituted dyes. Such uncyclized
      amino-substituted dyes have utility in dye laser applications; however, it
      is desirable to utilize dyes having a lower lasing threshold energy.
PAR  It is, therefore, an object of this invention to provide a class of novel
      compounds.
PAR  It is another object of this invention to provide new pyrylium compounds
      having a fused, rigidized nitrogen-containing ring.
PAR  Still a further object of this invention is to provide a class of novel
      lasing compounds which have a reduced lasing threshold energy.
PAR  These and other objects and advantages are accomplished by providing a
      class of (1) pyrylium salt compounds, having fused thereto at least at the
      [b] face, and preferably at each of the [b] and [e] faces, a rigidized,
      nitrogen-cotaining heterocyclic ring system having the structure:
      ##SPC1##
PAL  Wherein one of Q and Q.sup.1 represents the atoms necessary to form a
      saturated, divalent alkylene chain having 2 to 4 carbon atoms and which
      completes a fused, 5- to 7-membered heterocyclic ring rigidized by
      saturation of all atoms except those of the adjacent aromatic ring to
      which it is fused and the other of Q and Q.sup.1 represents a chemical
      bond; and R.sup.1 and R.sup.2, when taken separately, each represent a
      hydrogen atom, an alkyl radical of 1 to about 10 carbon atoms, and when
      taken together, represent the carbon atoms necessary to form another
      alkylene chain as described for Q, said ring structure being fused to the
      pyrylium nucleus such that R.sup.1 is only 2 carbon atoms removed from the
      oxygen atom of the pyrylium nucleus; and (2) the keto tautomers of said
      pyrylium compounds. The fused, rigidized ring is referred to herein as a
      saturated ring although it can be seen that the carbon atoms of the
      adjacent aromatic ring to which the rigidized ring is fused, and which
      form a part of the rigidized ring, are unsaturated.
PAR  More specifically, the preferred compounds of this invention conform to the
      structure:
      ##SPC2##
PAL  Wherein one of Q and Q.sup.1 represents a saturated, divalent alkylene
      chain having 2 to 4 carbon atoms and the other represents a chemical bond,
      R.sup.1 and R.sup.2 are as defined for Structure I; R.sup.3 is a hydrogen
      atom, an alkyl group having 1 to about 10 carbon atoms including
      substituted alkyl, an aryl or substituted aryl group having 6 to 20 carbon
      atoms such as phenyl, carboxyphenyl, ethoxycarbonylphenyl, and the like,
      or when taken together with R.sup.4, represents the atoms necessary to
      complete a fused 5- to 7 -membered ring; R.sup.4 is a hydrogen atom, and
      when taken together with R.sup.3 represents the atoms necessary to
      complete a fused 5- or 7 -membered ring, and when taken together with
      R.sup.5, represents a substituted or unsubstituted fused ring or fused
      ring system, preferably a hydroxy-substituted benzo ring or a fused ring
      system as described by, and fused in the manner specified for, Structure
      I; R.sup.5 is a hydrogen atom, a hydroxy group, or is taken together with
      R.sup.4 to represent the fused ring or fused ring system specified above;
      and X.sup.- is an anion such as halide, perchlorate, fluoroborate, etc.
PAR  It is to be understood that the hydroxy compounds can tautomerize to the
      keto or enol forms depending on the pH of the solution in which they
      exist, or from which they are isolated. When isolated from hydroxylic
      organic solvents (see reaction below)
      ##SPC3##
PAL  such as ethanol, they generally assume the keto form since they are
      themselves weakly basic. The novel compounds of this invention thus
      include both the pyrylium salts described and the keto compounds derived
      therefrom simply by adjusting pH. The compounds can be isolated in either
      form.
PAR  Included compounds of this invention which can be in the keto form are
      represented by the formula:
      ##SPC4##
PAL  wherein Q, R.sup.1 and R.sup.2 are as described above; R.sup.3 represents a
      hydrogen atom, an alkyl group having 1 to about 10 carbon atoms and
      typically 1 to about 4 carbon atoms, an aryl radical including substituted
      aryl radicals such as phenyl, carboxyphenyl, naphthyl, ethoxycarbonyl
      phenyl and when taken together with R.sup.4 represents the carbon atoms
      necessary to complete a 5- or 6-membered fused ring; R.sup.4, represents a
      hydrogen atom, when taken together with R.sup.3 represents the carbon
      atoms necessary to complete a 5- or 6-membered fused ring and when taken
      together with R.sup.5, represents a fused oxobenzo moiety; and R.sup.5
      alone represents an oxo moiety or when taken together with R.sup.4
      represents the atoms necessary to complete a fused oxobenzo moiety.
PAR  In general, the compounds of the invention fall into two general
      categories, those having a single substituent as described by Structure I,
      i.e., monocompounds, and those containing two such substituents, i.e.,
      biscompounds. The bis-compounds are prepared by reacting an anhydride,
      preferably a phthalic anhydride, with an aminophenol in the presence of
      zinc chloride as described by H. S. Fierz-David Kunstlich Organische
      Farbstoffe, pages 275-6, Berlin (1926), using as the aminophenol an
      8-hydroxyjulolidine as described in the Journal of the American Chemical
      Society, 86, 2533 (1964), or by reacting the 8-hydroxyjulolidine with an
      aldehyde and dehydrating with a strong acid, e.g., sulfuric acid.
PAR  The monocompounds are prepared by condensing 8-hydroxyjulolidine, as the
      aminophenol, with a .beta.-keto ester, the latter providing compounds most
      easily isolated in the keto form, e.g., as coumarins which also operate
      well in lasing media in that form.
DETD
PAR  The following examples further illustrate the present invention.
PAC  EXAMPLE 1
PAC  Preparation of 8-Hydroxyjulolidine
      ##SPC5##
PAR  m-Anisidine (100 g) and 1 kg. of 1-bromo-3-chloropropane are heated in an
      oil bath at 150.degree.C for 24 hours. Excess 1-bromo-3-chloropropane is
      removed by steam distillation. The solution is made basic with sodium
      hydroxide solution, decanted from some tar, and then extracted with
      methylene chloride. The aqueous phase is separated, neutralized by adding
      dry ice, and the precipitated solid collected, dried, and crystallized
      from ethanol.
PAR  Yield = 40 g. mp = 126.degree.-128.degree.C
PAL  Infrared and NMR spectra agree with the assigned structure.
PAC  EXAMPLE 2
PAC  Preparation of 9-(2-Carboxyphenyl)2,3,6,7,12,13,16,17
      -octahydro-1H,5H,11H,15H-diquinolizino[1,9-bc;1', 9'-hi]-xanthylium
      chloride
      ##SPC6##
PAR  A mixture of 8.4 g (0.0445 mole) of the 8-hydroxyjulolidine prepared in
      Example 1, 6 g (0.0405 mole) of phthalic anhydride, and 3 g. of powdered
      zinc chloride is stirred and heated in an oil bath at 165.degree.C for 5
      hours. The melt is cooled and powdered, washed with water, filtered,
      triturated with sodium hydroxide solution, warmed to about 50.degree.C,
      and diluted with water. The gum which separates is collected, washed with
      more sodium hydroxide solution and with water. The resulting dye base is
      then triturated with dilute hydrochloric acid and finally more
      concentrated hydrochloric acid is added. The dye is collected and dried.
PAR  Yield = 12 g.
PAL  A 3 g. sample is chromatographed on silica gel-cellulose by the ascending
      technique using chloroform and methanol (4:1), mp =
      320.degree.-325.degree.C (dec).
PAR  Analysis calculated for C.sub.32 H.sub.31 ClN.sub.2 O.sub.3 : C, 72.9; H,
      5.9. Found: C, 72.8; H, 5.9.  A sample of the above chloride salt is
      converted to the perchlorate salt by dissolving in a small amount of hot
      methanol, and adding perchloric acid (70%). The mixture is diluted with
      water, and the solid collected and recrystallized from ethanol.
PAC  EXAMPLE 3
PAC  Preparation of 2,3,6,7,12,13,16,17-octahydro-1H,5H,
      11H,15H-Diquinolizino[1,9-bc;1',9'-hi]xanthylium chloride
      ##SPC7##
PAR  To a solution of 9.5 g. (0.05 mole) of 8-hydroxyjulolidine in ethanol is
      added 2 ml. of 40% formalin, after which the mixture is allowed to stand
      several days. The resultant yellow solid is collected and dried. The yield
      is 9 g. of bis(8-hydroxy-9-julolidyl)methane melting at 182.degree.-
      183.degree.C.
PAR  Analysis Calculated for C.sub.25 H.sub.30 N.sub.2 O.sub.2: C,76.9; H, 7.7;
      N, 7.2. Found: C,77.0; H, 8.0; N, 7.0.
PAL  The bis(8-hydroxy-9-julolidyl)methane (5.8 g.) is gradually added with
      stirring to 20 ml. of concentrated sulfuric acid. The mixture is heated 3
      hours on a steam bath, cooled and poured into about 100 g. of chopped ice.
      Concentrated sodium hydroxide is added until the mixture is just weakly
      acidic, 10 ml. of concentrated hydrochloric acid is added, and then a
      solution of 2 g. of sodium nitrite in water is added dropwise with
      stirring. After standing overnight, the solid is collected, dried, and a
      sample chromatographed as in Example 2 on silica gel-cellulose by the
      ascending method using 1:1 methanol:chloroform. A un spectrum agrees with
      the assigned structure and the extinction coefficient (1.2 .times.
      10.sup.5) of the long wave length band indicates a relatively high degree
      of purity.
PAC  EXAMPLE 4
PAC  Preparation of 1,2,3,4,5,6-Hexahydro-8-methylquinolazino
      [1,8a,8-gh]coumarin
PAR  A mixture of 5.7 g. (0.03 mole) of 8-hydroxyjulolidine, 4.6 g. (0.35 mole)
      of ethyl acetoacetate, 2 g. of zinc chloride, and 10 ml. of ethanol is
      refluxed for 7 hours and poured into 65 ml. of water containing 1 ml. of
      concentrated hydrochloric acid. After standing, the solid is collected,
      dissolved in a small amount of concentrated hydrochloric acid and the
      mixture poured into about 100 ml. of water. Again, the solid is collected,
      and then recrystallized from ethanol twice to provide 3 g. of light tan
      needles melting at 151.degree.-152.degree.C.
PAR  Analysis Calculated for C.sub.16 H.sub.17 NO.sub.2 : C, 75.3; H, 6.7; N,
      5.5. Found: C, 75.2; H, 6.6; N, 5.6.
PAC  EXAMPLE 5
PAC  Preparation of Cyclopent[c]julolidino[9,10-e]11H-pyran-11-one
      ##SPC8##
PAR  A mixture of 5.7 g. (0.03 mole) of 8-hydroxyjulolidine, 5.2 g. (0.035 mole)
      of the ethyl and methyl mixed esters of cyclopentanone carboxylate, sold
      by Aldrich Chemicals, 2 g. of zinc chloride, and 10 ml. of ethanol is
      refluxed overnight and poured into 65 ml. of water and 1 ml. of
      hydrochloric acid. After standing, the solid is collected, dissolved in
      concentrated hydrochloric acid and the solution poured into water, Again,
      the solid is collected and recrystallized from ethanol three times to
      yield 2 g. of product melting at 150.degree.-151.degree.C.
PAR  mp = 150.degree.-151.degree.C. Yield = 2 g.
PAR  Analysis Calculated for C.sub.18 H.sub.19 NO.sub.2 : C, 76.8; H, 6.8; N,
      5.0. Found: C, 77.1; H, 6.7; N, 4.8.
PAC  EXAMPLE 6
PAC  Preparation of 11-(2-Carboxyphenyl)dipyrrolino[3,2-b;2,3-i]xanthylium
      chloride
      ##SPC9##
PAR  A mixture of 3 g. of phthalic anhydride, 3 g. of 6-hydroxyindoline, and 1.5
      g. of zinc chloride is heated in an oil bath at 165.degree.C for 5 hours
      with stirring. The melt is cooled, powdered and washed with hot water. The
      solid is dissolved in warm, dilute sodium hydroxide solution and filtered.
      The filtrate is made strongly acidic with hydrochloric acid, allowed to
      stand, and the solid collected, boiled with 300 ml. of ethanol and
      filtered hot. The filtrate is evaporated to dryness, the residue
      recrystallized from methanol and chromatographed as in Example 2. The
      infrared spectra agrees with the assigned structure for the chloride salt.
      The chloride salt can be converted to the perchlorate salt by dissolving
      in warm, dilute sodium hydroxide solution, filtering and acidifying the
      filtrate with perchloric acid. The solid is collected, washed with water,
      and extracted in a Soxhlet extractor with ethanol. The extract is
      concentrated, chilled, and the solid perchlorate salt collected (mp &gt;
      400.degree.C).
PAR  Analysis Calculated for C.sub.24 H.sub.19 N.sub.2 ClO.sub.7 : C, 59.7; H,
      4.0; N, 5.8. Found: C, 60.4; H, 3.7; N, 5.6.
PAC  EXAMPLE 7
PAC  Preparation of 8-(2-Carboxyphenyl)julolidino[10,9-b] -
      11H-benzo-1-pyran-11-one
      ##SPC10##
PAR  A portion of phthalic anhydride (3 g.) is heated to 150.degree.C and 3.8 g.
      of 8-hydroxyjulolidine are added in portions. The temperature is raised to
      180.degree.C and 2.2 g. of resorcinol dissolved in 10 ml. of 95% sulfuric
      acid is added. The mixture is heated at 100.degree.C for 3 hours, cooled
      and poured into ice water. The solid is collected, dissolved in warm,
      dilute sodium hydroxide solution and filtered. The filtrate is neutralized
      with excess acetic acid and the solid collected. The product is
      chromatographed on silica gel using 1:1 methanol:chloroform, then on
      neutral alumina using methanol. A sample produced a single spot upon
      analysis by thin layer chromatography.
PAC  EXAMPLE 8
PAC  Preparation of
      13-(2-Carboxyphenyl)dipyridino-[3,2-b;2,3-i]-1,2,3,4,9,10,11,12-octahydrox
     anthylium perchlorate
      ##SPC11##
PAR  A mixture of 7 g. of 7-hydroxy-1,2,3,4-tetrahydroquinoline, 7 g. of
      phthalic anhydride, and 3 g. of zinc chloride is heated with stirring in
      an oil bath at 165.degree.C for 5 hours and cooled. The solid is powdered,
      washed with hot water, dissolved in warm, dilute ammonium hydroxide and
      filtered. The filtrate is made strongly acid with perchloric acid. The
      solid is collected and extracted with ethanol in a Soxhlet extractor. The
      extracts are chilled and the solid collected to produce a yield of 1/2 g.
      of product (mp &gt; 400.degree.C).
PAR  Analysis Calculated for C.sub.26 H.sub.23 N.sub.2 ClO.sub.7 : C, 61.1; H,
      4.5; N, 5.5. Found: C, 60.7; H, 4.4; N, 5.6.
PAC  EXAMPLE 9
PAC  Preparation of 9-(2-Ethoxycarbonylphenyl) 2,3,6,7,12,
      13,16,17-octahydro-1H,5H,11H, 15H-diquinolizino[1,9-bc;
      1',9'-hi]xanthylium chloride
PAR  One gram of dye prepared as described in Example 2 is dissolved in 100 ml.
      of ethanol, and dry hydrogen chloride gas is passed through the solution
      while refluxing for 12 hours. The solution is concentrated to dryness, and
      the residue is treated with alcoholic perchloric acid and chilled. The
      sticky solid is collected, dissolved in 50 ml. of boiling ethanol, and
      water containing a small amount of perchloric acid is added until the
      solution becomes cloudy; the mixture is then chilled, and the solid ethyl
      ester collected. A sample produced a single spot upon analysis by thin
      layer chromatography.
PAR  The dyes of this invention are useful as lasing media when dissolved in a
      non-interfering solvent (i.e., one that does not inhibit stimulated
      emission). This use of the present dyes is discussed further in copending
      K. H. Drexhage application Ser. No. 170,348, filed Aug. 9, 1971, and
      entitled LASER MEDIA CONTAINING RIGIDIZED DYES. Lasing media of this type
      can be used, for example, in an organic dye liquid laser of the type
      described by Sorokin et al, IBM Journal, Vol. 11, p. 148, (1967).
PAR  The following additional examples are included as showing the described
      lasing utility. The threshold energy referred to in the following examples
      is defined as the light energy from the excitation source which is just
      sufficient to initiate lasing of the rigidized dye solution. Unless
      otherwise stated, the excitation source is a giant pulse from a 5,300A
      frequency doubled, neodymium glass laser. The rigidized dye lasing medium
      is placed in a cuvette which is located between two dielectric mirrors
      which form a nearly hemispherical dye laser cavity. The light from the
      excitation or pumping source passes through one of the dielectric mirrors
      into the dye-containing cuvette and along the optical axis of the cavity.
      In order to determine the threshold energy, a beam splitter is used to
      sample the output from the excitation source. The sampled output is
      measured with a calibrated photodiode. The output of the dye laser is also
      sampled to determine the wavelength of lasing.
PAC  EXAMPLE 10
PAR  The dye of Example 2 is mixed in methanol to an optical density of about
      2.0 in a 5 cm. dye cuvette which is placed between two dielectric mirrors
      as described above. The dye is found to lase at about 606 nm., with a
      threshold energy of 0.29 millijoules. Using the dye of Example 3, it is
      found to lase at 606 nm. with a threshold energy of 0.30 millijoules.
PAC  EXAMPLE 11
PAR  The dye of Example 5 is mixed in methanol to an optical density of about
      2.0 at its absorption maximum. The solution is placed in the shell of a
      heat exchange tank containing cooling coils and is circulated to and from
      the lasing cavity at a rate sufficient to prevent localized heating. The
      cuvette is 15 cm in length and 15 mm in diameter. About 10 cm. beyond each
      end of the cuvette is a plane dielectric flat mirror. In each instance,
      the lasing medium is excited by a "Sorokin-type" air discharge flashlamp,
      the spectral output of which is smooth (free of line sources) and similar
      to a black body source. The energy for the flashlamp is stored by a
      Cornell Dubillier 1.mu.f. fast discharge capacitor. Thresholds recorded
      are the minimum voltages on the capacitor required to initiate lasing.
      From the threshold voltage, the threshold energy (E) is determined from
      the formula E=1/2CV.sup.2 where C is the capacitance of the storage
      capacitor and V is the voltage across the capacitor. The dye is found to
      lase at about 490 nm. with a threshold energy of 50 millijoules.
PAR  The term "fused dihydroindolo moiety" as used herein has reference to a
      structure:
      ##SPC12##
PAL  which is fused through the carbocyclic ring. A "fused(1,2,3,4)
      tetrahydroquinoline radical" as used herein has reference to a structure
      as follows:
      ##SPC13##
PAL  which is fused through the carbocyclic ring.
PAR  The invention has been described in detail with particular reference to
      certain preferred embodiments thereof, but it will be understood that
      variations and modifications can be effected within the spirit and scope
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound having the formula
      ##SPC14##
PAL  wherein
PA1  R.sup.3 represents a member selected from the group consisting of hydrogen,
      alkyl having 1 to 10 carbon atoms, phenyl, carboxyphenyl and
      ethoxycarbonyl phenyl
PA1  and X is an anion selected from the group consisting of halide, perchlorate
      and fluoroborate.
NUM  2.
PAR  2. The compound as in claim 1 which is
      9-(2-carboxyphenyl)-2,3,6,7,12,13,16,17-octohydro-1H,5H,11H,15H-diquinoliz
     ino[1,9-bc;1',9'-hi]xanthylium salt.
NUM  3.
PAR  3. The compound as in claim 1 which is
      2,3,6,7,12,13,16,17-octohydro-1H,5H,11H,15H-diquinolizing[1,9-bc;1',9'-hi]
     xanthylium salt.
NUM  4.
PAR  4. The compound as in claim 1 which is 8-(2-ethoxycarbonyl
      pheny)-2,3,6,7,12,13,16,17-octohydro-1H,5H,11H,15H-diquinolizino[1,9-bc;1'
     ,9'-hi]xanthylium salt.
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PAL  Compounds of the general formula (I):
      ##SPC1##
PAL  in which R.sub.1, R.sub.2 and R.sub.3 may be the same or different and each
      represents a hdyrogen atom, an alkyl group, a nitro group, a halogen atom
      or a group of the formula --NR.sub.4 R.sub.5 or --OR.sub.4 ; in which the
      groups R.sub.4 and R.sub.5 may be the same or different and each represent
      a hydrogen atom, or an alkyl, alkenyl or cycloalkyl group (which alkyl
      group may optionally be substituted by alkoxy, hydroxy, amino, alkylamino,
      dialkylamino or aryl groups) or R.sub.4 and R.sub.5 together with the
      nitrogen atom form a heterocyclic ring which may optionally contain
      additional hetero atoms, e.g. morpholino or piperazinyl; and R.sub.6
      represents a hydrogen atom or an alkyl group.
PAL  These compounds have biological activity, particularly in inhibiting the
      release of spasmogenic substances arising as a consequence of
      antigen-antibody reactions.
BSUM
PAR  This invention relates to novel quinaldic acid derivatives, to processes
      for the production thereof and to pharmaceutical compositions containing
      such derivatives.
PAR  We have found that certain new quinaldic acid derivatives have useful
      pharmacological activity and in particular inhibit the release of
      spasmogenic substances arising as a consequence of antigen-antibody
      reactions.
PAR  Accordingly the present invention provides compounds of the general formula
      (I):
      ##SPC2##
PAL  in which R.sub.1, R.sub.2 and R.sub.3 may be the same or different and each
      represents a hydrogen atom, an alkyl group, a nitro group, a halogen atom
      or a group of the formula --NR.sub.4 R.sub.5 or --OR.sub.4 ; in which the
      groups R.sub.4 and R.sub.5 may be the same or different and each represent
      a hydrogen atom, or an alkyl, alkenyl or cycloalkyl group (which alkyl
      group may optionally be substituted by alkoxy, hydroxy, amino, alkylamino,
      dialkylamino or aryl groups) or R.sub.4 and R.sub.5 together with the
      nitrogen atom form a heterocyclic ring which may optionally contain
      additional hetero atoms, e.g. morpholino or piperazinyl; and R.sub.6
      represents a hydrogen atom or an alkyl group. The terms alkyl and alkenyl
      as used herein, means such groups which are straight or branched chain and
      contain from 1 to 6 carbon atoms (preferably 1 to 4 carbon atoms) and from
      2 to 6 carbon atoms (preferably 2 to 4 carbon atoms) respectively.
      Cycloalkyl means a carbocyclic ring containing 5 or 6 carbon atoms.
PAR  The formulae in the present application depict the 1[H] isomer of the
      tetrazole ring. Prototropy enables these to be converted into the 2[H]
      structure and the invention therefore extends also to the 2[H] structure,
      given below:
      ##SPC3##
PAR  The invention also includes pharmaceutically acceptable salts of the above
      compounds and esters with simple aliphatic acids (including formic acid).
PAR  Preferred salts may be those with alkali metals, e.g. sodium or with
      organic bases, e.g. dimethylaminoethanol.
PAR  Where basic substituents are present the invention also covers salts with
      inorganic or organic acids.
PAR  Preferred meanings for the groups R.sub.1, R.sub.2 and R.sub.3 and R.sub.6
      are set out below:
PAC  R.sub.1
PAR  Hydrogen, halogen preferably chlorine, hydroxy, alkylamino, preferably
      ethylamino, hydroxyalkylamino, preferably 2-hydroxyethylamino or
      3-hydroxypropylamino, hydroxyalkylalkylamino, preferably
      2-(hydroxyethyl)-methylamino, dihydroxyalkylamino, preferably
      2,3-dihydroxypropylamino, alkoxyalkylamino, preferably
      2-methoxyethylamino, aminoalkylamino, preferably 2-aminoethylamino,
      dialkylaminoalkylalkylamino, preferably 2-(dimethylaminoethyl)methylamino,
      cycloalkylamino, preferably cyclohexylamino, morpholino, piperazinyl,
      N-methyl piperazinyl, alkoxy, preferably methoxy or butoxy, alkenyloxy,
      preferably allyloxy, aralkyloxy, preferably benzyloxy, hydroxyalkoxy,
      preferably hydroxyethoxy, acyloxyalkoxy, preferably 2-formyloxyethoxy,
      alkoxyalkoxy preferably 2-methoxyethoxy.
PAC  R.sub.2 and R.sub.3
PAR  Hydrogen, 6-alkoxy preferably 6-methoxy, 6-nitro, 6-amino, 6-alkyl,
      preferably butyl, 7-alkyl preferably methyl, 8-alkyl preferably methyl,
      7-alkoxy preferably 7-methoxy, 8-nitro, 8-amino.
PAC  R.sub.6
PAR  Hydrogen.
PAR  The quinaldic acid derivatives according to the invention show promise as
      therapeutic agents for the treatment of conditions in which combination of
      an extrinsic antigen with a reaginic antibody is primarily responsible,
      for example extrinsic asthma, hay fever, urticaria, eczema or atopic
      dermatitis. Thus the compound of Example 15 which is
      4-methoxy-N-(tetrazol-5-yl)-quinaldamide was found to be about 28 times
      more active than disodium cromoglycate in inhibiting the release of
      histamine in the peritoneal passive anaphylaxis (PPA) test using the DNP
      -- egg albumen system (J. Exp. Med. (1968), 127, 727).
PAR  The invention also provides pharmaceutical compositions which contain a
      compound of general formula (I) or a salt or ester thereof together with a
      pharmaceutically acceptable carrier, excipient, or other formulatory
      agent. The compositions may also contain supplementary medicinal agents,
      e.g. bronchodilators, anti-histamines, tranquillisers, or anxiolytics.
PAR  Suitable forms of oral administration include tablets, capsules, syrups or
      emulsions. For administration by inhalation the compositions according to
      the invention may be in the form of a powder or snuff or as an aerosol
      spray presentation. The latter may conveniently be a pressurised pack with
      a metering valve to deliver a fixed dosage unit or may be an aqueous
      solution delivered via a nebuliser.
PAR  The dosage at which the active ingredient may be administered may vary
      within a wide range, depending on the age, weight and condition of the
      patient. A suitable oral range is generally from 20 - 1500 mg and for
      inhalation is from 1 - 20 mg. The dose may be repeated as required.
PAR  The invention also provides a process for the preparation of compounds of
      formula (I) in which quinaldic acids of general formula (II):
      ##SPC4##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 and R.sub.6 have the meanings
      stated above, are condensed with 5-aminotetrazole. A variety of condensing
      agents of general application in peptide chemistry may be used to effect
      this reaction; for example, N,N'-carbonyl diimidazole,
      N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline, or N,N'-dicyclohexyl
      carbodiimide in an aprotic solvent such as tetrahydrofuran or
      dimethylformamide. If necessary heating may be employed. Activated
      derivatives of the acid (II), e.g. mixed anhydrides or acid halides, may
      equally be employed. Thus the reaction of the acid halide may be effected
      in an aprotic medium, such as dioxan or tetrahydrofuran or in an aqueous
      medium in the presence of an acid acceptor, for example a tertiary organic
      base such as pyridine or triethylamine or an alkali metal carbonate or
      bicarbonate such as sodium carbonate or sodium bicarbonate.
PAR  The starting acids (II) are either known compounds or they may be prepared
      by well-established methods of quinoline chemistry. The groups R.sub.1
      -R.sub.6 may be present from the start or can be introduced or modified at
      any stage as required by standard chemical conversions more fully
      described below and in the Examples.
PAR  A particularly useful sequence employs esters of the hydroxy quinaldic
      acids of general formula (III) wherein R.sub.2, R.sub.3 and R.sub.6 have
      the meanings given above.
PAR  Thus, the ester (III) is converted into the halide (IV), e.g. with
      POCl.sub.3 where Hal is a chlorine atom and the active halogen atom may be
      displaced with nucleophiles such as amines or alkoxides to give compounds
      of general formula (V) (X = NR.sub.4 R.sub.5 or --OR.sub.4) wherein
      R.sub.2, R.sub.3 and R.sub.6 have the meanings stated above and R.sub.7 =
      Alkyl. These displacement reactions may be effected at elevated
      temperatures with or without the presence of solvent, e.g.
      N-methylpyrrolidone, methanol etc. The esters may then be hydrolysed to
      the acids (V) (R.sub.7 = H), e.g. by warming with aqueous alkali.
      ##SPC5##
PAR  Further examples of transformation of the substituents R.sub.1 - R.sub.6 of
      particular utility are the conversions of acids of structure (II), where
      any of R.sub.1, R.sub.2 and R.sub.3 are hydroxyl groups, into ethers
      (--OR.sub.4) by standard alkylation procedures, e.g. with an alkylating
      agent R.sub.4 Y preferably in a solvent such as 2-butanone or
      dimethylformamide and in the presence of a base, typically an anhydrous
      alkali metal carbonate.
PAR  Compounds of the invention (I) in which R.sub.1 - R.sub.6 have specific
      meanings may also be converted into other compounds of the invention by
      standard processes. For example, the active halogen atom of (I) (R.sub.1 =
      Hal) may be displaced by amines (--NR.sub.4 R.sub.5). These displacement
      reactions maybe effected at elevated temperatures with or without the
      presence of solvent, e.g. water or methanol. In another reaction the
      benzyl ether (I) (R.sub.1 = PhCH.sub.2 --O) may be hydrogenolysed in the
      presence of a suitable catalyst such as PdO/C to give the amidotetrazole
      of hydroxyquinaldic acids (I) (R.sub.1 = HO--).
DETD
PAR  The following Examples illustrate the invention:
PAC  EXAMPLE 1
PAC  N-(1H-Tetrazol-5-yl)quinaldamide
PAR  Quinaldic acid (1.1 g) in tetrahydrofuran (50 ml) containing
      dimethylformamide (5 ml) was treated with a solution of N,N'-carbonyl
      diimidazole (1 g) in tetrahydrofuran (40 ml) containing dimethylformamide
      (5 ml). After 3 hours, 5-aminotetrazole (0.65 g) in dimethylformamide (30
      ml) was added and the resulting solution was stirred for 2 days at room
      temperature. The solvent was distilled off under reduced pressure to give
      an oil which solidified on trituration with water, m.p. 258.degree. (d).
PAC  EXAMPLE 2
PAC  4-Chloro-N(1H-tetrazol-5-yl)quinaldamide
PAR  4-Chloroquinaldic acid (5.7 g) and thionyl chloride (4 ml) in dry benzene
      (100 ml) were heated under reflux for 2.5 hours. The benzene and the
      excess of thionyl chloride were distilled off and 4-chloroquinaldoyl
      chloride, m.p. 104.degree.-106.degree., was crystallised from cyclohexane.
PAR  In a similar manner 4,7-dichloroquinaldoyl chloride, m.p. 120.5.degree. was
      prepared from 4,7-dichloroquinaldic acid; 6-n butyl-4-chloroquinaldoyl
      chloride, m.p. 95.degree.-98.5.degree. was prepared from
      6-n-butyl-4-chloroquinaldic acid.
PAR  5-Aminotetrazole (0.46 g) and triethylamine (0.73 ml) in dry dioxan (25 ml)
      were stirred and warmed to 35.degree.. 4-Chloroquinaldoyl chloride (1 g)
      in dioxan (15 ml) was added. The 4-chloro-N(1H-tetrazol-5-yl)quinaldamide
      was collected, washed with water and dried, m.p. 305.degree. (d).
PAR  In a similar manner 6-butyl-4-chloro-N-(1H-tetrazol-5-yl)quinaldamide, m.p.
      275.degree. was prepared from 6-butyl-4-chloroquinaldoyl chloride and 5
      -aminotetrazole.
PAC  EXAMPLE 3
PAC  4(2-Hydroxyethylamino)-N-(1H-tetrazol-5-yl)quinaldamide
PAR  4-Chloro-N(1H-tetrazol-5-yl)quinaldamide (0.8 g), 2-aminoethanol (25 ml)
      and water (10 ml) were heated at 100.degree. for 3 hours. Aqueous sodium
      hydroxide (3.5 ml., 2N) and acetone (100 ml) were added and the solid was
      collected and dissolved in water. The solution was acidified to pH 2 with
      dilute hydrochloric acid and the solid was filtered off and crystallised
      from water, m.p. 244.degree. (d).
PAR  The sodium salt of 4(2-hydroxyethylamino)-N(1H-tetrazol-5-yl)quinaldamide
      was prepared as follows:
PAR  Aqueous sodium hydroxide (5N) was added dropwise to
      4(2-hydroxyethylamino)-N(1H-tetrazol-5-yl)quinaldamide (1 g) in water (20
      ml). When the solid had dissolved (pH 10.5) the solution was evaporated
      under reduced pressure. The residue was dissolved in methanol (20 ml) and
      the solution was diluted with ethyl acetate (40 ml). The solid which
      crystallised was collected and dried, m.p. 225.degree.-228.degree..
PAC  EXAMPLE 4
PAC  4(3-Hydroxypropylamino)-N(1H-tetrazol-5-yl)quinaldamide
PAR  4-Chloro-N(1H-tetrazol-5-yl)quinaldamide (0.5 g), 3-aminopropan-1-01 (10
      ml) and water (2 ml) were heated at 100.degree. for 6 hours and cooled.
      Concentrated hydrochloric acid (13 ml) was added and the solid was
      collected. A mixture of the solid and water was treated dropwise with 2N
      sodium hydroxide to give a solution pH 10 and this was treated with
      glacial acetic acid to give a mixture pH 4. The solid was collected,
      washed with water and dried, m.p. 244.degree.-245.degree. (d).
PAC  EXAMPLE 5
PAC  4[(2-Hydroxyethyl)methylamino]-N(1H-tetrazol-5-yl)-quinaldamide,
      hydrochloride
PAR  4-Chloro-N(1H-tetrazol-5-yl)quinaldamide (0.6 g), 2-methylaminoethanol (5
      ml) and water (2 ml) were heated on a steam bath for 18 hours and cooled.
      Hydrochloric acid was added to give a mixture of pH&lt;1 and the solid was
      filtered off and crystallised from dilute hydrochloric acid, m.p.
      205.degree. (d).
PAR  In a similar way
PA1  4(2,3-Dihydroxypropylamino)-N(1H-tetrazol-5-yl)quinaldamide, hydrochloride,
      m.p. 264.degree. (d) was prepared from
      4-chloro-N(1H-tetrazol-5-yl)quinaldamide (Example 2 ) and
      3-amino-1,2-propanediol.
PAC  EXAMPLE 6
PAC  4(Morpholino)-N(1H-tetrazol-5-yl)quinaldamide
PAR  4-Chloro-N(1H-tetrazol-5-yl)quinaldamide (1 g), morpholine (1.5 g) and
      water (1.5 ml) were heated on a steam bath for 16 hours. The mixture was
      acidified with hydrochloric acid and the solid was collected and dissolved
      in hot aqueous dimethylaminoethanol (20 ml., 5%). Acetic acid (1 ml.,
      glacial) was added and the solid was collected, washed with water and
      dried, m.p. 88.degree. (d).
PAR  In a similar way
PA1  4(2-Methoxyethylamino)-N(1H-tetrazol-5-yl)quinaldamide, m.p. 260.degree.
      (d) was prepared from 2-methoxyethylamine.
PAC  EXAMPLE 7
PAC  4(2-Aminoethylamino)-N(1H-tetrazol-5-yl)quinaldamide, hydrochloride
PAR  4-Chloro-N(1H-tetrazol-5-yl)quinaldamide (1.4 g) and ethylene diamine (6
      ml) were heated on a steam bath for 1 hour and cooled. 5N Hydrochloric
      acid (30 ml) was added. The solid was collected and crystallised from
      aqueous dimethylformamide, m.p. 252.degree..
PA1  4[(2-Dimethylaminoethyl)methylamino]-N(1H-tetrazol-5-yl)quinaldamide,
      dihydrochloride, m.p. 126.degree. (d) was prepared similarly from
      N,N,N'-trimethylethylenediamine and
      4-chloro-N(1H-tetrazol-5-yl)quinaldamide.
PAC  EXAMPLE 8
PAC  4(2-Dimethylaminoethylamino)-N(1H-tetrazol-5-yl)quinaldamide,
      dihydrochloride
PAR  4-Chloro-N(1H-tetrazol-5-yl)quinaldamide (0.3 g),
      N,N-dimethylethylenediamine (6 ml) and water (2 ml) were heated at
      100.degree. for 8 hours. The excess of N,N-dimethylethylenediamine was
      distilled off under reduced pressure and the residue was treated with
      aqueous hydrochloric acid to pH 1. The solid, in water (5 ml), was treated
      with 2N sodium hydroxide to give a solution pH 4. The solid which
      crystallised from this solution was collected and dried, m.p. 200.degree.
      (d).
PAC  EXAMPLE 9
PAC  4-Cyclohexylamino-N(1H-tetrazol-5-yl)quinaldamide, hydrochloride
PAR  4-Chloro-N(1H-tetrazol-5-yl)quinaldamide (0.55 g), cyclohexylamine (3 ml)
      and water (5 ml) were heated on a steam bath for 3 hours and cooled. The
      solid was collected and dried, m.p. 245.degree. (d).
PAC  EXAMPLE 10
PAC  4(4-Methylpiperazino)-N(1H-tetrazol-5-yl)quinaldamide, trihydrochloride
PAR  4-Chloro-N(1H-tetrazol-5-yl)quinaldamide (0.6 g), N-methylpiperazine (5 ml)
      and water (1 ml) were heated on a steam bath for 18 hours. Water (5 ml)
      and dilute hydrochloric acid were added to pH 1 and the solid was
      collected and washed with 0.1N hydrochloric acid and dried, m.p.
      215.degree. (d).
PAC  EXAMPLE 11
PAC  4-Chloro-6-methoxy-N(1H-tetrazol-5-yl)quinaldamide
PAR  N,N'-Carbonyldiimidazole (13.3 g) and 4-chloro-6-methoxyquinaldic acid
      (19.5 g) in dimethylformamide (100 ml) was stirred at room temperature for
      2 hours. 5 -Aminotetrazole was added and the mixture was stirred for 16
      hours at room temperature. The solution was concentrated to 50 ml. and
      cooled. The solid was collected and dissolved in a warm mixture of
      dimethylformamide (50 ml) and dimethylaminoethanol (10 ml). The solid
      which crystallised was dissolved in water and the solution was acidified
      to pH 1 with dilute hydrochloric acid. The solid which separated was
      collected, washed with water and dried, m.p. 300.degree. (d).
PAC  EXAMPLE 12
PAC  6-Methoxy-4(4-methylpiperazinyl)-N(1H-tetrazol-5-yl)quinaldamide,
      quinaldamide, hydrochloride
PAR  4-Chloro-6-methoxy-N(1H-tetrazol-5-yl)quinaldamide (0.5 g) and
      N-methylpiperazine (10 g) were heated under reflux for 4 hours. The excess
      of N-methylpiperazine was distilled off and the residue in water (30 ml)
      was acidified to pH 2 with dilute hydrochloric acid. The solid was
      collected, crystallised from water and dried, m.p. 294.degree. (d).
PA1  Piperazino-N(1H-tetrazol-5-yl)quinaldamide hydrochloride, m.p. 320.degree.
      (d), was prepared in a similar way from piperazine and
      4-chloro-N(1H-tetrazol-5-yl)quinaldamide.
PAC  EXAMPLE 13
PAC  4-Chloro-7,8-dimethyl-N(1H-tetrazol-5 -yl)quinaldamide
PAR  Phosphoryl chloride (25 ml) and 4-hydroxy-7,8-dimethylquinaldic  acid,
      ethyl ester (10 g) were stirred for 16 hours at room temperature. The
      excess of phosphoryl chloride was distilled off and the oil was treated
      with ice (200 g). The 4-chloro-7,8-dimethylquinaldic acid, ethyl ester was
      collected and dried, m.p. 77.degree.-78.degree..
PAR  4-Chloro-7,8-dimethylquinaldic acid, ethyl ester (0.9 g), 2N sodium
      hydroxide (20 ml) and ethanol (20 ml) heated under reflux for 30 minutes
      and cooled. The solution was acidified to pH 1 with dilute hydrochloric
      acid and 4-chloro-7,8-dimethylquinaldic acid was crystallised from aqueous
      acetic acid and dried, m.p. 165.degree.-166.5.degree..
PAR  In a similar way 6-butyl-4-chloroquinaldic acid, m.p.
      119.degree.-121.degree., was prepared by the hydrolysis of 6-butyl-4
      -chloroquinaldic acid, ethyl ester.
PAR  4-Chloro-7,8-dimethylquinaldic acid (1.72 g) and N,N'-carbonyldiimidazole
      (1.18 g) in dimethylformamide (15 ml) were stirred for 4 hours at room
      temperature. 5-Aminotetrazole (1.24 g) was added and the mixture was
      stirred for 2 days at room temperature. The solid was filtered off and
      dissolved in a mixture of dimethylformamide and dimethylaminoethanol and
      the solution was acidified with dilute hydrochloric acid.
      4-Chloro-7,8-dimethyl-N(1H-tetrazol-5-yl)quinaldamide was collected, m.p.
      262.degree. (d).
PAC  EXAMPLE 14
PAC  4,7-Dimethoxy-N(1H-tetrazol-5-yl)quinaldamide 4,7-Dimethoxyquinaldic acid
PAR  Hydrochloric acid (700 ml, 2N) was added to a stirred mixture of ethyl
      sodium oxaloacetate (210 g) and benzene (500 ml). The benzene layer was
      dried over anhydrous magnesium sulphate and filtered. m-Anisidine (130 g)
      was added to the filtrate and the mixture was heated under reflux for 1
      hour, cooled, washed with 2N hydrochloric acid (2 .times. 250 ml) and with
      water, dried over anhydrous magnesium sulphate, filtered and evaporated.
      The residue (235 g) in tetralin (2.3 l.) was heated under reflux for 1
      hour and allowed to cool. 4-Hydroxy-7-methoxyquinaldic acid, ethyl ester
      was collected and was crystallised from methanol and dried, m.p.
      218.degree.-219.degree. .
PAR  In a similar way 6-butyl-4-hydroxyquinaldic acid, ethyl ester, was prepared
      from 4-butylaniline and diethyloxaloacetate. 4-Hydroxy-7-methoxyquinaldic
      acid, ethyl ester (33.5 g) and phosphoryl chloride (70 ml) were heated at
      100.degree. for 15 minutes, cooled and poured onto ice (500 g).
      4-Chloro-7-methoxyquinaldic acid, ethyl ester was collected, dried and
      crystallised from light petroleum (b.p. 60.degree.-80.degree.), m.p.
      114.5.degree.-116.degree. .
PAR  In a similar way 6-butyl-4-chloroquinaldic acid, ethyl ester, m.p.
      58.5.degree.-61.5.degree. was prepared from 6-butyl-4-hydroxyquinaldic
      acid, ethyl ester and phosphoryl chloride.
PAR  4-Chloro-7-methoxyquinaldic acid, ethyl ester (7.9 g) was added to a
      solution of sodium (1.4 g) in dry methanol (40 ml). The mixture was heated
      under reflux for 2 hours, water (20 ml) was added and heating under reflux
      was continued for 20 minutes. The mixture was cooled and
      4,7-dimethoxyquinaldic acid, sodium salt, was filtered off and
      crystallised from water. This salt was dissolved in hot water (50 ml) and
      the solution was acidified with glacial acetic acid.
      4,7-Dimethoxyquinaldic acid was collected and dried, m.p.
      210.5.degree.-211.5.degree..
PAR  In a similar manner
PAR  4,6-Dimethoxyquinaldic acid, m.p. 226.5.degree. (d) was prepared from
      4-chloro-6-methoxyquinaldic acid, ethyl ester.
PAC  4,7-Dimethoxy-N(1H-tetrazolyl-5-yl)quinaldamide
PAR  4,7-Dimethoxyquinaldic acid (3 g) and N,N'-carbonyldiimidazole (2.1 g) in
      tetrahydrofuran (300 ml) and dimethylformamide (5 ml) were heated under
      reflux for 30 minutes. 5-Aminotetrazole (1.1 g) in dimethylformamide (6
      ml) was added and the mixture was heated under reflux for 30 minutes and
      cooled. The solid was collected and dissolved in hot dilute sodium
      hydroxide (20 ml, 2N) and the solution was acidified with glacial acetic
      acid and cooled. 4,7-Dimethoxy-N(1H-tetrazol-5-yl)quinaldamide was
      filtered off and dried, m.p. 262.degree.-264.degree..
PAC  EXAMPLE 15
PAC  4-Methoxy-N(1H-tetrazol-5-yl)quinaldamide
PAR  4-Methoxyquinaldic acid (7.25 g) was dissolved in dry dimethylformamide (20
      ml). N,N'-carbonyldiimidazole (5.8 g) was added, and the solution was
      stirred for 6 hours at room temperature. 5-Aminotetrazole (3.69 g) was
      added and the mixture was stirred overnight at room temperature. The solid
      was filtered off, washed with methanol and dissolved in dimethylformamide
      (500 ml) with the minimum addition of dimethylaminoethanol to effect
      dissolution. Water (50 ml) was added, and the solution was adjusted to pH
      2 by the addition of aqueous hydrochloric acid. The solid was filtered off
      to give 4-methoxy-N(1H-tetrazol-5-yl)quinaldamide, m.p. 289.degree. (d).
PAC  EXAMPLE 15a
PAC  4-Methoxy-N(1H-tetrazol-5-yl)quinaldamide, sodium salt
PAR  Sodium hydroxide (13.5 ml, 2N) was added to a suspension of
      4-methoxy-N(1H-tetrazol-5-yl)quinaldamide (18.05 g) in a mixture of
      acetone (225 ml) and water (225 ml). The solution which had pH 9.6 was
      concentrated to a volume of 100 ml. The solid was collected and
      crystallised from methanol (120 ml) and ethyl acetate (150 ml), m.p. above
      300.degree. .
PAC  EXAMPLE 16
PAC  4-Methoxy-6-nitro-N(1H-tetrazol-5-yl)quinaldamide
      4-Hydroxy-6-nitroquinaldic acid, ethyl ester
PAR  4-Hydroxyquinaldic acid, ethyl ester (100 g) was nitrated according to the
      method of W.O. Kermack and A.P. Weatherhead, J. Chem. Soc., 1164, 1940, to
      give 4-hydroxy-6-nitroquinaldic acid, ethyl ester, m.p.
      294.degree.-295.degree. . 4-Hydroxy-8-nitroquinaldic acid, ethyl ester,
      m.p. 191.degree.-192.degree., was also formed and was isolated on
      crystallisation of the mixture from ethyl acetate and concentration of the
      mother liquors.
PAC  4-Chloro-6-nitroquinaldic acid, ethyl ester
PAR  4-Hydroxy-6-nitroquinaldic acid, ethyl ester (39.5 g) and phosphoryl
      chloride (80 ml) were heated for 15 minutes on a steam bath. The excess of
      phosphoryl chloride was distilled off, the residue was treated with
      toluene (200 ml) and 4-chloro-6-nitroquinaldic acid, ethyl ester, m.p.
      165.degree.-166.degree., was filtered off.
PAR  In a similar way
PA1  4-Chloro-8-nitroquinaldic acid, ethyl ester, m.p. 118.degree.-119.degree.
      was prepared from 4-hydroxy-8-nitro-quinaldic acid, ethyl ester.
PAC  4-Methoxy-6-nitroquinaldic acid, ethyl ester
PAR  4-Chloro-6-nitroquinaldic acid, ethyl ester (29.6 g) was added to a
      solution of sodium (6 g) in dry methanol and the mixture was stirred and
      heated under reflux for 3 hours. Water (200 ml) was added and the mixture
      was boiled for 5 minutes, cooled and acidified to pH 2 with 5N
      hydrochloric acid, 4-Methoxy-6-nitroquinaldic acid was filtered off and
      crystallised from a mixture of methanol and dimethylformamide, m.p.
      219.degree..
PAR  4-Methoxy-8-nitroquinaldic acid, m.p. above 400.degree. was prepared in a
      similar way from 4-chloro-8-nitroquinaldic acid, ethyl ester.
PAC  4-Methoxy-6-nitro-N(1H-tetrazol-5-yl)quinaldamide
PAR  4-Methoxy-6-nitroquinaldic acid (1 g) and N,N' -carbonyldiimidazole (0.7 g)
      in dimethylformamide (25 ml) were heated on a steam bath for 1 hour.
      5-Aminotetrazole (0.7 g) was added and the mixture was heated for 30
      minutes on a steam bath.
      4-Methoxy-6-nitro-N(1H-tetrazol-5-yl)quinaldamide, m.p. 308.degree. was
      filtered off.
PAC  EXAMPLE 17
PAC  4-Methoxy-8-nitro-N(1H-tetrazol-5-yl)quinaldamide
PAR  4-Methoxy-8-nitroquinaldic acid (3.6 g) (see Example 16) and
      N,N'-carbonyldiimidazole (2.5 g) in dimethylformamide (70 ml) were heated
      on a steam bath for 1 hour. 5-Aminotetrazole (2.5 g) was added and the
      mixture was heated on a steam bath for 1 hour and cooled.
      4-Methoxy-8-nitro-N(1H-tetrazol-5-yl)quinaldamide,  compound with
      imidazole, m.p. 238.degree., was filtered off and was triturated with 2N
      hydrochloric acid (50 ml).
      4-Methoxy-8-nitro-N(1H-tetrazol-5-yl)quinaldamide was collected and dried,
      m.p. 268.degree. (d).
PAC  EXAMPLE 18
PAC  6-Amino-4-methoxy-N(1H-tetrazol-5-yl)quinaldamide
PAR  4-Methoxy-6-nitro-N(1H-tetrazol-5-yl)quinaldamide (1 g),
      2-dimethylaminoethanol (1 ml) and 10% palladium on charcoal (0.1 g) in
      water (25 ml) were shaken with hydrogen at room temperature and
      atmospheric pressure for 22 hours. The catalyst was filtered off and the
      filtrate was evaporated. The residue was triturated with methanol and the
      solid was collected, m.p. 286.degree.-287.degree. (d).
PAR  In a similar way,
PA1  8-Amino-4-methoxy-N(1H-tetrazol-5-yl)quinaldamide, m.p. 276.degree. (d),
      was prepared by the hydrogenation of
      4-methoxy-8-nitro-N(1H-tetrazol-5-yl)quinaldamide.
PAC  EXAMPLE 19
PAC  4-Allyloxy-N(1H-tetrazol-5-yl)quinaldamide
PAR  4-Hydroxyquinaldic acid, ethyl ester (16 g), allyl bromide (22.5 g) and
      anhydrous potassium carbonate (30 g) in dimethylformamide (300 ml) were
      stirred and heated on a steam bath for 20 hours. The mixture was filtered,
      the filtrate was evaporated and the residue was crystallised from a
      mixture of ethyl acetate and light petroleum (b.p. 60.degree.-80.degree.)
      to give 4-allyloxyquinaldic acid, ethyl ester.
PAR  4-Allyloxyquinaldic acid, ethyl ester (2 g), 2N sodium hydroxide (20 ml)
      and ethanol (10 ml) were heated on a steam bath for 45 minutes. The hot
      solution was treated with glacial acetic acid (3 ml) and the solution was
      cooled. 4-Allyloxyquinaldic acid was collected, washed with water and
      dried, m.p. 155.degree.-155.5.degree. .
PAR  N,N'-Carbonyldiimidazole (1.27 g) and 4-allyloxyquinaldic acid (1.2 g) in
      dimethylformamide (30 ml) were heated at 100.degree. for 4 hours.
      5-Aminotetrazole (1.33 g) was added and the mixture was stirred at
      100.degree. for 1 hour and cooled. Water (30 ml) was added and the solid
      was collected and dissolved in hot aqueous dimethylaminoethanol (15 ml,
      5%). The solution was filtered and the filtrate was acidified with glacial
      acetic acid. 4-Allyloxy-N(1H-tetrazol-5-yl)quinaldamide was collected and
      dried, m.p. 260.degree. (d).
PAC  EXAMPLE 20
PAC  4(2-Formyloxyethoxy)-N(1H-tetrazol-5-yl)quinaldamide
PAR  4-Hydroxyquinaldic acid, ethyl ester (1 g), 2-bromoethanol (2 g) and
      anhydrous potassium carbonate (10 g) in butan-2-one (50 ml) were stirred
      and heated under reflux for 6 hours. The solid was filtered off, and the
      filtrate was evaporated. The residue was triturated with ethyl acetate and
      4(2-hydroxyethoxy)quinaldic acid, ethyl ester was crystallised from ethyl
      acetate, and dried, m.p. 146.5.degree.-148.degree..
PAR  4(2-Hydroxyethoxy)quinaldic acid, ethyl ester (4 g) and 2N sodium hydroxide
      (25 ml) were warmed to 60.degree. for 10 minutes. The solution was
      acidified to pH 1 with dilute hydrochloric acid and
      4(2-hydroxyethoxy)quinaldic acid was collected and crystallised from
      aqueous dimethyl sulphoxide, and dried, m.p. 226.degree. (d).
PAR  Formic acid (9 ml) was added to acetic anhydride (18 ml) which was cooled
      to below 5.degree.. The solution was warmed to 50.degree. for 15 minutes,
      cooled to below 5.degree. and added to 4(2-hydroxyethoxy)quinaldic acid
      (2.05 g) in a mixture of dimethylformamide (100 ml), dimethylsulphoxide
      (20 ml) and pyridine (20 ml) also cooled to 5.degree.. The solution was
      stirred at room temperature for 16 hours and concentrated.
      4(2-Formyloxyethoxy)quinaldic acid was collected, washed with ether and
      dried, m.p. 199.degree. (d).
PAR  N,N' -Carbonyldiimidazole (1.55 g) was added to
      4(2-formyloxyethoxy)quinaldic acid (2.5 g) in hot tetrahydrofuran (200 ml)
      and the solution was heated under reflux for 1.5 hours. 5-Aminotetrazole
      (0.85 g) in dimethylformamide (4 ml) was added and the mixture was heated
      under reflux for 2.5  hours.
      4(2-Formyloxyethoxy)-N(1H-tetrazol-5-yl)quinaldamide was filtered off and
      dried, m.p. 263.degree..
PAC  EXAMPLE 21
PAC  4-(2-Hydroxyethoxy)-N(1H-tetrazol-5 -yl)quinaldamide
PAR  4(2-Formyloxyethoxy)-N(1H-tetrazol-5-yl)quinaldamide (2 g) in water (100
      ml) and 2N sodium hydroxide (14 ml) was warmed on a steam bath for 15
      minutes, and cooled. The solution was acidified to pH 2 with dilute
      hydrochloric acid. The solid was collected, crystallised from aqueous
      dimethylformamide and dried, m.p. 261.5.degree.-262.degree. (d).
PAC  EXAMPLE 22
PAC  4-Benzyloxy-N(1H-tetrazol-5-yl)quinaldamide
PAR  4-Benzyloxyquinaldic acid (2.8 g), 5-aminotetrazole (1 g) and
      N-ethoxycarbonyl-2-ethoxy-1,2-dihydro-quinoline (EEDQ) (2.5 g) in
      dimethylformamide (20 ml) were stirred at room temperature for 6 hours.
      The solid in dimethylformamide (20 ml) was treated dropwise with
      dimethylaminoethanol and the solution was filtered, diluted with water
      (200 ml) and acidified with 2N hydrochloric acid to give a solid, m.p.
      302.degree. (d).
PAC  EXAMPLE 23
PAC  4-Hydroxy-N(1H-tetrazol-5-yl)quinaldamide
PAR  4-Benzyloxy-N(1H-tetrazol-5-yl)quinaldamide (1.5 g) and
      dimethylaminoethanol (0.5 ml) in dimethylformamide (20 ml) were shaken
      with hydrogen at atmospheric pressure and room temperature in the presence
      of 10% palladium on charcoal catalyst (0.15 g). When uptake of hydrogen
      had ceased, the catalyst was filtered off and the filtrate was evaporated.
      The residue was dissolved in water (50 ml) and the solution was acidified
      with dilute hydrochloric acid. The solid was collected, and crystallised
      from aqueous dimethylformamide and dried, m.p. 281.degree. (d).
PAC  EXAMPLE 24
PAC  4-Butyloxy-N(1H-tetrazol-5-yl)quinaldamide
PAR  Sodium (0.92 g) was dissolved in butanol (50 ml) and 4-chloroquinaldic
      acid, ethyl ester (4.7 g) was added. The mixture was heated under reflux
      for 1 hour. Water (50 ml) was added and the mixture heated under reflux
      for 1 hour and concentrated to a volume of 20 ml. The sodium salt of the
      required acid crystallised and was collected and dissolved in warm water
      (50 ml). The solution was acidified to pH 2 with dilute hydrochloric acid
      and 4-butyloxyquinaldic acid was collected and dried, m.p.
      151.5.degree.-153.degree. (d).
PAR  4-Butyloxyquinaldic acid (0.83 g) in dry dimethylformamide (25 ml) was
      treated with N,N'-carbonyldiimidazole (0.55 g) and the mixture stirred at
      60.degree. for 3 hours. 5-Aminotetrazole (0.35 g) was added and the
      solution kept 72 hours and evaporated to a volume of 5 ml. Dilute
      hydrochloric acid was added and the
      4-butyloxy-N(1H-tetrazol-5-yl)quinaldamide formed was crystallised from
      aqueous dimethylformamide, m.p. 282.degree. (d).
PAR  In a similar manner
PA1  4,6-Dimethoxyquinaldic acid (Example 14) was converted to
      4,6-dimethoxy-N(1H-tetrazol-5-yl)quinaldamide, m.p. 280.degree. (d).
PAC  EXAMPLe 25
PAC  4-(2-Methoxyethoxy)-N(1H-tetrazol-5-yl)quinaldamide
PAR  4-Chloroquinaldic acid, ethyl ester (6 g) was added to a solution of sodium
      (1.3 g) in 2-methoxyethanol (50 ml). The mixture was stirred and heated at
      90.degree. for 1 hour. Water (20 ml) was added and the mixture was heated
      at 90.degree.-95.degree. for 15 minutes and evaporated.
      4-(2-Methoxyethoxy)quinaldic acid was crystallised from a mixture of
      glacial acetic acid and ether, and dried, m.p. 195.degree.-196.5.degree.
      (d). 4(2-Methoxyethoxy)quinaldic acid (1.0 g) and N,N'-carbonyldiimidazole
      (0.72 g) in tetrahydrofuran (50 ml) were heated under reflux for 17 hours.
      5-Amino-1H-tetrazole (0.45 g) was added and the mixture was heated under
      reflux for 2 hours. The solid was dissolved in aqueous
      dimethylaminoethanol (25 ml., 5%) and the solution was filtered and
      acidified with glacial acetic acid.
      4(2-Methoxyethoxy)-N(1H-tetrazol-5-yl)quinaldamide, was filtered off and
      dried, m.p. 275.degree.-276.5.degree. (d).
PAC  EXAMPLE  26
PAC  4-Ethylamino-N(1H-tetrazol-5-yl)quinaldamide
PAR  4-Chloro-N(1H-tetrazol-5-yl)quinaldamide (1 g) and aqueous ethylamine (20
      ml., 70% w/w) were heated to 100.degree. in an autoclave for 10 hours. The
      mixture was evaporated, the residue was dissolved in water (10 ml) and the
      solution was acidified with hydrochloric acid to pH 1. The solid was
      collected and dissolved in aqueous dimethylaminoethanol (20 ml., 5%) and
      the solution was warmed to 60.degree. and acidified with dilute
      hydrochloric acid. 4-Ethylamino-N(1H-tetrazol-5-yl)quinaldamide was
      collected and dried, m.p. 237.degree. (d).
PAC  EXAMPLE 27
PAC  Inhalation aerosol
PAR  A formula for an inhalation aerosol is given below. The quantities given
      are those contained in a metered dose containing 2 mg of active
      ingredient. The active ingredient is the sodium salt of the compound of
      Example 15. This may be replaced by any one of the other compounds
      according to the invention specifically described herein.
PAC  Formula
     Active ingredient Sodium salt (hemihydrate)                               

                                 2.25 mg                                       

     Emulsifier YN               0.075 mg                                      

     Propellant Arcton 11       23.10 mg                                       

     Propellant Arcton 12       59.30 mg                                       

PAC  Method
PAR  The active ingredient Sodium salt is micronised and mixed with the
      propellant 11 together with the Emulsifier YN. The required quantity of
      this suspension is filled into an aerosol can and a suitable metering
      valve crimped in place. The propellant 12 is filled into the can through
      the valve.
PA1  Emulsifier YN is supplied by Cadbury Brothers Ltd., Bournville, England.
PA1  Propellant 11 is Arcton 11 supplied by Imperial Chemical Industries
      Limited.
PA1  Propellant 12 is Arcton 12 supplied by Imperial Chemical Industries Limited
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC6##
PAL  in which R.sub.1, R.sub.2 and R.sub.3 independently represent a hydrogen
      atom, alkyl, nitro, a halogen atom or --NR.sub.4 R.sub.5 or --OR.sub.4 ;
      in which R.sub.4 and R.sub.5 independently represent a hydrogen atom,
      alkenyl, cycloalkyl, alkyl, or alkyl substituted by alkoxy, hydroxy,
      amino, alkylamino, dialkylamino or phenyl and R.sub.6 represents a
      hydrogen atom or a pharmaceutically acceptable ester thereof with a simple
      aliphatic acid; or a pharmaceutically acceptable salt thereof, any alkyl
      moiety being of 1 to 6 carbon atoms, any alkenyl moiety being of 2 to 6
      carbon atoms, any cycloalkyl moiety being of 5 or 6 carbon atoms, R.sub.2
      and R.sub.3, when both are vicinal and other than hydrogen, said
      substituents are methyl and there being present no more than one nitro
      substituent.
NUM  2.
PAR  2. A compound as claimed in claim 1 in which the group R.sub.1 is hydrogen,
      halogen, hydroxy, alkylamiho, hydroxyalkylamino, hydroxyalkyl-alkylamino,
      dihydroxyalkylamino, alkoxyalkylamino, aminoalkylamino,
      dialkylaminoalkylalkylamino, cycloalkylamino, alkoxy, alkenyloxy,
      aralkyloxy, hydroxyalkoxy,- 2-formyloxyethoxy, or alkoxyalkoxy.
NUM  3.
PAR  3. A compound as claimed in claim 1 in which at least one of the groups
      R.sub.2 and R.sub.3 is hydrogen, 6-alkoxy, 6-nitro, 6-amino, 6-alkyl,
      7-alkyl 8-alkyl, 7-alkoxy, 8-nitro or 8-amino.
NUM  4.
PAR  4. A compound as claimed in claim 1 in which R.sub.6 is hydrogen.
NUM  5.
PAR  5. The compound of claim 1 which is N-(1H-Tetrazol-5-yl)quinaldamide.
NUM  6.
PAR  6. The compound of claim 1 which is
      4-Chloro-(1H-tetrazol-5-yl)quinaldamide.
NUM  7.
PAR  7. The compound of claim 1 which is
      6-Butyl-4-chloro-N(1H-tetrazol-5-yl)quinaldamide.
NUM  8.
PAR  8. The compound of claim 1 which is
      4(2-Hydroxy-ethylamino)-N(1H-tetrazol-5-yl)quinaldamide.
NUM  9.
PAR  9. The compound of claim 1 which is the sodium salt of the compound of
      claim 7.
NUM  10.
PAR  10. The compound of claim 1 which is
      4(3-Hydroxy-propylamino)-N(1H-tetrazol-5-yl)quinaldamide.
NUM  11.
PAR  11. The compound of claim 1 which is 4[(2-Hydroxy
      ethyl)methylamino]-N(1H-tetrazol-5-yl)quinaldamide, hydrochloride.
NUM  12.
PAR  12. The compound of claim 1 which is
      4(2,3-Dihydroxypropylamino)-N(1H-tetrazol-5-yl)quinaldamide,
      hydrochloride.
NUM  13.
PAR  13. The compound of claim 1 which is
      4(2-Methoxyethylamino)-N(1H-tetrazol-5-yl)quinaldamide.
NUM  14.
PAR  14. The compound of claim 1 which is
      4(2-Aminoethylamino)-N(1H-tetrazol-5-yl)quinaldamide, hydrochloride.
NUM  15.
PAR  15. The compound of claim 1 which is
      4[(2-Dimethylaminoethyl)methylamino]-N(1H-tetrazol-5-yl)quinaldamide,
      dihydrochloride.
NUM  16.
PAR  16. The compound of claim 1 which is
      4(2-Dimethylaminoethylamino)-N(1H-tetrazol-5-yl)quinaldamide,
      dihydrochloride.
NUM  17.
PAR  17. The compound of claim 1 which is
      4-Cyclohexylamino-N(1H-tetrazol-5-yl)quinaldamide, hydrochloride.
NUM  18.
PAR  18. The compound of claim 1 which is
      4-Chloro-6-methoxy-N(1H-tetrazol-5-yl)quinaldamide.
NUM  19.
PAR  19. The compound of claim 1 which is
      4-Chloro-7,8-dimethyl-N(1H-tetrazol-5-yl)quinaldamide.
NUM  20.
PAR  20. The compound of claim 1 which is
      4,7-Dimethoxy-N(1H-tetrazol-5-yl)quinaldamide.
NUM  21.
PAR  21. The compound of claim 1 which is
      4-Methoxy-N(1H-tetrazol-5yl)quinaldamide.
NUM  22.
PAR  22. The compound of claim 1 which is
      4-Methoxy-N(1H-tetrazol-5-yl)quinaldamide, sodium salt.
NUM  23.
PAR  23. The compound of claim 1 which is
      4-Methoxy-6-nitro-N(1H-tetrazol-5-yl)quinaldamide.
NUM  24.
PAR  24. The compound of claim 1 which is
      4-Methoxy-8-nitro-N(1H-tetrazol-5-yl)quinaldamide.
NUM  25.
PAR  25. The compound of claim 1 which is
      6-Amino-4-methoxy-N(1H-tetrazol-5-yl)quinaldamide.
NUM  26.
PAR  26. The compound of claim 1 which is
      8-Amino-4-methoxy-N(1H-tetrazol-5-yl)quinaldamide.
NUM  27.
PAR  27. The compound of claim 1 which is
      4-Allyloxy-N(1H-tetrazol-5-yl)quinaldamide.
NUM  28.
PAR  28. The compound of claim 1 which is
      4(2-Formyloxyethoxy)-N(1H-tetrazol-5-yl)quinaldamide.
NUM  29.
PAR  29. The compound of claim 1 which is
      4(2-Hydroxyethoxy)-N(1H-tetrazol-5-yl)quinaldamide.
NUM  30.
PAR  30. The compound of claim 1 which is
      4-Benzyloxy-N(1H-tetrazol-5-yl)quinaldamide.
NUM  31.
PAR  31. The compound of claim 1 which is
      4-Hydroxy-N(1H-tetrazol-5-yl)quinaldamide.
NUM  32.
PAR  32. The compound of claim 1 which is
      4-Butyloxy-N(1H-tetrazol-5-yl)quinaldamide.
NUM  33.
PAR  33. The compound of claim 1 which is
      4,6-dimethoxy-N(1H-tetrazol-5-yl)quinaldamide.
NUM  34.
PAR  34. The compound of claim 1 which is
      4-(2-Methoxyethoxy)-N(1H-tetrazol-5-yl)quinaldamide.
NUM  35.
PAR  35. The compound of claim 1 which is
      4-Ethylamino-N(1H-tetrazol-5-yl)quinaldamide.
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ABST
PAL  Dimeric indole alkolids-vinblastine, des-N-methyl-vinblastine and
      vincristine-are purified by extracting leaves of Vinca rosea with acid,
      neutralizing the acidic solution, extracting the dimeric alkaloids into an
      aromatic solvent, optionally subjecting the extracted alkaloids to gel
      exclusion chromatography, precipitating the dimeric alkaloids as sulfate
      salts and finally separating the dimeric alkaloids by high-pressure
      chromatography.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Vinblastine (vincaleucoblastine or VLB) was isolated by Beer et al., U.S.
      Pat. No. 3,097,137, by extraction of Vinca rosea leaves with ethanol and
      acetic acid, acidification of the extract with hydrochloric acid,
      extraction of the acidic aqueous solution with benzene followed by pH
      gradient elution chromatography of the benzene-extracted alkaloids over
      alumina. An improved process for preparing vinblastine and its companion
      alkaloid, leurosine, is contained in Svoboda, U.S. Pat. No. 3,225,030.
      According to the process of this patent, the leaves of Vinca rosea are
      extracted into a tartaric acid-benzene solvent system, the benzene layer
      is neutralized, the base-insoluble alkaloids are extracted into benzene,
      and the benzene extract is then subjected to a chromatographic separation
      procedure in which leurosine and vinblastine are successively eluted. The
      separation of vincristine (leurocristine) from other dimeric Vinca
      alkaloids is described in Svoboda et al., U.S. Pat. No. 3,205,220. Here
      again Vinca rosea leaves are extracted with a mixture of benzene and
      tartaric acid. The mother liquors eventually obtained after
      crystallization of vinblastine sulfate by either of the procedures of the
      above two patents are subjected to a citric acid extraction procedure
      first at pH = 4.4 and then at pH = 7.0. The alkaloids obtained by
      evaporation of the benzene eluant at this higher pH are chromatographed
      over deactivated alumina, and vincristine is eluted after vinrosidine
      (leurosidine).
PAR  More recently, West German Pat. No. 2,124,023 describes a process for
      purifying the three principle dimeric anti-cancer alkaloids of Vinca
      rosea: vinblastine, vincristine and leurosine. According to the process of
      this patent, vinca leaves are extracted with aqueous methanol and the
      dimeric alkaloids thus extracted are converted to acid addition salts in
      solution, preferably sulfates. The acidic extract is then extracted with
      benzene, the benzene extracts being discarded. The acidic layer is next
      made alkaline and the alkaloids extracted into benzene. This benzene
      extract is evaporated to dryness and the residual alkaloids again
      converted to the corresponding sulfate salts with 10 percent sulfuric
      acid. A mixture of the crystalline sulfates of the 3-dimeric alkaloids is
      obtained, and these are separated by chromatography using
      methylenechloride and chloroform as the elution solvents. Alternatively,
      the alkaloidal bases are separated by chromatography without first
      converting them to sulfate salts.
PAR  Finally, Hungarian Pat. No. 154,715 published 11-22-67 describes a process
      in which vinca leaves are treated with ammonium hydroxide, and then with
      toluene. The toluene extract is contacted with hydrochloric acid, and the
      remaining alkaloid mixture extracted with ethylenedichloride at pH =9.
      This alkaloid fraction is then chromatographed over neutral alumina. The
      vinblastine and leurosine fractions are eluted with benzene-ether. (No
      mention is made of the isolation of vincristine in this particular
      patent). The methanol extraction procedure outlined in West German Pat.
      No. 2,124,023 is also disclosed in the aforesaid Hungarian patent.
PAR  It is an object of this invention to provide a process for the purification
      of vincristine, des-N-methylvinblastine and vinblastine starting with
      Vinca rosea leaves, which process yields the desired dimeric alkaloids in
      greater quantity and with a higher degree of purity than any of the
      previously described processes.
PAC  SUMMARY OF THE INVENTION
PAR  In the fulfillment of the above and other objects, this invention provides
      a process for the purification of dimeric indole alkaloids which comprises
      extraction of Vinca rosea leaves or other natural source of dimeric
      alkaloids with aqueous acid (pH = 3), extraction of the aqueous extract
      with a water-immiscible solvent, adjustment of the pH of the aqueous
      extract to 6, extraction of the acidic aqueous layer with a
      water-immiscible solvent, the acidic layer being discarded, and
      evaporation of the extraction solvent to yield residual alkaloids. At this
      point, an optional purification step, comprising gel exclusion
      chromatography of the alkaloids using a citrate buffer system at pH = 7,
      can be employed followed by extraction of the dimeric alkaloids from
      aqueous citrate with a water-immiscible solvent to yield alkaloidal bases.
      Whether or not the gel filtration step is employed, the next step in the
      process involves precipitation of the residual dimeric alkaloids as
      sulfate salts from ethanol or other suitable solvent followed by
      chromatographic (preferably high pressure) purification of the dimeric
      alkaloids either as free bases or as sulfate salts.
PAR  In carrying out the above process, the leaves of plants containing crude
      vinca alkaloids such as Catharanthus roseus (Vinca rosea) are extracted at
      pH .apprxeq. 3 using sulfuric acid to maintain the desired acidity. The
      water immiscible solvent commonly used to extract the aqueous acidic layer
      is benzene, although other water-immiscible organic solvents such as
      toluene and the like can be used. After the pH of the aqueous acidic
      extract has been adjusted to about 6 by the addition of sodium hydroxide,
      ammonium hydroxide or other base, the dimeric alkaloids are extracted into
      an organic solvent. The re-extraction solvent is customarily benzene
      although, again, other water-immiscible organic solvents can be employed.
      The optional gel exclusion chromatography step is carried out using a
      cross-linked dextran gel (sephadex G-25 F) in a citrate buffer system. The
      mobile phase is a pH = 3.0, 0.1M ammonium citrate buffer although, as will
      be apparent to those skilled in the art, other buffer systems at pH = 3
      can be used interchangeably with citrate buffer in the gel exclusion
      chromatography system. A pressure of about 15 psi is employed during
      gel-exclusion chromatography. In this process, the dimeric alkaloid
      fraction containing vincristine, vinblastine, des-N-methylvinblastine,
      leurosine and vinrosidine is eluted first. The dimeric alkaloids are
      extracted from the pH = 3 buffer by adjusting the pH of the aqueous
      solution to pH = 7.0 with ammonium hydroxide and then contacting the
      aqueous pH = 7 solution with a water-immiscible solvent, preferably again
      benzene. Evaporation of the benzene yields a residue which can be
      dissolved in ethanol and leurosine crystallized directly therefrom. The
      leurosine is separated by decantation, and the supernate thus obtained is
      acidified to pH = 4.2 with 3 percent ethanolic sulfuric acid to convert
      the remaining dimeric alkaloids to their sulfate salts. The mixed sulfate
      salts precipitate, are collected and are converted to the corresponding
      free alkaloidal bases by standard procedures as, for example, by
      dissolving the salts in water, adjusting the pH .apprxeq. 8.0 with
      ammonium hydroxide and extracting the dimeric alkaloids with a
      water-immiscible organic solvent, preferably at this point in the
      procedure, methylenedichloride. Evaporation of the methylenedichloride
      yields the mixed dimeric alkaloids which are then chromatographed at high
      pressure over alumina (Activity III) using a methyl
      acetate-methylenedichloride-water (48:51:1) solvent system as the eluant.
PAR  Operating pressures employed have been in the range 150-350 psi. As will be
      understood by those skilled in the art of high-pressure chromatography,
      equipment is available to carry out procedures at 4000-5000 psi and
      pressures in the range 7500-8000 psi appear feasible. Alkaloidal
      separation is in general more efficient at the higher pressures.
      High-pressure chromatography procedures are carried out in stainless steel
      equipment equipped with pressure resistant fittings.
PAR  The alkaloids are eluted in the following order from this chromatographic
      procedure: leurosine, vinblastine, des-N-methylvinblastine, vincristine
      and vinrosidine. Identification of the dimeric alkaloid in the eluant
      fraction is carried out by standard procedures known to the art, as by
      thin layer chromatography. Collection of fractions containing vinblastine,
      des-N-methylvinblastine or vincristine followed by evaporation of the
      solvents in vacuo and conversion of the vinblastine,
      des-N-methyl-vinblastine or vincristine to the corresponding sulfate salt
      at pH = 4.2 with ethanolic sulfuric acid completes the separation and
      purification procedure. Specific examples of the process of this invention
      follow:
DETD
PAC  EXAMPLE 1
PAC  Vincristine Purification
PAR  Ten kilograms of dry Catharanthus roseus leaf were extracted three times
      for one-hour periods, using 32 volumes of 50.degree.C. water acidified to
      pH = 3.0 by the addition of 30 percent (w/v) sulfuric acid as the
      extracting medium. The aqueous extracts were decanted from fibrous
      material, combined and filtered. The filtrate was extracted twice with
      equal volumes of benzene, and the benzene extracts discarded. The pH of
      the filtrate was then raised to pH = 6.0 by the addition of concentrated
      ammonium hydroxide. The aqueous phase at pH = 6.0 was extracted three
      times with equal volumes of benzene. The benzene extracts were combined
      and concentrated in vacuo to yield as a residue 57 g. of a crude alkaloid
      mixture (VRA).
PAR  5 g. of VRA thus obtained were dissolved in 250 ml. of pH = 3.0, 0.1M
      ammonium citrate buffer and the resulting filtrate was chromatographed
      over 600 g. of a crosslinked dextran gel (sephadex G-25 F) in a 5 .times.
      140 cm. glass column. 0.1 M ammonium citrate buffer (pH = 3.0 ) was used
      as the mobile phase. The column was developed under a head pressure of 15
      psi, giving an effluent flow rate in the range 10-14 ml. per minute.
      Fractions were collected and identified as containing predominantly
      monomeric or dimeric alkaloids by thin layer chromatography. Those
      fractions containing the dimeric alkaloids were eluted first and included,
      by thin-layer chromatography, vinblastine, vincristine, leurosine and
      vinrosidine. The aqueous fractions containing predominantly these dimeric
      alkaloids were combined, the pH adjusted to 7.0 with ammonium hydroxide,
      and the resulting neutral aqueous solution extracted three times with
      one-half its volume of benzene. The benzene extracts were combined and
      filtered through anhydrous sodium sulfate. Concentration of the filtrate
      to dryness in vacuo yielded 1.0 g. of dimeric alkaloid mixture. The
      mixture was dissolved in 7.5 volumes of anhydrous ethanol. Leurosine
      crystallized at this point and was separated by centrifugation; yield =
      157 mg. of leurosine. The supernate was adjusted to pH = 4.2 with 3
      percent ethanolic sulfuric acid. Sulfates of the remaining dimeric
      alkaloids formed immediately as needles, and crystallization was allowed
      to continue for two days. The crystals were separated by centrifugation,
      washed with ethanol and dried. A yield of 241 mg of mixed sulfate salts of
      vinblastine and vincristine, plus a small quantity of leurosine sulfate
      were obtained. The salts were converted to the corresponding free bases by
      dissolving the salts in water, adjusting the pH of the aqueous solution to
      8.0 with 14 N ammonium hydroxide and then extracting the water-insoluble
      bases into methylenechloride. The methylenechloride extract was filtered,
      and the solvent removed by evaporation in vacuo. The resulting residue was
      chromatographed over 400 g. of alumina (Activity III, 200 m.sup.2 /g)
      using a methyl acetate-methylenechloride-water (48:51:1) solvent system as
      the eluant. Chromatography was carried out in a stainless steel column, 8
      mm by 7 m, at a pressure of 250-325 psi. The alumina-to-charge ratio was
      approximately 2000/l. The eluate was monitored at 254 m.mu., and fractions
      were separated based upon the peaks observed in the ultraviolet profile.
      Fractions were identified containing predominantly leurosine, vinblastine,
      des-N-methyl-vinblastine and vincristine by thin layer chromatography.
      Concentration to dryness of the combined fractions containing vincristine
      yielded 18.7 mg of alkaloid. The residue was dissolved in 20 volumes of
      anhydrous ethanol, insolubles were separated by centrifugation and the pH
      of the supernate adjusted to 4.2 with 3 percent ethanolic sulfuric acid,
      thus forming vincristine sulfate. The crystallization mixture was allowed
      to stand at ambient temperature for two hours. The vincristine sulfate was
      then separated by centrifugation, and the centrifugate washed with ethanol
      and dried in vacuo. Weight of vincristine thus obtained was 12.3 mg
      (equivalent to 14.1 mg/kg of leaf extracted). The properties of
      vincristine sulfate thus obtained were identical to those recorded in the
      literature.
PAR  Alternatively, 10 g. of VRA were dissolved in 5 volumes of anhydrous
      ethanol. The pH of the solution was adjusted to 4.2 by the addition of 3
      percent ethanolic sulfuric acid. The sulfate mixture was seeded to
      vinblastine sulfate. The crystallization mixture was allowed to stand for
      48 hours and the dimeric alkaloid sulfate mixture was harvested by
      centrifugation. Processing as in the above procedure, following the gel
      exclusion chromatography step with chromatography over deactivated alumina
      at high pressure yielded 20.6 mg. of vincristine sulfate equivalent to
      11.8 mg/kg of leaf extracted.
PAR  Vinblastine, leurosine, vinrosidine, des-N-methylvinblastine and the other
      dimeric alkaloids are obtained in similar fashion either as the free base
      or as the sulfate salt from eluate fractions rich in the particular
      alkaloid obtained during the high-pressure chromatography over deactivated
      alumina.
PAC  EXAMPLE 2
PAC  Vinblastine Purification
PAR  Fractions from the alumina high-pressure chromatography procedure of
      Example 1 identified as containing predominantly vinblastine were combined
      by thin-layer chromatography, and the combined fractions concentrated to
      dryness in vacuo. The resulting residual dimeric alkaloids consisting
      essentially of vinblastine and some residual leurosine were dissolved in a
      methanol-ethanol solvent mixture. Leurosine is insoluble in this mixture
      and precipitates. After separation of leurosine by centrifugation, the
      supernate containing vinblastine was decanted. The pH of the solution was
      adjusted to the range pH = 4-5 by the addition of ethanolic sulfuric acid,
      thus converting vinblastine and other alkaloids present to the
      corresponding sulfate salts. The sulfates were collected, the filtrate
      being discarded, and then the sulfates were reconverted to their
      respective free bases in the usual manner. Rechromatography of the free
      bases over alumina (activity III) at a 60:1 alumina-to-charge weight ratio
      using benzene-chloroform as the mobile phase, yielded fractions containing
      vinblastine (as identified by thin layer chromatography) and no other
      dimeric alkaloids. The vinblastine-containing fractions wer combined, and
      the solvent removed therefrom in vacuo. Recrystallization of the residual
      vinblastine from methanol yielded purified vinblastine which was in turn
      dissolved in ethanol and converted to the corresponding sulfate salt by
      treatment with ethanolic sulfuric acid. Vinblastine sulfate thus prepared
      was a single spot material by thin layer chromatography.
PAC  EXAMPLE 3
PAC  Des-N-methylvinblastine-Vincristine Conversion
PAR  Two hundred seventy kilograms of dry Catharanthus roseus leaves were
      processed according to the procedure of Example 1. Fractions identified as
      containing des-N-methyl-vinblastine by thin-layer chromatography were
      separated at the high pressure liquid chromatography step and concentrated
      under vacuum to dryness. Using the method described in Gorman, U.S. Pat.
      No. 3,354,163, 7.73 grams of crude des-N-methylvinblastine thus obtained
      were converted to vincristine at ambient temperature by addition to a
      solution containing 927 ml of 98% formic acid and 154 ml. of acetic
      anhydride. After the reaction was complete, as confirmed by thin-layer
      chromatography, the reaction mixture was concentrated under vacuum to a
      syrup. The concentrate was dissolved in 100 volumes of water, and the
      alkaloids converted to their free bases by extracting the aqueous solution
      at pH = 5.8 three times with methylenechloride. Concentration of the
      combined methylenechloride extracts under vacuum yielded 7.84 grams of
      vincristine free base. The free base was purified further by high pressure
      (200-300 p.s.i.) liquid chromatography in a 2.5 cm .times. 730 cm
      stainless steel column using 3200 g activity III-IV neutral alumina
      absorbent and ethyl acetate-methylenechloride-water (25:75:0.4) as mobile
      phase. Vincristine obtained after concentration to dryness of fractions
      identified as containing predominately vincristine amounted to 2.64 g.
      This material was crystallized twice from ethanol, rechromatographed using
      a methyl acetate-methylenechloride-water (48:52:1) mobile phase,
      crystallized in methanol and converted to sulfate in ethanol to yield 1.4
      g vincristine sulfate (equivalent to 5.3 mg per kg of leaf extracted).
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the purification of the dimeric vinca alkaloids --
      vincristine, des-N-methylvinblastine and vinblastine -- which comprises
      the steps of extracting a plant source of said alkaloids with aqueous acid
      at a pH .apprxeq. 3, extracting the acidic solution thus obtained with a
      water-immiscible organic solvent, discarding the extract, adjusting the pH
      of the acidic solution to pH .apprxeq. 6 by the addition of alkali metal
      hydroxide or ammonium hydroxide, extracting the pH .apprxeq. 6 layer with
      a water-immiscible organic solvent, discarding the aqueous layer,
      separating and evaporating the solvent from the organic extract to obtain
      residual alkaloids, further purifying the residual alkaloids either (a) by
      subjecting them to gel exclusion chromatography in a pH = 7 aqueous
      buffer, extracting the dimeric indole alkaloids from aqueous buffer eluate
      fractions determined to contain them by standard analytical procedures
      with a water-immiscible organic solvent, separating the extracts,
      evaporating the extracting solvent therefrom, dissolving the partially
      purified residual alkaloids thus obtained in a lower alkanol, separating
      by centrifugation precipitated crystalline leurosine thus formed
      therefrom, adjusting the pH of the filtrate to pH .apprxeq. 4.2 by the
      addition of sulfuric acid, filtering the precipitated crystalline dimeric
      indole alkaloid sulfate salts thus formed, treating an aqueous solution of
      the isolated sulfates with alkali, thus forming the corresponding free
      bases, chromatographing the free bases over alumina at high pressure
      thereby separating vincristine, des-N-methylvinblastine and vinblastine
      from other alkaloids and from each other, collecting eluate fractions each
      consisting essentially of a separated alkaloid and crystallizing
      vincristine, des-N-methylvinblastine and vinblastine from said collected
      eluate fractions in purified form or (b) by dissolving them directly in a
      lower alkanol, separating precipitated crystalline leurosine thus formed
      therefrom, adjusting the pH of the filtrate to pH .apprxeq. 4.2 by the
      addition of sulfuric acid, filtering the precipitated crystalline dimeric
      indole alkaloid sulfate salts thus formed, treating an aqueous solution of
      the isolated sulfates with alkali, thus forming the corresponding free
      bases, chromatographing the free bases over alumina at high pressure
      thereby separating vincristine, des-N-mehtylvinblastine and vinblastine
      from other alkaloids and from each other, collecting eluate fractions each
      consisting essentially of a separated alkaloid and crystallizing
      vincristine, des-N-methylvinblastine and vinblastine from said collected
      eluate fractions in purified form.
NUM  2.
PAR  2. A process for purifying the dimeric indole alkaloids, vincristine and
      vinblastine, in which the following essential steps are carried out in the
      order described:
PA1  a. Extraction of vinca leaves with mineral acid at about pH .perspectiveto.
      3;
PA1  b. Making the extract basic by the addition of alkali, and extracting the
      dimeric alkaloids into an aromatic solvent;
PA1  c. Conversion by addition of sulfuric acid of the dimeric alkaloids to
      sulfate salts;
PA1  d. High-pressure alumina chromatography of the dimeric alkaloids as free
      bases or as sulfate salts;
PA1  e. Collection of chromatographic fractions containing purified separated
      vincristine, des-N-methylvinblastine and vinblastine substantially free
      from other dimeric vinca alkaloids and from each other.
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ABST
PAL  Electrophotographical recording process wherein a pattern of increased
      conductivity is produced image-wise in a photoconductive insulating
      recording layer containing as essential photoconductive compound a
      photoconductive 1,2,3,4-tetrahydroquinoline. The photoconductive compound
      can be chemically and spectrally sensitized and charged either negatively
      or positively.
PARN
PAR  This is a division of Ser. No. 304,939 filed Nov. 9, 1972, now U.S. Pat.
      No. 3,798,031.
BSUM
PAR  This invention relates to recording and reproduction of information-wise
      modulated electromagnetic radiation and to recording materials suitable
      therefor, particularly to such processes and recording materials
      containing one or more organic photoconductive compounds as hereinafter
      described.
PAR  It has now been found that a particularly photosensitive photoconductive
      recording member can be formed by using in its composition a
      photoconductive compound corresponding to the following general formula
      (I):
      ##SPC1##
PAL  wherein:
PA1  Z.sub.1 represents the necessary atoms to close an adjacent aromatic
      nucleus or an adjacent aromatic ring system including an adjacent aromatic
      nucleus or aromatic ring system substituted with (a) non-ionic
      substituent(s) e.g. substituted with an alkyl group for example methyl,
      halogen e.g. F, Cl, Br or I, an alkoxy group e.g. methoxy, an amino group,
      a substituted amino group e.g. a monoalkylamino or dialkylamino group or a
      cyano group,
PA1  Z.sub.2 represents the necessary methylene groups or substituted methylene
      groups to close a 6-membered heterocyclic nitrogen-containing nucleus.
      Suitable substituents for the methylene groups are one or more C.sub.1
      -C.sub.4 alkyl groups e.g. methyl, and
PA1  R represents hydrogen, an aliphatic radical including a saturated aliphatic
      radical, an unsaturated aliphatic radical, a cyclo-aliphatic radical and
      these radicals in substituted form, or an alkylene group which is
      ring-closed with the carbon atom in peri-position of the aromatic ring
      closed by Z.sub.1 in order to form a julolidine compound.
PAR  According to a preferred embodiment R represents an organic group that can
      be introduced by alkylation, for example an alkyl radical including a
      substituted alkyl radical e.g. methyl a cycloalkyl radical, e.g.
      cyclohexyl, an allyl radical, an aralkyl radical, e.g. benzyl.
PAR  The adjacent aromatic nucleus or ring system closed by the atoms
      represented by Z.sub.1 is preferably one of the unsubstituted or
      substituted nuclei or ring systems represented by the following structural
      formulae:
      ##SPC2##
PAL  Wherein R represents hydrogen or an alkyl group e.g. methyl or ethyl
      ##SPC3##
PAL  Wherein R represents hydrogen or an alkyl group e.g. methyl or ethyl.
      ##SPC4##
PAL  Wherein: X represents oxygen or sulphur
      ##SPC5##
PAL  Wherein: X represents oxygen or sulphur
      ##SPC6##
PAL  wherein:
PA1  X represents oxygen or sulphur, and
PA1  R represents hydrogen or an alkyl group e.g. methyl or ethyl.
      ##SPC7##
PAL  wherein: R is hydrogen or an alkyl group e.g. methyl or ethyl.
PAR  Preferred photoconductive compounds according to the present invention and
      which are considered as new compounds are within the scope of the
      following general formula (II):
      ##SPC8##
PAL  wherein:
PA1  Z.sub.1 and Z.sub.2 have the same significance as described in the above
      general formula, and A represents a bivalent organic radical of the type
      that can be introduced by alkylation, e.g. A represents an alkylene group,
      a substituted alkylene group or an alkylene chain interrupted by a
      bivalent aromatic group. Preferably A represents --CH.sub.2 --CH.sub.2 --
      or
      ##SPC9##
PAR  Particular examples of photoconductive compounds according to the general
      formula (I) are listed in the following Table I.
PAC  Table I
      ##SPC10##
TBL                                      Melting or boiling                    

     No.                                                                       

        R.sub.1      R.sub.2                                                   

                        X            Y   point                                 

     __________________________________________________________________________

     1               CH.sub.3                                                  

                        6--CH.sub.3  7--CH.sub.3                               

                                         oily product                          

     2  H            CH.sub.3                                                  

                        6--CH.sub.3  7--CH.sub.3                               

                                         oily product                          

                                         105-106.degree.C/0.5 mm Hg            

     3  CH.sub.3     CH.sub.3                                                  

                        H            H   98-100.degree.C/1 mm Hg               

                                         oily product                          

     4  CH.sub.3     H  H            H   oily product                          

                                         130-132.degree.C/15 mm Hg             

     5               H  H            H   145-149.degree.C/0.2 mm Hg            

     6  H            CH.sub.3                                                  

                        6--C.sub.2 H.sub.5 O                                   

                                     H   148-151.degree.C/3 mm Hg              

     7  (1)--CH.sub.2 --CH.sub.2 --CH.sub.2 --(8)                              

                        (8)--CH.sub.2 --CH.sub.2 --CH.sub.2 --(1)              

                                     H   oily product                          

        (julolidine) H                   105-109.degree.C/1 mm Hg              

     8               CH.sub.3                                                  

                        6--C.sub.2 H.sub.5 --O--                               

                                     H   86.degree.C                           

     9               CH.sub.3            138.degree.C                          

     10 H            CH.sub.3            116.degree.C                          

     __________________________________________________________________________

PAR  Particularly useful photoconductive compounds according to the general
      formula (II) are listed in the following Table II. These compounds are
      called "duplo compounds" for they include two 1,2,3,4-tetrahydroquinoline
      nuclei.
PAC  Table II
      ##SPC11##
TBL                                         Melting                            

     No.  R.sub.2                                                              

                 A             X      Y     point .degree.C                    

     ______________________________________                                    

     1    CH.sub.3                                                             

                 (CH.sub.2).sub.2                                              

                               H      H     107                                

     2    H      (CH.sub.2).sub.2                                              

                               H      H     151                                

     3    CH.sub.3                                                             

                 (CH.sub.2).sub.2                                              

                               6--C.sub.2 H.sub.5 O                            

                                      H     127                                

     4    CH.sub.3                                                             

                 (CH.sub.2).sub.2                                              

                               6--CH.sub.3                                     

                                      H     179                                

     5    CH.sub.3                                                             

                 (CH.sub.2).sub.2                                              

                               6--CH.sub.3                                     

                                      7--CH.sub.3                              

                                            172                                

     6    H                    H      H     124                                

     7    CH.sub.3             H      H     163                                

     ______________________________________                                    

PAR  The preparation of the compounds according to the formula of Table I
      proceeds by hydrogenation of the corresponding 1,2-di-hydroquinoline
      compounds which are prepared e.g. according to a procedure described in
      the Belgian Pat. Nos. 775,786 filed Nov. 25, 1971 and 776,380 filed Dec.
      8, 1971 both by Agfa-Gevaert N.V.
PAR  The substitution of the hydrogen atom in the NH group of the Z.sub.2 -ring
      by an organic group may proceed according to known alkylating techniques.
      This alkylation may be carried out before or after the hydrogenation of
      the double bond between the 3- and 4-carbon atom in the
      1,2-dihydroquinoline compound.
PAR  For introducing an alkyl substituent by substitution of the hydrogen atom
      of said NH group any suitable alkylating agent e.g. trialkyl phosphate,
      alkyl iodides, alkyl bromides and alkyl chlorides may be used, the latter
      preferably in conjunction with a small amount of potassium iodide.
PAR  The preparation of the "duplo-compounds" as e.g. represented in Table II
      proceeds by linking together two 1,2,3,4-tetrahydro-quinolines by
      alkylation through the nitrogen atoms in the 1-position.
PAR  As suitable bifunctional alkylating agents are to be mentioned
      dihalogenated reactants of the formula Hal-A-Hal in which Hal represents a
      replaceable halogen atom e.g. chlorine, bromine or iodine and A has the
      same significance as described above.
PAR  The following are illustrative of reactants that may be used in the
      preparation of the duplo-compounds:
PA1  ethylene dichloride, dibromide and diiodide
PA1  1-chloro-2-bromoethane
PA1  propylene dichloride, dibromide and diiodide
PA1  trimethylene dichloride, dibromide and bromoiodide
PA1  butylene dichloride, dibromide and diiodide
PA1  tetramethylene dichloride, dibromide and diiodide
PA1  pentylene dichloride, dibromide and diiodide
PA1  hexamethylene dichloride dibromide and diiodide
PA1  hexylene dichloride, dibromide and diiodide
PA1  octylene dichloride, dibromide and diiodide
PA1  pentamethylene dichloride, dibromide and diiodide
PA1  alpha, beta-styrene dichloride, dibromide and diiodide
PA1  1,2-dibromocyclohexane
PA1  1,3-dibromobutane
PA1  1,2-dibromobutane
PA1  1,4-dichlorobutene-2
PA1  2-phenyl-1,2-dibromopropane
PA1  1-p-tolyl-1,2-dichloroethane
PA1  1,4-di(chloromethyl)benzene
PA1  1,4-di(bromoethyl)benzene
PA1  1,4-di(iodomethyl)benzene
PA1  1-(2,4-dichlorophenyl)-1,2-dichloroethane
PA1  1-(p-chlorophenyl)-1,2-dibromoethane
PA1  decamethylene dichloride, dibromide and diiodide
PA1  dodecamethylene dichloride, dibromide and diiodide
PA1  1,2-dibromobutene-3
PA1  1,2-dichloropentene-4
PA1  1,2-dichloro-3-methylbutene-3
PA1  1,4-dichlorobutene-2
PA1  1,4-dibromo-2,3-dimethylbutene-2
PA1  1,2-dichlorocyclopentene-3
PA1  1,4-dibromocyclopentene-2
PA1  1,4-dibromo-2,6-dimethylheptene-2
PA1  2,3-dichloro-2,6-dimethyloctene-6
PAR  Other suitable reactants for the duplo-compound formation are the
      .beta.-chloroethyl ester of p-tolusulphonic acid and the p-tolusulphonic
      acid glycol diester.
PAR  Preferred reactants are sym.-dibromoethane and sym.-dichloroethane.
PAR  The acid produced during the alkylation reaction may be neutralized by any
      alkaline neutralizing agent ordinarily employed for neutralizing acids
      produced in condensation reactions e.g. an organic base.
PAR  The following preparations illustrate in more details the manufacture of
      the compounds enumerated in the Tables I and II.
PAC  PREPARATION OF COMPOUND 5 OF TABLE I
PAR  0.1 mole of the corresponding 1,2,3,4-tetrahydroquinoline was mixed with
      0.3 mole of benzyl chloride in the presence of 0.12 mole of anhydrous
      sodium carbonate in 150 ml of ethanol. The reaction mixture was refluxed
      for 6 h whereupon it was filtered. The solvent was removed from the
      filtrate by evaporation. The residue was washed with cold methanol and
      distilled under reduced pressure. The fraction boiling between
      145.degree.C and 149.degree.C at 0.2 mm Hg was collected.
PAR  Compound 1 of Table I was prepared analogously.
PAR  Compounds 8 and 9 were recrystallized from acetonitrile.
PAC  PREPARATION OF COMPOUND 2 OF TABLE I
PAR  0.2 Mole of the corresponding 1,2-dihydroquinoline and 4 ml of a dispersion
      of Raney nickel were mixed with 150 ml of dioxan. Hydrogen pressure of
      1500 psi was applied and the hydrogenation effected at 70.degree.C for 2
      h. The measured hydrogen acception corresponded with the theoretically
      possible value. After removal by filtering of the Raney nickel the solvent
      was removed by evaporation and the residue distilled under reduced
      pressure with the help of a fractionating column. The fraction boiling
      between 105.degree.-106.degree.C at 0.5 mm Hg was collected.
PAR  Compounds 3 and 10 of Table I were prepared analogously.
PAR  Compound 10 was not distilled but recrystallized from ligroin in the
      presence of active carbon.
PAC  PREPARATION OF COMPOUND 4 OF TABLE I
PAR  A mixture of 0.2 mole of 1,2,3,4-tetrahydroquinoline, 0.4 mole of trimethyl
      phosphate and 0.21 mole of ethyl diisopropylamine were heated at
      140.degree.C on an oil-nath for 1 n.
PAR  The reaction mixture was poured into water and treated with sufficient
      ammonium hydroxide for obtaining a slightly alkaline reaction.
PAR  The obtained supernatant oily product was extracted with chloroform. The
      whole mixture was washed with 2N aqueous hydrochloric acid and thereupon
      washed with water until neutral. After drying on anhydrous sodium sulphate
      the extract was distilled under reduced pressure with a distillation
      column and the fraction boiling between 130.degree.-132.degree.C at 15 mm
      Hg collected.
PAC  PREPARATION OF COMPOUND 6 OF TABLE I 90.5 g of the corresponding
      1,2-dihydroquinoline were hydrogenated in the presence of Raney nickel
      under 1500 psi of hydrogen pressure at 70.degree.C in dioxan as a solvent.
      After removal of the Raney nickel by filtering the solvent was evaporated
      under reduced pressure and the hydrogenated product purified by
      distillation. The fraction boiling between 148.degree.-151.degree.C at 3
      mm Hg was collected.
PAC  PREPARATION OF COMPOUNDS 1,3,4 AND 5 OF TABLE II
PAR  The hydrogenation of the corresponding 1,2-dihydroquinoline to the
      indicated 1,2,3,4-tetrahydroquinoline of Table II proceeded in a total
      liquid volume of 300 ml by using 0.1 mole of the 1,2-dihydroquinoline, 3
      ml of Raney nickel dispersion and the balance of dioxan at 1500 psi. The
      hydrogenation was effected at 85.degree.C for 2 h. The hydrogen acceptance
      was slightly more than the theoretical value. After removal of the Raney
      nickel by filtering the solvent was evaporated.
PAR  Compound 1 was recrystallized from acetonitrile, compound 3 from butanol
      and compounds 4 and 5 from ethanol.
PAC  PREPARATION OF COMPOUND 2 OF TABLE II
PAR  The alkylation was carried out by heating with stirring 0.2 mole of the
      1,2,3,4-tetrahydroquinoline with 0.1 mole of sym.-dibromoethane and 0.2
      mole of triisopropanolamine at 100.degree.C for 10 h. The obtained
      reaction product was extracted with dichloroethane and washed first with
      2N aqueous hydrogen chloride and then with water until neutral.
PAR  The extract was dried over anhydrous sodium sulphate and after filtering
      the solvent was removed. Recrystallization of the crude product from
      ethylene glycol monomethyl ether yielded a white powder.
PAR  Melting point: 151.degree.C. Yield: 54%.
PAR  In the preparation of the compounds 6 and 7 of Table II
      1,4-di(monochloromethyl)benzene was used instead of sym.dibromoethane.
PAR  The photoconductive duplo compounds of Table II are particularly
      interesting for their high photosensitivity and pure state wherein they
      can be separated. Most of these products are obtained as white powders,
      which are suited for producing very clear colourless photosensitive
      layers.
PAR  The photoconductive compounds applied according to the present invention
      may be used alone or in combination with substances imparting desired
      chemical or physical properties to the recording element. So, these
      substances may be combined with other substances that either or not are
      photoconductive and exert an influence e.g. on the dark-resistivity, the
      dischargeability or conductivity of the recording layer by an exposure to
      electromagnetic radiation, or on the transparency or the quality of the
      final image, e.g. by counteracting the fringe effect as described in the
      United Kingdom Pat. No. 1,007,349 filed Oct. 12, 1961 by Gevaert
      Photo-Producten, N.V.
PAR  A proper combination with selected binding agents and/or chemical
      sensitizing agents may result in an enhancement of the total sensitivity.
      The recording elements according to the present invention preferably
      contain at least 5% by weight of a photoconductive
      1,2,3,4-tetrahydroquinoline derivative being within the scope of the above
      general formulae. For use in electrophotography the recording element
      preferably consists for at least 10% by weight of one or more of the said
      1,2,3,4-tetrahydroquinoline derivatives. The electrically insulating
      binding agent used in a recording layer containing said derivative may
      provide the desired mechanical strength for instance to form a
      self-supporting layer, and preferably has a resistivity of at least
      10.sup.9 ohm.cm.
PAR  According to a particular embodiment the recording layer consists of the
      photoconductor, which, e.g., has been applied to a suitable support in
      molten state forming a micro-crystalline or glass-like layer on cooling.
      This technique can be applied when the photoconductive recording element
      has not to possess a high mechanical strength. For such technique
      reference is made to the Canadian Pat. No. 712,541 filed Feb. 5, 1960 by
      Gevaert Photo-Producten N.V.
PAR  Macromolecular compounds suitable for use as insulating binding agent for
      the photo-conductive compounds are, e.g., natural resins such as dammar
      resin, gum arabic, microcrystalline waxes, modified natural substances
      such as cellulose diacetate, cellulose triacetate, and ethylcellulose,
      pentaerythrite polyesters or modified colophony resins and ester gums,
      polymers such as polyethylene, polystyrene and copolymers of styrene,
      polyvinyl acetate and copolymers of vinyl acetate, polyvinyl acetals of
      formaldehyde, acetaldehyde or butyraldehyde, polyacrylic acid esters and
      polymethacrylic acid esters, coumarine-indene resins, epoxy resins and
      polycondensates such as glycerol-phthalate resins and other glyceryl
      polyesters, alkyd resins, diethylene glycol polyesters, formaldehyde
      resins and silicone resins.
PAR  Preferred binding agents are halogen-containing polymers and epoxy resins
      combined with silicone resins. The sensitization of organic
      photoconductors with halogen-containing polymers is described in the
      United Kingdom Pat. No. 964,878 filed May 3, 1960 by Gevaert
      Photo-Producten N.V. According to said specification a material suitable
      for use in electrophotography comprises a photoconductive layer
      incorporating an organic monomeric photoconductor and a halogencontaining
      polymer in such layer or in a juxtaposed layer (if any), the sensitivity
      of said photoconductor having been increased by making it to interact with
      said halogen-containing polymer by heating.
PAR  In the following Table III a list of preferred polymeric binding agents is
      given, which may be used in combination with the heterocyclic organic
      photoconductors of use according to the present invention as well as the
      corresponding suitable solvents.
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PAR  According to a special embodiment the photoconductive compounds applied
      according to the present invention are used in admixture with inorganic
      and organic photoconductive substances known to those skilled in the art,
      e.g. sulphur, selenium, photoconductive oxides, sulphides, and selenides
      of zinc, cadmium, mercury, antimony, bismuth, lead, anthracene,
      anthraquinone, and photoconductive polymers e.g. those containing
      N-vinylcarbazole recurring units and other known monomeric and polymeric
      organic photoconductors, e.g. those described in the published Dutch
      patent application Ser. No. 70/04174 filed Mar. 24, 1970 by GevaertAgfa
      N.V.
PAR  The inherent spectral sensitivity of most of the photoconductive compounds
      listed in Tables I and II is mainly situated in the near U.V. range, i.e.
      in the range of 360to 420 nm.
PAR  The spectral sensitivity of recording materials according to the present
      invention can be increased in different ways, e.g. by adding so-called
      spectral sensitizing agents for the photoconductive substances contained
      in the recording element or by admixing to the said heterocyclic organic
      photoconductive compounds other photoconductive substances, whose inherent
      sensitivity for a particular part of the electromagnetic radiation
      spectrum is higher than that of the present compounds.
PAR  Suitable spectral sensitizing dyestuffs for the organic photoconductor are
      among others organic dyestuffs, known as methine dyes, or xanthene dyes of
      which the phthaleins and rhodamines are subclasses, and triarylmethane
      dyes e.g. crystal violet (C.I. 42,555) and the triarylmethane dyes
      described in published Dutch patent application No. 6704706 filed Apr. 3,
      1967 by Gevaert-Agfa N.V. The term methine dyes includes mono- as well as
      polymethine dyes, which dyes are known to those skilled in the art of the
      spectral sensitization of light-sensitive silver halide. Preferred methine
      dyes are of the cationic type. As preferred xanthene dyes Rhodamine B
      (C.I. 45,170), Rose Bengale (C.I. 45,440) and Fluorescein (C.I. 45,350)
      are mentioned. The spectral sensitizing dyes are preferably added to the
      recording layer composition in a proportion of 0.01 to 5% by weight in
      respect of the photoconductive substance(s).
PAR  Particularly preferred methine dyes are within the scope of the following
      general formulae:
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PAL  wherein:
PA1  A.sub.1 stands for a dimethine or tetramethine group including a
      substituted dimethine or tetramethine group,
PA1  n stands for 1 or 2,
PA1  R.sub.1 stands for alkyl including substituted alkyl, an unsaturated
      aliphatic group e.g. allyl, aralkyl including substituted aralkyl, aryl
      including substituted aryl or cycloalkyl,
PA1  R.sub.2 stands for alkyl, aryl including substituted aryl, e.g. phenyl and
      phenyl substituted preferably in the p-position by alkyl, halogen and
      alkoxy, a 5- or 6-membered heterocycle whose heteroatom is oxygen,
      sulphur, selenium or nitrogen such as 2-, 3-, or 4-pyridyl, 2-furyl,
      2-thienyl, etc. including their quaternary salts,
PA1  R.sub.3 stands for hydrogen or has one of the significances given for
      R.sub.1,
PA1  R.sub.4 stands for hydrogen, alkyl, alkoxy or halogen or together with
      R.sub.3 forms an alkylene bridge such as dimethylene and trimethylene,
PA1  each of R.sub.5 and R.sub.6 (the same or different) stands for hydrogen,
      alkyl, alkoxy or halogen or together represent the atoms necessary to
      complete a fused-on benzene nucleus,
PA1  X.sub.1 .sup.- represents an anion e.g. Cl.sup.-, Br.sup.-, I.sup.-,
      ClO.sub.4 .sup.-, CH.sub.3 SO.sub.4 .sup.-, or
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PAL  but is missing when the R.sub.1 group contains already an anion (betaine
      type salt), and Z represents the atoms necessary to complete a
      heterocyclic nucleus of the types used in the production of cyanine dyes
      e.g. such as those of the thiazole series, e.g., thiazole,
      4-methylthiazole, 4-methyl-5-carbethoxythiazole, 4-phenylthiazole,
      5-methylthiazole, 5-phenylthiazole, 4-(p-tolyl)-thiazole,
      4-(p-bromophenyl)-thiazole, 4,5-dimethylthiazole, 4,5-diphenylthiazole,
      4-(2-thienyl)-thiazole, 4-(m-nitrophenyl)-thiazole, those of the
      benzothiazole series, e.g. benzothiazole, 4-chlorobenzothiazole,
      5-chlorobenzothiazole, 6-chlorobenzothiazole, 7-chlorobenzothiazole,
      4-methylbenzothiazole, 5-methylbenzothiazole, 6-methylbenzothiazole,
      5-bromobenzothiazole, 6-bromobenzothiazole, 6-sulphobenzothiazole,
      4-phenylbenzothiazole, 5-phenylbenzothiazole, 4-methoxybenzothiazole,
      5-methoxybenzothiazole, 6-methoxybenzothiazole, 5-iodobenzothiazole,
      6-iodobenzothiazole, 4-ethoxybenzothiazole, 5-ethoxybenzothiazole,
      4,5,6,7-tetrahydrobenzothiazole, 5,6-dimethoxybenzothiazole,
      5,6-dioxymethylenebenzothiazole, 5-hydroxybenzothiazole,
      6-hydroxybenzothiazole, 5,6-dimethylbenzothiazole, those of the
      naphthothiazole series e.g. naphtho[2,1-d]thiazole, naphtho[
      1,2-d]thiazole, 5-methoxynaphtho[1,2-d]-thiazole,
      5-ethoxynaphtho[1,2-d]-thiazole, 3-methoxynaphtho[2,1-d]-thiazole,
      7-methoxynaphtho[2,1-d]-thiazole, those of the thionaphtheno[
      7,6-d]-thiazole series e.g. 7-methoxythionaphtheno[7,6-d]-thiazole, those
      of the thiadiazole series e.g. 4-phenylthiadiazole, those of the oxazole
      series e.g. 4-methyloxazole, 5-methyloxazole, 4-phenyloxazole,
      4,5-diphenyloxazole, 4-ethyloxazole, 4,5-dimethyloxazole, 5-phenyloxazole,
      those of the benzoxazole series e.g. benzoxazole, 5-chlorobenzoxazole,
      5-methylbenzoxazole, 5-phenylbenzoxazole, 6-methylbenzoxazole,
      5,6-dimethylbenzoxazole, 4,6-dimethylbenzoxazole, 5-methoxybenzoxazole,
      6-methoxybenzoxazole, 5-hydroxybenzoxazole, 6-hydroxybenzoxazole, those of
      the naphthoxazole series, e.g. naphtho[2,1-d]oxazole,
      naphtho[1,2-d]oxazole, those of the selenazole series e.g.
      4-methylselenazole, 4-phenylselenazole, those of the benzoselenazole
      series e.g. benzoselenazole, 5-chlorobenzoselenazole,
      5-methoxybenzoselenazole, 5-methyl-6-methoxybenzoselenazole,
      5,6-dioxymethylenebenzoselenazole, 5-hydroxybenzoselenazole,
      4,5,6,7-tetrahydrobenzoselenazole, those of the naphthoselenazole series
      e.g. naphtho[2,1-d]selenazole, naphtho[1,2-d]selenazole, those of the
      thiazoline series e.g. thiazoline, 4-methylthiazoline,
      4-hydroxymethyl-4-methylthiazoline, 4,6-bis-hydroxymethylthiazoline, those
      of the oxazoline series e.g. oxazoline, those of the selenazoline series
      e.g. selenazoline, those of the 2-quinoline series e.g. quinoline,
      3-methylquinoline, 5-methylquinoline, 7-methylquinoline,
      8-methylquinoline, 6-chloroquinoline, 8-chloroquinoline,
      6-methoxyquinoline, 6-ethoxyquinoline, 6-hydroxyquinoline,
      8-hydroxyquinoline, etc., those of the 4-quinoline series e.g. quinoline,
      6-methoxyquinoline, 7-methylquinoline, 8-methylquinoline, those of the
      1-isoquinoline series e.g. 1-isoquinoline, 3,4-dihydroisoquinoline, those
      of the 3-isoquinoline series e.g. 3-isoquinoline, those of the pyrimidine
      series, those of the quinoxaline series, those of the quinazoline series,
      those of the 1-phthalazine series, those of the 2-pyridine series, e.g.
      pyridine, 5-methylpyridine, 3-nitropyridine, those of the
      3,3-dialkylindolenine series, e.g. 3,3-dimethylindolenine,
      3,3,5-trimethylinodolenine, 3,3,7-trimethylinodolenine, etc., those of the
      benzimidazole series e.g. benzimidazole, 5,6-dichlorobenzimidazole,
      5-chlorobenzimidazole, 5,6-dibromobenzimidazole,
      5-chloro-6-amino-benzimidazole, 5-chloro-6-bromobenzimidazole,
      5-phenylbenzimidazole, 5-fluorobenzimidazole, 5,6-difluorobenzimidazole,
      5-cyanobenzimidazole, 5,6-dicyanobenzimidazole,
      5-chloro-6-cyanobenzimidazole, 5-fluoro-6-cyanobenzimidazole,
      5-acetylbenzimidazole, 5-chloro-6-fluorobenzimidazole,
      5-carboxybenzimidazole, 7-carboxybenzimidazole, 5-carbethoxybenzimidazole,
      7-carbethoxybenzimidazole, 5-sulphamylbenzimidazole, or
      5-N-ethylsulphamylbenzimidazole, 5-ethylsulphonylbenzimidazole and
      5-trifluoromethylsulphonylbenzimidazole;
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PAL  wherein:
PA1  A.sub.2 stands for a monomethine or trimethine group including a
      substituted monomethine or trimethine group,
PA1  each of R'.sub.2 -R'.sub.6 and R".sub.2 -R".sub.6 (the same or different)
      has one of the significances given for R.sub.2 -R.sub.6, X.sub.2 .sup.-
      has the same significance as X.sub.1 .sup.-;
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PAL  wherein:
PA1  each of R'.sub.1 and R".sub.1 (the same or different) has one of the
      meanings given for R.sub.1,
PA1  X.sub.3 .sup.- has the same meaning as X.sub.1 .sup.-,
PA1  A.sub.3 has the same meaning as A.sub.2,
PA1  each of m and p (the same or different) stands for 1 or 2, and
PA1  each of Z.sub.1 and Z.sub.2 (the same or different) stands for the atoms
      necessary to complete a heterocyclic nucleus of the thiazole,
      benzothiazole, naphthothiazole, thionaphtheno[7,6-d]-thiazole,
      thiadiazole, oxazole, benzoxazole, naphthoxazole, selenazole,
      benzoselenazole, naphthoselenazole, 2-quinoline, 4-quinoline, pyrimidine,
      quinoxaline, quinazoline, 2-pyridine, 3,3-dialkylindolenine or of the
      benzimidazole series; representative examples of these heterocyclic nuclei
      can be found above in the definition of Z in formula I.
PAR  The dyestuffs corresponding to the above general formulae can be prepared
      according to the methods known by those skilled in the art of methine dye
      chemistry.
PAR  According to a further embodiment of the invention the recording material
      contains one or more substances that increase the photoconductivity of the
      recording material in the inherent spectral sensitivity range of the said
      heterocyclic organic photoconductive compounds. As already has been said a
      binding agent can act as a sensitizing agent that enhances the total
      sensitivity of the recording element. In that respect are to be mentioned
      compounds containing one or more electron-attracting atoms or groups, e.g.
      those that are known as non-ionic Lewis acids, e.g. the Lewis acids that
      can form a "charge transfer complex" as described e.g. in the U.S. Pat.
      No. 3,408,183 of Joseph Mammino issued Oct. 29, 1968. Good sensitizing
      results are obtained with organic carboxylic acid anhydrides and with
      quinones containing electron-attracting substituents, e.g. halogen or
      cyano, such as in tetrachlorobenzoquinone and tetracyanobenzoquinone, with
      organic compounds containing a
      ##EQU1##
      group and with the compounds according to the structural formula of the
      Belgian Pat. No. 734,141 filed June 6, 1969 by Gevaert-Agfa N.V. and the
      chlorine- and/or cyano-containing polymers of Table III.
PAR  The 1,2,3,4-tetrahydroquinoline derivatives may be used in admixture with
      diazonium salts that on exposure to electromagnetic radiation produce (a)
      radical(s) which irreversibly increase(s) the electro-conductivity of a
      recording layer. Such substances as well as details about their
      incorporation into a recording layer containing an organic photoconductive
      insulating substance are described in the United Kingdom Pat. No. 964,872
      filed Apr. 22, 1959 by Gevaert Photo-Producten N.V. and the U.S. Pat. No.
      3,113,022 of Paul Maria Cassiers, Jean Marie Nys, Jozef Frans Willems and
      Rene Maurice Hart issued Dec. 3, 1963. A particularly suitable
      conductivity-increasing diazonium compound is p-nitrobenzene-diazonium
      chloride. The diazonium compounds are preferably used in an amount of
      0.01% to 10% by weight in respect of the present photoconductive
      heterocyclic organic compounds.
PAR  Other additives well known in the art of preparing photoconductive
      conductive coatings for recording purposes may be used, e.g. matting
      agents, fluorescing compounds, phosphors, optical brightening agents,
      agents controlling the adhesive power of the recording layer, agents
      controlling the elasticity, the plasticity and the hardness of the
      recording layer, agents controlling the viscosity of the coating
      composition, antioxidants, gloss-improving agents, etc.
PAR  Transparent and semi-transparent recording materials containing the
      photoconductive heterocyclic organic compounds as described hereinbefore
      are especially suited for use in recording materials applied for the
      production and reproduction of microfilm images. Microfilm images can be
      copied in contact or enlarged optically on recording materials according
      to the present invention. According to the type of development, the
      transparencies obtained (contact copies and enlargements) can serve as
      negative or positive intermediate prints for further printing, e.g. on
      diazotype materials.
PAR  The semitransparent recording materials according to the present invention
      preferably have an optical density not larger than 0.30 towards visible
      light or the copying light used in the printing apparatus wherein it is
      used as intermediate print.
PAR  The photoconductive heterocyclic organic compounds described hereinbefore
      are further especially suited for being applied in the manufacture of
      pigment images wherein the pigments may have the properties of a
      fluorescent compound or phosphor.
PAR  As is generally known luminescent phosphors are used in screens of
      cathode-ray tubes and more particularly in television, X-ray, radar and
      oscilloscope screens. It is further known that in color television screens
      phosphors of different color have to be fixed on a screen in a particular
      pattern.
PAR  The described photoconductive compounds are successfully used in a process
      for the production of color television screens as described in the French
      Pat. No. 1,336,499 filed Sept. 26, 1962 by Comp. Francaise
      Thomson-Houston. According to the process described in said specification
      a pattern of a phosphor on a screen support is produced by the steps of
      applying to said support a coating of an electroconductive material and to
      said coating a layer comprising a vaporisable or thermolysable
      photoconductive compound optionally incorporated in a vaporisable or
      thermolysable binding agent. On said coating an electrostatic charge
      pattern corresponding with the pigment pattern to be produced is formed in
      an electrophotographic way, and the electrostatic charge pattern is
      developed with non-volatile powder particles that have the desired
      phosphorescent or luminescent properties. Subsequently the photoconductive
      layer containing the phosphor powder image is heated in order to remove
      the volatile substances of the photoconductive recording layer and to make
      the phosphor pattern adhere to the screen support.
PAR  In order to fix the powder image before applying the heating step it is
      preferably overcoated with a layer of a thermolysable binding agent.
PAR  According to said French patent photoconductors of the group of anthracene,
      anthraquinone and xanthene are used. The recording layer may further
      contain boric acid.
PAR  The photoconductors mentioned in the French patent are advantageously
      partly or wholly substituted by the photoconductive substances applied
      according to the present invention.
PAR  Suitable thermolysable binding agents belong to the class of the
      polyacrylic acid esters and polymethacrylic acid esters, e.g. polymethyl
      methacrylate, polyethyl methacrylate and polyethyl acrylate.
PAR  The thickness of the photoconductive layers of the present invention is not
      critical but is open to choice within a wide range according to
      requirements in each individual case. Good results are attained with
      photoconductive layers of a thickness between 1 and 30 .mu. preferably
      between 3 and 20 .mu.. Too thin layers do not have a sufficient insulating
      power in the absence of active electromagnetic radiation, whereas too
      thick layers require extensive exposure times. The photoconductor may be
      used in a self-supporting or supported layer.
PAR  In the manufacture of electrophotographic recording materials according to
      the present invention preferably a relatively conductive support for the
      recording layer is used, e.g. an electroconductive sheet or plate, or an
      insulating sheet or plate covered with an electro-conductive interlayer.
      By electro-conductive plate or sheet is understood a plate or sheet whose
      electrical resistivity is smaller than that of the non-irradiated
      (dark-adapted) photoconductive layer i.e. in general smaller than 10.sup.9
      ohm.cm and preferably is at least 100 times as small as that of the
      recording layer. Supports whose resistivity is not higher than 10.sup.7
      ohm.cm are preferred. The recording layers themselves have preferably an
      electrical insulating power as high as possible without affecting too much
      the photosensitivity by means of too high an amount of insulating binding
      agent. Preferably the recording layers have in non-irradiated state
      (dark-adapted state) a resistivity of at least 10.sup.9 ohm.cm.
PAR  Suitable conductive plates are, e.g., plates of metals such as aluminium,
      zinc, copper, tin, iron, or lead.
PAR  Suitable electro-conductive interlayers for insulating supports are, e.g.,
      vacuum-coated metal and conductive metal compound (metal oxide or metal
      salt) layers such as silver, tin, aluminium, titanium dioxide and copper
      iodide conductive layers, transparent conductive polymer layers, e.g.
      applied from polymers containing quaternized nitrogen atoms, such as those
      described in the United Kingdom Pat. No. 950,960 filed Sept. 23, 1960 by
      Gevaert Photo-Producten N.V., or layers containing conductive particles,
      e.g. carbon black and metal particles dispersed in a binder. The binder
      used for said particles has a resistivity preferably lower than 10.sup.6
      ohm.cm. A suitable binder for that purpose is gelatin.
PAR  It is possible to produce transparent photoconductive recording materials
      by applying the photoconductive compounds together with a suitable binder
      (if necessary) from a clear solution to a conductive transparent base or a
      transparent insulating base coated with an electroconductive transparent
      interlayer.
PAR  As transparent bases resin sheets having an optical density of not more
      than 0.10 are preferred, e.g., a sheet made of polyethylene terephthalate
      or cellulose triacetate. The conductive interlayer preferably consists of
      a metal coating. e.g., a vacuumcoated aluminium layer having an optical
      density of not more than 0.30, or of a conductive transparent polymer
      layer composed, e.g., of an organic polyionic polymer, e.g. a polymer
      containing quaternized nitrogen atoms such as a quaternized
      polyethylene-imine.
PAR  In reproduction techniques wherein the prints are to be produced on an
      opaque background preferably a paper sheet is used as support for the
      recording layer.
PAR  Paper sheets that have an insufficient electrical conductivity are coated
      or impregnated with substances enhancing their conductivity, e.g. by means
      of a conductive overcoat such as a metal sheet laminated thereto.
PAR  As substances suited for enhancing the conductivity of a paper sheet and
      which can be applied in the paper mass are particularly mentioned
      hygroscopic compounds and antistatic agents as described, e.g., in the
      United Kingdom Pat. No. 964,877 filed May 2, 1960 by Gevaert
      Photo-Producten N.V., and antistatic agents of polyionic type, e.g. CALGON
      CONDUCTIVE POLYMER 261 (trade mark of Calgon Corporation, Inc. Pittsburgh,
      Pa., U.S.A.) for a solution containing 39.1% by weight of active
      conductive solids, which contain a conductive polymer having recurring
      units of the following type:
      ##SPC17##
PAR  Paper sheets are preferably impermeabilized to organic solvents, e.g. by
      means of a water-soluble colloid or by strongly hydrating the cellulose
      fibers such as in the case of glassine paper.
PAR  In order to prepare an electrophotographic material according to the
      present invention various techniques may be applied.
PAR  In practice, the photoconductive substances involved, either alone or
      together with other additives such as those described above, preferably
      are first dissolved or dispersed in a suitable organic solvent such as a
      chlorinated hydrocarbon, e.g. methylene chloride. The solution or
      dispersion thus obtained is uniformly spread on a surface of a suitable
      support, e.g. by centrifuging, spraying, brushing, or coating. Thereupon
      the layer formed is dried in such a way that a solid photoconductive layer
      is formed on the surface of the support.
PAR  Recording materials according to the present invention can be used in any
      of the different techniques known in recording with the aid of
      photoconductors. According to a preferred embodiment they are used in a
      technique based on the discharge of an electrostatically charged recording
      layer by exposure to light.
PAR  Photoconductive recording materials prepared according to the present
      invention can be used in exposure units equipped with incandescent lamps,
      so that they need not be exposed with light rays rich in ultraviolet such
      as those emitted by a high-pressure mercury vapour bulb.
PAR  The electrostatic charging of photoconductive recording elements according
      to the present invention can be effected according to any method known in
      electrophotography, e.g. by friction with a smooth material, with a
      material possessing a high electric resistance, e.g. a cylinder coated
      with polystyrene, by corona discharge, by contact charge, or by discharge
      of a capacitor.
PAR  Recording materials containing the said organic photoconductive substances
      can be used in a recording technique comprising a negative corona charging
      as well as in a recording technique comprising a positive corona charging.
PAR  In order to obtain an electrostatic image it is possible to effect the
      charging and exposure steps simultaneously and even to expose the
      recording layer image-wise before charging since a conductivity image is
      formed that is not destroyed immediately, especially if diazonium salts
      are used in the recording element. It is preferred, however, that the
      charging is effected before image-wise exposure.
PAR  The electrostatic latent image can be converted into a visible image either
      on the electrophotographic material wherein the latent image was formed,
      or on a material to which the electrostatic latent image was transferred,
      e.g. by application of the method described in the Belgian Pat. No.
      529,234 filed May 29, 1954 by Chester Floyd Carlson.
PAR  The conversion of the original or transferred latent image into a visible
      image can occur according to one of the techniques known in
      electrophotography, wherein use is made of a conductivity pattern (e.g.
      electrolysis) or the electrostatic attraction or repulsion of finely
      divided colored substances, which, e.g., are present in a powder mixture,
      in an electrically insulating liquid (e.g. in the form of a suspension) or
      in a gas (e.g. in the form of an aerosol), or wherein electrostatic
      attraction is used for selectively wetting charged portions of the
      recording layer, as described in the United Kingdom Pat. Nos. 1,020,505
      filed Nov. 8, 1961 and 1,033,419 filed Nov. 26, 1962 both by Gevaert
      Photo-Producten N.V.
PAR  When the sign of the charge of the developing powder or developing liquid
      is properly chosen, either a negative or a positive print can be obtained
      from any original. If both printing material and developing powder or
      developing liquid have the same sign of charge, the powder only adheres to
      the discharged areas so that a negative print is obtained. If the signs of
      the recording material and of the developing powder or developing liquid
      differ, a positive print is obtained.
PAR  If a colored powder is used for making visible the latent image, the
      visible image obtained can, if necessary, be fixed according to one of the
      methods known in electrophotography, e.g., by heating, or it can be
      transferred to another support, e.g. according to the method described in
      the United Kingdom Pat. No. 658,699 filed Apr. 14, 1949 by Battelle
      Memorial Institute and fixed thereon.
PAR  The present heterocyclic organic photoconductive compounds can also be
      supplied in a thermoplastic recording process to form a ripple-image as
      described, e.g., in the United Kingdom Pat. No. 964,811 filed May 17, 1960
      by Gevaert Photo-Producten N.V.
PAR  Evidently the present invention by no means is limited to one or other
      particular embodiment of using the electrophotographic material containing
      the photoconductive compounds as described herein. The exposure technique,
      the charging method, the formation of the charge pattern, the transfer of
      such pattern if applied, the developing method, and the fixation or the
      transfer of the developing material pattern may be modified or adapted.
PAR  The composition of the recording materials used in these methods may be
      adapted to the requirements of the recording process used.
PAR  Electrophotographic materials according to the present invention can be
      employed in reproduction techniques, wherein different kinds of
      electromagnetic radiations are used, e.g. visible light, U.V.-radiation,
      X-rays and .gamma.-rays.
PAR  The following examples illustrate the present invention.
PAR  The percentages and ratios are by weight unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  An aluminium-laminated paper sheet was coated with the following
      composition:
     10 % by weight solution in methylene chloride                             

     of an organic photoconductor listed in                                    

     Table I or II               50 ml                                         

     copoly(vinyl chloride/vinyl acetate/maleic                                

     anhydride) (mol ratio 86.5/13.3/0.2)                                      

                                  5 g                                          

     1,2-dichloro-ethane         45 ml.                                        

PAR  The coating was carried out in such a ratio that the dried photoconductive
      layer contained 2 g of photoconductor per sq.m.
PAR  After a negative corona charging with a potential difference of -6000 V
      between the corona wires and the ground, the charged recording layer was
      contact-exposed for 30 sec through a step wedge having 0.20 log exposure
      increments. In this exposure 5 Osram (trade name) L 20 fluorescent tubes,
      mainly emitting in the U.V. range and the shorter wavelengths of the
      visible spectrum were placed at a distance of 20 cm from the recording
      layer.
PAR  The latent wedge image obtained was electrophoretically developed by means
      of an electrophoretic developer prepared by diluting the concentrated
      developer composition described hereinafter in a volume ratio of 15/1000
      by means of ISOPAR H (an isoparaffinic hydrocarbon mixture having a
      boiling range of 177.degree.-188.degree.C sold by Esso Belgium N.V.,
      Antwerp, Belgium):
TBL  carbon black (average particle size : 20 nm)                              

                                  30 g                                         

     zinc monotridecyl phosphate as dispersing                                 

     agent                       1.5 g                                         

     ISOPAR H (trade name)       750 ml                                        

     resin solution prepared as described                                      

     hereinafter                 150 g                                         

PAR  The resin binder solution was prepared by heating 500 g of ALKYDAL L 67 (of
      Farbenfabriken Bayer A.G., Leverkusen, W. Germany for a linseed
      oil-modified (67% by weight) alkyd resin) and 500 ml of white spirit
      containing 11% by weight of aromatic compounds at 60.degree.C till a clear
      solution was obtained, and subsequent cooling.
PAR  A black positive copy of the wedge original on a transparent base was
      obtained.
PAR  From the wedge prints obtained the relative speed values of the developed
      materials were calculated based on a comparison of the number of non-toned
      (discharged) steps present in the wedge prints obtained with materials
      containing a photoconductor of Table I or II with the number of non-toned
      steps produced in a material containing photoconductor number 3 of Table
      II to which is given arbitrarily the speed value 100.
TBL  ______________________________________                                    

     Number of compound of                                                     

                       Relative Speed values                                   

     Table I or II                                                             

     ______________________________________                                    

     1,I               25                                                      

     2,I               2.5                                                     

     1,II              250                                                     

     2,II              250                                                     

     3,II              100                                                     

     5,II              160                                                     

     6,II              160                                                     

     7,II              60                                                      

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  An electrophotographic recording material was prepared by coating onto an
      aluminium laminated paper a solution containing:
TBL  10% by weight solution in methylene chloride                              

     of an organic photoconductor listed in Table I                            

     or II                      50 ml                                          

     copoly(vinyl chloride/vinyl acetate/maleic                                

     anhydride) (mol ratio 86.5/13.3/0.2)                                      

                                 5 g                                           

     Rhodamine B (C.I. Basic Violet 10 C.I. 45,170)                            

                                 0.025 g                                       

     1,2-dichloroethane         45 ml.                                         

PAR  The dried recording layer contained 2 g of photoconductor per sq.m.
PAR  The coated samples were negatively charged with a negative corona having a
      potential difference of -6000 V between the corona wires and the ground.
PAR  The charged recording layer was contact-exposed for 6 sec. through a
      step-wedge having 0.20 log exposure increments. In the exposure tungsten
      filament lamp light was used.
PAR  The latent wedge images were electrophoretically developed as described in
      Example 1.
PAR  The relative speed values of the developed materials were compared with the
      electrophotographic material containing photoconductor number 3 of Table
      II which is given arbitrarily the speed value 100.
TBL  ______________________________________                                    

     Number of compound of                                                     

                       Relative Speed values                                   

     Table I or II                                                             

     ______________________________________                                    

     1,I               25                                                      

     2,I               1                                                       

     3,I               25                                                      

     4,I               1                                                       

     6,I               2.5                                                     

     1,II              100                                                     

     2,II              40                                                      

     3,II              100                                                     

     5,II              250                                                     

     6,II              100                                                     

     7,II              40                                                      

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  To a polyethylene terephthalate support of 100 .mu. a conductive
      transparent coating was applied from an aqueous solution of gelatin and
      CALGON CONDUCTIVE POLYMER 261 in a weight ratio of 2:1. Coating was
      carried out in such a way that the dried coating contained 2 g of gelatin
      per sq.m. The electric resistivity of the coating was 1 .times. 10.sup.6
      ohm per sq.cm.
PAR  An electrophotographic recording material was prepared by coating onto said
      conductive layer a solution consisting of
TBL  methylene chloride         45 ml                                          

     1,2-dichloro-ethane        45 ml                                          

                                 5 g                                           

     copoly(vinyl chloride/vinyl acetate/maleic                                

     anhydride)(molar ratio 86.5/13.3/0.2)                                     

                                 5 g                                           

     Rhodamine B (C.I. Basic Violet 10;                                        

     C.I. 45,170)                0.025 g                                       

PAR  The dried recording layer containing approximately 3 g of photoconductor
      per sq.m., was charged with a negative corona and contact-exposed with 100
      lux.sec with the same light source as in Example 2. The latent image was
      electrophoretically developed for 5 sec. with the developer described in
      Example 1. A good copy of the original was obtained.
PAC  EXAMPLE 4
PAR  To a polyethylene terephthalate support of 63 .mu. a conductive transparent
      coating was applied from
TBL  a 10% aqueous solution of polystyrene                                     

     sulphonic acid sodium salt 40 ml                                          

     methanol                   60 ml.                                         

PAR  The coating was carried out in such a way that the dried material contained
      1.75 g of polystyrene sulphonic acid sodium salt per sq.m. The electrical
      resistivity was 5 .times. 10.sup.6 /cm.sup.2.
PAR  An electrophotographic recording material was prepared by coating onto said
      conductive layer at a coverage of 3 g per sq.m of photoconductor a
      solution containing:
TBL                                5 g                                         

     copoly(vinyl chloride/vinyl acetate/maleic)                               

     anhydride)(molar ratio 86.5/13.3/0.2)                                     

                                   5 g                                         

     methylene chloride           45 g                                         

     1,2-dichloroethane           45 g                                         

PAR  After a negative corona charging with a potential difference of -6000 V,
      the charged recording layer was contactexposed for 30 sec through a
      positive transparency of a test chart with 5 Osram (trade name) L 20
      fluorescent tubes at a distance of 20 cm from the recording layer.
PAR  After the exposure the latent image was developed for 5 sec with a
      triboelectrically charged positive toner on the base of three parts by
      weight of pitch, 4 parts by weight of colophony and 3 parts by weight of
      carbon black.
PAR  A contrasty transparent positive copy of the transparency was obtained.
PAC  EXAMPLE 5
PAR  The effect on the speed of electrophotographic recording materials
      resulting from a few chemical sensitizers was examined.
PAR  Therefor the following photoconductive compositions were coated on an
      aluminium laminated paper:
TBL  10% by weight solution in methylene chloride                              

     of the organic photoconductor number 2 of                                 

     Table II                   50 ml                                          

     copoly(vinyl chloride/vinyl acetate/maleic                                

     anhydride)(molar ratio 86.5/13.3/0.2)                                     

                                 5 g                                           

     a chemical sensitizer listed in Table IV                                  

                                 0.05 g.                                       

PAR  The dried layers contained 2 g of photoconductor per sq.m.
PAR  Processing of the materials was carried out in the same way as described in
      Example 1. The relative speed values are listed hereinafter.
      ##SPC18##
PAC  EXAMPLE 6
PAR  Electrophotographic recording materials were prepared by coating onto a
      conductive layer as described in Example 3 a composition containing:
TBL  compound number 4 of Table II                                             

                                 5 g                                           

     copoly(vinyl chloride/vinyl acetate/maleic                                

     anhydride)(molar ratio 86.5/13.3/0.2)                                     

                                 5 g                                           

     methylene chloride         45 ml                                          

     1.2-dichloroethane         45 ml                                          

     a sensitizing dye as listed in the table V                                

                                 0.025 g                                       

PAR  The recording layers were charged, exposed and developed as described in
      Example 3.
PAR  From the obtained prints the relative speed values were calculated based on
      a comparison of the spectrally sensitized materials with the material
      without spectral sensitizer to which arbitrarily the speed value of 100
      was given.
PAR  The relative speed values are listed hereinafter.
      ##SPC19##
PAC  EXAMPLE 7
PAR  An electrophotographic recording material was prepared by coating onto a
      conductive layer as described in Example 3 a solution containing:
      ##SPC20##
PAR  The coating was carried out at a coverage of 1.35 g of photoconductor per
      sq.m.
PAR  After a negative corona charging the recording layer was exposed in a
      microfilm camera for 10 sec. with 1,500 lux to a halftone multicolor
      original. The diaphragma setting was 4.5 and the original was reduced
      optically 20 times. The obtained electrostatic charge image was developed
      as described in Example 1.
CLMS
STM  We claim:
NUM  1.
PAR  1. A chemical compound having photoconductive properties and corresponding
      to the formula:
      ##SPC21##
PAL  where
PA1  n is 1,
PA1  X and Y are hydrogen,
PA1  R is hydrogen or methyl
NUM  2.
PAR  2. A compound according to claim 1 wherein R is a methyl group.
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ABST
PAL  Quinophthalone dyestuffs of the formula
      ##SPC1##
PAL  In which Ac denotes an acyl radical, X denotes a non-ionic substituent, Y
      denotes hydrogen or halogen and n denotes a number from 0 to 3 as well as
      their production and their use for dyeing and printing organic materials.
BSUM
PAR  The subject of the present invention are quinophthalone dyestuffs which are
      free of sulphonic acid groups, of the formula
      ##SPC2##
PAL  In which
PA1  Ac denotes an acyl radical,
PA1  X denotes a non-ionic substituent,
PA1  Y denotes hydrogen or halogen and
PA1  N denotes a number from 0 to 3
PAL  As well as their manufacture and use for dyeing organic materials,
      especially for dyeing and printing hydrophobic fibre materials.
PAR  The expression "acyl" is to be understood in the broadest sense, say
      according to the definition in Hackh's Chemical Dictionary (1953), as the
      radical of an organic acid of the general formula R--CO-- or R--SO.sub.2
      --.
PAR  As examples of acyl radicals there may be mentioned: alkylcarbonyl,
      arylcarbonyl, heterylcarbonyl, alkoxycarbonyl, aryloxycarbonyl,
      alkylsulphonyl, arylsulphonyl as well as alkylaminosulphonyl and
      dialkylaminosulphonyl radicals.
PAR  Suitable alkylcarbonyl radicals are those with 1 to 18 C atoms in the
      optionally unsaturated alkyl radical, which can carry further substituents
      such as, for example, halogen, nitrile, hydroxyl, C.sub.1 -C.sub.4
      -alkoxy, phenoxy or optionally substituted phenyl.
PAR  In particular there may be mentioned: acetyl, propionyl, butyryl,
      1-methyl-butyryl, 2-methyl-butyryl, 1-ethyl-butyryl, dimethyl-propionyl,
      pentanoyl, hexanoyl, 1-ethyl-hexanoyl, heptanoyl, octanoyl, nonanoyl,
      decanoyl, dodecanoyl, tetradecanoyl, hexadecanoyl, octadecanoyl,
      ethoxyacetyl, cyclohexanecarbonyl, 4-methylcyclohexanecarbonyl,
      3,5-dimethylcyclohexanecarbonyl, phenylacetyl, .beta.-phenylpropionyl,
      4-methylphenylacetyl, phenoxyacetyl, 4-chlorophenoxyacetyl and cinnamoyl.
PAR  Suitable arylcarbonyl radicals are phenylcarbonyl and naphthylcarbonyl
      radicals which can optionally be substituted by halogen, C.sub.1 -C.sub.4
      -alkyl, nitro, nitrile, hydroxyl, phenyl, phenoxy or C.sub.1 -C.sub.4
      -alkoxy.
PAR  In particular: benzoyl, 2-, 3- and 4-chlorobenzoyl, 2-, 3- and 4-toloyl,
      4-methoxybenzoyl, 4-ethoxybenzoyl, 3- and 4-nitrobenzoyl,
      2,3-dichlorobenzoyl, 3,5-dimethylbenzoyl, 4-phenylbenzoyl, naphthoyl-1,
      naphthoyl-2, 1-hydroxy-naphthoyl-2 and 2-methoxy-naphthoyl-1.
PAR  Suitable heterylcarbonyl radicals are radicals of 5-membered or 6-membered
      aromatic-heterocyclic carboxylic acids.
PAR  In particular: radicals of furane-2-carboxylic acid, thiophene-2-carboxylic
      acid, pyrrole-2-carboxylic acid, pyridine-2(3,4)-carboxylic acid,
      pyrimidine-4-carboxylic acid and quinoline-6-carboxylic acid.
PAR  Suitable alkoxycarbonyl radicals are those with 1 to 5 C atoms in the
      alkoxy radical, which can be further substituted by optionally substituted
      phenyl.
PAR  In particular there may be mentioned: methoxycarbonyl, ethoxycarbonyl,
      n-propoxycarbonyl, n-butoxycarbonyl, n-amyloxycarbonyl, benzyloxycarbonyl
      and 4-chlorobenzyloxycarbonyl.
PAR  Suitable aryloxycarbonyl radicals are phenoxycarbonyl radicals which are
      optionally substituted by halogen, C.sub.1 -C.sub.4 -alkyl  or C.sub.1
      -C.sub.4 -alkoxy, such as, for example, phenoxycarbonyl,
      4-chlorophenoxycarbonyl, 4-tolyloxycarbonyl and
      2,4-dichlorophenoxycarbonyl.
PAR  Suitable alkylsulphonyl radicals are those with 1 to 18 C atoms in the
      alkyl radical, which can be substituted further, for example by hydroxyl,
      C.sub.1 -C.sub.4 -alkoxy, halogen and nitrile.
PAR  In particular: methylsulphonyl, ethylsulphonyl, n-propylsulphonyl,
      n-butylsulphonyl, n-octylsulphonyl, n-dodecylsulphonyl,
      n-hexadecylsulphonyl, .beta.-hydroxyethyluslphonyl,
      .beta.-methoxyethylsulphonyl, .beta.-ethoxyethylsulphonyl,
      .beta.-cyanoethylsulphonyl, cyclohexylsulphonyl and
      4-methylcyclohexylsulphonyl.
PAR  Suitable arylsulphonyl radicals are phenylsulphonyl and naphthylsulphonyl
      radicals which can optionally be substituted by C.sub.1 -C.sub.4 -alkyl,
      C.sub.1 -C.sub.4 -alkoxy, halogen, C.sub.1 -C.sub.4 -alkylmercapto, nitro,
      C.sub.1 -C.sub.4 -alkylcarbonylamino and optionally substituted phenyl and
      phenoxy.
PAR  In particular: phenylsulphonyl, 4-tolylsulphonyl, 4-methoxyphenylsulphonyl,
      4-isopropylphenylsulphonyl, 2- or 4-chlorophenylsulphonyl,
      2,4-dichlorophenylsulphonyl, 4-methylmercaptophenylsulphonyl,
      4-nitrophenylsulphonyl, 4-acetaminophenylsulphonyl, 1-naphthylsulphonyl
      and 2-naphthylsulphonyl.
PAR  Suitable alkylaminosulphonyl and dialkylaminosulphonyl radicals are those
      with 1 to 4 C atoms in the particular alkyl radical, such as
      methylaminosulphonyl, ethylaminosulphonyl, dimethylaminosulphonyl,
      diethylaminosulphonyl, di-n-propylaminosulphonyl and
      di-n-butylaminosulphonyl.
PAR  Possible non-ionic substituents X are all substituents which are customary
      in dyestuff chemistry and do not dissociate in an aqueous medium, but
      especially halogen, such as chlorine and bromine, C.sub.1 -C.sub.4 -alkyl
      groups, nitro groups, phenyl groups and C.sub.1 -C.sub.4 -alkylcarbonyl
      groups.
PAR  Bromine may be mentioned as a particularly suitable halogen atom Y.
PAR  Preferred dyestuffs within the scope of the formula (I) are those of the
      formula
      ##SPC3##
PAL  in which
PA1  Ac.sub.1 denotes an alkylsulphonyl or arylsulphonyl radical,
PA1  X.sub.1 denotes halogen or alkyl and
PA1  m represents a number from 0 to 2.
PAR  A particularly preferred embodiment of the dyestuffs according to the
      invention corresponds to the formula
      ##SPC4##
PAL  in which
PAR  Ac.sub.2 represents a phenylsulphonyl radical which is optionally
      substituted by halogen, C.sub.1 -C.sub.4 -alkyl, C.sub.1 -C.sub.4 -alkoxy,
      nitro or CH.sub.3 S-, or represents a C.sub.1 -C.sub.4 -alkyl-sulphonyl
      radical,
PA1  X.sub.2 denotes chlorine, bromine, methyl or ethyl and
PA1  m represents a number from 0 to 2.
PAR  The new dyestuffs of the formula (I) are obtained either by reacting
      acyloxyphthalic acids or their anhydrides, of the formula
      ##SPC5##
PAL  in which
PAR  Ac has the indicated meaning, with 3-hydroxyquinaldines of the formula
      ##SPC6##
PAL  in which
PA1  X and n have the indicated meaning and
PA1  Q represents hydrogen or a carboxyl group,
PAL  in which case the carboxyl group Q which may be present is split off, or by
      acylating hydroxyquinophthalones of the formula
      ##SPC7##
PAL  in which
PAR  X and n have the indicated meaning and subsequently optionally introducing
      a halogen atom, preferably a bromine atom, into the reaction products in
      the p-position to the quinoline nitrogen atom.
PAR  The condensation of the acyloxyphthalic acids or their anhydrides (IV) with
      the hydroxyquinaldines (V) takes place in a manner which is in itself
      known (compare, for example, U.S. Pat. No. 3,023,213, U.S. Pat. No.
      3,023,214 and British Pat. No. 693,686). Appropriately, it is carried out
      in the presence of an organic solvent which is inert under the reaction
      conditions.
PAR  Examples of suitable solvents are: chlorobenzene, chlorotoluene,
      o-dichlorobenzene, nitrobenzene, tetralin, N-methylpyrrolidone,
      dichlorotoluene, trichlorobenzene and others.
PAR  In carrying out this condensation in practice, the procedure followed is
      preferably that the reactants (IV) and (V) are reacted in the molar ratio
      of 1 : 1 in one of the above-mentioned high-boiling organic solvents at
      temperatures above 100.degree.C, preferably 160.degree. - 210.degree.C,
      optionally in an inert gas atmosphere or with the addition of catalysts,
      such as zinc chloride or phosphoric acid. It is however also possible to
      melt the starting materials together, in the molar ratio of 1 : 1, without
      conjoint use of a solvent, at temperatures of 150.degree. - 250.degree.C,
      preferably 180.degree. - 200.degree.C, and in this way to arrive at the
      compounds (I) according to the invention.
PAR  Examples of suitable starting materials of the formula (IV) are:
      4-(phenylsulphonyloxy)-phthalic acid, 3-(phenylsulphonyloxy)-phthalic
      acid, 4-(4'-methyl-phenylsulphonyloxy)-phthalic acid,
      3-(3'-methyl-phenylsulphonyloxy)-phthalic acid,
      4-(2'-methyl-phenylsulphonyloxy)-phthalic acid,
      4-(4'-tert.-butyl-phenylsulphonyloxy)-phthalic acid,
      4-(2',4'-dimethylphenylsulphonyloxy)-phthalic acid,
      4-(4'-chloro-phenylsulphonyloxy)-phthalic acid,
      4-(3'-chloro-phenylsulphonyloxy)-phthalic acid,
      3-(2'-chloro-phenylsulphonyloxy)-phthalic acid,
      4-(4'-fluoro-phenylsulphonyloxy)-phthalic acid,
      4-(4'-bromo-phenylsulphonyloxy)-phthalic acid,
      4-(4'-nitro-phenylsulphonyloxy)-phthalic acid,
      4-(3'-nitro-phenylsulphonyloxy)-phthalic acid,
      4-(3',4'-dichloro-phenylsulphonyloxy)-phthalic acid,
      4-(4'-methyl-3'-nitro-phenylsulphonyloxy)-phthalic acid,
      4-(4'-methoxy-phenylsulphonyloxy)-phthalic acid,
      3-(4'-methoxyphenylsulphonyloxy)-phthalic acid,
      4-(3'-methoxy-phenylsulphonyloxy)-phthalic acid,
      4-(4'-ethoxy-phenylsulphonyloxy)-phthalic acid,
      4-(3'-butoxy-phenylsulphonyloxy)-phthalic acid,
      4-(methylsulphonyloxy)-phthalic acid, 3-(methylsulphonyloxy)-phthalic
      acid, 4-(ethylsulphonyloxy)-phthalic acid,
      4-(n-butylsulphonyloxy)-phthalic acid or
      4-(cyclohexylsulphonyloxy)-phthalic acid or their anhydrides.
PAR  Further examples of starting compounds of the formula (IV) are:
      4-(acetoxy)-phthalic acid, 4-(propionyloxy)-phthalic acid,
      4-(butyryloxy)-phthalic acid, 4(cyclohexylcarbonyloxy)-phthalic acid,
      4-(benzoyloxy)-phthalic acid, 3-(benzoyloxy)-phthalic acid,
      4-(methyl-benzoyloxy)-phthalic 4-(ethyl-benzoyloxy)-phthalic acid,
      3-(chloro-benzoyloxy)-phthalic acid, 4-(chloro-benzoyloxy)-phthalic acid,
      4-(dichloro-benzoyloxy)-phthalic acid,
      4-(chloromethyl-benzoyloxy)-phthalic acid,
      4-(dimethyl-benzoyloxy)-phthalic acid, 4-(tert.-butyl-benzoyloxy)-phthalic
      acid, 4-(fluoro-benzoyloxy)-phthalic acid, 4-(nitrobenzoyloxy)-phthalic
      acid, 4-(acetylamino-benzoyloxy)-phthalic acid,
      4-(methylmercapto-benzoyloxy)-phthalic acid,
      4-(methylsulphonyl-benzoyloxy)-phthalic acid,
      4-(methoxy-benzoyloxy)-phthalic acid, 4-(ethoxy-benzoyloxy)-phthalic acid
      and 4-(butoxy-benzoyl)-phthalic acid or their anhydrides.
PAR  Examples of suitable starting compounds of the formula (V) are:
      3-hydroxy-quinaldine, 3-hydroxy-quinaldine-4-carboxylic acid,
      3-hydroxy-5,7-dimethyl-quinaldine, 3-hydroxy-6,8-dichloro-quinaldine,
      3-hydroxy-6-bromo-quinaldine and 3-hydroxy-6,8-dibromo-quinaldine.
PAR  The hydroxyquinophthalones (VI) have not hitherto been described. These
      compounds are obtained in a manner which is in itself known by
      condensation of 3- or 4-hydroxyphthalic acid or their anhydrides with
      corresponding 3-hydroxyquinaldines.
PAR  The acylation of the hydroxyquinophthalones (VI) also takes place in a
      manner which is in itself known, by reaction of appropriate acylating
      agents, the reaction preferably being carried out in the presence of an
      inert organic solvent and, optionally, of an acid acceptor.
PAR  Examples of suitable starting materials of the formula (VI) are:
      2-(3'-hydroxy-2-quinolyl)-4-hydroxy-indanedione-1,3,
      2-(3'-hydroxy-2'-quinolyl)-5-hydroxy-indanedione-1,3,
      2-(3'-hydroxy-5',7'-dimethyl-2'-quinolyl)-5-hydroxy-indanedione-1,3,
      2-(3'-hydroxy-6',8'-dichloro-2'-quinolyl)-5-hydroxy-indanedione-1,3,
      2-(3'-hydroxy-6',8'-dibromo-2'-quinolyl)-5-hydroxy-indanedione-1,3,
      2-(3'-hydroxy-6'-bromo-2'-quinolyl)-5-hydroxy-indanedione-1,3 or
      2-(3'-hydroxy-5'-ethyl-2'-quinolyl)-5-hydroxy-indanedione-1,3.
PAR  Suitable acylating agents for the esterification of the compounds (VI) are
      functional acid derivatives, such as acid anhydrides and acid halides of
      aliphatic, aromatic and heterocyclic carboxylic acids, sulphonic acid
      halides or halogenocarbonic acid esters.
PAR  As examples there may be mentioned the anhydrides, chlorides or bromides of
      acetic acid, chloroacetic acid, propionic acid, butyric acid, acrylic
      acid, pentanecarboxylic acid, hexanecarboxylic acid, heptanecarboxylic
      acid, decanoic acid, dodecanoic acid, tetradecanoic acid, hexadecanoic
      acid, octadecanoic acid, crotonic acid, isobutyric acid, 2-methylbutyric
      acid, trimethylacetic acid, 2-ethylbutyric acid, 2-ethyl-caproic acid,
      coconut fatty acid, methacrylic acid, undecylenic acid, oleic acid,
      methoxyacetic acid, ethoxyacetic acid, acetoacetic acid, cyanoacetic acid,
      butoxyacetic acid, cyclohexanecarboxylic acid, benzoic acid, chlorobenzoic
      acid, methylbenzoic acid, ethylbenzoic acid, p-tert.-butylbenzoic acid,
      methoxybenzoic acid, ethoxybenzoic acid, dichlorobenzoic acid,
      phenylbenzoic acid, phenoxybenzoic acid, benzophenonecarboxylic acid,
      phenoxyacetic acid, phenylacetic acid, .beta.-phenylpropionic acid,
      cinnamic acid, naphthoic acid, hydroxynaphthoic acid, furanecarboxylic
      acid, thiophenecarboxylic acid, pyrrolecarboxylic acid, pyridinecarboxylic
      acid, quinolinecarboxylic acid and benzthiazolecarboxylic acid.
PAR  Examples of sulphonic acid halides are: methanesulphochloride,
      methane-sulphobromide, ethane-sulphochloride, n-propane-sulphochloride,
      n-butane-sulphochloride, isopentane-sulphochloride, hexane-sulphochloride,
      octane-sulphochloride, decane-sulphochloride, tetradecane-sulphochloride,
      octadecane-sulphochloride, .beta.-methoxyethane-sulphochloride,
      .beta.-ethoxyethane-sulphochloride, .beta.-butoxyethane-sulphochloride,
      N,N-dimethylsulphamic acid chloride, cyclohexane-sulphochloride,
      phenylmethane-sulphochloride, benzene-sulphochloride,
      methylbenzene-sulphochloride, ethylbenzene-sulphochloride,
      isopropylbenzene-sulphochloride, dimethylbenzene-sulphochloride,
      methoxybenzene-sulphochloride, ethoxybenzene-sulphochloride,
      butoxy-benzene-sulphochloride, methylmethoxybenzene-sulphochloride,
      methylmercapto-benzene-sulphochloride, chlorobenzene-sulphochloride,
      nitrobenzene-sulphochloride, dichlorobenzene-sulphochloride,
      bromobenzene-sulphochloride, naphthalene-sulphochloride and
      benzthiazole-sulphochloride.
PAR  Examples of halogenoformic acid esters are: chloroformic acid methyl ester,
      chloroformic acid ethyl ester, chloroformic acid propyl ester,
      chloroformic acid butyl ester, chloroformic acid amyl ester, chloroformic
      acid cyclohexyl ester, chloroformic acid benzyl ester and chloroformic
      acid phenyl ester.
PAR  Examples of suitable solvents for the acylation are: pyridine,
      methylpyridine, dimethylformamide, dimethylacetamide, dimethylsulphoxide,
      sulpholane, N-methylpyrrolidone, N-ethylpyrrolidone and ethylene glycol
      monomethyl ether.
PAR  Suitable acid acceptors for the acylation are: sodium acetate or potassium
      acetate, sodium bicarbonate or potassium bicarbonate, sodium carbonate or
      potassium carbonate, triethylamine or pyridine.
PAR  Appropriately, th acylation is carried out by dissolving the
      hydroxyquinophthalones (VI) in one of the abovementioned solvents and
      treating them with at least one equivalent of one of the abovementioned
      acylating agents, if appropriate in the presence of at least one
      equivalent of an acid acceptor, at temperatures of 0.degree. -
      150.degree.C, preferably 25.degree.- 100.degree.C. The reaction products
      are separated out by adding methanol and/or water.
PAR  The acylation can however also be carried out in an aqueous medium
      according to Schotten-Baumann, in the presence of at least one equivalent
      of an acid acceptor.
PAR  The post-halogenation, preferably the post-bromination, which may require
      to be carried out, of the condensation products of (IV) and (V) or of the
      acylation products of (VI) can also be carried out according to known
      methods, for example according to the instructions provided in German
      Patent Specification No. 1,229,663 and British Patent Specification No.
      1,263,345.
PAR  The new dyestuffs of the formula (I), optionally also mixed with one
      another, are outstandingly suitable for dyeing organic materials,
      especially for dyeing and/or printing fibres, filaments, woven fabrics,
      knitted fabrics, tapes, films or sheets of synthetic origin, but above all
      for dyeing and printing hydrophobic fibre materials. They are dyed or
      printed according to the methods customary for the fibres. Cellulose
      triacetate fibres and polyamide fibres can be dyed at about 100.degree.C
      from aqueous liquors, if appropriate in the presence of the customary
      auxiliaries. When dyeing fibres of aromatic polyesters, for example
      polyethylene glycol terephthalate, the customary carriers can be added to
      the dye-bath, or the dyeing can be carried out without addition of carrier
      at 120.degree.-130.degree.C under pressure. The dyeings can also be fixed
      by a short heat treatment at 190.degree.-220.degree.X. At the same time it
      is advantageous if, before being used according to the customary methods,
      the dyestuffs are brought to a finely divided state, for example by
      grinding or kneading preferably in the presence of customary dispersing
      agents.
PAR  Some types of the dyestuffs according to the invention are furthermore
      suitable for dyeing synthetic fibre materials from organic solvents, in
      accordance with the so-called continuous process. The dyeing conditions
      suitable for this are known and have been described in more detail, for
      example in Belgian Patent Specification No. 753,315. In this process it is
      frequently advisable to use mixtures of the dyestuffs according to the
      invention instead of the individual dyestuffs.
PAR  Using the abovementioned processes, the dyestuffs of the formula (I) give,
      on the fibres mentioned, strong yellow dyeings of good fastness
      properties, especially good fastness to light and sublimation.
DETD
PAR  In the examples which follow, unless otherwise stated, the parts quoted are
      parts by weight.
PAC  EXAMPLE 1
      ##SPC8##
PAR  a. 35 parts of 4-benzenesulphonyloxyphthalic acid (manufactured by
      esterifying 4-hydroxyphthalic acid with benzene-sulphonic acid chloride at
      pH 9.0 - 9.5 in an aqueous medium), 20.4 parts of
      3-hydroxy-quinaldine-4-carboxylic acid and 35 parts of anhydrous sodium
      sulphate are introduced into 500 parts of 2,4-dichlorotoluene. The
      reaction mixture is warmed to 180.degree.C whilst passing a slight stream
      of nitrogen over it and is stirred for 20 hours at this temperature. After
      cooling to 140.degree.C, the sodium sulphate is separated off, together
      with small amounts of impurities, and the filtrate is cooled to
      80.degree.C. 4 parts of triethylamine are added, followed by 7.2 parts of
      benzenesulphonic acid chloride after having stirred the mixture for a
      further 10 minutes. After 30 minutes, the mixture is cooled to 20.degree.C
      and the golden yellow crystals are filtered off and briefly washed with
      methanol. After drying, 22 parts of the above dyestuff are obtained.
PAR  Further dyestuff can be obtained by concentrating the filtrate.
PAR  b. 1 part of this dyestuff, which has first been brought to a finely
      divided state in the presence of dispersing agents, is dispersed in 400
      parts of water. 100 parts of polyester fibres (polyethylene terephthalate)
      are dyed for 120 minutes at the boil in the dyebath obtained, in the
      presence of 15 parts of o-cresotic acid methyl ester as a carrier. A
      strong, clear yellow dyeing of excellent fastness properties, especially
      very good fastness to light and sublimation, is obtained.
PAC  EXAMPLE 2
      ##SPC9##
PAR  a. 35 parts of 4-p-toluenesulphonyloxy-phthalic acid (manufactured by
      reaction of the 4-hydroxyphthalic acid with p-toluenesulphonic acid
      chloride at pH 9 in an aqueous medium) and 20.4 parts of
      3-hydroxy-quinaldine-4-carboxylic acid are introduced into 150 parts of
      trichlorobenzene. The reaction mixture is warmed to 210.degree.C and is
      stirred for 2 hours at this temperature, in the course of which the
      resulting water, together with a little trichlorobenzene, is distilled
      off. After the reaction solution has been clarified at 140.degree.C, 4
      parts of triethylamine are added at 80.degree.C followed, after brief
      stirring, by 7.6 parts of p-toluenesulphonic acid chloride. After 30
      minutes the mixture is cooled to 20.degree.C and diluted with methanol.
      The reaction product which has separated out is filtered off and washed
      with methanol and subsequently with water. After drying, 24 parts of a
      dyestuff of the formula indicated above are obtained.
PAR  b. If the abovementioned 4-p-toluenesulphonyloxy-phthalic acid is replaced
      by the equivalent amount of 4-o-toluenesulphonyloxy-phthalic acid, the
      o-toluenesulphonic acid ester of dihydroxyquinophthalone is obtained
      analogously.
PAR  c. 100 parts of polyester fibres (polyethylene terephthalate) are dyed with
      1 part of this dyestuff, which has beforehand been brought to a finely
      divided state by means of the customary auxiliaries, in 3,000 parts of
      water for 1 hours at 125.degree. - 130.degree.C under pressure. A strong,
      clear yellow dyeing of excellent fastness properties is obtained.
PAR  d. 0.1 part of the dyestuff manufactured according to Example 2a is mixed
      with 100 parts of polystyrene granules and the mixture is fused in an
      extruder at 200.degree. - 220.degree.C. Thereafter it is converted into a
      ribbon, cooled and granulated. After processing on, for example, a screw
      injection moulding machine, yellow mouldings of high transparency are
      obtained, the dyestuff used being distinguished by high heat stability and
      very good fastness to light. Equivalent yellow dyeings are obtained in
      polymethacrylates and polycarbonates.
PAR  If additionally 0.1 part of titanium dioxide is added, an attractive opaque
      results.
PAC  EXAMPLE 3
PAR  a. 35 parts of 4-phenylsulphonyloxyphthalic acid and 20.4 parts of
      3-hydroxy-quinaldine-4-carboxylic acid are introduced into 340 parts of
      2,4-dichloro-toluene. The mixture is warmed to 200.degree.C whilst passing
      a slow stream of nitrogen over it and is stirred for 5 hours at this
      temperature. During this time the resulting water is distilled off,
      together with about 100 parts of dichlorotoluene. The reaction solution is
      filtered at approx. 140.degree.C and is subsequently steam-distilled. The
      residue left is filtered off, washed with methanol and water and dried. In
      this way, 27 parts of a dyestuff which is identical to that indicated in
      Example 1a are obtained.
PAR  b. If the 3-hydroxy-quinaldine-4-carboxylic acid used in Example 3a is
      replaced by 16 parts of 3-hydroxy-quinaldine and in other respects the
      procedure indicated is followed, the same dyestuff is obtained.
PAR  c. 100 parts of polyester fibres (obtained by polycondensation of
      terephthalic acid with dimethylolcyclohexane) are dyed for 1 hour at
      125.degree. -130.degree.C under pressure with 1 part of this dyestuff,
      which has beforehand been brought to a finely divided state by means of a
      customary auxiliaries, in 3,000 parts of water. A strong yellow dyeing of
      very good fastness properties is obtained.
PAC  EXAMPLE 4
      ##SPC10##
PAR  a. 6 parts of 3,5'-dihydroxy-quinophthalone (manufactured by condensation
      of equimolar amounts of 3-hydroxy-quinaldine-4-carboxylic acid and
      4-hydroxy-phthalic acid or its anhydride) are suspended in 120 parts of
      2,4-dichloro-toluene. The mixture is warmed to 80.degree.C and 3 parts of
      triethylamine are added, followed after 15 minutes by 3.2 parts of
      methane-sulphonic acid chloride. After a further 30 minutes the mixture is
      cooled to 20.degree.C and stirred until crystallisation is complete and
      the product is filtered off and washed with methanol. After drying, 4.9
      parts of the abovementioned dyestuff are obtained.
PAR  Further dyestuff can be obtained by concentrating the filtrate.
PAR  b. A previously cleaned and thermoset fabric of polyethylene terephthalate
      is printed with a paste consisting of the following components: 20 g of
      dyestuff, obtained according to Example 4a, in a finely divided form, 520
      g of water, 450 g of crystal gum, 1:2, and 10 g of cresotic acid methyl
      ester. To fix the dyestuff, the printed and dried goods are treated with
      hot air at 200.degree.C for 40 seconds. After soaping, rinsing and drying,
      a clear yellow print of very good fastness to light and to sublimation is
      obtained.
PAC  EXAMPLE 5
      ##SPC11##
PAR  a. 3 parts of 3,5'-dihydroxy-quinophthalone - obtained by condensation of
      3-hydroxy-quinaldine-4-carboxylic acid and 4-hydroxy-phthalic acid - are
      dissolved in 30 parts by volume of pyridine. After adding 3 parts of
      benzoic anhydride the reaction mixture is heated to the boil for 5
      minutes. After cooling, the dyestuff which has separated out is filtered
      off, washed with methanol and water and dried. 3.4 parts of the indicated
      compound are obtained.
PAR  b. 100 parts of polyester fibres (polyethylene terephthalate) are dyed for
      1 hour at 125.degree. - 130.degree.C, under pressure, with 1 part of this
      dyestuff, which has beforehand been brought to a finely divided state with
      the customary auxiliaries, in 3,000 parts of water. A clear, strong yellow
      dyeing of very good fastness to light and to sublimation is obtained.
PAR  c. 6 parts of 3,5'-dihydroxy-quinophthalone are esterified with 2.8 parts
      of benzoyl chloride in accordance with the instructions of Example 4a.
      After working up, 4.9 parts of the abovementioned dyestuff, which dyes
      polyester materials in yellow shades, are obtained.
PAR  d. If the 3,5'-dihydroxy-quinophthalone employed in Example 5a is replaced
      by the equivalent amount of 3,4'-dihydroxy-quinophthalone (manufactured by
      condensation of 3-hydroxy-phthalic acid with
      3-hydroxy-quinaldine-4-carboxylic acid) and in other respects the
      procedure indicated is followed, the isomeric
      benzoyloxy-hydroxyquinophthalone is obtained, which also yields yellow
      dyeings on polyester materials.
PAC  EXAMPLE 6
      ##SPC12##
PAR  a. 5 parts of dihydroxyquinophthalone in 30 parts by volume of pyridine are
      heated to the boil with 3 parts of acetic anhydride, for 5 minutes. After
      cooling, the reaction mixture is diluted with 30 parts by volume of
      methanol. The dyestuff which has separated out is filtered off, washed
      with methanol and water and dried. 5.2 parts of the compound indicated
      above are obtained.
PAR  b. 100 parts of polyester fibres (obtained by polycondensation of
      terephthalic acid with dimethylolcyclohexane) are dyed for one hour at
      125.degree. - 130.degree.C under pressure with 1 part of this dyestuff,
      which has beforehand been brought to a finely divided state by means of
      customary auxiliaries, in 3,000 parts of water. A strong, yellow dyeing of
      very good fastness to light and to sublimation is obtained.
PAC  EXAMPLE 7
      ##SPC13##
PAR  a. A solution of 5.7 parts of dihydroxyquinophthalone in 30 parts by volume
      of N-methylpyrrolidone is mixed with 4 parts of chloroformic acid methyl
      ester at room temperature. A mixture of 3 parts of triethylamine in 5
      parts by volume of N-methylpyrrolidone is subsequently added dropwise in 5
      minutes. After stirring for 1/2 an hour at room temperature, the reaction
      mixture is diluted with 30 parts by volume of methanol and filtered off.
      After washing with methanol and water, 5.2 parts of the indicated compound
      are obtained.
PAR  b. 1 part of this dyestuff, which has beforehand been brought to a finely
      divided state in the presence of dispersing agents, is dispersed in 400
      parts of water. 100 parts of polyester fibres (polyethylene terephthatate)
      are dyed for 120 minutes at the boil in the resulting dyebath, in the
      presence of 15 parts of o-cresotic acid methyl ester as a carrier. A clear
      yellow dyeing of very good fastness properties, especially very good
      fastness to light and to sublimation, is obtained.
PAC  EXAMPLE 8
      ##SPC14##
PAR  a. 10 parts of 3,5'-dihydroxy-quinophthalone are dissolved in 80 parts of
      pyridine. After adding 6 parts of triethylamine, the reaction mixture is
      treated with 8 parts of n-octane-sulphochloride. The mixture is stirred
      for 1 hour at room temperature and the resulting dyestuff is separated out
      by adding 100 parts of methanol and 20 parts of water. After filtration,
      and washing with a methanol/water mixture, 10.2 parts of the dyestuff
      indicated above are obtained.
PAR  b. A fabric of polyethylene terephthalate fibres is impregnated at room
      temperature with a clear yellow solution which contains 10 parts of the
      dyestuff according to Example 8a in 990 parts of tetrachloroethylene.
      After squeezing out to a weight increase of 60%, the fabric is dried for
      one minute at 80.degree.C. Thereafter the dyestuff is fixed by heating the
      fabric to 190 -220.degree.C for 45 seconds. The small proportion of
      dyestuff which has not been fixed is subsequently eluted by a brief
      treatment lasting 20 seconds in cold tetrachloroethylene. After drying, a
      clear yellow dyeing is obtained which is distinguished by its high
      dyestuff yield, very good build-up and excellent fastness properties,
      especially very good fastness to thermofixing, washing, rubbing and light.
PAR  Equivalent clear yellow dyeings were also obtained analogously on fabrics
      of
PAR  a. cellulose triacetate,
PAR  b. synthetic polyamides or polyurethanes and
PAR  c. polypropylene fibres; the only difference was that the thermosol
      treatment was carried out
PAR  in the case of (a) at 200.degree. - 220.degree.C,
PAR  in the case of (b) at 170.degree. - 200.degree.C and
PAR  in the case of (c) at 120.degree. - 150.degree.C.
PAR  Equivalent dyeings were also obtained if the 990 parts of
      tetrachloroethylene were replaced by the same amount of one of the
      following solvents: methylene chloride, chloroform, carbon tetrachloride,
      dichloroethane, trichloroethane, trichloroethylene, tetrachloroethane,
      dichloropropane, 1,1,1-trichloropropane, pentachloropropane, chlorobutane,
      dichlorobutane, dichlorohexane, 1,2,2-trifluoro-trichloroethane,
      1,1,1-trifluoro-pentachloropropane and perfluoro-n-hexane.
PAC  EXAMPLE 9
      ##SPC15##
PAR  a. 3.2 parts of 3,5'-dihydroxy-quinophthalone in 40 parts of pyridine are
      heated to the boil with 3 parts of p-methoxybenzoyl chloride for 5
      minutes. The resulting dyestuff is separated out by adding 50 parts of
      methanol and 50 parts of water. After filtration and washing with methanol
      and water, 4.2 parts of the compound indicated, which yields clear yellow
      dyeings of very good fastness properties on polyester materials, are
      obtained.
PAR  b. A fabric of polyester fibres (polyethylene terephthalate) is impregnated
      on a padder with a liquor which per liter contains 20 g of dyestuff of the
      above structure which has beforehand been brought to a finely divided
      state in the presence of dispersing agents. The fabric is squeezed out to
      a weight increase of 70% and is dried at 100.degree.C. Thereafter, in
      order to fix the dyeing, the fabric is treated for 60 seconds with hot air
      at 190.degree. - 220.degree.C, rinsed, washed hot and dried. A strong
      yellow dyeing of very good fastness to light, sublimation and rubbing is
      obtained.
PAC  EXAMPLE 10
      ##SPC16##
PAR  a. 3.5 parts of p-methoxy-benzene-sulphochloride are introduced into a
      mixture of 50 parts of pyridine, 4 parts of triethylamine and 4 parts of
      3,5'-dihydroxy-quinophthalone at room temperature. The reaction mixture is
      stirred for 1 hour at room temperature and the resulting dyestuff is
      precipitated by adding 300 parts of methanol, filtered off and washed with
      methanol and water. 4.3 parts of the indicated compound, which gives clear
      yellow dyeings on polyester materials, are obtained.
PAR  b. 100 parts of polyamide fabric are dyed for 1 hour at 100.degree.C with 1
      part of the dyestuff manufactured in this manner, which has beforehand
      been brought to a finely divided state in accordance with the customary
      methods, in 4,000 parts of water. Thereafter, the fabric is rinsed warm
      and cold and is dried. A yellow dyeing of very good fastness to washing
      and to light is obtained.
PAC  EXAMPLE 11 - 92:
PAR  The 3-hydroxy-4'- or -5'-acyloxy-quinophthalones listed in the table, which
      give yellow dyeings of excellent fastness properties on woven fabrics or
      knitted fabrics of polyester, triacetate, polyamide, polyurethane or
      polyolefine fibres, are obtained according to analogous processes to those
      described in Examples 1 to 10.
      ##SPC17##
TBL  Example                                                                   

             X     n Acyl                                                      

     __________________________________________________________________________

     11   H        --                                                          

                     --SO.sub.2 --CH.sub.3 (4)                                 

     12   H        --                                                          

                     --SO.sub.2 --C.sub.2 H.sub.5 (5)                          

     13   H        --                                                          

                     --SO.sub.2 --C.sub.2 H.sub.4 --Cl(5)                      

     14   H        --                                                          

                     --SO.sub.2 --C.sub.2 H.sub.4 --OCH.sub.3 (5)              

     15   H        --                                                          

                     --SO.sub.2 --(CH.sub.2).sub.3 CH.sub.3 (5)                

     16   H        --                                                          

                     --SO.sub.2 (CH.sub.2).sub.5 --CH.sub.3 (5)                

     17   H        --                                                          

                     --SO.sub.2 --(CH.sub.2).sub.9 CH.sub.3 (5)                

     18   H        --                                                          

     19   H        --                                                          

     20   H        --                                                          

     21   H        --                                                          

     22   5',7'--CH.sub.3                                                      

                   2                                                           

     23   6',8'--Cl                                                            

                   2                                                           

     24   6,8'--Br 2                                                           

     25   6'--Br   1                                                           

     26   5'--C.sub.2 H.sub.5                                                  

                   1                                                           

     27   H        --                                                          

     28   H        --                                                          

     29   H        --                                                          

     30   H        --                                                          

     31   H        --                                                          

     32   H        --                                                          

     33   H        --                                                          

     34   H        --                                                          

     35   H        --                                                          

     36   5'--CH.sub.3 --6'--Cl                                                

                   2                                                           

     37   7'--CH.sub.3                                                         

                   1                                                           

     38   H        --                                                          

                     --SO.sub.2 --N--CH.sub.3 (5)                              

                     .vertline.                                                

                     CH.sub.3                                                  

     39   H        --                                                          

                     --SO.sub.2 --N--C.sub.2 H.sub.5 (5)                       

                     .vertline.                                                

                     C.sub.2 H.sub.5                                           

     40   H        --                                                          

                     --SO.sub.2 --N--C.sub.4 H.sub.9(n) (5)                    

                     .vertline.                                                

                     C.sub.4 H.sub.9(n)                                        

     41   H        --                                                          

                     --CO--C.sub.2 H.sub.5 (5)                                 

     42   5',7'--CH.sub.3                                                      

                   2 --CO--C--(CH.sub.3).sub.3 (5)                             

     43   H        --                                                          

                     --CO--C.sub.3 H.sub.7(n) (5)                              

     44   H        --                                                          

                     --CO--CH--CH.sub.3 (5)                                    

                     .vertline.                                                

                     CH.sub.3                                                  

     45   H        --                                                          

                     --CO--CH.sub.2 --CH--CH.sub.3 (5)                         

                     .vertline.                                                

                     CH.sub.3                                                  

     46   H        --                                                          

                     --CO--CH.sub.2 -- Cl(5)                                   

     47   H        --                                                          

                     --CO--CH.sub.2 --OC.sub.2 H.sub.5 (5)                     

     48   H        --                                                          

     49   H        --                                                          

                     --CO--CH.sub.2 --CN(5)                                    

     50   4'--Br   1 --CO(CH.sub.2).sub.4 --CH.sub.3 (5)                       

                     CH.sub.3                                                  

                     .vertline.                                                

     51   H        --                                                          

                     --CO--CH.sub.2 --C--CH.sub.3 (5)                          

                     .vertline.                                                

                     CH.sub.3                                                  

                     C.sub.2 H.sub.5                                           

     52   H        --                                                          

                     --CO--CH.angle.(5)                                        

                     C.sub.4 H.sub.9                                           

     53   H        --                                                          

                     --CO--(CH.sub.2).sub.9 --CH.sub.3 (5)                     

     54   H        --                                                          

                     --CO--(CH.sub.2).sub.16 --CH.sub.3 (5)                    

     55   H        --                                                          

     56   H        --                                                          

     57   H        --                                                          

     58   H        --                                                          

     59   H        --                                                          

     60   H        --                                                          

     61   5',7'--CH.sub.3                                                      

                   2                                                           

     62   H        --                                                          

     63   H        --                                                          

     64   H        --                                                          

     65   H        --                                                          

     66   H        --                                                          

     67   H        --                                                          

     68   H        --                                                          

     69   H        --                                                          

     70   H        --                                                          

     71   H        --                                                          

     72   H        --                                                          

     73   H        --                                                          

     74   H        --                                                          

     75   H        --                                                          

                     --COOC.sub.2 H.sub.5 (5)                                  

     76   H        --                                                          

                     --COOC.sub.3 H.sub.7(n) (5)                               

     77   H        --                                                          

                     --COOC.sub.4 H.sub.9(n) (5)                               

     78   H        --                                                          

     79   H        --                                                          

     80   H        --                                                          

     81   H        --                                                          

     82   H        --                                                          

     83   H        --                                                          

     84   H        --                                                          

     85   H        --                                                          

                     --CO--CH.sub.2 --NHC.sub.2 H.sub.5 (5)                    

     86   H        --                                                          

                     --CO--CH.sub.2 --NH--C.sub.3 H.sub.6 OCH.sub.3 (5)        

     87   H        --                                                          

     88   H        --                                                          

     89   H        --                                                          

     90   H        --                                                          

                     --SO.sub.2 --C.sub.2 H.sub.4 --OC.sub.2 H.sub.5 (5)       

     91   H        --                                                          

                     --SO.sub.2 --C.sub.2 H.sub.4 --OC.sub.4 H.sub.9(n) (5)    

     92   H        --                                                          

     __________________________________________________________________________

PAC  EXAMPLE 93
      ##SPC18##
PAR  a. 5 parts of 3,5'-dihydroxyquinophthalone are dissolved in 50 parts of
      concentrated sulphuric acid. 2.7 parts of bromine are added dropwise over
      the course of 1/2 hour at room temperature, after which the reaction
      mixture is stirred for 2 hours at the same temperature. The reaction
      mixture is added to 300 parts of ice water, and the precipitate is
      filtered off, washed with dilute bisulphite solution and water and dried.
      5.1 parts of a brominated dihydroxyquinophthalone which contains approx.
      1.8 atoms of bromine per molecule are obtained.
PAR  b. 4.7 parts of the bromination product obtained according to Example 93a
      are introduced into 40 parts of pyridine and 4 parts of triethylamine and
      warmed to 60.degree.C. 4 parts of methane-sulphochloride are added and the
      reaction mixture is stirred for a further 10 minutes, cooled and treated
      with 60 parts of methanol and 10 parts of water. The dyestuff which has
      separated out is filtered off and washed with methanol and water. 4.6
      parts of a compound which contains 1.3 atoms of bromine per molecule and
      dyes polyester materials in yellow shades having good fastness properties
      are obtained.
PAR  c. If 3 parts of benzoyl chloride are added to a mixture of 4 parts of the
      quinophthalone manufactured according to Example 93a and 30 parts of
      pyridine and the mixture is warmed to 60.degree.C for approx. 5 minutes
      and then worked up in the manner described earlier, 4.1 parts of a
      brominated benzoyloxyhydroxy-quinophthalone are obtained, which contains
      1.5 atoms of bromine per molecule and also dyes polyester materials in a
      yellow colour.
PAC  EXAMPLE 94
      ##SPC19##
PAR  a. 5 parts of 3-hydroxy-5'-benzenesulphonyloxy-quinophthalone, manufactured
      according to Example 1a, are suspended in 200 parts of glacial acetic acid
      and 4.5 parts of bromine are added. The reaction mixture is stirred for 15
      hours at room temperature and is subsequently filtered. The residue is
      washed with bisulphite solution and water and is dried. 5.5 parts of the
      indicated dyestuff, containing 15.0% of bromine, are obtained.
PAR  b. If the analogous bromination is carried out in 60 parts of
      dichlorotoluene with 1.8 parts of bromine at room temperature in approx.
      7-8 hours, working up as described under 94a yields the same dyestuff,
      containing 14.3% of bromine.
PAR  c. A dyebath is prepared with 1 part of the above dyestuff, which has
      beforehand been brought to a finely divided state using the auxiliaries
      customary for this purpose, 6 parts of fatty alcohol sulphonate and 3,000
      parts of water, and 100 parts of cellulose triacetate fibres are dyed in
      this bath for 1 hour at 100.degree.C. A yellow dyeing of very good
      fastness to washing, thermofixing and light is obtained.
CLMS
STM  We claim:
NUM  1.
PAR  1. Quinophthalone dyestuff of the formula
      ##SPC20##
PAL  in which
PA1  Ac is phenylsulphonyl or phenylsulphonyl mono-or di-substituted by halogen,
      C.sub.1 -C.sub.4 -alkyl, C.sub.1 -C.sub.4 -alkoxy, nitro, or
      methylmercapto, provided that in the case of disubstituted nitro or
      disubstituted tertiary-butyl, the substituents will be on nonadjacent
      carbon atoms;
PA1  X is chlorine, bromine, or C.sub.1 -C.sub.4 -alkyl; and
PA1  m is 0, 1, or 2;
PAL  provided that when X is tertiary-butyl and m is 2 the tertiary-butyls are
      on nonadjacent carbon atoms.
NUM  2.
PAR  2. Quinophthalone dyestuff according to claim 1 of the formula
      ##SPC21##
NUM  3.
PAR  3. Quinophthalone dyestuff according to claim 1 of the formula
      ##SPC22##
PATN
WKU  039324206
SRC  5
APN  4445546
APT  1
ART  122
APD  19740221
TTL  Process for the preparation of glaziovine
ISD  19760113
NCL  9
ECL  1
EXA  Springer; D. B.
EXP  Daus; Donald G.
INVT
NAM  Warnant; Julien
CTY  Neuilly-sur-Seine
CNT  FR
INVT
NAM  Farcilli; Andre
CTY  Rosny-sous-Bois
CNT  FR
INVT
NAM  Medici; Italo
CTY  Bondy
CNT  FR
INVT
NAM  Toromanoff; Edmond
CTY  Paris
CNT  FR
ASSG
NAM  Roussel-UCLAF
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19730228
APN  73.07169
CLAS
OCL  260289A
EDF  2
ICL  C07D21712
FSC  260
FSS  289 C;289 A
OREF
PAL  kametani et al. J. Chem. Soc. (C) pp. 2182-2184 (1967).
PAL  Ishiwata et al. Chem. Pharm. Bull., 17 (6),  pp. 1298-1299 (1969).
LREP
FRM  Bacon & Thomas
ABST
PAL  Process for the preparation of glaziovine by treating N-methyl
      bromococlaurine in an inert organic solvent with a tin hydride
      tri-substituted with organic radicals in the presence of a free radical
      promoter.
BSUM
PAR  The present invention concerns a new process for the preparation of
      glaziovine.
PAR  Glaziovine is an alkaloid that is extracted from the plants of the genus
      Ocotea and more particularly of Ocotea Glaziovii and possesses very
      interesting pharmacological properties which justifies its utilization in
      therapeutics. It is therefore advantageous to be able to prepare this
      alkaloid by a synthetic method of preparation.
PAR  But the very special tetracyclic structure of glaziovine renders the
      synthesis difficult. Moreover, this structure containing a spirodienone
      ring is not very stable in certain media and the methods of preparation
      actually known, both by the nature of the reactions employed and yields
      obtained, are of little interest on an industrial level.
PAR  There is thus described in J. Chem. Soc., 1967, C, 2182, the conversion of
      N-methyl coclaurine to glaziovine by the action of potassium ferricyanide
      with a yield of the order of 1%, and in J. Chem. Soc., 1971, C, 3818, the
      transformation of N-methyl bromococlaurine to glaziovine by irradiation in
      an alkaline medium with a yield of the order of 10%.
PAR  This latter method presents, moreover, the inconvenience on an industrial
      scale of consuming considerable irradiation energy and requiring
      afterwards a dissipation of this energy so as to maintain the reaction
      medium at a suitable temperature.
PAR  The new process for the preparation of glaziovine, which is the object of
      the present invention, avoids the disadvantages above. The present
      process, utilizing simple and easily prepared reagents, is able to be
      easily converted to an industrial scale and gives interesting yields. The
      process according to the invention comprises treating N-methyl
      bromococlaurine of the formula:
      ##SPC1##
PAL  With a tin hydride tri-substituted by organic radicals, in the presence of
      a free radical promoter in an organic solvent or in a mixture of organic
      solvents, followed by isolation of the desired glaziovine having the
      formula:
      ##SPC2##
PAR  The tri-organosubstituted tin hydride is preferably the hydride of
      (tri-n-butyl)tin. One can equally use other hydrides of tin, such as the
      other trialkyl tin hydrides or the triaryl tin hydrides, as for example
      the triethyl tin hydride or triphenyl tin hydride.
PAR  Of the free radical initiators that can be used, lauroyl peroxide is
      preferred, but other organic peroxides can be used, such as benzoyl
      peroxide, stearoyl peroxide, or cyclohexanecarbonyl peroxide.
PAR  The organic solvent utilized is preferably benzene, but other organic
      solvents can be used such as, for example, toluene, tetrahydrofuran,
      cyclohexane, methanol, ethanol, ethyl acetate, acetone, chlorobenzene,
      pyridine, methylene chloride, or a mixture containing two or more of these
      solvents.
PAR  One can see that the above process calls for simple reactants and does not
      require specialized apparatus. Moreover, it permits the obtainment of
      glaziovine with higher yields than the known processes. It will be seen
      below in the example which illustrates the process that the yield is of
      the order of 18%. The recovery of the unreacted N-methyl bromococlaurine
      permits the realization of a yield of 26%.
PAC  PREPARATION OF GLAZIOVINE
PAR  A suspension of 3 grams of N-methyl bromococlaurine and 2.37 grams of
      (tri-n-butyl)tin hydride in 100 cc of benzene is brought to reflux. A
      solution of 3 grams of lauroyl peroxide in 50 cc of benzene is added over
      the course of an hour and the mixture refluxed for 1 hour after the end of
      the addition. The benzene is evaporated under vacuum and the residue that
      is obtained is dissolved in a mixture of ethyl acetate-methanol (7:3 v/v).
      The solution thus obtained is chromatographed on silica gel to give two
      fractions, A (3.2 g) and B (1.2 g). Thin layer chromatography shows that
      fraction A is rich in starting material and fraction B is rich in the
      expected glaziovine.
PAR  Fraction A is taken up in 10 cc of chloroform and acidified with N
      hydrochloric acid. The aqueous phase is neutralized with ammonia, causing
      crystals to precipitate, which are filtered, washed, and dried. There is
      thus recovered 960 mg of N-methyl bromococlaurine melting at
      170.degree.-180.degree. C.
PAR  Fraction B is chromatographed on alumina in chloroform. The product that is
      obtained is crystallized by trituration with ether, giving 416 mg (17.6%)
      of glaziovine, being a yield of 26%, taking into account the recovered
      starting material. Melting point 225.degree. C. Analysis:
     (C.sub.18 H.sub.19 NO.sub.3)                                              

     Calculated:                                                               

               C%    72.71;   H%  6.44;  N%  4.71                              

     Found:          72.6         6.5        4.5                               

     UV spectrum (ethanol)                                                     

     Max. = 234 nm        .xi. = 26600                                         

           290 nm         .xi. = 3560                                          

           (ethanol --                                                         

           NOAH                                                                

           0.1 N)                                                              

     Max. = 308 nm        .xi. = 5400                                          

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of glaziovine comprising the steps of:
PA1  a. treating N-methyl bromococlaurine of the formula: in an inert organic
      solvent with a tri-lower alkyl or triphenyl tin hydride, in the presence
      of a free radical promoter selected from the group consisting of lauroyl
      peroxide, benzoyl peroxide, stearoyl peroxide, and cyclohexanecarbonyl
      peroxide, and
PA1  b. isolating the desired glaziovine.
NUM  2.
PAR  2. The process of claim 1 wherein the hydride of tin is (tri-n-butyl)tin
      hydride.
NUM  3.
PAR  3. The process of claim 1 wherein the free radical promoter is lauroyl
      peroxide.
NUM  4.
PAR  4. The process of claim 1 wherein the inert organic solvent is benzene.
NUM  5.
PAR  5. The process of claim 1, wherein the hydride of tin is triphenyl tin
      hydride.
NUM  6.
PAR  6. The process of claim 1, wherein the hydride of tin is triethyl tin
      hydride.
NUM  7.
PAR  7. The process of claim 1, wherein the inert organic solvent is selected
      from the group consisting of toluene, tetrahydrofuran, cyclohexane,
      methanol, ethanol, ethyl acetate, acetone, chlorobenzene, pyridine,
      methylene chloride, or mixtures thereof.
NUM  8.
PAR  8. The process of claim 1, wherein the inert organic solvent is at reflux
      in the presence of the tin hydride and free radical promoter.
NUM  9.
PAR  9. A process for the preparation of glaziovine comprising the steps of:
PA1  a. treating N-methyl bromococlaurine in benzene with (tri-n-butyl)tin
      hydride in the presence of lauroyl peroxide and
PA1  b. isolating the glaziovine.
PATN
WKU  039324214
SRC  5
APN  1595482
APT  1
ART  121
APD  19710702
TTL  Process for producing alkylpyridines
ISD  19760113
NCL  12
ECL  1
EXP  Moatz; Harry I.
INVT
NAM  Minato; Yoshizo
CTY  Nishinomiya
CNT  JA
INVT
NAM  Yasuda; Shinichi
CTY  Otsu
CNT  JA
ASSG
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CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19670713
APN  42-45158
RLAP
COD  72
APN  743023
APD  19680708
PSC  03
CLAS
OCL  260290P
XCL  252435
EDF  2
ICL  C07C21310
FSC  260
FSS  290
UREF
PNO  2523580
ISD  19500900
NAM  Mahan
OCL  260290
UREF
PNO  3381011
ISD  19680400
NAM  Hall
OCL  260290
UREF
PNO  3433792
ISD  19690300
NAM  Adams et al.
OCL  260290
FREF
PNO  641,331
ISD  19620500
CNT  CA
OCL  260290
FREF
PNO  742,643
ISD  19551200
CNT  UK
OCL  260290
FREF
PNO  758,076
ISD  19560900
CNT  UK
OCL  260290
OREF
PAL  Adams et al., I, Brennstoff Chemie, Vol. 47, pp. 184-187, (1966).
PAL  Tschitschibabin, J. Prakt. Chemie, Vol. 107, pp. 122-128, (1924).
LREP
FRM  Stevens, Davis, Miller & Mosher
ABST
PAL  Alkylpyridines such as 2-picoline and 4-picoline are prepared by contacting
      acetaldehyde and ammonia in a gaseous phase with a phosphate of two metals
      such as cobalt magnesium phosphate, cobalt aluminum phosphate or lead
      aluminum phosphate, impregnated with an aqueous solution of phosphoric
      acid or ammonium phosphate, as a catalyst, at a temperature of 350.degree.
      to 500.degree.C and a space velocity of 200 to 2,000 Hr.sup.-.sup.1.
      Silica-alumina and a promoter can be added to the catalyst. The
      impregnated catalyst has a higher catalytic activity and holds the initial
      high activity even after a considerable number of regeneration.
PARN
PAR  This is a continuation-in-part application of Pat. application Ser. No.
      743,023 filed on July 8, 1968 and now abandoned.
BSUM
PAR  This invention relates to a process for producing alkylpyridine bases by
      gaseous phase catalytic reaction of acetaldehyde with ammonia by using a
      novel catalyst, and more particularly to a process for producing
      alkylpyridine bases from acetaldehyde and ammonia by gaseous phase
      catalystic reaction, which comprises reacting the acetaldehyde with the
      ammonia in the presence of a catalyst prepared by impregnating a phosphate
      of two metals such as cobalt aluminum phosphate, cobalt magnesium
      phosphate and lead aluminum phosphate with an aqueous solution of
      phosphoric acid or ammonium phosphate thereby to selectively obtain
      2-picoline in preference to 4-picoline.
PAR  Many processes have been so far proposed for producing 2-picoline and
      4-picoline from acetaldehyde and ammonia in a gaseous phase over a
      catalyst having an ability to effect dehydration and dehydrogenation.
      Their reaction mechanism is generally given below:
EQU  2CH.sub.3 CHO .fwdarw. CH.sub.3 CH = CHCHO + H.sub.2 O     (1)
      ##EQU1##
PAR  According to the above formulae, formation of 2-picoline or 4-picoline from
      acetaldehyde and ammonia depends upon whether NH.sub.3 is combined with
      the unsaturated carbon at the .beta.-position or with the carbon of the
      aldehyde radical.
PAR  The conventional catalyst used in the prior art process for producing
      2-picoline and 4-picoline has produced 2-picoline and 4-picoline in almost
      equal proportion. For example, according to almost all the examples of
      Japanese Pat. No. 8356/65, the ratio of formation of 2-picoline to
      4-picoline by mole is 1.2 on average and only 1.6 at a maximum.
PAR  According to "Synthesis of .alpha.- and .gamma.-picolines by gaseous phase
      catalytic reaction of paraaldehyde with ammonia, Report No. 2" (Bulletin
      of Government Chemical Industrial Research Institute, Tokyo, 58th Report,
      No. 10, pages 453 - 454), the ratio of formation of 2-picoline to
      4-picoline by mole is 0.8 to 1.07.
PAR  However, a demand for 2-picoline as a tyrecord adhesive, herbicide,
      fertilizer additive and raw material for medicines for domestic animal has
      been recently vigorously increased, whereas a demand for 4-picoline has
      been limited only to a narrow market as medicine. Therefore, the
      conventional processes for producing 2-picoline and 4-picoline in almost
      equal amounts have failed to meet the market demand. That is to say, a
      process or catalyst capable of producing 2-picoline selectively in high
      yield has been so far desired.
PAR  An object of the present invention is to provide a catalyst capable of
      producing 2-picoline selectively in the gaseous phase catalytic reaction
      of acetaldehyde and ammonia.
PAR  According to the present invention, 2-picoline can be selectively produced
      from acetaldehyde and ammonia at a ratio of formation of 2-picoline to
      4-picoline of about 4 - 5 : 1 by mole, when a phosphate of two metals such
      as cobalt aluminum phosphate, cobalt magnesium phosphate and lead aluminum
      phosphate impregnated with an aqueous solution of phosphoric acid or
      ammonium phosphate is used as a catalyst.
PAR  Further, according to the present invention, 2-picoline can be produced in
      higher yield, for example, at a ratio of formation of 2-picoline to
      4-picoline of 1 - 5 : 1 by mole in correspondence to a mixing ratio when
      the phosphate of two metals impregnated with the aqueous solution of
      phosphoric acid or ammonium phosphate is mixed with silica-alumina and
      used as a catalyst.
PAR  Furthermore, by admixing the silica-alumina with a promoter, the yield can
      be much improved, as compared with the case where the mixture of the
      phosphate of two metals only with the silica-alumina is used.
PAR  In the present invention, the impregnation of the phosphate of two metals
      with the aqueous solution of phosphoric acid or ammonium phosphate has a
      remarkable effect upon an increase in the catalytic activity and
      maintenance of the initial catalytic activity, and furthermore can shorten
      a regeneration time for reactivating the catalytic activity.
PAR  On the other hand, when the phosphate of two metals is not impregnated with
      the aqueous solution of phosphoric acid or ammonium phosphate, the yield
      is low even at the initial stage of the reaction, and the yield is
      considerably lowered by repetitions of the reaction and regeneration. The
      regeneration time for the catalyst is also prolonged.
PAR  For example, Table A shows the yields obtained by 10 repetitions of the
      reaction and regeneration by using the phosphate of two metals having a
      composition of Co.sub.3 Al.sub.3 (PO.sub.4).sub.5 without the impregnation
      with the aqueous solution of phosphoric acid or ammonium phosphate as a
      catalyst. It is shown that the first yield is 64.7 %, whereas the yields
      are gradually decreased with the repetitions of reaction and regeneration
      and finally the tenth yield is considerably lowered to 43.3 %.
TBL                                    Table A                                 

     __________________________________________________________________________

                Reaction Run                                                   

     Products   1st   wnd   3rd   4th   5th   10th                             

     __________________________________________________________________________

     pyridine   2.4 % 2.1 % 1.6 % 1.5 % 1.2 % 0.8 %                            

     2-picoline 42.8  40.3  37.8  36.2  34.3  30.2                             

     4-picoline 8.9   8.5   8.0   7.6   7.1   6.3                              

     2-methyl-3-ethyl                                                          

      pyridine  4.5   4.1   3.7   3.2   2.9   2.1                              

     2-methyl-5-ethyl                                                          

      pyridine  6.1   5.9   5.4   5.2   4.8   3.9                              

     Overall yield                                                             

                64.7 %                                                         

                      60.9 %                                                   

                            56.5 %                                             

                                  53.7 %                                       

                                        50.3 %                                 

                                              43.3 %                           

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                4.8   4.75  4.75  4.8   4.8   4.8                              

     Regeneration time                                                         

      (hr)      4.0   4.5   4.5   4.5   4.5   4.5                              

     __________________________________________________________________________

PAR  On the other hand, Table B shows the yields obtained by 20 repetitions of
      reaction and regeneration by using a catalyst prepared by impregnating 500
      g of Co.sub.3 Al.sub.3 (PO.sub.4).sub.5 with 350 g of an aqueous solution
      of 8 % by weight of phosphoric acid. It is shown that the first yield is
      68.6 %, and the initial catalytic activity is higher, as compared with
      that of the catalyst without the impregnation with the aqueous phosphoric
      acid solution. It is seen that, even by 20 repetitions of reaction and
      regeneration, the yield can be kept at 68.4 % and the initial catalytic
      activity can be maintained.
TBL                                    Table B                                 

     __________________________________________________________________________

                Reaction Run                                                   

     Products   1st   2nd   3rd   7th   12th  20th                             

     __________________________________________________________________________

     pyridine   2.6 % 2.3 % 2.8 % 2.7 % 2.3 % 2.5 %                            

     2-picoline 45.5  45.1  45.3  45.6  45.2  45.4                             

     4-picoline 9.5   9.1   9.3   8.8   9.3   9.3                              

     2-methyl-3-ethyl                                                          

      pyridine  4.9   5.1   4.6   5.0   4.7   4.9                              

     2-methyl-5-ethyl                                                          

      pyridine  6.3   6.5   6.2   6.7   6.3   6.3                              

     Overall yield                                                             

                68.6 %                                                         

                      68.1 %                                                   

                            68.2 %                                             

                                  68.8 %                                       

                                        67.8 %                                 

                                              68.4 %                           

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                4.8   4.95  4.9   5.2   4.85  4.85                             

     Regeneration time                                                         

      (hr)      2.5   3.0   3.0   3.0   3.0   3.0                              

     __________________________________________________________________________

PAR  In carrying out the present invention, it is preferable to impregnate
      phosphate of two metals with an aqueous solution of 1 to 30 % by weight of
      phosphoric acid or ammonium phosphate on the basis of the phosphate of two
      metals. Further, it is preferable to use an aqueous solution of 1 to 25 %
      by weight of phosphoric acid or 1 to 35 % by weight of ammonium phosphate
      as the impregnating solution.
PAR  As the ammonium phosphate, any of monoammonium dihydrogenphosphate,
      di-ammonium monohydrogenphosphate and triammonium phosphate can be used in
      the present invention.
PAR  In carrying out the present invention, Co.sub.3 Al(PO.sub.4).sub.3,
      Co.sub.3 Al.sub.2 (PO.sub.4).sub.4, Co.sub.3 Al.sub.3 (PO.sub.4).sub.5,
      Co.sub.3 Al.sub.5 (PO.sub.4).sub.7, etc. can be used as cobalt aluminum
      phosphate; Co.sub.3 Mg.sub.3 (PO.sub.4).sub.5 can be used as cobalt
      magnesium phosphate; Pb.sub.3 Al.sub.5 (PO.sub.4).sub.7 can be used as
      lead aluminum phosphate. In any case, good results can be obtained.
PAR  When the phosphate of two metals is admixed with silica-alumina to control
      the ratio of formation of 2-picoline to 4-picoline, the yield can be
      improved by adding at least one of promoters such as lead oxide, cadmium
      oxide, lead fluoride, manganese fluoride and bismuth fluoride to the
      silica-alumina.
PAR  In carrying out the present invention, it is desirable to react
      acetaldehyde with ammonia in a gaseous state at a molar ratio of
      acetaldehyde to ammonia of 1 : 0.3 - 3 in the presence of said catalyst at
      a reaction temperature of 350.degree. to 500.degree.C and a space velocity
      (S.V.) of 200 to 2000 hr.sup.+.sup.1. It is desirable to contact
      acetaldehyde with ammonia at least at 200.degree.C.
PAR  Any of a fixed bed, fluidized bed or moving bed type can be employed to
      carry out the present invention. The reaction can be effected under any
      desired pressure.
PAR  Now, the present invention will be explained in detail, referring to the
      examples. The yields used in the present specification are defined by the
      following formula:
      ##EQU2##
DETD
PAC  EXAMPLE 1
PAR  4,800 g of an aqueous solution containing 4.8 moles of diammonium
      monohydrogenphosphate and 8,800 g of an aqueous solution containing 3
      moles of cobalt nitrate and 2 moles of aluminum nitrate were mixed
      instantaneously at a temperature of 45.degree.C, whereby a phosphate of
      two metals having a composition of Co.sub.3 Al.sub.2 (PO.sub.4).sub.4 was
      precipitated. After the solution was neutralized with ammonia water, the
      precipitates were thoroughly washed with water and dried. 500 g of the
      thus dried precipitates were impregnated with 300 g of an aqueous solution
      of 3 % by weight of phosphoric acid, dried and molded to pellets having
      diameters of 3 mm. 500 cc of the thus prepared pellets was packed in a
      reactor of stainless steel having an inner diameter of 20 mm and a height
      of 3000 mm as a catalyst.
PAR  350 g/hr of acetaldehyde and 140 g/hr of ammonia, which were preheated
      separately to 400.degree.C, were mixed, and the resulting mixture was
      passed through the reactor for 3 hours, while keeping the reactor at a
      temperature of 450.degree.C.
PAR  The reaction liquid was cooled and sufficiently dehydrated with flaky
      caustic soda, and fractionated in a distilling column. After the
      completion of the reaction, N.sub.2 gas was passed through the reactor to
      flush the reactor with N.sub.2 gas sufficiently, and then a gas mixture of
      air and steam was passed through the reactor. Carbonaceous materials
      deposited on the catalyst during the reaction was combusted at a
      temperature of 500.degree. to 520.degree.C to regenerate the activity of
      the catalyst. The yields and the ratios of formation of 2-picoline to
      4-picoline when the reactions and regenerations were repeated five times
      are shown in Table 1.
PAR  For comparison, the results obtained when the powders of Co.sub.3 Al.sub.2
      (PO.sub.4).sub.4 without any impregnation with the aqueous phosphoric acid
      solution was used as the catalyst are shown in Table 2.
TBL                                    Table 1                                 

     __________________________________________________________________________

                Reaction Run                                                   

     Yield      1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   3.5 % 2.9 % 3.1 % 3.0 % 3.8 %                                  

     2-picoline 40.6 "                                                         

                      43.7 "                                                   

                            43.9 "                                             

                                  43.7 "                                       

                                        42.6 %                                 

     4-picoline 9.6 " 9.9 " 9.9 " 9.7 " 9.5 "                                  

     2-methyl-3-ethyl-                                                         

      pyridine  3.7 " 4.2 " 4.5 " 4.5 " 4.1 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  7.8 " 7.3 " 7.4 " 7.8 " 7.2 "                                  

     Overall yield                                                             

                65.2 %                                                         

                      68.0 %                                                   

                            68.8 %                                             

                                  68.7 %                                       

                                        67.2 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                4.24  4.4   4.4   4.5   4.5                                    

     Regeneration time                                                         

      (hr)      3.0   3.5   3.5   3.5   3.5                                    

     __________________________________________________________________________

TBL                                    Table 2                                 

     __________________________________________________________________________

                Reaction Run                                                   

     Yield      1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   2.8 % 2.3 % 2.2 % 1.6 % 1.2 %                                  

     2-picoline 40.0 "                                                         

                      39.6 "                                                   

                            38.3 "                                             

                                  37.1 "                                       

                                        36.6 "                                 

     4-picoline 9.3 " 9.0 " 8.8 " 8.3 " 8.1 "                                  

     2-methyl-3-ethyl-                                                         

      pyridine  3.5 " 3.3 " 2.9 " 2.8 " 2.2 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  6.6 " 6.7 " 6.0 " 5.7 " 5.1 "                                  

     Overall yield                                                             

                62.2 %                                                         

                      60.9 %                                                   

                            58.2 %                                             

                                  55.5 %                                       

                                        53.2 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                4.3   4.5   4.35  4.45  4.5                                    

     Regeneration time                                                         

      (hr)      4.0   4.5   4.5   4.5   4.5                                    

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  Co.sub.3 Mg.sub.3 (PO.sub.4).sub.4 was prepared from 4,800 g of an aqueous
      solution containing 4.8 moles of diammonium monohydrogenphosphate and
      8,800 g of an aqueous solution containing 3 moles of cobalt nitrate and 3
      moles of magnesium nitrate in the same manner as in Example 1, and
      thoroughly washed with water and dried. 500 g of the thus dried Co.sub.3
      Mg.sub.3 (PO.sub.4).sub.4 was impregnated with 600 g of an aqueous
      solution of 10 % by weight of monoammonium dihydrogenphosphate, dried and
      molded to pellets having diameters of 3 mm. 500 cc of the thus prepared
      pellets was packed in a reactor tube as a catalyst, and the reactions and
      regenerations were repeated 5  times under the same reaction and
      regeneration conditions as in Example 1. The yields and ratios of
      formation of 2-picoline to 4-picoline are shown in Table 3.
PAR  For comparison, the results obtained when the Co.sub.3 Mg.sub.3
      (PO.sub.4).sub.4 without any impregnation with the aqueous solution of
      monoammonium dihydrogenphosphate was used as a catalyst are shown in Table
      4.
TBL                                    Table 3                                 

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   2.5 % 2.3 % 2.7 % 2.4 % 2.6 %                                  

     2-picoline 44.3 "                                                         

                      44.1 "                                                   

                            43.9 "                                             

                                  44.6 "                                       

                                        44.0 "                                 

     4-picoline 9.2 " 9.4 " 9.0 " 9.1 " 9.2 "                                  

     2-methyl-3-ethyl-                                                         

      pyridine  4.9 " 4.6 " 4.8 " 5.2 " 4.7 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  8.0 " 7.6 " 7.7 " 7.1 " 7.8 "                                  

     Overall yield                                                             

                68.9 %                                                         

                      68.0 %                                                   

                            68.1 %                                             

                                  68.4 %                                       

                                        68.3 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                4.8   4.7   4.9   4.9   4.8                                    

     Regeneration time                                                         

      (hr)      3     3.5   3     3.5   3.5                                    

     __________________________________________________________________________

TBL                                    Table 4                                 

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   2.3 % 2.0 % 1.6 % 1.3 % 1.1 %                                  

     2-picoline 42.8 "                                                         

                      39.8 "                                                   

                            37.2 "                                             

                                  35.6 "                                       

                                        33.3 "                                 

     4-picoline 8.9 " 8.3 " 7.8 " 7.4 " 6.9 "                                  

     2-methyl-3-ethyl-                                                         

      pyridine  4.5 " 3.9 " 3.4 " 2.9 " 2.7 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  8.1 " 7.1 " 6.6 " 5.9 " 5.3 "                                  

     Overall yield                                                             

                66.6 %                                                         

                      61.1 %                                                   

                            56.6 %                                             

                                  53.1 %                                       

                                        49.3 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                4.8   4.9   4.8   4.8   4.8                                    

     Regeneration time                                                         

      (hr)      4     4.5   4.5   4.5   4.5                                    

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  Co.sub.3 Al.sub.3 (PO.sub.4).sub.5 was prepared from 3,000 g of an aqueous
      solution containing 5.5 moles of diammonium monohydrogenphosphate and
      8,800 g of an aqueous solution containing 3 moles of cobalt nitrate and 3
      moles of aluminum nitrate in the same manner as in Example 1, thoroughly
      washed with water and dried. 500 g of the thus dried Co.sub.3 Al.sub.3
      (PO.sub.4).sub.5 was impregnated with 550 g of an aqueous solution
      containing 8 % by weight of phosphoric acid, dried and molded to pellets
      having diameters of 3 mm. 500 cc of the thus prepared pellets was packed
      in a reactor tube of stainless steel having an inner diameter of 20 mm and
      height of 3,000 mm as a catalyst, and reactions and regenerations were
      repeated 5 times under the same reaction and regeneration conditions as in
      Example 1. The yields and the ratios of formation of 2-picoline to
      4-picoline are shown in Table 5.
PAR  For comparison, the results obtained when the Co.sub.3 Al.sub.3
      (PO.sub.4).sub.5 without any impregnation with the aqueous phosphoric acid
      solution was used as a catalyst are shown in Table 6.
TBL                                    Table                                   

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   2.6 % 2.3 % 2.8 % 2.7 % 2.1 %                                  

     2-picoline 45.5 "                                                         

                      45.1 "                                                   

                            45.3 "                                             

                                  45.4 "                                       

                                        45.0 "                                 

     4-picoline 9.5 " 9.1 " 9.3 " 8.9 " 9.4 "                                  

     2-methyl-3-ethyl-                                                         

      pyridine  4.9 " 5.1 " 4.6 " 4.9 " 4.1 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  6.3 " 6.5 " 6.2 " 6.7 " 7.1 "                                  

     Overall yield                                                             

                68.8 %                                                         

                      68.1 %                                                   

                            68.2 %                                             

                                  68.6 %                                       

                                        67.7 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                4.8   4.95  4.9   5.1   4.8                                    

     Regeneration time                                                         

      (hr)      2.5   3.0   3.0   3.5   3.5                                    

     __________________________________________________________________________

TBL                                    Table 6                                 

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   2.4 % 2.1 % 1.6 % 1.5 % 1.2 %                                  

     2-picoline 42.8 "                                                         

                      40.3 "                                                   

                            37.8 "                                             

                                  36.2 "                                       

                                        34.3 "                                 

     4-picoline 8.9 " 8.5 " 8.0 " 7.6 " 7.1 "                                  

     2-methyl-3-ethyl-                                                         

      pyridine  4.5 " 4.1 " 3.7 " 3.2 " 2.9 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  6.1 " 5.9 " 5.4 " 5.2 " 4.8 "                                  

     Overall yield                                                             

                64.7 %                                                         

                      60.9 %                                                   

                            56.5% 53.7 %                                       

                                        50.3 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                4.8   4.75  4.75  4.8   4.8                                    

     Regeneration time                                                         

      (hr)      4     4.5   4.5   4.5   4.5                                    

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  Pb.sub.3 Al.sub.5 (PO.sub.4).sub.7 was prepared from 12,000 g of an aqueous
      solution containing 8.4 moles of diammonium monohydrogenphosphate and
      5,000 g of 3 moles of lead acetate and 5 moles of aluminum nitrate in the
      same manner as in Example 1, washed with water and dried. 500 g of the
      thus dried powders of Pb.sub.3 Al.sub.5 (PO.sub.4).sub.7 was impregnated
      with 800 g of an aquoues solution containing 12 % by weight of triammonium
      phosphate, dried and molded to pellets having diameters of 3 mm. 500 cc of
      the thus prepared pellets was packed in a reactor tube of stainless steel
      having an inner diameter of 20 mm and height of 3,000 mm, and reactions
      and regenerations were repeated 7 times under the same reaction and
      regeneration conditions as in Example 1. The yields and ratios of
      formation of 2-picoline to 4-picoline are shown in Table 7.
PAR  For comparison, the results obtained when the Pb.sub.3 Al.sub.5
      (PO.sub.4).sub.7 without any impregnation with the aqueous triammonium
      phosphate solution was used as a catalyst are shown in Table 8.
TBL                                    Table 7                                 

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th   7th                              

     __________________________________________________________________________

     pyridine   3.0 % 2.6 % 2.6 % 2.3 % 2.0 % 2.7 %                            

     2-picoline 42.9 "                                                         

                      42.7 "                                                   

                            42.2 "                                             

                                  42.4 "                                       

                                        42.6 "                                 

                                              41.9 "                           

     4-picoliine                                                               

                8.4 " 8.3 " 8.6 " 8.4 " 8.6 " 8.7 "                            

     2-methyl-3-ethyl-                                                         

      pyridine  5.0 " 5.2 " 5.4 " 5.5 " 5.3 " 5.7 "                            

     2-methyl-5-ethyl-                                                         

      pyridine  7.2 " 7.6 " 7.3 " 7.5 " 7.1 " 7.5 "                            

     Overall yield                                                             

                66.5 %                                                         

                      66.4 %                                                   

                            66.1 %                                             

                                  66.1 %                                       

                                        66.2 %                                 

                                              66.5 %                           

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                5.1   5.15  4.9   5.05  4.95  4.8                              

     Regeneration time                                                         

      (hr)      3.5   4.0   4.0   4.0   4.0   4.0                              

     __________________________________________________________________________

TBL                                    Table 8                                 

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   2.4 % 2.1 % 1.5 % 1.1 % 0.7 %                                  

     2-picoline 41.2 "                                                         

                      39.6 "                                                   

                            38.1 "                                             

                                  35.3 "                                       

                                        33.2 "                                 

     4-picoline 7.9 " 7.2 " 7.1 " 6.8 " 6.4 "                                  

     2-methyl-3-ethyl-                                                         

      pyridine  4.6 " 4.3 " 4.2 " 3.9 " 3.2 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  6.9 " 6.7 " 6.2 " 6.0 " 5.2 "                                  

     Overall yield                                                             

                63.0 %                                                         

                      59.9 %                                                   

                            57.1 %                                             

                                  53.1 %                                       

                                        48.7 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                5.2   5.5   5.35  5.2   5.2                                    

     Regeneration time                                                         

      (hr)      4.5   5.0   5.0   5.0   5.0                                    

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  An aqueous sodium silicate solution was neutralized with sulfuric acid, and
      to the precipitated silica gel was added an aqueous aluminum nitrate
      solution. Ammonia water was added thereto, while sufficiently stirring the
      gel mixture, and aluminum hydroxide was precipitated, washed with water,
      dried and fired at 600.degree.C for 2 hours, whereby silica-alumina
      powders having 82 % SiO.sub.2 and 18 % Al.sub.2 O.sub.3 was obtained. 150
      g of the thus obtained silica-alumina powders and 350 g of Pb.sub.3
      Al.sub.5 (PO.sub.4).sub.7 prepared in Example 4 and impregnated with 300 g
      of an aqueous solution containing 3 % by weight of phosphoric acid were
      mixed together and molded to pellets having diameters of 3 mm. 500 cc of
      the pellets were packed in the same reactor tube as in Example 1 as a
      catalyst, and reactions and regenerations were repeated 10 times under the
      same reaction and regeneration conditions. The results are shown in Table
      9.
PAR  For comparison, 150 g of the silica-alumina powders of 82 % SiO.sub.2 -- 18
      % Al.sub.2 O.sub.3 and 350 g of the powders of Pb.sub.3 Al.sub.5
      (PO.sub.4).sub.7 without any impregnation with the aqueous phosphoric acid
      solution were mixed together and used as a catalyst. The results are shown
      in Table 10.
TBL                                    Table 9                                 

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   3rd   5th   7th   10th                                   

     __________________________________________________________________________

     pyridine   3.1 % 2.6 % 2.9 % 3.0 % 2.4 %                                  

     2-picoline 39.8 "                                                         

                      38.7 "                                                   

                            39.1 "                                             

                                  38.6 "                                       

                                        39.3 "                                 

     4-picoline 15.9 "                                                         

                      16.1 "                                                   

                            16.3 "                                             

                                  16.0 "                                       

                                        16.2 "                                 

     2-methyl-3-ethyl-                                                         

      pyridine  3.4 " 3.6 " 3.2 " 3.8 " 3.5 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  5.5 " 5.2 " 4.9 " 5.4 " 5.0 "                                  

     Overall yield                                                             

                67.7 %                                                         

                      66.2 %                                                   

                            66.4 %                                             

                                  66.8 %                                       

                                        66.4 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                2.5   2.4   2.4   2.4   2.4                                    

     Regeneration time                                                         

      (hr)      2.5   3.0   3.0   3.0   3.0                                    

     __________________________________________________________________________

TBL                                    Table 10                                

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   5th   7th                                    

     __________________________________________________________________________

     pyridine   2.9 % 2.6 % 2.5 % 2.4 % 2.0 %                                  

     2-picoline 38.3 "                                                         

                      37.8 "                                                   

                            37.0 "                                             

                                  35.8 "                                       

                                        33.0 "                                 

     4-picoline 15.9 "                                                         

                      15.1 "                                                   

                            15.1 "                                             

                                  14.9 "                                       

                                        13.2 "                                 

     2-methyl-3-ethyl-                                                         

      pyridine  3.1 " 2.6 " 2.5 " 2.2 " 2.1 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  4.8 " 4.2 " 4.0 " 3.7 " 3.4 "                                  

     Overall yield                                                             

                65.0 %                                                         

                      62.3 %                                                   

                            61.1 %                                             

                                  59.0 %                                       

                                        53.7 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                2.4   2.5   2.45  2.4   2.5                                    

     Regeneration time                                                         

      (hr)      3.0   3.5   4.0   4.0   4.0                                    

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  An aqueous sodium silicate solution was neutralized with sulfuric acid, and
      to the thus precipitated silica gel were added an aqueous aluminum nitrate
      solution and an aqueous zinc nitrate solution. While the solution was
      further stirred thoroughly, ammonia water was added thereto, whereby
      aluminum hydroxide and zinc hydroxide were coprecipitated, washed with
      water, dried and fired at 500.degree.C for 2 hours. 250 g of the thus
      obtained powders of 82 % SiO.sub.2 -- 13 % Al.sub.2 O.sub.3 -- 5 % ZnO,
      and 250 g of Pb.sub.3 Al.sub.5 (PO.sub.4).sub.7 obtained in Example 4 and
      impregnated with 300 g of an aqueous solution containing 10 % by weight of
      phosphoric acid were mixed together and molded to pellets having diameters
      of 3 mm. 500 cc of the thus prepared pellets was packed in the same
      reactor tube as in Example 1, and reactions and regenerations were
      repeated thirty times under the same conditions as in Example 1. The
      yields and the ratios of 2-picoline to 4-picoline are shown in Table 11.
PAR  For comparison, the results obtained when 250 g of said powders of 82 %
      SiO.sub.2 -- 13 % Al.sub.2 O.sub.3 -- 5 % ZnO and 250 g of the powders of
      Pb.sub.3 Al.sub.5 (PO.sub.4).sub.7 without any impregnation with the
      aqueous phosphoric acid solution were mixed together and used as a
      catalyst are shown in Table 12.
PAR  From the 7th reaction, a crystalline material began to adhere to a cooler
      of the reactor, and in the 16th reaction the crystalline material
      completely blocked up the cooler, whereby the reaction could not be
      continued any longer.
TBL                                    Table 11                                

     __________________________________________________________________________

                Reaction Run                  Average                          

                                              yield                            

                                              for                              

                                              1 - 30                           

     Yields     1st   5th   10th  15th  20th  runs                             

     __________________________________________________________________________

     pyridine   2.4 % 2.2 % 2.7 % 2.6 % 2.8 % 2.5 %                            

     2-picoline 38.7 "                                                         

                      38.9 "                                                   

                            38.4 "                                             

                                  39.0 "                                       

                                        38.6 "                                 

                                              38.7 "                           

     4-picoline 19.3 "                                                         

                      19.2 "                                                   

                            18.9 "                                             

                                  19.4 "                                       

                                        19.1 "                                 

                                              19.2 "                           

     2-methyl-3-ethyl-                                                         

      pyridine  4.2 " 3.9 " 4.6 " 4.2 " 3.8 " 4.1 "                            

     2-methyl-5-ethyl-                                                         

      pyridine  6.0 " 6.2 " 6.3 " 5.9 " 6.1 " 6.1 "                            

     Overall yield                                                             

                70.6 %                                                         

                      70.4 %                                                   

                            70.9 %                                             

                                  71.1 %                                       

                                        70.4 %                                 

                                              70.6 %                           

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                2.02  2.02  2.03  2.01  2.02  2.02                             

     Regeneration time                                                         

      (hr)      2     2.5   2.5   2.5   2.5   2.5                              

     __________________________________________________________________________

TBL                                    Table 12                                

     __________________________________________________________________________

                Reaction Run                  Average                          

                                              yield                            

                                              for 1 -                          

     Yields     1st   3rd   7th   10th  15th  15 runs                          

     __________________________________________________________________________

     pyridine   2.0 % 1.7 % 1.4 % 1.2 % 0.9 % 1.3 %                            

     2-picoline 37.0 "                                                         

                      35.0 "                                                   

                            32.1 "                                             

                                  30.2 "                                       

                                        28.8 "                                 

                                              31.9 "                           

     4-picoline 18.4 "                                                         

                      17.3 "                                                   

                            16.0 "                                             

                                  15.1 "                                       

                                        14.3 "                                 

                                              15.8 "                           

     2-methyl-3-ethyl-                                                         

      pyridine  3.6 " 2.9 " 2.3 " 1.9 " 1.6 " 2.2 "                            

     2-methyl-5-ethyl-                                                         

      pyridine  5.6 " 4.8 " 3.9 " 2.9 " 2.3 " 3.7 "                            

     Overall yield                                                             

                66.6 %                                                         

                      61.7 %                                                   

                            55.7 %                                             

                                  51.3 %                                       

                                        47.9 %                                 

                                              54.9 %                           

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                2.01  2.02  2.01  2.01  2.01  2.01                             

     Regeneration time                                                         

      (hr)      3     3.5   3.5   3.5   3.5   3.5                              

     __________________________________________________________________________

PAC  EXAMPLE 7
PAR  An aqueous sodium silicate solution was neutralized with sulfuric acid, and
      to the precipitated silica gel were added an aqueous aluminum nitrate
      solution and an aqueous cadmium nitrate solution. Ammonia water was added
      thereto while stirring the solution, and aluminum hydroxide and cadmium
      hydroxide were coprecipitated, washed with water, dried and fired at
      500.degree.C for 2 hours. 200 g of the thus obtained powders of 73 %
      SiO.sub.2 -- 14 % Al.sub.2 O.sub.3 -- 13 % CdO, and 150 g of powders of
      Pb.sub.3 Al.sub.5 (PO.sub.4).sub.7 prepared in Example 4, and 150 g of
      powders of Co.sub.3 Al.sub.2 (PO.sub.4).sub.4 prepared in Example 1, the
      latter two being impregnated with 650 g of an aqueous solution of 8 % by
      weight of phosphoric acid, were mixed and molded to pellets having
      diameters of 3 mm.
PAR  500 cc of the thus obtained pellets was packed in the same reactor tube as
      in Example 1 as a catalyst, and reactions and regenerations were repeated
      5 times under the same reaction and regeneration conditions as in Example
      1. The results are shown in Table 13.
PAR  For comparison, the results obtained when 200 g of said powders of 73 %
      SiO.sub.2 -- 14 % Al.sub.2 O.sub.3 -- 13 % CdO and 150 g of the powders of
      Pb.sub.3 Al.sub.5 (PO.sub.4).sub.7 and 150 g of the powders of Co.sub.2
      Al.sub.2 (PO.sub.4).sub.4 without any impregnation with the aqueous
      phosphoric acid solution were mixed together and used as a catalyst are
      shown in Table 14.
TBL                                    Table 13                                

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   2.3 % 2.6 % 2.5 % 2.7 % 2.2 %                                  

     2-picoline 38.2 "                                                         

                      38.4 "                                                   

                            37.9 "                                             

                                  38.3 "                                       

                                        37.8 "                                 

     4-picoline 15.7 "                                                         

                      15.6 "                                                   

                            15.4 "                                             

                                  15.7 "                                       

                                        15.7 "                                 

     2-methyl-3-ethyl-                                                         

      pyridine  3.8 " 3.6 " 4.0 " 3.7 " 4.3 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  6.3 " 6.7 " 6.6 " 6.2 " 6.4 "                                  

     Overall yield                                                             

                66.3 %                                                         

                      66.9 %                                                   

                            66.4 %                                             

                                  66.6 %                                       

                                        66.4 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                2.45  2.45  2.45  2.4   2.4                                    

     Regeneration time                                                         

      (hr)      2.5   2.5   3.0   3.0   3.0                                    

     __________________________________________________________________________

TBL                                    Table 14                                

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   2.1 % 1.7 % 1.2 % 1.3 % 1.2 %                                  

     2-picoline 37.2 "                                                         

                      36.0 "                                                   

                            34.3 "                                             

                                  33.9 "                                       

                                        32.9 "                                 

     4-picoline 15.2 "                                                         

                      15.0 "                                                   

                            14.3 "                                             

                                  13.9 "                                       

                                        13.7 "                                 

     2-methyl-3-ethyl-                                                         

      pyridine  3.4 " 2.8 " 2.6 " 2.5 " 2.2 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  5.7 " 5.4 " 5.0 " 4.7 " 4.6 "                                  

     Overall yield                                                             

                63.6 %                                                         

                      60.9 %                                                   

                            57.4 %                                             

                                  56.3 %                                       

                                        54.6 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                2.45  2.4   2.4   2.45  2.40                                   

     Regeneration time                                                         

      (hr)      3.0   3.5   3.5   3.5   3.5                                    

     __________________________________________________________________________

PAC  EXAMPLE 8
PAR  An aqueous sodium silicate solution was neutralized with sulfuric acid, and
      an aqueous aluminum nitrate solution and an aqueous zinc nitrate solution
      were added to the precipitated silica gel, whereby aluminum hydroxide and
      zinc hydroxide were coprecipitated. The coprecipitates were filtered and
      washed with water. The water-washed cake was admixed with water and
      further with an aqueous lead acetate solution and an aqueous potassium
      fluoride solution separately while stirring the solution. Lead fluoride
      was thereby precipitated, dried and then fired at 500.degree.C for 2
      hours. The fired precipitate powders had a composition of 75 % SiO.sub.2
      -- 16 % Al.sub.2 O.sub.3 -- 5 % ZnO -- 4 % PbF.sub.2.
PAR  150 g of the thus obtained powders and 350 g of powders of Co.sub.3
      Al(PO.sub.4).sub.3 that were prepared from 4,000 g of an aqueous solution
      containing 3.6 moles of diammonium monohydrogenphosphate and 7,500 g of an
      aqueous solution containing 3 moles of cobalt nitrate and 1 mole of
      aluminum nitrate in the same manner as in Example 1, the latter being
      impregnated with 400 g of an aqueous solution containing 25 % by weight of
      diammonium monohydrogenphosphate, were mixed together and molded to
      pellets of diameters of 3 mm.
PAR  500 cc of the thus prepared pellets was packed in the same reactor tube as
      in Example 1 as a catalyst, and reactions and regenerations were repeated
      15 times under the same reaction and regeneration conditions as in Example
      1. The results are shown in Table 15.
PAR  For comparison, the results obtained when 150 g of the powders of 75 %
      SiO.sub.2 -- 16 % Al.sub.2 O.sub.3 -- 5 % ZnO -- 4 % PbF.sub.2 and 350 g
      of the powders of Co.sub.3 Al(PO.sub.4).sub.3 without any treatment of the
      aqeuous diammonium monohydrogenphosphate solution were mixed together and
      used as a catalyst are shown in Table 16.
TBL                                    Table 15                                

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   7th   15th                                   

     __________________________________________________________________________

     pyridine   3.1 % 2.6 % 2.9 % 2.5 % 2.8 %                                  

     2-picoline 41.6 "                                                         

                      40.9 "                                                   

                            41.3 "                                             

                                  41.8 "                                       

                                        41.1 "                                 

     4-picoline 12.6 "                                                         

                      12.8 "                                                   

                            12.7 "                                             

                                  12.4 "                                       

                                        12.6 "                                 

     2-methyl-3-ethyl-                                                         

      pyridine  4.1 " 4.3 " 3.9 " 4.1 " 4.5 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  6.9 " 6.5 " 7.2 " 6.2 " 6.5 "                                  

     Overall yield                                                             

                68.3 %                                                         

                      67.1 %                                                   

                            68.0 %                                             

                                  67.0 %                                       

                                        67.5 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                3.3   3.2   3.25  3.35  3.25                                   

     Regeneration time                                                         

      (hr)      2.0   2.5   2.0   2.5   2.5                                    

     __________________________________________________________________________

TBL                                    Table 16                                

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   5th   7th                                    

     __________________________________________________________________________

     pyridine   2.7 % 2.5 % 2.1 % 1.6 % 1.1 %                                  

     2-picoline 39.6 "                                                         

                      39.2 "                                                   

                            38.0 "                                             

                                  36.5 "                                       

                                        34.0 "                                 

     4-picoline 12.0 "                                                         

                      11.6 "                                                   

                            11.2 "                                             

                                  10.5 "                                       

                                        10.0 "                                 

     2-methyl-3-ethyl-                                                         

      pyridine  3.9 " 3.6 " 3.4 " 2.9 " 2.9 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  6.2 " 5.7 " 5.4 " 5.3 " 4.9 "                                  

     Overall yield                                                             

                64.4 %                                                         

                      62.6 %                                                   

                            60.1 %                                             

                                  56.8 %                                       

                                        52.9 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                3.3   3.4   3.4   3.2   3.4                                    

     Regeneration time                                                         

      (hr)      3.0   3.5   3.5   3.5   3.5                                    

     __________________________________________________________________________

PAC  EXAMPLE 9
PAR  200 g of powders having a composition of 73 % SiO.sub.2 -- 15 % Al.sub.2
      O.sub.3 -- 8 % CdO -- 4 % MnF.sub.2 prepared in the same manner as in
      Example 8, and 250 g of powders of Co.sub.3 Al.sub.5 (PO.sub.4).sub.7
      prepared from 12,000 g of an aqueous solution containing 8.4 moles of
      diammonium monohydrogenphosphate and 9,500 g of an aqueous solution
      containing 3 moles of cobalt nitrate and 5 moles of aluminum nitrate in
      the same manner as in Example 1, the latter being impregnated with 170 g
      of an aqueous solution of 18 % by weight of phosphoric acid were mixed
      together and molded to pellets of diameters of 3 mm. 500 cc of the thus
      obtained pellets was packed in the same reactor tube as in Example 1 as a
      catalyst, and reactions and regenerations were repeated 5 times under the
      same reaction and regeneration conditions as in Example 1. The results are
      shown in Table 17.
PAR  For comparison, 200 g of the powders of 73 % SiO.sub.2 -- 15 % Al.sub.2
      O.sub.3 -- 8 % CdO -- 4 % MnF.sub.2 and 250 g of the powders of Co.sub.3
      Al.sub.5 (PO.sub.4).sub.7 without any impregnation with the aqueous
      phosphoric acid solution were mixed together and used as a catalyst. The
      results are shown in Table 18.
TBL                                    Table 17                                

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   2.6 % 2.3 % 2.3 % 2.4 % 2.1 %                                  

     2-picoline 39.1 "                                                         

                      39.7 "                                                   

                            39.2 "                                             

                                  38.7 "                                       

                                        39.6 "                                 

     4-picoline 14.6 "                                                         

                      14.3 "                                                   

                            14.3 "                                             

                                  14.7 "                                       

                                        14.7 "                                 

     2-methyl-3-ethyl-                                                         

      pyridine  3.9 " 3.7 " 4.2 " 4.6 " 4.1 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  7.0 " 6.4 " 6.9 " 6.5 " 7.0 "                                  

     Overall yield                                                             

                67.2 %                                                         

                      66.4 %                                                   

                            66.9 %                                             

                                  66.9 %                                       

                                        67.5 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                2.7   2.8   2.75  2.65  2.7                                    

     Regeneration time                                                         

      (hr)      2.0   2.5   2.5   2.5   2.5                                    

     __________________________________________________________________________

TBL                                    Table 18                                

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   2.2 % 2.0 % 1.6 % 1.4 % 0.9 %                                  

     2-picoline 38.1 "                                                         

                      37.0 "                                                   

                            35.2 "                                             

                                  34.3 "                                       

                                        32.9 "                                 

     4-picoline 14.0 "                                                         

                      13.4 "                                                   

                            12.9 "                                             

                                  12.2 "                                       

                                        11.6 "                                 

     2-methyl-3-ethyl-                                                         

      pyridine  3.6 " 3.5 " 3.2 " 2.9 " 2.8 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  6.2 " 6.0 " 5.5 " 5.1 " 5.0 "                                  

     Overall yield                                                             

                64.1 %                                                         

                      61.9 %                                                   

                            58.4 %                                             

                                  55.9 %                                       

                                        53.2 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                2.7   2.75  2.7   2.8   2.85                                   

     Regeneration time                                                         

      (hr)      3.0   3.5   3.5   3.5   3.5                                    

     __________________________________________________________________________

PAC  EXAMPLE 10
PAR  250 g of powders having a composition of 73 % SiO.sub.2 -- 15 % Al.sub.2
      O.sub.3 -- 5 % ZnO -- 7 % BiF.sub.3 prepared in the same manner as in
      Example 8, and 200 g of powders of Co.sub.3 Mg.sub.3 (PO.sub.4 ).sub.4
      prepared in Example 2, the latter being impregnated with 400 g of an
      aqueous solution of 8 % by weight of diammonium monohydrogenphosphate
      solution were mixed together and molded to pellets having diameters of 3
      mm. 500 cc of the thus prepared pellets was packed in the same reactor
      tube as in Example 1 as a catalyst, and reactions and regenerations were
      repeated five times under the same reaction and regeneration conditions as
      in Example 1. The results are shown in Table 19.
PAR  For comparison, 250 g of the powders having a composition of 73 % SiO.sub.2
      -- 15 % Al.sub.2 O.sub.3 -- 5 % ZnO -- 7 % BiF.sub.3 and 200 g of the
      powders of Co.sub.3 Mg.sub.3 (PO.sub.4).sub.4 without any impregnation
      with the aqueous diammonium monohydrogenphosphate solution were mixed and
      used as a catalyst. The results are shown in Table 20.
TBL                                    Table 19                                

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   2.1 % 2.3 % 1.9 % 2.0 % 2.3 %                                  

     2-picoline 37.8 "                                                         

                      38.1 "                                                   

                            37.9 "                                             

                                  38.0 "                                       

                                        37.6 "                                 

     4-picoline 23.6 "                                                         

                      23.5 "                                                   

                            23.1 "                                             

                                  23.2 "                                       

                                        23.1 "                                 

     2-methyl-3-ethyl-                                                         

      pyridine  3.3 " 3.0 " 3.5 " 3.4 " 3.1 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  5.0 " 4.6 " 5.9 " 5.2 " 5.4 "                                  

     Overall yield                                                             

                71.8 %                                                         

                      71.5 %                                                   

                            72.3 %                                             

                                  71.8 %                                       

                                        71.5 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                1.6   1.6   1.65  1.65  1.65                                   

     Regeneration time                                                         

      (hr)      1.5   2.0   2.0   2.0   2.0                                    

     __________________________________________________________________________

TBL                                    Table 20                                

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   1.9 % 1.8 % 1.7 % 1.3 % 1.2 %                                  

     2-picoline 36.3 "                                                         

                      35.6 "                                                   

                            34.7 "                                             

                                  33.4 "                                       

                                        33.0 "                                 

     4-picoline 23.2 "                                                         

                      21.6 "                                                   

                            21.0 "                                             

                                  19.6 "                                       

                                        20.0 "                                 

     2-methyl-3-ethyl-                                                         

      pyridine  2.9 " 2.7 " 2.6 " 2.4 " 2.3 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  4.7 " 4.3 " 4.4 " 4.0 " 3.7 "                                  

     Overall yield                                                             

                69.0 %                                                         

                      66.0 %                                                   

                            64.4 %                                             

                                  60.7 %                                       

                                        60.2 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                1.55  1.65  1.65  1.70  1.65                                   

     Regeneration time                                                         

      (hr)      2.0   2.5   3.0   3.0   3.0                                    

     __________________________________________________________________________

PAC  EXAMPLE 11
PAR  An aqueous sodium silicate solution was neutralized with sulfuric acid, and
      an aqueous aluminum nitrate solution was added to the precipitated silica
      gel. Ammonia water was added thereto, while stirring the solution, and
      aluminum hydroxide was thereby precipitated, filtered and washed with
      water. The water-washed cake was admixed with water, and an aqueous
      manganese sulfate solution and an aqueous potassium fluoride solution were
      added thereto, while stirring the solution, and manganese fluoride was
      thereby precipitated, filtered, dried and then fired at 500.degree.C for 4
      hours, whereby the powders having a composition of 75 % SiO.sub.2 -- 16 %
      Al.sub.2 O.sub.3 -- 9 % MnF.sub.2 was obtained. 200 g of the thus obtained
      powders and 300 g of powders of Co.sub.3 Al.sub.5 (PO.sub.4).sub.7
      prepared in Example 9, the latter being impregnated with 600 g of an
      aqueous solution of 3 % by weight of triammonium phosphate were mixed
      together and molded to pellets having diameters of 3 mm. 500 cc of the
      thus prepared pellets was packed in the same reactor tube as in Example 1,
      and reactions and regenerations were repeated five times under the same
      reaction and regeneration conditions as in Example 1. The results are
      shown in Table 21.
PAR  For comparison, 200 g of the powders of 75 % SiO.sub.2 -- 16 % Al.sub.2
      O.sub.3 -- 9 % MnF.sub.2, and 300 g of the powders of Co.sub.3 Al.sub.5
      (PO.sub.4).sub.7 without any impregnation with the aqueous triammonium
      phosphate solution were mixed together and used as a catalyst. The results
      are shown in Table 22.
TBL                                    Table 21                                

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   2.0 % 2.2 % 2.4 % 2.1 % 2.2 %                                  

     2-picoline 36.5 "                                                         

                      36.4 "                                                   

                            35.9 "                                             

                                  35.9 "                                       

                                        36.3 "                                 

     4-picoline 17.4 "                                                         

                      17.3 "                                                   

                            16.9 "                                             

                                  17.2 "                                       

                                        17.1 "                                 

     2-methyl-3-ethyl-                                                         

      pyridine  3.5 " 3.7 " 3.5 " 3.9 " 3.8 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  6.1 " 5.9 " 5.9 " 5.7 " 6.2 "                                  

     Overall yield                                                             

                65.5 %                                                         

                      65.5 %                                                   

                            64.6 %                                             

                                  64.8 %                                       

                                        65.6 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                2.1   2.1   2.1   2.1   2.1                                    

     Regeneration time                                                         

      (hr)      2.0   2.5   2.5   2.5   2.5                                    

     __________________________________________________________________________

TBL                                    Table 22                                

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   1.9 % 1.5 % 1.5 % 1.3 % 1.1 %                                  

     2-picoline 35.8 "                                                         

                      34.0 "                                                   

                            32.6 "                                             

                                  31.9 "                                       

                                        30.3 "                                 

     4-picoline 16.7 "                                                         

                      15.5 "                                                   

                            15.5 "                                             

                                  15.1 "                                       

                                        14.1 "                                 

     2-methyl-3-ethyl-                                                         

      pyridine  3.3 " 3.1 " 2.8 " 2.7 " 2.4 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  5.7 " 5.5 " 5.1 " 4.9 " 4.4 "                                  

     Overall yield                                                             

                63.4 %                                                         

                      59.6 %                                                   

                            57.5 %                                             

                                  55.9 %                                       

                                        52.3 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                2.15  2.2   2.1   2.1   2.15                                   

     Regeneration time                                                         

      (hr)      3.0   3.5   3.5   3.5   3.5                                    

     __________________________________________________________________________

PAC  EXAMPLE 12
PAR  Co.sub.3 Al.sub.2 (PO.sub.4).sub.4 was prepared in the same manner as in
      Example 1, thoroughly water-washed and dried. 500 g of the dried Co.sub.3
      Al.sub.2 (PO.sub.4).sub.4 was impregnated with 300 g of an aqueous
      solution of 3 % by weight of phosphoric acid, dried and molded to pellets
      having diameters of 3 mm. 500 cc of the thus prepared pellets was packed
      in the same reactor tube as in Example 1 as a catalyst, and 372 g/hr of
      acetaldehyde containing 22 g of an aqueous 37 % formaldehyde solution and
      140 g/hr of ammonia, which were preheated to 400.degree.C separately, were
      mixed and the resulting gas mixture was passed through the reactor tube
      while keeping the reactor tube at 450.degree.C.
PAR  The product liquid was cooled, collected and thoroughly dehydrated with
      flaky caustic soda. Then, the product liquid was fractionated in a
      distilling column. After the completion of the reaction, N.sub.2 gas was
      passed through the reactor tube to flush the reactor tube thoroughly.
      Then, a gas mixture of airsteam was passed to the reactor tube and the
      carbonanceous materials deposited on the catalyst during the reaction was
      combusted at a temperature of 500.degree.  to 520.degree.C to regenerate
      the catalyst activity. Such reaction and regeneration were repeated five
      times, and the yields and ratios of formation of 2-picoline to 4-picoline
      are shown in Table 23.
PAR  For comparison, Co.sub.3 Al.sub.2 (PO.sub.4).sub.4 without any impregnation
      with the aqueous phosphoric acid solution was used as a catalyst. The
      results are shown in Table 24.
TBL                                    Table 23                                

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   5.4 % 5.8 % 5.2 % 5.7 % 5.3 %                                  

     2-picoline 37.8 "                                                         

                      37.2 "                                                   

                            38.3 "                                             

                                  37.6 "                                       

                                        37.2 "                                 

     4-picoline 8.8 " 8.5 " 8.7 " 8.5 " 8.4 "                                  

     2-methyl-3-ethyl-                                                         

      pyridine  3.7 " 3.9 " 3.5 " 3.4 " 3.6 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  5.8 " 6.1 " 6.2 " 5.7 " 6.0 "                                  

     Overall yield                                                             

                61.5 %                                                         

                      61.5 %                                                   

                            61.9 %                                             

                                  60.9 %                                       

                                        60.5 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                4.3   4.4   4.4   4.4   4.4                                    

     Regeneration time                                                         

      (hr)      3.5   4.0   4.0   4.0   4.0                                    

     __________________________________________________________________________

TBL                                    Table 24                                

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   5.6 % 5.3 % 5.0 % 4.4 % 4.0 %                                  

     2-picoline 36.7 "                                                         

                      35.2 "                                                   

                            34.0 "                                             

                                  32.7 "                                       

                                        30.9 "                                 

     4-picoline 8.1 " 8.0 " 7.7 " 7.4 " 6.8 "                                  

     2-methyl-3-ethyl-                                                         

      pyridine  3.6 " 3.3 " 3.1 " 2.9 " 2.7 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  5.6 " 5.3 " 4.7 " 8.5 " 4.2 "                                  

     Overall yield                                                             

                59.6 %                                                         

                      57.1 %                                                   

                            54.5 %                                             

                                  51.9 %                                       

                                        48.6 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                4.5   4.4   4.4   4.4   4.5                                    

     Regeneration time                                                         

      (hr)      4.5   5.0   5.0   5.0   5.0                                    

     __________________________________________________________________________

PAC  EXAMPLE 13
PAR  4,000 g of an aqueous solution of 10 % by weight of sodium silicate was
      neutralized with sulfuric acid, and 2,760 g of an aqueous solution of 10 %
      by weight of aluminum nitrate and 600 g of an aqueous solution of 10 % by
      weight of cadmium nitrate were added to the precipitated silica gel.
      Ammonia water was added thereto while thoroughly stirring the solution,
      and silica-alumina gel containing cadmium oxide and having a composition
      of 80 % SiO.sub.2 -- 15 % Al.sub.2 O.sub.3 -- 5 % CdO was precipitated.
PAR  On the other hand, 5,000 g of an aqueous solution containing 5.8 moles of
      diammonium monohydrogenphosphate and 9,500 g of an aqueous solution
      containing 3 moles of cobalt nitrate and 3 moles of aluminum nitrate were
      mixed together at a temperature of 50.degree.C instantaneously, and at the
      same time ammonia water was added thereto to neutralize the solution. Gel
      of a phosphate of two metals having a composition of Co.sub.3 Al.sub.3
      (PO.sub.4).sub.5 was precipitated.
PAR  To the gel solution of Co.sub.3 Al.sub.3 (PO.sub.4).sub.5 was added
      silica-alumina gel containing cadmium oxide at a ratio of the former to
      the latter of 7 : 3 by weight. After thorough mixing, the gel was
      waterwashed, dried, molded to pellets having diameters of 3 mm and fired
      at 500.degree.C for 2 hours. 500 g of the thus prepared catalyst was
      impregnated with 300 g of an aqueous solution of 5 % by weight of
      diammonium monohydrogenphosphate. 500 cc of the thus impregnated catalyst
      was packed in the same reactor tube as in Example 1, and reactions and
      regenerations were repeated 5 times under the same reaction and
      regeneration conditions as in Example 1. The results are shown in Table
      25.
PAR  For comparison, the catalyst without any impregnation with the aqueous
      diammonium monohydrogenphosphate solution was used, and the results are
      shown in Table 26.
TBL                                    Table 25                                

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   2 %   2.3 % 2.5 % 1.7 % 2.1 %                                  

     2-picoline 38.1 "                                                         

                      37.6 "                                                   

                            38.2 "                                             

                                  39.4 "                                       

                                        39.0 "                                 

     4-picoline 19.8 "                                                         

                      18.9 "                                                   

                            18.8 "                                             

                                  19.0 "                                       

                                        18.7 "                                 

     2-methyl-3-ethyl-                                                         

      pyridine  3.8 " 4.2 " 3.7 " 4.0 " 3.7 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  5.8 " 6.1 " 5.5 " 5.5 " 6.1 "                                  

     Overall yield                                                             

                69.5 %                                                         

                      69.1 %                                                   

                            68.7 %                                             

                                  69.6 %                                       

                                        69.6 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                2.0   2.0   2.0   2.1   2.1                                    

     Regeneration time                                                         

      (hr)      2     2.5   2.5   2.5   2.5                                    

     __________________________________________________________________________

TBL                                    Table 26                                

     __________________________________________________________________________

                Reaction Run                                                   

     Yields     1st   2nd   3rd   4th   5th                                    

     __________________________________________________________________________

     pyridine   1.8 % 1.5 % 1.4 % 1.0 % 1.0 %                                  

     2-picoline 37.0 "                                                         

                      36.2 "                                                   

                            34.9 "                                             

                                  33.2 "                                       

                                        31.8 "                                 

     4-picoline 18.5 "                                                         

                      17.7 "                                                   

                            17.0 "                                             

                                  16.2 "                                       

                                        15.2 "                                 

     2-methyl-3-ethyl-                                                         

      pyridine  3.6 " 3.5 " 3.3 " 3.0 " 2.9 "                                  

     2-methyl-5-ethyl-                                                         

      pyridine  5.7 " 5.2 " 5.3 " 4.9 " 4.9 "                                  

     Overall yield                                                             

                66.6 %                                                         

                      64.1 %                                                   

                            61.9 %                                             

                                  58.3 %                                       

                                        55.8 %                                 

     Ratio of formation                                                        

      of 2-picoline to                                                         

      4-picoline                                                               

                2.0   2.05  2.05  2.05  2.1                                    

     Regeneration time                                                         

      (hr)      3     3.5   3.5   3.5   3.5                                    

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing 2-picoline and 4-picoline comprising
PA1  catalytically reacting acetaldehyde
PA1  with ammonia
PA1  in the gaseous phase
PA1  in the presence of a catalyst of at least one phosphate selected from the
      group consisting of cobalt magnesium phosphate, cobalt aluminum phosphate
      and lead aluminum phosphate which has been impregnated with 1% to 30% by
      weight of phosphoric acid or ammonium phosphate
PA1  in state of aqueous solution,
PA1  at a temperature of from 350.degree. C. to 500.degree. C. and
PA1  a space velocity of 200 Hr.sup.+.sup.1 to 2000 Hr.sup.+.sup.1.
NUM  2.
PAR  2. A method according to claim 1 wherein said phosphate is cobalt aluminum
      phosphate and said cobalt aluminum phosphate is Co.sub.3 Al.sub.2
      (PO.sub.4).sub.4, Co.sub.3 Al.sub.3 (PO.sub.4).sub.5, Co.sub.3 Al.sub.5
      (PO.sub.4).sub.7 or Co.sub.3 Al(PO.sub.4).sub.3.
NUM  3.
PAR  3. A method according to claim 1 wherein said phosphate is lead aluminum
      phosphate and said lead aluminum phosphate is Pb.sub.3 Al.sub.5
      (PO.sub.4).sub.7.
NUM  4.
PAR  4. A method according to claim 1 wherein said phosphate is cobalt magnesium
      phosphate and and said cobalt magnesium phosphate is Co.sub.3 Mg.sub.3
      (PO.sub.4).sub.4.
NUM  5.
PAR  5. A method according to claim 1 wherein the catalyst further comprises
      silica-alumina.
NUM  6.
PAR  6. A method according to claim 5 wherein said silica alumina is blended
      with at least one oxide selected from zinc oxide and cadmium oxide.
NUM  7.
PAR  7. A method according to claim 5 wherein said silica alumina is blended
      with at least one fluoride selected from manganese fluoride, lead fluoride
      and bismuth fluoride.
NUM  8.
PAR  8. A method according to claim 5 wherein said silica alumina is blended
      with at least one oxide selected from zinc oxide and cadmium oxide, and at
      least one fluoride selected from manganese fluoride, lead fluoride and
      bismuth fluoride.
NUM  9.
PAR  9. A method according to claim 1 wherein said ammonium phosphate is
      triammonium phosphate, diammonium monohydrogenphosphate, and monoammonium
      dihydrogenphosphate.
NUM  10.
PAR  10. A method according to claim 1 wherein the aqueous phosphoric acid
      solution has concentration of from 1 to 25 % by weight.
NUM  11.
PAR  11. A method according to claim 9 wherein the aqueous ammonium phosphate
      solution has concentration of from 1 to 25 % by weight.
NUM  12.
PAR  12. A method according to claim 1 wherein a molar ratio of acetaldehyde to
      ammonia is 0.3 to 3.
PATN
WKU  039324222
SRC  5
APN  4715713
APT  1
ART  121
APD  19740520
TTL  8-Methylene-3-azabicyclo[3.3.1]non-6-en-4-ones
ISD  19760113
NCL  3
ECL  1
EXP  Todd; G. Thomas
INVT
NAM  Michne; William F.
CTY  Colonie
STA  NY
ASSG
NAM  Sterling Drug Inc.
CTY  New York
STA  NY
COD  02
CLAS
OCL  26029354
XCL  260283R
XCL  260283S
XCL  260287R
XCL  260288R
XCL  260289R
XCL  424267
EDF  2
ICL  C07D22122
FSC  260
FSS  293.54
UREF
PNO  3812134
ISD  19740500
NAM  Iwai et al.
OCL  260293.54
UREF
PNO  3833595
ISD  19740900
NAM  Atsumi et al.
OCL  260293.54
LREP
FR2  Webb; William G.
FR2  Wyatt; B. Woodrow
ABST
PAL  6(EQ)-R.sub.4 -1,2,3,4,5,6-Hexahydro-3-R.sub.1 -11(ax)-R.sub.3
      -11(eq)-CH.sub.2 Z-2,6-methano-3-benzazocines, useful as analgesic agents
      and narcotic antagonists, and 1-R.sub.1 -2-Q-4a.alpha.-R.sub.3
      -5.alpha.-R.sub.4 -1,2,3,4,4a,5,10,10a-octahydro-3,5-etheno- (and
      3,5-ethano) benzo[g]quinolines, useful as analgesic agents, prepared by
      heating, with formic acid in an organic solvent or with certain ammonium
      formates in the absence of a solvent, certain
      1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]quinolines, the latter
      prepared by acid catalyzed cyclization of a
      3-benzyl-2-azabicyclo[2.2.2]oct-5-ene.
BSUM
PAR  This invention has, as its ultimate object, the obtainment of a new class
      of chemical compounds, useful as analgesics and narcotic antagonists,
      having the formula I:
      ##SPC1##
PAL  and chemically designated 8-R.sub.2 -9-R'.sub.2 -6(eq)-R.sub.4
      -1,2,3,4,5,6-hexahydro-3-R.sub.1 -11(ax)-R.sub.3 -11(eq)-CH.sub.2
      Z-2,6-methano-3-benzazocines.
PAR  The new 8-R.sub.2 -9-R'.sub.2 -6(eq)-R.sub.4
      -1,2,3,4,5,6-hexahydro-3-R.sub.1 -11(ax)-R.sub.3 -11(eq)-CH.sub.2
      Z-2,6-methano-3-benzazocines of formula I and other novel intermediates
      useful in their preparation are obtained according to my invention by
      novel reactions, including molecular rearrangements involving novel
      intermediates, according to the general reaction sequence as follows:
      ##SPC2##
PAR  Thus the 8-R.sub.2 -9-R'.sub.2 -6(eq)-R.sub.4
      -1,2,3,4,5,6-hexahydro-3-R.sub.1 -11(ax)-R.sub.3 -11(eq)-CH.sub.2
      Z-2,6-methano-3-benzazocines having the formula I are prepared via any of
      several methods from the intermediate 7-R.sub.2 -8-R'.sub.2 -1-R.sub.1
      -3-Y-4a.alpha.-R.sub.3 -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]quinolines of formula
      II, which themselves are obtained from the 2-R.sub.1 -3-(4-R.sub.2
      -3-R'.sub.2 -benzyl)-4-R.sub.3 -5-R.sub.4
      -7-Y'-2-azabicyclo[2.2.2]oct-5-enes of formula IV which, in turn, are
      prepared according to standard procedures by reaction of a Grignard
      reagent derived from a 4-R.sub.2 -3-R'.sub.2 -benzyl halide of formula VI
      with a 3-R.sub.3 -4-R.sub.4 -1-R.sub.1 -pyridinium halide of formula VII
      and reaction of the resulting 2-(4-R.sub.2 -3-R'.sub.2 -benzyl)-3-R.sub. 3
      -4-R.sub.4 -1,2-dihydropyridine of formula VIII with a dienophile,
      CH.sub.2 =CHY'. The 7-R.sub.2 -8-R'.sub.2 -1-R.sub.1
      -2-Q-4a.alpha.-R.sub.3 -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[g]quinolines of formula
      IIIa are obtained along with certain compounds of formula I from the
      compounds of formula II, and the compounds of formula IIIa are also
      obtainable by rearrangement of a 3-(4R.sub.2 -3-R'.sub.2
      -benzyl)-4-R.sub.3 -5-R.sub.4 -2-azabicyclo[2.2.2]oct-5-ene-7-carboxylic
      ester of formula IV to a 1-R.sub.3 -2-(4-R.sub.2 -3-R'.sub.2
      -benzyl)-8-lower-alkylidene-3-azabicyclo[3.3.1]non-6-en-4-one of formula V
      and cyclization of the latter to a 7-R.sub.2 -8-R'.sub.2
      -2-oxo-4a.alpha.-R.sub.3 -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[g]quinoline having the
      formula IIIa. The compounds of formula IIIa  can be catalytically reduced
      to the 7-R.sub.2 -8-R'.sub.2 -1-R.sub.1 -2-Q-4a.alpha.-R.sub.3
      -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-3,5-ethanobenzo[g]quinolines of formula
      IIIb.
PAR  In the final products and intermediates depicted in the above reaction
      sequences:
PAR  R.sub.1 is hydrogen, lower-alkyl, lower-alkenyl, lower-alkynyl,
      halo-lower-alkenyl, cycloalkyl, cycloalkyl-lower-alkyl,
      phenyl-lower-alkyl, or phenyl-lower-alkyl substituted in the phenyl ring
      by from one to two members of the group consisting of halogen (including
      bromine, chlorine and fluorine), lower-alkyl, hydroxy, lower-alkanoyloxy,
      lower-alkoxy, lower-alkylmercapto, trifluoromethyl, amino,
      lower-alkanoylamino or a single methylenedioxy attached to adjacent carbon
      atoms;
PAR  R.sub.2 and R'.sub.2 each are hydrogen, halogen (including bromine,
      chlorine or fluorine), lower-alkyl, hydroxy, lower-alkanoyloxy,
      lower-alkoxy, lower-alkylmercapto, trifluoromethyl, nitro, amino,
      lower-alkanoylamino, lower-alkoxycarbonylamino or phenyl, or R.sub.2 and
      R'.sub.2 together are methylenedioxy;
PAR  R.sub.3 is hydrogen or lower-alkyl;
PAR  R.sub.4 is hydrogen, lower-alkyl, lower-alkoxy-lower-alkyl,
      hydroxy-lower-alkyl, lower-alkylthio-lower-alkyl,
      lower-alkylsulfinyl-lower-alkyl, phenylthio-lower-alkyl,
      phenylsulfinyl-lower-alkyl, lower-alkenyl or halo-lower-alkyl, or R.sub.3
      and R.sub.4 together are divalent lower-alkylene, --(CH.sub.2).sub.n --,
      where n is one of the integers 3 or 4;
PAR  R'.sub.4 is hydrogen or lower-alkyl;
PAR  Z is one of the groups --CH.sub.2 COR.sub.5,
      ##EQU1##
      or a group of the formula:
      ##EQU2##
      where
PAR  R.sub.5 and R.sub.6 are the same or different hydrogen, lower-alkyl,
      phenyl, or phenyl-lower-alkyl;
PAR  R.sub.7 is hydrogen, lower-alkanoyl, benzoyl, or benzoyl substituted by
      from one to three members of the group consisting of lower-alkyl,
      lower-alkoxy, hydroxy, halo (including chlorine, bromine and fluorine) or
      trifluoromethyl;
PAR  R.sub.8 is lower-alkyl, cycloalkyl-lower-alkyl or phenyl-lower-alkyl; a
      a-octahydro- an -hexahydro-
PAR  Q is oxo (=O), H.sub.2,
      ##EQU3##
      or
      ##EQU4##
PAR  Y is carboxy, cyano, carbo-lower-alkoxy, COR.sub.5,
      COO--lower-alkylene-cycloalkyl, COO-lower-alkylene-phenyl, or a group of
      the formula:
      ##EQU5##
PAR  Y' is carboxy, cyano, carbo-lower-alkoxy or lower-alkanoyl: and Hal is
      halogen.
PAR  As used herein, the terms lower-alkyl or lower-alkoxy mean saturated,
      acyclic groups which may be straight or branched containing from one to
      about four carbon atoms as exemplified by methyl, ethyl, propyl,
      isopropyl, butyl, non-adjacent t-butyl, methoxy, ethoxy, propoxy,
      isopropoxy, or t-butoxy.
PAR  As used herein, the terms lower-alkenyl, halo-lower-alkenyl and
      lower-alkynyl represent monovalent groups of from three to six carbon
      atoms containing one double or triple bond as illustrated, for example, by
      1-propenyl, 2-butenyl, 4-pentenyl, 3-methyl-2-butenyl,
      1-methyl-2-propenyl, 2-methyl-2-propenyl, 2-propynyl, 2-butynyl,
      4-pentynyl, 2-hexynyl, and the like. The term halo-lower-alkenyl includes,
      for example, 2-chloroethenyl, 2-bromoethenyl, 3,3-dichloro-2-propenyl,
      1-bromo-2-methylpropenyl, and the like.
PAR  As used herein, the term cycloalkyl means saturated carbocyclic groups
      containing from three to 6 ring carbon atoms as illustrated, for example,
      by cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 2-methylcyclobutyl,
      4-ethylcyclohexyl, and the like.
PAR  As used herein, the term lower-alkanoyl means such groups derived from
      saturated, aliphatic monocarboxylic acids having from 1 to 4 carbon atoms,
      as illustrated, for example, by formyl, acetyl, propionyl, butyryl,
      isobutyryl, and the like.
PAR  As used herein, the term lower-alkylene means a saturated, divalent
      radical, which can be straight or branched, and having from one to four
      carbon atoms, as illustrated, for example, by methylene [--CH.sub.2 --],
      1,2-ethylene [--CH.sub.2 CH.sub.2 --], 1,3-propylene [--CH.sub.2 CH.sub.2
      CH.sub.2 --], 1,2--(1-methylethylene)[--CH(CH.sub.3)CH.sub.2 --],
      1,4-butylene [--CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --], and the like.
PAR  As determined by standard pharmacological test procedures to be described
      hereinafter, the compounds of formula I have been found to have useful
      analgesic activity, and as disclosed following Example 35B infra, some
      have been found to have useful narcotic antagonist activity. The compounds
      of formula I are thus useful as analgesic agents and narcotic antagonists.
      The compounds of formula III have also been found to have analgesic
      activity.
PAR  In accordance with the above general description, the 8-R.sub.2 -9-R'.sub.2
      -6(eq)-R.sub.4 -1,2,3,4,5,6-hexahydro-3-R.sub.1 -11(ax)-R.sub.3
      -11(eq)-CH.sub.2 Z-2,6-methano-3-benzazocines of formula I where Z is
      CH.sub.2 COR.sub.5
      ##EQU6##
      and R.sub.1, R.sub.2, R'.sub.2, R.sub.3, R.sub.4, R.sub.5 and R.sub.6 have
      the meanings given above are prepared by heating, with formic acid in an
      organic solvent, for example toluene, xylene or mesitylene, or with a
      benzyl-di-lower-alkylammonium or a tri-lower-alkylammonium formate, a
      7-R.sub.2 -8-R'.sub.2 -1-R.sub.1 -3-Y-4a.alpha.-R.sub.3 -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]quinoline of formula II
      where Y is either COR.sub.5 (to give the compounds of formula I where Z is
      CH.sub.2 COR.sub.5) or the group:
      ##EQU7##
      where R.sub.7 is hydrogen to give the compounds of formula I where Z is
      ##EQU8##
      A preferred solvent is mesitylene. The compounds of formula II where Y is
      COR.sub.5 or the group
      ##EQU9##
      where R.sub.7 is hydrogen are thus intermediates for preparing the
      compounds of formula I where Z is, respectively, the groups --CH.sub.2
      COR.sub.5 or
      ##EQU10##
PAR  The compounds of formula I where Z is the group:
      ##EQU11##
      where R.sub.7 is hydrogen and R.sub.5 and R.sub.6 have the meanings given
      above are prepared from the corresponding compounds where Z is the group
      ##EQU12##
      by hydroxylation of the latter with aqueous sulfuric acid and hydrolysis
      of the resulting hydrogen sulfate ester. The compounds of formula I where
      Z is the group
      ##EQU13##
      are thus intermediates for the carbinols of formula I.
PAR  The compounds of formula I where Z is the group
      ##EQU14##
      where each of R.sub.5, R.sub.6 and R.sub.7 is hydrogen are prepared by
      reduction with an alkali metal aluminum hydride of the corresponding
      compounds where Z is --CH.sub.2 COR.sub.5, where R.sub.5 is hydrogen. The
      reduction is carried out in an inert organic solvent such as dioxane,
      tetrahydrofuran or diethyl ether at temperatures in the range from about
      0.degree. to 100.degree.C.
PAR  The compounds of formula I where Z is
      ##EQU15##
      R.sub.5 and R.sub.6 are lower-alkyl, phenyl or phenyl-lower-alkyl, and
      R.sub.7 is hydrogen are prepared by reaction of the corresponding
      compounds where Z is --CH.sub.2 COR.sub.5, where R.sub.5 is lower-alkyl,
      phenyl or phenyl-lower-alkyl, with one molar equivalent of an appropriate
      organo lithium, R.sub.6 Li, where R.sub.6 has the meanings given above.
      The reaction is carried out in an inert organic solvent such as benzene or
      toluene. In this manner compounds where R.sub.5 and R.sub.6 are either the
      same or different lower-alkyl, phenyl or phenyl-lower-alkyl groups can be
      prepared depending upon the identity of the R.sub.5 group and the choice
      of the particular organo lithium.
PAR  The compounds of formula I where R.sub.7 and R.sub.6 are hydrogen and
      R.sub.5 is lower-alkyl, phenyl or phenyl-lower-alkyl are prepared by
      reduction with an alkali metal borohydride of the corresponding compounds
      where Z is --CH.sub.2 COR.sub.5 and R.sub.5 is lower-alkyl, phenyl or
      phenyl-lower-alkyl. The reaction is carried out in an inert organic
      solvent, for example lower-alkanols, such as methanol, ethanol or
      isopropanol.
PAR  The compounds of formula I where Z is
      ##EQU16##
      R.sub.5 and R.sub.6 are each hydrogen or the same or different
      lower-alkyl, phenyl or phenyl-lower-alkyl, and R.sub.7 is lower-alkanoyl,
      benzoyl, or substituted-benzoyl are prepared by esterification of the
      corresponding compounds where R.sub.7 is hydrogen, for example with an
      appropriate acid halide, anhydride or other acylating agent. The reaction
      is advantageously carried out using an appropriate acid halide in a
      pyridine solvent which serves as an acid acceptor to take up the hydrogen
      halide split out during the course of the reaction.
PAR  The compounds of formula I where R.sub.1 is lower-alkenyl, lower-alkynyl or
      halo-lower-alkenyl are advantageously prepared from the corresponding
      compounds where R.sub.1 is hydrogen by reaction of the latter with an
      appropriate lower-alkenyl halide, lower-alkynyl halide or
      halo-lower-alkenyl halide, as the case may be, in an inert organic
      solvent, for example a lower-alkanol, acetone or dimethylformamide
      (hereinafter designated DMF), in the presence of an acid-acceptor, for
      example an alkali metal carbonate or bicarbonate. A preferred solvent is
      DMF.
PAR  The compounds of formula I where R.sub.2 and R'.sub.2 is lower-alkanoyloxy
      are advantageously prepared from the corresponding compounds where R.sub.2
      and R'.sub.2 is hydroxy by esterification with an appropriate
      lower-alkanoyl halide in the presence of pyridine.
PAR  The compounds of formula I where R.sub.2 or R'.sub.2 is amino are prepared
      by hydrolysis of the corresponding compounds where R.sub.2 or R'.sub.2 is
      lower-alkanoylamino or lower-alkoxycarbonylamino by heating the latter in
      aqueous alkali.
PAR  Alternatively, the compounds of formula I where R.sub.2 or R'.sub.2 is
      amino are prepared by reaction of the compounds of formula I where Z is
      --CH.sub.2 COR.sub.5 and R.sub.1 is hydrogen with nitric acid in glacial
      acetic acid. The reaction is carried out at temperatures from 0.degree. to
      5.degree.C. The resulting nitro compound is then alkylated as desired in
      the manner described above to prepare compounds where R.sub.1 has the
      other various meanings given above, and in a final step, the nitro group
      is reduced to the corresponding amino group by either catalytic means, for
      example with hydrogen over palladium-on-charcoal, or by chemical means,
      for example by iron and hydrochloric acid or by tin and hydrochloric acid.
PAR  As indicated in the reaction sequence shown above, the 7-R.sub.2
      -8-R'.sub.2 -1-R.sub.1 -2-Q-4a.alpha.-R.sub.3 -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[g]quinolines of formula
      IIIa where Q is H.sub.2,
      ##EQU17##
      or
      ##EQU18##
      are produced along with the compounds of formula I (where Z is --CH.sub.2
      COR.sub.5) when the compounds of formula II where Y is COR.sub.5 are
      heated with formic acid in an organic solvent or with a
      benzyl-di-lower-alkylammonium formate or a tri-lower-alkylammonium formate
      as described above. When the benzazocines of formula I are the desired
      product, it is preferred to carry out the reaction in mesitylene using a
      concentration of 0.05 molar in starting material of formula II and 1.0
      molar in formic acid. This mixture gives a reaction temperature at reflux
      of about 120.degree.C. and affords the benzazocines of formula I and the
      benzo[g]quinolines of formula IIIa in a ratio of from 2:1 to 3:1. By
      progressively decreasing the formic acid concentration, successively
      higher boiling mixtures are produced, which result in production of
      progressively increased relative amounts of the benzo[g]quinolines. Thus
      at formic acid concentrations of 0.5 molar and 0.15 molar (and 0.05 molar
      in starting material), the benzo[g]quinolines and benzazocines are
      produced in ratios of about 2:1 and 7:1, respectively. Similarly, by using
      a ratio of 1 mole of starting material to 5 moles of, respectively,
      benzyldimethylammonium formate or trimethylammonium formate or
      triethylammonium formate and heating the mixture (in the absence of any
      organic solvent) at 150.degree.C. for about fifteen minutes, a mixture of
      benzo[g]quinoline and benzazocine is produced in ratios of 10:1, 3:1 and
      20:1, respectively.
PAR  The two transformations thus take place simultaneously under the given
      conditions and are best seen by reference to the reaction sequence:
      ##SPC3##
PAL  where R.sub.1, R.sub.2, R'.sub.2, R.sub.3, R.sub.4, R.sub.5 and Q have the
      meanings given above. It will be seen from the above that the compounds of
      formula I result by rupture, under the reaction conditions, of bond (b) in
      the compounds of formula II, whereas the compounds of formula IIIa result
      when bond (a) is broken, followed by ring closure between the nitrogen
      atom and the carbonyl group of the COR.sub.5 moiety.
PAR  The compounds of formula IIIa where Q is oxo (=O), R.sub.1 is hydrogen and
      R.sub.4 is lower-alkyl are prepared by reaction of a 3-(4-R.sub.2
      -3-R'.sub.2 -benzyl)-4-R.sub.3 -5-R.sub.4
      -7-Y'-2-azabicyclo[2.2.2]oct-5-ene of formula IV where R.sub.1 is hydrogen
      and Y' is COOR.sub.8 with an alkali metal lower-alkoxide in a
      lower-alkanol solvent at a temperature in the range from 20.degree. to
      80.degree.C. followed by heating the resulting 1-R.sub.3 -2-(4-R.sub.2
      -3-R'.sub.2 -benzyl)-8-lower-alkylidene-3-azabicyclo[3.3.1]non-6-en-4-one
      of formula V with a mineral acid. The method is represented by the
      reaction sequence:
      ##SPC4##
PAR  As indicated, the rearrangement of the compounds of formula IV to the
      compounds of formula V takes place by cleavage of the bond designated (c)
      in formula IV, cyclization of the ester group, COOR.sub.8, to the nitrogen
      atom with formation of the lactam, shift of the endocyclic double bond and
      generation of an exocyclic double bond with loss of a proton from the
      R.sub.4 lower-alkyl group.
PAR  The compounds of formula IIIa where Q is H.sub.2 and R.sub.1 is hydrogen
      are prepared by reduction of the corresponding compounds where Q is oxo
      (=O) with an alkali metal aluminum hydride. The reaction takes place in an
      organic solvent inert under the conditions of the reaction, for example
      diethyl ether, dibutyl ether, tetrahydrofuran, dioxane and the like, at a
      temperature in the range from 20.degree.C. to 100.degree.C.
PAR  The compounds of formula IIIa where R.sub.1 is other than hydrogen are
      advantageously prepared by reaction of the compounds where R.sub.1 is
      hydrogen with an appropriate lower-alkyl, lower-alkenyl, lower-alkynyl,
      halo-lower-alkenyl, cycloalkyl, cycloalkyl-lower-alkyl, phenyl-lower-alkyl
      or substituted-phenyl-lower-alkyl ester of a strong mineral acid, such as
      esters of hydrochloric, hydrobromic or sulfuric acid. The reaction is
      preferably carried out in the presence of an acid-acceptor, for example an
      alkali metal carbonate or bicarbonate, and in an inert organic solvent
      such as methanol, ethanol, acetone, isopropanol and the like.
PAR  The 7-R.sub.2 -8-R'.sub.2 -1R.sub.1 -2-Q-4a.alpha.-R.sub.3
      -5.alpha.-R.sub.4 -1,2,3,4,4a,5,10,
      10a-octahydro-3,5-ethanobenzo[g]quinolines of formula IIIb are prepared by
      catalytic reduction with hydrogen over a palladium-on-charcoal catalyst
      using an inert organic solvent, for example methanol, ethanol or
      isopropanol.
PAR  The 7-R.sub.2 -8-R'.sub.2 -1-R.sub.1 -3-Y-4a.alpha.-R.sub.3
      -5.alpha.-R.sub.4 -1,2,3,4,4a,5,10,
      10a-octahydro-2,5-methanobenzo[g]quinolines of formula II which, as
      described above, serve as key intermediates for the preparation of the
      final products of formulas I, IIIa and IIIb are in turn prepared as
      follows:
PAR  The compounds of formula II where Y is carboxy, cyano, carbo-lower-alkoxy,
      COR.sub.5, COO-lower-alkylene-cycloalkyl or COO-lower-alkylene-phenyl are
      prepared by the acid catalyzed cyclization of an appropriate 2-R.sub.1
      -3-(4-R.sub.2 -3-R'.sub.2 -benzyl)-4-R.sub.3 -5-R.sub.4
      -7-Y'-2-azabicyclo[2.2.2.]oct-5-ene of formula IV. The reaction is carried
      out by adding the starting material of formula IV to the acid and either
      allowing the reaction mixture to stand at a temperature in the range from
      about 0.degree.C. to about 10.degree.C. or heating to about 100.degree.C.
      Preferred acids are hydrofluoric acid, hydrobromic acid, sulfuric acid,
      phosphoric acid, and the like. A particularly preferred acid is
      hydrofluoric acid.
PAR  During the course of the cyclization reaction, various ester or ether
      groups, [e.g. compounds where Y' in the compounds of formula IV or Y in
      the compounds of formula II is an ester group or R.sub.2 is, e.g.
      lower-alkoxy] are often cleaved to the respective carboxylic acid or the
      phenolic compound, particularly when the reaction mixture is heated using,
      for example, hydrobromic acid. In such cases the products must be
      re-esterified or realkylated using standard procedures, if the esters or
      the ethers are the desired product. This difficulty is readily obviated by
      use of hydrofluoric acid as the acid catalyst which only requires a
      reaction temperature of around 0.degree.-10.degree.C. Under these mild
      conditions, ester and ether groups remain unchanged during the reaction.
PAR  The above described method for the preparation of compounds of formula II
      is particularly advantageous for the preparation of compounds of formula
      II where Y is carboxy, cyano, carbo-lower-alkoxy, COR.sub.5,
      COO-lower-alkylene-cycloalkyl or COO-- lower-alkylene-phenyl. The
      compounds of formula II where Y is the group
      ##EQU19##
      where R.sub.5, R.sub.6 and R.sub.7 have the meanings given above are
      advantageously prepared from the compounds of formula II where Y has the
      other meanings given above by methods involving various transformations of
      the Y group as carboxy, carboxylic acid ester or COR.sub.5 as described
      above in connection with the preparation of the compounds of formula I.
PAR  The compounds of formula II where Y is carboxy, cyano, carbo-lower-alkoxy,
      COO-lower-alkylene-cycloalkyl, COO-lower-alkylene-phenyl, or a group of
      the formula:
      ##EQU20##
      where one or both of R.sub.5 and R.sub.6 is hydrogen or lower-alkyl, and
      R.sub.7 has the same meanings as in formula I can be converted to the
      compounds of formula II where Y is a COR.sub.5 group by simple chemical
      transformations such as hydrolysis of a nitrile or ester to the carboxylic
      acid, or saponification of an ester of an hydroxymethyl-bearing compound
      (R.sub.5, R.sub.6 and R.sub.7 are hydrogen) and oxidation of the
      hydroxymethyl group to the carboxylic acid, which can then be reacted with
      two moles of an appropriate organo lithium, R.sub.5 Li, to produce the
      compounds where Y is COR.sub.5. Compounds of formula II where R.sub.7 and
      one of R.sub.5 and R.sub.6 is hydrogen and the other is lower-alkyl,
      phenyl or phenyl-lower-alkyl can likewise be converted to the compounds
      where Y is COR.sub.5 by oxidation. The compounds of formula II where Y has
      the above-indicated meanings are thus also useful as intermediates for
      preparing the compounds of formula II where Y is COR.sub.5, which in turn
      are useful as intermediates for the preparation of the compounds of
      formula I.
PAR  The compounds of formula II where Y is the group
      ##EQU21##
      where R.sub.5 and R.sub.6 are hydrogen, lower-alkyl, phenyl or
      phenyl-lower-alkyl and R.sub.7 is hydrogen, which as indicated above are
      intermediates for preparing the compounds of formula I, are prepared by
      saponification of the corresponding compounds where R.sub.7 is
      lower-alkanoyl, benzoyl or substituted-benzoyl. The compounds of formula
      II where R.sub.7 is lower-alkanoyl, benzoyl or substituted-benzoyl are
      thus intermediates for the compounds where R.sub.7 is hydrogen. The ester
      forms are useful compounds for purification of the carbinols and serve as
      intermediates for the latter.
PAR  The compounds of formula II where R.sub.1 is benzyl can be catalytically
      debenzylated to give the corresponding compounds where R.sub.1 is
      hydrogen. The latter can then be realkylated with an appropriate
      alkylating agent to give other different compounds where R.sub.1 has the
      meanings given above. Reduction is carried out in an inert organic
      solvent, for example ethanol, isopropanol, and the like, and at pressures
      from 40 to 100 pounds p.s.i. A preferred catalyst is
      palladium-on-charcoal. The alkylation of the compounds of formula II where
      R.sub.1 is hydrogen is carried out in an inert organic solvent, for
      example acetone, ethanol or DMF, and in the presence of an acid-acceptor,
      for example alkali metal carbonates or bicarbonates.
PAR  Finally the 2-R.sub.1 -3-(4-R.sub.2 -3-R'.sub.2 -benzyl)-4-R.sub.3
      -5-R.sub.4 -7-Y'-2-azabicyclo[2.2.2]oct-5-enes of formula IV, which serve
      as intermediates for the preparation of the key intermediates of formula
      II are themselves prepared by reaction of a Grignard reagent derived from
      a 4-R.sub.2 -3-R'.sub.2 -benzyl halide of formula VI with an appropriate
      3-R.sub.3 -4-R.sub.4 -1-R.sub.1 -pyridinium halide of formula VII followed
      by Diels-Alder condensation of the resulting 2-(4-R.sub.2 -3-R'.sub.2
      -benzyl)-3-R.sub.3 -4-R.sub.4 -1,2-dihydropyridine of formula VIII with an
      appropriate dienophile, CH.sub.2 =CHY'.
PAR  The reaction with the Grignard reagent is carried out at a temperature in
      the range from 0.degree. to 25.degree.C. in an inert organic solvent, for
      example diethyl ether, tetrahydrofuran or dibutyl ether and is effected by
      addition of a solution of the Grignard to a suspension of the quaternary
      salt in the reaction solvent. The resulting dihydro compound of formula
      VIII is generally not isolated and purified, but rather is carried forward
      directly to the next step involving reaction with the dienophile without
      further purification. The reaction of the dihydro compounds of formula
      VIII with the dienophile can either be carried out in an excess of the
      latter as a solvent or in an inert organic solvent such as benzene,
      toluene or xylene. Reaction is preferably carried out at the reflux
      temperature of the mixture.
PAR  The 3-R.sub.3 -4-R.sub.4 -pyridines, from which the quaternaries of formula
      VII are prepared, and also the 4-R.sub.2 -3-R'.sub.2 -benzyl halides, from
      which the Grignard reagents are prepared, are known classes of compounds.
PAR  Due to the presence of a basic amino grouping, the free base forms
      represented by formulas I, II, IIIa, IIIb and IV above react with organic
      and inorganic acids to form acid-addition salts. The acid-addition salt
      forms are prepared from any organic or inorganic acid. They are obtained
      in conventional fashion, for instance either by direct mixing of the base
      with the acid or, when this is not appropriate, by dissolving either or
      both of the base and the acid separately in water or an organic solvent
      and mixing the two solutions, or by dissolving both the base and the acid
      together in a solvent. The resulting acid-addition salt is isolated by
      filtration, if it is insoluble in the reaction medium, or by evaporation
      of the reaction medium to leave the acid-addition salt as a residue. The
      acid moieties or anions in these salt forms are in themselves neither
      novel nor critical and therefore can be any acid anion or acid-like
      substance capable of salt formation with the base.
PAR  Representative acids for the formation of the acid-addition salts include
      formic acid, acetic acid, isobutyric acid, alpha-mercaptopropionic acid,
      trifluoroacetic acid, malic acid, fumaric acid, succinic acid, succinamic
      acid, tannic acid, glutamic acid, tartaric acid, oxalic acid, pyromucic
      acid, citric acid, lactic acid, glycolic acid, gluconic acid, saccharic
      acid, ascorbic acid, penicillin, benzoic acid, phthalic acid, salicylic
      acid, 3,5-dinitrobenzoic acid, anthranilic acid, cholic acid,
      2-pyridinecarboxylic acid, pamoic acid, 3-hydroxy-2-naphthoic acid, picric
      acid, quinic acid, tropic acid, 3-indoleacetic acid, barbituric acid,
      sulfamic acid, methanesulfonic acid, ethanesulfonic acid, isethionic acid,
      benzenesulfonic acid, p-toluenesulfonic acid, butylarsonic acid,
      methanephosphonic acid, acidic resins, hydrofluoric acid, hydrochloric
      acid, hydrobromic acid, hydriodic acid, perchloric acid, nitric acid,
      sulfuric acid, phosphoric acid, arsenic acid, and the like.
PAR  All of the acid-addition salts are useful as sources of the free base
      forms, by reaction with an inorganic base. It will thus be appreciated
      that if one or more of the characteristics, such as solubility, molecular
      weight, physical appearance, toxicity, or the like of a given base or
      acid-addition salt thereof render that form unsuitable for the purpose at
      hand, it can be readily converted to another, more suitable form. For
      pharmaceutical purposes, acid-addition salts of relatively nontoxic,
      pharmaceutically-acceptable acids, for example hydrochloric acid, lactic
      acid, tartaric acid, and the like, are of course employed.
PAR  The compounds of this invention can exist in stereochemically isomeric
      forms, that is, optical isomers and geometric isomers. If desired, the
      isolation or the production of a particular stereochemical form can be
      accomplished by application of the general principles known in the prior
      art. In the nomenclature employed for the compounds of formula I herein,
      "ax" stands for axial and "eq" for equatorial, and the configurations are
      given with reference to the hydroaromatic ring. Thus, the 6(eq), 11(ax)
      compounds of formula I are in the cis configuration, whereas the 6(eq),
      11(eq) compounds are in the trans configuration.
PAR  In the nomenclature employed for the compounds of formulas II, IIIa and
      IIIb, again configuration are given with reference to the hydroaromatic
      ring, and the designation ".beta." indicates the cis configuration
      relative to the 2,5-methano bridge of the compounds of formula II or the
      3,5-ethano (or 3,5-etheno) bridge of the compounds of formulas IIIa and
      IIIb. Conversely, the designation ".alpha." indicates the trans
      configuration relative to the same groups.
PAR  In standard pharmacological test procedures, the compounds of formulas I,
      IIIa and IIIb and the acid-addition salts thereof have been found useful
      as depressants of the central nervous system, and more particularly have
      been found useful as analgesics and as antagonists of strong analgesics
      such as phenazocine, meperidine and morphine.
PAR  The compounds of formulas I, IIIa and IIIb can be administered in the same
      manner as known analgesics and antagonists of strong analgesics, i.e.
      parenterally or orally in any of the conventional pharmaceutical forms, as
      for instance solutions, suspensions, tablets, capsules, and the like.
PAR  As described above and as will be seen hereinbelow, many of the species of
      formulas I, II, IIIa, IIIb and IV are readily interconvertible by simple
      and well-known reactions such as reduction, oxidation, hydrolysis,
      esterification, etherification, and the like, so that they are also useful
      as intermediates for each other.
PAR  The useful properties of the compounds of this invention were demonstrated
      by standard pharmacological procedures readily carried out by technicians
      having ordinary skill in pharmacological test procedures, so that the
      actual determination of the numerical biological data definitive for a
      particular test compound can be ascertained without the need for any
      extensive experimentation.
PAR  The test procedures used to determine the analgesic and analgesic
      antagonist activities of the compounds of the invention have been
      described in detail in the prior art and are as follows: the
      acetylcholine-induced abdominal constriction test, which is a primary
      analgesic screening test designed to measure the ability of a test agent
      to suppress acetylcholine-induced abdominal constriction in mice,
      described by Collier et al., Brit. J. Pharmacol. Chemotherap. 32, 295
      (1968); the phenyl-p-quinone-induced writhing test, also a primary
      analgesic screening test, designed to measure the ability of a test agent
      to prevent phenyl-p-quinone-induced writhing in mice, described by Pearl
      and Harris, J. Pharmacol. Exptl. Therap. 154, 319-323  (1966); the rat
      tail flick radiant thermal heat analgesic (agonist) test described by
      D'Amour and Smith, J. Pharmacol. Exptl. Therap. 72, 74 (1941 as modified
      by Bass and VanderBrook, J. Am. Pharm. Assoc. Sci. Ed. 41, 569 (1956); and
      the phenazocine antagonist test, which is designed to measure the ability
      of a test agent to antagonize the effect of phenazocine in the
      aboveindicated rat tail flick response test, described by Harris and
      Pierson, J. Pharmacol. Exptl. Therap. 143, 141 (1964).
PAR  The structures of the compounds of this invention were established by the
      modes of synthesis, by elementary analyses and by ultraviolet, infrared
      and nuclear magnetic resonance spectra. The course of reactions and
      homogeneity of the products were ascertained by thin layer chromatography.
PAR  The manner and process of making and using the invention, and the best mode
      contemplated by the inventor or carrying out this invention, will now be
      described so as to enable any person skilled in the art to which it
      pertains to make and use the same. The melting points are uncorrected
      unless noted otherwise.
DETD
PAC  PREPARATION OF INTERMEDIATES
PAC  EXAMPLE 1
PAR  A solution of 76 g. (0.6 mole) of benzyl chloride in 450 ml. of diethyl
      ether was added to a mixture of 14.6 g. (0.6 moles) of magnesium turnings
      in 150 ml. of dry ether at such a rate as to maintain gentle reflux. The
      resulting solution was then added by filtration through glass wool to a
      suspension of 75 g. (0.3 mole) of 4-ethylpyridine methiodide in 150 ml. of
      ether. The mixture was stirred for three hours at room temperature, poured
      into a mixture of ice/water containing ammonium chloride, and the organic
      layer was separated, dried, filtered, and diluted with ether to a volume
      of 900 ml.
PAR  The solution containing 1-methyl-2-benzyl-4-ethyl-1,2-dihydropyridine was
      divided into three 300 ml. portions, and each portion was evaporated to
      dryness, dissolved, respectively, in 200 ml. portions of benzene, toluene
      and xylene, and the three separate solutions treated with 22 ml. of ethyl
      acrylate and refluxed overnight. The solutions were each allowed to cool,
      diluted with diethyl ether and extracted with 150 ml. of 1 N hydrochloric
      acid. The combined extracts were washed once with diethyl ether, then
      basified with 15 ml. of concentrated ammonium hydroxide and the mixtures
      each extracted with 150 ml. of diethyl ether. The extracts of the three
      samples afforded, respectively, 18.2 g., 20.0 g. and 19.3 g. of product as
      oils. The three samples were dissolved in diethyl ether and acidified with
      ethereal hydrochloric acid to give a total of 32.2 g. of ethyl
      2-methyl-3-benzyl-5-ethyl-2-azabicyclo[2.2.2]oct-5-ene-7-carboxylate
      hydrochloride, m.p. 189.degree.-191.degree.C.
PAR  Following a procedure similar to that described in Example 1A, using either
      benzene, toluene or xylene as solvent, an appropriate 4-R.sub.2
      -3-R'.sub.2 -benzylmagnesium chloride of formula VI, an appropriate
      3-R.sub.3 -4-R.sub.4 -1-R.sub.1 -pyridinium halide of formula VII and an
      appropriate dienophile, CH.sub.2 =CHY', the following 2-R.sub.1
      -3-(4-R.sub.2 -3-R'.sub.2 -benzyl)-4-R.sub.3 -5-R.sub.4
      -7-Y'-2-azabicyclo[2.2.2]oct-5-enes of formula IV are prepared. Unless
      noted otherwise, the products were isolated and characterized in the form
      of the hydrochloride salt. The anion of the quaternary of formula VII is
      given in parentheses along with the weight of VII used.
PAR  Here and elsewhere throughout this specification in subsequent tables, the
      weights of starting materials (S.M.) and products (Prod.) are given in
      grams in the appropriate columns headed "Wt. ", and melting points of the
      final products, together with the solvent of recrystallization, are given
      in the last column.
PAR  Where weights of only one of several reactants are given, the weights of
      such other reactants can be calculated on a proportionate molar basis from
      the amounts used in the example referred to for the preparative prodedure
      employed. In some instances, the products were neither characterized nor
      purified, either by distillation or recrystallization, but rather were
      used directly in the next step as isolated from the reaction mixture.
PAR  The particular form of the starting material or product, whether base or
      salt, is specified along with the weights by use of designations such as
      "base", "HCl", "HBr", etc. to indicate that the weights are given,
      respectively, for the free base or the hydrochloride, hydrobromide, etc.
      salts.
TBL                                    Table 1a                                

     __________________________________________________________________________

     Example                                                                   

          R.sub.1 /Y'                                                          

                  R.sub.2 /R'.sub.2                                            

                       R.sub.3 /R.sub.4                                        

                               Wt.VII/Wt.IV                                    

                                       m.p. (.degree.C.)/Sol.                  

     __________________________________________________________________________

     1B   C.sub.6 H.sub.5 CH.sub.2                                             

                  H    H       23.4 (Cl.sup.-)                                 

                                       196-199                                 

          COOC.sub.2 H.sub.5                                                   

                  H    C.sub.2 H.sub.5                                         

                               15.3    ethanol/ether                           

     1C   C.sub.6 H.sub.5 CH.sub.2                                             

                  CH.sub.3 O                                                   

                       H       117 (Cl.sup.-)                                  

                                       183-186                                 

          COOC.sub.2 H.sub.5                                                   

                  H    C.sub.2 H.sub.5                                         

                               76      ethanol/ether                           

     1D   CH.sub.3                                                             

                  CH.sub.3 O                                                   

                       H       124 (I.sup.-)                                   

                                       202-204                                 

          COOC.sub.2 H.sub.5                                                   

                  H    C.sub.2 H.sub.5                                         

                               76      ethanol/ether                           

     1E   CH.sub.3                                                             

                  H    H       117 (I.sup.-)                                   

                                       237-238                                 

          COOC.sub.2 H.sub.5                                                   

                  H    CH.sub.3                                                

                               57      ethanol/ether                           

     1F   C.sub.6 H.sub.5 CH.sub.2                                             

                  H    H       109.9 (Cl.sup.-)                                

                                       215-217                                 

          COOC.sub.2 H.sub.5                                                   

                  H    CH.sub.3                                                

                               114.9   ethanol/ether                           

     1G   C.sub.6 H.sub.5 CH.sub.2                                             

                  H    H       117 (Cl.sup.-)                                  

                                       106-111 (a)                             

          COCH.sub.3                                                           

                  H    C.sub.2 H.sub.5                                         

                               43.7    ethanol                                 

     1H   C.sub.6 H.sub.5 CH.sub.2                                             

                  CH.sub.3 O                                                   

                       H       154 (Cl.sup.-)                                  

                                       216-219                                 

          COOC.sub.2 H.sub.5                                                   

                  H    CH.sub.3                                                

                               120     ethanol/ether                           

     1J   CH.sub.3                                                             

                  H    CH.sub.3                                                

                               75.9 (I.sup.-)                                  

                                       168-170                                 

          COCH.sub.3                                                           

                  H    C.sub.2 H.sub.5                                         

                               26.8    ethanol/ether                           

     1K   CH.sub.3                                                             

                  H    CH.sub.3                                                

                               50 (I.sup.-)                                    

                                       174                                     

          COCH.sub.3                                                           

                  H    CH.sub.3                                                

                               19.3    ethanol/ether                           

     1L   CH.sub.3                                                             

                  H    CH.sub.3                                                

                               37.4 (I.sup.-)                                  

                                       240-241 (b)                             

          CN      H    CH.sub.3                                                

                               17      ethanol                                 

     1M   CH.sub.3                                                             

                  CH.sub.3 O                                                   

                       H       165 (I.sup.-)                                   

                                       200-202 (c)                             

          COOCH.sub.3                                                          

                  H    CH.sub.3                                                

                               58.8    ethanol/aceton                          

     1N   C.sub.6 H.sub.5 CH.sub.2                                             

                  H    H       165 (Cl.sup.-)                                  

                                       165-170 (d)                             

          COCH.sub.3                                                           

                  H    CH.sub.3                                                

                               123.1   ethanol/ether                           

     1P   CH.sub.3                                                             

                  H    H       27.9 (I.sup.-)                                  

                                       146-149                                 

          COOC.sub.2 H.sub.5                                                   

                  H    CH.sub.3 OCH.sub.2 CH.sub.2                             

                               6.4     ethanol/ether                           

     1Q   C.sub.3 H.sub.5 --CH.sub.2 (e)                                       

                  H    H       11.6 (Br.sup.-)                                 

                                       230                                     

          COOC.sub.2 H.sub.5                                                   

                  H    CH.sub.3                                                

                               8.6     ethanol                                 

     1R   CH.sub.3                                                             

                  H    H       184 (I.sup.-)                                   

                                       171-174                                 

          COOC.sub.2 H.sub.5                                                   

                  H    C.sub.3 H.sub.7                                         

                               71.3    ethanol/ether                           

     1S   C.sub.6 H.sub.5 CH.sub.2                                             

                  CH.sub.3 O                                                   

                       H       112 (Cl.sup.-)                                  

                                       125-130                                 

          COCH.sub.3                                                           

                  H    CH.sub.3                                                

                               64.5    ethanol/ether                           

     1T   C.sub.6 H.sub.5 CH.sub.2                                             

                  H    CH.sub.3                                                

                               11.7 (Cl.sup.-)                                 

                                       218-220                                 

          COOC.sub.2 H.sub.5                                                   

                  H    CH.sub.3                                                

                               6.1     ethanol/ether                           

     1U   C.sub.6 H.sub.5 CH.sub.2                                             

                  CH.sub.3 O                                                   

                       CH.sub.3                                                

                               157 (Cl.sup.-)                                  

                                       146                                     

          COCH.sub.3                                                           

                  H    CH.sub.3                                                

                               15.3    ethanol/ether                           

     1V   C.sub.6 H.sub.5 CH.sub.2                                             

                  CH.sub.3 O                                                   

                       H       165 (Cl.sup.-)                                  

                                       122-127                                 

          COCH.sub.3                                                           

                  H    C.sub.2 H.sub.5                                         

                               105.3   acetone                                 

     1W   C.sub.6 H.sub.5 CH.sub.2                                             

                  H    CH.sub.3                                                

                               238 (I.sup.-)                                   

                                       166-168                                 

          COCH.sub.3                                                           

                  H    C.sub.2 H.sub.5                                         

                               36.3    ethanol/ether                           

     1X   C.sub.6 H.sub.5 CH.sub.2                                             

                  H    CH.sub.3                                                

                               46.8 (Cl.sup.-)                                 

                                       oil                                     

          COCH.sub.3                                                           

                  H    CH.sub.3                                                

                               54                                              

     1Y   CH.sub.3                                                             

                  H    H       40.0 (I.sup.-)                                  

                                       127-129 (f)                             

          COOC.sub.2 H.sub.5                                                   

                  H    CH.sub.2 CH.sub.2 SC.sub.6 H.sub.5 37                   

                               acetone                                         

     __________________________________________________________________________

      (a) Free base                                                            

      (b) Hydrochloride hemiethanolate                                         

      (c) The corresponding ethyl ester hydrochloride prepared similarly using 

      ethyl acrylate as the dienophile has m.p. 205.degree.-206.degree.C. (from

      ethanol).                                                                

      (d) The free base has m.p. 118.degree.-120.degree. (from isopropanol).   

      (e) Cyclopropylmethyl                                                    

      (f) Oxalate                                                              

PAC  EXAMPLE 1Z
PAR  A solution of 21.1 g. (0.05 mole) of the ethyl
      2,3-dibenzyl-5-ethyl-2-azabicyclo[2.2.2]oct-5-ene-7-carboxylate
      hydrochloride described above in Example 1B was dissolved in a solution of
      100 ml. of 1N sodium hydroxide and 100 ml. of ethanol, and the solution
      was heated and stirred under reflux for four hours. The ethanol was then
      removed in vacuo, the mixture diluted with water and then acidified with
      glacial acetic acid. Extraction of the mixture with chloroform afforded
      21.1 g. of a gummy material which was dissolved in methanol and treated
      with an excess of methanesulfonic acid. The solid which separated on
      dilution with diethyl ether was collected to give 15.1 g. of
      2,3-dibenzyl-5-ethyl-2-azabicyclo[2.2.2]oct-5-ene-7-carboxylic acid
      methanesulfonate, m.p. 220.degree.-222.degree.C.
PAC  EXAMPLE 1AA
PAR  A solution of 10 g. (0.02 mole) of ethyl
      2-benzyl-3-(4-methoxybenzyl)-5-methyl-2-azabicyclo[2.2.2]oct-5-ene-7-carbo
     xylate hydrochloride described above in Example 1H in 100 ml. of absolute
      ethanol was reduced with hydrogen over 1.0 g. of 10%
      palladium-on-charcoal, and when reduction was complete, the catalyst was
      removed by filtration and the filtrate taken to dryness. The residue was
      recrystallized from ethanol/ether to give 7.0 g. of ethyl
      3-(4-methoxybenzyl)-5-methyl-2-azabicyclo[2.2.2]oct-5-ene-7-carboxylate
      hydrochloride, m.p. 173.degree.-175.degree.C., which on further
      recrystallization gave material having m.p. 177.degree.-179.degree.C.
PAC  EXAMPLE 1BB
PAR  Following a procedure similar to that described in Example 1AA above, 42.6
      g. (0.1 mole) of ethyl
      2,3-dibenzyl-4,5-dimethyl-2-azabicyclo[2.2.2]oct-5-ene-7-carboxylate
      hydrochloride described in Example 1T above was reduced with hydrogen over
      palladium-on-charcoal and the product isolated as the hydrochloride salt
      to give 24.2 g. of ethyl
      3-benzyl-4,5-dimethyl-2-azabicyclo[2.2.2]oct-5-ene-7-carboxylate
      hydrochloride, m.p. 223.degree.-226.degree.C. (from ethanol/ether).
PAR  Following a procedure similar to that described in Example 1A, using an
      appropriate 4-R.sub.2 -3-R'.sub.2 -benzylmagnesium chloride of formula VI,
      an appropriate 3-R.sub.3 -4-R.sub.4 -R.sub.4 -1-R.sub.1 -pyridinium halide
      of formula VII and methyl vinyl ketone as dienophile, the following
      2-R.sub.1 -3-(4-R.sub.2 -3-R'.sub.2 -benzyl)-4-R.sub.3 -5-R.sub.4
      -7-CH.sub.3 CO-2-azabicyclo[2.2.2]oct-5-enes of formula IV are prepared.
TBL                Table 1b                                                    

     ______________________________________                                    

     Example     R.sub.1    R.sub.2 /R'.sub.2                                  

                                       R.sub.3 /R.sub.4                        

     ______________________________________                                    

     1CC   CH.sub.3         H          H                                       

                            Cl         CH.sub.3                                

     1DD   CH.sub.3         H          H                                       

                            Br         CH.sub.3                                

     1EE   CH.sub.3         H          H                                       

                            F          CH.sub.3                                

     1FF   CH.sub.3         H          H                                       

                            CF.sub.3   CH.sub.3                                

     1GG   CH.sub.3         H          H                                       

                            CH.sub.3   CH.sub.3                                

     1HH   CH.sub.3         C.sub.6 H.sub.5                                    

                                       H                                       

                            H          CH.sub.3                                

                            O                                                  

     1JJ   CH.sub.3         CH.sub.2 .angle.                                   

                                       H                                       

                            O          CH.sub.3                                

     1KK   CH.sub.3         H          H                                       

                            H          H                                       

     1LL   CH.sub.3         H          H                                       

                            H          ClCH.sub.2 CH.sub.2                     

     1MM   CH.sub.3         H                                                  

                                       (CH.sub.2).sub.3 .angle.                

                            H                                                  

     1NN   CH.sub.3         H                                                  

                                       (CH.sub.2).sub.4 .angle.                

                            H                                                  

     1PP   C.sub.6 H.sub.11 CH.sub.3 S H                                       

                            H          CH.sub.3                                

     1QQ   4-BrC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                               

                            CH.sub.3 O H                                       

                            H          CH.sub.3                                

     1RR   4-ClC.sub.6 H.sub.4 CH.sub.2 CH.sub. 2                              

                            CH.sub.3 CONH                                      

                                       H                                       

                            H          CH.sub.3                                

     1SS   4-FC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                                

                            C.sub.2 H.sub.5 OCONH                              

                                       H                                       

                            H          CH.sub.3                                

     1TT   4-Cl-3-CH.sub.3 C.sub.6 H.sub.3 CH.sub.2 CH.sub.2                   

                            H          H                                       

                            H          CH.sub.3                                

     1UU   3-CH.sub.3 COOC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                     

                            H          H                                       

                            H          CH.sub.3                                

     1VV   3,4-(CH.sub.3 O).sub.2 C.sub.6 H.sub.3 CH.sub.2 CH.sub.2            

                            H          H                                       

                            H          CH.sub.3                                

     1WW   4-CH.sub.3 SC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                       

                            H          H                                       

                            H          CH.sub.3                                

     1XX   3-CF.sub.3 C.sub.6 H.sub.4 CH.sub.2 CH.sub.2                        

                            H          H                                       

                            H          CH.sub.3                                

     1YY   3-CH.sub.3 CONHC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                    

                            H          H                                       

                            H          CH.sub.3                                

     1ZZ   3,4-OCH.sub.2 OC.sub.6 H.sub.3 CH.sub.2 CH.sub.2                    

                            H          H                                       

                            H          CH.sub.3                                

     1AB   CH.sub.3         H          H                                       

                            H          CH.sub.2 CH.sub.2 SCH.sub.3             

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  A. A mixture of 12.3 g. ((0.035 mole) of the ethyl
      2-methyl-3-benzyl-5-ethyl-2-azabicyclo[2.2.2]oct-5-ene-7-carboxylate
      hydrochloride, described above in Example 1A, in 125 ml. of 48% aqueous
      hydrobromic acid was stirred under reflux for twenty-four hours and
      cooled. The solid which separated was collected to give 8.4 g. of
      1-methyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]q
     uinoline-3.beta.-carboxylic acid hydrobromide, m.p.
      290.degree.-293.degree.C., which on recrystallization from water gave
      material having m.p. 295.degree.-299.degree.C.
PAR  Following a procedure similar to that described in Example 2A, using an
      appropriate 2-R.sub.1 -3-(4-R.sub.2 -3-R'.sub.2 -benzyl)-4-R.sub.3
      -5-R.sub.4 -7-Y'-2-azabicyclo[2.2.2]oct-5-ene of formula IV, the following
      7-R.sub.2 -8-R'.sub.2 -1-R.sub.1 -3-Y-4a.alpha.-R.sub.3 -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]quinolines of formula II
      are prepared. The cyclization can be carried out using hydrofluoric acid
      at 0.degree.-15.degree.C., concentrated sulfuric acid at ambient
      temperature, or hydrobromic acid in glacial acetic acid at reflux
      temperature. The particular acid used to promote reaction in each case is
      identified below by the designations HF, H.sub.2 SO.sub.4 and HBr, as the
      case may be. Unless noted otherwise the products were isolated as the
      hydrochloride salts.
TBL                                    Table 2a                                

     __________________________________________________________________________

     Example                                                                   

          R.sub.1 /Y                                                           

                R.sub.2 /R'.sub.2                                              

                     R.sub.3 /R.sub.4                                          

                             Wt.IV/Wt.II                                       

                                     m.p. (.degree.C.)/Solv.                   

     __________________________________________________________________________

     2B   C.sub.6 H.sub.5 CH.sub.2                                             

                H    H       42.6    258-260                                   

     HBr  COOH (a)                                                             

                H    C.sub.2 H.sub.5                                           

                             11.5    ethanol/ether                             

     2C   CH.sub.3                                                             

                HO   H       58.1    293 (c)                                   

     HBr  COOH (b)                                                             

                H    C.sub.2 H.sub.5                                           

                             30.2    H.sub.2 O                                 

     2D   CH.sub.3                                                             

                H    H       50      269 (c)                                   

     HBr  COOH (a)                                                             

                H    CH.sub.3                                                  

                             36.7    ethanol/ether                             

     2E   C.sub.6 H.sub.5 CH.sub.2                                             

                H    H       10      109-111 (d)                               

     H.sub.2 SO.sub.4                                                          

          COCH.sub.3                                                           

                H    C.sub.2 H.sub.5                                           

                             7.1     methanol                                  

     2F   C.sub.6 H.sub.5 CH.sub.2                                             

                CH.sub.3 O                                                     

                     H       10      225-228                                   

     HF   COOC.sub.2 H.sub.5                                                   

                H    CH.sub.3                                                  

                             7.3     acetone                                   

     2G   CH.sub.3                                                             

                H    CH.sub.3                                                  

                             10      99-103 (d)                                

     H.sub.2 SO.sub.4                                                          

          COCH.sub.3                                                           

                H    C.sub.2 H.sub.5                                           

                             3.7     hexane                                    

     2H   CH.sub.3                                                             

                HO (e)                                                         

                     H       45.0    283-284                                   

     HBr  COOCH.sub.3                                                          

                H    CH.sub.3                                                  

                             17.6    ethanol                                   

     2J   CH.sub.3                                                             

                H    H       88.4    228-229                                   

     HBr  COOC.sub.2 H.sub.5                                                   

                H    C.sub.3 H.sub.7                                           

                             23.3    isopropanol                               

     2K   C.sub.6 H.sub.5 CH.sub.2                                             

                CH.sub.3 O                                                     

                     H       5.0     126-129 (d)                               

     HF   COCH.sub.3                                                           

                H    CH.sub.3                                                  

                             2.6     ethanol                                   

     2L   C.sub.6 H.sub.5 CH.sub.2                                             

                CH.sub.3 O                                                     

                     H       176     88-90 (d)                                 

     HF   COCH.sub.3                                                           

                H    C.sub.2 H.sub.5                                           

                             43.2    ethanol                                   

     2M   CH.sub.3                                                             

                CH.sub.3 O                                                     

                     H       153.7   101-102 (d)                               

     HF   COOC.sub.2 H.sub.5                                                   

                H    CH.sub.3                                                  

                             94.6    ethyl acetate                             

     2N   C.sub.6 H.sub.5 CH.sub.2                                             

                H    CH.sub.3                                                  

                             200     207-209                                   

     HF   COOC.sub.2 H.sub.5                                                   

                H    CH.sub.3                                                  

                             167     ethanol/ether                             

     2P   C.sub.6 H.sub.5 CH.sub.2                                             

                CH.sub.3 O                                                     

                     CH.sub.3                                                  

                             4.3     125-126 (d)                               

     HF   COCH.sub.3                                                           

                H    CH.sub.3                                                  

                             3.2     ethanol                                   

     2Q   C.sub.6 H.sub.5 CH.sub.2                                             

                H    CH.sub.3                                                  

                             79.2    95-98 (d)                                 

     HF   COCH.sub.3                                                           

                H    C.sub.2 H.sub.5                                           

                             29.3    ethanol                                   

     2R   C.sub.6 H.sub.5 CH.sub.2                                             

                CH.sub.3 O                                                     

                     H       0.5     244-246                                   

     HF   COOC.sub.2 H.sub.5                                                   

                H    C.sub.2 H.sub.5                                           

                             0.25    ethanol/ether                             

     2S   C.sub.6 H.sub.5 CH.sub.2                                             

                H    H       66      200-203                                   

     HF   COOC.sub.2 H.sub.5                                                   

                H    CH.sub.3                                                  

                             53      ethanol/ether                             

     2T   C.sub.6 H.sub.5 CH.sub.2                                             

                H    H       10      136- 138 (d)                              

     H.sub.2 SO.sub.4                                                          

          COCH.sub.3                                                           

                H    CH.sub.3                                                  

                             3       ethanol                                   

     2U   CH.sub.3                                                             

                H    H       1.0     189-191                                   

     HF   COOC.sub.2 H.sub.5                                                   

                H    CH.sub.2 CH.sub.2 OCH.sub.3                               

                             0.85    ethanol/ether                             

     2V   CH.sub.3                                                             

                H    H       10      185-189                                   

     HF   COOC.sub.2 H.sub.5                                                   

                H    CH.sub.2 CH.sub.2 H.sub.5                                 

                             5.6     acetone                                   

     __________________________________________________________________________

      (a) Starting material was the ethyl ester.                               

      (b) Starting material was the methoxy ether/ethyl ester.                 

      (c) Hydrobromide salt                                                    

      (d) Free base                                                            

      (e) Starting material was the methoxy ether/methyl ester.                

PAC  EXAMPLE 2W
PAR  A solution of 4.2 g (0.01 mole) of ethyl
      1-methyl-5.alpha.-[2-(phenylthio)ethyl]-1,2,3,4,4a,
      5,10,10a-octahydro-2,5-methanobenzo[g]quinoline-3.beta.-carboxylate
      described in Example 2V in 80 ml. of glacial acetic acid was treated with
      1.4 ml. of 30% aqueous hydrogen peroxide, allowed to stand at ambient
      temperature for one hour and fifteen minutes and then concentrated to
      dryness in vacuo at 40.degree.C. The residue was partitioned between
      dilute sodium hydroxide and methylene dichloride and the organic layer
      separated, dried and taken to dryness to give 5.0 g. of ethyl
      1-methyl-5.alpha.-[2-(phenylsulfinyl)ethyl]-1,2,3,4,4a,5,10,10a-ooctahydro
     -2,5-methanobenzo[g]guinoline-3.beta.-carboxylate as an oil.
PAR  The latter (14.0 g., 0.032 mole) was distilled under reduced pressure, and
      the fraction boiling at 122.degree.-156.degree.C./0.03-0.11 mm. was
      collected (7 g.) and chromatographed on silica in a 6:4 solution of
      hexane:ether. The column was eluted until the yellow color passed through,
      and the next 550 ml. was collected separately and taken to dryness to give
      6.4 g. of a gum which was dissolved in anhydrous ether and diluted with
      ethereal hydrogen chloride. The solid which separated was collected and
      dried to give 3.8 g of ethyl
      1-methyl-5.alpha.-vinyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]q
     uinoline-3.beta.-carboxylate hydrochloride, m.p. 241.degree.-242.degree.C.
PAR  The latter (2.1 g., 0.006 mole) was converted to the free base, and the
      base in 15 ml. of tetrahydrofuran was treated with 15.6 ml. of a 1M
      solution of diborane in tetrahydrofuran. The solution was stirred for an
      hour and a half, poured into 10 ml. of ice water, the mixture basified
      with 3.6 ml. of 3N sodium hydroxide, treated with 2.2 ml. of 30% hydrogen
      peroxide. After stirring for an hour, the mixture was filtered, diluted
      with water, extracted with ether and the ether extracts extracted with
      dilute hydrochloric acid. Isolation of the basic product from the aqueous
      acid medium in the usual manner by basifying and extraction with ether and
      conversion of the product to the hydrochloride salt gave ethyl
      1-methyl-5.alpha.-(2-hydroxyethyl)-1,2,3,4,4a,5,10,10a-octahydro-2,5-metha
     nobenzo[g]quinoline-3.beta.-carboxylate hydrochloride, m.p.
      212.degree.-216.degree.C. (from acetone).
PAR  Following a procedure similar to that described in Example 2A, using an
      appropriate 2-R.sub.1 -3-(4-R.sub.2 -3-R'.sub.2 -benzyl)-4-R.sub.3
      -5-R.sub.4 -7-Y'-2-azabicyclo[2.2.2]oct-5-ene of formula IV and
      hydrofluoric acid at 0.degree.-15.degree.C., the following 7-R.sub.2
      -8-R'.sub.2 -1-R.sub.1 -3-Y-4a.alpha.-R.sub.3 -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-2,5methanobenzo[g]-quinolines of formula II
      are prepared.
TBL                Table 2b                                                    

     ______________________________________                                    

     Ex-                                                                       

     ample      R.sub.1 /Y   R.sub.2 /R'.sub.2                                 

                                        R.sub.3 /R.sub.4                       

     ______________________________________                                    

     2X    C.sub.6 H.sub.5 CH.sub.2                                            

                            CH.sub.3 O H                                       

           COOC.sub.2 H.sub.5                                                  

                            H          CH.sub.3                                

     2Y    CH.sub.3         H          CH.sub.3                                

           COCH.sub.3       H          CH.sub.3                                

     2Z    CH.sub.3         H          CH.sub.3                                

           CN               H          CH.sub.3                                

     2AA   cyclopropyl-CH.sub.2                                                

                            H          H                                       

           COOC.sub.2 H.sub.5                                                  

                            H          CH.sub.3                                

     2BB   CH.sub.3         H          H                                       

           COCH.sub.3       Cl         CH.sub.3                                

     2CC   CH.sub.3         H          H                                       

           COCH.sub.3       Br         CH.sub.3                                

     2DD   CH.sub.3         H          H                                       

           COCH.sub.3       F          CH.sub.3                                

     2EE   CH.sub.3         H          H                                       

           COCH.sub.3       CF.sub.3   CH.sub.3                                

     2FF   CH.sub.3         H          H                                       

           COCH.sub.3       CH.sub.3   CH.sub.3                                

     2GG   CH.sub.3         C.sub.6 H.sub.5                                    

                                       H                                       

           COCH.sub.3       H          CH.sub.3                                

                            O                                                  

     2HH   CH.sub.3         CH.sub.2 .angle.                                   

                                       H                                       

           COCH.sub.3       O          CH.sub.3                                

     2JJ   CH.sub.3         H          H                                       

           COCH.sub.3       H          H                                       

     2KK   CH.sub.3         H          H                                       

           COCH.sub.3       H          ClCH.sub.2 CH.sub.2                     

     2LL   CH.sub.3         H                                                  

           COCH.sub.3       H          (CH.sub.2).sub.3 .angle.                

     2MM   CH.sub.3         H                                                  

           COCH.sub.3       H          (CH.sub.2).sub.4 .angle.                

     2NN   C.sub.6 H.sub.11 CH.sub.3 S H                                       

           COCH.sub.3       H          CH.sub.3                                

     2PP   4-BrC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                               

                            CH.sub.3 O H                                       

           COCH.sub.3       H          CH.sub.3                                

     2QQ   4-ClC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                               

                            CH.sub.3 CONH                                      

                                       H                                       

           COCH.sub.3       H          CH.sub.3                                

     2RR   4-FC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                                

                            C.sub.2 H.sub.5 OCONH                              

                                       H                                       

           COCH.sub.3       H          CH.sub.3                                

     2SS   4-Cl-3-CH.sub.3 C.sub.6 H.sub.3 CH.sub.2 CH.sub.2                   

                            H          H                                       

           COCH.sub.3       H          CH.sub.3                                

     2TT   3-CH.sub.3 COOC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                     

                            H          H                                       

           COCH.sub.3       H          CH.sub.3                                

     2UU   3,4-(CH.sub.3 O).sub.2 C.sub.6 H.sub.3 CH.sub.2 CH.sub.2            

                            H          H                                       

           COCH.sub.3       H          CH.sub.3                                

     2VV   4-CH.sub.3 SC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                       

                            H          H                                       

           COCH.sub.3       H          CH.sub.3                                

     2WW   3-CF.sub.3 C.sub.6 H.sub.4 CH.sub.2 CH.sub.2                        

                            H          H                                       

           COCH.sub.3       H          CH.sub.3                                

     2XX   3-CH.sub. 3 CONHC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                   

                            H          H                                       

           COCH.sub.3       H          CH.sub.3                                

     2YY   3,4-OCH.sub.2 OC.sub.6 H.sub.3 CH.sub.2 CH.sub.2                    

                            H          H                                       

           COCH.sub.3       H          CH.sub.3                                

     2ZZ   CH.sub.3         H          H                                       

           COCH.sub.3       H          CH.sub.2 CH.sub.2 SCH.sub.3             

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  A solution containing 21.3 g. (0.05 mole) of ethyl
      2,3-dibenzyl-5-ethyl-2-azabicyclo[2.2.2]oct-5-ene-7-carboxylate
      hydrochloride (described in Example 1B) in 200 ml. of ethanol was reduced
      over 2.1 g. of palladium-on-charcoal using the procedure described above
      in Example 1AA. There was thus obtained 18 g. of ethyl
      3-benzyl-5-ethyl-2-azabicyclo[2.2.2]oct-5-ene-7-carboxylate which, without
      further purification, was dissolved in 170 ml. of 48% hydrobromic acid and
      heated under reflux for about eight hours. The crude product obtained was
      recrystallized from water to give 9.4 g. of
      5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]quinoline-
     3.beta.-carboxylic acid hydrobromide, m.p.&gt; 310.degree.C.
PAC  EXAMPLE 4
PAR  A. A mixture of 48.3 g. (0.13 mole) of
      1-methyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]q
     uinoline-3.beta.-carboxylic acid hydrobromide (described in Example 2A) in
      480 ml. of absolute ethanol was treated with anhydrous hydrogen chloride
      until all material has dissolved. The solution was refluxed for three
      hours, taken to dryness, and the solid residue was partitioned between
      dilute ammonium hydroxide and diethyl ether. The ether layer was
      separated, combined with additional ether washes of the aqueous layer, and
      the combined organic extracts dried and evaporated to dryness. The
      resulting solid residue was dissolved in ethanol and treated with ethereal
      hydrogen chloride to give 39.3 g. of ethyl
      1-methyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]q
     uinoline-3.beta.-carboxylate hydrochloride, m.p. 244.degree.-246.degree.C.
PAR  Following a procedure similar to that described in Example 4A, using an
      appropriate 7-R.sub.2 -8-R'.sub.2 -1-R.sub.1 -4a.alpha.-R.sub.3
      -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]quinoline-3-carboxylic
      acid hydrobromide of formula II and an appropriate lower-alkanol, the
      corresponding lower-alkyl esters of formula II given in Table 4 below are
      prepared. Unless noted otherwise, melting points are given for the free
      base form.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Example                                                                   

          R.sub.1 /Y                                                           

                R.sub.2 /R'.sub.2                                              

                     R.sub.3 /R.sub.4                                          

                          Wt.acid/Wt.Prod.                                     

                                    m.p. (.degree.C.)/Solv.                    

     __________________________________________________________________________

     4B   CH.sub.3                                                             

                H    H    10.3      129-133                                    

          COOCH.sub.3                                                          

                H    CH.sub.3                                                  

                          5.0       methanol                                   

     4C   H     H    H    11.2      245-246 (a)                                

          COOC.sub.2 H.sub.5                                                   

                H    C.sub.2 H.sub.5                                           

                          8.0       ethanol/ether                              

     4D   CH.sub.3                                                             

                HO   H    10.0      190-193                                    

          COOCH.sub.3                                                          

                H    C.sub.2 H.sub.5                                           

                          5.4       ethyl acetate/                             

                                    hexane                                     

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  A solution of 53.7 g. (0.15 mole) of
      1-benzyl-3.beta.-acetyl-5.alpha.-methyl-7-methoxy-1,2,3,4,4a,5,10,10a-octa
     hydro-2,5-methanobenzo[g]quinoline (described in Example 2K) in 250 ml. of
      48% aqueous hydrobromic acid was warmed on a steam bath for two hours and
      then filtered and cooled. The solid which had precipitated was collected
      and recrystallized from water to give 10.3 g. of
      1-benzyl-3.beta.-acetyl-5.alpha.-methyl-7-hydroxy-1,2,3,4,4a,5,10,10a-octa
     hydro-2,5-methanobenzo[g]quinoline hydrobromide, m.p.
      192.degree.-197.degree.C.
PAC  EXAMPLE 6
PAR  A. A solution of 21.7 g. (0.06 mole) of
      1-benzyl-3.beta.-acetyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-m
     ethanobenzo-[g]quinoline (described in Example 2E) in 100 ml. of ethanol
      was made acidic with aqueous hydrochloric acid, and the solution was
      reduced with hydrogen over 2.0 g. of 10% palladium-on-charcoal at room
      temperature using a Parr shaking apparatus. When reduction was complete,
      the catalyst was removed by filtration, the filtrate concentrated to
      dryness in vacuo, and the residue recrystallized from isopropanol to give
      14.4 g. of
      3.beta.-acetyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-methanoben
     zo-[g]quinoline hydrochloride, m.p. 240.degree.-241.degree.C.
PAR  Following a procedure similar to that described in Example 6A, using an
      appropriate 7-R.sub.2 -8-R'.sub.2 -1benzyl-3-Y-4a.alpha.-R.sub.3
      -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]-quinoline of formula
      II, the corresponding debenzylated compounds of formula II in Table 6
      below where R.sub.1 in each case is hydrogen are prepared. The compound of
      Example 6B was prepared from, and isolated as, the hydrobromide salt, and
      the compound of Example 6C was prepared from, and isolated as, the
      hydrochloride salt.
TBL                                    Table 6                                 

     __________________________________________________________________________

     Example                                                                   

          Y     R.sub.2 /R'.sub.2                                              

                     R.sub.3 /R.sub.4                                          

                          Wt.S.M./Wt.Prod.                                     

                                    m.p. (.degree.C.)/Solv.                    

     __________________________________________________________________________

     6B   COCH.sub.3                                                           

                HO   H    8.2       247-248                                    

                H    CH.sub.3                                                  

                          4.8       acetonitrile                               

     6C   COOC.sub.2 H.sub.5                                                   

                H    CH.sub.3                                                  

                          42.6      213-216                                    

                H    CH.sub.3                                                  

                          26.4      ethanol/ether                              

     __________________________________________________________________________

PAC  EXAMPLE 7
PAR  A. A mixture of 5.0 g. (0.017 mole) of ethyl
      5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]quinoline-
     3.beta.-carboxylate hydrochloride (described in Example 4C), 2.8 g. (0.17
      mole) of cyclopropylmethyl bromide and 1.4 g. (0.017 mole) of sodium
      bicarbonate in 40 ml. of DMF was stirred and refluxed for three hours, and
      then evaporated to dryness in vacuo. The residue was partitioned between
      water and diethyl ether, the ether layer was washed with water, dried,
      charcoaled and filtered, and the filtrate was diluted with ethanol and
      acidified with ethereal hydrogen chloride. The solid which separated was
      collected and recrystallized from ethanol/ether to give 4.4 g. of ethyl
      1-cyclopropylmethyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-metha
     nobenzo[g]quinoline-3.beta.-carboxylate hydrochloride, m.p.
      215.degree.-217.degree.C.
PAR  B. Following a procedure similar to that described in Example 7A, 27.6 g.
      (0.091 mole) of
      3.beta.-acetyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-methanoben
     zo[g]quinoline hydrochloride (described in Example 6A) was alkylated with
      14.9 g. (0.11 mole) of cyclopropylmethyl bromide in the presence of sodium
      bicarbonate and the product converted to the hydrochloride salt to give
      24.1 g. of
      1-cyclopropylmethyl-3.beta.-acetyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octa
     hydro-2,5methanobenzo[g]quinoline hydrochloride, which on recrystallization
      from ethanol/ether afforded material having m.p. 202.degree.-204.degree.C.
PAC  EXAMPLE 8
PAR  A. A mixture of 18.0 g. (0.05 mole) of
      5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5methanobenzo[g]quinoline-3
     .beta.-carboxylic acid hydrobromide (described in Example 3), 20.4 g. (0.11
      mole) of .beta.-phenylethyl bromide and 13.5 g. (0.16 mole) of sodium
      bicarbonate in 200 ml. of DMF was stirred under reflux for four hours, and
      then worked up in the manner described above in Example 7A. The crude
      product was converted to the hydrochloride salt which was recrystallized
      from isopropanol to give 4.4 g. of 2-phenylethyl
      1-(2-phenylethyl)-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-methano
     benzo[g]quinoline-3.beta.-carboxylate hydrochloride, m.p.
      237.degree.-238.degree.C.
PAR  B. Following a procedure similar to that described in Example 8A, 20.5 g.
      (0.058 mole) of
      5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]quinoline-
     3.beta.-carboxylic acid hydrobromide (described in Example 3) was reacted
      with 19.8 g. (0.12 mole) of cyclopropylmethyl bromide in the presence of
      sodium bicarbonate, and the product converted to the hydrochloride salt
      which was recrystallized from ethanol/ether to give 6.6 g. of
      cyclopropylmethyl
      1-(cyclopropylmethyl)-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-met
     hanobenzo[g]quinoline-3.beta.-carboxylate hydrochloride, m.p.
      184.degree.-187.degree.C.
PAC  EXAMPLE 9
PAR  A. A solution of 0.035 mole of ethyl
      1-methyl-5.alpha.-propyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]
     quinoline-3.beta.-carboxylate (obtained from 14.4 g. of the corresponding
      hydrochloride described above in Example 2J) in diethyl ether was added in
      a fine stream to 81 ml. of a 2.16M solution (0.175 mole) of methyl lithium
      in diethyl ether. When addition was complete, the mixture was stirred for
      about 30 minutes, allowed to stand overnight, and then poured into an
      ice/aqueous ammonium chloride mixture. The ether layer was separated, the
      aqueous layer washed with diethyl ether, and the combined organic extracts
      washed with saturated brine, dried, filtered, and concentrated to dryness.
      The residue was dissolved in ethanol/ether, and the solution acidified
      with ethereal hydrogen chloride. The solid which separated was collected
      and recrystallized from ethanol/ether to give 2.5 g. of
      1-methyl-3.beta.-(2-hydroxy-2propyl)-5.alpha.-propyl-1,2,3,4,4a,5,10,10a-o
     ctahydro-2,5-methanobenzo[g]quinoline hydrochloride, m.p.
      257.degree.-258.degree.C.
PAR  Following a procedure similar to that described in Example 9A, using an
      appropriate lower-alkyl 7-R.sub.2 -8-R'.sub.2 -1-R.sub.1
      -4a.alpha.-R.sub.3 -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]-quinoline-3-carboxylate
      of formula II described in Examples 4A, 4B, 4D, 8A, 2M and 7A,
      respectively, and methyl lithium, the following compounds of formula II in
      Table 9, where Y in each case is C(CH.sub.3).sub.2 OH, are prepared. In
      each case, the weights of starting materials are given for the free base
      form, and unless noted otherwise, melting points of the products are given
      for the hydrochloride salt.
TBL                                    Table 9                                 

     __________________________________________________________________________

     Example                                                                   

          R.sub.1 R.sub.2 /R'.sub.2                                            

                       R.sub.3 /R.sub.4                                        

                            Wt.S.M./Wt.Prod.                                   

                                      m.p. (.degree.C.)/Solv.                  

     __________________________________________________________________________

     9B   CH.sub.3                                                             

                  H    H    15.7      275                                      

                  H    C.sub.2 H.sub.5                                         

                            6.9       ethanol                                  

     9C   CH.sub.3                                                             

                  H    H    15        256-257                                  

                  H    CH.sub.3                                                

                            12.2      ethanol/ether                            

     9D   CH.sub.3                                                             

                  HO   H    12.9      272                                      

                  H    C.sub.2 H.sub.5                                         

                            8.1       ethanol/ether                            

     9E   C.sub.6 H.sub.5 CH.sub.2 CH.sub.2                                    

                  H    H    8.2       248-248.5                                

                  H    C.sub.2 H.sub.5                                         

                            3.9       ethanol/ether                            

     9F   CH.sub.3                                                             

                  CH.sub.3 O                                                   

                       H    25        126-127 (a)                              

                  H    CH.sub.3                                                

                            22.1      hexane                                   

     9G   C.sub.3 H.sub.5 --CH.sub.2 (b)                                       

                  H    H    6.1       256                                      

                  H    C.sub.2 H.sub.5                                         

                            4.5       ethanol/ether                            

     __________________________________________________________________________

      (a) Free base                                                            

      (b) Cyclopropylmethyl                                                    

PAC  EXAMPLE 10
PAR  A. To a suspension of 44.1 g. (0.16 mole) of
      1-methyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]q
     uinoline-3.beta.-carboxylic acid (from the hydrobromide described in
      Example 2A) in 390 ml. of diethyl ether was added in a fine stream 230 ml.
      (0.5 mole) of a 2.16M solution of methyl lithium in diethyl ether. When
      addition was complete, the mixture was stirred for three hours, poured
      into an ice/aqueous ammonium chloride solution, and worked up in the
      manner described in Example 9A. There was thus obtained 32.8 g. of product
      as an oily crude base, 3.3 g. of which was converted to the hydrochloride
      salt. The latter was recrystallized from methanol/diethyl ether to give
      2.3 g. of
      1-methyl-3.beta.-acetyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-m
     ethanobenzo[g]-quinoline hydrochloride, m.p. 191.degree.C.
PAR  Following a procedure similar to that described in Example 10A, using an
      appropriate 7-R.sub.2 -8-R'.sub.2 -1-R.sub.1 -4a.alpha.-R.sub.3
      -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-2,5methanobenzo[g]quinoline-3-carboxylic
      acid of formula II described in Examples 2A and 2C and an appropriate
      organo lithium, R.sub.5 Li, the following compounds of formula II in Table
      10a are prepared. The form (acid or base) of the starting material is
      given in each case in parentheses along with the weight of starting
      material, and. of course, salt forms were converted to the free base
      before reaction with the organo lithium. The melting points for the
      compounds of Examples 10B and 10D are given for the hydrochloride salts
      and for the free base of the compound of Example 10C.
TBL                                    Table 10a                               

     __________________________________________________________________________

     Example                                                                   

          R.sub.1 /COR.sub.5                                                   

                R.sub.2 /R'.sub.2                                              

                     R.sub.3 /R.sub.4                                          

                          Wt.S.M./Wt.Prod.                                     

                                    m.p. (.degree.C.)/Solv.                    

     __________________________________________________________________________

     10B  CH.sub.3                                                             

                H    H    12.1 (base)                                          

                                    190-191                                    

          COC.sub.3 H.sub.7                                                    

                H    C.sub.2 H.sub.5                                           

                          8.0       isopropanol/ether                          

     10C  CH.sub.3                                                             

                HO   H    36 (HBr)  201-204                                    

          COCH.sub.3                                                           

                H    C.sub.2 H.sub.5                                           

                          18.9      DMF/H.sub.2 O                              

     10D  CH.sub.3                                                             

                H    H    8.6 (base)                                           

                                    200-202                                    

          COC.sub.6 H.sub.5                                                    

                H    C.sub.2 H.sub.5                                           

                          6.4 (HCl) ethanol/ether                              

     __________________________________________________________________________

PAR  Following a procedure similar to that described in Example 10A, using an
      appropriate 7-R.sub.2 -8-R'.sub.2 -1-R.sub.1 -4a.alpha.-R.sub.3
      -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]quinoline-3.beta.-carbox
     ylic acid (prepared by alkaline saponification of the corresponding esters
      described in Examples 2V and 2W) and methyl lithium, the following
      compounds of formula II in Table 10b are prepared where, in each instance,
      Y is COCH.sub.3.
TBL                Table 10b                                                   

     ______________________________________                                    

     Example  R.sub.1   R.sub.2 /R'.sub.2                                      

                                   R.sub.3 /R.sub.4                            

     ______________________________________                                    

     10E      CH.sub.3  H          H                                           

                        H          CH.sub.2 CH.sub.2 SC.sub.6 H.sub.5          

     10F      CH.sub.3  H          H                                           

                        H          CH.sub.2 CH.sub.2 SOC.sub.6 H.sub.5         

     10G      CH.sub.3  H          H                                           

                        H          CH=CH.sub.2                                 

     10H      CH.sub.3  H          H                                           

                        H          CH.sub.2 CH.sub.2 OH                        

     ______________________________________                                    

PAC  EXAMPLE 11
PAR  A. A solution of 2.8 g. (0.01 mole) of
      1-methyl-3.beta.-acetyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-m
     ethanobenzo[g]quinoline (from the hydrochloride described in Example 10A)
      in 25 ml. of diethyl ether was added dropwise to a solution of 40 ml.
      (0.032 mole) of a 0.8M solution of propyl lithium in diethyl ether. When
      addition was complete, the mixture was allowed to stand for 1 hour, poured
      into an ice/aqueous ammonium chloride solution and worked up in the manner
      described in Example 9A. The product thus obtained was converted to the
      hydrochloride salt which was recrystallized from ethanol/ether to give 1.2
      g. of
      1-methyl-3.beta.-(2-hydroxy-2-pentyl)-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-o
     ctahydro-2,5-methanobenzo[g]quinoline hydrochloride, m.p.
      227.degree.-230.degree.C. (designated isomer A).
PAR  B. The isomeric compound,
      1-methyl-3.beta.-(2-hydroxy-2-pentyl)-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-o
     ctahydro-2,5-methanobenzo[g]guinoline, m.p. 103.degree.-105.degree.C. (from
      hexane) (the hydrochloride salt shows m.p. 263.degree.-265.degree.C., from
      isopropanol/DMF), designated isomer B, was prepared in a similar fashion
      by reaction of
      1-methyl-3.beta.-butyryl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5m
     ethanobenzo[g]quinoline (from the hydrochloride salt described in Example
      10B) with methyl lithium.
PAR  Following a procedure similar to that described in Example 11A, using an
      appropriate 7-R.sub.2 -8-R'.sub.1 -1-R.sub.1
      -3.beta.-acetyl-4a.alpha.-R.sub.3 -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]quinoline described in
      Examples 2G and 2K, respectively, and methyl lithium, the following
      compounds of formula II in Table 11 are prepared, where in each instance Y
      is C(CH.sub.3).sub.2 OH. All melting points are for the hydrochloride
      salts.
TBL                                    Table 11                                

     __________________________________________________________________________

     Example                                                                   

          R.sub.1                                                              

                R.sub.2 /R'.sub.2                                              

                     R.sub.3 /R.sub.4                                          

                          Wt.S.M./Wt.Prod.                                     

                                    m.p. (.degree.C.)/Solv.                    

     __________________________________________________________________________

     11C  CH.sub.3                                                             

                H    CH.sub.3                                                  

                          5.0 (base)                                           

                                    247-248                                    

                H    C.sub.2 H.sub.5                                           

                          4.4       ethanol/ether                              

     11D  C.sub.6 H.sub.5 CH.sub.2                                             

                CH.sub.3 O                                                     

                     H    15.0 (base)                                          

                                    236-237                                    

                H    CH.sub.3                                                  

                          12.2      ethanol/ether                              

     __________________________________________________________________________

PAC  EXAMPLE 12
PAR  A solution of 0.076 mole of ethyl
      1-methyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]q
     uinoline-3.beta.-carboxylate (obtained from 26.7 g. of the hydrochloride
      salt described in Example 4A) in 250 ml. of anhydrous diethyl ether was
      added in a fine stream to a stirred suspension of 2.9 g. (0.076 mole) of
      lithium aluminum hydride in 125 ml. of diethyl ether. When addition was
      complete, the mixture was stirred for about one hour, treated dropwise
      with 5.8 ml. of water, stirred for an additional 10 minutes, and then
      filtered through filter aid. The filter cake was washed with several
      portions of diethyl ether, and the combined filtrates were evaporated to
      dryness to give 20.8 g. of the product in the form of the free base, 7.0
      g. of which was dissolved in 35 ml. of ethanol and acidified with ethereal
      hydrogen chloride. The solid which separated was collected and
      recrystallized from ethanol/diethyl ether to give 7.6 g. of
      1-methyl-3.beta.-hydroxymethyl-5.alpha.-ethyl-
      1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]quinoline hydrochloride,
      m.p. 273.degree.-278.degree.C.
PAC  EXAMPLE 13
PAR  A. A solution of 8.5 g. (0.03 mole) of
      1-methyl-3.beta.-acetyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-m
     ethanobenzo-[g]quinoline hydrochloride (described in Example 10A) in 135
      ml. of ethanol was added in a fine stream to a solution of 1.2 g. (0.03
      mole) of sodium borohydride in 25 ml. of ethanol. When addition was
      complete, the mixture was stirred for four and one half hours and then
      decanted from the precipitated solids. The liquid layer was evaporated to
      dryness, the residue dissolved in dilute hydrochloric acid and the
      solution basified with concentrated ammonium hydroxide. Extraction of the
      mixture with diethyl ether afforded 7.5 g. of crude base which was
      converted to the hydrochloride salt to give 3.3 g. of
      1-methyl-3.beta.-(1-hydroxyethyl)-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octah
     ydro-2,5-methanobenzo[g]quinoline hydrochloride, m.p.
      305.degree.-307.degree.C.
PAR  B. Following a procedure similar to that described in Example 13A, 25.0 g.
      (0.076 mole) of ethyl
      1-methyl-5.alpha.-methyl-7-methoxy-1,2,3,4,4a,5,10,10a-octahydro-2,5-metha
     nobenzo[g]-quinoline-3.beta.-carboxylate described in Example 2M was
      reduced with 2.9 g. (0.76 mole) of sodium borohydride in the presence of
      6.6 g. (0.076 mole) of lithium bromide in 200 ml. of tetrahydrofuran, and
      the product converted to the hydrochloride salt to give 21.4 g. of
      1-methyl-3.beta.-hydroxymethyl-5.alpha.-methyl-7-methoxy-1,2,3,4,4a,5,10,1
     0a-octahydro-2,5-methanobenzo[g]-quinoline hydrochloride, m.p.
      264.degree.-268.degree.C. (from ethanol/ether).
PAC  EXAMPLE 14
PAR  A. A solution of 4.8 g. (0.018 mole) of
      1-methyl-3.beta.-hydroxymethyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydr
     o-2,5-methanobenzo[g]quinoline hydrochloride (described in Example 12) in
      50 ml. of pyridine was treated with 4.8 g. (0.02 mole) of
      3,4,5-trimethoxybenzoyl chloride, the solution heated on a steam bath for
      6 and 1/2 hours and then allowed to stand over-night. The solid material
      which had separated was collected and recrystallized from ethanol/ether to
      give 7.1 g. of
      1-methyl-3.beta.-(3,4,5-trimethoxybenzoyloxymethyl)-5.alpha.-ethyl-1,2,3,4
     ,4a,5,10,10a-octahydro-2,5-methanobenzo[g]quinoline hydrochloride, m.p.
      247.degree.-249.degree.C.
PAR  B. Following a procedure similar to that described in Example 14A, using
      7.9 g. (0.029 mole) of the
      1-methyl-3.beta.-hydroxymethyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydr
     o-2,5-methanobenzo[g]quinoline described in Example 12 and 80 ml. of
      propionic anhydride, and isolation of the product in the form of the
      hydrochloride salt, there was obtained 3.9 g. of
      1-methyl-3.beta.-propionyloxymethyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-oct
     ahydro-2,5-methanobenzo[g]quinoline hydrochloride, m.p.
      264.degree.-266.degree.C. (from ethanol/ether).
PAR  Following a procedure similar to that described in Example 14A using the
      1-methyl-3.beta.-hydroxymethyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydr
     o-2,5-methanobenzo[g]quinoline described in Example 12 and an appropriate
      acid chloride in the presence of pyridine, the following compounds of
      formula II described in Table 14 are prepared where, in each instance,
      R.sub.1 is CH.sub.3 ; R.sub.2, R'.sub.2 and R.sub.3 are hydrogen; R.sub.4
      is C.sub.2 H.sub.5 ; and Y is CH.sub.2 OR.sub.7.
TBL                Table 14                                                    

     ______________________________________                                    

     Example         R.sub.7                                                   

     ______________________________________                                    

     14C             4-CH.sub.3 C.sub.6 H.sub.4 CO                             

     14D             4-HOC.sub.6 H.sub.4 CO                                    

     14E             3-ClC.sub.6 H.sub.4 CO                                    

     14F             3-BrC.sub.6 H.sub.4 CO                                    

     14G             3-FC.sub.6 H.sub.4 CO                                     

     14H             3-CF.sub.3 C.sub.6 H.sub.4 CO                             

     ______________________________________                                    

PAC  EXAMPLE 15
PAR  A. A solution of 427 g. (0.97 mole) of ethyl
      2-benzyl-3-(4-methoxybenzyl)-5-methyl-2-azabicyclo[2.2.2]oct-5-ene-7-carbo
     xylate hydrochloride (described in Example 1H) was dissolved in 1,800 ml.
      of ethanol and reduced in two portions with hydrogen over 10 g. of
      palladium-on-charcoal. The product was worked up in the manner described
      above in Example 1AA to give 273 g. of ethyl
      3-(4-methoxybenzyl)-5-methyl-2-azabicyclo-[2.2.2]oct-5-ene-7-carboxylate.
PAR  The latter was dissolved in 700 ml. of dry ethanol, and the solution added
      to a solution of 11 g. (0.48 mole) of sodium dissolved in 2 liters of dry
      ethanol. The resulting solution was stirred and refluxed for 72 hours,
      treated with 39 ml. of glacial acetic acid, cooled to room temperature and
      filtered through filter aid. The solution was evaporated to dryness, the
      solid residue was refluxed with ethyl acetate, the mixture was filtered,
      and the filtrate diluted with hexane to give one crop of 75 g. of product,
      m.p. 130.degree.C. The filtrate, on extraction with dilute mineral acid,
      evaporation to dryness and recrystallization of the residue from ethyl
      acetate/hexane gave an additional 23 g. of product (total yield 98 g.),
      2-(4-methoxybenzyl)-8-methylene-3-azabicyclo[3.3.1]-non-6-en-4-one. A
      small sample, recrystallized twice from ethyl acetate/hexane, gave
      material having m.p. 132.degree.-133.degree.C.
PAR  B. Following a procedure similar to that described in Example 15A,
      catalytic debenzylation of the ethyl
      2,3-dibenzyl-5-methyl-2-azabicyclo[2.2.2]oct-5-ene-7-carboxylate
      hydrochloride described in Example 1F and base catalyzed rearrangement of
      the resulting ethyl
      3-benzyl-5-methyl-2-azabicyclo[2.2.2]-oct-5-ene7-carboxylate affords
      2-benzyl-8-methylene-3-azabicyclo[3.3.1]-non-6-en-4-one.
PAC  PREPARATION OF FINAL PRODUCTS
PAC  EXAMPLE .noteq.
PAR  A. A solution of 11 g. (0.039 mole) of
      1-methyl-3.beta.-acetyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-2,5-m
     ethanobenzo-[g]quinoline hydrochloride (described in Example 10A) in 20 ml.
      of a solution prepared by adding 89 ml. of trimethylamine to 94 ml. of
      formic acid was stirred and heated under reflux for about 15 minutes. The
      mixture was allowed to cool, diluted with 100 ml. of water and washed with
      50 ml. of concentrated ammonium hydroxide and extracted twice with diethyl
      ether. The combined organic extracts, on washing once with water, drying
      and concentration to dryness, afforded 10 g. of a solid residue which was
      dissolved in about 30 ml. of absolute ethanol, the solution acidified with
      13 ml. of ethereal hydrogen chloride, and diluted to 250 ml. with
      additional ether. The solid which separated was collected, washed, and set
      aside. (See Example 28A). The filtrate was washed with dilute ammonium
      hydroxide, dried, filtered and taken to dryness to give 3.1 g. of residue
      which was dissolved in diethyl ether and acidified with ethereal hydrogen
      chloride. The gummy, semi-crystalline material which separated was
      recrystallized from ethanol/ether to give 0.8 g. of
      6(eq)-ethyl-1,2,3,4,5,6-hexahydro-3-methyl-11(eq)-(3-oxobutyl)-2,6-methano
     -3-benzazocine hydrochloride, m.p. 192.degree.-196.degree.C.
PAR  B. An alternative method for the preparation of the compounds of formula I
      from the compounds of formula II is illustrated by the following
      procedure:
PAR  A mixture of 10.0 g. (0.03 mole) of
      1-methyl-3.beta.-acetyl-5.alpha.-ethyl-7-hydroxy-1,2,3,4,4a,5,10,10a-octah
     ydro-2,5-methanobenzo[g]quinoline described in Example 10C in 675 ml. of
      mesitylene and 25 ml. of formic acid was stirred and refluxed for about 8
      hours while adding additional formic acid from time to time in order to
      maintain the pot temperature at 117.degree.-119.degree.C. The mixture was
      then cooled, extracted with dilute hydrochloric acid and the acid extracts
      washed first with diethyl ether, then basified with ammonium hydroxide and
      extracted once again with ethyl acetate. The organic extracts, on washing
      with brine, drying and evaporation to dryness, afforded 8.4 g. of solid
      which was recrystallized from ethyl acetate to give 3.7 g. of
      6(eq)-ethyl-1,2,3,4,5,6-hexahydro-3-methyl-8-hydroxy-11(eq)-(3-oxobutyl)-2
     ,6-methano-3-benzazocine, m.p. 190.degree.-192.degree.C.
PAR  Following a procedure similar to that described in Example 16A or B above,
      using an appropriate 7-R.sub.2 -8-R'.sub.2 - 1-R.sub.1 -3-COR.sub.5
      -4a.alpha.-R.sub.3 -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]quinoline of formula II,
      the following 8-R.sub.2 -9-R'.sub.2 -6(eq)-R.sub.4
      -1,2,3,4,5,6-hexahydro-3-R.sub.1 -11(az)-R.sub.3
      -11(eq)-(oxo-lower-alkyl)-2,6-methano-3-benzazocines of formula I in Table
      16a are prepared. The particular procedure used, that of Example 16A or
      16B, is indicated by the letter designation (A) or (B), respectively,
      below the Example number. Unless noted otherwise, products were isolated
      as, and melting points recorded for, the free base form.
TBL                                    Table 16a                               

     __________________________________________________________________________

     Example                                                                   

          R.sub.1 /CH.sub.2 Z                                                  

                  R.sub.2 /R'.sub.2                                            

                       R.sub.3 /R.sub.4                                        

                            Wt.II/Wt.I                                         

                                    m.p. (.degree.C.)/Solv.                    

     __________________________________________________________________________

     16C  CH.sub.3                                                             

                  H    CH.sub.3                                                

                            10 (base)                                          

                                    207-208 (a)                                

     (A)  CH.sub.2 CH.sub.2 COCH.sub.3                                         

                  H    C.sub.2 H.sub.5                                         

                            2.1 (salt)                                         

                                    ethanol/ether                              

                            (a)                                                

     16D  C.sub.3 H.sub.5 --CH.sub.2 (c)                                       

                  H    H    16 (base)                                          

                                    206-208 (b)                                

     (B)  CH.sub.2 CH.sub.2 COCH.sub.3                                         

                  H    C.sub.2 H.sub.5                                         

                            7.8 (base)                                         

                                    ethanol/ether                              

     16E  C.sub.6 H.sub.5 CH.sub.2                                             

                  CH.sub.3 O                                                   

                       H    18.8 (base)                                        

                                    104-106                                    

     (B)  CH.sub.2 CH.sub.2 COCH.sub.3                                         

                  H    CH.sub.3                                                

                            7.2 (base)                                         

                                    ethanol                                    

     16F  C.sub.6 H.sub.5 CH.sub.2                                             

                  CH.sub.3 O                                                   

                       H    39 (base)                                          

                                    122-125                                    

     (B)  CH.sub.2 CH.sub.2 COCH.sub.3                                         

                  H    C.sub.2 H.sub.5                                         

                            10.6 (base)                                        

                                    ethanol                                    

     16G  C.sub.6 H.sub.5 CH.sub.2                                             

                  CH.sub.3 O                                                   

                       CH.sub.3                                                

                            19.5 (base)                                        

                                    132-135                                    

     (B)  CH.sub.2 CH.sub.2 COCH.sub.3                                         

                  H    CH.sub.3                                                

                            11.5 (base)                                        

                                    ethanol                                    

     __________________________________________________________________________

      (a) p-Toluenesulfonate hemihydrate                                       

      (b) Hydrochloride                                                        

      (c) Cyclopropylmethyl                                                    

PAR  Following a procedure similar to that described in Example 16A or 16B
      above, using an appropriate 7-R.sub.2 -8-R'.sub.2 -1-R.sub.1
      -3.beta.-lower-alkanoyl-4a.alpha.-R.sub.3 -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]quinoline of formula II,
      there are obtained the following 8-R.sub.2 -9-R'.sub.2 -6(eq)-R.sub.4
      -1,2,3,4,5,6-hexahydro-3-R.sub.1 -11(ax)-R.sub.3
      -11(eq)-(3-oxobutyl)-2,6-methano-3-benzazocines of formula I in Table 16b.
TBL                                    Table 16b                               

     __________________________________________________________________________

     Example   R.sub.1 /CH.sub.2 Z                                             

                         R.sub.2 /R'.sub.2                                     

                                 R.sub.3 /R.sub.4                              

     __________________________________________________________________________

     16H  C.sub.6 H.sub.5 CH.sub.2                                             

                        H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      C.sub.2 H.sub.5                                 

     16J  CH.sub.3      H      CH.sub.3                                        

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.3                                        

     16K  C.sub.6 H.sub.5 CH.sub.2                                             

                        H      H                                               

          CH.sub.2 CH.sub.2 COOCH.sub.3                                        

                        H      CH.sub.3                                        

     16L  C.sub.6 H.sub.5 CH.sub.2                                             

                        HO     H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.3                                        

     16M  CH.sub.3      H      H                                               

          CH.sub.2 CH.sub.2 COC.sub.3 H.sub.7                                  

                        H      C.sub.2 H.sub.5                                 

     16N  C.sub.6 H.sub.11                                                     

                        CH.sub.3 S                                             

                               H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.3                                        

     16P  4-BrC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                                

                        CH.sub.3 O                                             

                               H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.3                                        

     16Q  4-ClC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                                

                        CH.sub.3 CONH                                          

                               H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

     H    CH.sub.3                                                             

     16R  4-FC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                                 

                        C.sub.2 H.sub.5 OCONH                                  

                               H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.3                                        

     16S  4-Cl-3-CH.sub.3 C.sub.6 H.sub.3 CH.sub.2 CH.sub.2                    

                        H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.3                                        

     16T  3-CH.sub.3 COOC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                      

                        H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.3                                        

     16U  3,4-(CH.sub.3 O).sub.2 C.sub.6 H.sub.3 CH.sub.2 CH.sub.2             

                        H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.3                                        

     16V  4-CH.sub.3 SC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                        

                        H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.3                                        

     16W  3-CF.sub.3 C.sub.6 H.sub.4 CH.sub.2 CH.sub.2                         

                        H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.3                                        

     16X  3-CH.sub.3 CONHC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                     

                        H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.3                                        

     16Y  3,4-OCH.sub.2 OC.sub.6 H.sub.3 CH.sub.2 CH.sub.2                     

                        H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.3                                        

     16Z  CH.sub.3      H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        Cl     CH.sub.3                                        

     16AA CH.sub.3      H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        Br     CH.sub.3                                        

     16BB CH.sub.3      H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        F      CH.sub.3                                        

     16CC CH.sub.3      H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        CF.sub.3                                               

                               CH.sub.3                                        

     16DD CH.sub.3      H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        CH.sub.3                                               

                               CH.sub.3                                        

     16EE CH.sub.3      C.sub.6 H.sub.5                                        

                               H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.3                                        

                        O                                                      

     16FF CH.sub.3      CH.sub.2.angle.                                        

                               H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        O      CH.sub.3                                        

     16GG CH.sub.3      H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      H                                               

     16HH CH.sub.3      H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      ClCH.sub.2 CH.sub.2                             

     16JJ CH.sub.3      H      (CH.sub.2).sub.3.angle.                         

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H                                                      

     16KK CH.sub.3      H      (CH.sub.2).sub.4.angle.                         

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H                                                      

     16LL CH.sub.3      H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.3 OCH.sub.2 CH.sub.2                     

     16MM CH.sub.3      H      H                                               

          CH.sub.2 CH.sub.2 COC.sub.6 H.sub.5                                  

                        H      C.sub.2 H.sub.5                                 

     16NN CH.sub.3      H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.2 CH.sub.2 SC.sub.6 H.sub.5              

     16PP CH.sub.3      H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.2 CH.sub.2 SOC.sub.6 H.sub.5             

     16QQ CH.sub.3      H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH=CH.sub.2                                     

     16RR CH.sub.3      H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.2 CH.sub.2 SCH.sub.3                     

     16SS CH.sub.3      H      H                                               

          CH.sub.2 CH.sub.2 COCH.sub.3                                         

                        H      CH.sub.2 CH.sub.2 OH                            

     __________________________________________________________________________

PAC  EXAMPLE 17
PAR  A solution of 27.0 g. (0.072 mole) of
      3-benzyl-8-methoxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-oxobutyl)-
     2,6-methano-3-benzazocine (described in Example 16E) was dissolved in 250
      ml. of 48% hydrobromic acid and the mixture heated under reflux for about
      11 hours. The mixture was concentrated to a small volume in vacuo, diluted
      with 100 ml. of water, concentrated again, and finally boiled with about
      50 ml. of isopropanol. The solid which separated was collected and dried
      to give 23 g. of
      3-benzyl-8-hydroxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-oxobutyl)-
     2,6-methano-3-benzazocine hydrobromide, m.p. 156.degree.-165.degree.C.
PAC  EXAMPLE 18
PAR  A. A solution of 23.1 g. (0.05 mole) of
      3-benzyl-8-hydroxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-oxobutyl)-
     2,6-methano-3-benzazocine hydrobromide (described in Example 17) in 150 ml.
      of DMF was reduced with hydrogen over 1.0 g. of 10% palladium-on-charcoal
      using the procedure described above in Example 3. The product obtained was
      recrystallized from ethanol to give 16.1 g. of
      8-hydroxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-oxobutyl)-2,6-metha
     no-3-benzazocine hydrobromide, m.p. 235.degree.-237.degree.C. (from
      ethanol).
PAR  B. In a similar fashion 21.2 g. of
      3-benzyl-8-methoxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-oxobutyl)-
     2,6-methano-3-benzazocine (described in Example 16e) was reduced with
      hydrogen over palladium-on-charcoal, and the product isolated in the form
      of the hydrochloride salt to give 11.4 g. of
      8-methoxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-oxobutyl)-2,6-metha
     no-3-benzazocine hydrochloride, m.p. 189.degree.-193.degree.C. (from
      ethanol).
PAC  EXAMPLE 19
PAR  A. A mixture of 11.4 g. (0.03 mole) of
      8-hydroxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-oxobutyl)-2,6-metha
     no-3-benzazocine hydrobromide (described in Example 18A), 5.4 g. of sodium
      bicarbonate and 5.2 g. (0.04 mole) of cyclopropylmethyl bromide in 150 ml.
      of DMF was heated under reflux for about nine hours and then concentrated
      to a small volume in vacuo. The residue was partitioned between ammonium
      hydroxide and ethyl acetate, the organic layer separated, and the aqueous
      layer extracted with additional portions of ethyl acetate. The combined
      extracts were washed once with water, then with brine, dried, filtered and
      taken to dryness to give 12.1 g. of crude product which was converted to
      the hydrochloride salt. The latter was recrystallized once from
      acetonitrile and once from ethanol/ether to give 5.2 g. of
      3-cyclopropylmethyl-8-hydroxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3
     -oxobutyl)-2,6-methano-3-benzazocine hydrochloride, m.p.
      147.degree.-154.degree.C.
PAR  B. Following a procedure similar to that described in Example 19A,
      3-cyclopropylmethyl-8-methoxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3
     -oxobutyl)-2,6-methano-3-benzazocine (12.9 g.) was prepared by reaction of
      15.0 g. (0.04 mole) of
      8-methoxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(
     3-oxobutyl)-2,6-methano-3-benzazocine (described in Example 18B) with
      cyclopropylmethyl bromide in the presence of sodium bicarbonate in DMF.
PAR  C.
      3,6(eq)-Dimethyl-8-hydroxy-1,2,3,4,5,6-hexahydro-11(eq)-(3-oxobutyl)-2,6-m
     ethano-3-benzazocine p-toluenesulfonate (9.9 g.) m.p.
      199.degree.-201.degree.C. (from ethanol), was prepared by reductive
      alkylation of
      8-hydroxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-oxobutyl)-2,6-metha
     no-3-benzazocine (11.4 g.) hydrobromide (described in Example 18A) with
      formaldehyde and triethylamine over palladium-on-charcoal in ethanol under
      about 50 pounds p.s.i. of hydrogen using the procedure described in
      Example 35.
PAR  D.
      3,6(eq)-Dimethyl-8-methoxy-1,2,3,4,5,6-hexahydro-11(eq)-(3-oxobutyl)-2,6-m
     ethano-3-benzazocine (7.5 g.) was prepared by reductive alkylation of 8.2
      g. of
      8-methoxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-oxobutyl)-2,6-metha
     no-3-benzazocine hydrochloride (described in Example 18B) with formaldehyde
      and triethylamine over palladium-on-charcoal in ethanol under about 50
      pounds p.s.i. of hydrogen using the procedure described in Example 35.
PAR  Following a procedure similar to that described in Example 19A, using the
      8-hydroxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-oxobutyl)-2,6-metha
     no-3-benzazocine described in Example 18A and an appropriate alkylating
      agent, R.sub.1 Hal, there are prepared the following compounds of formula
      I in Table 19, where in each instance R.sub.2 is HO; R'.sub.2 and R.sub.3
      are each hydrogen; R.sub.4 is CH.sub.3 ; and CH.sub.2 Z is CH.sub.2
      CH.sub.2 COCH.sub.3.
TBL                Table 19                                                    

     ______________________________________                                    

     Example          R.sub.1                                                  

     ______________________________________                                    

     19E              CH.sub.2 =CHCH.sub.2                                     

     19F              (CH.sub.3).sub.2 C=CHCH.sub.2                            

     19G              CH.tbd.CCH.sub.2                                         

     19H              CH.sub.3 C.tbd.CCH.sub.2                                 

     19J              Cl.sub.2 C=CHCH.sub.2                                    

     ______________________________________                                    

PAC  EXAMPLE 20
PAR  A. A solution of 4.7 g. (0.16 mole) of
      6(eq)-ethyl-1,2,3,4,5,6-hexahydro-3-methyl-11(eq)-(3-oxobutyl)-2,6-methano
     -3-benzazocine (from the hydrochloride described in Example 16A) in 28 ml.
      of diethyl ether was added dropwise with stirring to 28 ml. (0.05 mole) of
      a 1.8M solution of methyl lithium in diethyl ether. The mixture was
      stirred under nitrogen for about 1 hour, poured into an ice/aqueous
      ammonium chloride solution, and the ether layer separated and washed with
      water. The organic layer was dried, filtered, and taken to dryness to give
      4.9 g. of residue which was converted to the methanesulfonate salt in
      methanol/diethyl ether. The latter was recrystallized from
      methanol/diethyl ether to give 2.5 g. of
      3-methyl-6(eq)-ethyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-methyl-3hydroxybutyl)
     -2,6-methano-3-benzazocine methanesulfonate, m.p. 173.degree.-174.degree.C.
PAR  Following a procedure similar to that described in Example 20A, using the
      8-R.sub.2 -6(eq)-R.sub.4 -1,2,3,4,5,6-hexahydro-3-R.sub.1
      -11(eq)-(3-oxobutyl)-2,6-methano-3-benzazocines described in Examples 16B,
      16D, 19A, 16E, 19C, 19D, 16E, 19A, 16E and 16G, and an appropriate
      lower-alkyl lithium (R.sub.6 Li), there are prepared the respective
      8-R.sub.2 -6(eq)-R.sub.4 -1,2,3,4,5,6-hexahydro-3-R.sub.1
      -11(eq)-(3-methyl-3-hydroxy-lower-alkyl)-2,6-methano-3-benzazocines of
      formula I in Table 20a where, in each instance, R'.sub.2, R.sub.3 and
      R.sub.7 are hydrogen and R.sub.5 is CH.sub.3. Unless noted otherwise,
      products were isolated as, and melting points recorded for, the free base
      form.
TBL                                    Table 20a                               

     __________________________________________________________________________

     Example                                                                   

          R.sub.1 /R.sub.2                                                     

                  R.sub.4 /R.sub.6                                             

                        Wt.S.M./Wt.Prod.                                       

                                  m.p. (.degree.C.)/Solv.                      

     __________________________________________________________________________

     20B  CH.sub.3                                                             

                  C.sub.2 H.sub.5                                              

                        3.6 (base)                                             

                                  203-206                                      

          HO      CH.sub.3                                                     

                        1.2 (base)                                             

                                  ethyl acetate                                

     20C  C.sub.3 H.sub.5 --CH.sub.2 (a)                                       

                  C.sub.2 H.sub.5                                              

                        4.0 (base)                                             

                                  184-186 (b)                                  

          H       CH.sub.3                                                     

                        2.2 (b)   CH.sub.3 CN/ether                            

     20D  C.sub.3 H.sub.5 --CH.sub.2 (a)                                       

                  CH.sub.3                                                     

                        11.4 (base)                                            

                                  138-140                                      

          HO      CH.sub.3                                                     

                        3.3 (base)                                             

                                  ethyl acetate                                

     20E  C.sub.6 H.sub.5 CH.sub.2                                             

                  CH.sub.3                                                     

                        3.78 (base)                                            

                                  252 (b)                                      

          CH.sub.3 O                                                           

                  t-C.sub. 4 H.sub.9                                           

                        1.25 (b)  ethanol                                      

     20F  CH.sub.3                                                             

                  CH.sub.3                                                     

                        4.2 (base)                                             

                                  182-183                                      

          HO      CH.sub.3                                                     

                        2.6 (base)                                             

                                  ethyl acetate                                

     20G  CH.sub.3                                                             

                  CH.sub.3                                                     

                        7.5 g. (base)                                          

                                  oil                                          

          CH.sub.3 O                                                           

                  C.sub.4 H.sub.9                                              

                        11.3 g. (base)                                         

     20H  C.sub.6 H.sub.5 CH.sub.2                                             

                  CH.sub.3                                                     

                        3.78 (base)                                            

                                  oil                                          

          CH.sub.3 O                                                           

                  C.sub.2 H.sub.5                                              

                        4.5 (base)                                             

     20J  C.sub.3 H.sub.5 --CH.sub.2 (a)                                       

                  CH.sub.3                                                     

                        13.4 (base)                                            

                                  184-185 (c)                                  

          HO (d)  C.sub.4 H.sub.9                                              

                        10.2 (c)  ethanol/ether                                

     20K  C.sub.6 H.sub.5 CH.sub.2                                             

                  CH.sub.3                                                     

                        20.0 (base)                                            

                                  oil                                          

          CH.sub.3 O                                                           

                  C.sub.3 H.sub.7                                              

                        21.8 (base)                                            

     20L  C.sub.6 H.sub.5 CH.sub.2                                             

                  CH.sub.3 (e)                                                 

                        11.5 (base)                                            

                                  223-227 (b)                                  

          CH.sub.3 O                                                           

                  t-C.sub.4 H.sub.9                                            

                        2.4 (b)   ethanol/ether                                

     __________________________________________________________________________

      (a) Cyclopropylmethyl                                                    

      (b) Hydrochloride                                                        

      (c) Methanesulfonate                                                     

      (d) Starting material was methyl ether described in Example 19B, and the 

      product obtained from reaction with butyl lithium was cleaved, without   

      characterization, to the 8-HO compound with sodium propanethiol using the

      procedure described in Example 24A.                                      

      (e) R.sub.3 is CH.sub.3                                                  

PAR  Following a procedure similar to that described in Example 20A, using the
      8-R.sub.2 -6(eq)-R.sub.4 -1,2,3,4,5,6-hexahydro-3-R.sub.1 -11(ax)-R.sub.3
      -11(eq)--CH.sub.2 CH.sub.2 COR.sub.5 -2,6-methano-3-benzazocines described
      in Examples 16N, 16P, 16Q, 16R, 16S, 16T, 16U, 16V, 16W, 16X, 16Y, 16MM,
      16A and 16C, and an appropriate lower-alkyl, phenyl or phenyl-lower-alkyl
      lithium, R.sub.6 Li, there are obtained the respective 8-R.sub.2
      -6(eq)-R.sub.4 -1,2,3,4,5,6-hexahydro-3-R.sub.1 -11(eq)--CH.sub.2 CH.sub.2
      C(R.sub.5)--(R.sub.6)OH-2,6-methano-3-benzazocines of formula I listed in
      Table 20b where, in each instance, R'.sub.2 and R.sub.7 are hydrogen.
TBL                                    Table 20b                               

     __________________________________________________________________________

     Example                                                                   

          R.sub.1      R.sub.2                                                 

                              R.sub.3                                          

                                  R.sub.4                                      

                                      R.sub.5                                  

                                          R.sub.6                              

     __________________________________________________________________________

     20M  C.sub.6 H.sub.11                                                     

                       CH.sub.3 S                                              

                              H   CH.sub.3                                     

                                      CH.sub.3                                 

                                          CH.sub.3                             

     20N  4-BrC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                                

                       CH.sub.3 O                                              

                              H   CH.sub.3                                     

                                      CH.sub.3                                 

                                          CH.sub.3                             

     20P  4-ClC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                                

                       CH.sub.3 CONH                                           

                              H   CH.sub.3                                     

                                      CH.sub.3                                 

                                          CH.sub.3                             

     20Q  4-FC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                                 

                       C.sub.2 H.sub.5 OCONH                                   

                              H   CH.sub.3                                     

                                      CH.sub.3                                 

                                          CH.sub.3                             

     20R  4-Cl-3-CH.sub.3 C.sub.6 H.sub.3 CH.sub.2 CH.sub.2                    

                       H      H   CH.sub.3                                     

                                      CH.sub.3                                 

                                          CH.sub.3                             

     20S  3-CH.sub.3 COOC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                      

                       H      H   CH.sub.3                                     

                                      CH.sub.3                                 

                                          CH.sub.3                             

     20T  3,4-(CH.sub.3 O).sub.2 C.sub.6 H.sub.3 CH.sub.2 CH.sub.2             

                       H      H   CH.sub.3                                     

                                      CH.sub.3                                 

                                          CH.sub.3                             

     20U  4-CH.sub.3 SC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                        

                       H      H   CH.sub.3                                     

                                      CH.sub.3                                 

                                          CH.sub.3                             

     20V  3-CF.sub.3 C.sub.6 H.sub.4 CH.sub.2 CH.sub.2                         

                       H      H   CH.sub.3                                     

                                      CH.sub.3                                 

                                          CH.sub.3                             

     20W  3-CH.sub.3 CONHC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                     

                       H      H   CH.sub.3 CH.sub.3                            

                                      CH.sub.3                                 

     20X  3,4-OCH.sub.2 OC.sub.6 H.sub.3 CH.sub.2 CH.sub.2                     

                       H      H   CH.sub.3                                     

                                      CH.sub.3                                 

                                          CH.sub.3                             

     20Y  CH.sub.3     H      H   C.sub.2 H.sub.5                              

                                      C.sub.6 H.sub.5                          

                                          CH.sub.3                             

     20Z  CH.sub.3     H      H   C.sub.2 H.sub.5                              

                                      CH.sub.3                                 

                                          C.sub.6 H.sub.5                      

      20AA                                                                     

          CH.sub.3     H      CH.sub.3                                         

                                  C.sub.2 H.sub.5                              

                                      CH.sub.3                                 

                                          C.sub.6 H.sub.5 CH.sub.2 CH.sub.2    

     __________________________________________________________________________

PAC  EXAMPLE 21
PAR  A. Reaction of the 3-[2-(4-fluorophenyl)ethyl]
      -8-ethoxy-carbonylamino-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-methy
     l-3-hydroxybutyl)-2,6-methano-3-benzazocine (described in Example 20Q) with
      aqueous alkali in ethanol affords
      3-[2-(4-fluorophenyl)ethyl]-8-amino-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(
     eq)-(3-methyl-3-hydroxybutyl)-2,6-methano-3-benzazocine.
PAR  Following a procedure similar to that described in Example 21A, the
      following 8-R.sub.2 -6(eq)-R.sub.4 -1,2,3,4,5,6-hexahydro-3-R.sub.1
      -11(eq)-(3-methyl-3-hydroxy-lower-alkyl)-2,6-methano-3-benzazocines of
      formula I are also prepared:
PAR  B.
      3-[2-(3-Hydroxyphenyl)ethyl]-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-
     methyl-3-hydroxybutyl)-2,6-methano-3-benzazocine by alkaline hydrolysis of
      3-[2-(3-acetoxyphenyl)ethyl]-6-(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3
     -methyl-3-hydroxybutyl)-2,6-methano-3-benzazocine (described in Example
      20S); and
PAR  C.
      3-[2-(3-Aminophenyl)ethyl]-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-me
     thyl-3-hydroxybutyl)-2,6-methano-3-benzazocine by alkaline hydrolysis of
      3-[2-(3-acetylaminophenyl)ethyl]-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)
     -(3-methyl-3-hydroxybutyl)-2,6-methano-3-benzazocine (described in Example
      20W).
PAC  EXAMPLE 22
PAR  A. Reaction of
      8-hydroxy-3,6(eq)-dimethyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-methyl-3-hydrox
     ybutyl)-2,6-methano-3-benzazocine (described in Example 20F) with acetic
      anhydride affords
      8-acetoxy-3,6(eq)-dimethyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-methyl-3-acetox
     ybutyl)-2,6-methano-3-benzazocine.
PAR  Following a procedure similar to that described in Example 22A, using the
      3-methyl-6(eq)-ethyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-methyl-3-hydroxybutyl
     )-2,6-methano-3-benzazocine described in Example 20A and an appropriate
      acid chloride in the presence of pyridine, there are obtained the
      following 3-methyl-6(eq)-ethyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-methyl-3-R.
     sub.7 O-butyl)-2,6-methano-3-benzazocines of formula I in Table 22 where,
      in each instance, R.sub.1, R.sub.5 and R.sub.6 are CH.sub.3 ; R.sub.2,
      R'.sub.2 and R.sub.3 are each hydrogen; and R.sub.4 is C.sub.2 H.sub.5.
TBL                Table 22                                                    

     ______________________________________                                    

     Example         R.sub.7                                                   

     ______________________________________                                    

     22B             C.sub.6 H.sub.5 CO                                        

     22C             4-CH.sub.3 C.sub.6 H.sub.4 CO                             

     22D             3-CH.sub.3 OC.sub.6 H.sub.4 CO                            

     22E             4-ClC.sub.6 H.sub.4 CO                                    

     22F             4-BrC.sub.6 H.sub.4 CO                                    

     22G             4-FC.sub.6 H.sub.4 CO                                     

     22H             3-CF.sub.3 C.sub.6 H.sub.4 CO                             

     ______________________________________                                    

PAC  EXAMPLE 23
PAR  Reaction of
      3-cyclopropylmethyl-6(eq)-ethyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-oxobutyl)-
     2,6-methano-3-benzazocine (described in Example 16D) with sodium
      borohydride in methanol affords
      3-cyclopropylmethyl-6(eq)-ethyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-hydroxybut
     yl)-2,6-methano-3-benzazocine.
PAC  EXAMPLE 24
PAR  A. A solution of 4.72 g. (0.01 mole) of
      3-benzyl-6(eq)-methyl-8-methoxy-1,2,3,4,5,6-hexahydro-11(eq)-(3-hydroxy-3,
     4,4-trimethylpentyl)-2,6-methano-3-benzazocine (described in Example 20E)
      in 50 ml. of DMF was reduced with hydrogen over 0.5 g. of
      palladium-on-charcoal under a hydrogen pressure of about 50 pounds p.s.i.
      using the procedure described in Example 3. When reduction was complete,
      the catalyst was removed by filtration, and the solution, containing
      6(eq)-methyl-8-methoxy-1,2,3,4,5,6-hexahydro-11(eq)-(3-hydroxy-3,4,4-trime
     thylpentyl)-2,6-methano-3-benzazocine was treated with 1.68 g. (0.02 mole)
      of sodium bicarbonate and 2.0 g. (0.015 mole) of cyclopropylmethyl
      bromide, and the mixture was warmed with stirring on a steam bath for 1
      hour.
PAR  The reaction mixture containing crude
      3-cyclopropylmethyl-6(eq)-methyl-8-methoxy-1,2,3,4,5,6-hexahydro-11(eq)-(3
     -hydroxy-3,4,4-trimethylpentyl)-2,6-methano-3-benzazocine, was distilled at
      atmospheric pressure, collecting 25 ml. of distillate, and then treated
      with 2.1 g. (0.05 mole) of a 57% dispersion of sodium hydride in mineral
      oil and 5 ml. of DMF. The mixture was cooled in an ice bath and treated
      dropwise with stirring under nitrogen with 4.6 ml. of propanethiol. After
      refluxing and stirring for about four hours, the reaction mixture was
      poured into a solution of aqueous ammonium chloride and extracted with 50
      ml. of diethyl ether. The product was isolated in the usual manner in the
      form of the free base which was recrystallized from ethanol to give 2.4 g.
      of
      3-cyclopropylmethyl-6(eq)-methyl-8-hydroxy-1,2,3,4,5,6-hexahydro-11(eq)-(3
     -hydroxy-3,4,4-trimethylpentyl)-2,6-methano-3-benzazocine, m.p.
      195.degree.-198.degree.C. The methanesulfonate gave m.p. 232.degree.C.
PAR  Following a procedure similar to that described in Example 24A, using the
      8-methoxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-3-benzyl-11(ax)-R.sub.3
      -11(eq)-(3-hydroxy-3-methyl-lower-alkyl)-2,6-methano-3-benzazocines
      described in Examples 20E, 20K, 20L and 20K, and an appropriate alkylating
      agent, R.sub.1 -Hal, (or reductive alkylation with formaldehyde and formic
      acid using the procedure described in Example 35), there are obtained the
      respective 8-hydroxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-3-R.sub.1
      -11(ax)-R.sub.3
      -11(eq)-(3-hydroxy-3-methyl-lower-alkyl)-2,6-methano-3-benzazocines of
      formula I in Table 24 where, in each instance, R.sub.2 is hydroxy;
      R'.sub.2 and R.sub.7 are each hydrogen; and R.sub.4 and R.sub.5 are each
      CH.sub.3. Melting points are given in each case for the methanesulfonate
      salt, and yields are also given for the methanesulfonate unless noted
      otherwise.
TBL                                    Table 24                                

     __________________________________________________________________________

     Example                                                                   

          R.sub.1 R.sub.3 /R.sub.6                                             

                       Wt.S.M./Wt.Prod.                                        

                                 m.p. (.degree.C.)/Solv.                       

     __________________________________________________________________________

     24B  CH.sub.3                                                             

                  H    4.72 (HCl)                                              

                                 206-208                                       

                  t-C.sub.4 H.sub.9                                            

                       2.7       methanol/ether                                

     24C  CH.sub.3                                                             

                  H    10.9 (base)                                             

                                 144-146                                       

                  C.sub.3 H.sub.7                                              

                       7.4 (base)                                              

                                 acetone                                       

     24D  C.sub.3 H.sub.5 --CH.sub.2 (a)                                       

                  CH.sub.3                                                     

                       2.5 (HCl) 249-252                                       

                  t-C.sub.4 H.sub.9                                            

                       1.4       methanol/ether                                

     24E  C.sub.3 H.sub.5 --CH.sub.2 (a)                                       

                  H    9.2 (base)                                              

                                 182-183                                       

                  C.sub.3 H.sub.7                                              

                       1.8       ethanol/ether                                 

     __________________________________________________________________________

      (a) Cyclopropylmethyl                                                    

PAC  EXAMPLE 25
PAR  A. A solution of 15 g. (0.04 mole) of
      3-benzyl-8-methoxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-oxobutyl)-
     2,6-methano-3-benzazocine (described in Example 16E) was catalytically
      debenzylated and the resulting nor-base alkylated with cyclopropylmethyl
      bromide in the presence of sodium bicarbonate using the procedure
      described in Example 24A. The resulting
      3-cyclopropylmethyl-8-methoxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3
     -oxobutyl)-2,6-methano-3-benzazocine (12.9 g.) was dissolved in 125 ml. of
      toluene and added to 45 ml. of a 2.1M solution of n-butyl lithium in
      hexane at -65.degree.C. using the procedure described in Example 20A. The
      resulting
      3-cyclopropylmethyl-8-methoxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3
     -hydroxy-3-methylheptyl)-2,6-methano-3-benzazocine (13.4 g.) was dissolved
      in 130 ml. of DMF and the ether group cleaved by treatment with 7.1 g.
      (0.168 mole) of a 57% mineral oil dispersion of sodium hydride and 12.8 g.
      (0.168 mole) of propanethiol in the manner described above in Example 24A.
      The product was converted to the methanesulfonate salt which was
      recrystallized from ethanol/ether to give 10.2 g. of
      3-cyclopropylmethyl-8-hydroxy-6(eq)-methyl-1,2,3,4,5,6
      -hexahydro-11(eq)-(3-hydroxy-3-methylheptyl)-2,6-methano-3-benzazocine
      methanesulfonate, m.p. 184.degree.-185.degree.C.
PAR  Following a procedure similar to that described in Example 25A, using the
      3-benzyl-8-methoxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-oxobutyl)-
     2,6-methano-3-benzazocine described in Example 16E, ethyl lithium and an
      appropriate alkylating agent, R-Hal, (or reductive alkylation with
      formaldehyde and formic acid using the procedure described in Example 35),
      there are obtained the 8-hydroxy-3-R.sub.1
      -6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-hydroxy-3-methylpentyl)-2,6-
     methano-3-benzazocines of formula I in Table 25 where, in each instance,
      R.sub.2 is hydroxy; R'.sub.2, R.sub.3 and R.sub.7 are hydrogen; R.sub.4
      and R.sub.5 are CH.sub.3 ; and R.sub.6 is C.sub.2 H.sub.5. In each
      instance, the melting points are given for the methanesulfonate salt, and
      the yield of product is given for a free base.
TBL                                    Table 25                                

     __________________________________________________________________________

     Example                                                                   

          R.sub.1   Wt.S.M./Wt.Prod.                                           

                              m.p. (.degree.C.)/Solv.                          

     __________________________________________________________________________

     25B  cyclopropyl-CH.sub.2                                                 

                    15.0 (base)                                                

                              195-196                                          

                     8.3 (base)                                                

                              acetone                                          

     25C  CH.sub.3  15.0 (base)                                                

                              155-157                                          

                    11.0 (base)                                                

                              ethanol                                          

     __________________________________________________________________________

PAC  EXAMPLE 26
PAR  A 5.7 g. sample of
      3-methyl-8-methoxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro-11(eq)-(3-hydroxy-3-
     methylheptyl)-2,6-methano-3-benzazocine described in Example 20G in DMF was
      cleaved with sodium propylsulfide (0.063 mole) using the procedure
      described in Example 24A and the product (3.4 g. of crude base) converted
      to the methanesulfonate salt which was recrystallized from ethanol/ether
      to give 2.6 g. of
      3-methyl-8-hydroxy-6(eq)-methyl-1,2,3,4,5,6-hexahydro11(eq)-(3-hydroxy13-m
     ethylheptyl)-2,6-methano-3-benzazocine methanesulfonate, m.p.
      184.degree.-186.degree.C.
PAC  EXAMPLE 27
PAR  A. A solution of 1.8 g. (0.0046 mole) of
      1-benzyl-3.beta.-(2-hydroxy-2-propyl)-5.alpha.-methyl-7-methoxy-1,2,3,4,4a
     ,5,10,10a-octahydro-2,5-methanobenzo[g]quinoline hydrochloride (described
      in Example 11D) was dissolved in 100 ml. of mesitylene and the solution
      treated with 3.8 ml. (0.1 mole) of formic acid and refluxed and stirred
      for about twenty-four hours. On cooling, the mixture was extracted with 3
      ml. portions of 1M phosphoric acid, and the combined aqueous extracts
      washed twice with diethyl ether and then basified by the cautious addition
      of 6.6 g. of potassium hydroxide pellets. The oil which separated was
      extracted with diethyl ether, and the ether extracts worked up in the
      usual manner to give an oil which was converted to the hydrochloride salt.
      The latter was recrystallized from ethanol/ether to give 0.3 g. of
      3-benzyl-6(eq)-methyl-8-methoxy-1,2,3,4,5,6-hexahydro-11(eq)-(3-methyl-2-b
     utenyl)-2,6-methano-3-benzazocine hydrochloride, m.p. 232.degree.14
      235.degree.C.
PAR  B. Following a procedure similar to that described in Example 27A, 19.6 g.
      (0.062 mole) of
      1-methyl-3.beta.-(2-hydroxy-2-propyl)-5.alpha.-methyl-7-methoxy-1,2,3,4,4a
     5,10,10a-octahydro-2,5-methanobenzo[g]quinoline described in Example 9F in
      1 liter of mesitylene and 38 ml. of formic acid was heated and stirred
      under reflux for 24 hours and worked up in the manner described in Example
      27A to give 8.5 g. (0.028 mole) of
      3,6(eq)-dimethyl-8-methoxy-1,2,3,4,5,6-hexahydro-11(eq)-(3-methyl-2-buteny
     l)-2,6 -methano-3-benzazocine as an oil which, without further
      characterization, was cleaved with 0.15 mole of sodium propylsulfide in 75
      ml. of DMF using the procedure described in Example 24A. The product was
      converted to the methanesulfonate salt which was recrystallized from
      ethanol to give 1.6 g. of
      3,6(eq)-dimethyl-8-hydroxy-1,2,3,4,5,6-hexahydro-11(eq)-(3-methyl-2-buteny
     l)-2,6-methano-3-benzazocine methanesulfonate, m.p.
      226.degree.-229.degree.C.
PAR  Following a procedure similar to that described in Example 27A, using the
      7-R.sub.2 -1-R.sub.1 -3-C(R.sub.5)(R.sub.6)OR.sub.7 -4a.alpha.-R.sub.3
      -5.alpha.-R.sub.4
      -1,2,3,4,4a,5,10,10a-octahydro-2,5-methanobenzo[g]quinolines described in
      Examples 9A, 9B, 9C, 9D, 9G, 9E, 11A, 11C and 13A in refluxing
      mesitylene/formic acid, there are obtained the respective 8-R.sub.2
      -6(eq)-R.sub.4 -1,2,3,4,5,6-hexahydro-3-R.sub.1 -11(ax)-R.sub.3
      -11(eq)-(2-lower-alkenyl)-2,6-methano-3-benzazocines of formula I in Table
      27 where, in each instance, R'.sub.2 is hydrogen.
TBL                                    Table 27                                

     __________________________________________________________________________

     Example                                                                   

          R.sub.1   R.sub.2                                                    

                       R.sub.3                                                 

                           R.sub.4                                             

                               R.sub.5                                         

                                   R.sub.6                                     

     __________________________________________________________________________

     27C  CH.sub.3  H  H   C.sub.3 H.sub.7                                     

                               CH.sub.3                                        

                                   CH.sub.3                                    

     27D  CH.sub.3  H  H   C.sub.2 H.sub.5                                     

                               CH.sub.3                                        

                                   CH.sub.3                                    

     27E  CH.sub.3  H  H   CH.sub.3                                            

                               CH.sub.3                                        

                                   CH.sub.3                                    

     27F  CH.sub.3  HO H   C.sub.2 H.sub.5                                     

                               CH.sub.3                                        

                                   CH.sub.3                                    

     27G  cyclopropyl-CH.sub.2                                                 

                    H  H   C.sub.2 H.sub.5                                     

                               CH.sub.3                                        

                                   CH.sub.3                                    

     27H  C.sub.6 H.sub.5 CH.sub.2 CH.sub.2                                    

                    H  H   C.sub.2 H.sub.5                                     

                               CH.sub.3                                        

                                   CH.sub.3                                    

     27J  CH.sub.3  H  H   C.sub.2 H.sub.5                                     

                               CH.sub.3                                        

                                   C.sub.3 H.sub.7                             

     27K  CH.sub.3  H  CH.sub.3                                                

                           C.sub.2 H.sub.5                                     

                               CH.sub.3                                        

                                   CH.sub.3                                    

     27L  CH.sub.3  H  H   C.sub.2 H.sub.5                                     

                               CH.sub.3                                        

                                   H                                           

     __________________________________________________________________________

PAC  EXAMPLE 28
PAR  A. Two grams of the solid hydrochloride salt obtained as an initial
      precipitate from the ethanol/ether crystallization in Example 16A was
      recrystallized once again from ethanol/ether to give 1.3 g. of
      1,2-dimethyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[
     g]quinoline hydrochloride, m.p. 262.degree.-264.degree.C.
PAR  A solution of 5.3 g. (0.017 mole) of the latter in 50 ml. of ethanol was
      reduced with 0.1 g. of platinum oxide. When reaction was complete, the
      catalyst was removed by filtration, and the product isolated in the form
      of the hydrochloride salt in the usual manner to give 2.4 g. of
      1,2-dimethyl-5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethanobenzo[
     g]quinoline hydrochloride, m.p. 319.degree.-329.degree.C.
PAR  The following 1-R.sub.1 -2-methyl-4a.alpha.-R.sub.3
      -5.alpha.-ethyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[g]quinolines
      of formula IIIa in Table 28a where, in each instance, R.sub.2 and R'.sub.2
      are hydrogen; R.sub.4 is C.sub.2 H.sub.5 and
      ##EQU22##
      were obtained as by-products with the main products of Examples 16C and
      16D, respectively. The yields and melting points for the compounds of
      Examples 28B and 28C are given for the hydrochloride and
      p-toluenesulfonate salts, respectively.
TBL                                    Table 28a                               

     __________________________________________________________________________

     Example                                                                   

          R.sub.1   R.sub.3                                                    

                        Wt.II/Wt.IIIa                                          

                                 m.p. (.degree.C.)/Solv.                       

     __________________________________________________________________________

     28B  CH.sub.3  CH.sub.3                                                   

                        10 (base)                                              

                                 234-235                                       

                        1.2      acetone                                       

     28C  cyclopropyl-CH.sub.2                                                 

                    H   16 (base)                                              

                                 187-189                                       

                        2.5      ethyl acetate                                 

     __________________________________________________________________________

PAR  The following 1-R.sub.1 -2-Q-4a.alpha.-R.sub.3 -5.alpha.-R.sub.4 -7-R.sub.2
      -8-R'.sub.2 -1,2,3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[g]quinolines of
      formula IIIa are obtained as by-products from the preparations described,
      respectively, in Examples 16E, 16H, 16M, 16N, 16P, 16Q, 16R, 16S, 16T,
      16U, 16V, 16W, 16X, 16Y, 16Z, 16AA, 16BB, 16CC, 16DD, 16EE, 16FF, 16GG,
      16HH, 16JJ, 16KK, 16LL, 16NN, 16PP, 16QQ, 16RR, 16SS and 10D.
TBL                                    Table 28b                               

     __________________________________________________________________________

     Example   R.sub.1 /Q                                                      

                         R.sub.2 /R'.sub.2                                     

                                 R.sub.3 /R.sub.4                              

     __________________________________________________________________________

     28D  C.sub.6 H.sub.5 CH.sub.2                                             

                        CH.sub.3 O                                             

                               H                                               

          CH.sub.3      H      CH.sub.3                                        

     28E  C.sub.6 H.sub.5 CH.sub.2                                             

                        H      H                                               

          CH.sub.3      H      C.sub.2 H.sub.5                                 

     28F  CH.sub.3      H      H                                               

          C.sub.3 H.sub.7                                                      

                        H      C.sub.2 H.sub.5                                 

     28G  C.sub.6 H.sub.11                                                     

                        CH.sub.3 S                                             

                               H                                               

          CH.sub.3      H      CH.sub.3                                        

     28H  4-BrC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                                

                        CH.sub.3 O                                             

                               H                                               

          CH.sub.3      H      CH.sub.3                                        

     28J  4-ClC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                                

                        CH.sub.3 CONH                                          

                               H                                               

          CH.sub.3      H      CH.sub.3                                        

     28K  4-FC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                                 

                        C.sub.2 H.sub.5 OCONH                                  

                               H                                               

          CH.sub.3      H      CH.sub.3                                        

     28L  4-Cl-3-CH.sub.3 C.sub.6 H.sub.3 CH.sub.2 CH.sub.2                    

                        H      H                                               

          CH.sub.3      H      CH.sub.3                                        

     28M  3-CH.sub.3 COOC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                      

                        H      H                                               

          CH.sub.3      H      CH.sub.3                                        

     28N  3,4-(CH.sub.3 O).sub.2 C.sub.6 H.sub.3 CH.sub.2 CH.sub.2             

                        H      H                                               

          CH.sub.3      H      CH.sub.3                                        

     28P  4-CH.sub.3 SC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                        

                        H      H                                               

          CH.sub.3      H      CH.sub.3                                        

     28Q  3-CF.sub.3 C.sub.6 H.sub.4 CH.sub.2 CH.sub.2                         

                        H      H                                               

          CH.sub.3      H      CH.sub.3                                        

     28R  3-CH.sub.3 CONHC.sub.6 H.sub.4 CH.sub.2 CH.sub.2                     

                        H      H                                               

          CH.sub.3      H      CH.sub.3                                        

     28S  3,4-OCH.sub.2 OC.sub.6 H.sub.3 CH.sub.2 CH.sub.2                     

                        H      H                                               

          CH.sub.3      H      CH.sub.3                                        

     28T  CH.sub.3      H      H                                               

          CH.sub.3      Cl     CH.sub.3                                        

     28U  CH.sub.3      H      H                                               

          CH.sub.3      Br     CH.sub.3                                        

     28V  CH.sub.3      H      H                                               

          CH.sub.3      F      CH.sub.3                                        

     28W  CH.sub.3      H      H                                               

          CH.sub.3      CF.sub.3                                               

                               CH.sub.3                                        

     28X  CH.sub.3      H      H                                               

          CH.sub.3      CH.sub.3                                               

                               CH.sub.3                                        

     28Y  CH.sub.3      C.sub.6 H.sub.5                                        

                               H                                               

          CH.sub.3      H      CH.sub.3                                        

                        O      H                                               

     28Z  CH.sub.3      CH.sub.2 .angle.                                       

          CH.sub.3      O      CH.sub.3                                        

     28AA CH.sub.3      H      H                                               

          CH.sub.3      H      H                                               

     28BB CH.sub.3      H      H                                               

          CH.sub.3      H      ClCH.sub.2 CH.sub.2                             

     28CC CH.sub.3      H      (CH.sub.2).sub.3 .angle.                        

          CH.sub.3      H                                                      

     28DD CH.sub.3      H      (CH.sub.2).sub.4 .angle.                        

          CH.sub.3      H                                                      

     28EE CH.sub.3      H      H                                               

          CH.sub.3      H      CH.sub.3 OCH.sub.2 CH.sub.2                     

     28FF CH.sub.3      H      H                                               

          CH.sub.3      H      CH.sub.2 CH.sub.2 SC.sub.6 H.sub.5              

     28GG CH.sub.3      H      H                                               

          CH.sub.3      H      CH.sub.2 CH.sub.2 SOC.sub.6 H.sub.5             

     28HH CH.sub.3      H      H                                               

          CH.sub.3      H      CH=CH.sub.2                                     

     28JJ CH.sub.3      H      H                                               

          CH.sub.3      H      CH.sub.2 CH.sub.2 SCH.sub.3                     

     28KK CH.sub.3      H      H                                               

          CH.sub.3      H      CH.sub.2 CH.sub.2 OH                            

     28LL CH.sub.3      H      H                                               

          C.sub.6 H.sub.5                                                      

                        H      C.sub.2 H.sub.5                                 

     __________________________________________________________________________

PAR  Reduction of the compounds in Table 28b with hydrogen over platinum oxide
      using the procedure described in Example 28A affords the corresponding
      1-R.sub.1 -2-Q-4a.alpha.-R.sub.3 -5.alpha.-R.sub.4 -7-R.sub.2 -8-R'.sub.2
      -1,2,3,4,4a,5,10,10a-octahydro-3,5-ethanobenzo[g]quinolines of formula
      IIIb.
PAC  EXAMPLE 29
PAR  A. Hydrolysis with aqueous alkali in an ethanol solvent of
      1-[2-(4-chlorophenyl)ethyl]-7-acetylamino-2,5.alpha.-dimethyl-1,2,3,4,4a,5
     ,10,10a-octahydro-3,5-ethenobenzo[g]quinoline and
      1-[2-(4-chlorophenyl)ethyl]-7-acetylamino-2,5.alpha.-dimethyl-1,2,3,4,4a,5
     ,10,10a-octahydro-3,5-ethanobenzo[g]quinoline (described in Example 28J)
      affords, respectively,
      7-amino-1-[2-(4-chlorophenyl)ethyl]-2,5.alpha.-dimethyl-1,2,3,4,4a,5,10,10
     a-octahydro-3,5-ethenobenzo[g]-quinoline and
      7-amino-1-[2-(4-chlorophenyl)ethyl]-2,5.alpha.-dimethyl-1,2,3,4,4a,5,10,10
     a-octahydro-3,5-ethanobenzo[g]quinoline.
PAR  Following a procedure similar to that described in Example 29A, the
      following compounds of formulas IIIa and IIIb are similarly prepared:
PAR  B.
      7-Amino-1-[2-(4-fluorophenyl)ethyl]-2,5.alpha.-dimethyl-1,2,3,4,4a,5,10,10
     -octahydro-3,5-ethenobenzo[g]quinoline and
      7-amino-1-[2-(4-fluorophenyl)ethyl]-2,5.alpha.-dimethyl-1,2,3,4,4a,5,10,10
     a-octahydro-3,5-ethanobenzo[g]quinoline, by alkaline saponification,
      respectively, of
      1-[2-(4-fluorophenyl)ethyl]-2,5.alpha.-dimethyl-7-ethoxycarbonylamino-1,2,
     3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[g]quinoline and
      1-[2-(4-fluorophenyl)ethyl]-2,5.alpha.-dimethyl-7-ethoxycarbonylamino-1,2,
     3,4,4a,5,10,10a-octahydro-3,5-ethanobenzo-[g]quinoline (described in
      Example 28K);
PAR  C.
      1-[2-(3-Aminophenyl)ethyl]-2,5.alpha.-dimethyl-1,2,3,4,4a,5,10,10a-octahyd
     ro-3,5-ethenobenzo[g]quinoline and
      1-[2-(3-aminophenyl)ethyl]-2,5.alpha.-dimethyl-1,2,3,4,4a,5,10,10a-octahyd
     ro-3,5-ethanobenzo[g]quinoline, by alkaline saponification, respectively,
      of 1-[2-(3-acetylaminophenyl)ethyl]-2,5.alpha.-dimethyl-1,2,3,4,4a,5,10,10
     a-octahydro-3,5ethenobenzo[g]quinoline and
      1-[2-(3-acetyl-aminophenyl)ethyl]-2,5.alpha.-dimethyl-1,2,3,4,4a,5,10,10a-
     octahydro-3,5-ethanobenzo[g]quinoline (described in Example 28R).
PAC  EXAMPLE 30
PAR  A solution of 88 g. (0.33 mole) of
      2-(4-methoxybenzyl)-8-methylene-3-azabicyclo[3.3.1] non-6-en-4-one
      (described in Example 15A) was dissolved in a solution of 800 ml. of
      glacial acetic acid and 180 ml. of concentrated sulfuric acid, and the
      mixture stirred and heated on a steam bath for 1 hour. The mixture was
      then poured into four liters of an ice/water mixture. The gum which
      separated slowly solidified and was collected and recrystallized 3 times
      from DMF to give 4.3 g. of
      7-methoxy-5.alpha.-methyl-3,4,4a,5,10,10a-hexahydro-3,5-ethenobenzo[g]quin
     oline-2-(1H)-one, m.p. 268.degree.-272.degree.C.
PAC  EXAMPLE 31
PAR  A solution of 5.38 g. (0.02 mole) of
      7-methoxy-5.alpha.-methyl-3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[g]quin
     oline-2-(1H)-one (described in Example 30) in 250 ml. of tetrahydrofuran
      was added slowly to a stirred suspension of 1.52 g. (0.04 mole) of lithium
      aluminum hydride in 108 ml. of tetrahydrofuran, and the mixture was heated
      under reflux for one and one half hours and then worked up in the manner
      described above in Example 12. The product was isolated in the form of the
      hydrochloride salt which was recrystallized from ethanol/diethyl ether to
      give 3.08 g. of
      7-methoxy-5.alpha.-methyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[g]
     quinoline hydrochloride, m.p. 254.degree.-255.degree.C.
PAC  EXAMPLE 32
PAR  A solution of 18.0 g. (0.07 mole) of
      7-methoxy-5.alpha.-methyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[g]
     quinoline hydrochloride (described in Example 31) in 200 ml. of ethanol was
      reduced with hydrogen over 1.8 g. of palladium-on-charcoal under a
      hydrogen pressure of about 55 pounds p.s.i. When reduction was complete,
      the product was worked up in the manner described above in Example 3 to
      give 3.6 g. of
      7-methoxy-5.alpha.-methyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethanobenzo[g]
     quinoline, m.p. 82.degree.-84.degree.C. (from hexane).
PAC  EXAMPLE 33
PAR  A. A solution of 12.0 g. (0.047 mole) of
      7-methoxy-5.alpha.-methyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[g]
     quinoline hydrochloride (described in Example 31) in 60 ml. of 48%
      hydrobromic acid was refluxed and stirred for 15 minutes, then cooled and
      worked up in the manner described above in Example 17. The product was
      isolated in the form of the free base to give 5.7 g. of
      7-hydroxy-5.alpha.-methyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[g]
     quinoline, m.p. 298.degree.-310.degree.C. (from DMF);
PAR  B. Following a procedure similar to that described in Example 33A, 12.5 g.
      (0.049 mole) of
      7-methoxy-5.alpha.-methyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethanobenzo[g]
     quinoline (described in Example 32) was reacted with 62 ml. of 48%
      hydrobromic acid, and the product, in the form of the hydrobromide salt,
      was recrystallized from water to give 5.6 g. of
      7-hydroxy-5.alpha.-methyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethanobenzo[g]
     quinoline hydrobromide, m.p. 305.degree.-311.degree.C.
PAC  EXAMPLE 34
PAR  A. A mixture of 4.8 g. (0.02 mole) of
      7-hydroxy-5.alpha.-methyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[g]
     quinoline (described in Example 33A), 1.7 g. (0.02 mole) of sodium
      bicarbonate and 1.9 ml. (0.022 mole) of allyl bromide in 50 ml. of DMF was
      heated with stirring under reflux for one hour and then worked up in the
      manner described above in Example 7A. The product was isolated in the form
      of the hydrochloride salt which was recrystallized from ethanol/diethyl
      ether to give 2.6 g. of
      1-allyl-7-hydroxy-5.alpha.-methyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-etheno
     benzo-[g]quinoline hydrochloride, m.p. 246.degree.-248.degree.C.
PAR  Following a procedure similar to that described in Example 34A, using the
      7-hydroxy-5.alpha.-methyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[g]
     quinoline or the
      7-hydroxy-5.alpha.-methyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethanobenzo[g]
     quinoline described in Examples 33A and 33B, respectively, and an
      appropriate alkylating agent, R.sub.1 -Hal, there are prepared the
      corresponding 1-R.sub.1
      -7-hydroxy-5.alpha.-methyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[g
     ]quinolines and 1-R.sub.1
      -7-hydroxy-5.alpha.-methyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethanobenzo[g
     ]quinolines of formulas IIIa and IIIb, respectively, in Table 34 below
      where, in each instance, R'.sub.2, and R.sub.3 are hydrogen; Q is H.sub.2
      ; R.sub.2 is HO; and R.sub.4 is CH.sub.3. The yields of products and the
      melting points are given, in each case, for the hydrochloride salts unless
      noted otherwise. The nature of the starting material and final product,
      whether the 3,5-etheno compounds of formula IIIa or the 3,5 -ethano
      compounds of formula IIIb, is indicated by the designations IIIa and IIIb,
      respectively.
TBL                                    Table 34                                

     __________________________________________________________________________

     Example                                                                   

            R.sub.1 Wt.S.M. Wt.Prod.                                           

                                  m.p. (.degree.C.)                            

                                          Solvent                              

     __________________________________________________________________________

     34B (IIIa)                                                                

            C.sub.6 H.sub.5 CH.sub.2 CH.sub.2                                  

                    4.82 (base)                                                

                            5.4   190-192 ethanol/                             

                                          ether                                

     34C (IIIb)                                                                

            CH.sub.2 =CHCH.sub.2                                               

                    6.5 (HBr)                                                  

                            5.3   238-241 ethanol/                             

                                          ether                                

     34D (IIIb)                                                                

            C.sub.6 H.sub.5 CH.sub.2 CH.sub.2                                  

                    6.49 (HBr)                                                 

                            5.1   259-262 ethanol                              

     34E (IIIa)                                                                

            C.sub.3 H.sub.7                                                    

                    4.82 (base)                                                

                            3.8 (a)                                            

                                  210-211 (a)                                  

                                          CH.sub.3 CN/ether                    

     34F (IIIb)                                                                

            C.sub.3 H.sub.5 --CH.sub.2 (b)                                     

                    6.49 (HBr)                                                 

                            2.5   252     ethanol/                             

                                          ether                                

     34G (IIIb)                                                                

            C.sub.3 H.sub.7                                                    

                    6.49 (HBr)                                                 

                            3.1   260-264 ethanol/ether                        

     __________________________________________________________________________

      (a) Methanesulfonate salt                                                

      (b) Cyclopropylmethyl                                                    

PAC  EXAMPLE 35
PAR  A. A mixture of 4.82 g. (0.02 mole) of
      7-hydroxy-5.alpha.-methyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethenobenzo[g]
     quinoline (described in Example 33A), 1.6 ml. (0.02 mole) of 37% aqueous
      formaldehyde and 100 ml. of ethanol was reduced with hydrogen over 2 g. of
      palladium-on-charcoal using a Parr-shaking apparatus. When reduction was
      complete, the mixture was worked up in the manner described above in
      Example 3 and the product isolated in the form of the hydrochloride salt
      to give 3.6 g. of
      1,5.alpha.-dimethyl-7-hydroxy-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethenobenz
     o[g]quinoline hydrochloride, m.p. 302.degree.-305.degree.C. (from
      ethanol/diethyl ether);
PAR  B. Following a procedure similar to that described in Example 35A, a
      mixture of 6.49 g. (0.02 mole) of
      7-hydroxy-5.alpha.-methyl-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethanobenzo[g]
     quinoline hydrobromide (described in Example 33 B), 1.6 ml. (0.02 mole) of
      37% aqueous formaldehyde and 2.8 ml. (0.02 mole) of triethylamine in 100
      ml. of ethanol was reduced with hydrogen over 2 g. of
      palladium-on-charcoal and the product isolated in the form of the
      hydrochloride salt to give 2.8 g. of
      1,5.alpha.-dimethyl-7-hydroxy-1,2,3,4,4a,5,10,10a-octahydro-3,5-ethanobenz
     o[g]quinoline hydrochloride, m.p. 318.degree.C. (from water).
PAR  The compounds of formula I are generally active in primary analgesic
      screening tests [the acetylcholine-induced abdominal constriction (Ach)
      and the phenyl-p-quinone-induced writhing (PPQ) tests] and also in the rat
      tail flick radiant thermal heat analgesic test (Tail Flick Agon.). Data so
      obtained for the compounds, identified by reference to the preceding
      examples and expressed either in terms of the ED.sub.50 (mg./kg.,
      subcutaneous administration) or in terms of percent inhibition, are given
      below.
TBL  ______________________________________                                    

     Ex-                             Tail Flick                                

     ample Ach          PPQ          Agon.                                     

     ______________________________________                                    

     16A   1.7                       14.+-.2                                   

     16C   1.1                       11.+-.1.0                                 

     16D   7.4          64%/50 mg./kg.                                         

                                     Inact.                                    

     16B   0.3                       6.9.+-.0.8                                

     19A   8.9                       Inact.                                    

     19C   6.9                       64.+-.12                                  

     20A   1.6                       11.+-.2.2                                 

     20B   2.1                       10%/60 mg./kg.                            

     20C   4.7          11           Inact.                                    

     20D   16                                                                  

     20F   .about.10                                                           

     24A   &gt;25, &lt;75                                                            

     24B   40%/75 mg./kg.            Inact.                                    

           27%/25 mg./kg.                                                      

     26    2.5                       .about.60                                 

     25    6.5                       Inact.                                    

     ______________________________________                                    

PAR  The compounds of Examples 16D, 19A, 20D, 24A and 25 have also been found
      active in the phenazocine tail flick antagonist test, the ED.sub.50
      (subcutaneous administration) for those species being, respectively, 24,
      0.088, 0.046, 0.27 and 0.025 mg./kg.
PAR  The compounds of formulas IIIa and IIIb are generally active in the same
      primary analgesic screening tests, the acetylcholine-induced abdominal
      constriction and the phenyl-p-quinoneinduced writhing tests. Data
      so-obtained is given below.
TBL  ______________________________________                                    

     Example/Formula                                                           

                   Ach        PPQ                                              

     ______________________________________                                    

     28A/IIIa      2.7                                                         

     28A/IIIb      17                                                          

     28B/IIIa      1.6        20                                               

     28C/IIIa      4.1        36                                               

     30/IIIa       Inact.                                                      

     31/IIIa       4.6        17                                               

     32/IIIb       5.1        13                                               

     33A/IIIa      3.5        Inact.                                           

     34A/IIIa      11                                                          

     34B/IIIa      1.4        10                                               

     34C/IIIb      12         Inact.                                           

     34D/IIIb      16         Inact.                                           

     34E/IIIa      4.5                                                         

     34F/IIIb      3.2        100%/70 mg./kg.                                  

                              43%/35 mg./kg.                                   

     34G/IIIb      13         43                                               

     35A/IIIa      1.9        23                                               

     35B/IIIb      3.0        23                                               

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. A compound having the formula
      ##SPC5##
PAL  where R.sub.2 is hydrogen or lower-alkoxy and R.sub.3 is hydrogen or
      lower-alkyl.
NUM  2.
PAR  2. A compound according to claim 1 having the formula
      ##SPC6##
PAL  where R.sub.2 is hydrogen or lower-alkoxy and R.sub.3 is hydrogen.
NUM  3.
PAR  3. 2-(4-Methoxybenzyl)-8-methylene-3-azabicyclo-[3.3.1]non-6-en-4-one
      according to claim 2.
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PAL  Imidazolido[1,5-c]thiazolidine-3-spiro-4'-piperidine compounds of the
      formula:
      ##SPC1##
PAL  Wherein R.sup.1 represents a member selected from the group consisting of a
      hydrogen atom, an alkyl group of from 1 to 4 carbon atoms, a benzyl group,
      a p-chlorobenzyl group, a 4,5-dimethoxybenzyl group, a
      4,5,6-trimethoxybenzyl group, a phenethyl group, an acetyl group, a
      benzoyl group, a trimethoxybenzoyl group, a methoxycarbonyl group, an
      ethoxycarbonyl group, a 4,4-bis(p-fluorophenyl)butyl group and a group of
      the formula
      ##SPC2##
PAL  (in which Y represents a member selected from the group consisting of H, F
      and CH.sub.3 O, and n represents an integer of 1, 2 or 3); R.sup.2
      represents a member selected from the group consisting of a hydrogen atom,
      an alkyl group of from 1 to 4 carbon atoms, an allyl group, a propargyl
      group, a cyclohexyl group, a phenyl group, a chlorophenyl group, a
      dichlorophenyl group, a tolyl group, a nitrophenyl group, a naphthyl
      group, a benzyl group, a phenethyl group and a cinnamyl group; and X
      represents a member selected from the group consisting of an oxygen atom
      and a sulphur atom; and pharmaceutically acceptable acid addition salts
      thereof. These compounds are useful as drugs for the treatment of
      schizophrenia, mania and various psychoneuroses.
BSUM
PAR  This invention relates to novel and therapeutically valuable compounds of
      the formula:
      ##SPC3##
PAL  And pharmaceutically acceptable acid addition salts thereof.
PAR  In the above formula, R.sup.1 represents a member selected from the group
      consisting of a hydrogen atom, an alkyl group of from 1 to 4 carbon atoms,
      a benzyl group, a p-chlorobenzyl group, a 4,5-dimethoxybenzyl group, a
      4,5,6-trimethoxybenzyl group, a phenethyl group, an acetyl group, a
      benzoyl group, a trimethoxybenzoyl group, a methoxycarbonyl group, an
      ethoxycarbonyl group, a 4,4-bis(p-fluorophenyl)butyl group and a group of
      the formula
      ##SPC4##
PAL  (in which Y represents a member selected from the group consisting of H, F
      and CH.sub.3 O, and n represents an integer of 1, 2 or 3); R.sup.2
      represents a member selected from the group consisting of a hydrogen atom,
      an alkyl group of from 1 to 4 carbon atoms, an allyl group, a propargyl
      group, a cyclohexyl group, a phenyl group, a chlorophenyl group, a
      dichlorophenyl group, a tolyl group, a nitrophenyl group, a naphthyl
      group, a benzyl group, a phenethyl group and a cinnamyl (or 3-phenylallyl)
      group; and X represents a member selected from the group consisting of an
      oxygen atom and a sulphur atom.
PAR  The compounds of formula (I) can be produced by one of the following
      methods (a) to (d):
PAR  A. By reacting a compound of the formula
      ##SPC5##
PAL  Wherein R.sup.3 represents an alkyl group of from 1 to 4 carbon atoms and
      R.sup.1 is as defined above, with a compound of the formula
EQU  R.sup.2 .sup.' -- NCX                                      (IV)
PAL  or a cyanate or thiocyanate, wherein R.sup.2 .sup.' represents a member
      selected from the group consisting of an alkyl group of from 1 to 4 carbon
      atoms, an allyl group, a propargyl group, a cyclohexyl group, a phenyl
      group, a chlorophenyl group, a dichlorophenyl group, a tolyl group, a
      nitrophenyl group, a naphthyl group, a benzyl group, a phenethyl group and
      a cinnamyl group.
PAR  When the compound of formula (IV) is used as one of the reactants, the
      reaction is usually carried out in a solvent under anhydrous conditions at
      a temperature of from room temperature to about the boiling point of the
      solvent employed for a period of from 1 to 30 hours. The said solvent is,
      for example, an aromatic hydrocarbon (e.g. benzene, toluene, xylene), a
      halogenated hydrocarbon (e.g. chloroform, dichloroethane, chlorobenzene),
      an ether (e.g. diethyl ether, tetrahydrofuran, dioxane), an ester (e.g.
      ethyl acetate, butyl acetate) or a tertiary amine (e.g. triethylamine,
      N,N-diethylaniline, pyridine). When the reaction is carried out in a
      solvent other than the tertiary amine, it is advantageous to add a small
      amount of the tertiary amine.
PAR  When such (thio)cyanate as KOCN, NaOCN, NH.sub.4 OCN, KSCN or NH.sub.4 SCN
      is used, the reaction is carried out in glacial acetic acid or a mixture
      of glacial acetic acid and water at a temperature of from room temperature
      to an elevated temperature (e.g. 60.degree.-75.degree.C) for a period of
      about 3 hours, and the compounds of formula (I) wherein R.sup.2 represents
      a hydrogen atom are produced.
PAR  b. In order to produce the compounds of formula (I) wherein R.sup.1
      represents a member selected from the group consisting of an alkyl group
      of from 1 to 4 carbon atoms, a benzyl group, a p-chlorobenzyl group, a
      4,5-dimethoxybenzyl group, a 4,5,6-trimethoxybenzyl group, a phenethyl
      group, an acetyl group, a benzoyl group, a trimethoxybenzoyl group, a
      methoxycarbonyl group, an ethoxycarbonyl group, a
      4,4-bis(p-fluorophenyl)-butyl group and a group of formula (II), by
      reacting a compound of the formula
EQU  R.sup.1 .sup.' -- Z                                        (V)
PAL  wherein Z represents a member selected from the group consisting of a
      halogen atom (e.g. Cl, Br, I), an alkylsulfonyloxy group (e.g.
      methylsulfonyloxy) and an arylsulfonyloxy group (e.g. phenylsulfonyloxy,
      p-tolylsulfonyloxy), and R.sup.1 .sup.' represents a member selected from
      the group consisting of an alkyl group of from 1 to 4 carbon atoms, a
      benzyl group, a p-chlorobenzyl group, a 4,5-dimethoxybenzyl group, a
      4,5,6-trimethoxybenzyl group, a phenethyl group, an acetyl group, a
      benzoyl group, a trimethoxybenzyl group, a methoxycarbonyl group, an
      ethoxycarbonyl group, a 4,4-bis(p-fluorophenyl)butyl group, a group of
      formula (II) and a group of the formula
      ##SPC6##
PAL  (in which Y and n are as defined above), with a compound of the formula
      ##SPC7##
      wherein each symbol is as defined above, and then, in the case of the
      compound of formula (V) wherein R.sup.1 .sup.' represents a group of
      formula (VI), by hydrolyzing the compound thus obtained of the formula
      ##SPC8##
PAL  wherein each symbol is as defined above.
PAR  The reaction of compound (V) with compound (VII) is carried out in a
      solvent in the presence of a deacidifying agent at a temperature around
      the boiling point of the solvent employed for a period of from 2 to 30
      hours. The said solvent is, for example, an alcohol (e.g. methanol,
      ethanol, 2-propanol), a ketone (e.g. acetone, methyl ethyl ketone), an
      aromatic hydrocarbon (e.g. benzene, toluene, xylene), an ether (e.g.
      dioxane, tetrahydrofuran), an ester (e.g. ethyl acetate, butyl acetate) or
      an amide (e.g. dimethylformamide, diethylformamide, dimethylacetamide).
      The said acidifying agent is an alkali metal carbonate (e.g. Na.sub.2
      CO.sub.3, K.sub.2 CO.sub.3), an alkali metal bicarbonate (e.g.
      NaHCO.sub.3, KHCO.sub.3), an alkali metal hydroxide (e.g. NaOH, KOH), an
      alkali metal alkoxide (e.g. sodium ethoxide, potassium methoxide) or a
      tertiary amine (e.g. triethylamine, N,N-dimethylaniline,
      N,N-diethylaniline, pyridine).
PAR  The hydrolysis is carried out by treating the compound of formula (VIII)
      with a dilute acid (e.g. dilute hydrochloric, dilute sulfuric acid) at
      room temperature or an elevated temperature.
PAR  c. In order to produce the compounds of formula (I) wherein R.sup.1
      represents a hydrogen atom, by eliminating the alkoxycarbonyl group in a
      compound of the formula
      ##SPC9##
PAL  wherein R.sup.4 represents an alkyl group of from 1 to 2 carbon atoms and
      R.sup.2 and X are as defined above.
PAR  The alkoxycarbonyl elimination is carried out by treating a compound of
      formula (IX) with an acid such as hydrogen chloride, hydrogen bromide,
      hydrogen fluoride or perchloric acid in a solvent, preferably with 10-25
      percent hydrogen bromide in acetic acid, at a temperature of about the
      boiling point of the solvent employed for a period of from 0.5 to 3 hours,
      or with an alkali such as sodium hydroxide, potassium hydroxide, barium
      hydroxide or calcium hydroxide in a solvent such as water, methanol,
      ethanol, 2-propanol, butanol or ethylene glycol at a temperature of about
      the boiling point of the solvent employed for a period of from 1 to 12
      hours.
PAR  d. In order to produce the compounds of formula (I) wherein R.sup.2
      represents a member selected from the group consisting of an alkyl of from
      1 to 4 carbon atoms, an allyl group, a propargyl group, a cyclohexyl
      group, a phenyl group, a chlorophenyl group, a tolyl group, a nitrophenyl
      group, a naphthyl group, a benzyl group, a phenethyl group and a cinnamyl
      group, by reacting a compound of the formula
      ##SPC10##
PAL  wherein R.sup.1 .sub." represents a member selected from the group
      consisting of an alkyl group of from 1 to 4 carbon atoms, a benzyl group,
      a p-chlorobenzyl group, a 4,5-dimethoxybenzyl group, a
      4,5,6-trimethoxybenzyl group, a phenethyl group, an acetyl group, a
      benzoyl group, a trimethoxybenzoyl group, a methoxycarbonyl group, an
      ethoxycarbonyl group, a 4,4-bis(p-fluorophenyl)-butyl group and a group of
      formula (II), and X is as defined above, with a compound of the formula
EQU  R.sup.2 .sup.' -- Z                                        (XI)
PAL  wherein R.sup.2 .sup.' and Z are as defined above.
PAR  The reaction is usually carried out in a solvent such as an alcohol (e.g.
      methanol, ethanol, 2-propanol, butanol), an amide (e.g. dimethylformamide,
      diethylformamide, dimethylacetamide), a ketone (e.g. acetone, methyl ethyl
      ketone), an aromatic hydrocarbon (e.g. benzene, toluene, xylene), an ether
      (e.g. dioxane, tetrahydrofuran) or an ester (e.g. ethyl acetate, butyl
      acetate) in the presence of a deacidifying agent such as an alkali metal
      carbonate (e.g. Na.sub.2 CO.sub.3, K.sub.2 CO.sub.3), an alkali metal
      bicarbonate (e.g. NaHCO.sub.3, KHCO.sub.3), an alkali metal hydroxide
      (e.g. NaOH, KOH), an alkali metal alkoxide (e.g. sodium ethoxide,
      potassium methoxide) or a tertiary amine (e.g. triethylamine,
      N,N-dimethylaniline, N,N-diethylaniline, pyridine) at a temperature of
      from room temperature to about the boiling point of the solvent employed
      for a period of from 2 to 8 hours. Alternatively this reaction is
      preferably carried out by treating a compound of formula (X) with an
      alkali metal hydroxide (e.g. NaOH, KOH) or an alkali metal hydride (e.g.
      NaH, KH), and then by reacting the alkali metal salt thus obtained, with
      or without isolation, with a compound of formula (XI).
PAR  The compounds of formula (I) can be converted into acid addition salts with
      various inorganic acids (e.g. hydrochloric, hydrobromic, sulfuric, nitric
      acid) or with inorganic acids (e.g. oxalic, maleic, fumaric, tartaric,
      citric acid).
PAR  The starting compounds of formula (III) can be produced by reacting a
      compound of the formula
      ##SPC11##
PAL  wherein R.sup.1 is as defined above, with a compound of the formula
      ##EQU1##
      wherein X and R.sup.3 are as defined above.
PAR  The reaction is carried out in a solvent such as methanol, ethanol,
      2-propanol, butanol or dimethylformamide at a temperature about the
      boiling point of the solvent employed for a period of from 1 to 3 hours.
PAR  Specific example of the preparation of the starting compound of formula
      (III) is as follows:
PAR  To a mixture of 19 g. of 1-benzyl-4-oxopiperidine and 100 ml. of ethanol is
      added a mixture of 15 ml. of concentrated hydrochloric acid and 14 g. of
      L-cysteine hydrochloride, and the whole mixture is refluxed for 8 hours.
      The ethanol is distiled off under reduced pressure. The residue is
      dissolved in water and made alkaline with potassium carbonate. The oil
      liberated is extracted with chloroform and the extract is washed with
      water and dried. The chloroform is distiled off and the residue is
      recrystallized twice from n-hexane to give 23 g. of
      8-benzyl-3-ethoxycarbonyl-1-thia, 4,8-diazaspiro[4.5]decane as white
      crystals melting at 67.degree.-68.degree.C. Its dihydrochloride melts at
      193.degree.C with decomposition.
PAR  The following starting compounds of formula (III) are also producible by a
      similar manner, for example:
PA0  3-ethoxycarbonyl-8-(4-p-fluorophenyl-4-oxobutyl)-1-thia-4,8-diazaspiro[4.5]
     decane, M.p. 84.degree.-85.degree.C; its dihydrochloride, M.p.
      198.degree.-199.degree.C (decomposition);
PA0  3-ethoxycarbonyl-8-methyl-1-thia-4,8-diazaspiro[4.5]decane dihydrochloride,
      M.p. 206.degree.-207.degree.C (decomposition);
PA0  3,8-diethoxycarbonyl-1-thia-4,8-diazaspiro[4.5]decane hydrochloride, M.p.
      171.degree.-172.degree.C; and
PA0  8-cinnamyl-3-ethoxycarbonyl-1-thia-4,8-diazaspiro[4.5]decane
      dihydrochloride, M.p. 198.degree.C (decomposition).
PAR  The compounds of formula (I) and pharmaceutically acceptable acid addition
      salts thereof possess excellent pharmacological properties such as
      suppression of spontaneous motility, reserpine potentiation, antimescaline
      effect and suppression of fighting behavior and are useful as drugs for
      the treatment of schizophrenia, mania and various psychoneuroses.
PAR  For example,
      5,7-dioxo-6-methylimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p-fluor
     ophenyl-4-oxobutyl)piperidine] (compound A) of the present invention is
      tested according to the following methods:
PAC  METHODS
PAC  i. Suppression of Spontaneous Motility
PAR  Each group consisting of 5 male mice, dd-strain weighing 20 to 25 g., was
      kept in a compartment (20 .times. 40 .times. 20 cm.). The spontaneous
      motility of mice was counted by magnetic counter of photocell method
      according to P. B. Dews in "British Gournal of Pharmacology", vol. 8, p.
      46 ff. (1953). Forty minutes after the intraperitoneal administration of
      the test compound, the spontaneous motility was counted for 20 minutes.
      The ED.sub.50 shows the dose required for 50 percent suppression of
      spontaneous motility.
PAC  ii. Suppression of Fighting Behavior
PAR  Fighting episodes were produced in mice by the method described by Tedeschi
      et al. in "Journal of Pharmacology and Experimental Therapeutics," vol.
      125, p. 28 ff. (1959). Each group consisting of 6 female mice (3 pairs),
      dd-strain weighing 20 to 25 g., was given orally the test compound 60
      minutes prior to receiving electric foot-shock for 3 minutes with an
      interrupted current of 650 volts, 1.3 milliamperes, 10 cycles per second.
      In case 3 fighting episodes or less within 3 minutes were exhibited, the
      pair of mice was deemed to be suppressed by the test compound. The control
      mice of 81  pairs showed the fighting episodes of 8.7 times on the average
      under the same conditions. The ED.sub.50, the dose required to suppress 50
      percent of fighting pairs, was determined graphically.
PAC  iii. Reserpine Potentiation
PAR  Reserpine potentiation was measured by the method described by M. D. Aceto
      in "Toxicology and Applied Pharmacology," vol. 7, p. 329 ff. (1965).
      Thirty minutes after the oral administration of the test compound to
      female mice (dd-strain weighing 20 to 25 g., each group consisting of four
      animals), reserpine (10 mg./kg. of body weight) was injected
      intraperitoneally. The degree of blepharoptosis of both eyes was observed
      15, 60, 120 and 180 minutes after the administration of reserpine. The
      PD.sub.30 shows an effective dose potentiating the effect of reserpine by
      30 percent 15 minutes after the administration of reserpine.
PAC  iv. Antimescaline Effect
PAR  A modification of the method of R. A. Turner [Screening Method in
      Pharmacology, Edited by R. A. Turner, p. 73, Academic Press (1965)] was
      used to study the prevention of scratching episodes induced by mescaline.
      The test compound was given to groups each of 6 female mice orally 60
      minutes prior to treatment with mescaline sulfate (30 mg./kg. of body
      weight, intraperitoneal). Ten minutes later, the effect of test compound
      on the scratching episodes was observed for 10 minutes. The ED.sub.50
      shows the dose required for prevention of scratching in 50 percent of the
      animals.
PAC  v. Methamphetamine Group Toxicity
PAR  Methamphetamine group toxicity was tested according to the method described
      by G. B. Fink and R. E. Larson in "Journal of Pharmacology and
      Experimental Therapeutics," vol. 137, p. 361 ff. (1962). Groups each of 10
      female mice, dd-strain weighing 20 to 25 g., was placed in a plastic pot
      (200 cm.sup.2, 18.7 cm heigh ). The test compound was given orally 2 hours
      prior to treatment with methamphetamine (9 mg./kg. of body weight,
      intraperitoneal), and ED.sub.50 that dose for 50 percent inhibition of
      mortality was determined graphically from the mortality within 5 hours.
      The ambient temperature and humidity were kept constant at 25.0.degree.
      .+-. 0.5.degree.C, 55 .+-. 5 percent respectively.
PAC  vi. Acute Toxicity
PAR  The test compound was orally administered to groups each of 5 female mice
      respectively. The LD.sub.50 was calculated from the lethal rate (50
      percent) within two days after administration of the test compound.
TBL                                    Results                                 

     __________________________________________________________________________

     Compounds                                                                 

                       Compound A                                              

                               Floropipamide                                   

     Actions                   (for comparison)                                

     __________________________________________________________________________

     Suppression of Spontaneous                                                

     Motility, ED.sub.50 (mg./kg.) (i.p.)                                      

                       0.1     1.0                                             

     Suppression of Fighting                                                   

     Behavior, ED.sub.50 (mg./kg.) (p.o.)                                      

                       2.6     5.6                                             

     Reserpine Potentiation                                                    

     PD.sub.30 (mg./kg.) (p.o.)                                                

                       1.9     2.5                                             

     Antimescaline Effect                                                      

     ED.sub.50 (mg./kg.) (p.o.)                                                

                       0.1     1.0                                             

     Methamphetamine Group                                                     

     Toxicity, ED.sub.50 (mg./kg.) (p.o.)                                      

                       1.1     9.2                                             

     Acute Toxicity                                                            

     LD.sub.50 (mg./kg.) (p.o.)                                                

                       &gt;1000   &gt;1000                                           

     __________________________________________________________________________

PAR  In view of the tests including those mentioned above, the compounds (I) of
      the present invention and pharmaceutically acceptable acid addition salts
      thereof can be administered safely as psychotropic agents for the
      treatment of schizophrenia, mania and the like, in the form of a
      pharmaceutical preparation with a suitable and conventional carrier or
      adjuvant, administered orally, without harm to the patient.
PAR  The oral daily dose of compound (I) or a salt thereof for human adults
      usually ranges from 5 to 50 milligrams.
PAR  The pharmaceutical preparations can take any conventional form such as
      tablets, capsules, powders, granules, injectable solution, etc.
PAC  Formulation Examples
PAR  i. 5 mg. and 10 mg. tablets are prepared from the following compositions:
TBL                 5 mg. Tablet                                               

                              10 mg. Tablet                                    

     ______________________________________                                    

     Compound A       5.00 mg.    10.00 mg.                                    

     Lactose          35.00 mg.   30.00 mg.                                    

     Corn Starch      20.00 mg.   20.00 mg.                                    

     Microcrystaline Cellulose                                                 

                      5.00 mg.    5.00 mg.                                     

     Talc             4.55 mg.    4.55 mg.                                     

     Methyl Cellulose 0.45 mg.    0.45 mg.                                     

                      70.00 mg.   70.00 mg.                                    

     ______________________________________                                    

PAR  ii. Injectable solution containing 10 mg. of compound A per ml. is prepared
      from the following compositions:
TBL  Compound A    10.0 mg.                                                    

     Lactic acid    5.0 mg.                                                    

     Glucose       30.0 mg.                                                    

     Water for Injection                                                       

                   A sullicient amount to make 1 ml.                           

DETD
PAR  The present invention will be better understood from the following examples
      which are illustrative and not limitative of the present invention.
PAC  EXAMPLE 1
PAR  To a solution of 7.9 g. of
      3-ethoxycarbonyl-8-(4-p-fluorophenyl-4-oxobutyl)-1-thia-4,8-diazaspiro[4.5
     ]decane in 80 ml. of benzene are added 4 g. of methyl isocyanate and 1 ml.
      of triethylamine, and the mixture is refluxed for 7 hours. After cooling,
      the reaction mixture is concentrated under reduced pressure. The resulting
      crystals are collected by filtration and recrystallized from 2-propanol to
      give 7 g. of
      5,7-dioxo-6-methylimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p-fluor
     ophenyl-4-oxobutyl)piperidine] as white crystals melting at
      128.degree.-129.degree.C. Its hydrochloride melts at 244.degree.C with
      decomposition and its maleate melts at 182.degree.-183.degree.C.
PAC  EXAMPLE 2
PAR  A mixture of 5 g. of
      3-ethoxycarbonyl-8-(4-p-fluorophenyl-4-oxobutyl)-1-thia-4,8-diazaspiro[4.5
     ]decane and 1.3 g. of methyl isothiocyanate in 50 ml. of pyridine is
      refluxed for 5.5 hours. After cooling, the pyridine is distilled off under
      reduced pressure and the residue is extracted with benzene. The benzene
      layer is washed twice with water and dried over anhydrous magnesium
      sulfate, and then the benzene is distilled off. The crystals obtained are
      washed with ethanol and recrystallized twice from ethanol to give 2.5 g.
      of 6-methyl-7-oxo-5-thioxoimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4
     -p-fluorophenyl-4-oxobutyl)piperidine] as white crystals melting at
      149.degree.C.
PAC  EXAMPLE 3
PAR  To a solution of 10 g. of
      3-ethoxycarbonyl-8-(4-p-fluorophenyl-4-oxobutyl)-1-thia-4,8-diazaspiro[4.5
     ]decane in 40 ml. of 70% glacial acetic acid is added 5 g. of potassium
      cyanate in small portions with stirring. The mixture is stirred at room
      temperature for about 30 minutes and then heated at 60.degree.-75.degree.C
      with stirring for 2.5 hours. After cooling, water is added to the reaction
      mixture and the reaction mixture is made alkaline with potassium
      carbonate. The resulting jelly-like substance is allowed to stand for some
      time to cause crystallization. The crystals are collected by filtration,
      washed with water and recrystallized from methanol to give 6 g. of
      5,7-dioxoimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p-fluorophenyl-4
     -oxobutyl)piperidine] as white crystals melting at 190.degree.-191.degree.C
      with decomposition. Its hydrochloride melts at 271.degree.C with
      decomposition.
PAC  EXAMPLE 4
PAR  To a solution of 12.7 g. of
      8-benzyl-3-ethoxycarbonyl-1-thia-4,8-diazaspiro[4.5]decane in 80 ml. of
      benzene are added 4 g. of methyl isocyanate and 1.5 ml. of triethylamine,
      and the mixture is refluxed for 8 hours. After cooling, the benzene is
      distilled off under reduced pressure. The residue is recrystallized twice
      from 2-propanol to give 9.5 g. of
      5,7-dioxo-6-methylimidazolido[1,5-c]thiazolidine-3-spiro-4'-(1'-benzylpipe
     ridine) as white crystals melting at 138.degree.C.
PAC  EXAMPLE 5
PAR  A mixture of 9.6 g. of
      8-benzyl-3-ethoxycarbonyl-1-thia-4,8-diazaspiro-[4.5]decane and 3 g. of
      methyl isothiocyanate in 60 ml. of pyridine is refluxed for 3 hours. After
      cooling, the pyridine is distilled off under reduced pressure and the
      residue is extracted with benzene. The benzene layer is washed twice with
      water and dried over anhydrous magnesium sulfate, and then the benzene is
      distilled off. The crystals obtained are washed with ethanol and
      recrystallized from ethanol to give 7 g. of
      6-methyl-7-oxo-5-thioxoimidazolido[1,5-c]thiazolidine-3-spiro-4'-(1'-benzy
     lpiperidine) as white crystals melting at 124.degree.-125.degree.C.
PAC  EXAMPLE 6
PAR  To a solution of 32 g. of
      3,8-diethoxycarbonyl-1-thia-4,8-diazaspiro-[4.5]decane in 120 ml. of 70%
      glacial acetic acid is added 16 g. of potassium cyanate in small portions
      with stirring. The mixture is stirred at room temperature for about 30
      minutes and then heated at 50.degree.-60.degree.C with stirring for 2
      hours. Crystals begin to precipitate. The mixture is further heated at
      50.degree.-60.degree.C with stirring for additional 2 hours. After
      cooling, water is added to the reaction mixture. The resulting crystals
      are collected by filtration, washed with water and recrystallized from
      methanol to give 25 g. of
      5,7-dioxoimidazolido[1,5-c]thiazolidine-3-spiro-4'-(1'-ethoxycarbonylpiper
     idine) as white crystals melting at 242.degree.-243.degree.C.
PAC  EXAMPLE 7
PAR  A mixture of 10 g. of
      5,7-dioxoimidazolido[1,5-c]thiazolidine-3-spiro-4'-(1'-ethoxycarbonylpiper
     idine) and 100 ml. of 20% hydrogen bromide solution in acetic acid is
      warmed on a water bath for 3 hours. After cooling, the solvent is
      distilled off under reduced pressure. The crystaline precipitate is
      collected by filtration, washed with methanol and recrystallized from 80%
      ethanol to give 5 g. of
      5,7-dioxoimidazolido[1,5-c]thiazolidine-3-spiro-4'-piperidine hydrobromide
      as white crystals melting at 285.degree.C with decomposition. Its
      hydrochloride melts at 289.degree.C with decomposition.
PAC  EXAMPLE 8
PAR  A mixture of 10 g. of
      6-methyl-5,7-dioxoimidazolido[1,5-c]thiazolidine-3-spiro-4'-(1'-ethoxycarb
     onylpiperidine) and 100 ml. of 20% hydrogen bromide solution in acetic acid
      is warmed on a water bath for 3 hours. After cooling, the solvent is
      distilled off under reduced pressure. The crystals are collected by
      filtration, washed with ethanol and recrystallized from methanol to give
      5.5 g. of
      6-methyl-5,7-dioxoimidazolido[1,5-c]thiazolidine-3-spiro-4'-piperidine
      hydrobromide as white crystals melting at 265.degree.C with decomposition.
PAC  EXAMPLE 9
PAR  To a mixture of 10 g. of potassium hydroxide, 300 ml. of methanol and 20
      ml. of water is added 15 g. of
      6-benzyl-5,7-dioxoimidazolido[1,5-c]thiazolidine-3-spiro-4'-(1'-ethoxycarb
     onylpiperidine) and the whole mixture is refluxed for 15 hours. After
      cooling, the solvent is distilled off under reduced pressure and water is
      added to the residue. The resulting oil is taken up with chloroform. The
      extract is washed with water, dried over anhydrous magnessium sulfate and
      then the chloroform is distilled off. The residue is dissolved in ethanol
      and to the solution is added ethanolic hydrochloric acid. The crystaline
      precipitate is collected by filtration and recrystallized from ethanol to
      give 8 g. of
      6-benzyl-5,7-dioxoimidazolido[1,5-c]thiazolidine-3-spiro-4'-piperidine
      hydrochloride as white crystals melting at 212.degree.-213.degree.C.
PAC  EXAMPLE 10
PAR  To a mixture of 30 ml. of dimethylformamide and 30 ml. of toluene are added
      5 g. of
      6-methyl-5,7-dioxoimidazolido[1,5-c]thiazolidine-3-spiro-4'-piperidine,
      4.5 g. of 4-p-fluorophenyl-4-oxobutyl chloride and 5 g. of sodium
      carbonate. The whole mixture is refluxed with stirring for 12 hours. After
      cooling, an insoluble matter is filtered off and the filtrate is
      concentrated under reduced pressure. The crystals obtained are
      recrystallized from 2-propanol to give 5 g. of
      6-methyl-5,7-dioxoimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p-fluor
     ophenyl-4-oxobutyl)piperidine] as white crystals melting
      128.degree.-129.degree.C. Its hydrochloride melts at 244.degree.C with
      decomposition and its maleate melts at 182.degree.-183.degree.C.
PAC  EXAMPLE 11
PAR  To a mixture of 50 ml of dimethylformamide and 50 ml. of toluene are added
      11 g. of
      5,7-dioxo-6-phenylimidazolido[1,5-c]thiazolidine-3-spiro-4'-piperidine
      hydrobromide, 5 g. of 4-p-fluorophenyl-4,4-ethylenedioxybutyl chloride, a
      catalytic amount (about  0.3 g.) of potassium iodide and 15 g. of sodium
      carbonate. The whole mixture is refluxed with stirring for 10 hours. After
      cooling, an insoluble matter is filtered off and the filtrate is
      concentrated under reduced pressure to give 8 g. of crude
      5,7-dioxo-6-phenylimidazolido-[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p-fluo
     rophenyl-4,4-ethylenedioxybutyl)piperidine] as brown jelly. The crude
      product is added to a mixture of 200 ml. of ethanol and 50 ml. of 10%
      hydrochloric acid, and the whole mixture is warmed for 30 minutes. After
      cooling, the solvent is distilled off. The crystals obtained are
      recrystallized from a mixture of ethanol and water to give 5.5 g. of
      5,7-dioxo-6
      -phenylimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p-fluorophenyl-4-o
     xobutyl)piperidine] hydrochloride as white crystals melting at 256.degree.C
      with decomposition.
PAC  EXAMPLE 12
PAR  To a solution of 2.8 g. of potassium hydroxide in 200 ml. of ethanol and 10
      ml. of water is added 15.6 g. of
      5,7-dioxoimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p-fluorophenyl-4
     -oxobutyl)piperidine] and the mixture is refluxed for 2.5 hours. After
      cooling, the solvent is distilled off. The resulting potassium salt of the
      starting material is dissolved in 80 ml. of dimethylformamide, and then 9
      g. of methyl iodide is added to the solution with stirring. After heating
      the mixture at 50.degree.-60.degree.C for 2 hours, the solvent is
      distilled off and the residue is extracted with ethyl acetate. The extract
      is washed with water, and dried, and the solvent is distilled off. The
      crystals obtained are recrystallized twice from 2-propanol to give 13 g.
      of 5,7
      -dioxo-6-methylimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p-fluoroph
     enyl-4-oxobutyl)piperidine]  as white crystals melting at
      128.degree.-129.degree.C. Its hydrochloride melts at 244.degree.C with
      decomposition and its maleate melts at 182.degree.-183.degree.C.
PAC  EXAMPLE 13
PAR  To a mixture of 2 g. of 50% sodium hydride and 50 ml. of dimethylformamide
      is added 9 g. of
      5,7-dioxoimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p-fluorophenyl-4
     -oxobutyl)piperidine]. After stirring at room temperature for 1 hour, 5.5
      g. of phenethyl bromide is added to the reaction mixture and the whole
      mixture is stirred at 60.degree.-70.degree.C for 2.5 hours. The reaction
      mixture is poured into water. An oil which separates out is extracted with
      ethyl acetate. The extract is washed with water, dried and then the
      solvent is distilled off. The jelly-like residue is converted into the
      maleate in a conventional manner and the maleate is recrystallized twice
      from ethanol to give 6.9 g. of
      5,7-dioxo-6-phenethylimidazolido[1,5-c]-thiazolidine-3-spiro-4'-[1'-(4-p-f
     luorophenyl-4-oxobutyl)piperidine] maleate as white crystals melting at
      167.degree.-168.degree.C.
PAC  EXAMPLE 14 TO 63
PAR  Using the procedures set forth in the above examples, but substituting
      equivalent amount of the appropriate starting materials, the following
      compounds are also produced:
      ##SPC12##
TBL  Example                                                                   

          R.sup.1         R.sup.2    X M.p. (.degree.C) of base                

                                       and/or salt                             

     __________________________________________________________________________

     14   H               phenyl     O HBr 291-292                             

     15   H               p-chlorophenyl                                       

                                     O HBr 286 (dec)                           

     16   H               o-tolyl    O HBr 279 (dec)                           

     17   H               p-nitrophenyl                                        

                                     O HBr 268 (dec)                           

     18   H               cyclohexyl O HBr 249-250 (dec)                       

     19   methyl          H          O base 212-213                            

     20   methyl          methyl     O base 124-125                            

     21   butyl           methyl     O HCl 254 (dec)                           

     22   benzyl          H          O base 195, HCl 287 (dec)                 

     23   benzyl          phenyl     O base 168-170                            

     24   benzyl          allyl      O base 118-119                            

     25   benzyl          propargyl  O maleate 111-113                         

     26   benzyl          phenethyl  O HCl 239 (dec)                           

     27   benzyl          cinnamyl   O HCl 269 (dec)                           

     28   p-chlorobenzyl  H          O base 198                                

     29   p-chlorobenzyl  p-chlorobenzyl                                       

                                     O base 135                                

     30   3,4-dimethoxybenzyl                                                  

                          H          O HCl 272 (dec)                           

     31   3,4-dimethoxybenzyl                                                  

                          methyl     O HCl 254 (dec)                           

     32   3,4,5-trimethoxybenzyl                                               

                          methyl     O base 118                                

     33   phenethyl       H          O base 176-177                            

     34   phenethyl       methyl     O base 145-146                            

     35   acetyl          phenyl     O base 187-188                            

     36   benzoyl         H          O base 246 (dec)                          

     37   benzoyl         methyl     O base 161                                

     38   3,4,5-trimethoxybenzoyl                                              

                          methyl     O base 180-181                            

     39   ethoxycarbonyl  .alpha.-naphthyl                                     

                                     O base 226                                

     40   ethoxycarbonyl  p-clorophenyl                                        

                                     O base 152-153                            

     41   ethoxycarbonyl  cyclohexyl O base 121                                

     42   ethoxycarbonyl  benzyl     S base 135-136                            

     43   ethoxycarbonyl  p-nitrophenyl                                        

                                     O base 205                                

     44   ethoxycarbonyl  p-tolyl    O base 151-152                            

     45   ethoxycarbonyl  benzyl     O base 142-143                            

     46   phenacyl        methyl     O base 179-180                            

     47   p-methoxyphenacyl                                                    

                          methyl     O base 181-182                            

     48   3-p-fluorophenyl-3-oxopropyl                                         

                          methyl     O base 157-158                            

     49   4-p-fluorophenyl-4-oxobutyl                                          

                          ethyl      O base 104                                

     50   4-p-fluorophenyl-4-oxobutyl                                          

                          butyl      O HCl 170-173                             

     51   4-p-fluorophenyl-4-oxobutyl                                          

                          cyclohexyl O HCl 235-236 (dec)                       

     52   4-p-fluorophenyl-4-oxobutyl                                          

                          o-chlorophenyl                                       

                                     O base 140-141                            

     53   4-p-fluorophenyl-4-oxobutyl                                          

                          p-chlorophenyl                                       

                                     O base 104-106                            

     54   4-p-fluorophenyl-4-oxobutyl                                          

                          2,5-dichlorophenyl                                   

                                     O base 121-123                            

     55   4-p-fluorophenyl-4-oxobutyl                                          

                          o-tolyl    O HCl 215                                 

     56   4-p-fluorophenyl-4-oxobutyl                                          

                          o-nitrophenyl                                        

                                     O base 172                                

     57   4-p-fluorophenyl-4-oxobutyl                                          

                          p-nitrophenyl                                        

                                     O base 138                                

     58   4-p-fluorophenyl-4-oxobutyl                                          

                          .alpha.-naphthyl                                     

                                     O HCl 253 (dec)                           

     59   4-p-fluorophenyl-4-oxobutyl                                          

                          benzyl     O oxalate 198 (dec)                       

     60   4-p-fluorophenyl-4-oxobutyl                                          

                          allyl      O HCl 185-186                             

     61   4-p-fluorophenyl-4-oxobutyl                                          

                          propargyl  O HCl 242-243 (dec)                       

     62   4-p-fluorophenyl-4-oxobutyl                                          

                          cinnamyl   O HCl 211-212                             

     63   4,4-bis(p-fluorophenyl)butyl                                         

                          methyl     O maleate 186                             

     __________________________________________________________________________

      dec: decomposition                                                       

PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC13##
PAL  wherein R.sup.1 represents a member selected from the group consisting of a
      hydrogen atom, an alkyl group of from 1 to 4 carbon atoms, a benzyl group,
      a p-chlorobenzyl group, a 4,5-dimethoxybenzyl group, a
      4,5,6-trimethoxybenzyl group, a phenethyl group, an acetyl group, a
      benzoyl group, a trimethoxybenzoyl group, a methoxycarbonyl group, an
      ethoxycarbonyl group, a 4,4-bis(p-fluorophenyl)butyl group and a group of
      the formula
      ##SPC14##
PAL  (in which Y represents a member selected from the group consisting of H, F
      and CH.sub.3 O, and n represents an integer of 1, 2 or 3); R.sup.2
      represents a member selected from the group consisting of a hydrogen atom,
      an alkyl group of from 1 to 4 carbon atoms, an allyl group, a propargyl
      group, a cyclohexyl group, a phenyl group, a chlorophenyl group, a
      dichlorophenyl group, a tolyl group, a nitrophenyl group, a naphthyl
      group, a benzyl group, a phenethyl group and a cinnamyl group; and X
      represents a member selected from the group consisting of an oxygen atom
      and a sulphur atom, and pharmaceutically acceptable acid addition salts
      thereof.
NUM  2.
PAR  2. A compound of the formula:
      ##SPC15##
PAL  wherein Y represents a member selected from the group consisting of a
      hydrogen atom, fluorine atom and a methoxy group; n represents an integer
      of 1, 2 or 3; R.sup.2 represents a member selected from the group
      consisting of a hydrogen atom, an alkyl group of from 1 to 4 carbon atoms,
      an allyl group, a propargyl group, a cyclohexyl group, a phenyl group, a
      chlorophenyl group, a dichlorophenyl group, a tolyl group, a nitrophenyl
      group, a naphthyl group, a benzyl group, a phenethyl group and a cinnamyl
      group; and X represents a member selected from the group consisting of an
      oxygen atom and a sulphur atom, and pharmaceutically acceptable acid
      addition salts thereof.
NUM  3.
PAR  3. A compound of the claim 1:
PA1  5,7-dioxo-6-methylimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p-fluoro
     phenyl-4-oxobutyl)piperidine].
NUM  4.
PAR  4. A compound of the claim 1:
PA1  5,7-dioxo-6-ethylimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p-fluorop
     henyl-4-oxobutyl)piperidine].
NUM  5.
PAR  5. A compound of the claim 1:
PA1  5,7-dioxo-6-butylimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p-fluorop
     henyl-4-oxobutyl)piperidine].
NUM  6.
PAR  6. A compound of the claim 1:
PA1  5,7-dioxoimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p-fluorophenyl-4-
     oxobutyl)piperidine].
NUM  7.
PAR  7. A compound of the claim 1:
PA1  5,7-dioxo-6-o-tolylimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p-fluor
     ophenyl-4-oxobutyl)piperidine].
NUM  8.
PAR  8. A compound of the claim 1:
PA1  5,7-dioxo-6-p-nitrophenylimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p
     -fluorophenyl-4-oxobutyl)piperidine].
NUM  9.
PAR  9. A compound of the claim 1:
PA1  5,7-dioxo-6-cyclohexylimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(4-p-fl
     uorophenyl-4-oxobutyl)piperidine].
NUM  10.
PAR  10. A compound of the claim 1:
PA1  5,7-dioxo-6-.alpha.-naphthylimidazolido[1,5-c]thiazolidine-3-spiro-4'-[1'-(
     4-p-fluorophenyl-4-oxobutyl)piperidine].
PATN
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APD  19740731
TTL  Bis-basic ethers of carbazole
ISD  19760113
NCL  7
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ASSG
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PAL  Medicinal Chemistry, Burger, Vol. I, (1951), pp. 43-45 & 48.
LREP
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FR2  Retter; Eugene O.
ABST
PAL  The novel bis-basic ethers of carbazole of the present invention have
      useful antiviral properties. These new compounds are represented by the
      formula
      ##SPC1##
PAL  Wherein Z is hydrogen or lower alkyl having from 1 to 4 carbon atoms; and
      each X is
      ##EQU1##
      A. the group -A-N wherein each A is a straight or branched alkylene chain
      having from 2 to 6 carbon atoms; R and R.sup.1 are individually hydrogen
      or lower alkyl having from 1 to 6 carbon atoms; or each set of R and
      R.sup.1 taken together with the nitrogen atom to which they are attached
      is a saturated monocyclic heterocyclic group such as pyrrolidino or
      piperidino; or
PAL  B. the group
      ##SPC2##
PAL  Wherein n is a whole integer from 0 to 2, m is 1 or 2, and R.sup.2 is
      hydrogen or lower alkyl having from 1 to 4 carbon atoms.
PAL  This invention also includes pharmaceutically acceptable acid addition
      salts of the bases represented by Formula I. These new compounds may be
      prepared by several different methods which are described.
PARN
PAR  This is a continuation of application Ser. No. 46,462, filed June 15, 1970,
      now abandoned.
BSUM
PAR  This invention relates to new bis-basic ethers of carbazole which have
      useful antiviral properties and to processes for preparing the same.
PAR  The new compounds of this invention are represented by the general formula
      ##SPC3##
PAL  Wherein Z is hydrogen or lower alkyl having from 1 to 4 carbon atoms; and
      each X is
PAR  A. the group
      ##EQU2##
      wherein each A is a straight or branched alkylene chain having from 2 to 6
      carbon atoms and which separates the amino nitrogen and oxygen by at least
      2 carbon atoms; R and R.sup.1 are individually hydrogen or lower alkyl
      having from 1 to 6 carbon atoms; or each set of R and R.sup.1 taken
      together with the nitrogen atom to which they are attached is a saturated
      monocyclic heterocyclic group such as pyrrolidino or piperidino; or
PAR  B. the group
      ##SPC4##
PAL  Wherein n is a whole integer of from 0 to 2, m is 1 or 2, and R.sup.2 is
      hydrogen or lower alkyl having from 1 to 4 carbon atoms.
PAR  The compounds of this invention include both the base form represented by
      Formula I and pharmaceutically acceptable acid addition salt of the base
      form.
PAR  As can be seen from the above general Formula I, one basic ether group,
      that is, --O--X, is attached to each of the two benzenoid rings of the
      carbazole ring system. Thus one of these groups can be linked to the
      carbazole ring system by replacement of any one of the hydrogen atoms in
      positions 1 through 4, while the second of these groups can replace any
      one of the hydrogen atoms in positions 5 through 8. Preferably, the basic
      ether groups are in either the 1,7- or the 3,6-position of the carbazole
      ring system.
PAR  Although one of the two X groups in a compound of the above general Formula
      I can be
      ##EQU3##
      and the other can be the group
      ##SPC5##
PAL  It is preferred that both X groups are the same as more fully shown by the
      following general Formula II and III:
      ##SPC6##
      ##SPC7##
PAR  In the above general Formulas II and III, the various groups Z, A, R,
      R.sup.1, R.sup.2, n and m have the same meanings given hereinbefore.
PAR  In the compounds of the above Formulas II and III, Z represents hydrogen or
      lower alkyl having from 1 to 4 carbon atoms. When Z represents lower alkyl
      having from 1 to 4 carbon atoms, such group may be attached to the
      tricyclic heterocyclic nitrogen atom through either the primary or
      secondary carbon atom of the lower alkyl group. Illustrative of lower
      alkyl groups as represented by Z there can be mentioned for example:
      methyl, ethyl, propyl, isopropyl, butyl and the like.
PAR  Each of the symbols A in the above Formula II is an alkylene group having
      from 2 to 6 carbon atoms which can be straight chained, or branched
      chained, and which separates the ether oxygen from the amino nitrogen by
      an alkylene chain of at least 2 carbon atoms. Each of the alkylene groups
      represented by A can be the same or different, although preferably both of
      these groups are the same. Illustrative of alkylene groups represented by
      A there can be mentioned for example: 1,2-ethylene, 1,3-propylene,
      1,4-bytylene, 1,5-pentylene, 1,6-hexylene, 2-methyl-1,4-butylene,
      2-ethyl-1,4-butylene, 3-methyl-1,5-pentylene and the like. Preferably A is
      an alkylene group having from 2 to 4 carbon atoms.
PAR  In the compounds of Formula II each amino group, that is,
      ##EQU4##
      can be a primary, secondary or tertiary amino group. Each R and R.sup.1 is
      individually hydrogen or lower alkyl having from 1 to 6 carbon atoms; or
      each set of R and R.sup.1 taken together with the nitrogen atom to which
      they are attached is a saturated monocyclic heterocyclic group. Preferably
      each of the
      ##EQU5##
      groups is a tertiary amino group.
PAR  Illustrative of lower alkyls which can be represented by each R or R.sup.1
      in the compounds of Formula II there can be mentioned straight or branched
      chain alkyls, such as, for example, methyl, ethyl, n-propyl, isopropyl,
      n-butyl, tertiary butyl, n-pentyl, n-hexyl and the like.
PAR  Illustrative of monocyclic heterocyclic groups which are represented by
      each set of R and R.sup.1 taken together with the nitrogen atom to which
      they are attached in the compounds of Formula II there can be mentioned
      for example pyrrolidino and piperidino.
PAR  Each of the saturated heterocyclic groups of the compounds of Formula III
      can be attached to the ether oxygen through an alkylene linkage of 1 or 2
      carbon atoms, for example, methylene or 1,2-ethylene, or each saturated
      heterocyclic group can be attached to the ether oxygen through a ring
      carbon atoms of the heterocyclic group when n is zero. The saturated
      heterocyclic group is attached to either the alkylene group or oxygen
      through a carbon atom of the ring by replacement of one of the hydrogen
      atoms of the ring. The heterocyclic groups in the compounds represented by
      Formula III can be 5- or 6-membered rings, that is, m is 1 or 2. As
      examples of various groups represented by
      ##SPC8##
PAL  in the compounds of the present invention there can be mentioned for
      example: N-methyl-4-piperidyl, N-methyl-3-piperidyl, N-ethyl-3-pyrrolidyl,
      (N-methyl-4-piperidyl)methyl, (N-methyl-3piperidyl)methyl,
      2-(2-piperidyl)ethyl and the like.
PAR  Each R and R.sup.1 group in the compounds of Formula II and R.sup.2 group
      in the compounds of Formula III can be the same or different in each of
      the basic ether groups attached to the carbazole ring system. Preferably,
      however, both of the R groups, R.sup.1 groups or R.sup.2 groups in each
      compound are the same. Preferred substituents for the R and R.sup.1 groups
      are alkyl radicals having from 1 to 6 carbon atoms. Preferred substituents
      for the R.sup.2 groups are alkyl radicals having from 1 to 4 carbon atoms.
PAR  As examples of base compounds of this invention which are represented by
      the general Formula II there can be mentioned for example:
      3,6-bis-(4-aminobutoxy)-N-ethylcarbazole,
      3,6-bis[2-(diethylamino)ethoxy]-N-ethyl-carbazole,
      3,6-bis[2-(diisopropylamino)ethoxy]carbazole,
      N-ethyl-3,6-bis-[5-(di-n-propylamino)pentoxy]carbazole,
      1,8-bis[3-(di-n-butylamino)propoxy]-carbazole,
      N-ethyl-3,6-bis[3-(dimethylamino)-2-methylpropoxy]carbazole,
      1,7-bis[3-(dimethylamino)propoxy]-N-methylcarbazole,
      N-ethyl-3,6-bis[2-(pyrrolidino)ethoxy]carbazole,
      N-ethyl-3,6-bis[3-(piperidino)propoxy]carbazole and the like.
PAR  As examples of base compounds of this invention which are represented by
      general Formula III there can be mentioned for example:
      N-ethyl-3,6-bis[2-(N-methyl-4-piperidyl)ethoxy]carbazole,
      N-ethyl-3,6-bis(N-methyl-4-piperidyloxy)carbazole,
      1,7-bis[2-(N-methyl-4-piperidyl)ethoxy]carbazole,
      3,6-bis(N-ethyl-3-pyrrolidyloxy)N-propylcarbazole and the like.
PAR  The pharmaceutically acceptable acid addition salts of the base compounds
      of this invention are those of any suitable inorganic or organic acids.
      Mono- or bis-acid addition salts can be formed, although in practice, the
      bis-salts are usually isolated. Also, the salts can be hydrated, for
      example, monohydrate, or substantially anhydrous. Suitable inorganic acids
      for preparing the salt form are, for example, mineral acids, such as,
      hydrochloric, hydrobromic, sulfuric or phosphoric acids and the like.
      Suitable organic acids are, for example, citric acid, malic acid, glycolic
      acid, lactic acid, tartaric acid, malonic acid, succinic acid, maleic
      acid, fumaric acid and the like.
PAR  The compounds of the present invention can be administered to prevent or
      inhibit infections of: picornaviruses, for example, encephalomyocarditis;
      myxoviruses, for example, Influenza A.sub.2 (Jap/305); arboviruses, for
      example, Semliki Forest; herpesvirus group, for example, herpes simplex;
      and poxviruses, for example, Vaccinia IHD. When administered prior to
      infection, that is, prophylactically, it is preferred that the
      administration be within 0 to 96 hours prior to infection of the animal
      with pathogenic virus. When administered thereapeutically to inhibit an
      infection, it is preferred that the administration be within about a day
      or two after infection with pathogenic virus.
PAR  The dosage administered will be dependent upon the virus for which
      treatment or prophylaxis is desired, the type of animal involved, its age,
      health, weight, extent of infection kind of concurrent treatment, if any,
      frequency of treatment, and the nature of the effect desired.
      Illustratively, dosage levels of the administered active ingredients can
      be: intravenously, 0.1 to about 10 mg/kg; intraperitoneal, 0.1 to about 50
      mg/kg; subcutaneous, 0.1 to about 250 mg/kg; orally, 0.1 to about 500
      mg/kg and preferably about 1 to 250 mg/kg; intranasal instillation, 0.1 to
      about 10 mg/kg; and aerosol, 0.1 to about 10 mg/kg of animal body weight.
PAR  The compounds may be administered, dissolved or suspended, in any
      conventional non-toxic pharmaceutical carrier of the type that may be
      taken orally, applied topically, buccally or parenterally.
PAR  The compounds of the present invention may be prepared by various methods
      such as, for example, according to the methods described below in the
      several reaction schemes illustrated by the equations and in the specific
      examples.
      ##SPC9##
      ##SPC10##
      ##SPC11##
PAC  Formula III
PAL  In the above reaction schemes Z, R, R.sup.1, A, R.sup.2, m, and n have the
      same meanings specified hereinbefore, and each Hal. is chlorine, bromine
      or iodine.
PAR  Typical haloalkylamines, 2, useful in Reaction Scheme 1 are for example,
      N,N-diethyl-2-chloroethylamine, N-(2-chloroethyl)piperidine and the like.
      Typical dihaloalkanes, 3, useful in Scheme 2 are for example,
      1-bromo-2-chloroethane, 1,6-dibromohexane and the like. Amines, 5, useful
      in Reaction Scheme 2 are primary amines such as, for example, ethylamine,
      or secondary amines, such as, for example, dimethylamine, or tertiary
      amines, such as, for example, hexamethylenetetramine and the like. Typical
      of the halogen substituted heterocyclic nitrogen compounds, 6, useful in
      Reaction Schemes 3 are for example, 3-chloromethyl-1-methylpiperidine and
      the like.
PAR  In the above reaction the base used may be for example, sodium methoxide,
      sodium hydride, sodium amide, sodium hydroxide, potassium hydroxide and
      the like. Solvents used as the reaction medium may vary over a wide range
      of solvent types and include aromatic hydrocarbons such as benzene,
      toluene, xylene and the like; halogenated aromatics, such as
      chloro-benzene and the like; aprotic solvents such as
      N,N-dimethylformamide, N,N-dimethylacetamide, dimethyl sulfoxide and the
      like; alcohols such as ethanol, isopropanol and the like; ketones such as
      acetone, butanone and the like; ethers such as tetrahydrofuran, dioxane
      and the like; water; or mixtures of these solvents.
PAR  In the method of synthesis where either sodium methoxide, sodium amide or
      sodium hydride, for example, is used as the base, the reaction is carried
      out in an anhydrous medium, such as anhydrous toluene, chlorobenzene and
      the like. About 2.5 equivalents of the base is added to a suspension of,
      for example, 1 equivalent of a carbazolediol, compound 1, in the anhydrous
      solvent, and the mixture heated to form the diphenoxide. In the case where
      sodium methoxide is used, the methanol formed may be removed
      advantageously by azeotropic distillation. About 2.5 equivalents of the
      halide, 2, 3 or 6, is then added and the mixture heated to reflux for a
      period which may vary from about 4 to 24 hours. The products, that is,
      compounds of Formula II and III and compound 4 are then isolated by
      customary procedures. Compounds of Formula II and III are usually isolated
      as bis-acid addition salts.
PAR  In the method where an alkali hydroxide, such as potassium hydroxide, for
      example, is used as the base, two different procedures may be used. In the
      one procedure a 25 to 50 per cent aqueous solution of the alkali hydroxide
      (about 2.5 equivalents) is added to a suspension of, for example, 1
      equivalent of compound 1 in a suitable aromatic solvent, such as, for
      example, xylene. This mixture is then heated to boiling, with stirring and
      the water removed by azeotropic distillation, a convenient method being to
      collect the water in a device such as the Dean-Stark distilling receiver.
      The reaction mixture, now being essentially anhydrous, is treated with
      about 2.5 equivalents of the halide, compound 2, 3 or 6, as described
      above. In the other procedure the reaction is carried out in a
      heterogeneous medium of water and an aromatic hydrocarbon, such as, for
      example, toluene, xylene and the like. For example, 1 equivalent of
      compound 1 is suspended in the aromatic hydrocarbon. Then in Reaction
      Schemes 1 and 3, a solution of about 2.5 equivalents of a hydrohalide salt
      of the haloalkylamine, that is, a hydrohalide salt of compound 2 or 6, in
      the minimum volume of water is added and with efficient stirring, a 25 to
      50 per cent solution of the alkali hydroxide (about 5 equivalents) is
      added. The mixture is heated to reflux for a period of about 6 to 24
      hours, and the product isolated from the hydrocarbon layer. In Reaction
      Scheme 2, with the aqueous/aromatic hydrocarbon medium is used to prepare
      compounds of type 4, which contain no amine functions, the amount of
      alkali hydroxide used is only in slight excess of 2.0 equivalents per 1
      equivalent of diphenol that is, compound 1.
PAR  In Reaction Scheme 2, the reaction between the
      bis(.omega.-haloalkyl)-ether, 4, and the amine, 5, may be carried out
      under a variety of conditions. For example, the compound 4 may be heated
      together with a large excess of the amine, 5, the excess amine serving as
      both the reaction medium and the hydrohalide acceptor. This method is
      particularly suitable for readily available amines, the excess of which
      can be easily removed from the reaction mixture by, for example,
      distillation at reduced pressure or by steam distillation. Or, 1
      equivalent of the bis(.omega.-haloalkyl)ether, 4, and 4 equivalents of the
      amine, 5 may be heated together in one of a number of different types of
      solvents, for example, in aromatic solvents, such as, benzene, toluene,
      xylene, chlorobenzene and the like; or lower molecular weight alcohols,
      such as, methanol, ethanol, isopropyl alcohol and the like; or lower
      molecular weight ketones, such as, acetone, methyl ethyl ketone and the
      like. The reaction between the halo compound and the amine is usually
      promoted by the addition of either sodium or potassium iodide, the iodide
      being used in either catalytic or stoichiometric amounts. In some cases,
      it may be advantageous to use only two equivalents of the amine, 5, for
      each equivalent of the bis(.omega.-haloalkyl)ether, an excess of either
      powdered sodium or potassium carbonate being used as the acceptor for the
      hydrohalide generated. In the case of volatile amines, this reaction may
      be best carried out under pressure in a suitable bomb or autoclave.
      ##SPC12##
PAR  In this scheme of synthesis, R, R.sup.1, A, and Z have the same meanings
      specified hereinbefore, and A.sup.1 is an alkylene chain having one less
      methylene, --CH.sub.2 --, group in a straight chain than does A, that is,
      A = A.sup.1 + CH.sub.2.
PAR  The intermediate nitriles, 7a, and amides, 7b, may be prepared by the
      method illustrated, for example, in Reaction Scheme 1 above, in which the
      appropriate .omega.-haloalkyl nitriles and amides are substituted for the
      haloalkylamines, 2.
PAR  According to the method of preparation illustrated in Reaction Scheme 4,
      compounds of Formula II, in which both R and R.sup.1 are hydrogen, may be
      prepared from either the nitriles, 7a, or the unsubstituted amides, 7b,
      wherein R = R.sup.1 = H. Secondary amines, that is, compounds of Formula
      II wherein R is H and R.sup.1 is not H, can also often be prepared by this
      method from the corresponding secondary amides, 7b, wherein R is H and
      R.sup.1 is not H.
      ##SPC13##
PAR  In this reaction scheme R.sup.1, A, and Z have the same meanings specified
      hereinbefore, and with the exceptions noted in the two formulas above, R
      has the same meaning specified hereinbefore.
PAR  Alkylation of the primary amines, that is, compounds of Formula II wherein
      each R and R.sup.1 is H, by the method illustrated in Reaction Scheme 5
      may be used to prepare either the secondary amines, that is, compounds of
      Formula II wherein R is H and R.sup.1 is not H, or the symmetrically
      substituted tertiary amines, that is, compounds of Formula II wherein R =
      R.sup.1 but neither is H.
PAR  One method for preparing the secondary amines, that is, compounds of
      Formula II wherein R is H and R.sup.1 is not H, is the reaction of the
      primary amines, that is, compounds of Formula II wherein each R and
      R.sup.1 is H with the stoichiometric quantities of the appropriate
      aldehydes or ketones to yield the corresponding Schiff's bases, which may
      then be reduced with either a borohydride or molecular hydrogen in the
      presence of a catalyst, such as platinum or Raney nickel, for example.
      Another method for preparing the secondary amines is acylation of the
      primary amines with the appropriate acyl halides or anhydrides, followed
      by reduction of the N-acyl amines with lithium aluminum hydride.
PAR  Reductive alkylation of the primary amines with an excess of the
      appropriate aldehydes or ketones in the presence of molecular hydrogen and
      a catalyst, such as platinum or Raney nickel, for example, will yield the
      symmetrically substituted tertiary amines, that is, compounds of Formula
      II wherein R = R.sup.1 but neither is H. Alkylation of the primary amines
      with formaldehyde and formic acid by the Eschweiler-Clarke procedure
      yields the tertiary amines of Formula II in which R = R.sup.1 = CH.sub.3.
PAR  Alkylation of the primary amines with a large excess of the appropriate
      halides yields the symmetrically substituted tertiary amines, that is,
      compounds of Formula II wherein R = R.sup.1 but neither is H.
PAR  Alkylation of the secondary amines, that is, compounds of Formula II
      wherein R is H and R.sup.1 is not H by the method illustrated in Reaction
      Scheme 5 may be used to prepare either the symmetrically substituted
      tertiary amines, that is, compounds of Formula II wherein R = R.sup.1 but
      neither is H or the unsymmetrically substituted tertiary amines, that is,
      compounds of Formula II wherein R and R.sup.1 are different and neither is
      H.
PAR  Reaction of the secondary amines with the appropriate halides is one method
      for effecting N-alkylation. Another useful method is the reductive
      alkylation of the secondary amines with the appropriate aldehydes or
      ketones in the presence of molecular hydrogen and a catalyst, such as
      platinum or Raney nickel, for example. Another useful alkylation method is
      the two-step whereby the secondary amines are acylated with the
      appropriate acyl halides or anhydrides and the resulting N-acyl amines are
      reduced with lithium aluminum hydride to the corresponding tertiary
      amines. Alkylation of the secondary amines with formaldehyde and formic
      acid by the Eschweiler-Clarke procedure is a method for preparing the
      tertiary amines of Formula II in which R = CH.sub.3.
PAR  Another useful method for preparing the bis-basic ethers represented by
      Formulas II and III is illustrated in Reaction Scheme 6.
      ##SPC14##
PAR  This method is equally applicable to the preparation of bis-basic ethers
      represented by Formula III, in which case haloalkylamines of type 6 are
      substituted for the type 2 haloalkylamines shown in the above
      illustration.
PAR  By the method of Reaction Scheme 6, the bis-basic ethers can be prepared
      directly from the diacetates of carbazole-diols, that is, compound 8,
      which in many cases are more conveniently isolated than are the diols
      particularly, since the latter are somewhat susceptible to air oxidation
      and difficult to purify.
PAR  In this procedure, it is often advantageous to use the hydrochloride salt
      of the haloalkylamine, 2 or 6, in place of the base form, in which case,
      the amount of base is doubled. Conveniently, the base used can be an
      alkali alkoxide, such as sodium methoxide, sodium ethoxide and the like.
      Solvents used in this procedure include aromatic hydrocarbons, such as
      benzene and toluene, and halogenated aromatics, such as chlorobenzene and
      the like. Reaction conditions can vary over a wide range with respect to
      the reaction period and temperature; however, the reaction is generally
      effected at the reflux temperature of the solvent for a period of 6 to 72
      hours. The preferred method is to heat a mixture of compound 8, the
      hydrochloride salt of compound 2 or 6, and four equivalents of sodium
      methoxide in refluxing chlorobenzene for 24 hours.
PAR  As compounds of this invention are prepared by reaction schemes 1, 3 or 6,
      or the intermediates for reaction schemes 2 or 4, in which Z is hydrogen,
      certain precautions should be taken to avoid N-alkylation of the carbazole
      ring. In general O-alkylation proceeds under much milder reaction
      conditions and preferentially to N-alkylation. Conditions suitable for the
      preparation of the desired compounds are those in which only the minimal
      necessary amounts of alkylating agent and/or base are used to obtain
      O-alkylation to the exclusion of N-alkylation. Lower temperatures are
      generally effective for O-alkylation in contrast to the need for higher
      temperatures and strictly anhydrous conditions for N-alkylation.
PAR  Starting materials which find use in preparing the compounds illustrated in
      the above reaction schemes and in the specific examples given below are
      the following carbazole-diols, that is, compound 1: 1,7-dihydroxycarbazole
      [I. G. Farbenind. A-G., U.S. Pat. No. 1,981,301, Nov. 20, 1934; CA
      28:1050] ; 1,8-dihydroxycarbazole [I. G. Farbenind. A-G., British Pat. No.
      341,905, Jan. 14, 1931; CA 23:3715]. The 3,6-dihydroxycarbazole can be
      prepared by hydrolysis of 3,6-carbazolediol diacetate.
PAR  The diacetates, 8, can be obtained by acetylation of the above described
      diols, and the diacetate of 3,6-dihydroxy-N-alkylcarbazole can be obtained
      directly by the Baeyer-Villiger oxidation of
      3,6-diacetyl-N-alkyl-carbazole by the general procedures described in C.
      Hassal, Organic Reactions 9, 73 (1957).
PAR  Representative compounds of the present invention and several of the
      methods for preparing them, mentioned above, are illustrated in the
      following specific examples.
DETD
PAC  EXAMPLE 1
PAC  N-ETHYL-3,6-CARBAZOLEDIOL
PAR  To 700 ml of water containing 80 g (2.0 mole) of sodium hydroxide was added
      85 g (0.27 mole) of N-ethyl-3,6-carbazolediol diacetate. The reaction
      mixture was heated for one hour then acidified with 3N hydrochloric acid
      to give the product which was recrystallized from ethanolwater. M.P.
      190.degree.-200.degree.C (dec.).
PAC  EXAMPLE 2
PAC  3,6-BIS(2-DIETHYLAMINOETHOXY)-N-ETHYLCARBAZOLE BIS-DIHYDROGEN CITRATE
      HEMIHYDRATE
PAR  To 350 ml of water containing 25 g (0.62 mole) of sodium hydroxide was
      added 22.7 g (0.1 mole) of N-ethyl-3,6-carbazolediol, 68.7 g (0.4 mole) of
      2-diethylaminoethylchloride hydrochloride and 700 ml of toluene. The
      heterogeneous reaction mixture was refluxed with stirring for 24 hours,
      after which the toluene layer was separated, washed with several portions
      of water, dried and evaporated in vacuo. The resulting oily residue was
      purified by column chromatography on alumina using ether as the eluant.
      The product was converted to the bis-dihydrogen citrate salt and
      recrystallized from methanol-butanone. M.P. 100-105.degree.C,
      .lambda..sub.max.sup.EtOH 233, E.sub.1cm.sup.1% 516.
PAC  EXAMPLE 3
PAC  3,6-BIS(2-DIETHYLAMINOETHOXY)-N-ETHYLCARBAZOLE DIHYDROCHLORIDE
PAR  A mixture of 15.5 g (0.05 mole) of N-ethyl-3,6-carbazolediol diacetate,
      17.2 g (0.1 mole) of 2-diethylaminoethylchloride hydrochloride, 10.8 g
      (0.2 mole) of sodium methoxide and 400 ml. of chlorobenzene was refluxed
      for 24 hours. Upon cooling, the reaction mixture was filtered, and the
      filtrate was washed with several portions of water, dried over anhydrous
      magnesium sulfate, diluted with ether and acidified with ethereal HCl. The
      resulting precipitate was separated and recrystallized from methanol-ethyl
      acetate to give the desired product. M.P. 208.degree.-210.degree.C,
      .lambda..sub.max.sup.EtOH 232, E.sub.1cm.sup.1% 853.
PAC  EXAMPLE 4
PAC  3,6-BIS(3-DIMETHYLAMINOPROPOXY)-N-ETHYLCARBAZOLE DIHYDROCHLORIDE
PAR  Following the procedure of Example 3, only substituting for
      2-diethylaminoethylchloride hydrochloride, 15.8 g (0.1 mole) of
      3-dimethyl-aminopropylchloride hydrochloride, the desired product was
      obtained. M.P. 239.degree.-240.degree.C, .lambda..sub.max.sup.EtOH 231,
      E.sub.1cm.sup.1% 883.
PAC  EXAMPLE 5
PAC  N-ETHYL-3,6-BIS(2-PIPERIDINOETHOXY)CARBAZOLE DIHYDROCHLORIDE
PAR  Following the procedure of Example 3 only substituting for
      2-diethylaminoethylchloride hydrochloride, 18.4 g (0.1 mole) of
      2-piperidino-ethylchloride hydrochloride, the desired product was
      obtained. M.P. 248.degree.-250.degree.C, .lambda..sub.max.sup.EtOH 232,
      E.sub.1cm.sup.1% 830.
PAC  EXAMPLE 6
PAC  1,8-BIS(2-DIETHYLAMINOETHOXY)CARBAZOLE BIS-DIHYDROGEN CITRATE
PAR  Following the procedure of Example 2, only substituting for
      N-ethyl-3,6-carbazolediol, 19.9 g (0.1 mole) of 1,8-carbazolediol and
      using 37.8 g (0.22 mole) of 2-diethylaminoethyl chloride hydrochloride,
      the desired product is obtained
PAC  EXAMPLE 7
PAC  3,6-BIS(2-DIETHYLAMINOETHOXY)-N-METHYLCARBAZOLE BIS-DIHYDROGEN CITRATE
PAR  Following the procedure of Example 2, only substituting for
      N-ethyl-3,6-carbazolediol, 21.3 g (0.1 mole) of
      N-methyl-3,6-carbazolediol, the desired product is obtained.
PAC  EXAMPLE 8
PAC  3,6-BIS(2-DIHEXYLAMINOETHOXY)-N-ETHYLCARBAZOLE DIHYDROCHLORIDE
PAR  Following the procedure of Example 3, only substituting for
      2-diethylaminoethylchloride hydrochloride, 28.4 g (0.1 mole) of
      2-dihexyl-aminoethylchloride hydrochloride, the desired product is
      obtained.
PAC  EXAMPLE 9
PAC  3,6-BIS(2-ETHYLAMINOETHOXY)-N-ETHYLCARBAZOLE DIHYDROCHLORIDE
PAR  A. To a stirred mixture of 31.1g (0.1 mole) of N-ethyl-3,6-carbazolediol
      diacetate and 39.4 g (0.3 mole) of 1-bromo-2-chloroethane in 400 ml of
      chlorobenzene is added 0.2 mole of sodium methoxide. Upon complete
      addition of the alkali, the mixture is refluxed with stirring for 18
      hours, then cooled. The supernatant water layer is decanted and the
      residue is taken up in ethanol. The solid which separates is filtered and
      recrystallized from ethanol-chloroform to give
      3,6-bis(2-chloroethoxy)-N-ethylcarbazole.
PAR  B. A mixture of 35.2 g (0.1 mole) of
      3,6-bis(2-chloroethoxy)-N-ethylcarbazole, 4.5 g (0.1 mole) of ethylamine,
      2.0 g of potassium iodide and 100 ml of tetrahydrofuran is heated with
      stirring at 110.degree.C for 24 hours in a Paar pressure reactor. The
      solvent is removed in vacuo, and the remaining residue is treated with
      dilute sodium hydroxide and ether. The ether layer is washed twice with
      water, dried over magnesium sulfate and acidified with ethereal HCl to
      give the desired product which is recrystallized from methanol-ethyl
      acetate.
PAC  EXAMPLE 10
PAC  3,6-BIS(2-AMINOETHOXY)-N-ETHYLCARBAZOLE DIHYDROCHLORIDE
PAR  Following the procedure of Example 9B, only substituting for ethylamine,
      the appropriate molar equivalent amount of hexamine, and subsequently
      decomposing the intermediate quaternary ammonium complex with dilute acid,
      the desired product is obtained.
PAC  EXAMPLE 11
PAC  3,6-BIS(6-DIMETHYLAMINOHEXYLOXY)-N-ETHYLCARBAZOLE DIHYDROCHLORIDE
PAR  Following the procedure of Example 9A, only substituting for
      1-bromo-2-chloroethane, 59.8 g (0.3 mole) of 6-bromo-1-chlorohexane, the
      intermediate 3,6-bis(6-chlorohexyloxy)-N-ethylcarbazole is obtained.
PAR  Following the procedure of Example 10B, only substituting respectively for
      3,6-bis(2-chloroethoxy)-N-ethylcarbazole and ethylamine, the appropriate
      molar equivalent amount of 3,6-bis(6-chlorohexyloxy)-N-ethylcarbazole and
      an excess of diethylamine, the desired product is obtained.
PAC  EXAMPLE 12
PAC  1,7-BIS(2-DIETHYLAMINOETHOXY)CARBAZOLE BIS-DIHYDROGEN CITRATE
PAR  Following the procedure of Example 2, only substituting for
      N-ethyl-3,6-carbazolediol, 19.9 g (0.1 mole) of 1,7-carbazolediol, and
      using 37.8 g (0.22 mole) of 2-diethylaminoethyl chloride hydrochloride,
      the desired product is obtained.
PAC  EXAMPLE 13
PAC  3,6-BIS[2-(DIMETHYLAMINO)-1-METHYLETHOXY]-N-ETHYLCARBAZOLE DIHYDROCHLORIDE
PAR  Following the procedure of Example 3, only substituting for
      2-diethylaminochloride hydrochloride, 15.8 g (0.1 mole) of
      2-(dimethyl-amino)-1-methylethylchloride hydrochloride, the desired
      product is obtained.
PAC  EXAMPLE 14
PAC  N-ETHYL-3,6-BIS[(1-METHYL-3-PIPERIDYL)METHOXY]CARBAZOLE DIHYDROCHLORIDE
PAR  Following the procedure of Example 3 only substituting for
      2-diethylaminoethylchloride hydrochloride, the appropriate molar
      equivalent amount of 3-chloromethyl-1-methylpiperidine, the desired
      product is obtained.
PAC  EXAMPLE 15
PAC  N-ETHYL-3,6-CARBAZOLEDIOL DIACETATE
PAR  To a solution of 104 g (0.37 mole) of 3,6-diacetyl-N-ethylcarbazole in 1700
      ml of chloroform (hydrocarbon stabilized) previously cooled to 15.degree.C
      was added 138 g (0.8 mole) of m-chloroperbenzoic acid. The reaction was
      stirred at room temperature for 4 days, then filtered. The filtrate was
      washed with saturated sodium bicarbonate solution and with water, then
      dried over anhydrous magnesium sulfate and evaporated to dryness in vacuo
      leaving a solid which was recrystallized from acetone-water and then from
      acetone methanol to give the desired product. M.P.
      138.degree.-139.degree.C, .lambda..sub.max.sup.EtOH 237, E.sub.1cm.sup.1%
      1330.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from a base of the formula
      ##SPC15##
PAL  wherein Z is selected from the group consisting of hydrogen or lower alkyl;
      and each X is a member selected from the group consisting of
PA1  A. the group
      ##EQU6##
      wherein each A is a straight or branched alkylene chain having from 2 to 6
      carbon atoms; R and R.sup.1 are individually selected from the group
      consisting of hydrogen or lower alkyl having from 1 to 6 carbon atoms; or
      each set of R and R.sup.1 taken together with the nitrogen atom to which
      they are attached is a saturated monocyclic heterocyclic group selected
      from pyrrolidino or piperidino; or
PA1  B. the group
      ##SPC16##
PAL  wherein n is a whole integer from 0 to 2, m is 1 or 2, and R.sup.2 is a
      member selected from the group consisting of hydrogen or lower alkyl
      having from 1 to 4 carbon atoms; or a pharmaceutically acceptable acid
      addition salt of said base.
NUM  2.
PAR  2. A compound of claim 1 wherein each X is the group
      ##EQU7##
      wherein each R and R.sup.1 is selected from the group consisting of
      hydrogen or lower alkyl having from 1 to 6 carbon atoms, or each set of R
      and R.sup.1 taken together with the nitrogen atom to which they are
      attached is a saturated monocyclic heterocyclic group selected from
      pyrrolidino or piperidino; and wherein one of the
      ##EQU8##
      groups is in the 3-position of the carbazole ring system, and the other
      such group is in the 6-position of the carbazole ring system.
NUM  3.
PAR  3. A compound of claim 2 wherein each A is a lower alkylene chain having
      from 2 to 4 carbon atoms and wherein each R and R.sup.1 is lower alkyl
      having from 1 to 4 carbon atoms.
NUM  4.
PAR  4. A compound of claim 2 which is
      3,6-bis[2-(diethylamino)-ethoxy]-N-ethylcarbazole bis-dihydrogen citrate.
NUM  5.
PAR  5. A compound of claim 2 which is
      3,6-bis[3-(dimethylamino)-propoxy]-N-ethylcarbazole or a pharmaceutically
      acceptable acid addition salt thereof.
NUM  6.
PAR  6. A compound of claim 2 which is
      N-ethyl-3,6-bis(2-piperidino-ethoxy)carbazole or a pharmaceutically
      acceptable acid addition salt thereof.
NUM  7.
PAR  7. A compound of claim 1 wherein each X is the group
      ##SPC17##
PAL  and one of said --O--X groups is in the 3-position of the carbazole ring
      system and the remaining --O--X group is in the 6-position of the
      carbazole ring system.
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ABST
PAL  This invention relates to novel benzospiran derivatives embraced by the
      formula
      ##SPC1##
PAL  Wherein the sum of A and B is at least the integer 2; A is selected from
      the group consisting of --(CH.sub.2).sub.n -- wherein n is 1 through 5 and
      --(C.sub.n H.sub.2n --.sub.2 XY)-- wherein X is selected from the group
      consisting of hydroxy, acetoxy, amino and acetamido and Y is hydrogen, and
      X when taken together with Y is selected from the group consisting of =O
      and =CR.sup.3 R.sup.4 wherein R.sup.3 and R.sup.4 are selected from the
      group consisting of hydrogen and lower alkyl of 1 through 3 carbon atoms;
      B is absent or --(CH.sub.2).sub.n -- wherein n is 1 through 3; R.sup.1 is
      selected from the group consisting of hydrogen and lower alkyl of 1
      through 3 carbon atoms; R.sup.2 is selected from the group consisting of
      hydrogen, lower alkyl of 1 through 3 carbon atoms,
      ##EQU1##
      WHEREIN N IS 2 THROUGH 5 AND Ar is phenyl having zero through three
      substituents selected from the group consisting of lower alkyl of 1
      through 3 carbon atoms, lower alkoxy of 1 through 3 carbon atoms, bromine,
      chlorine and fluorine; R.sup.1 and R.sup.2 taken together with --N&lt; is a
      saturated heterocyclic amino radical selected from the group consisting of
      unsubstituted and substituted pyrrolidino, piperidino, and
      hexamethylenimino; Z is selected from the group consisting of hydrogen,
      lower alkyl of 1 through 3 carbon atoms, lower alkoxy of 1 through 3
      carbon atoms, nitro, amino, monoalkylamino of 1 through 3 carbon atoms,
      acylamido of 1 through 4 carbon atoms, bromine, chlorine and fluorine; and
      a pharmacologically acceptable acid addition salt thereof. It also relates
      to intermediates and processes for the preparation of the aforesaid novel
      compounds (1) and novel derivatives thereof. The administration to humans
      and animals of the novel compounds (1) depresses their central nervous
      systems and lowers their blood pressures.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to novel organic compounds, particularly novel
      benzospiran derivatives embraced by the formula
      ##SPC2##
PAL  Wherein the sum of A and B is at least the integer 2; A is selected from
      the group consisting of --(CH.sub.2).sub.n.sup.- wherein n is 1 through 5
      and --(C.sub.n H.sub.2n --.sub.2 XY)-- wherein X is selected from the
      group consisting of hydroxy, acetoxy, amino and acetamido and Y is
      hydrogen, and X when taken together with Y is selected from the group
      consisting of =0 and =CR.sup.3 R.sup.4 wherein R.sup.3 and R.sup.4 are
      selected from the group consisting of hydrogen and lower alkyl of 1
      through 3 carbon atoms; B is absent or --(CH.sub.2).sub.n.sup.- wherein n
      is 1 through 3; R.sup.1 is selected from the group consisting of hydrogen
      and lower alkyl of 1 through 3 carbon atoms; R.sup.2 is selected from the
      group consisting of hydrogen, lower alkyl of 1 through 3 carbon atoms,
      ##EQU2##
      WHEREIN N IS 2 THROUGH 5 AND Ar is phenyl having zero through three
      substituents selected from the group consisting of lower alkyl of 1
      through 3 carbon atoms, lower alkoxy of 1 through 3 carbon atoms; bromine,
      chlorine and fluorine; R.sup.1 and R.sup.2 taken together with --N&lt; is a
      saturated heterocyclic amino radical selected from the group consisting of
      unsubstituted and substituted pyrrolidino, piperidino, and
      hexamethylenimino; Z is selected from the group consisting of hydrogen,
      lower alkyl of 1 through 3 carbon atoms, lower alkoxy of 1  through 3
      carbon atoms, nitro, amino, monoalkylamino of 1 through 3 carbon atoms,
      acylamido of 1 through 4 carbon atoms, bromine, chlorine and fluorine; and
      pharmacologically acceptable acid addition salts thereof.
PAR  The preferred compounds of this invention embraced by Formula I,
      immediately above, are those having the formula
      ##SPC3##
PAL  which are inclusive of those represented by the formulae
      ##SPC4##
PAL  wherein A, B, Ar, n, R.sup.1 and Z have the same meaning as above and
      R.sup.5 is selected from the group consisting of hydrogen, hydroxy and
      methylene; and a pharmacologically acceptable acid addition salt thereof.
PAR  Examples of Ar are phenyl, m-chlorophenyl, p-fluorophenyl, m-ethylphenyl,
      o-methylphenyl, 3,4-dimethoxyphenyl, 2,4-dimethylphenyl,
      2-bromo-5-ethylphenyl, 2-chloro-3,5-dipropylphenyl and
      2,4,6-trichlorophenyl. Examples of lower alkyl of 1 through 3 carbon atoms
      are methyl, ethyl, propyl and isopropyl. Examples of lower alkoxy of 1
      through 3 carbon atoms are methoxy, ethoxy, propoxy, and isopropoxy.
      Examples of unsubstituted and substituted pyrrolidino, piperidino and
      hexamethylenimino are pyrrolidino, 2-methylpyrrolidino, piperidino,
      2-ethylpiperidino, hexamethylenimino, 3-methoxyhexamethylenimino and
      2-ethyl-4-methylhexamethylenimino. Examples of
      ##EQU3##
      is phenyl having from zero through three substituents selected from the
      group consisting of fluorine, chlorine, bromine, lower alkyl of 1 through
      3 three carbon atoms and lower alkoxy of 1 through 3 carbon atoms, are:
      4-oxo-4-(p-fluorophenyl)-butyl, 4-oxo-4-(2-chloro-1-methylphenyl)butyl,
      4-oxo-4-phenylbutyl, 4-oxo-4-(p-tolyl)butyl,
      4-oxo-4-(p-methoxyphenyl)butyl, 4-oxo-4-(p-chlorophenyl)butyl,
      4-oxo-(2-bromo-4-chlorophenyl)butyl, 3-oxo-3-(p-bromophenyl)propyl,
      5-oxo-4-(o-ethoxyphenyl)pentyl, and the isomeric forms thereof. Examples
      of monoalkylamino of 1 through 3 carbon atoms are methylamino, ethylamino,
      propylamino and isopropylamino. Examples of acylamido of 1 through 4
      carbon atoms are formylamido, acetamido, propionamido and isopropionamido.
PAR  The novel benzospiran compounds of Formula I exist either in the
      non-protonated (free base) form or in the protonated (acid addition salt)
      form, depending on the pH of the environment. They form stable protonates,
      i.e., acid addition salts, on neutralization of the free base form with
      suitable acids, for example, hydrochloric, hydrobromic, sulfuric,
      phosphoric, nitric, acetic, propionic, palmitic, benzoic, salicylic,
      hexynoic, phenylbutyric, naphthoic, glycolic, succinic, nicotinic,
      tartaric, maleic, malic, pamoic, methanesulfonic, citric and lactic acids,
      and the like. Conversely, the free base of the novel compounds of Formula
      I can be obtained from a salt (e.g., from the hydrochloride or sulfate
      salts) by neutralization with a base such as sodium hydroxide, extracting
      with an immiscible solvent, for example chloroform, drying the extract,
      for example, with anhydrous sodium sulfate, and removing the solvent by
      evaporation.
PAR  The novel compounds of generic Formula I, above, include those of three
      types, namely, 3',4'-dihydro-spiro[cyclohexane-1,1'(2'H)-naphthalene]s
      having the general structure
      ##SPC5##
PAL  spiro[cyclohexane-1,2'-indan]s of the general structure
      ##SPC6##
PAL  and spiro[cyclohexane-1,2'-tetralin]s of the general structure
      ##SPC7##
PAL  wherein R.sup.1, R.sup.2 and Z have the same meaning as above and R.sup.5
      is selected from the group consisting of hydrogen, hydroxy and methylene.
PAR  The novel compounds of Formula I (a, b and c), above, and intermediates
      therefor are prepared in accordance with the procedures of Processes A, B
      and C, respectively, described below.
PAC  Process A
PAR  The following sequence of formulae illustratively represents procedures for
      the preparation of compounds of Formula I(a).
      ##SPC8##
PAL  wherein Ar, n and Z have the same meaning as above, R is lower alkyl of 1
      through 3 carbon atoms, the symbol --N
PAL  represents a saturated heterocyclic amino radical selected from the group
      consisting of unsubstituted and substituted pyrrolidino, piperidino and
      hexamethyleneimino and X is selected from the group consisting of
      chlorine, bromine and an anion of a pharmacologically acceptable acid
      addition salt.
PAR  The compounds embraced by Formula I(a) of the flowsheet designated Process
      A, above, are prepared by the procedures indicated therein, employing the
      methods and reactions described below.
PAR  1. The first step of the process comprises reducing a known
      4-cyano-4-phenylcyclohexanone (a), e.g., with sodium borohydride (in a
      solvent such as tetrahydrofuran) at low temperature, to yield a
      corresponding 4-cyano-4-phenylcyclohexanol (b).
PAR  2. A thus produced 4-cyano-4-phenylcyclohexanol (b) obtained in step (1) is
      directly reduced, e.g., with lithium aluminum hydride (in a solvent such
      as tetrahydrofuran) at elevated (reflux) temperature, to give a
      corresponding 4-hydroxy-1-phenyl-1-cyclohexanecarboxaldehyde (c). This
      compound is also prepared via the tetrahydropyranyl ether of (b).
PAR  3. A 4-hydroxy-1-phenyl-1-cyclohexanecarboxaldehyde (c) produced in step
      (2) is first converted to its corresponding tetrahydropyranyl ether (d)
      (e.g., by mixing it will dihydropyran in the presence of an acid catalyst
      such as p-toluenesulfonic acid in a solvent such as ether), then the
      formyl function of said ether (d) alkyllated via the Wittig reaction
      (e.g., by reacting it with a mixture of a trialkylphosphonoacylate, in a
      solvent such as tetrahydrofuran, and sodium hydride, followed by heating
      at reflux) to give a corresponding
      alkyl-4-hydroxy-1-phenylcyclohexaneacrylate tetrahydropyranyl ether (e),
      followed by hydrolysis of said compound (e); for example, with an alkanol
      (such as methanol) acidified with an acid such as hydrochloric acid, to
      give a corresponding alkyl-4-hydroxy-1-phenylcyclohexaneacrylate (f).
PAR  4. An alkyl- 4-hydroxy-1-phenylcyclohexaneacrylate (f) prepared in step (3)
      is reduced catalytically (e.g., with hydrogen in the presence of palladium
      on carbon), to give a corresponding
      alkyl-4-hydroxy-1-phenylcyclohexane-3-propionate (g).
PAR  5. An alkyl-4-hydroxy-1-phenylcyclohexane-3-propionate (g) obtained in step
      (4) is hydrolyzed, e.g., by heating it at reflux with an alkali metal
      hydroxide (such as sodium hydroxide) in an alkanol (such as methanol), to
      yield a corresponding 4-hydroxy-1-phenylcyclohexane-3-propionic acid (h).
PAR  6. The next step of the process comprises oxidizing the 4-hydroxyl function
      of a 4-hydroxy-1-phenylcyclohexane-3-propionic acid (h) produced in step
      (5), e.g., with Jones reagent (chromium trioxide -- sulfuric acid),
      preferably at ice bath temperature, to yield a corresponding
      4-oxo-1-phenylcyclohexane 3-propionic acid (i).
PAR  The compounds embraced by intermediate (i) can also be prepared by another
      method, namely, via alkylene ketals, as follows:
PAR  1'. A 4-cyano-4-phenylcyclohexanone (a) is ketalized, e.g., by heating (at
      reflux) in benzene with an alkylene glycol (in the presence of a catalyst
      such as p-toluenesulfonic acid), to yield a corresponding
      4-cyano-4-phenylcyclohexanone alkylene ketal (j).
PAR  2'. A 4-cyano-4-phenylcyclohexanone alkylene ketal (j) produced in step
      (1') is converted with about 0.5 mole equivalent of lithium aluminum
      hydride (in a solvent such as tetrahydrofuran) at room temperature to a
      corresponding imine, followed by its hydrolysis (e.g., in a solvent such
      as tetrahydrofuran with an acid such as hydrochloric acid), to yield a
      corresponding 4-oxo-1-phenylcyclohexanecarboxaldehyde 4-alkylene ketal
      (k).
PAR  3'. A 4-oxo-1-phenylcyclohexanecarboxaldehyde 4-alkylene ketal (k) produced
      in step (2') is alkylated via the Wittig reaction (e.g., by reacting it
      with a mixture of a trialkylphosphonoacetate, in a solvent such as
      tetrahydrofuran, and sodium hydride, followed by heating at reflux) to
      give a corresponding alkyl-4-oxo-1-phenylcyclohexaneacrylate alkylene
      ketal (l).
PAR  4'. An alkyl-4-oxo-1-phenylcyclohexaneacrylate alkylene ketal (l) prepared
      in step (3') is reduced catalytically (e.g., with hydrogen in the presence
      of palladium on carbon), to give a corresponding
      alkyl-4-oxo-1-phenylcyclohane-3-propionate alkylene ketal (m).
PAR  5'. An alkyl-4-oxo-1-phenylcyclohexane-3-propionate alkylene ketal (m)
      obtained in step (4') is hydrolyzed, e.g., by heating it at reflux with an
      alkali metal hydroxide (such as sodium hydroxide) in an alkanol (such as
      methanol), to give a corresponding 4-oxo-1-phenylcyclohexane-3-propionic
      acid alkylene ketal (n).
PAR  6'. In this step, the alkylene ketol protective group of a
      4-oxo-1-phenylcyclohexane-3-propionic acid alkylene ketal (n) produced in
      step (5') is removed by employing conventional reagents and procedures,
      e.g., by stirring an aforesaid compound with a dilute aqueous acid (e.g.,
      hydrochloric) in acetone at moderate (room) temperature for a long (6 to
      60 hour) period, to give a corresponding
      4-oxo-1-phenylcyclohexane-3-propionic acid (i), also produced by the
      method ending with step (6), above.
PAR  7. A 4-oxo-1-phenylcyclohexane-3-propionic acid (i) prepared in step (6) or
      (6') is cyclized, e.g., by allowing it to stand at room temperature for
      from about 15 to about 80 hours with liquid hydrogen fluoride, to yield a
      corresponding spiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione
      (o).
PAR  8. A spiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione (o) prepared
      in step (7) is monoketalized at the non-conjugated least hindered carbonyl
      function, e.g., by heating (at reflux) in a solvent such as benzene with
      an alkylene glycol (in the presence of a catalyst such as
      p-toluenesulfonic acid), to yield a corresponding
      spiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione,
      4-(2,2-dialkyltrimethylene ketal) (p).
PAR  9. A spiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione,
      4-(2,2-dialkyltrimethylene ketal (p) produced in step (8) is reduced at
      the 4'-position, e.g., by long (about 12 to about 18 hours) heating (at
      reflux) with hydrazine hydrate and an alkali metal base such as sodium
      hydroxide in a solvent such as an alkylene glycol (e.g., ethylene glycol)
      to give a corresponding
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalene]-4-one,
      2,2-dialkyltrimethylene ketal (g).
PAR  10. In this step, a
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalene]-4-one,
      2,2-dialkyltrimethylene ketal (q) prepared in step (9) has its ketal
      protective group removed by hydrolysis, e.g., by mixing it with an acid
      (such as hydrochloric acid) in a solvent (such as acetone) at moderate
      (room) temperature for from about 2 to about 10 hours, to yield a
      corresponding 3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one
      (r).
PAR  11. A 3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one (r)
      produced in step (10) has its 4-keto function reduced, e.g., by mixing
      said compound in a solvent such as ethanol with sodium borohydride at
      moderate (room) temperature for from about 3 to about 8 hours, to produce
      a corresponding 3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ol
      (s).
PAR  12. Letting stand (preferably at low temperature for from about 3 to about
      14 hours) a mixture of a
      3',4'-dihydrospiro[cyclohexane-1,1'-(2'H)-naphthalen]-4-ol (s) obtained in
      step (11) in an amine base (e.g., pyridine) and a lower alkyl sulfonyl
      halide (such as methanesulfonyl chloride), yields a corresponding
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)naphthalen]-4-ol lower alkyl
      sulfonate (t).
PAR  13. A 3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ol alkyl
      sulfonate (t) resulting from step (12) and sodium azide in a solvent such
      as dimethylformamide, on heating (at from about 65.degree. to about
      100.degree. C. for from about 4 to about 24 hours), yields a corresponding
      3',4'-dihydrospiro[cyclohexane 1,1'(2'H)-1,1'(2'H)-naphthalen]-4-ylazide
      (u).
PAR  14. A
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-1,1'(2'H)-naphthalen]-4-ylazide
      (u) obtained in step (13) on reduction of its azido function, e.g., by
      reacting said compound with lithium aluminum hydride in a solvent such as
      tetrahydrofuran at moderate (room) temperature for from about 3 to about
      10 hours, yields a corresponding
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine [I(a)] in
      its free base form. On treating an ether extract of a thus produced
      compound with an ethereal solution of a suitable (pharmacologically
      acceptable) acid, its acid addition salt form is obtained.
PAR  The free base or acid addition salt forms of the
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamines [I(a)]
      obtained as in step (14), above, are employed as starting materials for
      producing a variety of derivatives thereof, for example, in accordance
      with the methods described in (a) through (e) that follow.
PAR  a. Heating (e.g., under reflux for from about 8 to about 24 hours) a
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine [I(a)]
      obtained in step (14) with a dihaloalkane, gives a corresponding (1-single
      ring nitrogen containing heterocyclo)-3',4'-dihydrospiro-(cyclohexane-
      1,1'(2'H)-naphthalen)-4-yl [I(a)], which on dissolving in ether and
      treating with an ethereal solution of an appropriate acid, yields the
      corresponding acid addition salt. For example, heating a
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine [I(a)] with
      1,5-diiodopentane, 1,4-dibromobutane or 1,6-diiodohexane, yields,
      respectively a corresponding
      1-[3',4'-dihydrospiro(cyclohexane-1,1'(2'H)-naphthalen)-4-yl]piperidine
      [I(a)], a
      1-[3',4'-dihydrospiro(cyclohexane-1,1'(2'H)-naphthalen)-4-yl)pyrrolidine
      [I(a)] or a
      1-[3',4'-dihydrospiro(cyclohexane-1,1'(2'H)-naphthalen)-4-yl]hexamethylene
     imine [I(a)], which can be converted to their acid addition salts in the
      manner described in the immediately preceding sentence.
PAR  b. The production of a compound selected from the group consisting of the
      free bases and acid addition salts of a
      4-[3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamino]alkanoph
     enone of the formula
      ##SPC9##
PAL  wherein Ar, n and Z have the same meaning as above, comprises reacting (in
      the presence of an alkali metal iodide and an alkali metal carbonate) a
      corresponding compound obtained as in step (14) selected from the group
      consisting of the free bases and acid salts of a compound of the formula
      ##SPC10##
PAL  wherein Z has the same meaning as above, with a corresponding compound of
      the formula
      ##SPC11##
PAL  wherein Ar, R and n have the same meaning as above and X is selected from
      the group consisting of chlorine and bromine, followed by hydrolyzing
      (i.e., deketalizing) a thus produced compound, e.g., with aqueous acid in
      an alkanol.
PAR  c. Reacting a
      3',4'-dihydrospiro[cyclohexane-1,1'-(2'H)-naphthalen]-4-ylamine [I(a)]
      obtained as in step (14), in an amine base (such as pyridine) in the cold
      with a lower alkyl haloformate (e.g., ethyl chloroformate,
      methylbromoformate or propyl chloroformate), yields a corresponding lower
      alkyl 3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalene]-4-carbamate of
      the formula
      ##SPC12##
PAL  wherein R and Z have the same meaning as above.
PAR  d. A lower alkyl
      3',4'-dihydrospiro[cyclohexane1,1'(2'H)-naphthalene]-4-carbamate I(a),
      prepared as in (c) immediately above, is reduced, for example, by heating
      it in a solvent such as tetrahydrofuran [e.g., under reflux for from about
      8 to about 24 hours] with lithium aluminum hydride, to yield a
      corresponding
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-N-lower
      alkylamine [I(a)], which on dissolving in ether and treating with an
      ethereal solution of an appropriate acid gives a corresponding acid
      addition salt thereof.
PAR  e. Following the procedure of (b), above, but substituting as starting
      material the free base or acid addition salt of a
      3',4'-dihydrospiro[cyclohexane-1,1'-(2'H)-naphthalen]-4-yl-N-lower
      alkylamine [I(a)], obtained as in (d) immediately above, yields a
      corresponding 4-[3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-2
      through 5-yl-N-lower alkylamino]alkanophenone [I(a)], or an acid addition
      salt thereof.
PAC  Process B
PAR  The following sequence of formulae illustratively represents procedures for
      the preparation of compounds of Formulae I(b).
      ##SPC13##
PAL  wherein Ar, n, -N , R, X and Z have the same meaning as in Process A,
      above.
PAR  The compounds embraced by formula I(b) of the flowsheet designated Process
      B, above, are prepared by the procedures indicated therein, employing the
      methods and reactions described below.
PAR  1. The first step of the process comprises reducing an alkyl p-hydroxy
      benzoate [1] (prepared as in Ann. 141, 247), e.g., by hydrogenating it in
      the presence of a catalyst (such as 5 percent rhodium/aluminum) in a
      solvent (such as absolute ethanol) at room temperature, to yield a
      corresponding alkyl-4-hydroxycyclohexane carboxylate [2].
PAR  2. An alkyl-4-hydroxycyclohexane carboxylate [2] obtained in step (1) is
      oxidized at the 4-position, e.g., in acetone with Jones reagent as low
      temperature (at from about 5.degree. to about 20.degree. C.) to give a
      corresponding 4-carboalkoxy-1-cyclohexanone [3].
PAR  3. A 4-carboalkoxy-1-cyclohexanone [3] prepared in step (2) is ketalized at
      the 4-position, e.g., by heating (at reflux) in benzene with an alkylene
      glycol (in the presence of a catalyst such as p-toluenesulfonic acid) for
      from about 4 to about 8 hours, to yield a corresponding
      4-carboalkoxy-1-cyclohexanone alkylene ketal [4].
PAR  4. A 4-carboalkoxy-1-cyclohexanone alkylene ketal [4] obtained in step (3)
      on reaction with lithium diisopropyl amide (prepared by adding butyl
      lithium in a solvent such as pentane to diisopropylamine in a solvent such
      as tetrahydrofuran at low temperature) followed by addition of a benzyl
      halide (such as .alpha.-bromotoluene, .alpha.-chloro-p-xylene,
      .alpha.-bromo-m-xylene, m-methoxybenzyl chloride, and the like), yields a
      corresponding 4-benzyl (or substituted benzyl)-4-carboalkoxy-1-cyclohexane
      alkylene ketal [5].
PAR  5.  A 4-benzyl (or substituted benzyl)-4-carboalkoxy-1-cyclohexane alkylene
      ketal [5] obtained in step (4) is saponified, e.g., by heating (at reflux
      for from about 10 to about 24 hours) in a solvent such as ethylene glycol
      with an alkali metal hydroxide (such as potassium hydroxide), to give a
      corresponding 4-benzyl (or substituted benzyl)-4-carboxy-1-cyclohexanone
      alkylene ketal [6].
PAR  6. A 4-benzyl (or substituted benzyl)-4-carboxy-1-cyclohexanone alkylene
      ketal [6] prepared in step (5) is deketalized, e.g., by stirring it with a
      dilute aqueous acid (e.g., hydrochloric acid) in acetone at moderate
      (room) temperature for from about 6 to about 60 hours, to give a
      corresponding 1-benzyl (or substituted
      benzyl)-4-cyclohexanone-1-carboxylic acid [7].
PAR  7. Reacting a 1-benzyl (or substituted benzyl)-4-cyclohexanone-1-carboxylic
      acid [7] obtained in step (6) with hydrogen fluoride at room temperature
      (or with phosphorus pentachloride at reflux temperature, followed by
      treatment with stannic chloride), gives a corresponding unsubstituted or
      substituted spiro(cyclohexane-1,2'-indan)-1'4-dione [8].
PAR  8. An unsubstituted or substituted spiro(cyclohexane-1,2'-indan)-1'4-dione
      [8] obtained in step (7) is ketalized at the 4-position, e.g., by heating
      (at reflux) in benzene with an alkylene glycol (in the presence of a
      catalyst such as p-toluenesulfonic acid) for from about 3 to 7 hours, to
      yield a corresponding unsubstituted or substituted
      spiro(cyclohexane-1,2'-indan)-1',4-dione 4-alkylene ketal [9].
PAR  9. A spiro(cyclohexane-1,2'-indan)-1'4-dione 4-alkylene ketal [9] prepared
      in step (8) on being subjected to Wolff-Kischner reduction, namely, by
      heating it (at reflux) with hydrazine hydrate and an alkali metal
      hydroxide (such as potassium hydroxide) in a solvent such as ethylene
      glycol for from about 8 to about 12 hours, gives a corresponding
      spiro(cyclohexane-1,2'-indan)-4-one alkylene ketal [10].
PAR  10. A spiro(cyclohexane-1,2'-indan)-4-one alkylene ketal [10] obtained in
      step (9) is deketalized, e.g., by stirring it with a dilute aqueous acid
      (such as hydrochloric acid) in acetone for from about 3 to about 8 hours,
      to give a corresponding spiro(cyclohexane-1,2'-indan)-4-one [11].
PAR  11. A spiro(cyclohexane-1,2'-indan)-4-one [11] obtained in step (10), on
      heating at reflux for from about 4 to about 8 hours with an acid addition
      salt of hydroxylamine and an alkali metal hydroxide such as sodium
      hydroxide, yields a corresponding spiro(cyclohexane-1,2'-indan)-4-one
      oxime [12].
PAR  12. A spiro(cyclohexane-1,2'-indan)-4-one oxime [12] prepared in step (11),
      on standing in a solvent such as tetrahydrofuran with an anhydride of a
      hydrocarbon carboxylic acid in the presence of an esterification catalyst
      (e.g., pyridine) at moderate (room) temperature for from about 4 to about
      8 hours, yields a corresponding spiro(cyclohexane-1,2'-indan)-4-one oxime
      acylate [13].
PAR  13. A spiro(cyclohexane-1,2'-indan)-4-one oxime acylate [13] produced in
      step (12), on reducing its oxime function, e.g., by reacting said compound
      with diborane in a solvent such as tetrahydrofuran (preferably at low
      temperature), yields a corresponding spiro(cyclohexane-1,2'-indan)-4-amine
      [I(b)] in its free base form, which on extracting with ether and treating
      said extract with an ethereal solution of a suitable (pharmacologically
      acceptable) acid, gives the corresponding acid addition salt form.
PAR  The compounds embraced by the spiro(cyclohexane-1,2'-indan)-4-amines and
      their acid addition salts [I(b)], immediately above, can be prepared by
      another method, as follows:
PAR  11'. A spiro(cyclohexane-1,2'-indan)-4-one [11] obtained in step (10) has
      its 4-keto function reduced, e.g., by mixing said compound in ethanol with
      sodium borohydride at moderate (room) temperature for from about 3 to
      about 8 hours, to produce a corresponding
      spiro(cyclohexane-1,2'-indan)-4-ol [14].
PAR  12'. Letting stand (preferably at low temperature for from about 3 to about
      18 hours) a mixture of a spiro(cyclohexane-1,2'-indan)-4-ol [14] obtained
      in step (11') in an amine base (e.g., pyridine) and a lower alkyl sulfonyl
      halide (such as methanesulfonyl chloride), yields a corresponding
      spiro(cyclohexane-1,2'-indan)-4-ol lower alkyl sulfonate [15].
PAR  13'. A spiro(cyclohexane-1,2'-indan)-4-ol lower alkyl sulfonate [15]
      obtained in step (12') and sodium azide in a solvent such as
      dimethylformamide, on heating (at from 65.degree. to about 100.degree. C.
      for from about 4 to about 20 hours), yields a corresponding
      spiro(cyclohexane-1,2'-indan)-4-ylazide [16]; on reduction of the azido
      function of a thus produced compound [16], e.g., by reacting said compound
      with lithium aluminum hydride in a solvent such as tetrahydrofuran at
      moderate (room) temperature for from about 3 to about 10 hours, yields a
      corresponding spiro(cyclohexane-1,2'-indan)-4-amine [I(b)] in its free
      base form, which on extracting with ether and treating said extract with
      an ethereal solution of a suitable acid, gives the corresponding acid
      addition salt form.
PAR  The free base or acid addition salt forms of the
      spiro(cyclohexane-1,2'-indan)-4-amines [I(b)] obtained as in step (13) or
      (13'), above, are employed as starting materials for preparing a variety
      of derivatives thereof, for example, in accordance with the methods set
      forth in (a) through (e) that follow.
PAR  a. Heating (e.g., under reflux for from about 8 to about 24 hours) a
      spiro(cyclohexane-1,2'-indan)-4-amine [I(b)] obtained in step (13) or
      (13') with a dihaloalkane, yields a corresponding (1-single ring nitrogen
      containing heterocyclo)-spiro(cyclohexane-1,2'-indan)-4-yl [I(b)], which
      on dissolving in ether and treating with an ethereal solution of an
      appropriate acid, gives the corresponding acid addition salt thereof. For
      example, heating a spiro(cyclohexane-1,2'-indan)-4-amine [I(b)] with
      1,5-diiodopentane, 1,4-dibromobutane or 1,6-diiodohexane, yields,
      respectively, an acid addition salt of a corresponding
      1-[spiro(cyclohexane-1,2'-indane)-4-yl]piperidine [I(b)], a
      1-[spiro(cyclohexane-1,2'-indane)-4-yl]pyrrolidine [I(b)] or a
      1-spiro(cyclohexane-1,2'-indan)-4-yl]hexamethyleneimine [I(b)], which can
      be converted to their acid addition salts in the manner described in the
      immediately preceding sentence.
PAR  b. The production of a compound selected from the group consisting of the
      free bases and acid addition salts of a
      4-[[spiro[cyclohexane-1,2'-indan]-4-yl]amino]alkanophenone of the formula
      ##SPC14##
PAL  wherein Ar, n and Z have the same meaning as above, comprises reacting (in
      the presence of an alkali metal iodide and an alkali metal carbonate) a
      corresponding compound obtained in step (13) or (13') selected from the
      group consisting of the free bases or acid addition salts of a compound of
      the formula
      ##SPC15##
PAL  wherein Z has the same meaning as above, with a corresponding compound of
      the formula
      ##SPC16##
PAL  wherein Ar, R and n have the same meaning as above and X is selected from
      the group consisting of chlorine and bromine, followed by hydrolyzing
      (i.e., deketalizing) a thus produced compound, e.g., with aqueous acid in
      an alkanol.
PAR  c. Reacting a spiro(cyclohexane-1,2'-indan)-4-amine [I(b)] obtained in step
      (13) or (13'), haloformate (e.g., ethyl chloroformate, methyl bromoformate
      or propyl chloroformate) yields a corresponding lower alkyl
      spiro(cyclohexane-1,2'-indane)-4-carbamate having the formula
      ##SPC17##
PAL  wherein R and Z have the same meaning as above.
PAR  d. A lower alkyl spiro(cyclohexane-1,2'-indane)4-carbamate [I(b)], prepared
      as in (c) immediately above, is reduced, e.g., by heating it (under
      reflux) in a solvent such as tetrahydrofuran (for from about 8 to about 24
      hours) with lithium aluminum hydride, to yield a corresponding
      spiro(cyclohexane-1,2'-indane)-4-yl-N-methylamine [I(b)], which on
      dissolving in ether and treating with an ethereal solution of an
      appropriate acid gives a corresponding acid addition salt thereof.
PAR  e. Following the procedure of (b), above, but substituting the free base or
      acid addition salt of a spiro(cyclohexane-1,2'-indane)-4-yl-N-methylamine
      [I(b)] obtained as in (d) immediately above as starting material, yields a
      corresponding [spiro[cyclohexane-1,2'-indan]-2 through 5-yl-N-lower
      alkylamino]alkanophenone [I(b)], or an acid addition salt thereof.
PAR  The unsubstituted and substituted spiro(cyclohexane-1,2'-indan)-1'4-dione
      alkylene ketals [9] prepared in step (8) of Process B can be employed as
      starting materials for producing a variety of
      1'-hydroxyspiro(cyclohexane-1,2'-indan) compounds [I(b)] by the procedures
      that follow.
PAR  1. A spiro(cyclohexane-1,2'-indan)-1'4-dione alkylene ketal [9] has its
      1'-keto function reduced, e.g., by reacting said compound with lithium
      aluminum hydride in a solvent such as tetrahydrofuran at moderate (room)
      temperature for from about 3 to about 10 hours, yields a corresponding
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-one alkylene ketal [17].
PAR  2. A 1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-one alkylene ketal [17]
      produced in step (1) has its ketal protective group removed by hydrolysis,
      e.g., by allowing said compound to stand for from about 4 to about 20
      hours with an acid (such as hydrochloric acid) in a solvent such as
      acetone) at room temperature, to yield a corresponding
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-one [18].
PAR  3. A 1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-one [18] prepared in step
      (2), on standing at room temperature for from about 5 to about 10 hours in
      a solvent such as tetrahydrofuran with an anhydride of a hydrocarbon
      carboxylic acid in the presence of an esterification catalyst (e.g.,
      pyridine), yields a corresponding
      1'-acyloxyspiro(cyclohexane-1,2'-indan)-4-one [19].
PAR  4. A 1'-acyloxyspiro(cyclohexane-1,2'-indan)-4-one [19] produced in step
      (3) has its 4-keto function reduced, e.g., by stirring said compound (in a
      solvent such as isopropanol) with sodium borohydride at moderate (room)
      temperature for from about 1/2  to about 4 hours, to give a corresponding
      1'-acyloxyspiro(cyclohexane-1,2'-indan)-4-ol [20].
PAR  5. Letting stand (preferably in the cold for from about 4 to about 20
      hours) a mixture of a 1'-acyloxyspiro(cyclohexane-1,2'-indan)-4-ol [20]
      obtained in step (4) in an amine base (e.g., pyridine and a lower alkyl
      sulfonyl halide (e.g., methanesulfonyl chloride), yield a corresponding
      1'-acyloxyspiro(cyclohexane-1,2'-indan)-4-ol lower alkylsulfonate [21].
PAR  6. A 1'-acyloxyspiro(cyclohexane-1,2'-indan)-4-ol lower alkylsulfonate [21]
      obtained in step (5) and sodium azide in a solvent such as
      dimethylformamide, on heating (at from about 65.degree. to about
      100.degree. C. for from about 4 to about 20 hours), yields a corresponding
      1'-acyloxyspiro(cyclohexane-1,2'-indan)-4-ylazide [22], which on
      reduction, e.g., by reaction with lithium aluminum hydride in a solvent
      such as tetrahydrofuran at room temperature for from 8 to about 16 hours,
      yields a corresponding 1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amine
      [I(b)] in its free base form, which on extracting with ether and treating
      the extract with an ethereal solution of a suitable acid, (e.g.,
      hydrochloric), gives the corresponding acid addition salt form.
PAR  The free base or acid addition salt forms of the
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amines [I(b)]  obtained in step
      (6) immediately above, are employed as starting materials for preparing a
      variety of derivatives thereof, for example, in accordance with the
      methods set forth in (a) through (e) that follow.
PAR  a. Heating (e.g., under reflux for from about 8 to about 24 hours) a
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amine [I(b)] obtained in step
      (6) with a dihaloalkane, yields a corresponding (1-single ring nitrogen
      containing heterocyclo)-1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-yl
      [I(b)], which on dissolving in ether and treating with an appropriate
      acid, gives the corresponding acid addition salt thereof. For example,
      heating a 1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amine [I(b)] with
      1,5-diiodopentane, 1,4-dibromobutane or 1,6-diiodohexane, yields,
      respectively, a corresponding
      1'-hydroxy-1-[spiro(cyclohexane-1,2'-indan)-4-yl]piperidine [I(b)], a
      1'-hydroxy-1-[spiro(cyclohexane-1,2'-indane)-4-yl]pyrrolidine [I(b)] or a
      1'-hydroxy-1-[spiro(cyclohexane-1,2'-indan)-4-yl]hexamethyleneimine
      [I(b)], which are converted to their acid addition salts in the manner
      described in the immediately preceding sentence.
PAR  b. The production of a compound selected from the group consisting of the
      free bases and acid addition salts of a
      4-[(1'-hydrospiro[cyclohexane-1,2'-indan]-4-yl)amino]alkanophenone [I(b)]
      comprises: reacting (in the presence of an alkali metal iodide and an
      alkali metal carbonate) a corresponding
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amine [I(b)] obtained in step
      (6) with a corresponding 2,2-dialkyl-1,3-propanediol ketal of a
      .omega.-haloalkanophenyl ketone, followed by hydrolyzing a thus produced
      compound.
PAR  c. Reacting a 1'-hydroxy-4-[[spiro[cyclohexane-1,2'-4-amine [I(b)] obtained
      in step (6) in pyridine in the cold with a lower alkyl haloformate, yields
      a corresponding lower
      alkyl-1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-carbamate [I(b)].
PAR  d. A lower alkyl-1'-hydroxy-spiro(cyclohexane-1,2'-indane)-4-carbamate
      [I(b)], prepared as in (c) immediately above, is reduced by heating with
      lithium aluminum hydride, to yield a corresponding
      1'-hydroxy-spiro(cyclohexane-1,2'-indan)-4-yl-N-lower alkylamine [I(b)],
      which on dissolving in ether and treating with an ethereal solution of an
      appropriate acid give a corresponding acid addition salt thereof.
PAR  e. Following the procedure of (b), above, but substituting the free base or
      acid addition salt of a
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-yl-N-lower alkyl-amine [I(b)]
      obtained as in (d) immediately above as starting material, yields a
      corresponding 4-[1'-hydroxyspiro[cyclohexane-1,2'-indan]-2 through
      5-yl-N-lower alkylamino]-alkanophenone [I(b)], or an acid addition salt
      thereof.
PAR  The unsubstituted and substituted
      1'-hydroxy-spiro(cyclohexane-1,2'-indan)-4-one alkylene ketals [17]
      prepared in step (1) of the process set forth immediately above, can be
      used as starting materials for producing a variety
      1'-acetamido-spiro(cyclohexane-1,2'-indan) compounds by the procedures
      that follow.
PAR  1. A 1'-hydroxy-spiro(cyclohexane-1,2'-indan)-4-one alkylene ketal [17] in
      a solvent such as tetrahydrofuran is treated in the cold with butyl
      lithium in a solvent such as pentane and a lower alkyl sulfonyl halide
      (such as methanesulfonyl chloride) in a solvent (e.g., tetrahydrofuran),
      to give a corresponding 1'-halospiro(cyclohexan-1,2'-indan)-4-one alkylene
      ketal [23].
PAR  2. A 1'-halospiro(cyclohexan-1,2'-indan)-4-one alkylene ketal [23] produced
      in step (1) is heated with sodium azide in a solvent such as
      dimethylformamide at from about 80.degree. to about 100.degree. C. for
      from about 15 to about 24 hours and the resulting azido intermediate
      recovered by conventional procedures and then reduced (e.g., with lithium
      aluminum hydride in a solvent such as tetrahydrofuran), to give a
      corresponding 1'-aminospiro(cyclohexane-1,2'-indan)-4-one ethylene ketal
      [24].
PAR  3. A 1'-aminospiro(cyclohexane-1,2'-indan)-4-one alkylene ketal [24]
      prepared in step (2) is acylated, e.g., by treating it with an anhydride
      of a hydrocarbon carboxylic acid (such as acetic anhydride) in the
      presence of a catalyst (such as pyridine), to give a corresponding
      1'-acylamidospiro(cyclohexane-1,2'-indan)-4-one alkylene ketal [25].
PAR  4. A 1'-acylamidospiro(cyclohexane-1,2'-indan)-4-one alkylene ketal [25]
      produced in step (3), is hydrolyzed, e.g., by standing at room temperature
      for from about 5 to about 20 hours with an acid such as hydrochloric acid
      in a solvent such as acetone, to give a corresponding
      1'-acylamidospiro(cyclohexane-1,2'-indan)-4-one [26].
PAR  5. A 1'-acylamidospiro(cyclohexane-1,2'-indan)-4-one [26] obtained in step
      (4) has its 4-keto function reduced, e.g., by reacting said compound with
      sodium borohydride in a solvent such as isopropanol at moderate (room)
      temperature for from about 3 to about 10 hours, to give a mixture of
      1'-acylamidospiro(cyclohexane-1,2'-indan)-4-ols [27], which are separated
      into their two isomers by conventional procedures, e.g., chromatography or
      fractional crystallization.
PAR  6. Letting either of the isomers of the
      1'-acylamidospiro(cyclohexane-1,2'-indan)-4-ols [27] obtained in step (5)
      stand for from about 3 to about 10 hours in an amine base (e.g.,
      piperidine) with a lower alkyl sulfonyl halide (e.g., methanesulfonyl
      chloride, yields a corresponding
      1'-acylamidospiro(cyclohexane-1,2'-indan)-4-ol lower alkyl sulfonate [28].
PAR  7. A 1'-acylamidospiro(cyclohexane-1,2'-indan)-4-ol lower alkylsulfonate
      [28] obtained in step (6) and sodium azide in a solvent such as
      dimethylformamide, on heating (at from about 65.degree. to about
      100.degree. C. for from about 4 to about 20 hours), yields a corresponding
      1'-acylamidospiro(cyclohexane-1,2'-indan)-4-ylazide, which on reduction,
      e.g., by reaction with lithium aluminum hydride in a solvent such as
      tetrahydrofuran at room temperature for from about 8 to about 16 hours,
      yields a corresponding 1'-acylamidospiro(cyclohexane-1,2'-indan)-4-amine
      [I(b)] in its free base form, which on extracting with ether and treating
      said extract with an ethereal solution of a suitable acid (e.g.,
      hydrochloric) gives the corresponding acid addition salt form.
PAR  The free base or acid addition salt forms of the
      1'-acylamidospiro(cyclohexane-1,2'-indan)-4-amines [I(b)] obtained in step
      (7) immediately above, are employed as starting materials for preparing a
      variety of derivatives thereof, in the same manner as described above
      using the corresponding 1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amines
      [I(b)] as starting compounds set forth in (a) through (e) following step
      (6) of the synthesis of said 1'-hydroxyspiro compounds [I(b)]. By
      utilizing the aforesaid procedures, compounds such as the following are
      obtained:
PAR  a. 1'-acylamido-1-[spiro(cyclohexane-1,2'-indan)-4-yl]piperidines [I(b)],
      1'-acylamido-1-[spiro(cyclohexane)-1,2'-indan)-4-yl]pyrrolidines [I(b)]
      and 1'-acylamido-1-[spiro(cyclohexane-1,2'-indan)-4-yl]hexamethyleneimines
      [I(b)];
PAR  b. 4-[(1'-acylamidospiro[cyclohexane-1,2'-indan]-4-yl)aminoalkanophenones
      [I(b)] and acid addition salts thereof;
PAR  c. lower alkyl-1'-acylamidospiro(cyclohexane-1,2'-indane)-4-carbamates
      [I(b)];
PAR  d. 1'-acylamidospiro(cyclohexane-1,2'-indan)-4-yl-N-lower alkylamines
      [I(b)]; and
PAR  e. 4-[1'-acylamidospiro(cyclohexane-1,2'-indan)-4-yl-N-lower
      alkylamino]alkanophenones [I(b)], and acid addition salts thereof.
PAR  The free base or acid addition salt of a
      5'-acylamidospiro(cyclohexane-1,2'-indan)-4-amine [I(b)], also named an
      N-[4-aminospiro[cyclohexane-1,2'-indan]-5'-yl]acylamide [I(b)], is
      prepared from a spiro(cyclohexane-1,2'-indan)-4-one [11] starting
      compound, by employing the procedures that follow.
PAR  1. A spiro(cyclohexane-1,2'-indan)-4-one [11] [prepared  as above in step
      (10) of the first process for producing the compounds of Process B] in the
      cold (at about 0.degree. C.) in trifluoroacetic acid, has nitric acid
      added thereto and the low temperature maintained for from about 1 to about
      4 hours, to yield a corresponding
      5'-nitrospiro(cyclohexane-1,2'-indan)-4-one [29] .
PAR  2. A 5'-nitrospiro(cyclohexane-1,2'-indan)-4-one [29] produced in step (1)
      is catalytically reduced (e.g., with hydrogen in the presence of palladium
      on carbon, in a solvent such as ethyl acetate), to give a corresponding
      5'-aminospiro(cyclohexane-1,2'-indan)-4-one [30] .
PAR  3. A 5'-aminospiro(cyclohexane-1,2'-indan)-4-one [30] prepared in step (2)
      is treated in the cold (at about 0.degree. C.) with an amine base such as
      pyridine and the anhydride of a hydrocarbon carboxylic acid (e.g., acetic
      anhydride) for from about 3 to about 8 hours, to give a corresponding
      5'-acylamidospiro(cyclohexane-1,2'-indan)-4-one [31] .
PAR  4. A 5'-acylamidospiro(cyclohexane-1,2'-indan)-4-one [31] prepared in step
      (3) has its 4-keto function reduced, e.g., by reacting said compound with
      sodium borohydride in a solvent such as isopropanol at moderate (room)
      temperature for from about 3 to about 10 hours, to give a corresponding
      5'-acylamidospiro(cyclohexane-1,2'-indan)-4-ol [32] .
PAR  Using a thus produced 5'-acylamidospiro(cyclohexane-1,2'-indan)-4-ol [32]
      as starting material and employing the procedures described in steps (6)
      and (7) and (a) through (e), above, for preparing the corresponding
      1'acylamido compounds, yields 5'-acylamido counterparts such as
PAR  6. 5'-acylamidospiro(cyclohexane-1,2'-indan)-4-ol lower alkyl sulfonates
      [33] ;
PAR  7. 5'-acylamidospiro(cyclohexane-1,2'-indan)-4-ylazides [34] and
      5'-acylamidospiro(cyclohexane-1,2'-indan)-4-amines [I(b)] (as free base or
      acid addition salt);
PAR  a. 5'-acylamido-1-[spiro(cyclohexane-1,2'-indan)-4-yl]piperidines [I(b)],
      5'-acylamido-1-[spiro(cyclohexane-1,2'-indan)-4-yl]pyrrolidines [I(b)] and
      5'-acylamido-1-[spiro(cyclohexane-1,2'-indan)-4-yl]hexamethyleneimines
      [I(b)];
PAR  b. 4-[[5'-acylamidospiro[cyclohexane-1,2'-indan]-4-yl]amino]alkanophenones
      [I(b)] and acid addition salts thereof;
PAR  c. lower alkyl-5'-acylamidospiro(cyclohexane-1,2'-indan)-4-carbamates
      [I(b)];
PAR  d. 5'-acylamidospiro(cyclohexane-1,2'-indan)-4-yl-N-lower alkylamines
      [I(b)]; and
PAR  e. 4-[5'-acylamidospiro[cyclohexane-1,2'-indan)-4-yl-N-lower
      alkylamino]alkanophenones [I(b)], and acid addition salts thereof.
PAR  The unsubstituted or substituted spiro(cyclohexane-1,2'-indan)-1'4-dione
      alkylene ketals [9][prepared as in step (8) of the first process for
      producing the compounds of Process B] can be employed as starting
      materials for preparing a variety of
      1'-exomethylenespiro(cyclohexane-1,2'-indan) compounds by the procedures
      that follow.
PAR  1. A spiro(cyclohexane-1,2'-indan)-1'4-dione-4-alkylene ketal (9) in a
      solvent such as tetrahydrofuran, on addition to a methyl magnesium halide
      (such as methyl magnesium bromide) in a solvent such as ether, after
      standing at moderate (room) temperature for from about 6 to about 24
      hours, gives a corresponding
      1'-hydroxy-1'-methyl-spiro(cyclohexane-1,2'-indan)-4-one alkylene ketal
      [40] .
PAR  2. A 1'-hydroxy-1'-methylspiro(cyclohexane-1,2'-indan)-4-one alkylene ketal
      [40] produced in step (1), on stirring with an acid (such as hydrochloric)
      in a solvent (such as acetone) at room temperature for from about 4 to
      about 20 hours, yields a corresponding
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-one [41 .
PAR  3. A 1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-one [41] prepared in
      step (2) has its 4-keto function reduced, e.g., by stirring said compound
      (in a solvent such as isopropanol with sodium borohydride at moderate
      (room) temperature for from about 2 to about 10 hours, to give a
      corresponding 1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-ol[42] .
PAR  4. Letting stand (preferably in the cold for from about 4 to about 20
      hours) a mixture of a 1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-ol
      [42] obtained in step (3) in an amine base (such as pyridine) and a lower
      alkyl sulfonyl halide (such as methanesulfonyl chloride), yields a
      corresponding 1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-ol lower
      alkyl sulfonate [43] .
PAR  5. A 1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-ol lower
      alkylsulfonate [43] obtained in step (4) and sodium azide in a solvent
      such as dimethylformamide, on heating at from about 65.degree. to about
      100.degree.C. for from about 4 to about 20 hours, gives a corresponding
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-ylazide [44], which on
      reduction, e.g., with lithium aluminum hydride in a solvent such as
      tetrahydrofuran at room temperature for from about 4 to about 16 hours,
      yields a corresponding
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-amine [I(b)] in its free
      base form, which on extracting with ether and treating said extract with
      an ethereal solution of a suitable acid (e.g., hydrochloric), gives the
      corresponding acid addition salt form.
PAR  The free base or acid addition salt forms of 1'-exo
      methylenespiro(cyclohexane-1,2'-indan)-4-amines [I(b)] obtained in step
      (5) immediately above, are employed as starting materials for preparing a
      variety of derivatives thereof, in the same manner as described above
      using the corresponding 1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amines
      [I(b)] as starting compounds set forth in (a) through (e) following step
      (6) of the synthesis of said 1'-hydroxyspiro compounds [I(b)]. By
      following the aforesaid procedures, there are obtained 1'-exo-methylene
      counterparts such as
PAR  a. 1'-exo-methylenespiro(cyclohexane-1,2'-indan)-piperidines [I(b)],
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)pyrrolidines [I(b) ] and
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)hexamethyleneimines [I(b)];
PAR  b. alkanophenones of 1'-exo-methylenespiro(cyclohexane-1,2'-indan-4-amine
      [I(b)], also names
      4-[[1'-methylenespiro(cyclohexan-1,2'-indan)-4-yl]amino]alkanophenones
      [I(b)], and acid additon salts thereof;
PAR  c. lower alkyl 1'-exo-methylenespiro(cyclohexane-1,2'-indane)-4-carbamates
      [I(b)];
PAR  d. 1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-yl-N-lower alkylamines
      [I(b)]; and
PAR  e. 4-[1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-yl-N-lower
      alkylamino]alkanophenones [I(b)] and acid addition salts thereof.
PAC  Process C
PAR  The following sequence of formulae illustratively represents procedures for
      the preparation of compounds of Formula I(c).
      ##SPC18##
PAL  wherein Ar, n, --N , R, X and Z have the same meaning as in Process A,
      above.
PAR  The compounds embraced by Formula I(c) of the flow-sheet designated Process
      C, above, are prepared by the procedures indicated therein, employing the
      methods and reactions described below.
PAR  1. The first step of the process comprises reducing a 4-benzyl (or
      substituted benzyl)-4-carboalkoxy-1-cyclohexanone alkylene ketal [5]
      [prepared as above in step (4) of the first process for producing the
      compounds of Process B], for example, by reacting it in a solvent such as
      tetrahydrofuran with lithium aluminum hydride and heating the reaction
      mixture (at reflux) for from about 3 to about 8 hours, to give a
      corresponding 4-benzyl (or substituted
      benzyl)-4-hydroxymethylcyclohexan-1-one alkylene ketal (1).
PAR  2. A 4-benzyl (or substituted benzyl)-4-hydroxymethyl-cyclohexan-1-one
      alkylene ketal (1) obtained in step (1) in an amine base (such as
      pyridine) on standing in the cold with a lower alkyl sulfonyl halide (such
      as methanesulfonyl chloride), yields a corresponding 4-benzyl (or
      substituted benzyl)-4-hydroxymethylcyclohexan-1-one, alkylene ketal, lower
      alkyl sulfonate (2).
PAR  3. A 4-benzyl (or substituted benzyl)-4-hydroxymethylcyclohexan-1-one,
      alkylene ketal lower alkyl sulfonate (2) prepared in step (2) on heating
      for from about 10 to about 18 hours at from about 100.degree. to about
      165.degree. C. with potassium cyanide in a solvent such as
      hexamethylphosphoramide, yields a corresponding
      4-benzyl-4-cyanomethylcyclohexan-1-one alkylene ketal (3).
PAR  4. A thus produced 4-benzyl-4-cyanomethylcyclohexan-1-one alkylene ketal
      (3) obtained in step (3) on saponification, e.g., by heating it with an
      alkali metal hydroxide (such as potassium hydroxide) in a solvent such as
      an alkalene glycol (e.g., ethylene glycol) for from about 8 to about 18
      hours, gives a corresponding 4-benzylcyclohexan-4-acetic acid-1-one
      alkylene ketal (4).
PAR  5. A 4-benzylcyclohexane-4-acetic acid-1-one alkylene ketal (4) prepared in
      step (4) is deketalized, e.g., by stirring it with a dilute aqueous acid
      (e.g., hydrochloric) in acetone at moderate (room) temperature for from
      about 36 to about 72 hours, to give a corresponding
      4-benzylcyclohexan-4-acetic acid-1-one (5).
PAR  6. A 4-benzylcyclohexane-4-acetic acid-1-one (5) prepared in step (5) is
      cyclized, e.g., by allowing it to stand at moderate (room) temperature for
      from about 15 to about 80 hours with liquid hydrogen fluoride, to yield a
      corresponding
      3',4'-dihydroxpiro[cyclohexane-1,2'(1'H)-naphthalene]-4',4-dione (6).
PAR  7. A 3', 4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4', 4-dione (6)
      obtained in step (6) is monoketalized at the non-conjugated least hindered
      carbonyl function, e.g., by heating (at reflux) in a solvent such as
      benzene with an alkylene glycol (in the presence of a catalyst such as
      p-toluenesulfonic acid), to yield a corresponding 3', 4',
      -dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4',4 -dione, 4-(ethylene
      ketal) (7).
PAR  8. A 3',4 '-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4',4 -dione,
      4-(ethylene ketal) (7) prepared in step (7) is reduced at the 1'-position,
      e.g., by heating (at reflux) for from about 1/2 to about 3 hours with
      hydrazine hydrate and a base (e.g., potassium hydroxide) in a solvent such
      as an alkylene glycol (e.g., ethylene glycol), to give a corresponding
      3',4 '-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-one, ethylene
      ketal (8).
PAR  9. In this step, a
      3',4'4'-dihydrospiro[cyclohexane-1,2'-(1'H)-naphthalen]-4-one, ethylene
      ketal (8) obtained in step (8) has its ketal protective group removed by
      hydrolysis, e.g., by heating it (at reflux) for from about 8 to about 20
      hours with an acid (such as hydrochloric) in a solvent (such as acetone),
      to yield a corresponding
      3',4'4'-dihydrospiro[cyclohexane-1,2'(1'H)-napththalen]-4-one (9).
PAR  10. A 3',4 '-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-one produced,
      e.g., by mixing said compound in a solvent such as isopropanol with sodium
      borohydride at moderate (room) temperature, to give a corresponding 3'
      ,4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ol (10).
PAR  11. A 3',4 '-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ol obtained
      in step (10) on standing in the cold (at about 0.degree. C.) for from
      about 3 to about 6 hours in an amine base (e.g., pyridine) with a lower
      alkyl sulfonyl halide (e.g., methanesulfonyl chloride), gives a
      corresponding 3',4 '-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ol
      lower alkyl sulfonate (11).
PAR  12. A 3',4 '-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ol lower
      alkyl sulfonate prepared in step (11) and sodium azide in a solvent such
      as dimethylformamide, on heating (at from about 65.degree. to about
      100.degree. C. for from about 4 to about 20 hours); yields a corresponding
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylazide, which on
      reaction with lithium aluminum hydride in a solvent such as
      tetrahydrofuran at moderate (room) temperature for from about3 to about 10
      hours, yields a corresponding 3',4
      '-dihydrospiro(cyclohexane-1,2'(1'H)-naphthalen)-4-ylamine [I(c)] in its
      free base form. On treating an ether extract of a thus produced compound
      with an ethereal solution of a suitable (pharmacologically acceptable)
      acid, its acid addition salt form is obtained.
PAR  The free base or acid addition salt forms of the 3',4
      '-dihydrospirol[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamines [I(c)]
      obtained as in step (12), above, are employed as starting materials for
      producing a variety of derivatives thereof, for example, in accordance
      with the methods described in (a) through (e) that follow.
PAR  a. Heating (e.g., under reflux for from about 8 to about 24 hours) a 3',4
      '-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine [I(c)] obtained
      in step (12) with a dihaloalkane, gives a corresponding (1-single ring
      nitrogen containing heterocyclo)-3',4
      '-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl [I(c)], which on
      dissolving in ether and treating with an ethereal solution of an
      appropriate acid, yields the corresponding acid addition salt. For
      example, heating a 3',4
      '-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine [I(c) ] with
      1,5-diiodopentane, 1,4-dibromobutane or 1,6-diiododhexane, yields,
      respectively, a corresponding 1-[3',4
      '-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl]piperidine [I(c)], a
      1-[3',4 '-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl]pyrrolidine
      [I(c)]  or a 1-[3',4
      '-dihydrospiro(cyclohexane-1,2'(1'H)-naphthalen)-4-yl[hexamethyleneimine
      [I(c)], which can be converted to their acid addition salts in the manner
      described in the immediately preceding sentence.
PAR  b. The production of a compound selected from the group consisting of the
      free bases and acid addition salts of a
      4-[(3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl)amino]alkano
     phenone of the formula
      ##SPC19##
PAL  wherein Ar, n and Z have the same meaning as above, comprises reacting (in
      the presence of an alkali metal iodide and an alkali metal carbonate) a
      corresponding compound obtained as in step (12) selected from the group
      consisting of the free bases and acid addition salts of a compound of the
      formula
      ##SPC20##
PAL  wherein Z has the same meaning as above, with the corresponding compound of
      the formula
      ##SPC21##
PAL  wherein Ar, R and n have the same meaning as above and X is selected from
      the group consisting of chlorine and bromine, followed by hydrolyzing
      (i.e., deketalizing) a thus produced compound, e.g., with aqueous acid in
      an alkanol.
PAR  c. Reacting a
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine [I(c)]
      obtained as in step (12), in pyridine in the cold with a lower alkyl
      haloformate (e.g., ethyl chloroformate, methyl bromoformate, propyl
      chloroformate or isopropyl bromoformate), yields a corresponding lower
      alkyl 3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4-carbamate of
      the formula
      ##SPC22##
PAL  wherein R and Z have the same meaning as above.
PAR  d. A lower alkyl
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4-carbamate [I(c)],
      prepared as in (c) immediately above, is reduced, e.g., by heating it in a
      solvent such as tetrahydrofuran (under reflux for from about 6 to about 24
      hours) with lithium aluminum hydride, to yield a corresponding
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl-N-methylamine
      [I(c)], which on dissolving in ether and treating with an ethereal
      solution of an appropriate acid gives a corresponding acid addition salt
      thereof.
PAR  e. Following the procedure of (b), above, but substituting as starting
      material the free base or acid addition salt of a
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl-N-methylamino
      [I(c)], obtained as in (d) immediately above, yields a corresponding
      4-[(3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-2 through
      5-yl-N-methylamino]alkanophenone [I(c)], or an acid addition salt thereof.
PAR  All of the compounds included within Formula I (a, b and c) of the
      flow-sheets, above, can be isolated from their respective reaction
      mixtures by conventional means, for example, when a water-miscible solvent
      is used, by pouring the reaction mixture into water rand separating the
      resulting precipitate by filtration or by extraction with water-immiscible
      solvents. Additional purification of the products can be accomplished by
      conventional means, for example, by elution chromatography from an
      adsorbent column with a suitable solvent such as acetone, ethyl acetate,
      ether, methylene chloride and Skellysolve B (hexanes), mixtures and
      combinations of these solvents; also by gradient elution chromatography
      from an adsorbent column with a suitable mixture of solvents, such as,
      methylene chloride-Skellysolve B, acetone-Skellysolve B, and the like.
PAR  The free bases and acid addition salts of the novel compounds of Formula I
      are useful as central nervous system (CNS) depressants when administered
      to humans and animals. They possess tranquilizing activity and are
      consequently useful in humans for controlling anxiety and schizophrenia;
      in animals the aforesaid compounds are useful for their calming effects
      and can be given to reduce aggressive behavior. These compounds have been
      shown to possess CNS depressing activity (especially tranquilizing
      activity) via the loss of righting reflex, traction, chimney, dish and
      pedestal tests carried out in the manner described by Boissier et al. in
      Medicina Experimentalis 4, 145 (1961).
PAR  Tranquilizing effects of compounds of this invention are shown by the
      following tests in mice:
PAR  Chimney test: [Med. Exp. 4, 145 (1961)]: The test determines the ability of
      mice to back up and out of a verticle glass cylinder within 30 seconds. At
      the effective dosage, 50 percent of the mice failed doing it.
PAR  Dish test: Mice in Petri dishes (10 cm. diameter, 5 cm. high, partially
      embedded in wood shavings), climb out in a very short time, when not
      treated. Mice remaining in the dish for more than 3 minutes indicates
      tranquilization. ED.sub.50 equals the dose of test compound at which 50
      percent of the mice remain in the dish.
PAR  Pedestal test: The untreated mouse leaves a standard pedestal in less than
      a minute to climb back to the floor of the standard mouse box.
      Tranquilized mice will stay on the pedestal for more than 1 minute.
PAR  Nicotine antagonism test: Mice in a group of 6 are injected with the test
      compound. Thirty minutes later the mice including control (untreated) mice
      are injected with nicotine salicylate (2 mg./kg.). The control mice show
      overstimulation, i.e., (1) running convulsions followed by (2) tonic
      extensor fits; followed by (3) death.
PAR  The following compounds typical of this invention have (by intraperitoneal
      injection) ED.sub.50 as shown in the table below.
TBL  ______________________________________                                    

                      ED.sub.50 (in mg./kg.)                                   

     COMPOUND           Ch      D       P     Ni                               

     ______________________________________                                    

     4'-fluoro-4-[(3',4'-dihydro-                                              

     spiro[cyclohexane-1,1'(2'H)-                                              

     naphthalen]-4-yl)amino]butyro-                                            

     phenone hydrochloride [I(a)]                                              

                        25      10      16    5                                

     4'-fluoro-4-[methyl(spiro-                                                

     [cyclohexane-1,2'-indan)-4-                                               

     yl)amino] butyrophenone hydro-                                            

     chloride [I(b)]    16      3.6      9    4                                

     4'-fluoro-4-[(3',4'-dihydro-                                              

     spiro[cyclohexane-1,2'(1'H)-                                              

     naphthalen]-4-yl)amino]butyro-                                            

     phenone hydrochloride [I(c)]                                              

                        9.9     9.9     12.5  7                                

     ______________________________________                                    

      Ch = chimney test                                                        

      D = dish test                                                            

      P = pedestal test                                                        

      Ni = nicotine antagonism (3) test                                        

PAR  As tranquilizers, the compounds of Formula I (a, b and c) and their
      pharmacologically acceptable acid addition salts can be prepared and
      administered to humans, mammals, birds and animals in a wide variety of
      oral or parenteral dosage forms, singly or in admixture with other
      coacting compounds, in doses of from about 10 mg. to about 100 mg./kg.,
      depending on the severity of the condition being treated and the
      recipient's response to the medication.
PAR  The free bases and pharmacologically acceptable acid addition salts of the
      compounds of Formula I (a, b and c) are also useful in lowering blood
      pressure when administered to humans and animals. This activity makes them
      useful in the treatment of essential hypertension. These compounds have
      been shown to possess hypotensive activity when tested in the manner
      described by Weeks and Jones, in Proc. Soc. Exp. Biol. and Med. 104, 646
      (1960). The following compounds typical of this invention have (by oral
      administration to rats) MED.sub.100 (minimal effective dose) as shown in
      the table below.
TBL  ______________________________________                                    

     COMPOUND             MED.sub.100 (in mg./kg.)                             

     ______________________________________                                    

     4'-fluoro-4-[(spiro[cyclohexane                                           

     1,2'-indan]-4-yl)amino]butyro-                                            

     phenone hydrochloride [I(b)]                                              

                          50                                                   

     4'-fluoro-4-[[1'-hydroxyspiro-                                            

     [cyclohexane-1,2'-indan]-4-yl]-                                           

     amino]butyrophenone hydrochloride                                         

     [I(b)]               50                                                   

     ______________________________________                                    

PAR  As hypotensives, the compounds of Formula I (a, b and c) and their
      pharmacologically acceptable acid addition salts can be prepared and
      administered to humans, mammals, birds and animals in a wide variety of
      oral or parenteral dosage forms, singly or in admixture with other
      coacting compounds in doses of from about 10 mg. to about 100 mg./kg.,
      depending on the severity of the condition being treated and the
      recipient's response to the medication.
PAR  The compounds of Formula I (a, b and c) (used as tranquilizers and/or
      hypotensives) can be administered with a pharmaceutical carrier which can
      be solid material or a liquid in which the compound is dissolved,
      dispersed or suspended. The solid compositions can take the form of
      tablets, powders, capsules, pills or the like, preferably in unit dosage
      forms for simple administration or precise dosages. The liquid
      compositions can take the form of solutions, emulsions, suspensions,
      syrups, or elixirs.
DETD
PAC  DETAILED DESCRIPTION
PAR  The following examples are illustrative of the manner of making and using
      the invention and set forth the best mode comtemplated by the inventor of
      carrying out his invention, but are not to be construed as limiting the
      scope thereof, as obvious modifications and equivalents will be apparent
      to those skilled in the art, and the invention is therefore to be limited
      only by the scope of the appended claims.
PAC  EXAMPLE 1A
PAR  4-Cyano-4-phenylcyclohexano(b)
PAR  To an ice and methanol cooled solution of 4 g. (0.0205 M) of
      4-cyano-4-phenylcyclohexanone (a) (prepared as in J. Chem. Soc. 1959,
      1446) in 150 ml. of tetrahydrofuran, a suspension of 1 g. of sodium
      borohydride in 50 ml. of tetrahydrofuran is added in 5 ml. portions in
      the course of about 10 minutes. The mixture is stirred for about 30
      minutes and allowed to stand in the cold for about 18 hours. The bulk of
      the solvent is removed under vacuum and the residue treated with water.
      The precipitate is extracted with ether and the organic fraction washed
      successively with 2.5 N hydrochloric acid solution, saturated aqueous
      sodium bicarbonate, water and brine and then evaporated to dryness. The
      residue is recrystallized with benzene to give 1.81 g. (43.8% yield) of
      4-cyano-4-phenylcyclohexanol (b) melting at 103.degree. to 111.degree. C.
PAR  Anal. Calcd. for C.sub.13 H.sub.15 NO: C, 77.58; H, 7.51; N, 6.96
PAR  Found: C, 77.98; H, 7.34; N, 6.58.
PAR  Following the procedure of Example 1A but substituting other
      4-cyano-4-phenylcyclohexanones (a) as starting materials, such as
PA1  1. 4-cyano-4-(4-bromophenyl)cyclohexanone(a),
PA1  2. 4-cyano-4-(3-fluorophenyl)cyclohexanone(a),
PA1  3. 4-cyano-4-(3-methylphenyl)cyclohexanone(a),
PA1  4. 4-cyano-4-(2-propylphenyl)cyclohexanone(a),
PA1  5. 4-cyano-4-(4-ethoxyphenyl)cyclohexanone(a),
PA1  6. 4-cyano-4-(3-aminophenyl)cyclohexanone(a),
PA1  7. 4-cyano-4-(4-methylaminophenyl)cyclohexanone(a),
PA1  8. 4-cyano-4-(5-ethylaminophenyl)cyclohexanone(a),
PA1  9. 4-cyano-4-(2-aceylamidophenyl)cyclohexanone(a), and the like,
PAL  yields, respectively,
PA1  1. 4-cyano-4-(4-bromophenyl)cyclohexanol(b),
PA1  2. 4-cyano-4-(3-fluorophenyl)cyclohexanol(b),
PA1  3. 4-cyano-4-(3-methylphenyl)cyclohexanol(b),
PA1  4. 4-cyano-4-(2-propylphenyl)cyclohexanol(b),
PA1  5. 4-cyano-4-(4-ethoxyphenyl)cyclohexanol(b),
PA1  6. 4-cyano-4-(3-aminophenyl)cyclohexanol(b),
PA1  7. 4-cyano-4-(4-methylaminophenyl)cyclohexanol(b),
PA1  8. 4-cyano-4-(5-ethylaminophenyl)cyclohexanol(b),
PA1  9. 4-cyano-4-(2-acetylamidophenyl)cyclohexanol(b), and the like.
PAC  EXAMPLE 2A
PAR  4-Hydroxy-1-phenyl-1-cyclohexanecarboxaldehyde(c)
PAR  A solution of 2 g. (0.01 M) of 2 g. of 4-cyano-4-phenylcyclohexanol(b)
      (obtained as in Example 1A) in tetrahydrofuran is added to a suspension of
      0.52 g. (0.015 M) of lithium aluminum hydride in 10 ml. of
      tetrahydrofuran. The mixture is stirred at room temperature for about 15
      minutes, at reflux for about 1 hours, and then cooled in an ice bath. To
      it is added successively 0.52 ml. of water, 0.52 ml. of 15% aqueous sodium
      hydroxide solution and 1.56 ml. of water. The precipitated inorganic gel
      is collected on a filter, washed twice with ether and the combined
      filtrates evaporated to dryness. The residue is treated with 20 ml. of 1:1
      acetic acid:water and 2 drops of concentrated sulfuric acid and heated on
      a steam bath for about 30 minutes. The mixture is cooled to room
      temperature, extracted thoroughly with methylene chloride, the combined
      extracts washed successively with water, saturated aqueous sodium
      bicarbonate solution and brine and then evaporated to dryness. The
      residual product, 1.37 g. (66% yield) of
      4-hydroxy-1-phenyl-1-cyclohexanecarboxaldehyde(c) has a melting point of
      74.degree. to 76.degree. C.
PAR  Anal. Calcd. for C.sub.13 H.sub.16 O.sub.2 : C, 76.44; H, 7.90. l.
PAR  Found: C, 76.06; H, 7.84.
PAR  Following the procedure of Example 2A but substituting other
      4-cyano-4-phenylcyclohexanols(b) as starting materials, such as
PA1  1. 4-cyano-4-(5-chlorophenyl)cyclohexanol(b),
PA1  2. 4-cyano-4-(4-ethylphenyl)cyclohexanol(b),
PA1  3. 4-cyano-4-(3-propoxyphenyl)cyclohexanol(b),
PA1  4. 4-cyano-4-(5-isopropylaminophenyl)cyclohexanol(b),
PA1  5. 4-cyano-4-(4-propionylamidophenyl)cyclohexanol(b), and the like,
PAL  yields, respectively,
PA1  1. 4-hydroxy-1-(5-chlorophenyl)-1-cyclohexanecarboxaldehyde(c),
PA1  2. 4-hydroxy-1-(4-ethylphenyl)-1-cyclohexanecarboxaldehyde(c),
PA1  3. 4-hydroxy-1-(3-propoxyphenyl)-1-cyclohexanecarboxaldehyde(c),
PA1  4. 4-hydroxy-1-(5-isopropylaminophenyl)-1-cyclohexanecarboxaldehyde(c),
PA1  5. 4-hydroxy-1-(4-propionylamidophenyl-1-cyclohexanecarboxaldehyde(c),
PAL  and the like.
PAC  EXAMPLE 3A
PAR  Ethyl-4-hydroxy-1-phenylcyclohexaneacrylate(f)
PAR  1. To a partial solution of 3.51 g. (0.017 M) of
      4-hydroxy-1-phenyl-1-cyclohexanecarboxaldehyde(c) (obtained as in Example
      2A) in 35 ml. of ether, 2 g. of dihydropyan and 0.11 g. of p-
      toluenesulfonic acid is added. After stirring for a short time at room
      temperature, complete solution is attained. The reaction mixture after
      standing at room temperature for about 4 hours is washed first with
      saturated aqueous sodium bicarbonate solution then with brine and
      evaporated to dryness. The residue is recrystallized once from petroleum
      ether to give 4.53 g. of 4-hydroxy-1-phenyl-1-cyclohexanecarboxaldehyde
      pyranyl ether (d), having a melting point of 43.5.degree. to 54.degree. C.
PAR  2. A solution of 3.52 g. (0.158M) of triethyl phosphonacetate in 45 ml. of
      tetrahydrofuran is prepared and 0.67 g. of 56% sodium hydride added. The
      mixture is stirred at room temperature for about 30 minutes and a solution
      of (0.158M) of the 4-hydroxy-1-phenyl-1-cyclohexanecarboxaldehyde pyranyl
      ether (d) [prepared as in (1), above], in 45 ml. of tetrahydrofuran added.
      Following about 4 hours of heating at reflux and about 15 hours of
      standing at room temperature, most of the solvent is removed under vacuum
      and the residue taken up in ether and water. The organic layer is washed
      with water and brine and then evaporated to dryness to give
      methyl-4-hydroxy-1-phenylcyclohexaneacrylate tetrahydropyranyl ether (e).
PAR  3. A solution of the methyl-4-hydroxy-1-phenylcyclohexaneacrylate
      tetrahydropyranyl ether (e) [prepared as in (2), above,] in 75 ml. of
      methanol and 7.5 ml. of 2.5 N hydrochloric acid is stirred at room
      temperature for about 1 hour and then most of the methanol removed under
      vacuum. The residue is dissolved in ether and water and the organic layer
      washed successively with water, saturated aqueous sodium bicarbonate
      solution and brine and then evaporated to dryness. The residue is
      chromatographed on a column of 500 g. of silica gel (silicic acid) with
      elution first by 5.5 l. of methylene chloride, then 20% ethyl
      acetate:methylene chloride. The more polar fractions found similar by thin
      layer chromatography (TLC) are combined to yield 3.5 g. (80% yield) of
      ethyl-4-hydroxy-1-phenylcyclohexaneacrylate(f) as a gum.
PAR  Following the procedure of Example 3A but substituting other
      4-hydroxy-1-phenyl-1-cyclohexanecarboxaldehydes(c) as starting materials,
      such as
PA1  1. 4-hydroxy-1-(3-bromophenyl)-1-cyclohexanecarboxaldehyde(c),
PA1  2. 4-hydroxy-1-(4-propylphenyl)-1-cyclohexanecarboxaldehyde(c),
PA1  3. 4-hydroxy-1-(5-ethoxyphenyl)-1-cyclohexanecarboxaldehyde(c),
PA1  4. 4-hydroxy-1-(3-methylaminophenyl)-1-cyclohexanecarboxaldehyde(c),
PA1  5. 4-hydroxy-1-(2-formylamidophenyl-1-cyclohexanecarboxaldehyde(c), and the
      like,
PAL  yields, respectively,
PA1  1. ethyl-4-hydroxy-1-(3-bromophenyl)cyclohexaneacrylate(f),
PA1  2. ethyl-4-hydroxy-1-(4-propylphenyl)cyclohexaneacrylate(f),
PA1  3. ethyl-4-hydroxy-1-(5-ethoxyphenyl)cyclohexaneacrylate(f),
PA1  4. ethyl-4-hydroxy-1-(3-methylaminophenyl)cyclohexaneacrylate(f),
PA1  5. ethyl-4-hydroxy-1-(2-formylamidophenyl)cyclohexaneacrylate(f), and the
      like.
PAC  EXAMPLE 4A
PAR  Ethyl-4-hydroxy-1-phenylcyclohexane-3-propionate(g)
PAR  A mixture of 3.5 g. (0.0128 M) of ethyl-4-hydroxy-
      1-phenylcyclohexaneacrylate(f) (prepared in Example 3A), 150 ml. of ethyl
      acetate and 0.4 g. of palladium on carbon catalyst is hydrogenated until
      the theoretical amount of hydrogen is consumed. The catalyst is collected
      on a filter and the filtrate evaporated to dryness to give 3.36 g. (95%
      yield) of ethyl-4-hydroxy-1-phenylcyclohexane-3-propionate(g) as a gum.
PAR  Following the procedure of Example 4A but substituting other
      alkyl-4-hydroxy-1-phenylcyclohexaneacrylates(f) as starting materials,
      such as
PA1  1. methyl-4-hydroxy-1-(2-chlorophenyl)cyclohexaneacrylate(f),
PA1  2. propyl-4-hydroxy-1-(3-methoxyphenyl)cyclohexaneacrylate(f),
PA1  3. methyl-4-hydroxy-1-(5-ethylaminophenyl)cyclohexaneacrylate(f),
PA1  4. ethyl-4-hydroxy-1-(4-acetylamidophenyl)cyclohexaneacrylate(f), and the
      like,
PAL  yields, respectively,
PA1  1. methyl-4-hydroxy-1-(2-chlorophenyl)cyclohexane-3-propionate(g),
PA1  2. propyl-4-hydroxy-1-(3-methoxyphenyl)cyclohexane-3-propionate(g),
PA1  3. methyl-4-hydroxy-1-(5-ethylaminophenyl)cyclohexane-3-propionate(g),
PA1  4. ethyl-4-hydroxy-1-(4-acetylamidophenyl)cyclohexane-3-propionate(g), and
      the like.
PAC  EXAMPLE 5A
PAR  4-Hydroxy-1-phenylcyclohexane-3-propionic acid (h)
PAR  A solution of 0.68 g. (0.0025 M) of
      ethyl-4-hydroxy-1-phencyclohexane-3-propionate(g) (obtained in Example 4A)
      and 1 ml. of 50% sodium hydroxide in 10 ml. of methanol is heated at
      reflux for about 20 hours. Most of the solvent is removed under vacuum and
      the residue dissolved in water. The aqueous solution is washed with ether
      and made acidic with concentrated hydrochloric acid. A solid precipitate
      is collected on a filter and recrystallized from benzene to give 0.44 g.
      (71% yield) of 4-hydroxy-1-phenylcyclohexane-3-propionic acid (h) having a
      melting point of 153.5.degree. to 155.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.20 O: C, 72.55; H, 8.12.
PAR  Found: C, 72.47; H, 8.05.
PAR  Following the procedure of Example 5A but substituting other
      alkyl-4-hydroxy-1-phenylcyclohexane-3-propionates (g) as starting
      materials, such as
PA1  1. methyl-4-hydroxy-1-(3-fluorophenyl)cyclohexane-3-propionate(g),
PA1  2. isopropyl-4-hydroxy-1-(4-ethoxyphenylcyclohexane-3-propionate(g),
PA1  3. ethyl-4-hydroxy-1-(5-ethylaminophenyl)cyclohexane-3-propionate(g),
PA1  4. propyl-4-hydroxy-1-(4-acetylamidophenyl)cyclohexane-3-propionate(g), and
      the like,
PAL  yields, respectively,
PA1  1. 4-hydroxy-1-(3-fluorophenyl)cyclohexane-3-propionic acid(h),
PA1  2. 4-hydroxy-1-(4-ethoxyphenyl)cyclohexane-3-propionic acid(h),
PA1  3. 4-hydroxy-1-(5-ethylaminophenyl)cyclohexane-3-propionic acid(h),
PA1  4. 4-hydroxy-1-(4-acetylamidophenyl)cyclohexane-3-propionic acid(h), and
      the like.
PAC  EXAMPLE 6A
PAR  4-Oxo-1-phenylcyclohexane-3-propionic acid(i)
PAR  To a mechanically stirred, ice cooled partial solution of 2.36 g. (0.0095
      M) of 4-hydroxy-1-phenylcyclohexane-3-propionic acid(h) (prepared as in
      Example 5A) in acetone, 5 ml. of Jones reagent (chromium trioxide-sulfuric
      acid) is added in the course of about 5 minutes. Most of the solvent is
      removed under vacuum and the residue dissolved in ether and water. The
      organic layer is washed with water and brine, evaporated to dryness and
      the residue recrystallized from methylene chloride: Skellysolve B to give
      2.13 g. (91.2% yield) of 4-oxo-1-phenylcyclohexane-3-propionic acid(i)
      having a melting point of 139.degree. to 140.5.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.18 O.sub.3 : C, 73.14; H, 7.37.
PAR  Found: C, 72.49; H, 7.27.
PAR  Following the procedure of Example 6A but substituting other
      4-hydroxy-1-phenylcyclohexane-3-propionic acids(h) as starting materals,
      such as
PA1  1. 4-hydroxy-1-(3-bromophenyl) cyclohexane-3-propionic acid(h),
PA1  2. 4-hydroxy-1-(3-ethylphenyl)cyclohexane-3-propionic acid(h),
PA1  3. 4-hydroxy-1-(5-methylaminophenyl)cyclohexane-3-propionic acid(h), and
      the like, yields, respectively,
PA1  1. 4-oxo-1-(2-bromophenyl)cyclohexane-3-propionic acid(i),
PA1  2. 4-oxo-1-(3-ethylphenyl)cyclohexane-3-propionic acid(i),
PA1  3. 4-oxo-1-(5-methylaminophenyl)cyclohexane-3-propionic acid(i), and the
      like.
PAC  EXAMPLE 7A
PAR  4-Cyano-4-phenylcyclohexanone, ethylene ketal(j)
PAR  A mixture of 10 g. (0.05 M) of 4-cyano-4-cyano-4-phenylcyclohexanone(a),
      2.85 ml. [3.16 g. (0.51M)] of ethylene glycol and 0.12 g. of
      p-toluenesulfonic acid in 90 ml. of benzene is heated at reflux under a
      Dean-Stark trap for about 6 hours. The solution is allowed to cool and
      then washed successively with sodium bicarbonate solution, water and
      brine. The organic layer is evaporated to dryness and the residue
      recrystallized from cyclohexane to give 11.27 g. (92.7% yield) of
      4-cyano-4-phenylcyclohexanone, ethylene ketal(j), having a melting point
      of 120.degree. to 122.5.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.17 NO.sub.2 : C, 74.05; H, 7.04; N, 5.76
PAR  Found: C, 74.10; H, 6.98; N, 5.77.
PAR  Following the procedure of Example 7A but substituting other
      4-cyano-4-phenylcyclohexanones(a) as starting materials, such as
PA1  1. 4-cyano-4-(4-chlorophenyl)cyclohexanone(a),
PA1  2. 4-cyano-4-(4-methoxyphenyl)cylohexanone(a),
PA1  3. 4-cyano-4-(3-ethylaminophenyl)cyclohexanone(a),
PA1  4. 4-cyano-4-(2-propionylamidophenyl)cyclohexanone(a), and the like,
PAL  yields, respectively,
PA1  1. 4-cyano-4-(4-chlorophenyl)cyclohexanone, ethylene ketal(j),
PA1  2. 4-cyano-4-(4-methoxyphenyl)cyclohexanone, ethylene ketal(j),
PA1  3. 4-cyano-4-(3-ethylaminophenyl)cyclohexanone, ethylene ketal (j),
PA1  4. 4-cyano-4-(2-propionylamidophenyl)cyclohexanone, ethylene ketal(j), and
      the like.
PAC  EXAMPLE 8A
PAR  4-Oxo-1-phenylcyclohexanecarboxaldehyde, 4-ethylene ketal(k)
PAR  To a suspension of 0.16 g. (0.0014 M) of lithium aluminum hydride in 10 ml.
      of tetrahydrofuran, 2 g. (0.0082 M) of 4-cyano-4-phenylcyclohexanone
      ethylene ketal(j) (prepared as in Example 7A) in 100 ml. of
      tetrahydrofuran is added in the course of about 15 minutes. The mixture is
      stirred at room temperature for about 1.75 hours and then cooled in an ice
      bath, and then 0.16 ml. of water, 0.16 ml. of 15% aqueous sodium hydroxide
      solution and 0.48 ml. of water added successively, The inorganic gel is
      collected on a filter, rinsed with ether and the combined filtrates
      evaporated to dryness. The residue in 30 ml. of tetrahydrofuran and 3 ml.
      of 2.5 N hydrochloric acid is stirred at room temperature for about 15
      minutes, treated with 1 g. of sodium bicarbonate and then evaporated to
      dryness under vacuum. Ether is added to the residue, the organic portion
      separated and evaporated to dryness. The residue is chromatographed on
      silica gel, eluted with 1% ethyl acetate: methylene chloride and the more
      polar crystalline fractions combined to yield 0.87 g. (86.4 % of
      theoretical) of 4-oxo-1-phenylcyclohexanecarboxaldehyde, 4-ethylene
      ketal(k), having a melting point of 56.degree. to 64.degree.  C. and
      nuclear magnetic resonance (NMR) and infrared (IR) spectra in agreement
      with the expected structure of the compound.
PAR  Following the procedure of Example 8A but substituting other
      4-cyano-4-phenylcyclohexane ethylene ketals(j) as starting materials, such
      as
PA1  1. 4-cyano-4-(3-fluorophenyl)cyclohexanone, ethylene ketal(j),
PA1  2. 4-cyano-4-(2-ethylphenyl)cyclohexanone, ethylene ketal(j),
PA1  3. 4-cyano-4-(4-propylaminophenylcyclohexanone, ethylene ketal(j),
PA1  4. 4-cyano-4-(5-acetylamidophenyl)cyclohexanone, ethylene ketal(j), and the
      like,
PAL  yields, respectively,
PA1  1. 4-oxo-1-(3-fluorophenyl)cyclohexanecarboxaldehyde, ethylene ketal(k),
PA1  2. 4-oxo-1-(2-ethylphenyl)cyclohexanecarboxaldehyde, ethylene ketal(k),
PA1  3. 4-oxo-1-(4-propylaminophenyl)cyclohexanecarboxaldehyde, ethylene
      ketal(k),
PA1  4. 4-oxo-1-(5-acetylamidophenyl)cyclohexanecarboxaldehyde, ethylene
      ketal(k), and the like.
PAC  EXAMPLE 9A
PAR  Ethyl -4-oxo-1-phenylcyclohexaneacrylate, ethylene ketal(l)
PAR  To a solution of 4.74 g. (0.021 M) of triethyl phosphonoacetate in 60 ml.
      of tetrahydrofuran, 0.89 g. of 57% sodium hydride is added. Following
      about 10 minutes of stirring at room temperature a solution of 5.2 g
      (0.021 M) of 4-oxo-1-phenylcyclohexanecarboxaldehyde 4-ethylene ketal(k)
      (prepared as in Example 8A) in 60 ml. of tetrahydrofuran is added. The
      solution is stirred at reflux for about 4 hours and at room temperature
      for about 18 hours. Most of the solvent is removed under vacuum, and the
      residue dissolved in ether and water. The organic layer is washed with
      water and brine and then evaporated to dryness. The residue is
      chromatographed over a column of 700 ml. of silica gel and eluted, first,
      with 1,600 ml. of Skellysolve B, then with 4 l. of 5% acetone: Skellysolve
      B. The ultraviolet absorbing fractions found to be alike by TLC are
      combined to give 6.38 g. (96% yield) of
      ethyl-4-oxo-1-phenylcyclohexaneacrylate ethylene ketal(l.) as a gum.
PAR  Following the procedure of Example 9A but substituting other
      4-oxo-1-phenylcyclohexanecarboxaldehyde 4-ethylene  ketals(k) as starting
      materials, such as
PA1  1. 4-oxo-1-(2-bromophenyl)cyclohexanecarboxaldehyde, ethylene ketal(k),
PA1  2. 4-oxo-1-(3-ethoxyphenyl)cyclohexanecarboxaldehyde, ethylene ketal(k),
      and the like, yields, respectively,
PA1  1. ethyl-4-oxo-1-(2-bromophenyl)cyclohexaneacrylate, ethylene ketal(1),
PA1  2. ethyl-4-oxo-1-(3-ethoxyphenyl)cyclohexaneacrylate, ethylene ketal(l),
      and the like.
PAC  EXAMPLE 10A
PAR  Ethyl-4-oxo-1-phenylcyclohexane-3-propionate, ethylene ketal(m)
PAR  A mixture of 6.38 g. (0.0202 M) of ethyl-4-oxo-1-phenylcyclohexaneacrylate
      ethylene ketal(l) (obtained in Example 9A), 0.63 g. of 10% palladium on
      carbon catalyst and 150 ml. of ethyl acetate is shaken under an atomsphere
      of hydrogen until the theoretical amount is consumed. The catalyst is
      collected on a filter and the filtrate evaporated to dryness to give 6.38
      g. (about 100% of theoretical yield) of
      ethyl-4-oxo-1-phenylcyclohexane-3-propionate, ethylene ketal(m) as a crude
      oil.
PAR  Following the procedure of Example 10A but substituting other
      alkyl-4-oxo-1-phenylcyclohexaneacrylate ethylene ketals(m) as starting
      materials, such as
PA1  1. ethyl-4-oxo-1-(3-methylphenyl)cyclohexaneacrylate, ethylene ketal(l),
      and the like,
PAL  yields,
PA1  1. ethyl-4-oxo-1-(3-methylphenyl)cyclohexane-3-propionate, ethylene
      ketal(m), and the like.
PAC  EXAMPLE 11A
PAR  4-Oxo-1-phenylcyclohexane-3-propionic acid, ethylene ketal(n)
PAR  A solution of 6.38 g. (0.020 M) of
      ethyl-4-oxo-1-phenylcyclohexane-3-propionate ethylene ketal(m) (obtained
      in Example 10A) and 8 ml. of 50% sodium hydroxide solution in 80 ml. of
      methanol is heated at reflux for about 20 hours. Most of the methanol is
      removed under vacuum, water added to the residue and the latter washed
      with ether. The aqueous layer is then made strongly acidic and the
      material that precipitates is extracted with ether. The combined ether
      extracts are washed with brine and evaporated to dryness to give
      4-oxo-1-phenylcyclohexane-3-propionic acid, ethylene ketal(n).
PAR  Following the procedure of Example 11A but substituting other
      alkyl-4-oxo-1-phenylcyclohexane-3-propionate ethylene ketals(m) as
      starting materials, such as
PA1  1. propyl- 4-oxo-1-(5-ethoxyphenyl)cyclohexane-3-propionate, ethylene
      ketal(m),
PA1  2. methyl-4-oxo-1-(3-acetylamidophenylcyclohexane- 3-propionate, ethylene
      ketal(m), and the like,
PAL  yields, respectively,
PA1  1. 4-oxo-1-(5-ethoxyphenyl)cyclohexane-3-propionic acid, ethylene ketal(n),
PA1  2. 4-oxo-1-(3-acetylamidophenyl)cyclohexane-3-propionic acid, ethylene
      ketal(n), and the like.
PAC  EXAMPLE 12A
PAR  4-Oxo-1-phenylcyclohexane-3-propionic acid(i)
PAR  The 4-oxo-1-phenylcyclohexane-3-propionic acid ethylene ketal(n) obtained
      in Example 11A is dissolved in 50 ml. of acetone and 5 ml. of 2.5 N
      hydrochloric acid and allowed to stand at room temperature for about 48
      hours. The solution is evaporated to near dryness under vacuum and the
      residue dissolved in water and ether. The organic layer is washed with
      water and brine and evaporated to dryness. The residue is recrystallized
      from methylene chloride: Skellysolve B to give 1.7 g. (34.5% yield of
      4-oxo-1-phenylcyclohexane-3-propionic acid(i) having a melting point of
      143.degree. to 144.5.degree. C. This compound is identical to the compound
      prepared in Example 6A.
PAR  Anal. Calcd. for C.sub.15 H.sub.18 O.sub.3 : C, 73.15; H, 7.37
PAR  Found: C, 73.04; H, 7.40.
PAR  Following the procedure of Example 12A but substituting other
      4-oxo-1-phenylcyclohexane-3-propionic acid alkylene ketals(n) as starting
      materials, such as
PA1  1. 4-oxo-1-(3-chlorophenyl)cyclohexane-3-propionic acid, ethylene ketal(n),
PA1  2. 4-oxo-1-(4-isopropylphenyl)cyclohexane-3-propionic acid, ethylene
      ketal(n),
PA1  3. 4-oxo-1-(5-methylaminophenyl)cyclohexane-3-propionic acid, ethylene
      ketal(n), and the like,
PAL  yields, respectively,
PA1  1. 4-oxo-1-(3-chlorophenyl)cyclohexane-3-propionic acid(i),
PA1  2. 4-oxo-1-(4-isopropylphenyl)cyclohexane-3-propionic acid(i),
PA1  3. 4-oxo-1-(5-methylaminophenyl)cyclohexane-3-propionic acid(i), and the
      like.
PAC  EXAMPLE 13A
PAR  Spiro [cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)dione(o)
PAR  To 5 g. (0.0203 M) of 4-oxo-1-phenylcyclohexane-3-propionic acid(i)
      (prepared as in Examples 6A or 12A), 5 ml. of hydrogen fluoride is
      distilled and the solution allowed to stand at room temperature for about
      20 hours. The residue is dissolved in ether, washed successively with
      water, saturated aqueous sodium bicarbonate solution and brine and then
      evaporated to dryness. The residue is recrystallized from ether to give
      0.13 g. (28% of theoretical yield) of
      spiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione(o) having a
      melting point of 145.5.degree. to 148.degree. C.
PAR  Calcd. for C.sub.15 H.sub.16 O.sub.2 : C, 78.23; H, 7.88
PAR  Found: C, 78.39; H, 7.18
PAR  Following the procedure of Example 13A but substituting other
      4-oxo-1-phenylcyclohexane-3-propionic acids(i) as starting materials, such
      as
PA1  1. 4-oxo-1-(3-propylphenyl)cyclohexane-3-propionic acid(i),
PA1  2. 4-oxo-1-(4-ethoxyphenyl)cyclohexane-3-propionic acid(i),
PA1  3. 4-oxo-1-(2-ethylaminophenyl)cyclohexane-3-propionic acid(i),
PA1  4. 4-oxo-1-(3-acetylamidophenyl)cyclohexane-3-propionic acid(i), and the
      like,
PAL  yields, respectively,
PA1  1. 6'-propylspiro[cyclohexane-1,1'(2'H)naphthalene]-4,4'(3'H)-dione(o),
PA1  2. 7'-ethoxyspiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione(o),
PA1  3.
      5'-ethylaminospiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione(o),
PA1  4.
      6'-acetylamidospiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione(o),
      and the like.
PAC  EXAMPLE 14A
PAR  Spiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione,
      4-(2,2-dimethyltrimethylene ketal)(p)
PAR  A solution of 3.19 g. (0.014 M) of
      spiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione(o) (prepared as
      in Example 13A), 1.45 g. (0.014 M) of 2,2-dimethylpropanediol and 0.06 g.
      of p-toluenesulfonic acid in 57 ml. of benzene is heated under a
      Dean-Stark trap for about 5.5 hours. The solution is washed with saturated
      aqueous sodium bicarbonate and brine and then evaporated to dryness. The
      residue is chromatographed over a column of 400 ml. of Florisil (activated
      magnesium silicate) and eluted with 7.5% ethyl acetate; Skellysolve B. The
      crystalline fractions are combined to yield 3.29 g. (75% of theoretical)
      of spiro[cyclohexane-1,1'(2'H)-naphthalene]4,4'(3'H)-dione,
      4-(2,2-dimethyltrimethylene ketal) (p) having a melting point of
      136.degree. to 138.degree. C.
PAR  Anal. Calcd. for C.sub.20 H.sub.26 O.sub.3 : C, 76.40; H, 8.34
PAR  Found: C, 76.49; H, 8.38.
PAR  Following the procedure of Example 14A but substituting other
      spiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'-(3'H)-diones(o) as starting
      materials, such as
PA1  1. 5'-fluorospiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione(o),
PA1  2. 6'-methylspiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione(o),
      and the like,
PAL  yields, respectively,
PA1  1. 5'-fluorospiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione,
      4-(2,2-dimethyltrimethylene ketal)(p),
PA1  2. 6'-methylspiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione,
      4-(2,2-dimethyltrimethylene ketal)(p), and the like.
PAC  EXAMPLE 15A
PAR  3',4'-Dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one,
      2,2-dimethyltrimethylene ketal(q)
PAR  A solution of 3.63 g. (0.0115 M) of
      spiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione,
      4-(2,2-dimethyltrimethylene ketal(p) (prepared as in Example 14A), 1.54
      ml. of hydrazine hydrate and 2.23 g. of potassium hydroxide in 28 ml. of
      ethylene glycol is heated to reflux. Distillate is collected until the pot
      temperature rises to 200.degree. C. and refluxing is continued for about
      18 hours. The mixture is poured into water and a precipitated material is
      extracted with ether. The combined extracts are washed with water and
      brine and then evaporated to dryness. The residue is recrystallized from
      petroleum ether to give 2.39 g. (69.5% yield) of
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalene]-4-one,
      2,2-dimethyltrimethylene ketal(q) having a melting point of 109.degree. to
      111.degree. C.
PAR  Anal. Calcd. for C.sub.20 H.sub.28 O.sub.2 : C, 79.95; H, 9.39
PAR  Found: C, 79.95; H, 9.51.
PAR  Following the procedure of Example 15A but substituting other
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione,
      4-(2,2-dimethyltrimethylene ketals) (p) as starting materials, such as
PA1  1. 5'-fluorospiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione,
      4-(2,2-dimethyltrimethylene ketal)(p),
PA1  2. 6'-nitrospiro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione,
      4-(2,2-dimethyltrimethylene ketal)(p), and the like, yields, respectively,
PA1  1. 5'-fluorospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one,
      2,2-dimethyltrimethylene ketal(q),
PA1  2. 6'-nitrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one,
      2,2-dimethyltrimethylene ketal(q), and the like.
PAC  EXAMPLE 16A
PAR  3',4'-Dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one(r)
PAR  A mixture of 2.39 g. (0.008 M) of
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one,
      2,2-dimethyltrimethylene ketal(q) and 2.4 ml. of 2.5 N hydrochloric acid
      in 24 ml. of acetone is stirred at room temperature for about 6 hours. To
      the reaction mixture, 15 ml. of water is added and most of the acetone
      removed under vacuum. Ether is added to the residue, the organic layer
      washed successively with water, saturated aqueous sodium bicarbonate
      solution and brine and then evaporated to dryness. The residue is
      recrystallized from petroleum ether to give 1.19 g. (70% yield) of
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one(r) having a
      melting point of 115.degree. to 120.degree. C.
PAR  Following the procedure of Example 16A but substituting other
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one,
      2,2-dimethyltriethylene ketals(q) as starting materials, such as
PA1  1. 2'-chlorospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one,
      2,2-dimethyltrimethylene ketal(q),
PA1  2. 3'-methoxyspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one,
      2,2-dimethyltrimethylene ketal(q),
PA1  3. 4'-acetylamidospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one,
      2,2-dimethyltrimethylene ketal(q), and the like,
PAL  yields, respectively,
PA1  1. 2'-chlorospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one(r),
PA1  2. 3'-methoxyspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one(r),
PA1  3. 4'-acetylamidospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one(r), and the
      like.
PAC  EXAMPLE 17A
PAR  3',4'-Dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ol(s)
PAR  To a partial solution of 5.10 g. (0.038 M) of
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen-4-one(r) (prepared as
      in Example 16A) in 105 ml. of 95% ethanol, 2.59 g. of sodium borohydride
      is added and the mixture stirred at room temperature for about 4 hours.
      Most of the solvent is removed under vacuum and water added to the
      residue. The material that precipitates is extracted with ether and the
      combined extracts washed with water and brine and evaporated to dryness.
      The residue is recrystallized once from Skellysolve B and then
      chromatographed over a column containing 500 ml. of silica gel with
      elution by 10% acetone:Skellysolve B. On the basis of TLC the less polar
      fractions are combined and recrystallized from benzene:cyclohexane to give
      a small amount of
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ol(s), having a
      melting point of 144.5.degree. to 146.degree. C., and an NMR spectrum
      suggesting that the compound has the hydroxy substituent in the axial
      position.
PAR  Anal. Calcd. for C.sub.15 H.sub.20 O: C, 83.28; H, 9.32
PAR  Found: C, 83.53; H, 9.61.
PAR  On the basis of melting point the more polar fractions are combined and
      recrystallized from Skellysolve B to give 3.89 g. (75.6% yield) of
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ol(s) having a
      melting point of 80.degree. to 83.degree. C., and an NMR spectrum
      suggesting that the compound has the hydroxy substituent in the equatorial
      position.
PAR  Anal. Calcd. for C.sub.15 H.sub.20 O: C, 83.28; H, 9.32
PAR  Found: C, 83.47; H, 9.55.
PAR  Following the procedure of Example 17A but substituting other
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ones(r) as starting
      materials, such as
PA1  1. 5'-bromospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one(r),
PA1  2. 6'-ethylspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-one(r), and the like,
PAL  yields, respectively,
PA1  1. trans and cis 5'-bromospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ol(s),
PA1  2. trans and cis 6'-ethylspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ol(s),
      and the like.
PAC  EXAMPLLE 18A
PAR  3',4'-Dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ol, methane
      sulfonate(t)
PAR  To an ice-cooled solution of 3.89 g. (0.018 M) of
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4ol (obtained in
      Example 17A) in 40 ml. of pyridine, 4 ml. of methane sulfonyl chloride is
      added. The mixture is allowed to stand in the cold for about 6 hours and
      then diluted with water. The material that precipitates is extracted with
      ether and the combined extracts washed successively with ice cold 2.5 N
      hydrochloric acid, water, saturated aqueous sodium bicarbonate solution
      and brine and then evaporated to dryness. The residue is recrystallized
      from cyclohexane to give 5 g. (94.3% yield) of
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ol methane
      sulfonate(t), having a melting point of 118.degree. to 120.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.22 O.sub.3 S: C, 65.27; H, 7.53; S, 10.89
PAR  Found: C, 65.17; H, 7.61; S, 10.70
PAR  Following the procedure of Example 18A but substituting other
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ols(s) as starting
      materials, such as
PA1  1. 6'-fluorospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ol(s),
PA1  2. 8'-propoxyspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ol(s), and the like,
PAL  yields, respectively,
PA1  1. 6'-fluorospiro[cyclohexan-1,1'(2'H)-naphthalen]-4-ol methane
      sulfonate(t),
PA1  2. 8'-propoxyspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ol methane
      sulfonate(t), and the like.
PAC  EXAMPLE 19A A
PAR  3',4'-Dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yiazide(u)
PAR  A mixture of 5 g. (0.017 M) of
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ol methane
      sulfonate(t) (obtained in Example 18A) and 5 g. of sodium azide in 50 ml.
      of dimethylformamide is heated in an oil bath at 90.degree. C. for about
      20 hours. Most of the solvent is removed under vacuum and the residue
      dissolved in water and benzene. The organic layer is washed with water and
      brine and evaporated to dryness to yield crude
      3',4'-dihydrospiro[cyclohexane-1,1(2'H)-naphthalen]-4-ylazide(u) as an
      oil.
PAR  Following the procedure of Example 19A but substituting other
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylazides(t) as
      starting materials, such as
PA1  1. 5'-ethylspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ol
      methanesulfonate(t),
PA1  2. 6'-acetylamidospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ol
      methanesulfonate(t), and the like,
PAL  yields, respectively,
PA1  1. 5'-ethylspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylazide(u),
PA1  2. 6'-acetylamido[cyclohexane-1,1'(2'H)-naphthalen]-4-ylazide(u), and the
      like.
PAC  EXAMPLE 20A
PAR  3',4'-Dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine
      hydrochloride[I(a)]
PAR  A solution of the
      3',4'-dihydrospiro[cyclohexan-1,1'-(2'H)-naphthalen]-4-ylazide(u) obtained
      in Example 19A in 75 ml. of tetrahydrofuran, is added to suspension of
      0.65 g. of lithium aluminum hydride in 8 ml. of tetrahydrofuran, stirred
      at room temperature for about 5.5 hours and cooled in an ice bath. To
      this, 0.65 ml. of water, 0.65 ml. of 15% aqueous sodium hydroxide and 1.95
      ml. of water are added successively. The resulting gel is collected on a
      filter, washed with ether and the filtrates evaporated to dryness. The
      residue is dissolved in a small amount of ether and an excess of 6.4 N
      hydrogen chloride in ether added. The precipitate is collected on a filter
      and recrystallized from methanol:ethyl acetate to yield 1.76 g. of
      3',4'-dihydro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-amine
      hydrochloride[I(a)] melting at 271.degree. to 273.degree. C.
PAR  Following the procedure of Example 20A but substituting for hydrogen
      chloride another suitable (pharmacologically acceptable) acid, such as
      hydrobromic, sulfuric, phosphoric, nitric, benzoic, naphthoic, salicylic,
      tartaric, nicotinic, cyclohexanesulfamic, hexynoic, lactic, palmitic,
      glutaric, acetic, propionic, phenylbutyric acid, and the like, yields a
      corresponding acid addition salt of
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine [I(a)].
PAR  Following the procedure of Example 20A but substituting another
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylazide(u) as
      starting material, such as
PA1  1. 5'-chlorospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylazide(u),
PA1  2. 6'-methoxyspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylazide(u), and the
      like,
PAL  yields, respectively,
PA1  1. 5'-chlorospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine
      hydrochloride[I(a)],
PA1  2. 6'-methoxyspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine
      hydrochloride[I(a)], and the like.
PAC  EXAMPLE 21A
PAR  1-[3',4'-Dihydrospiro(cyclohexane-1,1'(2'H)-naphthlen)-4-yl]piperidine[I(a)
PAR  The amine prepared from 1.5 g. of
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine
      hydrochloride [I(a)] (obtained as in Example 20A), 1.9 g. of
      1.5-diiodopentane and 1.6 g. of potassium carbonate in 18 ml. of ethanol
      is stirred at reflux for about 18 hours. The mixture is allowed to cool,
      diluted with water, the solid collected on a filter and recrystallized
      from methanol to give
      1-[3',4'-dihydrospiro(cyclohexane-1,1'(2'H)-naphthalen4-yl]piperidine[I(a)
     ].
PAR  Following the procedure of Example 21A but substituting the same and other
      (a) acid addition salts of
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamines[I(a)] and
      (b) dihaloalkanes in stoichiometrically appropriate amounts as starting
      materials, such as
PA1  1. 3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine[I(a)] and
      1,4-dibromobutane,
PA1  2. 3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine[I(a)] and
      1,6-diiodohexane,
PA1  3. 5'-bromospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine[I(a)] and
      1,5-diiodopentane,
PA1  4. 6'-ethylspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine[I(a)] and
      1,4-diiodobutane,
PA1  5. 7'-propoxyspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine[I(a)] and
      1,6-diiodohexane, and the like,
PAL  yields, respectively,
PA1  1.
      1-[3',4'-dihydrospiro(cyclohexane-1,1'(2'H)-naphthalen)-4-yl]pyrrolidine[I
     (a)],
PA1  2.
      1-[3',4'-dihydrospiro(cyclohexane-1,1'(2'H)-naphthalen)-4-yl]hexamethylene
     imine[I(a)],
PA1  3.
      1-[5'-bromospiro(cyclohexane-1,1'(2'H)-naphthalen)-4-yl]piperidine[I(a)],
PA1  4.
      1-[6'-ethylspiro(cyclohexane-1,1'(2'H)-naphthalen)-4-yl]pyrrolidine[I(a)],
PA1  5.
      1-[7'-propoxyspiro(cyclohexane-1,1'-(2'H)-naphthalen)-4-yl]hexamethyleneim
     ine[I(a)], and the like.
PAC  EXAMPLE 22A
PAR  4'-Fluoro-4-[3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamino
     ]butyrophenone hydrochloride [I(a)]
PAR  A mixture of the free base prepared from 1 g. (0.00397 M) of
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine
      hydrochloride [I(a)] (obtained as in Example 20A), 0.81 g. of potassium
      iodide, 1.24 g. of potassium carbonate and 1.4 g. of the
      2,2-dimethyl-1,3-propanediol ketal of 4-chloro-4'-fluorobutyrophenone in
      20 ml. of dimethylformamide is heated together in an oil bath at about
      90.degree. C. for about 20 hours. The solvent is removed under vacuum and
      the residue dissolved in water and benzene. The organic layer is washed
      with water and brine and evaporated to dryness. A mixture of the residue,
      8 ml. of 2.5 N hydrochloric acid and 16 ml. of methanol is stirred at room
      temperature for about 2 hours and most of the methanol removed under
      vacuum. The residual suspended solid is collected on a filter, washed with
      ether and recrystallized from methanol:ethyl acetate to give 0.65 g.
      (39.5% yield) of
      4'-fluoro-4-[3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-ami
     no]butyrophenone hydrochloride[I(a)], having a melting point of 194.degree.
      to 197.degree. C.
PAR  Anal. Calcd. for C.sub.25 H.sub.31 ClFNO: C, 72.18; H, 7.51; N, 3.37,
PAR  Found: C, 72.42; H, 7.66; N, 3.14.
PAR  Following the procedure of Example 22A but substituting another
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine
      hydrochloride [I(a)] as starting material, such as
PA1  1. 5'-chlorospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine
      hydrochloride[I(a)],
PA1  2. 6'-ethoxyspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine
      hydrochloride[I(a)],
PA1  3. 7'-acetylamidospiro[cyclohexane-naphthalen]-4-ylamine
      hydrochloride[I(a)], and the like,
PAL  yields, respectively,
PA1  1.
      4'-fluoro-4-[5'-chlorospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamino]bu
     tyrophenone hydrochloride[I(a)],
PA1  2.
      4'-fluoro-4-[6'-ethoxyspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamino]bu
     tyrophenone hydrochloride[I(a)],
PA1  3.
      4'-fluoro-4-[7'-acetylamidospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylami
     no]butyrophenone hydrochloride [I(a)], and the like.
PAR  Following the procedure of Example 22A but substituting another
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine[I(a)] as
      starting material and the 2,2-dimethyl-1,3-propanediol ketal of another
      .omega.-haloalkanaryl ketone, such as
PA1  1. 5'-chlorospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine
      hydrochloride[I(a)] and the 2,2-dimethyl-1,3-propanediol ketal of
      4'-bromo-4-chlorobutyrophenone,
PA1  2. 6'-methylspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine
      hydrochloride[I(a)] and the 2,2-dimethyl-1,3-propanediol ketal of
      4-chloro-4'-ethoxybutyrophenone,
PA1  3. 7'-nitrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine
      hydrochloride[I(a)] and the 2,2-dimethyl-1,3-propanediol ketal of
      3',4-dichlorobutyrophenone,
PA1  4. 6'-propionylamidospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine
      hydrochloride[I(a)] and the 2,2-dimethyl-1,3-propanediol ketal of
      5-chloro-4'-ethylvalerophenone, and the like, yields, respectively,
PA1  1.
      4'-bromo-4-[5'-chlorospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamino]but
     yrophenone hydrochloride[I(a)],
PA1  2.
      4'-ethoxy-4-[6'-methylspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamino]bu
     tyrophenone hydrochloride[I(a)],
PA1  3.
      3'-chloro-4-[7'-nitrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamino]but
     yrophenone hydrochloride [I(a)],
PA1  4.
      4'-ethyl-5-[6'-propionylamido[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamino]
     valerophenone[I(a)], and the like.
PAC  EXAMPLE 23A
PAR  Ethyl
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalene]-4-carbamate[I(a)]
PAR  To an ice cooled solution of the free base prepared from 1.53 g. (0.0061 M)
      of 3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine
      hydrochloride[I(a)] (obtained as in Example 20A) in 12 ml. of pyridine,
      0.95 ml. of ethyl chloroformate is added. The mixture is allowed to stand
      in the cold for about 5 hours and then poured in ice water. The solid that
      precipitates is collected on a filter and recrystallized from methylene
      chloride:benzene to give 1.36 g. (77.7% yield) of ethyl
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-carbamate[I(a)],
      melting at 163.5.degree. to 165.degree. C.
PAR  Anal. Calcd. for C.sub.18 H.sub.25 NO.sub.2 : C, 75.22; H, 8.77; N, 4.87
PAR  Found: C, 74.91; H, 8.77; N, 4.83.
PAR  Following the procedure of Example 23A but substituting another
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine[I(a)] as
      starting material and another lower alkyl haloformate, such as
PA1  1. 5'-bromospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine[I(a)] and
      methyl chloroformate,
PA1  2. 6'-ethoxyspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-ylamine[I(a)] and
      propyl bromoformate, and the like,
PAL  yields, respectively,
PA1  1. methyl
      5'-bromospiro[cyclohexane-1,1'(2'H)-naphthalene]-4-carbamate[I(a)],
PA1  2. propyl
      6'-ethoxyspiro[cyclohexane-1,1'(2'H)-naphthalene]-4-carbamate[I(a)], and
      the like.
PAC  EXAMPLE 24A
PAR  3',4'-Dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-N-methylamine
      hydrochloride [I(a)]
PAR  To a suspension of 0.22 g. (0.0058 M) of lithium aluminum hydride in 10 ml.
      of tetrahydrofuran, a tetrahydrofuran solution of 1.3 g. (0.0045 M) of
      ethyl
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalene]-4-carbamate[I(a)]
      (prepared as in Example 23A) is added. The mixture is stirred to reflux
      for about 6 hours, at room temperature for about 18 hours, and then cooled
      in an ice bath. To this is added successively, 0.22 ml. of water, 0.22 ml.
      15% aqueous sodium hydroxide solution and 0.66 ml. of water. The resulting
      inorganic gel is collected on a filter, rinsed with ether and the
      filtrates evaporated to dryness. The residue is dissolved in a small
      amount of ether and treated with an excess of 6.4 N hydrochloric acid in
      ether. The resulting precipitate is collected on a filter and
      recrystallized from methanol:ethyl acetate to give 0.81 g. (52.7% yield)
      of 3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-
      4-yl-N-methylamine hydrochloride[I(a)], having a melting point of
      285.degree. to 286.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.24 ClN: C, 72.29; H, 9.10; N, 5.25;
PAR  Found: C, 72.60; H, 9.16; N, 5.35.
PAR  Following the procedure of Example 24A but substituting another lower alkyl
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalene]-4-carbamate[I(a)] as
      starting material, such as
PA1  1. ethyl
      5'-fluorospiro[cyclohexane-1,1'(2'H)-naphthalene]-4-carbamate[I(a)],
PA1  2. propyl
      6'-propylspiro[cyclohexane-1,1'(2'H)-naphthalene]-4-carbamate[I(a)], and
      the like,
PAL  yields, respectively,
PA1  1. 5'-fluorospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-N-methylamine
      hydrochloride[I(a)],
PA1  2. 6'-propylspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-N-methylamine
      hydrochloride[I(a)], and the like.
PAC  EXAMPLE 25A
PAR  4'-Fluoro-4-[3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-N-me
     thylamino]-butyrophenone hydrochloride[I(a)]
PAR  A mixture of the free base prepared from 0.81 g. (0.00306 M) of
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen-4-yl-N-methylamine
      hydrochloride[I(a)] (obtained as in Example 24A), 0.63 g. of potassium
      iodide, 0.96 g. of potassium carbonate and 0.87 g. of the
      2,2-dimethyl-1,3-propanediol ketal of 4-chloro-4'-fluorobutyrophenone in
      15 ml. of dimethylformamide is heated together in an oil bath at about
      90.degree. C. for about 20 hours. The solvent is removed under vacuum and
      the residue dissolved in water and benzene. The organic layer is washed
      with water and brine and evaporated to dryness. A mixture of the residue,
      6 ml. of 2.5 N hydrochloric acid and 12 ml. of methanol is stirred at room
      temperature for about 1.5 hours and most of the methanol removed under
      vacuum. The residual suspended  solid is collected on a filter, washed
      with ether and recrystallized from methanol:ethyl acetate to give 0.59 g.
      (44.8% yield) of
      4'-fluoro-4-[3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-N-m
     ethylamino]butyrophenone hydrochloride[I(a)], having a melting point of
      204.degree. to 205.5.degree. C.
PAR  Anal. Calcd. for C.sub.26 H.sub.33 ClFNO: C, 72.62; H, 7.74; N, 3.26,
PAR  Found: C, 72.69; H, 7.93; N, 3.03.
PAR  Following the procedure of Example 25A but substituting another
      3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-N-lower
      alkylamine[I(a)] as starting material and the 2,2-dimethyl-1,3-propanediol
      ketal of another .omega.-haloalkyanaryl ketone, such as
PA1  1.
      5'-chlorospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-N-methylamine[I(a)]
      and the 2,2-dimethyl-1,3-propane-diol of 4'-butoxy-4-chlorobutyrophenone,
PA1  2. 6'-ethoxyspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-N-ethylamine[I(a)]
      and the 2,2-dimethyl-1,3-propanediol ketal of
      4-chloro-2'-methylbutyrophenone,
PA1  3. 7'-nitrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-N-methylamine[I(a)]
      and the 2,2-dimethyl-1,3-propanediol ketal of
      3-bromo-3'-chloropropiophenone,
PA1  4.
      8'-acetylamidospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-N-ethylamine[I(
     a)] and the 2,2-dimethyl-1,3-propanediol ketal of
      5-fluoro-4'-propylvalerophenone, and the like,
PAL  yields, respectively,
PA1  1.
      4'-butoxy-4-[5'-chloropsiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-N-methy
     lamino]butyrophenone hydrochloride [I(a)],
PA1  2.
      2'-methyl-4-[6'-ethoxyspiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-N-ethyl
     amino]butyrophenone hydrochloride [I(a)],
PA1  3.
      3'-chloro-3-[7'-nitrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-yl-N-methyl
     amino]propiophenone hydrochloride [I(a)],
PA1  4.
      4'-propyl-5-[8'-acetylamidospiro[cyclohexane-1,1'-(2'H)-naphthalen]-4-yl-N
     -ethylamino]valerophenone hydrochloride[I(a)], and the like.
PAC  EXAMPLE 1B
PAR  Methyl-4-hydroxycyclohexane carboxylate[2]
PAR  A solution of 200 g. of methyl-p-hydroxybenzoate[1] (prepared as in Ann.
      141, 247) in 1700 ml. of absolute ethanol has 66 g. of 5% rhodium/aluminum
      catalyst added thereto and then hydrogenated until no further uptake of
      hydrogen is observed. The catalyst is collected on a filter and the
      filtrate evaporated to dryness to yield 216 g. of crude
      methyl-4-hydroxycyclohexane carboxylate(2), as an oil.
PAC  EXAMPLE 2B
PAR  4-Carbomethoxy-1-cyclohexanone[3]
PAR  The methyl-4-hydroxycyclohexane carboxylate prepared in Example 1B is
      dissolved in acetone with mechanical stirring and cooled in an ice bath to
      about 5.degree. C. Jones reagent is added at a rate to keep the reaction
      temperature below about 20.degree. C. for about 10 minutes. Most of the
      solvent is removed on a rotary evaporator and the residue taken up in 500
      ml. of ether and 150 ml. of water. The organic layer is separated, washed
      successively with water, saturated aqueous sodium bicarbonate solution,
      and brine and evaporated to dryness to yield an oil, which on distillation
      under vacuum gives 47.4 g. of 4-carbomethoxy-1-cyclohexanone[3] having a
      boiling point of 82.degree. to 85.degree. C. at 0.55 to 0.75 mm. of Hg.
PAC  EXAMPLE 3B
PAR  4-Carbomethoxy-1-cyclohexanone ethylene ketal[4]
PAR  A mixture of 189.7 g. of 4-carbomethoxy-1-cyclohexanone[3] (obtained as in
      Example 2B) in 2000 ml. of benzene, 67.5 ml. of ethylene glycol and 2.7 g.
      of p-toluenesulfonic acid is heated at reflux under a Dean-Stark trap for
      about 5 hours. After cooling, the solution is washed with saturated
      aqueous sodium bicarbonate and brine. The oily residue remaining when the
      organic solvent is evaporated to dryness is distilled under vacuum to give
      231.8 g. of 4-carbomethoxy-1-cyclohexanone ethylene ketal[4] having a
      boiling point of 95.degree. to 100.degree. C. at 0.30 mm. of Hg.
PAC  EXAMPLE 4B
PAR  4-Benzyl-4-carbomethoxy-1-cyclohexanone ethylene ketal[5]
PAR  To a solution of 5 g. (0.05 M) of diisopropyl amine in 50 ml. of
      tetrahydrofuran cooled in ice:methanol, 32 ml. of 1.57 N butyl lithium in
      pentane is added over the course of about 5 minutes. There is then added,
      first, 10 g. (0.05 M) of 4-carbomethoxy-1-cyclohexanone ethylene ketal [4]
      (obtained as in Example 3B) in 50 ml. of tetrahydrufuran in the course of
      about 15 minutes, and then 8.5 g. (0.05 M) of .alpha.-bromotoluene (also
      named benzyl bromide) in 15 ml. of tetrahydrofuran in about 5 minutes. The
      clear solution is stirred at room temperature for about 1 hour, cooled in
      ice and treated with 50 ml. of saturated ammonium chloride solution. The
      organic layer is separated, diluted with benzene and washed successively
      with water, ice cold N hydrochloric acid solution, sodium bicarbonate
      solution and brine. The organic layer is evaporated to dryness and the oil
      that remains is distilled under vacuum to give 13.57 g. (93.5% of
      theoretical yield) of 4-benzyl-4-carbomethoxy-1-cyclohexanone ethylene
      ketal[5] as a viscous oil having a boiling point of 155.degree. to
      156.degree. C. at 0.25 mm. of Hg.
PAR  Anal. Calcd. for C.sub.17 H.sub.22 O.sub.4 : C, 70.32; H, 7.64;
PAR  Found : C, 69.94; H, 7.60.
PAC  EXAMPLE 5B
PAR  4-(p-Methylbenzyl)-4-carbomethoxy-1-cyclohexanone ethylene ketal[5]
PAR  To a solution of 11.7 g. (0.112 M) of diisopropylamine in 115 ml. of
      tetrahydrofuran cooled in ice:methanol, 75 ml. of 1.67 N butyl lithium in
      pentane is added over the course of about 12 minutes. There is then added,
      first, 23.1 g. (0.112 M) of 4-carbomethoxy-1-cyclohexanone ethylene
      ketal[5] (obtained as in Example 3B) in 115 ml. of tetrahydrofuran in the
      course of about 15 minutes, and then 14 g. (0.112 M) of
      .alpha.-chloro-p-xylene in 115 ml. of tetrahydrofuran. The mixture is
      stirred in the cold for about 1 hour and at room temperature for about 2
      hours, and then 100 ml. of saturated aqueous ammonium chloride solution
      and benzene added. The organic layer is separated, washed successively
      with water, 2.5 N hydrochloric acid solution, water and brine, and then
      evaporated to dryness. The residue is distilled under vacuum to give 21.47
      g. (64% yield) of 4-(p-methylbenzyl)-4 -carbomethoxy-1-cyclohexanone
      ethylene ketal[5] as a viscous oil having a boiling point of 166.degree.
      to 168.5.degree. C. at 0.3 mm. of Hg.
PAR  Anal. Calcd. for C.sub.18 H.sub.24 O.sub.2 : C, 71.02; H, 7.95; M.W. 304
PAR  Found: C, 71.23; H, 8.03; m/e 304.
PAC  EXAMPLE 6B
PAR  4-(m-Methylbenzyl)-4-carbomethoxy-1-cyclohexanone ethylene ketal[5]
PAR  To a solution of 10.1 g. (0.101 M) of diisopropylamine in 100 ml. of
      tetrahydrofuran cooled in ice:methanol, 62 ml. of 1.61 N butyl lithium in
      pentane is added. There is then added, first 20 g. (0.10 M) of
      4-carbomethoxy-1-cyclohexanone ethylene ketal[4] (obtained as in Example
      3B) in 100 ml. of tetrahydrofuran in the course of about 12 minutes, and
      then 18.5 g. of .alpha.-bromo-m-xylene in 100 ml. of tetrahydrofuran in
      about 12 minutes. The mixture is stirred in the cold for about 1 hour and
      at room temperature for about 1 hour, and then 100 ml. of saturated
      ammonium chloride solution and benzene added. The organic layer is
      separated, washed successively with water, 2.5 N hydrochloric acid
      solution, water, sodium bicarbonate solution and brine, and then
      evaporated to dryness. The residue is distilled under vacuum to give 21.32
      g. (70% yield) of 4-(m-methylbenzyl)-4-carbomethoxy-1-cyclohexanone
      ethylene ketal[5] as a viscous oil having a boiling point of  160.degree.
      to 163.degree. C. at 0.4 mm. of Hg.
PAR  Anal. Calcd. for C.sub.18 H.sub.24 O.sub.4 : C, 71.02; H, 7.95; M.W. 304;
PAR  Found: C, 71.05; H, 8.12; m/e 304;
PAC  EXAMPLE 7B
PAR  4-(m-Methoxybenzyl)-4-carbomethoxy-1-cyclohexanone ethylene ketal[5]
PAR  To an ice cooled solution of 10.25 g. (0.102 M) of diisopropylamine in 100
      ml. of tetrahydrofuran, 66 ml. of 1.67 N butyl lithium in pentane is
      added. There is then added, first, 19.6 g. (0.0995 M) of
      4-carbomethoxy-1-cyclohexane ethylene ketal[4] (obtained as in Example 3B)
      in 100 ml. of tetrahydrofuran in the course of about 10 minutes, and then
      15.3 g. of m-methoxylbenzyl chloride in 100 ml. of tetrahydrofuran in
      about 17 minutes. The mixture is stirred at room temperature for about 2
      hours and treated with 100   ml. of saturated ammonium chloride solution
      and benzene. The organic layer is washed successively with water, 2.5 N
      hydrochloric acid, water and brine, and then evaporated to dryness. The
      residue is distilled under vacuum to give 22.32 g. (70% yield) of
      4-(m-methoxybenzyl)-4-carbomethoxy-1-cyclohexanone ethylene ketal [5]
      having a boiling point of 159.degree. to 165.degree. C. at 0.2 mm. of Hg.
PAR  Anal. Calcd. for C.sub.18 H.sub.24 O.sub.2 : C, 67.48; H, 7.55
PAR  Found: C, 67.71; H, 7.81.
PAR  Following the procedures of Examples 4B through 7B but substituting other
      halides, such as
PA1  1. p-acetylamidobenzyl bromide,
PA1  2. m-chlorobenzyl bromide,
PA1  3. p-propylbenzyl bromide, and the like,
PAL  yields, respectively,
PA1  1. 4-(p-acetylamidobenzyl)-4-carbomethoxy-1-cyclohexanone ethylene ketal
      [5] ,
PA1  2. 4-(m-chlorobenzyl)-4-carbomethoxy-1-cyclohexanone ethylene ketal [5],
PA1  3. 4-(p-propylbenzyl)-4-carbomethoxy-1-cyclohexanone ethylene ketal [5],
      and the like.
PAC  EXAMPLE 8B
PAR  1-Benzyl-4-cyclohexanone-1-carboxylic acid [7]
PA1  1. A mixture of 16.64 g. (0.057 M) of 4-benzyl-4-carbomethoxy-1-cyclohexane
      ethylene ketal[5] (prepared as in Example 4B) and 2.5 g. of postassium
      hydroxide in 100 ml. ethylene glycol is stirred at reflux for about 16
      hours. The mixture is then allowed to cool and diluted with water. The
      solution is washed once with water and then made strongly acid with
      concentrated hydrochloric acid. The precipitated gum is extracted with
      ether and this solution washed first with water, then brine, and
      evaporated to dryness to give 4-benzyl-4-carboxy-1-cyclohexanone ethylene
      ketal [6].
PA1  2. A solution of the residue [6] and 13 ml. of 2.5 N hydrochloric acid in
      130 ml. of acetone is stirred at room temperature for about 20 hours, most
      of the solvent removed under vacuum and the residue dissolved in ether.
      The organic layer is washed with water and brine and evaporated to
      dryness. The residual gum is chromatographed on a column of 800 ml. of
      acid washed silica gel with elution by 4% acetic acid in methylene
      chloride. The crystalline fractions are combined and recrystallized twice
      from methylene chloride:cyclohexane to give 5.62 g. (42% yield) of
      1-benzyl-4-cyclohexanone-1-carboxylic acid[7] having a melting point of
      120.degree. to 123.degree. C.
PAR  Anal. Calcd. for C.sub.14 H.sub.16 O.sub.2 : C, 72.39; H, 6.94
PAR  Found: C, 72.24; H, 6.86
PAC  EXAMPLE 9B
PAR  1-(p-Methylbenzyl)-4-cyclohexanone-1-carboxylic acid [7]
PA1  1. A mixture of 21.47 g. (0.0706 M) of
      4-(p-methyl-benzyl)-4-carbomethoxy-1-cyclohexanone ethylene ketal [5]
      (prepared in Example 5B) and 2.5 g. of potassium hydroxide in 100 ml. of
      ethylene glycol is stirred at reflux for about 16 hours. The mixture is
      then allowed to cool and diluted with water. The solution is washed once
      with water and then made strongly acidic with concentrated hydrochloric
      acid. The precipitated gum is extracted with ether and this solution
      washed with brine and evaporated to dryness to give
      4-(p-methylbenzyl)-4-carboxy-1-cyclohexanone ethylene ketal[6].
PA1  2. A solution of the residue[6] and 25 ml. of 2.5 N hydrochloric acid in
      200 ml. of acetone is stirred at room temperature for about 24 hours, most
      of the solvent removed under vacuum and the residue dissolved in ether.
      The organic layer is washed with brine and evaporated to dryness. The
      residue is chromatographed on a column of 1,500 ml. of silica gel with
      elution by 3% acetic acid in methylene chloride. The crystalline fractions
      are combined to give 6.8 g. (39% yield) of
      1-(p-methoxybenzyl)-4-cyclohexanone-1-carboxylic acid[7] as a waxy solid.
      A small sample is recrystallized from ether: petroleum ether to give
      crystals[7] having a melting point of 120.degree. to 123.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.18 O.sub.3 : C, 73.14; H, 7.37
PAR  Found; C, 73.20; H, 7.60
PAC  EXAMPLE 10B
PAR  1-(m-Methylbenzyl)-4-cyclohexanone-1-carboxylic acid[7]
PAR  1. A solution of 21.31 g. (0.0701 M) of
      4-(m-methylbenzyl)-4-carbomethoxy-1-cyclohexanone ethylene ketal[5]
      (prepared in Example 6B) and 3.4 g. of potassium hydroxide in 140 ml. of
      ethylene glycol is heated at reflux for about 20 hours. The mixture is
      then allowed to cool, diluted with water and extracted with ether. The
      aqueous layer is then made strongly acidic and the precipitated gum
      extracted with ether. This extract is washed with water and brine and
      evaporated to dryness to yield
      4-(m-methylbenzyl)-4-carboxy-1-cyclohexanone ethylene ketal[6].
PAR  2. A solution of the residue[6] and 25 ml. of 2.5 N hydrochloric acid in
      200 ml. of acetone is stirred at room temperature for about 16 hours, the
      solvent removed under vacuum and the residue extracted with ether. The
      extract is washed with water and brine and evaporated to dryness. The
      residue is chromatographed on 2000 ml. of acid washed silica gel with
      elution by 4% acetic acid in methylene chloride. The fractions found
      similar by thin layer chromatography are combined to give 14.8 g. (56%
      yield) of 1-(m-methylbenzyl)-4-cyclohexanone-1-carboxylic acid[7] as a
      waxy solid.
PAC  EXAMPLE 11B
PAR  1-(m-Methoxybenzyl)-4-cyclohexanone-1-carboxylic acid[7]
PAR  1. A mixture of 24.3 g. (0.076 M) of
      4-(m-methoxybenzyl)-4-carbomethoxy-1-cyclohexanone ethylene ketal[5]
      (prepared as in Example 7B) and 4.35 g. of sodium hydroxide in 155 ml. of
      ethylene glycol is heated at reflux for about 42 hours. The mixture is
      then diluted with water and washed with ether. The organic layer is made
      acidic with hydrochloric acid the precipitated gum dissolved in ether. The
      ether solution is washed with brine and evaporated to dryness to give
      4-(m-methoxybenzyl)-4-carboxy-1-cyclohexanone ethylene ketal[6].
PAR  2. A solution of the residue and 27 ml. of 2.5 N hydrochloric acid in 220
      ml. of acetone is allowed to stand at room temperature for about 18 hours,
      then most of the solvent removed under vacuum and the residue dissolved in
      ether. The organic layer is washed with brine and evaporated to dryness.
      The residue is chromatographed on a column of acid washed silica gel with
      elution first by 0.5% acetic acid:methylene chloride then 2% acetic
      acid:methylene chloride. Those fractions found similar by thin layer
      chromatography are combined, the solvent evaporated and the resulting
      solid recrystallized twice from ether: Skellysolve B to give 7.18 g. (36%
      of theoretical yield) of 1-(m-methoxy-benzyl)-4-cyclohexanone-1-carboxylic
      acid[7] having a melting point of 109 to 112.5.degree. C. An additional
      3.82 g. (19% yield) of product [7] melting at 109.degree. to 111.degree.
      C. is obtained from the mother liquor.
PAR  Anal. Calcd. for C.sub.15 H.sub.18 O.sub.4 : C, 68.68; H, 6.92
PAR  Found: C, 68.30; H, 6.92.
PAR  Following the procedures of Example 8B through 11B but substituting other
      4-benzyl-4-carbomethoxy-1-cyclohexanone ethylene ketals[5] as starting
      materials, such as
PA1  1. 4-(o-methylbenzyl)-4-carbomethoxy-1-cyclohexanone ethylene ketal[5],
PAL  yields,
PA1  1. 1-(o-methylbenzyl)-4-cyclohexanone-1-carboxylic acid[7].
PAC  EXAMPLE 12B
PAR  Spiro(cyclohexane-1,2'-indan)-1',4-dione[8]
PAR  To 100 ml. of freshly distilled hydrogen fluoride, (14.63 M) of
      1-benzyl-4-cyclohexanone-1-carboxylic acid[7] (prepared as in Example 8B)
      is added. The solution is allowed to stand at room temperature for about
      18 hours and then poured cautiously into saturated aqueous sodium
      bicarbonate solution. The precipitated gum is extracted with benzene. The
      organic layer is washed successively with water, aqueous sodium
      bicarbonate solution and brine, and then evaporated to dryness. The
      residue is chromatographed on a column of 1,500 ml. of silica gel with
      elution by 20% acetone in Skellysolve B. There is first obtained a small
      amount of by-product followed by 10.5 g. (78%) of
      spiro(cyclohexane-1,2'-indan)-1',4-dione[8], having a melting point of
      70.5.degree. to 72.degree. C.
PAR  Anal. Calcd. for C.sub.14 H.sub.14 O.sub.2 : C, 78.48; H, 6.59
PAR  Found: C, 78.43; H, 6.59.
PAR  The less polar by-product is recrystallized from petroleum ether to give
      0.28 g. of a compound, which in view of its mass spectrum and elemental
      analysis is spiro(cyclohexane-1,2'-indan)-4,4-difluoro-1'-one.
PAC  EXAMPLE 13B
PAR  5'-Methylspiro(cyclohexane-1,2'-indan)-1',4-dione[8]
PAR  To 50 ml. of freshly distilled hydrogen fluoride, 6.8 g. (0.026 M) of
      1-(p-methylbenzyl)-4-cyclohexanone-1-carboxylic acid [7] (prepared in
      Example 9B) is added. The solvent is allowed to evaporate over a period of
      about 3 days. The residue is dissolved in ether and this solution washed
      successively with water, aqueous sodium bicarbonate solution and brine.
      The solution is evaporated to dryness and the gum that remains is
      chromatographed on a column of 700 ml. of silica gel with elution by 20%
      acetone: Skellysolve B. The fractions found similar by thin layer
      chromatography are combined and rechromatographed on a column of 400 ml.
      of silica gel with elution by 20% acetone: Skellysolve B. The crystalline
      fractions are combined and recrystallized from acetone; Skellysolve B to
      give 2.06 g. (35% yield) of
      5'-methylspiro(cyclohexane-1,2'-indan)-1',4-dione[8] having a melting
      point of 110.degree. to 113.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.16 O.sub.2 : C, 78.92; H, 7.06; M.W. 228.
PAR  Found: C, 78.92; H, 7.13; m/e 228.
PAC  EXAMPLE 14B
PAR  6'-Methylspiro(cyclohexane-1,2'-indan)-1',4-dione[8]
PAR  Onto 14.8 g. (0.060 M) of 1-(m-methylbenzyl)-4-cyclohexanone-1-carboxylic
      acid[7] (prepared in Example 10B), 100 ml. of hydrogen fluoride is
      distilled. Following about 2 days of standing at room temperature the
      solution is poured into saturated aqueous sodium bicarbonate solution. The
      precipitate is dissolved in ether and the organic washed successively with
      water, saturated aqueous sodium bicarbonate solution and brine and
      evaporated to dryness. The residue is chromatographed on a column of 1200
      ml. of Florisil with elution by 10% acetone: Skellysolve B. The
      crystalline fractions are combined and recrystallized from acetone:
      Skellysolve B to give 7.3 g. (53% yield) of
      6'-methylspiro(cyclohexane-1,2'-indan)-1',4-dione[8] having a melting
      point of 121.degree. to 122.5.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.16 O.sub.2 : C, 78.92; H, 7.01.
PAR  Found: C, 78.79; H, 7.22.
PAC  EXAMPLE 15B
PAR  5'-Methoxyspiro(cyclohexane-1,2'-indan)-1',4-dione[8]
PAR  A suspension of 15.63 g. (0.060 M) of
      1-(m-methoxy-benzyl)-4-cyclohexanone-1-carboxylic acid [7] (prepared as in
      Example 11B) and 12.5 g. of phosphorus pentachloride in 190 ml. of
      monochlorobenzene is stirred mechanically under reflux for about 1.5 hours
      and at room temperature for about 1.5 hours. The mixture is then cooled in
      ice and treated with 6.85 ml. of stannic chloride. After about 0.5 hours
      of stirring in the cold and about 18 hours at room temperature, 96 ml. of
      2.5 N hydrochloric acid is added in the course of about ten minutes. After
      about an additional hour of stirring, the organic layer is separated,
      washed successively with water, aqueous sodium bicarbonate solution and
      brine and evaporated to dryness. The residue is chromatographed on a
      column of 1200 ml. of silica gel with elution by 10% ethyl acetate in
      methylene chloride. The crystalline fractions are combined to give 7.51 g.
      (51% yield) of 5'-methoxyspiro[cyclohexane-1,2'-indan]-1',4-dione [8]
      having a melting point of 105.degree. to 107.degree. C., and an analytic
      sample melting at 110.degree. to 112.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.16 O.sub.3 : C, 73.75; H, 6.60; M.W. 244.
PAR  Found: C, 73.75; H, 6.65; m/e 244.
PAR  Following the procedures of Examples 12B through 15B but substituting other
      1-benzyl-4-cyclohexanone-1-carboxylic acids [7] as starting materials,
      such as
PA1  1-(p-ethylbenzyl)-4-cyclohexanone-1-carboxylic acid-[7], and the like,
      yields,
PA1  5'-ethylspiro(cyclohexane-1,2'-indan)-1',4-dione[8], and the like.
PAC  EXAMPLE 16B
PAR  Spiro(cyclohexane-1,2'-indan)-1',4-dione 4-ethylene ketal[ 9]
PAR  A mixture of 1.77 g. (0.0083 M) of
      spiro(cyclohexane-1,2'-indan)-1',4-dione[8] (prepared as in Example 12B)
      0.51 g. (0.46 ml; 0.0082 M) of ethylene glycol and 0.1 g. of
      p-toluenesulfonic acid in 50 ml. of benzene is heated at reflux under a
      Dean-Stark trap for about 4 hours. The mixture is allowed to cool, washed
      successively with aqueous sodium bicarbonate solution, water and brine and
      evaporated to dryness. The residual solid is recrystallized from
      cyclohexane to give 1.67 g. (75% yield) of
      spiro(cyclohexane-1,2'-indan)-1',4-dione 4-ethylene ketal[ 9],  having a
      melting point of 158.degree. to 160.5.degree. C; .nu..sub.max. 1690
      .sup.cm .sup.- 1.
PAR  Anal. Calcd. for C.sub.16 H.sub.18 O.sub.3 : C, 74.39; H, 7.02; M.W. 258.
PAR  Found: C, 73.99; H, 6.98; m/e 258.
PAC  EXAMPLE 17B 5'-Methylspiro(cyclohexane-1,2'-indan)-1',4-dione 4-ethylene
      ketal [9]
PAR  A mixture of 2.06 g. (0.00905 M) of
      5'-methylspiro(cyclohexane-1,2'-indan)-1',4-dione [8 ] (prepared in
      Example 13B), 0.56 g. (0.50 ml.) of ethylene glycol and 0.1 g. of
      p-toluenesulfonic acid in 50 ml. of benzene is heated at reflux under a
      Dean-Stark trap for about 2 hours. The mixture is allowed to cool, washed
      with aqueous sodium bicarbonate solution then water and evaporated to
      dryness. The residual solid is recrystallized from methylene chloride:
      cyclohexane to give 1.96 g. (86%) of
      5'-methyl-spiro(cyclohexane-1,2'-indan)-1',4-dione 4-ethylene ketal-[9],
      melting at 124.degree. to 127.degree. C.
PAR  Anal. Calcd. for C.sub.17 H.sub.20 O.sub.3 : C, 74.97; H, 7.40.
PAR  Found: C, 74.97; H, 7.51.
PAC  Example 18B
PAR  6'-Methylspiro(cyclohexane-1,2'-indan)-1',4-dione 4-ethylene ketal [9]
PAR  A mixture of 7.3 g. (0.032 M) of
      6'-methylspiro(cyclohexane-1,2'-indan)-1',4-dione [8] (prepared in Example
      14B), 2.15 g. (1.95 ml.) of ethylene glycol and 0.5 g. of
      p-toluenesulfonic acid in 200 ml. of benzene is heated at reflux under a
      Dean-Stark trap for about 5 hours. The mixture is allowed to cool, washed
      successively with aqueous sodium bicarbonate solution, water and brine and
      evaporated to dryness. The residual solid is recrystallized from methylene
      chloride: Skellysolve B to give 7.94 g. (91% yield) of
      6'-methylspiro(cyclohexane-1,2'-indan)-1',4-dione 4-ethylene ketal [9]
      melting at 116.degree. to 118.degree. C.
PAR  Anal. Calcd. for c.sub.17 H.sub.20 O.sub.3 : C, 74.97; H, 7.40.
PAR  Found: C, 75.33; H, 7.65.
PAC  EXAMPLE 19B
PAR  5'-Methoxyspiro(cyclohexane-1,2'-indan)-1', 4-dione 4-ethylene ketal [9]
PAR  A mixture of 4.89 g. (0.0196 M) of
      6'-methoxyspiro(cyclohexane-1,2'-indan)-1',4-dione [8] (prepared as in
      Example 15B), 1.21 g. of ethylene glycol and 0.2 g. of p-toluenesulfonic
      acid in 100 ml. of benzene is heated at reflux under a Dean-Stark trap for
      about 5 hours. The mixture is allowed to cool, washed with aqueous sodium
      bicarbonate solution and evaporated to dryness. The residue is
      recrystallized twice from methylene chloride: Skellysolve B to give 4.13
      g. (73% yield) of 5'-methoxyspiro(cyclohexane-1,2'-indan)-1',4-dione
      4-ethylene ketal [9 ] having a melting point of 142.degree. to 144.degree.
      C.
PAR  Anal. Calcd. for C.sub.17 H.sub.20 O.sub.4 : C, 70.81; H, 6.99.
PAR  Found: C, 71.06; H, 7.19.
PAR  Following the procedures of Examples 16B through 19B but substituting other
      spiro(cyclohexane-1,2'-indan)-1',4-diones [8] as starting materials, such
      as
PA1  1. 7'-acetylamidospiro(cyclohexane-1,2'-indan)-1',4-dione[8],
PA1  2. 5'-ethoxyspiro(cyclohexane-1,2'-indan)1', 4-dione [8], and the like,
PAL  yields, respectively,
PA1  1. 7'-acetylamidospiro(cyclohexane-1,2'-indan)- 1', 4-dione 4-ethylene
      ketal [9],
PA1  2. 5'-ethoxyspiro(cyclohexane-1,2'-indan)-1',4-dione 4-ethylene ketal [9],
      and the like.
PAC  EXAMPLE 20B
PAR  Spiro(cyclohexane-1,2'-indan)-4-one ethylene ketal [10]
PAR  A mixture of 5g. (0.0194 M) of spiro(cyclohexane 1,2'-indan)-1',4-dione
      4-ethylene ketal [9](prepared as in Example 16B), 2.6ml. of hydrazine
      hydrate and 3.76 g. of potassium hydroxide in 50 ml. of ethylene glycol is
      heated at reflux for about 1.5 hours. Material is then removed by
      distillation to bring the pot temperature to 200.degree. C. After about 5
      hours of additional heating at reflux, the mixture is allowed to cool and
      diluted with water. The precipitated solid is collected on a filter, dried
      and recrystallized from petroleum ether to give 4 g. (85% yield) of
      spiro(cyclohexane-1,2'-indan)-4-one ethylene ketal [10], having a melting
      point of 70.degree. to 74.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.20 O.sub.2 : C, 78.65; H, 8.25.
PAR  Found: C, 78.39; H, 8.19.
PAC  EXAMPLE 21B
PAR  5'-Methylspiro(cyclohexane-1,2'-indan)-4-one ethylene ketal [10]
PAR  A mixture of 7.3 g. (0.027 M) of 5'-methylspiro(cyclohexane
      -1,2'-indan)-1', 4-dione 4-ethylene ketal [9] (prepared as in Example
      17B), 3.8 ml. of hydrazine hydrate and 5.52 g. of potassium hydroxide in
      70 ml. of ethylene glycol is heated at reflux for about 1 hour. Material
      is then removed by distillation to bring the pot temperature to
      200.degree. C. Following about 18 hours of heating at reflux the mixture
      is allowed to cool and poured into water and extracted with ether. The
      organic extract is washed with water and brine and evaporated to dryness,
      to give 5'-methylspiro(cyclohexane-1,2'-indan)-4-one ethylene ketal [10].
PAC  EXAMPLE 22B
PAR  6'-Methylspiro(cyclohexane-1,2'-indan)-4-one ethylene ketal [10]
PAR  A mixture of 7.3 g. (0.027 M) of 6'-methylspiro(cyclohexane-1,2'-indan)-1',
      4-dione 4-ethylene ketal [9] (prepared as in Example 18B), 3.8 ml. of
      hydrazine hydrate and 5.52 g. of potassium hydroxide in 70 ml. of ethylene
      glycol is heated at reflux for about 1 hour. Material is then removed by
      distillation to bring the pot temperature to 200.degree. C. Following
      about 18 hours of heating at reflux the mixture is allowed to cool and
      poured into water. The precipitated oil is extracted with ether. This
      organic extract is washed with water and brine and evaporated to dryness,
      to give 7.01 g. (about 99% yield) of
      6'-methylspiro(cyclohexane-1,2'-indan)-4-one ethylene ketal [10] having a
      melting point of 37+ to 41.degree. C. This material, having a nuclear
      magnetic resonance (NMR) spectrum in agreement with the expected
      structure, is not satisfactorily recrystallized.
PAC  EXAMPLE 23B
PAR  5'-Methoxyspiro(cyclohexane-1',2-indan)-4-one ethylene ketal [10]
PAR  A mixture of 4.57 g. (0.0158 M) of
      5'-methoxyspiro-(cyclohexane-1,2'-indan)-1',4 -dione 4-ethylene ketal [9]
      (prepared as in Example 19B), 2.45 g. of hydrazine hydrate and 3.15 g. of
      potassium hydroxide in 40 ml. of ethylene glycol is heated at reflux for
      about 1 hour. Solvent is removed by distillation to bring the reaction
      mixture to 200.degree. C. Following about 1.5 hours at this temperature
      the mixture is poured into water and well extracted with ether. The ether
      extracts are combined and evaporated to dryness. The residue is
      chromatographed on a 250 ml. column of silica gel with elution by 10%
      acetone in Skellysolve B to give 2.07 g. (48% yield) of
      5'-methoxyspiro(cyclohexane-1',2-indan)-4-one ethylene ketal [10] having a
      melting point of 59.degree. to 61.degree. C. The analytical sample from an
      earlier experiment melted at 65.degree. to 66.5.degree. C.
PAR  Anal. Calcd. for C.sub.17 H.sub.22 O.sub.3 : C, 74.22; H, 8.08.
PAR  Found: C, 74.57; H, 8.24.
PAR  The aqueous portion (i.e., not extracted by ether), above, is "acidified"
      with solid carbon dioxide. The precipitated solid is collected on a filter
      and recrystallized from methanol to give 0.51 g. of by-product,
      5"-hydroxydispiro [1,3-dioxolane-2,1'-cyclohexane-4',2"-indan]-1"-one
      hydrazone, having melting ranges of 243.degree. to 246.degree. C. and
      285.degree. to 290.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.20 N.sub.2 O.sub.3 : C, 66.69; H, 6.99; N,
      9.71; M.W. 288.
PAR  Found; C, 66.16; H, 7.14; N, 9.96; m/e 288.
PAR  Following the procedures of Example 20B through 23B but substituting other
      spiro(cyclohexane-1,2'-indan)-1', 4-dione 4-ethylene ketals [9]as starting
      materials, such as
PA1  5'-chlorospiro(cyclohexane-1,2'-indan)-1',4-dione 4-ethylene ketal [9], and
      the like, yields,
PA1  5'-chlorospiro(cyclohexane-1,2'-indan)-4-one ethylene ketal [10], and the
      like.
PAC  Example 24B
PAR  Spiro(cyclohexane -1,2'-indan)-4-one, oxime [12 ]
PAR  1. A mixture of 4g. (0.016 M) of spiro(cyclohexane-1,2'-indan)-4-one
      ethylene ketal [10] (prepared in Example 20B) and 8 ml. of 2.5 N
      hydrochoric acid in 80 ml. of acetone is heated at reflux for about 4
      hours. Most of the solvent is removed under vacuum and ether added. The
      organic layer is separated, washed with water and brine and evaporated to
      dryness. The residue is chromatographed on a 350 ml. column of silica gel
      with elution by methylene chloride. Those fractions similar by thin layer
      chromatography are combined to give spiro(cyclohexane-1,2'-indan)-4-one
      [11] as an amorphous gum.
PAR  2. A mixture of the gum [11] obtained in (1), above, 3 g. of hydroxylamine
      hydrochloride and 10 ml. of water in 100 ml. of tetrahydrofuran is heated
      at reflux for about 15 hours. Most of the solvent is removed under vacuum
      and the residue diluted with water. The precipitated solid is
      recrystallized from cyclohexanone to give 3.1 g. (90% yield) of
      spiro(cyclohexane-1,2'-indan)-4-one oxime [12] having a melting point of
      120.degree. to 122.degree. C.
PAR  Anal. Calcd. for C.sub.14 H.sub.17 NO: C, 78.10; H, 7.96; N, 6.51.
PAR  Found: C, 78.08; H, 7.85; N, 6.50.
PAR  Following the procedure of Example 24B but substituting other
      spiro(cyclohexane-1,2'-indan)-4-one ethylene ketals [10] as starting
      materials, such as
PA1  1. 7'-bromospiro(cyclohexane-1,2'-indan)-4-one, ethylene ketal [10],
PA1  2. 6'-ethylspiro(cyclohexane-1,2'-indan)-4-one, ethylene ketal [10],
PA1  3. 5'-methoxyspiro(cyclohexane-1,2'-indan)-4-one, ethylene ketal [10], and
      the like, yields, respectively,
PA1  1. 7'-bromospiro(cyclohexane-1,2'-indan)-4-one [11] and its oxime [12],
PA1  2. 6'-ethylspiro(cyclohexane-1,2'-indan)-4-one [11] and its oxime [12],
PA1  3. 5'-methoxyspiro(cyclohexane-1,2'-indan)-4-one-[11] and its oxime [12],
      and the like.
PAC  EXAMPLE 25B
PAR  Spiro(cyclohexane-1,2'-indan)-4-one, oxime acetate [13 ]
PAR  A solution of 3.1 g. spiro(cyclohexane-1,2'-indan)-4-one oxime [12]
      (prepared in Example 24B) and 6 ml. of acetic anhydride in 25 ml. of
      pyridine is allowed to stand at room temperature for about 6 hours. The
      reaction mixture is then poured into ice: water and the solid collected on
      a filter. The solid is recrystallized from Skellysolve B to give 2.94 g.
      (88% yield) of spiro(cyclohexane-1,2'-indan)-4-one, oxime acetate [13]
      having a melting point of 91.degree. to 94.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.19 NO.sub.2 : C, 74.68; H, 7.44; N, 5.44.
PAR  Found: C, 74.43; H, 7.35; N, 5.49.
PAR  Following the procedure of Example 25B but substituting other
      spiro(cyclohexane-1,2'-indan)-4-one oximes [12] as starting materials,
      such as
PA1  1. 6'-chlorospiro(cyclohexane-1,2'-indan)-4-one, oxime [12],
PA1  2. 7'-ethoxyspiro(cyclohexane-1,2'-indan)-4-one, oxime [12], and the like,
PAL  yields, respectively,
PA1  1. 6'-chlorospiro(cyclohexane-1,2'-indan)-4-one, oxime acetate [13],
PA1  2. 7'-ethoxyspiro(cyclohexane-1,2'-indan)-4-one, oxime acetate [13], and
      the like.
PAC  EXAMPLE 26B
PAR  Sprio(cyclohexane-1,2'-indan)-4-amine hydrochloride-[I (b) ]
PAR  To an ice-cooled solution of 2.94 g. (0.0114 M) of
      spiro(cyclohexane-1,2'-indan)-4-one oxime acetate [13 ](prepared in
      Example 25B) in 50ml. of tetrahydrofuran, 15 ml. of N diborane in
      tetrahydrofuran is added dropwise. Following about 6 hours of standing in
      the cold, 1 ml. of water is added. The solvent is then removed under
      vacuum and the residue stirred for about 1 hour at room temperature with
      90 ml. of 2.5 N hydrochloric acid covered by ether. The aqueous layer is
      then made strongly basic, the organic layer washed with water and brine
      and evaporated to dryness. The residue is dissolved in ether and this
      solution treated with 5 N hydrochloric acid in ether. The resulting
      precipitate is recrystallized from methanol: ethyl acetate to give 1.12 g.
      (41% yield) of spiro(cyclohexane-1,2'-indan)-4-amine hydrochloride [I (b)
      ], having a melting point of 270.degree. to 273.degree. C.
PAR  Anal. Calcd. for C.sub.14 H.sub.20 ClN: C, 70.71; H, 8.48; N, 5.89.
PAR  Found: C, 70.68; H, 8.55; N, 5.69.
PAR  Following the procedure of Example 26B but substituting other
      spiro(cyclohexane-1,2'-indan)-4-one acetate oximes [13] as starting
      materials, such as
PA1  1. 5'-bromospiro(cyclohexane-1,2'-indan)-4-one, oxime acetate [13],
PA1  2. 6'-ethylspiro(cyclohexane-1,2'-indan)-4-one, oxime acetate [13],
PA1  3. 7'-methoxyspiro(cyclohexane-1,2'-indan)-4-one, oxime acetate [13], and
      the like,
PAL  yields, respectively,
PA1  1. 5'-bromospiro(cyclohexane-1,2'-indan)-4-amine [I (b) ],
PA1  2. 6'-ethylspiro(cyclohexane-1,2'-indan)-4-amine [I (b) ],
PA1  3. 7'-methoxyspiro(cyclohexane-1,2'-indan)-4-amine [I (b) ], and the like.
PAC  EXAMPLE 27B
PAR  Spiro(cyclohexane-1,2'-indan)-4-ol [14]
PAR  To a solution of 8.33 g. (0.042 M) of crude
      spiro(cyclohexane-1,2'-indan)-4-one[11] [obtained as in (1) of Example
      23B] in 85 ml. of ethanol, 1.6 g. of sodium borohydride is added.
      Following about 6 hours of stirring at room temperature, most of the
      solvent is removed under vacuum. The residue is suspended in ether and
      water. The organic layer is washed with water and brine and evaporated to
      dryness. The residue is chromatographed on a column of 800 ml. of silica
      gel with elution by 10% acetone in methylene chloride. The crystalline
      fractions are combined and recrystallized from petroleum ether to give
      5.52 g. (66% yield) of spiro(cyclohexane-1,2'-indan)-4-ol [14] having a
      melting point of 76.degree. to 78.degree. C.
PAR  Anal. Calcd. for C.sub.14 H.sub.18 O: C, 83.12; H, 8.97.
PAR  Found: C, 83.33; H, 8.92.
PAR  Following the procedure of Example 27B but substituting other
      spiro(cyclohexane-1,2'-indan)-4-ones [11] as  starting materials, such as
PA1  1. 5'-chlorospiro(cyclohexane-1,2'-indan)-4-one [11],
PA1  2. 6'-ethoxyspiro(cyclohexane-1,2'-indan)-4-one [11], and the like,
PAL  yields, respectively,
PA1  1. 5'-chlorospiro(cyclohexane-1,2'-indan)-4-ol [14],
PA1  2. 6'-ethoxyspiro(cyclohexane-1,2'-indan)-4-ol [14], and the like.
PAC  EXAMPLE 28B
PAR  5'-Methylspiro(cyclohexane-1,2'-indan)-4-ol [14]
PAR  1. A solution of 7.01 g. (0.027 M) of
      5'-methylspiro(cyclohexane-1,2'-indan)-4-one ethylene ketal [10] (obtained
      as in Example 21B) and 10 ml. of 2.5 N hydrochloric acid in 100 ml. of
      acetone is allowed to stand at room temperature for about 17 hours. The
      solvent is then removed under vacuum and the residue suspended in water
      and ether. The organic layer is washed with water and brine and evaporated
      to dryness. The residue is chromatographed on a column of silica gel with
      elution by 10% acetone: Skellysolve B. The crystalline fractions are
      combined and recrystallized from petroleum ether to give 4.43 g. (76%
      yield) of 5'-methyl(cyclohexane-1,2'-indan)-4-one [11], melting at
      68.degree. to 70.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.18 O: C, 84.07; H, 8.47.
PAR  Found: C, 83.92; H, 8.79.
PAR  2. To a solution of 4.43 g. of the
      5'-methylspiro(cyclohexane-1,2'-indan)-4-one [11] obtained in (1), above,
      in 100 ml. of 95% isopropanol, 0.8 g. of sodium borohydride is added.
      Following about 5.5 hours of standing at room temperature most of the
      solvent is removed under vacuum. The residue is dissolved in water and
      ether. The organic layer is washed with water and brine and then
      evaporated to dryness, to give 4.55 g. (97%) of
      5'-methylspiro(cyclohexane-1,2'-indan)-4-ol[ 14] as a gum which showed a
      single spot on thin layer chromatography.
PAC  EXAMPLE 29B
PAR  5'-Methoxyspiro(cyclohexane-1,2'-indan)-4-ol[ 14]
PAR  1. A solution of 2.87 g. (0.0105 M) of
      5'-methoxyspiro(cyclohexane-1,2'-indan)-4-one ethylene ketal[ 10]
      (obtained as in Example 23B) and 6.5 ml. of 2.5 N hydrochloric acid in 60
      ml. of acetone is allowed to stand at room temperature for about 18 hours.
      Most of the solvent is removed under vacuum and the residue dissolved in
      water and ether. The organic layer is washed with water and brine and
      evaporated to dryness. The residue is recrystallized from Skellysolve B to
      give 1.95 g. (81% yield) of 5'-methoxyspiro(cyclohexane-1,2'-indan)-4-one[
      11] melting at 89.degree. to 91.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.18 O.sub.2 : C, 78.23; H, 7.88.
PAR  Found: C, 77.96; H, 7.96.
PAR  2. A suspension of 1.95 g. of the
      5'-methoxyspiro(cyclohexane-1,2'-indan)-4-one[ 11] obtained in (1), above,
      in 100 ml. of isopropanol is warmed to bring the solid into solution.
      There is then added 0.35 g. of sodium borohydride and the mixture stirred
      at room temperature for about 7 hours. Most of the solvent is removed
      under vacuum and the residue dissolved in water and ether. The residue is
      washed with water and brine and evaporated to dryness. The product, 1.86
      g. of 5'-methoxyspiro(cyclohexane-1,2'-indan)-4-ol[ 14], is an oil having
      a nuclear magnetic resonance (NMR) spectrum in agreement with the expected
      structure.
PAR  Following the procedures of Examples 28B and 29B but substituting other
      spiro(cyclohexane-1,2'-indan)-4-one ethylene ketals[ 10] as starting
      materials, such as
PA1  7'-fluorospiro(cyclohexane-1,2'-indan)-4-one ethylene ketal[ 10], and the
      like, yields,
PA1  7'-fluorospiro(cyclohexane-1,2'-indan)-4-ol[ 14], and the like.
PAC  EXAMPLE 30B
PAR  Spiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate[ 15]
PAR  A mixture of 5.52 g. (0.027 M) of spiro(cyclohexane-1,2'-indan)-[4-ol[14]
      (obtained in Example 27B) in 50 ml. of ice cold pyridine is treated with
      5.5 ml. of methane sulfonyl chloride. After standing for about 7 hours in
      the cold the mixture is diluted with ice: water. The precipitated solid is
      recrystallized from acetone: Skellysolve B to give 7.15 g. (93% yield) of
      spiro(cyclohexane- 1,2'-indan)-4-ol methanesulfonate[ 15], melting at
      100.degree. to 102.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.20 O.sub.3 S: C, 64.25; H, 7.19.
PAR  Found; C, 63.87; H, 7.50.
PAC  EXAMPLE 31B
PAR  5'-Methylspiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate[ 15]
PAR  To an ice cold solution of 4.55 g. (0.021 M) of
      5'-methylspiro(cyclohexane-1,2'-indan)-4-ol[ 14] (obtained in Example 28B)
      in 40 ml. of pyridine, 4.5 ml. of methanesulfonyl chloride is added. After
      standing about 5 hours in the cold the mixture is poured into ice: water.
      The precipitated gum is extracted with ether and the extract washed
      successively with water, 2.5 N hydrochloric acid, water and brine. The
      extract is evaporated to dryness and the solid that remains is
      recrystallized from ether: petroleum ether to give 5.38 g. (83%) of
      5'-methylspiro(cyclohexane)-1,2'-indan)-4-ol methanesulfonate[ 15],
      melting at 64.degree. to 66.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.22 O.sub.3 S: C, 65.27; H, 7.53.
PAR  Found: C, 65.41; H, 7.69.
PAC  EXAMPLE 32B
PAR  5'-Methoxyspiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate[ 15 ]
PAR  An ice cold solution of 1.86 g. (0.008 M) of
      5'-methoxyspiro(cyclohexane-1,2'-indan)-4-ol[14] (obtained in Example 29B)
      in 18 ml. of pyridine is treated with 2 ml. of methane sulfonyl chloride.
      After standing for about 5 hours in the cold the mixture is poured onto
      ice: water. The precipitated solid is recrystallized from methylene
      chloride: Skellysolve B to give 2.1 g. (85% yield) of
      5'-methoxyspiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate[ 15],
      melting at 63.degree. to 67.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.22 O.sub.4 S: C, 61.91; H, 7.14.
PAR  Found: C, 61.80; H, 7.14.
PAR  Following the procedures of Example 30B through 32B but substituting other
      spiro(cyclohexane-1,2'-indan)-4 -ols[ 14] as starting materials, such as
PA1  1. 5'-bromospiro(cyclohexane-1,2'-indan)-4-ol[14],
PA1  2. 6'-ethylspiro(cyclohexane-1,2'-indan)-4-ol[14],
PA1  3. 7'-isopropoxyspiro(cyclohexane-1,2'-indan)-4-ol-[14], and the like,
PAL  yields, respectively,
PA1  1. 5'bromospiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate[ 15],
PA1  2. 6'-ethylspiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate [15],
PA1  3. 7'-isopropoxyspiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate[ 15],
      and the like.
PAC  EXAMPLE 33B
PAR  Spiro(cyclohexane-1,2'-indan)-4-amine hydrochloride I(b)]
PAR  1. A mixture of 7.15 g. (0.0256 M) of spiro(cyclohexane-1,2'-indan)-4-ol
      methanesulfonate[ 15] (obtained in Example 30B) and 7 g. of sodium azide
      in 70 ml. of dimethylformamide is stirred in an oil bath at about
      90.degree. C. for about 17 hours. The solvent is then removed under vacuum
      and the residue dissolved in benzene and water. The organic layer is
      washed with water and brine to give
      spiro(cyclohexane-1,2'-indan)-4-ylazide[ 16].
PAR  2. A solution of the crude spiro(cyclohexane-1,2'-indan)-4ylazide[ 16]
      obtained in (1), above, in 75 ml. of tetrahydrofuran is added to a well
      stirred suspension of 1 g. of lithium aluminum hydride in 25 ml. of
      tetrahydrofuran. Following about 5 hours of stirring at room temperature
      the mixture is cooled in ice and treated successively with 1 ml. of water,
      1 ml. of 15% aqueous sodium hydroxide solution and 3 ml. of water. The
      inorganic gel is removed by filtration and the filtrate evaporated to
      dryness. The residue is dissolved in ether and this solution treated with
      5 N hydrogen chloride in ether. The precipitated solid is recrystallized
      from methanol: ethyl acetate to give 4.58 g. (76% yield) of
      spiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[ I(b)] , melting at
      280.degree. to 282.degree. C.
PAC  EXAMPLE 34B
PAR  5'-Methylspiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[ I(b)]
PAR  1. A mixture of 5.38 g. (0.0183 M) of
      5'-methylspiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate[ 15]
      (prepared in Example 31B) and 5.4 g. of sodium azide in 55 ml. of
      dimethylformamide is stirred in an oil bath at about 100.degree. C. for
      about 18 hours. The solvent is removed under vacuum and the residue
      dissolved in benzene and water. The organic layer is washed with water and
      brine and evaporated to dryness to give
      5'-methylspiro(cyclohexane-1,2'-indan)-4-ylazide[16].
PAR  2. A solution of the 5'-methylspiro(cyclohexane-1,2'-indan)-4-ylazide[ 16]
      obtained in (1), above, in 60 ml. of tetrahydrofuran is added to a well
      stirred suspension of 0.75 g. of lithium aluminum hydride in 20 ml. of
      tetrahydrofuran in the course of about 30 minutes. After about 4 hours the
      mixture is cooled in ice and treated successively with 0.75 ml. water,
      0.75 ml. of 15% aqueous sodium hydroxide solution and 2.25 ml. of water.
      The inorganic gel is removed by filtration, rinsed with methylene chloride
      and ether and the filtrate evaporated to dryness. The residue is dissolved
      in ether and the solution treated with 5 N hydrogen chloride in ether. The
      precipitated solid is recrystallized from methylene chloride: ethyl
      acetate to give 3.89 g. (85%) of
      5'-methylspiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[ I(b)] ,
      melting at 248.degree. to 252.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.22 ClN: C, 71.54; H, 8.81; N, 5.56.
PAR  Found: C, 71.19; H, 8.85; N, 5.42.
PAC  EXAMPLE 35B
PAR  5'-Methoxyspiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[ I(b)]
PAR  1. A mixture of 2.1 g. (0.0068 M) of
      5'-methoxyspiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate[ 15]
      (obtained in Example 32B) and 2.1 g. of sodium azide in 20 ml. of
      dimethylformamide is stirred in an oil bath at about 90.degree. C. for
      about 16 hours. The solvent is removed under vacuum and the residue
      dissolved in benzene and water. The organic layer is washed with water and
      brine and evaporated to dryness to give
      5'-methoxyspiro(cyclohexane-1,2'-indan)-4-ylazide[ 16].
PAR  2. A solution of the 5'-methoxyspiro(cyclohexane-1,2'-indan)-4-ylazide[ 16]
      obtained in (1), above, in 50 ml. of tetrahydrofuran to 0.26 g. of lithium
      aluminum hydride in 8 ml. of tetrahydrofuran in the course of about 10
      minutes. Following about 4.5 hours of stirring at room temperature the
      mixture is cooled in ice and there is added successively 0.26 ml. of
      water, 0.26 ml. of 15% aqueous sodium hydroxide solution and 0.78 ml. of
      water. The inorganic gel is collected on a filter and the filtrate
      evaporated to dryness. A solution of the residue in ether is treated with
      6 N hydrogen chloride in ether. The precipitated solid is recrystallized
      from methanol: methylene chloride: ethyl acetate to give 0.69 g. (38%
      yield) of 5'-methoxyspiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[
      I(b)] , having a melting point of 274.degree. to 277.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.22 ClNO: C, 67.27; H, 8.28; N, 5.23.
PAR  Found: C, 67.25; H, 8.18; N, 4.98.
PAR  Concentration of the mother liquors gives 0.43 g. (23%) of an apparently
      polymorphic form of the product [I(b)] , having a melting point of
      246.degree. to 248.degree. C.
PAR  Anal. Found: C, 66.98; H, 8.50; N, 4.87; m/e 231.
PAR  Following the procedures of Examples 33B through 35B but substituting other
      spiro(cyclohexane-1,2'-indan)-4-ol methanesulfonates[ 15] as starting
      materials, such as
PA1  1. 5'-fluorospiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate[ 15],
PA1  2. 6'-isopropylspiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate[ 15],
      and the like,
PAL  yields, respectively,
PA1  1. 5'-fluorospiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[ I(b)] ,
PA1  2. 6'-isopropylspiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[ I(b)] ,
      and the like.
PAR  Following the procedures of the immediately preceding paragraph and of
      Examples 33B through 35B but substituting other pharmacologically
      acceptable acids for hydrogen chloride, e.g., sulfuric, nitric, acetic,
      citric, benzoic, nicotinic, and the like, yields corresponding
      spiro(cyclohexane-1,2'-indan)-4-amine acid addition salts[ I(b)] .
PAC  EXAMPLE 36B
PAR  1-Spiro(cyclohexane-1,2'-indan)-4-yl piperidine hydrochloride[ I(b)]
PAR  To a suspension of 1.53 g. (0.0065 M) of
      spiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[ I(b)]  (prepared as
      in Example 33B) in 30 ml. of ethanol, there is added 1.58 ml. of 4.2 N
      sodium methoxide in methanol. Following about 1 hour of stirring, 1.62 g.
      of potassium carbonate and 0.97 ml. of 1,5-diiodopentane is added and the
      mixture heated to reflux. After about 18 hours the mixture is allowed to
      cool and most of the solvent removed under vacuum. The residue is
      partitioned between ether and water, the organic layer washed with water
      and brine and then evaporated to dryness. The residual solid is dissolved
      in ether and this solution treated with 5 N hydrogen chloride in ether.
      The resulting precipitate is recrystallized from methylene chloride: ethyl
      acetate to give 1.53 g. (77% of theoretical yield of
      1-spiro(cyclohexane-1,2'-indan)-4-yl piperidine hydrochloride[ I(b)] ,
      having a melting point of 282.degree. to 286.degree. C.
PAR  Anal. Calcd. for C.sub.19 H.sub.28 ClN: C, 74.60; H, 9.23; N, 4.58.
PAR  Found: C, 74.13; H, 9.27; N, 4.71.
PAR  Following the procedure of Example 36B but substituting the same and other
      (a) acid addition salts of spiro(cyclohexane-1,2'-indan)-4-amines[ I(b)]
      and (b) the same and other dihaloalkanes in stoichiometrically appropriate
      amounts as starting materials, such as
PA1  1. spiro(cyclohexane-1,2'-indan)-4-amine hydrochloride [ I(b)]  and
      1,4-dibromobutane,
PA1  2. spiro(cyclohexane-1,2'-indan)-4-amine hydrobromide [ I(b)]  and
      1,6-diiodohexane,
PA1  3. 5'-chlorospiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[ I(b)]  and
      1,5-diiodopentane,
PA1  4. 6'-ethylspiro(cyclohexane-1,2'-indan)-4-amine nitrate[ I(b)]  and
      1,4-diiodobutane, and the like, yields, respectively,
PA1  1. 1-spiro(cyclohexane-1,2'-indan)-4-yl pyrrolidine hydrochloride[ I(b)] ,
PA1  2. 1-spiro(cyclohexane-1,2'-indan)-4-yl hexamethyl-eneimine hydrochloride[
      I(b)] ,
PA1  3. 1-[5'-chlorospiro(cyclohexane-1,2'-indan)-4-yl] piperidine
      hydrochloride[ I(b)] ,
PA1  4. 1-[6'-ethylspiro(cyclohexane-1,2'-indan)-4-yl]-pyrrolidine
      hydrochloride[ I(b)] , and the like.
PAC  EXAMPLE 37B
PAR  4'-Fluoro-4-[[spiro[cyclohexane-1,2'-indan]-4-yl]amino]butyrophenone
      hydrochloride[ I(b)]
PAR  To a solution of 1.12 g. (0.0047 M) of spiro(cyclohexan-1,2'-indan)-4-amine
      hydrochloride[ I(b)]  (prepared as in Example 33B) in 30 ml. of
      dimethylformamide, there is added 0.22, g. of sodium hydride. Following
      about 1 hour of stirring at room temperature, 0.81 g. of potassium iodide,
      1.32 g. of potassium carbonate and 1.14 g. of the
      2,2-dimethyl-1,3-propanediol ketal of 4-chloro-4'-fluorobutyrophenone are
      added. The mixture is then stirred in an oil bath for about 18 hours at
      about 90.degree. C. The solvent is removed under vacuum and the residue
      dissolved in benzene and water. The organic layer is washed with water and
      brine and evaporated to dryness. The residue is then stirred with 15 ml.
      of methanol and 7.5 ml. of 2.5 N hydrochloric acid for about 2 hours. Most
      of the methanol is removed under vacuum and the solid collected on a
      filter. Two recrystallizations from methylene chloride: ethyl acetate give
      0.84 g. (46% yield) of
      4'-fluoro-4-[[spiro[cyclohexane-1,2'-indan]-4-yl]aminobutyrophenone
      hydrochloride[ I(b)] , having a melting point of 195.degree. to
      198.degree. C.
PAR  Anal. Calcd. for C.sub.24 H.sub.29 ClFNO: C, 71.71; H, 7.27.
PAR  Found: C, 71.68; H, 7.14.
PAC  EXAMPLE 38B
PAR  4'-Fluoro-4-[[5'-methylspiro[cyclohexane-1,2'-indan]-4-yl]amino]butyropheno
     ne hydrochloride[I(b)]
PAR  A suspension of 1.5 g. (0.0049 M) of
      5'-methylspiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)]
      (prepared as in Example 34B) in 30 ml. of methylene chloride is shaken
      with 25 ml. of N sodium hydroxide solution until all the solid is
      dissolved. The organic layer is separated and evaporated to dryness. To a
      solution of the residue in 25 ml. of dimethylformamide, 1 g. of potassium
      iodide, 1.53 g. of potassium carbonate and 1.41 g. of the
      2,2-dimethyl-1,3-propanediol ketal of 4-chloro-4'-fluorobutyrophenone are
      added. Following about 18 hours of heating in an oil bath at about
      90.degree. C., the solvent is removed under vacuum. The residue is
      dissolved in benzene and water, the organic layer washed with water and
      brine and then evaporated to dryness. A mixture of the residue in 10 ml.
      of 2.5 N hydrochloric acid and 20 ml. of methanol is stirred for about 2
      hours at room temperature. Most of the methanol is then removed under
      vacuum and the solid collected on a filter. This is recrystallized from
      methanol: ethyl acetate to give 0.61 g. (30% yield) of
      4'-fluoro-4-[[5'-methylspiro[cyclohexane-1,2'-indan]-4-yl]-amino]butyrophe
     none hydrochlorde[I(b)], melting at 204.degree. to 206.degree. C.
PAR  Anal. Calcd. for C.sub.25 H.sub.31 ClFNO: C, 72.18; H, 7.51; N, 3.37.
PAR  Found: C, 72.28; H, 7.73; N, 3.29.
PAC  EXAMPLE 39B
PAR  4'-Fluoro-4-[[5'-methoxyspiro[cyclohexane-1,2'-indan]-4-yl]amino]butyrophen
     one hydrochloride[I(b)]
PAR  A suspension of 0.69 g. (0.0026 M) of
      5'-methoxyspiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)]
      (prepared in Example 35B) in 15 ml. of methylene chloride is shaken with
      10 ml. of N sodium hydroxide solution until all of the solid is dissolved.
      The organic layer is separated and evaporated to dryness. To a solution of
      the residue in 15 ml. of dimethylformamide, 0.52 g. of potassium iodide,
      0.81 g. of potassium carbonate and 0.75 g. of the
      2,2-dimethyl-1,3-propanediol ketal of 4-chloro-4'-fluorobutyrophenone are
      added. After about 18 hours of heating at about 90.degree. C., the solvent
      is removed under vacuum. The residue is dissolved in benzene and water,
      the organic layer washed with water and brine and evaporated to dryness.
      The residue is dissolved in 5 ml. of 2.5 N hydrochloric acid and 10 ml. of
      methanol. After standing for about 3 hours at room temperature most of the
      methanol is removed under vacuum. The solid that precipitates is
      recrystallized from methylene chloride: ethyl acetate to give 0.52 g.
      (46%) of
      4'-fluoro-[[5'-methoxyspiro[cyclohexane-1,2'-indan]-4-yl]amino]butyropheno
     ne hydrochloride[I(b)], melting at 190.degree. to 193.degree. C.
PAR  Anal. Calcd. for C.sub.25 H.sub.31 ClFNO.sub.2 : C, 69.51; H, 7.23; N,
      3.24.
PAR  Found: C, 69,62; H, 7.20; N, 3.11.
PAR  Following the procedures of Examples 37B through 39B but substituting the
      same and other (a) acid addition salts of
      spiro(cyclohexane-1,2'-indan)-4-amines[I(b)] and (b) the
      2,2-dimethyl-1,3-propanediol ketals of the same and other
      .omega.-haloalkanaryl ketones in stoichiometrically appropriate amounts as
      starting materials, such as
PA1  1. spiro(cyclohexane-1,2'-indan)-4-amine hydrochloride [I(b)] and the
      2,2-dimethyl-1,3-propanediol ketal of 3-bromo-4'-ethylpropiophenone,
PA1  2. 7'-chlorospiro(cyclohexane-1,2'-indan)-4-amine hydrobromide[I(b)] and
      the 2,2-dimethyl-1,3-propanediol ketal of 3',4-dichlorobutyrophenone,
PA1  3. 6'-ethylspiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)] and
      the 2,2-dimethyl-1,3-propanediol ketal of 4-chloro-2'-ethoxybutyrophenone,
PA1  4. 4'-acetylamidospiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)]
      and the 2,2-dimethyl-1,3-propanediol ketal of
      5-chloro-4'-ethylvalerophenone, and the like,
PAL  yields, respectively,
PA1  1. 4'-ethyl-3[[spiro[cyclohexane-1,2'-indan]-4-yl]amino]propiophenone
      hydrochloride[I(b)],
PA1  2.
      3'-chloro-4-[[7'-chlorospiro[cyclohexane-1,2'-indan]-4-yl]amino]butyrophen
     one hydrochloride[I(b)],
PA1  3.
      2'-ethoxy-4-[[6'-ethylspiro[cyclohexane-1,2'-indan]-4-yl]amino]butyropheno
     ne hydrochloride[I(b)],
PA1  4.
      4'-ethyl-5-[[4'-acetylamidospiro[cyclohexane-1,2'-indan]-4-yl]amino]valero
     phenone hydrochloride[I(b)], and the like.
PAC  EXAMPLE 40B
PAR  Ethyl spiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)]
PAR  A suspension of 3.03 g. (0.0128 M) of spiro(cyclohexane-1,2'-indan)-4-amine
       hydrochloride[I(b)] (prepared as in Example 33B) in 65 ml. of methylene
      chloride is shaken with 50 ml. of N sodium hydroxide solution until the
      solid is completely dissolved. The organic layer is separated and
      evaporated to dryness. To an ice cooled solution of the residue in 25 ml.
      of pyridine, 2 ml. of ethyl chloroformate is added dropwise. After about 5
      hours in the cold the mixture is poured onto ice: water. The precipitated
      solid is recrystallized from Skellysolve B to give 2.9 g. (83%) of ethyl
      spiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)], melting at 70.degree. to
      73.degree. C.
PAC  EXAMPLE 41B
PAR  Ethyl 5'-methylspiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)]
PAR  A solution of the amine free base prepared from 1.97 g. (0.00785 M) of
      5'-methylspiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)]
      (obtained as in Example 34B), in 16 ml. of pyridine, is cooled in an ice
      bath. After the addition of 1.25 ml. of ethyl chloroformate the mixture is
      allowed to stand in the cold for about 5.5 hours and then poured into ice
      water. The gum that precipitates is extracted with ether. The combined
      extracts are washed successively with water, ice cold 2.5 N hydrochloric
      acid, water, aqueous sodium bicarbonate solution and brine, and evaporated
      to dryness. The residue is chromatographed over a 250 ml. column of silica
      gel with elution by 5% ethyl acetate: methylene chloride. The fractions
      shown alike by TLC are combined to give 2.19 g. of ethyl
      5'-methylspiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)], having a melting
      point of 55.degree. to 60.5.degree. C.
PAC  EXAMPLE 42B
PAR  Ethyl 5'-methoxyspiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)]
PAR  To an ice cooled solution of the amine free base prepared from 2.38 g.
      (0.00926 M) of 5'-methoxyspiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride[I(b)] (obtained as in Example 35B), in 0.82 ml. of
      triethylamine and 40 ml. of tetrahydrofuran, 0.87 ml. of ethyl
      chloroformate is added. The mixture is kept in the cold for about 6 hours
      and then evaporated to dryness under vacuum. The residue is dissolved in
      water and ether and the organic layer washed with water and brine and then
      evaporated to dryness. The residue is chromatographed on a 250 ml. column
      of silica gel with elution by 10% acetone: Skellysolve B. The fractions
      shown alike by TLC are combined to yield 2.22 g. (79%) of ethyl
      5'-methoxyspiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)] as a waxy solid.
PAR  Following the procedures of Examples 40B through 42B but substituting
      another spiro(cyclohexane-1,2'-indan -4-amine[I(b)] and another lower
      alkyl haloformate, such as
PA1  1. 5'-chlorospiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)] and
      methyl chloroformate,
PA1  2. 4'-ethylspiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)] and
      propyl chloroformate, and the like,
PAL  yields, respectively,
PA1  1. methyl 5'-chlorospiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)],
PA1  2. propyl 4'-ethylspiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)], and the
      like.
PAC  EXAMPLE 43B
PAR  Spiro(cyclohexane-1,2'-indan)-4-methylamine hydrochloride[I(b)]
PAR  A solution of 2.9 g. (0.0106 M) of ethyl
      spiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)] (prepared in Example 40B)
      in 50 ml. of tetrahydrofuran, is added to a well stirred suspension of 0.5
      g. of lithium aluminum hydride in 25 ml. of tetrahydrofuran. The mixture
      is heated at reflux for about 6 hours and then cooled in ice. There is
      added successively 0.5 ml. of water, 0.5 ml. of 15% aqueous sodium
      hydroxide solution and 1.5 ml. of water. The inorganic gel is collected on
      a filter and the filtrate evaporated to dryness. An ether solution of the
      residue is treated with 6 N hydrochloric acid to give 1.8 g. (66%) of
      spiro(cyclohexane-1,2'-indan)-4-methylamine hydrochloride[I(b)], melting
      at 251.degree. to 254.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.22 ClN.1/3H.sub.2 O: C, 69.88; H, 9.22; N,
      5.43.
PAR  Found: C, 69.99; H. 8.55; N, 5.25.
PAC  EXAMPLE 44B
PAR  5'-Methylspiro(cyclohexane-1,2'-indan)-4-methylamine[I(b)]
PAR  To a well stirred suspension of 0.33 g. of lithium aluminum hydride in 8
      ml. of tetrahydrofuran, a solution of 2.19 g. (0.00764 M) of ethyl
      5'-methylspiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)] (prepared in
      Example 41B) in 50 ml. of tetrahydrofuran is added. The mixture is stirred
      at room temperature for about 6 hours. After cooling in an ice bath, there
      is added successively 0.33 ml. of water, 0.33 ml. of 15% sodium hydroxide
      solution and 0.99 ml. of water. The resulting inorganic gel is collected
      on a filter, rinsed well with ether and the filtrate evaporated to
      dryness. A solution of the residual gum in 35 ml. of tetrahydrofuran is
      added to a well stirred suspension of 0.33 g. of lithium aluminum hydride
      in 5 ml. of tetrahydrofuran. After about 6 hours of stirring at room
      temperature the reaction mixture is treated as above. The residual gum is
      dissolved in a small amount of ether and extracted 3 times with 20 ml. of
      2.5 N hydrochloric acid. The combined extracts are washed with ether and
      made basic. The material that precipitates is extracted with ether and the
      extracts evaporated to dryness to give
      5'-methylspiro(cyclohexane-1,2'-indan)-4-methylamine[I(b)] as gum.
PAC  EXAMPLE 45B
PAR  5'-Methoxyspiro(cyclohexane-1,2'-indan)-4-methylamine hydrochloride[I(b)]
PAR  To a well stirred suspendion of 0.32 g. of lithium aluminum hydride in 8
      ml. of tetrahydrofuran, a solution of 2.22 g. (0.00732 M) of ethyl
      5'-methoxyspiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)] (prepared in
      Example 42B) in 50 ml. of tetrahydrofuran is added. After about 18 hours
      of stirring at room temperature the mixture is cooled in an ice bath and
      there is added successively 0.32 ml. of water, 0.32 ml. of 15% aqueous
      sodium hydroxide solution and 96 ml. of water. The resulting precipitate
      is collected on a filter and the filtrate evaporated to dryness. A
      solution of the residue in a small amount of ether is extracted with 2.5 N
      hydrochloric acid. A precipitate suspended in the acid layer is extracted
      with methylene chloride and evaporated to dryness. The acid portion is
      made basic, extracted with ether and evaporated to dryness. A solution of
      the latter residue in ether is treated with an excess of ethereal
      hydrochloric acid. A precipitate is collected on a filter, combined with
      the residue from the methylene chloride extract, and recrystallized from
      methanol: ether to give 0.56 g. (35.1% yield) of
      5'-methoxyspiro(cyclohexane-1,2-indan)-4-methylamine hydrochloride-[I(b)],
      melting at 225.degree. to 229.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.24 ClNO.1/2CH.sub.3 OH: C, 66.53; H, 8.80;
      N, 4.70
PAR  Found: C, 66.74; H, 8.54; N, 4.82.
PAR  Following the procedures of Examples 34B through 45B but substituting
      another lower alkyl spiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)] as
      starting material, such as
PA1  1. ethyl 5'-bromospiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)],
PA1  2. propyl 4'-ethoxyspiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)], and the
      like,
PAL  yields, respectively,
PA1  1. 5'-bromospiro(cyclohexane-1,2'-indan)-4-methyl-amine
      hydrochloride[I(b)],
PA1  2. 4'-ethoxyspiro(cyclohexane-1,2'-indan)-4-methyl-amine
      hydrochloride[I(b)], and the like.
PAC  EXAMPLE 46B
PAR  4'-Fluoro-4-[methyl[spiro[cyclohexane-1,2'-indan]-4-yl]amino]butyrophenone
      hydrochloride[I(b)]
PAR  To a suspension of 1 g. (0.0040 M) of
      spiro(cyclohexane-1,2'-indan)-4-methylamine hydrochloride[I(b)] (prepared
      as in Example 43B) in 20 ml. of dimethylformamide, 0.17 g. of sodium
      hydride is added. After about 1 hour, 0.8 g. of potassium iodide, 1.25 g.
      of potassium carbonate and 1.15 g. of the 2,2-dimethyl-1,3-propandiol
      ketal of 4-chloro-4'-fluorobutyrophenone is added to the mixture. The
      mixture is heated in an oil bath at about 110.degree. C. for about 17
      hours and allowed to cool. The solvent is then removed under vacuum and
      the residue dissolved in benzene and water. The organic layer is washed
      with water and brine and evaporated to dryness. A mixture of the residue
      and 7.5 ml. of 2.5 N hydrochloric acid in 15 ml. of methanol is stirred at
      room temperature for about 2 hours. Most of the methanol is removed under
      vacuum and the precipitated solid collected on a filter. This is
      recrystallized twice from methylene chloride: [ethyl acetate to give 0.77
      g] (45%) of
      4'-fluoro-4-[methyl[spiro[cyclohexane-1,2'-indan]-4-yl]amino]butyrophenone
      hydrochloride[I(b)], melting at 195.degree. to 197.degree. C., and also
      named
      4'-fluoro-4-[spiro[cyclohexane-1,2'-indan)-4-yl-N-methylamino]butyrophenon
     e hydrochloride.
PAR  Anal. Calcd. for C.sub.25 H.sub.31 ClFNO.1/2H.sub.2 O: C, 70.65; H, 7.35;
      N, 3.29.
PAR  Found: C, 71.10; H, 7.44; N, 3.20.
PAC  EXAMPLE 47B
PAR  4'-Fluoro-4-[methyl[5'-methylspiro[cyclohexane-1,2'-indan]-4-yl]amino]butyr
     ophenone hydrochloride[I(b)]
PAR  A mixture of 0.72 g. (0.00314 M) of
      5'-methylspiro(cyclohexane-1,2'-indan)-4-methylamine[I(b)] (prepared in
      Example 44B), 0.99 g. of potassium carbonate, 0.65 g. of potassium iodide
      and 0.9 g. of the 2,2-dimethyl-1,3-propanediol ketal of
      4-chloro-4'-fluorobutyrophenone in 16 ml. of dimethylformamide is heated
      in an oil bath at about 90.degree. C. for about 18 hours. Most of the
      solvent is removed under vacuum and the residue dissolved in benzene and
      water. The organic layer is washed with water and brine and evaporated to
      dryness. The residue is stirred with 12 ml. of methanol and 6 ml. of 2.5 N
      hydrochloric acid for about 3 hours at room temperature. Most of the
      methanol is removed under vacuum and the residue extracted with methylene
      chloride. The extract is washed with N sodium hydroxide solution and
      evaporated to dryness. The residue is chromatographed on a 200 ml. column
      of silica gel with elution by 30% Skellysolve B: methylene chloride
      saturated with ammonium hydroxide. Those fractions found alike by TLC are
      dissolved in methylene chloride. The latter solution is washed with 2.5 N
      hydrochloric acid, evaporated to dryness and recrystallized from methanol:
      ether to yield 0.25 g. (18.5%) of
      4'-fluoro-4-[methyl[5'-methylspiro[cyclohexane-1,2'-indan]butyrophenone
      hydrochloride[I(b)], melting at 212.5.degree. to 214.degree. C.
PAR  Anal. Calcd. for C.sub.26 H.sub.33 ClFNO: C, 72.62; H, 7.74; N, 3.26.
PAR  Found: C, 72.17; H, 7.79; N, 3.26.
PAC  EXAMPLE 48B
PAR  4'-Fluoro-4-[methyl[5'-methoxyspiro[cyclohexane-1,2'-indan]-4-yl]amino]buty
     rophenone hydrochoride[I(b)]
PAR  A mixture of the amine free base prepared from 0.84 g. (0.0030 M) of
      5'-methoxyspiro(cyclohexane-1,2'-indan)-4-methylamine hydrochloride[I(b)]
      (obtained as in Example 45B), 0.95 g. of potassium carbonate, 0.62 g. of
      potassium iodide and 0.86 g. of the 2,2-dimethyl-1,3-propane-diol ketal of
      4-chloro-4'-fluorobutyrophenone in 15 ml. of dimethylformamide is heated
      in an oil bath at about 90.degree. C. for about 18 hours. Most of the
      solvent is removed under vacuum and the residue dissolved in benzene and
      water. The organic layer is washed with water and brine and then
      evaporated to dryness. A solution of the residue in 12 ml. of methanol and
      6 ml. of 2.5 N hydrochloric acid is stirred at room temperature for about
      3 hours. Most of the methanol is removed under vacuum and the residue
      extracted with methylene chloride. The residue is washed with N aqueous
      sodium hydroxide solution and evaporated to dryness. The residue is
      chromatographed on a 200 ml. of column of silica gel with elution by 30%
      Skellysolve B: methylene chloride saturated with ammonium hydroxide. Those
      fractions found alike by TLC are pooled and evaporated to dryness. The
      residue is streaked onto 3 preparative TLC plates and eluted with
      methylene chloride saturated with ammonium hydroxide. The band having the
      strongest ultraviolet absorbtion is eluted and evaporated to dryness to
      give 0.45 g. (33.6% yield) of
      p-fluoro-4-[methyl]5'-methoxyspiro[cyclohexane-1,2'-indan]-4-yl]amino]buty
     rophenone hydrochlorede[I(b)] as an amorphous foam.
PAR  Following the procedures of Example 46B through 48B but substituting the
      same and other (a) acid addition salts of
      spiro(cyclohexane-1,2'-indan)-4-lower alkylamines [I(b)] and (b) the
      2,2-dimethyl-1,3-propanediol ketal of .omega.-haloalkanaryl ketones in
      stoichiometrically appropriate amounts as starting materials, such as
PA1  1. spiro(cyclohexane-1,2'-indan)-4-methylamine hydrochloride[I(b)] and the
      2,2-dimethyl-1,3-propanediol ketal of 3'-bromo-3-chloropropiophenone,
PA1  2. 6'-ethylspiro(cyclohexane-1,2'-indan)-4-methyl-amine hydrochloride[I(b)]
      and the 2,2-dimethyl-1,3-propanediol ketal of
      4-chloro-2'-ethoxybutyrophenone,
PA1  3. 5'-propionylamidospiro(cyclohexane-1,2'-indan)-4-methylamine
      hydrochloride[I(b)] and the 2,2-dimethyl-1,3-propanediol ketal of
      5-chloro-4'-propylvalerophenone and the like,
PAL  yields, respectively,
PA1  1.
      3'-bromo-3-[methyl[spiro[cyclohexane-1,2'-indan]-4-yl]amino]propiophenone
     hydrochloride[I(b)],
PA1  2.
      2'-ethoxy-4-[methyl[6'-ethylspiro[cyclohexane-1,2'-indan]-4-yl]amino]butyr
     ophenone hydrochloride[I(b)],
PA1  3.
      4'-propyl-5-[methyl[5'-propionylamidospiro[cyclohexane-1,2'-indan]-4-yl]am
     ino]valerophenone hydrochloride[I(b)], and the like.
PAC  EXAMPLE 49B
PAR  1'-Hydroxyspiro(cyclohexane-1,2'-indan)-4-one ethylene ketal[17]
PAR  A solution of 2.6 g. (0.01 M) of spiro(cyclohexane-1,2'-indan)-1',4-dione
      ethylene ketal[9] (prepared as in Example 16B) in 50 ml. of
      tetrahydrofuran is added to a well stirred suspension of 0.5 g. of lithium
      aluminum hydride in 10 ml. of tetrahydrofuran. The mixture is stirred at
      room temperature for about 5 hours, cooled in ice and treated successively
      with 0.5 ml. of water, 0.5 ml. of 15% aqueous sodium hydroxide solution
      and 1.5 ml. of water. The inorganic gel is removed by filtration and the
      filtrate evaporated to dryness. The residue is recrystallized from
      cyclohexane to give 2.45 g. (95%) of
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-one ethylene ketal[17 ], having
      a melting point of 125.degree. to 128.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.20 O.sub.3 : C, 73.82; H, 7.74.
PAR  Found: C, 73.48; H, 7.78.
PAR  Following the procedure of Example 49B but substituting other
      spiro(cyclohexane-1,2'-indan)-1,4-dione alkylene ketals[9] as starting
      materials, such as
PA1  5'-methoxyspiro(cyclohexane-1,2'-indan)-1',4-dione ethylene ketal[9]
      yields,
PA1  1'-hydroxy-5'-methoxyspiro(cyclohexane-1,2'-indan)-4-one ethylene
      ketal[17].
PAC  EXAMPLE 50B
PAR  1'-Acetoxyspiro(cyclohexane-1,2'-indan)-4-one[19]
PAR  1. A solution of 2.45 g. (0.0094 M) of
      1'-hydroxy-spiro(cyclohexane-1,2'-indan)-4-one ethylene ketal[17]
      (prepared in Example 49B) and 5 ml. of 2.5 N hydrochloric acid in 50 ml.
      of acetone is allowed to stand for about 17 hours at room temperature.
      Most of the solvent is removed under vacuum and the residue dissolved in
      water and ether. The organic layer is washed with water and brine and
      evaporated to dryness to give
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-one[18], as a gum.
PAR  2. A solution of the 1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-one[18]
      obtained in (1), above, and 4 ml. of acetic anhydride in 16 ml. of
      pyridine is allowed to stand at room temperature for about 7 hours and
      then poured into ice:water. The precipitate is extracted with ether. This
      extract is washed successively with water, ice cold 2.5 N hydrochloric
      acid, water and saturated aqueous sodium bicarbonate solution and then
      evaporated to dryness. The residual solid is recrystallized from
      Skellysolve B to give 1.82 g. (75% yield) of
      1'-acetoxyspiro(cyclohexane-1,2'-indan)-4-one[19], melting at 87.degree.
      to 89.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.18 O.sub.3 : C, 74.39; H, 7.02.
PAR  Found: C, 73.93; H, 6.95.
PAR  Following the procedure of Example 50B but substituting other
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-one alkylene ketals[17] and an
      anhydride of another hydrocarbon carboxylic acid for acetic anhydride,
      such as
PA1  1. 1'-hydroxy-4'-acetylamidospiro(cyclohexane-1,2'-indan)-4-one ethylene
      ketal[17] and propionic anhydride,
PA1  2. 1'-hydroxy-5'-ethylspiro(cyclohexane-1,2'-indan)-4-one ethylene
      ketal[17] and isopropionic anhydride, and the like,
PAL  yields, respectively,
PA1  1. 1'-propionyloxy-4'-acetylamidospiro(cyclohexane-1,2'-indan)-4-one[19],
PA1  2. 1'-isopropionyloxy-5'-ethylspiro(cyclohexane-1,2'-indan)-4-one[19], and
      the like.
PAC  EXAMPLE 51B
PAR  1'-Acetoxyspiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate[21]
PAR  1. To a solution of 1.82 g. (0.0071 M) of
      1'-acetoxy(cyclohexane-1,2'-indan)-4-one[19] (prepared in Example 50B) in
      25 of 95% isopropanol, 0.32 g. of sodium borohydride is added. Following
      about 1 hour of stirring at room tempeerature most of the solvent is
      removed under vacuum. The residue is dissolved in ether and water, the
      organic layer is washed with water and brine and evaporated to dryness to
      give 1'-acetoxyspiro(cyclohexane-1,2'-indan)-4-ol[20].
PA1  2. The residual gummy 1'-acetoxyspiro(cyclohexane-1,2'-indan)-4-ol[20]
      obtained in (1), above, is dissolved in pyridine. This solution is cooled
      in ice and treated with 1.7 ml. of methanesulfonyl chloride. After
      standing in the cold for about 17 hours the mixture is poured into ice and
      water. The gum that precipitates is extracted with ether. The organic
      layer is washed successively with water, 2.5 N hydrochloric acid, water
      and brine and evaporated to dryness. The residue is recrystallized twice
      from a mixture of ether and petroleum ether to give 1.54 g. (65% yield) of
      1'-acetoxyspiro(cyclohexane-1,2'-indan-4-ol methanesulfonate[21] having a
      melting point of 97.degree. to 100.degree. C.
PAR  Anal. Calcd. for C.sub.17 H.sub.20 O.sub.5 S: C, 60.69; H, 5.99; M.W. 338.
PAR  Found: C, 60.60; H, 6.58; m/e 338.
PAR  Following the procedure of Example 51B but substituting other
      1'-acyloxyspiro(cyclohexane-1,2'-indan)-4-ones[19] and other lower
      alkylsulfonyl halides, such as
PA1  1. 1'-propionyloxy-5'-chlorospiro(cyclohexane-1,2'-indan)-4-one[19] and
      ethanesulfonyl bromide,
PA1  2. 1'-butyroyloxy-7'-ethoxyspiro(cyclohexane-1,2'-indan)-4-one[19] and
      butanesulfonyl chloride, and the like,
PAL  yields respectively.
PA1  1. 1'-propionyloxy-5'-chlorospiro(cyclohexane-1,2'-indan)-4-ol
      ethanesulfonate[21],
PA1  2. 1'-butyryloxy-7'-ethoxyspiro(cyclohexane-1,2'-indan)-4-ol
      butanesulfonate[21], and the like.
PAC  EXAMPLE 52B
PAR  1'-Hydroxyspiro(cyclohexane-1,2'-indan)-4-amine[I(b)]; also named
      4-aminospiro(cyclohexane-1,2'-indan)-1'-ol[I(b)]
PAR  A mixture of 5 g. (0.015 M) of 1'-acetoxyspiro(cyclohexane-1,2'-indan)-4-ol
      methanesulfonate[21] (obtained as in Example 51B) and 5 g. of sodium azide
      in 50 ml. of dimethylformamide is stirred for about 17 hours in an oil
      bath at about 90.degree. C. The solvent is then removed under vacuum and
      the residue dissolved in benzene and water. The organic layer is washed
      with water and brine and then evaporated to dryness to give
      1'-acetoxyspiro(cyclohexane1,2'-indan)-4-ylazide[22].
PAR  A solution of the crude azide[22] in 80 ml. of tetrahydrofuran is added to
      1.2 g. of lithium aluminum hydride in 20 ml. of tetrahydrofuran. After
      about 4.5 hours of stirring at room temperature the mixture is cooled in
      ice and treated successively with 1.2 ml. of water, 1.2 ml. of 15% aqueous
      sodium hydroxide solution and 3.6 ml. of water. The inorganic gel is
      collected on a filter and the filtrate evaporated to dryness. The residue
      is recrystallized from a small amount of ethyl acetate to give 1.71 g.
      (53% of theoretical yield) of
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amine[I(b)], melting at
      156.degree. to 160.degree. C. the analytical sample melts at 158.degree.
      to 161.degree. C.
PAR  Anal. Calcd. for C.sub.14 H.sub.19 NO: C, 77.38; H, 8.81; N, 6.45.
PAR  Found: C, 76.98; H, 8.79; N, 6.41.
PAR  Extracting the thus obtained free base form of the compound with ether and
      treating the extract with the an ethereal solution of a suitable acid
      (e.g., hydrochloric), gives the corresponding acid addition salt form of
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amine[I(b)].
PAR  Following the procedure of Example 52B but substituting other
      1'-acyloxyspiro(cyclohexane-1,2'-indan)-4-ol lower alkylsulfonates[21] as
      starting mateials, such as
PA1  1. 1'-acetoxy-4'-ethylspiro(cyclohexane-1,2'-indan)-4-ol
      propanesulfonate[21],
PA1  2. 1'-propionyloxy-5'-fluorospiro(cyclohexane-1,2'-indan)-4-ol
      ethanesulfonate[21], and the like,
PAL  yields, respectively,
PA1  1. 1'-hydroxy-4'-ethylspiro(cyclohexane-1,2'-indan)-4-amine[I(b)],
PA1  2. 1'-hydroxy-5'-fluorospiro(cyclohexane-1,2'-indan)-4-amine[I(b)], and the
      like.
PAC  EXAMPLE 53B
PAR  4'-Fluoro-4-[[1'-hydroxyspiro[cyclohexane-1,2'-indan]-4-yl]amino]butyrophen
     one hydrochloride[I(b)]
PAR  A mixture of 1.71 g. (0.0079 M) of
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amine[I(b)] (prepared in Example
      51B), 1.58 g. of potassium iodide, 4.25 g. of potassium carbonate and 2.28
      g. of the 2,2-dimethyl-1,3-propanediol of 4-chloro-p-fluorobutyrophenone
      in 40 ml. of dimethylformamide is stirred for about 17 hours in an oil
      bath at about 90.degree. C. The solvent is then removed under vacuum and
      the residue partitioned between water and benzene. The organic layer is
      washed with water and brine and evaporated to dryness. A mixture of the
      residue and 7.5 ml. of 2.5 N hydrochloric acid in 15 ml. of methanol is
      stirred at room temperature for about 4 hours. Most of the methanol is
      removed under vacuum and the precipitated solid collected on a filter.
      This material is recrystallized to give 1.03 g. (33% yield) of
      4'-fluoro-4-[[1'-hydroxyspiro[cyclohexane-1,2'-indan]-4-yl]amino]butyrophe
     none hydrochloride[I(b)], having a melting point of 190.degree. to
      193.degree. C.
PAR  Anal. Calcd. for C.sub.24 H.sub.29 ClFNO.sub.2 : C, 68.97; H, 6.99 N, 3.35.
PAR  Found: C, 69.37; H, 7.77 N, 3.11.
PAR  Following the procedure of Example 53B but substituting the same and other
      (a) 1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amines[I(b)] and (b) the
      2,2-dimethyl-1,3-propanediol ketals of .omega.-haloalkanaryl ketones in
      stoichiometrically appropriate amounts as starting materials, such as
PA1  1. 1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amine[I(b)] and the
      2,2-dimethyl-1,3-propanediol ketal of 2-bromo-4-ethylpropiophenone,
PA1  2. 1'-hydroxy-7'-fluorospiro(cyclohexane-1,2'-indan)-4-amine[I(b)] and the
      2,2-dimethyl-1,3-propanediol ketal of 3',4-dichlorobutyrophenone,
PA1  3. 1'-hydroxy-6'-ethoxyspiro(cyclohexane-1,2'-indan)-4-amine[I(b)] and the
      2,2-dimethyl-1,3-propanediol ketal of 4-chloro-3-ethoxybutyrophenone, and
      the like,
PAL  yields, respectively,
PA1  1.
      4'-ethyl-3-[[1'-hydroxyspiro[cyclohexane-1,2'-indan]-4-yl]amino]propiophen
     one hydrochloride[I(b)],
PA1  2.
      3'-chloro-4-[[7'-fluoro-1'-hydroxyspiro[cyclohexane-1,2'-indan]-4-yl]amino
     ]butyrophenone hydrochloride-[I(b)],
PA1  3.
      3'-ethoxy-4-[[6'-ethoxy-1'-hydroxyspiro[cyclohexane-1,2'-indan]-4-yl]amino
     ]butyrophenone hydrochloride[I(b)], and the like.
PAC  EXAMPLE 54B
PAR  Ethyl 1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)]
PAR  A suspension of 3.5 g. of 1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride[I(b)] (obtained as in the paragraph immediately following
      Example 52B) in 65 ml. of methylene chloride is shaken with 50 ml. of N
      sodium hydroxide solution until the solid is completely dissolved. The
      organic layer is separated and evaporated to dryness. To an ice cooled
      solution of the residue in 25 ml. of pyridine, 2 ml. of ethyl
      chloroformate is added dropwise. After about 5 hours in the cold the
      mixture is poured into ice and water. The precipitated solid is
      recrystallized from Skellysolve B to give ethyl
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-carbamate(I(b)].
PAC  EXAMPLE 55B
PAR  1'-Hydroxyspiro(cyclohexane-1,2'-indan)-4-methylamine hydrochloride[I(b)]
PAR  A solution of 3 g. of ethyl
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)] (prepared as in
      Example 54B) in 50 ml. of tetrahydrofuran, is added to a well stirred
      suspension of 0.5 g. of lithium aluminum hydride in 25 ml. of
      tetrahydrofuran. The mixture is heated at reflux for about 6 hours and
      then cooled in ice. There is added successively 0.5 ml. of water, 0.5 ml.
      of 15% aqueous sodium hydroxide solution and 1.5 ml. of water. The
      inorganic gel is separated by filtration and the filtrate evaporated to
      dryness. An ether solution of the residue is treated with 6 N hydrochloric
      acid to give 1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-methylamine
      hydrochloride[I(b)].
PAC  EXAMPLE 56B
PAR  1-[1'-Hydroxyspiro(cyclohexane-1,2'-indan)-4-yl]piperidine
      hydrochloride[I(b)]
PAR  Following the procedure of Example 36B but substituting a
      stoichiometrically appropriate amount of
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)]
      (prepared as in the first paragraph following Example 52B) as starting
      material, yields
      1-[1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-yl]piperidine hydrochloride[I
     (b)].
PAR  Following the procedure of Example 56B but substituting other
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amine acid addition salts[I(b)]
      and other dihaloalkanes in stoichiometrically appropriate amounts as
      starting materials, such as
PA1  1. 5'-chloro-1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride[I(b)] and 1,6-diiodohexane,
PA1  2. 1'-hydroxy-4'-propoxyspiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride[I(b)] and 1,4-dibromobutane, and the like,
PAL  yields, respectively,
PA1  1.
      1-[5'-chloro-1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-yl]hexamethyleneimi
     ne hydrochloride[I(b)],
PA1  2. 1-[1'-hydroxy-4'-propoxyspiro(cyclohexane-1,2'-indan)-4-yl]pyrrolidine
      hydrochloride[I(b)], and the like.
PAC  EXAMPLE 57B
PAR  4'-fluoro-4-[methyl[1'-hydroxyspiro[cyclohexane-1,2'-indan]-4-yl]amino]buty
     rophenone hydrochloride[I(b)]
PAR  Following the procedure of Examples 46B through 48B but substituting a
      stoichiometrically appropriate amount of
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-methylamine hydrochloride[I(b)]
      (prepared as in Example 55B) as starting material,
      yields4'-fluoro-4-[methyl[1'-hydroxyspiro[cyclohexane-1,2'-indan]-4-yl]ami
     no]butyrophenone hydrochloride[I(b)].
PAR  Following the procedure of Example 57B but substituting other
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-lower alkylamines[I(b)] and the
      2,2-dimethyl-1,3-propanediol ketals of .omega.-haloalkanaryl ketones in
      stoichiometrically appropriate amounts as starting materials, such as
PA1  4'-ethoxy-1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-propylamine
      hydrochloride[I(b)] and the 2,2-dimethyl-1,3-propanediol ketal of
      4-chloro-3'-ethylbutyrophenone, yields,
PA1  3'-ethyl-4-[propyl[4'-ethoxy-1'-hydroxyspiro[cyclohexane-1,2'-indan]-4-yl]a
     mino]butyrophenone hydrochloride[I(b)].
PAC  EXAMPLE 58B
PAR  1'-Chlorospiro(cyclohexane-1,2'-indan)-4-one ethylene ketal[23]
PAR  A solution of 6.5 g. (0.025 M) of
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-one ethylene ketal[17] (prepared
      as in Example 49B) in 86 ml. of tetrahydrofuran is cooled in ice:
      methanol. To this there is added dropwise 15.6 ml. of 1.64 N butyl lithium
      in pentane, and after about 5 minutes, 2.04 ml. (3.03 g.) of methane
      sulfonyl chloride in 43 ml. of tetrahydrofuran. After standing for about 4
      hours in the cold, the solvent is removed under vacuum. The residue is
      treated with ether and the inorganic solid collected on a filter. The
      filtrate is evaporated to dryness and the residue recrystallized from
      petroleum ether to give 6.06 g. (87%) of
      1'-chlorospiro(cyclohexane-1,2'-indan)-4-one ethylene ketal[23], having a
      melting point of 103.5 to 108.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.19 ClO.sub.2 : Calcd. M.W. 278.
PAR  Found: m/e 278.
PAR  Following the procedure of Example 58B but substituting other
      1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-one ethylene ketals and other
      lower alkyl sulfonyl halides, such as
PA1  1. 1'-hydroxy-4'-chlorospiro(cyclohexane-1,2'indan)-4-one ethylene
      ketal[17] and ethane sulfonyl bromide,
PA1  2. 1'-hydroxy-6'-propoxyspiro(cyclohexane-1,2'indan)-4-one ethylene
      ketal[17] and ethane sulfonyl chloride, and the like,
PAL  yields, respectively,
PA1  1. 1'-bromo-4'-chlorospiro(cyclohexane-1,2'-indan)-4-one ethylene
      ketal[23],
PA1  2. 1'-chloro-6'-propoxyspiro(cyclohexane-1,2'-indan)-4-one ethylene
      ketal[23], and the like.
PAC  EXAMPLE 59B
PAR  1'-Aminospiro(cyclohexane-1,2'-indan)-4-one ethylene ketal[24]
PAR  A mixture of 3.5 g. (0.013 M) of
      1'-chlorospiro(cyclohexane-1,2'-indan)-4-one ethylene ketal[23] (prepared
      as in Example 58B) and 3.5 g. of sodium azide in dimethylformamide is
      stirred in an oil bath at about 90.degree. C. for about 17 hours. The
      solvent is removed under vacuum and the solid dissolved in benzene and
      water. The organic layer is washed with water and brine and evaporated to
      dryness. A solution of the residue in 60 ml. of tetrahydrofuran is added
      to 0.5 g. of lithium aluminum hydride in 10 ml. of tetrahydrofuran. After
      standing for about 4.5 hours the mixture is cooled in ice and treated
      successively with 0.5 ml. of water, 0.5 ml. of 15% aqueous sodium
      hydroxide solution and 1.5 ml. of water. The inorganic gel is collected on
      a filter and the filtrate evaporated to dryness. The residual gum is
      dissolved in ether and treated with 5 N hydrochloric acid in ether, to
      give 2.42 g. (81% yield) of 1'-aminospiro(cyclohexane1,2'-indan)-4-one
      ethylene ketal[24], having a melting point of 224.degree. to 227.degree.
      C.
PAR  Anal. Calcd. for C.sub.16 H.sub.22 ClNO.sub.2 : M.W. 259
PAR  Found: m/e 259.
PAR  Following the procedure of Example 59B but substituting other
      1'-halospiro(cyclohexane-1,2'-indan)-4-one ethylene ketals[23] as starting
      materials, such as
PA1  1. 1'-bromo-5'-fluorospiro(cyclohexane-1,2'-indan)-4-one ethylene
      ketal[23],
PA1  2. 1'-chloro-6'-nitrospiro(cyclohexane-1,2'-indan)-4-one ethylene
      ketal[23], and the like,
PAL  yields, respectively,
PA1  1. 1'-amino-5'-fluorospiro(cyclohexane-1,2'-indan)-4-one ethylene
      ketal[24],
PA1  2. 1'-amino-6'-nitrospiro(cyclohexane-1,2'-indan)-4-one ethylene ketal[24],
      and the like.
PAC  EXAMPLE 60B
PAR  1'-acetamidospiro(cyclohexane-1,2'-indan)-4-one[26]
PAR  1. A solution of 7 g. of 1'-aminospiro(cyclohexane-1,2'-indan)-4-one
      ethylene ketal[24] (prepared as in Example 59B) and 30 ml. of acetic
      anhydride in 60 ml. of pyridine is allowed to stand at room temperature
      for about 5 hours. The mixture is poured into ice: water and the
      precipitated gum extracted with ether. The organic layer is washed
      successively with watere, 2.5 N hydrochloric acid and brine and evaporated
      to dryness to give 1'-acetamidospiro(cyclohexane-1,2'-indan)-4-one
      ethylene ketal[25].
PA1  2. The residual 1'-acetamidospiro(cyclohexane-1,2'indan)-4-one ethylene
      ketal[25], obtained in (1), above, and 10 ml. of 2.5 N hydrochloric acid
      are dissolved in 100 ml. acetone. After about 20 hours at room temperature
      most of the solvent is removed under vacuum. The residue is dissolved in
      methylene chloride and water. The organic layer is washed with water and
      brine and evaporated to dryness. The residual gum is chromatographed on a
      600 ml. column of silica gel with elution by 25% acetone in methylene
      chloride. The crystalline fractions are eluted with ethyl acetate:
      cyclohexane to give 3.81 g. of
      1'-acetamidospiro(cyclohexane-1,2'-indan)-4-one[26], having a melting
      point of 113.degree. to 116.degree. C.
PAR  Following the procedure of Example 60B but substituting another
      1'-aminospiro(cyclohexane-1,2'-indan)-4-one ethylene ketal[24] and another
      anhydride of a hydrocarbon carboxylic acid, such as
PA1  1. 1'-amino-4'-ethylspiro(cyclohexane-1,2'-indan)-4-one ethylene ketal[24]
      and propionic anhydride,
PA1  2. 1'-amino-6'-propoxyspiro(cyclohexane-1,2'-indan)-4-one ethylene
      ketal[24] and isopropionic anhydride, and the like,
PAL  yields, respectively,
PA1  1. 4'-ethyl-1'-propionylamidospiro(cyclohexane-1,2'-indan)-4-one [26],
PA1  2. 1'-isopropionylamido-6'-propoxyspiro(cyclohexane-1,2'-indan)-4-one[26],
      and the like.
PAC  EXAMPLE 61B
PAR  1'-Acetamidospiro(cyclohexane-1,2'-indan)-4-ols[27]
PAR  To 3.81 g. of 1'-acetamidospiro(cyclohexane-1,2'-indan)-4-one[26] (prepared
      in Example 60B) in 100 ml. of isopropanol, 0.6 g. of sodium borohydride is
      added. After about 5 hours most of the solvent is removed under vacuum and
      the residue suspended in water. The resulting solid is collected on a
      filter and recrystallized from aqueous methanol. There is obtained first
      0.9 g. (24% yield) of
      1'-acetamidospiro(cyclohexane-1,2'-indan)-4-ol(isomer A)-[27], having a
      melting point of 247.degree. to 250.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.21 NO.sub.2 : C, 74.10; H, 8.16; N, 5.40.
PAR  Found: C, 73.70; H, 8.19; N, 5.01.
PAR  On standing, there is obtained from the mother liquors 1.21 g. (32%) of
      1'-acetamidospiro(cyclohexane1,2'-indan)-4-ol (isomer B)[27], having a
      melting point of 184.degree. to 186.degree. C.
PAR  Anal. Found: C, 73.91; H, 8.23; N, 5.30.
PAR  Following the procedure of Example 61B but substituting other
      1'-acylamidospiro(cyclohexane-1,2'-indan)-4-ones[26], such as
PA1  1. 1'-propionylamidospiro(cyclohexane-1,2'-indan)-4-one[26],
PA1  2. 1'-isopropionylamido-5'-propylspiro(cyclohexane-1,2'-indan)-4-one[26],
      and the like,
PAL  yields, respectively,
PA1  1. 1'-propionylamidospiro(cyclohexane-1,2'-indan)-4-ols[27],
PA1  2. 1'-isopropionylamido-5'-propylspiro(cyclohexane-1,2'-indan)-4-ols[27],
      and the like.
PAC  EXAMPLE 62B
PAR  1'-Acetamidospiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate (isomer
      A)[28]
PAR  A mixture of 0.9 g. of 1'-acetamidospiro(cyclohexane-1,2'-indan-4-ol
      (isomer A) [27] (prepared in Example 61B) in 20 ml. of pyridine is warmed
      until all the solid has dissolved. There is then added 1 ml. of methane
      sulfonyl chloride. Follwoing about 4 hours of standing at room
      temperature, most of the solvent is removed under vacuum. The residue is
      then dissolved in water and methylene chloride, and the organic layer
      washed successively with water, 2.5 N hydrochloric acid, water and brine.
      The solution is evaporated to dryness and the residue recrystallized from
      acetone: Skellysolve B to give 0.72 g. of
      1'-acetamidospiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate (isomer
      A)[28], having a melting point of 137.degree. to 139.degree. C.
PAR  Anal. Calcd. for C.sub.17 H.sub.23 NO.sub.4 S: C, 60.51; H, 6,87; N, 4.15.
PAR  Found: C, 60.10; H, 6.85; N, 4.00.
PAC  EXAMPLE 63B
PAR  1'-Acetamidospiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate (isomer B)
      [28]
PAR  To an ice cold solution of 1.21 g. of
      1'-acetamidospiro(cyclohexane-1,2'-indan)-4-ol (isomer B) [27 ] (prepared
      in Example 61B) in 12 ml. of pyridine, 1.2 ml. of methane sulfonyl
      chloride is added. After about 5 hours in the cold the mixture is poured
      into ice: water. The solid that precipitates is recrystallized from
      acetone: Skellysolve B to give 1.21 g. of
      1'-acetamidospiro(cyclohexane-1,2'-indan-4-ol methanesulfonate (isomer B)
      [28], melting at 161.degree. to 163.degree. C.
PAR  Anal. Calcd. for C.sub.17 H.sub.23 NO.sub.4 S: C, 60.61; H, 6.87; N, 4.15;
      M.W. 337.
PAR  Found: C, 60.40; H, 6.97; N, 4.21; m/e 337.
PAR  Following the procedures of Examples 62B and 63but substituting other
      1'-acylamidospiro(cyclohexane-1,2'-indan)-4-ols[27], such as
PA1  1'-propionylamido-5'-propoxyspiro(cyclohexane-1,2'-indan)-4-ol (isomer A)
      [27],
PAL  yields,
PA1  1'-propionylamido-5'-propoxyspiro(cyclohexane-1,2'-indan)-4-ol
      methanesulfonate (isomer A)[28].
PAC  EXAMPLE 64B
PAR  1'-Acetamidospiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)]
PAR  Following the procedure of Example 33B but substituting
      1'-acetamidospiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate[28]
      (prepared as in Examples 62B or 63B) as starting material, yields
      1'-acetomidospiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)].
PAR  Following the procedure of Example 64B but substituting other
      1'-acylamidospiro(cyclohexane-1,2'-indan)-4-ol lower alkylsulfonates[28]
      as starting materials, such as
PA1  1. 1'-acetamido-4'-ethoxyspiro(cyclohexane-1,2'-indan)-4-ol
      ethanesulfonate[28],
PA1  2. 1'-isopropionylamido-5'-fluorospiro(cyclohexane-1,2'-indan)-4-ol
      propanesulfonate[28], and the like,
PAL  yields, respectively,
PA1  1. 1'-acetamido-4'-ethoxyspiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride[I(b)],
PA1  2. 1'-isopropionylamido-5'-fluorospiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride[I(b)], and the like.
PAC  EXAMPLE 65B
PAR  1'-Acetamido-1-[spiro(cyclohexane-1,2'-indan)-4-yl]piperidine
      hydrochloride[I(b)]
PAR  Following the procedure of Example 36B but substituting
      1'-acetamidospiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)]
      (prepared as in Example 64B) as starting material, yields
      1'-acetamido-1-[spiro(cyclohexane-1,2'-indan)-4-yl]piperidine
      hydrochloride[I(b)].
PAR  Following the procedure of Example 65B but substituting other
      1'-acylamidospiro(cyclohexane-1,2'-indan)-4-amine acid addition salts
      [I(b)] and other dihaloalkanes in stoichiometrically appropriate amounts
      as starting materials, such as
PA1  1. 1'-acetamido-7'-ethylspiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride[I(b)]and 1,4-dibromobutane,
PA1  2. 5'-amino-1'-propionylamidospiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride[I(b)] and 1,5-diiodopentane, and the like,
PAL  yields, respectively,
PA1  1. 1'-acetamido-1-[7'-ethylspiro(cyclohexane-1, 2'-indan)-4-yl]pyrrolidine
      hydrochloride[I(b)], 2.
      1-[5'-amino-1'-propionylamidospiro(cyclohexane-1,2'-indan)-4-yl]piperidine
      hydrochloride [I(b)], and the like.
PAC  EXAMPLE 66B
PAR  4'-fluoro-4-[[1'-acetamidospiro[cyclohexane-1,2'-indan]-4-yl
      ]amino]butyrophenone hydrochloride[I(b)]
PAR  Following the procedure of Example 37B but substituting
      1'-acetamidospiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)]
      (prepared as in Example 64B) as starting material, yields
      4'-fluoro-4[[1'-acetamidospiro[cyclohexane-1,2'-indan]-4-yl]amino]butyroph
     enone hydrochloride[I-(b)].
PAR  Following the procedure of Example 66B but substituting acid addition salts
      of other 1'-acylamidospiro(cyclohexane-1,2'-indan)-4-amines[I(b)] and
      other .omega.-haloalkanaryl ketones in stoichiometrically appropriate
      amounts, such as
PAR  1. 4'-chloro-1'-propionylamidospiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride[I(b)] and the 2,2-dimethyl-1,3-propanediol ketal of
      3-chloro-4'-methyl propiophenone,
PAR  2. 5'-ethyl-1'-isopropionylamidospiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride[I(b)]and the 2,2-dimethyl-1,3-propanediol ketal of
      4-chloro-3'-ethoxybutyrophenone, and the like,
PAL  yields, respectively,
PA1  1.
      4'-methyl-3-[[4'chloro-1'-propionylamidospiro[cyclohexane-1,2'-indan]-4-yl
     ]amino]propiophenone hydrochloride[I(b)],
PA1  2.
      3'-ethoxy14-[[5'-ethyl-1'-isopropionylamidospiro[cyclohexane-1,2'-indan]-4
     -yl]amino]butyrophenone hydrochloride[I(b)], and the like.
PAC  EXAMPLE 67B
PAR  Ethyl 1'-acetamidospiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)]
PAR  Following the procedures of Example 40B through 42B but substituting
      1'-acetamidospiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)]
      (prepared as in Example 64B) as starting material, yields ethyl
      1'-acetamidospiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)].
PAR  Following the procedure of Example 67B but substituting acid addition salts
      of other 1'-acylamidospiro(cyclohexane-1,2'-indan)-4-amines and other
      lower alkyl haloformates as starting materials, such as
PA1  1. 5'-bromo-1'-propionylamidospiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride [I(b)] and propyl chloroformate,
PA1  2. 4'-amino-1'-isopropionylamidospiro(cyclohexane-1,2'indan)-4-amine
      hydrochloride[I(b)] and butyl chloroformate, and the like,
PAL  yields, respectively,
PA1  1. propyl
      5'-bromo-1'-propionylamidospiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)],
PA1  2. butyl
      4'-amino-1'-isopropionylamidospiro(cyclohexane-1,2'-indan)-4-carbamate[I(b
     )], and the like.
PAC  EXAMPLE 68B
PAR  1'-Acetamidospiro(cyclohexane-1,2'-indan)-4-methylamine hydrochloride[I(b)]
PAR  Following the procedure of Example 43B but substituting ethyl
      1'-acetamidospiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)] (prepared as
      in Example 67B) as starting material, yields
      1'-acetamidospiro(cyclohexane-1,2'-indan)-4-methylamine
      hydrochloride[I(b)].
PAR  Following the procedure of Example 68B but substituting other lower alkyl
      1'-acylamidospiro(cyclohexane-1,2'-indan)-4-carbamates[I(b)] as starting
      materials, such as
PA1  1. propyl
      4'-chloro-1'-propionylamidospiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)]
PA1  2. butyl
      5'-ethylamino-1'-isopropionylamidospiro(cyclohexane-1,2'-indan)-4-carbamat
     e[I(b)], and the like,
PAL  yields, respectively,
PA1  1. 4'-chloro-1'-propionylamidospiro(cyclohexane-1,2'-indan)-4-methylamine
      hydrochloride[I(b)],
PA1  2.
      5'-ethylamino-1'-isopropionylamidospiro(cyclohexane-1,2'-indan)-4-methylam
     ine hydrochloride[I(b)], and the like.
PAC  EXAMPLE 69B
PAR  4'-fluoro-4[methyl[1'-acetamidospiro[cyclohexane-1,2'-indan]-4-yl]amino]but
     yrophenone hydrochloride[I(b)]
PAR  Following the procedure of Example 46B but substituting
      1'-acetamidospiro(cyclohexane-1,2'-indan)-4-methylamine
      hydrochloride[I(b)] (prepared as in Example 68B) as starting material,
      yields
      4'-fluoro-4[methyl[1'-acetamidospiro[cyclohexane-1,2'-indan]-4-yl]amino]bu
     tyrophenone hydrochloride[I(b)].
PAR  Following the procedure of Example 69B but substituting acid addition salts
      of other 1'-acylamidospiro[cyclohexane-1,2'-indan)-4-lower
      alkylamines[I(b)] and the 2,2-dimethyl-1,3-propanediol ketals of other
      .omega.-haloalkanaryl ketones in stoichiometrically appropriate amounts as
      starting materials, such as
PA1  1. 6'-ethoxy-1'-propionylamidospiro(cyclohexane-1,2'-indan)-4-methylamine
      hydrochloride [I(b)] and the 2,2-dimethyl-1,3-propanediol ketal of
      3'-bromo-3-chloropropiophenone,
PA1  2. 5'-amino-1'-isopropionylamidospiro(cyclohexane-1,2'-indan)-4-methylamine
      hydrochloride[I(b)] and the 2,2-dimethyl-1,3-propanediol ketal of
      5-chloro-2'-propoxyvalerophenone, and the like,
PAL  yields, respectively,
PA1  1.
      3'-bromo-3-[methyl[6'-ethoxy-1'-propionylamidospiro[cyclohexane-1,2'-indan
     ]-4-yl]amino]propiophenone hydrochloride[I(b)],
PA1  2.
      2'-propoxy-5-[methyl[5'-amino-1'-isopropionyl-amidospiro[cyclohexane-1,2'-
     indan]-4-yl]amino]valerophenone hydrochloride[I(b)], and the like.
PAC  EXAMPLE 70B
PAR  5'-Nitrospiro(cyclohexane-1,2'-indan)-4-one[29]
PAR  To an ice cooled solution of 9.04 g. (0.045 M) of
      spiro(cyclohexane-1,2'-indan)-4-one[11] [prepared as in (a) of Example
      24B] in 45 ml. of trifluoroacetic acid, 9 ml. of nitric acid is added.
      After reaction in the cold for about 2 hours, the solution is poured onto
      ice: water. The precipitated solid is chromatographed on 1 l. of silica
      gel and eluted with 25% acetone: Skellysolve B. The crystalline fractions
      obtained are combined and recrystallized from acetone: Skellysolve B to
      give 7.23 g. (65% yield) of
      5'-nitrospiro(cyclohexane-1,2'-indan)-4-one[29] having a melting point of
      124.degree. to 128.degree. C. The analytical sample melted at 126.degree.
      to 127.5.degree. C.
PAR  Anal. Calcd. for C.sub.14 H.sub.15 NO.sub.3 : C, 68.55; H, 6.16; N, 5.71.
PAR  Found: C, 68.38; H, 6.24; N, 5.95.
PAC  EXAMPLE 71B
PAR  5'-Acetamidospiro(cyclohexane-1,2'-indan)-4-one[31]
PAR  1. A suspension of 0.5 g. of palladium on carbon catalyst in a solution of
      7.89 g. (0.32 M) of 5'-nitrospiro(cyclohexane-1,2'-indan)-4-one[29]
      (obtained as in Example 70B) in 150 ml. of ethyl acetate is shaken under
      hydrogen. After about 3 hours of shaking an additional 0.5 g. of the same
      catalyst is added and shaking continued. When the theoretical uptake of
      hydrogen is observed, the catalyst is removed by filtration and a solution
      of 6.1 g. of p-toluenesulfonic acid in a small volume of methanol is
      added. The solvent is removed under vacuum and recrystallization from
      methanol: acetone attempted, but the ocurrence, on standing in the cold
      for about 65 hours, of extensive decomposition, is apparent. The material
      is converted to the free base,
      5'-aminospiro(cyclohexane-1,2'indan)-4-one[30] .
PAR  2. A solution of the product [30], obtained in (1), above, in 40 ml. of
      pyridine is treated with 10 ml. of acetic anhydride. After about 5 hours
      the mixture is poured onto ice: water and the resulting precipitate
      extracted with methylene chloride. This solution is washed successively
      with water, 2.5 N hydrochloric acid, water and brine and then evaporated
      to dryness. The residue is chromatographed on a column of 700 ml. of
      silica and eluted with 25% acetone: methylene chloride. The crystalline
      fractions are combined and recrystallized from methanol to give 3.15 g.
      (38%) of 5'-acetamidospiro(cyclohexane-1,2'-indan)-4-one[31], melting at
      169.degree. to 171.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.19 NO.sub.2 : C, 74.68; H, 7.44; N, 5.44;
      M.W. 257 .
PAR  Found: C, 74.36; H, 7.54; N, 5.48; m/e 257.
PAR  Following the procedure of Example 71B but substituting other
      5'-nitrospiro(cyclohexane-1,2'-indan)-4-one-[29] and other anhydrides of
      hydrocarbon carboxylic acids as starting materials, such as
PA1  6'-ethoxy-5'-nitrospiro(cyclohexane-1,2'-indan)-4-one[29]and propionic
      anhydride, yields,
PA1  6'-ethoxy-5'-propionamidospiro(cyclohexane-1,2'indan)-4-one[31] .
PAC  EXAMPLE 72B
PAR  5'-Acetamidospiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate[33]
PAR  1. To 3.15 g. (0.012 M) of
      5'-acetamidospiro(cyclohexane-1,2'-indan)-4-one[31] (obtained in Example
      71B) dissolved in 50 ml. of 95% isopropanol with warming on a steam bath,
      0.5 g. of sodium borohydride is added. After about 4 hours of standing at
      room temperature, the solvent is removed under vacuum. The residue is
      dissolved in methylene chloride and water. The organic layer is washed
      with water and brine and then evaporated to dryness to give 3.03 g. of
      5'-acetamidospiro(cyclohexane-1,2'-indan4-ol[32], having a melting point
      of 148.degree. to 152.degree. C.
PAR  2. A solution of the product [32], obtained in (1), above, in 30 ml. of
      pyridine is cooled in ice and 3 ml. methanesulfonyl chloride added. After
      about 5 hours in the cold, the mixture is poured onto ice: water and
      extracted with methylene chloride. The solution is washed successively
      with water, 2.5 N hydrochloric acid, water and brine and evaporated to
      dryness. The residue is chromatographed on a column of 300 ml. of Florisil
      and eluted with 25% acetone: Skellysolve B. The crystalline fractions are
      combined and recrystallized from ethyl acetate: cyclohexane. There is
      obtained 1 g. (25%) of 5'-acetamidospiro(cyclohexane-1,2'-indan)-4-ol
      methanesulfonate[33] having a melting point of 145.degree. to 147.degree.
      C., and a second crop of 0.2 g. (5%) melting at 143.degree. to 145.degree.
      C.
PAR  Anal. Calcd. for C.sub.17 H.sub.23 NO.sub.4 S: C, 60.51; H, 6.87; N, 4.15.
PAR  Found: C, 60.52; H, 7.00; N, 4.10.
PAR  Following the procedure of Example 72B but substituting other
      5'-acylamidospiro(cyclohexane-1,2'-indan)-4-ones[31], such as
PA1  4'-fluoro-5'-propionamidospiro(cyclohexane-1,2'indan)-4-one[31],
PAL  yields,
PA1  4'-fluoro-5'-propionamidospiro(cyclohexane-1,2'indan-4-ol
      methanesulfonate[33].
PAC  EXAMPLE 73B
PAR  5'-Acetamidospiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)]
PAR  1. A mixture of 1.2 g. (0.0036 M) of
      5'-acetamidospiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate[33]
      (obtained in Example 72B) and 1.2 g. of sodium azide in 10 ml. of
      dimethylformamide is stirred for about 20 hours in an oil bath at about
      90.degree. C. The solvent is then removed under vacuum and the residue
      partitioned between water and benzene. The organic layer is washed with
      water and brine and then evaporated to dryness to give
      5'-acetamidospiro(cyclohexane-1,2'-indan)-41ylazide[34].
PAR  2. A solution of the residue[34], obtained in (1), above, in 150 ml. of
      ethyl acetate is shaken under hydrogen in the presence of 0.15 g. of 10%
      palladium on carbon catalyst. the catalyst is collected on a filter and
      the filtrate evaporated to dryness. The residue is dissolved in methanol
      and treated with 6 N hydrochloric acid in ether. This solution is
      evaporated to dryness and recrystallized from methanol: ethyl acetate, to
      give 0.67 g. (63% yield) of
      5'-acetamidospiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)],
      also named N-[4-aminospiro[cyclohexane1,2'-indan]-5'-yl]acetamide
      hydrochloride, melting at 270.degree. to 275.degree. C. (with
      decomposition).
PAR  Anal. Calcd. for C.sub.16 H.sub.23 ClN.sub.2 O.1/2H.sub.2 O: C, 63.24; H,
      7.96; N, 9.22; M.W. (free base) 258.
PAR  Found: C, 62.80; H, 8.04; N, 8.72; m/e 258.
PAR  Following the procedure of Example 73B but substituting other
      5'-acylamidospiro(cyclohexane-1,2'-indan)-4-ol methanesulfonates[33] as
      starting materials, such as
PA1  1. 6'-ethyl-5'-propionamidospiro(cyclohexane-1,2'indan)-4-ol
      methanesulfonate[33],
PA1  2. 7'-bromo-5'-isopropionamidospiro(cyclohexane1,2'-indan)-4-ol
      methanesulfonate[33], and the like,
PAL  yields, respectively,
PA1  1. 6'-ethyl-5'-propionamidospiro(cyclohexane-1,2'indan)-4-amine
      hydrochloride[I(b)],
PA1  2. 7'-bromo-5'-isopropionamidospiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride[I(b)], and the like.
PAC  EXAMPLE 74B
PAR  5'-Acetamido-1-1-[spiro(cyclohexane-1,2'-indan)-4-yl]piperidine
      hydrochloride[I(b)]
PAR  Following the procedure of Example 36B but substituting
      5'-acetamidospiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)]
      (prepared as in Example 73B) as starting material, yields
      5'-acetamido-1-[spiro(cyclohexane-1,2'-indan)-4-yl]piperidine
      hydrochloride[I(b)].
PAR  Following the procedure of Example 74B but substituting other
      5'-acylamido(cyclohexane-1,2'-indan)-4-amine acid addition salts[I(b)] and
      other dihaloalkanes in stoichiometrically appropriate amounts as starting
      materials, such as
PA1  5'-acetamido-7'-ethoxyspiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride[I(b)] and 1,4-diiodobutane, and the like,
PAL  yields,
PA1  5'-acetamido-1-[7'-ethoxyspiro(cyclohexane-1,2'-indan)-4-yl]pyrrolidine
      hydrochloride[I(b)], and the like.
PAC  EXAMPLE 75B
PAR  4'-Fluoro-4-[[5'-acetamidospiro[cyclohexane-1,2'-indan]-4-yl]amino]butyroph
     enone hydrochloride[I(b) ]
PAR  Following the procedure of Example 37B but substituting
      5'-acetamidospiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[I(b)]
      (prepared as in Example 73B) as starting material, yields
      4'-fluoro-4-[[5'-acetamidospiro[cyclohexane-1,2'-indan]-4-yl]amino]butyrop
     henone hydrochloride [I(b)].
PAR  Following the procedure of Example 75B but substituting acid addition salts
      of other 5'-acylamidospiro(cyclohexane-1,2'-indan)-4-amines[I(b)]  and
      other .omega.-haloalkanaryl ketones in stoichiometrically appropriate
      amounts, such as
PA1  6'-ethyl-5'-isopropionylamidospiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride [I(b)] and the 2,2-dimethyl-1,3-propanediol ketal of
      4-chloro-3'-ethoxybutyrophenone,
PAL  yields,
PA1  3'-ethoxy-4-[[6'-ethyl-5'-isopropionylamidospiro[cyclohexane-1,2'-indan]4-y
     l]amino]butyrophenone hydrochloride[I(b)].
PAC  EXAMPLE 76B
PAR  Ethyl 5'-acetamidospiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)]
PAR  Following the procedure of Example 40B but substituting
      5'-acetamidospiro(cyclohexane-1,2'-indan)-4-amine hydrochloride[1(b)]
      (prepared as in Example 73B) as starting material, yields ethyl
      5'-acetamidospiro(cyclohexane-1,2'-indan)-4-carbamate[1(b)].
PAR  Following the procedure of Example 76B but substituting acid addition salts
      of other 5'-acylamidospiro(cyclohdexane-1,2'-indan)-4-amines and other
      lower alkyl haloformates as starting materials, such as
PA1  4'-propyl-5'-propionylamidospiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride[I(b)]and propyl chloroformate,
PAL  yields,
PA1  propyl
      4'-propyl-5'-propionylamidospiro(cyclohexane-1,2'-indan)-4-carbamate[I(b)]
     .
PAC  EXAMPLE 77B
PAR  5'-Acetamidospiro(cyclohexane-1,2'indan)-4-methylamine hydrochloride[I(b)]
PAR  Following the procedure of Example 43B but substituting ethyl
      5'-acetamidospiro(cyclohexane-1,2'-indan)-4-carbamate [I(b) ] (prepared as
      in Example 76B) as starting material, gives
      5'-acetamidospiro(cyclohexane-1,2'-indan)4-methylamine hydrochloride[I(b)
      ].
PAR  Following the procedure of Example 77B but substituting other lower alkyl
      5'-acylamidospiro(cyclohexane-1,2'-indan)-4-carbamates[I(b)] as starting
      materials, such as
PA1  butyl
      7'-ethoxy-5'-isopropionylamidospiro(cyclohexane-1,2'-indan)-4-carbamate[I(
     b)], and the like,
PAL  yields,
PA1  7'-ethoxy-5'-isopropionylamidospiro(cyclohexane1,2'-indan)-4-propylamine
      hydrochloride[I(b)], and the like.
PAC  EXAMPLE 78B
PAR  4'-Fluoro-4-[methyl[5'-acetamidospiro[cyclohexane-1,2'-indan]-4-yl]amino]bu
     tyrophenone hydrochloride[I(b)]
PAR  Following the procedure of Example 46B but substituting
      5'-acetamidospiro(cyclohexane-1,2'-indan)-4-methylamine
      hydrochloride[I(b)] (prepared as in Example 77B) as starting material,
      yields
      4'-fluoro-4-[methyl[5'-acetamidospiro[cyclohexane-1,2'-indan]4-yl]amino]bu
     tyrophenone hydrochloride [I(b)].
PAC  EXAMPLE 79B
PAR  4-hydroxy-.alpha.-methylspiro(cyclohexane-1,2'-indan)-4-acetic acid[36]
PA1  1. A chip of iodine is added to a well stirred mixture of 5.87 g. (0.029 M)
      of spiro(cyclohexane-1,2'-indan)-4-one [11] ]prepared as in (1) of Example
      24B], 6 g. of the known compound methyl .alpha.-bromopropionate and 4 g.
      of zinc wool, and the reaction started by heating the mixture of reflux.
      After about 6 hours the mixture is allowed to cool, the excess metal
      separated on a filter, and the filtrate washed successively with 2.5 N
      hydrochloric acid, water and brine and then evaporated to dryness. The
      residue is chromatographed on a column of 800 ml. of silica gel and eluted
      with 5% acetone: Skellysolve B. The fractions similar by thin layer
      chromatography are combined to give
      4-hydroxy-.alpha.-methylspiro(cyclohexane-1,2'-indan)-4-acetate[35] as an
      oil.
PA1  2. A mixture of the oily ester [35], obtained in (1), above, 10 ml. of 50%
      aqueous sodium hydroxide solution and 10 ml. of water in 100 ml. of
      methanol, is stirred with heating at reflux for about 17 hours. The
      solvent is then removed under vacuum. A suspension of the residue in water
      and ether is made strongly acidic, the organic layer washed with brine and
      water and then evaporated to dryness. The residual solid is recrystallized
      from ether: Skellysolve B to give 3.98 g. (50%) of
      4-hydroxy-.alpha.-methylspiro(cyclohexane-1,2'-indan)-4-acetic acid-[36],
      melting at 111.degree. to 114.degree. C.
PAR  Anal. Calcd. for C.sub.17 H.sub.22 O.sub.3 : C, 74.48; H, 8.30.
PAR  Found: C, 74.42; H, 8.08. EXAMPLE 80B Sprio(cyclohexane-1,240
      -indan)-.DELTA..sup.4,.sup..alpha. -acetic acid[38]
PAR  1. To 4.02 g. of triethylphosphono acetate in 50 ml. of tetrahydrofuran,
      0.84 g. of 56% sodium hydride (in mineral oil) is added. After about 10
      minutes, 3.59 g. (0.018 M) of spiro(cyclohexane-1,2-'-indan)-4-one[11]
      [prepared as in (1) of Example 24B] in 50 ml. of tetrahydrofuran, is
      added. The mixture is heated at reflux for about 3 hours and allowed to
      cool. After standing at room temperature for about 17 hours, 100 ml. of
      2.5 N hydrochloric acid is added. The organic layer is separated, washed
      with water and brine and evaporated to dryness to give
      spiro(cyclohexane-1,2'-indan)-.DELTA..sup.4,.sup..alpha. -acetate [37].
PA1  2. A mixture of the residual gum [36], obtained in (1), above, 6 ml. of 50%
      aqueous sodium hydroxide solution and 10 ml. of water in 100 ml. of
      methanol is heated at reflux for about 5 hours. The methanol is then
      removed under vacuum, the resulting residue diluted with water and
      acidified, and the precipitate that forms extracted with ether. The
      organic layer is washed with water and brine and evaporated to dryness.
      The residue is recrystallized twice from acetone: Skellysolve B to give
      2.67 g. (61% yield) of
      spiro(cyclohexane-1,2'-indan)-.DELTA..sup.4,.sup..alpha. -acetic acid[38],
      melting at 119.degree. to 121.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.18 O.sub.2 : C, 79.31; H, 7.49.
PAR  Found: C, 79.38; H, 7.70.
PAC  EXAMPLE 81B
PAR  spiro(cyclohexane-1,2'-indan)acetic acid[39] A mixture of 1.67 g. (0.0069
      M) of spiro(cyclohexane-1,2'-indan)-.DELTA..sup.4,.sup..alpha. -acetic
      acid [38] (prepared as in Example 80B) and 0.15 g. of Adams catalyst is
      shaken under hydrogen until the theoretical uptake is observed (about 25
      hours). The catalyst is removed by filtration and the filtrate evaporated
      to dryness. The residue is recrystallized from ether: Skellysolve B to
      give 1.48 g. (88%) of spiro(cyclohexane11,2'-indan)acetic acid[39] having
      a melting point of 134.degree. to 137.degree.C.
PAR  Anal. Calcd. for C.sub.16 H.sub.20 O.sub.2 : C, 78.65; H, 8.25.
PAR  Found: C, 78.50; H, 8.17.
PAC  EXAMPLE 82B
PAR  1'-Hydroxy-1'-methylspiro(cyclohexane-1,2'-indan)-4-one ethylene ketal [40]
PAR  A solution of 5 g. (0.019 M) of spiro(cyclohexane-1,2'-indan)-1', 4-dione
      4-ethylene ketal [9](prepared as in Example 16B) in 60 ml. of
      tetrahydrofuran is added to 67 ml. of 3M methyl magnesium bromide in
      ether. After standing for about 17 hours at room temperature, the mixture
      is cooled in ice and treated cautiously with 50 ml. of saturated ammonium
      chloride. The organic layer is separated, diluted with benzene and washed
      with water and brine. The solution is evaporated to dryness and
      recrystallized from methylene chloride: cyclohexane to give 3.7 g. (71%)
      of 1'-hydroxy-1' -methylspiro(cyclohexane- 1,2'-indan)-4-one ethylene
      ketal [40], melting at 140.degree. to 143.degree.C.
PAR  Anal. Calcd for C.sub.17 H.sub.22 O.sub.3 : C, 74.47; H, 8.08.
PAR  Found: C, 74.21; H, 8.09.
PAR  Following the procedure of Example 82B but substituting other
      spiro(cyclohexane-1,2'-indan)-1',4-dione 4-ethylene ketals[9] as starting
      materials, such as
PA1  4'-ethoxyspiro(cyclohexane-1,2'-indan)-1',4-dione ethylene ketal[9],
      yields,
PA1  4'-ethoxy-1'-hydroxy-1'-methylspiro(cyclohexane-1,2'-indan)-4-one ethylene
      ketal[40].
PAC  EXAMPLE 83B
PAR  1'-Exo-methylenespiro(cyclohexane-1,2'-indan)-4-one [41]
PAR  A solution of 9.82 g. (0.036 M) of
      1'-hydroxy-1'-methylspiro(cyclohexane-1,2'-indan)-4-one ethylene ketal
      [40](prepared as in Example 82B) and 25 ml. of 2.5 N hydrochloric acid in
      250 ml. of acetone is stirred at room temperature for about 17 hours. The
      solvent is then removed under vacuum and the residue dissolved in ether
      and water. The organic layer is washed with water and brine and evaporated
      to dryness. The residue is recrystallized from petroleum ether to give
      5.12 g. (67%) of 1'-exomethylenespiro(cyclohexane-1,2'-indan)-4-one[41],
      having a melting point of 60.degree. to 62.degree.C. The NMR spectrum of
      this compound is in agreement with its expected structure.
PAR  Following the procedure of Example 83B but substituting other
      1'-hydroxy-1'-methylspiro(cyclohexane-1,2'-indan)-4-one ethylene
      ketals[40] as starting materials, such as
PA1  6'-chloro-1'-hydroxy-1'-methylspiro(cyclohexane-1,2'-indan)-4-one ethylene
      ketal[40], yields,
PA1  6'-chloro-1'-exo-methylenespiro(cyclohexane-1,2'indan)-4-one[41].
PAC  EXAMPLE 84B
PAR  1'-Exo-methylenespiro(cyclohexane-1,2'-indan)-4-ol[42]
PAR  A mixture of 2.17 g. (0.010 M) of
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-one[41] (prepared as in
      Example 83B) and 0.75 g. of sodium borohydride in 40 ml. of isopropanol is
      stirred at room temperature for about 6 hours. The solvent is removed
      under vacuum and the residue dissolved in water and ether. The organic
      layer is washed with water and brine and evaporated to dryness. The
      residue is chromatographed on a column of 250 ml. of silica gel and eluted
      with 20% acetone: Skellysolve B. There is obtained 0.08 g. of solid,
      having a melting point of 65.degree. to 69.degree. C. and an NMR spectrum
      in agreement with the structure of a compound having its hydroxy
      substitutent in the axial position, namely,
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-trans-ol[42]. This is
      followed by a gum that crystallizes only in the presence of water, giving
      1.71 g. (78% yield) of product melting at 57.degree. to 61.degree. C. and
      an NMR spectrum in agreement with the structure of a compound having its
      hydroxy substituent in the equatorial position, namely,
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-cis-ol[42].
PAR  Following the procedure of Example 84B but substituting other
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-ones [41] as starting
      materials, such as
PA1  1. 4'-chloro-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-one[41],
PA1  2. 5'-ethoxy-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-one[41], and
      the like,
PAL  yields, respectively,
PA1  1. trans and cis
      4'-chloro-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-ol[42],
PA1  2. trans and cis
      5'-ethoxy-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-ol[42], and the
      like.
PAC  EXAMPLE 85B
PAR  1'-Exo-methylenespiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate [43]
PAR  To an ice cold solution of 4.26 g. (0.020 M) of
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-ol[42] (prepared as in
      Example 84.beta.) in 40 ml. of pyridine, 4.3 ml. of methanesulfonyl
      chloride is added. After about 7 hours the mixture is poured into ice:
      water. The gum that precipitates is extracted with ether and the organic
      layer washed successively with water, 2.5 N hydrochloric acid, water and
      brine, then evaporated to dryness. The residue is recrystallized from a
      small amount of methanol to give 4.82 g. (83%) of
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate [43],
      have a melting point of 72.degree. to 74.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.20 O.sub.3 S: C, 65.72; H, 6.89; M.W. 292.
PAR  Found: C, 65.12; H, 7.12; m/e 292.
PAR  Following the procedure of Example 85B but substituting other
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)4-ols[42] as starting
      materials, such as
PA1  7'-bromo-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-ol[42],
PAL  yields,
PA1  7'-bromo-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-ol
      methanesulfonate [43].
PAC  EXAMPLE 86B
PAR  1'-Exo-methylenespiro(cyclohexane-1,2'-indan)-4-amine hydrochloride [I(b)]
PAR  A mixture of 5.65 g. (0.019 M) of
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-ol methanesulfonate [43]
      (prepared as in Example 85B) and 5.65 g. of sodium azide is heated for
      about 17 hours in an oil bath at about 90.degree. C. The solvent is
      removed under vacuum and the residue dissolved in benzene and water. The
      organic layer is washed with water and brine evaporated to dryness to give
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-ylazide[44]. The residue
      [44] in 80 ml. of tetrahydrofuran is added to 0.75 g. of lithium aluminum
      hydride in 10 ml. of tetrahydrofuran. After about 5 hours at room
      temperature the mixture is cooled in ice and treated successively with
      0.75 ml. of water, 0.75 ml. of water, 0.75 ml. of 15% aqueous sodium
      hydroxide solution and 2.25 ml. of water. The inorganic gel is collected
      on a filter and the filtrate evaporated to dryness. An ether solution of
      the residue is treated with 6 N hydrogen chloride in ether. The
      precipitated salt is recrystallized from methylene chloride to give 3.08
      g. (61%) of 1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride[I(b)], having a melting point of 250.degree. to 253.degree.
      C.
PAR  Anal. Calcd. for C.sub.15 H.sub.20 ClN.H.sub.2 O: C, 67.29; H, 8.29; N,
      5.23.
PAR  Found: C, 67.50; H, 7.92; N, 5.21.
PAR  Following the procedure of Example 86B but substituting other
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)4-ol methanesulfonates [43]
      as starting materials, such as
PA1  5'-ethoxy-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-ol
      methanesulfonate [I(b)],
PAL  yields,
PA1  5'-ethoxy-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride [I(b)].
PAC  EXAMPLE 87B
PAR  1-[1'-Methylenespiro(cyclohexane-1,2'-indan)-4-yl]piperidine [I(b)]
PAR  The amine prepared from 1.41 g. (0.0056 M) of
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-amine hydrochloride
      [I(b)], 1,81 g. of 1,5-diiodopentane and 1.55 g. of potassium carbonate in
      15 ml. of ethanol is stirred at reflux temperature for about 18 hours. The
      mixture is allowed to cool, diluted with water and the solid collected on
      a filter. The solid is recrystallized from methanol to give 1.05 g. (67%
      yield) of 1-[1'-methylenespiro(cyclohexane-1,2'-indan)-4-yl]piperidine
      [I(b)], also named 1'exo-methylenespiro(cyclohexane-1,2'-indan)piperidine,
      having a melting point of 93.degree. to 95.degree. C.
PAR  Anal. Calcd. for C.sub.20 H.sub.27 N: C, 85,35; H, 9.67; N, 4.90.
PAR  Found: C, 85.58; H, 9.99; N, 5.24.
PAR  Following the procedure of Example 87B but substituting other
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-amine acid addition salts
      [I(b)]and other dihaloalkanes in stoichiometrically appropriate amounts as
      starting materials, such as
PAR  5'-chloro-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride[I(b)] and 1,6-dibromohexane,
PAL  yields,
PA1  1-[5'-chloro-1'-methylenespiro(cyclohexane-1,2'-indan)-4-yl]
      hexamethyleneimine hydrochloride [I(b)].
PAC  EXAMPLE 88B
PAR  4'-Fluoro-4-[[1'-methylenespiro(cyclohexane-1,2'-indan)-4-yl]amino]butyroph
     enone hydrochloride [I(b)]
PAR  A mixture of the free base obtained from 2 g. (0.0080 M) of
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-amine hydrochloride [I(b)]
      (prepared as in Example 86B), 1.6 g. of potassium iodide, 2.49 g. of
      potassium carbonate and 2.32 g. of the 2,2-dimethyl-1,3-propanediol ketal
      of 4-chloro-4'-fluorobutyrophenone in 40 ml. of dimethylformamide is
      stirred in an oil bath at about 90.degree. C. for about 18 hours. The
      solvent is then removed under vacuum and the residue dissolved in benzene
      and water. The organic layer is washed with water and brine and evaporated
      to dryness. The residue is stirred with 15 ml. of 2.5 N hydrochloric acid
      and 30 ml. of methanol for about 3 hours. The methanol is then removed and
      the solid collected on a filter. This material is recrystallized from
      methanol: ethyl acetate to give 0.95 g. (29%) of
      4'-fluoro-4-[[1'-methylenespiro(cyclohexane-1,2'-indan)-4-yl]amino]butyrop
     henone hydrochloride [I(b)], having a melting point of 208.degree. to
      211.degree. C.
PAR  Anal. Calcd. for C.sub.25 H.sub.29 ClFNO: C, 72.53; H, 7.06; N, 3.38.
PAR  Found: C, 72.20; H, 7.19; N, 3.68.
PAR  Following the procedure of Example 88B but substituting acid addition salts
      of other 1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-amines [I(b)] and
      other .omega.-haloalkanaryl ketones in stoichiometrically appropriate
      amounts, such as
PA1  4'-chloro-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride [I(b)] and the 2,2-dimethyl-1,3-propanediol ketal of
      3-chloro-4'-methylpropiophenone,
PAL  yields.
PA1  4'-methyl-3-[[4'-chloro-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-yl]
     amino]propionphenone hydrochloride [I(b)].
PAC  EXAMPLE 89B
PAR  Ethyl 1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-carbamate [I(b)]
PAR  Following the procedure of Example 40B but substituting
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-amine  hydrochloride
      [I(b)] (prepared as in Example 86B) as starting material, yields,
      ethyl-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-carbamate [I(b)].
PAR  Following the procedure of Example 89B but substituting acid addition salts
      of other 1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-amines [I(b)] and
      other lower alkyl haloformates, such as
PA1  6'-chloro-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride [I(b)] and butyl chloroformate,
PAL  yields,
PA1  butyl 6'-chloro-1'-exo-methylenespiro(cyclohexane1,2'-indan)-4-carbamate
      [I(b)].
PAC  EXAMPLE 90B
PAR  1'-Exo-methylenespiro(cyclohexane-1,2'-indan)-4-methylamine hydrochloride
      [I(b)]
PAR  Following the procedure of Example 43B but substituting ethyl
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-carbamate [I(b)] (prepared
      as in Example 89B) as starting material, yields
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-methylamine hydrochloride
      [I(b)].
PAR  Following the procedure of Example 90B but substituting other lower alkyl
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-carbamates [I(b)] as
      starting materials, such as
PA1  butyl 5'-ethoxy-1'-exo-methylenespiro(cyclohexane1,2'-indan)-4-carbamate
      [I(b)],
PAL  yields,
PA1  5'-ethoxy-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-methylamine
      hydrochloride [I(b)], and the like.
PAC  EXAMPLE 91B
PAR  4'-Fluoro-4-[methyl[1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-yl]amin
     o]butyrophenone hydrochloride [I(b)]
PAR  Following the procedure of Example 46B but substituting
      1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-methyl-amine hydrochloride
      [I(b)] (prepared as in Example 90B) as starting material, yields
      4'-fluoro-4-[methyl[1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-yl]ami
     no]butyrophenone hydrochloride [I(b)].
PAR  Following the procedure of Example 91B but substituting acid addition salts
      of other 1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-lower alkylamines
      [I(b)] and the 2,2-dimethyl-1,3-propanediol ketals of other
      .omega.-haloalkanaryl ketones in stoichiometrically appropriate amounts,
      such as
PA1  7'-bromo-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-4-methylamine
      hydrochloride [I(b)] and the 2,2-dimethyl-1,3-propanediol ketal of
      5-chloro-4'-propylvalerophenone,
PAL  yields,
PA1  4'-propyl-5-[methyl[7'-bromo-1'-exo-methylenespiro(cyclohexane-1,2'-indan)-
     4-yl]amino]valerophenone hydrochloride [I(b)].
PAC  EXAMPLE 1C
PAR  4-Benzyl-4-hydroxymethylcyclohexan-1-one ethylene ketal(1)
PAR  A solution of 22.3 g. (0.77 M) of 4-benzyl-4-carbomethoxy-1-cyclohexaneone
      ethylene ketal [5] (prepared as in Example 4B) in 220 ml. of
      tetrahydrofuran is added to 3 g. of lithium aluminum hydride in 30 ml. of
      tetrahydrofuran. The mixture is stirred at reflux temperature for about
      5.5 hours and then cooled in ice. There is added successively 3 ml. of
      water, 3 ml. of aqueous 15% sodium hydroxide solution and 9 ml. of water.
      The inorganic gel is collected on a filter and the filtrate evaporated to
      dryness. The residue is recrystallized from methylene chloride:
      Skellysolve B to give 18.8 g. (93% yield) of
      4-benzyl-4-hydroxymethylcyclohexan-1-one ethylene ketal (1), having a
      melting point of 76.degree. to 78.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.22 O.sub.3 : C, 73.25; H, 8.45.
PAR  Found: C, 73.08; H, 8.65.
PAR  Following the procedure of Example 1C but substituting other
      4-benzyl-4-carbomethoxy-1-cyclohexanone ethylene ketals [5] as starting
      materials, such as
PA1  1. 4-(p-methylbenzyl)-4-carbomethoxy-1-cyclohexane ethylene ketal [5],
PA1  2. 4-(m-methoxybenzyl)-4-carbomethoxy-1-cyclohexane ethylene ketal [5], and
      the like,
PAL  yields respectively,
PA1  1. 4-(p-methylbenzyl)-4-hydroxymethylcyclohexan-1-one ethylene ketal (1),
PA1  2. 4-(m-methoxybenzyl)-4-hydroxymethylcyclohexan-1-one ethylene ketal (1),
      and the like.
PAC  EXAMPLE 2C
PAR  4-Benzyl-4-hydroxymethylcyclohexan-1-one ethylene ketal methanesulfonate
      (2)
PAR  To an ice cold solution of 4-benzyl-4-hydroxymethylcyclohexan-1-one
      ethylene ketal (1) (prepared in Example 1C) in 100 ml. of pyridine, 19 ml.
      of methanesulfonyl chloride is added. After standing in the cold for about
      5.5 hours, the mixture is poured into ice: water. The gum that
      precipitates is extracted with ether. The organic layer is washed
      successively with water, ice cold 2.5 N hydrochloric acid, water,
      saturated aqueous sodium bicarbonate solution and brine, and then
      evaporated to dryness. The residual solid is recrystallized from methylene
      chloride: Skellysolve B to give 21.1 g. (86%) of
      4-benzyl-4-hydroxymethylcyclohexan-1-one ethylene ketal methanesulfonate
      (2).
PAR  Following the procedure of Example 2C but substituting other
      4-benzyl-4-hydroxymethylcyclohexan-1-one ethylene ketals (1) as starting
      materials, such as
PA1  1. 4-(p-ethoxybenzyl)-4-hydroxymethylcyclohexan-1-one ethylene ketal (1),
PA1  2. 4-(m-propionylamidobenzyl)-4-hydroxymethylcyclohexan-1-ethylene ketal
      (1), and the like,
PAL  yields, respectively,
PA1  1. 4-(p-ethoxybenzyl)-4-hydroxymethylcyclohexan-1-one ethylene ketal
      methanesulfonate (2),
PA1  2. 4-(m-propionylamidobenzyl)-4-hydroxymethylcyclohexan-1-one ethylene
      ketal methanesulfonate (2), and the like.
PAC  EXAMPLE 3C
PAR  4-Benzylcyclohexan-4-acetic acid-1-one ethylene ketal (4)
PAR  1. A mixture of 18.6 g. (0.055 M) of
      4-benzyl-4-hydroxymethylcyclohexan-1-one ethylene ketal methanesulfonate
      (2) (prepared as in Example 2C) and 18 g. of potassium cyanide in 180 ml.
      of hexamethylphosphoramide is heated for about 17 hours in an oil bath at
      about 145.degree. C. The resulting gel is allowed to cool, diluted to 800
      ml. with water and extracted with benzene. The organic layer is washed
      with water and brine and evaporated to dryness. The residue is
      chromatographed on 1 l. of silica gel and eluted with 25% ethyl acetate in
      Skellysolve B and the fractions found similar to TLC pooled to give
      4-benzyl-4-cyanocyclohexan-1-one ethylene ketal (3).
PAR  2. The product (3), obtained in part (1), above, is heated with 14.5 g. of
      potassium hydroxide in 105 ml. of ethylene glycol for about 17 hours. The
      mixture is then allowed to cool, diluted with water and washed once with
      ether. The aqueous layer is then covered with ether and cautiously
      acidified. The organic layer separated, washed with brine and evaporated
      to dryness. The residue is recrystallized from cyclohexane to give 12.3 g.
      (77%) of 4-benzylcyclohexan-4-acetic acid-1-one ethylene ketal (4),
      melting at 116.degree. to 118.degree. C. The analytical sample has a
      melting point of 118.degree. to 120.degree. C.
PAR  Anal. Calcd. for C.sub.17 H.sub.22 O.sub.4 : C, 70.32; H, 7.64.
PAR  Found: C, 70.50; H, 7.83.
PAR  Following the procedure of Example 3C but substituting other
      4-benzyl-4-hydroxymethylcyclohexan-1-one ethylene ketals (2) as starting
      materials, such as
PA1  1. 4-(o-aminobenzyl)-4-hydroxymethylcyclohexan-1-one ethylene ketal
      methanesulfonate (2),
PA1  2. 4-(m-fluorobenzyl)-4-hydroxymethylcyclohexan-1-one ethylene ketal
      methanesulfonate (2), and the like,
PAL  yields, respectively,
PA1  1. 4-(o-aminobenzyl)cyclohexan-4-acetic acid-1-one ethylene ketal (4),
PA1  2. 4-(m-fluorobenzyl)cyclohexan-4-acetic acid-1-one ethylene ketal (4), and
      the like.
PAC  EXAMPLE 4C
PAR  4-Benzylcyclohexan-4-acetic acid-1-one (5)
PAR  A solution of 12.3 g. of 4-benzylcyclohexan-4-acetic acid-1-one ethylene
      ketal (4) (prepared in Example 3C) and 18 ml. of 2.5 N hydrochloric acid
      in 180 ml. of acetone is stirred at room temperature for about 62 hours.
      Most of the solvent is removed under vacuum and the residue dissolved in
      ether and water. The organic layer is washed with water and brine and
      evaporated to dryness. The residue is recrystallized from ether:
      Skellysolve B to give 7.94 g. (76%) of 4-benzylcyclohexan-4-acetic
      acid-1-one (5), having a melting point of 85.degree. to 87.degree. C. The
      analytical sample has a melting point of 91.degree. to 92.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.18 O.sub.3 : C, 73.15; H, 7.37.
PAR  Found: C, 73.01; H, 7.58.
PAR  Following the procedure of Example 4C but substituting other
      4-benzylcyclohexan-4-acetic acid-1-one ethylene ketals (4) as starting
      materials, such as
PA1  1. 4-(p-ethoxybenzyl)cyclohexan-4-acetic acid-1-one ethylene ketal (4),
PA1  2. 4-(m-nitrobenzyl)cyclohexan-4-acetic acid-1-one ethylene ketal (4), and
      the like,
PAL  yields, respectively,
PA1  1. 4-(p-ethoxybenzyl)cyclohexan-4-acetic acid-1-one (5),
PA1  2. 4-(m-nitrobenzyl)cyclohexan-4-acetic acid-1-one (5),
PAL  and the like.
PAC  EXAMPLE 5C
PAR  3',4'-Dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4',4-dione (6)
PAR  A solution of 6.43 g. (0.026 M) of 4-benzylcyclohexan-4-acetic acid-1-one
      (5) (prepared as in Example 4C) in 40 ml. of freshly distilled hydrogen
      fluoride is allowed to evaporate at room temperature for about 62 hours.
      The residue is dissolved in methylene chloride and this solution is washed
      successively with aqueous sodium bicarbonate solution, water and brine.
      The solution is evaporated to dryness and chromatographed on a colulmn of
      650 ml. of silica gel and eluted with 20% acetone: Skellysolve B. The
      crystalline fractions are combined and recrystallized from 20% acetone:
      Skellysolve B to give 1.95 g. (33%) of
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene-4',4-dione (6),
      having a melting point of 158.degree. to 160.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.16 O: C, 78.92; H, 7.06; M.W. 228.
PAR  Found: C, 78.69; H, 7.31; m/e 228.
PAR  Following the procedure of Example 5C but substituting other
      4-benzylcyclohexan-4-acetic acid-1-ones (5) as starting materials, such as
PA1  1. 4-(6'-methylaminobenzyl)cyclohexan-4-acetic acid-1-one (5),
PA1  2. 4-(7'-chlorobenzyl)cyclohexan-4-acetic acid-1-one (5), and the like,
PAL  yields, respectively,
PA1  1.
      3',4'-dihydro[6'-methylaminospiro[cyclohexane-1,2'(1'H)-naphthalene]-1',4-
     dione (6),
PA1  2.
      3',4'-dihydro[7'-chlorospiro[cyclohexane-1,2'-(1'H)-naphthalene]-1',4-dion
     e (6), and the like.
PAC  EXAMPLE 6C
PAR  3',4'-Dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4',4-dione,
      4-(ethylene ketal) (7)
PAR  A mixture of 2.65 g. (0.012 M) of
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4',4-dione (6)
      (prepared as in Example 5C), 0.72 g. (0.65 ml.) of ethylene glycol and
      0.20 g. of p-toluenesulfonic acid in 100 ml. of benzene is heated at
      reflux under a Dean-Stark trap for about 14 hours. The mixture is allowed
      to cool, washed with aqueous sodium bicarbonate solution and brine and
      evaporated to dryness. The residue is chromatographed on a 300 ml. column
      of silica gel and eluted with 25% ethyl acetate: Skellysolve B to give 2.2
      g. (70%) of
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]4',4-dione, ethylene
      ketal (7), melting at 90.degree. to 91.5.degree. C.
PAR  Anal. Calcd. for C.sub.17 H.sub.20 O.sub.3 : C, 74.97; H, 7.40.
PAR  Found: C, 75.00; H, 7.66.
PAR  Following the procedure of Example 6C but substituting other
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4',4-diones (6) as
      starting materials, such as
PA1  1.
      3',4'-dihydro[5'-propoxyspiro[cyclohexane-1,2'(1'H)-naphthalene]-1',4-dion
     e (6),
PA1  2.
      3',4'-dihydro[6'-ethylspiro[cyclohexane-1,2'-(1'H)-naphthalene]-4',4-dione
      (6), and the like,
PAL  yields, respective
PA1  1.
      3',4'-dihydro[5'-propoxyspiro[cyclohexane-1,2'(1'H)-naphthalene]-4',4-dion
     e, 4-(ethylene ketal) (7),
PA1  2.
      3',4'-dihydro[6'-ethylspiro[cyclohexane-1,2'-(1'H)-naphthalene]-4',4-dione
     , 4-(ethylene ketal) (7), and the like.
PAC  EXAMPLE 7C
PAR  3',4'-Dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-one, ethylene ketal
      (8)
PAR  A mixture of 2.2 g. (0.0081 M) of
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4',4-dione,
      4-(ethylene ketal) (7) (prepared in Example 7C), 1.2 ml. of hydrazine
      hydrate and 1.6 g. of potassium hydroxide, is heated at reflux for about 1
      hour. Solvent is removed by distillation to bring the temperature of the
      reaction mixture to about 200.degree. C., and the refluxing is continued
      for about 17 hours, The mixture is then poured into water and extracted
      with ether. The organic layer is washed with water and brine and
      evaporated to dryness. The residue is recrystallized from petroleum ether
      to give 1.86 g. (88%) of
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen] 4-one, ethylene ketal
      (8), having having a melting point of 79.degree. to 81.degree. C.
PAR  Anal. Calcd. for C.sub.17 H.sub.22 O.sub.2 : C, 79.03; H, 8.59.
PAR  Found: C, 79.14; H, 8.72.
PAR  Following the procedure of Example 7C but substituting other
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4',4-dione,
      4-(ethylene ketals) (7) as starting materials, such as
PA1  3',4'-dihydro[7'-nitrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4',4-dione,
      4-(2,2-dimethyltrimethylene ketal) (7)
PAL  yields,
PA1  3',4'-dihydro[7'-nitrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4-one,
      ethylene ketal (8).
PAC  EXAMPLE 8C
PAR  3',4'-Dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ol (10)
PAR  1. A mixture of 1.86 g. (0.0072 mole) of
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-one, ethylene ketal
      (8) (prepared in Example 7C) and 2 ml. of 2.5 N hydrochloric acid in 40
      ml. of acetone is heated at reflux for about 17 hours. Most of the solvent
      is removed under vacuum and the residue dissolved in water and ether. The
      organic layer is washed with water and brine and then evaporated to
      dryness to give 3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-one
      (9).
PAR  2. The residue (9), obtained in part (1), above, is dissolved in 50 ml. of
      95% isopropanol and treated with 1 g. of sodium borohydride. After about 5
      hours the solvent is removed under vacuum and the residue dissolved in
      water and ether. The organic layer is washed with water and brine,
      evaporated to dryness, the crude produce chromatographed on a 170 ml.
      column of silica gel and eluted with methylene chloride. There is first
      obtained 0.24 g. of starting material (8). The product fractions are
      combined and recrystallized from Skellysolve B to give 0.65 g. (42%) of
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ol (10), melting at
      78.degree. to 82.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.20 O: C, 82.28; H, 9.32. M.W. 216.
PAR  Found: C, 83.37; H, 9.43, m/e 216.
PAR  Following the procedure of Example 8C but substituting other
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-one, ethylene
      ketals (8) as starting materials, such as
PA1  3',4'-dihydro[6'-fluorospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-one,
      2,2-dimethyltriethylene ketal (8), yields,
PA1  3',4'-dihydro[6'-fluorospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ol (10).
PAC  EXAMPLE 9C
PAR  3',4'-Dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ol methanesulfonate
      (11)
PAR  To an ice cold solution of 2.16 g. (0.01 M) of 3',
      ,4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ol (10) (prepared as
      in Example 8C) in 10 ml. of pyridine, 2 ml. of methanesulfonyl chloride is
      added. After about 4 hours in the cold, the mixture is poured onto ice:
      water. The resulting solid precipitate is collected on a filter and
      recrystallized from ether: petroleum ether to give 2.52 g. (86%) of
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ol methansulfonate
      (11), melting at 66.degree. to 69.degree. C.
PAR  Anal. Calcd. for C.sub.16 H.sub.22 O.sub.3 S: C, 65.27; H, 7.53
PAR  Found: C, 65.38; H, 7.54.
PAR  Following the procedure of Example 9C but substituting other
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ols (10) and other
      lower alkyl sulfonyl halides as starting materials, such as
PA1  3',4'-dihydro[5'-ethoxyspiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ol (10)
      and propane sulfonyl bromide, yields,
PA1  3',4'-dihydro[5'-ethoxyspiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ol
      propanesulfonate (11).
PAC  EXAMPLE 10C
PAR  3',4'-Dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine
      hydrochloride [I(c)]
PAR  A mixture of 2.52 g. (0.0085 M) of
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ol methanesulfonate
      (11) (prepared in Example 9C) and 2.5 g. of sodium azide in 25 ml. of
      dimethylformamide is heated for about 17 hours in an oil bath at about
      90.degree. C. The solvent is then removed under vacuum and the residue,
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-napthalen]-4-ylazide, dissolved
      in benzene and water. The organic layer is washed with water and brine and
      evaporated to dryness. A solution of the residue in 60 ml. of
      tetrahydrofuran is added to 0.35 g. of lithium aluminum hydride in 10 ml.
      of tetrahydrofuran. After stirring for about 4 hours at room temperature,
      the mixture is cooled in ice and treated successively with 0.35 ml. of
      water, 0.35 ml. of aqueous 15% sodium hydroxide solution and 1.05 ml. of
      water. The resulting inorganic gel is collected on a filter and the
      filtrate evaporated to dryness. A solution of the residue in ether is
      treated with 6 N hydrogen chloride in ether. The resulting solid is
      recrystallized from methylene chloride: ethyl acetate to give 1.65 g.
      (77%) of 3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine
      hydrochloride [I(c)], melting at 208.degree. to 211.degree. C.
PAR  Following the procedure of Example 10C but substituting other
      3',4'-dihydrospiro[cyclohexane-1,2'(1'-H)-naphthalen]-4-ol lower
      alkylsulfonates (11) as starting materials, such as
PA1  3',4'-dihydro[6'-fluorospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ol
      propanesulfonate (11), yields,
PA1  3',4'-dihydro[6'-fluorospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine
      hydrochloride [I(c)].
PAC  EXAMPLE 11C
PAR  1-[3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl]piperidine
      [I(c)]
PAR  The amine prepared from 1.5 g. of
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine
      hydrochloride [I(c)] (prepared as in Example 10C), 1.9 g. of
      1,5-diiodopentane and 1.6 g. of potassium carbonate in 18 ml. of ethanol
      is stirred at reflux temperature for about 18 hours. The mixture after
      cooling is diluted with water, the solid collected on a filter and
      recrystallized from methanol to give
      1-[3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl]piperidine
      [I(c)].
PAR  Following the procedure of Example 11C but substituting acid addition salts
      of the same and other
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamines [I(c)] and
      other dihaloalkanes, such as
PA1  1. 3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine [I(c)]
      and 1,4-diiodobutane,
PA1  2. 3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine [I(c)]
      and 1,6-diiodohexane,
PA1  3. 5'-bromospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine [I(c)] and
      1,5-diiodopentane and the like,
PAL  yields respectively,
PA1  1. 1-[3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl pyrrolidine
      [I(c)],
PA1  2. 1-[3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl
      hexamethyleneimine [I(c)],
PA1  3. 1-[5'-bromospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl piperidine
      [I(c)], and the like.
PAC  EXAMPLE 12C
PAR  4'-Fluoro-4-[[3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl]ami
     no]butyrophenone hydrochloride [I(c)]
PAR  The free base from 1.65 g. (0.0066 M) of
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine
      hydrochloride [I(c)] (prepared in Example 10C), 1.34 g. of potassium
      iodide, 2.06 g. of potassium carbonate and 1.9 g. of the
      2,2-dimethyl-1,3-propanediol ketal of 4-chloro-4'-fluorobutyrophenone in
      35 ml. of dimethylformamide are heated in an oil bath at about 90.degree.
      C. for about 18 hours. The solvent is removed under vacuum and the residue
      that remains in dissolved in benzene and water. The organic layer is
      washed with water and brine and evaporated to dryness. A mixture of the
      residue and 10 ml. of 2.5 N hydrochloric acid in 20 ml. of methanol is
      stirred at room temperature for about 4 hours. The methanol is then
      removed under vacuum and the solid collected on a filter. This material is
      recrystallized twice from methylene chloride: ethyl acetate to give 1.07
      g. (39% yield) of
      4'-fluoro-4-[[3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl]am
     ino]butyrophenone hydrochloride [I(c), having a melting point of
      182.degree. to 184.degree. C.
PAR  Anal. Calcd for C.sub.25 H.sub.31 ClFNO: C, 72.18; H, 7.51; N, 3.37; M.W.
      379.
PAR  Found: C, 72.20; H, 7.53; N, 3.47; m/e 379.
PAR  Following the procedure of Example 12C but substituting another
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine [I(c)] as
      starting material and the 2,2-dimethyl-1,3-propanediol ketal of another
      .omega.-haloalkanaryl ketone, such as
PA1  5'-bromospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine hydrochloride
      [I(c)] and the 2,2-dimethyl-1,3-propanediol ketal of
      4'-bromo-4-chlorobutyrophenone,
PAL  yields,
PA1  4'-bromo-4-[[5'-bromospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl]amino]but
     yrophenone hydrochloride [I(c)].
PAC  EXAMPLE 13C
PAR  Ethyl 3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4-carbamate
      [I(c)]
PAR  To an ice cooled solution of the free base prepared from 1.5 g. of
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine
      hydrochloride [I(c)] (prepared as in Example 10C) in 12 ml. of pyridine, 1
      ml. of ethyl chloroformate is added. The mixture is allowed to stand in
      the cold for about 5 hours and then poured into ice water. The solid that
      precipitates is collected on a filter and recrystallized from methylene
      chloride: benzene to give ethyl
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4-carbamate [I(c)].
PAR  Following the procedure of Example 13C but substituting another
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine [I(c)] as
      starting material and another lower alkyl haloformate, such as
PA1  5'-ethoxyspiro[cyclohexane-1,2'(1'H)-naphthalen]-4-ylamine [I(c)] and
      propyl bromoformate, and the like,
PAL  yields,
PA1  propyl 5'-ethoxyspiro[cyclohexane-1,2'(1'H)-naphthalene]-4-carbamate
      [I(c)].
PAC  EXAMPLE 14C
PAR  3',4'-Dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl-N-methylamine
      hydrochloride [I(c)]
PAR  To a suspension of 0.22 g. of lithium aluminum hydride in 10 ml. of
      tetrahydrofuran, a tetrahydrofuran solution of 1.3 g. of ethyl
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]-4-carbamate [I(c)]
      (prepared as in Example 13C) is added. The mixture is stirred at reflux
      temperature for about 6 hours, at room temperature for about 18 hours, and
      cooled in an ice bath. To this is added successively, 0.22 ml. of water,
      0.22 ml. of 15% aqueous sodium hydroxide solution and 0.66 ml. of water.
      The resulting inorganic gel is collected on a filter, rinsed with ether
      and the filtrates evaporated to dryness. The residue is dissolved in a
      small amount of ether and treated with an excess of 6.4 N hydrogen
      chloride in ether. The resulting precipitate is collected on a filter and
      recrystallized from methanol: ethyl acetate to give
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]- 4-yl-N-methyl-amine
      hydrochloride [I(c)].
PAR  Following the procedure of Example 14C but substituting another lower alkyl
      3',4'-dihydrospiro[cyclohexane-1,2'-(1'H)-naphthalene]-4-carbamate [I(c)]
      as starting material, such as
PA1  ethyl 5'-isopropylspiro[cyclohexane-1,2'(1'H)-naphthalen3]-4-carbamate
      [I(c)], yields,
PA1  5'-isopropylspiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl-N-methylamine
      hydrochloride [I(c)].
PAC  EXAMPLE 15C
PAR  4'-Fluoro-4-[3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl-N-me
     thylamino]-butyrophenone hydrochloride [I(c)]
PAR  A mixture of the free base prepared from 0.81 g. of
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl-N-methylamine
      hydrochloride [I(c)] (obtained as in Example 14C), 0.63 g. of potassium
      iodide, 0.96 g. of potassium carbonate and 0.87 g. of the
      2,2-dimethyl-1,3-propanediol ketal of 4-chloro-4'-fluorobutyrophenone in
      15 ml. of dimethylformamide is heated together in an oil bath at about
      90.degree. C. for about 20 hours. The solvent is removed under vacuum and
      the residue dissolved in water and benzene. The organic layer is washed
      with water and brine and evaporated to dryness. A mixture of the residue,
      6 ml. of 2.5 N hydrochloric acid and 12 ml. of methanol is stirred at room
      temperature for about 1.5 hours and most of the methanol removed under
      vacuum. The residual suspended solid is collected on a filter, washed with
      ether and recrystallized from methanol: ethyl acetate to give
      4'-fluoro-4-[3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl-N-m
     ethylamino]butyrophenone hydrochloride [I(c)].
PAR  Following the procedure of Example 15C but substituting another
      3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl-N-lower
      alkylamine [I(c)] as starting material and the
      2,2-dimethyl-1,3-propanediol ketal of another .omega.-haloalkanaryl
      ketone, such as
PA1  1. 6'-bromospiro(cyclohexane-1,2'(1'H)-naphthalen]-4-yl-N-methylamine
      [I(c)] and the 2,2-dimethyl-1,3-propanediol ketal of
      4-chloro-4'-methoxybutyrophenone,
PA1  2. 5'-propoxyspiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl-N-ethylamine
      [I(c)] and the 2,2-dimethyl-1,3-propanediol ketal of
      4-chloro-2'-ethylbutyrophenone, and the like.
PAL  yields, respectively,
PA1  1.
      4'-methoxy-4-[6'-bromospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl-N-methy
     lamino]butyrophenone hydrochloride [I(c)],
PA1  2.
      2'-ethyl-4-[5'-propoxyspiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl-N-ethyl
     amino]butyrophenone hydrochloride [I(c)], and the like.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC23##
      wherein the sum of A and B carbon atoms is at least the integer 2; A is
      --(CH.sub.2).sub.n.sup.- wherein n is 1 through 5; B is absent or
      --(CH.sub.2).sub.n.sup.- wherein n is 1 through 3; R.sup.1 is selected
      from the group consisting of hydrogen and lower alkyl of 1 through 3
      carbon atoms; R.sup.2 is selected from the group consisting of hydrogen,
      lower alkyl of 1 through 3 carbon atoms, R.sup.1 and R.sup.2 taken
      together with --N&lt; is a saturated heterocyclic amino radical selected from
      the group consisting of pyrrolidino, piperidino, and hexamethylenimino; Z
      is selected from the group consisting of hydrogen, lower alkyl of 1
      through 3 carbon atoms, lower alkoxy of 1 through 3 carbon atoms, nitro,
      amino, monoalkylamino of 1 through 3 carbon atoms, alkanoylamido of 1
      through 4 carbon atoms, bromine, chlorine and fluorine; and a
      pharmacologically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1 wherein A is --(CH.sub.2).sub.N.sup.- wherein n is
      3, B is absent, R.sup.1, R.sup.2 and Z are hydrogen and the
      pharmacologically acceptable acid addition salt is that of hydrochloric
      acid, namely,
      3',4'-dihydrospiro(cyclohexane-1,1'-(2'H)-naphthalen)-4-ylamine
      hydrochloride.
NUM  3.
PAR  3. A compound of claim 1 wherein A is --(CH.sub.2).sub.n.sup.- wherein n is
      3, B is absent, R.sup.1 is methyl, R.sup.2 and Z are hydrogen and the
      pharmacologically acceptable acid addition salt is that of hydrochloric
      acid, namely,
      3',4'-dihydrospiro(cyclohexane-1,1'(2'H)-naphthalen)-4-yl-N-methylamine
      hydrochloride.
NUM  4.
PAR  4. A compound of claim 1 wherein A and B are --(CH.sub.2).sub.n.sup.-
      wherein n is 1, R.sup.1, R.sup.2 and Z are hydrogen and the
      pharmacologically acceptable acid addition salt is that of hydrochloric
      acid, namely, spiro(cyclohexane-1,2'-indan)-4-amine hydrochloride.
NUM  5.
PAR  5. A compound of claim 1 wherein A and B are --(CH.sub.2).sub.n.sup.-
      wherein n is 1, R.sup.1 is methyl, R.sup.2 and Z are hydrogen and the
      pharmacologically acceptable acid addition salt is that of hydrochloric
      acid, namely, spiro(cyclohexane-1,2'-indan)-4-methylamine hydrochloride.
NUM  6.
PAR  6. A compound of claim 1 wherein A and B are --(CH.sub.2).sub.n.sup.-
      wherein n is 1, R.sup.1 is methyl, R.sup.2 is hydrogen, Z is 5'-methyl and
      the pharmacologically acceptable acid addition salt is that of
      hydrochloric acid, namely, 5'-methylspiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride.
NUM  7.
PAR  7. A compound of claim 1 wherein A and B are --(CH.sub.2 (.sub.n.sup.-
      wherein n is 1, R.sup.1 and R.sup.2 are hydrogen, Z is 5'-methoxy and the
      pharmacologically acceptable acid addition salt is that of hydrochloric
      acid, namely, 5'-methoxyspiro(cyclohexane-1,2'-indan)-4-amine
      hydrochloride.
NUM  8.
PAR  8. A compound of claim 1 wherein A and B are --(CH.sub.2).sub.n.sup.-
      wherein n is 1, R.sup.1 and R.sup.2 are hydrogen, Z is 5'-acetamido and
      the pharmacologically acceptable acid addition salt is that of
      hydrochloric acid, namely,
      N-[4-aminospiro[cyclohexane-1,2'-indan]-5'-yl]acetamide hydrochloride.
NUM  9.
PAR  9. A compound of claim 1 wherein A and B are --(CH.sub.2).sub.n.sup.-
      wherein for A n is 2 and for B n is 1, R.sup.1, R.sup.2 and Z are hydrogen
      and the pharmacologically acceptable acid addition salt is that of
      hydrochloric acid, namely,
      3',4'-dihydrospiro(cyclohexane-1,2'(1'H)-naphthalen)-4-ylamine
      hydrochloride.
NUM  10.
PAR  10. A compound of claim 1 wherein A and B are --(CH.sub.2).sub.n.sup.-
      wherein n is 1, R.sup.1 and R.sup.2 taken together with --N&lt; is
      piperidino, Z is hydrogen and the pharmacologically acceptable acid
      addition salt is that of hydrochloric acid, namely,
      1-[spiro(cyclohexane-1,2'-indane)-4-yl]-piperidine hydrochloride.
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PAL  3-[1-Hydroxy-2-(3- or 4-hydroxypiperidino)ethyl]-5-phenylisoxazole
      synthesized from 3-(1,2-epoxyethyl)-5-phenylisoxazole or
      3-(1-hydroxy-2-active group-substituted ethyl)-5-phenylisoxazole with 3-
      or 4-hydroxypiperidine, or 3-(3- or
      4-hydroxypiperidino)acetyl-5-phenylisoxazole or 3-(3- or
      4-ketopiperidino)acetyl-5-phenylisoxazole by reduction showing strong
      analgesic and anti-inflammatory activities with low toxicity.
BSUM
PAR  This invention relates to novel isoxazole derivatives. Further, it relates
      to processes for their preparation.
PAR  The said isoxazole derivatives may be represented by the following formula:
      ##SPC1##
PAL  Wherein the hydroxy group on the piperidine ring is located at its 3 or 4
      position.
PAR  More particularly, the isoxazole compounds to which the present invention
      concerns, are
      3-[1-hydroxy-2-(3-hydroxypiperidino)-ethyl]-5-phenylisoxazole and
      3-[1-hydroxy-2-(4-hydroxypiperidino)-ethyl]-5-phenylisoxazole.
PAR  The said isoxazole derivatives of the formula [I] are novel and have been
      discovered to show strong analgesic and anti-inflammatory activities.
PAR  Accordingly, a basic object of this invention is to provide novel isoxazole
      derivatives of the formula [I]. More precisely, it is to provide
      3-[1-hydroxy-2-(3- or 4-hydroxypiperidino)ethyl]-5-phenylisoxazole.
      Another object of the invention is to provide isoxazole derivatives
      showing strong analgesic and anti-inflammatory activities with low
      toxicity. A further object of the invention is to provide processes for
      preparing the novel isoxazole derivatives. These and other objects and
      manners in which they are accomplished will become apparent to those
      conversant with the art from the following descriptions.
PAR  The novel isoxazole derivatives of the formula [I] may be prepared in
      various ways of which the general aspect may be illustrated by the
      following scheme:
      ##SPC2##
PAL  Wherein X represents active functional group and the hydroxy group or the
      oxo group on the piperidine ring is located at its 3 or 4 position.
PAR  According to the present invention, the compounds of the formula [I] can be
      producted by some different methods, which are illustrated in detail
      below, respectively.
PAR  A. Preparation from 3-(1,2-epoxyethyl)-5-phenyl-isoxazole [II] with
      hydroxypiperidine
PAR  3-[1-Hydroxy-2-(3- or 4-hydroxypiperidino)ethyl]-5-phenylisoxazole can be
      prepared by heating 3-(1,2-epoxyethyl)-5-phenylisoxazole with 3- or
      4-hydroxypiperidine. Generally, the reaction may be executed at a
      temperature ranging from about 20.degree.C to about 200.degree.C for about
      0.2 to about 60 hours under ordinary (atmospheric) pressure, while the
      reaction conditions may be varied depending on the properties of the
      starting materials. The reaction solvent is not necessarily required, but
      may be selected from, for example, aromatic hydrocarbons (e.g., benzene,
      toluene, xylene), aliphatic hydrocarbons (e.g., pentane, hexane, heptane),
      ethers (e.g., ether, tetrahydrofuran, dioxane), alcohols (e.g., methanol,
      ethanol, propanol), halogenohydrocarbons (e.g., chloroform, carbon
      tetrachloride), dimethylsulfoxide, dimethylformamide and the like. They
      can be employed solely or as a mixture in consideration of the solubility
      of the starting compounds as well as other reaction conditions employed.
      Further, by use of an excess of the hydroxypiperidine the reaction can be
      effected without other solvent.
PAC    b. Preparation from 3-(1-hydroxy-2-active group-substituted
      ethyl)-5-phenylisoxazole [III] with hydroxypiperidine
PAR  3-[1-Hydroxy-2-(3- or 4-hydroxypiperidino)ethyl]-5-phenylisoxazole can also
      be prepared by heating 3-(1-hydroxy-2-active group-substituted
      ethyl)-5-phenylisoxazole with 3- or 4-hydroxypiperidine. The active group
      means a functional group which is capable of reacting with a
      hydroxypiperidine to form compound [I]. They are, for example, halogen
      (e.g., iodine, bromine, chlorine) and arenesulfonyloxy group (e.g.,
      benzenesulfonyloxy, tosyloxy). The reaction may be carried out in the same
      manner as described in the previous method (a). That is the compound [III]
      is heated with 3- or 4-hydroxypiperidine optionally in the presence of a
      solvent selected from those described above. Generally, the reaction may
      be executed at a temperature ranging from about 20.degree.C to about
      200.degree.C for about 0.2 to about 60 hours under ordinary (atmospheric)
      pressure, while the reaction conditions may be varied depending on the
      properties of the starting materials. In the present reaction, the
      starting compound [III] is converted to compound [I] via compount [II].
PAC    c. Preparation from 3- (3- or
      4-hydroxypiperidino)-acetyl-5-phenylisoxazole [IVa] or 3-(3 - or
      4-ketopiperidino)-acetyl-5-phenylisoxazole [IVb]
PAR  The objective compound 3-[1-hydroxy-2-(3- or 4-hydroxypiperidino)
      ethyl]-5-phenylisoxazole can be prepared by reducing 3-(3- or
      4-hydroxypiperidino)acetyl-5-phenylisoxazole [IVa] or 3-(3- or
      4-ketopiperidino)acetyl-5-phenylisoxazole ]IVb]. The reduction is executed
      with a metal hydride. Examples of the metal hydride include alkali metal
      borohydrides (e.g., sodium borohydride, lithium borohydride, potassium
      borohydride), alkali metal aluminum hydrides (e.g., lithium aluminum
      hydride, sodium aluminum hydride), sodium cyanoborohydride, sodium
      bis(2-methoxyethoxy)aluminum hydride and sodium diethylaluminum hydride.
      The reduction may be carried out in a conventional manner. Generally, it
      is executed at a temperature ranging from about 0.degree.C to about
      100.degree.C under ordinary (atmospheric) pressure. The reaction solvent
      may be selected from, for example, water, alcohols (e.g., methanol,
      ethanol, propanol, ethyleneglycol), ethers (e.g., ether, dioxane,
      tetrahydrofuran) and the like in consideration of the solubility of the
      starting compound as well as the properties of the reducing agent
      employed.
PAR  Both compound [IVa] and compound [IVb] can give the objective compound [I].
PAR  Thus obtained compound [I] can be converted into their suitable acid
      addition salts in conventional manner in accordance with requirement of
      the separation, purification or formulation. Compound [I] is treated with
      an acid such as hydrochloric, hydrobromic, hydroiodic, sulfuric, nitric,
      phosphoric, thiocyanic, carbonic, acetic, propionic, oxalic, citric,
      tartaric, succinic, maleic, salicylic, benzoic, phthalic and palmitic acid
      in a suitable solvent such as water, methanol, ethanol, benzene and
      toluene. There are thus produced hydrochloride, hydrobromide, hydroiodide,
      sulfate, nitrate, phosphate, thiocyanate, carbonate, acetate, propionate,
      oxalate, citrate, tartarate, succinate, malate, salicylate, benzoate,
      phthalate, palmitate and the like.
PAR  Besides, compound [I] is an optically active compound and may be resolved
      into d-isomer and l-isomer. The optical resolution can be executed in a
      conventional manner and both isomers possess pharmacological activities.
      Therefore, they can be used as a mixture or in singles depending on the
      therapeutical requirement.
PAR  Previously, 3-(1-hydroxy-2-piepridinoethyl)-5-phenylisoxazole was found
      that is useful as a medicament having anti-inflammatory and analgesic
      activities. The 3-[1-hydroxy-2-(3- or 4-hydroxy-piperidino)
      ethyl]-5-phenylisoxazole of the present invention, however, are
      structurally characterized by the presence of a hydroxy group on its
      piperidine nucleus, when compared with the above-cited compound
      synthesized previously. It has now been discovered that the compound [I]
      shows excellent anti-inflammatory and analgesic activities with a low
      toxicity and are superior to the above-cited
      3-(1-hydroxy-2-piperidinoethyl )-5-phenylisokazole particularly in low
      toxicity.
PAR  Further, non-toxic acid addition salts of compound [I] provided by the
      present invention also show similarly distinguished pharmaceutically
      properties. The compound [I] and pharmaceutically acceptable non-toxic
      salts are useful in the treatment of various rheumatic diseases,
      inflammations or pains solely or in combination with a solid or liquid
      pharmaceutical carrier. Practical examples of suitable pharmaceutical
      preparations of the compound [I] and its salts are tablets, capsules,
      pills, granules, powders, suppositories, or injectable solutions.
DETD
PAR  The following are given solely for the purpose of illustration and not to
      be construed as limitation of the present invention.
PAC  Example 1
PAR  a. A mixture of 3-(1,2-epoxyethyl)-5-phenylisoxazole (580 mg) and
      4-hydroxypiperidine (625 mg) is stirred for 0.5 hour at 80.degree.C and
      then the mixture is subjected to a column chromatography using silica gel
      to give 3-[1-hydroxy-2-(4-hydroxypiperidino ) ethyl]-5-phenylisoxazole
      (450 mg). Recrystallization from ethyl acetate-hexane gives colorless
      prisms (259 mg). M. p. 117-119.degree.C.
PAR  Anal. Calcd. for C.sub.16 H.sub.20 N.sub.2 O.sub.3 : C, 66.64; H, 6.99; N,
      9.72. Found: C, 66.38; H, 7.12; N, 9.58.
PAR  b. A mixture of 3-(1-hydroxy-2-bromoethyl)-5-phenylisoxazole (268 mg) and
      4-hydroxypiperidine (121 mg) is dissolved in a mixture (4 ml) of 99%
      ethanol and benzene (1:1). To the solution is added sodium hydrogen
      carbonate (168 mg) and stirred at 70.degree.C for 5 hours. After removal
      of the solvent, the residue is subjected to a column chromatography
      (silica gel,) eluted with a mixture of methylene chloride and methanol,
      and the crude crystals collected are recrystallized from ethyl acetate to
      give 3-[1-hydroxy-2-(4-hydroxypiperidino)ethyl]-5-phenylisoxazole (180 mg)
      as colorless prisms melting at 117-119.degree.C.
PAR  c. To a solution of 3-(4-hydroxypiperidino)acetyl-5-phenylisoxazole (25 mg)
      in ether (10 ml) is added a solution of sodium borohydride (15 mg) in
      ethanol (1.0 ml) with stirring and then the mixture is stirred for 1 hour.
      After being cooled, the mixture is acidified with a dilute hydrochloric
      acid and evaporated under reduced pressure. To the residue is added water
      and the solution is made alkaline with an aqueous solution of potassium
      hydroxide, then extracted with chloroform. After removal of the solvent,
      the residue is subjected to a chromatography using silica gel to give
      crystalline 3-[1-hydroxy-2-(4-hydroxypiperidino) ethyl]-5-phenylisoxazole.
      Recrystallization from a mixture of ethyl acetate and hexane gives
      colorless prisms (20 mg) melting at 117-119.degree.C.
PAC  EXAMPLE 2
PAR  (a) A mixture of 3-(1,2-epoxyethyl)-5-phenylisoxazole (1.05 g) and
      3-hydroxypiperidine (1.13 g) is heated at 70.degree.C for 20 minutes and
      then chromatographed on silica gel to give
      3-[1-hydroxy-2-(3-hydroxypiperidino)ethyl]-5-phenylisoxazole (1.25 g). To
      a suspension of the compound in water (6.5 ml) is added 60% perchloric
      acid (516 ml), the precipitate is collected by filtration, and
      recrystallized from a mixture of 99% ethanol (2 ml) and ethyl acetate (8
      ml) to give the perchlorate which melts at 151.degree.-153.degree.C. The
      perchlorate is suspended in aqueous sodium hydroxide solution and
      extracted with methylene chloride. After being dried with sodium sulfate,
      the extract is evaporated to give 3-[1-hydroxy-2-(3-hydroxypiperidino)
      ethyl]-5-phenylisoxazole (544 mg). Recrystallization from a mixture of
      ethyl acetate and hexane gives colorless prisms (388 mg) melting at
      94.degree.-96.degree.C.
PAR  Anal. Calcd. for C.sub.16 H.sub.20 N.sub.2 O.sub.3 : C, 66.64; H, 6.99; N,
      9.72. Found: C, 66.76; H, 6.74; N, 9.57.
PAR  b. 3-(3-Hydroxypiperidino)acetyl-5-phenyl-isoxazole (1.05 g) is treated in
      the same manner as in Example 1 (c) to give
      3-[1-hydroxy-2-(3-hydroxypiperidino)ethyl]-5-phenylisoxazole (0.28 g).
      Recrystallization from a mixture of ethyl acetate and hexane gives
      colorless prisms melting at 94.degree.-96.degree.C.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A member selected from the compounds of the formula:
      ##SPC3##
PAL  wherein the hydroxy group on the piperidine ring is located at its 3 or 4
      position.
NUM  2.
PAR  2. A compound according to claim 1, namely
      3-[1-hydroxy-2-(4-hydroxypiperidino) ethyl]-5-phenylisoxazole.
NUM  3.
PAR  3. A compounding according to claim 1, namely
      3-[1-hydroxy-2-(3-hydroxypiperidino)ethyl]ethyl]-5-phenylisoxazole.
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ABST
PAL  The compounds are pyridyl substituted aminoalkylthioureas and ureas which
      are inhibitors of H-2 histamine receptors. A compound of this invention is
      N-methyl-N'-[2-(2-pyridylmethylamino)ethyl]thiourea.
PARN
PAR  This application is a continuation-in-part of Ser. No. 290,584 filed Sept.
      20, 1972 now abandoned, which is a continuation-in-part of Ser. No.
      230,451 filed Feb. 29, 1972, now abandoned.
BSUM
PAR  This invention relates to pharmacologically active compounds, to
      pharmaceutical compositions and to methods of inhibiting H-2 histamine
      receptors. The compounds of the invention can exist as the addition salts
      but, for convenience, reference will be made throughout this specification
      to the parent compounds.
PAR  It has for long been postulated that many of the physiologically active
      substances within the animal body, in the course of their activity,
      combine with certain specific sites known as receptors. Histamine is a
      compound which is believed to act in such a way but, since the actions of
      histamine fall into more than one type, it is believed that there is more
      than one type of histamine receptor. The type of action of histamine which
      is blocked by drugs commonly called "antihistamines" (of which mepyramine
      is a typical example) is believed to involve a receptor which has been
      designated by Ash and Schild (Brit. J. Pharmac. 1966, 27, 427) as H-1. The
      substances of the present invention are distinguished by the fact that
      they act at histamine H-2 receptors which, as described by Black et al.
      (Nature, 1972, 236, 385), are histamine receptors other than the H-1
      receptor. Thus they are of utility in inhibiting certain actions of
      histamine which are not inhibited by the above-mentioned antihistamines.
      The substances of this invention may also be of utility as inhibitors of
      certain actions of gastrin.
PAR  The compounds with which the present invention is concerned may be
      represented by the following general formula; in so far as tautomerism
      affects the compounds mentioned in this specification, the numbering of
      the nucleus has been modified accordingly;
      ##SPC1##
PAC  FORMULA I
PAL  wherein A is such that there is formed together with the carbon atom shown
      a pyridine ring; X.sub.1 is hydrogen, lower alkyl, hydroxyl,
      trifluoromethyl halogen, amino or
      ##EQU1##
      X.sub.2 is hydrogen or, when X.sub.1 is lower alkyl, lower alkyl or
      halogen; k is 1 or 2 and m is 2 or 3, provided that the sum of k and m is
      3 or 4; Y is NH; E is oxygen or sulphur; and R.sub.1 is hydrogen, lower
      alkyl, benzoyl or di-lower alkylamino-lower alkyl or a pharmaceutically
      acceptable addition salt thereof. Preferably A is such that the nitrogen
      atom is adjacent to the carbon atom shown. Preferably X.sub.1 is hydrogen,
      methyl, bromo, amino or hydroxyl and X.sub.2 is hydrogen. One group of
      preferred compounds within the present invention is that wherein E is
      sulphur; k is 1, m is 2 and R.sub.1 is methyl.
PAR  The pharmaceutical compositions of this invention comprise a pharmaceutical
      carrier and, as the active ingredient, a compound of formula I, in which k
      is 0 to 2  and the other terms are as defined therein, or a
      pharmaceutically acceptable acid addition salt thereof.
PAR  The methods of inhibiting H-2 histamine receptors in accordance with this
      invention comprise administering to an animal a compound which is an
      active ingredient of the pharmaceutical compositions of this invention.
PAR  A particular compound for the pharmaceutical composition and methods of
      inhibiting H-2 histamine receptors of this invention is
      N-methyl-N'-[3-(2-pyridylamino) propyl]thiourea.
PAR  The compounds with which the present invention is concerned may be produced
      by processes which commence with a substance of the following general
      formula:
      ##SPC2##
PAC  FORMULA II
PAL  wherein A, X.sub.1 and X.sub.2 have the same significance as in formula I
      and k is 0 to 2 except that X.sub.1 may not be
      ##EQU2##
      but may additionally be (CH.sub.2).sub.k -halo. In the first stage of
      these processes, the compound of Formula II is reacted with a diamine of
      the following FORMULA III:
EQU  H.sub.2 N--(CH.sub.2).sub.m --NH.sub.2
PAC  FORMULA III
PAL  wherein m has the same significance as in formula I.
PAR  This reaction may be carried out under strongly basic conditions, for
      example in the presence of sodium ethoxide or sodium hydroxide or in an
      anhydrous solvent such as dimethylformamide in the presence of sodium
      hydride. When k is 1 or 2 in formula II, one of the amino groups of the
      diamine of formula III may be protected by a group which will be stable
      under the conditions of the reaction, for example a trifluoroacetyl or a
      formyl protecting group may be used when the reaction is carried out under
      anhydrous conditions. The amino group in the alkylene chain in the
      resultant intermediate is protected for the second stage of the process,
      which should then also be carried out under anhydrous conditions, the
      protecting group being finally removed, e.g., by treatment with dilute
      hydrochloric acid.
PAR  The intermediate product produced by these processes is of the following
      formula IV:
      ##SPC3##
PAC  FORMULA IV
PAL  wherein the amino group in the alkylene chain may be protected when k is 1
      to 2 and optionally the terminal amino group may also be protected and A,
      X.sub.1, X.sub.2 and m have the same significance as in formula I and k is
      0 to 2, except that X.sub.1 may not be
      ##EQU3##
      but may additionally be (CH.sub.2).sub.k NH(CH.sub.2).sub.m NH.sub.2.
PAR  The compounds of formula I where R.sub.1 is hydrogen and E is sulphur may
      be prepared from an amine of formula IV by reaction with an acyl
      isothiocyanate, e.g., benzoyl isothiocyanate, in an appropriate solvent
      such as chloroform. Alakline hydrolysis of these compounds, e.g., the
      benzoyl derivatives where R.sub.1 is C.sub.6 H.sub.5 CO, with a reagent
      such as aqueous potassium hydroxide or aqueous potassium carbonate yields
      the compounds of formula I wherein R.sub.1 is hydrogen and E is sulphur.
PAR  Compounds of formula I wherein R.sub.1 is hydrogen and E is sulphur may
      alternatively be prepared directly from the amine of formula IV by
      reaction at elevated temperature with the thiocyanate of ammonium or of a
      metal such as sodium or potassium.
PAR  The compounds of formula I where R.sub.1 is lower alkyl or
      dialkylaminoalkyl and E is sulphur may be prepared from the amine of
      formula IV by reaction with an isothiocyanic ester of formula R.sub.1
      --N=C=S in an appropriate solvent such as chloroform, ethanol,
      isopropanol, acetonitrile or water.
PAR  Alternatively the amine of formula IV may be converted by reaction with
      carbon disulphide to the dithiocarbamic acid of the formula:
      ##SPC4##
PAC  FORMULA V
PAL  wherein A, X.sub.1, X.sub.2, k and m have the same significance as in
      formula IV and R.sub.3 is hydrogen and then methylated to yield the
      compound of formula V wherein R.sub.3 is methyl. Finally, reaction of this
      methyl ester with an amine of formula R.sub.1 NH.sub.2, wherein R.sub.1 is
      lower alkyl yields the required compound.
PAR  Compounds of formula I wherein E is oxygen may be formed from the amines of
      formula IV by treatment thereof with an isocyanate of formula R.sub.1 NCO
      wherein R.sub.1 is lower alkyl, benzoyl or dialkylaminoalkyl. The
      compounds of formula I wherein E is oxygen and R.sub.1 is hydrogen may be
      obtained by reaction of the said amines with sodium or potassium cyanate.
PAR  Any N-protecting groups which may have been used can, as stated above, be
      removed at this stage, e.g., in the case of N-formyl or N-trifluoroacetyl
      groups by dilute aqueous acid treatment. If no N-protecting groups have
      been used, a mixture of the desired product of formula I and the
      corresponding bis-thiourea or bis-urea may be formed from which the former
      can be separated, e.g., by chromatography.
PAR  As stated above, the compounds represented by formula I have been found to
      have pharmacological activity in the animal body as antagonists to certain
      actions of histamine which are not blocked by antihistamines such as
      mepyramine. For example, they have been found to inhibit selectively the
      histamine-stimulated secretion of gastric acid from the perfused stomachs
      of rats anaesthetised with urethane, at doses of from about 8 and 256
      micromoles per kilogram intravenously. Similarly, the action of these
      compounds is demonstrated by their antagonism to the effects of histamine
      on other tissues which, according to the above-mentioned paper of Ash &
      Schild, are not H-1 receptors. Examples of such tissues are perfused
      isolated guinea-pig heart, isolated guinea-pig right atrium and isolated
      rat uterus. The compounds of the invention have also been found to inhibit
      the secretion of gastric acid stimulated by pentagastrin or by food. In
      addition to the above the compounds of the invention also shpw
      anti-inflammatory activity in conventional tests such as the rat paw
      oedema test at doses of about 500 micromoles/kg. subcutaneously.
PAR  The level of activity found for the compositions comprising the compounds
      of the present invention is illustrated by the effective dose range in the
      anaesthetised rat, as mentioned above of from about 8 to 256 micromoles
      per kilogram, given intravenously, and also by the dose effective in the
      rat paw oedema test.
PAR  The pharmaceutical carrier employed may be, for example, either a solid or
      liquid. Exemplary of solid carriers are lactose, terra alba, sucrose,
      talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and
      the like. Exemplary of liquid carriers are syrup, peanut oil, olive oil,
      water and the like.
PAR  A wide variety of pharmaceutical forms can be employed. Thus, if a solid
      carrier is used, the preparation can be tableted, placed in a hard gelatin
      capsule in powder or pellet form, or in the form of a troche or lozenge.
      The amount of solid carrier will vary widely but preferably will be from
      about 25 mg. to about 1 gm. If a liquid carrier is used, the preparation
      may be in the form of a syrup, emulsion, soft gelatin capsule, sterile
      injectable liquid such as an ampoule, or an aqueous or nonaqueous liquid
      suspension.
PAR  The pharmaceutical compositions are prepared by conventional techniques
      involving procedures such as mixing, granulating and compressing or
      dissolving the ingredients as appropriate to the desired preparation.
PAR  The active ingredient will be present in the composition in an effective
      amount to inhibit histamine activity. The route of administration may be
      orally or parenterally.
PAR  Preferably, each dosage unit will contain the active ingredient in an
      amount of from about 50 mg. to about 250 mg., most preferably from about
      100 mg. to about 200 mg.
PAR  The active ingredients will preferably be administered in equal doses one
      to three times per day. The daily dosage regimen will preferably be from
      about 150 mg. to about 750 mg., most preferably from about 300 mg. to
      about 600 mg.
PAR  For therapeutic use, the pharmacologically active compounds of the present
      invention will normally be administered as a pharmaceutical composition
      comprising as the or an essential active ingredient at least one such
      compound in the basic form or in the form of an addition salt with a
      pharmaceutically acceptable acid and in association with a pharmaceutical
      carrier therefor. Such addition salts include those with hydrochloric,
      hydrobromic, hydriodic, sulphuric, picric and maleic acids.
PAR  Other pharmaceutically active compounds may in certain cases be included in
      the composition. Advantageously the composition will be made up in a
      dosage unit form appropriate to the desired mode of administration, for
      example as a tablet, capsule, injectable solution or, when used as an
      anti-inflammatory agent, as a cream for topical administration.
DETD
PAR  The invention is illustrated but in no way limited by the following
      examples.
PAC  EXAMPLE 1
PAC  N-Methyl-N'-[3-(2-pyridylamino)propyl]thiourea
PAR  A solution of 2-(3-aminopropylamino)pyridine (2.74 g.) and methyl
      isothiocyanate (1.46 g.) in isopropyl alcohol (50 ml.) was stirred at room
      temperature for 16 hours. Concentration, followed by trituration of the
      residue under methyl ethyl ketone gave the crude product which was
      recrystallised from aqueous ethanol to give
      N-methyl-N'-[3-(2-pyridylamino)propyl]thiourea (2,45 g.), m.p.
      134.degree.-135.degree.. (Found: C, 53.4; H, 7.2; N, 25.0; S, 14.3.
      C.sub.10 H.sub.16 N.sub.4 S requires: C, 53.5; H, 7.2; N, 25.0; S, 14.3).
PAC  EXAMPLE 2
PAC  N-Methyl-N'-[2-(4-pyridylmethylamino)ethyl]thiourea
PAR  Methylisothiocyanate (1.46 g.) was added slowly to a solution of
      N-(4-picolyl)ethylenediamine (3.3 g.) in ethanol (25 ml.) The mixture was
      heated under reflux for 0.5 hours concentrated and extracted with
      isopropyl acetate to remove N-4-picolyl-N,N'-dimethylethane-1,2-bis
      thiourea (m.p. 173.degree.-174.degree.). The mother liquors were
      concentrated and the residue purified by column chromatography to afford
      the title compound.
PAC  EXAMPLE 3
PAC  N-Methyl-N'-[2-((3-bromo-2-pyridyl)methylamino)ethyl]thiourea
PAR  i. A solution of 3-bromo-2-bromomethylpyridine hydrobromide (2.53 g.) in
      ethanol was added slowly to excess ethylenediamine (6.0 g.) in ethanol (25
      ml.) The solution was heated at 55.degree. for 1 hour, concentrated under
      reduced pressure and basified with sodium hydroxide. Evaporation under
      high vacuo and steam distillation followed by concentration to dryness,
      extraction with ethanol and acidification with ethanolic hydrogen chloride
      affored N-3-bromo-2-picolyl ethylene diamine hydrochloride.
PAR  ii. Methyl isothiocyanate (0.73 g.) was added slowly to a solution of
      N-3-bromo-2-picolylethylenediamine (2.4 g.) in ethanol (30 ml.). The
      mixture was heated under reflux for 0.5 hours, concentrated and the crude
      mixture separated by column chromatography to give
      N-methyl-N'-[2-(3-bromo-2-pyridyl)methylamino)ethyl]thiourea.
PAC  EXAMPLE 4
PAC  N-Methyl-N'-[2-(2-pyridylmethylamino)ethyl]thiourea
PAR  Sodium hydride (54% suspension in mineral oil, 4.5 g.) is added to a
      solution of N-trifluoroacetyl-ethylenediamine (15.6 g.) in dry
      dimethylformamide under a nitrogen atmosphere. 2-Bromomethylpyridine (17.2
      g.) was added slowly and the mixture set aside overnight at room
      temperature. The solvent was removed under reduced pressure and the
      residue dissolved in a small volume of water and extracted with
      chloroform. The chloroform extracts were dried over anhydrous sodium
      sulphate, filtered and methyl isothiocyanate (7.3 g.) added and the
      mixture is heated at reflux for 30 minutes. Concentration under reduced
      pressure, treatment with aqueous hydrogen chloride and basification with
      potassium carbonate affords the title compound.
PAC  EXAMPLE 5
PAR  Using 3-bromomethylpyridine in the procedure of Example 4, the product is
      N-methyl-N'-[2-(3-pyridylmethylamino)ethyl]thiourea.
PAC  EXAMPLE 6
PAR  Using the procedure of Example 3 in place of 3-bromo-2-bromomethylpyridine
      the following compounds (which may be prepared from the corresponding
      hydroxymethylpyridines by treatment with thionyl bromide):
PA1  2-bromomethyl-3-methylpyridine
PA1  2-bromomethyl-6-methylpyridine
PA1  2-bromomethyl-3-hydroxypyridine
PA1  2-bromomethyl-3-aminopyridine
PA1  2-bromomethyl-5-hydroxypyridine
PA1  2-bromomethyl-5-trifluoromethylpyridine
PA1  2-bromomethyl-4,6-dimethylpyridine
PA1  2-bromomethyl-4-chloro-6-methylpyridine
PA1  2,6-di(bromomethyl)pyridine
PAL  the products are, respectively:
PA1  N-methyl-N'-[2-((3-methyl-2-pyridylmethyl)amino)ethyl]thiourea
PA1  N-methyl-N'-[2-((6-methyl-2-pyridylmethyl)amino)ethyl]thiourea
PA1  N-methyl-N'-[2-((3-hydroxy-2-pyridylmethyl)amino)ethyl]thiourea
PA1  N-methyl-N'-[2-((3-amino-2-pyridylmethyl)amino)ethyl]thiourea
PA1  N-methyl-N'-[2-((5-hydroxy-2-pyridylmethyl)amino)ethyl]thiourea
PA1  N-methyl-N'-[2-((5-trifluoromethyl-2-pyridylmethyl)amino)ethyl]thiourea.
PA1  N-methyl-N'-[2-((4,6-dimethyl-2-pyridylmethyl)amino)ethyl]thiourea
PA1  N-methyl-N'-[2-((4-chloro-6-methyl-2-pyridylmethyl)amino)ethyl]thiourea
PA1  2,6-bis[2-(N-methylthioureido)ethylaminomethyl]pyridine
PAC  EXAMPLE 7
PAC  N-Methyl-N'-[2-(2-(2-pyridyl)ethylamino)ethyl]thiourea
PAR  Using 2-(2-chlorethyl)pyridine in place of 3-bromo-2-bromomethylpyridine in
      the procedure of Example 3, the product is N-methyl-N'-[2-(2-(2
      -pyridyl)ethylamino)ethyl]thiourea.
PAC  EXAMPLE 8
PAC  N-methyl-N' -[2-(2-pyridylmethylamino)ethyl]urea
PAR  A mixture of N-formyl-N-(2-pyridylmethyl)ethylenediamine (prepared by
      adding sodium hydride to N-formylethylenediamine in dry dimethyl
      formamide, then reacting with 2-bromomethylpyridine at room temperature)
      and methyl isocyanate in dry chloroform is heated in a pressure vessel at
      100.degree. for 18 hours to give after cooling and removing the solvent
      N-methyl-N'-[2-((N"-formyl-N"-2-pyridylmethyl)amino)ethyl]urea. Acid
      hydrolysis by the procedure of Example 4 gives the title compound.
PAC  EXAMPLE 9
PAC  N-[3-(2-Pyridylamino)propyl]thiourea
PAR  A mixture of 2-(3-aminopropylamino)pyridine (6 g.) and benzoyl
      isothiocyanate (6.0 g.) in chloroform (150 ml.) is heated under reflux for
      one hour and concentrated to give
      N-benzoyl-N'-[3-(2-pyridylamino)propyl]thiourea. The benzoyl thiourea is
      added to a solution of potassium carbonate (1.4 g.) in water (80 ml.) at
      60.degree.. The solution is maintained at this temperature for 1 hour,
      concentrated to low bulk and acidified with hydrochloric acid. Benzoic
      acid is removed by filtration and the filtrate is basified with potassium
      carbonate and concentrated under reduced pressure. Following extraction
      with isopropyl alcohol and concentration, the title product is obtained.
PAC  EXAMPLE 10
PAC  N-(2-Dimethylaminoethyl)-N'-[2-(2-pyridylmethylamino)ethyl]thiourea
PAR  Treatment of N-(2-pyridylmethyl)ethylenediamine with 2-dimethylaminoethyl
      isothiocyanate and purifying by column chromatography by the procedure of
      Example 3(ii) gives
      N-(2-dimethylaminoethyl)-N'-[2-(2-pyridylmethylamino)ethyl]thiourea.
PAC  EXAMPLE 11
PAR  Treatment of the product of Example 1 with hydrochloric acid gives the
      hydrochloric acid salt of N-methyl-N'-[3-(2-pyridylamino)propyl]thiourea.
PAC  EXAMPLE 12
PAR  Treatment of the product of Example 4 with picric acid in ethanol gives
      N-methyl-N'-[2-(2-pyridylmethylamino)ethyl]thiourea picrate.
PAC  EXAMPLE 13
TBL  Ingredients                Amounts                                        

     ______________________________________                                    

     N-methyl-N'-[3-(2-pyridylamino)propyl]-                                   

                                150 mg.                                        

      thiourea                                                                 

     Sucrose                     75 mg.                                        

     Starch                      25 mg.                                        

     Talc                        25 mg.                                        

     Stearic acid                2 mg.                                         

     ______________________________________                                    

PAL  The ingredients are screened, mixed and filled into a hard gelatin capsule.
PAC  EXAMPLE 14
TBL  Ingredients                Amounts                                        

     ______________________________________                                    

     N-methyl-N'-[2-(2-pyridylmethylamino)ethyl]-                              

      thiourea                  200 mg.                                        

     Lactose                    100 mg.                                        

     ______________________________________                                    

PAL  The ingredients are screened, mixed and filled into a hard gelatin capsule.
PAR  The pharmaceutical compositions prepared as in Examples 13 and 14 are
      administered to a subject within the dose ranges given hereabove to
      inhibit H-2 histamine receptors.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC5##
PAL  wherein A is such that there is formed together with the carbon atom shown
      a pyridine ring; X.sub.1 is hydrogen, lower alkyl, hydroxyl,
      trifluoromethyl, halogen, amino or
      ##EQU4##
      X.sub.2 is hydrogen or when X.sub.1 is lower alkyl, lower alkyl or
      halogen; k is 1 or 2 and m is 2 or 3, provided that the sum of k and m is
      3 or 4; Y is NH; E is oxygen or sulphur; R.sub.1 is hydrogen, lower alkyl
      or dimethylaminoethyl, or a pharmaceutically acceptable acid addition salt
      thereof.
NUM  2.
PAR  2. A compound of claim 1 wherein k is 1 and m is 2.
NUM  3.
PAR  3. A compound of claim 2 in which X.sub.1 is hydrogen, methyl, bromo,
      hydroxyl or amino and X.sub.2 is hydrogen; E is sulphur and R.sub.1 is
      methyl.
NUM  4.
PAR  4. A compound of claim 1, said compound being
      N-methyl-N'-[2-(2-pyridylmethylamino)ethyl]thiourea.
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ABST
PAL  Ethers and esters of
      1-hydroxy-2-(1,1-difluoroalkyl)-1H-imidazo(4,5-b)pyridine compounds,
      useful as herbicides.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of copending application Ser. No. 236,195, filed March
      20, 1972, and issued June 18, 1974, as U.S. Pat. No. 3,818,022, which was
      in turn a continuation-in-part of then copending application Ser. No.
      181,638, filed Sept. 17, 1971 and abandoned after the filing of
      application Ser. No. 236,195. Application Serial No. 181,638 was in turn a
      continuation-in-part of application Ser. No. 100,410, filed Dec. 21, 1970,
      and abandoned after the filing of application Ser. No. 181,638.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to ethers and esters of
      1-hydroxy-2-(1,1-difluoroalkyl)-1H-imidazo(4,5-b)pyridine compounds. These
      derivatives are of the following formula:
      ##SPC1##
PAL  In the above and succeeding formulae throughout the present specification
      and claims, R.sup.1 represents hydrogen, chlorine, fluorine,
      difluoromethyl, perfluoroalkyl of C.sub.1 -C.sub.6, or radical of the
      formula
      ##EQU1##
      wherein each Z independently represents hydrogen or halogen and m
      represents 0 or 1; R.sup.2 represents amino, halogen, nitro, cyano,
      loweralkyl of C.sub.1 -C.sub.4, perfluoroalkyl of C.sub.1 -C.sub.8,
      --CF.sub.2 Cl, --CF.sub.2 H, or loweralkylsulfonyl of C.sub.1 -C.sub.4,
      subject to the limitations (1) that all R.sup.2 substituents together
      contain not more than 8 carbon atoms; (2) that not more than two R.sup.2
      symbols represent loweralkylsulfonyl groups; and (3) that where two
      loweralkylsulfonyl groups are present, they are located at the 5- and
      7-positions; n represents an integer of from 1 to 3, both inclusive; and
      R.sup.3 represents
PAR  1. ALKYL OF C.sub.1 -C.sub.8 ;
PAR  2. alkenyl of C.sub.2 -C.sub.8 ;
PAR  3. cycloalkyl of C.sub.5 -C.sub.6 ;
PAR  4. benzyl;
PAR  5. PHENETHYL;
PAR  6. ALKANOYL OF C.sub.2 -C.sub.16 ;
PAR  7. alkenoyl of C.sub.3 -C.sub.16 :
PAR  8. carbamoyl of the formula
      ##EQU2##
      wherein X represents oxygen or sulfur; and one R.sup.4 represents phenyl,
      loweralkyl of C.sub.1 -C.sub.4, or loweralkenyl of C.sub.2 -C.sub.4, and
      the other R.sup.4 represents hydrogen, loweralkyl of C.sub.1 -C.sub.4, or
      loweralkenyl of C.sub.2 -C.sub.4, subject to the limitation that both
      R.sup.4 moieties taken together do not contain more than six carbon atoms,
      or both R.sup.4 moieties taken together represent straight-chain alkylene
      of C.sub.2 -C.sub.6, both inclusive;
PAR  9. RADICAL OF THE FORMULAE
      ##EQU3##
      OF C.sub.1 -C.sub.4 or
      ##SPC2##
PAL  Wherein X is, as above, oxygen or sulfur, 10. radical of the formula
      ##SPC3##
PAL  Wherein R.sup.5 represents methylene, ethylene, or vinylene, and n
      represents 0 or 1;
PAR  11. radical of the formulae
      ##EQU4##
      and
      ##EQU5##
      wherein substituted phenyl is a phenyl radical bearing from 1-3
      substituents, each of which is independently amino, nitro, chloro, methyl,
      or methoxy, and R.sup.6 represents loweralkylene of C.sub.1 -C.sub.4, both
      inclusive;
PAR  12. --SO.sub.2 --R.sup.7 wherein R.sup.7 is loweralkyl as above defined,
      cycloalkyl of C.sub.5 -C.sub.6, phenyl, substituted phenyl as above
      defined, or benzyl;
PAR  13. tetrahydro-2-pyranyl.
PAR  The compounds as defined are useful as herbicides. In addition, they can be
      used as starting materials for a process which results in rearrangement or
      reduction depending on the reaction conditions employed.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the present specification and claims, the term "halogen" is employed to
      designate bromine, chlorine, fluorine, and iodine, only. In the case of
      the loweralkyl, loweralkenyl, alkyl, alkenyl, alkanoyl, alkenoyl, and
      loweralkylene radicals, such radical can be branched or straight-chain.
PAR  An essential and distinguishing structural feature of the compounds of the
      present invention is the substituent at the 2-position (--CF.sub.2
      --R.sup.1); representative such radicals include the following:
PA1  difluoromethyl
PA1  trifluoromethyl
PA1  difluorochloromethyl
PA1  pentafluoroethyl
PA1  heptafluoro-n-propyl
PA1  1,1-difluoroethyl
PA1  1,1-difluoro-n-propyl
PA1  1,1-difluoro-2-bromoethyl
PA1  1,1-difluoro-2-chloroethyl
PA1  1,1-difluoro-2,3-dichloro-n-propyl
PA1  1,1-difluoro-3-bromo-n-propyl
PA1  1,1,2-trifluoroethyl
PA1  1,1,2-trifluoro-n-propyl
PA1  1,1,2,3-tetrafluoro-n-propyl
PA1  1,1-difluoro-2-bromo-3-chloro-n-propyl
PA1  perfluoro-n-butyl
PA1  perfluoro-n-pentyl
PA1  perfluoro-n-hexyl
PA1  1,1,2,2-tetrafluoroethyl
PAL  Preferred groups are trifluoromethyl, difluoromethyl, difluorochloromethyl,
      1,1,2,2-tetrafluoroethyl, and pentafluoroethyl.
PAR  The compounds of the present invention are typically crystalline solids.
      They are prepared in standard procedures for the derivatization of hydroxy
      groups. Hence, those of the derivatives claimed herein which are ethers
      can be prepared by those procedures discussed in chapter 6 of Synthetic
      Organic Chemistry, by Wagner and Zook (John Wiley and Sons, Inc., New
      York, 1965). The same reference discusses various synthetic procedures
      which can be employed for the synthesis of those derivatives claimed
      herein which are carboxylic acid esters (chapter 14), carbamic acid esters
      (chapter 23), and sulfonic acid esters (chapter 37).
PAR  Generally, the compounds of the present invention are conveniently prepared
      by the reaction of the corresponding 1-hydroxy compounds:
      ##SPC4##
PAL  with a halide of the formula R.sup.3 --X, where X is halo, in the presence
      of an alkali metal carbonate or other hydrogen halide acceptor. An inert
      liquid reaction medium can be used. The reaction proceeds under a wide
      range of temperatures, but is preferably conducted at temperatures of from
      -20.degree.C. to the reflux temperature. Separation, and if desired,
      purification, are carried out in conventional procedures.
PAR  While the foregoing is the most general method, other methods are
      convenient and may be preferred for some of the compounds. Thus, those
      carbamates of the formula
      ##SPC5##
PAL  are more readily prepared by reacting the corresponding
      1-hydroxy-1H-imidazo(4,5-b)pyridine with an isocyanate of the formula
EQU  O=N=C--loweralkyl or loweralkenyl
PAL  The reaction is conducted in conventional procedures.
PAR  Likewise, the carboxylic ester compounds of the present invention other
      than the carbamate esters are often preferably prepared by reacting the
      desired carboxylic acid as its anhydride with the corresponding
      1-hydroxy-1H-imidazo(4,5-b)pyridine starting compound. Furthermore, in the
      case of the present compounds which are ethers, preparation is sometimes
      preferably carried out by reaction of the
      1-hydroxy-1H-imidazo(4,5-b)pyridine with an olefin; this is particularly
      preferred in the case of the tetrahydro-2-pyranyl ether. The alkenyl
      ethers may also be preferably prepared by addition to an alkyne.
PAR  Yet other synthetic techniques can be used in the preparation of the
      compounds of the present invention; examples are the use of
      N,N'-carbonyldiimidazole or N,N'-dicyclohexyldicarbodiimide (See Reagents
      for Organic Synthesis, Fieser and Fieser (John Wiley and Sons, 1967),
      pages 114 et seq. and 231 et seq., respectively.
DETD
PAR  The following examples illustrate the present invention and will enable
      those skilled in the art to practice the same.
PAC  EXAMPLE 1
PAC  1-METHOXY-6-CHLORO-2-(TRIFLUOROMETHYL)-1H-IMIDAZO(4,5-b)PYRIDINE
PAR  1-Hydroxy-6-chloro-2-(trifluoromethyl)-1H-imidazo-(4,5-b)pyridine (5
      grams), 80 milliliters of acetone, 5 milliliters of methyl iodide, and 10
      grams of anhydrous potassium carbonate were mixed, heated and refluxed
      with stirring for 12 hours. The reaction mixture was then filtered,
      evaporated and eluted off of a silica column with diethyl ether, yielding
      the desired
      1-methoxy-6-chloro-2-(trifluormethyl)-1H-imidazo(4,5-b)pyridine product.
      It was recrystallized from petroleum ether (boiling at
      60.degree.-80.degree.C.). The product so obtained melted at
      91.degree.-2.degree.C.
PAR  Analysis, Calc.: C, 38.20; H, 1.99; N, 16.70.  Found: C, 37.92; H, 2.32; N,
      16.75.
PAC  EXAMPLE 2
PAC  1-BENZYLOXY-6-CHLORO-2-(TRIFLUOROMETHYL)-1H-IMIDAZO(4,5-b)PYRIDINE
PAR  1-Hydroxy-6-chloro-2(trifluoromethyl)-1H-imidazo-(4,5-b)pyridine (5 grams),
      10 milliliters of benzyl bromide, 20 grams of anhydrous potassium
      carbonate, and 100 milliliters of ethanol were mixed, heated to reflux,
      and refluxed for 1 hour. The reaction mixture was then filterred,
      evaporated under vacuum, and extracted with diethyl ether. The extract was
      filtered and evaporated under vacuum yielding a dark oil which on standing
      crystallized as the desired
      1-benzyloxy-6-chloro-2-(trifluoromethyl)-1H-imidazo(4,5-b)pyridine. It was
      recrystallized from a mixture of acetone and petroleum ether boiling at
      60.degree.-80.degree.C., m.p., 107.degree.-09.degree.C.
PAR  Analysis, Calc.: C, 51.31; H, 2.77; N, 12.82. Found: C, 51.54; H, 2.62; N,
      13.12.
PAC  EXAMPLE 3
PAC  1-ACETOXY-6-CHLORO-2-(TRIFLUOROMETHYL)-1H-IMIDAZO-(4,5-b)PYRIDINE
PAR  1-Hydroxy-6-chloro-2-(trifluoromethyl)-1H-imidazo-(4,5-b)pyridine (5
      grams), 25 milliliters of acetic anhydride and 0.1 milliliter of sulfuric
      acid were mixed with stirring at 25.degree.C. for 15 minutes. The reaction
      mixture was then heated to reflux and refluxed for one-half hour, poured
      into ice with stirring, stirred for 10 minutes and filtered. Filtration
      yielded the desired
      1-acetoxy-6-chloro-2-(trifluoromethyl)-1H-imidazo(4,5-b)pyridine product
      as a solid. It was taken up in ether, dried over magnesium sulfate, and
      the ether evaporated. The product then melted at 103.degree.-04.degree.C.
PAR  Analysis, Calc.: C, 38.65; H, 1.80; N, 15.02. Found: C, 38.88; H, 1.92; N,
      15.02.
PAC  EXAMPLE 4
PAC  1-OCTANOYLOXY-6-CHLORO-2-(TRIFLUOROMETHYL)-1H-IMIDAZO(4,5-b)PYRIDINE
PAR  To 1-hydroxy-6-chloro-2-(trifluoromethyl)-1H-imidazo-(4,5-b)pyridine (2.37
      grams) in 5 milliliters of pyridine was added octanoyl chloride (1.63
      grams). The addition was carried out portionwise with stirring and
      resulted in the precipitation of a white solid. The reaction mixture was
      set on a steam bath for twenty minutes, then poured over ice cold aqueous
      HCl. An oil separated and subsequently crystallized on vigorous stirring.
      This precipitate was removed by filtration, dissolved in ether, dried over
      magnesium sulfate, filtered, and ether removed by evaporation under
      vacuum. The substance was purified by distillation, m.p.,
      33.5.degree.-35.5.degree.C.
PAR  Analysis, Calc.: C, 49.52; H, 4.71; N, 11.55. Found: C, 49.81; H, 4.93; N,
      11.29.
PAC  EXAMPLE 5
PAC  1-(ALLYLCARBAMOYLOXY)-6-CHLORO-2-(TRIFLUOROMETHYL)-1H-IMIDAZO(4,5-b)PYRIDIN
     E
PAR  1-Hydroxy-6-chloro-2-(trifluoromethyl)-1H-imidazo-(4,5-b)pyridine (4.6
      grams) was dissolved in 10 milliliters of diethyl ether and 2.4
      milliliters of allyl isocyanate added and the reaction mixture stirred at
      room temperature for 36 hours. The reaction mixture was then filtered
      yielding 4.75 grams of a white powder, the desired
      1-(allylcarbamoyloxy)-6-chloro-2-(trifluoromethyl)-1H-imidazo(4,5-b)pyridi
     ne. An additional portion of the product was obtained by evaporating the
      filtrate. The combined products were recrystallized from a mixture of
      diethyl ether and petroleum ether boiling at 60.degree.-80.degree.C.,
      m.p., about 210.degree.C.
PAR  Analysis, Calc.: C, 41.20; H, 2.51; N, 17.47. Found: C, 41.42; H, 2.51; N,
      17.25.
PAC  EXAMPLE 6
PAC  1-(METHYLSULFONYLOXY)-6-CHLORO-2-(TRIFLUOROMETHYL)-1H-IMIDAZO(4,5-b)PYRIDIN
     E
PAR  1Hydroxy-6chloro-2-(trifluoromethyl)-1H-imidazo-(4,5-b)pyridine (5 grams)
      in 15 milliliters of pyridine was cooled to 5.degree.C. with stirring and
      methylsulfonyl chloride (5 milliliters) was added in 1-milliliter
      portions, maintaining the temperature at about 5.degree.C. After the
      addition was completed, the reaction mixture was stirred for 2 hours at
      5.degree.-10.degree.C., then poured into 30 grams of ice and 20
      milliliters of concentrated hydrochloric acid. The desired
      1-(methylsulfonyloxy)-6-chloro-2-(trifluoromethyl)-1H-imidazo(4,5-b)pyridi
     ne product precipitated and was separated by filtration and washed with
      water. The washed product was taken up in diethyl ether with a trace of
      acetone, dried over magnesium sulfate and the solvent evaporated under
      vacuum. The product so obtained melted at 136.7.degree.C.
PAR  Analysis, Calc.: C, 30.44; H, 1.60; N, 13.31. Found: C, 30.48; H, 1.83; N,
      13.00.
PAC  EXAMPLE 7
PAC  1-METHOXY-6-AMINO-5,7-DIBROMO-2-(TRIFLUOROMETHYL)-1H-IMIDAZO(4,5-b)PYRIDINE
PAR  6-Amino-5,7-dibromo-2-trifluoromethyl-1-hydroxy-1H-imidazo(4,5-b)pyridine
      (1 gram) was mixed and stirred for 2 hours with 2 milliliters of methyl
      iodide, 2 grams of potassium carbonate, and 10 milliliters of acetone. The
      reaction mixture was then diluted with about 80 milliliters of ether and
      washed with five 15-milliliter portions of water. The ether layer was
      dried over magnesium sulfate and filtered with carbon, and the ether
      removed on a rotary evaporator. The resulting
      1-methoxy-6-amino-5,7-dibromo-2-(trifluoromethyl)-1H-imidazo(4,5-b)pyridin
     e product melted at 169.degree.-72.degree.C. A portion was recrystallized
      from methanol, m.p., 177.degree.-8.degree.C.
PAR  Analysis, Calc.: C, 24.64; H, 1.29; N, 14.37. Found: C, 24.96; H, 1.51; N,
      14.48.
PAC  EXAMPLE 8
PAC  1(METHYLCARBAMOYLOXY)-6-CHLORO-5.7-DIBROMO-2-(TRIFLUOROMETHYL)-1H-IMIDAZO(4
     ,5-b)PYRIDINE
PAR  6-Chloro-5,7-dibromo-1-hydroxy-2-(trifluoromethyl)-1H-imidazo(4,5-b)pyridin
     e (0.9 gram) was mixed with ether (15 milliliters) and methyl isocyanate (2
      milliliters) and stirred for 15 minutes. Triethylamine (0.01 milliliter)
      was added, and the solution became homogenous. It was permitted to stand
      for 16 hours, diluted with 50 milliliters diethyl ether; washed with 0.5N
      HCl, water, and saturated NaCl; then dried over magnesium sulfate, and
      evaporated. The resulting
      1-(methylcarbamoyloxy)-6-chloro-5,7-dibromo-2-(trifluoromethyl)-1H-imidazo
     (4,5-b)pyridine product was recrystallized from chloroform, m.p.
      216.degree.C.
PAR  Analysis, Calc.: C, 23.89; H, 0.89; N, 12.38. Found: C, 23.82; H, 0.90; N,
      12.16.
PAC  EXAMPLES 9-61
PAR  Other representative compounds of the present invention, prepared in
      accordance with the foregoing teachings, include the following:
PA0  1-allyloxy-6-chloro-2-(trifluoromethyl)-1H-imidazo(4,5-b)pyridine,
      n.sub.D.sup.23.5 1.5204.
PA0  1-isopropoxy-6-chloro-2-(trifluoromethyl)-1H-imidazo(4,5-b)-pyridine, m.p.,
      49.degree.-51.degree.C.
PA0  1-ethoxy-6-chloro-2-(trifluoromethyl)-1H-imidazo(4,5-b)pyridine,
      n.sub.D.sup.25 1.5082.
PA0  1-(methylcarbamoyloxy)-6-chloro-2-(trifluoromethyl)-1H-imidazo(4,5-b)pyridi
     ne, m.p., 267.degree.C.
PA0  1-(2-methoxy-3,6-dichlorobenzoyloxy)-6-chloro-2-(trifluoromethyl)-1H-imidaz
     o(4,5-b)pyridine, m.p., 148.degree.-9.degree.C.
PA0  1-ethoxy-2,6-bis(trifluoromethyl)-1H-imidazo(4,5-b)-pyridine,
      n.sub.D.sup.25 1.5100.
PA0  1-methoxy-6-nitro-2-(trifluoromethyl)-1H-imidazo(4,5-b)-pyridine.
PA0  1-n-octyloxy-6-(methylsulfonyl)-2-(heptafluoro-n-propyl)-1H-imidazo(4,5-b)p
     yridine.
PA0  1-n-butoxy-6-fluoro-2-(1,1-difluoroethyl)-1H-imidazo(4,5-b)-pyridine.
PA0  1-phenethoxy-2,6-bis(chlorodifluoromethyl)-1H-imidazo(4,5-b)-pyridine.
PA0  1-vinyloxy-2,6-bis(difluoromethyl)-1H-imidazo(4,5-b)pyridine.
PA0  1-(dimethylcarbamoyloxy)-6-bromo-2-(perfluoro-n-hexyl)-1H-imidazo(4,5-b)pyr
     idine.
PA0  1-methacryloyloxy-6-chloro-2-(trifluoromethyl)-1H-imidazo-(4,5-b)pyridine.
PA0  1-lauroyloxy-2,6-bis(trifluoromethyl)-1H-imidazo(4,5-b)pyridine.
PA0  1-(2,4-dichlorophenoxyacetoxy)-6-chloro-2-(trifluoromethyl)-1H-imidazo(4,5-
     b)pyridine.
PA0  1-benzoyloxy-2,6-bis(trifluoromethyl)-1H-imidazo(4,5-b)pyridine.
PA0  1-(phenylacetoxy)-6-chloro-2-(trifluoromethyl)-1H-imidazo-(4,5-b)pyridine.
PA0  1-(3-phenylpropionyloxy)-6-(methylsulfonyl)-1H-imidazo-(4,5-b)pyridine.
PA0  1-cinnamoyloxy-6-chloro-2-(trifluoromethyl)-1H-imidazo(4,5-b)-pyridine.
PA0  1-(3-(2,4,5-trichlorophenoxy)propionyloxy)-6-chloro-2-(trifluoromethyl)-1H-
     imidazo(4,5-b)pyridine.
PA0  1-cyclohexyloxy-6-chloro-2-(trifluoromethyl)-1H-imidazo-(4,5-b)pyridine.
PA0  1-(phenylsulfonyloxy)-2,6-bis(difluoromethyl)-1H-imidazo(4,5-b)-pyridine.
PA0  1-(benzylsulfonyloxy)-6-chloro-2-(difluoromethyl)-1H-imidazo-(4,5-b)pyridin
     e.
PA0  1-(cyclohexylsulfonyloxy)-6-nitro-2-(trifluoromethyl)-1H-imidazo(4,5-b)pyri
     dine.
PA0  1-((p-chlorophenyl)sulfonyloxy)-6-chloro-2-(trifluoromethyl)-1H-imidazo(4,5
     -b)pyridine.
PA0  1-(2-butenyloxy)-6-(isopropylsulfonyl)-2-(1,1-difluoro-3-chloropropyl)-1H-i
     midazo(4,5-b)pyridine.
PA0  1-(6-octenyloxy)-6-chloro-2-(trifluoromethyl)-1H-imidazo-(4,5-b)pyridine.
PA0  1(9-hexadecenoyloxy)-6-chloro-2-(trifluoromethyl)-1H-imidazo-(4,5-b)pyridin
     e.
PA0  1-(isopropylthiocarbamoyloxy)-6-chloro-2-(pentafluoroethyl)-1H-imidazo(4,5-
     b)pyridine.
PA0  1-(3-amino-2,5-dichlorobenzoyloxy)-6-chloro-2-(trifluoromethyl)-1H-imidazo(
     4,5-b)pyridine.
PA0  1-(2,5-dichloro-3-nitrobenzoyloxy)-6-chloro-2-(trifluoromethyl)-1H-imidazo(
     4,5-b)pyridine.
PA0  1-(2-(4-chloro-o-tolyloxy)acetoxy)-2,6-bis(trifluoromethyl)-1H-imidazo(4,5-
     b)pyridine.
PA0  1-(tetrahydro-2-pyranyloxy)-6-chloro-2-(trifluoromethyl)-1H-imidazo(4,5-b)p
     yridine.
PA0  1-methoxy-2,6-bis(trifluoromethyl)-1H-imidazo(4,5-b)pyridine.
PA0  1-(methylcarbamoyloxy)-2,6-bis(trifluoromethyl)-1H-imidazo-(4,5-b)pyridine.
PA0  1-(2-methoxy-3,6-dichlorobenzoyloxy)-6-amino-2-(trifluoromethyl)-1H-imidazo
     (4,5-b)pyridine.
PA0  1-(methylsulfonyloxy)-6-nitro-5,7-dibromo-2-(trifluoromethyl)-1H-imidazo(4,
     5-b)pyridine.
PA0  1-(2-(4-chloro-o-tolyloxy)acetoxy)-5-chloro-2-(trifluoromethyl)-1H-imidazo(
     4,5-b)pyridine.
PA0  1-(2,4-dichlorophenoxyacetoxy)-7-chloro-2-(trifluoromethyl)-1H-imidazo(4,5-
     b)pyridine.
PA0  1-methoxy-5-(methylsulfonyl)-2-(pentafluoroethyl)-1H-imidazo-(4,5-b)pyridin
     e.
PA0  1-ethoxy-7-fluoro-2-(difluoromethyl)-1H-imidazo(4,5-b)pyridine.
PA0  1-propionyloxy-5-chloro-6-bromo-2-(1,1,2,2-tetrafluoroethyl)-1H-imidazo(4,5
     -b)pyridine.
PA0  1-octanoyloxy-7-amino-2-(difluorochloromethyl)-1H-imidazo(4,5-b)-pyridine.
PA0  1-methoxy-7-nitro-2-(difluorochloromethyl)-1H-imidazo(4,5-b)-pyridine.
PA0  1-allyloxy-2,7-bis(trifluoromethyl)-1H-imidazo(4,5-b)pyridine.
PA0  1-cyclohexyloxy-5,6,7-trinitro-2-(trifluoromethyl)-1H-imidazo-(4,5-b)pyridi
     ne.
PA0  1-benzyloxy-5,6,7-trichloro-2-(difluoromethyl)-1H-imidazo(4,5-b)-pyridine.
PA0  1-phenethoxy-5,6-bis(difluoromethyl)-2-(trifluoromethyl)-1H-imidazo(4,5-b)p
     yridine.
PA0  1-acetoxy-2,5,6-tris(trifluoromethyl)-1H-imidazo(4,5-b)pyridine.
PA0  1-acryloyloxy-5,6-bis(difluorochloromethyl)-1H-imidazo(4,5-b)-pyridine.
PA0  1-(tetrahydro-2-pyranyloxy)-5,6-bis(ethylsulfonyl)-2-(trifluoromethyl)-1H-i
     midazo(4,5-b)pyridine.
PA0  1-benzoyloxy-6-methyl-2-(trifluoromethyl)-1H-imidazo(4,5-b)pyridine.
PA0  1-methoxy-6-(perfluorooctyl)-2-(trifluoromethyl)-1H-imidazo(4,5-b)-pyridine
     .
PAR  The compounds of the present invention are adapted to be employed as
      herbicides. The compounds can be utilized to achieve broad herbicidal
      action; hence, in its broadest sense, the present invention is directed to
      a method which comprises applying to a plant part, which can be a stem,
      leaf, flower, fruit, root, or seed or other similar reproductive unit of a
      plant, a growth-inhibiting amount of one of the compounds of the present
      invention. However, the compounds can also be utilized to take advantage
      of selective patterns of herbicidal activity.
PAR  It is not critical to the practice of the present invention that complete
      destruction of undesirable vegetation be obtained, it being adequate if
      the growth of the unwanted vegetation is merely inhibited. Especially
      where selective action is sought, inhibition falling short of actual
      killing is adequate, particularly when combined with naturally occurring
      conditions such as limited moisture and the like which more adversely
      affect the vegetation selectively inhibited than the crop plant.
PAR  The compounds of the present invention are suited to a wide variety of
      herbicidal applications. Thus, for example, at rates which evoke the
      selective action of the compounds, which rates are defined more completely
      hereinbelow, the compounds can be used as selective herbicides in crop
      plants, such as, for example, cotton, corn, sorghum, soybeans, and the
      like. In such use, application can be made preemergent to both crops and
      weeds, or, preferably by means of a directed spray application technique
      postemergent to the crop plant but both preemergent and postemergent to
      the weeds. In another application, the compounds can be used to give broad
      herbicidal action on non-crop land, including intermittently non-crop
      strips of contour-farmed land. For such usage on so-called fallow land,
      application can be made in spring to suppress vegetative growth until a
      fall or following spring planting, or in the fall to suppress vegetative
      growth until a spring or following fall planting. Furthermore, in another
      application, the present compounds can be utilized to control weeds in
      tree crop plantings, such as plantings of the various citrus trees. In all
      of these various applications, and yet others for which the present
      compounds are suited, another advantage is that the compounds need not be
      disced into the soil being treated, it being adequate if one of the
      compounds, or a formulation containing one of the compounds, is merely
      spread onto the top surface. However, where desired or convenient, the
      compounds can be disced into, or otherwise mechanically mixed with the
      soil. In addition to the foregoing terrestrial embodiments, the present
      compounds can also be utilized as aquatic herbicides.
PAR  The practice of the present invention in any of its numerous embodiments
      can in some instances be carried out with unmodified compound; however,
      for good results, it is generally necessary that the compound be employed
      in modified form, that is as one component of a composition formulated to
      implement the plant growth-inhibiting effects. Thus, for example, the
      active agent can be mixed with water or other liquid or liquids,
      preferably aided by the usage of a surface active agent. The active agent
      can also be incorporated on a finely divided solid, which can be a surface
      active substance, to yield a wettable powder, which can subsequently be
      dispersed in water or other liquid, or incorporated as part of a dust
      which can be applied directly. Other methods of formulations are known in
      the art and can be employed in implementing the present invention.
PAR  In carrying out the novel method of the present invention, the exact amount
      of the active agent employed is not critical and will vary, depending upon
      the type of growth-inhibiting effect desired, the identity of the plants
      concerned, the particular active agent used, weather conditions, and the
      like. In general, a broad growth-inhibiting effect is obtained with rates
      of from 3-5 to 20 pounds or more of active agent per acre, and such rates
      are suitable and effective for control of vegetative growth on fallow
      land. When it is desired to obtain a selective growth-inhibiting effect on
      weeds in areas containing crop plants such as corn, soybeans, and cotton,
      rates of from 0.25 or less to 5 pounds generally give good results. When
      in the typical mode of operation, the active agent is employed as a
      composition comprising the agent, the exact concentration of active agent
      in the composition is not critical, except that the concentration and
      total amount of formulation employed be adequate to supply the appropriate
      amount of active agent on a per acre basis. In general, good results are
      obtained when employing formulations containing the active agent in a
      concentration of from 0.5 to 10 percent or higher, in the instance of a
      liquid formulation; and in a concentration of from 1.0 to 5.0 percent or
      higher, in the instance of a dust, powder, granule, or the like. More
      concentrated formulations can be prepared and are often preferred in that
      they can serve, depending upon the particular application contemplated and
      the particular concentration, both as a concentrated formulation for
      purposes of shipment, storage, and the like, and as an ultimate treating
      composition. Thus, for exmaple, formulations often preferably contain a
      surface active agent and the present active agent, the latter being
      present in an amount of from 0.5 to 99.5 percent, by weight; or an inert,
      finely divided solid and the present active agent, the latter being
      present in an amount of from 1.0 to 99.0 percent, by weight. Such
      formulations, as indicated, can be employed directly in certain
      applications, but can also be diluted and subsequently employed in many
      other applications.
PAR  Liquid compositions containing the desired amount of active agent are
      prepared by dissolving the substance in a liquid with or without the aid
      of a surface active dispersing agent such as an ionic or non-ionic
      emulsifying agent. Most preferably, the subject compound is dissolved in
      water or in an organic liquid carrier, aided by the use of a surface
      active dispersing agent. Suitable such organic liquid carriers include
      agricultural spray oils and the petroleum distillates such as diesel fuel,
      kerosene, fuel oil naphthas and Stoddard solvent. The choice of dispersing
      and emulsifying agent and the amount thereof employed is dictated by the
      nature of the composition and by the ability of the agent to facilitate
      the dispersion of the active agent in the carrier to produce the desired
      composition. Dispersing and emulsifying agents which can be employed in
      the compositions include the condensation products of alkylene oxides with
      phenols and organic acids, alkyl aryl sulfonates, polyoxyalkylene
      derivatives or sorbitan esters, complex ether alcohols, and the like.
      Representative surface active agents which are suitably employed in
      implementing the present invention are identified in U.S. Pat. Nos.
      3,095,299, second column, lines 25-36; 2,655,447, column 5, and 2,412,510,
      columns 4 and 5.
PAR  In the preparation of dust compositions, the active ingredient is
      intimately dispersed in and on a finely divided solid such as clay, talc,
      gypsum, limestone, vermiculite fines, perlite, and the like. In one method
      of achieving such dispersion, the finely divided carrier is mechanically
      mixed or ground with the active agent.
PAR  Similarly, dust compositions containing the toxicant compounds can be
      prepared with various of the solid surface active dispersing agents such
      as bentonite, fuller's earth, attapulgite and other clays. Depending upon
      the proportions of ingredients, these dust compositions can be employed as
      concentrates and subsequently diluted with additional solid surface active
      dispersing agents or with chalk, talc, or gypsum and the like to obtain
      the desired amount of active ingredient in a composition adapted to be
      employed for the suppression of the growth of the plants. Also, such dust
      compositions can be dispersed in water, with or without the aird of a
      dispersing agent, to form spray mixtures.
PAR  Formulations containing the present active agent are often advantageously
      further modified by incorporation therein of an effective amount of a
      surfactant which facilitates the dispersion and spreading of the
      formulation of the plant leaf surfaces and the incorporation of the
      formulation by the plant.
PAR  In accordance with the present invention, the active agent can be dispersed
      in soil or other growth media in any convenient fashion. Applications can
      be carried out by simply mixing with the media, by applying to the surface
      of soil and thereafter dragging or discing into the soil to the desired
      depth, or by employing a liquid carrier to accomplish the penetration and
      impregnation. The application of spray and dust compositions to the
      surface of soil, or to plant parts or the above ground surfaces of plants
      can be carried out by conventional methods, e.g., power dusters, boom and
      hand sprayers and spray dusters, whether surface or air-borne. However,
      while such conventional modes of application can be used, they are not
      required. As above noted, it is an advantage of the present invention that
      the compounds serving as active agent are active and effective as
      herbicides when merely placed on the surface of the soil, without any
      additional step to assist incorporation. Thus, the compounds are of
      substantially the same efficacy regardless of whether they are applied to
      the surface only, or whether they are applied to the surface and
      subsequently disced into the soil.
PAR  In a further method, the distribution of the active agent in soil can be
      accomplished by introducing the agent into the water employed to irrigate
      the soil. In such procedures, the amount of water is varied with the
      porosity and water holding capacity of the soil to obtain a desired depth
      of distribution of the agent.
PAR  In addition, the present method also comprehends the employment of an
      aerosol composition containing one or more of the present active agents as
      an active compound. Such a composition is prepared according to
      conventional methods wherein the agent is dispersed in a solvent, and the
      resultant dispersion mixed with a propellant in liquid state. Such
      variables as the particular agent to be used and the nature of the
      vegetation which is to be treated will determine the desirability of the
      solvent and concentration of the agent therein.
PAR  Satisfactory results are obtained when the active agent of the present
      invention, or a composition comprising such active agent, is combined with
      other agricultural materials intended to be applied to plants, plant
      parts, or their habitats. Such materials include fertilizers, fungicides,
      nematocides, insecticides, other herbicides, soil conditioning agents, and
      the like.
PAR  The following further examples illustrate the herbicidal utility of the
      compounds of the present invention.
PAC  EXAMPLES 62-70
PAR  Various of the compounds of the present invention were evaluated for
      preemergent application to various crop and weed species. Each compound
      was formulated by dissolving it in a 1:1  mixture of actone and ethanol
      containing a small amount of a blend of sulfonate nonionic emulsifying
      agents; the solution was then diluted first with deionized water, then
      serially with deionized water containing 1000 ppm. of the blend of
      emulsifiers. The resulting solutions contained the subject compound in
      various amounts, the emulsifier blend in a concentration of 0.1 percent,
      and the acetone and ethanol each in a concentration of 4.0 percent.
PAR  A soil was prepared consisting of one part masonry sand and one part
      shredded top soil blended together in a cement mixer. One gallon of this
      soil was placed in a 21.5 .times. 31.5 cm. galvanized flat and was patted
      down with a bench brush until level. A three-row marker was used to make
      21/2 cm. deep furrows in approximately two-fifths of the flat. Crop seeds
      consisting of four kernels of corn, five cotton seeds and five soybean
      seeds were placed in these furrows. A four-row template was then placed on
      the remaining soil and the indicated approximate numbers of each of the
      following seeds were planted, one species to each section: foxtail
      (millet), 80-100 seeds; velvetleaf (40-50 seeds); rough pigweed (150-250
      seeds); and large crabgrass (100-150 seeds).
PAR  Sufficient soil was added to cover the entire flat. Thus, the weed seeds
      were covered to a depth of about 6 mm. and the crop seeds were covered to
      a depth of about 3 cm.
PAR  In assaying the effect of the composition as preemergent herbicides, a flat
      prepared as above, taken either on the day of planting or on the next day,
      was placed in a chamber equipped with a turntable and an air exhaust. The
      herbicidal composition was applied to the flat with a modified DeVilbiss
      atomizer hooked to an air source. Twelve and one-half milliliters of the
      composition under test were applied to each flat either on the day of
      planting or on the succeeding day. Injury ratings and observations as to
      type of injury were made 11 to 12 days after treatment. The injury rating
      scale used was as follows:
PA0  0--no injury
PA0  1--slight injury
PA0  2--moderate injury
PA0  3--severe injury
PA0  4--death
PAL  When more than one determination was carried out at a given rate, an
      average value was calculated for the injury rating.
PAR  In the following table setting forth the results of the evaluation, column
      1 gives the name of the compound under test; column 2, the rate in pounds
      per acre at which the compound was applied to the test flat; and the
      remaining columns, the injury to the particular plant seeds or seedlings
      as measured by the foregoing scale.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Injury Rating on Preemergent Treatment                                    

                   Lbs./                        Velvet-                        

     Compound      Acre                                                        

                       Corn                                                    

                          Cotton                                               

                              Soybean                                          

                                  Crabgrass                                    

                                        Pigweed                                

                                            Foxtail                            

                                                leaf                           

     __________________________________________________________________________

     1-Methoxy-6-chloro-2-                                                     

                   8   2  4   3   3     3   4   3                              

     (trifluoromethyl)-1H-                                                     

     imidazo(4,5-b)pyridine                                                    

                   4   2  2   1   4     4   4   4                              

                   2   1  1   1   4     3   4   4                              

                   1   0  1   0   3     3   3   4                              

     1-Acetoxy-6-chloro-2-                                                     

                   8   1  --  --  3     2   3   3                              

     (trifluoromethyl)-1H-                                                     

     imidazo(4,5-b)pyridine                                                    

                   4   1  0   0   2     2   3   3                              

                   2   0  0   1   1     2   3   3                              

     1-Ethoxy-6-chloro-2-                                                      

                   8   3  --  --  3     4   4   --                             

     (trifluoromethyl)-1H-                                                     

     imidazo(4,5-b)pyridine                                                    

                   4   0  0   1   4     3   4   --                             

                   2   0  0   0   3     2   2   --                             

     1-Allyloxy-6-chloro-2-                                                    

                   8   3  --  --  4     4   4   --                             

     (trifluoromethyl)-1H-                                                     

     imidazo(4,5-b)pyridine                                                    

                   4   1  0   0   4     3   4   --                             

                   2   0  0   0   3     1   3   --                             

     1-Isopropoxy-6-chloro-2-                                                  

                   8   2  --  --  4     4   4   --                             

     (trifluoromethyl)-1H-                                                     

     imidazo(4,5-b)pyridine                                                    

                   4   1  0   1   4     2   4   --                             

                   2   0  0   0   2     1   3   --                             

     1-(Allylcarbamoyloxy-6-                                                   

                   8   2  --  --  3     3   4   --                             

     chloro-2-(trifluoro                                                       

     methyl)-1H-imidazo                                                        

                   4   0  1   1   3     3   2   --                             

     (4,5-b)pyridine                                                           

                   2   1  2   1   2     0   2   --                             

     1-Octanoyloxy-6-chloro-                                                   

                   8   2  --  --  3     4   4   --                             

     2-(trifluoromethyl)-1H-                                                   

     imidazo(4,5-b)pyridine                                                    

                   4   1  4   1   4     2   4   --                             

     1-(Methylcarbamoyloxy)-                                                   

                   8   1  --  --  3     3   4   --                             

     6-chloro-2-(trifluoro-                                                    

     methyl)-1H-imidazo-                                                       

                   4   1  2   1   3     3   4   --                             

     (4,5-b)pyridine                                                           

                   2   0  1   1   1     3   4   --                             

     1-Methoxy-5-chloro-2-                                                     

                   8   3  --  --  4     4   4   4                              

     (trifluoromethyl)-1H-                                                     

     imidazo(4,5-b)pyri-                                                       

                   4   2  0   2   3     3   4   4                              

     dine          2   0  0.5 --  3     3.5 3.5 4                              

     __________________________________________________________________________

      NOTE: Dashes indicate species which were not tested.                     

PAC  EXAMPLES 71-76
PAR  Representative compounds of the present invention were evaluated for
      postemergent application to plants including corn and several weed
      species. The evaluation was carried out in accordance with the procedures
      of Examples 62-70 except that the test solutions were applied about 9-12
      days after the preparation and seeding of the flats. The results are as
      set forth in the following table:
TBL                                    TABLE II                                

     __________________________________________________________________________

     Injury Rating on Postemergent Treatment                                   

     Compound          Lbs./Acre                                               

                              Corn                                             

                                 Crabgrass                                     

                                        Pigweed                                

                                             Foxtail                           

                                                  Velvetleaf                   

     __________________________________________________________________________

     1-Acetoxy-6-chloro-2-(tri-                                                

                       8      4  4      4    4    4                            

     fluoromethyl)-1H-imidazo-                                                 

     (4,5-b)pyridine   4      4  4      4    4    4                            

                       2      4  4      4    4    4                            

                       1      2  4      4    4    4                            

     1-Ethoxy-6-chloro-2-(tri-                                                 

                       3      4  4      4    4    4                            

     fluoromethyl)-1H-imidazo-                                                 

     (4,5-b)pyridine   4      4  4      4    4    4                            

                       2      2  4      4    4    4                            

                       1      4  4      3    4                                 

     1-(3,6-Dichloro-2-methoxy-                                                

                       8      1  4      4    3    3                            

     benzoyloxy)-6-chloro-2-(tri-                                              

     fluoromethyl)-1H-imidazo                                                  

                       4      0  3      2    3    3                            

     (4,5-b)pyridine                                                           

     1-(Methylcarbamoyloxy)-6-                                                 

                       8      2  4      4    4    4                            

     chloro-2-(trifluoromethyl)-                                               

     1H-imidazo(4,5-b)pyridine                                                 

                       4      2  4      4    4    3                            

                       2      2  4      4    3    4                            

                       1      1  3.5    4    4    2.5                          

                       1/2    0  4      3    4    2                            

                       .].    0  4      3    3    2                            

     1-Methoxy-6-amino-5,7-dibromo-                                            

                       8      0  3      4    3    2                            

     2-(trifluoromethyl)-1H-imidazo-                                           

     (4,5-b)pyridine                                                           

     1-(Methylcarbamoyloxy)-6-                                                 

                       8      3  4      4    4    4                            

     chloro-5,7-dibromo-2-(tri-                                                

     fluoromethyl)-1H-imidazo-                                                 

     (4,5-b)pyridine                                                           

     __________________________________________________________________________

PAR  Essentially the same results as those reported in foregoing Examples 62-76
      are obtained when evaluating the other representative compounds of
      Examples 1-61 hereinabove.
PAC  EXAMPLES 77-87
PAR  Other studies were carried out, evaluating various compounds of the present
      invention for preemergent application. These studies were made with a
      greater variety of plant species, at lower rates of application.
      Formulation of the compounds, however, was carried out in the same manner
      as described in preceding examples.
PAR  Rating of the herbicidal effect was on a scale of 0-10, with 0 indicating
      no herbicidal effect, and 10 indicating nonemergence or death. In
      addition, the kind of herbicidal effect was observed and recorded in
      accordance with the following notation system:
PA0  A = abscission of leaves
PA0  B = burned
PA0  C = chlorosis
PA0  D = death
PA0  E = epinasty
PA0  F = formative effects other than epinasty
PA0  G = dark Green
PA0  I = increased plant growth
PA0  L = local necrosis
PA0  N = no germination
PA0  P = purple pigmentation
PA0  R = reduced germination
PA0  S = stunting
PA0  U = unclassified injury
TBL                                    TABLE III                               

     __________________________________________________________________________

                                                         Fox                   

     Compound      Lbs./                                                       

                       Corn                                                    

                          Cot-                                                 

                             Soy-                                              

                                 Rice                                          

                                    Pea-                                       

                                       Corn                                    

                                          Soy-                                 

                                              Morn-                            

                                                  Cock-                        

                                                      Vel-                     

                                                         tail                  

                                                            Rag-               

                                                                Barn-          

                   Acre   ton                                                  

                             bean   nut   bean                                 

                                              ing-                             

                                                  lebur                        

                                                      vet-                     

                                                         Mil-                  

                                                            weed               

                                                                yard           

                                              glory   leaf                     

                                                         let    Grass          

     __________________________________________________________________________

     1-Methoxy-6-chloro-2-                                                     

                   0.5 2SC                                                     

                          0  0   0  0  0  0   10D 4BC 3BC                      

                                                         5BC                   

                                                            8BC 8BC            

     (trifluoromethyl)-1H-                                                     

     imidazo(4,5-b)pyridine                                                    

                   1.0 4SC                                                     

                          3B 5BC 4BC                                           

                                    0  2SC                                     

                                          3CB 10D 10D 7BC                      

                                                         9BC                   

                                                            10D 9BC            

                   2.0 5SC                                                     

                          7BC                                                  

                             9BC 6BC                                           

                                    3C 4SC                                     

                                          SCB 10D 10D 10D                      

                                                         10D                   

                                                            10D 9.5            

                                                                BC             

     1-Acetoxy-6-chloro-2-                                                     

                   0.5 0  0  0   0  0  0  0   10D --  4BC                      

                                                         4BC                   

                                                            8BC 2BC            

     (trifluoromethyl)-1H-                                                     

     imidazo(4,5-b)pyridine                                                    

                   1.0 4SC                                                     

                          6BC                                                  

                             5BC 4BC                                           

                                    0  3SC                                     

                                          6BC 10D 10D 8BC                      

                                                         5BC                   

                                                            10D 4BC            

                   2.0 5SC                                                     

                          10D                                                  

                             10D 7BC                                           

                                    3C 6SC                                     

                                          9BC 10D 10D 9BC                      

                                                         9.5                   

                                                            10D 8.5            

                                                         BC     BC             

     1-Ethoxy-6-chloro-2-                                                      

                   0.5 0  0  0   0  0  0  0   2BC 0   0  0  8BC 0              

     (trifluoromethyl)-1H-                                                     

     imidazo(4,5-b)pyridine                                                    

                   1.0 0  0  0   0  0  0  0   10D 0   7BC                      

                                                         8BC                   

                                                            10D 8BC            

                   2.0 2SC                                                     

                          0  6BC 5BC                                           

                                    0  3SC                                     

                                          9BC 10D 10D 9BC                      

                                                         10D                   

                                                            10D 9BC            

     1-Benzyloxy-6-chloro-2-                                                   

                   0.5 0  0  0   0  0  0  0   0   0   0  0  4BC 0              

     (trifluoromethyl)-1H-                                                     

     imidazo(4,5-b)pyridine                                                    

                   1.0 0  0  0   0  0  0  0   2SC --  -- 5SC                   

                                                            3BC 4BC            

                   2.0 0  0  0   0  0  0  0   5BC 0   3SC                      

                                                         3SB                   

                                                            3BC 4BC            

     1-Allyloxy-6-chloro-2-                                                    

                   0.5 0  0  0   0  0  0  0   9BC 0   4BC                      

                                                         0  6BC 3BC            

     (trifluoromethyl)-1H-                                                     

     imidazo(4,5-b)pyridine                                                    

                   1.0 0  0  0   0  0  0  0   10D 0   8BC                      

                                                         7BC                   

                                                            9BC 8BC            

                   2.0 0  0  0   3BC                                           

                                    0  0  4BC 10D 5BC 8.5                      

                                                         9.5                   

                                                            9BC 9BC            

                                                      BC BC                    

     1-Isopropoxy-6-chloro-2-                                                  

                   0.5 0  0  0   0  0  0  0   8BC 2C  2BC                      

                                                         0  6BC 0              

     (trifluoromethyl)-1H-                                                     

     imidazo(4,5-b)pyridine                                                    

                   1.0 0  0  0   0  0  0  0   10D 2C  2BC                      

                                                         2S 9BC 4BC            

                   2.0 2SC                                                     

                          0  0   0  0  0  0   10D --  6BC                      

                                                         8.5                   

                                                            9.5 9BC            

                                                         BC BC                 

     1-(Allylcarbamoyloxy-                                                     

                   0.5 0  0  0   0  0  0  0   8BC 4BC 0  2S 6BC 0              

     6-chloro-2-(trifluoro-                                                    

     methyl)-1H-imidazo-                                                       

                   1.0 0  0  0   2BC                                           

                                    0  0  0   10D 10D 2BC                      

                                                         4BC                   

                                                            8BC 6BC            

     (4,5-b)pyridine                                                           

                   2.0 0  5BC                                                  

                             5BC 6BC                                           

                                    2C 2SC                                     

                                          5BC 10D 10D 5BC                      

                                                         8BC                   

                                                            10D 8BC            

     1-Octanoyloxy-6-chloro-                                                   

                   0.5 0  0  0   0  0  0  0   7BC --  0  0  5BC 0              

     2-(trifluoromethyl)-1H-                                                   

     imidazo(4,5-b)pyridine                                                    

                   1.0 0  3C 5BC 3SB                                           

                                    0  0  2C  10D --  4BC                      

                                                         4BS                   

                                                            9BC 6BC            

                   2.0 3SC                                                     

                          7BC                                                  

                             7BC 5BC                                           

                                    0  4SC                                     

                                          7BC 10D 10D 9BC                      

                                                         8BC                   

                                                            9.5 7BC            

                                                            BC                 

     1-(2-Methoxy-3,6-dichloro-                                                

                   0.5 0  3F 7F  6F 6F 0  8F  7F  10D 2F 2S 8F  5FS            

     benzoyloxy)-6-chloro-2-                                                   

     (trifluoromethyl)-1H-                                                     

                   1.0 2S 5F 10D 8F 10D                                        

                                       0  10D 8F  --  8F 3SF                   

                                                            10D 4FS            

     imidazo(4,5-b)pyridine                                                    

                   2.0 4S 9F 10D 9F 9F 1S 10D 10D 10D 10D                      

                                                         4SF                   

                                                            10D 5FS            

     1-(Methylcarbamoyloxy)-6-                                                 

                   0.5 0  0  0   0  0  0  0   10D --  4BC                      

                                                         2BC                   

                                                            9BC 5BC            

     chloro-2-(trifluoro-                                                      

     methyl)-1H-imidazo-                                                       

                   1.0 2SC                                                     

                          3SC                                                  

                             4BC 4BC                                           

                                    0  1SC                                     

                                          3BC 10D 10D 7BC                      

                                                         8BC                   

                                                            10D 4BC            

     (4,5-b)pyridine                                                           

                   2.0 4SC                                                     

                          8BC                                                  

                             10D 6BC                                           

                                    0  5SC                                     

                                          10D 10D 10D 10D                      

                                                         10D                   

                                                            10D 10D            

     1-Ethoxy-2,6-bis(trifluoro-                                               

                   0.5 0  0  0   0  0  0  0   7BC --  0  0  0   0              

     methyl)-1H-imidazo(4,5-b)-                                                

     pyridine      1.0 0  0  0   0  0  0  0   10D --  2BC                      

                                                         0  7BC 2S             

                   2.0 3SC                                                     

                          2SC                                                  

                             4BC 2BC                                           

                                    0  5SC                                     

                                          8BC 10D 10D 4BC                      

                                                         9BC                   

                                                            9BC 3S             

     Control           0  0  0   0  0  0  0   0   0   0  0  0   0              

     Control           0  0  0   0  0  0  0   0   0   0  0  0   0              

     __________________________________________________________________________

PAC  EXAMPLE 88
PAR  1-Methoxy-6-chloro-2-(trifluoromethyl)-1H-imidazo-(4,5-b)pyridine was
      evaluated under field conditions. The compound was formulated in
      conventional procedures and applied as a soil surface spray to beds seeded
      with corn and selected weed species. The evaluations were carried out in a
      sub-tropical climate; there having been no rainfall in the first seven
      days following application, 1/2 inch of sprinkler irrigation was applied.
      Observations were made periodically for emergence, corn injury, and weed
      control. The results were as expressed in the following table, with data
      of observation expressed as the number of days from the day of seeding and
      compound application.
TBL                                    TABLE IV                                

     __________________________________________________________________________

                                          Percent Weed Control-                

                      Emergence.sup.a                                          

                                 Crop Injury.sup.c                             

                                          All Observations Day 17              

                                              Ven-                             

                                                 Com-    Fox-                  

                  Rate                    Pric-                                

                                              ice                              

                                                 mon Morn-                     

                                                         tail                  

                                                             Black             

                  (Lbs./                                                       

                      Day                                                      

                         Day Day Day                                           

                                    Day                                        

                                       Day                                     

                                          kly Mal-                             

                                                 purs-                         

                                                     ing-                      

                                                         Mil-                  

                                                             night-            

                                                                 Pig           

     Compound     Acre                                                         

                      5  7   11  11 17 38 sida                                 

                                              low                              

                                                 lane                          

                                                     glory                     

                                                         let shade             

                                                                 weed          

     __________________________________________________________________________

     1-methoxy-6-chloro-2-                                                     

                  1   97 90  89  0.0                                           

                                    0.0                                        

                                       0.0                                     

                                          98  90 100 89  98  100 100           

     (trifluoromethyl)-1H-                                                     

     imidazo(4,5-b)pyridine                                                    

                  1.5 97 89  87  0.0                                           

                                    0.3                                        

                                       0.0                                     

                                          99  97 100 100 99  100 100           

                  2   72 94  95  0.0                                           

                                    0.7                                        

                                       0.0                                     

                                          99  96 100 91  99  100 100           

                  3   100+                                                     

                         100 98  0.3                                           

                                    2.3                                        

                                       1.7                                     

                                          100 100                              

                                                 100 96  100 100 100           

                  4   96 85  83  2.0                                           

                                    3.7                                        

                                       4.3                                     

                                          100 100                              

                                                 100 100 100 100 100           

     Control      0   100                                                      

                         100 100 0.0                                           

                                    0.0                                        

                                       0.0                                     

                                          0   0   0   0  0    0  0             

                      (72).sup.b                                               

                         (108)                                                 

                             (109)        (14.6).sup.d                         

                                              (5.6)                            

                                                 (3.8)                         

                                                     (5) (24.5)                

                                                             (2.6)             

                                                                 (4.1)         

     __________________________________________________________________________

      .sup.a Emergence expressed as a percent of the control.                  

      .sup.b Number of emerged corn seedlings per 15 feet of row.              

      .sup.c Crop injury on a 0-10 scale where 0 = no injury, 1-3 = slight, 4-6

      = moderate, 7-9 = severe, and 10 = death of all plants.                  

      .sup.d Weeds/sq.ft. based on 5 one sq. ft. counts per plot.              

PAR  As noted above, the compounds of the present invention can be used in
      conjunction with other agricultural materials, including other herbicides.
      Thus, in one embodiment, the present invention is directed to a method
      which comprises applying essentially simultaneously to a plant part an
      amount of a first substance which is:
PA0  1-methoxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)-pyridine,
PA0  1-methoxy-5-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)-pyridine, or
PA0  1-methoxy-2,6-bis(trifluoromethyl)-1H-imidazo(4,5-b)-pyridine;
PAL  and an amount of a second substance which is:
PA0  alachlor,
PA0  atrazine,
PA0  butylate,
PA0  2-chloro-4-(1-cyano-1-methylethylamino)-6-ethylamino-s-triazine,
PA0  dalapon,
PA0  dinoseb,
PA0  diuron,
PA0  Eptc,
PA0  linuron,
PA0  oryzalin,
PA0  propachlor,
PA0  propazine,
PA0  simazine,
PA0  trifluralin, or
PA0  Tca,
PAL  the amounts being such as to effect, in combination, growth inhibition.
      This embodiment of the present invention also comprehends a combination of
      the first and second substances, which combination is useful in
      implementing the method.
PAR  The substances serving as the second substance of the present herbicidal
      methods and combinations are in every instance known compounds. For a
      convenient compilation of information and references on these and other
      known herbicides, attention is directed to the Herbicide Handbook of the
      Weed Society of America, sec. ed., published by the W. F. Humphrey Press,
      Inc., Geneva, New York, 1970, and available from Weed Science Society of
      America, Department of Agronomy, University of Illinois, Urbana, Illinois
      61801.
PAR  The known herbicides serving as the second substance are generally
      crystalline solids, typically white in color; the exceptions are butylate
      (an amber liquid); EPTC (a light yellow-colored liquid); and dinoseb
      (which may exist as either a dark brown solid or a dark orange liquid,
      depending on temperature). Each of these compounds is individually
      effective at a range of rates, depending upon the particular substance,
      the particular use (for example, whether a selective or general herbicidal
      effect is sought), and the type of soil and other growing conditions. The
      generally established rate ranges for these known herbicides, when used
      individually, are as follows:
TBL                      Established Rate                                      

     Compound            in Lbs./Acre                                          

     alachlor            1-4                                                   

     atrazine            2-4                                                   

     butylate            3-4                                                   

     2-chloro-4-(1-cyano-1-methyl-                                             

      ethylamino)-6-ethylamino-                                                

      s-triazine         1-4                                                   

     dalapon             .75-20                                                

     dinoseb             .75-12                                                

     diuron              0.6-6.4   (selective)                                 

                          4-16     (general)                                   

     EPTC                2-6                                                   

     linuron             0.5-3     (selective)                                 

                         1-3       (non crop)                                  

     oryzalin            1-4                                                   

     propachlor          3-6                                                   

     propazine           1-4                                                   

     simazine            2-4                                                   

     trifluralin         0.5-2                                                 

     TCA                  4-30     (selective)                                 

                          50-200   (general)                                   

     ______________________________________                                    

PAL  (Herbicide Handbook of the Weed Society of America, supra).
PAR  In employing these known herbicides in combination with the herbicides of
      the present invention, the precise ratio of the herbicidal agents to one
      another is not critical. It is generally preferred that the known
      herbicide be used in an amount within its established rate range for
      individual use as sole herbicidal agent, although because of the
      herbicidal effect attributable to the ether, lesser amounts within the
      established rate range of amounts below the established rate range are
      appropriate. Thus, amounts below the median of the established rate range
      generally give good results in combination with the specified ethers.
      However, each of the ether and known herbicide components should be
      employed in an amount which, if employed individually as sole herbicidal
      agent, would exert at least a minimal plant-growth inhibiting effect. In
      the case of alachlor, atrazine, and propachlor, for example, the
      established rate ranges are 1-4 lbs./acre of alachlor, 2-4 lbs./acre of
      atrazine, or 3-6 lbs./acre of propachlor; but good results generally are
      obtained in the present combinations at application rates of 2.5 lbs./acre
      or less of alachlor, 3 lbs./acre or less of atrazine, or 4.5 lbs./acre or
      less of propachlor. For the specified ethers serving as the first
      component, application rates of 0.25-4 lbs./acre are desirable for
      selective activity, and preferred rates for selective activity are
      generally 1-2.5 lbs./acre.
PAR  The substances can be administered separately, although preferably
      essentially simultaneously, and this mode of administration is sometimes
      preferred. Thus, for example, different herbicides may require different
      modes of applications which preclude a single application. In particular,
      each of butylate and EPTC is preferably applied to corn prior to planting
      and with mechanical mixing into the soil. The ethers of the present
      invention are preferably applied to corn immediately after seeding but
      without mechanical mixing. Thus, separate administration is sometimes
      preferred in order to make best utilization of the respective herbicidal
      properties. Where separate administration is preferred, the exact interval
      between applications is not critical; but optimal results generally are
      obtained when the respective administrations are essentially
      simultaneously, such as within several minutes to not more than within
      several hours of one another. The time interval between applications is
      largely dictated by the practicalities of agricultural practices.
PAR  Generally, however, it is preferred that both substances be formulated as a
      single formulation. The formulation is conducted in accordance with
      conventional procedures, utilizing such adjuvants as surface-active
      agents, inert finely-divided solids, and the like. Reference is made to
      the discussion hereinabove concerning formulation of the compounds of the
      present invention, generally. Where the objective is selective herbicidal
      activity, it is generally preferred that the specified ether comprise at
      least 40 percent by weight of the total herbicidally-active component.
PAC  EXAMPLES 89-103
PAR  1-Methoxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)-pyridine was
      evaluated in combination with each of a number of known herbicides. The
      evaluation was conducted in each case in accordance with the standard
      screening procedures described in preceding examples, each of the
      herbicides being applied separately but within rapid succession (within an
      interval of not longer than about 5 minutes).
PAR  The results observed were as set forth in the following tables.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-6-CHLORO-2-TRIFLUOROMETHYL-                      

     1H-IMIDAZO(4,5-b)PYRIDINE ("A") WITH ALACHLOR ("B")                       

     Com-                                                                      

         Rates Morn-                                                           

                   Corn                                                        

                      Fox-                                                     

                          Rag-                                                 

                              Barn-                                            

                                  Large                                        

                                      Pig-                                     

                                          Sorg-                                

                                              Rice                             

                                                 Velvet                        

                                                     Corn                      

                                                        Jimson                 

                                                            John-              

                                                                Lambs          

     pounds                                                                    

         Lbs./ ing    tail                                                     

                          weed                                                 

                              yard                                             

                                  Crab-                                        

                                      weed                                     

                                          hum    Leaf   Weed                   

                                                            son Quar-          

         Acre  Glory  Millet  Grass                                            

                                  grass                     Grass              

                                                                ter            

     __________________________________________________________________________

     A + B                                                                     

         0.25 + 0.5                                                            

               10D  0 10D 9SB 10N 9.5 9.5 3SB 9SR                              

                                                 4SB 0  6SB 9SB 9S             

                                  RS  RS                                       

     A + B                                                                     

         0.25 + 1                                                              

               10D  0 10D 9SR 10N 9.9 10N 5SB 10N                              

                                                 7SB 0  10D 10D 10N            

                                  RS                                           

     A+ B                                                                      

         0.25 + 2                                                              

               10D  1S                                                         

                      10D 9.5 10N 10N 10N 9SF 10N                              

                                                 9SB 0  9BS 10D 10N            

                          RS                                                   

     A + B                                                                     

         0.25 + 4                                                              

               10D  2S                                                         

                      10N 10D 10N 10N 10N 8SF 10N                              

                                                 9BS 2S 9BS 10D 10N            

     A + B                                                                     

         0.5 + 0.5                                                             

               10D  0 10D 10D 10N 9.5 9.5 3SB 8S 8SB 1S 8BS 9BS 10N            

                                  RS  RS                                       

     A + B                                                                     

         0.5 + 1                                                               

               10D  0 10N 10D 10N 10D 9.5 4BSF                                 

                                              8RS                              

                                                 8B  0  8BS 9.5 1ON            

                                      RS         SR         BS                 

     A + B                                                                     

         0.5 + 2                                                               

               10D  3S                                                         

                      10D 9.5 10N 10N 10D 8SF 10N                              

                                                 9BS 0  9BS 9.5 9RS            

                          BSR                               BS                 

     A + B                                                                     

         0.5 + 4                                                               

               10D  3S                                                         

                      10N 10N 10N 10N 10N 9FSR                                 

                                              9.8                              

                                                 9.5 2S 9.5 10N 10N            

                                              RS BS     BS                     

     A + B                                                                     

          1 + 0.5                                                              

               10D  2SB                                                        

                      10D 10D 10N 9.5 9.5 7BS 8B 9BS 0  9BS 7BS 9RS            

                                  BS  RS      SR                               

     A + B                                                                     

          1 + 1                                                                

               10D  1S                                                         

                      10D 10D 10N 9.8 9.8 8BS 9RS                              

                                                 10D 3S 9BS 10D 10N            

                                  RS  RS      RS                               

     A + B                                                                     

          1 + 2                                                                

               10D  3S                                                         

                      10N 9.8 10N 9.8 10N 8BSF                                 

                                              9.5                              

                                                 10D 0  9.5 10D 10N            

                          RSB     RS          RS        BS                     

     A + B                                                                     

          1 + 4                                                                

               10D  3S                                                         

                      10D 9.5 10N 10D 10N 9BSF                                 

                                              9.5                              

                                                 9SB 2S 9.5 10D 10N            

                          BSR                 RS        BS                     

     A + B                                                                     

          2 + 0.5                                                              

               10D  3S                                                         

                      10D 8S  10N 9.8 9.5 9.5BS                                

                                              7SB                              

                                                 10D 3S 9.5 9BS 9.8            

                                  RS  RS                BS      RS             

     A + B                                                                     

          2 + 1                                                                

               10D  1S                                                         

                      10D 9.5 10N 10N 9.8 9   9RS                              

                                                 8BS 1S 9.8 9BS 10N            

                          RS          RS                BS                     

     A + B                                                                     

         2 + 2 10D  0 10D 9.8 10N 10N 10N 9BS 10D                              

                                                 9.5 1SB                       

                                                        9.5 10D 10N            

                          RS                     BS     BS                     

     A + B                                                                     

         2 + 4 10D  3S                                                         

                      10D 10D 10N 10N 10N 9.5 10N                              

                                                 9.5 4SB                       

                                                        9.8 10D 10N            

                                          BSF    BS     BS                     

     Control                                                                   

         0     0    0 0   0   0   0   0   0   0  0   0  0   0   0              

     __________________________________________________________________________

TBL                                    TABLE VI:                               

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-6-CHLORO-2-TRIFLUOROMETHYL-1H-                   

     IMIDAZO(4,5-b)PYRIdine ("A") WITH ATRAZINE ("B")                          

         Rates                                                                 

             Morn-               Lambs   Barn-  Large  Fox-    John-           

     Com-                                                                      

         Lbs./                                                                 

             ing Pig-        Velvet                                            

                                 Quar-                                         

                                     Jimson                                    

                                         yard   Carb-  tail                    

                                                           Sorg-               

                                                               son             

     pounds                                                                    

         Acre                                                                  

             Glory                                                             

                 weed                                                          

                     Ragweed                                                   

                          Corn                                                 

                             Leaf                                              

                                 ter Weed                                      

                                         Grass                                 

                                             Rice                              

                                                grass                          

                                                    Corn                       

                                                       Millet                  

                                                           hum Grass           

     __________________________________________________________________________

     A + B                                                                     

         1/4                                                                   

           1/4                                                                 

             8SD 9RS 8RS  0  3BS 7RS 8.5SD                                     

                                         5BS 2BS                               

                                                4S  0  3S  0   2S              

     A + B                                                                     

         1/4                                                                   

           1/2                                                                 

             10D 9.5RS                                                         

                     8RSD 0  5BS 7RSD                                          

                                     9SD 8SD 3BS                               

                                                4S  0  4BS 0   2S              

     A + B                                                                     

         1/4                                                                   

           1 9.5SD                                                             

                 10N 8RSD 0  7SD 7RS 9SD 9.5SD                                 

                                             3BS                               

                                                6S  0  4BS 0   4BS             

     A + B                                                                     

         1/4                                                                   

           2 10D 9.5RS                                                         

                     9.5 RSD                                                   

                          0  9.5SD                                             

                                 7RS 9.5SD                                     

                                         9.5SD                                 

                                             3BS                               

                                                8S  0  7SD 0   4BS             

     A + B                                                                     

         1/2                                                                   

           1/4                                                                 

             10D 9.5RS                                                         

                     6.5SD                                                     

                          0  7SD 7.5RS                                         

                                     9SD 9SD 3BS                               

                                                7RS 0  8SD 0   4BS             

     A + B                                                                     

         1/2                                                                   

           1/2                                                                 

             10D 9RS 9SD  0  7SD 5RS 9.5SD                                     

                                         9.5SD                                 

                                             4BS                               

                                                7RS 0  7SD 0   7SD             

     A + B                                                                     

         1/2                                                                   

           1 10D 9.5RS                                                         

                     9.5RSD                                                    

                          1S 6SD 6.5RS                                         

                                     9SD 9SD 3BS                               

                                                8SD 0  8.5SD                   

                                                           0   6.5SD           

     A + B                                                                     

         1/2                                                                   

           2 10D 9RS 9.5RSD                                                    

                          0  9SD 7RS 8.5SD                                     

                                         10D 3BS                               

                                                9SD 0  9.5SD                   

                                                           0   6.5SD           

     A + B                                                                     

         1 1/4                                                                 

             10D 9RS 9SD  0  6.5SD                                             

                                 7RS 9SD 9.5SD                                 

                                             3BS                               

                                                9.5SD                          

                                                    0  10D 3BS 7SD             

     A + B                                                                     

         1 1/2                                                                 

             10D 9.5RS                                                         

                     9.5SD                                                     

                          0  9SD 7RS 9.5SD                                     

                                         9.5SD                                 

                                             2BS                               

                                                9.5SD                          

                                                    0  10D 4BS 8SD             

     A + B                                                                     

         1 1 10D 9.5RS                                                         

                     10D  0  9SD 8RS 9.5SD                                     

                                         10D 3BS                               

                                                9.5SD                          

                                                    0  10D 4BS 7SD             

     A + B                                                                     

         1 2 10D 9.5RS                                                         

                     10D  0  9SD 7RSD                                          

                                     9.5SD                                     

                                         10D 3BS                               

                                                9.5SD                          

                                                    0  10D 3BS 9SD             

     A + B                                                                     

         2 1/4                                                                 

             10D 9.5RS                                                         

                     9SD  1S 9.5SD                                             

                                 7RS 9.5SD                                     

                                         10D 3BS                               

                                                9.5SD                          

                                                    0  10D 7SD 9.5SD           

     A + B                                                                     

         2 1/2                                                                 

             10D 9.5RS                                                         

                     10D  0  9.5SD                                             

                                 7.5RS                                         

                                     9.5SD                                     

                                         9.5SD                                 

                                             4BS                               

                                                10D 0  10D 8SD 9SD             

     A + B                                                                     

         2 1 10D 9.5RS                                                         

                     10D  2S 10D 8RS 9.5SD                                     

                                         9.5SD                                 

                                             5BS                               

                                                9.5SD                          

                                                    1S 10D 8SD 9SD             

     A + B                                                                     

         2 2 10D 9.5RS                                                         

                     10D  2S 10D 8RS 10D 10D 4BS                               

                                                9.5SD                          

                                                    0  10D 7SD 9SD             

     Control                                                                   

         --                                                                    

           --                                                                  

             0   0   0    0  0   0   0   0   0  0   0  0   0   0               

     Control                                                                   

         --                                                                    

           --                                                                  

             0   0   0    0  0   0   0   0   0  0   0  0   0   0               

     Control                                                                   

         --                                                                    

           --                                                                  

             0   0   0    0  0   0   0   0   0  0   0  0   0   0               

     __________________________________________________________________________

TBL                                    TABLE VII                               

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-6-CHLORO-2-TRIFLUOROMETHYL-                      

     1H-IMIDAZO(4,5-b)PYRIDINE ("A") WITH BUTYLATE ("B")                       

     Com-                                                                      

         Rates Morn-                                                           

                   Corn                                                        

                      Fox-                                                     

                          Rag-                                                 

                              Barn-                                            

                                  Large                                        

                                      Pig-                                     

                                          Sorg-                                

                                              Rice                             

                                                 Velvet                        

                                                     Corn                      

                                                        Jimson                 

                                                            John-              

                                                                Lambs          

     pounds                                                                    

         Lbs./ ing    tail                                                     

                          weed                                                 

                              yard                                             

                                  Crab-                                        

                                      weed                                     

                                          hum    Leaf   weed                   

                                                            son Quar-          

         Acre  Glory  Millet  Grass                                            

                                  grass                     grass              

                                                                ter            

     __________________________________________________________________________

     A +B                                                                      

         0.25 + 1.0                                                            

               10D 0  7SF 5SB 3S  4SB 9.5 9SF 0  10D 0  4SB 9SR 10D            

                                      BS                                       

     A + B                                                                     

         2.25 + 2.0                                                            

               6SB 0  9SF 6SB 8S  6SB 9BS 10D 3S 10D 0  6SB 9.5 10D            

                                                            RS                 

     A + B                                                                     

         2.25 + 3.0                                                            

               10D 0  9SBF                                                     

                          4SB 8SB 10D 9BSR                                     

                                          10D 7S 10D 0  7SB 10D 10D            

     A + B                                                                     

         2.25 + 4.0                                                            

               10D 0  9SB 8SB 8SB 10D 10D 10D 9SB                              

                                                 10D 0  7SB 10D 10D            

     A + 0.5 + 1.0                                                             

               10D 1S 6SB 9.5 7SB 5SB 8BS 9S  3S 10D 2S 9BS 9RSB               

                                                                10D            

                          BS              BF                                   

     A + B                                                                     

         0.5 + 2.0                                                             

               9BS 1S 8BS 10D 8SB 9.5 10D 6S  10D                              

                                                 1S  8BS                       

                                                        8BS 9RS 10D            

                                  BS                                           

     A + B                                                                     

         0.5 + 3.0                                                             

               10D 3S 9.5 9.5 10D 10D 10D 10D 9.5S                             

                                                 10D 1S 9BS 10D 10D            

                      BS  RS                                                   

     A + B                                                                     

         0.5 + 4.0                                                             

               10D 4S 9.5 9.5 10D 10D 10D 10D 9.5S                             

                                                 10D 3S 9BS 10D 10D            

                      BSR BSR                                                  

     A + B                                                                     

         1.0 + 1.0                                                             

               10D 5S 10D 10D 9.5 9BS 9.5 9.5 3B 10D 4S 9BS 9BS 10D            

                              BS      BS  BS                                   

     A + B                                                                     

         1.0 + 2.0                                                             

               10D 5S 10D 10D 9.5 10D 10D 10D 8S 10D 4S 9BS 10D 10D            

                              BS                                               

     A + B                                                                     

         1.0 + 3.0                                                             

               10D 4S 10D 10D 8BS 8BS 9BS 10D 5S 10D 3S 7BS 9.5 10D            

                                                            RS                 

     A + B                                                                     

         1.0 + 4.0                                                             

               10D 3S 10D 10D 9.5 9.5 9.5 9SF 7S 10D 3S 9BS 10D 10D            

                              BSR BS  FS                                       

     A + B                                                                     

         2.0 + 1.0                                                             

               10D 5S 10D 10D 9.5 9BS 9BS 8BSF                                 

                                              3B 10D 5SB                       

                                                        8SB 9BS 10D            

                              BS                                               

     A + B                                                                     

         2. + 2.0                                                              

               10D 5S 10D 10D 9.5 10D 8S  9.5 5S 10D 6SB                       

                                                        8BS 9BSR               

                                                                9SB            

                              BS          BSF                                  

     A + B                                                                     

         2.0 + 3.0                                                             

               10D 6SB                                                         

                      10D 10D 10D 9.5 9.5 10D 8S 10D 5S 8BS 9.5 10D            

                                  BS  SB                    RS                 

     A + B                                                                     

         2.0 + 4.0                                                             

               10D 6SB                                                         

                      10D 10D 10D 10D 9.5 10D 9S 10D 6SB                       

                                                        9BS 10D 10D            

                                      BS                                       

     Control                                                                   

         O     O   0  0   0   0   0   0   0   0  0   0  0   0   0              

     __________________________________________________________________________

TBL                                    TABLE VIII                              

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-6-CHLORO-2-TRIFLUOROMETHYL-1H-                   

     IMIDAZO(4,5-b)PYRIDINE ("A") WITH 2-CHLORO-4-(1-CYANO-                    

     1-METHYLETHYLAMINO)-6-ETHYLAMINO-s-TRIAZINE ("B")                         

     Com-                                                                      

         Rates Morn-                                                           

                   Corn                                                        

                      Fox Rag-                                                 

                              Barn-                                            

                                  Large                                        

                                      Pig-                                     

                                          Sorg-                                

                                              Rice                             

                                                 Velvet                        

                                                     Corn                      

                                                        Jimson                 

                                                            John-              

                                                                Lamb           

     pounds                                                                    

         Lbs./ ing    tail                                                     

                          weed                                                 

                              yard                                             

                                  Crab-                                        

                                      weed                                     

                                          hum    Leaf   weed                   

                                                            son Quar-          

         Acre  Glory  Millet  Grass                                            

                                  grass                     grass              

                                                                ter            

     __________________________________________________________________________

     A + B                                                                     

         0.25 + 0.25                                                           

               10D 0  10D 10D 4SB 6BS 5S  3SB 4S 9BS 2S 9BS 7BS 8SB            

     A + B                                                                     

         0.25 + 0.5                                                            

               10D 3S 10D 10D 7SB 9.5 7S  8BS 9BS                              

                                                 9.5 2S 9.5 9.5 8SB            

                                  BS             BS     BS  BS                 

     A + B                                                                     

         0.25 + 1.0                                                            

               10D 4S 10D 10D 9.5 10D 7SB 6SB 8BS                              

                                                 10D 3S 10D 10D 9.5            

                              BS                                BS             

     A + B                                                                     

         0.25 + 2.0                                                            

               10D 5S 10D 10D 10D 10D 10D 9.5 10D                              

                                                 10D 4SB                       

                                                        9.5 9.5 9.5            

                                          BS            BS  BS  BS             

     A + B                                                                     

         0.5 + 0.25                                                            

               10D 3S 10D 10D 8SB 7SB 6SB 6SB 8B 9BS 3S 9BS 9.5 8S             

                                                            BS                 

     A + B                                                                     

         0.5 + 0.5                                                             

               10D 2S 10D 10D 8SB 9.5 6SB 6SB 8B 10D 2S 9BS 9.5 9SB            

                                  SB                        BS                 

     A + B                                                                     

         0.5 + 1.0                                                             

               10D 2SB                                                         

                      10D 10D 9.5 10D 9.5 9.5 10D                              

                                                 9.8 2SB                       

                                                        9.5 9BS 9SB            

                              SB      BS  BS     BS     BS  BS                 

     A + B                                                                     

         0.5 + 2.0                                                             

               10D 3SB                                                         

                      10D 10D 9.5 10D 9.5 9.8 10D                              

                                                 10D 2S 9.5 10D 9.5            

                              BS      BS  BS            BS      SB             

     A + B                                                                     

         1.0 + 0.25                                                            

               9.5 2S 10D 10D 9.5 10D 8SB 7SB 7B 9.5 2S 9.5 9.5 9SB            

               BS             BS                 BS     BS  BS                 

     A + B                                                                     

         1.0 + 0.5                                                             

               10D 2SB                                                         

                      10D 10D 9.5 10D 9.5 9.5 10D                              

                                                 10D 2S 9.5 10D 9S             

                              BS      BS  BS            BS                     

     A + B                                                                     

         1.0 + 1.0                                                             

               10D 2SB                                                         

                      10D 10D 9.5 9.8 9.5 9.5 10D                              

                                                 10D 2S 10D 9.5 9.5            

                              BS  BS  SB  BS                BS  SB             

     A + B                                                                     

         1.0 + 2.0                                                             

               10D 4SB                                                         

                      10D 10D 9.5 10D 9.5 10D 10D                              

                                                 9.8 3S 9.5 10D 9SB            

                              BS      BS         BS     BS                     

     A + B                                                                     

         2.0 + 0.25                                                            

               10D 2S 10D 10D 9.5 9.5 9.5 8SB 7BS                              

                                                 9.5 3S 9.5 9.5 9SB            

                              BS  BS  BS         BS     BS  BS                 

     A + B                                                                     

         2.0 + 0.5                                                             

               10D 5SB                                                         

                      10D 10D 10D 10D 9.5 9.5 10D                              

                                                 10D 5SB                       

                                                        9.5 10D 10D            

                                      BS  BS            BS                     

     A + 2.0 + 1.0                                                             

               10D 4SB                                                         

                      10D 10D 10D 10D 9.8 10D 10D                              

                                                 10D 3SB                       

                                                        10D 10D 9SB            

                                      BS                                       

     A + B                                                                     

         2.0 + 2.0                                                             

               10D 4SB                                                         

                      10D 10D 10D 10D 9.5 10D 10D                              

                                                 10D 5SB                       

                                                        10D 10D 10D            

                                      BS                                       

     Control                                                                   

         0     0   0  0   0   0   0   0   0   0  0   0  0   0   0              

     __________________________________________________________________________

TBL                                    TABLE IX                                

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-6-CHLORO-2-TRIFLUOROMETHYL-1H-IMIDAZO(4,5-b)PYRID

     INE ("A") WITH DALAPON ("B")                                              

     Com-                                                                      

         Rates Morn-                                                           

                   Corn                                                        

                      Fox Rag-                                                 

                              Barn-                                            

                                  Large                                        

                                      Pig-                                     

                                          Sorg-                                

                                              Rice                             

                                                 Velvet                        

                                                     Corn                      

                                                        Jimson                 

                                                            John-              

                                                                Lamb           

     pounds                                                                    

         Lbs./ ing    tail                                                     

                          weed                                                 

                              yard                                             

                                  Crab-                                        

                                      weed                                     

                                          hum    Leaf   weed                   

                                                            son Quar-          

         Acre  Glory  Millet  Grass                                            

                                  grass                     Grass              

                                                                ter            

     __________________________________________________________________________

     A + B                                                                     

         0.25 + 0.75                                                           

               3SBC                                                            

                   0  4SB 3S  0   2S  4S  0   0  35B 0  0   0   0              

     A + B                                                                     

         0.25 + 1.5                                                            

               2B  0  6BS 10D 0   0   4B  0   2S 3S  0  0   0   0              

     A + B                                                                     

         0.25 + 3.0                                                            

               2B  0  9BS 10D 0   7SB 3BS 0   6SB                              

                                                 4S  0  4B  0   3S             

     A + B                                                                     

         0.25 + 6.0                                                            

               3SB 0  10D 9BS 3BS 8BS 4BS 3BS 5SB                              

                                                 3SB 0  4BS 0   --             

     A + B                                                                     

         0.5 + 0.75                                                            

               6SB 0  8BSR                                                     

                          10D 2S  5SB 5SB 0   0  4S  0  7BS 3S  7SR            

     A + B                                                                     

         0.5 + 1.5                                                             

               9BS 0  9BS 10D 4BS 8BS 3B  1S  3S 6SB 0  8BS 0   6RS            

     A + B                                                                     

         0.5 + 3.0                                                             

               9BS 1S 10D 10D 5SB 7SB 3B  1S  5SB                              

                                                 7SB 0  6BS 2S  7RS            

     A + B                                                                     

         0.5 + 6.0                                                             

               10D 0  10D 9.5 7BS 8BS 10D 3SB 7BS                              

                                                 7SB 0  8BS 2S  7RS            

                          BS                                                   

     A + B                                                                     

         1.0 + 0.75                                                            

               9.5 0  10D 10D 6BS 10D 6BS 3SB 5BS                              

                                                 9.5 0  10D 4S  6SR            

               BS                                BS                            

     A + B                                                                     

         1.0 + 1.5                                                             

               9.5 0  10D 10D 4SB 9BS 7BS 2SB 4B 10D 0  10D 35B 7SR            

               BS                                                              

     A + B                                                                     

         1.0 + 3.0                                                             

               10D 0  10D 10D 5BS 9.5 9BS 3SB 5BS                              

                                                 10D 0  10D 6BS 7BS            

                                  BS                                           

     A + B                                                                     

         1.0 + 6.0                                                             

               10D 4F 10D 10D 7BSR                                             

                                  10D 10D 6BSF                                 

                                              9BS                              

                                                 10D 4FS                       

                                                        10D 4SB 8S             

     A + B                                                                     

         2.0 + 0.75                                                            

               10D 0  10D 10D 4BS 7BS 9BS 8BS 6BS                              

                                                 9.5 2S 10D 8BS 10D            

                                                 BS                            

     A + B                                                                     

         2.0 + 1.5                                                             

               10D 3S 10D 10D 9BS 10D 9BS 8BS 9BS                              

                                                 10D 3S 10D 7BS 10D            

     A + B                                                                     

         2.0 + 3.0                                                             

               10D 1S 10D 10D 9BS 10D 10D 9BS 9BS                              

                                                 10D 2S 10D 7BS 9RS            

     A + B                                                                     

         2.0 + 6.0                                                             

               10D 2S 10D 10D 9.5 10D 10D 6BS 8BS                              

                                                 10D 4SB                       

                                                        9.5 8BS 9RS            

                              BS                        BS                     

     Control                                                                   

         0     0   0  0   0   0   0   0   0   0  0   0  0   0   0              

     __________________________________________________________________________

TBL                                    TABLE X                                 

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-6-CHLORO-2-TRIFLUOROMETHYL-1H-IMIDAZO(4,5-b)PYRID

     INE ( "A") WITH DINOSEB ("B")                                             

     Com-                                                                      

         Rates Morn-                                                           

                   Corn                                                        

                      Fox Rug-                                                 

                              Barn-                                            

                                  Large                                        

                                      Pig-                                     

                                          Sorg-                                

                                              Rice                             

                                                 Velvet                        

                                                     Corn                      

                                                        Jimson                 

                                                            John-              

                                                                Lamb           

     pounds                                                                    

         Lbs./ ing    tail                                                     

                          weed                                                 

                              yard                                             

                                  Crab-                                        

                                      weed                                     

                                          hum    Leaf   weed                   

                                                            son Quar-          

         Acre  Glory  millet  Grass                                            

                                  grass                     grass              

                                                                ter            

     __________________________________________________________________________

     A + B                                                                     

         0.25 + 1.0                                                            

               2B  0  0   7SB 0   2S  2S  0   0  3SB 0  7SB 2S  5S             

     A + B                                                                     

         0.25 2.0                                                              

               5SB 0  2S  10D 0   0   2S  0   0  3SB 0  8BS 0   5S             

     A + B                                                                     

         0.25 + 4.0                                                            

               9BS 0  2S  10D 2S  2S  6S  0   0  3S  0  9BS 0   5S             

     A + B                                                                     

         0.25 + 8.0                                                            

               9BS 0  4S  10D 4SR 5RS 8SR 2S  3S 3S  1S 10D 2S  6S             

     A + B                                                                     

         0.5 + 1.0                                                             

               6SB 0  3SB 10D 5SB 8BS 8SR 2S  3BS                              

                                                 5SB 0  9.5 2S  7S             

                                                        BS                     

     A + B                                                                     

         0.5 + 2.0                                                             

               10D 0  8BS 10D 4SB 6SB 9SR 1SB 1B 5SB 0  9.5 3SB 9SR            

                                                        BS                     

     A + B                                                                     

         0.5 +4.0                                                              

               10D 0  7SB 10D 4SB 8BSR                                         

                                      7SR 2SB 2SB                              

                                                 6SB 0  9.5 2SB 7SR            

                                                        BS                     

     A + B                                                                     

         0.5 + 8.0                                                             

               10D 2S 7SB 10D 7SR 7SRB                                         

                                      6SR 3S  2SB                              

                                                 5SB 0  10D 2S  9SR            

     A + B                                                                     

         1.0 + 1.0                                                             

               10D 2S 10D 10D 9SB 9.5 10N 7BS 10D                              

                                                 10D 1S 9.5 8BS 10D            

                                  RS                    BS                     

     A + B                                                                     

         1.0 + 2.0                                                             

               10D 1S 10D 10D 9BS 10D 10D 8BS 4BS                              

                                                 7BS 1S 10D 6BS 10D            

     A + B                                                                     

         1.0 + 4.0                                                             

               10D 2SB                                                         

                      10D 10D 8BS 10D 10D 6BS 4BS                              

                                                 8BS 0  10D 7BS 10D            

     A + B                                                                     

         1.0 + 8.0                                                             

               10D 1S 7BS 10D 7BS 10D 0.5RS                                    

                                          4BS 6SB                              

                                                 10D 0  10D 6BS 10D            

     A + B                                                                     

         2.0 + 1.0                                                             

               10D 4SB                                                         

                      10D 10D 10D 10D 9SB 9BS 8BS                              

                                                 10D 4SB                       

                                                        10D 10D 10D            

     A + B                                                                     

         2.0 + 2.0                                                             

               10D 3S 10D 10D 10D 10D 10D 10D 8BS                              

                                                 10D 4SB                       

                                                        10D 9.5 10D            

                                                            BS                 

     A + B                                                                     

         2.0 + 4.0                                                             

               10D 2S 10D 10D 9.5 10D 10D 9BS 8BS                              

                                                 10D 1S 10D 9.5 10D            

                              BS                            BS                 

     A + B                                                                     

         2.0 + 8.0                                                             

               10D 3SB                                                         

                      10D 10D 10D 10D 10D 8BS 8BSC                             

                                                 10D 2S 10D 10D 10D            

     Control                                                                   

         0     0   0  0   0   0   0   0   0   0  0   0  0   0   0              

     __________________________________________________________________________

TBL                                    TABLE XI                                

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-6-CHLORO-2-TRIFLUOROMETHYL-                      

     1H-IMIDAZO(4,5-b)PYRIDINE ("A") WITH DIURON ("B")                         

     Com-                                                                      

         Rates Morn-                                                           

                   Corn                                                        

                      Fox Rag-                                                 

                              Barn-                                            

                                  Large                                        

                                      Pig-                                     

                                          Sorg-                                

                                              Rice                             

                                                 Velvet                        

                                                     Corn                      

                                                        Jimson                 

                                                            John-              

                                                                Lamb           

     pounds                                                                    

         Lbs./ ing    tail                                                     

                          weed                                                 

                              yard                                             

                                  Crab-                                        

                                      weed                                     

                                          hum    Leaf   Weed                   

                                                            son Quar-          

         Acre  Glory  Minet   Grass                                            

                                  grass                     Grass              

                                                                ter            

     __________________________________________________________________________

     A + B                                                                     

         0.25 + 0.25                                                           

               10D 0  4SB 10D 4BS 5SB 8BS 1B  1B 5BS 0  7BS 2SB 8SR            

     A + B                                                                     

         0.25 + 0.5                                                            

               6BBSL                                                           

                   0  5BS 10D 9BS 8BS 9BS 2B  4B 8BS 0  9BS 3BS 9SR            

     A + B                                                                     

         0.25 + 1.0                                                            

               10D 0  8BS 10D 10D 9BS 9BS 3BC 3B 10D 3S 9BS 8BS 9SR            

     A + B                                                                     

         0.25 + 2.0                                                            

               10D 5BS                                                         

                      10D 10D 10D 9.5 9BS 4BS 7B 10D 5SB                       

                                                        9BS 9.5 10N            

                                  BS                        BS                 

     A + B                                                                     

         0.5 + 0.25                                                            

               10D 2B 8BS 10D 7BS 8BS 9.5 3SB 4B 9BS 0  9BS 7BS 9RS            

                                      RS                                       

     A + B                                                                     

         0.5 + 0.5                                                             

               9BS 2SB                                                         

                      10D 9.5 9BS 8BS 9BS 2S  4B 9BS 0  9BS 9.5 9.5            

                          BS                                BS  RS             

     A + B                                                                     

         0.5 + 1.0                                                             

               10D 2S 10D 10D 10D 9BS 9.5 2SB 4B 10D 5SB                       

                                                        9.5 9.5 9RS            

                                      BS                BS  BS                 

     A + B                                                                     

         0.5 + 2.0                                                             

               10D 5SB                                                         

                      10D 10D 10D 9BS 9BS 3CSB                                 

                                              5B 10D 4SB                       

                                                        9BS 9BS 9RS            

     A + B                                                                     

         1.0 + 0.25                                                            

               9BS 2S 10D 10D 10D 9.5 9.5 3SB 4B 10D 2S 9.5 9.5 10N            

                                  BS  BS                BS  BS                 

     A + B                                                                     

         1.0 + 0.5                                                             

               10D 4SB                                                         

                      10D 10D 10D 9.5 9.5 7BS 9B 10D 4SB                       

                                                        10D 10D 9.5            

                                  BS  BS                        RS             

     A + B                                                                     

         1.0 + 1.0                                                             

               10D 7SB                                                         

                      10D 10D 10D 9.5 9.5 10D 9B 10D 8BS                       

                                                        9BS 10D 9.5            

                                  BS  BS                        RS             

     A + B                                                                     

         1.0 + 2.0                                                             

               10D 4SB                                                         

                      10D 10D 10D 9.5 9.5 10D 9.5B                             

                                                 10D 7BS                       

                                                        9.5 10D 9.5            

                                  BS  BS                BS      RS             

     A + B                                                                     

         2.0 + 0.25                                                            

               10D 5SB                                                         

                      10D 10D 10D 9.5 10D 9BS 9B 10D 4SB                       

                                                        9.5 10D 1ON            

                                  BS                    BS                     

     A + B                                                                     

         2.0 + 0.5                                                             

               10D 7SB                                                         

                      10D 10D 10D 9.5 9.5 9.5B                                 

                                              9B 10D 6SB                       

                                                        9.5 10D 9.5            

                                  BS  BS                BS      RS             

     A + B                                                                     

         2.0 + 1.0                                                             

               10D 7SB                                                         

                      10D 10D 10D 9.5 10D 10D 9.5B                             

                                                 10D 6SB                       

                                                        9.5 10D 10N            

                                  BS                    BS                     

     A + B                                                                     

         2.0 + 2.0                                                             

               10D 7SB                                                         

                      10D 10D 10D 9.5 10D 9B  9.5B                             

                                                 10D 8BS                       

                                                        9.5 10D 10N            

                                  BS                    BS                     

     Control                                                                   

         0     0   0  0   0   0   0   0   0   0  0   0  0   0   0              

     __________________________________________________________________________

TBL                                    TABLE XII                               

     __________________________________________________________________________

     COMBINATION OF 1-METHEXY-6-CHLORO-2-TRIFLUOROMETHYL-                      

     1H-IMIDAZO(4,5-b)PYRIDINE ("A")WITH EPTC ("B")                            

     com-                                                                      

         Rates Morn-                                                           

                   Corn                                                        

                      Fox-                                                     

                          Rag-                                                 

                              Barn-                                            

                                  Large                                        

                                      Pig-                                     

                                          Sorg-                                

                                              Rice                             

                                                 Velvet                        

                                                     Corn                      

                                                        Jimson                 

                                                            John-              

                                                                Lambs          

     pounds                                                                    

         Lbs./ ing    tail                                                     

                          weed                                                 

                              yard                                             

                                  Crab-                                        

                                      weed                                     

                                          hum    Leaf   weed                   

                                                            son Quar-          

         acre  Glory  Millet  Grass                                            

                                  grass                     Grass              

                                                                ter            

     __________________________________________________________________________

     A + B                                                                     

         0.25 + 1.0                                                            

               10D 3S 9BS 8SB 7BS 6BS 8SB 10D 8S 10D 0  8BS 10D 9.5            

                                                                RS             

     A + B                                                                     

         0.25 + 2.0                                                            

               10D 2S 9BS 10D 9BSF                                             

                                  9.5 10N 10D 10N                              

                                                 10D 4S 9BS 10D 10N            

                                  RSB                                          

     A + B                                                                     

         0.25 + 3.0                                                            

               10D 7FS                                                         

                      9.5 10D 9BSF                                             

                                  10D 10N 10D 9.8                              

                                                 10D 4S 10D 10N 10N            

                      BS                      RS                               

     A + B                                                                     

         0.25 + 4.0                                                            

               10D 8FS                                                         

                      10D 10D 9BSF                                             

                                  10D 10N 10D 10N                              

                                                 10D 7FS                       

                                                        9BSR                   

                                                            10N 9.5            

                                                                RS             

     A + B                                                                     

         0.5 + 1.0                                                             

               10D 1S 10D 10D 8BS 7BS 10D 10D 8BSR                             

                                                 10D 4S 9BS 10D 10N            

     A + B                                                                     

         0.5 + 2.0                                                             

               10D 5SF                                                         

                      10D 10D 9.5 10D 10N 9.8 9.5                              

                                                 10D 4S 9BS 10D 10N            

                              BSR         RSF RS                               

     A + B                                                                     

         0.5 + 3.0                                                             

               10D 7FS                                                         

                      10D 10D 9.5 10D 10N 10D 10N                              

                                                 10D 6SF                       

                                                        9.5 10D 9.8            

                              BSF                       BS      RS             

     A + B                                                                     

         0.5 + 4.0                                                             

               10D 8FS                                                         

                      10D 10D 9.8 10N 10N 10D 10N                              

                                                 10D 8FS                       

                                                        9BS 10D 10N            

                              BS                                               

     A + B                                                                     

         1.0 + 1.0                                                             

               10D 4S 10D 10D 9.8 9.5 9.5 10D 8SB                              

                                                 9.5 4S 9.5 9.5 9RS            

                              BS  BS  BSR        BS     BS  BS                 

     A + B                                                                     

         1.0 + 2.0                                                             

               10D 8SB                                                         

                      10D 10D 10D 10D 10N 10D 10D                              

                                                 10D 5S 9BS 10D 9.5            

                                                                RS             

     A + B                                                                     

         1.0 + 3.0                                                             

               10D 7SBF                                                        

                      10D 10D 10D 10D 10D 10D 10N                              

                                                 10D 8  9.5 10D 9.5            

                                                     BSF                       

                                                        BS      RS             

     A + B                                                                     

         1.0 + 4.0                                                             

               10D 7SB                                                         

                      10D 10D 10D 10D 10N 10D 10D                              

                                                 10D 8  10D 10D 9.8            

                                                     SBF        RS             

     A + B                                                                     

         2.0 + 1.0                                                             

               10D 7SB                                                         

                      10D 10D 10D 10D 9.5 10D 8SB                              

                                                 10D 7SB                       

                                                        9BS 10D 9.5            

                                      RSB                       RS             

     A + B                                                                     

         2.0 + 2.0                                                             

               10D 8SB                                                         

                      10D 9SB 10D 10D 9.5 10D 10D                              

                                                 10D 7SB                       

                                                        10D 10D 10N            

                                      RSB                                      

     A + B                                                                     

         2.0 + 3.0                                                             

               10D 10D                                                         

                      10D 10D 10D 10D 10N 10D 10N                              

                                                 9.8 9SB                       

                                                        10D 10D 9.8            

                                                 BSR            RS             

     A + B                                                                     

         2.2 + 4.0                                                             

               10D 10D                                                         

                      10D 10N 10D 10D 10N 10D 10D                              

                                                 10D 9BS                       

                                                        9.5 10D 9.8            

                                                        BS      RS             

     Control                                                                   

         0     0   0  0   0   0   0   0   0   0  0   0  0   0   0              

     __________________________________________________________________________

TBL                                    TABLE XIII                              

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-6-CHLORO-2-TRIFLUOROMETHYL-                      

     1H-IMIDAZO(4,5-b)PYRIDINE ("A") WITH LINURON ("B")                        

     Com-                                                                      

         Rates Morn-                                                           

                   Corn                                                        

                      Fox-                                                     

                          Rag-                                                 

                              Barn-                                            

                                  Large                                        

                                      Pig-                                     

                                          Sorg-                                

                                              Rice                             

                                                 Velvet                        

                                                     Corn                      

                                                        Jimson                 

                                                            John-              

                                                                Lambs          

     pounds                                                                    

         Lbs./ ing    tail                                                     

                          weed                                                 

                              yard                                             

                                  Crab-                                        

                                      weed                                     

                                          hum    Leaf   Weed                   

                                                            son Quar-          

         Acre  Glory  Millet  Grass                                            

                                  grass                     Grass              

                                                                ter            

     __________________________________________________________________________

     A + B                                                                     

         0.25 + 0.25                                                           

               2SBC                                                            

                   2SB                                                         

                      8BS 10D 4BS 5S  9SB 0   2B 9BS 0  8BS 2SB 9.5RS          

     A + B                                                                     

         0.25 + 0.5                                                            

               3SB 0  8BS 7BS 8BS 5S  9SB 0   2B 10D 0  8BS 9BS 10D            

     A + B                                                                     

         0.25 + 1.0                                                            

               4SB 0  10D 9BS 10D 9BS 10D 3BS 4B 10D 0  9BS 9BS 9SR            

     A + B                                                                     

         0.25 + 2.0                                                            

               9BS 3S 10D 10D 9.5BS                                            

                                  9BS 9S  4SB 4B 10D 4BS                       

                                                        8BS 9BS 8SR            

     A + B                                                                     

         0.5 + 0.25                                                            

               10D 3B 8BS 9BS 8BS 7SB 9BS 3B  3B 9BS 1S 9BS 7BS 9SRB           

     A + B                                                                     

         0.5 + 0.5                                                             

               5SB 0  8BS 9BS 9BS 7BS 10D 2S  2B 10D 0  9BS 9BS 9SR            

     A + B                                                                     

         0.5 + 1.0                                                             

               9BS 0  10D 9BS 9BS 8BS 9S  3S  3B 10D 2S 8BS 8BS 9SR            

     A + B                                                                     

         0.5 + 2.0                                                             

               10D 3S 10D 10D 10D 9.5BS                                        

                                      9.5BS                                    

                                          3SB 4B 10D 3S 9BS 9.5BS              

                                                                9SR            

     A + B                                                                     

         1.0 + 0.25                                                            

               10D 2S 10D 10D 9.5BS                                            

                                  9.5BS                                        

                                      9.5BS                                    

                                          4SB 3B 9.5BS                         

                                                     2S 9.5BS                  

                                                            9.5BS              

                                                                9SR            

     A + B                                                                     

         1.0 + 0.5                                                             

               10D 3S 10D 10D 10D 9BS 9.5BS                                    

                                          8B  4B 10D 3S 9.5BS                  

                                                            10D 9.5RS          

     A + B                                                                     

         1.0 + 1.0                                                             

               10D 4SB                                                         

                      10D 10D 10D 9.5BS                                        

                                      9.5BS                                    

                                          9BS 5B 10D 3S 9.5BS                  

                                                            9.5BS              

                                                                9.5RS          

     A + B                                                                     

         1.0 + 2.0                                                             

               10D 6SB                                                         

                      10D 10D 10D 9.5BS                                        

                                      9.5BS                                    

                                          9.5BS                                

                                              6B 10D 5SB                       

                                                        9.5BS                  

                                                            10D 10D            

     A + B                                                                     

         2.0 + 0.25                                                            

               10D 5S 10D 10D 10D 9.5BS                                        

                                      9.5BS                                    

                                          9.5BS                                

                                              9B 10D 5SB                       

                                                        10D 10D 9.5RS          

     A + B                                                                     

         2.0 + 0.5                                                             

               10D 5SB                                                         

                      10D 10D 10D 9.5BS                                        

                                      9.5BS                                    

                                          9.5BS                                

                                              8B 10D 7SB                       

                                                        9.5BS                  

                                                            9.5BS              

                                                                9.5RS          

     A + B                                                                     

         2.0 + 1.0                                                             

               10D 6SB                                                         

                      10D 10D 10D 9.5BS                                        

                                      10D 9B  8B 10D 5SB                       

                                                        9.5BS                  

                                                            9.5BS              

                                                                9.5BS          

     A + B                                                                     

         2.0 + 2.0                                                             

               10D 7SB                                                         

                      10D 10D 10D 9.5BS                                        

                                      9.5BS                                    

                                          10D 9BS                              

                                                 10D 6SB                       

                                                        10D 10D 9.5RS          

     Control                                                                   

         0     0   0  0   0   0   0   0   0   0  0   0  0   0   0              

     __________________________________________________________________________

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-6-CHLORO-2-TRIFLUOROMETHYL-                      

     1H-IMIDAZO(4,5-b)PYRIDINE ("A") WITH ORYZALIN ("B")                       

     com-                                                                      

         Rates                                                                 

             Morn-                                                             

                 Pig-                                                          

                     Rag Corn                                                  

                            Velvet                                             

                                Lambs                                          

                                    Jimson                                     

                                        Barn-                                  

                                            Rice                               

                                                Large                          

                                                    Corn                       

                                                        Fox-                   

                                                            Sorg-              

                                                                John-          

     pounds                                                                    

         Lbs./                                                                 

             ing weed                                                          

                     weed   Leaf                                               

                                Quar-                                          

                                    Weed                                       

                                        yard    Crab-   tail                   

                                                            hum son            

         Acre                                                                  

             Glory              ter     Grass   grass   Millet  Grass          

     __________________________________________________________________________

     A + B                                                                     

         1/4                                                                   

           1/2                                                                 

             5S  6S  5S  6.5                                                   

                            5.5CS                                              

                                10N 3CS 7RS 6.5CS                              

                                                9.5RS                          

                                                    5CS 8.5SD                  

                                                            7BS 6.5BS          

                         BS                                                    

     A + B                                                                     

         176                                                                   

           1 5S  7.5RS                                                         

                     6.5CRS                                                    

                         7.5                                                   

                            6CS 9.5RS                                          

                                    6S  8.5RS                                  

                                            8CS 9.5RS                          

                                                    7BS 9SD 7.5BS              

                                                                7BS            

                         BS                                                    

     A + B                                                                     

         1/4                                                                   

           2 9BSD                                                              

                 9RS 8RS 8BS                                                   

                            7CS 10N 6.5S                                       

                                        9RS 8CS 10N 8BS 9.5RS                  

                                                            8BPS               

                                                                8 BSD          

     A + B                                                                     

         1/4                                                                   

           4 9.5BSD                                                            

                 9RS 8.5RS                                                     

                         9BS                                                   

                            9BS 10N 7BS 9.5RS                                  

                                            9BS 10N 9BS 10D 9BS 8.5BSD         

     A + B                                                                     

         1/2                                                                   

           1/2                                                                 

             8BSD                                                              

                 8RS 8.5BSD                                                    

                         6BS                                                   

                            5CBS                                               

                                9.5RS                                          

                                    5S  6.5RS                                  

                                            6.5CS                              

                                                9RS 5BS 9BSD                   

                                                            6.5RS              

                                                                7BSD           

     A + B                                                                     

         1/4                                                                   

           1 9.5BSD                                                            

                 9.5RS                                                         

                     9BS 7BS                                                   

                            6.5BS                                              

                                10N 9BSD                                       

                                        9RS 7.5BSC                             

                                                10N 7BS 10D 7BS 8SD            

     A + B                                                                     

         1/2                                                                   

           2 9.5BSD                                                            

                 9.5RS                                                         

                     9BSD                                                      

                         7BS                                                   

                            8.5BSD                                             

                                10N 8BSD                                       

                                        9.5RS                                  

                                            8.5BS                              

                                                10N 8BS 9.5SD                  

                                                            8.5BS              

                                                                8BSD           

     A ' B                                                                     

         1/2                                                                   

           4 10D 9.5RS                                                         

                     9.5SD                                                     

                         8BS                                                   

                            8.5BSD                                             

                                10N 9BSD                                       

                                        10D 8.5BS                              

                                                10N 7.5BS                      

                                                        10N 9BS 8BSD           

     A + B                                                                     

         1 1/2                                                                 

             10D 9RS 9.5SD                                                     

                         4S 6BSD                                               

                                9.5RS                                          

                                    9.5BSD                                     

                                        9SD 7BS 9.5SD                          

                                                    4S  10D 7BS 9BSD           

     A + B                                                                     

         1 1 10D 9RS 9.5SD                                                     

                         7BS                                                   

                            7BSD                                               

                                10N 9.5BSD                                     

                                        9SD 7BS 9.5RS                          

                                                    6S  9SD 5BS 9BCD           

     A + B                                                                     

         1 1 9.5BSD                                                            

                 10N 9.5BSD                                                    

                         7BS                                                   

                            9.5BSD                                             

                                10N 9BSD                                       

                                        10D 8BS 10N 7.5BS                      

                                                        10D 9SD 9.5SD          

     A + B                                                                     

         1 4 10D 10N 10D 7BS                                                   

                            9.5BSD                                             

                                10N 9.5BSD                                     

                                        10D 8.5BS                              

                                                10N 8.5BS                      

                                                        10D 9BSD               

                                                                9.5BSD         

     A + B                                                                     

         2 1/2                                                                 

             10D 9.5RS                                                         

                     9.5SD                                                     

                         2.5                                                   

                            10D 10D 9.5SD                                      

                                        9.5RS                                  

                                            7SD 10N 3S  10D 7BS 10D            

                         BS                                                    

     A + B                                                                     

         2 1 10D 9.5SD                                                         

                     9.5SD                                                     

                         4BS                                                   

                            10D 9.5RS                                          

                                    9.5SD                                      

                                        10D 8BSD                               

                                                10N 4.5BS                      

                                                        10D 7.5BSD             

                                                                10D            

     A + B                                                                     

         2 2 10D 10N 9.5SD                                                     

                         6.5                                                   

                            10D 10N 10D 10D 8BSD                               

                                                9.5SD                          

                                                    5.5S                       

                                                        10D 7.5BSD             

                                                                9.5SD          

                         BS                                                    

     A + B                                                                     

         2 4 9.5SD                                                             

                 10D 10D 3.5S                                                  

                            9.5SD                                              

                                10N 10D 10D 6.5BS                              

                                                10N 5.5S                       

                                                        10D 8.5RSD             

                                                                10D            

     Control                                                                   

         --                                                                    

           --                                                                  

             0   0   0   0  0   0   0   0   0   0   0   0   0   0              

     __________________________________________________________________________

TBL                                    TABLE XV                                

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-6-CHLORO-2-TRIFLUOROMETHYL-                      

     1H-IMIDAZO(4,5-b)PYRIDINE ("A") WITH PROPACHLOR ("B")                     

     Com-                                                                      

         Rates Morn-                                                           

                   Corn                                                        

                      Fox-                                                     

                          Rag-                                                 

                              Barn-                                            

                                  Large                                        

                                      Pig-                                     

                                          Sorg-                                

                                              Rice                             

                                                 Velvet                        

                                                     Corn                      

                                                        Jimson                 

                                                            John-              

                                                                Lambs          

     pounds                                                                    

         Lbs./ ing    tail                                                     

                          weed                                                 

                              yard                                             

                                  crab-                                        

                                      weed                                     

                                          hum    Leaf   Weed                   

                                                            son Quar-          

         Acre  Glory  Millet  Grass                                            

                                  grass                     Grass              

                                                                ter            

     __________________________________________________________________________

     A + B                                                                     

         0.25 + 1.0                                                            

               7BS 0  10D 10D 9RS 8RS 10D 2B  9RS                              

                                                 6SB 0  10D 4SR 7RS            

     A + B                                                                     

         0.25 + 2.0                                                            

               10D 0  10D 10D 9RS 8RS 5SB 3SB 9RS                              

                                                 7BS 0  9BS 3S  6RS            

     A + B                                                                     

         0.25 + 3.0                                                            

               9BS 0  10D 10D 9RS 10D 10D 4S  10N                              

                                                 9BSR                          

                                                     0  9BS 4S  7S             

     A + B                                                                     

         0.25 + 4.0                                                            

               10D 1S 10D 10D 9RS 8S  7SR 4S  10N                              

                                                 9BS 0  8BS 4S  7S             

     A + B                                                                     

         0.5 + 1.0                                                             

               9BS 0  10D 10D 8RSB                                             

                                  8S  7RS 3BS 8BS                              

                                                 8BS 0  8BS 5SB 8SB            

     A + B                                                                     

         0.5 + 2.0                                                             

               10D 0  10D 10D 9BSR                                             

                                  8S  8SR 2SB 9RS                              

                                                 9BS 0  9BS 6SB 8SR            

     A + B                                                                     

         0.5 + 3.0                                                             

               10D 0  10D 10D 9BSR                                             

                                  8SR 8SR 4S  9RS                              

                                                 9BS 0  9BS 5S  7S             

     A + B                                                                     

         0.5 + 4.0                                                             

               10D 0  10D 10D 10D 10N 10N 4S  9RS                              

                                                 9BS 2S 9BS 6SB 8S             

     A + B                                                                     

         1.0 + 1.0                                                             

               10D 0  10D 10D 10D 10N 10D 6BS 5SB                              

                                                 9BS 0  9BS 9BS 9RS            

     A + B                                                                     

         1.0 + 2.0                                                             

               10D 2S 10D 10D 10D 9.5RS                                        

                                      10N 5BS 5SB                              

                                                 9BS 0  10D 9.5BS              

                                                                8SR            

     A + B                                                                     

         1.0 + 3.0                                                             

               10D 0  10D 10D 9BSR                                             

                                  9RS 9BSR                                     

                                          6BS 9RS                              

                                                 10D 1S 9BS 9.5BS              

                                                                8S             

     A + B                                                                     

         1.0 + 4.0                                                             

               10D 0  10D 10D 10D 10N 10N 4SB 9RS                              

                                                 10D 0  9BS 9.5BS              

                                                                9SR            

     A + B                                                                     

         2.0 + 1.0                                                             

               10D 3S 10D 10D 10D 10D 10D 9BS 7BS                              

                                                 10D 3S 9BS 9BS 9RS            

     A + B                                                                     

         2.0 + 2.0                                                             

               10D 4S 10D 10D 10D 10D 9SR 8BS 9RS                              

                                                 10D 5SB                       

                                                        9BS 10D 9S             

     A + B                                                                     

         2.0 + 3.0                                                             

               10D 3S 10D 10D 10D 10N 10N 9BS 8RS                              

                                                 10D 4S 9BS 10D 9SR            

     A + B                                                                     

         2.0 + 4.0                                                             

               10D 1S 10D 10D 10D 10D 9.8BSR                                   

                                          9BS 10N                              

                                                 10D 3S 10D 10D 10N            

     Control                                                                   

         0     0   0  0   0   0   0   0   0   0  0   0  0   0   0              

     __________________________________________________________________________

TBL                                    TABLE XVI                               

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-6-CHLORO-2-TRIFLUOROMETHYL-1H-                   

     IMIDAZO(4,5-b)PEPIDINE ("A") WITH PROPAZINE ("B")                         

     Com-                                                                      

         Rates                                                                 

             Morn-                                                             

                 Pig-                                                          

                     Rag-                                                      

                         Sorg-                                                 

                             Velvet                                            

                                 Lambs                                         

                                     Jimson                                    

                                         Barn                                  

                                             Rice                              

                                                 Large                         

                                                     Sorg-                     

                                                         Fox-                  

                                                             Corn              

                                                                John-          

     pounds                                                                    

         Lbs./                                                                 

             ing weed                                                          

                     weed                                                      

                         hum Leaf                                              

                                 Quar-                                         

                                     Weed                                      

                                         yard    Crab-                         

                                                     hum tail   son            

         Acre                                                                  

             Glory               ter     Grass   grass   Millet Grass          

     __________________________________________________________________________

     A + B                                                                     

         1/2                                                                   

           3/4                                                                 

             8DS 8SD 8BSD                                                      

                         0   3BSD                                              

                                 9RSD                                          

                                     9.5SD                                     

                                         5SD 2BS 3S  0   6BSD                  

                                                             0  8BSD           

     A + B                                                                     

         1/2                                                                   

           11/2                                                                

             8.5BSD                                                            

                 8SD 9BSD                                                      

                         0   5BSD                                              

                                 9RSD                                          

                                     9BSD                                      

                                         4SD 3BS 4.5RS                         

                                                     0   7BSD                  

                                                             0  7BSD           

     A + B                                                                     

         1/2                                                                   

           3 8.5BSD                                                            

                 8.5SD                                                         

                     9BSD                                                      

                         0   3CS 8RSD                                          

                                     9.5BSD                                    

                                         8BSD                                  

                                             5BS 7.5RSD                        

                                                     0   6BSD                  

                                                             0  7.5BSD         

     A + B                                                                     

         1 3/4                                                                 

             10D 8.5SD                                                         

                     9BSD                                                      

                         3BS 7.5BSD                                            

                                 8RSD                                          

                                     9.5SD                                     

                                         7BSD                                  

                                             1BS 9RSD                          

                                                     0   9.5SD                 

                                                             2S 9.5BSD         

     A + B                                                                     

         1 11/2                                                                

             10D 8SD 9.5BSD                                                    

                         3BS 10D 9RSD                                          

                                     9.5BSD                                    

                                         8.5BSD                                

                                             2BS 8RSD                          

                                                     2BS 10D 0  9.5BSD         

     A + B                                                                     

         1 3 10D 8.5SD                                                         

                     10D 2BS 10D 9RSD                                          

                                     9.5BSD                                    

                                         9.5BSD                                

                                             4BS 9RSD                          

                                                     1BS 9SD 0  9.5BSD         

     A + B                                                                     

         11/2                                                                  

           3/4                                                                 

             10D 8SD 8BSD                                                      

                         2BS 8BSD                                              

                                 9RSD                                          

                                     9.5SD                                     

                                         10D 6BSD                              

                                                 9.5 RSD                       

                                                     2BS 10D 0  10D            

     A + B                                                                     

         11/2                                                                  

           11/2                                                                

             9.5BSD                                                            

                 8BSD                                                          

                     10D 2.5BS                                                 

                             9.5BS                                             

                                 9RSD                                          

                                     9.5BSD                                    

                                         9BSD                                  

                                             5BSD                              

                                                 10D 2BS 10D 2BS               

                                                                9.5BSD         

     A + B                                                                     

         11/2                                                                  

           3 10D 8BSD                                                          

                     10D 3BS 10D 9RSD                                          

                                     10D 9.5BSD                                

                                             7BSD                              

                                                 8SD 3.5BS                     

                                                         10D 1S 9.5BSD         

     A + B                                                                     

         2 3/4                                                                 

             10D 8BSD                                                          

                     9BSD                                                      

                         3BS 9.5BSD                                            

                                 9RSD                                          

                                     9.5BSD                                    

                                         9.5BSD                                

                                             5BSD                              

                                                 9.5SD                         

                                                     4BS 10D 2S 10D            

     A + B                                                                     

         2 11/2                                                                

             10D 8BSD                                                          

                     9.5BSD                                                    

                         2BS 10D 9.5RSD                                        

                                     10D 10D 6.5BSD                            

                                                 10D 3BS 10D 1S 9BSD           

     A + B                                                                     

         2 3 10D 8.5BSD                                                        

                     10D 2BS 9BSD                                              

                                 9.5RSD                                        

                                     9.5BSD                                    

                                         10D 6BSD                              

                                                 9RSD                          

                                                     2BS 10D 0  10D            

     Control                                                                   

         --                                                                    

           --                                                                  

             0   0   0   0   0   0   0   0   0   0   0   0   0  0              

     Control                                                                   

         --                                                                    

           --                                                                  

             0   0   0   0   0   0   0   0   0   0   0   0   0  0              

     Control                                                                   

         --                                                                    

           --                                                                  

             0   0   0   0   0   0   0   0   0   0   0   0   0  0              

     __________________________________________________________________________

TBL                                    TABLE XVII-                             

     COMBINATION OF 1-METHOXY-6-CHLORO-2-TRIFLUOROMETHYL-                      

     1H-IMIDAZO(4,5-b)                                                         

     PYRIDINE ("A") WITH SIMAZINE ("B")                                        

     Com-                                                                      

         Rates                                                                 

             Morn-                                                             

                 Pig-                                                          

                     Rag-                                                      

                         Corn                                                  

                            Velvet                                             

                                Lambs                                          

                                    Jimson                                     

                                        Barn-                                  

                                            Rice                               

                                                Large                          

                                                    Corn                       

                                                        Fox-                   

                                                            Sorg-              

                                                                John-          

     pounds                                                                    

         Lbs./                                                                 

             ing weed                                                          

                     weed   Leaf                                               

                                Quar-                                          

                                    weed                                       

                                        yard    Crab-   tail                   

                                                            hum son            

         Acre                                                                  

             Glory              ter     Grass   grass   Millet  Grass          

     __________________________________________________________________________

     A + B                                                                     

         1/4                                                                   

           1/4                                                                 

             6.5BSD                                                            

                 8.5BS                                                         

                     6.5SD                                                     

                         0  2S  6.5S                                           

                                    9.5SD                                      

                                        0   1BS 6BS 0   4.5BS                  

                                                            0   4BS            

     A + B                                                                     

         1/4                                                                   

           1/2                                                                 

             10D 7BSD                                                          

                     7RSD                                                      

                         0  5CS 10D 10D 6BSD                                   

                                            2BS 7.5BS                          

                                                    0   6BS 0   7BSD           

     A + B                                                                     

         1/4                                                                   

           1 10D 8.5BSD                                                        

                     9SD 0  6CS 9SD 9.5SD                                      

                                        8BSD                                   

                                            2BS 9BSD                           

                                                    0   7BSD                   

                                                            0   9BSD           

     A + B                                                                     

         1/4                                                                   

           2 10D 8.5BSD                                                        

                     9SD 0  8SD 9.5SD                                          

                                    10D 9.5BSD                                 

                                            3BS 9BSD                           

                                                    6BSD                       

                                                        9.5BSD                 

                                                            2S  9BSD           

     A + B                                                                     

         1/2                                                                   

           1/4                                                                 

             10D 8BS 8BSD                                                      

                         0  5CS 9BSD                                           

                                    9SD 3BS 1B  6SD 0   7.5BSD                 

                                                            0   8.5BSD         

     A + B                                                                     

         1/2                                                                   

           1/2                                                                 

             9.5BSD                                                            

                 8.5BS                                                         

                     9.5SD                                                     

                         0  6.5BSD                                             

                                9BSD                                           

                                    9.5SD                                      

                                        3BS 6.5BS                              

                                                8SD 0   8BSD                   

                                                            0   9BSD           

     A + B                                                                     

         1/2                                                                   

           1 9.5BSD                                                            

                 9BS 9.5SD                                                     

                         0  6.5BSD                                             

                                10D 10D 3.5BS                                  

                                            5BS 9SD 0   9.5BSD                 

                                                            0   9.5BSD         

     A + B                                                                     

         1/2                                                                   

           2 10D 9.5BS                                                         

                     10D 0  7CSD                                               

                                10D 10D 9.5BS                                  

                                            5BS 9.5SD                          

                                                    0   10D 4BS 9.5BSD         

     A + B                                                                     

         1 1/4                                                                 

             9.5BSD                                                            

                 9BS 9SD 0  7SD 9BS 10D 7BSD                                   

                                            3BS 9BSD                           

                                                    0   9BSD                   

                                                            0   10D            

     A + B                                                                     

         1 1/2                                                                 

             10D 6.5S                                                          

                     9SD 1S 6SD 9BS 9.5BSD                                     

                                        9.5BSD                                 

                                            2BS 9.5BSD                         

                                                    1.5S                       

                                                        9.5BSD                 

                                                            3BS 10D            

     A + B                                                                     

         1 1 10D 8S  10D 0  7SD 7.5BS                                          

                                    9.5BSD                                     

                                        9.5BSD                                 

                                            6BS 10D 0   9.5BSD                 

                                                            3BS 10D            

     A + B                                                                     

         1 2 10D 9.5BS                                                         

                     8SD 1S 9SD 10D 10D 9BSD                                   

                                            4BS 10D 1.5S                       

                                                        10D 5BS 10D            

     A + B                                                                     

         2 1/4                                                                 

             10D 9BSD                                                          

                     9.5BSD                                                    

                         1.5S                                                  

                            10D 10D 10D 9BSD                                   

                                            6BSD                               

                                                9.5BSD                         

                                                    0   10D 3BS 10D            

     A + B                                                                     

         2 1/2                                                                 

             10D 9.5BSD                                                        

                     9.5BSD                                                    

                         2S 9.5BSD                                             

                                9BS 9.5SD                                      

                                        9BSD                                   

                                            6BSD                               

                                                9.5BSD                         

                                                    1.5S                       

                                                        10D 5BS 9.5BSD         

     A + B                                                                     

         2 1 10D 9.5BSD                                                        

                     9.5BSD                                                    

                         1S 9BSD                                               

                                9.5BS                                          

                                    10D 9.5BSD                                 

                                            6BSD                               

                                                10D 1S  10D 4.5BS              

                                                                9.5BSD         

     A + B                                                                     

         2 2 9.5BSD                                                            

                 9BSD                                                          

                     9.5BSD                                                    

                         1.5S                                                  

                            9.5BSD                                             

                                10D 10D 9.5BSD                                 

                                            6BSD                               

                                                10D 1S  10D 6BS 9.5BSD         

     Control                                                                   

         --                                                                    

           --                                                                  

             0   0   0   0  0   0   0   0   0   0   0   0   0   0              

     __________________________________________________________________________

TBL                                    TABLE XVIII                             

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-6-CHLORO-2-TRIFLUOROMETHYl-                      

     1H-IMIDAZO(4,5-b)PYRIDINE ("A") WITH TRIFLURALIN ("B")                    

     Com-                                                                      

         Rates                                                                 

              Mor-                                                             

                  Corn                                                         

                      Fox-                                                     

                          Rag-                                                 

                              Barn-                                            

                                  Large                                        

                                      Pig-                                     

                                         Sor-                                  

                                            Rice                               

                                                Velvet                         

                                                    Corn                       

                                                        Jimson                 

                                                            John-              

                                                                Lambs          

     pound                                                                     

         lbs./                                                                 

              ning    tail                                                     

                          weed                                                 

                              yard                                             

                                  Crab-                                        

                                      weed                                     

                                         ghum   Leaf    Weed                   

                                                            son Quar-          

         acre Glory   Millet  Grass                                            

                                  grass                     Grass              

                                                                ter            

     __________________________________________________________________________

     A + B                                                                     

         0.21 0.25                                                             

              6SB 0   8SR 5S  9 RS                                             

                                  1ON 1ON                                      

                                         8SR                                   

                                            5SC 0   0   2S  5SR 4S             

     A + B                                                                     

         0.21 0.5                                                              

              8SB 0   9SR 10D 9RS 9.5RS                                        

                                      10N                                      

                                         7SR                                   

                                            6SC 3SB 0   5SB 4S  5S             

     A + B                                                                     

         0.21 1.0                                                              

              10D 0   9BSR                                                     

                          10D 9RSB                                             

                                  9.5RS                                        

                                      9.5                                      

                                         9SR                                   

                                            5SCB                               

                                                8BS 2S  8BS 9.5RS              

                                                                9BSR           

                                      BS                                       

     A + B                                                                     

         0.21 2.0                                                              

              10D 5S  10N 10D 9.5RS                                            

                                  9.5RS                                        

                                      10N                                      

                                         8SR                                   

                                            5SB 10D 4S  9BSR                   

                                                            10N 10N            

     A + B                                                                     

         0.42 0.25                                                             

              5SB 4S  9RSB                                                     

                          5SB 10N 10N 10N                                      

                                         10N                                   

                                            8SC 2S  4SC 2SC 9.5RS              

                                                                6SR            

     A + B                                                                     

         0.42 0.5                                                              

              6BS 5S  9.8RS                                                    

                          10D 9.5RS                                            

                                  9.5RS                                        

                                      10N                                      

                                         10N                                   

                                            9SC 3S  4S  5SB 10N 8SR            

     A + B                                                                     

         0.42 1.0                                                              

              10D 4S  9.8RS                                                    

                          10D 10N 10N 10N                                      

                                         9.8                                   

                                            8SC 10D 5SB 9BS 9.5RS              

                                                                9RS            

                                         RS                                    

     A + B                                                                     

         0.42 2.0                                                              

              10D 5S  10N 10D 10N 10N 10N                                      

                                         10N                                   

                                            8SCR                               

                                                10D 5SC 9BS 9.5RS              

                                                                10N            

     A + B                                                                     

         0.83 0.25                                                             

              6SB 7FSC                                                         

                      10N 7RS 9.5RS                                            

                                  10N 10N                                      

                                         10N                                   

                                            9CSR                               

                                                3S  7CSF                       

                                                        3S  9.5RS              

                                                                8RS            

     A + B                                                                     

         0.83 0.5                                                              

              7BS 8RSF                                                         

                      10N 10D 10N 10N 10N                                      

                                         9.9                                   

                                            9CSR                               

                                                4SB 7CSF                       

                                                        8BSF                   

                                                            9.8RS              

                                                                9.5RS          

                                         RS                                    

     A + B                                                                     

         0.83 1.0                                                              

              8SB 8BSF                                                         

                      9.8RS                                                    

                          10D 9.8RS                                            

                                  10N 10N                                      

                                         10N                                   

                                            9SRF                               

                                                7BS 7SC 9.5BS                  

                                                            9.9RS              

                                                                9.5RS          

     A + B                                                                     

         0.83 2.0                                                              

              9BS 8SCB                                                         

                      10N 10D 10N 10N 10N                                      

                                         10N                                   

                                            9SCR                               

                                                9.8BS                          

                                                    7SCB                       

                                                        9BSF                   

                                                            10N 9.5RS          

     A + B                                                                     

         2.0  7SB25                                                            

                  9RSF                                                         

                      10N 8BSR                                                 

                              10N 10N 10N                                      

                                         10N                                   

                                            9.5SR                              

                                                6S  9RSF                       

                                                        4SB 10N 10N            

     A + B                                                                     

         2.0  7SB5                                                             

                  9RSB                                                         

                      10N 9.5BS                                                

                              10N 10N 10N                                      

                                         10N                                   

                                            9.8RS                              

                                                5SF 8FSB                       

                                                        6SF 10N 10N            

     A + B                                                                     

         2.0  10D0                                                             

                  9FSB                                                         

                      10N 10D 10N 10N 8SR                                      

                                         10N                                   

                                            9RS 10D 9SF 9.5BS                  

                                                            10N 9.5RS          

     A + B                                                                     

         2.0  10D0                                                             

                  9FSB                                                         

                      10N 10D 10N 10N 9.5                                      

                                         10N                                   

                                            9.5SR                              

                                                9.5BS                          

                                                    9FSB                       

                                                        10D 10N 10N            

                                      RS                                       

     Control                                                                   

         0    0   0   0   0   0   0   0  0  0   0   0   0   0   0              

     __________________________________________________________________________

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-6-CHLORO-2-TRIFLUOROMETHYL-                      

     1H-IMIDAZO(4,5-b)PYRIDINE ("A") WITH TCA ("B")                            

     Com-                                                                      

         Rates Morn-                                                           

                   Pig-                                                        

                      Rag-                                                     

                         Corn                                                  

                            Velvet                                             

                                Lambs                                          

                                    Jimson                                     

                                        Barn-                                  

                                            Rice                               

                                                Large                          

                                                    Corn                       

                                                        Fox-                   

                                                            Sorg-              

                                                                John-          

     pounds                                                                    

         Lbs./ ing weed                                                        

                      weed  leaf                                               

                                Quar-                                          

                                    weed                                       

                                        yard    Crab-   tail                   

                                                            hum son            

         Acre  Glory            ter     Grass   grass   Millet  Grass          

     __________________________________________________________________________

     A + B                                                                     

         1/4                                                                   

            3/4                                                                

               2CS -- -- 1S 0   0   2.5S                                       

                                        1S  0   1S  0   4BFD                   

                                                            0   3BS            

     A + B                                                                     

         1/4                                                                   

            1 1/2                                                              

               2CS -- -- 2S 0   2S  4S  0   5BS 8SD 0   7BFD                   

                                                            0   3BS            

     A + B                                                                     

         1/4                                                                   

            3  2CS -- -- 1S 0   3RS 2S  2S  9BSD                               

                                                9BSD                           

                                                    0   9BFD                   

                                                            0   4BS            

     A + B                                                                     

         1/4                                                                   

            6  1C  -- -- 1S 0   3S  3S  7BFS                                   

                                            10D 7BSD                           

                                                    0   9.5BFD                 

                                                            78FD               

                                                                8BSD           

     A + B                                                                     

         1/2                                                                   

            3/4                                                                

               3BS -- -- 0  0   2S  7BSD                                       

                                        3S  6BSD                               

                                                5BS 0   8.5BSD                 

                                                            0   4BS            

     A + B                                                                     

         1/2                                                                   

            1 1/2                                                              

               5BS -- -- 0  4CS 3S  6BSD                                       

                                        4BS 5BS 3BS 0   7BSD                   

                                                            0   8BSD           

     A + B                                                                     

         1/2                                                                   

            3  4BSD                                                            

                   -- 0  5CBS                                                  

                            8RS 8RS 10D 8BSD                                   

                                            8BS 5SD 0   7BFSD                  

                                                            3BFS               

                                                                9BSD           

     A + B                                                                     

         1/2                                                                   

            6  7BSD                                                            

                   -- -- 3FS                                                   

                            6BSD                                               

                                8RSD                                           

                                    9BSD                                       

                                        6BSD                                   

                                            8BSD                               

                                                7BSD                           

                                                    2FS 9.5BSD                 

                                                            8BFSD              

                                                                9BSD           

     A + B                                                                     

         1  3/4                                                                

               9BSD                                                            

                   -- -- 0  7BSD                                               

                                7RS 9BSD                                       

                                        7BSD                                   

                                            3BS 6BSD                           

                                                    1S  8BSD                   

                                                            0   8BSD           

     A + B                                                                     

         1  1 1/2                                                              

               9BSD                                                            

                   -- -- 0  5BS 7RS 9.5BSD                                     

                                        9BSD                                   

                                            8.5BSD                             

                                                9BSD                           

                                                    1.5S                       

                                                        9BSD                   

                                                            3BS 9BSD           

     A + B                                                                     

         1  3  5CSB                                                            

                   -- -- 0  6CBS                                               

                                4RS 9BSD                                       

                                        6BSD                                   

                                            7BSD                               

                                                9BSD                           

                                                    2S  10D 3BS 8BSD           

     A + B                                                                     

         1  6  6BCSD                                                           

                   -- -- 1S 8BSD                                               

                                8RS 9BSD                                       

                                        9BSD                                   

                                            9BSD                               

                                                9BSD                           

                                                    0   9.5BSD                 

                                                            6BFS               

                                                                10D            

     A + B                                                                     

         2  3/4                                                                

               10D -- -- 2S 9BSD                                               

                                7RS 9.5BSD                                     

                                        9.5BSD                                 

                                            6BSD                               

                                                8BSD                           

                                                    1S  7BSD                   

                                                            3BS 9BSD           

     A + B                                                                     

         2  1 1/2                                                              

               10D -- -- 1S 9BSD                                               

                                7RS 9.5BSD                                     

                                        9.5BSD                                 

                                            6BSD                               

                                                9BSD                           

                                                    2S  10D 3BS 9.5BSD         

     A + B                                                                     

         2  3  10D -- -- 3S 9BSD                                               

                                8RS 9BSD                                       

                                        9.5BSD                                 

                                            7BSD                               

                                                8BSD                           

                                                    0   10D 6BSD               

                                                                9.5BSD         

     A + B                                                                     

         2  6  10D -- -- 4FS                                                   

                            10D 9RS 9BSD                                       

                                        9.5BSD                                 

                                            9BSD                               

                                                8.5BSD                         

                                                    3FS 10D 8.5BSFD            

                                                                10D            

     Control                                                                   

         -- -- 0   -- -- 0  0   0   0   0   0   0   0   0   0   0              

     __________________________________________________________________________

PAC  EXAMPLES 104-107
PAR  Additional evaluations were conducted, in accordance with the procedures of
      the foregoing examples, with
      1-methoxy-5-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)pyridine and with
      1-methoxy-2,6-bis(trifluoromethyl)-1H-imidazo(4,5-b)pyridine. Each was
      employed in combination with alachlor and separately in combination with
      atrazine. The results were as set forth in the following tables.
TBL                                    TABLE XX                                

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-5-CHLORO-2-TRIFLUOROMETHYL-                      

     1H-IMIDAZO(4,5-b)PYRIDINE ("A") WITH ALACHLOR ("B")                       

     Com-                                                                      

         Rates                                                                 

              Mor-                                                             

                  Corn                                                         

                      Fox-                                                     

                          Rag-                                                 

                              Barn-                                            

                                  Large                                        

                                      Pig-                                     

                                         Sor-                                  

                                            Rice                               

                                                Velvet                         

                                                    Com Jimson                 

                                                            John-              

                                                                Lambs          

     pound                                                                     

         Lbs./                                                                 

              ning    tail                                                     

                          weed                                                 

                              yard                                             

                                  Crab-                                        

                                      weed                                     

                                         ghum   Leaf    Weed                   

                                                            son Quar-          

         Acre Glory   Millet  Grass                                            

                                  grass                     Grass              

                                                                ter            

     __________________________________________________________________________

     A + B                                                                     

         0.25 + 0.5                                                            

              3SE 2S  9.5BS                                                    

                          9.5RS                                                

                              9.5RS                                            

                                  10D 9.5RS                                    

                                         9RSF                                  

                                            9RS 9.5BS                          

                                                    0   9BS 9RSB               

                                                                10D            

     A + B                                                                     

         0.25 + 1.0                                                            

              4SE 0   10D 10D 10D 10D 10D                                      

                                         9RSF                                  

                                            9.8RS                              

                                                8BS 0   9.5BS                  

                                                            9RSB               

                                                                10D            

     A + B                                                                     

         0.25 + 2.0                                                            

              6BSC                                                             

                  2S  10N 10N 10D 10N 10N                                      

                                         9.5BS                                 

                                            10N 9BS 1S  10D 9.5BS              

                                                                10N            

     A + B                                                                     

         0.25 + 4.0                                                            

              9.5BS                                                            

                  0   10D 10D 10N 10N 10N                                      

                                         9.5BS                                 

                                            10N 9.5BS                          

                                                    3S  10D 10D 10D            

     A + B                                                                     

         0.5 + 0.5                                                             

              9.5BS                                                            

                  2BS 10D 9RS 9RSB                                             

                                  9.5RS                                        

                                      10N                                      

                                         8SFB                                  

                                            9.5RS                              

                                                10D 2S  10D 8RSB               

                                                                9.5RS          

     A + B                                                                     

         0.5 + 1.0                                                             

              9BS 0   10D 10D 9.5RS                                            

                                  10D 10N                                      

                                         9.5BS                                 

                                            10N 10D 0   10D 8BSR               

                                                                9RS            

     A + B                                                                     

         0.5 + 2.0                                                             

              10D 2S  10D 10D 10D 10N 10N                                      

                                         9.8BS                                 

                                            10N 10D 2S  10D 9.5RSB             

                                                                9.5BS          

     A + B                                                                     

         0.5 + 4.0                                                             

              10D 0   10N 10D 10N 10N 10N                                      

                                         10D                                   

                                            10N 10D 2S  10D 10D 10D            

     A + B                                                                     

         1.0 + 0.5                                                             

              10D 0   10D 10D 10D 10N 10D                                      

                                         9.8BS                                 

                                            9.5RS                              

                                                10D 1S  10D 8RSB               

                                                                10D            

     A + B                                                                     

         1.0 + 1.0                                                             

              10D 2S  10D 10D 10N 10N 9.5RS                                    

                                         8BSF                                  

                                            10D 10D 0   10D 9.5BS              

                                                                9.5RS          

     A + B                                                                     

         1.0 + 2.0                                                             

              10D 1S  10D 10D 10N 10N 10N                                      

                                         9.8BS                                 

                                            10N 10D 2S  10D 9.5BS              

                                                                10N            

     A + B                                                                     

         1.0 + 4.0                                                             

              9.8BS                                                            

                  2SB 10N 10N 10N 10N 10N                                      

                                         9.8BS                                 

                                            10N 10D 2SB 10D 10D 10D            

     A + B                                                                     

         2.0 + 0.5                                                             

              10D 0   10D 10D 10D 10D 10D                                      

                                         9BSF                                  

                                            9RSB                               

                                                10D 0   10D 9BSR               

                                                                10D            

     A + B                                                                     

         2.0 + 1.0                                                             

              10D 2S  10D 10D 10D 10N 10D                                      

                                         10D                                   

                                            8RSB                               

                                                10D 0   10D 10D 10D            

     A + B                                                                     

         2.0 + 2.0                                                             

              10D 3S  10N 10D 10N 10N 10N                                      

                                         10N                                   

                                            10N 10D 4SB 9BSR                   

                                                            9.5RS              

                                                                10D            

     A + B                                                                     

         2.0 + 4.0                                                             

              10D 3S  10D 10N 10N 10N 10N                                      

                                         10D                                   

                                            10N 10D 2S  10D 9.5BS              

                                                                10N            

     Control                                                                   

         0    0   0   0   0   0   0   0  0  0   0   0   0   0   0              

     __________________________________________________________________________

TBL                                    TABLE XXI                               

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-5-CHLORO-2-TRIFLUOROMETHYL-                      

     1H-IMIDAZO(4,5-b)PYRIDINE ("A") WITH ATRAZINE ("B")                       

     Com-                                                                      

         Rates                                                                 

              Mor-                                                             

                  Corn                                                         

                      Fox-                                                     

                          Rage                                                 

                              Barn-                                            

                                  Large                                        

                                      Pig-                                     

                                         Sor-                                  

                                            Rice                               

                                                Velvet                         

                                                    Corn                       

                                                        Jimson                 

                                                            John-              

                                                                Lamps          

     pound                                                                     

         Lbs./                                                                 

              ning    tail                                                     

                          weed                                                 

                              yard                                             

                                  Crab-                                        

                                      weed                                     

                                         ghum   Leaf    Weed                   

                                                            son Quar-          

         Acre Glory   Millet  Grass                                            

                                  grass                     Grass              

                                                                ter            

     __________________________________________________________________________

     A + B                                                                     

         0.25 + 0.25                                                           

              7BS 1S  7BS 10D 6SB 4SB 6SB                                      

                                         0  5B  8BS 0   10D 0   7SB            

     A + B                                                                     

         0.25 + 0.5                                                            

              8BS 0   7BS 10D 5SB 3SB 7SB                                      

                                         0  5B  9BS 0   9BS 0   7SB            

     A + B                                                                     

         0.25 + 1.0                                                            

              10D 0   8BS 10D 9BS 8BS 8BS                                      

                                         0  5B  10D 0   10D 2S  8BS            

     A + B                                                                     

         0.25 + 2.0                                                            

              10D 0   9BS 10D 8BS 7BS 7BS                                      

                                         0  9B  10D 0   10D 2SB 9BS            

     A + B                                                                     

         0.5 + 0.25                                                            

              9BS 0   9BS 10D 7SB 8BS 8BS                                      

                                         0  8B  10D 0   10D 3SB 8BS            

     A + B                                                                     

         0.5 + 0.5                                                             

              10D 0   10D 10D 7BS 5SB 8BS                                      

                                         1S 6B  7.5BS                          

                                                    0   10D 3SB 9BS            

     A + B                                                                     

         0.5 + 1.0                                                             

              10D 2C  9.5BS                                                    

                          10D 7BS 6BS 8BS                                      

                                         2S 5B  10D 3SC 9BS 3SC 10D            

     A + B                                                                     

         0.5 + 2.0                                                             

              10D 0   9.5BS                                                    

                          10D 9BS 7BS 9BS                                      

                                         1S 9B  10D 0   10D 3S  9BS            

     A + B                                                                     

         1.0 + 0.25                                                            

              10D 1S  9.5BS                                                    

                          10D 9BS 6BS 9BS                                      

                                         2S 8B  10D 0   10D 3S  9BS            

     A + B                                                                     

         1.0 + 0.5                                                             

              10D 2SB 10D 10D 9.5BS                                            

                                  7SB 8BS                                      

                                         3SB                                   

                                            9B  10D 0   10D 4SB 9BS            

     A + B                                                                     

         1.0 + 1.0                                                             

              10D 1SB 10D 10D 9.5BS                                            

                                  9BS 9BS                                      

                                         3SB                                   

                                            10D 10D 0   10D 4SB 9BS            

     A + B                                                                     

         1.0 + 2.0                                                             

              10D 3S  10D 10D 9BS 7BS 9BS                                      

                                         5SB                                   

                                            10D 10D 1S  10D 3SB 9BS            

     A + B                                                                     

         2.0 + 0.25                                                            

              10D 4SB 10D 10D 9.5BS                                            

                                  8BS 9BS                                      

                                         8BS                                   

                                            10D 10D 3SB 10D 9BS 9BS            

     A + B                                                                     

         2.0 + 0.5                                                             

              10D 4SB 10D 10D 9.5BS                                            

                                  9.5BS                                        

                                      9.5BS                                    

                                         8BS                                   

                                            9.5BS                              

                                                10D 3S  10D 5SB 9BS            

     A + B                                                                     

         2.0 + 1.0                                                             

              10D 6SB 10D 10D 9BS 9.5BS                                        

                                      9.5BS                                    

                                         8BS                                   

                                            10D 10D 2S  10D 5SB 10D            

     A + B                                                                     

         2.0 + 2.0                                                             

              10D 3S  10D 10D 10D 9.8BS                                        

                                      9.5BS                                    

                                         8SB                                   

                                            9B  10D 3S  10D 6SB 9BS            

     Control                                                                   

         0    0   0   0   0   0   0   0  0  0   0   0   0   0   0              

     __________________________________________________________________________

TBL                                    TABLE XXII                              

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-2,6-BIS(TRIFLUOROMETHYL)-                        

     1H-IMIDAZO(4,5-b)PYRIDINE ("A") WITH ALACHLOR ("B")                       

     Com-                                                                      

         Rates                                                                 

              Mor-                                                             

                  Corn                                                         

                      Fox-                                                     

                          Rag-                                                 

                              Barn-                                            

                                  Large                                        

                                      Pig-                                     

                                         Sor-                                  

                                            Rice                               

                                                Velvet                         

                                                    Corn                       

                                                        Jimson                 

                                                            John-              

                                                                Lambs          

     pound                                                                     

         Lbs./                                                                 

              ning    tail                                                     

                          weed                                                 

                              yard                                             

                                  Crab-                                        

                                      weed                                     

                                         ghum   Leaf    Weed                   

                                                            son Quar-          

         Acre Glory   Millet  Grass                                            

                                  grass                     Grass              

                                                                ter            

     __________________________________________________________________________

     A + B                                                                     

         0.25 + 0.5                                                            

              2E  0   9.5BS                                                    

                          4SB 9RS 7RSB                                         

                                      8BSR                                     

                                         1S 5RB 4SB 0   3SB 4SR 9RS            

     A + B                                                                     

         0.25 + 1.0                                                            

              3SFE                                                             

                  0   10D 6SB 9.5RS                                            

                                  10D 10D                                      

                                         5SF                                   

                                            8RS 5SB 0   5SB 7RS 9RS            

     A + B                                                                     

         0.25 + 2                                                              

              5SEF                                                             

                  0   10D 9.5BS                                                

                              10N 10D 10N                                      

                                         5SF                                   

                                            9RS 5SB 0   6SB 9RS 9RSB           

     A + B                                                                     

         0.25 + 4.0                                                            

              7SBF                                                             

                  3SF 10N 9.5RS                                                

                              10D 10D 10D                                      

                                         7SFB                                  

                                            10N 8SB 2S  8BS 10D 10N            

     A + B                                                                     

         0.5 + 0.5                                                             

              5SBF                                                             

                  0   10D 5SB 9RS 8RSB                                         

                                      10D                                      

                                         3SB                                   

                                            7SRB                               

                                                7BS 0   8BS 7RSF               

                                                                8SR            

     A + B                                                                     

         0.5 + 1.0                                                             

              6SBF                                                             

                  0   10D 7SR 9.5RS                                            

                                  10D 10D                                      

                                         3SF                                   

                                            9RSB                               

                                                9.5BS                          

                                                    0   9BS 7RSB               

                                                                9BSR           

     A + B                                                                     

         0.5 + 2.0                                                             

              9.5BS                                                            

                  1S  10D 10N 10D 10N 10N                                      

                                         8BSF                                  

                                            9.5RS                              

                                                9BS 1S  9BS 9.5BS              

                                                                10N            

     A + B                                                                     

         0.5 + 4.0                                                             

              9.5BS                                                            

                  3S  10D 10D 10D 10D 10D                                      

                                         9.5BS                                 

                                            10N 9BS 4SF 10D 9.5BS              

                                                                10N            

     A + B                                                                     

         1.0 + 0.5                                                             

              9.5BS                                                            

                  0   10D 6S  7SR 8RSB                                         

                                      10D                                      

                                         4SFB                                  

                                            4S  9BS 0   9BS 8BS 9RS            

     A + B                                                                     

         1.0 + 1.0                                                             

              8BS 0   10D 7RS 9RS 9RSB                                         

                                      10D                                      

                                         8BSF                                  

                                            9RS 9BS 0   9.5BS                  

                                                            9.5BS              

                                                                9.5RS          

     A + B                                                                     

         1.0 + 2.0                                                             

              9.5BS                                                            

                  3SB 10N 8RS 10D 10D 10N                                      

                                         8RSB                                  

                                            10N 9.5BS                          

                                                    3S  9.5BS                  

                                                            9.5RS              

                                                                9.5RS          

     A + B                                                                     

         1.0 + 4.0                                                             

              10N 0   10N 9SR 10N 10N 10D                                      

                                         9.5RS                                 

                                            10N 9BS 3S  9BS 10D 9.5RS          

     A + B                                                                     

         2.0 + 0.5                                                             

              10D 0   10D 8BS 9RS 8BS 9BSR                                     

                                         8BS                                   

                                            8RS 9.5BS                          

                                                    2S  9BS 9BSR               

                                                                9.5RS          

     A + B                                                                     

         2.0 + 1.0                                                             

              10D 3S  10D 7S  9.5RSB                                           

                                  9.5BS                                        

                                      10D                                      

                                         8BS                                   

                                            9RS 9BS 1SB 9.5BS                  

                                                            9.5BS              

                                                                9.5RS          

     A + B                                                                     

         2.0 + 2.0                                                             

              10D 3S  10D 8SR 9.5BS                                            

                                  10D 10D                                      

                                         9BSF                                  

                                            9.5RS                              

                                                9.5BS                          

                                                    4S  9.5BS                  

                                                            10D 10N            

     A + B                                                                     

         2.0 + 4.0                                                             

              10D 3SB 10N 10D 10N 10N 10N                                      

                                         9BSF                                  

                                            9.5RS                              

                                                9.5BS                          

                                                    3S  9.5BS                  

                                                            10D 10N            

     Control                                                                   

         0    0   0   0   0   0   0   0  0  0   0   0   0   0   0              

     __________________________________________________________________________

TBL                                    TABLE XXIII                             

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-2,6-BIS(TRIFLUOROMETHYL)-                        

     1H-IMIDAZO(4,5-b)PYRIDINE ("A") + ATRAZINE ("B")                          

     Com-                                                                      

         Rates Morn-                                                           

                   Corn                                                        

                      Fox-                                                     

                          Rag-                                                 

                              Barn-                                            

                                  Large                                        

                                      Pig-                                     

                                          Sorg-                                

                                              Rice                             

                                                 Velvet                        

                                                     Corn                      

                                                        Jimson                 

                                                            John-              

                                                                Lambs          

     pounds                                                                    

         Lbs./ ing    tail                                                     

                          weed                                                 

                              yard                                             

                                  Crab-                                        

                                      weed                                     

                                          hum    Leaf   Weed                   

                                                            son Quar-          

         Acre  Glory  Millet  Grass                                            

                                  grass                     Grass              

                                                                ter            

     __________________________________________________________________________

     A + B                                                                     

         0.25 + 0.25                                                           

               3BS 0  3B  2S  0   2S  5SB 0   2B 2S  0  2B  0   7BS            

     A + B                                                                     

         0.25 + 0.5                                                            

               5BS 0  4B  8BS 4S  4SB 6BS 0   3B 4SB 2S 8BS 0   8BS            

     A + B                                                                     

         0.25 + 1.0                                                            

               10D 0  7BS 8BS 3SB 4SB 8BS 1B  7B 10D 0  9BS 1B  8BS            

     A + B                                                                     

         0.25 + 2.0                                                            

               10D 0  9BS 10D 8BS 6BS 8BS 0   8B 10D 0  10D 2B  7BS            

     A + B                                                                     

         0.5 + 0.25                                                            

               9BS 0  3B  4BS 3SB 6BS 7SB 0   5B 4SB 2S 8BS 0   6SB            

     A + B                                                                     

         0.5 + 0.5                                                             

               9BS 0  4B  6S  4S  4S  6SB 0   6B 5SB 0  10D 2S  7SB            

     A + B                                                                     

         0.5 + 1.0                                                             

               10D 0  5BS 10D 4SB 5SB 7BS 0   7B 9BS 0  10D 0   7SB            

     A + B                                                                     

         0.5 + 2.0                                                             

               8BS 4SB                                                         

                      5BS 10D 7BS 7BS 8SB 0   5B 10D 0  9BS 2S  7BS            

     A + B                                                                     

         1.0 + 0.25                                                            

               9.5BS                                                           

                   0  7BS 4SB 4S  5SB 3SB 0   0  8BS 0  9BS 2S  8BS            

     A + B                                                                     

         1.0 + 0.5                                                             

               10D 0  7BS 7SB 4S  5SB 8SB 1B  3BS                              

                                                 9.5BS                         

                                                     0  9BS 2S  8BS            

     A + B                                                                     

         1.0 + 1.0                                                             

               9.5BS                                                           

                   0  7BS 8BS 5SB 5SB 8BS 1B  5B 10D 1S 9.5BS                  

                                                            1S  9SB            

     A + B                                                                     

         1.0 + 2.0                                                             

               10D 0  9.5BS                                                    

                          9SB 8BS 8BS 8BS 3SB 8B 9.5BS                         

                                                     0  9.5BS                  

                                                            2SB 9BS            

     A + B                                                                     

         2.0 + 0.25                                                            

               9.5BS                                                           

                   0  8BS 8BS 5SB 8BS 8BS 4B  5B 9BS 0  9BS 3BS 8BS            

     A + B                                                                     

         2.0 + 0.5                                                             

               10D 0  8BS 9BS 4B  6BS 8SB 3BS 5B 9BS 2S 9BS 4BS 9BS            

     A + B                                                                     

         2.0 + 1.0                                                             

               10D 0  8BS 10D 5SB 7BS 8SB 2B  7B 10D 2S 10D 4SB 8BS            

     A + B                                                                     

         2.0 + 2.0                                                             

               10D 0  8BS 10D 8BS 7BS 8SB 5B  7B 10D 3S 10D 4B  9BS            

     Control                                                                   

         0     0   0  0   0   0   0   0   0   0  0   0  0   0   0              

     __________________________________________________________________________

PAC  EXAMPLES 108-110
PAR  1-Methoxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)-pyridine was
      evaluated separately in combination with each of alachlor, atrazine, and
      propachlor. The evaluations were conducted under field conditions at a
      location in the southern coastal plain. The compounds were formulated by
      tank-mixing a commercial application of the respective known herbicide
      with an emulsifiable concentrate of the
      1-methoxy-6-chloro-2-trifluoromethyl-1H-imidazo(4,5-b)-pyridine. The
      tank-mixed formulation was then applied to the soil surface immediately
      after planting with corn. Prior to planting, the plots had been broadcast
      with foxtail millet (Setaria italica) and sicklepod (Cassia obtusifolia)
      and disced. However, additional weeds seeds, including weed seeds of each
      of the named species, were present as a natural infestation of the plots.
      The growing conditions were typical for the area. Evaluations were made of
      corn injury and stand reduction, also of the control of the weed species.
      There were three replications per treatment pattern, and the ratings were
      averaged for the three replications. Results are given in the following
      table for stand reduction.
TBL                                    TABLE XXIV                              

     __________________________________________________________________________

     COMBINATION OF 1-METHOXY-6-CHLORO-2-TRIFLUOROMETHYL-1H-IMIDAZO(4,5-b)PYRID

     INE ("A")                                                                 

     WITH ALACHLOR ("B"), ATRAZINE ("C"), AND PROPACHLOR ("D")                 

                           Percent                                             

            Rate in                                                            

                   Reduction in                                                

                           Corn        Percent Weed Control                    

     Treatment                                                                 

            Lbs./Acre                                                          

                   Emergence                                                   

                           Injury      Foxtail Millet                          

                                                     Sicklepod                 

                   (10 Days)                                                   

                           23 Days                                             

                                 64 Days                                       

                                       Days                                    

                                           Days Days Days Days                 

                                                              Days             

                                       16  24   42   16   24  42               

     __________________________________________________________________________

     A      1.0    0       0     3     61  88   90   14   14                   

     A      1.5    0       0     0     33  92   98   14    0  .uparw.          

     A      2.0    9       13    17    11  100  100   0    0  NO               

     A      3.0    10      17    23    56  100  100   0    0  READING          

     B      2.0    3       0     0     67  62   97    0    0                   

     A+B    0.75+0.75                                                          

                   0       0     0     89  83   95   14    0                   

     A+B    0.75+1.0                                                           

                   2       0     0     100 96   98   14   57                   

     A+B    1.0+1.0                                                            

                   0       0     0     100 96   100   0   0   MADE             

     A+B    1.0+1.5                                                            

                   6       0     0     94  100  100  14   17                   

     A+B    1.5+2.0                                                            

                   0       0     0     100 100  100  29   0   .dwnarw.         

     C      2      4       0     7     11  33   88    0   57                   

     A+C    0.75+0.75                                                          

                   0       0     0     44  79    97   0   14                   

     A+C    0.75+1 0       0     3     44  79    98   0   14  .uparw.          

     A+C    1  +1  0       0     0     72  96   100  29   43  NO               

     A+C    1  +1.5                                                            

                   0       0     0     61  96   100  57   86                   

     A+C    1.5 +2 0       0     7     50  100  100  43   86  READING          

     D      5      0       0     0     72  100   95  14    0                   

     A+D    0.75+2 10      0     7     100 92    97   0    0                   

     A+D    0.75+3 0       0     0     100 100  100  14   29  MADE             

     A+D    1  +2  0       0     0     100 96   100  29   29                   

     A+D    1  +3  0       0     0     100 100  100  14     0 .dwnarw.         

     A+D    1  +5  13      0     0     100 100  100  29    0                   

     __________________________________________________________________________

PAR  The compounds of the present invention can also be employed as the starting
      materials in a reaction to prepare yet other compounds useful as
      herbicides. In general, this reaction comprises the treatment of one of
      the compounds of the present invention with a nucleophilic reagent; the
      reaction results in loss of the 1-OR.sup.3 moiety and introduction of the
      nucleophilic ion into the pyridine ring, or in reduction. Suitable
      nucleophilic reagents are compounds containing an amine group, in the case
      of those present compounds which are ethers; and compounds containing a
      halide ion, in the case of those of the present compounds which are
      esters, including the carbamate and sulfonate esters. The overall reaction
      scheme can be summarized as follows:
      ##SPC6##
PAL  Rearrangement is the course of reaction except where a bromide or iodide is
      employed, in which case, reduction occurs. The introduced nucleophilic
      moiety locates at either the 5 or 7 positions, depending on the identity
      of R.sup.2 and the nucleophilic moiety.
PAR  In the instance of either reduction or introduction of the nucleophile, the
      products are useful, in accordance with prior teachings, as herbicides.
      See U.S. Pat. No. 3,459,759.
PAR  Two synthetic routes are useful in the preparation of the starting
      1-hydroxy compounds:
      ##SPC7##
PAL  In a first synthetic route, the compounds are prepared by reduction of a
      precursor of the formula:
      ##SPC8##
PAL  The reaction is believed to go through several intermediates which are not
      isolatable, but yields as product the desired
      1-hydroxy-1H-imidazo(4,5-b)pyridine compound. The reaction conditions are
      not critical; however, it is generally preferred to employ as reducing
      agent two moles of hydrogen per mole of the nitropyridineamine, in the
      presence of a minor amount of a catalyst comprising a noble metal,
      preferably palladium. In a representative synthesis,
      1-hydroxy-6-chloro-2-(trifluoromethyl)-1H-imidazo(4,5-b)pyridine was
      prepared as follows:
PAR  5-Chloro-3-nitro-2-(trifluoroacetamido)pyridine (2.0 grams) was
      hydrogenated with two moles of hydrogen in ethanol containing 0.5 gram of
      5 percent palladium on carbon. The resulting reaction mixture was filtered
      and evaporated to separate the desired
      6-chloro-1-hydroxy-2-(trifluoromethyl)-1H-imidazo-(4,5-b)pyridine compound
      which, after recrystallization from benzene melted at
      268.degree.-70.degree.C.
PAR  Analysis, Calc.: C, 35.39; H, 1.27; N, 17.69.  Found: C, 35.39; H, 1.45; N,
      17.77.
PAR  In a second synthetic route, a suitable 1-hydroxy compound
      ##SPC9##
PAL  is itself utilized as a precursor to other 1-hydroxy compounds which serve
      as starting materials for the preparation of the compounds of the present
      invention. In this route, the initially employed 1-hydroxy compound is
      subjected to reactions to introduce onto the pyridine ring one or more
      desired groups and/or to convert one or more substituents already present
      on the pyridine ring to the desired group or groups.
PAR  Thus, for example, the 1-hydroxy compound can be halogenated or nitrated at
      a position or positions previously unsubstituted. A nitro group already
      present can be reduced to an amino group; and an amino group already
      present can also be oxidized back to a nitro group. An amino group can
      also be diazotized and replaced by, for example, a halo group, a nitrile
      group, or a lower-alkylthio group. oxidation of the
      loweralkylthio-substituted compound yields the corresponding
      loweralkylsulfonyl-substituted compound. The fluorinated groups (R.sup.2 =
      --CF.sub.3, --CF.sub.2 Cl, or --CF.sub.2 H) are readily obtained initially
      by conversion of a nitrile to a carboxyl group; subsequent treatment with
      SF.sub.4 in the presence of HF yields the --CF.sub.3 group. Alternately,
      conversion to an aldehyde and treatment with SF.sub.4 alone yields the
      --CF.sub.2 H group; and subsequent chlorination converts the --CF.sub.2 H
      group to the corresponding --CF.sub.2 Cl group. An alkyl substituent is
      introduced by reaction of an alkyl lithium with a halo-substituted
      1-hydroxy compound; and a perfluoroalkyl substituent is introduced by
      reaction of a halo-substituted 1 -hydroxy compound with a perfluoroalkyl
      iodide in the presence of copper. These and numerous other conversion
      substitution reactions are well known to those skilled in the art.
      Attention is directed to Fieser and Fieser, Advanced Organic Chemistry
      (Reinhold Publishing Corp,, New York, N.Y., 1961), especially chapters 9
      and 17. See also Wagner and Zook, Synthetic Organic Chemistry (John Wiley
      and Sons, Inc., New York, N.Y., 1953).
PAR  As will be understood by those skilled in the art, more than one of the
      foregoing reactions will be needed to complete the preparation of some of
      the compounds of the present invention; and in the case of all reactions,
      due consideration must be given to the orienting effect of substituent
      groups. Also, for those of the foregoing reactions which utilize a
      nucleophilic reagent, it may be necessary that the 1-hydroxy group first
      be converted to an ester or ether, as discussed hereinabove; and the
      reaction with nucleophilic reagent then conducted.
PAR  Preferred compounds of the present invention are those which are
      monosubstituted (n = 1) and the substituent (R.sup.2) is halogen, nitro,
      --CF.sub.3, --CF.sub.2 Cl, --CF.sub.2 H, or loweralkylsulfonyl of C.sub.1
      -C.sub.4.
PAR  A particularly preferred sub-genus of the compounds of the present
      invention is defined as follows:
      ##SPC10##
PAL  wherein R.sup.8 represents halo or --CF.sub.3 ; R.sup.9 represents
      loweralkyl of C.sub.1 --C.sub.4, loweralkenyl of C.sub.2 -C.sub.4, benzyl,
      loweralkanoyl of C.sub.2 -C.sub.4, loweralkenoyl of C.sub.3 -C.sub.4,
      benzoyl, loweralkylsulfonyl of C.sub.1 -C.sub.4, or carbamoyl of the
      formula
      ##EQU6##
      wherein X represents oxygen or sulfur, and one R.sup.4 represents phenyl,
      loweralkyl of C.sub.1 -C.sub.4, or loweralkenyl of C.sub.2 -C.sub.4, and
      the other R.sup.4 represents hydrogen, loweralkyl of c.sub.1 -C.sub.4, or
      loweralkenyl of C.sub.2 -C.sub.4, subject to the limitation that both
      R.sup.4 moieties taken together do not contain more than six carbon atoms,
      or both R.sup.4 moieties taken together represent straight-chain alkylene
      of C.sub.2 -C.sub.6, both inclusive; and R.sup.10 represents
      trifluoromethyl, pentafluoroethyl, or 1,1,2,2-tetrafluoroethyl.
CLMS
STM  I claim:
NUM  1.
PAR  1. The compounds of the formula
      ##SPC11##
PAL  wherein R.sup.1 represents hydrogen, chlorine, fluorine, difluoromethyl,
      perfluoroalkyl of C.sub.1 -C.sub.6, or radical of the formula:
      ##EQU7##
      wherein each Z independently represents hydrogen or halogen and m
      represents 0 or 1; R.sup.2 represents halogen, nitro, --CF.sub.3,
      --CF.sub.2 Cl, --CF.sub.2 H, or loweralkylsulfonyl of C.sub.1 -C.sub.4 ;
      and R.sup.3 represents
PAR  1. alkanoyl of C.sub.2 -C.sub.16 ;
PA1  2. alkenoyl of C.sub.3 -C.sub.16 ;
PAR  3. radical of the formula
      ##SPC12##
PAL  wherein R.sup.5 represents methylene, ethylene, or vinylene, and n
      represents 0 or 1; or
PA1  4. radical of the formulae
      ##EQU8##
      and
      ##EQU9##
      wherein substituted phenyl is a phenyl radical bearing from 1-3
      substituents, each of which is independently amino, nitro, chloro, methyl,
      or methoxy, and R.sup.6 represents loweralkylene of C.sub.1 -C.sub.4, both
      inclusive.
NUM  2.
PAR  2. A compound of claim 1 in which R.sup.3 represents alkanoyl as defined or
      alkenoyl as defined.
NUM  3.
PAR  3. The compound of claim 2 which is
      1-acetoxy-6-chloro-2-(trifluoromethyl)-1H-imidazo(4,5-b)pyridine.
NUM  4.
PAR  4. The compound of claim 2 which is
      1-octanoyloxy-6-chloro-2-(trifluoromethyl)-1H-imidazo(4,5-b)pyridine.
NUM  5.
PAR  5. The compound of claim 1 which is
      1-(2-methoxy-3,6-dichlorobenzoyloxy)-6-chloro-2-(trifluoromethyl)-1H-imida
     zo(4,5-b)-pyridine.
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ABST
PAL  A compound of the formula:
      ##SPC1##
PAL  Wherein R.sup.1 is hydrogen, phenyl, alkyl of one to five carbon atoms,
      cycloalkyl of three to four carbon atoms, or alkyl of one to five carbon
      atoms having a substituent selected from the group consisting of phenyl,
      benzoyl and 4-fluorobenzoyl, R.sup.2 is hydrogen or alkyl of one to three
      carbon atoms, and R.sup.3 is hydrogen, alkanoyl of two to six carbon
      atoms, benzoyl or nicotinoyl, is disclosed. Several methods for preparing
      the compound (I) is also disclosed. The compound (I) and a
      pharmaceutically acceptable acid addition salt thereof are useful as
      analgesic agents.
BSUM
PAR  This invention relates to a novel 1-phenyl-6-azabicyclo [3,2,1]octane
      derivative and a process for preparing same. More particularly, it relates
      to the compound of the formula:
      ##SPC2##
PAL  Wherein R.sup.1 is hydrogen, phenyl, alkyl of one to five carbon atoms,
      cycloalkyl of three to four carbon atoms, or alkyl of one to five carbon
      atoms having a substituent selected from the group consisting of phenyl,
      benzoyl and 4-fluorobenzoyl; R.sup.2 is hydrogen or alkyl of one to three
      carbon atoms; and R.sup.3 is hydrogen, alkanoyl of two to six carbon
      atoms, benzoyl or nicotinoyl pharmaceutically acceptable acid addition
      salts thereof are also contemplated as part of the invention.
PAR  It has been found that the compound (I) of the present invention is useful
      as an analgesic agent. The analgesic activity of the compound (I) is about
      2 times or more as strong as that of codein. For example, when a one %
      acetic acid solution is injected intraperitoneally to mice at the dose of
      10 mg/kg after subcutaneous injection of a test compound and the number of
      writhings per mouse is counted for 5 minutes starting at 10 minutes after
      injection of acetic acid, the analgesic activity(=ED.sub.50) of
      1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane hydrobromide
      which would produce a 50 % reduction in acetic acid-induced writhings is
      4.5 mg/kg. When examined under the same condition as above, the analgesic
      activity(=ED.sub.50) of
      1-(3-hydroxyphenyl)-6-n-amyl-7-methyl-6-azabicyclo[3,2,1]octane
      hydrochloride,
      1-(3-hydroxyphenyl)-6-n-hexyl-7-methyl-6-azabicyclo[3,2,1]octane
      hydrochloride,
      1-(3-hydroxyphenyl)-6-cyclopropylmethyl-7-methyl-6-azabicyclo[3,2,1]octane
      hydrochloride,
      1-(3-hydroxyphenyl)-6-[3-(4-fluorobenzoyl)propyl]-6-azabicyclo[3,2,1]-octa
     ne hydrochloride,
      1-(3-hydroxyphenyl)-6-phenethyl-7-methyl-6-azabicyclo[3,2,1]octane
      hydrochloride,
      (+)-1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
      hydrobromide and (+)-1-(3-hydroxyphenyl)-6-methyl-6-azabicyclo[
      3,2,1]octane hydrochloride are 1.5, 0.27, 2.2, 2.0, 0.61, 1.2 and 3.7
      mg/kg, respectively. In contrast thereto, the analgesic
      activity(=ED.sub.50) of codein examined under the same condition as above
      is 9.5 mg/kg. The compound (I) of the present invention in which R.sup.3
      is alkanoyl, benzoyl or nicotinoyl are other examples of compounds having
      potent analgesic activity. For example, when examined under the same
      conditions as above, the analgesic activity (=ED.sub.50) of
      1-(3-acetyloxyphenyl)- and 1-(3-propionyloxyphenyl)-derivatives of
      6,7-dimethyl-6-azabicyclo[3,2,1]octane are respectively 2.9 and 2.3 mg/kg.
PAR  Moreover, the toxicity of the compound (I) of the present invention is
      considerably low. For example, when administered subcutaneously to mice,
      the acute toxicity(= LD.sub.50) of
      1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane, its optically
      active (+)-isomer and
      1-(3-propionyloxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane are about
      113 to 123 mg/kg.
PAR  E. L. May et al. discloses that 5-(m-hydroxyphenyl)-2-methylmorphan and its
      optically active (-)-isomer show potent analgesic activity(e.f., Journal
      of Organic Chemistry 20(1955), 1197 ; Journal of Medicinal Chemistry
      13(1970), 805). When a one % acetic acid solution is injected
      intraperitoneally to mice at the dose of 10 mg/kg after subcutaneous
      injection of a test compound and the number of writhings per mouse is
      counted for 5 minutes starting at 10 minutes after injection of acetic
      acid, the analgesic activity(= ED.sub.50) of
      (-)-5-(m-hydroxyphenyl)-2-methylmorphan hydrochloride which would produce
      a 50 % reduction in acetic acid-induced writhings is 3.0 mg/kg. As
      compared with said morphan compound, however, the compound (I) of the
      present invention is much more useful as an analgesic agent because of its
      reduced side effects such as less hypotensive activity and less decrease
      in heart rate. For example, (-)-5-(m-hydroxyphenyl)-2-methylmorphan
      hydrochloride, when administered intravenously to rabbits anesthetized
      with urethan(1.2 mg/kg, s.c), shows a decrease of 20 mmHg of the blood
      pressure at the dose of 0.048 mg/kg and a decrease of 20 % of the heart
      rate at the dose of 0.21 mg/kg. Unlike said morphan compound, however,
      1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane hydrochloride
      and (+)-1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
      hydrochloride of the present invention do not show a decrease of 20 mmHg
      of the blood pressure up to a dose of 10 mg/kg. Further,
      1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane hydrochloride
      and (+)-1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
      hydrochloride do not show a decrease of 20 % of the heart rate up to a
      dose of 4.6 and 2.8 mg/kg, respectively. As seen from these facts,
      therefore, the compound (I) of the present invention has a greater safety
      as an analgesic agent in comparison with
      5-(m-hydroxyphenyl)-2-methylmorphan.
PAR  The compound (I) of the present invention can be used for pharmaceutical
      use either in the form of a racemic modification or in an optically active
      form. It can also be used for pharmaceutical use either as the free base
      or a salt thereof. Pharmaceutically acceptable acid addition salts of the
      compound (I) include, for example, hydrochloride, hydrobromide,
      perchlorate, nitrate, sulfate, phosphate, formate, acetate, propionate,
      glycollate, lactate, pyruvate, oxalate, ascorbate, hydroxymaleate,
      phenylacetate, aminobenzoate, benzoate, methanesulfonate, malonate,
      succinate, maleate, fumarate, malate, citrate, tartrate, ethanesulfonate,
      phtalate, benzenesulfonate, p-toluenesulfonate, sulfanilate, aspartate and
      glutamate. The compound (I) of the invention may be used in the form of a
      pharmaceutical preparation for enteral or parenteral administration. The
      dose of the compound (I) suitable for pharmaceutical use may be 5 to 500
      mg/body, especially 50 to 500 mg/body (for enteral administration) or 10
      to 60 mg/body (for parenteral administration). Moreover, the compounds (I)
      of the present invention may be used in conjunction or admixture with a
      pharmaceutical excipient which is suitable for enteral or parenteral
      administration. The excipient selected should be the one that does not
      react with the compound (I) of the present invention. Suitable excipients
      include, for example, gelatin, lactose, glucose, sodium chloride, starch,
      magnesium stearate, talcum, vegetable oil, benzyl alcohol and gums. Other
      known medicinal excipients may be employed. The pharmaceutical preparation
      may be a solid dosage form such as a tablet, a coated tablet, a pill or a
      capsule, or a liquid dosage form such as a solution, a suspension of an
      emulsion. The pharmaceutical preparation may be sterilized and/or may
      contain auxiliaries such as preserving, stabilizing, wetting or
      emulsifying agents.
PAR  According to the present invention, the compound (I) can be prepared by the
      steps of
PAC  [A]
PAR  a. demethylating a 1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane derivative
      of the formula:
      ##SPC3##
PAL  wherein R.sup.1 and R.sup.2 are the same as defined above, to give a
      1-(3-hydroxyphenyl)-6-azabicyclo[3,2,1]octane derivative of the formula:
      ##SPC4##
PAL  wherein R.sup.1 and R.sup.2 are the same as defined above,
PAR  b. condensing a 1-(3-hydroxyphenyl)-6-azabicyclo-[3,2,1]octane derivative
      of the formula:
      ##SPC5##
PAL  wherein R.sup.2 is the same as defined above, with a compound of the
      formula:
EQU  R.sup.1 --CH.sub.2 X                                       (IV)
PAL  wherein X is halogen or a radical of the formula: -N.sup.+(CH.sub.3).sub.3
      I.sup.-, and R.sup.1 is the same as defined above, to give the
      1-(3-hydroxyphenyl)-6-azabicyclo[3,2,1]octane (I-a), or
PAR  c. condensing the compound (III) with a carboxylic acid compound of the
      formula:
EQU  R.sup.1 -COOH                                              (V)
PAL  wherein R.sup.1 is the same as defined above, or a functional derivative
      thereof, and then reducing the resultant N-acyl derivative of the compound
      (III) to give the 1-(3-hydroxyphenyl)-6-azabicyclo-[3,2,1]octane
      derivative(I-a), and, if required,
PAC  [B]
PAR  further acylating the compound (I-a) with a carboxylic acid compound of the
      formula:
EQU  R.sup.4 --OH                                               (VI)
PAL  wherein R.sup.4 is alkanoyl of two to six carbon atoms, benzoyl or
      nicotinoyl, or a functional derivative thereof to give a
      1-(3-acyloxyphenyl)-6-azabicyclo-[3,2,1]octane of the formula:
      ##SPC6##
PAL  wherein R.sup.1, R.sup.2 and R.sup.4 are the same as defined above.
PAR  Alternatively, the compound (I) of the present invention in which R.sup.1
      is hydrogen can be prepared by the steps of reductive methylation of the
      compound (III) to give a
      1-(3-hydroxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane derivative of the
      formula:
      ##SPC7##
PAL  wherein R.sup.2 is the same as defined above, and, if required, further
      acylating the compound (I-c) with the carboxylic acid compound (VI) or the
      functional derivative thereof.
PAR  In carrying out the above-mentioned reactions of the present invention, the
      starting compounds (II) and (III) can be employed either in the form of a
      racemic modification or in an optically active form. In addition, all of
      the above-mentioned reactions can be carried out without racemization.
      When the starting compounds (II) and (III) are employed in a racemic or
      optically active form during said reactions, therefore, the compound (I)
      of the present invention is obtained in the corresponding racemic or
      optically active form.
PAR  The demethylation reaction of the compound (II) can be accomplished by
      conventional manners. For example, the compound (I-a) of the invention is
      prepared by treating the compound (II) with hydrobromic acid, hydroiodic
      acid, aluminium chloride, boron chloride, boron bromide, pyridine
      hydrochloride and the like. Particularly, 47 % hydrobromic acid is
      suitable for the purpose of the present invention. It is suitable to carry
      out the reaction at a temperature of -20.degree. to 200.degree.C.
PAR  The condensation reaction of the compounds (III) and (IV) can be conducted
      in the presence of an acid acceptor. Organic and inorganic bases such as
      triethylamine, pyridine, quinoline, alkali metal acetate (e.g., potassium
      acetate, sodium acetate), alkali metal hydroxide (e.g., potassium
      hydroxide, sodium hydroxide) and alkali metal carbonate (e.g., potassium
      carbonate, sodium carbonate) are suitably employed as the acid acceptor.
      The condensation reaction may be carried out with or without a solvent. It
      is suitable to carry out the reaction at a temperature of 20.degree. to
      160.degree.C. Preferred examples of the reaction solvent include acetone,
      toluene, dimethylformamide, dimethylsulfoxide and a lower alkanol (e.g.,
      methanol, ethanol, propanol).
PAR  The condensation reaction of the compound (III) with the carboxylic acid
      compound (V) or the functional derivative thereof can be accomplished by
      conventional manners. For example, when the functional derivative of the
      compound (V) is employed for the reaction, the condensation reaction is
      preferably carried out in the carbonate) are of an acid acceptor. Examples
      of the functional derivative of the compound (V) which are suitable for
      use in the present invention include the corresponding acid anhydride,
      acid halide(e.g., chloride, bromide) and acid esters(e.g., methyl ester,
      ethyl ester, propyl ester, benzyl ester). Organic and inorganic bases such
      as triethylamine, pyridine, quinoline, alkali metal acetate(e.g.,
      potassium acetate, sodium acetate), alkali metal hydroxide(e.g., potassium
      hydroxide, sodium hydroxide) and alkali metal carbonate(e.g., potassium
      carbonate, sodium carbonate)are examples of suitable acid acceptors. The
      reaction can be carried out with or without a solvent. It is suitable to
      carry out the reaction at a temperature of 0.degree. to 120.degree.C.
      Preferred examples of the reaction solvent include dichloromethane and
      dimethylformamide. Alternatively, when the compound (V) in the form of
      free acid is employed, the N-acyl derivative of the compound (III) is
      prepared by reacting the compound (III) with an approximately equal amount
      of the compound (V) in the presence of a dehydrating agent at a
      temperature of -10.degree. to 80.degree.C. N,N'-dicyclohexylcarbodiimide,
      N-cyclohexyl-N'-morpholinomethylcarbodiimide and the like are employed as
      the dehydrating agent. Tetrahydrofuran and dimethylformamide are suitable
      as the reaction solvent. The resultant N-acyl derivative of the compound
      (III) can be readily converted to the compound (I-a) by reacting said
      N-acyl derivative with a conventional reducing agent in a solvent.
      Suitable examples of the reducing agent include lithium aluminium hydride,
      aluminium hydride and diborane. It is preferred to carry out the reduction
      at a temperature of 25.degree. to 70.degree.C. Tetrahydrofuran and ether
      are suitable as the reaction solvent.
PAR  Moreover, the reductive methylation of the compound (III) can be
      accomplished by condensing the compound (III) with formaldehyde or alkyl
      chloroformate(e.g., methyl chloroformate, ethyl chloroformate, propyl
      chloroformate) in a solvent, followed by reduction or catalytic
      hydrogenation of the resultant condensation product. The condensation
      reaction of the compound (III) with formaldehyde or alkyl chloroformate is
      preferably carried out at a temperature of 0.degree. to 100.degree.C. A
      lower alkanol(e.g., methanol, ethanol, propanol), chloroform and
      dimethylformamide are suitable as the reaction solvent. The subsequent
      reduction of the condensation product is carried out by treatment with
      alkali metal borohydride or lithium aluminium hydride in a solvent. Sodium
      borohydride, potassium borohydride and lithium borohydride are employed as
      the alkali metal borohydride. Preferred examples of the reaction solvent
      include tetrahydrofuran, ether, dioxane and a lower alkanol(e.g.,
      methanol, ethanol, propanol). It is preferred to carry out the reduction
      at a temperature of 20.degree. to 80.degree.C. On the other hand, the
      catalytic hydrogenation of the condensation product is conducted in the
      presence of a catalyst in a hydrogen atmosphere in a solvent. Preferred
      examples of the catalyst include platinum dioxide, platinum,
      palladium-carbon and Raney-nickel. A lower alkanol such as methanol,
      ethanol or propanol is suitable as the reaction solvent. Said catalytic
      hydrogenation is preferably carried out at a temperature of 20.degree. to
      40.degree.C.
PAR  The compounds (I-a) and (I-c) of the present invention which can be
      obtained in the above-mentioned procedures may be, if required, further
      acylated with the carboxylic acid compound (VI) or a functional derivative
      thereof. Said acylation reaction is readily carried out. For example, when
      the functional derivative of the compound (VI) is employed, the acylation
      reaction is carried out in the presence of an acid acceptor. Suitable
      examples of the functional derivative of the compound (VI) include the
      corresponding acid anhydride and acid halide(e.g., chloride, bromide).
      Organic and inorganic bases such as triethylamine, pyridine, quinoline,
      alkali metal acetate(e.g., potassium acetate, sodium acetate), alkali
      metal hydroxide (e.g., potassium hydroxide, sodium hydroxide) and alkali
      metal carbonate(e.g., potassium carbonate, sodium carbonate) are
      exemplified as the acid acceptor. The reaction may be carried out with or
      without a solvent. It is suitable to carry out the acylation at a
      temperature of 0.degree. to 180.degree.C. Preferred examples of the
      reaction solvent include benzene, toluene and dichloromethane.
      Alternatively, when the compound (VI) in the form of free acid is
      employed, the acylation reaction is carried out by treatment of the
      compound (I-a or c) with an approximately equal amount of the compound
      (VI) in the presence of a dehydrating agent at a temperature of
      -10.degree. to 80.degree.C. N,N'-dicyclohexylcarbodiimide,
      N-cyclohexyl-N'-morpholinomethylcarbodiimide and the like are employed as
      the dehydrating agent. Tetrahydrofuran and dimethylformamide are suitable
      as the reaction solvent.
PAR  All of the starting compounds (II) and (III) of the present invention which
      are employed in the steps of [A]-a) through [B] and in the step of the
      reductive methylation are novel compounds. These novel starting compounds
      can be prepared in accordance with several methods illustrated by the
      following reaction scheme:
      ##SPC8##
PAL  wherein R.sup.5 is alkyl of one to three carbon atoms, and R.sup.1 is the
      same as defined above.
PAR  The following are the explanations of each of the reactions illustrated
      above:
PAR  First of all, 1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]-octane-7-one (VIII)
      is prepared by the six steps of (I) hydrolyzing
      4-(3-methoxyphenyl)-4-cyano-1,1,-ethylenedioxy-cyclohexane (VII) with an
      alkali metal hydroxide(e.g., sodium hydroxide, potassium hydroxide) under
      heating in a solvent (e.g., methanol, ethanol, ethyleneglycol, a mixture
      of one of these solvents and water) to give
      4-(3-methoxyphenyl)-4-carbamoyl-1,1-ethylenedioxy-cyclohexane, (2)
      reacting said carbamoyl-cyclohexane with an acid(e.g., hydrochloric acid,
      sulfuric acid, acetic acid) under heating, (3) brominating the resultant
      4-(3-methoxyphenyl)-4-carbamoyl-cyclohexanone with bromine or pyridinium
      hydrobromide perbromide (C.sub.5 H.sub.5 N.sup.+HBr.sup.-) at room
      temperature in a solvent (e.g., acetic acid, tetrahydrofuran), (4)
      reacting the resultant
      2-bromo-4-(3-methoxyphenyl)-4-carbamoyl-cyclohexanone with an alkali metal
      hydride (e.g., sodium hydride) or an alkali metal alkoxide (e.g., sodium
      methoxide, potassium methoxide, sodium ethoxide, potassium ethoxide) at
      room temperature in a solvent(e.g., methanol, ethanol, dimethoxyethane) to
      give 1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane-4,7-dione, (5)
      refluxing a mixture of said product and hydrazine hydrate under heating in
      a solvent (e.g., ethanol, ethyleneglycol), and then (6) heating the
      resultant
      1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane-4,7-dione-4-hydrazone in the
      presence of an alkali agent(e.g., potassium hydroxide, potassium
      tert.-butoxide) in a solvent (e.g., toluene).
PAR  A 1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane-7-one derivative (X) is
      prepared by condensing the compound (VIII) or an alkali metal salt(e.g.,
      sodium salt, potassium salt) thereof with the compound (IV). This
      condensation reaction is carried out in the same manner as used in the
      condensation reaction of the compounds (III) and (IV). Alternatively, the
      1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane derivative (X) is prepared
      by the four steps of (1) reacting 1-(3-methoxyphenyl)-cyclohexene-3-one
      (IX) with an alkali metal cyanide (e.g., potassium cyanide, sodium
      cyanide) in the presence of acetic acid, ammonium chloride or
      triethylamine hydrochloride under heating in a solvent (e.g., methanol,
      ethanol, propanol, dimethylformamide), (2) refluxing a mixture of the
      resultant 3-(3-methoxyphenyl)-3-cyano-cyclohexanone and an alkanol (e.g.,
      methanol, ethanol) under an acidic condition to give an alkyl
      1-(3-methoxyphenyl)-3-oxo-cyclohexane-1-carboxylate, (3) subjecting a
      mixture of said carboxylate and alkylamine(e.g., methylamine, ethylamine,
      propylamine, butylamine) to catalytic hydrogenation at room temperature in
      the presence of a catalyst(e.g., platinum, platinum dioxide, Raney-nickel,
      palladium-carbon) in a solvent(e.g., methanol, ethanol, propanol), and
      then (4) heating the resultant alkyl
      1-(3-methoxyphenyl)-3-alkylamino-cyclohexane-1-carboxylate in a solvent
      (e.g., toluene, xylene).
PAR  The compound (II-a) is prepared by the steps of refluxing a mixture of the
      compound (X) and an alkyl lithium or alkyl magnesium halide in a
      solvent(e.g., ether, benzene, tetrahydrofuran) to give a 7-alkylidene
      derivative of the compound (X), and reducing said alkylidene derivative
      with an alkali metal borohydride (e.g., sodium borohydride) at room
      temperature in a solvent (e.g., methanol, ethanol).
PAR  Reduction of the compound (VIII) with either one of lithium aluminium
      hydride, aluminium hydride and diborane yields
      1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane (XI). Said reduction is
      carried out in the same manner as used in reducing the N-acyl derivative
      of the compound (III).
PAR  The compounds (II-a) and (XI) mentioned in the above procedures are always
      obtained in the form of a racemic modification and may be, if required,
      resolved into each of the optically active enantiomers. The resolution of
      the compound (II) or (XI) into each of its optically active enantiomers
      may be conducted by reacting the racemic modification of the compound (II)
      or (XI) with a resolving agent in a solvent to form the diastereoisomeric
      salt thereof, and separating the diastereoisomers into each components by
      selective crystallization. Suitable examples of the resolving agent
      include d-tartaric acid or its derivatives (e.g., dibenzoyl-d-tartaric
      acid, monobenzoyl-d-tartaric acid, diacetyl-d-tartaric acid),
      d-camphorsulfonic acid, d-.alpha.-bromocamphorsulfonic acid, l-mandelic
      acid, quinic acid, glutamic acid or its derivative(e.g.,
      N-carbobenzyloxyglutamic acid). Water, a lower alkanol(e.g., methanol,
      ethanol, propanol, butanol), ethylacetate, dimethylformamide, or a mixture
      of water and one of the lower alkanols or dimethylformamide are suitable
      as the solvent. The selective crystallization may be preferably carried
      out at room temperature.
PAR  The compound (XI) is readily converted to a
      1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane derivative (II-b) in the
      same manner as used in converting the compound (III) into the compound
      (I-a) or (I-c). On the other hand, demethylation of the compound (XI)
      affords 1-(3-hydroxyphenyl)-6-azabicylco[3,2,1]octane (III-a). Said
      demethylation is carried out in the same manner as used in demethylating
      the compound (II).
PAR  1-(3-methoxyphenyl)-6-benzyl-7-alkyl-6-azabicyclo[ 3,2,1]octane (XII) is
      prepared by the three steps of (1) condensing the compound (VIII) or an
      alkali metal salt(e.g., sodium salt, potassium salt) thereof with benzyl
      halide under heating in a solvent(e.g., dioxane), (2) refluxing a mixture
      of the resultant
      1-(3-methoxyphenyl)-6-benzyl-7-oxo-6-azabicyclo[3,2,1]octane and an
      alkyllithium or alkyl magnesium halide in a solvent(e.g., ether, benzene,
      tetrahydrofuran) to give
      1-(3-methoxyphenyl)-6-benzyl-7-alkylidene-6-azabicyclo[ 3,2,1]octane, and
      then (3) reducing said alkylidene derivative with an alkali metal
      borohydride(e.g., sodium borohydride) at room temperature in a solvent.
PAR  Further, 1-(3-hydroxyphenyl)-7-alkyl-6-azabicyclo[ 3,2,1]octane (III-b) is
      prepared by catalytic hydrogenation of the compound (XII), followed by
      demethylation thereof. The catalytic hydrogenation is carried out at room
      temperature in the presence of a catalyst(e.g., platinum, platinum
      dioxide, palladium) in a solvent(e.g., methanol, ethanol, acetic acid).
      The subsequent demethylation is carried out in the same manner as used in
      demethylating the compound (II).
PAR  Practical and presently-preferred embodiments of the present invention are
      illustratively shown in the following Examples.
DETD
PAC  EXAMPLE 1
PAC  1-(3-methoxyphenyl)- 6-azabicyclo[3,2,1]octane-7-one
PAR  a. A mixture of 3.5 g of
      4-(3-methoxyphenyl)-4-cyano-1,1-ethylenedioxy-cyclohexane, 70 ml of 5 %
      aqueous potassium hydroxide and 70 ml of ethanol is refluxed for 22 hours.
      After cooling, the mixture is diluted with water, and then extracted with
      chloroform. The chloroform extract is dried and evaporated to remove
      solvent. The residue thus obtained is recrystallized from a mixture of
      ethylacetate and n-hexane. 2.32 g of
      4-(3-methoxyphenyl)-4-carbamoyl-1,1-ethylenedioxy-cyclohexane are
      obtained. M.p. 135.degree. - 138.degree.C.
PAR  b. A mixture of 8.7 g of
      4-(3-methoxyphenyl)-4-carbamoyl-1,1,-ethylenedioxy-cyclohexane and 170 ml
      of acetic acid is refluxed for 15 hours. After the reaction, the mixture
      is evaporated under reduced pressure to remove acetic acid. The residue is
      dissolved in benzene. The benzene solution is washed with aqueous sodium
      bicarbonate, dried aand then evaporated to remove benzene. The residue
      thus obtained is recrystallized from ethylacetate. 5.4 g of
      4-(3-methoxyphenyl)-4-carbamoyl-cyclohexane are obtained. M.p. 120.degree.
      -  122.degree.C.
PAR  c. 50.5 g of 4-(3-methoxyphenyl)-4-carbamoyl-cyclohexanone are dissolved in
      500 ml of acetic acid, and a solution of 32.7 g of bromine in 500 ml of
      acetic acid is added dropwise thereto at 20.degree.C. under stirring.
      Then, the mixture is poured into ice-water and extracted with chloroform.
      The chloroform extract is washed with water, dried and then evaporated to
      remove solvent. 69.8 g of
      2-bromo-4-(3-methoxyphenyl)-4-carbamoyl-cyclohexanone are obtained as
      crude oil.
PAR  d. 69.8 g of 2-bromo-4-(3-methoxyphenyl)-4-carbamoyl-cyclohexanone obtained
      above are dissolved in 250 ml of methanol. A sodium methoxide solution
      prepared from 18.8 g of sodium and 500 ml of methanol is added thereto.
      The mixture is stirred at room temperature for 1 hour and then
      concentrated under reduced pressure. 1000 ml of water are added to the
      residue, and the aqueous mixture is extracted with chloroform. The
      chloroform extract is washed with an aqueous solution saturated with
      sodium chloride. Then, the chloroform extract is dried and evaporated to
      remove solvent. The residue thus obtained is recrystallized from
      ethylacetate. 25.2 g of
      1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane-4,7-dione are obtained. M.p.
      138.degree. - 139.degree.C.
PAR  e. A mixture of 21.73 g of
      1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane-4,7-dione, 4.9 g of
      hydrazine hydrate and 170 ml of ethanol is refluxed for 1 hour. After
      cooling, the mixture is evaporated under reduced pressure to remove
      solvent. The residue thus obtained is dispersed in benzene and then
      filtered to give 21.64 g of
      1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane-4,7-dione-4-hydrazone as
      crude crystals. A mixture of 21.64 g of
      1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane-4,7-dione-4-hydrazone, 17.1
      g of potassium tert.-butoxide and 400 ml of toluene is refluxed for 2
      hours under heating. After cooling, water is added to the mixture, and the
      aqueous mixture is extracted with ether. The ether extract is washed with
      water, dried and then evaporated to remove solvent. The residue thus
      obtained is recrystallized from a mixture of ethylacetate and n-hexane.
      17.54 g of 1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane-7-one are
      obtained. M.p. 109.degree. - 111.degree.C.
PAC  EXAMPLE 2
PAC  1-(3-methoxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane-7-one
PAR  0.36 g of 69% sodium hydride is added to 40 ml of dimethylsulfoxide, The
      mixture is heated at 70.degree.C for 30 minutes in a nitrogen atmosphere.
      2 g of 1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane-7-one are added to
      the mixture at 10.degree. to 15.degree.C. Then, the mixture is stirred at
      room temperature for 1 hour. 2.1 G of methyl iodide are added to the
      mixture, and the mixture is further stirred at room temperature for 2
      hours. The reaction mixture is poured into ice-water and extracted with
      ether. The ether extract is washed with water, dried and then evaporated
      to remove solvent. The residue thus obtained is recrystallized from
      n-hexane. 2 g of
      1-(3-methoxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane-7-one are obtained.
      M.p. 68.degree. - 70.degree.C.
PAC  EXAMPLE 3
PAC  1-(3-methoxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane-7-one
PAR  a. A solution of 8.0 g of potassium cyanide in 28 ml of water is added
      under stirring to a mixture of 4.04 g of
      1-(3-methoxyphenyl)-cyclohexene-3-one, 120 ml of 95 % ethanol and 3.6 g of
      acetic acid. The mixture is stirred at 35.degree.C for 80 hours. After the
      reaction, 260 ml of water are added to the mixture, and the aqueous
      mixture is extracted with chloroform. The chloroform extract is washed
      with water, dried and then evaporated to remove solvent. The residue thus
      obtained is distilled under reduced pressure, whereby 3 g of
      3-(3-methoxyphenyl)-3-cyano-cyclohexanone are obtained as an oil boiling
      at 175.degree.C/o.8 mmHg. M.p. 48.degree. - 48.5.degree.C(recrystallized
      from isopropyl ether).
PAR  b. A mixture of 4 g of 3-(3-methoxyphenyl)-3-cyano-cyclohexanone and 45 ml
      of a 36% hydrogen chloride-ethanol solution is refluxed for 4 hours under
      heating. After the reaction, the mixture is concentrated under reduced
      pressure. Water is added to the residue, and the aqueous mixture is
      extracted with ether. The ether extract is washed with water, dried and
      then evaporated to remove solvent. The residue is distilled under reduced
      pressure, whereby 4.1 g of methyl
      1-(3-methoxyphenyl)-3-oxo-cyclohexane-1-carboxylate are obtained as an oil
      boiling at 176.degree.C/2-3 mmHg.
PAR  c. A mixture of 0.52 g of methyl
      1-(3-methoxyphenyl)-3-oxo-cyclohexane-1-carboxylate, 0.5 ml of 30% aqueous
      methylamine, 8 ml of methanol and 0.025 g of platinum oxide is shaken for
      48 hours in a hydrogen atmosphere. After the reaction, the mixture is
      filtered to remove the catalyst. The filtrate is concentrated under
      reduced pressure to remove solvent, whereby methyl
      1-(3-methoxyphenyl)-3-methylamino-cyclohexane-1-carboxylate is obtained as
      crude oil. 7 ml of xylene are added to the crude oil and the mixture is
      refluxed for 20 hours under heating. Then, the mixture is concentrated
      under reduced pressure to remove solvent. The residue is dissolved in
      ether. The ether solution is washed with 10 % hydrochloric acid and water,
      successively, dried and then evaporated to remove solvent. The residue
      thus obtained is recrystallized from n-hexane. 0.33 g of 1-(14
      3-methoxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane-7-one is obtained.
      M.p. 68.degree. - 70.degree.C.
PAC  EXAMPLE 4
PAC  1-(3-methoxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane-7-one
PAR  a. A mixture of 6.06 g of 1-(3-methoxyphenyl)-cyclohexene-3-one, 4.02 g of
      potassium cyanide, 4.33 g of trimethylamine hydrochloride, 21 ml of water
      and 120 ml of dimethylformamide is stirred at 93.degree. to 94.degree.C
      for 6 hours. After the reaction, the mixture is concentrated under reduced
      pressure. Benzene is added to the residue, and the insoluble materials are
      filtered off. The filtrate is washed with water, 10 % hydrochloric acid
      and water, successively. Then, the filtrate is dried and evaporated to
      remove solvent. The residue thus obtained is distilled under reduced
      pressure, whereby 5.26 g of 3-(3-methoxyphenyl)-3-cyano-cyclohexanone are
      obtained as an oil boiling at 175.degree.C/0.8 mmHg. M.p. 48.degree. -
      48.5.degree.C(crystallized with isopropylether).
PAR  b. A solution of 9.5 g of 3-(3-methoxyphenyl)-3-cyano-cyclohexanone in 95
      ml of methanol is saturated with gaseous hydrogen chloride under
      ice-cooling. The solution is refluxed for 4 hours under heating. Then, the
      solution is concentrated under reduced pressure. Water is added to the
      residue, and the aqueous mixture is extracted with benzene. The benzene
      extract is washed with water, aqueous sodium bicarbonate and water,
      successively, dried and then evaporated to remove solvent. The residue
      thus obtained is distilled under reduced pressure, whereby 9.55 g of
      methyl 1-(3-methoxyphenyl)-3-oxo-cyclohexane-1-carboxylate are obtained as
      a colorless oil boiling at 176.degree.C/2-3 mmHg.
PAR  c. A mixture of 9.29 g of methyl
      1-(3-methoxyphenyl)-3-oxo-cyclohexane-1-carboxylate, 5.5 ml of 40 %
      aqueous methylamine and 0.13 g of platinum oxide is shaken at room
      temperature for 5 hours in a hydrogen atmosphere under atmospheric
      pressure. The mixture absorbs about 790 ml of hydrogen. After the
      reaction, the mixture is filtered to remove the catalyst. The filtrate is
      concentrated under reduced pressure. The residue thus obtained is heated
      at 100.degree. to 110.degree.C for 2 hours under reduced pressure, and
      then dissolved in benzene. The benzene solution is washed with 10 %
      hydrochloric acid and water, successively. Then, the benzene solution is
      evaporated to remove solvent. The residue thus obtained is recrystallized
      from isopropylether. 5.8 g of
      1-(3-methoxyphenyl)-6-methyl-6azabicyclo[3,2,1]octane-7-one are obtained.
      M.p. 68.degree. - 70.degree.C.
PAC  EXAMPLE 5
PAC  1-(3-methoxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
PAR  0.17 g of lithium is added to 8 ml of absolute ether in a nitrogen
      atmosphere, and a solution of 1.6 g of methyl iodide in 3 ml of absolute
      ether is added dropwise thereto at 0.degree. to -5.degree.C. The mixture
      is stirred at the same temperature for 30 minutes. Then, a solution of 1.0
      g of 1-(3-methoxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane-7-one in 30 ml
      of benzene is added dropwise to the mixture at room temperature for 5
      minutes. The mixture is refluxed for 3 hours. Water is added to the
      mixture under ice-cooling, and the aqueous mixture is extracted with
      ether. The ether extract is washed with water, dried and then evaporated
      to remove solvent, whereby 1.0 g of
      1-(3-methoxyphenyl)-6-methyl-7-methylidene-6-azabicyclo[3,2,1]octane is
      obtained. The product thus obtained is dissolved in 60 ml of ethanol. 300
      mg of sodium borohydride are added to the ethanol solution at 10.degree.
      to 15.degree.C. Then, the mixture is stirred at room temperature for 20
      hours. After the reaction, the mixture is concentrated under reduced
      pressure. Water is added to the residue, and the aqueous mixture is
      extracted with chloroform. The chloroform extract is washed with water,
      dried and then evaporated to remove solvent. Methanolic hydrogen bromide
      is added to the residue in ether, and the crystalline precipitate is
      collected by filtration. The precipitate is recrystallized from a mixture
      of ethanol, acetone and ether. 1.1 g of
      1-(3-methoxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane hydrobromide
      are obtained. M.p. 175.degree. - 177.degree.C.
PAC  EXAMPLE 6
PAC  1-(3-methoxyphenyl)-6-methyl-7-ethyl-6-azabicyclo[3,2,1]octane
PAR  0.17 g of lithium is added to 8 ml of absolute ether in a nitrogen
      atmosphere, and a solution of 1.8 g of ethyl iodide in 3 ml of absolute
      ether is added dropwise thereto at 0.degree. to -5.degree.C. The mixture
      is stirred at the same temperature for 30 minutes. Then, a solution of 0.8
      g of 1-(3-methoxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane-7-one in 30 ml
      of benzene is added dropwise to the mixture at room temperature for 5
      minutes. The mixture is refluxed for 3 hours. Water is added to the
      mixture under ice-cooling, and the aqueous mixture thus obtained is
      extracted with ether. The ether extract is washed with water, dried and
      then evaporated to remove solvent, whereby 0.8 g of
      1-(3-methoxyphenyl)-6-methyl-7-ethylidene-6-azabicyclo[3,2,1]octane is
      obtained. The product thus obtained is dissolved in 60 ml of ethanol. 300
      mg of sodium borohydride are added to the ethanol solution at 10.degree.
      to 15.degree.C. Then, the mixture is stirred at room temperature for 20
      hours. After the reaction, the mixture is concentrated under reduced
      pressure. Water is added to the residue, and the aqueous mixture is
      extracted with chloroform. The chloroform extract is washed with water,
      dried and then evaporated to remove solvent. Methanolic hydrogen chloride
      is added to the residue in ether, and the crystalline precipitate is
      collected by filtration. The precipitate is recrystallized from a mixture
      of ethanol and ether. 0.4 g of
      1-(3-methoxyphenyl)-6-methyl-7-ethyl-6-azabicyclo[3,2,1]octane
      hydrochloride is obtained. M.p. 176.degree. - 178.degree.C.
PAC  EXAMPLE 7
PAC  Optically active 1-(3-methoxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
PAR  8.5 g of 1-(3-methoxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane and 5.3
      g of d-tartaric acid are dissolved in 50 ml of ethanol under heating. The
      solution is concentrated to dryness under reduced pressure. Then, the
      residue is recrystallized twice from 25 ml of methanol. 6.01 g of
      (-)-1-(3-methoxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane d-tartarate
      are obtained as crystals. M.p. 174.degree. - 176.degree.C.
      [.alpha.].sub.D.sup. 23 + 22.3.degree.(c = 1.6, methanol)
PAR  Free base: [.alpha.].sub.D.sup.23  - 10.4.degree.(c = 0.76, methanol)
PAR  The methanol filtrate which is obtained after isolation of
      (-)-1-(3-methoxyphenyl)-6,7-dimethyl-6-azabicyclo[ 3,2,1]octane
      d-tartarate is concentrated to dryness. The residue thus obtained is
      recrystallized from 15 ml of methanol. 5.45 g of
      (+)-1-(3-methoxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane d-tartarate
      are obtained. M.p. 143  - 146.degree.C. [.alpha.].sub.D.sup. 23  +
      0.5.degree.(c = 1.205, methanol)
PAR  Free base: [.alpha.].sub.D.sup.23  + 10.3.degree.(c = 0.75, methanol)
PAC  EXAMPLE 8
PAC  1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane
PAR  A mixture of 3 g of 1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane-7-one,
      2.7 g of lithium aluminium hydride and 150 ml of tetrahydrofuran is
      refluxed for 5 hours under heating. After cooling, 6 ml of water are added
      to the mixture to decompose lithium aluminium hydride. Then, 100 ml of
      ether are added to the aqueous mixture, and the aqueous mixture is
      filtered to remove insoluble materials. The filtrate is dried and then
      evaporated to remove solvent. Methanolic oxalic acid solution is added to
      the residue in ether, and the crystalline precipitate is collected by
      filtration. The precipitate is recrystallized from ethanol. 3.65 g of
      1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane oxalate are obtained. M.p.
      173.degree. - 175.degree.C.
PAC  EXAMPLE 9
PAC  Optically active 1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane
PAR  8.7 g of 1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane and 6.2 g of
      d-tartaric acid are added to 80 ml of boiling-ethanol. The mixture is
      allowed to stand overnight. The crystalline precipitate is collected by
      filtration and then recrystallized from methanol. 5.65 g of
      (-)-1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane d-tartarate are
      obtained. M.p. 190.degree. - 192.degree.C.
PAR  Free base: [.alpha.].sub.D.sup.23  - 15.3.degree.(c = 0.64, methanol)
PAR  The methanol filtrate which is obtained after isolation of
      (-)-1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane d-tartarate is
      concentrated under reduced pressure. Aqueous ammonia is added to the
      residue, and the resultant mixture is extracted with ether. The ether
      extract is washed with water, dried and then evaporated to remove solvent.
      The residue thus obtained is dissolved in 30 ml of ethanol, and 4 g of
      l-malic acid are added to the solution. The solution is allowed to stand
      overnight. The crystalline precipitate is collected by filtration and then
      recrystallized from ethanol. 5.2 g of
      (+)-1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane l-malate are obtained.
      M.p. 132.degree. - 133.degree.C. Free base: [.alpha.].sub.D.sup.23  +
      15.3.degree.(c = 0.69, methanol)
PAC  EXAMPLE 10
PAC  1-(3-methoxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane
PAR  0.85 g of 1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane is dissolved in 10
      ml of ethanol, and 0.34 g of 37 % formalin is added thereto. The solution
      is heated for 30 minutes on a water bath. After cooling, 0.54 g of sodium
      borohydride is added to the solution. The solution is stirred at room
      temperature for 2 hours and then concentrated under reduced pressure to
      remove solvent. Water is added to the residue, and the aqueous mixture is
      extracted with chloroform. The chloroform extract is washed with water,
      dried and then evaporated to remove solvent. Methanolic hydrogen bromide
      is added to the residue in ether, and the crystalline precipitate is
      collected by filtration. The precipitate is recrystallized from a mixture
      of ethanol and ether. 0.81 g of
      1-(3-methoxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane hydrobromide is
      obtained. M.p. 169.degree. - 171.degree.C.
PAR  The following compounds are prepared in the same manner as described above:
PAR  (+)-1-(3-methoxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane picrate: M.p.
      140.degree. - 142.degree.C. [.alpha.].sub.D.sup.23  + 67.5.degree.(c =
      0.4, chloroform)
PAR  (-)-1-(3-methoxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane picrate: M.p.
      140.degree. - 142.degree.C. [.alpha.].sub.D.sup.23  - 68.2.degree.(c =
      0.39, chloroform)
PAC  EXAMPLE 11
PAC  1-(3-methoxyphenyl)-6-(3-benzoylpropyl)-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.8 g of 1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane, 0.74 g
      of 3-benzoylpropyl chloride, 0.8 g of potassium carbonate, 0.05 g of
      potassium iodide and 20 ml of toluene is refluxed for 24 hours. After
      cooling, water is added to the mixture, and the aqueous mixture is
      extracted with ether. The ether extract is washed with water, dried and
      then evaporated to remove solvent. The residue thus obtained is dissolved
      in 2 ml of benzene. The benzene solution is poured onto a column of 50 g
      of aluminium oxide. Then, the column is eluted with a mixture of 400 ml of
      benzene and 400 ml of n-hexane, and the effluent is evaporated to remove
      solvent. Methanolic hydrogen chloride is added to the residue in ether,
      and the crystalline precipitate is collected by filtration. The
      precipitate is recrystallized from a mixture of ethanol and ether. 0.485 g
      of 1-(3-methoxyphenyl)-  6-(3-benzoylpropyl)-6-azabicyclo[3,2,1]octane
      hydrochloride is obtained. M.p. 167.degree. - 169.degree.C.
PAC  EXAMPLE 12
PAC  1-(3-methoxyphenyl)-6-[3-(4-fluorobenzoyl)propyl]-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.8 g of 1-(3-methoxyphenyl)-6-azabicyclo[ 3,2,1]octane, 0.81
      g of 3-(4-fluorobenzoyl)propyl chloride, 0.8 g of potassium carbonate,
      0.03 g of potassium iodide and 20 ml of toluene is refluxed for 48 hours.
      After cooling, the mixture is treated in the same manner as described in
      Example 11. 0.65 g of
      1-(3-methoxyphenyl)-6-[3-(4-fluorobenzoyl)propyl]-6-azabicyclo[3,2,1]octan
     e hydrochloride is obtained. M.p. 195.degree. - 196.degree.C(recrystallized
      from a mixture of ethanol and ether).
PAC  EXAMPLE 13
PAC  1-(3-hydroxyphenyl)-6-azabicyclo[3,2,1]octane
PAR  A mixture of 9 g of 1-(3-methoxyphenyl)-6-azabicyclo[ 3,2,1]octane oxalate
      and 90 ml of aqueous 48% hydrobromic acid is refluxed for 1.5 hours. After
      the reaction, the mixture is concentrated under reduced pressure. The
      residue thus obtained is recrystallized from a mixture of ethanol and
      ether. 7.7 g of 1-(3-hydroxyphenyl)-6-azabicyclo[3,2,1]octane hydrobromide
      are obtained. M.p. 239.degree. - 242.degree.C.
PAC  EXAMPLE 14
PAC  1-(3-methoxyphenyl)-6-benzyl-7-methyl-6-azabicyclo[3,2,1]octane
PAR  a. A mixture of 2.31 g of
      1-(3-methoxyphenyl)-6-azabicyclo[3,2,1]octane-7-one, 0.418 g of 69% sodium
      hydride and 30 ml of dioxane is stirred at 60.degree. to 62.degree.C for
      one hour. After cooling, 1.52 g of benzyl chloride are added to the
      solution. Then, the solution is further stirred at 100.degree.C for 3
      hours. After cooling, water is added to the solution. The solution is
      evaporated to remove solvent. Then, water is added to the residue, and the
      aqueous mixture is extracted with ether. The ether extract is dried and
      then evaporated to remove solvent. The residue thus obtained is distilled
      under reduced pressure, whereby 3.17 g of
      1-(3-methoxyphenyl)-6-benzyl-6-azabicyclo[3,2,1]octane-7-one are obtained
      as a viscous oil boiling at 195.degree.C(bath temperature )/0.05 mmHg.
PAR  b. 0.262 g of lithium is added to 10 ml of absolute ether in a nitrogen
      atmosphere, and a solution of 2.8 g of methyl iodide in 5 ml of absolute
      ether is added dropwise thereto at 0.degree. to 5.degree.C. The mixture is
      stirred at the same temperature for 50 minutes. Then, a solution of 1.5 g
      of 1-(3-methoxyphenyl)-6-benzyl-6-azabicyclo[3,2,1]octane- 7-one in 30 ml
      of absolute benzene is added dropwise to the mixture at 5.degree.  to
      10.degree.C in a nitrogen atmosphere. The mixture is stirred at room
      temperature overnight. After water is added to the mixture, the
      benzene-ether layer is washed with water, dried and then evaporated to
      remove solvent. The residue thus obtained is dissolved in 60 ml of
      ethanol, and 0.355 g of sodium borohydride is added to the ethanol
      solution at 8.degree. to 10.degree.C. The ethanol solution is stirred at
      room temperature for 2 hours. Then, the ethanol solution is concentrated
      under reduced pressure to remove solvent. water is added to the residue,
      and the aqueous mixture is extracted with ether. The ether extract is
      extracted with 10% aqueous hydrochloric acid. The aqueous extract is
      washed with ether, made alkaline with ammonia and again extracted with
      ether. The ether extract thus obtained is dried and evaporated to remove
      solvent. The residue is dissolved in 5 ml of chloroform. The chloroform
      solution is poured onto a column of 100 g of silica gel. Then, the column
      is eluted with a mixture of 2850 ml of chloroform and 150 ml of methanol.
      The effluent obtained is evaporated to remove solvent, whereby 0.59 g of
      1-(3-methoxyphenyl)-6-benzyl-7-methyl-6-azabicyclo[3,2,1]octane is
      obtained. Picrate: M.p. 184.degree.-186.degree.C(recrystallized from
      methanol).
PAC  EXAMPLE 15
PAC  1-(3-hydroxyphenyl)-7-methyl-6-azabicyclo[3,2,1]octane
PAR  (a) A mixture of 7.21 g of
      1-(3-methoxyphenyl)-6-benzyl-7-methyl-6-azabicyclo[3,2,1]octane, 2.2 g of
      colloid palladium and 165 ml of acetic acid is shaken at room temperature
      for 2 hours in a hydrogen atmosphere under atmospheric pressure. After the
      reaction is completed, the mixture is filtered to remove the catalyst. The
      filtrate is then evaporated to remove solvent. Water is added to the
      residue, and the aqueous mixture is made alkaline with ammonia. Then, the
      aqueous mixture is extracted with ether. The ether extract is dried and
      evaporated to remove solvent. 4.94 g of
      1-(3-methoxyphenyl)-7-methyl-6-azabicyclo[3,2,1]octane are obtained.
      Hydrochloride: M.p. 174.degree.-176.degree.C(recrystallized from a mixture
      of acetone, ethanol and ether).
PAR  b. A mixture of 5.22 g of
      1-(3-methoxyphenyl)-7-methyl-6-azabicyclo[3,2,1]octane hydrochloride and
      52 ml of 47 % aqueous hydrobromic acid is refluxed for one hour under
      heating. After cooling, the crystalline precipitate is collected by
      filtration. The precipitate is recrystallized from a mixture of methanol
      and ether. 5.48 g of
      1-(3-hydroxyphenyl)-7-methyl-6-azabicyclo[3,2,1]octane hydrobromide are
      obtained. M.p. 282.degree.-284.degree.C.
PAC  EXAMPLE 16
PAC  1-(3-hydroxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.4 g of
      1-(3-methoxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane hydrobromide and 4
      ml of aqueous 48% hydrobromic acid is refluxed for 1.5 hours. After the
      reaction, the mixture is concentrated under reduced pressure. Aqueous
      ammonia is added to the residue, and the aqueous mixture is extracted with
      chloroform. The chloroform extract is washed with water, dried and then
      evaporated to remove solvent. The residue thus obtained is recrystallized
      from ethylacetate. 0.245 g of
      1-(3-hydroxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane is obtained. M.p.
      144.5.degree.-145.5.degree.C.
PAR  The following compounds are prepared in the same manner as described above:
PAR  (+)-1-(3-hydroxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane: M.p.
      150.degree.-152.degree.C [.alpha.].sub.D.sup.23 +  19.5.degree.(c = 0.37,
      1N-HCl) (-)-1-(3-hydroxyphenyl)-6-methyl-6-azabicyclo[3,2,1]octane: M.p.
      150.degree.-152.degree.C [.alpha.].sub.D.sup.23 - 19.0.degree.(c = 0.4,
      1N-HCl)
PAC  EXAMPLE 17
PAC  1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
PAR  A mixture of 3.1 g of 1-(3-methoxyphenyl)-6,7-dimethyl-
      6-azabicyclo[3,2,1]octane hydrobromide and 30 ml of 48% aqueous
      hydrobromic acid is refluxed for 1.5 hours. After the reaction, the
      mixture is concentrated under reduced pressure. Aqueous ammonia is added
      to the residue, and the aqueous mixture is extracted with chloroform. The
      chloroform extract is washed with water, dried and then evaporated to
      remove solvent. The residue thus obtained is recrystallized from
      ethylacetate. 2.1 g of
      1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane is obtained.
PA1  M.p. 182.degree.-183.degree.C.
PA1  Hydrobromide: M.p. 231.degree.-234.degree.C.
PA1  Hydrochloride: M.p. 238.degree. -240.degree.C(recrystallized from ethanol).
PA1  Sulfate: M.p. 192.degree.-194.degree.C(recrystallized from ethanol).
PA1  Methanesulfonate: M.p. 198.degree.-199.degree.C(recrystallized from
      ethanol).
PA1  Acetate: M.p 123.degree.-125.degree.C(recrystallized from acetone-ether).
PA1  Citrate: M.p. 161.degree.-165.degree.C(recrystallized from methanol).
PA1  Oxalate: M.p. 201.degree.-202.degree.C(decomp.)(recrystallized from
      methanol).
PA1  Maleate: M.p. 169.degree.-170.degree.C(recrystallized from methanol).
PA1  Fumarate: M.p. 227.degree.-230.degree.C(recrystallized from methanol).
PA1  Succinate: M.p. 152.degree.-154.degree.C(recrystallized from ethanol).
PA1  Phthalate: M.p. 136.degree.-142.degree.C(recrystallized from
      acetone-ether).
PA1  p-Toluenesulfonate: M.p. 168.degree.-170.degree.C(recrystallized from
      ethanol-ether).
PA1  Benzoate: M.p. 175 177.degree.- C(recrystallized from methanol-ether).
PAR  The following compounds are prepared in the same manner as described above:
      (+)-1-(3-hydroxyphenyl)-6,7 -dimethyl-6-azabicyclo[3,2,1]-octane: M.p.
      152.degree.-153.degree.C. Hydrobromide: M.p 261.degree.-263.degree.C.
      [.alpha.].sub.D.sup.23 + 9.9.degree.(c =0.79, water) Hydrochloride: M.p.
      254.degree.- 256.degree.C.
      (-)-1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane: M.p.
      152.degree.-153.degree.C. Hydrobromide: M.p. 261.degree.-263.degree.C.
      [.alpha.].sub.D.sup.23 -9.7.degree.(c = 0.79, water)
PAC  EXAMPLE 18
PAR  1-(3-hydroxyphenyl)-6-methyl-7-ethyl-6-azabicyclo[3,2,1]octane
PAR  1-(3-methoxyphenyl)-6-methyl-7-ethyl-6-azabicyclo[3,2,1]-octane is treated
      in the same manner as described in Example 16, whereby
      1-(3-hydroxyphenyl)-6-methyl-7-ethyl-6-azabicyclo[3,2,1]octane is
      obtained. Yield 83.3% Hydrobromide: M.p. 245.degree.-247.degree.C.
PAC  EXAMPLE 19
PAC  1-(3-hydroxyphenyl)-6-benzyl-7-methyl-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.3 g of
      1-(3-methoxyphenyl)-6-benzyl-7-methyl-6-azabicyclo[3,2,1]octane and 3 ml
      of 48% aqueous hydrobromic acid is refluxed for 30 minutes under heating.
      The mixture is concentrated under reduced pressure. Water is added to the
      residue, and the aqueous mixture is made alkaline with ammonia. Then, the
      aqueous mixture is extracted with chloroform. The chloroform extract is
      washed with water, dried and then evaporated to remove solvent. Methanolic
      hydrogen chloride is added to the residue in ether, and the crystalline
      precipitate is collected by filtration. The precipitate is recrystallized
      from ethanol. 0.22 g of
      1-(3-hydroxyphenyl)-6-benzyl-7-methyl-6-azabicyclo[3,2,1]octane
      hydrochloride are obtained. M.p. 226.degree.-230.degree.C.
PAC  EXAMPLE 20
PAC  1-(3-hydroxyphenyl)-6-(3-benzoylpropyl)-6-azabicyclo[3,2,1]-octane
PAR  A mixture of 0.42 g of
      1-(3-methoxyphenyl)-6-(3-benzoylpropyl)-6-azabicyclo[3,2,1]octane and 4 ml
      of 47% aqueous hydrobromic acid is refluxed for 45 minutes under heating.
      The mixture is concentrated under reduced pressure. The residue thus
      obtained is neutralized with aqueous ammonia and extracted with ether. The
      ether extract is dried and then evaporated to remove solvent. Then,
      methanolic hydrogen chloride is added to the residue in ether, and the
      precipitate is collected by filtration. 0.3 g of
      1-(3-hydroxyphenyl)-6-(3-benzoylpropyl)-6-azabicyclo[3,2,1]octane
      hydrochloride is obtained as amorphous powder.
PAR  Infrared absorption spectrum: .nu..sub.max. .sup.chloroform
      (cm.sup..sup.-1): 3200(OH), 2300 -2800 .tbd.NH.sup.+); 1680(C=O); Mass
      Analysis: 349(M.sup.+)
PAC  EXAMPLE 21
PAC  1-(3-hydroxyphenyl)-6-[3-(4-fluorobenzoyl)propyl]-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.5 g of
      1-(3-methoxyphenyl)-6-[3-(4fluorobenzoyl)propyl]-6-azabicyclo[3,2,1]octane
      and 5 ml of 47% aqueous hydrobromic acid is refluxed for one hour. Then,
      the mixture is treated in the same manner as described in Example 20. 0.34
      g of
      1-(3-hydroxyphenyl)-6-[3-(4-fluorobenzoyl)propyl]-6-azabicyclo[3,2,1]octan
     e hydrochloride is obtained as amorphous powder.
PAR  Infrared absorption spectrum: .nu..sub.max..sup.chloroform
      (cm.sup..sup.-1): 3200(OH), 2300-2800(.tbd.NH.sup.+), 1680(C=O); Mass
      Analysis: 367(M.sup.+)
PAC  EXAMPLE 22
PAC  1-(3-hydrophenyl)-6,7-dimethyl-6-azabicyclo 3,2,1]octane
PAR  A mixture of 1.1 g of
      1-(3-hydroxyphenyl)-7-methyl-6-azabicyclo[3,2,1]octane, 0.7 g of methyl
      iodide, 0.6 g of sodium bicarbonate and 10 ml of dimethylformamdie is
      stirred at 70.degree. to 80.degree.C for 2 hours. After cooling, water is
      added to the mixture, and the aqueous mixture is extracted with
      chloroform. The chloroform extract is washed with water, dried and then
      evaporated to remove solvent. Methanolic hydrogen chloride is added to the
      residue in ether, and the crystalline precipitate is collected by
      filtration. The precipitate is recrystallized from ethanol. 0.6 g of
      1-(3-hydroxphenyl)6,7-dimethyl-6-azabicyclo[3,2,1]octane hydrobromide are
      obtained. M.p 231.degree.-233.degree.C.
PAC  EXAMPLE 23
PAC  1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
PAR  0.37 g of 37% formelin is added to a soltuion of 0.5 g of
      1-(3-hydroxyphenyl)-7-methyl-6-azabicyclo[3,2,1]octane in 10 ml of
      ethanol. The solution is heated at 50.degree.C for 30 minutes. After
      cooling, 0.3 g of sodium borohydride is added thereto. The mixture is
      stirred at room temperature for 2 hours. Then, the mixture is concentrated
      under reduced pressure. Water is added to the residue, and the aqueous
      mixture is extracted with a mixture of 50 ml of chloroform and 5 ml of
      ethanol. The chloroform-ethanol extract is dried and then evaporated to
      remove solvent. Methanolic hydrogen chloride is added to the residue in
      ether, and the crystalline precipitate is collected by filtration. The
      precipitate is recrystallized from ethanol. 0.2 g of
      1-(3-hydroxyphenyl6,7-dimethyl-6-azabicyclo[3,2,1]octane hydrobromide is
      obtained. M.p. 231.degree.-233.degree.C.
PAC  EXAMPLE 24
PAC  1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.3 g of
      1-(3-hydroxyphenyl)-7-methyl-6-azabicyclo[3,2,1]octane and 10 ml of ethyl
      formate is refluxed for 4 hours under heating. The mixture is concentrated
      under reduced pressure. The residue is dissolved in 5 ml of
      tetrahydrofuran, and the tetrahydrofuran solution is added dropwise to 10
      ml of tetrahydrofuran containing 0.3 g of lithium aluminium hydride. The
      mixture is refluxed for 2 hours under heating. Water is added to the
      mixture to decompose lithium aluminium hydride. Then, the aqueous mixture
      is acidified with 10% hydrochloric acid. After the aqueous mixture is made
      alkaline with ammonia, said mixture is extracted with a mixture of 50 ml
      of chloroform and 5 ml of methanol. The extract is dried and then
      evaporated to remove solvent. Methanolic hydrogen chloride is added to the
      residue in ether, and the crystalline precipitate is collected by
      filtration. The precipitate is recrystallized from ethanol. 0.16 g of
      1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane hydrobromide is
      obtained. M.p. 231.degree.-233.degree.C.
PAC  EXAMPLE 25
PAC  1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
PAR  A solution of 0.25 g of ethyl chloroformate in 5 ml of chloroform is added
      dropwise at 5.degree. to 10.degree.C to a mixture of 0.5 g of
      1-(3-hydroxyphenyl)-7-methyl-6-azabicyclo[3,2,1]octane, 0.5 g of p9tassium
      carbonate and 20 ml of dimethylformamide. The mixture is stirred for 2
      hours. Then, water is added to the mixture, and the aqueous mixture is
      extracted with chloroform. The chloroform extract is dried and then
      evaporated to remove solvent. The residue thus obtained is dissolved in 5
      ml of tetrahydrofuran, and the tetrahydrofuran solution is added dropwise
      to 10 ml of tetrahydrofuran containing 0.4 g of lithium aluminium hydride.
      The mixture is refluxed for 3 hours under heating, and then treated in the
      same manner as described in Example 24. 0.28 g of
      1-(3-hydrophenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane hydrobromide is
      obtained. M.p. 231.degree.-233.degree.C.
PAC  EXAMPLE 26 1-(3-hydroxyphenyl)-6-ethyl-7-methyl-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.35 g of
      1-(3-hydroxyphenyl)-7-methyl-6-azabicyclo[3,2,1]octane, 0.31 g of ethyl
      iodide, 0.31 g of sodium bicarbonate and 5 ml of dimethylformamide is
      stirred at 70.degree. to 80.degree.C for 2 hours. After cooling, water is
      added to the mixture, and the aqueous mixture is extracted with ether. The
      ether extract is washed with water, dried and then evaporated to remove
      solvent. Methanolic hydrogen chloride is added to the residue in ether,
      and the crystalline precipitate is collected by filtration. The
      precipitate is recrystallized from isopropanol. 0.38 g of
      1-(3-hydroxyphenyl)-6-ethyl-7-methyl-6-azabicyclo[3,2,1]octane
      hydrochloride is obtained. M.p. 228.degree.-231.degree.C.
PAC  EXAMPLE 27
PAC  1-(3-hydroxyphenyl)-6-propyl-7-methyl-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.35 g of
      1-(3-hydroxypehnyl)-7-methyl-6-azabicyclo[3,2,1]octane, 0.34 g of propyl
      iodide, 0.34 g of sodium bicarbonate and 5 ml of dimethylformamide is
      stirred at 70.degree. to 80.degree.C for 2 hours. After cooling, the
      mixture is treated in the same manner as described in Example 26. 0.32 g
      of 1-(3-hydroxyphenyl)-6-propyl-7-methyl-6-azabicyclo[3,2,1]octane
      hydrochloride is obtained. M.p. 244.degree.-248.degree.C.
PAC  EXAMPLE 28
PAC  1-(3-hydroxyphenyl)-6-cyclopropylmethyl-7-methyl-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.35 g of
      1-(3-hydroxyphenyl)-7-methyl-6-azabicyclo[3,2,1]octane, 0.23 g of
      cyclopropylmethyl bromide, 0.2 g of sodium bicarbonate and 5 ml of
      dimethylformamide is stirred at 70.degree. to 80.degree.C for 2 hours.
      After cooling, the mixture is treated in the same manner as described in
      Example 26. 0.3 g of
      1-(3-hydroxyphenyl)-6-cyclopropylmethyl-7-methyl-6-azabicyclo[3,2,1]octane
      hydrochloride are obtained. M.p. 216.degree.-219.degree.C(recrystallized
      from a mixture of ethanol and ether).
PAC  EXAMPLE 29
PAC  1-(3-hydroxyphenyl)-6-n-amyl-7-methyl-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.35 g of
      1-(3-hydroxyphenyl)-7-methyl-6-azabicyclo[3,2,1]octane, 0.3 g of n-amyl
      bromide, 0.3 g of sodium bicarbonate and 5 ml of dimethylformamide is
      stirred at 100.degree.C for 2 hours. After cooling, the mixture is treated
      in the same manner as described in Example 26. 0.39 g of
      1-(3-hydroxyphenyl)-6-n-amyl-7-methyl-6-azabicyclo[3,2,1]octane
      hydrochloride is obtained. M.p. 151.degree.-154.degree.C(recrystallized
      from acetone).
PAC  EXAMPLE 30
PAC  1-(3-hydroxyphenyl)-6-n-hexyl-7-methyl-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.35 g of
      1-(3-hydroxyphenyl)-7-methyl6-azabicyclo[3,2,1]octane, 0.32 g of n-hexyl
      bromide, 0.17 g of sodium bicarbonate and 5 ml of dimethylformamide is
      stirred at 70.degree. to 80.degree.C for 2 hours. After cooling, the
      mixture is treated im the same manner as described in Example 26. 0.5 g of
      1-(3-hydroxyphenyl)-6-n-hexyl-7-methyl-6-azabicyclo[3,2, 1]octane
      hydrochloride are obtained. M.p. 164.degree.- 165.degree.C(recrystallized
      from ethanol).
PAC  EXAMPLE 31
PAC  1-(3-hydroxyphenyl)-6-n-hexyl-6-azabicyclo[3,2,1]octane
PAR  0.73 g of n-caproyl chloride is added to a mixture of 0.5 g of
      1-(3-hydroxyphenyl)-6-azabicyclo[3,2,1]octane, 0.62 g of triethylamine and
      10 ml of dimethylformamide. The mixture is stirred at room temperature for
      4 hours. Then, water is added to the mixture, and the aqueous mixture is
      extracted with chloroform. The chloroform extract is washed with water,
      dried and then evaporated to remove solvent. The residue thus obtained is
      dissolved in 40 ml of tetrahydrofuran. 0.9 g of lithium aluminium hydride
      is added to the solution, and the solution is refluxed for 12 hours under
      heating. After cooling, water is added to the reaction solution to
      decompose lithium aluminium hydride. The reaction solution is acidified
      with hydrochloric acid. Then, the reaction solution is made alkaline with
      aqueous ammonia and extracted with chloroform. The chloroform extract is
      washed with water, dried and then evaporated to remove solvent. The
      residue is dissolved in 5 ml of chloroform. The chloroform solution is
      poured onto the column of 50 g of silica gel. Then, the column is eluted
      with a mixture of 950 ml of chloroform and 50 ml of methanol, and the
      effluent is evaporated to remove solvent. The residue thus obtained is
      distilled under reduced pressure, whereby 0.48 g of
      1-(3-hydroxyphenyl)-6-n-hexyl-6-azabicyclo[3,2,1]octane is obtained as a
      viscous oil boiling at 250.degree.C(bath temperature/0.1 mmHg.
PAC  EXAMPLE 32
PAC  1-(3-hydroxyphenyl)-6-cyclobutylmethyl-6-azabicyclo[3,2,1]octane
PAR  0.52 g of cyclobutylcarbonyl chloride is added to a mixture of 0.43 g of
      1-(3-hydroxyphenyl)-6-azabicyclo[3,2,1]octane, 0.51 g of triethylamine and
      8 ml of dimethylformamide. The mixture is stirred at room temperature for
      15 hours. Then, water is added to the mixture, and the aqueous mixture is
      extracted with chloroform. The chloroform extract is washed with water,
      dried and then evaporated to remove solvent. The residue thus obtained is
      dissolved in 25 ml of tetrahydrofuran. 0.6 g of lithium aluminium hydride
      is added to the solution, and the solution is refluxed for 3 hours under
      heating. After cooling, water is added to the reaction solution to
      decompose lithium aluminium hydride. The reaction solution is acidified
      with hydrochloric acid. Then, the reaction solution is made alkaline with
      aqueous ammonia and extracted with chloroform. The chloroform extract is
      washed with water, dried and then evaporated to remove solvent. The
      residue is dissolved in 5 ml of chloroform. The chloroform solution is
      poured onto the column of 30 g of silica gel. Then, the column is eluted
      with a mixture of 500 ml of chloroform and 25 ml of methanol, and the
      effluent is evaporated to remove solvent. The residue thus obtained is
      distilled under reduced pressure, whereby 0.42 g of
      1-(3-hydroxyphenyl)-6-cyclobutylmethyl-6-azabicyclo[3,2,1]octane is
      obtained as an viscous oil boiling at 240.degree.C(bath temperature)/0.1
      mmHg.
PAC  EXAMPLE 33
PAC  1-(3-hydroxyphenyl)-6-phenethyl-7-methyl-6-azabicyclo[3,2,1]octane
PAR  0.62 g of phenylacetyl chloride is added dropwise under ice-cooling to a
      mixture of 0.35 g of
      1-(3-hydroxyphenyl)7-methyl-6-azabicyclo[3,2,1]octane, 1 ml of
      triethylamine and 7 ml of methylenedichloride. The mixture is stirred at
      room temperature for 20 hours. Then, the mixture is concentrated under
      reduced pressure. Water is added to the residue, and the aqueous mixture
      is extracted with benzene. The benzene extract is washed with diluted
      hydrochloric acid, water, aqueous sodium bicarbonate and water,
      successively. The benzene extract is dried and evaporated to remove
      solvent. The residue thus obtained is dissolved in 12 ml of
      tetrahydrofuran. 0.6 g of lithium aluminium hydride is added to the
      tetrahydrofuran solution, and said solution is refluxed for 1.5 hours.
      After cooling, diluted hydrochloric acid is added to the reaction solution
      to decompose lithium aluminium hydride. Then, the reaction solution is
      made alkaline with aqueous ammonia and extracted with chloroform. The
      chloroform extract is washed with water, dried and then evaporated to
      remove solvent. The residue is dissolved in 5 ml of chloroform. The
      chloroform solution is poured onto a column of 20 g of silica gel. Then,
      the column is eluted with a mixture of 300 ml of chloroform and 50 ml of
      methanol, and the effluent is evaporated to remove solvent. Methanolic
      hydrogen chloride is added to the residue in ether, and the crystalline
      precipitate is collected by filtration. The precipitate is recrystallized
      from acetone. 0.09 g of 1-(3-hydroxyphenyl)-6-phenethyl-
      7-methyl-6-azabicyclo[3,2,1]octane hydrochloride is obtained. M.p.
      231.degree.-233.degree.C.
PAC  EXAMPLE 34
PAC  1-(3-hydroxyphenyl)-6-(2-benzoylethyl)-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.4 g of 1-(3-hydroxyphenyl)-6-azabicyclo[3,2,1]octane, 0.4 g
      of 2-benzoylethyl chloride, 0.4 of potassium carbonate, 0.03 g of
      potassium iodide and 5 ml of dimethylformamide is stirred at 100.degree.C
      for 4 hours in a nitrogen atmosphere. After cooling, water is added to the
      mixture, and the aqueous mixture is extracted with chloroform. The
      chloroform extract is washed with water, dried and then evaporated to
      remove solvent. The residue thus obtained is dissolved in 5 ml of
      chloroform. The chloroform solution is poured onto a column of 40 g of
      silica gel. Then, the column is eluted with a mixture of 300 ml of
      chloroform and 15 ml of methanol, and the effluent is evaporated to remove
      solvent. Methanolic hydrogen chloride is added to the residue in ether,
      and the crystalline precipitate is collected by filtration. The
      precipitate is recrystallized from a mixture of methanol and ether. 0.1 g
      of 1-(3-hydroxyphenyl)-6-(2-benzoylethyl)-6-azabicyclo[ 3,2,1]octane
      hydrochloride is obtained. M.p. 187.degree.- 189.degree.C.
PAC  EXAMPLE 35
PAC  1-(3-hydroxyphenyl)-6-(2-benzoylethyl)-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.4 g of 1-(3-hydroxyphenyl)-6-azabicyclo[3,2,1]octane, 0.69 g
      of N-(2-benzoylethyl)-N,N,N-trimethylammonium iodide, 0.24 g of potassium
      carbonate and 5 ml of dimethylformamide is stirred at room temperature in
      a nitrogen atmosphere for 5 hours. After the reaction, water is added to
      the mixture, and the aqueous mixture is extracted with ether. The ether
      extract is dried and then evaporated to remove solvent. Methanolic
      hydrogen chloride is added to the residue in ether, and the crystalline
      precipitate is collected by filtration. The precipitate is recrystallized
      from a mixture of methanol and ether. 0.64 g of
      1-(3-hydroxyphenyl)-6-(2-benzoylethyl)-6-azabicyclo[3,2,1]octane
      hydrochloride is obtained. M.p. 187.degree.- 189.degree.C.
PAC  EXAMPLE 36
PAC  1-(3-acetyloxyphenyl(-6,7-dimethyl-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.5 g of
      1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane hydrobromide,
      10 ml of acetic acid anhydride and 0.3 g of potassium acetate is heated
      for one hour on a water bath. After the reaction, the mixture is
      concentrated under reduced pressure. Ether and water are added to the
      residue, and the aqueous mixture is made alkaline with 5 % aqueous sodium
      bicarbonate. The aqueous mixture is extracted with ether. The ether
      extract is washed with water, dried and then evaporated to remove solvent.
      Methanolic hydrogen chloride is added to the residue in ether, and the
      crystalline precipitate is collected by filtration. The precipitate is
      recrystallized from a mixture of ethanol and ether. 0.37 g of
      1-(3-acetyloxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2, 1]octane
      hydrochloride is obtained. M.p. 250.degree.- 252.degree.C.
PAR  The following compounds are prepared in the same manner as described above:
PAR  (+)-1-(3-acetyloxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
      hydrochloride: M.p. 207.degree.- 211.degree.c. [.alpha.].sub.D.sup.24 +
      9.9.degree.(c = 0.45, methanol)
PAR  (-)-1-(3-acetyloxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
      hydrochloride: M.p. 208.degree.- 210.degree.C. [.alpha.].sub.D.sup.24
      -9.9.degree.(c = 0.38, methanol)
PAC  EXAMPLE 37
PAC  1-(3-acetyloxyphenyl)-6-methyl-7-ethyl-6-azabicyclo[3,2,1]octane
PAR  1-(3-hydroxyphenyl)-6-methyl-7-ethyl-6-azabicyclo[3,2,1] octane is treated
      in the same manner as described in Example 36, whereby
      1-(3-acetyloxyphenyl)-6-methyl-7-ethyl-6-azabicyclo [3,2,1]octane
      hydrobromide is obtained. Yield: 65 % M.p. 237.degree.- 240.degree.C.
PAC  EXAMPLE 38
PAC  1-(3-propionyloxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.25 g of
      1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane hydrobromide, 5
      ml of propionic acid anhydride and 0.3 ml of pyridine is heated at
      80.degree. to 90.degree.C for 2 hours. After cooling, the crystalline
      precipitate is collected by filtration, washed with acetone, and then
      recrystallized from a mixture of chloroform and ether. 0.25 g of
      1-(3-propionyloxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
      hydrobromide is obtained. M.p. 226.degree. - 228.degree.C.
PAC  EXAMPLE 39
PAC  1-(3-n-hexanoyloxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
PAR  A mixture of 0.25 g of
      1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane hydrobromide, 8
      ml of n-hexanoic acid anhydride and 0.1 ml of pyridine is heated at
      120.degree.C for 3 hours. After the reaction, the mixture is concentrated
      under reduced pressure. Ether is added to the residue, and the crystalline
      precipitate is collected by filtration. The precipitate is recrystallized
      from a mixture of chloroform and ether. 0.155 g of
      1-(3-n-hexanoyloxyphenyl)6,7 -dimethyl-6-azabicyclo[3,2,1]octane
      hydrobromide is obtained. M.p. 95.degree.- 97.degree.C.
PAC  EXAMPLE 40
PAC  1-(3-benzoyloxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
PAR  0.35 g of 1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo [3,2,1]octane is
      dissolved in 4 ml of pyridine, and a solution of 0.28 g of benzoyl
      chloride in 2 ml of benzene is added thereto under ice-cooling. The
      mixture is stirred for 45 minutes. Then, the mixture is concentrated under
      reduced pressure. The residue thus obtained is washed with ether and then
      recrystallized from a mixture of ethylacetate and acetone. 0.43 g of
      1-(3-benzoyloxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
      hydrochloride is obtained. M.p. 207.degree. - 209.degree.C.
PAC  EXAMPLE 41
PAC  1-(3-nicotinoyloxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
PAR  To a solution of 0.231 g of
      1-(3-hydroxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane in 4 ml of
      pyridine is added 0.376 g of nicotinoyl chloride hydrochloride under
      icecooling. The solution is stirred at room temperature overnight. Then,
      the solution is concentrated under reduced pressure. The resudue thus
      obtained is washed with ether, and then recrystallized from a mixture of
      ethanol, acetone and ether. 0.17 g of
      1-(3-nicotinoyloxyphenyl)-6,7-dimethyl-6-azabicyclo[3,2,1]octane
      dihydrochloride hemihydrate is obtained. M.p. 210.degree. - 218.degree.C.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC9##
PAL  wherein R.sup.1 is hydrogen, phenyl, alkyl of one to five carbon atoms,
      cycloalkyl of three to four carbon atoms, or alkyl of one to five carbon
      atoms having a substituent selected from the group consisting of phenyl,
      benzoyl and 4-fluorobenzoyl, R.sup.2 is hydrogen or alkyl of one to three
      carbon atoms, and R.sup.3 is hydrogen, alkanoyl of two to six carbon
      atoms, benzoyl or nicotinoyl, or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  2.
PAR  2. The compound as claimed in claim 1, wherein R.sup.1 is selected from the
      group consisting of hydrogen, methyl, ethyl, butyl, amyl, cyclopropyl,
      cyclobutyl, phenyl, benzyl, benzoylmethyl, 2-benzoylethyl and
      2-(4-fluorobenzoyl)ethyl, R.sup.2 is hydrogen, methyl or ethyl, and
      R.sup.3 is selected from the group consisting of hydrogen, acetyl,
      propionyl, hexanoyl, benzoyl and nicotinoyl.
NUM  3.
PAR  3. The compound as claimed in claim 1, wherein R.sup.1 is selected from the
      group consisting of hydrogen, nbutyl, n-amyl, cyclopropyl, benzyl,
      2-benzoylethyl and 2-(4-fluorobenzoyl)ethyl, R.sup.2 is hydrogen or
      methyl, and R.sup.3 is selected from the group consisting of hydrogen,
      acetyl, propionyl, benzoyl and nicotinoyl.
NUM  4.
PAR  4. The compound as claimed in claim 3, wherein each of R.sup.1, R.sup.2 and
      R.sup.3 is hydrogen.
NUM  5.
PAR  5. The compound as claimed in claim 3, wherein each of R.sup.1 and R.sup.3
      is hydrogen, and R.sup.2 is methyl.
NUM  6.
PAR  6. The compound as claimed in claim 3, wherein R.sup.1 is n-butyl, R.sup.2
      is methyl, and R.sup.3 is hydrogen.
NUM  7.
PAR  7. The compound as claimed in claim 3, wherein R.sup.1 is n-amyl, R.sup.2
      is methyl, and R.sup.3 is hydrogen.
NUM  8.
PAR  8. The compound as claimed in claim 3, wherein R.sup.1 is cyclopropyl,
      R.sup.2 is methyl, and R.sup.3 is hydrogen.
NUM  9.
PAR  9. The compound as claimed in claim 3, wherein R.sup.1 is benzyl, R.sup.2
      is methyl, and R.sup.3 is hydrogen.
NUM  10.
PAR  10. The compound as claimed in claim 3, wherein R.sup.1 is 2-benzoylethyl,
      and each of R.sup.2 and R.sup.3 is hydrogen.
NUM  11.
PAR  11. The compound as claimed in claim 3, wherein R.sup.1 is
      2-(4-fluorobenzoyl)ethyl, and each of R.sup.2 and R.sup.3 is hydrogen.
NUM  12.
PAR  12. The compound as claimed in claim 3, wherein R.sup.1 is hydrogen,
      R.sup.2 is methyl, and R.sup.3 is acetyl.
NUM  13.
PAR  13. The compound as claimed in claim 3, wherein R.sup.1 is hydrogen,
      R.sup.2 is methyl, and R.sup.3 is propionyl.
NUM  14.
PAR  14. The compound as claimed in claim 3, wherein R.sup.1 is hydrogen,
      R.sup.2 is methyl, and R.sup.3 is benzoyl.
NUM  15.
PAR  15. The compound as claimed in claim 3, wherein R.sup.1 is hydrogen,
      R.sup.2 is methyl, and R.sup.3 is nicotinoyl.
NUM  16.
PAR  16. The compound as claimed in claim 1, wherein said compound is an
      optically active (+)-isomer.
NUM  17.
PAR  17. The compound as claimed in claim 2, wherein said compound is an
      optically active (+)-isomer.
NUM  18.
PAR  18. The compound as claimed in claim 3, wherein said compound is an
      optically active (+)-isomer.
NUM  19.
PAR  19. The compound as claimed in claim 4, wherein said compound is an
      optically active (+)-isomer.
NUM  20.
PAR  20. The compound as claimed in claim 5, wherein said compound is an
      optically active (+)-isomer.
NUM  21.
PAR  21. A compound according to claim 1 wherein R.sup.3 is hydrogen.
NUM  22.
PAR  22. A compound according to claim 21 wherein R.sup.1 is hydrogen, n-butyl,
      n-amyl, cyclopropyl, benzyl, 2-benzoylethyl, 2-(4-fluorobenzoyl)-ethyl and
      R.sup.2 is hydrogen or methyl.
NUM  23.
PAR  23. A compound according to claim 21 wherein said compound is an optically
      active (+) isomer.
NUM  24.
PAR  24. A compound according to claim 22 wherein said compound is an optically
      active (+) isomer.
PATN
WKU  039324303
SRC  5
APN  350140&
APT  1
ART  121
APD  19730411
TTL  Substituted indeno, naphtho and cyclohepta pyrazoles
ISD  19760113
NCL  9
ECL  1
EXP  Rotman; Alan L.
DCD  19911015
INVT
NAM  Habeck; Dietmar A.
CTY  Heidelberg
CNT  DT
INVT
NAM  Houlihan; William J.
CTY  Mountain Lakes
STA  NJ
ASSG
NAM  Sandoz, Inc.
CTY  E. Hanover
STA  NJ
COD  02
RLAP
COD  72
APN  341392
APD  19730315
PSC  03
RLAP
COD  82
APN  302595
APD  19721031
PSC  03
RLAP
COD  82
APN  289155
APD  19720914
PSC  03
RLAP
COD  82
APN  231387
APD  19720302
PSC  03
RLAP
COD  82
APN  259859
APD  19720605
PSC  03
RLAP
COD  82
APN  274868
APD  19720725
PSC  03
RLAP
COD  82
APN  188938
APD  19711013
PSC  03
CLAS
OCL  260296T
XCL  2602948R
XCL  260295S
XCL  260296B
XCL  260296P
XCL  260310R
XCL  260240R
XCL  424263
XCL  424273
EDF  2
ICL  C07D21374
FSC  260
FSS  296 T;296 P;294.8 R;295 S
UREF
PNO  3816438
ISD  19740600
NAM  Houlihan
OCL  260294.8B
UREF
PNO  3843664
ISD  19741000
NAM  Habeck et al.
OCL  260296T
LREP
FR2  Sharkin; Gerald D.
FR2  Honor; Robert S.
FR2  McGovern; Thomas O.
ABST
PAL  Substituted indeno [1,2-c] pyrazoles, naphtho [1,2-c] pyrazoles and benzo
      [6,7] cyclohepta [1,2-c] pyrazoles e.g.,
      3-(2,3-dimethoxyphenyl)-4H-indeno[1,2-c] pyrazole and
      4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c] pyrazole, are useful as
      non-estrogenic anti-fertility agents and antihypertensive agents.
PARN
PAR  This is a continuation-in-part of copending U.S. Pat. application serial
      No. 341,392 filed Mar. 15, 1973, now abandoned which in turn is a
      continuation-in-part of copending U.S. Pat. application serial No.
      305,595, filed Oct. 31, 1972, now abandoned which in turn is a
      continuation-in-part of copending U.S. Pat. application serial No. 289,155
      filed Sept. 14, 1972, now abandoned which in turn is a
      continuation-in-part of copending applications Ser. No. 231,387, filed
      Mar. 2, 1972; now abandoned, Ser. No. 259,859, filed June 5, 1972, now
      abandoned and Ser. No. 274,868, filed July 25, 1972, now abandoned which
      in turn are continuations-in-part of copending application Ser. No.
      188,938, filed Oct. 13, 1971, now abandoned.
BSUM
PAR  This invention relates to indeno [1,2-c] pyrazole, naphtho [1,2-c] pyrazole
      and benzo [6,7] cyclohepta [1,2-c] pyrazole. More particularly it relates
      to 3-aryl and 3-heterocyclic derivatives of indeno [1,2-c] pyrazole,
      naphtho [1,2-c] pyrazole and benzo [6,7] cyclohepta [1,2-c] pyrazole and
      their use in pharmaceutical compositions.
PAR  The compounds of this invention may be represented by the following
      formula:
      ##SPC1##
PAL  Where
PA1  n is 1, 2 or 3
PA1  R.sub.1 represents hydrogen or lower alkyl having 1 to 4 carbon atoms but
      excluding tertiary butyl, e.g., methyl, ethyl, isopropyl, and the like:
PA1  Ar is
      ##SPC2##
PAL  And
PA1  R.sub.2, r.sub.3, r.sub.4 and R.sub.5 each independently represent
      hydrogen, halo having an atomic weight of about 19 to 36, lower alkyl, ie.
      alkyl having 1 to 4 carbon atoms, e.g. methyl, ethyl, isopropyl and the
      like; lower alkoxy, i.e., alkoxy having 1 to 4 carbon atoms, e.g.,
      methoxy, ethoxy, isopropoxy, and the like, or trifluoromethyl, or
PA1  R.sub.2 and R.sub.3 or R.sub.4 and R.sub.5 together independently represent
      methylenedioxy attached to adjacent carbon atoms
PAL  Provided that when R.sub.2 and R.sub.3 or R.sub.4 and R.sub.5 are
      independently trifluoromethyl or tertiary butyl, they are not on adjacent
      carbon atoms; and when n is 1 and R.sub.1, R.sub.2 and R.sub.3 are
      hydrogen, Ar is other than unsubstituted phenyl and pharmaceutically
      acceptable acid addition salts thereof.
PAR  The pyrazole ring (A) in the compounds of formula (I) can have the
      following structures:
      ##SPC3##
PAL  Where R.sub.1 is as defined above. It should be noted that when R.sub.1 is
      hydrogen the compounds of structures (Ia) and Ib) are considered
      equivalent and are known to exist in both tautomeric forms. It should also
      be noted that this invention includes the geometrical and optical isomers
      of the compounds of structures (c).
PAR  The compounds of formula (I) in which ring A has the structure (Ia) and
      (Ib) may be prepared by the following reaction scheme:
      ##SPC4##
PAL  where n, R.sub.1, R.sub.2, R.sub.3, Ar and the proviso are as defined
      above.
PAR  The compounds of formula (I') are prepared by treating a compound of
      formula (II) with a compound of formula (III). The reaction is preferably
      carried out under acidic catalysis which can be provided by a mineral acid
      such as hydrochloric acid, sulfuric acid, and the like, a strong organic
      acid such as acetic acid or p-toluenesulfonic acid or a Lewis acid such as
      boron trifluoride. The preferred acid is acetic acid. Although a solvent
      is not required, it is preferred that the reaction be carried out in the
      presence of an inert solvent such as the lower alkanols, aliphatic or
      aromatic hydrocarbons, halogenated hydrocarbons, straight chain ethers or
      cyclic ethers. The particular solvent used is not critical, but the lower
      alkanols, such as methanol, ethanol, butanol and the like or dioxane are
      preferred, especially ethanol and dioxane. The temperature of the reaction
      also is not critical, but it is generally carried out between 35.degree.
      and 200.degree.C, preferably at the reflux temperature of the system. For
      optimum results it is preferred that the reaction be run for from 8 hours
      to 5 days. The product is recovered in the usual manner, e.g., by
      evaporation and crystallization. The compounds of formula (II) can exist
      in the form of cis and trans isomers. It is not critical which isomer is
      used in the process; and although the trans form reacts faster than the
      cis form, a mixture of the two isomers is generally used in the reaction.
PAR  The compounds of formula (Ic) can also be prepared by the following
      reaction scheme:
      ##SPC5##
PAL  where n, R.sub.1, R.sub.2, R.sub.3, Ar and the proviso are as set out
      above.
PAR  The compounds of formula (Ic) are prepared by treating a compound of
      formula (IV) with a compound of formula (III). Although a solvent is not
      necessary, it is preferred that the reaction be carried out in an inert
      solvent, e.g., the above lower alkanols, aliphatic or aromatic
      hydrocarbons, halogenated hydrocarbons, straight chain ethers or cyclic
      ethers. The particular solvent used is not critical but the preferred
      solvents are the lower alkanols such as methanol, ethanol, butanol and the
      like. The temperature of the reaction is not critical, but it is normally
      carried out between 35.degree. and 150.degree.C, preferably at the reflux
      temperature of the system. For optimum results, it is preferred that the
      reaction be run for from 8 hours to 5 days under anhydrous conditions.
      When the preceeding reaction is carried out in an inert atmosphere, such
      as helium, argon or nitrogen, the compound with structure (Ic) is
      predominantly obtained and is isolated by conventional techniques, e.g.,
      chromatography. The compounds of formula (IV) can also exist in cis and
      trans form. It is not critical which isomer is used in the reaction; and
      although the trans form reacts faster than the cis form, a mixture of the
      two isomers is generally used in the reaction.
PAR  The compounds of formula (I') in which R.sub.1 is hydrogen may also be
      prepared in accordance with the following reaction scheme:
      ##SPC6##
PAL  where
PA1  p is 0, 1 or 2
PA1  R.sub.1 ' is lower alkyl having 1 to 3 carbon atoms, e.g., methyl, ethyl,
      isopropyl and the like;
PA1  M.sup.+ a.sup.- is a non-hydroxyl anionic cyclizing agent and
PA1  n, Ar, R.sub.2, R.sub.3 and the proviso are as defined previously.
PAR  The compounds of formula (I") are prepared by treating a compound of
      formula (IV') with a non-hydroxyl anionic cyclizing agent in an inert
      solvent. The preferred non-hydroxyl amonic cyclizing agents which can be
      used in the reaction are the alkali metal alkoxides such as lithium,
      potassium and especially sodium methoxides, ethoxides, and the like, alkyl
      lithium such as butyl lithium, octyl lithium and the like and alkali metal
      hydrides such as lithium, potassium and especially sodium hydride.
      Although the particular solvent used in the reaction is not critical,
      monoglyme and diglyme are the preferred solvents when alkali metal
      alkoxides are used as the cyclizing agent, and hydrocarbons such as hexane
      or ethers such as tetrahydrofuran are preferred when an alkyl lithium or
      an alkali metal hydride is used as the cyclizing agent. It is preferred
      that the reaction be carried out in an inert atmosphere when alkyl lithium
      or alkali metal hydrides are used as the cyclizing agents. The inert
      atmosphere is preferably nitrogen, argon, helium and the like, especially
      nitrogen. The temperature at which the reaction is carried out is not
      critical, but it is preferred that the reaction be run at about room
      temperature to 200.degree.C especially at the reflux temperature of the
      system. Although the time is not critical, the reaction should be run for
      from 30 minutes to 8 hours for optimum results. The product is recovered
      by conventional techniques, for example, recrystallization.
PAR  The compounds of formulas (Ia) and (Ib) can be prepared by the following
      reaction from the compounds of formula (Ic):
      ##SPC7##
PAL  where n, R.sub.1, R.sub.2, R.sub.3 Ar and the proviso are as set out above.
PAR  The compounds of formula (I') are prepared by dehydrogenating a compound of
      formula (Ic). The dehydrogenation can be carried out by exposing compound
      (Ic) to oxygen, for example, on a chromatographic media such as silica or
      alumina. Alternately, the reaction may be carried out in the presence of a
      dehydrogenating agent such as sulfur or palladium or an oxidizing agent
      such as manganese dioxide or lead dioxide plus acid. Although a solvent is
      not essential in the reaction and the temperature is not critical, it is
      preferred that an inert solvent be used and that the reaction be carried
      out between temperatures of 20.degree. to 250.degree.C. When sulfur or
      palladium is used as the dehydrogenation agent, the preferred solvents are
      decalin xylene, naphthalene and the like and the preferred temperature is
      200.degree. to 250.degree.C. With manganese dioxide, the preferred solvent
      is benzene, toluene and the like, and the preferred temperature is
      20.degree. to 50.degree.C. When lead dioxide and acetic acid are used in
      the reaction, the preferred solvent is excess acetic acid and the
      preferred temperature of the reaction is 20.degree. to 50.degree.C. For
      optimum results, it is further preferred that the reaction be run for 5 to
      50 hours, especially from 5 to 25 hours. The products are recovered by
      conventional techniques, e.g., evaporation and recrystallization.
PAR  The compounds of formula (I'") having the structure (Ia) when R.sub.1 is
      lower alkyl and structures (Ia) and (Ib) when R.sub.1 is hydrogen may be
      prepared in accordance with the following reaction scheme:
      ##SPC8##
PAL  where
PA1  X is --COOR.sub.7 or --CN
PA1  R".sub.1 is Li or lower alkyl having 1 to 4 carbon atoms, but excluding
      tertiary butyl,
PA1  R.sub.6 is alkyl having 1 to 8 carbon atoms,
PA1  R.sub.7 is lower alkyl as defined above and
PA1  n, R.sub.1, R.sub.2, R.sub.3, Ar and the proviso are as set out above,
PAL  provided R".sub.1 is Li only when R.sub.1 is hydrogen.
PAR  The compounds of formula (I'") are prepared by treating a compound of the
      formula (V) with a compound of the formula (VI) and then treating the
      lithiated intermediate (Va) with a compound of the formula (VII) all under
      an inert atmosphere and in an inert solvent. The inert atmosphere is
      preferably nitrogen, argon, helium and the like especially nitrogen. The
      particular inert solvent used is not critical and can be any of the
      solvents used in lithiation reactions, preferably, diethyl ether, dioxane
      and especially tetrahydrofuran. The temperature also is not critical, but
      it is preferred that the reaction be carried out between -50.degree. to
      30.degree.C and especially between about -10.degree. to about 10.degree.C.
      For optimum results after all reactants are added, the reaction mixture is
      refluxed for about one hour. In finishing the reaction, when X is --CN,
      after compound (VII) has reacted, the reaction medium must be made acidic
      and aqueous to complete the hydrolysis and effect cyclization to compound
      (I'"). When X is --COOR.sub.7, acidification is preferred, but hydrolysis
      only, by the addition of water, is necessary. The product is isolated by
      conventional techniques, e.g., evaporation and recrystallization.
PAR  The compounds of formulas (Ia) and (Ib) may also be prepared by the
      following reaction scheme:
      ##SPC9##
PAL  where
PA1  n, R.sub.1, R.sub.2, R.sub.3, Ar and the proviso are as set out above.
PAR  The compounds of formula (I') are prepared by treating a compound of the
      formula (VIII) with a compound of the formula (III). Although a solvent is
      not necessary, it is preferred that the reaction be carried out in an
      inert solvent such as the lower alkanols, e.g., methanol, ethanol, and so
      on, ethers, e.g., diethyl ether, dioxane or tetrahydrofuran, halogenated
      hydrocarbons such as chloroform, or in excess reactant of formula (III).
      the temperature of the reaction is not critical, but the reaction is
      preferably run at between 30.degree. to 150.degree.C, especially at the
      reflux temperature of the reaction mixture. The product is isolated by
      standard techniques, e.g., recrystallization.
PAR  The compounds of formula (II) are prepared in accordance with the following
      reaction scheme:
      ##SPC10##
PAL  where
PA1  Y is a leaving group and
PA1  n, R.sub.2, R.sub.3, Ar and the proviso are as set out above.
PAR  The compounds of formula (II) are prepared by treating the compounds of
      formula (IX) with the compounds of formula (X) under basic conditions in
      an inert solvent. It is preferred that the reaction be run in an inert
      atmosphere such as argon, helium and especially nitrogen. The leaving
      group Y in formula (IX) can be any of the conventional leaving groups
      employed in such a reaction, such as chlorine, bromine, iodine, tosylate,
      mesylate and the like. The preferred leaving group is the halogens,
      especially chlorine or bromine. The basic conditions for the reaction are
      provided by alkali or alkali earth metal hydroxides, alkali metal lower
      alkoxides, tertiary aliphatic and aromatic amines and tertiary cyclic
      amines such as pyridine and the like. Although the particular solvent used
      is not critical, the lower alkanols such as methanol, ethanol, butanol and
      the like are especially preferred, in particular the lower alkanol
      corresponding to the alkali metal alkoxide when used. The temperature of
      the reaction is not critical, but it is generally carried out between
      0.degree. and 30.degree.C, preferably about 5.degree. to 10.degree.C.
      Although the time is not critical, it is preferred that the reaction be
      run for from 1 to 5 hours. The product is recovered by standard
      techniques, e.g., by crystallization or distillation and is in the form of
      a mixture of cis and trans isomers one form of which may predominate which
      can be separated when desired by standard methods, e.g., fractional
      crystallization.
PAR  The compounds of formula (II') can also be prepared by the following
      reaction scheme:
      ##SPC11##
PAL  where
PA1  Ar' is 4-pyridyl or
      ##SPC12##
PAL  and
PA1  n, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and the proviso are as set out above.
PAR  The compounds of formula (II') as a mixture of cis and trans isomers are
      prepared by treating the compounds in cis or trans form or in the form of
      a mixture of cis and trans isomers of formula (IV") with an epoxidizing
      agent in an inert solvent. The epoxidizing agent used can be any of the
      standard epoxidizing agents used in epoxidizing .alpha.,
      .beta.-unsaturated ketones, e.g., hydrogen peroxide and bases such as the
      alkali metal hydroxides or alkoxides. The inert solvent can be water,
      lower alkanols, aliphatic or aromatic hydrocarbons, halogenated
      hydrocarbons, straight chain ethers, cyclic ethers, and the like depending
      on the solubility characteristics of the reactants, in particular, the
      epoxidizing agents. The preferred solvents are water and the lower
      alkanols such as methanol, ethanol, butanol, and the like. The temperature
      of the reaction is not critical, but it is normally carried out between
      0.degree. and 100.degree.C, depending on the epoxidizing agent but
      preferably between 15.degree. to 30.degree.C. For It is further preferred
      that the reaction be run from 3 hours to 3 days preferably 5  to 10 hours.
      The product is recovered in the usual manner e.g., by extraction and
      evaporation.
PAR  The compounds of formulas (IV) or (IV"), (V), and (IX) are prepared by well
      known procedures from compounds of the formula:
      ##SPC13##
PAL  where
PA1  n, R.sub.2, R.sub.3 and the proviso are as set out above.
PAR  The compounds of formulas (IV) or (IV") in the form of a mixture of cis and
      trans isomers are, for example, prepared by treating a compound of formula
      (XI) with a compound of formula (X). The process is suitably carried out
      by standard techniques, preferably in an inert solvent such as ethanol or
      piperidine using a catalytic amount of a base such as sodium hydroxide,
      potassium hydroxide, diethylamine or triethylamine or in the presence of a
      catalytic amount of an acid such as hydrochloric acid, sulfuric acid,
      phosphoric acid, acetic acid, toluenesulfonic acid or methylsulfonic acid.
      The temperature of the reaction is 15.degree. to 100.degree., usually
      25.degree. to 80.degree.C, and the reaction is run for from 2 to 24 hours,
      normally 6 to 14 hours. the particular solvent, temperature or time used
      in the reaction is not critical.
PAR  The compounds of formula (V) are prepared by the reaction of compound (XI)
      with a compound of formula (III) which may be carried out in a
      conventional manner, for example, by treating the ketone (XI) with the
      desired hydrazine compound in an inert solvent such as toluene, ethyl
      alcohol, tetrahydrofuran or dioxane. The temperature of the reaction is
      normally between 10.degree. to 50.degree., preferably 20.degree. to
      35.degree., and the time of the reaction is usually 1 to 6 hours. The
      particular solvent, the temperature and time used in the reaction are not
      critical.
PAR  The compounds of formula (IX) may be obtained by standard procedure from
      compounds of formula (XI). For example, the chlorine or bromine
      substituted compounds can be prepared by treating the compound of formula
      (XI) with chlorine or bromine, preferably in an inert solvent such as
      acetic acid, chloroform or carbon tetrachloride. The reaction can be
      carried out at temperatures from room temperature to 50.degree. over a
      period of 1 to 12 hours, preferably 3 to 6 hours. The particular solvent,
      temperature or time used in the reaction are not critical.
PAR  The tosylate and mesylate can be prepared from the chlorine or bromine
      substituted compound by treatment with a tosylate or mesylate salt, such
      as sodium or potassium tosylate or mesylate in an inert solvent such as
      the above lower alcohols, toluene or benzene. The reaction is preferably
      carried out at temperatures between 15.degree. to 70.degree. especially
      between 25.degree. to 40.degree. for a period of 2 to 10 hours, preferably
      4 to 7 hours. The particular solvent used, the temperature and the time of
      the reaction are not critical.
PAR  The compounds of formula (IV') can be prepared by the following reaction
      scheme:
      ##SPC14##
PAL  where
PA1  n, p, R.sub.1 ', R.sub.2, R.sub.3, Ar and the proviso are as set out above.
PAR  The compounds of formula (IV') are prepared by treating a compound of
      formula (IV) with a compound of formula (XII) in an inert solvent at a
      temperature of 15.degree. to 50.degree.C, in the presense of a mineral
      acid catalyst. The inert solvent is preferably a lower alcohol having 1 to
      4 carbon atoms, e.g., methanol, ethanol and the like. The mineral acid can
      be hydrochloric acid, phosphoric acid or sulfuric acid and it is preferred
      that the reaction be run for from about 5 hours to 30 hours. The
      particular solvent, acid, temperature or time employed in the reaction is
      not critical. The product (IV') is recovered by conventional techniques,
      e.g., crystallization.
PAR  The compounds of formula (VIII) can exist in the following tautomeric
      forms:
      ##SPC15##
PAL  where
PA1  n, R.sub.2, R.sub.3, Ar and the proviso are as previously defined. For
      convenience, structure (VIII) only is used, although all three forms are
      contemplated.
PAR  The compounds of formula (III) and many of the compounds of formula (VI),
      (VII), (VIII), (X) (XI) and (XII) are known and are prepared by procedures
      disclosed in the literature. The compounds of formula (VI), (VII), (VIII),
      (X), (XI), and (XII) not specifically disclosed in the literature may be
      prepared by analgous methods using known starting materials.
PAR  The compounds of formula (I) are useful because they possess
      pharmacological activity in animals. In particular, the compounds are
      useful as hypotensive/anti-hypertensive agents, as indicated by their
      activity in renal hypertensive rats given 10 to 100 mg/kg of active
      compound using the techniques of A. Grollman (Proc, Soc. Exptl, Biol, and
      Med. 57:102, 1944) and indirectly measuring the blood pressure from the
      caudal artery in the tail using a pneumatic pulse transducer.
PAR  The compounds of formula (I), including the compound of formula (I) in
      which n is 1, R.sub.1, R.sub.2 and R.sub.3 are hydrogen and Ar is
      unsubstituted phenyl, in particular, the compounds of formula (I) having
      structures (Ia) and (Ib) when R.sub.1 is hydrogen or structure (Ib) when
      R.sub.1 is lower alkyl as defined above, especially the compounds in which
      n is 2, R.sub.1 is hydrogen, and Ar is pyridyl or substituted phenyl,
      e.g., 4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole, are also useful
      as anti-fertility agents as indicated by their activity in female Wistar
      rats which are injected daily with 2 mg of the compound for eight
      successive days starting on the day of vaginal cornification. At the time
      of the 4th injection, males of known fertility are cohabitated with the
      females (one female with one male) until the end of the treatment period.
      The males are separated from the females 24 hours following the last
      injection. The females are sacrificed six days later, and examined for the
      presence of absence of implantation sites.
PAR  The use of the compounds as anti-fertility agents is further indicated by
      their luteolytic properties which results in the compounds being
      abortifacient agents. The luteolytic activity is determined using
      pseudopregnant rabbits treated with corn oil or 1 to 100 mg. per day of a
      compound of formula (I) suspended in corn oil on days 3 through 8 of
      pseudopregnancy. Blood samples are obtained daily throughout the length of
      pseudopregnancy. Plasma samples are analyzed for progestin content
      according to the method of Johansson et al (Endocrinology 82, 143, 1968).
      The compound is judged active if plasma progestin levels are similar to
      pretreatment values on day 12 of pseudopregnancy.
PAR  Abortifacient activity is also determined in female proestrous rats (Royal
      Hart, Wistar strain) selected from a colony and caged with fertile males.
      On the following day pregnancy is confirmed by the presence of spermatozoa
      in the viginal smear. On the seventh day following mating the females are
      treated with 1 to 30 milligrams of the compound to be tested. The animals
      are injected daily for a total of seven days; and on the eighth day
      following the first injection the animals are killed and the uterus
      checked for the presence or absence of implantation sites.
PAR  The compounds of formula (I), when used as anti-fertility agents exhibit
      none of the estrogenic effects and side effects exhibited by the steroidal
      type compounds used for these purposes.
PAR  When the compounds are employed for the above utilities, they may be
      combined with one or more pharmaceutically acceptable carriers or
      adjuvants, and may be administered orally in such forms as tablets,
      capsules, elixirs, suspensions and the like, e.g., bucally or sub-liqually
      as a tablet, parenterally in the form of an injectable solution or
      suspension or in special forms such as suppositories, e.g., vaginal
      inserts, pessaries, and the like. Depending upon the compound employed and
      the mode of administration the exact dosage utilized may vary.
PAR  Furthermore, the compounds of formula (I) may be similarly administered in
      the form of their non-toxic pharmaceutically acceptable acid addition
      salts. Such salts possess the same order of activity as the free base, are
      readily prepared by reacting the base with an appropriate acid and
      accordingly, are included within the scope of the invention.
      Representative of the acid addition salts are the mineral acid salts, such
      as the hydrochloride, hydrobromide, sulfate, phosphate and the like and
      the organic acid salts, such as the malate succinate, benzoate, acetate,
      methanesulfonate, gluconate, p-toluenesulfonate, benzenesulfonate,
      naphthalenesulfonate, and the like.
PAR  In general, satisfactory results are obtained when these compounds are
      administered as a hypotensive/anti-hypertensive agent at a daily dosage of
      about 2 milligrams to about 200 milligrams per kilogram of animal body
      weight. This daily dosage is preferably administered 2 to 4 times a day,
      or in sustained release form. For most large mammals, such as primates,
      the total daily dosage is from about 150 milligrams to about 2000
      milligrams. Dosage forms suitable for internal use comprise from about
      37.5 milligrams to about 1000 milligrams of the active compound in
      intimate admixture with a solid or liquid pharmaceutically acceptable
      carrier or diluent.
PAR  When the compounds of formula (I) are administered as an antifertility
      agent, satisfacory results are obtained at a daily dosage of about 1.0
      milligrams to about 200 milligrams orally, subcutaneously or
      intramuscularly per kilogram of animal body weight. This daily dosage is
      preferably administered 1 to 4 times a day or in sustained release form.
      For most large mammals, such as primates, the total daily dosage is from
      about 1 milligram to about 600 milligrams. Dosage forms suitable for
      internal use comprise from about 0.25 milligrams to about 300 milligrams
      of the active compound in intimate admixture with a solid or liquid
      pharmaceutically acceptable carrier or diluent.
PAR  A representative formulation suitable for intramuscular administration once
      a day in fertility control is an injectable suspension prepared by
      standard techniques which contain the following:
     Ingredients              Weight (mg)                                      

     ______________________________________                                    

     4,5-dihydro-3-(4-pyridyl)-2H-                                             

     naphtho[1,2-c]pyrazole    200                                             

     sodium carboxy methyl cellulose U.S.P.                                    

                              1.25                                             

     methyl cellulose          0.4                                             

     polyvinylpyrrolidone       5                                              

     lecithin                   3                                              

     benzyl alcohol           0.01                                             

     buffer agent to adjust pH for desired                                     

                              q.s.                                             

     stability                                                                 

     water                    for injection                                    

                              q.s. to 2                                        

     ______________________________________                                    

DETD
PAC  EXAMPLE 1
PAC  4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole Step A:
      3'-(4-pyridyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one.
PAR  To a stirred solution of 11.3 g of 2-bromo-.alpha.-tetralone and 5.5 g. of
      pyridine-4-carboxaldehyde in 20 ml of methanol under nitrogen is added at
      5.degree. to 10.degree.C a solution of sodium methoxide in methanol
      (prepared by dissolving 1.15 g of sodium in 50 ml methanol). After 2
      hours, 3'-(4-pyridyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-
     one precipitates and is filtered off and recrystallized from methanol (m.p.
      180.degree.-182.degree.C).
PAR  When an equivalent amount of
PA1  a. 2-bromo-6-chloro-.alpha.-tetralone;
PA1  b. 2-bromo-6-methyl-.alpha.-tetralone;
PA1  c. 2-bromo-6,7-dimethoxy-.alpha.-tetralone;
PA1  d. 2-bromo-6-trifluoromethyl-.alpha.-tetralone or
PA1  e. 2-bromo-6,7-methylenedioxy-.alpha.-tetralone; is used in place of the
      2-bromo-.alpha.-tetralone above there is obtained
PA1  a.
      3'-(4-pyridyl)-spiro[6-chloro-1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]
     -1-one; (m.p. 155.degree.C);
PA1  b.
      3'-(4-pyridyl)-spiro[6-methyl-1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-
     1one; (m.p. 147.degree.C);
PA1  c.
      3'-(4-pyridyl)-spiro[6,7-dimethoxy-1,2,3,4-tetrahydronaphthalene-2,2'-oxir
     ane]-1-one; (m.p. 197.degree.-200.degree.C);
PA1  d.
      3'-(4-pyridyl)-spiro[6-trifluoromethyl-1,2,3,4-tetrahydronaphthalene-2,2'-
     oxirane]-1-one or
PA1  e. 3'-(4-pyridyl)-spiro[6,7-methylenedioxy-1,2,3,4-tetrahydronaphalene-2,2'
      oxirane]-1-one (m.p. 166.degree.-168.degree.C) respectively.
PAR  When an equivalent amount of
PA1  f. 2-thiophenealdehyde;
PA1  g. 2-furfural;
PA1  h. 2 -pyrrolealdehyde;
PA1  i. pyridine-2-carboxaldehyde;
PA1  j. pyridine-3-carboxaldehyde;
PA1  k. p-chlorobenzaldehyde or
PA1  l. p-methoxybenzaldehyde
PAL  is used in place of the pyridine-4-carboxaldehyde above, there is obtained
PA1  f. 3'-(2-thienyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  g. 3'-(2-furyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  h. 3'-(2-pyrrolyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  i. 3'-(2-pyridyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  j. 3'-(3-pyridyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  k.
      3'-(p-chlorophenyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-on
     e or
PA1  l.
      3'-(p-methoxyphenyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-o
     ne respectively.
PAR  Step B: 4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole.
PAR  A mixture of 3 g. of oxirane from Step A, 15 ml of 98% hydrazine, 5 mg.
      p-toluenesulfonic acid and 15 ml of n-butyl alcohol are refluxed together
      for 3 days. On cooling the mixture,
      4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c] pyrazole precipitates and is
      recovered by filtration (m.p. of base 229.degree.C; m.p. of hydrochloride
      salt &gt;300.degree.C; m.p. of malate 209-210.degree.C; m.p. of
      methanesulfonate 273.degree.-276.degree.C; m.p. of 1.5
      naphthalenedisulfonate &gt;300.degree.C; m.p. of gluconate
      145.degree.-146.degree.C; m.p. of phosphate 273.degree.-276.degree.C).
PAR  The 4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole of this example is
      an effective fertility control agent when it is subcutaneously
      administered to an animal at a dosage of 50 milligrams four times a day.
PAR  Following the above procedure, but using an equivalent amount of
PA1  a.
      3'-(4-pyridyl)-spiro[6-chloro-1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]
     -1-one;
PA1  b.
      3'-(4-pyridyl)-spiro[6-methyl-1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-
     1-one;
PA1  c.
      3'-(4-pyridyl)-spiro[6,7-dimethoxy-1,2,3,4-tetrahydronaphthalene-2,2'-oxir
     ane] -1-one;
PA1  3'-(4-pyridyl)-spiro[6-trifluoromethyl-1,2,3,4-tetrahydronaphthalene-2,2'-o
     xirane]-1-one;
PA1  e.
      3'-(4-pyridyl)-spiro[6,7-methylenedioxy-1,2,3,4-tetrahydronaphthalene-2,2'
     -oxirane]-1-one;
PA1  f. 3'-(2-thienyl)spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  g. 3'-(2-furyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  h. 3'-(2-pyrrolyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  i. 3'-(2-pyridyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  j. 3'-(3-pyridyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  k.
      3'-(p-chlorophenyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-on
     e or
PA1  l.
      3'-(p-methoxyphenyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-o
     ne in place of the
      3'-(4-pyridyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one
      used therein, there is obtained
PA1  a. 7-chloro-4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole; (m.p.
      250.degree.-252.degree.C);
PA1  b. 7-methyl-4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole; (mp
      222.degree.-224.degree.C);
PA1  c. 7,8-dimethoxy-4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole; (m.p.
      245.degree.C);
PA1  d. 7-trifluoromethyl-4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole;
PA1  e. 7,8-methylenedioxy-4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole;
      (m.p. 198.degree.-200.degree.C).
PA1  f. 4,5-dihydro-3-(2-thienyl)-2H-naphtho[1,2-c]pyrazole; (mp
      211-213.degree.C);
PA1  g. 4,5-dihydro-3-(2-furyl)-2H-naphtho[1-2-c]pyrazole; (mp
      160-161.degree.C);
PA1  h. 4,5-dihydro-3-(2-pyrrolyl)-2H-naphtho[1,2-c]pyrazole; (mp
      229-230.degree.C);
PA1  i. 4,5-dihydro-3-(2-pyridyl)-2H-naphtho[1,2-c]pyrazole(m.p.
      182-184.degree.C);
PA1  j. 4,5-dihydro-3-(3-pyridyl)-2H-naphtho[1,2-c]pyrazole(m.p.
      226-228.degree.C);
PA1  k. 4,5-dihydro-3-(p-chlorophenyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      194-195.degree.C) or
PA1  l. 4,5-dihydro-3-(-p-methoxyphenyl)-2H-naphtho[1,2-c]pyrazole(m.p.
      161-163.degree.C) respectively
PAR  When an equivalent amount of 2-bromo-benzo[b]cycloheptanone is substituted
      for the 2-bromo-.alpha.-tetralone in step A above, there is obtained
      following the processes of steps A and B,
      3-(4-pyridyl)-2,4,5,6-tetrahydrobenzo[6,7]cyclohepta[1,2-c]pyrazole, (mp
      217-219.degree.C).
PAC  EXAMPLE 2
PAC  3-(p-chlorophenyl)-2-Methyl-4H-indeno[1,2-c]pyrazole
PAR  Step A: 3'-(p-chlorophenyl)-spiro[indan-2,2'-oxirane]-1-one
PAR  To a stirred solution of 2-bromo indanone and 5 g. of p-chloro-benzaldehyde
      in 20 ml of methanol under nitrogen is added at 5.degree. to 10.degree.C a
      solution of sodium methoxide in methanol (prepared by dissolving 1.15 g.
      of sodium in 50 ml of methanol). After 2 hours,
      3'-(p-chlorophenyl)-spiro[indan-2,2'-oxirane]-1-one precipitates and is
      filtered off and recrystallized from methanol.
PAR  Following essentially the same procedure as above but using an equivalent
      amount of
PA1  a. 4-methylbenzaldehyde;
PA1  b. 3,4-dichlorobenzaldehyde;
PA1  c. 3,4-dimethoxybenzaldehyde;
PA1  d. 3-trifluoromethylbenzaldehyde;
PA1  e. 3,4-methylenedioxybenzaldehyde;
PA1  f. 2-thiophenealdehyde;
PA1  g. 2-furfural;
PA1  h. 2-pyrrolealdehyde;
PA1  i. pyridine-4-carboxaldehyde;
PA1  j. pyridine-3-carboxaldehyde or
PA1  k. pyridine-2-carboxaldehyde  in place of the p-chlorobenzaldehyde, there
      is obtained
PA1  a. 3'-(p-tolyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  b. 3'-(3,4-dichlorophenyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  c. 3'-(3,4-dimethoxyphenyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  d. 3'-(3-trifluoromethylphenyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  e. 3'-(3,4-methylenedioxyphenyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  f. 3'-(2-thienyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  g. 3'-(2-furyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  h. 3'-(2-pyrrolyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  i. 3'-(4-pyridyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  j. 3'-(3-pyridyl)-spiro[indan-2,2'-oxirane]-1-one or
PA1  k. 3'-(2-pyridyl)-spiro[indan-2,2'-oxirane]-1-one respectively.
PAR  Step B: 3-(p-chlorophenyl)-2-methyl-4H-indeno[1,2-c]pyrazole.
PAR  To a solution of 14 g. of
      3'-(p-chlorophenyl)-spiro[indan-2,2'-oxirane]-1-one and 2.7 g. of
      methylthydrazine in 700 ml of absolute ethanol is added 0.9 ml of boron
      trifluoride etherate, and the mixture is refluxed under nitrogen for 48
      hours. The mixture is evaporated to dryness, and the residue is dissolved
      in chloroform and washed with water. The solution is dried over sodium
      sulfate and evaporated to dryness. The residue is crystallized from
      heptane yielding 3-(p-chlorophenyl)-2-methyl-4H-indeno[1,2-c]pyrazole
      (m.p. 131.degree.-133.degree.C).
PAR  Evaporation of the mother liquor from the crystallization yields
      3-(p-chlorophenyl)-1-methyl-4H-indeno[1,2-c]pyrazole (m.p. 176.degree.C).
PAR  When the above process is carried out using an equivalent amount of
      hydrazine in place of the methylhydrazine, there is obtained
      3-(p-chlorophenyl)-4H-indeno[1,2-c] pyrazole (m.p.
      266.degree.-268.degree.C).
PAR  Following essentially the same process as above and using an equivalent
      amount of hydrazine in place of the methylhydrazine and an equivalent
      amount of
PA1  a. 3'-(p-tolyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  b. 3'-(3,4-dichlorophenyl)-spiro[indan-2,2'-oxirane]-1-one
PA1  c. 3'-(3,4-dimethoxyphenyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  d. 3'-(3-trifluoromethylphenyl)-spiro[indan-2,2'-oxirane]-1one;
PA1  e. 3'-(3,4-methylenedioxyphenyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  f. 3'-(2-thienyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  g. 3'-(2-furyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  h. 3'-(2-pyrrolyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  i. 3'-(4-pyridyl)-spiro[indan-2,2'-oxirane]-1-one;
PA1  j. 3'-(3-pyridyl)-spiro[ indan-2,2'-oxirane]-1-one or
PA1  k. 3'-(2-pyridyl)-spiro[indan-2,2'-oxirane]-1-one in place of the
      3'-(p-chlorophenyl)-spiro[indan-2,2'-oxirane]-1-one, there is obtained
PA1  a. 3-(p-tolyl)-4H-indeno[1,2-c]pyrazole (250.degree.-252.degree.C);
PA1  b. 3-(3,4-dichlorophenyl)-4H-indeno[1,2-c]pyrazole (m.p. 252.degree.C);
PA1  c. 3-(3,4-dimethoxyphenyl)-4H-indeno[1,2-c]pyrazole (m.p. 231.degree.C);
PA1  d. 3-(3-trifluoromethylphenyl)-4H-indeno[1,2-c] pyrazole
      (260.degree.-262.degree.C);
PA1  e. 3-(3,4-methylenedioxyphenyl)-4H-indeno[1,2-c]pyrazole
      (285.degree.-287.degree.C);
PA1  f. 3-(2-thienyl)-4H-indeno[1,2-c]pyrazole (220.degree.-221.degree.C)
PA1  g. 3-(2-furyl)-4H-indeno[1,2-c]pyrazole (186.degree.-188.degree.C);
PA1  h. 3-(2-pyrrolyl)-4H-indeno[1,2-c]pyrazole (m.p.
      215.degree.-218.degree.C.);
PA1  i. 3-(4-pyridyl)-4H-indeno[1,2-c]pyrazole (m.p. 270.degree.-272.degree.C);
PA1  j. 3-(3-pyridyl)-4H-indeno[1,2-c]pyrazole (m.p. 229.degree.- 231.degree.C)
      or
PA1  k. 3-(2-pyridyl)-4H-indeno[1,2-c]pyrazole (m.p. 216.degree.- 218.degree.C)
      respectively.
PAC  EXAMPLE 3
PAC  3-(p-chlorophenyl)-1-methyl-4H-indeno[1,2-c]pyrazole
PAR  To a mixture of 25 g of 2-(p-chlorobenzylidine)-1-indanone and 5 g. of
      methylhydrazine in 150 ml of ethanol is added sufficient chloroform to
      dissolve all the reactants. The solution is refluxed overnight under
      anhydrous conditions. After cooling, the reaction mixture is filtered and
      the solvent removed by evaporation. The residue is chromatographed on
      silica using benzene as the eluant to yield
      3-(p-chlorophenyl)-1-methyl-4H-indeno[1,2-c]pyrazole (m.p. 176.degree.C);
      3-(p-chlorophenyl)-2-methyl-4H-indeno[ 1,2-c]pyrazole (m.p.
      131.degree.-133.degree.C) and 2,3,3a, 4-tetrahydro-3-(p-chlorophenyl)-
      2-methyl-indeno[1,2-c]pyrazole (m.p. 122.degree.C).
PAR  When the above process is carried out using equivalent amounts of
      2-(4'-pyridylmethylene)-3,4-dihydro-1(2H)-naphthalenone and hydrazine in
      place of the 2-(p-chlorobenzylidene)-1-indanone and methyl hydrazine,
      there is obtained 4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole
      (m.p. 229.degree.C), and 3-(4-pyridyl)-3,3a,
      4,5-tetrahydro-2H-naphtho[1,2-c]pyrazole (m.p. 169.degree.-173.degree.C).
PAC  EXAMPLE 4
PAC  4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole
PAR  To a mixture of 10 g. of
      2-(4-pyridylmethylene)-3,4-dihydro-1(2H)-naphthalenone in 100 ml of water
      and 200 ml of ethanol is added sufficient chloroform to dissolve the
      reactants. The pH is adjusted to between 7 and 9 and a 3 molar excess of
      30% hydrogen peroxide in water is added dropwise at room temperature. The
      reactants are stirred for 5 hours after which sufficient ferrous sulfate
      is added to neutralize the excess peroxide. The mixture is then acidified
      with hydrochloric acid and the organic solvent evaporated off. The water
      solution remaining is made basic and extracted with chloroform. The
      chloroform is evaporated off yielding
      3'-(4-pyridyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one.
PAR  Following the procedure of step B of Example 1 , the above
      3'-(4-pyridyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one is
      treated with hydrazine to yield 4,5-dihydro-3-(4-pyridyl)-2H-naphtho[
      1,2-c]pyrazole.
PAC  EXAMPLE 5
PAC  4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole
PAR  To a solution of 4 grams of 1,2,3,4-tetrahydro-.alpha.-naphthyl hydrazone
      in 100 milliliters of tetrahydrofuran at 0.degree.C is added under
      nitrogen with stirring 5 grams of n-butyl lithium in hexane. After the
      n-butyl lithium has reacted, 2 grams of isonicotinic acid methyl ester in
      25 milliliters of tetrahydrofuran is added. The mixture is stirred at
      0.degree. for 15 minutes, and then heated with 100 milliliters of
      3N-hydrochloric acid under reflux for 1 hour and cooled. The aqueous layer
      is made basic with sodium bicarbonate and extracted 3 times with 50
      milliliters of ether. The combined organic layers are concentrated, and
      the 4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      229.degree.C) is recrystallized from 95% ethanol.
PAR  When the above process is repeated using an equivalent amount of
      isonicotinyl nitrile in place of the isonicotinic acid methyl ester, there
      is again obtained 4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole.
PAC  EXAMPLE 6
PAC  4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole
PAR  A solution of 12.5 grams of 2-isonicotinoyl-.alpha. -tetralone and 2 grams
      of hydrazine in 50 milliliters of ethanol is refluxed for 1 hour. The
      solution is then acidified with 100 milliliters of 1N hydrochloric acid
      and extracted twice with 100 milliliters of methylene chloride. The
      aqueous solution is then made basic with sodium bicarbonate and extracted
      again with methylene chloride. The latter extracts are washed with water,
      dried and concentrated under vacuum. The
      4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole which precipitates is
      recrystallized from ethanol (m.p. 229.degree.C).
PAC  EXAMPLE 7
PAR  When an equivalent amount of
PA1  a. 2-bromo-5-chloro-indanone;
PA1  b. 2-bromo-5-methyl-indanone;
PA1  c. 2-bromo-5,6-dimethoxy-indanone;
PA1  d. 2-bromo-5-trifluoromethyl indanone or
PA1  e. 2-bromo-5,6-methylenedioxy-indanone is used in place of the 2-bromo
      indanone in Step A of example 2 there is obtained
PA1  a. 3'-(p-chlorophenyl)-spiro[5-chloroindan-2,2'-oxirane]-1-one; (m.p.
      152.degree.-153.degree.C);
PA1  b. 3'-(p-chlorophenyl)-spiro[5-methylindan-2,2'-oxirane]-1-one;
PA1  c. 3'-(p-chlorophenyl)spiro[5,6-dimethoxyindan-2,2'-oxirane]-1-one;
PA1  d. 3'-(p-chlorophenyl)-spiro[5-trifluoromethylindan-2,2'-oxirane]-1-one or
PA1  e. 3'-(p-chlorophenyl)-spiro[5,6-methylenedioxyindan-2,2'-oxirane]-1-one
      respectively
PAR  Following the procedure of Step B of Example 2 but using an equivalent
      amount of hydrazine in place of the methylhydrazine and
PA1  a. 3-(p-chlorophenyl)-spiro[5-chloroindan-2,2'-oxirane]-1-one,
PA1  b. 3-(p-chlorophenyl)-spiro[5-methylindan-2,2'-oxirane]-1-one,
PA1  c. 3-(p-chlorophenyl)-spiro[5,6-dimethoxyindan-2,2'-oxirane]-1-one,
PA1  d. 3-(p-chlorophenyl-spiro [5-trifluoromethylindan-2,2'-oxirane]-1-one, or
PA1  e. 3-(p-chlorophenyl)-spiro[5,6-methylenedioxyindan-2,2'-oxirane]-1-one in
      place of the 3'-(p-chlorophenyl)-spiro[indan-2,2'-oxirane]-1-one used
      therein, there is obtained
PA1  a. 6-chloro-3-(p-chlorophenyl)-4H-indeno[1,2-c]pyrazole (m.p.
      280.degree.C);
PA1  b. 6-methyl-3-(p-chlorophenyl)-4H-indeno[1,2-c]pyrazole (m.p.
      294.degree.-295.degree.C);
PA1  c. 6,7-dimethoxy-3-(p-chlorophenyl)-4H-indeno[1,2-c]pyrazole (m.p.
      235.degree.C);
PA1  d. 6-trifluoromethyl-3-(p-chlorophenyl)-4H-indeno[ 1,2-c]pyrazole or
PA1  e. 6,7-methylenedioxy-3-(p-chlorophenyl)-4H-indeno[ 1,2-c]pyrazole (m.p.
      278.degree.C) respectively.
PAC  EXAMPLE 8
PAC  3-(p-totyl)-4H-indeno[1,2-c]pyrazole
PAR  Step A: 2-p-Toluoylindan-1-one.
PAR  To a suspension of 7.8 g. of sodium amide in 100 ml. anhydrous ether under
      an atmosphere of nitrogen is added 13.2 g. of indan-1-one. Ammonia is
      evolved and the mixture is stirred and heated under reflux until evolution
      ceases, after about 1 hour. A solution of 21.2 g. of phenyl p-toluate in
      250 ml. of ether is then added dropwise over a period of 15 min. and the
      resulting mixture is heated under reflux for 11/2 hr. It is then cooled
      and poured onto 500 g. of ice, and then made slightly acidic by the
      addition of 2N hydrochloric acid. The organic layer is separated and
      washed twice with a 10% solution of sodium bicarbonate and once with
      water. It is then shaken with a saturated aqueous solution of cupric
      acetate, and the 2-phase system is stirred vigorously overnight. The
      resulting brown solid produced is filtered off and added to a stirred
      mixture of 250 ml. of ether and 100 ml of 2N hydrochloric acid. After 1
      hr. the ether layer is separated, washed with sodium bicarbonate solution
      and water and dried over sodium sulfate. Removal of the ether gives a
      crude crystalline residue which can be recrystallized from ether to give
      the title product (m.p.  103.degree.-105.degree.).
PAR  When the above procedure is carried out using an equivalent amount of
PA1  a. 2-thiophene carboxylic acid, phenyl ester;
PA1  b. 2-furane carboxylic acid, phenyl ester;
PA1  c. 2-pyrrole carboxylic acid, phenyl ester, or
PA1  d. m-trifluoromethyl benzoic acid, phenyl ester in place of the
      phenyl-p-toluate there is obtained
PA1  a. 2-(2-thenoyl)-indan-1-one (m.p. 139.degree.-141.degree.C);
PA1  b. 2-(2-furoyl)-indan-1-one (m.p. 107.degree.-109.degree.C);
PA1  c. 2-(2-pyrroyl)-indan-1-one (m.p. 148.degree.-150.degree.C) or
PA1  d. 2-(m-trifluoromethylbenzoyl)-indan-1-one (m.p. 126.degree.-128.degree.C)
      respectively.
PAR  Following the above procedure but using an equivalent amount of
PA1  e. 2-thiophene carboxylic acid phenyl ester and .alpha.-tetralone;
PA1  f. 2-furane carboxylic acid phenyl ester and .alpha.-tetralone, or
PA1  g. 2-pyrrole carboxylic acid phenyl ester and .alpha.-tetralone in place of
      the phenyl-p-toluate and indan-1-one, there is obtained
PA1  e. 2-(2-thenoyl)-.alpha.-tetralone (m.p. 100.degree.-102.degree.C);
PA1  f. 2-(2-furoyl)-.alpha.-tetralone (m.p. 75.degree.-77.degree.C); or
PA1  g. 2-(2-pyrroyl)-.alpha.-tetralone (m.p. 137.degree.-140.degree.C),
      respectively.
PAR  Step B: 3-(p-tolyl)-4H-indeno[1,2-c]-pyrazole
PAR  To a warm solution of 3.3 g. of the diketone of Step A in 33 ml. of ethanol
      and 10 ml. of chloroform is added 4 g. of hydrazine and the resulting
      solution is refluxed for 1 hr. It is then cooled and evaporated to dryness
      under reduced pressure. The crude solid residue obtained is crystallized
      from methanol to yield the product 3-(p-tolyl)-4H-indeno[1,2-c]-pyrazole
      (m.p. 250.degree.-252.degree.C).
PAR  When the above procedures are repeated and equivalent amounts of
      .alpha.-tetralone and phenyl isonicotinate are used in place of the
      indan-1-one and phenyl-p-toluate respectively, there is obtained
      4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole (m.p. 229.degree.C).
PAR  Following the above procedure but using an equivalent amount of
PA1  a. 2-(2-thenoyl)-indan-1-one;
PA1  b. 2-(2-furoyl)-indan-1-one;
PA1  c. 2-(2-pyrroyl)-indan-1-one;
PA1  d. 2-(m-trifluoromethylbenzoyl)-indan-1-one;
PA1  e. 2-(2-thenoyl)-.alpha.-tetralone;
PA1  f. 2-(2-furoyl)-.alpha.-tetralone or
PA1  g. 2-(2-pyrroyl)-.alpha.-tetralone in place of the 2-p-toluoylindan-1-one,
      there is obtained
PA1  a. 3-(2-thienyl)-4H-indeno[1,2-c]pyrazole (m.p. 220.degree.-221.degree.C);
PA1  b. 3-(2-furyl)-4H-indeno[1,2-c]pyrazole (m.p. 186.degree.-188.degree.C);
PA1  c. 3-(2-pyrrolyl)-4H-indeno[1,2-c]pyrazole (m.p.
      215.degree.-218.degree.C.);
PA1  d. 3-(m-trifluoromethylphenyl)-4H-indano[1,2-c]pyrazole (m.p.
      260.degree.-262.degree.C);
PA1  e. 4,5-dihydro-3-(2-thienyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      211.degree.-213.degree.C);
PA1  f. 4,5-dihydro-3-(2-furyl)-2H-naphtho[ 1,2-c]pyrazole (m.p.
      160.degree.-161.degree.C) or
PA1  g. 4,5-dihydro-3-(2-pyrrolyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      229.degree.-230.degree.C), respectively.
PAC  EXAMPLE 9
PAC  3-(4-pyridyl)-2,4,5,6-tetrahydrobenzo[6,7]cyclohepta[1,2-c]pyrazole.
PAR  Step A: 2-(4-pyridylmethylene)-2,3,4,5-tetrahydrobenzocycloheptan-1-one
PAR  A mixture of 80.0 grams (0.50 Moles) of benzosuberone, 64.2 grams (0.60
      moles) of 4-pyridinecarboxaldehyde, 10 grams of piperidine and 10 grams of
      acetic acid are heated at 80.degree. for 19 hours. The resultant solid is
      crystallized from about 400 ml. of ethanol to give
      2-(4-pyridylmethylene)-2,3,4,5-tetrahydrobenzocycloheptan-1-one (m.p.
      108.degree.-109.degree.C).
PAR  Following the above procedure but using an equivalent amount of
      .alpha.-tetralone or 8-methoxybenzosuberone in place of the benzosuberone,
      there is obtained 2-(4-pyridylmethylene)-.alpha.-tetralone. (m.p.
      112.degree.-114.degree.C) or
      8-methoxy-2-(4-pyridylmethylene)-2,3,4,5-tetrahydrobenzocycloheptan-1-one
      respectively.
PAR  Step B:
      3-(4-pyridyl)-2,3,3a,4,5,6-hexahydrobenzo[6,7]cyclohepta[1,2-c]pyrazole
PAR  To 24.0 grams (0.1 moles) of the above
      2-(4-pyridylmethylene)-2,3,4,5-tetrahydrobenzocycloheptan-1-one in a flask
      equipped with stirrer and condenser are added 4.8 grams (0.15 mole) of
      hydrazine hydrate (95%) and 150 ml. of isopropanol. The mixture is stirred
      and refluxed for about 24 hours and the solvent is then removed in vacuo
      on a rotary evaporator. The solid residue is then crystallized from
      methanol to give
      3-(4-pyridyl)-2,3,3a,4,5,6-hexahydrobenzo[6,7]cyclohepta[1,2-c]pyrazole,
      (m.p. 152-157.degree.C).
PAR  When the above process is carried out using an equivalent amount of
      8-methoxy-2-(4-pyridinemethylene)-2,3,4,5-tetrahydrobenzocycloheptan-1-one
      in place of the
      2-(4-pyridine-methylene)-2,3,4,5-tetrahydrobenzocycloheptan-1-one there is
      obtained 9-methoxy-3-(4-pyridyl)-2,3,3a, 4,5,6-hexahydrobenzo[6,7]
      cyclohepta[1,2-c]pyrazole (m.p. 162.degree.-166.degree.C).
PAR  Following the above procedure, but using an equivalent amount of
      2-(4-pyridylmethylene)-.alpha.-tetralone and methylhydrazine in place of
      the 2-(4-pyridylmethylene)-2,3,4,5-tetrahydrobenzocycloheptan-1-one and
      hydrazine hydrate respectively there is obtained
      2-methyl-3-(4-pyridyl)-3,3a,4,5-tetrahydro-2H-naphtho[1,2-c]pyrazole (m.p.
      195.degree.-198.degree.C).
PAR  Step C: 3-(4-pyridyl)-2,4,5,6-tetrahydrobenzo[6,7]cyclohepta[1,2-c]pyrazole
PAR  Into a flask eqipped with a magnetic stirring bar is charged 5.0 grams of
      3-(4-pyridyl)-2,3,3a,4,5,6-hexahydrobenzo[6,7]cyclohepta[1,2-c] pyrazole,
      25 grams of activated manganese dioxide and 150 ml of dry benzene. The
      mixture is stirred for about 12 hours at room temperature, after which the
      manganese salts are filtered off and the solvent removed in vacuo. The
      solid is crystallized from ethanol to give
      3-(4-pyridyl)-2,4,5,6-tetrahydrobenzo[ 6,7]cyclohepta[1,2-c]pyrazole (m.p.
      217.degree.-219.degree.C).
PAR  Following the above procedure but using an equivalent amount of
      9-methoxy-3-(4-pyridyl)-2,3,3a,4,5,6-hexahydrobenzo[6,7]cyclohepta[1,2-c]
      pyrazole or 2-methyl-3-(4-pyridyl)-3,3a,4,5-tetrahydro-2H-naphtho[1,2-c]
      pyrazole in place of the
      3-(4-pyridyl)-2,3,3a,4,5,6-hexahydrobenzo[6,7]cyclohepta[ 1,2-c]pyrazole
      used therein, there is obtained
      9-methoxy-3-(4-pyridyl)-2,4,5,6-tetrahydrobenzo[
      6,7]cyclohepta[1,2-c]pyrazole (m.p. 200.degree.-201.degree.C) or
      2-methyl-3-(4-pyridyl)-4,5-dihydro-2H-naphtho[1,2-c]pyrazole (m.p.
      124.degree.-217.degree.C).
PAC  EXAMPLE 10
PAC  4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole
PAR  Step A: 2-(4-pyridylmethylene)
PAR  A mixture of 73.0 grams (0.50 moles) of .alpha.-tetralone, 64.2 grams (0.60
      moles) of 4-pyridinecarboxaldehyde, 10 grams of piperidine and 10 grams of
      acetic acid are heated at 80.degree. for 19 hours. The resultant solid is
      crystallized from about 400 ml. of ethanol to give 2-(4-pyridylmethylene)-
      1-tetralone; (m.p. 112.degree.-114.degree.C).
PAR  Step b: p-tosylhydrazone of 2-(4'-pyridylmethylene)-1-tetralone.
PAR  A mixture of 2.0 grams of 2-(4'-pyridylmethylene)-1-tetralone, 1.89 grams
      of p-toluenesulfonylhydrazide, 30 ml. of methanol and 0.22 ml. of
      concentrated hydrochloric acid is stirred at room temperature for about 20
      hours. The resultant solid is filtered off, washed with methanol/ether and
      recrystallized from methanol to give the p-tosylhydrazone of
      2-(4'-pyridylmethylene)-1-tetralone; (m.p. 151.degree. dec.)
PAR  Step c: 4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole
PAR  To a stirred solution of 2.7 g. (0.05 mole) of sodium methoxide in 50 ml.
      of diglyme heated to 170.degree. is added 10.1 g (0.025 mole) of the
      p-tosylhydrazone of 2-(4'-pyridylmethylene)-1-tetralone. The solution
      refluxed for one hour, concentrated in vacuo and treated with 2.5 ml. of
      water. The resultant solid is separated and recrystallized from methanol
      to give 4,5-dihydro-3-(4-pyridyl)2H-naphtho[1,2-c]pyrazole, (m.p.
      229.degree.C).
PAC  EXAMPLE 11
PAR  4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole
PAR  To a stirred mixture of 1.2 g. (0.05 moles) sodium hydride and 50 ml. of
      anhydrous hexane under a nitrogen atmosphere is added 10.1 g. (0.025 mole)
      of the p-tosylhydrazone of 2-(4'-pyridylmethylene)-1-tetralone. The
      resultant mixture is stirred and refluxed for 4 hours. The reaction
      mixture is cooled in an ice bath and treated with 5 ml of water dropwise.
      The organic layer is separated, dried with magnesium sulfate, filtered and
      concentrated to give 4,5-dihydro-3-(4-pyridyl)-2H-naphtho[ 1,2-c]
      pyrazole.
PAC  EXAMPLE 12
PAC  4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole
PAR  Step A:
      3'-(4-pyridyl)-spiro[7-methoxy-1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]
     -1-one
PAR  When an equivalent amount of 2-bromo-7-methoxy-.alpha.-tetralone is used in
      place of the 2-bromo-.alpha.-tetralone in Step A of example 1, there is
      obtained
      3'-(4-pyridyl)-spiro[7-methoxy-1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]
     -1-one.
PAR  When an equivalent amount of
PA1  a. benzaldehyde
PA1  b. p-tolualdehyde
PA1  c. m-tolualdehyde or
PA1  d. o-tolualdehyde is used in place of the pyridine-4-carboxaldehyde in Step
      A of example 1, there is obtained
PA1  a. 3'-phenyl-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  b. 3'-(p-tolyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  c. 3'-(m-tolyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one, or
PA1  d. 3'-(o-tolyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1`-one
      respectively.
PAR  Step B: 4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole.
PAR  Three grams of 3'-(4-pyridyl)-spiro[1,2,3,4-tetrahydronaphthalene-
      2,2'-oxirane]-1-one in 10 ml. of ethyl alcohol is added to 18 ml of 98%
      hydrazine, 3.5 ml of acetic acid and 12 ml. of dioxane and refluxed for 12
       hours. On cooling the mixture, 4,5-dihydro-3-(4-pyridyl)-2H-naphtho[
      1,2-c]pyrazole precipitates and is recovered by filtration (m.p. of base
      229.degree.C; m.p. of hydrochloride salt &gt;300.degree.C).
PAR  Following the above procedure, but using from Step A of example 1 or Step A
      above an equivalent amount of
PA1  a.
      3'-(4-pyridyl)-spiro[6-chloro-1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]
     -1-one;
PA1  b.
      3'-(4-pyridyl)-spiro[6-methyl-1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-
     1-one;
PA1  c.
      3'-(4-pyridyl)-spiro[6,7-dimethoxy-1,2,3,4-tetrahydronaphthalene-2,2'-oxir
     ane]-1-one;
PA1  d.
      3'-(4-pyridyl)-spiro[6-trifluoromethyl-1,2,3,4-tetrahydronaphthalene-2,2'-
     oxirane]-1-one;
PA1  e.
      3'-(4-pyridyl)-spiro[6,7-methylenedioxy-1,2,3,4-tetrahydronaphthalene-2,2'
     -oxirane]-1-one;
PA1  f. 3'-(4-pyridyl)-spiro[7-methoxy-1,2,3,4-tetrahydronaphthalene-
      2,2'-oxirane]-1-one;
PA1  g. 3'-(2-thienyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  h. 3'-(2-furyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  i. 3'-(2-pyrrolyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  j. 3'-(2-pyridyl)-spiro[1,2,3-4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  k. 3'-(3-pyridyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  l.
      3'-(p-chlorophenyl)-spiro[1,2,3-4-tetrahydronaphthalene-2,2'-oxirane]-1-on
     e;
PA1  m.
      3'-(p-methoxyphenyl)spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-on
     e;
PA1  n. 3'-phenyl-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  o. 3'-(p-tolyl)-spiro[1,2,3-4-tetrahydronaphthalene-2,2'-oxirane]-1-one;
PA1  p. 3'-(m-tolyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one,
PA1  q. 3'-(o-tolyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one in
      place of the
      3'-(4-pyridyl)-spiro[1,2,3,4-tetrahydronaphthalene-2,2'-oxirane]-1-one
      used therein, there is obtained
PA1  a. 7-chloro-4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      250.degree.-252.degree.C);
PA1  b. 7-methyl-4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      222.degree.-224.degree.C);
PA1  c. 7,8-dimethoxy-4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      245.degree.C)
PA1  d. 7-trifluoromethyl-4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole;
PA1  e. 7,8-methylenedioxy-4,5-dihydro-3-(4-pyridyl)-2H-naptho[1,2-c]pyrazole
      (m.p. 198.degree.-200.degree.C);
PA1  f. 7-methoxy-4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      168.degree.-170.degree.C)
PA1  g. 4,5-dihydro-3-(2-thienyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      211.degree.-213.degree.C);
PA1  h. 4,5-dihydro-3-(2-furyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      160.degree.-161.degree.C);
PA1  i. 4,5-dihydro-3-(2-pyrrolyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      229.degree.-230.degree.C);
PA1  j. 4,5-dihydro-3-(2-pyridyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      182.degree.-184.degree.C);
PA1  k. 4,5-dihydro-3-(3-pyridyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      226.degree.-228.degree.C);
PA1  l. 4,5-dihydro-3-(p-chlorophenyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      194.degree.-195.degree.C);
PA1  m. 4,5-dihydro-3-(p-methoxyphenyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      161.degree.-163.degree.C)
PA1  n. 4,5-dihydro-3-phenyl-2H-naphtho[1,2-c]pyrazole (m.p.
      172.degree.-174.degree.C);
PA1  o. 4,5-dihydro-3-(p-tolyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      184.degree.-186.degree.C);
PA1  p. 4,5-dihydro-3-(m-tolyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      161.degree.-163.degree.C) or
PA1  q. 4,5-dihydro-3-(o-tolyl)-2H-naphtho[1,2-c]pyrazole (m.p.
      186.degree.-187.degree.C) respectively.
PAR  When an equivalent amount of 2-bromo-benzo[b]cycloheptanone or
      2-bromo-8-methoxy-benzo[b]cycloheptanone is substituted for the
      2-bromo-.alpha.-tetralone in step A of example 1 above, there is obtained
      following the processes of steps A of example 1 and B above,
      3-(4-pyridyl)-2,4,5,6-tetra-hydrobenzo[6,7]-cyclohepta[1,2-c]pyrazole(m.p.
      217.degree.-219.degree.C) or
      9-methoxy-3-(4-pyridyl)-2,4,5,6-tetrahydrobenzo[6,7]cyclohepta
      [1,2-c]pyrazole (m.p. 200.degree.-201.degree.C) respectively.
PAC  EXAMPLE 13
PAR  When steps A and B of example 9 are carried out using equivalent amounts of
      7,8-dimethoxy suberone and p-chlorobenzaldehyde in place of the
      benzosuberone and 4-pyridine-carboxaldehyde, there is obtained
      8,9-dimethoxy-3-(p-chlorophenyl)-2,3,3a,4,5,6-hexahydrobenzo[6,7]cyclohept
     a[1,2-c]pyrazole (m.p. 160.degree.-163.degree.C).
PAR  The compounds of examples 2, 7 and 10 may be prepared by the processes of
      examples 3, 4, 5, 8, 9, 11 and 12 using equivalent amounts of appropriate
      starting materials and the compounds of example 9 may be prepared by the
      process of examples 1, 2, 3, 4, 5, 8, 10, 11 and 12 from equivalent
      amounts of appropriate starting materials.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC16##
PAL  where ring A represents the structures
      ##SPC17##
PA1  n is 2;
PA1  R.sub.1 represents hydrogen or lower alkyl having 1 to 4 carbon atoms
      excluding tertiary butyl;
PA1  Ar is
      ##SPC18##
PAL  and
PA1  R.sub.2 and R.sub.3 each independently represent hydrogen, halo having an
      atomic weight of about 19 to 36, lower alkyl having 1 to 4 carbon atoms,
      lower alkoxy, trifluoromethyl or
PA1  R.sub.2 and R.sub.3 together independently represent methylenedioxy
      attached to adjacent carbon atoms,
PAL  provided that when R.sub.2 and R.sub.3 are independently trifluoromethyl or
      tertiary butyl they are not on adjacent carbon atoms, or a
      pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. The compound of claim 1 having structure (1a) and (1b) when R.sub.1 is
      hydrogen or structure (1b) when R.sub.1 is lower alkyl.
NUM  3.
PAR  3. The compound of claim 1, in which R.sub.1 is hydrogen.
NUM  4.
PAR  4. The compound of claim 3, in which n is 2.
NUM  5.
PAR  5. The compounds of claim 1 in which R.sub.1 is hydrogen and Ar is pyridyl.
NUM  6.
PAR  6. The compounds of claim 5 in which n is 2.
NUM  7.
PAR  7. The compound of claim 1 which is
      4,5-dihydro-3-(4-pyridyl)-2H-naphtho[1,2-c]pyrazole.
NUM  8.
PAR  8. The compound of claim 1 which is 4,5-dihydro-3-(2-pyridyl)-2H-naphtho[
      1,2-c]pyrazole.
NUM  9.
PAR  9. The compound of claim 1 which is 4,5-dihydro-3-(3-pyridyl)-2H-naphtho[
      1,2-c]pyrazole.
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ABST
PAL  The present 2-substituted imidazolines and
      2-substituted-3,4,5,6-tetrahydropyrimidines possess valuable
      anti-depressant and anti-inflammatory properties. The compounds are
      prepared by the condensation of an appropriately substituted nitrile with
      a diamine. For example, condensation of 2-pyridylbenzyl cyanide with
      1,2-ethylene diamine or with 1,3-propylene diamine produces a
      2-(2-pyridylbenzyl) imidazoline or a
      2-(2-pyridylbenzyl)-3,4,5,6-tetrahydropyrimidine.
PARN
PAR  This application is a continuation application of my co-pending
      application, Ser. No. 49578, filed June 24, 1970 now United States Patent
      3,770,737 which in turn was a continuation application of my then
      co-pending application Ser. No. 704263, filed February 9, 1968, now
      abandoned.
BSUM
PAR  This invention relates to compositions of matter classified in the art of
      chemistry as cyclic amidines, to the processes for making and using such
      compositions.
PAR  The invention sought to be patented in one of its process aspects resides
      in the condensation reaction of an appropriate diamine with an
      appropriately substituted nitrile, or a functional equivalent thereof, to
      produce a cyclic amidine, which amidine, optionally may then be subjected
      to chemical oxidation.
PAR  The invention, in another of its process aspects, resides in the method of
      effecting an anti-depressant effect in warm-blooded animals by
      administering a therapeutically effective quantity of a composition of
      matter of this invention.
PAR  The invention, in still another of its process aspects, resides in the
      method of effecting an anti-inflammatory effect in warm-blooded animals by
      administering a therapeutically effective quantity of a composition of
      matter of this invention.
PAR  More particularly, this invention relates to the novel compositions of
      matter having the general structural formula:
      ##SPC1##
PAL  And the pharmaceutically acceptable acid addition salts thereof, wherein n
      is an integer of the group consisting of zero and one; A represents a
      member of the group consisting of --CH=CH, --CH=N--, and --S--; each of
      Z.sub.1, Z.sub.2 and Z.sub.3 is a member of the group consisting of
      hydrogen, lower alkyl, trifluoromethyl, lower alkoxy and halogen and
      Z.sub.4 is a member of the group consisting of hydrogen, lower alkyl,
      trifluoromethyl, lower alkoxy, halogen and diloweralkylamino,
      ##EQU1##
      represents a member of the group consisting of phenyl, thienyl, and
      pyridyl, Y represents a member of the group consisting of hydrogen, lower
      alkyl, hydroxy, lower alkoxy and lower alkanoyloxy, R.sub.1 represents a
      member of the group consisting of hydrogen, lower alkyl, aminoloweralkyl,
      hydroxyloweralkyl and aralkyl; each of R.sub.2,R.sub.3, R.sub.4 and
      R.sub.5 are members of the group consisting of hydrogen and lower alkyl
      and when taken together with the carbon atom to which they are attached,
      R.sub.2 and R.sub.3, R.sub.2 and R.sub.4 and R.sub.4 and R.sub.5 form a
      saturated carbocyclic ring structure having from five to seven carbon
      atoms.
PAR  As used herein, "lower alkyl" refers to both straight and branched chain
      hydrocarbon radicals having up to six carbon atoms, preferably methyl, but
      also including ethyl, propyl, isopropyl, n-butyl, t-butyl and the like.
      "Halogen" embraces all four members, although chloro and bromo are
      preferred "halogenoalkyl", in its more generic sense, refers to
      monohalogeno- and polyhalogeno- lower alkyl radicals, although those lower
      alkyl radicals bearing more than one of the same halogen, such as
      trifluoroethyl, trifluoromethyl and dichloromethyl, are preferred. "Lower
      alkoxy" includes those radicals having up to six carbon atoms, preferably
      methoxy but also including ethoxy, propoxy and the like. Aminoalkyl
      includes alkyl and di-alkylaminoalkyl radicals, dimethylaminopropyl and
      dimethylaminoethyl being preferred. The preferred dialkylamino substituent
      is dimethylamino, although amines having other lower alkyl radicals may
      similarly be employed. The preferred aralkyl 1-position radicals are
      benzyl and phenethyl.
PAR  "Acyl" includes such radicals as formyl, acetyl, propionyl and "acyloxy"
      includes those esters containing the acyl radicals of alkanoic acids
      containing from 2 to 6 carbon atoms. When
      ##EQU2##
      represents pyridyl, the 2-pyridyl and 4-pyridyl isomers are preferred.
      When n represents zero the cyclized amidine moiety represents imidazolinyl
      and when n represents one the cyclized amidine moiety represents
      3,4,5,6-tetrahydropyrimidinyl. When A represents --C=N, the ring moiety
      represents either the pyrimidinyl or the pyrazinyl.
PAR  Pharmaceutically acceptable acid addition salts of the compounds of this
      invention are such salts formed with inorganic acids as hydrochloric,
      hydrobromic, sulfuric, phosphoric and the like acids, or with organic
      acids such as organic carboxylic acids, e.g. formic, acetic, propionic,
      glycolic, malonic, succinic, maleic, fumaric, malic, tartaric, citric,
      benzoic, cinnamic, salicylic, 4-aminosalicyclic, 2-phenoxybenzoic,
      2-acetoxybenzoic acid and the like, or organic sulfonic acids, e.g.
      methane sulfonic, ethane sulfonic, 2-hydroxyethane sulfonic, ethane
      1,2-disulfonic, benzene sulfonic, p-toluene sulfonic, naphthalene
      2-sulfonic acid and the like. Other acid addition salts are used as
      intermediates, for example, in the purification of the free compounds or
      in the preparation of other, for example, pharmaceutically acceptable acid
      addition salts, as well as for identification and characterization
      purposes. Acid addition salts, which are primarily used for the latter
      are, for example those with certain inorganic acids, e.g. perchloric acid
      and the like, with acidic organic nitro compounds, e.g. picric,
      picrolonic, flavianic acid and the like, or with metal complex acids, e.g.
      phosphotungstic, phosphomolybdic, chloroplatinic, Reinecke acid and the
      like.
PAR  The compounds of this invention may be prepared from appropriately
      substituted nitriles by a series of analogously known methods. In a
      preferred method, an appropriately substituted nitrile (II), is condensed
      with a diamine (III) by heating the reactants together in the presence of
      a catalyst, such as sulfur, at temperatures of about
      80.degree.-190.degree.C. The reaction is effected in the atmosphere of an
      inert gas such as nitrogen. The heating is generally continued for about
      2-10 hours, although the reaction may take up to 20 hours. This step may
      be structurally depicted as follows:
PAL  Reaction Scheme A:
      ##EQU3##
      wherein Z.sub.1, Z.sub.2, Z.sub.3, Z.sub.4, A,
      ##EQU4##
      and n are as previously defined in formula I and Q represents hydrogen and
      lower alkyl. In those instances wherein it is desired to prepare the
      appropriately substituted imidazoline, (i.e. when n of formula IV
      represents 0) the diamine (III) represents a 1,2-ethylene diamine, whereas
      in those instances wherein it is desired to produce the appropriately
      substituted 3,4,5,6-tetrahydropyrimidine (i.e., when n of formula IV
      represents 1) the diamine (III) represents a 1,3-propylene diamine. Of
      course, in those instances wherein it is desired to prepare either the
      imidazoline or the 3,4,5,6-tetrahydropyrimidine bearing the R.sub.1,
      R.sub.2, R.sub.3, R.sub.4 or R.sub.5 substituents, said diamine reactants
      bear the appropriate substituent. For example, to prepare an appropriately
      substituted imidazoline of formula IV having an N, N-dimethylaminoethyl
      radical attached to the 1-position nitrogen atom of the imidazolinyl
      moiety, the diamine reactant used is N,N-dimethyldiethylenetriamine.
      Similarly, to prepare compounds of formula IV wherein R.sub.2, R.sub.3,
      R.sub.4, R.sub.5 each are methyl, then the diamine reactant would be
      2,3-dimethyl- 2,3-butylene diamine. Likewise, in those instances wherein
      it is desired to produce the imidazoline compounds wherein two of said
      R.sub.2, R.sub.3, R.sub.4 or R.sub.5  substituents, when taken together
      with the carbon atoms to which they are attached, form a carbocyclic ring,
      e.g. when R.sub.2 and R.sub.4, together with the carbon atoms to which
      they are attached, for a cyclohexyl moiety, the diamine reactant used is
      1,2-diaminocyclohexane (as a mixture of its cis and trans isomers).
      Alternately, the diamine (II) reactants may be used in the form of their
      sulfonic acid salts to yield derivatives which, upon hydrolysis, yield the
      desired product (IV). For example, by the employment of an ethylene
      diamine tosylate and by effecting the foregoing reaction there is produced
      the appropriately substituted imidazoline tosylate, which product, by
      standard techniques well known in the art, e.g., reaction with sodium
      hydroxide, is converted to the desired base (IV).
PAR  Alternately, the desired products (IV) may be prepared from the
      appropriately substituted nitriles (II) by first forming an intermediate
      which is then heated with the appropriate diamine to form the desired
      product (IV). For example, by reacting the nitrile (II) with hydrogen
      sulfide, or an equivalently functioning sulfide, an appropriately
      substituted thioamide intermediate (VI) is formed which, when then heated
      with a diamine of formula III there is produced the desired product (IV).
      In effecting this modified condensation reaction the reactants are
      preferably reacted in the presence of a basic catalyst such as
      triethylamine and N-methylpiperidine in an inert organic solvent such as
      dimethylformamide. This set of reactions may be structurally depicted as
      follows:
PAL  Reaction Scheme B:
      ##EQU5##
PAR  In essence, the foregoing reaction scheme represents a reactive derivative
      which is the functional equivalent of the cyano group (of formula II).
      Other such functionally equivalent reactive groups are imido-ethers,
      preferably in the form of their hydrohalic salts, imido-thioethers, imido
      halides, amidino, amido, thioamido and ester or acid halide grouping, and
      the like. These equivalently functioning reactive groups are represented
      by the formulae:
      ##EQU6##
      wherein halogeno preferably represents chloro, but also bromo and the
      like, and R' represents hydrogen or lower alkyl.
PAR  The preparation of those compounds of formula I wherein Y represents
      hydroxyl, is readily accomplished by standard oxidative procedures.
      Generally, the oxidation is effected simply by exposing a solution of the
      imidazolines or the 3,4,5,6-tetrahydropyrimidines of formula IV to an
      oxidizing atmosphere, e.g. air, at room temperature. Indeed, in those
      instances wherein it is desired to prepare compounds of formula I wherein
      Y represents hydrogen, it is advisable to prepare an acid addition salt in
      order to prevent auto-oxidation. Alternatively, the imidazolines and the
      3,4,5,6-tetrahydropyrimidines of formula IV may be oxidized by heating
      these compounds in inert solvents, such as benzene, alcohol, and toluene.
      The oxidation of the imidazolines and the 3,4,5,6-tetrahydropyrimidines of
      formula IV wherein R.sub.1 represents lower alkyl (or a functional
      equivalent thereof) is effected under conditions such as by subjecting the
      compounds to air while being heated (under reflux conditions) in the
      presence of an alkali metal alcoholate, preferably potassium t-butylate.
PAR  Esterification of the 2-hydroxyalkyl imidazolines and
      2-hydroxyalkyl-3,4,5,6-tetrahydropyrimidines may readily be effected by
      standard procedures such as treatment of such compounds with acyl halides
      and anhydrides. Similarly etherification of the 2-hydroxyalkyl
      imidazolines and 2-hydroxyalkyl-3,4,5,6-tetrahydropyrimidines may be
      readily effected by standard procedures well known in the art in order to
      produce the desired alkoxy substituted compounds.
PAR  In general, the intermediate nitriles of formula II are known compounds,
      however, in those instances wherein a particular nitrile is unknown then
      the preparation of such intermediary nitriles is readily effected by
      standard and analogously known arylation procedures wherein the
      appropriate aryl halide, preferably aryl chloride is condensed with sodio
      derivatives of the appropriate nitriles. For example, the preparation of
      .alpha.(2-thienyl)-2-pyridylacetonitrile is effected by reacting
      2-thienylacetonitrile and 2-chloropyridine in the presence of sodamide.
      The condensation is preferably effected in an inert solvent, e.g. toluene,
      liquid ammonia, benzene and the like at temperatures of from room
      temperature to about the reflux temperature of the reaction mixture,
      except when run in ammonia, then at -40.degree.C.
PAR  The following examples illustrate the above-described methods for the
      preparation of compounds embraced by this invention. Such exemplifications
      while particularizing the details of the chemical processes of this
      invention are not to be construed as limiting the scope of the inventive
      concepts herein described.
PAC  EXAMPLE 1
PAC  .alpha.-(2-Thienyl)-2-pyridylacetonitrile
PAR  To a well-stirred solution containing 61.5 g. of 2-thienylacetonitrile and
      56.5 g. of 2-chloropyridine in 400 ml. of toluene, slowly add a stirred
      suspension of 40 g. of sodamide in 300 ml. of toluene keeping the reaction
      temperature at 60.degree.-65.degree.C by cooling with an ice bath. After
      completing the addition maintain the temperature at 60.degree.C for 2
      hrs., add 200 ml. of water to the cooled reaction mixture, decant the
      tarry by-products and separate the aqueous layer. Evaporate in vacuo the
      resulting solution and dilute the thick black residue with 300 ml. of
      ether. Filter the separated solid and evaporate the filtrate. The desired
      product is distilled off at 145.degree.-150.degree.C/1 ml. and is
      recrystallized from alcohol to yield
      .alpha.-(2-thienyl)-2-pyridylacetonitrile, m.p. 48.degree.-50.degree.C.
PAC  EXAMPLE 2
PAC  .alpha.-(p-chlorphenyl)-2-thiazolylacetonitrile
PAR  At 0.degree.-5.degree.C add a suspension of 28.5 g. of sodamide in 300 ml.
      of toluene to a stirred solution containing 50 g. of
      p-chlorphenylacetonitrile and 40 g. of 2-chlorothiazole in 400 ml. of
      toluene. Maintain the temperature at 20.degree.C for 2 hrs. and finally at
      60.degree.C. for 1 hr. Consecutively add 100 ml. of water and 35 ml. of
      acetic acid at 0.degree.-10.degree.C and filter the resulting mixture.
      Separate the toluene layer, concentrate in vacuo and distill the residue
      to give .alpha.-(p-chlorphenyl)-2-thiazolylacetonitrile as a mobile yellow
      oil, b.p. 155.degree.-160.degree.C/1 mm.
PAC  EXAMPLE 3
PAC  .alpha.-Phenyl-6-chloro-2-pyridylacetonitrile
PAR  Add a suspension of 9.2 g. of sodamide in 100 ml. of toluene to 23.5 g. of
      benzyl cyanide and 65 g. of 2,6-dichloropyridine in 300 ml. of toluene at
      room temperature. Slowly heat the resulting mixture to
      85.degree.-90.degree.C and stir the mixture at this temperature for 4.5
      hrs. Cool the mixture to below 10.degree.C and cautiously add 100 ml. of
      water. Separate the toluene and evaporate the toluene in vacuo. Distill
      the residue collecting that fraction boiling at 145.degree.-16.degree./2
      ml. and crystallize the desired intermediate
      .alpha.-phenyl-6-chloro-2-pyridylacetonitrile from ether, m.p.
      71.degree.-73.degree.C.
PAR  In a similar manner by substituting the appropriate reactants for those
      employed in the foregoing reactions and by substantially following the
      same procedures outlined in the above examples the following nitriles are
      prepared: .alpha.-(2-thienyl)-6-chloro-2-pyridylacetonitrile;
      .alpha.-(2-thienyl)-.alpha.-(6-chloro-2-pyridyl) propionitrile;
      .alpha.-(2-thienyl-.alpha.-(6-methyl-2-pyridyl) propionitrile;
      .alpha.(6-methyl-2-pyridyl)-2-pyridylacetonitrile;
      .alpha.-phenyl-.alpha.-(2-pyrimidinyl) propionitrile;
      .alpha.-(p-chlorophenyl)-2-pyrazinylacetonitrile;
      .alpha.-(o,m-dichlorophenyl)-.alpha.-(6-methyl-2-pyridyl) propionitrile;
      .alpha.-(2-thienyl)-2-pyrazinylacetonitrile;
      .alpha.-(p-trifluoromethylphenyl)-2-pyridylacetonitrile;
      .alpha.-(p-methoxy-phenyl)-.alpha.-(2-pyridyl) propionitrile;
      .alpha.-phenyl-6-methyl-2-pyridyl-acetonitrile;
      .alpha.-phenyl-3-methyl-2-pyridylacetonitrile;
      .alpha.-phenyl-.alpha.-(6-methyl-2-pyridyl) propionitrile;
      .alpha.-(p-chlorphenyl)-3-methyl-2-pyridylacetonitrile;
      .alpha.-phenyl-2-thiazolylacetonitrile;
      .alpha.-phenyl-2-pyrimidinylacetonitrile;
      .alpha.-phenyl-.alpha.-(2-pyrazinyl) propionitrile,
      .alpha.-(2-pyridyl)-.alpha.-(6-methyl-2-pyridyl) propionitrile;
      .alpha.-(2-pyridyl)-3-methyl-2-pyridylacetonitrile;
      .alpha.-(2-thienyl)-2-pyrazinylacetonitrile;
      .alpha.-(2-thiazolyl)-.alpha.-(2-pyridyl) propionitrile;
      .alpha.-(p-chlorphenyl)-2-pyrimidinylacetonitrile;
      .alpha.-phenyl-.alpha.-(2-pyridyl) propionitrile;
      .alpha.-(p-methoxyphenyl)-2-pyridylacetonitrile;
      .alpha.-(o-chlorphenyl)-2-pyridylacetonitrile;
      .alpha.-(p-dimethylaminophenyl)-2-pyridylacetonitrile;
      .alpha.-(p-chlorophenyl)-6-chloro-2-pyridylacetonitrile;
      .alpha.-phenyl-6-methyl-2-pyrimidinylacetonitrile;
      .alpha.-phenyl-.alpha.-(6-methyl-2-pyrazinyl) propionitrile.
PAC  EXAMPLE 4
PAC  .alpha.-Phenyl-.alpha.-(2-pyridyl) thiopropionamide
PAR  With continuous stirring, subject a mixture containing 6 g. of
      .alpha.-phenyl-.alpha.-(2-pyridyl) propionitrile and 5 ml. of
      triethylamine in 60 ml. of dimethylformamide to a stream of hydrogen
      sulfide for 24 hours. Pour the resulting solution into 200 ml. of ice
      water, filter, wash and dry the solids which are formed. Recrystallize the
      solids from acetonitrile to obtain the intermediate
      .alpha.-phenyl-.alpha.-(2-pyridyl) thiopropionamide, m.p.
      186.degree.-188.degree. C.
PAR  In a similar manner by substituting the appropriate reactants for those
      employed in the foregoing reaction and by substantially following the same
      procedure outlined in the above example, the following thioamides are
      prepared: .alpha.-(2-thienyl)-6-chloro-2-pyridylthioacetamide;
      .alpha.-(2-thienyl)-.alpha.-(6-chloro-2-pyridyl) thiopropionamide;
      .alpha.-(2-thienyl)-.alpha.-(6-methyl-2-pyridyl) thiopropionamide;
      .alpha.-(6-methyl-2-pyridyl)-2-pyridylthioacetamide;
      .alpha.-phenyl-.alpha.-(2-pyrimidinyl) thiopropionamide,
      .alpha.-(p-chlorophenyl)-2-pyrazinylthioacetamide; .alpha.-(o,
      m-dichlorophenyl)-.alpha.-(6-methyl-2-pyridyl) thiopropionamide;
      .alpha.-(2-thienyl)-2-pyrazinylthioacetamide;
      .alpha.-(p-trifluoromethylphenyl)-2-pyridylthioacetamide,
      .alpha.-(p-methoxyphenyl)-.alpha.-(2-pyridyl) thiopropionamide,
      .alpha.-phenyl-6-methyl-2-pyridylthioacetamide;
      .alpha.-phenyl-3-methyl-2-pyridylthioacetamide;
      .alpha.-phenyl-.alpha.-(6-methyl-2-pyridyl) thiopropionamide;
      .alpha.-(p-chlorphenyl)-3-methyl-2-pyridylthioacetamide;
      .alpha.-phenyl-2-thiazolylthioacetamide;
      .alpha.-phenyl-2-pyrimidinylthioacetamide;
      .alpha.-phenyl-.alpha.-(2-pyrazinyl) thiopropionamide;
      .alpha.-(2-pyridyl)-.alpha.-(6-methyl-2-pyridyl) thiopropionamide;
      .alpha.-(2-pyridyl)-3-methyl-2-pyridylthioacetamide;
      .alpha.-(2-thienyl)-2-pyrazinylthioacetamide;
      .alpha.-(2-thiazolyl)-.alpha.-(2-pyridyl) thiopropionamide;
      .alpha.-(p-chlorophenyl)-2-pyrimidinylthioacetamide;
      .alpha.-phenyl-.alpha.-(pyrazinyl) thiopropionamide;
      .alpha.-(p-methoxyphenyl)-2-pyridylthioacetamide;
      .alpha.-(o-chlorphenyl-2-pyridylthioacetamide;
      .alpha.-(p-dimethylaminophenyl)-2-pyridylthioacetamide;
      .alpha.-(p-chlorophenyl)-6-chloro2-pyridylthioacetamide;
      .alpha.-phenyl-6-methyl-2-pyrimidinylthioacetamide; and
      .alpha.-phenyl-.alpha.-(6-methyl-2-pyrazinyl) thiopropionamide.
PAC  EXAMPLE 5
PAC  2-[.alpha.-(2-Pyridyl) benzyl] imidazoline
PAR  Under a nitrogen atmosphere, carefully reflux (bath temperature of
      125.degree. C) a mixture containing 19.4 g. of 2-pyridylbenzyl cyanide,
      6.6 g. of ethylene diamine and 0.2 g. of sulphur for 5 hrs. Cool the
      reaction mixture and under a nitrogen atmosphere dissolve the residue in
      300 ml. of benzene, and water wash, dry (over anhydrous potassium
      carbonate) and filter the benzene solution. Concentrate the filtrate to a
      small volume whereupon the product crystallizes. Filter the crystals to
      yield 2-[.alpha.-(2-pyridyl) benzyl]-imidazoline, m.p.
      134.degree.-136.degree. C. The maleate salt, m.p.
      132.degree.-135.degree.C, is prepared from maleic acid and is crystallized
      from isopropanol.
PAC  EXAMPLE 6
PAC  2-[.alpha.-(2-Thiazolyl)-p-chlorbenzyl]-imidazoline
PAR  Under a nitrogen atmosphere, heat (110.degree.-115.degree. C), under reflux
      conditions, a mixture containing 23.5 g. of
      .alpha.-p-chlorphenyl-2-thiazolylacetonitrile, 7 g. of ethylene diamine
      and 0.2 g. of sulphur for 3 hrs. Extract the black tarry product with 200
      ml. of hot benzene, cool and wash the extract with 50 ml. of water. Treat
      the benzene extract with a cooled solution of 4 ml. of concentrated
      hydrochloric acid in 25 ml. of water and separate the dark aqueous phase
      from the benzene. Basify the water extract with sodium carbonate and
      extract the precipitated oil with two 100 ml. portions of ether. Dry the
      ether extract and evaporate the ether to obtain
      2-[.alpha.-(2-thiazolyl)-p-chlorbenzyl]-imidazoline, a viacous red product
      which is dissolved in acetonitrile and converted to the maleate salt which
      melts at 145.degree.-147.degree. C.
PAC  EXAMPLE 7
PAC  2-[.alpha.-(2-Pyrazinyl)-p-chlorbenzyl]-imidazoline
PAR  Under a nitrogen atmosphere, heat (130.degree.-140.degree. C), under reflux
      conditions, a mixture containing 7.5 g. of
      .alpha.-p-chlorphenyl-2-pyrazinyl acetonitrile (prepared from
      2-chloropyrazine p-chlorphenyl acetonitrile and sodamide and refluxing
      toluene) 4 g. of ethylene diamine and 0.2 g. of sulphur for 8 hrs. Cool
      the mixture, add 100 ml. of 50:50 ether:acetonitrile, and filter the
      resulting mixture to remove the gummy impurities. Evaporate the filtrate
      to dryness, treat the residue with 600 ml. of boiling ether and
      concentrate the extract to 100 ml. to yield 6 g. of
      2-[.alpha.-(2-pyrazinyl)-p-chlorbenzyl]-imidazoline as orange yellow
      plates, 113.degree.-115.degree. C. The maleate salt is crystallized from
      acetonitrile and melts at 146.degree.-148.degree. C.
PAC  EXAMPLE 8
PAC  1-Methyl-2-[.alpha.-(2-pyridylbenzyl]-imidazoline
PAR  Under a nitrogen atmosphere under reflux conditions, slowly heat
      (130.degree. C) a mixture containing 40 g. of
      phenyl-2-pyridylacetonitrile, 17 g. of N-methyl ethylene diamine and 0.4
      g. of sulphur for 2 hrs. and for an additional 2 hrs. at 140.degree. C.
      Cool and dissolve the resulting mixture in 500 ml. of benzene. Water wash,
      dry (over potassium carbonate) and filter the resulting benzene solution.
      Concentrate the filtrate to about 75 ml. whereupon the product
      crystallizes on cooling. Filter the precipitate and recrystallize from
      ethyl acetate to yield 1-methyl-2-[.alpha.-(2-pyridylbenzyl]-imidazoline,
      m.p. 120.degree.-124.degree. C. The maleate salt is crystallized from
      ethyl acetate and melts at 116.degree.-118.degree. C.
PAC  EXAMPLE 9
PAC  2-[.alpha.-(2-Pyridyl)-.alpha.-methylbenzyl]-imidazoline
PAR  Under a nitrogen atmosphere, heat (bath at 140.degree. C) under reflux
      conditions 2 g. of .alpha.-(2-pyridyl)-.alpha.-phenylthiopropionamide and
      20 ml. of ethylene diamine. Evaporate off the excess diamine, dissolve the
      residue in benzene, filter, wash, dry and evaporate the benzene solution.
      Crystallize the residual pale green oil from isopropyl ether to yield
      2-[.alpha.-(2-pyridyl)-.alpha.-methylbenzyl]-imidazoline, m.p.
      102.degree.-103.degree. C. The maleate salt, crystallized from
      acetonitrile, melts at 156.5.degree.-158.degree. C.
PAR  In a similar manner by substituting the appropriate reactants for those
      employed in the foregoing reactions (examples 5-9) and by substantially
      following the same procedures outlined therein, the following imidazolines
      are prepared: 2-[(6-chloro-2-pyridyl) (2-thienyl)methyl]imidazoline;
      2-[.alpha.(6-chloro-2-pyridyl) (2-thienyl)ethyl]imidazoline;
      2[.alpha.(2-thienyl) (6-methyl-2-pyridyl)ethyl]imidazoline;
      2[(5-methyl-2-pyridyl) (2-pyridyl)methyl]imidazoline;
      2-[(.alpha.-(2-pyrimidinyl)-benzyl]imidazoline;
      2-[.alpha.-(2-pyrazinyl)-m-chlorbenzyl]imidazoline;
      2-[.alpha.-(6-methyl-2-pyridyl)-.alpha.-methyl-o,
      m-dichlorbenzyl]imidazoline; 2-[.alpha.-(2-thienyl)(2-pyrazinyl)
      methyl]imidazoline;
      2-[.alpha.-(2-pyridyl)-p-trifluoromethylbenzyl]imidazoline;
      2-[.alpha.-(2-pyridyl)-.alpha.-methyl-p-methoxybenzyl]imidazoline;
      2-[.alpha.-(6-methyl-2-pyridyl) benzyl]imidazoline;
      2-[.alpha.-(3-methyl-2-pyridyl)benzyl]imidazoline;
      2-[.alpha.-(6-methyl-2-pyridyl)-.alpha.-methylbenzyl]imidazoline;
      2-[.alpha.-(3-methyl-2-pyridyl)-p-chlorbenzyl]imidazoline;
      2-[.alpha.-(2-thiazolyl) benzyl]imidazoline;
      2-[.alpha.-(2-pyrimidinyl)thienyl] imidazoline;
      2-[.alpha.-(2-pyrazinyl)benzyl]imidazoline;
      2-[(2-pyridyl)(6-methyl-2-pyridyl)methyl]imidazoline;
      .alpha.-[(2-pyridyl)(3-methyl-2-pyridyl) methyl]imidazoline;
      2-[.alpha.(2-thiazolyl) (2-pyridyl)ethyl]imidazoline;
      2[.alpha.-(2-pyrimidinyl)-p-chlorbenzyl]imidazoline;
      2-[.alpha.-(2-pyridyl)-.alpha.-ethylbenzyl]imidazoline;
      2-[.alpha.-(2-pyridyl)-p-methoxybenzyl] imidazoline;
      2-[.alpha.-(2-pyridyl)-p-chlorobenzyl]imidazoline;
      2-[.alpha.-(2-pyridyl)-p-dimethylaminobenzyl]imidazoline;
      2-[.alpha.-(6-chloro-2-pyridyl)-p-chlorbenzyl]imidazoline;
      2-[.alpha.-(6-methyl-2-pyrimidinyl)-benzyl]imidazoline; and
      2-[.alpha.-(6-methyl-2-pyrazinyl-.alpha.-methylbenzyl]imidazoline.
PAC  EXAMPLE 10
PAC  1-.beta.-Dimethylaminoethyl-2-[.alpha.-(2-pyridyl)-p-chlorbenzyl]imidazolin
     e
PAR  Under a nitrogen atmosphere, heat (135.degree.-140.degree. C), under reflux
      conditions, a mixture containing 11.4 g. of
      .alpha.-p-chlorophenyl-2-pyridineacetonitrile, 6.6 g. of
      N,N-dimethyldiethylenetriamine and 0.2 g. of sulphur for 5 hrs. Cool the
      mixture, add 150 ml. of benzene, wash with 40 ml. of ice water, dry, (over
      anhydrous potassium carbonate) filter, and distill off the solvent.
      Distill the residue in vacuo to yield
      1-.beta.-dimethylaminoethyl-2-[.alpha.-(2-pyridyl)-p-chlorobenzyl]imidazol
     ine as a golden yellow oil, b.p. 195.degree.-200.degree. C/1 mm.
PAC  EXAMPLE 11
PAC  2-[(2-Pyridyl)-hydroxybenzyl]imidazoline
PAR  Dissolve 20 g. of 2-(2-pyridylbenzyl)imidazoline in 500 ml. of dry benzene
      and vigorously stir the solution in a current of dry air for 20 hrs.
      Filter the solution and concentrate the filtrate to about one-third its
      original volume. Filter the crystals formed on cooling of the concentrated
      filtrate, and recrystallize the desired product from alcohol to yield
      2[(2-pyridyl)-hydroxybenzyl]imidazoline, m.p. 152.degree.-154.degree. C.
      The hydrochloride salt, m.p. 206.degree.-208.degree. C, is prepared with
      one equivalent of dry hydrogen chloride in isopropanol.
PAC  EXAMPLE 12
PAC  2[(2-Pyridyl) (2-thienyl)-hydroxymethyl]imidazoline
PAR  Under a nitrogen atmosphere, heat (115.degree.-120.degree. C), under reflux
      conditions, a mixture containing 10 g. of 2-thienyl-2-pyridylacetonitrile,
      3.3 g. of ethylene diamine and 0.1 g. of sulphur for 2 hrs. Add an
      additional 0.5 ml. of ethylene diamine and continue heating for another 2
      hours. Cool the mixture to 80.degree. C and add 500 ml. of benzene.
      Water-wash, dry (over potassium carbonate) filter the resulting mixture,
      and subject the filtrate to a stream of dry air for 20 hours. Filter,
      concentrate the filtrate to dryness, and dissolve the residue in hot
      isopropanol. Filter while hot, cool the filtrate to give light brown
      crystals of 2[(2-pyridyl) (2-thienyl)-hydroxymethyl]imidazoline, m.p.
      151.degree.-152.degree. C. The maleate is crystallized from acetonitrile,
      m.p. 156.degree.-157.degree. C.
PAC  EXAMPLE 13
PAC  2[(.alpha.-6-Chloro-2-pyridyl)-.alpha.-hydroxybenzyl]imidazoline
PAR  Under a nitrogen atmosphere, heat (135.degree.-145.degree. C), under reflux
      conditions, a mixture containing 9 g. of
      .alpha.-phenyl-6-chloro-2-pyridylacetonitrile 2.7 g. of ethylene diamine
      and 0.1 g. of sulphur for 7 hrs. Cool and extract the mixture with 200 ml.
      of ether. Water-wash the ether extract and extract the mixture with 40 ml.
      of 1N hydrochloric acid. Basify the aqueous extract with excess sodium
      carbonate and extract the precipitated oil with 200 ml. of benzene. Dry
      (under anhydrous potassium carbonate) and filter the extract, and stir the
      dried extract in dry air for 24 hours. Filter and concentrate the filtrate
      to obtain a residue which is crystallized from acetonitrile to yield
      2[.alpha.(6-chloro-2-pyridyl)-.alpha.-hydroxybenzyl]imidazoline, m.p.
      154.degree.-156.degree. C.
PAC  EXAMPLE 14
PAC  2[.alpha.(2-Pyridyl-.alpha.-hydroxybenzyl]-4,5,6,7,8,9-hexahydrobenzimidazo
     le
PAR  Under a nitrogen atmosphere, heat (180.degree.-190.degree. C), under reflux
      conditions, a mixture containing 21 g. of
      .alpha.-phenyl-2-pyridineacetonitrile, 25 g. of 1,2-diamino cyclohexane (a
      mixture of cis and trans isomers) and 0.2 g. of sulphur for 7 hrs. Cool
      and dissolve the mixture in 500 ml. of ether, filter the ether and extract
      the filtrate with 50 ml. portions of 1N hydrochloric acid. Basify the
      aqueous extract with excess sodium carbonate and extract the precipitated
      oil with 200 ml. of ether to obtain the crystalline product
      2[.alpha.(2-pyridyl)-.alpha.-hydroxybenzyl]-4,5,6,7,8,9-hexahydrobenzylimi
     dazole which is dissolved in 100 ml. of benzene and the resulting solution
      is stirred in dry air for 20 hrs., filtered and concentrated to dryness.
      The so obtained
      2[.alpha.(2-pyridyl)-.alpha.-hydroxybenzyl]-4,5,6,7,8,9-hexahydrobenzimida
     zole, when converted to the maleate salt from acetonitrile, melts at
      152.degree.-154.degree. C.
PAC  EXAMPLE 15
PAC  1-Acetyl-2[(2-pyridyl)-hydroxybenzyl]imidazoline
PAR  Dissolve 12.8 g. of 2[(2-pyridyl)hydroxybenzyl] imidazoline in 25 ml. of
      dioxane and, with vigorous stirring, slowly add 2.4 ml. of acetic
      anhydride in a drop-wise fashion. After each 0.5 ml. addition warm the
      solution to 60.degree. C for 5 min. and then cool the solution to
      20.degree. C before adding additional anhydride. Continue the stirring for
      20 hours, filter the precipitated acetate salt and concentrate the
      resulting filtrate to about 10 mls. Recrystallize the desired product from
      alcohol to yield 1-acetyl-2[(2-pyridyl)-hydroxybenzyl]imidazoline, m.p.
      150.degree.-153.degree. C.
PAC  EXAMPLE 16
PAC  1-Methyl-2[.alpha.(-2-pyridyl)hydroxybenzyl]imidazoline
PAR  Add 5 g. of 1-methyl-2-(2-pyridylbenzyl)imidazoline and 25 ml. of dimethyl
      sulfoxide to a solution of potassium t-butylate (prepared from 1.4 g. of
      potassium and 200 ml. of t-butanol) and stir the resulting solution in a
      stream of dry air for 30 hrs. Add 2.1 ml. of acetic acid to the resulting
      mixture and remove the alcohol in vacuo. Shake the residue with 200 ml. of
      benzene and 50 ml. of cooled 5% sodium carbonate. Separate the benzene
      phase, water-wash, dry, filter and evaporate in vacuo. Recrystallize the
      residue from isopropanol acetate to yield
      1-methyl-2[.alpha.(-2-pyridyl)hydroxybenzyl] imidazoline, m.p.
      105.degree.-108.degree. C.
PAR  Similarly, by substantially following the oxidation procedures outlined
      above with the appropriate reactants, there are also produced:
      2-[.alpha.-(2-thiazolyl)-p-chlorhydroxybenzyl]-imidazoline;
      2-[.alpha.(2-pyrimidinyl)-m-chlorhydroxybenzyl]-imidazoline;
      1-ethyl-2-[.alpha.-(2-pyridyl)hydroxybenzyl]-imidazoline;
      2-[(6-chloro-2-pyridyl) (2-thienyl)hydroxymethyl]imidazoline;
      2-[(6-methyl-2-pyridyl) (2-pyridyl)hydroxymethyl]imidazoline;
      2-[(.alpha.-(2-pyrazinyl)-.alpha.-hydroxybenzyl]imidazoline;
      2-[.alpha.(2-pyrazinyl)-p-chlorhydroxybenzyl]imidazoline;
      2-[.alpha.-(6-methyl-2-pyridyl)-o,m-dichlorhydroxybenzyl]imidazoline;
      2-[.alpha.-(2-thienyl)-.alpha.-(2-pyrazinyl)hydroxymethyl]imidazoline;
      2-[.alpha.-(2-pyridyl-p-trifluoromethylhydroxybenzyl]imidazoline;
      2-[.alpha.-(2-pyridyl)-p-methoxyhydroxybenzyl]imidazoline;
      2-[.alpha.-(6-methyl-2 -pyridyl)hydroxybenzyl]imidazoline;
      2-[.alpha.-(3-methyl-2-pyridyl)hydroxy-benzyl]imidazoline;
      2-[.alpha.-(3-methyl-2-pyridyl)-p-chlorhydroxy-benzyl]imidazoline;
      2-[.alpha.-(2-thiazolyl)hydroxybenzyl]imidazoline;
      2-[.alpha.(2-pyrimidinyl)hydroxythienyl]imidazoline; 2-[.alpha.-(2
      -pyrazinyl)hydroxybenzyl]imidazoline; 2-[(2-pyridyl)(6-methyl-2
      -pyridyl)hydroxymethyl]imidazoline; 2-[(2-pyridyl)(3-methyl-2
      -pyridyl)hydroxymethyl]imidazoline;
      2-[.alpha.-(2-pyrimidinyl)-p-chlorhydroxybenzyl]imidazoline;
      2-[.alpha.-(2-pyridyl)-p-methoxyhydroxybenzyl] imidazoline;
      2-[.alpha.-(2-pyridyl)-p-chlorhydroxybenzyl]imidazoline;
      2-[.alpha.-(2-pyridyl)-p-dimethylaminohydroxybenzyl]imidazoline;
      2-[.alpha.-(6-methyl-2-pyrimidinyl)-hydroxybenzyl]imidazoline;
      1-.beta.-dimethylaminoethyl-2-[.alpha.-(2-pyridyl)-p-chlorhydroxybenzyl]im
     idazoline;
      2-[.alpha.-(2-thiazolyl)-p-chlorhydroxybenzyl],3,4,5,6-tetrahydropyrimidin
     e; 2-[.alpha.-(2-pyrimidinyl)-p-chlorhydroxybenzyl]-3,4,5,6
      -tetrahydropyrimidine;
      1-methyl-2-[.alpha.-(2-pyridyl)hydroxybenzyl]-3,4,5,6-tetrahydropyrimidine
     ; 2-[(6-chloro-2-pyridyl) (2-thienyl)hydroxymethyl]
      -3,4,5,6-tetrahydropyrimidine; 2-[(6-methyl-2-pyridyl)
      (2-pyridyl)hydroxymethyl]-3,4,5,6-tetrahydropyrimidine;
      2-[(.alpha.-(2-pyrimidinyl)-.alpha.-hydroxybenzyl]3,4,5,6-tetrahydropyrimi
     dine;
      2-[.alpha.-(2-pyrazinyl)-p-chlorhydroxybenzyl]3,4,5,6-tetrahydropyrimidine
     ; 2-[.alpha.(6-methyl-2-pyridyl)-o,m-dichlorhydroxybenzyl]-3,4,5,6-tetrahyd
     ropyrimidine;
      2-[.alpha.(2-thienyl)-.alpha.-(2-pyrazinyl)hydroxymethyl]-3,4,5,6-tetrahyd
     ropyrimidine;
      2-[.alpha.-(2-pyridyl)-p-trifluoromethylhydroxybenzyl]3,4,5,6-tetrahydropy
     rimidine;
      2-[.alpha.-(2-pyridyl)-p-methoxyhydroxybenzyl]-3,4,5,6-tetrahydropyrimidin
     e;
      2-[.alpha.-(6-methyl-2-pyridyl)hydroxybenzyl]-3,4,5,6-tetrahydropyrimidine
     ; 2-[.alpha.-(3-methyl-2-pyridyl)hydroxybenzyl]-3,4,5,6-tetrahydropyrimidin
     e;
      2-[.alpha.-(3-methyl-2-pyridyl)-p-chlorhydroxybenzyl]-3,4,5,6-tetrahydropy
     rimidine;
      2-[.alpha.-(2-thiazolyl)hydroxybenzyl]-3,4,5,6-tetrahydropyrimidine;
      2-[.alpha.-(2-pyrimidinyl)hydroxybenzyl] -3,4,5,6-tetrahydropyrimidine;
      2-[.alpha.-(2-pyrazinyl)hydroxybenzyl] -3,4,5,6-tetrahydropyrimidine;
      2-[(2-pyridyl)
      (6-methyl-2-pyridyl)hydroxymethyl]-3,4,5,6-tetrahydropyrimidine;
      .alpha.-[(2-pyridyl) (3-methyl-2
      -pyridyl)hydroxymethyl]-3,4,5,6-tetrahydropyrimidine;
      2-[.alpha.(2-pyrimidinyl)-p-chlorhydroxybenzyl]-3,4,5,6-tetrahydropyrimidi
     ne;
      2-[.alpha.(2-pyridyl)-p-methoxyhydroxybenzyl]-3,4,5,6-tetrahydropyrimidine
     ; 2-[.alpha.(2-pyridyl)-p-chlorhydroxybenzyl]-3,4,5,6-tetrahydropyrimidine;
      2-[.alpha.(2-pyridyl)-p-dimethylaminohydroxybenzyl]-3,4,5,6-tetrahydropyri
     midine;
      2-[.alpha.-(2-pyrimidinyl)hydroxybenzyl]-3,4,5,6-tetrahydropyrimidine;
      1-.beta.-dimethylaminoethyl-2-[.alpha.-(2-pyridyl)-p-chlorhydroxybenzyl]-3
     ,4,5,6-tetrahydropyrimidine; 2[(2-pyridyl)
      (2-thienyl)-hydroxymethyl]-3,4,5,6-tetrahydropyrimidine;
      2[(.alpha.-6-chloro-2-pyridyl)-.alpha.-hydroxybenzyl]-3,4,5,6-tetrahydropy
     rimidine;
      1-acetyl-2](2-pyridyl)-hydroxybenzyl]-3,4,5,6-tetrahydropyrimidine and
      1-methyl-2[(.alpha.-2-pyridyl)hydroxybenzyl]-3,4,5,6-tetrahydropyrimidine.
PAR  As stated above, the method of achieving an anti-depresent effect in
      warm-blooded animals is effected by admininstering a therapeutically
      effective quantity of a compound of this invention (as defined by formula
      I). The therapeutically effective quantity of a compound of this invention
      (I) may readily be ascertained by standard and well-known techniques in
      the art. One such laboratory technique for the determination of
      anti-depressant activity is a Tetrabenazine Antagonism assay similar to
      that described by V. G. Vernier, et al., p. 683, in "Psychosomatic
      Medicine" edited by J. H. Nodine and J. H. Moyer, 1962, as follows: Group
      of 10 male Carworth Farm (CF No. 1) mice are orally administered the test
      compound and thirty minutes after administration of the test drug the mice
      are intraperitoneally injected with 30 milligrams per kilogram of body
      weight of tetrabenazine methane sulfonate. After thirty minutes the test
      compound is evaluated for the degree of ptosis developed in the mice. A
      rating scale of 0-4 is employed with 4 representing a normal palpebral
      opening, and scores of 3,2,1 and 0 represent slight, moderate, marked and
      complete closure of the palpebral opening (ptosis), respectively. Based
      upon ratings with compounds known to exhibit significant anti-depressant
      effects, as well as compounds known not to exhibit anti-depressant
      effects, a rating of 2 or more is considered to be indicative of a
      significant anti-depressant activity. From the foregoing test procedures
      and by other standard laboratory techniques, as well as by comparison with
      well-known anti-depressant agents, the therapeutically effective dosage
      range for the compounds of this invention for achieving an anti-depressant
      effect is 0.5-30 mg/kg. of body weight. Although it is expected that a
      therapeutically effective dosage will be orally administered in 3-4
      divided doses, the actual total daily dosage will depend upon the degree
      of severity of the depression of the warm-blooded animal, its cause and
      other health factors. Thus, in each specific instance the attending
      diagnostician will determine the actual dosage frequency and degree of
      anti-depression sought to be achieved.
PAR  As is true for most classes of therapeutically effective compounds, certain
      sub-classes are found to be more effective than others. The preferred
      sub-classes of compounds of this invention which are particularly useful
      are those of which the following compounds are specific members thereof:
      2-[phenyl-2-(pyridyl)-hydroxymethyl]imidazoline-hydrochloride;
      2-[(2-pyridyl)-2-thienyl)-hydroxymethyl]imidazoline maleate;
      2-[.alpha.(2-pyridyl)-p-chlorobenzyl]imidazoline maleate;
      2-[p-chlorophenyl-2-(pyridyl)-hydroxymethyl]imidazoline maleate;
      2[(.alpha.-hydroxy)-.alpha.-(2-pyridyl)-m-chlorobenzyl]imidazoline
      maleate; 2-(2-pyridylbenzyl)imidazoline maleate;
      2[(.alpha.-hydroxy)-.alpha.-(2-pyridyl)-p-methoxybenzyl]imidazoline
      maleate; 2[(bis-2-pyridyl)-hydroxymethyl]imidazoline maleate;
      2[(.alpha.-hydroxy)-.alpha.-(2-pyrimidinyl)-4-chlorobenzyl]imidazoline
      maleate; 2-[(6-chloro-2-pyridyl)-phenylhydroxymethyl]imidazoline maleate,
      with the first five being the most preferred.
PAR  It is another aspect of this invention that the tangible embodiments of
      this invention, as defined by formula I, also exert an anti-inflammatory
      effect in warm-blooded animals by administering a therapeutically
      effective quantity of a compound of this invention. The therapeutically
      effective quantity of a compound of this invention for achieving an
      anti-inflammatory effect is readily ascertained-by the standard and
      well-known Carrageenin Induced Inflammation (Carrageenin Paw) Test, as
      well as by comparison with other known nonsteroidal anti-inflammatory
      agents. Another specific method employed is the acute Carrageenin Paw
      assay which is a modification of Winter, C. A., Risley, E. A. and Nuss, G.
      W., 1963, "Anti-inflammatory and anti-pyretic activities of indomethacin,
      1-(p-chlorobenzoyl)-6-methoxy-2-methylindole-3-acetic acid," J. Pharm. and
      Exptl. Therap. 141:369-376, described as follows: Female rats (Charles
      River CD strain), weighing 140-150 grams, were treated orally with the
      test compound. One hour later, 0.05 ml. of a 1% solution of carrageenin,
      the phlogistic agent, was injected into the plantar surface of the right
      hind paw and the volume of the paw determined. Three hours later, the paw
      volume was determined again. The difference in paw volume between the two
      times is defined as the degree inflammation. Paw volumes, expressed in
      grams, are measured by immersing the foot in a mercury bath tared on a
      balance to an ink mark which has been placed at the level of the lateral
      malleolus. The immersion of the paw to the specified point causes the
      balance to record a change in weight which is directly proportional to the
      mercury displaced (Archimedes principle). Thus, the weight in grams of the
      displaced mercury is directly related to the paw volume. From these tests
      it is determined that the therapeutically effective quantity for achieving
      an anti-inflammatory test is 30-100 mg/kg of body weight.
PAR  In addition to the above-mentioned functional use characteristics, the
      compounds of this invention may also be used in the treatment of
      Parkinson's Disease. In this applied use the compounds may be administered
      in the form of pharamceutical formulations such as are illustrated above
      or else they may be utilized in combination with
      3-(3,4-dihydroxyphenyl)-L-alanine and lower alkanoyl esters of
      3-(3,4-dihydroxyphenyl)-L-alanine. In accordance with the standard assay
      procedures such as are described in Science, 166, 889-901, 1969, the
      compounds have been found to be effective in the treatment of Parkinson's
      Disease by the administration of about .1 to 3 mg/kg on a daily basis. In
      those instances wherein the compounds of this invention are
      co-administered with 3-(3,4-dihydroxyphenyl)-L-alanine or the lower
      alkanoyl esters of 3-(3,4-dihydroxyphenyl)-L-alanine, it is to be found
      that the normal maintenance dosage level of
      3-(3,4-dihydroxyphenyl)-L-alanine and/or the lower alkanoyl esters of
      3-(3,4-dihydroxyphenyl)-L-alanine will be substantially lowered when used
      as agents for the treatment of Parkinson's Disease.
PAR  In their function as therapeutically useful compounds, it is advantageous
      to administer the compounds to the host animal in admixture with an
      acceptable pharmaceutical carrier suitable for enteral or parenteral
      administration, said carrier constituting a major portion of the
      admixture. Such preparations may be in such forms, as for example,
      tablets, capsules and suppositories, or in liquid forms as for example,
      elixirs, emulsions and injectables. In the formulation of pharmaceutical
      preparations there can be employed such substances which do not react with
      the active substances as for example, water, gelatin, lactose, starches,
      magnesium stearate, calcium carbonate, talc, vegetable oils, benzyl
      alcohols, gums, polyalkylene glycols, petroleum jelly and the like. The
      active ingredient of such pharmaceutical preparations is preferably
      present in the preparation in such proportions by weight that the
      proportion by weight in the active ingredient to be administered lies
      between 0.1% and 50%.
PAR  Tablet Formulation:
PAR  The following formulation provides for the manufacture of 1,000 tablets:
TBL                               Grams                                        

     (1)    2-[p-Chlorophenyl-2-(pyridyl)-                                     

            hydroxymethyl]imidazoline maleate                                  

                                  25                                           

     (2)    Lactose, U.S.P.       181                                          

     (3)    Corn Starch, U.S.P.   92.5                                         

     (4)    Magnesium Stearate    1.5                                          

PAR  Thoroughly granulate a mixture of 92.5 g. of corn starch and the lactose
      with a paste prepared by dissolving 20 gm. of corn starch in 100 ml. of
      hot distilled water. Dry the resulting granulation at
      40.degree.-45.degree.C and pass it through a No. 16 mesh screen. To the
      dried, screened granulation add a blended mixture of the active ingredient
      (1) and the magnesium stearate. Thoroughly blend and then press into
      tablets of 300 mg. each.
PAR  Capsule Formulation:
PAR  The following formulation provides for the manufacture of 1,000 capsules:
TBL                               Grams                                        

     (1)    2-[p-Chlorophenyl-2-(pyridyl)-                                     

            hydroxymethyl]imidazoline maleate                                  

                                  25                                           

     (2)    Lactose               273.5                                        

     (3)    Magnesium stearate    1.5                                          

PAR  Mix active ingredient (1) with the lactose and blend in the magnesium
      stearate. Fill hard gelatin capsules with 300 mg. each of the blended
      mixture to produce capsules containing 25 mg. of
      2-[p-chlorophenyl-2-(pyridyl)-hydroxymethyl]imidazoline maleate.
PAR  Parenteral Formulation:
PAR  The following formulation provides for the manufacture of 1,000 vials each
      containing 10 mg. of active ingredient:
TBL                                Grams                                       

     (1)  2-[p-chlorophenyl-2-(pyridyl)-                                       

          hydroxymethyl]imidazoline maleate gm                                 

                                   10.0                                        

     (2)  Monobasic potassium phosphate gm                                     

                                   6.0                                         

     (3)  Water for injection, U.S.P. q.s.liter                                

                                   1.0                                         

PAR  Dissolve ingredients (1), (2), and (3) in approximately 80 percent of the
      volume of water and filter the resulting solution. Add to the filtration
      sufficient water to make to a 1000 ml. volume. Sterile-filter the solution
      and asceptically fill one milliliter portions of the so-prepared solution
      into two milliliter vials, then lyophylize. After the lyophilized cake is
      dry, asceptically stopper the vials with rubber plugs and seal.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound selected from the group consisting of cyclic amidines of the
      structural formula:
      ##SPC2##
PAL  and the pharmaceutically acceptable acid addition salts thereof, wherein n
      is an integer of the group consisting of zero and one; A is a member of
      the group consisting of --C=C, --C=N, and --S--; wherein A together with
      the ring atoms to which it is attached represents a heterocycle of the
      group consisting of pyridyl, pyrimidinyl, and thiazoyl each of Z.sub.1,
      Z.sub.2 and Z.sub.3 is a member of the group consisting of hydrogen, lower
      alkyl, and trifluoromethyl, lower alkoxy and halogen and Z.sub.4 is a
      member of the group consisting of hydrogen, lower alkyl, trifluoromethyl,
      lower alkoxy, halogen and diloweralkylamino;
      ##EQU7##
      represents a member of the group consisting of phenyl, thienyl and
      pyridyl; Y represents a member of the group consisting of hydroxy, lower
      alkoxy and lower alkanoyloxy containing 2 to 6 carbon atoms; R.sub.1
      represents a member of the group consisting of hydrogen, lower alkyl,
      aminoloweralkyl, hydroxyloweralkyl, benzyl and phenethyl; each of R.sub.2,
      R.sub.3, R.sub.4 and R.sub.5 are members of the group consisting of
      hydrogen and lower alkyl.
NUM  2.
PAR  2. A compound of claim 1 wherein Y is hydroxy.
NUM  3.
PAR  3. A compound of claim 1 wherein n is zero.
NUM  4.
PAR  4. A compound of claim 1 wherein Y is phenyl.
NUM  5.
PAR  5. A compound of claim 2 wherein A is pyridyl.
NUM  6.
PAR  6. A compound of claim 3 wherein A is pyridyl.
NUM  7.
PAR  7. A compound of claim 4 wherein A is pyridyl.
NUM  8.
PAR  8. A compound of claim 5 wherein n is zero.
NUM  9.
PAR  9. A compound of claim 8 wherein
      ##EQU8##
      is phenyl.
NUM  10.
PAR  10. A compound of claim 8 wherein
      ##EQU9##
      is pyridyl.
NUM  11.
PAR  11. A compound of claim 9 wherein all of R.sub.2, R.sub.3, R.sub.4,
      R.sub.5, Z.sub.1, Z.sub.2, Z.sub.3 and Z.sub.4 are hydrogen.
NUM  12.
PAR  12. A compound of claim 11 wherein R.sub.1 is hydrogen.
NUM  13.
PAR  13. A compound of claim 11 wherein R.sub.1 is lower alkyl.
NUM  14.
PAR  14. A compound of claim 13 wherein R.sub.1 is methyl.
NUM  15.
PAR  15. A compound of claim 2, said compound being
      2-](2-pyridyl)-hydroxybenzyl] imidazoline.
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PAL  Alkylphenyl benzopyranopyridines represented by the formula
      ##SPC1##
PAL  Where R.sub.1 is hydrogen, loweralkyl, loweralkanoyl, cycloalkylloweralkyl,
      cycloalkylloweralkanoyl, loweralkenyl, loweralkynyl, haloloweralkenyl,
      phenylloweralkyl, phenylloweralkenyl or phenylloweralkynyl; R.sub.2 is
      loweralkyl; R.sub.3 is hydrogen; Y is a straight or branched chain
      alkylene group having from one to ten carbon atoms; and each R.sub.4 and
      R.sub.5 and R.sub.6 are the same or different members of the group
      consisting of hydrogen, halo, trifluoromethyl or loweralkyl; and the
      pharmaceutically acceptable salts thereof.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of copending application filed
      April 2, 1973, bearing Ser. No. 345,942, now abandoned.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to novel alkylphenyl benzopyranopyridines and to
      heterocyclic esters thereof, to methods of preparing the compounds, to
      pharmaceutical compositions containing the compounds and to use of the
      compounds and pharmaceutical compositions containing the compounds for
      pharmacological and medicinal purposes.
PAR  According to one aspect of this invention, compounds are provided which can
      be represented by the formula
      ##SPC2##
PAL  Wherein R.sub.1 is hydrogen, loweralkyl, loweralkanoyl,
      cycloalkylloweralkyl, cycloalkylloweralkanoyl, loweralkenyl, loweralkynyl,
      haloloweralkenyl, phenylloweralkyl, phenylloweralkenyl or
      phenylloweralkynyl; R.sub.2 is loweralkyl; R.sub.3 is hydrogen; Y is a
      straight or branched chain alkylene group having from one to ten carbon
      atoms; and each R.sub.4 and R.sub.5 and R.sub.6 are the same or different
      members of the group consisting of hydrogen, halo, trifluoromethyl or
      loweralkyl; and the pharmaceutically acceptable salts thereof.
PAR  The term "loweralkyl" as used herein, refers to C.sub.1 -C.sub.6 straight
      or branched chain alkyl groups including methyl, ethyl, n-propyl,
      iso-propyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl,
      neo-pentyl, n-hexyl and the like.
PAR  The term "loweralkenyl" refers to straight and branched chain C.sub.2
      -C.sub.6 alkyl radicals from which a hydrogen atom has been removed from
      each of two adjacent carbon atoms to produce ethylenic unsaturation; e.g.,
      vinyl, allyl, methallyl, 1-pentenyl and the like.
PAR  The term "loweralkynyl" refers to C.sub.2 -C.sub.6 alkyl groups as defined
      above, from which two hydrogen atoms have been removed from each of two
      adjacent carbon atoms to produce acetylenic unsaturation; e.g., ethynyl,
      propargyl, 2-butynyl, 1-pentynyl and the like groups.
PAR  The term "halo" includes chloro, fluoro, bromo and iodo.
PAR  The term "loweralkanoyl" refers to saturated monovalent, aliphatic radicals
      derived from a monocarboxylic acid, including straight or branched chain
      radicals of from one to six carbon atoms including the formyl, acetyl,
      propionyl, .alpha.-methylpropionyl, butyryl, hexanoyl and the like
      radicals.
PAR  "Cycloalkyl," as used herein, refers to cyclic saturated aliphatic radicals
      having three to eight carbon atoms in a ring, such as cyclopropyl,
      cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl.
PAR  "Cycloalkylloweralkyl" refers to groups such as cyclopropyl-methyl,
      2-methylcyclobutyl and the like.
PAR  The term "pharmaceutically acceptable salts" refers to salts such as
      sodium, potassium, calcium, barium, aluminum, ammonium and substituted
      ammonium salts, such as methyl ammonium, benzyl ammonium, triethanol
      ammonium salts and the like. Such salts are well known in the art and are
      considered to be "pharmaceutically acceptable."
PAR  Generally speaking, the preferred compounds of this invention wherein
      R.sub.3 is hydrogen can be prepared by the following routes:
      ##SPC3##
PAR  The compounds of this invention are useful as analgesic agents at dosages
      of from 0.01 - 25.0 mg./kg. of body weight daily. The presently preferred
      compound,
      5,5-dimethyl-8-(4-p-fluorophenyl-1-methylbutyl)-10-hydroxy-2-(2-propynyl)-
     1,2,3,4-tetrahydro-5H[1]benzopyrano[4,3-c]pyridin-10-ol has an oral
      ED.sub.50 of 5.3 mg./kg. in the mouse writhing test for analgesia,
      [Whittle, Brit. J. Pharmacol., 22 296 (1964)], (codeine has an oral
      ED.sub.50 of 15.6 mg./kg. in the mouse writhing test); an oral ED.sub.50
      of 3.7 mg./kg. in the rat tail flick test [Harris, et al. J. Pharm. Exp.
      Ther. 169 17 (1969)], and an oral ED.sub.50 of 5.7 mg./kg. in the hot
      plate test.
PAR  In addition to their use as analgesic agents, the compounds are useful as
      mild tranquilizers at dosages of from 0.01 - 20 mg./kg. of body weight
      daily. Since many patients suffering from pain are anxious and
      apprehensive, the compounds of this invention are particularly useful as
      analgesic agents. The compounds further appear to produce analgesia and
      mild tranquilization without sedative or sedative-hypnotic effect, thus
      enabling the patients to carry out their normal activities while taking a
      compound of this invention.
PAR  In addition to their use as analgesics and tranquilizers, the compounds are
      also useful as anticonvulsants, antidiarrheals and antiulcer agents. They
      may be administered via oral, parenteral or intravenous administration.
PAR  The present invention includes within its scope pharmaceutical compositions
      comprising, as an active ingredient, at least one of the compounds of this
      invention in association with a pharmaceutically acceptable carrier or
      diluent. The compounds of this invention exhibit both oral and parenteral
      activity and can be formulated in dosage forms for oral, parenteral or
      rectal administration.
PAR  Solid dosage forms for oral administration include capsules, tablets,
      pills, powders and granules. In such solid dosage forms, the active
      compound is admixed with at least one inert diluent such as sucrose,
      lactose or starch. Such dosage forms can also comprise, as is normal
      practice, additional substances other than inert diluents, e.g.,
      lubricating agents such as magnesium stearate, and sweetening and
      flavoring agents. Tablets and pills can additionally be prepared with
      enteric coatings.
PAR  Liquid dosage forms for oral administration include pharmaceutically
      acceptable emulsions, solutions, suspensions, syrups and elixirs
      containing inert diluents commonly used in the art, such as water. Besides
      inert diluents, such compositions can also include adjuvants, such as
      wetting agents, emulsifying and suspending agents and sweetening,
      flavoring and perfuming agents.
PAR  Preparations according to this invention for parenteral administration
      include sterile aqueous or nonaqueous solutions, suspensions or emulsions.
      Examples of nonaqueous solvents or vehicles are propylene glycol,
      polyethylene glycol, vegetable oils, such as olive oil, and injectable
      organic esters such as ethyl oleate. Such dosage forms may also contain
      adjuvants such as preserving, wetting, emulsifying and dispersing agents.
      They may be sterilized by, for example, filtration through a
      bacteria-retaining filter, by incorporating sterilizing agents into the
      compositions, by irradiating the compositions, or by heating the
      compositions. They can also be manufactured in the form of sterile solid
      compositions which can be dissolved in sterile water, or some other
      sterile injectable medium immediately before use.
PAR  Compositions for rectal administration are suppositories which may contain
      in addition to the active substance, excipients such as cocoa butter or a
      suppository wax.
PAR  The dosage of active ingredient in the compositions of this invention may
      be varied; however, it is necessary that the amount of the active
      ingredient shall be such that a suitable dosage form is obtained. The
      selected dosage depends upon the desired therapeutic effect, on the route
      of administration and on the duration of the treatment. Generally, dosage
      levels of between 0.01 - 25 mg./kg. of body weight daily are administered
      to patients in need of analgesia or tranquilization or for other needs
      stated above.
PAR  The following example further illustrates the pharmaceutical compositions
      which are a feature of this invention:
DETD
PAC  EXAMPLE 1
PAR  Tablets weighing 200 mg. and having the following composition are prepared
      by standard tableting procedures:
     Ingredient              Mg.                                               

     ______________________________________                                    

     Preparation of 5,5-Dimethyl-8-(4-                                         

     p-fluorophenyl-1-methyl-butyl)-10-                                        

     hydroxy-2-(2-propynyl)-1,2,3,4-                                           

     tetrahydro-5H[1]benzopyrano[4,3-c]                                        

     pyridine-10-al          100                                               

     Starch                  94                                                

     Colloidal silica        5                                                 

     Magnesium stearate      1                                                 

     ______________________________________                                    

PAR  It will be understood by those skilled in the art that the above
      composition can contain any of the compounds of this invention.
PAR  The following examples further illustrate this invention without, however,
      limiting it thereto:
PAC  EXAMPLE 2
PAC  Preparation of 2-(3,5-Dimethoxyphenyl)-5-(p-Fluorophenyl)Pentane
PAR  A solution of 77 g. of 3(p-fluorophenyl)propylbromide in 300 ml. of ether
      was added dropwise over a two-hour period to a refluxing solution of 10 g.
      of magnesium in 100 ml. of ether. The reaction mixture was refluxed for an
      additional 30 minutes after the addition was completed. A solution of 68
      g. of 3,5-dimethoxyacetophenone in 100 ml. of ether was then added
      dropwise to the reaction and the mixture was refluxed for 1-1/2 hours. To
      the reaction was added 300 ml. of a saturated ammonium chloride solution
      dropwise with stirring. The layers were separated and the aqueous layer
      extracted with ether. The ether extract was dried over magnesium sulfate
      and the ether removed in vacuo to give an oil. An additional 111.7 g. of
      3(p-fluorophenyl) propylbromide was reacted with 3.5-dimethoxyacetophenone
      in the above manner. The products from both runs were hydrogenated in
      ethanol-HCl using palladium as the catalyst. The solvents and catalyst
      were removed and the crude material distilled to yield 169.0 g. of
      2-(3,5-dimethoxyphenyl)-5-(p-fluorophenyl)pentane, b.p. 145 - 155/0.05
      mmHg.
PAR  Analysis Calcd. for C.sub.19 H.sub.23 O.sub.2 F: C, 75.60; H, 7.69 Found:
      C, 75.87; H, 7.98
PAC  EXAMPLE 3
PAC  Preparation of 2-(3,5-Dihydroxyphenyl)-5-(p-Fluorophenyl)Pentane
PAR  Fifty grams of the above-prepared
      2-(3,5-dimethoxyphenyl)-5-(p-fluorophenyl)pentane, 450 ml. of acetic acid
      and 180 ml. of 48% HBr in water were mixed. While cooling, the mixture was
      saturated with hydrogen gas (approximately one-half hour). The reacion was
      placed in an 87.degree. bath and stirred for 17 hours. The reaction was
      then concentrated in vacuo and the residue neutralized with K.sub.2
      CO.sub.3 and NaHCO.sub.3, extracted with ether, treated with charcoal and
      MgSO.sub.4 and filtered to yield 45 g. of
      2-(3,5-dihydroxyphenyl)-5-(-p-fluorophenylpentane as a brown oil which
      distills at 180.degree./0.01 mmHg.
PAR  Analysis Calcd. for C.sub.17 H.sub.19 O.sub.2 F: C, 74.20; H, 6.98 Found:
      C, 73.56; H, 7.04
PAC  EXAMPLE 4
PAC  Preparation of
      2-Benzyl-8-(4-p-Fluorophenyl-1-Methylbutyl)-10-Hydroxy-5-Oxo-1,2,3,4-Tetra
     hydro-5H-[1]Benzopyrano[4,3-c]Pyridin-10-ol Hydrochloride
PAR  To 45 g. of 2-(3,5-dihydroxyphenyl)-5-(4-fluorophenyl)pentane dissolved in
      100 ml. of methanesulfonic acid were added in portions, 57 g. of
      1-benzyl-3-keto-4-carbethoxy piperidine hydrochloride. While stirring, 68
      g. of POCl.sub.3 was added and the solution was stirred for 5 days at room
      temperature. Water (300 ml.) and 180 ml. of CHCl.sub.3 were then added and
      the reaction mixture stirred for 30 minutes. After the addition of 100 ml.
      of 15% NaOH, the reaction was stirred for an additional 10 minutes. The
      CHCl.sub.3 layer was separated and extracted with 10% HCl. The CHCl.sub.3
      layer was concentrated and CH.sub.3 CN added thereto to yield 55 g. of the
      desired product as the hydrochloride salt, m.p. 254.degree. - 256.degree.
      C.
PAR  Theory: C, 70.80; H, 6.14; Cl, 6.97; N, 2.75   Found: C, 70.15; H, 6.17;
      Cl, 7.23; N, 2.74
PAC  EXAMPLE 5
PAC  Preparation of
      2-Benzyl-5,5-Dimethyl-8-(4-Fluorophenyl-1-Methylbutyl)-10-Hydroxy-1,2,3,4-
     Tetrahydro-5H[1]Benzopyrano[4,3c]Pyridin-10-ol
PAR  Sixty-five grams of the above-prepared
      2-benzyl-8-(4-fluorophenyl-1-methylbutyl)-10-hydroxy-5-oxo-1,2,3,4-tetrahy
     dro-5H-[1]benzopyrano[4,3-c]pyridin-10-ol hydrochloride were suspended in
      300 ml. of CHCl.sub.3. After adding a KHCO.sub.3 solution, the reaction
      was stirred for 30 minutes. The chloroform layer was separated, dried over
      MgSO.sub.4, concentrated, taken up in benzene and concentrated again. The
      concentrate was taken up in 185 ml. of hot anisole and the resulting
      solution was added dropwise to a solution of CH.sub.3 MgBr in anisole
      (prepared by adding 180 g. of CH.sub.3 Br in 500 ml. of ether to 40 g. of
      Mg in 150 ml. of ether, evaporating the ether and adding 300 ml. of
      anisole). The reaction mixture was stored overnight at 62.degree.C. Water
      (200 ml.) was added slowly, followed by 400 ml. of 10% H.sub.2 SO.sub.4.
      The anisole was removed by steam distillation and the resulting solid was
      taken up in chloroform, neutralized with KHCO.sub.3, dried over
      MgSO.sub.4, concentrated and the product (36.6 g.), m.p. 188.degree. -
      190.degree.C., crystallized from CH.sub.3 CN.
PAR  Analysis Calcd. for C.sub.32 H.sub.36 FNO.sub.2 : C, 79.15; H, 7.47; N,
      2.89 Found: C, 78.86; H, 7.67; N, 2.79
PAC  EXAMPLE 6
PAC  Preparation of
      5,5-Dimethyl-8-(4-p-Fluorophenyl-1-Methylbutyl)-10-Hydroxy-1,2,3,4-Tetrahy
     dro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol Hydrochloride
PAR  32.8 g. of the above-prepared
      2-benzyl-5,5-dimethyl-8-(4-fluorophenyl-1-methylbutyl)-10-hydroxy-1,2,3,4-
     tetrahydro-5H[1]benzopyrano[4,3-c]pyridin-10-ol hydrochloride (m.p. 231 -
      235, prepared by reacting the base of Example 5 with HCl in ethanol and
      crystallizing from ethyl acetate) was hydrogenated in ethanol. The
      catalyst was removed, the solution concentrated, and the desired product
      was crystallized from ethanol-Skelly B as 19.9 g. of amorphous solid, m.p.
      222.degree. - 225.degree.C.
PAR  Theory: C, 69.50; H, 7.23; N, 3.24; Cl, 8.21 Found: C, 69.67; H, 7.34; N,
      3.12; Cl, 8.10
PAC  EXAMPLE 7
PAC  Preparation of
      5,5-Dimethyl-8-(4-p-Fluorophenyl-1-Methylbutyl)-10-Hydroxy-2-(2-Propynyl)-
     1,2,3,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10ol
PAR  5,5-Dimethyl-3-(4-p-fluorophenyl-1-methylbutyl)-10-hydroxy-1,2,3,4-tetrahyd
     ro-5H[1]benzopyrano[4,3-c]pyridin-10-ol as the free base (19.9 g.) was
      dissolved in 88 ml. of dimethylformamide. While the solution was cooling,
      3.14 g. of propargyl bromide was added. The reaction was stirred at room
      temperature for 15 hours. Water (120 ml.) was added slowly, whereupon the
      desired product crystallized. The crystalline product was washed with
      water and recrystallized from ether and CH.sub.3 CN to yield 5.90 g. of
      the desired product, m.p. 164.degree. - 166.degree.C.
PAR  Analysis Calcd. for C.sub.28 H.sub.32 FNO.sub.2 : C, 77.25; H, 7.46; N,
      3.21 Found: C, 77.57; H, 7.76; N, 3.11
PAC  EXAMPLE 8
PAC  2-(3,5-Dimethoxyphenyl)-5-(4-Methylphenyl)Pentane
PAR  By the method described in Example 2, 3(4-p-methylphenyl)propyl bromide was
      converted into the desired product b.p. 170 - 175/0.6mm.
PAR  Analysis Calcd. for C.sub.20 H.sub.26 O.sub.2 : C, 80.49; H, 8.78 Found: C,
      80.31; H, 9.14
PAC  EXAMPLE 9
PAC  2-Benzyl-8-(4-p-Methylphenyl-1-Methylbutyl)-10-Hydroxy-5-Oxo-1,2,3,4-Tetrah
     ydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol Hydrochloride
PAR  The compound of Example 8 was converted to the resorcinol by the method
      described in Example 3 and the resulting resorcinol converted to the
      desired compound by the method of Example 4. The product had m.p.
      236.degree. - 240.degree.C.
PAR  Analysis Calcd. for C.sub.31 H.sub.34 ClNO.sub.3 : C, 73.95; H, 6.81; N,
      2.78 Found: C, 73.80; H, 6.81; N, 2.80
PAC  EXAMPLE 10
PAC  2-Benzyl-5,5-Dimethyl-8-(4-p-Methylphenyl-1-Methylbutyl)-10-Hydroxy-1,2,3,4
     -Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol Hydrochloride
PAR  The compound of Example 9 was converted to the desired compound by the
      method of Example 5. The base was converted to the hydrochloride with HCl
      in ethanol. Product had m.p. 225.degree. - 226.degree.C.
PAR  Analysis Calcd. for C.sub.33 H.sub.40 ClNO.sub.2 : C, 82.20; H, 8.16; N,
      2.91 Found: C, 81.87; H, 8.44; N, 2.79
PAC  EXAMPLE 11
PAC  5,5-Dimethyl-8-(4-p-Methylphenyl-1-Methylbutyl)-10-Hydroxy-2-(2-Propynyl)-1
     ,2,3,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol
PAR  The compound of Example 10 was hydrogenated as described in Example 6 and
      alkylated with propargyl bromide as described in Example 7. The desired
      product had m.p. 159.degree. - 160.degree.C.
PAR  Analysis Calcd. for C.sub.29 H.sub.35 NO.sub.2 : C, 81.08; H, 8.21; N, 3.26
      Found: C, 81.39; H, 8.47; N, 3.31
PAC  EXAMPLE 12
PAC  2(3,5-Dimethoxyphenyl-4-(4-Fluorophenyl)Butane
PAR  By the method described in Example 2, 2(4-p-fluorophenyl)ethyl bromide was
      converted to the desired compound b.p. 145 - 155/0.3.
PAR  Analysis Calcd. for C.sub.18 H.sub.21 FO.sub.2 : C, 75.01; H, 7.34 Found:
      C, 75.09; H, 7.54
PAC  EXAMPLE 13
PAC  2-Benzyl-8-(3-p-Fluorophenyl-1-Methylpropyl)-10-Hydroxy-5-Oxo-1,2,3,4-Tetra
     hydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol Hydrochloride
PAR  The compound of Example 12 was converted into the resorcinol by the method
      of Example 3 and the resulting resorcinol converted into the desired
      compound by the method of Example 4. The product had m.p. 243.degree. -
      246.degree.C.
PAR  Analysis Calcd. for C.sub.29 H.sub.29 ClFNO.sub.3 : C, 70.91; H, 5.91; N,
      2.83 Found: C, 71.14; H, 6.04 N, 2.77
PAC  EXAMPLE 14
PAC  2-Benzyl-5,5-Dimethyl--8-(3-p-Fluorophenyl-1-Methylpropyl)-10-Hydroxy-1,2,3
     ,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol Hydrochloride
PAR  The compound of Example 13 was converted to the desired compound by the
      method of Example 5. The base was converted to the hydrochloride with HCl
      in ethanol. The product had m.p. 237.degree. - 270.degree.C.
PAR  Analysis Calcd. for C.sub.31 H.sub.35 ClFNO.sub.2 : C, 78.80; H, 7.26; N,
      2.97 Found: C, 78.45; H, 7.44; N, 2.78
PAC  EXAMPLE 15
PAC  5,5-Dimethyl-8-(3-p-Fluorophenyl-1-Methylpropyl)-10-Hydroxy-2-(2-Propynyl)-
     1,2,3,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol
PAR  The compound of Example 14 was hydrogenated as described in Example 6 and
      alkylated with propargyl bromide as described in Example 7. The desired
      product had m.p. 174.degree. - 175.degree.C.
PAR  Analysis Calcd. for C.sub.27 H.sub.30 FNO.sub.2 : C, 77.25; H, 7.20; N,
      3.33 Found: C, 77.30; H, 7.12; N, 3.17
PAC  EXAMPLE 16
PAC  2(3,5-Dimethoxyphenyl)-6-(4-Fluorophenyl)Hexane
PAR  By the method described in Example 2, 4-(4-fluorophenyl)butyl chloride was
      converted into the desired product b.p. 155 - 160/0.3mm.
PAR  Analysis Calcd. for C.sub.20 H.sub.25 FO.sub.2 : C, 75.95; H, 7.96 Found:
      C, 76.24; H, 7.93
PAC  EXAMPLE 17
PAC  2-Benzyl-8-(5-p-Fluorophenyl-1-Methylpentyl)-10-Hydroxy-5-Oxo-1,2,3,4-Tetra
     hydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol Hydrochloride
PAR  The compound of Example 16 was converted to the resorcinol by the method
      described in Example 3 and the resulting resorcinol converted to the
      desired product by the method of Example 4. The product had m.p.
      227.degree. - 228.degree.C.
PAR  Analysis Calcd. for C.sub.31 H.sub.33 ClFNO.sub.3 : C, 71.32; H, 6.37 N,
      2.68 Found: C, 71.05 H, 6.38 N, 2.76
PAC  EXAMPLE 18
PAC  2-Benzyl-5,5-Dimethyl-8-(5-p-Fluorophenyl-1-Methylpentyl)-10-Hydroxy-1,2,3,
     4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol Hydrochloride
PAR  The compound of Example 13 was converted to the desired compound by the
      method of Example 5. The base was converted to the hydrochloride with HCl
      in ethanol. The product had m.p. 208.degree. - 210.degree.C.
PAR  Analysis Calcd. for C.sub.33 H.sub.39 ClFNO.sub.2 : C, 73.93; H, 7.33 N,
      2.61 Found: C, 73.68 H, 7.48 N, 2.62
PAC  EXAMPLE 19
PAC  5,5-Dimethyl-8-(5-p-Fluorophenyl-1-Methylpentyl)-10-Hydroxy-2-(2-Propynyl)-
     1,2,3,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol
PAR  The compound of Example 18 was hydrogenated as described in Example 6 and
      alkylated with propargyl bromide as described in Example 7. The desired
      product had m.p. 146.degree. - 147.degree.C.
PAR  Analysis Calcd. for C.sub.29 H.sub.34 FNO.sub.2 : C, 77.82; H, 7.65; N,
      3.12 Found: C, 77.20; H, 7.59; N, 3.06
PAC  EXAMPLE 20
PAC  2(3,5-Dimethoxyphenyl)-3-Methyl-5-(p-Fluorophenyl)Pentane
PAR  3,5-Dimethoxy propiophenone (52.0 g.) was added to a suspension prepared
      from 13.9 g. 57% sodium hydride in mineral oil (which had been freed of
      mineral oil by washing with toluene) and 130 ml. toluene. The resulting
      mixture was refluxed 30 minutes, 51 g. of 2(p-fluorophenyl)ethyl bromide
      added and refluxed 21/2 hours. The mixture was worked up with water and
      HCl and the product distilled to give 66.4 g.
      1-(3,5-dimethoxyphenyl)-2-methyl-4(p-fluorophenyl)-1-butanone b.p. 160 -
      175/0.3mm. This ketone in 300 ml. ether was treated with 130 ml. of 3
      molar methyl magnesium bromide in ether and worked up with ammonium
      chloride to give 71.0 g.
      2(3,5-dimethoxyphenyl)-3-methyl-5(p-fluorophenyl)-2-pentanol. This alcohol
      was hydrogenated in acetic acid containing 2 ml. H.sub.2 SO.sub.4 using
      palladium catalyst to give 55.0 g. of desired compound b.p. 150 -
      155/0.3mm. Gas chromatography showed 2 isomers of ratio 63/37.
PAR  Analysis Calcd. for C.sub.20 H.sub.25 FO.sub.2 : C, 75.95; H, 7.96 Found:
      C, 76.04; H, 8.22
PAC  EXAMPLE 21
PAC  2-Benzyl-8-(4-p-Fluorophenyl-1,2-Dimethylbutyl)-10-Hydroxy-5-Oxo-1,2,3,4-Te
     trahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol Hydrochloride
PAR  The compound of Example 20 was converted to the resorcinol by the method
      described in Example 3 and the resulting resorcinol converted to the
      desired compound by the method of Example 4. The product had m.p.
      252.degree. - 258.degree.C.
PAR  Analysis Calcd. for C.sub.31 H.sub.33 ClFNO.sub.3 : C, 71.20 H, 6.47 N,
      2.68 Found: C, 71.12 H, 6.56 N, 2.95
PAC  EXAMPLE 22
PAC  2-Benzyl-5,5-Dimethyl-8-(4-p-Fluorophenyl-1,2-Dimethylbutyl)-10-Hydroxy-1,2
     ,3,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol Hydrochloride
PAR  The compound of Example 21 was converted to the desired compound by the
      method of Example 5. The base had m.p. 201.degree. - 204.degree.C. The
      base was converted to the hydrochloride by HCl in ethanol. The
      hydrochloride had m.p. 223.degree. - 225.degree.C.
PAR  Analysis for base C.sub.33 H.sub.38 FNO.sub.2 : C, 69.25; H, 7.66; N, 2,80
      Found: C, 79.18; H, 7.64; N, 2.77
PAC  EXAMPLE 23
PAC  5,5-Dimethyl-8-(4-p-Fluorophenyl-1,2-Dimethylbutyl)-10-Hydroxy-2-(2-Propyny
     l)-1,2,3,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol
PAR  The compound of Example 22 was hydrogenated as described in Example 6 and
      alkylated with propargyl bromide as described in Example 7. The desired
      product had m.p. 174.degree. - 177.degree.C.
PAR  Analysis Calcd. for C.sub.29 H.sub.34 FNO.sub.2 : C, 77.85; H, 7.66; N,
      3.13 Found: C, 77.94; H, 7.89; N, 3.12
PAC  EXAMPLE 24
PAC  2-(3,5-Dimethoxyphenyl)-3-Methyl-6-(4-Fluorophenyl)Hexane
PAR  3,5-Dimethoxy propiophenone, 3(4-fluorophenyl)propyl bromide and methyl
      magnesium bromide were used to prepare the desired compound as described
      in Example 20. The product had b.p. 170 - 180/0.5mm. Gas chromatography
      showed 2 isomers in a 62/38 ratio.
PAC  EXAMPLE 25
PAC  2-Benzyl-8-(5-p-Fluorophenyl-1,2-Dimethylpentyl)-10-Hydroxy-5-Oxo-1,2,3,4-T
     etrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol Hydrochloride
PAR  The compound of Example 24 was converted to the resorcinol by the method
      described in Example 3 and the resulting resorcinol converted to the
      desired compound by the method of Example 4. The product had m.p.
      222.degree. - 224.degree.C.
PAC  EXAMPLE 26
PAC  2-Benzyl-5,5-Dimethyl-8-(5-p-Fluorophenyl-1,2-Dimethylpentyl)-10-Hydroxy-1,
     2,3,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol Hydrochloride
PAR  The compound of Example 25 was converted to the desired compound by the
      method of Example 5. The base was converted to the hydrochloride by HCl in
      ethanol. The product had m.p. 217.degree. - 218.degree.C.
PAR  Analysis Calcd. for C.sub.34 H.sub.41 ClFNO.sub.2 : C, 74.22; H, 7.51; N,
      2.54 Found: C, 73.69; H, 7.44; N, 2.55
PAC  EXAMPLE 27
PAC  5,5-Dimethyl-8-(5-p-Fluorophenyl-1,2-Dimethylpentyl)-10-Hydroxy-2-(2-Propyn
     yl)-1,2,3,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol
PAR  The compound of Example 26 was hydrogenated as described in Example 6 and
      alkylated with propargyl bromide as described in Example 7. The desired
      product had m.p. 155.degree. - 156.degree.C.
PAR  Analysis Calcd. for C.sub.30 H.sub.36 FNO.sub.2 : C, 78.05; H, 7.86; N,
      3.03 Found: C, 78.19; H, 8.00; N, 3.04
PAC  EXAMPLE 28
PAC  5,5-Dimethyl-8-[4(4-Chloro-3-Trifluoromethylphenyl)-1-Methylbutyl]-10-Hydro
     xy-2-(2-Propynyl)-1,2,3,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol
PAR  4-Chloro-3-trifluoromethyl aniline was converted to the diazonium salt with
      sodium nitrite and sulfuric acid and this was reacted with acrylic acid
      (Meerwein reaction) to give 4-chloro-3-trifluoromethyl cinnamic acid. This
      acid was hydrogenated, reduced with lithium aluminum hydride to the
      alcohol and reacted with phosphorus tribromide to give
      3(4-chloro-3-trifluoromethylphenyl)propyl bromide.
PAR  The above bromide was converted to
      2(3,5-dihydroxyphenyl)-5-(4-chloro-3-trifluoromethylphenyl)pentane by the
      method described in Examples 2 and 3, and this in turn was converted into
      the final product by reaction with 1-benzyl-3-keto-4-carbethoxy piperidine
      as described in Example 4  followed by methyl magnesium bromide (as in
      Example 5), hydrogen (as in Example 6) and propargyl bromide (as in
      Example 7).
PAC  EXAMPLE 29
PAC  5,5-Dimethyl-8-[4(2-Chloro-4-Methylphenyl)-1-Methylbutyl]-10-Hydroxy-2-(2-P
     ropynyl)-1,2,3,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol
PAR  Starting with 2-chloro-4-methylaniline the reaction sequence of Example 28
      was followed yielding the desired product.
PAC  EXAMPLE 30
PAC  5,5-Dimethyl-8-(4-p-Fluorophenyl-1-Methylbutyl)-10-Hydroxy-2-(3-Methyl-2-Bu
     tenyl)-1,2,3,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol
PAR  5,5-Dimethyl-8-(4-p-fluorophenyl-1-methylbutyl)-10-hydroxy-1,2,3,4-tetrahyd
     ro-5H[1]benzopyrano[4,3-c]pyridin-10-ol (1 mole) and
      1-bromo-3-methylbutene-2 (0.5 mole) were reacted in dimethyl formamdide as
      described in Example 7 to give the desired product.
PAC  EXAMPLE 31
PAC  5,5-Dimethyl-8-(4-p-Fluorophenyl-1-Methylbutyl)-10-Hydroxy-2-(3-Chloro-2-Pr
     openyl)-1,2,3,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol
PAR  5,5-Dimethyl-8-(4-p-fluorophenyl-1-methylbutyl)-10-hydroxy-1,2,3,4-tetrahyd
     ro-5H[1]benzopyrano[4,3-c]pyridin-10-ol (1 mole) and 1,3-dichloro-2-butene
      (0.5 mole) were reacted in dimethylformamide as described in Example 7 to
      give the desired product.
PAC  EXAMPLE 32
PAC  5,5-Dimethyl-8-(4-p-Fluorophenyl-1-Methylbutyl)-10-Hydroxy-2-(Cyclopropylme
     thyl)-1,2,3,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol
PAR  5,5-Dimethyl-8-(4-p-fluorophenyl-1-methylbutyl)-10-hydroxy-1,2,3,4-tetrahyd
     ro-5H[1]benzopyrano[4,3-c]pyridin-10-ol (1 mole) and
      cyclopropylmethylbromide were reacted in dimethylformamide as described in
      Example 7 to give the desired product.
PAC  EXAMPLE 33
PAC  5,5-Dimethyl-8-(4-p-Fluorophenyl-1-Methylbutyl)-2-Propyl-10-Hydroxy-1,2,3,4
     -Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol
PAR  5,5-Dimethyl-8-(4-p-fluorophenyl-1-methylbutyl)-2-(2-propynyl)-10-hydroxy-1
     ,2,3,4-tetrahydro-5H[1]benzopyrano [4,3-c]pyridin-10-ol was hydrogenated in
      ethanol using 5% palladium on carbon as a catalyst. When two equivalents
      of hydrogen were taken up, the catalyst was filtered and solution
      concentrated to give the desired product.
PAC  EXAMPLE 34
PAC  5,5-Dimethyl-8-(4-p-Fluorophenyl-1-Methylbutyl)-2-[3(3,4,5-Trimethoxyphenyl
     )-2-Propenyl]-10-Hydroxy-1,2,3,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-
     10-ol
PAR  5,5-Dimethyl-8-(4-p-fluorophenyl-1-methylbutyl)-10-hydroxy-1,2,3,4-tetrahyd
     ro-5H[1]benzopyrano[4,3-c]pyridin-10-ol (1 mole) and
      1-(3-chloropropenyl)3,4,5-trimethoxybenzene (0.5 mole) were reacted in
      dimethylformamide as described in Example 7 to give the desired product.
PAC  EXAMPLE 35
PAC  5,5-Dimethyl-8-(4-p-Fluorophenyl-1-Methylbutyl)-2-(Cyclobutanecarbonyl)-10-
     Hydroxy-1,2,3,4-Tetrahydro-5H[1]Benzopyrano[4,3-c]Pyridin-10-ol
PAR  5,5-Dimethyl-8-(4-p-fluorophenyl-1-methylbutyl)-10-hydroxy-1,2,3,4-tetrahyd
     ro-5H[1]benzopyrano[4,3-c]pyridin-10-ol (1 mole) and cyclobutanecarbonyl
      chloride (1 mole) with triethylamine (1 mole) in dimethylformamide,
      stirring 16 hours at 25.degree.C gave the desired product.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC4##
PAL  where R.sub.1 is hydrogen, loweralkyl, 3-methyl-2-butenyl,
      3-chloro-2-propenyl, cyclopropylmethyl, phenylloweralkyl, or
      3(3,4,5-trimethoxyphenyl)-2-propenyl; R.sub.2 is methyl; R.sub.3 is
      hydrogen; Y is a radical of the formula
      ##EQU1##
      where n is a linear chain of 1-9 carbon atoms and R.sub.7 is H or CH.sub.3
      ; and each R.sub.4 and R.sub.5 and R.sub.6 are the same or different
      members of the group consisting of hydrogen, halo, trifluoromethyl or
      loweralkyl; and the pharmaceutically acceptable salts thereof.
NUM  2.
PAR  2. A compound in accordance with claim 1 wherein R.sub.1 is benzyl.
NUM  3.
PAR  3. A compound in accordance with claim 1 wherein R.sub.1 is hydrogen.
NUM  4.
PAR  4. A compound in accordance with claim 1 wherein R.sub.1 is propargyl and
      each R.sub.2 is methyl.
NUM  5.
PAR  5. A compound in accordance with claim 1 of the formula
      ##SPC5##
PAL  where R.sub.1 is hydrogen, loweralkyl, 3-methyl-2-butenyl,
      3-chloro-2-propenyl, cyclopropylmethyl, phenylloweralkyl, or
      3(3,4,5-trimethoxyphenyl)-2-propenyl; R.sub.2 is methyl, Y is a radical of
      the formula
      ##EQU2##
      where n is a linear chain of 1-9 carbon atoms and R.sub.7 is H or
      CH.sub.3.
NUM  6.
PAR  6. A compound in accordance with claim 5,
      2-benzyl-5,5-dimethyl-3-(4-fluorophenyl-1-methylbutyl)-10-hydroxy-1,2,3,4-
     tetrahydro-5H[1]benzopyrano[4,3-c]pyridin-10-ol.
NUM  7.
PAR  7. A compound in accordance with claim 5,
      5,5-dimethyl-3-(4-fluorophenyl-1-methylbutyl)-10-hydroxy-1,2,3,4-tetrahydr
     o-5H[1]benzopyrano[4,3-c]pyridin-10-ol hydrochloride.
NUM  8.
PAR  8. A compound in accordance with claim 5,
      5,5-dimethyl-3-(4-fluorophenyl-1-methylbutyl)-10-hydroxy-2-[2-propynyl)]-1
     ,2,3,4-tetrahydro-5H[1]benzopyrano[4,3-c]pyridin-10-ol.
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ABST
PAL  Thiazole derivatives of the formula
      ##SPC1##
PAL  Wherein A is alkylene of 3 to 5 carbon atoms optionally substituted with a
      member of the group consisting of =0 and
      ##EQU1##
      wherein R' is alkyl of 1 to 5 carbon atoms and R is alkyl of 2 to 3 carbon
      atoms having insecticidal and/or acaricidal properties and their
      preparation.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide the novel thiazole derivatives
      of formula I and a novel process for their preparation.
PAR  It is another object of the invention to provide novel insecticidal and/or
      acaricidal compositions as well as to provide a novel method for killing
      insects and/or acariens.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAC  THE INVENTION
PAR  The novel thiazole compounds of the invention have the formula
      ##SPC2##
PAL  Wherein A is alkylene of 3 to 5 carbon atoms optionally substituted with a
      member of the group consisting of =0 and
      ##EQU2##
      wherein R' is alkyl of 1 to 5 carbon atoms and R is alkyl of 2 to 3 carbon
      atoms.
PAR  Among the preferred compounds of formula I are
      2-(diethoxythiophosphoryloxy)-4,5,6,7-tetrahydrobenzothiazole,
      2-(diethoxythiophosphoryloxy)-4,5,6,7-tetrahydro-7-oxo-benzothiazole,
      2-(diethoxythiophosphoryloxy)-5,6,7,8-tetrahydro -4H-cycloheptathiazole,
      2-(diethoxythiophosphoryloxy)-5,6-dihydro-4H-cyclopentathiazole,
      2-(diethoxythiophosphoryloxy)-4-carbomethoxy-4,5,6,7-tetrahydrobenzothiazo
     le,
      2-(diethoxythiophosphoryloxy)-4-carbethoxy-4,5,6,7-tetrahydrobenzothiazole
     , 2-(diethoxythiophosphoryloxy)-4-carbo-n-propoxy-4,5,6,7-tetrahydrobenzoth
     iazole and the corresponding dipropoxy- and diisopropoxy-thiophosphoryloxy
      derivatives.
PAR  The novel process of the invention for the preparation of the compounds of
      formula I comprises reacting in the presence of a basic agent a compound
      of the formula
      ##SPC3##
PAL  With a chlorothiophosphate of the formula
      ##EQU3##
      wherein A and R have the above definition. The basic agent may be an
      alkali metal carbonate or hydride such as sodium hydride and potassium
      carbonate and a tertiary amine such as triethylamine. The reaction is
      preferably effected in an organic solvent such as acetone, acetonitrile,
      dimethylformamide or tetrahydrofuran.
PAR  The compounds of formula II may be prepared by condensing a compound of the
      formula
      ##SPC4##
PAL  With an alkyl thiocarbamate. Stevens et al [JACS, Vol. 79 (1957), p. 5263]
      describes
      2,3,4,5,6,7-hexahydrobenzothiazoline-2-one,2,3,5,6-tetrahydro-4H-cyclopent
     athiazoline-2-one and 2,3,5,6,7,8-hexahydro-4H-cycloheptathiazoline-2-one.
PAR  The novel insecticidal and/or acaricidal compositions of the invention are
      comprised of an effective amount of at least one compound of formula I and
      a carrier. The compositions may be in the form of powders, granules,
      emulsions, suspensions or solutions containing one or more of the active
      agents. The compositions may also contain non-ionic, anionic and cationic
      surface active agents; an inert powder such as talc, clays, silicates and
      kieselguhr; and/or a vehicle such as water, alcohol, hydrocarbons or other
      organic solvents or animal, vegetable or mineral oils.
PAR  Liquid insecticidal compositions used for foliar spraying preferably
      contain 10 to 80% by weight of a compound of formula I and the acaricidal
      liquids for foliar spraying preferably contain 20 to 80% by weight of the
      compound of formula I.
PAR  Tests with the compositions have shown them to be effective against insects
      such as Drosophila melanogaster, Blattella germanica, Sitophilus
      granarius, Musca domestica, Spodoptera littoralis caterpillars and Musca
      domestica larvae and against acariens such as Tetranychus urticae.
PAR  The novel method of the invention for killing insects and/or acariens
      comprises contacting insects and/or acariens with a lethal amount of at
      least one compound of formula I.
DETD
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it is to be understood that the
      invention is not intended to be limited to the specific embodiments.
PAC  EXAMPLE 1
PAC  2-(diethoxythiophosphoryloxy)-4,5,6,7-tetrahydrobenzothiazole
PAR  A mixture of 6.2 g of 2,3,4,5,6,7-hexahydrobenzothiazoline-2-one, 8.4 g of
      potassium carbonate and 300 ml of acetone was refluxed for 1 hour and
      after the addition of 11.4 g of 0,0-diethyl chlorothiophosphate thereto,
      the mixture was refluxed for another hour. The mixture was stirred at room
      temperature for 24 hours and was filtered to remove mineral salts. The
      filtrate was concentrated to dryness by distillation under reduced
      pressure and the residue was chromatographed over silica gel. Elution with
      an 8-2 cyclohexaneethyl acetate mixture yielded 7.3 g of
      2-(diethoxythiophosphoryloxy)-4,5,6,7-tetrahydrobenzothiazole having a
      refractive index of n.sub.D.sup.22 = 1.532
PAR  Analysis: C.sub.11 H.sub.18 NO.sub.3 PS.sub.2 Calculated: %C 43.00; %H
      5.91; %N 4.56; %P 10.08. Found: 43.3; 5.9; 4.4; 9.8.
PAC  EXAMPLE 2
PAC  2-(diethoxythiophosphoryloxy)-4,5,6,7-tetrahydro-7-oxo-benzothiazole
PAL  Step a: 7-oxo-2,3,4,5,6,7-hexahydrobenzothiazoline-2-one
PAR  A mixture of 29.3 g of 2-chloro-1,3-cyclohexanedione [Muehlstaedt et al, J.
      Prakt Chem., Vol. 20 (1963), p. 285] and 21 g of ethyl thiocarbamate was
      heated at 140.degree.C for 15 minutes and was then poured into water. The
      precipitate formed was recovered by vacuum filtering and was crystallized
      from isopropyl alcohol to obtain 12.2 g of
      7-oxo-2,3,4,5,6,7-hexahydrobenzothiazoline-2-one melting at 262.degree.C.
PAR  Analysis: C.sub.7 H.sub.7 NO.sub.2 S Calculated: % C 49.69; %H 4.17; %N
      8.28; % S 18.95. Found: 49.7; 4.1; 8.0; 19.0.
PAL  Step b:
      2-(diethoxythiophosphoryloxy)-4,5,6,7-tetrahydro-7-oxo-benzothiazole
PAR  A mixture of 8.4 g of 7-oxo-2,3,4,5,6,7-hexahydrobenzothizaoline-2-one,
      10.5 g of potassium carbonate and 100 ml of acetone was refluxed for 1
      hour and after addition of 14.5 g of 0,0-diethyl chlorothiophosphate
      thereto, the mixture was refluxed for another hour. The mixture was
      stirred at room temperature for 24 hours and the mineral salts formed were
      filtered off. The filtrate was distilled to dryness under reduced pressure
      and the residue was chromatographed over silica gel. Elution with a 6-4
      cyclohexane-ethyl acetate mixture resulted in 3.5 g of
      2-(diethoxythiophosphoryloxy)-4,5,6,7-tetrahydro-7-oxo-benzothiazole with
      a refractive index of n.sub.D.sup.20 = 1.555
PAR  Analysis: C.sub.11 H.sub.16 NO.sub.4 PS.sub.2 Calculated: % C 41.11; % H
      5.02; % N 4.36; %P 9.64. Found: 41.5; 5.0; 4.1; 9.7.
PAC  EXAMPLE 3
PAC  2-(diethoxythiophosphoryloxy)-5,6,7,8-tetrahydro-4H-cyclo-heptathiazole.
PAR  A mixture of 8.5 g of 2,3,5,6,7,8-hexahydro-4H-cycloheptathiazoline-2-one,
      7 g of potassium carbonate and 200 ml of acetone was refluxed for 1 hour
      and after addition of 9.5 g of 0,0-diethyl chlorothiophosphate thereto,
      the mixture was refluxed 24 hours. The mixture was filtered to remove
      mineral salts and the filtrate was distilled to dryness under reduced
      pressure. The residue was chromatographed over silica gel and elution with
      an 8-2 cyclohexane-ethyl acetate mixture gave 6 g of
      2-(diethoxythiophosphoryloxy)-5,6,7,8-tetrahydro-4H-cycloheptathiazole
      with a refractive index of n.sub.D.sup.19 = 1.5246
PAR  Analysis: C.sub.12 H.sub.20 NO.sub.3 PS.sub.2 Calculated: % C 44.85; % H
      6.28; % N 4.36; % P 9.64. Found: 45.1; 6.4; 4.4; 9.6.
PAC  EXAMPLE 4
PAC  2-(diethoxythiophosphoryloxy)-5,6-dihydro-4H-cyclopentathiazole
PAR  A mixture of 21 g of 2,3,5,6,-tetrahydro-4H-cyclopentathiazoline-2-one, 21
      g of potassium carbonate and 300 ml of acetone was refluxed for 1 hour and
      after the addition of 28 g of 0,0-diethyl chlorothiophosphate thereto, the
      mixture was refluxed for 1 hour. The mineral salts were filtered off and
      the filtrate was distilled to dryness under reduced pressure. The residue
      was chromatographed over silica gel and was eluted with an 8-2
      cyclohexane-ethyl acetate to obtain 4g of
      2-(diethoxythiophosphoryloxy)-5,6-dihydro-4H-cyclopentathiazole with a
      refractive index of n.sub.D.sup.28 = 1.5348
PAR  Analysis: C.sub.10 H.sub.16 NO.sub.3 PS.sub.2 Calculated: % C 40.93; %H
      5.50; % N 4.77; % P 10.56. Found: 40.9; 5.5; 4.7; 10.4.
PAC  EXAMPLE 5
PAC  2-(diethoxythiophosphoryloxy)-4-carbomethoxy-4,5,6,7-tetrahydrobenzothiazol
     e
PAL  Step a: 4-carbomethoxy-2,3,4,5,6,7-hexahydrobenzothiazoline-2-one
PAR  A mixture of 10.5 g of ethyl thiocarbamate, 25.9 g of methyl
      3-bromo-2-oxo-cyclohexanecarboxylate and 200 ml of dioxane was refluxed
      for 16 hours and was then distilled to dryness under reduced pressure. The
      residue was chromatographed over silica gel and was eluted with a 1-1
      cyclohexane-ethyl acetate mixture to obtain
      4-carbomethoxy-2,3,4,5,6,7-hexahydrobenzothiazoline-2-one melting at
      95.degree.C.
PAR  Analysis: C.sub.9 H.sub.11 NO.sub.3 S Calculated: % C 50.71; % H 5.20; % N
      6.57. Found: 50.4; 5.2; 6.4.
PAL  Step b:
      2-(diethoxythiophosphoryloxy)-4-carbomethoxy-4,5,6,7-tetrahydrobenzothiazo
     le
PAR  A mixture of 4 g of
      4-carbomethoxy-2,3,4,5,6,7-hexahydrobenzothiazoline-2-one, 3 g of
      potassium carbamate and 50 ml of acetone was refluxed for 1 hour and after
      the addition of 4 g of 0,0-diethyl chlorothiophosphate, the mixture was
      refluxed for another hour. The mixture was stirred for 18 hours at room
      temperature and the mineral salts formed were filtered off. The filtrate
      was distilled to dryness under reduced pressure and the residue was
      chomatographed over silica gel. Elution with an 8-2 cyclohexane-ethyl
      acetate mixture yielded 1.5 g of
      2-(diethoxythiophosphoryloxy)-4-carbomethoxy-4,5,6,7-tetrahydrobenzothiazo
     le with a refractive index n.sub.D.sup.26 = 1.5261
PAR  Analysis: C.sub.13 H.sub.20 NO.sub.5 PS.sub.2 Calculated: % C 42.73; % H
      5.52; % N 3.84; %P 8.48. Found: 43.0; 5.7; 4.1; 8.4.
PAC  EXAMPLE 6
PAC  2-(diethoxythiophosphoryloxy)-4-carbethoxy-4,5,6,7-tetrahydrobenzothiazole
PAL  Step a: 4-carbethoxy-2,3,4,5,6,7-hexahydrobenzothiazoline-2-one
PAR  Using the procedure of Step A of Example 5, ethyl
      3-bromo-2-oxo-cyclohexanecarboxylate was reacted to obtain
      4-carbethoxy-2,3,4,5,6,7-hexahydrobenzothiazoline-2-one melting at
      84.degree.C.
PAR  Analysis: C.sub.10 H.sub.13 NO.sub.3 S Calculated: % C 52.87; % H 5.76; % N
      6.16; % S 14.11. Found: 52.6; 5.8; 6.1; 14.2.
PAL  Step b:
      2-(diethoxythiophosphoryloxy)-4-carbethoxy-4,5,6,7-tetrahydro-benzothiazol
     e
PAR  Using the procedure of Step B of Example 5, 7.6 g of
      4-carbethoxy-2,3,4,5,6,7-hexahydrobenzothiazoline-2-one were reacted to
      obtain 7.5 g of
      2-(diethoxythiophosphoryloxy)-4-carbethoxy-4,5,6,7-tetrahydrobenzothiazole
      with a refractive index of n.sub.D.sup.19.5 = 1.5206
PAR  Analysis: C.sub.14 H.sub.22 NO.sub.5 PS.sub.2 Calculated: % C 44.31; %H
      5.85; % N 3.7; % P 8.16. Found: 44.15; 5.9; 3.4; 8.3.
PAC  EXAMPLE 7
PAC  2-(diethoxythiophosphoryloxy)-4-carbo-n-propoxy-4,5,6,7-tetrahydrobenzothia
     zole
PAL  Step a: 4-carboxy-2,3,4,5,6,7-hexahydrobenzothiazoline-2-one
PAR  A mixture of 6.8 g of
      4-carbethoxy-2,3,4,5,6,7-hexahydrobenzothiazoline-2-one and 6 ml of 10 N
      sodium hydroxide in 100 ml of water was refluxed for 3 hours and then
      cooled to 20.degree.C. 6 ml of 10 N hydrochloric acid were added thereto
      and the mixture was vacuum filtered. The precipiate was washed with
      acetone and 1 g of the raw product was taken up in a solution of 0.42 g of
      sodium bicarbonate in 40 ml of water. The mixture was stirred for 1 hour,
      was washed with ethyl acetate and was acidified with 1 N hydrochloric
      acid. The mixture was vacuum filtered and the precipitate was washed with
      water and dried to obtain 0.5 g of
      4-carboxy-2,3,4,5,6,7-hexahydrobenzothiazole-2-one melting at
      192.degree.C.
PAL  Step b: 4-(carbo-n-propoxy)-2,3,4,5,6,7-hexahydrobenzothiazoline-2-one
PAR  A mixture of 29 g of the product of Step A, 7.83 g of sodium bicarbonate
      and 250 ml of methanol was stirred for 45 minutes at 20.degree.C and the
      solvent was then evaporated. 400 ml of propanol and 15.73 g of ethyl
      chloroformate were added to the mixture which was stirred for 48 hours at
      20.degree.C and then 2 hours at reflux. The mixture was iced and filtered
      and the filtrate was evaporated to dryness. The oil was taken up in ethyl
      acetate and the organic phase was washed with water, dried and evaporated
      to dryness. The residue was taken up in hot isopropyl ether which was
      cooled and vacuum filtered to obtain 12 g of crystals of
      4-(carbo-n-propoxy)-2,3,4,5,6,7-hexahydrobenzothiazoline-2-one melting at
      85.degree.C.
PAR  Analysis: C.sub.11 H.sub.15 NO.sub.3 S Calculated: % C 54.75; % H 6.26; % N
      5.80; % S 13.28. Found: 54.6; 6.4; 5.6; 13.2.
PAL  Step c:
      2-(diethoxythiophosphoryloxy)-4-carbo-n-propoxy-4,5,6,7-tetrahydrobenzothi
     azole
PAR  A mixture of 8 g of
      4-carbo-n-propoxy-2,3,4,5,6,7-hexahydrobenzothiazoline-2-one, 250 ml of
      acetone and 5.52 g of potassium carbonate was refluxed for 2 hours and
      after the addition of 7.54 g of 0,0-diethyl chlorothiophosphate thereto,
      the mixture was refluxed for 20 hours and then was filtered. The filtrate
      was evaporated to dryness and the residue was chromatographed over silica
      gel. Elution with a 7-3 cyclohexane-ethyl acetate mixture yielded 11.5 g
      of 2-(diethoxythiophosphoryloxy)-4-carbo-n-propoxy-4,5,6,7-tetrahydrobenzo
     thiazole with a refractive index of n.sub.D.sup.20 = 1.5190
PAR  Analysis: C.sub.15 H.sub.24 NO.sub.5 PS.sub.2 Calculated: % C 45.78; % H
      6.14; % N 3.55; % P 7.87. Found: 45.8; 6.2; 3.5; 7.7.
PAC  TEST DATA
PAR  The insecticidal and acaricidal activity was determined for
      2-(diethoxythiophosphoryloxy)-4,5,6,7-tetrahydrobenzothiazole (compound A)
      and
      2-(diethoxythiophosphoryloxy)-4-carbethoxy-4,5,6,7-tetrahydrobenzothiazole
      (compound B).
PAC  A. Drosophila melanogaster
PAR  This test measured the activity of the vapors of the product and consisted
      of placing the insects in a Petri dish 10 cm in diameter joined by a
      tergal screen to a crystallizer of the same diameter in which the test
      product was placed in acetone solution. The solvent was evaporated before
      the insects were introduced and 3 tests per concentration and 25 insects
      per test were run. The insects were less than 48 hours old adults and the
      percent mortality was determined after 1,4 and 6 hours and the results are
      reported in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     Compound                                                                  

             Concentrations in                                                 

                            500      50     5                                  

             ppm                                                               

     ______________________________________                                    

             1 hour         0        0      0                                  

     A       4 hours        100      100    66                                 

             6 hours        100      100    100                                

     ______________________________________                                    

PAC  B. Male Blatella germanica
PAR  This test was effected by topical application with adult male Blattes
      germanica receiving 2 microliters of an acetone solution of the test
      product between the second and third pair of feet. After the treatment,
      the test insects were held in a dim light at 20.degree.C and were fed.
      Readings were made 24 and 48 hours and 6 days after treatment. The results
      of Table II are expressed as percent of mortality.
TBL                TABLE II                                                    

     ______________________________________                                    

     Compound                                                                  

            Concentration in                                                   

                         5000    1250  625   312.5                             

            ppm                                                                

     ______________________________________                                    

            24 hrs.      --      90    0     0                                 

     A      48 hrs.      --      90    0     0                                 

            6 days       --      100   37    0                                 

            24 hrs.      100     55    --    --                                

     B      48 hrs.      100     80    --    --                                

            6 days       100     90    --    --                                

     ______________________________________                                    

PAC  C. Sitophilus granarius
PAR  0.2 .mu.l of an acetone solution of the test compound was applied to the
      ventral thorax of each insect with 50 insects for each concentration of
      5000, 500 and 50 ppm.
PAR  The readings were made 4 and 24 hours and 5 days after treatment. The
      results in Table III were expressed as the percent of mortality.
TBL                TABLE III                                                   

     ______________________________________                                    

     Compound                                                                  

             Concentration in                                                  

                           5000     500    50                                  

             ppm                                                               

     ______________________________________                                    

             4 hrs.        100      100    100                                 

     A       24 hrs.       100      100    88                                  

             5 days        100      100    92                                  

             4 hrs.        100      100    --                                  

     B       24 hrs.       100      100    --                                  

             5 days        100      100    --                                  

     ______________________________________                                    

PAC  D. Musca domestica
PAR  This test was a topical application to flies which received one microliter
      of an acetone solution of the product applied to the dorsal thorax having
      been put to sleep with ether. The insects were held at 20.degree.C and a
      50% relative humidity. They were fed with milk or water and readings of
      percent mortality were taken 1 hour and 24 hours after treatment and the
      results are reported in Table IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Compound                                                                  

             Concentration in                                                  

                           5000     2500   500                                 

             ppm                                                               

     ______________________________________                                    

             1 hr.         100      100    53                                  

     A       24 hrs.       100      100    57                                  

             1 hr.         94       100    70                                  

     B       24 hrs.       100      100    100                                 

     ______________________________________                                    

PAC  E. Spodoptera littoralis
PAR  Spodoptera littoralis caterpillars about 1 to 1.5 cm long and about 10 days
      old were fed treated leaves using 15 caterpillars for each test. Rings of
      lettuce 8 mm in diameter received 4 ml of an acetone solution of the test
      product and were placed in a plastic closed dish 5 cm in diameter. The
      caterpillars were held in the dishes at 20.degree.C and 50% relative
      humidity and are maintained until they had eaten the treated leaf.
      Readings of the percent of mortality were taken 1 hour, 24 hours and 48
      hours and/or 8 days after the treatment and the results are reported in
      Table V.
TBL                TABLE V                                                     

     ______________________________________                                    

                    Concentration in ppm                                       

     Product Readings after                                                    

                          5000    500   250   125                              

     ______________________________________                                    

               1 hr.      --      0     0     0                                

     A         24 hrs.    --      90    90    40                               

               48 hrs.    --      100   100   70                               

               48 hrs.    80      60    --    --                               

     B         8 days     95      88    --    --                               

     ______________________________________                                    

PAC  F. Musca domestica larvae
PAR  This contact-ingestion test consisted of placing 2 ml of an acetone
      solution of varying concentrations of the test compound with 1 g of bran
      placed in a watch glass and the solvent was evaporated. Then the treated
      bran was placed in a plastic container and 2 ml of milk were added
      thereto. After a good mixing, the bran was contaminated with 20 Musca
      domestica larvae aged 3 to 4 days. 3 tests were run for each concentration
      and the larvae were held at 20.degree.C and 30% relative humidity.
      Readings expressed as percent of mortality were taken 48 hours and 8 days
      after treatment and the results are reported in Table VI.
TBL                TABLE VI                                                    

     ______________________________________                                    

                      Concentration in ppm                                     

     Product  Readings after                                                   

                            5000       500                                     

     ______________________________________                                    

     A          48 hrs.     80         60                                      

                8 days      95         88                                      

     B          48 hrs.     97         95                                      

                8 days      100        100                                     

     ______________________________________                                    

PAR  The results of Tests A to F demonstrate that the two compounds, A and B,
      have interesting insecticidal properties.
PAC  G. Acaricidal Activity
PAR  Bean leaves infested with Tetranychus urticae were divided into 2 groups
      with 1 group being sprayed with 0.5 ml of an aqueous solution of compound
      A per leaf with concentrations of 50, 10 and 1 mg of compound A per liter.
      After drying the leaves were contaminated with a population of 20 to 25
      adult acariens. The second control group of leaves were untreated and the
      number of acariens living 48 hours after treatment was determined. The
      results were expressed as the percentage of reduction of living acariens
      on the treated leaves as compared to the control leaves. 9 days after
      treatment, the dead larvae and unhatched eggs were also counted and the
      results are reported in Table VII.
TBL                TABLE VII                                                   

     ______________________________________                                    

             Concentration                                                     

                          % mortality                                          

     Compound                                                                  

             in mg/1      adults   eggs    larvae                              

     ______________________________________                                    

             50           100      100     100                                 

     A       10           98.0     21.7    76.2                                

              1           17.8     16.9    45.2                                

     ______________________________________                                    

PAR  Table VII shows that compound A possesses good acaricidal activity against
      Tetranychus urticae.
PAC  COMPOSITION A
PAR  A composition useful for insecticidal or acaricidal activity consisted of
      15% by weight of
      2-(diethoxythiophosphoryloxy)-4,5,6,7-tetrahydrobenzothiazol, 6.4% by
      weight of Atlox 4851 (oxyethylene triglyceride with a sulfonate - Acid
      index: 1.5), 3.2% by weight of Atlox 4855 (oxyethylene triglyceride with a
      sulfonate - Acid index : 3) and 75.4% by weight of Xylene.
PAR  Various modifications of the compositions and methods of the invention may
      be made without departing from the spirit or scope thereof and it is to be
      understood that the invention is to be limited only as defined in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC5##
PAL  wherein A is polymethylene of 3 to 5 carbon atoms optionally substituted
      with a member of the group consisting of =0 and
      ##EQU4##
      wherein R' is alkyl of 1 to 5 carbon atoms and R is alkyl of 2 to 3 carbon
      atoms.
NUM  2.
PAR  2. A compound of claim 1 which is
      2-(diethoxythiophosphoryloxy)-4,5,6,7-tetrahydrobenzothiazole.
NUM  3.
PAR  3. A compound of claim 1 which is
      2-(diethoxythiophosphoryloxy)-4,5,6,7-tetrahydro-7-oxo-benzothiazole.
NUM  4.
PAR  4. A compound of claim 1 which is
      2-(diethoxythiophosphoryloxy)-5,6,7,8-tetrahydro-4H-cycloheptathiazole.
NUM  5.
PAR  5. A compound of claim 1 which is
      2-(diethoxythiophosphoryloxy)-5,6-dihydro-4H-cyclopentathiazole.
NUM  6.
PAR  6. A compound of claim 1 which is
      2-(diethoxythiophosphoryloxy)-4-carbomethoxy-4,5,6,7-tetrahydrobenzothiazo
     le.
NUM  7.
PAR  7. A compound of claim 1 which is
      2-(diethoxythiophosphoryloxy)-4-carbethoxy-4,5,6,7-tetrahydrobenzothiazole
NUM  8.
PAR  8. A compound of claim 1 which is
      2-(diethoxythiophosphoryloxy)-4-carbo-n-propoxy-4,5,6,7-tetrahydrobenzothi
     azole.
PATN
WKU  039324346
SRC  5
APN  5021294
APT  1
ART  122
APD  19740830
TTL  N-2-(6-hydroxybenzothiazolyl)-N'-phenyl (or substituted phenyl) ureas
ISD  19760113
NCL  5
ECL  1
EXP  Gallagher; R.
INVT
NAM  Paget; Charles J.
CTY  Indianapolis
STA  IN
INVT
NAM  Wikel; James H.
CTY  Greenwood
STA  IN
ASSG
NAM  Eli Lilly and Company
CTY  Indianapolis
STA  IN
COD  02
CLAS
OCL  260305
XCL  424270
EDF  2
ICL  C07D27782
FSC  260
FSS  305
UREF
PNO  3714177
ISD  19730100
NAM  Engelhart
OCL  260305
FREF
PNO  2,003,841
ISD  19700700
CNT  DT
OCL  260305
OREF
PAL  Paget et al., J. Med. Chem., 1969, 12(6), 1016-1018.
PAL  Veltman  Chem. Abstracts, 52, 20673, (1958).
PAL  Greber et al., Angew. Chem. Intenat. Ed., 7, 941ff, (1968).
LREP
FR2  Rowe; James L.
FR2  Smith; Everet F.
ABST
PAL  N-2-(6-hydroxybenzothiazolyl)-N'-phenyl (or substituted phenyl) ureas,
      useful as immune regulants.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  2-substituted benzimidazoles, benzothiazoles and benzoxazoles have recently
      been proposed for a variety of uses, mainly in the agricultural field. For
      example, 2-trifluoromethylbenzimidazoles are reported to be extremely
      active herbicides according to Great Britain Pat. No. 1,097,561. The
      compounds therein disclosed are also reported to have molluscicidal,
      insecticidal and fungicidal properties. Other 2-substituted benzimidazoles
      have been found to be active coccidiostats. In particular, 2-(4-thiazolyl)
      benzimidazole (thiabendazole) is presently being marketed as an
      anthelmintic. In addition, certain 2-hydroxybenzylbenzimidazoles have been
      revealed as having anti-viral properties (see U.S. Pat. No. 3,331,739).
      While the use of benzoxazoles and benzothiazoles in the above areas has
      not been quite as thoroughly explored as that of benzimidazoles, there is,
      nevertheless, considerable interest in compounds of this structure,
      particularly as coccidiostats.
PAR  Urea derivatives of the above classes of compounds are sparingly described
      in the art. N-(2-benzothiazolyl)-N'-phenyl urea is described in Chem.
      Abs., 29, 2660; 55, 8389; 57, 801; the corresponding 4-methyl compound is
      described in Chem. Abs., 25, 104; 50, 1776-l777; and the corresponding
      5-methoxy derivative is described in Chem. Abs., 52, 20673.
      N-(2-benzimidazolyl)-N'-phenyl urea is described in Beilstein, 24 (II), 62
      and in Chem. Abs., 15, 3077. In addition, U.S. Pat. No. 3,299,085
      discloses N-(2-benzothiazolyl) or N-(2-benzoxazolyl)-N'-C.sub.1 -C.sub.5
      aliphatic ureas as intermediates in the preparation of certain herbicides,
      and U.S. Pat. No. 3,162,644 describes 2 -benzoxazolyl ureas, useful as
      plant growth regulators and muscle relaxants. U.S. Pat. Nos. 3,399,212;
      3,336,191; and 3,401,171 disclose benzimidazolyl ureas said to be
      anthelmintics. Finally, South African Pat. No. 68/4748 (Derwent Pharmdoc
      basic number 36565) discloses benzothiazolyl ureas as antiseptics in
      detergent compositions.
PAR  Recently, immune suppressant agents have come into prominence because of
      their use during transplants of organs from one human to another such as
      heart transplants, and in particular, kidney transplants. It is part of
      the defense mechanism of humans to attempt to remove foreign antigens (in
      this case, the transplanted organ) by the immune reaction. Thus, in all of
      the organ transplant operations, it has been necessary to give large doses
      of an immune suppressant prior to the operation and continuing thereafter
      in order to prevent the host from rejecting the donor organ. The immune
      suppressant of choice is azathioprine, IMURAN (U.S. Pat. No. 3,056,785).
PAR  Belgian Pat. No. 744,970 granted July 27, 1970 (see also United Kindom Pat.
      No. 1,296,561 published Nov. 15, 1972) describes the use of a number of
      6-substituted-benzothiazolyl phenyl ureas including
      N-2-(6-methoxybenzothiazolyl)-N'-phenyl urea. The compounds are said to be
      useful as immune suppressants and immune regulants.
PAR  The immune response is composed of a sequence of cellular transformations
      and biochemical events leading to a bimodal response to foreign substances
      (antigens). Cells which are to participate in the response evolve from
      stem cells which originate in the bone marrow and are seeded out to the
      peripheral lymphoid organs. From these latter sites, following antigenic
      stimulus, the body's response is mounted in the form of plasma cells
      (which produce antibody) and specific immune lymphocytes. Antibody is
      released into the circulatory system and thus may act at a distance from
      the producing cell (humoral immunity). Specific immune lymphocytes also
      enter the circulatory system and act at the site of injury (cellular
      immunity). The reaction of antibody with antigen triggers the release of
      histamine from basophilic leucocytes; histamine, in turn, alters the
      permeability of blood vessels, speeding the influx of both antibody and
      specific immune lymphocytes into the sites of injury. Thus, the immune
      response is composed of a series of biochemical events in a sequence of
      cells at various sites in the body. It can be altered--suppressed, in the
      case of the compounds herein discussed--at a number of biochemical or
      cellular developmental sites.
PAR  Antihistamines only affect a secondary reaction in the immune response,
      having no direct effect on antibody-producing cells or specific immune
      lymphocytes. A number of agents, currently in use as immuno-suppressive
      drugs, act further back in the chain of events called herein the immune
      response. Certain antiinflammatory steroids, e.g., cortisone, suppress
      production of antibody and specific immune lymphocytes, but also radically
      deplete normal lymphoid tissue and have other undesirable side effects.
      Several antineoplastic drugs, e.g., azathioprine, cyclophosphamide, and
      methotrexate, are employed as immunosuppressives, but they also deplete
      normal lymphoid tissue and radically depress other bone-marrowderived
      cells. The general cytotoxicity of the latter drugs is to be expected in
      view of their having been selected on the basis of toxicity against a
      spectrum of cell types.
PAR  It is an object of this convention to provide a method of altering the
      immune response through the use of agents selected on the basis of
      specificity of action against cells functioning in the immune response.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides N-2-(6-hydroxybenzothiazolyl)-N'-phenyl ureas of
      the formula
      ##SPC1##
PAL  wherein R is H, halo, (C.sub.1 -C.sub.3)alkyl or (C.sub.1 -C.sub.3) alkoxy.
      In the above formula the term (C.sub.1 -C.sub.3) alkyl includes methyl,
      ethyl, n-propyl and isopropyl. Thus, the term (C.sub.1 -C.sub.3) alkoxy
      includes methoxy, ethoxy, n-propoxy and isopropoxy. The term "halo"
      includes fluoro, chloro, bromo and iodo.
PAR  Compounds illustrative of the scope of the above formula include:
PA1  N-2-(6-hydroxybenzothiazolyl)-N'-(3-methoxyphenyl) urea
PA1  N-2-(6-hydroxybenzothiazolyl)-N'-(2-ethylphenyl) urea
PA1  N-2-(6-hydroxybenzothiazolyl)-N'-(4-n-propoxyphenyl) urea
PA1  N-2-(6-hydroxybenzothiazolyl)-N'-(2-chlorophenyl) urea
PA1  N-2-(6-hydroxybenzothiazolyl)-N'-(4-bromophenyl) urea
PA1  N-2-(6-hydroxybenzothiazolyl)-N'-(3-fluorophenyl) urea
PA1  N-2-(6-hydroxybenzothiazolyl)-N'-(4-iodophenyl) urea
PA1  N-2-(6-hydroxybenzothiazolyl)-N'-(2-ethoxyphenyl) urea
PA1  N-2-(6-hydroxybenzothiazolyl)-N'-(4-isopropoxyphenyl) urea
PA1  N-2-(6-hydroxybenzothiazolyl)-N'-(4-isopropylphenyl) urea
PA1  N-2-(6-hydroxybenzothiazolyl)-N'-(3-tolyl) urea
PA1  N-2-(6-hydroxybenzothiazolyl)-N'-(4-tolyl) urea
PAL  and the like compounds.
PAR  The compounds represented by the above formula are high-melting, white,
      crystalline solids, and can be prepared by either of the two following
      synthetic procedures. In both procedures, the starting material is
      2-amino-6-hydroxybenzothiazole prepared by condensing quinone and thiourea
      according to the procedure of J. Org. Chem. 35, 4103 (1970) or by
      demethylating 2-amino-6-methoxybenzothiazole by the procedure of J.
      Hetero. Chem., 10, 769 (1973). In the first synthesis, a carbamate group
      is formed on the 2-amino group of the benzothiazole with a phenyl
      chloroformate, for example, p-nitrophenylchloroformate. The carbamate is
      then reacted with trimethylsilyl chloride in accordance with the procedure
      of Greber and Kricheldorf, Angew. Chem. internat. Edit., 7, 941 (1968).
      The trimethylsilyl group has a double function in this process. In the
      first place, it transforms the p-nitrophenyl carbamate group to an
      isocyanate group as taught by Greber Kricheldorf (loc cit.). In addition,
      the trimethylsilyl group acts as a protecting group on the free hydroxyl
      of the benzothiazole moiety, thus preventing a reaction between the free
      hydroxyl and the isocyanate formed on the thiazole moiety. The
      6-hydroxybenzothiazolyl-2-isocyanate thus formed can then react readily
      with aniline or a suitably substituted aniline to form a urea. Addition of
      water to the reaction mixture serves to hydrolyze the trimethylsilyl group
      and thus produce the compounds of this invention having the structure of
      formula I above. This synthetic process is more fully illustrated in
      Reaction Scheme I which follows.
      ##SPC2##
PAL  In Reaction Sequence I, the phenyl chloroformate used has been illustrated
      with reference to the p-nitro derivative. Other chloroformates can, of
      course, be used to form carbamates with the aminohydroxybenzothiazole as,
      for example, the unsubstituted phenylchloroformate or a
      tolylchloroformate. The carbamates derived from these other
      chloroformates, however, require somewhat higher reaction temperatures
      and/or longer reaction times for the decomposition of the trimethylsilyl
      compound to form the benzothiazolylisocyanate. In addition, in Reaction
      Sequence I, the silylation has been illustrated with the use of
      trimethylsilyl chloride. However, as pointed out by Greber and Kricheldorf
      (loc. cit.), either mono or bis (trimethylsilyl) acetamide can also be
      used to prepare the disilylated derivative.
PAR  The second synthetic procedure available for the preparation of the
      compounds of formula I above involves the reaction of the
      2-amino-6-hydroxybenzothiazole with a stoichiometric excess (up to two
      moles) of a phenylisocyanate. The isocyanate reacts predominately and
      preferentially with the carbamate group to form the urea moiety. However,
      the competing reaction to form a 6-carbamoyloxy derivative proceeds at a
      measureable rate. The larger the excess of isocyanate employed, the
      greater the yield of urea, but also the greater the amount of
      6-carbamoyloxy derivative. Conversion of the 6-carbamoyloxy derivative to
      the desired 6-hydroxy derivative is readily accomplished, however, by
      preferential hydrolysis in base, as disclosed and claimed in the copending
      application of Lavagnino, Paget and Wikel, Ser. No. 502,130, filed this
      even date.
PAR  The obvious method of preparing the compounds of formula I above would be
      to demethylate the corresponding 6-methoxy ether, as with 48 percent
      hydrobromic acid. This procedure has been found to be inoperative in our
      hands and, in particular, is not at all suitable for the preparation of
      compounds according to formula I above wherein R is itself a methoxy group
      since the demethylation procedure would presumably yield hydroxy groups in
      both rings. Compounds according to formula I above, however, can be
      demethylated by enzyme systems since they are found to be metabolic
      products of the corresponding 6-methoxy compound when the latter compound
      is administered to rats.
DETD
PAR  This invention is further illustrated by the following specific examples:
      (All pKa's cited were determined in a 66 percent dimethylformamide/water
      system).
PAC  EXAMPLE 1
PAC  PREPARATION OF N-2-(6-HYDROXYBENZOTHIAZOLYL)-N'-PHENYL UREA
PAR  A slurry was prepared containing 16.7 g. of 2-amino-6-hydroxybenzothiazole
      hydrochloride, prepared by the method of J. Org. Chem., 35, 4103 (1970),
      in 300 ml. of acetone and 11 g. of potassium bicarbonate. The slurry was
      stirred under anhydrous conditions while 22.4 g. of
      p-nitrophenylchloroformate in 300 ml. of acetone were added thereto in
      dropwise fashion. The reaction mixture was stirred for about 18 hours and
      then poured into 3 liters of water. The reaction mixture was filtered, and
      the filter cake, comprising 2-amino-6-hydroxybenzothiazolyl-p-nitrophenyl
      carbamate formed in the above reaction, was washed with ether. The
      compound crystallized as the hemihydrate.
PAR  Analysis calculated for C.sub.14 H.sub.19 N .sub.3 O.sub.4 S; 1/2 H.sub.2
      O: Calc.: C, 51.85; H, 2.88: N, 13.33; Found: C, 51.74; H, 3.40; N, 12.74.
PAR  A slurry was prepared containing 600 mg. of the above carbamate in 25 ml.
      of acetone. About 0.5 ml. of aniline was added in dropwise fashion. The
      reaction mixture was stirred at ambient temperature while 0.3 ml. of
      trimethylsilyl chloride were added in dropwise fashion via a syringe. The
      resulting mixture was refluxed for about 18 hours yielding a yellow
      solution. The reaction mixture was cooled, poured into water with
      stirring, and then filtered. The filter cake was washed with ether and
      dried. The filter cake comprised N-2-(6-hydroxybenzothiazolyl)-N'-phenyl
      urea formed in the above reaction. m.p. above 250.degree.C. Yield = 60
      percent. Characteristic Mass spectral fragments at 285,212, 192, and 166;
      pKa = 10.9.
PAR  Analysis calculated for C.sub.14 H.sub.11 N.sub.3 O.sub.2 S: Cal.: C,
      58.93; H, 3.89: N, 14.73; Found: C, 58.34; H, 3.76; N, 13.76.
PAR  The following compounds were prepared by the above procedure:
      N-2-(6-hydroxybenzothiazolyl)-N'-(4-methoxyphenyl) urea; pKa = 11.1;
      Characteristic mass spectral fragments at 315, 192, and 166. m.p. above
      250.degree.C.
PAR  Analysis calculated for C.sub.15 H.sub.13 N.sub.3 O.sub.2 S. 3/4 H.sub.2 O:
      Calc.: C, 75.88; H, 4.82; N, 13.50; Found; C, 57.42; H, 4.27; N, 13.18.
PAR  N-2-(6-hydroxybenzothiazolyl)-N'-(2-fluorophenyl) urea. Melting point above
      250.degree.C. One spot material by thin layer chromatography. pKa = 10.3;
      Characteristic mass spectral fragments at 303, 192, and 166.
PAR  Analysis calculated for C.sub.14 H.sub.10 FN.sub.3 O.sub.2 S: Calc.: C,
      55.44; H, 3.32; N, 13.85; Found: C, 55.28; H, 3.47; N, 13.31.
PAR  N-2-(6-hydroxybenzothiazolyl)-N'-(2-tolyl) urea. Melting point above
      250.degree.C. One spot material by thin layer chromatography; pKa = 10.6.
PAR  Analysis calculated for C.sub.15 H.sub.13 N.sub.3 O.sub.3 S: Calc.: C,
      57.13; H, 4.16; N, 13.33; Found: C, 56.90; H, 4.40; N, 13.37.
PAC  EXAMPLE 2
PAC  ALTERNATE PREPARATION OF N-2-(6-HYDROXYBENZOTHIAZOLYL)-N'-PHENYL UREA.
PAR  A slurry of 152 g. of 2-amino-6-hydroxybenzothiazole was prepared in 3
      liters of acetone. A solution of 109 g. of phenylisocyanate and 150 ml. of
      acetone was added thereto in dropwise fashion. After the addition had been
      completed, the reaction mixture was heated at refluxing temperature
      overnight. The reaction mixture was cooled to about 50.degree.C. and
      decolorizing charcoal added. The mixture was filtered, and a second batch
      of 109 g. of phenylisocyanate in acetone added to the filtrate. The
      reaction mixture was again heated to refluxing temperature for about 2
      hours. The reaction mixture was cooled, and a white solid comprising
      N-2-(6-phenylcarbamoyloxybenzothiazolyl)-N'-phenyl urea precipitated. The
      precipitate was separated by filtration, and the filter cake washed with
      acetone. Yield = 73 percent.
PAR  Analysis calculated for C.sub.21 H.sub.15 N.sub.4 O.sub.3 S: Calc.: C,
      62.52; H, 3.75; N, 13.89; S, 7.95; Found: C, 62.30; H, 3.97; N, 13.69; S,
      7.76.
PAL  Melting point above 250.degree.C.
PAR  Four grams of the above carbamoyloxybenzothiazolyl phenyl urea were
      dissolved in 150 ml. of anhydrous methanol. A 10 percent slurry of 0.5 g.
      of sodium methylate in methanol was added with stirring. The reaction
      mixture was stirred at room temperature overnight. Thin layer
      chromatography showed about 50 percent of the carbamoyloxy group had been
      removed by hydrolysis. The reaction mixture was then slowly heated and the
      progress of the reaction continually checked by thin layer chromatography.
      After 2 hours of heating at about 45.degree.C., the hydrolysis was
      substantially 100 percent complete. The reaction mixture was then cooled
      and carefully acidified to pH = about 4 with 10 percent aqueous
      hydrochloric acid. N-2-(6-hydroxybenzothiazolyl)-N'-phenyl urea formed in
      the above reaction was separated by filtration. The filter cake was washed
      with methanol and then ether. Examination of the NMR spectra indicated
      that the phenyl carbamoyl group was no longer present in the molecule;
      this fact was further substantiated by the UV shifts in acid and base.
PAR  The compositions of this invention are useful in altering the immune
      reaction in mammals. Thus, the compounds can be classed as "immune
      regulating agents" by which is meant an agent which can decrease the
      formation of antibodies to foreign protein. This activity can thus also be
      characterized as anti-allergic in that the allergic reaction is part of
      the defense mechanism of the body (the immune mechanism) against foreign
      antigens. (This activity is quite different from an antihistamine activity
      which affects only the effects of histamine released by an
      antibody-antigen reaction.) Although immune regulating activity was
      determined in mice using sheep erythrocytes as the antigen, it should be
      understood that the same type of activity would be shown against any
      foreign protein (antigen) in any species of mammal.
PAR  the ability of compounds according to the above formula to alter immune
      mechanisms in a host animal was measured by their activity according to
      the following test. Groups of five 20-gram Swiss mice were injected
      intraperitoneally with standardized suspensions of an antigen--in this
      instance sheep blood cells. The active compounds were also injected by the
      intraperitoneal route at various times before and/or after the injection
      of the red blood cells. Eight days after injection of the antigen, the
      mice were bled and the sera from each group pooled. Antibody
      determinations were made on the serum pools by a hemaglutination pattern
      procedure and comparisions made between treated and control animals. In
      Table 1 which follows, the activity of the compounds listed therein is
      given in terms of the dose of drug necessary to suppress the
      hemaglutination titer in the treated mice as compared with control titers.
PAR  In the table, column 1 gives the name of the compound; column 2, the route
      of administration; column 3, the dose; and column 4, the level of
      suppression. In general, a fourfold or greater suppression of the
      hemaglutination titer was taken as the measure of significant
      immune-regulant activity.
TBL                Table 1                                                     

     ______________________________________                                    

     Name of  Route of    dose mg./kg.                                         

                                      level of                                 

     Compound Administration                                                   

                          .times. days                                         

                                      suppression                              

     ______________________________________                                    

     N-2-(6-  oral        50 .times. 10                                        

                                      8 .times.                                

     hydroxy- oral        25 .times. 10                                        

                                      8 .times.                                

     benzothiaz-                                                               

              oral        12.5 .times. 10                                      

                                      4 .times.                                

     olyl)-N'-                                                                 

              subcutaneous                                                     

                          3.1 .times. 10                                       

                                      Complete                                 

     phenylurea                                                                

              subcutaneous                                                     

                          1.6 .times. 10                                       

                                      16 .times.                               

              subcutaneous                                                     

                          0.8 .times. 10                                       

                                      No effect                                

     ______________________________________                                    

PAR  In a modification of the above procedure using an individual serum assay
      procedure, other compounds of this invention were tested for their
      immunosuppressive activity. In this later procedure, groups of 10 20 g.
      Swiss mice received intraperitoneal injections of 5 .times. 10.sup.7 sheep
      red blood cells. Each mouse in the group of 10 was then given the drug
      under test, using several experimental dose levels, for three successive
      days commencing three days prior to the administration of the antigenic
      sheep red blood cells. An untreated control group of 10 mice received only
      the administration vehicle and the sheep blood cells. Seven days following
      administration of the sheep red blood cell antigens, all of the mice were
      bled individually and the antibody content of the serum determined. A
      similar experiment was carried out in which groups of 10 mice each
      received intravenous injections of 5 .times. 10.sup.7 sheep red blood
      cells and were then given predetermined dosages of the drug under test by
      the oral route on ten successive days commencing 3 days prior to the
      administration of the antigenic sheep red blood cells. Results are
      embodied in Table 2 below. In the table, column 1 gives the name of the
      compound; column 2, the dose in milligrams per kilogram by the
      intraperitoneal or oral route; and column 3, the logarhithm to the base 2
      of hemagglutinin plus or minus the standard error.
TBL                Table 2                                                     

     ______________________________________                                    

     Intraperitoneal Route                                                     

     Name of         Dose      Log.sub.2 Hemagglutinin                         

     Compound        (mg./kg.) (Mean .+-. S.E.)*                               

     ______________________________________                                    

     N-2-(6-hydroxy- 50        &lt;3.90 .+-. 0.53**                               

     benzothiazolyl)-                                                          

                     25        &lt;3.11 .+-. 0.11**                               

     N'-(p-methoxy-  12.5      &lt;3.60 .+-. 0.34**                               

     phenyl) urea                                                              

     N-2-(6-hydroxy- 50        &lt;3.30 .+-. 0.15**                               

     benzothiazolyl)-                                                          

                     25        &lt;3.33 .+-. 0.24**                               

     N'-(o-fluoro-   12.5      &lt;3.22 .+-. 0.15**                               

     phenyl) urea                                                              

     N-2-(-hydroxy-  50        &lt;3.22 .+-. 0.22**                               

     benzothiazolyl)-                                                          

                     25        &lt;3.00 .+-. 0.00**                               

     N'-(o-tolyl) urea                                                         

                     12.5      &lt;3.70 .+-. 0.15**                               

     Control         --        6.60 .+-. 0.48                                  

     Oral Route                                                                

     Name of         Dose      Log.sub.2 Hemagglutinin                         

     Compound        (mg./kg.) (Mean .+-. S.E.)*                               

     ______________________________________                                    

     N-2-(6-hydroxy- 25        7.00 .+-. 0.26                                  

     thiazolyl)-N'-  12.5      7.62 .+-. 0.18                                  

     (p-methoxy-     6.2       6.78 .+-. 0.22                                  

     phenyl) urea                                                              

     N-2-(6-hydroxy- 25         &lt;4.22 .+-. 0.32**                              

     benzothiazolyl- 12.5       &lt;4.40 .+-. 0.43**                              

     N'-(o-fluoro-   6.2        &lt;6.00 .+-. 0.44**                              

     phenyl) urea                                                              

     N-2-(6-hydroxy- 25          &lt;5.78 .+-. 0.49**                             

     benzothiazolyl)-                                                          

                     12.5       6.60 .+-. 0.30**                               

     N'-(o-tolyl) urea                                                         

                     6.2       7.40 .+-. 0.22                                  

     Control         --        7.50 .+-. 0.17                                  

     ______________________________________                                    

       *"&lt;" indicates one or more sera in the group showed no detectable       

      hemagglutinin at the lowest dilution tested.                             

      **p &lt;0.01 -- Confidence Level.                                           

PAR  The compounds of this invention are useful in organ transplant operations
      where they can be used to prevent the host from rejecting the donor organ.
      In addition to their use in organ transplant operations, immune regulating
      agents are also useful in various diseases of little-understood etiology,
      denominated generically as "auto-immune" diseases. These diseases include:
      auto-immune hemolytic anemia, idiopathic thrombocytopenic purpura, lupus
      erythematosus, lupoid hepatitis, lupus nephritis, glomerulonephritis, the
      nephrotic syndrome, Goodpasture's syndrome, Wegener's granulomatosis,
      schleroderma, Sezary's disease, psoriasis, uveitis, rheumatoid arthritis,
      ulcerative colitis, thyroiditis and mumps orchitis. Immune suppressant
      agents may be more or less useful in the treatment of the above diseases
      depending upon the degree to which the disease is dependent upon an
      auto-immune mechanism.
PAR  Routes of administration include oral, intraperitoneal, topical and
      subcutaneous routes. For oral administration, the immune regulant can be
      dissolved or suspended in polyethylene glycol and mixed with corn oil, at
      a rate of 1-200 mg./ml. A particularly useful medium for oral
      administration contains 50 percent polyethylene glycol 200, 40 percent
      corn oil and 10 percent polyoxyethylene sorbitol monostearate. Aqueous
      vehicles, to which may be added surface-active agents, are also useful.
      For topical application, the compound is preferably administered in
      ethanol or in the above polyethylene glycol-corn oil-surfactant
      composition whereas for subcutaneous injection an isotonic solution is
      used. The immune-regulant is present in the particular vehicle at the rate
      of from 1 to 200 mg./ml.
PAR  The heterocyclic ureas useful in altering the immune response according to
      the processes of this invention, as can be seen, differ from a majority of
      the known immune regulants and immunosuppressants in the mechanism of
      their action on the mammaliam host. They do not act by directly
      antagonizing the action of histamine as do the anti-histamine drugs. On
      the other hand, they do not depress bone-marrow function as do the
      antineoplastic drugs frequently used in connection with tissue
      transplants. The heterocyclic ureas of this invention more closely
      resemble the corticoids in their effects on the immune response, but even
      here there is a fundamental difference in that the corticoids deplete
      lymoid tissue and the heterocyclic ureas of this invention do not. Thus,
      it is apparent that these agents function through a mechanism which
      neither depletes normal lymphoid mass nor depresses bond marrow, thus
      avoiding the major drawbacks of the currently used immunosuppressive
      drugs--the corticosteroids and antineoplastic drugs.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC3##
PAL  wherein R is H, (C.sub.1 -C.sub.3) alkyl, (C.sub.1 -C.sub.3) alkoxy or
      halo.
NUM  2.
PAR  2. A compound according to claim 1, said compound being
      N-2-(6-hydroxybenzothiazolyl)-N'-phenyl urea.
NUM  3.
PAR  3. A compound according to claim 1, said compound being
      N-2-(6-hydroxybenzothiazolyl)-N'-(2-methoxyphenyl) urea.
NUM  4.
PAR  4. A compound according to claim 1, said compound being
      N-2-(6-hydroxybenzothiazolyl)-N'-(4-fluorophenyl) urea.
NUM  5.
PAR  5. A compound according to claim 1, said compound being
      N-2-(6-hydroxybenzothiazolyl)-N'-(2-tolyl) urea.
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ABST
PAL  N-2-(6-hydroxybenzothiazolyl)-N'-phenyl (or substituted-phenyl) ureas are
      prepared by reacting 2-amino-6-hydroxybenzothiazole with 1-2 moles of
      phenyl (or a substituted phenyl) isocyanate and then hydrolysing any
      6-phenylcarbamoyloxy compound thus produced to the corresponding 6-hydroxy
      derivative.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heterocyclic ureas such as N-benzimidazolyl, N-benzothiazolyl or
      N-benzoxazolyl-N'-phenyl ureas are useful as immune regulants and
      anti-viral compounds according to Paget et al., J. Med. Chem., 12, 1010
      (1969); 1016 (1969). These N-heterocyclic-N'-phenyl ureas can be
      substituted in either the phenyl moiety of the heterocyclic benzothiazole,
      benzoxazole or benzimidazole ring with substituents such as halo, alkoxy,
      alkyl, carboethoxy, trifluoromethyl, nitro and the like, or in the
      N'-phenyl group with substituents such as chloro, fluoro, nitro, methyl,
      trifluoromethyl, bromo and the like. Compounds which contain a hydroxy
      group as a substituent in the phenyl portion of the heterocyclic nucleus
      have not been prepared. Obvious methods of preparing such a 6-hydroxy
      derivative have been found not to be operative; for example, the
      corresponding 6-methoxy compound is not readily demethylated by the use of
      50 percent HBr or other standard demethylating reagent. In addition,
      carrying out the standard synthesis of benzimidazolyl, benzoxazolyl or
      benzothiazolyl ureas involving the reaction of an isocyanate with a
      2-amino-substituted benzimidazole, benzoxazole or benzothiazole, having a
      benzyloxy substituent in the phenyl moiety of the heterocyclic ring also
      did not provide an operative procedure for preparing the corresponding
      hydroxy compound since the benzyl group proved to be extremely resistant
      to debenzylation using hydrogenation conditions involving a palladium
      catalyst. N-2-(6-hydroxybenzothiazolyl)-N'-phenyl urea was, however,
      discovered as a metabolic product in urine when the corresponding
      6-methoxy compound was fed to rats. A complex procedure for preparing this
      compound involving the use of trimethylsilyl chloride has been devised, as
      fully set forth in the copending application of Paget and Wikel, Ser. No.
      502,129 filed this even date.
PAR  It is an object of this invention to provide an improved method for
      preparing N-2-(6-hydroxybenzothiazolyl)-N'-phenyl (or substituted-phenyl)
      ureas, which improved method is more adaptable to industrial production
      than methods heretofore available and which avoids the use of expensive
      reagents.
PAC  SUMMARY OF THE INVENTION
PAR  In fulfillment of the above and other objects, this invention provides a
      method for the preparation of N-2-(6-hydroxybenzothiazolyl)-N'-phenyl (or
      substituted phenyl) ureas represented by formula I below which comprises
      the reaction of 1-2 moles (up to a 100 percent molar excess) of a
      phenylisocyanate (R'--C.sub.6 H.sub.4 --NCO) with
      2-amino-6-hydroxybenzothiazole to produce a reaction mixture containing a
      6-carbamoyloxy derivative (structure II) and permissably, some of the
      compound of structure I below.
      ##SPC1##
PAL  The N-2-(6-phenylcarbamoyloxybenzothiazolyl)-N'-phenyl urea (II) thus
      produced is treated with base in an inert solvent at a temperature below
      about 100.degree.C. until all of the 6-phenylcarbamoyloxy group of the
      benzothiazolyl urea has been hydrolyzed to provide a compound of structure
      I. The 6-phenylcarbamoyl compound produced in the isocyanate reaction can
      be hydrolyzed to the 6-hydroxy derivative either in the original reaction
      mixture or during an initial separation step wherein advantage is taken of
      the phenolic character of the 6-hydroxy group to dissolve it in base. The
      base-insoluble compound is separated and then hydrolyzed by the process of
      this invention. It is, of course, preferable to carry out the hydrolysis
      step in the unseparated reaction mixture. The 6-hydroxy urea (I) already
      present or produced by the hydrolytic reaction is not adversely affected
      under the specified hydrolysis reaction conditions.
PAR  In structures I and II above, R' is the same group in each instance and can
      be hydrogen, halo, (C.sub.1 -C.sub.3) alkyl or (C.sub.1 -C.sub.3)
      alkyloxy. The term "(C.sub.1 -C.sub.3) alkyl" includes methyl, ethyl,
      n-propyl and isopropyl. Thus, the term "(C.sub.1 -C.sub.3) alkyloxy"
      includes methoxy, ethoxy, n-propoxy and isopropoxy. The term "halo"
      includes fluoro, chloro, bromo and iodo.
PAR  In the reaction between the phenylisocyanate (R'--C.sub.6 H.sub.4 --NCO)
      and the 2-amino-6-hydroxybenzothiazole, the 2-amino group of the
      benzothiazolyl reacts far more rapidly than does the 6-hydroxy group.
      Thus, with a single mole of phenylisocyanate, the predominant reaction
      product will be N-2-(6-hydroxybenzothiazolyl)-N'-phenyl urea. The reaction
      between the hydroxy group and the phenylisocyanate does, however, proceed
      at a measurable reaction rate. Using only a single mole of isocyanate,
      therefore, the chief reaction product will be the urea of structure I, as
      stated above but there will also be present
      2-amino-6-carbamoyloxybenzothiazole,
      N-2-(6-carbamoyloxybenzothiazolyl)-N'-phenyl urea and unreacted
      2-amino-6-hydroxybenzothiazol starting material. Sufficient
      phenylisocycnate or substituted phenylisocyanate should be employed to
      insure that all of the 2-amino group of the benzothiazole reacts to form
      the corresponding urea, and preferably, a stoichiometric excess from about
      25-100 percent of the isocyanate is employed. A greater than 100 percent
      stoichiometric excess (2 moles per mole of amino benzothiazole) is, of
      course, not necessary since with 2 moles of phenyl (or a
      substituted-phenyl) isocyanate present, all of the benzothiazole will be
      converted to the 6-carbamoyloxy urea (structure II above). If less than 2
      moles, but more than 1 mole, of isocyanate is used per mole of
      benzothiazole, the reaction mixture will contain both the 6-hydroxy and
      6-carbamoyloxy derivatives. In any case, in order to obtain a
      substantially quantitative yield of the desired 6-hydroxy compound, it is
      necessary to hydrolyze any 6-carbamoyloxy derivative produced in the
      isocyanate reaction using base in an inert solvent at a temperature below
      about 100.degree.C. until substantially all of the 6-carbamoyloxy group is
      hydrolyzed to the desired 6-hydroxy compound of structure I above. Useful
      inert solvents include water and the lower alkanols including methanol and
      ethanol. Suitable bases for use in the process include alkali metal
      hydroxides such as potassium or sodium hydroxide; alkali metal alcoholates
      such as potassium ethylate, sodium methylate and the like; alkali metal
      carbonates including potassium and sodium carbonate; and ammonium
      hydroxide, and substituted ammonium hydroxides such as triethyl ammonium
      hydroxide, trimethyl ammonium hydroxide and the like. The temperature of
      the reaction is customarily carried out at the reflux temperature of the
      solvent; i.e., from 65.degree.C. for methanol to 100.degree.C. for water.
      As will be apparent to those skilled in the art, the higher the reflux
      temperature, the shorter the time needed for the hydrolysis to proceed to
      completion. Likewise, the solubility of the base in the inert solvent in
      an important consideration with the alkali metal hydroxides, for example,
      being more soluble than the carbonates. Use of the hydroxides therefore
      requires less reaction time than use of the carbonates. Complete
      hydrolysis of the 6-phenylcarbamoyloxy compound usually requires from 1 to
      about 18 hours depending upon solvent, base and temperature employed, and
      upon the nature of the 6-phenyl (or substituted-phenyl) carbamoyloxy
      group.
PAR  The character of the isocyanate (R'--C.sub.6 H.sub.4 --NCO) affects not
      only the rate of hydrolysis of the 6-phenyl (or substituted-phenyl)
      carbamoyloxy group as indicated above, but also affects the ratios of the
      various products of the reaction of the particular isocyanate with
      2-amino-6-hydroxybenzothiazole, specially the rate of urea formation
      compared to the rate of reaction with the 6-hydroxy group.
PAR  N-2-(6-hydroxybenzothiazolyl)-N'-phenyl urea and other substituted phenyl
      ureas represented by formula I above are useful as anti-viral agents and
      as immune suppressants, as set forth in the copending application of Paget
      and Wikel, Ser. No. 502,129 filed this even day.
PAR  The preparation of N-2-(6-hydroxybenzothiazolyl)-N'-phenyl urea is
      illustrated in the examples which follow with Examples 2-6 describing
      alternate methods of hydrolyzing the 6-phenylcarbamoyloxy group.
PAC  EXAMPLE 1
PAR  A slurry of 152 g. of 2-amino-6-hydroxybenzothiazole was prepared in 3
      liters of acetone. A solution of 109 g. of phenylisocyanate in 150 ml. of
      acetone was added thereto in dropwise fashion. After the addition had been
      completed, the reaction mixture was heated at refluxing temperature
      overnight. The reaction mixture was cooled to about 50.degree.C. and
      decolorizing charcoal added. The mixture was filtered, and a second batch
      of 109 g. of phenylisocyanate in acetone added to the filtrate. The
      mixture was again heated to refluxing temperature for about 2 hours, and
      was cooled. A white solid comprising
      N-2-(6-phenyl-carbamoyloxybenzothiazolyl)-N'-phenyl urea formed in the
      above reaction precipitated. The precipitate was separated by filtration,
      and the filter cake washed with acetone. Yield = 73 percent. Melting point
      above 250.degree.C.
PAR  Analysis for C.sub.21 H.sub.15 N.sub.4 O.sub.3 S: Calc.: C, 62.52; H, 3.75;
      N, 13.89; S, 7.95; Found: C, 62.30; H, 3.97; H, 13.69; S, 7.76.
PAR  Four grams of the above N-2-(6-carbamoyloxybenzothiazolyl)-N'-phenyl urea
      were dissolved in 150 ml. of anhydrous methanol. A 10 percent slurry of
      0.5 g. of sodium methylate in methanol was added with stirring. The
      reaction mixture was stirred at room temperature overnight. Thin layer
      chromatography showed that about 50 percent of the carbamoyloxy group had
      been removed by hydrolysis. The reaction mixture was then slowly heated,
      and the progress of the reaction continually checked by thin layer
      chromatography. After two hours of heating at about 45.degree.C., the
      hydrolysis was substantially 100 percent complete. The reaction mixture
      was then cooled and carefully acidified to pH = 4 with 10 percent aqueous
      hydrochloric acid. N-2-(6-hydroxybenzothiazolyl)-N'-phenyl urea formed in
      the above reaction was separated by filtration. The filter cake was washed
      with methanol and then ether. Examination of its NMR spectra indicated
      that a phenyl-carbamoyloxy group was no longer present in the molecule.
      This fact was further substantiated by shifts in the ultraviolet spectrum
      upon solution of the compound in acid and base. N-2-(
      6-hydroxybenzothiazolyl)-N'-phenyl urea thus prepared had the following
      characteristics: m.p. above 250.degree.C.; mass spectral fragments at
      285,212, 192, and 166; pKa = 10.9 (66% DMF).
PAR  Analysis Calc. for C.sub.14 H.sub.11 N.sub.3 O.sub.2 S: C, 58.93; H, 3.89;
      N, 14.73; Found: C, 58.34; H, 3.76; N, 13.76.
PAC  EXAMPLE 2
PAR  A reaction mixture was prepared containing 100 mg. of
      N-2-(6-phenylcarbamoyloxybenzothiazolyl)-N'-phenyl urea, 100 mg. of sodium
      methylate and 25 ml. of methanol. The reaction mixture was refluxed for
      one-half hour, at the end of which time thin layer chromatography
      indidcated that none of the starting material was present and that the
      product of the reaction was the corresponding 6-hydroxy compound. Further
      refluxing of the reaction mixture for 18 hours showed no decomposition of
      N-2-(6-hydroxybenzothiazolyl)-N'-phenyl urea formed in the reaction.
PAC  EXAMPLE 3
PAR  Example 2 was repeated except that 20 mg. of potassium hydroxide were
      substituted for the sodium methylate of that example. An examination of
      the reaction mixture by thin layer chromatography after 6 hours indicated
      that the hydrolysis of the 6-phenyl-carbamoyloxy group was incomplete.
      Refluxing was continued for another 12 hours, at the end of which time it
      was ascertained that hydrolysis was complete and that the starting
      material had been entirely converted to the corresponding 6-hydroxy
      compound.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 was repeated except that about 35 mg. of
      potassium carbonate were employed in place of the sodium methylate of that
      example. Examination of the reaction mixture at intervals indicated that
      18 hours were required to hydrolyze completely the 6-phenylcarbamoyloxy
      group.
PAC  EXAMPLE 5
PAR  The procedure of Example 3 was repeated except that 25 ml. of water were
      employed in place of the methanol of that example. The reaction mixture
      was heated slowly, and the solid starting material went into solution at
      about 80.degree.C. Refluxing for 1 hour gave complete hydrolysis of the
      6-phenylcarbamoyloxy group.
PAC  EXAMPLE 6
PAR  The procedure of Example 2 was repeated except that 0.35 ml. of
      triethylamine were used in place of the sodium methylate of that example.
      Examination by thin layer chromatography indicated that the hydrolysis was
      complete after a 6-hour reflux.
CLMS
STM  We claim:
NUM  1.
PAR  1. The process which comprises the essential steps
PA1  1. reacting 2-amino-6-hydroxy-benzothiazole with from 1-2 moles of a phenyl
      isocyanate of the formula
      ##SPC2##
PAL  wherein R' is H, (C.sub.1 -C.sub.3) alkyl, (C.sub.1 -C.sub.3) alkoxy or
      halo;
PA1  2. hydrolyzing any thus-obtained 6-carbamoyloxy compound of the formula
      ##SPC3##
PAL  wherein R' has the same meaning as hereinabove; with a base of the group
      comprising alkali metal hydroxides, and carbonates, ammonium hydroxide and
      (C.sub.1 -C.sub.2) alkyl-substituted ammonium hydroxides in an inert
      solvent at a temperature not higher than about 100.degree.C. until the
      6-carbamoyloxy derivative is converted substantially completely to the
      corresponding 6-hydroxy derivative of the formula
      ##SPC4##
PAL  wherein R' has the same meaning as hereinabove; and then
PA1  3. isolating said 6-hydroxy derivative.
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ABST
PAL  Fungicidal compositions containing, and methods of combating fungi using,
      2-thiazolone-5-carboxylic acid ester fungicidal agents of the formula
      ##SPC1##
PAL  In which
PA1  R.sup.1 is hydrogen; alkyl of up to 12 carbon atoms optionally substituted
      by phenyl, halophenyl or alkylphenyl with up to three carbon atoms in each
      alkyl radical; cyclopentyl; cyclohexyl; aryl; haloaryl; or alkylaryl with
      up to three carbon atoms in each alkyl radical,
PA1  R.sup.2 is cyclopentyl; cyclohexyl; alkyl of up to 18 carbon atoms
      optionally substituted by cyclopentyl, cyclohexyl, lower alkoxy, phenoxy,
      nitrile, lower alkoxycarbonyl, phenyl, halophenyl or alkylphenyl, and
PA1  R.sup.3 is hydrogen, trihalomethyl, lower alkoxycarbonyl, aryl, haloaryl,
      alkylaryl, or any of the radical set forth for R.sup.2,
PAL  display strong fungicidal properties.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      particular compositions for, and methods of, combating fungi using
      2-thiazolone-5-carboxylic acid esters, with other and further objects
      becoming apparent from a study of the within specification and
      accompanying examples.
PAR  It has been disclosed in U.S. Pat. No. 2,457,674 that zinc
      ethylene-1,2-bis-dithiocarbamate (Compound A) can be used as a fungicide.
      However, if small amounts are used, the fungicidal activity of this
      substance is not always completely satisfactory.
PAR  It has now been found that 2-thiazolone-5-carboxylic acid esters of the
      general formula
      ##SPC2##
PAL  In which
PA1  R.sup.1 is hydrogen; alkyl of up to 12 carbon atoms optionally substituted
      by phenyl, halophenyl or alkylphenyl with up to three carbon atoms in each
      alkyl radical; cyclopentyl; cyclohexyl; aryl; haloaryl; or alkylaryl with
      up to three carbon atoms in each alkyl radical,
PA1  R.sup.2 is cyclopentyl; cyclohexyl; alkyl of up to 18 carbon atoms
      optionally substituted by cyclopentyl, cyclohexyl, lower alkoxy, phenoxy,
      nitrile, lower alkoxycarbonyl, phenyl, halophenyl or alkylphenyl, and
PA1  R.sup.3 is hydrogen, trihalomethyl, lower alkoxycarbonyl, aryl, haloaryl,
      alkylaryl, or any of the radical set forth for R.sup.2,
PAL  display strong fungicidal properties.
PAR  SURPRISINGLY, THE 2-THIAZOLONE-5-CARBOXYLIC ACID ESTERS TO BE USED
      ACCORDING TO THE INVENTION DISPLAY A SUBSTANTIALLY HIGHER FUNGICIDAL
      ACTION THAN THE ZINC ETHYLENE-1,2-BIS-DITHIOCARBAMATE KNOWN FROM THE STATE
      OF THE ART. The active compounds which can be used according to the
      invention thus represent an enrichment of the art.
PAR  R.sup.1 preferably represents hydrogen or optionally substituted
      straight-chain or branched alkyl with one to eight carbon atoms. As
      substituents of the alkyl radical there may in particular be mentioned:
      phenyl and phenyl which is monosubstituted or polysubstituted by fluorine,
      chlorine, bromine or methyl. Alternatively, R.sup.1 preferably represents
      cyclohexyl or cyclopentyl, or phenyl, and the latter can in turn be
      monosubstituted or polysubstituted by fluorine, chlorine, bromine or
      methyl. Alternatively, R.sup.1 preferably represents naphthyl.
PAR  R.sup.2 preferably represents cyclohexyl or cyclopentyl or optionally
      substituted straight-chain or branched alkyl with one to 12 carbon atoms,
      and the alkyl radical can preferably be substituted by cyclopentyl, by
      cyclohexyl, by alkoxy with up to four carbon atoms, especially methoxy or
      ethoxy, by phenoxy, by nitrile, by alkoxycarbonyl with one to four carbon
      atoms or by phenyl, and the latter can in turn be monosubstituted or
      polysubstituted, preferably by fluorine, chlorine, bromine or methyl.
PAR  R.sup.3 preferably represents those radicals which have also been mentioned
      preferentially for R.sup.2. Alternatively, R.sup.3 preferably represents
      hydrogen, trihalomethyl, especially trichloromethyl or trifluoromethyl,
      alkoxycarbonyl with 1 to 4 carbon atoms, especially methoxycarbonyl or
      ethoxycarbonyl, or phenyl which can in turn be monosubstituted or
      polysubstituted, preferably by fluorine, chlorine, bromine or methyl.
      Alternatively, R.sup.3 preferably represents naphthyl.
PAR  The following are specific examples of active compounds of the formula (I)
      for use according to the invention:
PA1  3-methyl-4-methyl-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  3-benzyl-4-methyl-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid isopropyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid (.beta.-phenyl)-ethyl ester,
PA1  4-methyl-3-phenyl-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  4-methyl-3-phenyl-2-thiazolone-5-carboxylic acid methyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid n-dodecyl ester,
PA1  3-(2,6-dichlorophenyl)-4-methyl-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  4-carbethoxy-3-phenyl-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid benzyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid n-butyl ester,
PA1  4methyl-2-thiazolone-5-carboxylic acid cyclohexyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid methyl ester,
PA1  4-trichloromethyl-2-thiazolone-5-carboxylic acid methyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid cyclohexylmethyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid (.beta.-ethoxy)-ethyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid (.beta.-isopropoxy)-ethyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid sec.-butyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid n-hexyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid (.beta.-cyano)-ethyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid n-decyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid (.beta.-phenoxy)-ethyl ester,
PA1  3-methyl-4-methyl-2-thiazolone-5-carboxylic acid cyclohexyl ester,
PA1  3-phenyl-4-methyl-2-thiazolone-5-carboxylic acid cyclohexyl ester,
PA1  3-cyclohexyl-4-methyl-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  3-cyclopentyl-4-methyl-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  4-methyl-3-(2-methylphenyl)-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  4-methyl-3-naphthyl-2-thiazolone-5-carboxylic acid methyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid (.beta.-2,6-dichlorophenyl)-ethyl
      ester,
PA1  4-phenyl-2-thiazolone-5-carboxylic acid methyl ester,
PA1  4-naphthyl-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  3-methyl-4-(2,6-dichlorophenyl)-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  3-methyl-4-naphthyl-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  3-methyl-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  4-hexyl-3-methyl-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  3-hexyl-4-methyl-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid octadecyl ester,
PA1  4-trifluoromethyl-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  4-(4'-fluorophenyl)-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  4-(4'-methylphenyl)-2-thiazolone-5-carboxylic acid 4-fluorophenylethyl
      ester,
PA1  3-(4'-bromophenylpentyl)-4-cyclohexyl-2-thiazolone-5-carboxylic acid ethyl
      ester,
PA1  3-methoxyethyl-4-methyl-2-thiazolone-5-carboxylic acid ethyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid (-.beta.-n-butoxy) ethyl ester,
PA1  4-(4'-chlorobenzyl)-2-thiazolone-5-carboxylic acid ethyl ester,
PAL  and the like.
PAR  Amongst the 2-thiazolone-5-carboxylic acid esters of the formula (I) which
      can be used according to the invention, only
      4-methyl-2-thiazolone-5-carboxylic acid ethyl ester has previously been
      known [compare Proc. Indian Acad. Sci. 22A, 362-378(1945) and J. Pharm.
      Soc. Japan 76, 301 - 305 (1956)]. The remainder of the compounds which can
      be used according to the invention are new. They can be prepared as
      described in U.S. Patent application Ser. No. 271,104, filed July 12,
      1972, now pending, the disclosure of which is incorporated herein by
      reference. As described there the substances of the formula (I) are
      obtained when .beta.-aminoacrylic acid esters of the general formula
      ##EQU1##
      in which R.sup.1, R.sup.2 and R.sup.3 have the abovementioned meanings,
      are reacted with chlorocarbonylsulfenyl chloride of the formula
      ##EQU2##
      optionally in the presence of an inert diluent and optionally in the
      presence of an acid-binding agent, at temperatures from 0.degree. to
      200.degree.C.
PAR  The .beta.-aminoacrylic acid esters of the formula (II) used as the
      starting material are known. They can be manufactured in a simple manner
      by reaction of acylacetic esters with ammonia and primary amines [compare
      Organicum, Organisch Chem. Grundpraktikum VEB Deutscher Verlag d.
      Wissenschaften, Berlin, page 354 (1964); J. Amer. Chem. Soc. 68, 514
      (1946)], by reaction of Grignard compounds with cyanoacetic esters
      [compare Collection of Czechoslovakian Chemical Communications 25, 607
      (1960)], by reaction of propiolic acid esters and acetylenedicarboxylic
      esters with ammonia or primary amines [compare Monatshefte fuer Chemie 36,
      109 (1915); Chem. Ber. 99, 2,526 (1966); Nippon Kagaku Zasshi 82, 632
      (1961)] and by reaction of trichloroacetonitrile with acetoacetic acid
      methyl ester [compare I. Prakt. Chem. [4] 27, 239 (1965)].
PAR  The following may be mentioned as examples of the .beta.-aminoacrylic acid
      esters of the formula (II) which can be used as starting materials:
      .beta.-aminocrotonic acid methyl ester, .beta.-aminocrotonic acid ethyl
      ester, .beta.-aminocrotonic acid i-propyl ester, .beta.-aminocrotonic acid
      n-dodecyl ester, .beta.-aminocrotonic acid benzyl ester,
      .beta.-aminocrotonic acid cyclohexyl ester, .beta.-aminocrotonic acid
      .beta.-phenethyl ester, .beta.-methylaminocrotonic acid ethyl ester,
      .beta.-anilinocrotonic acid ethyl ester, .beta.-benzylaminocrotonic acid
      ethyl ester, .beta.-aminocinnamic acid ethyl ester,
      .beta.-amino-.beta.-ethyl-acrylic acid ethyl ester and
      .beta.-methylaminocinnamic acid ethyl ester.
PAR  Chlorocarbonylsulfenyl chloride of the formula (III) is known and easily
      prepared. It can be obtained in a simple manner by reaction of
      trichloromethanesulfenyl chloride with concentrated sulfuric acid
      (Synthesis 1970, 567).
PAR  The reaction of .beta.-aminoacrylic acid esters of the formula (II) with
      chlorocarbonylsulfenyl chloride of the formula (III) is carried out at
      temperatures of 0.degree. to 200.degree.C, preferably at 10.degree. to
      150.degree.C.
PAR  In general, the .beta.-aminoacrylic acid ester of the formula (II) and the
      chlorocarbonylsulfenyl chloride are heated in a molar ratio of 1:1 to 1:2,
      preferably in an inert solvent, at 30.degree.C to 200.degree.C, preferably
      30.degree. to 150.degree.C, until the evolution of HCl ceases. As a rule,
      the reaction is complete after 1 to 4 hours.
PAR  All customary acid-binding agents can be used as acid binders. These
      include, for example, bases such as pyridine or calcium carbonate.
PAR  Possible inert solvents are hydrocarbons or chlorinated hydrocarbons, for
      example benzene, toluene, chlorobenzene, o-dichlorobenzene or carbon
      tetrachloride, as well as sulpholane or dioxane.
PAR  The reaction products may be isolated by filtering off the precipitate
      which has separated out or stripping off the solvent under reduced
      pressure and either distilling or recrystallizing the residue which
      remains.
PAR  The active compounds to be used according to the invention possess strong
      fungitoxic properties and can therefore be used for combating harmful
      fungi. In addition to their high effectiveness, these compounds also show
      a broad spectrum of action and possess a relatively low toxicity towards
      warm-blooded animals. This makes them harmless to handle. Because of their
      low phytotoxicity they are in particular suitable for combating fungal
      diseases of plants. Fungitoxic agents are employed in plant protection for
      combating fungi from the most diverse classes of fungus, such as
      Archimycetes, Phycomycetes, Ascomycetes, Basidiomycetes and Fungi
      Imperfecti.
PAR  The active compounds are particularly suitable for seed dressings and also
      for the treatment of soil. Their action is above all directed against
      seed-borne fungi. Bunt diseases of cereals, for example bunt of wheat,
      should be mentioned especially.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e., plant compatible or herbicidally inert)
      pesticide diluents or extenders, i.e., diluents, carriers or extenders of
      the type usable in conventional pesticide formulations or compositions,
      e.g. conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g. conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g. benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g. chlorobenzenes, etc.), cycloalkanes (e.g. cyclohexane,
      etc.), paraffins (e.g. petroleum or mineral oil fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, chloroethylenes, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, glycol, etc.) as well
      as ethers and esters thereof (e.g. glycol monomethyl ether, etc.), amines
      (e.g. ethanolamine, etc.), amides (e.g. dimethyl formamide, etc.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), acetonitrile, ketones (e.g.
      acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone,
      etc.), and/or water; as well as inert dispersible finely divided solid
      carriers, such as ground natural minerals (e.g. kaolins, clays, alimina,
      silica, chalk, i.e. calcium carbonate, talc, attapulgite, montmorillonite,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates, e.g. alkali silicates, etc.); whereas the
      following may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryl sulfonates,
      albumin hydrolyzates, etc., and especially alkyl arylpolyglycol ethers,
      magnesium stearate, sodium oleate, etc.); and/or dispersing agents, such
      as lignin, sulfite waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other fungicides, or insecticides,
      acaricides, rodenticides, bactericides, nematocides, herbicides,
      fertilizers, growth-regulating agents, plant nutrients, or in the form of
      particular dosage preparations for specific application made therefrom,
      such as solutions, emulsions, suspensions, powders, pastes, and granules
      which are thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95% by weight, and preferably
      0.5-90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application or field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001-10%, preferably 0.01-1%, by weight of the mixture.
      Thus, the present invention contemplates over-all compositions which
      comprises mixtures of a conventional dispersible carrier vehicle such as
      (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g. a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.0001-95%, and preferably 0.01-95%, by weight of the
      mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e., mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      15 to 1,000 g/hectare, preferably 40 to 600 g/hectare, are sufficient. In
      this process it is possible to use highly concentrated liquid compositions
      with said liquid carrier vehicles containing from about 20 to about 95% by
      weight of the active compound or even the 100% active substance alone,
      e.g. about 20-100% by weight of the active compound.
PAR  When used for seed dressing, amounts of active compound of 50 mg to 50g,
      preferably of 200 mg to 10 g, are generally used per kilogram of seed.
PAR  In the case of soil treatment, which can be carried out over the entire
      surface of the soil, or in strips or at points, active compound
      concentrations of 1 to 500 g of active compound per m.sup.3 of soil,
      preferably 10 to 200 g per m.sup.3, are generally required at the place of
      the desired action.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. insects, acarids, fungi,
      bacteria and yeasts, and more particularly methods of combating at least
      one of insects and acarids, which comprises applying to at least one of
      correspondingly (a) such insects, (b) such acarids, (c) such fungi, (d)
      such bacteria, (e) such yeasts, and (f) the corresponding habitat thereof,
      i.e., the locus to be protected, a correspondingly combative or toxic
      amount, i.e., an insecticidally, acaricidally, fungicidally,
      bactericidally or yeasticidally effective amount of the particular active
      compound of the invention alone or together with a carrier vehicle as
      noted above. The instant formulations or compositions are applied in the
      usual manner, for instance by spraying, atomizing, vaporizing, scattering,
      dusting, watering, squirting, sprinkling, pouring, fumigating, dry
      dressing, slurry dressing, moist dressing, wet dressing, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
DETD
PAR  The synthesis, unexpected superiority and outstanding activity of the
      2-thiazolone-5carboxylic acid esters which can be used according to the
      present invention are illustrated, without limitation, by the following
      examples:
PAC  EXAMPLE 1
PAC  Seed dressing test/bunt of wheat (seed-born mycosis)
PAR  To produce a suitable dry dressing, the active compound was extended with a
      mixture of equal parts by weight of talc and kieselguhr to give a finely
      powdered mixture with the desired concentration of the active compound.
PAR  Wheat seed was contaminated with 5g of the chlanydospores of Tilletia
      caries per kg of seed. To apply the dressing, the seed was shaken with the
      dressing in a closed glass flask. The seed, on moist loam under a cover of
      a layer of muslin and 2 cm of moderately moist compost soil, was exposed
      to optimum germination conditions for the spores for 10 days at
      10.degree.C in a refrigerator.
PAR  The germination of the spores on the wheat grains, each of which was
      contaminated with about 100,000 spores, was subsequently determined
      microscopically. The smaller the number of spores which has germinated,
      the more effective was the compound.
PAR  The active compounds, the concentrations of the active compounds in the
      dressing, the amounts of dressing used and the percentage spore
      germination can be seen from the following Table 1:
      ##SPC3##
PAC  EXAMPLE 2
      ##SPC4##
PAR  109.5 g (0.5 mole) of .beta.-benzylaminocrotonic acid ethyl ester were
      added dropwise to 72 g (0.55 mole) of chlorocarbonylsulfenyl chloride and
      120 ml of dry chlorobenzene at 10.degree.C to 20.degree.C, while cooling
      with ice. Thereafter the mixture was heated to 80.degree.C - 90.degree.C
      for about one hour, in the course of which vigorous evolution of hydrogen
      chloride occurred. The mixture was heated to the boil until the evolution
      of gas had ceased, and was filtered hot, and the solvent was stripped off
      in a water pump vacuum. The oil which remained was subjected to a
      fractional high vacuum distillation. 91 g (66% of theory) of
      3-benzyl-4-methyl-2-thiazolone-5-carboxylic acid ethyl ester of boiling
      point 197.degree. - 199.degree.C/0.5 mm Hg were obtained.
PAC  EXAMPLE 3
      ##SPC5##
PAR  72 g (0.55 mole) of chlorocarbonylsulfenyl chloride were initially
      introduced into 100ml of dry chlorobenzene. 91.5 g (0.5 mole) of
      .beta.-aminocrotonic acid cyclohexyl ester were added dropwise while
      cooling with ice and stirring. The mixture was carefully heated to the
      boil, in the course of which the evolution of hydrogen chloride was not
      allowed to become too vigorous, and was then boiled under reflux until the
      evolution of gas had ceased. The solvent was distilled off in vacuo and
      the residue was recrystallized from a little glycol monoethyl ether
      acetate. 72.5 g (60% of theory) of 4-methyl-2-thiazolone-5-carboxylic acid
      cyclohexyl ester of melting point 131.degree.C were obtained.
PAR  The compounds of the general formula
      ##SPC6##
PAL  identified in the following Table 2 were obtained in a similar manner.
TBL                                    Table 2                                 

     __________________________________________________________________________

                                       Melting point                           

                                       (.degree.C)                             

                                              Yield                            

     Compound                          Boiling point/                          

                                              (% of                            

     No.   R.sub.1                                                             

                 R.sub.2    R.sub.3    mm Hg  theory)                          

     __________________________________________________________________________

      3    CH.sub.3                                                            

                 C.sub.2 H.sub.5                                               

                            CH.sub.3   62 - 63                                 

                                              82                               

      4    H     C.sub.2 H.sub.5                                               

                            CH.sub.3   178    75                               

      5    H     (CH.sub.3).sub.2 CH                                           

                            CH.sub.3   136    60                               

      6    H     C.sub.6 H.sub.5 CH.sub.2 CH.sub.2                             

                            CH.sub.3   141    55                               

      7    C.sub.6 H.sub.5                                                     

                 C.sub.2 H.sub.5                                               

                            CH.sub.3   92 - 94                                 

                                              75                               

      8    C.sub.6 H.sub.5                                                     

                 CH.sub.3   CH.sub.3   139    78                               

      9    H     n--C.sub.12 H.sub.25                                          

                            CH.sub.3    94    70                               

     10          C.sub.2 H.sub.5                                               

                            CH.sub.3    92    65                               

     11    C.sub.6 H.sub.5                                                     

                 C.sub.2 H.sub.5                                               

                            COOC.sub.2 H.sub.5                                 

                                       56 - 58                                 

                                              74                               

     12    H     C.sub.6 H.sub.5 CH.sub.2                                      

                            CH.sub.3   132    45                               

     13    H     n--C.sub.4 H.sub.9                                            

                            CH.sub.3    96    65                               

     14    H     CH.sub.3   CH.sub.3   210    58                               

     15    H     CH.sub.3   CCl.sub.3  128    42                               

     16    H     CH.sub.2   CH.sub.3   137    85                               

     17    H     C.sub.2 H.sub.5 --O--(CH.sub.2).sub.2                         

                            CH.sub.3    89    60                               

     18    H     (CH.sub.3).sub.2 CH--O--(CH.sub.2).sub.2                      

                            CH.sub.3    96    80                               

     19    H     (CH.sub.3).sub.2 CH--CH.sub.2                                 

                            CH.sub.3   122    76                               

     20    H     CH.sub.3 (CH.sub.2).sub.5                                     

                            CH.sub.3    94    84                               

     21    H     NC--CH.sub.2 --CH.sub.2                                       

                            CH.sub.3   143    30                               

     22    H     CH.sub.3 --(CH.sub.2).sub.9                                   

                            CH.sub.3    96    88                               

     23    H     C.sub.6 H.sub.5 --O--(CH.sub.2).sub.2                         

                            CH.sub.3   155    85                               

     24    CH.sub.3         CH.sub.3    86    90                               

     25    C.sub.6 H.sub.5  CH.sub.3   135    65                               

     26    C.sub.6 H.sub.5 CH.sub.2                                            

                 C.sub.2 H.sub.5                                               

                            CH.sub.3   199/0.5                                 

                                              66                               

     27    H     CH.sub.3 (CH.sub.2).sub.17                                    

                            CH.sub.3   105    80                               

     28    H     C.sub.2 H.sub.5                                               

                            CH.sub.3 (CH.sub.2).sub.16                         

                                        42    75                               

     29    CH.sub. 3                                                           

                 CH.sub.3   (CH.sub.3).sub.2 CH--O--(CH.sub.2).sub.2           

                                       174/0.3                                 

                                              65                               

     30    CH.sub.3 O(CH.sub.2).sub.2                                          

                 CH.sub.3   C.sub.2 H.sub.5                                    

                                        65    85                               

     31    C.sub.6 H.sub.5                                                     

                 CH.sub.3   (CH.sub.3).sub.2 CH--O--(CH.sub.2).sub.2           

                                        72    75                               

     32    H     CH.sub.3   n--C.sub.4 H.sub.9 --O--(CH.sub.2).sub.2           

                                        70    60                               

     33    H     CH.sub.3   n--C.sub.3 H.sub.7 --O--(CH.sub.2).sub.2           

                                        69    65                               

     34    H     CH.sub.3   CH.sub.3 --CH--(CH.sub.2).sub.2                    

                                        84    78                               

                            .vertline.                                         

                            OCH.sub.3                                          

     __________________________________________________________________________

PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
PAR  It should be noted that these new compounds, in which R.sup.1 of the
      general formula is hydrogen only and R.sup.3 is methyl only, whereas
      R.sup.2 is a hydrocarbon group with four to eight carbon atoms, such as
      alkyl with four to eight carbon atoms, cyclohexyl, cyclohexylmethyl (i.e.,
      hexahydrobenzyl), cyclohexylethyl and phenyl ethyl, show a remarkable good
      activity. The following new compounds are given as an example:
PA1  4-methyl-2-thiazolone-5-carboxylic acid n-butyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid n-hexyl ester
PA1  4-methyl-2-thiazolone-5-carboxylic acid cyclohexyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid cyclohexylmethyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid cyclohexylethyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid phenylethyl ester.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 2-thiazolone-5-carboxylic esters of the formula
      ##SPC7##
PAL  in which
PA1  R.sup.2 is alkyl of four to eight carbon atoms, cyclohexyl,
      cyclohexylmethyl, cyclohexylethyl or phenyl ethyl.
NUM  2.
PAR  2. A compound according to claim 1, wherein the ester is:
PA1  4-methyl-2-thiazolone-5-carboxylic acid n-butyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid n-hexyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid cyclohexyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid cyclohexylmethyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid cyclohexylethyl ester,
PA1  4-methyl-2-thiazolone-5-carboxylic acid phenylethyl ester.
NUM  3.
PAR  3. A compound according to claim 1, wherein the ester is
      4-methyl-2-thiazolone-5-carboxylic acid phenethyl ester of the formula
      ##SPC8##
PATN
WKU  039324370
SRC  5
APN  3878392
APT  1
ART  122
APD  19730813
TTL  Multistep synthesis for certain 1,3,4-thiadiazoles and intermediate
ISD  19760113
NCL  3
ECL  1,3
EXP  Gallagher; R.
INVT
NAM  Doyle, Jr.; William C.
CTY  Leawood
STA  KS
INVT
NAM  Hedrich; Loren W.
CTY  Overland Park
STA  KS
ASSG
NAM  Gulf Research & Development Company
CTY  Pittsburgh
STA  PA
COD  02
RLAP
COD  74
APN  177178
APD  19710901
PSC  01
PNO  3824247
RLAP
COD  82
APN  119417
APD  19710226
PSC  04
CLAS
OCL  2603068D
XCL  2602471M
EDF  2
ICL  C07D27752
FSC  260
FSS  306.8 D;247.1 M
UREF
PNO  2744907
ISD  19560500
NAM  Young
OCL  260306.8D
UREF
PNO  3033901
ISD  19720500
NAM  Song
OCL  260306.8D
UREF
PNO  3726892
ISD  19730400
NAM  Cebalo
OCL  260306.8D
FREF
PNO  2,209,010
ISD  19720800
CNT  DT
OCL  260306.8D
OREF
PAL  Wagner et al., Synthetic Organic Chemistry, N.Y.C., John Wiley & Sons,
      1953, pp. 645, 647 and 821-823.
ABST
PAL  The industrial herbicide
      5-(1,3,3-trimethylureido)-N,N-dimethyl-1,3,4-thiadiazole-2-sulfonamide and
      other compounds of similar structure may be made by a novel procedure in
      which the first step is the oxidative chlorination of a
      2-alkylamino-5-mercapto-1,3,4-thiadiazole to yield the corresponding
      sulfonyl chloride. The subject compound which possesses five methyl
      substituent groups is more effective as a herbicide than compounds which
      contain other alkyl substituents or a lesser number of methyl
      substituents.
PARN
PAR  This application is a division of application Ser. No. 177,178 filed Sept.
      1, 1971, now U.S. Pat. No. 3,824,247, which is a continuation-in-part of
      application Ser. No. 119,417 filed Feb. 26, 1971. The disclosure of Ser.
      No. 119.417 is incorporated herein by reference.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  U.S. Ser. No. 119,417 which is incorporated herein by reference discloses a
      new class of highly phytotoxic substances which may be applied to the
      locus of unwanted vegetation to effect control, either pre- or
      post-emergently. Effective compounds have the structural formula:
      ##SPC1##
PAL  In which R.sup.1 and R.sup.2 are selected from hydrogen, lower cycloalkyl,
      lower alkyl, alkoxy, cyanoalkyl, aralkyl, alkoxyalkyl, alkylaminoalkyl,
      lower alkenyl and lower alkynyl substutients and heterocyclic structures
      in which R.sup.1 and R.sup.2 are together alkylene or oxyalkylene with two
      to five carbon atoms, R.sup.3 is hydrogen, methyl or ethyl, R.sup.4 is
      hydrogen or lower alkyl, R.sup.5 is selected from lower alkyl, lower
      alkenyl and lower cycloalkyl substituents and X is oxygen or sulfur.
PAR  In the aforementioned application many specific compounds of the class are
      disclosed having a high degree of phytotoxicity and varied selectivity. It
      has been discovered that one of the compounds of this class,
      5-(1,3,3-trimethylureido)-N,N-dimethyl-1,3,4-thiadiazole-2-sulfonamide, is
      an unusually effective herbicide of the type which is used industrially to
      prevent growth of weeds in railroad right-of-ways and in other areas where
      uncontrolled growth of vegetation is undesirable. In the aforementioned
      application, methods of synthesis of the new herbicides are also
      disclosed. A new, more direct method of synthesis of this class of
      herbicides has been discovered in which it has been found unnecessary to
      protect a free amino substitutent on the thiadiazole nucleus during
      oxidative chlorination. The method of synthesis of the class of herbicides
      and use of a superior member of the class to control a large number of
      species of plant life are specifically exemplified below.
PAL  Herbicide Synthesis
PAR  On the basis of disclosures in the chemical literature, particularly Roblin
      and Clapp, [J. Am. Chem. Soc. 72 4890 (1950)], the presence of a free
      amine function on the thiadiazole molecule precludes the conversion of the
      mercapto group to the corresponding sulfonyl chloride by oxidative
      chlorination. Oxidative chlorination is a well known technique, most
      conveniently operated by introducing chlorine into dilute aqueous
      hydrochloric acid reaction medium at room temperature or below, with the
      substance to be chlorinated present in solution or suspension. (See, for
      example, the publication by Petrow et al J. Chem. Soc. 1958, p. 1508).
      Amines are known to interfere with the reaction. Consequently a preferred
      approach to synthesis of the desired class of compounds has involved
      protection of the free amine group prior to oxidative chlorination, as
      shown below in the synthesis scheme which was disclosed in U.S. Ser. No.
      119,417:
      ##SPC2##
PAR  We have discovered, however, that protection of the amino substituent on
      the thiadiazole nucleus is unnecessary in the formation of the
      corresponding sulfonyl chloride by oxidative chlorination of the mercapto
      substituent. As a result of this discovery, herbicides of this class have
      now been synthesized by means of a more convenient and direct method,
      which consists of the following steps performed in sequence:
PAR  a. Chlorinating under oxidizing conditions an amine having the structural
      formula
      ##SPC3##
PAL  in which R.sup.3 may be methyl or ethyl to yield a corresponding sulfonyl
      chloride having the structural formula
      ##SPC4##
PAR  b. reacting the sulfonyl chloride produced in step (a) with a secondary
      amine of the structural formula
      ##EQU1##
      in which R.sup.1 may be hydrogen or lower alkyl and R.sup.2 may be
      hydrogen or lower alkyl or R.sup.1 and R.sup.2 together form a ring with
      the nitrogen atom to yield a sulfonamide having the structural formula
      ##SPC5##
PAR  c. reacting the sulfonamide produced in step (b) with a carbamyl chloride
      or isocyanate having one of the structural formulae
      ##EQU2##
      or
EQU  R.sup.4 NCO
PAL  or preferably reacting the amine substituent with phosgene in inert solvent
      followed by reacting the resulting carbamyl chloride with an amine having
      the structural formula
      ##EQU3##
      in which  R.sup.4 may be lower alkyl, preferably methyl and R.sup.5 may be
      hydrogen or lower alkyl to yield a phytotoxic ureidothiadiazolesulfonamide
      having the structural formula:
      ##SPC6##
PAR  More specifically, the route to a superior industrial type herbicide
      composition is shown in the following scheme, in which alternate methods
      of carbamylation are outlined.
      ##SPC7##
DETD
PAR  The synthesis of this compound is specifically exemplified as follows:
PAC  PREPARATION OF 2-METHYLAMINO-5-CHLOROSULFONYL-1,3,4-THIADIAZOLE
PAR  A rapid stream of chlorine is passed into a well stirred slurry of 55.0 g
      (0.374 mols) of 2-methylamino-5-mercapto-1,3,4-thiadiazole in 1,800 ml of
      10% hydrochloric acid. While maintaining the temperature at 0.degree. to
      (-10.degree.) by cooling in an ice-salt bath, the chlorine addition is
      continued until no more chlorine is absorbed and the reaction mixture has
      a definite yellow color. Filtration of the solid and thorough washing with
      water gives 71.2 g of 2-methylamino-5-chlorosulfonyl-1,3,4-thiadiazole,
      m.p. 87.degree. (dec.).
TBL  ______________________________________                                    

     Analysis:      Calc'd.      Found                                         

                    C 31.80      31.59                                         

                    H  4.58       4.45                                         

                    N 21.19      21.44                                         

     ______________________________________                                    

PAC  PREPARATION OF 2-METHYLAMINO-1,3,4-THIADIAZOLE-5-N,N-DIMETHYLSULFONAMIDE
PAR  To a solution of 24.0 g (0.133 mols) of 25% aqueous dimethylamine in 70 ml
      dioxane is added slowly 2-methylamino-5-chlorosulfonyl-1,3,4-thiadiazole
      (the damp filter cake from oxidative chlorination of 9.5 g, 0.0645 mols,
      of 2-methylamino-5-mercapto-1,3,4-thiadiazole) while stirring in an ice
      bath. After an additional 1 to 2 hours stirring, the mixture is diluted 3-
      to 4-fold with water, filtered and the crystalline product washed with
      water. The 2-methylamino-1,3,4-thiadiazole-5-N,N-dimethylsulfonamide (70%
      overall yield from I) melts at 168.degree.-70.degree..
TBL  ______________________________________                                    

     Analysis:      Calc'd       Found                                         

                    C 27.00      26.79                                         

                    H  4.50       4.51                                         

                    N 25.25      25.13                                         

     ______________________________________                                    

PAC  PREPARATION OF 2-ETHYLAMINO-1,3,4-THIADIAZOLE-5-N-ETHYLSULFONAMIDE
PAR  Repeating the above procedure and reacting the damp filter cake (the dry
      product is unstable) from oxidative chlorination of 25.0 g of
      2-ethylamino-5-mercapto-1,3,4-thiadiazole with 19.0 g of 70% aqueous
      ethylamine in 100 ml of dioxane gave 17.9 g of
      2-ethylamino-1,3,4-thiadiazole-5-N-ethylsulfonamide, m.p.
      137.degree.-9.degree..
PAC  PREPARATION OF
      2-(1,1,3-TRIMETHYLUREIDO)-1,3,4-THIADIAZOLE-5-N,N-DIMETHYLSULFONAMIDE
PAR  To a solution of 42.0 g (0.19 mols) of
      2-methylamino-1,3,4-thiadiazole-5-N,N-dimethylsulfonamide in 225 ml of
      dimethylformamide is added, with ice-bath cooling, 10.2 g of a 57% oil
      dispersion of sodium hydroxide. After stirring 30 minutes at room
      temperature 20.4 g (0.19 mole) of N,N-dimethylcarbamyl chloride is added
      slowly, without cooling, with the reaction temperature rising to about
      55.degree.. The mixture is then heated to 90.degree. for 3 hours, vacuum
      stripped, and the residue partitioned between benzene and water. The
      benzene layer is separated, evaporated and the residue is triturated with
      hexane to give 43 g of
      2-(1,1,3-trimethylureido)-1,3,4-thiadiazole-5-N,N-dimethylsulfonamide,
      m.p. 103.degree.-5.degree..
PAR  The following method, based on simple, cheap raw materials is preferred for
      conversion of the amino-substituted thiadiazolesulfonamide to the
      corresponding ureido substituted compound.
PAC  REACTION OF 2-METHYLAMINO-1,3,4-THIADIAZOLE-5-N,N-DIMETHYLSULFONAMIDE WITH
      PHOSGENE AND DIMETHYLAMINE
PAR  Phosgene is bubbled into a well stirred slurry of 10.0 g of
      2-methylamino-1,3,4-thiadiazole-5-N,N-dimethylsulfonamide and 100 ml of
      dry toluene heated to 90.degree.-100.degree.. The solid starting material
      slowly dissolves and the phosgene addition is continued 30 minutes after a
      clear solution results. While maintaininig the temperature at
      90.degree.-100.degree. a rapid stream of nitrogen is passed through the
      solution for 1 hour to remove the excess phosgene. The toluene solution is
      filtered to remove a trace of gummy precipitate, cooled to
      20.degree.-25.degree. and 12.0 g of 40% aqueous dimethylamine is added
      slowly, keeping the temperature below 30.degree.. The mixture is then
      heated to 50.degree.-60.degree. for 30 minutes, cooled, washed with two
      100 ml portions of water and the toluene is removed under vacuum. The
      crystalline residue is slurried with hexane and filtered to give 10.0 g
      (76% yield) of
      2-(1,3-dimethylureido)-1,3,4-thiadiazole-5-N,N-dimethylsulfonamide, m.p.
      101.degree.-5.degree..
PAR  Carrying out the reaction in the same way, except that the
      2-methylamin-1,3,4-thiadiazole-5-N,N-dimethylsulfonamide was first
      converted to the hydrochloride in a stream of anhydrous hydrogen chloride
      gave a 78% yield of product, m.p. 101.degree.-2.degree..
PAR  Specific compounds which are illustrative of the class of herbicides which
      may be manufactured by the improved method of this invention are listed in
      Table I.
      ##SPC8##
TBL        No. of                                                              

           CH.sub.3                                                            

     Compound                                                                  

           Groups                                                              

               R.sup.1                                                         

                     R.sup.2                                                   

                            R.sup.3                                            

                                R.sup.4                                        

                                    R.sup.5                                    

                                        Melting Point .degree.C                

     __________________________________________________________________________

     No.                                                                       

        1  1   H     H      H   H   CH.sub.3                                   

                                        &gt;310                                   

        2  2   H     CH.sub.3                                                  

                            H   H   CH.sub.3                                   

                                        227-228                                

        3  3   H     CH.sub.3                                                  

                            CH.sub.3                                           

                                H   CH.sub.3                                   

                                        158-160                                

        4  3   CH.sub.3                                                        

                     CH.sub.3                                                  

                            H   H   CH.sub.3                                   

                                        193-196                                

        5  4   CH.sub.3                                                        

                     CH.sub.3                                                  

                            CH.sub.3                                           

                                H   CH.sub.3                                   

                                        211-214                                

        6  5   CH.sub.3                                                        

                     CH.sub.3                                                  

                            CH.sub.3                                           

                                CH.sub.3                                       

                                    CH.sub.3                                   

                                        103-105                                

        7  0   C.sub.2 H.sub.5                                                 

                     C.sub.2 H.sub.5                                           

                            C.sub.2 H.sub.5                                    

                                C.sub.2 H.sub.5                                

                                    C.sub.2 H.sub.5                            

                                        (Liquid) b.p. 203-205.degree./0.3mm    

                                        hg                                     

        8  1   H     CH.sub.2 =CHCH.sub.2                                      

                            H   H   CH.sub.3                                   

                                        193-194.5                              

        9  1   H     n-C.sub.4 H.sub.9                                         

                            H   H   CH.sub.3                                   

                                        183-185                                

        10 1   H     t-C.sub.4 H.sub.9                                         

                            H   H   CH.sub.3                                   

                                        245-246 (decomp.)                      

        11 3   CH.sub. 3 O                                                     

                     CH.sub.3                                                  

                            CH.sub.3                                           

                                H   CH.sub.3                                   

                                        216.5-217                              

        12 1   --CH.sub.2 CH.sub.3                                             

                     OCH.sub.2 CH.sub.2 --                                     

                            H   H   CH.sub.3                                   

                                        229-230                                

     __________________________________________________________________________

PAL  Combating Unwanted Vegetation
PAR  The novel herbicides are effective when used both post- and pre-emergently.
      There is described below an illustrative procedure for herbicidal use of
      the compounds under controlled conditions in the greenhouse so as to
      obtain data on phytotoxic activity and selectivity.
PAR  1. Post-Emergent Use
PAR  An aqueous dispersion of each active compound was prepared by combining 0.4
      gram of the compound with about 4 ml of a solvent-emulsifier mixture (3
      parts of a commercial polyoxyethylated vegetable oil emulsifier, one part
      xylene, one part kerosene) and then adding water, with stirring, to a
      final volume of 40 ml.
PAR  The 24 species of plants on which each compound was to be tested were
      planted in disposable plastic pots in a greenhouse. Ten to 18 days after
      emergence of the plants, three pots of each species were sprayed at each
      rate with an aqueous dispersion of the active compound prepared as
      described above, at rates of both 1 lb and 3 lb of active compound per
      acre and at a spray volume of 60 gallons per acre. Approximately 1 week
      after the spray application the plants were observed and the results rated
      according to the following schedule.
TBL                DEGREE OF EFFECT                                            

     ______________________________________                                    

     0 =             no effect                                                 

     1 =             slight effect                                             

     2 =             moderate effect                                           

     3 =             severe effect                                             

     4 =             maximum effect                                            

                     (all plants died)                                         

     ______________________________________                                    

PAR  The same rating schedule was employed to judge pre-emergent results
      obtained according to the procedure below.
PAR  2. Pre-Emergent Use
PAR  A solution of each active compound was prepared by dissolving 290 mg of the
      compound to be tested in 200 ml of acetone. Disposable paper trays about 2
      1/2 inches deep were filled with soil and sprayed with the acetone
      solution at rates of 3 lb and 1 lb of active chemical per acre of sprayed
      area, were seeded with 24 species of plant seeds and were then covered
      with about 1/4 inch of soil. Twenty-one days after seeding and treatment
      the plantings were examined and herbicidal effect was rated according to
      the above schedule.
PAR  Both post-emergent and pre-emergent results are set forth in Table II.
      Compound No. 1 did not show a significant herbicidal effect in the
      pre-emergence test and no data are given. Compound No. 11 did not show a
      significant effect in either the pre- or post-emergence tests at either 1
      lb or 3 lb per acre.
TBL                TABLE II                                                    

     ______________________________________                                    

     COMPOUND NO. 1                                                            

     MODE OF          POST                                                     

     APPLICATION      3 lb/A      1 lb/A                                       

     ______________________________________                                    

     Plant Species                                                             

     Cocklebur        1           0                                            

     Lambsquarter     1           0                                            

     Morning Glory    1           0                                            

     Pigweed          1           0                                            

     Wild Buckwheat   2           0                                            

     Wild Mustard     1           0                                            

     Barnyard Grass   0           0                                            

     Crabgrass        0           0                                            

     Downy Brome      0           0                                            

     Giant Foxtail    0           0                                            

     Green Foxtail    0           0                                            

     Nutsedge         0           0                                            

     Shattercane      0           0                                            

     Wild Oats        0           0                                            

     Alfalfa          0           0                                            

     Cotton           1           0                                            

     Peanut           0           0                                            

     Soybean          1           0                                            

     Sugar Beets      1           0                                            

     Tomato           1           0                                            

     Corn             0           0                                            

     Grain Sorghum    0           0                                            

     Rice             0           0                                            

     Wheat            0           0                                            

     COMPOUND NO. 2                                                            

     MODE OF       PRE           POST                                          

     APPLICATION   3 lb/A   1 lb/A   3 lb/A 1 lb/A                             

     ______________________________________                                    

     Plant Species                                                             

     Cocklebur     0        0        .times.                                   

                                            .times.                            

     Lambsquarter  4        1        4      4                                  

     Morning Glory 0        0        1      1                                  

     Pigweed       4        3        4      4                                  

     Wild Buckwheat                                                            

                   2        0        4      4                                  

     Wild Mustard  4        1        4      4                                  

     Barnyard Grass                                                            

                   4        3        4      4                                  

     Crabgrass     4        3        4      4                                  

     Downy Brome   3        0        3      1                                  

     Giant Foxtail 4        2        4      4                                  

     Green Foxtail 4        2        4      4                                  

     Nutsedge      0        0        0      0                                  

     Shattercane   4        3        4      3                                  

     Wild Oats     3        1        4      4                                  

     Alfalfa       3        1        4      4                                  

     Cotton        0        0        4      4                                  

     Peanut        0        0        2      1                                  

     Soybean       0        0        4      2                                  

     Sugar Beets   1        0        4      4                                  

     Tomato        4        1        4      4                                  

     Corn          3        2        2      1                                  

     Grain Sorghum 4        2        4      3                                  

     Rice          4        3        4      3                                  

     Wheat         4        3        4      4                                  

     COMPOUND NO. 3                                                            

     MODE OF       PRE           POST                                          

     APPLICATION   3 lb/A   1 lb/A   3 lb/A 1 lb/A                             

     ______________________________________                                    

     Plant Species                                                             

     Cocklebur     4        4        4      3                                  

     Lambsquarter  4        4        4      4                                  

     Morning Glory 4        4        4      4                                  

     Pigweed       4        4        4      4                                  

     Wild Buckwheat                                                            

                   4        4        4      4                                  

     Wild Mustard  4        4        4      4                                  

     Barnyard Grass                                                            

                   4        4        4      2                                  

     Crabgrass     4        4        4      3                                  

     Downy Brome   4        4        4      1                                  

     Giant Foxtail 4        4        4      2                                  

     Green Foxtail 4        3        4      3                                  

     Nutsedge      3        0        0      0                                  

     Shattercane   4        4        4      1                                  

     Wild Oats     4        4        4      3                                  

     Alfalfa       4        3        4      4                                  

     Cotton        4        3        4      4                                  

     Peanut        3        1        4      2                                  

     Soybean       4        4        4      4                                  

     Sugar Beets   4        4        4      4                                  

     Tomato        4        4        4      4                                  

     Corn          4        2        1      0                                  

     Grain Sorghum 4        4        2      1                                  

     Rice          4        4        4      2                                  

     Wheat         4        4        4      3                                  

     COMPOUND NO. 4                                                            

     MODE OF       PRE           POST                                          

     APPLICATION   3 lb/A   1 lb/A   3 lb/A 1 lb/A                             

     ______________________________________                                    

     Plant Species                                                             

     Cocklebur     4        1        4      4                                  

     Lambsquarter  4        4        4      4                                  

     Morning Glory 4        0        4      4                                  

     Pigweed       4        4        4      1                                  

     Wild Buckwheat                                                            

                   4        1        4      4                                  

     Wild Mustard  4        4        4      4                                  

     Barnyard Grass                                                            

                   4        4        4      4                                  

     Crabgrass     4        4        4      4                                  

     Downy Brome   4        4        4      1                                  

     Giant Foxtail 4        4        4      4                                  

     Green Foxtail 4        4        4      4                                  

     Nutsedge      3        0        0      0                                  

     Shattercane   4        4        4      1                                  

     Wild Oats     4        4        4      2                                  

     Alfalfa       4        4        4      4                                  

     Cotton        4        1        4      3                                  

     Peanut        2        0        3      1                                  

     Soybean       4        4        3      1                                  

     Sugar Beets   4        4        4      4                                  

     Tomato        4        4        4      4                                  

     Corn          4        4        1      0                                  

     Grain Sorghum 4        4        3      1                                  

     Rice          4        4        4      2                                  

     Wheat         4        4        4      2                                  

     COMPOUND NO. 5                                                            

     MODE OF       PRE           POST                                          

     APPLICATION   3 lb/A   1 lb/A   3 lb/A 1 lb/A                             

     ______________________________________                                    

     Plant Species                                                             

     Cocklebur     4        4        3      1                                  

     Lambsquarter  4        4        4      4                                  

     Morning Glory 4        4        4      4                                  

     Pigweed       4        4        4      4                                  

     Wild Buckwheat                                                            

                   4        4        4      4                                  

     Wild Mustard  4        4        4      4                                  

     Barnyard Grass                                                            

                   4        4        4      3                                  

     Crabgrass     4        4        4      4                                  

     Downy Brome   4        4        4      1                                  

     Giant Foxtail 4        4        4      2                                  

     Green Foxtail 4        4        4      4                                  

     Nutsedge      4        2        0      0                                  

     Shattercane   4        4        4      1                                  

     Wild Oats     4        4        4      4                                  

     Alfalfa       4        4        4      4                                  

     Cotton        4        4        4      4                                  

     Peanut        4        3        3      1                                  

     Soybean       4        4        4      4                                  

     Sugar Beets   4        4        4      4                                  

     Tomato        4        4        4      4                                  

     Corn          4        4        3      0                                  

     Grain Sorghum 4        4        3      0                                  

     Rice          4        4        4      4                                  

     Wheat         4        4        4      4                                  

     COMPOUND NO. 6                                                            

     MODE OF       PRE           POST                                          

     APPLICATION   3 lb/A   1 lb/A   3 lb/A 1 lb/A                             

     ______________________________________                                    

     Plant Species                                                             

     Cocklebur     4        4        4      4                                  

     Lambsquarter  4        4        4      4                                  

     Morning Glory 4        4        4      4                                  

     Pigweed       4        4        4      4                                  

     Wild Buckwheat                                                            

                   4        4        4      4                                  

     Wild Mustard  4        4        4      4                                  

     Barnyard Grass                                                            

                   4        4        4      3                                  

     Crabgrass     4        4        4      2                                  

     Downy Brome   4        4        4      4                                  

     Giant Foxtail 4        4        4      3                                  

     Green Foxtail 4        4        4      4                                  

     Nutsedge       3*       3*      2      0                                  

     Shattercane   4        4        4      3                                  

     Wild Oats     4        4        4      4                                  

     Alfalfa       4        4        4      4                                  

     Cotton        4        4        4      4                                  

     Peanut        4        3        4      4                                  

     Soybean       4        4        4      4                                  

     Sugar Beets   4        4        4      4                                  

     Tomato        4        4        4      4                                  

     Corn          4        4        4      3                                  

     Grain Sorghum 4        4        4      3                                  

     Rice          4        4        4      4                                  

     Wheat         4        4        4      4                                  

     COMPOUND NO. 7                                                            

     MODE OF       PRE           POST                                          

     APPLICATION   3 lb/A   1 lb/A   3 lb/A 1 lb/A                             

     ______________________________________                                    

     Plant Species                                                             

     Cocklebur     0        0        0      0                                  

     Lambsquarter  3        3        2      0                                  

     Morning Glory 1        0        1      0                                  

     Pigweed       4        3        0      0                                  

     Wild Buckwheat                                                            

                   1        0        1      0                                  

     Wild Mustard  3        3        2      0                                  

     Barnyard Grass                                                            

                   2        0        0      0                                  

     Crabgrass     4        1        0      0                                  

     Downy Brome   1        0        0      0                                  

     Giant Foxtail 1        0        0      0                                  

     Green Foxtail 0        0        0      0                                  

     Nutsedge      0        0        0      0                                  

     Shattercane   0        0        0      0                                  

     Wild Oats     1        0        0      0                                  

     Alfalfa       1        0        1      0                                  

     Cotton        0        0        1      0                                  

     Peanut        0        0        0      0                                  

     Soybean       0        0        1      0                                  

     Sugar Beets   3        1        1      0                                  

     Tomato        3        1        1      0                                  

     Corn          0        0        0      0                                  

     Grain Sorghum 0        0        0      0                                  

     Rice          0        0        0      0                                  

     Wheat         1        0        0      0                                  

     COMPOUND NO. 8                                                            

     MODE OF       PRE           POST                                          

     APPLICATION   3 lb/A   1 lb/A   3 lb/A 1 lb/A                             

     ______________________________________                                    

     Plant Species                                                             

     Cocklebur     .times.  .times.  .times.                                   

                                            .times.                            

     Lambsquarter  4        4        4      4                                  

     Morning Glory 0        0        1      1                                  

     Pigweed       4        4        4      4                                  

     Wild Buckwheat                                                            

                   2        1        4      4                                  

     Wild Mustard  3        0        4      4                                  

     Barnyard Grass                                                            

                   4        3        4      1                                  

     Crabgrass     4        3        4      3                                  

     Downy Brome   4        3        3      1                                  

     Giant Foxtail 4        3        4      2                                  

     Green Foxtail 3        1        4      1                                  

     Nutsedge      0        0        0      0                                  

     Shattercane   3        1        2      0                                  

     Wild Oats     4        2        3      1                                  

     Alfalfa       1        0        3      2                                  

     Cotton        0        0        3      1                                  

     Peanut        0        0        1      0                                  

     Soybean       2        0        2      2                                  

     Sugar Beets   4        1        4      3                                  

     Tomato        4        3        4      4                                  

     Corn          4        1        2      1                                  

     Grain Sorghum 3        1        2      0                                  

     Rice          4        3        3      1                                  

     Wheat         4        4        3      1                                  

     COMPOUND NO. 9                                                            

     MODE OF       PRE           POST                                          

     APPLICATION   3 lb/A   1 lb/A   3 lb/A 1 lb/A                             

     ______________________________________                                    

     Plant Species                                                             

     Cocklebur     .times.  .times.  .times.                                   

                                            .times.                            

     Lambsquarter  4        4        4      4                                  

     Morning Glory 0        0        2      1                                  

     Pigweed       4        4        4      4                                  

     Wild Buckwheat                                                            

                   1        0        4      3                                  

     Wild Mustard  4        0        4      4                                  

     Barnyard Grass                                                            

                   3        2        3      3                                  

     Crabgrass     3        3        4      3                                  

     Downy Brome   3        1        2      1                                  

     Giant Foxtail 3        2        3      2                                  

     Green Foxtail 2        1        4      2                                  

     Nutsedge      0        0        0      0                                  

     Shattercane   1        0        2      0                                  

     Wild Oats     3        2        3      1                                  

     Alfalfa       1        0        4      3                                  

     Cotton        0        0        3      0                                  

     Peanut        0        0        1      0                                  

     Soybean       1        0        3      3                                  

     Sugar Beets   4        1        4      3                                  

     Tomato        4        0        4      4                                  

     Corn          1        0        2      0                                  

     Grain Sorghum 1        0        2      0                                  

     Rice          3        2        2      1                                  

     Wheat         4        3        2      1                                  

     COMPOUND NO. 10                                                           

     MODE OF       PRE           POST                                          

     APPLICATION   3 lb/A   1 lb/A   3 lb/A 1 lb/A                             

     ______________________________________                                    

     Plant Species                                                             

     Cocklebur     .times.  .times.  .times.                                   

                                            .times.                            

     Lambsquarter  3        1        1      0                                  

     Morning Glory 0        0        0      0                                  

     Pigweed       4        2        1      0                                  

     Wild Buckwheat                                                            

                   0        0        1      0                                  

     Wild Mustard  0        0        2      0                                  

     Barnyard Grass                                                            

                   2        0        0      0                                  

     Crabgrass     3        0        0      0                                  

     Downy Brome   1        0        0      0                                  

     Giant Foxtail 2        0        0      0                                  

     Green Foxtail 1        0        0      0                                  

     Nutsedge      0        0        0      0                                  

     Shattercane   0        0        0      0                                  

     Wild Oats     0        0        0      0                                  

     Alfalfa       0        0        0      0                                  

     Cotton        0        0        0      0                                  

     Peanut        0        0        0      0                                  

     Soybean       0        0        1      1                                  

     Sugar Beets   4        0        2      1                                  

     Tomato        1        1        2      1                                  

     Corn          0        0        0      0                                  

     Grain Sorghum 0        0        0      0                                  

     Rice          1        0        0      0                                  

     Wheat         1        0        0      0                                  

     COMPOUND NO. 12                                                           

     MODE OF       PRE           POST                                          

     APPLICATION   3 lb/A   1 lb/A   3 lb/A 1 lb/A                             

     ______________________________________                                    

     Plant Species                                                             

     Cocklebur     0        0        2      1                                  

     Lambsquarter  4        4        4      3                                  

     Morning Glory 1        0        2      1                                  

     Pigweed       4        4        4      4                                  

     Wild Buckwheat                                                            

                   0        0        4      3                                  

     Wild Mustard  1        0        4      3                                  

     Barnyard Grass                                                            

                   4        3        2      0                                  

     Crabgrass     4        1        4      1                                  

     Downy Brome   4        0        2      0                                  

     Giant Foxtail 4        1        3      0                                  

     Green Foxtail 4        4        4      3                                  

     Nutsedge      0        0        0      0                                  

     Shattercane   4        2        0      0                                  

     Wild Oats     4        4        1      0                                  

     Alfalfa       4        4        4      4                                  

     Cotton        1        0        4      4                                  

     Peanut        0        0        1      1                                  

     Soybean       0        0        3      1                                  

     Sugar Beets   4        1        4      4                                  

     Tomato        4        3        4      4                                  

     Corn          2        1        0      0                                  

     Grain Sorghum 4        2        0      0                                  

     Rice          4        4        1      0                                  

     Wheat         4        4        2      1                                  

     ______________________________________                                    

      0= no injury                                                             

      4= complete kill                                                         

      *- all plants died in about 1 to 2 additional weeks                      

PAR  The relative effectiveness of 12 compounds having various combinations of
      substituents on 24 plant species was summarized by adding the scores at
      both application levels of 1 pound per acre and 3 pounds per acre and
      comparing the totals. The comparative results appear in the following
      table from which it is clearly apparent that the compound
      5-(1,3,3-trimethylureido)-N,N-dimethyl-1,3,4-thiadiazole-2-sulfonamide
      out-performed all of the compounds which contained a lesser number of
      methyl substituent groups.
      ##SPC9##
TBL                                    TABLE III                               

     __________________________________________________________________________

          No. of                                                               

     Com- CH.sub.3                   PRE         POST                          

     pound                                                                     

          Groups                                                               

              R.sup.1                                                          

                  R.sup.2                                                      

                         R.sup.3                                               

                             R.sup.4                                           

                                 R.sup.5                                       

                                     .SIGMA.3 lb/A                             

                                           .SIGMA.1 lb/A                       

                                                 .SIGMA.3 lb/A                 

                                                       .SIGMA.1                

                                                             .SIGMA.(Total)    

     __________________________________________________________________________

     No.                                                                       

        1 1   H   H      H   H   CH.sub.3                                      

                                     --    --    11    0     11                

        2 2   H   CH.sub.3                                                     

                         H   H   CH.sub.3                                      

                                     63    31    80    71    245               

        3 3   H   CH.sub.3                                                     

                         CH.sub.3                                              

                             H   CH.sub.3                                      

                                     94    84    87    66    331               

        4 3   CH.sub.3                                                         

                  CH.sub.3                                                     

                         H   H   CH.sub.3                                      

                                     93    75    86    63    317               

        5 4   CH.sub.3                                                         

                  CH.sub.3                                                     

                         CH.sub.3                                              

                             H   CH.sub.3                                      

                                     96    93    88    69    346               

        6 5   CH.sub.3                                                         

                  CH.sub.3                                                     

                         CH.sub.3                                              

                             CH.sub.3                                          

                                 CH.sub.3                                      

                                     95    94    94    89    372               

        7 0   C.sub.2 H.sub.5                                                  

                  C.sub.2 H.sub.5                                              

                         C.sub.2 H.sub.5                                       

                             C.sub.2 H.sub.5                                   

                                 C.sub.2 H.sub.5                               

                                     29    12    11    0     52                

        8 1   H   CH.sub.2 =CHCH.sub.2                                         

                         H   H   CH.sub.3                                      

                                     65    38    68    41    212               

        9 1   H   n-C.sub.4 H.sub.9                                            

                         H   H   CH.sub.3                                      

                                     50    25    66    43    184               

        10                                                                     

          1   H   t-C.sub.4 H.sub.9                                            

                         H   H   CH.sub.3                                      

                                     23     4    10    3      40               

     11   3   CH.sub.3 O                                                       

                  CH.sub.3                                                     

                         CH.sub.3                                              

                             H   CH.sub.3                                      

                                      7 at 10 lb/A                             

                                                 2 at 5 lb/A &lt;12               

     12   1   --CH.sub.2 CH.sub.3 OCH.sub.2 CH.sub.2 --                        

                         H   H   CH.sub.3                                      

                                     65    42    59    38    204               

                         Perfect Score                                         

                                     96    96    96    96    384               

     __________________________________________________________________________

PAR  In the total scores tabulated above, compound No. 5 appears to also be
      fairly effective. However, over a period of several months the weed
      control obtained with compound No. 6 appears to remain nearly complete,
      while with compound No. 5 there is a resurgence of weed growth. The reason
      becomes apparent when the two compounds are tested at lower application
      rates. Results obtained by comparing the two compounds at an application
      rate of 1/4 lb per acre appear in Table IV. It is evident from these
      results that as the concentration of herbicide in the soil decreases,
      compound No. 5 becomes ineffective, while compound No. 6 continued to give
      complete control of a number of species.
TBL                TABLE IV                                                    

     ______________________________________                                    

     COMPARISON OF PRE-EMERGENT EFFECTIVENESS                                  

     AT 1/4 LB. PER ACRE                                                       

     COMPOUND         NO. 5       NO. 6                                        

     ______________________________________                                    

     Plant Species                                                             

     Pigweed          3           4                                            

     Lambsquarter     4           4                                            

     Crabgrass        1           4                                            

     Downy Brome      1           4                                            

     Giant Foxtail    1           4                                            

     Nutsedge         0           0                                            

     Peanut           0           0                                            

     Cotton           0           4                                            

     Tomato           3           4                                            

     Sugar Beet       0           4                                            

     Wild Buckwheat   0           4                                            

     Wild Mustard     2           4                                            

     Cocklebur        1           4                                            

     Morning Glory    1           4                                            

     Soybean          1           4                                            

     Barnyard Grass   1           4                                            

     Green Foxtail    1           4                                            

     Alfalfa          0           4                                            

     Corn             0           2                                            

     Grain Sorghum    1           3                                            

     Shattercane      1           4                                            

     Wheat            2           4                                            

     Wheat            2           4                                            

     Wild Oats        1           4                                            

     Rice             4           4                                            

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. The method of manufacturing a herbicidal composition consisting of the
      following steps, performed in sequence:
PA1  a. Chlorinating under oxidizing conditions an amine having the structural
      formula
      ##SPC10##
PAL  in which R.sup.3 may be methyl or ethyl to yield a corresponding sulfonyl
      chloride having the structural formula
      ##SPC11##
PA1  b. reacting the sulfonyl chloride produced in Step (a) with a secondary
      amine of the structural formula
      ##EQU4##
      in which R.sup.1 may be hydrogen or C.sub.1 to C.sub.4 lower alkyl and
      R.sup.2 may be hydrogen or C.sub.1 to C.sub.4 lower alkyl or R.sup.1 and
      R.sup.2 together may form a morpholino ring with the nitrogen atom to
      yield a sulfonamide having the structural formula
      ##SPC12##
PA1  c. reacting the sulfonamide produced in step (b) with a carbamyl chloride
      or isocyanate having one of the structural formulae
      ##EQU5##
      or R.sup.4 NCO or reacting the amine substituent group with phosgene in an
      inert solvent, followed by reacting the resulting carbamyl chloride with
      an amine having the structural formula
      ##EQU6##
      in which R.sup.4 may be hydrogen, methyl or ethyl and R.sup.5 may be
      hydrogen or C.sub.1 to C.sub.4 lower alkyl to yield a phytotoxic
      ureidothiadiazolesulfonamide having the structural formula
      ##SPC13##
NUM  2.
PAR  2. The method of manufacturing a herbicidal composition comprising the
      steps
PA1  a. chlorinating under oxidizing conditions the amine having the structural
      formula
      ##SPC14##
PAL  to yield the corresponding sulfonyl chloride having the structural formula
      ##SPC15##
PA1  b. reacting the sulfonyl chloride produced in step (a) with a secondary
      amine having the structural formula
      ##EQU7##
      to yield a sulfonamide having the structural formula
      ##SPC16##
PA1  c. reacting the sulfonamide produced in step (b) with phosgene in an inert
      organic solvent followed by reacting the resulting carbamyl chloride with
      dimethylamine to yield a phytotoxic ureidothiadiazolesulfonamide having
      the structural formula
      ##SPC17##
NUM  3.
PAR  3. The sulfonyl chloride having the structural formula
      ##SPC18##
PAL  in which R.sup.3 is methyl or ethyl.
PATN
WKU  039324389
SRC  5
APN  4416112
APT  1
ART  122
APD  19740211
TTL  1-(5-Trifluoromethyl-1,3,4-thiadiazo
     l-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidin-2-one
ISD  19760113
NCL  1
ECL  1
EXP  Gallagher; Richard J.
DCD  19920826
INVT
NAM  Krenzer; John
CTY  Oak Park
STA  IL
ASSG
NAM  Velsicol Chemical Corporation
CTY  Chicago
STA  IL
COD  02
RLAP
COD  72
APN  375203
APD  19730629
PSC  03
CLAS
OCL  2603068D
XCL   71 90
EDF  2
ICL  C07D28512
FSC  260
FSS  306.8 D
UREF
PNO  3759939
ISD  19730900
NAM  Metzger et al.
OCL  260306.8D
LREP
FR2  Schwarz; Robert J.
FR2  Olesch; Dietmar H.
ABST
PAL  This invention discloses the compound
      1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazo
     lidin-2-one and its use as a herbicide.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 375,203, filed June 29, 1973, now abandoned.
BSUM
PAR  This invention relates to a new composition of matter and more specifically
      relates to the compound
      1-(5-trifluoromethyl-1,3,4-thiadiazol-2yl)-3-methyl-5-hydroxy-1,3-imidazol
     idin-2-one. The compound of the present invention has the following
      structural formula:
      ##SPC1##
PAR  The compound of the present invention has unexpected utility as a herbicide
     .
DETD
PAR  The manner in which the compound of this invention can be prepared readily
      is illustrated in the following examples.
PAC  EXAMPLE 1
PAC  Preparation of 5-Trifluoromethyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) was charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-trifluoromethyl-2-amino-1,3,4-thiadiazole (45 grams) in ethyl acetate
      (300 ml) was added to the reaction vessel and the resulting mixture was
      stirred for a period of about 16 hours resulting in the formation of
      precipitate. The reaction mixture was then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture was filtered to recover 48
      grams of a white solid. This solid was recrystallized from dimethyl
      formamide to yield the desired product
      5-trifluoromethyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE2
PAC  Preparation of the Dimethyl Acetal of
      2-[1-methyl-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-trifuoromethyl-1,3,4-thiadiazol-2-yl isocyanate dimer (9.5
      grams), the dimethyl acetal of 2-methylaminoacetaldehyde (5.8 grams) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. This product was recrystallized from heptane to yield the desired
      product the dimethyl acetal of
      2-[1-methyl-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
      having a melting point of 101.degree. to 102.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of
      1-(5-Trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazo
     lidin-2-one
PAR  The dimethyl acetal of
      2-[1-methyl-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
      (15 grams), water (400 ml) and hydrochloric acid (4 ml) were charged into
      a glass reaction vessel equipped with a mechanical stirrer, thermometer
      and reflux condenser. The reaction mixture was heated at reflux for a
      period of about 15 minutes. The reaction mixture was then filtered while
      hot and the filtrate was cooled resulting in the formation of a
      precipitate. The precipitate was recovered by filtration, was dried and
      was recrystallized from an ethyl acetate-hexane mixture to yield the
      desired product
      1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazo
     lidin-2-one having a melting point of 136 to 138.degree.C.
PAR  For practical use as a herbicide the compound of this invention is
      generally incorporated into herbicidal compositions which comprise an
      inert carrier and a herbicidally toxic amount of the compound. Such
      herbicidal compositions, which can also be called formulations, enable the
      active compound to be applied conveniently to the site of the weed
      infestation in any desired quantity. These compositions can be solids such
      as dusts, granules, or wettable powders; or they can be liquids such as
      solutions, aerosols, or emulsifiable concentrates.
PAR  For example, dusts can be prepared by grinding and blending the active
      compound with a solid inert carrier such as the talcs, clays, silicas,
      pyrophyllite, and the like. Granular formulations can be prepared by
      impregnating the compound, usually dissolved in a suitable solvent, onto
      and into granulated carriers such as the attapulgites or the vermiculites,
      usually of a particle size range of from about 0.3 to 1.5 mm. Wettable
      powders, which can be dispersed in water or oil to any desired
      concentration of the active compound, can be prepared by incorporating
      wetting agents into concentrated dust compositions.
PAR  In some cases the active compound is sufficiently soluble in common organic
      solvents such as kerosene or xylene so that it can be used directly as a
      solution in these solvents. Frequently, solutions of herbicides can be
      dispersed under superatmohspheric pressure as aerosols. However, preferred
      liquid herbicidal compositions are emulsifiable concentrates, which
      comprise the active compound according to this invention and as the inert
      carrier, a solvent and an emulsifier. Such emulsifiable concentrates can
      be extended with water and/or oil to any desired concentration of active
      compound for application as sprays to the site of the weed infestation.
      The emulsifiers most commonly used in these concentrates are nonionic or
      mixtures of nonionic with anionic surface-active agents. With the use of
      some emulsifier systems an inverted emulsion (water in oil) can be
      prepared for direct application to weed infestations.
PAR  A typical herbicidal composition according to this invention is illustrated
      by the following example, in which the quantities are in parts by weight.
PAC  EXAMPLE 4
PAC  Preparation of a Dust
     Product of Example 3                                                      

                       10                                                      

     Powdered Talc     90                                                      

PAR  The above ingredients are mixed in a mechanical grinder-blender and are
      ground until a homogeneous, free-flowing dust of the desired particle size
      is obtained. This dust is suitable for direct application to the site of
      the weed infestation.
PAR  The compound of this invention can be applied as a herbicide in any manner
      recognized by the art. One method for the control of weeds comprises
      contacting the locus of said weeds with a herbicidal composition
      comprising an inert carrier and as an essential active ingredient, in a
      quantity which is herbicidally toxic to said weeds, the compound of the
      present invention. The concentration of the new compound of this invention
      in the herbicidal compositions will vary greatly with the type of
      formulation and the purpose for which it is designed, but generally the
      herbicidal compositions will comprise from about 0.05 to about 95 per cent
      by weight of the active compound of this invention. In a preferred
      embodiment of this invention, the herbicidal compositions will comprise
      from about 5 to about 75 per cent by weight of the active compound. The
      compositions can also comprise such additional substances as other
      pesticides, such as insecticides, nematocides, fungicides, and the like;
      stabilizers, spreaders, deactivators, adhesives, stickers, fertilizers,
      activators, synergists, and the like.
PAR  The compound of the present invention is also useful when combined with
      other herbicides and/or defoliants, dessicants, growth inhibitors, and the
      like in the herbicidal compositions heretofore described. These other
      materials can comprise from about 5% to about 95% of the active
      ingredients in the herbicidal compositions. Use of combinations of these
      other herbicides and/or defoliants, dessicants, etc. with the compound of
      the present invention provide herbicidal compositions which are more
      effective in controlling weeds and often provide results unattainable with
      separate compositions of the individual herbicides. The other herbicides,
      defoliants, dessicants and plant growth inhibitors, with which the
      compound of this invention can be used in the herbicidal compositions to
      control weeds, can include chlorophenoxy herbicides such as 2,4-D,
      2,4,5-T, MCPA, MCPB, 4(2,4-DB), 2,4-DEB, 4-CPB, 4-CPA, 4-CPP, 2,4,5-TB,
      2,4,5-TES, 3,4-DA, silvex and the like; carbamate herbicides such as IPC,
      CIPC, swep, barban, BCPC, CEPC, CPPC, and the like; thiocarbamate and
      dithiocarbamate herbicides such as CDEC, metham sodium, EPTC, diallate,
      PEBC, perbulate, vernolate and the like; substituted urea herbicides such
      as norea, siduron, dichloral urea, chloroxuron, cycluron, fenuron,
      monuron, monuron TCA, diuron, linuron, monolinuron, neburon, buturon,
      trimeturon and the like; symmetrical triazine herbicides such as simazine,
      chlorazine, atraone, desmetryne, norazine, ipazine, prometryn, atrazine,
      trietazine, simetone, prometone, propazine, ametryne, and the like;
      chloroacetamide herbicides such as alpha-chloro-N N-dimethylacetamide,
      CDEA, CDAA, alpha-chloro-N-isopropylacetamide,
      2-chloro-N-isopropylacetanilide, 4-(chloroacetyl) morpholine,
      1-(chloroacetyl)piperidine, and the like; chlorinated aliphatic acid
      herbicides such as TCA, dalapon, 2,3-dichloropropionic acid, 2,2,3-TPA and
      the like; chlorinated benzoic acid and phenylacetic acid herbicides such
      as 2,3,6-TBA, 2,3,5,6-TBA, dicamba tricamba, amiben, fenac, PBA,
      2-methoxy3,6-dichlorophenylacetic acid, 3-methoxy-2,6-dichlorophenylacetic
      acid, 2-methoxy-3,5,6-trichlorophenylacetic acid,
      2,4-dichloro-3-nitrobenzoic acid and the like; and such compounds as
      aminotriazole, maleic hydrazide, phenyl mercuric acetate, endothal,
      biuret, technical chlordane, dimethyl 2,3,5,6-tetrachloroterephthalate,
      diquat, erbon, DNC, DNBP, dichlobenil, DPA, diphenamid, dipropalin,
      trifluralin, solan, dicryl, merphos, DMPA, DSMA, MSMA, potassium azide,
      acrolein, benefin, bensulide, AMS, bromacil, 2
      -(3,4-dichlorophenyl)-4-methyl-1,2,4-oxadiazolidine-3,5-dione, bromoxynil,
      cacodylic acid, CMA, CPMF, cypromid, DCB, DCPA, dichlone, diphenatril,
      DMTT, DNAP, EBEP, EXD, HCA, ioxynil, IPX, isocil, potassium cyanate, MAA,
      MAMA, MCPES, MCPP, MH, molinate, NPA, OCH, paraquat, PCP, picloram, DPA,
      PCA, pyrichlor, sesone, terbacil, terbutol, TCBA, brominil, CP-50144,
      H-176-1, H-732, M-2901, planavin, sodium tetraborate, calcium cyanamid,
      DEF, ethyl xanthogen disulfide, sindone, sindone B, propanil and the like.
PAR  Such herbicides can also be used in the methods and compositions of this
      invention in the form of their salts, esters, amides, and other
      derivatives whenever applicable to the particular parent compounds.
PAR  Weeds are undesirable plants growing where they are not wanted, having no
      economic value, and interfering with the production of cultivated crops,
      with the growing of ornamental plants, or with the welfare of livestock.
      Many types of weeds are known, including annuals such as pigweed,
      lambsquarters, foxtail, crabgrass, wild mustard, field pennycress,
      ryegrass, goose-grass, chickweed, wild oats, velvetleaf, purslane,
      barnyard grass, smartweed, knotweed, cocklebur, wild buckwheat, kochia,
      medic, corn cockle, ragweed, sowthistle, coffeeweed, croton, cuphea,
      dodder, fumitory, groundsel, hemp nettle, knawel, spurge, spurry, emex,
      jungle rice, pondweed, dog fennel, carpetweed, morning glory, bedstraw,
      ducksalad, naiad, cheatgrass, fall panicum, jimsonweed, witchgrass,
      switchgrass, watergrass, teaweed, wild turnip and sprangletop; biennials
      such as wild carrot, matricaria, wild barley, campion, chamomile, burdock,
      mullein, roundleaved mallow, bull thistle, hounds-tongue, moth mullein and
      purple star thistle; or perennials such as white cockle, perennial
      ryegrass, quackgrass, Johnson grass, Canada thistle, hedge bindweed,
      Bermuda grass, sheep sorrel, curly dock, nutgrass, field chickweed,
      dandelion, campanula, field bindweed, Russian knapweed, mesquite,
      toadflax, yarrow, aster, gromwell, horsetail, ironweed, sesbania, bulrush,
      cattail, winter-cress, horsenettle, nutsedge, milkweed and sicklepod.
PAR  Similarly, such weeds can be classified as broadleaf or grassy weeds. It is
      economically desirable to control the growth of such weeds without
      damaging beneficial plants or livestock.
PAR  The new compound of this invention is particularly valuable for weed
      control because it is toxic to many species and groups of weeds while it
      is relatively nontoxic to many beneficial plants. The exact amount of the
      compound required will depend on a variety of factors, including the
      hardiness of the particular weed species, weather, type of soil, method of
      application, the kind of beneficial plants in the same area, and the like.
      Thus, while the application of up to only about 1 or 2 ounces of the
      active compound per acre may be sufficient for good control of a light
      infestation of weeds growing under adverse conditions, the application of
      ten pounds or more of active compound per acre may be required for good
      control of a dense infestation of hardy perennial weeds growing under
      favorable conditions.
PAR  The herbicidal toxicity of the new compound of this invention can be
      illustrated by many of the established testing techniques known to the
      art, such as pre- and post-emergence testing.
PAR  The herbicidal activity of the compound of this invention was demonstrated
      by experiments carried out for the pre-emergence control of a variety of
      weeds. In these experiments small plastic greenhouse pots filled with dry
      soil were seeded with the various weed seeds. Twenty-four hours or less
      after seeding the pots were sprayed with water until the soil was wet and
      the test compound formulated as a solution in an inert solvent was sprayed
      at the indicated concentrations on the surface of the soil.
PAR  After spraying, the soil containers were placed in the greenhouse and
      provided with supplementary heat as required and daily or more frequent
      watering. The plants were maintained under these conditions for a period
      of 27 days, at which time the condition of the plants and the degree of
      injury to the plants was rated on a scale of from 0 to 10, as follows: 0 =
      no injury, 1,2 = slight injury, 3,4 = moderate injury, 5,6 = moderately
      severe injury, 7,8,9 = severe injury and 10 = death. The effectiveness of
      the compound is demonstrated by the following data in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

                     Injury Rating                                             

                     Rate in lbs./acre                                         

     WEED SPECIES       5        2        1                                    

     ______________________________________                                    

     Yellow nutsedge    9        9       10                                    

     Wild oats         10       10       10                                    

     Jimsonweed        10       10       10                                    

     Velvetleaf        10       10       10                                    

     Johnsongrass      10       10       10                                    

     Pigweed           10       10       10                                    

     Mustard           10       10       10                                    

     Yellow foxtail    10       10       10                                    

     Barnyardgrass     10       10       10                                    

     Crabgrass         10        5        4                                    

     Cheatgrass        10       10       10                                    

     Morning glory     10       10       10                                    

     ______________________________________                                    

PAR  The herbicidal activity of the compound of this invention was also
      demonstrated by the experiments carried out for the post-emergence control
      of a variety of weeds. In these experiments the compound was formulated as
      a solution in an inert solvent and sprayed at the indicated dosage on the
      foliage of the weeds that have attained a prescribed size. After spraying,
      the plants were placed in a greenhouse and watered daily or more
      frequently. Water was not applied to the foliage of the treated plants.
      The severity of the injury was determined 17 days after treatment and was
      rated on the scale of from 0 to 10 heretofore described. The effectiveness
      of the compound is demonstrated by the data in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

                     Injury Rating                                             

                     Rate in lbs./acre                                         

     WEED SPECIES       5        2        1                                    

     ______________________________________                                    

     Yellow nutsedge   10       10       10                                    

     Wild oats         10       10       10                                    

     Jimsonweed        10       10       10                                    

     Pigweed           10       10       10                                    

     Johnsongrass      10       10       10                                    

     Velvetleaf        10       10       10                                    

     Mustard           10       10       10                                    

     Yellow foxtail    10       10       10                                    

     Barnyardgrass     10       10       10                                    

     Crabgrass         10       10       10                                    

     Cheatgrass        10       10       10                                    

     Morning glory     10       10       10                                    

     ______________________________________                                    

CLMS
NUM  1.
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      1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazo
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ABST
PAL  Stabilized cycloserine compositions, having enhanced stability, and
      effective in releasing cycloserine compounds in vivo, are prepared by
      reacting D-4-amino-3-isoxazolidinone or its 5-methyl derivative with
      2,4-pentanedione or alkyl-substituted-2,4-pentanedione to form the
      corresponding N-substituted-cycloserine compound in which one of the
      hydrogens attached to the primary amino group is replaced by
      1-methyl-3-oxo-1-butenyl or an alkyl substituted-1-methyl-3-oxo-1-butenyl
      grouping. These D-4-(1'-methyl-3'-oxo-1'-butenyl or
      alkyl-substituted-1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinones or
      5-methyl derivative thereof, which may also be referred to as
      N-(1-methyl-3-oxo-1-butenyl or
      alkyl-substituted-1-methyl-3-oxo-1-butenyl)-derivative of cycloserine or
      methyl-cycloserine, as well as their pharmacologically acceptable salts,
      are remarkably stable on storage as well as upon oral administration, and
      are extremely effective in releasing in vivo the cycloserine compound
      containing the free primary amino grouping.
PARN
PAR  This is a continuation-in-part of application Ser. No. 384,545, filed Aug.
      1, 1973, now abandoned.
BSUM
PAR  This invention is concerned generally with N-substituted cycloserine
      compositions, which may be represented by the following formula:
      ##EQU1##
      wherein R is hydrogen or methyl, and X, Y and Z are hydrogen or alkyl, and
      pharmacologically acceptable salts thereof. These presently invented
      N-(1-methyl-3-oxo-1-butenyl or
      alkyl-substituted-1-methyl-3-oxo-1-butenyl)cycloserine (or
      methyl-cycloserine) compositions, which may also be referred to as
      D-4-(1'-methyl-3'-oxo-1'-butenyl or
      alkyl-substituted-1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinones or
      5-methyl derivatives thereof, include
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone,
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-5-methyl-3-isoxazolidinone,
      D-4-(1',2'-dimethyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone,
      D-4-(1',2'-dimethyl-3'-oxo-1'-butenyl)amino-5-methyl-3-isoxazolidinone,
      D-4-(1'-ethyl-3'-oxo-1'-butenyl)amino-5-methyl-3-isoxazolidinone,
      D-4-(1'-ethyl-2'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone,
      D-4-(1'-ethyl-2'-methyl-3'-oxo-1'-butenyl)amino-5-methyl-3-isoxazolidinone
     , D-4-(1' -ethyl-3'-oxo-1'-pentenyl)amino-3-isoxazolidinone,
      D-4-(1'-ethyl-3'-oxo-1'-pentenyl)amino-5-methyl-3-isoxazolidinone,
      D-4-(1'-ethyl-2'-methyl-3'-oxo-1'-pentenyl)amino-3-isoxazolidinone,
      D-4-(1'-ethyl-2'-methyl-3'-oxo-1'-pentenyl)-amino-5-methyl-3-isoxazolidino
     ne, D-4-(1'-ethyl-3'-oxo-1'-butenyl) amino-3-isoxazolidinone, and the like;
      pharmacologically acceptable salts of the foregoing such as alkali metal
      salts, preferably the sodium and potassium salts; alkaline earth metal
      salts preferably the calcium and magnesium salts; ammonium salts; amine
      salts, preferably salts with triethylamine, diethylamine, N-methyl
      glucamine, diethanolamine, triethanolamine or
      2-amino-2-hydroxymethyl-1,3-propanediol, and the like, as for example, the
      sodium salt of D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone,
      the potassium salt of
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone, the ammonium
      salt of D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone, the
      calcium salt of D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone,
      the sodium salt of
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-5-methyl-3-isoxazolidinone, and the
      like. These N-(1-methyl13-oxo-1-butenyl or
      alkyl-substituted-1-methyl-3-oxo-1-butenyl)derivatives of cycloserine or
      methyl-cycloserine compounds, their pharmacologically acceptable salts
      and, more particularly,
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone and
      D-4-(1',2'-dimethyl-3' -oxo-1'-butenyl)amino-3-isoxazolidinone, and their
      sodium and potassium salts, are remarkably stable in aqueous solution;
      when administered orally, they are extremely effective in releasing
      cycloserine or methyl-cycloserine in the blood stream and in the bladder
      and, at the same time, substantially avoiding the unwanted dimerization of
      the cycloserine or methyl-cycloserine.
PAR  These new N-(1-methyl-3-oxo-1-butenyl or
      alkyl-substituted-1-methyl-3-oxo-1-butenyl) derivatives of cycloserine or
      methyl-cycloserine compounds are prepared, in accordance with the present
      invention, by reacting cycloserine or methyl-cycloserine with a
      2,4-pentanedione compound having the following formula:
      ##EQU2##
      wherein X, Y and Z are hydrogen or alkyl, such as 2,4-pentanedione,
      3-methyl-2,4-pentanedione, 2,4-hexanedione, 3-methyl-2,4-hexanedione,
      3,5-heptanedione, 4-methyl-3,5-heptanedione, and the like. The reaction
      between the cycloserine or methylcycloserine and the 2,4-pentanedione
      compound is ordinarily conducted by intimately contacting a mixture of the
      cycloserine compound and 2,4-pentanedione compound. Although the reaction
      can be carried out, if desired, in the presence of an organic liquid which
      is miscible with the 2,4-pentanedione compound, such as diethyl ether, it
      is ordinarily preferred to stir together a mixture of the cycloserine
      compound and an excess of the 2,4-pentanedione compound whereby the latter
      acts both as reactant and as reaction medium. Under these latter reaction
      conditions, the cycloserine compound gradually goes into solution, with
      formation of the corresponding N-substituted-cycloserine compound which,
      as the reaction proceeds, ordinarily crystallizes from the resulting
      reaction solution. It is ordinarily preferred to conduct the reaction
      under substantially anhydrous conditions. Temperatures from about
      0.degree.C to about 35.degree.C may be employed, if desired; but, at
      temperatures substantially above about room temperature, reduced yield and
      unwanted by-products may result and, at temperatures of about 0.degree.C,
      the reaction time is substantially increased. Accordingly, it is preferred
      to carry out the reaction at approximately room temperature, at which
      temperature the reaction is ordinarily complete in about 40-48 hours.
PAR  The N-substituted-cycloserine compound which, as previously indicated,
      ordinarily crystallizes from the reaction solution, is conveniently
      recovered by filtration or centrifugation, washed with an organic solvent
      such as diethyl ether, and dried, preferably at room temperature in vacuo,
      to give the said N-substituted-cycloserine compound of the formula:
      ##EQU3##
      wherein R is hydrogen or methyl, and X, Y and Z are hydrogen or alkyl, in
      substantially pure form.
PAR  The N-substituted-cycloserine compound is ordinarily converted to its salts
      by reacting the N-substituted-cycloserine with the appropriate base, such
      as sodium methoxide, potassium methoxide, ammonia, or an amine in a
      solution in a lower alkanol such as methanol or ethanol, sodium hydroxide
      or potassium hydroxide in solution in a lower alkanol such as methanol, or
      with sodium hydroxide, potassium hydroxide, calcium oxide or magnesium
      oxide in aqueous solution; when the reaction is conducted in aqueous
      solution, the alkali or alkaline earth metal salt of the
      N-substituted-cycloserine compound is conveniently precipitated by the
      addition of a lower alkanol such as ethanol to the aqueous reaction
      solution.
DETD
PAR  The following examples illustrate methods of carrying out the present
      invention, but it is to be understood that these examples are give for
      purposes of illustration and not of limitation.
PAC  EXAMPLE 1
PAR  A mixture of about 3.0 g. of D-4-amino-3-isoxazolidinone and 30 ml. of
      2,4-pentanedione is stirred in a dry atmosphere at approximately room
      temperature for about 2 days. The D-4-amino-3-isoxazolidinone gradually
      goes into solution; and the reaction product, which crystallizes from the
      reaction solution, is recovered by filtration, washed with three 20
      ml.-portions of ether, and dried at room temperature in vacuo to give
      about 3.5 g. of D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone;
      m.p. 145.degree.C. dec.; .alpha..sub.D.sup.27 = -159.degree. (1%
      methanol).
PAC  EXAMPLE 2
PAR  A mixture of about 3.0 g. of D-4-amino-5-methyl-3-isoxazolidinone and 30
      ml. of 2,4-pentanedione is stirred in a dry atmosphere at approximately
      room temperature for a period of about 2 days. The
      D-4-amino-5-methyl-3-isoxazolidinone gradually dissolves; and the reaction
      product, which crystallizes from the reaction solution, is recovered by
      filtration, washed with three 20 ml.-portions of ether, and dried at room
      temperature in vacuo to give about 3.5 g. of
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-5-methyl-3-isoxazolidinone.
PAC  EXAMPLE 3
PAR  A mixture of about 2.0 g. of D-4-amino-3-isoxazolidinone and 10 ml. of
      3-methyl-2,4-pentanedione is stirred in a dry atmosphere at approximately
      room temperature for a period of about 42 hours. The
      D-4-amino-3-isoxazolidinone gradually goes into solution; and the reaction
      product, which crystallizes from the reaction solution, is recovered by
      filtration, washed with five 5 ml.-portions of ether, and dried at room
      temperature in vacuo to give about 2.0 g. of
      D-4-(1',2'-dimethyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone; m.p.
      121.5.degree.-123.5.degree.C.
PAC  EXAMPLE 4
PAR  A mixture of about 2.0 g. of D-4-amino-5-methyl-3-isoxazolidinone and 10
      ml. of 3-methyl-2,4-pentanedione is stirred in a dry atmosphere at about
      room temperature for a period of about 42 hours. The
      D-4-amino-5-methyl-3-isoxazolidinone gradually goes into solution; and the
      reaction product, which crystallizes from the reaction solution, is
      recovered by filtration, washed with five 5 ml.-portions of ether, and
      dried at room temperature in vacuo to give about 2.0 g. of
      D-4-(1',2'-dimethyl-3'-oxo-1'-butenyl)amino-5-methyl-3-isoxazolidinone.
PAC  EXAMPLE 5
PAR  About 0.143 g. of D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone
      is dissolved in 0.3 ml. of methanol, and 1.56 ml. of an 0.50 molar
      solution of sodium hydroxide in methanol is added to give a pH of
      approximately 7.0. The methanol is evaporated from the resulting solution
      under a stream of nitrogen until crystals form, and the crystalline slurry
      is further evaporated to dryness in vacuo to give approximately 0.16 g. of
      residual material. An 0.152 gram portion of this residual material is
      washed with 2.5 ml. of acetone, and redissolved in 0.55 ml. of methanol;
      the solution is filtered and the filtrate diluted with 0.45 ml. of
      methanol. To the resulting solution is added 4 ml. of ether, and the
      crystalline precipitate which forms is recovered by filtration, washed
      with ether and dried to give about 0.13 g. of
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone sodium
      salt-hemihydrate; m.p. 186.degree.-188.degree.C.
PAC  EXAMPLE 6
PAR  About 3.0 g. of calcium oxide is slurried in 40 ml. of water, and the
      slurry is cooled to 0.degree.-5.degree.C. About 5 g. of
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone is added to the
      cooled slurry, and the resulting mixture is heated with stirring to room
      temperature, and stirred at that temperature for about 5 minutes. The
      mixture is filtered, and the insoluble material is washed with 10 ml. of
      water. To the combined solution and washings (having a pH of about 11.0 -
      11.5) is added sufficient
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone to give a final
      pH of about 9.5. Activated carbon (0.5 g.) is added to the resulting
      solution, and the mixture is stirred for about 15 minutes and filtered.
      The filtered solution is diluted with six times its volume of ethanol, and
      the crystalline precipitate which forms is recovered by filtration, washed
      with isopropanol and dried in vacuo to give, in substantially pure form,
      the calcium salt of D-4-(1'-methyl-3'-oxo-1'-butenyl)
      amino-3-isoxazolidinone.
PAR  Various changes and modifications may be made in carrying out the present
      invention without departing from the spirit and scope thereof. Insofar as
      these changes and modifications are within the purview of the annexed
      claims, they are to be considered as part of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process which comprises the step of reacting, at a temperature of
      about 0.degree. to 35.degree.C., a cycloserine compound having the formula
      ##EQU4##
      wherein R is hydrogen or methyl with 2,4-pentanedione, or derivatives
      thereof, having the formula:
      ##EQU5##
      wherein X, Y and Z are hydrogen or methyl thereby forming the
      corresponding N-substituted cycloserine compound having the formula:
      ##EQU6##
      wherein R, X, Y and Z have the significance above-defined.
NUM  2.
PAR  2. A process as defined in claim 1 wherein the N-substituted cycloserine
      compound is reacted with a non-toxic base to form the corresponding
      pharmacologically acceptable salt.
NUM  3.
PAR  3. A process as defined in claim 1 which comprises the step of reacting
      D-4-amino-3-isoxazolidinone with 2,4-pentanedione thereby forming
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone.
NUM  4.
PAR  4. A process as defined in claim 2 wherein
      D-4-(1'-methyl-3'-oxo-1'-butenyl) amino-3-isoxazolidinone is reacted with
      an alkali metal or alkaline earth metal hydroxide or alkoxide, ammonia,
      triethylamine, diethylamine, N-methyl glucamine, diethanolamine,
      triethanolamine or 2-amino-2-hydroxymethyl-1,3-propanediol, to form the
      corresponding salt of
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone.
NUM  5.
PAR  5. The process which comprises the step of reacting
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone with sodium
      hydroxide in methanol thereby forming
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone sodium
      salt-hemihydrate.
NUM  6.
PAR  6. A process as defined in claim 1 which comprises the step of reacting
      D-4-amino-5-methyl-3-isoxazolidinone with 2,4-pentanedione thereby forming
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-5-methyl-3-isoxazolidinone.
NUM  7.
PAR  7. A process as defined in claim 1 which comprises the step of reacting
      D-4-amino-3-isoxazolidinone with 3-methyl-2,4-pentanedione thereby forming
      D-4-(1',2'-dimethyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone.
NUM  8.
PAR  8. A process as defined in claim 1 which comprises the step of reacting
      D-4-amino-5-methyl-3-isoxazolidinone with 3-methyl-2,4-pentanedione
      thereby forming
      D-4-(1',2'-dimethyl-3'-oxo-1'-butenyl)amino-5-methyl-3-isoxazolidinone.
NUM  9.
PAR  9. An N-substituted cycloserine compound having the formula
      ##EQU7##
      wherein R is hydrogen or methyl, and X, Y and Z are hydrogen or methyl,
      and pharmacologically acceptable salts thereof.
NUM  10.
PAR  10. D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone and
      pharmacologically acceptable salts thereof.
NUM  11.
PAR  11. D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone.
NUM  12.
PAR  12. D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone sodium
      salt-hemihydrate.
NUM  13.
PAR  13. Calcium salt of
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-3-isoxazolidinone.
NUM  14.
PAR  14. A compound as defined in claim 9 having the chemical name
      D-4-(1'-methyl-3'-oxo-1'-butenyl)amino-5-methyl-3-isoxazolidinone.
NUM  15.
PAR  15. A compound as defined in claim 9 having the chemical name
      D-4-(1',2'-dimethyl-3'-oxo-1'-butenyl) amino-3-isoxazolidinone.
NUM  16.
PAR  16. A compound as defined in claim 9 having the chemical name
      D-4-(1',2'-dimethyl-3'-oxo-1'-butenyl) amino-5-methyl-3-isoxazolidinone.
PATN
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PAL  This disclosure describes compounds of the class of N-substituted
      p-(1H-tetrazol-1-yl)phenylthio- or dithio-carbamates useful as
      antimicrobial agents.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to new organic compounds and, more particularly, is
      concerned with novel 1-phenyl-1H-tetrazoles substituted in the
      para-position of the phenyl moiety with various sulfur-containing
      functional groups. The novel compounds of the present invention may be
      represented by the following general formula:
      ##SPC1##
PAL  Wherein X is divalent oxygen or divalent sulfur and R is methyl,
      methylamino, dimethylamino, ethylamino, diethylamino, allylamino, or
      trichloroacetylamino.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The novel compounds of the present invention are generally obtainable as
      white to pale yellow crystalline materials having characteristic melting
      points and absorption spectra and which may be purified by
      recrystallization from common organic solvents such as methanol, ethanol,
      dimethylformamide, acetone, chloroform, ethyl acetate and the like. They
      are appreciably soluble in non-polar organic solvents such as diethyl
      ether, benzene, toluene, and the like but are relatively insoluble in
      water.
PAR  Certain of the novel compounds of the present invention may be readily
      prepared as illustrated by the following reaction scheme:
      ##SPC2##
PAL  Wherein R.sub.1 is methyl or ethyl, R.sub.2 is methyl, ethyl, allyl or
      trichloroacetyl, and X is divalent oxygen or divalent sulfur. In
      accordance with the above reaction scheme, treatment of
      p-(1H-tetrazol-1-yl)benzenethiol (I) with an appropriate isocyanate or
      isothiocyanate provides the corresponding N-monosubstituted thiocarbamate
      or dithiocarbamate (II). This reaction is best carried out at room
      temperature in an inert solvent such as methylene chloride or chloroform
      for a period of time of from about half an hour to a day or more.
      Treatment of p-(1H-tetrazol-1-yl)benzenethiol (I) with an appropriate
      dialkyl carbamoyl chloride or thiocarbamoyl chloride provides the
      corresponding N-disubstituted thiocarbamate or dithiocarbamate (III). This
      reaction is preferably carried out in dimethylformamide as solvent in the
      presence of diazabicyclooctane at a temperature of 0.degree.-50.degree.C.
      for a few hours.
PAR  The novel compounds of the present invention are useful as antimicrobial
      agents and possess broad spectrum activity in vivo against Gram-negative
      and Gram-positive bacteria. The in vivo antibacterial activity of the
      novel compounds of the present invention makes them useful as additives to
      materials which are subject to microbial deterioration such as cutting
      oils and fuel oils. They are also useful in soaps, shampoos, and topical
      compositions for the treatment of wounds and burns.
PAR  The invention will be described in greater detail in conjunction with the
      following specific examples.
DETD
PAC  EXAMPLE 1
PAC  Preparation of p-(1H-tetrazol-1-yl)benzenethiol
PAR  A mixture of p-aminothiophenol (9.0 g.), sodium azide (7.0 g.), triethyl
      orthoformate (30 ml.), and acetic acid (30 ml.) was stirred and heated at
      85.degree.C. for 30 minutes. The reaction mixture was evaporated at
      reduced pressure and diluted with water to give a crystalline product
      which was collected and recrystallized from chloroform:hexane, m.p.
      120.degree.-122.degree.C.
PAC  EXAMPLE 2
PAC  Preparation of p-(1H-tetrazol-1-yl)phenylmethylthiocarbamate (A)
PAR  Methylisocyanate (0.57 g., 10 mmol) was added to a slurry of 1.78 g. (10
      mmol) of p-(1H-tetrazol-1-yl)benzenethiol in 15 ml. of methylene chloride.
      The thick precipitate which formed immediately was filtered off after an
      hour of stirring to yield white crystals, m.p. 179.degree.-182.5.degree.C.
      upon recrystallization from ethanol.
PAC  EXAMPLE 3
PAC  Preparation of p-(1H-tetrazol-1-yl)phenylallyldithiocarbamate (B)
PAR  A solution of 1.78 g. of p-(1H-tetrazol-1-yl)benzenethiol and 1.0 g. of
      allylisothiocyanate in 20 ml. of methylene chloride was stirred at room
      temperature for 48 hours and filtered to give yellow crystals, m.p.
      136.degree.-138.degree.C.
PAC  EXAMPLE 4
PAC  Preparation of methyldithio p-(1H-tetrazol-1-yl)phenylcarbamate (C)
PAR  In a similar manner to Example 3, using methyl isothiocyanate,
      p-(1H-tetrazol-1-yl)phenylmethyldithiocarbamate was obtained upon
      recrystallization from ethanol, m.p. 160.degree.-164.degree.C.
PAC  EXAMPLE 5
PAC  Preparation of p-(1H-tetrazol-1-yl)benzenethiol acetate (D)
PAR  A stirred solution of 1.1 g. (6.2 mmol) of p-(1H-tetrazol-1-yl)benzenethiol
      and 0.8 g. (7.1 mmol) of diazabicyclooctane in 25 ml. of dimethylformamide
      was cooled in an ice bath and 1.0 ml. (8.2 mmol) of acetyl chloride was
      added. The mixture was brought to room temperature and stirred 21/2 hours.
      Water was added, and the product was filtered off and recrystallized from
      ethyl acetate-hexane, m.p. 134.degree.-141.5.degree.C.
PAR  In a similar manner but using thioacetyl chloride there was obtained the
      corresponding p-(1H-tetrazol-1-yl)benzenethiol thioacetate (E).
PAC  EXAMPLE 6
PAC  Preparation of S-[p-(1H-tetrazol-1-yl)phenyl]trichloroacetylthiocarbamate
      (F)
PAR  Trichloroacetyl isocyanate (1.88 g.) was added dropwise to a solution of
      1.78 g. of p-(1H-tetrazol-1-yl)benzenethiol in methylene chloride. In a
      few minutes a precipitate formed which was filtered after 30 minutes and
      recrystallized from methylene chloride to give a white crystalline
      product, m.p. 181.degree.-183.5.degree.C.
PAC  EXAMPLE 7
PAC  Preparation of dimethylthio p-(1H-tetrazol-1-yl)phenylcarbamate (G)
PAR  A mixture of p-(1H-tetrazol-1-yl)benzenethiol (1.1 g.), dimethylcarbamoyl
      chloride (1.0 ml.), diazabicyclooctane (0.8 g.), and 25 ml. of
      dimethylformamide was stirred for 1.0 hour in the cold and 1.0 hour at
      room temperature and then diluted with water (100 ml.) and filtered. The
      product was recrystallized from ethyl acetate, m.p.
      181.degree.-183.degree.C.
PAC  EXAMPLE 8
PAC  Preparation of diethylthio p-(1H-tetrazol-1-yl)phenylcarbamate (H)
PAR  This compound was prepared in a manner similar to the corresponding
      dimethyl analog of Example 7 using diethylcarbamoyl chloride. The product
      was recrystallized from ethanol, m.p. 121.degree.-124.degree.C.
PAC  EXAMPLE 9
PAC  Preparation of dimethyldithio p-(1H-tetrazol-1-yl)phenylcarbamates (I)
PAR  This compound was prepared in a manner similar to the corresponding
      monothio analog of Example 7 using dimethylthiocarbamoyl chloride, m.p.
      195.degree.-198.degree.C.
PAC  EXAMPLE 10
PAC  In vivo activity of the 1-(para-substituted-phenyl)-1H-tetrazoles
PAR  The novel compounds of the present invention are active in vivo against a
      variety of microorganisms. These new antimicrobial agents are thereby
      potentially useful as therapeutic agents in treating bacterial infections
      in mammals. The usefulness of these new antimicrobial agents was
      demonstrated by their ability to control systemic lethal infections in
      mice in the following test procedure.
PAR  The animals used were Carworth Farms CF-1 strain female mice approximately
      6 weeks old and averaging 18-22 gm. in weight. Infections were produced by
      intraperitoneal injections of a 0.5 ml. volume (a lethal dose) of a
      trypticase soy broth (TSP) dilution (as indicated in Table I) of a 5 hour
      TSP blood culture of the microorganisms listed in Table I below.
TBL                TABLE I                                                     

     ______________________________________                                    

                           TSP dilution of a                                   

     Microorganism         5 hour TSP culture                                  

     ______________________________________                                    

     Proteus mirabilis     1:40                                                

      ATCC 4671                                                                

     Escherichia coli       10.sup..sup.-3                                     

      311                                                                      

     ______________________________________                                    

PAR  The test compounds were administered either in a single 0.5 ml. oral tubing
      dose or by a single 0.5 ml. subcutaneous dose in 0.2% aqueous agar
      immediately after infection at the indicated dosage levels. The results
      are set forth in Tables II-III, below, as percent effectiveness
      (alive/total) at 14 days post infection for each dosage level. The test
      compounds are identified in Table II-III by the capital letter designation
      recited in the titles of the preparative examples.
TBL                                    TABLE II                                

     __________________________________________________________________________

                 Percent Effect (Alive/Total) with                             

                 Escherichia coli 311                                          

     Oral Dose (mg./kg.)                                                       

                 (A)   (B)   (C)  (D)                                          

     __________________________________________________________________________

     256         100(5/5)         40(2/5)                                      

     128          40(2/5)                                                      

                       50(1/2)                                                 

                             0(0/2)                                            

                                  40(2/5)                                      

      64          40(2/5)          0(0/5)                                      

     Oral Dose (mg./kg.)                                                       

                 (F)   (G)   (H)  (I)                                          

     256               80(4/5)                                                 

                             0(0/5)                                            

     128         0(0/2)                                                        

                       20(1/5)                                                 

                             0(0/5)                                            

                                  0(0/2)                                       

      64               20(1/5)                                                 

                             0(0/5)                                            

     Infected Non-Treated                                                      

     Controls    2(3/150)                                                      

     __________________________________________________________________________

TBL                                    TABLE III                               

     __________________________________________________________________________

                 Percent Effect (Alive/Total) with                             

                 Proteus mirabilis ATCC 4671                                   

     Subcutaneous                                                              

     Dose (mg./kg.)                                                            

                 (A)   (B)   (C)   (D)                                         

     __________________________________________________________________________

     256          80(4/5)                                                      

                       100(5/5)                                                

                              80(4/5)                                          

                                   100(5/5)                                    

     128         100(5/5)                                                      

                        40(2/5)                                                

                             100(5/5)                                          

                                   100(5/5)                                    

      64          80(4/5)                                                      

                       100(5/5)                                                

                              80(4/5)                                          

                                    0(0/5)                                     

     Subcutaneous                                                              

     Dose (mg./kg.)                                                            

                 (F)   (G)   (H)   (I)                                         

     256         100(5/5)                                                      

                       100(5/5)                                                

                             100(5/5)                                          

                                   60(3/5)                                     

     128         100(5/5)                                                      

                       100(5/5)                                                

                              80(4/5)                                          

                                   40(2/5)                                     

      64          60(3/5)                                                      

                        60(3/5)                                                

                              0(0/5)                                           

                                    0(0/5)                                     

     Infected Non-Treated                                                      

     Controls    9(7/80)                                                       

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC3##
PAL  wherein R is a moiety of the formulae:
EQU  --CH.sub.3, --NHCH.sub.3, --N(CH.sub.3).sub.2, --NHC.sub.2 H.sub.5,
      --N(C.sub.2 H.sub.5).sub.2, --NHCH.sub.2 CH=CH.sub.2 or --NH--C--CCl.sub.3
PAL  and X is divalent oxygen or divalent sulfur.
NUM  2.
PAR  2. The compound according to claim 1 wherein X is divalent sulfur and R is
      methyl.
NUM  3.
PAR  3. The compound according to claim 1 wherein X is divalent oxygen and R is
      ethylamino.
NUM  4.
PAR  4. The compound according to claim 1 wherein X is divalent sulfur and R is
      ethylamino.
NUM  5.
PAR  5. The compound according to claim 1 wherein X is divalent sulfur and R is
      diethylamino.
NUM  6.
PAR  6. The compound according to claim 1 wherein X is divalent oxygen and R is
      allylamino.
NUM  7.
PAR  7. The compound according to claim 1 wherein X is divalent sulfur and R is
      trichloroacetylamino.
NUM  8.
PAR  8. The compound according to claim 1 wherein X is divalent oxygen and R is
      methyl.
NUM  9.
PAR  9. The compound according to claim 1 wherein X is divalent sulfur and R is
      methylamino.
NUM  10.
PAR  10. The compound according to claim 1 wherein X is divalent oxygen and R is
      dimethylamino.
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PAL  Process for producing tetrazole-1-acetic acid of maximum purity includes
      the steps of providing a crude reaction product containing an alkyl ester
      of tetrazole-1-acetic acid having from 1 to 4 carbon atoms in the alkyl
      group, effecting molecular distillation of this reaction product at a
      temperature below 130.degree.C. under a vacuum of 10.sup.-.sup.1 torr to
      obtain a distillant containing the alkyl ester and then gently hydrolyzing
      the resultant distillate to obtain the desired acid product.
BSUM
PAR  Various methods are conventional for the production of tetrazole-1-acetic
      acid (TAA-1) which in most cases proceed via the formation of TAA-1 alkyl
      esters, e.g. by:
PAR  1. The addition of HN.sub.3 to the ethyl ester of isonitriloacetic acid as
      disclosed by Zimmermann & Olofson in "Tetrahedron Letters" No. 58 (1969),
      pp. 5081-84.
PAR  2. The addition of HN.sub.3 to the ethyl ester of N-formimidic acid formed,
      for example, from glycine as disclosed by Hagedorn & Winkelmann in
      "Chemische Berichte" (Chemical Reports) 99 (1966), p. 853.
PAR  3. According to an analogous reaction as in (2), but designed as a
      one-stage process, wherein the ethyl ester of N-forminidic acid is formed
      from glycine ethyl ester hydrochloride or glycine- and
      trialkylorthoformate in a conventional manner, in the presence of
      HN.sub.3, and is immediately cyclized to the tetrazole ring as disclosed
      by Fujisawa Pharmaceutical Co., Ltd., Osaka, in German Unexamined
      Laid-Open Application (DOS) 2,147,023 dated Sept. 21, 1971.
PAR  4. Tetrazole is reacted as the triethylamine salt with ethyl chloroacetate
      in acetone, thus producing a mixture of isomers of the ethyl ester of
      tetrazole-1-acetic acid and the corresponding ester substituted in the
      2-position as disclosed by Raap & Howard in "Can. J. Chem." 47 (1969), pp.
      813-19.
PAR  In all these reaction methods, a more or less strongly contaminated crude
      ester is obtained. Thus, for example, according to the process described
      in DOS 2,147,023, a black-brown crude ester is produced from which
      maximally 9% by weight of a crystalline component can be isolated after
      inoculation with crystals of the ester and, after a storage period of 48
      hours at +4.degree.C. Likewise, a deep-brown TAA-1 acid is formed with the
      use of glycine. Raap et al describe the possibility of separating the
      TAA-2 ester from the TAA-1 ester under vacuum by normal distillation with
      the remaining ester residue being saponified, and the tetrazole-1-acetic
      acid being subsequently subjected to a cumbersome purification process.
      Raap et al state expressly that the TAA-1 ethyl ester cannot be distilled.
PAR  It has now been found surprisingly that a completely pure TAA-1 acid is
      obtainable if one of its lower alkyl esters (e.g. methyl ester) is
      purified by distillation according to the procedure known as falling-film
      molecular distillation and is thereafter hydrolyzed without any further
      purification operation. Even maximum-purity TAA-1 acid is obtained by only
      a single molecular distillation step. This result is completely
      unexpected, because, on the one hand, Raap et al discloses that a lower
      alkyl ester of TAA-1 acid cannot be distilled without being decomposed,
      which is confirmed by the fact that, for example, the TAA-1 ethyl ester
      starts to decompose at 130.degree.C. during a distillation test. On the
      other hand, however, it could nowise be foreseen, either, that according
      to the principle of molecular distillation, (causing no separating effect
      at all as known from normal distillation columns) an ester with a pure
      melting point is immediately obtained, which according to the analytical
      method of thin-layer chromatography, shows only traces of an impurity of
      far below one percent.
PAR  The procedure known as molecular distillation differs from a normal alembic
      distillation by the fact that the evaportion takes place from a product
      film, and the distillation path to the condenser is in the range of the
      mean free path of the gas molecules. The evaporation must be conducted at
      vacuums of below 10.sup..sup.-1 torr (mm. Hg.). The process of molecular
      distillation is described in detail, for example, in "Ullmann's
      Encyklopaedie der technischen Chemie" (Ullmann's Encyclopedia of Technical
      Chemistry) (1969), Vol. 2/1, pp. 72-76 or in Houben Weyl, "Methoden der
      organischen Chemi" (Methods of Organic Chemistry) (1958), Vol. I/1, pp.
      916-926.
PAR  Appropriate finished distillation units for this process are commercially
      available.
PAR  With the possibility of purifying a lower alkyl ester of TAA-1 acid, as a
      precursor of the acid, by means of molecular distillation, a path has been
      opened up for obtaining, according to a process technologically of maximum
      simplicity, tetrazole-1-acetic acid, which is of high interest for
      pharmaceutical products, with the required degree of purity (m.p.
      128.degree.-131.degree.C.). Especially in case of TAA-1 acid, the
      purification according to known methods of recrystallization and treatment
      with bleaching agents, such as activated carbon or bleaching clay, has
      been hampered by very high losses and low efficiency.
PAR  With the aid of the molecular distillation, it is not only possible to
      separate more or less unknown impurities, as formed in the methods of
      HN.sub.3 -addition to isonitrile or the formimido ester, but it is
      furthermore feasible to separate the isomer mixture of TAA-1  ester and
      TAA-2 ester by distillation. In this process, though, it is necessary to
      operate with at least two stages under different vacuums.
PAR  The pressure to be maintained during the distillation must be below
      10.sup..sup.-1 torr; a lower limit cannot be set forth theoretically and
      is only defined by present technology. However, in practice, minimum
      pressures of around 10.sup..sup.-3 torr can be attained by technically
      available plants. In general, the operation is carried out between 5
      .times. 10.sup..sup.-2 and 10.sup..sup.-3 torr.
PAR  The distillation temperature is dependent on the pressure. The run-off
      temperature of the distillation residue should not exhibit a temperature
      of above 130.degree.C.; the optimum temperature of the evaporator surface
      for a technical distillation is between 95.degree.C. and 120.degree.C.,
      and if the vacuum is very high (e.g. 10.sup..sup.-4 torr.) temperatures
      below these values can also be utilized, such as, for example, between
      70.degree.C. and 95.degree.C.
PAR  For conducting the falling-film molecular distillation, all conventional
      stills can be utilized, considering the aforementioned pressure and
      temperature ranges, the decisive considerations being the production of a
      thin film of the product to be distilled on a heated surface and an
      optionally cooled condensation surface, provided at a small spacing
      therefrom, e.g. 10 to 70 mm. Suitable are various systems with for
      example, a heated evaporator extending like a finger, which is fed from
      above and is provided with means for stripping off the product to be
      distilled, such as agitator coils, rollers, wiper blades, or the like, and
      with a tubular jacket as the condenser. Furthermore, feasible are systems
      with an externally heated jacketed evaporator fed from above, provided on
      the inside with corresponding, optionally rotatable scraping means which
      extend along the walls; the interior of this evaporator housing a
      condenser, for example in the form of a cooling finger. The interspace
      between the evaporator and the condenser can be evacuated by a high-vacuum
      pump, e.g. a mercury condensation pump.
PAR  In a vacuum zone arranged upstream thereof, with a somewhat lower vacuum of
      about 10.sup..sup.-1 to 5 .times. 10.sup..sup.-2 torr, the removal of
      lower-boiling substances takes place at the same temperature, from the
      distilland running in a thin layer over, for example, a heating jacket or
      a coil.
PAR  Underneath the condenser, discharge devices are provided for the pure
      product, and underneath the evaporator, a drain to be heated is arranged
      for the unvaporized impurities.
PAR  The TAA-1 crude esters can be produced in various conventional ways. It is
      also possible, for example, first to prepare a crude TAA-1 acid and
      esterify the acid prior to the distillation process.
PAR  The thus-obtained TAA-1 alkyl esters are saponified according to known
      methods in water, optionally in a neutral or basic medium, preferably an
      acidic medium, e.g. ph of 1.0 to 4.0, the thus-formed acid itself
      catalyzing the hydrolytic saponification process. It is advantageous for
      the saponification operation to operate at temperatures of above
      100.degree.C. under normal pressure or at the excess pressure determined
      by the inherent (i.e. autogenous) pressure at the respective temperature;
      however, a temperature above 130.degree.C. is not recommended.
PAR  It is also possible to conduct the process in a pressure vessel at up to 10
      atmospheres and, for example, at 50.degree.-120.degree. C.
PAR  During the saponifying step, no further impurities are formed, so that,
      after crystallizing the TAA-1 acid from the supersaturated solution by
      cooling, the aqueous filtrate can be reused for a subsequent
      saponification. Accordingly, the yield in this operation is almost 100%.
PAR  Suitable lower alkyl esters of TAA-1 acid useful for the process of this
      invention are alkyl esters of 1-4 carbon atoms in the alkyl residue;
      although the limiting factor in this connection is primarily the physical
      characteristic of the boiling point, rather than chemical reasons. A
      C.sub.5 -ester of TAA-1 acid is distilled, at the attainable vacuums of
      around 10.sup..sup.-3 torr, only at above 130.degree.C. and thus undergoes
      decomposition, so that the essential criterion of the complete purity of
      the ester exclusively by distillation is no longer applicable.
PAR  Tetrazole-1-acetic acid serves as an intermediate, which itself is not
      pharmaceutically active, for the preparation of novel antibiotics such as,
      for example,
      7-[2(1H-tetrazol-1-yl)-acetamido]-3-(2-methyl-1,3,4-thiadiazol-5-yl)-thiom
     ethyl-3-cepheme-4-carboxylic acid.
PAR  The effected particular distillation usually is named molecular
      distillation because, in contrast to the conventionally used distillation,
      the space between the surface of the evaporator and the surface of the
      condensor is within or about the mean free path of a flying gaseous
      molecule.
PAR  Because this very narrow space another name is "short way evaporator" and
      owing the fact that raw material to be distilled flows down the evaporator
      and is distributed to a very thin skin on its heated surface another name
      is "fall-film distillator" resp. evaporator.
PAR  As now different types of such molecular distillation units are available
      the attached drawing should not limit the construction of usable
      distillation units and is only for informative purpose. The apparatus used
      in the examples is produced by Leybold-Heraeus at Hanau, Western Germany,
      and is designated as type KD 10-01. By the characteristics of instant
      molecular distillation process, as above all degasification prior the
      distillation, the short-way distillation itself and the way of collection
      of product running down after distillation, the process is independent of
      the process of production of raw tetrazole-1-acetic acid ester, though
      therefore the process of DOS 2,147,023 is preferred due to its relatively
      simple process measures.
PAR  The process of this invention will be further understood from the following
      examples:
DETD
PAC  EXAMPLE 1
PAC  Preparation of the Ester
PAR  According to the mode of operation described in DOS 2,147,023, Example 5,
      an experiment was conducted with ten times the amount of chemicals.
PAR  A mixture of 140 g. (1 mole) of glycine ethyl ester hydrochloride, 72 g. of
      sodium azide, 160 g. of methyl orthoformate and 200 ml. of glacial acetic
      acid are heated for 2 hours to 70.degree.C. During this step, HN.sub.3
      concentrations are measured in the gas space of initially 16 vol. -%,
      dropping to approximately 4 vol. -%, with the aid of a calibrated,
      colorimetric method, wherein the azide-iron complex [Fe(N.sub.3).sub.6 ]
      of a dark-red color serves as the chromophore.
PAR  Thereafter, all volatile components are distilled off at 20 torr up to a
      bath temperature of 100.degree.C. The residue is mixed with 2 liters of
      cold water and the thus-formed oil-water emulsion is combined with 2
      liters of chloroform. After thorough mixing, the layers are separated, the
      aqueous layer is discarded, and the chloroform solution is dried with
      Na.sub.2 SO.sub.4. After separating the chloroform by distillation, the
      residue is an oil (145 g.) having a deep dark-brown color.
PAR  After cooling to 0.degree.C. and inoculation with pure ester, 14 g. of
      crystallized product can be obtained by vacuum filtering after 48 hours;
      these crystals still have a brownish discoloration due to adhering
      impurities and melt at 23.degree.C. in their entirety. This 14 g. of
      crystallized product corresponds to 9% of theoretical yield. The
      production of sufficiently pure TAA-1 ethyl ester is, therefore,
      impossible to achieve by means of this crystallization procedure.
PAC  Purification of the Ester
PAR  The thus-produced oil, together with the 14 g. of crystallized product, is
      distilled by way of a laboratory molecular distillation unit as shown in
      the accompanying drawing.
PAR  During this procedure, the product first runs in a thin layer over a coil 1
      heated to 90.degree.C.; the applied vacuum is about 10.sup..sup.-2 torr.
      This pretreatment is important to ensure a complete initial degasification
      of the product in order to maintain the vacuum required during the
      subsequent molecular distillation. For distilling purposes, the
      preliminary degasified product is applied dropwise to the heated
      evaporator 2, and is spread, with the aid of a coil or cylinder, as a thin
      film on the evaporator 2. The temperature of the distillation residue,
      measured underneath the evaporator, is 100.degree.C. This coil is rotated
      by way of a magnetic clutch 3. Directly opposed to the evaporator is the
      jacket condenser. The vacuum obtained amounts to 5 .times. 10.sup..sup.-3
      torr.
PAR  As a distillate 4, an almost colorless oil is collected which, after
      cooling to 0.degree.C. overnight, is entirely crystallized (m.p.
      32.degree.-34.degree.C.).
PAR  The distillation residue is a tarry product which solidifies very quickly,
      so that it is heated by means of infrared lamps to keep it flowable.
TBL  ______________________________________                                    

     Yield:                                                                    

     112 g. of distillate                                                      

                   = 72% of the theoretical amount                             

                    based on the glycine ester                                 

                   employed, -33 g. of residue.                                

     ______________________________________                                    

PAR  In accordance with analysis by thin-layer chromatography, only an impurity
      at the initial spot of &lt;0.1% is found in addition to the TAA-1 ethyl
      ester. In the NMR spectrum, no signals can be found of isomers or
      impurities. The determined melting point of 32.degree.-34.degree.C.
      corresponds to the data for the pure ester disclosed in the literature.
PAC  Hydrolysis
PAR  156 g. (1 mole) of the TAA-1 ethyl ester distillate having a melting point
      of 32.degree.-34.degree.C. is refluxed for 1 hour with 300 ml. of
      approximately 10% strength hydrochloric acid. Alcohol is simultaneously
      distilled overhead. By cooling to room temperature under agitation, the
      TAA-1 acid is crystallized. After thorough filtering over a suction filter
      and drying of the filter cake at 100.degree.C. in a circulation drying
      chamber, 102 g. of TAA-1 acid (79.5% of theory) is obtained with a melting
      point of 128.degree.-131.degree.C. To obtain a TAA-1 acid which is
      completely free of HCl, the acid can once more be crystallized from
      H.sub.2 O.
PAR  The aqueous-hydrochloric filtrate can be resused for a subsequent batch.
PAR  The total yield, including the amount obtained from the filtrate is 122 g.
      of TAA-1 acid = 95.5% of theory.
PAC  EXAMPLE 2
PAR  In a manner corresponding to Example 1, molecular distillation is utilized
      to purify (a) the methyl ester and (b) the n-butyl ester of TAA-1 acid and
      then the acid is obtained by hydrolysis. Likewise high yields and equally
      high purity could thus be attained, i.e.:
TBL  ESTER      YIELD      PURITY OF ACID                                      

     ______________________________________                                    

     Methyl ester                                                              

                63%        99.7 - 99.9%(by titration)                          

     N-butyl ester                                                             

                58%        99.6 - 99.9%(by titration)                          

     ______________________________________                                    

PAR  While the novel principles of the invention have been described, it will be
      understood that various omissions, modifications and changes in these
      principles may be made by one skilled in the art without departing from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the production of tetrazole-1-acetic acid from a crude
      reaction product containing an ester of said acid, wherein the crude
      reaction product is treated to isolate the ester and the ester is
      hydrolyzed to form the acid, the improvement which comprises effecting a
      falling-film molecular distillation of the reaction product that contains
      an alkyl ester of tetrazole-1-acetic acid with 1-4 carbon atoms in the
      alkyl group at temperatures of below 130.degree.C. under a vacuum of
      &lt;10.sup..sup.-1 torr to obtain a distillate containing a purified alkyl
      ester which can be hydrolyzed to provide tetrazole-1-acetic acid of
      maximum purity.
NUM  2.
PAR  2. The process of claim 1, wherein distillation is effected at a
      temperature above 70.degree.C. and a vacuum to 10.sup..sup.-4 torr.
NUM  3.
PAR  3. The process of claim 1, wherein the distillation is effected at a
      temperature between 95.degree.C. and 120.degree.C. and at a vacuum between
      5x.sup..sup.-2 and 10.sup..sup.-3 torr.
NUM  4.
PAR  4. The process according to claim 1, wherein the vacuum is 10.sup..sup.-4
      torr and the temperature is between 70.degree. and 95.degree.C.
NUM  5.
PAR  5. The process of claim 1, wherein the molecular distillation is effected
      by producing a thin film of the reaction product on a heated surface
      spaced from a condenser surface from 10 to 70 mm.
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ABST
PAL  A process for screening materials as a function of particle size
      differences by feeding the materials onto one side of a substantially
      planar screen and vibrating the screen by producing a translational screen
      oscillation in directions normal to the screen plane and a torsional
      screen oscillation about an axis normal to the screen plane so that each
      point of the screen moves in a helical path. Screened material is
      collected at the other side of the screen and screened retentate is
      transported by the torsional screen oscillation to an exit port at a
      location spaced from the axis of torsional oscillation.
PAL  The process is particularly applicable to shipboard or other mobile use,
      since the spring stiffness provides good structural support under tilt or
      side acceleration conditions.
BSUM
PAR  The use of screens to separate solids from liquids, particularly solids
      suspended in liquids or to classify solids either in the dry form or
      suspended in liquids according to some predetermined size, represents
      techniques which have been practiced from historic times. The variety of
      materials which can be separated by screening techniques is enormous.
      Throughout this specification the terms solids separating or solids
      screening processes will be used to include both wet and dry screening
      processes or combinations of these processes.
PAR  Generally the use of screening techniques has been applied to many complex
      problems. In many cases screen blockage by the solids has occurred. This
      blockage or blinding tendency of many solids has prevented the use of many
      screening processes, and the extension of these solids screening processes
      to many materials has required the use of vibrating screens. Usually the
      vibrating screens have been driven by either of two general methods.
PAR  In one method the screen is mounted on some form of soft spring and the
      vibration imparted by a rotating unbalanced mass. There are many
      permutations and combinations of this method which have been disclosed.
      The movement of the screen in this type of vibration is very complex and
      is usually characterized by a wobble. The acceleration of the screen
      normal to its own plane is generally a function of the location on the
      screen. Thus, zones on the screen are found which operate at low vibration
      levels in this direction. The second general method of vibrating the
      screen uses some form of mechanical drive such as a cam, guides or the
      like. Usually such screens are driven at low frequency and occasionally
      the amplitude is relatively high. In both cases additional vibration is
      achieved in a random fashion by impacting the screen with resilient
      materials such as rubber balls or the like.
PAR  With the vibrating screens of the above type, several general limitations
      are encountered. Frequently, solids will adhere to the screen and are not
      induced to separate from the screen since there is no rapid acceleration
      normal to the screen surface. In many instances surface characteristics of
      the particles are such that particles adhering to the screen will tend to
      agglomerate with other particles and in a very short time a major portion
      of the screen surface will be blocked. In separating solids from liquids,
      particularly if a fine screen is used, surface tension forces and the
      viscous characteristics of many liquids extends these problems. The build
      up of solid particles on the screen exaggerates these effects and the flow
      of liquids through such screens is correspondingly reduced. In many cases
      screen blinding, especially in removing slimes from liquids, or in
      classifying powders which pack readily, frequently occurs and the reduced
      throughput and downtime impairs efficiency drastically.
PAR  In many cases the methods of driving the screens cause serious secondary
      problems. In mechanical drives the screens and related holders are
      subjected to severe mechanical action and as a result, the construction of
      these units must be very heavy. This increases the driving force required
      and frequent failure of parts occurs. On large installations this has
      become a serious problem and requires the use of heavy structures to
      prevent early failure. The mechanical drives frequently transmit
      vibrations to the buildings and hence increase building and especially
      foundation costs. Maintenance of mechanical drives is usually high since
      the moving parts rub or turn against each other and the constant jarring
      action cause rapid deterioration of equipment. On large installations
      noise levels and the accompanying vibration levels are frequently high and
      are injurious to employee health and morale. This is an increasingly
      important factor as the damage to the health of operators from long term
      exposure to high noise levels is recognized.
PAR  The vibration screens mounted on soft springs with their complex mode of
      vibration, which may be characterized as a wobble, suffer from another
      characteristic limitation. The complex nature of their response to
      excitation requires care in feeding to prevent additional vibrations which
      could start short circuiting of feed before it has had sufficient time to
      be screened properly. In addition, the soft type of spring support with
      little support of the screen in either direction parallel to the screen
      surface, makes such screens impractical for those applications where the
      support may be subjected to some relatively uncontrolled motion. Thus,
      attempts to use such vibrating screens on shipboard to segregate certain
      waste products or for other uses have been of little practicality.
PAR  One of the objects of this invention is to provide a process for separating
      solids from liquids and for classifying solids, which uses a vibrating
      screen with greatly improved blinding characteristics. Another object is
      to separate solids from liquids and for classifying solids which uses
      vibrating screens with greatly reduced noise and vibration transmission
      characteristics. A further object of the invention is to provide a process
      for the above separations in which the separating efficiency is very
      greatly improved and which can operate for long periods of time. A still
      further object of the invention is to provide a vibrating screen process
      which can be used effectively on shipboard. Other objects of this
      invention will be apparent to those skilled in the art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a frontal view of a vibrating screen showing an arrangement of
      the springs and electromagnetic drive.
PAR  FIG. 2 is a plan view of FIG. 1 illustrating a baffle.
PAR  FIG. 3 is a perspective view illustrating an alternative arrangement of the
      screen mass and reaction mass.
PAR  FIG. 4 is a sectional plan view similar to FIG. 2.
PAR  FIG. 5 is a sectional front view taken as indicated by the line 5--5 in
      FIG. 2.
PAR  FIG. 6 is a diagrammatic illustration of a two mass, single spring system
      and
PAR  FIG. 7 is a diagrammatic model of a three mass system.
DETD
PAR  The objects of this invention can be achieved by driving the vibrating
      screen with a unique combination drive which involves an electromagnetic
      drive coupled to a stiff spring mounted screen assembly. Basically, the
      screen motion is defined by the springs which produce the desired motion
      as they are deflected by the magnetic drive. The resultant motion is a
      vibration normal to the screen surface coupled to a torsional mode. As the
      electromagnet attracts the screen assembly, the springs deflect in a
      manner such that the screen accelerates downward and twists away from a
      given particle. When the magnet releases, the screen moves upwards and
      twists oppositely. The falling particle at some point in time will be
      impacted by the screen and given an acceleration in an upward and forward
      direction. At the top of the cycle the screen again starts it downward
      cycle. Any point on the screen surface follows essentially a helical
      motion and the vibration in a directional normal to the screen surface is
      the same at any point in the screen surface. This prevents the formation
      of a zone or zones of low vibration as can so readily occur under some
      other methods of driving the vibration screen.
PAR  A further unique characteristic of the invention lies in the location of
      the torsional node. As indicated, the springs impart a torsional mode to
      the screen movement. The center of rotation or node of this movement lies
      at some point within the volume enclosed by the vibration of the screen.
      Under these circumstances the particles will be given a motion which lies
      in some path around this node. For example, if the node is at the center
      of the screen the movement of the particles will be in some form of spiral
      path around the node.
PAR  If the material to be separated, for example, a solid suspended in a
      liquid, is fed to the node at the center of the screen, primary filtration
      occurs at this point. For convenience, it can be considered the primary
      screening area. In theory, solid particles at the center of rotation
      should have only a directional movement normal to the screen surface. In
      actual practice these will be forced off the center by collisions and by
      stray currents. As soon as they leave this center they will gradually move
      out in some spiral movement toward the rim of the screen. These particles
      will move over the screen where additional filtration or classification is
      provided on the sections of the screen surrounding the node. The coarser
      particles, or retentate, will progress in a spiral path around the node
      and eventually will reach the screen rim or exit port.
PAR  Although the invention has been described in general terms using one
      screen, the invention is equally applicable to a number of screens. Thus,
      it is possible to separate or to sort out materials into several
      classifications by appropriate selection of multiple screens.
PAR  In an alternate arrangement to the above process the screen is fitted with
      a scroll shaped wall attached to the screen which can act as a baffle and
      prevent the feed and retentate from short circuiting and going directly
      from the primary feed area to the exit port. With this arrangement the
      residence time on the screen can be controlled and a much cleaner
      separation achieved. The passage between walls is sufficiently wide to
      permit the solids to pass freely around the passageway. The screen motion
      induces motion of the retained materials in an essentially circular path
      while the baffle directs the retained material around and continuously in
      a radially outward path where the material can be discharged at one or
      more points on the rim. In order to prevent impedance to the retained
      material the baffle is driven with the screen and has a resilient
      elastomer contacting the screen to prevent screen abrasion.
PAR  The high acceleration of the screen in a direction normal to the screen
      surface prevents blinding. Any particle on the screen surface will be
      accelerated at such a rate that the adhesive forces between the material
      of the screen and the solid particle in most cases will be exceeded.
      Governed by the springs and the driving force the screen movement will
      cause the freed solid particle to acquire a fresh resting place on the
      screen. Thus, blinding of the screen will be eliminated. Occasionally, if
      increasing the acceleration of the screen is impractical and if blinding
      of the screen is particularly troublesome, antiblinding devices can be
      used. These can be of a number of types but a simple yet effective method
      is to use a series of rubber balls supported on a porous screen or porous
      plate beneath the screen. The porous plate, driven in conjunction with the
      vibrating screen, bounces the balls against the bottom of the screen. This
      additional random action prevents blinding in particularly stubborn cases.
      The use of balls of this type and for this purpose as applied to
      oscillating screens is old in the art. It is particularly effective,
      however, where the screen motion is normal to the screen surface at the
      points rather than oscillating back and forth in its own plane.
PAR  As indicated, the vibration of the screen, with its high normal
      acceleration of at least 1 g, will in most cases overcome the adhesive
      force between the particle and the screen material. In those cases where
      these forces could be high it is possible to alter these forces by using a
      fine coating on the screen of some material in which the adhesive forces
      between the particles and the screen are reduced. Alternatively, the
      screen can be made from a material which has low adhesive properties to
      the particles. The high speed vibrating action of the screen is equally
      effective in the transfer of liquid through the screen. This is especially
      true in the case of viscous liquids and for those liquids with relatively
      high surface tensions. The high speed of the vibrating screen creates
      continually new interfaces and transfer of liquid is accelerated. As the
      screen wires accelerate, the liquid tends to cavitate and impact the
      screen, alternately. This aids gravity in overcoming the screen's
      resistance to flow.
PAR  The torsional component of the vibration provides the tangential travel
      impetus to the solids. In each complete vibration cycle the screen drops
      from under the solid particles and moves backward in respect to the flow
      direction of the solid. When the screen begins to accelerate upward it
      reimpacts the solids and the solids move upward and torsionally with the
      screen until they leave the screen at some point as the screen
      decelerates. This provides a repetitive series of directed impacts which
      drives the solids forward between the baffles.
PAR  In addition to the directed impetus provided by the torsional component of
      the vibration the torsional component provides a rolling motion to solid
      particle. This motion, together with vibration normal to the screen
      surface, provides fresh surfaces for removal of liquid or fine solid
      material as dust. The torsional component as indicated, exerts a shearing
      action at the material-screen interface which is proportional to the
      distance of the interface from the center of the torsional vibration.
PAR  The coupled torsional-normal vibration is controlled by the forces driving
      the screen in the normal direction and the interaction of these forces
      with the coupled torsional springs. Thus, with an alternating force the
      spring action controls the motion. The type of springs, the number and the
      location and arrangement of the springs controls the screen motion. One
      such arrangement of springs and driver is shown in FIG. 1. In this
      arrangement one end of a spring 1 such as a leaf spring which has some
      preferred directional movement under an applied load is attached to a
      reaction mass 2 while the other end is attached to the screen mass, in
      such a manner that the screen assembly twists as it deflects. Another
      similar spring 6 is attached in a similar but paired manner on the
      opposite side of screen mass 3. Screen mass 3 comprises the screening,
      flow directing, and collecting components of the mechanism. These include,
      as in FIG. 5, feed port 13, baffle 12, retentate exit port 14, screened
      material exit 11, antiblinding balls 10, and open mesh ball cage 9.
      Referring to FIG. 1, the actuating force is furnished by the electromagnet
      4 acting on the suitable plate 5. As the load is applied by energizing
      electromagnet 4 the springs 1 and 6 deflect. Spring 1 will deflect in the
      direction 7 shown while the opposite paired spring 6 will deflect in
      direction 8.
PAR  The vibration is induced by a cyclic force field which deflects the
      springs. This may be induces mechanically, pneumatically, electrically, or
      hydraulically. A preferred method utilizing electrical power is the one
      illustrated in FIG. 1.
PAR  The springs define the direction and displacement of two points on the
      screen mass 3, with respect to reaction mass 2. Since the screen mass is
      essentially rigid, definition of motion at two of its points defines it
      motion at all points. With the springs as shown, working at equal angles
      to the planes of the masses, and simultaneously traversing equal distances
      perpendicular to themselves, the screen mass 3 rotates with respect to 2
      about a node located along lines perpendicular to the actual directions 7
      and 8 and passing through the attachment points of 1 and 6 to mass 3.
      Since the springs are equal, the node is midway between them. This
      rotation is superposed upon a translation of mass 3 toward mass 2. During
      the total motion, each point on screen mass 3 moves in a helical path with
      respect to 2. By alternately attracting and releasing the plate 5 with
      electromagnet 4, using alternating current through electromagnet 4, this
      helical motion is achieved at twice line frequency. Alternatively, by
      using a diode in the line in series with the coil, a modulated dc will
      induce oscillation at line frequency. The motion is induced by a force
      field in which electromagnet 4 varies its attraction to plate 5. The
      amplitude of motion depends upon the two masses, 2 and 3, the applied
      force field and the stiffness of the springs. The springs and masses are
      such that the system's natural frequency is between 70 and 150 percent of
      the impressed force frequency. When the driving frequency is in the 50 to
      60 hertz range, for example, this defines a system with a high effective
      rigidity (small deflections under partial g-tilt or ship motion loads),
      but a capability of multiple g-accelerations when excited by the
      electromagnet. Although two springs are sufficient to produce the desired
      motion, stability of the screen to forces acting in other directions will
      not be good with only two springs. Thus, to prevent tilting of the screen
      under forces such as those of a rolling or pitching ship resulting from
      various wave actions at least three springs will be required to define a
      stable arrangement.
PAR  The use of multiple springs requires that certain relations be maintained
      between them to establish the proper screen motions. These are defined as
      follows:
PA1  1. Movements of all points on the screen mass in a direction normal to a
      given plane in the screen mass are to be equal to one another at all
      times.
PA1  2. A torsional oscillation about an axis normal to the plane is to be
      maintained.
PAR  To achieve these motion and to prevent binding the following conditions are
      necessary:
PA1  1. Each spring must deflect such that its component parallel to a given
      plane of the screen mass is perpendicular to the line from the node axis
      to the spring's point of attachment to mass 3.
PA1  2. Each spring must be arranged such that when it deflects a give distance
      normal to a given plane, its deflection parallel to that plane is directly
      proportional to the distance between the spring's point of attachment to
      mass 3 and the node.
PA1  3. The secondary twists or stretching effects on the springs must be
      considered. The spring widths and mounts must be compliant enough to
      permit the desired primary deflections without binding. For example, when
      masses 2 and 3 deflect, they must approach one another, or one mount must
      comply, or the spring will load up as a tension bar. Similarly, as the two
      masses twist, the spring must twist without binding.
PAR  For example, for springs arranged as in FIG. 1, this indicates that the
      cotangent of the angle between displacement 7 and the screen plane is to
      the cotangent of the angle between displacement 8 and the screen plane as
      the distance from the torsional node axis to the attachment point of
      spring 1 is to the distance from the node axis to the attachment point of
      spring 6 to the mass 3.
PAR  Any number of springs can be used without binding, so long as these
      relations are maintained.
PAR  Generally, pairs of opposed springs are preferred. The number of springs is
      not limiting, but as the number is increased beyond four the difficulties
      of arranging independent springs in space increase. For this reason the
      least number of springs to give the desired motion is preferred.
PAR  Although FIG. 1 illustrates the case where the torsional node is in the
      center of the screen, this is not limiting. As long as the torsional node
      axis passes through some point on the screen surface the particles will be
      driven in some path across the screen surface and tend to circulate around
      the node. In some cases some alternate path may be preferred. Appropriate
      adjustments to the design and location of the baffle could be made to take
      maximum advantage of the particular system.
PAR  The arrangement of FIG. 1 shows the reaction mass and screen mass
      vertically offset and the springs arranged between the two masses.
PAR  This is not a limiting configuration. The masses may be at any level with
      respect to one another so long as the springs provide proper deflections.
      FIG. 3 shows one possible alternate. The screen mass is at the center. The
      springs are like wheel spokes, angled to define the proper relative
      motions, and mounted with either their inner or outer ends in compliant
      clamps.
PAR  In this embodiment of the invention the screen mass 15 is attached to the
      reaction mass 16 by springs 17 and 18. Springs 19 and 20 could be added to
      give additional stability to the screen as discussed earlier. Again the
      type of springs is immaterial as long as it has some preferred directional
      movement under load and as long as it can be attached in such a manner
      that twisting movement is imparted under load. Further, if paired springs
      are used it is preferred that arrangement of the springs should be such
      that twisting will occur in a paired opposite direction. Thus, it is clear
      that if some load is applied to the screen surface, for example, by a
      suitable electromagnet located below the screen, the screen will move down
      and away from a given particle and then upwards and forward at the end of
      the cycle. Other arrangements of springs, masses; force field and
      directions are possible within the scope of the invention.
PAR  The movement normal to the screen surface will be controlled by the force
      field of the electromagnet and by the modulus of the springs. Since the
      amplitude of the movement and the frequency of the forcing function will
      control the acceleration of the screen and particles, these forces in
      large part govern the ability of the screen to function efficiently and to
      prevent blinding. It should be noted that the movement parallel to the
      torsional axis is the same at all points on the screen surface. However,
      it should be noted that the movement resulting from the torsional forces
      is related to the position on the screen and is dependent upon the
      distance of a point from the torsional node. This effectively relates
      particle travel to distance from a node, and defines residence time.
PAR  As indicated, these factors which influence screen movement can be varied
      widely, and the invention can be practiced over wide limits and is
      dependent in large part on the characteristics of the materials to be
      separated as well as the properties of the screens which are used. Thus,
      there are many combinations and permutations which are apparent to those
      skilled in the art.
PAR  The use of a scroll type baffle or guide 12 as in FIg. 2, is an important
      adjunct to the success of this invention. As indicated, the invention can
      be practiced in the absence of a guide or baffle. However, improved
      efficiency by preventing short circuiting of feedstock from the screen
      entrance area to the exit port is effectively insured by the use of a
      scroll. For example, when used on shipboard, a properly designed baffle,
      since it guides a spiral flow of material around a screen to the exit
      port, prevents short circuiting as the ship rolls.
PAR  As indicated, the scroll baffle can take many forms. For screen with
      torsional nodes in the center an example of an effective baffle is shown
      in FIG. 4. In this instance the torsional node would be in area 21 which
      is also the entrance of the feed 13. Baffle 22 is designed in such a
      manner that material reaching exit port 23 will travel over a major
      portion of screen 24. In a similar manner the exit port 14 can be arranged
      within the screen confines as shown in FIG. 2. In this arrangement
      material can bypass the port and make a second circuit around the screen.
      Many other arrangements are possible including one in which the scroll is
      an integral part of the node.
PAR  As previously indicated, the screen motion induces circulation of material
      about the torsional node. When the material to be moved is particulate,
      and each section moves independently of each other section, it makes
      little difference where the end of the baffle spiral is. Particles can
      pass it on both sides, without mutually interfering. Those on one side
      travel to the exit. Those on the other side move freely in the entry zone
      and after full circle are given a second opportunity to pass the baffle.
      With stringy materials, or fibers, such independence does not exist. If
      one part of a fiber is on one side of the baffle, and the other part on
      the other side, the motion of the screen induces the fiber to drape itself
      around the baffle and resist dislodging. If, however, the baffle end is at
      the torsional node, this effect can be negated. With respect to the node,
      all parts of the fiber tend to circulate either clockwise or
      counterclockwise (clockwise in FIG. 2) and the fiber would pivot around
      the node, clearing itself from a baffle which terminates at that point.
PAR  FIG. 2 is also an illustration of a baffle which terminates at the node. In
      the preferred manner using this system feed would be admitted through 13.
      Item 26 corresponds both to the node and the baffle end. Any fiber or
      stringy material which is draped around 26 will pivot clockwise and
      undrape itself from the baffle end.
PAR  In addition to variations in the design of baffles, it is possible to use
      steps, inclined slopes or weirs in the passageways included between the
      baffles. Since the force moving the particles increases with increasing
      distance from the node, such modifications should be located at some
      distance from the node.
PAR  Since so many design arrangements are possible, it is important to note
      that the location of the feed, the exit ports and types and the design of
      the baffle, must be coordinated with the location of the torsional node.
      Since the location of this node must be in the effective surface area of
      the screen if a spiral baffle is to be effective, this is an important
      factor in screen efficiency.
PAR  The use of mechanical drives for vibrating screens has frequently resulted
      in poor operator working conditions. The high noise level and the severe
      vibrations transferred to the equipment foundations and building structure
      can cause severe damage to the health and morale or workers exposed for
      long time periods. In general, by mounting the unit base to its support
      with soft mounts, the vibration transferred to the support can be reduced.
      Nevertheless, under certain conditions it is desirable to reduce these
      effects still further.
PAR  In the preceding description, all of the motions have resulted from
      interacting screen mass 3 with reaction mass 2, without regard to support
      of mass 2 from ground. Typically, mass 2 is supported from ground by
      compliant mounts, with spring constants soft enough to transmit small
      loads to ground as reaction mass 2 oscillates. These forces, small
      compared to those between 2 and 3, are still large enough in some cases to
      distrub the structure supporting the screen, to an unacceptable degree.
PAR  Such disturbance is eliminated by using the following technique:
PAR  Consider the system as a two mass, single spring system as in FIG. 6, in
      which whenever the screen mass is moving clockwise and downward, the
      reaction mass is moving counterclockwise and upward, and vice versa. The
      motions with respect to ground are strictly defined such that the
      composite system has no change in the vertical position of its center of
      gravity, nor any angular momentum change during the vibration, since
      neither force nor torque is applied externally to the system. Therefore,
      on each spring a point exists which has no motion with respect to inertial
      space as a result of the vibratory disturbance. The structure supporting
      the device can be attached to the springs at this point, with the property
      that this structure will not transmit any disturbance to ground. The
      vibration mode is that of a two mass system, supported at a node of its
      motion.
PAR  In practice, this structure may be actually attached to continuous springs,
      or the unit may be arranged with three effective masses and two spring
      sets as modeled in FIG. 7. M.sub.1 and M.sub.2 are equivalent to the
      screen and reaction masses respectively. k.sub.1 and k.sub.2 are two
      spring rates related as follows:
      ##EQU1##
PAR  In addition, the system is driven at 70 percent to 150 percent of the
      frequency defined by:
      ##EQU2##
PAR  The induced mode of vibration is then equivalent to M.sub.1 and M.sub.2
      acting as a two mass system. The third mass, Mg represents the structure
      supporting the system to ground, and transmits no significant disturbance,
      if properly designed. An example of such a construction is shown in FIG.
      7.
PAR  The spiral movement of particles on the screen, together with appropriate
      baffles, and vibration, is particularly valuable for shipboard use, since
      as roll and pitch tend to slide material across the screen, the baffles
      limit its excursion. Preferably, the exit port and the torsional node
      should be aligned fore and aft on the ship, since fore and aft
      disturbances from pitch are generally lower than athwartships roll
      effects.
PAR  In order to further describe the invention, the following examples are
      submitted by way of illustration only, and are not to be construed as
      limiting the invention in any manner:
PAC  EXAMPLE 1
PAR  A vibrating screen, driven at 60 Hz by a diode-clipped 60 Hz line voltage
      with an electromagnet and plate, in which the screen mass consisted of a
      housing with inlet port, liquid exit port and solids exit port, spiral
      baffle, 140 mesh screen, with elastomer antiblinding balls arranged
      essentially as in FIG. 1, with a torsional node at the screen center.
PAR  The unit, with an effective screen area of 150 in.sup.2, and 2inches wide
      paths between baffle turns, was used to filter raw sewage at rates up to
      15 gallons per minute. During the course of several tests, at least 5,000
      gallons of sewage with an average suspended solids level of approximately
      300 Mg/liter, was treated, and approximately half its suspended solids
      removed. Solids were removed at a dryness of 5 to 15% dry solids. Blinding
      was not experienced during any run.
PAR  The vibration amplitude was approximately 0.015 inch normal to the screen,
      and the torsional component, at a 9 inches radius from the node equal to
      approximately 0.060 inch.
PAC  EXAMPLE 2
PAR  On a machine similar to FIG. 1, paper plant effluent containing long and
      short fibers as well as suspended solids was processed at rates up to 10
      gallons/minute. The effluent was virtually free of long fiber components,
      which were removed by the screen and released from the machine at
      drynesses averaging 5 to 6% solids. Approximately a thousand gallons was
      treated without signs of blinding or buildup on the screen.
PAC  EXAMPLE 3
PAR  A machine similar to FIG. 1, with spiral scroll, subjected to tilts of
      .+-.45.degree. at a frequency of one-twelfth cycle per second was designed
      for shipboard use. In ground based testing, the screen-baffle arrangement
      filtered sewage averaging 1,000 Mg/liter solids without blinding or short
      circuiting wet sewage to the output pipe. The relatively stiff, tuned,
      mounting spring system prevented any significant shift or binding of the
      action under the ship motion type loading.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for screening materials by means of a substantially planar
      screen having an entrance surface facing generally upwardly and an exit
      surface facing generally downwardly comprising the steps of:
PA1  a. feeding the materials onto the entrance surface of the screen,
PA1  b. vibrating the screen by producing a translational oscillation of the
      screen in directions normal to the plane of the screen and a torsional
      oscillation of the screen about an axis normal to the plane of the screen,
      so that each point of the screen moves in a helical  path, the
      translational oscillation of the screen being such that the acceleration
      of the screen normal to the plane of the screen is at least 1 g (32.2
      feet/second.sup.2) during some portion of each vibrational cycle,
PA1  c. utilizing the torsional oscillation of the screen to transport screen
      retentate to an exit port disposed generally in the plane of the screen at
      a location spaced from the axis of torsional oscillation,
PA1  d. collecting the screen retentate at the exit port, and
PA1  e. collecting the screened material below the exit surface of the screen.
NUM  2.
PAR  2. The process according to claim 1 in which the vibrating of the screen is
      accomplished by applying a cyclic force to the screen while constraining
      the screen motion to a helical path.
NUM  3.
PAR  3. The process according to claim 2 in which the cyclic force applied to
      the screen is a cyclic magnetic force.
NUM  4.
PAR  4. The process according to claim 1 in which the screen retentate is
      transported in an essentially circuitous path to the exit port.
NUM  5.
PAR  5. The process according to claim 1 in which the axis of the helical paths
      defining the motion of all points of the screen passes through the screen.
NUM  6.
PAR  6. The process according to claim 1 in which the screen retentate is
      transported to the exit port in a predetermined path by directing the
      screen retentate along said path by means of a scroll baffle.
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PAL  The compounds are sulphoxides of heterocyclicthioalkylthioureas, ureas and
      guanidines which are useful to produce inhibition of histamine H-2
      receptors.
BSUM
PAR  This invention relates to sulphoxides, to processes for their preparation
      and to pharmaceutical compositions comprising them. The sulphoxides of the
      invention can exist as the addition salt with an acid but, for convenience
      reference will be made throughout this specification to the parent
      compounds.
PAR  Histamine H-2 receptor antagonists have been defined by Black et al.
      (Nature 1972, 236, 385) as those compounds which inhibit certain actions
      of histamine which are not inhibited by the class of substances such as
      mepyramines which have been commonly called "antihistamines" and which may
      now be referred to as histamine H-1 receptor antagonists.
PAR  Our U.K. specification No. 1338169 describes, inter alia, thioether
      compounds which are useful as histamine H-2 receptor antagonists and it is
      with the sulphoxides of certain of these compounds that the present
      invention is concerned.
PAR  According to the present invention we provide sulphoxides of the
      followinging structural formula I:
      ##EQU1##
PAC  FORMULA I
PAL  wherein A is such that there is formed with the carbon atom shown an
      unsaturated heterocyclic nucleus, preferably having five or six atoms,
      which nucleus comprises at least one nitrogen atom and may comprise
      further hereto atoms such as sulphur and oxygen, e.g., imidazole,
      pyridine, thiazole, isothiazole, oxazole, isoxazole, pyrazole, triazole,
      thiadiazole, pyrimidine, pyrazine or pyridazine; X.sub.1 and X.sub.2 which
      may be the same or different are hydrogen, lower alkyl, trifluoromethyl,
      hydroxyl, halogen, amino, or X.sub.1 may with X.sub.2 and at least two of
      the atoms comprising A form a further ring, e.g., a benzene ring, a
      pyrimidine ring or a partially unsaturated ring; k is 0 to 2 and m is 2 or
      3 provided that the sum of k and m is 3 or 4; E is oxygen, sulphur or
      NR.sub.2 ; R.sub.1 is hydrogen, lower alkyl such as methyl, acyl, e.g.,
      benzoyl or dialkylaminoalkyl, e.g., dimethylaminoethyl; and R.sub.2 is
      hydrogen, nitro, cyano, alkanesulphonyl or arenesulphonyl.
PAR  Preferably A is such that it forms with the carbon atom shown an imidazole,
      thiazole or pyridine ring. Preferably X.sub.1 is hydrogen, methyl,
      bromine, amino or hydroxyl and X.sub.2 is hydrogen. Preferably k is from 1
      to 2 and m is 2 or 3 and particularly useful compounds are those wherein k
      is 1 and m is 2. Preferably E is sulphur or NR.sub.2 wherein R.sub.2 is
      cyano. Preferably R.sub.1 is methyl.
PAR  Particularly useful compounds which are within the scope of the present
      invention are (5-methyl-4-imidazolyl)methyl 2-(N'-methylthioureido) ethyl
      sulphoxide and N-cyano-N'-methyl-N"-[2-((4-methyl-5-imidazolyl)
      methylsulphinyl)ethyl]guanidine.
PAR  The compounds of the present invention may be prepared from amines of  the
      following formula II:
      ##EQU2##
PAC  FORMULA II
PAL  wherein A, X.sub.1, X.sub.2, k and m have the same significance as in the
      substance of formula I, by treatment with an oxidising agent such as
      perbenzoic or peracetic acid or, preferably, with periodate, e.g., sodium
      periodate. This results in the production of a compound of formula III
      ##EQU3##
PAC  FORMULA III
PAL  wherein A, X.sub.1, X.sub.2, k and m have the same significance as in the
      substance of formula I, which may be isolated or which may be further
      reacted, without isolation, with an appropriate reactant to yield the
      required compound of formula I.
PAR  The compounds of Formula I where R.sub.1 is lower alkyl and E is sulphur
      may be prepared from the amine of Formula III by reaction with an
      isothiocyanic ester of Formula R.sub.1 --N=C=S is an appropriate solvent
      such as chloroform, ethanol, isopropanol, acetonitrile or water.
PAR  Compounds of Formula I wherein E is oxygen may be formed from the amine of
      Formula III by treatment thereof with an isocyanate of Formula R.sub.1 NCO
      wherein R.sub.1 is lower alkyl. The compounds of Formula I wherein E is
      oxygen and R.sub.1 is hydrogen may be obtained by reaction of the said
      amines with sodium or potassium cyanate.
PAR  Compounds of Formula I wherein E is NR.sub.2 may be prepared from the amine
      of Formula III by treatment thereof with an isothiourea of Formula IV.
      ##EQU4##
PAC  FORMULA IV
PAL  wherein R.sub.1 has the same significance as in Formula I. In the case
      where R.sub.2 is cyano, the amine of formula III may be treated with a
      dialkyldithiocyanimidocarbonate or dialkylcyanimidocarbonate of formula V
EQU  (R.sub.3 Y).sub.2 C=N--CN
PAC  FORMULA V
PAL  wherein R.sub.3 is lower alkyl, preferably methyl and Y is sulphur or
      oxygen, preferably sulphur to yield a compound of formula VI
      ##EQU5##
PAC  FORMULA VI
PAL  wherein A, X.sub.1, X.sub.2, k and m have the same significance as in
      formula I and R.sub.3 and Y have the same significance as in formula V.
      Treatment of the substance of formula VI with an amine of formula R.sub.1
      NH.sub.2 wherein R.sub.1 is hydrogen, lower alkyl or aralkyl yields the
      required compound of formula I.
PAR  The amines of Formula II may be produced by the processes described in our
      U.K. specification No. 1338169 namely from a substance of Formula VII
      ##EQU6##
PAC  FORMULA VII
PAL  wherein A, X.sub.1, X.sub.2 and k have the same significance as in the
      substance of Formula I; and Q is hydroxyl, halogen or methoxy. In the
      first stage of these processes, the compound of Formula VII is reacted
      with an amino-mercaptan of the following Formula VIII
EQU  HS -- (CH.sub.2).sub.m NH.sub.2
PAC  FORMULA VIII
PAL  wherein m has the same significance as in Formula I. When Q is halogen,
      this reaction may be carried out under strongly basic conditions, for
      example in the presence of sodium ethoxide or sodium hydroxide. Since the
      substance of Formula VII is a primary amine, it may be necessary to
      protect the amino group, for example by a phthalmido group which may
      subsequently be removed by acid hydrolysis or hydrazinolysis. When Q is
      hydroxyl or halogen it is found that the reaction will take place under
      acidic conditions, e.g., in the presence of a halogen acid such as 48%
      aqueous hydrogen bromide, or a halogen acid in the presence of glacial
      acetic acid. When Q is methoxy, the reaction will also take place in the
      presence of 48% hydrogen bromide.
PAR  In an alternative method for the production of our sulphoxide compounds,
      which is particularly suitable when E is oxygen or N-cyano, the
      corresponding thioether compound of formula IX:
      ##EQU7##
PAC  FORMULA IX
PAL  wherein A, X.sub.1, X.sub.2, k, m and R.sub.1 have the same significance as
      in Formula I and E.sup.1 is oxygen or N-cyano, is treated with an
      oxidising agent such as perbenzoic or peracetic acid or, preferably, with
      periodate, e.g., sodium periodate. The reaction may conveniently be
      carried out in a suitable solvent, e.g., water.
PAR  It will be appreciated that whichever of the above methods is used, an
      essential step in the process is the treatment of a thioether compound of
      formula X.
      ##EQU8##
PAC  FORMULA X
PAL  wherein A, X.sub.1, X.sub.2, k and m have the same significance as in
      Formula I and Q is hydrogen or
      ##EQU9##
      wherein E and R.sub.1 have the same significance as in Formula I, with an
      oxidizing agent of the type mentioned hereinbefore.
PAR  The sulphoxides of the present invention find their utility in the
      inhibition of histamine H-2 receptors in the animal body. Although we do
      not wish to be limited in any way by the following explanation of this
      utility, we believe that this is largely due to the metabolic reductive
      conversion of the sulphoxides to the corresponding thioether compounds
      which are of course, as stated above, highly effective as histamine H-2
      receptor antagonists. This conversion is thought to occur in the large
      intestine of the animal where the active reducing agent is probably
      present in the intestinal bacterial flora. Because of this mechanism the
      principle H-2 antagonism action may be delayed for some considerable time
      after the administration to the animal of the sulphoxides. This is a
      particularly useful effect in many cases and may be utilized, for example
      to provide a continuing supply of antagonist to the animal after the
      effects of an initial dose, e.g., of a compound of the type described in
      U.K. specification No. 1338169 has started to decline. In this regard it
      is of course possible to administer the sulphoxides of the present
      invention at the same time and possibly in combination with the said
      initial dose.
PAR  In support of the above explanation of the histamine H-2 receptor
      inhibition resulting from the administration to animals of the sulphoxides
      according to the present invention it has been shown that, after oral
      administration of the sulphoxide, for example to rats at 300 mg/kg orally,
      the corresponding thioether reduction product can be detected in body
      fluids, e.g., urine and furthermore that incubation of the sulphoxide with
      rat, dog or human faecal homogenates results in substantial reduction to
      the corresponding thioether. Thus, the compounds of this invention produce
      histamine H-2 receptor inhibition in rats at the dose stated above.
      Inhibitors of histamine H-2 receptors are useful, for example, as
      inhibitors of gastric acid secretion.
PAR  In addition to the above, certain of the sulphoxides of the present
      invention show activity as histamine H-2 receptor antagonists on the
      various tests which, as described by Black et al. (Nature 1972, 236, 387),
      characterise this activity. For example, they inhibit the histamine
      stimulated increase in the contraction frequency of isolated guinea pig
      atrium in oxygenated McEwen's solution at 34.degree.C. As explained by
      Black et al. (Nature, 1972, 236, 387) this effect can be quantified in
      terms of the displacement of the dose-response curves wherein the log of
      the molar concentration of histamine required to produce a response up to
      a maximum is plotted against the response (expressed as a percentage of
      the maximum). When competitive antagonism occurs, a series of parallel
      sigmoid curves are obtained corresponding to different concentrations of
      antagonist and, from these data, the apparent dissociation constant
      (K.sub.B) for the antagonist-receptor interaction can be calculated.
      Certain of the sulphoxides of Formula I exhibit the typical
      characteristics of a competitive antagonist in this test, for example
      (5-methyl-4-imidazolyl)methyl 2-(N.sup.1 -methylthioureido) sulphoxide
      which has a K.sub.B of the order of 10 micromolar.
PAR  The compounds of Formula I may be combined with a pharmaceutically
      acceptable carrier to form pharmaceutical compositions. Advantageously the
      compositions will be made up in an appropriate dosage form. The
      pharmaceutical carrier employed may be, for example, either a solid or
      liquid. Exemplary of solid carriers are lactose, terra alba, sucrose,
      talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and
      the like. Exemplary of liquid carriers are syrup, peanut oil, olive oil,
      water and the like. Other pharmacologically active compounds may in
      certain cases be included in the pharmaceutical compositions, for example
      as mentioned above, a thioether compound which may or may not be exact
      analogue of the sulphoxide, may be included.
PAR  A wide variety of pharmaceutical forms can be employed; thus if a solid
      carrier is used, the preparation can be tableted, placed in a hard gelatin
      capsule in powder or pellet form, or in the form of a troche or lozenge.
      The amount of solid carrier will vary widely but preferably will be from
      about 25 mg to about 1 gm. If a liquid carrier is used, the preparation
      may be in the form of a syrup, emulsion, soft gelatin capsule, or an
      aqueous or nonaqueous liquid suspension.
PAR  The pharmaceutical compositions are prepared by conventional techniques
      involving procedures such as mixing, granulating and compressing or
      dissolving the ingredients as appropriate to the desired preparation.
PAR  The active ingredient will be present in the composition in an amount such
      that effective inhibition of H-2 histamine receptors is eventually
      achieved. The route of administration should be such that the sulphoxide
      can eventually reach the large intestine and is thus preferably orally.
PAR  For therapeutic use, the compounds of the present invention will normally
      be administered as a pharmaceutical composition comprising as the or an
      essential active ingredient at least one such compound in the basic form
      or in the form of an addition salt with a pharmaceutically acceptable acid
      and in association with a pharmaceutical carrier therefor. Such addition
      salts include those with hydrochloric, hydrobromic, hydriodic, sulphuric,
      picric and maleic acids and the addition salt with one of these acids may
      readily be converted to that with another. Such conversion may be effected
      by means of ion-exchange techniques. A particularly useful method which
      also in many cases effects purification to a sufficient degree to allow
      the resultant solution of the addition salt to be used for pharmacological
      estimations involves the formation of the picrate salt and conversion
      therefrom to the chloride salt.
DETD
PAR  The invention is illustrated but in no way limited by the following
      examples:
PAC  EXAMPLE 1
PAC  Preparation of (5 -Methylimidazol-4-yl)methyl 2-(N'-methylthioureido)ethyl
      sulphoxide
PAR  i. A solution of 4-hydroxymethyl-5-methylimidazole hydrochloride (30 g) and
      cysteamine hydrochloride (23 g) in acetic acid (200 ml) was heated under
      reflux for 10 hours. Following cooling to 15.degree.-20.degree.C, the
      solid which crystallized was collected and washed with isopropyl alcohol
      to give 2[(5-methylimidazol-4-yl)methyl]thioethylamine dihydrochloride
      (45.5 g), m.p. 189.degree.-192.degree.C.
PA1  ii. 2[5-Methylimidazol-4-yl)methyl]thioethylamine dihydrochloride (14.5 g,
      0.06 ml) was added in two portions to a stirred solution of sodium
      metaperiodate (13.5 g, 0.063 mol) in water (126 ml) kept at
      2.degree.-5.degree.C, stirred at this temperature for 3 hours and then
      left overnight at 0.degree.C. The solid was filtered off and washed with
      methanol and the combined filtrate and washings (which had deposited more
      solid which was filtered again) were basified to pH 9.10 by addition of
      potassium carbonate (15 g) and evaporated to dryness under reduced
      pressure at 70.degree. with azeotroping with n-propanol. Extraction of the
      residue with isopropanol and evaporation of the filtered extracts gave
      crude (5-methylimidazol-4-yl)methyl 2-aminoethyl sulphoxide as an oil.
      (The infra red spectrum indicated SO absorption at 1020, 1040
      cm.sup.-.sup.1).
PA1  iii. This oil was dissolved in ethanol (250 ml) containing 3 drops water
      and methyl isothiocyanate (5.1 g, 0.07 mol) was added. The solution was
      left at room temperature overnight, by which time thin-layer
      chromatography (silica-gel plate: ethyl acetate/methanol/ammonium
      hydroxide (5:1:1); visualized by UV and potassium iodoplatinate) indicated
      complete disappearance of amine, and product formed (white spot K.I.P.
      initially mauve). Purification by chromatography on silica gel and
      crystallization in acetonitrile gave, after final crystallisation from
      methanolether, (5-Methylimidazol-4-yl)methyl-2(N'-methylthioureido)ethyl
      sulphoxide (7.1 g,) m.p. 135.degree.-7.degree.C. An analytical sample
      after a further recrystallization had m.p. 139.degree.-140.degree.C.
      Found: C, 41.39; H, 6.35; N, 21.39 C.sub.9 H.sub.16 N.sub.4 OS.sub.2
      requires: C, 41.51; H, 6.19; N, 21.52.
PAC  EXAMPLE 2
PAC  Preparation of N-Cyano-N'-methyl-N"-[2-((4-methyl-5-imidazolyl)methyl
      sulphinyl)ethyl]guanidine
PAR  Sodium metaperiodate (1.85 g, 8.68 m.mol.) was added to a stirred, cooled
      (5.degree.) solution of N-cyano-N'-methyl-N"-[2-((4-methyl-5-imidazolyl)
      methylthio)ethyl]guanidine (2.085 g, 8.27 m.mol.) in water (83 ml). After
      90 minutes stirring at 5.degree. thin layer chromatography indicated
      almost complete disappearance of starting material. The solution was
      allowed to stand overnight at room temperature to complete the reaction,
      then evaporated under reduced pressure to dryness, with azeotroping with
      n-propanol. The residue was boiled with isopropanol (60 ml), filtered hot,
      and the filtrate was evaporated to dryness to give the crude product as a
      glass. This was purified by charcoaling in methanol (40 ml), filtration
      and dilution with ether to 1500 ml. The liquid was decanted from the
      flocculent precipitated glass which was kept under a further 1500 ml ether
      to become semicrystalline, then filtered and allowed to stand overnight in
      air. The hardened glass was stirred with cold methanol (25 ml) filtered
      from insoluble crude product and and inorganics (0.28 g. m.p. 190.degree.)
      and to the filtrate was carefully added ether (to 500 ml) so that two
      layers formed. On standing undisturbed for three days there separated off
      white crystals of
      N-cyano-N'-methyl-N"-[2-((4-methyl-5-imidazolyl)methylsulphinyl)ethyl]
      guanidine (1.55 g), m.p. 185.degree.-186.5.degree.C. Found: C, 44.57; H,
      6.08; N, 31.18; S, 11.91%. C.sub.10 H.sub.16 N.sub.6 OS requires C, 44.76;
      H, 6.01; N, 31.32; S, 11.95%.
PAC  EXAMPLE 3
PAC  Preparation of N-Cyano-N'-methyl-N"-[2-((2-thiazolyl)methylsulphinyl)ethyl]
      guanidine.
PAR  Sodium metaperiodate (220 mg, 1.03 m.mol) was added to a stirred solution
      of N-cyano-N'-methyl-N"-[2-((2-thiazolyl)methylthio)ethyl] guanidine (225
      mg, 1.0 m.mol) in water (90 ml). After 1 hour at 25.degree. then 17 hours
      at 5.degree. t.l.c. indicated the reaction was essentially complete. The
      solution was evaporated under reduced pressure at 60.degree. to dryness,
      with azeotroping with n-propanol (2x). The residue was boiled with
      isopropanol (20 ml) for 3 minutes, filtered hot from 205 mg of inorganic
      salts, (100%), and evaporated under reduced pressure to a clear glass
      which was stirred continuously for 4 days under ether to give crude
      product (273 mg, 100%) m.p. 110.degree. (softens only). Purification was
      effected by dissolution in acetonitrite (15 ml) and dilution of the
      filtered warm solution with ether to 220 ml. After 17 hours standing the
      precipitate had crystallized yielding, after filtration and washing with
      ether, N-cyano-N'
      -methyl-N"-[2-((2-thiazolyl)methylsulphinyl)ethyl]guanidine, (335 mg),
      m.p. 112.degree.-113.degree.C. Found: C, 39.62; H, 5.03; N, 25.64%.
      C.sub.9 H.sub.13 N.sub.5 OS.sub.2 requires: C, 39.83; H, 4.83; N, 25.81%.
PAC  EXAMPLE 4
PAR  Treatment of (5-methylimidazol-4-yl)methyl 2-aminoethyl sulphoxide
      according to the method of Example 1 (iii) with the following compounds:
PA1  a. ethyl isothiocyanate
PA1  b. 2-(dimethylamino)ethyl isothiocyanate
PA1  c. S-methylisothiourea
PA1  d. S-methyl-N-nitroisothiourea
PA1  e. benzoyl isothiocyanate
PAL  yielded the following compounds:
PA1  a. (5-methylimidazol-4-yl)methyl 2-(N'-ethylthioureido)ethyl sulphoxide
PA1  b. (5-methylimidazol-4-yl)methyl 2-[N'-2-(dimethylamino)ethyl ureido] ethyl
      sulphoxide
PA1  c. (5-methylimidazol-4-yl)methyl 2-guanidinoethyl sulphoxide)
PA1  d. (5-methylimidazol-4-yl)methyl 2-(N'-nitroguanidino)ethyl sulphoxide
PA1  e. (5-methylimidazol-4-yl)methyl 2-(N'-benzoylthioureido)ethyl sulphoxide
PAL  Alkaline hydrolysis with aqueous potassium carbonate of the last mentioned
      sulphoxide yielded
PA1  f. (5-methylimidazol-4-yl)methyl 2-thioureidoethyl sulphoxide.
PAC  EXAMPLE 5
PAR  By subjecting the following amino compounds to the reactions described in
      Example 1 (ii) and 1 (iii):
PA1  a. 2-[(imidazol-4-yl)methyl]thioethylamine
PA1  b. 2-[(5-ethylimidazol-4-yl)methyl]thioethylamine
PA1  c. 2-[(5-isopropylimidazol-4-yl)methyl]thioethylamine
PA1  d. 2-[(5-benzylimidazol-4-yl)methyl]thioethylamine
PA1  e. 2-[(5-bromoimidazol-4-yl)methyl]thioethylamine
PA1  f. 2-[(2-methylimidazol-4-yl)methyl]thioethylamine
PA1  g. 2-[(imidazol-2-yl)methyl]thioethylamine
PA1  h. 2-[(1,5-dimethylimidazol-2-yl)methyl]thioethylamine
PA1  i. 2-[(1-methyl-5-chloroimidazol-2-yl)methyl]thioethylamine
PA1  j. 2-[(3-1,2,4 triazol-3-yl)methyl]thioethylamine
PA1  k. 2-[(pyrazol-3-yl)methyl]thioethylamine
PA1  l. 2-[(pyrid-2-yl)methyl]thioethylamine
PA1  m. 2-[(3-hydroxypyrid-2-yl)methyl]thioethylamine
PA1  n. 2-[(pyridazin-3-yl)methyl]thioethylamine
PA1  o. 2-[(5-amino-1,3,4-thiadiazol-2-yl)methyl]thioethylamine
PA1  p. 2-[(5-trifluoromethylimidazol-4-yl)methyl]thioethylamine
PA1  q. 2-[(pyrimidin-2-yl)methyl]thioethylamine
PA1  r. 2-[(pyrazin-2-yl)methyl]thioethylamine
PA1  s. 2-[(2-aminothiazol-3-yl)methyl]thioethylamine
PA1  t. 2-[(isothiazol-3-yl)methyl]thioethylamine
PA1  u. 2-[(4 -bromoisothiazol-3-yl)methyl]thioethylamine
PA1  v. 2-[(3-aminopyrid-2-yl)methyl]thioethylamine
PA1  w. 3-[(imidazol-4-yl)methyl]thiopropylamine
PA1  x. 2-[2-(imidazol-4-yl)ethyl]thioethylamine
PA1  y. 2-[(benzimidazol-2-yl)methyl]thioethylamine
PAL  the following sulphoxides may be produced:
PA1  a. (imidazol-4-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  b. (5-ethylimidazol-4-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  c. (5-isopropylimidazol-4-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  d. (5-benzylimidazol-4-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  e. (5-bromoimidazol-4-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  f. (2-methylimidazol-4-yl)methyl 2-(N'methylthioureido)ethyl sulphoxide
PA1  g. (imidazol-2-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  h. (1,5-dimethylimidazol-2-yl)methyl 2-(N'-methylthioureido)ethyl
      sulphoxide
PA1  i. (1-methyl-5-chloroimidazol-2-yl)methyl 2-(N'-methylthioureido)ethyl
      sulphoxide
PA1  j. (3-1,2,4 triazol-3-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  k. (pyrazol-3-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  l. (pyrid-2-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  m. (3-hydroxypyrid-2-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  n. (pyridazin-3-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  o. (5-amino-1,3,4-thiadiazol-2-yl)methyl 2-(N'-methylthioureido)ethyl
      sulphoxide
PA1  p. (5-trifluoromethylimidazol-4-yl)methyl 2-(N'-methylthioureido)ethyl
      sulphoxide
PA1  q. (pyrimidin-2-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  r. (pyrazin-2-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  s. (2-aminothiazol-3-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  t. (isothiazol-3-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  u. (4-bromoisothiazol-3-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  v. (3-aminopyrid-2-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  w. (imidazol-4-yl)methyl 3-(N'-methylthioureido)propyl sulphoxide
PA1  x. 2-(imidazol-4-yl)ethyl 2-(N'-methylthioureido)ethyl sulphoxide
PA1  y. (benzimidazol-2-yl)methyl 2-(N'-methylthioureido)ethyl sulphoxide
PAC  EXAMPLE 6
PAR  Periodate oxidation of the following compounds by the procedure described
      in Example 2.
PA1  a. N-cyano-N'-ethyl-N"-[2-((4-methyl-5-imidazolyl)methylthio)ethyl]
      guanidine
PA1  b. N-cyano-N'-methyl-N"-[2-((3-hydroxy-2-pyridyl)methylthio)ethyl]
      guanidine
PA1  c. N-cyano-N'-methyl-N"-[2-((4-bromo-5-imidazolyl)methylthio)ethyl]
      guanidine
PA1  d. N-cyano-N'-methyl-N"-[3-((4-methyl-5-imidazolyl)methylthio)propyl]
      guanidine
PA1  e. N-cyano-N'-methyl-N"-[2-((3-isothiazolyl)methylthio)ethyl]guanidine
PA1  f. N-cyano-N'-methyl-N"-[2-((3-bromo-2-pyridyl)methylthio)ethyl]guanidine
PA1  g. N-methyl-N'-[2-((4-methyl-5-imidazolyl)methylthio)ethyl]urea.
PA1  h. N-methyl-N'-[2-((2-pyridyl)methylthio)ethyl]urea
PAL  led to the production of the following compounds:
PA1  a. N-cyano-N'-ethyl-N"-[2-((4-methyl-5-imidazolyl)methylsulphinyl)ethyl]
      guanidine
PA1  b. N-cyano-N'-methyl-N"-[2-((3-hydroxy-2-pyridyl)methylsulphinyl)ethyl]
      guanidine
PA1  c. N-cyano-N'-methyl-N"-[2-((4-bromo-5-imidazolyl)methylsulphinyl)ethyl]
      guanidine
PA1  d. N-cyano-N'-methyl-N"-[3-((4-methyl-5-imidazolyl)methylsulphinyl)propyl]
      guanidine
PA1  e. N-cyano-N'-methyl-N"-[2-((3-isothiazolyl)methylsulphinyl)ethyl]
      guanidine
PA1  f. N-cyano-N'-methyl-N"-[2-((3-bromo-2-pyridyl)methylsulphinyl)ethyl]
      guanidine
PA1  g. N-methyl-N'-[2-((4-methyl-5-imidazolyl)methylsulphinyl)ethyl]urea
PA1  h. N-methyl-N'-[2-((2-pyridyl)methylsulphinyl)ethyl]urea
PAC  EXAMPLE 7
PAR  Treatment of (5-methylimidazol-4-yl)methyl 2-aminoethyl sulphoxide under
      reflux condition in acetonitrile with the following isothioureas:
PA1  a. N-benzenesulphonyl-S-methylisothiourea
PA1  b. N-(4-chlorobenzenesulphonyl)-S-methylisothiourea
PA1  c. N-methanesulphonyl-S-methylisothiourea
PA1  d. N-n-propanesulphonyl-S-methylisothiourea
PA1  e. N-p-toluenesulphonyl-S-methylisothiourea
PAL  and isolation and recrystallization of the product yielded:
PA1  a. N-benzenesulphonyl-N'-methyl-N" -2-((4-methyl-5-imidazolyl)
      methylsulphinyl)ethyl guanidine
PA1  b. N-(4-chlorobenzenesulphonyl)-N'-methyl-N" -2-((4-methyl-5-imidazolyl)
      methylsulphinyl)ethyl guanidine
PA1  c. N-methanesulphonyl-N'-methyl-N"- 2-((4-methyl-5-imidazolyl)
      methylsulphinyl)ethyl guanidine
PA1  d. N-n-propanesulphonyl-N'-methyl-N"- 2-((4-methyl-5-imidazolyl)
      methylsulphinyl)ethyl guanidine
PA1  e. N-p-toluenesulphonyl-N'-methyl-N"- 2-((4-methyl-5-imidazolyl)
      methylsulphinyl)ethyl guanidine
TBL                EXAMPLE 8                                                   

     ______________________________________                                    

     Ingredients               Amounts                                         

     ______________________________________                                    

     (5-Methylimidazol-4-yl)methyl                                             

     2-(N'-methylthioureido)ethyl sulphoxide                                   

                               150 mg                                          

     Sucrose                   75 mg                                           

     Starch                    25 mg                                           

     Talc                       5 mg                                           

     Stearic Acid               2 mg                                           

     ______________________________________                                    

PAR  The ingredients are screened, mixed and filled into a hard gelatin capsule.
PAC  EXAMPLE 9
PA1  N-cyano-N'-methyl-N"-[2-((4-methyl-
      5-imidazolyl)methylsulphinyl)ethyl]guanidine 200 mg
PA1  Lactose   100 mg
PAR  The ingredients are screened, mixed and filled into a hard gelatin capsule.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of the formula:
      ##EQU10##
      wherein A is such that the heterocyclic nucleus formed is an imidazole
      ring; X.sub.1 and X.sub.2, which may be the same or different, are
      hydrogen, lower alkyl, trifluoromethyl, hydroxyl, halogen or amino; k is 0
      to 2 and m is 2 or 3 provided that the sum of k and m is 3 or 4; E is
      oxygen, sulphur or NR.sub.2 ; R.sub.1 is hydrogen, lower alkyl, benzoyl or
      dimethylaminoethyl; and R.sub.2 is hydrogen, nitro, cyano, alkanesulphonyl
      having 1--3 carbon atoms, benzenesulphonyl, halobenzenesulphonyl or
      toluenesulphonyl.
NUM  2.
PAR  2. A compound of claim 1 wherein X.sub.1 is hydrogen, methyl, bromine,
      amino or hydroxyl and X.sub.2 is hydrogen.
NUM  3.
PAR  3. A compound of claim 1 wherein k is 1 or 2 and m is 2 or 3.
NUM  4.
PAR  4. A compound of claim 3 wherein k is 1 and m is 2.
NUM  5.
PAR  5. A compound of claim 1 wherein E is sulphur or NR.sub.2 wherein R.sub.2
      is cyano.
NUM  6.
PAR  6. A compound of claim 1 wherein R.sub.1 is methyl.
NUM  7.
PAR  7. A compound of claim 1, said compound being (5-methyl-4-imidazolyl)methyl
      2-(N'-methylthioureido)ethyl sulphoxide.
NUM  8.
PAR  8. A compound of claim 1, said compound being N-cyano-N'-methyl-N"
      -2-((4-methyl-5-imidazolyl)methylsulphinyl)ethyl guanidine.
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PAL  Staab et al., C.A. 65 : 12195-12196 (1966).
PAL  Walter et al., C.A. 73 : 120553m, (1970).
ABST
PAL  4-Imidazolylsulfonamides and 4-imidazolylsulfonylimidazoles are useful as
      plasticizers. These compounds are obtained by reaction of
      4-imidazolesulfonyl chloride with an amine, such as imidazole.
      4-Imidazolesulfonyl chloride itself is useful as a reactant with textile
      materials such as cotton to increase flame resistance.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 248,596, filed Apr. 28, 1972, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to novel 4-imidazolylsulfonyl chloride and its
      reaction products with amines having hydrogen on nitrogen which products
      are effective as plasticizers for chlorine containing polymers.
PAR  2. Description of the Prior Art
PAR  2-Imidazolesulfonyl chloride preparation and its reaction with ammonia or
      alkyl or aryl amines has been shown in U.S. Pat. No. 2,603,649. The amides
      are stated to be carbonic anhydrase inhibitors. The process for
      2-imidazolesulfonyl chloride cannot be used to give the 4-isomer.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a compound having the general formula
      ##SPC1##
PAL  Wherein
PA1  X is
      ##EQU1##
       in which R.sup.1 is H, alkyl of 1-3 carbons, alkenyl of 3 carbons,
      aminocarbonyl or alkylaminocarbonyl in which the alkyl group is methyl,
      benzoyl; aralkyl of 7 to 19 carbons; alkanoyl of up to 7 carbons;
      benzoylmethyl or cycloalkanoyl of 4 carbons;
PA1  R.sup.5 and R.sup.6 individually are H or alkyl of 1-3 carbons;
PA1  R.sup.7 and R.sup.8 individually are H, alkyl, cycloalkyl, alkenyl, aryl,
      alkaryl, aralkyl, arylguanyl or heterocycle of 5 or 6 ring atoms with up
      to two nitrogen or oxygen atoms, each of up to 8 carbons, any substituent
      on an aryl group being cyano or carbonyl; and together R.sup.7 and R.sup.8
      are a heterocyclic ring of 5-7 atoms of which no more than 3 of the ring
      carbons are replaced by oxygen, nitrogen or sulfur, any substituent on the
      heterocyclic ring being alkyl of 1-17 carbons, alkenyl of up to 3 carbons,
      thioalkyl of up to 2 carbons, carbamoyl, carboxyl, carbonyl, aryl of up to
      12 carbons, or such aryl having up to 2 halo, nitro, amino, alkyl or
      alkenyl each of up to 3 carbons.
PAR  Presently preferred are the compounds where R.sup.7 and R.sup.8 together
      have the structure
      ##SPC2##
PAL  Wherein,
PA1  R.sup.2, r.sup.3, and R.sup.4 individually are H; alkyl of up to 17
      carbons; cycloalkyl of up to 6 carbons; aryl of 6-12 carbons; aryl
      substituted with up to two alkyl, halo, nitro, amino or methoxy groups;
      alkenyl of 3 carbons; carbalkoxyalkyl or carbalkoxyalkenyl each carbons;
      thioalkyl of 1-2 carbons; with the proviso that R.sup.3 and R.sup.4
      together can be a divalent hydrocarbyl group of 4 chain carbons and having
      a total of from 4 to 8 carbons.
PAR  Particularly preferred are the compounds where
PA1  R.sup.2, r.sup.3 and R.sup.4 are alkyl of 1 to 4 carbons.
PAR  The compounds are prepared by reacting 4-imidazolylsulfonyl chloride with
      an amine compound HNR.sup.7 R.sup.8 where the groups are as previously
      stated. The preferred compounds are prepared where HNR.sup.7 R.sup.8 has
      the formula
      ##SPC3##
PAR  4-Imidazolylsulfonyl chloride has not been heretofore described. The first
      step in its preparation is reaction between chlorosulfonic acid and
      imidazole (or an imidazole having hydrocarbyl substituent on nitrogen).
      This should be run under nitrogen atmosphere to give best yields and
      highest purity. The reaction temperature is preferably
      140.degree.-150.degree.C. At lower temperatures the reaction gives lower
      yields while higher temperatures cause charring. The second step involves
      refluxing with a molar amount of thionyl chloride and the reflux period
      should be of such duration as to completely consume all of the latter. A
      short reflux time results in lower yields. Long reflux periods (up to 16
      hours at 100.degree.) are satisfactory.
PAR  An alternative but less preferred route converts imidazole- 4-sulfonic acid
      to its sodium, potassium or barium salt. Treatment of the salt with
      phosphorus pentachloride gives the imidazole-4 -sulfonyl chloride.
PAR  The imidazoles which are reacted with the 4-imidazolylsulfonyl chloride are
      generally readily available. Processes that can be used for preparation of
      suitable imidazoles having a substituent have been described by combining
      the procedure of E. L. Brown, N. Campbell, J. Chem. Soc., 1937, 1699 with
      East German Pat. No. 73,768 (1970), and with "Chemistry of Heterocyclic
      Compounds, Imidazole and its Derivatives," K. Hofmann, Ed., page 42,
      Interscience Publishers, New York, 1953. A further procedure is described
      by J. K. Lawson, Jr., J. Am. Chem. Soc., 75, 3398 (1953), while M. L.
      Scheinbaum and M. B. Dines, Tetrahedron Let., No. 24, 2205 (1971) show the
      preparation of 2-,4-, and or 5-substituted imidazoles.
PAR  Several 2-substituted, 2,4-disubstituted and 2,4,5-trisubstituted
      imidazoles are commercially available, e.g., 2-methylimidazole,
      2-ethylimidazole, 2-n-propylimidazole, 2-ethyl-4-methylimidazole,
      4,5-diphenylimidazole, and 2-methyl-4,5-diphenylimidazole. Other mono-,
      di- and tri-substituted imidazoles are known or readily available by the
      processes described above. Useful imidazoles having hydrocarbyl
      substituents on one or more carbons include the following:
      4-allyl-5-methylimidazole, 2-benzylimidazole,
      2-benzyl-4-methyl-5-phenylimidazole, 4,5-bis(p-methylphenyl)-imidazole,
      4,5-dimethyl-2-phenylimidazole, 4,5diphenyl-2-isopropylimidazole,
      2-heptylimidazole, tetrahydrobenzimidazole, 2-cyclohexylimidazole, and
      2-cyclopropylimidazole.
PAR  The reaction is preferably conducted at 20.degree.-100.degree.C. for times
      of from a few minutes to several days. Preferably an inert solvent or
      diluent, such as tetrahydrofuran, is present. Other solvents include
      acetone or methyl propyl ketone. In the reaction, two equivalents of the
      second imidazole per equivalent of imidazole-4-sulfonyl chloride has been
      found to give superior yields.
PAR  The product of the reaction of 2-imidazole-4-sulfonyl chloride with an
      imidazole as described above has the structure
      ##SPC4##
PAL  wherein R.sup.1 is hydrogen and the other R groups are as previously
      stated. These compounds can be alkylated or acylated to replace hydrogen
      by hydrocarbyl, acyl, aroyl or hydroxyalkyl of preferably up to 7 carbons.
      For example, reaction of 1-(4-imidazolylsulfonyl)-2-methylimidazole with
      an alkyl halide such as propyl bromide in the presence of sodium hydride
      in dimethylformamide gives
      1-(1-propyl-4-imidazolylsulfonyl)-2-methylimidazole.
DETD
PAC  SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  In the following illustrative examples all parts are by weight and all
      temperatures are in .degree.C. unless otherwise stated.
PAC  EXAMPLE 1
PAC  1-(4-IMIDAZOLYLSULFONYL)IMIDAZOLE
EQU  R.sup.1 = R.sup.2 = R.sup.3 = R.sup.4 = R.sup.5 = R.sup.6 = H
PAR  a. Three hundred ml of chlorosulfonic acid was added to a flame-dried 2
      liter four-neck flask equipped with a reflux condenser, mechanical
      stirrer, thermometer and nitrogen gas inlet and 100 g of imidazole was
      added in small portions over a one hour period with stirring under
      nitrogen at 40.degree.C..+-. 5.degree.. When the addition was complete the
      reaction mixture was heated at 140.degree. for 16 hours with stirring. The
      reaction mixture was cooled to 40.degree. and 107 ml of thionyl chloride
      added from an addition funnel with stirring. When the addition was
      complete the mixture was heated to reflux. The reflux began at about
      80.degree. and slowly rose to 105.degree.-110.degree. over a six hour
      period when the refluxing ceased. The clear reaction mixture was cooled to
      25.degree. and poured slowly with stirring onto 1.5 kg of cracked ice
      containing 100 g of sodium chloride. The crude white product was filtered
      when all the ice had melted, rinsed with ice cold water and dried under
      vacuum over NaOH. The yield of crude, dry product was 67% (average) with
      mp 177.degree.-79.degree.. The imidazole-4-sulfonylchloride when
      recrystallized from ethyl acetate as white plates had mp
      179.degree.-81.degree., .lambda..sub.max.sup.nujol 3.12 (NH), 6.18 (C=C),
      7.30 (SO.sub.2 Cl) and 8.12 .mu. (SO.sub.2 Cl).
PAR  Anal. Calcd for C.sub.3 H.sub.3 N.sub.2 O.sub.2 SCl: C, 21.62; H, 1.81; N,
      16.82.  Found: C, 21.77; H, 1.95; N, 16.51.
PAR  b. A dry round botton flask equipped with a magnetic stirrer, reflux
      condenser and nitrogen inlet was charged with a filtered solution of 8.33
      g of imidazole-4-sulfonylchloride in 300 ml of tetrahydrofuran (THF). The
      clear solution was treated with 7.0 g of imidazole in one portion and
      allowed to stir overnight at room temperature. The reaction mixture was
      filtered and the filtrate concentrated to dryness. All the solids were
      triturated with water, filtered, rinsed with water and dried at high
      vacuum over NaOH. Recrystallization from ethanol gave 5.35 g of white
      crystals of 1-(4-imidazolylsulfonyl)imidazole mp 208.degree.-10.degree.,
      .lambda..sub.max.sup.nujol 3.21 (HH), 7.29 (SO.sub.2 N) and 8.52 .mu.
      (SO.sub.2 N). NMR (DMSO, d.sub.6) 570-510 Hz, M, 1H; 497 Hz, t, J .about.
      1 Hz, 2H; 481 Hz, d J .about. 1 Hz, 1H; 457 Hz, t, J .about. 1 Hz, 1H; 429
      Hz, t, J .about. 1 Hz, 1 H.
PAR  Anal. Calcd. for C.sub.6 H.sub.6 H.sub.4 SO.sub.2 : C, 36.36; H, 3.05; N,
      28.28. Found: C, 36.59; H, 2.79; N, 28.09.
PAC  EXAMPLE 2
PAC  1-(4-IMIDAZOLYLSULFONYL)-2-METHYLIMIDAZOLE
EQU  R.sup.1 = R.sup.3 = R.sup.4 = R.sup.5 = R.sup.6 = H
EQU  R.sup.2 = CH.sub.3
PAR  A dry round bottom flask equipped with a magnetic stirrer, reflux condenser
      and nitrogen inlet was charged with a filtered solution of 8.33 g of
      imidazole-4-sulfonylchloride in 300 ml of THF. The clear solution was
      treated with 8.45 g of 2-methylimidazole in one portion and allowed to
      stir overnight at room temperature. The reaction mixture was concentrated
      at reduced pressure to an oily residue. The residue was dissolved in 250
      ml water, sodium chloride was added and the solution extracted with five
      100 ml portions of ethyl acetate. The extracts were combined, washed with
      brine, dried (Na.sub.2 SO.sub.4) and concentrated on a rotary evaporator
      to give 10.0 g of ivory colored product. Recrystallization from ethyl
      acetate-hexane have 5.57 g in two crops of
      1-(4-imidazolylsulfonyl)-2-methylimidazole with mp 158.degree.-9.degree.,
      .lambda..sub.max.sup.nujol 3.22 (NH), 7.30 (SO.sub.2 N) and 8.48 .mu.
      (SO.sub.2 N). NMR (DMSO, d.sub.6) 520-650 Hz, m, 1H; 499 Hz, d J .about. 1
      Hz, 1H; 481 Hz, d, J .about. 1 Hz, 1H (AB pattern); 450 H, d, J = 1 Hz,
      1H; 425 Hz, d, J = 1 Hz, 1H (AB pattern); 154 Hz, s, 3H.
PAR  Anal. Calcd for C.sub.7 H.sub.8 N.sub.4 SO.sub.2 : C, 39.61; H, 3.80; N,
      26.40. Found: C, 39.64, H, 3.88, N, 26.66.
PAC  EXAMPLE 3
PAC  1-(4-IMIDAZOLYLSULFONYL)-2-ETHYL-4-METHYLIMIDAZOLE
EQU  R.sup.1 = R.sup.4 = R.sup.5 = R.sup.6 = H
EQU  R.sup.2 = C.sub.2 H.sub.5
EQU  R.sup.3 = CH.sub.3
PAR  A dry round bottom flask equipped with a magnetic stirrer, reflux condenser
      and nitrogen inlet was charged with 8.35 g of imidazole-4-sulfonylchloride
      and 180 ml of THF. The stirred solution was treated with 11.10 g of
      2-ethyl-4-methylimidazole in one portion and stirred at room temperature
      overnight. The resulting precipitate was filtered off and the filtrate
      concentrated at reduced pressure to a foam. The foam was dissolved in
      ethyl acetate and the filtered solids partitioned between water and ethyl
      acetate. The combined organic layers were washed with water, dried with
      Na.sub.2 SO.sub.4 and concentrated to give a waxy solid. Recrystallization
      was carried out using ethyl acetate and a small amount of hexane to give
      8.13 g of 1-(4-imidazolylsulfonyl)-2-ethyl- 4-methylimidazole, mp
      147.degree.-8.degree., which recrystallized to mp 149.degree.-50.degree.,
      .lambda..sub.max.sup.nujol 3.26 (NH), 7.30 (SO.sub.2 N) and 8.68 .mu.
      (SO.sub.2 N). NMR (DMSO, d.sub.6) 466 Hz, d, J = 2  Hz, 1H; 450 Hz, d, J =
      2 Hz, 1H; 403 Hz, q, J = Hz, 1H; 170 Hz, q, J .about. 7.5 Hz, 2H; 116 Hz,
      d, J = 1 Hz, 3H; 66 Hz, t, J .about. 7.5 Hz, 3H.
PAR  Anal. Calcd. for C.sub.9 H.sub.12 N.sub.4 SO.sub.2 : C, 45.00; H, 5.04; N,
      23.23. Found: C, 44.93; H, 5.09; N, 23.23.
PAC  EXAMPLE 4
PAC  1-(4-IMIDAZOLYLSULFONYL)-2-ETHYLIMIDAZOLE
EQU  R.sup.1 = R.sup.3 = R.sup.4 = R.sup.5 = R.sup.6 = H
EQU  R.sup.2 = C.sub.2 H.sub.5
PAR  A dry round bottom flask with a magnetic stirrer, reflux condenser and
      nitrogen inlet was charged with 10.85 g of imidazole-4-sulfonyl chloride
      and 180 ml of THF. The solution was treated with 13.4 g of
      2-ethylimidazole in one portion and stirred 16 hours at room temperature.
      No precipitate formed during this period. The reaction mixture was
      refluxed 48 hours. The solvent was then removed under reduced pressure
      giving a clear oil. The oil was dissolved in 150 ml water and extracted
      three times with ethyl acetate. The extracts were washed with water, dried
      (Na.sub.2 SO.sub.4) and concentrated to give the crude, solid product.
      Recrystallization from ethyl acetate-hexane gave 12.74 g of white crystals
      with mp 128.5.degree.-130.degree. which was recrystallization from ethanol
      to give an analytical sample of 1-(4-imidazolylsulfonyl)-2-ethylimidazole,
      .lambda..sub.max.sup.nujol 3.20 (NH), 7.26 (SO.sub.2 N) and 8.40 .mu.
      (SO.sub.2 N). NMR (DMSO, d.sub.6) 491 Hz, d, J = 1.5 Hz, 1H; 474 Hz, d, 5
      = 1.5 Hz, 1H; 443 Hz, d, J = 2 Hz, 1H; 411 Hz, d, J = 2 Hz, 1H, 173 Hz, q,
      J = 7  Hz, 2H; 68 Hz, t, J = 7 Hz, 3H.
PAC  EXAMPLE 5
PAC  1-(4-IMIDAZOLYLSULFONYL)-2-n-PROPYLIMIDAZOLE
EQU  R.sup.1 = R.sup.3 = R.sup.4 = R.sup.5 = R.sup.6 = H
EQU  R.sup.2 = n-C.sub.3 H.sub.7
PAR  A round bottom flask equipped with a magnetic stirrer, reflux condenser and
      nitrogen inlet was charged with 10.85 g of imidazole-4-sulfonylchloride
      and 180 ml of THF. This solution was treated with a solution of 15.4 g
      2-n-propylimidazole in 100 ml of THF. The reaction mixture was stirred at
      room temperature overnight and then refluxed 48 hours. The clear solution
      was concentrated to an oil and dissolved in water. The opaque solution
      deposited crystals on standing which were filtered, washed and dried.
      Recrystallization from ethyl acetate gave 10.61 g of white crystals of
      1-(4-imidazolylsulfonyl)-2-n-propylimidazole with mp
      163.degree.-4.degree., .lambda..sub.max.sup.nujol 3.18 (NH), 7.32
      (SO.sub.2 N) and 8.52 .mu. (SO.sub.2 N). NMR (DMSO, d.sub.6): 660-730 Hz,
      m, 1H; 496 Hz, d, J = 1.5 Hz, 1H; 477 Hz, d, J = 1.5 Hz, 1H; 447 Hz, d, J
      = 2 Hz, 1H; 415 Hz, d, J = 2 Hz, 1H; 174 Hz, t, J = 7 Hz, 2H; 82-118 Hz,
      sextet, J = 7 Hz, 2H; 51 Hz, t, J = 7 Hz, 3H.
PAC  EXAMPLE 6
PAC  1-(4-IMIDAZOLYLSULFONYL)-4-PHENYLIMIDAZOLE
EQU  R.sup.1 = R.sup.2 = R.sup.4 = R.sup.5 = R.sup.6 = H
EQU  R.sup.3 = C.sub.6 H.sub.5
PAR  A round bottom flask equipped with a magnetic stirrer, reflux condenser and
      nitrogen inlet was charged with 8.35 g of imidazole- 4-sulfonylchloride
      and 300 ml or THF. The solution was treated with 14.5 g of
      4-phenylimidazole in one portion and the resulting solution stirred 18
      hours at room temperature. The precipitate was filtered and the filtrate
      concentrated at reduced pressure. The solids were triturated with water,
      filtered, rinsed and dried at high vacuum over NaOH; then dissolved in hot
      ethyl acetate, treated with charcoal, filtered and concentrated to 600 ml.
      Hexane was added and induced crystallization. The product was filtered,
      rinsed and dried giving 12.02 g of white crystals in two crops of
      1-(4-imidazolylsulfonyl)-4-phenylimidazole, mp 204.5-206;
      .lambda..sub.max.sup.nujol 3.13 (NH), 7.27 (SO.sub.2 N) and 8.61 .mu.
      (SO.sub.2 N). NMR (DMSO, d.sub.6) 750-840 Hz, m, 1H; 495 Hz, t, J = 1Hz,
      2H; 466-484 Hz, m, 4 H; 435-438 Hz, m, 3H.
PAC  EXAMPLE 7
PAC  1-(4-IMIDAZOLYLSULFONYL)-2-ISOPROPYLIMIDAZOLE
EQU  R.sup.1 = R.sup.3 = R.sup.4 = R.sup.5 = R.sup.6 = H
EQU  R.sup.2 = i-C.sub.3 H.sub.7
PAR  A round bottom flask equipped with a magnetic stirrer, reflux condenser and
      nitrogen inlet was charged with 8.35 g of imidazole-4-sulfonylchloride and
      150 ml of THF. This solution was treated with 11.10 g of
      2-isopropylimidazole in one portion and the solution stirred 24 hours at
      room temperature. The solution was concentrated to a clear oil and
      partitioned between ethylacetate and water. The organic layer was washed
      with water and the water washes back extracted with ethyl acetate. The
      organic layer was dried (Na.sub.2 SO.sub.4) and concentrated to a foam.
      The foam was dissolved in acetone and chromatographed on activity III
      alumina to separate 1-(4-imidazolylsulfonyl)-2-isopropylimidazole, mp
      118.degree.-120.degree..
PAC  EXAMPLE 8
PAC  1-(4-IMIDAZOLYLSULFONYL)-2-METHYLIMIDAZOLE HYDROCHLORIDE
EQU  R.sup.1 = R.sup.3 = R.sup.4 = R.sup.5 = R.sup.6 = H
EQU  R.sup.2 = CH.sub.3
PAR  A solution of 2.12 g of 1-(4-imidazolesulfonyl)-2-methylimidazole from
      Example 2 was dissolved in 100 ml of absolute ethanol in a dry flask
      equipped with a drying tube. A 50 ml aliquot of saturated ethereal
      hydrogen chloride was added over a five minute period. No precipitate
      formed immediately but did after about 15 minutes. The mixture was chilled
      in an ice bath for an additional 30 minutes and the precipitate filtered
      under a nitrogen atmosphere and dried under vacuum. The yield of white
      crystals of the hydrochloride of
      1-(4-imidazolylsulfonyl)-2-methylimidazole was 1.87 g with mp
      195.degree.-8.degree.. An analytical sample was made by recrystallization
      from ethanol and ether mixture, .lambda..sub.max.sup.nujol 3.15-4.1
      (NR.sub.3 .sup.+Cl.sup.-), 7.20 (SO.sub.2 N) and 8.52 .mu. (SO.sub.2 N).
PAR  Anal. Calcd for C.sub.7 H.sub.8 N.sub.4 SO.sub.2.HCL; C, 33.78; H, 3.65; N,
      22.50. Found: C, 33.67, 33.63; H; 3.70, 3.70; N, 21.68, 21.92.
PAR  The compounds of Tables I and II are obtained by use of appropriate
      imidazoles according to the procedure of the preceding examples.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Example                                                                   

          R.sup.1                                                              

                 R.sup.2                                                       

                        R.sup.3  R.sup.4                                       

                                       mp.degree.C                             

     __________________________________________________________________________

      9   H     n--C.sub.4 H.sub.9                                             

                       H         H    112-114                                  

     10   H     i--C.sub.4 H.sub.9                                             

                       H         H    112-114                                  

     11   H     H      CH.sub.3  H    214-216                                  

     12   H     H      n--C.sub.3 H.sub.7                                      

                                 H    126-7                                    

     13   H     H      i--C.sub.3 H.sub.7                                      

                                 H    151-2                                    

     14   H     H      o--C.sub.6 H.sub.4 CH.sub.3                             

                                 H    180-1.5                                  

     15   H     CH.sub.3                                                       

                       C.sub.6 H.sub.5                                         

                                 H    165-7                                    

     16   H     C.sub.2 H.sub.5                                                

                       C.sub.6 H.sub.5                                         

                                 H    130-2                                    

     17   H     H      CH.sub.3  CH.sub.3                                      

                                      235 dec                                  

     18   H     H      C.sub.6 H.sub.5                                         

                                 CH.sub.3                                      

                                      177.5-9.5                                

     19   H     H      C.sub.6 H.sub.5                                         

                                 C.sub.2 H.sub.5                               

                                      145-7                                    

     20   H     H      --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --                

                                      257 dec                                  

     21   H     H                     238 dec                                  

     22   H     H                     250 dec                                  

     23   H     SCH.sub.3                                                      

                       H         H    172-3.5                                  

     24   H     SC.sub.2 H.sub.5                                               

                       H         H    174.5-5.5                                

     25   H     H      CH.sub.2 CN                                             

                                 H    169-170.5                                

     26   H     H      p--C.sub.6 H.sub.4 F                                    

                                 H    221-3                                    

     27   H     H      o--C.sub.6 H.sub.4 F                                    

                                 H    214-6                                    

     28   H     H      o--C.sub.6 H.sub.4 Cl                                   

                                 H    215-6                                    

     29   H     SCH.sub.3                                                      

                       C.sub.6 H.sub.5                                         

                                 H    179-180.5                                

          O                                                                    

          .parallel.                                                           

     30   C--NHCH.sub.3                                                        

                H      C.sub.6 H.sub.5                                         

                                 H    214-215.5                                

     31   H     nC.sub.17 H.sub.35                                             

                       H         H    112-114                                  

     32   H     CH.sub.2 C.sub.6 H.sub.5                                       

                       H         H    154-155.5                                

     33   H     SOCH.sub.3                                                     

                       H         H    157-158.5                                

     34   H     H                H    214-15.5                                 

     35   H     H      C.sub.6 H.sub.11                                        

                                 H    92-94.degree.                            

     36   H     H      t--C.sub.4 H.sub.9                                      

                                 H    202-6                                    

     37   H     H      CH.sub.2 CH.sub.2 NHCOCF.sub.3                          

                                 H    183-4                                    

     38   H     H      p--C.sub.6 H.sub.4 Cl                                   

                                 H    247.5-248.5                              

     39   H     H      p--C.sub.6 H.sub.4 NH.sub.2                             

                                 H    213-216                                  

     40   H     H      m--C.sub.6 H.sub.4 OCH.sub.3                            

                                 H    173-4                                    

     41   H     H      p--C.sub.6 H.sub.4 OCH.sub.3                            

                                 H                                             

     42   H     H      p--C.sub.6 H.sub.4 NO.sub.2                             

                                 H    257-9 (dec.)                             

     43   H     H      2,4--C.sub.6 H.sub.3 (CH.sub.3).sub.2                   

                                 H    175.5-77                                 

     44   H     H      p--C.sub.6 H.sub.4 --C.sub.6 H.sub.5                    

                                 H    270-72                                   

                       O                                                       

                       .parallel.                                              

     45   H     H      C--NC.sub.6 H.sub.5                                     

                                 H    235 (dec.)                               

     46   H     H      CH.sub.2 CO.sub.2 CH.sub.3                              

                                 H    135-9                                    

     47   H     H      p--C.sub.6 H.sub.4 CH.sub.3                             

                                 H    212-13                                   

     48   H     CH.sub.3                                                       

                       p--C.sub.6 H.sub.5 Cl                                   

                                 H    236-9                                    

     49   H     CH.sub.3                                                       

                       C.sub.6 H.sub.5                                         

                                 H    165-7                                    

     50   H     C.sub.2 H.sub.5                                                

                       C.sub.6 H.sub.5                                         

                                 H    130-2                                    

     51   H     C.sub.3 H.sub.7                                                

                       C.sub.6 H.sub.5                                         

                                 H    134-6                                    

     52   H     SCH.sub.3                                                      

                       C.sub.6 H.sub.5                                         

                                 H    179-180.5                                

     53   H     SC.sub.2 H.sub.5                                               

                       C.sub.6 H.sub.5                                         

                                 H    111-113                                  

     54   H     H      nC.sub.3 H.sub.7                                        

                                 nC.sub.3 H.sub.7                              

                                      135- 136.5                               

     55   H     H      C.sub.6 H.sub.5                                         

                                 CH.sub.3                                      

                                      177.5-179.5                              

     56   H     H      C.sub.6 H.sub.5                                         

                                 C.sub.2 H.sub.5                               

                                      145-7                                    

     57   H     H      C.sub.6 H.sub.5                                         

                                 iC.sub.3 H.sub.7                              

                                      195.5-8                                  

     58   H     H      C.sub.6 H.sub.5                                         

                                 C.sub.6 H.sub.5                               

                                      223-5                                    

     59   CH.sub.3                                                             

                H      C.sub.6 H.sub.5                                         

                                 H    217-8                                    

     60   CH.sub.3                                                             

                nC.sub.3 H.sub.7                                               

                       H         H    72-3                                     

     61   CH.sub.3                                                             

                H      C.sub.6 H.sub.5                                         

                                 CH.sub.3                                      

                                      151-3                                    

     62   CH.sub.3                                                             

                H      CH.sub.3  CH.sub.3                                      

                                      107-110                                  

     63   CH.sub.3                                                             

                SCH.sub.3                                                      

                       C.sub.6 H.sub.5                                         

                                 CH.sub.3                                      

                                      144-145.5                                

     64   CH.sub.3                                                             

                CH.sub.3                                                       

                       --CH=CH--CH=CH--                                        

     65   H     nC.sub.3 H.sub.7                                               

                       --CH=CH--CH=CH--                                        

                                      159-162                                  

     66   H     nC.sub.7 H.sub.15                                              

                       H         H    88-91                                    

     67   H     H      CH=CHCO.sub.2 CH.sub.3                                  

                                 H    166-9                                    

     68   H     H      CH.sub.2 CH.sub.2 CO.sub.2 CH.sub.3                     

                                 H    oil                                      

     69   H     CH.sub.2 CH.sub.2 C.sub.6 H.sub.5                              

                       H         H    110-12                                   

     70   H     H      .beta.--C.sub.10 H.sub. 7                               

                                 H    214-215.5                                

     71   H     H      C.sub.6 H.sub.11                                        

                                 H    92-94                                    

     __________________________________________________________________________

TBL                                    TABLE II                                

     __________________________________________________________________________

     Example                                                                   

          R.sup.1                                                              

            R.sup.2                                                            

                R.sup.3                                                        

                      R.sup.4                                                  

                            R.sup.5                                            

                              R.sup.6                                          

                                 mp.degree.C                                   

     __________________________________________________________________________

     72   H H   C.sub.6 H.sub.5                                                

                      H     H CH.sub.3                                         

                                 224-6                                         

     73   H H   CH.sub.2 CN                                                    

                      H     H H  195-6                                         

     74   H H               H H  250 dec.                                      

     75   H H   H     H     H H                                                

     76   H nC.sub.3 H.sub.7                                                   

                H     H     H CH.sub.3                                         

                                 128-130.5                                     

     __________________________________________________________________________

PAR  The compounds of Table III are obtained by reacting 4-imidazolylsulfonyl
      chloride with an amino compound of the formula HNR.sup.7 R.sup.8 according
      to the procedure of prior examples.
PAR  Compounds where R' is hydrogen can be reacted to replace the hydrogen with
      alkyl, acyl or related groups. As an illustration the compound of Example
      131 was prepared as follows:
      ##SPC5##
PAR  The hexane-washed NaH (2.16 g) was slurried in 75 ml of DMF and chilled to
      0.degree. in an ice bath. The imidazole sulfonamide (8.75 g) was added
      portionwise with a nitrogen atmosphere and allowed to stir one hour
      without the ice bath. After replacing the ice bath, 7.8 g of methyl iodide
      was added slowly and the mixture was allowed to stir at 25.degree. for 18
      hours. After pouring into 500 ml of water, the product was extracted with
      EtOAc giving a pale yellow oil, 2.05 g. Continuous extraction with EtOAc
      for 60 hours gave 5.50 g of oil which solidified on standing after
      concentration. The ir spectra of both materials were identical. A small
      aliquot of both samples were crystallized from benzene giving identical
      material by mp 117.degree.-9.degree. and ir spectra. Recrystallization of
      entire sample from benzene after charcoal treatment gave 4.74 g with mp
      118.degree.-20.degree.. The NMR (DMSO, d.sub.6): 479 Hz, s, 2H; 227 Hz, s,
      3H; 162 Hz, s, 6H.
PAR  In a similar manner, use of N-.beta.-chloroethylmorpholine, gave the
      compound of Example 132. The use of (CH.sub.3).sub.2 NCOCl and benzoyl
      chloride gave products of Examples 114-118 and 121, while cyclopropyl
      carbonyl chloride gave the compounds of Examples 122-3. Trityl chloride
      and phenacyl bromide gave the compounds of Examples 133 and 120 when
      hexamethylphosphoramide (HMPA) was used as solvent in place of DMF.
      Phenacyl bromide with K.sub.2 CO.sub.3 in acetone was used for the
      compound of Example 119.
TBL                                    TABLE III                               

     __________________________________________________________________________

     4-Imidazolylsulfonamides of                                               

     Primary and Secondary Amines                                              

                             R.sup.7                                           

                             X is --N.angle.                                   

                             R.sup.8                                           

     Example                                                                   

          R.sup.1 X                 mp .degree.C                               

     __________________________________________________________________________

      77  H       NHCH.sub.3        157-8                                      

      78  H       N(CH.sub.3).sub.2 238-40                                     

      79  H       NHCH.sub.2 CN     167-8                                      

      80  H       N(CH.sub.2 CH=CH.sub.2).sub.2                                

                                    184-6                                      

      81  H       N(CH.sub.3)OCH.sub.3                                         

                                    200-1                                      

      82  H       NHCO.sub.2 C.sub.2 H.sub.5                                   

                                    183-5                                      

                  CH.sub.2                                                     

      83  H       NHCH.angle..vertline.                                        

                                    178-9                                      

                  CH.sub.2                                                     

      84  H       N(CH.sub.3)C.sub.6 H.sub.5                                   

                                    152-3                                      

      85  H       N(C.sub.2 H.sub.5)CH.sub.2 C.sub.6 H.sub.5                   

                                    139-40                                     

      86  H       NHCH.sub.2 C.sub.6 H.sub.5                                   

                                    185-7                                      

      87  H       NHC.sub.6 H.sub.4 CH.sub.3 (p)                               

                                    230-2                                      

      88  H       NHC.sub.6 H.sub.4 COCH.sub.3 (p)                             

                                    285-7                                      

      89  H       NHC.sub.6 H.sub.4 CN(p)                                      

                                    297-8                                      

                  CH.sub.2 CH.sub.2                                            

      90  H       N.angle..angle.O  235-7                                      

                  CH.sub.2 CH.sub.2                                            

      91  H                         255-6d                                     

      92  H                         191-3                                      

      93  H       --N(CH.sub.2).sub.6                                          

                                    221-3                                      

      94  H                         222-3                                      

      95  H                         237-9                                      

      96  H                         227-8                                      

      97  H                         253-4                                      

      98  H                         200-1                                      

      99  H                         208-10                                     

     100  H                         243.5-45                                   

     101  H                         228-9                                      

     102  H       N(C.sub.2 H.sub.5)C.sub.6 H.sub.5                            

                                    121-3                                      

     103  H       N(CH.sub.3)CH.sub.2 C.sub.6 H.sub.5                          

                                    183-5                                      

     104  H       NHCH(CH.sub.3)C.sub.6 H.sub.5                                

                                    152-4                                      

     105  H       N(CH.sub.3)CH.sub.2 CH.sub.2 C.sub.6 H.sub.5                 

                                    147-8                                      

     106  H                         251-4                                      

     107  H                         191-3                                      

     108  H       NH(CH.sub.2).sub.3 C.sub.6 H.sub.5                           

                                    131-6                                      

     109  H                         257-8                                      

     110  H                         299-302                                    

     111  H                         203.5-6                                    

     112  H                         208-11                                     

     113  H                         300-2                                      

     114  O       N(CH.sub.3).sub.2 123-4.5                                    

          .parallel.                                                           

          C--N(CH.sub.3).sub.2                                                 

     115  O       N(CH.sub.3)C.sub.6 H.sub.5                                   

                                    123-5                                      

          .parallel.                                                           

          C--N(CH.sub.3).sub.2                                                 

     116  O       NO                179.5-81.5                                 

          .parallel.                                                           

          C--N(CH.sub.3).sub.2                                                 

     117  O       N(CH.sub.2 CH=CH.sub.2).sub.2                                

                                    oil bp 190/0.03                            

          .parallel.                                                           

          C--N(CH.sub.3).sub.2                                                 

     118  O       N(CH.sub.2 CH=CH.sub.2).sub.2                                

                                    106-8                                      

          .parallel.                                                           

          CC.sub.6 H.sub.5                                                     

     119  O       NO                188-9                                      

          .parallel.                                                           

          CC.sub.6 H.sub.5                                                     

     120  O       N(CH.sub.3).sub.2 146-7.5                                    

          .parallel.                                                           

          CC.sub.6 H.sub.5                                                     

     121  O       N(CH.sub.3)C.sub.6 H.sub.5                                   

                                    117-18.5                                   

          .parallel.                                                           

          CC.sub.6 H.sub.5                                                     

     122  O                         112-4                                      

          .parallel.                                                           

          C--     N(CH.sub.3).sub.2                                            

     123  O       NO                132-4                                      

          .parallel.                                                           

          C--                                                                  

     124  H       NN                209-10                                     

                  .angle.                                                      

                  --SC.sub.2 H.sub.5                                           

     125  H                         228-9d                                     

     126  H       NHC(=NH)NHC.sub.6 H.sub.5 . HCl                              

                                    272d                                       

     127  H                         176-7d                                     

     128  CH.sub.3                                                             

                  N(CH.sub.3)C.sub.6 H.sub.5                                   

                                    113-5                                      

     129  CH.sub.3                                                             

                  N(CH.sub.2 CH=CH.sub.2).sub.2                                

                                    45-7                                       

     130  CH.sub.3                                                             

                  NO                149.5-50.5                                 

     131  CH.sub.3                                                             

                  N(CH.sub.3).sub.2 118-20                                     

     132  CH.sub.2 CH.sub.2 NO                                                 

                  NHCH.sub.2 CH.sub.2 NO                                       

                                    121-3                                      

     133  C(C.sub.6 H.sub.5).sub.3                                             

                  N(CH.sub.3).sub.2 179-82                                     

          O                                                                    

          .parallel.                                                           

     134  CH.sub.2 CC.sub.6 H.sub.5                                            

                  N(CH.sub.3).sub.2 167-9                                      

          O                                                                    

          .parallel.                                                           

     135  CH.sub.2 CC.sub.6 H.sub.5                                            

                  NO                206-8                                      

     136  CH.sub.2 CHOHC.sub.6 H.sub.5                                         

                  N(CH.sub.3).sub.2 135-6                                      

          OO                                                                   

          .angle.                                                              

     137  CH.sub.2 CC.sub.6 H.sub.5                                            

                  NO                161-3                                      

     138  CH.sub.2 CH=CH.sub.2                                                 

                  N(CH.sub.3)C.sub.6 H.sub.5                                   

                                    oil                                        

     139  H       NN                206-8.5                                    

                  .angle.                                                      

                  SCH.sub.3                                                    

     __________________________________________________________________________

PAR  The compound of Example 140 is prepared by reacting 1 part of
      4-imidazolylsulfonyl chloride with about 10 parts of liquid ammonia,
      Ammonia is distilled off the mixture and the sulfonamide purified by
      recrystallization from water. The other compounds of Table IV where R'  is
      other than hydrogen, are prepared by reacting the compound of Example 140
      with appropriate reagents. For example, use of 2-bromoethylbenzene and
      2,5-dimethyl benzyl chloride gives the compounds of Examples 142 and 146
      respectively.
TBL                TABLE IV                                                    

     ______________________________________                                    

     4-Imidazolylsulfonamides                                                  

     Example  R.sup.1              mp .degree.C                                

     ______________________________________                                    

     140      H                   237-8                                        

     141                          142.5-44                                     

     142      CH.sub.2 CH.sub.2 C.sub.6 H.sub.5                                

                                  159.5-61                                     

     143      CH.sub.2 C.sub.6 H.sub.4 Cl(p)                                   

                                  152-4                                        

     144      CH.sub.2 C.sub.6 H.sub.4 CH.sub.3 (p)                            

                                  135-7                                        

     145      CH.sub.2 C.sub.6 H.sub.5                                         

                                  168-9.5                                      

     146      CH.sub.2 C.sub.6 H.sub.3 (CH.sub.3).sub.2 (2,5)                  

                                  175-7                                        

     ______________________________________                                    

PAR  In addition to the products characterized in the preceding specific
      examples, other compounds within the scope of this invention include the
      following: 4-allyl-1(4-imidazolylsulfonyl)-5-methylimidazole,
      2-benzyl-1-(4-imidazolylsulfonyl)-4-methyl-5-phenylimidazole,
      4,5-bis(p-methylphenyl)-1-(4-imidazolylsulfonyl)imidazole,
      4,5-diphenyl-(4-imidazolylsulfonyl)-2-isopropylimidazole, and
      2-cyclopropyl-1-(4-imidazolylsulfonyl)imidazole.
PAR  As previously mentioned, these 1-(4-imidazolylsulfonyl)imidazoles can be
      alkylated or acylated by use of a hydrocarbyl halide, acyl or aroyl halide
      of an alkanoic or aromatic hydrocarbyl acid (wherein the hydrocarbyl is
      generally of up to 7 carbons) or an alkylene oxide to give hydroxyalkyl of
      generally 2 to 3 carbons. For example, with methyl iodide, n-amyl bromide,
      benzyl bromide, propionyl chloride and benzoyl chloride in the presence of
      sodium hydride and inert diluent with 1-(4-imidazolylsulfonyl)imidazole
      give 1-(1-methyl-4-imidazolylsulfonyl)imidazole,
      1-(1-n-amyl-4-imidazolylsulfonyl)imidazole,
      1-(1-benzyl-4-imidazolylsulfonyl)imidazole,
      1-(1-propionyl-4-imidazolylsulfonyl)imidazole, and
      1-(1-benzoyl-4-imidazolylsulfonyl)imidazole. When
      1-(4-imidazolylsulfonyl)imidazole is reacted with alkylene oxide such as
      ethylene oxide or propylene oxide, there is obtained the corresponding
      hydroxy alkyl derivative, e.g.,
      1-(1-.beta.-hydroxyethyl-4-imidazolylsulfonyl)imidazole or
      1-(1-.beta.-hydroxypropyl-4-imidazolyl)imidazole.
PAR  Treatment of cotton with 4-imidazolesulfonyl chloride in t-butyl alcohol in
      the presence of a catalytic amount of triethyl amine on a steam bath for
      several hours followed by air drying with or without a water wash imparts
      flame retardant properties to the cotton without discoloration or undue
      loss of esthetics. Thus a ball of untreated cotton immediately ignites
      when contacted with a match flame and continues to burn until only a faint
      ash remains whereas a treated cotton ball will char on the surface when
      contacted with an open flame but will not continue to burn even with
      repeated contact with an open flame. It is self-extinguishing.
PAR  The effectiveness of the new 4-imidazolylsulfonamides of this invention as
      plasticizers is shown as follows: To a 2 ml portion of a 10% solution of
      polyvinyl chloride in tetrahydrofuran was added 0.1 g of representative
      compounds. After solution of the 4-imidazolylsulfonamide was complete, the
      mixture was cast on a glass plate and the solvent evaporated. The
      following representative compounds showed good plasticization properties
      i.e., flexible films that were generally clear and soft as compared to a
      control which was much harder and stiffer.
      ##SPC6##
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC7##
PAL  wherein
PA1  R.sup.1 is selected from the group consisting of H, alkyl of 1-3 carbons,
      alkenyl of 3 carbons, aminocarbonyl, methylaminocarbonyl,
      dimethylaminocarbonyl, benzoyl, aralkyl of 7 to 19 carbons, alkanoyl of up
      to 7 carbons, benzoylmethyl or cycloalkanoyl of 4 carbons;
PA1  R.sup.2, r.sup.3 and R.sup.4 are individually selected from the group
      consisting of H, alkyl of up to 17 carbons; cycloalkyl of up to 6 carbons,
      aryl of 6-12 carbons substituted with up to two halo, nitro, amino,
      methoxy or alkyl groups having up to 3 carbons; alkenyl of 3 carbons;
      carbalkoxyalkyl and carbalkoxyalkenyl of 3-4 carbons; and thioalkyl of 1-2
      carbons;
PA2  with the proviso that R.sup.3 and R.sup.4 together can be a divalent
      hydrocarbyl group of 4 chain carbons and having a total of from 4 to 8
      carbons; and
PA1  R.sup.5 and R.sup.6 individually are H or alkyl of 1-3 carbons.
NUM  2.
PAR  2. A compound of claim 1 where R.sup.2, R.sup.3 and R.sup.4 are alkyl of
      1-4 carbons.
NUM  3.
PAR  3. The compound of claim 1 in which all the R groups are H;
      1-(4-imidazolylsulfonyl)imidazole.
NUM  4.
PAR  4. The compound of claim 1 in which R.sup.1, R.sup.3, R.sup.4, R.sup.5 and
      R.sup.6 are each H and R.sup.2 is methyl;
      1-(4-imidazolylsulfonyl)-2-methylimidazole.
NUM  5.
PAR  5. The compound of claim 1 in which R.sup.1, R.sup.4, R.sup.5 and R.sup.6
      are each H, R.sup.2 is ethyl and R.sup.3 is methyl;
      1-(4-imidazolylsulfonyl)-2-ethyl-4-methylimidazole.
NUM  6.
PAR  6. The compound of claim 1 in which R.sup.1, R.sup.3, R.sup.4 R.sup.5 and
      R.sup.6 are each H and R.sup.2 is ethyl;
      1-(4-imidazolylsulfonyl)-2-ethylimidazole.
NUM  7.
PAR  7. The compound of claim 1 in which R.sup.1, R.sup.3, R.sup.4, R.sup.5 and
      R.sup.6 are each H and R.sup.2 is propyl;
      1-(4-imidazolylsulfonyl)-2-propylimidazole.
NUM  8.
PAR  8. The compound of claim 1 in which R.sup.1, R.sup.2, R.sup.4, R.sup.5 and
      R.sup.6 are each H and R.sup.3 is phenyl;
      1-(4-imidazolylsulfonyl)-4-phenylimidazole.
PATN
WKU  039324451
SRC  5
APN  4834801
APT  1
ART  121
APD  19740626
TTL  2-Aryl-4-(R-methyl)-5-methylimidazoles
ISD  19760113
NCL  2
ECL  1
EXP  Trousof; Natalie
INVT
NAM  Rasmussen; Chris Royce
CTY  Ambler
STA  PA
ASSG
NAM  McNeil Laboratories, Incorporated
CTY  Ft. Washington
STA  PA
COD  02
CLAS
OCL  260309
XCL  424273
EDF  2
ICL  C07D23364
FSC  260
FSS  309
OREF
PAL  cornforth et al. Chem. Abst. 1949, Vol. 43, column 2989.
PAL  Lawson J. Chem. Soc. (London) 1957, pp. 4225-4228.
ABST
PAL  2-Aryl-5-methylimidazoles bearing various substituted methyls in the
      4-position useful for their ultra-violet (U.V.) absorbing properties.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention relates to novel 2-aryl-5-methylimidazoles having the
      following formula:
      ##SPC1##
PAL  And mineral acid addition salts thereof, wherein Ar is a member selected
      from the group consisting of phenyl, methylenedioxyphenyl,
      loweralkanoylphenyl, loweralkylthiophenyl and phenyl substituted with 1 to
      3 members selected from the group consisting of loweralkyl, loweralkoxy,
      halo, hydroxy, phenoxy and nitro; and R is a member selected from the
      group consisting of COOH, COO(loweralkyl) and CONH.sub.2.
PAR  As used herein, the prefix "lower" designates a 1 to 8 carbon content for
      the particular group it modifies; and the term "halo" represents chloro,
      bromo, fluoro and iodo. Typical mineral acids are the hydrohalic acids and
      phosphoric sulfuric and the like acids.
PAR  The subject compounds may be prepared from the corresponding nitriles of
      formula (II), wherein Ar is as previously defined, which precursors are
      described in my copending application Ser. No. 483,251, filed on the same
      day as the instant application and entitled
      "2-Aryl-4-Cyanomethyl-5-Methylimidazoles."
PAR  The nitriles may be prepared by condensation of an appropriate benzamidine
      with biacetyl in a suitable loweralkanol to yield
      2-Ar-4-loweralkoxymethyl-5-methylimidazole, which is then sequentially
      converted to the corresponding 4-hydroxymethyl, 4-chloromethyl, and
      finally the 4-cyanomethyl compound of formula (II) by conventional
      procedures.
      ##SPC2##
PAR  By means of conventionial hydrolysis of a nitrile procedures, which may be
      effected with either acid or base as catalyst, there are obtained upon
      partial hydrolysis the corresponding amide (III), and upon complete
      hydrolysis the corresponding carboxylic acid (IV). For example, partial
      hydrolysis to the intermediate amide may be accomplished by treating the
      nitrile (II) with concentrated sulfuric acid at room temperature and
      pouring the resulting solution after completion of amide formation into
      water. Complete hydrolysis of the nitrile (II) may be effected by
      refluxing with aqueous or alcoholic alkali or more generally, by refluxing
      the nitrile (II) with aqueous sulfuric acid (20-70%) or with concentrated
      (about 40%) hydrochloric or hydrobromic acid. Standard esterification of
      the acids (IV) with a slight excess of an appropriate lower alkanol
      affords the corresponding esters (V).
      ##SPC3##
PAR  The compounds of formula (I) are obtainable in free base form or in the
      form of an acid addition salt depending upon the particular isolation
      conditions employed. The free bases are readily convertible to the salt
      form by standard treatment with a mineral acid and the salts in turn are
      readily convertible to the free base form by standard treatment with
      alkali.
PAR  The following compounds of formula (I) are representative of those
      contemplated by this invention and which may be prepared according to the
      procedures herein described:
PA0  2-p-methylthiophenyl-5-methylimidazole-4-acetamide;
PA0  2-p-acetylphenyl-5-methylimidazole-4-acetamide;
PA0  2-(2,4-dibromophenyl)-5-methylimidazole-4-acetamide;
PA0  2-(2-ethyl-4-isopropoxyphenyl)-5-methylimidazole-4-acetamide;
PA0  2-p-n-butoxyphenyl-5-methylimidazole-4-acetamide;
PA0  2-p-fluorophenyl-5-methylimidazole-4-acetic acid;
PA0  2-(2,4,6-trimethylphenyl)-5-methylimidazole-4-acetic acid;
PA0  2-(2,4,6-trichlorophenyl)-5-methylimidazole-4-acetic acid;
PA0  2-(4-hydroxy-3-nitrophenyl)-5-methylimidazole-4-acetic acid;
PA0  2-p-propionylphenyl-5-methylimidazole-4-acetic acid;
PA0  methyl 2-(2-chloro-4-methylphenyl)-5-methylimidazole-4-acetate;
PA0  ethyl 2-p-methoxyphenyl-5-methylimidazole-4-acetate;
PA0  isopropyl 2-p-n-octylphenyl-5-methylimidazole-4-acetate;
PA0  ethyl 2-(3,4-methylenedioxyphenyl)-5-methylimidazole-4-acetate;
PA0  butyl 2-m-nitrophenyl-5-methylimidazole-4-acetate; and
PA0  ethyl 2-(4-hydroxy-3,5-diiodophenyl)-5-methylimidazole-4-acetate.
PAR  The subject compounds (I), in base or acid addition salt form, strongly
      absorb ultra-violet (U.V.) light, generally above 280 nm, and are useful
      as U.V.-screening materials, for example, in plastic products and sunburn
      preventive formulations. Because of their general solubililty in organic
      materials, the bases may be used as U.V.-absorbers in plastics and resins
      such as, for example, polystyrene, polyethylene, polypropylene,
      polyacrylics (e.g., methacrylate resins, polyacrylamides,
      polyacrylonitrile fibers, etc.), polyamide (e.g., nylon) fibers, and
      polyester fibers. The inclusion of about 0.01-5.0 percent of the absorber,
      based on the polymer weight, is usually sufficient to render protection
      against U.V. light, such as in plastic films, light filters, etc. The
      absorber may be incorporated into the mixture of monomers before
      polymerization to form the polymer or it may be incorporated into the
      polymer at other stages during its handling, as by milling into the
      polymer together with other compounding ingredients, or during the
      spinning of the polymer into fibers, etc. The acid addition salts or (I),
      which are more water-soluble than the base form, are preferably employed
      as sunscreening agents in typical hydrophylic types of anti-sunburn
      formulations in amounts of about 0.1-5.0 percent by weight (see G. W. van
      ham & W. P. Herzog, Chapter 6, "The Design of Sunscreen Preparations," in
      "Drug Design IV", E. J. Ariens, Ed., Academic Press, N.Y. and London, 1973
     .
DETD
PAR  The following examples are intended to illustrate, but not to limit, the
      scope of the present invention.
PAC  EXAMPLE I
PAC  5-Methyl-2-phenyl-4-imidazoleacetamide Hydrate:
PAR  A mixture of 9.86 (0.05 mole of 5-methyl-2-phenyl-4-imidazoleacetonitrile
      and 15 ml of concentrated sulfuric acid is stirred and warmed on a steam
      bath until solution is complete (about 25 minutes). The warm mixture is
      poured onto excess ice and basified with a slight excess of concentrated
      aqueous ammonia. Recrystallization from ethanol (95%)-water affords the
      product, 5-methyl-2-phenyl-4-imidazoleacetamide hydrate, m.p.
      186.degree.-188.degree.C. The melting point can be changed to
      202.degree.-4.degree.C by thoroughly grinding in an agate mortar. The
      product can also be made to melt over the range of about
      186.degree.-204.degree.C by very slowly raising the oilbath temperature.
      Treatment with mineral acid, e.g., sulfuric or hydrobromic acid, affords
      the corresponding acid addition salt.
PAC  EXAMPLE II
PAR  The partial hydrolysis procedure of Example I may be followed to prepare
      those compounds of formula (I) wherein R is CONH.sub.2. Accordingly, by
      substituting an equivalent amount of an appropriately substituted nitrile
      of formula (II) for the 5-methyl-2-phenyl-4-imidazoleacetonitrile used
      therein, the following respective products are obtained:
PA0  2-p-methoxyphenyl-5-methyl-4-imidazoleacetamide;
PA0  2-p-chlorophenyl-5-methyl-4-imidazoleacetamide;
PA0  2-(3,5-dichlorophenyl)-5-methyl-4-imidazoleacetamide;
PA0  2-(3,5-dimethoxyphenyl)-5-methyl-4-imidazoleacetamide;
PA0  2-p-n-octylphenyl-5-methyl-4-imidazoleacetamide;
PA0  2-(3,4-methylenedioxyphenyl)-5-methyl-4-imidazoleacetamide;
PA0  2-p-butylthiophenyl-5-methyl-4-imidazoleacetamide;
PA0  2-(4-hydroxy-3-nitrophenyl)-5-methyl-4-imidazoleacetamide;
PA0  2-(2,4,6-trimethylphenyl)-5-methyl-4-imidazoleacetamide; and
PA0  2-m-nitrophenyl-5-methyl-4-imidazoleacetamide.
PAC  EXAMPLE III
PAC  5-Methyl-2-phenylimidazole-4-acetic acid Hydrochloride
PAR  To 10 ml of concentrated hydrochloric acid (36%) is added 1.36 g (6.9m
      moles) of 5-methyl-2-phenylimidazole-4-acetonitrile. The homogeneous
      mixture (hot) is heated on a steam bath for about 3 hours followed by
      refluxing (mantle) for 1 hour. Cooling and scratching in an ice-bath
      affords the product, 5-methyl-2-phenylimidazole-4-acetic acid
      hydrochloride, as colorless crystals. Recrystallization from ethanol-ether
      or 20% hydrochloric acid gives the pure product, m.p.
      228.degree.-230.degree.C (dec.). Treatment with a stoichiometric amount of
      alkali (e.g., NaOH) affords the corresponding free base form.
PAC  EXAMPLE IV
PAR  The complete nitrile-to-acid hydrolysis procedure of Example III may be
      followed to prepare those compounds of formula (I) wherein R is COOH.
      Accordingly, by substituting an equivalent amount of an appropriately
      substituted nitrile of formula (II) for the
      5-methyl-2-phenylimidazole-4-acetonitrile used therein, the following
      respective products are obtained:
PA0  2-p-butylthiophenyl-5-methylimidazole-4-acetic acid;
PA0  2-(4-hydroxy-3,5-diiodophenyl)-5-methylimidazole-4-acetic acid;
PA0  2-p-phenoxyphenyl-5-methylimidazole-4-acetic acid;
PA0  2-(3-chloro-4-phenoxyphenyl)-5-methylimidazole-4-acetic acid;
PA0  2-(4-hydroxy-3-nitrophenyl)-5-methylimidazole-4-acetic acid;
PA0  2-m-nitrophenyl-5-methylimidazole-4-acetic acid;
PA0  2-(3,4-dimethylphenyl)-5-methylimidazole-4-acetic acid;
PA0  2-p-butylphenyl-5-methylimidazole-4-acetic acid;
PA0  2-(3,4,5-trimethoxyphenyl)-5-methylimidazole-4-acetic acid;
PA0  2-p-acetylphenyl-5-methylimidazole-4-acetic acid; and
PA0  2-(3,4-methylenedioxyphenyl)-5-methylimidazole-4-acetic acid.
PAC  EXAMPLE V
PAR  Each of the acids obtained from Example IV is heated under reflux for a few
      hours with an excess of anhydrous methanol in the presence of a trace of
      dry hydrogen chloride to yield the corresponding methyl esters.
PAC  EXAMPLE VI
PAC  Ethyl 5-methyl-2-phenylimidazole-4-acetate
PAR  About 40 g of 5-methyl-2-phenylimidazole-4-acetic acid, 100 ml of absolute
      ethanol, 1 g of p-toluenesulfonic acid and 650 ml of benzene is heated
      under reflux with azeotropic removal of water overnight (about 15 hours).
      The reaction mixture is filtered, washed with sodium bicarbonate solution,
      dried over anhydrous magnesium sulfate and the solvent evaporated in vacuo
      to yield the product, ethyl 5-methyl-2-phenylimidazole-4-acetate.
PAC  EXAMPLE VII
PAR  The procedure of Example VI is repeated except that equivalent amounts of
      isopropanol and n-butanol are used in place of the ethanol used therein to
      yield, as respective products, the corresponding isopropyl and n-butyl
      5-methyl-2-phenylimidazole-4-acetates.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group consisting of
      2-aryl-5-methylimidazole-4-acetamide having the formula:
      ##SPC4##
      and mineral acid addition salts thereof, wherein Ar is a member selected
      from the group consisting of phenyl, methylenedioxyphenyl,
      loweralkanoylphenyl, loweralkylthiophenyl and phenyl substituted with 1 to
      3 members selected from the group consisting of loweralkyl, loweralkoxy,
      halo, hydroxy, phenoxy and nitro.
NUM  2.
PAR  2. 5-Methyl-2-phenylimidazole-4-acetamide.
PATN
WKU  039324460
SRC  5
APN  3946592
APT  1
ART  121
APD  19730906
TTL  Quaternized 6-diethylamino-2-[benzimidazolyl-(2)]benzofuran
ISD  19760113
NCL  2
ECL  1
EXA  Ramsuer; Robert W.
EXP  Jiles; Henry R.
INVT
NAM  Grychtol; Klaus
CTY  Bad Duerkheim
CNT  DT
ASSG
NAM  BASF Aktiengesellschaft
CTY  Ludwigshafen (Rhein)
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720909
APN  2244371
CLAS
OCL  2603092
XCL  2523012R
XCL  2523012W
XCL  427158
XCL  2602471L
XCL  2602475EP
XCL  2602477G
XCL  26029357
XCL  26029358
XCL  26029359
XCL  2602936
XCL  260299
XCL  260304
XCL  260307D
XCL  2603462R
XCL    8  1W
XCL    8178R
XCL    8 542
EDF  2
ICL  C07D23514
FSC  260
FSS  309.2;299
UREF
PNO  3781279
ISD  19731200
NAM  Croanse et al.
OCL  260240CA
OREF
PAL  Ciba "Central Patents Index" (8/72) No. 40511T Belgium Pat. No. 776,385.
LREP
FRM  Johnston, Keil, Thompson & Shurtleff
ABST
PAL  A benzofuran compound of the formula
      ##SPC1##
PAL  Where X.sup.- denotes HSO.sub.4.sup.- , CH.sub.3 SO.sub.4.sup.- , Cl.sup.-,
      Br.sup.-, 1/2 2ZnCl.sub. 4.sup.-.sup.- or CH.sub.3 COO.sup.-. The said
      compounds are dyes for synthetic textile material.
BSUM
PAR  The invention relates to benzofuran compounds of the formula (I):
      ##SPC2##
PAL  in which R.sup.1 and R.sup.2 are hydrogen, alkyl of one to six carbon atoms
      which may bear nonionic groups as substituents, phenyl or benzyl, and
      R.sup.1 and R.sup.2 may also be joined together to form a five-membered or
      six-membered ring, and A is one of the groups:
      ##EQU1##
      WHEREIN X is --OR.sup.3 or
      ##EQU2##
      Y is nitrogen quaternized by an epoxide or by benzyl or alkyl of one to
      four carbon atoms, Z is oxygen, sulfur, NH-, N-alkyl, N-cycloalkyl,
      N-aralkyl or N-aryl, Ar is unsubstituted or substituted o-phenylene or
      o-naphthylene, R.sup.3 is hydrogen, alkyl, cycloalkyl, aralkyl or aryl and
      R.sup.4 is hydrogen, alkyl, cycloalkyl, aralkyl, aryl or amino.
PAR  Benzofuran compounds of the formula (I) are colorless, yellow or red
      substances which exhibit strong fluorescence, particularly in organic
      solvents. In the case of the colored members of this class of substances
      the shade is dependent on pH. Because of this property they may be used in
      many fields, for example as optical brighteners, dyes or pigments or as
      dye precursors in copying processes.
PAR  Examples of nonionic groups which the alkyl groups R.sup.1 and R.sup.2 may
      bear as substituents are chloro, bromo, hydroxy or alkoxy of one to seven
      carbon atoms. Specific preferred radicals for R.sup.1 and R.sup.2 are
      methyl, ethyl, n-propyl, cyclohexyl, chloroethyl, hydroxyethyl,
      .beta.-methoxyethyl, phenyl and benzyl of which methyl and ethyl are
      particularly preferred. When R.sup.1 and R.sup.2 are joined together to
      form a five-membered or six-membered ring, the morpholine, piperidine and
      pyrrolidine rings are preferred.
PAR  Examples of preferred alkyl, aralkyl and aryl radicals for R.sup.3 and
      R.sup.4 are: methyl, ethyl, propyl, phenyl and benzyl.
PAR  For compounds in which Z is N-alkyl, N-aralkyl or N-aryl the preferred
      alkyl radicals are methyl and ethyl, the preferred aryl radical is phenyl
      and the preferred aralkyl radical is benzyl.
PAR  Examples of substituents for the o-phenylene or o-naphthylene groups Ar
      are: chloro, hydroxy, methyl, ethyl, propyl, methoxy, ethoxy and
      .beta.-methoxyethyl and one or more substituents are possible in the
      aromatic nucleus. In the case of the o-phenylene group a single
      substituent in the 5-position to the heteroatom Z is preferred.
PAR  When Y is nitrogen quaternized by an epoxide the epoxide radical may be for
      example hydroxyalkyl, .beta.-phenylhydroxyalkyl or the radicals derived
      from epichlorohydrin or glycidamide.
PAR  Compounds of the formula:
      ##SPC3##
PAL  In which X.sup.- is an anion and R is alkyl of one to four carbon atoms or
      benzyl, n is zero or 1, R.sup.1 and R.sup.2 are methyl or ethyl and Z is
      NH, NCH.sub.3, NC.sub.2 H.sub.5, O or S are of particular industrial
      significance. The anion X.sup.- is preferably HSO.sub.4 .sup.-, CH.sub.3
      SO.sub.4 .sup.-, Cl.sup.-, BR.sup.-, 1/2 ZnCl.sub.4 .sup.-.sup.-or
      CH.sub.3 COO.sup.-. Compounds illustrated by the following formulae are
      particularly suitable:
      ##SPC4##
PAR  For the production of the benzofurans of the formula (I) the starting
      materials may be 4-aminosalicylaldehyde and its derivatives such as
      4-dimethylaminosalicylaldehyde, 4-diethylaminosalicylaldehyde
      4-dibutylaminosalicylaldehyde, 4-morpholinoalicyladehyde,
      4-N-methyl-N-.beta.-chloroethylaminosalicylaldehyde and
      4-N-ethyl-N-phenylaminosalicylaldehyde and these may be condensed with
      acetic acid derivatives such as chloroacetic acid, ethyl chloroacetate,
      chloroacetamide and chloroacetonitrile or the corresponding bromine
      compounds by a conventional method, for example according to Bull. Soc.
      Chim. France 1971, pages 4329 to 4331, to form the phenoxyacetic acid
      compounds which by cyclization are converted into the
      benzofuran-2-carboxylic acid compounds of the formula (II):
      ##SPC5##
PAL  in which A.sup.1 is
      ##EQU3##
      (When chloroacetonitrile or bromoacetonitrile are used it is possible to
      obtain the corresponding nitrile.) The condensation is conveniently
      carried out in solution in the presence of an acid-binding substance such
      as sodium hydroxide, potassium hydroxide, sodium carbonate, potassium
      carbonate, sodium hydrogen carbonate, sodium acetate, potassium acetate,
      sodium methylate, triethylamine or pyridine. Examples of suitable solvents
      are water; alcohols such as methanol, ethanol and ethylene glycol
      monomethyl ether; ketones such as acetone, methyl ethyl ketone and methyl
      isobutyl ketone; and carboxylic acid derivatives such as acetonitrile,
      dimethylformamide and N-methylpyrrolidone. Mixtures of solvents are also
      suitable. The phenoxyacetic acid compound obtained (either immediately or
      after previous isolation) is then converted conveniently in one of the
      abovementioned solvents in the presence of a base (for which purpose
      potassium hydroxide, potassium carbonate, potassium acetate and sodium
      methylate are particularly suitable) by cyclization into a benzofuran
      compound of the formula (II).
      ##SPC6##
PAR  Heterocyclic substituted benzofurans of the formula (III):
      ##SPC7##
PAL  may be prepared from the compounds of the formula (II) by condensation by a
      conventional method with an o-substituted aniline such as
      o-phenylenediamine, o-aminophenol, o-aminothiophenol,
      4-methyl-o-phenylenediamine, 4-chloro-o-phenylenediamine,
      4-methyl-o-aminophenol, 4-methoxy-o-phenylenediamine,
      4,5-dimethyl-o-phenylenediamine, N-methyl-o-phenylenediamine and
      1,2-diaminonaphthalene. This condensation is conveniently carried out at a
      temperature in the range from 100.degree. to 250.degree.C and the
      components may be reacted with one another in substance or in solution and
      if desired in the presence of boric acid, phosphorus pentoxide, phosphoric
      acid or a polyphosphoric acid. High boiling point solvents such as
      nitrobenzene, trichlorobenzene, naphthalene, diphenyl or diphenyl oxide
      are particularly suitable as solvents. The reaction proceeds particularly
      advantageously in phosphoric acid or a polyphosphoric acid.
PAR  Quaternization of the nitrogen Y may be carried out by a conventional
      method, for example by reaction with an alkylating agent at a temperature
      of from 20.degree. to 150.degree.C; it is convenient to use the alkylating
      agent in excess and to carry out the reaction in water or an organic
      solvent such as cyclohexane, benzene, chlorobenzene, dimethylformamide,
      chloroform or acetonitrile and if desired in the presence of an
      acid-binding agent such as sodium hydrogen carbonate, sodium carbonate,
      potassium carbonate or magnesium oxide. Examples of preferred alkylating
      agents are dimethyl sulfate, diethyl sulfate, methyl p-toluenesulfonate,
      ethyl p-toluenesulfonate, benzyl bromide, methyl iodide, ethyl bromide,
      epichlorohydrin and styrene oxide.
PAR  The 6-dialkylaminobenzofuran-2-carboxylic acid derivatives according to the
      invention are colorless compounds which in organic solvents give strong
      blue to green fluorescence. The heterocyclic substituted benzofuran
      derivatives are colorless to yellow and give strong blue to green
      fluorescence in organic solvents. Because of the fluorescence properties
      the compounds are suitable for optical brightening of synthetic textile
      materials, particularly of synthetic polyamides and cellulose fibers. The
      colored compounds of the formula (I) may also be used as dyes for fibrous
      materials, preferably polyamides and modified cellulose.
PAR  The benzofuran compounds having quaternized nitrogen Y of the formula:
      ##SPC8##
PAL  are particularly suitable for dyeing synthetic textile material,
      particularly of polyacrylonitrile and acid-modified polyesters,
      fluorescent yellow and red hues and for the production of print pastes for
      bright textile printing. Another preferred field is the production of
      daylight fluorescent pigments.
PAR  Solutions of benzimidazolyl-substituted benzofurans in solvents having
      little or no polarity such as hydrocarbons, chlorohydrocarbons and esters
      give intense yellow shades when acid substances are added. This reaction
      which is even caused by kaolin, zeolites, bentonite, silicic acid and
      phenolic condensation products renders the compounds suitable as dye
      precursors for pressure sensitive recording materials and particularly for
      copying papers.
PAR  Parts and percentages in the following illustrative Examples are by weight.
      Parts by volume bear the same relation to parts by weight as the liter to
      the kilogram.
PAC  EXAMPLE 1
      ##SPC9##
PAC  6-dimethylaminobenzofuran-2-carbonitrile
PAR  82 parts of 4-dimethylaminosalicylaldehyde is dissolved in 500 parts by
      volume of acetone, then 96 parts of potassium carbonate and 45 parts of
      chloroacetonitrile are added and the whole is boiled under reflux for 10
      hours. After the solution has been filtered it is concentrated and the
      crystals deposited are recrystallized from benzene with the addition of
      animal charcoal. 36 parts of colorless crystals of
      2-formyl-5-dimethylaminophenoxyacetonitrile is obtained with a melting
      point of 124.degree. to 125.degree.C.
PAR  15.3 parts of the nitrile is dissolved in 100 parts by volume of
      dimethylformamide and stirred with 10 parts of potassium carbonate for 15
      hours at 70.degree.C. The whole is then diluted with 1,000 parts of water,
      filtered by suction and the filter residue is dried. For further
      purification it is sublimed at 80.degree.C and 1 mm and the sublimate is
      recrystallized from methylcyclohexane. The
      6-dimethylaminobenzofuran-2-carbonitrile is obtained in the form of
      colorless crystals having a melting point of 70.degree. to 71.degree.C
      which dissolve in benzene with an intense blue-violet fluorescence.
PAR  Analysis: C.sub.11 H.sub.10 N.sub.2 O. calculated: C, 70.95; H, 5.41; N,
      15.05. found: C, 70.7; H, 5.9; N, 14.9.
PAC  EXAMPLE 2
      ##SPC10##
PAC  6-diethylaminobenzofuran-2-carboxamide
PAR  A mixture of 193 parts of 4-diethylaminosalicylaldehyde, 102 parts of
      chloroacetamide and 207 parts of powdered potassium carbonate in 800 parts
      by volume of methyl ethyl ketone is boiled under reflux for ten hours
      while stirring. The whole is filtered while hot and from the filtrate 137
      parts of crystallized 2-formyl-5-diethylaminophenoxyacetamide is obtained
      having a melting point of 133.degree.C.
PAR  When 4-dimethylaminosalicylaldehyde is used instead of
      4-diethylaminosalicylaldehyde and the procedure is otherwise as described
      above, 2-formyl-5-dimethylaminophenoxyacetamide is obtained with a melting
      point of 147.degree. to 148.degree.C (yield: 56% of theory).
PAR  250 parts of 2-formyl-5-diethylaminophenoxyacetamide is dissolved in 1,000
      parts by volume of dimethylformamide and 61.6 parts of powdered potassium
      hydroxide is added in portions, the temperature rising slightly. The whole
      is stirred overnight at ambient temperature and is worked up by pouring it
      into 2,000 parts of water. After the precipitate has been suction filtered
      it is washed until devoid of alkali, dried at 60.degree.C and
      recrystallized from chlorobenzene. The yield is 199 parts of colorless
      needles having a melting point of 187.degree. to 188.degree.C.
PAR  Analysis: C.sub.13 H.sub.16 N.sub.2 O.sub.2 : calculated: C, 67.2; H, 6.9;
      N, 12.0. found: C, 67.4; H, 6.9; N, 12.0.
PAR  When 4-diethylaminosalicylaldehyde is reacted with chloroacetamide and
      potassium hydroxide in dimethylformamide at ambient temperature or with
      potassium carbonate instead of potassium hydroxide at refluxing
      temperature, the above benzofuran derivative is obtained in a similarly
      good yield.
PAR  When the equivalent amount of the dimethyl compound is used instead of
      4-diethylaminosalicylaldehyde and the procedure is otherwise the same,
      6-dimethylaminobenzofuran-2-carboxylic amide is obtained in a 68% yield.
      The melting point is 170.degree. to 171.degree.C.
PAR  Solutions of these benzofuran compounds in dioxane are colorless and
      exhibit a strong blue fluorescence in daylight. The compounds have good
      affinity for synthetic fibers, particularly polyamide and cellulose
      derivatives, and are therefore suitable for brigtening these substrates.
PAC  EXAMPLE 3
      ##SPC11##
PAC  6-diethylaminobenzofuran-2-carboxylic ethyl ester
PAR  A solution of 193 parts of 3-diethylaminosalicylaldehyde and 200 parts of
      ethyl bromoacetate in 1,500 parts by volume of acetone has 193 parts of
      potassium carbonate added to it and it is then boiled for 15 hours. After
      cooling the whole is filtered and concentrated. By recrystallization from
      benzene with an addition of animal charcoal 255 parts of ethyl
      2-formyl-5-diethylaminophenoxyacetate is obtained as colorless crystals
      having a melting point of 81.degree. to 83.degree.C.
PAR  Analysis: C.sub.15 H.sub.21 NO.sub.4 : calculated: C, 64.5; H, 7.6; N, 5.0;
      O, 22.9. found: C, 64.7; H, 7.6; N, 5.0; O, 22.9.
PAR  279 parts of this phenoxyacetic acid derivative in 400 parts by volume of
      dimethylformamide is boiled under reflux with 49 parts of potassium
      acetate for seven hours. After dilution with 600 parts of water it is
      shaken up with chloroform, dried and distilled 88 parts of
      6-diethylaminobenzofuran-2-carboxylic acid ethyl ester is obtained which
      has a boiling point of 195.degree. to 205.degree.C at 4 to 6 mm and whose
      structure is confirmed by analysis and infrared and nuclear resonance
      spectra.
PAC  EXAMPLE 4
      ##SPC12##
PAC  6-diethylaminobenzofuran-2-carboxylic hydrazide
PAR  Equimolar amounts of 6-diethylaminobenzofuran-2-carboxylic acid ethyl ester
      (Example 3) and hydrazine hydrate are boiled under reflux for three hours
      in solution in ethanol and after cooling to ambient temperature stirred
      for another twelve hours. The reaction mixture is poured into ice-water
      and the precipitate is suction filtered and washed with water. After
      recrystallization from alcohol the hydrazide is obtained in colorless
      crystals having a melting point of 127.degree. to 129.degree.C in a yield
      of 97%. (N: calculated 16.99, found 17.1). It dissolves in alcohol to give
      a colorless solution with a strong blue fluorescence.
PAC  EXAMPLE 5
      ##SPC13##
PAC  6-diethylaminobenzofuran12-carboxylic acid
PAR  Hydrolysis of the amide of Example 2, the ester of Example 3 and the
      hydrazide of Example 4 with potassium hydroxide in water or an alcohol
      gives the 6-diethylaminobenzofuran-2-carboxylic acid. This decomposes at a
      temperature of more than 150.degree.C with decarboxylation and formation
      of 6-diethylaminobenzofuran (boiling point 112.degree. to 116.degree.C at
      3 to 4 mm). The alcoholic solutionn of the acid is colorless with a strong
      blue fluorescence.
PAC  EXAMPLE 6
      ##SPC14##
PAC  6-diethylaminobenzofuran-2-carboxylic anilide
PAR  5.8 parts of 6-diethylaminobenzofuran-2-carboxylic acid is dissolved in 50
      parts of dioxane, then 0.3 part of dimethylformamide and 3 parts of
      thionyl chloride are added and the whole is boiled under reflux for 1
      hour. After cooling 2.4 parts of aniline and 4 parts of pyridine are added
      and the whole is boiled under reflux for 3 hours, allowed to cool, diluted
      with 30 parts of water, stirred overnight at ambient temperature and
      suction filtered. After recrystallization from methylcyclohexane 3 parts
      of the carboxylic anilide is obtained having a melting point of
      116.degree. to 117.degree.C.
PAC  EXAMPLE 7
      ##SPC15##
PAC  6-diethylamino-2-[benzimidazolyl-(2)]-benzofuran
PAR  23.2 parts of 6-diethylaminobenzofuran-2-carboxamide and 10.8 parts of
      o-phenylenediamine in 60 parts by volume of polyphosphoric acid are
      stirred for 2 hours at 100.degree.C and then for 2 hours at 200.degree.C.
      400 parts of water is cautiously added at 140.degree.C and the solution
      obtained is clarified with charcoal. A pH of from 5 to 6 is set up with
      50% sodium acetate solution, and the precipitate formed is suction
      filtered, thoroughly washed and recrystallized from toluene. 21 parts of
      pale yellowish crystals are obtained with a melting point of from
      243.degree. to 244.degree.C.
PAR  Analysis: C.sub.19 H.sub.19 N.sub.3 O: calculated: C, 74.7; H, 6.3; N,
      13.8; O, 5.2 found: C, 74.8; H, 6.3; N, 14.2; O, 5.2.
PAR  The same compound is obtained by using the ethyl ester described in Example
      3 (yield: 90%) instead of 6-diethylaminobenzofuran-2-carboxamide.
PAR  The compound dissolves in dioxane to give a colorless solution having a
      very strong blue fluorescence and is suitable for the optical brightening
      of synthetic fibrous materials.
PAR  When, the solution of the compound in toluene is enclosed in microcapsules
      and applied in this form to the surface of paper as a coating, a yellow
      color is obtained upon writing in contact with an acid acceptor layer.
PAR  The following benzofuran derivatives which have similar properties may be
      prepared by analogous methods:
PAC  EXAMPLE 8
PAR  From 4-chloro-o-phenylenediamine:
PAR  6-diethylamino-2-[5-chlorobenzimidazolyl-(2)]-benzofuran: melting point
      232.degree. to 233.degree.C; color; yellowish.
PAC  EXAMPLE 9
PAR  From 4-methyl-o-phenylenediamine:
PAR  6-diethylamino-2-[5-methylbenzimidazolyl-(2)]-benzofuran: melting point:
      240.degree. to 241.degree.C; color; pale yellow.
PAC  EXAMPLE 10
PAR  From 4,5-dimethyl-o-phenylenediamine:
PAR  6-diethylamino-2-[5,6-dimethylbenzimidazolyl-(2)]-benzofuran: melting
      point: 232.degree. to 234.degree.C; color: pale yellow.
PAC  EXAMPLE 11
PAR  From 4-methoxy-o-phenylenediamine:
PAR  6-diethylamino-2-[5-methoxybenzimidazolyl-(2)]-benzofuran: melting point:
      203.degree.C; color: pale yellow.
PAC  EXAMPLE 12
PAR  From N-methyl-o-phenylenediamine:
PAR  6-diethylamino-2-[1-methylbenzimidazolyl-(2)]-benzofuran: melting point:
      238.degree. to 239.degree.C; color: pale yellow.
PAC  EXAMPLE 13
      ##SPC16##
PAC  6-dimethylamino-2-[benzimidazolyl-(2)]-benzofuran
PAR  30.6 parts of 6-dimethylaminobenzofuran-2-carboxamide (see Example 2) and
      16.2 parts of o-phenylenediamine are reacted as described in Example 7.
      The product is recrystallized from alcohol. 35 parts of yellowish needles
      are obtained which melt at 267.degree. to 268.degree.C.
PAC  EXAMPLE 14
      ##SPC17##
PAC  6-diethylamino-2-[benzothiazolyl-(2)]-benzofuran
PAR  23.2 parts of 6-diethylaminobenzofuran-2-carboxamide and 12.5 parts of
      o-aminothiophenol in 60 parts by volume of polyphosphoric acid are reacted
      as described in Example 7. After the product has been recrystallized from
      methylcyclohexane 22 parts of yellow crystals are isolated which melt at
      125.degree. to 126.degree.C.
PAR  Analysis: calculated: N, 8.7; S, 9.9. found: N, 9.0; S, 9.7.
PAR  The compound dyes synthetic materials as for example polyamide and
      cellulose derivatives bright yellow hues.
PAC  EXAMPLE 15
      ##SPC18##
PAC  6-diethylamino-2-[benzoxazolyl-(2)]-benzofuran
PAR  23.6 parts of 6-diethylaminobenzofuran-2-carboxamide and 10.9 parts of
      o-aminophenol are reacted as described in Example 7. After
      recrystallization from methylcyclohexane with an addition of activated
      carbon the compound of the above formula is obtained in a yield of 62% in
      the form of yellowish crystals having a melting point of 120.degree. to
      122.degree.C. The substance optically brightens synthetic fibers.
PAC  EXAMPLE 16
      ##SPC19##
PAR  6.7 parts of the compound from Example 14 is boiled in 50 parts by volume
      of benzene with 3.8 parts of dimethyl sulfate for three hours, suction
      filtered and dried. 8.5 parts of red crystals are obtaind which melt at
      178.degree. to 180.degree.C. The compound dyes polyacrylonitrile bright
      red hues.
PAC  EXAMPLE 17
      ##SPC20##
PAR  71 parts of 6-diethylamino-2-[benzimidazolyl-(2)]-benzofuran is made into a
      paste with 200 parts of water and stirred overnight with 80 parts of
      sodium hydrogen carbonate and 130 parts of dimethyl sulfate. After suction
      filtration 68 parts of a deep yellow substance is obtained which melts
      with decomposition at 193.degree.C.
PAR  The compound, which has good solubility in water, colors polyacrylonitrile
      yellow hues having strong green fluorescence. It is suitable for the
      production of bright textile prints based on pigmented plastics and for
      the production of daylight fluorescent pigments.
CLMS
STM  I claim:
NUM  1.
PAR  1. A benzofuran compound of the formula
      ##SPC21##
PAL  in which X.sup.- is HSO.sub.4 .sup.-, CH.sub.3 SO.sub.4 .sup.-, Cl.sup.-,
      Br.sup.-, 1/2 SNCl.sub. 4.sup.2.sup.- or CH.sub.3 COO.sup.-.
NUM  2.
PAR  2. A compound as set forth in claim 1 wherein X.sup.- is HSO.sub.4.sup.-.
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ABST
PAL  Novel benzimidazole derivatives of the formula
      ##SPC1##
PAL  Wherein R is alkyl of 1 to 2 carbon atoms and R.sub.1 is selected from the
      group consisting of tetrahydrofurfuryl, a saturated or unsaturated oxygen
      heterocycle of 4 to 5 carbon atoms and
      ##EQU1##
      wherein Z is unsaturated hydrocarbon radical of 2 to 4 carbon atoms having
      at least 2 halogen atoms which possess fungicidal activity.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide the novel benzimidazole
      derivatives of formula I and a process for their preparation.
PAR  It is another object of the invention to provide novel fungicidal
      compositions.
PAR  It is another object of the invention to provide a novel method of killing
      fungi.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAC  THE INVENTION
PAR  The novel benzimidazole derivatives of the invention have the formula
      ##SPC2##
PAL  Wherein R is alkyl of 1 to 2 carbon atoms and R.sub.1 is selected from the
      group consisting of tetrahydrofurfuryl, a saturated or unsaturated oxygen
      heterocycle of 4 to 5 carbon atoms and
      ##EQU2##
      wherein Z is unsaturated hydrocarbon radical of 2 to 4 carbon atoms having
      at least 2 halogen atoms.
PAR  Examples of R.sub.1 are heterocycles such as tetrahydrofurfuryl, furanyl,
      pyranyl, dihydropyranyl, tetrahydrofuranyl and tetrahydropyranyl and
      unsaturated acyl groups such as .beta.,.beta.-dichlorovinylcarbonyl and
      .alpha.,.beta.,.beta.-trichlorovinylcarbonyl. R is methyl or ethyl.
PAR  The compounds of formula I can be prepared by reacting a compound of the
      formula
      ##SPC3##
PAL  With an isocyanate of the formula
EQU  R.sub.1 --N=C=O                                            III
PAL  wherein R and R.sub.1 have the above definitions to obtain the
      corresponding compound of formula I. The condensation is preferably
      effected in an organic solvent such as tetrahydrofuran in the presence of
      an organic base such as 1,4-diazabicyclo (2,2,2) octane.
PAR  The 2-benzimidazole carbamic acid esters of formula II can be prepared by
      the process described in U.S. Pat. No. 2,933,504 and the isocyanates of
      formula III can be prepared by known methods.
PAR  The novel fungicidal compositions of the invention contain as the active
      ingredient at least one compound of formula I and may contain one or more
      other pesticidal agents. The compositions may be in the form of powders,
      suspensions, emulsions or solutions containing, besides the active
      ingredients, non-ionic, cationic or anionic surface active agents; inert
      powders such as talc, clays, silicates, Kieselguhr; or a vehicle such as
      water, alcohols, hydrocarbons or other organic solvents, mineral, animal
      or vegetable oils, etc.
PAR  The fungicidal compositions preferably contain 25 to 95 percent by weight
      of the active compound when a powder for foliar spraying or 2.5 to 99
      percent by weight of active compound when a powder for foliar dusting. An
      example of fungicidal composition in the form of a wettable powder is 25
      percent by weight of methyl
      1-[3'-(5',6'-dihydropyranyl)]-carbamoyl-2-benzimidazolyl-carbamate, 15
      percent by weight of Ekapersol S (condensation product of sodium
      naphthalenesulfonate), 0.5 percent by weight of Brecolane NVA (sodium
      alkylnaphthalenesulfonate), 34.5 percent by weight of Zeosil 39
      (precipitated synthetic hydrated silica) and 25 percent by weight of
      Vercoryl S (colloidal kaolin).
PAR  The novel method of the invention for killing fungi comprises contacting
      the fungi with a fungicidally effective amount of at least one compound of
      formula I.
DETD
PAR  In the following examples there are described several preferred embodiments
      to illustrate the invention. However, it should be understood that the
      invention is not intended to be limited to the specific embodiments.
PAC  EXAMPLE 1
PAC  Methyl 1-(4'-tetrahydropyranyl)-carbamoyl-2-benzimidazolyl-carbamate
PAC  STEP A: 4-tetrahydropyranyl-isocyanate
PAR  A solution of 121.6 g of 4-tetrahydropyranyl carboxylic acid chloride [J.
      Pharm. Pharmac., Vol. 15 (1963) p. 167] in 250 ml of toluene was added
      dropwise at 10.degree.C to 60 g of sodium nitride in 150 ml of distilled
      water and the mixture was stirred for 2 hours. The organic phase was
      recovered by decantation, was washed with a sodium bicarbonate solution,
      then with water and dried. The organic solution was heated at 100.degree.C
      for 23/4 hours in the presence of m-dinitrobenzene and heating was
      continued until gas evolution ceased. The solution was concentrated under
      reduced pressure and the residual oil was distilled to obtain 83.6 g of
      4-tetrahydropyranyl-isocyanate boiling at 79.degree.-80.degree.C under 23
      mm Hg and having a refractive index n.sub.D.sup.20 = 1.4658.
PAC  STEP B: Methyl
      1-(4'-tetrahydropyranyl)-carbamoyl-2-benzimidazolyl-carbamate
PAR  35 g of 4-tetrahydropyranyl-isocyanate were added dropwise to a suspension
      of 38.4 g of methyl 2-benzimidazolyl-carbamate and 0.3 g of
      1,4-diazabicyclo (2,2,2) octane in 600 ml of tetrahydrofuran and the
      mixture was stirred at 23.degree.C for 5 hours. The mixture was filtered
      and the filtrate was evaporated to dryness under reduced pressure. The
      product was taken up in isopropyl ether and the crystals formed were
      recovered by vacuum filtration. This step was repeated 3 more times and
      the crystals were dried under reduced pressure at room temperature to
      obtain 59 g of methyl
      1-(4'-tetrahydropyranyl)-carbamoyl-2-benzimidazolyl-carbamate in the form
      of a white solid decomposing at 252.degree.C.
PAR  Analysis: C.sub.15 H.sub.18 O.sub.4 N.sub.4 :  Calculated: %C 56.59; %H
      5.69; %N 17.6.   Found: %C 55.1; %H 5.6; %N 17.7.
PAR  I.R. Spectrum: presence of carbonyl, aromatic ring, NH and NH/OH
PAC  EXAMPLE 2
PAC  Methyl 1-(2'-tetrahydropyranyl)-carbamoyl-2-benzimidazolyl-carbamate
PAR  30 ml of 2-tetrahydropyranyl-isocyanate were added to a suspension of 30 g
      of methyl 2-benzimidazolyl-carbamate in 600 ml of tetrahydrofuran and the
      mixture was stirred for 5 hours at room temperature and was then filtered.
      The filtrate was evaporated to dryness under reduced pressure and the
      residue was taken up in hexane. The mixture was vacuum filtered and the
      product was dried under reduced pressure to obtain 50 g of methyl
      1-(2'-tetrahydropyranyl)-carbamoyl-2-benzimidazolyl-carbamate in the form
      of a white solid decomposing at 236.degree.C.
PAR  Analysis: C.sub.15 H.sub.18 N.sub.4 O.sub.4 :  Calculated: %C 56.59; %H
      5.69; %N 17.60.   Found: %C 56.3; %H 5.5; %N 17.2.
PAR  I.R. Spectrum: presence of carbonyl, NH/OH, C=N and C--O--C
PAC  EXAMPLE 3
PAC  Methyl 1-[3'-(5',6'-dihydropyranyl)]-carbamoyl -2-benzimidazolyl-carbamate
PAC  STEP A: 3-(5,6-dihydropyranyl)-isocyanate
PAR  A solution of 61.5 g of sodium nitrite in 185 ml of distilled water stood
      for 16 hours at 0.degree.C and then a solution of 119 g of
      3-(5,6-dihydropyranyl)-carboxylic acid chloride in 370 ml of toluene was
      added dropwise thereto at 5.degree.C. The mixture was stirred for 15
      minutes and was decanted. The toluene phase was washed at 0.degree.C with
      a 10% aqueous sodium carbonate solution, then with water and dried at
      5.degree.C. 2.14 g of m-dinitrobenzene were added and the mixture was
      heated at 130.degree.C with stirring for 3 hours. After standing for 16
      hours at 0.degree.C, the mixture was distilled to obtain 20 g of
      3-(5,6-dihydropyranyl)-isocyanate as a colorless oil boiling at
      76.degree.C under 16 mm Hg and having a refractive index n.sub.D.sup.20 =
      1.4872.
PAC  STEP B: Methyl 1-[3'-(5',6'
      -dihydropyranyl)]-carbamoyl-2-benzimidazolyl-carbamate
PAR  15 g of 3-(5,6-dihydropyranyl)-isocyanate were added to 20 g of methyl
      2-benzimidazolyl-carbamate and 0.2 g of 1,4-diazabicyclo (2,2,2) octane in
      400 ml of tetrahydrofuran and the mixture was stirred for 17 hours at room
      temperature and then was filtered. The filtrate was evaporated to dryness
      under reduced pressure and the dry extract was taken up in isopropyl
      ether. The mixture was vacuum filtered and the precipitate was dried to
      obtain 9.8 g of methyl
      1-[3'-(5',6'-dihydropyranyl)]-carbamoyl-2-benzimidazolyl-carbamate
      decomposing at 218.degree.C.
PAR  Analysis: C.sub.15 H.sub.16 N.sub.4 O.sub.4 :  Calculated: %C 56.96; %H
      5.1; %N 17.71.   Found: %C 55.9; %H 5.3; %N 16.5.
PAC  EXAMPLE 4
PAC  Methyl 1-(2'-tetrahydrofurfuryl)-carbamoyl-2-benzimidazolyl-carbamate
PAC  STEP A: 2-tetrahydrofurfuryl-isocyanate
PAR  100 g of phosgene were dissolved by bubbling into 1250 ml of toluene and
      then 100 g of tetrahydrofurfurylamine and 0.2g of dinitrobenzene were
      added dropwise at 12.degree.C to the said solution. The mixture was
      refluxed for 5 hours while bubbling phosgene through it and was then
      evaporated to dryness. The residue was distilled to obtain 40.5 g of
      2-tetrahydrofurfuryl-isocyanate as a colorless liquid boiling at
      92.degree.C under 30 mm Hg and having a refractive index n.sub.D.sup.23 =
      1.4520.
PAC  STEP B: Methyl
      1-(2'-tetrahydrofurfuryl)-carbamoyl-2-benzimidazolyl-carbamate
PAR  30 g of 2-tetrahydrofurfuryl-isocyanate were added dropwise to a suspension
      of 30 g of methyl 2-benzimidazolyl-carbamate and 1 g of 1,4-diazabicyclo
      (2,2,2) octane in 300 ml of tetrahydrofuran and the mixture was stirred
      for 20 hours and vacuum filtered to obtain 19 g of the desired product
      melting with decomposition at 140.degree.C. The filtrate was evaporated to
      dryness under reduced pressure and the residue was washed with isopropyl
      ether and dried. The product was purified by dissolution in chloroform and
      precipitation with hexane to obtain a second crop of methyl
      1-(2'-tetrahydrofurfuryl)-carbamoyl-2-benzimidazolyl-carbamate as a white
      solid decomposing at 140.degree.C.
PAR  Analysis: C.sub.15 H.sub.18 N.sub.4 O.sub.4 :  Calculated: %C 56.6; %H 5.7;
      %N 17.6.   Found: %C 56.3; %H 5.7; %N 17.6.
PAR  I.R. Spectrum: presence of carbonyl, C=N, NH and aromatic type bonds.
PAC  EXAMPLE 5
PAC  Methyl 1-trichloroacryloyl-carbamoyl-2-benzimidazolyl-carbamate
PAC  STEP A: Trichloroacryloyl-isocyanate
PAR  260 ml of oxalyl chloride were added to 225 g of trichloroacrylamide in 525
      ml of dichloroethane cooled to 2.degree.C and the mixture was held at
      0.degree.C for 1 hour and then refluxed for 16 hours. The resulting
      solution was evaporated under reduced pressure and the residue was
      distilled to obtain 232 g of trichloroacryloyl-isocyanate boiling at
      86.degree.C under 20 mm Hg and having a refractive index n.sub.D.sup.23 =
      1.538.
PAC  STEP B: Methyl 1-trichloroacryloylcarbamoyl-2-benzimidazolyl-carbamate
PAR  13.5 g of trichloroacryloyl-isocyanate were added dropwise to 10 g of
      methyl 2-benzimidazolyl-carbamate and 0.1 g of 1,4-diazabicyclo (2,2,2)
      octane in 160 ml of tetrahydrofuran and the mixture was stirred for 17
      hours at room temperature and was vacuum filtered. The crystals obtained
      were washed with petroleum ether and dried under reduced pressure to
      obtain 18.2 g of methyl
      1-trichloroacryloylcarbamoyl-2-benzimidazolyl-carbamate as a solid melting
      at 231.degree.C.
PAR  Analysis: C.sub.13 H.sub.9 Cl.sub.3 N.sub.4 O.sub.4 :  Calculated: %C
      39.86; %H 2.33; %N 14.32; %Cl 27.16.   Found: %C 41.1; %H 3.1; %N 13.6;
      %Cl 26.4.
PAR  I.R. Spectrum: presence of carbonyl, OH/NH, C=N and aromatic type bonds.
PAC  FUNGICIDAL ACTIVITY
PAC  A. Test against Botrytis cinerea (in liquid nutritive media)
PAR  0.5 ml of a suspension of spores of Botrytis cinerea and 0.5 ml of a
      suspension of the test product were added to 4 ml of a nutritive media
      based on oat meal and the readings were made after storage for 6 days at
      24.degree.C. The results of Table I are expressed as percent of efficacy
      as compared to untreated controls. Compound A is methyl
      1-(4'-tetrahydropyranyl)-carbamoyl-2-benzimidazolyl-carbamate, compound B
      is methyl 1-(2'-tetrahydropyranyl)-carbamoyl-2-benzimidazolyl-carbamate
      and compound C is methyl 1-[3'-(5',6'-dihydropyranyl)]-carbamoyl
      -2-benzimidazolyl-carbamate.
TBL                TABLE I                                                     

     ______________________________________                                    

                Concentration in ppm                                           

     Compound      40      20      10   5     1                                

     ______________________________________                                    

     A            100     100     100   100   100                              

     B            100     100     100   100   100                              

     C            100     100     100   100   100                              

     ______________________________________                                    

PAC  B. Test against Botrytis cinerea on lettuce leaves
PAR  Lettuce leaves were placed in Petrie dishes and were contaminated with
      pieces of filter paper enriched with a suspension of conidies and the
      leaves were sprayed with 1 ml of a solution of the test product onto the
      surface of the Petrie dishes having a 100 mm diameter. For inoculation, a
      suspension of 100,000 conidies per ml of carrot juice was used and the
      contamination was effected on 4 points of each leaf with confetti
      impregnated with the conidies suspension. 5 leaves were used for each
      concentration and after storage for 5 days at 15.degree.C, readings were
      taken at each point of attack and the results are expressed in Table 2 as
      percent of efficacy.
TBL                TABLE 2                                                     

     ______________________________________                                    

                Concentration in ppm                                           

     Compound     125      62.5     31.2   15.6                                

     ______________________________________                                    

     A            100      100      100    50                                  

     B            30       50       20     --                                  

     C            95       70       45     25                                  

     ______________________________________                                    

PAC  C. Test against Fusarium roseum
PAR  5 ml of a suspension of the test product and spores of Fusarium roseum
      placed on cellulose pellets were added to 45 ml of a gelose nutritive
      media and after 7 days of growth, the average diameter of the colonies was
      compared to the untreated controls. The results of Table 3 are expressed
      as percent of efficacy.
TBL                TABLE 3                                                     

     ______________________________________                                    

                Concentration in ppm                                           

     Compound      40      20      10   5     1                                

     ______________________________________                                    

     A            100     100     100   90    20                               

     B            100     100     100   80     0                               

     C            100      40      80   40    40                               

     ______________________________________                                    

PAC  D. Fungicidal activity against Phytophtora infestans
PAR  St. Pierre tomato leaves were kept alive and treated by inoculation by
      depositing drops of a conidies suspension. The leaves were then sprayed
      with the active compound at dosages of 1000, 500, 250 and 125 ppm at a
      rate of 0.5 ml per container with a diameter of 100 mm. The leaves were
      contaminated with a suspension of Phytophtora infestans in sterile water
      containing 100,000 conidies per ml at 4 different points of the leave and
      with 5 leaves for each concentration. After storage for 5 days at
      18.degree.C, the mildew spots appearing at the points of inoculation were
      counted and the results are reported in Table 4 as the percentage of
      efficacy.
TBL                TABLE 4                                                     

     ______________________________________                                    

                Concentration in ppm                                           

     Compound     1000     500      250    125                                 

     ______________________________________                                    

     A            60       30       30     0                                   

     B            70       45       40     30                                  

     C            55       10       5      0                                   

     ______________________________________                                    

PAC  E. Test against Erysiphe polygoni
PAR  Cotyledonous leaves of cucumbers treated with the test product was
      contaminated with pieces of filter paper with spores of Erysiphe polygoni.
      Treatment was effected by spraying the cotyledonous leaves of cucumbers in
      pots with 1 ml per surface of pot with a 11 cm diameter. The spore
      suspension was made of sterile water containing 100,000 conidies per ml. 3
      pots of 4 to 5 plants each were used for each concentration and the pots
      were stored at 20.degree.C for 12  days. The degree of attack was noted to
      permit to show the activity. The results of Table 5 are expressed in
      percent of efficacy.
TBL                TABLE 5                                                     

     ______________________________________                                    

               Concentration in ppm                                            

     Compound    750     375     187.5  93.7  46.8                             

     ______________________________________                                    

     A           100     100     100    92    92                               

     B           100     100     100    92    17                               

     C           100     100      17    --    --                               

     ______________________________________                                    

PAR  The results of Tables 1 to 5 show that compounds A, B and C possess
      interesting funcigidal activity against the organisms tested.
PAR  Various modifications of the products and processes of the invention may be
      made without departing from the spirit or scope thereof and it should be
      understood that the invention is intended to be limited only as defined in
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A benzimidazole of the formula
      ##SPC4##
PAL  wherein R is alkyl of 1 to 2 carbon atoms and R.sub.1 is selected from the
      group consisting of tetrahydrofurfuryl, pyranyl, dihydropyranyl,
      tetrahydrofuranyl and tetrahydropyranyl.
NUM  2.
PAR  2. A compound of claim 1 which is methyl
      1-(4'-tetrahydropyranyl)-carbamoyl-2-benzimidazolyl-carbamate.
NUM  3.
PAR  3. A compound of claim 1 which is methyl
      1-(2'-tetrahydropyranyl)-carbamoyl-2-benzimidazolyl-carbamate.
NUM  4.
PAR  4. A compound of claim 1 which is methyl
      1-[3'-(5',6'-dihydropyranyl)]-carbamoyl-2-benzimidazolyl-carbamate.
NUM  5.
PAR  5. A compound of claim 1 which is methyl
      1-(2'-tetrahydrofurfuryl)-carbamoyl-2-benzimidazolyl-carbamate.
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ABST
PAL  Substituted 2-alkoxycarbonylamino-1-benzimidazoles having the formula:
      ##SPC1##
PAL  Wherein R is a lower alkyl radical, such as --CH.sub.3, and A is various
      organic radicals, hereinafter defined, such as:
      ##EQU1##
      are useful as fungicides and mite ovicides. An exemplary species of the
      general class is the compound:
      2-(methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with ethyl
      glycolate.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 116,247, filed Feb. 17, 1971, now abandoned, which is a
      continuation-in-part of my application Serial No. 776,273 , filed Nov. 15,
      1968, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a group of substituted
      2-alkoxycarbonylamino-1-benzimidazoles and to methods of using these
      compounds as fungicides and mite ovicides.
PAR  The survival of man is dependent in a large measure upon his ability to
      protect from the various agents of destruction, plants and their products
      which satisfy his basic needs. With the rapidly increasing population of
      the world, it becomes imperative that there be continuing improvements in
      the efficiency of the materials and the methods employed to provide this
      protection. These improvements can be in the form of effective control of
      more kinds of pests or in the form of requiring less material or
      application effort. The materials and methods of this invention represent
      marked advances in all of these possible areas of improvement, as will be
      explained more fully.
PAR  It has been discovered that application of the compounds of this invention
      by the methods of this invention entirely precludes or reduces damage to
      plants and inanimate organic materials due to fungi and mites. Fungus
      mycelia are killed or prevented from developing further by the presence of
      one or more of the compounds, i.e., the compounds are fungicidal or
      fungistatic. Adult mites that have been contacted with a compound of this
      invention lay eggs which fail to produce young mites. Also, eggs that have
      been treated fail to hatch normally.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that the above outstanding fungicidal and mite ovicidal
      activity can be obtained by applying to the locus of fungus and/or mite
      infestation, an effective amount of a compound represented by the
      following formula:
      ##SPC2##
PAL  Wherein:
PA1  1. R is methyl, ethyl, isopropyl or secondary butyl;
PA1  2. A is selected from the group consisting of
      ##EQU2##
      3. R.sub.2 is hydrogen, or alkyl of 1 though 14 carbon atoms; 4. R.sub.3
      is alkyl of 1 through 4 carbon atoms, alkenyl of 3 or 4 carbon atoms, or
      alkynyl of 3 or 4 carbon atoms;
PA1  5. R.sub.4 and R.sub.5 are hydrogen, alkyl of 1 through 4 carbon atoms,
      alkenyl of 3 or 4 carbon atoms, alkynyl of 3 or 4 carbon atoms, or taken
      together can form a 3 through 7-membered ring;
PA1  6. M is (i) an alkali metal cation, (ii) an ion selected from ammonium ion,
      methylammonium ion, dimethylammonium ion, trimethylammonium ion and
      tetramethylammonium ion;
PAL  with the proviso that A contains from 2 through 17 carbon atoms.
PAR  The preferred compounds are those in which R is methyl and A has 2 through
      10 carbon atoms. The most preferred compounds are:
PA0  2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with ethyl
      glycolate;
PA0  2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      ethyl glycolate;
PA0  2(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with methyl
      glycolate;
PA0  2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      methyl glycolate;
PA0  2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with ethyl
      lactate;
PA0  2-(Ethoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with ethyl
      lactate;
PA0  2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      N,N-dimethylglycolamide; and
PA0  2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      N,N-dimethylglycolamide.
PAR  It should be understood that the compounds of this invention exist in two
      tautomeric forms, i.e.,
      ##SPC3##
PAR  The compounds of the invention are applied in sufficient amounts to control
      fungi and mites. The amount of compound necessary to control both fungi
      and mites is referred to herein as an "effective amount." The amount of
      compound necessary to control fungi or mites is referred to herein as a
      "fungicidal amount" or a "mite ovicidal amount," respectively.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  Preparation of the Compounds
PAR  The compounds of this invention can be prepared by reacting
      2-benzimidazolecarbamates with a chloroformate derived from a
      hydroxyaliphatic acid ester in the presence of an acid acceptor, such as
      sodium bicarbonate, according to the equation:
      ##EQU3##
      wherein R and A are as previously defined. Methods for preparing the
      starting 2-benzimidazolecarbamates are disclosed in U.S. Pat. No.
      3,010,968, issued Nov. 28, 1961 to Loux.
PAR  In general, a mixture of (1) one mole equivalent of a suitable
      chloroformate derived from a hydroxyaliphatic acid ester, such as an alkyl
      or alkenyl glycolate or lactate chloroformate, (2) about 1.1 mole
      equivalent of a 2-benzimidazolecarbamate, and (3) about one mole
      equivalent of an acid acceptor, such as sodium bicarbonate or sodium
      carbonate, is stirred in a non-reactive solvent, such as acetone or
      chloroform, at a temperature between 25.degree.C. to 100.degree.C. for
      0.25 minutes to 24 hours. The resulting mixtures is then filtered. If the
      product is insoluble in the particular reaction solvent used, the filter
      cake is dried, slurried in water, filtered, and dried, yielding the pure
      product. On the other hand, if the product is soluble in the reaction
      solvent, the filtrate is evaporated, thereby yielding a crude product.
      This is then recrystallized from a suitable solvent, such as methylene
      chloride, or a suitable combination of solvents, such as a mixture of
      chloroform and hexane, to yield the pure product.
PAR  The preparation of the compounds of this invention is illustrated by the
      following examples, the amounts being given in terms of parts by weight
      unless otherwise specified.
PAC  EXAMPLE 1
PAR  A mixture of 4 parts of ethyl glycolate chloroformate, 4.5 parts of
      2-(methoxycarbonylamino)benzimidazole, 4 parts of sodium bicarbonate and
      50 parts of acetone is heated at gentle reflux with stirring for 3 hours.
      The hot mixture is filtered and sufficient water is added to the cooled
      filtrate to effect precipitation. On filtration, there is obtained 3.9
      parts of 2-(methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester
      with ethyl glycolate, m.p.: 144.degree.-145.degree.C.
PAR  The compounds of Examples 2-12 can be synthesized by the method of Example
      1, substituting the appropriate 2(alkoxycarbonylamino)benzimidazole (A)
      for 2-(methoxycarbonylamino)benzimidazole and the appropriate
      chloroformate (B) for ethyl glycolate chloroformate:
PAC  EXAMPLE 2
PA1  (a) 2-(ethoxycarbonylamino)benzimidazole
PA1  (B) Ethyl glycolate chloroformate
PA1  (C) 2-(Ethoxycarbonylamino)-1-benzimidazole-carboxylic acid, ester with
      ethyl glycolate.
PAC  EXAMPLE 3
PA1  (a) 2-(methoxycarbonylamino)benzimidazole
PA1  (B) Ethyl lactate chloroformate
PA1  (C) 2-(Methoxycarbonylamino)-1-benzimidazole-carboxylic acid, ester with
      ethyl lactate.
PAC  EXAMPLE 4
PA1  (a) 2-(methoxycarbonylamino)benzimidazole
PA1  (B) Allyl glycolate chloroformate
PA1  (C) 2-(Methoxycarbonylamino)-1-benzimidazole-carboxylic acid, ester with
      allyl glycolate.
PAC  EXAMPLE 5
PA1  (a) 2-(isopropoxycarbonylamino)benzimidazole
PA1  (B) Hydroxymethyl morpholino ketone chloroformate
PA1  (C) 2-(Isopropoxycarbonylamino)-1-benzimidazole-carboxylic acid, ester with
      hydroxymethyl morpholino ketone.
PAC  EXAMPLE 6
PA1  (a) 2-(ethoxycarbonylamino)benzimidazole
PA1  (B) Glycolamide chloroformate
PA1  (C) 2-(Ethoxycarbonylamino)-1-benzimidazole-carboxylic acid, ester with
      glycolamide.
PAC  EXAMPLE 7
PA1  (a) 2-(ethoxycarbonylamino)benzimidazole
PA1  (B) Propargyl glycolate chloroformate
PA1  (C) 2-(Ethoxycarbonylamino)-1-benzimidazole-carboxylic acid, ester with
      propargyl glycolate.
PAC  EXAMPLE 8
PA1  (a) 2-(methoxycarbonylamino)benzimidazole
PA1  (B) Ethyl 2-hydroxybutyrate chloroformate
PA1  (C) 2-(Methoxycarbonylamino)-1-benzidazole-carboxylic acid, ester with
      ethyl 2-hydroxybutyrate.
PAC  EXAMPLE 9
PA1  (a) 2-(methoxycarbonylamino)benzimidazole
PA1  (B) Methyl 2-hydroxypalmitate chloroformate
PA1  (C) 2-(Methoxycarbonylamino)-1-benzimidazole-carboxylic acid, ester with
      methyl 2-hydroxypalmitate.
PAC  EXAMPLE 10
PA1  (a) 2-(isopropoxycarbonylamino)benzimidazole
PA1  (B) Aziridino hydroxymethyl ketone chloroformate
PA1  (C) 2-(Isopropoxycarbonylamino)-1-benzimidazole carboxylic acid, ester with
      aziridino hydroxymethyl ketone.
PAC  EXAMPLE 11
PA1  (a) 2-(methoxycarbonylamino)benzimidazole
PA1  (B) Hexahydroazepino hydroxymethyl ketone chloroformate
PA1  (C) 2-(Methoxycarbonylamino)-1-benzimidazole carboxylic acid, ester with
      hexahydroazepino hydroxymethyl ketone chloroformate.
PAC  EXAMPLE 12
PA1  (a) 2-(sec-Butoxycarbonylamino)benzimidazole
PA1  (B) Ethyl glycolate chloroformate
PA1  (C) 2-(sec-Butoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      ethyl glycolate.
PAC  EXAMPLE 13
PA1  (a) 2-(sec-Butoxycarbonylamino)benzimidazole
PA1  (B) 3-Butenyl glycolate chloroformate
PA1  2-(sec-Butoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      3-butenyl glycolate
PAC  EXAMPLE 14
PA1  (a) 2-(ethoxycarbonylamino)benzimidazole
PA1  (B) 2-Butynyl glycolate chloroformate
PA1  (C) 2-(Ethoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      2-butynyl glycolate
PAC  EXAMPLE 15
PA1  (a) 2-(methoxycarbonylamino)benzimidazole
PA1  (B) 1-Propynyl glycolate chloroformate
PA1  (C) 2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      1-propynyl glycolate
PAC  EXAMPLE 16
PA1  (a) 2-(methoxycarbonylamino)benzimidazole
PA1  (B) N,N-Diallylglycolamide chloroformate
PA1  (C) 2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      N,N-diallylglycolamide
PAC  EXAMPLE 17
PA1  (a) 2-(ethoxycarbonylamino)benzimidazole
PA1  (B) N,N-Di(3-butynyl)glycolamide chloroformate
PA1  (C) 2-(Ethoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      N,N-di(3-butynyl)-glycolamide
PAC  EXAMPLE 18
PA1  (a) 2-(sec-Butoxycarbonylamino)benzimidazole
PA1  (B) N-(2-butenyl)glycolamide chloroformate
PA1  (C) 2-(sec-Butoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      N-(2-butenyl)-glycolamide
PAC  EXAMPLE 19
PA1  (a) 2-(isopropoxycarbonylamino)benzimidazole
PA1  (B) N-(1-Propynyl)glycolamide chloroformate
PA1  (C) 2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      N-(1-propynyl)-glycolamide
PAC  EXAMPLE 20
PA1  (a) 2-(methoxycarbonylamino)benzimidazole
PA1  (B) Butyl glycolate chloroformate
PA1  (C) 2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      butyl glycolate
PAC  EXAMPLE 21
PAR  A solution of 10 parts of
      2-(methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      tert-butyl glycolate and 1 part of anhydrous p-toluenesulfonic acid in 500
      parts of benzene is boiled under reflux for 1 hr. The solution is washed
      with 100 parts of water and the benzene solution is dried over 25 parts of
      anhydrous magnesium sulfate. The mixture is filtered and the filtrate is
      evaporated, yielding 2-(methoxycarbonylamino)-1-benzimidazolecarboxylic
      acid, ester with glycolic acid as a solid.
PAC  EXAMPLE 22
PAR  The filtered solution from Example 21 is treated with 1.3 parts of
      N,N-dimethylamine. The solution is then evaporated yielding the
      dimethylamine salt of 2-(methoxycarbonylamino)-1-benzimidazolecarboxylic
      acid, ester with glycolic acid as a white solid.
PAR  The following compounds (F) of Examples 23-26 can by synthesized by the
      methods of Examples 21 and 22 from the appropriate
      2-(alkoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      hydroxyaliphatic acid (D) and the appropriate amine or ammonia (E).
PAC  EXAMPLE 23
PA1  (d) 2-(isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      glycolic acid
PA1  (E) Ammonia
PA1  (F) The ammonium salt of
      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      glycolic acid.
PAC  EXAMPLE 24
PA1  (d) 2-(methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      glycolic acid
PA1  (E) Dimethylamine
PA1  (F) The dimethylamine salt of
      2-(methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      glycolic acid.
PAC  EXAMPLE 25
PA1  (d) 2-(ethoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      glycolic acid
PA1  (E) Trimethylamine
PA1  (F) The trimethylamine salt of
      2-(ethoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      glycolic acid.
PAC  EXAMPLE 26
PA1  (d) 2-(isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      glycolic acid
PA1  (E) Tetramethylammonium hydroxide pentahydrate
PA1  (F) The tetramethylammonium salt of
      2-(isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      glycolic acid.
PAC  EXAMPLE 27
PAR  The filtered solution from Example 21 is treated with 0.69 parts of sodium
      hydride. After stirring for 4 hrs. the solution is evaporated, yielding
      the sodium salt of 2-(methoxycarbonylamino)-1-benzimidazolecarboxylic
      acid, ester with glycolic acid, as a white solid.
PAR  The following compounds (L) of Examples 28 and 29 can be prepared by the
      method of 27 from the appropriate
      2-(alkoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      hydroxyalkanoic acid (J) and alkali metal hydroxide (K).
PAC  EXAMPLE 28
PA1  (j) 2-(methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      2-hydroxylbutyric acid
PA1  (K) Potassium hydroxide
PA1  (L) 2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      2-hydroxybutyric acid, potassium salt
PAC  EXAMPLE 29
PA1  (j) 2-(ethoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      glycolic acid
PA1  (K) Lithium hydroxide
PA1  (L) 2-(Ethoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      glycolic acid, lithium salt
PAC  Utility of the Compounds
PAR  It has been found that the compounds of this invention possess outstanding
      fungicidal and mite ovicidal activity when employed to prevent or mitigate
      damage to plants and inanimate organic materials. A further aspect of this
      invention involves methods which when used in conjunction with the
      compounds of this invention, result in advances in mite and fungus control
      of great practical importance. A further advantage of the compounds of the
      invention is that they have a low order of mammalian toxicity. The
      paragraphs which follow describe in more detail the utility of this
      invention.
PAR  The compounds of the invention control a wide variety of fungus diseases of
      foliage, fruit, stems and roots of growing plants without damage to the
      host. Fruits, tubers, bulbs, roots, seeds and other plant parts harvested
      for food, animal feed or for other purposes are protected from fungus
      deterioration during processing, distribution and storage. Seeds, tubers,
      cuttings and other plant propagation materials are protected from fungus
      attack during handling and storage, as well as in the soil after planting.
      Wood, fabric, fiber board, paper and other industrial materials are
      protected from unsightly stain and destructive decay caused by fungi.
      Luggage, shoes, shower curtains, carpets, mats, clothing and other useful
      household, public or industrial items are protected from rot, fungus
      stains and mold growth. Painted surfaces are protected from stain and
      discoloration by incorporation of a compound of this invention in the
      paint formulation.
PAR  The many fungi against which the compounds of this invention are active may
      be represented by, but are not intended to be limited to, the following:
      Venturia inaequalis, which causes apple scab; Podosphaera leucotricha,
      which causes powdery mildew on apple; Uromyces phaseoli, which causes bean
      rust; Cercospora apii, which causes early blight of celery; Cercospora
      beticola, which causes leaf spot of sugar beets; Sclerotinia sclerotiorum,
      which causes rot of vegetable crops, such mildew lettuce, beans, carrots,
      and celery; Colletotrichum spp., which cause anthracnose of fruits and
      vegetables, such as beans, tomatoes and coffee; Septoria apii, which
      causes late blight of celery; Cerospora musae, which causes Sigotoka
      disease of banana; Piricularia sp., which causes Johnson spot on banana;
      Erysiphe cichoracearum, which causes powdery mildew on cantaloupe and
      other cucurbit crops; Penicillium digitatum, Phomopsis spp., and Diplodia
      natalensis, which cause fruit rots on citrus; Ceratostomella ulmi, which
      causes Dutch elm disease; Sphaerotheca humuli, which causes powdery mildrw
      on roses; Diplocarpon rosae, which causes black spot on roses;  Ramularia
      sp., which causes leaf spots on ornamental plants; Botrytis cinerea, which
      causes blossom and fruit rots of ornamentals, fruits and vegetables;
      Uncinula necator, which causes powdery mildew on grapes; Guignardia
      bidwellii which causes grape black rot; Melonconium fuligineum, which
      causes white rot of grapes; Coccomyces hiemalis, which causes cherry leaf
      spot; Cytospora sp., which cause cankers of trees; Cladosporium
      carpophilum, which causes peach scab; Fusicladium effusum, which causes
      pecan scab; Erysiphe graminis, which causes powdery mildew on cereals;
      Monolinia (Sclerotinia) laxa and M. fructicola, which cause brown rot of
      stone fruits, such as peaches, cherries and apricots; Pseudopeziza ribes,
      which causes leaf spot on gooseberry; Piricularia oryzae, which causes
      rice blast; Puccinia rubigovera P. coronata and P. glumarum, which cause
      leaf rusts of wheat, oats and grasses, respectively; Puccinia graminis
      tritici, which causes stem rust of wheat; Claviceps purpurea, which causes
      ergot of rye and grasses; Aspergillus niger, which causes cotton boll rot
      as well as decay following wounding in many plant tissues; Aspergillus
      flavus, which causes mold growth on peanuts, as well as on other food and
      feed materials; Aspergillus terreus, which is common in soil and attacks
      vegetable matter; Tilletia caries and other Tilletia species, which cause
      common bunt of wheat; Ustilago tritici, Ustilago nigra, Ustilago avena
      (and other Ustilago species), which cause loose smut of wheat, barley, and
      oats, respectively; Urocystis tritici and other Urocystis species, which
      cause smuts on grain crops; Sphacelotheca sorghi, which causes covered
      smut of sorghum; Ustilago hordei and Ustilago kolleri, which cause covered
      smut of barley and oats, respectively; Pithomyces chartorum, which is
      present in turf, pastures, and other grassy areas and is known to have
      several secondary effects; Gloeodes pomigena, which causes sooty blotch on
      apples; Physalospora obtusa, which causes black rot on apples;
      Microthyriella rubi, which causes flyspeck on apples; various species of
      Rhizoctonia, Fusarium and Verticillum present in soil and attacking the
      roots or other underground parts and the vascular system of a variety of
      plants; various species of Penicillium growing on such things as fabric,
      fiber board, leather goods and paint; species of Myrothecium attacking
      such items as shower curtains, carpets, mats and clothing.
PAR  The mite ovicidal action of the compounds of this invention is useful in
      preventing the development of damaging populations of mites or in causing
      the gradual reduction of existing populations. The movement of mites is
      limited. Thus, an increase in population or the continuation of a high
      population in a particular locus depends largely upon the hatching of eggs
      laid in that locus.
PAR  Mite eggs do not hatch to produce living young if these eggs are treated
      with one of these compounds, or if they are laid on a surface containing
      one of these compounds. Further, the eggs will not hatch if they are laid
      by a female mite that has been in contact with one of these compounds, or
      are laid by a female mite that is ingesting or has recently ingested food
      such as plant juices containing one of these compounds. This interference
      with the hatching of eggs prevents the population from increasing
      significantly beyond that present at the time of treatment. Also, this
      ovidical action, along with the high natural mortality of adults, can
      largely eliminate mites from an already infested area over a relatively
      short period of time. Further as long as the compounds are present on the
      surface the mites occupy or remain in their food supply, new populations
      cannot develop.
PAR  Many species of mites which cause damage to fruits, field crops,
      vegetabels, and ornamentals under a wide variety of circumstances, are
      controlled by the compounds and methods of this invention. The extent of
      the practical utility of the mites control obtained is represented by, but
      is not intended to be limited to, the following listing of specific
      susceptible mites along with the types of damage that they can cause:
      Panonychus ulmi (European red mite) and Tetranychus urticae (two-spotted
      mite) which are commonly called "orchard mites"; these mites attack a
      great many deciduous tree fruits including apples, pears, cherries, plums
      and peaches; Tetranychus atlanticus (Atlantic or strawberry mite), T.
      cinnabarinus (carmine spider mite) and T. pacificus (Pacific mite); these
      mites attack cotton and numerous other crop plants; Paratetranychus citri
      (citrus red mite) and others which attack citrus; Phyllocuptruta sleivora
      which causes citrus russet; Bryobia praetiosa (clover mite) which attacks
      clover, alfalfa and other crops; Phyllosoptruta oleivora, the citrus rust
      mite; Aceria neocynodomis which attacks grasses and other plants;
      Tyrophagus lintneri which is a serious pest in stored foods and on
      cultivated mushrooms and Lepidoglyphus destructor which injures Kentucky
      bluegrass in storage.
PAR  The compounds of this invention when applied by certain of the methods of
      this invention enter and move freely within plants, i.e., they are
      systemic. Thus both fungi and mites can be controlled on plant parts well
      removed from the point of application. In view of this activity, the
      compounds can be applied to seeds; thus, the treatment of cucumber seeds
      with a few grams per 50 kilograms of seed of a compound of this invention
      provides control of powdery mildew (Erysiphe cichoracearum) and spider
      mites such as Tetranychus urticae on the resulting plants for periods in
      excess of 40 days. Applications to soil also provide control of certain
      foliage diseases and mites on plants growing in the treated soil. Spray or
      dust treatments of plant foliage and stems impart protection against both
      fungi and mites to other parts of the plant not actually sprayed and to
      new foliage developing later.
PAR  There are important practical advantages associated with the use of an
      effective systemic pesticide. Thus, successful application to seed as
      described above results in great savings in chemical and application
      costs. Soil applications which effectively protect entire plants for an
      extended period also represent similar savings. Distribution within the
      plant following foliage treatment eliminates the need for frequent
      retreatment to protect rapidly growing tissue. Also, materials within the
      plant are not subject to removal by rainfall. Similarly, movement or
      translocation of the chemical within the plant can provide protection to
      those parts of the plant that may not have been covered by the original
      spray application. This is of particular importance with plants of dense
      growth character resisting the intrusion of the spray and also to tall
      plants, such as trees, where the spray will not reach to the top.
PAR  An additional valuable characteristic of the compounds of this invention is
      their ability to prevent the spread of or to kill fungus infection already
      established within a plant, i.e. they are curative. Thus, the compounds
      need not be applied until after conditions develop which permit the actual
      initiation of fungus attack. This means that, under some circumstances, it
      is possible to avoid applying any chemical during the entire life of the
      crop. In other cases, only a part of the normal full schedule of pesticide
      application is required.
PAR  Therefore great savings both in chemical cost and application labor are
      possible with compounds capable of systemic and curative performance.
      Another saving is afforded by the compounds of this invention through the
      fact that both fungi and mites are controlled by applications of a single
      chemical.
PAR  The compounds of this invention provide protection from damage caused by
      fungi, mites or both when applied to the proper locus by the methods
      described hereinafter and at a sufficient rate to exert the desired
      fungicidal and mite ovicidal effect. They are especially suited for the
      protection of living plants such as fruit-bearing trees, nut-bearing
      trees, ornamental trees, forest trees, vegetable crops, horticultural
      crops (including ornamentals, small fruits and berries), fiber crops,
      grain and seed crops, sugarcane, sugar beets, pineapple, forage and hay
      crops, beans, peas, soybeans, peanuts, potatoes, sweetpotatoes, tobacco,
      hops, turf and pasture.
PAR  Living plants may be protected from fungi and mites by applying one or more
      of the compounds of this invention to the soil in which they are growing
      or in which they may subsequently be seeded or planted; or to seeds,
      tubers, bulbs or other plant reproductive parts prior to planting; as well
      as to foliage, stems and fruit of the living plant. Living plants can also
      be protected by dipping the root system or physically injecting the
      chemical or chemicals into roots or stems.
PAR  Soil applications are made from dusts, granules, pellets, slurries or
      solutions. Preferred rates for application of the compounds of this
      invenetion to soil in which plants are or will be growing range from 1.0
      to 500 parts per million by weight of the soil in which the roots are or
      will be growing. More preferred use rates are in the range of 2.0 to 50
      parts per million, and the most preferred rates are in the range of 4.0 to
      25 parts per million.
PAR  Preferred rates for application to seeds, tubers, bulbs or other plant
      reproductive parts, range from 1 to 6000 grams of active compound of this
      invention per 50 kilograms of planting material treated. More preferred
      rates are in the range of 3 to 3000 grams of active compound per 50
      kilograms. The most preferred rates are in the range of 20 to 1500 grams
      per 50 kilograms. Applications are made from dusts, slurries or solutions.
      Such treatments protect the treated parts themselves from damage due to
      fungi, mites, or both, and in addition, impart extended protection against
      both types of pests to the resulting new plants.
PAR  Preferred rates for application of the compounds of this invention to
      foliage, stems and fruit of living plants range from0.012 to 20 kilograms
      of active ingredient per hectare. More preferred rates are in the range of
      0.025 to 10 kilograms per hectare and the most preferred rates are in the
      range of 0.05 to 5 kilograms per hectare. The optimum amount within this
      range depends upon a number of variables which are well known to those
      skilled in the art of plant protection. These variables include, but are
      not limited to, the disease to be controlled, weather conditions expected,
      the type of crop, stage of development of the crop, and the interval
      between applications. Applications within the range given may need to be
      repeated one or many more times at intervals of 1 to 60 days. Applications
      are made from dusts, slurries or solutions.
PAR  Preferred rates for dip applications to roots of living plants are in the
      range of 100 to 18,000 grams of active ingredient per 400 liters of water
      or other liquid carrier. More preferred rates are in the range of 200 to
      9,000 grams per 400 liters and the most preferred rates are in the range
      of 400 to 4500 grams per 400 liters.
PAR  Preferred rates for injection into the roots or stems of living plants are
      in the range of 1.0 to 10,000 parts per million of water or other liquid
      carrier. MNore preferred rates are in the range of 2.0 to 5,000 parts per
      million. The most preferred rates are in the range of 4.0 to 1,000 parts
      per million.
PAR  Plant parts such as fruits, tubers, bulbs, foliage roots and the like,
      harvested for food or feed, are protected from decay and other
      deterioration caused by fungi or mites during processing, distribution and
      storage by treatment with an active compound of this invention. The plant
      parts to be so protected can be dipped in a liquid bath containing the
      active ingredient, dusted with a finely divided preparation of the active
      ingredient, sprayed, misted with an aerosol containing the compound, or
      enclosed in wrapping or packing materials impregnated with the active
      compound.
PAR  If a liquid bath is used, it can contain an amount of the active ingredient
      in the range of 1 to 5,000 parts per million of the weight of the fluid. A
      more preferred range for the bath is 5 to 2,500 parts per million, and the
      most preferred range is 10 to 1,000 parts per million.
PAR  Dusts as well as wrapping or packing materials used for this type of
      application can contain 0.1 to 10 percent of the active ingredient. The
      most preferred rates are in the range of 1 to 5 percent.
PAR  Wood, leather, fabric, fiber board, paper and other industrial materials of
      an organic nature can be protected from decomposition or discoloration by
      fungi and infestation by mites by coating, incorporating or impregnating
      with an effective amount of one or more of the compounds of this
      invention. The coating can be accomplished by dipping, spraying, flooding,
      misting (as with an aerosol) or dusting the material to be protected with
      a suitable composition containing the active ingredient. The preferred use
      rates for the active ingredient in the treating preparation actually
      applied to the material to be protected are in the range of 0.5 to 95
      percent by weight. More preferred rates are in the range of 1 to 50
      percent, with the most preferred rates being in the range of 2 to 25
      percent.
PAR  Where incorporation or impregnation procedures are to be employed, use
      rates may be expressed in terms of the amount of active ingredient
      introduced into the material to be protected. The use rates for these
      types of applications are in the range of 1 to 10,000 parts per million.
PAR  Luggage, shoes, shower curtains, carpets, mats, clothing and other useful
      household, public or industrial items are protected from rot, fungus
      stains and unsightly mold growth as well as infestation by mites by the
      active compounds of this invention. Again, either surface or deep
      protection can be obtained. Surface treatment is by dips, washes, sprays,
      aerosols or dust applications. Deep treatment is accomplished by
      penetrating solutions. Sprays, dips and washes contain the active compound
      of the invention at rates of 10 to 5000 parts per million. Fluids for
      aerosol application and dusts contain 2.0 to 25 percent by weight.
      Penetrating solvent solutions contain an amount of the active ingredient
      that results in a deposit of 1 to 10,000 parts per million in the material
      to be protected.
PAR  Painted surfaces can be protected from unsightly stain and mold growth by
      incorporating in the pain formulation, prior to application, 1 to 10,000
      parts per million of an active compound of this invention. More preferred
      rates are in the range of 10 to 1,000 parts per million and the most
      preferred rates are in the range of 20 to 500 parts per million. Such
      treatments with the compounds of this invention also protect the paint
      while still in the can from deterioration by fungi.
PAR  Damage by mites to stored organic products such as grain, seed, bulbs,
      tubers, meat or animal hides is kept to a minimum by treating the floors,
      walls, partitions, and other parts of warehouses or other structures with
      one or more of the active compounds. Applications are made by the use of
      dusts, sprays, or aerosols with preferred use rates in the range of 1.0 to
      1000 grams of the active compound of this invention per 100 square meters
      of surface to be kept free of excessive mite populations.
PAR  As was previously set forth, the compounds of this invention are especially
      suited for use on living plants. Application to the foliage, stems and
      fruit of plant at the rate indicated above is generally accomplished by
      employing sprays, dusts or aerosols containing the proper amount of active
      ingredient. For the control of mites and fungi which are regularly
      present, applications often start prior to the time that the problem
      actually appears and continue on a pre-determined schedule. Such a
      procedure is termed "preventive" or "protective."
PAR  With the compounds of this invention, successful control of plant diseases
      can also be accomplished by applications made after symptoms have
      appeared. Fungus mycelia within the plant tissue are actually killed. This
      approach or effect is termed "curative" or "eradicant" and permits the
      user to realize considerable savings.
PAR  Curative control of plant diseases with the compounds of this invention is
      enhanced if the treated plant parts are moist for one or more periods of 2
      to 12 hours each soon after the active compound is applied. Often the slow
      drying of an original spray treatment or naturally occurring rains, mists,
      fogs or dews will accomplish this. Under other circumstances, such as
      during dry periods or in shelters such as greenhouses, it is necessary to
      keep the plants moist by some special effort for best results.
PAR  The compounds of this invention can be used to prevent the spoilage of
      animal feeds. In particular, when mixed with the feed, they provide more
      efficient and longer lasting protection without harm or injury to
      livestock that consume it. The compounds of this invention may be
      conveniently formulated for this use in a number of the ways previously
      disclosed and these formulations may be mixed directly with mixed feed,
      newly harvested hay and newly harvested grain. These compounds effectively
      prevent the spoilage of corn, sorghum, wheat, barley, oats, rye and other
      grains that may be used as livestock feed.
PAR  Under normal conditions, these compounds may be incorporated into feeds at
      rates of from 0.01% to 0.25% with excellent results. Higher rates may be
      required under very damp conditions.
PAR  These compounds can also be used to improve the performance of other feed
      additives, such as sodium propionate, by mixing the two additives
      directly, or by adding them separately to the feed to be protected.
PAR  The compounds of this invention have an activity which relates to the
      treatment of sewage, soil or other substances in which natural oxidation
      processes occur. More specifically, the addition of these benzimidazole
      compounds to such substrates increases the rate and magnitude of oxidation
      processes.
PAR  Sewage is a dilute aqueous solution of organic wastes which must be treated
      to prevent pollution of natural water sources. During sewage treatment,
      complex organic and inorganic molecules are oxidized to simpler molecules,
      such as carbon dioxide, water and nitrates. Two common techniques for
      increasing the oxidation, or decomposition, rate of sewage in modern
      sewage treatment plants are the use of a trickling filter and the use of
      aeration tanks. The addition of benzimidazole compounds to sewage adds a
      new technique for increasing the decomposition rate of sewage, and can be
      used to increase the effects achieved in trickling filters and aeration
      tanks. When benzimidazole compounds are added to sewage, the result is an
      increase in the rate of oxygen utilization in the sewage which signifies
      an increase in the decomposition rate of the sewage.
PAR  The addition of benzimidazole compounds to soil results in a more rapid and
      complete oxidation of fertilizer nitrogen into nitrates. The formation of
      nitrates in the soil is related to soil temperature and decreases with
      decreasing temperature. Below 45.degree.C. very little nitrate forms.
      Consequently, in cold climates where the growing season is short, the
      addition of benzimidazole compounds to nitrogenous fertilizers will result
      in a more rapid and complete conversion into nitrates and thereby
      stimulate plants to mature faster.
PAR  When the compounds of this invention are applied, their activity can be
      enhanced by mixing same with pest control adjuvants or modifiers to
      provide compositions in the form of dusts, granules, pellets, water
      dispersible powders, high strength concentrates, aqueous dispersions or
      emulsions, and solutions or dispersions in organic liquids.
PAR  Thus, the compounds of formula (I) can be used with a carrier or diluent
      agent such as a finely divided solid, an organic liquid, water, a wetting
      agent, a dispersing agent, an emulsifying agent, or any suitable
      combination of these.
PAR  Compositions of the invention, especially liquids and wettable powders,
      contain as a conditioning agent one or more surface-active agents,
      sometimes called surfactants, in amounts sufficient to render a given
      composition containing the compounds of formula (I) readily dispersible in
      water or in oil.
PAR  The surface-active agent used in this invention can be a wetting,
      dispersing or an emulsifying agent which will assist dispersion of the
      compound. The surface-active agent or surfactant can include such anionic,
      cationic and non-ionic agents as have heretofore been generally employed
      in plant control compositions of similar type. Suitable surface-active
      agents are set forth, for example, in "Detergents and Emulsifiers" 1967
      Annual by John W. McCutcheon, Inc.
PAR  In general, less than 10 percent by weight of the surface-active agent will
      be used in compositions of this invention and ordinarily the amount of
      surface-active agents will range from 1-5 percent but may even be less
      than 1 percent by weight.
PAR  Additional surface-active agents can be added to the formulations or to the
      final sprays to increase the ratio of surfactant: active ingredient up to
      as high as 5:1 by weight. Such compositions have a greater fungicidal
      effectiveness than can be expected from a consideration of the activity of
      the components used separately. When used at higher rates it is preferred
      that the surfactant be present in the range of one-fifth to five parts
      surfactant for each one part of active agent.
PAC  A. WETTABLE POWDERS
PAR  Wettable powders are water-dispersible compositions containing the active
      material, an inert solid extender, and one or more surfactants to provide
      rapid wetting and prevent heavy flocculation when suspended in water.
PAR  The inert extenders which are preferred for use in the wettable powders of
      this invention containing the compounds of formula (I) are of mineral or
      vegetable origin.
PAR  The classes of extenders suitable for the wettable powder formulations of
      this invention are the natural clays, diatomaceous earth, synthetic
      mineral fillers derived from silica and silicate, cellusosic or starch
      flours, and solid sugars. Most preferred fillers for this invention are
      kaolinites, attapulgite clay, montmorillonite clays, synthetic silicas,
      synthetic magnesium silicate, calcium sulfate dihydrate, coated calcium
      carbonate, corn cob flour, walnut shell flour, tobacco stem dust, and cane
      sugar.
PAR  Suitable surfactants for use in such compositions are those listed by J. W.
      McCutcheon in "Detergents and Emulsifiers" 1967 Annual. Among the more
      preferred surfactants are the non-ionic and anionic type, and those most
      suitable for the preparation of the dry, wettable products of this
      invention are solid forms of compounds known to the art as wetters and
      dispersants. Occasionally a liquid, non-ionic compound classified
      primarily as an emulsifier may serve as both wetter and dispersant.
PAR  Most preferred wetting agents are alkylbenzene- and alkylnaphthalene
      sulfonates, sulfated fatty alcohols, long-chain acid esters of sodium
      isethionate, esters of sodium sulfosuccinate, sulfated or sulfonated fatty
      acid esters, petroleum sulfonates, sulfonated vegetable oils, and
      ditertiary acetylenic glycols. Preferred dispersants are methyl cellulose,
      polyvinyl alcohol, lignin sulfonates, polymeric
      alkylnaphthalenesulfonates, sodium naphthalenesulfonate, polymethylene
      bisnaphthalenesulfonate, and sodium N-methyl-N-(long-chain acid)taurates.
PAR  Wetting and dispersing agents in these preferred wettable powder
      compositions of this invention are usually present at concentrations of
      from about 0.5 weight percent to 5 weight percent. The inert extender then
      completes the formulation. Where needed, 0.1 weight percent to 1.0 weight
      percent of the extender may be replaced by a corrosion inhibitor or an
      anti-foaming agent or both.
PAR  Thus, wettable powder formulations of the invention will contain from about
      25 to 90 weight percent active material, from 0.5 to 2.0 weight percent
      wetting agent, from 0.25 to 5.0 weight percent dispersant, and from 9.25
      to 74.25 weight percent inert extender, as these terms are described
      above.
PAR  When the wettable powder contains a corrosion inhibitor or an anti-foaming
      agent or both, the corrosion inhibitor will not exceed about 1 percent of
      the composition, and the anti-foaming agent will not exceed about 0.5
      percent by weight of the composition, both replacing equivalent amounts of
      the inert extender.
PAR  The following examples illustrate the use of the compounds. All percentages
      are on a weight basis unless otherwise indicated.
TBL                Example 30                                                  

     ______________________________________                                    

                               Percent                                         

     ______________________________________                                    

     2-(Methoxycarbonylamino)-1-benzimidazole-                                 

                                 50                                            

      carboxylic acid, ester with ethyl glycolate                              

     Sodium dioctyl sulfosuccinate                                             

                                 3                                             

     Methyl cellulose            1                                             

     Cane Sugar                  46                                            

     ______________________________________                                    

PAR  The above ingredients are blended and ground in a hammer mill. This
      material is further ground in a fluid energy mill such as a micronizer
      until substantially all particles of active ingredients are 10 microns or
      less.
PAR  The above 50 percent wettable powder formulation is dispersed in water to
      give an active ingredient concentration of 30 grams per 100 liters of
      water. Eight uniform apple trees of the same variety are selected for
      testing. Four of these are sprayed to run-off, which is approximately 2500
      liters per hectare, at weekly intervals during the growing season with the
      above formulation, and the other four trees are left unsprayed.
PAR  By the end of the season the unsprayed trees have developed very high
      populations of orchard mites and are highly infected with apple scab,
      caused by Venturia inaequalis, and apple powdery mildew caused by
      Podosphaera leucotricha. Due to the feeding of the mites, the foliage is
      russeted and drops prematurely. Also, the untreated trees have poor twig
      growth and small, spotted fruit because of the fungus diseases.
PAR  The trees sprayed with the formulation described above are essentially free
      of mites, their eggs, powdery mildew, and apple scab. As a result of the
      excellent mite and disease control, the sprayed trees have foliage of a
      thrifty, dark green color, and they exhibit good twig growth and fruit
      size.
PAC  EXAMPLE 31
PAR  The following compounds may be substituted one at a time for
PA0  2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with ethyl
      glycolate
PAL  of Example 30 in like amount by weight, and when used as as above give
      similar results:
TBL  Compound                                                                  

     ______________________________________                                    

     1      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with ethyl glycolate                                               

     2      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with methyl glycolate                                              

     3      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with methyl glycolate                                              

     4      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with ethyl lactate                                                 

     5      2-(Ethoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with 

            ethyl lactate                                                      

     6      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with N,N-dimethylglycolamide                                       

     7      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with N,N-dimethylglycolamide.                                      

     ______________________________________                                    

TBL                Example 32                                                  

     ______________________________________                                    

                               Percent                                         

     ______________________________________                                    

     2-(Ethoxycarbonylamino)-1-benzimidazole-                                  

       carboxylic acid, ester with ethyl                                       

       lactate                   75                                            

     Oleic acid ester of sodium isethionate                                    

                                 3                                             

     Methyl cellulose            1                                             

     Corn cob flour              21                                            

     ______________________________________                                    

PAR  After blending, the above ingredients are ground as in Example 30 until
      essentially all particles of active ingredient are 10 microns or less.
PAR  A vineyard of grapes in California is selected as a test site. Alternate
      rows are sprayed to run off with water containing a suspension of the
      wettable powder described above along with a polyhydric alcohol ester
      surface-active agent ("Trem" 014). The amount of formulation used is such
      as to provide 300 ppm of the active compound. The amount of Trem 014 is
      400 ppm in the final spray. The spray is applied at weekly intervals at a
      rate of 900 liters per hectare from early spring until harvest. At harvest
      the berries from the treated rows are large and firm and the clusters are
      well filled out. On the other hand, the berries from the untreated rows
      are small, cracked, and rotting because of infections by the fungus
      Uncinula necator which causes powdery mildew and the fungus Botrytis
      cinerea which rots the fruit.
TBL                Example 33                                                  

     ______________________________________                                    

                               Percent                                         

     ______________________________________                                    

     2-(Isopropoxycarbonylamino)-1-benzimidazole-                              

       carboxylic acid, ester with ethyl                                       

       glycolate                 70                                            

     Sodium lauryl sulfate       1                                             

     Methyl cellulose            0.3                                           

     Kaolinite clay              28.7                                          

     ______________________________________                                    

PAR  The above ingredients are ground as in Example 30 until substantially all
      particles of active ingredient are 10 microns or less.
PAR  Test plots are established in a rice field. The plots are sprayed with
      water containing a suspension of the wettable powder described above along
      with a modified phthalic glycerol alkyd resin surface-active agent
      ("Triton" B1956). The amount of the wettable powder used in such as to
      provide 1.5 grams of the active compound of this invention per liter of
      water. The amount of Triton B1956 is 400 ppm in the final spray. The spray
      is applied weekly intervals at the rate of 900 liters per hectare. The
      remainder of the field is left unsprayed. Three months after the start of
      the test, the sprayed plots are healthy and growing well. The untreated
      areas, on the other hand, are seriously damaged by the rice blast fungus,
      (Piricularia oryzae) which greatly reduces yeild.
TBL                Example 34                                                  

     ______________________________________                                    

                               Percent                                         

     ______________________________________                                    

     2-(Methoxycarbonylamino)-1-benzimidazole-                                 

       carboxylic acid, ester with ethyl                                       

       glycolate                 25                                            

     Sodium dioctyl sulfosuccinate                                             

                                 3                                             

     Methyl cellulose            1                                             

     Walnut shell flour          71                                            

     ______________________________________                                    

PAR  The above ingredients are blended and are ground in a hammermill to produce
      a finely divided wettable powder.
PAR  A uniform field planting of cantaloupe in North Carolina is inoculated with
      the powdery mildew fungus (Erysiphe cichoracearum). After 10 days this
      organism has become well established in the plants.
PAR  As this time alternate rows are sprayed with water containing a suspension
      of the wettable powder prepared as described above and an added amount of
      a polyhydric alcohol ester surface-active agent (Trem 014). The
      concentration of this chemical suspension is such as to give 600 ppm of
      the active compound of this formulation and 400 ppm of the surfactant. The
      spray is applied at a volume of 1410 liters per hectare. The remaining
      rows are left unsprayed.
PAR  After another 15 days the unsprayed rows are heavily damaged by powdery
      mildew and some of the plants are dying. The sprayed rows, however, are
      healthy and growing rapidly. The results indicate that the active compound
      of the suspension acts as a curative fungicide.
PAC  EXAMPLE 35
PAR  The following compounds may be substituted one at a time for
      2-methoxycarbonylamino-1-benzimidazolecarboxylic acid, ester with ethyl
      glycolate, of Example 30 in like amount by weight, and when used as above
      in Example 34 give similar results:
TBL  Compound                                                                  

     ______________________________________                                    

     1      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with ethyl glycolate                                               

     2      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with methyl glycolate                                              

     3      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with methyl glycolate                                              

     4      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with ethyl lactate                                                 

     5      2-(Ethoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with 

            ethyl lactate                                                      

     6      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with N,N-dimethylglycolamide                                       

     7      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with N,N-dimethylglycolamide.                                      

     ______________________________________                                    

TBL                Example 36                                                  

     ______________________________________                                    

                               Percent                                         

     ______________________________________                                    

     2-(Ethoxycarbonylamino)-1-benzimidazole-                                  

       carboxylic acid, ester with ethyl                                       

       lactate                   85                                            

     Purified, partially desulfonated, sodium                                  

       ligninsulfonate           3                                             

     Sodium dioctyl sulfosuccinate                                             

                                 3                                             

     Diatomaceous silica         9                                             

     ______________________________________                                    

PAR  After blending, the above ingredients are ground until substantially all
      particles of active ingredient are 5 microns or less.
PAR  A test is established in a field planting of celery in Florida. Random
      plots are established and sprayed with water containing a suspension of
      the wettable powder described above along with a blend of aromatic
      sulfonate and ethylene oxide derivatives ("Agrimul" GM). The amount of
      wettable powder used is such as to provide 300 ppm of active compound, and
      the amount of Agrimul GM used is such as to provide 300 ppm in the final
      spray. The spray is applied weekly at the rate of 1000 liters per hectare.
      The remainder of the field is left unsprayed.
PAR  Three months after the first spray application, the sprayed celery plots
      are in a healthy condition and obviously growing well. The untreated
      portions of the field, on the other hand, are seriously infested with the
      early blight fungus (Cercospora apii) and the late blight fungus (Septoria
      apii). These diseases cause the death of much of the foliage and reduce
      the growth and marketable volume of the crop.
TBL                Example 37                                                  

     ______________________________________                                    

                               Percent                                         

     ______________________________________                                    

     2-(Isopropoxycarbonylamino)-1-benzimidazole-                              

       carboxylic acid, ester with N,N-dimethyl-                               

       glycolamide               70                                            

     Citric acid                 5                                             

     Sodium alkylnaphthalenesulfonate                                          

                                 0.5                                           

     Diatomaceous silica         22.5                                          

     ______________________________________                                    

       The above ingredients are blended and ground as in Example 30 until
      substantially all particles of active ingredient are 10 microns or less.
PAR  The formulation of this example is useful in controlling peach scab caused
      by the fungus Cladosporium carpophilum. This is demonstrated by a field
      study in which random trees in a peach planting are sprayed, starting in
      the spring, with water containing a suspension of the wettable powder
      described in the example along with an acid complex organic phosphate
      ester surface-active agent ("Gafac" RE-610).
PAR  The amount of the wettable powder used is such as to provide 30 grams of
      the active compound of this invention per 100 liters of water. The amount
      of Gafac RE-610 employed is 400 ppm in the final spray.
PAR  The spray is applied on a normal peach fungicide schedule at the rate of
      2000 liters per hectare of peach trees. The remaining trees in the
      planting are left unsprayed.
PAR  At the time of harvest fruit on the treated trees is healthy and attractive
      to consumers. Conversely, fruit from the euntreated trees is spotted with
      scab and of reduced market value.
PAC  B. HIGH-STRENGTH COMPOSITION AND AQUEOUS SUSPENSION CONCENTRATES
PAR  High-strength compositions generally consist of 90 to 99.5 percent active
      ingredient and 0.5 to 10 percent of a liquid or solid surfactant such as
      those described by McCutcheon in "Detergents and Emulsifiers" 1967 Annual.
      Such high-strength compositions can often be used in a manner similar to
      the wettable powders but they are also suitable for further formulation.
PAR  The aqueous suspension concentrates are prepared by mixing together and
      sandgrinding an aqueous slurry of water-insoluble active ingredient in the
      presence of dispersing agents. Thus there is obtained a concentrated
      slurry of very finely divided particles in which the active ingredient is
      substantially all below 5 microns in size. This concentrated aqueous
      suspension is characterized by its extremely small particle size so that
      upon diluting and spraying, a very uniform coverage is obtained.
PAR  These aqueous suspension concentrates will contain from 15 to 40 percent of
      active ingredient, from 45 to 70 percent water with the remainder made up
      of surfactants, corrosion inhibitors, and suspending agents.
PAR  Suspensions in organic liquids can be prepared in a similar manner such as
      by replacing the water with mineral oil.
TBL                Example 38                                                  

     ______________________________________                                    

                               Percent                                         

     ______________________________________                                    

     2-(Isopropoxycarbonylamino)-1-benzimida-                                  

       zolecarboxylic acid, ester with                                         

       N,N-dimethylglycolamide   90                                            

     Oleic acid ester of sodium isethionate                                    

                                 2                                             

     Purified sodium ligninsulfonate                                           

                                 8                                             

     ______________________________________                                    

PAR  These ingredients are blended and ground in a hammer mill and then in a
      fluid energy mill such as a micronizer until substantially all particles
      of active ingredient are 10 microns or less. The fluid energy grinding may
      be omitted if the high strength composition is to be used for further
      formulation.
PAR  The formulation of this example is useful in controlling Sigatoka disease
      of banana caused by the fungus Cercospora musae. This is demonstrated by a
      field test in which designated areas in a banana plantation are treated
      with 800 grams of the active ingredient of this invention per hetare and
      an equal amount of a polyhydric alcohol ester surface active agent (Trem
      014) applied to the foliage in an amount of water sufficient to assure
      good distribution. The treatment is applied at intervals of 14 days.
PAR  Four months after the start of the test the banana plants in the treated
      plots are free from disease, whereas, the untreated plants are heavily
      damaged by Sigatoka disease.
PAC  EXAMPLE 39
PAR  The following compounds may be substituted one at a time for
      2-(isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      N,N-dimethylglycolamide, of Example 38 in like amount by weight, and when
      used as above give similar results:
TBL  Compound                                                                  

     ______________________________________                                    

     1      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with ethyl glycolate                                               

     2      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with ethyl glyclolate                                              

     3      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with methyl glycolate                                              

     4      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with methyl glycolate                                              

     5      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with ethyl lactate                                                 

     6      2-(Ethoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with 

            ethyl lactate                                                      

     7      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with N,N-dimethylglycolamide                                       

     ______________________________________                                    

TBL                Example 40                                                  

     ______________________________________                                    

                               Percent                                         

     ______________________________________                                    

     2-(Methoxycarbonylamino)-1-benzimidazolecar-                              

      boxylic acid, ester with methyl glycolate                                

                                 25                                            

     Polyoxyethylene (4) lauryl ether                                          

                                 8                                             

     Paraffinic oil              67                                            

     ______________________________________                                    

PAR  The above ingredients are sand ground until substantially all particles of
      active ingredient are 5 microns or less.
PAR  The suspension is added to water at a rate of 300 ppm of active ingredient
      in the final spray. A modified phthalic glycerol alkyd resin
      surface-active agent ("Triton" B 1956) is added in an amount to give 400
      ppm in the final spray. This suspension is used to spray (to the point of
      run-off) alternate trees in a field planting of apples. Sprays are applied
      at weekly intervals from April 25 until June 6. From June 6 until the end
      of the season, the sprays are applied at intervals of two weeks. The
      remaining trees in the planting are left unsprayed.
PAR  In early September all trees are carefully examined. Trees that were
      sprayed with the compound of this invention are healthy and free of mite
      infestation and fungus damage. The fruit on the sprayed trees is
      unblemished and of good size. The foliage of the unsprayed trees, on the
      other hand, is heavily infested with the apple scab fungus (Venturia
      inaequalis) and the powdery mildew fungus (Podosphaera leucotricha). Also,
      the leaves of the unsprayed trees are badly infested with European red
      mites (Panonychus ulmi). The fruit on the unsprayed trees is spotted with
      scab and of small size.
PAC  EXAMPLE 41
PAR  The following compounds may be substituted one at a time for
      2-(methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with methyl
      glycolate, of Example 40 in like amount by weight, and when used as above
      give similar results:
TBL  Compound                                                                  

     ______________________________________                                    

     1      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with ethyl glycolate                                               

     2      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with ethyl glycolate                                               

     3      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with methyl glycolate                                              

     4      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with ethyl lactate                                                 

     5      2-(Ethoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with 

            ethyl lactate                                                      

     6      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with N,N-dimethylglycolamide                                       

     7      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxyliic acid, ester 

            with N,N-dimethylglycolamide                                       

     ______________________________________                                    

TBL                Example 42                                                  

     ______________________________________                                    

                               Percent                                         

     ______________________________________                                    

     2-(Methoxycarbonylamino)-1-benzimidazolecar-                              

       boxylic acid, ester with N,N-                                           

       dimethylglycolamide       30                                            

     Calcium magnesium ligninsulfonate                                         

                                 15                                            

     Hydrated attapulgite        1.5                                           

     Water                       53.5                                          

     ______________________________________                                    

PAR  The above ingredients are sand ground until substantially all particles of
      active material are 5 microns or less.
PAR  Alternate rose bushes growing in a greenhouse are sprayed at weekly
      intervals with the formulation described above. The rate of 300 ppm of
      active ingredient is mixed with 600 ppm of "Triton B1956" in the final
      water spray. After two months of this program the treated plants are
      healthy, with dark green attractive foliage and are growing well. The
      untreated plants, on the other hand, have much foliage discolored and
      curled due to infection by the rose powdery mildew organism, Sphaerotheca
      humuli. Other foliage on the untreated plants is yellowed due to attack by
      the Atlantic mite (Tetranychus atlanticus). Due to the extensive foliage
      damage, the plants not treated with the compound of this invention grow
      more slowly than the protected plants.
PAC  C. DUSTS
PAR  Dusts are dense powder compositions which are intended for application in
      dry form, in accordance with the preferred compositions and methods of the
      invention. Dusts are characterized by their free-flowing and rapid
      settling properties so that they are not readily windborne to areas where
      their presence is not desired. They contain primarily an active material
      and a dense, free-flowing, solid extender.
PAR  Their performance is sometimes aided by the inclusion of a wetting agent,
      and convenience in manufacture frequently demands the inclusion of an
      inert, absorptive grinding aid. For the dust compositions of this
      invention, the inert extender may be either of vegetable or mineral
      origin, the wetting agent is preferably anionic or non-ionic, and suitable
      absorptive grinding aids are of mineral origin.
PAR  Suitable classes of inert solid extenders for use in the dust compositions
      are those organic or inorganic powders which possess high bulk density and
      are very free-flowing. They are also characterized by possessing
      relatively low surface areas and are poor in liquid absorption. Suitable
      classes of grinding aids are natural clays, diatomaceous earths, and
      synthetic mineral fillers derived from silica or silicate. Among ionic and
      non-ionic wetting agents, the most suitable are the members of the group
      known to the art as wetting agents and emulsifiers. Although solid agents
      are preferred because of ease in incorporation, some liquid non-ionic
      agents are also suitable in the dust formulations.
PAR  Preferred inert solid extenders for the dusts of this invention are
      micaceous talcs, pyrophyllite, dense kaolin clays, tobacco dust, corn cob
      flour, and cane sugar.
PAR  Preferred grinding aids are attapulgite clay, diatomaceous silica,
      synthetic fine silica and synthetic calcium and magnesium silicates.
      Preferred wetting agents are those previously described under wettable
      powder formulations.
PAR  The inert solid extenders in the dusts of this invention are usually
      present in concentrations of from about 30 to 95 weight percent of the
      total composition. The grinding aid will usually constitute 0 to 50 weight
      percent of the composition, and the wetting agent will constitute from
      about 0 to 1.0 weight percent of the composition. Dust compositions can
      also contain other surfactants such as dispersing agents in concentrations
      of up to about 0.5 weight percent.
PAR  The wettable powders described above can also be used in the preparation of
      dusts. While such wettable powders could be used directly in dust form, it
      is more advantageous to dilute them by blending with the dense dust
      diluent. In this manner, dispersing agents, corrosion inhibitors, and
      anti-foam agents may also be found as components of a dust.
PAR  Thus, the dust compositions of this invention will comprise about 5 to 20
      weight percent active material, 0 to 50 weight percent absorptive filler,
      0 to 1.0 weight percent wetting agent, and about 30 to 95 weight percent
      dense, free-flowing dust diluent, as these terms are used herein. Such
      dust formulations can contain, in addition, minor amounts of dispersants,
      corrosion inhibitors, and anti-foam agents, derived from the wettable
      powders used to make the dusts.
TBL                Example 43                                                  

     ______________________________________                                    

                               Percent                                         

     ______________________________________                                    

     2-(Methoxycarbonylamino)-1-benzimidazole-                                 

       carboxylic acid, ester with ethyl                                       

       lactate                   10                                            

     Calcium stearate coated calcium carbonate                                 

                                 45                                            

     Micaceous talc              45                                            

     ______________________________________                                    

PAR  The above ingredients are blended and ground in a hammer mill until a
      uniform dust is obtained.
PAR  A uniform cherry orchard in Michigan is selected for the test. Alternate
      trees are dusted every 14 days at the rate of 1 kilogram per tree with the
      above dust formulation. The remaining trees are left unprotected.
PAR  On September 1 the trees are examined. The trees that had been dusted with
      the compound of this invention are green and healthy, with all leaves
      remaining on the trees. At this time the foliage of the unprotected trees
      is largely discolored due to attack by the leaf spot fungus (Coccomyces
      hiemalis) and the two spotted mite (Tetranychus telarius). Further, much
      of the foliage of the unprotected trees has fallen due to the effect of
      the two pests.
PAC  EXAMPLE 44
PAR  The following compounds are substituted one at a time for
      2-(methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with ethyl
      lactate, of Example 43 in like amount by weight, and when used as above
      give similar results:
TBL  Compound                                                                  

     ______________________________________                                    

     1      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with ethyl glycolate                                               

     2      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxyl acid, ester    

            with ethyl glycolate                                               

     3      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with methyl glycolate                                              

     4      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxy acid, ester     

            with methyl glycolate                                              

     5      2-(Ethoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with 

            ethyl lactate                                                      

     6      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with N,N-dimethylglycolamide                                       

     7      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with N,N-dimethylglycolamide.                                      

     ______________________________________                                    

TBL                Example 45                                                  

     ______________________________________                                    

                       Percent                                                 

     ______________________________________                                    

     Wettable powder of Example 33                                             

                         7.2                                                   

     Micaceous talc      92.8                                                  

     ______________________________________                                    

PAR  A finely divided dust is obtained by blending the above ingredients and
      then passing the mixture thru a deagglomerator such as an Entoleter mill.
PAR  A single row is selected in a sugar beet field for treatment with the dust
      of this formulation. After the sugar beets are one month old and a few
      lesions of Cercospora beticola have become evident as spots on the leaves,
      weekly dust treatments are applied to the selected row. The 7.2 percent
      dust of this formulation is applied by a tractor mounted single row
      dusting device which delivers approximately 20 kilograms per hectare.
      There is some drift to adjacent rows but the remainder of the field is
      left untreated. At harvest the foliage is examined and the beets are dug
      and weighed. The treated row is a vigorous healthy row with lush green
      foliage, and the beets are large and normal. The adjacent rows are spotted
      with numerous leaf spot leasions and the remainder of the field is almost
      entirely defoliated. A few yound leaves on the untreated beets are still
      green but all of the older leaves are dried up. Beets from the untreated
      rows are less than half normal size.
TBL                Example 46                                                  

     ______________________________________                                    

                       Percent                                                 

     ______________________________________                                    

     Wettable powder of Example 30                                             

                         20                                                    

     Cane sugar          80                                                    

     ______________________________________                                    

PAR  A blend of the above ingredients is ground in a hammer mill to obtain a
      uniform dust.
PAR  Alternate rose bushes growing in a greenhouse are dusted lightly at weekly
      intervals with the formulation described above. After two months of this
      program the treated plants are healthy, with dark green attractive foliage
      and are growing well. The untreated plants, on the other hand, have much
      foliage discolored and curled due to infection by the rose powdery mildew
      organism, Sphaerotheca humuli. Other foliage on the untreated plants is
      yellowed due to attack by the Atlantic mite (Tetranychus atlanticus). Due
      to the extensive foliage damage, the plants not treated with the compound
      of this invention grow more slowly than the protected plants.
PAC  D. GRANULES AND PELLETS
PAR  Granules and pellets are physically stable, particulate compositions
      containing a compound of formula (I) which adheres to or is distributed
      through a basic matrix of a coherent, inert carrier with macroscopic
      dimensions. In order to aid leaching of the active ingredient from the
      granule or pellet, a surfactant can be present.
PAR  For the compounds of this invention, the inert carrier may be of mineral or
      vegetable origin, and the surfactant is a compound known in the art as a
      wetting agent. Such compounds are listed by J. W. McCutcheon in
      "Detergents and Emulsifiers" 1967 Annual.
PAR  Suitable carriers are natural clays, cellulosic materials some
      pyrophyllites and vermiculite. Suitable wetting agents are anionic or
      non-ionic.
PAR  For the granule compositions of this invention, most suitable carriers are
      of two types. The first may be porous, absorptive, preformed granules,
      such as preformed and screened granular attapulgite heat expanded,
      granular, screened vermiculite, granular cellulosic materials, or dense,
      non-porous solids to which a coating of active ingredient will adhere. On
      the absorptive carriers, a solution of the active agent can be sprayed and
      will be absorbed up to 25 weight percent active ingredient, relative to
      the total weight of granules. Alternatively, a non-porous carrier may be
      mixed with active ingredient and surfactant and while so mixing, be
      sprayed with a small amount or organic liquid which is a solvent for the
      active ingredient. The second types of carrier, which are also suitable
      for pellets, are initially powdered kaolin clays, cellulose, hydrated
      attapulgite, or bentonite clays in the form of sodium, calcium or
      magnesium bentonites. Water-soluble salts, such as sodium salts, may also
      be present to aid in the disintegration of granules or pellets in the
      presence of moisture. These ingredients are blended with the active
      components to give mixtures that are granulated or pelleted, followed by
      drying, to yield formulations with the active component distributed
      uniformly throughout the mass. Such granules and pellets can also be made
      with 25  to 30 weight percent active component, but more frequently a
      concentration of about 10 weight percent is desired for optimum
      distribution. The granular compositions of this invention are most useful
      in a size range of 30-60 mesh.
PAR  The most suitable wetting agents for the granular compsoitions of this
      invention depend upon the type of granule used. When preformed granules
      are sprayed with active material in liquid form the most suitable wetting
      agents are non-ionic, liquid wetters miscible with the solvent. These are
      compounds more generally known to the art as emulsifiers, and comprise
      alkylaryl polyether alcohols, alkyl polyether alcohols, polyoxyethylene
      sorbitan fatty acid esters, polyethylene glycol esters with fatty or rosin
      acids, fatty alkylol amide condensates, oil-soluble petroleum or vegetable
      oil sulfonates, or mixtures of these. Such agents will usually comprise up
      to about 5 weight percent of the total composition.
PAR  When the active ingredient is first mixed with a powdered carrier and
      subsequently granulated, or pelleted, liquid non-ionic wetters can still
      be used, but it is usually preferable to incorporate at the mixing stage
      one of the solid, powdered anionic wetting agents such as those previously
      listed for the wettable powders. Such agents will comprise from about 0 to
      2 weight percent of the total composition.
PAR  Thus, the preferred granular or pelleted formulations of this invention
      comprise about 5 to 30 weight percent active material, about 0 to 5 weight
      percent wetting agent, and about 65 to 95 weight percent inert mineral or
      vegetable carrier, as these terms are used herein.
TBL                Example 47                                                  

     ______________________________________                                    

                               Percent                                         

     ______________________________________                                    

     2-(Methoxycarbonylamino)-1-benzimidazole-                                 

       carboxylic acid, ester with ethyl                                       

     glycolate                   10                                            

     Calcium ligninsulfonate     5                                             

     Corn cob granules           85                                            

     ______________________________________                                    

PAR  The active ingredient is dissolved in a suitable organic solvent and this
      solution is sprayed onto the dry ingredients as they are tumbled in a
      rotary mixer.
PAR  Four similar potted bean plants (one plant per pot) are selected. The soil
      in two of these pots had been mixed with granules of the formulation
      described above at a rate to provide 30 parts per million of active
      ingredient by weight in the total amount of soil in the pot. The remaining
      two pots are left untreated.
PAR  Five days after treatment 50 adult mites (Tetranychus telarius) are placed
      on a terminal leaf on each of the test plants. Twenty-four hours later
      these adult mites, all still alive, are removed in a way which causes no
      damage to the eggs that have been laid during the twenty-four hour period.
      The number of eggs laid by each batch of 50 mites is essentially the same.
      A sufficient time is allowed for all viable eggs to hatch. Counts
      demonstrate that none of the eggs hatch from among those laid by mites
      that had fed on foliage from pots with soil containing the compound of
      this formulation. Hatch to provide living young was complete, on the other
      hand, among eggs laid by mites similarly handled except that the plants
      providing sustenance were not in contact with the compound of this
      formulation. This experiment demonstrates systemic movement in plants and
      mite ovicide effect.
PAC  EXAMPLE 48
PAR  The following compounds may be substituted one at a time for
      2-(methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with ethyl
      glycolate, of Example 47 in like amount by weight, and when used as above
      give similar results:
TBL  Compound                                                                  

     ______________________________________                                    

     1      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with ethyl glycolate                                               

     2      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with methyl glycolate                                              

     3      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with methyl glycolate                                              

     4      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with ethyl lactate                                                 

     5      2-(Ethoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with 

            ethyl lactate                                                      

     6      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with N,N-dimethylglycolamide                                       

     7      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with N,N-dimethylglycolamide.                                      

     ______________________________________                                    

TBL                Example 49                                                  

     ______________________________________                                    

                       Percent                                                 

     ______________________________________                                    

     Wettable powder of Example 30                                             

                         20                                                    

     Cane sugar, 30-60 mesh                                                    

                         80                                                    

     ______________________________________                                    

PAR  The above dry ingredients are tumbled in a rotary mixer while being sprayed
      with an organic liquid such as methylene chloride which is a solvent for
      the active ingredient. A minimum of solvent is used to avoid aggregating
      coated particles of the carrier and to insure as hard a coating as
      possible.
PAR  The granules of this formulation are mixed with potting soil in such a
      quantity to provide 100 parts per million of active ingredient by weight
      in the total amount of soil in five pots. An additional 5 pots are made up
      of untreated soil. Cotton is planted and allowed to grow one month in the
      10 pots. At the end of one month a spore suspension of Verticillium
      albo-atrum is injected with a hypodermic needle into the node at the
      cotyledonary leaf of each plant. This inoculation method forces the fungus
      into the vascular system of the plant and assures the production of severe
      disease symptoms. One month after this inoculation all five cotton plants
      growing in the treated soil are vigorous and are in all ways normal and
      healthy. On the other hand, all five plants growing in untreated soil are
      severely defoliated and dying due to typical Verticillium wilt symptoms.
TBL                Example 50                                                  

     ______________________________________                                    

                               Percent                                         

     ______________________________________                                    

     2-(Isopropoxycarbonylamino)-1-benzimida-                                  

       zolecarboxylic acid, ester with N,N-                                    

       dimethylglycolamide       25                                            

     Hydrated attapulgite        58                                            

     Sodium lauryl sulfate       2                                             

     Powdered kaolinite          15                                            

     ______________________________________                                    

PAR  The above ingredients are blended and ground in a hammer mill. This mixture
      is moistened with water and granulated in a rotary mixture then dried and
      screened to give granules which are between 30 and 60 mesh.
PAR  A field is selected in Florida that is being prepared for planting
      cucumbers. One row is treated with this formulation by sprinkling the
      granules the full length of the field in a band 1 meter wide over the bed
      at a rate equal to 10 kilograms per 4,000 meters of row. The granules are
      then mixed to a depth of 5 centimeters. Cucumbers are planted in the
      entire field and allowed to grow under normal cultivation. By mid-season
      the cucumbers are severely infected with powdery mildew caused by Erysiphe
      cichoracearum. At harvest time the vines are severely defoliated and the
      exposed fruit is small and sun scalded. On the other hand, the row of
      cucumbers which received the soil treatment is free of powdery mildew and
      supports a healthy normal crop.
PAC  EXAMPLE 51
PAR  The following compounds are substituted one at a time for
      2-(isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      N,N-dimethylglycolamide of Example 50 in like amount by weight, and when
      used as above give similar results:
TBL  Compound                                                                  

     ______________________________________                                    

     1      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with ethyl glycolate                                               

     2      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with ethyl glycolate                                               

     3      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with methyl glycolate                                              

     4      2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester  

            with methyl glycolate                                              

     5      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with ethyl lactate                                                 

     6      2-(Ethoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with 

            ethyl lactate                                                      

     7      2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester     

            with N,N-dimethylglycolamide                                       

     ______________________________________                                    

PAR  In addition to the active ingredient of this invention, conventional
      insecticides, miticides, bactericides, nematocides, fungicides, or other
      agricultural chemicals such as fruit-set agents, fruit thinning compounds,
      fertilizer ingredients and the like can be added to the composition of the
      active ingredient, so that the compositions can serve useful purposes in
      addition to the control of fungi and mite infestations.
PAR  The following are illustrative of the agricultural chemicals that can be
      included in the compositions or, additionally, that may be added to sprays
      containing one or more of the active compounds.
PA0  1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4-endoexo-5,8-dimethanon
     aphthalene (aldrin);
PA0  1,2,3,4,5,6-hexachlorocyclohexane (lindane);
PA0  1-naphthyl methylcarbamate (carbaryl);
PA0  0,0-diethyl 0-(2-isopropyl-6-methyl-4-pyrimidinyl) phosphorothioate
      (diazinon);
PA0  diethyl mercaptosuccinate, S-ester with 0,0-dimethyl phosphorodithioate
      (malathion);
PA0  0,0-dimethyl-0-p-nitrophenyl phosphorothioate (methyl parathion);
PA0  0,0-diethyl 0-p-nitrophenyl phosphorothioate (parathion);
PA0  2,2-dichlorovinyl 0,0-dimethyl phosphate (dichlorvos);
PA0  0,0-dimethyl S-(4-oxo-1,2,3-benzotriazin-3(4H)-ylmethyl)-phosphorodithioate
      (azinphosmethyl);
PA0  calcium arsenate;
PA0  dibasic lead arsenate;
PA0  0,0-diethyl 0(and S)-2-(ethylthio)ethyl phosphorothioates (demeton);
PA0  2,4-dinitro-6-sec-butylphenol;
PA0  toxaphene;
PA0  0-ethyl 0-p-nitrophenylphenylphosphonothioate, or ethyl p-nitrophenyl
      thionobenzenephosphonate (EPN);
PA0  ethyl pyrophosphate; often known as tetraethyl pyrophosphate (TEPP);
PA0  4,4'-dichloro-.alpha.-(trichloromethyl)benzhydrol (dicofol);
PA0  S-methyl-N-[(methylcarbamoyl)oxy]thioacetimidate (methomyl);
PA0  S-methyl 1-dimethylcarbamoyl-N-[(methylcarbamoyl)oxy]thioformimidate
      (oxamyl);
PA0  2-heptadecylimidazoline acetate (glyodin);
PA0  bis(dimethylthiocarbamoyl)disulfide; or tetramethylthiuram disulfide
      (thiram);
PA0  metal salts of ethylenebisdithiocarbamic acid or propylenebisdithiocarbamic
      acids, e.g. manganese, zinc, iron and sodium salts (maneb or zineb);
PA0  complex of zineb and polyethylene thiuramdisulfide (metiram);
      pentachloroitrobenzene;
PA0  2-(1-methyl-n-heptyl)-4,6-dinitrophenyl crotonate, with its isomer
      4-(1-methyl-n-heptyl)-2,6-dinitrophenyl crotonate (dinocap);
PA0  n-dodecylguanidine acetate (dodine);
PA0  N-(trichloromethylthio)phthalimide (folpet);
PA0  N-[(trichloromethyl)thio]-4-cyclohexene-1,2-dicarboximide (captan);
PA0  cis-N-[(1,1,2,2-tetrachloroethyl)thio]-4-cyclohexene-1,2-dicarboximide
      (captafol);
PA0  2,4-dichloro-6-(o-chloroanilino)-.alpha.-triazin ("Dyrene");
PA0  3,3'-ethylenebis(tetrahydro-4,6-dimethyl-2H-1,3,5-thiadiazine-2-thione);
PA0  triphenyltin hydroxide (fentin hydroxide);
PA0  1,4-dichloro-2,5-dimethoxybenzene (chloroneb);
PA0  triphenyltin acetate (fentin acetate);
PA0  2,6-dichloro-4-nitroaniline (dichloran);
PA0  N'-dichlorofluoromethylthio-N,N-dimethyl-N'-phenylsulfamide
      (dichlorofluanid);
PA0  hexachlorobenzene;
PA0  hexachlorophene;
PA0  tetrachloroisophthalonitrile (chlorothalonil);
PA0  0-ethyl-S,S-diphenyl-dithiophosphate ("Hinosan");
PA0  0-ethyl-S-benzylphenylphosphonothiolate ("Inezin");
PA0  2,3-dichloro-1,4-napthoquinone;
PA0  copper hydroxide ("Kocide");
PA0  tribasic copper sulfate;
PA0  fixed copper;
PA0  sulfur;
PA0  sodium N-methyldithiocarbamate (SMDC);
PA0  tetrachloroisophthalonitrile ("Daconil 2787");
PA0  methyl-1-(butylcarbamoyl)-2-benzimidazolecarbamate (benomyl);
PA0  methyl-2-benzimidazolecarbamate;
PA0  2-(4-thioazolyl)-benzimidazole(thiobendazole);
PA0  1,2-bis(3-methoxycarbonyl-2-thioureido)-benzene(methyl thiophonate);
PA0  2,3-dihydro-5-carboxanilide-6-methyl-1,4-oxathiin-4,4-dioxide (carboxin
      dioxide);
PA0  streptomycin;
PA0  kasugamycin;
PA0  2-(2,4,5-trichlorophenoxy)propionic acid;
PA0  p-chlorophenoxyacetic acid;
PA0  1-naphthaleneacetamide; and
PA0  succinic acid 2,2-dimethyl hydrazide
PA0  N-(1-naphthyl)acetamide;
PAR  The agricultural chemicals listed above are merely exemplary of the
      compounds which can be mixed with the active compounds of this invention
      and are not intended to any way limit the invention.
PAR  The use of pesticides such as those listed above in combination with a
      compound within the scope of this invention sometimes appears to greatly
      enhance the activity of the active compound of the invention. In other
      words, an unexpected degree of activity is sometimes seen when another
      pesticide is used along with the methods of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound having the formula:
      ##SPC4##
PAL  wherein:
PA1  1. R is selected from the group consisting of methyl, ethyl, isopropyl, and
      secondary butyl;
PA1  2. A is selected from the group consisting of:
      ##EQU4##
PAR   3. R.sub.2 is hydrogen, or alkyl of 1 through 14 carbon atoms; 4. R.sub.3
      is alkyl of 1 through 4 carbon atoms, alkenyl of 3 or 4 carbon atoms, or
      alkynyl of 3 or 4 carbon atoms;
PA1  5. R.sub.4 and R.sub.5 are hydrogen, alkyl of 1 through 4 carbon atoms,
      alkenyl of 3 or 4 carbon atoms or alkynyl or 3 or 4 carbon atoms
PA1  6. M is (i) an alkali metal cation, (ii) an ion selected from ammonium ion,
      methylammonium ion, dimethylammonium ion, trimethylammonium ion and
      tetramethylammonium ion;
PAL  with the proviso that A contains from 2 through 17 carbon atoms.
NUM  2.
PAR  2. 2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      ethyl glycolate.
NUM  3.
PAR  3. 2-(Iospropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      ethyl glycolate.
NUM  4.
PAR  4. 2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      methyl glycolate.
NUM  5.
PAR  5. 2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      methyl glycolate.
NUM  6.
PAR  6. 2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      ethyl lactate.
NUM  7.
PAR  7. 2-(Ethoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with ethyl
      lactate.
NUM  8.
PAR  8. 2-(Methoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      N,N-dimethylglycolamide.
NUM  9.
PAR  9. 2-(Isopropoxycarbonylamino)-1-benzimidazolecarboxylic acid, ester with
      N,N-dimethylglycolamide.
PATN
WKU  039324494
SRC  5
APN  4041712
APT  1
ART  124
APD  19731009
TTL  5-(P-dimethylaminobenzyl) hydantoin
ISD  19760113
NCL  1
ECL  1
EXP  Love; Ethel G.
INVT
NAM  Schwan; Thomas J.
CTY  Norwich
STA  NY
ASSG
NAM  Morton-Norwich Products, Inc.
CTY  Norwich
STA  NY
COD  02
CLAS
OCL  2603095
XCL  424273
EDF  2
ICL  C07D 4932
FSC  260
FSS  309.5
UREF
PNO  2759002
ISD  19560800
NAM  Close
OCL  260309.5
UREF
PNO  3032581
ISD  19620500
NAM  Leonard
XCL  260309.5
UREF
PNO  3454629
ISD  19690700
NAM  Daeniker
OCL  260309.5
OREF
PAL  Nitz et al., Arzneimitte-Forschung, No. 7, 7/'55, pp. 357-364.
PAL  C.A. 65: 13686f.
PAL  C.A. 54: 24678f.
PAL  C.A. 57-61, Accumulative 5738s.
LREP
FR2  Franze; Anthony J.
ABST
PAL  The title compound is useful as an antidepressant.
BSUM
PAR  This invention is concerned with the chemical compound
      5-(p-dimethylaminobenzyl)hydantoin. It has pharmacologic activity. When
      administered perorally to mice incrementally at one-half log intervals in
      a dose range of 1-30 mg/kg followed by an intraperitoneal injection of 35
      mg/kg of tetrabenazine methane-sulfonate in normal saline, prevention of
      ptosis induced by said tetrabenazine is achieved. The antidepressant
      effect of the compound of this invention exemplified by its antagonism to
      tetrabenzaine makes it a valuable pharmacologic agent.
DETD
PAR  The method for preparing the compound of this invention is readily carried
      out. It is illustrated by the following example:
PAR  A mixture of 69.3 g (0.30 mole) of
      5-(p-dimethylaminobenzylidene)-hydantoin, 600 ml I N KOH and 15 g wet
      Raney Nickel was shaken with hydrogen until the theoretical quantity had
      been consumed (28 hr). The catalyst was washed with 2 .times. 100 ml I N
      KOH and the filtrate and combined washings were acidified with glacial
      acetic acid. The white solid was filtered through a medium sintered glass
      funnel and air dried to give 60 g of the crude product. Recrystallization
      from methanol gave 35 g (50%) of the product, m.p.
      180.degree.-186.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.15 N.sub.3 O.sub.2 : C, 61.78; H, 6.48; N,
      18.02. Found: C, 61.79; H, 6.45; N, 18.10.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The compound 5-(p-dimethylaminobenzyl)hydantoin.
PATN
WKU  039324508
SRC  5
APN  4982738
APT  1
ART  124
APD  19740819
TTL  Intermediates in the preparation of imidazo(2,1-alpha)isoindoles
ISD  19760113
NCL  4
ECL  1
EXP  Love; Ethel G.
INVT
NAM  Houlihan; William J.
CTY  Mountain Lakes
STA  NJ
ASSG
NAM  Sandoz, Inc.
CTY  E. Hanover
STA  NJ
COD  02
CLAS
OCL  2603096
XCL  260999
EDF  2
ICL  C07D 4934
FSC  260
FSS  309.6
UREF
PNO  3657269
ISD  19720400
NAM  Houlihan
OCL  260309.6
LREP
FR2  Sharkin; Gerald D.
FR2  Honor; Robert S.
ABST
PAL  Imidazo[2,1-a]isoindoles useful as anorexics and psychic-energizers are
      prepared from the N,o-dilithium derivative of substituted
      2-phenyl-2-imidazoline by various routes.
BSUM
PAR  This invention relates to a process for the preparation of
      imidazo[2,1-a]isoindoles of the formula
      ##SPC1##
PAL  Where
PA1  Each R independently, represents H, halo having an atomic weight of 19-36,
      methyl, or methoxy, or both R's together represent methylenedioxy, or one
      R at one time represents trifluoromethyl,
PA1  R.sub.1 represents H, halo as defined above, lower alkyl, i.e. alkyl having
      1-4 carbon atoms, such as methyl, ethyl, isopropyl, and the like, lower
      alkoxy, i.e. alkoxy having 1-4 carbon atoms, such as methoxy, ethoxy,
      propoxy and the like, or trifluoromethyl, and
PA1  Each R.sub.2 independently, represents H or alkyl having 1-2 carbon atoms,
PAL  Provided that
PA1  1. when R.sub.1 is H, at least one of R.sub.2 represents other than H,
PA1  2. no more than two of R.sub.2 are other than H, and
PA1  3. when two R.sub.2 's are alkyl, they are the same. These compounds are
      known to be useful as anorexiants and anti-depressants.
PAR  The compounds of formula (I) may also be represented by the tautomeric form
      (II)
      ##SPC2##
PAL  where
PA1  R, r.sub.1 and R.sub.2 are as above defined,  this form being predominant
      in acid media whereas form (I) is predominant in basic media. To simplify
      this disclosure, however, only the compounds of formula (I) are to be
      discussed herein.
PAR  The compounds (I) may be prepared by treating the N,o-dilithiated
      derivative of a substituted 2-phenylimidazoline of the formula
      ##SPC3##
PAL  With a compound of the formula
      ##SPC4##
PAL  Where
PA1  Each R, R.sub.1, R.sub.2 and the provisos are as earlier defined, and
PA1  X represents halo having an atomic weight of about 35-80, or OR.sub.3 where
      R.sub.3 represents straight chain loweralkyl, i.e., straight chain alkyl
      of 1-4 carbon atoms, such as methyl, ethyl and propyl,
PAL  And hydrolyzing the resulting adduct.
PAR  This process is conducted by treating (III) with (IV) in inert atmosphere,
      such as nitrogen gas, and inert solvent such as a hydrocarbom, for
      example, hexane or heptane, or an ether, e.g., diethyl ether or
      tetrahydrofuran at a temperature of about 0.degree.-100.degree.C.,
      preferably at about room temperature to the reflux temperature of the
      system, for about 0.5 to about 48 hours. The hydrolysis may be performed
      in conventional manner using, e.g. water, dilute mineral acid, ammonium
      chloride solution, and the like.
PAR  The compounds (I) are also preparable from the compounds of formula (III)
      by treating the latter with a nitrile of the formula
      ##SPC5##
PAL  And hydrolyzing the resulting adduct to obtain a compound of formula (VI)
      ##SPC6##
PAL  where
PA1  R, r.sub.1, r.sub.2 and the provisos are as earlier defined,
PAL  And treating (VI) (or an acid addition salt thereof) with water in the
      presence of acid. Accordingly, compounds (VI) may be prepared by treating
      (III) and (V) using the same reaction conditions, i.e., temperature,
      atmosphere, solvents and conventional hydrolysis, as earlier described
      with reference to the preparation of compounds (I) from compounds (III)
      and (IV). The compounds (VI) or a salt thereof are then treated with
      dilute aqueous acid, such as a dilute aqueous strong mineral acid, such as
      hydrochloric acid, sulfuric acid, phosphoric acid, or the like, or a
      dilute aqueous organic acid such as dilute aqueous acetic acid, at a
      temperature of about room temperature to about 50.degree.C. for about 2-24
      hours. The pH is about 1-4.
PAR  The compound (VI) may also be represented by its tautomer
      ##SPC7##
PAL  where
PA1  R, r.sub.1, r.sub.2 and the provisos are as previously defined.  Both
      tautomeric forms are within the scope of this invention and reference
      herein to one is intended to also be reference to the other. The
      particular tautomeric form present and the relative amounts of each will
      depend upon environmental factors such as pH and solvent.
PAR  These compounds (VI) and (VII) are new and novel and they represent an
      additional aspect of this invention. Moreover, the compounds form acid
      addition salts such as the mineral acid addition salts, e.g. the
      hydrobromide, hydrochloride, sulfate, phosphate, and the like, or organic
      acid salts such as the p-toluenesulfonate, acetate, benzoate and the like.
      These salts also represent an aspect of the invention.
PAR  In none of the above processes is the solvent, temperature or time of
      reaction critical in obtaining the indicated product. All these products
      are recovered by use of conventional techniques.
PAR  The dilithio derivatives of substituted 2-phenyl-2-imidazolines (III) are
      novel and represent an additional aspect of this invention. They are
      obtained by treating the corresponding unlithiated
      substituted-2-phenylimidazoline in inert atmosphere, e.g., nitrogen gas,
      and inert solvent, e.g. tetrahydrofuran, at a temperature of about
      30.degree.-100.degree.C. for about 0.5-48 hours.
PAR  Some of the compounds of formulas (IV) and (V) and the substituted
      2-phenyl-2-imidazolines are known and may be prepared according to methods
      disclosed in the literature. Those compounds of formulas (IV) and (V) and
      said imidazolines not specifically disclosed in the literature may be
      prepared using analogous methods and known starting materials.
PAR  A preferred aspect of this invention includes those novel compounds and
      processes wherein R and R.sub.1 represent H and halo as defined above (R'
      and R.sub.1 ').
DETD
PAC  EXAMPLE 1
PAC  7-Chloro-5-(p-chlorophenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol
PAR  A stirred solution of 17.0 g. (0.094 mole) of
      2-(p-chlorophenyl)-2-imidazoline in 200 ml. of dry tetrahydrofuran
      blanketed under nitrogen gas is treated dropwise (15 minutes) with 200 ml.
      of 1.6 Molar n-butyl-lithium (0.28 mole) of butyllithium) in hexane. The
      mixture is heated at 50.degree.C. for three hours to obtain the
      N,o-dilithio derivative of 2-(p-chlorophenyl)-2-imidazoline which is then
      treated with 38 g. (0.22 mole) of methyl-p-chlorobenzoate in 200 ml. of
      tetrahydrofuran.
PAR  After an additional five hours at 50.degree.C., the mixture is cooled to
      10.degree.C. and treated dropwise with 54 ml. of saturated ammonium
      chloride solution. After stirring for two hours at room temperature, the
      resultant solid is filtered off and crystallized from dimethylformamide to
      give
      7-chloro-5-(p-chlorophenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol.
PAR  When the above procedure is carried out and in place of
      2-(p-chlorophenyl)-2-imidazoline, there is used equivalent amounts of
PA0  a) 2-(p-fluorophenyl)-2-imidazoline,
PA0  b) 2-(p-tolyl)-2-imidazoline,
PA0  c) 2-(p-methoxyphenyl)-2-imidazoline, or
PA0  d) 2-(p-trifluoromethylphenyl)-2-imidazoline,
PAL  there is obtained
PA0  a) 7-fluoro-5-(p-chlorophenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol,
PA0  b) 7-methyl-5-(p-chlorophenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol,
PA0  c) 7-methoxy-5-(p-chlorophenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol,
      or
PA0  d)
      7-trifluoromethyl-5-(p-chlorophenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol
     -5-ol, respectively.
PAR  When the above-detailed process is carried out, in place of
      2-(p-chlorophenyl)-2-imidazoline there is used
PA0  e) 2-(p-chlorophenyl)-4-methyl-2-imidazoline, or
PA0  f) 2-(p-chlorophenyl)-4,4-dimethyl-2-imidazoline,
PAL  there is obtained
PA0  e)
      7-chloro-5-(p-chlorophenyl)-2-methyl-2,3-dihydro-5H-imidazo[2,1-a]isoindol
     -5-ol, or
PA0  f)
      7-chloro-5-(p-chlorophenyl)-2,2-dimethyl-2,3-dihydro-5H-imidazo[2,1-a]isoi
     ndol-5-ol, respectively.
PAC  EXAMPLE 2
PAC  7-Chloro-5-(p-fluorophenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol
PAR  A stirred solution of 17.0 g. (0.094 mole) of
      2-(p-chlorophenyl)-2-imidazoline in 150 ml. dry tetrahydrofuran, blanketed
      under nitrogen gas is treated dropwise (15 minutes) with 200 ml. of 1.6 M.
      n-butyl lithium in hexane. The mixture is heated at 50.degree.C. for three
      hours to obtain the N,o-dilithio derivative of
      2-(p-chlorophenyl)-2-imidazoline which is then treated with 37 g. (0.22
      mole) ethyl-p-fluorobenzoate in 300 ml. of dry tetrahydrofuran.
PAR  After an additional 5 hours at 50.degree.C. the mixture is cooled to
      10.degree.C. and treated dropwise with 54 ml. of saturated ammonium
      chloride solution. After stirring for two hours at room temperature, the
      resultant solid is filtered off and crystallized from dimethylformamide to
      give
      7-chloro-5-(p-fluorophenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol.
PAR  When the above detailed procedure is carried out and in place of
      ethyl-p-fluorobenzoate there is used
PA0  a) 3-methyl benzoyl chloride,
PA0  b) methyl benzoate,
PA0  c) methyl p-methoxy benzoate,
PA0  d) methyl p-trifluoromethyl benzoate, or
PA0  e) methyl 3,4-methylenedioxy benzoate,
PAL  there is obtained
PA0  a) 7-chloro-5-(m-tolyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol,
PA0  b) 7-chloro-5-phenyl-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol,
PA0  c) 7-chloro-5-(p-methoxyphenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol,
PA0  d)
      7-chloro-5-(p-trifluoromethylphenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindol
     -5-ol, or
PA0  e)
      7-chloro-5-(3,4-methylenedioxyphenyl)-2,3-dihydro-5H-imidazo[2,1-a]isoindo
     l-5-ol, respectively.
PAC  EXAMPLE 3
PAC  5-(p-Chlorophenyl)-2-methyl-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol
PAR  To a flask equipped with a stirrer, condenser, and dropping funnel
      maintained under a nitrogen atmosphere, is charged 9 g. of
      4-methyl-2-phenyl-2-imidazoline and 100 ml. of dry tetrahydrofuran. Over a
      15 minute period and with stirring, 94 ml. of 1.6 M of n-butyllithium in
      hexane (0.15 moles of n-butyllithium) is added. The suspension is stirred
      for about 24 hours at room temperature to provide the N,o-dilithium
      derivative of 4-methyl-2-phenyl-2-imidazoline. A solution of 20.6 g. (0.15
      mole) of 4-chlorobenzonitrile in 50 ml. of tetrahydrofuran is added and
      the mixture is refluxed for 2.5 hours, cooled in an ice bath and treated
      with 50 ml. of water. The organic layer is separated and concentrated in
      vacuo. The resultant residue which is a mixture of unreacted
      4-chlorobenzonitrile, 4-methyl-2-phenylimidazoline and
      5-amino-5-p-chlorophenyl-2-methyl-2,3-dihydro-5H-imidazo[2,1-a]isoindole
      is treated with 150 ml. of 10% aqueous hydrochloric acid at 50.degree.C.
      for 16 hours. The resultant mixture is cooled in an ice bath with 2N
      sodium hydroxide until basic to litmus. The resultant solid is filtered
      off and crystallized from methanol-tetrahydrofuran (1:1) to give
      5-(p-chlorophenyl)-2-methyl-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol.
      The above is the predominant product obtained, a lesser amount of
      5-(p-chlorophenyl)-3-methyl-2,3-dihydro-5H-imidazo[2,1-a]isoindole also
      being obtained.
PAR  When the above process is carried out and 3,4-dichlorobenzonitrile or
      3-fluorobenzonitrile is used in place of 4-chlorobenzonitrile, there is
      obtained
      5-(3,4-dichlorophenyl)-2-methyl-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol
      or 5-(3-fluorophenyl)-2-methyl-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol,
      respectively.
PAR  When the above detailed process is carried out and in place of
      4-methyl-2-phenyl-2-imidazoline there is used
PA0  a) 4,4-dimethyl-2-phenyl-2-imidazoline,
PA0  b) 2-(p-chlorophenyl)-4-methyl-2-imidazoline, or
PA0  c) 4-methyl-2-(p-trifluoromethylphenyl)-2-imidazoline,
PAL  there is obtained
PA0  a)
      5-(p-chlorophenyl)-2,2-dimethyl-2,3-dihydro-5H-imidazo[2,1-a]isoindol-5-ol
PA0  b)
      7-chloro-5-(p-chlorophenyl)-2-methyl-2,3-dihydro-5H-imidazo[2,1-a]isoindol
     -5-ol, or
PA0  c)
      7-trifluoromethyl-5-(p-chlorophenyl)-2-methyl-2,3-dihydro-5H-imidazo[2,1-a
     ]isoindol-5-ol, respectively.
PAR  As with the detailed procedure of this example hereinabove set out, the
      above method also provides in relatively minor amounts 3,3-dimethyl and
      3-methyl isoindol-5-ols corresponding to those in a), b), and c) hereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC8##
PAL  where
PA1  R.sub.1 represents H, halo having an atomic weight of 19-36, lower alkyl,
      lower alkoxy or trifluoromethyl, and
PAL  each
PA1  R.sub.2 independently represents H or alkyl having 1-2 carbon atoms,
PAL  provided that
PAR  1. when R.sub.1 is H, at least one of R.sub.2 represents other than H,
PA1  2. no more than two of R.sub.2 are other than H, and
PA1  3. when two R.sub.2 's are alkyl, they are the same.
NUM  2.
PAR  2. A compound of the formula
      ##SPC9##
PAL  where
PA1  R.sub.1 ' represents H or halo having an atomic weight of 19-36, and
PA1  R.sub.2 is as defined in claim 1,
PAL  provided that
PA1  1. when R.sub.1 ' is H, at least one of R.sub.2 represents other than H,
PA1  2. no more than two of R.sub.2 are other than H, and
PA1  3. when two R.sub.2 's are alkyl, they are the same.
NUM  3.
PAR  3. The compound of claim 2 which is
      N,o-dilithio-2-(p-chlorophenyl)-2-imidazoline.
NUM  4.
PAR  4. The compound of claim 2 which is
      N,o-dilithio-4-methyl-2-phenyl-2-imidazoline.
PATN
WKU  039324516
SRC  5
APN  4194411
APT  1
ART  124
APD  19731127
TTL  1,4,7,10-Tetraazatetracyclo[5.5.1.0.sup.4,13.0.sup.10,13 ]tridecane and
      its conjugate acids
ISD  19760113
NCL  5
ECL  1
EXP  Love; Ethel G.
INVT
NAM  Bigelow; John Howard
CTY  Rochester
STA  NY
INVT
NAM  Richman; Jack E.
CTY  Wilmington
STA  DE
ASSG
NAM  E. I. Du Pont de Nemours & Company
CTY  Wilmington
STA  DE
COD  02
CLAS
OCL  2603096
XCL   99 665
XCL   99107
XCL  260239B
XCL  2603097
XCL  260482C
EDF  2
ICL  C07D 4934
FSC  260
FSS  309.7;309.6
OREF
PAL  chem. Abstracts, 65: 18580c.
LREP
FR2  Mentis; Anthony P.
ABST
PAL  1,4,7,10-Tetraazatetracyclo[5.5.1.0.sup.4,13.0.sup.10,13 ]tridecane
      -tridecane which can reversibly and successively add two moles of acids to
      form conjugate acids, can be made by condensation of
      1,4,7,10-tetraazacyclododecane with ethyl orthocarbonate or by the
      condensation of 2,3,5,6-tetrahydro-1H-imidazo[1,2-a]imidazole with ethyl
      bis(2-chloroethyl)carbamate followed by acid hydrolysis. The salts with
      acids having photographically innocuous anions can be used in developers
      for silver halide emulsion to reduce fog, and can be used in the emulsions
      themselves as sensitizers.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a novel tetracyclic tetraamine and its tricyclic
      salts made by reaction of the tetraamine with acids having
      photographically innocuous anions.
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention is directed to the tetraamine
      1,4,7,10-tetraazatetracyclo[5.5.1.0.sup.4,13.0.sup.10,13 ]tridecane
      (formula I), to its salts with one or two equivalents of an acid having a
      photographically innocuous anion, to developer for silver halide emulsions
      containing an amount of the tetraamine or its salts sufficient to reduce
      background fog, and to the use of such compounds in photographic silver
      halide emulsions in an amount sufficient to sensitize said emulsion.
PAR  The tetraamine of this invention and its equilibrium with the salts
      1,2,3,4,6,7,8,9-octahydro-5H-4a-azonia-2a,7,9a-triazacycloocta[cd]pentalen
     e chloride (formula II) and
      1,2,3,4,6,7,8,9-octahydro-5H-4a-azonia-2a,7,9a-triazacycloocta[cd]pentalen
     e chloride hydrochloride (formula III) in the presence of hydrochloric
      acid, which are preferred salts is shown in the following equation:
      ##SPC1##
PAR  The interconversions depicted in the preceding equation all take place
      rapidly at room temperature. Treatment of I with one equivalent of
      hydrochloric acid produces II; treatment of II with one equivalent of a
      strong base such as aqueous sodium hydroxide reconverts II to I. Treatment
      of II with one or more equivalents of hydrochloric acid produces III;
      treatment of III with one equivalent of a strong base such as aqueous
      sodium hydroxide converts it to II. I and III can be interconverted
      directly without stopping at II; i.e., by treating I with two or more
      equivalents of hydrochloric acid and by treating III with two or more
      equivalents of sodium hydroxide.
PAR  The organic, cationic moieties of II and III are the monoprotonated and
      diprotonated conjugate acids of I, respectively. Correspondingly, I is the
      conjugate base formed by removing one proton from the cation of II or two
      protons from the cation of III. The facile equilibrium between the base I
      and the conjugate acids II and III is unusual, in that a C-N bond is
      broken and reformed in the processes. Usually there is no such bond
      rupture in the interconversions of conjugate acids and bases.
PAR  In II the unit positive charge assigned to one of the ring nitrogen atoms
      is actually shared by the three nitrogens bonded to the central carbon,
      and to a lesser extent by the central carbon, to give a
      resonance-stabilized structure. The structure shown for II is one of
      several localized structures contributing to the overall structure. It is
      used both for convenience and to make it easier to name the compound. The
      same is true for the corresponding unit positive charge in III.
PAR  The tetraamine of the invention and its chloride salts can be prepared as
      shown in the following examples. Of the starting materials used in Example
      A, 2,3,5,6-tetrahydro-1H-imidazo[1,2-a]imidazole was prepared essentially
      by the method of McKay et al., J. Am. Chem. Soc. 78, 6144 (1956), and was
      purified by recrystallization from acetonitrile; ethyl
      bis(2-chloroethyl)carbamate was prepared by the method of Skipper et al.,
      J. Nat. Cancer Inst. 9, 77 (1948).
PAR  Salts of other acids such as sulfuric acid, nitric acid, acetic acid,
      tartaric acid and lactic acid having photographically innocuous anions can
      be made by conventional metathetic reactions.
PAR  The term "photographically innocuous anion" is intended to mean an anion
      whose presence in a photographic silver halide emulsion and/or in a
      developer solution therefor, has little or no effect on the photographic
      process.
DETD
PAR  This invention is further illustrated by the following examples which are
      not intended to be limiting.
PAC  EXAMPLE A
PAC  7-Ethoxycarbonyl-1,2,3,4,6,7,8,9-octahydro-5H-4a-azonia-2a,7,9a-triazacyclo
     octa[cd]pentalene tetraphenylborate
      ##SPC2##
PAR  To a stirred solution of 3.11 g of ethyl bis(2-chloroethyl)carbamate in 30
      ml of dry dimethylformamide was added 1.62 g of
      2,3,5,6-tetrahydro-1H-imidazo[1,2-a]imidazole. The mixture was warmed
      until it became homogeneous (ca. 40.degree.-50.degree.C). On cooling, the
      starting imidazole crystallized, and the reaction mixture remained
      strongly basic. The mixture was still strongly basic after stirring at
      70.degree.-80.degree.C for 5 minutes and after stirring at 100.degree.C
      for 15 minutes. It was heated at about 100.degree.C on a steam bath for
      2.5 hours, after which titration of a 1.0-ml sample with 0.1 N HCl showed
      that 65% of the original base had been neutralized. Heating on the steam
      bath was continued for 1.75 hours, followed by stirring at ambient
      temperature overnight, after which the mixture was only weakly basic to
      phenolphthalein. The absence of basicity indicated that the first stage of
      the desired reaction, i.e., reaction of one of the 2-chloroethyl groups at
      the NH group of the imidazole with elimination of HCl, was essentially
      complete. The results also indicated that heating the reaction mixture for
      one 6-hour period at 100.degree.C would suffice for this part of the
      process.
PAR  There was then added to the mixture 16.8 ml of 0.86 M potassium t-butoxide
      in dimethylformamide, and the resulting slurry was heated at 100.degree.C
      with stirring for about 20 hours. The solution was concentrated under
      reduced pressure to give 4.4 g of an oil, of which 3.5 g was dissolved in
      water and treated with excess aqueous sodium tetraphenylborate. The white
      solid that precipitated was separated by filtration, washed with ethyl
      alcohol, and recrystallized from acetonitrile, to give 2.17 g of
      7-ethoxycarbonyl-1,2,3,4,6,7,8,9-octahydro-5H-4a-azonia-2a,7,9a-triazacycl
     oocta[cd]pentalene tetraphenylborate. A smaller sample of the product,
      similarly prepared from the nonvolatile oil and recrystallized from
      acetonitrile, melted at 201.5.degree.-203.degree.C.
TBL  ______________________________________                                    

     Anal. Calcd. for C.sub.36 H.sub.41 BN.sub.4 O.sub.2 :                     

                      C,    75.52;  H,  7.22;                                  

                                             N,  9.79                          

     Found:           C,    75.13;  H,  7.35;                                  

                                             N,  9.85                          

                            74.86       7.24     9.89                          

     ______________________________________                                    

PAR  NMR (220 MHz, CD.sub.3 CN): .delta.7.25 (m, 8H, meta), 6.99 (t, 8H, ortho),
      6.82 (t, 4H, para), 4.11 (quartet, 2H, CH.sub.2,CH.sub.3), 3.93, 3.66,
      3.51 and 3.33 (all triplets, 4H each) and 1.26 (t, 3H, CH.sub.3).
PAR  A second recrystallization of this sample from acetonitrile gave mp
      201.degree.-202.degree.C and the following analytical data:
TBL  Found:                                                                    

           C,    75.34;   H,  7.46;  N,  9.88                                  

                 75.04        7.42       9.61                                  

PAC  EXAMPLE 1
PAC  1,2,3,4,6,7,8,9-Octahydro-5H-4a-azonia-2,7,9a-triazacycloocta[cd]pentalene
      chloride hydrochloride
      ##SPC3##
PAR  a. The tetraphenylborate salt that was the product of Example A (2.0 g) was
      converted to the corresponding nitrate by dissolving it in 40 ml of warm
      acetonitrile and adding a solution of 0.60 g of silver nitrate in 10 ml of
      acetonitrile. After 30 minutes the precipitated silver tetraphenylborate
      was separated by filtration, and the filtrate was evaporated to give 1.12
      g of crystalline nitrate. This was converted to the corresponding chloride
      by dissolving it in water and passing the solution through an
      anion-exchange column containing quaternary ammonium chloride residues on
      crosslinked polystyrene ("Dowex" 2-X8). An aqueous solution of the
      chloride in 20 ml of water was thus obtained. The identity of the product
      was confirmed by evaporating one-fifth of this solution to give 199 mg of
      the chloride and observing the similarity of the aliphatic region of its
      nmr spectrum in D.sub.2 O with the spectrum of the tetraphenylborate used
      as starting material.
PAR  Another one-fifth of the aqueous solution was saturated with hydrogen
      chloride at 25.degree.C, and the resulting solution was heated in a sealed
      glass tube at 100.degree.C for 60 hours. The resulting solution was
      concentrated under vacuum to give 110 mg of solid
      1,2,3,4,6,7,8,9-octahydro-5H-4a-azonia-2a,7,9a-triazacycloocta[cd]pentalen
     e chloride hydrochloride.
PAR  b. A larger sample of the product, prepared by the same method and washed
      with isopropyl alcohol, melted at 149.degree.-154.degree.C.
      Recrystallization from absolute ethyl alcohol gave colorless crystals, mp
      151.degree.-153.degree.C. These crystals were apparently a solvate, since
      on drying at about 80.degree.C in vacuum they became opaque and had mp
      250.degree.-252.degree.C. The following analyses were carried out on the
      vacuum-dried sample.
PAR  Anal. Calcd. for C.sub.9 H.sub.18 Cl.sub.2 N.sub.4 : C, 42.69; H, 7.17; N,
      22.13  Found: C, 42.17; H, 6.83; N, 22.38.
PAR  IR(KBr, solvent-free): 2.92 (strong), 3.38, 3.45, 3.6-3.77 (several broad
      bands), 3.91, 4.20, 4.65 (weak), 5.95 (strong), 6.10 (weak), 6.24
      (strong), 6.72, 6.83, 7.21, 7.27, 7.54, 7.74 (strong), 8.31, 8.71, 9.02,
      9.18, 9.51, 10.05, 10.21, 10.45, 10.56, 11.7-12.2, 13.10, 14.25 (shoulder)
      and 14.50.mu. (broad).
PAR  NMR (D.sub.2 O): 27-line pattern composed of 2 overlapping symmetrical
      AA'BB' patterns with approximate shifts of (4.23 and 3.57 ppm) and (3.93
      and 3.67 ppm).
PAR  When excess aqueous sodium picrate solution was added to an aqueous
      solution of a small amount of the product in a, a yellow dipicrate
      precipitated, mp 245.degree.-250.degree.C (dec). In this compound the two
      chloride ions of the product of the example have been replaced by picrate
      ions. Another sample of the dipicrate, similarly prepared, was
      recrystallized from acetonitrile; mp 255.degree.-259.degree.C (dec).
TBL  __________________________________________________________________________

     Anal. Calcd. for C.sub.21 H.sub.22 N.sub.10 O.sub.14 :                    

                      C,                                                       

                        39.50,                                                 

                             H,                                                

                               3.47;                                           

                                    N,                                         

                                      21.94                                    

     Found:           C,                                                       

                        40.14;                                                 

                             H,                                                

                               3.49;                                           

                                    N,                                         

                                      21.78                                    

                        39.96  3.49   21.72                                    

     __________________________________________________________________________

PAL  An infrared absorption spectrum of the picrate was also obtained.
PAC  EXAMPLE 2
PAC  1,4,7,10-Tetraazatetracyclo[5.5.1.0.sup.4,13.0.sup.10,13 ]tridecane
      ##SPC4##
PAR  To a solution of 110 mg of
      1,2,3,4,6,7,8,9-octahydro-5H-4a-azonia-2a,7,9a-triazacycloocta[cd]pentalen
     e chloride hydrochloride in 0.5 ml of D.sub.2 O was added 0.3 g of a 14%
      (by weight) solution of sodium hydroxide in D.sub.2 O and then 0.4 ml of
      chloroform-d. The mixture was shaken thoroughly, and the organic phase was
      allowed to settle out. The nmr absorption spectrum of the organic phase
      showed a single symmetrical A.sub.2 B.sub.2 pattern shifted to higher
      fields than the complex pattern of the starting material. Evaporation of
      the organic phase gave 1,4,7,10-tetraazacyclo[5.5.1.0.sup.4,13.0.sup.10,13
      ]tridecane as a white solid. When an aqueous solution of the product was
      acidified with excess aqueous picric acid, a yellow solid precipitated.
      The latter product had an infrared absorption spectrum identical with that
      of the dipicrate described in Example 1. It melted at
      240.degree.-245.degree.C (dec).
PAC  EXAMPLE 3
PAC  1,4,7,10-Tetraazatetracyclo[5.5.1.0.sup.4,13.0.sup.10,13 ]tridecane
PAR  a. A solution of 6.7 g of
      1,2,3,4,6,7,8,9-octahydro-5H-4a-azonia-2a,7,9a-triazacycloocta[cd]pentalen
     e chloride hydrochloride in 50 ml of water was prepared by scaling up the
      method of Example 1. Enough sodium hydroxide was dissolved in 40 ml of
      this solution to make it strongly basic. The resulting solution was
      extracted with several portions of chloroform, and the combined extracts
      were dried over 3A molecular sieves for 50 minutes. The infrared
      absorption spectrum of the chloroform solution indicated that water of
      hydration was still present after this treatment. The chloroform was
      removed by distillation under nitrogen. The residue was heated in a
      bulb-to-bulb distillation apparatus at 70.degree.-110.degree.C (oven
      temperature) and 2 mm and then at 110.degree.-150.degree.C at 9 mm. A
      total of 2.55 g of
      1,4,7,10-tetraazatetracyclo[5.5.1.0.sup.4,13.0.sup.10,13 ]tridecane
      volatilized as a solid sublimate and a semisolid distillate. The
      distillate soon became entirely solid. A sample of the sublimate melted at
      97.degree.-104.5.degree.C and gave the following analyses:
PAR  NMR (CCl.sub.4): Symmetrical AA'BB' pattern, 14 lines centered at
      .delta.2.83.
PAR  NMR (CD.sub.3 CN): Broad singlet (width at half height .about.8 Hz) at
      .delta.2.83 at 35.degree.C splitting to a broadened symmetrical multiplet
      at -30.degree.C.
PAR  Mass Spectrum: m/e (rel. intensity) 180 (100, parent peak), 179 (10), 152
      (30-40), 138 (15-20), 124 (80-90), 110 (15-20), 98 (40-50), 56 (20-30), 55
      (15-20) and 42 (20-25).
PAR  Titration with hydrochloric acid gave two end points by glass-electrode
      potentiometry, corresponding to an equivalent weight of 91 .+-. 9 and a
      molecular weight of 182 .+-. 18 for a dibasic amine. The calculated values
      for C.sub.9 H.sub.16 N.sub.4 are 90 and 180, respectively.
PAR  b. 1,4,7,10-Tetraazatetracyclo[5.5.1.0.sup.4,13.0.sup.10,13 ]tridecane was
      prepared essentially by the method described above and was distilled in a
      bulb-to-bulb apparatus at about 140.degree.C/7 mm. The colorless solid
      melted at 105.degree.-108.degree.C. Analysis indicated that the product
      was a hydrate containing an average of 0.73 molecule of water per molecule
      of tetraamine.
TBL  __________________________________________________________________________

     Anal. Calcd. for C.sub.9 H.sub.16 N.sub.4.0.73 H.sub.2 O:                 

                        C,                                                     

                          55.88;                                               

                               H,                                              

                                 9.10;                                         

                                      N,                                       

                                        28.97                                  

     Found:             C,                                                     

                          56.00;                                               

                               H,                                              

                                 8.86;                                         

                                      N,                                       

                                        29.03                                  

                          55.70  8.96   29.32                                  

     __________________________________________________________________________

PAR  Acidification of an aqueous solution of the product with excess aqueous
      picric acid caused a yellow dipicrate to precipitate. The latter was
      recrystallized three times from aqueous acetonitrile, after which it
      melted at 255.degree.-259.degree.C (dec) and was shown to be identical
      with the picrates described in Examples 1 and 2 by comparison of the
      infrared absorption spectra.
TBL  __________________________________________________________________________

     Anal. Calcd. for C.sub.21 H.sub.22 N.sub.10 O.sub.14 :                    

                      C,                                                       

                        39.50;                                                 

                             H,                                                

                               3.47;                                           

                                    N,                                         

                                      21.94                                    

     Found:           C,                                                       

                        39.52;                                                 

                             H,                                                

                               3.17;                                           

                                    N,                                         

                                      21.60                                    

                        39.97  3.28   21.85                                    

                        39.56  3.17   21.65                                    

     __________________________________________________________________________

PAR  IR (KBr): 2.9 (broad), 3.2-4.0 (broad), 5.90, 6.08, 6.17, 6.37, 6.96, 7.32,
      7.57 (broad), 7.87, 8.60, 9.26, 9.52, 11.0, 12.69, 13.44, and 14.10.mu..
PAC  EXAMPLE 4
PAR  1,2,3,4,6,7,8,9-Octahydro-5H-4a-azonia-2a,7,9a-triazacycloocta[cd]pentalene
      chloride
      ##SPC5##
PAR  A mixture of 0.52 g of 1,4,7,10-tetraazacyclododecane, 0.32 g of
      tetraazacyclododecane tetrahydrochloride, 0.77 g of ethyl orthocarbonate,
      and 5 ml of absolute ethyl alcohol was heated with stirring on a steam
      bath (ca. 100.degree.C) for 8 hours. The nmr spectrum of a small sample of
      the mixture indicated that the desired reaction was about 75-80% complete.
      The mixture was heated with stirring on a steam bath for 19 hours more.
      Volatile materials were evaporated under reduced pressure, and the residue
      was recrystallized from acetonitrile to give 0.20 g of
      1,2,3,4,6,7,8,9-octahydro-5H-4a-azonia-2a,7,9a-triazacycloocta[cd]pentalen
     e chloride (II) as needle-like crystals.
PAR  A sample of the product was dissolved in warm perdeuteroacetonitrile. The
      nmr spectrum of the resulting solution consisted of only two absorptions,
      a broad singlet (width at 1/2 height 5.5 Hz) 1.53 ppm downfield and a
      sharp singlet 0.83 ppm downfield from the solvent absorption. The low
      field absorption was assigned to the methylene protons of II, which are
      rapidly exchanging amongst the four different locations in structure II.
      This is evidence for the rapid interconversion of I, II and III.
PAR  On standing the perdeuteroacetonitrile solution deposited clear, long
      needles of
      1,2,3,4,6,7,8,9-octahydro-5H-4a-azonia-2a,7,9a-triazacycloocta[cd]pentalen
     e chloride. The product was a monohydrate, mp 133.degree.-136.degree.C,
      which kept its water of hydration on drying at 80.degree.C and 0.1 mm.
TBL  __________________________________________________________________________

     Anal. Calcd. for C.sub.9 H.sub.17 N.sub.4 Cl.H.sub.2 O:                   

                        C,                                                     

                          46.05;                                               

                               H,                                              

                                 8.15;                                         

                                      N,                                       

                                        23.87                                  

     Found:             C,                                                     

                          46.04;                                               

                               H,                                              

                                 7.67;                                         

                                      N,                                       

                                        24.08                                  

                          46.08  7.99   24.05                                  

     __________________________________________________________________________

PAR  As previously noted,
      1,4,7,10-tetraazatetracyclo[5.5.1.0.sup.4,13.0.sup.10,13 ]tridecane (I)
      can be made from the product of the foregoing example (II) by treatment
      with one or more equivalents of sodium hydroxide. Similarly, and as also
      previously noted,
      1,2,3,4,6,7,8,9-octahydro-5H-4a-azonia-2,7,9a-triazacycloocta[cd]pentalene
      chloride hydrochloride (III) can be made by treatment of the product of
      the foregoing example with one or more equivalents of hydrochloric acid.
PAR  1,4,7,10-Tetraazacyclododecane, the starting material in the foregoing
      example, can be prepared by the method of Stetter and Mayer, Chem. Ber.
      94, 1410 (1961).
PAR  As illustrated in the following examples, the products of the invention are
      useful as sensitizers in photographic emulsion systems, and can be
      employed in developer systems for silver halide emulsion to reduce fog, to
      reduce the toe of the optical density/exposure curve, and to assist
      contrast without substantial loss of speed.
PAC  EXAMPLE B
PAR  To an acidified solution of gelatin containing 1.5 moles of potassium
      chloride there was rapidly added 1.5 moles of silver nitrate in aqueous
      solution. There was then added 0.6 moles of aqueous potassium bromide
      solution and the mixture allowed to ripen for ten minutes, after which
      there was added 0.9 moles of aqueous potassium bromide solution and the
      mixture allowed to ripen for 10 minutes, all at 160.degree.F. The
      resulting emulsion was cooled, coagulated, washed, and redispersed in the
      manner disclosed in Moede, U.S. Pat. No. 2,772,162 issued Nov. 27, 1956.
      Two emulsions were made in this manner; number one a control as described,
      and number two a test containing 0.3 g of
      1,2,3,4,6,7,8,9-octahydro-5H-4a-azonia-2a,7,9a-triazacycloocta[cd]pentalen
     e chloride hydrochloride (III) dissolved in the acidified solution of
      gelatin before the silver nitrate solution was added.
PAR  The acidified gel solution contains 0.0768 moles of HCl, which is
      sufficient to produce a pH .congruent. 2 with 50 g of gelatin plus 1.5
      moles of KCl dissolved in 2564 ml of solution. The 0.3 g of the test
      compound is equal to 0.0012 moles based on formula III. The HCl present
      would have been adequate to produce the chloride hydrochloride in
      solution, and still leave sufficient HCl to produce an acid "make", if the
      conjugate base, 1,4,7,10-tetraazatetracyclo[5.5.1.0.sup.4,13.0.sup.10,13
      ]tridecane (I), or the chloride of its monoprotonated conjugate acid, II,
      had been used as the test compound. Emulsions number one and number two
      were treated in two different ways:
PAR  (1) Negative Acting Primitive Emulsion
PAR  To the emulsion containing silver halide equivalent to 1.5 moles of silver
      nitrate there was added 124 g of gelatin and the temperature raised to
      130.degree.F. The pH was adjusted to 8 with borax and the emulsion
      digested for 40 minutes at 130.degree.F. The pH was then adjusted to 5.5,
      coating aids including a gelatin hardener added, and the emulsion coated
      on a 4 mil polyester film support, and dried in the conventional manner.
PAR  A strip of each coated emulsion was exposed through a .sqroot.2 wedge by
      means of a quartz-iodine lamp that provided an exposure of 514,000
      meter-candle-seconds. It was then developed for 1.5 minutes at 80.degree.F
      in a commercial hydroquinone-formaldehyde litho developer, and fixed,
      washed, and dried in a conventional manner. Densities were then read in a
      conventional densitometer. The results are shown in the following table.
TBL  ______________________________________                                    

     RESPONSE OF NEGATIVE ACTING PRIMITIVE EMULSION                            

     ______________________________________                                    

     Make                                                                      

     Variation      D-Min            D-Max                                     

     ______________________________________                                    

     No. 1                                                                     

     Control        .03              .08                                       

     No. 2          .05              .35                                       

     ______________________________________                                    

PAL  The greater response of emulsion number two shows that III acts as a
      sensitizer.
PAR  (2) Direct Positive Emulsion
PAR  To the emulsion containing silver halide equivalent to 1.5 moles of silver
      nitrate there was added 124 g of gelatin and the temperature raised to
      130.degree.F. A chemical fogging agent was added as described in Bigelow,
      U.S. Pat. No. 3,637,392 issued Jan. 25, 1972, the pH adjusted to 8 with
      borax and the mixture digested for 40 minutes at 130.degree.F. The pH was
      then adjusted to 5.5, coating aids including a gelatin hardener added, and
      the emulsion coated on a 4 mil polyester film support, dried in a
      conventional manner and tested by the procedure described in part (1). The
      results are shown in the following table.
TBL  ______________________________________                                    

     RESPONSE OF DIRECT POSITIVE EMULSION                                      

     ______________________________________                                    

     Make                              Speed                                   

     Variation D-Min       D-Max       (D=1.0)                                 

     ______________________________________                                    

     No. 1                                                                     

     Control   .03         2.15        100                                     

     No. 2     .06         3.89         24                                     

     ______________________________________                                    

PAR  The higher D-max and accompanying lower speed of make variation number two
      which is obtained with the same amount of chemical fogging agent as the
      control make number one is indicative of greater sensitization, i.e.,
      easier change obtained in make number two containing III.
PAC  EXAMPLE C
PAR  A commercial lithofilm was exposed for four seconds through a .sqroot.2
      step wedge and a 100 line square dot gray screen to produce test films.
      Test films were developed for 2 minutes at 80.degree.F in a commercial
      litho developer as a control, and in the same developer to which 100
      mg/liter of
      1,2,3,4,6,7,8,9-octahydro-5H-4a-azonia-2a,7,9a-triazacycloocta[cd]pentalen
     e chloride hydrochloride had been added. The base fog of the control had an
      optical density of 0.08 compared with 0.04 when the additive was used.
      Table I shows the results obtained for the differing steps.
TBL                TABLE I                                                     

     ______________________________________                                    

                Optical Density                                                

     Step No.     Control       With Additive                                  

     ______________________________________                                    

     2            0.03          0.00                                           

     3            0.50          0.05                                           

     4            1.24          0.94                                           

     5            2.03          1.99                                           

     6            2.89          2.83                                           

     7            3.98          3.95                                           

     8            5.08          5.29                                           

     9            5.65          5.59                                           

     10           5.64          5.68                                           

     ______________________________________                                    

PAR  From the data of Table I the speed of the developer with additive was 98.5
      compared with a value of 100 for the control. Contrast was 6.43 compared
      with 5.34 for the control. The data show that the toe of the optical
      density/exposure curve was substantially diminished by the presence of the
      additive.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound having the formula
      ##SPC6##
PAL  and salts thereof with an acid selected from the group consisting of
      hydrochloric, sulfuric, nitric, acetic, tartaric and lactic.
NUM  2.
PAR  2. A compound of claim 1 in the form of a salt with one equivalent of said
      acid.
NUM  3.
PAR  3. The compound of claim 2 wherein said acid is hydrochloric acid.
NUM  4.
PAR  4. A compound of claim 1 in the form of a salt with two equivalents of said
      acid.
NUM  5.
PAR  5. The compound of claim 4 wherein said acid is hydrochloric acid.
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ABST
PAL  A series of 1-arylmethyl-2-imidazolidinones are useful as antidepressant
      agents.
BSUM
PAR  This invention is concerned with chemical compounds. More particularly it
      deals with compounds of the formula:
      ##SPC1##
PAL  Wherein Ar is selected from the group consisting of benzhydryl, 2-naphthyl,
      5-bromo-2-naphthyl,4-pyridyl, and
      ##SPC2##
PAL  Wherein R is 2-fluoro, 4-bromo, 2,6-dichloro, 2,4-dichloro,
      2-hydroxy-5-nitro, 4benzyloxy, 3,4-difluoro or 4-cyano. These compounds
      possess pharmacologic properties. Particularly, these compounds affect the
      central nervous system. They exhibit anticonvulsant properties evidenced
      by the control of pentylenetetrazol induced convulsions in mice. Thus, an
      oral dose of from 50-200 mg/kg of these compounds to mice intravenously
      receiving 45 mg/kg of pentylenetrazol counteracts the convulsive property
      of that agent.
PAR  The compounds of this invention are currently prepared according to the
      following schema:
      ##SPC3##
PAL  Wherein X is halogen. Preferably this reaction is carried out in the
      presence of potassium carbonate and potassium iodide and an inert solvent
      such as dimethylsulfoxide or dimethylformamide.
      ##SPC4##
PAL  This reaction is readily carried out in a solvent such as dioxane.
PAR  The following examples are illustrative of the preparation of the compounds
      of this invention according to the above schema.
DETD
PAC  EXAMPLE I
PAC  1-(Diphenylmethyl)-2-imidazolidinone
PAR  A 21.5 g (0.25 mole) portion of 2-imidazolidinone in 250 ml of
      dimethylsulfoxide was treated with 34.5 g (0.25 mole) of K.sub.2 CO.sub.3,
      20 g (0.12 mole) of KI and 50.8 g (0.25 mole) of benzhydryl chloride. The
      reaction mixture was heated with rapid stirring to 100.degree. over 0.3
      hr, held at 100.degree. for 1.5 hours and poured into 1.5 l of H.sub.2 O.
      The aqueous mixture was extracted with 1.3 l of chloroform. The chloroform
      extract was washed with 500 ml of H.sub.2 O, dried over MgSO.sub.4
      overnight and filtered. The filtrate was concentrated to dryness under
      reduced pressure leaving 27 g (43%) of a semi-solid. The crude product was
      washed with 100 ml of ether, air dried and dried at 60.degree. for 2 hours
      to give 19 g (30%) of a white solid, m.p. 200.degree.-202.degree..
      Recrystallization from acetonitrile provided an analytical sample, m.p.
      201.degree.-203.degree..
PAR  Anal. Calcd. for C.sub.16 H.sub.16 N.sub.2 O: C, 76.16; H, 6.39; N, 11.10.
      Found : C, 75.91; H, 6.52; N, 11.32.
PAC  EXAMPLE II
PAC  1-(2-Naphthylmethyl)-2-imidazolidinone
PAR  A 21.5g (0.25 mole) portion of 2-imidazolidinone in 250 ml of
      dimethylsulfoxide was treated with 34.5 g (0.25 mole) of K.sub.2 CO.sub.3,
      20 g (0.12 mole) of KI and 44.3 g (0.25 mole) of
      2-(chloromethyl)-naphthalene. The reaction mixture was heated to
      105.degree. over 0.3 hours, held at 105.degree.-110.degree. for 1.8 hours
      and poured with rapid stirring into 1.5 l of water. The aqueous mixture
      was extracted with 1.3 l of chloroform. The chloroform extract was washed
      with 500 ml of water, dried over MgSO.sub.4 overnight and filtered. The
      filtrate was concentrated to dryness to give 31.5 g (56%) of a light
      yellow solid, m.p. 102 soften, 120.degree.-138.degree..
PAR  The crude product was recrystallized from 400 ml of acetonitrile, washed
      with 200 ml of ether, air dried, and dried 2 hours at 60.degree., m.p.
      133.degree.-144.degree.. Yield: 23 g. (41%)
PAR  A 22 g portion of the above recrystallized product was recrystallized from
      825 ml of methanol, cooled to room temperature, stored for 4 hours at room
      temperature, and filtered. The white pearlescent solid (6.0 g,
      1,3-disubstituted product) was saved, m.p. 167.degree.-170.degree.. The
      filtrate was concentrated to a volume of 75 ml, cooled and filtered. The
      white solid was washed with 50 ml of methanol, then ether, and air dried,
      m.p. 149.degree.-152.degree.. Yield: 11.5 (50%). Recrystallization from
      methanol provided an analytical sample, m.p. 148.degree.-151.degree..
PAR  Anal. Calcd. for C.sub.14 H.sub.14 N.sub.2 O: C, 74.31; H, 6.24; N, 12.38.
      Found: C, 74.57; H, 6.27; N, 12.03.
PAC  EXAMPLE III
PAC  1-[(5-Bromo-2-naphthyl)methyl]-2-imidazolidinone
PAR  A. 5-Bromo-2-Naphthoic Acid
PAR  A 75 g (0.44 mole) portion of 2-naphthoic acid, 375 ml of acetic acid, 22.5
      ml of Br.sub.2 (70 g, 0.44 mole) and 1.9 g (0.015 mole) of I.sub.2 were
      placed in a 1 l. 3-necked flask and refluxed with stirring for 0.6 hours.
      The reaction mixture was cooled to 25.degree. and filtered. The cream
      solid was washed with small portions of the filtrate, air dried and dried
      to a constant weight at 60.degree. to give 76 g (75%) of a light tan-cream
      solid, m.p. 224.degree.-233.degree. dec.
PAR  The crude product was slurried with 375 ml of 1 N NaOH for 0.5 hours and
      filtered. The cream colored sodium salt was washed with portions of the
      filtrate and air dried. The damp cake was taken up in 300 ml of H.sub.2 O,
      acidified with 50 ml of HCl, stirred for 4 hours, filtered, washed with
      100 ml of H.sub.2 O, air dried, and dried to a constant weight at
      60.degree., m.p. 257.degree.-259.degree. dec. Yield: 42 g (42%)
PAR  B. 2-Bromo-5-(hydroxymethyl)-naphthalene
PAR  A 42 g (0.167 mole) portion of 5-bromo-2-naphthoic acid in 460 ml of
      toluene was treated with 460 ml (0.58 mole) of diisobutylaluminum hydride
      over 0.4 hours at 20.degree.-25.degree. with rapid stirring. The reaction
      mixture was then allowed to stand for 1 hour at ambient temperature,
      heated slowly to reflux over 0.5 hours, refluxed for 0.5 hours, allowed to
      cool slowly to room temperature and allowed to stand overnight at room
      temperature with stirring. The reaction mixture was then treated at
      25.degree.-30.degree. with 36 ml of 1:1 H.sub.2 O-methanol, 18 ml of
      concentrated HCl and 200 ml of H.sub.2 O. The organic layer was separated,
      dried over MgSO.sub.4, filtered and concentrated under reduced pressure to
      give 39.5 g (97%) of a light yellow oil which crystallized, m.p.
      72.degree.-75.degree..
PAR  Further extraction of the aqueous phase with 300 ml of toluene gave an
      additional 1.0 g (3%) of the desired product, m.p. 71.degree.-75.degree..
PAR  C. 2-Bromo-5-(chloromethyl)-naphthalene
PAR  A 39.5 g (0.167 mole) portion of 2-bromo-5-(hydroxymethyl)-naphthalene in
      300 ml of chloroform was treated at 0.degree.-5.degree. over 0.3 hours
      with 75 ml (123 g, 1.03 mole) of SOCl.sub.2. The reaction mixture was
      allowed to warm to room temperature over 0.5 hours, heated to reflux over
      0.2 hours, and allowed to cool slowly to room temperature and filtered.
      The filtrate was concentrated under reduced pressure. The residue was
      taken up in 150 ml of benzene and again concentrated under reduced
      pressure to give 43 g (100%) of a light yellow oil which crystallized,
      m.p. 73.degree.-76.degree..
PAR  D. 1-[(5-Bromo-2-naphthyl)methyl]-2-imidazolidinone
PAR  An 18.9 g (0.22 mole) portion of 2-imidazolidinone, 23.8 g (0.17 mole) of
      K.sub.2 CO.sub.3, 16.4 g (0.099 mole) of KI, 44 g (0.17 mole) of
      2-bromo-5-(chloromethyl)-naphthalene in 397 ml of dimethylsulfoxide was
      heated rapidly with stirring to 105.degree. over 0.3 hours and held at
      105.degree.-110.degree. for 1.7 hours. The hot reaction mixture was poured
      into 550 ml of H.sub.2 O and stirred for 0.1 hours. The hydrolysis mixture
      was extracted with three 330 ml portions of chloroform. The chloroform
      extracts were combined, washed with 220 ml of H.sub.2 O, dried over
      MgSO.sub.4 and filtered. The filtrate was concentrated under reduced
      pressure to give 32 g (62%) of light yellow oil.
PAR  The crude product was then repeatedly washed with a total of four 200 ml
      portions of heptane to give 30 g of a light yellow oil. The crude oil was
      extracted with 800 ml of an H.sub.2 O-methanol solution (1 part by volume
      of H.sub.2 O to 9 parts by volume of methanol). The extract was allowed to
      cool to room temperature and filtered. The filtrate was concentrated hard
      under reduced pressure to give 10 g (19%) of a pale yellow oil. The oil
      was crystallized using 60 ml of acetone to give the desired product, a
      white solid, m.p. 161.degree.-163.degree.. Yield: 2.3 g (4.3%).
PAR  The filtrate was then concentrated under reduced pressure to give 6 g of a
      light yellow oil which was crystallized with 30 ml of ether to give an
      additional 0.5 g (1%) of the desired product, m.p.
      158.degree.-161.degree.. Recrystallization from acetone gave an analytical
      sample, m.p. 162.degree.-163.degree..
PAR  Anal. Calc'd. for C.sub.14 H.sub.13 BrN.sub.2 O: C, 55.10; H, 4.29; N,
      9.18. Found: C, 55.53; H, 4.44; N, 9.00.
PAC  EXAMPLE IV
PAC  1-(2-Fluorobenzyl)-2-imidazolidinone
PAR  A 21.5 g (0.25 mole) portion of 2-imidazolidinone in 125 ml of
      dimethylsulfoxide was treated with 34.5 g (0.25 mole) of K.sub.2 CO.sub.3,
      20 g (0.12 mole) of KI and 36.3 g (0.25 mole) of 2-fluorobenzyl chloride.
      The reaction mixture was heated to 105.degree. over 0.3 hours, held at
      105.degree. for 1.8 hours, and poured into 1.51 of water all with rapid
      stirring. The aqueous mixture was extracted with 1.3 l of chloroform. The
      chloroform extract was washed with 500 ml of H.sub.2 O, dried over
      MgSO.sub.4 overnight and filtered. The filtrate was concentrated under
      reduced pressure to give 42 g (86%) of a light yellow oil. The crude
      product was washed with 100 ml of ether to give 10 g (20%) of a white
      solid m.p. 72.degree.-76.degree..
PAR  The crude product was recrystallized from 12 ml of benzene, washed with
      ether and air dried m.p. 74.degree.-77.degree.. Yield: 7.5 g (15%).
      Recrystallization from acetonitrile gave an analytical sample, m.p.
      76.degree.-79.degree..
PAR  Anal. Calcd. for C.sub.10 H.sub.11 FN.sub.2 O: C, 61.84; H, 5.71; N, 14.43.
      Found: C, 61.61; H, 5.72; N, 14.38.
PAC  EXAMPLE V
PAC  1-(4-Bromobenzyl)-2-imidazolidinone
PAR  A 12.4 g (0.14 mole) portion of 2-imidazolidinone in 125 ml of
      dimethylsulfoxide treated with 19.9 g (0.14 mole) of K.sub.2 CO.sub.3,
      11.5 g (0.069 mole) of KI and 36.0 g (0.14 mole) of 4-bromobenzylbromide.
      The reaction mixture was heated to 105.degree. over 0.3 hours, held at
      105.degree. with stirring for 1.8 hours, and poured into 1.51 of cold
      water. The aqueous mixture was extracted with 1.3 l of chloroform. The
      chloroform extract was washed with 500 ml of water, dried over MgSO.sub.4
      overnight and filtered. The filtrate was concentrated under reduced
      pressure to give 36 g (100%) of a light yellow semisolid. The crude
      product was crystallized using 150 ml of ether, filtered, air dried and
      dried at 60.degree. for 4 hours to give 15 (42%) of a white solid m.p.
      163.degree.-167.degree.. Recrystallization from acetonitrile gave an
      analytical sample, m.p. 166.degree.-168.degree..
PAR  Anal. Calc'd. for C.sub.10 H.sub.11 BrN.sub.2 O: C, 47.08; H, 4.35; N,
      10.98. Found: C, 47.10; H, 4.28; N, 10.98.
PAC  EXAMPLE VI
PAC  1-(2,6-Dichlorobenzyl)-2-imidazolidinone
PAR  A 21.5 g (0.25 mole) portion of 2-imidazolidinone in 250 ml of
      dimethylsulfoxide was treated with 34.5 g (0.25 mole) of K.sub.2 CO.sub.3,
      20 g (0.12 mole) of KI and 48.9 g (0.25 mole) of 2,6-dichlorobenzyl
      chloride. The reaction mixture was heated to 105.degree. over 0.3 hours,
      held at 105.degree. for 1.7 hours and poured into 1.5 l of water all with
      rapid stirring. The aqueous mixture was extracted with 1.3 l of
      chloroform. The chloroform extract was washed with 500 ml of water, dried
      over MgSO.sub.4 overnight and filtered. The filtrate was concentrated
      under reduced pressure leaving %) 48 g (79(of a light yellow viscous oil.
      The crude product was crystallized using 125 ml of ether, filtered, air
      dried and dried to a constant weight at 60.degree. to give 13 g (21%) of a
      white solid m.p. 156.degree.-158.degree..
PAR  Anal. Calc'd. for C.sub.10 H.sub.10 Cl.sub.2 N.sub.2 O: C, 49.00; H, 4.11;
      N, 11.43. Found: C, 49.01; H, 3.95; N, 11.38.
PAC  EXAMPLE VII
PAC  1-(2,4-Dichlorobenzyl)-2-imidazolidinone
PAR  A 21.5 g (0.25 mole) portion of 2-imidazolidinone in 200 ml of
      dimethylsulfoxide was treated with 34.5 g (0.25 mole) of K.sub.2 CO.sub.3,
      20 g (0.12 mole) of KI and 48.9 g (0.25 mole) of 2,4-dichlorobenzyl
      chloride. The reaction mixture was heated with stirring to 105.degree.
      over 0.3 hours, held at 105.degree. for 1.8 hours, and poured with rapid
      stirring into 1.5 l of water. The aqueous mixture was extracted with 1.3 l
      of chloroform. The chloroform extract was washed with 580 ml of water,
      dried over MgSO.sub.4 overnight and filtered. The filtrate was
      concentrated under reduced pressure leaving 47 g (77%) of a light yellow
      oil. The oil was crystallized with 125 ml of ether, filtered, air dried,
      and dried to a constant weight at 60.degree. to give 19 g (31%) of a white
      solid, m.p. 116.degree.-118.degree..
PAR  Anal. Calc'd. for C.sub.10 H.sub.10 Cl.sub.2 N.sub.2 O: C, 49.00; H, 4.11;
      N, 11.43. Found: C, 48,93; H, 4.23; N, 11.82.
PAC  EXAMPLE VIII
PAC  1-(2-Hydroxy-5-nitrobenzyl)-2-imidazolidinone
PAR  A 7.9 g (0.092 mole) portion of 2-imidazolidinone in 92 ml of
      dimethylsulfoxide was treated with 12.7 g (0.092 mole) of K.sub.2
      CO.sub.3, 7.4 g (0.045 mole) of potassium iodide and 20.0 g (0.092 mole)
      of 2-hydroxy-5-nitrobenzyl bromide. The reaction mixture was heated to
      105.degree. over 0.3 hours and held at 105.degree. for 1.6 hours. The
      reaction mixture was poured with stirring into 550 ml of water. The
      aqueous mixture was acidified with 9 ml of concentrated HCl and extracted
      with 480 ml of chloroform. The chloroform extract was washed with 60 ml of
      H.sub.2 O, dried over MgSO.sub.4 overnight and filtered. The filtrate was
      concentrated under reduced pressure to give 18 g of a yellow semi-solid.
      The crude product was crystallized using 65 ml of benzene and filtered,
      washing with ether to give 9.7 g (44%) of a light yellow semi-solid.
      Recrystallization from acetonitrile gave an analytical sample, m.p.
      222.degree.-224.degree. dec.
PAR  Anal. Calc'd. for C.sub.10 H.sub.11 N.sub.3 O.sub.4 : C, 50.63; H, 4.67; N,
      17.72. Found: C, 50.77; H, 4.73; N, 17.45.
PAC  EXAMPLE IX
PAC  1-(4-Benzyloxybenzyl)-2-imidazolidinone
PAR  A 21.5 g (0.25 mole) portion of 2-imidazolidinone in 250 ml of
      dimethylsulfoxide was treated with 34.5 (0.25 mole) of K.sub.2 CO.sub.3,
      20.0 g (0.12 mole) of KI and 58.5 g (0.25 mole) of 4-benzyloxybenzyl
      chloride. The reaction mixture was heated to 105.degree. over 0.5 hours,
      held at 105.degree.-110.degree. for 1.7 hours, poured with stirring into
      1.5 l of H.sub.2 O, stirred for 0.3 hours and filtered. The green-yellow
      solid was washed with 300 ml of H.sub.2 O, air dried overnight, and dried
      to a constant weight at 60.degree., m.p. 110.degree.-122.degree.. Yield:
      62 g (87%). Recrystallization from 1:1 methane: water gave an analytical
      sample, m.p. 156.degree.-157.degree..
PAR  Anal. Calc'd. for C.sub.17 H.sub.18 N.sub.2 O.sub.2 : C, 72.32; H, 6.43; N,
      9.92. Found: C, 72.57; H, 6.47; N, 9.78.
PAC  EXAMPLE X
PAC  1-(3,4-Difluorobenzyl)-2-imidazolidinone
PAR  To a 17.6 g (0.205 mole) portion of 2-imidazolidinone in 150 ml of
      dimethylsulfoxide was added 28.4 g (0.205 mole) of K.sub.2 CO.sub.3, 17.0
      g (0.096 mole) of KI and 33.2 g (0.204 mole) of 3,4-difluorobenzyl
      chloride. The reaction mixture was heated, with stirring, to 105.degree.
      over 0.5 hours, held at 105.degree. for 1.7 hours and poured with stirring
      into 250 ml of water. The aqueous mixture was extracted with two 250 ml
      portions of chloroform. The chloroform extracts were washed with 100 ml of
      H.sub.2 O, dried over MgSO.sub.4 and filtered. The filtrate was
      concentrated under reduced pressure to give 42 g (96%) of a light yellow
      semi-solid which was washed with 50 ml of heptane and crystallized using
      30 ml of ether. The white solid was collected, washed with 20 ml of ether,
      air dried, and dried to a constant weight at 60.degree., m.p.
      112.degree.-114.degree.. Yield: 4.4 g (10%).
PAR  The heptane washing was combined with the above filtrate, concentrated
      under reduced pressure and stored in an open petri dish in the hood for 1
      week. The residue, a semi-solid, was taken up in 30 ml of ether, cooled
      and filtered. The white solid was washed with 15 ml of ether, air dried,
      and dried to a constant weight at 60.degree., m.p.
      112.degree.-114.degree.. Yield: 6.6 g (15%). Recrystallization from
      acetonitrile gave an analytical sample, m.p. 112.degree.-113.degree..
PAR  Anal. Calc'd. for C.sub.10 H.sub.10 F.sub.2 N.sub.2 O: C, 56.60; H, 4.75;
      N, 13.20. Found: C, 56.80; H, 4.73; N, 13.19.
PAC  EXAMPLE XI
PAC  1-(4-Cyanobenzyl)-2-imidazolidinone
PAR  A mixture of 20.95 g (0.107 mole) of 4-cyanobenzyl bromide, 14.7 g (0.107
      mole) K.sub.2 CO.sub.3, 5.0 g KI, and 10.32 g (0.12 mole)
      2-imidazolidinone in 125 ml dimethylsulfoxide was stirred at
      100.degree.-110.degree. for 30 minutes, cooled, and poured into 400 ml
      cold tap water. The mixture was stirred at room temperature for 30 minutes
      and extracted with 250 ml chloroform. The chloroform extract was washed
      with 3 .times. 250 ml H.sub.2 O, dried (MgSO.sub.4), and concentrated to
      dryness in vacuo to give an oily residue. Crystallization from 60 ml
      toluene gave 5.50 g of the crude product. Further recrystallization from
      toluene gave 4.34 g (20%) of the nitrile, m.p. 127.degree.-133.degree..
      The analytical sample, m.p. 134.degree.-136.degree., was obtained by
      recrystallization from toluene.
PAR  Anal. Calc'd. for C.sub.11 H.sub.11 N.sub.3 O: C, 65.67; H, 5.51; N, 20.88.
      Found: C, 65.75; H, 5.55; N, 20.72.
PAC  EXAMPLE XII
PAC  1-(4-Picolyl)-2-imidazolidinone
PAR  A 20.0 g (0.13 mole) portion of N-(4-picolyl)ethylenediamine in 170 ml of
      dry dioxane was treated with 23.8 g (0.15 mole) of 1,1'carbonyldiimidazole
      (98%) over 0.1 hours with a temperature rise to 50.degree.. The reaction
      mixture was stirred for 2.5 hours at room temperature, with
      crystallization at 1 hour, stored overnight at room temperature, refluxed
      for 4 hours, cooled to 5.degree.-10.degree. for 0.5 hours and filtered.
PAR  The white solid was washed with one-half of the filtrate, 25 ml of ether
      and air dried, m.p. 150.degree.-153.degree.. Yield: 15.5 g (67%).
PAR  The initial product was recrystallized from 105 ml of acetonitrile, washed
      with one-half of the filtrate, ether and air dried to give 10.5 g (46%) of
      the desired product, m.p. 153.degree.-155.degree.. Recrystallization from
      acetonitrile gave an analytical sample, m.p. 151.degree.-153.degree..
PAR  Anal. Calc'd. for C.sub.9 H.sub.11 N.sub.3 O: C, 61.00; H, 6.20; N, 23.72.
      Found: C, 61.29; H, 6.15; N, 23,88.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC5##
PAL  wherein Ar is selected from the group consisting of benzhydryl, 2-naphthyl,
      5-bromo-2-naphthyl,[4-pyridyl]and
      ##SPC6##
PAL  wherein R is 2-fluoro, 4-bromo, 2,6-dichloro, 2,4-dichloro,
      2-hydroxy-5-nitro, 4-benzyloxy, 3,4-difluoro or 4-cyano.
NUM  2.
PAR  2. The compound 1-(diphenylmethyl)-2-imidazolidinone.
NUM  3.
PAR  3. The compound 1-(2-naphthylmethyl)-2-imidazolidinone.
NUM  4.
PAR  4. The compound 1[(5-bromo-2-naphthyl)methyl]-2-imidazolidinone.
NUM  5.
PAR  5. The compound 1-(2-fluorobenzyl)-2-imidazolidinone.
NUM  6.
PAR  6. The compound 1-(4-bromobenzyl)-2-imidazolidinone.
NUM  7.
PAR  7. The compound 1-(2,6-dichlorobenzyl)-2-imidazolidinone.
NUM  8.
PAR  8. The compound 1-(2,4-dichlorobenzyl)-2-imidazolidinone.
NUM  9.
PAR  9. The compound 1-(2-hydroxy-5-nitrobenzyl)-2-imidazolidinone.
NUM  10.
PAR  10. The compound 1-(4-benzyloxybenzyl)-2-imidazolidinone.
NUM  11.
PAR  11. The compound 1-(3,4-difluorobenzyl)-2-imidazolidinone.
NUM  12.
PAR  12. The compound 1-(4-cyanobenzyl)-2-imidazolidinone.
PATN
WKU  039324532
SRC  5
APN  4664248
APT  1
ART  125
APD  19740502
TTL  4-Nitropyrazoles
ISD  19760113
NCL  8
ECL  1
EXP  Friedman; Stanley J.
INVT
NAM  Crovetti; Aldo Joseph
CTY  Lake Forest
STA  IL
INVT
NAM  Kenney; Donald Sykes
CTY  Northbrook
STA  IL
INVT
NAM  Lynch; Don Murl
CTY  Waukegan
STA  IL
INVT
NAM  Stein; Robert George
CTY  Kenosha
STA  WI
ASSG
NAM  Abbott Laboratories
CTY  North Chicago
STA  IL
COD  02
RLAP
COD  74
APN  282889
APD  19720821
PSC  01
PNO  3869274
CLAS
OCL  260310R
EDF  2
ICL  C07D23100
FSC  260
FSS  310 R
UREF
PNO  3121092
ISD  19640200
NAM  Geiszler
OCL  260310R
LREP
FR2  Niblack; Robert L.
FR2  Mallare; Vincent A.
ABST
PAL  Covers a method of inducing abscission of fruit by applying a chemical
      composition containing an effective amount of a 4-nitropyrazole as the
      active ingredient in an agronomically acceptable carrier. Also covers
      certain 4-nitropyrazoles.
PARN
PAR  This is a division, of application Ser. No. 282,889 filed Aug. 21, 1972 now
      U.S. Pat. No. 3,869,274 issued Mar. 4, 1975.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention is directed to a novel chemical method for inducing the
      abscission of mature to near-mature fruit from fruit-bearing plants. More
      specifically, this invention is concerned with a method of aiding or
      inducing abscission by applying a composition containing an effective
      amount of 4-nitropyrazole derivative having a general formula selected
      from the group consisting of
      ##SPC1##
PAL  Where R, R.sup.2, R.sup.3 and R.sup.5 are selected from the group
      consisting of alkyl, hydrogen, halo, cycloalkyl, aryl, substituted aryl
      and haloalkyl; and R.sup.1 and R.sup.4 are selected from the group
      consisting of hydrogen, loweralkyl, aryl, substituted aryl, haloalkyl,
      halothioalkyl, arylthio, alkylthio, substituted arylthio, hydroxyalkyl,
      hydroxyhaloalkyl, alkylcarbamoyl, dialkylcarbamoyl, aryl substituted
      carbamoyl, substituted diarylcarbamoyl, alkylarylcarbamoyl, alkylsulfonyl,
      haloalkysulfonyl, arylsulfonyl, substituted arylsulfonyl, formyl,
      carboalkoxy, carboaryloxy, pyranyl, thiocarbamoyl, halocarboalkoxy, aroyl,
      substituted aroyl, aryloxyaceto, substituted aryloxyaceto, arylthioaceto,
      substituted arylthioaceto, benzyl, substituted benzyl, phenacetyl,
      substituted phenacetyl, phosphonoalkyl, thiophosphonoalkyl, acetylanilide
      and metallic salts of any of the foregoing R.sup.1 and R.sup.4 groups, in
      an agronomically acceptable carrier.
PAR  Also covers compositions containing an effective amount of at least one of
      the above compounds as the active ingredient in an agronomically
      acceptable carrier.
PAR  In addition, certain compounds having a structure falling within the
      formulae above are also believed to be novel. These compounds have a
      formulae selected from the group consisting of
      ##SPC2##
PAL  Where R, R.sup.2, R.sup.3 and R.sup.5 are selected from the group
      consisting of C.sub.2 -C.sub.20 alkyl, hydrogen, halo, cycloalkyl, aryl,
      substituted aryl, and haloalkyl; and R.sup.1 and R.sup.4 are selected from
      the group consisting of hydrogen, loweralkyl, aryl, haloalkyl,
      halothioalkyl, arythio, alkylthio, substituted arylthio, hydroxyalkyl,
      hydroxyhaloalkyl, alkylcarbamoyl, dialkylcarbamoyl, aryl substituted
      carbamoyl, substituted diarylcarbamoyl, alkylarylcarbamoyl, alkylsulfonyl,
      haloalkylsulfonyl, arylsulfonyl, substituted arylsulfonyl, formyl,
      carboalkoxy, carboaryloxy, pyranyl, thiocarbamoyl, halocarboalkoxy, aroyl,
      substituted aroyl, aryloxyaceto, substituted aryloxyaceto, arylthioaceto,
      substituted arylthioaceto, benzyl, substituted benzyl, phenacetyl,
      substituted phenacetyl, phosphonoalkyl thiophosphonoalkyl, and
      acetylanilide, with the proviso that when R.sup.5 is chloro and R.sup.3 is
      hydrogen, the nitrogen in the one position is substituted.
PAR  The harvesting of fruit crops has traditionally been accomplished by manual
      labor. However, within the last several years, the shortage of manual
      labor prompted the development of other means for picking and harvesting
      fruit crops. To this end, a wide variety of mechanical devices has been
      developed, each of which operate in accordance with a different principle
      in order to remove fruit from trees or plants. For example, one device
      utilizes giant fans for generating strong air blasts to blow the fruit
      from the trees. Another device includes a series of notched or toothed
      arms which operate by combing the tree limbs thereby raking the fruit from
      the trees. Finally, mechanical shakers have been developed having an arm
      or boom which is connected to either a branch or the trunk of the tree and
      operates by violently shaking the tree in order to shake the fruit loose.
      However, none of these devices has been entirely successful in many crops.
      If the fruit is firmly attached to the tree, strong air blasts or
      mechanical shaking causes the fruit to strike spurs, branches and other
      fruit thereby bruising and damaging the fruit. Since the force necessary
      to remove firmly-attached fruit is usually that force necessary to tear
      the rind, many fruit suffer open wounds and tearing when these mechanical
      devices, as well as the notched arms, are used. The result is a poor
      quality fruit since there is usually a considerable time lapse between the
      time of harvesting and the time of final use within which the fruit is
      subject to decay where wounds and bruises appear. In addition, the force
      generated by these mechanical devices causes the removal of twigs, leaves
      and branches which are carried with the fruit to the processing plant.
      Such extraneous matter must be removed manually in order to avoid damage
      to the fruit-processing machinery, which is a time-consuming and expensive
      operation. Finally, it has been observed that long periods of shaking by
      mechanical shakers result in bark damage and disturbance to the root
      system, which can easily result in long-term plant destruction.
PAR  It has now been found that by first treating the fruit-bearing plants with
      an appropriate chemical abscission agent, the fruit are induced to abscise
      with either little or no mechanical aid. It is therefore one object of
      this invention to provide chemical compositions which will induce
      abscission of mature or near-mature fruit from fruit-bearing plants.
      Another object is to provide chemical abscission agents which operate to
      induce fruit abscission without causing deleterious effects to the
      fruit-bearing plants. Still another object is to provide a novel method
      for harvesting mature or near-mature fruit from fruit-bearing plants which
      consists essentially of applying chemical abscission agents. Another
      object is to provide a novel method for harvesting mature or near-mature
      fruit from fruit-bearing plants which combines the application of chemical
      abscission agents and mechanical means for complete harvesting. A further
      object is to provide a novel method for harvesting mature or near-mature
      fruit from fruit-bearing plants which combines the application of chemical
      abscission agents and mechanical means for complete harvesting without
      causing deleterious effects of the fruit-bearing plants. Other objects and
      advantages will be apparent to one skilled in the art upon reading this
      disclosure.
PAR  Fruits are generally derived from plants classified in the subkingdom
      Embryophyta and Pylum Angiospermae. The fruits themselves are classified
      as Simple fruits, Multiple fruits, and Accessory fruits. The Simple fruits
      include fleshy fruits, such as grapes, bananas, tomatoes and oranges,
      among others, and drupes such as peaches, plums, cherries and apricots.
      Multiple fruits are defined as a cluster of several to many ripened
      ovaries produced by several flowers crowded on the same inflorescence,
      such as osage-oranges and pineapples. Accessory fruits are those fruits
      having parts other than the ovaries adhering to and enclosing the mature
      ovaries, such as strawberries, apples, pears and quinces. The chemical
      method of inducing fruit abscission as disclosed herein is operative on
      all such types of fruits. From a practical and economic standpoint
      however, this invention is more concerned with the harvesting of fruit
      derived from fruit-bearing trees and vines having economic value, such as
      oranges, cherries, olives and berries, and reference will be made to this
      type of fruit for illustrative purposes although it is to be understood
      that the invention is not intended to be limited thereby.
PAR  The phenomenon of abscission or the separation of an organ, such as a leaf
      or fruit, from the plant is a function of biochemical reactions taking
      place in the organ, its stalk and the branch to which it is attached.
      Abscission is brought about by cellular differentiation at the base of the
      organ's stalk forming a cellular layer designated as the separation layer.
      This layer is formed from either mature cells of the stalk or as a result
      of growth activity in that area. The internal layer of cell walls becomes
      soft and gelatinous losing adherence to one another such that any slight
      air movement causes rupture and shedding of the organ. Although this
      mechanism is generally accepted, the precise biochemical pathways by which
      this phenomenon occurs is the subject of much speculation. Several
      theories have been advanced to explain this reaction mechanism, most all
      of which relate to changes in the concentration of the auxins or growth
      hormones in the organ involved. It is believed that a biochemical
      imbalance occurs when a fruit near ripeness, thereby causing an alteration
      in the auxin balance resulting in the cells at the base of the stalk
      forming an abscission or separation layer and causing the fruit to fall.
      The most current theory explains abscission as a "correlative effect in
      which the leaf blade or other organ (fruit) suppresses the cellular
      changes in which lead to separation, and this suppression involves the
      flow of auxin from the leaf or organ to the abscission zone. As
      deterioration processes set in, many materials are exported from the leaf
      (or organ), including some which can stimulate abscission development."
      (Plant Growth Development, by A. Carl Leopold, 1964, pp. 173-175).
PAR  Whatever the precise biochemical mechanism of abscission may be, it is
      believed that the composition disclosed herein, in some manner enter into
      the biochemical reactions involved in the abscission cycle in a manner to
      induce or hasten the abscission cycle of mature or near-mature fruit. It
      is the purpose of this invention, then, to disclose compositions and
      methods for chemically bringing about or inducing the abscission of fruit
      from fruit-bearing plants at the stage of fruit development just prior to
      full ripeness such that the fruit may be economically harvested for
      commercial use. Therefore, the term "abscission" as used herein refers to
      the separation of fruit from its stalk at the stage of development at or
      just prior to fruit maturity.
PAR  The above compounds are in general found by three basic schemes. In the
      first scheme one begins with a substituted or unsubstituted beta-keto
      ester and a substituted or unsubstituted hydrazine to produce a
      5-pyrazolone. The 5-pyrazolones are known. Synthesis of a typical
      5-pyrazolone is set out, for example, by Veibel et al, Acta. Chem. Scand.
      8,768(1954). The 5-pyrazolones are then reacted with a chlorinating agent
      such as phosphorus oxychloride or phenyl phosphonic dichloride, to obtain
      the 3- or 5-chloro or 5- or 3-substituted or unsubstituted pyrazoles which
      are intermediates to compounds of invention. The reaction is run at a
      temperature ranging from 100.degree. C to 150.degree. C. When phenyl
      phosphonic dichloride is employed, reaction is run at
      160.degree.-180.degree. C. The compounds of the invention are then formed
      by nitrating the just mentioned series of compounds with suitable reagents
      such as a mixture of nitric and sulfuric acid.
PAR  In more detail in order to synthesize one class of compounds encompassed by
      the invention, namely 5-chloro, 3-substituted or unsubstituted,
      4-nitropyrazoles, the following procedure is employed. 0.1 mole of the
      5-chloro, 3-substituted or unsubstituted intermediates were first
      prepared. As noted above, these were made by reacting known 5-pyrazolones
      with a chlorinating compound. The chlorination reaction is known and set
      out, for example, by Rojhm Ber 55 2959 (1922). Then 0.1 mole of the
      5-chloro compound, 3-substituted or unsubstituted pyrazole will be
      dissolved in 100 ml of cold concentrated sulphuric acid. The solution was
      cooled to 10.degree. C and 15 ml of nitric acid was added dropwise. The
      reaction was controlled with an ice bath to keep the reaction temperature
      between 20.degree. and 25.degree. C. After addition of the nitric acid,
      the solution was stirred 3 hours at room temperature and carefully poured
      into an ice bath. When the product crystallized, it was filtered, washed
      with cold water, dried and re-crystallized from various solvents. When the
      product is an oil, it was dissolved in ether, washed several times with
      water, dried, filtered and concentrated to an oil or glass and dried under
      high vacuo at 50.degree.C for several hours.
PAR  Table I below lists a number of compounds prepared by the just described
      scheme, labeled scheme No. I
TBL                                    TABLE I                                 

     __________________________________________________________________________

                   Analysis                                                    

                   C    H    N                                                 

     Compound           Calc.              Recrystallization                   

     Number                                                                    

           R.sup.3      Found     M.P.       Solvent Formula                   

     __________________________________________________________________________

     1     H                      183-185  C.sub.2 H.sub.5 OH                  

                                                     C.sub.3 H.sub.2 ClN.sub.3 

                                                     O.sub.2                   

     2     CH.sub.3               114-116            C.sub.4 H.sub.4 ClN.sub.3 

     3     C.sub.2 H.sub.5                           O.sub.ClN.sub.-           

                   34.21                                                       

                        3.44 23.92                                             

                                   99-100  9         C.sub.5 H.sub.6 ClN.sub.3 

                                                     O.sub.2                   

                   34.17                                                       

                        3.35 24.23                                             

     4     C.sub.3 H.sub.7                                                     

                   38.01                                                       

                        4.25 22.15                                             

                                  *1.5460  --        C.sub.6 H.sub.8 ClN.sub.3 

                                                     O.sub.2                   

                   37.63                                                       

                        4.18 22.00                                             

     5     i-C.sub.3 H.sub.7                                                   

                   38.01                                                       

                        4.25 22.15                                             

                                  103-105            C.sub.6 H.sub.8 ClN.sub.3 

                                                     O.sub.2                   

                   37.75                                                       

                        4.24 21.93         Skelly B                            

     6     t-C.sub.4 H.sub.9                                                   

                   41.29                                                       

                        4.95 20.62                                             

                                  170-172  C.sub.2 H.sub.5 OH                  

                                                     C.sub.7 H.sub.10 ClN.sub.3

                                                      O.sub.2                  

                   41.48                                                       

                        4.95 21.00                                             

     7     C.sub.5 H.sub.11  19.29                                             

                                  glass              C.sub.8 H.sub.12 ClN.sub.3

                                                      O.sub.2                  

                             19.64                                             

     8     C-C.sub.6 H.sub.11                                                  

                   47.07                                                       

                        5.26 18.28                                             

                                  133-135  C.sub.2 H.sub.5 OH                  

                                                     C.sub.9 H.sub.12 ClN.sub.3

                                                      O.sub.2                  

                   46.42                                                       

                        5.16 18.08         H.sub.2 O                           

     9     C.sub.7 H.sub.15  17.09                                             

                                  glass    --        C.sub.10 H.sub.16         

                                                     ClN.sub.3 O.sub.2         

                             17.07                                             

     10            40.24                                                       

                        1.87 21.49         EtOAC     C.sub.9 H.sub.5 ClN.sub.4 

                                                     O.sub.4                   

                   40.57                                                       

                        1.86 21.05                                             

     11    n-C.sub.4 H.sub.9                                                   

                   41.29                                                       

                        4.95 20.62                                             

                                  bp 175-180/.7                                

                                           --        C.sub.7 H.sub.10 ClN.sub.3

                                                      O.sub.2                  

                   41.55                                                       

                        5.01 20.94                                             

                                  n.sub.D.sup.25 1.5412                        

     __________________________________________________________________________

      *Refractive index - n.sub.D.sup.25    In yet another scheme, a series of 

      N-substituted pyrazoles were prepared. Here the same reaction scheme was
      followed as scheme I with the exception that the hydrazines employed to
      form the 5-pyrazolones were in all substances substituted hydrazines. In
      some instances, mixtures were obtained where the N-substitutions were
      obtained on both the one or two position nitrogen atom. In other cases,
      even where pure compounds were formed it was impossible to determine by
      analytical methods whether the N-substituent was on the one or two
      position, that is being either R.sup.1 to give structure I or R.sup.4 to
      give structure II. In yet other instances, pure compounds were obtained
      where it could be determined on which particular nitrogen atom the
      substitution took place. Specifically, with respect to compound Numbers
      14, 15, 16, 17 and 18 described below, 1-substituted pyrazoles were
      obtained. In an alternate route the 3-methyl, 4-nitro, 5-chloro pyrazole
      was reacted with an appropriate alkylating or acylating agent.
PAR  Table II below summarizes physical characteristics of the compounds
      prepared according to scheme II.
TBL                                    TABLE II                                

     __________________________________________________________________________

                   Analysis                                                    

                   C    H    N                                                 

     Compound           Calc.            Recrystallization                     

     Number                                                                    

           R.sup.1 or R.sup.4                                                  

                        Found     M.P.     Solvent                             

                                                  Formula                      

     __________________________________________________________________________

     12    H                      108-110         C.sub.4 H.sub.4 ClN.sub.3    

                                                  O.sub.2                      

     13    CH.sub.3               77-78           C.sub.5 H.sub.6 ClN.sub.3    

                                                  O.sub.2                      

     14    CH.sub.2 OH                                                         

                   31.35                                                       

                        3.16 21.93                                             

                                  111-112         C.sub.5 H.sub.6 ClN.sub.3    

                                                  O.sub.3                      

                   31.47                                                       

                        3.18 22.26                                             

     15    CH.sub.2 Cl                                                         

                   28.59                                                       

                        2.40 20.01                                             

                                   72-4.5         C.sub.5 H.sub.5 Cl.sub.2     

                                                  N.sub.3 O.sub.2              

                   28.86                                                       

                        2.50 20.27       Skelly B                              

     16    C.sub.3 H.sub.7                                                     

                   41.16                                                       

                        4.69 20.55                                             

                                  12-14           C.sub.7 H.sub.10 ClN.sub.3   

                                                  O.sub.2                      

                   41.33                                                       

                        5.06 20.44                                             

     17    C.sub.2 H.sub.4 Cl                                                  

                   32.16                                                       

                        3.15 18.76                                             

                                  66-68           C.sub.6 H.sub.7 Cl.sub.2     

                                                  N.sub.3 O.sub.2              

                   32.35                                                       

                        3.08 18.85                                             

     18            50.50                                                       

                        3.39 17.64                                             

                                  113-115                                      

                                         C.sub.2 H.sub.5 OH                    

                                                  C.sub.10 H.sub.8 ClN.sub.3   

                                                  O.sub.2                      

                   50.21                                                       

                        3.22 17.76                                             

     19                           180-182                                      

                                         C.sub.2 H.sub.5 OH                    

                                                  C.sub.10 H.sub.7 ClN.sub.5   

                                                  O.sub.3                      

           O                                                                   

     20    .parallel.                                                          

                   35.40                                                       

                        2.97 20.64                                             

                                  73-76  Skelly B C.sub.6 H.sub.6 ClN.sub.3    

                                                  O.sub.3                      

           C--CH.sub.3                                                         

                   35.24                                                       

                        2.93 20.83                                             

           O                                                                   

     21    .parallel.                                                          

                   30.27                                                       

                        2.12 17.65                                             

                                  91-94           C.sub.6 H.sub.5 Cl.sub.2     

                                                  N.sub.3 O.sub.3              

           C--CH.sub.2 Cl                                                      

                   30.31                                                       

                        2.12 17.93                                             

           O                                                                   

     22    .parallel.                                                          

                   49.73                                                       

                        3.04 15.82                                             

                                  97.5-100        C.sub.11 H.sub.8 ClN.sub.3   

                                                  O.sub.3                      

           C       49.66                                                       

                        2.93 15.69       Skelly B                              

           O                                                                   

     23    .parallel.                                                          

                   32.96                                                       

                        3.23 25.63                                             

                                  126-130                                      

                                         OO       C.sub.6 H.sub.7 ClN.sub.4    

                                                  O.sub.3                      

           C--NHCH.sub.3                                                       

                   32.67                                                       

                        3.06 25.83                                             

           O                                                                   

     24    .parallel.                                                          

                   36.14                                                       

                        3.90 24.09                C.sub.7 H.sub.9 ClN.sub.4    

                                                  O.sub.3                      

           C--N(CH.sub.3).sub.2                                                

                   36.49                                                       

                        3.85 23.95       Skelly B                              

           O                                                                   

     25    .parallel.                                                          

                   47.07                                                       

                        3.23 19.96                                             

                                  143-146                                      

                                         OO       C.sub.11 H.sub.9 ClN.sub.4   

                                                  O.sub.3                      

           CNH     47.05                                                       

                        3.21 20.10                                             

           O                                                                   

     26    .parallel.                                                          

                   41.93                                                       

                        2.56 17.78                                             

                                  151-153         C.sub.11 H.sub.8 Cl.sub.2    

                                                  N.sub.4 O.sub.3              

           CNH     42.02                                                       

                        2.49 17.86                                             

           O                                                                   

     27    .parallel.                                                          

                   37.79                                                       

                        2.02 16.03                                             

                                  178-181                                      

                                         OO       C.sub.11 H.sub.7 Cl.sub.3    

                                                  N.sub.4 O.sub.3              

           CNH     37.96                                                       

                        1.99 16.43                                             

           O                                                                   

     28    .parallel.                                                          

                   35.99                                                       

                        3.45 17.99                                             

                                  93-96           C.sub.7 H.sub.8 ClN.sub.3    

                                                  O.sub.4                      

           C--O--C.sub.2 H.sub.5                                               

                   36.21                                                       

                        3.43 18.31       Skelly B                              

     29    --O.sub.2 SCH.sub.3                                                 

                   25.06                                                       

                        2.52 17.54                                             

                                   111-112.5                                   

                                         EtOH     C.sub.5 H.sub.6 ClN.sub.3    

                                                  O.sub.4                      

                   25.21                                                       

                        2.56 17.64                                             

     30            41.84                                                       

                        3.19 13.31                                             

                                  148-150                                      

                                         CCl.sub.4                             

                                                  C.sub.11 H.sub.10 ClN.sub.3  

                                                  O.sub.4 S                    

                   41.59                                                       

                        3.21 13.45                                             

     31    SCCl.sub.3                                                          

                   19.37                                                       

                         .97 13.50                                             

                                  63-64           C.sub.5 H.sub.3 Cl.sub.4     

                                                  N.sub.3 O.sub.2 S            

                   19.50                                                       

                         .98 13.72                                             

     32            44.00                                                       

                        4.92 17.09                                             

                                  60-62           C.sub.9 H.sub.12 ClN.sub. 3  

                                                  O.sub.2                      

                   43.97                                                       

                        5.04 17.27                                             

           O                             Skelly B                              

     33    .parallel.                                                          

                   32.82                                                       

                        2.75 19.14                                             

                                  71-72           C.sub.6 H.sub.6 ClN.sub.3    

                                                  O.sub.4                      

           C--OCH.sub.3                                                        

                   33.18                                                       

                        2.77 19.44                                             

           O                                                                   

     34    .parallel.                                                          

                   48.74                                                       

                        3.41 14.21                                             

                                  184-187         C.sub.12 H.sub.10 ClN.sub.3  

                                                  O.sub.4                      

           CCH.sub.2 O                                                         

                   48.80                                                       

                        3.40 14.33                                             

           O                                                                   

     35    .parallel.                                                          

                   39.53                                                       

                        2.21 11.53                                             

                                  172-174                                      

                                         CHCl.sub.3                            

                                                  C.sub.12 H.sub.8 Cl.sub.3    

                                                  N.sub.3 O.sub.4              

           --CCH.sub.2 O                                                       

                   39.83                                                       

                        2.22 11.64                                             

           O                                                                   

     36    .parallel.                                                          

                   39.49                                                       

                        1.81 12.56                                             

                                  159-162                                      

                                         CH.sub.3 CN                           

                                                  C.sub.11 H.sub.6 Cl.sub.3    

                                                  N.sub.3 O.sub.3              

           O       39.76                                                       

                        1.81 12.77                                             

           O                                                                   

     37    .parallel.                                                          

                   44.00                                                       

                        4.93 17.10                                             

                                  77-80           C.sub.9 H.sub.12 ClN.sub.3   

                                                  O.sub.3                      

           C--C(CH.sub.3).sub.3                                                

                   44.14                                                       

                        5.01 17.42       Skelly B                              

     __________________________________________________________________________

DETD
PAR  The following examples illustrate preparation of typical compounds of the
      invention by means of reaction scheme II.
PAC  COMPOUND NO. 14
PAC  N-Hydroxymethyl-3-chloro-5-methyl-4-nitropyrazole
PAR  A solution of 10.0 g (0.0619 mole) of 3(5)-methyl-4-nitro-5(3)-chloro
      pyrazole in 12.05 ml of 37% formaldehyde and 13.78 ml (16.8 g, 0.365 mole)
      of formic acid was heated under reflux by means of a steam bath for 16
      hours. The solution was cooled in an ice bath and 9.28 ml of concentrated
      hydrochloric acid was added. Heating in the steam bath was continued for 5
      hours. This solution was cooled and poured onto ice. The mixture was
      filtered and the solid was washed with water and dried in vacuo at room
      temperature to yield 10.18 g of a faint yellow solid. The solid was
      dissolved in boiling benzene and filtered hot. From the filtrate there
      separated out 7.74 g of light yellow crystals.
PAC  COMPOUND NO. 15
PAC  3-chloro-N-chloromethyl-5-methyl-4-nitropyrazole
PAR  A mixture of 13.58 g (0.0708 mole)
      1-hydroxymethyl-3-chloro-5-methyl-4-nitropyrazole and 30 ml of thionyl
      chloride was heated under reflux overnight and concentrated in vacuo.
      Benzene was added and the solution was concentrated again. This was
      replicated two more times. This left 15.8 g of an amber liquid. This was
      distilled at 155.degree.-170.degree. (air bath temperature)/1.25 mm to
      obtain a colorless liquid which crystallized upon standing.
      Recrystallization from benzene-Skelly B solvent gave 9.52 g of white
      crystals.
PAC  COMPOUND NO. 16
PAC  5-chloro-3-methyl-4-nitro-1-propylpyrazole
PAR  102 g (0.644 mole) of 5-chloro-3-methyl-1-n-propylpyrazole was added with
      stirring to 175 ml of concentrated sulfuric acid, keeping the temperature
      below 30.degree.C. To this was then added 130 ml of fuming nitric acid and
      the resultant mixture was stirred about an hour at less than 30.degree.C.
      The product was poured over ice and a light yellow oil formed. This was
      extracted with benzene, and then the benzene layer was washed with
      potassium hydroxide solution and then water for three successive times.
      The benzene was then distilled at atmospheric pressure to obtain a
      residual oil. The oil was then distilled to obtain the product.
PAR  In order to provide the 5-chloro-3-methyl-1-n-propylpyrazole product, the
      following procedure was followed: 160 g (1.14 mole) of
      3-methyl-1-n-propyl-5-pyrazolone was added to 600 ml of phosphorus
      oxychloride and, the mixture was refluxed together for 3 hours. The excess
      phosphorus oxychloride was then distilled with a packed column. The
      residual dark oil was poured over ice and an acidic solution resulted.
      This was made strongly alkaline with concentrated potassium hydroxide
      solution and then continuously extracted with benzene for 16 hours. The
      aqueous solution was neutral and was again made alkaline with potassium
      hydroxide and extracted in portions with benzene. The combined benzene
      extracts were concentrated by distillation at atmospheric pressure. The
      residue contained a fine solid which was filtered and then distilled in
      vacuo to obtain the desired product.
PAC  COMPOUND NO. 17
PAC  5-chloro-1-(beta-chloroethyl)-3-methyl-4-nitropyrazole
PAR  3.6 g (0.02 mole) of 5-chloro-1(beta-chloroethyl)-3-methylpyrazole was
      added slowly to 10 ml of concentrated sulfuric acid with swirling.
      Thereafter 5 ml of fuming nitric acid was then added slowly also with
      swirling. During the addition, the mixture became quite warm. It was
      allowed to stand at room temperature for 40 minutes and then poured onto
      ice. A white solid was formed and was filtered off, washed well with water
      and dried in vacuo at 56.degree.C.
PAC  COMPOUND NO. 18
PAC  5-chloro-3-methyl-1-phenyl-4-nitropyrazole
PAR  A solution of 9.6 g (0.05 mole) of 5-chloro-3-methyl-1-phenylpyrazole and
      25 ml of acetic anhydride was added at 10.degree.C to a solution of acetyl
      nitrate prepared from 25 ml of 90% nitric acid and 10 ml of acetic
      anhydride. The solution was stirred 2 hours at 20.degree.-30.degree.C and
      carefully poured onto ice water. The solid was filtered off and washed
      with cold water. One recrystallization from ethanol gave long white
      needles of product.
PAC  COMPOUND NO. 20
PAC  N-Acetyl-3(5)-chloro-5(3)-methyl-4-nitropyrazole
PAR  A solution of 10.0 g (0.0619 mole) of
      3(5)-methyl-4-nitro-5(3)-chloropyrazole and 30 ml of acetic anhydride was
      stirred and heated at 110.degree.-115.degree.C for 3 hours. The solution
      was concentrated in vacuo at 65.degree.-70.degree.C to yield 15.6 g of a
      tan solid. Crystallization from Skelly B afforded 8.82 g of very light
      amber crystals. The crystals were dissolved in hot Skelly B and filtered
      hot. From the filtrate there separated 7.15 g of white crystals.
PAC  COMPOUND NO. 21
PAC  3(5)-chloro-N-chloroacetyl-5(3)-methyl-4-nitro-pyrazole
PAR  A solution of 10 g (0.0619 mole) of 3(5)-methyl-4-nitro-5(3)-chloropyrazole
      in 30 ml (44.9 g, 0.398 mole) of chloroacetylchloride was stirred and
      heated under reflux for 31/2 hours. This solution was concentrated in
      vacuo at 50.degree.C to yield 19.18 g of amber liquid that crystallized
      upon standing. Crystallization from benzene-Skelly B gave 12.41 g of amber
      crystals. Recrystallization from benzene yielded 6.57 g of crystals.
PAC  COMPOUND NO. 22
PAC  N-benzoyl-3(5)-chloro-5(3)-methyl-4-nitropyrazole
PAR  To a stirred mixture of 10 g (0.0619 mole)
      3(5)-methyl-4-nitro-5(3)-chloropyrazole, 100 ml of benzene and 7.25 ml of
      benzoyl chloride was added drop-wise for 10 minutes, 4.98 ml (4.9 g,
      0.0619 moles) of pyridine in 50 ml of benzene. The mixture was stirred at
      room temperature for 3 hours and filtered with suction. The filtrate was
      concentrated in vacuo to yield 14.92 g of a mixture of solid and liquid.
      The mixture was warmed in a small amount of benzene and allowed to cool
      and then filtered. The filtrate was concentrated in vacuo to yield 13.67 g
      of a tan solid. This was taken up in warm benzene and filtered warm. Upon
      cooling, the mixture was filtered again and Skelly B was added to the
      filtrate, yielding 7.56 g of beige crystals.
PAC  COMPOUND NO. 24
PAC  3(5)-chloro-N-dimethylcarbamyl-5(3)-methyl-4-nitropyrazole
PAR  To a stirred mixture of 10 g (0.0619 mole)
      3(5)-methyl-4-nitro-5(3)-chloropyrazole, 100 ml of benzene and 5.74 ml
      (6.72 g, 0.0625 mole) of dimethylcarbamyl chloride was added rapidly 4.98
      ml (4.9 g, 0.0619 mole) of pyridine in 50 ml of benzene. This solution was
      heated under reflux for 6 hours, allowed to cool and filtered with
      suction. The filtrate was concentrated in vacuo to yield 14.88 g of an
      amber liquid that slowly solidified upon standing. The product was then
      stirred in 200 ml of benzene and benzene decanted from the amber oil.
      Concentration of the benzene in vacuo left 9.59 g of a yellow solid.
      Crystallization from benzene-Skelly B provided 5.35 g of cream colored
      crystals. Recrystallization from benzene yielded 1.98 g of product.
PAC  COMPOUND NO. 25
PAC  3(5)-chloro-5(3)-methyl-4-nitro-N-carbanilinopyrazole
PAR  A mixture of 10.00 g (0.0619 mole) of
      3(5)-methyl-4-nitro-5(3)-chloropyrazole and 6.73 ml (7.37 g, 0.0619 mole)
      of phenylisocyanate in 250 ml of benzene was stirred and heated under
      reflux for 4 hours. The reaction mixture was filtered hot from a small
      amount of dark solid and allowed to cool. The solution was concentrated in
      vacuo and a white solid residue was recrystallized from benzene to yield
      12.13 of white crystals. Recrystallization from benzene yielded 9.3 g of
      crystals. A second recrystallization from dioxane yielded 7.95 g of
      crystals.
PAC  COMPOUND NO. 26
PAC  3(5)-chloro-5(3)-methyl-4-nitro-N-carb-(p-chloroanilino)-pyrazole
PAR  A mixture of 10.00 g (0.0619 mole) of
      3(5)-methyl-4-nitro-5(3)-chloropyrazole and 9.59 g (0.0625 mole) of
      p-chlorophenylisocyanate in 250 ml of benzene was stirred and heated under
      reflux for 4 hours and allowed to cool to room temperature. The mixture
      was filtered by suction to yield 14.18 of beige colored solid.
      Recrystallization from benzene afforded 11.8 g of product.
PAC  COMPOUND NO. 27
PAC  3(5)-chloro-5(3)-methyl-4-nitro-N-3,4-dichlorophenylcarbamyl pyrazole
PAR  A mixture of 10.00 g (0.0619 mole) of
      3(5)-methyl-4-nitro-5(3)-chloropyrazole, 11.75 g (0.0625 mole) of
      3,4-dichlorophenyl isocyanate in 250 ml of benzene was stirred and heated
      under reflux for 4 hours. The mixture was allowed to cool and filtered
      with suction to give 17.01 g of cream colored solid. The solid was
      dissolved in hot dioxane, and filtered hot. From the filtrate there
      separated out 14.32 g of beige crystals.
PAC  COMPOUND NO. 28
PAC  5(3)-methyl-4-nitro-(3(5)-chloro-N-carbethoxypyrazole
PAR  To a mixture of 10.00 g (0.0619 mole) of
      3(5)-methyl-4-nitro-5(3)-chloropyrazole and 70 ml of benzene was added
      5.97 ml (6.78 g, 0.0625 mole) of ethyl chloroformate followed by 4.98 ml
      (4.9 g, 0.0619 mole) of pyridine. The mixture was stirred and heated under
      reflux for 2 hours and 15 minutes and then filtered by suction. The solid
      was washed with benzene and weighed dry 6.31 g. From the filtrate upon
      cooling, there separated 0.9 g of white crystals. The filtrate from the
      solid material was concentrated in vacuo to yield 13.58 g of a cream
      colored solid. The solid was taken up in a minimum amount of warm benzene
      and filtered warm from a trace of insoluble material. Skelly B was added
      to the filtrate to give 11.8 g of white crystals.
PAC  COMPOUND NO. 29
PAC  3(5)-chloro-N-methanesulfonyl-5(3)-methyl-4-nitropyrazole
PAR  To an ice cooled solution of 10 g (0.0619 mole) of
      3(5)-methyl-4-nitro-5(3)-chloropyrazole in 140 ml of pyridine was added
      8.73 ml (12.92 g, 0.124 mole) of methanesulfonyl chloride. The solution
      was kept at 5.degree.C for 24 hours, and poured into ice. Filtration gave
      6.88 g of amber solid. This was dissolved in boiling ethanol and filtered
      hot. From the filtrate there separated 5.15 g of brown crystals.
PAC  COMPOUND NO. 30
PAC  3(5)-chloro-5(3)-methyl-4-nitro-N-(p-toluenesulfonyl) pyrazole
PAR  To an ice cooled solution of 17.7 g (0.1097 mole) OF
      3(5)-methyl-4-nitro-5(3)-chloropyrazole in 250 ml of pyridine was added
      41.7 g (0.2194 mole) of p-toluenesulfonyl chloride. The mixture was
      swirled in the ice bath until solution was complete and then held at
      5.degree.C for 24 hours, and thereafter poured onto ice. The mixture was
      filtered with suction and the solid was washed well with water. The damp
      solid was taken up in boiling ethanol but would not dissolve. The liquid
      was allowed to cool and filtered with suction. This gave 20.01 g of dull
      white solid. The solid was taken up in boiling carbon tetrachloride and
      filtered hot. From the filtrate separated 14.91 g of dull white crystals.
PAC  COMPOUND NO. 31
PAC  3(5)-chloro-5(3)-methyl-4-nitro-N-(trichloromethylmercapto)-pyrazole
PAR  9.25 g (0.05 mole) of trichloromethylsulfonyl chloride was added drop-wise
      to an ice cooled stirred solution of 8.05 g (0.05 mole) of
      3(5)-chloro-5(3)-methyl-4-nitropyrazole, 2 g (0.05 mole) sodium hydroxide
      in 100 ml of water. The mixture was stirred 1 hour and then filtered. The
      filtered cake was dissolved in ether, washed with water, dried over
      magnesium sulfate, filtered and concentrated in vacuo to give a low
      melting solid. Recrystallization from Skelly B gave a 5.7 g of product.
PAC  COMPOUND NO. 32
PAC  3(5)-chloro-5(3)-methyl-4-nitro-N-(tetrahydro-2-H-pyran-2-yl)pyrazole
PAR  A solution of 16.1 g (0.10 mole) of
      3(5)-chloro-5(3)-methyl-4-nitropyrazole, 10 ml of dihydropyran, 0.2 g of
      p-toluenesulfonic acid and 200 ml of benzene was stirred at room
      temperature for 12 hours. The solution was washed with 5% sodium
      hydroxide, followed by a wash water. The benzene solution was dried over
      magnesium sulfate, filtered and concentrated in vacuo to give a tan solid.
      One recrystallization from cyclohexane gave 14.8 g of product.
PAC  COMPOUND NO. 33
PAC  3(5)-chloro-5(3)-methyl-4-nitro-N-carbomethoxypyrazole
PAR  To a stirred mixture of 10 g (0.0619 mole) of
      3(5)-methyl-4-nitro-5(3)-chloropyrazole, 100 ml of benzene and 4.78 ml
      (5.91 g, 0.0625 mole) of methyl chloroformate was added drop-wise over 15
      minutes 4.98 ml (4.9 g, 0.0619 mole) of pyridine in 50 ml of benzene. The
      mixture was stirred at room temperature for 2 hours and 45 minutes and
      filtered with suction. The filtrate was concentrated in vacuo to yield
      11.5 g of cream colored solid. The solid was taken up in a small amount of
      warm benzene, allowed to cool and filtered. Skelly B was added to the
      filtrate affording 8.67 g of beige crystals.
PAC  COMPOUND NO. 34
PAC  3(5)-chloro-5(3)-methyl-4-nitro-N-phenoxyacetylpyrazole
PAR  To a stirred mixture of 10 g (0.0619 mole) of of
      5(3)-chloro-3(5)-methyl-4-nitropyrazole, 100 ml of benzene and 10.66 g
      (0.0625 mole) of phenoxyacetyl chloride was added dropwise over 15 minutes
      4.98 ml (4.9 g, 0.0619 mole) of pyridine in 50 ml of benzene. The mixture
      was stirred at room temperature for 3 hours and filtered with suction. The
      filtrate was concentrated in vacuo to yield 3.29 g of white solid.
      Recrystallization from benzene afforded 1.41 g of product. The insoluble
      material from the first filtration was also taken up in boiling benzene
      and filtered hot. From the filtrate there separated 3.37 g of white
      crystals.
PAC  COMPOUND NO. 35
      3(5)-chloro-N-(2,4-dichlorophenoxyacetyl)-5(3)-methyl-4-nitropyrazole
PAR  To a stirred mixture of 10 g (0.0619 mole) of
      3(5)-methyl-4-nitro-5(3)-chloropyrazole and 150 ml of benzene was added
      14.97 g (0.0625 mole) of 2,4-dichlorophenoxyacetyl chloride followed by
      4.98 ml (4.9 g, 0.0619 mole) of pyridine in 50 ml of benzene dropwise over
      15 minutes. The mixture was stirred at room temperature for 3 hours,
      heated to reflux and filtered with suction. The filtrate was concentrated
      in vacuo and the residue was taken up in a small amount of benzene and
      filtered hot. The filtrate crystallized immediately. It was reheated and
      filtered again. The process was again repeated and the filtrate was
      allowed to cool and filtered with suction. This gave 21.33 g of white
      crystals. The crystals were dissolved in boiling chloroform and filtered
      hot with slight suction. From the filtrate there separated 9.78 g of white
      crystals.
PAC  COMPOUND NO. 37
PAC  3(5)-chloro-5(3)-methyl-N-trimethylacetyl-4-nitropyrazole
PAR  To a stirred mixture of 10 g (0.0619 mole) of
      3(5)-methyl-4-nitro-5(-3)-chloropyrazole, 150 ml of benzene, and 7.53 g
      (0.0625 mole) of pivalyl chloride was added dropwise over 10 minutes 4.98
      ml (4.9 g 0.0619 mole) of pyridine and 50 ml of benzene. The mixture was
      stirred at room temperature for 3 hours and filtered with suction. The
      filtrate was concentrated in vacuo to yield 9.43 g of beige solid. This
      was taken up in boiling benzene but would not dissolve. The mixture was
      allowed to cool and filtered with suction (1.08 g of insoluble beige
      solid). The filtrate was concentrated in vacuo, taken up in a small amount
      of boiling benzene, cooled and filtered to remove a small amount of
      material. The filtrate was diluted with Skelly B and placed in a cold room
      over night. This gave 1.2 g of white crystals. Filtrate from the 1.2 g
      solid was concentrated in vacuo and the residue was crystallized from
      Skelly B to give 1.7 g of product. The filtrate from the 1.7 g solid
      product was cooled in ice, giving 0.62 g of product.
PAR  In scheme III, known compounds were employed as starting material and
      nitrated in the manner set out above. Table III outlines the physical
      characteristics of these products.
TBL                                    TABLE III                               

     __________________________________________________________________________

              Analysis                                                         

              C    H    N                                                      

     Compound      Calc.          Recrystallization                            

     Number                                                                    

           R.sup.5 Found     M.P. Solvent Formula                              

     __________________________________________________________________________

     38    H                 132-134                                           

                                  H.sub.2 O                                    

                                          C.sub.4 H.sub.5 N.sub.3 O.sub.2      

     39    Br 23.31                                                            

                   1.95 20.38                                                  

                             143-144                                           

                                  EtOAC   C.sub.4 H.sub.4 BrN.sub.3 O.sub.2    

              23.46                                                            

                   1.95 20.49                                                  

     40    CH.sub.3          127-128                                           

                                  H.sub.2 O                                    

                                          C.sub.5 H.sub.7 N.sub.3 O.sub.2      

     41    CF.sub.3                                                            

              30.78                                                            

                   2.07 21.54                                                  

                             Oil  --      C.sub.5 H.sub.4 F.sub.3 N.sub.3      

                                          O.sub.2                              

              30.56                                                            

                   2.03 21.40                                                  

     __________________________________________________________________________

PAR  Representative compounds of Table III were prepared as follows:
PAC  COMPOUND NO. 39
PAC  5-bromo-3-methyl-4-nitropyrazole
PAR  6.5 g (0.027 mole) of 4,5-dibromo-3-methylpyrazole was dissolved in 20 ml
      of concentrated sulfuric acid. The solution was cooled to 9.degree.C and
      10 ml of 90% nitric acid was added dropwise. The solution was stirred 30
      minutes and then slowly heated to 60.degree.C and kept at that temperature
      for 30 minutes. The solution was cooled and poured into water. The mixture
      was extracted with ether and the ether was washed with water. The ether
      solution, after drying over magnesium sulfate was concentrated in vacuo
      and gave a white solid (1.5 g). One recrystallization from ethyl acetate
      gave a solid product.
PAC  CMPOUND NO. 41
PAC  3(5)-trifluoromethyl-5(3)-methyl-4-nitropyrazole
PAR  To obtain the starting material necessary to achieve the final product,
      3(5)-trifluoromethyl-5(3)-methylpyrazole, the following reaction was first
      run: To a stirred mixture of 30.8 g (0.2 mole) of trifluoroacetylacetone
      in 150 ml of water was added dropwise over 20 minutes, 14.0 g (0.28 mole)
      of hydrazine hydrate. The mixture was stirred and then heated on a
      steambath for 1 hour, cooled and filtered with suction. The solid was
      washed with water and air dried, giving 23.61 g of dull yellow solid.
      Crystallization from Skelly B at 0.degree.C gave 19.17 g of amber colored
      crystals.
PAR  10.0 g (0.0666 mole) of 3(5)-trifluoromethyl-5(3)-methylpyrazole was
      dissolved portionwise in 14.4 ml of concentrated sulfuric acid with
      cooling. The time of addition was approximately 25 minutes and the
      temperature was kept below 20.degree.C. 7.77 ml of 90% nitric acid was
      added dropwise to the ice cold solution over a period of 30 minutes. The
      mixture was stirred at room temperature for 2 hours and then heated in a
      boiling water bath for 30 minutes, cooled and poured onto ice. This gave a
      mixture of solid and liquid. The mixture was extracted with ether. The
      ether extract was washed with water and then dried over magnesium sulfate.
      Removal of the solvent left 13.13 g of a yellow liquid.
PAR  Suitable abscission agents must fulfill two basic requirements: First, they
      must enter into the biochemical abscission mechanism and induce or hasten
      the separation of mature or near-mature fruit from its stem; and second,
      these agents must induce abscission without at the same time exhibiting
      severe phytotoxic properties. At the present time, there are a few known
      chemical compounds which have the demonstrated ability to induce or hasten
      fruit abscission, such as iodoacetic acid, ethylene, and allyl alcohol,
      the most successful agent being iodoacetic acid. However, iodoacetic acid
      (hereinafter referred to as IOAA) as well as the few other agents known in
      the art are decidedly phytotoxic. For example, IOAA will cause leaf burn
      at a concentration of 100 parts per million (ppm) and at higher
      concentrations, extensive phytotoxicity is very prevalent.
PAR  The compounds disclosed herein, on the other hand, exhibit abscission
      activity and are at the same time, non-phytotoxic at the effective level.
      Furthermore, it appears to be of no significance whether the compounds are
      applied topically as by spraying the plants or trees, or by dispersing
      them in the ground for transmission to the organs through the stems.
PAR  The foregoing compounds were tested for their activity as abscission agents
      by two methods. The first method involved treatment of Calomondin trees.
      The following procedure was followed: First the compounds were
      solubilized. Here, 150 mg of a compound was weighed into a plastic bottle
      that was compatible with the hand sprayer used. After weighing the
      compound, 10 ml of an isopropyl alcohol-Tween 20 mixture was added to
      solubilize the compound. The adjuvant to compound ratio was 2:1
      volume/weight. If the compound was not solubilized by the above solvent
      mixture, 10 ml of acetone were added. Thereafter, the solution was diluted
      with water to reach a total volume of 60 ml at a 2500 ppm concentration of
      active ingredient. The solution was then sprayed on the Calomondin trees.
      For each compound tested, two trees were sprayed at a 2500 ppm
      concentration. After 5-7 days, 5 oranges from each tree were removed and
      the pull force required to remove the fruit was recorded as precent
      reduction in pull force compared to control tree. This test procedure was
      only employed with Calomondin orange trees.
PAR  Three other species of oranges were also treated including Valenica,
      Pineapple Orange, and Parsons Brown. With respect to the latter three
      trees, the following abscission test was employed: Here 500 mg of the test
      compound was weighed into an amber, 50 ml, screw-capped bottle. 5
      milliliters of dimethyl formamide were added to this to dissolve the
      compound. 20 ml of isopropyl alcohol containing 2 ml of Tween 20 were also
      added to each bottle. The bottles were then capped, labeled and sent to
      the orange grove for testing. There, the formulation was placed into a 1
      liter Erlenmeyer flask and diluted to 500 ml with tap water. This resulted
      in 500 ml of a 1000 ppm active concentration. The formulation was then
      transferred to a Model A Sure Shot CO.sub.2 powered hand sprayer. Single
      branches of mature orange trees of the three types set out above, having
      25-50 oranges per branch, were sprayed until run off with the formulation.
      The branch was tagged and allowed to incubate 7 days. After 7 days the
      branch was inspected for evidence of activity. By clipping 15 fruit with
      stems attached, the force in pounds required to separate the stems from
      the fruit was measured with a hand force gauge. This data then allowed one
      to calculate the percent reduction of pull force as compared to untreated
      trees.
PAR  Results in the just described two procedures are set out in table IV below.
TBL                TABLE IV                                                    

     ______________________________________                                    

     % Reduction Pull Force                                                    

     Compound                    Pineapple-                                    

                                          Parsons                              

     Number  Calomondin Valencia Orange   Brown                                

     ______________________________________                                    

      1      57         --       --       --                                   

      2      78         &gt;95      --       --                                   

      3      89         --       95       --                                   

      4      63         --       --       --                                   

      5      54         --       --       --                                   

      6      34         --       31       --                                   

      7      34         --       31       --                                   

      8       4         --       --       --                                   

      9      14         --       --       --                                   

     10       6         --       --       0                                    

     11      --         --       --       --                                   

     12      78          95      --       --                                   

     13      27          15      --       --                                   

     14      --         100      --       --                                   

     15      --         100      --       --                                   

     16      20         --       --       --                                   

     17      --          17      --       --                                   

     18      --          12      --       --                                   

     19      --          12      --       --                                   

     20      86         --       --       --                                   

     21      --         100      --       --                                   

     22      --         100      --       --                                   

     23      --         100      --       --                                   

     24      --         100      --       --                                   

     25      82         --       --       --                                   

     26      --         100      --       --                                   

     27      --         100      --       --                                   

     28      --         100      --       --                                   

     29      --         100      --       --                                   

     30      --         --       --       100                                  

     31      --         100      --       --                                   

     32      --         --       --       --                                   

     33      --         100      --       --                                   

     34      --         100      --       --                                   

     35      --         --       --       --                                   

     36      --         --       --       --                                   

     37      --         --       --       --                                   

     38      16         --       --       --                                   

     39      --         --       --       100                                  

     40      40         --       --       --                                   

     41      62         --       --       --                                   

     ______________________________________                                    

PAR  The compounds disclosed herein show similarly good activity when employed
      on such other fruits as cherries, apples, grapes, peaches, grapefruit,
      pears, apricots, plums, prunes, olives, tangerines, tangelos, murcotts,
      lemons and limes, among other fruit.
PAR  Generally, the mosts convenient method of applying a composition containing
      as the active ingredient one of the compounds disclosed herein to
      fruit-bearing plants consists of spraying the plants as described above.
      However, the compositions of this invention may also be applied in the
      form of emulsifiable concentrates, powders, granules or dusts. An
      agronomically acceptable carrier for the purposes of this invention
      includes any substance which can be used to dissolve, disperse or diffuse
      the chemical active ingredient, without impairing the effectiveness of the
      active ingredient, and which is not deleterious to the soil or the plant
      in any chemical or physical manner.
PAR  In formulating the compositions of this invention, other components may be
      included to aid in the adsorption or absorption of the active ingredient
      by the plant. Components such as wetting agents, solubilizers,
      emulsifiers, humiditants, surfactants and adjuvants are useful for this
      purpose and may be incorporated in the formulations.
PAR  Generally the active ingredient is employed at a concentration of up to
      10,000 ppm and more often between 50 and 10,000 ppm and it is thus
      preferred to employ the compounds within this concentration range.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A 4 nitropyrazole having the formula
      ##SPC3##
PAL  where R.sup.5 is halo, R.sup.4 is hydrogen and R.sup.3 is alkyl.
NUM  2.
PAR  2. The compound of claim 1 wherein R.sup.5 is chloro, R.sup.4 is hydrogen
      and R.sup.3 is C.sub.2 H.sub.5.
NUM  3.
PAR  3. The compound of claim 1 where R.sup.5 is chloro and R.sub.3 is n-C.sub.3
      H.sub.7.
NUM  4.
PAR  4. The compound of claim 1 where R.sup.5 is chloro, R.sup.4 is hydrogen and
      R.sup.3 is i-C.sub.3 H.sub.7.
NUM  5.
PAR  5. The compound of claim 1 where R.sup.5 is chloro, R.sup.4 is hydrogen and
      R.sup.3 is t-C.sub.4 H.sub.9.
NUM  6.
PAR  6. The compound of claim 1 where R.sup.5 is chloro, R.sup.4 is hydrogen and
      R.sup.3 is C-C.sub.6 H.sub.11.
NUM  7.
PAR  7. The compound of claim 1 where R.sup.5 is chloro, R.sup.4 is hydrogen and
      R.sup.3 is n-C.sub.4 H.sub.9.
NUM  8.
PAR  8. The compound of claim 1 where R.sup.5 is bromo, R.sup.3 is methyl and
      R.sup.4 is hydrogen.
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ABST
PAL  A process for the preparation of substantially hexagonal crystals of
      metal-free alpha phthalocyanine, said crystals ranging in size from about
      1 micron to about 75 microns is disclosed. Photoelectrophoretic and
      manifold processes employing said crystals are also disclosed.
PARN
PAR  This application is a continuation-in-part of Ser. No. 846,262, filed July
      30, 1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates, in general, to a novel process for the preparation
      of an organic pigment and, in particular, to a process for the preparation
      of alpha metal-free phthalocyanine. More specifically, the invention
      relates to a process for the preparation of alpha phthalocyanine pigment
      particles ranging in size from about 1 micron to about 75 microns.
PAR  Phthalocyanine, which is also known as tetrabenzotetraazaporphin and
      tetrabenzoporphyrazine, may be said to be the condensation product of four
      isoindole groups. Metal-free phthalocyanine has the following structure:
      ##SPC1##
PAR  In addition to the metal-free phthalocyanine of the above structure,
      various metal derivates of phthalocyanine are known in which the two
      hydrogen atoms in the center of the molecule are replaced by metals from
      any group of the periodic table. Also, it is well known that from one to
      16 of the peripheral hydrogen atoms in the four benzene rings of the
      phthalocyanine molecule may be replaced by halogen atoms and by numerous
      organic and inorganic groups.
PAR  Metal-free phthalocyanine is known to exist in at least three polymorphic
      forms, including alpha, beta, and "x-form". X-form is a newly discovered
      polymorphic form of phthalocyanine which has been shown to have unique
      xerographic properties. X-form is further discussed in a copending
      application, Ser. No. 375,191, filed in the United States Patent Office on
      June 15, 1964. The various forms of metal-free phthalocyanine may easily
      be distinguished by comparison of their X-ray diffraction patterns and/or
      infrared spectra. (See copending application, Ser. No. 505,723, filed in
      the United States Patent Office on Oct. 29, 1965.)
PAR  The alpha form of phthalocyanine has several important uses. For example,
      it has been found to be commercially useful in plastic, ink, and paint
      applications. Further, it is known that alpha phthalocyanine may be used
      alone or in conjunction with X-form phthalocyanine as a photoconductive
      material in xerography. In addition, it is known that the alpha form of
      phthalocyanine may be converted to the X-form by any suitable grinding
      process, such as ball milling or salt milling. Moreover, alpha
      phthalocyanines have found significant use in manifold imaging described
      in copending application Ser. No. 708,340, filed in the U.S. Patent Office
      on Feb. 26, 1968 and in particle migration imaging systems such as
      photoelectrophoresis described in U.S. Pat. No. 3,384,448 and copending
      application Ser. No. 560,603, filed in the U.S. Patent Office on June 27,
      1966.
PAR  In a photoelectrophoretic imaging system, various colored light absorbing
      particles are suspended in a non-conductive liquid carrier. The suspension
      is placed between electrodes, subjected to a potential difference and
      exposed to an image. As these steps are completed, selective particle
      migration takes place in image configuration, providing a visible image at
      one or both of the electrodes. An essential component of the system is the
      suspended particles which must be intensely colored and electrically
      photosensitive and which apparently undergo a net change in charge
      polarity upon exposure to activating radiation, through interaction with
      one of the electrodes. The images are produced in color because mixtures
      of two or more differently colored sets of particles which are each
      sensitive only to light of a specific wavelength or narrow range of
      wavelengths are used. Particles used in this system must have both intense
      pure colors and be highly photosensitive.
PAR  Copending application Ser. No. 708,380 describes an imaging system
      utilizing a manifold sandwich comprising an electrically photosensitive
      material between a pair of sheets. In this imaging system, an imaging
      layer is prepared by coating a layer of electrically photosensitive
      imaging material onto a substrate. In one form the imaging layer comprises
      a photosensitive material such as alpha phthalocyanine dispersed in a
      cohesively weak insulating binder. This coated substrate is called the
      donor. When needed, the imaging layer is rendered cohesively weak. The
      process step of weakening the imaging layer is termed activation and in
      most cases the imaging layer is activated by contacting it with a swelling
      agent, solvent, or partial solvent for the imaging layer or by heating.
      This step may be eliminated, of course, if the layer retains sufficient
      residual solvent after having been coated on the substrate from a solution
      or paste or is sufficiently cohesively weak to fracture in response to
      electromagnetic radiation, normally visible light and electrical field.
      After activation a receiver sheet is laid over the surface of the imaging
      layer. An electrical field is then applied across this manifold sandwich
      while it is exposed to a pattern of light and shadow representative of the
      image to be reproduced. Upon separation of the donor substrate or sheet
      and receiver sheet the imaging layer fractures along the lines defined by
      the pattern of light and shadow to which the imaging layer has been
      exposed. Part of the imaging layer is transferred to one of the sheets
      while the remainder is retained on the other sheet so that a positive
      image, that is, a duplicate of the original is produced on one sheet while
      a negative image is produced on the other.
PAR  In the preparation of alpha phthalocyanine for use in the above-mentioned
      imaging systems, many difficulties have been encountered. The use of alpha
      phthalocyanine in particle migration systems places certain requirements
      on the crystal size of this material. For example, it is preferred that
      the alpha phthalocyanine crystals be substantially pure and of about 1
      micron to about 75 microns in size. It appears that when substantially
      hexagonal crystals of this size are employed, color separation takes place
      more easily and is more complete.
PAR  The preparation of alpha phthalocyanine by previously known techniques,
      such as those disclosed in "Phthalocyanine Compounds" by Moser and Thomas,
      Rheinhold Publishing Company, pages 104-189, generate crystals of
      submicron size. Moreover, the use of most organic solvents for crystal
      growing, such as, for example, o-dichlorobenzene or dimethyl formamide,
      generate large crystals of the beta polymorph. While it is true that beta
      phthalocyanine may be converted to the alpha form by dissolving it in 98%
      sulfuric acid solution and precipitating the solution in ice water,
      sulfuric acid tends to degrade the phthalocyanine resulting in the
      formation of phthalimide, phthalic acid, and various nitrogen containing
      compounds which are undesirable in a particle migration system. Moreover,
      the alpha phthalocyanine which is generated is in the form of submicron
      particles.
PAR  It is, therefore an object of this invention to provide alpha
      phthalocyanine material devoid of the above-noted disadvantages.
PAR  It is another object of this invention to provide a method for the
      preparation of alpha phthalocyanine crystals for use in particle migration
      imaging systems.
PAR  Another object of this invention is to generate substantially hexagonal
      alpha phthalocyanine particles ranging in size from about 1 micron to
      about 75 microns.
PAR  Still another object of this invention is to provide a method of synthesis
      of alpha phthalocyanine in which the final produce is free of sulfuric
      acid contamination and decomposition products.
PAR  A further object of this invention is to provide improved
      photoelectrophoritic imaging systems.
PAR  Yet another object of this invention to provide improved manifold imagining
      systems.
PAR  It is still another further object of this invention to provide improved
      color separation in particle migration imaging systems.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objectives and others are accomplished in accordance with
      this invention, generally speaking, by providing a novel system for the
      preparation of metal-free alpha phthalocyanine crystals, ranging in size
      from about 1 micron to about 75 microns which comprises placing alpha
      and/or beta phthalocyanine in a solution of a strong base dissolved in an
      aliphatic hydroxylic solvent having from 1 to 5 carbon atoms or the
      substituted version of said solvent and preferably, but not necessarily,
      heating to about reflux and allowing said crystal growing to take place.
PAR  Any suitable aliphatic hydroxylic solvent may be employed in the system of
      the instant invention. The aliphatic hydroxylic solvents having 1 to 5
      carbon atoms may be substituted with any aliphatic, aromatic and
      hererocyclic radical or a combination thereof or substituents thereof.
      Typical aliphatic hydroxylic solvents having 1 to 5 carbon atoms include
      lower alcohols having 1 to 5 carbon atoms, glycols having 2 to 5 carbon
      atoms, and glycerol, among others.
PAR  Any suitable lower alcohol may be employed in the system of the instant
      invention. Typical lower alcohols include methanol, ethanol, propanol,
      isopropanol, tertiary butanol, pentanol, and substituted varieties
      thereof.
PAR  Any suitable glycol may be employed in the system of the instant invention.
      Typical glycols include ethylene glycol, propylene glycol, butylene
      glycol, pentylene glycol, and substituted vertions thereof.
PAR  Any suitable strong base may be employed in the system of the present
      invention. Typical strong bases include alkoxides or hydroxides of an
      alkali metal or quaternary ammonium radical satisfying the following
      formula, among others
EQU  (R'R.sub.1-3 N).sup.+
PAL  wherein R' may be an aromatic, heterocyclic, or aliphatic radical; and
      R.sub.1-3 is any aliphatic radical.
PAR  Any suitable alkoxide may be employed in the system of the instant
      invention. Typical alkoxides include sodium ethoxide, potassium propoxide,
      and lithium butoxide.
PAR  Any suitable alkali metal may be employed in the system of the instant
      invention. Typical alkali metals include lithium, sodium, and potassium.
PAR  Any suitable quaternary ammonium salt may be employed in the system of the
      instant invention. Typical quaternary ammonium salts include tetramethyl
      ammonium hydroxide or alkoxide, benzyltrimethyl ammonium hydroxide or
      alkoxide, among others.
PAR  Any suitable substituted or unsubstituted metal-free phthalocyanine may be
      used in this invention. While either alpha metal-free phthalocyanine, beta
      metal-free phthalocyanine, or mixtures thereof may be placed in the
      solvent, best results are obtained with alpha metal-free phthalocyanine.
PAR  The metal-free phthalocyanine should remain in the solvent solution above
      described for a period long enough to produce crystals ranging in size
      from about 1 micron to about 75 microns. A preferred period is from about
      4 to about 8 days without heat and shorter periods of time when heating
      the material up to reflux temperature.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The following examples will further define various preferred embodiments of
      the present invention. Parts and percentages are by weight unless
      otherwise specified.
PAC  EXAMPLE I
PAR  Approximately 30 g. of sub-micron-sized particles of beta metal-free
      phthalocyanine are placed in a solution containing about 30 g. of
      potassium propoxide in about 170 ml. of propanol. The material is heated
      to about reflux and after a short period of time, there results
      substantially hexagonal crystals of alpha metal-free phthalocyanine
      ranging in size from about 1 micron to about 75 microns.
PAC  EXAMPLE II
PAR  Example I is repeated using alpha metal-free phthalocynine in place of beta
      metal-free phthalocyanine. The solution is not heated, but allowed to
      stand for about 5 days. There results substantially hexagonal crystals of
      metal-free alpha phthalocyanine ranging in size from about 1 micron to
      about 75 microns.
PAC  EXAMPLES III - IV
PAR  Example I is repeated using alpha metal-free phthalocyanine in place of the
      beta form and Example II is repeated using the beta polymorph in place of
      the alpha form. In each case alpha metal-free crystals, ranging in size
      from about 1 micron to about 75 microns are generated.
PAC  EXAMPLES V - VII
PAR  Example I is repeated three successive times using sodium ethoxide in
      ethanol, potassium propoxide in propanol, and lithium butoxide in butanol,
      respectively. Results are substantially the same as those of Example I.
PAR  In each of Examples VIII - X, below, a suspension including equal amounts
      of three colored pigments is made by dispersing the pigments in Sohio
      Odorless Solvent 3440 so that the pigments constitute 8% by weight of the
      mixture. The mixture may be referred to as a "tri-mix". The tri-mixing are
      individually tested by coating them on a NESA glass plate and exposing
      them as in Example I of U.S. Pat. No. 3,384,488 except that a multi-color
      "Kodachrome" transparency is used in place of the black-and-white
      transparency. Thus, a multi-colored image is projected on the plate as the
      roller electrode is moved across the surface thereof. A baryta paper
      blocking electrode is employed and the roller is held at a negative
      potential of about 2,500 volts. The roller is passed over the plate 6
      times, with removal of adhering particles from the blocking electrode
      surface between passes. After completion of the 6 passes, the quality of
      the image upon the plate is evaluated as to the image density and color
      purity.
PAC  EXAMPLE VIII
PAR  The tri-mix comprises alpha metal-free phthalocyanine prepared in Example
      I, crystal size about 1 micron to about 75 microns, a yellow
      pigment-Indofast Yellow Toner, flavanthrone, C.I. No. 70600, available
      from Harmon Colors Co. and a magenta pigment, Watchung Red B, a barium
      salt, of 1-(4'-methyl-5'-chloroazobenzene-2-sulfonic
      acid)-2-hydroxy-3-naphthoic acid, C.I. No. 15865, available from E. I.
      duPont deNemours & Co. When exposed as discussed above, this tri-mix
      produces a multi-color image corresponding to the original, having very
      good color density characteristics and exceptionally good color
      separation.
PAC  EXAMPLE IX
PAR  Example VIII is repeated with a tri-mix comprising alpha phthalocyanine
      prepared in Example II, crystal size about 1 micron to about 75 microns, a
      yellow pigment, N-2" (1",3" thiazole)-8-13-dioxodinaphtho-(1,2-2',3')
      furan-6-carboxamide, and a magenta pigment, Quindo magenta RV-6803, a
      quinacridone-type pigment, available from Harmon Colors. As in Example
      VIII the density characteristics and color separation are excellent.
PAC  EXAMPLE X
PAR  Example VIII is repeated with a tri-mix comprising alpha phthalocyanine
      prepared in Example III, crystal size about 1 micron to about 5 microns, a
      yellow pigment, Algol Yellow GC, 1,2,5,6-di
      (C,C'-diphenyl)-thiazole-anthraquinone, C.I. No. 67300, available from
      General Dyestuffs, Bonadur Red B, and insolubilized azo dye available from
      Collway Colors, C.I. No. 15865. As in Example VIII the density
      characteristics and color separation are excellent.
PAC  EXAMPLES XI 14  XIV
PAR  A manifold imaging layer is made as follows: 5 grams of Sunoco 1290, a
      microcrystalline wax with a melting point of 178.degree.F. is dissolved in
      100 cc. of reagent grade petroleum ether heated to about 50.degree.C. and
      quenched by immersing the container in cold water to form small wax
      crystals. 5 grams of the alpha metal-free phthalocyanine produced
      according to Example I (about 1 micron to about 75 microns in size) are
      then added to the wax paste along with 1/2 pint of clean porcelain balls
      in a 1 pint mill jar. This formulation is then ball milled in darkness for
      31/2 hours at 70 r.p.m. and after milling 20 cc. of Sohio Solvent 3440 is
      added to the paste. This paste is then coated in subdued green light on a
      2 mil Mylar sheet with a No. 12 wire-wound draw down rod which produces a
      2.5 micron thick coating after drying. The same paste is also applied on
      three other Mylar sheets with a No. 8 draw down rod to produce a coating
      thickness of 11/2 microns, with a No. 24 rod to produce a coating
      thickness of 5 microns and a No. 36 rod to produce a coating thickness of
      71/2 microns. Each of these coatings is then heated to about 140.degree.F.
      in darkness in order to dry it. Then the coated donors are placed on the
      tin oxide surface of NESA glass plates with their coatings facing away
      from the tin oxide. A receiver sheet also of 2 mil thick Mylar is then
      placed on the coated surface of each donor. Then a sheet of black,
      electrically conductive paper is placed over the receiver sheet to form
      the complete manifold set. The receiver sheet is then lifted up and the
      phthalocyanine wax layer is activated with one quick brush stroke of a
      wide camel's hair brush saturated with petroleum ether. The receiver sheet
      is then lowered back down and a roller is rolled slowly once over the
      closed manifold set with light pressure to remove excess petroleum ether.
      The negative terminal of an 8,000 volt d.c. power supply is then connected
      to the NESA coating in series with a 5,500 black opaque electrode and
      grounded. With the voltage applied, a white incandescent light image is
      projected upward through the NESA glass using a Wollensak 90 mm, f 4.5
      enlarger lens with illumination of approximately 1/100 foot-candle applied
      for 5 seconds for a total incident energy of 20.0 foot-candle-seconds.
      After exposure, the receiver sheet is peeled from the set with the
      potential source still connected. The small amount of petroleum ether
      present evaporates within a second or so after separation of the sheets
      yielding a pair of excellent quality images with a duplicate of the
      original on the donor sheet and a reversal of the original on the receiver
      sheet. All four coating thicknesses produce very good quality images.
PAC  EXAMPLES XV - XVI
PAR  Example XI is repeated two successive times using the alpha metal-free
      phthalocyanines of Example II, and III, respectively. In each case there
      results excellent quality images.
PAC  EXAMPLE XVII
PAR  About 30 grams of sub-micron size particles of alpha metal-free
      phthalocyanine are placed in a solution containing about 30 grams of
      potassium hydroxide in about 170 ml of ethylene glycol. The material is
      heated to about reflux and after a short period of time there results
      substantially hexagonal crystals of alpha metal-free phthalocyanine
      ranging in size from about 1 micron to about 75 microns.
PAC  EXAMPLE XVIII
PAR  Approximately 30 grams of sub-micron size particles of alpha metal-free
      phthalocyanine are placed in a solution containing about 30 grams of
      sodium hydroxide and about 170 ml of ethanol. The material is heated to
      about reflux and after a short period of time there results substantially
      hexagonal crystals of alpha metal-free phthalocyanine ranging in size from
      about 1 micron to about 75 microns.
PAC  EXAMPLE XVIV
PAR  Approximately 30 grams of sub-micron size particles of alpha metal-free
      phthalocyanine are placed in a solution containing about 30 grams of
      potassium hydroxide and about 170 ml of ethanol. The material is heated to
      about reflux and after a short period of time there results substantially
      hexagonal crystals of alpha metal-free phthalocyanine ranging in size from
      about 1 micron to about 75 microns.
PAC  EXAMPLE XX
PAR  The procedure as outlined in Example XVII is again repeated with the
      exception that 30 grams of tetramethyl ammonium hydroxide in about 170 ml
      of glycerol are employed. Similar results as obtained in Example XVII are
      obtained.
PAC  EXAMPLE XXI
PAR  The procedure as outlined in Example XVII is again employed with the
      exception that 30 grams of benzyl-trimethyl ammonium hydroxide are
      employed in about 170 ml of isopropanol. Similar results as obtained in
      Example XVII are again obtained.
PAR  Although specific components and porportions have been stated in the above
      description of preferred embodiments of the invention, other typical
      materials as listed above if suitable may be used with similar results. In
      addition, other materials may be used to synergize, enhance or otherwise
      modify the properties of the imaging layer. For example, various dyes,
      spectral sensitizers, complexes, and electrical sensitizers such as Lewis
      Acids may be added to aid in particle migration imaging.
PAR  Other modifications and ramifications of the present invention will occur
      to those skilled in the art upon a reading of the present disclosure.
      These are intended to be included within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the preparation of substantially hexagonal crystals of
      alpha metal-free phthalocyanine, said crystals ranging in size from about
      1 micron to about 75 microns which comprises mixing a phthalocyanine
      selected from the group consisting of unsubstituted alpha metal-free
      phthalocyanine, unsubstituted beta metal-free phthalocyanine, and mixtures
      thereof in a solution of a strong base selected from at least one member
      of the group consisting of alkoxides of an alkali metal, hydroxides of an
      alkali metal, alkoxides of a quaternary ammonium radical, and hydroxides
      of a quaternary ammonium radical satisfying the following formula
EQU  (R'R.sub.1-3 N).sup.+
PAL  wherein R' may be an aromatic, heterocyclic, or aliphatic radical; and
      R.sub.1-3 is an aliphatic radical
NUM  2.
PAR  2. The method as defined in claim 1 wherein said aliphatic hydroxylic
      solvent is at least one member selected from the group consisting of
      alcohols having 1 to 5 carbon atoms, glycols having 2 to 5 carbon atoms,
      and glycerol.
NUM  3.
PAR  3. The method as defined in claim 1 wherein said alkali metal is selected
      from at least one member of the group consisting of lithium, sodium, and
      potassium.
NUM  4.
PAR  4. The method as defined in claim 2 wherein said alcohol is selected from
      the group consisting of methanol, ethanol, propanol, isopropanol, tertiary
      butanol, and pentanol.
NUM  5.
PAR  5. The method as defined in claim 1 wherein the phthalocyanine solvent
      mixture is allowed to stand for about 5 days to about 7 days.
NUM  6.
PAR  6. The method as defined in claim 1 wherein said phthalocyanine solvent
      mixture is heated up to about reflux temperature.
NUM  7.
PAR  7. The method as defined in claim 2 wherein said alpha metal-free
      phthalocyanine crystals are submicron in size.
PATN
WKU  039324559
SRC  5
APN  4721624
APT  1
ART  121
APD  19740522
TTL  Carbazole phthaleins
ISD  19760113
NCL  52
ECL  1
EXP  Winters; Sherman D.
NDR  1
NFG  1
INVT
NAM  Bilofsky; Ruth C.
CTY  Arlington
STA  MA
INVT
NAM  Cramer; Richard D.
CTY  Wallingford
STA  PA
ASSG
NAM  Polaroid Corporation
CTY  Cambridge
STA  MA
COD  02
RLAP
COD  72
APN  202482
APD  19711126
PSC  01
PNO  3816119
CLAS
OCL  260315
EDF  2
ICL  C07D20986
FSC  260
FSS  315
UREF
PNO  3491111
ISD  19700100
NAM  Lin
OCL  260315
UREF
PNO  3647437
ISD  19720300
NAM  Land
OCL   96 84R
UREF
PNO  3702244
ISD  19721100
NAM  Bloom et al.
OCL   96  3
LREP
FR2  Campbell; Sybil A.
ABST
PAL  This invention relates to a new class of indicator dyes useful as optical
      filter agents in photographic processes to protect a selectively exposed
      photosensitive material from further exposure during processing in the
      presence of incident light. Such dyes comprise 3,6-disubstituted
      carbazoles wherein the 3,6 substituents are selected from a phthalidyl
      radical, C.sub.6 H.sub.4.CO.O.CR--, wherein R is an aryl group and an
      o-carboxybenzoyl radical, not more than one of said substituents being
      o-carboxybenzoyl.
PARN
PAC  CROSS-REFERENCE TO RELATED PATENT APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 202,482 filed Nov. 26, 1971, now U.S. Pat. No. 3,816,119.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to novel chemical compounds, and more
      specifically, it relates to a new class of pH sensitive indicator dyes. In
      a particular aspect, it relates to indicator dyes derived from certain
      3,6-di-substituted carbazoles useful as optical filter agents in
      photographic processes for protecting an exposed photosenstive material
      from post-exposure fogging during development in the presence of
      extraneous incident light and to such photographic uses.
PAR  2. Description of the Prior Art
PAR  A number of photographic processes by which images may be developed and
      viewed within seconds or minutes after exposure have been proposed. Such
      processes generally employ a processing composition which is suitably
      distributed between two sheet-like elements, the desired image being
      carried by one of said sheet-like elements. The resulting images may be in
      black-and-white, e.g., in silver, or in one or more colors. Processing may
      be conducted in or outside of a camera. The most useful of such processes
      are the diffusion transfer processes which have been proposed for forming
      silver or dye images, and several of these processes have been
      commercialized. Such processes have in common the feature that the final
      image is a function of the formation of an image-wise distribution of an
      image-providing reagent and the diffusion transfer of said distribution to
      or from the stratum carrying the final image, whether positive or
      negative.
PAR  U.S. Pat. No. 3,415,644 discloses a composite photosensitive structure,
      particularly adapted for use in reflection type photographic diffusion
      transfer color processes. This structure comprises a plurality of
      essential layers including, in sequence, a dimensionally stable opaque
      layer; one or more silver halide emulsion layers having associated
      therewith dye image-providing material which is soluble and diffusible, in
      alkali, at a first pH, as a function of the point-to-point degree of its
      associated silver halide emulsion's exposure to incident actinic
      radiation; a polymeric layer adapted to receive solubilized dye
      image-providing material diffusing thereto; a polymeric layer containing
      sufficient acidifying capacity to effect reduction of a processing
      composition from the first pH to a second pH at which the dye
      image-providing material is substantially nondiffusible; and a
      dimensionally stable transparent layer. This structure may be exposed to
      incident actinic radiation and processed by interposing, intermediate the
      silver halide emulsion layer and the reception layer, an alkaline
      processing composition providing the first pH and containing a
      light-reflecting agent, for example, titanium dioxide to provide a white
      background. The light reflecting agent (referred to in said patent as an
      "opacifying agent") also performs an opacifying function, i.e., it is
      effective to mask the developed silver halide emulsions and also acts to
      protect the photoexposed emulsions from post-exposure fogging by light
      passing through the transparent layer if the photoexposed film unit is
      removed from the camera before image formation is complete.
PAR  In a preferred embodiment, the composite photosensitive structure includes
      a rupturable container, retaining the alkaline processing composition
      having the first pH and light-reflecting agent, fixedly positioned
      extending transverse a leading edge of the composite structure in order to
      effect, upon application of compressive pressure to the container,
      discharge of the processing composition intermediate the opposed surfaces
      of the reception layer and the next adjacent silver halide emulsion.
PAR  The liquid processing composition distributed intermediate the reception
      layer and the silver halide emulsion, permeates the silver halide emulsion
      layers of the composite photosensitive structure to initiate development
      of the latent images contained therein resultant from photoexposure. As a
      consequence of the development of the latent images, dye image-providing
      material associated with each of the respective silver halide emulsion
      layers is individually immobilized as a function of the point-to-point
      degree of the respective silver halide emulsion layer photoexposure,
      resulting in imagewise distributions of mobile dye image-providing
      materials adapted to transfer, by diffusion, to the reception layer to
      provide the desired transfer dye image. Subsequent to substantial dye
      image formation in the reception layer, a sufficient portion of the ions
      of the alkaline processing composition transfers, by diffusion, to the
      polymeric neutralizing layer to effect reduction in the alkalinity of the
      composite film unit to the second pH at which dye image-providing material
      is substantially nondiffusible, and further dye image-providing material
      transfer is thereby substantially obviated.
PAR  The transfer dye image is viewed, as a reflection image, through the
      dimensionally stable transparent layer against the background provided by
      the reflecting agent, distributed as a component of the processing
      composition, intermediate the reception layer and next adjacent silver
      halide emulsion layer. The thus-formed stratum effectively masks residual
      dye image-providing material retained in association with the developed
      silver halide emulsion layer subsequent to processing.
PAR  In the copending U.S. patent application Ser. No. 786,352 of Edwin H. Land,
      filed Dec. 23, 1968, now abandoned, and application Ser. No. 101,968 filed
      Dec. 28, 1970, now U.S. Pat. No. 3,647,437, in part a continuation of
      application Ser. No. 786,352, an organic light absorbing reagent (or
      optical filter agent), such as a dye, which is present as a
      light-absorbing species at the first pH and which may be converted to a
      substantially non-light-absorbing species at the second pH is used in
      conjunction with the light-reflecting agent to protect the selectively
      exposed silver halide emulsions from post-exposure fogging when
      development of the photo-exposed emulsions is conducted in the presence of
      extraneous incident actinic radiation impinging on the transparent layer
      of the film unit.
PAR  In copending U.S. Pat. application Ser. No. 108,260 filed Jan. 21, 1971,
      now U.S. Pat. No. 3,702,244, pH-sensitive dyes which contain at least one
      indole radical bonded by the 2- or 3-position to a ring-closing moiety are
      disclosed as useful as optical filter agents for absorbing incident
      radiation actinic to selectively exposed photosensitive materials within a
      predetermined wavelength range in the shorter wavelength region of the
      visible spectrum. Certain of the novel indicator dyes disclosed therein,
      namely, those derived from certain 3,6-di-substituted carbazoles are among
      the dyes comprising the subject matter of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  It is the primary object of the present invention to provide a novel class
      of indicator dyes derived from certain carbazoles.
PAR  It is another object of the present invention to provide a novel class of
      indicator dyes useful as optical filter agents in photographic processes
      for preventing post-exposure fogging of a selectively exposed
      photosensitive material during development in the presence of incident
      light.
PAR  It is a further object of the present invention to provide products,
      compositions and processes for the development of photosensitive materials
      in which the novel indicator dyes are used.
PAR  It is yet a further object of the present invention to provide a novel
      process for the preparation of these indicator dyes.
PAR  Other objects of this invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the processes involving the several
      steps and the relation and order of one or more of such steps with respect
      to each of the others, and the products and compositions possessing the
      features, properties and the relation of elements which are exemplified in
      the following detailed disclosure, and the scope of the application of
      which will be indicated in the claims.
PAR  According to the present invention, there is provided a novel class of
      indicator dyes comprising 3,6-disubstituted carbazoles wherein said 3,6
      substituents are selected from a phthalidyl radical, C.sub.6
      H.sub.4.CO.O.CR--, wherein R is an aryl group and an o-carboxybenzoyl
      radical, not more than one of said substitutents being o-carboxybenzoyl.
      These indicator dyes will be defined with greater particularity
      hereinafter.
PAR  Like pH sensitive dyes in general, the dyes of the present invention
      exhibit reversibly alterable spectral absorption characteristics in
      response to changes in environmental pH. They have a colored,
      light-absorbing form in alkaline media at a first pH value above their pKa
      and a substantially colorless form, i.e., a form which is substantially
      non-light-absorbing in the visible spectrum at a second pH below their
      pKa. By pKa is meant the pH at which about 50% of the dye is present in
      its light-absorbing form and about 50% is present in its
      non-light-absorbing form.
PAR  It will be appreciated that such compounds will find utility in titrations
      and other analytical procedures where pH sensitive indicator dyes are
      commonly employed, for example, to measure changes in pH value as
      reflected by the change in color of the dye from one color to another or
      from colored to colorless or vice versa. The indicator dyes of the present
      invention, however, due particularly to their spectral absorption
      characteristics are especially useful as optical filter agents in
      photographic processes where development of a selectively exposed
      photosensitive material is performed at least in part outside the confines
      of a camera in the presence of extraneous incident actinic radiation.
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawing.
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PAC  Brief Description of the Drawing
PAR  The FIGURE is a graphic illustration of the spectral absorption
      characteristics of two indicator dyes of the present invention and
      represents the optical transmission density, i.e., absorbance of the
      respective dyes measured on a logarithm scale over the wavelength range of
      350 nm. to 750 nm. in aqueous alkaline solution at a pH substantially
      above their pKa.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the present invention, it has been found that the
      above-denoted 3,6-disubstituted carbazole indicator dyes exhibit
      remarkably broad spectral absorption characteristics in the visible
      spectrum and that dyes may be selected from this class that absorb
      radiation substantially throughout the visible range. Moreover, the dyes
      of the present invention are efficient absorbers of radiation within the
      broad range which renders them particularly useful as optical filter
      agents for photographic processes.
PAR  Typical of the indicator dyes of the present invention are those
      represented by the following formula:
      ##SPC1##
PAL  wherein B represents
      ##SPC2##
PAL  and R' and R" are aryl groups. When both carbazole substituents are
      phthalidyl radicals, such dyes will be referred to herein as "carbazeins".
      In a like manner, when one substituent is a phthalidyl radical and the
      other is a carboxybenzoyl radical, the dyes will be referred to as
      "hemicarbazeins." The carbazeins and hemicarbazeins embraced by the above
      formula are illustrated in formulae Ia and Ib, respectively.
      ##SPC3##
PAR  In the above formulae, R' and R" have the same meaning as given in formula
      (I) above. The R' and R" substituents may be any aromatic radical,
      substituted or unsubstituted, e.g., carbocyclic aryl of the benzene or
      naphthanlene series or heterocyclic aryl containing O, N, S, P and
      combinations thereof. Illustrative of suitable R' and R" groups are those
      derived from N-heterocyclic compounds, such as, pyrrole, indole,
      carbazole, pyridine, quinoline, pyridazine; S-heterocyclic compounds, such
      as, thiophene, thiazole, benzothiophene; O-heterocyclic compounds, such
      as, furan, benzofuran, oxazole; P-heterocyclic compounds, such as,
      phosphazole, phosphene; and carbocyclic compounds, such as, benzene,
      naphthalene, and especially carbocyclic aryl with para substituents, such
      as, hydroxyl and amino including mono- and di- N-substituted amino.
      Preferred groups include, pyrr-2-yl, indol-3-yl, carbazol-3-yl,
      p-hydroxyphenyl, p-hydroxynaphthyl and p-N-substituted aminophenyl.
      Because of the convenience in preparation, the R' and R" groups in the
      carbazein dyes, as illustrated in formula (Ia), preferably are identical.
PAR  The indicator dyes defined above and as represented in the foregoing
      formulae may contain substituents other than those specified as may be
      desired which do not interfere with the function of the dye for its
      selected ultimate use. Where it is desired that the indicator dye be
      substantially immobile or non-diffusible in the processing solution, it
      may be substituted with a bulky group, such as, a long chain substituent,
      e.g., dodecyloxy, hexadecyl or dodecylphenyl. Also, it may be substituted
      with solubilizing groups, e.g., carboxy or sulfo to adjust the solubility
      in a given solution and with appropriate groups, such as, hydrogen-bonding
      groups to adjust the pKa for use in a given photographic process.
PAR  Typical substituents include branched or straight chain alkyl, such as,
      methyl, ethyl, isopropyl, n-butyl, t-butyl, hexyl, octyl, dodecyl,
      hexadecyl, octadecyl and eicosanyl; aryl, such as, phenyl,
      2-hydroxyphenyl, and naphthyl; alkaryl, such as benzyl, phenethyl,
      phenylhexyl, p-octylphenyl, p-dodecylphenyl; alkoxy, such as, methoxy,
      ethoxy, butoxy, 1-ethoxy-2-(.beta.-ethoxyethoxy), dodecyloxy and
      octadecyloxy; aryloxy, such as phenoxy, benzyloxy, naphthoxy; alkoxyalkyl,
      such as methoxyethyl, dodecyloxyethyl; halo such as, fluoro, bromo, and
      chloro; trifluoralkyl, such as, trifluoromethyl, mono- and
      bis-trifluoromethyl carbinol; sulfonamido; sulfamoyl; acyl and its
      derivatives; aminomethyl; amido; sulfonyl; sulfo; cyano; nitro; amino
      including mono-and disubstituted amino, e.g., N-ethyl amino and
      N,N'-dimethylamino; carboxy; and hydroxyl.
PAR  As noted above, it may be desirable to adjust the pKa of the subject dyes
      for use in a given photographic process, e.g., by substituting a
      hydrogen-bonding group capable of raising the pKa on a carbon atom
      adjacent to the --NH-- of an N-heterocyclic aryl radical or on a carbon
      atom adjacent to the --OH of a p-hydroxycarbocyclic aryl radical
      comprising R' and R". The association of two atoms through hydrogen to
      form a hydrogen bond between or within molecules is well known. When
      hydrogen is attached to an electronegative atom, for example, O or N, the
      resultant bond is polarized. If directed toward another atom (M) with an
      unshared pair of electrons, the hydrogen acts as a bridge between the
      atoms (O-H . . . M) due to the electrostatic attraction to both atoms
      between which the hydrogen proton can be transferred. In the present
      invention an intramolecular hydrogen bond is formed between the p-hydroxy
      group of a p-hydroxy carbocyclic aryl radical, e.g., p-hydroxyphenyl or
      p-hydroxynaphthyl, or the --NH-- of an N-heterocyclic aryl radical, e.g.,
      indol-3-yl or pyrr-2-yl and an adjacent hydrogen-bonding group, i.e., a
      group containing a heteroatom possessing an active unshared pair of
      electrons, such as, O, N, S or halogen, e.g., F, which has a free electron
      pair of negative charge in basic solution and which is capable of forming
      a 5-, 6-, or 7-membered and preferably a 5- or 6-membered hydrogen-bonded
      ring with the p-hydroxy group of the carbocyclic aryl radical or the
      --NH-- of the N-heterocyclic aryl radical. Preferably, the hetero-atom in
      the hydrogen-bonding group has attached to it a proton which is more
      acidic than the proton on the -NH- or functional --OH and ionizes in basic
      solution to a negative charge. Such groups include, for example, carboxy;
      hydroxy; o-hydroxyphenyl; bis trifluoromethyl carbinol; sulfonamido
      (-NH-SO.sub.2 -R) and sulfamoyl (SO.sub.2 -NH-R.degree.) wherein R and
      R.degree. are hydrocarbon groups containing up to 20 carbon atoms and may
      be alkyl, aryl, aralkyl, particularly phenyl-substituted alkyl and
      alkaryl, particularly alkyl-substituted phenyl. Suitable R and R.degree.
      substituents include branched or straight chain alkyl, e.g., methyl,
      ethyl, isopropyl, n-butyl, t-butyl, hexyl, octyl, dodecyl, hexadecyl,
      octadecyl and eicosanyl; aryl, e.g., phenyl and naphthyl; aralkyl and
      alkaryl, e.g., benzyl, phenethyl, phenylhexyl, p-octylphenyl and
      p-dodecylphenyl.
PAR  In a preferred embodiment, the indicator dyes of the present invention are
      compounds of formula I
      ##SPC4##
PAL  wherein B represents
      ##SPC5##
PAL  wherein R' and R" the same are selected from
      ##SPC6##
PAL  wherein R.sup.1 is selected from hydrogen, alkyl having 1 to 20 carbon
      atoms, phenyl and a hydrogen-bonding group forming a 5-, 6- or 7-membered
      intramolecular hydrogen-bonded ring with the adjacent -NH- or -OH and
      selected from carboxy, hydroxy, o-hydroxyphenyl, bis trifluoromethyl
      carbinol, sulfonamido and sulfamoyl, R.sup.2 is selected from hydrogen and
      a hydrogen-bonding group forming a 5-, 6- or 7-membered intramolecular
      hydrogen-bonded ring with the adjacent -NH- or -OH and selected from
      carboxy, hydroxy, o-hydroxyphenyl, bis trifluoromethyl carbinol,
      sulfonamido and sulfamoyl, not more than one of R.sup.1 and R.sup.2 being
      a hydrogen-bonding group, and R.sup.3 is selected from hydrogen, phenyl,
      alkyl having 1 to 20 carbon atoms, and alkoxy having 1 to 20 carbon atoms.
      In a particularly preferred embodiment, R' and R" of the carbazeins and
      hemicarbazeins are derived from indoles.
PAR  Specific examples of indicator dyes within the scope of the present
      invention are as follows:
      ##SPC7##
      ##SPC8##
      ##SPC9##
      ##SPC10##
      ##SPC11##
      ##SPC12##
      ##SPC13##
      ##SPC14##
      ##SPC15##
      ##SPC16##
      ##SPC17##
      ##SPC18##
      ##SPC19##
      ##SPC20##
      ##SPC21##
PAR  The indicator dyes of the present invention are conveniently prepared by
      reacting a 3,6-bis-(orthocarboxybenzoyl)carbazole and the aromatic
      compound selected to provide the R' and R" radicals in the presence of a
      suitable condensing agent. Depending upon the aromatic compound, the
      condensing agent may be acetic anhydride, an acid catalyst, such as, a
      Lewis acid, e.g., p-toluenesulfonic acid, zinc chloride and boron
      trifluoride or other condensing agent as conventionally employed in
      reactions of this type. It has been found that acetic anhydride is useful
      as the condensing agent with heterocyclic compounds, such as, indoles and
      pyrroles, and that boron trifluoride-etherate is particularly useful with
      carbocyclic aryl compounds, such as, phenols and anilines.
PAR  The aromatic compound may be any of those enumerated previously and may be
      unsubstituted or may contain substituents such as those mentioned
      previously. Likewise, the orthocarboxybenzoyl carbazole starting material
      may contain substituents, for example, sulfonic acid groups, sulfonic acid
      salt groups, carboxy groups or other groups as may be desired in the final
      dye product.
PAR  In the synthesis of carbazeins, two equivalents of aromatic compound are
      reacted with one equivalent of the carbazole starting material. If
      desired, the aromatic compound may be employed in a slight excess.
      Hemicarbazeins may be synthesized by reacting one or slightly less than
      one equivalent of the aromatic compound with one equivalent of carbazole.
      The synthesis of hemicarbazeins in this manner, however, is not altogether
      satisfactory. The desired product usually is formed in only small amounts
      and is difficult to isolate from the reaction mixture.
PAR  It has now been found quite unexpectedly that hemicarbazeins may be
      obtained in greatly improved yields and purity by forming the carbazein
      first and then treating the carbazein with strong alkali to yield the
      corresponding hemicarbazein. In preparing these compounds according to
      this procedure, .gtoreq. 2 equivalents of aromatic compound and 1
      equivalent of a 3,6-bis-(ortho-carboxybenzoyl)carbazole are reacted in the
      presence of a condensing agent to form the carbazein which is treated with
      strong alkali, usually an aqueous or aqueous-alkanol solution of an
      alkaline hydroxide preferably at elevated temperature to yield the
      corresponding carbazein. The alkaline hydroxide may be any alkali metal or
      alkaline earth metal hydroxide. For example, hemicarbazeins may be formed
      at a practical reaction rate and in good yields by heating in an aqueous
      alkanol solution of sodium hydroxide.
PAR  The carbazeins of the present invention are most conveniently prepared by
      refluxing .gtoreq. 2 equivalents of the selected N-heterocyclic compound,
      e.g., indole, pyrrole or carbazole and 1 equivalent of
      3,6-bis-(ortho-carboxybenzoyl) carbazole in acetic anhydride or by
      refluxing .gtoreq. 2 equivalents of the selected carbocyclic compound,
      e.g., phenol, 1-naphthol, aniline or diphenylamine and 1 equivalent of
      3,6-bis-(orthocarboxybenzoyl)carbazole in boron-trifluoride etherate. The
      hemicarbazeins are preferably synthesized from the corresponding carbazein
      by refluxing the carbazein in an aqueous methanol or aqueous ethanol
      solution of 5-10% by weight sodium hydroxide.
PAR  The following examples are given to further illustrate the present
      invention and are not intended to limit the scope thereof.
PAC  EXAMPLE 1
PAR  Preparation of indole carbazein, formula (1):
PAR  Indole (0.505 g., 0.00432 mole), 3,6-bis-(orthocarboxybenzoyl)carbazole
      (1.0 g., 0.00216 mole) and acetic anhydride (50 mls.) were heated together
      for three hours at reflux. Excess anhydride was decomposed with a mixture
      of acetic acid-water. Additional water was added, and the solid that
      formed was filtered and then recrystallized from ethanolacetic acid to
      give the title compound.
PAC  EXAMPLE 2
PAR  Preparation of 2-phenylindole carbazein, formula (2):
PAR  The title compound was prepared according to the procedure of Example 1
      above using 0.00432 mole of 2-phenylindole, 0.00216 mole of
      3,6-bis-(ortho-carboxybenzoyl)carbazole and 100 mls. of acetic anhydride.
PAC  EXAMPLE 3
PAR  Preparation of 2-phenylindole hemicarbazein, formula (23).
PAR  A mixture of 2-phenylindole (0.00432 mole),
      3,6-bis-(ortho-carboxybenzoyl)carbazole (0.00216 mole), and acetic
      anhydride (100 mls.) was refluxed for 3 hours. The excess anhydride was
      decomposed with water-acetic acid, and additional water was added until
      precipitation was complete. The precipitate was collected and added to an
      aqueous methanol solution of 5% sodium hydroxide. The solution was
      refluxed overnight. Hydrochloric acid was added to the solution and the
      precipitate obtained was put on a basic alumina column with acetone. After
      elution with 200 mls. of methanol, the column was eluted with ammonium
      hydroxide. The ammonium hydroxide solution collected was acidified and the
      solid formed was filtered and recrystallized from acetone-water. The
      acetonewater recrystallization was repeated to give the title compound,
      substantially pure, in a yield of about 10% by weight.
PAR  As a comparison, the procedure of Example 2 was repeated using half the
      amount of carbazole. A mixture of products was obtained including both the
      carbazein and hemicarbazein of 2-phenylindole. The amount of hemicarbazein
      in the crude reaction mixture was about 1% by weight.
PAR  The 3,6-bis-(ortho-carboxybenzoyl)carbazole used in the above examples was
      prepared according to the procedure reported by Scholl and Neovins, Ber.,
      vol. 44, p. 1249 (1911) by reacting carbazole and phthalic anhydride in
      organic solution in the presence of aluminum chloride.
PAR  The carbazeins represented in formulas 3 to 8 and 18 were prepared
      following the procedure of Example 1 above by reacting the appropriate
      aromatic compound with the 3,6-bis carbazole. The carbazeins of formulae 9
      to 12 also were prepared according to the procedure of Example 1 except
      that the condensing agent employed in the reaction of the aromatic
      compound and carbazole was boron trifluoride-etherate. The hemicarbazeins
      of formulae 24 and 25 were prepared following the procedure of Example 3.
PAR  It will be appreciated that other indoles, pyrroles, phenols and
      1-naphthols such as those substituted with hydrogen-bonding groups or
      other indoles, pyrroles, phenols, 1-naphthols, carbazoles and anilines
      such as those substituted with alkyl or alkoxy groups to adjust mobility
      of the dye in a given solution may be employed in the procedure of Example
      1 with the appropriate condensing agent to yield the corresponding
      carbazein. The carbazein dye product in turn may be refluxed in an aqueous
      methanol solution of sodium hydroxide according to the procedure of
      Example 3 to yield the corresponding hemicarbazein.
PAR  The spectral absorption characteristics of the 2-phenylindole carbazein and
      2-phenylindole hemicarbazein produced above are graphically illustrated in
      the accompanying FIGURE and are designated therein as (X) and (Y),
      respectively. The curves for (X) and (Y) represent the optical
      transmission density, i.e., the absorbance of the respective dyes at a pH
      substantially above their respective pKa as measured in aqueous sodium
      hydroxide solution.
PAR  From reference to the FIGURE, it will be apparent that the 2-phenylindole
      carbazein and hemicarbazein are good absorbers of radiation over a very
      extensive wavelength range in the visible spectrum. The unusually broad
      spectral absorption as illustrated in the FIGURE is characteristic of
      carbazeins and hemicarbazeins in general including the phenol, naphthol,
      diphenylaniline and other such dyes produced above. Though simple mixed
      carbazole phthaleins also are good absorbers of radiation in the visible
      spectrum, the corresponding carbazeins and hemicarbazeins absorb over a
      much broader wavelength range. By simple mixed carbazole phthaleins is
      meant 3,3-disubstituted phthalides where one of the 3 substituents is a
      carbazol-3-yl radical without the pthalidyl or carboxybenzoyl radical and
      the other 3 substituent is a radical derived from a different aromatic
      compound. Mixed carbazole/indole phthaleins of this type form the subject
      matter of copending U.S. patent application Ser. No. 202,555 of Paul S.
      Huyffer filed Nov. 26, 1971.
PAR  The pKa values measured for 2-phenylindole carbazein (formula 2) were 11.6
      and 14.6 and for the corresponding hemicarbazein (formula 23) were 10.5
      and 13.8. The first and second pKa measured for 2-(o-hydroxyphenyl)indole
      carbazein (formula 3) were 14.0 and 16.5, respectively. The thymol and
      1-naphthol carbazeins of formulae 11 and 12 possessed a first pKa in the
      vicinity of 13 to 14.
PAR  For use as optical filter agents in photographic processes, such as,
      diffusion transfer processes employing alkaline processing solutions
      having a pH of 12 or higher, it may be desirable that the indicator dye
      selected as the optical filter agent possess a relatively high pKa so that
      the dye will be in a light-absorbing form during the initial stages of
      processing and yet may be rendered substantially non-light absorbing
      within a relatively brief interval as the pH is reduced to permit early
      viewing of the final image. Preferably, the indicator dye selected will
      have a first pKa of about 11 or higher. In photographic processes
      employing less alkaline processing compositions, it may be desirable to
      select an indicator dye having a lower pKa, and thus, dyes of the
      above-denoted class will be selected accordingly.
PAR  The pH sensitive indicator dyes of the present invention may be used as
      optical filter agents in any photographic process including conventional
      tray processing and diffusion transfer photographic techniques. In such
      processes, the dye or dyes during development of a selectively exposed
      photosensitive material will be in a position and in a concentration
      effective to absorb a given level of non-selective radiation incident on
      and actinic to the photosensitive material. The dyes may be initially
      disposed in the film unit, for example, in a layer(s) coextensive with one
      or both surfaces of the photosensitive layer. Where selective exposure of
      the photosensitive material is made through a layer containing the
      indicator dye, then the dyes should be in a non-light-absorbing form until
      the processing solution is applied. Alternately, the dyes may be initially
      disposed in the processing composition in their light-absorbing form, for
      example, in the developing bath in tray processing or in the layer of
      processing solution distributed between the photosensitive element and the
      superposed image-receiving element (or spreader sheet) in diffusion
      transfer processing. The particular indicator dye or dyes selected should
      have an absorption spectrum corresponding to the sensitivity of the
      photosensitive layer, so as to afford protection over the predetermined
      wavelength range required by the particular photosensitive material
      employed and should have a pKa such that they are in their colored form,
      i.e., light-absorbing form at the pH at which the photographic process is
      performed. Most commercially useful photographic processes are performed
      under alkaline conditions. Diffusion transfer processes, for example,
      usually employ highly alkaline processing solutions having a pH in excess
      of 12.
PAR  In photographic processes where the optical filter agent is retained in a
      stratum through which the final image is to be viewed, the color of the
      indicator dye may be discharged subsequent to image formation by adjusting
      the pH of the system to a value at which the dye is substantially
      non-light absorbing in the visible spectrum. In photographic processes
      performed at an alkaline pH, the optical filter agent, such as, a dye or
      dyes of the present invention are rendered substantially colorless by
      reducing the environmental pH. In processes where the optical filter agent
      is removed or separated from the layer containing the final image or
      retained in a layer that does not interfere with viewing of the final
      image, it is unnecessary to convert the indicator dye to its
      non-light-absorbing form, though the color may be discharged if desired.
PAR  The concentration of indicator dye is selected to provide the optical
      transmission density required, in combination with other layers
      intermediate the silver halide emulsion layer(s) and the incident
      radiation, to prevent nonimagewise exposure, i.e., fogging, by incident
      actinic light during the performance of the particular photographic
      process. It has been found, by interposing neutral density (carbon
      containing) filters over a layer of titanium dioxide, that a transmission
      density of approximately 6.0 from said neutral density filters was
      effective to prevent fogging of a diffusion transfer multicolor film unit
      of the type described in said U.S. Pat. No. 3,415,644 having a transparent
      support layer and an Equivalent ASA Exposure Index of approximately 75,
      when processed for one minute in 10,000 foot candles of color corrected
      light, a light intensity approximating the intensity of a noon summer sun.
      The transmission density required to protect such a film unit under the
      stated conditions may also be expressed in terms of the "system"
      transmission density of all the layers intermediate the silver halide
      layer(s) and the incident light; the "system" transmission density
      required to protect color film units of the aforementioned type and
      photographic speed has been found to be on the order of 7.0 to 7.2. Lesser
      levels of optical transmission density would, of course, provide effective
      protection for shorter processing times, lesser light intensities and/or
      films having lower exposure indices. The transmission density and the
      indicator dye concentration necessary to provide the requisite protection
      from incident light may be readily determined for any photographic process
      by following the above described procedure or obvious modifications
      thereof.
PAR  Since most commercial photographic processes employ photosensitive
      materials sensitive to and exposable by actinic radiation throughout the
      visible spectrum, e.g., black-and-white panchromatic silver halide
      emulsions and multilayer silver halide emulsion elements, it is preferred
      to use a mixture of two or more of the subject dyes or a second dye(s) in
      conjunction with the subject dye(s) that has a principal absorption in a
      second and at least partially different predetermined wavelength range
      such that the combination of dyes will afford protection from
      non-selective incident actinic radiation over the range of 400 to 700 nm.
      If a second dye is employed with the subject dyes, it may be
      non-color-changing but preferably, is also pH sensitive, i.e., has
      reversibly alterable spectral absorption characteristics in response to
      changes in the environmental pH so that it may be rendered light-absorbing
      or non-light-absorbing as desired, for example, an appropriate phthalein.
      The second dye also may be initially present in the film unit or in the
      processing composition as discussed above either together with or separate
      from the subject dyes and subsequent to processing may be removed from the
      film unit or retained within the film structure, provided it is in a form
      or position such that it does not interfere with viewing of the image
      produced.
PAR  Dyes may be selected from those described above that are particularly
      useful as optical filter agents in diffusion transfer processes, for
      example, those employing composite diffusion transfer photosensitive
      elements including a film pack or roll wherein superposed photosensitive
      and image-receiving elements are maintained as a laminate after formation
      of the final image. Such elements include at least one transparent support
      to allow viewing of the final image without destroying the structural
      integrity of the film unit. Preferably, the support carrying the
      photosensitive layer(s) is opaque and the support carrying the
      image-receiving layer is transparent and selective photoexposure of the
      photosensitive layer(s) and viewing of the final image both are effected
      through the latter support. The final image is viewed as a reflection
      print, i.e., by reflected light, provided by a reflecting agent initially
      disposed in the processing composition applied and maintained intermediate
      the image-receiving and next adjacent photosensitive layer or by a
      preformed layer of reflecting agent initially positioned intermediate the
      image-receiving and next adjacent photosensitive layer. It will be
      understood that a preformed reflecting layer, while it should be capable
      of masking the photosensitive layer(s) subsequent to image formation,
      should not interfere with selective photoexposure of the photosensitive
      material prior to processing.
PAR  When utilizing reflection-type composite film units, the indicator dye or
      dyes employed as the optical filter agent(s) may be positioned initially
      in a layer of the film unit, e.g., in a layer between the image-receiving
      and next adjacent photosensitive layer through which photo-exposure is
      effected provided it is incorporated under conditions, i.e., at a pH such
      that it will not absorb actinic radiation intended to selectively expose
      the photosensitive material to form a latent image therein. For example,
      the optical filter agent may be in a layer coated over either the
      image-receiving layer or the next adjacent photosensitive layer and should
      remain substantially non-light-absorbing until a processing composition is
      applied providing a pH at which the indicator dye is capable of being
      rapidly converted to its light-absorbing form to provide light protection
      when the film unit is removed from the camera. Rather than being initially
      disposed in the film unit, the indicator dye may be initially present in
      the processing composition applied intermediate the image-receiving and
      next adjacent photosensitive layer subsequent to photoexposure. The dye,
      when initially disposed in the processing composition, will be in its
      light-absorbing form.
PAR  The dyes selected as optical filter agents should exhibit at the initial pH
      of the processing, maximum spectral absorption of radiation at the
      wavelengths to which the film unit's photosensitive silver halide layer or
      layers are sensitive, and preferably, should be substantially immobile or
      non-diffusible in the alkaline processing composition in order to achieve
      optimum efficiency as a radiation filter and to prevent diffusion of
      filter agent into layers of the film unit where its presence may be
      undesirable. Recognizing that the filter agent absorption will detract
      from image-viewing characteristics by contaminating reflecting pigment
      background, the selected agents should be those exhibiting major spectral
      absorption at the pH at which processing is effected and minimal
      absorption at a pH below that which obtains during transfer image
      formation. Accordingly, the selected optical filter agent or agents should
      possess a pKa below that of the processing pH and above that of the
      environmental pH subsequent to transfer image formation.
PAR  As discussed previously, the concentration of indicator dye is selected to
      provide the optical transmission density required, in combination with
      other layers intermediate the silver halide emulsion layer(s) and the
      incident radiation, to prevent nonimagewise exposure, i.e., fogging, by
      incident actinic light during the performance of the particular
      photographic process. In the processes where the indicator dye or dyes
      selected as optical filter agents are used in conjunction with a
      reflecting agent or agents, the optical filter agents and reflecting
      agents together should possess the optical transmission density necessary
      to protect the photosensitive material for the particular photographic
      process. The optimum concentration of optical filter agent(s) or filter
      agent(s) together with reflecting agent(s) may be readily determined
      empirically for each photographic system.
PAR  While substantially any reflecting agent may be employed for the layer of
      reflecting agent, either preformed or applied as a component of the
      processing composition, it is preferred to select an agent that will not
      interfere with the color integrity of the dye transfer image, as viewed by
      the observer, and, most preferably, an agent which is aesthetically
      pleasing to the viewer and does not provide a background detracting from
      the information content of the image. Particularly desirable reflecting
      agents will be those providing a white background, for viewing the
      transfer image, and specifically those conventionally employed to provide
      background for reflection photographic prints and, especially, those
      agents possessing the optical properties desired for reflection of
      incident radiation.
PAR  As examples of reflecting agents, mention may be made of barium sulfate,
      zinc sulfide, titanium dioxide, barium stearate, silver flake, silicates,
      alumina, zirconium oxide, zirconium acetyl acetate, sodium zirconium
      sulfate, kaolin, mica, and the like.
PAR  Illustrative of the photographic use of the indicator dyes of the present
      invention as optical filter agents, a photographic film unit may be
      prepared by coating, in succession, on a gelatin subbed, 4 mil. opaque
      polyethylene terephthalate film base, the following layers:
PA1  1. a layer of the cyan dye developer
      1,4-bis-(.beta.-[hydroquinonyl-.alpha.-methyl]-ethylamino)-5,8-dihydroxy-a
     nthraquinone dispersed in gelatin and coated at a coverage of about 80
      mgs./ft..sup.2 of dye and about 100 mgs./ft..sup.2 of gelatin;
PA1  2. a red-sensitive gelatino-silver iodobromide emulsion coated at a
      coverage of about 225 mgs./ft..sup.2 of silver and about 50 mgs./ft..sup.2
      of gelatin;
PA1  3. a layer of the acrylic latex sold by Rohm and Haas Co., Philadelphia,
      Pennsylvania, U.S.A., under the trade designation AC-61 and polyacrylamide
      coated at a coverage of about 150 mgs./ft..sup.2 of AC-61 and about 5
      mgs/ft..sup.2 of polyacrylamide;
PA1  4. a layer of the magenta dye developer 2-(p-[6
      .beta.-hydroquinonylethyl]-phenylazo)-4-isopropoxy-1 -naphthol dispersed
      in gelatin and coated at a coverage of 70 mgs./ft..sup.2 of dye and about
      120 mgs./ft..sup.2 of gelatin;
PA1  5. a green-sensitive gelatino-silver iodobromide emulsion coated at a
      coverage of about 120 mgs./ft..sup.2 of silver and 60 mgs./ft..sup.2 of
      gelatin;
PA1  6. a layer comprising the acrylic latex sold by Rohm and Haas Co. under the
      trade designation B-15 and polyacrylamide coated at a coverage of about
      100 mgs./ft..sup.2 of B-15 and about 10 mgs./ft..sup.2 of polyacrylamide;
PA1  7. a layer of the yellow dye developer
      4-(p-[.beta.-hydroquinonylethyl]-phenylazo)-3
      -(N-n-hexyl-carboxamide)-1-phenyl- 5 -pyrazolone and the auxiliary
      developer 4'-methylphenyl hydroquinone dispersed in gelatin and coated at
      a coverage of about 50 mgs./ft..sup.2 of dye, about 15 mgs./ft..sup.2 of
      auxiliary developer and 50 mgs./ft..sup.2 of gelatin;
PA1  8. a blue-sensitive gelatino-silver iodobromide emulsion coated at a
      coverage of about 75 mgs./ft..sup.2 of silver and about 75 mgs./ft..sup.2
      of gelatin; and
PA1  9. a layer of gelatin coated at a coverage of about 50 mgs./ft..sup.2 of
      gelatin.
PAR  Then a transparent 4 mil. polyethylene terephthalate film base may be
      coated, in succession, with the following illustrative layers:
PA1  1. a 7:3 mixture, by weight, of polyethylene/maleic acid copolymer and
      polyvinyl alcohol at a coverage of about 1400 mgs./ft..sup.2, to provide a
      polymeric acid layer;
PA1  2. a graft copolymer of acrylamide and diacetone acrylamide on a polyvinyl
      alcohol backbone in a molar ratio of 1:3.2:1 at a coverage of about 800
      mgs./ft..sup.2, to provide a polymeric spacer layer; and
PA1  3. a 2:1 mixture, by weight, of polyvinyl alcohol and poly-4-vinylpyridine,
      at a coverage of about 900 mgs./ft..sup.2 and including about 20
      mgs./ft..sup.2 phenyl mercapto tetrazole, to provide a polymeric
      image-receiving layer.
PAR  The two components thus prepared may then be taped together in laminate
      form, at their respective edges, by means of a pressure-sensitive binding
      tape extending around, in contact with, and over the edges of the
      resultant laminate.
PAR  A rupturable container comprising an outer layer of lead foil and an inner
      liner or layer of polyvinyl chloride retaining an aqueous alkaline
      processing solution comprising:
TBL  Water                  100       cc.                                      

     Potassium hydroxide    11.2      gms.                                     

     Hydroxyethyl cellulose (high                                              

     viscosity) [commercially available                                        

     from Hercules Powder Co., Wilmington,                                     

     Delaware, under the trade name                                            

     Natrasol 250]          3.4       gms.                                     

     N-phenethyl-.alpha.-picolinium bromide                                    

                            2.7       gms.                                     

     Benzotriazole          1.15      gms.                                     

     Titanium dioxide       50.0      gms.                                     

      ##SPC22##
      ##SPC23##
PAL  may then be fixedly mounted on the leading edge of each of the laminates,
      by pressure-sensitive tapes interconnecting the respective containers and
      laminates, such that, upon application of compressive pressure to a
      container, its contents may be distributed, upon rupture of the
      container's marginal seal, between the polymeric image-receiving layer and
      mext adjacent gelatin layer.
PAR  The photosensitive composite film units may be exposed through step wedges
      to selectively filter radiation incident on the transparent polyethylene
      terephthalate layer and processed by passage of the exposed film units
      through appropriate pressure-applying members, such as suitably gapped,
      opposed rolls, to effect rupture of the container and distribution of its
      contents. During processing, the multicolor dye transfer image formation
      may be viewed through the transparent polyethylene terephthalate layer
      against the titanium dioxide background provided by distribution of the
      pigment containing processing composition between the polymeric
      image-receiving layer and gelatin layer 9 of the photosensitive component.
      The film unit may be exposed to incident light and the formation of the
      image may be viewed upon distribution of the processing composition by
      reason of the protection against incident radiation afforded the
      photosensitive silver halide emulsion layers by the optical filter agents
      and by reason of the effective reflective background afforded by the
      titanium dioxide.
PAR  The film unit detailed above is similar to that shown in FIG. 2 and related
      FIGS. 3 and 4 of aforementioned copending U.S. patent application Ser. No.
      101,968. The negative component of the film unit including the
      photosensitive strata and associated dye-image-forming material; the
      positive component including the timing, neutralizing and dyeable layers;
      and the processing composition including its components, such as, the
      alkaline material and various addenda are described in detail in
      application Ser. No. 101,968. For convenience, the specification of this
      application is specifically incorporated herein.
PAR  Besides the above photosensitive element, the dyes of the present invention
      may be employed in composite photosensitive elements, in general, where
      the dyeable stratum along with any associated layers may be contained
      together with the photosensitive strata as a unitary film unit which may
      be termed an integral negative-positive film unit comprising a negative
      component including the aforementioned essential layers and a positive
      component including at least the dyeable stratum in which the color
      transfer image is to be formed. The essential layers are preferably
      contained on a transparent dimensionally stable layer or support member
      positioned closest to the dyeable stratum so that the resulting transfer
      image is viewable through this transparent layer. Most preferably another
      dimensionally stable layer which may be transparent or opaque is
      positioned on the opposed surface of the essential layers so that the
      aforementioned essential layers are sandwiched or confined between a pair
      of dimensionally stable layers or support members, at least one of which
      is transparent to permit viewing therethrough of a color transfer image
      obtained as a function of development of the exposed film unit in
      accordance with the known color diffusion transfer processes. It will be
      appreciated that all of these film units, like the specific one detailed
      above, may optionally contain other layers performing specific desired
      functions, e.g., spacer layers, pH-reducing layers, etc.
PAR  Examples of such integral negative-positive film units for preparing color
      transfer images viewable without separation are those described and
      claimed in aforementioned U.S. Pat. No. 3,415,644 and in U.S. Pat. Nos.
      3,415,645, 3,415,646, 3,473,925, and 3,573,043.
PAR  In general, the film units of the foregoing description, e.g., those
      described in the aforementioned patents and/or copending applications, are
      exposed to form a developable image and thereafter developed by applying
      the appropriate processing composition to develop exposed silver halide
      and to form, as a function of development, an imagewise destribution of
      diffusible dye image-providing material which is transferred, at least in
      part by diffusion, to the dyeable stratum to impart thereto the desired
      color transfer image, e.g., a positive color transfer image. Common to all
      of these systems is the provision of a reflecting layer between the
      dyeable stratum and the photosensitive strata to mask effectively the
      latter and to provide a background for viewing the color image contained
      in the dyeable stratum, whereby this image is viewable without separation,
      from the other layers or elements of the film unit. As discussed
      previously, in some embodiments this reflecting layer is provided prior to
      photoexposure, e.g., as a preformed layer included in the essential layers
      of the laminar structure comprising the film unit, and in others it is
      provided at some time thereafter, e.g., by including a suitable
      light-reflecting agent, for example, a white pigment, such as, titanium
      dioxide, in the processing composition. As an example of such a preformed
      layer, mention may be made of that disclosed in the copending applications
      of Edwin H. Land, U.S. Ser. Nos. 846,441, filed July 31, 1969, and 3,645,
      filed Jan. 19, 1970 and now U.S. Pat. Nos. 3,615,421 and 3,620,724. The
      reflecting pigment may be generated in situ as is disclosed in the
      copending applications of Edwin H. Land, U.S. Ser. Nos. 43,741 and 43,742,
      both filed June 5, 1970 and now U.S. Pat. Nos. 3,647,434 and 3,647,435,
      respectively. In a particularly preferred form, such film units are
      employed in conjunction with a rupturable container, such as, that used
      above, containing the processing composition having the light-reflecting
      agent incorporated therein which container is adapted upon application of
      pressure of distributing its contents to develop the exposed film unit and
      to provide the light-reflecting layer.
PAR  As noted previously, the photographic use of the dyes of the present
      invention as optical filter agents to prevent post-exposure fogging of a
      selectively exposed photosensitive material is not limited to diffusion
      transfer processes nor to such processes employing composite
      photosensitive elements. While the use of such dyes in composite
      multicolor diffusion transfer film units is a particularly preferred
      embodiment of the present invention, these dyes may be used with equally
      effective results in any photographic process where it is desired to
      protect a photosensitive material from incident radiation actinic to the
      photosensitive material within the wavelength range capable of being
      absorbed by the dye. For example, the subject dyes may be used in
      conventional tray photographic processing as a component of the processing
      bath, or they may be present in a layer coextensive with one or both
      surfaces of a layer of photosensitive material to be processed using
      conventional tray procedures, provided that they are non-light-absorbing
      prior to photoexposure and also subsequent to developing the latent image
      unless the layer containing the dye is to be removed subsequent to
      processing. In such procedures, the photo-exposed photosensitive material
      will, of course, be transferred from the camera to the processing bath in
      the absence of radiation actinic to the material.
PAR  The subject dyes also may be employed in diffusion transfer processes where
      the photosensitive and image-receiving elements are separated subsequent
      to the formation of a transfer image or where a spreader sheet is
      separated from the photosensitive element to reveal a final image in the
      negative. In addition to the composite diffusion transfer structures
      described above, the subject dyes may be used with composite diffusion
      transfer film units where the final image is to be viewed by transmitted
      light. Also they may be used in composite film units specifically adapted,
      for example, for forming a silver transfer image, for developing a
      negative silver image by monobath processing, for obtaining an additive
      color image, and for obtaining a dye image by the silver dye bleach
      process which structures are described in detail in aforementioned
      copending U.S. application Ser. No. 101,968 particularly with reference to
      FIGS. 10 to 13 of the application's drawings.
PAR  Although the invention has been discussed in detail throughout employing
      dye developers, the preferred image-providing materials, it will be
      readily recognized that other, less preferred, image-providing materials
      may be substituted in replacement of the preferred dye developers in the
      practice of the invention. For example, there may be employed dye
      image-forming materials such as those disclosed in U.S. Pat. Nos.
      2,647,049; 2,661,293; 2,698,244; 2,698,798; 2,802,735; 3,148,062;
      3,227,550; 3,227,551; 3,227,552; 3,227,554; 3,243,294; 3,330,655;
      3,347,671; 3,352,672; 3,364,022; 3,443,939; 3,443,940; 3,443,941;
      3,443,943; etc., wherein color diffusion transfer processes are described
      which employ color coupling techniques comprising, at least in part,
      reacting one or more color developing agents and one or more color formers
      or couplers to provide a dye transfer image to a superposed
      image-receiving layer and those disclosed in U.S. Pat. No. 2,774,668 and
      3,087,817, wherein color diffusion transfer processes are described which
      employ the imagewise differential transfer of complete dyes by the
      mechanisms therein described to provide a transfer dye image to a
      contiguous image-receiving layer, and thus including the employment of
      image-providing materials in whole or in part initially insoluble or
      nondiffusible as disposed in the film unit which diffuse during processing
      as a direct or indirect function of exposure.
PAR  In view of the foregoing, it will be readily apparent that the subject dyes
      are useful generally in photographic processes for producing silver,
      monochromatic and multi-color images using any photosensitive material
      including conventional and direct positive silver halide emulsions.
      Depending upon the selected photosensitive material, one or more of the
      dyes may be used alone or in combination with another optical filter
      agent, such as another light-absorbing dye, which second dye may be
      non-color-changing or another pH sensitive dye. If the selected dye or
      dyes do not possess the desired stability in the processing composition
      for long term storage therein, they may be initially disposed in the film
      structure or stored in a double-compartmented pod or in one of two
      associated pods separate from the processing solution until such time as
      the pod(s) are ruptured whereupon the dyes are admixed with the processing
      solution.
PAR  Since certain changes may be made in the above product and process without
      departing from the scope of the invention herein involved, it is intended
      that all matter contained in the above description or shown in the
      accompanying drawings shall be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An indicator dye of the formula:
      ##SPC24##
PAL  wherein B represents
      ##SPC25##
PAL  wherein R' and R" the same are selected from
      ##SPC26##
PAL  wherein R.sup.1 is selected from hydrogen, alkyl having 1 to 20 carbon
      atoms, phenyl and a hydrogen-bonding group forming a 5-, 6- or 7-membered
      intramolecular hydrogen-bonded ring with the adjacent -NH- or -OH and
      selected from carboxy, hydroxy, o-hydroxyphenyl, bis trifluoromethyl
      carbinol, sulfonamido and sulfamoyl, R.sup.2 is selected from hydrogen and
      a hydrogen-bonding group forming a 5-, 6- or 7-membered intramolecular
      hydrogen-bonded ring with the adjacent -NH or -OH and selected from
      carboxy, hydroxy, o-hydroxyphenyl, bis trifluoromethyl carbinol,
      sulfonamido and sulfamoyl, not more than one of R.sup.1 and R.sup.2 being
      a hydrogen-bonding group, and R.sup.3 is selected from hydrogen, phenyl,
      alkyl having 1 to 20 carbon atoms and alkoxy having 1 to 20 carbon atoms.
NUM  2.
PAR  2. A dye as defined in claim 1 wherein B represents
      ##SPC27##
NUM  3.
PAR  3. A dye as defined in claim 2 wherein said R' and R" are
      ##SPC28##
NUM  4.
PAR  4. A dye as defined in claim 2 wherein said R' and R" are
      ##SPC29##
NUM  5.
PAR  5. A dye as defined in claim 2 wherein said R' and R" are
      ##SPC30##
NUM  6.
PAR  6. A dye as defined in claim 2 wherein R' and R" are
      ##SPC31##
NUM  7.
PAR  7. A dye as defined in claim 6 wherein R.sup.1 is a hyrogen-bonding group.
NUM  8.
PAR  8. A dye as defined in claim 7 wherein R.sup.1 is carboxy.
NUM  9.
PAR  9. A dye as defined in claim 2 wherein R' and R" are
      ##SPC32##
NUM  10.
PAR  10. A dye as defined in claim 2 wherein R' are R" are
      ##SPC33##
NUM  11.
PAR  11. A dye as defined in claim 10 wherein R.sup.1 is a hydrogen-bonding
      group.
NUM  12.
PAR  12. A dye as defined in claim 11 wherein R.sup.1 is o-hydroxyphenyl.
NUM  13.
PAR  13. A dye as defined in claim 2 wherein R' and R" are
      ##SPC34##
NUM  14.
PAR  14. A dye as defined in claim 13 wherein R.sup.1 is a hydrogen-bonding
      group.
NUM  15.
PAR  15. A dye as defined in claim 14 wherein R.sup.1 is o-hydroxyphenyl.
NUM  16.
PAR  16. A dye as defined in claim 2 wherein R' and R" are
      ##SPC35##
NUM  17.
PAR  17. A dye as defined in claim 2 wherein R' and R" are
      ##SPC36##
NUM  18.
PAR  18. A dye as defined in claim 1 wherein B represents
      ##SPC37##
NUM  19.
PAR  19. A dye as defined in claim 18 wherein R' is
      ##SPC38##
NUM  20.
PAR  20. A dye as defined in claim 18 wherein R' is
      ##SPC39##
NUM  21.
PAR  21. A dye as defined in claim 18 wherein R' is
      ##SPC40##
NUM  22.
PAR  22. A dye as defined in claim 18 wherein R' is
      ##SPC41##
NUM  23.
PAR  23. A dye as defined in claim 18 wherein R' is
      ##SPC42##
NUM  24.
PAR  24. A dye as defined in claim 18 wherein R' is
      ##SPC43##
NUM  25.
PAR  25. A dye as defined in claim 18 wherein R' is
      ##SPC44##
NUM  26.
PAR  26. A dye as defined in claim 18 wherein R' is
      ##SPC45##
NUM  27.
PAR  27. A dye as defined in claim 18 wherein R' is
      ##SPC46##
NUM  28.
PAR  28. The compound of the formula
      ##SPC47##
NUM  29.
PAR  29. The compound of the formula
      ##SPC48##
NUM  30.
PAR  30. The compound of the formula
      ##SPC49##
NUM  31.
PAR  31. The compound of the formula
      ##SPC50##
NUM  32.
PAR  32. The compound of the formula
      ##SPC51##
NUM  33.
PAR  33. The compound of the formula
      ##SPC52##
NUM  34.
PAR  34. The compound of the formula
      ##SPC53##
NUM  35.
PAR  35. The compound of the formula
      ##SPC54##
NUM  36.
PAR  36. The compound of the formula
      ##SPC55##
NUM  37.
PAR  37. The compound of the formula
      ##SPC56##
NUM  38.
PAR  38. The compound of the formula
      ##SPC57##
NUM  39.
PAR  39. The compound of the formula
      ##SPC58##
NUM  40.
PAR  40. The compound of the formula
      ##SPC59##
NUM  41.
PAR  41. The compound of the formula
      ##SPC60##
NUM  42.
PAR  42. The compound of the formula
      ##SPC61##
NUM  43.
PAR  43. A method of preparing an indicator dye which comprises reacting 2
      equivalents of (a) an aromatic compound selected from an N-heterocyclic
      aryl compound having the formula
      ##SPC62##
PAL  and a carbocyclic aryl compound having the formula
      ##SPC63##
PAL  wherein R.sup.1 is selected from hydrogen, alkyl having 1 to 20 carbon
      atoms, phenyl and a hydrogen-bonding group forming a 5-, 6- or 7-membered
      intramolecular hydrogen-bonded ring with the adjacent -NH- or -OH and
      selected from carboxy,  hydroxy, o-hydroxyphenyl, bis trifluoromethyl
      carbinol, sulfonamido and sulfamoyl, R.sup.2 is selected from hydrogen and
      a hydrogen-bonding group forming a 5-, 6- or 7-membered intramolecular
      hydrogen-bonded ring with the adjacent --NH-- or --OH and selected from
      carboxy, hydroxy, o-hydroxyphenyl, bis trifluoromethyl carbinol,
      sulfonamido and sulfamoyl, not more than one of R.sup.1 and R.sup.2 being
      a hydrogen-bonding group, and R.sup.3 is selected from hydrogen, phenyl,
      alkyl having 1 to 20 carbon atoms, and alkoxy having 1 to 20 carbon atoms
      and (b) 1 equivalent of a 3,6-bis-(o-carboxybenzoyl)carbazole in the
      presence of a condensing agent selected from acetic anhydride,
      p-toluenesulfonic acid, zinc chloride and boron trifluoride-etherate to
      form the corresponding 3,6-bis-(C.sub.6 H.sub.4.sup. . CO.sup.. O.sup..
      CR-) carbazole wherein R is an aryl radical selected from
      ##SPC64##
       wherein R.sup.1, R.sup.2 and R.sup.3 have the same meaning given above
      and heating said last-named compound at reflux in an aqueous alkanol
      solution of alkaline hydroxide to form the corresponding 3-(C.sub.6
      H.sub.4.sup.. CO.sup.. O.sup.. CR-)-6-(carboxybenzoyl) carbazole wherein R
      has the same meaning given above.
NUM  44.
PAR  44. A method as defined in claim 43 wherein said alkaline hydroxide in
      sodium hydroxide.
NUM  45.
PAR  45. A method as defined in claim 43 wherein said aromatic compound is an
      N-heterocyclic aryl compound.
NUM  46.
PAR  46. A method as defined in claim 45 wherein said comdensing agent is acetic
      anhydride.
NUM  47.
PAR  47. A method as defined in claim 46 wherein said N-heterocyclic aryl
      compound is
      ##SPC65##
NUM  48.
PAR  48. A method as defined in claim 43 wherein said aromatic compound is a
      carbocyclic aryl compound.
NUM  49.
PAR  49. A method as defined in claim 48 wherein said condensing agent is boron
      trifluoride-etherate.
NUM  50.
PAR  50. A method as defined in claim 49 wherein said carbocyclic aryl compound
      is
      ##SPC66##
NUM  51.
PAR  51. A method as defined in claim 49 wherein said carbocyclic aryl compound
      is
      ##SPC67##
NUM  52.
PAR  52. A method as defined in claim 49 wherein said carbocyclic aryl compound
      is
      ##SPC68##
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PAL  Novel bis-basic esters and amides of carbazole of the formula
      ##SPC1##
PAL  Wherein:
PA1  A. each of R.sup.1 and R.sup.2 is hydrogen, (lower)alkyl, cycloalkyl of 3
      to 6 ring carbon atoms, alkenyl of 3 to 6 carbon atoms having the vinyl
      unsaturation in other than the 1-position of the alkenyl group, or R.sup.1
      and R.sup.2 taken together with the nitrogen atom to which they are
      attached is pyrrolidino, piperidino, N-(lower) alkylpiperazino, or
      morpholino;
PA1  B. each A is alkylene of 2 to about 8 carbon atoms and separates its
      adjacent Y and amino nitrogen by an alkylene chain of at least 2 carbon
      atoms;
PA1  C. each Y is oxygen, or N--R wherein R is hydrogen, methyl or ethyl; and
PA1  D. r.sup.3 is hydrogen or (lower) primary or secondary alkyl; or a
      pharmaceutically acceptable acid addition salt thereof. These compounds
      can be used as pharmaceuticals for preventing or inhibiting a viral
      infection.
BSUM
PAR  This invention relates to novel bis-basic esters and amides of carbazole,
      their method of preparation and use as antiviral agents.
PAR  The preparation of carbazole-3,6-dicarboxylic acid and
      9-ethylcarbazole-3,6-dicarboxylic acid has been reported by Y. Nagai and
      C. C. Huang, Bull. Chem. Soc. Japan, 38, 951 (1965), H. Gilman and S. M.
      Spatz, J. Am. Chem. Soc., 63, 1553 (1941) and R. W. G. Preston, S. H.
      Tucker and J. M. L. Cameron, J. Chem. Soc., 500 (1942). However, to
      applicants' knowledge, the bis-basic substituted esters or amides of
      carbazole are novel compounds.
PAR  The compounds of this invention include both the base form and
      pharmaceutically acceptable acid addition salts of the base form wherein
      the base form can be represented by the formula
      ##SPC2##
PAL  Wherein:
PA1  A. each of R.sup.1 and R.sup.2 is hydrogen, (lower)alkyl, cycloalkyl of 3
      to 6 ring carbon atoms, alkenyl of 3 to 6 carbon atoms having the vinyl
      unsaturation in other than the 1-position of the alkenyl group, or R.sup.1
      and R.sup.2 taken together with the nitrogen atom to which they are
      attached is pyrrolidino, piperidino, N-(lower)alkylpiperazino, or
      morpholino;
PA1  B. each A is alkylene of 2 to about 8 carbon atoms and separates its
      adjacent Y and amino nitrogen by an alkylene chain of at least 2 carbon
      atoms;
PA1  C. each Y is oxygen, or N-R wherein R is hydrogen, methyl or ethyl; and
PA1  D. r.sup.3 is hydrogen or (lower) primary or secondary alkyl; or a
      pharmaceutically acceptable acid addition salt thereof.
PAR  It can be seen from the above Formula I that one of the side chains, that
      is,
      ##EQU1##
      can be linked to the carbazole ring by replacement of any of the four
      hydrogens of one of the benzenoid rings, and similarly, the second side
      chain is attached to the second benzenoid ring. Thus, one of the side
      chains can be in any of the positions of 1 through 4 of the carbazole ring
      and the other can be in any of the positions 5 through 8. Illustratively,
      the carbazole ring can be substituted in positions 1,8; 2,6; or 3,6.
      Preferably, the carbazole ring carries the side chains in the
      3,6-positions.
PAR  Each of the alkylene groups as represented by "A" in the above generic
      Formula I is an alkylene group having from 2 to about 8 carbon atoms which
      can be straight chained or branched chained and which separates its
      adjacent Y from the amino nitrogen by an alkylene chain of at least two
      carbon atoms, i.e., the Y grouping and the amino nitrogen are not on the
      same carbon atom of the alkylene group. Each of the alkylene groups as
      represented by A can be the same or different. Preferably both of these
      groups are the same. Illustrative of alkylene groups as represented by A
      there can be mentioned: 1,2-ethylene; 1,3-propylene; 1,4-butylene;
      1,5-pentylene; 1,6-hexylene; 2-methyl-1,4-butylene; 2-ethyl-1,4-butylene;
      3-methyl-1,5-pentylene and the like. Preferably, A is alkylene having from
      3 to 6 carbon atoms.
PAR  Each amino group, i.e.,
      ##EQU2##
      of Formula I, can be a primary, secondary or tertiary amino group. Each of
      R.sup.1 and R.sup.2 can be hydrogen, (lower)alkyl, cycloalkyl of 3 to 6
      ring carbon atoms, alkenyl of 3 to 6 carbon atoms having the vinyl
      unsaturation in other than the 1-position of the alkenyl group, or each
      set of R.sup.1 and R.sup.2 taken together with the nitrogen atom to which
      they are attached is a saturated monocyclic heterocyclic group.
PAR  Illustrative of cycloalkyl groups as represented by each of R.sup.1 and
      R.sup.2 there can be mentioned: cyclopropyl; cyclobutyl; cyclopentyl;
      cyclohexyl; and the like. When R.sup.1 or R.sup.2 represent alkenyl
      groups, the vinyl unsaturation is in other than the 1-position of said
      alkenyl group. Illustrative of alkenyl groups as can be represented by
      each of R.sup.1 and R.sup.2 there can be mentioned: allyl; 3-butenyl;
      4-hexenyl; and the like. Illustrative of heterocyclic groups represented
      by R.sup.1 and R.sup.2, together with the nitrogen atom to which they are
      attached, there can be mentioned various saturated monocyclic heterocyclic
      groups such as those generally equivalent to di(lower)alkylamino groups in
      the pharmaceutical arts, e.g., pyrrolidino, piperidino, morpholino,
      N-(lower)alkylpiperazino such as N-methylpiperazino; N-ethylpiperazino;
      and the like. Each of the R.sup.1 and R.sup.2 groups can be the same or
      different. Preferably all of the R.sup.1 and R.sup.2 groups are the same.
      The amino groups are preferably tertiary amino groups such as
      di(lower)alkylamino, dialkenylamino or each set of R.sup.1 and R.sup.2
      together with the nitrogen to which they are attached is pyrrolidino,
      piperidino, N-(lower)-alkylpiperazino or morpholino.
PAR  The R.sup.3 group in Formula I can be hydrogen or (lower) primary or
      secondary alkyl. Preferably R.sup.3 is (lower) primary or secondary alkyl.
      Each Y group in Formula I can be oxygen or N-R wherein R is hydrogen,
      methyl or ethyl. Preferably, R is hydrogen.
PAR  The term (lower)alkyl or (lower)alkoxy as used herein relates to such
      groups having from 1 to 6 carbon atoms. R.sup.1 and R.sup.2 may be methyl,
      ethyl, n-propyl, isopropyl, n-butyl, secondary butyl, tertiary butyl,
      isoamyl, n-pentyl, n-hexyl, and the like; and R.sup.3 may be methyl,
      ethyl, n-propyl, isopropyl, n-butyl, secondary butyl, isoamyl, n-pentyl,
      and the like.
PAR  Illustrative of the carbazole compounds of this invention are:
      bis(3-diethylaminopropyl) 9-ethylcarbazole-3,6-dicarboxylate;
      bis(3-diethylaminopropyl) carbazole-3,6-dicarboxylate;
      bis(3-dibutylaminopropyl) 9-methylcarbazole-3,6-dicarboxylate;
      bis(3-piperidinopropyl) 9-ethylcarbazole-3,6-dicarboxylate;
      bis(2-diethylaminoethyl) 9-ethylcarbazole-3,6-dicarboxylate;
      bis(4-diethylaminobutyl) carbazole-3,6-dicarboxylate;
      bis(3-diethylaminopropyl) 9-(2-methylpropyl)-carbazole-3,6-dicarboxylate;
      bis(5-dipropylaminopentyl) carbazole-3,6-dicarboxylate;
      bis[2-(N-methyl-4-piperidyl)-ethyl]-9-methylcarbazole-3,6-dicarboxylate;
      bis(3-diethylaminopropyl) carbazole-2,6-dicarboxylate;
      bis(3-diethylaminopropyl) 9-methylcarbazole-1,8-dicarboxylate;
      bis(3-diethylaminopropyl) 9-n-butylcarbazole-3,6-dicarboxylate;
      N,N'-bis(3-dibutylaminopropyl) 9-ethylcarbazole-3,6-dicarboxamide;
      N,N'-diethyl-N,N'-bis(2-diethylaminoethyl)
      9-ethylcarbazole-3,6-dicarboxamide.
PAR  It can be seen from the generic Formula I and its description that the
      compounds of this invention can be (a) carbazole esters or (b) carbazole
      amides, which can be illustrated by the following formulas, respectively:
      ##SPC3##
PAL  wherein R, R.sup.1, R.sup.2, R.sup.3 and A have the same meaning as that in
      Formula I.
PAR  Salts of the base compounds of this invention are primarily
      pharmaceutically acceptable acid addition salts with inorganic or organic
      acids. Illustrative of such acids are: hydrochloric; hydrobromic;
      sulfuric; lactic; malonic; maleic; and citric acids. Mono- or di-acid
      salts may be formed; also, the salts can be hydrated, e.g., monohydrate,
      or substantially anhydrous.
PAR  The compounds of this invention, also simply referred to as active
      ingredients, can be administered to animals, such as warm-blooded animals
      and particularly mammals, for their prophylactic or therapeutic antiviral
      effects by conventional modes of administration, either alone, but
      preferably with pharmaceutical carriers. Illustratively, administration
      can be parenterally, e.g., subcutaneously, intravenously, intramuscularly
      or intraperitoneally, or topically, e.g., intranasally or intravaginally.
      Alternatively or concurrently, administration can be by the oral route.
PAR  The dosage administered will be dependent upon the virus for which
      treatment or prophylaxis is desired, the type of animal involved, its age,
      health, weight, extent of infection, kind of concurrent treatment, if any,
      frequency of treatment and the nature of the effect desired.
      Illustratively, dosage levels of the administered active ingredients can
      be: intravenously, 0.1 to about 10 mg/kg; intraperitoneal, 0.1 to about 50
      mg/kg; subcutaneous, 0.1 to about 250 mg/kg; orally, 0.1 to about 500
      mg/kg and preferably about 1 to 250 mg/kg; intranasal instillation, 0.1 to
      about 10 mg/kg; and aerosol, 0.1 to about 10 mg/kg of animal (body)
      weight.
PAR  The active ingredients, together with pharmaceutical carriers, can be
      employed in unit dosage forms such as solids, e.g., tablets, capsules,
      powder packets, or liquid solutions, suspensions, or elixirs for oral
      administration and ingestion or liquid solutions for parenteral use. The
      quantity of active ingredient in the dosage will generally differ
      depending on the type of unit dosage, the type of animal, and its weight.
      Thus, each unit dosage can contain from about 1 milligram (mg) to about 30
      grams of active ingredient and preferably from about 25 to 5000 mg. of
      active ingredient in a pharmaceutical carrier.
PAR  The solid unit dosage forms can be of the conventional type. Thus, the
      solid carrier can be a capsule which can be of the ordinary gelatin type.
      In the capsule there can be from about 10 to about 90% by weight of active
      ingredient and from 90 to 10% of a carrier, e.g., lubricant and inert
      fillers such as lactose, sucrose, corn starch, and the like. In another
      embodiment, the active ingredient is tabletted with conventional carriers,
      e.g., binders such as acacia, corn starch or gelatin, disintegrating
      agents such as corn starch, potato starch, or alginic acid, and a
      lubricant such as stearic acid, or magnesium stearate. In yet another
      embodiment, the active ingredient is put into powder packets and employed.
      These solid unit dosages will generally contain from about 5 to 95% of the
      active ingredient by weight of the unit dosage and preferably from about
      20 to 90% by weight thereof. The solid unit dosage forms will generally
      contain from about 1 mg. to about 30 grams of the active ingredient and
      preferably from about 25 mg. to about 5000 mg. of the active ingredient.
PAR  The pharmaceutical carrier can, as previously indicated, be a sterile
      liquid such as water and oils, with or without the addition of a
      surfactant. Illustrative of oils there can be mentioned those of
      petroleum, animal, vegetable or synthetic origin, e.g., peanut oil,
      soybean oil, mineral oil, sesame oil, and the like. In general, water,
      saline, aqueous dextrose, and related sugar solutions and glycols such as
      propylene glycol or polyethylene glycol are preferred liquid carriers,
      particularly for injectable solutions. Sterile injectable solutions such
      as saline, e.g., isotonic saline, will ordinarily contain from about 0.5
      to 25% and preferably from about 1 to 10% by weight of the active
      ingredient in the composition.
PAR  As mentioned above, oral administration can be in a suitable suspension or
      syrup, in which the active ingredient ordinarily will constitute from
      about 0.5 to 10%, and preferably from about 1 to 5%, by weight. The
      pharmaceutical carrier in such composition can be a watery vehicle such as
      an aromatic water, a syrup or a pharmaceutical mucilage; also, a
      suspending agent for viscosity control such as magnesium aluminum
      silicate, carboxymethylcellulose or the like as well as a buffer,
      preservative, etc.
PAR  The active ingredients can also be admixed in animal feed or incorporated
      into the animal's drinking water. For most purposes, an amount of active
      ingredient will be used to provide from about 0.0001 to 0.1% by weight of
      the active ingredient based on the total weight of feed intake.
      Preferably, from 0.001 to 0.02% by weight will be used. The selection of
      the particular feed is within the knowledge of the art and will depend, of
      course, on the animal, the economics, natural materials available, and the
      nature of the effect desired.
PAR  The active ingredients can be admixed in animal feed concentrates, suitable
      for preparation and sale to farmers or livestock growers for addition to
      the animal's feedstuffs in appropriate proportion. These concentrates can
      ordinarily comprise about 0.5 to about 95% by weight of the active
      ingredient compounded together with a finely divided solid, preferably
      flours, such as wheat, corn, soya bean and cottonseed. Depending on the
      recipient animal, the solid adjuvant can be ground cereal, charcoal,
      fuller's earth, oyster shell and the like. Finely divided attapulgite and
      bentonite can also be used.
PAR  For use as aerosols the active ingredients can be packaged in a pressurized
      aerosol container together with a gaseous or liquefied propellant, e.g.,
      dichlorodifluoromethane, carbon dioxide, nitrogen, propane, etc. with the
      usual adjuvants such as co-solvents, and wetting agents, as may be
      necessary or desirable.
PAR  Inter alia, the active ingredients induce the formation of interferon when
      host cells are subjected to such ingredients, e.g., contact of an active
      ingredient with tissue culture or administration to animals. Thus, these
      active ingredients can be used as antiviral agents for inhibiting or
      preventing a variety of viral infections by administering such an
      ingredient to an infected animal, e.g., warm-blooded animal, such as a
      mammal, or to such animal prior to infection. Illustratively, the
      compounds can be administered to prevent or inhibit infections of:
      picornaviruses, e.g., encephalomyocarditis; myxoviruses, e.g., Influenza
      A.sub.o PR.sub.8 ; arboviruses, e.g., Semliki Forest; and poxviruses,
      e.g., Vaccinia, IHD. When administered prior to infection, i.e.,
      propylactically, it is preferred that the administration be within 0 to 96
      hours prior to infection of the animal with pathogenic virus. When
      administered therapeutically to inhibit an infection, it is preferred that
      the administration be within about a day or two after infection with
      pathogenic virus.
PAR  The compounds of this invention can be prepared by a variety of procedures
      including the following:
PAL  1.
PA0  A. the reaction of a carbazole dicarboxylic acid or a reactive derivative
      thereof such as an acid halide or ester of the formula
      ##SPC4##
PAL  wherein R.sup.3 is hydrogen or (lower) primary or secondary alkyl and W is
      hydroxy, halogen such as chlorine or bromine, or a (lower)alkoxy such as
      methoxy or ethoxy, with at least two equivalents of an aminoalkanol or
      aminoalkylamine of the formula
      ##EQU3##
      wherein Y is oxygen or N-R wherein R is hydrogen, methyl or ethyl, A is
      alkylene of 2 to about 8 carbon atoms, either straight chain or branched,
      and each R.sup.1 and R.sup.2 is as previously defined.
PA0  B. the esterification can be achieved by allowing the carbazole
      dicarboxylic acid, where W in the above formula is hydroxy, to react with
      at least two equivalents of the appropriate aminoalkanol in an inert
      solvent in the presence of a catalyst and employing general methods for
      removing water from the reaction site. Preferred solvents are chloroform,
      isopropanol, dioxane, toluene and the like. The reaction may be catalyzed
      by the use of mineral acids including hydrochloric, sulfuric or certain
      organic acids such as p-toluenesulfonic acid. Methods whereby water can be
      removed from the reaction include the use of water scavengers such as the
      carbodiimides or by the azeotropic removal of water. The reaction will
      proceed at temperatures ranging from 50.degree.-150.degree.C. over a
      period of 6 to 72 hours depending upon the solvent and catalyst.
PA0  C. preferably, the esterification can be achieved by allowing the acid
      halide, where W in the above formula is halogen, to react with at least
      two equivalents of the appropriate aminoalkanol. The esters of this
      invention can be produced in a variety of inert solvents over a wide range
      of temperature and reaction time. The solvents of choice include
      chloroform, dioxane, tetrahydrofuran, and the aromatic solvents such as
      benzene and toluene. In chloroform, the reaction is generally complete
      within one hour at the reflux temperature of the solvent, although the
      reaction time can range from 15 minutes to 3 days. In like manner, the
      amides of this invention can be prepared by allowing the carbazole di-acid
      halide to react with at least two equivalents of the appropriate
      aminoalkylamine. The preferred reaction conditions are those which employ
      chloroform as the solvent and heating at the reflux temperature of said
      solvent for 3-18 hours.
PA0  D. the compounds of this invention may also be produced by a
      transesterification reaction in which a (lower)-alkoxy ester of the
      carbazole dicarboxylic acid, where W, for example, is methoxy or ethoxy in
      the above formula, is caused to react with at least two equivalents of the
      appropriate aminoalkanol under suitable conditions. This type of reaction
      is catalyzed by alkaline or acid catalysts and is reversible. The
      compounds of this invention may be produced by causing the equilibrium to
      be shifted by removing the lower alkanol component or by employing a large
      excess of the aminoalkanol. Preferably the reaction is carried out by
      removing the lower alkanol component with the use of an alkaline catalyst.
      The lower alkanol may be removed by direct distillation or distillation
      with a suitable solvent. Suitable alkaline catalysts are alkali metals,
      sodium or potassium; alkali lower alkoxides, such as sodium methoxide or
      sodium ethoxide; alkali amides such as lithium or sodium amide; etc.
      Suitable solvents are those forming an azeotropic distillation mixture
      with the lower alkanol, for example, benzene or toluene, or a solvent
      which boils sufficiently higher than the alkanol to permit removal of the
      alkanol by distillation at a temperature below that of the boiling range
      of the solvent. The amides of this invention may also be produced by
      allowing the lower alkoxy ester of the carbazole dicarboxyic acid to react
      with at least two equivalents of the appropriate aminoalkylamine under the
      conditions as for the esters.
PAL  2. The esters of this invention can be produced by allowing the carbazole
      dicarboxylic acid, or an activated salt thereof, to react with at least
      two equivalents of an aminoalkylhalide in a suitable organic solvent such
      as chloroform or isopropanol. The aminoalkyl portion of the reactant is
      the same as in 1-A above. The reaction conditions can vary from 6 hours to
      72 hours over a temperature range of from room temperature to the reflux
      temperature of the solvent employed in the presence or absence of an
      activating moiety such as inorganic cations including sodium and silver or
      organic activators such as benzyltrimethylammonium chloride. These
      activators may be present in stoichiometric amounts or catalytic
      quantities. Since these activators considerably reduce the reaction time,
      the preferred conditions are to use a catalytic amount of
      benzyltrimethylammonium chloride and allow the reaction to proceed for
      6-18 hours at the reflux temperature of isopropanol.
PAL  3. The compounds of this invention can be prepared by allowing a carbazole
      .omega.-haloalkyl diester or diamide, prepared by general methods, of the
      formula:
      ##SPC5##
PAL  wherein R.sup.3, Y and A are as previously defined and hal is chlorine,
      bromine or iodine to react with at least two equivalents of an amine of
      the formula:
      ##EQU4##
      wherein R.sup.1 and R.sup.2 are as previously defined. The carbazole
      .omega.-haloalkyl diester or diamide may be prepared by the reaction of a
      carbazole dicarbonyl chloride with at least two equivalents of an
      .omega.-haloalkanol or an .omega.-haloalkylamine in a suitable solvent
      such as chloroform to give the respective products. The preferred halogen
      in the above formula is bromine or iodine. The reaction is conducted in
      the presence of stoichiometric amounts of a material which will
      effectively remove the acid generated in the course of the reaction.
      Suitable acid binding reagents are anhydrous sodium or potassium carbonate
      or extra equivalents of the amine. The solvents of choice are non-protonic
      organic liquids such as toluene, chloroform, diethyl ether and dioxane.
      Suitable conditions are those in which components are allowed to react in
      toluene at 25.degree. to 100.degree.C. for 24 hours to 72 hours in the
      presence of potassium carbonate. A pressure vessel may be required as
      higher temperatures are employed and/or low boiling amines are being
      reacted.
PAL  4. The secondary or primary amino derivatives of the esters of this
      invention can be prepared by the various procedures under 1 above, if the
      amino group of the aminoalkanol is suitably blocked to reactivity by
      formation of a salt or, preferably, by substituting it with a readily
      removable blocking group such as trifluoroacetyl, carbobenzoxy, or the
      like, followed by removal of the blocking group with a suitable technique
      such as mild acid hydrolysis or catalytic reduction.
DETD
PAR  The following examples are illustrative of the invention.
PAC  EXAMPLE 1
PAC  Preparation of bis(3-diethylaminopropyl) 9-ethylcarbazole-3,6-dicarboxylate
      dihydrochloride
PAR  To 250 ml. of isopropanol was added 10.0 g. (0.035 mole) of
      9-ethylcarbazole-3,6-dicarboxylic acid, 21.2 g. (0.14 mole) of
      3-diethylaminopropylchloride and 0.5 ml. of 60% aqueous
      benzyltrimethylammonium chloride. The solution was heated at reflux for 2
      hours with stirring and then allowed to stir overnight at room
      temperature. Addition of ether to the reaction mixture gave the
      crystalline product which was recrystallized twice from methanol-acetone,
      m.p. 233.degree.-234.degree., .lambda..sub.max.sup.EtOH 252, E.sub.1
      cm.sup.1% 865.
PAC  EXAMPLE 2
PAC  Preparation of bis(3-diethylaminopropyl) carbazole-3,6-dicarboxylate
      dihydrochloride hemihydrate
PAR  To 250 ml. of isopropanol was added 10.5 g. (0.07 mole) of
      3-diethylaminopropylchloride and 8.8 g. (0.035 mole) of
      carbazole-3,6-dicarboxylic acid and the mixture was heated at reflux for 2
      hours. On cooling, the product crystallized and was collected by
      filtration, washed with ether, dried and dissolved in water. The aqueous
      solution was made basic with saturated sodium bicarbonate and the product
      was extracted with ether, the ether solution was washed with water, dried,
      and made acidic with ethereal hydrogen chloride. The solid product was
      crystallized twice from methanol-butanone, m.p. 230.degree.-233.degree.,
      .lambda..sub.max.sup.H.sbsp.2O 249, E.sub.1 cm.sup.1% 885.
PAC  EXAMPLE 3
PAC  Preparation of N,N'-bis(3-dibutylaminopropyl) carbazole-3,6-dicarboxamide
      bis-dihydrogen citrate
PAR  A solution of 0.03 mole of carbazole 3,6-dicarbonyl chloride and 0.06 mole
      of 3-dibutylaminopropylamine in 400 ml. of chloroform is heated at reflux
      for 4 hours. The chloroform solution is extracted with water and the
      aqueous layer made basic with saturated sodium bicarbonate solution. The
      free base is extracted with ether, washed with water, dried over anhydrous
      magnesium sulfate and concentrated in vacuo. The residue is dissolved in
      methanol and converted to the dihydrogen citrate salt by treating the
      methanol solution with two equivalents of citric acid. The product is
      crystallized from methanol-butanone.
PAC  EXAMPLE 4
PAC  Preparation of N,N'-bis(3-dibutylaminopropyl)
      9-ethylcarbazole-3,6-dicarboxamide bis-dihydrogen citrate
PAR  By the procedure of Example 3, one equivalent of
      9-ethylcarbazole-3,6-dicarbonyl chloride is allowed to react with two
      equivalents of 3-dibutylaminopropylamine to give the product.
PAC  EXAMPLE 5
PAC  Preparation of bis(3-dibutylaminopropyl) 9-ethylcarbazole-3,6-dicarboxylate
      dihydrochloride
PAR  By the procedure of Example 2, one equivalent of
      9-ethylcarbazole-3,6-dicarboxylic acid is allowed to react with two
      equivalents of 3-dibutylaminopropylchloride in the presence of a catalytic
      amount of benzyltrimethylammonium chloride to give the product.
PAC  EXAMPLE 6
PAC  Preparation of bis(3-piperidinopropyl) 9-ethylcarbazole-3,6-dicarboxylate
      dihydrochloride
PAR  By the procedure of Example 2, one equivalent of
      9-ethylcarbazole-3,6-dicarboxylic acid is allowed to react with two
      equivalents of 3-piperidinopropyl chloride in the presence of a catalytic
      amount of benzyltrimethylammonium chloride to give the product.
PAC  EXAMPLE 7
PAC  Preparation of bis(3-dimethylaminopropyl)
      9-ethylcarbazole-3,6-dicarboxylate dihydrochloride
PAR  By the procedure of Example 2, one equivalent of
      9-ethylcarbazole-3,6-dicarboxylic acid is allowed to react with two
      equivalents of 3-dimethylaminopropyl chloride in the presence of a
      catalytic amount of benzyltrimethylammonium chloride to give the product.
PAC  EXAMPLE 8
PAC  Preparation of bis(5-amino-2,2-dimethylpentyl)
      9-ethylcarbazole-3,6-dicarboxylate dihydrochloride
PAR  A solution of two molar equivalents of 5-amino-2,2-dimethyl-1-pentanol as
      the hydrochloride salt and one molar equivalent of
      9-ethylcarbazole-3,9-dicarbonyl chloride in a sufficient volume of
      chloroform is refluxed for several hours. The product,
      bis(5-amino-2,2-dimethylpentyl) 9-ethylcarbazole-3,6-dicarboxylate
      dihydrochloride, can be purified by recrystallization from methanol-ethyl
      acetate.
PAC  EXAMPLE 9
PAC  Preparation of bis(5-ethylamino-2,2-dimethylpentyl)
      9-ethylcarbazole-3,6-dicarboxylate dihydrochloride
PAR  This secondary amine can be prepared by the procedure of Example 8 by
      employing the N-ethyl derivative of 5amino-2,2-dimethyl-1-pentanol.
PAC  EXAMPLE 10
PAC  Preparation of bis(3-diethylaminopropyl)
      9-methylcarbazole-1,8-dicarboxylate
PAR  Bis(3-diethylaminopropyl) 9-methylcarbazole-1,8-dicarboxylate can be
      prepared by the esterification of 9-methylcarbazole 1,8-dicarboxylic acid,
      the synthesis of which is reported by H. Gilman and S. Spatz, J. Org.
      Chem. 17, 860 (1952), according to the procedure of Example 1.
PAC  EXAMPLE 11
PAC  Preparation of bis(3-diethylaminopropyl) carbazole 2,6-dicarboxylate
PAR  Bis(3-diethylaminopropyl) carbazole 2,6-dicarboxylate can be prepared by
      the esterification of carbazole-2,6-dicarboxylic acid, the synthesis of
      which is reported by D. Brooke and S. Plant, J. Chem. Soc., 2212 (1956),
      according to the procedure of Example 1.
PAC  EXAMPLE 12
PAR  This example illustrates antiviral activity of bis(3-diethylaminopropyl)
      9-ethylcarbazole-3,6-dicarboxylate dihydrochloride.
PAR  Two groups of mice were inoculated with a fatal dose (12 LD.sub.50) of
      encephalomyocarditis. Each mouse weighed from approximately 12 to 15 grams
      and each of the two groups of mice contained from 10 to 30 animals. The
      mice in one of the groups were treated both prophylactically and
      therapeutically by subcutaneous injections of bis(3-diethylaminopropyl)
      9-ethylcarbazole-3,6-dicarboxylate dihydrochloride. The injections were
      given 28, 22 and 4 hours prior to inoculation with the virus and 2, 20 and
      26 hours after inoculation. The volume of each injection was 0.25 ml. and
      contained the active compound at a dosage level of 50 mg. per kg.
      dissolved in sterile water which also contained 0.15% of
      hydroxyethyl-cellulose. The control animals received a sham dosage of the
      same volume of the vehicle which did not contain the active ingredient.
      Observations over a 10-day period showed that the treated group of mice
      survived for a longer time than the controls.
PAC  EXAMPLE 13
PAR  An illustrative composition for a parenteral injection is the following
      wherein the quantities are on a weight to volume basis.
TBL  ______________________________________                                    

     (a)  Bis(3-diethylaminopropyl)                                            

          9-ethylcarbazole-                                                    

          3,6-dicarboxylate                                                    

          dihydrochloride           100 mg.                                    

     (b)  Sodium chloride           q.s.                                       

     (c)  Water for injection to make                                          

                                    10 ml.                                     

     ______________________________________                                    

PAL  The composition is prepared by dissolving the active ingredient and
      sufficient sodium chloride in water for injection to render the solution
      isotonic. The composition may be dispensed in a single ampule containing
      100 mg. of the active ingredient for multiple dosage or in 10 ampules for
      single dosage.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC6##
PAL  wherein:
PA1  A. each of R.sup.1 and R.sup.2 is hydrogen, (lower)alkyl, cycloalkyl of 3
      to 6 ring carbon atoms, alkenyl of 3 to 6 carbon atoms having the vinyl
      unsaturation in other than the 1-position of the alkenyl group, or each
      set of R.sup.1 and R.sup.2 taken together with the nitrogen atom to which
      they are attached is pyrrolidino, piperidino, N-(lower)alkylpiperazino, or
      morpholino;
PA1  B. each A is alkylene of 2 to about 8 carbon atoms and separates its
      adjacent Y and amino nitrogen by an alkylene chain of at least 2 carbon
      atoms;
PA1  C. each Y is oxygen, or N-R wherein R is hydrogen, methyl or ethyl; and
PA1  D. r.sup.3 is hydrogen or (lower) primary or secondary alkyl, or an acid
      addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1 wherein: each A is alkylene of 3 to 6 carbon
      atoms; and each of the
      ##EQU5##
      groups is a tertiary amino group selected from di(lower)alkylamino,
      dialkenylamino or each set of R.sup.1 and R.sup.2 together with the
      nitrogen to which they are attached is pyrrolidino, piperidino,
      N-(lower)alkylpiperazino or morpholino.
NUM  3.
PAR  3. A compound of claim 1 wherein the side chains
      ##EQU6##
      are in the 1,8- or 2,6- or 3,6-positions of the carbazole ring.
NUM  4.
PAR  4. A compound of the formula
      ##SPC7##
PAL  wherein:
PA1  A. each of R.sup.1 and R.sup.2 is hydrogen, (lower)alkyl, cycloalkyl of 3
      to 6 ring carbon atoms, alkenyl of 3 to 6 carbon atoms having the vinyl
      unsaturation in other than the 1-position of the alkenyl group, or each
      set of R.sup.1 and R.sup.2 taken together with the nitrogen atom to which
      they are attached is pyrrolidino, piperidino, N-(lower)alkylpiperazino, or
      morpholino;
PA1  B. each A is alkylene of 2 to about 8 carbon atoms and separates its
      adjacent 0 and amino nitrogen by an alkylene chain of at least 2 carbon
      atoms;
PA1  C. r.sup.3 is hydrogen or (lower) primary or secondary alkyl; or a
      pharmaceutically acceptable acid addition salt thereof.
NUM  5.
PAR  5. A compound of claim 4 wherein each A is alkylene of 3 to 6 carbon atoms
      and each of the
      ##EQU7##
      groups is a tertiary amino group selected from di(lower)alkylamino,
      dialkenylamino or each set of R.sup.1 and R.sup.2 together with the
      nitrogen to which they are attached is pyrrolidino, piperidino,
      N-(lower)alkylpiperazino or morpholino.
NUM  6.
PAR  6. A compound of claim 5 wherein the side chains,
      ##EQU8##
      are in the 3- and 6-positions of the carbazole ring.
NUM  7.
PAR  7. A compound of claim 6 wherein R.sup.3 is (lower) primary or secondary
      alkyl.
NUM  8.
PAR  8. A compound of claim 7 wherein each of R.sup.1 and R.sup.2 is
      (lower)alkyl.
NUM  9.
PAR  9. A compound of the formula
      ##SPC8##
PAL  wherein:
PA1  A. each of R.sup.1 and R.sup.2 is hydrogen, (lower)alkyl, cycloalkyl of 3
      to 6 ring carbon atoms, alkenyl of 3 to 6 carbon atoms having the vinyl
      unsaturation in other than the 1-position of the alkenyl group, or each
      set of R.sup.1 and R.sup.2 taken together with the nitrogen atom to which
      they are attached is pyrrolidino, piperidino, N-(lower)alkylpiperazino, or
      morpholino;
PA1  B. each A is alkylene of 2 to about 8 carbon atoms and separates its
      adjacent amide nitrogen and amino nitrogen by an alkylene chain of at
      least 2 carbon atoms;
PA1  C. each R is hydrogen, methyl or ethyl; and
PA1  D. r.sup.3 is hydrogen or (lower) primary or secondary alkyl; or a
      pharmaceutically acceptable acid addition salt thereof.
NUM  10.
PAR  10. A compound of claim 9 wherein: each R is hydrogen; each A is alkylene
      of 3 to 6 carbon atoms; and each of the
      ##EQU9##
      groups is a tertiary amino group selected from di(lower)alkylamino,
      dialkenylamino or each set of R.sup.1 and R.sup.2 together with the
      nitrogen to which they are attached is pyrrolidino, piperidino,
      N-(lower)alkylpiperazino or morpholino.
NUM  11.
PAR  11. A compound of claim 10 wherein the side chains,
      ##EQU10##
      are in the 3- and 6-positions of the carbazole ring.
NUM  12.
PAR  12. A compound of claim 11 wherein R.sup.3 is (lower) primary or secondary
      alkyl.
NUM  13.
PAR  13. A compound of claim 12 wherein each of R.sup.1 and R.sup.2 is
      (lower)alkyl.
NUM  14.
PAR  14. Bis(3-diethylaminopropyl) 9-ethylcarbazole-3,6-dicarboxylate or a
      pharmaceutically acceptable acid addition salt thereof.
NUM  15.
PAR  15. Bis(3-diethylaminopropyl) carbazole-3,6-dicarboxylate or a
      pharmaceutically acceptable acid addition salt thereof.
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ABST
PAL  Pyrolysis of N-substituted-1-cyclohexene-1,2-dicarboximide gives
      N,N'-substituted-pyromellitdiimides. Pyrolysis of
      N-substituted-1-cyclohexene-1,2-dicarboximide in the presence of
      N-substituted maleimides produces
      N,N'-substituted-3,4,5,6-tetrahydropyromellitdiimide and the Diels-Alder
      dimer of N-substituted-1,3-butadiene-2,3-dicarboximide.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to the production of pyromellitdiimides. In another
      aspect, the invention relates to tetrahydropyromellitdiimides and methods
      to produce same. In a further aspect, the invention relates to the dimer
      of N-substituted-1,3-butadiene-2,3-dicarboximide and methods to produce
      same.
PAC  BACKGROUND OF THE INVENTION
PAR  In the field of polymer chemistry, the search continues for new compounds
      suitable as monomers for preparation of polymers useful for a variety of
      purposes. New routes to known monomers also are valuable in providing
      alternative methods of producing valuable monomers, such as pyromellitic
      anhydride which is particularly useful in producing thermally stable
      heterocyclic polymers such as described in 16 Encycl. Chem. Tech., 42
      (1968).
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide new compositions of matter
      useful as monomers in the formation of polymeric products.
PAR  Another object of the invention is the provision for new routes to useful
      monomers.
PAR  Other aspects, objects, and advantages of the present invention will become
      apparent from a study of the disclosure, and the appended claims.
PAC  DESCRIPTION OF THE INVENTION
PAR  I have discovered that the pyrolysis of
      N-substituted-1-cyclohexene-1,2-dicarboximide (A) results in
      N,N'-substituted-pyromellitdiimide (B) and the dimer of
      N-substituted-1-3,-butadiene-2,3-dicarboximide (C). The
      N,N'-substituted-pyromellitdiimide (B) can be hydrolyzed, if desired, to
      pyromellitic anhydride which is particularly useful in making thermally
      stable heterocyclic polymers.
PAR  I have further discovered that the pyrolysis of
      N-substituted-1-cyclohexene-1,2-dicarboximide (A) in the presence of
      N-substituted maleimide (D) yields the Diels-Alder dimer of
      N-substituted-1,3-butadiene-2,3-dicarboximide (C) and
      N,N'-substituted-3,4,5,6-tetrahydropyromellitdiimide (E). The material (E)
      can be readily dehydrogenated to yield the aforesaid
      N,N'-substituted-pyromellitdiimide (B) which latter, if desired, can be
      subjected to the aforesaid hydrolysis to the corresponding pyromellitic
      anhydride. Or, the N,N'-substituted-3,4,5,6-tetrahydropyromellitdiimide
      (E) can be reacted with an alpha,omega-diamine to produce spongy, rubbery,
      solids. The Diels-Alder dimer of
      N-substituted-1,3-butadiene-2,3-dicarboximide (C) can also be reacted with
      alpha,omega-hydrocarbon diamines to produce polymeric products suitable
      for a variety of applications, such as drying oils or corrosion
      inhibitors.
PAR  While I do not wish to be bound by theoretical considerations of how these
      products are produced or in just what fashion the initial reactants form
      my novel N,N'-substituted-3,4,5,6-tetrahydropyromellitdiimide (E) and
      Diels-Alder dimer of N-substituted-1,3-butadiene-2,3-dicarboximide (C),
      nevertheless, the following may assist in understanding the novel
      reactions and the products I have discovered:
      ##SPC1##
PAR  The compounds (C) and (E) may arise, respectively, by the reaction of
      N-substituted-1,3-butadiene-2,3-dicarboximide (F) with itself or with
      N-substituted maleimide (D). The formation of the novel compounds (C) and
      (E) may be visualized as follows:
      ##SPC2##
PAR  The postulated reactive intermediate
      N-substituted-1,3-butadiene-2,3-dicarboximide (F) could be generated from
      (A) as shown below:
      ##SPC3##
PAR  In the above formulae, R can be phenyl or primary alkyl radical, preferably
      of 1 to 6 carbon atoms. While, in general, the R groups in (A) and (D) are
      the same, this is not necessary to the reaction, such that where more than
      one R group appears in a particular compound, or in differing reactants,
      the R groups can be but are not necessarily the same.
PAC  REACTION CONDITIONS
PAR  In accordance witth my invention, the pyrolysis conversion reaction which I
      have discovered is conducted under conditions of temperature and pressure
      sufficient to effectuate the pyrolysis conversion. The reaction can be
      conducted at suitable elevated temperature and low pressures sufficient to
      effect the reaction desired. Contact times normally are relatively short,
      to avoid undue loss or decomposition of reactants, intermediates, and end
      products. Presently preferred are reaction temperatures in the range of
      about 500.degree. to 1000.degree. C, presently more preferred in the range
      of about 700.degree. C to 800.degree. C. Contacting pressures preferably
      should be relatively low, such as 0.001 to about 100 mm mercury absolute,
      presently preferred about 1 to 50 mm mercury absolute. Contact times
      preferably are short, such as in the range of about 0.001 to 1 second,
      preferably about 0.005 to 0.1 seconds, though some variance can be
      practiced.
PAR  In effecting the pyrolysis reaction, treating the reactants in the molten
      condition at the specified temperatures and pressures for very short
      contacting times is one suitable mode. Treatment can be in a reactor of
      quartz, or ceramic lined metal reactors such as a ceramic lined titanium
      autoclave and the effluent from the reactor preferably is collected in a
      trap at dry ice temperatures, and can be purified such as by
      recrystallization or preparative gas chromatographic techniques.
PAR  While contacting can be and preferably is in the absence of a solvent,
      solvents are employable where desired or convenient to assist in handling
      of some of the reactants, and solvents such as the alkyl aryl carboxylates
      such as methyl benzoate, or various pyridine compounds, or
      dialkylphthalates, such as dimethyl phthalate, aryl ethers such as
      diphenyl ether, or other compounds such as benzonitrile, which are
      relatively inert under the reaction conditions described, can be employed
      in the process.
DETD
PAC  EXAMPLES
PAR  The examples provided are intended to assist and further illustrate the
      scope of my invention, and to assist in the understanding thereof.
      Specific reactions, specific reaction conditions, methods of handling
      reactions, all should be considered as illustrative and not as limitative
      of the reasonable scope of my invention as disclosed in this specification
      including claims.
PAC  EXAMPLE I
PAR  A charge of 5 g (0.045 mole) N-methylmaleimide and 5 g (0.03 mole)
      N-methyl-1-cyclohexene-1,2-dicarboximide in 25 g dimethyl phthalate as
      solvent was passed through a tubular reactor bed of quartz chips at
      750.degree. C and 2.5 mm Hg over a period of 43 minutes using a 50 cc/min
      purge of N.sub.2 to facilitate the passage of the reactants through the
      reaction zone. The reactor effluent collected in cold traps amounted to
      approximately 31.5 g. The reactor effluent collected was poured slowly
      into 600 ml ether with swirling and a precipitate formed. This precipitate
      was removed by filtration and recrystallized twice from tetrahydrofuran.
      The solid product (m.p. 200.degree.-203.degree. C) was shown to be
      N,N'-dimethyl-3,4,5,6-tetrahydropyromellitdiimide by elemental and mass
      spectral analyses. Elemental analysis calculated for C.sub.12 H.sub.12
      N.sub.2 O.sub.4 : % C, 58.09; % H, 4.90; % N, 12.05; Found: % C 58.08; %
      H, 4.90; % N, 12.05. The molecular weight by mass spectral analysis was
      found to be 248 (calculated mol. wt. 248) and the mass cracking pattern
      indicated the product to be
      N,N'-dimethyl-3,4,5,6-tetrahydropyromellitdiimide.
PAC  EXAMPLE II
PAR  A charge of 10 g (0.09 mole) N-methylmaleimide and 2.5 g (0.015 mole)
      N-methyl-1-cyclohexene-1,2-dicarboximide in 7.5 g pyridine reaction
      diluent containing 0.1 g dimethyl phthalate (glc internal standard) was
      passed through a tubular reactor bed of quartz chips at 750.degree. C and
      10 mm Hg over a period of 19 minutes using a nitrogen purge. The reactor
      effluent collected in cold traps amounted to approximately 17.2 g. A glc
      analysis of the reactor effluent showed the presence of:
PAR  N,N'-dimethyl-3,4,5,6-tetrahydropyromellitdiimide and the dimer of
      N-methyl-1,3-butadiene-2,3-dicarboximide. The glc analysis showed 49.8
      area % of N,N'-dimethyl-3,4,5,6-tetrahydropyromellitdiimide and 43.8 area
      % of the dimer of N-methyl-1,3-butadiene-2,3-dicarboximide. Retention
      times were utilized to verify the presence of:
PAR  N,N'-dimethyl-3,4,5,6-tetrahydropyromellitdiimide and the dimer of
      N-methyl-1,3-butadiene-2,3-dicarboximide. The sample of
      N,N'-dimethyl-3,4,5,6-tetrahydropyromellitdiimide used for this purpose
      was prepared in Example I. The sampe of the dimer of:
PAR  N-methyl-1,3-butadiene-2,3-dicarboximide used for this purpose had a
      melting point of 139.degree.-140.degree. C and its structure was verified
      by elemental, mass spectral and nuclear magnetic resonance analyses:
PA1  a. Elemental analysis for the dimer of
      N-methyl-1,3-butadiene-2,3-dicarboximide C.sub.14 H.sub.14 N.sub.2 O.sub.4
      : Calc'd % C, 61.3; % H, 5.1; % N, 10.2; Found: % C, 61.46; % H, 5.27; %
      N, 10.93
PA1  b. Mass Spectral Analysis for the dimer of
      N-methyl-1,3-butadiene-2,3-dicarboximide: Mol. wt. 274 (Calc'd 274)
PA1  c. .sup.13 C Nuclear Magnetic Resonance data supported the structure of the
      dimer of N-methyl-1,3-butadiene-2,3-dicarboximide as shown above by
      exhibiting resonances specifically from:
PA2  3 methylene units
PA2  1 quaternary carbon
PA2  3 olefinic carbons with no protons attached
PA2  1 olefinic carbon with two protons attached
PA2  2 methyl groups
PA2  3 types of carbonyl groups
PAC  EXAMPLE III
PAR  A 9.8 g (0.06 mole) molten sample of N-methyl-1 -cyclohexene-
      1,2-dicarboximide was passed through a tubular reactor bed of quartz chips
      at 700.degree. C and about 20 mm Hg over a period of ten minutes using a
      nitrogen purge. The reactor effluent was collected in a mixture of
      methanol/tetrahydrofuran and stored at dry ice temperature. The
      precipitate which formed was removed by filtration and recrystallized
      three times from tetrahydrofuran to give a solid which melted at
      375.degree.-378.degree. C in a sealed tube. The solid sublimed at
      350.degree.-360.degree. C in an open tube. This product was shown to be
      N,N'-dimethylpyromellitdiimide by elemental, infrared and mass spectral
      analyses.
PAC  EXAMPLE IV
PAR  A 0.49 g (0.002 mole) sample of:
PAR  N,N'-dimethyl-3,4,5,6-tetrahydropyromellitdiimide was mixed with 0.29 g
      (0.002 mole) 1,8-octanediamine and the mixture heated to and maintained at
      195.degree. C for three hours. During the reaction period the mixture
      became blue-green in color and a gas was evolved. The mixture became
      viscous and by the end of the reaction period a spongy rubbery polymeric
      product was formed which was insoluble in tetrahydrofuran.
PAC  EXAMPLE V
PAR  A 1.61 g (0.0059 mole) sample of the dimer of:
PAR  N-methyl-1,3-butadiene-2,3-dicarboximide was mixed with 0.85 g (0.0059
      mole) 1,8-octanediamine and the mixture heated to and maintained at
      195.degree. C for 3 hours. During the reaction period, a blue-green color
      developed and a gas was evolved. The viscous liquid product was completely
      soluble in tetrahydrofuran.
PAR  The N,N'-substituted-3,4,5,6-tetrahydropyromellitdiimide compounds of my
      discovery can be reacted as demonstrated with .alpha.,.omega.-diamines to
      produce spongy rubbery solids which can be employed for tire cords or
      molding resins. These
      N,N'-substitutedL-3,4,5,6-tetrahydropyromellitdiimides can be readily
      dehydrogenated in the presence of metals such as palladium, platinum,
      ruthenium and the like, or by thermal treatment with sulfur to produce the
      corresponding N,N'-substituted-pyromellitdiimides. As described in 72
      Chem. Abstr. 66629e (1970), the latter compounds can be readily separated
      and converted, by hydrolysis, to pyromellitic anhydride. Pyromellitic
      anhydride is known for making thermally stable heterocyclic polymers such
      as described in 16 Encycl. Chem. Teach. 42 (1968).
PAR  Other modifications and alterations of this invention will become apparent
      to those skilled in the art from the foregoing discussion and
      acccompanying drawing, and it should be understood that this invention is
      not to be unduly limited thereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. The process of pyrolysis wherein N-phenyl or N-alkyl
      substituted-1-cyclohexene-1,2-dicarboximide and N-phenyl or N-alkyl
      substituted-maleimide pyrolyze in substantially equimolar relationship
      under pyrolysis conversion conditions to the dimer of N-phenyl or N-alkyl
      substituted-1,3-butadiene-2,3-dicarboximide and N,N'-phenyl or N,N'-alkyl
      substituted-3,4,5,6-tetrhydropyromellitdiimide,
PA1  wherein said pyrolysis conversion conditions include elevated temperatures
      in the range of about 500.degree. to 1000.degree. C., reduced pressure,
      short contact time, effective for said process of pyrolysis.
NUM  2.
PAR  2. The process according to claim 1 wherein said alkyl is methyl.
NUM  3.
PAR  3. The process according to claim 2 wherein said pyrolysis conditions
      include a reduced pressure in the range of about 0.001 to 100 mm Hg
      absolute, and a contact time in the range of about 0.001 to 1 second.
NUM  4.
PAR  4. The process according to claim 3 wherein said elevated temperature is in
      the range of about 700.degree. to 800.degree. C., said reduced pressure is
      in the range of about 1 to 50 mm Hg, and said contact time is in the range
      of about 0.005 to 0.1 second.
NUM  5.
PAR  5. The process according to claim 3 wherein said pyrolysis is conducted in
      the presence of a solvent, wherein said solvent is an alkylaryl
      carboxylate, pyridine compound, dialkyl phthalate, aryl ether, or
      benzonitrile.
PATN
WKU  039324583
SRC  5
APN  4437403
APT  1
ART  122
APD  19740219
TTL  Antimicrobial and plant-active 4,5-dihalopyrrole-2-carbonitriles
ISD  19760113
NCL  4
ECL  1
EXP  Rush; Raymond V.
INVT
NAM  Bailey; Denis M.
CTY  Greenbush
STA  NY
ASSG
NAM  Sterling Drug Inc.
CTY  New York
STA  NY
COD  02
RLAP
COD  74
APN  195817
APD  19711104
PSC  01
PNO  3864491
ISD  19750204
CLAS
OCL  26032662
XCL   71 66
XCL   71 67
XCL   71 95
XCL  2603265J
XCL  2603269
XCL  424274
EDF  2
ICL  C07D20746
FSC  260
FSS  326.62
OREF
PAL  forenza et al., J. Chem. Soc. (Chemical Communications), 1971: 1129-1130.
LREP
FR2  Webb; William G.
FR2  Wyatt; B. W.
ABST
PAL  Phytoresponsive and antimicrobial compositions containing, as the active
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      microorganisms and plant growth comprising applying an effective
      antimicrobial or phytotoxic quantity of the active ingredient to a surface
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BSUM
PAC  CHEMICAL COMPOUNDS, COMPOSITIONS AND PROCESSES
PAR  This invention relates to the art of combatting microorganisms, for example
      bacteria and fungi, and undesirable plant growth comprising treating a
      surface to be disinfected or an area to be cleared of undesirable plant
      growth with compositions containing, as the active ingredient, a novel
      4,5-dihalopyrrole-2-carbonitrile having the formula:
      ##SPC1##
PAL  Where X is chlorine, bromine or iodine.
PAR  In one of its aspects the instant invention relates to the novel compounds
      of the above formula I and to methods for the preparation thereof.
PAR  In another aspect, the invention relates to compositions for combatting
      microorganisms containing a 4,5-dihalopyrrole-2-carbonitrile of furmula I
      as the active ingredient in effective antimicrobial amount. The invention
      also relates to a method of combatting microorganisms comprising treating
      a surface to be disinfected with a composition containing an effective
      antimicrobial amount of the said active ingredient.
PAR  In another of its aspects, the invention relates to aquatic and terrestrial
      herbicidal compositions containing an effective herbicidal amount of a
      4,5-dihalopyrrole-2-carbonitrile of formula I as the active ingredient.
PAR  Another aspect of the invention relates to a method of combatting
      undesirable terrestrial or aquatic plant growth which comprises treating
      an area to be cleared of such undesirable terrestrial plant growth, or a
      body of water to be cleared of such undesirable aquatic plant growth, with
      a composition containing a herbicidally effective amount of a
      4,5-dihalopyrrole-2-carbonitrile of formula I as the active ingredient.
      When used as terrestrial herbicides, the
      4,5-dihalopyrrole-2-carbonitrile-containing composition is either sprayed,
      dusted, or otherwise scattered as described hereinafter over an entire
      area to be cleared of undesirable vegetation, or alternatively individual
      plants can be similarly treated. When used as aquatic herbicides to
      destroy plant growth growing in a particular body of water, either the
      4,5-dihalopyrrole-2-carbonitrile itself, or a composition containing it,
      is dissolved directly in the body of water in an amount, to be described
      hereinafter, sufficient to provide a herbicidally effective concentration
      of the active ingredient in the body of water being treated.
PAR  The compounds of formula I are generally prepared by direct halogenation of
      pyrrole-2-carbonitrile. In the case of the compounds where X is chlorine
      or bromine, the halogenation is advantageously carried out with the
      elemental halogen in glacial acetic acid at a temperature from 0.degree.C.
      to around 50.degree.C.
PAR  The compounds where X is iodine, on the other hand, are advantageously
      prepared by reaction of pyrrole-2-carbonitrile with a solution of iodine
      monochloride and sodium or potassium chloride in aqueous acetic acid at a
      temperature from 20.degree.C. to around 100.degree.C.
PAR  Alternatively, the compounds can be prepared from the corresponding
      4,5-dihalopyrrole-2-carboxaldehyde by conversion of the latter to the
      corresponding oxime with hydroxylamine using standard procedures known in
      the art, and conversion of the oxime to the corresponding nitrile by
      reaction of the oxime with acetic anhydride at a temperature from
      40.degree.C. to around 100.degree.C. This latter method is illustrated by
      the following reaction sequence:
      ##SPC2##
PAL  where X has the meanings given above. The
      4,5-dihalopyrrole-2-carboxaldehydes in turn are prepared by direct
      halogenation of pyrrole-2-carboxaldehyde by methods similar to those
      described above for the halogenation of pyrrole-2-carbonitrile to the
      corresponding 4,5-dihalopyrrole-2-carbonitrile.
PAR  The compounds of the invention are formulated for use as antimicrobial
      agents by preparing a dilute solution in an organic medium in which the
      compounds are soluble, for example ethyl alcohol, acetone,
      dimethylsulfoxide, and the like, and are applied to a surface to be
      disinfected, or which is susceptible to contamination, by conventional
      means such as spraying, swabbing, immersion, and the like. Alternatively,
      the compounds can be formulated as ointments or creams by incorporating
      them in conventional ointment or cream bases, as alkylpolyether alcohols,
      cetyl alcohol, stearyl alcohol and the like, or as jellies by
      incorporating them in conventional jelly bases such as glycerin and
      tragacanth. They can also be formulated for use as aerosol sprays or
      foams.
PAR  The undesired microorganisms against which the instant compounds are
      effective may be pathogenic or not but whose presence is unwanted and thus
      include bacteria, fungi, protozoa, algae, and various other forms of
      microorganisms well-known to microbiology.
PAR  The compounds of the invention are formulated for use as either
      pre-emergent or post-emergent terrestrial herbicides or as aquatic
      herbicides by mixing the pure active ingredient with conventional pest
      control and herbicidal adjuvants, modifiers, diluents or conditioning
      agents so that they may be formulated as solutions, emulsions,
      dispersions, dusts or wettable powders.
PAR  Liquid formulations of the active compounds according to the present
      invention for direct herbicidal spraying may be made, for example, with
      water or water emulsions, petroleum fractions, liquid aliphatic or
      aromatic alcohols, esters, glycols or ketones and the like. These liquid
      formulations can be solutions, dispersions, emulsions or wettable powder
      dispersions and, if needed, may contain surface active agents, e.g.,
      wetting agents, dispersing agents, emulsifying agents and the like, in
      sufficient amounts to impart the desired characteristics to the
      formulation.
PAR  Aqueous herbicidal formulations, for example, can be made by adding water
      to emulsion concentrates, pastes or wettable spray powders of the active
      ingredients. The wetting, emulsifying or dispersing agents may be either
      anionic, cationic, nonionic or mixtures thereof. Suitable wetting agents
      are organic compounds capable of lowering the surface tension of water and
      include conventional soaps such as the water-soluble salts of long-chain
      carboxylic acids; amine soaps, such as amine salts of long-chain
      carboxylic acids; sulfonated animal, vegetable and mineral oils;
      quaternary salts of high molecular weight acids; rosin soaps such as salts
      of abietic acid, sulfuric acid salts of high molecular weight organic
      compounds; algin soaps; and simple and polymeric compositions having both
      hydrophobic and hydrophilic functions.
PAR  Herbicidal dusts may be prepared by mixing or grinding the active substance
      with a solid carrier material such as talc, diatomaceous earth, kaolin,
      bentonite, calcium carbonate, boric acid, calcium phophate, wood, flour,
      cork, dust, carbon, and the like. Scatterable granules may be obtained,
      for example, by using ammonium sulfate as carrier material. Alternatively,
      carrier materials may be impregnated with solutions of the active
      substances in liquid solvents. Powder preparations or pastes which can be
      suspended in water and used as sprays may be obtained by adding wetting
      agents and protective colloids. Different forms of application may be
      better adapted to the various purposes for which the active substances are
      to be used by the addition of substances which improve dispersion,
      adhesion, resistance to rain, and penetrative power such as fatty acids,
      resins, wetting agents, emulsifying agents, glue and the like. Similarly,
      the biological spectrum may be broadened by the addition of other
      substances having bactericidal, fungicidal and plant growth regulating
      properties and also by combination with fertilizers.
PAR  Optimum pre- and post-emergent herbicidal action is obtained using the
      compounds of the invention at application rates from 1.0 to 8.0 pounds per
      acre, while optimum aquatic herbicidal activity is obtained using a
      solution concentration of the active ingredient of from about 1.0 to 40
      parts per million.
PAR  The following examples illustrate the best mode of making and using the
      instant invention.
DETD
PAC  EXAMPLE 1
PAC  4,5-Dichloropyrrole-2-carbonitrile
PAR  To a solution of 33.5 g. (0.47 mole) of hydroxylamine hydrochloride and 67
      g. (0.48 mole) of sodium acetate trihydrate in 130 ml. of water was added
      40 g. (0.42 mole) of pyrrole-2-carboxaldehyde. The mixture was shaken
      vigorously for five minutes, cooled in a refrigerator for several days,
      filtered, and dried giving 45.5 g. of pyrrole-2-carboxaldoxime, m.p.
      165.degree.-168.degree.C.
PAR  The latter was treated with 150 ml. of acetic anhydride, and after the
      initial exothermic reaction had subsided, the mixture was stirred and
      heated slowly to reflux for 20 minutes. The mixture was then cooled and
      poured into 1500 ml. of water, the mixture extracted with diethyl ether,
      and the combined extracts charcoaled, concentrated and distilled in vacuo,
      giving a total of 19.0 g. of pyrrole-2-carbonitrile, b.p.
      133.degree.-145.degree.C./25mm.
PAR  The latter (10 g., 0.11 mole), dissolved in 40 ml. of glacial acetic acid,
      was treated slowly with stirring with a solution of 15.6 g. (0.22 mole) of
      chlorine dissolved in 300 ml. of glacial acetic acid. The mixture was
      stirred for an hour and a half, concentrated to a small volume in vacuo,
      the residue dissolved in diethyl ether, and the organic solution washed
      with aqueous sodium bicarbonate until the aqueous layer was slightly
      basic. The organic solution was then dried with anhydrous sodium sulfate,
      concentrated to dryness and the residue recrystallized from a diethyl
      ether/hexane mixture giving 9.0 g. of 4,5-dichloropyrrole-2-carbonitrile,
      m.p. 144.degree.-146.degree.C.
PAC  EXAMPLE 2
PAC  4,5-Dibromopyrrole-2-carbonitrile
PAR  A solution of 25 g. (0.099 mole) of 4,5-dibromopyrrole-2-carboxaldehyde
      [prepared according to the method of Anderson et al., Can. J. Chem. 43(2),
      409-414 (1965)] and 10.5 g. (0.15 mole) of hydroxylamine hydrochloride in
      100 ml. of ethanol was heated on a steam bath with stirring for 5 minutes
      until all solid material had dissolved. The resulting solution was treated
      with a solution of 10.5 g. of potassium carbonate in 20 ml. of water,
      heating and stirring was continued for another 10 minutes, and the mixture
      was poured into 500 ml. of water. The solid which separated was collected
      and dried in a vacuum oven at 60.degree.C. giving 24.0 g. of
      4,5-dibromopyrrole-2-carboxaldoxime, m.p. 150.degree.-152.degree.C.
PAR  The latter (19 g., 0.07 mole) was dissolved in 100 ml. of acetic anhydride
      and the mixture heated on a steam bath for 10 minutes. Concentration of
      the mixture to dryness in vacuo gave a black residue which was dissolved
      in diethyl ether. The ether solution was dried over sodium sulfate,
      charcoaled, concentrated to a small volume, and the solid which separated
      was recrystallized several times from diethyl ether/hexane to give 12.3 g.
      of 4,5-dibromopyrrole-2-carbonitrile, m.p. 172.degree.-174.degree.C.
      (uncorr.)
PAC  EXAMPLE 3
PAC  4,5-Diiodopyrrole-2-carbonitrile
PAR  A solution of 9.2 g. (0.10 mole) of pyrrole-2-carbonitrile in 100 ml. of
      glacial acetic acid was stirred on a steam bath while 45 ml. of a 4.68N
      aqueous solution of iodine monochloride/sodium chloride was added slowly
      over a period of about 15 minutes. The mixture was stirred at 50.degree.C.
      for about four hours, and the precipitate which had separated was
      collected and dissolved in diethyl ether. The organic solution was washed
      first with 200 ml. of water, then with 400 ml. of saturated aqueous sodium
      bicarbonate, dried over anhydrous magnesium sulfate, and concentrated to
      dryness to give a solid residue. Recrystallization of the latter from
      ethyl acetate/hexane afforded 16.5 g. of 4,5-diiodopyrrole-2-carbonitrile,
      m.p. 211.degree.-213.degree.C. (uncorr.)
PAR  Anti-bacterial and anti-fungal activities for the compounds were
      established using standard serial dilution techniques as described by Goss
      and Cimijotti, Applied Microbiology, 16 1414-1416 (1968). The minimum
      (bactericidal and fungicidal) inhibitory concentrations (MIC) of the
      compounds thus tested as solutions against a variety of bacteria including
      Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, and
      Proteus vulgaris and against such fungi as Trichophyton mentagrophytes,
      Aspergillus niger, and Candida albicans were found to be in the range from
      8.0 to 125 mcg./ml.
PAR  Pre-emergence herbicidal activity for the compounds of the invention was
      established in an initial screening procedure described as follows: Test
      crop seeds of five different species of plant growth (lima beans, Dent
      corn, lettuce, mustard and crabgrass, which were selected as
      representative of the major classes of mono- and dicotyledonous plants)
      were planted in 8.times.6.times.3 inches flat-bed trays containing two to
      three inches of sandy loam soil. Within twenty-four hours after planting,
      an aqueous acetone solution of the test compound was sprayed on the soil
      at a rate of 8 pounds of test agent per acre. The plants were maintained
      in a greenhouse and watered regularly for two weeks, after which time the
      phytotoxicity of the test compound was recorded by examining individual
      plant species for percent kill and assigning a vigor rating to the
      surviving members of the species according to the following scale:
PA1  5 = plants normal
PA1  4 = slight injury
PA1  3 = moderate injury; plants expected to recover
PA1  2 = moderate to severe injury; plants not expected to recover
PA1  1 = severe injury; plants will not recover.
PAL  Untreated control plants were maintained in every test carried out. The
      results thus obtained using the compounds of Examples 1, 2 and 3 above are
      given in TABLE A below.
TBL                TABLE A                                                     

     ______________________________________                                    

     TEST     Example 1   Example 2   Example 3                                

     PLANT                                                                     

     SPECIES  Vigor   %Kill   Vigor %Kill Vigor %Kill                          

     ______________________________________                                    

     Lima Bean                                                                 

              5       0       3 a b 30    5     0                              

     Dent Corn                                                                 

              5       0       4 a   0     5     0                              

     Lettuce          100           100   5     0                              

     Mustard  3       0       2     90    5     0                              

     Crabgrass        100     2     90    5     0                              

     ______________________________________                                    

      a Stunted                                                                

      b Desiccation                                                            

PAR  Using the same test plant species and the same procedure used in the
      initial pre-emergence herbicidal screening test described above, the
      compound of Example 1 (4,5-dichloropyrrole-2-carbonitrile) was reevaluated
      for pre-emergence herbicidal activity at a rate of 8 pounds per acre and
      submultiples thereof, i.e. 4 pounds/acre, 2 pounds/acre, and 1 pound/acre.
      The results thus obtained are given in TABLE B below.
TBL                                    TABLE B                                 

     __________________________________________________________________________

     TEST   1.0 lb/A                                                           

                    2.0 lb/A                                                   

                            4.0 lb/A                                           

                                    8.0 lb/A                                   

     PLANT                                                                     

     SPECIES                                                                   

            Vigor                                                              

                %Kill                                                          

                    Vigor                                                      

                        %Kill                                                  

                            Vigor                                              

                                %Kill                                          

                                    Vigor                                      

                                        %Kill                                  

     __________________________________________________________________________

     Lima Bean                                                                 

            3   0   4   0       100 2   70                                     

     Dent Corn                                                                 

            4   0   5   0   4   0   3   0                                      

     Lettuce                                                                   

            4   0       100     100     100                                    

     Mustard                                                                   

            4   0   4   0   2   90  2   30                                     

     Crabgrass                                                                 

            3   0   1   95      100     100                                    

     __________________________________________________________________________

PAR  Post-emergence herbicidal activity for the compounds of the invention was
      established in an initial screening procedure described as follows: Test
      crop seeds of the same plant species used in the pre-emergence herbicidal
      tests were planted in 8.times. 6=3 inches shallow flat-bed trays
      containing two to three inches of a loam soil. The growth trays were
      maintained in a greenhouse and watered regularly for approximately two
      weeks. When the first trifoliate leaves of the bean plants began to
      unfold, the test plants were removed from the greenhouse and sprayed with
      an aqueous acetone solution of the test compound at a rate of 8 pounds of
      the test compound per acre. The plants were maintained in the greenhouse
      and watered regularly for an additional two weeks, after which time the
      phytotoxicity of the test compound was recorded by noting the percent kill
      and assigning a vigor rating to surviving plants as described above. As in
      other tests described previously, untreated control plants were maintained
      in every test. The results thus obtained are given in TABLE C below.
TBL                TABLE C                                                     

     ______________________________________                                    

     TEST     Example 1   Example 2   Example 3                                

     PLANT                                                                     

     SPECIES  Vigor   %Kill   Vigor %Kill Vigor %Kill                          

     ______________________________________                                    

     Lima Bean    100 a           100   2 a   60                               

     Dent Corn    100 a   3        30 a 4     0                                

     Lettuce      100 a           100         100                              

     Mustard      100 a   2        70         100                              

     Crabgrass    100 a           100         100                              

     ______________________________________                                    

      a Desiccation                                                            

PAR  Using the same test plant species and the same procedure used in the
      initial post-emergence herbicidal screening test described above, the
      compound of Example 1 (4,5-dichloropyrrole-2carbonitrile) was reevaluated
      for post-emergence herbicidal activity at a rate of 8 pounds per acre and
      submultiples thereof, i.e. 4 pounds/acre, 2 pounds/acre, and 1 pound/acre.
      The results thus obtained are given in TABLE D below.
TBL                                    TABLE D                                 

     __________________________________________________________________________

     TEST   1.0 lb/A                                                           

                    2.0 lb/A                                                   

                            4.0 lb/A                                           

                                    8.0 lb/A                                   

     PLANT                                                                     

     SPECIES                                                                   

            Vigor                                                              

                %Kill                                                          

                    Vigor                                                      

                        %Kill                                                  

                            Vigor                                              

                                %Kill                                          

                                    Vigor                                      

                                        %Kill                                  

     __________________________________________________________________________

     Lima Bean                                                                 

            3   60  2    70 2    70     100                                    

     Dent Corn                                                                 

            3    0  3    30 2    70 2    70                                    

     Lettuce    100     100     100     100                                    

     Mustard                                                                   

            3    20 3    70 2    90     100                                    

     Crabgrass                                                                 

            2    90     100     100     100                                    

     __________________________________________________________________________

PAR  For the purpose of determining the aquatic herbicidal activity of the
      compounds of the invention, a nutrient solution constituted as follows was
      prepared:
TBL  Component                 Conc. (g/l)                                     

     ______________________________________                                    

     KNO.sub.3                 0.202                                           

     Ca(NO.sub.3).sub.2.4H.sub.2 O                                             

                               0.709                                           

     KH.sub.2 PO.sub.4         0.136                                           

     MgSO.sub.4                0.120                                           

     CaCl.sub.2.2H.sub.2 O     0.441                                           

     KC1                       0.149                                           

     MgCl.sub.2.6H.sub.2 O     0.203                                           

     Thiamine                  0.0001                                          

     Pyridoxine                0.0008                                          

     Nicotinamide              0.0008                                          

     H.sub.3 BO.sub.3          0.0001                                          

     MnCl.sub.2.4H.sub.2 O     0.0001                                          

     ZnSO.sub.4.7H.sub.2 O     0.0003                                          

     CuSO.sub.4.5H.sub.2 O     0.0001                                          

     Na.sub.2 MoO.sub.4.H.sub.2 O                                              

                               0.0001                                          

     Iron Versenol (N-carboxymethyl)-                                          

     N'- (2-hydroxyethyl)-N,N'-ethylene-                                       

     diglycine iron salt)      0.005                                           

     ______________________________________                                    

PAR  A sufficient quantity of the test compound to provide a concentration of 5
      ppm of active ingredient was dissolved in about 800 ml. of the nutrient
      solution. To this solution was added 25 to 30 duckweed plants (Lemna minor
      L.) and three snails (Helisoma trivolvis). The solutions with the plants
      and snails were maintained throughout the test at 25.degree.C. under
      artificial light. Twenty-four hours later, the solutions were examined for
      snail mortality, and nine days later, the percent reduction of growth of
      the plants, relative to an untreated control, was recorded. The test
      solutions were also examined for presence of algae, plant growth
      aberration, and chlorosis. The results thus obtained are given in TABLE E
      below.
TBL                TABLE E                                                     

     ______________________________________                                    

     Example        %Kill        Snails                                        

                                 Killed                                        

     ______________________________________                                    

     1              100          no                                            

     2              100 a        --                                            

     3              100 a        --                                            

     ______________________________________                                    

      a Algicidal                                                              

PAR  The aquatic herbicidal activity of the compound of Example 1 was
      reevaluated according to the following procedure: A sufficient amount of
      the test compound was dissolved in about three liters of tap water in a
      glass container, and test plants were placed in the aqueous solution. Test
      plants which normally grow from a lake or stream bottom were first rooted
      in a 21/2 inch flowerpot containing fertilized silt loam/sandy loam soil,
      and free floating plants were placed randomly in the aqueous solution. The
      container holding the toxicant solution, test plants and a few snails was
      placed under artificial light in a growth chamber, maintained at about
      25.degree.C., and after periods of 1, 2, 3, and 4 weeks, during which the
      solution volume in the test containers was maintained, test plants were
      examined for kill or reduction of growth compared to plants grown in an
      aqueous, untreated environment. The plants were rated on a scale of 1 to 5
      as indicated above, and in addition, the growth of algae, plant
      aberration, and snail kill were recorded. The results thus obtained are
      given in TABLE F below, where the initials P., M., E., C., A., D., and W.,
      at the head of the various columns represent the respective aquatic
      plants, purslane, milfoil, elodea, crowfoot, arrowhead, duckweed, and
      wolffia.
TBL                TABLE F                                                     

     ______________________________________                                    

     Concen. Week of   Growth Reduction   Snails                               

      (ppm)  test      P.    M.  E.  C.  A.  D.  W.   Dead                     

     ______________________________________                                    

      40     one       2     2   2   2   2   2   2    yes                      

             two       2     2   2   2   2   2   1    yes                      

             three     1     1   1   1   1   3   2    yes                      

             four      1     1   2   1   1   3   1    yes                      

      20     one       2     2   2   2   2   3   3    no                       

             two       2     2   2   2   2   3   3    yes                      

             three     1     1   1   1   1   4   3    yes                      

             four      1     1   2   1   1   5   3    yes                      

      10     one       2     2   2   2   3   3   3    no                       

             two       1     1   2   2   2   3   2    yes                      

             three     2     2   2   2   2   3   2    yes                      

             four      1     1   2   1   2   5   3    yes                      

      5      one       3     4   4   2   4   4   3    no                       

             two       2     3   2   1   2   4   4    yes                      

             three     2     2   2   2   3   3   4    yes                      

             four      1     1   2   1   3   4   1    yes                      

      1      one       2     2   3   2   3   1   1    yes                      

             two       1     1   1   1   1   2   2    yes                      

             three     1     1   1   1   1   2   2    yes                      

             four      1     1   1   1   2   2   1    yes                      

      0.5    one       5     5   5   5   5   5   5    no                       

             two       5     5   5   5   5   5   5    no                       

             three     5     5   5   5   5   5   5    no                       

             four      5     5   5   5   5   5   5    no                       

     Control all       5     5   5   5   5   5   5    no                       

     ______________________________________                                    
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PAR  2. 4,5-Dichloropyrrole-2-carbonitrile according to claim 1 where X is
NUM  3.
PAR  3. 4,5-Dibromopyrrole-2-carbonitrile according to claim 1 where X is
NUM  4.
PAR  4. 4,5-Diiodopyrrole-2-carbonitrile according to claim 1 where X is iodine
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ABST
PAL  A new cyclopropanecarboxylic acid ester represented by the formula,
      ##SPC1##
PAL  Wherein R.sub.1 is alkyl having up to four carbon atoms, alkenyl having up
      to five carbon atoms, cycloalkenyl having up to six carbon atoms, alkenyl
      having up to five carbon atoms, benzyl, phenoxy or halogen; R.sub.2 and
      R.sub.3 are hydrogen, halogen or methyl; and any adjacent two of R.sub.1,
      R.sub.2 and R.sub.3 may combine to form polymethylene, which is useful as
      insecticides and acaricides having a strong insecticidal activity but a
      low toxicity to mammals, in agriculture, horticulture as well as public
      health.
BSUM
PAR  The present invention relates to
PAR  1. A NEW CYCLOPROPANECARBOXYLIC ACID ESTER REPRESENTED BY THE FORMULA (I),
      ##SPC2##
     wherein R.sub.1 is an alkyl having up to four carbon atoms, alkenyl having
      up to five carbon atoms, cycloalkenyl having up to six carbon atoms,
      alkynyl having up to five carbon atoms, benzyl, phenoxy group, or a
      halogen atom; R.sub.2 and R.sub.3 are each a hydrogen, halogen atom or a
      methyl group; and the two among R.sub.1, R.sub.2 and R.sub.3 which are
      adjacent to each other may combine at the ends thereof to form a
      polymethylene linkage,
PAR  2. PREPARATION OF SAID ESTER AND (3) INSECTICIDES AND ACARICIDES
      CHARACTERIZED BY CONTAINING SAID ESTER AS AN ACTIVE INGREDIENT.
PAR  An object of the present invention is to provide insecticides and
      acaricides, at a low price, which have low toxicity to mammals but have a
      strong insecticidal activity, for agriculture and horticulture as well as
      public health.
PAR  Among the insecticides which are now in common use, those which can safely
      be used due to their harmlessness to mammals in spite of their immediate
      effect upon insects, are pyrethrum extracts (containing pyrethrin) and
      synthetic allethrin which is a homologue of pyrethrin. However, the
      pyrethrum extracts are relatively expensive and so their use is often
      limited irrespective of their usefulness.
PAR  The inventors prepared various cyclopropanecarboxylic acid esters
      experimentally, checked the biological activity and found that the esters
      represented by formula (I) have an excellent activity for killing sanitary
      pests such as houseflies, mosquitoes, cockroaches and others; harmful
      insects to agriculture and horticulture; and mites. In addition, the
      present esters have a higher insecticidal activity than that of
      corresponding chrysanthemic acid esters, irrespective of low toxicity to
      mammals and can be prepared at a low cost. Thus, the inventors completed
      the present invention.
PAR  The insecticides according to the present invention are widely used for
      pesticides and furthermore they are also very useful for controlling
      harmful insects to stored cereals, agriculture and wood and forest, since
      they have a high controlling effect upon the insects. Particularly, low
      toxicity of the present esters makes it possible to use them for
      agricultural crops before harvest, green-house cultivation, houshold
      horticulture and food-packaging.
PAR  The cyclopropanecarboxylic acid esters represented by formula (I) are new
      compounds which were first discovered by the inventors and can be prepared
      by reacting an alcohol represented by the formula (II),
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are the same as defined above and A is
      a hydroxyl group or halogen atom, or its halide with
      cyclopropanecarboxylic acid represented by the formula (III),
      ##EQU1##
      or its reactive derivatives, if necessary, in the presence of suitable
      solvents, reaction-auxiliary agents or catalysts.
PAR  The reactive derivatives of cyclopropanecarboxylic acid (III) include acid
      halide, acid anhydride and alkali metal salt thereof.
PAR  It is a matter of course that the esters of formula (I) include a
      geometrical isomer resulting from the steric configuration of carboxylic
      acid (III) and an optical isomer resulting from the asymmetric carbon atom
      of alcohol (II) and carboxylic acid (III).
PAR  The embodiments of the present invention will be illustrated in more
      details with reference to the preparation of the present compounds.
PAR  In a first embodiment of the method, the required ester (I) is obtained by
      reacting the alcohols of formula (II) with the carboxylic acids of formula
      (III), or acid halides or acid anhydrides thereof.
PAR  When the acid itself is used, the reaction is completed under conditions of
      dehydration. Thus, the reaction is carried out under heating in the
      presence of an acid catalyst such as a mineral acid or p-toluenesulfonic
      acid, and an azeotropic solvent such as benzene or toluene. Alternatively,
      the reaction may well be carried out with or without heating in an inert
      solvent such as benzene or petroleum ether, in the presence of a
      dehydrating agent such as dicyclohexylcarbodiimide.
PAR  When the acid halide is used, the reaction can be sufficiently carried out
      at room temperature using an organic tertiary amine such as pyridine or
      triethylamine as an acid-binding agent. The acid halide used may be any
      within the scope of the present invention, but the acid chloride is
      usually used. In the reaction, the use of solvents is preferable to allow
      the reaction to proceed smoothly, and an inert solvent such as benzene,
      toluene or petroleum benzin is generally used.
PAR  When the acid anhydride is used, the reaction can be carried out at room
      temperature to form an objective ester of formula (I) without particularly
      using any reaction-auxiliary agent. Warming of the reaction system and the
      use of inert solvents are preferred in order to allow the reaction to
      proceed smoothly, but they are not essential.
PAR  In the second embodiment of the process, the ester of formula (I) is
      prepared from the compound of formula (II) wherein A is a halogen atom.
      Among the halogen atoms represented by A, chlorine or bromine atom is, in
      general, most commonly used, but other halogen atoms may be selected. The
      other reactant is an alkali metal or tertiary amine salt of the carboxylic
      acid of formula (III), which may be prepared prior to the reaction, or
      formed in situ in the reaction system by adding the corresponding bases
      forming such salts to the reaction mixture. The reaction is preferably
      carried out in the presence of an inert solvent such as benzene or acetone
      at a temperature of the boiling point or lower, of the solvent used.
PAR  The cyclopropanecarboxylic acid of formula (III) used according to the
      present invention is disclosed in J. Farkas et al., Chem. Listy 52, 688,
      1958 (C. A. 52, 13650, 1958) in which they reported that an allethronyl
      ester of the acid has an insecticidal activity close to that of
      chrysanthemic acid ester. The acid can easily be prepared from chloral and
      isobutene which are available at a low price, and can easily be converted
      to the reactive derivatives by well known methods which are used for, for
      example, chrysanthemic acid.
PAR  The alcohols represented by formula (II) can easily be obtained by an
      addition reaction between acetylene or hydrogen cyanide and the
      corresponding aldehyde. The compound of formula (II) in which A is a
      halogen atom, can easily be obtained by halogenating the corresponding
      alcohol of formula (II) in which A is a hydroxyl group.
DETD
PAR  The present invention will be illustrated with reference to the standard
      processes, A, B, C and D as follows:
PA1  Process A: The reaction of the alcohol and the carboxylic acid halide
PAR  In a solution of 0.05 mole of the alcohol in 3 times by volume of dry
      benzene is dissolved 0.075 mole of pyridine. To the solution is added, at
      one time, a solution of 0.053 mole of the carboxylic acid chloride in 3
      times by volume of dry benzene. Thus, an exothermic reaction proceeds.
      After being allowed to stand overnight in a tightly sealed container, a
      small amount of water is added to the reaction mixture to dissolve
      pyridine hydrochloride precipitated and the aqueous layer formed is
      separated. The organic layer is successively washed with a 5% aqueous
      hydrochloric acid, saturated aqueous sodium hydrogen carbonate solution
      and saturated aqueous sodium chloride solution, dried over anhydrous
      sodium sulfate and distilled to remove benzene under reduced pressure. The
      residual liquid is subjected to silica gel chromatography to obtain the
      purified objective ester.
PA1  Process B: The dehydration reaction between the alcohol and the carboxylic
      acid
PAR  To a solution of 0.05 mole each of the alcohol and the carboxylic acid in 3
      times by volume of benzene is added 0.08 mole of dicyclohexylcarbodiimide.
      The reaction mixture is allowed to stand overnight in a tightly sealed
      container. The reaction is completed on the following day by refluxing for
      2 hours and then the objective ester is obtained in the same manner as
      described in Process A.
PA1  Process C: The reaction of the alcohol and the carboxylic acid anhydride
PAR  To a solution of 0.05 mole of the alcohol in 3 times by volume of toluene,
      is added 0.05 mole of the carboxylic acid anhydride prepared by a reaction
      between the carboxylic acid and acetic anhydride. The mixture is heated at
      100.degree.C for 3 hours to complete the reaction, cooled and neutralized
      with a 10% aqueous caustic soda at a temperature of not higher than
      10.degree.C. The carboxylic acid resulting from the reaction is recovered
      as the sodium salt thereof from the aqueous layer. The organic layer is
      treated in the same manner as described in Process A to obtain the
      objective ester.
PA1  Process D: The reaction of the carboxylic acid and the halogenated methyl
      compound
PAR  A solution of 0.05 mole of the halogenated methyl compound and 0.06 mole of
      the carboxylic acid in three times by volume of acetone is warmed at
      15.degree. to 20.degree.C. To the solution is added dropwise a solution of
      0.08 mole of triethylamine in 3 times by volume of acetone while stirring.
      After the addition, the mixture is refluxed for 2 hours to complete the
      reaction and cooled. The precipitated triethylamine hydrochloride is
      filtered off and the filtrate is distilled to remove acetone under reduced
      pressure. To the remaining liquid is added 3 times by volume of benzene.
      The mixture is treated in the same manner as described in Process A to
      obtain the objective ester.
PAR  The results obtained by the above standard processes are shown in the
      following Table. It is a matter of course that the esters according to the
      present invention are not to be interpreted as limited to the compounds in
      the Table.
TBL                                    Table                                   

     __________________________________________________________________________

     Example                                                                   

          Alcohol or its                                                       

                      Carboxylic                                               

                              Process                                          

                                     Compound                                  

                                          Compound                             

     No.  derivative  acid or its    No.                                       

                      derivative                                               

     __________________________________________________________________________

                                          5-benzyl-2-thenyl 2',2'-             

     1    5-Benzyl-2-thenyl                                                    

                      Acid    (A)    (1)  dimethyl-3'-(2",2"-dichloro-         

          alcohol     chloride            vinyl)-cyclopropanecarboxy-          

                                          late                                 

                                          5-Phenoxy-2-thenyl 2',2'-            

     2    5-Phenoxy-2-thenyl                                                   

                      Acid    (A)    (2)  dimethyl-3'-(2",2"-di-               

          alcohol     chloride            chlorovinyl)-cyclopropane-           

                                          carboxylate                          

                                          5-Benzyl-3-thenyl 2',2'-             

     3    5-Benzyl-3-thenyl                                                    

                      Acid    (A)    (3)  dimethyl-3'-(2",2"-di-               

          alcohol     chloride            chlorovinyl)-cyclopropane-           

                                          carboxylate                          

     __________________________________________________________________________

     Cyclopropanecarboxylic acid ester obtained                                

     __________________________________________________________________________

     Yield Refractive index                                                    

                      Elementary analysis                                      

     (%)   n.sub.D.sup.25       C      H     Cl     S                          

     __________________________________________________________________________

                      Found (%) 61.05  5.13  17.81  8.64                       

     94    1.5711     Calculated (%)                                           

                                60.76  5.10  17.94  8.11                       

                                (as C.sub. 20 H.sub.20 O.sub.2 SCl.sub.2)      

                      Found (%) 57.17  4.59  17.77  8.21                       

     91    1.5648     Calculated (%)                                           

                                57.44  4.57  17.85  8.07                       

                                (as C.sub.19 H.sub.18 O.sub.3 SCl.sub.2)       

                      Found (%) 60.41  5.03  17.99  8.35                       

     96    1.5703     Calculated (%)                                           

                                60.76  5.10  17.94  8.11                       

                                (as C.sub.20 H.sub.20 O.sub.2 SCl.sub.2)       

     __________________________________________________________________________

                                          4-5-Tetramethylene-2-thenyl          

     4    4,5-Tetramethylene-                                                  

                      Sodium  (D)    (4)  2',2'-dimethyl-3'-(2",2"-di-         

          2-thenylchloride                                                     

                      carboxylate         chlorovinyl)-cyclopropane-           

                                          carboxylate                          

                                          4,5-Trimethylene-2-thenyl            

     5    4,5-Trimethylene-                                                    

                      Carboxylic                                               

                              (B)    (5)  2',2'-dimethyl-3'-(2",2"-            

          2-thenyl alcohol                                                     

                      acid                dichlorovinyl)-cyclopropane-         

                                          carboxylate                          

                                          5-Allyl-2-thenyl 2',2'-              

     6    5-Allyl-2-thenyl                                                     

                      Acid    (C)    (6)  dimethyl-3'-(2",2"-dichloro-         

          alcohol     anhydride           vinyl)-cyclopropane-                 

                                          carboxylate                          

                                          5-Propargyl-2-thenyl 2',2'-          

     7    5-Propargyl-2-                                                       

                      Acid    (A)    (7)  dimethyl-3'-(2",2"-dichloro-         

          thenyl alcohol                                                       

                      chloride            vinyl)-cyclopropane-                 

                                          carboxylate                          

                                          5-(2'-cyclopentene-1'-yl)-2-         

     8    5-(2'-cyclopentene-                                                  

                      Acid    (A)    (8)  thenyl 2",2"-dimethyl-3"-            

          1'-yl)-2-thenyl                                                      

                      chloride            (2"',2"'-dichlorovinyl)-             

          alcohol                         cyclopropanecarboxylate              

     __________________________________________________________________________

                      Found (%) 56.91  5.66  19.49  8.96                       

     84    1.5522     Calculated (%)                                           

                                56.82  5.61  19.74  8.92                       

                                (as C.sub.17 H.sub.20 O.sub.2 SCl.sub.2)       

                      Found (%) 55.38  5.15  20.45  9.38                       

     80    1.5531     Calculated (%)                                           

                                55.65  5.25  20.54  9.29                       

                                (as C.sub.16 H.sub.18 O.sub.2 SCl.sub.2)       

                      Found (%) 55.29  5.41  20.33  9.61                       

     71    1.5494     Calculated (%)                                           

                                55.65  5.25  20.54  9.29                       

                                (as C.sub.16 H.sub.18 O.sub.2 SCl.sub.2)       

                      Found (%) 55.72  4.93  20.86  9.51                       

     81    1.5526      Calculated (%)                                          

                                55.98  4.70  20.66  9.34                       

                                (as C.sub.16 H.sub.16 O.sub.2 SCl.sub.2)       

                      Found (%) 58.22  5.43  19.10  8.64                       

     85    1.5552     Calculated (%)                                           

                                58.51  5.25  18.94  8.35                       

                                (as C.sub.18 H.sub.20 O.sub.2 SCl.sub.2)       

     __________________________________________________________________________

PAR  From the comparison by experiment between the esters of
      cyclopropanecarboxylic acid according to the present invention and the
      corresponding esters of chrysanthemic acid, it was found that the esters
      of the present invention have an outstanding insecticidal activity. The
      results are shown in the following experimental examples. The same
      tendency was observed with other isomers.
PAC  EXPERIMENT 1
PAR  The dl-trans isomer of each of the present compounds (1), (2), (4) and (7),
      and the corresponding dl-trans-chrysanthemic acid esters were individually
      dissolved in deodorized kerosene to prepare oil sprays of required
      concentration.
PAR  5 ml of each of the oil sprays were sprayed, using Campbel's turn table
      apparatus ("Soap and Sanitary Chemicals," Vol. 14, No. 6, 119, 1938).
      Twenty seconds after spraying, the shutter was opened, and about 100
      house-fly adults (Musca domestica) per group were exposed to the
      descending mist for 10 minutes and then transferred to the observation
      cage. In the cage, the flies were fed and allowed to stand for one day at
      room temperature.
PAR  Thereafter, the number of killed flies was counted to calculate the
      mortality thereof. The values of LC.sub.50 (50% lethal concentration)
      obtained from the mortality are as shown in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Test compounds LC.sub.50   Relative                                       

                    (mg/100 ml) efficacy                                       

     ______________________________________                                    

     dl-Trans isomer of                                                        

     present compound (1)                                                      

                    9.0         4.3                                            

     Corresponding dl-trans-                                                   

     chrysanthemic acid ester                                                  

                    38.6        1.0     (control)                              

     dl-Trans isomer of                                                        

     present compound (2)                                                      

                    13.5        4.0                                            

     Corresponding dl-trans-                                                   

     chrysanthemic acid ester                                                  

                    54.0        1.0     (control)                              

     dl-Trans isomer of                                                        

     present compound (4)                                                      

                    21.7        3.8                                            

     Corresponding dl-trans-                                                   

     chrysanthemic acid ester                                                  

                    83.4        1.0     (control)                              

     dl-Trans isomer of                                                        

     present compound (7)                                                      

                    20.5        4.2                                            

     Corresponding dl-trans-                                                   

     chrysanthemic acid ester                                                  

                    85.8        1.0     (control)                              

     Pyrethrin      216                                                        

     ______________________________________                                    

PAC  EXPERIMENT 2
PAR  Each of the present compounds (1), (2) and (5), and the corresponding
      chrysanthemic acid esters were individually formulated into a 20%
      emulsifiable concentrate by usual methods.
PAR  10 ml of each of the emulsifiable concentrates which had been diluted with
      water to the required concentration were sprayed on to four leaves of
      chinese cabbage grown up to a 3- to 4-leave stage. Then the leaves were
      placed in a glass Petri dish of 14 cm in diameter and 7 cm high, and 10
      fourth instar larvae of diamond-back moth (Plutella maculipennis) were
      liberated therein. After 2 days, the dead and alive were counted. The
      values of LC.sub.50 (50% lethal concentration) are as shown in Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

     Test compounds  LC.sub.50                                                 

                              Relative                                         

                     (ppm)    efficacy                                         

     ______________________________________                                    

     Present compound (1)                                                      

                     28       3.0                                              

     Corresponding chry-                                                       

     santhemic acid ester                                                      

                     85       1.0      (control)                               

     Present compound (2)                                                      

                     37       2.6                                              

     Corresponding chry-                                                       

     santhemic acid ester                                                      

                     97       1.0      (control)                               

     Present compound (5)                                                      

                     47       2.4                                              

     Corresponding chry-                                                       

     santhemic acid ester                                                      

                     114      1.0      (control)                               

     ______________________________________                                    

PAC  EXPERIMENT 3
PAR  Each of the present compounds (1) to (7), and the corresponding
      chrysanthemic acid esters were individually formulated into a 20%
      emulsifiable concentrate by usual methods.
PAR  About 20 rice seedlings were grown up to a 3- to 4-leave stage in a flower
      pot of 10 cm in diameter, and the 400-fold aqueous diluted solution of
      each emulsifiable concentrate was applied thereto by means of a turn
      table.
PAR  After air-drying, each pot was placed in a 5 liter glass beaker and covered
      with gauze at the top. Then, 20 green rice leafhoppers (Nephotettix
      cincpriceps) were liberated therein and the number of knocked down insects
      were counted at definite time intervals. The values of KT.sub.50 (a time
      required for 50% knock-down) are as shown in Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

     Test compounds           KT.sub.50                                        

                              (minute)                                         

     ______________________________________                                    

     Present compound (1)     17                                               

     Corresponding chrysanthemic acid ester                                    

                              37                                               

     Present compound (2)     28                                               

     Corresponding chrysanthemic acid ester                                    

                              45                                               

     Present compound (3)     30                                               

     Corresponding chrysanthemic acid ester                                    

                              53                                               

     Present compound (4)     24                                               

     Corresponding chrysanthemic acid ester                                    

                              46                                               

     Present compound (5)     21                                               

     Corresponding chrysanthemic acid ester                                    

                              43                                               

     Present compound (6)     19                                               

     Corresponding chrysanthemic acid ester                                    

                              40                                               

     Present compound (7)     15                                               

     Corresponding chrysanthemic acid ester                                    

                              38                                               

     Present compound (8)     19                                               

     Corresponding chrysanthemic acid ester                                    

                              40                                               

     ______________________________________                                    

PAR  Because of the above-mentioned features, the insecticides and acaricides
      according to the present invention can widely be used not only for killing
      harmful insects to public health, for example, houseflies, mosquitoes and
      cockroaches, and insects harmful to stored cereals, for example, grain
      mite, indian meal moth and rice weevils, but also for controlling insects
      injurious to agriculture, horticulture and woods and forests, for example,
      planthoppers, leafhoppers, armyworms and cutworms, diamond-back moth,
      tortorixes, aphids, stem-borers, mites and Japanese giant silk moth;
      animal parasitic lice and mites; and other various species of insects.
PAR  The insecticides and acaricides according to the present invention not only
      cause knock-down and death of harmful insects but also have repellency
      (the effect of keeping insects away from its host plant). In particular,
      the insecticides and acaricides can safely be used, due to their low
      toxicity and harmlessness to mammals, for agricultural crops, especially
      before they are harvested, household horticulture, green-house cultivation
      and food-packaging.
PAR  In the practical application of the present compounds, they may be applied
      alone or in combination with carriers when used as pesticides. The present
      compounds are formulated like the common pesticides into various
      preparation forms such as emulsifiable concentrates, wettable powders,
      dusts, granules, fine granules, oil sprays, aerosols, heating fumigants
      (mosquito coils, electric mosquito killers), thermal fogging agents,
      non-heating fumigants and baits by the methods well known to the skilled
      in the art, and are applied in the forms which are suitable for
      application methods.
PAR  Furthermore, the present compounds may be increased in their insecticidal
      activity when used in combination with known synergists for pyrethroid
      such as
      .alpha.-[2-(2-butoxyethoxy)-ethoxy]-4,5-methylenedioxy-2-propyltoluene
      (referred to as piperonylbutoxide),
      1,2-methylenedioxy-4-[2-(octylsulfinyl)-propyl]-benzene (referred to as
      sulfoxide), 4-(3,4-methylenedioxyphenyl)-5-methyl-1,3-dioxane (referred to
      as sulfoxane),
      N-(2-ethylhexyl)-bicyclo[2,2,1]hepta-5-ene-2,3-dicarboximide (referred to
      as MGK-264), octachlorodipropylether (referred to as S-421), or
      isobornylthiocyano acetate (referred to as Thanite); and with known
      synergists for allethrin or pyrethrin.
PAR  Although the chrysanthemate type compounds are generally a little inferior
      in resistance to light, heat and oxidation, it is possible that the
      compounds be formulated into insecticidal compositions having a more
      stable activity by incorporating, as a stabilizing agent, a proper amount
      of antioxidants; U. V. absorbers such as phenol derivatives including BHT
      and BHA, bisphenol derivatives, arylamine derivatives including
      phenyl-.alpha.-naphthylamine, phenyl-.beta.-naphthylamine and condensation
      products of phenetidine and acetone, and benzophenone compounds.
PAR  In addition, the present compounds can be formulated into multi-purpose
      compositions of high activity in combination with other active ingredients
      such as allethrin, N-(chrysanthemoxymethyl)13,4,5,6-tetrahydrophthalimide
      (referred to as tetramethrin), 5-benzyl-3-furylmethyl chrysanthemate
      (referred to as Cryston, a registered trade mark of Sumitomo Chemical
      Co.), 3-phenoxybenzyl chrysanthemate, 5-propargylfurfuryl chrysanthemate
      and 2-methyl-5-propargyl-3-furylmethyl chrysanthemate; esters thereof, for
      example .alpha.-trans-, and .alpha.-cis,trans-chrysanthemic acid esters;
      pyrethrum extracts; .alpha.-trans-, and .alpha.-cis,trans-chrysanthemic
      acid esters of .alpha.-allethrolone; other wellknown
      cyclopropanecarboxylic acid esters; organochlorine type insecticides, for
      example DDT, BHC and methoxychlor; organophosphorus type insecticides, for
      example 0,0-dimethyl-O-(3-methyl-4-nitrophenyl)-phosphorothioate (referred
      to as Sumithion, a registered trade mark of Sumitomo Chemical Co.),
      O,O-dimethyl-0-4-cyanophenylphosphorothioate (referred to as Cyanox, a
      registered trade mark of Sumitomo Chemical Co.) and
      O,O-dimethyl-0-(2,2-dichlorovinyl)-phosphate (referred to as LLVP);
      carbamate type insecticides, for example 1-naphthyl-N-methylcarbamate and
      3,4-dimethylphenyl-N-methylcarbamate; other insecticides; microbial
      insecticides, for example fungicides, nematocides, acaricides, herbicides,
      plant regulators, fertilizer, B.T. and B.M.; insect hormone compounds; or
      other agricultural chemicals. Furthermore, a synergistic effect can also
      be expected.
PAR  Preparation of the present insecticides and acaricides and lethal effect
      thereof will be illustrated with reference to the following preparation
      examples, which are only given for the purpose of illustration and not to
      be interpreted as limiting.
PAC  Preparation 1
PAR  0.1 Part of each dl-trans isomer of the present compounds (1) to (8) was
      dissolved in kerosene to 100 parts of total weight. Eight oil sprays were
      thus obtained.
PAC  Preparation 2
PAR  0.05 Part of each d-trans isomer of the present compounds (1), (2), (4) and
      (7), and 0.25 part of piperonyl-butoxide were dissolved in kerosene to 100
      parts of total weight. Four oil sprays were thus obtained.
PAC  Preparation 3
PAR  To 20 parts of each of the present compounds (1) to (8) were added 15 parts
      of Sorpol SM-200 (a registered trade mark of Toho Kagaku Co.) and 65 parts
      of xylene. The mixtures were each thoroughly mixed to make a solution.
      Eight emulsifiable concentrates were thus obtained.
PAC  Preparation 4
PAR  To 10 parts of each dl-trans isomer of the present compounds (3), (5), (6)
      and (8) were added 20 parts of S-421, 15 parts of Sorpol SM-200 (the same
      as above) and 55 parts of xylene. The mixtures were each thoroughly mixed
      to make a solution. Four emulsifiable concentrates were thus obtained.
PAC  Preparation 5
PAR  0.1 part of dl-trans isomer of the present compound (1) and 0.2 part of
      tetramethrin were dissolved in a mixture of 7 parts of xylene and 7.7
      parts of deodorized kerosene. The solution was filled in an aerosol
      container. After attaching a valve portion to the container, 85 parts of
      propellant (e.g. liquefied petroleum gas) were charged therein under
      pressure through the valve. An aerosol was thus obtained.
PAC  Preparation 6
PAR  0.3 Part of dl-trans isomer of the present compound (7) and 0.1 part of
      3-phenoxybenzyl-d-cis, trans-chrysanthemate were dissolved in a mixture of
      7 parts of xylene and 7.6 parts of deodorized kerosene. The solution was
      filled in an aerosol container and then treated in the same manner as
      described in preparation 5. Thus an aerosol was obtained.
PAC  Preparation 7
PAR  0.2 Part of d-trans isomer of the present compound (2) and 0.1 part of
      allethronyl d-trans-chrysanthemate were dissolved in a mixture of 7 parts
      of xylene and 7.7 parts of deodorized kerosene. The solution was filled in
      an aerosol container and then treated in the same manner as described in
      Preparation 5. Thus an aerosol was obtained.
PAC  Preparation 8
PAR  0.5 g of each d-trans isomer of the present compounds (1), (2), (6), (7)
      and (8), and 0.5 g of BHT were dissolved in 20 ml of methanol. The
      solutions were each uniformly mixed with 99 g of mosquito coil carrier
      containing Tabu powder, Pyrethrum marc and wood powder in a ratio of 3 : 5
      : 1, and then methanol was evaporated. To each residue was added 150 ml of
      water, kneaded thoroughly, shaped into a mosquito coil and dried. Five
      mosquito coils were thus obtained.
PAC  Preparation 9
PAR  0.15 g of each dl-trans isomer of the present compounds (3), (4) and (5),
      and 0.2 g of allethronyl d-trans-chrysanthemate were dissolved in 20 ml of
      methanol. The solutions were each uniformly mixed with 99.65 g of mosquito
      coil carrier (the same as above), and then methanol was evaporated. To
      each residue was added 150 ml of water, kneaded thoroughly, shaped into a
      mosquito coil and dried. Three mosquito coils were thus obtained.
PAC  Preparation 10
PAR  0.1 g of each d-trans isomer of the present compounds (1) and (7), 0.1 g of
      BHT and 0.1 g of piperonyl-butoxide were dissolved in a suitable amount of
      chloroform. The solutions were each adsorbed uniformly on filter paper of
      3.5 cm .times. 1.5 cm in area and 0.3 cm in thickness.
PAR  Thus, two fibrous heating fumigant insecticidal compositions for use on a
      heater were obtained. Asbestos may be used as a fibrous carrier having the
      same effect, in place of pulp plate such as filter paper.
PAC  Preparation 11
PAR  0.02 g of d-cis,trans isomer of the present compound (7), 0.05 g of
      5-propargyl-furyl-methyl-dl-cis,trans-chrysanthemate and 0.1 g of BHT were
      dissolved in a suitable amount of chloroform. The solution was adsorbed
      uniformly on filter paper of 3.5 cm .times. 1.5 cm in area and 0.3 cm in
      thickness. Thus, a fibrous heating fumigant insecticidal composition for
      use on a heater was obtained.
PAC  Preparation 12
PAR  20 Parts of each of the present compounds (1), (2) and (8), 10 parts of
      Sumithion (the same as above) and 5 parts of Sorpol SM-200 (the same as
      above) were thoroughly mixed. The mixtures were each mixed with 65 parts
      of 300 mesh talc in a mortar while thoroughly stirring. Three wettable
      powders were thus obtained.
PAC  Preparation 13
PAR  One part of each dl-trans isomer of the present compounds (4) and (7) and 2
      parts of 1-naphthyl-N-methylcarbamate were dissolved in 20 parts of
      acetone, and then 97 parts of 300 mesh diatomaceous earth were added
      thereto. After thorough mixing in a mortar while stirring, acetone was
      removed by evaporation. Two dusts were thus obtained.
PAC  Preparation 14
PAR  3 Parts of each dl-trans isomer of the present compounds (1), (2), (4), (7)
      and (8), 5 parts of Toyolignin CT (a registered trade mark of Toyo
      Spinning Co.) and 92 parts of GSM Clay (a registered trade mark of
      Zieklite Mining Co.) were thoroughly mixed in a mortar.
PAR  Then the mixtures were each mixed with water of 10% by weight based on the
      mixture, granulated by means of a granulator and air-dried. Five granular
      preparations were thus obtained.
PAC  Preparation 15
PAR  Two parts of each of the present compounds (3) and (6), 2 parts of Cyanox
      (the same as above), 5 parts of Toyolignin CT (the same as above) and 91
      parts of GSM clay (the same as above) were thoroughly mixed in a mortar.
PAR  Then the mixtures were each mixed with water in an amount of 10% by weight
      based on the mixture, granulated by means of a granulator and air-dried.
      Two fine granular preparations were thus obtained.
PAC  Preparation 16
PAR  0.1 Part of d-trans isomer of the present compound (2), 0.2 part of d-trans
      isomer of allethrin, 11.7 parts of deodorized kerosene and 1 part of Atmos
      300 (a registered trade mark for an emulsifier sold by Atlas Chemical Co.)
      were thoroughly mixed, and emulsified by an addition of 50 parts of pure
      water. An aerosol container was then filled with the resulting emulsion
      and 35 parts of a 3 : 1 mixture of deodorized butane to deodorized
      propane. A water-based aerosol was thus obtained.
PAC  Preparation 17
PAR  3 Parts of d-trans isomer of the present compound (1) was dissolved in a
      suitable amount of acetone, and then the solution was adsorbed on 97 parts
      of solid food for mouse to obtain bait.
PAR  As a carrier for bait, there can be used various artificial solid diets
      which were prepared by mixing sugar, starch, rice-bran, grain powder and
      yeast; and mixtures of the diets and attractants for controlling injurious
      insects.
PAR  The biological effect of the insecticides and acaricides obtained according
      to the present invention is as follows.
PAC  EXAMPLE 1
PAR  5 ml of each of the oil sprays formulated according to Preparations 1 and 2
      were sprayed, using Campbel's turn table method ("Soap and Sanitary
      Chemicals,"  Vol. 14, No. 6, 119, 1938). About 100 house-fly adults (Musca
      domestica) per group were exposed to the descending mist for 10 minutes.
      By the next day, more than 80% of the flies were killed with any oil
      spray.
PAC  EXAMPLE 2
PAR  The emulsifiable concentrates formulated according to Preparation 3 were
      each diluted 200,000 times with water. Two liters of each test emulsion so
      prepared were placed in a styrene case of 23 cm .times. 30 cm in area and
      6 cm in depth, and about 100 full grown larvae of Northern house mosquito
      (Culex pipens pullens) were liberated therein. By the next day, more than
      90% of the larvae were killed with any concentrate.
PAC  EXAMPLE 3
PAR  In 1/50,000 Wagner pots were grown rice plants which had elapsed 45 days
      after sowing. The emulsifiable concentrates formulated according to
      Preparation 3 were each diluted 200 times with water. Each test solution
      so prepared was individually sprayed on the rice plants in a proportion of
      10 ml per pot. Each pot was covered with wire net and about 30 adults of
      green rice leaf-hoppers (Nephotettix cincpiceps) were libererated in the
      pot. After 1 day, more than 90% of the hoppers were killed.
PAC  EXAMPLE 4
PAR  Each of the emulsifiable concentrates formulated according to Preparation 4
      was diluted 200 times with water. About 10 third to fourth instar larvae
      of tabacco cut worm (Spodoptera litura) were liberated in a glass Petri
      dish of 14 cm in inside diameter and 1 ml of each of dilute solutions was
      sprayed. Thereafter, the larvae were fed and allowed to stand in another
      dish, and after two days more than 90% of the larvae were killed with any
      concentrate.
PAC  EXAMPLE 5
PAR  The insecticidal activity on house-fly adults (Musca domestica) of the
      aerosols formulated according to Preparations 5, 6, 7 and 16 was tested by
      the aerosol test method ("Soap and Chemical Specialities, Blue Book" ,
      1965) using a (6-ft).sup.3 Peet Grady's chamber. Thus, with any aerosol,
      more than 80% of the flies were knocked down 15 minutes after spraying and
      more than 70% of the flies were killed by the next day.
PAC  EXAMPLE 6
PAR  About 50 Northern house mosquito adults (Culex pipens pullens) were
      liberated in a (70-cm).sup.3 glass chamber in which a battery-type small
      fun (wing diameter 13 cm) was set and run. 0.1 g of each of the mosquito
      coils formulated according to Preparations 8 and 9 was ignited at one end
      and placed at the center of bottom of the chamber. With any mosquito coil,
      more than 90% of the adults were knocked down within 20 minutes and more
      than 80% of the adults were killed by the next day.
PAC  EXAMPLE 7
PAR  About 50 house-fly adults (Musca domestica) were liberated in a
      (70-cm).sup.3 glass chamber in which a battery-type small fan (wing
      diameter 13 cm) was set and run. Each of heating fumigant compositions
      formulated according to Preparations 10 and 11 was placed on a heater in
      the chamber and smoken. More than 90% of the adults were knocked down
      within 20 minutes with any fumigant.
PAC  EXAMPLE 8
PAR  About 20 rice plants were grown up to a 3 to 4-leave stage in a flower pot
      of 10 cm in diameter, and then a 200-fold aqueous diluted solution of each
      wettable powder formulated according to Preparation 12 was applied thereto
      by means of a turn table. After airdrying, each pot was covered with a
      wire cage and 20 to 30 smaller brown planthopper adults (Laodelphax
      striatellus) were liberated therein. The dead and alive after 24 hours
      were counted and more than 80% mortality was obtained.
PAC  EXAMPLE 9
PAR  A glass Petri dish of 14 cm in inside diameter was coated on the inside
      wall with butter, leaving at the lower part an uncoated portion of 1 cm in
      width. Onto the bottom of the dish, each of the dusts formulated according
      to Preparation 13 was uniformly dusted in the proportion of 2 g/m.sup.2.
PAR  subsequently, 10 German cockroach adults (Blattella germanica) per group
      were liberated in the dish and allowed to come into contact with the dust
      for 30 minutes. After 3 days, more than 90% of the knocked down adults
      were killed.
PAC  EXAMPLE 10
PAR  Ten liters of water were placed in a 14 liter polypropylene bucket, and 1 g
      of each of the granular preparation formulated according to Preparations
      14 and 15 was added thereto. After 1 day, about 100 full grown Northern
      house mosquito larvae (Culex pipens pullens) were ilberated in the water.
      More than 90% of the larvae were killed within 24 hours.
PAC  EXAMPLE 11
PAR  Rice plants were grown up to the tillering stage in a 1/100,000 Wagner's
      pot and water depth was keep 5 cm. Each of the granular preparations
      formulated according to Preparation 14 was applied thereto in the
      proportion of 10 kg/10 ares. Thereafter, the pots were covered with a wire
      cage and smaller brown planthopper adults (Laodelphax striattelus) were
      liberated therein. After 24 hours, more than 90% of the adults were killed
      with any granular preparation.
PAC  EXAMPLE 12
PAR  Three grams of each of the oil sprays formulated according to Preparation 2
      were fogged, by means of an insect fogger (Burgess Vibrocrafters INC.,
      U.S.A.), into a Peet Grady's chamber (the same as in Example 5) in which
      about 500 house-fly adults (Musca domestica) had previously been
      liberated. After 30 minutes, more than 90% of the adults were knocked
      down.
PAC  EXAMPLE 13
PAR  Armyworms and cutworms, cabbage worm and diamond-back moth were
      artificially made parasitic on chinese cabbage which had been grown up in
      a greenhouse. Then the house (2 m in height) was divided into spaces (30
      m.sup.2 in area, 2 m in height), and 10 g of each of the wettable powders
      formulated according to Preparation 12 were smoken in SEARCH in each
      divided space. The spread of damage by the insects was hardly observed
      with any wettable powder.
PAC  EXAMPLE 14
PAR  Carmine mite females (Tetranychus telarius) were made parasitic on leaves
      of the potted kidney bean (two-leave stage) which had elapsed 9 days after
      sowing, in a proportion of 10 - 15/leaf, and bred at 27.degree.C for a
      week in a constant temperature room. Then numerous carmine mites were
      found to be bred at various growth stages. At this time, a 200-fold
      aqueous dilute solution of each emulsifiable concentrate formulated
      according to Preparation 3 was sprayed in a proportion of 10 ml/pot by
      means of a turn table. After 10 days, damage of kidney bean by the insects
      was hardly observed.
PAC  EXAMPLE 15
PAR  Ten German cockroach adults (Blattella germania) were liberated in a glass
      Petri dish and absorbent cotton containing water and 1 g of bait
      formulated according to Preparation 17 was placed therein. After 7 days,
      all the cockroach adults were killed.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of the formula,
      ##SPC4##
PAL  wherein R.sub.1 is alkyl having up to four carbon atoms, alkenyl having up
      to five carbon atoms, cycloalkenyl having up to six carbon atoms, alkynyl
      having up to five carbon atoms, benzyl, phenoxy or halogen; R.sub.2 and
      R.sub.3 are hydrogen, halogen or methyl; and any adjacent two of R.sub.1,
      R.sub.2 and R.sub.3  may conbine to form polymethylene.
NUM  2.
PAR  2. A compound of the formula,
      ##SPC5##
NUM  3.
PAR  3. A compound of the formula,
      ##SPC6##
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ABST
PAL  Method of preparing a tetraalkyl-tetraoxaundecane by the reaction of a
      C.sub.10 - C.sub.16 aliphatic ketone with pentaerythritol in the presence
      of an active acid catalyst in an inert solvent at
      120.degree.-150.degree.C. for 8 to 70 hours.
BSUM
PAR  The present invention is directed to the preparation of a
      3,3,9,9-tetraalkyl-2,4,8,10-tetraoxa [5.5] undecane wherein each alkyl
      group thereof contains from about one to about 14 carbon atoms with a
      total of from 18 to 30 carbon atoms in the four alkyl groups. The
      expression "said undecane" as used hereinafter is meant to refer to the
      above compound.
PAR  These tetraalkyl tetraoxaundecanes have utility as synthetic lubricating
      oil base stocks, where the bulk oil temperature in use is below about
      300.degree.F. and the skin temperature is below about 550.degree.F.
PAR  It is known that aldehydes and simple ketones such as acetone and
      cyclohexanone form cyclic di-acetals and diketals respectively, with
      pentaerythritol under relatively mild conditions such as temperatures
      below about 100.degree.C. and acidic catalysts such as HCl, ZnCl.sub.2 and
      sulfonic acid cation exchange resins. However, the preparation of diketals
      from pentaerythritol with relatively high molecular ketones has not been
      taught heretofore.
PAR  It has now been found that said undecanes can be prepared in good yields by
      a novel method which comprises reacting a C.sub.10 - C.sub.16 dialkyl
      ketone containing from about one to 14 carbon atoms therein per alkyl
      group with pentaerythritol in a prescribed mole ratio of 2 to 4 moles of
      said ketone per mole of said pentaerythritol, in the presence of a
      reaction catalyst selected from the group consisting of organic sulfonic
      acids, preferably para-toluenesulfonic acid, which is used in an amount of
      1 to 10% by weight, based on pentaerythritol, in the presence of an inert
      organic solvent with a boiling point above 110.degree.C., preferably
      xylene or chlorobenzene, in an amount of 20 to 80% by volume, of the total
      reaction mixture, at a reaction temperature between 120.degree. and
      150.degree.C., for 8 to 70 hours, while optionally maintaining a blanket
      of an inert gas over said reactants, and removing water of reaction by
      azeotropic distillation, and thereafter recovering the formed said
      undecane from the resulting reaction products.
PAR  The ketone component used in the preparation of said undecane is an
      aliphatic ketone of the type
      ##EQU1##
      containing from about one to 14 carbon atoms therein in each alkyl group.
      Suitable ketones may be the symmetric or asymmetric ketones of varying
      carbon number within the above range. A particularly preferred group of
      ketones consists of C.sub.10 - C.sub.16 ketones prepared by the
      dehydrogenation of the corresponding secondary alkanols obtained by the
      boric acid-catalyzed air oxidation of linear hydrocarbon mixtures.
PAR  Representative ketones include the following species: dipentyl-,
      disopentyl-, dihexyl-, methyl nonyl-, methyl undecyl-, ethyl undecyl-,
      including mixtures of mixed ketones.
PAR  The pentaerythritol component of the starting reaction mixture is more
      properly referred to as 2,2 bis-hydroxymethyl- 1,3-propanediol, but the
      former term is used herein for brevity.
PAR  It has been found that most satisfactory results are obtained using mole
      ratios of 2 to 4 moles of ketone per mole of pentaerythritol.
PAR  The acidic catalyst required in the method of the present invention is an
      active acid catalyst, an organic sulfonic acid, such as p-toluene sulfonic
      acid.
PAR  The acidic catalyst is used in an amount of from about 1 to 10% by weight,
      based on pentaerythritol, preferably in amounts between 1 and 2% by weight
      for best results.
PAR  The solvent component of the reaction mixture is one in which the reactants
      and catalyst are substantially soluble and, in addition, which has a
      boiling point high enough to permit reaction temperatures at atmospheric
      pressure of at least 120.degree.C. but below 200.degree.C. to permit ready
      separation from the resulting reaction products.
PAR  Suitable solvents include xylene and chlorobenzene, although the latter
      results in decreased product yields. Other inert organic solvents can be
      used if they are capable of forming an azeotrope with water and preferably
      boil in the range of 120.degree. to 150.degree.C.
PAR  Solvents that are not satisfactory include benzene, toluene,
      trichlorobenzene, dimethylformamide, ethanol, mixtures of
      dimethylformamide and benzene (1/1, 2/1, by volume), and benzene and
      nitromethane (1/1) as no said undecane is formed with these solvents.
PAR  The preferred solvent is xylene and is generally employed in an amount of
      about 50% by volume of the total reaction mixture.
PAR  It is preferred that the temperature be maintained at reflux conditions to
      aid in removal of water of reaction and to permit formation of the said
      undecane product. It has been found that temperatures between about
      130.degree. to about 145.degree.C. are most suitable for temperatures
      lower than about 120.degree.C., e.g. 50.degree.-110.degree.C., do not
      permit the formation of the desired product in good yields, and higher
      temperatures lead to product decomposition and side product formation.
PAR  Further, it is necessary to carry out the reaction for an extended period
      of time e.g. from about 15 to about 65 hours at the preferred temperature
      range of 130.degree.-140.degree.C. to obtain high yields of desired
      product, 65-86%.
PAR  The reactants are preferably blanketed by an inert gaseous atmosphere
      during the reaction period to minimize undesirable side reactions. Use of
      nitrogen gas has been found satisfactory.
DETD
PAR  Following is a description by way of example of a method of preparing the
      said undecane.
PAC  EXAMPLE I
PAR  0.52 mole of a C.sub.12 - C.sub.13 ketone (prepared by the catalytic
      dehydrogenation of a boric acid-directed air-oxidation of C.sub.12 -
      C.sub.13 n-paraffin mixture) having an average molecular weight of 192 was
      charged into a 500 ml round bottom flask with 4 grams p-toluene-sulfonic
      acid, 150 ml xylene, and 0.26 mole of pentaerythritol. The mixture was
      blanketed with nitrogen and heated to reflux (140.degree.C.) with
      stirring. The stirred mixture was refluxed for 20 hours while removing
      water formed in a Dean-Stark trap. Thereafter the reaction products were
      cooled to room temperature. The xylene solvent was stripped therefrom and
      the residue was dissolved in pentane.
PAR  The product was treated with dilute sodium hydroxide to neutralize the
      catalyst and the organic layer was washed with water to remove
      pentaerythritol and inorganics. The residue was vacuum stripped to remove
      pentane and unreacted ketone, leaving a 78 mole % yield of said undecane.
      The said undecane product was positively identified by infrared
      spectroscopy (absence of C=O and O--H adsorptions), Molecular Weight,
      Found 422, (466 Theory) and elemental analysis, Found 73.5%C, 11.6%--H;
      (74.2%C, 12.0%--H, Theory).
PAC  EXAMPLE II
PAR  The procedure of Example I was repeated with the following variations:
PA1  0.4 mole of a C.sub.10 - C.sub.13 ketone,
PA1  2 grams of acid catalyst, 65 hrs. reaction time, 68% product yield.
PAC  EXAMPLE III
PAR  The product of Example I was repeated with the following variations:
PA1  0.54 mole of a C.sub.11 - C.sub.13 ketone, monochlorobenzene solvent
PA1  2 grams of acid catalyst, 65 hrs. at 132.degree.C, 50% product yield.
PAC  EXAMPLE IV
PAR  The procedure of Example I was repeated with the following variations:
PA1  0.54 mole of a C.sub.11 - C.sub.13 ketone, 16 hrs. reaction time,
PA1  86% product yield.
PAC  COMPARATIVE EXAMPLE A
PAR  The procedure of Example I was repeated using 0.4 mole of C.sub.11 -
      C.sub.14 ketone, 0.25 mole of pentaerythritol, 2 grams of acid catalyst,
      benzene solvent, and 80.degree.C. reaction temperature. The yield was 0%
      of the desired product.
PAC  COMPARATIVE EXAMPLE B
PAR  Comparative Example A was repeated using toluene solvent and a reaction
      temperature of 110.degree.C. The yield of desired product was 0%.
PAC  COMPARATIVE EXAMPLE C
PAR  The procedure of Example I was repeated with the following variations:
PA1  0.54 mole of a C.sub.11 - C.sub.13 ketone, trichlorobenzene solvent,
PA1  10 hours at 213.degree.C. The desired product yield was 0%.
PAR  Evaluation of the physical properties of the said undecane products of the
      method of this invention indicates they have utility as synthetic
      lubricating oil base stocks.
PAR  The data on the following Table show some of the bench test data obtained
      on the product prepared by the method of Example I above.
TBL                Table I                                                     

     ______________________________________                                    

     Viscosity at 100.degree.F., SUS                                           

                               378                                             

       210.degree.F., SUS      56                                              

       300.degree.F., SUS      37.2                                            

     Viscosity Index           93                                              

     Flash Pt. COC.degree.F.,  440                                             

     Fire Pt. COC.degree.F.,   450                                             

     Pour, .degree.F.          -57.5                                           

     Hydrolytic Stability Test                                                 

     Rolls Royce No. 1006 (48 hr.)                                             

       Neutralization No.      0.25                                            

     ______________________________________                                    

PAR  The said undecane product of the present invention is responsive to the
      addition of standard methacrylate Viscosity Index Improvers to vary its
      viscosity properties.
PAR  The said undecane of Example I above was further evaluated to determine its
      corrosion properties and wear resistance.
TBL                Table II                                                    

     ______________________________________                                    

     Said Undecane of Example I                                                

     ______________________________________                                    

     Copper Strip corrosion                                                    

     at 212.degree.F., 3 hrs. (ASTM D130)                                      

                         1 b rating                                            

     Lead Strip Corrosion                                                      

                         -0.0074                                               

     4-Ball Test at 10 kg.                                                     

     load, 1 hr. 300.degree.F., 600 rpm.                                       

     Wear                0.40 mm. scar                                         

     Coefficient of Friction                                                   

                         Max..mu..sub.10 0.108                                 

                         Final Av.mu..sub.10 0.097                             

     British Thermal Stability                                                 

                         Terminated at 540.degree.F.                           

                         Due to violent refluxing                              

                         of fluid.                                             

     MacCoull Corrosion  Terminated at 8 hrs.                                  

                         excessive thickening                                  

     ______________________________________                                    

PAR  The above data show that the said undecane has generally satisfactory
      corrosion and wear properties. The adverse results obtained in the British
      Thermal Stability Test showed it to be unsuitable at high service
      temperatures in the region of 500.degree.-550.degree.F.
PAR  The MacCoull Corrosion results show this compound is not oxidative stable.
      However, the addition of 0.6 wt. % of a commercially available zinc
      dialkyl-dithiophosphate oxidation-corrosion inhibitor thereto resulted in
      a bearing loss of only 17 mg. after 10 hours in this test. These results
      show that the said undecane can be effectively inhibited by addition of an
      oxidation-corrosion inhibitor.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing a 3,3,9,9,-tetraalkyl- 2,4,8,10-tetraoxa [5.5]
      undecane wherein each alkyl groups contains from one to about 14 carbon
      atoms therein and the total number of carbon atoms in the four alkyl
      groups is in the range of 18 to 30, which consists essentially of reacting
      from 2 to 4 moles of a C.sub.10 -C.sub.16 aliphatic ketone per mole of
      pentaerythritol in the presence of para-toluene sulfonic acid catalyst in
      a reaction solvent selected from the group consisting of xylene and
      monochlorobenzene at a temperature in the range of from about
      120.degree.C. to about 150.degree.C., for a reaction period of from avout
      7 to 70 hours while removing water of formation by azeotropic distillation
      and thereafter recovering said formed tetraalkyl-tetraoxaundecane from the
      resulting reaction products.
NUM  2.
PAR  2. Method as claimed in claim 1 wherein said aliphatic ketone is a mixed
      C.sub.12 - C.sub.13 ketone.
NUM  3.
PAR  3. Method as claimed in claim 1 wherein the mole ratio of said ketone to
      said pentaerythritol is 2 to 1.
NUM  4.
PAR  4. Method as claimed in claim 1 wherein said solvent is xylene.
NUM  5.
PAR  5. Method as claimed in claim 1 wherein said reaction temperature is
      130.degree. to 145.degree.C.
NUM  6.
PAR  6. Method as claimed in claim 1 wherein the reaction time is between 15 and
      65 hours.
NUM  7.
PAR  7. Method as claimed in claim 1 wherein there is maintained a blanket of an
      inert gaseous atmosphere over the reactants and reaction products.
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ABST
PAL  The compound
      N-[4-(3,4-methylenedioxyphenyl)-but-2-yl]-.beta.-(3,4-dihydroxyphenyl)ethy
     lamine, and salts thereof, are cardiotonic agents, central nervous system
      depressants and analgetic agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  .alpha.-(3,4-Dihydroxyphenyl)-.beta.-(N-3',
      4'-methylenedioxy-phenyl)-alkylamino ethanols are disclosed in U.S. Pat.
      No. 3,139,441, and 1-(4'-hydroxy-3'-(hydroxymethyl)-phenyl)-1
      -hydroxy-2-aralkylaminoethanes are disclosed in U.S. Pat. No. 3,700,692.
      In addition, 3,4 -dihydroxy-N-[2-(4-hydroxyphenyl)
      ethyl]-.beta.-phenethylamines are disclosed in Offenlegungsschrift No.
      2,317,710.
DETD
PAC  DETAILED DESCRIPTION
PAR  The compound of the present invention may be represented by the following
      formula:
      ##SPC1##
PAR  The following is a description of the preferred method of preparing the
      compound N-(3,4-methylenedioxyphenisobutyl)-3,4-dihydroxyphenethylamine
      hydrochloride hydrate. Dopamine hydrochloride is dissolved in a saturated
      solution of sodium bicarbonate and a solution of
      4-[3,4-(methylenedioxy)-phenyl]butan-2-one in ethanol is added, at which
      time a white precipitate forms. The thus obtained slurry is then
      hydrogenated for about three hours at 20 psi of hydrogen in the presence
      of a suitable catalyst, such as platinum oxide or 5% palladium on carbon,
      to form the desired compound.
PAR  The preferred process of preparing the compound may be illustrated as
      follows:
      ##SPC2##
PAR  The novel compound of the present invention and its salts are useful as
      pharmaceutical agents because of their depressant, analgetic and
      cardiotonic activity. The compounds are especially interesting as
      cardiotonic agents. For example, in tests involving dogs, the
      hydrochloride salt of the compound was found, when administered
      intravenously at a dose of 0.3 mg/kg, to increase the contractile force of
      the heart selectively without significantly influencing the blood pressure
      or heart rate of the animal. The compound also gives indications of being
      orally active as a cardiotonic agent.
PAR  In animal behavioral tests the above-mentioned compound exhibited a central
      nervous system depressant activity. In mice receiving 30 mg/kg of the
      compound intraperitoneally in the form of a 5% acacia suspension,
      decreased alertness, reactivity, struggle response and other behavioral
      characteristics of central nervous system depression were observed. As a
      result of the behavioral studies, the compound was found to have LD.sub.50
      values in excess of 175 mg/kg. The behavioral studies were conducted in
      accordance with the procedure set forth by Irwin in "Animal and Clinical
      Pharmacologic Techniques in Drug Evaluation" , J. H. Nodine and P. E.
      Siegler, Ed., Year Book Publishers, Inc., 1964, pp. 36-54.
PAR  Acid addition salts of the compound of the present invention may be
      conveniently prepared by contacting the free base form of the compound
      with a suitable acid such as formic acid, citric acid, maleic acid,
      sulfuric acid, hydrochloric acid, succinic acid, tartaric acid, benzoic
      acid or fumaric acid.
PAR  Quaternary ammonium salts may be formed by contacting the compound with a
      suitable alkylating agent such as dimethyl sulfate, or an alkyl halide
      such as methyl chloride, methyl iodide or ethyl bromide.
PAR  When intended for use as pharmaceutical agents, the compound or a salt of
      the compound is preferably combined with a major amount of one or more
      suitable pharmaceutical diluents and formed into unit dosage forms. Such
      dosage forms provide suitable means for oral and parenteral
      administration.
PAR  The pharmaceutical diluents which may be employed may be either liquid or
      solid, but the preferred liquid carrier is water. In the event the salt of
      the compound is not soluble in water, a pharmaceutically acceptable
      organic solvent such as propylene glycol may be employed.
PAR  Solid pharmaceutical diluents such as starch, sugar and talc can be
      utilized to form powders which can in turn be used as such or may be
      tableted or encapsulated. In addition to the forementioned material, a
      wide variety of conventional pharmaceutical lubricants, disintegrating
      agents, flavoring agents and the like may also be employed.
PAR  The unit dosage forms may contain a concentration of 0.1% to 10% or more by
      weight of the novel compound or one of its salts. Generally, such dosage
      forms will contain about 5 to 250 mg. of the active ingredients. One or
      more of such dosage forms may be administered daily. In actual practice,
      the amount of drug required to produce the desired effect will, of course,
      vary considerably because of patient differences.
PAR  The following example is presented to illustrate this invention:
PAC  EXAMPLE 1
PAC  N-[4-(3,4-Methylenedioxyphenyl)-but-2-yl]-.beta.-(3,4-dihydroxyphenyl)ethyl
     amine hydrochloride
PAR  In 10 ml. of a saturated solution of sodium bicarbonate is dissolved 1.0 g.
      (0.00526 mole) dopamine hydrochloride. A solution of
      4-[3,4-(methylenedioxy) phenyl]butan-2-one (1.10 g., 0.00526 mole) in 10
      ml. ethanol is added to the above sodium bicarbonate solution. A white
      precipitate develops. The slurry is charged with 0.1 g. platinum oxide and
      hydrogenated for three hours at 20 psi. The solids are filtered and the
      solution concentrated. The residue is triturated with ethanol, refiltered
      and again concentrated. The oily residue is treated with ethereal
      hydrochloric acid and the so-formed solids collected and crystallized from
      methanol-isopropanol to give
      N-[4-(3,4-methylenedioxyphenyl)-but-2-yl]-.beta.-(3,4-dihydroxyphenyl)
      ethylamine hydrochloride as a white solid, m.p. 204.degree.-206.degree..
CLMS
STM  I claim:
NUM  1.
PAR  1. The compound
      N-(3,4-methylenedioxyphenisobutyl)-3,4-dihydroxyphenethylamine, and
      pharmaceutically acceptable salts thereof.
NUM  2.
PAR  2. The compound of claim 1 which is
      N-(3,4-methylenedioxyphenisobutyl)3,4-dihydroxyphenethylamine.
NUM  3.
PAR  3. The compound of claim 1 which is
      N-(3,4-methylenedioxyphenisobutyl)3,4-dihydroxyphenethylamine
      hydrochloride hydrate.
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ABST
PAL  Manufacture of high molecular weight unsaturated ketones by reacting allyl
      alcohols with 1-substituted butadiene-1-alkyl ethers or with 1-substituted
      butadiene-1-alkyl esters or with substances capable of forming said
      compounds under the conditions of the reaction, in the presence of acid
      catalysts at elevated temperatures and in the liquid phase. The resulting
      unsaturated ketones are precursors or intermediates in the manufacture of
      a variety of natural dyes such as zeaxanthin, rhodoxanthin and xanthophyll
      or of odorants such as damascones and damascenones.
BSUM
PAR  This invention relates to a process for the manufacture of high molecular
      weight unsaturated ketones by reacting allyl alcohols with 1-substituted
      butadiene-1-alkyl ethers or with 1-substituted butadiene-1-alkyl esters or
      with substances capable of forming these compounds under the conditions of
      the reaction, in the presence of acid catalysts at elevated temperatures
      and in the liquid phase.
PAR  German published application No. 1,768,552 describes the manufacture of
      unsaturated aldehydes by reacting allyl alcohols with 1-unsubstituted
      butadiene-1-alkyl ethers or compounds capable of forming such
      butadiene-1-alkyl ethers under the conditions of the reaction. The
      reaction is mainly carried out at 100.degree.C using a catalyst system
      consisting of sodium acetate and mercury acetate. The yields of
      unsaturated aldehydes obtained in this process are generally
      unsatisfactory. Furthermore, the use of mercury acetate as catalyst
      involves serious purifying problems.
PAR  We have now found that .alpha.,.beta. -unsaturated ketones of the general
      formula I:
      ##EQU1##
      in which R.sup.1 is alkyl of from 1 to 4 carbon atoms, preferably methyl,
      a cycloaliphatic group or unsubstituted or alkyl-substituted phenyl or
      R.sup.1, together with R.sup.4 or R.sup.5, is unsubstituted or
      alkyl-substituted alkylene, R.sup.2, R.sup.3 R.sup.4, R.sup.5, R.sup.6,
      R.sup.7 and R.sup.8 are hydrogen or alkyl of from 1 to 4 carbon atoms,
      preferably hydrogen or methyl, R.sup.9 is alkyl of from 1 to 4 carbon
      atoms, preferably methyl, or, when R.sup.10 is phenyl, R.sup.9 stands for
      hydrogen, and R.sup.10 is a saturated or unsaturated, branched or
      unbranched aliphatic, cycloaliphatic or cycloaliphatic/aliphatic
      hydrocarbon radical of up to 12 carbons in which C--C bonds may be
      interrupted by oxygen or the group --O--CO--, or unsubstituted or
      alkyl-substituted phenyl, may be obtained in a simple manner and in very
      good yields when an allyl alcohol of formula II:
      ##EQU2##
      in which R.sup.6 to R.sup.10 have the meanings stated above, is reacted
      with a compound of the formula IIIa:
      ##EQU3##
      in which R.sup.1 to R.sup.5 have the meanings stated above and X.sup.1 is
      straight-chain or branched-chain alkyl or acyl of from 1 to 6 carbon atoms
      or a cycloaliphatic radical, or with a compound capable of forming a
      compound of formula IIIa under the conditions of the reaction, at
      temperatures of from 120.degree. to 350.degree.C and preferably from
      140.degree. to 290.degree.C in the presence of from 0.01 to 5% and
      preferably from 0.1 to 3% by weight of the total weight of reactants of an
      acid having a pK value of from 1 to 5.5 or in the presence of from 0.001
      to 0.1% and preferably from 0.005 to 0.05% by weight of the total weight
      of reactants of an acid having a pK value of less than 1, in the liquid
      phase.
PAR  Suitable compounds capable of forming compounds of formula IIIa under the
      conditions of the reaction are, for the purpose of the invention,
      compounds of formulae IIIb and IIIc:
      ##EQU4##
      in which R.sup.1 to R.sup.5 have the meanings stated above and X.sup.1 and
      X.sup.2 are the same or different and denote straight-chain or
      branched-chain alkyl or acyl of from 1 to 6 carbon atoms or a
      cycloaliphatic hydrocarbon radical or alternatively together form
      unsubstituted or alkyl-substituted alkylene, and also compounds of formula
      IIId:
      ##EQU5##
      in which R.sup.1 to R.sup.5 have the meanings stated above and X.sup.1,
      X.sup.2 and X.sup.3 may be the same or different and are straight-chain or
      branched-chain alkyl or acyl of from 1 to 6 carbon atoms or cycloaliphatic
      hydrocarbon radicals, or X.sup.1 and X.sup.2 together form an
      unsubstituted or alkyl-substituted alkylene radical.
PAR  It is surprising that not only the highly reactive 1-unsubstituted
      butadiene-1-alkyl ethers react with allyl alcohols but also the generally
      very much less reactive 1-substituted butadiene-1-alkyl ethers and
      butadiene-1-alkyl esters, i.e., enol derivatives of unsaturated ketones,
      react with allyl alcohols in the manner described. Other unexpected
      results are that the reaction of the 1-substituted butadiene-1-alkyl
      ethers or esters or the reaction of the compounds capable of forming such
      butadiene compounds under the conditions of the reaction with ally
      alcohols produces higher molecular weight unsaturated ketones of formula
      I, and that the yields are so good that these ketones can be
      advantageously produced thereby on an industrial scale.
PAR  In the process of the invention, the allyl alcohols of formula II used are
      preferably those having a total of from 5 to 20 carbon atoms and in
      particular from 5 to 15 carbon atoms.
PAR  Examples thereof are 3-methyl-2-buten-1-ol, 3-methyl-2-penten-1-ol, cyclic
      acetals of 4-hydroxy-2-methyl-2-buten-1-al,
      4-methoxy-3-methyl-2-buten-1-ol, 4-acetoxy-3-methyl-2-buten-1-ol,
      4-methyl-3-penten-2-ol, 1,1,3-trimethyl-3-cyclohexen-5-ol, geraniol,
      nerol, farnesol and 3-methylcinnamyl alcohol.
PAR  Examples of suitable compounds of formula IIIa are the following
      butadiene-1-alkyl ethers or esters:
PA0  4-methyl-2,4-pentadien-2-yl acetate,
      1,1,5-trimethyl-3-ethoxy-3,5-cyclohexadiene,
      6-methyl-2,4,6-heptatrien-2-yl acetate,
      4,8-dimethyl-2-methoxy-2,4,7-nonatriene and
      6,10-dimethyl-2-ethoxy-2,4,6,9-undecatetraene.
PAR  The enol ethers of formula IIIa may be produced by known methods, for
      example by reacting the corresponding acetylene compounds with alcohols or
      by the elimination of alcohols from ketals. The enol esters of formula
      IIIa may be produced by adding carboxylic acids to the corresponding
      acetylene compounds or, in the case of acetates, by reacting the ketones
      with ketene or transesterification with isopropylene acetate.
PAR  Example of suitable compounds of formula IIIb are
      4-methyl-2,2-diacetoxy-3-pentene,
      2-methyl-2-(2'-methyl-1'-propene-1'-yl)-1,3-dioxolane,
      1,1,5-trimethyl-3,3-diacetoxy-4-cyclohexene,
      4-methyl-2,2-di-n-propoxy-3-pentene and
      6,10-dimethyl-2,2-dimethoxy-3,5,9-undecatriene.
PAR  The ketals of formula IIIb may be prepared by reacting ketones with
      alcohols in the presence of ortho-esters followed by transketalization
      with acetone dimethylketal. The corresponding esters are formed by
      treatment of ketals with carboxylic anhydrides.
PAR  Suitable compounds of formula IIIc are for example
      1,1,5-trimethyl-3,3-diethoxy-5-cyclohexene,
      4-methyl-2,2-diethoxy-4-pentene and 4-methyl-2,2-diacetoxy-4-pentene.
PAR  The ketals or esters of formula IIIc may be prepared by isomerization of
      ketals or esters of formula IIIb.
PAR  Examples of suitable compound of formula IIIb are
      4-methyl-2,2,4-triethoxypentane, 4-methyl-2,2,4-trimethoxypentane, the
      ketal of 4-methyl-4-(2'-hydroxyethoxy)pentan-2-one with ethylene glycol
      and 1,1,5-trimethyl-3,3,5-triacetoxycyclohexane.
PAR  The trialkoxy compounds may be manufactured by reacting unsaturated ketones
      with alcohols in the presence of strong acids. The corresponding esters
      are obtained by treating the trialkoxy compounds with carboxylic
      anhydrides.
PAR  Mixed alkoxy/acyloxy compounds may be obtained by transketalization with
      alcohols or reaction with carboxylic anhydrides.
PAR  Suitable catalysts for use in the reaction of the invention are virtually
      all compounds which donate protons and do not otherwise attack the
      reactants when used in the amounts necessary for catalysis. Since some of
      the starting materials and reaction products are sensitive to acids, it is
      important that the reaction mixture should not produce an unduly acid
      reaction. Best results are obtained using a reaction mixture to which
      sufficient acid has been added to give a pH of from about 1 to 6 and
      preferably from 2 to 5 when measured with a commercial pH paper dipped
      into the reaction mixture. The reaction of the invention proceeds in a
      particularly advantageous manner when carried out in the presence of from
      0.01 to 5% and preferably from 0.1 to 3% by weight of the total weight of
      reactants of an acid having a pK value of from about 1 to 5.5.
PAR  These preferred acids having a pK value of from about 1 to 5.5  are
      substantially carboxylic acids. Examples thereof are formic acid, acetic
      acid, propionic acid, benzoic acid, acrylic acid, dimethylacrylic acid,
      oxalic acid, malonic acid, succinic acid and adipic acid.
PAR  In the case of a number of carboxylic acids used as catalyst, special
      advantages are obtained when working up the reaction mixture. For example,
      the low-boiling carboxylic acids such as formic acid, acetic acid,
      propionic acid, butyric acid, isobutyric acid, acrylic acid and
      dimethylacrylic acid may be readily removed from the reaction mixture by
      distillation. High-boiling carboxylic acids, such as adipic acid, glutaric
      acid, pimelic acid, suberic acid and stearic acid, are so weakly acid (pK
      4-5.5) that there is no need to remove or neutralize them before working
      up by distillation. Thus in both cases there is no need to neutralize the
      catalytic acid, which means that industrial operation of the process is
      greatly simplified and waste water problems are avoided.
PAR  Whe use is made of stronger acids, i.e., acids having a pK value of less
      than 1, only small amounts of acid can be employed on account of the said
      sensitivity of the compounds used to acids. The reaction of the invention
      proceeds in an advantageous manner when carried out in the presence of
      from 0.001 to 0.1% and preferably from 0.005 to 0.05% by weight of the
      total weight of reactants of an acid having a pK value of less than 1.
PAR  Examples of such acids having a pK value of less than 1 are sulfuric acid,
      p-toluenesulfonic acid, the halo-acetic acids, the hydrohalogenic acids
      and phosphoric acid.
PAR  Less suitable is the use of very weakly acidic compounds, i.e., acids
      having a pK value of less than 7, as in the case of the phenols.
PAR  The process is generally carried out by heating a mixture of the starting
      components with the acid catalyst to the reaction temperature for the
      duration of the reaction, if necessary under superatmospheric pressure
      and/or with vigorous agitation.
PAR  The starting components may be used in stoichiometric amounts.
      Alternatively, it is possible to use one of the two components, preferably
      the more stable component, in an excess of from 1 to 4 moles.
PAR  The reaction of the invention is carried out at temperatures of from about
      120.degree. to 350.degree.C and preferably from 140.degree. to
      290.degree.C.
PAR  The process may be carried out at atmospheric pressure or at a pressure of
      up to 250 atmospheres. The reaction conditions are chosen so that the
      reaction always takes place in the liquid phase.
PAR  The reaction time in the process of the invention depends on the reaction
      temperature and the catalyst used and is from 5 minutes to 20 hours,
      preferably from 30 minutes to 10 hours.
PAR  The reaction may be carried out in the presence or absence of solvents.
PAR  Suitable solvents are aliphatic and aromatic hydrocarbons which are inert
      under the conditions of the reaction, for example hexane, heptane,
      benzene, toluene and xylene, and also ethers, e.g., tetrahydrofuran,
      dioxane and 1,2-dimethoxyethane, and, in particular, strongly polar
      solvents such as acetonitrile, dimethyl formamide and dimethyl sulfoxide.
PAR  The solvents, when used, are employed in an amount of from 1 to 5 times the
      total weight of the starting components.
PAR  The process may be carried out batchwise in a stirred vessel or vibratory
      autoclave or continuously in a reactor or cascade of reactors.
PAR  The reaction may be favorably influenced by continuously removing from the
      reaction mixture the alcohol or acid which is formed during the reaction.
PAR  The reaction mixture is generally worked up by fractional distillation.
PAR  The process of the invention produces, in a simple manner and in very good
      yields, a number of high molecular weight .alpha.,.beta. -unsaturated
      ketones which have hitherto been prepared only by means of expensive
      processes and which may be used as valuable precursors or intermediates in
      the manufacture of a variety of natural dyes such as zeaxanthin,
      rhodoxanthin and xanthophyll or odorants such as the damascones or
      damascenones.
PAR  For example, the acetals of
      -(3'-formyl-2'-butenyl)-2,2,6-trimethylcyclohex-5-en-4-one which can be
      produced by the process of the invention from
      1,1,5-trimethyl-3-ethoxy-3,5-cyclohexadiene and acetals of
      .beta.-formylcrotyl alcohol are valuable intermediates in the manufacture
      of rhodoxanthin. The manufacture of rhodoxanthin from the said acetals may
      take place by converting the oxo group to a hydroxyl group by means of
      LiAlH.sub.4, acid hydrolysis, vinylation, reaction with
      triphenylphosphonium bromide in methanol to form the 6-[2', 2',
      6'-trimethyl-4'-hydroxy-5'-cyclohexen-1'-yl]-4-methyl-2,4-hexadien-1-yl-tr
     iphenylphosphonium bromide, effecting a Wittig reaction with
      2,7-dioxo-3,5-octadiene followed by dehydrogenation of the resulting
      carotinoid.
PAR  In the following Examples the parts are by weight unless otherwise stated.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 25 parts of 4-methyl-2,2-diacetoxy-3-pentene, 10 parts of
      3-methyl-2-buten-1-ol (prenol) and 0.3 part of propionic acid is heated
      for 3 hours at about 200.degree.C in a vibratory autoclave at a pressure
      30 atmospheres. After cooling, the reaction product is distilled off to
      give 9.4 parts of 4,8-dimethyl-3,7-nonadien-2-one having a boiling point
      of 60.degree.-62.degree.C/0.2 mm. The yield is 81% of theory at a
      conversion of 60% based on the prenol introduced.
PAC  EXAMPLE 2
PAR  110 parts of 4-methyl-2,4-pentadien-2-yl acetate and 60 parts of prenol are
      heated with 1.4 parts of 3,3-dimethylacrylic acid at about 180.degree.C
      for 4 hours in a small pressure column at a pressure of 2 atmospheres, the
      acetic acid formed being distilled off continuously. Fractional
      distillation of the reaction product gives 61.8 parts of
      4,8-dimethyl-3,7-nonadien-2-one (yield 86% of theory, conversion 62% based
      on prenol).
PAC  EXAMPLE 3
PAR  A mixture of 20 parts of
      2-methyl-2-(2'-methyl-1'-propen-1'-yl)-1,3-dioxolane (ketal of mesityl
      oxide with ethylene glycol), 10 parts of geraniol and 0.15 part of benzoic
      acid is prepared and heated for 5 hours at 190.degree.C under a pressure
      of approximately 1.8 atmospheres. Fractional distillation of the reaction
      product is 8.2 parts of 4,8,12-trimethyl-3,7,11-decatrien-2-one having a
      boiling point of 92.degree.-94.degree.C/10.sup..sup.-4 mm (yield 88% of
      theory, conversion 61% based on geraniol).
PAC  EXAMPLE 4
PAR  100 parts of 1,1,5-trimethyl-3,3-diacetoxy-4-cyclohexene, 50 parts of
      prenol and 3 parts of 3,3-dimethylacrylic acid are heated at 185.degree.C
      for 3 hours at a pressure of 2 atmospheres, the acetic acid formed being
      distilled off under pressure. Fractional distillation of the reaction
      product gives 66.3 parts of 1-(3'-methyl-2'-buten-1'
      -yl)-2,2,6-trimethylcyclohex-5-en-4-one having a boiling point of
      75.degree.-76.degree.C/10.sup..sup.-4 mm (yield 84% of theory, conversion
      64% based on prenol).
PAC  EXAMPLE 5
PAR  In a flask equipped with a stirrer and fitted with a column a mixture of 80
      parts of 1,1,5-trimethyl-3-ethoxy-3,5-cyclohexadiene, 40 parts of the
      acetal of 2-methyl-4-hydroxy-2-buten-1-al (.beta.-formylcrotyl alcohol)
      with neopentyl glycol and 1.2 parts of benzoic acid is heated for 3 hours
      at 180.degree.C, the ethyl alcohol formed during the reaction being
      distilled off continuously. Fractional distillation of the reaction
      product gives 33.6 parts of the acetal of
      1-(3'-formyl-2'-butenyl)-2,2,6-trimethylcyclohex-5-en-4-one with neopentyl
      glycol having a boiling point of 140.degree.-143.degree.C/10.sup..sup.-4
      mm (yield 81% of theory, conversion 63% based on the acetal of .beta.
      -formylcrotyl alcohol with neopentyl glycol).
PAC  EXAMPLE 6
PAR  A mixture of 100 parts of 4-methyl-2,2,4-triethoxypentane, 40 parts of
      prenol and 0.08 part of p-toluenesulfonic acid is heated for 6 hours at
      140.degree.C, the ethyl alcohol formed being distilled off continuously.
      On completion of the reaction, the reaction mixture is neutralized with
      sodium ethoxide and the reaction product is fractionally distilled. There
      are obtained 45.2 parts of 4,8-dimethyl-3,7-nonadien-2-one, equivalent to
      a yield of 86% and a conversion of 68% based on prenol.
PAC  EXAMPLE 7
PAR  80 parts of 1,1,5-trimethyl-3,3-diethoxy-5-cyclohexene and 30 parts of
      prenol are heated with 0.1 part of oxalic acid for 6 hours at
      140.degree.C, the ethyl alcohol formed being distilled off continuously.
      After neutralization and fractional distillation, there are obtained 45
      parts of 1-(3'-methyl-2'-buten-1'-yl)-2,6,6-trimethyl-5-cyclohexen-4-one
      at a yield of 88% and a conversion of 71% based on prenol.
PAC  EXAMPLE 8
PAR  In an autoclave, a mixture of 120 parts of
      4-methyl-2,2-di-n-propoxy-4-pentene, 50 parts of prenol and 170 parts of
      cyclohexane is heated with 3.4 parts of formic acid for 4 hours at
      160.degree.C. Fractional distillation gives 57.5 parts of
      4,8-dimethyl-3,7-nonadien-2-one, equivalent to a yield of 89% and a
      conversion of 67% based on prenol.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the manufacture of .alpha.,.beta. -unsaturated ketones of
      the formula I:
      ##EQU6##
      in which R.sup.1 is alkyl of from 1 to 4 carbon atoms, or R.sup.1,
      together with R.sup.4 or R.sup.5, forms unsubstituted or alkyl-substituted
      alkylene, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6, R.sup.7 and R.sup.8
      are hydrogen or alkyl of from 1 to 4 carbon atoms, R.sup.9 is alkyl of 1
      to 4 carbon atoms or, when R.sup.10 is phenyl, R.sup.9 is hydrogen, and
      R.sup.10 is a saturated or unsaturated, branched or unbranched aliphatic,
      cycloaliphatic or cycloaliphatic/aliphatic hydrocarbon radical of up to 12
      carbons in which C--C bonds may be interrupted by oxygen or the group
      --O--CO--, or unsubstituted phenyl, wherein an allyl alcohol of the
      formula II:
      ##EQU7##
      in which R.sup.6 to R.sup.10 have the meanings stated above, is reacted
      with a compound of the formula IIIa:
      ##EQU8##
      in which R.sup.1 to R.sup.5 have the meanings stated above and X.sup.1 is
      alkyl or acyl of from 1 to 6 carbons or cycloalkyl, or with a compound
      capable of forming a compound of formula IIIa under the conditions of the
      reactions, said compound being selected from the group consisting of a
      compound of the formulae
      ##EQU9##
      in which formulae IIIb, c and d R.sup.1 to R.sup.5 have the meanings given
      above and X.sup.2, X.sup.3 and X.sup.4 may be the same or different and
      stand for alkyl or acyl of from 1 to 6 carbon atoms or cycloalkyl or
      X.sup.4 and X.sup.2 together form unsubstituted or alkyl-substituted
      alkylene at temperatures of from 120.degree. to 350.degree. in the
      presence of from 0.01 to 5% by weight of the total weight of reactants of
      an acid having a pK value of from 1 to 5.5 or in the presence of from
      0.001 to 0.1% by weight of the total weight of reactants of an acid having
      a pk value of less than 1, in the liquid phase.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the allyl alcohol of formula II
      is reacted with a compound of formula IIIb:
      ##EQU10##
      in which R.sup.1 to R.sup.5 have the meanings stated in claim 1 and
      X.sup.4 and X.sup.2 are the same or different and are alkyl or acyl of
      from 1 to 6 carbon atoms or cycloalkyl or together form unsubstituted or
      alkyl-substituted alkylene, as the compound capable of forming a compound
      of formula IIIa under the conditions of the reaction.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein the allyl alcohol of formula II
      is reacted with a compound of formula IIIc:
      ##EQU11##
      in which R.sup.1 to R.sup.5 have the meanings stated in claim 1 and
      X.sup.4 and X.sup.2 may be the same or different and stand for alkyl or
      acyl of from 1 to 6 carbon atoms or cycloalkyl or together form
      unsubstituted or alkyl-substituted alkylene, as the compound capable of
      forming a compound of formula IIIa under the conditions of the reaction.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein the allyl alcohol of formula II
      is reacted with a compound of formula IIId:
      ##EQU12##
      in which R.sup.1 to R.sup.5 have the meanings stated in claim 1 and
      X.sup.4, X.sup.2 and X.sup.3 may be the same or different and stand for
      alkyl or acyl of from 1 to 6 carbon atoms or cycloalkyl or X.sup.1 and
      X.sup.2 together form unsubstituted or alkyl-substituted alkylene, as the
      compound capable of forming a compound of formula IIIa under the
      conditions of the reaction.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein the alcohol or acid formed
      during the reaction is continuously removed from the reaction mixture.
NUM  6.
PAR  6. A process as claimed in claim 1, wherein the reaction is carried out at
      temperatures of from 130.degree. to 290.degree.C.
NUM  7.
PAR  7. A process for the production of
      1-(3-methyl-2'-buten-1'-yl)2,2,6-trimethyl-5-cyclohex-4-one which
      comprises reacting prenol and 1,1,5-trimethyl-3,3-diethoxy-5-cyclohexene
      at temperatures of from 120.degree. to 350.degree.C. in the presence of
      from 0.01 to 5% by weight of the total weight of reactants of an acid
      having a pK value of from 1 to 5.5 or in the presence of from 0.001 to
      0.1% by weight of the total weight of reactants of an acid having a pK
      value of less than 1, in the liquid phase.
NUM  8.
PAR  8. A process for the production of 4,8,12-trimethyl-3,7,11-decatrien-2-one
      which comprises reacting gerianol and
      2-methyl-2-(2'-methyl-1'-propen-1'-yl)-1,3-dioxolane at temperatures of
      from 120.degree. to 350.degree.C. in the presence of from 0.01 to 5% by
      weight of the total weight of reactants of an acid having a pK value of
      from 1 to 5.5 or in the presence of from 0.001 to 0.1% by weight of the
      total weight of reactants of an acid having a pK value of less than 1, in
      the liquid phase.
NUM  9.
PAR  9. A process for the production of the acetal of
      1-(3'-formyl-2'-butenyl)-2,2,6-trimethylcyclohex-5-en-4-one with neopentyl
      glycol which comprises reacting
      1,1,5-trimethyl-3-ethoxy-3,5-cyclohexadiene and the acetal of
      2-methyl-4-hydroxy-2-buten-1-al with neopentyl glycol at temperatures of
      from 120.degree. to 350.degree.C. in the presence of from 0.01 to 5% by
      weight of the total weight of reactants of an acid having a pK value of
      from 1 to 5.5 or in the presence of from 0.001 to 0.1% by weight of the
      total weight of reactants of an acid having a pK value of less than 1, in
      the liquid phase.
NUM  10.
PAR  10. A process for the production of 4,8-dimethyl-3,7-nonadien-2-one which
      comprises reacting prenol and 4-methyl-2,2,4-triethoxypentane at
      temperatures of from 120.degree. to 350.degree.C in the presence of from
      0.01 to 5% by weight of the total weight of reactants of an acid having a
      pK value of from 1 to 5.5 or in the presence of from 0.001 to 0.1% by
      weight of the total weight of reactants of an acid having a pK value of
      less than 1, in the liquid phase.
NUM  11.
PAR  11. A process for the production of 4,8-dimethyl-3,7-nonadien-3-one which
      comprises reacting prenol and 4-methyl-2,2-di-n-propoxy-4-pentene at
      temperatures of from 120.degree. to 350.degree.C. in the presence of from
      0.01 to 5% by weight of the total weight of reactants of an acid having a
      pK value of from 1 to 5.5 or in the presence of from 0.001 to 0.1% by
      weight of the total weight of reactants of an acid having a pK value of
      less than 1, in the liquid phase.
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PAL  This disclosure describes novel
      11-deoxy-13,14-dihydro-prostaglandin-9-ketals useful as bronchodilators
      and as gastric acid secretion inhibitors.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 263,036, filed June 15, 1972, which in turn is a
      continuation-in-part of our application Ser. No. 95,911, filed Dec. 7,
      1970, now abandoned
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to the novel 9-ketal derivatives of the prostanoic
      acids and esters. More specifically the compounds of this invention are
      all the optical antipodes, racemates, diastereoisomers, enantiomers,
      racemic mixtures and diastereomeric mixtures of the following general
      formulae:
      ##SPC1##
PAL  Wherein X is an oxygen or sulfur atom; X' is an oxygen or sulfur atom; Y is
      a divalent moiety of the formulae
      ##EQU1##
      wherein R.sub.4 is hydrogen or alkanoyl and R.sub.9 is hydrogen or lower
      alkyl with the proviso that when R.sub.9 is lower alkyl then R.sub.4 must
      be hydrogen; R is hydrogen, lower alkyl, or halo substituted lower alkyl;
      R.sub.1 is hydrogen, fluorine, or lower alkyl; R.sub.2 is alkyl having
      from two to seven carbon atoms; R.sub.3 is hydrogen or alkyl having from
      one to twelve carbon atoms; R.sub.5 is hydrogen, lower alkyl, or halo
      substituted lower alkyl; R.sub.6 is hydrogen or lower alkyl; R.sub.7 is
      hydrogen or lower alkyl; R.sub.8 is hydrogen, fluorine, or lower alkyl; n
      is an integer from 4 to 8, inclusive; t is zero or one with the
      understanding that cyclic ketals are contemplated in all instances except
      that the moiety
      ##EQU2##
      may also be a moiety of the formula:
      ##EQU3##
      wherein R.sub.10 is lower alkyl, aralkyl, or .beta., .beta.,
      .beta.-trihaloethyl.
PAR  Suitable lower alkyl and halo substituted lower alkyl groups contemplated
      by the present invention are those having up to four carbon atoms.
      Suitable alkanoyl groups are those having from two to fifteen carbon
      atoms. Suitable aralkyl groups are benzyl, .alpha.-phenethyl,
      .beta.-phenethyl, and the like, whereas halo is exemplified by fluoro,
      chloro and bromo.
PAR  A preferred embodiment of this invention are all the optical antipodes,
      racemates, diastereoisomers, enantiomers, racemic mixtures and
      diastereomeric mixtures of the following general formulae:
      ##SPC2##
PAL  Wherein R, R.sub.1, R.sub.2,R.sub.3,R.sub.5,R.sub.6,R.sub.7, R.sub.8,n,t,
      and Y are all as defined hereinabove.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Also embraced within the scope of the present invention are the non-toxic,
      pharmaceutically acceptable salts of the novel compounds of the present
      invention when R.sub.3 is hydrogen. The cations comprised in these salts
      include, for example, the non-toxic metal cations such as the sodium ion,
      potassium ion, calcium ion, and magnesium ion as well as the organic amine
      cations such as the tri(lower alkyl)amine cations (e.g., triethylamine,
      triethanolamine, procaine, and the like).
PAR  The prostaglandins are a family of closely related compounds which have
      been obtained from various animal tissues, and which stimulate smooth
      muscle, lower arterial blood pressure, antagonize epinephrine-induced
      mobilization of free fatty acids and have other pharmacological and
      autopharmacological effects in mammals. See Bergstrom et al., J. Biol.
      Chem., 238, 355 (1963); Horton, Experientia, 21, 113 (1965); and "The
      Prostaglandins" Vol. 1, ed. P. W. Ramwell, Plenum Press, New York, 1973,
      and references cited therein. All of the so called natural prostaglandins
      are derivatives of prostanoic acid:
      ##SPC3##
PAL  The hydrogen atoms attached to C-8 and C-12 are in trans-configuration.
      Substitution of C.sub.15 with an oxy function creates a new assymetric
      center. In the natural mammalian prostaglandins this carbon atom is in the
      (S) configuration and is formulated as A, the (R) configuration being
      formulated as B.
      ##EQU4##
      The natural prostaglandins represent only one of the possible optical
      isomers. The compounds of this invention include all possible optical
      isomers.
PAR  The novel compounds of this invention can be prepared from the
      corresponding 9-oxo-prostanoic acids or esters (I) by the usual techniques
      of ketalization involving treatment of the ketone with an excess of the
      requisite diol, dithiol, hydroxythiol (II) or alcohol in the presence of
      an acid catalyst. The preparation of the non-cyclic ketals can also be
      accomplished by treatment with the appropriate tri-alkyl or tri-aralkyl
      orthoformate in the presence of an acid catalyst. Introduction of a
      15-alkyl group is accomplished by oxidation of the 15-hydroxy function in
      (in III, R.sub.4 =hydrogen) and subsequent treatment with an alkyl
      Grignard or alkyl lithium reagent to give (V).
PAR  Saponification of esters represented by (III) or (V) by the usual technique
      provides the corresponding 15-hydroxy carboxylic acids. Conversely, it is
      possible to esterify the 15-hydroxy group in the usual manner, for example
      by treatment with an alkanoic acid anhydride in pyridine. The carboxylic
      acid function can be esterified by treatment with the appropriate
      diazoalkane, or by other methods well-known to the art.
PAR  In Flowsheet A which follows the formation of certain of the novel
      compounds of this invention is illustrated. In the Flowsheet R,
      R.sub.1,R.sub.2,R.sub.3,R.sub.4,R.sub.5,R.sub.6,R.sub.7,R.sub.8,R.sub.9,X,
     X',n and t are as defined above.
      ##SPC4##
PAR  The 16-fluoro and 16,16-difluoro 9-oxo-intermediates described herein are
      novel compounds and are useful as intermediates for the preparation of
      certain of the ketals of this invention. They as well as the corresponding
      9-hydroxy derivatives have intrinsic utility as gastric acid secretion
      inhibitors, bronchodilators, and hypotensive agents and accordingly may be
      useful for the treatment of peptic ulcers, gastric hyperacidity, gastric
      erosion, bronchial asthma and hypertension. These novel optically active
      compounds have the following general formula and are to be considered as
      embraced within this invention.
      ##SPC5##
PAL  wherein R.sub.3 is as defined hereinabove; Y' is a divalent moiety selected
      from the group consisting of
      ##EQU5##
      wherein R.sub.11 is hydrogen or a lower alkanoyl radical; R.sub.10 is
      either hydrogen or fluorine; n' is an integer from 2 to 5, inclusive; and
      Z is a divalent moiety from the group consisting of
      ##EQU6##
PAR  The novel compounds of the above general formula can be prepared by
      catalytic hydrogenation of the corresponding .DELTA..sup.10(11) -9-oxo
      derivatives, for example (V).
      ##SPC6##
      ##SPC7##
PAR  In the above synthetic sequence, Y', R.sub.3, n.sub.1 and R.sub.10 as
      hereinabove defined; R'.sub.3 is an alkyl group of one to twelve carbon
      atoms. Hydrogenation of (V) is carried out in the usual fashion;
      rhodium-on-carbon is a useful catalyst. Saponification of the product (VI)
      to the prostenoic acid (VII) is usually effected where R'.sub.3 is lower
      alkyl, preferably methyl. Sodium borohydride reduction of (VI) or (VII)
      provides a mixture of the 9.alpha.- and 9.beta.-hydroxy derivatives,
      (VIII) and (IX), respectively. The diols are separable by the usual
      procedures of column chromatography. A more stereoselective reduction of
      the 9.beta.-ol (VIII) is possible with lithium perhydro-9-b-boraphenalyl
      hydride (X) [H. C. Brown and W. C. Dickason, Journ. Amer. Chem. Soc., 92,
      709 (1970)], or with lithium tri-sec-butylborahydride. The various esters
      and acids are obtainable by the usual methods of esterification, for
      example, with diazoalkanes, or saponification. The 15-O-alkanoyl
      derivatives are available by the usual techniques of hydroxy group
      acylation, e.g., treatment with acyl chloride in pyridine.
PAR  The novel compounds of the present invention are usually obtainable as oils
      having characteristic absorption spectra. They are relatively soluble in
      common organic solvents such as ethanol, ethyl acetate, dimethylformamide,
      and the like. The cationic salts of the compounds when R.sub.3 is hydrogen
      are, in general, white to yellow crystalline solids having characteristic
      melting points and absorption spectra. They are relatively soluble in
      water, methanol, and ethanol but are relatively insoluble in benzene,
      diethyl ether, and petroleum ether.
PAR  The compounds of this invention can be isolated and purified by
      conventional methods. Isolation can be accomplished, for example, by
      dilution of the reaction mixture with water, extraction with a
      water-immiscible solvent such as methylene chloride, ethyl acetate,
      benzene, cyclohexane, ether, toluene and the like, chromatography,
      adsorption on ion-exchange resins, distillation, or a combination of
      these. Purification of the compounds of this invention can be accomplished
      by means known in the art for the purification of prostaglandins and
      lipids, fatty acids, and fatty esters. For example, reverse phase
      partition chromatography, countercurrent distribution, adsorption
      chromatography on acid washed Florisil (synthetic magnesium silicate),
      preparative paper chromatography, and combinations thereof can be used
      effectively to purify the compounds produced by the processes of this
      invention.
PAR  The racemic products and intermediates of this invention can be resolved
      into their optically active components by a number of methods of
      resolution well known in the art. For example, those compounds which are
      obtained as free acids can be treated with an optically active base such
      as cinchonine, quinine, brucine, d- or 1-.alpha.-phenylethylamine and the
      like to produce diastereoisomeric salts which can be separated by
      crystallization. Alternatively, the acid may be esterified with an
      optically active alcohol, e.g., d- or 1-methanol, estradiol 3-acetate,
      etc., and the diastereoisomeric esters then resolved. Also, the 15-hydroxy
      function may be esterified with an optically active acid (e.g., d- or
      1-.alpha.-methoxy-.alpha.-trifluoromethylphenylacetic acid) and the
      resulting diastereoisomeric esters then separated by the usual techniques
      of fractional crystallization or chromatography. In more difficult
      instances it may be necessary to apply the technique of high speed liquid
      chromatography involving, if necessary, recycling techniques. [See G.
      Fallick, American Laboratory, 19-27 (August, 1973) as well as references
      cited therein. Additional information concerning high speed liquid
      chromatography and the instruments necessary for its application is
      available from Waters Associates, Inc., Maple Street, Milford, Mass.].
      Another procedure would involve esterifying the 15-hydroxy function with a
      dibasic acid, such as phthalic acid, and treating the resulting phthalate
      acid-ester with an optically active base and separating the thus-formed
      diastereoisomeric salts by the usual procedures of fractional
      crystallization.
PAR  The resolution of the diastereoisomers or racemic mixtures of this
      invention can also be accomplished by reverse phase and absorption
      chromatography on an optically active support and adsorbent and by
      selective transformation of one isomer by microbiological or enzymatic
      means known to the art. Such transformations can be carried out by
      incubation or perfusion using methods well established in the art,
      followed by isolation and recovery of the isomer resistant to the
      metabolic transformation applied.
PAR  Individual diastereoisomers of racemates are also available by preparation
      from the corresponding resolved intermediates as illustrated in greater
      detail by the examples which follow. Also, compounds in which C.sub.15 is
      substituted by hydroxy and hydrogen and is either the S or R configuration
      can be converted to the opposite configuration by transforming the hydroxy
      function to a methanesulfonylate or p-toluenesulfonylate or the like,
      treating with a relatively non-basic oxy nucleophile, e.g., potassium
      acetate or sodium benzoate, and saponifying the thus-formed ester.
      Inversion of configuration takes plate on reaction with the
      oxy-nucleophile which procedes by an SN.sub.2 displacement (Walden
      inversion). This transformation is illustrated in the following sequence.
      ##EQU7##
PAR  Certain of the novel ketals of this invention are also useful for the
      preparation of other novel ketals of this invention as well as the novel
      9-oxo-15 lower alkyl-15-hydroxy compounds that can be readily obtained
      from them by acid hydrolysis of the parent ketal. The ketal function then
      serves as a blocking group to allow the transformation of the secondary
      15-hydroxy group to a tertiary hydroxy group via oxidation of the 15-ol
      followed by reaction with a lower alkyl magnesium halide.
PAR  The compounds of this invention are useful as bronchodilators for the
      treatment of asthma and chronic bronchitis. Bronchodilator activity is
      determined in guinea pigs against bronchospasms elicited by intravenous
      injections of 5-hydroxytryptamine, histamine or acetylcholine by the
      Konzett procedure. [See J. Lulling, P. Lievens, F. El Sayed and J.
      Prignot, Arzneimittel-Forschung, 18, 995 (1968).]
PAR  In Table A which follows bronchodilator activity for representative
      compounds of this invention against one or more of three spasmogenic
      agents is expressed as an ED.sub.50 determined from the results obtained
      with three logarithmic cumulative intravenous doses.
TBL                                    TABLE A                                 

     __________________________________________________________________________

     Bronchodilator Activity (Konzett Assays) ED.sub.50, mg./kg.               

                  Spasmogenic Agent                                            

     Compound     5-hydroxytryptamine                                          

                             histamine                                         

                                    acetylcholine                              

     __________________________________________________________________________

     1-9,9-ethylenedioxy-                                                      

                  2.53 .times. 10.sup..sup.-3                                  

                             376 .times. 10.sup..sup.-6                        

                                    27.4 .times. 10.sup..sup.-3                

     15(S)-hydroxy-                                                            

     prostanoic acid                                                           

     1-9,9-(1-methylethyl-                                                     

                   104 .times. 10.sup..sup.-6                                  

                              50 .times. 10.sup..sup.-6                        

                                     644 .times. 10.sup..sup.-6                

     enedioxy)-15(S)-                                                          

     hydroxyprostanoic                                                         

     acid                                                                      

     __________________________________________________________________________

PAR  In Table A' which follows bronchodilator activity for representative
      compound of this invention against one or more of three spasmogenic agents
      is reported. In this assay candidate compounds are suspended in 10% gum
      arabic solution and the suspension is administered by the intraduodenal
      route. The activity of the compound at any one dose is then investigated
      throughout the following hour (see above-cited reference, J. Lulling et
      al.). Potency is then reported as 0, .sup.+,.sup.+.sup.+,
      .sup.+.sup.+.sup.+, or .sup.+.sup.+.sup.+.sup.+, wherein 0 represents no
      activity, .sup.+ minimal activity and .sup.+.sup.+.sup.+.sup.+ maximum
      activity.
TBL                                    TABLE A'                                

     __________________________________________________________________________

                        Spasmogenic Agent                                      

                Intraduodenal                                                  

                        5-Hydroxy    Acetyl-                                   

     Compound   Dose mg./kg.                                                   

                        tryptamine                                             

                               Histamine                                       

                                     choline                                   

     __________________________________________________________________________

     1 9,9-(2,2-di-                                                            

     methyl-1,3-pro-                                                           

     pylenedioxy)-                                                             

                10       +      +    +++                                       

     15(S)-hydroxy-                                                            

     prostanoic acid                                                           

     1 methyl 9,9-                                                             

     ethylenedioxy-                                                            

                10      ++     ++    ++                                        

     15(S)-hydroxy-                                                            

     prostanoate                                                               

     1 9,9-ethylene-                                                           

     oxythia-15(S)-                                                            

                10      ++      +    ++                                        

     hydroxypro-                                                               

     stanoic acid                                                              

     1 9,9-(1,3-pro-                                                           

     pylenedioxy-                                                              

                3.2      +     +++    +                                        

     15(S)-hydroxy-                                                            

     prostanoic acid                                                           

     1 methyl 9,9-(1,3-                                                        

     propylenedioxy)-                                                          

     15(S)-acetoxy-                                                            

                10      ++      +    +++                                       

     prostanoate                                                               

     1 methyl 9,9-(1,2-                                                        

     dimethylethylene-                                                         

     dioxy)-15(S)-ace-                                                         

                10      ++     ++    ++                                        

     toxyprostanoate                                                           

     1 methyl-9,9-(1-                                                          

     chloromethyl-                                                             

     ethylenedioxy)-                                                           

                10      +++     +    ++                                        

     15(S)-acetoxy-                                                            

     prostanoate                                                               

     1 9,9-(1,2-di-                                                            

     methylethylene-                                                           

     dioxy)-15(S)-                                                             

                10      ++      +    +++                                       

     hydroxyprostanoic                                                         

     acid                                                                      

     1 9,9-(1-chloro-                                                          

     methylethylene-                                                           

                10      +++    +++   ++                                        

     dioxy)-15(S)-                                                             

                3.2     ++++   ++    ++                                        

     hydroxyprostanoic                                                         

     acid                                                                      

     1 methyl 9,9-(1-                                                          

     methylethylene-                                                           

                10       +     ++    ++                                        

     dioxy)-15(S)-                                                             

     acetoxyprostanoate                                                        

     __________________________________________________________________________

PAR  The novel ketals of this invention also show bronchodilator activity when
      administered by aerosol to dogs wherein bronchoconstriction was induced by
      administration of pilocarpine. In this assay, 1
      9,9-ethylenedioxy-15(S)-hydroxyprostanoic acid, a representative ketal of
      this invention, shows important advantages over the corresponding ketone,
      1 9-oxo-15(S)-hydroxyprostanoic acid. Thus at an aerosol concentration
      (0.032%) at which the activity of the ketone is very weak, the activity of
      the ketal is fully-present-indicating that the ketal is at least ten times
      as potent as the ketone. In human ketal aerosol does not induce cough,
      although ketone aerosol does. This is very important since coughing is one
      of the damaging side effects reported in the literature when prostaglandin
      aerosols are administered to human subjects. [See Y. Kawakami et al.,
      European Journal Clinical Pharmacology, 6, 127 (1973); M. F. Cuthbert,
      Brit. Med. Journ. 723 (Dec. 20, 1969) H. Herxheimer and I. Roetscher,
      European Journal Clinical Pharmacology, 3, 123(1971).]
PAR  The compounds of this invention are also useful as inhibitors of gastric
      acid secretion and peptic ulcer formation and may be used for the
      treatment of gastric hyperacidity, gastric erosion, and peptic ulcer.
      Inhibition of basal gastric acid secretion can be determined by the
      following procedure.
PAR  Female Sprague-Dawley rats weighting 140-160 grams are fasted in individual
      cages for 18-24 hours. The rats are then lightly anesthetized with ether
      and their front teeth extracted to avoid destruction of the plastic
      cannula. A midline incision is then made and the stomach and duodenum
      exposed. A flanged polyvinyl tube is inserted into the fundic portion of
      the stomach and secured with a purse string suture line using 4-0
      Mersilene. The rat is then dosed by injection of the compound into the
      duodenum (1.0 ml. per 100 gram body weight). After dosing, the abdominal
      wall and skin are closed using metal wound clips. The rat is replaced in a
      cage containing a longitudinal slit to allow the polyvinyl tube to hang
      freely. An 8 ml. plastic collecting tube is attached to the flanged
      cannula and hangs freely below the cage. The first 30 minute sample is
      discarded designating this time as zero. The collecting tube is attached
      again and samples removed at the end of 60 and 120 minutes. These samples
      are referred to as A and B in the table. The hourly samples are then
      transferred to a 15 ml. centrifuge and centrifuged for 5-10 minutes. Total
      and sediment volume are then recorded with the supernatent volume being
      used as a volume of secretion. A 1 ml. or less aliquot is then removed and
      placed in a 50 ml. beaker containing 10 ml. of distilled water. This
      sample is then titrated using 0.01N NaOH to pH 7.0 using a Beckman
      zeromatic pH meter. Volume, titratable acidity (meq/L) and total acid
      output (ueq/hour) are recorded. Percent inhibition is determined by
      comparison with the appropriate control. Groups of three rats were used
      for preliminary testing, and groups of six rats were used for
      dose-response evaluations. All compounds are administered in a vehicle
      consisting of 0.5% methocel, 0.4% tween 80, and saline at a constant
      volume of 1 ml/100 gram rat. Samples are dispersed by sonification.
      Percent inhibition is calculated on basis of concurrent vehicle control.
PAR  In Table B which follows is given the effect on total acid output after 120
      minutes of a 10 mg./kg. dose of representative ketals of this invention.
      For comparison the result obtained with the corresponding 9-oxo
      derivative, 1 9-oxo-15(S)-hydroxyprostanoic acid is included. It is to be
      noted that it is significantly less potent than the ketals.
TBL                                    TABLE B                                 

     __________________________________________________________________________

     Inhibition of Total Acid Output in the Acute Gastric Fistula Rat          

     Compound                   %-Inhibition of Total Acid                     

     (10 mg./kg., intraduodenal route)                                         

                                Output After 120 Minutes                       

     __________________________________________________________________________

     1 9-oxo-15(S)-hydroxyprostanoic acid                                      

                                27                                             

        (12.5 mg./kg. dose)                                                    

     1 9,9,-ethylenedioxy-15(S)-hydroxyprostanoic                              

                                63                                             

        (acid                                                                  

     1 9,9,-(1-methylethylenedioxy)-15(S)-hydroxy                              

                                61                                             

        prostanoic acid                                                        

     1 9,9-(1,2-dimethylethylenedioxy)-15(S)-                                  

                                57                                             

        hydroxy-prostanoic acid                                                

     1 methyl 9,9-(1,2-dimethylethylenedioxy)-15(S)-                           

                                74                                             

        acetoxyprostanoate                                                     

     1 methyl 9,9-(1-chloromethylethylenedioxy)-                               

                                26                                             

        15(S)-acetoxyprostanoate                                               

     1 9,9-(1-chloromethylethylenedioxy)-15(S)-                                

                                99                                             

        hydroxyprostanoic acid                                                 

     1 methyl 9,9-propylenedioxy-15(S)-acetoxy                                 

                                60                                             

        prostenoate                                                            

     1 9,9-(2,2-dimethyl-1,3-propylenedixoy)-15(S)                             

                                32                                             

     hydroxyprostenoic acid                                                    

     1 methyl 9,9-(2,2-dimethyl-1,3-propylenedioxy)-                           

                                27                                             

        15(S)-acetoxy-prostenoate                                              

     1 9,9-ethyleneoxythia-15(S)-hydroxyprostanoic                             

                                39                                             

        acid                                                                   

     1 methyl 9,9-ethylenedithia-15(S)-acetoxy-                                

                                32                                             

        prostanoate                                                            

     1 methyl 9,9-ethylenedioxy-15(S)-acetoxy-                                 

                                100                                            

        prostanoate             (ED.sub.50 = 3.0 mg./kg.)                      

     __________________________________________________________________________

PAR  Dose response evaluation in the acute gastric fistual rat assay further
      illustrates the pronounced advantage of the novel ketals of this invention
      as gastric acid secretion inhibitors relative to the corresponding 9-oxo
      derivative. This is illustrated in Table C below wherein the ketals are as
      much as seventeen times more potent then the ketone.
TBL                                    TABLE C                                 

     __________________________________________________________________________

     Inhibition of Total Acid Output in the Acute Gastric Fistula Rat          

                        ED.sub.50 (mg./kg., intraduodenal                      

                                                Ileal-Ligated Rat              

                        route of administration)                               

                                                Assay                          

                        1 hr. collection (A)                                   

                                    2 hr. collection (B)                       

                                                Intraduodenal                  

                                                        Increase in            

                                                Dose mg./kg.                   

                                                        weight of              

                                                        intestine              

     __________________________________________________________________________

                                                        gm.                    

     1 9-oxo-15(S)-hydroxyprostanoic                                           

                        18          &gt;25         10.0    1.02                   

       acid                                     5.0     0.1                    

     1 9,9-ethylenedioxy-15(S)-                                                

                        1           2.3         10.0    0.46                   

       hydroxyprostanoic acid                   5.0     0.03                   

     1 9,9-(1,2-dimethylethylene-                                              

                        &lt;8          8           10.0    0.65                   

       dioxy-15(S)-hydroxy                      20.0    -0.4                   

       prostanoic acid                                                         

     1 methyl 9,9-(1,2-dimethyl-                                               

                        7           7           10.0    0.2                    

       ethylenedioxy)-15(S)-                                                   

                                    20.0        0.87                           

       acetoxy-prostanoate                                                     

     1 9,9-(1-chloromethylethylene-                                            

                        6           6           10.0    0.33                   

       dioxy)-15(S)-hydroxy-                    20.0    -0.26                  

       prostanoic acid                                                         

     1 methyl 9,9-(1,3-propylene-                                              

                        6           6                                          

       dioxy)-15(S)-acetoxy-                                                   

       prostanoate                                                             

     1 methyl 9,9-ethylenedioxy-    3.0                                        

       15(S)-acetoxy-prostanoate                                               

     __________________________________________________________________________

PAR  An important consideration in the use of prostaglandin like substances for
      the inhibition of gastric acid secretion and the treatment of ulcers, etc.
      is that they do not at the same time induce diarrhea, a common phenomenon
      observed on administration of the prostaglandins. It is therefore
      unexpected and novel that in general, the compounds of this invention are
      not diarrheagenic at dose levels at which they are effective gastric acid
      secretion inhibitors. One measure of diarrheagenic potential is the ileal
      ligated rat assay, a description of which follows directly.
PAR  Female Sprague-Dawley rats (Charles River Laboratories weighing less than
      100 grams are fasted in individual cages for at least 18 hours. They are
      then anesthetized with ether and a midline incision made. The duodenum is
      exposed and the test drug or control injected intraduodenally. The
      ileocecal junction is then exposed and the terminal ileum is ligated using
      3-0 silk thread just proximal to the junction. The incision is then closed
      using wound clips. Rats are placed back in individual cages without food
      or water for four hours. After this time the rats were sacrificed, the
      stomach and small intestine carefully removed, and cleaned of adherent
      mesentery. The removed portion of gut is then weighed to the nearest 0.1
      gram. Compounds inducing diarrhea such as prostaglandins, cholera toxin,
      etc. produce an increase in weight of the ligated intestine. This increase
      from control is noted in Table C, as change in weight in grams after
      standardizing weights of gut to grams/100 gram rat.
PAR  When compared by this assay at effective gastric acid secretion inhibiting
      doses, as determined by the acute rat fistula assay, the novel ketals of
      Table C are non-diarrheagenic, whereas the corresponding ketone is
      diarrheagenic at 10 mg./kg. dose, substantially lower than its ED.sub.50
      for inhibition of gastric acid secretion, see Table C.
PAR  Gastric acid secretion inhibition can also be observed in an assay wherein
      acid secretion is stimulated as in the well-known "Shay-rat" procedure,
      which is carried out in the following manner.
PAR  The rats (male, CFE strain) were starved for 48 hours (water was given ad
      libitum) to permit evacuation of stomach contents. On the morning of the
      experiment, under ether anesthesia, the abdominal region was shaved and a
      midline incision (1-1 1/2 inch) was made with a scapel. With the help of a
      closed curved hemostat the duodenum was picked up. Upon getting the
      duodenum into view, fingers were used to pull the stomach through the
      opening, the stomach was then gently manipulated with fingers to rid
      stomach of air and residual matter which were pushed through the pylorus.
      Two 5-inch sutures were drawn under the pyloric-duodenal puncture. A
      ligature, at the juncture, was formed with one of the threads. The second
      ligature was also formed but not tightened.
PAR  The test compound or the vehicle, usually 1 ml./100 g. body weight, were
      injected into the duodenum as close as possible to the first ligature.
      After injection the second ligature was tightened below the injection site
      to minimize leakage. The stomach was placed back through the opening into
      the abdominal cavity, the area of incision was washed with saline and the
      incision was closed with autoclips. (Occasionally, instead of an
      intraduodenal injection, animals were dosed by the oral or subcutaneous
      route. In the latter case, dosing was done thirty to sixty minutes before
      the operation.)
PAR  Three hours later, the rats were decapitated and exanguinated, taking care
      that blood did not drain into the esophagus. The abdominal cavity was
      exposed by cutting with scissors and the esophagus close to the stomach
      was clamped off with a hemostat, the stomach was removed by cutting above
      the hemostat (the esophagus was cut) and between the two sutures.
      Extraneous tissue was removed, the stomach washed with saline and blotted
      on gauze. A slit was carefully made in the stomach which was held over a
      funnel and the contents were collected in a centrifuge tube. The stomach
      was further cut along the outside edge and turned inside out. Two ml.
      distilled H.sub.2 O were used to wash the stomach contents into the
      respective centrifuge tube. The combined stomach contents and wash were
      then centrifuged out for 10 minutes in the International Size 2 Centrifuge
      (setting at 30). The supernatant was collected, volume measured and
      recorded, 2 drops of a phenolphthalein indicator (1% in 95% ethanol) were
      added and the solution was tritrated with 0.02N NaOH (or with 0.04N NaOH
      when large volumes of stomach contents were encountered) to pH 8.4
      (because of usual coloring of the stomach contents, phenolphthalein was
      only used to permit visual indication that the end point was near) and the
      amount of acid present was calculated.
PAR  Compounds including inhibition of gastric acid secretion of 20% or more
      were considered active. In a representative operation, and merely by way
      of illustration, the results obtained with this assay with a typical
      compound of the present invention are given in Table D below.
TBL                TABLE D                                                     

     ______________________________________                                    

                      Intraduodenal                                            

                      Dose; mg./kg. Percent                                    

     Compound         of body weight                                           

                                    Inhibition                                 

     ______________________________________                                    

     9,9-ethylenedioxy-                                                        

                      100           56                                         

     15-hydroxyprostanoic                                                      

     acid                                                                      

     ______________________________________                                    

PAR  This invention will be described in greater detail in conjunction with the
      following specific examples.
DETD
PAC  EXAMPLE 1
PAC  Preparation of
      2-carbalkoxy(methyl/ethyl)-2-(4-carbethoxybutyl)-cyclopentan-1-one
PAR  To a stirred solution of the sodium cyclopentanone carboxylate enolate in
      dimethoxyethane, prepared from 187 g. (1.248 moles) of 2-cyclopentanone
      carboxylate (mixed methyl and ethyl esters), 52.4 g. (1.248 moles) sodium
      hydride (57.2% in mineral oil) and 1.6 l. of dimethoxyethane, is added
      dropwise 309 g. (1.212 moles) of ethyl 5-iodovalerate. The reaction
      mixture is stirred and heated at reflux for 18 hours. The mixture is
      cooled and filtered. The solvent is removed from the filtrate by
      evaporation and the residue is poured into dilute hydrochloric acid and
      extracted with ether. The combined extracts are washed with water and
      saline, dried over magnesium sulfate and evaporated to give an oil. The
      oil is distilled under reduced pressure to give 274 g. of a light yellow
      oil, b.p. 140.degree.-143.degree.C. (0.17 mm).
PAC  EXAMPLE 2
PAC  Preparation of 2-(4-carboxybutyl)cyclopentan-1-one
PAR  A stirred mixture of 274 g. of 2-carbalkoxy(mixed methyl and ethyl
      esters)-2-(4-carbethoxybutyl)cyclopentan-1-one (Example 1), 600 ml. of 20%
      hydrochloric acid and 325 ml. of acetic acid is heated at reflux for 20
      hours. Solution occurs in approximately 1/2 hour. The solution is cooled
      and diluted with water and extracted with ether. The combined extracts are
      washed with saline and dried over magnesium sulfate and evaporated. The
      residue is evaporated twice with toluene to give 144 g. of an oil.
PAC  EXAMPLE 3
PAC  Preparation of 2-(4-carbethoxybutyl)cyclopentan-1-one
PAR  A stirred solution of 124 g. (0.673 mole) of
      2-(4-carboxybutyl)cyclopentan-1-one (Example 2), 800 ml. of ethanol and 1
      g. of p-toluenesulfonic acid monohydrate is heated at reflux for 18 hours.
      The solvent is evaporated and the residue is dissolved in ether. The ether
      solution is washed with saline, dilute sodium bicarbonate solution and
      again with saline, dried over magnesium sulfate and evaporated. The oil is
      distilled under reduced pressure to give 149 g. of a colorless oil, b.p.
      106.degree.-109.degree.C. (0.23 mm).
PAC  EXAMPLE 4
PAC  Preparation of
      2-carbalkoxy(methyl/ethyl)-2-(3-carbethoxypropyl)-cyclopentan-1-one
PAR  In the manner described in Example 1, treatment of 2-cyclopentanone
      carboxylate (mixed methyl and ethyl esters) with sodium hydride in
      dimethoxyethane followed by ethyl 4-iodobutyrate gives a yellow oil, b.p.
      136.degree.-137.degree.C. (0.16 mm).
PAC  EXAMPLE 5
PAC  Preparation of 2-(3-carboxypropyl)cyclopentan-1-one
PAR  In the manner described in Example 2, treatment of 2-carbalkoxy(mixed
      methyl and ethyl esters)-2-(3-carbethoxypropyl)cyclopentan-1-one (Example
      4) with a 20% hydrochloric acid and acetic acid mixture gives a yellow
      oil.
PAC  EXAMPLE 6
PAC  Preparation of 2-(3-carbethoxypropyl)cyclopentan-1-one
PAR  In the manner described in EXAMPLE 3, treatment of
      2-(3-carboxypropyl)cyclopentan-1-one (Example 5) with p-toluenesulfonic
      acid monohydrate in ethanol gives a colorless oil, b.p. 93.degree.C. (0.10
      mm).
PAC  EXAMPLE 7
PAC  Preparation of ethyl and methyl
      2-(6-carbethoxyhexyl)-1-cyclopentanon-2-carboxylate
PAR  In the manner described in Example 1, ethyl and methyl 2-cyclopentanone
      carboxylate is reacted with ethyl 7-bromoheptanoate to furnish the subject
      product, b.p. 147.degree.C. (0.09 mm).
PAC  EXAMPLE 8
PAC  Preparation of 2-(6-carboxyhexyl)cyclopentan-1-one
PAR  In the manner described in Example 2, ethyl and methyl
      2-(6-carbethoxyhexyl)-1-cyclopentanone-2-carboxylate (Example 7) is
      hydrolyzed to furnish the subject product, b.p. 143.degree.C. (0.05 mm).
PAC  EXAMPLE 9
PAC  Preparation of 2-(6-carbethoxyhexyl)cyclopentan-1-one
PAR  In the manner described in Example 3, 2-(6-carboxyhexyl)cyclopentan-1-one
      (Example 8) is esterified to furnish the subject product, b.p.
      110.degree.C. (0.03 mm).
PAC  EXAMPLE 10
PAC  Preparation of 1-acetoxy-2-(6-carbethoxyhexyl)cyclopent-1-ene
PAR  A stirred solution of 100 g. of 2-(6-carbethoxyhexyl)-cyclopentan-1-one
      (Example 9) in 250 ml. of acetic anhydride containing 0.940 g. of
      p-toluenesulfonic acid monohydrate is heated to boiling under partial
      reflux allowing distillate at 118.degree.C. or less (i.e., acetic acid) to
      escape through a Vigreaux column equipped with a condenser to collect the
      distillate. After 16 hours, during which period acetic anhydride is added
      in portions in order to keep the solvent level at at least 100 ml., the
      solution is cooled and poured cautiously into a stirred cold mixture of
      saturated sodium bicarbonate solution (400 ml.) and hexane (250 ml.). The
      resulting mixture is stirred for an additional 30 minutes during which
      period solid sodium bicarbonate is added periodically to insure a basic
      solution. The hexane layer is separated and washed with saturated sodium
      chloride solution, dried with anhydrous magnesium sulfate and taken to
      dryness. Distillation of the residual oil gives 102 g. (87%) of pale
      yellow oil, b.p. 118.degree.C. (0.07 mm).
PAC   EXAMPLE 11
PAC  Preparation of 1-acetoxy-2-(3-carbethoxypropyl)cyclopent-1-ene
PAR  In the manner described in Example 10, treatment of
      2-(3-carbethoxypropyl)cyclopentan-1-one (Example 6) with acetic anhydride
      and p-toluenesulfonic acid monohydrate gives a yellow oil, b.p.
      98.degree.-103.degree.C. (0.35 mm).
PAC  EXAMPLE 12
PAC  Preparation of 1-acetoxy-2-(4-carbethoxybutyl)cyclopent-1-ene
PAR  In the manner described in Example 10, treatment of
      2-(4-carbethoxybutyl)cyclopentan-1-one (Example 3) with acetic anhydride
      and p-toluenesulfonic acid monohydrate gives a yellow oil, b.p.
      109.degree.-110.degree.C. (0.37 mm).
PAC  EXAMPLE 13
PAC  Preparation of 2-(6-carbethoxyhexyl)cyclopent-2-en-1-one
PAR  To a rapidly stirred mixture of 50 g. of
      1-acetoxy-2-(6-carbethoxyhexyl)cyclopent-1-ene (Example 10) in 150 ml. of
      chloroform, 200 ml. of water and 18.8 g. of calcium carbonate, cooled in
      an ice bath, is added dropwise over a period of about 30 minutes, a
      solution of 30 g. of bromine in 50 ml. of carbon tetrachloride. After
      stirring for an additional 45 minutes the chloroform layer is separated
      and washed successively with dilute sodium thiosulfate solution, saturated
      sodium chloride solution, dried with anhydrous magnesium sulfate and taken
      to dryness under reduced pressure.
PAR  The residual oil is dissolved in 50 ml. of N,N-dimethylformamide and added
      to a mixture of 33 g. of lithium bromide and 32 g. of lithium carbonate in
      375 ml. of N,N-dimethylformamide, previously dried by refluxing with 375
      ml. of benzene under a Dean-Stark apparatus followed by distillation of
      the benzene. The mixture is stirred at the reflux temperature for 30
      minutes, then cooled and poured into 850 ml. of ice-cold water. The
      resulting mixture is acidified (cautiously) with 4N hydrochloric acid and
      extracted with ether three times. The combined ether extracts are washed
      with saturated sodium chloride solution, dried with anhydrous magnesium
      sulfate and taken to dryness under reduced pressure to afford 41.5 g. of
      an amber oil. In order to convert any isomeric material to the desired
      product, 41.5 g. of the above material is treated with 0.500 g. of
      p-toluenesulfonic acid monohydrate in 450 ml. of absolute alcohol at the
      reflux temperature for 18 hours. The solution is taken to dryness under
      reduced pressure. The resulting gum is dissolved in ether and washed with
      saturated sodium bicarbonate solution, saturated sodium chloride solution,
      dried with anhydrous magnesium sulfate and taken to dryness under reduced
      pressure. The residual oil is distilled to give 30.2 g. of product; b.p.
      118.degree.C. (0.05 mm); .lambda..sub.max.sup.MeOH 229 m.mu.
      (.epsilon.9950); .lambda..sub.max 5.75, 5.85, 6.15, 8.45 .mu.; vapor phase
      chromatography shows 99% product, containing 1%
      2-(6-carbethoxyhexyl)cyclopentan-1-one.
PAR  This product can be purified by the following procedure. A mixture of 120
      g. of 2-(6-carbethoxyhexyl)-2-cyclopentenone, containing approximately 5%
      of the saturated analogue, and 7.67 g. (10 mole percent) of
      p-carboxyphenylhydrazine in 400 ml. of absolute ethanol is stirred at
      ambient temperatures for 18 hours and is then refluxed for 1 hour. The
      mixture is cooled, the solvent is evaporated, and the residue is taken up
      into 150 ml. of chloroform and passed through a column of 450 g. of
      aluminum oxide (Merck). The filtrate is evaporated to yield a colorless
      oil containing &lt;0.5% of the saturated impurity.
PAC  EXAMPLE 14
PAC  Preparation of 2-(3-carbethoxypropyl)cyclopent-2-en-1-one
PAR  In the manner described in Example 13, bromination of
      1-acetoxy-2-(3-carbethoxypropyl)cyclopent-1-ene (Example 11) followed by
      dehydrobromination with lithium bromide and lithium carbonate is
      productive of the subject compound.
PAC  EXAMPLE 15
PAC  Preparation of 2-(4-carbethoxybutyl)cyclopent-2-en-1-one
PAR  In the manner described in Example 13, treatment of
      1-acetoxy-2-(4-carbethoxybutyl)cyclopent-1-ene Example 12) with bromine
      and subsequent treatment of the brominated product with a mixture of
      lithium bromide and lithium carbonate in N,N-dimethylformamide is
      productive of the subject compound. Treatment of this product with
      p-carboxyphenylhydrazine by the procedure of Example 13 furnishes a
      product which contains less than 0.5% of the corresponding saturated
      ketone.
PAC  EXAMPLE 16
PAC  Preparation of 1-methoximino-2-(6-carbethoxyhexyl)-2-cyclopentene
PAR  To a mixture of 35.97 g. (0.151 mole) of
      2-(6-carbethoxyhexyl)-2-cyclopentenone (Example 13) and 15.0 g. (0.180
      mole) of methoxyamine hydrochloride in 300 ml. of absolute ethanol is
      added 25 ml. of pyridine and the resulting solution is stirred for 20
      hours at ambient temperatures. The solvent is evaporated and the residue
      is partitioned between water and diethyl ether. The organic phase is
      washed with water and saturated brine, dried (Na.sub.2 SO.sub.4), and the
      solvent is evaporated to yield an oil. Distillation yields 38.7 g. of a
      colorless oil, b.p. 115.degree.-118.degree.C. (0.075 mm). IR (film): 1740,
      1627, 1053, 890 cm.sup.-.sup.1. .lambda..sub.max (MeOH) 243 (13,000).
      NMR.delta.(CDCl.sub.3): 3.89.
PAC  EXAMPLE 17
PAC  Preparation of 1-methoximino-2-(7-hydroxyheptyl)-2-cyclopentene
PAR  To an ice cooled solution of 34.10 g. (0.128 mole) of
      1-methoximino-2-(6-carbethoxyhexyl)-2-cyclopentene (Example 16) in 200 ml.
      of benzene under nitrogen is added dropwise 225 ml. of a 25% solution of
      diisobutyl aluminum hydride in hexane. The resulting solution is stirred
      for 2 hours at 0.degree.-5.degree.C., poured onto ice and dilute
      hydrochloric acid, and the aqueous phase is saturated with sodium
      chloride. The organic phase is separated, washed with saturated brine,
      dried (Na.sub.2 SO.sub.4), and evaporated to yield an oil. The latter is
      dissolved in 100 ml. of hot hexane and cooled to yield 24.3 g. of
      crystals, m.p. 62.degree.-64.degree.C. IR (KBr) 3260, 1630, 1059, 893
      cm.sup.-.sup.1. .lambda..sub.max 243 (14,200). NMR (CDCl.sub.3).delta.:
      2.37.
PAC  EXAMPLE 18
PAC  Preparation of
      1-methoximino-2-(7-p-toluenesulfonyloxyhepytl)-2-cyclopentene
PAR  To a solution of 5.00 g. (0.0222 mole) of
      1-methoximino-2-(7-hydroxyheptyl)-2-cyclopentene (Example 17) in 50 ml. of
      dry pyridine at 0.degree.C. is added 8.45 g. (0.0444 mole) of
      p-toluenesulfonyl chloride and the resulting solution is chilled at
      5.degree.C. overnight. The mixture is partitioned between 300 ml. of ice
      water and diethyl ether. The organic phase is washed with 1:1 ice cold
      hydrochloric acid, cold water, and cold saturated brine, dried (NaSO.sub.4
      /K.sub.2 CO.sub.3), and evaporated under reduced pressure at room
      temperature to yield an oil. The latter is dissolved in 600 ml. of hexane,
      treated with 0.5 g. of Darco, filtered and evaporated to yield 7.7 g. of a
      colorless oil. IR (film) 1600, 1192, 1182, 1053, 890 cm.sup.-.sup.1.
      .lambda..sub.max (MeOH) 228 and 243.
PAC  EXAMPLE 19
PAC  Preparation of 1-methoximino-2-(8,8-dicarbethoxyoctyl)-2-cyclopentene
PAR  To an alcoholic solution of sodiodiethyl malonate, prepared from 0.847 g.
      (0.0368 g. atoms) of sodium, 100 ml. of absolute ethanol, and 7.05 g.
      (0.0440 mole) of diethyl malonate is added 7.7 g. of the tosylate of
      Example 18 and the mixture is refluxed for 2 hours under a nitrogen
      atmosphere. The mixture is partitioned between cold dilute hydrochloric
      acid and diethyl ether, and the organic phase is washed with water and
      saturated brine, dried (Na.sub.2 SO.sub.4), and evaporated to yield an
      oil. The excess diethyl malonate is distilled off under reduced pressure
      to yield 6.45 g. of a yellowish oil. IR (film) 1755, 1728, 1625, 1054, 890
      cm.sup.-.sup.1.
PAC  EXAMPLE 20
PAC  Preparation of 1-methoximino-2-(8,8-dicarboxyoctyl)-2-cyclopentene
PAR  A mixture of 6.45 g. of the diester of Example 19 and 6.72 g. of potassium
      hydroxide in 150 ml. of 1:1 aqueous methanol is refluxed for 1 hour,
      cooled, and is partitioned between water and diethyl ether. The aqueous
      phase is acidified with hydrochloric acid, extracted with ether, and the
      organic phase is washed with water and saturated brine, dried (Na.sub.2
      SO.sub.4) and evaporated to yield a solid. The solid is crystallized from
      benzene to yield 4.15 g. of tan crystals, m.p. 135.degree.-137.degree.C.
      (-CO.sub.2).
PAC  EXAMPLE 21
PAC  Preparation of 1-methoximino-2-(8-carboxyoctyl)-2-cyclopentene
PAR  A solution of 3.926 g. (0.0126 mole) of the diacid of Example 20 in 20 ml.
      of xylene is refluxed for 1.5 hours, cooled, and evaporated to yield a tan
      solid. IR (KBr) 1720, 1618, 1179, 1050, 986 cm.sup.-.sup.1.
PAC  EXAMPLE 22
PAC  Preparation of 2-(8-carboxyoctyl)cycopent-2-en-1-one
PAR  The acid methoxime from Example 21 is refluxed for 5 hours with 55 ml. of
      acetone and 20 ml. of 2N hydrochloric acid. The mixture is cooled, the
      solvent is evaporated, and the residue is partitioned between water and
      diethyl ether. The organic phase is washed with water and saturated brine,
      dried (Na.sub.2 SO.sub.4), and evaporated to yield a tan solid. IR (KBr)
      1745, 1665 cm.sup.-.sup.1. .lambda..sub.max (MeOH) 228 (12,600).
PAC  EXAMPLE 23
PAC  Preparation of 2-(8-carbethoxyoctyl)cyclopent-2-en-1-one
PAR  The acid ketone from Example 22 is Fisher esterified with 100 ml. of
      absolute ethanol, 100 ml. of benzene, and 20 mg. of p-toluenesulfonic acid
      for 6 hours, cooled, and the solvent is evaporated. The resulting oil is
      dissolved in 3:1 benzene-ether and the solution is passed through a column
      of 100 g. of Florisil. The filtrate is evaporated and the residue is
      distilled to yield 2.97 g. of a colorless oil, b.p.
      137.degree.-139.degree.C. (0.05 Torr).
PAC  EXAMPLE 24
PAC  Preparation of 1-methoximino-2-(5-cyanopentyl)-2-cyclopentene
PAR  A mixture of 2.75 g. (0.01 mole of
      1-methoximino-2-(5-methanesulfonyloxypentyl)-2-cyclopentene (Example 23)
      and 1.47 g. (0.03 mole) of sodium cyanide in 20 ml. of dry
      N,N-dimethylformamide is heated at 65.degree.-70.degree.C. for 3 hours.
      The cooled reaction mixture is poured into water and extracted with
      diethyl ether. The organic phase is washed with water and saturated saline
      solution, dried (MgSO.sub.4), and evaporated to give 1.88 g. of a light
      yellow oil.
PAC  EXAMPLE 25
PAC  Preparation of 1-methoximino-2-(5-carboxypentyl)-2-cyclopentene
PAR  A mixture of 1.89 g. (0.0092 mole) of
      1-methoximino-2-(5-cyanopentyl)-2-cyclopentene (Example 24) and 1 g.
      (0.025 mole) of sodium hydroxide in 50 ml. of 1:1 aqueous-ethanol is
      refluxed for 48 hours, cooled, and partitioned between water and diethyl
      ether. The aqueous phase is acidified with hydrochloric acid, extracted
      with diethyl ether, and the organic phase is washed with water and
      saturated saline solution, dried (MgSO.sub.4), and evaporated to give 1.86
      g. of a yellow oil.
PAC  EXAMPLE 26
PAC  Preparation of 2-(5-carboxypentyl)-2-cyclopentenone
PAR  A solution of 1.86 g. (0.00825 mole)
      1-methoximino-2-(5-carboxypentyl)-2-cyclopentene (Example 25) in 44 ml. of
      acetone and 13.1 ml. of 2N hydrochloric acid is refluxed for 5 hours. The
      solvent is partially evaporated and a solid precipitates and is collected.
      The residue is extracted with diethyl ether and the organic phase is
      washed with saturated saline solution, dried (MgSO.sub.4), and evaporated
      to yield additional solid. The combined solid material is crystallized
      from ether/pet ether (30.degree.-60.degree.C) to yield crystalline
      material, m.p. 70.degree.-72.degree.C.
PAC  EXAMPLE 27
PAC  Preparation of 2-(5-carbethoxypentyl)-2-cyclopentenone
PAR  A solution of 1.309 g. (0.00668 mole) of
      2-(5-carboxypentyl)-2-cyclopentenone (Example 26) and 90 mg. of
      p-toluenesulfonic acid in 150 ml. of ethanol is refluxed for 18 hours. The
      solvent is evaporated and the residue is dissolved in ether. The organic
      phase is washed with water, sodium bicarbonate solution, and saturated
      saline solution, dried (MgSO.sub.4), and evaporated to give 1.371 g. of a
      light yellow oil.
PAC  EXAMPLE 28
PAC  Preparation of 2-(5-acetoxypentyl)-2-carbomethoxy/carbethoxy-cyclopentanone
PAR  A mixture of sodiocyclopentanone carboxylate, prepared from 1200 g. (8.0
      moles) of cyclopentanone carboxylate (methyl and ethyl esters) and 200 g.
      (8.3 moles) of mineral oil free sodium hydride in 10 l. of
      1,2-dimethoxyethane, 1320 g. (8.0 moles) of 5-chloro-1-amyl acetate [M.E.
      Synerholm, Journ. Amer. Chem. Soc., 69, 2681 (1947)], and 1200 g. (8.0
      moles) of sodium iodide is refluxed under nitrogen for 18 hours. The
      mixture is cooled, concentrated to 4 l. and partitioned between dilute
      hydrochloric acid and diethyl ether. The organic phase is washed with
      water and saturated brine, dried (MgSO.sub.4), and evaporated to yield
      1920 g. of an oil.
PAC  EXAMPLE 29
PAC  Preparation of
      2-(5-hydroxypentyl)cyclopentanone/2-(5-acetoxypentyl)-cyclopentanone
PAR  A mixture of 4,500 g. (16.2 moles) of
      2-(5-acetoxypentyl)-2-carbomethoxy/carboethoxy-cyclopentanone (Example
      28), 2.2 l. of glacial acetic acid, 1 l. of concentrated hydrochloric
      acid, and 1 l. of water is refluxed for 18 hours, cooled, and partitioned
      between saturated brine and benzene. The organic phase is washed with
      saturated brine, dried (MgSO.sub.4), and evaporated in vacuo to yield 3155
      g. of an oil.
PAC  EXAMPLE 30
PAC  Preparation of 1-acetoxy-2-(5-acetoxypentyl)-1-cyclopentene
PAR  A solution of 400 g. (2.04 moles) of a mixture of
      2-(5-hydroxypentyl)cyclopentanone and 2-(5-acetoxypentyl)cyclopentanone
      (Example 29) and 4.0 g. of p-toluenesulfonic acid monohydrate in 1 l. of
      acetic anhydride is refluxed at a rate to maintain a steady distillation
      of acetic acid from the reaction through a helix-packed fractionation
      column. The reaction is continued with the addition of acetic anhydride to
      maintain a constant volume until complete conversion of starting materials
      to product is evident. The mixture is cooled and partitioned between 2 l.
      of hexane and 3 l. of cold water containing solid sodium bicarbonate to
      maintain a neutral pH. The organic phase is washed with saturated brine.
      dried (MgSO.sub.4), and evaporated to yield 452 g. of an oil.
PAC  EXAMPLE 31
PAC  Preparation of 2-(5-acetoxypentyl)-2-cyclopentenone
PAR  To a well stirred mixture of 405 g. (4.05 moles) of calcium carbonate, 3 l.
      of water, and 2.5 l. of chloroform cooled to 5.degree.C. is added
      simultaneously 1016 g. (4.0 moles) of
      1-acetoxy-2-(5-acetoxy-pentyl)-1-cyclopentene (Example 30) and a solution
      of 648 g. (4.05 moles) of bromine in 500 ml. of carbon tetrachloride at a
      rate to maintain a temperature below 10.degree.C. The mixture is stirred
      for half an hour after addition of the reagents and the phases are then
      separated. The organic phase is washed with 2% sodium thiosulfate
      solution, water, and saturated brine, dried (MgSO.sub.4), and evaporated
      in vacuo to an oil. The oil is immediately added to a refluxing slurry of
      500 g. (5.0  moles) of calcium carbonate in 2.5 l of N,N-dimethylacetamide
      under nitrogen and the mixture is then refluxed for thirty minutes. The
      mixture is cooled, filtered, and partitioned between water and diethyl
      ether. The organic phase is washed with water and saturated brine, dried
      (MgSO.sub.4), and evaporated to yield 757 g. of an oil, b.p.
      116.degree.-118.degree.C. (0.25 mm).
PAC  EXAMPLE 32
PAC  Preparation of 1-methoximino-2-(5-acetoxypentyl)-2-cyclopentene
PAR  In the manner described for Example 16,
      2-(5-acetoxypentyl)-2-cyclopentenone (Example 31) is treated with
      methoxyamine hydrochloride in pyridine and ethanol to yield the subject
      compound, b.p. 101.degree.-103.degree.C. (0.20 mm.).
PAC  EXAMPLE 33
PAC  Preparation of 1-methoximino-2-(5-hydroxypentyl)-2-cyclopentene
PAR  A mixture of 74 g. (0.22 mole) of
      1-methoximino-2-(5-acetoxypentyl)-2-cyclopentene (Example 32) and 56 g.
      (1.0 mole) of potassium hydroxide in 300 ml. of 1:1 aqueous methanol is
      refluxed for 2 hours and then cooled. The solvent is partially removed in
      vacuo and the residue is partitioned between saturated brine and diethyl
      ether. The organic phase is washed with saturated brine, dried
      (MgSO.sub.4), and evaporated to yield an oil which crystallized, m.p.
      35.degree.-36.degree.C.
PAC  EXAMPLE 34
PAC  Preparation of 1-methoximino-2-(5-methanesulfonyloxypentyl)-2-cyclopentene
PAR  To a cold solution of 9.85 g. (0.05 mole) of
      1-methoximino-2-(5-hydroxypentyl)-2-cyclopentene (Example 33) and 7.6 g.
      (0.075 mole) of triethylamine in 100 ml. of methylene chloride at
      -10.degree.C. is added 6.3 g. (0.055 mole) of methanesulfonyl chloride at
      a rate to maintain a temperature of -10.degree. to 0.degree.C. The mixture
      is then stirred for 15 minutes and then poured into ice water. The organic
      phase is washed with cold 10% hydrochloric acid, cold saturated sodium
      bicarbonate solution, and cold saturated brine, dried (MgSO.sub.4), and
      evaporated to yield a solid, m.p. 78.degree.-80.degree.C.
PAC  EXAMPLE 35
PAC  Preparation of 1-methoximino-2-(6,6-dicarbethoxyhexyl)-2-cyclopentene
PAR  To a suspension of sodiodiethylmalonate in 1,2-dimethoxyethane, prepared
      from 248 g. (1.55 moles) of diethyl malonate and 17.2 g. (0.95 mole) of
      mineral oil free sodium hydride in 1 l. of 1,2-dimethoxyethane under
      nitrogen, is added 170 g. (0.62 mole) of
      1-methoximino-2-(5-methanesulfonyloxypentyl)-2-cyclopentene (Example 34)
      in 1.5 l. of 1,2-dimethoxyethane and the mixture is refluxed for 5 hours.
      The mixture is cooled, filtered, and the solvent is evaporated. The
      residue is partitioned between cold dilute hydrochloric acid and water,
      and the organic phase is washed with saturated brine, dried (MgSO.sub.4),
      and evaporated to remove solvent and excess diethyl malonate to yield 209
      g. of an oil.
PAC  EXAMPLE 36
PAC  Preparation of 1-methoximino-2-(6,6-dicarboxyhexyl)-2-cyclopentene
PAR  In the manner described in Example 20,
      1-methoximino-2-(6,6-dicarbethoxyhexyl)-2-cyclopentene is treated with
      potassium hydroxide in  1:1 aqueous methanol and then hydrochloric acid to
      yield the desired compound as crystals from diethyl ether, m.p.
      110.degree.-115.degree.C.
PAC  EXAMPLE 37
PAC  Preparation of 1-methoximino-2-(6-carboxyhexyl)-2-cyclopentene
PAR  A solution of 141 g. (0.50 mole) of
      1-methoximino-2-(6,6-dicarboxyhexyl)-2-cyclopentene in 500 ml. of
      bis-(2-methoxyethyl) ether is refluxed for 2 hours, cooled, and evaporated
      to yield an oil. The latter is crystallized from hexane to yield 92 g. of
      solid, m.p. 70.degree.-72.degree.C.
PAC  EXAMPLE 38
PAC  Preparation of 2-(6-carboxyhexyl)-2-cyclopentenone
PAR  In the manner described in Example 22, treatment of
      1-methoximino-2-(6-carboxyhexyl)-2-cyclopentene (Example 37) with acetone
      and 2N hydrochloric acid at reflux provides the subject compound.
PAC  EXAMPLE 39
PAC  Preparation of 2-(6-carbethoxyhexyl)-2-cyclopentenone
PAR  Fischer estification of 2-(6-carboxyhexyl)-2-cyclopentenone (Example 38) in
      the manner of Example 23 provides the subject compound.
PAC  EXAMPLE 40
PAC  Preparation of 2-(7-cyanoheptyl)-1-methoximino-2-cyclopentene
PAR  Treatment of 1-methoximino-2-(7-p-toluenesulfonyloxy)-2-cyclopentene
      (Example 18) with sodium cyanide in the manner of Example 24 is productive
      of the subject compound.
PAC  EXAMPLE 41
PAC  Preparation of 2-(7-carboxyheptyl)-1-methoximino-2-cyclopentene
PAR  Alkaline hydrolysis of 2-(7-cyanoheptyl)-1-methoximino-2-cyclopentene
      (Example 40) by the procedure of Example 25 is productive of the subject
      compound.
PAC  EXAMPLE 42
PAC  Preparation of 2-(7-carboxyheptyl)-2-cyclopenten-1-one
PAR  Hydrolysis of the methoxime of Example 41 with acetone-hydrochloric acid by
      the procedure of Example 26 is productive of the subject compound.
PAC  EXAMPLE 43
PAC  Preparation of 2-(7-carbethoxypeptyl)-2-cyclopenten-1-one
PAR  Fisher estification of the carboxylic acid of Example 42 by the procedure
      of Example 27 is productive of the subject compound.
PAC  EXAMPLE 44
PAC  Preparation of 2-(6-carbo-n-butoxyhexyl)cyclopent-2-en-1-one
PAR  A solution of 50 g. of 2-(6-carboxyhexyl)cyclopent-2-en-1-one [Bagli et
      al., Tetrahedron Letters, No. 5, 465 (1966)] in 1400 ml. of n-butanol
      containing 2.7 g. of p-toluenesulfonic acid monohydrate is allowed to
      stand at room temperature in a stoppered flask for about 24 hours. The
      solution is taken to dryness. The residue is taken up in ether and the
      ethereal solution is washed several times with saline solution, dried with
      anhydrous magnesium sulfate, and taken to dryness to afford the subject
      butyl ester.
PAC  EXAMPLES 45-47
PAR  Treatment of 2-(6-carboxyhexyl)cyclopent-2-en-1-one by the procedure of
      Example 44 with the appropriate alcohol affords the esters of the
      following table.
TBL                TABLE I                                                     

     ______________________________________                                    

     Exam- Alcohol   Product Ester                                             

     ple                                                                       

     ______________________________________                                    

     45    isopropa- 2-(6-carboisopropoxyhexyl)cyclopent-2-                    

            nol       en-1-one                                                 

     46    methanol  2-(6-carbomethoxyhexyl)cyclopent-2-en-                    

                      1-one                                                    

     47    1-hydroxy-                                                          

                     2-(6-carbo-n-decyloxyhexyl)cyclopent-2-                   

            n-decane  en-1-one                                                 

     ______________________________________                                    

PAC  EXAMPLE 48
PAC  Preparation of 3-(tert-butoxy)-1-iodooctane
PAR  Into a solution of 16.7 g. of 1-iodo-3-octanol [Shriner et al., J. Org.
      Chem. 4, 103 (1939)] in 250 ml. of methylene chloride is bubbled
      isobutylene at a fast rate until the solution is saturated. The solution
      is cooled and 2 ml. of concentrated sulfuric acid is added. The solution
      is stoppered and allowed to stand at room temperature for 3 days. After
      the solution is poured into 300 ml. of 5% sodium carbonate, the organic
      phase is separated, washed with brine, dried with anhydrous magnesium
      sulfate and evaporated to dryness. Distillation gave 13.9 g. (68%) of
      product, b.p, 59.degree.C. (0.008 mm).
PAC  EXAMPLE 49
PAC  Preparation of 15-(tert-butoxy)-9-oxoprostanoic acid, ethyl ester
PAR  To a Grignard solution, prepared from 5.05 g. of magnesium and 65.8 g. of
      3-(tert-butoxy)-1-iodooctane in 150 ml. of diethyl ether under nitrogen
      atmosphere, is added 4.0 g. of copper iodide-tri-n-butylphosphine complex
      followed by dropwise addition of 49 g. of
      2-(6-carbethoxyhexyl)cyclopent-2-en-1-one [Hardegger et al., Helv. Chim.
      Acta 50, 2501 (1967)] and the resulting mixture is stirred for 18 hours.
      Saturated ammonium chloride (110 ml.) is added followed by 100 ml. of
      water and 100 ml. of diethyl ether. Unreacted magnesium is removed by
      filtration. The ethereal layer is washed successively with aqueous sodium
      thiosulfate solution, ammonium chloride solution, and water, dried over
      magnesium sulfate and taken to dryness to give an oil. Distillation at
      0.05 mm. (bath 100.degree.-185.degree.C.) gives 45.4 g of material
      containing unreacted starting material and 30 g. (85% yield based on
      non-recovered starting material; see below) of residue which contains the
      desired product. This material is chromatographed on silica gel. The
      product is eluted with diethyl ether to give 25.2 g. (71% based on
      recovered starting material) of a syrup; this material has no significant
      ultraviolet absorption; .lambda. .sub.max.sup. KBr 5.74, 7.20, 7.35, 8.35
      .mu.; nmr 2H quartet .delta. 4.09 (OCH.sub.2 of ester), 1H broad singlet
      3.57 (carbinolic proton), 5H overlapping multiplets 2.0-2.4 (protons next
      to C=O), 3H triplet 1.22 (CH.sub.3 of ethyl), 9H singlet 1.17 (CH.sub.3 's
      to t-butyl) and 3H triplet 0.9 (terminal methyl); mass spectrum: m/e 424
PAC  EXAMPLE 50
PAC  Preparation of 15-hydroxy-9-oxoprostanoic acid, ethyl ester
PAR  A solution of 25 g. of 15-(tert-butoxy)-9-oxoprostanoic acid, ethyl ester
      (Example 19) in 100 ml. of trifluoroacetic acid is stirred in an ice bath
      for 1 hour and is then poured into 500 ml. of ice water and extracted
      several times with chloroform. The combined chloroform extracts are washed
      with saturated sodium bicarbonate solution, saturated sodium chloride
      solution, dried with anhydrous magnesium sulfate, and taken to dryness.
      The resulting oil is dissolved in 200 ml. of 1N ammonium hydroxide in
      ethanol, kept at ambient temperature for 15 minutes, then taken to
      dryness. The residual oil is dissolved in chloroform and washed with 1N
      hydrochloric acid, saturated sodium chloride solution, dried and taken to
      dryness to give 21.7 g. (100%) of product as a yellow syrup. There is
      essentially no uv absorption; .lambda..sub.max.sup. KBr 2.90, 5.75, 8.45
      .mu.; nmr 2H quartet .delta. 4.13 (OCH.sub.2 of ester), 1H broad singlet
      3.63 (carbinolic proton), 3H triplet (CH.sub.3 of ester and 3H distorted
      triplet 0.92  (terminal methyl); mass spectrum: m/e 368.
PAC  EXAMPLE 51
PAC  Preparation of 15-hydroxy-9-oxoprostanoic acid
PAR  A suspension of 15 g. of 15-hydroxy-9-oxoprostanoic acid, ethyl ester
      (Example 50) in 230 ml. of aqueous methanol (1:1) containing 6.45 g. of
      potassium hydroxide is stirred at 50.degree.C. for 1 hour and then at room
      temperature for 18 hours. The resulting solution is acidified with 1N
      hydrochloric acid, saturated with sodium chloride, and extracted several
      times with diethyl ether. The combined ether extracts are washed twice
      with saturated sodium chloride solution, dried with anhydrous magnesium
      sulfate, and taken to dryness to give 13.1 g. (94%) of product as an oil.
      There is essentially no uv absorption; [.alpha.] .sub.D.sup.25 0.degree.
      (1.0% in CHCl.sub.3); .lambda..sub.max.sup.KBr 2.80 -3.70 (broad), 5.75,
      5.87 .mu.; nmr 2H singlet .delta. 6.65 (hydroxyl and carboxyl protons), 1H
      broad singlet 3.63 (carbinolic proton), and 3H distorted triplet 0.93
      (terminal methyl); mass spectrum: m/e 340.
PAC  EXAMPLE 52
PAC  Preparation of methyl 1-15(S)-acetoxy-9-oxo-prostanoate
PAR  A solution of 2.5 g. of methyl 15(S)-acetoxy-9-oxo-5-cis,
      10,13-trans-prostatrienoate [W. P. Schneider, R. D. Hamilton, L. E.
      Rhuland, Jour. Amer. Chem. Soc., 94, 2122 (1972)] in 150 ml. of ethyl
      acetate is hydrogenated using 5% rhodium-on-carbon catalyst. Removal of
      the catalyst by filtration followed by evaporation of the solvent gives
      2.26 g. of subject compound as an oil; .lambda. max 5.80 (carbonyl
      groups).
PAC  EXAMPLE 53
PAC  Preparation of methyl 1-15(S)-hydroxy-9-oxo-prostanoate
PAR  A solution of 2.26 g. of methyl 15(S)-acetoxy-9-oxoprostanoate (Example 52)
      in 300 ml. of absolute alcohol containing 790 mg. of potassium carbonate
      is stirred at ambient temperature for 72 hours then concentrated to near
      dryness under reduced pressure. The resulting mixture is extracted with
      ether. The combined extracts are washed with saturated sodium chloride
      solution, dried with anhydrous magnesium sulfate and taken to dryness to
      give 1.83 g. of an oil. Purification by silica gel chromatography affords
      the subject compound as an oil; .lambda. max. 2.92 (hydroxyl group), 5.74
      .mu. (carbonyl groups); [.alpha.].sub.D.sup.25 -23.degree.C. (0.2% in
      CHCl.sub.3).
PAC  EXAMPLE 54
PAC  Preparation of 1-15(S)-hydroxy-9-oxo-prostanoic acid
PAR  A solution of 930 mg. of methyl 15(S)-hydroxy-9-oxoprostanoate (Example 53)
      in 16 ml. of methanol-water (1:1) containing 410 mg. of potassium
      hydroxide is stirred at ambient temperature for 18 hours. The solution is
      acidified with 1N hydrochloric acid and extracted with ether. The ether
      extract is washed with saturated sodium chloride solution, dried with
      anhydrous magnesium sulfate and evaporated to dryness in vacuo to give 797
      mg. of viscous oil; .lambda. max 2.94-4.00 (broad) (hydroxyl and carboxyl
      groups) 5.80 (ketone carbonyl group), and 5.87 .mu. (acid carbonyl group);
      [.alpha.].sub.D.sup.25 -23.degree.C. (0.6% in CHCl.sub.3).
PAC  EXAMPLE 55
PAC  Preparation of ethyl 9-ethylenedioxy-15-hydroxy-prostanoate
PAR  A solution of 3.4 g. of ethyl 15-hydroxy-9-oxo-prostanoate (Example 50) in
      85 ml. of benzene containing 30 mg. of p-toluenesulfonic acid monohydrate
      and 2 ml. of ethylene glycol is stirred at the reflux temperature for 18
      hours. The water formed is removed by means of a Dean-Stark distilling
      receiver. The cooled solution is washed with 5% aqueous sodium carbonate
      solution, saturated sodium chloride solution, dried with anhydrous sodium
      sulfate and evaporated to dryness under reduced pressure to give 3.78 g.
      (99%) of oil; .lambda. max. 2.93 (hydroxy group) and 5.77 .mu. (ester
      carbonyl group).
PAC  EXAMPLE 56
PAC  Preparation of ethyl 9-ethylenedioxy-15-oxo-prostanoate
PAR  A solution of 8.7 g. of dry pyridine in 140 ml. of dry methylene chloride,
      stirred in a tap water bath is treated with 5.5 g. of dry chromium
      trioxide. The resulting deep red suspension is stirred at ambient
      temperature for 15 minutes. A solution of 3.78 g. of
      ethyl-9-ethylenedioxy-15-hydroxy-prostanoate (Example 55) in 15 ml. of
      methylene chloride is added, all at once, to the suspension. A black,
      tarry deposit is formed immediately. After stirring for 15 minutes at
      ambient temperature, the methylene chloride solution is decanted from the
      tarry deposit which is triturated with several portions of ether. The
      combined organic phases are washed with 5% aqueous sodium hydroxide,
      water, ice-cold 5% aqueous hydrochloric acid, saturated sodium bicarbonate
      solution, and saturated sodium chloride solution, dried with anhydros
      magnesium sulfate and taken to dryness to give 3.29 g. (88%) of a viscous
      oil; .lambda. max 5.78 and 5.86 .mu. (carbonyl groups).
PAC  EXAMPLE 57
PAC  Preparation of ethyl 9-ethylenedioxy-15-hydroxy-15-methylprostanoate
PAR  To a Grignard solution prepared from 207 mg. of magnesium and 1.3 g. of
      methyl iodide in 10 ml. of ether under nitrogen atmosphere is added a
      solution of 1.77 g. of ethyl 9-ethylenedioxy-15-oxo-prostanoate (Example
      56) in 10 ml. of ether and the resulting mixture is stirred at room
      temperature for 18 hours. Saturated ammonium chloride (20 ml.) is added
      followed by 10 ml. of water and 50 ml. of ether. The ethereal solution is
      washed with saturated sodium chloride solution, dried with anhydrous
      magnesium sulfate and taken to dryness to give 1.77 g. (94%) of viscous
      oil; .lambda. max. 2.94 (hydroxyl group) and 5.77 .mu. (carbonyl group).
PAC  EXAMPLE 58
PAC  Preparation of 9-ethylenedioxy-15-hydroxy-15 -methyl-prostanoic acid
PAR  A solution of 1.33 g. of ethyl 9-ethylenedioxy-15-hydroxy-15-methyl
      prostanoate (Example 57) in 20 ml. of methanol-water (1:1) containing 500
      mg. of potassium hydroxide is stirred at room temperature for 18 hours.
      The solution is neutralized with 30% aqueous sodium phosphate monobasic
      and extracted with ether. The ether extract is washed with saturated
      sodium chloride solution, dried with anhydrous magnesium sulfate and taken
      to dryness to give 1.23 g. (99%) of viscous oil; .lambda. max. 2.94-4.00
      (broad) (hydroxyl and carboxyl groups) and 5.85 .mu. (acid carbonyl
      group).
PAC  EXAMPLE 59
PAC  Preparation of 3-(tert-butoxy)-1-iodohexane
PAR  A mixture of 23.4 g. of 1-chloro-3-hexanol [Fourneau, et al., Bull. Soc.
      Chem. France, 25, 367 (1919)] in 300 ml. of 2-butanone containing 30 g. of
      sodium iodide is stirred at the reflux temperature for 18 hours. The
      cooled solution is filtered and the mother liquor is taken to dryness.
      Distillation of the residue affords 32.9 g (84%) of 1-iodo-3-hexanol, b.p.
      105.degree.C. (10 mm). Treatment of this material in 500 ml. of methylene
      chloride, containing 4 ml. of concentrated sulfuric acid, with isobutylene
      according to the procedure described in Example 48 gives 27 g. of crude
      material. Chromatography on florisil affords 16 g. of product; .lambda.
      max. 7.22 and 7.37 .mu. (tertbutyl group).
PAC  EXAMPLES 60-78
PAR  Treatment of the various cyclopentenone esters listed in Table II below
      with the 3-t-butoxyalkyl magnesium iodide, also listed in the table, in
      the presence of tributylphosphine cuprous iodide complex all in the manner
      described in Example 49 above is productive of the
      15-(tert-butoxy)-9-oxo-prostanoates of the table.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

          Starting cyclo-                                                      

          pentenone of       Product                                           

     Example                                                                   

          Example  Grignard Reagent                                            

                             15-(tert-butoxy)-9-oxo-prostanoates               

     __________________________________________________________________________

     60   13       3-t-butoxyhexyl                                             

                             Ethyl 9-oxo-15-t-butoxy-19,20-dinor-              

                   magnesium iodide                                            

                             prostanoate                                       

     61   14       "         Ethyl 9-oxo-15-t-butoxy-5,6,7,19,20-              

                             pentanor-prostanoate                              

     62   15       "         Ethyl 9-oxo-15-t-butoxy-6,7,19,20-                

                             tetranor-prostanoate                              

     63   23       "         Ethyl 9-oxo-15-t-butoxy-7a,7b-bishomo-            

                             19,20-dinor-prostanoate                           

     64   27       "         Ethyl 9-oxo-15-t-butoxy-7,19,20-trinor-           

                             prostanoate                                       

     65   43       "         Ethyl 9-oxo-15-t-butoxy-7a-homo-19,20-            

                             dinor-prostanoate                                 

     66   44       "         Butyl 9-oxo-15-t-butoxy-19,20-dinor-              

                             prostanoate                                       

     67   45       "         Isopropyl 9-oxo-15-t-butoxy-19,20-dinor-          

                             prostanoate                                       

     68   46       "         Methyl 9-oxo-15-t-butoxy-19,20-dinor-             

                             prostanoate                                       

     69   47       "         Decyl 9-oxo-15-t-butoxy-19,20-dinor-              

                             prostanoate                                       

     70   14       3-t-butoxyoctyl                                             

                             Ethyl 9-oxo-15-t-butoxy-5,6,7-trinor-             

                   magnesium iodide                                            

                             prostanoate                                       

     71   15       "         Ethyl 9-oxo-15-t-butoxy-6,7-dinor-                

                             prostanoate                                       

     72   23       "         Ethyl 9-oxo-15-t-butoxy-7a,7b-bishomo-            

                             prostanoate                                       

     73   27       "         Ethyl 9-oxo-15-t-butoxy-7-nor-prostanoate         

     74   43       "         Ethyl 9-oxo-15-t-butoxy-7a-homo-prostanoate       

     75   44       "         Butyl 9-oxo-15-t-butoxy-prostanoate               

     76   45       "         Isopropyl 9-oxo-15-t-butoxy-prostanoate           

     77   46       "         Methyl 9-oxo-15-t-butoxy-prostanoate              

     78   47       "         Decyl 9-oxo-15-t-butoxy-prostanoate               

     __________________________________________________________________________

PAC  EXAMPLES 79-97
PAR  Treatment of the various 15-tert-butoxyprostanoates of Table 3 below with
      trifluoroacetic acid in the manner of Example 50 above is productive of
      the corresponding 15-hydroxyprostanoates of the table.
TBL                TABLE 3                                                     

     ______________________________________                                    

           Starting 15-tert-                                                   

     Exam- butoxyprostanoates                                                  

                          Product                                              

     ple   of example     15-hydroxy-9-oxo-prostanoates                        

     ______________________________________                                    

     79    52             Ethyl 9-oxo-15-hydroxy-19,20-                        

                          dinor-prostanoate                                    

     80    53             Ethyl 9-oxo-15-hydroxy-5,6,7,                        

                          19,20-pentanor-prostanoate                           

     81    54             Ethyl 9-oxo-15-hydroxy-6,7,19-                       

                          20-tetranor-prostanoate                              

     82    55             Ethyl 9-oxo-15-hydroxy-7a,7b-                        

                          bishomo-19,20-dinor-                                 

                          prostanoate                                          

     83    56             Ethyl 9-oxo-15-hydroxy-7,19,                         

                          20-trinor-prostanoate                                

     84    57             Ethyl 9-oxo-15-hydroxy-7a-                           

                          homo-19,20-dinor-prostanoate                         

     85    58             Butyl 9-oxo-15-hydroxy-19,20-                        

                          dinor-prostanoate                                    

     86    59             Isopropyl 9-oxo-15-hydroxy-                          

                          19,20-dinor-prostanoate                              

     87    60             Methyl 9-oxo-15-hydroxy-                             

                          19,20-dinor-prostanoate                              

     88    61             Decyl 9-oxo-15-hydroxy-19,20-                        

                          dinor-prostanoate                                    

     89    62             Ethyl 9-oxo-15-hydroxy-5,6,7-                        

                          trinor-prostanoate                                   

     90    63             Ethyl 9-oxo-15-hydroxy-6,7-                          

                          dinor-prostanoate                                    

     91    64             Ethyl 9-oxo-15-hydroxy-7a,7b-                        

                          bishomo-prostanoate                                  

     92    65             Ethyl 9-oxo-15-hydroxy-7-nor-                        

                          prostanoate                                          

     93    66             Ethyl 9-oxo-15-hydroxy-7a-                           

                          homo-prostanoate                                     

     94    67             Butyl 9-oxo-15-hydroxy-                              

                          prostanoate                                          

     95    68             Isopropyl 9-oxo-15-hydroxy-                          

                          prostanoate                                          

     96    69             Methyl 9-oxo-15-hydroxy-                             

                          prostanoate                                          

     97    70             Decyl 9-oxo-15-hydroxy-                              

                          prostanoate                                          

     ______________________________________                                    

PAC  EXAMPLE 98
PAC  Preparation of 1
      20-ethyl-15(S)-hydroxy-9-oxo-5-cis,10,13-trans-prostatrienoic acid
PAR  A solution of 1
      20-ethyl-9-oxo-11.alpha.,15(S)-bis-(tetrahydropyran-2-yloxy)-5-cis-13-tran
     s-prostadienoic acid [Patent No. 2,150,361 (West Germany, 1972)] in
      tetrahydrofuran containing 1.5 N hydrochloric acid is kept at ambient
      temperature for 70 hours. The solution is flooded with saturated sodium
      chloride and extracted several times with ether. The combined extracts are
      washed with water, dried with anhydrous magnesium sulfate and taken to
      dryness to afford the subject compound.
PAC  EXAMPLE 99
PAC  Preparation of
      1-methyl-15(S)-hydroxy-16(R)-methyl-9-oxo-5-cis,10,13-trans-prostatrienoat
PAR  An etheral solution containing a molar excess of diazomethane is added to a
      solution of
      1-15(S)-hydroxy-16(R)-methyl-9-oxo-5-cis,10,13-trans-prostatrienoic acid
      [M. Hayashi, et al., Jour. Org. Chem., 38, 1250 (1973)] in ether (or
      acetone). After two to four hours, the solution is carefully evaporated
      under reduced pressure and the material is purified in the usual way by
      chromatography on silica gel to afford the subject compound.
PAC  EXAMPLE 100
PAC  Preparation of ent-methyl-15-hydroxy-9-oxo-prostanoate
PAR  In the manner described in Example 99, treatment of
      ent-15-hydroxy-9-oxo-prostanoic acid [Bagli, J. F., et al., Tetrahedron
      Setters, No. 35, 3329 (1973)] with diazomethane provides the subject
      compound.
PAC  EXAMPLES 101-106
PAR  Treatment of an etheral solution of the various prostatrienoic acids listed
      in Table 5 below with etheral diazomethane in the usual manner is
      productive of the corresponding methyl prostatrienoates of the table.
TBL                TABLE 5                                                     

     ______________________________________                                    

     Ex-    Starting prosta- Product Methyl prosta-                            

     ample  trienoic acids   trienoate                                         

     ______________________________________                                    

     101    15(S)-hydroxy-16-                                                  

                             Methyl 1-15(S)-hydroxy-                           

            (R)-methyl-9-oxo-                                                  

                             16(R)-methyl-9-oxo-5-                             

            5-cis,10,13-     cis,10,13-trans-prosta-                           

            trans-prostatri- trienoate                                         

            enoic acid.sup.1                                                   

     102    15(S)-hydroxy-16-                                                  

                             Methyl 1-15(S)-hydroxy-                           

            (S)-methyl-9-    16(S)-methyl-9-oxo-5-                             

            oxo-5-cis,10,13- cis,10,13-trans-prosta-                           

            trans-prosta-    trienoate                                         

            trienoic acid.sup.1                                                

     103    15(R)-hydroxy-16-                                                  

                             Methyl 1-15(R)-hydroxy-                           

            (S)-methyl-9-oxo-                                                  

                             16(S)-methyl-9-oxo-5-                             

            5-cis,10,13-     cis,10,13-trans-prosta-                           

            trans-prosta-    trienoate                                         

            trienoic acid.sup.1                                                

     104    15(R)-hydroxy-16-                                                  

                             Methyl 1-15(R)-hydroxy-                           

            (R)-methyl-9-oxo-                                                  

                             16(R)-methyl-9-oxo-5-                             

            5-cis,10,13-     cis,10,13-trans-prosta-                           

            trans-prosta-    trienoate                                         

            trienoic acid.sup.1                                                

     105    15(S)-hydroxy-16,                                                  

                             Methyl 1-15(S)-hydroxy-                           

            16-dimethyl-9-   16,16-dimethyl-9-oxo-                             

            oxo-5-cis,10,13- 5-cis,10,13-trans-                                

            trans-prosta-    prostatrienoate                                   

            trienoic acid.sup.2                                                

     106    1-20-Ethyl-15(S)-                                                  

                             Methyl 1-20-ethyl-15(S)-                          

            hydroxy-9-oxo-   hydroxy-9-oxo-5-cis,-                             

            5-cis,10,13-     10,13-trans-prosta-                               

            trans-prosta-    trienoate                                         

            trienoic acid                                                      

            (Example 98)                                                       

     ______________________________________                                    

      .sup.1 M. Hayashi, et al., Jour. Org. Chem., 38, 1250 (1973).            

      .sup.2 Belgium Patent No. 782,822.                                       

PAC  EXAMPLES 107 -  112
PAR  Hydrogenation of the various prostenoic acid methyl esters listed in Table
      6 below using 5% rhodium-on-carbon catalyst in ethyl acetate all in the
      manner described in Example 52 above is productive of the prostanoic acid
      methyl esters of the table.
TBL                TABLE 6                                                     

     ______________________________________                                    

            Starting prosteno-                                                 

            ic acid methyl   Product                                           

     Ex-    esters of        Prostanoic acid methyl                            

     ample  Example          esters                                            

     ______________________________________                                    

     107    101              Methyl 1-15(S)-hydroxy-                           

                             16(R)-methyl-9-oxo-                               

                             prostanoate                                       

     108    102              Methyl 1-15(S)-hydroxy-                           

                             16(S)-methyl-9-oxo-                               

                             prostenoate                                       

     109    103              Methyl 1-15(R)-hydroxy-                           

                             16(S)-methyl-9-oxo-                               

                             prostanoate                                       

     110    104              Methyl 1-15(R)-hydroxy-                           

                             16(R)-methyl-9-oxo-                               

                             prostanoate                                       

     111    105              Methyl 1-15(S)-hydroxy-                           

                             16,16-dimethyl-9-oxo-                             

                             prostanoate                                       

     112    106              Methyl 1-20-ethyl-15(S)-                          

                             hydroxy-9-oxo-prostano-                           

                             ate                                               

      112A  dl-methyl 15-hy- dl-methyl 15-hydroxy-9-                           

            droxy-9-oxo-13-  oxoprostanoate                                    

            trans-prosteno-                                                    

            ate.sup.1                                                          

      112B  dl-methyl-15-    dl-methyl 15-epi-hydroxy-                         

            epi-hydroxy-9-   9-oxoprostanoate                                  

            oxo-13-trans-                                                      

            prostenoate.sup.1                                                  

     ______________________________________                                    

      .sup.1 K. F. Bernady and M. J. Weiss, Prostaglandins, 3, 505 (1973)      

PAC  EXAMPLES 113 - 272
PAR  Treatment of the various 9-oxo-prostanoates listed in Table 7 below with
      the indicated reagent, by the method described in Example 55 above, is
      productive of the ketals of the Table.
TBL                                    TABLE 7                                 

     __________________________________________________________________________

          Starting 9-oxo-                                                      

                       Ketalizing                                              

                               Product                                         

     Example                                                                   

          prostanoates of Example                                              

                       reagent Prostanoate Ketals                              

     __________________________________________________________________________

     113  79           Ethylene                                                

                               Ethyl 9,9-(ethylenedioxy)-15-                   

                       glycol  hydroxy-19,20-dinor-prostanoate                 

     114  80           Ethylene                                                

                               Ethyl 9,9-(ethylenedioxy)-15-                   

                       glycol  hydroxy-5,6,7-19,20-pentanor-                   

                               prostanoate                                     

     115  81           Ethylene                                                

                               Ethyl 9,9-(ethylenedioxy)-15-                   

                       glycol  hydroxy-6,7,19,20-tetranor-                     

                               prostanoate                                     

     116  82           Ethylene                                                

                               Ethyl 9,9-(ethylenedioxy)-15-                   

                               dinor-prostanoate                               

     117  83           Ethylene                                                

                               Ethyl 9,9-(ethylenedioxy)-15-                   

                       glycol  hydroxy-7,19,20-trinor-pros-                    

                               tanoate                                         

     118  84           Ethylene                                                

                               Ethyl 9,9-(ethylenedioxy)-15-                   

                       glycol  hydroxy-7a-homo-19,20-dinor-                    

                               prostanoate                                     

     119  85           Ethylene                                                

                               Butyl 9,9-(ethylenedioxy)-15-                   

                       glycol  hydroxy-19,20-dinor-prostanoate                 

     120  86           Ethylene                                                

                               Isopropyl 9,9-(ethylenedioxy)-                  

                       glycol  15-hydroxy-19,20-dinor-pros-                    

                               tenoate                                         

     121  87           Ethylene                                                

                               Methyl 9,9-(ethylenedioxy)-15-                  

                       glycol  hydroxy-19,20-dinor-prostanoate                 

     122  88           Ethylene                                                

                       glycol  Decyl 9,9-(Ethylenedioxy)-15-                   

                               hydroxy-19,20-dinor-pros-                       

                               tanoate                                         

     123  89           Ethylene                                                

                               Ethyl 9,9-(ethylenedioxy)-15-                   

                       glycol  hydroxy-5,6,7-trinor-pros-                      

                               tanoate                                         

     124  90           Ethylene                                                

                               Ethyl 9,9-(ethylenedioxy)-15-                   

                       glycol  hydroxy-6,7-dinor-pros-                         

                               tonate                                          

     125  91           Ethylene                                                

                               Ethyl 9,9-(ethylenedioxy)-15-                   

                       glycol  hydroxy-7a,7b-bishomo-                          

                               prostanoate                                     

     126  92           Ethylene                                                

                               Ethyl 9,9-(ethylenedioxy)-15-                   

                       glycol  hydroxy-7-nor-prostanoate                       

     127  93           Ethylene                                                

                               Ethyl 9,9-(ethylenedioxy)-15-                   

                       glycol  hydroxy-7a-homo-prostanoate                     

     128  94           Ethylene                                                

                               Butyl 9,9-(ethylenedioxy)-15-                   

                       glycol  hydroxy-prostanoate                             

     129  95           Ethylene                                                

                               Isopropyl 9,9-(ethylenedioxy)-                  

                       glycol  15-hydroxy-prostanoate                          

     130  96           Ethylene                                                

                               Methyl 9,9-(ethylenedioxy)-                     

                       glycol  15-hydroxy-prostonate                           

     131  97           Ethylene                                                

                               Decyl 9,9-ethylenedioxy)-15-                    

                       glycol  hydroxy-prostanoate                             

     132  50           Ethylene                                                

                               Ethyl 9,9-(ethylenedioxy)-15-                   

                       glycol  hydroxy-prostanoate                             

     133  Methyl 1-15(R)-                                                      

                       Ethylene                                                

                               Methyl 1-9,9-(ethylenedioxy)-                   

          hydroxy-9-oxo-                                                       

                       glycol  15(R)-hydroxy-prostanoate                       

          prostanoate [R. L.                                                   

          Spraggins, U. of                                                     

          Oklahoma, Disser-                                                    

          tation abs. 31,                                                      

          3934B (1971)]                                                        

     134  53           Ethylene                                                

                               Methyl 1-9,9-(ethylenedioxy)-                   

                       glycol  15(S)-hydroxy-prostanoate                       

     135  101          Ethylene                                                

                               Methyl 1-9,9-(ethylenedioxy)-                   

                       glycol  15(S)-hydroxy-16(R)-methyl-                     

                               prostanoate                                     

     136  102          Ethylene                                                

                               Methyl 1-9,9-(ethylenedioxy)-                   

                       glycol  15(S)-hydroxy-16(S)-methyl-                     

                               prostanoate                                     

     137  103          Ethylene                                                

                               Methyl 1-9,9-(ethylenedioxy)-                   

                       glycol  15(R)-hydroxy-16(S)-methyl-                     

                               prostanoate                                     

     138  104          Ethylene                                                

                               Methyl 1-9,9-(ethylenedioxy)-                   

                       glycol  15(R)-hydroxy-16(R)-methyl-                     

                               prostanoate                                     

     139  105          Ethylene                                                

                               Methyl 1-9,9(ethylenedioxy)-15(S)-              

                       glycol  hydroxy-16,16-dimethylprostanoate               

     140  106          Ethylene                                                

                               Methyl 1-20-ethyl-9,9-(ethylene-                

                       glycol  dioxy)-15(S)-hydroxyprostanoate                 

     141  100          Ethylene                                                

                               ent-Methyl 9,9-(ethylenedioxy)-                 

                       glycol  15-hydroxyprostanoate                           

     142  79           1,2-    Ethyl 15-hydroxy-9,9(1-methylethyl-             

                       Propane-                                                

                               enedioxy)-19,20-dinor-prostanoate               

                       diol                                                    

     143  80           1,2-    Ethyl 15-hydroxy-9,9-(1-methyl-                 

                       Propane-                                                

                               ethylenedioxy)-5,6,7-19,20-                     

                       diol    pentanor-prostanoate                            

     144  81           1,2-    Ethyl 15-hydroxy-9,9-(1-methyl-                 

                       Propane-                                                

                               ethylenedioxy)-6,7,19,20-                       

                       diol    tetranor-prostanoate                            

     145  82           1,2-    Ethyl 15-hydroxy-9,9-(1-methyl-                 

                       Propane-                                                

                               ethylenedioxy)-7a,7b-bishomo-                   

                       diol    19,20-dinor-prostanoate                         

     146  83           1,2-    Ethyl 15-hydroxy-9,9-(1-                        

                       Propane-                                                

                               methylethylenedioxy)-7,19,                      

                       diol    20-trinor-prostanoate                           

     147  84           1,2-    Ethyl 15-hydroxy-9,9-(1-methyl-                 

                       Propane-                                                

                               ethylenedioxy)-7a-homo-19,20-                   

                       diol    dinor-prostanoate                               

     148  53           1,2-    Methyl 1-15(S)-hydroxy-9,9-                     

                       Propane-                                                

                               (1-methylethylendioxy)-                         

                       diol    prostanoate                                     

     149  101          1,2-    Methyl 1-15(S)-hydroxy-16(R)-                   

                       Propane-                                                

                               methyl-9,9-(1-methylethylene-                   

                       diol    dioxy)prostanoate.                              

     150  102          1,2-    Methyl 1-15(S)-hydroxy-16(S)-                   

                       Propane-                                                

                               methyl-9,9-(1-methylethylene-                   

                       diol    dioxy)prostanoate                               

     151  105          1,2-    Methyl 1-15(S)-hydroxy-16,16-                   

                       Propane-                                                

                               dimethyl-9,9-(1-methylethylene-                 

                       diol    dioxy)prostanoate                               

     152  85           2,3-    Butyl 9,9-(1,2-dimethylethyl-                   

                       Butane- enedioxy)-15-hydroxy-19,20-                     

                       diol    dinor-prostanoate                               

     153  86           2,3-    Isopropyl 9,9-(1,2-dimethyl-                    

                       Butane- ethylenedioxy)-15-hydroxy-                      

                       diol    19,20-dinor-prostanoate                         

     154  87           2,3-    Methyl 9,9-(1,2-dimethyl-                       

                       Butane- ethylenedioxy)-15-hydroxy-                      

                       diol    19,20-dinor-prostanoate                         

     155  88           2,3-    Decyl 9,9-(1,2-dimethylethyl-                   

                       Butane- enedioxy)-15-hydroxy-19,20-                     

                       diol    dinor-prostanoate                               

     156  89           2,3-    Ethyl 9,9-(1,2-dimethylethyl-                   

                       Butane- enedioxy)-15-hydroxy-5,6,7-                     

                       diol    trinor-prostanoate                              

     157  90           2,3-    Ethyl 9,9-(1,2-dimethylethyl-                   

                       Butane- enedioxy)-15-hydroxy-6,7-                       

                       diol    dinor-prostanoate                               

     158  53           2,3-    Methyl 1-9,9-(1,2-dimethyl-                     

                       Butane- ethylenedioxy)-15(S)-hydroxy-                   

                       diol    prostanoate                                     

     159  101          2,3-    Methyl 1-9,9-(1,2-dimethyl-                     

                       Butane- ethylenedioxy)-15(S)-hydroxy-                   

                       diol    16(R)-methyl-prostanoate                        

     160  102          2,3-    Methyl 1-9,9-(1,2-dimethyl-                     

                       Butane- ethylenedioxy)-15(S)-hydroxy-                   

                       diol    16(S)-methyl-prostanoate                        

     161  105          2,3-    Methyl 1-9,9-(1,2-dimethyl-                     

                       Butane- ethylenedioxy)-15(S)-hydroxy-                   

                       diol    16,16-dimethyl-prostanoate                      

     162  91           1-chloro-                                               

                               Ethyl-9,9-(1-chloromethylethyl-                 

                       2,3-    enedioxy)-15-hydroxy-7a,7b-                     

                       propane-                                                

                               bishomo-prostanoate                             

                       diol                                                    

     163  92           1-chloro-                                               

                               Ethyl-9,9-(1-chloromethylethyl-                 

                       2,3-    enedioxy)-15-hydroxy-7-nor-                     

                       propane-                                                

                               prostanoate                                     

                       diol                                                    

     164  93           1-chloro-                                               

                               Ethyl 9,9-(1-chloromethylethyl-                 

                       2,3-    enedioxy-15-hydroxy-7a-                         

                       propane-                                                

                               homo-prostanoate                                

                       diol                                                    

     165  94           1-chloro-                                               

                               Butyl-9,9-(1-chloromethyl-                      

                       2,3-    ethylenedioxy)-15-hydroxy-                      

                       propane-                                                

                               prostanoate                                     

                       diol                                                    

     166  95           1-chloro-                                               

                               Isopropyl-9,9-(1-chloro-                        

                       2,3-    methylethylenedioxy)-                           

                       propane-                                                

                               15-hydroxy-prostanoate                          

                       diol                                                    

     167  96           1-chloro-                                               

                               Methyl-9,9-(1-chloromethyl-                     

                       2,3-    ethylenedioxy)-15-hydroxy-                      

                       propane-                                                

                               prostanoate                                     

                       diol                                                    

     168  97           1-chloro-                                               

                               Decyl 9,9-(1-chloromethylethyl-                 

                       2,3-    enedioxy)-15-hydroxy-prostanoate                

                       propane-                                                

                       diol                                                    

     169  53           1-chloro-                                               

                               Methyl 1-9,9-(1-chloromethyl-                   

                       2,3-    ethylenedioxy)-15(S)-hydroxy-                   

                       propane-                                                

                               prostanoate                                     

                       diol                                                    

     170  101          1-chloro-                                               

                               Methyl 1-9,9-(1-chloro-                         

                       2,3-    methylethylenedioxy)-15(S)-                     

                       propane-                                                

                               hydroxy-16(R)-methyl-                           

                       diol    prostanoate                                     

     171  102          1-chloro-                                               

                               Methyl 1-9,9-(1-chloromethyl-                   

                       2,3-    ethylenedioxy)-15(S)-hydroxy-                   

                       propane-                                                

                               16(S)-methyl-prostanoate                        

                       diol                                                    

     172  105          1-chloro-                                               

                               Methyl 1-9,9-(1-chloromethyl-                   

                       2,3-    ethylenedioxy)-15(S)-hydroxy-                   

                       propane-                                                

                               16,16-dimethyl-prostanoate                      

                       diol                                                    

     173  79           1,3-    Ethyl 15-hydroxy-9,9-(propyl-                   

                       propane-                                                

                               enedioxy)-19,20-dinor-                          

                       diol    prostanoate                                     

     174  80           1,3-    Ethyl 15-hydroxy-9,9-(propyl-                   

                       propane-                                                

                               enedioxy)-5,6,7,19,20-pentanor-                 

                       diol    prostanoate                                     

     175  81           1,3-    Ethyl 16-hydroxy-9,9-(propyl-                   

                       propane-                                                

                               enedioxy)-6,7,19,20-tetranor-                   

                       diol    prostanoate                                     

     176  82           1,3-    Ethyl 15-hydroxy-9,9-(propyl-                   

                       propane-                                                

                               enedioxy)-7a,7b-bishomo-19,20-                  

                       diol    dinor-prostanoate                               

     177  83           1,3-    Ethyl 15-hydroxy-9,9-(propyl-                   

                       propane-                                                

                               enedioxy)-7,19,20-trinor-                       

                       diol    prostanoate                                     

     178  84           1,3-    Ethyl 15-hydroxy-9,9-(propyl-                   

                       propane-                                                

                               enedioxy)-7a-homo-19,20-dinor-                  

                       diol    prostanoate                                     

     179  85           1,3-    Butyl 15-hydroxy-9,9-(propyl-                   

                       propane-                                                

                               enedioxy)-19,20-dinor-                          

                       diol    prostanoate                                     

     180  86           1,3-    Isopropyl 15-hydroxy-9,9-                       

                       propane-                                                

                               (propylenedioxy)-19,20-                         

                       diol    dinor-prostanoate                               

     181  87           1,3-    Methyl 15-hydroxy-9,9-                          

                       propane-                                                

                               (propylenedioxy)-19,20-                         

                       diol    dinor-prostanoate                               

     182  88           1,3-    Decyl 15-hydroxy-9,9-(propylene-                

                       propane-                                                

                               dioxy)-19,20-dinor-prostanoate                  

                       diol                                                    

     183  89           1,3-    Ethyl 15-hydroxy-9,9-(propylene-                

                       propane-                                                

                               dioxy)-5,6,7-trinor-prostanoate                 

                       diol                                                    

     184  90           1,3-    Ethyl 15-hydroxy-9,9-(propylene-                

                       propane-                                                

                               dioxy)-6,7-dinor-prostanoate                    

                       diol                                                    

     185  91           1,3-    Ethyl 15-hydroxy-9,9-(propylene-                

                       propane-                                                

                               dioxy)-7a,7b-bishomo-prostanoate                

                       diol                                                    

     186  92           1,3-    Ethyl 15-hydroxy-9,9-(propylene-                

                       propane-                                                

                               dioxy)-7-nor-prostanoate                        

                       diol                                                    

     187  93           1,3-    Ethyl 15-hydroxy-9,9-(propylene-                

                       propane-                                                

                               dioxy)-7a-homo-prostanoate                      

                       diol                                                    

     188  94           1,3-    Butyl 15-hydroxy-9,9-(propylene-                

                       propane-                                                

                               dioxy)-prostanoate                              

                       diol                                                    

     189  95           1,3-    Isopropyl 15-hydroxy-9,9-(propylene-            

                       propane-                                                

                               dioxy)-prostanoate                              

                       diol                                                    

     190  96           1,3-    Methyl 15-hydroxy-9,9-(propyl-                  

                       propane-                                                

                               enedioxy)-prostanoate                           

                       diol                                                    

     191  97           1,3-    Decyl 15-hydroxy-9,9-(propylene-                

                       propane-                                                

                               dioxy)-prostanoate                              

                       diol                                                    

     192  50           1,3-    Ethyl 15-hydroxy-9,9-(propylene-                

                       propane-                                                

                               dioxy)-prostanoate                              

                       diol                                                    

     193  Methyl 1-15(R)-                                                      

                       1,3-    Methyl 1-15(R)-hydroxy-9,9-                     

          hydroxy-9-oxo-                                                       

                       propane-                                                

                               (propylenedioxy)-prostanoate                    

          prostanoate  diol                                                    

     194  53           1,3-    Methyl 1-15(S)-hydroxy-9,9-                     

                       propane-                                                

                               (propylenedioxy)-prostanoate                    

                       diol                                                    

     195  101          1,3-    Methyl 1-15(S)-hydroxy-16(R)-                   

                       propane-                                                

                               methyl-9,9-(propylenedioxy)-                    

                       diol    prostanoate                                     

     196  102          1,3-    Methyl 1-15(S)-hydroxy-16(S)-                   

                       propane-                                                

                               methyl-9,9-(propylenedioxy)-                    

                       diol    prostanoate                                     

     197  103          1,3-    Methyl 1-15(R)-hydroxy-16(S)-                   

                       propane-                                                

                               methyl-9,9-(propylenedioxy)-                    

                       diol    prostanoate                                     

     198  104          1,3-    Methyl 1-15(R)-hydroxy-16(R)-                   

                       propane-                                                

                               methyl-9,9-(propylenedioxy)-                    

                       diol    prostanoate                                     

     199  105          1,3-    Methyl 1-15(S)-hydroxy-16,16-                   

                       propane-                                                

                               dimethyl-9,9-(propylenedioxy)-                  

                       diol    prostanoate                                     

     200  106          1,3-    Methyl 1-20-ethyl-15(S)-                        

                       propane-                                                

                               hydroxy-9,9-(propylenedioxy)-                   

                       diol    prostanoate                                     

     201  100          1,3-    ent-Methyl 15-hydroxy-9,9-                      

                       propane-                                                

                               (propylenedioxy)-prostanoate                    

                       diol                                                    

     202  79           2,2-    Ethyl 9,9-(2,2-dimethyl-                        

                       dimethyl-                                               

                               propylenedioxy)-15-hydroxy-                     

                       1,3-pro-                                                

                               19,20-dinor-prostanoate                         

                       panediol                                                

     203  81           2,2-    Ethyl 9,9-(2,2-dimethyl-                        

                       dimethyl-                                               

                               propylenedioxy)-15-hydroxy-                     

                       1,3-pro-                                                

                               6,7,19,20-tetranor-                             

                       panediol                                                

                               prostanoate                                     

     204  88           2,2-    Decyl 9,9-(2,2-dimethylpropyl-                  

                       dimethyl-                                               

                               enedioxy)-15-hydroxy-19,20-                     

                       1,3-pro-                                                

                               dinor-prostanoate                               

                       panediol                                                

     205  89           2,2-    Ethyl 9,9-(2,2-dimethylpropyl-                  

                       dimethyl-                                               

                               enedioxy)-15-hydroxy-5,6,7-                     

                       1,3-pro-                                                

                               trinor-prostanoate                              

                       panediol                                                

     206  90           2,2-    Ethyl 9,9-(2,2-dimethylpropyl-                  

                       dimethyl-                                               

                               enedioxy)-15-hydroxy-6,7-                       

                       1,3-pro-                                                

                               dinor-prostanoate                               

                       panediol                                                

     207  91           2,2-    Ethyl 9,9-(2,2-dimethylpropyl-                  

                       dimethyl-                                               

                               enedioxy)-15-hydroxy-7a,7b-                     

                       1,3-pro-                                                

                               bishomo-prostanoate                             

                       panediol                                                

     208  92           2,2-    Ethyl 9,9-(2,2-dimethylpropyl-                  

                       dimethyl-                                               

                               enedioxy)-15-hydroxy-7-nor-                     

                       1,3-pro-                                                

                               prostanoate                                     

                       panediol -209                                           

                               93 2,2- Ethyl 9,9-(2,2-dimethylpropyl-          

                       dimethyl-                                               

                               enedioxy)-15-hydroxy-7a-homo-                   

                       1,3-pro-                                                

     prostanoate                                                               

                       panediol                                                

     210  94           2,2-    Butyl 9,9-(2,2-dimethylpropyl-                  

                       dimethyl-                                               

                               enedioxy)-15-hydroxy-prostanoate                

                       1,3-pro-                                                

                       panediol                                                

     211  97           2,2-    Decyl 9,9-(2,2-dimethylpropyl-                  

                       dimethyl-                                               

                               enedioxy)-15-hydroxy-prostanoate                

                       1,3-pro-                                                

                       panediol                                                

     212  53           2,2-    Methyl 1-9,9-(2,2-dimethyl-                     

                       dimethyl-                                               

                               propylenedioxy)-15(S)-hydroxy-                  

                       1,3-pro-                                                

                               prostanoate                                     

                       panediol                                                

     213  101          2,2-    Methyl 1-9,9-(2,2-dimethyl-                     

                       dimethyl-                                               

                               propylenedioxy)-15(S)-hydroxy-16-               

                       1,3-pro-                                                

                               (R)-methyl-prostanoate                          

                       panediol                                                

     214  105          2,2-    Methyl 1-9,9-(2,2-dimethyl-                     

                       dimethyl-                                               

                               propylenedioxy)15(S)-hydroxy-                   

                       1,3-pro-                                                

                               16,16-dimethyl-prostanoate                      

                       panediol                                                

     215  79           1,2-Ethane-                                             

                               Ethyl 9,9-(ethylenedithia)-15-                  

                       dithiol hydroxy-19,20-dinor-prostanoate                 

     216  80           1,2-Ethane-                                             

                               Ethyl 9,9-(ethylenedithia)-15-                  

                       dithiol hydroxy-5,6,7,19,20-pentanor-                   

                               prostanoate                                     

     217  81           1,2-Ethane-                                             

                               Ethyl 9,9-(ethylenedithia)-15-                  

                       dithiol hydroxy-6,7,19,20-tetranor-                     

                               prostanoate                                     

     218  82           1,2-Ethane-                                             

                               Ethyl 9,9-(ethylenedithia)-15-                  

                       dithiol hydroxy-7a,7b-bishomo-19,20-                    

                               dinor-prostanoate                               

     219  83           1,2-Ethane-                                             

                               Ethyl 9,9-(ethylenedithia)-                     

                       dithiol 15-hydroxy-7,19,20-trinor-                      

                               prostanoate                                     

     220  84           1,2-Ethane-                                             

                               Ethyl 9,9-(ethylenedithia)-                     

                       dithiol 15-hydroxy-7a-homo-19,20-                       

                               dinor-prostanoate                               

     221  85           1,2-Ethane-                                             

                               Butyl 9,9-(ethylenedithia)-15-                  

                       dithiol hydroxy-19,20-dinor-prostanoate                 

     222  86           1,2-Ethane-                                             

                               Isopropyl 9,9-(ethylenedithia)-                 

                       dithiol 5-hydroxy-19,20-dinor-                          

                               prostanoate                                     

     223  87           1,2-Ethane-                                             

                               Methyl 9,9-(ethylenedithia)-                    

                       dithiol 15-hydroxy-19,20-dinor-                         

                               prostanoate                                     

     224  88           1,2-Ethane-                                             

                               Decyl 9,9-(ethylenedithia)-                     

                       dithiol 15-hydroxy-19,20-dinor-                         

                               prostanoate                                     

     225  89           1,2-Ethane-                                             

                               Ethyl 9,9-(ethylenedithia)-                     

                       dithiol 15-hydroxy-5,6,7-trinor-                        

                               prostanoate                                     

     226  90           1,2-Ethane-                                             

                               Ethyl 9,9-(ethylenedithia)-                     

                       dithiol 15-hydroxy-6,7-dinor-pros-                      

                               tanoate                                         

     227  91           1,2-Ethane-                                             

                               Ethyl 9,9-(ethylenedithia)-                     

                       dithiol 15-hydroxy-7a,7b-bishomo-                       

                               prostanoate                                     

     228  92           1,2-Ethane-                                             

                               Ethyl 9,9-(ethylenedithia)-                     

                       dithiol 15-hydroxy-7-nor-prostanoate                    

     229  93           1,2-Ethane-                                             

                               Ethyl 9,9-(ethylenedithia)-                     

                       dithiol 15-hydroxy-7a-homo-prostanoate                  

     230  94           1,2-Ethane-                                             

                               Butyl 9,9-(ethylenedithia)-15-                  

                       dithiol hydroxy-prostanoate                             

     231  95           1,2-Ethane-                                             

                               Isopropyl 9,9-(ethylenedithia)-                 

                       dithiol 15-hydroxy-prostanoate                          

     232  96           1,2-Ethane-                                             

                               Methyl 9,9-(ethylenedithia)-                    

                       dithiol 15-hydroxy-prostanoate                          

     233  97           1,2-Ethane-                                             

                               Decyl 9,9-(ethylenedithia)-                     

                       dithiol 15-hydroxy-prostanoate                          

     234  50           1,2-Ethane-                                             

                               Ethyl 9,9-(ethylenedithia)-                     

                       dithiol 15-hydroxy-prostanoate                          

     235  Methyl 1-15(R)-                                                      

                       1,2-Ethane-                                             

                               Methyl 1-9,9-(ethylenedithia)-                  

          hydroxy-9-oxo-                                                       

                       dithiol 15(R)-hydroxy-prostanoate                       

          prostanoate                                                          

     236  53           1,2-Ethane-                                             

                               Methyl 1-9,9-(ethylenedithia)-                  

                       dithiol 15(S)-hydroxy-prostanoate                       

     237  101          1,2-Ethane-                                             

                               Methyl 1-9,9-(ethylenedithia)-                  

                       dithiol 15(S)-hydroxy-16(R)-methyl-                     

                               prostanoate                                     

     238  102          1,2-Ethane-                                             

                               Methyl 1-9,9-(ethylenedithia)-                  

                       dithiol 15(S)-hydroxy-16(S)-methyl-                     

                               prostanoate                                     

     239  103          1,2-Ethane-                                             

                               Methyl 1-9,9-(ethylenedithia)-                  

                       dithiol 15(R)-hydroxy-16(S)-methyl-                     

                               prostanoate                                     

     240  104          1,2-Ethane-                                             

                               Methyl 1-9,9-(ethylenedithia)-                  

                       dithiol 15(R)-hydroxy-16(R)-methyl-                     

                               prostanoate                                     

     241  105          1,2-Ethane-                                             

                               Methyl 1-9,9-(ethylenedithia)-                  

                       dithiol 15(S)-hydroxy-16,16-dimethyl-                   

                               prostanoate                                     

     242  106          1,2-Ethane-                                             

                               Methyl 1-20-ethyl-(9,9-ethyl-                   

                       dithiol enedithia)-15-hydroxyprostanoate                

     243  100          1,2-Ethane-                                             

                               ent-Methyl 9,9-(ethylenedithia)-                

                       dithiol 15-hydroxy-prostanoate                          

     244  79           2-Mercapto-                                             

                               Ethyl 9,9-(ethyleneoxythia)-15-                 

                       ethanol hydroxy-19,20-dinor-prostanoate                 

     245  80           2-Mercapto-                                             

                               Ethyl 9,9-(ethyleneoxythia)-15-                 

                       ethanol 5,6,7,19,20-pentanor-prostanoate                

     246  81           2-Mercapto-                                             

                               Ethyl 9,9-(ethyleneoxythia)-15-                 

                       ethanol hydroxy-6,7,19,20-tetranor-                     

                               prostanoate                                     

     247  82           2-Mercapto-                                             

                               Ethyl 9,9-(ethyleneoxythia)-15-                 

                       ethanol hydroxy-7a,7b-bishomo-19,20-                    

                               dinor-prostanoate                               

     248  83           2-Mercapto-                                             

                               Ethyl 9,9-(ethyleneoxythia)-15-                 

                       ethanol hydroxy-7,19,20-trinor-prostano-                

                               ate                                             

     249  84           2-Mercapto-                                             

                               Ethyl 9,9-(ethyleneoxythia)-15-                 

                       ethanol hydroxy-7a-homo-19,20-dinor-                    

                               prostanoate                                     

     250  85           2-Mercapto-                                             

                               Butyl 9,9-(ethyleneoxythia)-15-                 

                       ethanol hydroxy-19,20-dinor-prostanoate                 

     251  86           2-Mercapto-                                             

                               Isopropyl 9,9-(ethyleneoxy-                     

                       ethanol thia)-15-hydroxy-19,20-dinor-                   

                               prostanoate                                     

     252  87           2-Mercapto-                                             

                               Methyl 9,9-(ethyleneoxythia)-                   

                       ethanol 15-hydroxy-19,20-dinor-                         

                               prostanoate                                     

     253  88           2-Mercapto-                                             

                               Decyl 9,9-(ethyleneoxythia)-                    

                       ethanol 15-hydroxy-19,20-dinor-                         

                               prostanoate                                     

     254  89           2-Mercapto-                                             

                               Ethyl 9,9-(ethyleneoxythia)-                    

                       ethanol 15-hydroxy-5,6,7-trinor-                        

                               prostanoate                                     

     255  90           2-Mercapto-                                             

                               Ethyl 9,9-(ethyleneoxythia)-                    

                       ethanol 15-hydroxy-6,7-dinor-                           

                               prostanoate                                     

     256  91           2-Mercapto-                                             

                               Ethyl 9,9-(ethyleneoxythia)-                    

                       ethanol 15-hydroxy-7a,7b-bishomo-                       

                               prostanoate                                     

     257  92           2-Mercapto-                                             

                               Ethyl 9,9-(ethyleneoxythia)-                    

                       ethanol 15-hydroxy-7-nor-prostanoate                    

     258  93           2-Mercapto-                                             

                               Ethyl 9,9-(ethyleneoxythia)-                    

                       ethanol 15-hydroxy-7a-homo-pros-                        

                               tanoate                                         

     259  94           2-Mercapto-                                             

                               Butyl 9,9-(ethyleneoxythia)-15-                 

                       ethanol hydroxy-prostanoate                             

     260  95           2-Mercapto-                                             

                               Isopropyl 9,9-(ethyleneoxythia)-                

                       ethanol 15-hydroxy-prostanoate                          

     261  96           2-Mercapto-                                             

                               Methyl 9,9-(ethyleneoxythia)-                   

                       ethanol 15-hydroxy-prostanoate                          

     262  97           2-Mercapto-                                             

                               Decyl 9,9-(ethyleneoxythia)-                    

                       ethanol 15-hydroxy-prostanoate                          

     263  50           2-Mercapto-                                             

                               Ethyl 9,9-(ethyleneoxythia)-15-                 

                       ethanol hydroxy-prostanoate                             

     264  Methyl 1-15(R)-                                                      

                       2-Mercapto-                                             

                               Methyl 1-9,9-(ethyleneoxythia)-                 

          hydroxy-9-oxo-                                                       

                       ethanol 15(R)-hydroxy-prostanoate                       

          prostanoate                                                          

     265  53           2-Mercapto-                                             

                               Methyl 1-9,9-(ethyleneoxythia)-                 

                       ethanol 15(S)-hydroxy-prostanoate                       

     266  101          2-Mercapto-                                             

                               Methyl 1-9,9-(ethyleneoxythia)-                 

                       ethanol 15(S)-hydroxy-16(R)-methyl-                     

                               prostanoate-                                    

     267  102          2-Mercapto-                                             

                               Methyl 1-9,9-(ethyleneoxythia)-                 

                       ethanol 15(S)-hydroxy-16(S)-methyl-                     

                               prostanoate                                     

     268  103          2-Mercapto-                                             

                               Methyl 1-9,9-(ethyleneoxythia)-15(R)-           

                       ethanol hydroxy-16(S)-methyl-prostanoate                

     269  104          2-Mercapto-                                             

                               Methyl 1-9,9-(ethyleneoxythia)-15(R)-           

                       ethanol hydroxy-16(R)-methyl-prostanoate                

     270  105          2-Mercapto-                                             

                               Methyl 1-9,9-(ethyleneoxythia)-15(S)-           

                       ethanol hydroxy-16,16-dimethyl-prostanoate              

     271  106          2-Mercapto-                                             

                               Methyl 20-ethyl-9,9-(ethyleneoxythia)-          

                       ethanol 15(S)-hydroxy-prostanoate                       

     272  100          2-Mercapto-                                             

                               ent-Methyl 9,9-(ethyleneoxythia)-15-            

                       ethanol hydroxyprostanoate                              

      272A                                                                     

          112A         Ethylene-                                               

                               dl-methyl 9,9-(ethylenedioxy)-15-               

                       glycol                                                  

     hydroxyprostanoate                                                        

      272B                                                                     

          112A         1,2-Pro-                                                

                               dl-methyl 15-hydroxy-9,9-(1-methyl-             

                       panediol                                                

                               ethylenedioxy)prostanoate                       

      272C                                                                     

          112A         1-Chloro-                                               

                               dl-methyl 9,9-(1-chloromethylethyl-             

                       2,3-pro-                                                

                               enedioxy)-15-hydroxyprostanoate                 

                       panediol                                                

      272D                                                                     

          112A         2,3-Butane-                                             

                               dl-methyl 9,9-(1,2-dimethylethylene-            

                       diol    dioxy)-15-hydroxyprostanoate                    

      272E                                                                     

          112A         1,3-Pro-                                                

                               dl-methyl 15-hydroxy-9,9-(propylene-            

                       panediol                                                

                               dioxy)prostanoate                               

      272F                                                                     

          112B         Ethylene-                                               

                               dl-methyl 9,9-(ethylenedioxy)-15-epi-           

                       glycol                                                  

     hydroxyprostanoate                                                        

      272G                                                                     

          112B         1,2-Pro-                                                

                               dl-methyl 15-epi-hydroxy-9,9-(1-methyl-         

                       panediol                                                

                               ethylenedioxy)prostanoate                       

      272H                                                                     

          112B         1-Chloro-                                               

                               dl-methyl 9,9-(1-chloromethylethylene-          

                       2,3-pro-                                                

                               dioxy)-15-epi-hydroxyprostanoate                

                       panediol                                                

      272I                                                                     

          112B         2,3-Butane-                                             

                               dl-methyl 9,9-(1,2-dimethylethylene-            

                       diol    dioxy)-15-epi-hydroxyprostanoate                

      272J                                                                     

          112B         1,3-propane-                                            

                               dl-methyl 15-epi-hydroxy-9,9-(propylene-        

                       diol    dioxy)prostanoate                               

     __________________________________________________________________________

PAC  EXAMPLES 273 - 291
PAR  Treatment of the various 15-hydroxy-prostanoate ketals of Table 8 below
      with chromium trioxide in the manner of Example 56 above is productive of
      the corresponding 15-oxo-prostanoate ketals of the Table.
TBL                TABLE 8                                                     

     ______________________________________                                    

               Starting 15-hy- Product                                         

               droxyprostanoate                                                

                               15-oxo-prostanoate                              

     Example   ketals of example                                               

                               ketals                                          

     ______________________________________                                    

     273       113             Ethyl 9,9-(ethylene-                            

                               dioxy)-15-oxo-19,20-                            

     dinor-prostanoate                                                         

     274       114             Ethyl 9,9-(ethylene-                            

                               dioxy)-15-oxo-5,6,7,                            

                               19,20-pentanor-                                 

     prostanoate                                                               

     275       115             Ethyl 9,9-(ethylene-                            

                               dioxy)-15-oxo-6,7-                              

                               19,20-tetranor-pros-                            

                               tanoate                                         

     276       145             Ethyl 9,9-(1-methyl                             

                               ethylenedioxy)-15-                              

     oxo-7a,7b-bishomo-                                                        

     19,20-dinor-pros-                                                         

                               tanoate                                         

     277       146             Ethyl 9,9-(1-methyl-                            

                               ethylenedioxy)-15-                              

     oxo-7,19,20-tri-                                                          

                               nor-prostanoate                                 

     278       147             Ethyl 9,9-(1-methyl-                            

                               ethylenedioxy)-15-                              

     oxo-7a-homo-19,20-                                                        

     dinor-prostanoate                                                         

     279       152             Butyl 9,9-(1,2-di-                              

                               methylethylenedi-                               

                               oxy)-15-oxo-19,20-                              

     dinor-prostanoate                                                         

     280       180             Isopropyl 15-oxo-                               

     9,9-(propylenedi-                                                         

                               oxy)-19,20-dinor-                               

     prostanoate                                                               

     281       181             Methyl 15-oxo-9,9-                              

     (propylenedioxy)-                                                         

     19,20-dinor-pros-                                                         

                               tanoate                                         

     282       182             Decyl 15-oxo-9,9-                               

     (propylenedioxy)-                                                         

     19,20-dinor-pros-                                                         

                               tanoate                                         

     283       205             Ethyl 9,9-(2,2-di-                              

                               methylpropylenedi-                              

                               oxy)-15-oxo-5,6,7-                              

     trinor-prostanoate                                                        

     284       206             Ethyl 9,9-(2,2-di-                              

                               methylpropylenedi-                              

                               oxy)-15-oxo-6,7-di-                             

                               nor-prostanoate                                 

     285       227             Ethyl 9,9-(ethyl-                               

                               enedithia)-15-oxo-                              

     7a,7b-bishomo-                                                            

     prostanoate                                                               

     286       228             Ethyl 9,9-(ethyl-                               

                               enedithia)-15-oxo-                              

     7-nor-prostanoate                                                         

     287       258             Ethyl 9,9-(ethyl-                               

                               eneoxythia)-15-oxo-                             

     7a-homo-prostano-                                                         

                               ate                                             

     288       259             Butyl 9,9-(ethyl-                               

                               eneoxythia)-15-oxo-                             

     prostanoate                                                               

     289       260             Isopropyl 9,9-(eth-                             

                               yleneoxythia)-15-                               

     oxo-prostanoate                                                           

     290       261             Methyl 9,9-(ethyl-                              

                               eneoxythia)-15-oxo-                             

     prostanoate                                                               

     291       262             Decyl 9,9-(ethyl-                               

                               eneoxythia)-15-oxo-                             

     prostanoate                                                               

     ______________________________________                                    

PAC  EXAMPLES 292 - 310
PAR  Treatment of the various 15-oxo-prostanoate ketals of Table 9 below with
      methyl magnesium indole in the manner of Example 57 is productive of the
      corresponding 15-hydroxy-15-methyl-prostanoate ketals of the Table.
TBL                TABLE 9                                                     

     ______________________________________                                    

               Starting 15-oxo-                                                

                               Product                                         

               prostanoate     15-hydroxy-15-                                  

               ketals of                                                       

     methyl-prostanoate                                                        

     Example   Example         ketals                                          

     ______________________________________                                    

     292       273             Ethyl 9,9-(ethylene-                            

                               dioxy)-15-hydroxy-                              

     15-methyl-19,20-                                                          

     dinor-prostanoate                                                         

     293       274             Ethyl 9,9-(ethylene-                            

                               dioxy)-15-hydroxy-                              

     15-methyl-5,6,7,19,                                                       

                               20-pentanor-pros-                               

                               tanoate                                         

     294       275             Ethyl 9,9-(ethylene-                            

                               dioxy)-15-hydroxy-                              

     15-methyl-6,7,19,-                                                        

                               20-tetranor-pros-                               

                               tanoate                                         

     295       276             Ethyl 15-hydroxy-                               

     15-methyl-9,9-(1-                                                         

     methylethylene-                                                           

                               dioxy)-7a,7b-bis-                               

                               homo-19,20-dinor-                               

     prostanoate                                                               

     296       277             Ethyl 15-hydroxy-                               

     15-methyl-9,9-(1-                                                         

     methylethylenedi-                                                         

                               oxy)-7,19,20-tri-                               

                               nor-prostanoate                                 

     297       278             Ethyl 15-hydroxy-                               

     15-methyl-9,9-(1-                                                         

     methylethylenedi-                                                         

                               oxy)-7a-homo-19,20-                             

     dinor-prostanoate                                                         

     298       279             Butyl 9,9-(1,2-di-                              

                               methylethylenedi-                               

                               oxy)-15-hydroxy-15-                             

     methyl-19,20-dinor-                                                       

     prostanoate                                                               

     299       280             Isopropyl 15-hy-                                

                               droxy-15-methyl-                                

     9,9-(propylenedi-                                                         

                               oxy)-19,20-dinor-                               

     prostanoate                                                               

     300       281             Methyl 15-hydroxy-                              

     15-methyl-9,9-                                                            

     (propylenedioxy)-                                                         

     19,20-dinor-pros-                                                         

                               tanoate                                         

     301       282             Decyl 15-hydroxy-                               

     15-methyl-9,9-                                                            

     (propylenedioxy)-                                                         

     19,20-dinor-pros-                                                         

                               tanoate                                         

     302       283             Ethyl 9,9-(2,2-di-                              

                               methylpropylenedi-                              

                               oxy)-15-hydroxy-15-                             

     methyl-5,6,7-tri-                                                         

                               nor-prostanoate                                 

     303       284             Ethyl 9,9-(2,2-di-                              

                               methylpropylenedi-                              

                               oxy)-15-hydroxy-15-                             

     methyl-6,7-dinor-                                                         

     prostanoate                                                               

     304       285             Ethyl 9,9-(ethyl-                               

                               enedithia)-15-hy-                               

                               droxy-15-methyl-                                

     7a,7b-bishomo-                                                            

     prostanoate                                                               

     305       286             Ethyl 9,9-(ethyl-                               

                               enedithia)-15-hy-                               

                               droxy-15-methyl-7-                              

     nor-prostanoate                                                           

     306       287             Ethyl 9,9-(ethyl-                               

                               eneoxythia)-15-hy-                              

                               droxy-15-methyl-                                

     7a-homo-prostano-                                                         

                               ate                                             

     307       288             Butyl 9,9-(ethyl-                               

                               eneoxythia)-15-hy-                              

                               droxy-15-methyl-                                

     prostanoate                                                               

     308       289             Isopropyl 9,9-                                  

     (ethyleneoxythia)-                                                        

     15-hydroxy-15-                                                            

     methyl-prostanoate                                                        

     309       290             Methyl 9,9-(ethyl-                              

                               eneoxythia)-15-hy-                              

                               droxy-15-methyl-                                

     prostanoate                                                               

     310       291             Decyl 9,9-(ethyl-                               

                               eneoxythia)-15-hy-                              

                               droxy-15-methyl-                                

     prostanoate                                                               

     ______________________________________                                    

PAC  EXAMPLES 311 - 430
PAR  Saponification of the various prostanoate ketals of Table 10 below in the
      manner of Example 58 above is productive of the prostanoic acid ketals of
      the Table.
TBL                TABLE 10                                                    

     ______________________________________                                    

            Starting prostan-                                                  

     Ex-    oate ketals of                                                     

                            Product                                            

     ample  example       Prostanoic acid ketals                               

     ______________________________________                                    

     311    113           9,9-(ethylenedioxy)-                                 

     15-hydroxy-19,20-                                                         

     dinor-prostanoic acid                                                     

     312    114           9,9-(ethylenedioxy)-                                 

     15-hydroxy-5,6,7,19-                                                      

     20-pentanor-prostanoic                                                    

                          acid                                                 

     313    115           9,9-(ethylenedioxy)-15-                              

     hydroxy-6,7,19,20-                                                        

     tetranor-prostanoic                                                       

                          acid                                                 

     314    116           9,9-(ethylenedioxy)-15-                              

     hydroxy-7a,7b-bis-                                                        

                          homo-19,20-dinor-                                    

     prostanoic acid                                                           

     315    117           9,9-(ethylenedioxy)-                                 

     15-hydroxy-7,19,20-                                                       

     trinor-prostanoic                                                         

                          acid                                                 

     316    118           9,9-(ethylenedioxy)-                                 

     15-hydroxy-7a-homo-                                                       

     19,20-dinor-prostanoic                                                    

                          acid                                                 

     317    123           9,9-(ethylenedioxy)-15-                              

     hydroxy-5,6,7-trinor-                                                     

     prostanoic acid                                                           

     318    124           9,9-(ethylenedioxy)-15-                              

     hydroxy-6,7-dinor-                                                        

     prostanoic acid                                                           

     319    125           9,9-(ethylenedioxy)-15-                              

     hydroxy-7a,7b-bis-                                                        

                          homo-prostanoic acid                                 

     320    126           9,9-(ethylenedioxy)-15-                              

     hydroxy-7-nor-                                                            

     prostanoic acid                                                           

     321    127           9,9-(ethylenedioxy)-                                 

     15-hydroxy-7a-homo-                                                       

     prostanoic acid                                                           

     322    132           9,9-(ethylenedioxy)-15-                              

     hydroxy-prostanoic                                                        

                          acid                                                 

     323    133           1-9,9-(ethylenedioxy)-                               

     15(R)-hydroxy-                                                            

     prostanoic acid                                                           

     324    134           1-9,9-(ethylenedioxy)-                               

     15(S)-hydroxy-                                                            

     prostanoic acid                                                           

     325    135           1-9,9-(ethylenedioxy)-                               

     15(S)-hydroxy-16(R)-                                                      

     methyl-prostanoic                                                         

                          acid                                                 

     326    136           1-9,9-(ethylenedioxy)-                               

     15(S)-hydroxy-16(S)-                                                      

     methyl-prostanoic acid                                                    

     327    137           1-9,9-(ethylenedioxy)-                               

     15(R)-hydroxy-16(S)-                                                      

     methyl-prostanoic acid                                                    

     328    138           1-9,9-(ethylenedioxy)-                               

     15(R)-hydroxy-16(R)-                                                      

     methyl-prostanoic acid                                                    

     329    139           1-9,9-(ethylenedioxy)-                               

     15(S)-hydroxy-16,16-                                                      

     dimethyl-prostanoic                                                       

                          acid                                                 

     330    140           1-20-ethyl-9,9-(ethyl-                               

                          enedioxy)-15(S)-hydroxy-                             

     prostanoic acid                                                           

     331    141           ent-9,9-(ethylene-                                   

                          dioxy)-15-hydroxy-                                   

     prostanoic acid                                                           

     332    142           15-hydroxy-9,9-(1-meth-                              

                          ylethylenedioxy)-19,20-                              

     dinor-prostanoic acid                                                     

     333    143           15-hydroxy-9,9-(1-meth-                              

                          ylethylenedoxy)-5,6,7,                               

                          19,20-pentanor-                                      

     prostanoic acid                                                           

     334    144           15-hydroxy-9,9-(1-meth-                              

                          ylethylenedioxy)-6,7-                                

                          19,20-tetranor-pros-                                 

                          tanoic acid                                          

     335    145           15-hydroxy-9,9-(1-meth-                              

                          ylethylenedioxy)-7a,7b-                              

     bishomo-19,20-dinor-                                                      

     prostanoic acid                                                           

     336    146           15-hydroxy-9,9-(1-meth-                              

                          ylethylenedioxy)-7,19,-                              

     20-trinor-prostanoic                                                      

                          acid                                                 

     337    147           15-hydroxy-9,9-(1-meth-                              

                          ylethylenedioxy)-7a-                                 

     homo-19,20-dinor-                                                         

     prostanoic acid                                                           

     338    148           1-15(S)-hydroxy-9,9-                                 

                          (1-methylethylenedioxy)-                             

     prostanoic acid                                                           

     339    149           1-15(S)-hydroxy-16(R)-                               

     methyl-9,9-(1-methyl-                                                     

                          ethylenedioxy)-pros-                                 

                          tanoic acid                                          

     340    150           1-15(S)-hydroxy-16(S)-                               

     methyl-9,9-(1-methyl-                                                     

                          ethylenedioxy)-pros-                                 

                          tanoic acid                                          

     341    151           1-15(S)-hydroxy-16,16-                               

     dimethyl-9,9-(1-methyl-                                                   

     ethylenedioxy)-                                                           

     prostanoic acid                                                           

     342    152           9,9-(1,2-dimethylethyl-                              

                          enedioxy)-15-hydroxy-                                

     19,20-dinor-pros-                                                         

                          tanoic acid                                          

     343    156           9,9-(1,2-dimethylethyl-                              

                          enedioxy)-15-hydroxy-                                

     5,6,7-trinor-pros-                                                        

                          tanoic acid                                          

     344    157           9,9-(1,2-dimethylethyl-                              

                          enedioxy)-15-hydroxy-                                

     6,7-dinor-prostanoic                                                      

                          acid                                                 

     345    158           1-9,9-(1,2-dimethyl-                                 

                          ethylenedioxy)-15(S)-                                

     hydroxy-prostanoic                                                        

                          acid                                                 

     346    159           1-9,9-(1,2-dimethyl-                                 

                          ethylenedioxy)-15(S)-                                

     hydroxy-16(R)-methyl-                                                     

     prostanoic acid                                                           

     347    160           1-9,9-(1,2-dimethyl-                                 

                          ethylenedioxy)-15(S)-                                

     hydroxy-16(S)-methyl-                                                     

     prostanoic acid                                                           

     348    161           1-9,9-(1,2-dimethyl-                                 

                          ethylenedioxy)-15(S)-                                

     hydroxy-16,16-dimethyl-                                                   

     prostanoic acid                                                           

     349    162           9,9-(1-chloromethyl-                                 

                          ethylenedioxy)-15-                                   

     hydroxy-7a,7b-bis-                                                        

                          homo-prostanoic acid                                 

     350    163           9,9-(1-chloromethyl-                                 

                          ethylenedioxy)-15-                                   

     hydroxy-7-nor-pros-                                                       

                          tanoic acid                                          

     351    164           9,9-(1-chloromethyl-                                 

                          ethylenedioxy)-15-                                   

     hydroxy-7a-homo-                                                          

     prostanoic acid                                                           

     352    165           9,9-(1-chloromethyl-                                 

                          ethylenedioxy)-15-                                   

     hydroxy-prostanoic                                                        

                          acid                                                 

     353    169           1-9,9-(1-chloromethyl-                               

                          ethylenedioxy)-15(S)-                                

     hydroxy-prostanoic                                                        

                          acid                                                 

     354    170           1-9,9-(1-chloromethyl-                               

                          ethylenedioxy)-15(S)-                                

     hydroxy-16(R)-methyl-                                                     

     prostanoic acid                                                           

     355    171           1-9,9-(1-chloromethyl-                               

                          et ylenedioxy)-15(S)-                                

     hydroxy-16(S)-                                                            

     methyl-prostanoic acid                                                    

     356    172           1-9,9-(1-chloromethyl-                               

                          ethylenedioxy)-15(S)-                                

     hydroxy-16,16-di-                                                         

                          methyl-prostanoic acid                               

     357    173           15-hydroxy-9,9-(pro-                                 

                          pylenedioxy)-19,20-                                  

     dinor-prostanoic acid                                                     

     358    174           15-hydroxy-9,9-(pro-                                 

                          pylenedioxy)-5,6,7,19,-                              

     20-pentanor-prostan-                                                      

                          oic acid                                             

     359    175           15-hydroxy-9,9-(pro-                                 

                          pylenedioxy)-6,7,19,20-                              

     tetranor-prostanoate                                                      

     360    176           15-hydroxy-9,9-(pro-                                 

                          pylenedioxy)-7a,7b-                                  

     bishomo-19,20-dinor-                                                      

                          prostanoic acid                                      

     361    177           15-hydroxy-9,9-(pro-                                 

                          pylenedioxy)-7,19,20-                                

     trinor-prostanoic acid                                                    

     362    178           15-hydroxy-9,9-(pro-                                 

                          pylenedioxy)-7a-homo-                                

     19,20-dinor-prostanoic                                                    

                          acid                                                 

     363    183           15-hydroxy-9,9-(pro-                                 

                          pylenedioxy)-5,6,7-                                  

     trinor-prostanoic acid                                                    

     364    184           15-hydroxy-9,9-(pro-                                 

                          pylenedioxy)-6,7-dinor-                              

     prostanoic acid                                                           

     365    185           15-hydroxy-9,9-(pro-                                 

                          pylenedioxy)-7a,7b-bis-                              

                          homo-prostanoic acid                                 

     366    186           15-hydroxy-9,9-(pro-                                 

                          pylenedioxy)-7-nor-                                  

     prostanoic acid                                                           

     367    187           15-hydroxy-9,9-(pro-                                 

                          pylenedioxy)-7a-homo-                                

     prostanoic acid                                                           

     368    188           15-hydroxy-9,9-(pro-                                 

                          pylenedioxy)-prostanoic                              

                          acid                                                 

     369    193           1-15(R)-hydroxy-9,9-                                 

     (propylenedioxy)-                                                         

     prostanoic acid                                                           

     370    194           1-15(S)-hydroxy-9,9-                                 

     (propylenedioxy)-                                                         

     prostanoic acid                                                           

     371    195           1-15(S)-hydroxy-16(R)-                               

     methyl-9,9-(propylene-                                                    

                          dioxy)-prostanoic acid                               

     372    196           1-15(S)-hydroxy-16(S)-                               

                          methyl-9,9-(propylene-                               

                          dioxy)-prostanoic acid                               

     373    197           1-15(R)-hydroxy-16(S)-                               

     methyl-9,9-(propylene-                                                    

                          dioxy)-prostanoic acid                               

     374    198           1-15(R)-hydroxy-16(R)-                               

     methyl-9,9-(propyl-                                                       

                          enedioxy)-prostanoic                                 

                          acid                                                 

     375    199           1-15(S)-hydroxy-16,16-                               

     dimethyl-9,9-(propyl-                                                     

                          enedioxy)-prostanoic                                 

                          acid                                                 

     376    200           1-20-ethyl-15(S)-                                    

     hydroxy-9,9-(propylene-                                                   

                          dioxy)-prostanoic acid                               

     377    201           ent-15-hydroxy-9,9-                                  

     (propylenedioxy)-                                                         

     prostanoic acid                                                           

     378    202           9,9-(2,2-dimethyl-                                   

                          propylenedioxy)-15-                                  

     hydroxy-19,20-dinor-                                                      

     prostanoic acid                                                           

     379    203           9,9-(2,2-dimethyl-                                   

                          propylenedioxy)-15-                                  

     hydroxy-6,7,19,20-                                                        

     tetranor-prostanoic                                                       

                          acid                                                 

     380    205           9,9-(2,2-dimethyl-                                   

                          propylenedioxy)-15-                                  

     hydroxy-5,6,7-trinor-                                                     

     prostanoic acid                                                           

     381    206           9,9-(2,2-dimethylpro-                                

                          pylenedioxy)-15-hydroxy-                             

     6,7-dinor-prostanoic                                                      

                          acid                                                 

     382    207           9,9-(2,2-dimethylpro-                                

                          pylenedioxy)-15-hydroxy-                             

     7a,7b-bishomo-pros-                                                       

                          tanoic acid                                          

     383    208           9,9-(2,2-dimethylpro-                                

                          pylenedioxy)-15-hydroxy-                             

     7-nor-prostanoic acid                                                     

     384    209           9,9-(2,2-dimethylpro-                                

                          pylenedioxy)-15-hydroxy-                             

     7a-homo-prostanoic                                                        

                          acid                                                 

     385    210           9,9-(2,2-dimethyl-                                   

                          propylenedioxy)-15-                                  

     hydroxy-prostanoic                                                        

                          acid                                                 

     386    212           9,9-(2,2-dimethyl-                                   

                          propylenedioxy-15(S)-                                

     hydroxy-prostanoic                                                        

                          acid                                                 

     387    213           1-9,9-(2,2-dimethyl-                                 

                          propylenedioxy)-15(S)-                               

     hydroxy-16(R)-methyl-                                                     

     prostanoic acid                                                           

     388    214           1-9,9-(2,2-dimethyl-                                 

                          propylenedioxy)-15(S)-                               

     hydroxy-16,16-di-                                                         

                          methyl-prostanoic acid                               

     389    215           9,9-(ethylenedithia)-                                

     15-hydroxy-19,20-dinor-                                                   

     prostanoic acid                                                           

     390    216           9,9-(ethylenedithia)-                                

     15-hydroxy-5,6,7,19,-                                                     

     20-pentanor-prostan-                                                      

                          oic acid                                             

     391    217           9,9-(ethylenedithia)-                                

     15-hydroxy-6,7,19,20-                                                     

     tetranor-prostanoic                                                       

                          acid                                                 

     392    218           9,9-(ethylenedithia)-                                

     15-hydroxy-7a,7b-                                                         

     bishomo-19,20-dinor-                                                      

     prostanoic acid                                                           

     393    219           9,9-(ethylenedithia)-                                

     15-hydroxy-7,19,20-                                                       

     trinor-prostanoic acid                                                    

     394    220           9,9-(ethylenedithia)-                                

     15-hydroxy-7a-homo-                                                       

     19,20-dinor-prostanoic                                                    

                          acid                                                 

     395    225           9,9-(ethylenedithia)-                                

     15-hydroxy-5,6,7-                                                         

     trinor-prostanoic                                                         

                          acid                                                 

     396    226           9,9-(ethylenedithia)-                                

     15-hydroxy-6,7-dinor-                                                     

     prostanoic acid                                                           

     397    227           9,9-(ethylenedithia)-                                

     hydroxy-7a,7b-                                                            

     bishomo-prostanoic                                                        

                          acid                                                 

     398    228           9,9-(ethylenedithia)-                                

     15-hydroxy-7-nor-                                                         

     prostanoic acid                                                           

     399    229           9,9-(ethylenedithia)-                                

     15-hydroxy-7a-homo-                                                       

     prostanoic acid                                                           

     400    230           9,9-(ethylenedithia)-                                

     15-hydroxy-prostanoic                                                     

     acid                                                                      

     401    235           1-9,9-(ethylenedithia)-                              

     15(R)-hydroxy-pros-                                                       

                          tanoic acid                                          

     402    236           1-9,9-(ethylenedithia)-                              

     15(S)-hydroxy-pros-                                                       

                          tanoic acid                                          

     403    237           1-9,9-(ethylenedithia)-                              

     15(S)-hydroxy-16(R)-                                                      

     methyl-prostanoic acid                                                    

     404    238           1-9,9-(ethylenedithia)-                              

     15(S)-hydroxy116(S)-                                                      

     methyl-prostanoic                                                         

                          acid                                                 

     405    239           1-9,9-(ethylenedithia)-                              

     15(R)-hydroxy-16(S)-                                                      

     methylprostanoic acid                                                     

     406    240           1-9,9-(ethylenedithia)-                              

     15(R)-hydroxy-16(R)-                                                      

     methylprostanoic acid                                                     

     407    241           1-9,9-(ethylenedithia)-                              

     15(S)-hydroxy-16,16-                                                      

     dimethylprostanoic                                                        

                          acid                                                 

     408    242           1-20-ethyl-9,9-(ethyl-                               

                          enedithia)-15(S)-                                    

                          hydroxy-prostanoic acid                              

     409    243           ent-9,9-(ethylenedi-                                 

                          thia)-15-hydroxy-                                    

     prostanoic acid                                                           

     410    244           9,9-(ethyleneoxythia)-                               

     15-hydroxy-19,20-                                                         

     dinor-prostanoic acid                                                     

     411    245           9,9-(ethyleneoxythia)-                               

     15-hydroxy-5,6,7-                                                         

     19,20-pentanor-pros-                                                      

                          tanoic acid                                          

     412    246           9,9-(ethyleneoxythia)-                               

     15-hydroxy-6,7,19,20-                                                     

     tetranor-prostanoic                                                       

                          acid                                                 

     413    247           9,9-(ethyleneoxythia)-                               

     15-hydroxy-7a,7b-                                                         

     bishomo-19,20-dinor-                                                      

     prostanoic acid                                                           

     414    248           9,9-(ethyleneoxythia)-                               

     15-hydroxy-7,19,20-                                                       

     trinor-prostanoic acid                                                    

     415    249           9,9-(ethyleneoxythia)-                               

     15-hydroxy-7a-homo-                                                       

     19,20-dinor-prostanoic                                                    

                          acid                                                 

     416    254           9,9-(ethyleneoxythia)-                               

     15-hydroxy-5,6,7,-                                                        

     trinor-prostanoic acid                                                    

     417    255           9,9-(ethyleneoxythia)-                               

     15-hydroxy-6,7-dinor-                                                     

     prostanoic acid                                                           

     418    256           9,9-(ethyleneoxythia)-                               

     15-hydroxy-7a,7b-bis-                                                     

                          homo-prostanoic acid                                 

     419    257           9,9-(ethyleneoxythia)-                               

     15-hydroxy-7-nor-pros-                                                    

                          tanoic acid                                          

     420    258           9,9-(ethyleneoxythia)-                               

     15-hydroxy-7a-homo-                                                       

     prostanoic acid                                                           

     421    259           9,9-(ethyleneoxythia)-                               

     15-hydroxy-prostanoic                                                     

                          acid                                                 

     422    264           1-9,9-(ethyleneoxythia)-                             

                          15(R)-hydroxy-prostan                                

                          oic acid                                             

     423    265           1-9,9-(ethyleneoxythia)-                             

                          15(S)-hydroxy-pros-                                  

                          tanoic acid                                          

     424    266           1-9,9-(ethyleneoxy-                                  

                          thia)-15(S)-hydroxy-16-                              

     (R)-methyl-prostanoic                                                     

                          acid                                                 

     425    267           1-9,9-(ethyleneoxy-                                  

                          thia)-15(S)-hydroxy-                                 

     16(S)-methyl-prostan-                                                     

                          oic acid                                             

     426    268           1-9,9-(ethyleneoxy-                                  

                          thia)-15(R)-hydroxy-                                 

     16(S)-methyl-pros-                                                        

                          tanoic acid                                          

     427    269           1-9,9-(ethyleneoxythia)-                             

     15(R)-hydroxy-16(R)-                                                      

     methyl-prostanoic acid                                                    

     428    270           1-9,9-(ethyleneoxythia)-                             

     15(S)-hydroxy-16,16-                                                      

     dimethyl-prostanoic                                                       

                          acid                                                 

     429    271           1-20-ethyl-9,9-(ethyl-                               

                          eneoxythia)-15(S)-hy-                                

                          droxy-prostanoic acid                                

     430    272           ent-9,9-(ethyleneoxy-                                

                          thia)-15-hydroxy-pros-                               

                          tanoic acid                                          

      430A   272A         dl-9,9-(ethylenedioxy)-                              

     15-hydroxyprostanoic                                                      

                          acid                                                 

      430B   272B         dl-15-hydroxy-9,9-(1-                                

     methylethylenedioxy)-                                                     

                          prostanoic acid                                      

      430C   272C         dl-9,9-(1-chloromethyl-                              

                          ethylenedioxy)-15-hy-                                

                          droxyprostanoic acid                                 

      430D   272D         dl-9,9-(1,2-dimethyl-                                

                          ethylenedioxy)-15-hy-                                

                          droxyprostanoic acid                                 

      430E   272E         dl-15-hydroxy-9,9-                                   

     (propylenedioxy)pros-                                                     

                          tanoic acid                                          

      430F   272F         dl-9,9-(ethylenedioxy)-                              

     15-epi-hydroxypros-                                                       

                          tanoic acid                                          

      430G   272G         dl-15-epi-hydroxy-9,9-                               

     (1-methylethylenedi-                                                      

                          oxy)prostanoic acid                                  

      430H   272H         dl-9,9-(1-chloromethyl-                              

                          ethylenedioxy)-15-epi-                               

     hydroxyprostanoic                                                         

                          acid                                                 

      430I   272I         dl-9,9-(1,2-dimethyl-                                

                          ethylenedioxy)-15-                                   

     epi-hydroxyprostanoic                                                     

                          acid                                                 

      430J   272J         dl-15-epi-hydroxy-9,9-                               

     (propylenedioxy)-                                                         

                          prostanoic acid                                      

     ______________________________________                                    

PAC  EXAMPLES 431 - 449
PAR  Saponification of the various 15-hydroxy-15-methyl-prostanoate ketals of
      Table 11 below in the manner of Example 58 above is productive of the
      corresponding prostanoic acid ketals of the Table.
TBL                TABLE 11                                                    

     ______________________________________                                    

            Starting 15-hy-                                                    

            droxy-15-methyl-                                                   

                            Product                                            

     Ex-    prostanoate   15-Hydroxy-15-methyl-                                

     ample  ketals        prostanoic acid ketals                               

     ______________________________________                                    

     431    292           9,9-(ethylenedioxy)-                                 

                          15-hydroxy-15-methyl-                                

                          19,20-dinor-prostan-                                 

                          oic acid                                             

     432    293           9,9-(ethylenedioxy)-                                 

                          15-hydroxy-15-methyl-                                

                          5,6,7,19,20-pentanor-                                

                          prostanoic acid                                      

     433    294           9,9-(ethylenedioxy)-                                 

                          15-hydroxy-15-methyl-                                

                          6,7,19,20-tetranor-                                  

                          prostanoic acid                                      

     434    295           15-hydroxy-15-methyl-                                

                          9,9-(1-methylethylene-                               

                          dioxy)-7a,7b-bishomo-                                

                          19,20-dinor-prostanoic                               

                          acid                                                 

     435    296           15-hydroxy-15-methyl-                                

                          9,9-(1-methylethylene-                               

                          dioxy)-7,19,20-trinor-                               

                          prostanoic acid                                      

     436    297           15-hydroxy-15-methyl-                                

                          9,9-(1-methylethylene-                               

                          dioxy)-7a-homo-19,20-                                

                          dinor-prostanoic acid                                

     437    298           9,9-(1,2-dimethylethyl-                              

                          enedioxy)-15-hydroxy-                                

                          15-methyl-19,20-dinor-                               

                          prostanoic acid                                      

     438    299           15-hydroxy-15-methyl-                                

                          9,9-(propylenedioxy)-                                

                          19,20-dinor-prostanoic                               

                          acid                                                 

     439    300           15-hydroxy-15-methyl-                                

                          9,9-(propylenedioxy)-                                

                          19,20-dinor-prostanoic                               

                          acid                                                 

     440    301           15-hydroxy-15-methyl-                                

     9,9-(propylenedioxy)-                                                     

                          19,20-dinor-prostanoic                               

                          acid                                                 

     441    302           9,9-(propylenedioxy)-                                

                          pylenedioxy)-15-hydroxy-                             

                          15-methyl-5,6,7-tri-                                 

                          nor-prostanoic acid                                  

     442    303           9,9-(2,2-dimethylpro-                                

                          pylenedioxy)-15-hy-                                  

                          droxy-15-methyl-6,7-di-                              

                          nor-prostanoic acid                                  

     443    304           9,9-(ethylenedithia)-                                

                          15-hydroxy-15-methyl-                                

                          7a,7b-bishomo-pros-                                  

                          tanoic acid                                          

     444    305           9,9-(ethylenedithia)-                                

                          15-hydroxy-15-methyl-                                

                          7-nor-prostanoic acid                                

     445    306           9,9-(ethylenedithia)-                                

                          15-hydroxy-15-methyl-                                

                          7a-homo-prostanoic                                   

                          acid                                                 

     446    307           9,9-(ethyleneoxythia)-                               

                          15-hydroxy-15-methyl-                                

                          prostanoic acid                                      

     447    308           9,9-(ethyleneoxythia)-                               

                          15-hydroxy-15-methyl-                                

                          prostanoic acid                                      

     448    309           9,9-(ethyleneoxythia)-                               

                          15-hydroxy-15-methyl-                                

                          prostanoic acid                                      

     449    310           9,9-(ethyleneoxythia)-                               

                          15-hydroxy-15-methyl-                                

                          prostanoic acid                                      

     ______________________________________                                    

PAC  EXAMPLE 450
PAC  Preparation of 1-15(S)-acetoxy-9,9-(ethylenedioxy)prostanoic acid
PAR  A solution of 1 g. of 1-9,9-(ethylenedioxy)-15(S)-hydroxy prostanoic acid
      (Example 324) in 10 ml. of reagent pyridine is treated with 1 ml. of
      acetic anhydride at ambient temperature for 15 hours. Dilution with water,
      followed by extraction with chloroform and evaporation to dryness of the
      chloroform extracts gives an oily material. Treatment of this oil with
      aqueous methanol at ambient temperature for 18 hours, followed by
      evaporation affords 950 mg. of product as an oil.
PAC  EXAMPLES 451 - 571
PAR  Treatment of the various 15-hydroxy-prostanoic acid ketals listed in Table
      12 below with the indicated reagent, by the method described in Example
      450 above is productive of the esters of the Table.
TBL                                    TABLE 12                                

     __________________________________________________________________________

          Starting 15-ol                                                       

     Example                                                                   

          of Example                                                           

                    Acylating reagent                                          

                                    Product                                    

     __________________________________________________________________________

     451  311       Acetic anhydride                                           

                               15-acetoxy-9,9-(ethylenedioxy)-                 

                               19,20-dinor-prostanoic acid                     

     452  313       Acetic anhydride                                           

                               15-acetoxy-9,9-(ethylenedioxy)-                 

                    6,7,19,20-tetranor-prostanoic acid                         

     453  314       Acetic anhydride                                           

                               15-acetoxy-9,9-(ethylenedioxy)-                 

                               7a,7b-bishomo-19,20-dinor-prostan-              

                               oic acid                                        

     454  316       Acetic anhydride                                           

                               15-acetoxy-9,9-(ethylenedioxy)-                 

                               19,20-dinor-prostanoic acid                     

     455  319       Acetic anhydride                                           

                               15-acetoxy-9,9-(ethylenedioxy)-                 

                               7a,7b-bishomo-prostanoic acid                   

     456  320       Acetic anhydride                                           

                               15-acetoxy-9,9-(ethylenedioxy)-7-               

                               nor-prostanoic acid                             

     457  321       Acetic anhydride                                           

                               15-acetoxy-9,9-(ethylenedioxy)-7a-              

                               homo-prostanoic acid                            

     458  325       Acetic anhydride                                           

                               1-15(S)-acetoxy-9,9-(ethylenedioxy)-            

                               16(R)-methyl prostanoic acid                    

     459  329       Acetic anhydride                                           

                               1-15(S)-acetoxy-9,9-(ethylenedioxy)-            

                               16,16-dimethylprostanoic acid                   

     460  332       Acetic anhydride                                           

                               15-acetoxy-9,9-(1-methylethylene-               

                               dioxy)-19,20-dinor-prostanoic acid              

     461  343       Acetic anhydride                                           

                               15-acetoxy-9,9-(1,2-dimethylethyl-              

                               enedioxy)-5,6,7-trinor-prostanoic               

                               acid                                            

     462  350       Acetic anhydride                                           

                               15-acetoxy-9,9-(1-chloromethyl-                 

                               ethylenedioxy)-7-nor-prostanoic                 

                               acid                                            

     463  353       Acetic anhydride                                           

                               1-15(S)-acetoxy-9,9-(1-chloromethyl-            

                               enedioxy)-prostanoic acid                       

     464  356       Acetic anhydride                                           

                               1-15(S)-acetoxy-(1-chloromethylene-             

                               dioxy)-16,16-dimethylprostanoic acid            

     465  361       Acetic anhydride                                           

                               15-acetoxy-9,9-(propylenedioxy)-                

                               7,19,20-trinor-prostanoic acid                  

     466  365       Acetic anhydride                                           

                               15-acetoxy-9,9-(propylenedioxy)-                

                               7a,7b-bishomo-prostanoic acid                   

     467  370       Acetic anhydride                                           

                               1-15(S)-acetoxy-9,9-(propylene-                 

                               dioxy)-prostanoic acid                          

     468  375       Acetic anhydride                                           

                               1-15(S)-acetoxy-16,16-dimethyl-                 

                               9,9-(propylenedioxy)prostanoic acid             

     469  381       Acetic anhydride                                           

                               15-acetoxy-9,9-(2,2-dimethylpropy-              

                               lenedioxy)-6,7-dinor-prostanoic                 

                               acid                                            

     470  391       Acetic anhydride                                           

                               15-acetoxy-9,9-(ethylenedithia)-                

                               6,7,19,20-tetranor-prostanoic acid              

     471  416       Acetic anhydride                                           

                               15-acetoxy-9,9-(ethyleneoxythia)-               

                               5,6,7-trinor-prostanoic acid                    

     472  402       Acetic anhydride                                           

                               1-15(S)-acetoxy-9,9-(ethylenedi-                

                               thia)-prostanoic acid                           

     473  403       Acetic anhydride                                           

                               1-15(S)-acetoxy-9,9-(ethylenedithia)-           

                               16(R)-methyl-prostanoic acid                    

     474  407       Acetic anhydride                                           

                               1-15(S)-acetoxy-9,9-(ethylenedithia)-           

                               16,16-dimethyl-prostanoic acid                  

     475  423       Acetic anhydride                                           

                               1-15(S)-acetoxy-9,9-(ethyleneoxy-               

                               thia)-prostanoic acid                           

     476  424       Acetic anhydride                                           

                               1-15(S)-acetoxy-9,9-(ethyleneoxy-               

                               thia)-16(R)-methyl-prostanoic acid              

     477  428       Acetic anhydride                                           

                               1-15(S)-acetoxy-9,9-(ethyleneoxy-               

                               thia)-16,16-dimethylprostanoic acid             

     478  313       Propionic anhy-                                            

                               9,9-(ethylenedioxy)-15-propionyloxy-            

                    dride      6,7,19,20-tetranor-prostanoic acid              

     479  325       Propionic anhy-                                            

                               1-9,9-(ethylenedioxy)-16(R)-methyl-             

                    dride      15(S)-propionyloxy-prostanoic acid              

     480  333       Propionic anhy-                                            

                               9,9-(1-methylethylenedioxy)-15-                 

                    dride      propionyloxy-5,6,7,19,20-penta-                 

                               nor-prostanoic acid                             

     481  344       Propionic anhy-                                            

                               9,9-(1,2-dimethylethylenedioxy)-                

                    dride      15-propionyloxy-6,7-dinor-pros-                 

                               tanoic acid                                     

     482  349       Propionic anhy-                                            

                               9,9-(1-chloromethylethylenedioxy)-              

                    dride      15-propionyloxy-7a,7b-bishomo-                  

     prostanoic acid                                                           

     483  353       Propionic anhy-                                            

                               1-9,9-(1-chloromethylethylenedioxy)-            

                    dride      15(S)-propionyloxy-prostanoic acid              

     484  356       Propionic anhy-                                            

                               1-(1-chloromethylenedioxy)-16,16-               

                    dride      dimethyl-15(S)-propionyloxy-                    

                               prostanoic acid                                 

     485  361       Propionic anhy-                                            

                               15-propionyloxy-9,9-(propylenedi-               

                    dride      oxy)-7,19,20-trinor-prostanoic acid             

     486  362       Propionic anhy-                                            

                               15-propionyloxy-9,9-(propylenedi-               

                    dride      oxy)-7a-homo-19,20-dinor-prostanoic             

                               acid                                            

     487  363       Propionic anhy-                                            

                               15-propionyloxy-9,9-(propylenedi-               

                    dride      oxy)-5,6,7-trinor-prostanoic acid               

     488  370       Propionic anhy-                                            

                               1-15(S)-propionyloxy-9,9-(propyl-               

                    dride      enedioxy)-prostanoic acid                       

     489  375       Propionic anhy-                                            

                               1-16,16-dimethyl-15(S)-propionyl-               

                    dride      oxy-9,9-(propylenedioxy)prostanoic              

                               acid                                            

     490  381       Propionic anhy-                                            

                               9,9-(2,2-dimethylpropylenedioxy)-               

                    dride      15-propionyloxy-6,7-dinor-pros-                 

                               tanoic acid                                     

     491  397       Propionic anhy-                                            

                               9,9-(ethylenedithia)-15-propionyl-              

                    dride      oxy-7a,7b-bishomo-prostanoic acid               

     492  402       Propionic anhy-                                            

                               1-9,9-(ethylenedithia)-15(S)-pro-               

                    dride      pionyloxy-prostanoic acid                       

     493  403       Propionic anhy-                                            

                               1-9,9-(ethylenedithia)-16(R)-                   

                    dride      methyl-15(S)-propionyloxy-pros-                 

                               tanoic acid                                     

     494  407       Propionic anhy-                                            

                               1-9,9-(ethylenedithia)-16,16-di-                

                    dride      methyl-15(S)-propionyloxy-pros-                 

                               tanoic acid                                     

     495  419       Propionic anhy-                                            

                               9,9-(ethyleneoxythia)-15-propionyl-             

                    dride      oxy-7-nor-prostanoic acid                       

     496  420       Propionic anhy-                                            

                               9,9-(ethyleneoxythia)-15-propionyl-             

                    dride      oxy-7a-homo-prostanoic acid                     

     497  423       Propionic anhy-                                            

                               1-9,9-(ethyleneoxythia)-15(S)-pro-              

                    dride      pionyloxy-prostanoic acid                       

     498  424       Propionic anhy-                                            

                               1-9,9-(ethyleneoxythia)-16(R)-                  

                    dride      methyl-15(S)-propionyloxy-pros-                 

                               tanoic acid                                     

     499  428       Propionic anhy-                                            

                               1-9,9-(ethyleneoxythia)-16,16-di-               

                    dride      methyl-15(S)-propionyloxy-prostan-              

                               oic acid                                        

     500  311       Butyric anhy-                                              

                               15-butyryloxy-9,9-(ethylenedioxy)-              

                    dride      19,20-dinor-prostanoic acid                     

     501  325       Butyric anhy-                                              

                               1-15(S)-butyryloxy-9,9-(ethylene-               

                    dride      dioxy-16(R)-methyl prostanoic acid              

     502  329       Butyric anhy-                                              

                               1-15(S)-butyryloxy-9,9-(ethylene-               

                    dride      dioxy)-16,16-dimethylprostanoic                 

                               acid                                            

     503  334       Butyric anhy-                                              

                               15-butyryloxy-9,9-(1-methylethylene-            

                    dride      dioxy)-6,7,19,20-tetranor-prostan-              

                               oic acid                                        

     504  342       Butyric anhy-                                              

                               15-butyryloxy-9,9-(1,2-dimethyl-                

                    dride      ethylenedioxy)-19,20-dinor-pros-                

                               tanoic acid                                     

     505  353       Butyric anhy-                                              

                               1-15(S)-butyryloxy-9,9-(1-chloro-               

                    dride      methylethylenedioxy)-prostanoic acid            

     506  356       Butyric anhy-                                              

                               1-15(S)-butyryloxy-(1-chloromethyl-             

                    dride      ethylenedioxy)-16,16-dimethylpros-              

                               tanoic acid                                     

     507  364       Butyric anhy-                                              

                               15-butyryloxy-9,9-(propylenedioxy)-             

                    dride                                                      

     6,7-dinor-prostanoic acid                                                 

     508  370       Butyric anhy-                                              

                               1-15(S)-butyryloxy-9,9-(propylene-              

                    dride      dioxy)-prostanoic acid                          

     509  375       Butyric anhy-                                              

                               1-15(S)-butyryloxy-16,16-dimethyl-              

                    dride      9,9-(propylenedioxy)-prostanoic                 

                               acid                                            

     510  382       Butyric anhy-                                              

                               15-butyryloxy-9,9-(2,2-dimethylpro-             

                    dride      pylenedioxy)-7a,7b-bishomo-pros-                

                               tanoic acid                                     

     511  394       Butyric anhy-                                              

                               15-butyryloxy-9,9-(ethylenedithia)-             

                    dride      7a-homo-19,20-dinor-prostanoic                  

                               acid                                            

     512  402       Butyric anhy-                                              

                               1-15(S)-butyryloxy-9,9-(ethylenedi-             

                    dride      thia)-prostanoic acid                           

     513  403       Butyric anhy-                                              

                               1-15(S)-butyryloxy-9,9-(ethylenedi-             

                    dride      thia)-16(R)-methyl-prostanoic acid              

     514  407       Butyric anhy-                                              

                               1-15(S)-butyryloxy-9,9-(ethylenedi-             

                    dride      thia)-16,16-dimethyl-prostanoic                 

                               acid                                            

     515  419       Butyric anhy-                                              

                               15-butyryloxy-9,9-(ethyleneoxythia)-            

                    dride      7-nor-prostanoic acid                           

     516  423       Butyric anhy-                                              

                               1-15(S)-butyryloxy-9,9-(ethyleneoxy-            

                    dride      thia)-prostanoic acid                           

     517  424       Butyric anhy-                                              

                               1-15(S)-butyryloxy-9,9-(ethyleneoxy-            

                    dride      thia)-16(R)-methyl-prostanoic acid              

     518  428       Butyric anhy-                                              

                               1-15(S)-butyryloxy-9,9-(ethylene-               

                    dride      oxythia)-16,16-dimethyl-prostanoic              

                               acid                                            

     519  315       Valeric anhy-                                              

                               9,9-(ethylenedioxy)-15-valeryloxy-              

                    dride      7,19,20-trinor-prostanoic acid                  

     520  325       Valeric anhy-                                              

                               1-9,9-(ethylenedioxy)-16(R)-methyl-             

                    dride      15(S)-valeryloxy-prostanoic acid                

     521  329       Valeric anhy-                                              

                               1-9,9-(ethylenedioxy)-16,16-di-                 

                    dride      methyl-15(S)-valeryloxy-prostanoic              

                               acid                                            

     522  351       Valeric anhy-                                              

                               9,9-(1-chloromethylethylenedioxy)-              

                    dride      15-valeryloxy-7a-homo-prostanoic                

                               acid                                            

     523  353       Valeric anhy-                                              

                               1-9,9-(1-chloromethylethylenedi-                

                    dride      oxy)-15(S)-valeryloxy-prostanoic                

                               acid                                            

     524  356       Valeric anhy-                                              

                               1-(1-chloromethylethylenedioxy)-                

                    dride      16,16-dimethyl-15(S)-valeryloxy-                

                               prostanoic acid                                 

     525  366       Valeric anhy-                                              

                               9,9-(Propylenedioxy)-15-valeryloxy-             

                    dride      7-nor-prostanoic acid                           

     526  370       Valeric anhy-                                              

                               1-9,9-(propylenedioxy)-15(S)-val-               

                    dride      eryloxy-prostanoic acid                         

     527  375       Valeric anhy-                                              

                               1-16,16-dimethyl-9,9-(propylene-                

                    dride      dioxy)-15(S)-valeryloxy-prostanoic              

                               acid                                            

     528  390       Valeric anhy-                                              

                               9,9-(Ethylenedithia)-15-valeryloxy-             

                    dride      5,6,7,19,20-pentanor-prostanoic                 

                               acid                                            

     529  402       Valeric anhy-                                              

                               1-9,9-(ethylenedithia)-15(S)-val-               

                    dride      eryloxy-prostanoic acid                         

     530  403       Valeric anhy-                                              

                               1-9,9-(ethylenedithia)-16(R)-methyl-            

                    dride      15(S)-valeryloxy-prostanoic acid                

     531  407       Valeric anhy-                                              

                               1-9,9-(ethylenedithia)-16,16-di-                

                    dride      methyl-15(S)-valeryloxy-prostanoic              

                               acid                                            

     532  414       Valeric anhy-                                              

                               9,9-(ethyleneoxythia)-15-valeryl-               

                    dride      oxy-7,19,20-trinor-prostanoic acid              

     533  423       Valeric anhy-                                              

                               1-9,9-(ethyleneoxythia)-15(S)-                  

                    dride      valeryloxy-prostanoic acid                      

     534  424       Valeric anhy-                                              

                               1-9,9-(ethyleneoxythia)-16(R)-                  

                    dride      methyl-15(S)-valeryloxy-prostanoic              

                               acid                                            

     535  428       Valeric anhy-                                              

                               1-9,9-(ethyleneoxythia)-16,16-di-               

                    dride      methyl-15(S)-valeryloxy-prostanoic              

                               acid                                            

     536  316       Octanoic anhy-                                             

                               9,9-(ethylenedioxy)-15-octanoyl-                

                    dride      oxy-7a-homo-19,20-dinor-prostanoic              

                               acid                                            

     537  325       Octanoic anhy-                                             

                               1-9,9-(ethylenedioxy)-16(R)-methyl-             

                    dride      15(S)-octanoyloxy-prostanoic acid               

     538  329       Octanoic anhy-                                             

                               1-9,9-(ethylenedioxy)-16,16-di-                 

                    dride      methyl-15(S)-octanoyloxy-prostanoic             

                               acid                                            

     539  335       Octanoic anhy-                                             

                               9,9-(1-methylethylenedioxy)-15-                 

                    dride      octanoyloxy-7a,7b-bishomo-19,20-                

                               dinor-prostanoic acid                           

     540  343       Octanoic anhy-                                             

                               9,9-(1,2-dimethylethylenedioxy)-                

                    dride      15-octanoyloxy-5,6,7-trinor-                    

     prostanoic acid                                                           

     541  352       Octanoic anhy-                                             

                               9,9-(1-chloromethylethylenedioxy)-              

                    dride      15-octanoyloxy-prostanoic acid                  

     542  353       Octanoic anhy-                                             

                               1-9,9-(1-chloromethylethylenedi-                

                    dride      oxy)-15(S)-octanoyloxy-prostanoic               

                               acid                                            

     543  356       Octanoic anhy-                                             

                               1-(1-chloromethylethylenedioxy)-                

                    dride      16,16-dimethyl-15(S)-octanoyloxy-               

                               prostanoic acid                                 

     544  367       Octanoic anhy-                                             

                               15-octanoyloxy-9,9-(propylenedi-                

                    dride      oxy)-7a-homo-prostanoic acid                    

     545  370       Octanoic anhy-                                             

                               1-15(S)-octanoyloxy-9,9-(propylene-             

                    dride      dioxy)-prostanoic acid                          

     546  375       Octanoic anhy-                                             

                               1-16,16-dimethyl-15(S)-octanoyloxy-             

                    dride      9,9-(propylenedioxy)-prostanoic                 

                               acid                                            

     547  393       Octanoic anhy-                                             

                               9,9-(ethylenedithia)-15-octanoyl-               

                    dride      oxy-7,19,20-trinor-prostanoic acid              

     548  402       Octanoic anhy-                                             

                               1-15(S)-acetoxy-9,9-(ethylenedi-                

                    dride      thia)-prostanoic acid                           

     549  403       Octanoic anhy-                                             

                               1-9,9-(ethylenedithia)-16(R)-methyl-            

                    dride      15(S)-octanoyloxy-prostanoic acid               

     550  407       Octanoic anhy-                                             

                               1-9,9-(ethylenedithia)-16,16-di-                

                    dride      methyl-15(S)-octanoyloxy-prostanoic             

                               acid                                            

     551  417       Octanoic anhy-                                             

                               9,9-(ethyleneoxythia)-15-octanoyl-              

                    dride      oxy-6,7-dinor-prostanoic acid                   

     552  423       Octanoic anhy-                                             

                               1-9,9-(ethyleneoxythia)-15(S)-                  

                    dride      octanoyloxy-prostanoic acid                     

     553  424       Octanoic anhy-                                             

                               1-9,9-(ethyleneoxythia)-16(R)-                  

                    dride      methyl-15(S)-octanoyloxy-pros-                  

                               tanoic acid                                     

     554  428       Octanoic anhy-                                             

                               1-9,9-(ethyleneoxythia)-16,16-                  

                    dride      dimethyl-15(S)-octanoyloxy-pros-                

                               tanoic acid                                     

     555  314       Decanoic anhy-                                             

                               15-decanoyloxy-9,9-(ethylenedi-                 

                    dride      oxy)-7a,7b-bishomo-19,20-dinor-                 

                               prostanoic acid                                 

     556  325       Decanoic anhy-                                             

                               1-15(S)-decanoyloxy-9,9-(ethylene-              

                    dride      dioxy)-16(R)-methyl-prostanoic acid             

     557  329       Decanoic anhy-                                             

                               1-15(S)-decanoyloxy-9,9-(ethylene-              

                    dride      dioxy)-16,16-dimethylprostanoic                 

                               acid                                            

     558  350       Decanoic anhy-                                             

                               9,9-(1-chloromethylethylenedioxy)-              

                    dride      15-decanoyloxy-7-nor-prostanoic                 

                               acid                                            

     559  353       Decanoic anhy-                                             

                               1-9,9-(1-chloromethylethylenedioxy)-            

                    dride      15(S)-decanoyloxy-prostanoic acid               

     560  356       Decanoic anhy-                                             

                               1-(1-chloromethylethylenedioxy)-                

                    dride      15(S)-16,16-dimethylprostanoic acid             

     561  365       Decanoic anhy-                                             

                               15-decanoyloxy-9,9-(propylenedioxy)-            

                    dride      7a,7b-bishomo-prostanoic acid                   

     562  370       Decanoic anhy-                                             

                               1-15(S)-decanoyloxy-9,9-(propylene-             

                    dride      dioxy)-prostanoic acid                          

     563  375       Decanoic anhy-                                             

                               1-15(S)-decanoyloxy-16,16-dimethyl-             

                    dride      9,9-(propylenedioxy)prostanoic acid             

     564  395       Decanoic anhy-                                             

                               15-decanoyloxy-9,9-(ethylenedithia)-            

                    dride      5,6,7-trinor-prostanoic acid                    

     565  402       Decanoic anhy-                                             

                               1-15(S)-decanoyloxy-9,9-(ethylene-              

                    dride      dithia)-prostanoic acid                         

     566  403       Decanoic anhy-                                             

                               1-15(S)-decanoyloxy-9,9-(ethylene-              

                    dride      dithia)-16(R)-methyl-prostanoic acid            

     567  407       Decanoic anhy-                                             

                               1-15(S)-decanoyloxy-9,9-(ethylene-              

                    dride      dithia)-16,16-dimethylprostanoic                

                               acid                                            

     568  415       Decanoic anhy-                                             

                               15-decanoyloxy-9,9-(ethyleneoxy-                

                    dride      thia)-7a-homo-19,20-dinor-prostanoic            

                               acid                                            

     569  423       Decanoic anhy-                                             

                               1-15(S)-decanoyloxy-9,9-(ethylene-              

                    dride      oxythia)-prostanoic acid                        

     570  424       Decanoic anhy-                                             

                               1-15(S)-decanoyloxy-9,9-(ethylene-              

                    dride      oxythia)-16(R)-methyl-prostanoic                

                               acid                                            

     571  428       Decanoic anhy-                                             

                               1-15(S)-decanoyloxy-9,9-(ethylene-              

                    dride      oxythia)-16,16-dimethylprostanoic               

                               acid                                            

     __________________________________________________________________________

PAC  EXAMPLES 572 - 734
PAR  Treatment of the various prostanoic acid ketals listed in Table 13 below
      with the indicated diazoalkanes in the manner described in Example 99 is
      productive of the esters of the Table.
TBL                                    TABLE 13                                

     __________________________________________________________________________

          Starting acid                                                        

     Example                                                                   

          ketal of Example                                                     

                   Diazoalkane                                                 

                          Product                                              

     __________________________________________________________________________

     572  311      Diazomethane                                                

                          Methyl 9,9-(ethylenedioxy)-15-                       

     hydroxy-19,20-dinor-                                                      

     prostanoate                                                               

     573  333      Diazomethane                                                

                          Methyl 15-hydroxy-9,9-(1-methyl-                     

                          ethylenedioxy)-5,6,7,19,20-                          

     pentanor-prostanoate                                                      

     574  343      Diazomethane                                                

                          Methyl 9,9-(1,2-dimethylethyl-                       

                          enedioxy)-15-hydroxy-5,6,7-                          

     trinor-prostanoate                                                        

     575  349      Diazomethane                                                

                          Methyl 9,9-(1-chloromethyl-                          

                          ethylenedioxy)-15-hydroxy-7a,7b-                     

     bishomo-prostanoate                                                       

     576  360      Diazomethane                                                

                          Methyl 15-hydroxy-9,9-(propyl-                       

                          enedioxy)-7a,7b-bishomo-19,20-                       

     dinor-prostanoate                                                         

     577  394      Diazomethane                                                

                          Methyl 9,9-(ethylenedithia)-15-                      

     hydroxy-7a-homo-19,20-dinor-                                              

     prostanoate                                                               

     578  419      Diazomethane                                                

                          Methyl 9,9-(ethyleneoxythia)-15-                     

     hydroxy-7-nor-prostanoate                                                 

     579  323      Diazoethane                                                 

                          Ethyl 1-9,9-(ethylenedioxy)-15(R)-                   

     hydroxy-prostanoate                                                       

     580  324      Diazoethane                                                 

                          Ethyl 1-9,9-(ethylenedioxy)-15(S)-                   

     hydroxy-prostanoate                                                       

     581  326      Diazoethane                                                 

                          Ethyl 1-9,9-(ethylenedioxy)-15(S)-                   

     hydroxy-16(S)-methyl-prostanoate                                          

     582  329      Diazoethane                                                 

                          Ethyl 1-9,9-(ethylenedioxy)-15(S)-                   

     hydroxy-16,16-dimethyl-pros-                                              

                          tanoate                                              

     583  330      Diazoethane                                                 

                          Ethyl 1-20-ethyl-9,9-(ethylene-                      

                          dioxy)-15(S)-hydroxy-prostanoate                     

     584  338      Diazoethane                                                 

                          Ethyl 1-15(S)-hydroxy-9,9-(1-                        

     methylethylenedioxy)-prostanoate                                          

     585  339      Diazoethane                                                 

                          Ethyl 1-15(S)-hydroxy-16(R)-                         

     methyl-9,9-(1-methylethylenedioxy)-                                       

     prostanoate                                                               

     586  341      Diazoethane                                                 

                          Ethyl 1-15(S)-hydroxy-16,16-di-                      

                          methyl-9,9-(1-methylethylene-                        

                          dioxy)-prostanoate                                   

     587  345      Diazoethane                                                 

                          Ethyl 1-9,9-(1,2-dimethylethylene-                   

                          dioxy)-15(S)-hydroxy-prostanoate                     

     588  346      Diazoethane                                                 

                          Ethyl 1-9,9-(1,2-dimethylethylene-                   

                          oxy)-15(S)-hydroxy-16(R)-methyl-                     

     prostanoate                                                               

     589  348      Diazoethane                                                 

                          Ethyl 1-9,9-(1,2-dimethylethylene-                   

                          dioxy)-15(S)-hydroxy-16,16-di-                       

                          methyl-prostanoate                                   

     590  353      Diazoethane                                                 

                          Ethyl 1-9,9-(1-chloromethylethyl-                    

                          enedioxy)-15(S)-hydroxy-prostanoate                  

     591  354      Diazoethane                                                 

                          Ethyl 1-9,9-(1-chloromethylethyl-                    

                          enedioxy)-15(S)-hydroxy-16(R)-                       

     methyl-prostanoate                                                        

     592  356      Diazoethane                                                 

                          Ethyl 1-9,9-(1-chloromethylethyl-                    

                          enedioxy)-15(S)-hydroxy-16,16-                       

     dimethyl-prostanoate                                                      

     593  370      Diazoethane                                                 

                          Ethyl 1-15(S)-hydroxy-9,9-                           

     (propylenedioxy)-prostanoate                                              

     594  371      Diazoethane                                                 

                          Ethyl 1-15(S)-hydroxy-16(R)-                         

     methyl-9,9-(propylenedioxy)-                                              

     prostanoate                                                               

     595  375      Diazoethane                                                 

                          Ethyl 1-15(S)-hydroxy-16,16-                         

     dimethyl-9,9-(propylenedioxy)-                                            

     prostanoate                                                               

     596  402      Diazoethane                                                 

                          Ethyl 1-9,9-(ethylenedithia)-                        

     15(S)-hydroxy-prostanoate                                                 

     597  403      Diazoethane                                                 

                          Ethyl 1-9,9-(ethylenedithia)-                        

     15(S)-hydroxy-16(R)-methyl-                                               

     prostanoate                                                               

     598  407      Diazoethane                                                 

                          Ethyl 1-9,9-(ethylenedithia)-                        

     15(S)-hydroxy-16,16-dimethyl-                                             

     prostanoate                                                               

     599  423      Diazoethane                                                 

                          Ethyl 1-9,9-(ethyleneoxythia)-                       

     15(S)-hydroxy-prostanoate                                                 

     600  424      Diazoethane                                                 

                          Ethyl 1-9,9-(ethyleneoxythia)-                       

                          15(S)-hydroxy-16(R)-methyl-                          

     prostanoate                                                               

     601  428      Diazoethane                                                 

                          Ethyl 1-9,9-(ethyleneoxythia)-                       

     15(S)-hydroxy-16,16-dimethyl-                                             

     prostanoate                                                               

     602  316      Diazobutane                                                 

                          Butyl 9,9-ethylenedioxy)-15-                         

     hydroxy-7a-homo-19,20-dinor-                                              

     prostanoate                                                               

     603  323      Diazobutane                                                 

                          Butyl 1-9,9-(ethylenedioxy)-15-                      

     (R)-hydroxy-prostanoate                                                   

     604  324      Diazobutane                                                 

                          Butyl 1-9,9-(ethylenedioxy)-                         

     15(S)-hydroxy-prostanoate                                                 

     605  326      Diazobutane                                                 

                          Butyl 1-9,9-(ethylenedioxy)-                         

     15(S)-hydroxy-16(S)-methyl-                                               

     prostanoate                                                               

     606  329      Diazobutane                                                 

                          Butyl 1-9,9-(ethylenedioxy)-                         

     15(S)-hydroxy-16,16-dimethyl-                                             

     prostanoate                                                               

     607  330      Diazobutane                                                 

                          Butyl 1-20-ethyl-9,9-(ethylene-                      

                          dioxy)-15(S)-hydroxy-prostanoate                     

     608  338      Diazobutane                                                 

                          Butyl 1-15(S)-hydroxy-9,9-                           

     (1-methylethylenedioxy)-                                                  

     prostanoate                                                               

     609  339      Diazobutane                                                 

                          Butyl 1-15(S)-hydroxy-16(R)-                         

     methyl-9,9-(1-methylethylene-                                             

                          dioxy)-prostanoate                                   

     610  341      Diazobutane                                                 

                          Butyl 1-15(S)-hydroxy-16,16-                         

     dimethyl-9,9-(1-methylethylene-                                           

     dioxy)-prostanoate                                                        

     611  345      Diazobutane                                                 

                          Butyl 1-9,9-(1,2-dimethyl-                           

                          ethylenedioxy)-15(S)-hydroxy-                        

     prostanoate                                                               

     612  346      Diazobutane                                                 

                          Butyl 1-9,9-(1,2-dimethyl-                           

                          ethylenedioxy)-15(S)-hydroxy-                        

     16(R)-methyl-prostanoate                                                  

     613  348      Diazobutane                                                 

                          Butyl 1-9,9-(1,2-dimethyl-                           

                          ethylenedioxy)-15(S)-hydroxy-                        

     16,16-dimethyl-prostanoate                                                

     614  352      Diazobutane                                                 

                          Butyl 9,9-(1-chloromethyl-                           

                          ethylenedioxy)-15-hydroxy-                           

     prostanoate                                                               

     615  353      Diazobutane                                                 

                          Butyl 1-9,9-(1-chloromethyl-                         

                          ethylenedioxy)-15(S)-hydroxy-                        

     prostanoate                                                               

     616  354      Diazobutane                                                 

                          Butyl 1-9,9-(1-chloromethyl-                         

                          ethylenedioxy)-15(S)-hydroxy-                        

     16(R)-methyl-prostanoate                                                  

     617  356      Diazobutane                                                 

                          Butyl 1-9,9-(1-chloromethyl-                         

                          ethylenedioxy)-15(S)-hydroxy-                        

     16,16-dimethyl-prostanoate                                                

     618  363      Diazobutane                                                 

                          Butyl 15-hydroxy-9,9-(propylene-                     

                          dioxy)-5,6,7-trinor-prostanoate                      

     619  364      Diazobutane                                                 

                          Butyl 15-hydroxy-9,9-(propyl-                        

                          enedioxy)-6,7-dinor-prostanoate                      

     620  370      Diazobutane                                                 

                          Butyl 1-15(S)-hydroxy-9,9-                           

     propylenedioxy)-prostanoate                                               

     621  371      Diazobutane                                                 

                          Butyl 1-15(S)-hydroxy-16(R)-                         

     methyl-9,9-(propylenedioxy)-                                              

     prostanoate                                                               

     622  375      Diazobutane                                                 

                          Butyl 1-15(S)-hydroxy-16,16-                         

     dimethyl-9,9-(propylene-                                                  

                          dioxy)-prostanoate                                   

     623  382      Diazobutane                                                 

                          Butyl 9,9-(2,2-dimethyl-                             

     (propylenedioxy)-15-hydroxy-                                              

     7a,7b-bishomo-prostanoate                                                 

     624  390      Diazobutane                                                 

                          Butyl 9,9-(ethylenedithia)-                          

     15-hydroxy-5,6,7,19,20-                                                   

     pentanor-prostanoate                                                      

     625  397      Diazobutane                                                 

                          Butyl 9,9-(ethylenedithia)-                          

     15-hydroxy-7a,7b-bishomo-                                                 

     prostanoate                                                               

     626  402      Diazobutane                                                 

                          Butyl 1-9,9-(ethylenedithia)-                        

     15(S)-hydroxy-prostanoate                                                 

     627  403      Diazobutane                                                 

                          Butyl 1-9,9-(ethylenedithia)-                        

     15(S)-hydroxy-16(R)-methyl-                                               

     prostanoate                                                               

     628  407      Diazobutane                                                 

                          Butyl 1-9,9-(ethylenedithia)-                        

     15(S)-hydroxy-16,16-dimethyl-                                             

     prostanoate                                                               

     629  415      Diazobutane                                                 

                          Butyl 9,9-(ethyleneoxythia)-                         

     15-hydroxy-7a-homo-19,20-                                                 

     dinor-prostanoate                                                         

     630  420      Diazobutane                                                 

                          Butyl 9,9-(ethyleneoxythia)-                         

     15-hydroxy-7a-homo-prostanoate                                            

     631  423      Diazobutane                                                 

                          Butyl 1-9,9-(ethyleneoxythia)-                       

     15(S)-hydroxy-prostanoate                                                 

     632  424      Diazobutane                                                 

                          Butyl 1-9,9-(ethyleneoxythia)-                       

     15(S)-hydroxy-16(R)-methyl-                                               

     prostanoate                                                               

     633  428      Diazobutane                                                 

                          Butyl 1-9,9-(ethyleneoxythia)-                       

     15(S)-hydroxy-16,16-dimethyl-                                             

     prostanoate                                                               

     634  320      Diazohexane                                                 

                          Hexyl 9,9-(ethylenedioxy)-15-                        

     hydroxy-7-nor-prostanoate                                                 

     635  323      Diazohexane                                                 

                          Hexyl 1-9,9-(ethylenedioxy)-15-                      

     (R)-hydroxy-prostanoate                                                   

     636  324      Diazohexane                                                 

                          Hexyl 1-9,9-(ethylenedioxy)-15-                      

     (S)-hydroxy-prostanoate                                                   

     637  326      Diazohexane                                                 

                          Hexyl 1-9,9-(ethylenedioxy)-15-                      

     (S)-hydroxy-16(S)-methyl-                                                 

     prostanoate                                                               

     638  329      Diazohexane                                                 

                          Hexyl 1-9,9-(ethylenedioxy)-15-                      

     (S)-hydroxy-16,16-dimethyl-                                               

     prostanoate                                                               

     639  330      Diazohexane                                                 

                          Hexyl 1-20-ethyl-9,9-(ethylene-                      

                          dioxy)-15(S)-hydroxy-prostanoate                     

     640  337      Diazohexane                                                 

                          Hexyl 15-hydroxy-9,9-(1-methyl-                      

                          ethylenedioxy)-7a-homo-19,20-                        

     dinor-prostanoate                                                         

     641  338      Diazohexane                                                 

                          Hexyl 1-15(S)-hydroxy-9,9-(1-                        

     methylethylenedioxy)-prostanoate                                          

     642  339      Diazohexane                                                 

                          Hexyl 1-15(S)-hydroxy-16(R)-                         

     methyl-9,9-(1-methylethylene-                                             

                          dioxy)-prostanoate                                   

     643  341      Diazohexane                                                 

                          Hexyl 1-15(S)-hydroxy-16,16-                         

     dimethyl-9,9-(1-methylethylene-                                           

     dioxy)-prostanoate                                                        

     644  344      Diazohexane                                                 

                          Hexyl 9,9-(1,2-dimethylethyl-                        

                          enedioxy)-15-hydroxy-6,7-dinor-                      

     prostanoate                                                               

     645  345      Diazohexane                                                 

                          Hexyl 1-9,9-(1,2-dimethylethyl-                      

                          enedioxy)-15(S)-hydroxy-pros-                        

                          tanoate                                              

     646  346      Diazohexane                                                 

                          Hexyl 1-9,9-(1,2-dimethylethyl-                      

                          enedioxy)-15(S)-hydroxy-16(R)-                       

     methyl-prostanoate                                                        

     647  348      Diazohexane                                                 

                          Hexyl 1-9,9-(1,2-dimethylethyl-                      

                          enedioxy-15(S)-hydroxy-16,16-                        

     dimethyl-prostanoate                                                      

     648  351      Diazohexane                                                 

                          Hexyl 9,9-(1-chloromethylethyl-                      

                          enedioxy)-15-hydroxy-7a-homo-                        

     prostanoate                                                               

     649  353      Diazohexane                                                 

                          Hexyl 1-9,9-(1-chloromethyl-                         

                          ethylenedioxy)-15(S)-hydroxy-                        

     prostanoate                                                               

     650  354      Diazohexane                                                 

                          Hexyl 1-9,9-(1-chloromethyl-                         

                          ethylenedioxy)-15(S)-hydroxy-                        

     16(R)-methyl-prostanoate                                                  

     651  356      Diazohexane                                                 

                          Hexyl 1-9,9-(1-chloromethyl-                         

                          ethylenedioxy)-15(S)-hydroxy-                        

     16,16-dimethyl-prostanoate                                                

     652  361      Diazohexane                                                 

                          Hexyl 15-hydroxy-9,9-(propyl-                        

                          enedioxy)-7,19,20-trinor-                            

     prostanoate                                                               

     653  370      Diazohexane                                                 

                          Hexyl 1-15(S)-hydroxy-9,9-(pro-                      

                          pylenedioxy)-prostanoate                             

     654  371      Diazohexane                                                 

                          Hexyl 1-15(S)-hydroxy-16(R)-                         

     methyl-9,9-(propylenedioxy)-                                              

     prostanoate                                                               

     655  375      Diazohexane                                                 

                          Hexyl 1-15(S)-hydroxy-16,16-                         

     dimethyl-9,9-(propylenedioxy)-                                            

     prostanoate                                                               

     656  389      Diazohexane                                                 

                          Hexyl 9,9-(ethylenedithia)-15-                       

     hydroxy-19,20-dinor-prostanoate                                           

     657  402      Diazohexane                                                 

                          Hexyl 1-9,9-(ethylenedithia)-                        

     15(S)-hydroxy-prostanoate                                                 

     658  403      Diazohexane                                                 

                          Hexyl 9,9-(ethylenedithia)-                          

     15(S)-hydroxy-16(R)-methyl-                                               

     prostanoate                                                               

     659  407      Diazohexane                                                 

                          Hexyl 1-9,9-(ethylenedithia)-                        

     15(S)-hydroxy-16,16-dimethyl-                                             

     prostanoate                                                               

     660  418      Diazohexane                                                 

                          Hexyl 9,9-(ethyleneoxythia)-15-                      

     hydroxy-7a,7b-bishomo-prostanoate                                         

     661  423      Diazohexane                                                 

                          Hexyl 1-9,9-(ethyleneoxythia)-                       

     15(S)-hydroxy-prostanoate                                                 

     662  424      Diazohexane                                                 

                          Hexyl 1-9,9-(ethyleneoxythia)-                       

     15(S)-hydroxy-16(R)-methyl-                                               

     prostanoate                                                               

     663  428      Diazohexane                                                 

                          Hexyl 1-9,9-(ethyleneoxythia)-                       

     15(S)-hydroxy-16,16-dimethyl-                                             

     prostanoate                                                               

     664  311      Diazooctane                                                 

                          Octyl 9,9-(ethylenedioxy)-15-                        

     hydroxy-19,20-dinor-prostanoate                                           

     665  313      Diazooctane                                                 

                          Octyl 9,9-(ethylenedioxy)-15-                        

     hydroxy-6,7,19,20-tetranor-                                               

     prostanoate                                                               

     666  316      Diazooctane                                                 

                          Octyl 9,9-(ethylenedioxy)-15-                        

     hydroxy-7a-homo-19,20-dinor-                                              

     prostanoate                                                               

     667  319      Diazooctane                                                 

                          Octyl 9,9-(ethylenedioxy)-7a,-                       

     7b-bishomo-prostanoate                                                    

     668  323      Diazooctane                                                 

                          Octyl 1-9,9-(ethylenedioxy)-15-                      

     (R)-hydroxy-prostanoate                                                   

     669  324      Diazooctane                                                 

                          Octyl 1-9,9-(ethylenedioxy)-15(S)-                   

     hydroxy-prostanoate                                                       

     670  326      Diazooctane                                                 

                          Octyl 1-9,9-(ethylenedioxy)-15(S)-                   

     hydroxy-16(S)-methyl-prostanoate                                          

     671  329      Diazooctane                                                 

                          Octyl 1-9,9-(ethylenedioxy)-15(S)-                   

     hydroxy-16,16-dimethyl-prostanoate                                        

     672  330      Diazooctane                                                 

                          Octyl 1-20-ethyl-9,9-(ethylene-                      

                          dioxy)-15(S)-hydroxy-prostanoate                     

     673  338      Diazooctane                                                 

                          Octyl 1-15(S)-hydroxy-9,9-(1-                        

     methylethylenedioxy)prostanoate                                           

     674  339      Diazooctane                                                 

                          Octyl 1-15(S)-hydroxy-16(R)-                         

     methyl-9,9-(1-methylethylenedioxy)-                                       

     prostanoate                                                               

     675  341      Diazooctane                                                 

                          Octyl 1-15(S)-hydroxy-16,16-                         

     dimethyl-9,9-(1-methylethylene-                                           

                          dioxy)-prostanoate                                   

     676  345      Diazooctane                                                 

                          Octyl 1-9,9-(1,2-dimethylethyl-                      

                          enedioxy)-15(S)-hydroxy-prostanoate                  

     677  346      Diazooctane                                                 

                          Octyl 1-9,9-(1,2-dimethylethyl-                      

                          enedioxy)-15(S)-hydroxy-16(R)-                       

     methyl-prostanoate                                                        

     678  348      Diazooctane                                                 

                          Octyl 1-9,9-(1,2-dimethylethyl-                      

                          enedioxy)-15(S)-hydroxy-16,16-                       

     dimethyl-prostanoate                                                      

     679  350      Diazooctane                                                 

                          Octyl 9,9-(1-chloromethyl-                           

                          ethylenedioxy)-15-hydroxy-7-                         

     nor-prostanoate                                                           

     680  353      Diazooctane                                                 

                          Octyl 1-9,9-(1-chloromethyl-                         

     ethylenedioxy)-15(S)-hydroxy-                                             

     prostanoate                                                               

     681  354      Diazooctane                                                 

                          Octyl 1-9,9-(1-chloromethyl-                         

                          ethylenedioxy)-15(S)-hydroxy-                        

     16(R)-methyl-prostanoate                                                  

     682  356      Diazooctane                                                 

                          Octyl 1-9,9-(1-chloromethyl-                         

                          ethylenedioxy)-15(S)-hydroxy-                        

     16,16-dimethyl-prostanoate                                                

     683  361      Diazooctane                                                 

                          Octyl 15-hydroxy-9,9-(propyl-                        

                          enedioxy)-7,19,20-trinor-pros-                       

                          tanoate                                              

     684  365      Diazooctane                                                 

                          Octyl 15-hydroxy-9,9-(propylene-                     

     dioxy)-7a,7b-bishomo-pros-                                                

                          tanoate                                              

     685  370      Diazooctane                                                 

                          Octyl 1-15(S)-hydroxy-9,9-(propyl-                   

                          enedioxy)-prostanoate                                

     686  371      Diazooctane                                                 

                          Octyl 1-15(S)-hydroxy-16(R)-                         

     methyl-9,9-(propylenedioxy)-                                              

     prostanoate                                                               

     687  375      Diazooctane                                                 

                          Octyl 1-15(S)-hydroxy-16,16-di-                      

                          methyl-9,9-(propylenedioxy)-                         

     prostanoate                                                               

     688  394      Diazooctane                                                 

                          Octyl 9,9-(ethylenedithia)-15-                       

     hydroxy-7a-homo-19,20-dinor-                                              

     prostanoate                                                               

     689  397      Diazooctane                                                 

                          Octyl 9,9-(ethylenedithia)-15-                       

     hydroxy-7a,7b-bishomo-prostanoate                                         

     690  402      Diazooctane                                                 

                          Octyl 1-9,9-(ethylenedithia)-15-                     

     (S)-hydroxy-prostanoate                                                   

     691  404      Diazooctane                                                 

                          Octyl 1-9,9-(ethylenedithia)-15-                     

     (S)-hydroxy-16(S)-methyl-pros-                                            

                          tanoate                                              

     692  407      Diazooctane                                                 

                          Octyl 1-9,9-(ethylenedithia)-                        

     15(S)-hydroxy-16,16-dimethyl-                                             

     prostanoate                                                               

     693  412      Diazooctane                                                 

                          Octyl 9,9-(ethyleneoxythia)-                         

     15-hydroxy-6,7,19,20-tetra-                                               

     nor-prostanoate                                                           

     694  419      Diazooctane                                                 

                          Octyl 9,9-(ethyleneoxythia)-                         

     7-nor-prostanoate                                                         

     695  423      Diazooctane                                                 

                          Octyl 1-9,9-(ethyleneoxythia)-                       

     15(S)-hydroxy-prostanoate                                                 

     696  424      Diazooctane                                                 

                          Octyl 9,9-(ethyleneoxythia)-                         

     15(S)-hydroxy-16(R)-methyl-                                               

     prostanoate                                                               

     697  428      Diazooctane                                                 

                          Octyl 1-9,9-(ethyleneoxythia)-                       

     15(S)-hydroxy-16,16-dimethyl-                                             

     prostanoate                                                               

     698  313      Diazodecane                                                 

                          Decyl 9,9-(ethylenedioxy)-15-                        

     hydroxy-6,7,19,20-tetranor-                                               

     prostanoate                                                               

     699  316      Diazodecane                                                 

                          Decyl 9,9-(ethylenedioxy)-15-                        

     hydroxy-7a-homo-19,20-dinor-                                              

     prostanoate                                                               

     700  319      Diazodecane                                                 

                          Decyl 9,9-(ethylenedioxy)-15-                        

     hydroxy-7a,7b-bishomo-pros-                                               

                          tanoate                                              

     701  323      Diazodecane                                                 

                          Decyl 1-9,9-(ethylenedioxy)-                         

     15(R)-hydroxy-prostanoate                                                 

     702  324      Diazodecane                                                 

                          Decyl 1-9,9-(ethylenedioxy)-                         

     15(S)-hydroxy-prostanoate                                                 

     703  326      Diazodecane                                                 

                          Decyl 1-9,9-(ethylenedioxy)-15-                      

     (S)-hydroxy-16(S)-methyl-                                                 

     prostanoate                                                               

     704  329      Diazodecane                                                 

                          Decyl 1-9,9-(ethylenedioxy)-                         

     15(S)-hydroxy-16,16-di-                                                   

                          methyl-prostanoate                                   

     705  330      Diazodecane                                                 

                          Decyl 1-20-ethyl-9,9-(ethyl-                         

                          enedioxy)-15(S)-hydroxy-                             

     prostanoate                                                               

     706  338      Diazodecane                                                 

                          Decyl 1-15(S)-hydroxy-9,9-                           

     (1-methylethylenedioxy)-                                                  

     prostanoate                                                               

     707  339      Diazodecane                                                 

                          Decyl 1-15(S)-hydroxy-16(R)-                         

     methyl-9,9-(1-methylethyl-                                                

                          enedioxy)-prostanoate                                

     708  341      Diazodecane                                                 

                          Decyl 1-15(S)-hydroxy-16,16-                         

     dimethyl-9,9-(1-methylethyl-                                              

                          enedioxy)-prostanoate                                

     709  345      Diazodecane                                                 

                          Decyl 1-9,9-(1,2-dimethyl-                           

                          ethylenedioxy)-15(S)-hydroxy-                        

                          prostanoate                                          

     710  346      Diazodecane                                                 

                          Decyl 1-9,9-(1,2-dimethyl-                           

                          ethylenedioxy)-15(S)-hydroxy-                        

     16(R)-methyl-prostanoate                                                  

     711  348      Diazodecane                                                 

                          Decyl 1-9,9-(1,2-dimethyl-                           

                          ethylenedioxy)-15(S)-hydroxy-                        

     16,16-dimethyl-prostanoate                                                

     712  353      Diazodecane                                                 

                          Decyl 1-9,9-(1-chloromethyl-                         

                          ethylenedioxy)-15(S)-hydroxy-                        

                          prostanoate                                          

     713  354      Diazodecane                                                 

                          Decyl 1-9,9-(1-chloromethyl-                         

                          ethylenedioxy)-15(S)-hydroxy-                        

     16(R)-methyl-prostanoate                                                  

     714  356      Diazodecane                                                 

                          Decyl 1-9,9-(1-chloromethyl-                         

                          ethylenedioxy)-15(S)-hydroxy-                        

     16,16-dimethyl-prostanoate                                                

     715  359      Diazodecane                                                 

                          Decyl 15-hydroxy-9,9-(propyl-                        

                          enedioxy)-6,7,19,20-tetranor-                        

                          prostanoate                                          

     716  366      Diazodecane                                                 

                          Decyl 15-hydroxy-9,9-(propyl-                        

                          enedioxy)-7-nor-prostanoate                          

     717  367      Diazodecane                                                 

                          Decyl 15-hydroxy-9,9-(propyl-                        

                          enedioxy)-7a-homo-prostanoate                        

     718  370      Diazodecane                                                 

                          Decyl 1-15(S)-hydroxy-(9,9-                          

     propylenedioxy)-prostanoate                                               

     719  371      Diazodecane                                                 

                          Decyl 1-15(S)-hydroxy-16(R)-                         

     methyl-9,9-(propylenedioxy)-                                              

                          prostanoate                                          

     720  375      Diazodecane                                                 

                          Decyl 1-15(S)-hydroxy-16,16-                         

     dimethyl-9,9-(propylenedioxy)-                                            

                          prostanoate                                          

     721  381      Diazodecane                                                 

                          Decyl 9,9-(2,2-dimethylpropyl-                       

                          enedioxy)-15-hydroxy-6,7-dinor-                      

     prostanoate                                                               

     722  390      Diazodecane                                                 

                          Decyl 9,9-(ethylenedithia)-15-                       

     hydroxy-5,6,7,19,20-pentanor-                                             

     prostanoate                                                               

     723  393      Diazodecane                                                 

                          Decyl 9,9-(ethylenedithia)-                          

     15-hydroxy-7,19,20-trinor-                                                

     prostanoate                                                               

     724  396      Diazodecane                                                 

                          Decyl 9,9-(ethylenedithia)-                          

     15-hydroxy-6,7-dinor-pros-                                                

                          tanoate                                              

     725  399      Diazodecane                                                 

                          Decyl 9,9-(ethylenedithia)-                          

     15-hydroxy-7a-homo-prostanoate                                            

     726  402      Diazodecane                                                 

                          Decyl 1-9,9-(ethylenedithia)-                        

     15(S)-hydroxy-prostanoate                                                 

     727  403      Diazodecane                                                 

                          Decyl 1-9,9-(ethylenedithia)-                        

     15(S)-hydroxy-16(R)-methyl-                                               

     prostanoate                                                               

     728  407      Diazodecane                                                 

                          Decyl 1-9,9-(ethylenedithia)-                        

                          15(S)-hydroxy-16,16-dimethyl-                        

     prostanoate                                                               

     729  410      Diazodecane                                                 

                          Decyl 9,9-(ethyleneoxythia)-                         

     15-hydroxy-19,20-dinor-pros-                                              

                          tanoate                                              

     730  413      Diazodecane                                                 

                          Decyl 9,9-(ethyleneoxythia)-                         

     15-hydroxy-7a,7b-bis-homo-                                                

     19,20-dinor-prostanoate                                                   

     731  418      Diazodecane                                                 

                          Decyl 9,9-(ethyleneoxythia)-                         

     15-hydroxy-7a,7b-bishomo-                                                 

     prostanoate                                                               

     732  423      Diazodecane                                                 

                          Decyl 1-9,9-(ethyleneoxythia)-                       

     15(S)-hydroxy-prostanoate                                                 

     733  424      Diazodecane                                                 

                          Decyl 1-9,9-(ethyleneoxythia)-                       

     15(S)-hydroxy-16(R)-methyl-                                               

     prostanoate                                                               

     734  428      Diazodecane                                                 

                          Decyl 1-9,9-(ethyleneoxythia)-                       

     15(S)-hydroxy-16,16-dimethyl-                                             

     prostanoate                                                               

     __________________________________________________________________________

PAC  EXAMPLE 735
PAC  Preparation of 1-methyl 9,9-(ethylenedioxy)-15-oxo-prostanoate
PAR  To a mixture of 14.5 g. of chromium trioxide-pyridine complex in 110 ml. of
      dry methylene chloride is added with stirring 4.82 g. of 1-methyl
      9,9-(ethylenedioxy)-15(S)-hydroxy-prostanoate (Example 134) in 17 ml. of
      methylene chloride. The resulting dark brown mixture is stirred at ambient
      temperature for 18 hours. The mixture is filtered and the mother liquor is
      taken to dryness. The residue is taken up in ether and washed successively
      with ice cold 5% sodium hydroxide, saturated sodium chloride solution, 30%
      sodium phosphate monobasic solution and water dried with anhydrous sodium
      sulfate and evaporated to dryness under reduced pressure to afford 4.17 g.
      (98%) of product as an oil; .lambda. max 5.71, 5.82.mu. (carbonyl groups).
PAC  EXAMPLE 736
PAC  Preparation of
      1-methyl-9,9-(ethylenedioxy)-15-hydroxy-15-methyl-prostanoate
PAR  To a Grignard solution prepared from 363 mg. (2 equivalents) of magnesium
      and 2.16 g. (2 equivalents) of methyl iodide in 10 ml. of ether under
      argon atmosphere is added dropwise a solution of 3 g. of 1-methyl
      9,9-(ethylenedioxy)-15-oxo-prostanoate (Example 735) in 15 ml. of ether
      and the resulting mixture is stirred at ambient temperature for 18 hours.
      Saturated ammonium chloride (20 ml.) is added followed by 15 ml. of water
      and 50 ml. of ether. The ethereal solution is washed with saturated sodium
      chloride solution, dried with anhydrous sodium sulfate and taken to
      dryness to give 3.04 g. of viscous oil. This material is chromatographed
      on 75 g. of Florisil. The product is eluted with benzene to give 880 mg.
      of product. Further elution of the column with 10% ether in benzene gives
      1.3 g. of 1-1,1-dimethyl-15-methyl-15-hydroxy-9,9-ethylenedioxy-prostanyl
      alcohol.
PAC  EXAMPLE 737
PAC  Preparation of 1-9,9-(ethylenedioxy)-15-hydroxy-15-methyl-prostanoic acid
PAR  Treatment of 1-methyl 9,9-(ethylenedioxy)-15-hydroxy-15-methyl-prostanoate
      (Example 736) with potassium hydroxide in the manner of Example 58 is
      productive of the subject compound.
PAC  EXAMPLES 738 -744
PAR  Treatment of the various hydroxyprostanoate ketals of Table 14 below with
      chromium trioxide-pyridine complex in the manner of Example 735 above is
      productive of the corresponding 15-oxoprostanoate ketals of the Table.
TBL                TABLE 14                                                    

     ______________________________________                                    

             Starting 15-hy- Product                                           

     Ex-     droxyprostanoate                                                  

                             15-oxoprostanoate                                 

     ample   ketals of Example                                                 

                             ketals                                            

     ______________________________________                                    

     738     140             methyl 1-20-ethyl-9,9-                            

     (ethylenedioxy)-15-                                                       

     oxoprostanoate                                                            

     739     141             ent-methyl 9,9-(ethyl-                            

                             enedioxy)-15-oxopros-                             

                             tanoate                                           

     740     148             methyl 1-9,9-(1-methyl-                           

                             ethylenedioxy)-15-oxo-                            

                             prostanoate                                       

     741     194             methyl 1-15-oxo-9,9-                              

     (propylenedioxy)-                                                         

     prostanoate                                                               

     742     200             methyl 1-20-ethyl-15-                             

     oxo-9,9-(propylene-                                                       

                             dioxy)-prostanoate                                

     743     201             ent-methyl 15-oxo-9,9-                            

     (propylenedioxy)-                                                         

     prostanoate                                                               

     744     212             methyl 1-9,9-(2,2-di-                             

                             methylpropylenedioxy)-                            

     15-oxoprostanoate                                                         

     ______________________________________                                    

PAC  EXAMPLES 745 - 751
PAR  Treatment of the various 15-oxoprostanoate ketals of Table 15 below with
      methyl magnesium iodide in the manner of Example 736 is productive of the
      corresponding 15-hydroxy-15-methyl prostanoate ketals of the table. The
      products are obtained as a mixture of the 15(S) and 15(R) components.
TBL                TABLE 15                                                    

     ______________________________________                                    

             Starting 15-oxo-                                                  

                             Product                                           

     Ex-     prostanoate     15-hydroxy-15-methyl-                             

     ample   ketals of Example                                                 

                             prostanoate ketals                                

     ______________________________________                                    

     745     738             methyl 1-20-ethyl-9,9-                            

     (ethylenedioxy)-15-                                                       

     hydroxy-15-methyl-                                                        

                             prostanoate                                       

     746     739             ent-methyl 9,9-(ethyl-                            

                             enedioxy)-15-hydroxy-                             

     15-methylprostanoate                                                      

     747     740             methyl 1-15-hydroxy-                              

     15-methyl-9,9-(1-                                                         

     methylethylenedioxy)-                                                     

                             prostanoate                                       

     748     741             methyl 1-15-hydroxy-                              

     15-methyl-9,9-(pro-                                                       

                             pylenedioxy)prostanoate                           

     749     742             methyl 1-20-ethyl-15-                             

     hydroxy-15-methyl-                                                        

     9,9-(propylenedioxy)-                                                     

                             prostanoate                                       

     750     743             ent-methyl 15-hydroxy-                            

     15-methyl-9,9-(pro-                                                       

                             pylenedioxy)prostanoate                           

     751     744             methyl 1-9,9-(2,2-di-                             

                             methylpropylenedioxy)-                            

     15-hydroxy-15-methyl-                                                     

                             prostanoate                                       

     ______________________________________                                    

PAC  EXAMPLES 752 - 759
PAR  Saponification of the various 15-hydroxy-15-methyl-prostanoate ketals of
      Table 16 below in the manner of Example 58 is productive of the
      corresponding 15-hydroxy-15-methyl-prostanoic acid ketals of the Table.
TBL                TABLE 16                                                    

     ______________________________________                                    

             Starting 15-hy-                                                   

             droxy-15-methyl-                                                  

                             Product                                           

     Ex-     prostanoate     15-hydroxy-15-methyl-                             

     ample   ketals of Example                                                 

                             prostanoic acid ketal                             

     ______________________________________                                    

     752     736             1-9,9-(ethylenedioxy)-                            

     15-hydroxy-15-methyl-                                                     

                             prostanoic acid                                   

     753     745             1-20-ethyl-9,9-(ethyl-                            

                             enedioxy)-15-hydroxy-                             

     15-methylprostanoic                                                       

                             acid                                              

     754     746             ent-9,9-(ethylenedi-                              

                             oxy)-15-hydroxy-15-                               

     methylprostanoic acid                                                     

     755     747             1-15-hydroxy-15-methyl-                           

     9,9-(1-methylethyl-                                                       

                             enedioxy)prostanoic                               

                             acid                                              

     756     748             1-15-hydroxy-15-methyl-                           

     9,9-(propylenedioxy)-                                                     

                             prostanoic acid                                   

     757     749             1-20-ethyl-15-hydroxy-                            

     15-methyl-9,9-(pro-                                                       

                             pylenedioxy)prostanoic                            

                             acid                                              

     758     750             ent-15-hydroxy-15-                                

     methyl-9,9-(propylene-                                                    

                             dioxy)prostanoic acid                             

     759     751             1-9,9-(2,2-dimethylpro-                           

                             pylenedioxy)-15-hy-                               

                             droxy-15-methylpros-                              

                             tanoic acid                                       

     ______________________________________                                    

PAC  EXAMPLES 760 - 763
PAR  In the manner described in Example 99, treatment of the various
      prostatrienoic acids listed in Table 17 below with ethereal diazomethane
      is productive of the corresponding methyl prostatrienoates of the Table.
TBL                                    TABLE 17                                

     __________________________________________________________________________

                          Product                                              

     Example                                                                   

          Starting prostatrienoic acids                                        

                          Methyl prostatrienoates                              

     __________________________________________________________________________

     760  1-16-fluoro-15(S)-hydroxy-                                           

                          1-methyl 16-fluoro-15(S)-hydroxy-9-                  

     9-oxo-5-cis,10,13-trans-                                                  

     oxo-5-cis,10,13-trans-prostatrienoate                                     

     prostatrienoic acid.sup.1                                                 

     761  1-16-fluoro-15(R)-hydroxy-                                           

                          1-methyl 16-fluoro-15(R)-hydroxy-9-                  

     9-oxo-5-cis,10,13-trans-                                                  

     oxo-5-cis,10,13-trans-prostatrienoate                                     

     prostatrienoic acid.sup.1                                                 

     762  1-16,16-difluoro-15(S)-hy-                                           

                          1-methyl 16,16-difluoro-15(S)-hydroxy-               

          droxy-9-oxo-5-cis,10,13-                                             

     9-oxo-5-cis,10,13-trans-prostatrienoate                                   

     trans-prostatrienoic acid.sup.1                                           

     763  1-16,16-difluoro-15(R)-hy-                                           

                          1-methyl 16,16-difluoro-15(R)-hydroxy-               

          droxy-9-oxo-5-cis,10,13-                                             

     9-oxo-5-cis,10,13-trans-prostatrienoate                                   

     trans-prostatrienoic acid.sup.1                                           

     __________________________________________________________________________

      .sup.1 Netherlands Patent No. 7,305,817.                                 

PAC  EXAMPLES 764 - 767
PAR  Hydrogenation of the various prostatrienoic acid methyl esters in Table 18
      below using 5% rhodium-on-carbon catalyst in ethyl acetate all in the
      manner described in Example 52 above is productive of the prostanoic acid
      methyl esters of the Table.
TBL                TABLE 18                                                    

     ______________________________________                                    

              Starting prosta-                                                 

              trienoic acid  Product                                           

     Ex-      methyl esters of                                                 

                             Prostanoic acid methyl                            

     ample    Example        esters                                            

     ______________________________________                                    

     764      760            1-methyl 16-fluoro-                               

     15(S)-hydroxy-9-oxo-                                                      

                             prostanoate                                       

     765      761            1-methyl 16-fluoro-                               

     15(R)-hydroxy-9-oxo-                                                      

                             prostanoate                                       

     766      762            1-methyl 16,16-difluoro-                          

     15(S)-hydroxy-9-oxo-                                                      

                             prostanoate                                       

     767      763            1-methyl 16,16-difluoro-                          

     15(R)-hydroxy-9-oxo-                                                      

                             prostanoate                                       

     ______________________________________                                    

PAC  EXAMPLES 768 - 787
PAR  Treatment of the various 9-oxoprostanoates listed in Table 19 below with
      the indicated reagent, by the method described in Example 55 above, is
      productive of the ketals of the Table.
TBL                                    TABLE 19                                

     __________________________________________________________________________

          Starting 9-oxo-                                                      

          prostanoates of     Product                                          

     Example                                                                   

          Example   Ketalizing reagent                                         

                              Prostanoate ketals                               

     __________________________________________________________________________

     768  764       ethylene glycol                                            

                              1-methyl 9,9-(ethylenedioxy)-16-fluoro-          

     15(S)-hydroxyprostanoate                                                  

     769  764       1,2-propanediol                                            

                              1-methyl 16-fluoro-15(S)-hydroxy-9,9-            

     (1-methylethylenedioxy)prostanoate                                        

     770  764       1-chloro-2,3-                                              

                              1-methyl 9,9-(1-chloromethylethylene-            

     propanediol                                                               

          dioxy)-16-fluoro-15(S)-hydroxyprostanoate                            

     771  764       2,3-butanediol                                             

                              1-methyl 9,9-(1,2-dimethylethylenedioxy)-        

     16-fluoro-15(S)-hydroxyprostanoate                                        

     772  764       1,3-propanediol                                            

                              1-methyl 16-fluoro-15(S)-hydroxy-9,9-            

     (propylenedioxy)prostanoate                                               

     773  765       ethylene glycol                                            

                              1-methyl 9,9-(ethylenedioxy)-16-fluoro-          

     15(R)-hydroxyprostanoate                                                  

     774  765       1,2-propanediol                                            

                              1-methyl 16-fluoro-15(R)-hydroxy-9,9-            

     (1-methylethylenedioxy)prostanoate                                        

     775  765       1-chloro-2,3-                                              

                              1-methyl 9,9-(1-chloromethylethylene-            

     propanediol                                                               

          dioxy)-16-fluoro-15(R)-hydroxyprostanoate                            

     776  765       2,3-butanediol                                             

                              1-methyl 9,9-(1,2-dimethylethylenedioxy)-        

     16-fluoro-15(R)-hydroxyprostanoate                                        

     777  765       1,3-propanediol                                            

                              1-methyl 16-fluoro-15(R)-hydroxy-9,9-            

     (propylenedioxy)prostanoate                                               

     778  766       ethylene glycol                                            

                              1-methyl 9,9-(ethylenedioxy)-16,16-di-           

                              fluoro-15(S)-hydroxyprostanoate                  

     779  766       1,2-propanediol                                            

                              1-methyl 16,16-difluoro-15(S)-hydroxy-           

     9,9-(1-methylethylenedioxy)prostanoate                                    

     780  766       1-chloro-2,3-                                              

                              1-methyl 9,9-(1-chloromethylethylenedi-          

     propanediol                                                               

          oxy)-16,16-difluoro-15(S)-hydroxyprostanoate                         

     781  766       2,3-butanediol                                             

                              1-methyl 9,9-(1,2-dimethylethylenedioxy)-        

     16,16-difluoro-15(S)-hydroxyprostanoate                                   

     782  766       1,3-propanediol                                            

                              1-methyl 16,16-difluoro-15(S)-hydroxy-9,9-       

     (propylenedioxy)prostanoate                                               

     783  767       ethylene glycol                                            

                              1-methyl 9,9-(ethylenedioxy)-16,16-difluoro-     

     15(R)-hydroxyprostanoate                                                  

     784  767       1,2-propanediol                                            

                              1-methyl 16,16-difluoro-15(R)-hydroxy-9,9-       

     (1-methylethylenedioxy)prostanoate                                        

     785  767       1-chloropropane-                                           

                              1-methyl-9,9-(1-chloromethylethylenedioxy)-      

                    diol                                                       

     16,16-difluoro-15(R)-hydroxyprostanoate                                   

     786  767       2,3-butanediol                                             

                              1-methyl 9,9-(1,2-dimethylethylenedioxy)-        

     16,16-difluoro-15(R)-hydroxyprostanoate                                   

     787  767       1,3-propanediol                                            

                              1-methyl 16,16-difluoro-15(R)-hydroxy-9,9-       

     (propylenedioxy)prostanoate                                               

     __________________________________________________________________________

PAC  EXAMPLES 788 - 807
PAR  Saponification of the various prostanoate ketals of Table 20 below in the
      manner of Example 58 above is productive of the prostanoic acid ketals of
      the Table.
TBL                                    TABLE 20                                

     __________________________________________________________________________

          Starting Prostanoate                                                 

     Example                                                                   

          ketals of Example                                                    

                       Product Prostanoic Acid Ketals                          

     __________________________________________________________________________

     788  768         1-9,9-(ethylenedioxy)-16-fluoro-15(S)-hydroxy            

                      prostanoic                                               

                      acid                                                     

     789  769         1-16-fluoro-15(S)-hydroxy-9,9-(1-methylethylenedioxy)-   

     prostanoic acid                                                           

     790  770         1-9,9-(1-chloromethylethylenedioxy)-16-fluoro-15-(S)-    

     hydroxy-prostanoic acid                                                   

     791  771         1-9,9-(1,2-dimethylethylenedioxy)-16-fluoro-15(S)-hydroxy

                      1                                                        

                      prostanoic acid                                          

     792  772         1-16-fluoro-15(S)-hydroxy-9,9-(propylenedioxy)prostanoic 

                      acid                                                     

     793  773         1-9,9-(ethylenedioxy)-16-fluoro-15(R)-hydroxy            

                      prostanoic                                               

                      acid                                                     

     794  774         1-16-fluoro-15(R)-hydroxy-9,9-(1-methylethylenedioxy)-   

     prostanoic acid                                                           

     795  775         1-9,9-(1-chloromethylethylenedioxy)-16-fluoro-15(R)-     

     hydroxy prostanoic acid                                                   

     796  776         1-9,9-(1,2-dimethylethylenedioxy-16-fluoro-15(R)-hydroxy-

                      .                                                        

                      prostanoic acid                                          

     797  777         1-16-fluoro-15(R)-hydroxy-9,9-(propylenedioxy)prostanoic 

                      acid                                                     

     798  778         1-9,9-(ethylenedioxy)-16,16-difluoro-15(S)-hydroxy       

                      prostanoic                                               

                      acid                                                     

     799  779         1-16,16-difluoro-15(S)-hydroxy-9,9-(1-methylethylenedioxy

                      )-                                                       

                      prostanoic acid                                          

     800  780         1-9,9-(1-chloromethylethylenedioxy)-16,16-difluoro-15(S)-

     hydroxy prostanoic acid                                                   

     801  781         1-9,9-(1,2-dimethylethylenedioxy)-16,16-difluoro-15(S)-  

     hydroxy prostanoic acid                                                   

     802  782         1-16,16-difluoro-15(S)-hydroxy-9,9-(propylenedioxy)prosta

                      noic                                                     

                      acid                                                     

     803  783         1-9,9-(ethylenedioxy)-16,16-difluoro-15(R)-hydroxy       

                      prostanoic                                               

                      acid                                                     

     804  784         1-16,16-difluoro-15(R)-hydroxy-9,9-(1-methylethylenedioxy

                      )-                                                       

                      prostanoic acid                                          

     805  785         1-9,9-(1-chloromethylethylenedioxy)-16,16-difluoro-15(R)-

     hydroxy prostanoic acid                                                   

     806  786         1-9,9-(1,2-dimethylethylenedioxy)-16,16-difluoro-15(R)-  

     hydroxy prostanoic acid                                                   

     807  787         1-16,16-difluoro-15(R)-hydroxy-9,9-(propylenedioxy)prosta

                      noic                                                     

                      acid                                                     

     __________________________________________________________________________

PAC  EXAMPLES 808 - 814
PAR  Treatment of the various prostatrienoic acids listed in Table 21 below with
      the indicated diazoalkanes, in the manner described in Example 99 above is
      productive of the esters of the Table.
TBL                                    TABLE 21                                

     __________________________________________________________________________

     Example                                                                   

          Starting Prostatrienoic Acid                                         

                          Diazoalkane                                          

                                    Product                                    

     __________________________________________________________________________

     808  1-16-fluoro-15(S)-hydroxy-9-                                         

                          diazobutane                                          

                                 1-butyl 16-fluoro-15(S)-                      

     oxo-5-cis,10,13-trans-pro-                                                

     hydroxy-9-oxo-5-cis,10,13-                                                

          statrienoic acid.sup.1                                               

     trans-prostatrienoate                                                     

     809  1-16-fluoro-15(S)-hydroxy-9-                                         

                          diazodecane                                          

                                 1-decyl 16-fluoro-15(S)-                      

     oxo-5-cis,10,13-trans-pro-                                                

     hydroxy-9-oxo-5-cis,10,13-                                                

          statrienoic acid.sup.1                                               

     trans-prostatrienoate                                                     

     810  1-16-fluoro-15(R)-hydroxy-9-                                         

                          diazopentane                                         

                                 1-pentyl 16-fluoro-15(R)-                     

     oxo-5-cis,10,13-trans-pro-                                                

     hydroxy-9-oxo-5-cis,10,13-                                                

          statrienoic acid.sup.1                                               

     trans-prostatrienoate                                                     

     811  1-16-fluoro-15(R)-hydroxy-9-                                         

                          diazononane                                          

                                 1-nonyl 16-fluoro-15(R)-                      

     oxo-5-cis,10,13-trans-pro-                                                

     hydroxy-9-oxo-5-cis,10,13-                                                

          statrienoic acid.sup.1                                               

     trans-prostatrienoate                                                     

     812  1-16,16-difluoro-15(S)-                                              

                          diazohexane                                          

                                 1-hexyl 16,16-difluoro-15(S)-                 

     hydroxy-9-oxo-5-cis,10,13-                                                

     hydroxy-9-oxo-5-cis,10,13-                                                

     trans-prostatrienoic acid.sup.1                                           

     trans-prostatrienoate                                                     

     813  1-16,16-difluoro-15(S)-                                              

                          diazooctane                                          

                                 1-octyl 16,16-difluoro-15(S)-                 

     hydroxy-9-oxo-5-cis,10,13-                                                

     hydroxy-9-oxo-5-cis,10,13-                                                

     trans-prostatrienoic acid                                                 

     trans-prostatrienoate                                                     

     814  1-16,16-difluoro-15(R)-                                              

                          diazoheptane                                         

                                 1-heptyl 16,16-difluoro-15(R)-                

     hydroxy-9-oxo-5-cis,10,13-                                                

     hydroxy-9-oxo-5-cis,10,13-                                                

     trans-prostatrienoic acid                                                 

     trans-prostatrienoate                                                     

     __________________________________________________________________________

      .sup.1 Netherlands Patent No. 7,305,817                                  

PAC  EXAMPLES 815 - 821
PAR  Hydrogenation of the various prostatrienoic acid esters in Table 22 below
      in the manner described in Example 52 above is productive of the
      prostanoic acid esters of the Table.
TBL                                    TABLE 22                                

     __________________________________________________________________________

          Starting Prostatrienoic                                              

                        Product                                                

     Example                                                                   

          Acid Esters of Example                                               

                        Prostanoic Acid Esters                                 

     __________________________________________________________________________

     815  808           1-butyl 16-fluoro-15(S)-hydroxy-9-oxo                  

                        prostanoate                                            

     816  809           1-decyl 16-fluoro-15(S)-hydroxy 9-oxo                  

                        prostanoate                                            

     817  810           1-pentyl 16-fluoro-15(R)-hydroxy-9-oxo                 

                        prostanoate                                            

     818  811           1-nonyl 16-fluoro-15(R)-hydroxy-9-oxo                  

                        prostanoate                                            

     819  812           1-hexyl 16,16-difluoro-15(S)-hydroxy-                  

     9-oxo prostanoate                                                         

     820  813           1-octyl 16,16-difluoro-15(S)-hydroxy-9-                

     oxo prostanoate                                                           

     821  814           1-heptyl 16,16-difluoro-15(R)-hydroxy-                 

     9-oxo prostanoate                                                         

     __________________________________________________________________________

PAC  EXAMPLES 822 - 825
PAR  Saponification of the various prostanoate methyl esters of Table 23 below
      in the manner of Example 58 above is productive of the prostanoic acids of
      the Table.
TBL                                    TABLE 22                                

     __________________________________________________________________________

          Starting Prostanoic Acid                                             

     Example                                                                   

          Ester of Example                                                     

                        Product Prostanoic Acids                               

     __________________________________________________________________________

     822  764           1-16-fluoro-15(S)-hydroxy-9-                           

     oxoprostanoic acid                                                        

     823  765           1-16-fluoro-15(R)-hydroxy-9-                           

     oxoprostanoic acid                                                        

     824  766           1-16,16-difluoro-15(S)-hydroxy-                        

     9-oxoprostanoic acid                                                      

     825  767           1-16,16-difluoro-15(R)-hydroxy-                        

     9-oxoprostanoic acid                                                      

     __________________________________________________________________________

PAC  EXAMPLE 826
PAC  Preparation of 1-9.alpha.,15(S)-dihydroxy-16-fluoro-prostanoic acid
PAR  To a solution of 435 mg. of 1-16-fluoro-15(S)-hydroxy-9-oxoprostanoic acid
      (Example 822) in 4.5 ml. of tetrahydrofuran, stirred in an ice bath under
      argon atmosphere, is added dropwise 3.7 ml. of 0.76 M lithium
      perhydro-9b-boraphenalyl hydride. After 40 minutes at 0.degree.C. there is
      added 1.62 ml. of 3N sodium hydroxide followed by 1.62 ml. of 30% hydrogen
      peroxide. Ether is added and the resulting solution is acidified with 2N
      hydrochloric acid. The ether layer is washed several times with saturated
      sodium chloride solution, dried with anhydrous magnesium sulfate and taken
      to dryness to give the subject product as an oil.
PAC  EXAMPLES 827 -829
PAR  Treatment of the 9-oxo-derivative designated in Table 23 below with lithium
      perhydro-9b-boraphenalyl hydride by the procedure described in Example 826
      provides the 9.alpha.,15-dihydroxy derivatives of the Table.
TBL                TABLE 23                                                    

     ______________________________________                                    

              Starting 9-oxo                                                   

                           Product                                             

              prostanoic acid                                                  

                           9.alpha.,15-dihydroxy                               

     Example  of Example   Derivative                                          

     ______________________________________                                    

     827      823          1-9.alpha.,15(R)-dihydroxy-                         

     16-fluoroprostanoic                                                       

                           acid                                                

     828      824          1-9.alpha.,15(S)-dihydroxy-                         

     16,16-difluoropro-                                                        

                           stanoic acid                                        

     829      825          1-9.alpha.,15(R)-dihydroxy-                         

     16,16-difluoropro-                                                        

                           stannoic acid                                       

     ______________________________________                                    

PAC  EXAMPLES 830 - 836
PAR  Treatment of the various prostanoic acids listed in Table 24 below with the
      indicated diazoalkanes in the manner described in Example 99 above is
      productive of the esters of the Table.
TBL                                    TABLE 24                                

     __________________________________________________________________________

          Starting prostanoic                                                  

     Example                                                                   

          acid of Example                                                      

                     Diazoalkane                                               

                             Product Prostanoic Acid Ester                     

     __________________________________________________________________________

     830  826        diazomethane                                              

                             1-methyl 9.alpha.,15(S)-dihydroxy-16-             

     fluoroprostanoate                                                         

     831  826        diazobutane                                               

                             1-butyl 9.alpha.,15(S)-dihydroxy-15-              

     fluoroprostanoate                                                         

     832  826        diazooctane                                               

                             1-octyl 9.alpha.,15(S)-dihydroxy-16-              

     fluoroprostanoate                                                         

     833  827        diazopentane                                              

                             1-pentyl 9.alpha.,15(R)-dihydroxy-16-             

     fluoroprostanoate                                                         

     834  828        diazohexane                                               

                             1-hexyl 9.alpha.,15(S)-dihydroxy-16,16-           

     difluoroprostanoate                                                       

     835  829        diazoheptane                                              

                             1-heptyl 9.alpha.,15(R)-dihydroxy-16,16-          

     difluoroprostanoate                                                       

     836  829        diazodecane                                               

                             1-decyl 9.alpha.,15(R)-dihydroxy-16,16-           

     difluoroprostanoate                                                       

     __________________________________________________________________________

PAC  EXAMPLE 837
PAC  Preparation of 1-9.alpha.,15(S)-dihydroxy-16-fluoro prostanoic acid and 1
      9.beta.,15(S)-dihydroxy-16-fluoroprostanoic acid
PAR  To a stirred ice cold solution of 360 mg. of
      1-16-fluoro-15(S)-hydroxy-9-oxoprostanoic acid (Example 822) in 50 ml. of
      ethanol is added 409 mg. of sodium borohydride in small portions during 1
      minute. The mixture is protected from moisture and is stirred at
      0.degree.C. for 5 minutes and at ambient temperature for 6 hours. The bulk
      of the ethanol is evaporated at room temperature and the residue is
      treated with ether followed by dilute hydrochloric acid while cooling in
      an ice bath. The organic phase is separated and washed with water and
      saturated sodium chloride solution. The solution is dried over anhydrous
      magnesium sulfate and taken to dryness to give a mixture of the 9.alpha.-
      and 9.beta.-hydroxy compounds which are separated by means of
      chromatography over acid-washed silica gel.
PAC  EXAMPLES 838 - 840
PAR  Treatment of the 9-oxo derivatives listed in Table 25 below with sodium
      borohydride in accordance with the procedure described in Example 837 is
      productive of the 9-hydroxy derivatives of the table. Each of these
      derivatives represents a mixture of 9.alpha.- and 9.beta.-hydroxy
      compounds which are separated by chromatography on acid-washed silica gel.
TBL                TABLE 25                                                    

     ______________________________________                                    

            Starting 9-oxo-                                                    

                          Product                                              

            prostanoic acid                                                    

                          9.alpha./.beta.,15-dihydroxy                         

     Example                                                                   

            of Example    derivative                                           

     ______________________________________                                    

     838    823           1-9.alpha./.beta.,15(R)-dihydroxy-                   

     16-fluoroprostanoic                                                       

                          acid                                                 

     839    824           1-9.alpha./.beta.,15(S)-dihydroxy-                   

     16,16-difluoropro-                                                        

                          stanoic acid                                         

     840    825           1-9.alpha./.beta.,15(R)-dihydroxy-                   

     16,16-difluoropro-                                                        

                          stanoic acid                                         

     ______________________________________                                    

PAC  EXAMPLE 841
PAC  Preparation of 1-methyl 15(S)-acetoxy-9,9-diethoxy prostanoate
PAR  A solution of 3 g. of 1 methyl 15(S)-acetoxy-9-oxo prostanoate (Example 52)
      in 20 ml. of absolute ethanol containing 3 ml. of triethylorthoformate and
      30 mg. of p-toluenesulfonic acid is kept at ambient temperature for 18
      hours. After flooding with ether the solution is washed with 5% sodium
      carbonate solution, saturated sodium chloride solution, dried dried with
      anhydrous sodium sulfate and taken to dryness to furnish 3.5 g. of
      product.
PAC  EXAMPLE 842
PAC  Preparation of 1-methyl 15(S)-acetoxy-9,9-bis(benzyloxy)-prostanoate
PAR  A solution of 2 g. of 1 methyl 15(S)-acetoxy-9-oxo prostanoate (Example 52)
      and 25 mg. of p toluene sulfonic acid in 65 ml. of benzylalcohol is
      stirred at 100.degree.C. for 6 hours. The solution is concentrated to near
      dryness under reduced pressure. The residue is diluted with ether and the
      resulting solution is washed with 5% sodium carbonate solution, saturated
      sodium chloride solution, dried with anhydrous sodium sulfate and taken to
      dryness to afford 2.5 g. of product.
PAC  EXAMPLE 843
PAC  Preparation of 1-9,9-bis(benzyloxy)-15(S)-hydroxy prostanoic acid
PAR  In the manner described in Example 58, treatment of 1-methyl
      15(S)-acetoxy-9,9-bis(benzyloxy)prostanoate (Example 842) with potassium
      hydroxide in aqueous methanol gives the subject product as an oil.
CLMS
STM  We claim:
NUM  1.
PAR  1. A racemate consisting of enantiomeric cyclic ketals of the formulae:
      ##SPC8##
PAL  and
      ##SPC9##
PAL  wherein Y is a divalent moiety selected from the group consisting of those
      of the formulae:
      ##EQU8##
      wherein R.sub.4 is hydrogen or alkanoyl having from 2 to 15 carbon atoms
      and R.sub.9 is hydrogen or alkyl having up to 4 carbon atoms with the
      proviso that when R.sub.9 is alkyl then R.sub.4 must be hydrogen; R and
      R.sub.5 are each individually selected from the group consisting of
      hydrogen, alkyl having up to 4 carbon atoms and monohalo substituted alkyl
      having up to 4 carbon atoms; R.sub.6 and R.sub.7 are each individually
      selected from the group consisting of hydrogen and alkyl having up to 4
      carbon atoms; R.sub.1 and R.sub.8 are each individually selected from the
      group consisting of hydrogen, fluoro and alkyl having up to 4 carbon
      atoms; R.sub.2 is alkyl having from 2 to 7 carbon atoms; R.sub.3 is
      selected from the group consisting of hydrogen and alkyl having from 1 to
      12 carbon atoms; n is an integer from 4 to 8, inclusive, and t is zero or
      one; and the pharmacologically acceptable cationic salts thereof when
      R.sub.3 is hydrogen.
NUM  2.
PAR  2. The racemate according to claim 1 wherein R is hydrogen, R.sub.1 is
      hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen, R.sub.5 is hydrogen,
      R.sub.8 is hydrogen, Y is
      ##EQU9##
      n is six, and t is zero; dl-9,9-ethylenedioxy-15-hydroxyprostanoic acid.
NUM  3.
PAR  3. The racemate according to claim 1 wherein R is hydrogen, R.sub.1 is
      hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen, R.sub.5 is hydrogen,
      R.sub.8 is hydrogen, Y is
      ##EQU10##
      n is six, and t is zero; dl-9,9-ethylenedioxy-15-epihydroxy-prostanoic
      acid.
NUM  4.
PAR  4. The racemate according to claim 1 wherein R is hydrogen, R.sub.1 is
      hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen, R.sub.5 is hydrogen,
      R.sub.8 is hydrogen, Y is
      ##EQU11##
      n is six, and t is zero; dl-9,9-ethylenedioxy-15-oxo-prostanoic acid.
NUM  5.
PAR  5. The racemate according to claim 1 wherein R is hydrogen, R.sub.1 is
      hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen, R.sub.5 is hydrogen,
      R.sub.8 is hydrogen, Y is
      ##EQU12##
      n is six, and t is zero;
      dl-9,9-ethylenedioxy-15-hydroxy-15-methyl-prostanoic acid.
NUM  6.
PAR  6. The racemate according to claim 1 wherein R is hydrogen, R.sub.1 is
      hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen, R.sub.5 is hydrogen,
      R.sub.8 is hydrogen, Y is
      ##EQU13##
      n is six, t is zero;
      dl-9,9-ethylenedioxy-15-epi-hydroxy-15-methyl-prostanoic acid.
NUM  7.
PAR  7. The racemic mixture consisting of all the possible diastereoisomers
      corresponding to the cyclic ketal of formula:
      ##SPC10##
PAL  wherein R.sub.4 is hydrogen or alkanoyl having from 2 to 15 carbon atoms
      and R.sub.9 is hydrogen or alkyl having up to 4 carbon atoms with the
      proviso that when R.sub.9 is alkyl then R.sub.4 must be hydrogen; R and
      R.sub.5 are each individually selected from the group consisting of
      hydrogen, alkyl having up to 4 carbon atoms and monohalo substituted alkyl
      having up to 4 carbon atoms; R.sub.6 and R.sub.7 are each individually
      selected from the group consisting of hydrogen and alkyl having up to 4
      carbon atoms; R.sub.1 and R.sub.8 are each individually selected from the
      group consisting of hydrogen, fluoro and alkyl having up to 4 carbon
      atoms; R.sub.2 is alkyl having from 2 to 7 carbon atoms; R.sub.3 is
      selected from the group consisting of hydrogen and alkyl having from 1 to
      12 carbon atoms; n is an integer from 4 to 8, inclusive, and t is zero or
      one; and the pharmacologically acceptable cationic salts thereof when
      R.sub.3 is hydrogen.
NUM  8.
PAR  8. The racemic mixture according to claim 7 wherein R is hydrogen, R.sub.1
      is hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen, R.sub.4 is hydrogen,
      R.sub.5 is hydrogen, R.sub.8 is hydrogen, R.sub.9 is hydrogen, n is six,
      and t is zero; all racemic 9,9-ethylenedioxy-15-hydroxy-prostanoic acid.
NUM  9.
PAR  9. The racemic mixture according to claim 7 wherein R is hydrogen, R.sub.1
      is hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen, R.sub.4 is hydrogen,
      R.sub.5 is hydrogen, R.sub.8 is hydrogen, R.sub.9 is methyl, n is six, and
      t is zero; all racemic 9,9-ethylenedioxy-15-hydroxy-15-methyl-prostanoic
      acid.
NUM  10.
PAR  10. A cyclic ketal enantiomer selected from the group consisting of those
      of the formulae:
      ##SPC11##
PAL  and
      ##SPC12##
PAL  wherein Y is a divalent moiety selected from the group consisting of those
      of the formulae:
      ##EQU14##
      wherein R.sub.4 is hydrogen or alkanoyl having from 2 to 15 carbon atoms
      and R.sub.9 is hydrogen or alkyl having up to 4 carbon atoms with the
      proviso that when R.sub.9 is alkyl then R.sub.4 must be hydrogen; R and
      R.sub.5 are each individually selected from the group consisting of
      hydrogen, alkyl having up to 4 carbon atoms and monohalo substituted alkyl
      having up to 4 carbon atoms; R.sub.6 and R.sub.7 are each individually
      selected from the group consisting of hydrogen and alkyl having up to 4
      carbon atoms; R.sub.1 and R.sub.8 are each individually selected from the
      group consisting of hydrogen, fluoro and alkyl having up to 4 carbon
      atoms; R.sub.2 is alkyl having from 2 to 7 carbon atoms; R.sub.3 is
      selected from the group consisting of hydrogen and alkyl having from 1 to
      12 carbon atoms; n is an integer from 4 to 8, inclusive, and t is zero or
      one; and the pharmacologically acceptable cationic salts thereof when
      R.sub.3 is hydrogen.
NUM  11.
PAR  11. The enantiomer according to claim 10, formula (I) thereof, wherein R is
      hydrogen, R.sub.1 is hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen,
      R.sub.5 is hydrogen, R.sub.8 is hydrogen, Y is
      ##EQU15##
      n is six, t is zero; 1-9,9-ethylenedioxy-15-(S)-hydroxy-prostanoic acid.
NUM  12.
PAR  12. The enantiomer according to claim 10, formula (I) thereof, wherein R is
      hydrogen, R.sub.1 is hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen,
      R.sub.5 is hydrogen, R.sub.8 is hydrogen, Y is
      ##EQU16##
      n is six, t is zero; 1-9,9-ethylenedioxy-15-(R)-hydroxy-prostanoic acid.
NUM  13.
PAR  13. The enantiomer according to claim 10, formula (I) thereof, wherein R is
      methyl, R.sub.1 is hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen,
      R.sub.5 is hydrogen, R.sub.8 is hydrogen, Y is
      ##EQU17##
      n is six, t is zero;
      1-9,9-(1-methylethylenedioxy)-15(S)-hydroxy-prostanoic acid.
NUM  14.
PAR  14. The enantiomer according to claim 10, formula (I) thereof, wherein R is
      methyl, R.sub.1 is hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen,
      R.sub.5 is methyl, R.sub.8 is hydrogen, Y is
      ##EQU18##
      n is six, t is zero;
      1-9,9-(1,2-dimethylethylenedioxy)-15(S)-hydroxy-prostanoic acid.
NUM  15.
PAR  15. The enantiomer according to claim 10, formula (I) wherein R is
      chloromethyl, R.sub.1 is hydrogen, R.sub.2 is n-butyl, R.sub.3 is
      hydrogen, R.sub.5 is hydrogen, R.sub.8 is hydrogen, Y is
      ##EQU19##
      n is six, t is zero;
      1-9,9-(1-chloromethylethylenedioxy)-15(S)-hydroxy-prostanoic acid.
NUM  16.
PAR  16. The enantiomer according to claim 10, formula (I) wherein R is
      hydrogen, R.sub.1 is hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen,
      R.sub.5 is hydrogen, R.sub.6 is hydrogen, R.sub.7 is hydrogen, R.sub.8 is
      hydrogen, Y is
      ##EQU20##
      n is six, t is one, 1-9,9-(1,3-propylenedioxy)-15(S)-hydroxy-prostanoic
      acid.
NUM  17.
PAR  17. The enantiomer according to claim 10, formula (I) wherein R is
      hydrogen, R.sub.1 is hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen,
      R.sub.5 is hydrogen, R.sub.6 is methyl, R.sub.7 is methyl, R.sub.8 is
      hydrogen, Y is
      ##EQU21##
      n is six, t is one;
      1-9,9-(2,2-dimethyl-1,3-propylenedioxy)-15(S)-hydroxy-prostanoic acid.
NUM  18.
PAR  18. The enantiomer according to claim 10, formula (I) wherein R is
      hydrogen, R.sub.1 is (16R)-methyl, R.sub.2 is n-butyl, R.sub.3 is
      hydrogen, R.sub.5 is hydrogen, R.sub.8 is hydrogen, Y is
      ##EQU22##
      n is six, t is zero;
      1-9,9-ethylenedioxy-15(S)-hydroxy-16(R)-methyl-prostanoic acid.
NUM  19.
PAR  19. The enantiomer according to claim 10, formula (I) wherein R is
      hydrogen, R.sub.1 is hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen,
      R.sub.5 is hydrogen, R.sub.8 is 16(S)-methyl, Y is
      ##EQU23##
      n is six, t is zero;
      1-9,9-ethylenedioxy-15(S)-hydroxy-16(S)-methyl-prostanoic acid.
NUM  20.
PAR  20. The enantiomer according to claim 10, formula (I) wherein R is
      hydrogen, R.sub.1 is methyl, R.sub.2 is n-butyl, R.sub.3 is hydrogen,
      R.sub.5 is hydrogen, R.sub.8 is methyl, Y is
      ##EQU24##
      n is six, t is zero;
      1-9,9-ethylenedioxy-15(S)-hydroxy-16,16-dimethyl-prostanoic acid.
NUM  21.
PAR  21. The enantiomer according to claim 10, formula (I) wherein R is
      hydrogen, R.sub.1 is hydrogen, R.sub.2 is n-hexyl, R.sub.3 is hydrogen,
      R.sub.5 is hydrogen, R.sub.8 is hydrogen, Y is
      ##EQU25##
      n is six, t is zero, 1-9,9-ethylenedioxy-15(S)-hydroxy-20-ethyl-prostanoic
      acid.
NUM  22.
PAR  22. The enantiomer according to claim 10, formula (I) wherein R is
      hydrogen, R.sub.1 is hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen,
      R.sub.5 is hydrogen, R.sub.8 is hydrogen, Y is
      ##EQU26##
      n is six, t is zero;
      1-9,9-ethylenedioxy-15(S)-hydroxy-15-methyl-prostanoic acid.
NUM  23.
PAR  23. The enantiomer according to claim 10, formula (I) wherein R is
      hydrogen, R.sub.1 is hydrogen, R.sub.2 is n-butyl, R.sub.3 is hydrogen,
      R.sub.5 is hydrogen, R.sub.8 is hydrogen, Y is
      ##EQU27##
      n is six, t is zero;
      1-9,9-ethylenedioxy-15(R)-hydroxy-15-methyl-prostanoic acid.
NUM  24.
PAR  24. The enantiomer according to claim 10, formula (I) wherein R is
      hydrogen, R.sub.1 is hydrogen, R.sub.2 is n-butyl, R.sub.3 is n-decyl,
      R.sub.5 is hydrogen, R.sub.8 is hydrogen, Y is
      ##EQU28##
      n is six, t is zero; n-decyl
      1-9,9-ethylenedioxy-15(S)-hydroxy-prostanoate.
NUM  25.
PAR  25. The enantiomer according to claim 10, formula (I) wherein R is
      hydrogen, R.sub.1 is fluoro, R.sub.2 is n-butyl, R.sub.3 is hydrogen,
      R.sub.5 is hydrogen, R.sub.8 is fluoro, Y is
      ##EQU29##
      n is six, t is zero,
      1-9,9-ethylenedioxy-15(S)-hydroxy-16,16-difluoro-prostanoic acid.
NUM  26.
PAR  26. The enantiomer according to claim 10, formula (I) wherein R is
      hydrogen, R.sub.1 is fluoro, R.sub.2 is n-butyl, R.sub.3 is hydrogen,
      R.sub.5 is hydrogen, R.sub.8 is hydrogen, Y is
      ##EQU30##
      n is six, t is zero,
      1-9,9-ethylenedioxy-15(S)-hydroxy-16-fluoro-prostanoic acid.
NUM  27.
PAR  27. The enantiomer according to claim 10, formula (I) wherein R is
      hydrogen, R.sub.1 is fluoro, R.sub.2 is n-butyl, R.sub.3 is hydrogen,
      R.sub.5 is hydrogen, R.sub.8 is hydrogen, Y is
      ##EQU31##
      n is six, t is zero,
      1-9,9-ethylenedioxy-15(R)-hydroxy-16-fluoro-prostanoic acid.
NUM  28.
PAR  28. The enantiomer according to claim 10, formula (I) wherein R is
      hydrogen, R.sub.1 is fluoro, R.sub.2 is n-butyl, R.sub.3 is hydrogen,
      R.sub.5 is hydrogen, R.sub.8 is fluoro, Y is
      ##EQU32##
      n is six, to is zero;
      1-9,9-ethylenedioxy-15(R)-hydroxy-16,16-difluoro-prostanoic acid.
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ABST
PAL  Glycidylexypropylalkoxysilanes are produced by thermal treatment of novel
      siliceous dioxalane derivatives of the formula:
      ##EQU1##
      wherein a is 0 to 1 and R represents an oxygen radical or two hydrogen
      atoms and R' and R" each represents an alkyl radical, wherein the R" 's
      can be the same or different. The glycidyl products are useful as
      adhesives.
PARN
PAR  This is a division of application Ser. No. 310,495 filed Nov. 29, 1972, now
      U.S. Pat. No. 3,829,567.
BSUM
PAC  BACKGROUND
PAR  Organosilanes which contain epoxy groups have for some years been
      attracting a great deal of technical interest. They are used, for example,
      as adhesives for the combination of certain organic polymers, such as
      epoxy resins or phenolic resins with glass fibers, fabrics or roving, and
      for improving adhesion in the bonding of sand molds. Successful attempts
      have already been made for the improvement of the adhesion between
      plastics and metals on the basis of the use of such silanes.
PAR  The synthesis of these epoxy organosilane esters has hitherto been possible
      through a variety of methods. For example, organosilane esters containing
      carbon double bonds are oxidized with peroxides to produce such epoxides.
      This method, however, is not generally applicable to the synthesis of the
      entire class of substances owing to poor compatibility with the sensitive
      silane esters. On the other hand, it suffers from by-products which
      necessarily arise from the peroxides and therefore it is economically
      unprofitable. Furthermore, the use on a large technical scale of the
      peroxides suitable for this procedure, such as peracetic acid, entails
      considerable safety risks.
PAR  Another known method of manufacturing epoxy organosilane esters is the
      catalytic addition of hydrogen silane esters onto the carbon double bond
      of a monolefinic epoxy compound. The catalysts used for this purpose are
      essentially simple or complex compounds of nickel, platinum, rhodium or
      ruthenium.
PAR  The disadvantage of this process lies especially in the action of the basic
      epoxy group on the base-sensitive hydrogen silane esters. This leads on
      the one hand to competing disproportionation reactions with the formation
      of higher silane esters and hydrogen silanes. On the other hand, this
      basicity is so great that it has a poisoning effect on the catalysts.
      Since in this process a satisfactory transformation is not achieved until
      temperatures of 130.degree.C and up are reached, these competing reactions
      may become very undesirably evident. In addition, the catalysts also bring
      about the hydrogenation of the olefinic center of addition. Numerous
      attempts have therefore been made to overcome these disadvantages by
      complex variants at the central atoms of the catalysts, and gradual
      improvements have indeed been achieved, although it has not been possible
      to completely eliminate the described difficulties.
PAR  Inasmuch as the catalytic addition of chlorosilanes rather than the
      sensitive hydrogen silane esters runs into difficulties on account of the
      basicity of the epoxy compounds, attempts have also been made to use
      hydrogen fluorosilanes as starting materials. The epoxy
      organofluorosilanes thus obtained then have to be reesterified.
PAR  This procedure again involves the disadvantage of the introduction of a
      two-stage process, while the known disadvantages of catalyst poisoning and
      of the competing hydrogenation reaction are not eliminated. In addition,
      working with hydrogen fluorosilanes requires the expensive safety measures
      and procedures which are necessarily involved in fluorine chemistry, so
      that higher first costs are involved in the application of this process.
PAC  THE INVENTION
PAR  It has now surprisingly been found that the above-described difficulties
      can be overcome simply by using as the starting products in the synthesis
      of silane esters containing epoxy groups siliceous dioxolane derivatives
      which have hitherto been unknown, and subjecting these new compounds to a
      thermal treatment in which the epoxy group containing silanes form with
      the yielding of highly volatile substances.
PAR  The subject of the invention is new siliceous dioxolane derivatives of the
      general formula:
      ##EQU2##
      in which a = 0 or 1 and R represents an oxygen radical or two hydrogen
      atoms and R' and R" represent identical or different alkyl radicals, as
      well as the use of these derivatives in a process for the manufacture of
      3-glycidyloxypropylalkoxysilanes which process is characterized in that
      the siliceous dioxolane derivatives are subjected to a thermal treatment
      which results in the yielding of C0.sub.2 or formaldehyde.
PAR  The 3-glycidyloxypropylalkoxysilanes are of the formula:
      ##EQU3##
        wherein a, R' and R" are as defined in reference to (I).
PAR  In the above general formulas, R' and R" represent a lower alkyl radical
      with preferably 1 to 4 carbom atoms e.g., methyl, ethyl, propyl,
      isopropyl, and n-, s-, t- and iso-butyl.
PAR  The process of the use of the siliceous dioxolane derivatives may be
      performed both at normal pressure or in vacuo; e.g., 760 to &lt; 1 mm of Hg.
      The yielding of C0.sub.2 or formaldehyde takes place at temperatures
      between about 130.degree. and 240.degree.C, preferably between about
      140.degree. and 180.degree.C.
PAR  The cleavage is accelerated, especially when catalysts such as Ca0 are
      additionally used.
PAR  The splitting off of C0.sub.2 or formaldehyde may also be performed by
      operating in vacuo, it being desirable to operate at the boiling
      temperature under the corresponding vacuum. Since the glycidyl silane that
      forms has a lower boiling point than the starting compound, this procedure
      presents the advantage that the desired end product can be separated
      immediately from the reaction chamber by interposing a suitable reflux
      column. The temperature above about 300.degree.C should preferably be
      avoided. The temperature should not exceed the decomposition temperature
      of the substrates. The splitting off of C0.sub.2 or formaldehyde can also
      be carried out in the presence of basic metal oxides. This method has the
      advantage that the temperature, for a given rate of splitting off, can be
      lower. Catalytic amounts show a significant effect; stoichiometric amounts
      can be used. The alkaline earth oxides or other basic metal oxides, such
      as zinc oxide, or the alkaline earth carbonates, are given as examples.
      These compounds are used preferably in quantities catalytic or
      stoichiometric to the starting siliceous dioxolane.
PAR  The compounds used as the starting substances are previously unknown
      compounds which are prepared by a method, employing a known type reaction,
      through the addition of 4-allyloxymethyl-2-oxo-1,3-dioxolane or
      4-allyloxymethyl-1,3-dioxolane onto trialkoxy hydrogen silane or monoalkyl
      dialkoxy hydrogen silane, using platinum compounds as catalysts. The
      addition takes place at temperatures as low as 70.degree.C, and, on
      account of the masking of the epoxy group, it does not have the
      above-described disadvantages entailed in the addition of compounds
      containing double bonds onto hydrogen silanes.
PAR  The following are given as examples of suitable starting substances:
      4-(3-trimethoxysilylpropoxymethyl)-2-oxo-1,3-dioxolane or
      4-(3,trimethoxysilylpropoxymethyl)-1,3-dioxolane. Both products lead to
      3-glycidyloxypropyltrimethoxysilane, the former with the yielding of
      carbon dioxide, the latter with the yielding of formaldehyde.
DETD
PAC  EXAMPLE 1
PAR  3-glycidyloxypropyltrimethoxysilane
PAR  In a vacuum still with a 12-tray column containing a Multifil packing with
      a void volume of 96%, 840 grams of
      4-(3'-trimethoxysilylpropoxymethyl)-2-oxo-1,3-dioxolane are heated with a
      bottom mass of 170 g of dry calcium oxide at 5 Torr (mm Hg) to a vigorous
      ebullition at which the temperature is 175.degree.C. Within 3 hours, with
      a reflux ratio of 8, 701 grams of distallate having a boiling point of
      124.degree. to 126.degree.C (5 Torr) is obtained, which consists of
      virtually pure 3-glycidyloxypropyltrimethoxysilane and has the following
      characteristics:
EQU  n.sub.D.sup.20 1.4278 D..sub.4.sup.20 1.070
PAL    in its index of refraction, density and infrared spectrum, the substance
      is identical with authentic material.
PAC  EXAMPLE 2
PAR  2-oxo-4-(3'-trimethoxysilylpropoxymethyl)-1,3-dioxolane
PAR  The following reaction is performed in a 4-liter multiple-neck flask
      provided with a leaf stirrer, 2 dropper funnels, an internal thermometer
      and a reflux condenser with nitrogen gas shielding.
PAR  0.5 ml of a 1/100 molar solution of platinum hydrochloric acid in acetone
      is stirred into 316 g of 2-oxo-4-allyloxymethyl-1,3-dioxolane and the
      mixture is heated to 70.degree.C at atmospheric pressure. The heater is
      removed and the reaction is performed by adding simultaneously, drop by
      drop, 1464 grams of trimethoxysilane and 1580 g of
      2-oxo-4-allyloxymethyl-1,3-dioxolane over a period of 3 hours, sustaining
      a reaction temperature of 70.degree.C by means of external cooling at
      atmospheric pressure. The mixture is stirred for one more hour at
      70.degree.C. The colorless to pale yellow crude product consists of
      2-oxo-4-(3'-trimethoxysilylpropoxymethyl)-1,3-dioxolane. Vacuum
      distillation delivers a yield of 3344 g. Boiling point: 155.degree.C (2
      Torr); n.sub.D.sup.25 1.4389; D.sub.4.sup.20 1.184; the substance
      dissolves to form a clear solution in water.
PAR  Elemental analysis for C.sub.10 H.sub.20 0.sub.7 Si (MW = 280):
TBL           C (%)       H (%)       Si (%)                                   

     calculated:                                                               

              42.8        7.14        10.0                                     

     Found:   42.9        7.3         10.2                                     

PAR  The infrared spectrum shows a strong carbonyl band at 1799 cm.sup..sup.-1
      which is to be associated with the C=0 group on the dioxolane ring.
PAR  The reaction can also be carried out in the presence of Ca0.
PAC  EXAMPLE 3
PAR  4-(3'-trimethoxysilylpropoxymethyl)-1,3-dioxolane
PAR  The reaction is performed similarly to Example 2 by placing 288 g of
      4-allyloxymethyl-1,3-dioxolane in the reactor together with 0.5 m1 of the
      same catalyst and adding simultaneously, drop by drop, 1464 g of
      trimethoxysilane and 1440 g of 4-allyloxymethyl-1,3-dioxolane at
      70.degree.C and atmospheric pressure.
PAR  The colorless to pale yellow crude product consists of
      4-(3'-trimethoxysilylpropoxymethyl)-1,3-dioxolane. Vacuum distillation
      delivers a yield of 3179 g. Boiling point: 128.degree.C (2 Torr);
      n.sub.D.sup.25 1.4362; D.sub.4.sup.20 1.062. The substance dissolves in
      water to form a clear solution.
PAR  Elemental analysis for C.sub.10 H.sub.22 0.sub.6`Si (MW = 266):
TBL           C (%)       H (%)       Si (%)                                   

     calculated:                                                               

              45.1        8.27        10.5                                     

     found:   45.3        8.4         10.4                                     

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A siliceous dioxolane derivative of the formula:
      ##EQU4##
      wherein a is 0 or 1 and R' and R" each represents lower alkyl wherein the
      R" 's can be the same or different.
NUM  2.
PAR  2. Dioxolane according to claim 1 wherein R' and R" is each alkyl of 1-4
      carbon atoms.
NUM  3.
PAR  3. Dioxolane according to claim 2 wherein a is 0 and each R" is methyl.
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ABST
PAL  3-R-Methyl-7-amino-ceph-2-em-4.xi.-carboxylic acid compounds, in which R is
      the C-residue of a C-nucleophilic compound are valuable intermediates, for
      example, in the manufacture of the corresponding
      3-R-methyl-7-amino-ceph-3-em-4-carboxylic acid compounds with antibiotic
      properties.
BSUM
PAR  The subject of the present invention are 7-N-R.sub.1.sup.a -N-R.sub.1.sup.b
      -amino-3-R-methyl-ceph-2-em-4.xi.-carboxylic acid compounds of formula
      ##SPC1##
PAL  Wherein R represents a radical, possessing a hydrogen and being bonded via
      a carbon atom, of an organic C-nucleophilic compound, R.sub.1.sup.a
      represents hydrogen or an amino protective group R.sub.1.sup.A, and
      R.sub.1.sup.b represents hydrogen or an acyl group Ac, or R.sub.1.sup.A
      and R.sub.1.sup.b together denote a bivalent amino protective group, and
      R.sub.2 represents hydrogen or a radical R.sub.2.sup.A which together with
      the --C(=O)--O-- grouping forms a protective carboxyl group, or salts of
      such compounds which have salt-forming groups, furthermore, the
      manufacture of such compounds.
PAR  Hydrogen-containing radicals, bonded via a carbon atom, of C-nucleophilic
      organic compounds (represented by the group R in the above formula I) are
      corresponding C-residues (i.e. g bonded via a carbon atom with the methyl
      group) of organic, preferably unsaturated or enolisible, compounds which
      possess at least one carbon atom capable of electron enrichment, through
      which the radical R is bound to the methylene group. These are above all
      compounds which contain at least one double bond activated by one or more
      oxygen, sulphur and/or nitrogen atoms, or compounds which can be converted
      into these by tautomerism.
PAR  Such radicals are especially carbocyclic aryl radicals containing O-, S- or
      N-substituents, and also O-, S- or N-heterocyclic radicals of aromatic
      character, bonded via carbon atoms and having an uneven number of ring
      members in the hetero-ring, or ethenyl radicals containing O-, S- or
      N-substituents and optionally bonded with the methyl radical via one or
      more conjugated double bonds, or corresponding tautomeric radicals,
      furthermore methyl groups substituted by acyl or functionally modified
      carboxyl groups, preferably two such radicals.
PAR  An amino protective group R.sub.1.sup.A is, for example, one of the
      generally known groups of this nature, such as a triarylmethyl group, for
      example trityl group, or an organic silyl group, for example
      trimethylsilyl group, as well as a stannyl group, or above all an acyl
      group Ac. The latter, which can also stand for R.sub.1.sup.b, above all
      represents the acyl radical of an optionally substituted aliphatic,
      cycloaliphatic, cycloaliphatic-aliphatic, aromatic, araliphatic,
      heterocyclic or heterocyclic-aliphatic carboxylic acid (including formic
      acid), or the acyl radical of an appropriate organic sulphonic acid, as
      well as the acyl radical of a carbonic acid half-derivative.
PAR  A bivalent amino protective group formed by the radicals R.sub.1.sup.A and
      R.sub.1.sup.b together is, in particular, the bivalent acyl radical of an
      organic dicarboxylic acid, above all the diacyl radical of an aliphatic or
      aromatic dicarboxylic acid, and also the acyl radical of an
      .alpha.-aminoacetic acid which is preferably substituted in the
      .alpha.-position, for example, containing an aromatic or heterocyclic
      radical, wherein the amino group is bonded to the nitrogen atom via a
      methylene radical which is preferably substituted, for example by two
      lower alkyl groups, such as methyl groups. The radicals R.sub.1.sup.a and
      R.sub.1.sup.b can together also represent an organic ylidene radical, such
      as an aliphatic, cycloaliphatic, cycloaliphatic-aliphatic or araliphatic
      ylidene radical.
PAR  A protected carboxyl group of the formula --C(=O)--O--R.sub.2.sup.A is
      above all an esterified carboxyl group, but can also be an anhydride
      group, which is usually a mixed anhydride group.
PAR  The group R.sub.2.sup.A can represent an organic radical, which together
      with the --C(=O)--O-- grouping forms an esterified carboxyl group which
      can preferably be split easily; such radicals are, for example, aliphatic,
      cycloaliphatic, cycloaliphatic-aliphatic, aromatic or araliphatic
      radicals, especially optionally substituted hydrocarbon radicals of this
      nature, as well as heterocyclic or heterocyclic-aliphatic radicals.
PAR  The group R.sub.2.sup.A can also represent an organic silyl radical, as
      well as an organic-metallic radical, such as an appropriate organic
      stannyl radical, especially a silyl or stannyl radical substituted by 1 to
      3, optionally substituted, hydrocarbon radicals, such as aliphatic
      hydrocarbon radicals.
PAR  A radical R.sub.2.sup.A which forms a - preferably mixed - anhydride group
      with the --C(=O)--O-- grouping is preferably the acyl radical of an
      organic carboxylic acid, such as an aliphatic, cycloaliphatic,
      cycloaliphatic-aliphatic, aromatic or araliphatic carboxylic acid, or of a
      carbonic acid half-derivative, such as of a carbonic acid half-ester.
PAR  The general terms used in the preceding and following description for
      example have the following meanings:
PAR  An aliphatic radical, including the aliphatic radical of a corresponding
      organic carboxylic acid or sulphonic acid, as well as a corresponding
      ylidene radical, is an optionally substituted, monovalent or divalent,
      aliphatic hydrocarbon radical, especially lower alkyl, as well as lower
      alkenyl or lower alkinyl, and also lower alkylidene, which can, for
      example, contain up to 7, preferably up to 4, carbon atoms. Such radicals
      can optionally be monosubstituted, disubstituted or polysubstituted by
      functional groups, for example, by free, etherified or esterified hydroxyl
      or mercapto groups, such as lower alkoxy, lower alkenyloxy, lower
      alkylenedioxy, optionally substituted phenyloxy or phenyl-lower alkoxy,
      lower alkylthio or optionally substituted phenylthio or phenyl-lower
      alkylthio, lower alkoxycarbonyloxy or lower alkanoyloxy, or halogen, and
      also by oxo, nitro, optionally substituted amino, for example di-lower
      alkylamino, lower alkyleneamino, oxa-lower alkyleneamino or aza-lower
      alkyleneamino, as well as acylamino, such as lower alkanoylamino,
      optionally substituted carbamoylamino, ureidocarbonylamino or
      guanidinocarbonylamino, azido, acyl, such as lower alkanoyl or benzoyl,
      optionally functionally modified carboxyl, such as carboxyl present in the
      salt form, esterified carboxyl, such as lower alkoxycarbonyl, optionally
      substituted carbamoyl, such as N-lower alkylcarbamoyl or N,N-di-lower
      alkylcarbamoyl, and also optionally substituted ureidocarbonyl or
      guanidinocarbonyl, or nitrile, optionally functionally modified sulpho,
      such as sulphamoyl, or sulpho present in the salt form.
PAR  The divalent aliphatic radical of an aliphatic carboxylic acid is, for
      example, lower alkylene or lower alkenylene, which can optionally be
      monosubstituted, di-substituted or polysubstituted, for example like an
      aliphatic radical indicated above.
PAR  A cycloaliphatic or cycloaliphatic-aliphatic radical, including the
      cycloaliphatic or cycloaliphatic-aliphatic radical in a corresponding
      organic carboxylic acid or sulphonic acid, or a corresponding
      cycloaliphatic or cycloaliphatic-aliphatic ylidene radical, is an
      optionally substituted, monovalent or divalent, cycloaliphatic or
      cycloaliphatic-aliphatic, hydrocarbon radical, for example, monocyclic,
      bicyclic or polycyclic cycloalkyl or cycloalkenyl, also cycloalkylidene,
      or cycloalkyl or cycloalkenyl-lower alkyl or cycloalkenyl-lower alkenyl,
      as well as cycloalkyl-lower alkylidene or cycloalkenyl-lower alkylidene,
      wherein cycloalkyl and cycloalkylidene for example contains up to 12, such
      as 3-8, preferably 3-6, ring carbon atoms, whilst cycloalkenyl for example
      possesses up to 12, such as 3-8, for example 5-8, preferably 5 or 6, ring
      carbon atoms, as well as 1 to 2 double bonds, and the aliphatic part of a
      cycloaliphatic-aliphatic radical can, for example, contain up to 7,
      preferably up to 4, carbon atoms. The above cycloaliphatic or
      cycloaliphatic-aliphatic radicals can, if desired, be monosubstituted,
      disubstituted or polysubstituted, for example by optionally substituted
      aliphatic hydrocarbon radicals, such as by the abovementioned, optionally
      substituted lower alkyl groups, or, for example like the abovementioned
      aliphatic hydrocarbon radicals, by functional groups.
PAR  The aromatic radical, including the aromatic radical of a corresponding
      carboxylic acid or sulphonic acid, is an optionally substituted aromatic
      hydrocarbon radical, for example a monocyclic, bicyclic or polycyclic
      aromatic hydrocarbon radical, in particular phenyl, as well as biphenylyl
      or naphthyl, which can optionally be monosubstituted, disubstituted or
      polysubstituted, for example like the abovementioned aliphatic and
      cycloaliphatic hydrocarbon radicals.
PAR  The divalent aromatic radical of an aromatic carboxylic acid is above all a
      1,2-arylene, especially 1,2-phenylene, which can optionally be
      monosubstituted, disubstituted or polysubstituted, for example like the
      abovementioned aliphatic and cycloaliphatic hydrocarbon radicals.
PAR  The araliphatic radical, including the araliphatic radical in a
      corresponding carboxylic acid or sulphonic acid, and also an araliphatic
      ylidene radical, is, for example, an optionally substituted araliphatic
      hydrocarbon radical, such as an optionally substituted aliphatic
      hydrocarbon radical which, for example, possess up to three, optionally
      substituted, monocyclic, bicyclic or polycyclic aromatic hydrocarbon
      radicals, and above all represent phenyl-lower alkyl or phenyl-lower
      alkenyl, as well as phenyl-lower alkinyl and also phenyl-lower alkylidene,
      and such radicals, for example, contain 1-3 groups and can optionally be
      monosubstituted, disubstituted or polysubstituted in the aromatic and/or
      aliphatic part, for example like the abovementioned aliphatic and
      cycloaliphatic radicals.
PAR  Heterocyclic groups, including those in heterocyclic-aliphatic radicals,
      including heterocyclic or heterocyclic-aliphatic groups in corresponding
      carboxylic acids or sulphonic acids, are especially monocyclic, as well as
      bicyclic or polycyclic, azacyclic, thiacyclic, oxacyclic, thiazacyclic,
      thiadiazacyclic, oxazacyclic, diazacyclic, triazacyclic or tetrazacyclic
      radicals of aromatic character, and also corresponding partially or wholly
      saturated radicals, and these heterocyclic radicals can optionally be
      monosubstituted, disubstituted or polysubstituted, for example like the
      abovementioned cycloaliphatic radicals. The aliphatic part in
      heterocyclic-aliphatic radicals for example has the meaning given for the
      corresponding cycloaliphatic-aliphatic or araliphatic radicals.
PAR  The acyl radical of a carbonic acid half-derivative is preferably the acyl
      radical or a corresponding half-ester, wherein the organic radical of the
      ester group represents an optionally substituted aliphatic,
      cycloaliphatic, aromatic or araliphatic hydrocarbon radical or a
      heterocyclic-aliphatic radical, above all the acyl radical of a lower
      alkyl half-ester, which is optionally substituted, for example in the
      .alpha.-position or .beta.-position, of carbonic acid, and of a lower
      alkenyl, cycloalkyl, phenyl or phenyl-lower alkyl half-ester of carbonic
      acid which is optionally substituted in the organic radical. Acyl radicals
      of a carbonic acid half-ester are, further, corresponding radicals of
      lower alkyl half-esters of carbonic acid, in which the lower alkyl part
      contains a heterocyclic group, for example one of the abovementioned
      heterocyclic groups of aromatic character, and both the lower alkyl
      radical and the heterocyclic group can optionally be substituted. The acyl
      radical of a carbonic acid half-derivative can also represent an
      optionally N-substituted carbamoyl group, such as an optionally
      halogenated carbamoyl group.
PAR  Lower alkyl is, for example, methyl, ethyl, n-propyl, isopropyl, n-butyl,
      isobutyl, sec.-butyl or tert.-butyl, as well as n-pentyl, isopentyl,
      n-hexyl, isohexyl or n-heptyl, whilst lower alkenyl can, for example, be
      vinyl, allyl, isopropenyl, 2- or 3-methallyl or 3-butenyl, lower alkinyl
      can, for example, be propargyl or 2-butinyl, and lower alkylidene can, for
      example, be isopropylidene or isobutylidene.
PAR  Lower alkylene is, for example, 1,2-ethylene, 1,2- or 1,3-propylene or
      1,4-butylene, whilst lower alkenylene is, for example, 1,2-ethenylene.
PAR  Cycloalkyl is, for example, cyclopropyl, cyclobutyl, cyclopentyl,
      cyclohexyl or cycloheptyl, as well as adamantyl, cycloalkenyl is, for
      example, 2-cyclopentyl, 2- or 3-cyclopentenyl, 1-, 2- or 3-cyclohexenyl,
      3-cycloheptenyl or 1,4-cyclohexadienyl, and cycloalkylidene is, for
      example, cyclopentylidene or cyclohexylidene. -Cycloalkyl-lower alkyl or
      cycloalkyl-lower alkenyl is, for example, cyclopropyl-, cyclopentyl-,
      cyclohexyl- or cycloheptyl-methyl, -1,1- or -1,2-ethyl, -1,1-, -1,2- or
      -1,3-propyl, -vinyl or -allyl, whilst cycloalkenyl-lower alkyl or
      cycloalkenyl-lower alkenyl for example represents 1-, 2- or
      3-cyclopentenyl-, 1-, 2- or 3-cyclohexenyl- or 1-, 2- or
      3-cycloheptenyl-methyl, -1,1- or -1,2-ethyl, -1,1-, -1,2- or -1,3-propyl,
      -vinyl or -allyl. Cycloalkyl-lower alkylidene is, for example,
      cyclohexylmethylene, and cycloalkenyl-lower alkylidene is, for example,
      3-cyclohexenylmethylene.
PAR  Naphthyl is 1- or 2-naphthyl, whilst biphenylyl for example represents
      4-biphenylyl.
PAR  Phenyl-lower alkyl or phenyl-lower alkenyl is, for example, benzyl, 1- or
      2-phenylethyl, 1-, 2- or 3-phenylpropyl, diphenylmethyl, trityl, 1- or
      2-naphthylmethyl, styryl or cinnamyl, and phenyl-lower alkylidene is, for
      example, benzylidene.
PAR  Heterocyclic radicals are above all optionally substituted heterocyclic
      radicals of aromatic character, for example appropriate monocyclic,
      monoazacyclic, monothiacyclic or monooxacyclic radicals, such as pyrryl,
      for example 2-pyrryl or 3-pyrryl, pyridyl, for example 2-, 3- or
      4-pyridyl, and also pyridinium, thienyl, for example 2-thienyl, or furyl,
      for example 2-furyl, bicyclic monoazacyclic, monooxacyclic or
      monothiacyclic radicals, such as indolyl, for example 2- or 3-indolyl,
      quinolinyl, for example 2- or 4-quinolinyl, isoquinolinyl, for example
      1-isoquinolinyl, benzofuranyl, for example 2- or 3-benzofuranyl, or
      benzothienyl, for example 2- or 3-benzothienyl, monocyclic diazacyclic,
      triazacyclic, tetrazacyclic, thiazacyclic, thiadiazacyclic or oxazacyclic
      radicals, such as imidazolyl, for example 2-imidazolyl, pyrimidinyl, for
      example 2- or 4-pyrimidinyl, triazolyl, for example 1,2,4-triazol-3-yl,
      tetrazolyl, for example 1- or 5-tetrazolyl, oxazolyl, for example
      2-oxazolyl, isoxazolyl, for example 3-isoxazolyl, thiazolyl, for example
      2-thiazolyl, isothiazolyl, for example 3-isothiazolyl or 1,2,4- or
      1,3,4-thiadiazolyl, for example  1,2,4-thiadiazol-3-yl or
      1,3,4-thiadiazol-2-yl, or bicyclic diazacyclic, thiazacyclic or
      oxazacyclic radicals, such as benzimidazolyl, for example
      2-bemzimidazolyl, benzoxazolyl, for example 2-benzoxazolyl, or
      benzthiazolyl, for example 2-benzthiazolyl. Corresponding partially or
      wholly saturated radicals are, for example, tetrahydrothienyl, such as
      2-tetrahydrothienyl, tetrahydrofuryl, such as 2-tetrahydrofuryl, or
      piperidyl, for example 2- or 4-piperidyl. Heterocyclic-aliphatic radicals
      are heterocyclic groups, especially those mentioned above, which contain
      lower alkyl or lower alkenyl. The abovementioned heterocyclyl radicals can
      be substituted, for example by optionally substituted aliphatic
      hydrocarbon radicals, especially lower alkyl, such as methyl, or, for
      example like the aliphatic hydrocarbon radicals, by functional groups.
PAR  Lower alkoxy is, for example, methoxy, ethoxy, n-propoxy, isopropoxy,
      n-butoxy, isobutoxy, sec.-butoxy, tert.-butoxy, n-pentoxy or
      tert.-pentoxy. These groups can be substituted, for example as in
      halogeno-lower alkoxy, especially 2-halogeno-lower alkoxy, for example
      2,2,2-trichloroethoxy, 2-bromoethoxy or 2-iodoethoxy. Lower alkenyloxy is,
      for example, vinyloxy or allyloxy, lower alkylenedioxy is, for example,
      methylenedioxy, ethylenedioxy or isopropylidenedioxy, cycloalkoxy is, for
      example, cyclopentoxy, cyclohexoxy or adamantyloxy, phenyl-lower alkoxy,
      for example benzyloxy or 1- or 2-phenylethoxy, or heterocyclyloxy or
      heterocyclyl-lower alkoxy, for example pyridyl-lower alkoxy, such as
      2-pyridylmethoxy, furyl-lower alkoxy, such as furfuryloxy, or
      thienyl-lower alkoxy, such as 2-thenyloxy.
PAR  Lower alkylthio is, for example methylthio, ethylthio or n-butylthio, lower
      alkenylthio is, for example allylthio, and phenyl-lower alkylthio is, for
      example benzylthio, whilst mercapto groups etherified by heterocyclyl
      radicals or heterocyclyl-aliphatic radicals are, especially,
      imidazolylthio, for example 2-imidazolylthio, thiazolylthio for example
      2-thiazolylthio, 1,2,4- or 1,3,4-thiadiazolylthio, for example
      1,2,4-thiadiazol-3-ylthio or 1,3,4-thiadiazol-2-ylthio, or tetrazolylthio,
      for example 1-methyl-5-tetrazolylthio.
PAR  Esterified hydroxyl groups are, above all, halogen, for example fluorine,
      chlorine, bromine or iodine, as well as lower alkanoyloxy, for example
      acetoxy or propionyloxy.
PAR  Lower alkoxy-carbonyl is, for example, methoxycarbonyl, ethoxycarbonyl,
      n-propoxycarbonyl, isopropoxycarbonyl, tert.-butoxycarbonyl or
      tert.-pentoxycarbonyl.
PAR  N-lower alkyl-carbamoyl or N,N-di-lower alkyl-carbamoyl is, for example
      N-methylcarbamoyl, N-ethylcarbamoyl, N,N-dimethylcarbamoyl or
      N,N-diethylcarbamoyl, whilst N-lower alkylsulphamoyl for example
      represents N-methylsulphamoyl or N,N-dimethylsulphamoyl.
PAR  A carboxyl or sulpho group present in the alkali metal salt form is, for
      example, a carboxyl or sulpho group present in the sodium salt or
      potassium salt form.
PAR  Lower alkylamino or di-lower alkylamino is, for example, methylamino,
      ethylamino, dimethylamino or diethylamino, lower alkyleneamino is, for
      example, pyrrolidino or piperidino, oxa-lower alkyleneamino is, for
      example, morpholino, and aza-lower alkyleneamino is, for example,
      piperazino or 4-methylpiperazino. Acylamino especially represents
      carbamoylamino, lower alkylcarbamoylamino, such as methylcarbamoylamino,
      ureidocarbonylamino, guanidinocarbonylamino, lower alkanoylamino, such as
      acetylamino or propionylamino, and also phthalimido, or sulphoamino which
      is optionally present in the salt form, such as the alkali metal, for
      example sodium, salt form or ammonium salt form.
PAR  Lower alkanoyl is, for example, acetyl or propionyl.
PAR  Lower alkenyloxycarbonyl is, for example, vinyloxycarbonyl, whilst
      cycloalkoxycarbonyl and phenyl-lower alkoxycarbonyl for example represents
      adamantyloxycarbonyl, benzyloxycarbonyl, diphenylmethoxycarbonyl or
      .alpha.-4-biphenylyl-.alpha.-methylethoxycarbonyl. Lower alkoxycarbonyl,
      wherein lower alkyl for example contains a monocyclic, monoazacyclic,
      monooxacyclic, or monothiacyclic group, is, for example, furyl-lower
      alkoxycarbonyl, such as furfuryloxycarbonyl, or thienyl-lower
      alkoxycarbonyl, for example thenyloxycarbonyl.
PAR  Aryl radicals R which contain O-, S- or N-substituents are especially
      monocyclic or bicyclic, and also polycyclic, aryl radicals, above all
      phenyl radicals, as well as naphthyl or biphenylyl radicals, and also
      anthryl, phenanthryl or fluorenyl radicals, and such radicals can
      optionally contain further substituents in addition to the O-, S- and
      N-substituents.
PAR  O- and S-substituents of carbocyclic aryl radicals R are free or etherified
      hydroxyl groups, as well as corresponding mercapto groups. Etherified
      hydroxyl groups in particular contain optionally substituted hydrocarbon
      radicals, such as optionally substituted aliphatic, cycloaliphatic,
      cycloaliphatic-aliphatic, aromatic or araliphatic hydrocarbon radicals, as
      well as heterocyclic or heterocyclic-aliphatic residues as etherifying
      groups. Etherified hydroxyl groups are above all optionally substituted
      lower alkoxy groups, as well as lower alkenyloxy, lower alkylenedioxy,
      cycloalkoxy, aryloxy, such as optionally substituted phenyloxy, or
      aryl-lower alkoxy, such as optionally substituted phenyl-lower alkoxy,
      groups. Etherified mercapto groups are, for example, corresponding
      mercapto groups etherified by optionally substituted hydrocarbon radicals,
      for example lower alkylthio groups.
PAR  N-substituents of carbocyclic aryl radicals R are free or monosubstituted
      or disubstituted amino groups of basic character, wherein substituents
      represent optionally substituted hydrocarbon radicals, such as for example
      optionally substituted aliphatic, cycloaliphatic,
      cycloaliphatic-aliphatic, aromatic or araliphatic hydrocarbon radicals,
      possible radicals being not only monovalent radicals but also divalent
      radicals, especially optionally substituted divalent aliphatic hydrocarbon
      radicals, which can additionally be interrupted by hetero-atoms, such as
      oxygen, sulphur or optionally substituted nitrogen atoms. Such amino
      groups are, for example, amino, lower alkylamino, dilower alkylamino,
      lower alkyleneamino, lower oxaalkyleneamino, e.g. morpholino, lower
      thiaalkyleneamino, e.g. thiomorpholino, lower azaalkyleneamino, such as
      N-lower alkyl-lower azaalkylene-amino, e.g. 4-lower alkyl-piperazino,
      arylamino, such as phenylamino or N-lower alkyl-N-phenyl-amino, and
      aryl-lower alkyl-amino, such as phenyl-lower alkylamino or N-lower
      alkyl-N-phenyl-lower alkylamino groups.
PAR  Additional substituents of the abovementioned aromatic hydrocarbon radicals
      are, for example, optionally substituted hydrocarbon radicals, such as for
      example aliphatic, cycloaliphatic, aromatic or araliphatic hydrocarbon
      radicals which are optionally substituted, for example by free or
      functionally modified hydroxyl, or free or substituted amino groups, such
      as lower alkyl, cycloalkyl, cycloalkenyl, phenyl or phenyl-lower alkyl
      groups, and also functional groups, for example esterified hydroxyl
      groups, such as halogen atoms or acyloxy groups, acylamino groups, nitro
      groups or optionally functionally modified carboxyl groups, such as lower
      alkoxycarbonyl or cyano groups.
PAR  O-, S- or N-heterocyclic C-radicals of aromatic character, wherein the
      hetero-ring possesses an uneven number of ring members, are optionally
      substituted monocyclic or bicyclic, and also polycyclic oxacyclic,
      thiacyclic or azacyclic C-radicals of aromatic character, which preferably
      contain one, but also several, hetero-atoms as ring members. Preferred O-,
      S- and N-heterocyclic groups of aromatic character of this nature are
      above all at most bicyclic, oxacyclic, thiacyclic and azacyclic C-radicals
      of aromatic character, such as C-furyl, for example 2-furyl, C-benzofuryl,
      e.g. 2-benzofuryl, C-thienyl, for example 2- or 3-thienyl, C-benzothienyl,
      e.g. 3-benzothienyl, C-pyrryl, for example 2- or 3-pyrryl, or C-indolyl,
      for example 3-indolyl, or C-pyrazolyl, e.g. 3-pyrazolyl, or C-imidazolyl,
      e.g. 2-imidazolyl, radicals, whereby such radicals can be substituted, for
      example by optionally substituted hydrocarbon radicals, such as lower
      alkyl groups, or suitable functional groups, such as free or functionally
      modified, for example etherified or esterified, hydroxyl or mercapto
      groups, free or substituted, including acylated, amino groups, nitro
      groups or optionally functionally modified carboxyl groups, such as for
      example the abovementioned groups.
PAR  Ethenyl radicals R which contain O-, S- or N-substituents are, above all,
      vinyl radicals substituted by etherified hydroxyl or etherified mercapto
      groups, and also by free or substituted amino groups of basic character,
      for example by the abovementioned groups of this nature, and which can
      optionally be substituted in the vinyl radical, for example by optionally
      substituted hydrocarbon radicals, such as those mentioned above. In such
      radicals, the O-, S- or N- substituent or the ethenyl grouping or both
      together can be incorporated in a cycloaliphatic C-radical; groups wherein
      both groupings form parts of such a radical are, for example, pyranyl or
      2,3-dihydropyranyl groups.
PAR  Acyl radicals in acyl-substituted methyl groups are especially those of
      organic carboxylic acids, such as aliphatic, cycloaliphatic,
      cycloaliphatic-aliphatic, aromatic, araliphatic, heterocyclic or
      heterocyclic-aliphatic carboxylic acids, including formic acid, whilst
      functionally modified carboxyl groups for example represent acyl radicals
      of carbonic acid half-derivatives or cyano groups. Such groups are above
      all formyl, lower alkanoyl, optionally substituted benzoyl, lower
      alkoxycarbonyl or cyano groups. Correspondingly substituted methyl groups
      R are especially methyl radicals which are disubstituted by identical or
      different formyl, aliphatically, cycloaliphatically, aromatically or
      araliphatically substituted carbonyl or preferably functionally modified,
      such as esterified carboxyl or cyano groups, whereby two substituted
      carbonyl groups together with the methyl radical can also form parts of a
      cycloaliphatic grouping.
PAR  An acyl group Ac in particular represents an acyl radical of an organic
      carboxylic acid or of a carbonic acid half-derivative, the acyl radical
      being contained in a naturally occurring or biosynthetically,
      semi-synthetically or totally-synthetically preparable, preferably
      pharmacologically active, N-acyl derivative of 6-amino-penicillanic acid
      or 7-amino-cephalosporanic acid compounds, or represents an easily
      removable acyl radical, especially of a carbonic acid half-derivative.
PAR  An acyl radical Ac contained in pharmacologically active N-acyl derivatives
      of 6-amino-penicillanic acid or 7-aminocephalosporanic acid is, above all,
      a group of the formula
      ##EQU1##
      wherein n represents O and R.sup.I denotes hydrogen or an optionally
      substituted cycloaliphatic or aromatic hydrocarbon radical, or an
      optionally substituted heterocyclic radical, preferably of aromatic
      character, a functionally modified, preferably etherified hydroxyl or
      mercapto group or an optionally substituted amino group, or wherein n
      represents 1, and R.sup.I represents hydrogen or an optionally
      substituted, aliphatic, cycloaliphatic, cycloaliphatic-aliphatic, aromatic
      or araliphatic hydrocarbon radical or an optionally substituted
      heterocyclic or heterocyclic-aliphatic radical, wherein the heterocyclic
      radical preferably possesses aromatic character and/or a quaternary
      nitrogen atom, or represents an optionally functionally modified,
      preferably etherified or esterified, hydroxyl or mercapto group, an
      optionally functionally modified carboxyl group, an acyl group, an
      optionally substituted amino group or an azido group, and each of the
      radicals R.sup.II and R.sup.III is hydrogen, or wherein n represents 1,
      R.sup.I represents an optionally substituted aliphatic, cycloaliphatic,
      cycloaliphatic-aliphatic, aromatic or araliphatic hydrocarbon radical or
      an optionally substituted heterocyclic or heterocyclic-aliphatic radical,
      wherein the heterocyclic radical preferably displays aromatic character,
      R.sup.II denotes an optionally functionally modified, preferably
      etherified, hydroxyl or mercapto group, an optionally substituted amino
      group, an optionally functionally modified carboxyl or sulfo group, an
      azido group or a halogen atom, and R.sup.III represents hydrogen, or
      wherein n represents 1, each of the radicals R.sup.I and R.sup.II denote a
      functionally modified, preferably etherified or esterified, hydroxyl
      group, or an optionally functionally modified carboxyl group, and
      R.sup.III represents hydrogen, or wherein n represents 1, R.sup.I denotes
      hydrogen or an optionally substituted aliphatic, cycloaliphatic,
      cycloaliphatic-aliphatic, aromatic or araliphatic hydrocarbon radical, and
      R.sup.II and R.sup.III together represent an optionally substituted
      aliphatic, cycloaliphatic, cycloaliphatic-aliphatic or araliphatic
      hydrocarbon radical bonded to the carbon atom by a double bond, or wherein
      n represents 1 and R.sup.I denotes an optionally substituted aliphatic,
      cycloaliphatic, cycloaliphatic-aliphatic, aromatic or araliphatic
      hyrocarbon radical or an optionally substituted heterocyclic or
      heterocyclic-aliphatic radical, wherein heterocyclic radicals preferably
      possess aromatic character, R.sup.II denotes an optionally substituted
      aliphatic, cycloaliphatic, cycloaliphatic-aliphatic, aromatic or
      araliphatic hydrocarbon radical and R.sup.III denotes hydrogen or an
      optionally substituted aliphatic, cycloaliphatic,
      cycloaliphatic-aliphatic, aromatic or araliphatic hydrocarbon radical.
PAR  In the abovementioned acyl groups of the formula Ia, for example, n
      represents O and R.sup.I represents hydrogen or a cycloalkyl group with
      5-7 ring carbon atoms which is optionally substituted, for example in the
      1-position by amino or by a sulphoamino group which is optionally in the
      salt form, for example alkali metal salt form, a phenyl, naphthyl or
      tetrahydronaphthyl group which is optionally substituted, preferably by
      hydroxyl, lower alkoxy, for example methoxy, and/or halogen, for example
      chlorine, a heterocyclic group which is optionally substituted, for
      example by lower alkyl and/or phenyl groups, which can in turn carry
      substituents, such as halogen, for example chlorine, or an amino group
      which is preferably N-substituted, for example by an optionally
      substituted lower alkyl radical, such as a lower alkyl radical containing
      halogen, for example chlorine, or n represents 1 and R.sup.I represents a
      lower alkyl group which is optionally substituted, preferably by phenyloxy
      optionally substituted by halogen, such as chlorine, such as phenyloxy
      containing hydroxyl and/or halogen, for example chlorine, amino and/or
      carboxyl, a lower alkenyl group, a phenyl group which is optionally
      substituted, such as a phenyl group containing hydroxyl, halogen, for
      example chlorine and/or optionally substituted phenyloxy, a pyridyl,
      pyridinium, thienyl, 1-imidazolyl or 1-tetrazolyl group which is
      optionally substituted, for example by amino or aminomethyl, an optionally
      substituted lower alkoxy group, a phenyloxy group which is optionally
      substituted, for example by hydroxyl and/or halogen, such as chlorine, a
      lower alkylthio or lower alkenylthio group, an optionally substituted, for
      example lower alkyl-substituted, such as methyl-substituted, phenylthio,
      2-imidazolylthio, 1,2,4-triazol-3-ylthio, 1,3,4-triazol-2-ylthio,
      1,2,4-thiadiazol-3-ylthio, such as 5-methyl-1,2,4-thiadiazol3-ylthio,
      1,3,4-thiadiazol-2-ylthio, such as 5-methyl-1,3,4-thiadiazol-2-ylthio, or
      5-tetrazolylthio, such as 1-methyl-5-tetrazolylthio group, a halogen atom,
      especially chlorine or bromine atom, an optionally functionally modified
      carboxyl group, such as a lower alkoxycarbonyl group, a nitrile group, or
      a carbamoyl group which is optionally N-substituted, for example by
      phenyl, an optionally substituted lower alkanoyl or benzoyl group, or an
      azido group, and R.sup.II and R.sup.III represent hydrogen, or n
      represents 1, R.sup.I represents a phenyl or thienyl group which is
      optionally substituted, for example by hydroxyl and/or halogen, for
      example chlorine, and also represent a 1,4-cyclohexadienyl group, R.sup.II
      represents an optionally substituted amino group, for example optionally
      substituted carbamoylamino group or a sulphoamino group present in the
      salt form, for example alkali metal salt form, an azido group, a carboxyl
      group optionally present in the salt form, for example alkali metal salt
      form, or in the esterified form, a nitrile group, a sulfo group, an
      optionally substituted lower alkoxy or phenyloxy group, or a halogen atom,
      and R.sup.III represents hydrogen, or n represents 1, R.sup.I and R.sup.II
      each represent halogen, for example bromine, or lower alkoxycarbonyl, for
      example methoxycarbonyl, and R.sup.III represents hydrogen, or n
      represents 1, and each of the groups R.sup.I, R.sup.II and R.sup.III
      represent lower alkyl, for example methyl.
PAR  Such acyl radicals Ac are, for example, formyl, cyclopentylcarbonyl,
      .alpha.-aminocyclopentylcarbonyl or .alpha.-aminocyclohexylcarbonyl (with
      an optionally substituted amino group, for example a sulphoamino group
      optionally present in the salt form, or an amino group substituted by an
      acyl radical which can preferably be split off easily, for example on
      treatment with an acid agent, such as trifluoroacetic acid, or with a
      chemical reducing agent, such as zinc in the presence of aqueous acetic
      acid, or by an acyl radical which can be converted into such a radical,
      preferably a suitable acyl radical of a carbonic acid half-ester, such as
      2,2,2-trichloroethyloxycarbonyl, 2-bromoethoxycarbonyl,
      2-iodoethoxycarbonyl, tert.-butoxycarbonyl or phenacyloxycarbonyl, or of a
      carbonic acid half-amide, such as carbamoyl or N-methylcarbamoyl),
      2,6-dimethoxybenzoyl, tetrahydronaphthoyl, 2-methoxy-naphthoyl,
      2-ethoxy-naphthoyl, benzyloxycarbonyl, hexahydrobenzyloxycarbonyl,
      5-methyl-3-phenyl-4-isoxazolylcarbonyl,
      3-(2-chlorophenyl)-5-methyl-4-isoxazolylcarbonyl,
      3-(2,6-dichlorophenyl)-5-methyl-4-isoxazolylcarbonyl,
      2-chloroethylaminocarbonyl, acetyl, propionyl, butyryl, hexanoyl,
      octanoyl, acrylyl, crotonoyl, 3-butenoyl, 2-pentenoyl, methoxyacetyl,
      methylthioacetyl, butylthioacetyl, allylthioacetyl, chloroacetyl,
      bromoacetyl, dibromoacetyl, 3-chloropropionyl, 3-bromopropionyl,
      aminoacetyl or 5-amino-5-carboxylvaleryl (with an amino group which is
      optionally substituted, for example as indicated, and/or a carboxyl group
      which is optionally functionally modified, and is, for example, in the
      salt form, such as the sodium salt form, or in the ester form, such as a
      lower alkyl ester form, for example methyl or ethyl ester form),
      azidoacetyl, carboxyacetyl, methoxycarbonylacetyl, ethoxycarbonylacetyl,
      bis-methoxycarbonylacetyl, N-phenylcarbamoylacetyl, cyanoacetyl,
      .alpha.-cyanopropionyl, 2-cyano-3,3-dimethylacrylyl, phenylacetyl,
      .alpha.-bromophenylacetyl, .alpha.-azidophenylacetyl,
      3-chlorophenylacetyl, 4-aminomethylphenylacetyl, (with an amino group
      which is optionally substituted, for example as indicated),
      phenacylcarbonyl, phenyloxyacetyl, 4-trifluoromethylphenyloxyacetyl,
      benzyloxyacetyl, phenylthioacetyl, bromophenylthioacetyl,
      2-phenyloxypropionyl, .alpha.-phenyloxyphenylacetyl,
      .alpha.-methoxyphenylacetyl, .alpha.-ethoxyphenylacetyl,
      .alpha.-methoxy-3,4-dichlorophenylacetyl, .alpha.-cyanophenylacetyl,
      phenylglycyl, 4-hydroxyphenylglycyl, 3-chloro-4-hydroxyphenylglycyl or
      3,5-dichloro-4-hydroxyphenylglycyl (with an amino group which is
      optionally substituted, for example as indicated above), benzylthioacetyl,
      benzylthiopropionyl, .alpha.-carboxyphenylacetyl (with a carboxyl group
      which is optionally functionally modified, for example as indicated
      above), 3-phenylpropionyl, 3-(3-cyanophenyl)-propionyl, 4
      -(3-methoxyphenyl)-butyryl, 2-pyridylacetyl, 4-aminopyridiniumacetyl
      (optionally with an amino group which is substituted, for example as
      indicated above), 2-thienylacetyl, 2-tetrahydrothienylacetyl,
      .alpha.-carboxy-2-thienylacetyl or .alpha.-carboxy-3-thienylacetyl
      (optionally with a carboxyl group which is functionally modified, for
      example as indicated above), .alpha.-cyano-2-thienylacetyl,
      .alpha.-amino-2-thienylacetyl or .alpha.-amino-3-thienylacetyl (optionally
      with an amino group which is substituted, for example as indicated above),
      .alpha.-sulfo-phenylacetyl (in which the sulfo group may be functionally
      modified, e.g. as the carboxyl group), 3-thienylacetyl, 2-furylacetyl,
      1-imidazolylacetyl, 1-tetrazolylacetyl, 3-methyl-2-imidazolylthioacetyl,
      1,2,4-triazol-3-ylthioacetyl, 1,3,4-triazol-2-ylthioacetyl,
      5-methyl-1,2,4-thiadiazol-3-ylthioacetyl,
      5-methyl-1,3,4-thiadiazol-2-ylthioacetyl or
      1-methyl-5-tetrazolylthioacetyl.
PAR  An easily removable acyl radical Ac, especially of a carbonic acid
      half-ester, is above all an acyl radical of a half-ester of carbonic acid
      which can be split off by reduction, for example by treatment with a
      chemical reducing agent, or by treatment with acid, for example with
      trifluoroacetic acid, such as a lower alkoxycarbonyl radical which
      preferably shows multiple branching in the .alpha.-position or is
      substituted by acylcarbonyl, especially benzoyl radicals, or substituted
      by halogen atoms in the .beta.-position, for example tert.-butoxycarbonyl,
      tert.-pentoxycarbonyl, phenacyloxycarbonyl, 2,2,2-trichloroethoxycarbonyl
      or 2-iodoethoxycarbonyl or a radical which can be converted into the
      latter, such as 2-chloroethoxycarbonyl or 2-bromoethoxycarbonyl, and also
      preferably polycyclic cycloalkoxycarbonyl, for example
      adamantyloxycarbonyl, optionally substituted phenyl-lower alkoxycarbonyl,
      above all .alpha.-phenyl-lower alkoxycarbonyl, wherein the
      .alpha.-position preferably has several substituents, for example
      diphenylmethoxycarbonyl or
      .alpha.-4-biphenylyl-.alpha.-methylethoxycarbonyl, or furyl-lower
      alkoxycarbonyl, above all .alpha.-furyl-lower alkoxycarbonyl, for example
      furfuryloxycarbonyl.
PAR  A divalent acyl group formed by the two radicals R.sub.1.sup.a and
      R.sub.1.sup.b is, for example, the acyl radical of a lower
      alkanedicarboxylic acid or lower alkenedicarboxylic acid, such as
      succinyl, or of an o-aryldicarboxylic acid, such as phthaloyl.
PAR  A further divalent radical formed by the groups R.sub.1.sup.a and
      R.sub.1.sup.b is, for example, a 1,1-di-lower
      alkyl-4-oxo-2-aza-1,4-butylene radical which, especially in the
      3-position, contains, for example, an optionally substituted phenyl or
      thienyl, for example 1,1-dimethyl-3-phenyl-4-oxo-2-aza-1,4-butylene
      radical.
PAR  An organic radical R.sub.2.sup.A which together with the --C(=O)--O--
      grouping forms an esterified carboxyl group which can preferably be split
      easily, for example represents a 2-halogeno-lower alkyl radical
      R.sub.2.sup.a, wherein halogen has an atomic weight of above 19. Such a
      radical together with the --C(=O)--O-- grouping forms an esterified
      carboxyl group which can easily be split on treatment with chemical
      reducing agents under neutral or weakly acid conditions, for example with
      zinc in the presence of aqueous acetic acid, or forms an esterified
      carboxyl group which can easily be converted into such a carboxyl group,
      and is, for example, 2,2,2-trichloroethyl, 2-chloroethyl, 2-bromoethyl or
      2-iodoethyl.
PAR  A further group R.sub.2.sup.A, which together with the --C(=O)--O--
      grouping forms an esterified carboxyl group which can also be split easily
      on treatment with chemical reducing agents under neutral or weakly acid
      conditions, for example on treatment with zinc in the presence of aqueous
      acetic acid, is an arylcarbonylmethyl group R.sub.2.sup.b, wherein aryl
      especially represents an optionally substituted phenyl group, and
      preferably phenacyl.
PAR  The group R.sub.2.sup.A can also represent the radical R.sub.2.sup.c, which
      denotes an arylmethyl group, wherein aryl especially represents a
      monocyclic, preferably substituted, aromatic hydrocarbon radical. Such a
      radical together with the --C(=O)--O-- grouping forms an esterified
      carboxyl group which can easily be split on irradiation, preferably with
      ultraviolet light, under neutral or acid conditions. Such an aryl radical
      contains, as substituents, especially lower alkoxy, for example methoxy
      (which in the case of the preferred phenyl radical are above all in the
      3-, 4- and/or 5-position), and/or above all nitro (in the case of the
      preferred phenyl radical, preferably in the 2-position). Such radicals
      R.sub.2.sup.c are, above all, 3- or 4-methoxybenzyl, 3,5-dimethoxybenzyl,
      2-nitrobenzyl or 4,5-dimethoxy-2-nitrobenzyl.
PAR  A group R.sub.2.sup.A can also represent the radical R.sub.2.sup.d, which
      together with the --C(=O)--O-- grouping forms an esterified carboxyl group
      which can easily be split under acid conditions, for example on treatment
      with trifluoroacetic acid or formic acid. Such a radical R.sub.2.sup.d is
      above all a methyl group, which is polysubstituted by optionally
      substituted hydrocarbon radicals, such as lower alkyl, lower alkenyl
      and/or lower alkinyl, or is monosubstituted by a carbocyclic aryl group
      possessing electron-donating substituents or by a heterocyclic group of
      aromatic character possessing oxygen or sulphur atoms as a ring member, or
      R.sub.2.sup.d denotes a ring member in a polycycloaliphatic hydrocarbon
      radical, or denotes the ring member which is in the .alpha.-position to
      the oxygen atom or sulphur atom in an oxacycloaliphatic or
      thiacycloaliphatic radical.
PAR  Preferred polysubstituted methyl groups R.sub.2.sup.d are, for example,
      tert.-butyl, tert.-pentyl, 1,1-dimethyl-2-pro1,1-dimethyl-2-butinyl,
      benzhydryl, 4,4'-dimethoxybenzhydryl or 2-(4-biphenylyl)-2-propyl, whilst
      a methyl group R.sub.2.sup.d containing the abovementioned substituted
      aryl or heterocyclic group is, for example, 3,4-dimethoxy-benzyl, or
      2-furyl. A polycycloaliphatic hydrocarbon radical in which the methyl
      group R.sub.2.sup.d represents a preferably triply branched ring member
      is, for example, adamantyl, such as 1-adamantyl, and an above-mentioned
      oxacycloaliphatic or thiacycloaliphatic radical R.sup.d.sub.2 is a
      2-tetrahydrofuryl, 2-tetrahydropyranyl or 2,3-dihydro-2-pyranyl or
      corresponding sulphur analogues.
PAR  The radical R.sub.2.sup.A can also represent a radical R.sub.2.sup.e, which
      together with the --C(=O)--O-- grouping forms an esterified carboxyl group
      which can be split hydrolytically, for example under weakly basic or
      weakly acid conditions. Such a radical R.sub.2.sup.e is preferably a
      radical which together with the --C(=O)--O-- grouping forms an activated
      ester, such as nitrophenyl, for example 4-nitrophenyl or
      2,4-dinitrophenyl, nitrophenyl-lower alkyl, for example 4-nitrobenzyl,
      polyhalogenophenyl, for example 2,4,6-trichlorophenyl or
      2,3,4,5,6-pentachlorophenyl, and also cyanomethyl, as well as
      acylaminomethyl, for example phthaliminomethyl or succinyliminomethyl.
PAR  The group R.sub.2.sup.A can also represent a radical R.sub.2.sup.f which
      together with the carboxyl grouping --C(=O)--O-- forms an esterified
      carboxyl group which can be split under hydrogenolytic conditions, and is,
      for example, an optionally stituted .alpha.-aryl-lower alkyl radical, such
      as benzyl, 4-methoxy-benzyl, 4-nitrobenzyl, benzhydryl or
      4,4-dimethoxybenzhydryl.
PAR  The group R.sub.2.sup.A can also represent a radical R.sub.2.sup.g which
      together with the carboxyl grouping --C(=O)--O-- forms an esterified
      carboxyl group which can be split under physiological conditions, above
      all lower alkanoyloxymethyl, for example acetoxymethyl.
PAR  A silyl radical or stannyl radical R.sub.2.sup.A preferably contains
      optionally substituted aliphatic, cycloaliphatic, aromatic or araliphatic
      hydrocarbon radicals, such as lower alkyl, cycloalkyl, phenyl or
      phenyl-lower alkyl groups, and above all represents tri-lower alkylsilyl,
      for example trimethylsilyl, or tri-lower alkylstannyl, for example
      tri-n-butylstannyl.
PAR  An acyl radical which together with the --C(=O)--O-- grouping forms a mixed
      anhydride group which can be split, preferably hydrolytically, is, for
      example, the acyl radical of one of the abovementioned organic carboxylic
      acids or carbonic acid half-derivatives, such as lower alkanoyl, for
      example ethyl, or lower alkoxycarbonyl, for example ethoxycarbonyl.
PAR  Salts are, in particular, those of the compounds of the formula I, in which
      R.sub.2 represents hydrogen, or in which R.sub.1.sup.a, R.sub.1.sup.b
      and/or R contain a free carboxyl group as substituent are above all metal
      salts or ammonium salts, such as alkali metal salts and alkaline earth
      metal salts, for example sodium, potassium, magnesium or calcium salts, as
      well as ammonium salts with ammonia or suitable organic amines, for which,
      above all, aliphatic, cycloaliphatic, cycloaliphaticaliphatic and
      araliphatic primary, secondary or tertiary monoamines, diamines or
      polyamines, as well as heterocyclic bases can be used to form salts, such
      amines being lower alkylamines, for example triethylamine, hydroxy-lower
      alkylamines, for example 2-hydroxyethylamine, bis-(2-hydroxyethyl)amine or
      tri-(2-hydroxyethyl)-amine, basic aliphatic esters of carboxylic acids,
      for example 4-aminobenzoic acid-2-diethylamino-ethyl ester, lower
      alkyleneamines, for example 1-ethylpiperidine, cycloalkylamines, for
      example bicyclohexylamine, or benzylamines, for example
      N,N'-dibenzylethylenediamine, and also bases of the pyridine type, for
      example pyridine, collidine or quinoline. Compounds of the formula I, in
      which, for example, R.sub.1.sup.a and R.sub.1.sup.b represent hydrogen or
      which possess a basic group in a radical R.sub.1.sup.a, R.sub.1.sup.b
      and/or R, can also form acid addition salts, for example with inorganic
      acids, such as hydrochloric acid; sulphuric acid or phosphoric acid, or
      with suitable organic carboxylic acids or sulphonic acids, for example
      trifluoroacetic acid. Compounds of the formula I, wherein R.sub.2
      represents hydrogen or in which R.sub.1.sup.a, R.sub.1.sup.b and/or R
      contain an acid grouping as substituent and in which R.sub.1.sup.a and
      R.sub. 1.sup.b denote hydrogen, or which contain a basic group in a
      radical R.sub.1.sup.a, R.sub.1.sup.b and/or R, can also be present in the
      form of an internal salt, that is to say in the form of the zwitter ion.
PAR  The compounds of the formula I, particularly those, in which R.sub.1.sup.a
      represents an acyl radical occurring in pharmacologically active N-acyl
      derivatives of 6-amino-penam-3-carboxylic acid compounds or
      7-amino-ceph-3-em-4-carboxylic acid compounds, and R.sub.1.sup.b
      represents hydrogen, R.sub.2 denotes hydrogen or an organic radical which
      can easily be split off under physiological conditions, and R has the
      above given meaning, demonstrate useful pharmacological properties,
      especially against micro-organisms, such as Gram-positive bacteria, for
      example Staphylococcus aureus, including penicillin-resistant bacteria of
      this type, and are useful, for example, in dilutions of about 10
      .gamma./ml. against such microorganisms in the form of antibiotically
      active preparations.
PAR  The compounds of formula I represent primarily valuable intermediate
      products for the manufacture of new compounds having pharmacological
      properties; their conversion into such compounds will be described in more
      detail below.
PAR  Particularly valuable as intermediate products are compounds of formula I,
      wherein R represents (a) an at most bicyclic aromatic hydrocarbon radical,
      that is to say a phenyl or naphthyl radical, which possesses in at least
      one of the ortho- or para-positions or in positions which are equivalents
      to these hydroxyl, lower alkoxy, e.g. methoxy, and/or lower alkyl-thio,
      e.g. methylthio, furthermore amino and/or di-lower alkyl-amino, e.g.
      dimethylamino, as well as lower alkanoyloxy, e.g. acetyloxy, and which is
      optionally substituted further, with optionally present substituents
      denoting lower alkyl, e.g. methyl, hydroxy, lower alkoxy, e.g. methoxy,
      lower alkanoyloxy, e.g. acetyloxy, lower alkyl-thio, e.g. methylthio,
      trifluoromethyl, amino, di-lower alkyl-amino, e.g. dimethylamino, lower
      alkanoylamino, e.g. acetylamino, lower alkanoyl, e.g. acetyl, carboxyl,
      lower alkoxycarbonyl, e.g. methoxycarbonyl or ethoxycarbonyl,
      2-halogeno-lower alkoxycarbonyl, e.g. 2,2,2-trichloroethoxycarbonyl,
      2-bromoethoxycarbonyl or 2-iodoethoxycarbonyl, carbamoyl, cyano, sulpho or
      sulphamoyl and/or halogeno, e.g. fluoro, chloro or bromo, (b) an
      optionally substituted, at most bicyclic monooxacyclic, monothiacyclic or
      monoazacyclic radical of aromatic character, being bonded via a carbon
      atom and having an uneven number of ring members in the hetero-ring, such
      as an optionally substituted furyl, for example 2-furyl, benzofuryl, e.g.
      2- or 3-benzofuryl, thienyl, for example 2- or 3-thienyl, benzothienyl,
      e.g. 3-benzothienyl, pyrryl, for example, 2- or 3-pyrryl, or indolyl, for
      example, 3-indolyl, wherein optionally present substituents denote lower
      alkyl, e.g. methyl, carboxymethyl, lower alkoxy-carbonylmethyl, e.g.
      methoxycarbonylmethyl or ethoxycarbonylmethyl, 2-halogeno-lower
      alkoxycarbonyl-methyl, e.g. 2,2,2-trichloroethoxycarbonylmethyl or
      2-bromoethoxycarbonylmethyl, trifluoromethyl, hydroxyl, lower alkoxy, e.g.
      methoxy, lower alkanoyloxy, e.g. acetyloxy, lower alkylthio, e.g.
      methylthio, amino, di-lower alkylamino, e.g. dimethylamino, lower
      alkanoylamino, e.g. acetylamino, lower alkanoyl, e.g. acetyl, carboxyl,
      lower alkoxy-carbonyl, e.g. methoxycarbonyl or ethoxycarbonyl,
      2-halogeno-lower alkoxycarbonyl, e.g. 2,2,2-trichloroethoxycarbonyl,
      2-bromoethoxycarbonyl or 2-iodoethoxycarbonyl, carbamoyl, cyano, sulpho or
      sulphamoyl and/or halogeno, e.g. fluoro, chloro or bromo, or (c) a radical
      of formula R.sub.a (R.sub.b )CH--, wherein each of the groups R.sub.a and
      R.sub.b represents a formyl, lower alkanoyl, e.g. acetyl, lower
      alkoxycarbonyl e.g. methoxycarbonyl or ethoxycarbonoyl, or cyano,
      R.sub.1.sup.a denotes hydrogen or an acyl radical contained in a naturally
      occurring or biosynthetically, semi-synthetically or totalsynthetically
      preparable, in particular pharmacologically active, such as highly active,
      N-acyl derivative of a 6-amino-penam-3-carboxylic acid compound or
      7-amino-ceph-3-em-4-carboxylic acid compound, or an easily removable acyl
      radical of a carbonic acid half-derivative, especially of a carbonic acid
      half-ester, R.sub.1.sup.b stands for hydrogen, and R.sup.2 represents
      hydrogen or an organic radical R.sub.2.sup.A, which together with the
      --C(=O)--O-- grouping forms an esterified carboxyl group which can easily
      be split on treatment with water, with an acid agent, with a chemical
      reducing agent under neutral or weakly acid conditions, or hydrolytically
      or hydrogenolytically, or an esterified carboxyl group which can easily be
      split under physiological conditions, or an esterified carboxyl group
      which can be converted into such group, for example tri-lower alkyl-silyl,
      e.g. trimethylsilyl, tert.-lower alkyl or tert.-lower alkenyl, e.g.
      tert.-butyl, 2-halogeno-lower alkyl, e.g. 2,2,2-trichloroethyl,
      2-chloroethyl, 2-bromoethyl or 2-iodoethyl, optionally substituted
      diphenylmethyl, e.g. benzhydryl or 4,4' -dimethoxy-diphenylmethyl,
      phenacyl, 4-methoxybenzyl, 4-nitrobenzyl, or lower alkanoyloxymethyl, e.g.
      acetyloxymethyl, and also salts of such compounds having salt-forming
      groups.
PAR  In a compound of formula I, R above all represents a phenyl or naphthyl
      radical substituted in at least one of the ortho- or para-positions or in
      positions, which are equivalent thereto by hydroxyl, lower alkoxy, for
      example methoxy, lower alkyl-thio, e.g. methylthio, or lower alkanoyloxy,
      e.g. acetyloxy, whereby such residue may be further substituted,
      preferably in other positions, by hydroxy or lower alkoxy, e.g. methoxy,
      or furyl, e.g. 2-furyl, thienyl, e.g. 2-thienyl, pyrryl, e.g. 2-pyrryl, or
      indolyl, e.g. 3-indolyl, which radicals may be substituted by carboxy or
      lower alkoxy-carbonyl, e.g. methoxycarbonyl or ethoxy carbonyl,
      R.sub.1.sup.a represents hydrogen or an acyl radical contained in
      naturally occurring or biosynthetically preparable N-acyl derivatives of
      6-amino penam-3-carboxylic acid compounds or
      7-amino-ceph-3-em-4-carboxylic acid compounds, such as an optionally
      substituted phenylacetyl or phenyloxyacetyl radical, and also an
      optionally substituted lower alkanoyl or lower alkenoyl radical, for
      example, 4-hydroxy-phenylacetyl, hexanoyl, octanoyl, 3-hexenoyl,
      5-amino-5-carboxyvaleryl (optionally with protected carboxyl and/or amino
      group), n-butylmercaptoacetyl or allylmercaptoacetyl, and especially
      phenylacetyl or phenyloxyacetyl, an acyl radical occurring in highly
      active N-acyl derivatives of 6-amino-penam-3-carboxylic acid compounds or
      7-amino-ceph-3-em-4-carboxylic acid compounds, such as formyl,
      2-chloroethylcarbamoyl, cyanoacetyl or 2-thienylacetyl, especially
      phenylglycyl, wherein phenyl represents optionally hydroxyl-substituted
      and/or halogen substituted, for example chlorine substituted phenyl, for
      example phenyl, or 3- or 4-hydroxy- or 3,5-dichloro-4-hydroxyphenyl, and
      wherein the amino group is optionally substituted and, for example,
      represents a sulphoamino group, optionally present in the salt form, or an
      amino group which is substituted by an optionally substituted carbamoyl
      group, such as an optionally substituted ureidocarbonyl group, for example
      ureidocarbonyl or N.sup.3 -trichloromethylureidocarbonyl, or by an
      optionally substituted guanidinocarbonyl group, for example
      guanidinocarbonyl, or by an acyl radical which can be split off,
      preferably easily, for example on treatment with an acid agent, such as
      trifluoroacetic acid, or with a chemical reducing agent, such as zinc in
      the presence of aqueous acetic acid, or an acyl radical which can be
      converted into such an acyl radical, preferably a suitable acyl radical of
      a carbonic acid half-ester, such as 2,2,2-trichloroethyloxycarbonyl,
      2-chloroethoxycarbonyl, 2-bromoethoxycarbonyl, 2-iodoethoxycarbonyl,
      tert.-butoxycarbonyl or phenacyloxycarbonyl, or of a carbonic acid
      half-amide, such as carbamoyl or N-methylcarbamoyl, also thienylglycyl,
      such as 2-thienylglycyl, (optionally with an amino group which is
      substituted, for example as indicated above), or
      1-amino-cyclohexylcarbonyl (optionally with an amino group which is
      substituted, for example as indicated above), and also
      .alpha.-carboxy-phenylacetyl or .alpha.-carboxy-2-thienylacetyl
      (optionally with a functionally modified carboxyl group, for example a
      carboxyl group present in the salt form, such as sodium salt form, or in
      the ester form, such as lower alkyl ester form), or
      .alpha.-sulfophenylacetyl or .alpha.-sulfo-2-thienylacetyl, (in which
      sulfo may be functionally modified, e.g. in salt, for example, sodium salt
      form), or an acyl radical of a carbonic acid half-ester which can be split
      off easily, especially under acid conditions, for example on treatment
      with trifluoroacetic acid, or reductively with zinc in the presence of
      aqueous acetic acid, such as tert.-butoxycarbonyl, phenacylcarbonyl
      2,2,2-trichloroethoxycarbonyl or  2-iodoethoxycarbonyl, or
      2-chloroethoxycarbonyl- or 2-bromoethoxycarbonyl, which can be easily
      converted into the latter, and R.sub.1.sup.b represents hydrogen and
      R.sub.2 represents hydrogen or a radical R.sub.2.sup.A, which together
      with the --C(=O)--O-- grouping forms an esterified carboxyl group which
      can be split easily hydrogenolytically, on treatment with a chemical
      reducing agent under neutral or weakly acid conditions, with an acid agent
      or hydrolytically, preferably under weakly basic conditions or under
      physiological conditions, and above all represents a methyl which is
      polysubstituted by optionally substituted hydrocarbon radicals, such as
      lower alkyl radicals, especially tert.-butyl or diphenylmethyl, and
      2,2,2-trichloroethyl, 2-iodoethyl, and 2-chloroethyl or 2-bromoethyl which
      can easily be converted into 2-iodoethyl, or phenacyl, as well as
      4-methoxybenzyl or 4-nitrobenzyl, furthermore lower alkanoyloxymethyl,
      e.g. acetyloxymethyl.
PAR  The invention above all relates to compounds of the formula
      ##SPC2##
PAL  in which R' is 2- or 4-hydroxy-phenyl, 2,4-, 2,5- or 3,4-dihydroxy-phenyl,
      2- or 4-lower alkoxy-phenyl, e.g. 2- or 4-methoxy-phenyl, 2,4-, 2,5- or
      3,4-lower alkoxy phenyl, e.g. 2,4-, 2,5- or 3,4-dimethoxy-phenyl, 2- or
      4-lower alkanoyloxy-phenyl, e.g. 2- or 4-acetyloxyphenyl, 4-lower
      alkyl-thio-phenyl, e.g. 4-methylthio-phenyl, 2-furyl, 5-carboxy-2-furyl,
      5-lower alkoxycarbonyl-2-furyl, e.g. 5-methoxycarbonyl-2-furyl, 2-thienyl,
      2-pyrryl, 5-carboxy-2-pyrryl or 5-loweralkoxy-carbonyl-2-pyrryl, e.g.
      5-methoxycarbonyl-2-pyrryl, and in which R.sup.'.sub.1 is hydrogen or an
      acyl residue of the formula
      ##EQU2##
      in which Ar is phenyl, 3- or 4-hydroxy-phenyl, 3-chloro-4-hydroxy-phenyl,
      3,5-dichloro-4-hydroxy-phenyl or 2-thienyl and R.sub.3 represents hydrogen
      or amino, as well as acylated amino, in which acyl is preferably the acyl
      residue of a carbonic acid semiderivative, such as semi-ester or
      semi-amide, particularly an acyl residue of this type easily replaceable
      by hydrogen or convertible into such acyl residue, inter alia, tert.-lower
      alkoxy-carbonylamino, e.g. tert.-butyloxycarbonylamino, 2-halogeno-lower
      alkoxycarbonylamino, e.g. 2,2,2-tri-chloroethoxycarbonylamino,
      2-chloroethoxycarbonylamino, 2-bromoethoxycarbonylamino or
      2-iodoethoxycarbonylamino, furthermore guanylureido, as well as
      sulfoamino, or represents carboxyl or sulfo, and R.sup.'.sub.2 is hydrogen
      or an organic residue which together with the carboxyl grouping
      --C(=O)--O-- forms an esterified carboxyl group easily splittable under
      mild or physiological conditions, or capable of being converted into such
      group, such as tert.-lower alkyl, e.g. tert.-butyl, 2-halogeno-lower
      alkyl, e.g. 2,2,2-trichloroethyl, 2-chloroethyl, 2-bromoethyl or
      2-iodoethyl, phenacyl, benzhydryl, 4,4'-dimethoxy-diphenylmethyl, or lower
      alkanoyloxymethyl, e.g. acetyloxymethyl, or salts of such compounds having
      salt-forming properties.
PAR  The new compounds of the present invention are obtained in excellent yields
      if in a 7-N-R.sub.1.sup.A -N-R.sub.1.sup.b -amino)-3-X-methyl-ceph-2-em-4
      -carboxylic acid compound of formula
      ##SPC3##
PAL  wherein R.sub.1.sup.A, R.sub.1.sup.b and R.sub.2 have the abovementioned
      meanings, whereby R.sub.1.sup.A and R.sub.1.sup.b together may also
      represent a bivalent amino protecting group, and X represents a free or
      esterified hydroxyl group, the methylene group --CH.sub.2 -- in the
      3-position of the ceph-2-em ring is C-nucleophilically substituted, with
      removal of the group X, by means of an organic C-nucleophilic compound of
      formula H-R (III), wherein R has the abovementioned significance, and, if
      desired, an amino protective groups R.sub.1.sup.A and/or R.sub.1.sup.b in
      a compound obtainable according to the process is removed and replaced by
      hydrogen or converted into another amino protective group, and/or, if
      desired, a resulting compound is converted into another compound of the
      formula I, and/or if desired, a compound obtainable according to the
      process, having a salt-forming group, is converted into a salt, or a
      resulting salt is converted into the free compound or into another salt,
      and/or, if desired, an isomer mixture obtainable according to the process
      is separated into the individual isomers.
PAR  In a starting material of formula II, an esterified hydroxyl group X can be
      esterified by an inorganic or organic acid, and the latter can, for
      example, be a strong mineral acid, above all a hydrohalic acid, for
      example hydrochloric, hydrobromic or hydriodic acid, and the group X in
      particular represents a halogen atom, preferably having an atomic weight
      of above 19, that is to say a chlorine, bromine or iodine atom.
PAR  An organic acid which esterifies the hydroxyl group is an appropriate
      carboxylic acid or sulphonic acid and is an aliphatic (including formic
      acid), cycloaliphatic, cycloaliphatic-aliphatic, aromatic, araliphatic,
      heterocyclic or heterocyclic-aliphatic carboxylic or sulphonic acid, or a
      carbonic acid half-derivative.
PAR  Thus, an esterified hydroxyl group X can represent an optionally
      substituted lower alkanoyloxy radical, especially the acetoxy radical, and
      above all a halogeno-lower alkanoyloxy radical, especially a
      halogenoacetoxy radical, such as the trifluoroacetoxy, as well as the
      dichloroacetoxy, furthermore the formyloxy radical, but can also represent
      an optionally substituted lower alkylsulphonyloxy, for example,
      methylsulphonyloxy, radical or an optionally substituted
      phenylsulphonyloxy, for example p-toluenesulphonyloxy, radical.
PAR  The starting material of formula II can be used in the form of the free
      carboxylic acids, that is to say R.sub.2 usually represents hydrogen; it
      is however also possible to use compounds of formula II, in which R.sub.2
      is different from hydrogen and for example represents a radical
      R.sub.a.sup.A, which under the reaction conditions, for example in the
      presence of a Lewis acid which is optionally to be used, forms a stable or
      splittable protected, especially esterified carboxyl group with the
      --C(=O)--O-- grouping.
PAR  Free functional groups which do not participate in the reaction, for
      example free hydroxyl, mercapto and/or amino groups, can be protected in
      the starting substances, where necessary, in a manner which is in itself
      known, for example only temporarily for example by acylation, furthermore
      by silylation, and can, if desired, be liberated again, in a manner which
      is in itself known, during the reaction or after it has taken place.
PAR  The compounds of formula III are C-nucleophilic compounds which in the
      radical R possess at least one hydrogen atom and in which at least one
      carbon atom is capable of electron enrichment and possesses an electron
      excess in the transition state (that is to say under the reaction
      conditions); this electron excess can for example be stabilised by one or
      more groupings which favour an electrophilic substitution. These are
      especially compounds with one or more double bonds which contain O-, S- or
      N-groupings, these being capable of stabilising the electron excess
      present on at least one carbon atom, or compounds with a methylene group
      activated by at least one carbonyl or one functionally modified carboxyl
      grouping.
PAR  Such C-nucleophilic compounds are carbocyclic aromatic compounds containing
      suitable O-, S- or N- substituents, as well as O-, S- or N-heterocyclic
      compounds of aromatic character with an uneven number of ring members in
      the heteroring, or ethene compounds containing suitable O-, S- or
      N-substituents, which may be connected to the ethene grouping via one or
      more double bonds and also methane compounds possessing acyl groups of
      functionally modified carboxyl groups, preferably two such radicals.
PAR  Above all, compounds of formula III represent preferably monocyclic or
      bicyclic, as well as polycyclic, aromatic hydrocarbons, substituted by O-,
      S- or N-substituents with the properties described above, especially by
      free or functionally modified, above all etherified, as well as esterified
      hydroxyl as well as mercapto groups, furthermore by free or substituted
      amino groups of basic or non-basic character, for example, by the
      abovementioned groups of this nature, above all by hydroxyl or lower
      alkoxy groups, as well as by lower alkanoyloxy groups, furthermore by
      lower alkyl-thio groups, and also be free amino or di-lower alkylamino
      groups, especially correspondingly substituted benzene, as well as
      naphthalene or biphenyl compounds, and also anthracene, phenathrene or
      fluorene compounds, it being possible for such compounds to be substituted
      further, for example as indicated.
PAR  O-, S- or N-heterocyclic compounds of formula III are above all monocyclic
      or bicyclic, as well as polycyclic, oxacyclic, thiacyclic or azacyclic
      compounds of aromatic character, wherein the hetero-ring possesses an
      uneven number of ring members, and which can optionally be substituted,
      for example as indicated. Such compounds are, for example, optionally
      substituted furane, thiophene, pyrrole, benzofurane, benzothiophene or
      indole compounds.
PAR  Ethene compounds containing O-, S- or N- groups are above all O- or S-enol
      compounds or enamine compounds in which the vinyl grouping preferably
      contains free or etherified or esterified hydroxyl groups or mercapto
      groups, or free or substituted amino groups of basic character, as
      substituents, and can optionally be substituted, for example as indicated
      above. In such compounds, the O-, S- and N- groupings or the ethene
      grouping connected thereto or both together can represent part of a
      cycloaliphatic ring; compounds wherein both groupings represent parts of a
      cycloaliphatic ring are, for example, pyrane or 2,3-dihydropyrane.
      Further, the vinyl grouping can also be part of a system of conjugated
      double bonds.
PAR  In methane compounds of formula III possessing acyl groups or functionally
      modified carboxyl groups, the acyl radicals and functionally modified
      carboxyl groups for example have the abovementioned meanings; such
      compounds are malondialdehyde, acylacetic acid ester, cyanoacetic acid
      ester, 1,3-diketone, malonic acid ester or malodinitrile compounds,
      whereby among the 1,3-diketones those of cycloaliphatic nature are also to
      be understood.
PAR  Depending on the nature of the radical X in the starting material of
      formula II and the C-nucleophilic compound of formula III, and their
      method of use, the process according to the invention can be carried out
      in the presence or absence of additional reagents which influence the
      reaction.
PAR  If, for example, the group X represents a reactive hydroxyl group
      esterified by a strong organic acid, above all an acyloxy group, wherein
      the acyl radical denotes the corresponding radical of a strong organic
      carboxylic acid, having no or at most weak nucleophilic properties, such
      as of formic acid, or preferably of a strong lower alkanecarboxylic acid,
      such as a halogenoacetic acid, above all trifluoroacetic acid, or the acyl
      radical of a strong organic sulphonic acid, such as of a lower
      alkanesulphonic acid, for example of methanesulphonic acid, or of an
      arylsulphonic acid, for example of p-toluenesulphonic acid, the reaction
      can be carried out in the absence of additional reagents.
PAR  If starting substances of formula II are used, wherein X generally denotes
      a free hydroxyl group or a hydroxyl group esterified by any type of
      organic carboxylic or sulphonic acid, that is to say also a hydroxyl group
      esterified by a relatively weak acid, such as a weak lower
      alkanecarboxylic acid, for example acetic, propionic or pivalic acid, or
      an arylcarboxylic acid, for example benzoic acid, that is to say wherein
      X, apart from a free hydroxyl group, also denotes a lower alkanoyloxy,
      especially acetoxy, as well as propionyloxy or pivaloyloxy, group, or an
      aroyloxy, for example benzoyloxy, group, the reaction of such a starting
      material with the organic C-nucleophilic compound of formula III is
      preferably carried out in the presence of an optionally protonic Lewis
      acid. Such reagents are above all, for example, strong, non-nucleophilic
      or only weakly nucleophilic, inorganic acids, such as phosphoric acid,
      preferably in the form of polyphosphoric acid, fluoboric acid or
      perchloric acid, the latter, for example, together with an organic
      carboxylic acid, such as an optionally substituted lower alkanecarboxylic
      acid, preferably acetic acid, and also sulphuric acid. Preferred protonic
      Lewis acids are strong, non-nucleophilic or only weakly nucleophilic,
      organic carboxylic acids, such as lower alkanecarboxylic acids which are
      optionally suitably substituted, for example by halogen atoms or cyano
      groups, such as formic acid, halogenated lower alkanecarboxylic acids,
      which preferably possess 2 or more halogen atoms in the .alpha.- position,
      for example dichloroacetic acid and above all trifluoroacetic acid,
      cyanoacetic acid, and also strong non-nucleophilic or only weakly
      nucleophilic organic sulphonic acids, such as lower alkanesulphonic acid,
      for example methanesulphonic acid, or benzenesulphonic acid which is
      optionally substituted, for example by lower alkyl groups, for example
      p-toluenesulphonic acid.
PAR  Non-protonic Lewis acids which at most display only slight nucleophilic
      properties, are above all non-nucleophilic or only weakly nucleophilic
      halides of Lewis acid character, such as boron halides, for example boron
      trifluoride, boron trichloride or boron tribromide, it also being
      possible, for example, for boron trifluoride, to be used as the etherate,
      for example with diethyl ether, aluminium halides, for example aluminium
      chloride, or tin-IV halides, for example tin-IV chloride.
PAR  Instead of non-protonic Lewis acids, iodine can also be used in the
      abovementioned reaction.
PAR  In the above process variant, according to which the reaction is carried
      out in the presence of a protonic Lewis acid, easily protonisable groups
      in the starting substances of formulae II and III are preferably present
      in a non-protonisable or only difficult-to-protonise form. Easily
      protonisable groups are, for example, basic amino groups; these can for
      example be in the form of acylamino groups, amongst others also those
      which can subsequently be split easily, for example by reduction or on
      treatment with suitable acids, for example in the form of an appropriate
      2-halogeno-lower alkoxycarbonylamino group, such as
      2,2,2-trichloroethoxycarbonyl-amino or 2-iodoethoxycarbonyl-amino group or
      of a group easily convertible into the latter, such as
      2-chloroethoxycarbonyl-amino or 2-bromoethoxycarbonyl-amino, or of a
      tert.-lower alkoxycarbonylamino or tert.-lower alkenyloxycarbonylamino
      group, e.g. tert.-butyloxycarbonylamino, of a tritylamino group, or of an
      organic silylamino group, e.g. trimethylsilyl group.
PAR  If starting substances of formula III, apart from containing an easily
      protonisable substituent, such as for example a basic amino group, also
      contain a further substituent which assists the nucleophilic character of
      the compound of formula III, for example an etherified hydroxyl group, the
      reaction can also be carried out without the temporary protection of the
      easily protonisable group in the form of a group which can only be
      protonised with difficulty.
PAR  If the group X represents a hydroxyl group esterified by a strong inorganic
      acid, expecially a hydrohalic acid, and if X above all denotes a halogen
      atom with an atom weight of above 19, that is to say a chlorine or iodine
      atom and especially a bromine atom, the reaction is carried in the
      presence of agents which absorb halogen ions, such as silver ions, for
      example in the form of silver acetate.
PAR  Surprisingly, the reaction takes place under very mild conditions, even if
      only weak C-nucleophilic compounds of formula III are employed. It can be
      carried out in the absence or presence of a solvent or diluent, and
      suitable reagents, such as for example trifluoroacetic acid, can also be
      used as solvents or diluents. Furthermore, for example, optionally
      substituted hydrocarbons, such as halogen- or cyano-containing lower
      aliphatic, cycloaliphatic or aromatic hydrocarbons, for example, hexane,
      methylene chloride, chloroform, acetonitrile, cyclohexane, benzene or
      toluene, can be employed as optional additional inert solvents or
      diluents. The process is carried out with cooling, at room temperature or
      with warming, preferably in a temperature interval of about -30.degree.C
      to about +100.degree.C, if necessary, in a closed vessel and/or in an
      inert gas atmosphere, for example nitrogen atmosphere.
PAR  In the process of this invention free functional groups, which do not
      participate in the reaction, may, if desired or necessary, be protected
      temporarily in known manner, free hydroxy, mercapto and/or amino groups,
      for example, by acylation, tritylation or silylation and free carboxyl
      groups, for example, by esterification (silylation included), and may be
      liberated, if desired, during or after the reaction in a manner known per
      se.
PAR  Advantageously, in the process of this invention starting materials of the
      formula II are used, in which X is hydroxy or acetyloxy, and reacted with
      the compound of the formula III in the presence of an optionally protonic
      Lewis acid, especially a strong organic carboxylic acid having no or at
      most weak-nucleophilic properties and above all trifluoroacetic acid, or
      starting materials of the formula II are employed, in which X is an
      acyloxy group, wherein acyl represents the acyl residue of a strong, non-
      or at most weakly nucleophilic organic carboxylic acid and above all of
      trifluoroacetic acid, and is reacted with the compound of the formula III,
      and, if desired, the optional steps are carried out.
PAR  In a resulting compound amino-protective groups R.sup.A.sub.1 and/or
      R.sub.1.sup.b may be removed according to per se known methods.
PAR  Thus, a triarylmethyl protecting group R.sub.1.sup.A of the amino group may
      be split off under acidic conditions, for example, in the presence of an
      inorganic acid, such as hydrochloric acid, and replaced by hydrogen.
PAR  In a resulting compound, an acyl group Ac which represents the amino
      protective group R.sub.1.sup.A and/or R.sub.1.sup.b can be removed in a
      manner which is in itself known. Thus, an easily removable acyl group of a
      carbonic acid half-ester may be removed under mild conditions, which do
      not attack the remainder of the molecule, a tert.-butyloxycarbonyl group,
      for example by treatment with trifluoroacetic acid (optionally under the
      reaction conditions), and a 2,2,2-trichloroethoxycarbonyl,
      2-iodoethoxycarbonyl or phenacyloxycarbonyl group, for example, by
      treatment with a suitable reducing metal or a reducing metal compound, for
      example zinc or a chromium-II salt, such as chromium-II chloride or
      acetate, advantageously in the presence of a hydrogen-releasing agent
      which together with the metal or the metal compound generates nascent
      hydrogen, preferably in the presence of aqueous acetic acid.
PAR  An acyl group R.sub.1.sup.A and/or R.sub.1.sup.b may, for example, be
      replaced by treatment with an acid reagent, particularly a strong organic
      sulfonic acid, such as an aromatic sulfonic acid, e.g. p-toluene sulfonic
      acid, in the presence of an alcohol, particularly a lower alkanol, e.g.
      methanol or ethanol.
PAR  It is furthermore possible, in a resulting compound of the formula I,
      wherein a carboxyl group --C(=O)--O--R.sub.2 preferably represents a
      carboxyl group which is protected, for example by esterification,
      including by silylation or stannylation, for example by reaction with a
      suitable organic halogenosilicon or halogeno-tin-IV compound, such as
      trimethylchlorosilane or tri-n-butyl-tin chloride, to remove a suitable
      acyl group R.sub.1.sup.A or R.sub.1.sup.b, wherein free functional groups
      which may be present are optionally protected, by treatment with an
      imide-halide-forming agent, reaction of the resulting imide-halide with an
      alcohol and splitting of the imino-ether formed, and a carboxyl group
      protected, for example, by an organic silyl radical can already be
      liberated in the course of the reaction, for example during the treatment
      with an alcohol.
PAR  Imide-halide-forming agents, in which halogen is bonded to an electrophilic
      central atom, are above all acid halides, such as acid bromides and
      especially acid chlorides.  These are, above all, acid halides of
      inorganic acids, above all of phosphorus-containing acids, such as
      phosphorus oxyhalides, phosphorus trihalides and especially phosphorus
      pentahalides, for example phosphorus oxychloride, phosphorus trichloride
      and above all phosphorus pentachloride, as well as pyrocatechyl-phosphorus
      trichloride, as well as acid halides, especially chlorides, of
      sulphur-containing acids or of carboxylic acids, such as thionyl chloride,
      phosgene or oxalyl chloride.
PAR  The reaction with one of the imide-halide-forming agents mentioned is
      preferably carried out in the presence of a suitable base, especially an
      organic base, above all a tertiary amine, for example a tertiary aliphatic
      monoamine or diamine, such as a tri-lower alkylamine, for example
      trimethylamine, triethylamine or ethyldiisopropylamine, or of an
      N,N,N',N'-tetra-lower alkyl-lower alkylenediamine, for example
      N,N,N',N'-tetramethyl-1,5-pentylene-diamine or
      N,N,N',N'-tetramethyl-1,6-hexylenediamine, a monocyclic or bicyclic
      monoamine or diamine, such as a N-substituted, for example N-lower
      alkylated, alkyleneamine, azaalkyleneamine, or oxaalkyleneamine, for
      example N-methyl-piperidine or N-methyl-morpholine, or
      2,3,4,6,7,8-hexahydro-pyrrolo[1,2-.alpha.] pyrimidine (diazabicyclononene;
      DBN), or a tertiary aromatic amine, such as a di-lower alkylaniline, for
      example N,N-dimethylaniline, or above all a tertiary heterocyclic,
      monocyclic or bicyclic, base, such as quinoline or isoquinoline,
      especially pyridine. In this reaction, approximately equimolar amounts of
      the imide-halide-forming agent and of the base can be used; the latter
      can, however, also be present in excess or in less than equivalent
      amounts, for example in about 0.2-fold to about 1-fold amount, or in up to
      about 10-fold excess, especially about 3-5-fold excess.
PAR  The reaction with the imide-halide forming agent is preferably carried out
      with cooling, for example at temperatures of about -50.degree.C to about
      +10.degree.C, but the process can also be carried out at higher
      temperatures, that is to say, for example, up to about 75.degree.C, if the
      stability of the starting substances and the stability of the products
      permit a higher temperature.
PAR  The imide-halide product, which is usually further processed without
      isolation, is reacted, in accordance with the process, with an alcohol,
      preferably in the presence of one of the abovementioned bases, to give the
      iminoether. Suitable alcohols are, for example, aliphatic as well as
      araliphatic alcohols, above all optionally substituted, such as
      halogenated, for example chlorinated lower alkanols, or lower alkanols
      possessing additional hydroxyl groups, for example ethanol, n-propanol,
      isopropanol or n-butanol, especially methanol, as well as
      2,2,2-trichloroethanol, and also optionally substituted phenyl-lower
      alkanols, such as benzyl alcohol. Usually an excess, for example an up to
      100-fold excess, of the alcohol is employed, and the process is preferably
      carried out with cooling, for example at temperatures of about
      -50.degree.C to about 10.degree.C.
PAR  The iminoether product can advantageously be split without isolation. The
      splitting of the iminoether can be achieved by treatment with a suitable
      hydroxy compound. For this, water, or an aqueous mixture of an organic
      solvent, such as an alcohol, especially a lower alkanol, for example
      methanol, is preferably used. The process is usually carried out in an
      acid medium, for example at a pH-value of about 1 to about 5, and this
      value can be adjusted, if necessary, by adding a basic agent, such as an
      aqueous alkali metal hydroxide, for example sodium hydroxide or potassium
      hydroxide, or an acid, for example a mineral acid or organic acid, such as
      hydrochloric acid, sulphuric acid, phosphoric acid, fluoboric acid,
      trifluoroacetic acid or p-toluenesulphonic acid.
PAR  The three-stage process, described above, for splitting off an acyl group
      is advantageously carried out without isolation of the imide-halide and
      iminoether intermediate products, usually in the presence of an organic
      solvent which is inert towards the reactants, such as an optionally
      halogenated hydrocarbon, for example methylene chloride, and/or in an
      inert gas atmosphere, such as a nitrogen atmosphere.
PAR  If the imide-halide intermediate product obtainable according to the above
      process, instead of being reacted with an alcohol, is reacted with a salt,
      such as an alkali metal salt, of a carboxylic acid, especially of a
      sterically hindered carboxylic acid, a N,N-diacylamino compound of the
      formula I is obtained, wherein R.sub.1.sup.a and R.sub.1.sup.b represent
      acyl groups.
PAR  In a compound of the formula I wherein both radicals R.sub.1.sup.a and
      R.sub.1.sup.b represent acyl groups, one of these groups, preferably the
      group which is less sterically hindered, can be removed selectively, for
      example by hydrolysis or aminolysis.
PAR  In a compound of the formula I, wherein R.sub.1.sup.A and R.sub.b 1
      together with the nitrogen atom represent a phthalimido group, this group
      can be converted into the free amino group, for example by hydrazinolysis,
      that is to say on treating such a compound with hydrazine.
PAR  Certain acyl radicals of an acylamino grouping in compounds obtainable
      according to the invention, especially the 5-amino-5-carboxyvaleryl
      radical, can also be split off by treatment with a nitrosylating agent,
      such as nitrosyl chloride, with a carbocyclic arene-diazonium salt, such
      as benzenediazonium chloride, or with an agent which releases positive
      halogen, such as a N-halogeno-amide or N-halogenoimide, for example
      N-bromosuccinimide, preferably in a suitable solvent or solvent mixture,
      such as formic acid together with a nitro-lower alkane or cyano-lower
      alkane, mixing the reaction product with a hydroxyl-containing agent, such
      as water or a lower alkanol, for example methanol, and, where necessary,
      working up the free amino compound according to methods which are in
      themselves known.
PAR  A formyl group R.sub.1.sup.A can also be removed by treatment with an acid
      agent, for example p-toluenesulphonic acid or hydrochloric acid, the
      latter in the presence of water and optionally of an organic solvent, e.g.
      dioxane, a weakly basic agent, for example dilute ammonia, or a
      decarbonylating agent, for example tris-(triphenylphosphine)-rhodium
      chloride.
PAR  A resulting compound of the formula I may be converted into another
      compound of such formula.
PAR  In a compound of the formula I, wherein R.sub.1.sup.a and R.sub.1.sup.b
      represent hydrogen, the free amino group can be acylated according to
      acylation methods which are in themselves known, for example by treatment
      with carboxylic acids or reactive acid derivatives thereof, such as
      halides, for example fluorides or chlorides, or anhydrides (by which there
      are also to be understood the internal anhydrides of carboxylic acids,
      that is to say ketenes, or of carbamic acids or thiocarbamic acids, that
      is to say isocyanates or isothiocyanates, or mixed anhydrides, such as
      those which can, for example, be formed with chloroformic acid lower alkyl
      esters, such as chloroformic acid ethyl esters, or trichloroacetic acid
      chloride), or activated esters, or with substituted formimino derivatives,
      such as substituted N,N-dimethylchloroformimino derivatives, or a
      N-substituted N,N-diacylamine, such as a N,N-diacylated aniline, the
      reaction being carried out in the presence of suitable condensation agents
      if necessary, for example in the presence of carbodiimides, such as
      dicyclohexylcarbodiimide, when using acids, or in the presence of, for
      example, basic agents, such as triethylamine or pyridine, when using
      reactive acid derivatives. One may use in the acylation procedures salts,
      such as ammonium salts, e.g. tri-lower alkyl-ammonium salts, of the
      compounds of the formula I, in which R.sub.2 is hydrogen.
PAR  An acyl group can also be introduced by reacting a compound of the formula
      I, wherein R.sub.1.sup.a and R.sub.1.sup.b represent hydrogen, with an
      aldehyde, such as an aliphatic, aromatic or araliphatic aldehyde,
      acylating the resulting Schiff's base, for example according to the
      abovementioned methods, and hydrolysing the acylated product, preferably
      in a neutral or weakly acid medium.
PAR  It is also possible to introduce an acyl group in stages. Thus it is, for
      example, possible to introduce a halogeno-lower alkanoyl group, for
      example bromoacetyl group, or, for example by treatment with a carbonic
      acid dihalide, such as phosgene, to introduce a halogenocarbonyl group,
      for example a chlorocarbonyl group, into a compound of the formula I
      having a free amino group, and to react a N-(halogeno-lower
      alkanoyl)-amino compound or N-(halogenocarbonyl)-amino compound, thus
      obtainable, with suitable exchange reagents, such as basic compounds, for
      example tetrazole, thio compounds, for example 2-mercapto-1-methyl
      imidazole, or metal salts, for example sodium azide, or alcohols, such as
      lower alkanols, for example tert.-butanol, and thus to obtain substituted
      N-lower alkanoylamino or with N-hydroxycarbonylamino compounds. In both
      reaction participants, free functional groups may be temporarily protected
      in a known manner during the acylation reaction and may be liberated after
      the acylation in a known manner.
PAR  The acylation can also be effected by replacing an already existing acyl
      group by a different, preferably sterically hindered, acyl group, for
      example according to the process described above, by preparing the
      imide-halide compound, treating this with a salt of an acid, and
      hydrolytically splitting off one of the acyl groups present in the product
      thus obtainable, usually the less sterically hindered acyl group.
PAR  In a compound of the formula I, wherein R.sub.1.sup.a and R.sub.1.sup.b
      represent hydrogen, the free amino group can also be protected by
      introducing a triarylmethyl group, for example by treatment with a
      reactive ester of a triarylmethanol, such as trityl chloride, preferably
      in the presence of a basic agent, such as pyridine.
PAR  An amino group can also be protected by introducing a silyl and stannyl
      group. Such groups are introduced in a maner which is in itself known, for
      example by treatment with a suitable silylating agent, such as a tri-lower
      alkylsilyl halide, for example trimethyl-silyl chloride, or an optionally
      N-mono-lower alkylated, N,N-di-lower alkylated, N-tri-lower alkylsilylated
      or N-lower alkyl-N-tri-lower alkylsilylated N-(tri-lower
      alkyl-silyl)-amine (see, for example, British Pat. No. 1,073,530) or with
      a suitable stannylating agent, such as a bis-(tri-lower alkyl-tin)- oxide,
      for example bis-(tri-n-butyl-tin)-oxide, a tri-lower alkyl-tin hydroxide,
      for example triethyl-tin hydroxide, a tri-lower alkyl-lower alkoxy-tin
      compound, tetra-lower alkoxy-tin compound or tetra-lower alkyl-tin
      compound, or a tri-lower alkyl-tin halide, for example tri-n-butyl-tin
      chloride (see, for example, Netherlands published Specification No.
      67/17107.)
PAR  In amino protective groups R.sub.1.sup.A and/or R.sub.1.sup.b, substituents
      may be introduced, split off and/or converted into each other according to
      known methods. Thus, in a resulting compound of the formula I, in which
      R.sub.1.sup.b is hydrogen and R.sub.1.sup.a is an optionally
      .alpha.-substituted N-unsubstituted glycyl, such as .alpha.-phenylglycyl
      group, the free amino group may be converted according to per se known
      methods into a substituted amino group, for example, by treatment with
      sulfur trioxide, e.g. as sulfur trioxide-triethylamine-complex, into a
      sulfoamino group, or with 4-guanylsemicarbazide or an acid addition salt
      thereof in the presence of a nitrosating agent, such as nitrous acid or
      sodium nitrate, into a guanylureido group. In a resulting compound of the
      above type, the free amino group may be protected, for example, by
      acylation, e.g. by introduction of the acyl residue of a carbonic acid
      half-derivative, such as half-ester, or a suitably protected, e.g.
      acylated amino group, such as tert.-butyloxycarbonylamino,
      2,2,2-trichloroethoxycarbonylamino or 2-iodoethoxycarbonylamino, may be
      liberated; the above acylation and liberation reactions may be carried out
      according to known methods, such as those described above. Furthermore, it
      is possible to react a compound of the formula I, wherein R.sub.1.sup.a
      represents a glycyl group which is optionally substituted in the
      .alpha.-position, such as phenylglycyl, and R.sub.1.sup.b represents
      hydrogen, with a lower alkanone, for example acetone, and thus to obtain
      compounds of the formula I, wherein R.sub.1.sup.A and R.sub.1.sup.b
      together represent a 1,1-di-lower alkyl-4-oxo-2-aza-1,4-butylene which is
      optionally substituted in the 3-position.
PAR  In a compound of the formula I, obtainable according to the process, which
      possesses a group of the formula --C(=O)--O--R.sub.2, wherein R.sub.2
      represents hydrogen, the free carboxyl group can be esterified, in a
      manner which is in itself known, to give a protective carboxyl group, for
      example by treatment with a diazo compound, such as a diazo-lower alkane,
      for example diazomethane or diazoethane, or a phenyldiazo-lower alkane,
      for example phenyldiazomethane or diphenyldiazomethane, or by reaction
      with an alcohol which is suitable for esterification, in the presence of
      an esterifying agent, such as a carbodiimide, for example
      dicyclohexylcarbodiimide, as well as carbonyldiimidazole, or according to
      any other known and suitable esterification process, such as reaction of a
      salt of the acid with a reactive ester of an alcohol and a strong
      inorganic acid, as well as a strong organic sulphonic acid. Furthermore,
      it is possible to convert acid halides, such as acid chloride
      (manufactured, for example, by treatment with oxalyl chloride), activated
      esters (formed, for example, with N-hydroxy-nitrogen compounds) or mixed
      anhydrides (formed, for example, with halogenoformic acid lower alkyl
      esters, such as chloroformic acid ethyl ester, or with halogenoacetic acid
      halides, such as trichloroacetic acid chloride) into an esterified
      carboxyl group by reaction with alcohols, optionally in the presence of a
      base, such as pyridine.
PAR  Mixed anhydrides can be manufactured by reacting a compound of the formula
      I, wherein R.sub.2 represents hydrogen, and preferably a salt thereof,
      especially an alkali metal salt or ammonium salt thereof, with a reactive
      derivative, such as a halide, for example the chloride, of an acid, for
      example a halogenoformic acid lower alkyl ester or a lower
      alkanecarboxylic acid chloride.
PAR  In a resulting compound, a grouping of the formula
      --C(=O)--O--R.sub.2.sup.A can be converted into another group of this
      formula, for example 2 -chloroethoxycarbonyl or 2-bromoethoxycarbonyl of
      the formula --C(=O)--O--R.sub.2.sup.a can be converted into
      2-iodoethoxycarbonyl by treatment with an iodine salt, such as sodium
      iodide, in the presence of a suitable solvent, such as acetone.
PAR  Carboxyl groups protected by organic silyl groups or stannyl groups can be
      formed in a manner which is in itself known, for example by treating
      compounds of the formula I, wherein R.sub.2 represents hydrogen, or salts,
      such as alkali metal salts, for example sodium salts, thereof, with a
      suitable silylating agent or stannylating agent, such as one of the
      abovementioned silylating agents or stannylating agents; see, for example,
      British Pat. No. 1,073,530 or Netherlands Published Specification No.
      67/17107.
PAR  In a compound of the formula I, obtainable according to the invention,
      which has an esterified carboxyl group, with the latter representing, for
      example, an esterified carboxyl group of the formula
      --C(=O)--O--R.sub.2.sup.A which can easily be converted into the free
      carboxyl group, the former group can be converted into the free carboxyl
      group in a manner which is in itself known, for example depending on the
      nature of the esterifying radical R.sub.2.sup.A ; a grouping of the
      formula --C(=O)--OR.sub.2.sup.a or --C(=O)--OR.sub.2.sup.b can, for
      example, be converted, optionally after conversion of a group
      R.sub.o.sup.a, e.g. 2-chloroethyl or 2-bromoethyl, into another group
      R.sub.o.sup.a, particularly 2-iodoethyl, according to per se known
      methods, e.g. as described above, by treatment with a chemical reducing
      agent, such as a metal, for example zinc, or a reducing metal salt, such
      as a chromium-II salt, for example chromium-II chloride, usually in the
      presence of a hydrogen-donating agent, which together with the metal can
      generate nascent hydrogen, such as an acid, above all acetic acid, or
      formic acid, or in the presence of an alcohol, to which water is
      preferably added; a grouping of the formula --C(=O)--OR.sub.2.sup.c can,
      for example, be converted by irradiation, preferably with ultraviolet
      light, using shorter-wave ultraviolet light, for example below 290 m.mu.,
      if R.sub.2.sup.c for example represents a benzyl radical which is
      optionally substituted in the 3-, 4- and/or 5-position, for example by
      lower alkoxy groups and/or nitro groups, or using longer-wave ultraviolet
      light, for example above 290 m.mu., if R.sub.2.sup.c denotes, for example
      a benzyl radical substituted in the 2-position by a nitro group; a
      grouping --C(=O)--OR.sub.2.sup.d can, for example, be converted by
      treatment with a suitable acid agent, such as formic acid or
      trifluoroacetic acid, optionally with the addition of a nucleophilic
      compound, such as phenol or anisole; a grouping --C(=O)--OR.sub.2.sup.e
      can be converted by hydrolysis, for example by treatment with a weakly
      acid, or especially with a weakly basic, aqueous agent, such as aqueous
      sodium bicarbonate or an aqueous potassium phosphate buffer of pH about 7
      to about 9; and a grouping --C(=O)--OR.sub.2.sup.f can be converted by
      hydrogenolysis, for example by treatment with hydrogen in the presence of
      a noble metal catalyst, for example a palladium catalyst.
PAR  An anhydride grouping formed by the group --C(=O)--O-- and an acyl group
      R.sub.2.sup.A may be split hydrolytically, for example, under weakly
      acidic conditions.
PAR  A carboxyl group which is protected, for example by silylation or
      stannylation, can be liberated in the usual manner, for example by
      treatment with water or with an alcohol.
PAR  In a resulting compound of the formula I the group R can be converted into
      another group R. Thus, free hydroxyl or mercapto groups, preferably of
      phenolic nature, in a residue R may be etherified, for example, by
      treatment with a diazo compound, such as a diazo-lower alkane, e.g.
      diazomethane, or with a suitable organic silyl compound, such as one of
      the above silylation compounds, e.g. trimethylsilyl chloride, or be
      esterified, for example, by treatment with an acid or a reactive
      derivative thereof, such as one of those mentioned above, e.g. an acid
      chloride. Furthermore, enol or enamine groupings may be converted into the
      corresponding saturated carbonyl grouping, for example by treatment with
      an acid, such as an aqueous mineral acid. Furthermore, in a group R a free
      carboxyl group may be protected, for example, esterified, for example
      according to the above procedure, or amidated, for example, by conversion
      of the free carboxylic acid into an acid halide, such as chloride (e.g. by
      treatment with a thionyl halide, such as thionyl chloride) and treatment
      thereof with ammonia or an amine, and/or an esterified carboxyl group may
      be converted according to per se known methods into a free carboxyl group
      (e.g. by hydrolysis) or another esterified carboxyl group (e.g. by
      transesterification); these reactions are carried out according to known
      methods, for example, those mentioned above.
PAR  Salts of compounds of the formula I can be manufactured in a manner which
      is in itself known. Thus it is possible to form salts of compounds of the
      formula I, wherein R.sub.2 represents hydrogen, for example by treatment
      with metal compounds, such as alkali metal salts of suitable carboxylic
      acids, for example the sodium salt of .alpha.-ethyl-caproic acid, or with
      ammonia or a suitable organic amine, for which purpose stoichiometric
      amounts, or only a slight excess of the salt-forming agent, are preferably
      used. Acid addition salts of compounds of the formula I having basic
      groupings are obtained in the usual manner, for example by treatment with
      an acid or with a suitable anion exchange reagent. Internal salts of
      compounds of the formula I, which contain a salt-forming amino group and a
      free carboxyl group, can, for example, be formed by neutralisation of
      salts, such as acid addition salts, to the isoelectric point, for example
      with weak bases, or by treatment with liquid ion exchangers.
PAR  Salts can be converted into the free compounds in the usual manner; metal
      salts and ammonium salts can, for example, be converted by treatment with
      suitable acids, and acid addiiton salts can, for example, be converted by
      treatment with a suitable basic agent.
PAR  Resulting mixtures of isomers can be separated into the individual isomers
      according to methods which are in themselves known, for example by
      fractional crystallization, adsorption chromatography (column or thin
      layer chromatography) or other suitable separation processes. Resulting
      racemates can be separated into the antipodes in the customary manner,
      optionally after introduction of suitable salt-forming groupings, for
      example by forming a mixture of diastereoisomeric salts with optically
      active salt-forming agents, separating the mixture into the
      diastereoisomeric salts and converting the salts which have been separated
      off into the free compounds, or by fractional crystallisation from
      optically active solvents.
PAR  The process also comprises those embodiments according to which compounds
      arising as intermediate products are used as starting substances and the
      remaining process stages are carried out with these or the process is
      stopped at any stage; furthermore, starting substances can be used in the
      form of derivatives or formed during the reaction.
PAR  Preferably, such starting substances are used and the reaction conditions
      are so chosen that the compounds initially quoted as being particularly
      preferred are obtained.
PAR  The starting substances of formula II used according to the process are
      known and can be manufactured according to processes which are in
      themselves known. Thus, they are for example obtained, if
      7-N-R.sub.1.sup.a -N-R.sub.1.sup.b -amino-cephalosporanic acid compounds,
      wherein at least one of the groups R.sub.1.sup.a and R.sub.1.sup.b
      preferably represents an amino protective group having the abovementioned
      significance and above all represents an acyl radical Ac, are treated with
      a suitable weakly basic agent, such as pyridine. Herein, the free amino
      cephalosporanic acids are preferably used, which for example in the
      presence of pyridine and acetic anhydride are isomerised and form the
      pyridinium salts of the 7 -N-R.sub. 1.sup.a -N-R.sub. 1.sup.b
      -aminoisocephalosporanic acids, which on acidification, for example with
      phosphoric acid, can be converted into the free compounds. The 7-N-R.sub.
      1.sup.a -N-R.sub. 1.sup.b -amino-isocephalosporanic acid compounds thus
      obtainable can, if desired, be converted into other compounds of formula
      II. Thus, for example, the free carboxyl group can be converted into a
      protected carboxyl group and a protected amino group can be converted into
      a free amino group and the latter again into a protected, preferably
      acylated, amino group; these reactions can be carried out according to the
      methods described above. The acetoxymethyl group present in the 3-position
      of 7-N-R.sub. 1.sup.a -N-R.sub. 1.sup.b -amino-isocephalosporanic acid
      compounds can be converted into the hydroxymethyl group, for example by
      treatment with an esterase, such as an appropriate enzyme from Rhizobium
      trifolii, Rhizobium lupinii, Rhizobium japonicum or Bacterium subtilis, or
      by allowing a weakly basic, aqueous solution thereof, usually in an
      appropriate aqueous sodium hydroxide solution, to stand at pH 9-10. The
      compounds of the formula II may also be obtained by total synthesis, for
      example, according to the process of the British patent No. 1,155,024.
      3-Hydroxymethyl- or 3-acetoxymethyl-7 -N-R.sub. 1.sup.a -N-R.sub. 1.sup.b
      -amino-ceph-2-em-4.xi.-carboxylic acid compounds can be converted into
      other 7 -N-R.sub. 1.sup.a -N-R.sub. 1.sup.b
      -amino-ceph-2-em-4.xi.-carboxylic acid compounds of formula II, having
      esterified hydroxymethyl groups in the 3-position, by esterification or
      trans-esterification, for example by treatment with a strong organic
      carboxylic acid, such as trifluoroacetic acid. Compounds of formula II, in
      which the group X represents a halogen atom can, for example, be obtained
      by halogenation of 3-methyl-7-N-R.sub. 1.sup.a -N-R.sub. 1.sup.b
      -amino-ceph-2-em-4.xi.-carboxylic acid compounds, in which the amino
      and/or carboxyl groups are optionally protected, for example by treatment
      with a N-halogenoamide or N-halogenoimide compound, such as
      N-bromosuccinimide, and the halogen atom introduced can, by appropriate
      trans-halogenation, be converted into another halogen atom.
PAR  At any suitable stage in the manufacture of the starting substances,
      additional reactions can be carried out on intermediate products, by means
      of which these can be converted into other intermediate products of the
      same type; additional procedures of this nature are, for example, the
      processes described above used in the conversion of final substances.
PAR  In the manufacture of the starting substances it is possible, if necessary,
      for free functional groups in the reagents which do not participate in the
      reaction, to be temporarily protected in a manner which is in itself
      known, for example, free hydroxyl, mercapto and amino groups by, for
      example, tritylation, acylation or silylation, and free carboxyl groups
      by, for example, esterification, including silylation, and to be liberated
      in each case after the reaction has taken place, if desired, in a manner
      which is in itself known.
PAR  The ceph-2-em compounds of formula I can, as has already been explained
      above, be used as intermediate products. Thus, they can be converted into
      the corresponding 7 -N-R.sub. 1.sup.a -N-R.sub. 1.sup.b
      -amino-3-R-methyl-ceph-3-em-4-carboxylic acid compounds of formula
      ##SPC4##
PAL  especially into the ceph-3-em compounds of formula IV which correspond to
      the ceph-2-em compounds of formula I which have been described as
      particularly valuable.
PAR  The compounds of formula IV are obtained, if a ceph-2-em compound of
      formula I is isomerised to give the corresponding ceph-3-em compound and,
      if desired, a resulting compound of the formula IV is converted into
      another compound of the formula IV, and/or, if desired a compound
      obtainable according to the process, having a salt-forming group, is
      converted into a salt, or a resulting salt is converted into the free
      compound or into another salt, and/or, if desired, an isomer mixture
      obtainable according to the process is resolved into the individual
      isomers.
PAR  The isomerisation of the ceph-2-em compounds of formula I to give the
      corresponding ceph-3-em compounds of formula IV can be carried out in a
      manner which is in itself known, preferably employing compounds of formula
      I, in which the grouping of formula --C(=O)--O--R.sub.2 represents a
      protected, especially an esterified carboxyl group or a carboxyl group in
      the form of a mixed anhydride grouping, or wherein such a protected
      carboxyl group is formed during the reaction.
PAR  Thus, it is possible to isomerise compounds of formula I by treating them
      with a weakly basic agent and isolating the corresponding ceph-3-em
      compound of formula IV. Suitable isomerising agents are, for example,
      organic nitrogen-containing bases, especially tertiary heterocyclic bases
      of aromatic character, above all bases of the pyridine type, such as
      pyridine itself, as well as collidines or lutidines, and also quinoline,
      tertiary aromatic bases, for example those of the aniline type, such as
      N,N-di-lower alkylanilines, for example N,N-dimethyl-aniline or
      N,N-diethylaniline, or tertiary aliphatic, azacycloaliphatic or
      araliphatic bases, such as N,N,N-tri-lower alkylamines, for example
      N,N,N-trimethylamine, N,N-dimethyl-N-ethylamine, N,N,N-triethylamine or
      N,N-diisopropyl-N-ethylamine, N-lower alkyl-azacycloalkanes, for example
      N-methyl-piperidine, or N-phenyl-lower alkyl-N,N-di-lower alkylamines, for
      example N-benzyl-N,N-dimethylamine, as well as mixtures of a base of the
      pyridine type and of an N,N,N-tri-lower alkylamine, e.g. pyridine or
      triethylamine. Furthermore, it is also possible to use inorganic or
      organic salts of bases, especially of medium-strength to strong bases with
      weak acids, such as alkali metal salts or ammonium salts of lower
      alkanecarboxylic acids, for example sodium acetate, triethylammonium
      acetate or N-methyl-piperidine acetate, as well as other analogous bases
      or mixtures of such basic agents.
PAR  The above isomerisation with basic agents can, for example, be carried out
      in the presence of a drivative of a carboxylic acid, which is suitable for
      the formation of a mixed anhydride, such as a carboxylic acid anhydride or
      chloride, e.g. by treatment with pyridine in the presence of acetic acid
      anhydride. The above isomerisation is preferably carried out in an
      anhydrous medium, in the presence or absence of a solvent, such as an
      optionally halogenated, e.g. chlorinated, aliphatic, cycloaliphatic or
      aromatic hydrocarbon, or of a solvent mixture, it also being possible for
      bases used as reagents and which are liquid under the reaction conditions
      to serve as solvents, with cooling, at room temperature or with heating,
      preferably in a temperature interval of about -30.degree.C to about
      +100.degree.C, in an inert gas, e.g. nitrogen, atmosphere, and/or in a
      closed vessel.
PAR  The ceph-3-em compounds obtainable according to the process can be
      separated from any ceph-2-em starting material which may be present in a
      manner which is in itself known, for example by adsorption and/or
      crystallisation.
PAR  The isomerisation of ceph-2-em compounds of formula I can also be carried
      out if compounds of formula I are oxidised in the 1-position, if desired,
      a resulting mixture of isomers of the 1-oxide compounds is separated, and
      the resulting 1-oxides of the corresponding ceph-3-em compounds of formula
      IV are reduced.
PAR  Suitable oxidising agents for the oxidation, in the 1-position, of
      compounds of formula I are inorganic per-acids which have a reduction
      potential of at least 1.5 volts and consist of non-metallic elements,
      organic per-acids and mixtures of hydrogen peroxide and acids,
      particularly organic carboxylic acids, having a dissociation constant of
      at least 10.sup.-.sup.5. Suitable inorganic per-acids are periodic acid
      and persulphuric acid. Organic per-acids are corresponding percarboxylic
      acids and persulphonic acids, which can be added as such or can be formed
      in situ by using at least one equivalent of hydrogen peroxide and a
      carboxylic acid. Here it is advisable to use a large excess of the
      carboxylic acid, if, for example, acetic acid is used as the solvent.
      Suitable per-acids are, for example, performic acid, peracetic acid,
      trifluoroperacetic acid, permaleic acid, perbenzoic acid,
      3-chloroperbenzoic acid, monoperphthalic acid or p-toluenepersulphonic
      acid.
PAR  The oxidation can also be carried out using hydrogen peroxide with
      catalytic amounts of an acid having a dissociation constant of at least
      10.sup.-.sup.5, it being possible to to use low concentrations, for
      example 1-2% or less, but also larger amounts of the acid. Here the
      activity of the mixture above all depends on the strength of the acid.
      Suitable mixtures are for example those of hydrogen peroxide with acetic
      acid, perchloric acid or trifluoroacetic acid.
PAR  The above oxidation can be carried out in the presence of suitable
      catalysts. Thus, for example, the oxidation with percarboxylic acids can
      be catalysed by the presence of an acid with a dissociation constant of at
      least 10.sup.-.sup.5, its activity depending on its strength. Acids
      suitable for use as catalysts are, for example, acetic acid, perchloric
      acid, and trifluoroacetic acid. Usually, at least equimolar amounts of the
      oxidising agent, and preferably a slight excess of about 10 to about 20%,
      are used, it being also possible to use larger excesses, that is to say up
      to the 10-fold amount of the oxidising agent, or above. The oxidisation is
      carried out under mild conditions, for example at temperatures of about
      -50.degree. to about +100.degree.C, preferably of about -10.degree. to
      about +40.degree.C.
PAR  In the ceph-3-em-1-oxide compounds thus obtainable, of formula
      ##SPC5##
PAL  especially in those compounds of formula V in which R, R.sub.1.sup.a,
      R.sub.1.sup.b and R.sub.2 have the preferred meanings indicated above for
      the compounds of formula I, substituents such as, for example, the groups
      R.sub.1.sup.a, R.sub.1.sup.b or R.sub.2 can be converted into one each
      other or be split off or introduced within the given definition. A
      resulting mixture of isomeric .alpha.- and .beta.-1-oxides may be
      separated, for example, chromatographically.
PAR  The reduction of the ceph-3-em-1-oxide compounds of formula V can be
      carried out in a manner which is in itself known, by treatment with a
      reducing agent, if necessary in the presence of an activating agent.
      Possible reducing agents are:
PAR  Catalytically activated hydrogen, using noble metal catalysts which contain
      palladium, platinum or rhodium and which are optionally employed together
      with a suitable carrier, such as charcoal or barium sulphate.
PAR  Reducing tin, iron, copper or manganese cations, which are used in the form
      of corresponding compounds or complexes of inorganic or organic nature,
      for example as tin-II chloride, fluoride, acetate or formate, iron-II
      chloride, sulphate, oxalate or succinate, copper-I chloride, benzoate or
      oxide, or manganese-II chloride, sulphate, acetate or oxide, or as
      complexes, for example with ethylenediaminetetraacetic acid or
      nitrolotriacetic acid. Reducing dithionite, iodide or iron-II-cyanide
      anions, which are used in the form of corresponding inorganic or organic
      salts, such as alkali metal salts, for example sodium dithionite or
      potassium dithionite, sodium iodide or potassium iodide or sodium
      iron-II-cyanide or potassium iron-II-cyanide, or in the form of the
      corresponding acids, such as hydriodic acid. Reducing trivalent inorganic
      or organic phosphorus compounds, such as phosphines, and also esters,
      amides and halides of phosphinous, phosphonous and phosphorus acid, as
      well as phosphorus-sulphur compounds corresponding to these
      phosphorus-oxygen compounds, wherein organic radicals above all represent
      aliphatic, aromatic or araliphatic radicals, for example optionally
      substituted lower alkyl, phenyl or phenyl-lower alkyl groups. Suitable
      reducing agents of this nature are, for example, triphenylphosphine,
      tri-n-butylphosphine, diphenylphosphinous acid methyl ester, diphenyl
      chlorophosphine, phenyldichlorophosphine, benzenephosphonous acid dimethyl
      ester, butanephosphonous acid methyl ester, phosphorus acid triphenyl
      ester, phosphorous acid trimethyl ester phosphorous trichloride,
      phosphorus tribromide and the like. Reducing halogenosilane compounds
      which possess at least one hydrogen atom bonded to the silicium atom and
      which apart from halogeno such as chloro, bromo or iodo, can also possess
      organic radicals, such as aliphatic or aromatic groups, for example
      optionally substituted lower alkyl groups or phenyl groups, such as
      chlorosilane, bromosilane, dichlorosilane or trichlorosilane,
      dibromosilane or tribromosilane, diphenylchlorosilane,
      dimethylchlorosilane and the like.
PAR  Reducing quaternary chloromethylene-iminium salts, especially chlorides or
      bromides, wherein the iminium group is substituted by a bivalent organic
      radical or two monovalent organic radicals, such as optionally substituted
      lower alkylene or lower alkyl groups, such as
      N-chloromethylene-N,N-diethyliminium chloride or
      N-chloromethylene-pyrrolidiniminium chloride. Complex metal hydrides, such
      as sodium borohydride in the presence of suitable activating substances,
      e.g. cobalt-III-chloride.
PAR  As activating agents which are used together with those of the
      abovementioned reducing agents which do not themselves display Lewis acid
      properties, that is to say which above all are employed together with the
      dithionite, iodide or iron-II-cyanide reducing agents and the
      non-halogen-containing trivalent phosphorus reducing agents, or are
      employed in the catalytic reduction, there should especially be mentioned
      organic carboxylic acid halides and sulphonic acid halides, also sulphur
      halides, phosphorus halides or silicium halides with a second-order
      hydrolysis constant equal to, or greater than, that of benzoyl chloride,
      for example phosgene, oxalyl chloride, acetyl chloride or acetyl bromide,
      chloroacetic acid chloride, pivalic acid chloride, 4-methoxybenzoic acid
      chloride, 4-cyanobenzoic acid chloride, p-toluenesulphonic acid chloride,
      methanesulphonic acid chloride, thionyl chloride, phosphorus oxychloride,
      phosphorus trichloride, phosphorus tribromide, phenyldichlorophosphine,
      benzenephosphonic acid dichloride, dimethylchlorosilane or
      trichlorosilane, and also suitable acid anhydrides, such as
      trifluoroacetic anhydride, or cyclic sultones, such as ethane sulfone,
      1,3-propanesultone, 1,4-butanesultone or ethanesultone.
PAR  The reduction is preferably carried out in the presence of solvents or
      mixtures thereof, the choice of which is above all determined by the
      solubility of the starting substances and the choice of the reducing
      agents, such as for example lower alkane carboxylic acids or esters
      thereof, e.g. acetic acid and acetic acid ethyl ester, in the catalytic
      reduction, and, for example, optionally substituted, such as halogenated
      or nitrated aliphatic, cycloaliphatic, aromatic or araliphatic
      hydrocarbons, such as benzene, methylene chloride, chloroform or
      nitromethane, suitable acid derivatives, such as lower alkane carboxylic
      acid esters or nitriles, e.g. acetic acid ethyl ester or acetonitrile, or
      amides of inorganic or organic acids, e.g. dimethylformamide or
      hexamethylphosphor-amide, ethers, e.g. diethyl ether, tetrahydrofurane, or
      dioxane, ketones, e.g. acetone, or sulfones, particularly aliphatic
      sulfones, e.g. dimethylsulfphone or tetramethylenesulphone, and the like,
      together with the chemical reducing agents, whereby these solvents
      preferably do not contain any water. The process is usually carried out at
      temperatures of about -20.degree.C to about 100.degree.C, and, when using
      very reactive activating agents, the reaction can be carried out at lower
      temperatures.
PAR  The resulting ceph-3-em compounds of formula IV can, within the defined
      framework, be converted into other ceph-3-em compounds in a manner which
      is in itself known, for example as described above for the corresponding
      ceph-2-em compounds. Thus, in particular, an amino group provided with an
      amino protective group, optionally together with an acyl group, can be
      converted into a free amino group and an acylamino group, respectively,
      with for example in compounds of formula IV, wherein R.sub.1.sup.a
      represents a suitable acyl group Ac and R.sub.1.sup.b is hydrogen, the
      amino group being liberated, for example by conversion of the acyl-amino
      compound into a corresponding imide-halide and conversion of this into a
      corresponding imino-ether and saponification of the latter, for example
      according to the process described above, or a free amino group can be
      converted into a protected amino group by tritylation, acylation or
      silylation, for example according to the methods described above, or a
      protected, particularly esterified carboxyl group, including a silylated
      or stannylated carboxyl group, or a carboxyl group in the form of an
      anhydride grouping can be converted into a free carboxyl group, for
      example according to the methods described above, and a free carboxyl
      group can be converted into a protected, primarily an esterified carboxyl
      group by suitable conversion, such as esterification, including silylation
      and stannylation, for example according to the methods described above,
      and/or a group R may be converted, e.g. as described above, into another
      group R.
PAR  The present invention also comprises the ceph-3-em-1-sulphoxide compounds
      of formula V, wherein R, R.sub.1.sup.a, R.sub.1.sup.b and R.sub.2 have the
      abovementioned meanings, especially the preferred meanings indicated for
      the corresponding groups in compounds of formula I, and above all the
      compounds of the formula
      ##SPC6##
PAL  in which R', R.sub.1 ' and R.sub.2 ' have the above given meaning.
PAR  These compounds, which may exist in the form of mixtures of isomeric
      1-oxides or in the form of the 1.alpha.-and 1.beta.-oxide isomers,
      represent, as indicated above, valuable intermediate products which can be
      converted into the compounds of formula IV in a simple manner.
PAR  The invention further comprises compounds of formula IV, wherein R,
      R.sub.1.sup.a, R.sub.1.sup.b and R.sub.2 have the abovementioned meanings,
      especially the preferred meanings indicated for the corresponding groups
      in compounds of formula I, with the exception of compounds of formula IV,
      wherein R represents an optionally substituted pyrryl or indolyl residue
      or a dicarbonylmethyl radical, in which each of the carbonyl groupings is
      part of an acyl residue or of an esterified carboxyl group, or both
      together are part of a bivalent diacyl residue, R.sub.1.sup.a is hydrogen
      or an acyl group R.sub.1.sup.b is hydrogen and R.sub.2 has the
      abovementioned meanings, of compounds of formula IV, wherein R represents
      the 2,4-dihydroxyphenol group, a phenyl group with two adjacent hydroxyl
      groups and an ethyl group in the m-position and p-position, respectively
      to these hydroxyl groups, the 2,4,6-trihydroxy-phenyl radical, the
      2-hydroxy-1-naphthyl radical, the dicarboxymethyl radical, the
      carboxycarbonylmethyl radical, a dimethylaminophenyl radical, the
      1-oxido-2-picolyl radical or the
      2-hydroxy-1,4-dioxo-1,4-dihydro-3-naphthyl radical, R.sub.1.sup.a
      represents the phenylacetyl radical, R.sub.1.sup.b is hydrogen, and
      R.sub.2 represents hydrogen, of compounds of formula IV, wherein R
      represents 2,4-dimethoxyphenyl, R.sub.1.sup.a represents phenylacetyl,
      R.sub.1.sup.b is hydrogen, and R.sub.2 represents methyl, of compounds of
      the formula IV, in which R stands for 2-oxo-cyclohexyl, R.sub.1.sup.a is
      hydrogen, 2-thienylacetyl, .alpha.-amino-phenylacetyl or
      .alpha.-(tert.-butyloxycarbonylamino)-phenylacetyl, R.sub.1.sup.b is
      hydrogen and R.sub.2 represents diphenylmethyl, or of compounds of the
      formula IV, in which R represents 2-oxo-cyclohexyl, R.sub.1.sup.a is
      2-thienylacetyl or .alpha.-amino-phenylacetyl, R.sub.1.sup.b is hydrogen,
      and R.sub.2 represents hydrogen, as well as salts of such compounds
      possessing salt-forming groups.
PAR  The above new compounds of formula IV, wherein R.sub.1.sup.a represents an
      acyl radical occurring in pharmacologically active N-acyl derivatives of
      6-amino-penam-3-carboxylic acid compounds or
      7-amino-ceph-3-em-4-carboxylic acid compounds, R.sub.1.sup.b is hydrogen
      and R.sub.2 represents hydrogen or a radical replaceable by hydrogen under
      physiological conditions, or salts of such compounds which possess
      salt-forming groups, show valuable pharmacological properties, especially
      against micro-organisms, such as gram-positive and gram-negative bacteria,
      for example Staphylococcus aureus, penicillin-resistant Staphylococcus
      aureus and Escherichia coli, and in particular do so in dilutions of down
      to 0.001.gamma./ml. The compounds are therefore useful for the treatment
      of infections caused by such micro-organisms. It is also possible to use
      the compounds of formula IV as intermediate products for the manufacture
      of other compounds, especially pharmacologically valuable compounds. Thus,
      it is for example possible, in compounds of formula IV, wherein
      R.sub.1.sup.a represents an acyl group, for example an easily removable
      acyl group, such as the acyl radical of a suitable carbonic acid
      half-derivative, for example carbonic acid half-ester, or for example
      represents an acyl group contained in naturally occurring or
      biosynthetically preparable N-acyl derivatives of
      6-amino-penam-3-carboxylic acid compounds or
      7-amino-ceph-3-em-4-carboxylic acid compounds, or represents a trityl
      group or an organic silyl or stannyl radical, and R.sub.1 .sup.b is
      hydrogen, to replace such a group R.sub.1.sup.a by hydrogen (for example
      according to one of the processes described above) and, in a compound
      obtainable in this way, to substitute the free amino group (for example
      according to the process described above), for example by acylation with
      the introduction of an acyl group contained in highly active N-acyl
      derivatives of 6-amino-penam-3-carboxylic acid compounds or
      7-amino-ceph-3-em-4-carboxylic acid compounds. Furthermore it is possible,
      in compounds of formula IV wherein R.sub.2 represents a radical which
      together with the carboxyl grouping forms an esterified carboxyl group
      which can easily be split, to convert the esterified carboxyl group into
      the free carboxyl group, for example according to the processes described
      above, and/or, where appropriate, to convert the free carboxyl group into
      an esterified carboxyl group which can be split under physiological
      conditions.
PAR  Compounds of formula IV which should be mentioned as being particularly
      valuable, for example as pharmacologically active compounds or as
      intermediate products, are those wherein R represents an at most bicyclic
      aromatic hydrocarbon radical, that is to say phenyl or naphthyl radical,
      possessing in at least one of the ortho- and para-positions or in
      positions equivalent thereto one or more hydroxyl, lower alkoxy, e.g.
      methoxy, lower alkylthio, e.g. methylthio, amino and/or di-lower
      alkylamino, e.g. dimethylamino, as well as lower alkanoyloxy, e.g.
      acetyloxy groups and optionally other substituents, such optionally
      present substituents being lower alkyl, e.g. methyl, hydroxyl, lower
      alkoxy, e.g. methoxy, lower alkanoyloxy, e.g. acetyloxy, lower alkylthio,
      e.g. methythio, trifluoromethyl, amino, di-lower alkylamino, e.g.
      dimethylamino, lower alkanoylamino, e.g. acetylamino, lower alkanoyl, e.g.
      acetyl, carboxyl, lower alkoxycarbonyl, e.g. methoxycarbonyl or
      ethoxycarbonyl, 2-halogeno-lower alkoxycarbonyl, e.g.
      2,2,2-trichloroethoxycarbonyl, 2-bromoethoxycarbonyl or
      2-iodoethoxycarbonyl, carbamoyl, sulpho or sulphamoyl groups and/or
      halogen e.g. fluorine, chlorine or bromine atoms, an optionally
      substituted at most bicyclic monooxacyclic or monothiacyclic radical of
      aromatic character, bonded via a carbon atom and having an uneven number
      of ring members in the hetero-ring, such as an optionally substituted
      furyl, for example 2-furyl or benzofuryl, thienyl, for example 2-thienyl
      or benzothienyl, for example, 3-benzothienyl radical, with optionally
      present substituents denoting lower alkyl, e.g. methyl, carboxymethyl,
      lower alkoxycarbonylmethyl, e.g. methoxycarbonylmethyl or
      ethoxycarbonylmethyl, 2-halogeno-lower alkoxy-carbonylmethyl, e.g.
      2,2,2-trichloroethoxy carbonylmethyl or 2-bromoethoxycarbonylmethyl,
      trifluoromethyl, hydroxyl, lower alkoxy, e.g. methoxy, lower alkanoyloxy,
      e.g. acetyloxy, lower alkylthio, e.g. methylthio, amino, di-lower
      alkylamino, e.g. dimethylamino, lower alkanoylamino, e.g. acetylamino,
      lower alkanoyl, e.g. acetyl, carboxyl, lower alkoxycarbonyl, e.g.
      methoxycarbonyl or ethoxycarbonyl, 2-halogeno-lower alkoxycarbonyl, e.g.
      2,2,2-trichloroethoxycarbonyl, 2-bromoethoxycarbonyl or
      2-iodoethoxycarbonyl, carbamoyl, sulpho or sulphamoyl groups and/or
      halogen, e.g. fluorine, chlorine or bromine atoms, or represents a radical
      of formula R.sub.a (R.sub.b)CH--, wherein each of the groups R.sub.a and
      R.sub.b represents a formyl, lower alkanoyl, e.g. acetyl, lower
      alkoxycarbonyl, e.g. methoxycarbonyl or ethoxycarbonyl, or cyano group, at
      least one of R.sub.a and R.sub.b being formyl or cyano, R.sub.1.sup.a
      denotes hydrogen or an acyl contained in a naturally occurring or
      biosynthetically, semi-synthetically, or wholly synthetically preparable,
      especially pharmacologically active, such as highly active, N-acyl
      derivative of a 6-amino-penam-3-carboxylic acid compound or
      7-amino-ceph-3-em-4-carboxylic acid compound, or an easily removable acyl
      radical of a carbonic acid half-derivative, especially a carbonic acid
      half-ester, R.sub.1.sup.b is hydrogen and R.sub.2  represents hydrogen or
      an organic radical R.sub.2.sup.A, which together with the --C(=O)--O--
      grouping forms an esterified carboxyl group which can easily be split on
      treatment with water, with an acid agent, with a chemical reducing agent
      under neutral or weakly acid conditions, or by hydrolysis or
      hydrogenolysis, or an esterified carboxyl group which can easily be split
      under physiological conditions, or a group which is easily converted into
      such group and represents for example, tri-lower alkyl-silyl, e.g.
      trimethylsilyl, tert.-lower alkyl or tert.-lower alkenyl, e.g.
      tert.-butyl, 2-halogeno-lower alkyl, e.g. 2,2,2-trichloroethyl,
      2-chloroethyl, 2-bromoethyl or 2-iodoethyl, optionally substituted
      diphenylmethyl, e.g. benzhydryl or 4,4'-dimethoxydiphenylmethyl, phenacyl,
      4-methoxy-benzyl, 4-nitro-benzyl or lower alkanoyloxymethyl, such as
      acetyloxymethyl, with the exception of those compounds of formula IV, in
      which R represents the 2,4-dihydroxyphenyl group, a phenyl with two
      adjacent hydroxyl groups and an ethyl group in the m-position and
      p-position, respectively to these hydroxyl groups, the
      2,4,6-trihydroxy-phenyl radical, the 2-hydroxy-1-naphthyl radical, or a
      dimethylaminophenyl radical, R.sub.1.sup.a represents the phenyl-acetyl
      radical, and R.sub.1.sup.b and R.sub.2 represents hydrogen, as well as
      salts of such compounds possessing salt-forming groups.
PAR  Particularly valuable compounds are those compounds for formula IV, wherein
      R represents a phenyl or naphthyl radical substituted in one of the ortho-
      or para-positions or in a position equivalent hereto by hydroxyl, lower
      alkoxy, for example, methoxy, lower alkanoyloxy, e.g. acetyloxy, or lower
      alkylthio, e.g. methylthio, whereby such residue may be further
      substituted, preferably in the other positions by hydroxyl or lower
      alkoxy, e.g. methoxy, or represents a furyl, e.g. 2-furyl, thienyl, e.g.
      2-thienyl radical, optionally substituted by carboxy or lower
      alkoxycarbonyl, e.g. methoxycarbonyl or ethoxycarbonyl, R.sub.1.sup.a
      represents hydrogen or an acyl radical contained in naturally occurring or
      biosynthetically preparable N-acyl derivatives of
      6-amino-penam-3-carboxylic acid compounds or
      7-amino-ceph-3-em-4-carboxylic acid compounds, such as an optionally
      substituted phenylacetyl or phenyloxyacetyl radical, also an optionally
      substituted lower alkanoyl or lower alkenoyl radical, for example the
      4-hydroxy-phenylacetyl, hexanoyl, octanoyl, 3-hexanoyl,
      5-amino-5-carboxy-valeryl, n-butyl-mercaptoacetyl or allylmercaptoacetyl
      radical, and especially the phenylacetyl or phenyloxyacetyl radical, an
      acyl radical occurring in highly active N-acyl derivatives or
      6-amino-penam-3-carboxylic acid compounds or
      7-amino-ceph-3-em-4-carboxylic acid compounds, such as formyl,
      2-chloroethylcarbamoyl, cyanoacetyl or 2-thienylacetyl, especially
      phenylglycyl, wherein phenyl represents optionally hydroxyl-substituted
      and/or halogen substituted, for example chlorine substituted phenyl, for
      example phenyl, or 3- or 4-hydroxy- or 3,5-dichloro-4-hydroxy-phenyl, and
      wherein the amino group is optionally substituted and, for example,
      represents a sulphoamino group, optionally present in the salt form, or an
      amino group which is substituted by an optionally substituted carbamoyl
      group, such as an optionally substituted ureidocarbonyl group, for example
      ureidocarbonyl or N.sup.3 -trichloromethylureidocarbonyl, or by an
      optionally substituted guanidinocarbonyl group, for example
      guanidinocarbonyl, or by an acyl radical which can be split off,
      preferably easily, for example on treatment with an acid agent, such as
      trifluoroacetic acid, or with a chemical reducing agent, such as zinc in
      the presence of aqueous acetic acid, or an acyl radical which can be
      converted into such an acyl radical, preferably a suitable acyl radical of
      a carbonic acid half-ester, such as 2,2,2-trichloroethyloxycarbonyl,
      2-chloroethoxycarbonyl, 2-bromoethoxycarbonyl, 2-iodoethoxycarbonyl,
      tert.-butoxycarbonyl or phenacyloxycarbonyl, or of a carbonic acid
      half-amide, such as carbamoyl or N-methylcarbamoyl, also thienylglycyl,
      such as 2-thienylglycyl, (optionally with an amino group which is
      substituted, for example as indicated above), or
      1-amino-cyclohexylcarbonyl (optionally with an amino group which is
      substituted, for example as indicated above) and also
      .alpha.-carboxy-phenylacetyl or .alpha.-carboxy-2-thienylacetyl
      (optionally with a functionally modified carboxyl group, for example a
      carboxyl group present in the salt form, such as sodium salt form, or in
      the ester form, such as lower alkyl ester form) or
      .alpha.-sulfophenylacetyl or .alpha.-sulfo-2-thienylacetyl (in which sulfo
      may be functionally modified, e.g. as the carboxyl group) or an acyl
      radical of a carbonic acid half-ester which can be split off easily,
      especially under acid conditions, for example on treatment with
      trifluoroacetic acid on reductively with zinc in the presence of aqueous
      acetic acid, such as tert.-butoxycarbonyl, phenylacylcarbonyl,
      2,2,2-trichloroethoxycarbonyl or 2-iodoethoxycarbonyl, or
      2-chloroethoxycarbonyl or 2-bromoethoxycarbonyl, which can be converted
      into the latter, and R.sub.1.sup.b represents hydrogen and R.sub.2
      represents hydrogen or a radical R.sub.2.sup.A, which together with the
      --C(=O)--O-- grouping forms an esterified carboxyl group which can be
      split easily on treatment with a chemical reducing agent under neutral or
      weakly acid conditions, with an acid agent or hydrolytically, preferably
      under weakly basic conditions, as well as hydrogenolytically and above all
      represents a methyl group which is polysubstituted by optionally
      substituted hydrocarbon radicals, such as lower alkyl radicals, especially
      tert.-butyl or diphenylmethyl, and 2,2,2-trichloroethyl, 2-iodoethyl, and
      2-bromoethyl which can easily be converted into 2-iodoethyl, or phenacyl,
      as well as 4-methoxybenzyl or 4-nitrobenzyl, as well as lower
      alkanoyloxymethyl, e.g. acetyloxymethyl.
PAR  Such compounds are especially those of the formula
      ##SPC7##
PAL  in which R" is 2- or 4-hydroxy-phenyl, 2,5- or 3,4-dihydroxyphenyl, 2- or
      4-lower alkoxy-, e.g. 2- or 4-methoxy-phenyl, 2,4-, 2,5- or 3,4-di-lower
      alkoxy-, e.g. 2,4-, 2,5- or 3,4-dimethoxy-phenyl, 2- or 4-lower
      alkanoyloxy-, e.g. 2- or 4-acetyloxy-phenyl, 4-lower alkyl-thio-, e.g.
      4-methylthio-phenyl, 2-thienyl, 2-furyl, 5-carboxy-2-furyl, 5-lower
      alkoxycarbonyl-, e.g. 5-methoxycarbonyl-2-furyl or
      5-ethoxycarbonyl-2-furyl, and R.sub.1 .sup.' and R.sub.2 .sup.' have the
      meaning given above, as well as salts of such compounds with salt-forming
      groupings.
PAR  The pharmacologically active compounds of the present invention are useful
      in the manufacture of pharmaceutical compositions, containing an effective
      amount thereof in conjunction or admixture with inorganic or organic,
      solid or liquid excipients suitable for enteral or parenteral application.
      Preferred are tablets and gelatin capsules comprising the active
      ingredient together with diluents, e.g. lactose, dextrose, sucrose,
      mannitol, sorbitol, cellulose and/or glycine, and lubricants, e.g. silica,
      talcum, stearic acid or salt thereof, such as magnesium or calcium salts
      thereof, and/or polyethyleneglycol; tablets also contain binders, e.g.
      magnesium aluminum silicate, starches, e.g. corn, wheat or rice starch or
      arrow root, gelatin, tragacanth, methylcellulose, sodium
      carboxymethylcellulose and/or polyvinylpyrrolidone, and, if desired,
      disintegrants, e.g. starches, agar, alginic acid or a salt, such as the
      sodium salt, thereof, and/or effervescent mixtures and adsorbents,
      colorants, flavors and/or sweeteners. Injectable compositions are
      preferably aqueous isotonic solutions or suspensions, suppositories
      advantageously fatty emulsions or suspensions. They may be sterilized
      and/or contain auxiliary substances, such as preserving, stabilizing,
      wetting and/or emulsifying agents, solubilizers, salts for regulating the
      osmotic pressure and/or buffers. The pharmaceutical preparations, which in
      addition may include other therapeutically valuable substances, are
      prepared according to known methods, e.g. conventional mixing, granulating
      or coating methods and contain froom about 0.1 to about 75%, preferably
      from about 1 to about 50% of the active ingredient.
PAR  The following Examples are intended to illustrate the invention;
      temperatures are given in degrees Centigrade.
DETD
PAC  EXAMPLE 1:
PAR  A mixture of 5 g of
      3-acetoxymethyl-7(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      and 10 ml of absolute anisole is dissolved in 40 ml of trifluoracetic acid
      and the clear solution is evaporated to dryness under a water pump vacuum
      and with repeated addition of toluene. The residue is dissolved in
      acetone, and the solution is mixed with about 30 g of silica gel and
      evaporated to dryness. The residue is suspended in methylene chloride and
      the suspension is applied to a column (diameter: 35 mm) of 150 g of silica
      gel. Elution is carried out with methylene chloride and mixtures of
      methylene chloride and acetic acid ethyl ester (fractions of 400 ml).
      Unreacted anisole is eluted with 2 fractions of pure methylene chloride.
      3-(4-Methoxybenzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid mixed with
      3-(2-methoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid, is obtained by elution with 6:1 to 1:1 mixtures of methylene
      chloride and acetic acid ethyl ester. Additional, impure material is
      obtained with acetic acid ethyl ester and with acetic acid ethyl ester
      containing 5% of methanol. The pure product is crystallised from a mixture
      of acetic acid ethyl ester and cyclohexane and melts at
      181.5.degree.-182.degree.C (uncorrected); [.alpha.].sub.D.sup.20 =
      +379.degree. .+-. 1.degree. (c = 0.989 in dioxane); thin layer
      chromatogram (silica gel G): Rf = 0.61 (system n-butanol/acetic
      acid/water, 75:7.5:21), Rf = 0.72 (system acetic acid ethyl
      ester/pyridine/acetic acid/water, 62:21:6:11) and Rf = 0.63 (system
      n-butanol/pyridine/acetic acid/water, 38:24:8:30); ultraviolet absorption
      spectrum (in 95% strength ethanol), .lambda..sub.max = 224 m.mu.(.epsilon.
      = 19200), and shoulder at about 255 m.mu. (.epsilon. = 7200) and at about
      279 m.mu. (.epsilon. = 3000); infrared absorption spectrum (in mineral
      oil): characteristic bands at 3.02.mu., 3.19.mu. (shoulder), 3.30.mu.,
      5.67.mu., 5.77.mu., 6.05.mu., 6.23.mu., 6.54.mu., 6.61.mu., 6.69.mu.,
      7.07.mu., 7.49.mu., 7.99.mu., 8.24.mu., 8.52.mu., 9.71.mu., 13.31.mu.,
      14.41.mu. and 15.05.mu.. Further recrystallisation from a mixture of
      acetone, methylene chloride and cyclohexane results in enrichment of
      3-(4-methoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid, with the melting point rising to 188.degree.C.
PAC  EXAMPLE 2:
PAR  0.800 g of
      3-acetoxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      is mixed with a solution of 1.12 g of hydroquinone-dimethyl-ether (twice
      recrystallised from methanol, melting point 54.degree.-55.degree.C,
      uncorrected) in 4.47 ml of trifluoroacetic acid, and the clear yellow
      solution is left to stand for 15 minutes at room temperature and
      evaporated in a rotary evaporator. The residue is four times evaporated to
      dryness with a few milliliters of absolute toluene, is then freed of the
      trifluoroacetic acid over the course of 30 minutes in a high vacuum over
      solid potassium hydroxide, and is taken up in 50 ml of an 0.5 molar
      aqueous dipotassium hydrogen phosphate solution and 100 ml of acetic acid
      ethyl ester. The mixture is well shaken and the organic phase is separated
      off and extracted twice more with 20 ml of the buffer solution. The
      aqueous solutions are twice extracted by shaking with 100 ml portions of
      acetic acid ethyl ester. The combined organic extracts are dried over
      anhydrous sodium sulphate and evaporated to dryness; excess
      hydroquinone-dimethyl-ether is thus obtained.
PAR  The aqueous phases (pH 7.5) are covered with 150 ml of acetic acid ethyl
      ester and adjusted to pH 2 with 5 molar aqueous phosphoric acid. The
      aqueous layer is separated off, saturated with sodium chloride and
      re-extracted with 2 portions, each of 100 ml, of acetic acid ethyl ester.
      The organic solutions are washed six times with 30 ml portions of a
      saturated aqueous sodium chloride solution (final pH value: about 4),
      dried over sodium sulphate and freed of the solvent under reduced
      pressure. The residue is dissolved in acetone, mixed with about 3 g of
      silica gel and evaporated to dryness. The residue is charged onto a column
      (diameter: 20 mm) of 30 g of silica gel. Elution is carried out with
      methylene chloride containing from 1 - 25% of acetic acid ethyl ester,
      with the desired
      3-(2,5-dimethoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxyl
     ic acid being extracted with methylene chloride containing 12 - 15% of
      acetic acid ethyl ester. The product is crystallised from a mixture of
      acetone, acetic acid ethyl ester and cyclohexane, melting point
      181.5.degree.-182.5.degree.C (uncorrected; with decomposition). After two
      recrystallisations from the same solvent mixture and drying over
      phosphorus pentoxide and paraffin chips for 16 hours in a high vacuum, the
      analytically pure preparation melts at 182.degree. - 183.degree.C
      (uncorrected); [.alpha.].sub.D.sup.20 = +326.degree. .+-. 1.degree. (c =
      1.139 in dioxane); thin layer chromatogram (silica gel G): Rf = 0.67
      (system n-butanol/acetic acid/water, 75:7.5:21), Rf = 0.48 (system
      n-butanol/ethanol/water, 40:10:50), Rf = 0.70 (system acetic acid ethyl
      ester/pyridine/acetic acid/water, 62:21:6:11) and Rf = 0.63 (system
      n-butanol/pyridine/acetic acid/water, 38:24:8:30); ultraviolet absorption
      spectrum (in 95% ethanol): .lambda..sub.max 293 m.mu. (.epsilon. = 4350),
      .lambda..sub.min 272 m.mu. (.epsilon. = 2000), and shoulders at 258 m.mu.
      (.epsilon. = 4900), 250 m.mu. (.epsilon. = 6000) and 221 m.mu. (.epsilon.
      = 17600); infrared absorption spectrum (in mineral oil): characteristic
      bands at 2.99.mu., 3.16.mu.(shoulder), 3.28.mu. (shoulder), 5.68.mu.,
      5.77.mu., 6.01.mu., 6.56.mu., 6.65.mu., 7.08.mu., 8.14.mu., 8.53.mu.,
      9.53.mu., 12.36.mu., 14.04.mu., 14.28.mu. and 14.43.mu..
PAC  EXAMPLE 3:
PAR  A solution of 0.8 g of freshly distilled 1-methoxynaphthalene in 2.2 ml of
      trifluoroacetic acid is mixed with 0.4 g of
      3-acetoxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      and the resulting solution is left to stand for 15 minutes at room
      temperature. It is then diluted with an equal amount of toluene and
      evaporated to dryness under reduced pressure. The residue is taken up in
      50 ml of acetic acid ethyl ester and 30 ml of a 10% strength aqueous
      dipotassium hydrogen phosphate solution. The whole is thoroughly shaken,
      the organic layer is separated off and the aqueous phase is extracted with
      two 50 ml portions of acetic acid ethyl ester. The aqueous phase is
      covered with 50 ml of acetic acid ethyl ester and the pH value is adjusted
      to 2 by adding 2% strength aqueous phosphoric acid. After vigorous
      shaking, the organic solution is separated off, and the aqueous phase is
      twice extracted with 50 ml portions of acetic acid ethyl ester. The
      combined organic extracts are washed three times with 50 ml portions of a
      saturated aqueous sodium chloride solution, dried over anhydrous sodium
      sulphate, filtered and evaporated to dryness under reduced pressure.
      3-(4-Methoxy-1-naphthylmethyl)-7-(N-phenylacetylamino)-ceph-2-em-4.xi.-car
     boxylic acid is obtained as an oily residue, which on trituration with
      acetic acid ethyl ester crystallises and after recrystallisation from
      methanol melts at 196.degree.C; thin layer chromatogram (silica gel): Rf =
      0.71 (system n-butanol/acetic acid/water, 75:7.5:21), Rf = 0.76 (system
      n-butanol/acetic acid/water, 67:10:23) and Rf = 0.52 (system
      n-butanol/ethanol/water, 40:10:50); ultraviolet absorption spectrum (in
      methanol): .lambda..sub.max = 225 m.mu.  (.epsilon. = 17,600) and 298
      m.mu. (.epsilon. = 8300) and shoulder at 308 m.mu. (.epsilon. = 6400) and
      322 m.mu. (.epsilon. = 3950); infrared absorption spectrum (in mineral
      oil): characteristic bands at 3.02.mu., 5.69.mu., 5.77.mu., 6.06.mu. and
      6.59.mu..
PAC  EXAMPLE 4:
PAR  1.95 g of
      3-acetoxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      are dissolved in a solution of 4.7 g of phenol in 15 ml of trifluoroacetic
      acid, and the solution is left to stand for 15 minutes at room temperature
      and is then diluted with an equal amount of toluene. After evaporation
      under reduced pressure, the residue is taken up in 100 ml of acetic acid
      ethyl ester and 50 ml of an aqueous 10% strength dipotassium hydrogen
      phosphate solution, the mixture is well shaken and the organic phase is
      separated off. The aqueous layer is twice washed with 100 ml portions of
      acetic acid ethyl ester to remove the excess phenol and then covered with
      100 ml of acetic acid ethyl ester, and its pH value is adjusted to 2 by
      means of 20% strength aqueous phosphonic acid. The organic layer is
      separated off after thorough shaking, the aqueous solution is twice
      extracted with 100 ml portions of acetic acid ethyl ester, and the
      combined organic extracts are washed three times with 50 ml portions of a
      saturated aqueous sodium chloride solution, dried over anhydrous sodium
      sulphate, filtered and evaporated to dryness under reduced pressure. The
      residue is triturated with acetic acid ethyl ester and yields
      3-(4-hydroxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid, which after recrystallisation from a mixture of acetic acid ethyl
      ester and methanol melts at 210.degree.C; thin layer chromatogram (silica
      gel): Rf = 0.72 (system n-butanol/acetic acid/water, 75:7.5:21), Rf = 0.77
      (system n-butanol/acetic acid/water, 67:10:23) and Rf = 0.49 (system
      n-butanol/ethanol/water, 40:10:50); ultraviolet absorption spectrum (in
      methanol): .lambda..sub.max = 224 m.mu. (.epsilon. = 15800) and 276 m.mu.
      (.epsilon. = 2400), and shoulder at 282 m.mu. (.epsilon. = 1900); infrared
      absorption spectrum (in mineral oil): characteristic bands at 3.01.mu.,
      5.77.mu., 5.80.mu., 6.07.mu. and 6.62.mu..
PAC  EXAMPLE 5:
PAR  0.1 g of
      3-acetoxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      are dissolved in a solution of 0.056 g of anisole in 5 ml of chloroform,
      and the solution is cooled to 0.degree.C and saturated with boron
      trifluoride gas for 15 minutes. The temperature of the reaction mixture is
      thereafter brought to room temperature over the course of 2 hours; 50 ml
      of acetic acid ethyl ester are added, and the mixture is again cooled to
      0.degree.C and slowly poured into 50 ml of a 10% strength aqueous
      dipotassium hydrogen phosphate solution. The pH value is adjusted to 7.5
      and the mixture is thoroughly shaken. The aqueous phase is twice washed
      with 50 ml portions of acetic acid ethyl ester, the pH value is adjusted
      to 2 by means of 20% strength aqueous phosphoric acid, and three
      extractions with 50 ml portions of acetic acid ethyl ester are carried
      out. The oroganic extracts are repeatedly washed with a saturated aqueous
      sodium chloride solution, dried over anhydrous sodium sulphate, filtered
      and evaporated under reduced pressure.
      3-(4-Methoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid containing a small amount of the corresponding 2-methoxy-benzyl
      compound are thus obtained as the residue; in a thin layer chromatogram,
      this acid does not differ from the product of the process of example 1.
PAC  EXAMPLE 6:
PAR  A solution of 0.088 g of anisole and 0.025 g of iodine in 2 ml of acetone
      is mixed with 0.069 g of
      3-hydroxy-methyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      and the solution is left to stand for 15 minutes at room temperature and
      then evaporated under reduced pressure. The residue is taken up in 2 ml of
      acetic acid ethyl ester and 2 ml of 10% strength aqueous dipotassium
      hydrogen phosphate solution, the pH is adjusted to 7.5, and the two layers
      are separated after thorough shaking. The aqueous phase is twice washed
      with 7.5 ml portions of acetic acid ethyl ester, its pH value is adjusted
      to 2 with 20% strength aqueous phosphoric acid, and it is extracted three
      times with 7.5 ml portions of acetic acid ethyl ester. The combined
      organic extracts are washed with a saturated aqueous sodium chloride
      solution, dried over anhydrous sodium sulphate, filtered and evaporated
      under reduced pressure. The residue represents
      3-(4-methoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid, which contains a small amount of the corresponding 2-methoxy-benzyl
      compound and which in a thin layer chromatogram does not differ from the
      product of the process of example 1.
PAC  EXAMPLE 7:
PAR  0.1 g of
      3-hydroxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      is dissolved in a solution of 0.056 g of anisole in 0.8 ml of
      trifluoroacetic acid. The solution is left to stand for 15 minutes at room
      temperature and is then diluted with an equal amount of toluene. The
      solution is evaporated under reduced pressure and the residue is worked up
      in accordance with the method described in example 6.
      3-(4-methoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid, containing a small amount of the corresponding 2-methoxy-benzyl
      compound, is thus obtained; in a thin layer chromatogram, this acid does
      not differ from the product of the process of example 1.
PAC  EXAMPLE 8:
PAR  A solution of 0.044 g of anisole in 1 ml of anhydrous formamide is mixed
      with 0.044 g of
      7-(N-phenylacetyl-amino)-3-trifluoroacetoxymethyl-ceph-2-em-4.xi.-carboxyl
     ic acid and the mixture is left to stand for 1 hour at 50.degree.C under a
      nitrogen atmosphere. It is then evaporated to dryness under reduced
      pressure and the residue is worked up in accordance with the process
      described in example 6.
      3-(4-Methoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid, containing a small amount of the corresponding 2-methoxybenzyl
      compound, is thus obtained; in a thin layer chromatogram, this acid does
      not differ from the product of the process of example 1.
PAR  The starting material can be manufactured as follows:
PAR  A solution of 0.8 g of
      3-acetoxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      in 4 ml of trifluoroacetic acid is left to stand for 15 minutes at room
      temperature and is then diluted with an equal quantity of toluene. The
      volatile constituents are evaporated under reduced pressure and at room
      temperature. The residue is taken up in 100 ml of chloroform and the
      mixture is filtered. The filtrate is concentrated to a small volume under
      reduced pressure and cooled. The resulting solid material is filtered off
      and yields
      7-(N-phenylacetyl-amino)-3-trifluoroacetoxymethyl-ceph-2-em-4.xi.-carboxyl
     ic acid, melting at 139.degree. - 140.degree.C; infrared absorption
      spectrum (in mineral oil): characteristic bands at 3.01.mu., 5.60.mu.,
      5.65.mu., 5.73.mu., 5.77.mu., 6.02.mu. and 6.54.mu.. A further quantity of
      the desired product can be obtained by further concentration and cooling
      of the filtrate.
PAC  EXAMPLE 9:
PAR  A solution of 0.044 g of anisole and 0.0172 g of p-toluenesulphonic acid in
      2 ml of anhydrous dioxane is mixed with 0.035 g of
      3-hydroxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      and the resulting solution is left to stand for one hour at room
      temperature. The solvent is removed under reduced pressure and the residue
      is triturated with diethyl ether to remove the excess of
      p-toluenesulphonic acid and is worked up in accordance with the process
      described in example 6.
      3-(4-Methoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid containing a small amount of the corresponding 2-methoxybenzyl
      compound is thus obtained; in a thin layer chromatogram, this acid does
      not differ from the product of the process of example 1.
PAC  EXAMPLE 10:
PAR  A solution of 0.055 g of resorcinol in 0.3 ml of trifluoracetic acid is
      mixed with 0.04 g of
      3-acetoxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      and the solution is left to stand for 15 minutes at room temperature. It
      is diluted with an equal quantity of toluene and then evaporated to
      dryness under reduced pressure.
      3-(2,4-Dihydroxybenzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxyli
     c acid is obtained by working up the residue in accordance with the process
      indicated in example 6; this acid shows the following Rf values in a thin
      layer chromatogram (silica gel): 0.66 (system n-butanol/acetic acid/water,
      75:7.5:21), 0.70 (system n-butanol/acetic acid/water, 67:10:23) and 0.52
      (system n-butanol/ethanol/water, 40:10:50).
PAC  EXAMPLE 11:
PAR  A solution of 0.063 g of phloroglucinol in 0.3 ml of trifluoroacetic acid
      is mixed with 0.04 g of
      3-acetoxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid,
      and the solution is left to stand for 30 minutes at room temperature and
      diluted with an equal quantity of toluene. The mixture is evaporated to
      dryness under reduced pressure and the residue is worked up in accordance
      with the process described in example 6.
      7-(N-Phenylacetyl-amino)-3-(2,4,6-trihydroxy-benzyl)-ceph-2-em-4.xi.-carbo
     xylic acid is thus obtained, showing the following Rf values in a thin
      layer chromatogram (silica gel): 0.73 (system n-butanol/acetic acid/water,
      67:10:23) and 0.55 (system n-butanol/ethanol/water, 40:10:50).
PAC  EXAMPLE 12:
PAR  A solution of 1.1 g of pyrocatechol in 6 ml of trifluoroacetic acid is
      mixed with 0.8 g of
      3-acetoxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      and the solution is left to stand for 15 minutes at room temperature. It
      is diluted with an equal quantity of toluene, the mixture is evaporated to
      dryness under reduced pressure, and the residue is twice triturated with
      30 ml portions of diethyl ether to remove the excess pyrocatechol. The
      residue is worked up in accordance with the process described in example 6
      and yields
      3-(3,4-dihydroxybenzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxyli
     c acid which after crystallisation from a mixture of acetic acid ethyl
      ester and acetone is obtained in the form of colourless crystals, melting
      point 114.degree.C; thin layer chromatogram (silica gel): Rf = 0.71
      (system n-butanol/acetic acid/water, 75:7.5:21), Rf = 0.73 (system
      n-butanol/acetic acid/water, 67:10:23) and Rf = 0.44 (system
      n-butanol/ethanol/water, 40:10:50); ultraviolet absorption spectrum
      (methanol): .lambda..sub.max 222 m.mu. (.epsilon. = 17600), 250 m.mu.
      (.epsilon. = 6800) and 283 m.mu. (.epsilon. = 3700); infrared absorption
      spectrum (in mineral oil): characteristic bands at 3.01.mu., 5.72.mu.,
      5.87.mu. and 6.06.mu..
PAC  EXAMPLE 13:
PAR  A solution of 0.055 g of hydroquinone in 0.3 ml of trifluoroacetic acid is
      mixed with 0.04 ml of
      3-acetoxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid,
      and the mixture is left to stand for 15 minutes at room temperature and is
      then diluted with an equal volume of toluene. This mixture is evaporated
      to dryness under reduced pressure and the residue is worked up in
      accordance with the process described in example 6. The
      3-(2,5-dihydroxybenzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxyli
     c acid thus obtained shows the following Rf values in a thin layer
      chromatogram (silica gel): 0.65 (system n-butanol/acetic acid/water,
      75:7.5:21), 0.68 (system n-butanol/acetic acid/water, 67:10:23) and 0.51
      (system n-butanol/ethanol/water, 40:10:50).
PAC  EXAMPLE 14:
PAR  A solution of 3.4 g of thiophene in 200 ml of trifluoroacetic acid is mixed
      with 4 g of
      3-acetoxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      and the solution is left to stand for 15 minutes at room temperature and
      then mixed with an equal quantity of toluene, and the mixture is
      evaporated under reduced pressure. The residue is triturated with acetic
      acid ethyl ester and the solid material is twice crystallised from a
      mixture of methanol and acetic acid ethyl ester.
      7-(N-Phenylacetyl-amino)-3-(2-thenyl)-ceph-2-em-4.xi.-carboxylic acid is
      thus obtained as colourless crystals, melting point 189.degree.C; thin
      layer chromatogram (silica gel): Rf = 0.72 (system n-butanol/acetic
      acid/water, 75:7.5:21), Rf = 0.81 (system n-butanol/acetic acid/water,
      67:10:23) and Rf = 0.50 (system n-butanol/ethanol/water, 40:10:50);
      ultraviolet absorption spectrum (in methanol):.lambda..sub.max = 233 m.mu.
      (.epsilon. = 15400); infrared absorption spectrum (in mineral oil):
      characteristic bands at 3.01.mu., 5.73.mu., 5.82.mu. and 6.05.mu.. A
      further quantity of the desired product can be obtained by concentrating
      the mother liquor and recrystallising the crystalline material.
PAC  EXAMPLE 15:
PAR  A solution of 0.504 g of 2-furanecarboxylic acid methyl ester in 20 ml of
      trifluoroacetic acid is mixed with 0.4 g of
      3-acetoxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      and the resulting solution is left to stand for 45 minutes at room
      temperature and then diluted with an equal volume of toluene. The mixture
      is evaporated to dryness under reduced pressure; the oily residue is
      triturated with acetic acid ethyl ester and yields
      3-(5-methoxycarbonyl-2-furfuryl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-
     carboxylic acid, which after recrystallisation from acetic acid ethyl ester
      melts at 193.degree.C; thin layer chromatogram (silica gel): Rf = 0.65
      (system n-butanol/acetic acid/water, 75:7.5:21), Rf = 0.75 (system
      n-butanol/acetic acid/water, 67:10:23) and Rf = 0.43 (system
      n-butanol/ethanol/water, 40:10:50).
PAC  EXAMPLE 16:
PAR  0.04 g of
      3-acetoxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      and 0.027 g of furane are simultaneously dissolved in 2 ml of
      trifluoroacetic acid; the solution is left to stand for 15 minutes at room
      temperature and is then diluted with an equal volume of toluene. The
      mixture is evaporated to dryness under reduced pressure and the residue is
      worked up in accordance with the process described in example 6.
      3-Furfuryl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid is
      thus obtained, showing the following Rf values in a thin layer
      chromatogram (silica gel): 0.75 (system n-butanol/acetic acid/water,
      67:10:23) and 0.52 (system n-butanol/ethanol/water, 40:10:50).
PAC  EXAMPLE 17:
PAR  0.04 g of
      3-acetoxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      is dissolved in a solution of 0.117 g of indole in 0.3 ml of
      trifluoroacetic acid; the solution is left to stand for 15 minutes at room
      temperature and is then diluted with an equal volume of toluene. The
      mixture is evaporated to dryness under reduced pressure, the residue is
      worked up in accordance with the process described in example 6, and
      3-(3-indolylmethyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid is thus obtained; in a thin layer chromatogram (silica gel), this
      acid shows Rf values of 0.73 (system n-butanol/acetic acid/water,
      75:75:21), 0.82 (system n-butanol/acetic acid/water, 67:10:23) and 0.65
      (system n-butanol/ethanol/water, 40:10:50).
PAC  EXAMPLE 18:
PAR  0.04 g of
      3-acetoxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid
      is dissolved in a solution of 0.13 g of 1-methylindole in 0.3 ml of
      trifluoroacetic acid, and the solution is left to stand for 15 minutes at
      room temperature and diluted with an equal quantity of toluene. The
      mixture is evaporated to dryness under reduced pressure and the residue is
      worked up in accordance with the process described in example 6.
      3-(1-Methyl-3-indolylmethyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carb
     oxylic acid is thus obtained; in a thin layer chromatogram (silica gel),
      this acid shows Rf values at 0.85 (system n-butanol/acetic acid/water,
      67:10:23) and at 0.58 (system n-butanol/ethanol/water, 40:10:50).
PAC  EXAMPLE 19:
PAR  A solution of 0.044 g of anisole and 0.0125 g of iodine in 2 ml of acetone
      is mixed with 0.04 g of
      3-acetoxymethyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic acid;
      the solution is left to stand for 15 minutes at room temperature and is
      then worked up in accordance with the process described in example 6.
      3-(4-Methoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid, containing a small quantity of the corresponding 2-methoxybenzyl
      compound, is thus obtained; in a thin layer chromatogram, this acid does
      not differ from the product of the process of example 1.
PAC  EXAMPLE 20:
PAR  11.7 Grams of
      3-acetyloxymethyl-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxylic
      acid are dissolved in a solution of 18.6 g of guaiacol in 300 ml of
      trifluoroacetic acid and the mixture is left to stand to 15 minutes at
      room temperature, then diluted with an equal volume of toluene and
      evaporated under reduced pressure. The residue is partitioned between
      ethyl acetate and an aqueous dipotassium hydrogen phosphate buffer
      solution (pH 7.5) and the layers are separated. The aqueous layer is
      thoroughly washed with ethyl acetate, its pH then adjusted to 2.5 with 20%
      aqueous phosphoric acid and again extracted with ethyl acetate. The latter
      extracts are washed with water and a saturated aqueous sodium chloride
      solution, dried over magnesium sulphate and evaporated under reduced
      pressure. The residue is recrystallised from ethyl acetate to yield the
      3-(4-hydroxy-3-methoxy-benzyl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-
     carboxylic acid, m.p. 198-199.degree.; thin-layer chromatogram (silica
      gel): Rf = 0.76 (system n-butanol/acetic acid/water 67:10:23) and Rf =
      0.43 (system n-butanol/ethanol/water  40:10:50); ultraviolet absorption
      spectrum (in methanol): .lambda..sub.max = 235 m.mu. (.epsilon. = 6800)
      and 282 m.mu. (.epsilon. = 1820); infrared absorption spectrum (in mineral
      oil): characteristic bands at 2,85.mu., 2,99.mu., 5,67.mu., 5.74.mu. and
      6.56.mu.. It is possible to obtain a further amount of the desired product
      from the mother liquor via the diphenylmethyl ester.
PAC  EXAMPLE 21:
PAR  A solution of 0.56 g of 2-furan carboxylic acid in 40 ml of trifluoroacetic
      acid is treated with 1.00 g of
      3-acetyloxymethyl-7.beta.-phenyl-acetyl-amino-ceph-2-em-4.xi.-carboxylic
      acid and left to stand for 60 minutes at room temperature, then diluted
      with the same volume of toluene. The mixture is evaporated to dryness
      under reduced pressure and the residue triturated several times with a
      3:7-mixture of diethyl ether and toluene and filtered. The filter residue
      constitutes the
      3-(5-carboxy-furfuryl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxyi
     c acid, which after recrystallisation from ethyl acetate melts at
      194.degree.-195.degree..
PAC  EXAMPLE 22:
PAR  A solution of 7.8 g of
      3-acetyloxymethyl-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxylic
      acid in 60 ml of trifluoroacetic acid, prepared at room temperature within
      15 minutes, is treated with an equal volume of toluene and evaporated to
      dryness. The residue, which contains the
      7.beta.-phenylacetyl-amino-3-trifluoroacetyloxymethyl-ceph-2-em-4.xi.-carb
     oxylic acid, is dissolved in 200 ml of dry formamide and treated with 5.80
      ml of furan. After reacting for 1 hour at 50.degree. under nitrogen, the
      reaction mixture is cooled and treated with ethyl acetate and 10% aqueous
      dipotassium hydrogen phosphate solution (pH 7.5). The aqueous solution is
      separated and washed several times with ethyl acetate. The aqueous phase
      is adjusted to pH 2.5 with 20% aqueous phosphoric acid and extracted with
      ethyl acetate. The resulting organic extract is washed with water and a
      saturated aqueous sodium chloride solution, dried over magnesium sulphate
      and evaporated under reduced pressure. The solid residue is crystallised
      from ethal acetate to yield the almost pure
      3-furfuryl-7.beta.-phenylacetyl-amino-ceph- 2-em-4.xi.-carboxylic acid,
      which after repeated recrystallisation from ethyl acetate melts at
      188.degree.-190.degree.: thin-layer chromatogram (silica gel): Rf = 0.75
      (system n-butanol/acetic acid/water 67:10: 23) and Rf = 0.53 (system
      n-butanol/ethanol/water 40:10:50); ultraviolet absorption spectrum (in
      methanol): strong terminal absorption; infrared absorption spectrum (in
      mineral oil); characteristic bands at 3,01.mu., 5,66.mu., 5,75.mu.,
      6,02.mu. and 6,54.mu..
PAC  EXAMPLE 23:
PAR  A solution of 3.9 g of
      3-acetyloxymethyl-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxylic
      acid and 5.0g of 2-methoxycarbonyl-pyrrole in 20 ml of trifluoroacetic
      acid is allowed to stand for 15 minutes at room temperature and then
      diluted with an equal volume of toluene. The solution is evaporated to
      dryness under reduced pressure and the residue is partitioned between
      ethyl acetate and a 10% aqueous dipotassium hydrogen phosphate solution
      (pH 7.8). The layers are separated; the aqueous phase is washed several
      times with ethyl acetate, adjusted to pH 2.5 by addition of a 20% aqueous
      phosphoric acid solution and extracted with ethyl acetate. The resulting
      extracts are washed with water and a saturated aqueous sodium chloride
      solution, dried over magnesium sulphate and evaporated under reduced
      pressure. The residue is dissolved in 10 ml of methanol and the solution
      diluted with 90 ml of ethyl acetate.
PAR  3.8 Grams of diphenyldiazomethane in 50 ml of ethyl acetate are added to
      the solution containing the resulting
      3-(5-methoxycarbonyl-2-pyrrylmethyl)-7.beta.-phenylacetyl-amino-ceph-2-em-
     4.xi.-carboxylic acid, the mixture is stirred for 30 minutes at room
      temperature and evaporated to dryness under reduced pressure. The residue
      is triturated with a 1:1-mixture of petroleum ether and diethyl ether and
      the residue chromatographed on 200 g of silica gel; elution is carried out
      with methylene chloride containing 5% of ethyl acetate, fractions of 200
      ml being taken. Fractions 8-10 are combined and chromatographed once more
      on silica gel. Elution is performed with 50 ml fractions of methylene
      chloride containing 10% ethyl acetate. Fractions 1-5 contain the almost
      pure
      3-(5-methoxycarbonyl-2-pyrrylmethyl)-7.beta.-phenylacetyl-amino-ceph-2-em-
     4.xi.-carboxylic acid diphenylmethyl ester; thin-layer chromatogram (silica
      gel): Rf = 0.68 (system toluene/ethyl acetate 1:1) and Rf = 0.52 (system
      toluene/acetone 4:1).
PAC  EXAMPLE 24:
PAR  A solution of 1.5 ml of thioanisol in 10 ml of trifluoroacetic acid is
      treated with 1.17 g of
      3-acetyloxymethyl-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxylic
      acid and the mixture is left to stand for 30 minutes at room temperature.
      After diluting the mixture with an equal volume of toluene, the volatile
      fractions are evaporated under reduced pressure. The residue is
      partitioned between ethyl acetate and a 10% aqueous dipotassium hydrogen
      phosphate solution (pH = 7.5). The layers are separated; the aqueous phase
      is washed several times with ethyl acetate, adjusted to pH 2.5 with 20%
      aqueous phosphoric acid and extracted with ethyl acetate. The resulting
      organic extracts are washed with water and a saturated aqueous sodium
      chloride solution, dried over magnesium sulphate and evaporated under
      reduced pressure, to yield the
      3-(4-methylthio-benzyl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxy
     lic acid, which is further processed without purification.
PAR  The above crude product is dissolved in 20 ml of ethyl acetate and treated
      with 0.6 g of diphenyldiazomethane in 10 ml of ethyl acetate. The solution
      is left to stand for 60 minutes at room temperature, then evaporated to
      dryness under reduced pressure, and the residue is triturated with
      petroleum ether. The solid residue is chromatographed on 30 g of silica
      gel. Elution is carried out with 100 ml fractions of methylene chloride
      and from fractions 5-7 is obtained the
      3-(4-methylthio-benzyl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxy
     lic acid diphenylmethyl ester, which after recrystallisation from ethyl
      acetate melts at 161.degree.-162.degree.; thin-layer chromatogram (silica
      gel): Rf = 0.80 (system toluene/ethyl acetate 1:1) and Rf = 0.71 (system
      toluene/acetone 4:1); infrared absorption spectrum (in mineral oil):
      characteristic bands at 2,99.mu., 5,63.mu., 5,77.mu., 6,02.mu. and
      6,53.mu..
PAC  EXAMPLE 25:
PAR  A mixture of 0.40 g of
      3-acetyloxymethyl-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxylic
      acid and 0.515 g of acetylacetone is covered with 3 ml of trifluoroacetic
      acid; the mixture is left to stand for 15 minutes at room temperature and
      evaporated to dryness under reduced pressure. The residue is partitioned
      between a 10% aqueous dipotassium hydrogen phosphate solution and ethyl
      acetate. The organic phase is washed with the aqueous dipotassium hydrogen
      phosphate solution and the organic solutions are discarded. The combined
      aqueous phases are covered with ethyl acetate, and acidified with 20%
      aqueous phosphoric acid; the aqueous layer is extracted several times with
      ethyl acetate and the organic solutions are combined, washed until
      neutral, dried over sodium sulphate and evaporated under reduced pressure.
      The resulting amorphous
      3-(2,2-diacetylethyl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxyli
     c acid is almost a uniform substance; thin-layer chromatogram (silica gel):
      Rf = 0.62 (system n-butanol/ethanol/water 40:10:50), Rf = 0.66 (system:
      ethyl acetate/pyridine/acetic acid/water 62:21:6:11) and Rf = 0.62
      (system:ethyl acetate/n-butanol/pyridine/acetic acid/water 42:21:21:6:10).
PAC  EXAMPLE 26
PAR  A solution of 0.390 g of
      3-acetyloxymethyl-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxylic
      acid and 0.670 g of 1-benzothiophene in 2 ml of trifluoroacetic acid is
      stirred for 15 minutes at room temperature, then diluted with 2 ml of
      toluene. The mixture is evaporated under reduced pressure, the residue is
      treated with 30 ml of a 10% aqueous dipotassium hydrogen phosphate
      solution and extracted with 3 .times. 50 ml of ethyl acetate. The organic
      extracts are washed with a saturated aqueous sodium chloride solution,
      dried over sodium sulphate and evaporated under a water jet vacuum. An
      oily residue is obtained from which the excess 1-benzthiophene is removed
      at 50.degree. under a high vacuum. The residue is crystallized from
      methanol and ethyl acetate to yield the
      3-(3-benzothienylmethyl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carbox
     ylic acid in the form of white crystals, m.p. 178.degree.-180.degree.;
      thin-layer chromatogram (silica gel): Rf = 0.77 (system: n-butanol/acetic
      acid/water 75:7.5:21), Rf =  0.62 (system: n-butanol/acetic acid/water
      67:10:23) and Rf = 0.60 (system: ethyl acetate/pyridine/acetic acid/water
      62:21:6:11); infrared absorption spectrum (in mineral oil): characteristic
      bands at 3,05.mu., 3,68.mu., 5,67.mu., 5,75.mu. (shoulder), 6,04.mu. and
      6,55.mu..
PAC  EXAMPLE 27:
PAR  A solution of 3.52 g of
      7.beta.-phenylacetyl-amino-3-trifluoroacetyloxymethyl-ceph-2-em-4.xi.-carb
     oxylic acid and 2.4 g of 1-pyrrolidino-cyclohxane (b.p. 107.degree. / 10 mm
      Hg) in 400 ml of absolute benzene is heated for 5 minutes under reflux.
      The reaction solution, which contains the
      7.beta.-phenylacetyl-amino-3-[2-(1-pyrrolidino)-cyclohex-1-enyl-methyl]-ce
     ph-2-em-4.xi.-carboxylic acid, is cooled and, after addition of 80 ml of 2N
      hydrochloric acid and 200 ml of acetone, is left to stand for 1 hour at
      room temperature. After diluting the mixture with 200 ml of water and
      raising the pH value to 7.5 by treatment with an aqueous tripotassium
      phosphate solution, the acetone is almost completely evaporated off under
      reduced pressure. The neutral fractions in the residue are removed by
      extraction with ethyl acetate and discarded. The aqueous phase is covered
      with fresh ethyl acetate and acidified with 20% aqueous phosphoric acid to
      pH 2.5. The aqueous layer is separated, re-extracted with ethyl acetate
      and discarded. The organic extracts are washed with a saturated aqueous
      sodium chloride solution and dried over magnesium sulphate. After
      evaporation of the solvent under reduced pressure, the
      3-(2-oxo-cyclohexyl)-methyl-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-car
     boxylic acid is obtained in amorphous form; thin-layer chromatogram (silica
      gel): Rf = 0.55 (system: n-butanol/acetic acid/water 67:10:23) and Rf =
      0.43 (system: n-butanol/ethanol/water 40:10:50), (detection with
      ultraviolet light or iodine).
PAC  EXAMPLE 28
PAR  A mixture of 4.6 g of an approximately 1:3-mixture of
      3-acetyloxymethyl-7.beta.-formylamino-ceph-3-em-4-carboxylic acid and
      3-acetyloxymethyl-7.beta.-formylamino-ceph-2-em-4.xi.-carboxylic acid
      (prepared as described below), 7 ml of thiophene and 28 ml of
      trifluoroacetic acid is allowed to stand for 20 minutes at room
      temperature and then evaporated to dryness while repeatedly adding
      toluene. The semi-crystalline residue is dissolved in hot methyl acetate
      and the solution diluted with methylene chloride and cyclohexane,
      whereupon a slightly yellow, coarsely crystalline precipitate forms, which
      is filtered off and dried, to yield the
      7.beta.-formylamino-3-(2-thenyl)-ceph-2-em-4.xi.-carboxylic acid, m.p.
      164.degree.-166.degree. (decomposition starts at 160.degree.); thinlayer
      chromatogram (silica gel); Rf = 0.60 (system: n-butanol/acetic acid/water
      75:7.5:21), Rf = 0.47 (system: n-butanol/ethanol/water 40:10:50), Rf =
      0.66 (system: n-butanol/acetic acid/water 40:10:40) and Rf = 0.55 (system:
      ethyl acetate/pyridine/acetic acid/water 62:21:6:11); ultraviolet
      absorption spectrum (in 95% ethanol):.lambda..sub.max = 234 m.mu.
      (.epsilon. = 13900) and .lambda..sub.max =  216 m.mu. (.epsilon. =10900);
      infrared absorption spectrum (in mineral oil): characteristic bands at
      3,08.mu., 3,87.mu., 5,68.mu., 5,80.mu., 6,04.mu., 6,52.mu. 7,07.mu.,
      8,06.mu., 8,23.mu., 8,53.mu., 8,69.mu., 9,65.mu., 9,74.mu., 11,79.mu. and
      14,24.mu.. A further quantity of the desired product is obtained if the
      mother liquor is chromatographed on 50 times its weight of silica gel; the
      7.beta.-formulamino-3-(2-thenyl)-ceph-2-em-4.xi.-carboxylic acid is eluted
      with a 3:1-mixture of methylene chloride and ethyl acetate.
PAR  The starting material can be manufactured as follows:
PAR  A solution of 5 g of
      3-acetyloxymethyl-7.beta.-formylamino-ceph-3-em-4-carboxylic acid in 20 ml
      of pyridine and 2 ml of dimethylsulphoxide is treated with 2 ml of acetic
      acid anhydride and the mixture left to stand for 2 hours at room
      temperature. The brown reaction mixture is evaporated to dryness several
      times while adding absolute toluene and the residue is covered with ethyl
      acetate. After acidifiying with 20% aqueous phosphoric acid and saturating
      with sodium chloride, the layers are separated. The aqueous phase is
      re-extracted with ethyl acetate and the combined organic solutions are
      repeatedly washed with a saturated aqueous sodium chloride solution, dried
      over magnesium sulphate, treated with an active charcoal preparation and
      evaporated under reduced pressure. An approximately 1:3-mixture of
      3-acetyloxymethyl-7.beta.-formylamino-ceph-3-em-4-carboxylic acid and
      3-acetyloxymethyl-7.beta.-formylamino-ceph-2-em-4.xi.-carboxylic acid is
      obtained, which is used without further purification.
PAC  EXAMPLE 29:
PAR  16.0 Grams of
      3-acetyloxymethyl-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-phe
     nylglycyl]-amino-ceph-2-em-4.xi.-carboxylic acid are treated with 30 ml of
      thiophene and 120 ml of trifluoroacetic acid and the reaction mixture is
      left to stand for 20 minutes at room temperature, then evaporated to
      dryness several times while adding toluene on each occasion. The partially
      crystalline residue is charged onto 800 g of silica gel (column; washed
      with concentrated hydrochloric acid), and the
      3-(2-thenyl)-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-phenylgl
     ycyl]-amino-ceph-2-em-4.xi.-carboxylic acid is eluted with a 9:1-mixture of
      methylene chloride and methyl acetate. The fractions which are pure
      according to thin-layer chromatography are combined and crystallised from
      a mixture of acetone, methyl acetate and cyclohexane; the product
      crystallises in the form of colourless needles and melts (after heating
      from 195.degree.) at 202.5.degree. - 203.5.degree.; [.alpha.].sub.D.sup.20
      =+245.degree. .+-. 1.degree. (c = 1.013 in dioxane); thin-layer
      chromatogram (silica gel): Rf = 0.73 (system: n-butanol/acetic acid/water
      75:7.5:21), Rf = 0.66 (system: n-butanol/ethanol/water 40:10:50), Rf =
      0.80 (system: n-butanol/acetic acid/water 40:10:40) and Rf = 0.79
      (system:ethyl acetate/pyridine/acetic acid/water 62:21:6:11).
PAR  The starting material can be manufactured as follows:
PAR  A suspension of 20.0 g of
      N-2,2,2-trichloroethoxy-carbonyl-D-(.alpha.)-phenyl-glycine in 400 ml of a
      1:1-mixture of tetrahydrofuran and acetonitrile is treated with 8.5 ml of
      triethylamine. After cooling to -10.degree., 8.0 ml of chloroformic acid
      isobutyl ester is added dropwise under anhydrous conditions and the
      mixture is stirred for 15 minutes at -10.degree.. Upon addition of a
      further 100 ml of absolute acetonitrile, a clear solution is obtained that
      is treated dropwise with a mixture of 16.0 g of
      7.beta.-amino-ceph-3-em-4-carboxylic acid and 8.1 ml of triethylamine in
      200 ml of 50% aqueous tetrahydrofuran, the dropwise addition being so
      performed that the internal temperature does not rise above 0.degree.. The
      reaction mixture is further stirred for 30 minutes at 0.degree.and for 90
      minutes at room temperature. The bulk of the solvent is then evaporated
      under reduced pressure. The residue is taken up in 200 ml of a 0.5 molar
      aqueous dipotassium hydrogen phosphate solution and 200 ml of ethyl
      acetate and filtered with the aid of a glass-filter funnel having a
      coating of diatomaceous earth. The layers of the filtrate are separated;
      the organic phase is re-extracted with a further amount of the dipotassium
      hydrogen phosphate solution and discarded. The aqueous phases are washed
      with ethyl acetate, covered with fresh ethyl acetate and acidified with
      concentrated phosphoric acid to pH 2. The organic phase is separated off
      and repeatedly washed with a concentrated aqueous sodium chloride
      solution. The aqueous phases are reextracted with 2 .times. 150 ml of
      ethyl acetate and discarded. The combined organic extracts are dried over
      sodium sulphate and freed from solvent under reduced pressure. The residue
      is chromatographed on 600 g of silica gel. Unchanged
      N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-phenylglycine is eluted with a
      4:1-mixture of toluene and ethyl acetate. Using 7:3- to 1:1-mixtures of
      toluene and ethyl acetate the
      3-acetyloxymethyl-7-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-phenylgly
     cyl]-amino-ceph-3-em-4-carboxylic acid is eluted, which crystallises from a
      mixture of methylene chloride, diethyl ether and toluene. The pure
      substance is isolated in the form of a gelatinous precipitate, which after
      drying yields a colourless powder; thin-layer chromatogram (silica gel;
      development with iodine vapour): Rf = 0.61 (system: n-butanol/acetic
      acid/water 75:7.5:21), Rf = 0.44 (system: n-butanol/ethanol/water
      40:10:50), Rf = 0.67 (system: n-butanol/acetic acid/water  40:10:40), Rf =
      0.64 (system: ethyl acetate/pyridine/acetic acid/water 62:21:6:11) and Rf
      = 0.70 (system: ethyl acetate/n-butanol/pyridine/acetic acid/water
      42:21:21:6:10).
PAR  If a small amount of the above
      3-acetyloxymethyl-7-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-phenylgly
     cyl]-amino-ceph-3-em-4-carboxylic acid is treated with diphenyldiazomethane
      in a 4:1-mixture of dioxane and methanol, the
      3-acetyloxymethyl-7-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.
      )-phenylglycyl]-amino-ceph-3-em-4-carboxylic acid diphenyl-methyl ester is
      obtained, which after recrystallisation from a mixture of methylene
      chloride, diethyl ether and cyclohexane melts at
      153.degree.-154.5.degree.(uncorr.); [.alpha.].sub.D.sup.20 = -14.degree.
      .+-. 1.degree. (c = 1.155 in chloroform).
PAR  A solution of 8.9 g of
      3-acetyloxymethyl-7-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-phenylgly
     cyl]-amino-ceph-3-em-4-carboxylic acid in 40 ml of pyridine is treated with
      3.4 ml of acetic anhydride and left to stand for 18 hours at 4.degree..
      The brown reaction solution is evaporated to dryness while adding absolute
      toluene and freed from volatile fractions under a high vacuum. The residue
      is chromatographed on 50 times its weight of silica gel (washed with
      concentracted hydrochloric acid). The
      3-acetyloxymethyl-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-phe
     nylglycyl]-amino-ceph-2-em-4.xi.-carboxylic acid is eluted with methylene
      chloride, containing 15% of methyl acetate and crystallised from a mixture
      of ethyl acetate and cyclohexane, m.p. 164.5.degree.-165.5.degree.
      (uncorr.; with decomp.); [.alpha.].sub.D.sup.20 = +247.degree. .+-.
      1.degree. (c = 1.037 in dioxane); thin-layer chromatogram (silica gel): Rf
      = 0.64 (system: n-butanol/acetic acid/water 75:7.5:21), Rf = 0.48 (system:
      n-butanol/ethanol/water 40:10:50), Rf =  0.63 (system: n-butanol/acetic
      acid/water 40:10:40) and Rf = 0.64 (system: ethyl acetate/pyridine/acetic
      acid/water 62:21:6:11); ultraviolet absorption spectrum (in 95% ethanol):
      strong terminal absorption and shoulders at 247 m.mu. (.epsilon. = 7200)
      and 230 m.mu. (.epsilon. = 10400); infrared absorption spectrum (in
      mineral oil); characteristic bands at 2,98.mu., 5,67.mu., 5,73.mu.,
      5,77.mu., 5,86.mu., 6,00.mu., 6,54.mu., 7,08.mu., 7,80.mu., 8,05.mu.,
      8,20.mu., 8,50.mu., 8,98.mu., 9,52.mu., 9,63.mu. and 11,98.mu..
PAR  The corresponding
      3-acetyloxymethyl-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-phe
     nylglycyl]-amino-ceph-2-em-4.xi.-carboxylic acid-diphenylmethylester melts
      at 127.5.degree.-129.degree.(uncorr.); [.alpha.].sub.D.sup.20 = +
      224.degree. .+-. 1.degree. (c = 1.048 in chloroform); thin-layer
      chromatogram (silica gel): Rf = 0.03 (system: toluene/ethyl acetate 1:1),
      Rf = 0.60 (system: toluene/ethyl acetate 2:1); Rf = 0.56 (system:
      toluene/acetone 4:1) and Rf = 0.29 (system: toluene/acetone 9:1);
      ultraviolet absorption spectrum (in 95% ethanol): .lambda..sub.max = 249
      m.mu. (.epsilon. = 8550) and .lambda..sub.min = 241 m.mu. (.epsilon. =
      7900); infrared absorption spectrum (in mineral oil): characteristic bands
      at 2,97.mu., 5,58.mu., 5,74.mu., 5,84.mu., 5,98.mu., 6,52.mu., 7,37.mu.,
      7,43.mu., 8,07.mu., 8,20.mu., 8,32.mu., 8,54.mu., 9,04.mu., 13,24.mu.,
      13,91.mu., 14,17.mu. and 14,38.mu..
PAC  EXAMPLE 30:
PAR  A solution of 60.0 g of
      3-acetyloxymethyl-7.beta.-(D-5-diphenylmethoxycarbonyl-5-phthalimido-valer
     oyl-amino)-ceph-2-em-4.xi.-carboxylic acid-diphenylmethyl ester in
      approximately 200 ml of absolute pyridine is left to stand in the dark for
      31/2 days at room temperature under nitrogen, then evaporated to dryness
      several times while adding toluene on each occasion. The residue is
      dissolved in 150 ml of freshly distilled furan-2-carboxylic acid methyl
      ester and treated with 300 ml of absolute trifluoroacetic acid. The
      mixture is left to stand for 60 minutes at room temperature and evaporated
      to dryness under reduced pressure and the residue is evaporated to dryness
      several times with toluene. The crude product is partitioned between 3
      portions each of a 0.5 molar aqueous dipotassium hydrogen phosphate
      solution and ethyl acetate. The organic extracts are discarded with the
      neutral fractions. The aqueous extracts are covered with fresh ethyl
      acetate and acidified by addition of 20% aqueous phosphoric acid to pH 2.
      The aqueous phase is separated, saturated with sodium chloride,
      re-extracted with 2 additional portions of ethyl acetate and discarded.
      The organic extracts are washed several times with a saturated aqueous
      sodium chloride solution, dried over magnesium sulphate and freed from
      solvent under reduced pressure. The brownish, amorphous crude product is
      chromatographed on 700 g of silica gel (purified with concentrated
      hydrochloric acid) and the
      7.beta.-(D-5-carboxy-5-phthalimido-valeroyl-amino)-3-(5-methoxycarbonyl-fu
     rfuryl)-ceph-2-em-4.xi.-carboxylic acid is eluted with methylene chloride,
      containing 40-50% of ethyl acetate.
PAR  The fractions, which contain the desired product according to thin-layer
      chromatogram on silica gel (plates) in the system n-butanol/acetic
      acid/water 67:10:23, are dissolved in 200 ml of a 4:1-mixture of dioxane
      and methanol and esterified for 3 hours at room temperature with an excess
      solution of diphenyldiazomethane in diethyl ether. The crude product is
      purified by means of a rapid chromatogram on silica gel (elution with
      methylene chloride containing 15-30% of ethyl acetate), thus yielding the
      amorphous
      7.beta.-(D-5-diphenylmethoxycarbonyl-5-phthalimido-valeroyl-amino)-3-(5-me
     thoxycarbonyl-furfuryl)-ceph-2-em-4.xi.-carboxylic acid-diphenylmethyl
      ester.
PAC  EXAMPLE 31:
PAR  A mixture of 9.73 g of
      3-acetyloxymethyl-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxylic
      acid and 10 g of 4-fluorophenol is dissolved in 50 ml of trifluoroacetic
      acid and the clear solution is evaporated several times while adding
      toluene on each occasion. The residue is chromatographed on 300 g of
      silica gel. The excess 4-fluorophenol is eluted with methylene chloride
      and the
      2-(5-fluoro-2-hydroxybenzyl)-7.beta.-phenylacetylamino-cepth-2-em-4.xi.-ca
     rboxylic acid with a 4:1-mixture of methylene chloride and ethyl acetate
      and recrystallised from ethyl acetate, m.p. 185.degree.-187.degree.;
      thin-layer chromatogram (silica gel): Rf = 0.55 (system: n-butanol/acetic
      acid/water 75:7.5:21), Rf = 0.73 (system: n-butanl/ethanol/water 40:10:50)
      and Rf = 0.84 (system: chloroform/methanol 1:1).
PAC  EXAMPLE 32
PAR  A solution of 12.0 g. of
      3-acetyloxymethyl-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-phe
     nylglycyl]-amino-ceph-3-em-4-carboxylic acid in 54 ml of pyridine is
      treated with 4.58 ml of acetic anhydride and left to stand for 16 hours at
      4.degree.. The reaction mixture is evaporated to dryness several times
      while adding absolute toluene. The residue is dissolved in ethyl acetate
      and adjusted to pH 2 with 1N hydrochloric acid. The organic phase is
      washed with a saturated aqueous sodium chloride solution, dried over
      sodium sulphate and evaporated to dryness under reduced pressure. The
      residue is treated with 24.5 ml of anisol and 89 ml of trifluoroacetic
      acid and the reaction mixture is left to stand for 20 minutes, then
      evaporated to dryness several times while adding toluene on each occasion.
      The partially crystalline residue is chromatographed on 600 g of silica
      gel (purified with concentrated hydrochloric acid; column). The
      approximately 1:1-mixture of
      3-(2-methoxybenzyl)-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-p
     henylglycyl]-amino-ceph-2-em-4.xi. -carboxylic acid and the corresponding
      3-(4-methoxybenzyl)-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-p
     henylglycyl]-amino-ceph-2-em-4.xi.-carboxylic acid is eluted with a
      9:1-mixture of methylene chloride and ethyl acetate. The fractions, that
      are pure according to thin-layer chromatography, are combined and
      recrystallised from a mixture of acetone and cyclohexane, m.p.
      215.degree.-222.degree. (with decomp.); ultraviolet absorption spectrum
      (in ethanol): .lambda..sub.max = 229,5 m.mu. (.epsilon. = 12680) and
      .lambda..sub.shoulder = 252 m.mu. (.epsilon. = 5800); infrared absorption
      spectrum (potassium bromide): characteristic bands at 2,90.mu., 3,00.mu.,
      3,30.mu., 3,38.mu., 3,53.mu., 3,91.mu., 5,66.mu., 5.75.mu., 5,85.mu. ,
      6,00.mu., 5,61.mu., 7,51.mu., 8,00.mu., 8,20.mu., 8,49.mu., 8,97.mu.,
      9,60.mu., 9,69.mu., 12,30.mu., 13,25.mu., 13,82.mu. and 14,33.mu.;
      thin-layer chromatogram (silica gel): Rf = 0.61 (system:
      n-butanol/ethanol/water 40:10:50), Rf = 0.74 (system: n-butanol/acetic
      acid/water 75:7.5:21) and Rf = 0.86 (system: ethyl acetate/pyridine/acetic
      acid/water 62:21:6:11).
PAC  EXAMPLE 33:
PAR  If in the process of Example 29
      3-acetyloxymethyl-7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycy
     l]-amino-ceph-2-em-4.xi.-carboxylic acid (obtained by isomerisation of
      3-acetyloxymethyl-7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycy
     l]-amino-ceph-3-em-4-carboxylic acid) is used instead of
      3-acetyloxymethyl-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-phe
     nylglycyl]-amino-ceph-2-em-4.xi.-carboxylic acid and it is reacted with
      2-furanacetic acid 2-bromoethyl ester and trifluoroacetic acid, the
      3-[5-(2-bromoethoxycarbonyl)-methyl-furfuryl]-7.beta.-[N-2-bromoethoxycarb
     onyl-D-(.alpha.)-phenylglycyl]-amino-ceph-2-em- 4.xi.-carboxylic acid is
      obtained, which after recrystallisation from a mixture of methylene
      chloride and cyclohexane melts at 103.degree.-105.degree.; thin-layer
      chromatogram (silica gel): Rf = 0.62 (system: n-butanol/acetic acid/water
      75:7.5:21) and Rf = 0.52 (system: n-butanol/ethanol/water 40:10:50);
      ultraviolet absorption spectrum (in ethanol): .lambda..sub.max = 237 m.mu.
      (.epsilon. = 8950) and .lambda..sub.shoulder = 254.5 m.mu. (.epsilon. =
      5270); infrared absorption spectrum (methylene chloride): characteristic
      bands at 2,93.mu., 3,02.mu., 3,43.mu., 5.60.mu., 5,65.mu., 5,75.mu.,
      5,90.mu., 601.mu., 6,69.mu., 7,24.mu., 7,51.mu., 8,22.mu., 8,51.mu.,
      9,82.mu. and 12,58.mu..
PAR  The
      3-acetyloxymethyl-7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycy
     l]-amino-ceph-2-em-4.xi.-carboxylic acid used as starting material can be
      manufactured as follows:
PAR  22.7 Grams of D-(.alpha.)-phenylglycine are suspended in 300 ml of water
      and brought into solution by addition of 80 ml of 2N aqueous sodium
      hydroxide. The clear solution is treated with 150 ml of diethyl ether and
      cooled to 0.degree. to -5.degree.. At this temperature, and while stirring
      vigorously, 21.8 ml (37.5 g) of 2-bromoethoxycarbonyl chloride in 200 ml
      of dioxane and 100 ml of a 2N aqueous sodium hydroxide solution are added
      dropwise simultaneously within 1 hour. The reaction solution is further
      stirred for 1 hour at 0.degree. and treated with 1000 ml of diethyl ether.
      After brief stirring, the layers are separated; the organic phase is
      washed with 50 ml of water and discarded. The aqueous fractions are
      covered with 500 ml of ethyl acetate, acidified to pH 2.5 with 20% aqueous
      phosphoric acid and saturated with sodium chloride; the aqueous layers are
      re-extracted with 2 .times. 150 ml of ethyl acetate and discarded. The
      organic extracts are washed with 4 portions of saturated aqueous sodium
      chloride solution (50 ml on each occasion), dried over magnesium sulphate
      and freed from solvent under reduced pressure.
PAR  The residue is dissolved in methylene chloride while heating and treated
      with cyclohexane. The mixture is left to stand at approximately 4.degree.,
      whereupon a thick broth of needle-shaped crystals forms, which are
      collected by suction filtration while cooling. The colourless precipitate
      is washed with a 1:9-mixture of methylene chloride and cyclohexane and
      with pentane, and dried to constant weight in a vacuum exsiccator, thus
      yielding 2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycine, m.p.
      99-100.degree. (uncorr.). From the filtrate, it is possible to obtain a
      further amount of yellow crystals, m.p. 83.degree.-88.degree., which can
      be crystallised again, m.p. 96.degree.-98.degree.. The analysis sample
      melts unchanged at 99.degree.-100.degree. (uncorr.) after further
      crystallisation from the methylene chloride-cyclohexane mixture.
PAR  A solution of 30.2 g of 2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycine in
      500 ml of absolute tetrahydrofuran is treated with 13.2 ml of absolute
      triethylamine and cooled to -10.degree.. While stirring thoroughly, 13.5
      ml of chloroformic acid isobutyl ester are added under anhydrous
      conditions. The resulting white suspension is further stirred for 15
      minutes at -10.degree.. In the meantime, 32.6 g of 7-amino-cephalosporanic
      acid (approx. 90%) are suspended in 400 ml of 50% aqueous tetrahydrofuran
      and brought into solution by addition of 15.8 ml of triethylamine. Upon
      cooling to 0.degree., this solution is passed into the mixed anhydride.
      The reaction mixture is stirred for 1 hour at 0.degree.-10.degree. and for
      a further hour at room temperature (20.degree.-25.degree.C). The
      tetrahydrofuran is then evaporated under reduced pressure, the residue is
      diluted with 300 ml of water and extracted with 200 ml of ethyl acetate.
      The organic phase is separated and re-extracted with  100 ml of a 0.5%
      aqueous dipotassium hydrogen phosphate solution. A quantity of undissolved
      material is removed by filtration. The ethyl acetate extracts are dried
      over magnesium sulphate and evaporated. According to thin-layer
      chromatogram, the residue contains only a small amount of desired material
      in addition to nonpolar by-products and is discarded. The aqueous extracts
      are covered with 400 ml of ice-cooled ethyl acetate and acidified to pH
      2.5 with approximately 5 molar aqueous phosphoric acid. The precipitate
      that separates out in the process is filtered off, washed with water and
      ethyl acetate and dried; according to chromatogram on silica gel plates,
      it is almost pure 7-amino-cephalosporanic acid. The aqueous phase of the
      filtrate is separated, re-extracted with 2 .times. 300 ml of ethyl acetate
      and discarded. The organic extracts are washed with 300 ml of water and
      300 ml of saturated aqueous sodium chloride solution, dried over anhydrous
      magnesium sulphate and freed from solvent under reduced pressure. The
      residue is dried under a high vacuum to yield a slightly yellowish foam,
      which is as single substance according to thin-layer chromatography. This
      foam is dissolved in ethyl acetate with addition of acetone and
      chromatographed on a column of 800 g of silica gel. Elution is effected
      with a 9:1-mixture of ethyl acetate and methanol; non-polar by-product and
      the yellow colouration are removed in the first runnings. The
      3-acetyloxymethyl-7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycy
     l]-amino-ceph-2-em-4.xi.-carboxylic acid, which is pure according to
      thin-layer chromatography, is crystallised from ethyl acetate and
      recrystallised from a mixture of acetone, methyl acetate and cyclohexane
      and dried under a high vacuum at room temperature, m.p.
      159.5.degree.-161.degree. (with decomp.; uncorr.); [.alpha.].sub.D.sup.20
      = +21.degree. .+-. 21.degree. (c = 0.989 in methanol).
PAR  The 2-furanacetic acid 2-bromoethyl ester used as starting material can be
      manufactured as follows:
PAR  A solution of 15.12 g of furanacetic acid in 120 ml of methylene chloride
      is cooled to 0.degree.; 15.6 g of chloromethylene-dimethylammonium
      chloride are added and the mixture is stirred for 10 minutes while cooling
      with ice. A solution of 30 g of 2-bromoethanol and 19.4 ml of pyridine in
      60 ml of methylene chloride is then added dropwise with stirring and the
      reaction mixture is left to stand for 20 minutes while cooling with ice
      and for 1 hour at room temperature. The solution is extracted three times
      with a 5% aqueous sodium bicarbonate solution and once with a saturated
      aqueous sodium chloride solution, dried over sodium sulphate and distilled
      under reduced pressure. The 2-furanacetic acid 2-bromoethyl ester is
      obtained at 76.degree./0.25 mm; infrared absorption spectrum (in methylene
      chloride): characteristic bands at 3,44.mu., 5,72.mu., 6,10.mu., 7,49.mu.,
      8,20.mu., 8,68.mu., 9,31.mu. and 9,86.mu..
PAC  EXAMPLE 34:
PAR  If in Example 1 the 2-furanacetic acid 2-bromoethyl ester is used instead
      of the anisole, the
      3-[5-(2-bromoethoxycarbonyl)-methyl-furfuryl]-7.beta.-phenylacetylamino-ce
     ph-2-em-4-carboxylic acid is obtained, which after recrystallisation from a
      mixture of methylene choride and cyclohexane melts at
      131.degree.-132.degree.; thin-layer chromatogram (silica gel): Rf = 0.75
      (system: n-butanol/acetic acid/water 75:7.5:21) and Rf = 0.58 (system:
      n-butanol/ethanol/water 40:10:50:); ultraviolet absorption spectrum (in
      ethanol): .lambda..sub.max = 222 m.mu. (.epsilon. = 15050) and
      .lambda..sub.shoulder = 250 m.mu. (.epsilon. = 6660); infrared absorption
      spectrum (in methylene chloride): characteristic bands at: 2,90.mu.,
      3,39.mu., 5,57.mu., 5,70.mu., 5,89.mu., 6,02.mu., 6,60.mu., 7,22.mu.,
      7,58.mu., 8,22.mu., 8,57.mu., 8,80.mu., 11,43.mu. and 12,54.mu..
PAC  EXAMPLE 35:
PAR  If in the process of Example 29, the
      3-acetyloxymethyl-7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycy
     l]-amino-ceph-2-em-4.xi.-carboxylic acid is used instead of the
      3-acetyloxymethyl-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-phe
     nylglycyl]-amino-ceph-2-em-4.xi.-carboxylic acid and is reacted with phenol
      and trifluoroacetic acid, a 1:2-mixture of
      7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycyl]-amino-3-(2-hydr
     oxybenzyl)-ceph-2-em-4.xi.-carboxylic acid and the
      7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycyl]-amino-3-(4-hydr
     oxybenzyl)-ceph-2-em-4.epsilon.-carboxylic acid is obtained, which can be
      separated by crystallisation from a mixture of methylene chloride, acetone
      and cyclohexane. The
      7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycyl]-amino-3-(4-hydr
     oxybenzyl)-ceph-2-em-4.xi.-carboxylic acid melts at 145.degree.-147.degree.
      after crystallisation from a mixture of methylene chloride, acetone and
      cyclohexane; thin-layer chromatogram (silica gel): Rf = 0.53 (system:
      chloroform/methanol 1:1) and Rf = 0.35 (system: n-butanol/acetic
      acid/water 75:7.5:21); infrared absorption spectrum (in mineral oil):
      characteristic bands at 3.08.mu., 5,68.mu. , 5.76.mu., 5,85.mu., 5,97.mu.,
      6,47.mu., 6,88.mu., 7,27.mu., 8,20.mu., 8,51.mu., 9,59.mu., 13,75.mu. and
      14,38.mu..
PAC  EXAMPLE 36
PAR  The residue obtained according to the process below and which contains an
      approximately 3:1-mixture of
      3-acetyloxymethyl-7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycy
     l]-amino-ceph-2-em-4.xi.-carboxylic acid and 3-acetyloxymethyl-
      7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycyl]-amino-ceph-3-em
     -4-carboxylic acid is dissolved in 124 g of freshly distilled
      furan-2-carboxylic acid methyl ester and 250 ml of trifluoroacetic acid.
      After a reaction time of 20 minutes the mixture is evaporated to dryness
      several times under a high vacuum while repeatedly adding absolute
      toluene. The residual foam is dissolved in 300 ml of ethyl acetate and 500
      ml of a 0.5 molar aqueous dipotassium hydrogen phosphate solution. The pH
      of the mixture is raised to 8.5 by addition of a 50% aqueous tripotassium
      phosphate solution. The organic phase is separated, re-extracted with 2
      .times. 100 ml of the aqueous dipotassium hydrogen phosphate solution and
      discarded. The aqueous phase is shaken out with 2 .times. 100 ml of ethyl
      acetate, covered with 300 ml of fresh ethyl acetate and acidified with 20%
      aqueous phosphoric acid to pH 2.5. The aqueous phase is separated,
      re-extracted with 2 additional portions of ethyl acetate after saturation
      with sodium chloride and discarded. The organic extracts are washed
      several times with a saturated aqueous sodium chloride solution, dried
      over magnesium sulphate and freed from solvent under reduced pressure.
PAR  The residue is taken up in acetone and treated with activated charcoal
      while heating. Upon evaporation of the acetone, the crude product is
      dissolved in warm ethyl acetate. On addition of cyclohexane, faintly
      yellow crystals begin to separate out; these are filtered off and dried,
      to give the
      7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycyl]-amino-3-(5-meth
     oxycarbonyl-furfuryl)-ceph-2-em-4.xi.-carboxylic acid. The mother liquors
      are chromatographed on 600 g of silica gel (purified with concentrated
      hydrochloric acid). The reaction product, which is a single substance
      according to thin-layer chromatography, is eluted with methylene chloride,
      containing 12-15% of ethyl acetate and crystallised from a mixture of
      acetone, ethyl acetate and cyclohexane. The analytical sample is
      crystallised once more from the same solvent system and dried for 22 hours
      under a high vacuum at 164.degree.-164.5.degree. (with decomp.; uncorr.);
      [.alpha.].sub.D.sup.20 = 198.degree. .+-. 1.degree. (c = 1.007 in
      dioxane); thin-layer chromatogram (silica gel, plates with fluorescence
      indicator; detection with ultraviolet light .lambda. = 254 m.mu. and
      iodine vapour): Rf = 0.72 (system:n-butanol/acetic acid/water 75:7.5:21),
      Rf = 0.43 (system: n-butanol/ethanol/water 40:10:50), Rf = 0.74 (system:
      n-butanol/acetic acid/water 44:12:44) and Rf = 0.78 (system: ethyl
      acetate/pyridine/acetic acid/water 62:21:6:11); ultraviolet absorption
      spectrum (in 95% aqueous ethanol): .lambda..sub.max = 261 m.mu. (.epsilon.
      = 18550) and .lambda..sub.min = 233 m.mu. (.epsilon. = 11650); infrared
      absorption spectrum (in mineral oil): characteristic bands at 3,03.mu. ,
      3,25.mu., 5,68.mu., 5,77.mu., 5,80.mu. (shoulder), 5,89.mu., 6,02.mu.,
      6,50.mu., 7,59.mu., 7,96.mu., 8,04.mu., 8,21.mu., 8,51.mu., 8,76.mu.,
      9,82.mu. and 13,17.mu..
PAR  The starting material can be manufactured as follows: A solution of 44.0 g
      of
      3-acetyloxymethyl-7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycy
     l]-amino-ceph-3-em-4-carboxylic acid in 200 ml of absolute pyridine is left
      to stand for 2 hours at room temperature after addition of 17 ml of acetic
      acid anhydride. The dark reaction solution is evaporation to dryness under
      a high vacuum. The residue, which contains the
      3-acetyloxymethyl-7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycy
     l]-amino-ceph-2-em-4.xi.-carboxylic acid, is partitioned between ethyl
      acetate and a 0.5 molar aqueous dipotassium hydrogen phosphate solution;
      the organic phase is re-extracted with the buffer solution and discarded.
      The aqueous phase is covered with fresh ethyl acetate and acidified to pH
      2 with 20% aqueous phosphoric acid. The aqueous phase is separated,
      saturated with sodium chloride, reextracted with ethyl acetate and
      discarded. The organic extracts are washed with a saturated aqueous sodium
      chloride solution, dried over magnesium sulphate and freed from solvent
      under reduced pressure.
PAC  EXAMPLE 37:
PAR  A solution of 1.50 g of
      3-(4-methoxy-benzyl)-7-(N-phenylacetyl-amino)ceph-2-em-4.xi.-carboxylic
      acid, containing a small quantity of
      3-(2-methoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid, in 50 ml of a 4:1 mixture of dioxane and methanol, is treated with a
      solution of diphenyldiazomethane in cyclohexane, added in portions, until
      a red colour persists, and the mixture is left to stand for 3 hours at
      room temperature. The solvent is removed under reduced pressure and the
      residue is chromatographed on a column with 135 g of silica gel. Non-polar
      impurities are eluted with methylene chloride, and the desired product is
      eluted with methylene chloride containing 2% of acetic acid ethyl ester.
      The residue of the combined extract is recrystallised from a mixture of
      methylene chloride, 1,1,1-trichlorethane and cyclohexane, whereupon a
      product melting at 128.degree. - 129.degree.C (uncorrected) is obtained.
      Further recrystallisation from the same solvent mixture results in the
      enrichment of
      3-(4-methoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid diphenylmethyl ester and the melting point rises to 145.degree. -
      145.5.degree.C. (corrected; correction + 1.5.degree.C). The pure
      3-(4-methoxy-benzyl)-7.beta.-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carbox
     ylic acid diphenylmethyl ester obtained after four recrystallisations is
      dried in a high vacuum at 35.degree.C; [.alpha.].sub.D.sup.20 =
      +317.degree. .+-. 1.degree. (c = 1.269 in chloroform); thin layer
      chromatogram (silica gel G; development with iodine vapour): Rf = 0.58
      (system toluene/acetone, 4:1), Rf = 0.19 (system toluene/acetone, 19:1),
      Rf = 0.56 (system toluene/diethyl ether, 1:1), Rf = 0.31 (system
      toluene/acetic acid ethyl ester, 4:1), Rf = 0.38 (system toluene/acetic
      acid ethyl ester, 3:1) and Rf = 0.86 (system toluene/acetic acid ethyl
      ester); ultraviolet absorption spectrum (in 95% ethanol): .lambda.
      .sub.max = 285 m.mu. (.epsilon. = 1900), .lambda. .sub.shoulder = 253
      m.mu. (.epsilon. = 8600) and strong end absorption; infrared absorption
      spectrum: characteristic bands in methylene chloride at 2.92.mu.,
      5.61.mu., 5.73.mu., 5.93.mu., 6.20.mu., 6.62.mu., 6.67.mu. (shoulder),
      6.88.mu., 8.48.mu. and 9.69.mu., and in mineral oil at 2.99.mu., 5,63.mu.,
      5.77.mu., 6.05.mu., 6.56.mu., 6.61.mu., 7.42.mu., 8.00.mu., 8.33.mu.,
      8.58.mu. and 9.71.mu..
PAC  EXAMPLE 38
PAR  A solution of 5.1 g of the crude
      3-(2,5-dimethoxybenzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxyli
     c acid in 100 ml of 4:1 mixture of dioxane and methanol is treated with a
      solution of diphenyldiazomethane in cyclohexane until a red colour
      persists. After 16 hours standing at room temperature, the mixture is
      evaporated to dryness under reduced pressure and the residue is
      chromatographed on silica gel containing 5% of watar.
      3-(2,5-Dimethoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxyl
     ic acid diphenylmethyl ester is eluted with methylene chloride containing 3
      - 4% of acetic acid methyl ester. The residue from the eluate is
      crystallised from a mixture of acetone and cyclohexane, melting point
      145.degree. - 146.5.degree.C (uncorrected); [.alpha.].sub.D.sup.20 = +
      268.degree. .+-. 1.degree. (c = 1.018 in chloroform); thin layer
      chromatogram (silica gel; development with iodine vapour): Rf = 0.19
      (system toluene/acetone, 19:1), Rf = 0.57 (system toluene/acetone, 4:1),
      Rf = 0.40 (system toluene/acetic acid ethyl ester, 4:1) and Rf = 0.56
      (system toluene/diethyl ether, 1:1); ultraviolet absorption spectrum (in
      95% strength non-denatured ethanol): .lambda. .sub.max = 291 m.mu.
      (.epsilon. = 4550) and 250 m.mu. (.epsilon. = 6850), and .lambda. .sub.min
      = 272 m.mu. (.epsilon. = 2350); infrared absorption spectrum:
      characteristic bands in methylene chloride at 2.98.mu., 3.49.mu.,
      5.60.mu., 5.71.mu., 5.91.mu., 6.65.mu., 7.56.mu., 8.14.mu., 8.45.mu. and
      9.57.mu., and in mineral oil at 2.98.mu., 5.59.mu., 5.75.mu., 5.98.mu.,
      6.02.mu. (shoulder),  6.53.mu., 6.65.mu. and 8.12.mu..
PAC  EXAMPLE 39
PAR  A solution of 10.9 g of
      3-(4-methoxy-1-naphthylmethyl)-7.beta.-phenylacetylamino-ceph-2-em-4.xi.-c
     arboxylic acid in 300 ml of methylene chloride is treated with 1.80 ml of
      pyridine, then successively with 2.50 ml of 2,2,2-trichloroethanol in 20
      ml of methylene chloride and 4.95 g of dicyclohexylcarbodiimide in 40 ml
      of methylene chloride. The addition of the reagents is carried out at room
      temperature and while stirring. The reaction mixture is stirred for 20
      hours at room temperature, freed from dicyclohexylurea by means of
      filtration and the filtrate is evaporated under reduced pressure. The
      residue is taken up in ethyl acetate and mixed with an aqueous dipotassium
      hydrogen phosphate buffer solution (pH 7.5). The aqueous portion is
      separated, washed several times with ethyl acetate and the pH adjusted to
      2.5  with 20% aqueous phosphoric acid. After repeated extraction with
      ethyl acetate, the organic extracts from the aqueous phase having pH 2.5
      are combined, washed with water and a saturated aqueous sodium chloride
      solution, dried over magnesium sulphate and evaporated under reduced
      pressure. The residue is chromatographed on 450 g of silica gel, elution
      being carried out with methylene chloride containing 5% of methyl acetate,
      fractions of 500 ml being taken. The residue of the fractions 12-13 is
      crystallised from ethyl acetate and yields the
      3-(4-methoxy-1-naphthylmethyl)-7.beta.-phenylacetylamino-ceph-2-em-4.xi.-c
     arboxylic acid 2,2,2-trichloroethylester, which melts at 145-147.degree.;
      [.alpha.].sub.D.sup.20 = + 271.degree. .+-. 1.degree. (c = 0,918 in
      chloroform); ultraviolet absorption spectrum (in methanol):
      .lambda..sub.max = 210 m.mu. (.epsilon. = 67000), 232 m.mu. (.epsilon. =
      41200), 298 m.mu. (.epsilon. = 9990) and 322  m.mu.  (.epsilon. = 4960);
      infrared absorption spectrum (in mineral oil): characteristic bands at
      2,90.mu., 5,62.mu., 5,68.mu., 6,02.mu., 6,27.mu. and 6,60.mu.; thin-layer
      chromatogram (silica gel): Rf = 0.27 (system: toluene/ethyl acetate 4:1)
      and Rf = 0.38 (system: toluene/acetone 9:1).
PAR  Fraction 14 of the chromatogram yields the desired ester together with a
      by-product and fractions 15-17 yield an impure by-product which is
      crystallised from ethyl acetate. The mother liquor of crystallisation and
      fractions 14 are combined, evaporated to dryness and the residue is
      chromatographed on 60 g of silica gel, extraction being performed with
      methylene chloride containing 3% of methyl acetate; and fractions of 100
      ml being taken. Fractions 4 and 5 contain a further amount of the
      3-(4-methoxy-1-naphthylmethyl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-
     carboxylic acid 2,2,2-trichloroethyl ester.
PAC  EXAMPLE 40
PAR  A solution of 6.3 g of
      3-(4-hydroxy-3-methoxybenzyl)-7.beta.-phenylacetylamino-ceph-2-em-4.xi.-ca
     rboxylic acid in 20 ml of methanol is diluted with 70 ml of ethyl acetate,
      then treated with 3.9 g. of diphenyldiazomethane. The reaction mixture is
      stirred for 1 hour at room temperature and then evaporated under reduced
      pressure. The residue is crystallised from ethyl acetate; the mother
      liquor is evaporated to dryness and the residue crystallised from
      cyclohexane. The two crystalline products are combined and recrystallised
      from a mixture of ethyl acetate and cyclohexane. The resulting
      3-(4-hydroxy-3-methoxy-benzyl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-
     carboxylic acid diphenylmethyl ester melts at 165.degree.-166.degree.C;
      [.alpha.].sub.D.sup.20 = + 343.degree. .+-. 1.degree. (c = 0.947 in 95%
      ethanol); thin-layer chromatogram (silica gel): Rf = 0.48 (system
      toluene/ethyl acetate 1:1) and Rf = 0.36 (system toluene/acetone 4:1);
      ultraviolet absorption spectrum (in 95% ethanol): .lambda. .sub.max = 255
      m.mu. (.epsilon. = 3930) and 282 m.mu. (.epsilon. = 1860); infrared
      absorption spectrum (in mineral oil): characteristic bands at 2,80.mu.,
      2,98.mu., 5.62.mu., 5.77.mu., 6,02.mu. and 6.59.mu..
PAC  EXAMPLE 41
PAR  A solution of
      7.beta.-phenylacetylamino-3-(2-thenyl)-ceph-2-em-4.xi.-carboxylic acid in
      150 ml of methanol is diluted with 200 ml of ethyl acetate, then treated
      with 9.70 g of diphenyldiazomethane in 20 ml of ethyl acetate. The
      reaction mixture is stirred at room temperature for 1 hour and evaporated
      to dryness under reduced pressure. The residue is crystallised from ethyl
      acetate and chromatographed on 400 g of silica gel. Elution with ethyl
      acetate yields the
      7.beta.-phenylacetylamino-3-(2-thenyl)-ceph-2-em-4.xi.-carboxylic acid
      diphenylmethylester, which after recrystallisation from ethyl acetate
      melts at 166.degree.-167.degree.; [.alpha.].sub.D.sup.20 = + 359.degree.
      .+-. 2.degree. (c = 0.490 in 95% ethanol); thin-layer chromatogram (silica
      gel): Rf = 0.73 (system: toluene/ethyl acetate 1:1) and Rf = 0.56 (system:
      toluene/acetone 4:1); ultraviolet absorption spectrum (in 95% alkanol):
      strong terminal absorption; infrared absorption spectrum (in mineral oil);
      characteristic bands at 2,97.mu., 5,62.mu., 5,75.mu., 6,03.mu. and
      6,54.mu..
PAC  EXAMPLE 42
PAR  A solution of 0.337 g of amorphous
      3-(2,2-diacetylethyl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxyli
     c acid in 5 ml of methanol and 50 ml of ethyl acetate is treated with an
      excess of diphenyldiazomethane and the solvent is removed under reduced
      pressure after a 30 minute reaction period. The residue is triturated with
      petroleum ether, the insoluble material filtered off and chromatographed
      on 20 g of silica gel (column). The
      3-(2,2-diacetylethyl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxyli
     c acid diphenylmethyl ester is eluted with a 9:1-mixture of methylene
      chloride and ethyl acetate in a colourless, amorphous form; ultraviolet
      absorption spectrum (in methanol): .lambda..sub.max = 286 m.mu. (.epsilon.
      = 6240) and 255 m.mu. (.epsilon. = 7450); infrared absorption spectrum (in
      methylene chloride): characteristic bands at: 2,69.mu., 2,90.mu.,
      5,60.mu., 5,72.mu., 5,92.mu., 6,22.mu., 6,65.mu., 6,88.mu., 7,19.mu.,
      7,57.mu., 8,17.mu., 8,46.mu., 8,65.mu., 9,27.mu., 9,72.mu., 10,23.mu. and
      10,54.mu..
PAC  EXAMPLE 43
PAR  A suspension of 0.456 g of
      3-(5-methoxycarbonylfurfuryl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-c
     arboxylic acid in 5 ml of water is treated in a vessel equipped with a
      stirrer and an automatic triturating apparatus (adjusted to pH 9.5;
      contains 0.1N aqueous sodium hydroxide solution to regulate the pH value)
      with 10 ml of the sodium hydroxide solution (1 equivalent) at room
      temperature, whereupon a complete solution is obtained. The temperature is
      raised to 30.degree.-34.degree.. The addition of the sodium hydroxide
      solution decreases after 31/2 hours; a further 8 ml are added during this
      period. The solution is then cooled, diluted with water and washed with
      ethyl acetate. The pH value of the aqueous layer is adjusted to 2.5 by the
      addition of 20% aqueous phosphoric acid. After extraction with ethyl
      acetate, the resulting extracts are washed with water and a saturated
      aqueous sodium chloride solution, dried over sodium sulphate and
      evaporated under reduced pressure. The reaction is repeated and the last
      two residues are combined. The resulting crude product contains in
      addition to unreacted starting material the
      3-(5-carboxy-furfuryl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxyl
     ic acid and is further processed without purification.
PAR  The above crude product is dissolved in 5 ml of methanol, the solution
      diluted with 30 ml of ethyl acetate and treated with a solution of 1.2 g
      of diphenyldiazomethane in 50 ml of ethyl acetate. The mixture is stirred
      for 2 hours at room temperature and the solvent is removed under reduced
      pressure. The residue is crystallised from methanol to yield a crystalline
      product (A); a further product (B) is isolated from the crystallization
      mother liquor. Product (A) consists of a new product contaminated by
      tetraphenylketazine, whereas product (B) contains tetraphenylketazine, the
      new product and
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-
     carboxylic acid diphenylmethyl ester; both products are chromatographed
      individually. Product (A) is chromatographed on 30 g of silica gel,
      elution being carried out with methylene chloride, then with a 1:1-mixture
      of methyl acetate and methylene chloride and 100 ml fractions being taken.
      The tetraphenylketazine is removed with 5 fractions of methylene chloride
      and the first fraction with the solvent mixture contains the pure
      3-(5-diphenylmethoxycarbonyl-furfuryl)-7.beta.-phenylacetylamino-ceph-2-em
     -4.xi.-carboxylic acid diphenylmethyl ester, which after repeated
      recrystallisation from ethyl acetate melts at 155.degree.-156.degree.;
      [.alpha.].sub.D.sup.20 = + 217.degree. .+-. 1.degree. (c = 0.844 in
      chloroform); thin-layer chromatogram (silica gel): Rf = 0.73 (system:
      toluene/ethyl acetate 1:1) and Rf = 0.59 (system: toluene/acetone 4:1);
      ultraviolet absorption spectrum (in methanol): .lambda..sub.max = 262
      m.mu. (.epsilon. = 23200) and .lambda..sub.min =  236 m.mu.  (.epsilon. =
      12200); infrared absorption spectrum (in mineral oil): characteristic
      bands at 2,98.mu., 5,77.mu., 5,80.mu., 6,04.mu. and 6,52.mu..
PAR  Product (B) from the mother liquor is chromatographed on 30 g of silica
      gel. The tetraphenylketazine is washed out with 400 ml methylene chloride
      and the
      3-(5-diphenylmethoxycarbonyl-furfuryl)-7.beta.-phenylacetyl-amino-ceph-2-e
     m-4.xi.-carboxylic acid diphenylmethyl ester is eluted with a further 400
      ml of methylene chloride. The
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-
     carboxylic acid diphenylmethyl ester is eluted with methylene chloride
      containing 10% of methyl acetate.
PAC  EXAMPLE 44:
PAR  A mixture of 0.550 g of
      3-(5-diphenylmethoxycarbonyl-furfuryl)-7.beta.-phenylacetyl-amino-ceph-2-e
     m-4.xi.-carboxylic acid diphenylmethyl ester and 0.380 g of anisol is
      treated with 10 ml of trifluoroacetic acid and left to stand for 10
      minutes at room temperature. The mixture is diluted with an equal volume
      of toluene and evaporated under reduced pressure. The residue is
      partitioned between ethyl acetate and a 10% aqueous dipotassium hydrogen
      phosphate solution (pH 7.8). The layers are separated, the aqueous phase
      is washed several times with ethyl acetate and the pH adjusted to 2.5 by
      addition of 20% aqueous phosphoric acid. After extraction with ethyl
      acetate, the resulting organic extracts are washed with water and a
      saturated aqueous sodium chloride solution, dried over sodium sulphate and
      evaporated under reduced pressure. The residue is recrystallised from
      ethyl acetate and yields the
      3-(5-carboxy-furfuryl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxyl
     ic acid, which melts at 194.degree.-195.degree.; [.alpha.].sub.D.sup.20 = +
      315.degree. .+-. 1.degree. (c = 1.010 in dioxan): thin-layer chromatogram
      (silica gel): Rf = 0.65 (system n-butanol/acetic acid/water 67:10:23) and
      Rf = 0.38 (system n-butanol/ethanol/water 40:10:50); infrared absorption
      spectrum (in mineral oil): characteristic bands at 2,99.mu., 5,67.mu.,
      5,76.mu., 5,90.mu., 6,04.mu., 6,26.mu., 6,51.mu. and 6,53.mu. (shoulder).
PAC  EXAMPLE 45:
PAR  A solution of 6.50 g of
      3-(4-hydroxy-benzyl)-7.beta.-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxyli
     c acid in 15 ml of methanol is diluted with 200 ml of ethyl acetate and
      treated at room temperature in small amounts with a total of 5.82 g of
      crude diphenyldiazomethane. The reaction solution, which at first
      generates large amounts of nitrogen, is left to stand for 1 hour at room
      temperature, and retains its purplish red colouration. The solvent is then
      distilled off under reduced pressure. The residue is digested with a
      1:1-mixture of diethyl ether and petroleum ether; the undissolved material
      is filtered off and washed repeatedly with the diethyl ether-petroleum
      ether mixture on the suction filter. The faintly yellow crude product is
      dissolved in methylene chloride and chromatographed on 400 g of silica
      gel. Non-polar impurities are washed out with methylene chloride,
      containing 5-7% of methyl acetate (4 fractions of 500 ml each). The
      colourless
      3-(4-hydroxy-benzyl)17.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxylic
      acid diphenylmethyl ester, which is pure according to chromatography, is
      eluted with 4 fractions of 500 ml each of a 9:1-mixture of methylene
      chloride and methyl acetate. The residue is crystallised from a mixture of
      methylene chloride, diethyl ether and cyclohexane; after repeated
      crystallisation from the solvent mixture and after drying for 15 hours
      under a high vacuum at 35.degree., it melts in the form of fine,
      colourless needles at 133.degree.-134.degree.; [.alpha.].sub.D.sup.20 = +
      334.degree. .+-. 1.degree. (c = 1.070 in chloroform); thin-layer
      chromatogram (silica gel): Rf = 0.44 (system: toluene/acetone 4:1), Rf =
      0.59 (system: toluene/acetone 2:1) and Rf = 0.72 (system: toluene/ethyl
      acetate 1:1); ultraviolet absorption spectrum (in 95% ethanol):
      .lambda..sub.max = 253 m.mu. (.epsilon. = 7650), .lambda..sub.min = 249
      m.mu. (.epsilon. = 7600) and shoulder at 280 m.mu. (.epsilon. = 2400);
      infrared absorption spectrum (in methylene chloride): characteristic bands
      at 2,76.mu., 2,89.mu., 5,60.mu., 5,72.mu., 5,93.mu., 6,19.mu., 6,25.mu.,
      6,61.mu., 6,67.mu. (shoulder), 7,50.mu., 7,55.mu., 8,17.mu., 8,45.mu.,
      8,54.mu., 8,63.mu., 10,20.mu. and 12,13.mu..
PAC  EXAMPLE 46:
PAR  A solution of 6.85 g of crystallised
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-
     carboxylic acid in 50 ml of methanol is treated with 100 ml of ethyl
      acetate and the methanol is almost completely removed under reduced
      pressure. A total of 6.0 g of crude diphenyldiazomethane is then added in
      small amounts. The reaction mixture is freed from solvent after a total
      reaction period of 60 minutes at room temperature. The residual oil is
      triturated with 500 ml of petroleum ether, the undissolved material is
      filtered off and crystallised from 100 ml of hot ethyl acetate. The first
      crystalline fraction is recrystallised twice from a mixture of methylene
      chloride and cyclohexane to yield the
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-
     carboxylic acid diphenylmethyl ester in the form of colourless felted
      needles, m.p. 164.degree.-166.degree.; [.alpha.].sub.D.sup.20 = +
      267.degree. .+-. 1.degree. (c = 1.134 in chloroform): thin-layer
      chromatogram (silica gel): Rf = 0.71 (system: toluene/ethyl acetate 1:1),
      Rf = 0.60 (system: toluene/ethyl acetate 2:1), Rf = 0.70 (system:
      toluene/acetone 2:1), Rf = 0.49 (system: toluene/acetone  4:1) and Rf =
      0.30 (system toluene/acetone 9:1); ultraviolet absorption spectrum (in 95%
      ethanol): .lambda..sub.max = 268 m.mu. (.epsilon. = 21000) and
      .lambda..sub.min = 234 m.mu. (.epsilon. = 11000); infrared absorption
      spectrum (in mineral oil): characteristic bands at 2,98.mu., 5,61.mu.,
      5,74.mu., 6,03.mu., 6,53.mu., 7,59.mu., 8,26.mu., 8,54.mu., 8,72.mu.,
      9,81.mu., 10,14.mu., 13,13.mu. and 14,42.mu..
PAR  The second crystalline fraction, which results upon addition of
      cyclohexane, is chromatographed together with the mother liquor of the
      first fraction on 120 g of silica gel. The above ester compound is eluted
      with methylene chloride containing 3-5% of methyl acetate, and
      crystallised from a mixture of methylene chloride and cyclohexane. The
      crude
      3-hydroxymethyl-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxylic acid
      diphenylmethyl ester is eluted with methylene chloride, containing 10-20%
      methyl acetate.
PAC  EXAMPLE 47:
PAR  A solution of 0.81 g of
      3-(2-oxo-cyclohexyl)-methyl-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-car
     boxylic acid in 5 ml of methanol and 50 ml of ethyl acetate, is treated
      with 0.58 g of diphenyldiazomethane in 20 ml of ethyl acetate. The mixture
      is stirred for 45 minutes at room temperature and evaporated to dryness.
      The residue is digested with petroleum ether to remove excess
      diphenyldiazomethane. The resulting insoluble, viscous oil is
      chromatographed on 30 g of silica gel. The
      3-(2-oxocyclohexyl)-methyl-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carb
     oxylic acid diphenylmethyl ester is eluted with 19:1- and 9:1-mixtures of
      methylene chloride and methyl acetate. The colourless amorphous product is
      almost a uniform substance according to thin-layer chromatgraphy (silica
      gel): Rf = 0.41 (system: toluene/acetone 4:1) and Rf = 0.63 (system:
      toluene/ethyl acetate 1:1); ultraviolet absorption (in methanol):
      .lambda..sub.max = 251 m.mu. (.epsilon. = 6000), .lambda..sub.min = 242
      m.mu.  (.epsilon. = 5750) and .lambda..sub.shoulder = 286 m.mu. (.epsilon.
      = 2800); infrared absorption spectrum (in methylene chloride):
      characteristic bands at 2,91.mu., 5,62.mu., 5,73.mu., 5,92.mu., 5,95.mu.,
      6,63.mu., 6,67.mu., 6,88.mu., 7,26.mu., 7,58.mu., 8,16.mu., 8,43.mu.,
      8,60.mu., 9,06.mu., 9,73.mu. and 10,23.mu..
PAC  EXAMPLE 48:
PAR  If in the process of Example 37 the
      3-[5-(2-bromoethoxycarbonyl)-methyl-furfuryl]-7.beta.-[N-2-bromoethoxycarb
     onyl-D-(.alpha.)-phenylglycyl]-amino-ceph-2-em-4.xi.-carboxylic acid is
      used instead of the
      3-(2,5-dimethoxy-benzyl)-7.beta.-phenylacetylamino-ceph-2-em-4.xi.-carboxy
     lic acid and is esterified in the dioxane-methanol mixture with
      diphenyldiazomethane, the
      3-[5-(2-bromoethoxycarbonyl)-methyl-furfuryl-7.beta.-[N-2-bromoethoxycarbo
     nyl-D-(.alpha.)-phenylglycyl]-amino-ceph-2-em-4.xi.-carboxylic acid
      diphenylmethyl ester is obtained, which is recrystallised from a mixture
      of methyl acetate and isopropanol, m.p. 72.degree.-73.degree.; thin-layer
      chromatogram (silica gel): Rf = 0.75 (system: methylene chloride/acetone
      10:1), Rf = 0.26 (system: toluene/ethyl acetate 2:1), and Rf = 0.96
      (system: chloroform/ethanol 10:1); ultraviolet absorption spectrum (in
      ethanol: .lambda..sub.max = 216 m.mu. (.epsilon. = 26350) and
      .lambda..sub.shoulder = 252 m.mu. (.epsilon. = 7150); infrared absorption
      spectrum (in methylene chloride): characteristic bands at: 2,87 .mu.,
      3,40.mu., 5,53.mu., 5,66.mu., 5,71.mu. , 6,61.mu., 7,50.mu., 8,16.mu.,
      8,55.mu., 9,72.mu. and 10,17.mu..
PAC  EXAMPLE 49:
PAR  If in the process of Example 37 the
      7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycyl]-amino-3-(4-hydr
     oxy-benzyl)-ceph-2-em-4.xi.-carboxylic acid is used instead of the
      3-(2,5-dimethoxy-benzyl)-7.beta.-phenylacetylamino-ceph-2-em-4.xi.-carboxy
     lic acid and is esterified in a 9:1-mixture of dioxane and methanol with
      diphenyldiazomethane, the
      7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycyl]-amino-3-(4-hydr
     oxybenzyl)-ceph-2-em-4.xi.-carboxylic acid diphenylmethyl ester is
      obtained, which after recrystallization from a mixture of methyl acetate
      and isopropanol melts at 99.degree.-100.degree.; thin-layer chromatogram
      (silica gel): Rf = 0.55 (system: chloroform/methanol 97:3) and Rf = 0.25
      (system: chloroform/acetone 9:1); ultraviolet absorption spectrum (in
      ethanol): .lambda..sub.max = 214 m.mu. (.epsilon. = 20100) and
      .lambda..sub.shoulder = 254 m.mu. (.epsilon. = 4740); infrared absorption
      spectrum (in methylene chloride); 2,86.mu., 2,91.mu., 3,27.mu., 3,34.mu.,
      5,60.mu., 5,74.mu., 5,88.mu., 6,18.mu., 6,60.mu.,  6,67.mu., 6,87.mu.,
      7,18.mu., 7,51.mu., 8,18.mu., 8,45.mu., 8,53.mu., 9,25.mu., 9,61.mu.,
      10,31.mu., 10,57 .mu. and 12,17.mu..
PAC  EXAMPLE 50:
PAR  A solution of 6.7 g of crude crystalline
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.
     )-phenylglycyl]-amino-ceph-2-em-4.xi.-carboxylic acid in 100 ml of a 4:1
      -mixture of dioxane and methanol is left to stand for 3 hours with an
      excess of solid diphenyldiazomethane. Upon addition of a few drops of
      acetic acid, the reaction solution is evaporated to dryness under reduced
      pressure. The faintly yellow residual foam is dissolved in a small amount
      of methylene chloride and subjected to a rapid chromatogram on 300 g of
      silica gel (column). The
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.
     )-phenylglycyl]-amino-ceph-2-em-4.xi.-carboxylic acid diphenylmethyl ester,
      which is pure according to thin-layer chromatography, is eluted with a
      9:1-mixture of methylene chloride and methyl acetate and crystallised from
      a mixture of methylene chloride, diethyl ether and cyclohexane. For
      purpose of analysis, a sample is again crystallised from the same solvent;
      the resulting crystals sinter in the range of 129.degree.-138.degree. and
      then melt sharply at 163.degree. (uncorr.); [ .alpha.].sub.D.sup.20 =+
      192.degree. .+-. 1.degree. (c = 0.985 in chloroform): thin-layer
      chromatogram (silica gel, plates; detection with UV light .lambda. = 254
      m.mu. and iodine vapour): Rf = 0.44 (system: toluene/acetone 4:1), Rf =
      0.19 (system: toluene/acetone 9:1), Rf = 0.24 (system: toluene/ethyl
      acetate 4:1) and Rf = 0.68 - 0.70 (system: toluene/ethyl acetate 1:1);
      ultraviolet absorption spectrum (in 95% aqueous ethanol): .lambda..sub.max
      = 260 m.mu. (.epsilon. = 20200) and .lambda..sub.min = 236 m.mu.
      (.epsilon. = 11200); infrared absorption spectrum (in mineral oil):
      characteristic bands at: 3,00.mu., 3,24.mu., 5,62.mu., 5,75.mu., 5,89.mu.,
      6,01.mu., 6,48.mu., 7,37.mu., 7,63.mu., 7,84.mu., 8,26.mu., 8,55.mu.,
      8,74.mu., 9,83.mu., 13,19.mu. and 14,14.mu..
PAC  EXAMPLE 51:
PAR  A solution of 0.975 g of
      7.beta.-formylamino-3-(2-thenyl)-ceph-2-em-4.xi.-carboxylic acid in 10 ml
      of dioxane is treated with 1.2 ml of a 1:1-mixture of concentrated
      hydrochloric acid and water and left to stand for 3 days at room
      temperature. The faintly yellow reaction solution is lyophilised to yield
      the 7.beta.-amino-3-(2-thenyl)-ceph-2-em-4.xi.-carboxylic acid
      hydrochloride, which according to thin-layer chromatogram which contains
      only traces of the starting material; thin-layer chromatogram (silica gel;
      detection with iodine vapour); Rf = 0.40 (system: n-butanol/acetic
      acid/water 67:10:23; starting material Rf = 0.56), Rf = 0.51 (system:
      n-butanol/pyridine/acetic acid/water 40:24:6:30; starting material Rf =
      0.60), and Rf = 0.43 (system: ethyl acetate/n-butanol/pyridine/acetic
      acid/water 42:21:21:6:10; starting material Rf = 0.64).
PAC  EXAMPLE 52:
PAR  A suspension of 0.666 g of lyophilised
      7.beta.-amino-3-(2-thenyl)-ceph-2-em-4.xi.-carboxylic acid hydrochloride
      in 20 ml of absolute methylene chloride is treated with 0.56 ml of
      triethylamaine. The mixture is cooled to -10.degree. and a solution of
      0.34 g of phenylacetic chloride in 5 ml of absolute methylene chloride is
      added dropwise while stirring with a magnetic stirrer. Stirring is
      continued for 1 hour at -10.degree. and for 1 hour at room temperature.
      The reaction solution is diluted with 20 ml of methylene chloride and
      extracted several portions of a 0.5 molar aqueous dipotassium hydrogen
      phosphate solution. The aqueous extracts are covered with ethyl acetate
      and acidified to pH 2 with 20% phosphoric acid. The phases are separated,
      the aqueous phase is reextracted with ethyl acetate and discarded. The
      organic extracts are washed with a saturated aqueous sodium chloride
      solution, dried over magnesium sulphate and freed from solvent under
      reduced pressure. The residue is purified by means of a rapid chromatogram
      on 20 g of silica gel, washed with concentrated hydrochloric acid. The
      7.beta.-phenylacetylamino-3-(2-thenyl)-ceph-2-em-4.xi.-carboxylic acid is
      eluted with a 3:1-mixture of methylene chloride and methyl acetate and
      recrystallised from a mixture of acetone and 1,1,1-trichloroethane; after
      drying under high vacuum at 35.degree., the colourless crystals melt at
      191.5.degree.-192.5.degree. (with decomp.).
PAC  EXAMPLE 53: A solution of 0.333 g of
      3-(4-methoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid diphenylmethyl ester in 4 ml of a 10% strength solution of
      triethylamine in absolute pyridine is left to stand under a nitrogen
      atmosphere for 31/2 days at room temperature with exclusion of light and
      is then evaporated to dryness under reduced pressure. The residue is mixed
      with toluene and the mixture is evaporated to dryness; this operation is
      repeated twice more. The crude product is chromatographed on a 100-fold
      amount of silica gel. The desired
      3-(4-methoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester. is eluted with a 7:3 mixture of toluene and
      methylene chloride; after two recrystallisations from a mixture of
      methylene chloride, 1,1,1-trichlorethane and cyclohexane, the ester melts
      at 198.5.degree. - 199.5.degree.C (uncorrected); [.alpha.].sub.D .sup.20 =
      -86.degree. .+-. 1.degree. (c = 0.870 in chloroform); thin layer
      chromatogram (silica gel G; development with iodine vapour): Rf = 0.61
      (system toluene/acetone, 4:1), Rf = 0.22 (system toluene/acetone, 19:1),
      Rf = 0.58 (system toluene/diethyl ether, 1:1) and Rf = 0.87 (system
      toluene/acetic acid ethyl ester, 1:1); ultraviolet absorption spectrum (in
      95% strength ethanol, non-denatured): .lambda..sub.max = 259 m.mu.
      (.epsilon. = 10700) and .lambda..sub.min = 247 m.mu. (.epsilon. = 10100);
      infrared absorption spectrum (in methylene chloride): characteristic bands
      at 2.90.mu., 3.51.mu., 5.58.mu., 5.77.mu., 5,92.mu., 6.19.mu., 6.31.mu.,
      6.61.mu., 6.66.mu. (shoulder), 7.27.mu. , 8.48.mu., 8.61.mu., 9.02.mu.,
      9.69.mu. and 9.87.mu.. On further elution with the 7:3 mixture of toluene
      and methylene chloride, mixed fractions with increasing content of
      3-(4-methoxy-benzyl-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid diphenylmethyl ester are obtained. A further quantity of the desired
      ceph-3-em compound can be obtained from these fractions by crystallisation
      from a mixture of methylene chloride, 1,1,1-trichlorethane and
      cyclohexane. Finally, small quantities of the ceph-2-em compound are
      eluted with pure methylene chloride, and this compound together with the
      mother liquor from the above crystallisation can again be subjected to the
      isomerisation.
PAC  EXAMPLE 54:
PAR  A solution of 0.667 g of
      3-(2,5-dimethoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxyl
     ic acid diphenylmethyl ester in 8 ml of absolute pyridine is mixed with 0.8
      ml of absolute triethylamine. The yellowish solution is left to stand for
      3 days in the dark under a nitrogen atmosphere and at room temperature and
      is then evaporated to dryness under reduced pressure. The residue is
      repeatedly mixed with absolute toluene and in each case the mixture is
      evaporated to dryness. The crude product is chromatographed on a column of
      60 g of silica gel (with 5% of water).
      3-(2,5-Dimethoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-3-em-4-carboxylic
      acid diphenylmethyl ester is eluted with a 3:7-mixture of toluene and
      methylene chloride; after recrystallisation from a mixture of methylene
      chloride and cyclohexane, the ester melts at 158.degree. - 158.5.degree.C
      (uncorrected); it is dried for 20 hours in a high vacuum at 35.degree.C;
      [.alpha.].sub.D.sup.20 = -8.degree. .+-. 1.degree. (c = 0.972 in
      chloroform); thin layer chromatography (silica gel; development with
      iodine vapour): Rf = 0.60 (system toluene/diethyl ether, 1:1), Rf = 0.86
      (system toluene/acetic acid ethyl ester, 1:1) and Rf = 0.32 (system
      toluene/acetone, 4:1); ultraviolet absorption spectrum (in 95% strength
      ethanol; non-denatured): .lambda..sub.max = 263 m.mu. (.epsilon. = 10850)
      and .lambda..sub.min = 242 m.mu. (.epsilon. = 8150); infrared absorption
      spectrum: characteristic bands in methylene chloride at 2.92.mu.,
      3,52.mu., 5.61.mu., 5.79.mu., 5.93.mu., 6.67.mu., 7.29.mu., 8.21.mu.,
      8.51.mu., 8.62.mu., 9.56.mu. and 9.88.mu., and in mineral oil at 2.98.mu.,
      5.66.mu., 5.77.mu., 6.03.mu., 6.51.mu., 6.66.mu., 7.47.mu., 7.90.mu.,
      8.05.mu., 8.54.mu., 8.96.mu., 9.47.mu., 14.20.mu. and 14.43.mu..
PAR  Using pure methylene chloride, a mixture of
      3-(2,5-dimethoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-3-em-4-carboxylic
      acid dephenylmethyl ester and the starting material is eluted, and this
      together with the crystallisation mother liquor can be subjected to a new
      equilibration experiment.
PAC  EXAMPLE 55:
PAR  A solution of 10.2 g of
      7.beta.-phenylacetyl-amino-3-(2-thenyl)-ceph-2-em-4.xi.-carboxylic acid
      diphenylmethyl ester in 130 ml of a 9:1-mixture of pyridine and
      triethylamine is left to stand in the dark and under nitrogen for 31/2
      days at room temperature, then evaporated under reduced pressure. The
      residue is evaporated several times to dryness with toluene and then
      triturated with ethyl acetate. The solid residue is recrystallised from
      ethyl acetate and yields the somewhat impure
      7.beta.-phenylacetyl-amino-3-(2-thenyl)-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester. The mother liquors of trituration and
      crystallisation are evaporated to dryness and yield on evaporation a
      mixture of the
      7.beta.-phenylacetylamino-3-(2-thenyl)-ceph-2-em-4.xi.-carboxylic acid
      diphenylmethyl ester and the
      7.beta.-phenylacetyl-amino-3-(2-thenyl)-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester which is chromatographed on 160 g of silica gel.
      Elution is performed with methylene chloride containing 2% of ethyl
      acetate, fractions of 200 ml (of 100 ml from fraction 9) being taken.
      Fractions 5-8 yield some impure
      7.beta.-phenylacetyl-amino-3-(2-thenyl)-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester and fractions 9-11 some impure
      7.beta.-phenylacetyl-amino-3-(2-thenyl)ceph-2-em-4.xi.-carboxylic acid
      diphenylmethyl ester. The product of fractions 5-8 is crystallised from
      ethyl acetate and combined with the first crystalline product and
      chromatographed on 60 g of silica gel. Elution is performed with methylene
      chloride containing 0.5% of ethyl acetate, fractions of 60 ml being taken.
      Fractions 7-9 yields the pure
      7.beta.-phenylacetyl-amino-3-(2-thenyl)-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester, which after crystallisation from ethyl acetate melts
      at 184.degree.C; [.alpha.].sub.D.sup.20 = -65.degree. .+-. 1.degree. (c =
      0.968 in chloroform): thin-layer chromatogram (silica gel): Rf = 0.46
      (system: toluene/ethyl acetate 4:1) and Rf = 0.57 (system: toluene/acetone
      9:1); ultraviolet absorption spectrum (in 95% ethanol): .lambda..sub.max =
      264.mu. (.epsilon. = 9600); infrared spectrum (in mineral oil);
      characteristic bands at 2,99.mu., 5,59.mu., 5,77.mu., 5,98.mu., 6,10.mu.
      and 6,50.mu..
PAC  EXAMPLE 56:
PAR  A solution of 4.10 g of
      3-furfuryl-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-carboxylic acid
      diphenylmethyl ester in 25 ml of absolute pyridine and 5 ml of absolute
      triethylamine is left to stand for 31/2 days under nitrogen at room
      temperature. The reaction solution is then evaporated to dryness several
      times while adding toluene. The residue is chromatographed on 200 g of
      silica gel (column.), fractions of 250 ml eah being taken. a product is
      eluted in fraction 8 with methylene chloride containing 2% ethyl acetate.
      This product consists mainly of the desired
      3-furfuryl-7.beta.-phenylacetyl-amino-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester and after two crystallisations from a mixture of
      methylene chloride, diethyl ether and cyclohexane, yields the pure product
      in the form of colourless felted needles, m.p. 186.5.degree. - 187.degree.
      (uncorr.); [.alpha.].sub.D.sup.20 = -23.degree. .+-. 1.degree. (c = 0.974
      in chloroform): thin-layer chromatogram (silica gel; development with
      iodine vapour): Rf = 0.83 (system: toluene/ethyl acetate 1:1), Rf = 0.75
      (system: toluene/ethyl acetate 2:1), Rf = 0.68 (system: toluene/acetone
      4:1) and Rf = 0.51 (system: toluene/acetone 9:1) (the Rf values for the
      corresponding ceph2-em compound are 0.80, 0.73, 0.66 and 0.48,
      respectively); ultraviolet absorption spectrum (95%
      ethanol:.lambda..sub.max = 264 m.mu.  (.epsilon.= 8150) and
      .lambda..sub.min = 240 m.mu. (.epsilon. = 5950); infrared absorption
      spectrum: characteristic bands at 3,01.mu., 5,60.mu., 5,78.mu., 6,01.mu.,
      6,09.mu., 6,51.mu., 6,66.mu., 8,14.mu., 8,56.mu., 9,08.mu. and 9,81.mu.
      (in mineral oil and 2,89.mu., 5,58.mu., 5,77.mu., 5,92.mu., 6,65.mu.,
      8.17.mu., 8,62.mu., 9,14.mu. and 9,87.mu..
PAR  Fraction 9 of the above chromatogram contains a mixture consisting of
      3-furfuryl-7.beta.-phenylacetyl-amino-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester, an unidentifiable product and some starting
      material, from which a further amount of the
      3-furfuryl-7.beta.-phenylacetyl-amino-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester can be obtained by repeated crystallisation.
PAC  EXAMPLE 57:
PAR  A solution of 6.1 g of
      3-(4-hydroxy-3-methoxybenzyl)-7-phenylacetyl-amino-ceph-2-em-4.xi.-carboxy
     lic acid diphenylmethyl ester in 63.5 ml of absolute pyridine and 6.5 ml of
      triethylamine is left to stand for 31/2 days under nitrogen at room
      temperature, then evaporated to dryness several times while adding
      toluene. The residue is separated by chromatography on 330 g of silica
      gel; elution is carried out with methylene chloride containing 3% methyl
      acetate, fractions of 250 ml each being taken. The
      3-(4-hydroxy-3-methoxy-benzyl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carb
     oxylic acid diphenylmethyl ester is isolated in fractions 6-8, whereas
      fractions 9 and 10 contain a mixture of the product and the starting
      material. The succeeding fractions 11-16 contain principally unchaged
      starting material. The material from fractions 9 and 10 and the mother
      liquors of the crystallised products (from a mixture of methylene
      chloride, diethyl ether and cyclohexane) of fractions 6-8 are
      chromatographed once more on 130 g of silica gel. Elution is effected with
      methylene chloride containing 1% of ethyl acetate, fractions of 100 ml
      each being taken.
      3-(4-Hydroxy-3-methoxy-benzyl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carb
     oxylic acid diphenylmethyl ester, which is almost pure according to
      chromatography, is eluted in fractions 6-18. These fractions are
      crystallised from a mixture of methylene chloride, diethyl ether and
      cyclohexane; the
      3-(4-hydroxy-3-methoxybenzyl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carbo
     xylic acid diphenylmethyl ester melts at 166.degree.-167.degree. (the
      analytical sample is dried for 15 hours under a high vacuum at 35.degree.
      and still contains cyclohexane according to the nuclear reasonance
      spectrum). The solvent can be completely removed after final drying for 20
      hours at 45.degree.; m.p. 166.degree.-167.5.degree.C (uncorr.)
      [.alpha.].sub.D.sup.20 = -92.degree. .+-. 1.degree. (c = 0.968 in
      chloroform): thin-layer chromatogram (silica gel): Rf = 0.70 (system:
      toluene/ethyl acetate  1:1), Rf = 0.50 (system: toluene/ethyl acetate
      2:1), Rf = 0.44 (system: toluene/acetone 4:1) and Rf = 0.21 (system:
      toluene/acetone 9:1) (the Rf values of the corresponding ceph-2-em
      compound are 0.68, 0.46, 0.40 and 0.15, respectively); ultraviolet
      absorption spectrum (in 95% ethanol): .lambda..sub.max = 272 m.mu.
      (.epsilon. = 9150) and .lambda..sub.min = 244 m.mu. (.epsilon. = 7300);
      infrared absorption spectrum: characteristic bands at: 2,78.mu., 3,02.mu.,
      5,60.mu., 5,83.mu., 6,02.mu., 6,54.mu., 6,60.mu., 7,90.mu., 8,08.mu.,
      8,56.mu., 8,90.mu., 9,12.mu. and 14,41.mu. (in mineral oil) and 2,80.mu.,
      2,90.mu., 5,60.mu., 5,78.mu., 6,21.mu., 6,61.mu., 7,27.mu., 8,12.mu.,
      8,28.mu., 8,50.mu. and 8,62.mu. (in methylene chloride).
PAC  EXAMPLE 58:
PAR  A solution of 2.0 g of
      3-(4-hydroxy-benzyl)-7.beta.-phenyl-acetyl-amino-ceph-2-em-4.xi.-carboxyli
     c acid diphenylmethyl ester in 21.6 ml of absolute pyridine and 2.4 ml of
      triethylamine is left to stand for 31/2 days in the dark at room
      temperature. The faintly yellow solution is evaporated several times under
      reduced pressure while adding toluene. The residue is taken up in
      methylene chloride and chromatographed on 100 g of silica gel. After
      washing with methylene chloride, elution is carried out with methylene
      chloride, containing 5% of ethyl acetate, fractions of 100 ml of the
      solvent mixture being taken. Fractions 5-8 contain almost pure
      3-(4-hydroxy-benzyl)-7.beta.-phenyl-acetyl-amino-ceph-3-em-4-carboxylic
      acid diphenylmethyl ester, which after recrystallisation from a mixture of
      methylene chloride, diethyl ether and cyclohexane, melts in the form of
      fine, rather waxy crystals at 167.degree.-168.degree. (analytical sample:
      m.p. 169.degree.-170.degree. after repeated recrystallisations from
      methylene chloride, diethyl ether and cyclohexane and drying under a high
      vacuum at 35.degree.); [.alpha.].sub.D.sup.20 = -84.degree. .+-. 1.degree.
      (c = 0.936 in chloroform): thin-layer chromatogram (silica gel): Rf = 0.50
      (system: toluene/ethyl acetate 2:1), Rf = 0.69 (system: toluene/ethyl
      acetate 1:1), Rf = 0.20 (system: toluene/acetone 9:1) and Rf = 0.38
      (system: toluene/acetone 4:1) (the corresponding ceph-2-em-compound has
      the following Rf values in these solvent systems: 0.43, 0.67, 0.15 and
      0.38, respectively); ultraviolet absorption spectrum (in 95% ethanol):
      .lambda..sub.max = 267 m.mu. (.epsilon. = 9600) and .lambda..sub.min = 240
      m.mu. (.epsilon. = 6700); infrared absorption spectrum (in mineral oil):
      characteristic bands at: 2,79.mu., 3,02.mu., 5,60.mu., 5,79.mu., 6,01.mu.,
      6,52.mu., 6,60.mu., 7,93.mu., 8,08.mu., 8,57.mu., 9,03.mu., 9,85.mu.,
      10,41.mu., 11,98.mu., 13,30.mu., 14,23.mu. and 14,46.mu..
PAR  Fractions 9 and 10 contain a mixture of the two isomeric compounds and are
      crystallised together with the mother liquors of fractions 5-8, in the
      process of which a further quantity of the pure ceph-3-em compound is
      obtained. Virtually pure starting material is obtained in the succeeding
      fractions and can be used again in further isomerisations.
PAC  EXAMPLE 59:
PAR  The mixture of
      3-(2,5-dimethoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxyl
     ic acid diphenylmethyl ester and the corresponding ceph-3-em compound
      obtained according to the process described in example 54 by elution of
      the silica gel column with methylene chloride, and from the
      crystallisation mother liquor, is dissolved in 30 ml of absolute methylene
      chloride, then mixed with 0.364 g of purified 3-chloroperbenzoic acid
      whilst cooling in ice, and the whole left to stand for one hour at room
      temperature. The reaction mixture is treated with active charcoal and
      filtered, and the filtrate is evaporated to dryness. The residue is taken
      up in methylene chloride and the solution twice washed with 0.5 m aqueous
      dipotassium hydrogen phosphate solution; the aqueous wash solutions are
      re-extracted with methylene chloride. The organic extracts are twice
      washed with saturated aqueous sodium chloride solution, dried over
      magnesium sulphate and evaporated under reduced pressure. The crude
      product is dissolved in methylene chloride and mixed with cyclohexane,
      whilst warm, until the mixture begins to turn cloudy. After cooling, the
      finely crystalline material is filtered off and dried. After again
      crystallisating from the same solvent mixture, the
      3-(2,5-dimethoxybenzyl)-7-(N-phenylacetyl-amino)-ceph-3-em-4-carboxylic
      acid diphenylmethyl ester 1-oxide melts at 180.degree. - 185.degree.C
      (uncorrected; decomposition); [.alpha.].sub.D.sup.20 = + 63.degree. .+-.
      1.degree. (c = 1.068 in chloroform); thin layer chromatography (silica gel
      G; development with iodine vapour): Rf = 0.44 (system toluene/acetone,
      4:1), Rf = 0.48 (system toluene/acetic acid ethyl ester, 1:1), Rf = 0.09
      (system toluene/acetic acid ethyl ester, 4:1) and Rf = 0.19 (system
      toluene/diethyl ester, 1:1); ultraviolet absorption spectrum (in 95%
      strength ethanol; non-denatured):.lambda..sub.max = 267  - 268 m.mu.
      (.epsilon. = 12600) and .lambda..sub.min = 244 m.mu. (.epsilon. = 7250);
      infrared absorption spectrum: characteristic bands in methylene chloride
      at 2.90.mu., 3.48.mu., 5.54.mu., 5.75.mu., 5.90.mu., 6.64.mu., 8.15.mu.,
      9.57.mu. and 9.88.mu. and in mineral oil at 2.97.mu., 5.61.mu., 5.77.mu.,
      5.99.mu., 6.49.mu., 6.65.mu., 7.72.mu., 8.12.mu., 8.45.mu., 8.52.mu.,
      9.40.mu., 9.47.mu., 9.66.mu. and 9.80.mu.. A further quantity of the
      desired product can be obtained from the mother liquors by
      crystallisation.
PAC  EXAMPLE 60:
PAR  A solution of 4.5 g of a mixture of
      3-(4-methoxybenzyl)-7-(N-phenylacetyl-amino)-ceph-2-em-4.xi.-carboxylic
      acid diphenylmethyl ester and of the corresponding ceph-3-em compound,
      which can be obtained in the process of example 53 on purifying the crude
      product by chromatography, in 75 ml of methylene chloride is mixed with
      1.34 g of purified 3-chloroperbenzoic acid and the mixture left to stand
      for one hour at room temperature. It is washed 3 times with 0.5 molar
      aqueous dipotassium hydrogen phosphate solution, and the aqueous solutions
      are extracted with methylene chloride. The organic solutions are washed
      with a saturated aqueous sodium chloride solution, dried over magnesium
      sulphate and evaporated under reduced pressure. The residue is
      chromatographed on a 30-fold quantity of silica gel.
      3-(4-Methoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester 1-oxide is eluted with a 9:1 mixture of methylene
      chloride and acetic acid methyl ester, crystallised from a mixture of
      methylene chloride and cyclohexane, recrystallised from a methylene
      chloride/diethyl ether mixture and an acetic acid methyl ester/diethyl
      ether mixture, and dried for 20 hours in a high vacuum at 35.degree.C. The
      colourless felted crystals melt at 179.degree. - 181.degree.C
      (uncorrected; with decomposition); [.alpha.].sub.D.sup.20 = +71.degree.
      .+-. 1.degree. (c = 0.962 in chloroform); thin layer chromatogram: Rf =
      0.39 (system toluene/diethyl ether, 1:1), Rf = 0.36 (system
      toluene/acetone, 4:1), Rf = 0.42 (system toluene/acetic acid ethyl ester,
      1:1) and Rf = 0.10 (system toluene/acetic acid ethyl ester, 4:1);
      ultraviolet absorption spectrum (in  95% strength ethanol, non-denatured):
      .lambda..sub.max = 269 m.mu. (.epsilon. = 11500) and .lambda..sub.min =
      241 m.mu. (.epsilon. = 5300); infrared absorption spectrum: characteristic
      bands at 2.93.mu., 3.51.mu., 5.57.mu., 5.78.mu., 5.92.mu., 6.63.mu.
      (shoulder), 6.69.mu., 7.27.mu., 8.08.mu., 8.54.mu., 9.04.mu., 9.61.mu.,
      9.73.mu. and 9.91.mu. (in methylene chloride) and at 3.01.mu., 5.62.mu.,
      5.80.mu., 6.02.mu., 6.53.mu., 6.70.mu., 8.02.mu. and 9.66.mu. (in mineral
      oil).
PAC  EXAMPLE 61:
PAR  A solution of 2.9 g of
      3-(4-methoxy-1-naphthylmethyl)-7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-
     carboxylic acid 2,2,2-trichloroethyl ester in 20 ml of methylene chloride
      is treated at 0.degree. with 0.91 g of 3-chloro-perbenzoic acid. The
      mixture is left to stand for 1 hour at room temperature and is then washed
      with a 5% aqueous sodium sulphite solution, a 5% aqueous sodium hydrogen
      carbonate solution and a saturated aqueous sodium chloride solution. The
      solution is then dried over sodium sulphate and evaporated under reduced
      pressure. The residue is chromatographed on 100 g of silica gel, elution
      being carried out with methylene chloride, containing 10% of methyl
      acetate and fractions of 500 ml being taken. Fraction 3 contains the pure
      3-(4-methoxy-1-naphthylmethyl)7.beta.-phenylacetyl-amino-ceph-3-em-4-carbo
     xylic acid 2,2,2-trichloroethyl ester-1-oxide, which melts at 195.degree. -
      196.degree.; infrared absorption spectrum (in mineral oil): characteristic
      bands at 2,99.mu., 5,61.mu., 5,74.mu., 5,99.mu., 6,29.mu. and 6,52.mu.:
      thinlayer chromatogram (silica gel): Rf = 0.47 (system: toluene/ethyl
      acetate 1:1) and Rf = 0.43 (system: toluene/acetone 4:1).
PAC  EXAMPLE 62:
PAR  A solution of 3.35 g of the mixture of
      7.beta.-phenylacetyl-amino-3-(2-thenyl)-ceph-2-em-4.xi.-carboxylic acid
      diphenylmethyl ester and
      7.beta.-phenylacetyl-amino-3-(2-thenyl)ceph-3-em-4-carboxylic acid
      diphenylmethyl ester (Example 51) in 50 ml of methylene chloride is cooled
      to 0.degree. and treated with 1.1 g of 3-chloro-perbenzoic acid, the
      latter being added at once. Stirring is continued for 1 hour at room
      temperature and the reaction mixture is washed with a 50% sodium sulphite
      solution and a 5% aqueous sodium hydrogen carbonate solution, dried over
      magnesium sulphate and evaporated under reduced pressure to yield the
      7.beta.-phenylacetylamino-3-(2-thenyl)-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester-1-oxide, which after recrystallisation from ethyl
      acetate, melts at 205.degree.-206.degree.: thin-layer chromatogram (silica
      gel): Rf = 0.45 (system: toluene/ethyl acetate 1:1) and Rf = 0.41 (system:
      toluene/acetone 4:1); infrared absorption spectrum (in mineral oil):
      characteristic bands at 3,00.mu., 5,60.mu., 5,79.mu., 6,00.mu. and
      6,52.mu..
PAC  EXAMPLE 63:
PAR  A solution of 1.4 g of
      3-furfuryl-7.beta.-phenylacetylamino-ceph-2-em-4.xi.-carboxylic acid
      diphenylmethyl ester in 40 ml of absolute methylene chloride is cooled in
      an ice bath, then treated with 0.52 g of purified 3-chloro-perbenzoic acid
      and left to stand for 1 hour at room temperature. The reaction solution is
      washed with a 5% aqueous sodium hydrogen sulphite solution, a 0.5 molar
      aqueous dipotassium hydrogen phosphate solution and distilled water; the
      aqueous phases are reextracted with a small amount of methylene chloride.
      The organic extracts are dried over magnesium sulphate and freed from
      solvent under reduced pressure. The residue is crystallised from a mixture
      of methyl acetate and cyclohexane and yields the
      3-furfuryl-7.beta.-phenylacetyl-amino-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester-1-oxide, which melts at 205.degree.-208.degree.
      (analytical sample: m.p. 209.degree.-210.5.degree., after
      recrystallisation from a mixture of ethyl acetate and cyclohexane and
      drying under a high vacuum at 35.degree.C for 24 hours);
      [.alpha.].sub.D.sup.20 =  + 73.degree. .+-. 1.degree. (c = 0.937 in
      doxane): thin-layer chromatogram (silica gel): Rf = 0.53 (system:
      toluene/ethyl acetate 1:1), Rf = 0.37 (system: toluene/ethyl acetate 2:1),
      Rf = 0.41 (system: toluene/acetone 4:1), Rf=0.23 (system: toluene/acetone
      9:1) and Rf = 0.89 (system: methylene chloride/acetone 6:1); ultraviolet
      absorption spectrum (in 95% ethanol): .lambda..sub.max 266 m.mu.
      (.epsilon. = 9700) and .lambda..sub.min = 240 m.mu. (.epsilon. = 5150);
      infrared absorption spectrum (in mineral oil): characteristic bands at:
      3,02.mu., 5,58.mu., 5,77.mu., 6,00.mu., 6,50.mu., 6,66.mu., 7,36.mu.,
      8,11.mu., 8,53.mu., 9,00.mu., 9,38.mu., 9,66.mu., 9,80.mu., 10,38.mu.,
      12,70.mu., 13,32.mu., 13,53.mu., 13,71.mu., 14,34.mu. and 14,44.mu..
PAC  EXAMPLE 64:
PAR  A solution of 1.51 g of
      3-(4-hydroxy-benzyl)-7.beta.phenylacetyl-amino-ceph-2-em-4.xi.-carboxylic
      acid diphenylmethylester in 40 ml of methylene chloride is cooled in an
      ice bath and treated with 0.52 g of purified 3-chloro-perbenzoic acid. The
      mixture is allowed to react for 1 hour at room temperature and the
      reaction solution is extracted successively with a 5% aqueous sodium
      hydrogen sulphite solution, a 0.5 molar aqueous dipotassium phosphate
      solution and water. The aqueous phases are re-extracted twice with small
      amounts of methylene chloride. The organic extracts are combined, dried
      over anhydrous magnesium sulphate and evaporated to dryness under reduced
      pressure. The residue is crystallised from a mixture of methyl acetate and
      cyclohexane and yields the
      3-(4-hydroxybenzyl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester-1-oxide, which after further crystallisation from a
      mixture of methyl acetate and cyclohexane and drying under a high vacuum
      for 20 hours at 35.degree. melts at 192.degree.-193.degree.;
      [.alpha.].sub.D.sup.20 = +36.degree.  .+-. 1.degree. (c = 1.025 in
      dioxane); thin-layer chromatogram (silica gel: development with iodine):
      Rf = 0.18 (system: toluene/ethyl acetate 2:1), Rf = 0.36 (system:
      toluene/ethyl acetate 1:1), Rf = 0.24 (system: toluene/acetone 4:1), Rf =
      0.07 (system: toluene/acetone 9:1) and Rf = 0.52 (system: methylene
      chloride/acetone 6:1); ultraviolet absorption spectrum (95% ethanol):
      .lambda..sub.max = 268 m.mu. (.epsilon. = 11300) and .lambda..sub.min =
      241 m.mu.: infrared absorption spectrum (in mineral oil): characteristic
      bands at 2,94.mu., 3,00.mu., 5,60.mu., 5,78.mu., 5,85.mu., 6,58.mu.,
      6,65.mu., 7,30.mu., 7,99.mu., 8,48.mu., 8,70.mu., 9,02.mu., 9,78.mu.,
      12,03.mu., 13,45.mu. and 14,26.mu..
PAC  EXAMPLE 65:
PAR  A solution of 15.1 g of
      3-(5-methoxycarbonyl-furfuryl)7.beta.-phenylacetyl-amino-ceph-2-em-4.xi.-c
     arboxylic acid diphenylmethyl ester (crystallised once from a mixture of
      ethyl acetate and diethyl ether) in 300 ml of absolute methylene chloride
      is cooled to 0.degree. and treated with 4.87 g of purified
      3-chloro-perbenzoic acid. The reaction solution is stirred for 1 hour at
      room temperature and then poured onto 500 ml of a 5% aqueous sodium
      sulphite solution. After shaking thoroughly, the organic phase is
      separated and washed with 3 .times. 200 ml of an aqueous sodium hydrogen
      carbonate solution and with 2 .times. 200 ml of water; the aqueous phases
      are re-extracted with 200 ml of methylene chloride. The organic extracts
      are dried over magnesium sulphate and concentrated. The concentrated
      solution is treated with cyclohexane while heating, whereupon a
      precipitate in the form of fine, colourless needles separates out, which
      after filtration, washing with diethyl ether and drying, yields the
      3-(5-methoxycarbonylfurfuryl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carbo
     xylic acid diphenylmethyl ester 1-oxide, which melts after crystallisation
      from a mixture of acetone, diethyl ether and cyclohexane and drying for 20
      hours at 35.degree. and under a high vacuum at 198.5.degree.-200.degree.
      (uncorr.);[.alpha.].sub.D.sup.20 = + 69.degree. .+-. 1.degree. (c = 0.963
      in dioxane): thin-layer chromatogram (silica gel): Rf = 0.30 (system:
      toluene/ethyl acetate 1:1), Rf = 0.19 (system: toluene/ethyl acetate 2:1);
      Rf = 0.23 (system: toluene/acetone 4:1), Rf = 0.10 (system:
      toluene/acetone 9:1) and Rf = 0.72 (system: methylene chloride/acetone
      6:1); ultraviolet absorption spectrum (in 95% ethanol): .lambda..sub.max =
      267 m.mu.  (.epsilon. = 21800) and .lambda..sub.min =  233 m.mu.
      (.epsilon. = 8600); infrared absorption spectrum (in mineral oil):
      characteristic bands at 2,99.mu., 5,60.mu., 5,77.mu., 5,79.mu. (shoulder),
      5,99.mu., 6,52.mu., 6,58.mu., 6,68.mu., 8,17.mu., 8,29.mu., 8,54.mu.,
      8,69.mu., 9,12.mu., 9,59.mu., 13,16.mu., 13,88.mu., 14,32.mu. and
      14,44.mu..
PAR  According to thin-layer chromatography (silica gel; inter alia system:
      toluene/ethyl acetate 1:1) the mother liquor contains still larger amounts
      of the desired product, which can be isolated by chromatography on silica
      gel (elution with methylene chloride containing 15-20% of ethyl acetate).
PAC  EXAMPLE 66:
PAR  A solution of 0.31 g of
      3-(5-methoxycarbonyl-2-pyrrylmethyl)-7.beta.-phenylacetyl-amino-ceph-2-em-
     4.xi.-carboxylic acid diphenylmethyl ester in 10 ml of methylene chloride
      is cooled to 0.degree., treated with 0.100 g of 3-chloro-perbenzoic acid
      and stirred for 1 hour at room temperature. The reaction solution is
      washed with a 5% aqueous sodium sulphite and a 5% aqueous sodium hydrogen
      carbonate solution, dried over magnesium sulphate and evaporated to
      dryness under reduced pressure. The residue is chromatographed on 4 g of
      silica gel, the elution being carried out with 25 ml-fractions of
      methylene chloride containing 10% methyl acetate. Fractions 4-5 contain
      the desired
      3-(5-methoxycarbonyl-2-pyrrylmethyl)7.beta.-phenylacetyl-amino-ceph-3-em-4
     -carboxylic acid diphenylester-1-oxide, which after crystallisation from
      ethyl acetate melts at 195.degree.-197.degree.; thin-layer chromatography
      (silica gel): Rf = 0.28 (system: toluene/ethyl acetate 1:1) and Rf = 0.34
      (system: toluene/acetone 4:1); ultraviolet absorption spectrum (in
      methanol): .lambda..sub.max = 274 m.mu. (.epsilon. = 16400) and
      .lambda..sub.min = 245 m.mu. (.epsilon. = 7000); infrared absorption
      spectrum (in mineral oil): characteristic bands at 2,99.mu., 5,57.mu.,
      5,68.mu., 5,82.mu., 6,04.mu. and 6,55.mu..
PAC  EXAMPLE 67:
PAR  A solution of 17.4 g of amorphous
      7.beta.-(D-5-diphenylmethoxycarbonyl-5-phthalimido-valeroyl-amino)-3-(5-me
     thoxycarbonyl-furfuryl)-ceph-2-em-4.xi.-carboxylic acid diphenylmethyl
      ester (purified by rapid chromatogram on silica gel) in 70 ml of methylene
      chloride is treated with 3.3 g of purified 3-chloro-perbenzoic acid and
      the pale yellow solution is left to stand for 90 minutes at room
      temperature. The reaction mixture is shaken with 50 ml of a 5% aqueous
      sodium hydrogen sulphite solution. The organic phase is separated,
      extracted with 100 ml of a 5 molar aqueous dipotassium hydrogen phosphate
      solution and washed repeatedly with water. The aqueous phases are
      re-extracted with 2 .times. 50 ml of methylene chloride and discarded. The
      combined organic extracts are treated with a small amount of an active
      charcoal preparation and dried over magnesium sulphate. The filtered
      solution is concentrated while heating to a volume of approx. 100 ml, the
      concentrate treated with diethyl ether until the onset of turbidity and
      left to stand initially at room temperature and then at approximately
      4.degree.. The colourless crystallised product is filtered off, washed
      with a mixture of diethyl ether and methylene chloride and with diethyl
      ether and dried. The analytical sample of the resulting
      7.beta.-(D-5-diphenylmethoxycarbonyl-5-phthalimido-valeroyl-amino)-3-(5-me
     thoxycarbonyl-furfuryl)-ceph-3-em-4-carboxylic acid diphenylmethyl ester
      1.beta.-oxide is recrystallised twice from a mixture of methylene chloride
      and diethyl ether and dried under a high vacuum for 24 hours at
      35.degree.; m.p. 168.degree.-169.degree.; ultraviolet absorption spectrum
      (in 95% ethanol):.lambda..sub.max = 260 m.mu. (.epsilon. = 22000) and 239
      m.mu.(.epsilon. = 17700) and .lambda..sub.min = 245 m.mu. (.epsilon. =
      14500); infrared absorption spectrum: characteristic bands at: 2,96.mu.,
      5,58.mu., 5,73.mu. (shoulder), 5,75.mu., 5,82.mu., 5,93.mu., 6,57.mu.,
      7,18.mu., 7,63.mu., 7,95.mu., 8,28.mu., 8,56.mu., 9,58.mu., 9,69.mu. and
      13,17.mu. (in mineral oil) and at 2,92.mu., 5,55.mu., 5,78.mu.,
      (shoulder), 5,80.mu., 5,90.mu., 6,60.mu., 6,67.mu., 7,19.mu., 7,64.mu.,
      8,22.mu., 8,30.mu., 8,54.mu., 8,74.mu., 9,12.mu., 9,60.mu., 9,82.mu.,
      10,13.mu. and 10,48.mu. (in methylene chloride).
PAR  The mother liquors are evaporated to dryness, whereupon a yellow foam is
      obtained. In a thin-layer chromatogram (silica gel: system:
      toluene/acetone 2:1), the isomeric, more polar sulphoxide; relative Rf
      value = 0.64; and a less polar impurity in traces; Rf value = 1.30; can be
      detected in addition to a further amount of the above product. This
      mixture can be resolved by solumn chromatography on silica gel into the
      individual components.
PAC  EXAMPLE 68:
PAR  If in the process of Example 57 the
      7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycyl]-amino-3-(4-hydr
     oxybenzyl)ceph-2-em-4.xi.-carboxylic acid diphenylmethyl ester is used
      instead of the
      3-(4-methoxy-1-naphthylmethyl)-7.beta.-phenylacetylamino-2-em-4.xi.-carbox
     ylic acid 2,2,2-trichloroethyl ester in methylene chloride and oxidised
      with 3-chloro-perbenzoic acid, the mixture of the .alpha.- and
      .beta.-1-oxides of
      7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycyl]-amino-3-(4-hydr
     oxybenzyl)-ceph-3-em-4-carboxylic acid diphenylmethyl ester is obtained,
      which after recrystallisation from methanol melts at
      170.degree.-172.degree.; thin-layer chromatogram (silica gel);
      .alpha.-isomer Rf = 0.20 and .beta.-isomer Rf = 0.13 (system:
      toluene/acetone 4:1), .alpha.-isomer Rf = 0.91 and .beta.-isomer Rf = 0.71
      (system: chloroform/ethanol 20:1) and .alpha.-isomer Rf = 0.57 and
      .beta.-isomer Rf = 0.34 (system: chloroform/ethanol 30:1); ultraviolet
      absorption spectrum (in ethanol):.lambda..sub.max = 207 m.mu. (.epsilon. =
      13410) and .lambda..sub.min = 272 m.mu. (.epsilon. = 2790).
PAC  EXAMPLE 69:
PAR  A solution of 2.0 g of
      3-(5-fluor-2-hydroxy-benzyl)7.beta.-phenylacetylamino-ceph-2-em-4.xi.-carb
     oxylic acid in 10 ml of isopropanol is treated at 0.degree.-5.degree. in
      small amounts with 1.2 g of 3-chloro-perbenzoic acid and stirred for 2
      hours. The reaction mixture is concentrated to half-volume and diluted
      with 10 ml of diethyl ether. The crystalline precipitate that forms is
      filtered off and recrystallised from methyl acetate to yield the
      3-(5-fluoro-2-hydroxy-benzyl)-7-phenylacetylamino-ceph-3-em-4-carboxylic
      acid 1-oxide, which melts at 183.degree.-185.degree.; thin-layer
      chromatogram (silica gel) Rf = 0.48 (system: n-butanol/acetic acid/water
      75:7.5:21), Rf = 0.64 (system: n-butanol/ethanol/water 40:10:50) and Rf =
      0.77 (system: chloroform/methanol 1:1).
PAC  EXAMPLE 70:
PAR  A solution of 10.2 g of the mixture of
      3-(2-methoxybenzyl)-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-p
     henylglycyl]-amino-ceph-2-em-4.xi.-carboxylic acid and
      3-(4-methoxybenzyl)-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-p
     henylglycyl]-amino-ceph-2-em-4.xi.-carboxylic acid in 250 ml of a
      1:1-mixture of acetonitrile and acetone is cooled to 0.degree. and treated
      with 3.0 g of 3-chloro-perbenzoic acid. After the mixture has been stirred
      for 11/2 hours while cooling with ice, white crystals precipitate, which
      can be dissolved again by adding 10 ml of dimethylsulphoxide. Stirring is
      continued for 1 hour while cooling with ice for 1 hour at room
      temperature. The solvent is then evaporated under reduced pressure, the
      residue is dissolved in methyl acetate and the solution is treated with
      diethyl ether. The white crystalline mixture of the
      3-(2-methoxybenzyl)-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-p
     henylglycyl]-amino-ceph-3-em-4-carboxylic acid 1-oxide and the
      3-(4-methoxybenzyl)-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-p
     henylglycyl]-amino-ceph-3-em-4-carboxylic acid 1-oxide precipitates, m.p.
      216.degree.-218.degree. (with decomp.): thin-layer chromatogram (silica
      gel); Rf = 0.53 (system: n-butanol/ethanol/water 40:10:50), Rf = 0.88
      (system: n-butanol/acetic acid/water 75:7.5:21) and Rf = 0.74 (system:
      ethyl acetate/pyridine/acetic acid/water 62:21:6:11); ultraviolet
      absorption spectrum (in acetonitrile): .lambda..sub.max = 270,5 m.mu.
      (.epsilon. = 9930), .lambda..sub.min = 221 m.mu. (.epsilon. = 12790) and
      .lambda..sub.min = 243 m.mu. (.epsilon. = 5480); infrared absorption
      spectrum (in mineral oil): characteristic bands at: 3,00.mu., 5,62.mu.,
      5,78.mu., 5,96.mu., 6,48.mu., 6,83.mu., 7,25.mu., 7,99.mu., 8,47.mu.,
      8,96.mu., 9,63.mu., 10,00.mu., 12,21.mu., 13,88.mu. and 14,80.mu..
PAC  EXAMPLE 71:
PAR  A solution of 5.40 g of
      3-(2-thenyl)-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-phenylgl
     ycyl]-amino-ceph-2-em-4.xi.carboxylic acid in 75 ml of isopropanol and 75
      ml of acetonitrile is treated at 0.degree.-5.degree. with 2.22 g of
      3-chloro-perbenzoic acid (techn. 85%). From the initially clear solution
      there separates out a white crystal broth, which after 2 hours stirring at
      0.degree.-5.degree. is filtered off with the aid of a glass suction
      filter, washed with diethyl ether and recrystallised from a mixture of
      methanol, methyl acetate and cyclohexane to yield the
      3-(2-thenyl)-7.beta.-[-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)phenylglyc
     yl]-amino-ceph-3-em-4-carboxylic acid 1-oxide, which melts at
      216.degree.-219.degree.; thin-layer chromatogram (silica gel): Rf = 0.65
      (system: n-butanol/acetic acid/water 75:7.5:21), Rf = 0.57 (system:
      n-butanol/ethanol/water 40:10:50) and Rf = 0.66 (system:
      chloroform/methanol 1:1); ultraviolet absorption spectrum (in ethanol):
      .lambda..sub.max = 239 m.mu. (.epsilon. = 12300) and .lambda..sub.max =
      253-261 m.mu. (.epsilon. = 10900); infrared absorption spectrum (in
      mineral oil): characteristic bands at 3,05.mu., 5,65.mu., 5,80.mu.,
      5,99.mu. and 9,98.mu..
PAC  EXAMPLE 72:
PAR  A solution of 2.5 g of
      3-(5-diphenylmethoxycarbonylfurfuryl)-7.beta.-phenylacetylamino-ceph-2-em-
     4.xi.-carboxylic acid diphenylmethyl ester in 10 ml of a 1:1-mixture of
      acetonitrile and isopropanol is treated at 0.degree.-5.degree. with 0.7 g
      of 3-chloroperbenzoic acid and stirred for 2 hours. The reaction product
      is worked up as usual (see Example 71) and the crude product is purified
      by column chromatography (silica gel; elution with a 4:1-mixture of
      methylene chloride and methyl acetate), to yield the colourless, foamy
      3-(5-diphenylmethoxycarbonyl-furfuryl)-7.beta.-phenylacetylamino-ceph-3-em
     -4-carboxylic acid diphenylmethyl ester 1-oxide; thin-layer chromatogram
      (silica gel); Rf = 0.43 (system: toluene/acetone 4:1) and Rf = 0.53
      (system: toluene/ethyl acetate 4:1); ultraviolet absorption spectrum (in
      95% aqueous ethanol): .lambda..sub.max = 269-273 m.mu. (.epsilon. =
      21000).
PAC  EXAMPLE 73:
PAR  By treating 0.70 g of
      3-(5-diphenylmethoxycarbonylfurfuryl)-7.beta.-phenylacetylamino-ceph-3-em-
     4-carboxylic acid diphenylmethyl ester 1-oxide with 5 ml of trifluoroacetic
      acid and 2 ml of anisole, the
      3-(5-carboxy-furfuryl)-7.beta.-phenylacetylamino-ceph-3-em-4-carboxylic
      acid 1-oxide is obtained; thin-layer chromatogram (silica gel): Rf = 0.15
      (system: n-butanol/ethanol/water 40:10:50).
PAC  EXAMPLE 74:
PAR  A solution of 0.65 g of
      3-(2,5-dimethoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-3-em-4-carboxylic
      acid diphenylmethyl ester 1-oxide in 45 ml of absolute dimethylformamide
      is treated with 3.6 g of sodium dithionite and the mixture is treated with
      12 ml of acetyl chloride. The dark brown mixture, which becomes slightly
      warm during the reaction, is stirred for 3 hours at room temperature, then
      diluted with 200 ml of methylene chloride, and treated with a concentrated
      aqueous sodium hydrogen carbonate solution. When the vigorous evolution of
      carbon dioxide has subsided, the aqueous phase is separated off and
      re-extracted with methylene chloride. The organic extracts are repeatedly
      washed with water, dried over anhydrous magnesium sulphate and evaporated
      to dryness under reduced pressure.
PAR  The residue is chromatographed on 25 g of silica gel (containing 5% of
      water).
      3-(2,5-dimethoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-3-em-4-carboxylic
      acid diphenylmethyl ester is eluted with a 7.3 mixture of toluene and
      methylene chloride and with pure methylene chloride; it melts at
      157.degree. - 158.5.degree.C (uncorrected) after recrystallisation from a
      mixture of methylene chloride and cyclohexane. The product is a single
      substance according to thin layer chromatography (silica gel G; systems
      toluene/diethyl ether, 1:1; toluene/acetic acid ethyl ester, 1:1; and
      toluene/acetone, 4:1) and in no way differs from the product obtainable
      according to the process of example 54.
PAC  EXAMPLE 75:
PAR  A solution of 2.65 g of
      7.beta.-phenylacetyl-amino-3-(2-thenyl)-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester 1-oxide in 60 ml of a 9:1-mixture of
      tetramethylenesulphone and acetonitrile is cooled to 0.degree. and treated
      in an ultrasonics bath with 2.25 g of sodium dithionite while stirring.
      One ml (1.1 g) of acetic acid chloride is added in small amounts within 60
      minutes and the mixture is then poured into a cold 5% aqueous sodium
      hydrogen carbonate solution. Extraction is carried out three times with
      diethyl ether. The first extract yields a crystalline product; the
      resulting mother liquor and the two other extracts are washed with water
      until the tetramethylsulphone has been removed, dried over sodium sulphate
      and evaporated under reduced pressure. The residue is combined with the
      first crystalline product and chromatographed on 30 g of silica gel
      (purest). The
      7.beta.-phenylacetyl-amino-3-(2-thenyl)-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester is eluted with methylene chloride and melts at
      183.degree.-184.degree..
PAC  EXAMPLE 76:
PAR  A solution of 0.317 g of
      3-(4-methoxy-1-naphthylmethyl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carb
     oxylic acid 2,2,2-trichloroethyl ester 1-oxide in 10 ml of a 9:1-mixture of
      tetramethylenesulphone and acetonitrile is treated with 0.250 g of sodium
      dithionite. The mixture is cooled to 0.degree. and agitated in an
      ultrasonics bath, then treated with 0.275 g of acetic acid chloride. The
      mixture is allowed to react for 30 minutes and an equal amount of acetic
      acid chloride is again added. After a further 30 minutes, the reaction
      mixture is poured out onto a 5% aqueous sodium hydrogen carbonate
      solution. After extraction with diethyl ester, the combined organic
      extracts are washed with water and a saturated aqueous sodium chloride
      solution, dried over magnesium sulphate and evaporated under reduced
      pressure. The residue is chromatographed on 10 g of silica gel, elution
      being carried out with methylene chloride and fractions of 50 ml being
      taken. Fractions 3 and 4 yield the
      3-(4-methoxy-1-naphthylmethyl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carb
     oxylic acid 2,2,2-trichloroethyl ester, which after crystallisation from a
      mixture of ethyl acetate and diethyl ether melts at
      164.degree.-165.degree.; thin-layer chromatogram (silica gel): Rf = 0.73
      (system: toluene/ethyl acetate 1:1) and Rf = 0.59 (system: toluene/acetone
      4:1); infrared absorption spectrum (in mineral oil): characteristic bands
      at 2,99.mu., 5,63.mu., 5,75.mu., 5,99.mu., 6,12.mu., 6,29.mu. and
      6,53.mu..
PAC  EXAMPLE 77:
PAR  A solution of 1.55 g of
      3-(5-methoxycarbonyl-2-furfuryl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-ca
     rboxylic acid diphenylmethyl ester 1-oxide, in 35 ml of a 9:1-mixture of
      absolute tetramethylenesulphone and acetonitrile, prepared while heating,
      is treated with 1.38 g of sodium dithionite-monohydrate. The mixture is
      stirred for a few minutes with a kinetic ultrasonic stirrer, in the
      process of which a fine suspension is formed. This suspension is cooled in
      an ice bath, treated with 0.6 ml of acetic acid chloride and stirred for
      50 minutes at 0.degree.-2.degree.. The reaction solution is diluted with
      100 ml of ethyl acetate, extracted with 3 portions (100, 50 and 50 ml,
      respectively) of 5% aqueous sodium hydrogen carbonate solution and washed
      with water. The aqueous extracts are re-extracted with 2 .times. 70 ml of
      ethyl acetate. The organic extracts are combined, dried over magnesium
      sulphate and freed from solvent under reduced pressure. The residue is
      covered with 50 ml of diethyl ether and the mixture is treated with
      approximately 200 ml of distilled water and left to stand for 30 minutes
      at 4.degree.. The precipitate that forms is collected by suction
      filtration, washed with diethyl ether and dried under reduced pressure.
      The crude product is chromatographed on 65 g of silica gel. The
      3-(5-methoxycarbonyl-2-furfuryl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-ca
     rboxylic acid diphenylmethyl ester is eluted with methylene chloride,
      containing 3% of methyl acetate and after crystallisation from a mixture
      of methylene chloride, diethyl ether and cyclohexane, melts at
      189.degree.-190.degree. (analytical sample: m.p. 190.degree.-191.degree.
      in the form of colourless, felted needles after further crystallisation
      form the same mixture); [.alpha.].sub.D.sup.20 = -75.degree. .+-.
      1.degree. (c = 1.092 in chloroform): thin-layer chromatogram (silica gel):
      Rf = 0.72 (system: toluene/acetone 2:1), Rf = 0.60 (system:
      toluene/acetone 4:1), Rf = 0.36 (system: toluene/acetone 9:1) and Rf =
      0.76 (system: toluene/ethyl acetate 1:1) and Rf = 0.65 (system:
      toluene/ethyl acetate 2:1); ultraviolet absorption spectrum (in 95%
      ethanol): .lambda..sub.max = 268 m.mu. (.epsilon. = 21300) and
      .lambda..sub.min = 273 m.mu. (.epsilon. = 9100); infrared absorption
      spectrum (in mineral oil): characteristic bands at: 2,99.mu., 5,59.mu.,
      5,74.mu., 6,01.mu., 6,48.mu., 6,52.mu. (shoulder), 7,43.mu., 7,61.mu.,
      7,94.mu., 8,12.mu., 8,27.mu., 8,51.mu., 8,69.mu., 9,16.mu., 9,81.mu.,
      10,36.mu., 13,18.mu., 13,61.mu., 14,30.mu. and 14,42.mu..
PAC  EXAMPLE 78:
PAR  A solution of 0.754 g of
      3-(4-methoxybenzyl)-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-p
     henylglycyl]-amino-ceph-3-em-4-carboxylic acid 1-oxide in 5.5 ml of
      dimethylformamide is treated with 0.676 g of tin-II-chloride-dihydrate and
      the solution is cooled to 0.degree.. While stirring, 2.4 ml of acetic acid
      chloride are added, the reaction mixture is stirred for 20 minutes at room
      temperature and poured onto ice. The resulting white crystalline product
      is filtered off, washed with water and recrystallised from a mixture of
      acetone and cyclohexane. The resulting
      3-(4-methoxybenzyl)-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-p
     henylglycyl]-amino-ceph-3-em-4-carboxylic acid, which melts at
      145.degree.-148.degree.; thin-layer chromatogram (silica gel): Rf = 0.65
      (system: n-butanol/ethanol/water 40:10:50), Rf = 0.92 (system:
      n-butanol/acetic acid/water 75:7.5:21) and Rf = 0.85 (system:
      n-butanol/acetic acid/water 40:10:40); infrared absorption spectrum (in
      dioxane): characteristic bands at 3,05.mu. , 5,58.mu., 5,65.mu., 5,86.mu.,
      6,50.mu., 6,60.mu., 7,61.mu., 8,11.mu., 8,44.mu., 12,23.mu., 13,27.mu.,
      13,82.mu. and 14,23.mu..
PAC  EXAMPLE 79:
PAR  A solution of 3.38 g of
      3-(2-thenyl)-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-phenylgl
     ycyl]-amino-ceph-3-em-4-carboxylic acid 1-oxide and 3.1 g of
      tin-II-chloride in 100 ml of dimethylformamide is treated dropwise at
      -5.degree. to 0.degree. with 10 ml of acetic acid chloride, while
      stirring. After 1 hour, the reaction mixture is poured onto ice-cold
      water. The product precipitating in the process if filtered off, washed
      with water and dried in a vacuum exsiccator over phosphorous pentoxide.
      The resulting crude
      3-(2-thenyl)-7.beta.-[N-2,2,2-tri-chloroethoxycarbonyl-D-(.alpha.)-phenylg
     lycyl]-amino-ceph-3-em-4-carboxylic acid, which melts at
      128.degree.-135.degree., is further processed without purification;
      thin-layer cromatogram (silica gel): Rf = 0.69 (system: n-butanol/acetic
      acid/water 75:7.5:21), Rf = 0.62 (system: n-butanol/ethanol/water
      40:10:50) and Rf = 0.68 (system: chloroform/methanol 1:1).
PAC  EXAMPLE 80:
PAR  To a mixture of 1.3 g of crude
      3-(5-carboxy-furfuryl)-7.beta.-phenylacetylamino-ceph-3-em-4-carboxylic
      acid 1-oxide and 1.7 g of tin-II-chloride in 20 ml of dimethylformamide
      are added dropwise under anhydrous conditions 6 ml of acetic acid
      chloride, the temperature being maintained at 0.degree.-5.degree.. The
      reaction mixture is subsequently stirred for 2 hours and worked up in a
      conventional manner for free acids (see Example 78). Chromatography of the
      crude product (silica gel, washed with hydrochloric acid; elution with a
      4:1-mixture of methylene chloride and ethyl acetate) and subsequent
      crystallisation from methyl acetate yield the
      3-(5-carboxy-furfuryl)-7.beta.-phenylacetylamino-ceph-3-em-4-carboxylic
      acid, m.p. 183.degree.-186.degree.; thin-layer chromatogram (silica gel);
      Rf = 0.24 (system: n-butanol/ethanol/water 40:10:50) and Rf = 0.55
      (system: chloroform/methanol 1:1); infrared absorption spectrum (in
      mineral oil): characteristic bands at: 2,96.mu., 3,18.mu., 5,65.mu.,
      5,73.mu. and 5,90.mu..
PAC  EXAMPLE 81:
PAR  A solution of 0.365 g of
      3-(4-methoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester in 2 ml of anisole and 8 ml of trifluoracetic acid is
      left to stand for 20 minutes at room temperature. The trifluoracetic acid
      is removed under reduced pressure, the residue is mixed with toluene, and
      the mixture is again evaporated to dryness. The crude product is taken up
      in 50 ml of diethyl ether and 50 ml of 0.5 molar aqueous dipotassium
      hydrogen phosphate solution; the organic phase is separated off and twice
      extracted with 10 ml portions of the above dipotassium phosphate solution.
      The aqueous solutions are twice washed with 20 ml portions of diethyl
      ether, combined, covered with 50 ml of acetic acid ethyl ester and
      acidified to pH 2 with 20% strength aqueous phosphoric acid. The layers
      are separated; the aqueous solution is twice extracted with 20 ml portions
      of acetic acid ethyl ester, and the organic solutions are washed four
      times with 30 ml portions of a saturated aqueous sodium chloride solution,
      dried over anhydrous magnesium sulphate and evaporated under reduced
      pressure.
PAR  The residue is chromatographed on a column with 25 g of silica gel (with
      the addition of 5% of water).
      3-(4-Methoxybenzyl)-7-(N-phenylacetyl-amino)-ceph-3-em-4-carboxylic acid
      is eluted with methylene chloride, containing 7 - 10% of acetone. A
      further quantity is obtained by elution with methylene chloride containing
      12 - 20% of acetone, whilst the fraction eluted with pure acetone is
      contaminated with a polar substance. The fractions with the pure
      3-(4-methoxybenzyl)-7-(N-phenylacetyl-amino)-ceph-3-em-4-carboxylic acid
      are combined, lyophilised from dioxane and dried for 15 hours under a high
      vacuum at 35.degree.C. The initially amorphous substance can be obtained
      in a crystalline form and on recrystallisation from a mixture of acetic
      acid methyl ester, methylene chloride and cyclohexane melts at
      170.degree.- 171.5.degree.C; [.alpha.].sub.D.sup.20 = -56.degree.
      .+-.1.degree. (c = 0.961 in dioxane); thin layer chromatogram (silica gel
      G; development with iodine vapour): Rf = 0.64 (system n-butanol/acetic
      acid/water, 67:10:23), Rf = 0.715 (system n-butanol/acetic acid/water,
      40:10:40), Rf = 0.74 (system acetic acid ethyl ester/pyridine/acetic
      acid/water, 62:21:6:11), Rf = 0.45 (system n-butanol/acetic acid/water,
      75:7.5:21), Rf = 0.30 (system n-butanol/ethanol/water, 40:10:40) and Rf =
      0.44 (system n-butanol/pyridine/acetic acid/water, 38:24:8:30);
      ultraviolet absorption spectrum: in 95% strength ethanol (non-denatured):
      .lambda..sub.max = 264 m.mu. (.epsilon. = 9800) and .lambda..sub.min = 239
      m.mu. (.epsilon. = 7450), and in 0.1 N aqueous sodium hydrogen carbonate
      solution: .lambda. .sub.max = 259 m.mu. (.epsilon. = 13250) and
      .lambda..sub.min = 237 m.mu. (.epsilon. = 8850).
PAC  EXAMPLE 82:
PAR  A mixture consisting of 0.7 g of
      3-(2,5-dimethoxybenzyl)-7-(N-phenylacetyl-amino)-ceph-3-em-4-carboxylic
      acid diphenylmethyl ester and 4 ml of anisole in 16 ml of trifluoracetic
      acid is left to stand for 20 hours at room temperature. It is diluted with
      toluene and evaporated under reduced pressure; the residue is taken up
      several more times in toluene and the mixture evaporated, and the residue
      is then dried in a high vacuum and chromatographed on 30 g of silica gel
      (column) which has been purified with hydrochloric acid. The desired
      3-(2,5-dimethoxy-benzyl)-7-(N-phenylacetyl-amino)-ceph-3-em-4-carboxylic
      acid is eluted with a 9:1 mixture of methylene chloride and acetic acid
      methyl ester and crystallised from a mixture of acetic acid methyl ester
      and cyclohexane; the colourless crystals melt at 207.degree.C; thin layer
      chromatogram (silica gel G): Rf = 0.41 (system n-butanol/ethanol/water,
      40:10:50), Rf = 0.74 (system n-butanol/acetic acid/water, 40:10:40) and Rf
      = 0.73 (system acetic acid ethyl ester/pyridine/acetic acid/water,
      62:21:6:11); infrared absorption spectrum (in mineral oil): characteristic
      bands at 3.03.mu., 5.62.mu., 5.85.mu., 5.95.mu., 6.03.mu., 6.48.mu.,
      6.65.mu., 7.32.mu., 7.42.mu., 8.06.mu., 8.18.mu., 9.54.mu., 12.51.mu.,
      13.83.mu. and 14.03.mu.; ultraviolet absorption spectrum (in 95% strength
      ethanol, non-denatured): .lambda..sub.max = 264 m.mu. (.epsilon. = 8600)
      and .lambda..sub.min = 243 m.mu. (.epsilon. = 7100).
PAC  EXAMPLE 83:
PAR  A mixture of 1.2 g of
      7.beta.-phenylacetly-amino-3-(2-thenyl)-ceph-3-em-4-carboxylic acid
      diphenylmethyl ester and 1.08 g of anisole is treated with 20 ml of
      trifluoroacetic acid and the batch is stirred for 15 minutes at room
      temperature. Upon addition of an equal amount of toluene, the solvent is
      evaporated under reduced pressure and the residue partitioned between
      ethyl acetate and an aqueous dipotassium hydrogen phosphate buffer
      solution (pH 7.8); the layers are isolated and the aqueous phase is washed
      repeatedly with ethyl acetate, then adjusted to pH 2.5 with 20% aqueous
      phosphoric acid. Extraction with ethyl acetate is carried out once more;
      the resulting extracts are washed with water and a saturated aqueous
      sodium chloride solution, dried over magnesium sulphate, and evaporated
      under reduced pressure. The residue is chromatographed on 20 g of silica
      gel (purest; deactivated with 10% water). The
      7.beta.-phenylacetylamino-3-(2-thenyl)-ceph-3-em-4-carboxylic acid, which
      is eluted with methylene chloride containing 30-50% of methyl acetate,
      cannot be obtained in crystalline form and by addition of 1 equivalent of
      a 2N solution of the sodium salt of 2-ethylpentanecarboxylic acid in
      methanol is converted into the sodium salt, which is precipitated by
      adding diethyl ether and is recrystallised from a mixture of methanol and
      ethanol, m.p. 227.degree.-228.degree. (with decomposition); thin-layer
      chromatogram (silica gel): Rf = 0.73 (system: n-butanol/acetic acid/water
      67:10:23), Rf = 0.52 (system: n-butanol/ethanol/water 40:10:50) and Rf =
      0.92 (system: ethyl acetate/pyridine/acetic acid/water 62:21:6:11);
      infrared absorption spectrum (in mineral oil): characteristic bands at:
      3,01.mu., 5.68.mu., 6,01.mu., 6,21.mu. and 6,50.mu..
PAC  EXAMPLE 84:
PAR  A solution of 1.0 g of
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carb
     oxylic acid diphenylmethyl ester in a mixture of 16 ml of trifluoroacetic
      acid and 4 ml of anisole is left to stand for 15 minutes at room
      temperature. The reaction solution is then treated with 2 .times. 15 ml of
      glacial acetic acid and the batch evaporated to dryness under reduced
      pressure. The residual glacial acetic acid is removed by evaporation to
      dryness with the addition of toluene. The residue is dissolved in a small
      amount of methylene chloride and the solution diluted with methanol. The
      methylene chloride is evaporated while heating and the solution diluted
      with diethyl ether, whereupon colourless crystals begin to separate out;
      these are filtered off after cooling at 4.degree., washed with diethyl
      ether and pentane and briefly dried under reduced pressure. The resulting
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carb
     oxylic acid is purified by crystallisation from a mixture of methylene
      chloride, methanol and diethyl ether. The voluminous crystalline product
      precipitates very slowly on cooling the solution at 4.degree. , is
      filtered off, washed with diethyl ether and petane and briefly dried.
      After drying for 16 hours under a high vacuum at 35.degree., the product
      melts at 154.degree.-155.5.degree.; [.alpha.].sub.D.sup.20 = -61.degree.
      .+-. 1.degree. (c = 0.969 in dioxane); thin-layer chromatogram (silica
      gel; development with iodine); Rf = 0.60 (system: ethyl
      acetate/pyridine/acetic acid/water 62:21:6:11), Rf = 0.63 (system
      n-butanol/acetic acid/water 40:10:40), Rf = 0.66 (system: ethyl
      acetate/n-butanol/pyridine/acetic acid/water 42:21:21:6:10), Rf = 0.48
      (system: n-butanol/acetic acid/water 75:7.5:21) and Rf = 0.31 (system:
      n-butanol/ethanol/water 40:10:50); ultraviolet absorption spectrum (in 95%
      ethanol): .lambda..sub.max = 268m.mu. (.epsilon. = 22300) and
      .lambda..sub.min = 231 m.mu. (.epsilon. = 7300); infrared absorption
      spectrum (in mineral oil): characteristic bands at: 3,02.mu., 5,61.mu.,
      5,77.mu., 5,83.mu., 5,94.mu., 6,00.mu., 6,13.mu., 6,51.mu., 6,59.mu.,
      7,35.mu., 7,60.mu., 8,40.mu., 8,71.mu., 9,11.mu., 9,71.mu., 10,20.mu., and
      12,34.mu..
PAR  According to thin-layer chromatography on silica gel plates in the systems
      n-butanol/acetic acid/water (67:10:23) and ethyl acetate/pyridine/acetic
      acid/water (62:21:6:11), the mother liquors contain in addition to excess
      anisole a further amount of
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-phenylacetylamino-ceph-3-em-4-carbo
     xylic acid, which can be isolated by chromatography on silica gel (addition
      of 10% water); the elution of the product is effected with a 9:1-mixture
      of methylene chloride and methyl acetate.
PAC  EXAMPLE 85:
PAR  A solution of 0.789 g of
      3-(4-hydroxy-benzyl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carboxylic
      acid diphenylmethyl ester in 2 ml of anisole and 8 ml of trifluoroacetic
      acid is left to stand for 15 minutes at room temperature and evaporated
      under reduced pressure after addition of absolute toluene. The residue is
      partitioned between 50 ml of a 0.5 molar aqueous dipotassium hydrogen
      phosphate solution and 70 ml of diethyl ether; the organic phase is washed
      with a further amount of the buffer solution and discarded. The aqueous
      phases are combined, covered with 100 ml of ethyl acetate and acidified
      with 20% phosphoric acid. The aqueous solution is washed repeatedly with
      ethyl acetate; the organic solutions are combined, washed with a saturated
      aqueous sodium chloride solution, dried over magnesium sulphate and
      evaporated under reduced pressure. The residue is chromatographed on 35 g
      of silica gel (washed with concentrated hydrochloric acid); the
      3-(4-hydroxybenzyl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carboxylic acid
      is eluted with methylene chloride, containing 15-20% of methyl acetate, in
      the form of an amorphous product which is a uniform substance according to
      chromatography.
PAR  A solution of 0.444g of
      3-(4-hydroxy-benzyl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carboxylic
      acid in a small amount of methanol is treated with 0.5 ml of a 3-molar
      solution of the sodium salt of 2-ethyl-caproic acid in methanol. Diethyl
      ether is added dropwise, whereupon fine crystals begin to precipitate;
      these are filtered off, washed with a mixture of methanol and diethyl
      ether, then with diethyl ether and are dried for 16 hours under a high
      vacuum at 35.degree.. The resulting sodium salt of the
      3-(4-hydroxy-benzyl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carboxylic
      acid decomposes on heating over 235.degree. and turns brown. A further
      amount of the above sodium salt, which differs from the first product only
      through its pale yellow colour, crystallises from the mother liquor;
      [.alpha.].sub.D.sup.20 = + 130.degree. .+-. 1.degree. (c = 0.992 in
      water); thin-layer chromatography (silica gel): Rf = 0.69 (system:
      n-butanol/acetic acid/water 75:7.5:21), Rf = 0.45 (system:
      n-butanol/ethanol/water 40:10:50), Rf = 0.67 (system: n-butanol/acetic
      acid/water 40:10:40) and Rf = 0.60 (system: ethyl acetate/pyridine acetic
      acid/water 62:21:6:11); ultraviolet absorption spectrum (in 95% ethanol):
      .lambda..sub.max = 264 m.mu. (.epsilon. = 11600), shoulder at 225 m.mu.
      (.epsilon. = 13200) and .lambda..sub.min = 239 m.mu. (.epsilon. = 9000);
      infrared absorption spectrum (in mineral oil): characteristic bands at:
      2,92.mu., 5,64.mu., 5,99.mu., 6,17.mu., 6,27.mu., 6,54.mu., 6,60.mu.,
      7,07.mu., 7,89.mu., 7,98.mu., 8,42.mu., 8,50.mu., 12,13.mu., 12,24.mu.,
      12,77.mu. and 13,95.mu..
PAC  EXAMPLE 86:
PAR  A solution of 0.885 g of the
      3-(4-hydroxy-benzyl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carboxylic
      acid diphenylmethyl ester in 25 ml of absolute acetonitrile is treated
      with 1.18 ml of acetyl chloride. The batch is cooled in an ice-bath and
      1.2 ml of absolute pyridine are added dropwise. The precipitate that
      immediately forms is dissolved again by dilution with 80 ml of
      acetonitrile. After 2 hours, the yellow reaction solution is evaporated to
      dryness under reduced pressure while repeatedly adding toluene. The
      residue is taken up in 150 ml of methylene chloride and the solution is
      washed twice with a 1N aqueous sodium hydrogen carbonate solution and
      water; the aqueous solutions are back-extracted with methylene chloride.
      The organic extracts are combined, dried over anhydrous sodium sulphate
      and evaporated to dryness under reduced pressure. The residue is
      chromatographed on a column of 50 g of pure silica gel. Extraction is
      carried out with methylene chloride, fractions of 100 ml being taken. With
      fractions 6-9 the 3-(4-acetyloxy-benzyl)-7.beta.-phenylacetyl-amino-ceph-3
      -em-4-carboxylic acid diphenylmethyl ester, which is pure according to
      thin-layer chromatography, is eluted. It is recrystallised from a mixture
      of methylene chloride, diethyl ether and cyclohexane and melts in the form
      of colourless crystals at 172.degree.-173.5.degree.;
      [.alpha.].sub.D.sup.20 = -90.degree. .+-. 1.degree. (c = 0.974 in
      chloroform); thin-layer chromatogram (silica gel): Rf = 0.58 (system:
      toluene/ethyl acetate 2:1), Rf = 0.37 (system: toluene/acetone 9:1) and Rf
      = 0.63 (system: toluene/acetone 4:1); ultraviolet absorption spectrum (in
      95% ethanol): .lambda..sub.max = 264 m.mu. (.epsilon. = 9350) and
      .lambda..sub.min = 240 m.mu. (.epsilon. = 7050); infrared absorption
      spectrum: characteristic bands at: 3,01.mu., 5,61.mu., 5,69.mu., 5,83.mu.,
      6,03.mu., 6,52.mu., 7,40.mu., 8,09.mu., 8,15.mu., 8,30.mu., 8,54.mu.,
      9,04.mu., 9,85.mu., and 10,93.mu. (in mineral oil) and at 2,90.mu.,
      5,59.mu., 5,65.mu., 5,77.mu., 5,91.mu., 6,62.mu., 7,27.mu., 8,20.mu.,
      8,30.mu., 8,57.mu., and 9,06.mu. (in methyl chloride).
PAC  EXAMPLE 87:
PAR  A mixture of 0.75 g of
      3-(4-acetyloxy-benzyl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carboxylic
      acid diphenylmethyl ester in 16 ml of trifluoroacetic acid and 4 ml of
      anisole is left to stand for 15 minutes at room temperature, then the
      resulting clear yellow solution is evaporated under reduced pressure while
      adding absolute toluene. The residue is taken up in 50 ml of diethyl ether
      and 50 ml of a 0.5 molar aqueous dipotassium hydrogen phosphate solution.
      The aqueous phase is isolated and washed with 2 .times. 22 ml of diethyl
      ether. The organic solutions are washed with a small amount of an aqueous
      dipotassium hydrogen phosphate solution and discarded. The combined
      aqueous phases are covered with 100 ml of ethyl acetate and acidified with
      20% aqueous phosphoric acid; the aqueous phase is extracted with ethyl
      acetate. The organic solutions are combined, washed with a saturated
      aqueous sodium chloride solution, dried over sodium sulphate and
      evaporated under reduced pressure. The residue is chromatographed on 30 g
      of silica gel (washed with concentrated hydrochloric acid). Elution is
      carried out with a 9:1-mixture of methylene chloride and methyl acetate,
      fractions of 50 ml being taken. Fractions 5-11 contain the
      3-(4-acetyloxybenzyl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carboxylic
      acid, which according to thin-layer chromatography is a uniform substance
      and which after recrystallisation from a mixture of acetone, methyl
      acetate and cyclohexane, melts in the form of long, colourless needles at
      207.degree.-207.5.degree.; [.alpha.].sub.D.sup.20 = -70.degree. .+-.
      1.degree. (c = 1.000 in dioxane); thin-layer chromatogram (silica gel): Rf
      = 0.72 (system: n-butanol/acetic acid/water 75:7.5:21), Rf = 0.39 (system:
      n-butanol/ethanol/water 40:10:50), Rf = 0.70 (system: n-butanol/acetic
      acid/water 40:10:40) and Rf = 0.60 (system: ethyl acetate/pyridine/acetic
      acid/water 62:21:6:11); ultraviolet absorption spectrum (in 95% ethanol):
      .lambda..sub.max = 260 m.mu. (.epsilon. = 9250) and .lambda..sub.min = 238
      m.mu. (.epsilon. = 7600); infrared absorption spectrum (in mineral oil):
      characteristic bands at 2,99.mu., 3,12.mu., 5,57.mu., 5,68.mu., 5,84.mu.,
      5,99.mu., 6,14.mu., 6,49.mu., 6,63.mu., 7,46.mu., 8,10.mu., 8,24.mu.,
      8,44.mu., 8,49.mu., 9,96.mu., 10,85.mu., 11,72.mu. and 13,75.mu..
PAC  EXAMPLE 88:
PAR  A solution of 0.715 g of
      3-(4-hydroxy-3-methoxybenzyl)-7.beta.-phenylacetylamino-ceph-3-em-4-carbox
     ylic acid diphenylmethyl ester in 35 ml of pure formic acid is kept for 7
      hours at 0.degree.-4.degree.. The formic acid is removed in a rotary
      evaporator under reduced pressure. The oily, partly foamy crude product is
      dried for 16 hours in a vacuum exsiccator over potassium hydroxide pills,
      then dissolved in methylene chloride and charged onto a column of 39 g of
      silica gel (purified with concentrated hydrochloric acid). The
      3-(4-hydroxy-3-methoxy-benzyl)-7.beta.-phenylacetylamino-ceph-3-em-4-carbo
     xylic acid is eluted with 9:1- and 4:1-mixtures of methylene chloride and
      methyl acetate. The fractions, which are uniform according to thin-layer
      chromatography, are crystallised from a mixture of methylene chloride and
      diethyl ether. The colourless crystals melt at 174.5.degree.-176.degree.
      (with decomposition) after drying 15 hours under a high vacuum at
      35.degree.; thin-layer chromatogram (silica gel; plates with fluorescence
      indicator; detection with ultraviolet light .lambda. = 254 m.mu. and
      iodine vapour): Rf = 0.71 (system: n-butanol/acetic acid/water 75:7.5:21),
      Rf = 0.41 (system: n-butanol/ethanol/water 40:10:50), Rf = 0.63 (system:
      n-butanol/acetic acid/water 44:12:44), Rf = 0.62 (system: ethyl
      acetate/pyridine/acetic acid/water 62:21:6:11), and Rf = 0.59 (system:
      ethyl acetate/n-butanol/pyridine/acetic acid/water 42:21:6:10);
      ultraviolet absorption spectrum (in 95% aqueous ethanol): .lambda..sub.max
      = 269 m.mu. (.epsilon. = 9700), .lambda..sub.min = 245 m.mu. (.epsilon. =
      7800) and .lambda..sub.shoulder = 228 m.mu. (.epsilon. = 12700); infrared
      absorption spectrum (in mineral oil): characteristic bands at 2,80.mu.,
      3,03.mu., 5,58.mu., 5,85.mu., 6,01.mu., 6,15.mu., 6,54.mu., 6,59.mu. and
      7.38.mu..
PAC  EXAMPLE 89:
PAR  A solution of 0.377 g of
      3-(4-methoxy-benzyl)-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-
     phenylglycyl]-amino-ceph-3-em-4-carboxylic acid in 18 ml of
      dimethylformamide (degassed under a high vacuum) is diluted with 12 ml of
      90% aqueous acetic acid and treated with 0.600 g of zinc powder. The
      mixture is stirred for 2 hours at room temperature; unreacted zinc dust is
      filtered off and the filter residue is rinsed with dimethylformamide. The
      filtrate is stirred for approximately 10 minutes with 50 ml of an
      anionexchange preparation (sulpho groups, hydrogen ion form). The
      exchanger is filtered off and washed with water. The filtrate is
      evaporated to dryness in a rotary evaporator under a high vacuum and at a
      bath temperature of less than 30.degree.. The residue is dissolved in 9 ml
      of a 1:1:1-mixture of acetonitrile, methanol and water and adjusted to pH
      4.3 with a 1:1-mixture of concentrated aqueous ammonia and water, in the
      process of which the solution becomes slightly turbid. After cooling the
      solution for 16 hours at approximately 4.degree.C the precipitated
      crystals are filtered off, rinsed with diethyl ether and dried under a
      high vacuum at room temperature. The resulting white crystalline
      3-(4-methoxybenzyl)-7.beta.-[D-(.alpha.)-phenylglycyl]-amino-ceph-3-em-4-c
     arboxylic acid melts at 163.degree.-164.degree.; thin-layer chromatogram
      (silica gel): Rf = 0.58 (system: n-butanol/acetic acid/water 75:7.5:21),
      Rf = 0.31 (system: n-butanol/ethanol/water 40:10:50) and Rf = 0.51
      (system: n-butanol/acetic acid/water 40:10:40); ultraviolet absorption
      spectrum (in 0.01-N hydrochloric acid): .lambda..sub.max = 267 m.mu.
      (.epsilon. = 7880), .lambda..sub.max = 222 m.mu. (.epsilon. = 11650) and
      .lambda..sub.min = 242 m.mu. (.epsilon. = 6220); infrared absorption
      spectrum (potassium bromide): characteristic bands at 2,91.mu., 3,40.mu.,
      5,62.mu., 5,88.mu., 6,18.mu., 6,59.mu. , 7,17.mu., 7,32.mu., 7,38.mu.,
      8,02.mu., 8,46.mu., 9,01.mu., 9,68.mu., 12,20.mu., 13,22.mu. and
      14,31.mu..
PAC  EXAMPLE 90:
PAR  A solution of 3.1 g of crude
      3-(2-thenyl)-7.beta.-[N-2,2,2-trichloroethoxycarbonyl-D-(.alpha.)-phenylgl
     ycyl]-amino-ceph-3-em-4-carboxylic acid in 120 ml of 90% aqueous acetic
      acid is treated with 6.0 g of zinc dust and stirred vigorously with a
      magnetic stirrer for 3 hours at room temperature. Unreacted zinc dust is
      filtered off and washed in several portions with a total of 50 ml of
      methanol. The filtrate is stirred for 15 minutes with 100 ml of an anion
      exchange preparation (sulpho groups; hydrogen ion form). The exchanger
      resin is filtered off and rinsed with several amounts of water. The
      aqueous solution is concentrated under a high vacuum at room temperature
      to a volume of approximately 100 ml. The resulting white precipitate
      passes largely into solution again when the concentrate is subsequently
      acidified with concentrated hydrochloric acid to pH 2 while cooling with
      ice. After filtration, the acid filtrate is extracted with ethyl acetate
      in order to remove a non-polar byproduct, filtered once more and brought
      to a pH-value of 4.2 by dropwise addition of a 1:1-mixture of concentrated
      aqueous ammonia and water, whereupon the batch becomes strongly turbin.
      After the mixture has been allowed to stand for 3 hours at 4.degree., the
      resulting crystalline product is filtered off, washed with water and dried
      in an exsiccator, then subsequently under a high vacuum. The resulting
      3-(2-thenyl)-7.beta.-[D-(.alpha.)-phenylglycol]-amino-ceph-3-em-4-carboxyl
     ic acid melts at 177.degree.-180.degree.; thin-layer chromatogram (silica
      gel): Rf = 0.48 (system: n-butanol/acetic acid/water 75:7.5:21) Rf = 0.39
      (system: n-butanol/ethanol/water 40:10:50) and Rf = 0.33 (system:
      chloroform/methanol 1:1); ultraviolet absorption spectrum (in 0.01-N
      hydrochloric acid): .lambda..sub.max = 233- 241 m.mu. (.epsilon. = 11750)
      and .lambda..sub.max = 259-265 m.mu. (.epsilon. = 9900); infrared
      absorption spectrum (in mineral oil): characteristic bands at 2,96.mu.,
      5,60.mu., 5,87.mu. and 6,26.mu..
PAC  EXAMPLE 91:
PAR  A suspension of 0.456 g of
      3-(5-methoxycarbonylfurfuryl)-7.beta.-phenylacetylamino-ceph-
      3-em-4-carboxylic acid in 30 ml of absolute methylene chloride is stirred
      for 30 minutes at 30.degree. with 0.89 ml of absolute pyridine and 1.5 ml
      of trimethylchlorosilane. The resulting clear yellow solution is treated
      with 1.08 ml of pyridine and cooled to below -20.degree., then 8.9 ml of
      an 8% phosphorous pentachloride solution in methylene chloride is added
      dropwise and the solution is stirred for 40 minutes at a temperature of
      -12.degree.. The brown solution is cooled again to below -20.degree. and
      treated with 12.1 ml of absolute methanol. The mixture is allowed to react
      for 30 minutes at room temperature, whereupon the solution largely loses
      its colour. Upon addition of 2.5 ml of 25% aqueous formic acid, the pH of
      the solution is adjusted to 2.0 with 2.6 ml of triethylamine. The
      resulting suspension is further stirred for 30 minutes at room
      temperature. The pH is raised to 3.5 by the further addition of 9.6 ml of
      triethylamine. The suspension is left to stand for 1 hour at 0.degree.;
      the fine, rather stimy precipitate is filtered off, washed with methanol,
      methylene chloride and diethyl ether and dried under a high vacuum. The
      7.beta.-amino-3-(5-methoxycarbonyl-furfuryl)-ceph-3-em-4-carboxylic acid
      is obtained in the form of a yellowish, microcrystalline powder.
      Additional, somewhat less pure material can be isolated by digesting the
      evaporated mother liquors and rinsing liquors with methylene chloride;
      ultraviolet absorption spectrum (in 0.1 N aqueous sodium hydrogen
      carbonate solution): .lambda..sub.max = 270 m.mu. (.epsilon. = 21400) and
      .lambda..sub.min = 234 m.mu. (.epsilon. = 8200); infrared absorption
      spectrum (in mineral oil): characteristic bands at 3,13.mu., 3,83.mu.,
      4,24.mu., 5,54.mu., 5,77.mu., 6,17.mu., 6,54.mu., 6,58.mu., (shoulder),
      7.08.mu., 7,39.mu., 7,63.mu., 7,72.mu., 8,38.mu., 8,84.mu., 9,49.mu.,
      9,78.mu., 10,12.mu., 12,62.mu. and 13,21.mu..
PAC  EXAMPLE 92:
PAR  A 10% suspension of 0.100 g of
      3-(5-methoxycarbonyl-furfuryl)-7-amino-ceph-3-em-4-carboxylic acid and
      0.0644 g of tri-n-butylamine in absolute dimethylformamide is treated with
      a 5% solution of 0.0633 g of 2-chloroethylisocyanate. The reaction mixture
      is vibrated in an ultrasonics bath for 90 minutes at room temperature. The
      yellowish brown reaction solution is evaporated to dryness under a high
      vacuum and the residue is partitioned several times between 25 ml of a 0.5
      molar aqueous dipotassium hydrogen phosphate solution and 10 ml of ethyl
      acetate. The aqueous extracts are covered with fresh ethyl acetate,
      acidified to pH 2 by dropwise addition of 5-molar aqueous phosphoric acid
      and extracted with three portions of ethyl acetate. The organic extracts
      are washed with water, dried over anhydrous magnesium sulphate and
      evaporated under reduced pressure. The residue is placed onto preparative
      thin-layer plates (silica gel, with fluorescence indicator). The plates
      are developed during approximately 5 hours in the system n-butanol/glacial
      acetic acid/water (44:12:44). After drying, the main band absorbing
      ultraviolet light (.lambda. = 254 m.mu.) is scraped from the plates and
      extracted several times with acetone. The extracts are filtered through a
      filter having a diatomaceous earth preparation as filter auxiliary and
      evaporated to dryness. The
      7.beta.-(2-chloroethylamino-carbonyl)-amino-3-(5-methoxycarbonyl-furfuryl)
     -ceph-3-em-4-carboxylic acid is obtained in the form of a glassy,
      colourless residue; ultraviolet absorption spectrum (95% aqueous ethanol):
      .lambda..sub.max =  269 m.mu.  (.epsilon. = 22100).
PAC  EXAMPLE 93:
PAR  A solution of 0.0427 g of phenyloxyacetyl chloride in 3 ml of absolute
      methylene chloride is added at -15.degree.C to an almost clear solution of
      0.0677 g of 3-(5-methoxycarbonyl-furfuryl)-7-amino-ceph-3-em-4-carboxylic
      acid and 0.070 ml of absolute triethylamine in 5 ml of methylene chloride.
      The combined solutions are allowed to react for 1 hour at -15.degree. and
      for a further hour at room temperature, and the reaction product is worked
      up analogously to the process of Example 92. The resulting amorphous
      residue is lyophilised from a small amount of acetic acid. The colourless
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-phenyloxyacetylamino-ceph-3-em-4-ca
     rboxylic acid shows in infrared absorption spectrum (in methylene chloride)
      characteristic bands at: 2,91.mu., 3,85.mu., 5,59.mu., 5,77.mu., 5,88.mu.,
      6,10.mu., 6,24.mu., 6,60.mu. and 7,61.mu. ultraviolet absorption spectrum
      (in 95% ethanol): .lambda..sub.max = 270 m.mu. (.epsilon. = 22400).
PAC  EXAMPLE 94:
PAR  A solution of 0.0402 g of 2-thienyl-acetylchloride in 3 ml of absolute
      methylene chloride is treated with an almost clear solution of 0.068 g of
      3-(5-methoxycarbonylfurfuryl)-7-amino-ceph-3-em-4-carboxylic acid and
      0.070 ml of absolute triethylamine and the mixture worked up according to
      the process described in Example 92. The
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-(2-thienylacetyl)-amino-ceph-3-em-4
     -carboxylic acid, which is lyophilised from acetic acid, is a uniform
      substance according to thin-layer chromatography (silica gel plates:
      detection with ultraviolet light .lambda. = 254 m.mu. or iodine vapour):
      Rf = 0.57 (system: ethyl acetate/pyridine/acetic acid/water 62:21:6:11),
      Rf = 0.45 (system: n-butanol/acetic acid/water 75:7.5:21), Rf = 0.60
      (system: n-butanol/acetic acid/water 44:12:44) and Rf = 0.30 (system:
      n-butanol/ethanol/water 40:10:50).
PAC  EXAMPLE 95:
PAR  If in the process of Example 94 bromoacetic acid chloride is used as
      acylating reagent and diisopropylethylamine as base,
      7.beta.-bromoacetylamino-3-(5-methoxycarbonyl-furfuryl)-ceph-3-em-4-carbox
     ylic acid is obtained according to the process of Example 92, which in
      thin-layer chromatgram has an Rf value of 0.40 (silica gel plates;
      systems: n-butanol/acetic acid/water 75:7.5:21); ultraviolet absorption
      spectrum (in 95% ethanol): .lambda..sub.max = 268m.mu. (.epsilon. =
      22000).
PAC  EXAMPLE 96:
PAR  A solution of 0.5 mmole of the 7.beta.-bromoacetylamino-3
      -(5-methoxycarbonyl-furfuryl)-ceph-3-em-4-carboxylic acid obtainable
      according to the process of Example 95, 0.066 g of 4-mercaptopyridine and
      0.057 g of diisopropylethyl amine in 10 ml of absolute dimethylformamide
      is allowed to react for 5 hours at room temperature. The reaction mixture
      is evaporated to dryness under a high vacuum and the residue is digested
      in a 1:1-mixture of diethyl ether and acetone. After stirring for 20
      minutes with a magnetic stirrer, the pulverulent, faintly yellow
      precipitate is filtered off and washed. The resulting
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-(4-pyridylthioacetyl)-amino-ceph-3-
     em-4-carboxylic acid is homogeneous according to thin-layer chromatography,
      Rf = 0.38 (silica gel plates; system: n-butanol/water/pyridine/acetic acid
      42:30:24:4 detection with ultraviolet light .lambda. = 254 m.mu. or iodine
      vapour); infrared absorption spectrum (in mineral oil): characteristic
      band at 5,59 m.mu..
PAC  EXAMPLE 97:
PAR  If in the process of Example 77 the mixture of the .alpha.- and
      .beta.-1-oxides of 7.beta.
      -[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycyl]-amino-3-(4-hydroxybenz
     yl)-ceph-3-em-4-carboxylic acid diphenylmethyl ester is used as the
      starting material, one obtains the 7.beta.-[
      N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycyl]-amino-3-(4-hydroxybenzyl
     )-ceph-3-em-4-carboxylic acid diphenylmethyl ester, in which the benzhydryl
      ester grouping is split upon treatment with trifluoroacetic acid in the
      presence of anisole and the 2-bromoethoxycarbonylamino grouping by
      treatment with zinc in the presence of 90% aqueous acetic acid; the
      resulting compound is the
      3-(4-hydroxybenzyl)-7.beta.-[D-(.alpha.)-phenylglycyl]-amino-ceph-3-em-4-c
     arboxylic acid.
PAR  Upon treatment of
      7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylglycyl]-amino-3-(4-hydr
     oxybenzyl)-ceph-3-em-4-carboxylic acid diphenylmethyl ester with acetic
      acid chloride according to the process of Example 86, the
      3-(4-acetyloxybenzyl)-7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.)-phenylg
     lycyl]-amino-ceph-3-em-4-carboxylic acid diphenylmethyl ester is obtained,
      in which the benzhydryl ester grouping is split upon treatment with
      trifluoroacetic acid in the presence of anisole and the
      2-bromoethoxycarbonylamino grouping by treatment with zinc in the presence
      of 90% aqueous acetic acid; one obtains the
      3-(4-acetyloxy-benzyl)-7.beta.-[D-(.alpha.)-phenylglycyl]-amino-ceph-3-em-
     4-carboxylic acid.
PAR  If one oxidizes the
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.
     )-phenylglycyl]-amino-ceph-2-em-4.xi.-carboxylic acid diphenylmethyl ester
      with 3-chloroperbenzoic acid according to the process of Example 65 and
      reduces the resulting
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.
     )-phenylglycyl]-amino-ceph-3-em-4-carboxylic acid diphenylmethyl ester
      1-oxide with sodium dithionite according to the process of Example 77, the
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-[N-2-bromoethoxycarbonyl-D-(.alpha.
     )-phenylglycyl]-amino-ceph-3-em-4-carboxylic acid diphenylmethyl ester is
      formed, in which the benzhydryl ester grouping is split upon treatment
      with trifluoroacetic acid in the presence of anisole and the
      2-bromoethoxycarbonylamino grouping by treatment with zinc in the presence
      of 90% aqueous acetic acid; the resulting compound is the
      3-(5-methoxycarbonyl-
      2-furfuryl)-7.beta.-[D-(.alpha.)-phenylglycyl]-4-carboxylic acid.
PAC  EXAMPLE 98:
PAR  Lyophilized ampules or vials containing 0.5 g of the sodium salt of
      3-(4-hydroxybenzyl)-7.beta.-phenylacetylamino-ceph-3-em-4-carboxylic acid
      are prepared as follows:
TBL  Formula (for one ampule or vial):                                         

     sodium salt of 3-(4-hydroxybenzyl)-7.beta.-phenylacetyl                   

     amino-ceph-3-em-4-carboxylic acid                                         

                                 0.5 g                                         

     mannitol                    0.05 g                                        

PAR  A sterile aqueous solution of the sodium salt
      3-(4-hydroxybenzyl)-7.beta.-phenylacetylamino-ceph-3-em-4-carboxylic acid
      and of the mannitol is lyophilized under aseptic conditions in 5 ml
      ampules or 5 ml viales; the ampules and vials are closed and examined.
PAC  EXAMPLE 99:
PAR  Lyophilized ampules and vials containing 1.0 g of the sodium salt of
      7.beta.-phenylacetylamino-3-(2-thenyl)-ceph-3-em-4-carboxylic acid are
      prepared as follows:
TBL  Formula (for one ampule or vial):                                         

     sodium salt of 7.beta.-phenylacetylamino-3-(2-thenyl)-                    

     ceph-3-em-4-carboxylic acid 1.0 g                                         

     mannitol                    0.1 g                                         

PAR  A sterile aqueous solution of the sodium salt of
      7.beta.-phenylacetylamino-3-(2-thenyl)-ceph-3-em-4-carboxylic acid and of
      the mannitol is lyophilized under aseptic conditions in 5 ml ampules or 5
      ml vials; the ampules and vials are closed and examined.
CLMS
STM  We claim:
NUM  1.
PAR  1. Compounds having the formula
      ##SPC8##
PAL  in which R" represents 2- or 4-hydroxy-phenyl, 2,5- or
      3,4-dihydroxy-phenyl, 2- or 4-lower alkoxy-phenyl, 2,4-, 2,5- or
      3,4-dimethoxy-phenyl, 2- or 4-lower alkanoyloxy-phenyl, 4-lower
      alkylthio-phenyl, 2-thienyl, 2-furyl, 5-carboxy-2-furyl or 5-lower
      alkoxycarbonyl-2-furyl, and in which R.sub. 1 ' represents an acyl radical
      of the formula
      ##EQU3##
      in which Ar represents phenyl, 3- or 4-hydroxy-phenyl,
      3-chloro-4-hydroxy-phenyl, 3,5-dichloro-4-hydroxy-phenyl or thienyl, and
      R.sub.3  represents hydrogen, amino, t-lower alkoxycarbonylamino,
      2-halogenolower alkoxycarbonylamino, guanylureido, sulphoamino, carboxyl
      or sulpho, and R.sub. 2 ' represents hydrogen or tert.-lower alkyl,
      2-halogenlower alkyl, phenacyl, benzhydryl, 4,4'-dimethoxy-diphenylmethyl
      or lower alkanoyloxymethyl, and pharmaceutically acceptable salts of such
      compounds having salt-forming groups.
NUM  2.
PAR  2. A compound as claimed in claim 1 and being a member selected from the
      group consisting of
      7.beta.-phenylacetylamino-3-(2-thenyl)-ceph-3-em-4-carboxylic acid and
      pharmaceutically acceptable salts thereof.
NUM  3.
PAR  3. A compound as claimed in claim 1 and being a member selected from the
      group consisting of
      3-(5-methoxycarbonyl-furfuryl)-7.beta.-phenylacetylamino-ceph-3-em-4-carbo
     xylic acid and pharmaceutically acceptable salts thereof.
NUM  4.
PAR  4. A compound as claimed in claim 1 and being a member selected from the
      group consisting of
      3-(4-hydroxybenzyl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carboxylic acid
      and pharmaceutically acceptable salts thereof.
NUM  5.
PAR  5. A compound as claimed in claim 1 and being a member selected from the
      group consisting of
      3-(4-acetyloxybenzyl)-7.beta.-phenylacetyl-amino-ceph-3-em-4-carboxylic
      acid and pharmaceutically acceptable salts thereof.
NUM  6.
PAR  6. A compound as claimed in claim 1 and being a member selected from the
      group consisting of
      3-(2-thenyl)-7.beta.-[D-(.alpha.)-phenylglycyl]-amino-ceph-3-em-4-carboxyl
     ic acid and pharmaceutically acceptable salts thereof.
NUM  7.
PAR  7. A compound as claimed in claim 1 and being a member selected from the
      group consisting of
      7.beta.-amino-3-(5-methoxycarbonyl-furfuryl)-ceph-3-em-4-carboxylic acid,
      or pharmaceutically acceptable salts thereof.
NUM  8.
PAR  8. A compound as claimed in claim 1 and being a member selected from the
      group consisting of
      3-(4-hydroxybenzyl)-7.beta.-[D-(.alpha.)-phenylglycyl]-amino-ceph-3-em-4-c
     arboxylic acid and pharmaceutically acceptable salts thereof.
NUM  9.
PAR  9. A compound as claimed in claim 1 and being a member selected from the
      group consisting of
      3-(4-acetyloxybenzyl)-7.beta.-[D-(.alpha.)-phenylglycyl]-amino-ceph-3-em-4
     -carboxylic acid and pharmaceutically acceptable salts thereof.
NUM  10.
PAR  10. A compound as claimed in claim 1 and being a member selected from the
      group consisting of 3-(5-methoxycarbonyl-2-furfuryl)-7.beta.-[
      D-(.alpha.)-phenylglycyl]-amino-ceph-3-em-4-carboxylic acid and
      pharmaceutically acceptable salts thereof.
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ABST
PAL  This invention relates to substituted 2-amino chromones of the general
      structure I:
      ##SPC1##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, and R.sub.4 may be hydrogen, hydroxy,
      lower alkyl or lower alkoxy of 1-6 carbon atoms, halogen such as chloro or
      bromo, or aryl such as phenyl, and X may be cyano or carboxamido. Two
      novel procedures for preparing substituted 2-amino chromones having the
      Formula I, starting with salicylic acid or substituted salicylic acid, are
      described. The compounds of this invention are active in the prevention of
      allergic and asthmatic reactions in mammals.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Benzopyran and chromone structures having a cyano group in the 3-position
      are known in the art.
PAR  For example, in U.S. Pat. No. 2,449,038, a method for preparing
      3-cyano-4-hydroxy coumarin (also known as 3-cyano-benzotetronic acid which
      can exist either in the 4-hydroxy or 4-keto form) is disclosed:
      acetylsalicylyl chloride is reacted with ethyl cyanoacetate. All compounds
      prepared according to the method disclosed in U.S. Pat. No. 2,449,038 must
      contain a 2-keto substituent in addition to the 3-cyano and 4-hydroxy or
      4-keto groups. Glozman, S.M. et al. disclose the synthesis of 2-amino
      chromone derivatives in Kim. Farm. Zh 5: 17-21 (1971). And Checchi, S. et
      al., in Gazz. Chim. Ital. 96: 874-884 (1966) demonstrate conversion of
      2-keto-3-cyanochromone to 2-aminochromone.
PAR  In U.S. Pat. No. 3,825,574, U.S. Pat. No. 3,853,921 and in U.S. Ser. No.
      312,154, filed Dec. 4, 1972, now U.S. Pat. No. 3,862,143,
      3-cyano-2-substituted chromones and the preparation thereof are disclosed.
      The 2-substituent on the chromone compounds of these last-mentioned
      patents may be hydrogen, lower alkyl, fluorinated lower alkyl, lower
      alkoxycarbonyl, carboxy, or lower akyl carboxylic acid.
PAR  Thus, none of aforementioned prior art discloses a benzopyran or a chromone
      structure having a 2-amino as well as a 3-cyano substituent; nor has any
      process for the preparation of such 2-amino-3-cyano-chromone structures
      been disclosed.
PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENTS
PAR  This invention relates to novel substituted 2-amino-chromones of the
      general structure I:
      ##SPC2##
PAR  In the above structure, R.sub.1, R.sub.2, R.sub.3, and R.sub.4 may be
      hydrogen, hydroxy, lower alkyl or lower alkoxy of 1-6 carbon atoms,
      halogen such as chloro or bromo, or aryl such as phenyl, and X may be
      cyano or carboxamido.
PAR  The compounds of this invention may be prepared by either of two methods.
      In the first method, salicylic acid or a substituted salicylic acid of
      structure II is used as starting material.
PAR  In structures II, R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are as defined for
      structure I.
PAR  In the first step, the free hydroxyl groups of the substituted salicylic
      acid are protected by conversion to an acyloxy group as acetoxy to give a
      structure according to structure III.
PAR  In structure III, R.sub.1, R.sub.2, R.sub.3, and R.sub.4 may be hydrogen,
      lower acyloxy of 1-6 carbon atoms, such as acetoxy, lower alkyl or lower
      alkoxy of 1-6 carbon atoms, halogen such as bromo or chloro, or aryl such
      as phenyl. R.sub.5 may be lower alkyl of 1 to 5 carbon atoms.
PAR  Among the reagents which may be used for this conversion are acetyl
      chloride or acetic anhydride.
PAR  In the second step, the acetoxy derivative according to structure III is
      converted to its acid chloride of structure IV in which R.sub.1, R.sub.2,
      R.sub.3, R.sub.4, and R.sub.5 are as defined for structure III. Among the
      reagents which may be used for this reaction are thionyl chloride, oxalyl
      chloride or, preferably, phosphorous pentachloride.
PAR  In the third step, the acid chloride according to structure IV is reacted
      with malononitrile in the presence of a basic catalyst and solvent to give
      the compound according to structure I wherein X is cyano. Among the basic
      catalysts which may be used there may be mentioned triethylamine, alkali
      metal hydrides such as sodium hydride, alkali metal hydroxides, amides of
      the formula M-NH.sub.2 wherein M is an alkali metal (potassium amide and
      the like), and alkoxides of the formula R-O-M wherein R is a lower alkyl
      group of 1 to 6 carbon atoms and M is an alkali metal. Among the suitable
      solvents which may be used are water, benzene, toluene, tetrahydrofuran,
      and dimethylformamide. Naturally, the basic catalyst and solvent selected
      must be compatable, i.e., non-reactant with one another. Preferably, a
      combination of an alkali metal hydroxide, such as sodium hydroxide, in
      aqueous medium is used.
PAR  In the second method by which the compounds of this invention may be
      prepared, the salicylic acid of structure II is esterified with a lower
      molecular weight alcohol, such as methanol or ethanol, to give a compound
      according to structure V wherein R.sub.1, R.sub.2, R.sub.3, and R.sub.4
      are as defined for structure I and wherein R.sub.6 may be lower alkyl of 1
      to 6 carbon atoms. This esterification may be carried out by procedures
      which are standard to the art.
PAR  The ester V thus prepared is reacted with malononitrile in the presence of
      an inert solvent and a strong base to afford the compound of structure I
      wherein X is cyano. Suitable bases for this reaction are alkali metal
      hydrides, such as sodium hydride, amides of the formula M-NH.sub.2 wherein
      M is an alkali metal (potassium amide and the like) and alkoxides of the
      formula R-O-M wherein R is a 1 to 6 carbon atom lower alkyl group and M is
      an alkali metal. Suitable solvents for this reaction are benzene, toluene,
      tetrahydrofuran, dimethylformamide and dimethylsulfoxide.
PAR  In order to prepare those compounds according to structure I wherein X is
      carboxamido, the compound according to structure I wherein X is cyano is
      subjected to an acid catalyzed hydrolysis step. Among the acids which may
      be used for this reaction are mineral acids as hydrochloric, phosphoric,
      or, preferably, sulfuric.
PAR  In this invention the salicylic acids, esters, acid chlorides and acetoxy
      derivatives used as starting materials or intermediates are all
      commercially available or are compounds easily prepared by known methods
      described the literature, as for example those methods described in A. R.
      Fersht and A. J. Kirby, J. Am. Chem. Soc., 89: 4853-4857 (1967); P. Moses
      and R. Dahlbom, Acta Chem. Scand., 19: 823-832; and J. Sieben. Ann. 367:
      218-245 (1909).
      ##SPC3##
PAR  The compounds of this invention are active in the prevention of allergic
      and asthmatic reactions in mammals. For example, in tests conducted by the
      procedures described in I. Mota, Life Sciences, Vol. 4: No. 7, 465-474
      (1963) and Z. Ovary et al., Proc. Soc. Exptl. Biol. Med., 81: 584-586
      (1952), these compounds are capable of protecting rats from allergic and
      asthmatic reactions at a dose level of 5-100 mg/kg, when administered
      parenterally or orally. This dosage may be varied depending upon the
      severity of the condition, the age, weight, and sex of the mammal being
      treated, and the route of administration.
PAR  In use, the compounds of Formula I may be combined with a parenterally
      acceptable vehicle, such as gum tragacanth, in saline suspension, to
      provide dosage forms suitable for parenteral administration; or they may
      be combined with pharmaceutical diluents such as lactose, cornstarch, and
      the like and formulated into tablet or capsule dosage forms. In order to
      enhance their therapeutic spectrum, the compounds of Formula I may be
      combined with sympathomimetic agents such as isoproterenol or combined
      with steroids such as cortisone and its derivatives.
PAR  In all of the above Formulas I, II, III, IV, and V, the R group definitions
      may be more fully described as follows: the term "lower alkyl" is meant to
      include lower aliphatic hydrocarbons having 1 to 6 carbon atoms in the
      carbon chain, such as methyl, ethyl, propyl, isopropyl, butyl or isobutyl.
      This definition for lower alkyl also applies to the lower alkyl portion of
      "lower alkoxy". The term "lower acyloxy" is meant to include lower alkyl
      carboxylic acids wherein "lower alkyl" has the aforementioned meaning. The
      term "halogen" is meant to include bromine, chlorine, iodine and fluorine.
PAR  To further illustrate the practice of this invention, the following
      examples are included:
DETD
PAC  EXAMPLE 1
      ##SPC4##
PAL  2-acetoxy-5-chlorobenzoic acid. -- A mixture of 86 g (0.5 mole) of 5-chloro
      salicylic acid and 102 g (1.0 mole) of acetic anhydride was warmed to
      40.degree.C. With stirring, 5 drops of conc. sulfuric acid are added,
      which causes an exothermic reaction. The mixture is stirred for 1/2 hour
      at 60.degree.C. then poured into ice. The solid is filtered, washed with
      water and air dried, mp 146.degree.-8.degree.C, and is used as is for the
      next step.
PAC  EXAMPLE 2
      ##SPC5##
PAL  2-acetoxy-5-chlorobenzoyl chloride. -- To a suspension of 21.4 g (0.1 mole)
      of 2-acetoxy-5-chlorobenzoic acid in 100 ml of refluxing benzene is added
      in portions over 1 hour 20.8 g (0.1 mole) of phosphorous pentachloride.
      The clear solution is refluxed for 1 hour, then concentrated to dryness.
      The residue is distilled, bp 112.degree.C at 0.1 mm to give a clear oil
      which solidified on standing, mp 35.degree.-8.degree.C.
PAC  EXAMPLE 3
      ##SPC6##
PAL  2-amino-4-oxo-4H-1-benzopyran-3-carbonitrile. -- A mixture of 6.6 g (0.1
      mole) of malononitrile, 50 g of ice, 5 ml of 20% sodium hydroxide and 9.9
      g (0.5 mole) of 2-acetoxy benzoyl chloride is stirred vigorously for 10
      minutes. Second portions of malononitrile and 20% sodium hydroxide are
      added, the mixture is stirred another 10 minutes, then warmed to
      40.degree.C. With stirring, there is added 50% potassium hydroxide
      solution in 5 ml increments until the solution becomes clear. The solution
      is cooled, acidified with conc. HCl, and the solid filtered and washed
      with water and air dried, mp 315.degree.-20.degree.C.
PAR  Anal. calcd for C.sub.10 H.sub.6 N.sub.2 O.sub.2 : C, 64.52; H, 3.25; N,
      15.05. Found: C, 64.32; H, 3.33; N, 15.14.
PAC  EXAMPLE 4
      ##SPC7##
PAL  2-amino-4-oxo-4H-1-benzopyran-3-carboxamide. -- A mixture of 1.5 g of
      2-amino-4-oxo-4H-1-benzopyran-3-carbonitrile and 7 ml of 80% sulfuric acid
      is heated for 1 hour on the steam bath. The mixture is cooled, poured into
      water, and the solid filtered and recrystallized from ethanol, mp
      264.degree.-6.degree.C.
PAR  Anal. calcd for C.sub.10 H.sub.8 N.sub.2 O.sub.3 : C, 58.82; H, 3.95; N,
      13.72. Found. C, 58.78; H, 3.88; N, 13.50.
PAC  EXAMPLE 5
      ##SPC8##
PAL  2-amino-4-oxo-8-phenyl-4H-1-benzopyran-3-carbonitrile. -- A mixture of 5.0
      g (.11 mole) of 57% sodium hydride-mineral oil and 11.4 g (.05 mole) of
      methyl-3-phenyl salicylate in 400 ml dimethylformamide is stirred for 5
      minutes, then 6.6 g (0.1 mole) of malononitrile is added. The mixture is
      stirred overnight at room temperature, then refluxed for 4 hours, cooled,
      and poured into water. The solution is acidified and the solid filtered
      and recrystallized from ethanol-water, mp 217.degree.-19.degree.C.
PAR  Anal. calcd for C.sub.16 H.sub.10 N.sub.2 O.sub.2 : C, 73.27; H, 3.84; N,
      10.68. Found: C, 71.72; H, 4.07; N, 10.19.
PAC  EXAMPLE 6
      ##SPC9##
PAL  2-amino-4-oxo-8-phenyl-4H-1-benzopyran-3-carboxamide. -- In the same way as
      described in Example 4,
      2-amino-4-oxo-8-phenyl-4H-1-benzopyran-3-carbonitrile is hydrolyzed, mp
      233.degree.-5.degree.C after recrystallization from ethanol-water.
PAR  Anal. calcd for C.sub.16 H.sub.12 N.sub.2 O.sub.3 : C, 68.56; H, 4.32; N,
      10.00. Found: C, 68.01; H, 4.37; N, 9.57.
PAC  EXAMPLE 7
      ##SPC10##
PAL  2-amino-7-methoxy-4-oxo-4H-1-benzopyran-3-carbonitrile. -- In the same way
      as described in Example 5, methyl-4-methoxy salicylate and malononitrile
      are reacted to give crystals, mp 300.degree.C.
PAR  Anal. calcd for C.sub.11 H.sub.8 N.sub.2 O.sub.3 : C, 61.11; H, 3.73; N,
      12.96. Found: C, 60.93; H, 3.76; N, 12.88.
PAC  EXAMPLE 8
      ##SPC11##
PAL  Anal. 2-Amino-7-methoxy-4-oxo-4H-1-benzopyran-3-carboxamide. -- In the same
      way as described in 11.96. 4,
      2-amino-7-methoxy-4-oxo-4H-1-benzopyran-3-carbonitrile is hydrolyzed, mp
      265.degree.-6.degree.C.
PAR  Anal calcd for C.sub.11 H.sub.10 N.sub.2 O.sub.4 : C, 56.41; H, 4.30; N,
      11.96. Found: C, 56.29; H, 4.37; N, 11.58.
PAC  EXAMPLE 9
      ##SPC12##
PAL  2-amino-6-chloro-4-oxo-4H-1-benzopyran-3-carbonitrile. -- In the same way
      as described in Example 3, 2-acetoxy-5-chlorobenzoyl chloride and
      malononitrile are reacted to give crystals, mp 340.degree.C.
PAR  Anal. calcd for C.sub.10 H.sub.5 ClN.sub.2 O.sub.2 : C, 54.44; H, 2.29; N,
      12.70. Found: C, 54.24; H, 2.38; N, 12.42.
PAC  EXAMPLE 10
      ##SPC13##
PAL  2-amino-6-chloro-4-oxo-4H-1-benzopyran-3-carboxamide. -- In the same way as
      described in Example 4,
      2-amino-6-chloro-4-oxo-4H-1-benzopyran-3-carbonitrile is hydrolyzed to
      give crystals, mp 320.degree.C after recrystallization from acetic acid.
PAR  Anal. calcd for C.sub.10 H.sub.7 ClN.sub.2 O.sub.3 : C, 50.33; H, 2.96; N,
      11.74. Found: C, 50.12; H, 2.90; N, 11.66.
PAC  EXAMPLE 11
      ##SPC14##
PAL  2-acetoxy-3-methoxy benzoic acid. -- In the same way as described in
      Example 1, 3-methoxy salicylic acid is acetylated to give crystals, mp
      139.degree.-40.degree.C which are used directly for the next step.
PAC  EXAMPLE 12
      ##SPC15##
PAL  2-acetoxy-3-methoxy benzoyl chloride. -- In the same way as described in
      Example 2, 2-acetoxy-3-methoxy benzoic acid is converted to its acid
      chloride. The solid product, mp 51.degree.-4.degree.C, is used directly
      for the next step.
PAC  EXAMPLE 13
      ##SPC16##
PAL  2-amino-4-oxo-8-methoxy-4H-1-benzopyran-3-carbonitrile. -- In the same way
      as described in Example 3, 2-acetoxy-3-methoxybenzoyl chloride and
      malononitrile are reacted to give a crystalline product, mp 300.degree.C.
PAR  Anal. calcd for C.sub.11 H.sub.8 N.sub.2 O.sub.3 : C, 61.11; H, 3.73; N,
      12.96. Found: C, 60.93; H, 3.81; N, 12.84.
PAC  EXAMPLE 14
      ##SPC17##
PAL  2-amino-4-oxo-8-methoxy-4H-1-benzopyran-3-carboxamide. -- In the same way
      as described in Example 4,
      2-amino-4-oxo-8-methoxy-4H-1-benzopyran-3-carbonitrile is hydrolyzed to
      give crystals, mp 302.degree.C after recrystallization from methanol.
PAR  Anal. calcd for C.sub.11 H.sub.10 N.sub.2 O.sub.4 : C, 56.41; H, 4.30; N,
      11.96. Found: C, 56.25; H, 4.42; N, 12.05.
PAC  EXAMPLE 15
      ##SPC18##
PAL  2-acetoxy-5-methoxy benzoic acid. -- In the same way as described in
      Example 1, 5-methoxy salicylic acid is acetylated to give a solid product,
      mp 155.degree.-7.degree.C, which is used as is for the next step.
PAC  EXAMPLE 16
      ##SPC19##
PAL  2-acetoxy-5-methoxy benzoyl chloride. -- In the same way as described in
      Example 2, 2-acetoxy-5-methoxy benzoic acid is converted to its acid
      chloride. The product has bp 127.degree.-30.degree.C at 0.4 mm. The
      distillate becomes a waxy solid which is used directly for the next step.
PAC  EXAMPLE 17
      ##SPC20##
PAL  2-amino-4-oxo-6-methoxy-4H-1-benzopyran-3-carbonitrile. In the same way as
      described in Example 3, 2-acetoxy-5-methoxy benzoyl-chloride and
      malononitrile are reacted to give crystals, mp 320.degree.C after
      recrystallization from methanol.
PAR  Anal. calcd for C.sub.11 H.sub.8 N.sub.2 O.sub.3 : C, 61.11; H, 3.73; N,
      12.96. Found: C, 61.09; H, 3.80; N, 13.25.
PAC  EXAMPLE 18
      ##SPC21##
PAL  2-amino-4-oxo-6-methoxy-4H-1-benzopyran-3-carboxamide. -- In the same way
      as described in Example 4,
      2-amino-4-oxo-6-methoxy-4H-1-benzopyran-3-carbonitrile is hydrolyzed to
      give crystals, mp 270.degree.C after recrystallization from methanol.
PAR  Anal. calcd. for C.sub.11 H.sub.10 N.sub.2 O.sub.4 : C, 56.41; H, 4.30; N,
      11.96. Found: C, 56.19; H, 4.40; N, 11.80.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the Formula I:
      ##SPC22##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, and R.sub.4 each represent hydrogen,
      hydroxy, lower alkyl of 1 to 6 carbon atoms, lower alkoxy of 1 to 6 carbon
      atoms, halogen or phenyl, with the proviso that at least three of R.sub.1,
      R.sub.2, R.sub.3 and R.sub.4 are hydrogen; and X represents cyano or
      carboxamido.
NUM  2.
PAR  2. A compound according to claim 1 which is
      2-amino-4-oxo-4H-1-benzopyran-3-carbonitrile.
NUM  3.
PAR  3. A compound according to claim 1 which is
      2-amino-4-oxo-4H-1-benzopyran-3-carboxamide.
NUM  4.
PAR  4. A compound according to claim 1 which is
      2-amino-4-oxo-8-phenyl-4H-1-benzopyran-3-carbonitrile.
NUM  5.
PAR  5. A compound according to claim 1 which is
      2-amino-4-oxo-8-phenyl-4H-1-benzopyran-3-carboxamide.
NUM  6.
PAR  6. A compound according to claim 1 which is
      2-amino-7-methoxy-4-oxo-4H-1-benzopyran-3-carbonitrile.
NUM  7.
PAR  7. A compound according to claim 1 which is
      2-amino-7-methoxy-4-oxo-4H-1-benzopyran-3-carboxamide.
NUM  8.
PAR  8. A compound according to claim 1 which is
      2-amino-6-chloro-4-oxo-4H-1-benzopyran-3-carbonitrile.
NUM  9.
PAR  9. A compound according to claim 1 which is
      2-amino-6-chloro-4-oxo-4H-1-benzopyran-3-carboxamide.
NUM  10.
PAR  10. A compound according to claim 1 which is
      2-amino-4-oxo-8-methoxy-4H-1-benzopyran-3-carbonitrile.
NUM  11.
PAR  11. A compound according to claim 1 which is
      2-amino-4-oxo-8-methoxy-4H-1-benzopyran-3-carboxamide.
NUM  12.
PAR  12. A compound according to claim 1 which is
      2-amino-4-oxo-6-methoxy-4H-1-benzopyran-3-carbonitrile.
NUM  13.
PAR  13. A compound according to claim 1 which is
      2-amino-4-oxo-6-methoxy-4H-1-benzopyran-3-carboxamide.
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ABST
PAL  2-Formyl-3-protected hydroxy-5-oxocyclopent-1-eneheptanoic acid and its
      esters are stereoselectively reduced to the corresponding
      2.beta.-formyl-3.alpha.-protected
      hydroxy-5-oxocyclopentane-1.alpha.-heptanoic acid and esters with chromous
      sulfate. The compounds so produced are useful as intermediates to
      PGE.sub.1 and its esters, which compounds exhibit hypotensive and smooth
      muscle-stimulating properties.
PARN
PAR  This application is a continuation-in-part of my copending application
      Serial No. 187,853, filed October 8, 1971, now U.S. Pat. No. 3,810,936,
      which is a continuation-in-part of my application Serial No. 799,965 filed
      February 17, 1969, now abandoned.
BSUM
PAR  The present invention is concerned with a novel process for the production
      of chemical compounds characterized by a cyclopentane structure. More
      particularly, it is concerned with the production of 2-formyl 3-protected
      hydroxy-5-oxocyclopentaneheptanoic acids and esters corresponding
      represented by the following structural formula.
      ##SPC1##
PAL  Wherein R.sub.1 is a lower alkyl radical containing 1-7 carbon atoms
      inclusive or a tetrahydropyran-2-yl, 4-(lower alkoxy)tetrahydropyran-4-yl
      or tri(lower alkyl) silyl radical and R.sub.2 is a tetrahydropyran-2-yl,
      4-(lower alkoxy)-tetrahydropyran-4-yl or a tri(lower alkyl)silyl radical,
      by contacting the corresponding .DELTA..sup.1,2 unsaturated compounds of
      the formula
      ##SPC2##
PAL  Wherein the wavy line represents the optically active 3(R) isomer or the
      racemic mixture, with a chromous ion reducing agent.
PAR  The instant process is a particularly useful since the stereoisomers
      produced in major quantities are those which are analogous in
      configuration to natural PGE.sub.1. Thus, the chromous sulfate reduction
      of the 2-formyl-3-protected hydroxy-5-oxocyclopent-1-eneheptanoic acid
      preferentially affords, as the major product, racemic
      2.beta.-formyl-3.alpha.-protected
      hydroxy-5-oxocyclopentane1.alpha.-heptanoic acid.
PAR  Preferred chromous ion reducing agents are chromous sulfate, chromous
      acetate and chromous perchlorate, with chromous sulfate being particularly
      preferred.
PAR  The lower alkyl radicals represented by R.sub.1 and R.sub.2 are typified by
      methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl and the branched-chain
      groups isomeric therewith
PAR  Illustrative of the lower alkoxy radicals represented herein containing 1-7
      carbon atoms inclusive are methoxy, ethoxy, propoxy, butoxy, isopropoxy
      and the like.
PAR  It is understood that other protecting groups, equivalent to those
      described herein, may be utilized in the instant process. However, those
      described herein are preferred.
PAR  Reaction temperatures and length of reaction times are not deemed critical
      for the stereoselective operation of the process. Such temperatures and
      times will be obvious to those skilled in the art from the examples which
      follow and may be selected according to standard chemical manufacturing
      procedures. Useful solvents in which the reduction may be run include
      dimethylsulfoxide, aqueous dimethylformamide, aqueous dioxane and aqueous
      tetrahydrofuran but are not limited thereto.
PAR  Materials suitable for the manufacture of the starting materials employed
      in this invention are styrylglyoxal, conveniently prepared by the selenous
      acid oxidation of 4-phenyl-3-buten-2-one, and the dialkyl esters of
      3-oxoundecane-1,11-dioic acid. Dimethyl 3-oxoundecane-1,11-dioate is thus
      saponified with potassium hydroxide and the resulting dicarboxylic acid is
      allowed to react with styrylglyoxal, thus affording
      14-phenyl-9,12-dioxo-11-hydroxytetradec-13-enoic acid. Cyclization of the
      latter intermediate in the presence of potassium hydroxide results in
      3-hydroxy-5-oxo-2-styrylcyclopent-1-eneheptanoic acid.
PAR  The 2-(.alpha.,.beta.-dihydroxyphenethyl) derivatives are readily obtained
      by hydroxylation of the corresponding 2-styryl compounds. A convenient
      reagent is osmium tetroxide. Methyl
      3-hydroxy-5-oxo-2-styrylcyclopent-1-eneheptanoate is thus contacted at
      room temperature with osmium tetroxide in dioxane to produce methyl
      3-hydroxy-5-oxo-2-(.alpha.,.beta.-dihydroxyphenethyl)cyclopent-1-eneheptan
     oate.
PAR  The 2-formyl compounds useful in this invention are then conveniently
      prepared by cleaving the glycol structure of the corresponding
      2-(.alpha.,.beta.-dihydroxyphenethyl) substances. Methyl
      3-hydroxy-5-oxo-2-(.alpha..beta.-dihydroxyphenethyl)cyclopent-1-eneheptano
     ate in ethanol is contacted with aqueous sodium periodate, thus affording
      methyl 3-hydroxy-2-formyl-5-oxocyclopent-1-eneheptanoate. The 2-formyl
      compounds are alternatively produced from the corresponding 2-styryl
      derivatives by combining the hydroxylation and cleavage processes. Methyl
      3-hydroxy-5-oxo-2-styrylcyclopent-1-eneheptanoate in aqueous dioxane is
      thus allowed to react with osmium tetroxide and sodium periodate to afford
      methyl 2-formyl-3-hydroxy-5-oxocyclopent-1-eneheptanoate.
PAR  The optically active 2-formyl-3-oxygenated compounds are prepared from the
      racemic 2-styryl-3-hydroxy compounds by resolution of the latter compounds
      with either (+) or (-)-0-methylmandelyl chloride, thus forming the
      isomeric 2-styryl-3-((-)-0-methylmandeloxy) derivatives or the
      corresponding (+) derivatives, which can be separated chromatographically.
      Treatment of the latter compounds with base, such as potassium carbonate,
      affords the 2-styryl-3.alpha.-hydroxy and 2-styryl-3.beta.-hydroxy
      derivatives which can be hydroxylated and cleaved in the manner described
      previously to produce the optically active 2-formyl-3.alpha.-hydroxy and
      2-formyl-3.beta.-hydroxy compounds, respectively. Typically,
      3-hydroxy-5-oxo-2-styrylcyclopent-1-eneheptanoic acid is contacted with
      (-)-0-methylmandelyl chloride to produce
      3.beta.-((-)-0-methylmandeloxy)-5-oxo-2styrylcyclopent-1-eneheptanoic acid
      and
      3.alpha.-((-)-0-methylmandeloxy)-5-oxo-2-styrylcyclopent-1-eneheptanoic ac
     id, which are separated chromatographically on silicic acid. Treatment of
      the separated optical isomers with potassium carbonate affords
      (+)-3.beta.-hydroxy-5-oxo-2-styrylcyclopent1-eneheptanoic acid and
      (-)-3.alpha.-hydroxy-5-oxo-2-styrylcyclopent-1-eneheptanoic acid,
      respectively. Subsequent hydroxylation with osmium tetroxide and cleavage
      with sodium periodate yields
      (+)-2-formyl-3.beta.-hydroxy-5-oxocyclopent-1-eneheptanoic acid and
      (-)-2-formyl-3.alpha.-hydroxy-5-oxocyclopent-1-eneheptanoic acid,
      respectively.
PAR  The 2-formyl-3-hydroxy compounds produced by the methods outlined above
      then are allowed to react with dihydro-.gamma.-pyran, a
      4-alkoxy-2,3-dihydro-.alpha.-pyran or a trialkylsilyl halide to produce
      the intermediates of formula (II). Those reactions are suitably carried
      out in solvents such as methylene chloride, tetrahydrofuran, pyridine and
      the like. Preferably, a catalytic amount of p-toluenesulfonic acid is
      added to the reaction mixture to promote the formation of the pyranyl
      ethers. Also, it is desirable to add
      1,1,3,3-tetramethyl-1,3-di(t-butyl)silizane to the solvent when the
      trialkylsilyl ethers are formed with tetrahydrofuran as solvent. Typical
      of the above reactions are those of
      2-formyl-3-hydroxy-5-oxocyclopent-1-eneheptanoic acid with
      dihydro-.gamma.-pyran 4-methoxy-2,3-dihydro-.alpha.-pyran and
      dimethyl-t-butylsilyl chloride to produce, respectively,
      2-formyl-3-(tetrahydropyran-2'-yl)oxy-5-oxocyclopent-1-eneheptanoic acid,
      2-formyl-3-(4'-methoxytetrahydropyran-4'-yl)oxy-5-oxocyclopent-1-eneheptan
     oic acid and
      2-formyl-3-(dimethyl-t-butylsilyl)oxy-5oxocyclopent-1-eneheptanoic acid.
PAR  The compounds of formula (II) are reduced with chromous sulfate, chromous
      acetate or chromous perchlorate to produce the compounds of formula (I) as
      major products. For example,
      2-formyl-3-(tetrahydropyran-2'yl)oxy-5-oxocyclopent-1-eneheptanoic acid is
      treated with chromous sulfate to produce as the major product,
      2.beta.-formyl-3.alpha.-(tetrahydropyran-2'-yl)oxy-5-oxocyclopentane-1.alp
     ha.-heptanoic acid, accompanied by the minor product,
      2.beta.-formyl-3.beta.-(tetrahydropyran-2'-yl)oxy-5-oxocyclopentane-1.alph
     a.-heptanoic acid. Those compounds may be separated chromatographically or
      may be reacted further as crude products. Condensation of compounds of
      formula (I) with triaryl, e.g. triphenyl or tritolyl, or trialkyl
      n-hexanoylmethylene phosphorane affords the 11-protected hydroxy-9,
      15-dioxoprost-13-trans-enoic acid or esters, which then are reduced to
      yield the 15(S)-hydroxy derivatives. Regeneration of the hydroxy moiety by
      hydrolysis then affords racemic PGE.sub.1 or its esters. Typically, crude
      2.beta.-formyl-3.alpha.-(tetrahydropyran-2'-yl)oxy-5-oxocyclopentane-1.alp
     ha.-heptanoic acid is treated with triphenyl n-hexanoylmethylene
      phosphorane to yield
      11.alpha.-(tetrahydropyran-2'-yl)oxy-9,15-dioxoprost-13-trans-enoic acid.
      Then that product is reduced with sodium borohydride to yield
      11.alpha.-(tetrahydropyran-2'-yl)oxy-15(S)-hydroxy-9oxoprost-13-trans-enoi
     c acid which is hydrolyzed with aqueous acetic acid to yield racemic
      11.alpha.,15(S)-dihydroxy9-oxoprost-13-trans-enoic acid.
PAR  The compounds produced by this invention are useful as intermediates in the
      manufacture of PGE.sub.1, its esters and their optically active isomers.
      Those compounds possess well known pharmacological activity and are useful
      as hypotensive and smooth-muscle stimulating agents.
PAR  The following examples describe in detail the process illustrative of the
      present invention. The invention, however, is not to be construed as
      limited thereby either in spirit or in scope since it will be apparent to
      those skilled in the art that many modifications both of materials and of
      methods may be practiced without departing from the purpose and intent of
      this disclosure. It is understood that the procedures employing racemic
      mixtures in the following examples are applicable to the optical isomers
      as well. Throughout these examples temperatures are given in degrees
      Centrigrade and relative amounts of materials in parts by weight except as
      otherwise noted.
DETD
PAC  EXAMPLE 1
PAR  A solution containing 100 parts of 4-phenyl-3-buten-2-one, 106 parts of
      selenous acid, 160 parts of dioxane and 20 parts of water is heated to the
      reflux temperature. After the initial vigorous reaction has subsided, the
      mixture is heated at that temperature for an additional 30 minutes. The
      supernatant is then decanted from the metallic selenium and is
      concentrated under reduced pressure. Distillation of the residue under
      reduced pressure affords, as a yellow oil, styrylglyoxal, boiling at about
      120.degree. at 2.5 mm. pressure.
PAC  EXAMPLE 2
PAR  A solution of 38.2 parts of dimethyl 3-oxoundecane-1,11-dioate in 200 parts
      by volume of 10% aqueous potassium hydroxide is stored at 0-5.degree. for
      about 3 days, then is adjusted to pH 5 by the addition of concentrated
      aqueous citric acid. To that mixture is added to a solution which is
      prepared by heating 21.9 parts of styrylglyoxal in 50 parts by volume of
      50% aqueous methanol at 65.degree.-75.degree. for about 20 minutes, then
      adding 60 parts of methanol. To the resulting reaction mixture is added 30
      parts by volume of 1 M pH 4.5-5.0 citrate buffer and stirring at room
      temperature is continued for about 3 hours, during which time carbon
      dioxide gas is evolved. The precipitated product is collected by
      filtration, thus affording the half potassium salt of dl-
      14-phenyl-9,12-dioxo-11-hydroxytetradec-13-enoic acid, melting at about
      105.degree.. Further purification by recrystallization from methanol
      affords the pure compound, melting at about 107.5.degree..
PAR  The latter half potassium salt is dissolved in water and the resulting
      aqueous solution is acidified by the addition of dilute hydrochloric acid.
      The resulting acidic mixture is extracted with ether and the ether layer
      is separated, washed with water, dried over anhydrous sodium sulfate and
      concentrated to dryness. The resulting solid residue is purified by
      recrystallization from chloroform-ether to yield dl-
      14-phenyl-9,12-dioxo-11-hdroxytetradec-13-enoic acid, melting at about
      81.5.degree.-83.degree..
PAC  EXAMPLE 3
PAR  To 3000 parts by volume of an aqueous solution containing 6.7 parts of
      potassium hydroxide is added, with stirring at 21.degree.-23.degree. over
      a period of about 2 1/4 hours, a solution of 10.4 parts of dl-
      14-phenyl-9,12-dioxo-11-hydroxytetradec-13-enoic acid in 187 parts of
      chloroform. After completion of the addition, the reaction mixture is
      stirred for an additional 2 hours, then is made acidic by adding 10 parts
      of oxalic acid dihydrate. The acidic mixture is extracted with chloroform
      and the organic layer is washed with dilute aqueous sodium chloride, then
      dried over anhydrous sodium sulfate and concentrated to dryness under
      reduced pressure. The resulting residue is recrystallized first from
      benzene, then from chloroform-ether to yield dl-
      3-hydroxy-5-oxo-2-styrylcyclopent-1-eneheptanoic acid, which displays a
      melting point at about 118.degree.. This compound displays an ultraviolet
      absorption maximum at about 325 millimicrons with a molecular extinction
      coefficient of about 36,400.
PAC  EXAMPLE 4
PAR  A mixture containing 44.3 parts of
      d1-3-hydroxy15-oxo-2-styrylcyclopent-1-eneheptanoic acid, 11.3 parts of
      diazomethane and 700 parts of ether is kept at room temperature for about
      5 minutes, at the end of which time acetic acid is added in order to
      destroy the excess reagent. The resulting mixture is then washed with
      aqueous sodium bicarbonate, dried over anhydrous sodium sulfate and
      stripped of solvent by distillation under reduced pressure. The residue is
      purified by chromatography, first on silica gel followed by elution with
      50% ethyl acetate in benzene, then by dry chromatography on silica gel
      containing 8% water, also using 50% ethyl acetate in benzene, thus
      affording dl-methyl 3-hydroxy-5-oxo-2-styrylcyclopent-1-eneheptanoate.
      This compound is characterized by infrared absorption maxima, in
      chloroform, at about 2.75, 2.87, 5.76, 5.88 and 6.17 microns and by an
      ultraviolet absorption maximum at about 325 millimicrons with a molecular
      extinction coefficient of about 36,000.
PAC  EXAMPLE 5
PAR  A mixture consisting of 13 parts of dl-
      3-hydroxy-5-oxo-2-styrylcyclopent-1-eneheptanoic acid, 17.8 parts of
      sodium periodate, 55 parts of water, 160 parts of dioxane and 2 parts of a
      2% osmium tetroxide in dioxane solution is stirred under nitrogen at room
      temperature for about 4 hours. That reaction mixture is then extracted
      with ether and the ether layer is separated and extracted several times
      with 0.5% aqueous sodium chloride. The salt extracts are saturated with
      sodium chloride, then extracted with ether. The ether layer is separated,
      dried over anhydrous sodium sulfate, concentrated and dried under reduced
      pressure to afford dl- 2-formyl-3-hydroxy-5-oxocyclopent-1-eneheptanoic
      acid, characterized by an ultraviolet absorption maximum at about 228
      millimicrons with a molecular extinction coefficient of about 10,100.
PAC  EXAMPLE 6
PAR  A mixture of 13.5 parts of dl-methyl
      3-hydroxy-5-oxo-2-styrylcyclopent-1-eneheptanoate, 17.8 parts of sodium
      periodate, 55 parts of water, 160 parts of dioxane and 2 parts by volume
      of a 2% osmium tetroxide in dioxane solution is stirred at room
      temperature under nitrogen for about 4 hours. The reaction mixture is
      extracted with ether and the ether solution is dried over anhydrous sodium
      sulfate, then concentrated to dryness under reduced pressure. The
      resulting residue is purified by dry column chromatography on silica gel
      containing 8% of water, using 50% ethyl acetate in benzene, thus affording
      dl-methyl 2-formyl-3-hydroxy-5-oxocyclopent-1-eneheptanoate, characterized
      by an ultraviolet absorption maximum at about 228 millimicrons with a
      molecular extinction coefficient of about 10,200.
PAC  EXAMPLE 7
PAR  Substitution of an equivalent quantity of diazoethane in the procedure of
      Example 4 yields dl-ethyl
      3-hydroxy-5-oxo-2-styrylcyclopent-1-eneheptanoate.
PAC  EXAMPLE 8
PAR  By substituting an equivalent quantity of dl-ethyl
      3-hydroxy-5-oxo-2styrylcyclopent-1-eneheptanoate in the procedure of
      Example 6, there is afforded dl-ethyl
      2-formyl-3-hydroxy-5-oxocyclopent-1-eneheptanoate.
PAC  EXAMPLE 9
PAR  To a solution of 2 parts of dl-
      2-formyl-3-hydroxy-5-oxocyclopent-1-eneheptanoic acid and 1 part by volume
      of dihydropyran in 6.7 parts of methylene chloride is added a solution
      containing 0.02 part of p-toluenesulfonic acid in 0.18 part of
      tetrahydrofuran. A rapid exothermic reaction then ensues. After completion
      of the reaction, the mixture is diluted with 400 parts of methylene
      chloride, then washed with aqueous sodium sulfate and dried over anhydrous
      sodium sulfate. Concentration of the dried mixture under reduced pressure
      affords, as a pale yellow oil, dl-
      2-formyl-3-(tetrahydropyran-2'-yl)oxy-5-oxocyclopent-1-eneheptanoic acid.
PAR  To the crude reaction mixture containing
      d1-2-formyl-3-(tetrahydropyran-2'-yl)oxy-5-oxocyclopent-1-eneheptanoic
      acid described in the previous paragraph is added 32 parts by volume of
      chromous sulfate solution, prepared from chromic sulfate as described in
      Organic Synthesis, Volume 49, page 98. The resulting reaction mixture is
      stirred under nitrogen for about 30 minutes, at the end of which time 3
      parts of ammonium sulfate and 25 parts of sucrose are added and the
      mixture is finally acidified by the addition of 1 M aqueous citric acid.
      That mixture is extracted with ether and the ether extract is separated,
      washed successively with saturated ammonium chloride and saturated sodium
      chloride, then dried over anhydrous sodium sulfate and concentrated under
      reduced pressure to yield, as the major product, dl-
      2.beta.-formyl-3.alpha.-(tetrahydropyran-2'-yl)oxy-5-oxocyclopentane-1.alp
     ha.-heptanoic acid. The corresponding 3.beta.-tetrahydropyran 2'-yl ether
      is obtained as the minor product.
PAR  A solution containing dl-
      2.beta.-formyl-3.alpha.-(tetrahydropyran-2'-yl)oxy-5-oxocyclopentane-1.alp
     ha.-heptanoic acid in an acetic acid:water:tetrahydrofuran (20:10:3)
      mixture is stored at 38.degree.-40.degree. for about 3 hours, then is
      concentrated to dryness under reduced pressure to afford dl-
      2.beta.-formyl-3.alpha.-hydroxy-5-oxocyclopentane-1.alpha.-heptanoic acid.
PAC  EXAMPLE 10
PAR  A solution containing 2.2 parts of dl-
      2.beta.-formyl-3.alpha.-(tetrahydropyran-2'-yl)oxy-5-oxocyclopentane-1.alp
     ha.-heptanoic acid and 5 parts of triphenyl n-hexanoylmethylene phosphorane
      in 101 parts of benzene is heated at the reflux temperature for about 4
      hours, then is cooled, washed successively with aqueous citric acid and
      aqueous sodium chloride, then dried over anhydrous sodium sulfate and
      chromatographed on a silicic acid column. Elution of the column with 15%
      ethyl acetate in benzene affords dl-
      9-oxo-11.alpha.-(tetrahydropyran-2'-yl)oxy-15-oxoprost-13-trans-enoic
      acid. Obtained as a minor product is the corresponding 11.beta.-isomer,
      which is more polar on thin layer chromatogram using a silica gel plate
      with a benzene:ethyl acetate:acetic acid (50:50:2) mixture as the
      developing solvent.
PAR  The procedure of the preceding paragraph is repeated starting with 2.2
      parts of dl- 2.beta.-formyl-3.alpha.
      -(tetrahydropyran-2'-yl)oxy-5-oxocyclopentane-1.alpha.-heptanoic acid and
      the washed and dried benzene solution is used as such without
      chromatographic separation. That solution is warmed with 150 parts by
      volume of an acetic acid:water:tetrahydrofuran (20:10:3) mixture at about
      38.degree.-40.degree. for approximately 4 hours. Elution of that mixture
      with water affords an aqueous solution, which is extracted with benzene.
      The benzene extract is washed with aqueous sodium chloride, dried over
      anhydrous sodium sulfate and concentrated under reduced pressure, then
      purified by chromatography on silicic acid to yield dl-
      9-oxo-11.alpha.-hydroxy-15-oxoprost-13 -trans-enoic acid.
PAC  EXAMPLE 11
PAR  A mixture consisting of 14 parts of crude dl-
      2.beta.-formyl-3.alpha.-(tetrahydropyran-2'yl)
      oxy-5-oxocyclopentane-1.alpha.-heptanoic acid, 50 parts of triphenyl
      n-hexanoylmethylene phosphorane and 264 parts of benzene is heated at
      reflux temperature for 5 hours. After the solution is cooled, the organic
      layer is washed with cold 3% citric acid, 2% sodium chloride solution,
      dried over anhydrous sodium sulfate and concentrated under reduced
      pressure. The material which remains is chromatographed on silicic acid
      and eluted with 15% ethyl acetate in benzene to afford successive
      fractions of dl-
      11.alpha.-(tetrahydropyran-2'-yl)oxy-9,15-dioxoprost-13-trans-enoic acid,
      dl- 11.beta.-(tetrahydropyran-2'-yl)oxy-9,15-dioxoprost-13-trans-enoic
      acid and triphenyl phosphine oxide. The ratio of the 11.alpha.-epimer to
      the 11.beta.-epimer is about 4:1.
PAC  EXAMPLE 12
PAR  44.0 Parts of crude dl-
      2.beta.-formyl-3.alpha.-(tetrahydropyran-2'-yl)oxy-5-oxocyclopentane-1.alp
     ha.-heptanoic acid is treated in the same manner as in Example 11. However,
      upon chromatography, there is obtained 2 fractions consisting of dl-
      11.alpha.-(tetrahydropyran-2'-yl)oxy-9,15-dioxoprost-13-trans-enoic acid
      and a mixture of dl-
      11.alpha.-(tetrahydropyran-2'-yl)oxy-9,15-dioxoprost-13-transenoic acid
      and 11.beta.-(tetrahydropyran-2'-yl)oxy-9,15-dioxoprost-13-trans-enoic
      acid.
PAR  A solution of dl-
      11.alpha.-(tetrahydropyran-2'-yl)oxy-9,15-dioxoprost-13-trans-enoic acid
      in 75 parts by volume of a 20:10:3 acetic acid:water:tetrahydrofuran
      mixture is heated at 40.degree. for 3 hours. Then that solution is poured
      onto ice and extracted with ether. The ethereal extract is washed with a
      1% sodium chloride solution, dried over anhydrous sodium sulfate and
      concentrated to dryness under reduced pressure. The remaining material is
      chromatographed on silicic acid using 50% ethyl acetate in benzene as
      eluant to yield pure dl- 11.alpha.-hydroxy-9,15-dioxoprost-13-trans-enoic
      acid.
PAR  8.3 Parts of the second fraction of dl-
      11.alpha.-(tetrahydropyran-2'-yl)oxy-9,15-dioxoprost-13-trans-enoic acid
      and dl- 11.beta.-(tetrahydropyran-2'-yl)oxy-9,15-dioxoprost-13-trans-enoic
      acid is hydrolyzed in the same manner as described above. The hydrolyzed
      mixture is then chromatographed on silicic acid using 50% ethyl acetate in
      benzene as eluant to afford successively dl-
      11.beta.-hydroxy-9,15-dioxoprost-13-trans-enoic acid, a mixture of dl-
      11.alpha.-hydroxy-9,15-dioxoprost-13-trans-enoic acid and dl-
      11.beta.-hydroxy-9,15-dioxoprost-13-trans-enoic acid and dl-
      11.alpha.-hydroxy-9,15-dioxoprost-13-trans-enoic acid.
PAC  EXAMPLE 13
PAR  A mixture of 2.2 parts of dl-
      2.beta.-formyl-3.alpha.-(tetrahydropyran-2'-yl)oxy-5-oxocyclopentane-1.alp
     ha.-heptanoic acid in 36 parts of dioxane and 101 parts of benzene is
      treated with 5 parts of triphenyl n-hexanoylmethylene phosphorane and
      boiled for 4 hours. After the reaction mixture is cooled, it is washed
      with a cold 5% citric acid solution and then a 1% sodium chloride
      solution. The reaction mixture is dried over anhydrous sodium sulfate and
      concentrated to dryness under reduced pressure. The crude condensation
      mixture which remains is hydrolyzed with 150 parts by volume of a 20:10:3
      mixture of acetic acid:water:tetrahydrofuran at room temperature for about
      18 hours. Then the solution is diluted with 300 parts of ice water and
      extracted with ether. The ethereal extracts are washed with cold 1% sodium
      chloride solution, dried over anhydrous sodium sulfate, concentrated to
      dryness and chromatographed on a partition column. That partition column
      is made by shaking together 15 parts by volume of benzene, 5 parts by
      volume of methanol and 2 parts of water. The two layers which form are
      separated, with the upper layer being used for elution and the lower layer
      being used as the stationary phase. The column is prepared by thoroughly
      mixing 75 parts of silicic acid and 75 parts by volume of the lower phase
      and passing that mixture into a column containing the upper phase. Then
      the column is washed with 500 parts by volume of the upper phase before
      use. The crude product is placed on the column and, after elution with the
      upper phase, the following fractions are obtained successively:
      triphenylphosphine oxide, a small amount of dl-
      11.beta.-hydroxy-9,15-dioxoprost-trans-13-enoic acid and finally dl-
      11.alpha.-hydroxy-9,15-dioxoprost-trans-13-enoic acid.
PAC  EXAMPLE 14
PAR  To a chilled solution of 0.208 part of dl-
      11.alpha.-(tetrahydropyran-2'-yl)oxy-9,15-dioxoprost-13-trans-enoic acid
      in 17.4 parts of methanol is added 0.048 part by volume of triethylamine
      followed by 0.94 part of an aqueous sodium borohydride solution prepared
      from 0.058 part of sodium borohydride and 3.0 parts of water. That mixture
      is allowed to react, while being cooled by an ice bath, for 2 hours. Then
      the excess sodium borohydride is destroyed with acetone and the reaction
      mixture is diluted with ether. The ethereal solution is washed
      successively with cold 2% citric acid, 2% sodium chloride, and then dried
      over anhydrous sodium sulfate and concentrated under reduced pressure. The
      remaining material is chromatographed on silicic acid with 20% ethyl
      acetate in benzene being used as eluant. That separation affords fractions
      consisting of dl-
      11.alpha.-(tetrahydropyran-2'-yl)oxy-9,15-dioxoprost-13-trans-enoic acid,
      dl-
      9.alpha.-hydroxy-11.alpha.-(tetrahydropyran-2'-yl)oxy-15-oxoprost-13-trans
     -enoic acid and an approximately 50:50 mixture of dl-
      11.alpha.-(tetrahydropyran-2'-yl)oxy-15(S)-hydroxy-9-oxoprost-13-trans-eno
     ic acid and dl-
      9.beta.-hydroxy-11.alpha.-(tetrahydropyran-2'-yl)oxy-15-oxoprost-13-trans-
     enoic acid.
PAR  The fraction consisting of dl-
      9.alpha.-hydroxy-11.alpha.-(tetrahydropyran-2'-yl)oxy-15-oxoprost-13-trans
     -enoic acid is treated with 1 part by volume of a 20:10:3 acetic
      acid:water:tetrahydrofuran solution and heated at 40.degree. for 3 hours.
      Then it is chromatographed on silicic acid and recrystallized from ethyl
      acetate-cyclohexane to afford pure dl-
      9.alpha.,11.alpha.-dihydroxy-15-oxoprost-13-trans-enoic acid, melting at
      about 81.degree.-82.degree. and displaying an absorption band in the
      ultraviolet spectrum at about 233 millimicrons with a molecular extinction
      coefficient of about 13,500.
PAR  The fraction consisting of the above 50:50 mixture is likewise hydrolyzed
      and then chromatographed on the partition column described in Example 13,
      to yield successive fractions of dl- 11.alpha.,15(S)-dihydroxy-9-oxoprost-
       13-trans-enoic acid and dl-
      9.beta.,11.alpha.-dihydroxy-15-oxoprost-13-trans-enoic acid. The initial
      fraction consisting of dl-PGE.sub. 1 melts at about
      112.degree.-113.degree. and exhibits an identical 100 megaHertz nuclear
      magnetic resonance spectrum in deuteriomethanol as well as in
      deuteriochloroform with that of natural PGE.sub.1. The latter fraction
      consisting of dl- 9.beta.,11.alpha.-dihydroxy-15-oxoprost-13-trans-enoic
      acid is recovered as an oil and exhibits absorption in the ultraviolet
      spectrum in methanol at about 232 millimicrons with a molecular extinction
      coefficient of 13,100.
PAC  EXAMPLE 15
PAR  A solution of 2.0 parts of dl-
      2-formyl-3-hydroxy-5-oxocyclopent-1-eneheptanoic acid in 8.9 parts of
      tetrahydrofuran is treated with 1.0 part of dimethyl-t-butylsilyl chloride
      and 1.0 part of 1,1,3,3-tetramethyl-1,3-di-t-butylsilizane. The reaction
      mixture is warmed to 40.degree. and allowed to react for 20 hours. Then it
      is concentrated under a nitrogen stream and chromatographed on silicic
      acid to yield as the major product dl-
      2-formyl-3.alpha.-(dimethyl-t-butylsilyl)oxy-5-oxocyclopent-1-eneheptanoic
      acid.
PAR  When the crude reaction mixture is allowed to react with chromous sulfate
      in the manner described in Example 9, there is produced as the major
      product, dl-
      2.beta.-formyl-3.alpha.-(dimethyl-t-butylsilyl)oxy-5-oxocyclopentane-1.alp
     ha.-heptanoic acid. The corresponding 3.beta.-isomer is obtained as the
      minor product.
PAC  EXAMPLE 16
PAR  A solution of 7.5 parts of dl-
      2.beta.-formyl-3.alpha.-(dimethyl-t-butylsilyl)oxy-5-oxocyclopentane-1.alp
     ha.-heptanoic acid and 15 parts of triphenyl n-hexanoylmethylene
      phosphorane in 220 parts of benzene is heated at reflux temperature for 5
      hours. After the solution is cooled, it is treated according to the
      procedure described in Example 13. The desired product, dl-
      11.alpha.-(dimethyl-t-butylsilyl)oxy-9,15-dioxoprost-13-trans-enoic acid
      is eluted with 10% ethyl acetate in benzene on a silicic acid column. That
      isomer is followed by the dl-
      11.beta.-(dimethyl-t-butylsilyl)oxy-9,15-dioxoprost-13-trans-enoic acid.
      The ratio of 11.alpha.-epimer to 11.beta.-epimer is about 85:15.
PAR  A solution of 1 part of dl-
      11.alpha.-(dimethyl-t-butylsilyl)oxy-9,15-dioxoprost-13-trans-enoic acid
      in 20 parts of a 20:10:3 mixture of acetic acid:water:tetrahydrofuran is
      stored at room temperature for 40 hours. Then the hydrolysis product is
      treated according to the procedure described in Example 12 to produce dl-
      11.alpha.-hydroxy-9,15-dioxoprost-13-trans-enoic acid.
PAC  EXAMPLE 17
PAR  To a solution of 2.0 parts of dl-
      2-formyl-3-hydroxy-5-oxocyclopent-1-eneheptanoic acid and 1.0 part by
      volume of 4-methoxy-2,3-dihydro-.alpha.-pyran in 7 parts of methylene
      chloride is added a solution of 0.02 part of p-toluenesulfonic acid in 0.2
      part of tetrahydrofuran. After completion of the reaction, the mixture is
      diluted with 400 parts of methylene chloride, then washed with cold
      aqueous sodium sulfate and dried over anhydrous sodium sulfate.
      Evaporation of the solvent under reduced pressure affords, as a pale
      yellow oil,
      2-formyl-3-(4'-methoxytetrahydropyran-4'-yl)oxy-5-oxocyclopent-1-eneheptan
     oic acid.
PAC  EXAMPLE 18
PAR  A mixture consisting of 14 parts of crude dl-
      2.beta.-formyl-3.alpha.-(tetrahydropyran-2'-yl)oxy-5-oxocyclopentane-1.alp
     ha.-heptanoic acid, 40 parts of tri-n-butyl n-hexanoylmethylene phosphorane
      and 280 parts of ether is set aside for 18 hours. Then the reaction
      mixture is washed successively with cold 3% citric acid and 2% sodium
      chloride solution, dried over anhydrous sodium sulfate and concentrated to
      dryness under reduced pressure. The material which remains is
      chromatographed on silicic acid and eluted with 15% ethyl acetate in
      benzene to afford successive fractions of dl-
      11.alpha.-(tetrahydropyran-2'-yl)oxy-9,15-dioxoprost-13-trans-enoic acid
      and dl- 11.beta.-(tetrahydropyran-2'-yl)oxy-9,15-dioxoprost-13-trans-enoic
      acid.
PAC  EXAMPLE 19
PAR  Substitution of an equivalent quantity of dl-methyl
      2-formyl-3-hydroxy-5-oxocyclopent-1-eneheptanoate in the procedure of
      Example 9 and otherwise following the procedure of Example 9 affords crude
      dl-methyl
      2.beta.-formyl-3.alpha.-(tetrahydropyran-2'-yl)oxy-5-oxocyclopentane-1.alp
     ha.-heptanoate.
PAC  EXAMPLE 20
PAR  A mixture of 3.3 parts of (-)-0-methylmandelic acid, 44 parts of benzene,
      and 9.67 parts of oxalyl chloride is heated at 60.degree.-70.degree. for
      about 90 minutes. After the solvent is removed under reduced pressure, the
      remaining residue is dissolved in 26.4 parts of benzene and again
      concentrated to dryness. The crude (-)-0-methylmandelyl chloride thus
      obtained is taken up in 17.6 parts of benzene and added to a cold solution
      of 5.5 parts of 3-hydroxy-5-oxo-2-styrylcyclopent-1-eneheptanoic acid
      dissolved in 9.82 parts of dry pyridine. That mixture is allowed to stand
      for about 16 hours at room temperature and then it is poured into a cold
      solution containing 40 parts of d-tartaric acid in 1350 parts of water.
      That mixture is extracted with ethyl acetate and the organic extracts are
      washed with water, dried over anhydrous sodium sulfate and concentrated to
      dryness. The oily residue which remains is dissolved in benzene and
      chromatographed on silicic acid. The initial fraction obtained upon
      elution with 15% ethyl acetate-85% benzene is recrystallized from
      benzene-hexane to give colorless crystals of
      3.beta.-((-)-0-methylmandeloxy)-5-oxo-2-styrylcyclopent-1-eneheptanoic
      acid, melting at about 122.degree.-124.degree. and displaying an optical
      rotation in methanol of about -22.2.degree.. That compound is further
      characterized, in chloroform, by absorption maxima in the infrared
      spectrum at about 1750, 1710 and 1630 reciprocal centimeters and an
      ultraviolet absorption band, in methanol, at about 326  millimicrons wth a
      molecular extinction coefficient of about 36,000. The latter fraction,
      obtained upon elution with 15% ethyl acetate-85% benzene, is
      recrystallized from benzene-hexane to give colorless needles of
      3.alpha.-((-)-0-methylmandeloxy)-5-oxo-2-styrylcyclopent-1-eneheptanoic
      acid, melting at about 96.degree.-98.degree. and displaying an optical
      rotation of about -84.2.degree. in methanol. That compound absorbs in the
      infrared spectrum, in chloroform, at about 1750, 1710 and 1630 reciprocal
      centimeters and has an absorption band in the ultraviolet spectrum at
      about 326 millimicrons with a molecular extinction coefficient of about
      35,000 in methanol.
PAC  EXAMPLE 21
PAR  A solution of 0.300 part of
      3.beta.-((-)-0-methylmandeloxy)-5-oxo-2-styrylcyclopent-1-eneheptanoic
      acid in 2.66 parts of tetrahydrofuran is added to 30 parts by volume of a
      1% aqueous potassium carbonate solution. That mixture then is allowed to
      stand at room temperature under a nitrogen atmosphere in subdued light for
      about 3 days. The resulting solution is cooled in ice and acidified with
      dilute aqueous acetic acid. Then the product is isolated by filtration,
      taken up in ethyl acetate, washed with water, dried over anhydrous sodium
      sulfate, and dried under reduced pressure. The crude residue is dissolved
      in a small amount of 50% benzene-ethyl acetate and chromatographed on
      silicic acid suspended in 50% benzene-ethyl acetate. Elution with the same
      solvent yields the crude product which is recrystallized from benzene
      containing a small amount of ethyl acetate to give pure colorless crystals
      of (+)-3.beta.-hydroxy-5-oxo-2-styrylcyclopent-1-eneheptanoic acid,
      melting at about 112.degree.-114.degree. and displaying an optical
      rotation in methanol of about +12.6.degree.. That compound further
      displays, in methanol, an absorption band in the ultraviolet spectrum at
      about 326 millimicrons with a molecular extinction coefficient of about
      35,600.
PAC  EXAMPLE 22
PAR  By substituting an equivalent quantity of
      3.alpha.-((-)-0-methylmandeloxy)-5-oxo-2-styrylcyclopent-1-eneheptanoic
      acid in the procedure of Example 21, there is obtained
      (-)-3.alpha.-hydroxy-5-oxo-2-styrylcyclopent-1-eneheptanoic acid, melting
      at about 112.degree.-113.degree. and displaying an optical rotation in
      methanol of about -16.5.degree..
PAC  EXAMPLE 23
PAR  When an equivalent quantity of
      (+)-3.beta.-hydroxy-5-oxo-2-styrylcyclopent-1-eneheptanoic acid is
      substituted in the procedure of Example 5, there is produced
      (+)-2-formyl-3.beta.-hydroxy-5-oxocyclopent-1-eneheptanoic acid.
PAC  EXAMPLE 24
PAR  Substitution of an equivalent quantity of
      (-)-3.alpha.-hydroxy-5-oxo-2-styrylcyclopent-1-eneheptanoic acid in the
      procedure of Example 5 and otherwise following the procedure of Example 5
      yields (-)-2-formyl-3.alpha.-hydroxy-5-oxocyclopent-1-eneheptanoic acid.
PAC  EXAMPLE 25
PAR  When an equivalent quantity of (+)-0-methylmandelic acid is substituted in
      the procedure of Example 20, there are produced
      3.beta.-((+)-0-methylmandeloxy)-5-oxo-2-styrylcyclopent-1eneheptanoic
      acid, displaying an optical rotation in methanol of +84.degree., and
      3.alpha.-((+)-0-methylmandeloxy)-5-oxo-2-styrylcyclopent-1-eneheptanoic
      acid, displaying an optical rotation in methanol of +20.degree..
PAC  EXAMPLE 26
PAR  When an equivalent quantity of crude dl-methyl
      2.beta.-formyl-3.alpha.-(tetrahydropyran-2'-yl)oxy-5-oxocyclopentane-1.alp
     ha.-heptanoate is substituted in the procedure of Example 11, there is
      obtained dl-methyl
      11.alpha.-(tetrahydropyran-2'-yl)oxy-9,15-dioxoprost-13-trans-enoate, as
      the major product, and dl-methyl
      11.beta.-(tetrahydropyran-2'-yl)oxy-9,15-dioxoprost-13-trans-enoate, as
      the minor product.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC3##
PAL  wherein R.sub.1 is hydrogen or a lower alkyl, tetrahydropyran-2-yl,4-(lower
      alkoxy)tetrahydropyran-4-yl or tri(lower alkyl)silyl radical, R.sub.2 is a
      tetrahydropryan-2-yl,4-(lower alkoxy)tetrahydropryan-4-yl or tri(lower
      alkyl)silyl radical and the wavy line represents the racemic mixture or
      the optically active 3(R) isomer.
NUM  2.
PAR  2. A process for the production of a compound of the formula
      ##SPC4##
PAL  wherein R.sub.1 is hydrogen, a lower alkyl, tetrahydropyran-2-yl, 4-(lower
      alkoxy)tetrahydropyran-4-yl or tri(lower alkyl)silyl radical and R.sub.2
      is a tetrahydropyran-2-yl, 4-(lower alkoxy)tetrahydropyran-4-yl or
      tri(lower alkyl)silyl radical which comprises contacting a compound of the
      formula
      ##SPC5##
PAL  wherein R.sub.1 and R.sub.2 are defined as above and the wavy line
      represents the racemic (RS) compound or the optically active R isomer,
      with chromous sulfate, chromous acetate or chromous perchlorate reducing
      agent, wherein the molar ratio of reducing agent to compound of formula II
      is about 2:1
NUM  3.
PAR  3. A process as in claim 1, wherein the compound of formula II is racemic
      and the reducing agent is chromous sulfate.
NUM  4.
PAR  4. A process as in claim 1 which comprises contacting a racemic compound of
      the formula
      ##SPC6##
PAL  wherein R.sub.1 is hydrogen or a lower alkyl tetrahydropyran-2-yl radical
      and R.sub.2 is a tetrahydropyran-2-yl radical, with chromous sulfate.
NUM  5.
PAR  5. A process as in claim 1 which comprises contacting
      dl-2-formyl-3-(tetrahydropyran-2-yl)oxy-5-oxocyclopent-1-eneheptanoic acid
      with chromous sulfate, thereby forming
      dl-2.beta.-formyl-3.alpha.-(tetrahydropyran-2-yl)-oxy-5-oxocyclopentane-1.
     alpha.-heptanoic acid.
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PAL  A process for preparing a substituted or unsubstituted dihydrofuran from a
      substituted or unsubstituted butadiene monoxide which comprises contacting
      the butadiene monoxide with a catalyst comprising a hydrogen halide
      selected from the group consisting of hydrogen iodide or bromide and a
      homogeneous transition metal compound in an organic solvent under
      conditions effective to convert the butadiene monoxide to the dihydrofuran
      and wherein said transition metal compound is effective to accelerate said
      conversion. Preferably the transition metal is iron, manganese, cobalt,
      molybdenum, vanadium, copper, or nickel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to preparation of 2,5-dihydrofuran from
      butadiene monoxide. The dihydrofuran can be hydrogenated to
      tetrahydrofuran, which is a good solvent for high-molecular polyvinyl
      chloride, polyvinylidene chloride, and other difficultly soluble organic
      materials.
PAR  Closely related compounds can be prepared from 2,5-dihydrofuran.
      2,3-dihydrofuran can be obtained by isomerizing 2,5-dihydrofuran (see, for
      example, U.S. Pat. No. 2,556,325); and tetrahydrofuran is readily produced
      from a dihydrofuran by hydrogenation.
PAR  Prior methods for preparation of tetrahydrofuran include catalytic
      hydrogenation of furan, which, in turn, can be prepared by decarbonylation
      of furfural (see, for example, U.S. Pat. Nos. 2,374,149 and 2,846,449).
      Furfural in the past has been produced from naturally occurring various
      vegetable materials such as corn cobs and oat hulls.
PAR  In addition to obtaining tetrahydrofuran from furfural as a source
      material, tetrahydrofuran can also be produced by heating 1,4-butylene
      glycol -- for example, in an over-all process using acetylene as the
      starting material and having the following steps:
      ##EQU1##
PAR  Relating to the production of tetrahydrofuran from 1,4-butylene glycol by
      heating under specified conditions, see the disclosures of, for example,
      Reppe et al U.S. Pat. Nos. 2,251,292, 2,251,835, and 2,251,895; and also
      Rogers U.S. Pat. No. 3,467,679.
PAR  Production of tetrahydrofuran by hydrogenation of maleic anhydride is
      described by T. Yoshimura in Chemical Engineering, 1969, at page 70.
PAR  Oxidation of 1,3-butadiene to furan using a catalyst such as manganese
      molybdate is disclosed in U.S. Pat. No. 2,900,396. Oxidation of various
      organic compounds to furan using a bismuthmolybdenum catalyst at a
      temperature of at least 350.degree.C. is disclosed in U.S. Pat. No.
      3,600,405. Crotonaldehyde (propylene aldehyde) is a preferred feedstock in
      the process of U.S. Pat. No. 3,600,405; other feedstocks disclosed are
      acetals and hemi-acetals of crotonaldehyde, aldol, butadiene monoxide,
      crotyl alcohol, n-butyl alcohol, 1,4-butanediol and n-butyraldehyde.
PAR  The present invention is particularly concerned with preparation of
      dihydrofuran from an epoxide by rearrangement. An example of an epoxide
      rearrangement is disclosed by Heap et al. in the Journal of the American
      Chemical Society, 1969, at page 160. Heap et al reported that
      1,3-cyclooctadiene oxide was rearranged in the presence of perchloric acid
      to 9-oxabicyclo(2,4,1)non-7-ene in about 50 percent yield:
      ##SPC1##
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a process is provided for preparing a
      substituted or unsubstituted dihydrofuran from a substituted or
      unsubstituted butadiene monoxide, which process comprises contacting the
      butadiene monoxide with a catalyst comprising a hydrogen halide selected
      from the group consisting of hydrogen iodide or bromide and a homogeneous
      transition metal compound in an organic solvent under conditions effective
      to convert the butadiene monoxide to the dihydrofuran and wherein said
      transition metal compound is effective to accelerate said conversion.
PAR  Among other factors, the present invention is based on my discovery that
      butadiene monoxide can be converted to 2,5-dihydrofuran using hydrogen
      iodide or hydrogen bromide and certain effective transition metal
      catalysts and that unexpectedly high yields of 2,5-dihydrofuran are
      achieved in such process.
PAR  Preferably the process of the present invention is used to produce
      2,5-dihydrofuran which does not have substituents attached thereto, i.e.
      unsubstituted dihydrofurans. However, substituted dihydrofurans can also
      be produced by the method of the present invention. The terminology
      "substituted dihydrofurans" or "substituted butadiene monoxide" is used to
      connote that the basic dihydrofuran or butadiene monoxide structure has a
      substituent attached onto it as, for example, an alkyl group attached onto
      the basic dihydrofuran or butadiene monoxide structure. For instance, I
      have found that 1,2-epoxy-2-methyl-3-butene and
      1,2-epoxy-3-methyl-3-butene can be converted to 3-methyl-2,5-dihydrofuran
      using an iron transition metal catalyst and hydrogen iodide. Preferred
      substituted butadiene monoxide feedstocks for producing substituted
      dihydrofuran are substituted butadienes having one or more alkyl groups
      containing 1-8 carbon atoms which could also be part of a ring, such as
      1,3-pentadiene, 1,3-hexadiene, 2,3-dimethyl-1,3-pentadiene, 1,3-octadiene,
      cyclopentadiene, 1,3-cyclooctadiene, 1,3-cyclododecatriene, etc;
      substituted butadienes having one or more halogens, such as chloroprene,
      2,3-dichlorobutadiene, 1,4-dichlorobutadiene, 1,1-dichlorobutadiene, and
      bromoprene.
PAR  Preferably the reaction is carried out in liquid phase using an organic
      solvent such as N-methyl-pyrrolidone. Suitable organic solvents for the
      present invention are inert organic media such as substituted amides,
      hydrocarbons and chlorinated hydrocarbons, i.e., N-methylpyrrolidone,
      benzene, xylenes, hexane, chlorobenzene, etc.
PAR  I have found that certain amines will react in the reaction system of the
      present invention -- these amines are not suitable for the process of the
      present invention. Such amines in particular include N-methylpyrrolidine
      and 2,6-dimethylpiperidine. These latter-type organic compounds are
      believed to react with iodo- or bromohydrin compounds in the reaction
      system -- in particular they are believed to be alkylated by the
      halohydrin compound.
PAR  Thus, preferably the inert organic solvent used in the present invention is
      a solvent which is not readily alkylated under the reaction conditions of
      the present process. Tertiary amides, i.e., amides which have both the
      hydrogen groups substituted by organic radicals, are especially preferred
      inert organic media. Particularly preferred tertiary amides for use herein
      are N-methylpyrrolidone, N,N-dimethylformamide, N,N-dimethylacetamide,
      etc.
PAR  The transition metal catalyst used in the present invention is a
      homogeneous catalyst, as opposed to a heterogeneous catalyst, and thus the
      transition metal should be coordinated with suitable ligands to solubilize
      the transition metal in the organic reaction medium. For example, iron
      having a valence of +3 [iron(III)] coordinated with acetylacetone was
      found to be especially effective, as was ferric 2-ethylhexanoate. In these
      latter two cases the iron(III) is, of course, coordinated with three of
      the organic ligands. In general, the ligand coordinated with the
      transition metal can be substantially any organic ligand which will
      solubilize the transition metal in the organic reaction medium.
PAR  Preferred transition metal catalysts are those wherein the transition metal
      is iron, manganese, cobalt, molybdenum, vanadium, copper or nickel. Of
      these transition metals, iron and manganese have been found to give the
      highest yields.
PAR  Although I have in general found the ligands to which the transition metal
      is coordinated not to be of special importance, I have found the valence
      of the transition metal to be important in many instances. Thus I have
      found iron(III) to give unexpectedly higher yields of the dihydrofuran
      than are obtained using iron(III) or iron(0). Also, manganese(II), which
      is isoelectronic with iron(III), gives high yields of the dihydrofuran.
      Particularly preferred transition metals and their valences are iron(III),
      iron(II), cobalt(II), molybdenum(II), vanadium(III), manganese(II) and
      nickel(II). Of these, iron(III) and manganese(II) are the most preferred.
      The preferred amount of transition metal catalyst varies from 0.01 to 0.3,
      preferably 0.02 to 0.1, mols per mol of butadiene monoxide.
PAR  Preferably the hydrogen halide used in the present invention is hydrogen
      iodide. Preferred molar ratios of the hydrogen halide to butadiene
      monoxide are 0.01 to 1:1, and especially preferred ratios are 0.03 to
      0.3:1.
PAR  Preferred reaction temperatures for the process of the present invention
      are between 50.degree. and 140.degree.C., and especially preferred
      temperatures are between 80.degree. and 120.degree.C. The reaction is
      normally carried out in liquid phase and thus a pressure is usually
      maintained sufficient to retain liquid phase. Usually the pressure is
      between about 1 atmosphere and 60 atmospheres, and preferably between
      about 1 and 30 atmospheres.
DETD
PAC  EXAMPLES
PAC  EXAMPLE 1
PAR  77 g (778 mmol) N-methylpyrrolidone (NMP) was placed in a 250-ml
      round-bottomed flask provided with a thermometer and a reflux condenser.
      The flask was cooled in dry-ice acetone and charged with 4.9 g (38 mmol)
      of hydrogen iodide (HI) gas, 32 g (453 mmol) of butadiene monoxide (BDMO),
      added dropwise, and 3.5 g (10 mmol) of ferric acetylacetonate
      (Fe[AcAc].sub.3). The reaction was heated at 88.degree.C. (90.degree.C.
      bath) under reflux for 31/2 hours. Gas-liquid partition chromatograph
      (GLPC) analysis showed 100 percent conversion and 78 percent yield of
      2,5-dihydrofuran. The product (21 g) was recovered by distillation through
      a 6 inch packed column -- boiling point 62.degree.-68.degree.C.
      (literature 68.degree.C.); 89 percent pure by GLPC; nuclear magnetic
      resonance (NMR) (CCl.sub.4): .delta. 4.5 ppm (s) 4H, 5.83 ppm (s) 2H
      (vinyl). The infrared (IR) spectrum was identical with that of a reference
      sample of dihydrofuran.
PAC  EXAMPLES 2-4
PAC  Table I
PAR  The procedure of Example 1 was followed, using 153 millimols (mmols) of
      NMP, 70 mmols of BDMO, 7 mmols of HI (except Example 3), and 1 mmol of
      ferric acetylacetonate (except Example 4).
PAC  EXAMPLES 5-11
PAC  Table II
PAR  The procedure of Examples 2-4 was followed, using different solvents.
PAC  EXAMPLES 12-26
PAC  Table III
PAR  The procedure of Examples 2-4 was followed, but varying the catalyst.
PAC  EXAMPLES 27-30
PAC  Table IV
PAR  The procedure of Examples 2-4 was followed, but varying the hydrogen
      halide.
PAC  EXAMPLE 31
PAR  Isoprene oxides (4.7 g, 53 mmols) -- 4.4:1 mixture of
      3,4-epoxy-3-methyl-1-butene and 3,4-epoxy-2-methyl-1-butene were
      rearranged in 15 g of NMP containing 0.94 g (7.3 mmols) of HI and 0.7 g (2
      mmols) of ferric acetylacetonate, as described above for BDMO.
      3-Methyl-2,5-dihydrofuran was obtained in 42 percent yield. Hydrogenation
      of the product over a palladium-on-carbon catalyst gave
      3-methyltetrahydrofuran identical with an authentic sample.
PAC  EXAMPLE 32
PAR  8.7 g (70 mmols) of cyclooctadiene oxide, 15.1 g of NMP, 0.82 g of HI (7
      mmols) and 0.7 g of ferric acetylacetonate (2 mmols) were reacted at
      90.degree.C. for 1/2 hour. Conversion was 100 percent, and the yeild of
      9-oxabicyclo(4,2,1)non-7-ene was 79 percent.
TBL                TABLE I                                                     

     ______________________________________                                    

     Control Runs                                                              

                                   Con-  Initial                               

                                               DHF                             

     Ex.             Temp.,  Time, ver-  Rate, Yield,**                        

     No.  Catalyst   .degree.C.                                                

                             hrs   sion, %                                     

                                         %/Hr  Mol %                           

     ______________________________________                                    

     2    Fe(AcAc).sub.3 /HI                                                   

                     92      2.25  100   43    93                              

      3*  Fe(AcAc).sub.3                                                       

                     107     10    18    1.8    0                              

     4    HI         92      2     35    17    33                              

              Charge        mmols                                              

     ______________________________________                                    

            Butadiene monoxide                                                 

                            70                                                 

            N-methylpyrrolidone                                                

                            153                                                

            Hydrogen iodide  7                                                 

            Fe(AcAc).sub.3   1                                                 

     ______________________________________                                    

      *One-half scale                                                          

      **Based on converted BDMO (GLPC, internal standard)                      

TBL                                    TABLE II                                

     __________________________________________________________________________

     Effect of Solvent                                                         

                                      DHF                                      

     Ex.                     Time,*                                            

                                 Rate, #                                       

                                      Yield,**                                 

     No.  Solvent            hrs %/hr mol %                                    

     __________________________________________________________________________

      5   N-methylpyrrolidone                                                  

                             2   50   87                                       

      6## Benzene            10  --   18                                       

      7   N-methylpyrrolidone/Benzene = 1                                      

                             3   30   82                                       

      8   N-methylpyrrolidone/Benzene = 0.5                                    

                             3   24   85                                       

      9   N,N-dimethylformamide                                                

                             &lt;5  73   47                                       

     10   N-methylpyrrolidine                                                  

                             --  --    0                                       

     11   2,6-dimethylpiperidine                                               

                             --   8    0                                       

              Charge      mmols                                                

     __________________________________________________________________________

            Butadiene monoxide                                                 

                          70                                                   

            Solvent       15 ml                                                

            HI            7                                                    

            Fe(AcAc.sub.3)                                                     

                          2                                                    

     __________________________________________________________________________

      *For 100% conversion at 90.degree.C.                                     

      **As in Table I                                                          

      #For first 60 minutes                                                    

      ##1 mmol Fe(AcAc).sub.3 at 100.degree.C.                                 

TBL                TABLE III                                                   

     ______________________________________                                    

     Effect of Catalyst                                                        

                                     Initial                                   

                                           DHF                                 

     Ex.              Time,   Conver-                                          

                                     Rate, Yield,**                            

     No.  Catalyst    hrs     sion, %                                          

                                     %/hr  mol %                               

     ______________________________________                                    

     12   Fe(AcAc).sub.3                                                       

                      2.25    100    43    93                                  

     13   Fe(2EH).sub.3                                                        

                      2       92     150   74                                  

     14   Fe(AcAc).sub.2                                                       

                      3       84     47    45                                  

     15*  FeI.sub.2   1.5     39     26    28                                  

     16   Fe(CO).sub.5                                                         

                      3.5     98     59    35                                  

     17   [Fe(Cp)(CO).sub.2 ].sub.2                                            

                      6       95     34    36                                  

     18#  Mn(AcAc).sub.2                                                       

                      2       85     63    74                                  

     19#  Co(2EH).sub.2                                                        

                      2.5     91     58    56                                  

     20#  Mo(AcAc).sub.2                                                       

                      2       89     57    50                                  

     21#  V(AcAc).sub.3                                                        

                      3.5     83     40    46                                  

     22   Cu(AcAc).sub.2                                                       

                      3.25    61     60    21                                  

     23   Ni(AcAc).sub.2                                                       

                      1       62     62    37                                  

     24   PdCl.sub.2 (C.sub.6 H.sub.5 CN).sub.2                                

                      3       53     38     0                                  

     25   Ru(AcAc).sub.3                                                       

                      3       42     36       0##                              

     26   None        22       95.5  18    27                                  

       Charge                mmols                                             

     ______________________________________                                    

     N-methylpyrrolidone     150                                               

     Hydrogen iodide         7                                                 

     Butadiene monoxide      70                                                

     Catalyst                1                                                 

      Temperature 92.degree.C.                                                 

     ______________________________________                                    

      *No HI                                                                   

      **As in Table I                                                          

      #82.degree.C.                                                            

      ##Crotonaldehyde was the major product                                   

TBL                TABLE IV                                                    

     ______________________________________                                    

     Effect of Promoter                                                        

                                     Initial                                   

                                            DHF                                

     Ex.            Time,    Conver- Rate,  Yield**                            

     No.  Promoter  hrs      sion, % %/hr   mol %                              

     ______________________________________                                    

     27   HI        2.25     100     43     93                                 

     28   HBr       18       100     16     18                                 

     29   3 .times. HBr                                                        

                    3        100     54     40                                 

     30   3 .times. HCl                                                        

                    6          68.5  11      0                                 

       Charge                mmols                                             

     ______________________________________                                    

     Butadiene monoxide      70                                                

     N-methylpyrrolidone     150                                               

     HX                      7                                                 

     Fe(AcAc).sub.3          1                                                 

      Temperature 92.degree.C.                                                 

     ______________________________________                                    

      **As in Table I                                                          

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a substituted or unsubstituted dihydrofuran from
      a substituted or unsubstituted butadiene monoxide which comprises
      contacting the butadiene monoxide with a catalyst comprising a hydrogen
      halide selected from the group consisting of hydrogen iodide or bromide
      and a homogeneous transition metal compound in an inert organic solvent
      under liquid phase reaction conditions effective to convert the butadiene
      monoxide to the dihydrofuran, said reaction conditions including a
      temperature between 50.degree. and 140.degree.C, and wherein said
      transition metal is iron, manganese, cobalt, molybdenum, vanadium, copper
      or nickel, and wherein the transition metal is coordinated with suitable
      organic ligands to solubilize the transition metal in the organic solvent.
NUM  2.
PAR  2. A process in accordance with claim 1 wherein the dihydrofuran is
      unsubstituted 2,5-dihydrofuran and the butadiene monoxide is unsubstituted
      butadiene monoxide.
NUM  3.
PAR  3. A process in accordance with claim 2 wherein the transition metal is
      iron or manganese.
NUM  4.
PAR  4. A process in accordance with claim 2 wherein the transition metal is
      iron(III), iron(II), cobalt(II), molybdenum(II), vanadium(III) or
      manganese(II).
NUM  5.
PAR  5. A process in accordance with claim 2 wherein the transition metal is
      iron(III).
NUM  6.
PAR  6. A process in accordance with claim 5 wherein the hydrogen halide is
      hydrogen iodide.
NUM  7.
PAR  7. A process in accordance with claim 1 wherein the organic solvent is an
      inert solvent which is substantially unalkylated under the reaction
      conditions.
NUM  8.
PAR  8. A process in accordance with claim 7 wherein the solvent comprises a
      tertiary organic amide.
NUM  9.
PAR  9. A process in accordance with claim 8 wherein the solvent is
      N-methylpyrrolidone or N,N-dimethylformamide or N,N-dimethylacetamide.
NUM  10.
PAR  10. A process in accordance with claim 6 wherein the solvent is
      N-methylpyrrolidone or N,N-dimethylformamide or N,N-dimethylacetamide.
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ABST
PAL  The preparation of citraconic anhydride by catalytic vapor phase oxidation
      of methyl butanols and methyl butenols.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This catalytic relates to the preparation of citraconic anhydride by the
      catalyst vapor phase oxidation of certain alcohols.
PAR  Citraconic anhydride is useful as a curing agent for epoxy resins, and is
      readily converted into itaconic acid, a valuable ingredient in numerous
      commercial resins.
PAR  Prior methods for the preparation of citraconic anhydride include the vapor
      phase catalytic decarboxylation and dehydration of citric and related
      6-carbon acids (U.S. Pat. No. 3,701,805) as well as the vapor phase
      catalytic oxidation of olefinic hydrocarbons such as cracked naphtha (U.S.
      Pat. No. 2,719,853) and isoprene (U.S. Pat. No. 3,503,999).
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that citraconic anhydride can be prepared by the
      vapor oxidation of methyl butanols and methyl butenols at a temperature of
      from about 250.degree. to 500.degree.C. in the presence of vanadium oxide
      catalyst.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the practice of this invention, a gaseous stream containing a methyl
      butanol or methyl butenol and oxygen is passed over or through vanadium
      oxide catalyst at a temperature of between 250.degree. and 500.degree.C.;
      citraconic anhydride is formed and may be recovered from the exit stream.
PAR  The methyl butanols convertible to citraconic anhydride by this process
      include 2-methyl-1-butanol, 2-methyl-2-butanol (t-amyl alcohol),
      2-methyl-3-butanol and 2-methyl-4-butanol, while the methyl butenols
      include 2-methylene-1-butanol, 2-methyl-2-buten-1-ol,
      2-methyl-3-buten-1-ol, 2-methyl-3-buten-2-ol, 3-methyl-2-buten-1-ol,
      3-methyl-3-buten-1-ol and 3-methyl-3-buten-2-ol. Preferred alcohols
      include 2-methyl-2-butanol, 3-methyl-3-buten-1-ol and especially
      2-methyl-3-buten-2-ol. The alcohol starting material need not be pure, but
      for best results a purity of about 65 to 100 percent is desirable, a
      purity above about 90 percent being preferred. Mixtures of the isomeric
      alchols, such as may occur in the synthesis of these materials, may be
      used without separation.
PAR  The catalyst can be vanadium oxide or vanadium oxide admixed with one or
      more of the oxides of phosphorus, boron, copper, silver, chromium,
      molybdenum or tungsten, or compounds of these elements convertible to the
      oxide under the oxidation reaction conditions. The catalyst can be
      self-supporting or can be deposited on any of those supports, such as
      alundum, alumina, corundum, carborundum, silica, zirconia or pumice, which
      are commonly used for vapor phase oxidation catalysts. The active catalyst
      content of supported catalysts is generally about 2 to 50 percent of the
      total catalyst weight, about 5 to 25 percent being preferred. The vanadium
      oxide content of the active portion of mixed catalysts is normally about
      50 to 99 percent. Standard methods of preparation of these catalysts,
      either unsupported or supported, are well known in the art and can be
      used.
PAR  The oxidation can be conducted at temperatures ranging from about
      250.degree.C. to about 500.degree.C., with the preferred temperature being
      about 320.degree.-420.degree.C. Temperatures below 250.degree.C. require
      unduly long contact times, while temperatures above 500.degree.C. demand
      uncontrollably short contact times with resultant possible degradation of
      reactant and product. Although the reaction is normally, and preferably,
      conducted at atmospheric pressure, both reduced and superatmospheric
      pressures may be employed. Suitable pressures may range from about 0.5 to
      5 atmospheres.
PAR  The contact time for the oxidation depends upon the temperature, the higher
      the temperature the shorter the period of contact. Operable times are
      readily determined by experiment. Best results are usually obtained
      between about 0.2 and 5 seconds, with the time at the preferred
      temperature of 320.degree.-420.degree.C. generally being about 1-2
      seconds.
PAR  The concentration of alcohol vapor in the gas stream may vary over a wide
      range. Excellent results are usually obtained at concentrations between
      about 0.1 and 5 volume percent. Concentrations below 0.1 percent may
      result in uneconomically high costs from the large throughputs required
      and in lowered product recovery from the exit stream, while concentrations
      above 5 percent may cause reduced conversion and reduced selectivity. The
      preferred concentration for most economical operation is about 0.5-2
      percent.
PAR  Preferred limits for the oxygen content of the gas stream are from about 5
      to 50 percent by volume. Concentrations below 5 percent produce a definite
      drop in selectivity, while concentrations above 50 percent ate extremely
      exothermic and may be hazardous. Although the oxygen source can be an
      admixture of oxygen with any inert gas, such as nitrogen, carbon dioxide
      or water, the preferred source is air.
PAR  The product citraconic anhydride may be recovered as such from the exit
      gases by condensation or recovered as citraconic acid by water scrubbing
      of the exit gas stream.
PAR  The following examples are merely illustrative and are not to be construed
      as limiting the invention, the scope of which is defined by the appended
      claims. In these examples, all temperatures are in degrees centigrade
      (.degree.C.), all vapor concentrations are in molar, or volume, percent,
      and all yields are stoichiometric yields. While, for convenience, the
      recorded temperature in these examples is that of the thermostated air
      bath, this temperature is considered to closely approximate the actual
      reaction temperature.
PAC  EXAMPLE 1
PAR  To a solution of 2.0 g oxalic acid in 20 cc water was added 1.17 g ammonium
      metavanadate and 0.11 g ammonium molybdate. About 4 g of a 20-40 mesh
      fraction of a crushed "Macroport" type LA 40 alundum catalyst carrier
      available from the Norton Company was treated with just enough of the
      above solution to uniformly moisten the carrier. The resulting mixture was
      dried on a steam bath with occasional mixing to insure uniformity, and the
      dried mixture was calcined at 450.degree.-500.degree.C. for 5 hours to
      yield a catalyst estimated to contain the active metal oxides in amounts
      equivalent to 4.0 percent V.sub.2 O.sub.5 and 0.23 percent MoO.sub.3. A
      reactor consisting of an 1/8 inch OD .times. 40 inches long aluminum tube
      having a wall thickness of 0.025 inch was wound in a tight coil, filled
      with the catalyst and placed into a heated thermostated air bath.
PAR  Air at the rate of 35 cc/min was continuously fed into the reactor while
      2-methyl-3-buten-2-ol was metered into the stream at the rate of 1.9
      .mu.l/min using a constantly driven syringe. Under these conditions, the
      vapor mixture contained 1.26 molar percent starting alcohol and contacted
      the catalyst for about 1.8 seconds. The effluent gases from the reactor
      were monitored using a vapor fractometer. The temperature of the air bath
      was adjusted to give optimum yield of citraconic anhydride. Stoichiometric
      yields of 26% citraconic anhydride and 7% maleic anhydride were observed
      at an optimum air bath temperature of 380.degree.-390.degree.C.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated substituting, individually,
      3-methyl-3-buten-1-ol, 2-methyl-1-butanol, 2-methyl-2-butanol,
      2-methyl-3-butanol or 2-methyl-4-butanol for the 2-methyl-3-buten-2-ol.
      The results of these experiments are tabulated below:
TBL          vapor                                                             

                 contact                                                       

                      bath  stoic. yield (%)                                   

     starting                                                                  

             conc.                                                             

                 time temp. citraconic                                         

                                  maleic                                       

     alcohol (%) (sec.)                                                        

                      (.degree.C.)                                             

                            anhydride                                          

                                  anhydride                                    

     __________________________________________________________________________

     3-methyl-3-                                                               

             1.3 1.8  380-400                                                  

                            13     7                                           

     buten-1-ol                                                                

     2-methyl-1-                                                               

             1.24                                                              

                 1.8  370-390                                                  

                            10    26                                           

     butanol                                                                   

     2-methyl-2-                                                               

             1.24                                                              

                 1.8  410-420                                                  

                            18    11                                           

     butanol                                                                   

     2-methyl-3-                                                               

             1.24                                                              

                 1.8  380-390                                                  

                            14     7                                           

     butanol                                                                   

     2-methyl-4-                                                               

             1.24                                                              

                 1.8  360-370                                                  

                            11     6                                           

     butanol                                                                   

     __________________________________________________________________________

PAR  Citraconic anhydride may be similarly produced when 2-methylene-1-butanol,
      2-methyl-2-buten-1-ol, 2-methyl-3-buten-1-ol, 3-methyl-2-buten-1-ol or
      3-methyl-3-buten-2-ol is used as the starting alcohol.
PAC  EXAMPLE 3
PAR  A catalyst was prepared by fusing a mixture of 30 g vanadium pentoxide and
      1 g cupric oxide, allowing the melt to cool and solidify, and then
      crushing and screening the resultant product to provide a 20-40 mesh
      fraction. The catalyst was charged to an 1/8 inch OD .times. 40 inches
      long tightly coiled aluminum tube as in Example 1 except the tube was only
      half filled with the catalyst. The tube was then placed into a
      thermostated air bath in such a manner that any feed stream entering the
      tube passed first through the empty end of the tube and then through the
      portion filled with catalyst. Air at the rate of 35 cc/min was
      continuously fed into the reactor while 3-methyl-3-buten-1-ol was metered
      into the stream at the rate of 1.9 .mu. 1/min using a constantly driven
      syringe. Under these conditions the vapor mixture contained about 1.3
      molar percent starting alcohol and contacted the catalyst for about 0.9
      second. The effluent gases from the reactor were monitored using a vapor
      fractometer. Citraconic anhydride was observed in 13% stoichiometric yield
      at a reaction temperature of 320.degree.-360.degree.C.
PAR  When the flow of air and feed of 3-methyl-3-buten-1-ol were adjusted to
      give a vapor mixture containing 0.22 percent alcohol, a 1.9 second contact
      time, and a 280.degree.-300.degree.C. reaction temperature, a 9% yield of
      citraconic anhydride was observed.
PAR  Adjusting the flow of air and feed rate of 3-methyl-3-buten-1-ol to give a
      vapor mixture containing 2.7 percent alcohol, a contact time of 0.9
      second, and a reaction temperature of 360.degree.-380.degree.C. resulted
      in a 12% yield of citraconic anhydride.
PAR  Comparable results are observed when the feeds are adjusted to give a vapor
      mixture containing 0.1 percent alcohol, a contact time of 5 seconds and a
      reaction temperature of 250.degree.-270.degree.C.
PAC  EXAMPLE 4
PAR  A catalyst was prepared from a mixture of 97 percent by weight of vanadium
      pentoxide and 3 percent phosphorus pentoxide in a manner similar to that
      described in Example 3. This catalyst was charged to a tubular aluminum
      reactor as in Example 3 and a mixture of air and 3-methyl-3-buten-1-ol
      containing 1.3 molar percent of the alcohol was fed to the reactor
      allowing a contact time of 0.9 second. At a reaction temperature of
      395.degree.-425.degree.C., an 8% yield of citraconic anhydride was
      observed.
PAR  When the conditions were adjusted to give a 0.22 percent alcohol vapor
      concentration, a 1.9 second contact time, and a 280.degree.-300.degree.C.
      reaction temperature, a 14% yield of citraconic anhydride was observed.
PAR  Citraconic anhydride is also obtained when conditions are further adjusted
      to provide a feed containing 5 percent alcohol, a 0.2 second contact time,
      and a 500.degree.C. reaction temperature.
PAC  EXAMPLE 5
PAR  A catalyst was prepared from a mixture of vanadium pentoxide containing 3
      percent by weight of chromic oxide using the method described in Example
      3. This catalyst was tested in the oxidation of 3-methyl-3-buten-1-ol as
      in Example 3. Conditions and results are recorded in the following table:
TBL                                   stoic. yield                             

     vapor    contact     bath        citraconic                               

     conc.    time        temp.       anhydride                                

     (%)      (sec.)      (.degree.C.)                                         

                                      (%)                                      

     ______________________________________                                    

     1.3      0.9         350-370      8                                       

     0.22     1.9         280-320     12                                       

     ______________________________________                                    

PAL  Suitable catalysts may also be prepared in the same way from vanadium
      pentoxide alone or in combination with boric oxide, silver oxide or
      tungstic oxide.
PAC  EXAMPLE 6
PAR  The catalyst of Example 1 was charged to a tubular aluminum reactor as in
      Example 3. Air and 3-methyl-3-buten-1-ol were so fed to the reactor as to
      provide an alcohol vapor concentration of 1.3 percent and a contact time
      of 0.9 second. At a reaction temperature of 385.degree.-410.degree.C., a
      9% yield of citraconic anhydride was observed. Adjustment of conditions to
      give an alcohol vapor concentration of 0.22 percent and a 1.9 second
      contact time at 330.degree.-360.degree.C. likewise provided a 9% yield of
      citraconic anhydride.
PAR  The vapor stream from the reactor is passed countercurrent to water in a
      scrubber operating at 60.degree.C. in which the citraconic anhydride is
      hydrolyzed to citraconic acid and removed as a solution in the exit water
      stream.
PAC  EXAMPLE 7
PAR  The procedure of Example 3 is repeated except that a mixture of 5 percent
      oxygen and 95 percent nitrogen is substituted for the air. At a 1.3
      percent molar concentration of 3-methyl-3-buten-1-ol, a 0.9 second contact
      time and a 320.degree.-360.degree.C. reaction temperature, a significant
      quantity of citraconic anhydride is produced. Comparable results are
      obtained when a 1:1 mixture of oxygen and nitrogen is substituted for the
      above 5:95 mixture.
PAR  The citraconic anhydride in the exit stream from these reactions is
      recovered as the liquid anhydride by condensation in an indirect condenser
      operating at about 125.degree.C. and atmospheric pressure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing citraconic anhydride comprising contacting a
      gaseous mixture of a methyl butanol or a methyl butenol and oxygen with
      vanadium oxide at a temperature of from about 250.degree. to 500.degree.C,
      said methyl butanol and methyl butenol being 2-methyl-1-butanol,
      2-methyl-2-butanol, 2-methyl-3-butanol, 2-methyl-4-butanol,
      2-methylene-1-butanol, 2-methyl-2-buten-1-ol, 2-methyl-3-buten-1-ol,
      2-methyl-3-buten-2-ol, 3-methyl-2-buten-1-ol, 3-methyl-3-buten-1-ol,
      3-methyl-3-buten-2-ol or a mixture thereof.
NUM  2.
PAR  2. The process according to claim 1 wherein said methyl butanol is
      2-methyl-2-butanol.
NUM  3.
PAR  3. The process according to claim 1 wherein said methyl butenol is
      2-methyl-3-buten-2-ol.
NUM  4.
PAR  4. The process according to claim 1 wherein said methyl butenol is
      3-methyl-3-buten-1-ol.
NUM  5.
PAR  5. The process according to claim 1 wherein the vanadium oxide also
      contains at least one oxide of phosphorus, boron, copper, silver,
      chromium, molybdenum or tungsten, or at least one compound convertible
      thereto under said process conditions.
NUM  6.
PAR  6. The process according to claim 1 wherein said contacting continues for
      from about 0.2 to 5 seconds.
NUM  7.
PAR  7. The process according to claim 6 wherein the alcohol concentration of
      said gaseous mixture ranges from about 0.1 to 5 percent by volume and the
      oxygen concentration of said mixture ranges from about 5 to 50 percent by
      volume.
NUM  8.
PAR  8. A process for preparing citraconic anhydride comprising contacting a
      mixture of about 0.5-2percent by volume of 2-methyl-3-buten-2-ol vapor in
      air with vanadium oxide at a temperature of about
      320.degree.-420.degree.C. for a period of about 1-2 seconds.
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ABST
PAL  The present invention relates to 3,4-dibromo-5-cyclopentadienyl
      furfurylester of chrysanthemumic acid a new substituted furfurylesters of
      chrysanthemumic acid which have improved insecticidal properties.
PARN
PAC  SUMMARY OF THE INVENTION
PAR  This application is a division of Ser. No. 112,061, filed Feb. 2, 1971, now
      U.S. Pat. No. 3,796,730 granted Mar. 12, 1974, and a continuation-in-part
      of Ser. Nos. 809,036 filed Mar. 20, 1969, 691,173 filed Dec. 18, 1967 and
      629,422 filed Apr. 10, 1967, all now abandoned.
BSUM
PAR  The present invention relates to an insecticide containing as its active
      ingredient a substituted furfurylalcohol ester of chrysanthemumic acid
      selected from the group consisting of
      3,4-dichloro-5-propargylfurfurylester of chrysanthemumic acid,
      3,4-dibromo-5-cyclopentadienyl furfurylester of chrysanthemumic acid,
      5-ethoxy-methylfurfurylester of chrysanthemumic acid,
      3-acetyl-5-allylfurfurylester of chrysanthemumic acid,
      5-acetylfurfurylester of chrysanthemumic acid,
      3,4-dichloro-5-benzylfurfurylester of chrysanthemumic acid,
      5-phenylvinylfurfurylester of chrysanthemumic acid,
      5-propargylfurfurylester of chrysanthemumic acid,
      3-methoxy-5-propargylfurfurylester of chrysanthemumic acid, and
      3-methyl-5propargylfurfurylester of chrysanthemumic acid.
PAR  After repeated studies of insecticides containing as their active
      ingredient an ester of chrysanthemumic acid, the present inventor
      discovered that the compounds listed above as the insecticidal ingredient
      of insecticides for dusting and fumigating application are highly
      effective on agricultural and horticultural plants, and that they have
      very low toxicity for killing various insects on humans and animals and on
      warm-blooded animals.
PAR  The present invention is based on this discovery. These compounds adopted
      as the active ingredient of the insecticide of this invention can be
      easily obtained by reacting the corresponding substituted furfuryl
      alcohols, its halide or its salts containing the above-mentioned
      substituents with, say, chrysanthemumic acid, or its halide, anhydride,
      ester, or its salts, according to the general process for producing ester
      of chrysanthemumic acid as disclosed in U.S. patent application Ser. No.
      629,422, filed on Apr. 10, 1967, and Ser. No. 809,036, filed March 20,
      1969, by the present inventor, described below.
PAR  The substituted furfurylester of chrysanthemumic acid of this invention as
      expressed by formula (I):
      ##SPC1##
PAL  where X represents a substituent selected from the group consisting of
      alkyl having 1 to 6 carbon atoms, alkenyl having 2 to 6 carbon atoms,
      alkynyl having 2 to 6 carbon atoms, phenyl alkyl having 1 to 6 carbon
      atoms in the alkyl group, alkoxy having 1 to 6 carbon atoms, alkenyloxy
      having 2 to 6 carbon atoms, alkoxyalkyl having 2 to 12 carbon atoms,
      alkenyloxyalkyl having 3 to 12 carbon atoms, RCO- where R stands for an
      aliphatic hydrocarbon or phenyl having 1 to 6 carbon atoms,
      alkoxyalkoxyalkyl having 3 to 18 carbon atoms, cyclopentadienyl, halogen,
      nitro, and amino; and n is an integer selected from 1 to 3, having an
      extremely strong insecticidal effect on insects, particularly on
      araeopidae, jassidas and aphididae, can be manufactured by the following
      methods:
PAR  1. a substituted furfurylalcohol as expressed by the following formula:
      ##SPC2##
PAL  where X represents a substituent selected from the group consisting of
      alkyl having 1 to 6 carbon atoms, alkenyl having 2 to 6 carbon atoms,
      alkynyl having 2 to 6 carbon atoms, phenyl alkyl having 1 to 6 carbon
      atoms, alkoxy having 1 to 6 carbon atoms, alkenyloxy having 2 to 6 carbon
      atoms, alkoxyalkyl having 2 to 12 carbon atoms, alkenyloxyalkyl having 3
      to 12 carbon atoms, RCO-- where R stands for aliphatic hydrocarbon or
      phenyl having 1 to 6 carbon atoms, alkoxyalkoxyalkyl having 3 to 18 carbon
      atoms, cyclopentadienyl, halogen, nitro, and amino; and n is an integer
      selected from 1 to 3, is reacted with chrysanthemumic acid or its
      functional derivative salts and esters which react to liberate
      chrysanthemumic acid for this reaction. The abovementioned substituted
      furfurylalcohol can be treated with an alkali metal such as sodium or
      potassium, and then, as an alcoholate, may be reacted with the
      above-mentioned chrysanthemumic acid or its functional derivative.
PAR  2. Said substituted furfurylesters of chrysanthemumic acid can be obtained
      by treating the substituted furfurylalcohol of the above formula (II) with
      a salt, such as thionylchloride, phosphorous pentachloride, etc., and
      reacting the resultant substituted furfurylchloride with chrysanthemumic
      acid or its salts.
PAR  3. Said substituted furfurylesters of chrysanthemumic acid can be obtained
      by reacting an ester of the substituted furfurylalcohol as expressed by
      the above formula (II) and an organic acid such as acetic acid or
      propionic acid with chrysanthemumic acid or its ester.
PAR  In the above-mentioned methods, the term "functional derivative of
      chrysanthemumic acid" may be illustrated by the acid halides such as acid
      chlorides or acid bromides; acid anhydrides; esters such as methyl ester,
      ethyl ester, etc.; and salts such as alkali metal salts, silver salts,
      lead salts, etc. of chrysanthemumic acid; and the term "salts and esters
      of chrysanthemumic acid" refers to similar salts and esters as mentioned
      above.
PAR  As examples of the substituted furfurylalcohols expressed by the above
      formula (II), the following illustrative examples may be mentioned:
PAR  5-methyl furfuryl alcohol; 3-allyl furfuryl alcohol; 4-allyl furfuryl
      alcohol; 5-allyl furfuryl alcohol; 3-nitro-5-ethoxy furfuryl alcohol;
      3,4-dichloro-5-allyloxy furfuryl alcohol; 4-hexyl-5-pentyloxy furfuryl
      alcohol; 3,4-dimethyl-5-allyl furfuryl alcohol; 3,4-dichloro-5-ethyl
      furfuryl alcohol; 5-bromo-furfuryl alcohol, 5-ethoxy furfuryl alcohol;
      5-propargyl furfuryl alcohol; 3-methyl-5-propargyl furfuryl alcohol;
      4-methyl-5-propargyl furfuryl alcohol; 3-methoxy-5-propargyl furfuryl
      alcohol; 3,4-dichloro-5-propargyl furfuryl alcohol; 5-ethoxymethyl
      furfuryl alcohol; 5-acetyl furfuryl alcohol; 5-allyloxymethyl furfuryl
      alcohol; 3,4-dichloro-5-benzyl furfuryl alcohol; 5-benzoyl furfuryl
      alcohol; 5-(2'-butenyl) furfuryl alcohol; 5-(2'-butinyl) furfuryl alcohol;
      5-methoxymethoxymethyl furfuryl alcohol; 3-amino-5-allyl furfuryl alcohol;
      5-benzyl furfuryl alcohol; etc.
PAR  Typical esters of chrysanthemumic acid are:
PA0  1. 3,4-dichloro-5-propargylfurfurylester of chrysanthemumic acid
PA0  2. 3,4-dibromo-5-cyclopentadienylfurfurylester of chrysanthemumic acid
PA0  3. 5-ethoxymethylfurfurylester of chrysanthemumic acid
PA0  4. 3-acetyl-5-allyloxyfurfurylester of chrysanthemumic acid
PA0  5. 5-allyloxymethylfurfurylester of chrysanthemumic acid
PA0  6. 3,4-dimethyl-5-allylketofurfurylester of chrysanthemumic acid
PA0  7. 3-acetyl-5-allylfurfurylester of chrysanthemumic acid
PA0  8. 5-acetylfurfurylester of chrysanthemumic acid
PA0  9. 5-methoxyallylfurfurylester of chrysanthemumic acid
PA0  10. 5-allyloxyvinylfurfurylester of chrysanthemumic acid
PA0  11. 3,4-dichloro-5-benzylfurfurylester of chrysanthemumic acid
PA0  12. 5-phenylvinylfurfurylester of chrysanthemumic acid
PA0  13. 3-methyl-5-methylketoallylfurfurylester of chrysanthemumic acid
PA0  14. 5-methoxypropoxymethylfurfurylester of chrysanthemumic acid
PA0  15. 5-propargylfurfurylester of chrysanthemumic acid
PA0  16. 3-methoxy-5-propargylfurfurylester of chrysanthemumic acid
PA0  17. 3-methyl-5-propargylfurfurylester of chrysanthemumic acid
PAR  These esters according to this invention, when practically employed as the
      active ingredients in insecticidal sprays, are usually blended with some
      suitable conventional insecticidal carrier and may be used in the form of
      a powder, wettable powder, tablets, solution, emulsion, aerosol, etc.
PAR  For instance, these esters can be evenly mixed with granular inert carriers
      such as talc, clay, bentonite, kaolin, and diatomaceous earth, and made
      into a wettable powder.
PAR  Or they may be mixed with both the above-mentioned granular inert carriers
      and with surface-active agents; and then kneaded and crushed into a
      wettable powder.
PAR  They may also be diluted with the above-mentioned inert carriers mixed with
      starch, sodium alginate, or natural binders such as CMC or PVA; and then
      stamped into tablets. Adequate quantities of these esters may also be
      dissolved in such solvents as kerosene to form solutions. These esters may
      likewise be dissolved in such solvents as xylole, benzene, etc., mixed
      with a surface-active agent, and made into emulsions.
PAR  In addition, they may be dissolved with other insecticides, adjuvants,
      perfumes, etc., in kerosene and the resulting aerosol may be compressed
      with a pressure vessel and sealed therein together with such propellants
      as freon, vinylchloride, LPG, etc. so as to produce aerosol preparations.
PAR  When these esters are to be employed as insecticides for fumigation, they
      can be mixed with some appropriate base such as powdered wood and used in
      the form of mosquito incense sticks. If they are to be used as
      insecticides for heating and evaporating use, they are dissolved in, say,
      white kerosene and the resulting solution is continuously fed onto the
      evaporating surface of an electric heater or said solution is absorbed
      into a carrier consisting of a noninflammable material such as asbestos
      and the resulting product heated on an electric heater.
PAR  The concentration of these esters in the insecticides according to this
      invention depends on the form of preparation, the manner of use, the
      objective of use, etc. The preferred range of concentration would be
      0.05-60 percent. However, their concentration is not necessarily limited
      to this range, but may be varied over a wider range. For long time use, a
      low concentration is preferred, while for short time use a high
      concentration may be possible.
PAR  Moreover, the insecticidal power of said esters of chrysanthemumic acid
      will be further enhanced, when they are combined with such synergists as
      N-octylbicycloheptenedicarboxyimide; mixtures of N-
      octylbicycloheptenedicarboxyimide and the isopropylamine salt of dodecyl
      benzene sulfonic acid; octachlorodipropylether; piperonylbutoxide; etc.
DETD
PAR  Some illustrative examples of the synthesis of the substituted
      furfurylesters of chrysanthemumic acid will now be given:
PAC  EXAMPLE 1
PAR  2.2g of 5-allylfurfurylalcohol is dissolved in 15 ml of dry benzene and the
      resulting substance is mixed with 3 g of chrysanthemumic acid chloride
      dissolved in dry benzene, and with 2 ml of dry pyridine as a condensation
      agent. This procedure yields crystals of pyridine hydrochloride. These
      crystals are sealed up and left at room temperature overnight, and the
      pyridine hydrochloride is then separated by filtering. The benzene
      solution is then washed successively with aqueous sodium bicarbonate,
      dilute hydrochloric acid and water. When this benzene solution is dried
      and then condensed in a nitrogen flow under lowered pressure at a low
      temperature (below 50.degree.C of bath temperature), 4g of viscous,
      transparent 5- allylfurfurylester of chrysanthemumic acid is obtained. The
      yield is almost constant, boiling point being
      129.degree.-130.degree.C/0.35mmHg, n.sub.D.sup.25 : 1.4948.
PAC  EXAMPLE 2
PAR  In the same was as Example 1, 4.5g of 5-propargylfurfurylalcohol is reacted
      with 7g of chrysanthemumic acid chloride, producing 8.1g of
      5-propargylfurfurylester of chrysanthemumic acid. Bp:
      130.degree.-133.degree.C/0.2mmHg.
PAC  EXAMPLE 3
PAR  In the same way as Example 1, 2.5g of 5-acetylfurfurylalcohol is reacted
      with 5.5g of chrysanthemumic acid bromide producing 4.3g of
      5-acetylfurfurylester of chrysanthemumic acid. Bp:
      126.degree.-130.degree.C/0.25mmHg.
PAC  EXAMPLE 4
PAR  3.4g of chrysanthemumic acid, 3.2g of 3-methyl-5-propargylfurfurylalcohol
      and 150cc of benzene were mixed. The mixture is violently agitated with
      2cc of concentrated sulphuric acid. While still under agitation it is
      reflux-heated and the water generated through azeotrope is eliminated by a
      dehydrating agent. After the solvent is distilled, out of the residue, the
      residue is distilled under reduced pressure, producing 4.0g of
      3-methyl-5-propargylfurfurylester of chrysanthemumic acid. Bp:
      135.degree.-138.degree.C/0.2mmHg.
PAC  EXAMPLE 5
PAR  A thermometer, a reflux-condenser and a tube for introducing nitrogen are
      attached to a 100ml round-bottomed flask, into which 4.3g of
      5-ethoxymethylfurfurylpropyonate and 4.0g of chrysanthemumic acid are
      poured and thoroughly mixed for 30 minutes. Next, 0.15 ml of concentrated
      sulphuric acid is dropped into the mixture. The mixture is refluxed for
      three hours, and sodium acetate is added to neutralize the sulphuric acid.
      It is then dissolved in ether. The resulting ether solution is
      successively washed with dilute hydrochloric acid, aqueous sodium
      carbonate and aqueous sodium chloride, then dried using Glauber's salt,
      and after the ether is distilled away, the solution is distilled under
      reduced pressure, producing 3.1g of 5-ethoxymethylfurfurylester of
      chrysanthemumic acid. Bp: 132.degree.-134.degree.C/0.1mmHg.
PAR  The following examples illustrate some of the insecticidal effects of the
      substituted esters of chrysanthemumic acid of this invention.
PAC  Test (1) Spraying test
PAR  A 0.5% white kerosene solution of test insecticide was applied on house
      flies in accordance with the modified Campbell and Sullivan's metal turn
      table method and from the knock down rate of the flies, the relative
      effectiveness of insecticides have been calculated. The number indicated
      in the column of test insecticides corresponds to that mentioned in the
      said enumeration of esters as active ingredient.
TBL  ______________________________________                                    

     Test insecticides                                                         

                     Probit 4  Probit 5  Probit 6                              

     ______________________________________                                    

     3% white kerosene                                                         

                     1.00      1.00      1.00                                  

     solution of furfurylesters                                                

     of chrysanthemumic acid                                                   

     1               1.45      1.50      1.56                                  

     2               2.12      2.15      2.19                                  

     7               2.52      2.58      2.65                                  

     9               1.72      1.79      1.85                                  

     13              1.43      1.46      1.51                                  

     16              3.57      3.62      3.70                                  

     17              3.42      3.50      3.57                                  

     ______________________________________                                    

PAC  Test (2) Fumigation Test
PAR  A mosquito incense coil containing 0.5% of insecticidal ingredient was
      prepared and applied to knock down the adults of culex pipiens pallens
      Coquillett. This test was carried out in accordance with the procedure
      proposed by Nagasawa, Katsuda et al. in "Bochyu-Kagaku (insecticidal
      Science)" Vol. 16 (1951), P. 176.
PAR  The relative effectiveness of test mosquito coils (with the number
      corresponding to that in the said enumeration of esters as active
      ingredient) thus calculated are as follows:
TBL  Test insecticides                                                         

                     Probit 4  Probit 5  Probit 6                              

     ______________________________________                                    

     Mosquito incense coil                                                     

                     1.00      1.00      1.00                                  

     containing 3% furfuryl-                                                   

     ester of chrysanthemumic                                                  

     acid                                                                      

     1               1.58      1.65      1.70                                  

     2               2.35      2.40      2.44                                  

     4               1.43      1.49      1.53                                  

     6               1.81      1.87      1.95                                  

     7               2.83      2.89      2.94                                  

     15              3.54      3.59      3.61                                  

     ______________________________________                                    

PAR  All of the compounds mentioned as the active ingredient of this invention
      have high vapour pressure and accordingly can be vaporized more easily by
      heating than the conventional pyrethroids.
PAR  Therefore, less subject to thermal decomposition and giving an extremely
      high rate of dispersion, said compounds exhibit a notably remarkable
      effect in a mosquito incense coil ("electric mosquito incense," as
      provisionally called) which must be heated to be effective.
PAR  When the conventional pyrethroids like natural pyrethrin or allethrin are
      used in the vaporizer such as a mosquito incense coil or an electric
      mosquito incense, the dispersion rate of the active ingredient is a mere
      15 percent or so, the greater part of the balance failing to be dispersed
      in the air. By contrast, when a mosquito incense coil was manufactured
      using the active ingredient of this invention in accordance with the
      traditional method, the dispersion rate of the active ingredient as
      measured in its smoke amounted to 30-40 percent. Meanwhile, when the same
      active ingredient was impregnated into a base mat or was absorbed on an
      appropriate extending agent and molded or was dissolved into a solvent and
      was then heated and vaporized by an adequate heater, this being the
      so-called electric mosquito incense process, as good a dispersion rate as
      in the case of a plain mosquito incense coil could be secured.
PAR  This shows that the active ingredient of this invention, when applied under
      fumigation and heating, can exhibit a particularly excellent insecticidal
      effect by its superb power and its high dispersibility. Thereby, it is
      possible to use the present active ingredient together with the
      conventional pyrethroids to obtain a synergistic effect and enhance the
      significance of this invention.
PAR  Some illustrative insecticide compositions of this invention are listed
      below.
PAC  EXAMPLE 6
PAR  0.2 part of 3-acetyl-5-allylfurfurylester of chrysanthemumic acid was
      dissolved in white kerosene, producing a 0.2% kerosene preparation with
      the whole solution as 100 parts.
PAC  EXAMPLE 7
PAR  A kerosene preparation was obtained by dissolving 0.3 part of
      3-methyl-5-propargylfurfurylester of chrysanthemumic acid and 0.9 part of
      piperonylbutoxide into white kerosene, making 100 parts of the whole
      solution.
PAC  EXAMPLE 8
PAR  A mosquito incense coil containing 0.5% active ingredient was prepared in
      accordance with a known process by uniformly blending 0.5g of
      5-propargylfurfurylester of chrysanthemumic acid with 99.5 g of a carrier
      base material like extract powder of pyrethrum, wood powder, starch, etc.
PAC  EXAMPLE 9
PAR  A mosquito incense coil containing 0.4% active ingredient was prepared in
      accordance with a known process by uniformly blending 0.4g of
      5-propargylfurfurylester of chrysanthemumic acid and 1.0 g of a mixture
      (Tradename: MGK-5026) with 98.6g of a carrier base material like extract
      powder of pyrethrum, wood powder, starch, etc.
PAC  EXAMPLE 10
PAR  A mosquito incense coil was prepared using 0.3g of allethrin, 0.4g of
      3-methoxy-5-propargylfurfurylester of chrysanthemumic acid and 99.3g of
      base material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1.  3,4-dibromo-5-cyclopentadienylfurfurylester of chrysanthemumic acid.
PATN
WKU  039324710
SRC  5
APN  3913295
APT  1
ART  121
APD  19730824
TTL  Azide
ISD  19760113
NCL  2
ECL  1
EXP  Ford; John M.
INVT
NAM  Magee; Thomas A.
CTY  Mentor
STA  OH
ASSG
NAM  Diamond Shamrock Corporation
CTY  Cleveland
STA  OH
COD  02
RLAP
COD  74
APN  229207
APD  19720224
PSC  01
PNO  3875232
RLAP
COD  82
APN  132584
APD  19710408
PSC  03
CLAS
OCL  260349
XCL  260471C
XCL  260470
XCL  260481R
XCL  260482C
XCL  424226
XCL  424300
EDF  2
ICL  C07C11700
FSC  260
FSS  349
UREF
PNO  3839395
ISD  19741000
NAM  Otsuka et al.
OCL  260349
UREF
PNO  3875232
ISD  19750400
NAM  Magee
OCL  260349
LREP
FR2  Nunn; Leslie G.
FR2  Tiernan; John C.
ABST
PAL  Carbamate derivatives of ketoximes are useful in combatting pests such as
      insects, mites, and nematodes.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 229,207 filed Feb.
      24, 1972, now U.S. Pat. No. 3,875,232, issued Apr. 1, 1975, said
      application Ser. No. 229,207 being a continuation-in-part of application
      Ser. No. 132,584 filed Apr. 8, 1971, now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to organic compounds useful as pesticides and more
      particularly to carbamate derivatives of ketoximes having insecticidal,
      miticidal, and, in some cases, nematocidal activity comparable or superior
      to the most closely related commercial products while having significantly
      lower toxicity toward mammals than these commercial products.
PAR  2. Description of the Prior Art
PAR  The outstanding pesticidal activity of the carbamate derivatives of the
      ketoximes disclosed in this invention is surprising and unexpected because
      the prior art indicates that carbamate derivatives only of substituted
      aldoximes have high pesticidal activity, whereas ketoxime derivatives were
      essentially inactive. For example, U.S. Pat. No. 3,217,037 and U.S. Pat.
      No. 3,507,965 show compounds, possessing pesticidal activity, of the
      structure:
      ##EQU1##
       wherein X = O or S(O).sub.n when n = 0, 1, or 2 and the free valences are
      satisfied by hydrogen or hydrocarbyl radicals. In these two patents, the
      preferred compounds are aldoximes wherein the carbon atom (C.sub.1)
      attached to the oxime moiety in the above structure is substituted with
      hydrogen. In the J. Agr. Food Chem., 14, 356 (1966), the patentees of
      these patents state, "The data . . . demonstrate . . . the detrimental
      effect . . . of replacing the aldehydic hydrogen with an alkyl group. All
      of the ketoxime derivatives . . . were virtually inactive when compared
      with the aldoxime derivative . . . ." Ketoxime compounds of Formulas (I)
      and (II) below are reported in the reference as being essentially inactive
      compared to the aldoxime compound of Formula (III) below which is known
      commercially as aldicarb (Temik). The compound of Formula (II) differs
      from the compound of Formula (III) only in that a methyl group has been
      substituted for the aldehydic hydrogen of Formula (III).
PAR  The ketoxime derivatives of Formulas (I) and (II) have been resynthesized
      and tested and their reported lack of activity relative to that of the
      compound of Formula (III) reconfirmed. Surprisingly, however, the ketoxime
      derivatives of the present invention have been found to possess high
      pesticidal activity, comparable or superior to that of the compound of
      Formula (III).
PAC  SUMMARY OF THE INVENTION
PAR  The carbamates of ketoximes of the present invention can be represented by
      the formula:
      ##EQU2##
      where: R.sub.1 =R.sub.2 -R.sub.4 or X;
PA1  R.sub.2 -r.sub.4 =hydrogen, lower alkyl, lower alkenyl, lower alkynyl,
      substituted lower alkyl, alkenyl, or alkynyl with the proviso that R.sub.2
      and R.sub.3 may be connected to form a cycloaliphatic ring;
PA1  R.sub.5 =r.sub.2 -r.sub.4 or X with the proviso that when R.sub.5 and X are
      OR.sub.8, SR.sub.8, S(O)R.sub.8, SO.sub.2 R.sub.8, or NR.sub.8 R.sub.9,
      R.sub.5 and X may be connected to form a heterocyclic ring;
PA1  R.sub.6 -r.sub.7 =hydrogen, lower alkyl, lower alkenyl, or lower alkynyl;
PA1  X=sr.sub.8, s(o)r.sub.8, so.sub.2 r.sub.8, or.sub.8, oso.sub.2 r.sub.8,
      nr.sub.8 r.sub.9, no.sub.2, cn, scn, n.sub.3, or halogen;
PA1  R.sub.8 =hydrogen, lower alkyl, lower alkenyl, lower alkynyl, aryl,
      substituted aryl, carbamyl, substituted carbamyl, acyl, or substituted
      acyl with the proviso that the lower alkyl or alkenyl groups may be
      further substituted with X; and
PA1  R.sub.9 =hydrogen or lower alkyl with the proviso that R.sub.8, R.sub.9 and
      N in the NR.sub.8 R.sub.9 group may form a heterocyclic ring.
PAL  The term lower alkyl radical means a radical having from one to about seven
      carbon atoms.
PAR  This invention specifically includes those carbamates of Formula (IV) where
      R.sub.2 and R.sub.3 are lower alkyl radicals such as methyl; R.sub.1 is
      either R.sub.2 or X; R.sub.4 and R.sub.5 are hydrogen; X is --S(O).sub.n
      R.sub.8 where n = 0, 1, or 2; R.sub.8 is a lower alkyl radical such as
      methyl; and R.sub.7 and R.sub.8 are individually hydrogen, a lower alkyl
      radical such as methyl or a lower alkenyl radical.
PAR  It is completely unexpected to discover that carbamate derivatives of
      ketoximes such as the carbamate of Formula (V) have pesticidal activity
      comparable to that of the carbamate derivative of the aldoxime of Formula
      (III):
      ##EQU3##
      and simultaneously exhibit significantly lower toxicity toward mammals
      than does the compound of Formula (III). Thus, the oral toxicity of the
      compound of Formula (V), measured on albino rats and expressed as the
      LD.sub.50, was found to be 8.5 mgm/kg of body weight; the dermal toxicity,
      measured on albino rabbits, again expressed as the LD.sub.50, was 38.9
      mgm/kg of body weight. LD.sub.50 is a standard means of expressing
      toxicity and indicates the concentration required to kill 50 percent of
      the test animals. In each case, the LD.sub.50 value is approximately eight
      times greater than the reported value for the carbamate derivative of the
      aldoxime compound of Formula (III).
PAR  It is an object of this invention to provide carbamates of substituted
      ketoximes, which are useful pesticides. A further object is to provide a
      method for producing these carbamates. Another object is to provide
      pesticidal compositions containing these carbamates. Still another object
      is to provide methods for combatting pests such as insects, mites, and
      nematodes using these carbamates.
DETD
PAR  It is intended, however, that the detailed description and specific
      examples given herein do not limit this invention but merely indicate
      preferred embodiments thereof since various changes and modifications
      within the scope of this invention will become apparent to those skilled
      in the art.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Preferred compounds of Formula (IV) include carbamate derivatives of
      1-hydrocarbylthio(or 1-azido)-2-alkanone oximes wherein the carbamate
      nitrogen can be substituted with zero, one, or two lower alkyl groups; the
      carbon atom (C.sub.1) substituted by the hydrocarbylthio(or azido) group
      is not further substituted; and the carbon atom (C.sub.3) not substituted
      by the hydrocarbylthio(or azido) groups is preferably substituted with an
      alkyl group and is optimally completely alkylated to provide a maximum
      degree of branching on this carbon atom.
PAR  A second preferred group of Formula (IV) compounds include carbamate
      derivatives of 1-hydrocarbylthio(or 1-azido)-2-alkanone oximes wherein the
      carbamate nitrogen can be substituted with zero, one, or two lower alkyl
      groups; the carbon atom (C.sub.1) substituted by the hydrocarbylthio(or
      azido) group is not further substituted; and the carbon atom (C.sub.3) is
      preferably substituted with a substituent of group X and is optimally
      further completely alkylated to provide a maximum degree of branching on
      this carbon atom.
PAR  These compounds exhibit extremely high activity as insecticides and
      miticides, both as contact and as systemic toxicants. In some cases, they
      show high nematocidal activity.
PAR  As specific examples of these compounds, there may be mentioned
      1-hydrocarbylthio-3,3-dimethyl-2-methylcarbamyloximinobutanes such as:
PA0  1-methylthio-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-ethylthio-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-n-propylthio-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-isopropylthio-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-n-butylthio-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-tert.-butylthio-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-sec.-butylthio-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-isobutylthio-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-vinylthio-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-(2-propenylthio)-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-(3-butenylthio)-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-ethynylthio-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-phenylthio-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-benzylthio-3,3-dimethyl-2-methylcarbamyloximinobutane; and the like;
PAL  also the analogous
      1-hydrocarbylthio-3-methyl-2-methylcarbamyloximinobutanes such as:
PA0  1-methylthio-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-ethylthio-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-n-propylthio-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-isopropylthio-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-n-butylthio-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-tert.-butylthio-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-sec.-butylthio-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-isobutylthio-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-vinylthio-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-(2-propenylthio)-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-(3-butenylthio)-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-ethynylthio-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-phenylthio-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-benzylthio-3-methyl-2-methylcarbamyloximinobutane; and the like;
PAL  as well as analogous 1-hydrocarbylthio-2-methylcarbamyloximinobutanes such
      as:
PA0  1-methylthio-2-methylcarbamyloximinobutane;
PA0  1-ethylthio-2-methylcarbamyloximinobutane;
PA0  1-n-propylthio-2-methylcarbamyloximinobutane;
PA0  1-isopropylthio-2-methylcarbamyloximinobutane;
PA0  1-n-butylthio-2-methylcarbamyloximinobutane;
PA0  1-tert.-butylthio-2-methylcarbamyloximinobutane;
PA0  1-sec.-butylthio-2-methylcarbamyloximinobutane;
PA0  1-isobutylthio-2-methylcarbamyloximinobutane;
PA0  1-vinylthio-2-methylcarbamyloximinobutane;
PA0  1-(2-propenylthio)-2-methylcarbamyloximinobutane;
PA0  1-(3-butenylthio)-2-methylcarbamyloximinobutane;
PA0  1-ethynylthio-2-methylcarbamyloximinobutane;
PA0  1-phenylthio-2-methylcarbamyloximinobutane;
PA0  1-benzylthio-2-methylcarbamyloximinobutane; and the like;
PAL  as well as analogous 1-hydrocarbylthio-2-methylcarbamyloximinopropanes such
      as:
PA0  1-methylthio-2-methylcarbamyloximinopropane;
PA0  1-ethylthio-2-methylcarbamyloximinopropane;
PA0  1-n-propylthio-2-methylcarbamyloximinopropane;
PA0  1-isopropylthio-2-methylcarbamyloximinopropane;
PA0  1-n-butylthio-2-methylcarbamyloximinopropane;
PA0  1-tert.-butylthio-2-methylcarbamyloximinopropane;
PA0  1-sec.-butylthio-2-methylcarbamyloximinopropane;
PA0  1-isobutylthio-2-methylcarbamyloximinopropane;
PA0  1-vinylthio-2-methylcarbamyloximinopropane;
PA0  1-(2-propenylthio)-2-methylcarbamyloximinopropane;
PA0  1-(3-butenylthio)-2-methylcarbamyloximinopropane;
PA0  1-ethynylthio-2-methylcarbamyloximinopropane;
PA0  1-phenylthio-2-methylcarbamyloximinopropane;
PA0  1-benzylthio-2-methylcarbamyloximinopropane; and the like;
PAL  as well as carbamates of oximes of other straight or branched methyl-alkyl
      ketones where the methyl group is substituted with a hydrocarbylthio group
      such as:
PA0  1-methylthio-2-methylcarbamyloximinopentane;
PA0  1-methylthio-2-methylcarbamyloximinohexane;
PA0  1-methylthio-4,4-dimethyl-2-methylcarbamyloximinopentane;
PA0  1-methylthio-3,3-dimethyl-2-methylcarbamyloximinopentane;
PA0  1-methylthio-3,3-dimethyl-2-methylcarbamyloximinohexane; and the like.
PAR  Further examples of these compounds include those wherein the sulfide
      linkage of the above compounds is replaced by an oxide linkage, a sulfinyl
      linkage or a sulfonyl linkage as, for example:
PA0  1-methoxy-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-ethoxy-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-(2-propenyloxy)-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-methoxy-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-ethoxy-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-(2-propenyloxy)-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-methoxy-2-methylcarbamyloximinobutane;
PA0  1-ethoxy-2-methylcarbamyloximinobutane;
PA0  1-(2-propenyloxy)-2-methylcarbamyloximinobutane;
PA0  1-methoxy-2-methylcarbamyloximinopropane;
PA0  1-ethoxy-2-methylcarbamyloximinopropane;
PA0  1-(2-propenyloxy)-2-methylcarbamyloximinopropane;
PAL  and:
PA0  1-methylsulfinyl-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-ethylsulfinyl-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-(2-propenylsulfinyl)-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-methylsulfinyl-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-ethylsulfinyl-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-(2-propenylsulfinyl)-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-methylsulfinyl-2-methylcarbamyloximinobutane;
PA0  1-ethylsulfinyl-2-methylcarbamyloximinobutane;
PA0  1-(2-propenylsulfinyl)-2-methylcarbamyloximinobutane;
PA0  1-methylsulfinyl-2-methylcarbamyloximinopropane;
PA0  1-ethylsulfinyl-2-methylcarbamyloximinopropane;
PA0  1-(2-propenylsulfinyl)-2-methylcarbamyloximinopropane;
PAL  and:
PA0  1-methylsulfonyl-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-ethylsulfonyl-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-(2-propenylsulfonyl)-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-methylsulfonyl-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-ethylsulfonyl-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-(2-propenylsulfonyl)-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-methylsulfonyl-2-methylcarbamyloximinobutane;
PA0  1-ethylsulfonyl-2-methylcarbamyloximinobutane;
PA0  1-(2-propenylsulfonyl)-2-methylcarbamyloximinobutane;
PA0  1-methylsulfonyl-2-methylcarbamyloximinopropane;
PA0  1-ethylsulfonyl-2-methylcarbamyloximinopropane;
PA0  1-(2-propenylsulfonyl)-2-methylcarbamyloximinopropane; and the like.
PAR  Further examples of these compounds include those wherein X is N.sub.3.
PA0  1-azido-2-methylcarbamyloximinopropane;
PA0  1-azido-2-methylcarbamyloximinobutane;
PA0  1-azido-2-methylcarbamyloximinopentane;
PA0  1-azido-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-azido-3-methyl-2-methylcarbamyloximinopentane;
PA0  1-azido-4-methyl-2-methylcarbamyloximinopentane;
PA0  1-azido-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-azido-3,3-dimethyl-2-methylcarbamyloximinopentane;
PA0  1-azido-3,3-dimethyl-2-methylcarbamyloximinohexane;
PA0  1-azido-4,4-dimethyl-2-methylcarbamyloximinopentane; and the like.
PAR  Additional examples of these compounds include those wherein two members of
      the group R.sub.1, R.sub.2 and R.sub.3 are joined together to form a ring
      as, for example:
PA0  1-cyclopropyl-1-methylcarbamyloximino-2-methylthioethane;
PA0  1-methylcarbamyloximino-1-(1-methylcyclopropyl)-2-methylthioethane;
PA0  2-azido-1-methylcarbamyloximino-1-(1-methylcyclopropyl)ethane;
PA0  1-cyclobutyl-1-methylcarbamyloximino-2-methylthioethane;
PA0  1-methylcarbamyloximino-1-(1-methylcyclobutyl)-2-methylthioethane;
PA0  2-azido-1-methylcarbamyloximino-1-(1-methylcyclobutyl)ethane;
PA0  1-cyclopentyl-1-methylcarbamyloximino-2-methylthioethane;
PA0  1-methylcarbamyloximino-1-(1-methylcyclopentyl)-2-methylthioethane;
PA0  1-cyclohexyl-1-methylcarbamyloximino-2-methylthioethane;
PA0  1-methylcarbamyloximino-1-(1-methylcyclohexyl)-2-methylthioethane;
PA0  2-azido-1-methylcarbamyloximino-1-(1-methylcyclohexyl)ethane; and the like;
PAL  as well as compounds wherein R.sub.1 is X as, for example:
PA0  1,3-bis(methylthio)-3-methyl-2-methylcarbamyloximinobutane;
PA0  3-methyl-2-methylcarbamyloximino-1-methylthio-3-nitrobutane;
PA0  3-methoxy-3-methyl-2-methylcarbamyloximino-1-methylthiobutane;
PA0  3-cyano-3-methyl-2-methylcarbamyloximino-1-methylthiobutane;
PA0  1azido-3-methyl-2-methylcarbamyloximino-3-methylthiobutane;
PA0  1-azido-3-methoxy-3-methyl-2-methylcarbamyloximinobutane;
PA0  3-azido-3-methyl-2-methylcarbamyloximino-1-methylthiobutane;
PA0  3-azido-1-methoxy-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-methoxy-3-methyl-2-methylcarbamyloximino-3-nitrobutane;
PA0  1-methoxy-3-methyl-2-methylcarbamyloximino-3-methylthiobutane;
PA0  3-cyano-1-methoxy-3-methyl-2-methylcarbamyloximinobutane;
PA0  1,3-bis(methoxy)-3-methyl-2-methylcarbamyloximinobutane;
PA0  1,3-bis(cyano)-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-cyano-3-methyl-2-methylcarbamyloximino-3-methylthiobutane;
PA0  1-cyano-3-methoxy-3-methyl-2-methylcarbamyloximinobutane;
PA0  1-nitro-3-methyl-2-methylcarbamyloximino-3-methylthiobutane;
PA0  1-nitro-3-methoxy-3-methyl-2-methylcarbamyloximinobutane;
PA0  3-methyl-3-dimethylamino-2-methylcarbamyloximino-1-methylthiobutane;
PA0  1-methoxy-3-methyl-3dimethylamino-2-methylcarbamyloximinobutane;
PA0  3-methyl-1-dimethylamino-2-methylcarbamyloximino-3-methylthiobutane;
PA0  3-methoxy-3-methyl-1-dimethylamino-2-methylcarbamyloximinobutane; and the
      like;
PAL  as well as compounds wherein R.sub.5 is X as, for example:
PA0  1,1-bis(methylthio)-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1,1-bis(methoxy)-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-methoxy-3,3-dimethyl-2-methylcarbamyloximino-1-methylthiobutane;
PA0  1,1-ethylenedithio-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  3,3-dimethyl-2-methylcarbamyloximino-1,1-(1,2-propylenedithio)-butane;
PA0  3,3-dimethyl-2-methylcarbamyloximino-1,1-(1,3-propylenedithio)-butane;
PA0  1,1-ethylenedioxy-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  3,3-dimethyl-2-methylcarbamyloximino-1,1-(1,2-propylenedioxy)-butane;
PA0  3,3-dimethyl-2-methylcarbamyloximino-1,1-(1,3-propylenedioxy)-butane;
PA0  2,2-dimethyl-1-methylcarbamyloximino-1-(1,3-oxathiolan-2-yl)-propane;
PA0  2,2-dimethyl-1-methylcarbamyloximino-1-(1,3-oxathian-2-yl)-propane;
PA0  2,2-dimethyl-1-methylcarbamyloximino-1-(3-methyl-1,3-oxazolidin-2-yl)-propa
     ne;
PA0  2,2-dimethyl-1-methylcarbamyloximino-1-(3-methyltetrahydro-1,3-oxazin-2-yl)
     -propane;
PA0  2,2-dimethyl-1-methylcarbamyloximino-1-(1,3-dimethylimidazolidin-2-yl)propa
     ne;
PA0  2,2-dimethyl-1-methylcarbamyloximino-1-(1,3-dimethylpyrimidin-2-yl)propane;
PA0  2,2-dimethyl-1-methylcarbamyloximino-1-(3-methylthiazolidin-2-yl)propane;
PA0  2,2-dimethyl-1methylcarbamyloximino-1-(3-methyltetrahydro-1,3-thiazin-2-yl)
     propane; and the like.
PAR  Additional examples of these compounds include:
PA0  3,3-dimethyl-2-methylcarbamyloximino-1-(2-methylthioethylthio)-butane;
PA0  1-(2-ethylthioethylthio)-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-(2-methoxyethylthio)-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-(2-ethoxyethylthio)-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  3,3-dimethyl-2-methylcarbamyloximino-1-(2-methylsulfinylethylthio)butane;
PA0  3,3-dimethyl-2-methylcarbamyloximino-1-(2-methylsulfonylethylthio)butane;
PA0  1-(2-methoxyethoxy)-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  3,3-dimethyl-2-methylcarbamyloximino-1-(2-methylthioethoxy)-butane;
PA0  3,3-dimethyl-2-methylcarbamyloximino-1-(2-methylthiomethylthio)-butane;
PA0  1-(2-methoxymethylthio)-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-(2-methoxymethoxy)-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  3,3-dimethyl-2-methylcarbamyloximino-1-(3,3,3-trifluoropropylthio)butane;
PA0  1-(3,3,3-trichloropropylthio)-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  1-(2-cyanoethylthio)-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  3,3-dimethyl-1-(2-dimethylaminoethylthio)-2-methylcarbamyloximinobutane;
PA0  3,3-dimethyl-2-methylcarbamyloximino-1-(2-phenethylthio)butane;
PA0  3,3-dimethyl-2-methylcarbamyloximino-1-(2-(2'-thenyl)ethylthio)-butane;
PA0  3,3-dimethyl-2-methylcarbamyloximino-1-propargylthiobutane;
      1-cyano-3,3-dimethyl-2-methylcarbamyloximinobutane;
PA0  3,3-dimethyl-2-methylcarbamyloximino-1-nitrobutane; and the like.
PAR  Although the above compounds are, for purpose of illustration,
      N-methylcarbamates, the carbamate nitrogen of these compounds can be
      unsubstituted, as in the simple carbamates, or can be substituted with a
      single alkyl, alkenyl, or alkynyl substituent such as methyl, ethyl,
      n-propyl, isopropyl, n-butyl, isobutyl, allyl, propargyl, or the like, or
      can be substituted with two alkyl, alkenyl, or alkynyl groups, with the
      groups being the same or different, to give, for example,
      N,N-dimethylcarbamyloximes; N,N-diethylcarbamyloximes;
      N-methyl-N-ethylcarbamyloximes; N,N-di-n-propylcarbamyloximes;
      N-methyl-N-propylcarbamyloximes; N,N-diallylcarbamyloximes;
      N,N-dipropargyloximes; N-methyl-N-allylcarbamyloximes;
      N-methyl-N-propargylcarbamyloximes; and the like.
PAR  It will be appreciated by those skilled in the art that the ketoxime
      derivatives of this invention may exist in two geometric forms, the syn
      and the anti, representing the cis and trans isomers around the oxime
      double bond. Both isomers and their mixtures are intended to be included
      in the scope of this invention.
PAR  These compounds can be prepared by one of several methods. One method
      involves reaction of an isocyanate with an oxime as shown, for example, in
      the equation:
      ##EQU4##
      wherein R.sub.1 through R.sub.6 and X are as defined above. The oxime and
      isocyanate are reacted in an inert organic solvent from about 0.degree. C
      to about 150.degree. C, preferably from about 20.degree. C to about
      80.degree. C, and at a pressure from about 1 to about 10 atmospheres,
      preferably from about 1 to about 3 atmospheres. Reaction pressure is
      determined by reaction temperature, concentration and vapor pressure of
      the isocyanate.
PAR  Any inert organic solvent used in the reaction should not contain hydroxy,
      amino or other groups which will react with the isocyanate function.
      Useful inert solvents include aliphatic and aromatic hydrocarbons, such as
      hexane, heptane, octane, benzene, toluene, xylene; ethers such as diethyl
      ether, dipropyl ether, ethyl propyl ether; esters such as ethyl acetate,
      ethyl propionate; ketones such as acetone, methyl ethyl ketone; and
      chlorinated hydrocarbons such as methylene chloride, perchloroethylene,
      and the like.
PAR  Preferably, reaction is carried out in the presence of from about 0.1 to
      about 1.0 percent by weight, based on the weight of reactants, of a
      tertiary amine catalyst such as triethyl amine, N,N-dimethylaniline, or
      the like.
PAR  The molar ratio of isocyanate to oxime can vary from about 0.1:1 to about
      10:1. An equimolar amount or slight excess of isocyanate is preferred to
      ensure complete reaction of the oxime. Reaction times can vary from a few
      minutes to several days. Usually reaction times of from about one-half to
      about six hours are sufficient.
PAR  A second method for preparing these compounds involves reaction of an oxime
      with phosgene to obtain an oxime chloroformate which is then reacted with
      an amine. This method is illustrated in Equations (1) and (2) below:
      ##EQU5##
      wherein R.sub.1 through R.sub.7 and X are as defined above. The method is
      carried out in two steps following the reactions shown in Equations (1)
      and (2).
PAR  In the reaction shown in Equation (1), a solution of the oxime dissolved in
      an inert solvent such as diethyl ether, is added slowly to a solution of
      phosgene dissolved in an inert solvent in the presence of an HCl acceptor
      such as a tertiary amine, e.g., N,N-dimethylaniline. Reaction is carried
      out from about -30.degree. C to about 100.degree. C, preferably at from
      about 0.degree. C to about 50.degree. C. The resulting reaction mixture, a
      solution of the chloroformate in an inert organic solvent, can be filtered
      or washed with water to remove amine hydrochloride before it is used in
      the reaction shown in Equation (2).
PAR  In the reaction shown in Equation (2), an amine is added to the
      chloroformate solution in the presence of an amine solvent such as water,
      at temperatures between about -40.degree. C and about 80.degree. C,
      preferably at about 0.degree. C to about 40.degree. C. A larger than molar
      excess of amine can be used so that the amine acts both as reactant and as
      HCl acceptor and complete conversion of chloroformate is obtained.
      Alternatively, a separate HCl acceptor, such as tertiary amine, can be
      used.
PAR  Liquid or solid carbamates produced by the above methods can be recovered
      from the reaction mixtures by conventional means. For example, they can be
      recovered by removal of solvent and excess amine or isocyanate by vacuum
      distillation. Although these products are obtained in very pure form, they
      can be further purified, if desired, by recrystallization, distillation,
      absorption chromatography, or other known procedures.
PAR  Ketoxime intermediates useful in this invention can be prepared by well
      known procedures such as reaction of the ketone with hydroxylamine in
      aqueous ethanol. Hydrocarbyloxy or thio ketones can be prepared by
      reaction of the haloketones with mercaptans or alcohols in the presence of
      the acid acceptor, e.g., sodium alkoxide. Sulfinyl and sulfonyl linked
      compounds can be prepared by oxidizing the appropriate sulfide linked
      compound with sodium metaperiodate or acidic hydrogen peroxide,
      respectively.
PAR  Although the compounds of this invention can be applied in undiluted form
      to the plant or other material being treated, it is usually desirable to
      apply these compounds in admixture with either solid or liquid inert,
      pesticidal adjuvants. For example, the compounds can be applied to plants
      for pesticidal purposes by spraying the plants with aqueous or organic
      solvent dispersions of the compounds. Choice of an appropriate solvent is
      determined by factors such as concentration of active ingredient, the
      volatility required in the solvent, cost of the solvent, and nature of the
      material being treated.
PAR  Solvents, which can be employed as carriers for these compounds, include
      hydrocarbons such as benzene, toluene, xylene, kerosene, diesel oil, fuel
      oil, hydrocarbons, and naphthas; ketones such as acetone, methyl ethyl
      ketone and cyclohexanone; chlorinated hydrocarbons such as
      trichloroethylene, perchloroethylene; esters such as ethyl acetate, amyl
      acetate and butyl acetate; ethers of ethylene glycol such as the
      monomethyl and monoalkyl ethers of diethylene glycol, the monoethyl ether
      of propylene glycol; alcohols such as ethanol, isopropanol, pentanols, and
      the like.
PAR  These compounds can also be applied to plants and other materials in
      conjunction with inert solid adjuvants or carriers such as talc,
      pyrophyllite, attapulgite, chalk, diatomaceous earth, koalinite,
      montmorillonite, other silicates, silica, lime, calcium carbonate, certain
      organic carriers such as walnut shell flour, wood flour, ground corn cobs,
      and the like.
PAR  It is often desirable to use a surfactant (a surface active agent) in
      pesticidal compositions. An anionic, nonionic or cationic surfactant can
      be used in the formulation of either solid or liquid compositions. Typical
      surfactants include alkyl sulfonates, alkylaryl sulfonates, alkyl
      sulfates, alkylamide sulfonates, alkylaryl polyether alcohols, fatty acid
      esters of polyhydric alcohols, ethylene oxide addition products of these
      esters; ethylene oxide addition products of long-chain mercaptans; sodium
      alkyl benzene sulfonates having 12 to 18 carbon atoms; ethylene oxide
      addition products of alkylphenols, such as phenol condensed with 10 moles
      of ethylene oxide; cetyl pyridinium chloride; soaps such as sodium
      stearate and sodium oleate.
PAR  Solid and liquid formulations can be prepared by any suitable method. Solid
      active ingredients, in finely divided form, can be tumbled together with a
      finely divided solid carrier. Alternatively, the active ingredient in
      liquid forms such as solutions, dispersions, emulsions or suspensions, can
      be admixed with the solid carrier in finely divided form in amounts small
      enough to preserve the free-flowing property of the final dust
      compositions.
PAR  When solid formulations are used, in order to obtain a high degree of
      coverage with a minimum dosage, it is desirable that the formulation be in
      the form of a finely divided powder or dust sufficiently fine that
      substantially all of the solids will pass through a Tyler sieve having a
      mesh size between about 20 and about 200.
PAR  In dust formulations, the active ingredient can be present in an amount of
      5 to 50 percent of the total weight. However, concentrations outside this
      range are operative and compositions containing from 1 to 99 percent of
      active ingredient by weight are contemplated wherein the remainder is
      carrier and/or any other desired additive or adjuvant. It may be
      advantageous to add a small amount of surfactant, e.g., 0.5 to 1 percent
      by weight based on the total weight of the dust formulation.
PAR  For spray application, the active ingredient may be dissolved or dispersed
      in a liquid carrier, such as water or other suitable liquid. The active
      ingredient can be added in the form of a solution, suspension, dispersion
      or emulsion in aqueous or nonaqueous medium. Desirably, 0.5 to 1.0 percent
      by weight of surfactant is present in the liquid composition.
PAR  For adjuvant purposes, any desired quantity of surfactant may be employed,
      such as up to 250 percent by weight of the active ingredient. If the
      surfactant is used only to impart wetting qualities to a spray solution,
      as little as 0.05 percent or less, by weight of the surfactant need be
      used. Larger quantities of surfactant are used because of biological
      behavior of the surfactant rather than its wetting properties. These
      considerations are particularly important in the treatment of plants. The
      active ingredient in liquid formulations often may not be more than 30
      percent by weight of the total and may be 10% by weight or even as low as
      0.01 percent by weight.
PAR  For systemic application, it may be desirable to apply the pesticide to the
      soil in the form of granules of an inert material coated with or
      incorporating the active ingredient. Reasons for the use of pesticidal
      granules include elimination of water during application, reduction of
      drift, penetration through vegetative coverage, easy handling, storage,
      and increased safety to handlers of the pesticides. Useful granule base
      materials include attapulgite, montmorillonite, corn cobs, walnut shells,
      and expanded vermiculites. Depending on their physical properties, the
      pesticides are either directly sprayed on the preformed granular base or
      are dissolved in a suitable solvent and then sprayed onto the granular
      base after which the solvent is removed by evaporation. Granule base
      materials are usually 60 to 14 U.S. sieve size particles, although other
      size particles may also be used.
PAR  Terms "pesticide" and "pesticidal" as used herein are intended to refer to
      the killing and/or control of insects, mites, nematodes, or the like. It
      will be appreciated that applications commonly referred to as
      insecticidal, miticidal, nematocidal, or the like are contemplated in the
      employment of these terms.
PAR  For a fuller understanding of the nature and objects of this invention,
      reference may be made to the following examples which are given to
      illustrate the invention and are not to be construed in a limiting sense.
      The infrared spectrum for each product described herein is consistent with
      the assigned structure. All percentages, proportions, and quantities given
      in these examples are by weight unless otherwise indicated. Likewise, all
      references to temperature are as .degree.C unless otherwise indicated.
PAC  EXAMPLE 1
PAC  3,3-Dimethyl-1-tert.-butylthio-2-butanone (Compound 7569)
PAR  To a solution of 5.8 g (0.25 m) of sodium metal in 175 ml of absolute
      ethanol is added, dropwise, 24.4 g (0.27 m) of 2-methyl-2propanethiol. The
      stirred solution is heated for 20 minutes, cooled, and treated in a
      dropwise manner with 44.8 g (0.25 m) of 1-bromopinacolone, prepared
      according to the procedure of J. Am. Chem. Soc., 74, 4507 (1952). This
      reaction mixture is heated at reflux for 20 minutes, cooled, and poured
      onto 200 g of ice and water. After being saturated with sodium chloride,
      the mixture is extracted with four portions of ether. The combined ether
      extracts are dried over anhydrous magnesium sulfate, filtered, and
      stripped of solvent. Distillation of the residue through a short Vigreaux
      column gives the desired product. Properties of this, and similar
      compounds prepared by substantially the same procedure using the
      appropriate mercaptans and .alpha.-haloketones, are given in Tables 1 and
      2.
PAC  EXAMPLE 2
PAC  3,3-Dimethyl-1-tert.-butylthio-2-butanone oxime (Compound 7604)
PAR  A solution of 27 g (0.14 m) of 3,3-dimethyl-1-tert.-butylthio-2-butanone,
      19.5 g (0.28 m) of hydroxylamine hydrochloride and 14.8 g (0.14 m) of
      anhydrous sodium carbonate in a mixture of 200 ml of 95% ethanol and 110
      ml of water is heated at reflux for 19.5 hours. Stripping of volatiles on
      a rotary evaporator gives a slurry which is filtered to obtain the white
      solid oxime product. Properties of this and related compounds prepared by
      substantially the same procedure are given in Tables 3 and 4. Where the
      oxime product is a liquid, isolation is accomplished by ethyl acetate
      extraction of the residue left after removal of the volatiles and
      subsequent stripping of the dried extract.
PAC  EXAMPLE 3
PAC  Carbamate Preparation -- Method A
PAC  3,3-Dimethyl-2-methylcarbamyloximino-1-tert.-butylthiobutane (Compound
      7619)
PAR  A solution of 4.7 g (0.023 m) of 3,3-dimethyl-1-tert.-butylthio-2-butanone
      oxime, 1.4 g (0.025 m) of methyl isocyanate, and three drops of
      triethylamine in 35 ml of anhydrous ether is heated at reflux for 16.5
      hours. Stripping of volatiles on a rotary evaporator gives the desired
      product as a white solid. Properties of this and analogous compounds
      prepared by substantially the same procedure are given in Tables 5 and 6.
PAC  EXAMPLE 4
PAC  Carbamate Preparation -- Method B
PAC  2-Carbamyloximino-3,3-dimethyl-1-methylthiobutane (Compound 7859)
PAR  To a chilled solution of 5.4 g (0.055 m) of phosgene in 50 ml of anhydrous
      ether is added, dropwise, 6.1 g (0.05 m) of N,N-dimethylaniline followed
      by a solution of 8.1 g (0.05 m) of 3,3-dimethyl-1-methylthio-2-butanone
      oxime in 50 ml of ether. The mixture is stirred for two hours, as it is
      allowed to come to room temperature, and then filtered. The chilled
      filtrate is treated over 15 minutes with 10 ml (0.15 m) of 29% aqueous
      ammonia. After being stirred for an additional 15 minutes, the organic
      layer is separated, washed with water, and dried. Stripping of solvent
      from the dried organic layer gives 10.1 g of a clear liquid residue which
      solidifies on standing. Properties of this and analogous compounds
      prepared by substantially the same procedure as shown in Tables 5 and 6.
PAC  EXAMPLE 5
PAC  Carbamate Preparation -- Method C
PAC  3,3-Dimethyl-2-methylcarbamyloximino-1-(1-pyrrolidinyl)-butane (Compound
      7870)
PAR  To a solution of 12.6 g of
      1-bromo-3,3-dimethyl-2-methylcarbamyloximinobutane in 100 ml of anhydrous
      ether is added, dropwise, 7.8 (0.11 m) of pyrrolidine. The mixture is
      stirred at room temperature for 1 hour and at reflux for 0.5 hour, then
      cooled and washed with water. The ether solution is separated, dried, and
      stripped of solvent to give 11.8 g of amber oil which solidifies on
      standing to an amber solid, m. 43.degree.-46.degree. C. Properties of this
      and analogous compounds prepared by substantially the same procedure are
      shown in Tables 5 and 6.
PAC  EXAMPLE 6
PAC  1-Bromo-3,3-dimethyl-2-butanone oxime (Compound 7666)
PAR  A solution of 69.5 g (1.0 m) of hydroxylamine hydrochloride in 100 ml of
      water is chilled in an ice bath as 90 g (0.5 m) of
      1-bromo-3,3-dimethyl-2-butanone is added. After addition of 100 ml of 95%
      ethanol, the mixture is stirred for 16 hours and allowed to warm to room
      temperature. The resulting white slurry is filtered, and the solid is
      washed with water and dried to give 55 g of the desired compound, m.
      111.degree.-112.degree. C.
PAR  Calc'd. for C.sub.6 H.sub.12 NBrO: N, 7.2%; Br, 41.2%. Found: N, 7.1%; Br,
      42.4%.
PAC  EXAMPLE 7
PAC  3,3-Dimethyl-1-nitro-2-butanone oxime (Compound 7668)
PAR  To a stirred solution of 18.2 g (0.26 m) of sodium nitrite in 130 ml of
      dimethyl sulfoxide is added, in portions, 29.0 g (0.15 m) of
      1-bromo-3,3-dimethyl-2-butanone oxime. A mild exotherm results and
      external cooling is used to keep the temperature below 27.degree. C.
      Additional solvent is added to maintain stirrability. After 20 hours
      stirring, the mixture is poured onto ice and water to give a solid which
      is collected on a filter. The 10 g of solid, m. 115.degree.-120.degree. C,
      thus obtained is recrystallized from a hot benzene-petroleum ether mixture
      to give 7 g of white crystals, m. 124.degree.-125.degree. C.
PAR  Calc'd. for C.sub.6 H.sub.12 N.sub.2 O.sub.3 : C, 45.0%; H, 7.6%. Found: C,
      45.2%; H, 7.8%.
PAC  EXAMPLE 8
PAC  3,3-Dimethyl-2-methylcarbamyloximino-1-methylsulfinylbutane (Compound 7804)
PAR  A stirred mixture of 9.0 g (0.042 m) of sodium metaperiodate in 60 ml of
      water and 25 ml of methanol is cooled to 0.degree. C as 8.7 g (0.04 m) of
      3,3-dimethyl-2-methylcarbamyloximino-1-methylthiobutane is added in
      portions. After stirring at 0.degree.-10.degree. C for 18 hours, the
      mixture is allowed to warm to room temperature and stripped of volatiles
      on a rotary evaporator to give a residue which is extracted with ethyl
      acetate. The dried extract is stripped to leave 9 g (96%) of viscous
      yellow oil, the desired compound.
PAR  Calc'd. for C.sub.9 H.sub.18 N.sub.2 O.sub.3 S: C, 46.1%; H, 7.7%. Found:
      C, 45.2%; H, 7.5%.
PAC  EXAMPLE 9
PAC  2,2-Dimethyl-3-methylcarbamyloximino-4-methylthiopentane (Compound 8071)
PAR  To a solution of sodium thiomethoxide prepared from 4.1 g (0.18 gram atom)
      of sodium, 8.7 g (0.21 m) of methanethiol and 110 ml of ethanol is added
      34.5 g (0.18 m) of 4-bromo-2,2-dimethyl-3-pentanone over 25 minutes at
      0.degree. .+-. 5.degree. C. After being heated to 40.degree.-45.degree. C
      for 30 minutes, the solution is filtered, stripped of solvent and
      distilled to give 12 g (42%) of colorless liquid, b. 57.degree. C/4.3 mm,
      n.sub.D.sup.25 1.4589.
PAR  Calc'd. for C.sub.8 H.sub.16 OS: C, 59.9%; H, 10.1%. Found: C, 59.2%; H,
      10.1%.
PAR  This compound (7 g, 0.044 m) and 18 g (0.26 m) of hydroxylamine
      hydrochloride in 150 ml of absolute ethanol containing 30 ml of pyridine
      are heated under reflux for 120 hours. Pouring the clear solution into ice
      water gives a solid which is collected and dried. This white solid, m.
      128.degree.-129.degree. C, is the desired compound,
      2,2-dimethyl-4-methylthio-3-pentanone oxime.
PAR  Calc'd. for C.sub.8 H.sub.17 NOS: C, 54.8%; H, 9.8%; N, 8.0%. Found: C,
      54.3%; H, 9.4%; N, 7.8%.
PAR  A solution of 4.6 g (0.026 m) of this oxime, 1.7 g (0.029 m) of methyl
      isocyanate, and three drops of triethylamine in 60 ml of benzene is heated
      under reflux for 17 hours. Stripping of volatiles gives 6.2 g of solid
      residue, m. 93.degree.-94.degree. C, which is the desired compound.
PAR  Calc'd. for C.sub.10 H.sub.20 N.sub.2 O.sub.2 S: C, 51.7%; H, 8.7%; N,
      12.1%. Found: C, 51.6%; H, 8.5%; N, 12.1%.
PAC  EXAMPLE 10
PAC  4,4-Dimethyl-3-methylcarbamyloxyimino-1-methylthiopentane (Compound 8111)
PAR  A solution of sodium thiomethoxide, prepared from 5.8 g (0.25 gram atom) of
      sodium 13.5 g (0.28 m) of methanethiol, and 170 ml of absolute ethanol, is
      treated with 36.6 g (0.25 m) of 1-chloro-4,4-dimethyl-3-pentanone at
      -3.degree. to 8.degree. C over 30 minutes. After being heated at
      40.degree.-45.degree. C for 45 minutes, the mixture is filtered and
      distilled to give 12 g of colorless liquid, b. 73.degree. C/2 mm,
      n.sub.D.sup.24 1.4623.
PAR  Calc'd. for C.sub.8 H.sub.16 OS: C, 59.9%; H, 10.1%. Found: C, 60.1%; H,
      10.0%.
PAR  A solution of 22.5 g (0.14 m) of this ketone and 58.4 g (0.84 m) of
      hydroxylamine hydrochloride in 525 ml of absolute ethanol and 105 ml of
      pyridine is heated under reflux for 48 hours. Pouring the reaction mixture
      into ice water gives 17.8 g of a white solid, m. 84.degree. C, which is
      the desired 4,4-dimethyl-1-methylthio-3-pentanone oxime.
PAR  Calc'd. for C.sub.8 H.sub.17 NOS: N, 8.0%. Found: N, 8.1%.
PAR  Refluxing a solution of 5.3 g (0.03 m) of this oxime, 1.9 g (0.033 m) of
      methyl isocyanate, and three drops of triethylamine in 50 ml of anhydrous
      ether gives, after stripping of volatiles, 7.6 g of white solid residue,
      m. 56.degree.-58.degree. C, which is the desired compound.
PAR  Calc'd. for C.sub.10 H.sub.20 N.sub.2 O.sub.2 S: C, 51.7%; H, 8.7%; N,
      12.1%. Found: C, 51.6%; H, 8.5%; N, 12.5%.
PAC  EXAMPLE 11
PAC  1-Cyclohexyl-1-methylcarbamyloximino-2-methylthioethane (Compound 8169)
PAR  To a solution of 10.8 g (0.47 m) of sodium in 330 ml of absolute ethanol is
      added 25 g (0.52 m) of methanethiol followed by 76 g (0.47 m) of
      chloroacetylcyclohexane. Both additions are carried out at about 0.degree.
      C. After being heated at 40.degree.-45.degree. C for 1 hour, the reaction
      mixture is filtered, stripped, and distilled to give 29.8 g of colorless
      liquid, b. 88.degree.-89.degree. C/0.6-1.3 mm, n.sub.D.sup.24 1.4970, the
      desired ketone.
PAR  Calc'd. for C.sub.9 H.sub.16 OS: C, 62.7%; H, 9.4%. Found: C, 63.0%; H,
      8.6%.
PAR  A solution of 26 g (0.15 m) of the 1-methylthioacetyl-cyclohexane, 21 g
      (0.3 m) of hydroxylamine hydrochloride, and 16 g (0.15 m) of anhydrous
      sodium carbonate in 155 ml of 95% ethanol and 104 ml of water is heated
      under reflux for 41 hours. Stripping of volatiles gives 18 g of solid, m.
      63.degree.-64.degree. C, which is the desired oxime.
PAR  Calc'd. for C.sub.9 H.sub.17 NOS: C, 57.7%; H, 9.2%; N, 7.5%. Found: C,
      57.5%; H, 9.0%; N, 7.4%.
PAR  Heating a solution of 5.6 g (0.03 m) of this oxime, 1.9 g (0.033 m) of
      methyl isocyanate, and three drops of triethylamine in 50 ml of absolute
      ether at reflux for 17 hours gives, after removal of volatiles, 7.3 g of
      solid which is recrystallized from ethanol-water to obtain a white solid,
      m. 70.degree.-71.degree. C, which is the desired compound.
PAR  Calc'd. for C.sub.11 H.sub.20 N.sub.2 O.sub.2 S: C, 54.1%; H, 8.3%; N,
      11.5%. Found: C, 54.2%; H, 8.3%; N, 11.7%.
PAC  EXAMPLE 12
PAC  1-Methylcarbamyloximino-1-(1-methylcyclohexyl)-2-methylthioethane (Compound
      8179)
PAR  1-(Methylthioacetyl)-1-methylcyclohexane is prepared by treating a solution
      of sodium thiomethoxide [from 3 g (0.13 gram atom) of sodium, 6.7 g (0.14
      m) of methanethiol, and 95 ml of absolute ethanol] with 22.5 g (0.13 m) of
      1-chloroacetyl-1-methylcyclohexane over 20 minutes at 4.degree.-9.degree.
      C. After being heated at 40.degree.-45.degree. C for 1 hour, the reaction
      mixture is filtered and distilled to give 7 g of colorless liquid, b.
      86.degree.-87.degree. C/0.8 mm, n.sub.D.sup.24 1.4954.
PAR  Calc'd. for C.sub.10 H.sub.18 OS: C, 64.5%; H, 9.7%. Found: C, 64.0%; H,
      9.6%.
PAR  This ketone is converted to the oxime by heating a solution of 5 g (0.027
      m) of ketone, 3.8 g (0.054 m) of hydroxylamine hydrochloride, and 3 g
      (0.027 m) of anhydrous sodium carbonate in 30 ml of 95% ethanol and 26 ml
      of water for 95 hours. The resulting solution is stripped of volatiles, to
      give a two-layer liquid residue, which is extracted with ethyl acetate.
      The organic layer is dried, filtered, and stripped to give 3.4 g of amber
      liquid, n.sub.D.sup.24 1.5164.
PAR  Calc'd. for C.sub.10 H.sub.19 NOS: C, 59.7%; H, 9.5%; N, 7.0%. Found: C,
      59.8%; H, 9.5%; N, 7.0%.
PAR  A solution of 2.2 g (0.011 m) of this oxime, 0.7 g (0.012 m) of methyl
      isocyanate, and three drops of triethylamine in 25 ml of anhydrous ether
      is heated at reflux for 16 hours. Stripping of volatiles gives 3.5 g of
      amber viscous liquid, n.sub.D.sup.25 1.5200, which is the desired
      compound.
PAR  Calc'd. for C.sub.12 H.sub.22 N.sub.2 O.sub.2 S: C, 55.8%; H, 8.6%. Found:
      C, 55.7%; H, 8.6%.
PAC  EXAMPLE 13
PAC  1-(1-Adamantyl)-1-methylcarbamyloximino-2-methylthioethane (Compound 8191)
PAR  A solution of 4 g (0.018 m) of 1-methylthioacetyladamantane, 2.5 g (0.036
      m) of hydroxylamine hydrochloride, and 1.9 g (0.018 m) of anhydrous sodium
      carbonate in 20 ml of 95% ethanol and 18 ml of water is heated under
      reflux for 29 hours. Stripping of volatiles gives a slurry which is
      filtered to obtain 4.2 g of white solid oxime, m. 100.degree.-103.degree.
      C.
PAR  Calc'd. for C.sub.13 H.sub.4 NOS: C, 65.2%; H, 8.8%; N, 5.9%. Found: C,
      65.5%; H, 8.8%; N, 5.6%.
PAR  A solution of 3 g (0.013 m) of this oxime, 0.8 g (0.014 m) of methyl
      isocyanate, and three drops of triethylamine in 50 ml of anhydrous ether
      is heated under reflux for 17 hours. Stripping of volatiles gives 3.9 g of
      white solid, m. 99.degree.-100.degree. C, which is the desired compound.
PAR  Calc'd. for C.sub.15 H.sub.24 N.sub.2 O.sub.2 S: C, 60.8%; H, 8.2%; N,
      9.5%. Found: C, 60.2%; H, 8.1%; N, 9.5%.
PAC  EXAMPLE 14
PAC  1-Chloro-4,4-dimethyl-2-methylcarbamyloximinopentane (Compound 8108)
PAR  To a chilled, stirred mixture of 20.2 g (0.29 m) of hydroxylamine
      hydrochloride in 30 ml of water is added 21.5 g (0.145 m) of
      1-chloro-4,4-dimethyl-2-pentanone followed by 30 ml of 95% ethanol. The
      cooled mixture is stirred for six hours, allowed to stand overnight, and
      stripped of volatiles to obtain a residue which is extracted with ethyl
      acetate. This extract is dried, stripped, and distilled to yield a
      colorless liquid, b. 76.degree.-77.degree.  C/1.3 mm, n.sub.D.sup.24
      1.4672, which is the desired oxime.
PAR  Calc'd. for C.sub.7 H.sub.16 ClNO: C, 51.4%; H, 8.6%; N, 8.6%. Found: C,
      50.7%; H, 8.4%; N, 8.1%.
PAR  A solution of 7 g (0.043 m) of the above oxime, 2.7 g (0.047 m) of methyl
      isocyanate, and three drops of triethylamine in 50 ml of anhydrous ether
      is heated under reflux for 17 hours. Stripping of volatiles gives the
      desired carbamate as a colorless, viscous liquid, n.sub.D.sup.24 1.4802.
PAR  Calc'd. for C.sub.9 H.sub.17 ClN.sub.2 O.sub.2 : N, 12.7%. Found: N, 12.8%.
PAC  EXAMPLE 14A
PAC  3,3-Dimethyl-2-methylcarbamyloximino-1-methylsulfonyloxybutane (Compound
      9350)
PAR  A solution of 7.5 g (0.04 m) of
      1-hydroxy-3,3-dimethyl-2-methylcarbamyloximinobutane and 5.0 g (0.044 m)
      of methanesulfonyl chloride in 50 ml of benzene is treated dropwise with
      4.6 g (0.044 m) of triethylamine with cooling to keep the temperature
      below 35.degree. C. After the addition, the stirred mixture is heated at
      35.degree. C for two hours and then washed with aqueous sodium bicarbonate
      and with water. The organic layer is dried over magnesium sulfate,
      filtered, and stripped of volatiles to give 6.7 g (63%) of amber, viscous
      liquid residue, n.sub.D.sup.25 1.4810.
PAR  Calc'd. for C.sub.9 H.sub.18 N.sub.2 O.sub.2 S: C, 40.6%; H, 6.8%; N,
      10.5%. Found: C, 41.2%; H, 6.8%; N, 10.5%.
PAR  Example 5 describes Method C for preparing these compositions wherein a
      compound of the formula
      ##EQU6##
      having a reactive halogen radical Y, such as chlorine or bromine is
      reacted with HX having an X radical, as defined above, in the presence of
      an HY acceptor. Table 6 shows other compositions prepared by Method C.
TBL                TABLE 1                                                     

     ______________________________________                                    

     KETONES                                                                   

     Compound                                                                  

     Number                 Chemical Name                                      

     ______________________________________                                    

     7218    3,3-dimethyl-1-methylthio-2-butanone                              

     7443    1-carbomethoxymethylthio-3,3-dimethyl-2-butanone                  

     7533    1-methylthio-2-propanone                                          

     7557    3-methyl-3-methylthio-2-butanone                                  

     7558    1-isopropylthio-3,3-dimethyl-2-butanone                           

     7569    3,3-dimethyl-1-tert.-butylthio-2-butanone                         

     7572    1-isobutylthio-3,3-dimethyl-2-butanone                            

     7573    1-allylthio-3,3-dimethyl-2-butanone                               

     7637    1-benzylthio-3,3-dimethyl-2-butanone                              

     7665    3,3-dimethyl-1-phenylthio-2-butanone                              

     7667    1,3-bis(methylthio)-3-methyl-2-butanone                           

     7765    3,3-dimethyl-1-phenoxy-2-butanone                                 

     7807    1,3-bis(methylthio)-2-propanone                                   

     7837    3-methyl-1-methylthio-2-butanone                                  

     7838    3,3-dimethyl-1-n-propylthio-2-butanone                            

     7860    1-ethylthio-3,3-dimethyl-2-butanone                               

     7900    1-methylthio-2-butanone                                           

     7909    3,3-dimethyl-1-methylthio-2-hexanone                              

     7965    4,4-dimethyl-1-methylthio-3-pentanone                             

     8059    1-chloro-4,4-dimethyl-2-pentanone                                 

     8126    1-methyl-1-(methylthioacetyl)-cyclohexane                         

     8127    methylthioacetylcyclohexane                                       

     8373    methylthioacetylcyclopropane                                      

     8504    4,4-dimethyl-1-methylthio-2-pentanone                             

     9011    4-methyl-1-methylthio-2-pentanone                                 

     9061    1-methylthio-2-pentanone                                          

     9274    1,1-bis(methylthio)-3,3-dimethyl-2-butanone                       

     9275    1-(2-ethylthioethylthio)-3,3-dimethyl-2-butanone                  

     9278    1-methoxy-3,3-dimethyl-2-butanone                                 

     9380    1-(3,3,3-trifluoropropylthio-3,3-dimethyl-                        

             2-butanone                                                        

     9382    1-(3,3,3-trichloropropyl)-3,3-dimethyl-2-butanone                 

     9383    3,3-dimethyl-1-(2-phenylethylthio)-2-butanone                     

     9385    3,3-dimethyl-1-propargylthio-2-butanone                           

     ______________________________________                                    

TBL                                    TABLE 2                                 

     __________________________________________________________________________

                             R.sub.1 O                                         

                             .vertline..parallel.                              

                             R.sub.2 --C--C--CH.sub.2 X                        

                             .vertline.                                        

                             R.sub.3                                           

     Compound                       Boiling Range                              

                                             Refractive                        

                                                     Percent                   

                                                          Analysis             

     Number                                                                    

           R.sub.1                                                             

                  R.sub.2                                                      

                      R.sub.3                                                  

                          X         in .degree.C/mm Hg                         

                                             Index/.degree.C                   

                                                     Yield                     

                                                          Calculated           

                                                                Found          

     __________________________________________________________________________

     7218  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          CH.sub.3 S--                                         

                                    73/9.3   1.4650/24                         

                                                     62                        

     7443  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          CH.sub.3 OCOCH.sub.2 S--                             

                                    94/0.8   1.4720/24                         

                                                     64   C 52.9               

                                                                C 52.6         

                                                          H 7.9 H 7.5          

     7533  H--    H-- H-- CH.sub.3 S--                                         

                                    63-4/29  1.4691/24                         

                                                     45   C 46.1               

                                                                C 46.9         

                                                          H 7.7 H 7.9          

     7557  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 S--                                             

                          H--       48/8.1   1.4625/24                         

                                                     57   C 54.5               

                                                                C 54.2         

                                                          H 9.2 H 9.2          

     7558  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          (CH.sub.3).sub.2 CHS--                               

                                    96/8.9   1.4568/24                         

                                                     68   C 62.0               

                                                                C 61.8         

                                                          H 10.4               

                                                                H 10.2         

     7569  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          (CH.sub.3).sub.3 CS--                                

                                    84-92/9.8                                  

                                             1.4595/24                         

                                                     67   C 63.8               

                                                                C 63.6         

                                                          H 10.7               

                                                                H 10.6         

     7572  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          (CH.sub.3).sub.2 CHCH.sub.2 S--                      

                                    101/9.8  1.4592/24                         

                                                     62   C 63.8               

                                                                C 63.1         

                                                          H 10.7               

                                                                H 10.8         

     7573  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          CH.sub.2 =CHCH.sub.2 S--                             

                                    58-9/1.2 1.4762/24                         

                                                     24   C 62.7               

                                                                C 62.8         

                                                          H 9.4 H 9.1          

     7637  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          C.sub.6 H.sub.5 CH.sub.2 S--                         

                                    104.5-106/                                 

                                             1.5306/24                         

                                                     57   C 70.2               

                                                                C 70.9         

                                    0.5-0.6               H 8.2 H 9.0          

     7665  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          C.sub.6 H.sub.5 S--                                  

                                    102/0.5  1.5425/24                         

                                                     38   C 69.2               

                                                                C 70.0         

                                                          H 7.7 H 7.7          

     7667  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 S--                                             

                          91-5/3.9  1.5138/23                                  

                                             56      C    47.2                 

                                                            C   46.8           

                                                          H 7.9 H 7.8          

     7765.sup.(a)                                                              

           CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          C.sub.6 H.sub.5 O--                                  

                                    106-8/1.8                                  

                                             1.5036/23                         

                                                     72     --    --           

     7807.sup.(b)                                                              

           CH.sub.3 S--                                                        

                  H-- H-- CH.sub.3 S--                                         

                                    108/9.5  1.5302/24                         

                                                     27     --    --           

     7837  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      H-- CH.sub.3 S--                                         

                                    61/8     --      48   C 54.6               

                                                                C 54.9         

                                                          H 9.1 H 9.7          

     7838  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          CH.sub.3 CH.sub.2 CH.sub.2 S--                       

                                    49/0.3   1.4617/24                         

                                                     50   C 62.0               

                                                                C 61.7         

                                                          H 10.4               

                                                                H 10.3         

     7860  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          C.sub.2 H.sub.5 S--                                  

                                    58/2.1   1.4609/25                         

                                                     55     --    --           

     7900  CH.sub.3 --                                                         

                  H-- H-- CH.sub.3 S--                                         

                                    50/5     --      --   C 50.8               

                                                                C 50.7         

                                                          H 8.5 H 8.5          

     7909  CH.sub.3 CH.sub.2 CH.sub.2 --                                       

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          CH.sub.3 S--                                         

                                    59/0.2   --      --   C 62.0               

                                                                C 62.3         

                                                          H 10.4               

                                                                H 10.7         

     7965  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          CH.sub.3 SCH.sub.2 --                                

                                    70/1.6   1.4623/24.5                       

                                                     30   C 59.9               

                                                                C 60.1         

                                                          H 10.1               

                                                                H 10.0         

     8059  (CH.sub.3).sub.3 C--                                                

                  H-- H-- Cl--      63-5/10  1.4347/24.5                       

                                                     76   C 57.4               

                                                                C 56.6         

                                                          H 8.7 H 8.8          

     8126  --(CH.sub.2).sub.5 --                                               

                      CH.sub.3 --                                              

                          CH.sub.3 S--                                         

                                    86-7/0.8 1.4954/24                         

                                                     29   C 64.5               

                                                                C 64.0         

                                                          H 9.6 H 9.6          

     8127  --(CH.sub.2).sub.5 --                                               

                      H-- CH.sub.3 S--                                         

                                    88-9/0.6 1.4970/24                         

                                                     37   C 62.7               

                                                                C 63.0         

                                                          H 9.4 H 8.6          

     8373  --(CH.sub.2).sub.2 --                                               

                      H-- CH.sub.3 S--                                         

                                    71-4/7.8 1.4980/22.5                       

                                                     71   C 55.4               

                                                                C 55.6         

                                                          H 7.7 H 7.9          

     8504  (CH.sub.3).sub.3 C--                                                

                  H-- H-- CH.sub.3 S--                                         

                                    68/4.8   1.4600/22                         

                                                     66   C 59.9               

                                                                C 59.0         

                                                          H 10.0               

                                                                H 9.8          

     9011  (CH.sub.3).sub.2 CH--                                               

                  H-- H-- CH.sub.3 S--                                         

                                    81/9.3   1.4610/23                         

                                                     76     (c)                

     9061  CH.sub.3 CH.sub.2 --                                                

                  H-- H-- CH.sub.3 S--                                         

                                    72/7.8   1.4645/22                         

                                                     78   C 54.5               

                                                                C 53.3         

                                                          H 9.2 H 8.9          

     9274  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          (e)       (f)      --      --   C 50.0               

                                                                C 49.7         

                                                          H 8.4 H 8.4          

     9275  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          CH.sub.3 CH.sub.2 SCH.sub.2 CH.sub.2 S--             

                                    110/0.3  1.5025/24                         

                                                     65   C 54.8               

                                                                C 54.6         

                                                          H 8.7 H 9.2          

     9278.sup.(d)                                                              

           CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          CH.sub.3 O--                                         

                                    78/47    1.4136/23                         

                                                     57   C 64.5               

                                                                C 64.3         

                                                          H 10.8               

                                                                H 10.8         

     9380  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          CF.sub.3 CH.sub.2 CH.sub.2 S--                       

                                    60/0.08  1.4253/24                         

                                                     40   C 47.4               

                                                                C 47.6         

                                                          H 6.6 H 6.6          

     9382  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          Cl.sub.3 CCH.sub.2 CH.sub.2 S--                      

                                    113/0.1  1.5055/24                         

                                                     39   C 40.0               

                                                                C 40.2         

                                                          H 5.4 H 5.5          

     9383  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          C.sub.6 H.sub.5 CH.sub.2 CH.sub.2 S--                

                                    128/0.06 1.5300/24                         

                                                     61   C 71.2               

                                                                C 71.1         

                                                          H 8.5 H 8.4          

     9385  CH.sub.3 --                                                         

                  CH.sub.3 --                                                  

                      CH.sub.3 --                                              

                          HC=CCH.sub.2 S--                                     

                                    72/0.08  1.5112/24                         

                                                     14   C 63.5               

                                                                C 63.3         

                                                          H 8.2 H 8.2          

     __________________________________________________________________________

      .sup.(a) J. Am. Chem. Soc., 77, 3272 (1955)                              

      .sup.(b) Arkivi Kemi, 5, 533 (1953) and CA 48: 9321 (1954)               

      .sup.(c) Ann. 672, 156 (1964)                                            

      .sup.(d) J. Am. Chem. Soc., 72, 5161 (1950)                              

      .sup.(e) X.sub.2 = (CH.sub.3 S--).sub.2                                  

      .sup.(f) m. pt. = 50-51                                                  

TBL                TABLE 3                                                     

     ______________________________________                                    

     OXIMES                                                                    

     Compound                                                                  

     Number              Chemical Name                                         

     ______________________________________                                    

     7252    3,3-dimethyl-1-methylthio-2-butanone oxime                        

     7470    1-carbomethoxymethylthio-3,3-dimethyl-2-                          

             butanone oxime                                                    

     7575    3-methyl-3-methylthio-2-butanone oxime                            

     7578    1-methylthio-2-propanone oxime                                    

     7604    3,3-dimethyl-1-tert.-butylthio-2-butanone oxime                   

     7605    1-isopropylthio-3,3-dimethyl-2-butanone oxime                     

     7618    1-isobutylthio-3,3-dimethyl-2-butanone oxime                      

     7682    1-benzylthio-3,3-dimethyl-2-butanone oxime                        

     7711    3,3-dimethyl-1-phenylthio-2-butanone oxime                        

     7796    3,3-dimethyl-1-phenoxy-2-butanone oxime                           

     7820    1,3-bis(methylthio)-2-propanone oxime                             

     7858    1-hydroxy-3,3-dimethyl-2-butanone oxime                           

     7861    1-ethylthio-3,3-dimethyl-2-butanone oxime                         

     7896    3,3-dimethyl-1-n-propylthio-2-butanone oxime                      

     7898    1-allylthio-3,3-dimethyl-2-butanone oxime                         

     7917    1-methylthio-2-butanone oxime                                     

     7925    3,3-dimethyl-1-methylthio-2-hexanone oxime                        

     7946    1,3-bis(methylthio)-3-methyl-2-butanone oxime                     

     8077    1-chloro-4,4-dimethyl-2-butanone oxime                            

     8109    4,4-dimethyl-1-methylthio-3-pentanone oxime                       

     8145    methylthioacetylcyclohexane oxime                                 

     8154    1-methyl-1-(methylthioacetyl)-cyclohexane oxime                   

     8358    1-chloro-3,3-dimethyl-2-butanone oxime                            

     8420    methylthioacetylcyclopropane oxime                                

     8424    1,1-ethylenedithio-3,3-dimethyl-2-butanone oxime                  

     8507    4,4-dimethyl-1-methylthio-2-pentanone oxime                       

     8508    3,3-dimethyl-1-methylthio-2-pentanone oxime                       

     8872    3,3-dimethyl-1-methylsulfonyl-2-butanone oxime                    

     8873    3,3-dimethyl-1-methylsulfinyl-2-butanone oxime                    

     9059    1-methylthio-2-pentanone oxime                                    

     9060    4-methyl-1-methylthio-2-pentanone oxime                           

     9301    1-methoxy-3,3-dimethyl-2-butanone oxime                           

     9302    1-ethoxy-3,3-dimethyl-2-butanone oxime                            

     9332    1-(2-ethylthioethylthio)-3,3-dimethyl-2-                          

             butanone oxime                                                    

     9381    1-(3,3,3-trifluoropropyl)-3,3-dimethyl-2-                         

             butanone oxime                                                    

     9384    3,3-dimethyl-1-(2-phenylethylthio)-2-butanone - oxime             

     ______________________________________                                    

TBL                                    TABLE 4                                 

     __________________________________________________________________________

                            R.sub.1 NOH                                        

                            .vertline..parallel.                               

                            R.sub.2 --C--C--CH.sub.2 X                         

                            .vertline.                                         

                            R.sub.3                                            

     Compound                         Melting Point                            

                                             Percent                           

                                                 Analysis                      

      Number                                                                   

           R.sub.1 R.sub.2                                                     

                       R.sub.3                                                 

                             X        in .degree.C                             

                                             Yield                             

                                                 Calculated                    

                                                       Found                   

     __________________________________________________________________________

     7252  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           CH.sub.3 S--                                        

                                      (a)    92  --    --                      

     7470  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           CH.sub.3 OCOCH.sub.2 S--                            

                                      --     87  C 49.3                        

                                                       C 49.4                  

                                                 H 7.7 H 7.7                   

                                                 N 6.4 N 6.2                   

     7575  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 S--                                            

                           H--        75-76 .sup.(b)                           

                                             81  --    --                      

     7578  H--     H-- H-- CH.sub.3 S--                                        

                                      (c)    79  C 40.3                        

                                                       C 40.7                  

                                                 H 7.6 H 7.6                   

     7604  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           (CH.sub.3).sub.3 CS--                               

                                      120-121                                  

                                             75  C 59.1                        

                                                       C 59.1                  

                                                 H 10.4                        

                                                       H 10.4                  

     7605  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           (CH.sub.3).sub.2 CHS--                              

                                      51-52  63  C 57.1                        

                                                       C 56.5                  

                                                 H 10.1                        

                                                       H 9.5                   

     7618  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           (CH.sub.3).sub.2 CHCH.sub.2 S--                     

                                      (d)    38  C 59.1                        

                                                       C 59.2                  

                                                 H 10.4                        

                                                       H 10.5                  

     7682  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           C.sub.6 H.sub.5 CH.sub.2 S--                        

                                      84-87  100 C 65.8                        

                                                       C 65.6                  

                                                 H 8.1 H 9.2                   

     7711  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           C.sub.6 H.sub.5 S--                                 

                                      83-84  29  C 64.5                        

                                                       C 64.1                  

                                                 H 7.7 H 8.0                   

     7796  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           C.sub.6 H.sub.5 O--                                 

                                      104-105                                  

                                             83  C 69.5                        

                                                       C 70.1                  

                                                 H 8.3 H 8.3                   

                                                 N 6.8 N 6.9                   

     7820  CH.sub.3 S--                                                        

                   H-- H-- CH.sub.3 S--                                        

                                      (e)    89  C 36.3                        

                                                       C 36.4                  

                                                 H 6.7 H 6.4                   

                                                 N 8.5 N 8.5                   

     7858 .sup.(f)                                                             

           CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           HO--       87-88  87  --    --                      

     7861  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           C.sub.2 H.sub.5 S--                                 

                                      71-72  96  N 8.0 N 7.9                   

     7896  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           CH.sub.3 CH.sub.2 CH.sub.2 S--                      

                                      (g)    92  N 7.4 N 7.3                   

     7898  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           CH.sub.2 =CHCH.sub.2 S--                            

                                      57-58  56  N 7.5 N 7.3                   

     7917  CH.sub.3 --                                                         

                   H-- H-- CH.sub.3 S--                                        

                                      --     --  N 10.5                        

                                                       N 10.4                  

     7925  CH.sub.3 CH.sub.2 CH.sub.2 --                                       

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           CH.sub.3 S--                                        

                                      (h)    --  N 7.4 N 7.4                   

     7946  CH.sub.3 S--                                                        

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           CH.sub.3 S--                                        

                                      70-75  75  C 43.5                        

                                                       C 42.8                  

                                                 N 7.8 N 7.8                   

     8077  (CH.sub.3).sub.3 C--                                                

                   H-- H-- Cl--       (i)    38  C 51.4                        

                                                       C 50.7                  

                                                 H 8.6 H 8.4                   

                                                 N 8.6 N 8.1                   

     8109  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           CH.sub.3 SCH.sub.2 --                               

                                       84    73  N 8.0 N 8.1                   

     8145  --(CH.sub.2).sub.5 --                                               

                       H-- CH.sub.3 S--                                        

                                      64-4   64  C 57.7                        

                                                       C 57.5                  

                                                   H   9.2                     

                                                         H   9.0               

                                                   N   7.5                     

                                                         N   7.4               

     8154  --(CH.sub.2).sub.5 --                                               

                       CH.sub.3 --                                             

                           CH.sub.3 S--                                        

                                      (j)    63  C 59.7                        

                                                       C 59.8                  

                                                   H   9.5                     

                                                         H   9.5               

                                                   N   7.0                     

                                                         N   7.0               

     8358  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           Cl--       102-3  37  C 48.2                        

                                                       C 48.3                  

                                                 H 8.1 H 8.1                   

                                                 N 9.4 N 9.5                   

     8420  --(CH.sub.2).sub.2 --                                               

                       H-- CH.sub.3 S--                                        

                                      (k)    95  N 9.7 N 9.5                   

      8424 CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           (1)        117    33  N 6.8 N 7.2                   

     8507  (CH.sub.3).sub.3 C--                                                

                   H-- H-- CH.sub.3 S--                                        

                                      (m)    50  C 54.8                        

                                                       C 54.6                  

                                                 H 9.8 H 9.8                   

     8508  CH.sub.3 CH.sub.2 --                                                

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           CH.sub.3 S--                                        

                                      (n)    50  C 54.8                        

                                                       C 54.4                  

                                                 H 9.8 H 9.7                   

     8872  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           CH.sub.3 SO.sub.2 --                                

                                      73-5   40  N 7.3 N 7.2                   

     8873  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           CH.sub.3 S(O)--                                     

                                      104-6  35  C 47.4                        

                                                       C 47.3                  

                                                 H 8.5 H 8.3                   

                                                 N 7.9 N 7.9                   

     9059  CH.sub.3 CH.sub.2 --                                                

                   H-- H-- CH.sub.3 S--                                        

                                      (o)    72  C 49.0                        

                                                       C 49.0                  

                                                 H 8.9 H 8.9                   

                                                 N 9.5 N 9.3                   

     9060  (CH.sub.3).sub.2 CH--                                               

                   H-- H-- CH.sub.3 S--                                        

                                      (p)    93  C 52.1                        

                                                       C 51.5                  

                                                 H 9.4 H 9.4                   

                                                 N 8.7 N 8.2                   

     9301  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           CH.sub.3 O--                                        

                                      (q)    45  C 57.9                        

                                                       C 57.6                  

                                                 H 10.4                        

                                                       H 9.9                   

     9302  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           CH.sub.3 CH.sub.2 O--                               

                                      (r)    74  N 8.8 N 8.6                   

     9332  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           CH.sub.3 CH.sub.2 SCH.sub.2 CH.sub.2 S--            

                                      42-5   81  C 51.1                        

                                                       C 51.1                  

                                                 H 9.0 H 8.9                   

                                                 N 6.0 N 5.8                   

     9381  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           F.sub.3 CCH.sub.2 CH.sub.2 S--                      

                                      41-3   89  C 44.4                        

                                                       C 45.0                  

                                                 H 6.6 H 6.7                   

     9384  CH.sub.3 --                                                         

                   CH.sub.3 --                                                 

                       CH.sub.3 --                                             

                           C.sub.6 H.sub.5 CH.sub.2 CH.sub.2 S--               

                                      48-50  98  C 66.9                        

                                                       C 67.8                  

                                                 H 8.4 H 8.5                   

     __________________________________________________________________________

      (a) n.sub.D.sup.25 1.4965                                                

      (b) J. Agr. Food Chem., 14, 356 (1966)                                   

      (c) n.sub.D.sup.24 1.5150                                                

      (d) b. 104.degree.C/0.8 mm                                               

      (e) n.sub.D.sup.24 1.5592                                                

      (f) Beilstein II 424                                                     

      (g) n.sub.D.sup.24 1.4879                                                

      (h) n.sub.D.sup.24 1.4863                                                

      (i) b. 76-7.degree.C/1.3 mm; n.sub.D.sup.24 1.4672                       

      (j) n.sub.D.sup.24 1.5164                                                

      (k) n.sub.D.sup.23 1.5340                                                

      (l) X.sub.2 = --SCH.sub.2 CH.sub.2 S                                     

      (m) n.sub.D.sup.23 1.4884                                                

      (n) b. 95.degree.C/0.7 mm; n.sub.D.sup.23 1.4948                         

      (o) n.sub.D.sup.24 1.5010                                                

      (p) n.sub.D.sup.20 1.4952                                                

      (q) n.sub.D.sup.24 1.4460                                                

      (r) n.sub.D.sup.24 1.4420                                                

TBL                TABLE 5                                                     

     ______________________________________                                    

     CARBAMATES                                                                

     Compound                                                                  

     Number              Chemical Name                                         

     ______________________________________                                    

     7268    3,3-dimethyl-2-methylcarbamyloximino-1-methylthiobutane           

     7472    2,2-dimethyl-3-methylcarbamyloximinobutane                        

     7503    1-carbomethoxymethylthio-3,3-dimethyl-2-methylcarbamyloximinobutan

             e                                                                 

     7577    3-methyl-2-methylcarbamyloximino-3-methylthiobutane               

     7603    2-methylcarbamyloximino-1-methylthiopropane                       

     7619    3,3-dimethyl-2-methylcarbamyloximino-1-tert.-butylthiobutane      

     7620    1-isopropylthio-3,3-dimethyl-2-methylcarbamyloximinobutane        

     7639    1-isobutylthio-3,3-dimethyl-2-methylcarbamyloximinobutane         

     7702    1-benzylthio-3,3-dimethyl-2-methylcarbamloximinobutane            

     7718    3,3-dimethyl-2-methylcarbamyloximino-1-phenylthiobutane           

     7797    2-ethylcarbamyloximino-3,3-dimethyl-1-methylthiobutane            

     7799    2-allylcarbamyloximino-3,3-dimethyl-1-methylthiobutane            

     7803    3,3-dimethyl-2-methylcarbamyloximino-1-phenoxybutane              

     7804    3,3-dimethyl-2-methylcarbamyloximino-1-methylsulfinylbutane       

     7821    1-bromo-3,3-dimethyl-2-methylcarbamyloximinobutane                

     7834    1,3-bis(methylthio)-2-methylcarbamyloximinopropane                

     7859    2-carbamyloximino-3,3-dimethyl-1-methylthiobutane                 

     7862    1-ethylthio-3,3-dimethyl-2-methylcarbamyloximinobutane            

     7867    3-methyl-2-methylcarbamyloximino-1-methylthiobutane               

     7870    3,3-dimethyl-2-methylcarbamyloximino-1-(1-pyrrolidinyl)-butane    

     7871    3,3-dimethyl-2-dimethylcarbamyloximino-1-methylthiobutane         

     7895    3,3-dimethyl-2-methylcarbamyloximino-1-methylcarbamyloxybutane    

     7897    1-allylthio-3,3-dimethyl-2-methylcarbamyloximinobutane            

     7916    2-methylcarbamyloximino-1-methylthiobutane                        

     7929    3,3-dimethyl-2-methylcarbamyloximino-1-n-propylthiobutane         

     7934    3,3-dimethyl-2-methylcarbamyloximino-1-methylthiohexane           

     7960    1,3-bis(methylthio)-3-methyl-2-methylcarbamyloximinobutane        

     7991    3,3-dimethyl-2-methylcarbamyloximino-1-thiocyanatobutane          

     8018    1-cyclohexylthio-3,3-dimethyl-2-methylcarbamyloximinobutane       

     8031    1-acetoxy-3,3-dimethyl-2-methylcarbamyloximinobutane              

     8035    3,3-dimethyl-2-methylcarbamyloximino-1-(4'-methylphenylthio)-butan

             e                                                                 

     8036    1-(4'-tert.-butylphenylthio)-3,3-dimethyl-2-methylcarb-           

             amyloximinobutane                                                 

     8070    1-(4'-methoxyphenylthio)-3,3-dimethyl-2-methylcarbamyloximinobutan

             e                                                                 

     8071    2,2-dimethyl-3-methylcarbamyloximino-4-methylthiopentane          

     8073    1-(4'-chlorophenylthio)-3,3-dimethyl-2-methylcarbamyloximinobutane

     8108    1-chloro-4,4-dimethyl-2-methylcarbamyloximinopentane              

     8111    4,4-dimethyl-3-methylcarbamyloximino-1-methylthiopentane          

     8169    1-cyclohexyl-1-methylcarbamyloximino-2-methylthioethane           

     8179    1-(1-methylcyclohexyl)-1-methylcarbamyloximino-2-methylthioethane 

     8327    1,3-bis(methylthio)-2-carbamyloximino-3-methylbutane              

     8423    1,1-ethylenedithio-3,3-dimethyl-2-methylcarbamyloximinobutane     

     8465    1-cyclopropyl-1-methylcarbamyloximino-2-methylthioethane          

     8519    4,4-dimethyl-2-methylcarbamyloximino-1-methylthiopentane          

     8520    3,3-dimethyl-2-methylcarbamyloximino-1-methylthiopentane          

     8713    1-chloro-3,3-dimethyl-2-methylcarbamyloximinobutane               

     8813    1-cyclopropyl-1-ethylcarbamyloximino-2-methylthioethane           

     8814    1-allylcarbamyloximino-1-cyclopropyl-2-methylthioethane           

     8868    3,3-dimethyl-2-methylcarbamyloximino-1-methylsulfonylbutane       

     8997    1-azido-3,3-dimethyl-2-methylcarbamyloximinobutane                

     9026    3,3-dimethyl-2-methylcarbamyloximino-1-(2-methylthioethylthio)-but

             ane                                                               

     9057    2-methylcarbamyloximino-1-methylthiopentane                       

     9058    4-methyl-2-methylcarbamyloximino-1-methylthiopentane              

     9071    2-allylcarbamyloximino-4-methyl-1-methylthiopentane               

     9072    2-allylcarbamyloximino-1-methylthiopentane                        

     9226    2-allylcarbamyloximino-3,3-dimethyl-1-(2-methylthioethylthio)-buta

             ne                                                                

     9300    1-methoxy-3,3-dimethyl-2-methylcarbamyloximinobutane              

     9315    1-ethoxy-3,3-dimethyl-2-methylcarbamyloximinobutane               

     9336    1-hydroxy-3,3-dimethyl-2-methylcarbamyloximinobutane              

     9337    1-(2-ethylthioethylthio)-3,3-dimethyl-2-methylcarbamyloximinobutan

             e                                                                 

     9349    3,3-dimethyl-1-dimethylamino-2-methylcarbamyloximinobutane        

             hydrochloride                                                     

     9350    3,3-dimethyl-2-methylcarbamyloximino-1-methylsulfonyloxybutane    

     9386    1-(3,3,3-trifluoropropylthio)-3,3-dimethyl-2-methylcarbamyloximino

             butane                                                            

     9387    2-ethylcarbamyloximino-1-(3,3,3-trifluoropropylthio)-3,3-dimethylb

             utane                                                             

     9388    2-allylcarbamyloximino-1-(3,3,3-trifluoropropylthio)-3,3-dimethylb

             utane                                                             

     9389    3,3-dimethyl-2-methylcarbamyloximino-1-(2-phenylethylthio)-butane 

     9390    2-ethylcarbamyloximino-3,3-dimethyl-1-(2-phenylethylthio)-butane  

     9391    2-allylcarbamyloximino-3,3-dimethyl-1-(2-phenylethylthio)-butane  

TBL                                    TABLE 6                                 

     __________________________________________________________________________

                              O                                                

                              .parallel.R.sub.6                                

                              R.sub.1 NOCN.angle.                              

                              .vertline..parallel.R.sub.7                      

                              R.sub.2 ----C----C----CH.sub.2 X                 

                              .vertline.                                       

                              R.sub.3                                          

                                                  Melting Point                

                                                  in .degree.C                 

     Compound                                     (Refractive                  

                                                         Analysis              

     Number                                                                    

           R.sub.1                                                             

                  R.sub.2                                                      

                     R.sub.3                                                   

                         R.sub.6                                               

                                R.sub.7                                        

                                   X         Method                            

                                                  Index/.degree.C)             

                                                         Calculated            

                                                              Found            

     __________________________________________________________________________

     7268  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 S-                                 

                                             A    50-52  C 49.5                

                                                              C 49.3           

                                                         H 8.3                 

                                                              H 8.9            

                                                         N 13.0                

                                                              N 12.9           

     7472.sup.(a)                                                              

           CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- H-        A    45-46  C 55.8                

                                                              C 55.8           

                                                         H 9.4                 

                                                              H 9.1            

     7503  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- H.sub.3 COCOCH.sub.2 S-                     

                                             A    (1.5016/23.5)                

                                                         C 47.8                

                                                              C 48.0           

                                                         H 7.3                 

                                                              H 7.6            

     7577.sup.(a)                                                              

           CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 S-                                               

                         CH.sub.3 -                                            

                                H- H-        A    79       --   --             

     7603  H-     H- H-  CH.sub.3 -                                            

                                H- CH.sub.3 S-                                 

                                             A    47-50  C 40.9                

                                                              C 40.8           

                                                         H 6.9                 

                                                              H 6.7            

     7619  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- (CH.sub.3).sub.3 CS-                        

                                             A    105-106                      

                                                         C 55.3                

                                                              C 55.1           

                                                         H 9.3                 

                                                              H 9.3            

     7620  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- (CH.sub.3).sub.2 CHS-                       

                                             A    63-64  C 53.6                

                                                              C 53.6           

                                                         H 9.0                 

                                                              H 8.5            

     7693  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- (CH.sub.3).sub.2 CHCH.sub.2 S-              

                                             A    66-67  C 55.3                

                                                              C 55.2           

                                                         H 9.3                 

                                                              H 9.5            

     7702  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         H-     C.sub.6 H.sub.5 CH.sub.2 S-                    

                                   A         54-56                             

                                                  C      61.2                  

                                                           C  61.1             

                                                         H 7.5                 

                                                              H 7.5            

     7718  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- C.sub.6 H.sub.5 S-                          

                                             A    106-107                      

                                                         C 60.0                

                                                              C 60.0           

                                                         H 7.2                 

                                                              H 7.4            

     7797  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 CH.sub.2 -                                   

                                H- CH.sub.3 S-                                 

                                             A    (1.4941/24)                  

                                                         C 51.7                

                                                              C 51.1           

                                                         H 8.7                 

                                                              H 8.5            

                                                         N 12.1                

                                                              N 11.6           

     7799  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.2 =CHCH.sub.2 -                                

                                H- CH.sub.3 S-                                 

                                             A    (1.5017/24)                  

                                                         C 54.1                

                                                              C 53.5           

                                                         H 8.3                 

                                                              H 8.0            

                                                         N 11.5                

                                                              N 11.2           

     7803  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- C.sub.6 H.sub.5 O-                          

                                             A    128-129                      

                                                         C 63.6                

                                                              C 63.7           

                                                         H 7.6                 

                                                              H 7.7            

                                                         N 10.6                

                                                              N 10.7           

     7804  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 S(O)-                              

                                             D    (1.5040/24)                  

                                                         C 46.1                

                                                              C 45.2           

                                                         H 7.7                 

                                                              H 7.5            

                                                         N 12.0                

                                                              N 11.9           

     7821  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- Br-       A    83-84  C 38.3                

                                                              C 38.5           

                                                  H      6.0                   

                                                           H  6.0              

                                                         N 11.2                

                                                              N 11.4           

     7834  CH.sub.3 S-                                                         

                  H- H-  CH.sub.3 -                                            

                                H- CH.sub.3 S-                                 

                                             A    114-115                      

                                                         C 37.8                

                                                              C 37.8           

                                                         H 6.4                 

                                                              H 6.2            

                                                         N 12.6                

                                                              N 12.7           

     7859  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         H-     H- CH.sub.3 S-                                 

                                             B    58-60  C 47.0                

                                                              C 46.7           

                                                         H 7.9                 

                                                              H 7.7            

                                                         N 13.7                

                                                              N 13.5           

     7862  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 CH.sub.2 S-                        

                                             A    45-47  C 51.7                

                                                              C 51.3           

                                                         H 8.7                 

                                                              H 7.5            

                                                         N 12.2                

                                                              N 12.2           

     7867  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     H-  CH.sub.3 -                                            

                                H- CH.sub.3 S-                                 

                                             A    (1.5015/24)                  

                                                         N 13.7                

                                                              N 13.5           

     7870  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- C.sub.4 H.sub.8 N-.sup.(b)                  

                                             C    43-46  N 17.4                

                                                              N 17.0           

     7871  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                CH.sub.3                                       

                                   CH.sub.3 S-                                 

                                             B    (1.4953/24)                  

                                                         C 51.7                

                                                              C 51.6           

                                                         H 8.7                 

                                                              H 8.5            

                                                         N 12.1                

                                                              N 11.8           

     7895  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 NHCOO-                             

                                             A    (1.4796/24)                  

                                                         C 49.0                

                                                              C 49.7           

                                                         H 7.8                 

                                                              H 7.8            

     7897  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.2 =CHCH.sub.2 S-                     

                                             A    (1.5075/25)                  

                                                         N 11.5                

                                                              N 11.9           

     7916  CH.sub.3 -                                                          

                  H- H-  CH.sub.3 -                                            

                                H- CH.sub.3 S-                                 

                                             A    (1.5050/24)                  

                                                         C 44.2                

                                                              C 44.4           

                                                         H 7.4                 

                                                              H 8.0            

                                                         N 14.7                

                                                              N 15.0           

     7929  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 CH.sub.2 CH.sub.2 S-               

                                             A    68-70  C 53.6                

                                                              C 53.2           

                                                         H 9.0                 

                                                              H 9.1            

                                                         N 11.4                

                                                              N 11.4           

     7934  CH.sub.3 CH.sub.2 CH.sub.2 -                                        

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 S-                                 

                                             A    (1.4937/24)                  

                                                         C 53.8                

                                                              C 53.2           

                                                         H 9.0                 

                                                              H 8.8            

                                                         N 11.4                

                                                              N 11.5           

     7960  CH.sub.3 S-                                                         

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 S-                                 

                                             A    (1.5339/24)                  

                                                         C 43.2                

                                                              C 43.7           

                                                         H 7.2                 

                                                              H 7.2            

                                                         N 11.2                

                                                              N 11.7           

     7991  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- NCS-      C    85-86  C 47.1                

                                                              C 47.5           

                                                         H 6.6                 

                                                              H 6.6            

                                                         N 18.3                

                                                              N 18.8           

     8018  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- C.sub.6 H.sub.11 S-                         

                                             C    105-106                      

                                                         C 58.7                

                                                              C 59.1           

                                                         H 9.2                 

                                                              H 9.1            

                                                         N 9.8                 

                                                              N 9.8            

     8031  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 COO-                               

                                             C    48-50  C 52.1                

                                                              C 51.8           

                                                         H 7.9                 

                                                              H 7.8            

                                                         N 12.2                

                                                              N 12.4           

     8035  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- 4-CH.sub.3 C.sub.6 H.sub.4 S-               

                                             C    106-107                      

                                                         C 61.2                

                                                              C 60.8           

                                                         H 7.5                 

                                                              H 7.6            

                                                         N 9.5                 

                                                              N 9.1            

     8036  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- 4-(CH.sub.3).sub.3 CC.sub.6 H.sub.4         

                                             C-   (1.5348/24)                  

                                                         C 64.2                

                                                              C 64.7           

                                                         H 8.4                 

                                                              H 8.4            

                                                         N 8.3                 

                                                              N 8.4            

     8070  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- 4-CH.sub.3 OC.sub.6 H.sub.4 S-              

                                             C    90-92  C 58.0                

                                                              C 57.6           

                                                         H 7.2                 

                                                              H 7.0            

                                                         N 9.0                 

                                                              N 8.7            

     8071.sup.(c)                                                              

           --     -- --  --     -- --        A    93-94  C 51.7                

                                                              C 51.6           

                                                         H 8.7                 

                                                              H 8.5            

                                                         N 12.1                

                                                              N 12.1           

     8073  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- 4-ClC.sub.6 H.sub. 4 S-                     

                                             C    111-112                      

                                                         C 53.4                

                                                              C 53.0           

                                                         H 6.1                 

                                                              H 6.1            

                                                         N 8.9                 

                                                              N 8.9            

     8108  (CH.sub.3).sub.3 C-                                                 

                  H- H-  CH.sub.3 -                                            

                                H- CH.sub.3 S-                                 

                                             A    (1.4802/24)                  

                                                         N 12.7                

                                                              N 12.8           

     8111  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 SCH.sub.2 -                        

                                             A    56-58  C 51.7                

                                                              C 51.6           

                                                         H 8.7                 

                                                              H 8.5            

                                                         N 12.1                

                                                              N 12.5           

     8169                                                                      

     (CH.sub.2).sub.5 -                                                        

                     H-  CH.sub.3 -                                            

                                H- CH.sub.3 S-                                 

                                             A    70-71  C 54.1                

                                                              C 54.2           

                                                         H 8.3                 

                                                              H 8.3            

                                                         N 11.5                

                                                              N 11.8           

     8179                                                                      

     (CH.sub.2).sub.5 -                                                        

           CH.sub.3 -                                                          

                     CH.sub.3 -                                                

                         H-     CH.sub.3 S-                                    

                                   A         (1.5200/25)                       

                                                  C      55.8                  

                                                           C  55.7             

                                                         H 8.6                 

                                                              H 8.6            

      8327 CH.sub.3 S-                                                         

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         H-     H- CH.sub.3 S-                                 

                                             B    --     C 41.2                

                                                              C 41.4           

                                                         H 6.9                 

                                                              H 6.8            

                                                         N 12.0                

                                                              N 12.1           

     8423  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- (d)       A    83-86  C 45.8                

                                                              C 45.6           

                                                         H 6.9                 

                                                              H 6.9            

     8465                                                                      

     (CH.sub.2).sub.2 -                                                        

                     H-  CH.sub.3 -                                            

                                H- CH.sub.3 S-                                 

                                             A    (1.5297/23)                  

                                                         N 13.9                

                                                              N 14.3           

     8519  (CH.sub.3).sub.3 C-                                                 

                  H- H-  CH.sub.3 -                                            

                                H- CH.sub.3 S-                                 

                                             A    (1.49620/23)                 

                                                         C 51.7                

                                                              C 51.3           

                                                         h 8.7                 

                                                              H 8.5            

     8520  CH.sub.3 CH.sub.20 -                                                

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 S-                                 

                                             A    (1.5030/23)                  

                                                         C 51.7                

                                                              C 51.4           

                                                         H 8.7                 

                                                              H 8.5            

     8713  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- Cl-       A    77-78  N 13.6                

                                                              N 13.8           

     8813                                                                      

     (CH.sub.2).sub.2 -                                                        

                     H-  CH.sub.3 CH.sub.2 -                                   

                                H- CH.sub.3 S-                                 

                                             A    (1.5205/24)                  

                                                         C 50.0                

                                                              C 49.8           

                                                         H 7.5                 

                                                              H 7.5            

     8814                                                                      

     (CH.sub.2).sub.2 -                                                        

           H-        CH.sub.2 =CHCH.sub.2 -                                    

                         H-     CH.sub.3 S-                                    

                                   A         (1.5296/24)                       

                                                  N      12.3                  

                                                           N  12.2             

     8868  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 SO.sub.2 -                         

                                             A    (1.4923/22)                  

                                                         N 11.2                

                                                              N 11.1           

     8997  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- N.sub.3 - C    67-68  C 45.1                

                                                              C 45.7           

                                                         H 7.1                 

                                                              H 7.2            

     9026  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 SCH.sub.2 CH.sub.2 S-              

                                             C    51-56  C 47.5                

                                                              C 47.5           

                                                         H 8.0                 

                                                              H 8.0            

     9057  CH.sub.3 CH.sub.2 -                                                 

                  H- H-  CH.sub.3 -                                            

                                H- CH.sub.3 S-                                 

                                             A    (1.5030/24)                  

                                                         C 47.0                

                                                              C 46.8           

                                                         H 7.9                 

                                                              H 7.9            

                                                         N 13.7                

                                                              N 13.9           

     9058  (CH.sub.3).sub.2 CH-                                                

                  H- H-  CH.sub.3 -                                            

                                H- CH.sub.3 S-                                 

                                             A    (1.5005/24)                  

                                                         C 49.5                

                                                              C 49.4           

                                                         H 8.3                 

                                                              H 8.4            

                                                         N 12.8                

                                                              N 12.7           

     9071  (CH.sub.3).sub.2 CH-                                                

                  H- H-  CH.sub.2 =CHCH.sub.2                                  

                                H- CH.sub.3 S-                                 

                                             A    (1.5035/23)                  

                                                         C 54.1                

                                                              C 54.1           

                                                         H 8.3                 

                                                              H 8.3            

                                                         N 11.5                

                                                              N 11.3           

     9072  CH.sub.3 CH.sub.2 -                                                 

                  H- H-  CH.sub.2 =CHCH.sub.2 -                                

                                H- CH.sub.3 S-                                 

                                             A    (1.5070/23)                  

                                                         N 12.2                

                                                              N 12.3           

     9226  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.2 =CHCH.sub. 2 -                               

                                H- CH.sub.3 SCH.sub.2 CH.sub.2 S-              

                                             A    (1.5285/24)                  

                                                         C 51.4                

                                                              C 51.4           

                                                         H 7.9                 

                                                              H 7.8            

                                                         H 9.2                 

                                                              N 9.4            

     9300  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 O-                                 

                                             A    (1.4650/24)                  

                                                         C 53.4                

                                                              C 52.8           

                                                         H 9.0                 

                                                              H 9.0            

     9315  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 CH.sub.2 O-                        

                                             A    (1.4649/24)                  

                                                         N 13.0                

                                                              N 13.4           

     9336  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         H-     HO-                                            

                                   A         (1.4830/23)                       

                                                  C      51.1                  

                                                           C  51.4             

                                                         H 8.5                 

                                                              H 8.6            

                                                         N 14.9                

                                                              N 15.2           

     9337  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 CH.sub.2 SCH.sub.2 CH.sub.2        

                                             A-   (1.5261/23)                  

                                                         C 49.3                

                                                              C 49.8           

                                                         H 8.3                 

                                                              H 8.3            

     9349  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub. 3 -                                           

                                H- (CH.sub.3).sub.2 N-.sup.(e)                 

                                             C    137-138                      

                                                         C 47.7                

                                                              C 47.7           

                                                         H 8.8                 

                                                              H 8.8            

                                                         N 16.7                

                                                              N 16.7           

     9350  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- CH.sub.3 SO.sub.3 -                         

                                             E    (1.4810/25)                  

                                                         C 40.6                

                                                              C 41.2           

                                                         H 6.8                 

                                                              H 6.8            

                                                         N 10.5                

                                                              N 10.5           

     9386  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- F.sub.3 CCH.sub.2 CH.sub.2 S-               

                                             A    64-66  C 44.0                

                                                              C 44.2           

                                                         H 6.3                 

                                                              H 6.5            

     9387  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 CH.sub.2 -                                   

                                H- F.sub.3 CCH.sub.2 CH.sub.2 S-               

                                             A    (1.4623/24)                  

                                                         C 45.9                

                                                              C 46.7           

                                                         H 6.7                 

                                                              H 6.9            

                                                         N 8.9                 

                                                              N 9.0            

     9388  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub. 2 =CHCH.sub.2 -                               

                                H- F.sub.3 CCH.sub.2 CH.sub.2 S-               

                                             A    (1.4717/24)                  

                                                         C 47.9                

                                                              C 48.7           

                                                         H 6.4                 

                                                              H 6.6            

                                                         N 8.6                 

                                                              N 9.1            

     9389  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- C.sub.6 H.sub.5 CH.sub.2 CH.sub.2 S-        

                                             A    (1.5405/24)                  

                                                         C 62.3                

                                                              C 62.8           

                                                         H 8.0                 

                                                              H 7.8            

     9390  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 CH.sub.2 -                                   

                                H- C.sub.6 H.sub.5 CH.sub.2 CH.sub.2 S-        

                                             A    (1.5348/24)                  

                                                         C 63.4                

                                                              C 63.6           

                                                         H 8.1                 

                                                              H 8.1            

     9391  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.2 =CHCH.sub.2 -                                

                                H- C.sub.6 H.sub.5 CH.sub.2 CH.sub.2 S-        

                                             A    (1.4253/24)                  

                                                         C 64.7                

                                                              C 65.5           

                                                         H 7.8                 

                                                              H 8.1            

     9392  CH.sub.3 -                                                          

                  CH.sub.3 -                                                   

                     CH.sub.3 -                                                

                         CH.sub.3 -                                            

                                H- (CH.sub.3).sub.2 N-                         

                                             C    42-43  N 19.5                

                                                              N 19.3           

     __________________________________________________________________________

     *Method: A =                                                              

             Example 3                                                         

     B =     Example 4                                                         

     C =     Example 5                                                         

     D =     Example 8                                                         

     E =     Example 14A                                                       

      .sup.(a) J. Agr. Food Chem., 14, 356 (1966)                              

      .sup.(b) 1-pyrrolidinyl                                                  

      .sup.(c) Example 9                                                       

      .sup.(d) X.sub.2 = -SCH.sub.2 CH.sub.2 S-                                

      .sup.(e) hydrochloride salt                                              

PAR  The compounds are evaluated for biological activity against the following
      representative pests: Mexican bean beetle (Epilachna varivestis), Southern
      army worm (Prodenia eridania), housefly (Musca domestica), bean aphid
      (Aphis fabae), and red spider mite (Tetranychus sp.). The last two pests
      are treated both by contact and systemic application.
PAR  For purposes of comparison, results obtained with known Compound 7472,
      Compound 7577, and aldicarb are included in the test results. Each test
      compound is rated using the following scale:
TBL  Contact Activity  Systemic Activity                                       

     Rating                                                                    

         =  50% mortality at                                                   

                       Rating                                                  

                           =  50% mortality at                                 

     Number concentration in                                                   

                       Number concentration in                                 

            parts per million of                                               

                              pounds per acre of                               

     __________________________________________________________________________

     0      &gt;500       0      &gt;16                                              

     1      500-250    1      16-8                                             

     2      250-128    2      8-4                                              

     3      128-64     3      4-2                                              

     4      64-32      4      2-1                                              

     5      32-16      5       1-1/2                                           

     6      16-8       6      1/2-1/4                                          

     7      8-4        7      1/4-1/8                                          

     8      4-2        8       1/8-1/16                                        

     9        2        9        1/16                                           

     __________________________________________________________________________

PAL  The tests employed are:
PAC  EXAMPLE 15
PAC  Bean Aphid Spray and Systemic Test
PAR  This test determines the insecticidal activity of the compound being tested
      against the bean aphid Aphis fabae. Stock formulations containing 500 ppm
      of each test chemical are prepared using 0.05 g of the test chemical (or
      0.05 ml if a liquid), 4.0 ml acetone containing 0.25% (V/V) Triton X-155,
      and 9.60 ml deionized water and are used in both soil drench and spray
      treatments. The stock formulations are diluted to obtain the appropriate
      lower concentrations maintaining the concentration level of all adjuvants.
      The bean aphid is cultured on nasturtium plants (var. Tall Single), no
      attempt being made to select insects of a given age in these tests. Single
      nasturtium test plants growing in soil in individual 21/4 inch fiber pots
      are then infested with populations of 100 to 200 aphids.
PAR  In the spray application, 50 ml of stock or diluted formulation is
      uniformly sprayed onto the plants. In the systemic application, 11.2 ml of
      stock or diluted formulation is applied to the soil containing the plant.
      A dosage of 11.2 ml of formulation containing 500 ppm of test chemical is
      equivalent to a dosage of the test chemical of 16 pounds per acre.
PAR  The plant test units under fluorescent lights are given bottom watering for
      the duration of the test. Percentage mortality is determined three days
      after treatment. Results of this test are shown in Table 7 as A (aphid
      contact spray) and AS (aphid systemic soil drench).
PAC  EXAMPLE 16
PAC  Red Spider Mite Spray and Systemic Test
PAR  This test determines te acaricidal activity of the compound being tested
      against the red spider mite, Tetranychus sp. Stock formulations containing
      500 ppm of each test chemical are prepared by the procedure described in
      Example 15 and are used in both the soil drench and spray treatments. The
      stock culture of mites is maintained on Scarlet runner bean foliage.
      Approximately 18 to 24 hours before testing, mites are transferred to the
      primary leaves of two Lima bean plants (var. Sieva) grown in 21/4 inch
      pots.
PAR  The spray and systemic application methods described in Example 15 are used
      to apply the test formulations to the infested plants and soil. After
      three days, two of the four leaves treated are examined and mortality is
      determined. Should a compound be an effective miticide, the other two
      leaves are available to obtain information on the residual activity of the
      formulation. Results of this test are shown in Table 7 as M (mite contact
      spray test) and MS (mite systemic soil drench test).
PAC  EXAMPLE 17
PAC  Housefly Spray Test
PAR  This test determines the insecticidal activity of the compound being tested
      against adult houseflies, Musca domestica. Stock formulations containing
      500 ppm of each test chemical are prepared using the procedure described
      in Example 15 and are diluted to obtain the appropriate lower
      concentrations.
PAR  Ten adult flies are placed in a cylindrical screen cage 11/2 by 4 inches
      fabricated from 20-mesh stainless steel screening and are sprayed with 50
      ml of the stock or diluted formulation. The flies are supplied food and
      drink from a dextrose solution by draping a paper wick over the outside of
      the screen cylinder and are able to feed and drink ad libitum. Percent
      mortality obtained is determined three days after treatment. Results of
      this test are shown in Table 7 as HF (housefly spray test).
PAC  EXAMPLE 18
PAC  Southern Army Worm Spray Test
PAR  Paired fully expanded primary leaves excised from Scarlet runner bean
      plants are maintained in plastic tubes containing water and sprayed with
      the test formulation prepared as described in Example 15. After the spray
      deposit on the leaves is dry, the paired leaves are separated. One leaf is
      placed onto 1.5 percent water agar and infested with 10 newly hatched
      Southern army worm larvae. The covered test receptacle is held at
      72.degree. F for three days and then the percent mortality is determined.
      Results of this test are shown in Table 7 as AW (Southern army worm spray
      test).
PAC  EXAMPLE 19
PAC  Mexican Bean Beetle Leaf Spray Test
PAR  This test determines the insecticidal activity of the compound being tested
      against the Mexican bean beetle (Epilachna varivestis). The test procedure
      is the same as that described for the Southern army worm in Example 18
      with the exception that one-day oil larvae of the Mexican bean beetle
      instead of newly hatched Southern army worm larvae are used.
PAR  These tests are held at 72.degree. F for three days when mortality and
      feeding inhibition are determined. The feeding inhibition is an indication
      of the repellent properties of the test material. Results of this test are
      shown in Table 7 and BB (Mexican bean beetle leaf spray test).
TBL                TABLE 7                                                     

     ______________________________________                                    

     Compound                                                                  

     Number  BB.sup.1                                                          

                     AW.sup.2                                                  

                             HF.sup.3                                          

                                   M.sup.4                                     

                                        A.sup.5                                

                                             MS.sup.6                          

                                                  AS.sup.7                     

     ______________________________________                                    

     7268    5       0       1     7    9    5    7                            

     7472    0       0       0     0    1    0    1                            

     7503    3       0       0     1    6    1    0                            

     7577    0       0       0     0    0    0    0                            

     7603    0       0       5     0    4    0    3                            

     7718    5       0       1     0    2    0    1                            

     7797    2       0       3     3    6    3    4                            

     7799    5       0       2     2    5    2    0                            

     7804    6       2       2     5    8    5    7                            

     7859    4       0       0     5    7    3    4                            

     7862    2       0       3     3    6    1    4                            

     7867    2       0       3     1    6    1    4                            

     7871    0       0       0     1    5    1    5                            

     7897    4       0       3     4    4    1    3                            

     7916    0       0       3     0    5    0    3                            

     7934    5       0       0     6    6    2    2                            

     7960    4       0       0     5    5    0    0                            

     7991    5       0       0     0    2    0    0                            

     8071    1       0       0     0    4    0    4                            

     8111    0       0       1     3    3    0    0                            

     8465    4       1       2     2    5    0    4                            

     8519    0       0       0     2    5    --   --                           

     8520    5       0       0     6    8    5    4                            

     8868    7       0       2     6    8    6    7                            

     8997    7       2       2     3    7    3    6                            

     9026    6       0       0     4    4    0    0                            

     9057    0       0       1     0    7    0    4                            

     9058    0       0       1     2    7    0    6                            

     aldicarb                                                                  

             4       0       7     4    9    5    9                            

     ______________________________________                                    

            .sup.1 BB                                                          

                 =     Mexican bean beetle                                     

            .sup.2 AW                                                          

                 =     Southern army worm                                      

            .sup.3 HF                                                          

                 =     housefly                                                

            .sup.4 M                                                           

                 =     mite contact                                            

            .sup.5 A                                                           

                 =     aphid contact                                           

            .sup.6 MS                                                          

                 =     mite systemic                                           

            .sup.7 AS                                                          

                 =     aphid systemic                                          

PAR  It is to be noted that Compound 7268 exhibits outstanding activity against
      all of the pests except the Southern army worm and the housefly. This
      activity is comparable or superior to that of the commercial material,
      aldicarb (Formula III), and vastly superior to that of Compound 7472
      (Formula I), the unsubstituted 3,3-dimethyl-2-butanone derivative, or
      Compound 7577 (Formula II), the ketoxime analog of aldicarb.
PAR  The high insecticidal and miticidal activity of Compound 7268 is further
      demonstrated by the results of special tests described below.
PAC  EXAMPLE 20
PAC  Systemic Test of Compound 7268 Against Lygus Bug and Spotted Cucumber
      Beetle
PAR  The techniques used are essentially the same for the systemic tests
      described above in Example 15. The test compound is Compound 7268. There
      is one Sieva bean plant per pot and five adult insects are caged on each
      plant. One plant is used for each test species. The checks showed no
      mortality during the tests.
TBL  ______________________________________                                    

     % Mortality                                                               

     Dosage,                                                                   

            Lygus Bug       Spotted Cucumber Beetle                            

     lb/A   3 days  4 days  6 days                                             

                                  3 days 4 days 6 days                         

     ______________________________________                                    

     2      100     100     100   60     100    100                            

     1      80      80      100   30     100    100                            

     0.5     0      60       80   20      40     80                            

     ______________________________________                                    

PAC  EXAMPLE 21
PAC  Activity of Compound 7268 Against Southern Corn Rootworm
PAR  The test organism is a strain of Southern corn rootworm (Diabrotica
      undecimpunctata howardi) resistant to chlorinated hydrocarbon insecticides
      and the test compound is Compound 7268. Duplicate samples of sand-soil
      mixtures are treated with appropriate volumes of test formulation to give
      the desired dosages. The sand-soil samples are in covered paper cups, and
      several hours after drenching, all cups are given a thorough shaking to
      provide complete and uniform mixing of the chemical throughout the soil.
      One day after treatment, two corn seedlings and five rootworms are placed
      into each cup and the lids replaced. Five days later, mortality is
      determined. The results are given below:
TBL  Dosage, lb/6" A  2.5      1.25      1                                     

     % Mortality      100      100      90                                     

PAC  EXAMPLE 22
PAC  Systemic Activity of Compound 7268 Against Melon Aphid
PAR  The techniques used are essentially the same as for the systemic tests
      described above in Example 15. The test plants are cucumber seedlings; the
      test compound is Compound 7268; and the pest is the melon aphid (Aphis
      gosyppi).
TBL  ______________________________________                                    

     Dosage, lb/A 0.5     0.25    0.125  0.062                                 

     % Control    100     100     100    100                                   

     ______________________________________                                    

PAC  EXAMPLE 23
PAC  Residual Systemic Activity of Compound 7268 Against Mexican Bean Beetle
      Larvae
PAR  Three furrows are opened in soil contained in 8 .times. 10 .times. 3 inch
      fiber pans and 12 Pinto bean seeds are evenly distributed in each furrow.
      The test compound is Compound 7268. Appropriate volumes of test
      formulation to give the desired dosages are applied over the seeds in the
      open furrows, and the furrows are immediately closed. At the indicated
      weekly intervals, one leaf is harvested from each row, placed onto water
      agar in a plastic Petri dish, and infested with 10 one-day-old bean beetle
      larvae. Mortality is determined three days later.
TBL  ______________________________________                                    

     Weeks After                                                               

                % Mortality at Indicated Dosage, lb/A                          

     Treatment  1         0.5      0.25   Check                                

     ______________________________________                                    

     3          100       100      100    0                                    

     7          100       100      100    10                                   

     10          95       100      100    0                                    

     11          95        70       95    0                                    

     ______________________________________                                    

PAC  EXAMPLE 24
PAC  Root-knot Nematocide Test
PAR  This test is an evaluation of the effectiveness of the compound being
      tested against infection by root-knot nematodes (Meloidogyne spp.).
PAR  Composted greenhouse soil, diluted by one-third with clean washed sand, is
      infected with about two grams of knotted or galled tomato roots per pot.
      Treatment is accomplished by applying 25 ml of the formulated compound
      onto the infested soil. The formulation contains 0.056 g of Compound 7960,
      1.0 ml stock emulsifier solution (0.25% Triton X-155 in acetone by
      volume), and 24.0 ml deionized water, giving a concentration of 2240 ppm.
      Lower concentrations are achieved by dilution.
PAR  After treatment with the test formulation, the soil, inoculum, and
      formulation are thoroughly mixed, returned to the pot, and the mixture
      incubated for seven days at 20.degree. C and constant moisture. After
      incubation, two seedlings of Rutgers tomato transplants and three garden
      nasturtium (Nasturtium spp.) seeds are set in each pot. Roots are removed
      from the soil after three weeks of growth and rated for gall (root-knot
      nematode infection) formation. Nasturtium roots are evaluated only when
      necrosis of the tomato host has occurred. A rating of infection from 0 to
      10 is recorded: 0 = no galls or complete control, and 10 = heavily galled
      roots comparable to controls. Each of the root systems is rated separately
      and the average is multiplied by 10 and subtracted from 100 to give
      percent nematode control. Results of the tests are shown below:
TBL  Compound                                                                  

             Percent Control at Indicated Dosage, lb/A                         

     Number  8        4        2      1      0.5                               

     ______________________________________                                    

     7960    100      100      100    100    97                                

     8423    100       90      60     --     --                                

     8997    100      100       0     --     --                                

     9026     90       70      60      30    --                                

     ______________________________________                                    

PAR  It is to be understood that although the invention has been described with
      specific reference to particular embodiments thereof, it is not to be so
      limited, since changes and alterations therein may be made which are
      within the full intended scope of this invention as defined by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition of matter having the structural formula:
      ##EQU7##
      where: a. R.sub.1 is R.sub.2 -R.sub.3 or H;
PA1  b. R.sub.2 -R.sub.3 is lower alkyl, lower alkenyl, lower alkynl,
      substituted lower alkyl, alkenyl, or alkynyl, with the proviso that
      R.sub.2 and R.sub.3 may be connected to form a cycloalkyl ring of not more
      than 6 carbon atoms;
PA1  c. R.sub.6 -R.sub.7 is hydrogen, lower alkyl, lower alkenyl, or lower
      alkynyl.
NUM  2.
PAR  2. The composition of matter of claim 1 wherein the composition is
      1-azido-3,3-dimethyl-2-methylcarbamyloximinobutane.
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PAL  This disclosure describes compounds of the class of
      15-substituted-9-keto(or 9-hydroxy)prostanoic acids and the esters and
      cationic salts thereof, useful as inhibitors of gastric acid secretion.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of our copending application Ser. No.
      274,558, filed July 24, 1972, now U.S. Pat. No. 3,835,179.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to novel organic compounds related to the
      prostaglandin hormones. In particular, the compounds of this invention are
      15-substituted-9-keto(or 9-hydroxy)prostanoic acids, their derivatives and
      congeners, and certain intermediates for the preparation of same. These
      compounds may be represented by the following general formula:
      ##SPC1##
PAL  Wherein R.sub.1 is an alkyl group having from 2 to 7 carbon atoms; R.sub.2
      is selected from the group consisting of hydrogen and an alkyl group
      having from 1 to 12 carbon atoms; X is selected from the group consisting
      of lower alkylsulfonyloxy, halogen, lower alkanoylthio, sulfhydryl,
      thiocyano azido and amino radicals; m is an integer with the value 3 to 9
      and Y is a divalent radical selected from the group consisting of the
      ##EQU1##
      Suitable lower alkyl and lower alkanoyl groups contemplated by the present
      invention are those having up to four carbon atoms such as methyl, ethyl,
      isopropyl, sec-butyl, formyl, acetyl, isobutyryl, etc. Halogen is
      exemplified by chloro, bromo, and iodo.
PAR  Also embraced within the scope of the present invention are the non-toxic,
      pharmaceutically acceptable salts of the 15-substituted-9-oxo(or
      9-hydroxy)prostanoic acids when R.sub.2 is hydrogen in the above general
      formula. The cations comprised in these salts include, for example, the
      non-toxic metal cations such as the sodium ion, potassium ion, calcium
      ion, and magnesium ion as well as the organic amine cations such as the
      tri(lower alkyl)amine cations (e.g., triethylamine), procaine, and the
      like.
PAR  The novel 15-substituted-9-oxo(or 9-hydroxy)prostanoic acids and esters
      thereof of the present invention are obtainable as yellow oils having
      characteristic absorption spectra. They are relatively insoluble in water
      but are relatively soluble in common organic solvents such as ethanol,
      ethyl acetate, dimethylformamide, and the like. The cationic salts of the
      15-substituted-9-oxo(or 9-hydroxy)prostanoic acids are, in general, white
      to yellow crystalline solids having characteristic melting points and
      absorption spectra. They are relatively soluble in water, methanol, and
      ethanol but are relatively insoluble in benzene, diethyl ether, and
      petroleum ether.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The prostaglandins are a family of closely related compounds which have
      been obtained from various animal tissues, and which stimulate smooth
      muscle, lower arterial blood pressure, antagonize epinephrine-induced
      mobilization of free fatty acids, and have other pharmacological and
      autopharmacological effects in mammals. See Bergstrom et al., J. Biol.
      Chem. 238, 3555 (1963) and Horton, Experientia 21, 113 (1965) and
      references cited therein. All of the so-called natural prostaglandins are
      derivatives of prostanoic acid:
      ##EQU2##
      The hydrogen atoms attached to C-8 and C-12 are in trans configuration.
PAR  The novel compounds of this invention are prepared in accordance with the
      following reaction scheme:
      ##EQU3##
      wherein R.sub.1 and m as hereinbefore defined, R' .sub.2 is an alkyl group
      having from 1 to 12 carbon atoms, preferably methyl or ethyl, R.sub.3 is a
      lower alkyl group, X' is selected from the group consisting of halogen,
      lower alkanoylthio, and azido radicals.
PAR  In accordance with the above reaction scheme, the conjugate 1,4 addition of
      a 3-(substituted hydroxy)alkyl magnesium halide (II) to an alkyl ester (I)
      of 2-(.omega. -carboxyalkyl)cyclopent-2-en-1-one is carried out in the
      presence of a catalyst such as the tributylphosphine-cuprous iodide
      complex; (C.sub.4 H.sub.9).sub.3 P.sup.. CuI. This reaction is best
      carried out in the usual way in an ether-type solvent such as diethyl
      ether, dibutyl ether, tetrahydrofuran, and the like, at room temperature
      for a period of time of from two to eighteen hours. The intermediate
      magnesium halide-enolate adduct is then hydrolyzed in situ, preferably
      with ammonium chloride, at room temperature and the product (III) is
      isolated in the usual manner well known in the art.
PAR  Removal of the O-t-butyl blocking group from (III) to afford (IV) is
      conveniently effected by treatment with glacial trifluoroacetic acid at
      from -5.degree. to 10.degree.C. for a period of one to three hours. Since
      this procedure may lead to partial trifluoroacetylation of the free
      hydroxy function, it is preferably followed by treatment with aqueous
      ammonia (about 1.0 N concentration) for about 15 minutes at ambient
      temperatures. In order to ensure the formation of the depicted trans
      relationship between the two side-chains, the product can be further
      treated under alkaline or acidic conditions known to promote equilibration
      to the thermodynamically-favored transrelationship. Such conditions
      include treatment with potassium acetate in aqueous methanol for 96 hours
      at room temperature.
PAR  For the introduction of the various groups embraced by the above definition
      of X the 15-hydroxy derivative (IV) is converted to the corresponding
      15-alkylsulfonyloxy derivative (V) in the usual manner by reaction with an
      alkylsulfonic acid chloride, preferably methanesulfonyl chloride.
      Displacement of the sulfonyloxy function by reaction with metal halides,
      sodium azide, potassium thiocyanate and the potassium salt of a lower
      thioalkanoic acid provides the novel compounds of this invention defined
      by formula (VI). Further transformation provides other of the novel
      compounds of this invention. Thus, catalytic hydrogenation of the 15-azido
      derivative (VI, X'=N.sub.3) gives the 15-amino derivative (VII), and
      methanolic methoxide treatment of the 15-acetylthio derivative
      ##EQU4##
      gives the 15-mercapto derivative (VIII). Careful saponification of (VI),
      (VII), or (VIII) provides the carboxylic acids of this invention and
      reesterification provides other of the esters of this invention.
PAR  The 9-keto derivatives (IX) of this invention can be converted to the
      9-hydroxy derivatives. If this conversion is effected with sodium
      borohydride, the product is a mixture of 9.alpha. -and 9.beta.-hydroxy
      derivatives (XI + XII). When the reaction is carried out with lithium
      perhydro-9b-boraphenalyl hydride (X) [H. C. Brown and W. C. Dickason,
      Journ. Amer. Chem. Soc., 92, 709 (1970)] , the product is at least
      predominantly the 9.alpha.-hydroxy derivative (XI), wherein the 9-hydroxy
      group is cis to the adjacent side-chain bearing the carboxylic acid or
      ester function.
      ##EQU5##
PAR  All of the compounds of this invention can be isolated and purified by
      conventional methods. Isolation can be accomplished, for example, by
      dilution of the reaction mixture with water, extraction with a
      water-immiscible solvent such as methylene chloride, ethyl acetate,
      benzene, cyclohexane, ether, toluene and the like, chromatography,
      adsorption on ion-exchange resins, distillation, or a combination of
      these. Purification of the compounds of this invention can be accomplished
      by means known in the art for the purification of prostaglandins and
      lipids, fatty acids, and fatty esters. For example, reverse phase
      partition chromatography, countercurrent distribution adsorption
      chromatography on acid washed Florisil (synthetic magnesium silicate) and
      acid washed silica gel, preparative paper chromatography, preparative thin
      layer chromatography, chromatography over silver loaded cation exchange
      resins, and combinations thereof can be used effectively to purify the
      compounds produced by the processes of this invention.
PAR  All the novel compounds of this invention having assymmetric carbon atoms
      can be produced as racemic mixtures. These racemic mixtures can be
      resolved at appropriate stages by methods of resolution well known in the
      art. For example, acids can be treated with an optically active base such
      as cinchonine, quinine, brucine, d- or l -.alpha.-phenylethylamine and the
      like to produce diasteroisomeric salts which can be separated by
      crystallization. Alternatively, the acid may be esterified with an
      optically active alcohol, e.g., d- or l-menthol, estradiol 3-acetate,
      etc., and the diastereoisomeric esters then resolved.
PAR  Resolution of the racemic prostaglandin-like compounds of this invention
      can also be accomplished by reverse phase and absorption chromatography on
      an optically active support and adsorbent and by selective transformation
      of one isomer with a biologically-active prostaglandin transforming
      system. Such transformations can be carried out by incubation or perfusion
      using methods well established in the art, followed by isolation and
      recovery of the isomer resistant to the metabolic transformation applied.
      It is to be understood that the pictorial representation of the compounds
      of the present process is to be construed as inclusive of other forms
      including enantiomers and racemates, and not to be construed as limited to
      the particular forms shown.
PAR  It is also possible to prepare certain of the possible diastereomers by
      appropriate transformation from isomerically pure starting materials, in
      particular compounds (XIII) and (XIV), which are available from the sea
      coral Plexaura homomalla and which correspond to compound (IV) above.
PAR  Compound (XIII) has all its asymetric carbon atoms in the same
      configuration as found in the mammalian prostaglandins and is obtained by
      total hydrogenation of the prostaglandin A.sub.2 diester (XV) followed by
      saponification and reesterification. Compound (XIV) which has the 15R
      configuration has been reported by R. E. Spraggins [Dissertation submitted
      to the University of Oklahoma, 1970; Dissertation Abstracts 31.sup.1,
      3934B (1971)] and is prepared in the same way as (XIII) from the 15R
      diastereomer corresponding to (XV).
      ##EQU6##
PAR  The products of this invention have potential utility as hypotensive
      agents, agents for the inhibition of platelet aggregating,
      bronchodilators, antimicrobial agents, anticonvulsants, abortifacients,
      agents for the induction of labor, agents for the induction of menses,
      fertility-controlling agents, central nervous system regulatory agents,
      salt and water-retention regulatory agents, diuretics, fat metabolic
      regulatory agents and as serum-cholesterol lowering agents. Certain of the
      novel compounds of this invention possess utility as intermediates for the
      preparation of other of the novel compounds of this invention.
PAR  The compounds of this invention are effective inhibitors of gastric acid
      secretion and of ulcer development in experimental animals and thus are
      potentially valuable as agents for the control of gastric acid secretion,
      gastric erosion, and as anti-ulcer agents.
PAR  Gastric acid secretion inhibitory action is usally measured by the "Shay"
      techniques with some modification. [Shay, H., Sun, D. and Gruenstein, M.:
      "A quantitative method for measuring spontaneous gastric secretion in the
      rat," Gastroenterology 26. 906-913 (1954); Shay, H., Komarov, S. A., Fels,
      S. S., Meranze, D., Gruenstein, M. and Siplet, H.: "A simple method for
      the uniform production of gastric ulceration in the rat," Gastroenterology
      5: 43-61 (1945)]. The Shay rat assay has been cited in a recent
      authoritative review as "probably the best single test for prediction of
      clinical usefulness" [Brodie, Gastroenterology, 58, 125-134 (1968)].
PAR  This procedure as adapted in our laboratories was carried out as follows.
      The rats (male, CFE strain) were starved for 48 hours (water was given ad
      libitum) to permit evacuation of stomach contents. On the morning of the
      experiment, under ether anesthesia, the abdominal region was shaved and a
      midline incision (1-1 1/2 inches) was made with a scalpel. With the help
      of a closed curved hemostat the duodenum was picked up. Upon getting the
      duodenum into view, fingers were used to pull the stomach through the
      opening, the stomach was then gently manipulated with fingers to rid
      stomach of air and residual matter which were pushed through the pylorus.
      (This manipulation provides for enhanced and uniform acid secretion.) Two
      5-inch sutures were drawn under the pyloric-duodenal puncture. A ligature,
      at the juncture, was formed with one of the threads. A second ligature was
      also formed but not tightened.
PAR  The test compounds or the vehicle (usually 1 ml./100 g. body weight) were
      injected into the duodenum as close as possible to the first ligature.
      After injection the second ligature was tightened below the injection site
      to minimize leakage. The stomach was placed back through the opening into
      the abdominal cavity, the area of incision was washed with saline and the
      incision was closed with autoclips.
PAR  Three hours later, the rats were decapitated and exsanguinated, taking care
      that blood does not drain into the esophagus. The abdominal cavity was
      exposed by cutting with scissors and the esophagus close to the stomach
      was clamped off with a hemostat, the stomach was removed by cutting above
      the hemostat (the esophagus was cut) and between the two sutures.
      Extraneous tissue was removed, the stomach washed with saline and blotted
      on gauze. A slit was carefully made in the stomach held over a funnel and
      the contents were collected in a centrifuge tube. The stomach was further
      cut along the outside edge and turned inside-out. Two ml. of water were
      used to wash the stomach contents into the respective centrifuge tube. The
      combined stomach contents and wash were then centrifuged out for 10
      minutes in the International Size 2 Centrifuge (setting at 30). The
      supernatant was collected, volume measured and recorded, 2 drops of a
      phenolphthalein indicator 1% in 95% ethanol) were added and the solution
      was titrated with 0.02N NaOH (or with 0.04N NaOH when large volumes of
      stomach contents were encountered) to pH 8.4 (because of usual coloring of
      the stomach contents, phenolphthalein was merely used to permit visual
      indication that the end point was near) and the amount of acid present was
      calculated. Compounds inducing inhibition of gastric acid secretion of 20%
      or more are considered active. Representative results obtained with this
      assay are given in the following Table.
TBL                TABLE I                                                     

     ______________________________________                                    

     Inhibition of Gastric Acid Secretion in the Pylorus-                      

     ligated Rat ("Shay-Rat")                                                  

                           Intra-                                              

                           duodenal                                            

                           Dose,    %                                          

     Compound              mg./kg.  Inhibition                                 

     ______________________________________                                    

     Ethyl 9-oxo-15-azidoprostanoate                                           

                           100      52                                         

     9-Oxo-15-azidoprostanoic Acid                                             

                           100      30                                         

     Ethyl 9-oxo-15-mercaptoprostanoate                                        

                           200      32                                         

     Ethyl 9-oxo-15-chloroprostanoate                                          

                           100      24                                         

     Ethyl 9-oxo-15-thiocyanoprostanoate                                       

                           100      57                                         

     ______________________________________                                    

DETD
PAR  This invention will be described in greater detail in conjunction with the
      following specific examples.
PAC  EXAMPLE 1
PAC  Preparation of
      2-carbalkoxy(methyl/ethyl)-2-(4-carbethoxybutyl)-cyclopentan-1-one
PAR  To a stirred solution of the sodium cyclopentanone carboxylate enolate in
      dimethoxyethane, prepared from 187 g. (1.248 moles) of 2-cyclopentanone
      carboxylate (mixed methyl and ethyl esters), 52.4 g. (1.248 moles) sodium
      hydride (57.2% in mineral oil) and 1.6 l. of dimethoxyethane, is added
      dropwise 309 g. (1.212 moles) of ethyl 5-iodovalerate. The reaction
      mixture is stirred and heated at reflux for 18 hours. The mixture is
      cooled and filtered. The solvent is removed from the filtrate by
      evaporation and the residue is poured into dilute hydrochloric acid and
      extracted with ether. The combined extracts are washed with water and
      saline, dried over magnesium sulfate and evaporated to give an oil. The
      oil is distilled under reduced pressure to give 274 g. of a light yellow
      oil, b.p. 140.degree.-143.degree.C. (0.17 mm).
PAC  EXAMPLE 2
PAC  Preparation of 2-(4-carboxybutyl)cyclopentan-1-one
PAR  A stirred mixture of 274 g. of 2-carbalkoxy(mixed methyl and ethyl
      esters)-2-(4-carbethoxybutyl)cyclopentan-1-one (Example 1), 600 ml. of 20%
      hydrochloric acid and 325 ml. of acetic acid is heated at reflux for 20
      hours. Solution occurs in approximately 1/2 hour. The solution is cooled
      and diluted with water and extracted with ether. The combined extracts are
      washed with saline and dried over magnesium sulfate and evaporated. The
      residue is evaporated twice with toluene to give 144 g. of an oil.
PAC  EXAMPLE 3
PAC  Preparation of 2-(4-carbethoxybutyl)cyclopentan-1-one
PAR  A stirred solution of 124 g. (0.673 mole) of
      2-(4-carboxybutyl)cyclopentan-1-one (Example 2), 800 ml. of ethanol and 1
      g. of p-toluenesulfonic acid monohydrate is heated at reflux for 18 hours.
      The solvent is evaporated and the residue is dissolved in ether. The ether
      solution is washed with saline, dilute sodium bicarbonate solution and
      again with saline, dried over magnesium sulfate and evaporated. The oil is
      distilled under reduced pressure to give 149 g. of a colorless oil, b.p.
      106.degree.-109.degree.C. (0.23 mm).
PAC  EXAMPLE 4
PAC  Preparation of
      2-carbalkoxy(methyl/ethyl)-2-(3-carbethoxypropyl)cyclopentan-1-one
PAR  In the manner described in Example 1, treatment of 2-cyclopentanone
      carboxylate (mixed methyl and ethyl esters) with sodium hydride in
      dimethoxyethane followed by ethyl 4-iodobutyrate gives a yellow oil, b.p.
      136.degree.-137.degree.C. (0.16 mm).
PAC  EXAMPLE 5
PAC  Preparation of 2-(3-carboxypropyl)cyclopentan-1-one
PAR  In the manner described in Example 2, treatment of 2-carbalkoxy(mixed
      methyl and ethyl esters)-2-(3-carbethoxypropyl)cyclopentan-1-one (Example
      4) with a 20% hydrochloric acid and acetic acid mixture gives a yellow
      oil.
PAC  EXAMPLE 6
PAC  Preparation of 2-(3-carbethoxypropyl)cyclopentan-1-one
PAR  In the manner described in Example 3, treatment of
      2-(3-carboxypropyl)cyclopentan-1-one (Example 5) with p-toluene sulfonic
      acid monohydrate in ethanol gives a colorless oil, b.p. 93.degree.C. (0.10
      mm).
PAC  EXAMPLE 7
PAC  Preparation of ethyl and methyl
      2-(6-carbethoxyhexyl)-1-cyclopentanon-2-carboxylate
PAR  In the manner described in Example 1, ethyl and methyl 2-cyclopentanone
      carboxylate is reacted with ethyl 7-bromoheptanoate to furnish the subject
      product, b.p. 147.degree.C. (0.09 mm).
PAC  EXAMPLE 8
PAC  Preparation of 2-(6-carboxyhexyl)cyclopentan-1-one
PAR  In the manner described in Example 2, ethyl and methyl
      2-(6-carbethoxyhexyl)-1-cyclopentanone-2-carboxylate (Example 7) is
      hydrolyzed to furnish the subject product, b.p. 143.degree.C. (0.05 mm).
PAC  EXAMPLE 9
PAC  Preparation of 2-(6-carbethoxyhexyl)cyclopentan-1-one
PAR  In the manner described in Example 3, 2-(6-carboxyhexyl)cyclopentan-1-one
      (Example 8) is esterified to furnish the subject product, b.p.
      110.degree.C. (0.03 mm).
PAC  EXAMPLE 10
PAC  Preparation of 1-acetoxy-2-(6-carbethoxyhexyl)cyclopent-1-ene
PAR  A stirred solution of 100 g. of 2-(6-carbethoxyhexyl)-cyclopentan-1-one
      (Example 9) in 250 ml. of acetic anhydride containing 0.940 g. of
      p-toluenesulfonic acid monohydrate is heated to boiling under partial
      reflux allowing distillate at 118.degree.C. or less (i.e., acetic acid) to
      escape through a Vigreaux column equipped with a condenser to collect the
      distillate. After 16 hours, during which period acetic anhydride is added
      in portions in order to keep the solvent level at at least 100 ml., the
      solution is cooled and poured cautiously into a stirred cold mixture of
      saturated sodium bicarbonate solution (400 ml.) and hexane (250 ml.). The
      resulting mixture is stirred for an additional 30 minutes during which
      period solid sodium bicarbonate is added periodically to insure a basic
      solution. The hexane layer is separated and washed with saturated sodium
      chloride solution, dried with anhydrous magnesium sulfate and taken to
      dryness. Distillation of the residual oil gives 102 g. (87%) of pale
      yellow oil, b.p. 118.degree.C. (0.07 mm).
PAC  EXAMPLE 11
PAC  Preparation of 1-acetoxy-2-(3-carbethoxypropyl)cyclopent-1-ene
PAR  In the manner described in Example 10, treatment of
      2-(3-carbethoxypropyl)cyclopentan-1-one (Example 6) with acetic anhydride
      and p-toluenesulfonic acid monohydrate gives a yellow oil, b.p.
      98.degree.-103.degree.C. (0.35 mm).
PAC  EXAMPLE 12
PAC  Preparation of 1-acetoxy-2-(4-carbethoxybutyl)cyclopent-1-ene
PAR  In the manner described in Example 10, treatment of
      2-(4-carbethoxybutyl)cyclopentan-1-one (Example 3) with acetic anhydride
      and p-toluenesulfonic acid monohydrate gives a yellow oil, b.p.
      109.degree.-110.degree.C. (0.37 mm).
PAC  EXAMPLE 13
PAC  Preparation of 2-(6-carbethoxyhexyl)cyclopent-2-en-1-one
PAR  To a rapidly stirred mixture of 50 g. of
      1-acetoxy-2-(6-carbethoxyhexyl)cyclopent-1-ene (Example 10) in 150 ml. of
      chloroform, 200 ml. of water and 18.8 g. of calcium carbonate, cooled in
      an ice bath, is added dropwise over a period of about 30 minutes, a
      solution of 30 g. of bromine in 50 ml. of carbon tetrachloride. After
      stirring for an additional 45 minutes the chloroform layer is separated
      and washed successively with dilute sodium thiosulfate solution, saturated
      sodium chloride solution, dried with anhydrous magnesium sulfate and taken
      to dryness under reduced pressure.
PAR  The residual oil is dissolved in 50 ml. of N,N-dimethylformamide and added
      to a mixture of 33 g. of lithium bromide and 32 g. of lithium carbonate in
      375 ml. of N,N-dimethylformamide, previously dried by refluxing with 375
      ml. of benzene under a Dean-Stark apparatus followed by distillation of
      the benzene. The mixture is stirred at the reflux temperature for 30
      minutes, then cooled and poured into 850 ml. of ice-cold water. The
      resulting mixture is acidified (cautiously) with 4N hydrochloric acid and
      extracted with ether three times. The combined ether extracts are washed
      with saturated sodium chloride solution, dried with anhydrous magnesium
      sulfate and taken to dryness under reduced pressure to afford 41.5 g. of
      an amber oil. In order to convert any isomeric material to the desired
      product, 41.5 g. of the above material is treated with 0.500 g. of
      p-toluenesulfonic acid monohydrate in 450 ml. of absolute alcohol at the
      reflux temperature for 18 hours. The solution is taken to dryness under
      reduced pressure. The resulting gum is dissolved in ether and washed with
      saturated sodium bicarbonate solution, saturated sodium chloride solution,
      dried with anhydrous magnesium sulfate and taken to dryness under reduced
      pressure. The residual oil is distilled to give 30.2 g. of product; b.p.
      118.degree.C. (0.05 mm); .lambda..sub.max.sup.MeOH 229
      m.epsilon.(.mu.9950); .lambda..sub.max 5.75, 5.85, 6.15, 8.45 .epsilon.;
      vapor phase chromatography shows 99% product, containing 1%
      2-(6-carbethoxyhexyl)cyclopentan-1-one.
PAR  This product can be purified by the following procedure. A mixture of 120
      g. of 2-(6carbethoxyhexyl)-2-cyclopentenone, containing approximately 5%
      of the saturated analogue, and 7.67 g. (10 mole percent) of
      p-carboxyphenylhydrazine in 400 ml. of absolute ethanol is stirred at
      ambient temperatures for 18 hours and is then refluxed for 1 hour. The
      mixture is cooled, the solvent is evaporated, and the residue is taken up
      into 150 ml. of chloroform and passed through a column of 450 g. of
      aluminum oxide (Merck). The filtrate is evaporated to yield a colorless
      oil containing &lt;0.5% of the saturated impurity.
PAC  EXAMPLE 14
PAC  Preparation of 2-(3-carbethoxypropyl)cyclopent-2-en-1-one
PAR  In the manner described in Example 13, bromination of
      1-acetoxy-2-(3-carbethoxypropyl)cyclopent-1-ene (Example 11) followed by
      dehydrobromination with lithium bromide and lithium carbonate is
      productive of the subject compound.
PAC  EXAMPLE 15
PAC  Preparation of 2-(4-carbethoxybutyl)cyclopent-2-en-1-one
PAR  In the manner described in Example 13, treatment of
      1-acetoxy-2-(4-carbethoxybutyl)cyclopent-1-ene (Example 12) with bromine
      and subsequent treatment of the brominated product with a mixture of
      lithium bromide and lithium carbonate in N,N-dimethylformamide is
      productive of the subject compound. Treatment of this product with
      p-carboxyphenylhydrazine by the procedure of Example 13 furnishes a
      product which contains less than 0.5% of the corresponding saturated
      ketone.
PAC  EXAMPLE 16
PAC  Preparation of 1-methoximino-2-(6-carbethoxyhexyl)-2-cyclopentene
PAR  To a mixture of 35.97 g. (0.151 mole) of
      2-(6-carbethoxyhexyl)-2-cyclopentenone (Example 13) and 15.0 g. (0.180
      mole) of methoxyamine hydrochloride in 300 ml. of absolute ethanol is
      added 25 ml. of pyridine and the resulting solution is stirred for 20
      hours at ambient temperatures. The solvent is evaporated and the residue
      is partitioned between water and diethyl ether. The organic phase is
      washed with water and saturated brine, dried (Na.sub.2 SO.sub.4), and the
      solvent is evaporated to yield an oil. Distillation yields 38.7 g. of a
      colorless oil, b.p. 115.degree.-118.degree.C. (0.075 mm). IR (film): 1740,
      1627, 1053, 890 cm.sup.-.sup.1. .lambda. .sub.max (MeOH) 243 (13,000).
      NMR.delta.(CDCl.sub.3): 3.89.
PAC  EXAMPLE 17
PAC  Preparation of 1-methoximino-2-(7-hydroxyheptyl)-2-cyclopentene
PAR  To an ice cooled solution of 34.10 g. (0.128 mole) of
      1-methoximino-2-(6-carbethoxyhexyl)-2-cyclopentene (Example 16) in 200 ml.
      of benzene under nitrogen is added dropwise 225 ml. of a 25% solution of
      diisobutyl aluminum hydride in hexane. The resulting solution is stirred
      for 2 hours at 0.degree.-5.degree.C., poured onto ice and dilute
      hydrochloric acid, and the aqueous phase is saturated with sodium
      chloride. The organic phase is separated, washed with saturated brine,
      dried (Na.sub.2 SO.sub.4), and evaporated to yield an oil. The latter is
      dissolved in 100 ml. of hot hexane and cooled to yield 24.3 g. of
      crystals, m.p. 62.degree.-64.degree.C. IR (KBr) 3260, 1630, 1059, 893
      cm.sup.-.sup.1. .lambda..sub.max 243 (14,200). NMR (CDCl.sub.3) .delta.:
      2.37.
PAC  EXAMPLE 18
PAC  Preparation of
      1-methoximino-2-(7-p-toluenesulfonyloxyheptyl)-2-cyclopentene
PAR  To a solution of 5.00 g. (0.0222 mole) of
      1-methoximino-2-(7-hydroxyheptyl)-2-cyclopentene (Example 17 ) in 50 ml.
      of dry pyridine at 0.degree.C. is added 8.45 g. (0.0444 mole) of
      p-toluene-sulfonyl chloride and the resulting solution is chilled at
      5.degree.C. overnight. The mixture is partitioned between 300 ml. of ice
      water and diethyl ether. The organic phase is washed with 1:1 ice cold
      hydrochloric acid, cold water, and cold saturated brine, dried (NaSO.sub.4
      /K.sub.2 CO.sub.3), and evaporated under reduced pressure at room
      temperature to yield an oil. The latter is dissolved in 600 ml. of hexane,
      treated with 0.5 g. of Darco, filtered and evaporated to yield 7.7 g. of a
      colorless oil. IR (film) 1600, 1192, 1182, 1053, 890 cm.sup.-.sup.1.
      .lambda..sub.max (MeOH) 228 and 243.
PAC  EXAMPLE 19
PAC  Preparation of 1-methoximino-2-(8,8-dicarbethoxyoctyl)-2-cyclopentene
PAR  To an alcoholic solution of sodiodiethyl malonate, prepared from 0.847 g.
      (0.0368 g. atoms) of sodium, 100 ml. of absolute ethanol, and 7.05 g.
      (0.0440 mole) of diethyl malonate is added 7.7 g. of the tosylate of
      Example 18 and the mixture is refluxed for 2 hours under a nitrogen
      atmosphere. The mixture is partitioned between cold dilute hydrochloric
      acid and diethyl ether, and the organic phase is washed with water and
      saturated brine, dried (Na.sub.2 SO.sub.4), and evaporated to yield an
      oil. The excess diethyl malonate is distilled off under reduced pressure
      to yield 6.45 g. of a yellowish oil. IR (film) 1755, 1728, 1625, 1054, 890
      cm.sup.-.sup.1.
PAC  EXAMPLE 20
PAC  Preparation of 1-methoximino-2-(8,8-dicarboxyoctyl)-2-cyclopentene
PAR  A mixture of 6.45 g. of the diester of Example 19 and 6.72 g. of potassium
      hydroxide in 150 ml. of 1:1 aqueous methanol is refluxed for 1 hour,
      cooled, and is partitioned between water and diethyl ether. The aqueous
      phase is acidified with hydrochloric acid, extracted with ether, and the
      organic phase is washed with water and saturated brine, dried (Na.sub.2
      SO.sub.4) and evaporated to yield a solid. The solid is crystallized from
      benzene to yield 4.15 g. of tan crystals, m.p. 135.degree.-137.degree.C.
      (--CO.sub.2).
PAC  EXAMPLE 21
PAC  Preparation of 1-methoximino-2-(8-carboxyoctyl)-2-cyclopentene
PAR  A solution of 3.926 g. (0.0126 mole) of the diacid of Example 20 in 20 ml.
      of xylene is refluxed for 1.5 hours, cooled, and evaporated to yield a tan
      solid. IR (KBr) 1720, 1618, 1179, 1050, 986 cm.sup.-.sup.1.
PAC  EXAMPLE 22
PAC  Preparation of 2-(8-carboxyoctyl)cycopent-2-en-1-one
PAR  The acid methoxime from Example 21 is refluxed for 5 hours with 55 ml. of
      acetone and 20 ml. of 2N hydrochloric acid. The mixture is cooled, the
      solvent is evaporated, and the residue is partitioned between water and
      diethyl ether. The organic phase is washed with water and saturated brine,
      dried (Na.sub.2 SO.sub.4), and evaporated to yield a tan solid. IR (KBr)
      1745, 1665 cm.sup.-.sup.1. .lambda.max ((MeOH) 228 (12,600).
PAC  EXAMPLE 23
PAC  Preparation of 2-(8-carbethoxyoctyl)cyclopent-2-en-1-one
PAR  The acid ketone from Example 22 is Fisher esterified with 100 ml. of
      absolute ethanol, 100 ml. of benzene, and 20 mg. of p-toluenesulfonic acid
      for 6 hours, cooled, and the solvent is evaporated. The resulting oil is
      dissolved in 3:1 benzene-ether and the solution is passed through a column
      of 100 g. of Florisil. The filtrate is evaporated and the residue is
      distilled to yield 2.97 g. of a colorless oil, b.p.
      137.degree.-139.degree.C. (0.05 Torr).
PAC  EXAMPLE 24
PAC  Preparation of 1-methoximino-2-(5-cyanopentyl)-2-cyclopentene
PAR  A mixture of 2.75 g. (0.01 mole of
      1-methoximino-2-(5-methanesulfonyloxypentyl)-2-cyclopentene (Example 34)
      and 1.47 g. (0.03 mole) of sodium cyanide in 20 ml. of dry
      N,N-dimethylformamide is heated at 65.degree.-70.degree.C. for 3 hours.
      The cooled reaction mixture is poured into water and extracted with
      diethyl ether. The organic phase is washed with water and saturated saline
      solution, dried (MgSO.sub.4), and evaporated to give 1.89 g. of a light
      yellow oil.
PAC  EXAMPLE 25
PAC  Preparation of 1-methoximino-2-(5-carboxypentyl)-2-cyclopentene
PAR  A mixture of 1.89 g. (0.0092 mole) of
      1-methoximino-2-(5-cyanopentyl)-2-cyclopentene (Example 24) and 1 g.
      (0.025 mole) of sodium hydroxide in 50 ml. of 1:1 aqueous-ethanol is
      refluxed for 48 hours, cooled, and partitioned between water and diethyl
      ether. The aqueous phase is acidified with hydrochloric acid, extracted
      with diethyl ether, and the organic phase is washed with water and
      saturated saline solution, dried (MgSO.sub.4), and evaporated to give 1.86
      g. of a yellow oil.
PAC  EXAMPLE 26
PAC  Preparation of 2-(5-carboxypentyl)-2-cyclopentenone
PAR  A solution of 1.86 g. (0.00825 mole)
      1-methoximino-2-(5-carboxypentyl)-2-cyclopentene (Example 25) in 44 ml. of
      acetone and 13.1 ml. of 2N hydrochloric acid is refluxed for 5 hours. The
      solvent is partially evaporated and a solid precipitates and is collected.
      The residue is extracted with diethyl ether and the organic phase is
      washed with saturated saline solution, dried (MgSO.sub.4), and evaporated
      to yield additional solid. The combined solid material is crystallized
      from ether/pet ether (30.degree.-60.degree.C) to yield crystalline
      material, m.p. 70.degree.-72.degree.C.
PAC  EXAMPLE 27
PAC  Preparation of 2-(5-carbethoxypentyl)-2-cyclopentenone
PAR  A solution of 1.309 g. (0.00668 mole) of
      2-(5-carboxypentyl)-2-cyclopentenone (Example 26) and 90 mg. of
      p-toluenesulfonic acid in 150 ml. of ethanol is refluxed for 18 hours. The
      solvent is evaporated and the residue is dissolved in ether. The organic
      phase is washed with water, sodium bicarbonate solution, and saturated
      saline solution, dried (MGSO.sub.4), and evaporated to give 1.371 g. of a
      light yellow oil.
PAC  EXAMPLE 28
PAC  Preparation of 2-(5-acetoxypentyl)-2-carbomethoxy/carbethoxycyclopentanone
PAR  A mixture of sodiocyclopentanone carboxylate, prepared from 1200 g. (8.0
      moles) of cyclopentanone carboxylate (methyl and ethyl esters) and 200 g.
      (8.3 moles) of mineral oil free sodium hydride in 10 l. of
      1,2-dimethoxyethane, 1320 g. (8.0 moles) of 5-chloro-1-amyl acetate [M. E.
      Synerholm, Journ. Amer. Chem. Soc., 69, 2681 (1947)], and 1200 g. (8.0
      moles) of sodium iodide is refluxed under nitrogen for 18 hours. The
      mixture is cooled, concentrated to 4 l. and partitioned between dilute
      hydrochloric acid and diethyl ether. The organic phase is washed with
      water and saturated brine, dried (MgSO.sub.4), and evaporated to yield
      1920 g. of an oil.
PAC  EXAMPLE 29
PAC  Preparation of
      2-(5-hydroxypentyl)cyclopentanone/2-(5-acetoxypentyl)-cyclopentanone
PAR  A mixture of 4,500 g. (16.2 moles) of
      2-(5-acetoxypentyl)-2-carbomethoxy/carboethoxy-cyclopentanone (Example
      28), 2.2 l. of glacial acetic acid, 1 l. of concentrated hydrochloric
      acid, and 1 l. of water is refluxed for 18 hours, cooled, and partitioned
      between saturated brine and benzene. The organic phase is washed with
      saturated brine, dried (MgSO.sub.4), and evaporated in vacuo to yield 3155
      g. of an oil.
PAC  EXAMPLE 30
PAC  Preparation of 1-acetoxy-2-(5-acetoxypentyl)-1-cyclopentene
PAR  A solution of 400 g. (2.04 moles) of a mixture of
      2-(5-hydroxypentyl)cyclopentanone and 2-(5-acetoxypentyl)cyclopentanone
      (Example 29) and 4.0 g. of p-toluenesulfonic acid monohydrate in 1 l. of
      acetic anhydride is refluxed at a rate to maintain a steady distillation
      of acetic acid from the reaction through a helix-packed fractionation
      column. The reaction is continued with the addition of acetic anhydride to
      maintain a constant volume until complete conversion of starting materials
      to product is evident. The mixture is cooled and partitioned between 2 l.
      of hexane and 3 l. of cold water containing solid sodium bicarbonate to
      maintain a neutral pH. The organic phase is washed with saturated brine,
      dried (MgSO.sub.4), and evaporated to yield 452 g. of an oil.
PAC  EXAMPLE 31
PAC  Preparation of 2-(5-acetoxypentyl)-2-cyclopentenone
PAR  To a well stirred mixture of 405 g. (4.05 moles) of calcium carbonate, 3 l.
      of water, and 2.5 l. of chloroform cooled to 5.degree.C. is added
      simultaneously 1016 g. (4.0 moles) of
      1-acetoxy-2-(5-acetoxy-pentyl)-1-cyclopentene (Example 30) and a solution
      of 648 g. (4.05 moles) of bromine in 500 ml. of carbon tetrachloride at a
      rate to maintain a temperature below 10.degree.C. The mixture is stirred
      for half an hour after addition of the reagents and the phases are then
      separated. The organic phase is washed with 2% sodium thiosulfate
      solution, water, and saturated brine, dried (MgSO.sub.4), and evaporated
      in vacuo to an oil. The oil is immediately added to a refluxing slurry of
      500 g. (5.0 moles) of calcium carbonate in 2.5 l. of N,N-dimethylacetamide
      under nitrogen and the mixture is then refluxed for thirty minutes. The
      mixture is cooled, filtered, and partitioned between water and diethyl
      ether. The organic phase is washed with water and saturated brine, dried
      (MgSO.sub.4), and evaporated to yield 757 g. of an oil, b.p.
      116.degree.-118.degree.C. (0.25 mm.).
PAC  EXAMPLE 32
PAC  Preparation of 1-methoximino-2-(5-acetoxypentyl)-2-cyclopentene
PAR  In the manner described for Example 16,
      2-(5-acetoxypentyl)-2-cyclopentenone (Example 31) is treated with
      methoxyamine hydrochloride in pyridine and ethanol to yield the subject
      compound, b.p. 101.degree.-103.degree.C. (0.20 mm.).
PAC  EXAMPLE 33
PAC  Preparation of 1-methoximino-2-(5-hydroxypentyl)-2-cyclopentene
PAR  A mixture of 74 g. (0.22 mole) of
      1-methoximino-2-(5-acetoxypentyl)-2-cyclopentene (Example 32) and 56 g.
      (1.0 mole) of potassium hydroxide in 300 ml. of 1:1 aqueous methanol is
      refluxed for 2 hours and then cooled. The solvent is partially removed in
      vacuo and the residue is partitioned between saturated brine and diethyl
      ether. The organic phase is washed with saturated brine, dried
      (MgSO.sub.4), and evaporated to yield an oil which crystallized, m.p.
      35.degree.-36.degree.C.
PAC  EXAMPLE 34
PAC  Preparation of 1-methoximino-2-(5-methanesulfonyloxypentyl)-2-cyclopentene
PAR  To a cold solution of 9.85 g. (0.05 mole) of
      1-methoximino-2-(5-hydroxypentyl)-2-cyclopentene (Example 33) and 7.6 g.
      (0.075 mole) of triethylamine in 100 ml. of methylene chloride at
      -10.degree.C. is added 6.3 g. (0.055 mole) of methanesulfonyl chloride at
      a rate to maintain a temperature of -10.degree. to 0.degree.C. The mixture
      is then stirred for 15 minutes and then poured into ice water. The organic
      phase is washed with cold 10% hydrochloric acid, cold saturated sodium
      bicarbonate solution, and cold saturated brine, dried (MgSO.sub.4), and
      evaporated to yield a solid, m.p. 78.degree.-80.degree.C.
PAC  EXAMPLE 35
PAC  Preparation of 1-methoximino-2-(6,6-dicarbethoxyhexyl)-2-cyclopentene
PAR  To a suspension of sodiodiethylmalonate in 1,2-dimethoxyethane, prepared
      from 248 g. (1.55 moles) of diethyl malonate and 17.2 g. (0.95 mole) of
      mineral oil free sodium hydride in 1 l. of 1,2-dimethoxyethane under
      nitrogen, is added 170 g. (0.62 mole) of
      1-methoximino-2-(5-methanesulfonyloxypentyl)-2-cyclopentene (Example 34)
      in 1.5 l. of 1,2-dimethoxyethane and the mixture is refluxed for 5 hours.
      The mixture is cooled, filtered, and the solvent is evaporated. The
      residue is partitioned between cold dilute hydrochloric acid and water,
      and the organic phase is washed with saturated brine, dried (MgSO.sub.4),
      and evaporated to remove solvent and excess diethyl malonate to yield 209
      g. of an oil.
PAC  EXAMPLE 36
PAC  Preparation of 1-methoximino-2-(6,6-dicarboxyhexyl)-2-cyclopentene
PAR  In the manner described in Example 20,
      1-methoximino-2-(6,6-dicarbethoxyhexyl)-2-cyclopentene is treated with
      potassium hydroxide in 1:1 aqueous methanol and then hydrochloric acid to
      yield the desired compound as crystals from diethyl ether, m.p.
      110.degree.-115.degree.C.
PAC  EXAMPLE 37
PAC  Preparation of 1-methoximino-2-(6-carboxyhexyl)-2-cyclopentene
PAR  A solution of 141 g. (0.50 mole) of
      1-methoximino-2-(6,6-dicarboxyhexyl)-2-cyclopentene in 500 ml. of
      bis-(2-methoxyethyl) ether is refluxed for 2 hours, cooled, and evaporated
      to yield an oil. The latter is crystallized from hexane to yield 92 g. of
      solid, m.p. 70.degree.-72.degree.C.
PAC  EXAMPLE 38
PAC  Preparation of 2-(6-carboxyhexyl)-2-cyclopentenone
PAR  In the manner described in Example 22, treatment of
      1-methoximino-2-(6-carboxyhexyl)-2-cyclopentene (Example 37) with acetone
      and 2N hydrochloric acid at reflux provides the subject compound.
PAC  EXAMPLE 39
PAC  Preparation of 2-(6-carbethoxyhexyl)-2-cyclopentenone
PAR  Fischer estification of 2-(6-carboxyhexyl)-2-cyclopentenone (Example 38) in
      the manner of Example 23 provides the subject compound.
PAC  EXAMPLE 40
PAC  Preparation of 2-(7-cyanoheptyl)-1-methoximino-2-cyclopentene
PAR  Treatment of 1-methoximino-2-(7-p-toluenesulfonyloxy)-2-cyclopentene
      (Example 18) with sodium cyanide in the manner of Example 24 is productive
      of the subject compound.
PAC  EXAMPLE 41
PAC  Preparation of 2-(7-carboxyheptyl)-1-methoximino-2-cyclopentene
PAR  Alkaline hydrolysis of 2-(7-cyanoheptyl)-1-methoximino-2-cyclopentene
      (Example 40) by the procedure of Example 25 is productive of the subject
      compound.
PAC  EXAMPLE 42
PAC  Preparation of 2-(7-carboxyheptyl)-2-cyclopenten-1-one
PAR  Hydrolysis of the methoxime of Example 41 with acetone-hydrochloric acid by
      the procedure of Example 26 is productive of the subject compound.
PAC  EXAMPLE 43
PAC  Preparation of 2-(7-carbethoxyheptyl)-2-cyclopenten-1-one
PAR  Fisher estification of the carboxylic acid of Example 42 by the procedure
      of Example 27 is productive of the subject compound.
PAC  EXAMPLE 44
PAC  Preparation of 2-(6-carbo-n-butoxyhexyl)cyclopent-2-en-1-one
PAR  A solution of 50 g. of 2-(6-carboxyhexyl)cyclopent-2-en-1-one [Bagli et
      al., Tetrahedron Letters, No. 5, 465 (1966)] in 1400 ml. of n-butanol
      containing 2.7 g. of p-toluenesulfonic acid monohydrate is allowed to
      stand at room temperature in a stoppered flask for about 24 hours. The
      solution is taken to dryness. The residue is taken up in ether and the
      ethereal solution is washed several times with saline solution, dried with
      anhydrous magnesium sulfate, and taken to dryness to afford the subject
      butyl ester.
PAC  EXAMPLES 45-47
PAR  Treatment of 2-(6-carboxyhexyl)cyclopent-2-en-1-one by the procedure of
      Example 44 with the appropriate alcohol affords the esters of the
      following table.
TBL                TABLE I                                                     

     ______________________________________                                    

     Ex.   Alcohol     Product Ester                                           

     ______________________________________                                    

     45   iso-      2-(6-carboisopropoxyhexyl)cyclopent-2-                     

          propanol                                                             

     en-1-one                                                                  

     46   methanol  2-(6-carbomethoxyhexyl)cyclopent-2-en-                     

     1-one                                                                     

     47   1-hydroxy-                                                           

                    2-(6-carbo-n-decyloxyhexyl)cyclopent-2-                    

     n-decane                                                                  

     en-1-one                                                                  

     ______________________________________                                    

PAC  EXAMPLE 48
PAC  Preparation of 3-(tert-butoxy)-1-iodooctane
PAR  Into a solution of 16.7 g. of 1-iodo-3-octanol [Shriner et al., J. Org.
      Chem. 4, 103 (1939)] in 250 ml. of methylene chloride is bubbled
      isobutylene at a fast rate until the solution is saturated. The solution
      is cooled and 2 ml. of concentrated sulfuric acid is added. The solution
      is stoppered and allowed to stand at room temperature for 3 days. After
      the solution is poured into 300 ml. of 5% sodium carbonate, the organic
      phase is separated, washed with brine, dried with anhydrous magnesium
      sulfate and evaporated to dryness. Distillation gave 13.9 g. (68%) of
      product, b.p. 59.degree.C. (0.008 mm).
PAC  EXAMPLE 49
PAC  Preparation of 15-(tert-butoxy)-9-oxoprostanoic acid, ethyl ester
PAR  To a Grignard solution, prepared from 5.05 g. of magnesium and 65.8 g. of
      3-(tert-butoxy)-1-iodooctane in 150 ml. of diethyl ether under nitrogen
      atmosphere, is added 4.0 g. of copper iodide-tri-n-butylphosphine complex
      followed by dropwise addition of 49 g. of
      2-(6-carbethoxyhexyl)cyclopent-2-en-1-one [Hardegger et al., Helv. Chim.
      Acta 50, 2501 (1967)] and the resulting mixture is stirred for 18 hours.
      Saturated ammonium chloride (110 ml.) is added followed by 100 ml. of
      water and 100 ml. of diethyl ether. Unreacted magnesium is removed by
      filtration. The ethereal layer is washed successively with aqueous sodium
      thiosulfate solution, ammonium chloride solution, and water, dried over
      magnesium sulfate and taken to dryness to give an oil. Distillation at
      0.05 mm. (bath 100.degree.-185.degree.C.) gives 45.4 g. of material
      containing unreacted starting material and 30 g. (85% yield based on
      non-recovered starting material; see below) of residue which contains the
      desired product. This material is chromatographed on silica gel. The
      product is eluted with diethyl ether to give 25.2 g. (71% based on
      recovered starting material) of a syrup; this material has no significant
      ultraviolet absorption; .lambda..sub.max.sup.KBr 5.74, 7.20, 7.35, 8.35
      .mu.; nmr 2H quartet .delta.4.09 (OCH.sub.2 of ester), 1H broad singlet
      3.57 (carbinolic proton), 5H overlapping multiplets 2.0-2.4 (protons next
      to C=O ), 3H triplet 1.22 (CH.sub.3 of ethyl), 9H singlet 1.17 (CH.sub.3
      's to t-butyl) and 3H triplet 0.9 (terminal methyl); mass spectrum: m/e
      424.
PAC  EXAMPLE 50
PAC  Preparation of 15-hydroxy-9-oxoprostanoic acid, ethyl ester
PAR  A solution of 25 g. of 15-(tert-butoxy)-9-oxoprostanoic acid, ethyl ester
      in 100 ml. of trifluoroacetic acid is stirred in an ice bath for 1 hour
      and is then poured into 500 ml. of ice water and extracted several times
      with chloroform. The combined chloroform extracts are washed with
      saturated sodium bicarbonate solution, saturated sodium chloride solution,
      dried with anhydrous magnesium sulfate, and taken to dryness. The
      resulting oil is dissolved in 200 ml. of 1N ammonium hydroxide in ethanol,
      kept at ambient temperature for 15 minutes, then taken to dryness. The
      residual oil is dissolved in chloroform and washed with 1N hydrochloric
      acid, saturated sodium chloride solution, dried and taken to dryness to
      give 21.7 g. (100%) of product as a yellow syrup. There is essentially no
      uv absorption; .lambda..sub.max.sup.KBr 2.90, 5.75, 8.45 .mu.; nmr 2H
      quartet .delta.4.13 (OCH.sub.2 of ester), 1H broad singlet 3.63
      (carbinolic proton), 3H triplet (CH.sub.3 of ester), and 3H distorted
      triplet 0.92 (terminal methyl); mass spectrum: m/e 368.
PAC  EXAMPLE 51
PAC  Preparation of 3-(tert-butoxy)-1-iodohexane
PAR  A mixture of 23.4 g. of 1-chloro-3-hexanol [Fourneau, et. al., Bull. Soc.
      Chem. France, 25, 367 (1919)] in 300 ml. of 2-butanone containing 30 g. of
      sodium iodide is stirred at the reflux temperature for 18 hours. The
      cooled solution is filtered and the mother liquor is taken to dryness.
      Distillation of the residue affords 32.9 g. (84%) of 1-iodo-3-hexanol,
      b.p. 105.degree.C. (10 mm). Treatment of this material in 500 ml. of
      methylene chloride, containing 4 ml. of concentrated sulfuric acid, with
      isobutylene according to the procedure described in Example 48 gives 27 g.
      of crude material. Chromatography on florisil affords 16 g. of product;
      .lambda.max. 7.22 and 7.37 .mu. (tert-butyl group).
PAC  EXAMPLES 52-70
PAR  Treatment of the various cyclopentenone esters listed in Table II below
      with the 3-t-butoxyalkyl magnesium iodide, also listed in the table, in
      the presence of tributylphosphine cuprous iodide complex all in the manner
      described in Example 49 above is productive of the
      15-(tert-butoxy)-9-oxoprostanoates of the table.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

          Starting cyclo-                                                      

          pentenone of       Product                                           

     Example                                                                   

          Example  Grignard Reagent                                            

                             15-(tert-butoxy)-9-oxo-prostanoates               

     __________________________________________________________________________

     52   13       3-t-butoxyhexyl                                             

                             Ethyl 9-oxo-15-t-butoxy-19,20-dinor-              

                   magnesium iodide                                            

                             prostanoate                                       

     53   14       "         Ethyl 9-oxo-15-t-butoxy-5,6,7,19,20-              

                             pentanor-prostanoate                              

     54   15       "         Ethyl 9-oxo-15-t-butoxy-6,7,19,20-                

                             tetranor-prostanoate                              

     55   23       "         Ethyl 9-oxo-15-t-butoxy-7a,7b-bishomo-            

                             19,20-dinor-prostanoate                           

     56   27       "         Ethyl 9-oxo-15-t-butoxy-7,19,20-trinor-           

                             prostanoate                                       

     57   43       "         Ethyl 9-oxo-15-t-butoxy-7a-homo-19,20-            

                             dinor-prostanoate                                 

     58   44       "         Butyl 9-oxo-15-t-butoxy-19,20-dinor-              

                             prostanoate                                       

     59   45       "         Isopropyl 9-oxo-15-t-butoxy-19,20-dinor-          

                             prostanoate                                       

     60   46       3-t-butoxyhexyl                                             

                             Methyl 9-oxo-15-t-butoxy-19,20-dinor-             

                   magnesium iodide                                            

                             prostanoate                                       

     61   47       "         Decyl 9-oxo-15-t-butoxy-19,20-dinor-              

                             prostanoate                                       

     62   14       3-t-butoxyoctyl                                             

                             Ethyl 9-oxo-15-t-butoxy-5,6,7-trinor-             

                   magnesium iodide                                            

                             prostanoate                                       

     63   15       "         Ethyl 9-oxo-15-t-butoxy-6,7-dinor-                

                             prostanoate                                       

     64   23       "         Ethyl 9-oxo-15-t-butoxy-7a,7b-bishomo-            

                             prostanoate                                       

     65   27       "         Ethyl 9-oxo-15-t-butoxy-7-nor-prostanoate         

     66   43       "         Ethyl 9-oxo-15-t-butoxy-7a-homo-prostanoate       

     67   44       "         Butyl 9-oxo-15-t-butoxy-prostanoate               

     68   45       "         Isopropyl 9-oxo-15-t-butoxy-prostanoate           

     69   46       "         Methyl 9-oxo-15-t-butoxy-prostanoate              

     70   47       "         Decyl 9-oxo-15-t-butoxy-prostanoate               

     __________________________________________________________________________

PAC  EXAMPLES 71-89
PAR  Treatment of the various 15-tert-butoxyprostanoates of Table 3 below with
      trifluoroacetic acid in the manner of Example 50 above is productive of
      the corresponding 15-hydroxyprostanoates of the table.
TBL                TABLE 3                                                     

     ______________________________________                                    

          Starting 15-tert-                                                    

     butoxyprostanoates                                                        

          Product                                                              

     Ex.  of example     15-hydroxy-9-oxo-prostanoates                         

     ______________________________________                                    

     71   52             Ethyl 9-oxo-15-hydroxy-19,20-dinor-prostanoate        

     72   53             Ethyl 9-oxo-15-hydroxy-5,6,7,19,20-pentanor-prostanoat

                         e                                                     

     73   54             Ethyl 9-oxo-15-hydroxy-6,7,19,20-tetranor-prostanoate 

                         .                                                     

     74   55             Ethyl 9-oxo-15-hydroxy-7a,7b-bishomo-19,20-dinor-prost

                         anoate                                                

     75   56             Ethyl 9-oxo-15-hydroxy-7,19,20-trinor-prostanoate     

     76   57             Ethyl 9-oxo-15-hydroxy-7a-homo-19,20-dinor-prostanoate

     77   58             Butyl 9-oxo-15-hydroxy-19,20-dinor-prostanoate        

     78   59             Isopropyl 9-oxo-15-hydroxy-19,20-dinor-prostanoate    

     79   60             Methyl 9-oxo-15-hydroxy-19,20-dinor-prostanoate       

     80   61             Decyl 9-oxo-15-hydroxy-19,20-dinor-prostanoate        

     81   62             Ethyl 9-oxo-15-hydroxy-5,6,7-trinor-prostanoate       

     82   63             Ethyl 9-oxo-15-hydroxy-6,7-dinor-prostanoate          

     83   64             Ethyl 9-oxo-15-hydroxy-7a,7b-bishomo-prostanoate      

     84   65             Ethyl 9-oxo-15-hydroxy-7-nor-prostanoate              

     85   66             Ethyl 9-oxo-15-hydroxy-7a-homo-prostanoate            

     86   67             Butyl 9-oxo-15-hydroxy-prostanoate                    

     87   68             Isopropyl 9-oxo-15-hydroxy-prostanoate                

     88   69             Methyl 9-oxo-15-hydroxy-prostanoate                   

     89   70             Decyl 9-oxo-15-hydroxy-prostanoate                    

     ______________________________________                                    

PAC  EXAMPLE 90
PAC  Preparation of ethyl 15-methanesulfonyloxy-9-oxo-prostanoate
PAR  To a stirred solution of 2.48 g. of ethyl 15-hydroxy-9-oxo-prostanoate
      (Example 50) in 18 ml. of methylene chloride containing 1.4 ml. of
      triethylamine, cooled in an ice-salt bath is added dropwise 0.58 ml. of
      methanesulfonyl chloride. The resulting mixture is stirred for 15 minutes
      and is then washed successively with ice cold water, 10% hydrochloric
      acid, saturated sodium bicarbonate solution, and saturated sodium chloride
      solution, dried with anhydrous magnesium sulfate and taken to dryness to
      give 2.7 g. (90%) of oil; .lambda.max. 5.78 (carbonyl groups), 7.45 and
      8.55 .mu. (sulfonate).
PAC  EXAMPLES 91-109
PAR  Treatment of the various 15-hydroxyprostanoates listed in Table 4 below
      with methylenesulfonyl chloride in accordance with the procedure of
      Example 90 above is productive of the 15-methanesulfonyloxyprostanate of
      the table.
TBL                TABLE 4                                                     

     ______________________________________                                    

          Starting 15-  Product                                                

          hydroxyprostanoate                                                   

                        9-oxo-15-methanesulfonyloxy-                           

     Ex.  of example    prostanoate                                            

     ______________________________________                                    

     91   71            Ethyl 9-oxo-15-methanesulfonyloxy-19,20-dinor-prostanoa

                        te                                                     

     92   72            Ethyl 9-oxo-15-methanesulfonyloxy-5,6,7,19,20-pentanor-

                        prostanoate                                            

     93   73            Ethyl 9-oxo-15-methanesulfonyloxy-6,7,19,20-tetranor-pr

                        ostanoate                                              

     94   74            Ethyl 9-oxo-15-methanesulfonyloxy-7a,7b-bishomo-19,20-d

                        inor-prostanoate                                       

     95   75            Ethyl 9-oxo-15-methanesulfonyloxy-7,19,20-trinor-prosta

                        noate                                                  

     96   76            Ethyl 9-oxo-15-methanesulfonyloxy-7a-homo-19,20-dinor-p

                        rostanoate                                             

     97   77            Butyl 9-oxo-15-methanesulfonyloxy-19,20-dinor-prostanoa

                        te                                                     

     98   78            Isopropyl-9-oxo-15-methanesulfonyloxy-19,20-dinor-prost

                        anoate                                                 

     99   79            Methyl 9-oxo-15-methanesulfonyloxy-19,20-dinor-prostano

                        ate                                                    

     100  80            Decyl 9-oxo-15-methanesulfonyloxy-19,20-dinor-prostanoa

                        te                                                     

     101  81            Ethyl 9-oxo-15-methanesulfonyloxy-5,6,7-trinor-prostano

                        ate                                                    

     102  82            Ethyl 9-oxo-15-methanesulfonyloxy-6,7-dinor-prostanoate

     103  83            Ethyl 9-oxo-15-methanesulfonyloxy-7a,7b-bishomo-prostan

                        oate                                                   

     104  84            Ethyl 9-oxo-15-methanesulfonyloxy-7-nor-prostanoate    

     105  85            Ethyl 9-oxo-15-methanesulfonyloxy-7a-homo-prostanoate  

     106  86            Butyl 9-oxo-15-methanesulfonyloxy-prostanoate          

     107  87            Isopropyl 9-oxo-15-methanesulfonyloxy-prostanoate      

     108  88            Methyl 9-oxo-15-methanesulfonyloxy-prostanoate         

     109  89            Decyl 9-oxo-15-methanesulfonyloxy-prostanoate          

     ______________________________________                                    

PAC  EXAMPLE 110
PAC  Preparation of ethyl 15-azido-9-oxo-prostanoate
PAR  A solution of 1.35 g. of ethyl 15-methanesulfonyloxy 9-oxo-prostanoate
      (Example 90) in 60 ml. of N,N-dimethylformamide containing 1.25 g. of
      sodium azide is heated on the steam-bath for 18 hours. The cooled solution
      is poured into 300 ml. of water and the resulting mixture is extracted
      several times with ether. The combined ether extracts are washed with
      saturated sodium chloride solution, dried with anhydrous magnesium sulfate
      and taken to dryness. The residual oil is chromatographed on silica gel to
      give 737 mg. (62%) of oil; .lambda.max. 4.77 (azido) and 5.78 .mu.
      (carbonyl groups).
PAC  EXAMPLE 111
PAC  Preparation of ethyl 15-chloro-9-oxo-prostanoate
PAR  A solution of 1.35 g. of ethyl 15-methanesulfonyloxy 9-oxo-prostanoate
      (Example 90) in 40 ml. of N,N-dimethylformamide containing 650 mg. of
      lithium chloride is heated on the steam bath for 18 hours. The cooled
      solution is diluted with water and the resulting mixture is extracted with
      ether. The ether extract is washed with saline, dried with saline, dried
      with anhydrous magnesium sulfate and evaporated to dryness to give an oil.
      Chromatography on silica gel affords an oil; .lambda.max. 5.78 .mu.
      (carbonyl groups).
PAC  EXAMPLE 112
PAC  Preparation of ethyl 9-oxo-15-thiocyano-prostanoate
PAR  A solution of 1 g. of ethyl 15-methanesulfonyloxy-9-oxo-prostanoate
      (Example 90) and 1 g. of dry potassium thiocyanate in 30 ml. of
      N,N-dimethylformamide is heated on the steam bath for 18 hours. The
      resulting mixture is poured into 150 ml. of water and extracted with
      ether. The extract is washed with water, dried with anhydrous magnesium
      sulfate and taken to dryness. Silica gel chromatography of the residue
      gives 462 mg. of oil; .lambda.max. 4.67 (thiocyanate group) and 5.78 .mu.
      (carbonyl groups).
PAC  EXAMPLE 113
PAC  Preparation of ethyl 15-acetylthio-9-oxo-prostanoate
PAR  A solution of 1 g. of ethyl 15-methanesulfonyloxy-9-oxo-prostanoate
      (Example 90) in 50 ml. of acetone containing 735 mg. of purified potassium
      thiolacetate is kept at the reflux temperature for 2 hours, then at room
      temperature for 18 hours. The mixture is diluted with water and the
      resulting solution is washed with saturated sodium chloride solution,
      dried with magnesium sulfate and taken to dryness. The residue is
      chromatographed on silica gel to give an oil; .lambda.max. 5.78 (ring
      carbonyl and ester group) and 5.92 .mu. (acetylthio group).
PAC  EXAMPLE 114-142
PAR  Treatment of the 15-methanesulfonyloxyprostanoates listed in Table 5 below
      with the indicated reagent, by the methods describing examples 110 (for
      sodium azide), 111 (for lithium chloride), 112 (for potassium
      thiolacetate) or 113 (for potassium thiolacetate) is productive of the
      15-substituted prostanoates of the Table.
TBL                                    TABLE 5                                 

     __________________________________________________________________________

          Starting 15-methane-                                                 

          sulfonyloxy prostanoates                                             

                               Product                                         

     Example                                                                   

          of example     Reagent                                               

                               9-oxo-15-substituted-prostanoate                

     __________________________________________________________________________

     114  91             NaN.sub.3                                             

                               Ethyl 9-oxo-15-azido-19,20-dinor-               

     prostanoate                                                               

     115  94             NaN.sub.3                                             

                               Ethyl 9-oxo-15-azido-7a,7b-bishomo-19,20-       

     dinor-prostanoate                                                         

     116  95             NaN.sub.3                                             

                               Ethyl 9-oxo-15-azido-7,19,20-trinor-            

     prostanoate                                                               

     117  100            NaN.sub.3                                             

                               Decyl 9-oxo-15-azido-19,20-dinor-prostanoate    

     118  102            NaN.sub.3                                             

                               Ethyl 9-oxo-15-azido-6,7-dinor-prostanoate      

     119  103            NaN.sub.3                                             

                               Ethyl 9-oxo-15-azido-7a,7b-bishomo-prostanoate  

     120  104            NaN.sub.3                                             

                               Ethyl 9-oxo-15-azido-7-nor-prostanoate          

     121  105            NaN.sub.3                                             

                               Ethyl 9-oxo-15-azido-7a-homo-prostanoate        

     122  106            NaN.sub.3                                             

                               Butyl 9-oxo-15-azido-prostanoate                

                         O                                                     

                         .parallel.                                            

     123  91             CH.sub.3 C--SK                                        

                               Ethyl 9-oxo-15-acetylthio-19,20-dinor-          

     prostanoate                                                               

     124  92             "     Ethyl 9-oxo-15-acetylthio-5,6,7,19,20-pentanor- 

     prostanoate                                                               

                         O                                                     

                         .parallel.                                            

     125  96             CH.sub.3 C--SK                                        

                               Ethyl 9-oxo-15-acetylthio-7a-homo-19,20-        

     dinor-prostanoate                                                         

     126  99             "     Methyl 9-oxo-15-acetylthio-19,20-dinor-         

     prostanoate                                                               

     127  104            "     Ethyl 9-oxo-15-acetylthio-7-nor-prostanoate     

     128  105            "     Ethyl 9-oxo-15-acetylthio-7-homo-prostanoate    

     129  108            "     Methyl 9-oxo-15-acetylthio-prostanoate          

     130  91             LiCl  Ethyl 9-oxo-15-chloro-19,20-dinor-prostanoate   

     131  99             LiCl  Methyl-9-oxo-15-chloro-19,20-dinor-prostanoate  

     132  93             LiCl  Ethyl 9-oxo-15-chloro-6,7,19,20-tetranor-       

     prostanoate                                                               

     133  97             LiCl  Butyl 9-oxo-15-chloro-19,20-dinor-prostanoate   

     134  102            LiCl  Ethyl 9-oxo-15-chloro-6,7-dinor-prostanoate     

     135  108            LiCl  Methyl 9-oxo-15-chloro-prostanoate              

     136  105            LiCl  Ethyl 9-oxo-15-chloro-7a-homo-prostanoate       

     137  98             KCNS  Isopropyl 9-oxo-15-thiocyano-19,20-dinor-       

     prostanoate                                                               

     138  101            KCNS  Ethyl 9-oxo-15-thiocyano-5,6,7-trinor-          

     prostanoate                                                               

     139  103            KCNS  Ethyl 9-oxo-15-thiocyano-7a,7b-bishomo-         

     prostanoate                                                               

     140  95             KCNS  Ethyl 9-oxo-15-thiocyano-7,19,20-trinor-        

     prostanoate                                                               

     141  107            NaN.sub.3                                             

                               Isopropyl 9-oxo-15-azido-prostanoate            

     142  109            NaN.sub.3                                             

                               Decyl 9-oxo-15-azido-prostanoate                

     __________________________________________________________________________

PAC  EXAMPLE 143
PAC  Preparation of ethyl 15-amino-9-oxo-prostanoate
PAR  A 1.06 g. sample of ethyl 15-azido-9-oxo-prostanoate (Example 110) is
      hydrogenated using 100 mg. of 5% palladium on carbon in 50 ml. absolute
      alcohol for 16 hours. The filtration of the catalyst and evaporation of
      the solvent affords an oil. Silica gel chromatography gives 604 mg. of
      oil; .lambda.max. 2.95, 6.30 (brucine) and 5.72 .mu. (carbonyl groups).
PAC  EXAMPLES 144-154
PAR  Hydrogenation of the various 15-azidoprostanoates listed in Table 6 below
      by the method described in Example 143 provides the 15-amino-prostanoates
      of the Table.
TBL                TABLE 6                                                     

     ______________________________________                                    

          Starting 15-azido                                                    

          prostanoate of Product                                               

     Ex.  Example        9-oxo-15-amino-prostanoate                            

     ______________________________________                                    

     144  114            Ethyl 9-oxo-15-amino-19,20-dinor-prostanoate          

     145  115            Ethyl 9-oxo-15-amino-7a,7b-bishomo-19,20-dinor-prostan

                         oate                                                  

     146  116            Ethyl 9-oxo-15-amino-7,19,20-trinor-prostanoate       

     147  117            Decyl 9-oxo-15-amino-19,20-dinor-prostanoate          

     148  118            Ethyl 9-oxo-15-amino-6,7-dinor-prostanoate            

     149  119            Ethyl 9-oxo-15-amino-7a,7b-bishomo-prostanoate        

     150  120            Ethyl 9-oxo-15-amino-7-nor-prostanoate                

     151  121            Ethyl 9-oxo-15-amino-7a-homo-prostanoate              

     152  122            Butyl 9-oxo-15-amino-prostanoate                      

     153  141            Isopropyl 9-oxo-15-amino-prostanoate                  

     154  142            Decyl 9-oxo-15-amino-prostanoate                      

     ______________________________________                                    

PAC  EXAMPLE 155
PAC  Preparation of ethyl 9-oxo-15-mercapto-prostanoate
PAR  A solution of 606 mg. of ethyl 15-acetylthio-9-oxoprostanoate (Example 113)
      in 20 ml. of reagent methanol is treated, under nitrogen atmosphere, with
      1.6 ml. of 1N methanolic sodium methoxide. After 10 minutes the reaction
      is quenched by the addition of 0.3 ml. of glacial acetic acid and taken to
      dryness. A solution of the residue in ether is washed with saturated
      sodium chloride solution, dried with anhydrous magnesium sulfate and taken
      to dryness to afford 428 mg. (89%) of an oil; .lambda.max. 4.0
      (sulfhydryl) and 5.78 .mu. (carbonyls).
PAC  EXAMPLES 156-162
PAR  Brief treatment of the various 15-acetylthio-prostanoates listed in Table 7
      below with methanolic methoxide by the method described in Example 155
      immediately preceding is productive of the 15-mercapto-prostanoates of the
      Table.
TBL                TABLE 7                                                     

     ______________________________________                                    

          Starting                                                             

          15-acetyl-                                                           

          thio-prostenoate                                                     

                       Product                                                 

     Ex.  of Example   9-oxo-15-mercapto-prostanoate                           

     ______________________________________                                    

     156  123          Ethyl 9-oxo-15-mercapto-19,20-dinor-prostanoate         

     157  124          Ethyl 9-oxo-15-mercapto-5,6,7,19,20-pentanor-prostanoate

     158  125          Ethyl 9-oxo-15-mercapto-7a-homo-19,20-dinor-prostanoate 

     159  126          Methyl 9-oxo-15-mercapto-19,20-dinor-prostanoate        

     160  127          Ethyl 9-oxo-15-mercapto-7-nor-prostanoate               

     161  128          Ethyl 9-oxo-15-mercapto-7-homo-prostanoate              

     162  129          Methyl 9-oxo-15-mercapto-prostanoate                    

     ______________________________________                                    

PAC  EXAMPLE 163
PAC  Preparation of 15-azido-9-oxo-prostanoic acid
PAR  A suspension of 880 mg. of ethyl 15-azido-9-oxoprostanoate (Example 110) in
      15 ml. of methanol-water (1:1) containing 360 mg. of potassium hydroxide
      is stirred at ambient temperature for 18 hours. The resulting solution is
      acidified with dilute hydrochloric acid and the oily layer is taken up in
      ether. The ether is washed with saturated sodi sodium chloride solution,
      dried with anhydrous magnesium sulfate and taken to dryness to give 797
      mg. (98%) of an oil; .lambda.max. 3.0-3.5 broad (acid group), 4.88 (azido
      group), 5.78 and 5.90 (carbonyl groups).
PAC  EXAMPLES 164-175
PAR  Saponification of the various prostanoic esters listed in Table 8 below is
      productive of the corresponding acids listed in the table
TBL                TABLE 8                                                     

     ______________________________________                                    

          Starting pro-                                                        

                      Product                                                  

          stanoate ester                                                       

                      15-substituted-9-oxo-prostanoic                          

     Ex.  of Example  acid                                                     

     ______________________________________                                    

     164  114         9-oxo-15-azido-19,20-dinor-prostanoic acid               

     165  115         9-oxo-15-azido-7a,7b-bishomo-19,20-dinor-prostanoic      

                      acid                                                     

     166  116         9-oxo-15-azido-7,19,20-trinor-prostanoic acid            

     167  118         9-oxo-15-azido-6,7-dinor-prostanoic acid                 

     168  119         9-oxo-15-azido-7a,7b-bishomo-prostanoic acid             

     169  120         9-oxo-15-azido-7-nor-prostanoic acid                     

     170  121         9-oxo-15-azido-7a-homo-prostanoic acid                   

     171  123         9-oxo-15-mercapto-19,20-dinor-prostanoic acid            

     172  128         9-oxo-15-mercapto-7-homo-prostanoic acid                 

     173  129         9-oxo-15-mercapto-prostanoic acid                        

     174  131         9-oxo-15-chloro-19,20-dinar-prostanoic acid              

     175  135         9-oxo-15-chloro-prostanoic acid                          

     176  71          9-oxo-15-hydroxy-19,20-dinor-prostanoic acid             

     177  72          9-oxo-15-hydroxy-5,6,7,19,20-pentanor-prostanoic acid    

     178  73          9-oxo-15-hydroxy-6,7,19,20-tetranor-prostanoic acid      

     179  74          9-oxo-15-hydroxy-7a,7b-bishomo-19,20-dinor-prostanoic    

                      acid                                                     

     180  75          9-oxo-15-hydroxy-7,19,20-trinor-prostanoic acid          

     181  76          9-oxo-15-hydroxy-7a-homo-19,20-dinor-prostanoic acid     

     182  81          9-oxo-15-hydroxy-5,6,7-trinor-prostanoic acid            

     183  82          9-oxo-15-hydroxy-6,7-dinor-prostanoic acid               

     184  83          9-oxo-15-hydroxy-7a,7b-bishomo-prostanoic acid           

     185  84          9-oxo-15-hydroxy-7-nor-prostanoic acid                   

     186  50          9-oxo-15-hydroxy-prostanoic acid                         

     ______________________________________                                    

PAC  EXAMPLE 187
PAC  Preparation of 9.alpha.,15-dihydroxyprostanoic acid
PAR  To a solution of 433 mg. of 15-hydroxy-9-oxoprostanoic acid (Example 186)
      in 4.5 ml. of tetrahydrofuran, stirred in an ice-bath under nitrogen
      atmosphere, is added dropwise 3.7 ml. of 0.76 M lithium
      perhydro-9b-boraphenalylhydride. After 40 minutes at 0.degree.C. there is
      added 1.62 ml. of 3N sodium hydroxide followed by 1.62 ml. of 30% hydrogen
      peroxide. Ether is added and the resulting solution is acidified with 2N
      hydrochloric acid. The ether layer is washed several times with saturated
      sodium chloride solution, dried with anhydrous magnesium sulfate and taken
      to dryness to give 300 mg. (70%) of waxy solid; nmr 3H singlet .delta.
      4.64 (hydroxyl and carboxyl protons), 1 H singlet 4.22 (9.beta.-carbinolic
      proton, 80%), 1 H singlet 3.88 (9.alpha.-carbinolic protons, 20%), 1 H
      singlet 3.61 (15-carbinolic proton), and 3 H distorted triplet 0.90
      (terminal methyl).
PAC  EXAMPLES 188-203
PAR  Treatment of the various 9-oxoprostanoic acids listed in Table 9 below with
      lithium perhydro-9b-boraphenalyl hydride by the procedure described in
      Example 187 is productive of the 9.alpha.-hydroxy derivatives of the
      table.
TBL                TABLE 9                                                     

     ______________________________________                                    

          Starting 9-oxo-                                                      

     prostanoic acid                                                           

          Product                                                              

     Ex.  of Example   9.alpha.-hydroxy-prostanoic acids                       

     ______________________________________                                    

     188  163          9.alpha.-hydroxy-15-azido-prostanoic acid               

     189  171          9.alpha.-hydroxy-15-mercapto-19,20-dinor-prostanoic     

                       acid                                                    

     190  173          9.alpha.-hydroxy-15-mercapto-prostanoic acid            

     191  174          9.alpha.-hydroxy-15-chloro-19,20-dinor-prostanoic acid  

     192  175          9.alpha.-hydroxy-15-chloro-prostanoic acid              

     193  176          9.alpha.,15-dihydroxy-19,20-dinor-prostanoic acid       

     194  177          9.alpha.,15-dihydroxy-5,6,7,19,20-pentanor-prostanoic   

                       acid                                                    

     195  178          9.alpha.,15-dihydroxy-6,7,19,20-tetranor-prostanoic     

                       acid                                                    

     196  179          9.alpha.,15-dihydroxy-7a,7b-bishomo-19,20-dinor-prostano

                       ic acid                                                 

     197  180          9.alpha.,15-dihydroxy-7,9,20-trinor-prostanoic acid     

     198  181          9.alpha.,15-dihydroxy-7a-homo-19,20-dinor-prostanoic    

                       acid                                                    

     199  182          9.alpha.,15-dihydroxy-5,6,7-trinor-prostanoic acid      

     200  183          9.alpha.,15-dihydroxy-6,7-dinor-prostanoic acid         

     201  184          9.alpha.,15-dihydroxy-7a,7b-bishomo-prostanoic acid     

     202  185          9.alpha.,15-dihydroxy-7-nor-prostanoic acid             

     203  186          9.alpha.,15-dihydroxy-7a-homo-prostanoic                

     ______________________________________                                    

                       acid                                                    

PAC  EXAMPLE 204
PAC  Preparation of ethyl 9.alpha.,15-dihydroxyprostanoate ethyl ester
PAR  Treatment of 15-hydroxy-9-oxoprostanoic acid, ethyl ester in
      tetrahydrofuran with 0.76M lithium perhydro-9b-boraphenalylhydride
      according to the procedure described in Example 187 gives an oily product;
      .lambda.max. 2.90, 5.75, 8.45 .mu..
PAC  EXAMPLE 205-246
PAR  Treatment of the 9-oxo-prostanoate esters of Table 10 below with lithium
      perhydro-9b-boraphenalyl hydride by the procedure of Example 204 is
      productive of the 9.alpha.-hydroxy-prostanoates of the table.
TBL                TABLE 10                                                    

     ______________________________________                                    

          Starting 9-oxo-                                                      

     prostanoate of                                                            

          Product                                                              

     Ex.  Example       9.alpha.-hydroxy-prostanoate                           

     ______________________________________                                    

     205  71            Ethyl 9.alpha.,15-dihydroxy-19,20-dinor-prostanoate    

     206  72            Ethyl 9.alpha.,15-dihydroxy-5,6,7,19,20-pentanor-prosta

                        noate                                                  

     207  73            Ethyl 9.alpha.,15-dihydroxy-6,7,19,20-tetranor-prostano

                        ate                                                    

     208  74            Ethyl 9.alpha.,15-dihydroxy-7a,7b-bishomo-19,20-dinor-p

                        rostanoate                                             

     209  75            Ethyl 9.alpha.,15-dihydroxy-7,19,20-trinor-prostanoate 

     210  76            Ethyl 9.alpha.,15-dihydroxy-7a-homo-19,20-dinor-prostan

                        oate                                                   

     211  77            Butyl 9.alpha.,15-dihydroxy-19,20-dinor-prostanoate    

     212  78            Isopropyl 9.alpha.,15-dihydroxy-19,20-dinor-prostanoate

     213  79            Methyl 9.alpha.,15-dihydroxy-19,20-dinor-prostanoate   

     214  80            Decyl 9.alpha.,15-dihydroxy-19,20-dinor-prostanoate    

     215  81            Ethyl 9.alpha.,15-dihydroxy-5,6,7-trinor-prostanoate   

     216  82            Ethyl 9.alpha.,15-dihydroxy-6,7-dinor-prostanoate      

     217  83            Ethyl 9.alpha.,15-dihydroxy-7a,7b-bishomo-prostanoate  

     218  84            Ethyl 9.alpha.,15-dihydroxy-7-nor-prostanoate          

     219  85            Ethyl 9.alpha.,15-dihydroxy-7a-homo-prostanoate        

     220  86            Butyl 9.alpha.,15-dihydroxy-prostanoate                

     221  87            Isopropyl 9.alpha.,15-dihydroxy-prostanoate            

     222  88            Methyl 9.alpha.,15-dihydroxy-prostanoate               

     224  110           Ethyl 9.alpha.-hydroxy-15-azido-prostanoate            

     225  111           Ethyl 9.alpha.-hydroxy-15-chloro-prostanoate           

     226  142           Decyl 9.alpha.-hydroxy-15-azido-prostanoate            

     227  143           Ethyl 9.alpha.-hydroxy-15-amino-prostanoate            

     228  144           Ethyl 9.alpha.-hydroxy-15-amino-19,20-dinor-prostanoate

     229  145           Ethyl 9.alpha.-hydroxy-15-amino-7a,7b-bishomo-19,20-din

                        or-prostanoate                                         

     230  146           Ethyl 9.alpha.-hydroxy-15-amino-7,19,20-trinor-prostano

                        ate                                                    

     231  147           Decyl 9.alpha.-hydroxy-15-amino-19,20-dinor-prostanoate

                        7                                                      

     232  148           Ethyl 9.alpha.-hydroxy-15-amino-6,7-dinor-prostanoate  

     233  149           Ethyl 9.alpha.-hydroxy-15-amino-7a,7b-bishomo-prostanoa

                        te                                                     

     234  150           Ethyl 9.alpha.-hydroxy-15-amino-7-nor-prostanoate      

     235  151           Ethyl 9.alpha.-hydroxy-15-amino-7a-homo-prostanoate    

     236  152           Butyl 9.alpha.-hydroxy-15-amino-prostanoate            

     237  153           Isopropyl-9.alpha.-hydroxy-15-amino-prostanoate        

     238  154           Decyl 9.alpha.-hydroxy-15-amino-prostanoate            

     239  155           Ethyl 9.alpha.-hydroxy-15-mercapto-prostanoate         

     240  156           Ethyl 9.alpha.-hydroxy-15-mercapto-19,20-dinor-prostano

                        ate                                                    

     241  157           Ethyl 9.alpha.-hydroxy-15-mercapto-5,6,7,19,20-pentanor

                        -prostanoate                                           

     242  158           Ethyl 9.alpha.-hydroxy-15-mercapto-7a-homo-19,20-dinor-

                        prostanoate                                            

     243  159           Methyl 9.alpha.-hydroxy-15-mercapto-19,20-dinor-prostan

                        oate                                                   

     244  160           Ethyl 9.alpha.-hydroxy-15-mercapto-7-nor-prostanoate   

     245  161           Ethyl 9.alpha.-hydroxy-15-mercapto-7-homo-prostanoate  

     246  162           Methyl 9.alpha.-hydroxy-15-mercapto-prostanoate        

     ______________________________________                                    

PAC  EXAMPLE 247
PAC  Preparation of ethyl 9.alpha./.beta.,15-dihydroxyprostanoate
PAR  A solution of 3 g. of ethyl 15-hydroxy-9-oxo-prostanoate (Example 50), in
      120 ml. of absolute alcohol containing 115 mg. of sodium borohydride is
      stirred at ambient temperature for 18 hours. The solution is poured into
      300 ml. of saturated sodium chloride solution and the oily precipitate is
      extracted with ether. The ether phase is washed with saturated sodium
      chloride solution, dried with anhydrous magnesium sulfate and taken to
      dryness to give 2.74 g. of an oil; .lambda. max. 2.95, 5.78, 8.45 .mu.;
      the product is a mixture of 9.alpha.- and 9.beta.-hydroxy derivatives.
PAC  EXAMPLES 248-251
PAR  Treatment of the 9-oxo-prostanoates listed in Table 11 below with sodium
      borohydride by the procedure described in Example 247 is productive of the
      mixture of 9.alpha.- and 9.beta.- hydroxy-prostanoates of the Table.
TBL                TABLE 11                                                    

     ______________________________________                                    

           Starting 9-oxo-                                                     

     prostanoate                                                               

           Product                                                             

     Ex.   of Example    9.alpha./9.beta.-hydroxy-prostanoate                  

     ______________________________________                                    

     248   110           Ethyl 9.alpha./9.beta.-hydroxy-15-azido-prostanoate   

     249   111           Ethyl 9.alpha./9.beta.-hydroxy-15-chloro-prostanoate  

     250   143           Ethyl 9.alpha./9.beta.-hydroxy-15-amino-prostanoate   

     251   155           Ethyl 9.alpha./9.beta.-hydroxy-15-mercapto-prostanoate

     ______________________________________                                    

PAC  EXAMPLES 252-254
PAR  Saponification of the 9.alpha./9.beta.-hydroxy prostanoates of Table 12
      below by the method described in Example 163 is productive of the
      prostanoic acids of the Table.
TBL                TABLE 12                                                    

     ______________________________________                                    

           Starting                                                            

           prostanoates                                                        

                       Product                                                 

     Ex.   of Example  9.alpha./9.beta.-hydroxy-prostanoic acid                

     ______________________________________                                    

     252   248         9.alpha./9.beta.-hydroxy-15-azido-prostanoic acid       

     253   249         9.alpha./9.beta.-hydroxy-15-chloro-prostanoic acid      

     254   251         9.alpha./9.beta.-hydroxy-15-mercapto-prostanoic         

     ______________________________________                                    

                       acid                                                    

PAC  EXAMPLE 255
PAC  Preparation of 15-amino-9-oxoprostanoic acid hydrochloride
PAR  A solution of 1 g. of ethyl 15-amino-9-oxo-prostanoate (Example 143) in 15
      ml. of methanol-water (1:1) containing 445 mg. of potassium hydroxide is
      stirred at ambient temperature for 18 hours. The solution is acidifed with
      hydrochloric acid, saturated with sodium chloride, and extracted several
      times with methylene chloride. The organic phase is dried with anhydrous
      magnesium sulfate and taken to dryness to give a viscous oil; .lambda.
      max. 2.80 - 3.70 (broad), 5.75, and 5.87 .mu..
PAC  EXAMPLES 256-271
PAR  Ester hydrolysis of the 15-amino-prostanoates listed in Table 13 below by
      the precedure described in Example 255 is productive of the
      15-amino-prostanoic acid hydrochlorides of the Table.
TBL                TABLE 13                                                    

     ______________________________________                                    

          Starting 15-amino-                                                   

                         Product                                               

     prostanoate of                                                            

          15-amino-prostanoic acid                                             

     Ex.  Example        hydrochloride                                         

     ______________________________________                                    

     256  144            9-oxo-15-amino-19,20-dinor-prostanoic acid.sup.. HCl  

     257  145            9-oxo-15-amino-7a,7b-bishomo-19,20-dinor-prostanoic   

                         acid.sup.. HCl                                        

     258  146            9-oxo-15-amino-7,19,20-trinor-prostanoic acid.sup..   

                         HCl                                                   

     259  148            9-oxo-15-amino-6,7-dinor-prostanoic acid.sup.. HCl    

     260  149            9-oxo-15-amino-7a,7b-bishomo-prostanoic acid.sup..    

                         HCl                                                   

     261  150            9-oxo-15-amino-7-nor-prostanoic acid.sup.. HCl        

     262  151            9-oxo-15-amino-7a-homo-prostanoic acid.sup.. HCl      

     263  227            9.alpha.-hydroxy-15-amino-prostanoic acid.sup.. HCl   

     264  228            9.alpha.-hydroxy-15-amino-19,20-dinor-prostanoic      

                         acid.sup.. HCl                                        

     265  229            9.alpha.-hydroxy-15-amino-7a,7b-bishomo-19,20-dinor-pr

                         ostanoic acid.sup.. HCl                               

     266  230            9.alpha.-hydroxy-15-amino-7,19,20-trinor-prostanoic   

                         acid.sup.. HCl                                        

     267  232            9.alpha.-hydroxy-15-amino-6,7-dinor-prostanoic        

                         acid.sup.. HCl                                        

     268  233            9.alpha.-hydroxy-15-amino-7a,7b-bishomo-prostanoic    

                         acid.sup.. HCl                                        

     269  234            9.alpha.-hydroxy-15-amino-7-nor-prostanoic acid.sup.. 

                         HCl                                                   

     270  235            9.alpha.-hydroxy-15-amino-7a-homo-prostanoic acid     

     271  250            9.alpha./9.beta.-hydroxy-15-amino-prostanoic          

                         acid.sup.. HCl                                        

     ______________________________________                                    

PAC  EXAMPLE 272
PAC  Preparation of 9.beta.,15-dihydroxyprostanoic acid
PAR  A solution of ethyl 9.beta.,15-dihydroxyprostanoate in 32 ml. of
      methanol-water (1:1), containing 890 mg. of potassium hydroxide is kept at
      ambient temperature for 18 hours. The solution is acidified with dilute
      hydrochloric acid and extracted several times with ether. The ether phase
      is washed with saturated sodium chloride solution, dried with anhydrous
      magnesium sulfate and taken to dryness to give 1.63 g. of an oil; nmr 3H
      singlet .delta. 5.53 (hydroxyl and carboxyl protons), 1H singlet 4.23
      (9.beta.-carbinolic proton, 30%), 1H singlet 3.90 (9.alpha.-carbinolic
      proton, 70%), 1H singlet 3.65 (15-carbinolic proton), and 3H distorted
      triplet 0.90 (terminal methyl).
PAC  EXAMPLE 273
PAC  Preparation of methyl 1-15(S)-acetoxy-9-oxo-prostanoate
PAR  A solution of 2.5 g. of methyl 15(S)-acetoxy-9-oxo-5-cis,
      10,13-trans-prostatrienoate [W. P. Schneider, R. D. Hamilton, L. E.
      Rhuland, Jour. Amer. Chem. Soc., 94, 2122 (1972)] in 150 ml. of ethyl
      acetate is hydrogenated using 5% rhodiumon-carbon catalyst. Removal of the
      catalyst by filtration followed by evaporation of the solvent gives 2.26
      g. of subject compound as an oil; .lambda. max 5.80 (carbonyl groups).
PAC  EXAMPLE 274
PAC  Preparation of methyl 1-15(S)-hydroxy-9-oxo-prostanoate
PAR  A solution of 2.26 g. of methyl 15(S)-acetoxy-9-oxo-prostanoate (Example
      15) in 300 ml. of absolute alcohol containing 790 mg. of potassium
      carbonate is stirred at ambient temperature for 72 hours then concentrated
      to near dryness under reduced pressure. The resulting mixture is extracted
      with ether. The combined extracts are washed with saturated sodium
      chloride solution, dried with anhydrous magnesium sulfate and taken to
      dryness to give 1.83 g. of an oil. Purification by silica gel
      chromatography affords the subject compound as an oil; .lambda. max. 2.92
      (hydroxyl group), 5.74 .mu. (carbonyl groups); [.alpha.].sub.D.sup.25 -
      23.degree.C. (0.2% in CHCl.sub.3).
PAC  EXAMPLE
PAC  Preparation of 1-15-(S)-hydroxy-9-oxo-prostanoic acid
PAR  A solution of 930 mg. of methyl 15(S)-hydroxy-9-oxo-prostanoate (Example
      16) in 16 ml. of methanol-water (1:1) containing 410 mg. of potassium
      hydroxide is stirred at ambient temperature for 18 hours. The solution is
      acidifed with 1N hydrochloric acid and extracted with ether. The ether
      extract is washed with saturated sodium chloride solution, dried with
      anhydrous magnesium sulfate and evaporated to dryness in vacuo to give 797
      mg. of viscous oil; 2.94 - 4.00 (broad) (hydroxyl and carboxyl groups),
      5.80 (ketone carbonyl group), and 5.87 .mu. (acid carbonyl group);
      [.alpha.].sub.D.sup.25 - 23.degree.C. (0.6% in CHCl.sub.3).
CLMS
STM  We claim:
NUM  1.
PAR  1. An optically active compound of the formula:
      ##EQU7##
      or a racemic compound of that formula and the mirror image thereof wherein
      R is selected from the group consisting of hydrogen and an alkyl group
      having from one to twelve carbon atoms and Y is a divalent radical
      selected from the group consisting of those of the formulae:
      ##EQU8##
      and the pharmaceutically acceptable cationic salts thereof when R is
      hydrogen.
NUM  2.
PAR  2. The optically active compound according to claim 1 wherein Y is
      ##EQU9##
      and R is hydrogen; 1-9-oxo-15(S)-azidoprostanoic acid.
NUM  3.
PAR  3. The optically active compound according to claim 1 wherein Y is
      ##EQU10##
      and R is ethyl; 1-ethyl 9-oxo-15(S)-azidoprostanoate.
NUM  4.
PAR  4. The optically active compound according to claim 1 wherein Y is
      ##EQU11##
      and R is n-buty; 1-butyl 9-oxo-15(S)-azidoprostanoate.
NUM  5.
PAR  5. The optically active compound according to claim 1 wherein Y is
      ##EQU12##
      and R is isopropy; 1-isopropyl 9-oxo-15(S)-azidoprostanoate.
NUM  6.
PAR  6. The optically active compound according to claim 1 wherein Y is
      ##EQU13##
      and R is n-decyl; 1-decyl 9-oxo-15(S)-azidoprostanoate.
NUM  7.
PAR  7. The optically active compound according to claim 1 wherein Y is
      ##EQU14##
      and R is hydrogen; 1-9.alpha.-hydroxy-15(S)-azidoprostanoic acid.
NUM  8.
PAR  8. The optically active compound according to claim 1 wherein Y is
      ##EQU15##
      and R is ethyl; 1-ethyl 9.alpha.-hydroxy-15(S)-azidoprostanoate.
NUM  9.
PAR  9. The optically active compound according to claim 1 wherein Y is
      ##EQU16##
      and R is n-butyl; 1-butyl 9.alpha.-hydroxy-15(S)-azidoprostanoate.
NUM  10.
PAR  10. The optically active compound according to claim 1 wherein Y is
      ##EQU17##
      and R is hydrogen; 1-9.beta.-hydroxy-15(S)-azidoprostanoic acid.
NUM  11.
PAR  11. The optically active compound according to claim 1 wherein Y is
      ##EQU18##
      and R is ethyl; 1-ethyl 9.beta.-hydroxy-15(S)-azidoprostanoate.
NUM  12.
PAR  12. The optically active compound according to claim 1 wherein Y is
      ##EQU19##
      and R is n-butyl; 1-butyl 9.beta.-hydroxy-15(S)-azidoprostanoate.
PATN
WKU  039324737
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APN  3530019
APT  1
ART  127
APD  19730420
TTL  Process for the manufacture of 1-nitro-anthraquinone
ISD  19760113
NCL  4
ECL  1
EXA  Myers; Jane S.
EXP  Weinberger; Lorraine A.
INVT
NAM  Klauke; Erich
CTY  Odenthal-Hahnenberg
CNT  DT
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NAM  Schmitz; Reinhold
CTY  Blecher
CNT  DT
INVT
NAM  Bien; Hans-Samuel
CTY  Burscheid
CNT  DT
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NAM  Bayer Aktiengesellschaft
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PAL  Simons et al., Jacs 63, pp. 608-609, (1941).
PAL  Dokunichin et al., Z. vses. Chim. Obsc. 11,35 (1966) (cited by applicant).
LREP
FRM  Plumley & Tyner
ABST
PAL  Pure 1-nitro-anthraquinone is produced by nitrating anthraquinone in
      aqueous hydrogen fluoride containing about 5 - 30 weight percent of water
      with nitric acid as nitrating agent at about 0.degree. - 150.degree.C
      preferably 20.degree. - 70.degree.C.
BSUM
PAR  Anthraquinine has already been nitrated in sulphuric acid.sup.1),
      phosphoric acid.sup.2), pure nitric acid.sup.3) and finally also in
      anhydrous hydrofluoric acid.sup.4), with suitable nitrating reagents, to
      give 1-nitro-anthraquinone. In all these media, in contrast to the
      statements in the literature, 2-nitroanthraquinone and
      dinitro-anthraquinone are also produced alongside the desired
      1-nitro-anthraquinone, in particular also in nitric acid and anhydrous
      hydrogen fluoride.sup.5).
FNT  1. C. Liebermann, Chemische Berichte 16, page 54 (1883)
FNT  2. German Offenlegungsschrift (German Published Specification) No.
      2,103,360
FNT  3. U.S. Pat. No. 2,874,168
FNT  4. Polish Patent Specification No. 46,428
FNT  5. N. S. Dokunichin and Z. Z. Moiseeva, Z. vses. chim, Obsc. 11, 35 (1966);
      compare also Houben-Weyl, Methoden der organischen Chemie (Methods of
      Organic Chemistry) volume 10/1, 614 (1971)
PAR  It has now been found that a substantially purer 1-nitro-anthraquinone than
      that obtained according to the processes previously known is obtained if
      the nitration is carried out in aqueous hydrogen fluoride. Here,
      admittedly, approx. 10-13 percent of 2-nitro-anthraquinone are also
      produced as a by-product, as in the case of the nitrations in other media,
      but the further nitration of the initially produced 1-nitro-anthraquinone
      is largely avoided.
PAR  The nitration is advantageously carried out in hydrogen fluoride containing
      5-30, preferably 10-25, percent by weight of water, and using a customary
      nitrating agent. Examples of possible nitrating agents are: nitric acid,
      salts of nitric acid such as KNO.sub.3, Cu(NO.sub.3).sub.2, NaNO.sub.3,
      Co(NO.sub.3).sub.2), N.sub.2 O.sub.5, N.sub.2 O.sub.4, esters of nitric
      acid such as CH.sub.3 --CH.sub.2 --O--NO.sub.3, glycerine trinitrate,
      CH.sub.3 --O--NO.sub.3) and nitronium salts such as NO.sub.2 BF.sub.4. The
      preferred nitrating agent is nitric acid. Here, it is technically
      particularly advantageous that it is not necessary to start from the
      95-100 percent strength acid which is difficult to handle, but that the 68
      percent strength HNO.sub.3 can be used, its water content serving to
      dilute the hydrogen fluoride. The nitrating agent is employed in the
      theoretical amount or in an excess of 20-200 percent, with the requisite
      excess depending on the remaining reaction conditions. The reaction
      temperature is between 0.degree.C and 150.degree.C, preferably between
      20.degree.C and 70.degree.C.
PAR  Under the conditions indicated above, the anthraquinone can be used in
      rather high concentrations for the nitration, but the method of nitrating
      2 to 0.3 parts of anthraquinone in 1 part of hydrogen fluoride has proved
      particularly successful.
PAR  The duration of nitration depends on the remaining experimental conditions
      and varies between about 1 hour and 10 hours.
PAR  In general, the nitric acid, mixed with the hydrogen fluoride, is added to
      a suspension of the anthraquinone in hydrogen fluoride, for example 85
      percent strength hydrogen fluoride, in general over the course of about
      5-30 minutes, and the mixture is subsequently heated to refluxing (approx,
      53.degree.C). Of course, the nitric acid can be added, without prior
      dilution with hydrogen fluoride, to the suspension of anthraquinone in
      hydrogen fluoride.
PAR  A possible procedure is also to introduce simultaneously identical molar
      amounts of anthraquinone (dissolved in 100 percent strength hydrogen
      fluoride) and a nitration mixture consisting of nitric acid, hydrogen
      fluoride and water from separate containers into the heated reaction
      kettle over the course of about 1-5 hours. This avoids a major excess of
      nitric acid in the reaction kettle. At the same time the reaction can be
      conducted in such a way that during the entire reaction time an
      approximately constant acid concentration is maintained.
PAR  It was surprising, and not foreseeable from the state of the art, that
      under the abovementioned conditions the anthraquinone can be nitrated
      practically completely (residual anthraquinone content &lt;0.5 percent) and
      that the resulting 1-nitro-anthraquinone largely avoids a further
      nitration (combined content of 1.5- and 1,8-dinitro-anthraquinone in the
      nitration mixture approx. 6 percent).
PAR  The isolation of the 1-nitro-anthraquinone can be effected in the usual
      manner by pouring the reaction mixture out into water.
PAR  The isolation can also be effected by filtering the batch, after completion
      of the reaction, through a filter press or separating off the mother
      liquor in a centrifuge and subsequently washing the solid residue with
      water and drying it.
PAR  It is however also possible to evaporate off the hydrofluoric acid,
      together with the excess of the nitric acid, in a suitable manner after
      completion of the reaction and thus to recover a solution of nitric acid
      in hydrofluoric acid which can again be employed in the reaction.
      Accordingly, in this process no waste acids would arise and contamination
      of the effluent and to the flue gases would largely be excluded.
PAR  The 1-nitro-anthraquinone manufactured in this way can be reduced directly,
      in a known manner, to 1-amino-anthraquinone, for example by treatment with
      an aqueous solution of sodium sulphide. It can however also -- if
      particular standards of purity are required -- be further purified
      according to known processes, for example by treating the crude
      1-nitro-anthraquinone with acid amides according to German
      Offenlegungsschrift (German Published Specification) No. 2,039,822,
      halogenated alkanes according to German Offenlegungsschrift (German
      Published Specification) No. 2,142,100, or aqueous solutions of sodium
      sulphite according to U.S. Pat. No. 2,302,729, and also by
      recrystallisation from suitable solvents, for example from glacial acetic
      acid, and finally also by distillation according to German Patent
      Specification No. 281,490.
DETD
PAC  EXAMPLE 1
PAR  50 g of anthraquinone are suspended in 50 ml of hydrogen fluoride (85%
      strength). A mixture of 16 ml of HNO.sub.3 (98% strength) and 50 ml of
      hydrogen fluoride (85% strength) is added dropwise over the course of 1/2
      hour, the reaction mixture is then heated for 4 hours to refluxing
      (53.degree.C) and diluted with 1 liter of water, and the product is
      filtered off, washed until neutral and dried. 60.5 g of nitroanthraquinone
      of the following composition are obtained:
PA0  80.1% of 1-nitro-anthraquinone
PA0  2.3% of 1,5-dinitro-anthraquinone
PA0  2.3% of 1,8-dinitro-anthraquinone
PA0  2-3% of anthraquinone
PA0  approx. 5% of 2-nitro-anthraquinone
PA1  (remainder: 1.6- + 1,7-dinitro-anthraquinone).
PAC  EXAMPLES 2 - 5
PAR  50 g of anthraquinone are suspended in 50 ml of hydrogen fluoride of the
      concentration indicated in Table 1. A mixture of 16 ml of HNO.sub.3 (98%
      strength) and 50 ml of hydrogen fluoride of the concentration indicated in
      Table 1 is added dropwise over the course of 1/2 hour and the batch is
      then heated to refluxing temperature for 8 hours and worked up as in
      Example 1. The yield and quality of the nitro-anthraquinone obtained are
      shown in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

                                 Analysis of the crude product                 

     Example                                                                   

          Concentration                                                        

                  Crude yield                                                  

                         1-nitro-                                              

                                 1,5-dinitro-                                  

                                         1,8-dinitro-                          

                                                 anthra-                       

                                                       2-nitro-                

          of HF   g      anthraquinone                                         

                                 anthraquinone                                 

                                         anthraquinone                         

                                                 quinone                       

                                                       anthraquinone           

                         %       %       %       %     %                       

     __________________________________________________________________________

     2    80%     59.8   58.1    1.3     1.2     &gt;20  2-3                      

     3    85%     60.8   79.3    2.9     3.1     0.5-1                         

                                                      approx. 5                

     4    90%     61.3   67.4    9.7     9.4     0.25 0.25                     

     5    95%     61.3   60.3    11.1    12.5    0.5  0.5                      

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  500 g of anthraquinone and 500 ml of 85 percent strength hydrogen fluoride
      are initially introduced into a 4 liter Venuleth vessel and stirred for 15
      minutes. A mixture of 500 ml of hydrogen fluoride (85 percent strength)
      and 140 ml of nitric acid (98 percent strength) is added at room
      temperature over the course of 5 minutes. The bath temperature of the
      Venuleth vessel is then raised to 50.degree.C and the mixture is stirred
      at this temperature for 8 hours. The hydrogen fluoride is largely stripped
      off in vacuo (approx. 50 mm Hg) at the same temperature. The residue is
      treated with water, filtered off, washed and dried. 610 g of
      nitro-anthraquinone of the following composition are obtained:
PA0  78.5% of 1-nitro-anthraquinone
PA0  3.7% of 1,5-dinitro-anthraquinone
PA0  4.5% of 1,8-dinitro-anthraquinone
PA0  &lt;0.5% - 1% of anthraquinone
PA0  approx. 3% of 2-nitro-anthraquinone
PAC  EXAMPLE 7
PAR  1,000 g of anthraquinone and 500 ml of hydrogen fluoride (90 percent
      strength) are initially introduced into a 4 liter Venuleth vessel and
      stirred for 15 minutes. A mixture of 500 ml of hydrogen fluoride (90
      percent strength) and 240 ml of nitric acid (98 percent strength) is added
      at room temperature over the course of 5 minutes. The bath temperature of
      the Venuleth vessel is then raised to 50.degree.C and the mixture is
      stirred at this temperature for 4 hours. Working up takes place as in
      Example 6. 1,200 g of nitro-anthraquinone of the following composition are
      obtained:
PA0  79.1% of 1-nitro-anthraquinone
PA0  1.6% of 1,5-dinitro-anthraquinone
PA0  2.1% of 1,8-dinitro-anthraquinone
PA0  approx. 5% of anthraquinone
PA0  approx. 7% of 2-nitro-anthraquinone
PAC  EXAMPLE 8
PAR  100 g of anthraquinone are suspended in 200 g of hydrofluoric acid (85
      percent strength); 24 ml of HNO.sub.3 (98 percent strength) are added at a
      temperature of approx, 10.degree.C and the mixture is heated to about
      50.degree.C whilst stirring. The reaction is allowed to take place for 4
      hours at a constant bath temperature of 50.degree.C. Thereafter the batch
      is cooled to 5.degree. - 10.degree.C and filtered on a filter press. The
      press cake, having a residual moisture content of approx. 30% is washed
      with water until neutral and dried (=A). The expressed mother liquor is
      left to stand overnight. Hereupon, some crystals precipitate, which are
      filtered off. ("B). Thereafter, a sample of the mother liquor is added to
      ice water in order to determine the dissolved organic component. The
      crystals which precipitate are filtered off (=C).
TBL  ______________________________________                                    

     Analyses:                                                                 

     1-nitro- anthra-  2-nitro- 1,5-dinitro-                                   

                                          1,8-di-                              

     anthra-  quinone  anthra-  anthraquin-                                    

                                          nitro-                               

     quinone           quinone  one       anthra-                              

                                          quinone                              

     ______________________________________                                    

     A   82%      1 - 2%   3 - 4% 3.2%      3.1%                               

     B   60.6%    2 - 3%   10%    2.2%      2.6%                               

     C   10.7%    main     not de-                                             

                                  0.25%     0.81%                              

                  product  termined                                            

     ______________________________________                                    

PAL  The total amount of the organic component is 2.4 percent.
PAC  EXAMPLE 9
PAR  50 g of anthraquinone are suspended in 100 g of 85 percent strength HF in
      the originally introduced batch and the bath temperature of the reaction
      kettle is set to 50.degree.C. The solutions A and B are now run in
      dropwise, uniformly and simultaneously, from two dropping funnels over the
      course of 2 hours.
PA0  Solution A: 450 g of anthraquinone in 350 g of 100 percent strength HF
PA0  Solution B: 415 g of 100 percent strength HF, 119 g of 98 percent strength
      HNO.sub.3 and 135 g of H.sub.2 O.
PAR  after completion of the addition, the reaction is allowed to continue for 4
      hours, the total batch is added to ice and the product is washed until
      neutral and dried.
PAR  Analysis
PA0  79.8% of 1-nitro-anthraquinone, 2% of anthraquinone and 8.9% of
      2-nitro-anthraquinone
PA0  2 % of 1,6-dinitro-anthraquinone
PA0  2.8% of 1,7-dinitro-anthraquinone
PA0  2.4% of 1,5-dinitro-anthraquinone
PA0  2.0% of 1,8-dinitro-anthraquinone
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for the manufacture of 1-nitro-anthraquinone by reacting
      anthraquinone and a nitrating agent for anthraquinone in aqueous hydrogen
      fluoride containing 5-30 percent water by weight at a temperature between
      0.degree.C and 150.degree.C.
NUM  2.
PAR  2. Process according to claim 1, characterised in that the nitration is
      carried out in hydrogen fluoride containing 10-25 percent by weight, of
      water.
NUM  3.
PAR  3. Process according to claim 1, characterised in that nitric acid is used
      as the nitrating agent.
NUM  4.
PAR  4. Process according to claim 1, characterised in that the nitration is
      carried out between 20.degree.C and 70.degree.C.
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ABST
PAL  There is provided a process for preparing anthraquinone in good yield and
      purity by subjecting either benzene or benzophenone and carbon monoxide in
      at least equimolar amounts to the action of either a non-noble metal
      halide catalyst, such as cupric chloride and ferric chloride, or a noble
      metal halide catalyst, such as palladium chloride and platinum bromide, or
      mixtures of said noble and non-noble metal halides at elevated
      temperatures and pressures.
BSUM
PAR  The present invention relates to the preparation of anthraquinone. More
      specifically, the invention relates to the cyclocarbonylation of benzene
      or benzophenone utilizing carbon monoxide under elevated pressures and
      temperatures. Still more specifically, the invention is concerned with the
      catalytic cyclocarbonylation of benzene or benzophenone in the presence of
      carbon monoxide under elevated pressures and temperatures utilizing either
      a noble metal halide or a non-noble metal halide or mixtures thereof to
      obtain anthraquinone in good yield and purity.
PAR  It is known that anthraquinone can be obtained utilizing prior art
      procedures. One such procedure involves the oxidation of anthracene.
      Another is directed to the Diels-Alder reaction of butadiene with
      1,4-naphthoquinone. Still another process involves the reaction of benzene
      and phthalic anhydride in the presence of a Friedel-Crafts catalyst, such
      as aluminum chloride. Although each procedure produces anthraquinone,
      nonetheless, each is not entirely satisfactory, since the processes are
      costly and work-up procedures are quite difficult and lengthy in obtaining
      anthraquinone in good yield and purity. If a process could be devised to
      overcome the prior practices in terms of cost and ease of work-ups, such a
      process would fulfill a long sought after need in the art.
PAR  It is, therefore, a principal object of the invention to provide a process
      for synthesizing anthraquinone from an economical source, namely, from
      either benzene or benzophenone utilizing relatively inexpensive reaction
      conditions of elevated pressures and temperatures. It is a further object
      of the invention to catalytically cyclocarbonylate benzene or benzophenone
      utilizing readily available reaction conditions, starting reactants, and
      work-up procedures. Other objects and advantages will become apparent from
      a consideration of the ensuing description.
PAR  To these ends, it has been unexpectedly found that anthraquinone can be
      prepared in an economical manner and in good yield and purity by
      subjecting benzene or benzophenone and carbon monoxide to the action of a
      non-noble metal catalyst or a noble metal catalyst or a mixture thereof
      employing elevated pressures and temperatures. Cyclocarbonylation occurs
      within two to ten hours with rapid recovery of desired product in good
      yield.
PAR  According to the process of the invention, benzene or benzophenone is
      reacted with carbon monoxide at elevated temperatures and pressures in the
      presence of a copper halide, iron halide, cobalt halide, palladium halide
      or platinum halide catalyst or a mixture of the same to effect
      cyclocarbonylation of the benzene derivative. In general, at least
      equimolar amounts of benzene or benzophenone and carbon monoxide are
      employed in the presence of a non-noble or noble metal catalyst. Exemplary
      of the latter are cupric chloride, cupric bromide, cupric iodide, ferric
      chloride, ferric bromide, ferric iodide, cobalt chloride, palladium
      chloride, palladium bromide, platinum chloride, or a 50/50 mixture of
      ferric chloride and platinum chloride. Usually, from 1 mol to 1.5 mols of
      the catalyst per mol of benzene or benzophenone is a good operating
      practice.
PAR  Advantageously, a wide range of temperatures and pressures may be utilized
      in the present process. For instance, temperatures between about
      160.degree.C. and about 300.degree.C. and, preferably, between about
      210.degree.C. and about 230.degree.C. are employed under a
      superatmospheric pressure of from about 200 to about 1000 pounds per inch
      and, preferably, between 325 and 375 pounds per square inch.
PAR  At the completion of the reaction, it is a good practice to rinse the
      reaction mixture with an inert solvent therefor, with agitation. Exemplary
      of such solvents are toluene, ethyl ether and dimethyl sulfoxide. The
      insolubles are separated as by filtration so as to recover the catalyst.
      The filtrate is next subjected to distillation to remove the solvent and
      to recover anthraquinone as yellow crystals.
DETD
PAR  In order to facilitate a further understanding of the invention, the
      following examples are presented primarily for purposes of illustrating
      certain more specific details thereof. The invention is not to be deemed
      limited thereby except as defined in the claims. Unless otherwise noted,
      all parts are by weight.
PAC  EXAMPLE 1
PAR  To a suitable high pressure reaction vessel are added 10.2 parts of
      anhydrous cupric chloride and 12.4 parts of benzophenone. The vessel is
      tightly closed and then purged with argon followed by the introduction of
      carbon monoxide to a final pressure of 350 pounds per inch at room
      temperature. The reaction vessel or autoclave is put into a preheated
      jacket and maintained at a temperature of from 220.degree.C. to
      225.degree.C. for four hours under vigorous rocking of the autoclave. A
      pressure of about 690 psi is noted.
PAR  At the termination of the four hour period, the autoclave is cooled, opened
      and vented. The contents in the autoclave are next washed down with
      toluene and the contents collected. A solid residue is obtained upon
      filtration. The filtrate is next distilled at a temperature of
      90.degree.C. under vacuum, whereby the toluene is recovered and the
      residue remaining analyzes principally as anthraquinone by vapor phase
      chromatography. This residue is found to amount to a yield of about 90
      percent by weight, based on benzophenone.
PAR  Similar results are noted where cobalt chloride is substituted for cupric
      chloride.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is repeated in every detail except that benzene
      is substituted for benzophenone and palladium chloride replaces cupric
      chloride therein. Similar results are noted in the formation of
      anthraquinone.
PAC  EXAMPLE 3
PAR  To a suitable autoclave as in Example 1 above are added 2.9 parts of
      benzene, 4.7 parts of anhydrous ferric chloride and 5.4 parts of palladium
      chloride. The reaction is carried out under initial 1000 psig pressure of
      carbon monoxide at 215.degree.C. -- 220 .degree.C. for two hours.
PAR  There is recovered substantially quantitative yields of anthraquinone,
      based on the benzene consumed.
PAR  Although benzene and benzophenone are exemplified in the above examples, it
      is clear that the process of the invention is equally applicable to
      aromatic reactants, such as, for instance, 1-phenylnaphthalene, reacted
      with carbon monoxide to obtain benzanthrone.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing anthraquinone which comprises the steps of:
      reacting in the presence of a catalyst selected from the group consisting
      of a non-noble metal halide, a noble metal halide and mixtures of the same
      about equimolar amounts of benzene or benzophenone and carbon monoxide for
      from two to ten hours at a superatmospheric pressure of at least 200
      pounds per square inch and at a temperature ranging from about
      160.degree.C to about 300.degree.C, and recovering anthraquinone.
NUM  2.
PAR  2. The process of claim 1 wherein benzene and carbon monoxide are reacted.
NUM  3.
PAR  3. The process of claim 1, wherein benzophenone and carbon monoxide are
      reacted.
NUM  4.
PAR  4. The process of claim 1 wherein the noble metal halide is palladium
      chloride.
NUM  5.
PAR  5. The process of claim 1 wherein the non-noble metal halide is cupric
      chloride.
NUM  6.
PAR  6. The process of claim 1 wherein the non-noble metal halide is ferric
      chloride.
NUM  7.
PAR  7. The process of claim 1 wherein the mixture of non-noble metal halide and
      noble metal halide comprises a 50/50 mixture of ferric chloride and
      palladium chloride.
NUM  8.
PAR  8. The process of claim 1 wherein about equimolar amounts of benzophenone
      and carbon monoxide are reacted for four hours in the presence of cupric
      chloride at a temperature ranging from 220.degree.C. and 225.degree.C. and
      a pressure ranging from about 350 psi to about 690 psi under vigorous
      agitation, and recovering anthraquinone.
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ABST
PAL  A process for producing trimethyl-p-benzoquinone by halogenating 2,3,5- or
      2,3,6-trimethylphenol and oxidizing the resulting 2,3,5- or
      2,3,6-trimethyl-4-halogenophenol, is disclosed. The resulting compound can
      readily be converted to trimethylhydroquinone useful as a starting
      material for producing vitamin E.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a process for synthesizing
      trimethyl-p-benzoquinone from trimethylphenol and, more particularly, it
      relates to a process for producing trimethyl-p-benzoquinone in high yield
      by introducing a halogen group to p-position of 2,3,5- or
      2,3,6-trimethylphenol and oxidizing the resulting 2,3,5- or
      2,3,6-trimethyl-4-halogenophenol.
PAR  2. Description of the Prior Art
PAR  As has already been well known, trimethyl-p-benzoquinone is readily reduced
      to trimethylhydroquinone, which is important as a starting material for
      synthesizing vitamin E.
PAR  There have heretofore been various literatures and patents as to the
      process for producing trimethyl-p-benzoquinone by oxidizing
      trimethylphenol. For example, there is a description in "Journal of
      Organic Chemistry", 4, 318(1939), that trimethyl-p-benzoquinone is
      obtained in 50 percent yield by oxidizing trimethylphenol with chromic
      acid in an aqueous sulfuric acid solution. Furthermore, in this
      literature, trimethylphenol is diazotized with a diazotizing solution and
      hydrogenated to produce trimethyl-p-aminophenol, which is then oxidized
      with ferric chloride to obtain trimethyl-p-benzoquinone in 95 percent
      yield. However, the above-described processes are economically
      disadvantageous since many steps are involved and expensive chemicals are
      used.
PAR  Also, in the process described in Japanese Pat. Publication No. 38063/70
      (German Pat. OLS No. 1,814,652), 2,3,6-trimethylphenol is dissolved in
      acetic acid and oxidized with a dilute nitric acid using sodium nitrite as
      a catalyst to obtain trimethyl-p-benzoquinone in maximum yield of 69.6
      percent. This process is simple and is considered to be a good one.
      However, the yield is a little low.
PAR  Various oxidizing processes are under examination also in other
      literatures. However, there are produced in many cases a
      diphenoquinone-homolog product and the selectivity to the desired
      trimethyl-p-benzoquinone is low.
PAC  SUMMARY OF THE INVENTION
PAR  As a result of intensive investigations on the process for synthesizing
      trimethyl-p-benzoquinone inexpensively with high yield, the inventors have
      achieved the present invention. That is, although major portion of
      trimethylphenol is converted to a diphenoquinone-homolog compound by a
      usual direct oxidation, the inventors have examined substituents which
      prevent the formation of the diphenoquinone-homolog compound and yet does
      not prevent the oxidation and, as a result, have discovered to substitute
      the p-position with a halogen group. Preferably enough, the oxidation of
      trimethyl-p-halogenated-phenol proceeds without an induction period, i.e.,
      the oxidation reaction starts immediately after adding an oxidizing agent
      such as nitric acid to produce a desired trimethyl-p-benzoquinone in the
      absence of catalyst with almost no side reactions. Further preferably
      enough, halogen substituent has an ortho-para orientation property with
      respect to the hydroxy group of the starting phenol and is introduced
      almost to p-position at a low temperature. In particular, when
      2,3,6-trimethylphenol is used as a starting material, the p-position is
      quantitatively substituted by halogen since the ortho position is
      substituted by a methyl group. The halogenated trimethylphenol may be
      oxidized without recovering the halogenated product from the reaction
      solution. Of course, when the halogenated trimethylphenol was oxidized
      after removing the solvent, taking out the product and dispersing in water
      or dissolving a suitable solvent, the reaction similarly occurred
      immediately with no change in yield.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the halogenation reaction which is the first reaction in the present
      invention, there are used as a reaction solvent those which can be used in
      the usual chlorination reaction, such as acetic acid, carbon
      tetrachloride, carbon disulfide, etc. However, any solvent may be used so
      long as it does not itself participate in the halogenation reaction and
      can dissolve the starting trimethylphenol. But, considering the subsequent
      oxidation procedure, carbon tetrachloride is the best from the viewpoint
      of easiness in recovery of the solvent and in reaction procedures.
PAR  As the substituent halogen, any of chlorine, bromine and iodine may be
      used. However, chlorine is economically advantageous since it is
      inexpensive.
PAR  The reaction may be conducted at 0.degree.C - 100.degree.C, preferably
      20.degree.C - 80.degree.C.
PAR  Usually, the reaction proceeds almost quantitatively in the absence of
      catalyst. However, in order to improve the selectivity of introducing
      halogen particularly to p-position, iron powder, sodium acetate, or a
      catalyst using for Friedel-Crafts reaction such as aluminum chloride, iron
      chloride, etc., and the like may be used. In particular, a small amount of
      iodine upon chlorination or bromination is effective.
PAR  In the oxidation reaction of the halogenated trimethylphenol, there may be
      used as an oxidizing agent those which are commonly known, such as chromic
      acid, nitric acid, potassium permanganate, peroxide, and the like. Of
      these oxidizing agents, nitric acid provides the best results and is the
      most inexpensive. Any of concentrated nitric acid, dilute nitric acid and
      fuming nitric acid provides the same results.
PAR  As the solvent for the oxidation, there may be used water, acetic acid,
      aliphatic hydrocarbon (e.g., hexane, heptane, etc.), halogen-substituted
      aliphatic hydrocarbon (e.g., chloroform, dichloromethane, methyl chloride,
      carbon tetrachloride, etc.). Of these solvents, water, acetic acid and
      carbon tetrachloride are preferable. Furthermore, where the oxidation
      reaction subsequent to the halogenation reaction is conducted without
      separating the intermediate, carbon tetrachloride is particularly
      preferable from the viewpoint of easiness in reaction procedures and in
      recovery of the solvent.
PAR  The present invention will now be described in greater detail by Examples
      and Comparative Examples, which, however, should not be construed to be
      limitative but illustrative only.
PAC  EXAMPLE 1
PAR  A. 136 g (1 mole) of 2,3,6-trimethylphenol was dissolved in 1000 g of
      acetic acid, and 75 g (1.06 moles) of chlorine gas was bubbled thereinto
      at a room temperature in one hour.
PAR  After the completion of bubbling, nitrogen gas was bubbled thereinto to
      remove hydrogen chloride gas, followed by distilling off acetic acid to
      obtain 169.8 g of the residue. The residue had a melting point of
      79.5.degree. - 80.5.degree.C. The thus obtained product was confirmed to
      be 2,3,6-trimethyl-4-chlorophenol by elementary analysis, infrared
      spectrum and NMR spectrum.
PAR  B. 17.0 g (0.1 mole) of 2,3,6-trimethyl-4-chlorophenol obtained in the
      above (A) was dispersed in 40 g of water, and 10 g of concentrated nitric
      acid was added dropwise thereto in 30 minutes under vigorous stirring. The
      reaction immediately took place and a yellowish brown oil dispersed in
      water produced. After continuing the stirring for another 30 minutes, the
      reaction solution was subjected to steam distillation. At the time when
      the yellow color of the distillate disappeared, steam distillation was
      discontinued and the distillate was extracted with ether. The ether layer
      was washed with an aqueous sodium bicarbonate solution and, after drying
      over sodium sulfate (anhydrous) ether was distilled off to obtain 13.6 g
      of 2,3,6-trimethyl-p-benzoquinone (90.6 percent in yield).
PAC  EXAMPLE 2
PAR  In manner analogous to Example 1, but employing 17.0 g (0.1 mole) of
      2,3,5-trimethyl-4-chlorophenol obtained in the same manner as in Example 1
      (A) in place of 2,3,6-trimethyl-4-chlorophenol used in Example 1 (B),
      there was obtained 13.2 g of 2,3,5-trimethyl-p-benzoquinone (88% in
      yield).
PAC  EXAMPLE 3
PAR  Oxidation reaction was conducted using 17.0 g (0.1 mole) of
      2,3,6-trimethyl-4-chlorophenol obtained in Example 1 (A) changing the
      amount of the solution containing 10 g of nitric acid. Results are shown
      in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Water (g)                                                                 

               0        10        20      60                                   

     Yield (%)                                                                 

              90        88        92      92                                   

     ______________________________________                                    

PAR  It can be seen from Table 1 that difference in concentration of nitric acid
      caused no difference in yield.
PAC  EXAMPLE 4
PAR  17.0 g (0.1 mole) of 2,3,6-trimethyl-4-chlorophenol obtained in Example 1
      (A) was oxidized with a solution prepared by dissolving 15 g of chromic
      acid in 20 g of acetic acid. The reaction solution was treated in the same
      manner as in Example 1 to obtain 12.6 g of 2,3,6-trimethyl-p-benzoquinone
      (84% in yield).
PAC  EXAMPLE 5
PAR  17.0 g (0.1 mole) of 2,3,6-trimethyl-4-chlorophenol obtained in Example 1
      (A) was dissolved in 100 g of acetic acid, and 10 g of concentrated nitric
      acid was added dropwise thereto in 30 minutes under stirring. The reaction
      proceeded immediately. After stirring for another 30 minutes, the reaction
      solution was subjected to steam distillation. The same treatment as in
      Example 1 was conducted to obtain 13.8 g of 2,3,6-trimethyl-p-benzoquinone
      (92.0 percent in yield).
PAC  EXAMPLE 6
PAR  17.0 g (0.1 mole) of 2,3,6-trimethyl-4-chlorophenol obtained in Example 1
      (A) was dissolved in 50 g of carbon tetrachloride, and a mixture of 10 g
      of commercially available concentrated nitric acid (64% by weight) and 20
      g of water was added dropwise thereto in 30 minutes under vigorous
      stirring at 40.degree.C. After the completion of the dropwise addition,
      stirring was continued for another 30 minutes. Thereafter, the carbon
      tetrachloride layer was separated out followed by removing carbon
      tetrachloride. It was confirmed by gas chromatography analysis that 15.5 g
      of the resulting residue contained 14.3 g of trimethylbenzoquinone.
      (Yield: 95.3 percent) The remaining residue was rectified under reduced
      pressure (at 3 mmHg) to obtain 14.0 g of 85.degree. - 90.degree.C
      distillate. This was nearly pure 2,3,6-trimethyl-p-benzoquinone.
PAC  EXAMPLE 7
PAR  A. 136 g (1 mole) of 2,3,6-trimethylphenol was dissolved in 900 g of acetic
      acid, and a solution prepared by dissolving 160 g (1 mole) of bromine in
      100 g of acetic acid was added dropwise thereto in one hour. The reaction
      was conducted at a room temperature. Upon dropwise addition, the color of
      bromine instantly disappeared and the reaction proceeded immediately.
PAR  After the completion of the dropwise addition, hydrogen bromide formed was
      expelled with nitrogen gas to obtain quantitatively
      2,3,6-trimethyl-4-bromophenol having a melting point of 91.degree. -
      92.degree.C. The chemical structure was confirmed in the same manner as in
      Example 1 (A).
PAR  B. 21.5 g (0.1 mole) of 2,3,6-trimethyl-4-bromophenol obtained in the above
      (A) was dissolved in 100 g of acetic acid, and 10 g of concentrated nitric
      acid was added dropwise thereto in 30 minutes under stirring. The reaction
      proceeded immediately. After continuing the stirring for another 30
      minutes, the reaction solution was subjected to steam distillation. The
      same treatment as in Example 1 (B) was conducted to obtain 12.0 g of
      2,3,6-trimethyl-p-benzoquinone. (Yield: 80.0 percent)
PAC  EXAMPLE 8
PAR  13.6 g (0.1 mole) of 2,3,6-trimethylphenol was dissolved in 100 g of acetic
      acid, and 7.4 g (0.104 mole) of chlorine gas bubbled thereinto at
      20.degree. - 30.degree.C under stirring. Gas chromatography at this stage
      showed that p-chloro derivative was produced fairly quantitatively. 10 g
      of commercially available concentrated nitric acid (63 percent) was added
      dropwise thereto in 30 minutes without removing acetic acid. The
      temperature rose to 30.degree.C. After dropwise addition, the stirring was
      continued for another 30 minutes, and then the reaction solution was
      subjected to steam distillation. The steam distillation was discontinued
      at the time when the yellow color of the distillate disappeared, and the
      distillate was extracted with ether. The ether layer was washed with an
      aqueous solution of sodium bicarbonate and dried over sodium sulfate
      (anhydrous), followed by distillating off ether. Thus, there was obtained
      13.5 g (90 percent in yield) of 2,3,6-trimethyl-p-benzoquinone.
PAC  EXAMPLE 9
PAR  2,3,5-trimethylphenol was reacted in the same manner as in Example 8 to
      obtain 13.2 g of 2,3,5-trimethyl-p-benzoquinone. (Yield: 88 percent)
PAC  EXAMPLE 10
PAR  Halogenation and subsequent oxidation were conducted in the same manner as
      in Example 8 except for adding 0.068 g of iodine to the acetic acid
      solution of 2,3,6-trimethylphenol upon chlorination. Thus, there was
      obtained 14.2 g (94.7 percent in yield) of 2,3,6-trimethyl-p-benzoquinone.
PAC  EXAMPLE 11
PAR  Chlorination was conducted in the same manner as in Example 8, and the
      chlorinated product was oxidized with a solution prepared by dissolving 15
      g of chromic acid in 20 g of acetic acid. The same treatment as in Example
      1 was conducted to obtain 12.6 g (84 percent in yield) of
      2,3,6-trimethyl-p-benzoquinone.
PAC  EXAMPLE 12
PAR  1000 g of carbon tetrachloride was charged in a 5-liter four neck flask
      equipped with a stirrer, a condenser, a chlorine-bubbling pipe and a
      thermometer, and 408 g (3 moles) of 2,3,6-trimethylphenol was dissolved
      therein. Thereafter, 210 g (3 moles) of chlorine gas was bubbled thereinto
      at 40.degree.C in 2 hours. After the completion of the bubbling, a mixture
      of 210 g of a commercially available nitric acid (63 percent by weight)
      and 600 g of water was immediately added dropwise thereto at 40.degree.C
      for 2 hours. After the completion of the dropwise addition, the stirring
      was continued for further 1 hour. Then, the reaction solution was allowed
      to stand, and the separated lower layer of carbon tetrachloride was taken
      out, and washed with water, followed by distilling off carbon
      tetrachloride. Thus, 460 g of the residue was obtained as a red oil, in
      which 405 g of 2,3,6-trimethyl-p-benzoquinone was included. (90 percent in
      yield).
PAC  EXAMPLE 13
PAR  In manner analogous to Example 3, but employing 2,3,5-trimethylphenol in
      place of 2,3,6-trimethylphenol, there was obtained
      2,3,5-trimethyl-p-benzoquinone in 85 percent yield.
PAC  EXAMPLE 14
PAR  In manner analogous to Example 12, but adding 2 g of iodine to the carbon
      tetrachloride solution of 2,3,6-trimethylphenol, there was obtained 475 g
      of distillation residue, in which 428 g (95 percent in yield) of
      2,3,6-trimethyl-p-benzoquinone was included.
PAC  COMPARATIVE EXAMPLE 1
PAR  13.6 g (0.1 mole) of 2,3,6-trimethylphenol was dissolved in 100 g of acetic
      acid, and a mixture of 10 g of nitric acid and 20 g of water was added
      dropwise thereto at 20.degree. - 30.degree.C in 30 minutes, and the
      stirring was continued for another 30 minutes.
PAR  The same treatment as in Example 1 (A) was conducted to obtain 10.6 g (70.6
      percent in yield) of 2,3,6-trimethyl-p-benzoquinone.
PAR  Additionally, this oxidation reaction occurred after an induction period,
      and the reaction started 10 minutes after the initiation of the dropwise
      addition.
PAC  COMPARATIVE EXAMPLE 2
PAR  13.6 g (0.1 mole) of 2,3,6-trimethylphenol was pulverized and dispersed in
      40 g of water. Then, oxidation reaction was conducted in the same manner
      as in Example 4. The reaction proceeded so late that 2 hours were required
      at a room temperature. After conducting stream distillation, the same
      treatment as in Example 1 (B) was effected to obtain 4.28 g (28.6 percent
      in yield) of 2,3,6-trimethyl-p-benzoquinone.
PAC  COMPARATIVE EXAMPLE 3
PAR  17.0 g (0.1 mole) of 2,3,6-trimethyl-4-chlorophenol obtained in Example 1
      (A) was dispersed in 40 g of water, and it was attempted to conduct
      oxidation by bubbling thereinto air under vigorous stirring at 60.degree.
      - 80.degree.C for 3 hours. However, oxidation reaction did not occur, and
      the starting material was recovered almost quantitatively.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing trimethyl-p-benzoquinone, which comprises
      oxidizing 2,3,5-or 2,3,6-trimethyl-p-halogenophenol, wherein the halogen
      moiety in said trimethyl-p-halogenophenol is chlorine, bromine or iodine,
      by contacting with nitric acid in the presence of a solvent selected from
      the group consisting of water, acetic acid, hexane, heptane, chloroform,
      dichloromethane, methyl chloride and carbon tetrachloride.
NUM  2.
PAR  2. A process for producing trimethyl-p-benzoquinone as described in claim 1
      wherein said trimethyl-p-halogenophenol is
      2,3,6-trimethyl-p-halogenophenol.
NUM  3.
PAR  3. A process for producing trimethyl-p-benzoquinone as described in claim
      1, wherein said solvent is carbon tetrachloride.
NUM  4.
PAR  4. A process for producing trimethyl-p-benzoquinone as described in claim
      1, wherein said nitric acid is selected from the group consisting of
      dilute nitric acid, concentrated nitric acid and fuming nitric acid.
NUM  5.
PAR  5. In an improved process for producing trimethyl-p-benzoquinone which
      comprises halogenating 2,3,5- or 2,3,6-trimethylphenol with a halogen
      selected from the group of chlorine, bromine and iodine at a temperature
      of from 0.degree. to 100.degree.C., in the absence of a catalyst or by
      contacting with a catalyst selected from the group consisting of iron
      powder, sodium acetate, aluminum chloride or iron chloride to obtain
      2,3,5- or 2,3,6-trimethyl-4-halogenophenol and oxidizing the 2,3,5- or
      2,3,6-trimethyl-4-halogenphenol, the improvement being said that said
      oxidizing is carried out by contacting said phenol with nitric acid in the
      presence of a solvent selected from the group consisting of water, acetic
      acid, hexane, heptane, chloroform, dichloromethane, methyl chloride and
      carbon tetrachloride.
NUM  6.
PAR  6. A process for producing trimethyl-p-benzoquinone as described in claim 5
      wherein both said halogenation reaction and said oxidation reaction are
      conducted in carbon tetrachloride as a solvent.
NUM  7.
PAR  7. A process for producing trimethyl-p-benzoquinone as described in claim
      5, wherein said catalyst is iodine when the halogen used in the
      halogenation is chlorine or bromine.
NUM  8.
PAR  8. A process for producing trimethyl-p-benzoquinone as described in claim
      5, wherein no catalyst is utilized in said halogenation.
NUM  9.
PAR  9. A process for producing trimethyl-p-benzoquinone as described in claim
      5, wherein acetic acid or carbon disulfide is used as a solvent for said
      halogenation.
NUM  10.
PAR  10. A process for producing trimethyl-p-benzoquinone as described in claim
      5, wherein said nitric acid is selected from the group consisting of
      dilute nitric acid, concentrated nitric acid and fuming nitric acid.
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ABST
PAL  It is disclosed that amides are readily prepared by reacting an ester of a
      volatile alcohol with a volatile amine reactant in an anhydrous system and
      at moderate pressure. Excess amine reactant is fed to the reaction system
      and allowed to escape therefrom in the course of the reaction to remove
      alcohol liberated during the reaction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the preparation of amides of fatty acids having
      from about 8 to about 20 carbon atoms. In particular, the invention
      relates to a process for producing the foregoing amides from esters by
      reaction thereof with amine reactant in an anhydrous system.
PAR  2. Description of the Prior Art
PAR  The preparation of fatty acid amides from fatty acid esters can be
      accomplished by several processes known in the prior art. In the process
      of U.S. Pat. No. 3,253,006, the reaction is performed in the presence of
      what is described as a highly critical amount of water and under high
      pressures of above 1000 psig. Unfortunately the high pressures used
      necessitate expensive equipment capable of withstanding high pressure
      operation and the presence of water produces a very corrosive system
      requiring special materials of construction.
PAR  In other prior art the use of solvents other than water is disclosed. For
      example, U.S. Pat. No. 2,464,094 discloses the use of alcohol solvents
      such as methanol fed to the reaction system. Although the patent does
      discuss the subsequent removal of methanol, it does not suggest removal to
      the extent or in the manner disclosed herein. The problem of slow reaction
      rate in amidation of esters is evident in the prior art search for
      catalysts as disclosed, for example, in the main force of U.S. Pat. No.
      2,464,094. Another patent dealing with solvents deliberately or
      fortuitously present is U.S. Pat. No. 2,504,427. Although this patent
      speaks of distilling off the by-product water or alcohol or using
      complexing agents, such is not undertaken until after the reaction is
      terminated.
PAR  In some instances, the use of catalysts such as salts or alkali metals is
      regarded as very much undesired. Not only is this an item of expense but
      also there is the problem of removal of the catalyst after its presence is
      no longer desired. A process that can be enhanced with catalyst yet which
      can be performed satisfactorily without catalyst can be useful in various
      ways.
PAR  Other prior art includes processes in which operation is at low pressures
      and in the absence of water; however, as discussed in the aforementioned
      U.S. Pat. No. 3,253,006, the prior art operations under anhydrous
      conditions have been characteristically slow requiring reaction times of
      as much as several days. Such long reaction times are undesired for
      obvious reasons because of the adverse effect thereof upon the ability to
      produce amides at low cost.
PAR  It is accordingly an object of the present invention to provide a process
      for producing amides which does not require either high pressure of
      operation or catalysts.
PAR  Another object of the present invention is to provide a process for
      producing amides using anhydrous conditions. Another object of the present
      invention is to provide a process for producing amides that does not
      require solvents.
PAR  Another object of the present invention is to provide a process for
      producing amides by reaction of ester and amine reactant wherein high
      reaction rate is obtained in an anhydrous system at low pressure and in
      which amine reactant is used as a stripping agent to remove reaction
      by-products.
PAR  Another object of the present invention is to provide a process for
      producing amides from esters of fatty acids and an amine reactant wherein
      alcohol liberated from the esters in the course of the reaction is removed
      from the system by stripping with excess amine reactant.
PAC  Summary
PAR  The present invention provides a process for producing amides of fatty
      acids in which is achieved a high reaction rate in an anhydrous system
      without requiring the presence of water or catalyst or the use of
      pressures in excess of about 500 lbs psi and which does not involve
      severely corrosive materials.
PAR  Preferably, in the process of the present invention amides are produced by
      reacting fatty acid esters with an amine reactant which is more volatile
      than the feed esters or the amide product. Preferably, the esters used
      have alcohol components which have a substantial vapor pressure under the
      conditions of operation. This volatility situation produces a two phase
      system through which is passed a stream of the amine reactant to strip out
      the by-product alcohol liberated from the esters as a result of the
      reaction. In this way the by-product alcohol is rapidly removed from the
      system achieving a high reaction rate at comparatively low pressure.
      Surprisingly, it has been discovered that despite the two phase system, a
      high reaction rate is achieved which is enhanceable by catalysts but does
      not require catalyst. The reaction is performed in any suitable apparatus
      typically in batchwise operation as in a stirred pot or in a continuous
      process as in an autoclave or in a tower type reactor. The recovered amine
      reactant passed through the system to remove the liberated alcohol can be
      utilized in any suitable manner but preferably it is treated to remove the
      alcohol and is then recycled to the reaction system for reaction and
      removal of additional by-product alcohol.
PAR  The present invention provides a process for preparing an amide of a fatty
      acid having from about 8 to about 20 carbon atoms per molecule comprising
      reacting in a substantially anhydrous system (1) an ester of a fatty acid
      having from about 8 to about 20 carbon atoms per molecule and of a lower
      alcohol having from 1 to about 6 carbon atoms per molecule with (2)
      ammonia or a mono or dialkyl methyl or ethyl amine fed at a rate in excess
      of the rate of reaction thereof, the excess of (2) being removed from the
      system during the reaction to remove from the system the lower alcohol
      component released from the ester in the reaction.
PAR  In a preferred aspect of the present process the excess ammonia or amine
      removed from the system is treated to remove the alcohol and the ammonia
      or amine is recycled to the reaction system.
PAR  In a preferred aspect of the present process the ester is an ester of
      methanol, ethanol, propanol or butanol.
PAR  In a preferred aspect of the present process the ester is an ester of
      methanol.
PAR  In a preferred aspect of the present process ammonia is reacted with the
      ester.
PAR  In a preferred aspect of the present process the ester reacted is an ester
      of pure or of mixed fatty acids having predominantly from about 10 to
      about 18 carbon atoms per molecule.
PAR  In a preferred aspect of the present process the ester reacted is of the
      formula
      ##EQU1##
      wherein R is hydrogen or alkyl having from 1 to about 8 carbon atoms,
PA1  R' is alkyl, alkenyl or polyalkenyl having from about 6 to about 18 carbon
      atoms,
PA1  R" is (C.sub.n H.sub.2n.sub.+1) where n is 1, 2, 3 or 4.
PAR  In a preferred aspect of the present process the ester reacted is an ester
      of undecanoic acid, 2-methyl decanoic acid, 2-ethyl nonanoic acid,
      tridecanoic acid, 2-methyl dodecanoic acid, 2-ethyl undecanoic acid,
      pentadecanoic acid, 2-methyl tetradecanoic acid, or 2-ethyl tridecanoic
      acid.
PAR  Ester reactants for the present process are preferably lower alkyl, e.g.,
      methyl, esters of fatty acids having from about 8 to about 20 carbon atoms
      per molecule. In reaction with amine in accordance with the present
      process, such esters produce amides having a long chain organic radical
      corresponding to the organic radical of the acid component of the starting
      ester.
PAR  It is readily seen that one can selectively produce a desired amide product
      by using a starting ester whose organic acid radical or acyl group is the
      same as that desired for the product amide.
PAR  The fatty acid radical or acyl group of the ester reactant can be any group
      which does not react adversely or decompose under the conditions involved.
      The radical can be saturated or unsaturated, including polyunsaturated of
      natural source or synthetic source, having odd or even numbers of carbon
      atoms and straight chain, branched chain, cyclic or aromatic carbon
      skeletal structure. Where the carbon skeletal chain is branched, the
      structures may have one or plural branches with similar or different
      lengths of side chains. Preferred branching when present is that of a
      single methyl group in the position alpha to the carbon atom of the
      carboxyl group; however, acid radicals with more remote or plural
      branching and with longer side chains than methyl such as 2-ethyl
      hexanoic, 1-ethyl decanoic, 1-methyl-4-ethyl octanoic, and the like are
      typical.
PAR  Examples of fatty acids whose acid radicals are suitable for esters used in
      the present process include caprylic acid, capric acid, lauric acid,
      myristic acid, palmitic acid, stearic acid, oleic acid, linoleic acid, and
      linolenic acid. Other examples are those of mixtures of the fatty acids
      derived from natural fats and oils such as coconut oil, tallow, palm
      kernel oil, soybean oil, whale oil, fish oil, tall oil, and other natural
      oils that are derived from animal, vegetable or marine sources. Synthetic
      fatty acid radicals can be obtained via the oxidation of alcohols,
      ketones, aldehydes or hydrocarbons, as well as by other processes such as
      the oxo process reaction of olefins with carbon monoxide. When the
      olefin-carbon monoxide reaction is performed catalytically in the presence
      of lower alcohol, excellent starting esters for the present amidation
      reaction are obtained directly, a lower alcohol being selected for that
      process which is suitable for the herein-stated requirements of the
      present process. The two processes can be operated in conjunction with
      each other whereby alcohol recovered from the stripping amine reactant is
      recycled to the process that produces the esters fed to the amidation. For
      such a combination, methanol is a preferred alcohol.
PAR  Suitable esters for the process of the present invention may be reacted
      with the amine reactant as mixtures or as pure esters depending upon the
      source and structure of the esters and the relationship thereof to the
      product desired. Amide products therefore can be produced which are pure
      in a sense of having substantially 100 percent content of a single acyl
      radical or they can be mixtures with two or more acyl radicals present. Of
      course, amide mixtures can be obtained by blending amides or mixtures of
      amides produced in separate amidation operations.
PAR  Preferred ester reactants used are those whose alcohol constituency R"OH
      after release from the ester is volatile enough to be readily stripped
      from the reaction system by the passage therethrough of a gaseous or vapor
      stream of amine reactant. Although other stripper gases can be used, the
      use of amine reactant is particularly desirable because of avoidance of
      contamination and purification problems. In general, the stripping form of
      operation places the requirement for the alcohol component of esters used
      that they be lower alcohols having from one to about 6 carbon atoms per
      molecule, preferably methanol, ethanol, n-propanol and n-butanol.
      Preferred alcohols are primary alcohols because of the ease of
      esterification of such alcohols with fatty acids to produce the esters.
      Thus, although suitable alcohols include isopropanol, isobutanol,
      t-butanol and the like, in general primary alcohols are preferred as are
      corresponding esters. It is readily evident that esters whose alcohol
      component is a higher order alcohol such as a diol or a triol or the like,
      such as ethylene glycol or glycerol, are also suitably used in appropriate
      instances; however, from volatility considerations to facilitate the
      formation of the desired vapor phase for stripping at low temperatures,
      thereby permitting operation at low pressure, it is preferred that the
      alcohol component of esters reacted be alkanols.
PAR  For the most part, the ester is a reactive carrier for the organic acid
      group. The main requirements for the alcohol constituency of the ester are
      that it be an alcohol which is readily esterified with the desired acid
      and which is also readily stripped out as by the flow of gaseous or
      vaporized amine reactant or stripper gas through the reaction system. A
      particularly preferred alcohol component of ester reactants is methanol
      because of the low molecular weight thereof, the ease of esterification
      with acids and ease of reaction in a system with olefins and CO using
      cobalt carbonyl and similar catalysts to produce esters and convenient
      volatility particularly in systems where the amine reactant is ammonia or
      a methyl amine containing a reactive hydrogenation.
PAR  Preferred amine reactants suitable for use in the present invention are
      ammonia or lower organo amines which are suitably volatile to be removed
      from the system under convenient conditions of operation particularly in
      regard to temperature and pressure and which contain at least one reactive
      hydrogen atom per molecule. Vapor pressure properties of the various
      amines are known. Preferred amines include ammonia and primary or
      secondary methyl or ethyl amines such as monomethyl (primary) amine and
      dimethyl (secondary) amine. In general, the choice as to whether ammonia
      or primary or secondary amine or a mixture of such amine reactants is used
      depends largely upon the desired configuration of the portion of the
      product amide molecules exclusive of the organic acid radical portion
      thereof. Where it is desired to produce a simple amide product,
      (acyl-NH.sub.2) it is of course evident that ammonia is the desired amine
      reactant. If it is desired to produce an organo amide product such as a
      methyl or ethyl amide,
      ##EQU2##
      or
      ##EQU3##
      a reactive methyl or ethyl amine or a mixed alkyl secondary amine such as
      methyl ethyl amine is used. In general, the preferred organo amine
      reactant is monomethyl (primary) amine.
PAR  It is evident that the foregoing exemplary ammonia and amine reactants;
      viz. methyl amine, dimethyl amine, ethyl amine, diethyl amine and methyl
      ethyl amine are materials with a substantial vapor pressure at
      temperatures discussed hereinafter making such materials suitable amine
      reactants for use in the present process. Preferred amine reactants are
      ammonia or methyl amines because of the ease of reaction, high volatility
      and the excellence of the products in various customary uses of amides.
PAR  In some instances it is desirable to use an auxiliary stripping agent. Such
      is particularly useful when using organo amine reactants which have a low
      vapor pressure under the conditions of operation. Typical auxiliary
      stripping agents are inert and of high vapor pressure such as CO.sub.2,
      N.sub.2, CH.sub.4 and the like. Operation without auxiliary stripping
      agents is particularly preferred because of the problem of contamination,
      separation, recovery and reduced space utilization factors in reactors and
      associated systems.
PAR  The temperature of operation is from about 100.degree. to about
      250.degree.C, preferably from about 150.degree. to about 225.degree.C.
      Below about 90.degree.C the reaction rate is generally too low to be
      practical while at temperatures above about 250.degree.C, undesired side
      reactions are experienced.
PAR  Pressures are not critical and range from about 100 psig up to about
      autogenous pressure. Preferably pressures are from about 200 to about 500
      psig to avoid the need for high pressure equipment and retain the amine
      reactant present in suitable proportions, relative to the ester and to the
      alcohol released. The pressures of this system are substantially lower
      than the 1000-2000 psig autogenous pressures experienced using a closed
      system without the stripping action.
PAR  Preferred conditions for use with ammonia as amine reactant and methyl
      esters of C.sub.8 to C.sub.20 acids are temperatures of from about
      150.degree. to about 225.degree.C, pressures of from about 200 to about
      350 psig.
PAR  Reaction time is not critical and depends largely upon temperature and the
      degree of completion of reaction desired. Typical reaction times range
      from about 10 minutes up to about 20 hours, with reaction times of from
      about 1 to about 6 hours preferred.
PAR  Where the use of catalysts is desired, known prior art catalysts such as
      alkali metals such as sodium, organic or inorganic salts, bases and the
      like may be used. Catalysts may be fed as such or generated in situ, for
      example, by feeding acetic acid which reacts with amine reactant such as
      ammonia to produce ammonium acetate catalyst.
PAR  The proportions of ester and amine reactant reacted are preferably about
      stoichiometric, i.e., enough amine reactant is fed to react with all the
      ester fed. Where the amine is in the vapor phase and the ester is in the
      liquid phase, it is evident that the reaction system generally has present
      an excess of ester at all times and that the amount of amine reactant fed
      over the course of the reaction will be an excess relative to the amount
      of ester fed. The feed rate for the amine reactant is preferably
      determined on the basis of a rate that will maintain the concentration of
      the released alcohol at a low level in the reaction system. As a practical
      matter, this is determined by the ratio of amine reactants to alcohol in
      the off-gas. In general, the amount of alcohol in the off-gas is held
      below 50 percent on a mol basis, preferably below 10 percent, more
      preferably below 2 percent, and even lower particularly where a recycle
      system is used to separate the alcohol from the amine reactant and recycle
      the amine reactant to the reaction system. Thus, it is typical to feed
      over a several hour reaction period batch process or in a continuous
      process 5 to 100 mols of amine reactant per mol of ester fed.
DETD
PAR  The following examples indicate preferred embodiments and aspects of the
      present invention.
PAC  EXAMPLE I
PAR  A 300 ml titanium autoclave equipped with an agitator, heater, thermometer,
      back pressure regulator and an ammonia feed system was used.
PAR  To the autoclave was charged 77 grams (385 millimols) of C.sub.10 H.sub.21
      COOCH.sub.3 (mol. wt. 200). The back pressure regulator was set to 240
      psig. The autoclave was heated to 150.degree.C and ammonia flow through
      the system was started at a flow rate of about 78 grams per hour. The
      autoclave was heated to 225.degree.C and held for 4.5 hours. The product
      was cooled and analyzed by NMR (nuclear magnetic resonance) and IR
      (infrared).
PAR  The NMR analysis showed 98 mol percent amide and 2 mol percent ester giving
      a conversion of 98 percent. The IR analysis showed very little ester and
      no nitrile. In other words, the reaction was virtually complete to the
      desired product with losses and by-product formation held low.
PAC  EXAMPLE II
PAR  Example I was repeated using 100 grams (500 millimols) of C.sub.10 H.sub.21
      COOMe and a temperature of 200.degree.C. The ammonia feed rate was about
      16 grams per hour.
PAR  Analysis of the product by NMR showed 86 mol percent amide and 14 mol
      percent ester. I.R. indicated that no nitrile was present.
PAC  EXAMPLE III
PAR  Example I was repeated using 86.5 grams (379 millimols) of C.sub.12
      H.sub.25 COOCH.sub.3.
PAR  The autoclave was heated to 200.degree.C for 3 hours. The ammonia rate was
      13-17 grams per hour.
PAR  The product analyzed by NMR showed 78 mol percent amide and 22 mol percent
      ester for a conversion of 78 percent. No acid was detected by NMR or IR
      analysis. The yield was substantially quantitative.
PAC  EXAMPLE IV
PAR  Example I was repeated using 8.8 mol percent ammonium acetate as a catalyst
      produced by feeding acetic acid.
PAR  A 300 ml titanium autoclave was charged with 60 grams (300 millimols) of
      C.sub.10 H.sub.21 COOCH.sub.3 and 1.75 grams (29 millimols) of acetic
      acid.
PAR  The autoclave was heated to a nominal 225.degree.C; however, in the course
      of the reaction the temperature dropped to 180.degree.C for about 10
      minutes and was raised to about 240.degree.C for 5-10 minutes. Reaction
      time was 190 minutes. Pressure was 240 psig and the ammonia rate was about
      5 mol per hour.
PAR  The product NMR did not show any ester present; however, a small nitrile
      band was detected at 4.45.mu., apparently due to the heating at
      240.degree.C.
PAC  EXAMPLE V
PAR  Example IV was repeated using 17.5 millimols of acetic acid to form
      ammonium acetate as catalyst. Pressure was 90 psig, temperature was
      175.degree.C and reaction time was 6 hours. Ammonia flow rate was 0.75 mol
      per hour.
PAR  Analysis of the product by NMR gave 63 wt. percent amide and 37 wt. percent
      ester. No acid was detected by IR. Conversion was 66 percent, yield 92.0
      percent. Material balance showed 95 percent recovery.
PAC  EXAMPLE VI
PAR  Example V was repeated without catalyst. 97 Grams (425 millimols) of
      C.sub.12 H.sub.25 COOCH.sub.3 was fed.
PAR  The product analyzed 56.5 mol percent (55 wt. percent) amide and 43.5 mol
      percent (45 wt. percent) ester.
PAR  Conversion was 60 percent, amide yield 89 percent.
PAC  EXAMPLE VII
PAR  In a comparative run, the titanium autoclave was charged with 22.8 grams
      (100 millimols) of C.sub.12 H.sub.25 COOCH.sub.3, 35 milliliters of
      NH.sub.4 OH and 50 milliliters of ethylene glycol. Reaction was at
      175.degree.C and 340 psig for 6 hours, and without catalyst. This
      represents an aqueous system using a solvent.
PAR  After the reaction, the autoclave contents was transferred to 300 ml 6N
      HCl, the resulting solids filtered and washed with water. The filtrate was
      extracted with ether and the extracts washed twice with water, dried with
      Na.sub.2 SO.sub.4 and evaporated. The solids from the ether extraction
      procedure and the solids from the filtration were combined and dried on a
      rotary evaporator to give 20 grams of crude product. NMR analysis showed
      no carboxylic protons and only a little ester. The product was dissolved
      in benzene and the amide filtered. The recovery was less than 70 percent.
PAC  EXAMPLE VIII
PAR  In a comparative run, 22.8 g (100 millimols) of C.sub.12 H.sub.25
      COOCH.sub.3, 1000 millimols of NH.sub.4 OH, 67 milliliters of CH.sub.3 OH
      and 0.5 gram (8 millimols) of CH.sub.3 COOH were added to a 300 ml
      titanium autoclave. The autoclave was pressured to 100 psig with nitrogen
      and heated to 175.degree.C for 4.16 hrs reaction time.
PAR  After cooling, the autoclave was washed out with water and filtered into
      excess 6N HCl to control foaming of the ammonium carboxylate salt. The
      white solid material was dried overnight at 95.degree.C in an oven and
      then weighed giving 7.6 grams.
PAR  The filtrate was extracted with ether and the extracts were washed with
      saturated brine, dried with CaSO.sub.4 and evaporated to give 13.6 grams
      of a semi-solid liquid. NMR analysis indicated the following weight
      percents present.
TBL  ______________________________________                                    

     RCOOCH.sub.3        --      23 percent                                    

     RCOOH               --      63 percent                                    

     RCONH.sub.2         --      14 percent                                    

     Calculations indicated:                                                   

     Conversion          --      86 percent                                    

     Yield (RCONH.sub.2) --      52 percent                                    

     Yield (RCOOH)       --      46 percent                                    

     ______________________________________                                    

PAR  The amount of catalyst (NH.sub.4 OOCCH.sub.3) was 7.4 mol percent based on
      ester fed. The mol ratio of NH.sub.3 :RCOOCH.sub.3 was 10:1. The solvent
      was 50 percent aqueous CH.sub.3 OH (water present in NH.sub.4 OH).
PAC  EXAMPLE IX
PAR  Example VIII was repeated without the catalyst.
PAR  NMR analysis indicated the following weight percent present:
TBL  RCOOCH.sub.3        --      25 percent                                    

     RCOOH               --      63 percent                                    

     RCONH.sub.2         --      12 percent                                    

     Calculations indicated:                                                   

     Conversion          --      86 percent                                    

     Yield (RCONH.sub.2) --      47 percent                                    

     Yield (RCOOH)       --      46 percent                                    

PAC  EXAMPLE X
PAR  Example IX was repeated using ethyl alcohol as diluent. Results were
      similar.
PAC  EXAMPLE XI
PAR  13 Grams (57 millimols) C.sub.12 H.sub.25 COOCH.sub.3, 13 grams (764
      millimols) of NH.sub.3, 140 ml of CH.sub.3 OH and 0.2 gram (3.3 millimols)
      of CH.sub.3 COOH were added to the 300 ml titanium autoclave, the
      autoclave pressured to 100 psig with nitrogen, and the autoclave heated to
      175.degree.C for 4.16 hrs reaction time. The autoclave was cooled and the
      homogeneous solution was evaporated to give a semi-solid product.
PAR  Ether was added and the solids were filtered. The filtrate was evaporated,
      more ether added and filtration was done again. The solids (amide) weighed
      2.6 grams.
PAR  The ether solution was evaporated to give 9.8 grams of liquid. NMR
      indicated only methyl ester. Calculations gave:
TBL  Conversion        --      24.6 percent                                    

     Yield (RCONH.sub.2)                                                       

                       --      87 percent                                      

     Mol Ratio                                                                 

     NH.sub.3 :RCOOCH.sub.3 = 13.4:1                                           

     Catalyst          --       5.5 mol percent                                

CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing an amide of a fatty acid having from about 8 to
      about 20 carbon atoms per molecule comprising reacting in a substantially
      anhydrous system (1) an ester of a fatty acid having from about 8 to about
      20 carbon atoms per molecule and of a lower alcohol having from 1 to about
      6 carbon atoms per molecule with (2) ammonia or a mono or dialkyl methyl
      or ethyl amine fed at a rate in excess of the rate of reaction thereof,
      the excess of (2) being removed from the system during the reaction to
      remove from the system the lower alcohol component released from the ester
      in the reaction.
NUM  2.
PAR  2. The process of claim 1 wherein the excess ammonia or methyl or ethyl
      amine removed from the system is treated to remove the alcohol and the
      ammonia or methyl or ethyl amine is recycled to the reaction system.
NUM  3.
PAR  3. The process of claim 1 wherein the ester is an ester of methanol,
      ethanol, propanol or butanol.
NUM  4.
PAR  4. The process of claim 1 wherein the ester is an ester of methanol.
NUM  5.
PAR  5. The process of claim 1 wherein ammonia is reacted with the ester.
NUM  6.
PAR  6. The process of claim 1 wherein the ester reacted is an ester of mixed
      fatty acids having predominantly from about 10 to about 18 carbon atoms
      per molecule.
NUM  7.
PAR  7. The process of claim 1 wherein the ester reacted is of the formula
      ##EQU4##
      wherein R is hydrogen, or alkyl having from 1 to about 8 carbon atoms,
PA1  R' is alkyl, alkenyl, or polyalkenyl having from about 6 to about 18 carbon
      atoms,
PA1  R" is C.sub.n H.sub.2n.sub.+1 where n is 1, 2, 3 or 4.
NUM  8.
PAR  8. The process of claim 1 wherein the ester reacted is an ester of oleic
      acid, linoleic acid or linolenic acid.
NUM  9.
PAR  9. The process of claim 1 wherein the ester reacted is an ester of
      undecanoic acid, 2-methyl decanoic acid, 2-ethyl nonanoic acid,
      tridecanoic acid, 2-methyl dodecanoic acid, 2-ethyl undecanoic acid,
      pentadecanoic acid, 2-methyl tetradecanoic acid, or 2-ethyl tridecanoic
      acid.
NUM  10.
PAR  10. In a process for producing amides by the reaction of fatty acid esters
      and an amine reactant, the improvement wherein the reaction is conducted
      in an anhydrous reaction system under conditions wherein ester and amide
      are substantially in the liquid phase and amine is in the vapor phase and
      amine is bled from said system during the reaction to strip away from said
      system alcohol liberated from the esters by the reaction.
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ABST
PAL  Reaction of tantalum or niobium pentachloride with dipotassium
      cyclooctatetraene(2-) yields K.sup.+M(C.sub.8 H.sub.8).sub.3 .sup.- and
      ClM(C.sub.8 H.sub.8).sub.2 (M is Ta or Nb). Likewise BrM(C.sub.8
      H.sub.8).sub.2 can be prepared from MBr.sub.5. Reaction of (Cl, Br)
      M(C.sub.8 H.sub.8).sub.2 with a lithium alkyl or aryl gives RM(C.sub.8
      H.sub.8).sub.2 where R is alkyl or aryl. The potassium ion of
      K.sup.+M(C.sub.8 H.sub.8).sub.3 .sup.- can be replaced with other alkali
      metal ions, alkaline earth metal ions, ammonium, phosphonium, or arsonium
      ions by metathesis. Likewise, (CH.sub.3).sub.3 TaCl.sub.2 and CH.sub.3
      MCl.sub.4 react with dipotassium cyclooctatetraene(2-) to give
      (CH.sub.3).sub.3 Ta(C.sub.8 H.sub.8) and CH.sub.3 M(C.sub.8
      H.sub.8).sub.2, respectively. The cyclooctatetraene complexes are
      catalysts for the oligomerization of ethylene and are useful as oxygen
      scavengers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to cyclooctatetraene complexes of niobium and
      tantalum.
PAR  2. The Prior Art
PAR  In the broad field of organo-inorganic chemistry, compounds in which
      hydrocarbon groups are bonded to transition-metal atoms have been
      important both technologically and scientifically. They have been useful,
      for example, as catalysts for organic reactions, petroleum additives, and
      sources of pure metals. Elucidation of their structures and their
      chemistry has provided important new scientific knowledge.
PAR  A hydrocarbon that forms complexes with transition metals of this type is
      1,3,5,7-cyclooctatetraene, hereinafter referred to simply as
      cyclooctatetraene. Cyclooctatetraene complexes have been reported for the
      following transition metals, among others:
PAR  Titanium, zirconium, and hafnium, which are the Group IVB metals of the
      first, second, and third long periods of the Periodic Table:
PAR  Vanadium, the Group VB metal of the first long period;
PAR  Chromium, molybdenum and tungsten, the Group VIB metals of the first,
      second, and third long periods;
PAR  The lanthanides.
PAR  In contrast, no cyclooctatetraene complexes of niobium or tantalum have
      been reported. Niobium and tantalum are the Group VB elements of the
      second and third long periods. Thus, these two metals are surrounded in
      the Periodic Table by metals that do form complexes with
      cyclooctatetraene.
PAC  SUMMARY OF THE INVENTION
PAR  The cyclooctatetraene complexes of the present invention have the following
      formulae:
EQU  Q.sup.+M(C.sub.8 H.sub.8).sub.3 .sup.-, RM(C.sub.8 H.sub.8).sub.2, or
      (CH.sub.3).sub.3 Ta(C.sub.8 H.sub.8),
PAL  wherein M is niobium or tantalum,
PA1  R is alkyl of 1 to 8 carbons or aryl of 6 to 12 carbon atoms, Cl or Br,
PA1  Q.sup.+ is an equivalent of an alkali metal ion, an alkaline earth metal
      ion, R'.sub.3 R"N.sup.+, R".sub.4 P.sup.+, or R".sub.4 As.sup.+, R' is
      alkyl of 1 to 8 carbons and R" is alkyl of 1 to 8 carbons or aryl of 6 to
      12 carbon atoms.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention is directed to novel cyclooctatetraene complexes of
      niobium and tantalum.
PAR  As one skilled in the art will appreciate, the cyclooctatetraene moieties
      bonded to niobium or tantalum, represented by C.sub.8 H.sub.8 in the
      foregoing formulas, will not necessarily have exactly the same electronic
      structures as that of 1,3,5,7-cyclooctatetraene in the free, unbonded
      state. However, the fundamental cyclic structure involving a ring of 8
      carbons, each bearing a hydrogen, is preserved. The compounds having the
      formula
EQU  K.sup.+M(C.sub.8 H.sub.8).sub.3 .sup.-
PAL  where M is tantalum or niobium can be prepared by reacting dipotassium
      cyclooctatetraene(2-), K.sub.2 C.sub.8 H.sub.8, with the pentachloride or
      the pentabromide, preferably the pentachloride, of the metal M:
EQU  3K.sub.2 C.sub.8 H.sub.8 + MCl.sub.5 .fwdarw. KM(C.sub.8 H.sub.8).sub.3 +
      5KCl
PAL  Alternatively, when M is tantalum, the product can be prepared by reacting
      a compound containing the hexaphenyltantalate anion with excess
      cyclooctatetraene, for example:
EQU  [Li(tetrahydrofuran).sub.4 ].sup.+[Ta(C.sub.6 H.sub.5).sub.6 ] + xs.
      C.sub.8 H.sub.8 .fwdarw.[Li(tetrahydrofuran).sub.4 ].sup.+[Ta(C.sub.8
      H.sub.8).sub.3 ].sup.-
PAL  The cations in the above products can be replaced by other cations
      (Q.sup.+) by conventional cation-exchange techniques. The foregoing
      processes are illustrated in Examples 1-6.
PAR  The quaternary ammonium, phosphonium, and arsonium entities that can be
      values of Q.sup.+ are represented by the formulas R'R.sub.3 "N.sup.+,
      R'.sub.4 P.sup.+, and R'.sub.4 As.sup.+, where R' is alkyl of 1 to 8
      carbons or aryl of 6 to 12 carbons, R" is alkyl of 1 to 8 carbons, and the
      R' and R" groups can be the same or different. Examples of Q are lithium,
      sodium, potassium, rubidium, cesium, beryllium, magnesium, calcium,
      strontium, barium, tetramethylammonium, tetraisopentylammonium,
      heptylhexylmethylpropylammonium, triethylanilinium,
      trimethyl(2-naphthyl)ammonium, tetramethylphosphonium,
      tetrabutylphosphonium, tetra(1-naphthyl)phosphonium,
      trimethyl(2,4,6-trimethylphenyl)phosphonium,
      isobutylethylmethylisopropylphosphonium, tetramethylarsonium,
      tetraphenylarsonium, methyltris(p-tolyl)arsonium, and
      2-biphenylyltrimethylarsonium. Preferred values of Q are the alkali
      metals, especially lithium, sodium, and potassium, and quaternary
      ammonium, phosphonium, and arsonium in which R" is alkyl of 1-5 carbons,
      R' is alkyl of 1-5 carbons or phenyl, and all four groups attached to the
      central atom are the same.
PAR  When the above products, particularly those in which Q is an alkali metal,
      are made and/or purified in the presence of donor solvents such as
      tetrahydrofuran, acetonitrile, 1,2-dimethoxyethane ("glyme"), or
      2-methoxyethyl ether ("diglyme"), one or more molecules of the solvent may
      be coordinated to Q. Such compounds are included in the products of the
      invention. The coordinated solvent molecules can usually be removed by
      prolonged treatment under high vacuum, sometimes at slightly elevated
      temperature.
PAR  Compounds of the formula
EQU  (Cl, Br)M(C.sub.8 H.sub.8).sub.2
PAL  can be prepared by reacting a lesser amount of K.sub.2 C.sub.8 H.sub.8 with
      MCl.sub.5 or MBr.sub.5 ; e.g.,
EQU  2K.sub.2 C.sub.8 H.sub.8 + MCl.sub.5 .fwdarw. ClM(C.sub.8 H.sub.8).sub.2 +
      4KCl
PAR  The halogen in these compounds can be replaced by an alkyl or an aryl group
      by reacting with a lithium alkyl or lithium aryl compound, e.g.,
EQU  ClM(C.sub.8 H.sub.8).sub.2 + R'Li .fwdarw. R'M(C.sub.8 H.sub.8).sub.2 +
      LiCl
PAR  Thus, this invention includes compound
EQU  RM(C.sub.8 H.sub.8).sub.2
PAL  wherein R is Cl, Br, alkyl of 1 to 8 carbons or aryl of 6 to 12 carbon
      atoms.
PAR  An alkyl group is defined as a group derived from a saturated aliphatic
      hydrocarbon (alkane) by removal of one hydrogen atom.
PAR  An aryl group is defined as a group derived from a hydrocarbon having as
      its only unsaturation aromatic unsaturation in six membered ring systems,
      by loss of a hydrogen atom attached to a ring carbon of one such six
      membered ring, e.g., phenyl, naphthyl, tolyl, and the like.
PAR  Examples of hydrocarbon groups which can be R are methyl, isopropyl,
      t-butyl, neopentyl, hexyl, 2-ethylhexyl, phenyl, o-, m-, and p-tolyl,
      3,5-dimethylphenyl, 4-hexylphenyl, 1- and 2-naphthyl, 2-ethyl-1-naphthyl,
      and 2-, 3-, and 4-biphenyl. Preferred values are alkyl of 1-5 carbons and
      phenyl.
PAR  The compounds where R is Cl or Br need not be isolated before reaction with
      the appropriate lithium hydrocarbyl group to make these compounds when R
      is a hydrocarbon group.
PAR  Alternatively, compounds of the formula
EQU  RM(C.sub.8 H.sub.8).sub.2
PAL  where R is a hydrocarbon group can be prepared by reacting the appropriate
      hydrocarbylmetal tetrachloride or tetrabromide with K.sub.2 C.sub.8
      H.sub.8, for example:
EQU  CH.sub.3 MCl.sub.4 + 2K.sub.2 C.sub.8 H.sub.8 .fwdarw. CH.sub.3 M(C.sub.8
      H.sub.8).sub.2 + 4KCl
PAL  This method is advantageous for compounds in which R is methyl, and can be
      advantageous for other products when the appropriate hydrocarbylmetal
      tetrahalide is available.
PAR  The foregoing preparations of products containing R groups are illustrated
      in Examples 7-10.
PAR  Cyclooctatetraenetrimethyltantalum can be prepared by reacting
      trimethyltantalum dichloride with K.sub.2 C.sub.8 H.sub.8 :
EQU  (CH.sub.3).sub.3 TaCl.sub.2 + K.sub.2 C.sub.8 H.sub.8 .fwdarw.
      (CH.sub.3).sub.3 TaC.sub.8 H.sub.8 + 2KCl
PAR  The following examples illustrate the products of the invention. To the
      extent possible, and except as noted, all operations were carried out in
      an atmosphere as free as possible from oxygen and moisture. Usually
      nitrogen was employed for this purpose. The molarities of solutions of
      potassium cyclooctatetraene(2-), K.sub.2 C.sub.8 H.sub.8, were calculated
      from the amounts of materials used to make the solutions. Cf. Katz, J. Am.
      Chem. Soc. 82, 3784 (1960), and Wilke and Breil, U.S. Pat. No. 3,450,728.
DETD
PAC  EXAMPLE 1
EQU  K.sup.+[Nb(C.sub.8 H.sub.8).sub.3 ].sup.-
PAR  A. NbCl.sub.5 (10.0 g) in 100 ml of toluene was cooled to -78.degree.C, and
      250 ml of an 0.50 M solution of K.sub.2 C.sub.8 H.sub.8 in tetrahydrofuran
      was added dropwise with stirring over a period of 1 hour. The mixture was
      warmed to room temperature and allowed to stand for one day. It was
      filtered with the aid of diatomaceous earth and the volume of the filtrate
      was reduced to about 100 ml under reduced pressure. The solid that
      precipitated was separated by filtration and dried under reduced pressure
      to give 14.0 g of potassium tris(cyclooctatetraene)niobate, KNb(C.sub.8
      H.sub.8).sub.3. The nmr spectrum of the product in tetrahydrofuran-d.sub.8
      had a peak at 5.18 .tau..
PAR  B. KNb(C.sub.8 H.sub.8).sub.3 was prepared essentially as in Part A from
      9.0 g of NbCl.sub.5 and 200 ml of 0.50 M K.sub.2 C.sub.8 H.sub.8, except
      that the potassium chloride formed as a byproduct was removed by
      centrifugation in gas-tight bottles instead of by filtration. The
      potassium chloride was washed twice with 300 ml of tetrahydrofuran and
      again separated by centrifugation. The supernatant liquids were combined
      and reduced in volume to about 150 ml before filtration. The yield was
      12.2 grams, after drying for about 1 hour at room temperature and about
      0.1 mm. The nmr absorption spectrum in CD.sub.3 CN was similar to that of
      the product of Part A, showing a sharp peak at about 5.1 .tau.(C.sub.8
      H.sub.8).
TBL  __________________________________________________________________________

     Anal. calcd.                                                              

     for C.sub.24 H.sub.24 KNb:                                                

              C,                                                               

                64.86;                                                         

                     H,                                                        

                       5.44;                                                   

                            K,                                                 

                              8.80;                                            

                                   Nb,                                         

                                      20.90                                    

     Found:   C,                                                               

                64.11;                                                         

                     H,                                                        

                       5.53;                                                   

                            K,                                                 

                              8.15;                                            

                                   Nb,                                         

                                      20.68                                    

                63.75; 5.47;          21.07                                    

     __________________________________________________________________________

PAL  The niobium analysis was carried out on a different, similarly prepared
      sample.
PAR  The corresponding sodium salt, NaNb(C.sub.8 H.sub.8).sub.3, can be prepared
      by essentially the foregoing method if disodium cyclooctatetraene(2-),
      Na.sub.2 C.sub.8 H.sub.8, is substituted for K.sub.2 C.sub.8 H.sub.8.
      Similarly, substitution of MgC.sub.8 H.sub.8.2.5 tetrahydrofuran (Lehmkuhl
      et al., J. Organometal. Chem. 46 Cl (1972)) for K.sub.2 C.sub.8 H.sub.8
      will give the corresponding magnesium salt, Mg[Nb(C.sub.8 H.sub.8).sub.3
      ].sub.2. In terms of formula (1), the latter product can be formulated as
      [Mg/2].sup.+[Nb(C.sub.8 H.sub.8).sub.3 ].sup.-.
PAC  EXAMPLE 2
EQU  [(C.sub.6 H.sub.5).sub.4 As].sup.+[Nb(C.sub.8 H.sub.8).sub.3 ].sup.-
PAR  A solution of 0.5 g of KNb(C.sub.8 H.sub.8).sub.3 and 0.47 g of (C.sub.6
      H.sub.5).sub.4 AsCl in 75 ml of warm acetonitrile was stirred for 10
      minutes, during which time potassium chloride precipitated. The mixture
      was filtered, and the filtrate was cooled to room temperature, whereupon
      tetraphenylarsonium tris(cyclooctatetraene)niobate, (C.sub.6
      H.sub.5).sub.4 AsNb(C.sub.8 H.sub.8).sub.3, precipitated in purple
      crystals, which were separated by filtration. The yield was 0.10 g.
PAR  .sup.1 H nmr (CD.sub.2 Cl.sub.2,.tau.): 1.9 - 2.5 (20, m, phenyl protons),
      5.13 (24, s, C.sub.8 H.sub.8).
PAR  On standing overnight at -30.degree.C, the filtrate deposited a second crop
      of purple crystalline product; weight 0.12 g after filtration and drying.
TBL  ______________________________________                                    

     Anal. calcd. for C.sub.48 H.sub.44 AnNb:                                  

                       C,     73.10;   H,   5.62                               

     Found:            C,     72.50;   H,   5.57                               

     ______________________________________                                    

PAR  The product can advantageously be prepared in methylene chloride as
      solvent. After separation of potassium chloride, the solution is
      evaporated to dryness to isolate the salt.
PAR  [(CH.sub.3).sub.4 N].sup.+[Nb(C.sub.8 H.sub.8).sub.3 ].sup.+ can be
      prepared by essentially the foregoing procedure by substituting
      tetramethylammonium chloride for tetraphenylarsonium chloride. If
      tetraethylphosphonium chloride is used, the product will be [(C.sub.2
      H.sub.5).sub.4 P].sup.+[Nb(C.sub.8 H.sub.8).sub.3 ].sup.-.
      Alkaline-earth-metal salts can also be made in this way; substitution of
      calcium chloride for tetraphenylarsonium chloride will give the product
      [Ca/2].sup.+[Nb(C.sub.8 H.sub.8).sub.3 ].sup.-, i.e., Ca[Nb(C.sub.8
      H.sub.8).sub.3 ].sub.2. In the latter process, it may be advantageous to
      use tetrahydrofuran as the solvent.
PAC  EXAMPLE 3
EQU  [Li(tetrahydrofuran).sub.4 ].sup.+[Nb(C.sub.8 H.sub.8).sub.3 ].sup.-
PAR  To a solution of 1.3 g of finely ground lithium chloride in 400 ml of
      tetrahydrofuran, at 50.degree.C, was added 13.1 g of KNb(C.sub.8
      H.sub.8).sub.3, and the mixture was stirred for 1 hour while cooling to
      room temperature. After filtration to remove potassium chloride, the
      volume of the filtrate was reduced to about 200 ml under reduced pressure.
      Filtration and drying of the solid that precipitated gave 13 g of
      Li(tetrahydrofuran).sub.4 Nb(C.sub.8 H.sub.8).sub.3 as purple-black
      plates. A sample of the product was recrystallized from acetonitrile to
      give a corresponding compound in which the coordinated tetrahydrofuran had
      been replaced by acetonitrile. Recrystallization of the latter from
      tetrahydrofuran gave back the original product.
TBL  __________________________________________________________________________

     Anal. calcd.                                                              

     for C.sub.40 H.sub.56 LiNbO.sub.4 :                                       

                C,                                                             

                  68.56;                                                       

                       H,                                                      

                         8.06;                                                 

                              Li,                                              

                                 0.99;                                         

                                      Nb,                                      

                                         13.26                                 

     Found:     C,                                                             

                  67.84;                                                       

                       H,                                                      

                         7.88;                                                 

                              Li,                                              

                                 1.29;                                         

                                      Nb,                                      

                                         13.34                                 

                  67.19  8.04            13.40                                 

                  67.58  8.06                                                  

     __________________________________________________________________________

PAR  .sup.1 H nmr (CD.sub.3 CN, .tau.): 5.2 (24, s, C.sub.8 H.sub.8), 6.35 (16,
      m, C.sub.4 H.sub.8 O), 8.22 (16, m, C.sub.4 H.sub.8 O).
PAC  EXAMPLE 4
EQU  K.sup.+[Ta(C.sub.8 H.sub.8).sub.3 ].sup.-
PAR  A mixture of 27.4 g of TaCl.sub.5 and 100 ml toluene was cooled to
      -78.degree.C, and 500 ml of an 0.46 M solution of K.sub.2 C.sub.8 H.sub.8
      in tetrahydrofuran was added dropwise with stirring over 2 hours. The
      mixture was allowed to warm to room temperature and to stand overnight.
      Potassium chloride that had precipitated was removed by centrifugation,
      washed with 500 ml of fresh tetrahydrofuran, and separated again by
      centrifugation. The volume of the combined supernatant liquids was reduced
      to about 100 ml under reduced pressure. Since no product precipitated,
      tetrahydrofuran was added to give a total volume of 400 ml, the solution
      was allowed to stand at -35.degree.C overnight, and the solution was
      refluxed for 2 hours. Removal of all volatile materials under reduced
      pressure then gave 35 g of crude potassium
      tris(cyclooctatetraene)tantalate, KTa(C.sub.8 H.sub.8).sub.3.
PAR  If rubidium cyclooctatetraene(2-), Rb.sub.2 C.sub.8 H.sub.8, is substituted
      for K.sub.2 C.sub.8 H.sub.8 in essentially the foregoing process,
      RbTa(C.sub.8 H.sub.8).sub.3 will be formed.
PAC  EXAMPLE 5
EQU  [Li(tetrahydrofuran).sub.4 ].sup.+[Ta(C.sub.8 H.sub.8).sub.3 ].sup.-
PAR  [Li(tetrahydrofuran).sub.4 ].sup.+[Ta(C.sub.6 H.sub.5).sub.6 ].sup.- was
      prepared from TaCl.sub.5, C.sub.6 H.sub.5 Li, and tetrahydrofuran as
      described in assignee's co-pending application Ser. No. 191,902, filed
      Oct. 22, 1971, in the name of Frederick N. Tebbe (Tebbe CR-7259).
PAR  A mixture of 2.0 g of this compound, 3.0 g of cyclooctatetraene, and 50 ml
      of tetrahydrofuran was refluxed for one day in the absence of light. The
      solution was filtered, and its volume was reduced to about 10 ml. After
      standing at -30.degree.C for 1 hour, it had deposited red-black crystals
      of Li(C.sub.4 H.sub.8 O).sub.4 Ta(C.sub.8 H.sub.8).sub.3, which were
      separated and dried; yield 0.200 g.
TBL  ______________________________________                                    

     Anal. calcd. for                                                          

     C.sub.40 H.sub.56 LiO.sub.4 Ta:                                           

                C,     60.91;   H,  7.16;  Li,  0.88                           

     Found:     C,     60.49;   H,  7.01;  Li,  1.01                           

                       60.92        7.08                                       

     ______________________________________                                    

PAR  The .sup.1 H nmr absorption spectrum was essentially identical with that of
      the corresponding niobium compound (Example 3).
PAR  On addition of ethyl ether (10 ml) to the filtrate, followed by standing
      for 3 days at -33.degree.C, an additional 0.180 g of product was obtained.
PAR  The foregoing process is the preferred method for making Li(C.sub.4 H.sub.8
      O).sub.4 Ta(C.sub.8 H.sub.8).sub.3. The product can also be made by
      reacting TaCl.sub.5 with K.sub.2 C.sub.8 H.sub.8, as in Example 4, and
      then reacting the intermediate KTa(C.sub.8 H.sub.8).sub.3, without
      isolation, with LiCl, both steps being carried out in the presence of
      tetrahydrofuran.
PAC  EXAMPLE 6
EQU  [(C.sub.6 H.sub.5).sub.4 As].sup.+[Ta(C.sub.8 H.sub.8).sub.3 ].sup.-
PAR  Li(tetrahydrofuran).sub.4 Ta(C.sub.8 H.sub.8).sub.3 (0.090 g) was mixed
      with 10 ml of ethyl alcohol, and a solution of 0.060 g of
      tetraphenylarsonium chloride in 10 ml of ethyl alcohol was immediately
      added. Fine red crystals precipitated and were separated by filtration.
      They were dissolved in about 5 ml of methylene chloride. Dropwise addition
      of ethyl ether to this solution caused tetraphenylarsonium
      tris(cyclooctatetraene)tantalate, (C.sub.6 H.sub.5).sub.4 AsTa(C.sub.8
      H.sub.8).sub.3, to crystallize in deep-red plates, which were separated by
      filtration and dried; yield 0.080 g. The .sup.1 H nmr absorption spectrum
      of the product was identical with that of the corresponding niobium
      compound (Example 2).
PAR  If triethylanilinium chloride is substituted for tetraphenylarsonium
      chloride in essentially the foregoing process, the product will be
      [(C.sub.2 H.sub.5).sub.3 (C.sub.6 H.sub.5)N].sup.+[Ta(C.sub.8
      H.sub.8).sub.3 ].sup.-. If diisobutyldiphenylphosphonium bromide is used,
      the product will be [(i-C.sub.4 H.sub.9).sub.2 (C.sub.6 H.sub.5).sub.2
      P].sup.+[Ta(C.sub.8 H.sub.8).sub.3 ].sup.-.
PAC  EXAMPLE 7
EQU  C.sub.6 H.sub.5 Nb(C.sub.8 H.sub.8).sub.2
PAR  A. A mixture of 10.0 g of NbCl.sub.5 and 200 ml of toluene was cooled to
      -78.degree.C, and 165 ml of an 0.45 M solution of K.sub.2 C.sub.8 H.sub.8
      in tetrahydrofuran was added dropwise with stirring over 30 minutes. To
      the resulting mixture, which contained ClNb(C.sub.8 H.sub.8).sub.2, was
      added 20 ml of a 2 M solution of C.sub.6 H.sub.5 Li in benzene/ethyl ether
      (77/23). The mixture was warmed to room temperature and centrifuged to
      remove potassium chloride, following which the supernatant liquid was
      reduced in volume to about 250 ml and allowed to stand for 1 day. The
      brown crystalline solid that was deposited was separated by filtration and
      dried, to give 3.9 g of bis(cyclooctatetraene)phenylniobium, C.sub.6
      H.sub.5 Nb(C.sub.8 H.sub.8).sub.2. A second crop, 2.5 g, was obtained by
      reducing the volume of the filtrate to about 100 ml and allowing it to
      stand at -30.degree.C overnight, followed by filtration and drying. Part
      of the latter product (1.0 g) was recrystallized by dissolving it in 15 ml
      of methylene chloride, diluting the solution with hexane, and allowing the
      mixture to stand overnight at -30.degree.C; recovery 0.5 g.
PAR  .sup.1 H nmr (CD.sub.2 Cl.sub.2, .tau., 0.degree.C): 2.56 (2, dd, J = 7.5,
      1.5, ortho protons), 3.09 (3, m, meta and para protons), 4.10 (8, s,
      C.sub.8 H.sub.8), 4.57 (8, s, C.sub.8 H.sub.8). The halfheight width of
      the C.sub.8 H.sub.8 peaks is approximately 1 Hz at 0.degree.C and 3 Hz and
      35.degree.C. Pronounced broadening of these resonances occurs at higher
      temperatures along with apparent decomposition.
PAR  B. A larger amount of C.sub.6 H.sub.5 Nb(C.sub.8 H.sub.8).sub.2 was made by
      essentially the method of Part A from 50 g of NbCl.sub.5, 600 ml of
      toluene, 800 ml of 0.46 M K.sub.2 C.sub.8 H.sub.8 in tetrahydrofuran, and
      98 ml of 17.82% C.sub.6 H.sub.5 Li in benzene/ether. The combined solids
      (two crops) obtained by reduction of the volume of the supernatant liquid
      following centrifugation were washed with acetonitrile, washed with ethyl
      ether, and extracted with methylene chloride. Reduction of the volume of
      the extract gave C.sub.6 H.sub.5 Nb(C.sub.8 H.sub.8).sub.2 in two crops;
      total yield 27 g. For recrystallization, the product, together with 8 g of
      the compound from another run, was dissolved in 700 ml of tetrahydrofuran
      at 60.degree.C. The solution was filtered, and the volume of the filtrate
      was reduced to 400 ml under reduced pressure. Red-brown plates of C.sub.6
      H.sub.5 Nb(C.sub.8 H.sub.8).sub.2 precipitated and were separated by
      filtration and dried.
TBL  ______________________________________                                    

     Anal. calcd. for                                                          

     C.sub.22 H.sub.21 Nb:                                                     

                C,    69.85;   H,  5.60;  Nb,  24.56                           

     Found:     C,    68.37;   H,  5.89;  Nb,  23.65                           

                      68.52        5.71        23.77                           

     ______________________________________                                    

PAR  The intermediate ClNb(C.sub.8 H.sub.8).sub.2 formed in the initial stage of
      the process can be isolated by evaporating the mixture at this point to
      dryness, extracting the non-volatile material with methylene chloride,
      optionally reducing the volume of the extract, and precipitating the
      product with ethyl ether. If NbBr.sub.5 is used in place of NbCl.sub.5,
      the corresponding BrNb(C.sub.8 H.sub.8).sub.2 can be obtained in this
      manner.
PAR  Substitution of an equivalent amount of 4-biphenylyllithium for
      phenyllithium in essentially the process of the foregoing example will
      give 4-C.sub.6 H.sub.5 C.sub.6 H.sub.4 Nb(C.sub.8 H.sub.8).sub.2 as the
      product. If t-butyllithium is used, the product will be t-C.sub.4 H.sub.9
      Nb(C.sub.8 H.sub.8).sub.2. Use of m-tolyllithium will give 3-CH.sub.3
      C.sub.6 H.sub.4 Nb(C.sub.8 H.sub.8).sub.2.
PAC  EXAMPLE 8
EQU  CH.sub.3 Nb(C.sub.8 H.sub.8).sub.2
PAR  A. A mixture of 10.0 g of NbCl.sub.5 and 200 ml of toluene was cooled to
      -78.degree.C, and 165 ml of an 0.45 M solution of K.sub.2 C.sub.8 H.sub.8
      in tetrahydrofuran was added dropwise with stirring over a period of 1
      hour. The mixture was warmed to room temperature, stirred for 30 minutes,
      and cooled again to -78.degree.C, and 17 ml of a 2.2 M solution of
      CH.sub.3 Li in ethyl ether was added dropwise with stirring over a period
      of 30 minutes. The mixture was warmed to room temperature and centrifuged,
      and the solid was homogenized in a blender in 250 ml of tetrahydrofuran.
      This mixture was also centrifuged; the supernatant liquids were combined,
      and the solution was reduced in volume under reduced pressure, with
      periodic filtration as solid precipitated, to give a total of 6.7 g of
      product (3 crops). The combined solids were stirred with 75 ml of
      acetonitrile, along with about 1  g of ClNb(C.sub.8 H.sub.8).sub.2, which
      was inadvertantly included. The mixture was filtered and the solid on the
      filter was dried under reduced pressure; yield 5.0 g.
PAR  A .sup.1 H nmr of the crude product showed it to contain ca. 50% CH.sub.3
      Nb(C.sub.8 H.sub.8).sub.2 (CD.sub.2 Cl.sub.2, .tau., 25.degree.C): 4.14
      (8, br s, C.sub.8 H.sub.8), 4.65 (8, br s, C.sub.8 H.sub.8 '), 9.83 (3, br
      s, CH.sub.3) with half-height widths of 2.4, 1.8 and 2.7 Hz, respectively.
      At 0.degree.C, the half-height widths are 1.3, 1.0 and 1.7 Hz,
      respectively.
PAR  The crude product was extracted with 100 ml benzene and the resulting
      filtrate was taken to dryness in vacuo. The residue was dissolved in
      tetrahydrofuran and filtered. Addition of hexane gave approximately 0.100
      g of red-brown crystals upon cooling at -30.degree.C for several hours. A
      .sup.1 H nmr showed this product to be pure CH.sub.3 Nb(C.sub.8
      H.sub.8).sub.2.
PAR  In later experiments, a higher proportion of the desired compound in the
      crude product was realized by using about a 10% excess of CH.sub.3 Li.
PAR  B. The following procedure is the preferred method of making CH.sub.3
      Nb(C.sub.8 H.sub.8).sub.2. (CH.sub.3).sub.2 NbCl.sub.3 was made by the
      method of Fowles et al., J. Chem. Soc. Dalton 1972, 2313. A solution of
      8.52 g of this compound and 9.50 g of NbCl.sub.5 in 500 ml of toluene was
      stirred for 3 hours. The solution of CH.sub.3 NbCl.sub.4 thus prepared was
      cooled to -78.degree.C, and 300 ml of an 0.47 M solution of K.sub.2
      C.sub.8 H.sub.8 in tetrahydrofuran was added dropwise with stirring over
      45 minutes. The mixture was warmed to room temperature, allowed to stand
      overnight and centrifuged to separate the potassium chloride. The
      supernatant liquid was reduced in volume under reduced pressure, with
      periodic filtration as solid precipitated, to give 8.6 g of crystalline
      bis(cyclooctatetraene)methylniobium, identified by its .sup.1 H nmr
      absorption spectrum. The product, together with the products of two other
      runs (total 12.5 g) was mixed with 350  ml of tetrahydrofuran; the mixture
      was stirred at 60.degree.C and filtered, and the filtrate was allowed to
      stand overnight at -30.degree.C. The plate-like crystals that precipitated
      were separated by filtration and dried; recovery, 4.6 g.
TBL  ______________________________________                                    

     Anal. calcd. for                                                          

     C.sub.17 H.sub.19 Nb:                                                     

                C,    64.56;   H,  6.05;  Nb,  29.38                           

     Found:     C,    60.49;   H,  5.99;  Nb,  33.43                           

                      60.13        5.78                                        

                      60.18        5.78                                        

     ______________________________________                                    

PAR  If an equivalent amount of octyllithium is substituted for methyllithium in
      essentially the procedure described in Part A, the product will be C.sub.8
      H.sub.17 Nb(C.sub.8 H.sub.8).sub.2. If dineopentylniobium trichloride is
      substituted for dimethylniobium trichloride in essentially the procedure
      of Part B, the product (CH.sub.3).sub.3 CCH.sub.2 Nb(C.sub.8
      H.sub.8).sub.2 will be formed.
PAC  EXAMPLE 9
EQU  C.sub.6 H.sub.5 Ta(C.sub.8 H.sub.8).sub.2
PAR  By essentially the method of Example 7, except that TaCl.sub.5 was used in
      place of NbCl.sub.5, 32.5 g of TaCl.sub.5 in 400 ml of toluene, 400 ml of
      0.46 M K.sub.2 C.sub.8 H.sub.8 in tetrahydrofuran, and 50 ml of 17.82%
      C.sub.6 H.sub.5 Li in benzene/ethyl ether were processed together. After
      centrifuging to remove potassium chloride, the filtrate was reduced to
      about 300 ml, allowed to stand for 3 days, and filtered. The filtrate was
      evaporated, and the residue was kept under a high vacuum overnight. The
      residue was dissolved in about 100 ml of tetrahydrofuran and allowed to
      stand overnight at -25.degree.C, after which the solid that then
      precipitated was filtered and dried to give 3.0 g of brown crystals. Part
      of this product (2.0 g) was purified by washing with 20 ml of
      acetonitrile, washing with ethyl ether, drying (yield at this point 0.7
      g), dissolving in 20 ml of tetrahydrofuran, filtering, allowing the
      filtrate to stand at -30.degree.C for 6 hours, and filtering again, to
      give 0.25 g of bis(cyclooctatetraene)phenyltantalum, whose .sup.1 H nmr
      absorption spectrum was virtually identical with that of C.sub.6 H.sub.5
      Nb(C.sub.8 H.sub.8).sub.2.
TBL  ______________________________________                                    

     Anal. calcd. for C.sub.22 H.sub.21 Ta:                                    

                       C,     56.66;   H,   4.54                               

     Found:            C,     51.97;   H,   4.52                               

                              51.80         4.35                               

     ______________________________________                                    

PAL  The low carbon values are believed to be due to slight decomposition of the
      sample because of its extreme reactivity toward oxygen.
PAR  Substitution of an equivalent amount of 1-naphthyllithium for phenyllithium
      in the foregoing process will give 1-C.sub.10 H.sub.7 Ta(C.sub.8
      H.sub.8).sub.2 as the product.
PAC  EXAMPLE 10
EQU  CH.sub.3 Ta(C.sub.8 H.sub.8).sub.2
PAR  (CH.sub.3).sub.3 TaCl.sub.2 was prepared by the method of Juvinall, J. Am.
      Chem. Soc., 86, 4202 (1964). A mixture of 5.0 g of this compound, 12.1 g
      of TaCl.sub.5, and 250 ml of toluene was stirred overnight and filtered to
      remove traces of solid. The solution of CH.sub.3 TaCl.sub.4 thus prepared
      was cooled to -78.degree.C, 213 ml of 0.47 M K.sub.2 C.sub.8 H.sub.8 in
      tetrahydrofuran was added over 1 hour with stirring, the mixture was
      warmed to room temperature, potassium chloride was separated by
      centrifugation, and the volume of the supernatant liquid was reduced under
      reduced pressure to 150 ml. The red-brown crystals of
      bis(cyclooctatetraene)methyltantalum, CH.sub.3 Ta(C.sub.8 H.sub.8).sub.2,
      that precipitated were separated by filtration, washed with toluene and
      with pentane, and dried under reduced pressure; yield, 8.0 g.
PAR  An .sup.1 H nmr in CD.sub.2 Cl.sub.2 (40.degree.C) showed a broad peak of
      area 16 at ca. 4.4 .tau. and a sharp singlet of area 3 at 9.95 .tau.. At
      0.degree.C (100 MHz) three peaks at 4.09 (s, 8), 4.64 (s, 8) and 9.95 (s,
      3) characterize CH.sub.3 Ta(C.sub.8 H.sub.8).sub.2.
PAR  Most of the product (7.5 g) was recrystallized by stirring in 150 ml of
      methylene chloride, filtering, and reducing the volume of the filtrate to
      about 15 ml under reduced pressure, with periodic filtration of the
      crystals that precipitated; recovery, 5.0 g.
TBL  ______________________________________                                    

     Anal. calcd. for C.sub.17 H.sub.19 Ta:                                    

                       C,     50.38;   H,   4.73                               

     Found:            C,     49.38;   H,   4.66                               

                              49.68         4.72                               

                              49.28         4.71                               

     ______________________________________                                    

PAR  A solution of 4.0 g (CH.sub.3).sub.3 TaCl.sub.2 in 100 ml of toluene was
      cooled to -78.degree.C, and 32 ml of an 0.47 M solution of K.sub.2 C.sub.8
      H.sub.8 in tetrahydrofuran was added dropwise with stirring over 15
      minutes. The mixture was warmed to room temperature, stirred for 30
      minutes at room temperature, and centrifuged to remove potassium chloride.
      The liquid centrifugate was evaporated to a volume of about 100 ml under
      reduced pressure, allowed to stand 3 days at -30.degree.C, and further
      reduced in volume to about 20 ml. The greenish crystals of
      cyclooctatetraenetrimethyltantalum that precipitated were separated by
      filtration and dried; yield 2.9 g. A sample of the product was sublimed at
      100.degree.C/0.001 mm to give a pyrophoric blue sublimate. .sup.1 H nmr
      (C.sub.6 D.sub.6,.tau.): 4.03 (8, s, C.sub.8 H.sub.8), 9.17 (9, s,
      methyl).
PAR  Another sample of the product was recrystallized from toluene to give blue
      crystals that were soluble in benzene to give a turqoise-blue solution.
      Mass-spectral analysis of the recrystallized product showed a parent ion
      of mass 330.0810 (calcd. 330.0787).
PAR  Another sample of the product, prepared essentially as described above and
      crystallized from toluene, was analyzed.
TBL  ______________________________________                                    

     Anal. calcd. for                                                          

     C.sub.11 H.sub.17 Ta:                                                     

                C,    40.01;   H,  5.19;  Ta,  54.80                           

     Found:     C,    39.51;   H,  5.30;  Ta,  52.18                           

                      39.59        5.26                                        

                      39.83        5.23                                        

     ______________________________________                                    

PAR  The products of the invention, because of their sensitivity to oxygen, are
      useful for removing small amounts of oxygen from gases and mixtures of
      gases.
PAR  As illustrated in the following examples, the products of the invention are
      also useful as catalysts in the oligomerization of ethylene.
PAC  EXAMPLE A
PAR  A solution of 2.0 g of C.sub.6 H.sub.5 Nb(C.sub.8 H.sub.8).sub.2 in 50 ml
      of tetrahydrofuran was charged to a 100 ml stainless-steel shaker tube.
      The tube was cooled, evacuated, pressured with ethylene, and heated at
      90.degree.C and 50 atmospheres for 4 hours, with repressuring with
      ethylene as required. It was cooled to room temperature, and volatile
      materials were allowed to escape into and through a trap cooled with
      liquid nitrogen. The liquid in the trap was warmed to -78.degree.C and
      bled to the atmosphere. The material that remained liquid at -78.degree.C
      was allowed to warm to room temperature, where it became a gas. Analysis
      of this gas by gas chromatography and mass spectrometry showed it to
      contain 72.1% 1-butene.
PAR  The liquid remaining in the shaker tube was filtered and evaporated under
      high vacuum, and the evaporated material was trapped at liquid-nitrogen
      temperature. Analysis of the trapped material, again by gas chromatography
      and mass spectrometry, showed the presence of the following materials in
      decreasing amounts: 1- or 2-butene, C.sub.6 H.sub.12, C.sub.6 H.sub.12
      isomer, C.sub.10 H.sub.18, C.sub.10 H.sub.20, C.sub.12 H.sub.16, C.sub.8
      H.sub.14, and C.sub.8 H.sub.16.
PAC  EXAMPLE B
PAR  (CH.sub.3).sub.3 TaC.sub.8 H.sub.8 was tested as a catalyst for ethylene
      oligomerization by essentially the method of Example A, except that
      benzene was used as the solvent in place of tetrahydrofuran. Analysis of
      the volatile products showed the presence of an appreciable amount of
      mixed butenes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cyclooctatetraene complex having the formula:
PA1  Q.sup.+m(c.sub.8 h.sub.8).sub.3 .sup.-, rm(c.sub.8 h.sub.8).sub.2, or
      (CH.sub.3).sub.3 Ta(C.sub.8 H.sub.8), wherein M is tantalum or niobium,
PA1  R is Cl, Br, alkyl of 1 to 8 carbons or aryl of 6 to 12 carbons,
PA1  Q.sup.+ is one equivalent of an alkali metal ion, an alkaline earth metal
      ion, R'R".sub.3 N.sup.+, R".sub.4 P.sup.+, or R".sub.4 As.sup.+, wherein
      R' is alkyl of 1 to 8 carbons and R" is alkyl of 1 to 8 carbons or aryl of
      6 to 12 carbons.
NUM  2.
PAR  2. A cyclooctatetraene complex of claim 1 having the formula
      Q.sup.+M(C.sub.8 H.sub.8).sub.3 .sup.-.
NUM  3.
PAR  3. A cyclooctatetraene complex of claim 2 wherein M is niobium.
NUM  4.
PAR  4. A cyclooctatetraene complex of claim 3 wherein Q.sup.+ is K.sup.+.
NUM  5.
PAR  5. A cyclooctatetraene complex of claim 3 wherein Q.sup.+ is (C.sub.6
      H.sub.5).sub.4 As.sup.+.
NUM  6.
PAR  6. A cyclooctatetraene complex of claim 3 wherein Q.sup.+ is Li.sup.+.
NUM  7.
PAR  7. A cyclooctatetraene complex of claim 2 wherein M is tantalum.
NUM  8.
PAR  8. A cyclooctatetraene complex of claim 7 wherein Q.sup.+ is K.sup.+.
NUM  9.
PAR  9. A cyclooctatetraene complex of claim 7 wherein Q.sup.+ is (C.sub.6
      H.sub.5).sub.4 As.sup.+.
NUM  10.
PAR  10. A cyclooctatetraene complex of claim 7 wherein Q.sup.+ is Li.sup.+.
NUM  11.
PAR  11. A cyclooctatetraene complex of claim 1 having the formula
EQU  RM(C.sub.8 H.sub.8).sub.2.
NUM  12.
PAR  12. A cyclooctatetraene complex of claim 11 wherein M is niobium.
NUM  13.
PAR  13. A cyclooctatetraene complex of claim 12 wherein R is methyl.
NUM  14.
PAR  14. A cyclooctatetraene complex of claim 12 wherein R is phenyl.
NUM  15.
PAR  15. A cyclooctatetraene complex of claim 11 wherein M is tantalum.
NUM  16.
PAR  16. A cyclooctatetraene complex of claim 15 wherein R is methyl.
NUM  17.
PAR  17. A cyclooctatetraene complex of claim 15 wherein R is phenyl.
NUM  18.
PAR  18. A cyclooctatetraene complex of claim 1 having the formula
      (CH.sub.3).sub.3 Ta(C.sub.8 H.sub.8).
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ABST
PAL  Unsubstituted and substituted dialkyl esters of phosphoric and diphosphonic
      acids, nuclearly brominated derivatives thereof, and metal mono-, bis-,
      and tris- derivatives of phosphonic acid half-esters are useful as
      ultraviolet light absorbers and as fire retardants.
PARN
PAR  This is a division of application Ser. No 168,744 filed Aug. 3, 1971,
      abandoned, which is a continuation-in-part of application Ser. No. 127,776
      filed Mar. 24, 1971, U.S. Pat. No. 3, 767,735 dated Oct. 23, 1973.
BSUM
PAR  This invention relates to novel derivatives of phosphonic and diphosphonic
      acids, their preparation and use as ultraviolet light absorbers and as
      fire retardants. More particularly, the present invention relates to the
      preparation and use of the novel compounds of our invention which may be
      defined as phosphonic acid derivatives selected from the class consisting
      of unsubstituted and substituted dialkyl esters of phosphonic and
      diphosphonic acids, nuclearly brominated derivatives thereof, and metal
      mono-, bis-, and tris-[(0-alkyl)-3-acetyl-4-hydroxybenzyl]phosphonates.
PAR  It is well known that many organic compositions such as polymeric organic
      compositions tend to undergo deterioration when exposed to ultraviolet
      light. Light in the ultraviolet portion of the spectrum and particularly
      that having a wavelength within 290-400 millimicrons causes photocatalyzed
      changes, such as yellowing and/or embrittlement of unstabilized polymeric
      compositions. These changes are obviously undesirable and this is
      particularly true when the composition is initially colorless,
      transparent, or translucent and is to be used subsequently under
      conditions that will subject it to long exposure to sunlight or other
      sources of ultraviolet light radiation. Examples of such applications
      include translucent roofing materials, transparent structures, decorative
      structures, decorative and protective coatings, and impact-resistant
      windows.
PAR  In recent years, many organic compounds have become available which can
      absorb ultraviolet light and convert it to less harmful forms of energy
      such as heat, vibrational energy, or less harmful radiation. These organic
      stabilizers, in addition to absorbing ultraviolet radiation in the
      selected range for the polymeric compositions being treated, must be
      compatible therewith, have little or no initial color, be reasonably
      inexpensive, be chemically stable, and have a low toxicity, especially for
      stabilizing compositions to be used subsequently in the food industry.
PAR  A good ultraviolet absorber for use in polymeric organic compositions
      should absorb the ultraviolet radiation in daylight, impart no or very
      little color to the composition, should be sufficiently stable to
      withstand curing conditions, and should absorb ultraviolet light
      sufficiently to protect the composition against yellowing and
      decomposition on exposure to ultraviolet light. The compound must have
      sufficient solubility in various types of materials so that it may be
      incorporated therein, it should be capable of withstanding leaching action
      of solvents or loss by exudation.
PAR  Generally, an effective ultraviolet absorber should have its peak
      absorption above a wavelength of 300 millimicrons or the absorption peak
      may be at a higher wavelength as long as the absorption drops off
      sufficiently as it approaches the visual range so that no color is
      visible. In addition, to be effective it should show a high degree of
      absorbancy in the desired wavelength range, especially at those
      wavelengths sufficiently below the visual range so that the compound has
      no yellow color.
PAR  Although, as pointed out above, many compounds have been suggested for the
      stabilization of polymeric organic compositions against deterioration
      caused by ultraviolet light none have been entirely satisfactory as all
      have been deficient in one or more qualities which the ideal ultraviolet
      absorber must possess. These include, in addition to lack of color, the
      ability to become firmly incorporated in the composition to be stabilized
      and the ability to absorb ultraviolet light over a wide range. The latter
      is important because individual polymeric organic compositions are
      generally most susceptible to deterioration by radiation of a specific
      wavelength. For example, polyethylene, polypropylene, and polystyrene are
      susceptible to radiation wavelengths of 300-320 millimicrons. Many of the
      absorbers disclosed in the prior art exhibit excellent ultraviolet light
      absorption only over a very limited wavelength. Another criteria of a
      polymeric organic composition in addition to its resistance to
      deterioration on exposure to ultraviolet light is that it be as resistant
      to fire as possible.
PAR  Heretofore when it was necessary to protect polymeric organic compositions
      against deterioration caused by exposure to ultraviolet light and to
      impart fire retardant properties to the composition, the use of two
      additives was mandatory; one to protect the composition against
      ultraviolet light and the other to attain the desired fire-retardant
      properties. This is objectionable because when two additives are used,
      each must not only perform its particular function effectively, but, in
      addition, the two must be compatible. Obviously, a single compound
      effective both as an ultraviolet light absorber and as a fire-retardant
      would eliminate completely the compatibility requirement and for that
      reason be desirable.
PAR  It is, therefore, a principal object of the present invention to provide an
      additive for polymeric organic compositions which is effective as an
      ultraviolet light absorber and is capable of rendering such compositions
      fireretardant.
PAR  It is another object of our invention to provide a composition which is
      resistant to degradation by ultraviolet light radiation and is fire
      resistant.
PAR  These and other objects and advantages will become apparent as the
      description proceeds.
PAR  To the accomplishment of the foregoing and related ends, this invention
      then comprises the features hereinafter fully described and particularly
      pointed out in the claims, the following description setting forth in
      detail certain illustrative embodiments of the invention, these being
      indicative, however, of but a few of the various ways in which the
      principles of the invention may be employed.
PAR  In brief, the foregoing objects and advantages are obtained by
      incorporating into a polymeric organic composition susceptible to
      deterioration by the action of ultraviolet light radiation a compound
      identified generically as unsubstituted and substituted dialkyl esters of
      phosphonic and diphosphonic acids, nuclearly brominated derivatives
      thereof, and metal mono-, bis-, and
      tris-[(0-alkyl)-3-acetyl-4-hydroxybenzyl]phosphonates in an amount varying
      from 0.1 to 5.0 percent by weight based on the total weight of the
      polymeric organic composition. When the compounds of our invention are
      employed as a fire retardant, the amount used may vary from 1 to 15
      percent. It is understood, of course, the larger quantities of the
      phosphonate may be used, but such is not generally desirable because costs
      may be increased thereby without commensurate additional beneficial
      results.
PAR  Alternately, these ultraviolet light absorbers and fire retardants may be
      identified as compounds having the formula:
      ##EQU1##
      wherein R is a straight or branched chain alkyl radical containing from 1
      to 18 carbon atoms. This alkyl group may be unsubstituted or substituted
      wherein the substituent is a halogen. R' is an alkyl radical as defined
      for R with the further provision that R' may also represent a metal having
      a valence of 1 to 3, n is an integer varying from 1 to 3, and X is
      bromine, hydrogen, methylene dialkyl phosphonate, or methylene
      bis-beta-chloroethyl phosphonate. Alternately, the latter group may be
      represented by the radical
      ##EQU2##
      wherein R is as identified above.
PAR  Polymeric organic compositions which can be protected from the degrading
      effects of ultraviolet light and fire by the use of the compositions of
      our invention include alkyd resins as disclosed in U.S. Pat. Nos.
      1,847,783, 1,860,164, 1,950,468, and 2,087,852; epoxy resins as disclosed
      in U.S. Pat. No. 2,886,473, polyester resins; polyurethane; polyethylene;
      polypropylene; polystyrene; polyvinyl chloride resins; cellulosic and
      acrylic polymers; linear super polyamide obtained by condensing an
      aliphatic polyethylenediamine with a dicarboxylic acid; industrial
      coatings including decorative and protective coatings wherein one or more
      of the components thereof comprises an organic composition susceptible to
      deterioration when exposed to ultraviolet light and/or coated fabrics such
      as fabrics coated with polyvinyl chloride and polyolefin; and
      polyvinylidene chloride monofilaments.
PAR  In order to disclose the nature of the invention still more clearly, the
      following illustrative examples will be given. It is understood, however,
      that the invention is not to be limited to the specific conditions or
      details set forth in these examples, except insofar as such limitations
      are specified in the appended claims.
PAR  In the examples, "parts" where used are parts by weight.
DETD
PAC  EXAMPLE 1
PAC  Di-(n-butyl)-3-acetyl-4-hydroxybenzyl phosphonate
PAR  A one-liter, four neck, round-bottom flask equipped with stirrer,
      condenser, thermometer, and gas inlet was charged with 75.0 grams (0.3
      mole) of tri(n-butyl)phosphite and 55.4 grams (0.3 mole) of
      5'-chloromethyl-2'-hydroxyacetophenone. The mixture was purged for 5
      minutes with nitrogen while stirring and then gently heated to
      65.degree.-70.degree.C., at which point exothermicity set in and butyl
      chloride distilled at about 76.degree. to 79.degree.C. The mixture was
      then heated to approximately 100.degree.-110.degree. at atmospheric
      pressure to complete the distillation ot butyl chloride and then distilled
      under vacuum to yield the product de-(n-butyl)-3-acetyl-4-hydroxybenzyl
      phosphonate, b.p. 155.degree.C./0.15 mm.
PAC  EXAMPLE 2
PAC  Sodium [(0-butyl)-3-acetyl-4-hydroxybenzyl]phosphonate
PAR  A one-liter, four neck, round-bottom flask equipped with stirrer, reflux
      condenser, thermometer, and gas inlet was charged with 75.0 grams (0.215
      mole) of di-(n-butyl)-3-acetyl-4-hydroxybenzyl phosphonate prepared in
      Example 1, to which was then added 34.4 grams of a 50 percent aqueous
      sodium hydroxide solution in 32.5 milliliters of methanol under nitrogen.
      After five minutes of purging with nitrogen, the nitrogen stream was
      stopped and the reaction mixture was refluxed 4.5 hours, after which time
      it was cooled to room temperature and neutralized with concentrated HCl to
      pH 76 with cooling. The precipitated sodium chloride was removed by
      filtration and washed with a small amount of isopropyl alcohol. The
      washing and filtrate were combined and concentrated under reduced
      pressure. The dry residue was dissolved in a small amount of methyl
      alcohol and the insoluble solids, identified as sodium chloride, were
      removed by filtration. The filtrate was evaporated in vacuo to dryness,
      m.p. 193.degree.-195.degree.C. This product was used without any further
      purification for the preparation of nickel and tin salts.
PAC  EXAMPLE 3
PAC  Preparation of nickel bis-[(0-butyl)-3-acetyl-4-hydroxybenzyl]phosphonate
PAR  A one-liter, three neck, round-bottom flask equipped with stirrer, reflux
      condenser, and thermometer was charged with 9.2 grams (0.029 mole) of
      sodium [(0-butyl)-3-acetyl-4-hydroxybenzyl]phosphonate prepared in Example
      2 dissolved in 100 milliliters of methanol to which was then added 3.6
      grams (0.015 mole) of nickelous chloride hexahydrate dissolved in 20
      milliliters of methanol. The reaction mixture w as stirred and heated at
      reflux for a period of one hour, after which it was filtered and the
      filtrate evaporated to dryness under vacuum. The pale green product did
      not melt up to 300.degree.C. Anal. calculated for C.sub.26 H.sub.36
      NiO.sub.10 P.sub.2 : P, 9.84 percent; Ni, 9.33 percent. Found: P, 9.68
      percent; Ni, 9.13 percent.
PAC  EXAMPLE 4
PAC  Diethyl-3-acetyl-4-hydroxybenzyl phosphonate
PAR  The foregoing compound was prepared following the same experimental
      procedure as used in Example 1. In this example, 92.3 grams (0.5 mole) of
      5'-chloromethyl-2'-hydroxyacetophenone was reacted with 83.0 grams (0.5
      mole) of triethyl phosphite. The crude yellow product obtained was
      purified by distillation. The colorless liquid obtained as a distillate
      and identified by its infrared spectrum as
      diethyl-3-acetyl-4-hydroxybenzyl phosphonate weighed 111.5 grams. This
      represented a yield of 77.9 percent of theory.
PAR  If desired, the reaction may be carried out in the presence of an inert
      solvent such as benzene, toluene, xylene, or chloroform. This modification
      of the experimental procedure lessens the vigor of the reaction.
PAC  EXAMPLE 5
PAC  Sodium [(0-ethyl)-3-acetyl-4-hydroxybenzyl]phosphonate
PAR  The foregoing compound was prepared following the same experimental
      procedure as used in Example 2. In this example, the product of Example 4
      (111.5 grams) was reacted with 62.4 grams of a 50 percent aqueous sodium
      hydroxide solution to produce 68.0 grams of an off-white product
      identified as crude sodium
      [(0-ethyl)-3-acetyl-4-hydroxybenzyl]phosphonate. This product had a
      melting point of 210.degree.-220.degree.C. and represented a yield of 62.4
      percent of theory.
PAC  EXAMPLE 6
PAC  Nickel bis-[(0-ethyl)-3-acetyl-4-hydroxybenzyl]phosphonate
PAR  The same experimental procedure as that used in Example 3 was used, in
      which 14.0 grams (0.05 mole) of sodium
      [(0-ethyl-3-acetyl-4-hydroxybenzyl]phosphonate was reacted with 6.0 grams
      (0.025 mole) of nickelous chloride hexahydrate. A pale green compound
      weighing 8.2 grams (57.4 percent) and having a melting point higher than
      300.degree. C. was obtained. Anal. calculated for C.sub.22 H.sub.26
      NiO.sub.10 P: P, 10.81 percent; Ni, 10.24 percent. Found: P, 9.58 percent,
      Ni, 9.19 percent.
PAC  EXAMPLE 7
PAC  Di(isopropyl)-3-acetyl-4-hydroxybenzyl phosphonate
PAR  The same experimental procedure as used in Examples 1 and 4 was used. In
      this example, 92.3 grams (0.5 mole) of
      5'-chloromethyl-2'-hydroxyacetophenone was reacted with 104.1 grams (0.5
      mole) of triisopropyl phosphite. The reaction can also be carried out in
      an inert solvent such as benzene, toluene, xylene, or chlorobenzene to
      moderate the vigor of the reaction. The crude product, 142 grams (90.6
      percent) was used in Example 8 without any further purification.
PAC  EXAMPLE 8
PAC  Sodium (0-isopropyl-3-acetyl-4-hydroxybenzyl)phosphonate
PAR  The same experimental procedure as used in Examples 2 and 5 was used. In
      this example, 157.1 grams (0.5 mole) of
      di(isopropyl)-3-acetyl-4-hydroxybenzyl phosphonate was used with 80.0
      grams of 50 percent aqueous NaOH. The crude sodium
      (0-isopropyl-3-acetyl-4-hydroxybenzyl)phosphonate so obtained weighed 139
      grams, representing a yield of 94.5 percent of theory.
PAC  EXAMPLE 9
PAC  Nickel bis-[(0-isopropyl)-3-acetyl-4-hydroxybenzyl]phosphonate
PAR  The same experimental procedure of Examples 3 and 6 was followed. In this
      example, 147.1 grams (0.5 mole) of sodium
      (0-isopropyl-3-acetyl-4-hydroxybenzyl) phosphonate in 350 milliliters of
      methanol was treated with 59.4 grams (0.25 mole) of nickelous chloride
      hexahydrate in 150 milliliters of methanol. The reaction mixture was
      filtered to remove sodium chloride and the green-colored filtrate was
      evaporated to dryness under diminished pressure to give a pale green
      residue weighing 110 grams (73.5 percent yield) which was identified by
      characteristics peaks in its infrared spectrum as nickel
      bis-(0-isopropyl)3-acetyl-4-hydroxybenzyl)phosphonate, m.p. &gt;
      300.degree.C.
PAC  EXAMPLE 10
PAC  Di(isooctyl)-3-acetyl-4-hydroxybenzyl phosphonate
PAR  In this example the experimental procedure of Examples 1, 4, and 7 was
      followed. Forty-six and one tenth grams of
      5'-chloromethyl-2'-hydroxyacetophenone (0.25 mole) was treated with 104.6
      grams (0.25 mole) of triisooctyl phosphite. After the reaction was
      completed, the crude di(isooctyl)-3-acetyl-4-hydroxybenzyl phosphonate was
      used directly without further purification for the preparation of the
      sodium salt of the corresponding half-ester.
PAC  EXAMPLE 11
PAC  Sodium(0-isooctyl-3-acetyl-4-hydroxybenzyl)phosphonate
PAR  The same experimental procedure as used in Examples 2, 5, and 8 was used to
      treat 114 grams (0.25 mole) of di(isooctyl-3-acetyl-4-hydroxybenzyl
      phosphonate in 100 milliliters of methanol with 40 grams of 50 percent
      aqueous sodium hydroxide to give 77 grams (84.5 percent yield) of sodium
      (0-isooctyl-3-acetyl-4-hydroxybenzyl)phosphonate. This compound was
      identified by spectroscopic method.
PAC  EXAMPLE 12
PAC  Nickel bis-[(0-isooctyl)-3-acetyl-4-hydroxybenzyl]phosphonate
PAR  The same experimental procedure as used in Examples 3, 6, and 9 was used to
      react 91.1 grams (0.25 mole) of sodium
      (0-isooctyl-3-acetyl-4-hydroxybenzyl)-phosphonate with 29.7 grams (0.25
      mole) of nickelous chloride hexahydrate. Eighty-three grams (90 percent
      yield) of nickel bis-[(0-isooctyl)-3-acetyl-4-hydroxybenzyl]phosphonate
      was obtained, m.p. &gt; 300.degree.C.
PAC  EXAMPLE 13
PAC  Dimethyl-3-acetyl-4-hydroxybenzyl phosphonate
PAR  The same experimental procedure as that used in Examples 1, 4, 7, and 10
      was used to treat 184.6 grams (1.0 mole)of
      5'-chloromethyl-2'-hydroxyacetophenone with 124 grams (1.0 mole) of
      trimethyl phosphite. This reaction was the most vigorous of all the
      reactions aimed at the preparation of a dialkyl-3-acetyl-4-hydroxybenzyl
      phosphonate. The reaction can be moderated by cooling once the evolution
      of methyl chloride is started. Alternately and somewhat preferably, the
      reaction may be carried out in an inert solvent such as benzene, toluene,
      xylene, or chlorobenzene. The product (240 grams, 93 percent) was
      identified by its characteristic infrared bands as
      dimethyl-3-acetyl-4-hydroxybenzyl phosphonate and was used without any
      further purification in the next reaction.
PAC  EXAMPLE 14
PAC  Sodium [(0-methyl)-3-acetyl-4-hydroxybenzyl]phosphonate
PAR  The same experimental procedure as that used in Examples 2, 5, 8, and 11
      was used to treat 240 grams (0.93 mole) of
      dimethyl-3-acetyl-4-hydroxybenzyl phosphonate with 148.8 grams of 50
      percent aqueous sodium hydroxide. One hundred and sixty-four grams (69
      percent yield) of a dark brown compound was obtained, m.p.
      200.degree.-210.degree.C.
PAC  EXAMPLE 15
PAC  Nickel bis-[(0-methyl)-3-acetyl-4-hydroxybenzyl]phosphonate
PAR  The same experimental procedure as that used in Examples 3, 6, 9, and 12
      was used to react 48.5 grams (0.182 mole) of sodium
      [(0-methyl)-3-acetyl-4-hydroxybenzyl]phosphonate with 21.6 grams (0.091
      mole) of nickelous chloride hexahydrate. A green powdery product weighing
      43 grams (87.4 percent yield) was obtained and was identified by its
      infrared spectrum as nickel
      bis-[(0-methyl)-3-acetyl-4-hydroxybenzyl]phosphonate, m.p. &gt;300.degree.C.
PAC  EXAMPLE 16
PAC  Aluminum tris-[(0-ethyl)-3-acetyl-4-hydroxybenzyl]phosphonate
PAR  A 500-milliliter, three neck, round-bottom flask was charged with 29.7
      grams (0.105 mole) of sodium
      [(0-ethyl)-3-acetyl-4-hydroxybenzyl]phosphonate, 250 milliliters of
      methanol, and 8.5 grams (0.0353 mole) of aluminum chloride hexadrate in
      100 milliliters of methanol. The stirred mixture was heated at reflux
      temperature for 1 hour. After cooling to room temperature, the white
      precipitate formed was collected on a Buchner funnel, washed with water
      and air dried to give 23.5 grams (82.8 percent yield) of a white compound
      which was characterized by its infrared spectrum as aluminum
      tris-[(0-ethyl)-3-acetyl-4-hydroxybenzyl]phosphonate, m.p. &gt; 300.degree.C.
PAC  EXAMPLE 17
PAC  Zinc bis-[(0-ethyl)-3-acetyl-4-hydroxybenzyl]phosphonate
PAR  The same experimental procedure as that used in Example 16 was used to
      treat a suspension of 28 grams (0.1 mole) of sodium
      [(0-ethyl)-3-acetyl-4-hydroxybenzyl]phosphonate in 175 milliliters of
      methanol with a suspension of 6.8 grams (0.05 mole) of zinc chloride in
      approximately 50 milliliters of methanol. Twenty-five grams (86 percent
      yield) of a white powdery material was obtained and was spectroscopically
      identified as zinc bis-[(0-ethyl)-3-acetyl4-hydroxybenzyl]phosphonate,
      m.p. 270.degree.-75.degree.C.
PAC  EXAMPLE 18
PAC  Barium bis[(0-ethyl)-3-acetyl-4-hydroxybenzyl]phosphonate
PAR  The same experimental procedure as that used in Examples 16 and 17 was used
      to treat a solution of 28 grams (0.1 mole) of sodium
      [(0-ethyl)-3-acetyl-4-hydroxybenzyl]phosphonate with a suspension of 12.2
      grams of barium chloride dihydrate in 75 milliliters of methanol. The
      suspension was filtered hot after two hours of refluxing and the filtrate
      evaporated under reduced pressure to give 24.0 grams (73.6 percent yield)
      of an off-white powdery product which was identified spectroscopically as
      barium bis-[(0-ethyl)-3-acetyl-4-hydroxybenzyl]-phosphonate.
PAC  EXAMPLE 19
PAC  Cadmium bis[(0-ethyl)-3-acetyl-4-hydroxybenzyl]phosphonate
PAR  The same experimental procedure as that used in Examples 16 and 17 was used
      to react a solution of 28 grams (0.1 mole) of sodium
      [(0-ethyl)-3-acetyl4-hydroxybenzyl]phosphonate in 200 milliliters of
      methanol with 9.2 grams (0.05 mole) of cadmium chloride in 50 milliliters
      of methanol. A white powder weighing 24 grams (67.7 percent yield) was
      obtained and was identified by its infrared spectrum as cadmium
      bis-[(0-ethyl)-3-acetyl-4-hydroxybenzyl]phosphonate, m.p.
      255.degree.-265.degree.C.
PAC  EXAMPLE 20
PAC  Tin bis-[(0-ethyl)-3-acetyl-4-hydroxybenzyl]phosphonate
PAR  The same experimental procedure as that used in Examples 16, 17, and 19 was
      used to react a solution of 29.4 grams (0.14 mole) of sodium
      [(0-ethyl)-3-acetyl-4-hydroxybenzyl]phosphonate in 350 milliliters of
      methanol with 13.4 grams (0.07 mole) of stannous chloride. After 30
      minutes of heating, the slurry was filtered and the white solid material
      was washed with water and air dried to give 31 grams (69.7 percent yield)
      of a white product which was identified by spectroscopic method to be tin
      bis-[(0-ethyl)-3-acetyl-4-hydroxybenzyl]-phosphonate, m.p. &gt; 300.degree.C.
PAC  EXAMPLE 21
PAC  Di-(n-dodecyl)-3-acetyl-4-hydroxybenzyl phosphonate
PAR  The same experimental procedure as used in Examples 1, 4, 7, and 10 was
      used to react 58.6 grams (0.1 mole) of tri-(n-dodecyl)phosphite with 18.4
      grams (0.1 mole) of 5'-chloromethyl-2'-hydroxyacetophenone. The molten
      mixture was kept at 150.degree.C./0.5 mm. for 2 hours, then heated to
      approximately 180.degree.C./0.5 mm. to remove dodecyl chloride. The
      residue was identified by its IR spectrum as
      di-(n-dodecyl)-3-acetyl-4-hydroxybenzyl phosphonate.
PAC  EXAMPLE 22
PAC  Sodium [(0-n-dodecyl)-3-acetyl-4-hydroxybenzyl]phosphonate
PAR  The same experimental procedure as that used in Examples 2, 5, 8, 11, and
      14 was used for the preparation of the above sodium salt. The compound was
      identified by its infrared spectrum.
PAC  EXAMPLE 23
PAC  Nickel bis-[(0-n-dodecyl)-3-acetyl-4-hydroxybenzyl]phosphonate
PAR  The same experimental procedure as that used in Examples 3, 6, 9, 12, and
      15 was used to prepare nickel
      bis-[(0-n-dodecyl)-3-acetyl-4-hydroxybenzyl]phosphonate. The compound was
      identified by its infrared spectrum.
PAC  EXAMPLE 24
PAR  Similarly by the use of trioctadecylphosphite and
      5'-chloromethyl-2'-hydroxyacetophenone we obtained
      dioctadecyl-3-acetyl-4-hydroxybenzyl phosphonate. This compound was
      identified by its infrared spectrum.
PAC  EXAMPLE 25
PAR  By following the experimental procedure described in Examples 2, 5, 8, 11,
      and 14 we obtained sodium
      [(0-octadecyl)-3-acetyl-4-hydroxybenzyl]phosphonate.
PAC  EXAMPLE 26
PAR  The same experimental procedure as used in Example 23 was used to prepare
      nickel bis-[(0-dioctadecyl)-3-acetyl-4-hydroxybenzyl]phosphonate, which
      was obtained as a light green powder. Identification was made by means of
      its infrared spectrum.
PAC  EXAMPLE 27
PAC  Bis-2-chloroethyl)-3-acetyl-4-hydroxybenzyl phosphonate
PAR  A one-liter, four neck, round-bottom flask equipped with stirrer,
      condenser, thermometer, and a gas inlet tube was charged with 145.8 grams
      (0.789 mole) of 5'-chloromethyl-2'-hydroxyacetophenone. The flask was
      purged for 5-10 minutes with nitrogen while it was gently heated to
      85.degree.-90.degree. C., at which point 212.8 grams (0.789 mole) of
      tris-(2-chloroethyl)phosphite was slowly introduced. Exothermicity set in
      and ethylene chloride distilled at 84.degree.-85.degree. C. After the
      addition was completed, the product was placed under vacuum to expel any
      ethylene chloride which remained entrapped in it. The product was
      identified by its infrared spectrum.
PAC  EXAMPLE 28
PAC  Diethyl-3-acetyl-5-bromo-4-hydroxybenzyl phosphonate
PAR  A two-liter, four neck, round-bottom flask equipped with stirrer, reflux
      condenser, thermometer and a dropping funnel was charged with 286.2 grams
      (1.0 mole) of diethyl-3-acetyl-4-hydroxybenzyl phosphonate and 500
      milliliters of water. The mixture was stirred and heated at
      53.degree.-58.degree. C. while 168 grams (1.05 mole) of bromine was
      introduced over a period of 2 hours. The mixture was stirred and refluxed
      for an additional two hours, cooled to room temperature, and the aqueous
      layer (upper phase) discarded. The organic layer (lower phase) was
      dissolved in a mixture of chloroform and ether, dried over anhydrous
      MgSO.sub.4, filtered and concentrated under reduced pressure to give 358.5
      grams (98.2 percent yield) of a reddish-yellow, viscous liquid, which was
      identified as diethyl-3-acetyl-5-bromo-4-hydroxybenzyl phosphonate. Anal.
      calculated for C.sub.13 H.sub.18 BrO.sub.5 P: Br, 21.88 percent. Found:
      Br, 21.4 percent.
PAC  EXAMPLE 29
PAC  Preparation of bis(diethyl-5-acetyl-4-hydroxy)m-xylyl phosphonate
PAR  A one-liter, four neck, round-bottom flask equipped with a stirrer,
      distilling head, condenser, thermometer, and a dropping funnel was charged
      with 116.5 grams (0.5 mole) of
      3',5'-bis-chloromethyl-2'-hydroxyacetophenone [(Gazz. chim. ital. 80,
      502-9(1950)] and about 10 milliliters of triethyl phosphite. The mixture
      was then stirred and heated to 75.degree.-80.degree. C. at which
      temperature an additional quantity of triethyl phosphite was slowly
      introduced into the mixture until the total quantity of the phosphite used
      in the reaction was equal to 166.2 grams (1.0 mole). A greenish yellow
      viscous liquid weighing 193.7 grams (93.5 percent yield) was obtained. The
      product was identified by characteristic bands in its infrared spectrum as
      bis(diethyl-5-acetyl-4-hydroxy)m-xylyl phosphonate.
PAR  The compound bis(beta-chloroethyl-5-acetyl-4-hydroxy)m-xylyl phosphonate
      was prepared by a similar procedure as follows: One hundred and sixteen
      and five tenths grams (0.5 mole) of
      3',5'-bis-chloromethyl-2'-hydroxyacetophenone was treated with 269.5 grams
      (1.0 mole) of tris-(2-chloroethyl)phosphite to give 241 grams (83.7
      percent yield) of a viscous amber colored liquid identified by
      characteristic bands in its infrared spectrum as
      bis(beta-chloroethyl-5-acetyl-4-hydroxy)m-xylyl phosphonate.
PAC  EXAMPLE 30
PAC  Polypropylene resin
PAR  In this example, the effect of the various phosphonate derivatives as
      identified in Samples No. 2 to 18 at two concentrations on a polypropylene
      film was determined. Sixteen such films were prepared as follows:
PAR  Sample No. 1, which contained 100 parts unstabilized polypropylene, 0.1
      part dilauryl thiodipropionate, and 1.0 part of a hindered phenol was
      fused in a Plasti-Corder blender at 175.degree. for 5 minutes. The
      hindered phenol used was a product available under the trademark Irganox
      1076, which is an alkyl ester of a carboxylic acid containing an
      alkylhydroxy phenyl group. This product is further identified in U.S. Pat.
      No. 3,330,859. The fused material was chopped and the resulting granules
      pressed into sheets or films about 25 mils thick using a Carver press at
      about 165.degree. C.
PAR  Samples No. 2 to 18 were prepared by the same experimental procedure as
      used in the preparation of Sample No.1 except that the various phosphonate
      derivatives in the amounts indicated in Table 1 were added to each sample
      before fusion.
PAR  The resulting films were then used to determine the effectiveness of the
      phosphonate derivatives as ultraviolet light absorbers by exposing the 18
      films in chambers lighted with ultraviolet light and daylight fluorescent
      tubes for 575 hours. Each sample was exposed so that the film protected a
      portion of a light-colored maple tongue blade. After 575 hours' exposure,
      the wood exposed directly to the light and the wood exposed behind the
      film of Sample No. 1 showed considerable darkening. The experiments
      together with the results are summarized in Table 1.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Comparative effectiveness of various [(O-alkyl)-3-acetyl-4-hydroxybenzyl]p

     hosphonates as ultraviolet light absorbers in polypropylene film after    

     575 hours' exposure.                                                      

                            Parts phosphonate Condition of film                

     Sample                                                                    

          [(O-alkyl)-3-acetyl-4-hydroxy-                                       

                            added per 100                                      

                                        UV                                     

     No.  benzyl]phosphonate derivative                                        

                            parts polypropylene                                

                                       protection                              

                                              Clarity                          

                                                    Color    Flexibility       

     __________________________________________________________________________

     1    Control           0.0        None   Clear Clear    Brittle           

     2    Nickel bis-[(O-ethyl) . . .]                                         

                            0.5        "      "     Sl. yellow                 

                                                             "                 

     3    "                 1.0        Very slight                             

                                              "     Yellow   Cracked           

     4    Tin bis-[(O-butyl) . . .]                                            

                            0.5        Good   Opalescent                       

                                                    Sl. yellow                 

                                                             Brittle           

     5    "                 1.0        Very good                               

                                              "     "        "                 

     6    Nickel bis-[(O-isooctyl) . . .]                                      

                            0.5        Very slight                             

                                              Clear "        "                 

     7    "                 1.0        Slight "     "        Cracked           

     8    Nickel bis-[(O-isopropyl) . . .]                                     

                            0.5        "      "     "        "                 

     9    "                 1.0        Good   "     "        "                 

     10   Barium bis-[(O-ethyl) . . .]                                         

                            0.5        Slight "     Very sl.                   

                                                             "ellow            

     11   "                 1.0        Very good                               

                                              "     Sl. yellow                 

                                                             Cracked less      

     12   Zinc bis-[(O-ethyl) . . .]                                           

                            0.5        Slight "     Very sl.                   

                                                             Brittle           

     13   "                 1.0        Good   "     "        "                 

     14   Cadmium bis-[(O-ethyl) . . .]                                        

                            0.5        Very slight                             

                                              "     Sl. yellow                 

                                                             "                 

     15   "                 1.0        Slight "     "        Cracked           

     16   Sodium[(O-ethyl) . . .]                                              

                            0.5        Slight "     Sl. tan  "                 

     17   "                 1.0        Very good                               

                                              "     "        Sl. cracked       

     18   Diethyl-3-acetyl-4-hydroxybenzyl                                     

                            1.0        Good   "     Sl. yellow                 

                                                             Sl. cracked,      

          phosphonate                                        not               

     __________________________________________________________________________

                                                             brittle           

PAR  The effectiveness of the compound diethyl-3-acetyl-4-hydroxybenzyl
      phosphonate as a fire retardant when incorporated into 60-mil thick film
      samples of polypropylene resin was determined according to ASTM Standard
      D635. In these determinations varying amounts of the phosphonate, varying
      amounts of Chlorowax 70, and varying amounts of a combination of the two
      additives were added to the resin film. Chlorowax 70 is a chlorinated
      paraffin containing 70 percent chlorine. The experiments together with the
      results are summarized in Table 2.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Diethyl-3-acetyl-4-hydroxybenzyl phosphonate as a fire retardant for a    

     polypropylene film.                                                       

     Concentration in           Burn time in                                   

     percent by weight                                                         

                     Time in sec-                                              

                                seconds before                                 

     Sample                                                                    

           Phos-    Chloro-  onds to burn                                      

                                      self-extinguish-                         

     No.   phonate  wax 70   4 inches ing                                      

     ______________________________________                                    

     1     0        0        62       **                                       

     2     1        0        69       **                                       

     3     2.5      0        64       **                                       

     4     0        5        76       **                                       

     5     0        10       75       46                                       

     6     0        15       72       41                                       

     7     1        5        91       **                                       

     8     1        10       90       20                                       

     9     1        15       *        6                                        

     10    2.5      5        *        68                                       

     11    2.5      10       *        5                                        

     12    2.5      15       *        4                                        

     13    5        10       *        4                                        

     14    5        15       *        2                                        

     15    7.5      5        *        60                                       

     16    7.5      10       *        3                                        

     17    7.5      15       *        3                                        

     ______________________________________                                    

      *Self-extinguishing before burning 4 inches.                             

      **Combustible                                                            

PAL  The foregoing data indicate that a combination comprising 1 to 5 percent of
      the phosphonate used in combination with 5 to 15 percent Chlorowax 70 is
      very effective as a fire retardant for polypropylene resin films.
PAR  The foregoing experiment was repeated in which a polyethylene resin film
      was substituted for that of the polypropylene. In this experiment, a
      combination comprising 3 percent phosphonate plus 10 percent Chlorowax 70
      increased the time in seconds required to burn 4 inches to 233 seconds
      from 72 for the control.
PAR  The foregoing experiment was again repeated in which a halogenated
      (tetrachlorophthalic anhydride)polyester resin film was substituted for
      that of the polypropylene. In this experiment, it was found that the use
      of Chlorowax 70 did not contribute any beneficial results. Tlhe
      experiments together with the results are summarized in Table 3.
TBL                TABLE 3                                                     

     ______________________________________                                    

     Diethyl-3-acetyl-4-hydroxybenzyl phosphonate as a fire retardant for a    

     halogenated polyester resin.                                              

                                      Burn time in                             

           Concentration   Time in sec-                                        

                                      seconds before                           

     Sample                                                                    

           in percent by   onds to burn                                        

                                      self-                                    

     No.   weight of phosphonate                                               

                           4 inches   extinguishing                            

     ______________________________________                                    

     1     0               197        **                                       

     2     0.5             213        **                                       

     3     1.0             204        97                                       

     4     2.0             *          80                                       

     5     3.0             *          51                                       

     6     5.0             *          9                                        

     7     7.5             *          2                                        

     8     10.0            *          3                                        

     9     12.5            *          1.5                                      

     10    15              *          1.0                                      

     ______________________________________                                    

      *Self-extinguishing before burning 4 inches.                             

      **Combustible                                                            

PAC  EXAMPLE 31
PAC  Polyethylene resin
PAR  In this example, the effect of the various phosphonate derivatives as
      identified in Samples 2 to 24 on a polyethylene film was determined.
      Twenty-four such films were prepared as follows:
PAR  Sample No. 1 was prepared by fusing 100 parts of polyethylene in a
      Plasticorder blender at 175.degree. C. for 5 minutes. The fused material
      was chopped and the resulting granules pressed into sheets or films about
      25 mils thick using a Carver press at about 165.degree. C.
PAR  Samples No. 2 to 24 were prepared by the same experimental procedure as
      used in the preparation of Sample No. 1 except that the various
      phosphonate derivatives in the amounts indicated in Table 4 were added to
      each sample before fusion.
PAR  The films were tested by exposure in a chamber lighted with ultraviolet
      light and daylight fluorescent tubes for a period of 575 hours. Each
      sample was exposed so that the film protected a portion of a light-colored
      maple tongue blade. After 575 hours' exposure, the wood exposed directly
      to the light and the wood exposed behind the film of Sample No. 1 showed
      considerable darkening. The experiments together with the results are
      summarized in Table 4.
TBL                                    TABLE 4                                 

     __________________________________________________________________________

     Comparative effectiveness of various [(O-alkyl)-3-acetyl-4-hydroxybenzyl]p

     hosphonates as ultraviolet light absorbers in polyethylene film after 575 

     hours' exposure.                                                          

                           Parts                                               

                           phosphonate   Condition of film                     

     Sample                                                                    

         [(O-alkyl-3-acetyl-4-hydroxy-                                         

                           added per                                           

                                   UV                                          

     No. benzyl]phosphonate derivative                                         

                           100 parts                                           

                                  protection                                   

                                         Clarity                               

                                               Color    Flexibility            

                           polyethylene                                        

     __________________________________________________________________________

     1   Control           0.0    None   Opaque                                

                                               Yellow   Brittle                

     2   Nickel bis-[(O-ethyl) . . .]                                          

                           0.5     "     Opalescent                            

                                               White     "                     

     3   "                 1.0    Very slight                                  

                                         "     Sl. yellow                      

                                                        No cracking            

     4   Tin bis-[(O-butyl) . . .]                                             

                           0.5    Slight "     White     "                     

     5   "                 1.0    Very good                                    

                                         "      "        "                     

     6   Nickel bis-[(O-isooctyl) . . .]                                       

                           0.5    None   "      "       Cracked                

     7   "                 1.0    Slight "     Sl. yellow                      

                                                        No cracking            

     8   Nickel bis-[(O-isopropyl) . . .]                                      

                           0.5    Very slight                                  

                                         "      "       Cracked                

     9   "                 1.0    Slight "     Yellow    "                     

     10  Barium bis-[(O-ethyl) . . .]                                          

                           0.5    Very slight                                  

                                         "     White    No cracking            

     11  "                 1.0    Good   "      "        "                     

     12  Zinc bis-[(O-ethyl) . . .]                                            

                           0.5    Slight "      "        "                     

     13  "                 1.0    Good   "      "        "                     

     14  Cadmium bis-[(O-ethyl) . . .]                                         

                           0.5    None   "      "       Cracked                

     15  "                 1.0    Slight "      "       No cracking            

     16  Tin bis-[(O-ethyl) . . .]                                             

                           0.5    None   "     Splotchy Brittle                

     17  "                 1.0    Very slight                                  

                                         "     Yellow-splotchy                 

                                                        Cracked                

     18  Aluminum tris-[(O-ethyl) . . .]                                       

                           0.5    Slight "     White     "                     

     19  "                 1.0    Very good                                    

                                         "     Sl. yellow                      

                                                        Less cracking          

     20  Nickel bis-[(O-methyl) . . .]                                         

                           0.5    None   "     White    Brittle                

     21  "                 1.0    Slight "     Sl. yellow                      

                                                        Slight cracking        

     22  Sodium [(O-ethyl) . . .]                                              

                           0.5     "     "     Sl. tan  Cracked                

     23  "                 1.0    Good   "     Tan      Sl. cracking           

     24  Diethyl-3-acetyl-4-hydroxybenzyl                                      

                           1.0    Good   "     Sl. yellow                      

                                                        Very slight cracking,  

         phosphonate                                    not brittle            

     __________________________________________________________________________

PAC  EXAMPLE 32
PAC  Polyvinyl chloride resin
PAR  In this example, a resinous composition was prepared which contained on a
      weight basis 100 parts polyvinyl chloride resin, 50 parts dioctyl
      phthalate, 1 part barium stearate, and 1 part cadmium stearate. This
      composition was divided into 21 equal portions. One was used as a control,
      and to portions 2 to 20 was added the phosphonate listed in Examples 30
      and 31 in such an amount that the weight percent of the phosphonate based
      on the weight of the polyvinyl chloride varied as follows: 0.5 and 1.0
      percent.
PAR  The samples were laid over light-colored maple wood in a chamber lighted
      with fluorescent sunlight and ultraviolet light. LDarkening of the wood
      occurred under the untreated plasticized polyvinyl chloride sample. No
      darkening occurred under the samples containing 0.5 and 1.0 parts of the
      phosphonates after 575 hours of light exposure. Further, the samples with
      0.5 and 1.0 parts of the phosphonates exhibited less plasticizer surface
      exudation than the untreated sample after 575 hours of light exposure.
PAC  EXAMPLE 33
PAC  Coating compositions
PAR  In this example, the phosphonates listed in Examples 30 and 31 were added
      to each of three different coating compositions of 50 percent solids
      identified as follows: Medium soya alkyd resin, air-dried polyurethane
      resin, and a tung oil varnish at concentrations of 0, 0.5, and 1.0 percent
      by weight based on the total weight of the clear coating. These coatings
      were applied by brush to maple and Douglas fir wood surfaces. Two coats
      were applied allowing 24 hours between coats for drying. After the second
      coat had dried 24 hours, a small area of each coating on each of the wood
      surfaces was protected with a black tape and the coatings were exposed to
      ultraviolet light in an ultraviolet chamber.
PAR  After 50 hours' exposure, the coatings that did not contain the phosphonate
      additives were badly discolored. Those coatings that contained 0.5 percent
      of the phosphonates were only slightly colored and the coatings containing
      1.0 percent of the additives exhibited no discoloration.
PAR  The nickel phosphonates disclosed in Examples 3, 6, 9, 12, 15, 23, and 26,
      especially when employed at a concentration equivalent to 1.0 percent
      based on the total weight of the resinous composition, exhibited excellent
      ultraviolet light absorbing properties.
PAR  The experiments reported in Examples 30 to 33 were repeated with the
      exception that sodium and potassium phosphonates were substituted for the
      various metal phosphonates used in those examples. Similar results were
      obtained.
PAR  In addition to their value as ultraviolet light absorbers for use with
      polymeric organic compositions, we have found that the phosphonates of our
      invention may be incorporated into consumer products such as face creams,
      lotions, and the like to protect the human skin from the detrimental
      effects of ultraviolet light.
PAR  Other materials which are stabilized by the compounds of the present
      invention include lubricating oil of the aliphatic ester type, e.g.,
      di-(2-ethylhexyl)-azelate, pentaerythritol tetracaproate and the like;
      animal and vegetable derived oils, e.g., linseed oil, fat, tallow, lard,
      peanut oil, cod liver oil, castor oil, palm oil, cottonseed oil, and the
      like; hydrocarbon materials such as gasoline, both natural and synthetic,
      diesel oil, mineral oil, fuel oil, cutting fluids, waxes, resins and the
      like; fatty acids; varnishes, soaps, and the like.
PAR  We hve found that these phosphonates, especially the aluminum, barium,
      sodium, and zinc, are effective as heat stabilizers for polymeric organic
      compositions.
PAR  While particular embodiments of the invention have been described, it will
      be understood, of course, that the invention is not limited thereto since
      many modifications may be made thereto. It is, therefore, contemplated to
      cover by the appended claims any such modifications as fall within the
      true spirit and scope of the invention.
CLMS
STM  The invention having thus been described, what is claimed and desired to be
      secured by Letters Patent is:
NUM  1.
PAR  1. A compound having the formula
      ##EQU3##
      wherein R is a straight or branched chain unsubstituted or substituted
      alkyl group containing 1 to 18 carbon atoms wherein the substituent group
      is a halogen, R' is a metal selected from the group consisting of Al, Ni,
      Sn, and Zn, n is 2 or 3, and X is bromine or hydrogen.
NUM  2.
PAR  2. The compound of claim 1 wherein R' is tin and n is 2.
NUM  3.
PAR  3. The compound of claim 1 wherein R is butyl, R' is tin, X is hydrogen,
      and n is 2.
NUM  4.
PAR  4. The compound of claim 1 wherein R' is zinc and n is 2.
NUM  5.
PAR  5. The compound of claim 1 wherein R is ethyl, R' is zinc, X is hydrogen
      and n is 2.
NUM  6.
PAR  6. The compound of claim 1 wherein R' is nickel and n is 2.
NUM  7.
PAR  7. The compound of claim 1 wherein R is isopropyl, R' is nickel, X is
      hydrogen, and n is 2.
NUM  8.
PAR  8. The compound of claim 1 wherein R' is aluminum and n is 3.
NUM  9.
PAR  9. The compound of claim 1 wherein R is ethyl, R' is aluminum, X is
      hydrogen, and n is 3.
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ABST
PAL  This disclosure describes 3-triphenylmethoxy-1-alkynes,
      3-triphenylmethoxy-1-trans-alkenyl-dialkyl-alanes, and lithium
      3-triphenylmethoxy-1-trans-alkenyl-dialkyl alanates useful as
      intermediates for the preparation of certain 11-hydroxy- and
      11-deoxy-9-keto(or hydroxy)-prostanoic acid derivatives which possess
      bronchodilator, hypotensive, and anti-ulcer activity.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to novel hydroxy substituted prostanoic acids and
      derivatives as well as to intermediates and methods for their preparation.
      These methods embrace novel and useful procedures for the preparation of
      prostaglandin, E.sub.1, 11-deoxyprostaglandin E.sub.1,
      13-dihydroxyprostaglandin E.sub.1, and other known biologically important
      prostaglandin congeners. The novel compounds of this invention may be
      represented by the following general formula:
      ##SPC1##
PAL  Wherein n is an integer having the value 1 or 2; R.sub.1 is hydrogen, lower
      alkoxy, triphenylmethyl, or triphenylmethyl in which one or two of the
      phenyl rings is substituted with an alkyl or an alkoxy group having up to
      3 carbon atoms; R.sub.2 is a straight chain alkyl group having from 2 to
      10 carbon atoms, a straight chain alkyl group having from 2 to 10 carbon
      atoms and substituted with one or two alkyl groups each having from one to
      three carbon atoms, a straight chain alkenyl group having from 3 to 10
      carbon atoms, a straight chain alkenyl group having from 3 to 10 carbon
      atoms and substituted with one or two alkyl groups having between them
      from 2 to 5 carbon atoms, or a straight chain alkynyl group having from 3
      to 10 carbon atoms; R.sub.3 is hydroxy or an alkoxy group having from 1 to
      12 carbon atoms; Y is a divalent radical selected from the group
      consisting of those of the formulae:
      ##EQU1##
      Z is a divalent radical selected from the group consisting of those of the
      formulae:
      ##EQU2##
      WHEREIN M IS AN INTEGER FROM 3 TO 8, INCLUSIVE, P IS AN INTEGER FROM 2 TO
      6 INCLUSIVE, R.sub.4 is an alkyl group having up to 3 carbon atoms, and
      R.sub.5 is an alkyl group having up to 3 carbon atoms, a fluorine atom, or
      a phenyl group; R.sub.6 is hydrogen or an alkyl group having up to three
      carbon atoms; R.sub.7 is hydrogen or an alkyl group having up to 3 carbon
      atoms; and the moiety -C.sub.13 -C.sub.14 - is ethylene, trans-vinylene,
      or cis-vinylene; with the first proviso that when n is 1, R.sub.1 is
      hydrogen, R.sub.7 is hydrogen, Z is --(CH.sub.2).sub.m -- and -C.sub.13
      -C.sub.14 - is ethylene or trans-vinylene then R.sub.2 does not include a
      straight chain alkyl group having from 2 to 10 carbon atoms; and with the
      second proviso that when Z is
      ##EQU3##
      R.sub.1 is hydrogen, R.sub.2 is a straight chain alkyl group having from 2
      to 10 carbon atoms and R.sub.7 is hydrogen then -C.sub.13 -C.sub.14 - is
      ethylene or cis-vinylene; and with the third proviso that when R.sub.6 is
      alkyl then R.sub.1 is hydrogen; and with the fourth proviso that only one
      unsaturated bond can be directly adjacent to C.sub.15 ; and with the fifth
      proviso that when R.sub.7 is an alkyl group then the groups attached to
      the C.sub.8 position may have the 8.alpha.-alkyl(8-iso) configuration of
      the formula:
      ##EQU4##
PAR  Embraced within the scope of the present invention are all the possible
      optical isomers of the above general formula. Also embraced within the
      scope of the present invention are the non-toxic, pharmaceutically
      acceptable salts of the novel compounds of the present invention when
      R.sub.3 is hydroxy. The cations comprised in these salts include, for
      example, the non-toxic metal cations such as the sodium ion, potassium
      ion, calcium ion, and magnesium ion as well as the organic amine cations
      such as the tri(lower alkyl)amine cations (e.g., triethylamine,
      triethanolamine) procaine, and the like.
PAR  The novel compounds of the present invention are usually obtainable as oils
      having characteristic absorption spectra. They are relatively insoluble in
      water but are relatively soluble in common organic solvents such as
      ethanol, ethyl acetate, dimethylformamide, and the like. The cationic
      salts of the compounds when R.sub.3 is hydroxy are, in general, white to
      yellow crystalline solids having characteristic melting points and
      absorption spectra. They are relatively soluble in water, methanol, and
      ethanol but are relatively insoluble in benzene, diethyl ether, and
      petroleum ether.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The prostaglandins are a family of closely related compounds which have
      been obtained from various animal tissues, and which stimulate smooth
      muscle, lower arterial blood pressure, antagonize epinephrine-induced
      mobilization of free fatty acids, and have other pharmacological and
      autopharmacological effects in mammals. See Bergstrom et al., J. Biol.
      Chem. 238, 3555 (1963) and Horton, Experientia 21, 113 (1965) and
      references cited therein. All of the so called natural prostaglandins are
      derivatives of prostanoic acid:
      ##SPC2##
PAL  The hydrogen atoms attached to C-8 and C-12 are in transconfiguration. When
      the two side-chains (or the C-8 and C-12 hydrogens) are cis to each other,
      the compounds are referred to as 8-iso prostaglandins. The natural
      prostaglandins represent only one of the possible optical isomers. The
      compounds of this invention include all possible optical isomers.
PAR  The novel compounds of the present invention may be readily prepared from
      certain cycloalkenone intermediates which may be represented by the
      following general formula:
      ##SPC3##
PAL  wherein R'.sub.3 is an alkoxy group having from 1 to 12 carbon atoms; and n
      and Z are as hereinabove defined.
PAR  The cycloalkenone intermediates may be readily prepared from
      2-carbethoxycyclopentanone or 2-carbethoxycyclohexanone in accordance with
      the reaction schemes set forth in Flowsheets A, B, C, I and J.
      ##SPC4##
PAL  wherein m and n are as hereinabove defined and X is iodo or bromo. In
      accordance with this reaction scheme, the cycloalk-2-en-1-ones (VIII) are
      developed by first converting 2-carbethoxycyclopentanone or
      2-carbethoxycyclohexanone (I) to the sodium enolates thereof by means of
      sodium hydride in dimethoxyethane and then treating the sodium enolate
      with an  ethyl .omega.-haloalkanoate (II). There is thus obtained the
      corresponding 2-carbethoxy-2-(.omega.-carbethoxyalkyl)cycloalkanone (III)
      which is then hydrolyzed and decarboxylated to afford the
      2-(.omega.-carboxyalkyl)cycloalkanone (IV). This acid is then esterified
      with ethanol whereby the 2-(.omega.-carbethoxyalkyl)cycloalkanone (V) is
      obtained. The reaction conditions for carrying out the above sequence of
      reactions are well known in the art. The conversion of the cycloalkanone
      (V) to the enol acetate (VI) is effected by heating with acetic anhydride
      in the presence of p-toluenesulfonic acid. Preparation of the enol acetate
      (VI) usually requires heating for a period of from about eight to
      thirty-six hours. During this period, it is preferable to allow by-product
      acetic acid to distill out in order to force the reaction to completion.
      The bromination of the enol acetates (VI) to the 2-bromocycloalkanones
      (VII) is preferably carried out in a two phase system as follows. A
      solution of bromine in chloroform is added to a rapidly stirred mixture of
      a solution of the enol acetate (VI) in chloroform and an aqueous solution
      of an acid acceptor such as calcium carbonate or soda ash. This addition
      is carried out at  0.degree.-5.degree.C. over a period of about half an
      hour, stirring is continued for an additional period of about half an hour
      to a few hours, and the product (VII) is then isolated by standard
      procedures. The dehydrobromination of the 2-bromocycloalkanones (VII) is
      preferably carried out in dimethylformamide with a mixture of lithium
      bromide and lithium carbonate at the reflux temperature for a period of
      about 30 minutes to an hour or so. The so formed cycloalk-2-en-1-ones
      (VIII) are also isolated by standard procedures well known in the art.
      Substitution of X--(CH.sub.2).sub.m --C(R.sub.4).sub.2 --CH.sub.2
      --CO.sub.2 C.sub.2 H.sub.5 for (II) in Flowsheet A and carrying through
      the sequence of transformations illustrated therein is productive of the
      following cycloalk-2-en-1-one (VIIIa):
      ##EQU5##
      wherein X, n, m and R.sub.4 are as hereinabove defined.
PAR  The required cycloalk-2-en-1-one intermediates of general structure (XVI),
      wherein the side-chain has a lower alkyl group, fluorine atom or phenyl
      group alpha to the carbethoxy function, may be prepared in accordance with
      the following reaction scheme:
      ##SPC5##
PAL  wherein n, m and R.sub.5 are as hereinabove defined and G is a lower alkyl
      or aryl group. In accordance with this reaction scheme, the
      2-(.omega.-carbethoxyalkyl)cycloalk-2-en-1-ones (IX) are converted to the
      corresponding 1-methoximino-2-(.omega.-carbethoxyalkyl)-2-cycloalkenes (X)
      by treatment with methoxyamine. With the ring carbonyl function thus
      blocked it is possible to effect a preferential reduction of the ester
      group by treatment with diisobutylaluminum hydride. The resulting alcohol
      (XI) is converted to a tosylate derivative (XII), which undergoes
      displacement on treatment with the sodium salt of a diethyl R.sub.5
      -substituted malonate (XIII) to provide the disubstituted malonate
      derivatives (XIV). Hydrolysis and decarboxylation as well as concomittant
      cleavage of the methoximino blocking group provides the desired
      2-(.omega.-carboxy-.omega.-R.sub.5 -substituted-alkyl)cycloalk-2-en-1-ones
      (XV), which are readily converted to the corresponding ester (XVI) by the
      usual procedure via the acid chloride and subsequent treatment with the
      appropriate alcohol in the presence of a tertiary amine.
PAR  The requisite
      2-(.omega.-carbethoxy-.omega.-1-oxa-alkyl)cycloalk-2-en-1-ones (XXII) and
      2-(.omega.-carbethoxy-.omega.-1-thia-alkyl)cycloalk-2-en-1-ones (XXVI) may
      be prepared in accordance with the reaction schemes of Flowsheet C,
      wherein n and m are as hereinbefore defined.
      ##SPC6##
PAR  In accordance with the reaction scheme shown in Flowsheet C, for the
      preparation of the oxa derivative (XXII), an appropriate
      2-(.omega.-carbethoxyalkyl)cycloalk-2-en-1-one (XVII) is converted to the
      corresponding methoxime (XVIII), the ester function of which is then
      preferentially reduced with diisobutylaluminum hydride to afford the
      methoxime alcohol (XIX). The alcohol (XIX) is converted on treatment with
      n-butyl lithium to the lithio alcoholate, which then is O-alkylated by
      reaction with ethyl bromoacetate to provide (XX). Hydrolysis with
      acetone-aqueous hydrochloric acid furnishes the deblocked keto-acid (XXI),
      which is then re-esterified with ethanol in the presence of
      p-toluenesulfonic acid to give the required
      2-(.omega.-carbethoxy-.omega.-1-oxa-alkyl)cycloalk-2-en-1-one (XXII).
      O-Alkylation can also be accomplished by treatment of the lithio
      alcoholate of (XIX) with sodium or other metal salt of bromoacetic acid,
      in which case the free carboxylic acid corresponding to ester (XX) is
      obtained. Hydrolysis as for (XX) provides the keto acid (XXI).
PAR  The preparation of the thia derivative (XXVI), proceeds from the
      intermediate alcohol (XIX), which after conversion to the tosylate
      intermediate (XXIII) and reaction with the sodium salt of ethyl
      mercaptoacetate furnishes intermediate (XXIV). Deblocking of XXIV with
      acetone-aqueous hydrochloric acid provides the keto-acid (XXV), which on
      re-esterification with ethanol gives the required
      2-(.omega.carbethoxy-.omega.-1-thia-alkyl)cycloalk-2-en-1-ones (XXVI).
PAR  Certain of the 11-deoxy-9-keto(or hydroxy)-prostanoic acid derivatives of
      this invention, as defined in the general formula on page 1 above, may be
      prepared from cycloalkenone (XXXI) and the triphenylmethoxy substituted
      1-alkyne (XXVII) as depicted in Flowsheet D. In Flowsheet D, n, R.sub.3,
      R'.sub.3 and Z are as hereinabove defined; R'.sub.2 is a straight chain
      alkyl group having from 2 to 10 carbon atoms, a straight chain alkyl group
      having from 2 to 10 carbon atoms and substituted with one or two alkyl
      groups each having from one to three carbon atoms, a straight chain
      alkenyl methyl group having from two to nine carbon atoms, or a straight
      chain alkenyl methyl group having from two to nine carbon atoms and
      substituted with one or two alkyl groups having between them 2 to 5 carbon
      atoms; and R is a lower alkyl group.
      ##EQU6##
PAR  In accordance with the reaction scheme of Flowsheet D, the triphenylmethoxy
      substituted 1-alkyne (XXVII) is treated with diisobutylaluminum hydride
      (XXVIII). This reaction of the 1-alkyne (XXVII) with diisobutylaluminum
      hydride (XXVIII) provides the alane (XXIX) containing the trans-double
      bond and is carried out in an inert solvent such as benzene, toluene, and
      the like at temperatures in the range of 40.degree.-60.degree.C. for
      several hours. It can also be carried out in a solvent such as
      tetrahydrofuran, usually in an approximate 2:1 mixture with benzene or
      hexane; in which case the reaction requires somewhat more vigorous
      conditions, usually treating at about 70.degree.-75.degree.C. for about
      eighteen hours. The subsequent reaction with methyl or n-butyl lithium
      (R-Li) is preferably carried out in a mixture of the above solvents with
      an ether-type solvent such as diethyl ether, dibutyl ether,
      tetrahydrofuran and the like. This reaction is rapid and is preferably
      carried out at 0.degree.-10.degree.C. with cooling. The conjugate
      1,4-addition of the resulting alanate salt (XXX) to the
      cycloalk-2-en-1-one (XXXI) is preferably carried out at ambient
      temperatures for a period of 12 to 24 hours. This reaction is also best
      carried out in an ether-type solvent such as diethyl ether, dibutyl ether,
      tetrahydrofuran, and the like. The intermediate alanate-enolate adduct is
      then carefully hydrolyzed in situ with dilute hydrochloric acid with
      cooling, and the products (XXXII) are isolated in the usual manner well
      known in the art. Removal of the triphenylmethyl blocking group can then
      be accomplished by treating with weak acid. A preferred procedure involves
      heating at 45.degree.C. for 3.5 hours in a solvent system consisting of
      acetic acid:tetrahydrofuran:water in the proportion of 4:2:1.
      Saponification in the usual manner of the resulting alkyl ester (XXXIII,
      R.sub.3 =alkoxy) provides the corresponding carboxylic acid (XXXIII,
      R.sub.3 =OH).
PAR  All available evidence leads us to the conclusion that in the product
      (XXXIII) the two side-chains attached to C.sub.8 and C.sub.12 are trans to
      each other. However, we are not certain of the configurational
      relationship in product (XXXII) as it is obtained directly from the
      alanate process. These products may have the side-chains in a trans or cis
      relationship or they may be a mixture containing both the trans- and
      cis-isomers. This is indicated in the nomenclature of the compounds
      involved by the designation of 8.xi.. In order to ensure a
      trans-relationship in both (XXXII) and (XXXIII) these products can be
      submitted to conditions known in the literature to equilibrate the
      cis-8-iso-PGE.sub.1 to a mixture containing about 90% of the trans
      product. These conditions involve treatment with potassium acetate in
      aqueous methanol for 96 hours at room temperature.
PAR  The triphenylmethyl blocking group for the hydroxy function in (XXVII) etc.
      is an important feature of this process and other oxygen blocking groups,
      e.g., tetrahydropyranyl and alkyl, are not compatible with a clean
      cis-addition of diisobutyl aluminum hydride (XXVIII) to the alkyne (XXVII)
      to provide the desired trans-vinyl function. Alternative procedures for
      the preparation of novel lithio alanate agents useful for the introduction
      of the .DELTA..sup.13 -trans 15-oxy .beta.-chain by conjugate 1,4-addition
      are illustrated in Flowsheet K further below.
PAR  The intermediates for the introduction of the .DELTA..sup.13 -15-hydroxy
      side-chain are an integral part of this invention and they may be
      represented by the following general formulae (A), (B), (C), (D) and (E)
      wherein R'.sub.2 is as hereinabove defined, R is a lower alkyl group, not
      necessarily the same for each use, and R' is an alkyl group having from
      one to ten carbon atoms not necessarily the same for each use, W.sub.1 is
      lower alkoxy, triphenylmethyl, or a triphenylmethyl group in which one or
      two of the phenyl rings is substituted with a lower alkoxy group; W.sub.2
      is lower alkoxy, triphenylmethyl, a triphenylmethyl group in which one or
      two of the phenyl rings is substituted with a lower alkoxy group,
      tetrahydropyranyl, .alpha.-(lower alkoxy) substituted lower alkyl,
      t-butyl, or a tri-(lower alkyl)silyl group; X.sub.1 is iodo or bromo; s is
      an integer having the value of one to three inclusive, and t is an integer
      having the value of one to three inclusive, with the proviso that the sum
      of s and t must be equal to four.
      ##EQU7##
PAR  The alanate conjugate addition procedure is also useful for the synthesis
      of prostaglandin E.sub.1 (XL) as illustrated in Flowsheet E. This reaction
      sequence is carried out in the same manner as described for the sequence
      in Flowsheet D. It is to be noted that the introduction of the
      .DELTA..sup.13 -15-oxy chain proceeds trans to the 11-oxy function. For
      this synthesis, it is best to use the tetrahydropyranyl or trialkylsilyl
      esters, since these esters can be hydrolyzed under conditions compatible
      with the stability of the .beta.-ketol feature of prostaglandin E.sub.1.
      Alkyl esters would be hydrolyzed by fermentation with Baker's Yeast. The
      tetrahydropyranyl or trialkylsilyl, and triphenylmethoxy blocking groups
      are removed by mild acid treatment, for example with acetic
      acid:tetrahydrofuran:water (4:2:1) as described hereinabove. Application
      of the lithio alanate conjugate addition process to the synthesis of
      prostaglandins E.sub.2 and E.sub.3 is described below in connection with
      Flowsheet N.
      ##EQU8##
      ##SPC7##
PAR  The 13-dihydro derivatives (C.sub.13 -C.sub.14 is ethylene) of this
      invention can be prepared by reduction of the .DELTA..sup.13 function in
      the corresponding 13-prostenoic acids or esters. This reduction can be
      accomplished by hydrogenation. However this procedure is not cleanly
      applicable in the presence of other double bonds in the molecule. In the
      latter instance the 13-dihydro derivatives are preparable via conjugate
      addition of a Grignard derivative (XLII) to cycloalkenone (XLI) in the
      presence of a catalyst such as the tributylphosphine-cuprous iodide
      complex as set forth in Flowsheet F, wherein n Z, R.sub.2 and R'.sub.3 are
      as hereinabove defined; Q is a blocking group; and X is chlorine, bromine
      or iodine, preferably bromine or iodine. The blocking group (Q) for the
      hydroxyl function in (XLII) can be any group stable to the Grignard
      reagent and which can later be removed by chemical treatment (e.g., mild
      hydrolysis or catalytic hydrogenolysis in the absence of carbon to carbon
      double bonds elsewhere in the molecule) to which the remainder of the
      molecule is stable. Suitable blocking groups, therefore, may be, for
      example, benzyl, diphenylmethyl, triphenylmethyl, tetrahydropyranyl, or a
      moiety of the formula:
      ##EQU9##
      wherein R.sub.11 is hydrogen, methyl or ethyl. Among the above-described
      blocking groups, we have found tert-butyl to be particularly convenient
      and useful.
      ##SPC8##
PAR  In accordance with the above reaction scheme, the conjugate 1,4-addition of
      a 3-(substituted hydroxy)alkyl or alkenyl magnesium halide (XLII) to a
      cycloalk-2-en-1-one (XLI) is carried out in the presence of a catalyst. In
      general, Grignard reactions with conjugated ketones provide 1,2-addition
      products; conjugate 1,4-addition is usually accomplished when the reaction
      is carried out in the presence of a cuprous chloride or cuprous acetate
      catalyst. It is therefore most unexpected that the reaction of the
      cycloalkenone (XLI) with a Grignard reagent (XLII) in the presence of
      either of the aforementioned catalysts does not give appreciable amounts
      of the desired 1,4-conjugate addition products. The novel feature of our
      process is provided by the use, as a catalyst, of a cuprous halide complex
      with a trisubstituted phosphine, a trialkyl phosphonate, a tertiary amine
      or a heterocycle containing a basic nitrogen (e.g., pyridine). We have
      found it preferable to use tributylphosphine-cuprous iodide complex;
      (C.sub.4 H.sub.9).sub.3 P.CuI. The reaction is best carried out in the
      usual way in an ether-type solvent such as diethyl ether, dibutyl ether,
      tetrahydrofuran, and the like, at room temperature for a period of time of
      from two to eighteen hours. The intermediate magnesium halide-enolate
      adduct is then hydrolyzed in situ, preferably with ammonium chloride, at
      room temperature and the product (XLIII) is isolated in the usual manner
      well known in the art.
PAR  When the blocking group is a tertiary alkyl moiety such as tert-butyl,
      deblocking of (XLIII) to afford (XLIV) is conveniently effected by
      treatment with glacial trifluoroacetic acid at from -5.degree.C. to
      10.degree.C. for a period of one to three hours. Since this procedure may
      lead to partial trifluoroacetylation of the free hydroxy function, it is
      preferably followed by treatment with aqueous ammonia (about 1.0N
      concentration) for about 15 minutes at ambient temperatures. When the
      blocking group is tetrahydropyranyl, its removal is readily effected with
      dilute acid. When the blocking group is a moiety such as benzyl,
      diphenylmethyl or triphenylmethyl, deblocking of (XLIII) is conveniently
      effected by catalytic hydrogenolysis, procedures for which are well known
      in the art. In the instance of triphenylmethyl, deblocking is preferably
      effected by treating with acetic acid:tetrahydrofuran:water (4:2:1) at
      about 45.degree.C. for about 3.5 hours.
PAR  Mild acid treatment results in hydrolysis of the tetrahydropyranyl esters;
      alkyl esters can be hydrolyzed by the usual saponification techniques.
PAR  When the cycloalkanone esters (XLIII) are formed by quenching of the
      reaction mixture with aqueous ammonium chloride solution, the relative
      stereochemical relationship of the two side-chains is not known with
      certainty. Therefore, the bond linking the Grignard-derived side-chain to
      the cycloalkyl ring is indicated by a .about. bond in (XLIII). However, in
      any case, the subsequent deblocking and ester hydrolysis procedures ensure
      the development, at least in predominant proportion, of the
      thermodynamically favored trans-relationship between the two side-chains,
      as is depicted in structure (XLIV) of the reaction scheme.
PAR  An alternative method for the introduction of the .DELTA..sup.13
      -15-hydroxy side-chain involves 1,4-conjugate addition to cycyloalkenone
      (LV) of a vinyl Grignard reagent [(LIII) + (LIV)] in the presence of a
      catalyst such as the tributylphosphine cuprous iodide complex followed by
      deblocking. From this process, in addition to the product (LVIII)
      containing the C.sub.13 -C.sub.14 moiety as a trans-vinylene function
      there also is obtained the corrresponding product (LIX) in which the
      C.sub.13 -C.sub.14 moiety is a cis-vinylene function. These novel
      cis-.DELTA..sup.13 derivatives are also embraced within the scope of this
      invention. The reaction sequence for the "vinyl" Grignard process is
      illustrated in flowsheet G, which follows, and in which W.sub.2, n, Z,
      R.sub.3 and R'.sub.3 are as hereinabove defined, and R".sub.2 is a
      straight chain alkyl group having from 2 to 10 carbon atoms, or a straight
      chain alkyl group having from 2 to 10 carbon atoms and substituted with
      one or two alkyl groups having from one to three carbon atoms.
      ##EQU10##
PAR  In accord with the reaction sequence of Flowsheet G the vinyl Grignard
      reagent (LIII + LIV), is prepared under an inert atmosphere in a
      relatively limited amount of anhydrous tetrahydrofuran. More vigorous
      conditions (e.g., heating in an oil bath at 70.degree.-80.degree.C., one
      hour), for the formation of the Grignard reagent (LIII + LIV) favors the
      proportion of .DELTA..sup.13 -cis isomer (LIX) in the product of conjugate
      addition. Milder conditions (for example 35.degree.-47.degree.C., one
      hour) favors the proportion of .DELTA..sup.13 -trans isomer (LVIII) in the
      final product.
PAR  Conjugate addition of the vinyl Grignard reagent mixture [(LIII) + (LIV)]
      to cycloalkenone (LV) is then preferably carried out by addition of the
      Grignard to the cycloalkenone dissolved in an ether type solvent, e.g.,
      diethylether, containing a catalyst such as the tributylphosphine-cuprous
      iodide complex at a temperature of about 0.degree.C. After a period of
      about 30 minutes to 3 hours the reaction mixture is poured onto aqueous
      concentrated ammonium chloride solution to give (LVI) + (LVII). As
      explained hereinabove, at this stage the relationship of the two
      side-chains to each other is not determined. In any event, deblocking the
      15-hydroxy function with weak acid (which procedure also hydrolyzes
      trialkylsilyl or tetrahydropyranyl esters) provides the product (LVIII)
      and (LIX) in which the chains are trans to each other. In the instance of
      alkyl esters, saponification provides the corresponding carboxylic acids.
      The .DELTA..sup.13 -cis and .DELTA..sup.13 -trans-isomers can be separated
      from each other by the usual techniques of chromatography; particularly
      useful is liquidliquid partition chromatography.
PAR  The precursor 3-hydroxy-1-trans-alkenyl bromides (LI) can be prepared, as
      illustrated in Flowsheet G, by condensation of acetylene (XLV) with an
      acid chloride (XLVI) in the presence of aluminium trichloride. The
      resulting 3-oxo-1-chloro-trans-1-alkylene (XLVII) is then converted to the
      corresponding 1-bromo derivative (XLVIII), by reaction with excess lithium
      bromide. This reaction is preferably carried out in ketone solvents, such
      as 2-pentanone or acetone. Reduction of the 3-keto function in (XLVIII),
      with for example, sodium borohydride provides the alcohol (LI). The
      alcohol function is then blocked to give (LII). Alternatively, the 3-oxo
      vinyl bromide (XLVIII) can be prepared directly from the acyl bromide (L)
      and acetylene (XLIX) in the presence of aluminum tribromide, preferably in
      ethylene dibromide.
PAR  The "vinyl Grignard" procedure outlined in Flowsheet G represents a novel,
      useful and convenient procedure for the synthesis of 13-prostenoic acids
      and the novel Grignard reagents represented by formulae (LIII) and (LIV)
      are to be considered as embraced within the scope of this invention.
PAR  The "vinyl Grignard" technique can also be applied to a useful synthesis of
      prostaglandin E.sub.1 and the novel .DELTA..sup.13
      -cis-prostaglandin-E.sub.1 as illustrated in Flowsheet H, below. Thus,
      treatment of cyclopentenone (LX) with Grignard [(LXI + (LXII)] in
      accordance with the considerations discussed hereinabove, provides the
      conjugate addition products (LXIII) plus (LXIV), mild acid hydrolysis of
      which furnishes prostaglandin E.sub.1 (LXV) and .DELTA..sup.13 -cis
      prostaglandin E.sub.1 (LXVI), separable by chromatography.
      ##SPC9##
PAR  The preparation of the cycloalkenone intermediates (LXXVI, LXXVII) bearing
      a cis double bond in the carboxylic acid side chain can be accomplished by
      the sequence illustrated in Flowsheet I, which follows and in which n and
      p are as hereinabove defined.
      ##SPC10##
PAR  In the above Flowsheet I, the sequence wherein a 2-carbalkoxycycloalkanone
      (LXVII) is transformed to a 2-(.beta.-hydroxyethyl)cycloalk-2-en-1-one
      (LXXIII) is carried out in the manner described in Flowsheet A. Methyl
      ether cleavage of the corresponding 2-(.beta.-methoxymethyl)cycloalkenone
      is achieved by treating with boron tribromide. Oxidation of the alcohol
      (LXXIII) with Collins reagent [chromium trioxide-pyridine complex in
      methylene chloride under anhydrous conditions; J. C. Collins, W. W. Hess,
      and F. J. Frank, Tetrahedron Letters, 3363 (1968)] provides the aldehyde
      (LXXIV), which is then treated in anhydrous dimethylsulfoxide with the
      yield (LXXV) prepared from an (.omega.-carboxyalkyl)triphenyl phosphonium
      bromide and sodium hydride. The use of dimethylsulfoxide as a solvent for
      this reaction leads to the predominant formation of the desired cis double
      bond derivative (LXXVI). The acid function in (LXXVI) can be esterified in
      the usual fashion; with diazomethane, the methyl ester (LXXVII) is
      obtained.
PAR  Cyclopentenones such as (LXXVI wherein n=1) may also be prepared by the
      sequence illustrated in Flowsheet J, which follows and in which p is as
      hereinabove defined.
      ##EQU11##
PAR  In Flowsheet J above the bicyclic hemiacetal (LXXVIII) [P.A. Grieco, Journ.
      Org. Chem., 37, 2363 (1972)] is treated with ylid (LXXIX) to give the
      1-hydroxy-3-cyclopentene (LXXX). Oxidation with Jones reagent gives the
      corresponding ketone (LXXXI), which on base treatment furnishes the
      required cyclopentenone (LXXII), which can then be esterified in the usual
      manner.
PAR  Certain of the intermediates illustrated in Flowsheets I and J, in
      particular the compounds of formulae (LXXI), (LXXII), (LXXIII), (LXXIV),
      (LXXVI) (LXXVII) (and related esters), (LXXX) and (LXXXI) are novel and
      useful compounds and are embraced within the scope of this invention.
PAR  Alternative procedures for the preparation of the alanate intermediates to
      that discussed in connection with Flowsheet D above are illustrated below
      in Flowsheet K, wherein R', R'.sub.2, R".sub.2 and W.sub.2 are as
      hereinabove defined.
      ##EQU12##
PAR  In accordance with the sequence of Flowsheet K above the
      1-iodo-trans-1-alkenyl-3-oxo derivative (LXXXIV) is prepared by iodide
      interchange, preferably in acetone or similar ketone, from the
      corresponding chloride (LXXXIII), the preparation of which is described in
      connection with Flowsheet G above. Reduction of (LXXXIV) to the alcohol
      (LXXXVI) can be accomplished in the usual manner with sodium borohydride.
      The hydroxy function is then blocked to give (LXXXV, R'.sub.2 -R".sub.2).
      Treatment of the acetylene,
      ##EQU13##
      with one equivalent of disiamylborane (prepared in situ from diborane and
      2-methyl-2-butene) and then with excess anhydrous trimethylamine oxide
      followed by treatment with an aqueous solution of excess sodium hydroxide
      and a tetrahydrofuran solution of excess iodine is also productive of
      (LXXXV). Treatment of the trans-1-alkenyl iodide (LXXXV) at low
      temperatures, preferably at about -30.degree.C. to -78.degree.C., in an
      inert solvent, e.g., hexane or toluene, with an alkyl lithium, e.g., butyl
      lithium, provides the trans-1-alkenyl lithium reagent (LXXXVII). Treatment
      of this lithio derivative with tri-alkyl aluminum furnishes the
      trans-1-alkenyl trialkyl alanate (LXXXVIII). Treatment of a dialkyl
      aluminum chloride with two molar equivalents of lithio reagent (LXXXVII)
      gives the bis(trans-1-alkenyl)dialkyl alanate (LXXXIX) and treatment of an
      alkylaluminum dichloride with three molar equivalents of lithio reagent
      (LXXXVII) affords the tris(trans-1-alkenyl)alkyl alanate (XC).
PAR  Each of the three types of alanates, (LXXXVIII), (LXXXIX) and (XC), can be
      utilized for 1,4-conjugate addition reactions as described hereinabove in
      connection with Flowsheets D and E above. Thus, substitution of
      (LXXXVIII), (LXXXIX) or (XC) for alanate (XXX) in Flowsheet D will provide
      the indicated products of the Flowsheet. Similarly, substitution of
      (LXXXVIII), (LXXXIX) or (XC) in which R'.sub.2 is n-pentyl for alanate
      (XXXVII) in Flowsheet E provides prostaglandins E.sub.1. In general the
      mono alkenyl alanate (LXXXVIII) is preferred because it is more economical
      in the use of vinyl halide.
PAR  With regard to the cycloalkenones of Flowsheets D, E, F, G and H it should
      be noted that the blocking groups for the 4-hydroxy function as well as
      for the carboxylic acid may also be a tri-alkylsilyl group, e.g.,
      trimethylsilyl, dimethyl-t-butylsilyl or dimethylisopropylsilyl.
      Cyclopentenones blocked in this manner are illustrated below in formula
      (XCI) and (XCII) wherein m, n, Z and R' (not necessarily the same for each
      use) are as hereinabove defined.
      ##EQU14##
PAR  All the novel products of this invention exclusive of certain intermediates
      bear a hydroxy or oxy function substituted at or at what ultimately
      becomes the C.sub.15 atom of the product prostanoic acids and esters. Thus
      in at least most instances a 15-"normal" and a 15-"epi" racemate is
      obtained in at least near equal proportions. Each of the racemates
      contains equal amounts of the enantiomer wherein C.sub.15 is in the S
      configuration and the enantiomer wherein it is in the R configuration. The
      racemates are separable from each other by the usual techniques of
      chromatography. Also, resolution in the usual way of the .beta.-chain
      precursor [for example, the resolution of 3-hydroxy-1-octyne is described
      in the literature see R. Pappo, P. Collins and C. Jung. Ann. N.Y. Acad. of
      Science, 180 (Prostaglandins), 64(1971); J. Fried et al., ibid, p. 381.]
      Resolution prior to the conjugate addition operation will provide the
      diastereomers wherein the C.sub.15 atom is either in the 15(S) or 15(R)
      configuration, as desired. Separation of the diastereomers so obtained,
      for example, by chromatography, will give the fully resolved (d and 1)
      products provided there are no asymmetric carbon atoms other than at
      C.sub.8 and C.sub.12. The presence of other asymmetric sites requires
      additional resolution steps in order to obtain a single atipode. The
      compounds of this invention embrace all possible optical isomers.
PAR  The 11-deoxy-9-keto derivatives (XCIV) of this invention can be converted
      to the corresponding 9-hydroxy derivatives. If this conversion is effected
      with sodium borohydride, the product is a mixture of 9.alpha.- and
      9.beta.-hydroxy derivatives (XCIII) and (XCV) as set forth in the
      following reaction scheme:
      ##SPC11##
PAL  wherein R.sub.2, R.sub.3, R.sub.6, R.sub.7, Z, n and -C.sub.13 -C.sub.14 -
      are as hereinabove defined. In general, when the reaction is carried out
      with lithium perhydro-9b-borophenalyl hydride [H. C. Brown and W. C.
      Dickason, Journ. Amer. Chem. Soc., 92, 709 (1970)] the product is at least
      predominantly the 9.alpha.-hydroxy derivative (XCIII), wherein the
      9-hydroxy group is cis to the side-chain attached to C.sub.8.
PAR  In accordance with accepted convention, an .alpha.-substituent at the 8-,
      9-, or 12-positions is behind the plane of the paper whereas a
      .beta.-substituent at these positions is in front of the plane of the
      paper. This is usually represented by a --- bond for an
      .alpha.-substituent, a -- bond for a .beta.-substituent, and a bond where
      both are indicated. Thus, the 9-hydroxy derivatives may be variously
      represented as follows:
      ##EQU15##
PAR  A useful procedure for the introduction of the 15-lower alkyl group
      (R.sub.6) is illustrated by the sequences of Flowsheet M, which follows.
      ##SPC12##
PAR  In Flowsheet M above n, Z, R.sub.2, R.sub.7 and R.sub.6 are as hereinabove
      defined. In the sequence depicted in Flowsheet M the 9,15-diol (XCVI) is
      treated with 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) (XCVII), which
      preferentially oxidizes the allylic alcohol function at C.sub.15 to give
      the 15-ketone (XCVIII). Blocking of the remaining hydroxy function as a
      trimethylsilyl ether gives (IC) which is reacted with the alkyl Grignard,
      R.sub.6 MgI, to give the 15-alkyl-15-hydroxy derivative (CI). Hydrolysis
      of the silyl ether blocking group then gives the diol ester (C),
      saponification of which gives (CII). Oxidation of the secondary 9-hydroxy
      function in (C) provides the 15-alkyl-9-oxo ester (CIII), saponification
      of which furnishes (CIV). (A similar sequence can be effected with the
      .DELTA..sup.13 -cis-series.)
PAR  The processes of this invention are also useful for the preparation of
      prostaglandin E.sub.2 and prostaglandin E.sub.3 and thus also
      PGF.sub.2.sub..alpha. and PGF.sub.3.sub..alpha. by reduction, for example
      with lithium perhydro-9b-boraphenalyl hydride. The 4-hydroxycyclopentenone
      intermediate (CXI) required for these syntheses is prepared in accordance
      with the procedure illustrated in Flowsheet N which follows and in which
      is also shown the transformation of this compound to prostaglandins
      E.sub.2 and E.sub.3. In Flowsheet N, J is an appropriate blocking group
      for the hydroxy and ester function in (CXI) which is compatible with the
      conjugate addition reaction and also is ultimately removable by
      acid-catalyzed hydrolysis or other techniques which will not disrupt the
      sensitive 11-oxy-9-keto system in the products (CXIII), (CXV), (CXVIII)
      and (CXVII). Particularly useful for this purpose are the
      tetrahydropyranyl group and various trialkylsilyl groups (e.g.,
      dimethylisopropylsilyl, trimethylsilyl, dimethyl-t-butylsilyl and the
      like.
      ##SPC13##
PAR  In accordance with the above reaction scheme the 3,4-epoxylactol (CV) [E.
      J. Corey and R. Noyori, Tetrahedron Letters, 311 (1970)] is treated with
      the ylide (CVI) to give the 3,4-epoxycyclopentanol (CVII) bearing the
      .alpha.-chain of the prostaglandin 2 series. Oxidation (for example with
      H.sub.2 CrO.sub.4.-H.sub.2 SO.sub.4 -ether or Jones reagent) of (CVII)
      provides the epoxy ketone (CVIII), mild base treatment of which results in
      the initial formation of the 4-hydroxycyclopent-2-en-1-one (CXI) and the
      isomeric 3-hydroxycyclopent-4-en-1-one (CX) as a mixture. Further
      treatment of this mixture with dilute base under mild conditions
      (preferably pH 10.3-10.6 for 24 hours) results in the isomerization of the
      3-hydroxy isomer (CX) to the desired (CXI). We believe that the
      transformation of the epoxy ketone (CVIII) to the hydroxycyclopentenones
      (CX) and (CXI) and the isomerization of (CX) to (CXI) may take place
      through the intermediacy of the 3,4-diol (CIX). It is also conceivable
      that isomerization of (CX) to (CXI) procedes via the epoxy derivative
      (CVIII) or the corresponding .alpha.-epoxide (CXIb); it is further
      conceivable that (CVIII) procedes to (CX) and (CXI) directly without the
      intermediacy of (CIX). Another possible intermediate for the isomerization
      of (CX) to (CXI) is the corresponding diene (CXIa). The preparation of
      (CXI) is also possible via the .alpha.-epoxide series from (CXIc) via the
      .alpha.-epoxide corresponding to (CVII) and (CVIII) such as (CXIb) or via
      a mixture of the .alpha. and .beta. epoxides. In practice, it is most
      convenient to utilize a mixture of .alpha.- and .beta.-epoxides (CXIc and
      CV). The hydroxy and acid function in the 4-hydroxycyclopentenones (CXI)
      are then appropriately blocked to give (CXII). Appropriate blocking groups
      are tetrahydropyranyl, trimethylsilyl, dimethyl-isopropylsilyl,
      dimethyl-t-butylsilyl and the like. Treatment of (CXII) with the lithio
      alanate (CXIV) or its equivalent (see the discussion hereinabove for
      Flowsheets K and E) gives the conjugate addition product (CXIII) in which
      the configuration at C.sub.8 is undetermined. Mild acid treatment, for
      example with acetic acid:tetrahydrofuran:water,(4:2:1), of (CXIII) results
      in the removal of blocking groups, and if necessary equilibration to the
      alltrans configuration, to give prostaglandin E.sub.2 (CXV). Similarly
      treatment of (CXII) with the lithio alanate (CXVI) gives prostaglandin
      E.sub.3 (CXVII).
PAR  Substitution in Flowsheet N, of ylide (CXIX), wherein p is as hereinabove
      defined, for the ylide (CVI) provides, by transformations analogous to
      those described in Flowsheet N [(CV) to (CXI) and (CXII)], the
      4-hydroxycyclopent-2-en-1-ones (CXX) and their blocked ether-esters
      (CXXI). These novel and useful intermediates are a part of the present
      invention.
      ##SPC14##
PAR  The 8.beta.-lower alkyl group (R'.sub.7) is introduced as illustrated in
      Flowsheet O below via the bromomagnesium enolate (CXXV). This novel and
      useful intermediate is obtained by conjugate addition of the 1-alkenyl
      Grignard reagent [(CXXIII) + (CXXIV)], preferably prepared at about
      35.degree.C., to the cycloalkenone (CXXII) in the presence of a catalyst
      such as the tri-n-butylphosphine cuprous iodide complex as described
      hereinabove in connection with Flowsheets G and H. It is also possible to
      utilize for these purposes in an analogous manner the magnesio enolate
      (CXXVIII) obtained by conjugate addition of Grignard (XLII) to
      cycloalkenone (XLI) as described hereinabove in connection with Flowsheet
      F, in which case the 13,14-dihydro derivative of this invention are
      obtained. In Flowsheet O below, n, Z, R.sub.3, R'.sub.3, R'.sub.2,
      W.sub.2, R.sub.2, Q and X are as hereinabove defined and R'.sub.7 is an
      alkyl group having up to 3 carbon atoms. When the magnesio enolate (CXXV)
      is treated with a lower alkyl halide, e.g., methyl iodide, it undergoes
      alkylation at the 8.beta.-site providing, after deblocking of the 15-oxy
      group in intermediate (CXXVI), the 8.beta.-alkyl derivative (CXXVII). In
      the instance of alkyl esters, saponification gives the corresponding
      carboxylic acids (CXXVII, R.sub.3 =OH). The compounds corresponding to
      (CXXVII) wherein C.sub.13 -C.sub.14 is a cis-vinylene double bond are
      preferably prepared by utilizing the vinyl Grignard reagent prepared at
      temperatures in the range of 70.degree.-75.degree.C., as discussed
      hereinabove (Flowsheets G and H).
PAR  Also obtained from the alkylation of (CXXV) is the 8.alpha.-alkyl-8-iso
      derivative corresponding to (CXXVI), which after deblocking provides the
      8.alpha.-alkyl-8-iso-products (CXXIX). Usually the 8.alpha.-product is
      formed to a significantly lesser extent than the 8.beta.-product (CXXVI).
      The 8.alpha. and 8.beta. products are separable from each other by the
      usual techniques of chromatography.
      ##SPC15##
PAR  Application of the 8-alkylation process to the 11-oxy series provides the
      novel compounds of formula (CXXX), wherein R.sub.1, R.sub.2, R.sub.6, Y
      and C.sub.13 -C.sub.14 are as hereinabove defined and wherein R'.sub.7 is
      an alkyl group having up to 3 carbon atoms, R.sub.8 is selected from the
      group consisting of hydrogen, lower alkanoyl, tetrahydropyranyl and
      tri-lower alkylsilyl groups, R.sub.9 is selected from the group consisting
      of hydroxy, alkoxy having from 1 to 12 carbon atoms, tetrahydropyranyloxy
      and tri-lower alkyl silyloxy groups, Z.sub.2 is a divalent radical
      selected from the group consisting of those of the formulae:
      ##EQU16##
      wherein m, p, R.sub.4 and R.sub.5 are as hereinabove defined; and the
      moiety
      ##EQU17##
      when Y is
      ##EQU18##
      can also be the divalent radical
      ##EQU19##
      with the proviso that only one unsaturated bond can be directly adjacent
      to C.sub.15 ; and with the second proviso that when R.sub.6 is alkyl then
      R.sub.1 is hydrogen; and with the third proviso that the groups attached
      to C.sub.8 may be in the 8.beta.-alkyl (8-iso) configuration:
      ##EQU20##
      ##SPC16##
PAR  The novel compounds of formula (CXXX) are also embraced by this invention.
      The preparation of these compounds may be illustrated by the reaction
      sequence of Flowsheet P below, wherein R.sub.9, Z.sub.2, W.sub.2,
      R".sub.2, R'.sub.7 and R.sub.3 are as hereinabove defined and R'.sub.8 has
      all the possibilities defined above for R.sub.8 except that it is not
      hydrogen.
      ##SPC17##
PAR  In accordance with the sequence of Flowsheet P above, treatment of the
      ether-ester 4-oxycyclopentenone (CXXXI) with the 1-alkylene Grignard
      reagents [(CXXIII) + (CXXIV)] (see Flowsheet O) gives the bromomagnesio
      enolate (CXXXII). This operation also results in the introduction of the
      trans C.sub.13 -C.sub.14 double bond (as shown in CXXXII), as well as the
      corresponding compound with the cis-double bond. The trans bond is favored
      when the Grignard is prepared at lower temperatures, about 35.degree.C.;
      the cis-bond at higher temperatures, about 70.degree.-75.degree.C. This
      point is more fully discussed above in connection with Flowsheets G and H.
      The magnesio elonate (CXXXII) is a key intermediate and when it is treated
      with a lower alkyl halide, e.g. methyliodide, it undergoes alkylation to
      give the 8.beta.-lower alkyl derivative (CXXXIII). Deblocking of the
      15-hydroxy blocking group (e.g., triphenylmethyl), and of the 11-hydroxy
      tetrahydropyranyl or trialkylsilyl ether blocking groups as well as of the
      tetrahydropyranyl or trialkyl silyl esters is accomplished under mild acid
      conditions, e.g. heating at 45.degree.C. for 3.5 hours in a solvent system
      consisting of acetic acid:tetrahydrofuran:water (4:2:1). This procedure
      provides (CXXXV). The compounds of structure (CXXXV) or (CXXXIII) can be
      converted to 8.beta.-alkyl prostaglandins of the A class (CXXXIV) by
      treatment with acid or base, a preferred procedure involves treatment in
      tetrahydrofuran:water (2:1) solvent 0.5N in hydrochloric acid for about 70
      hours at ambient temperatures.
PAR  The novel compounds of this invention represented by formula (CXXXIV) and
      related compounds are particularly interesting sunce they represent
      "stabilized" prostaglandin A types, which cannot rearrange to the
      biologically relatively inactive prostaglandins of the B series.
PAR  Utilization of Grignard (XLII) (see Flowsheet F, hereinabove) in the
      sequence of Flowsheet P provides the compounds of (CXXX) wherein C.sub.13
      -C.sub.14 is ethylene. Provided there are no other double bonds in the
      molecule these substances can also be obtained by catalytic hydrogenation
      of the compounds represented by formula (CXXXV).
PAR  The alkylation process described above for Flowsheets O and P also gives
      the corresponding 8.alpha.-alkyl derivatives which are separable from the
      8.beta.-alkyl isomer by chromatography. Thus, for example, in Flowsheet O
      treatment of enolate (CXXV) with R'.sub.7 I gives not only the
      8.beta.-alkyl product (CXXVI) as shown, but there also is obtained the
      8.alpha.-alkyl derivative (CXXXVI) shown below. In Flowsheet P, alkylation
      of enolate (CXXXII) also provides, in addition to (CXXXIII) shown, the
      8.alpha.-alkyl-8-iso product (CXXXVII), shown below. These
      8.alpha.-alkyl-8-iso derivatives can be deblocked and carried through the
      same series of transformation shown for the 8.beta.-derivatives (CXXVI)
      and (CXXXIII) in Flowsheets O and P, respectively. These novel
      8.alpha.-alkyl-8-iso derivatives and their transformation products are
      also a part of this invention, as are the key intermediate enolates
      represented by structures (CXXV) and (CXXXII).
      ##SPC18##
PAR  The novel compounds of the present invention have potential utility as
      hypotensive agents, anti-ulcer agents, agents for the treatment of gastric
      hypersecretion and gastric erosion, bronchodilators, antimicrobial agents,
      anticonvulsants, abortifacients, agents for the induction of labor, agents
      for the induction of menses, fertility-controlling agents, central nervous
      system regulatory agents, analgesic agents, salt and water-rentention
      regulatory agents, diuretics, fat metabolic regulatory agents,
      serum-cholesterol lowering agents, anti-inflammatory agents and as agents
      for the inhibition of platelet aggregation, and for the treatment of
      periodontal disease, glaucoma, uveitis, sickle cell anemia and psoriasis.
      Certain of the novel compounds of this invention possess utility as
      intermediates for the preparation of other of the novel compounds of this
      invention.
PAR  The compounds of this invention provide protection against the ulcerogenic
      properties of indomethacin. This assay was carried out in the following
      manner.
PAR  Rats were starved for 48 hours (water was given ad libitum). Indomethacin
      (20 mg./kg. of body weight) was administered by the subutaneous route and
      one-half the dose of the test compound was administered by gavage at the
      same time. After three hours, the second half of the test compound was
      administered also by Gavage. Five hours after the administration of
      indomethacin the animals were decapitated and the stomachs removed. The
      stomachs were washed with distilled water, blotted on gauze, cut along the
      larger curvature, and the contents rinsed with distilled water. The
      stomachs were spread out, pinned on a cork and visualized under magnifying
      glass for ulcers. The criteria for scoring of ulcers was as previously
      reported. [Abdel-Galil et al. Brit. J. Pharmac. Chemotherapy 33:1-14
      (1968)].
PAC  Score
PA1  0 - Normal stomach
PA1  1 -Petechial hemorrhage or pin point ulcer
PA1  2 - 1 or 2 small ulcers
PA1  3 - Many ulcers, a few large
PA1  4 - Many ulcers, mainly large
PAR  Control animals treated with indomethacin but not test compound
      consistently give scores of about 3.0-3.5. Control animals treated with
      neither indomethacin nor test compound give scores of about 0.5-0.8. The
      results obtained in this assay with typical compounds of the present
      invention are set forth in Table 1 below. Compounds producing a score of
      2.5 or lower are considered to be active.
TBL                TABLE I                                                     

     ______________________________________                                    

                  Total Oral                                                   

                  dose; mg./kg.                                                

                            Score                                              

                  of body                                                      

     Compound       weight      Treated  Control                               

     ______________________________________                                    

     9-oxo-15-hydroxy-16-ethyl-13-trans-prostenoic acid                        

                    25          1.7      3.2                                   

     9-oxo-15-hydroxy-13-cis-prostenoic acid                                   

                    100         1.3      3.0                                   

     9-oxo-15-hydroxy-2-ethyl-13-trans-prostenoic acid                         

                    50          2.2      3.0                                   

     9-oxo-8.beta.-methyl-15-hydroxy-13-trans-prostenoic acid                  

                    12.5        2.0      3.0                                   

     9-oxo-3-thia-15-hydroxy-13-trans-prostenoic acid                          

                    25          1.8      3.2                                   

     9-oxo-3-thia-15-epi-hydroxy-13-trans-prostenoic acid                      

                    25          2.3      3.2                                   

     ______________________________________                                    

PAR  The novel compounds of the present invention are also effective inhibitors
      of gastric acid secretion and of ulcer development in experimental
      animals, and thus are potentially valuable as agents for the control of
      gastric acid secretion and of gastric erosion and as anti-ulcer agents.
      Gastric acid secretion inhibitory action is usually measured by the "Shay
      rat" procedure .sup.(1,2) with some modifications as follows.
PAR  The rats (male, CFE strain) were starved for 48 hours (water was given ad
      libitum) to permit evacuation of stomach contents. On the morning of the
      experiment, under ether anesthesia, the abdominal region was shaved and a
      midline incision (1-11/2inches) was made with a scapel. With the help of a
      closed curved hemostate the duodenum was picked up. Upon getting the
      duodenum into view, fingers were used to pull the stomach through the
      opening, the stomach was then gently manipulated with fingers to rid the
      stomach of air and residual matter which were pushed through the pylorus.
      Two-5 inch sutures were drawn under the pyloric-duodenal puncture. A
      ligature, at the juncture was formed with one of the threads. The second
      ligature was also formed but not tightened.
PAR  The test compound or the vehicle, usually 1 ml./mg. body weight, were
      injected into the duodenum as close as possible to the first ligature.
      After injection the second ligature was tightened below the injection site
      to minimize leakage. The stomach was placed back through the opening into
      the abdominal cavity, the area of incision was washed with saline and the
      incision was closed with autoclips. (Occasionally, instead of an
      intraduodenal injection, animals were dosed by the oral or subcutaneous
      route. In the latter case, dosing was done 30 to 60 minutes before the
      operation.)
PAR  Three hours later, the rats were decapitated and exanguinated, taking care
      that blood did not drain into the estophagus. The abdominal cavity was
      exposed by cutting with scissors and the esophagus close to the stomach
      was clamped off with a hemostat, the stomach was removed by cutting above
      the hemostat (the esophagus was cut) and between the two sutures.
      Extraneous tissue was removed, the stomach washed with saline and blotted
      on gauze. A slit was carefully made in the stomach which was held over a
      funnel and the contents were collected in a centrifuge tube. The stomach
      was further cut along the outside edge and turned inside out. Two ml.
      H.sub.2 O were used to wash the stomach contents into the respective
      centrifuged tube. The combined stomach contents and wash were then
      centrifuged out for 10 minutes in the International Size 2 Centrifuge
      (setting at 30). The supernatant was collected, volume measured and
      recorded, 2 drops of a phenolphthalein indicator (1 in 95% ethanol) were
      added and the solution was titrated with 0.02N NaOH (or with 0.04N NaOH
      when large volumes of stomach contents were encountered) to pH 8.4
      (because of usual coloring of the stomach contents, phenolphthalein was
      only used to permit visual indication that the end point was near) and the
      amount of acid present was calculated.
PAR  Compounds inducing inhibition of gastric acid secretion of 20% or more were
      considered active. In a representative operation, and merely by way of
      illustration, the results obtained with this assay with a typical compound
      of the present invention are given in Table 2, below.
TBL                TABLE 2                                                     

     ______________________________________                                    

                    Intraduodenal                                              

                    dose, mg./kg. Percent                                      

     Compound       of body weight                                             

                                  Inhibition                                   

     ______________________________________                                    

     9-oxo-15-hydroxy-3,3-dimethyl-13-trans-prostenoic acid                    

                    100           51                                           

     ______________________________________                                    

PAR  Bronchodilator activity was determined in guinea pigs against bronchospasms
      elicited by intravenous injections of 5-hydroxytryptamine, histamine or
      acetylcholine by the Konzett procedure. [See J. Lulling, P. Lievens, F. El
      Sayed and J. Prignot, Arzeimittel-Forschung, 18 995 (1968).]
PAR  In the Table which follows bronchodilator activity for representative
      compounds of this invention against one or more of the three spasmogenic
      agents is expressed as an ED.sub.50 determined from the results obtained
      with three logarithemic cumulative intravenous doses.
TBL                TABLE 2A                                                    

     ______________________________________                                    

     Bronchodilator Activity (Konzett Assays)                                  

     ED.sub.50, mg./kg.                                                        

               Spasmogenic Agent                                               

                 5-hydroxy-                                                    

     Compound    tryptamine histamine  choline                                 

     ______________________________________                                    

     9-oxo-15-hydroxy-16-ethyl-13-trans-prostenoic acid                        

                  --        81.3.times.10.sup.-.sup.6                          

                                       --                                      

     9-oxo-15-hydroxy-13-cis-prostenoic acid                                   

                 106.times.10.sup.-.sup.6                                      

                            81.3.times.10.sup.-.sup.6                          

                                       320.times.10.sup.-.sup.6                

     9-oxo-15-hydroxy-2-ethyl-13-trans-prostenoic acid                         

                 329.times.10.sup.-.sup.6                                      

                             145.times.10.sup.-.sup.6                          

                                       533.times.10.sup.-.sup.6                

     9-oxo-15-hydroxy-16-prostynoic acid                                       

                 50.8.times.10.sup.-.sup.6                                     

                            92.6.times.10.sup.-.sup.6                          

                                       320.times.10.sup.-.sup.6                

     ______________________________________                                    

PAR  The novel compounds of the present invention are useful as hypotensive
      agents and their prostaglandin-like hypotensive activity was demonstrated
      in the following test procedure. This procedure is a modification of the
      technique described by Pike et al., Prostaglandins, Nobel Symposium 2,
      Stockholm, June, 1966; p. 165.
PAR  Male Wistar strain rats (Royal Hart Farms) averaging approximately 250
      grams in weight were fastened to rat boards in a supine position by means
      of canvas vests and limb ties. The femoral area was infiltrated
      subcutaneously with lidocaine and the iliac artery and vein were exposed
      and cannulated. Arterial blood pressure (systolic/diastolic) was recorded
      using a Statham P.sub.23 Db pressure, the animals were anethetized before
      use with pentobarbital, 30 mg./kg. of body weight intravenously, and also
      were given hexamethoxium bitartrate, 2 mg./kg. of body weight
      intravenously. The test compounds were prepared by ultrasonic dispersion
      in a saline-Tween 80 vehicle. A constant intravenous dose volume of 0.5
      ml. was administered and test doses ranged from 0.1 to 10.0 mg./kg. of
      body weight. Increasing or decreasing doses were selected depending on the
      dose response obtained. In Table 2B below are set forth the minimal doses
      required to produce a decrease of about 10 mm. in diastolic blood pressure
      for typical compounds of the present invention.
TBL                TABLE 2B                                                    

     ______________________________________                                    

     HYPOTENSIVE ACTIVITY                                                      

                      Minimal effective                                        

                      hypotensive dose                                         

     Compound         (mg./kg. of body wt.)                                    

     ______________________________________                                    

     2-ethyl-9-oxo-15-hydroxy-13-trans-prostenoic acid                         

                      &lt;2                                                       

     2-ethyl-9-oxo-15-epi-hydroxy-13-trans-prostenoic acid                     

                      2-4                                                      

     2-ethyl-9-oxo-15-hydroxy-prostanoic acid                                  

                      0.2                                                      

     2-methyl-9-oxo-15-epi-hydroxy-13-trans-prostenoic acid                    

                      2                                                        

     2-methyl-9-oxo-15-hydroxy-13-trans-prostenoic acid                        

                      2                                                        

     8.beta.-methyl-9-oxo-15-hydroxy-13-trans-prostenoic acid                  

                      2                                                        

     9-oxo-15-hydroxy-16-ethyl-13-trans-prostenoic acid                        

                      &lt;8                                                       

     3,3-dimethyl-9-oxo-15-hydroxy-13-trans-prostenoic acid                    

                      8                                                        

     9-oxo-15-hydroxy-13-cis-prostenoic acid                                   

                      2-4                                                      

     9-oxo-15-hydroxy-13-trans,17-cis-prostadienoic acid                       

                      &lt;2                                                       

     9-oxo-15-hydroxy-16-prostynoic acid                                       

                      2                                                        

     9-oxo-15-hydroxy-5-cis,13-trans,17-cis-prostatrienoic acid                

                      &lt;2                                                       

     3-oxa-9-oxo-15-hydroxy-13-trans-prostenoic acid                           

                      &lt;2                                                       

     3-oxa-9-oxo-15-epi-hydroxy-13-trans-prostenoic acid                       

                      1-2                                                      

     3-thia-9-oxo-15-hydroxy-13-trans-prostenoic acid                          

                      2                                                        

     3-thia-9-oxo-15-epi-hydroxy-13-trans-prostenoic acid                      

                      2                                                        

     9-oxo-15-hydroxy-16-trans-prostenoic acid                                 

                      &lt;2                                                       

     2-phenyl-9-oxo-15-hydroxy-13-trans-prostenoic acid                        

                      8                                                        

     2-phenyl-9-oxo-15-epi-hydroxy-13-trans-prostenoic acid                    

                      2-8                                                      

     2-fluoro-9-oxo-15-hydroxy-13-trans-prostenoic acid                        

                      8                                                        

     7a,7b-bishomo-9-oxo-15-hydroxy-13-trans-prostenoic acid                   

                      &lt;8                                                       

     9-oxo-10a-homo-15-hydroxy-13-trans-prostenoic acid                        

                      2                                                        

     9-oxo-10a-homo-15-epi-hydroxy-13-trans-prostenoic acid                    

                      2                                                        

     9-oxo-15-hydroxy-15-methyl-5-cis,13-trans,17-cis-prostatrienoic           

                      &lt;2id                                                     

     Ethyl 3-oxa-9-oxo-15-hydroxy-13-trans-prostenoate                         

                      0.2                                                      

     Ethyl-3-oxa-9-oxo-15-epi-hydroxy-13-trans-prostenoate                     

                      0.2                                                      

     Ethyl 9-oxo-10a-homo-15-hydroxy-13-trans-prostenoate                      

                      2                                                        

     9-oxo-15-hydroxy-16,16-dimethyl-13-trans-prostenoic acid                  

                      &lt;2                                                       

     9-oxo-15-hydroxy-17,17-dimethyl-13-trans-prostenoic acid                  

                      2                                                        

     3-thia-9-oxo-15-hydroxy-16,16-dimethyl-13-trans-prostenoic                

                      &lt;2id                                                     

     3-oxa-9-oxo-15-hydroxy-16,16-dimethyl-13-trans-prostenoic                 

                      &lt;2id                                                     

     ______________________________________                                    

PAR  This invention will be described in greater detail in conjunction with the
      following specific examples. In these examples it is to be noted that
      Example 724 follows directly after Example 699.
PAR  In the examples which follow reference to 15-hydroxy or 15-oxy derivatives,
      unless otherwise indicated is inclusive of both the 15-epi and 15-normal
      racemates. In addition, all possible antipodes resulting from asymetry at
      C.sub.8, C.sub.12 and elsewhere in the prostenoic acid molecule are
      included.
DETD
PAC  EXAMPLE 1
PAC  Preparation of
      2-carbalkoxy(methyl/ethyl)-2-(4-carbethoxybutyl)cyclopentan-1-one
PAR  To a stirred solution of the sodium cyclopentanone carboxylate enolate in
      dimethoxyethane, prepared from 187 g. (1.248 moles) of 2-cyclopentanone
      carboxylate (mixed methyl and ethyl esters), 52.4 g. (1.248 moles) sodium
      hydride (57.2% in mineral oil) and 1.6 l. of dimethoxyethane, is added
      dropwise 309 g. (1.212 moles) of ethyl 5-iodovalerate. The reaction
      mixture is stirred and heated at reflux for 18 hours. The mixture is
      cooled and filtered. The solvent is removed from the filtrate by
      evaporation and the residue is poured into dilute hydrochloric acid and
      extracted with ether. The combined extracts are washed with water and
      saline, dried over magnesium sulfate and evaporated to give an oil. The
      oil is distilled under reduced pressure to give 274 g. of a light yellow
      oil, b.p. 140.degree.-143.degree.C. (0.17 mm).
PAC  EXAMPLE 2
PAC  Preparation of 2-(4-carboxybutyl)cyclopentan-1-one
PAR  A stirred mixture of 274 g. of 2-carbalkoxy(mixed methyl and ethyl
      esters)-2-(4-carbethoxybutyl)cyclopentan-1-one (Example 1), 600 ml. of 20%
      hydrochloric acid and 325 ml. of acetic acid is heated at reflux for 20
      hours. Solution occurs in approximately 1/2 hour. The solution is cooled
      and diluted with water and extracted with ether. The combined extracts are
      washed with saline and dried over magnesium sulfate and evaporated. The
      residue is evaporated twice with toluene to give 144 g. of an oil.
PAC  EXAMPLE 3
PAC  Preparation of 2-(4-carbethoxybutyl)cyclopentan-1-one
PAR  A stirred solution of 124 g. (0.673 mole) of
      2-(4-carboxybutyl)cyclopentan-1-one (Example 2), 800 ml. of ethanol and 1
      g. of p-toluenesulfonic acid monohydrate is heated at reflux for 18 hours.
      The solvent is evaporated and the residue is dissolved in ether. The ether
      solution is washed with saline, dilute sodium bicarbonate solution and
      again with saline, dried over magnesium sulfate and evaporated. The oil is
      distilled under reduced pressure to give 149 g. of a colorless oil, b.p.
      106.degree.-109.degree.C. (0.23 mm).
PAC  EXAMPLE 4
PAC  Preparation of
      2-carbalkoxy(methyl/ethyl)-2-(3-carbethoxypropyl)cyclopentan-1-one
PAR  In the manner described in Example 1, treatment of 2-cyclopentanone
      carboxylate (mixed methyl and ethyl esters) with sodium hydride in
      dimethoxyethane followed by ethyl 4-iodobutyrate gives a yellow oil, b.p.
      136.degree.-137.degree.C. (0.16 mm).
PAC  EXAMPLE 5
PAC  Preparation of 2-(3-carboxypropyl)cyclopentan-1-one
PAR  In the manner described in Example 2, treatment of 2-carbalkoxy(mixed
      methyl and ethyl esters)-2-(3-carbethoxypropyl)cyclopentan-1-one (Example
      4) with a 20% hydrochloric acid and acetic acid mixture gives a yellow
      oil.
PAC  EXAMPLE 6
PAC  Preparation of 2-(3-carbethoxypropyl)cyclopentan-1-one
PAR  In the manner described in Example 3, treatment of
      2-(3-carboxypropyl)cyclopentan-1-one (Example 5) with p-toluenesulfonic
      acid monohydrate in ethanol gives a colorless oil, b.p. 93.degree.C. (0.10
      mm).
PAC  EXAMPLE 7
PAC  Preparation of ethyl and methyl
      2-(6-carbethoxyhexyl)-1-cyclopentanon-2-carboxylate
PAR  In the manner described in Example 1, ethyl and methyl 2-cyclopentanone
      carboxylate is reacted with ethyl 7-bromoheptanoate to furnish the subject
      product, b.p. 147.degree.C. (0.09 mm).
PAC  EXAMPLE 8
PAC  Preparation of 2-(6-carboxyhexyl)cyclopentan-1-one
PAR  In the manner described in Example 2, ethyl and methyl
      2-(6-carbethoxyhexyl)-1-cyclopentanone-2-carboxylate (Example 7) is
      hydrolyzed to furnish the subject product, b.p. 143.degree.C. (0.05 mm).
PAC  EXAMPLE 9
PAC  Preparation of 2-(6-carbethoxyhexyl)cyclopentan-1-one
PAR  In the manner described in Example 3, 2-(6-carboxyhexyl)cyclopentan-1-one
      (Example 8) is esterified to furnish the subject product, b.p.
      110.degree.C. (0.03 mm).
PAC  EXAMPLE 10
PAC  Preparation of 1-acetoxy-2-(6-carbethoxyhexyl)cyclopent-1-ene
PAR  A stirred solution of 100 g. of 2-(6-carbethoxyhexyl)cyclopentan-1-one
      (Example 9) in 250 ml. of acetic anhydride containing 0.940 g. of
      p-toluenesulfonic acid monohydrate is heated to boiling under partial
      reflux allowing distillate at 118.degree.C. or less (i.e., acetic acid) to
      escape through a Vigreaux column equipped with a condenser to collect the
      distillate. After 16 hours, during which period acetic anhydride is added
      in portions in order to keep the solvent level at at least 100 ml., the
      solution is cooled and poured cautiously into a stirred cold mixture of
      saturated sodium bicarbonate solution (400 ml.) and hexane (250 ml.). The
      resulting mixture is stirred for an additional 30 minutes during which
      period solid sodium bicarbonate is added periodically to insure a basic
      solution. The hexane layer is separated and washed with saturated sodium
      chloride solution, dried with anhydrous magnesium sulfate and taken to
      dryness. Distillation of the residual oil gives 102 g. (87%) of pale
      yellow oil, b.p. 118.degree.C. (0.07 mm).
PAC  EXAMPLE 11
PAC  Preparation of 1-acetoxy-2-(3-carbethoxypropyl)cyclopent-1-ene
PAR  In the manner described in Example 10, treatment of
      2-(3-carbethoxypropyl)cyclopentan-1-one (Example 6) with acetic anhydride
      and p-toluenesulfonic acid monohydrate gives a yellow oil, b.p.
      98.degree.-103.degree.C. (0.35 mm).
PAC  EXAMPLE 12
PAC  Preparation of 1-acetoxy-2-(4-carbethoxybutyl)cyclopent-1-ene
PAR  In the manner described in Example 10, treatment of
      2-(4-carbethoxybutyl)cyclopentan-1-one (Example 3) with acetic anhydride
      and p-toluenesulfonic acid monohydrate gives a yellow oil, b.p.
      109.degree.-110.degree.C. (0.37 mm).
PAC  EXAMPLE 13
PAC  Preparation of 2-(6-carbethoxyhexyl)cyclopent-2-en-1-one
PAR  To a rapidly stirred mixture of 50 g. of 1-acetoxy-2
      -(6-carbethoxyhexyl)cyclopent-1-ene (Example 10) in 150 ml. of chloroform,
      200 ml. of water and 18.8 g. of calcium carbonate, cooled in an ice bath,
      is added dropwise over a period of about 30 minutes, a solution of 30 g.
      of bromine in 50 ml. of carbon tetrachloride. After stirring for an
      additional 45 minutes the chloroform layer is separated and washed
      successively with dilute sodium thiosulfate solution, saturated sodium
      chloride solution, dried with anhydrous magnesium sulfate and taken to
      dryness under reduced pressure.
PAR  The residual oil is dissolved in 50 ml. of N,N-dimethylformamide and added
      to a mixture of 33 g. of lithium bromide and 32 g. of lithium carbonate in
      375 ml. of N,N-dimethylformamide, previously dried by refluxing with 375
      ml. of benzene under a Dean-Stark apparatus followed by distillation of
      the benzene. The mixture is stirred at the reflux temperature for 30
      minutes, then cooled and poured into 850 ml. of ice-cold water. The
      resulting mixture is acidified (cautiously) with 4N hydrochloric acid and
      extracted with ether three times. The combined ether extracts are washed
      with saturated sodium chloride solution, dried with anhydrous magnesium
      sulfate and taken to dryness under reduced pressure to afford 41.5 g. of
      an amber oil. In order to convert any isomeric material to the desired
      product, 41.5 g. of the above material is treated with 0.500 g. of
      p-toluenesulfonic acid monohydrate in 450 ml. of absolute alcohol at the
      reflux temperature for 18 hours. The solution is taken to dryness under
      reduced pressure. The resulting gum is dissolved in ether and washed with
      saturated sodium bicarbonate solution, saturated sodium chloride solution,
      dried with anhydrous magnesium sulfate and taken to dryness under reduced
      pressure. The residual oil is distilled to give 30.2 g. of product; b.p.
      118.degree.C. (0.05 mm); .lambda..sub.max.sup.MeOH 229
      .mu.(.epsilon.9950); .lambda..sub.max 5.75, 5.85, 6.15, 8.45 .mu.; vapor
      phase chromatography shows 99% product, containing 1%
      2-(6-carbethoxyhexyl)cyclopentan-1-one.
PAR  This product can be purified by the following procedure. A mixture of 120
      g. of 2-(6-carbethoxyhexyl)-2-cyclopentenone, containing approximately 5%
      of the saturated analogue, and 7.67 g. (10 mole percent) of
      p-carboxyphenylhydrazine in 400 ml. of absolute ethanol is stirred at
      ambient temperatures for 18 hours and is then refluxed for 1 hour. The
      mixture is cooled, the solvent is evaporated, and the residue is taken up
      into 150 ml. of chloroform and passed through a column of 450 g. of
      aluminum oxide (Merck). The filtrate is evaporated to yield a colorless
      oil containing &lt;0.5% of the saturated impurity.
PAC  EXAMPLE 14
PAC  Preparation of 2-(3-carbethoxypropyl)cyclopent-2-en-1-one
PAR  In the manner described in Example 13, bromination of
      1-acetoxy-2-(3-carbethoxypropyl)cyclopent-1-ene (Example 11) followed by
      dehydrobromination with lithium bromide and lithium carbonate is
      productive of the subject compound.
PAC  EXAMPLE 15
PAC  Preparation of 2-(4-carbethoxybutyl)cyclopent-2-en-1-one
PAR  In the manner described in Example 13, treatment of
      1-acetoxy-2-(4-carbethoxybutyl)cyclopent-1-ene (Example 12) with bromine
      and subsequent treatment of the brominated product with a mixture of
      lithium bromide and lithium carbonate in N,N-dimethylformamide is
      productive of the subject compound. Treatment of this product with
      p-carboxyphenylhydrazine by the procedure of Example 13 furnishes a
      product which contains less than 0.5% of the corresponding saturated
      ketone.
PAC  EXAMPLE 16
PAC  Preparation of 1-methoximino-2-(6-carbethoxyhexyl)-2-cyclopentene
PAR  To a mixture of 35.97 g. (0.151 mole) of
      2-(6-carbethoxyhexyl)-2-cyclopentenone (Example 13) and 15.0 g. (0.180
      mole) of methoxyamine hydrochloride in 300 ml. of absolute ethanol is
      added 25 ml. of pyridine and the resulting solution is stirred for 20
      hours at ambient temperatures. The solvent is evaporated and the residue
      is partitioned between water and diethyl ether. The organic phase is
      washed with water and saturated brine, dried (Na.sub.2 SO.sub.4), and the
      solvent is evaporated to yield an oil. Distillation yields 38.7 g. of a
      colorless oil, b.p. 115.degree.-118.degree.C. (0.075 mm). IR (film): 1740,
      1627, 1053, 890 cm.sup..sup.-1. .lambda..sub.max (MeOH) 243 (13,000).
      NMR.delta.(CDCl.sub.3): 3.89.
PAC  EXAMPLE 17
PAC  Preparation of 1-methoximino-2-(7-hydroxyheptyl)-2-cyclopentene
PAR  To an ice cooled solution of 34.10 g. (0.128 mole) of
      1-methoximino-2-(6-carbethoxyhexyl)-2-cyclopentene (Example 16) in 200 ml.
      of benzene under nitrogen is added dropwise 225 ml. of a 25% solution of
      diisobutyl aluminum hydride in hexane. The resulting solution is stirred
      for 2 hours at 0.degree.-5.degree.C., poured onto ice and dilute
      hydrochloric acid, and the aqueous phase is saturated with sodium
      chloride. The organic phase is separated, washed with saturated brine,
      dried (Na.sub.2 SO.sub.4), and evaporated to yield an oil. The latter is
      dissolved in 100 ml. of hot hexane and cooled to yield 24.3 g. of
      crystals, m.p. 62.degree.-64.degree.C. IR (KBr) 3260, 1630, 1059, 893
      cm.sup..sup.-1. .lambda..sub.max 243 (14,200). NMR (CDCl.sub.3).delta.:
      2.37.
PAC  EXAMPLE 18
PAC  Preparation of
      1-methoximino-2-(7-p-toluenesulfonyloxyheptyl)-2-cyclopentene
PAR  To a solution of 5.00 g. (0.0222 mole) of
      1-methoximino-2-(7-hydroxyheptyl)-2-cyclopentene (Example 17) in 50 ml. of
      dry pyridine at 0.degree.C. is added 8.45 g. (0.0444 mole) of
      p-toluenesulfonyl chloride and the resulting solution is chilled at
      5.degree.C. overnight. The mixture is partitioned between 300 ml. of ice
      water and diethyl ether. The organic phase is washed with 1:1 ice cold
      hydrochloric acid, cold water, and cold saturated brine, dried (NaSO.sub.4
      /K.sub.2 CO.sub.3), and evaporated under reduced pressure at room
      temperature to yield an oil. The latter is dissolved in 600 ml. of hexane,
      treated with 0.5 g. of Darco, filtered and evaporated to yield 7.7 g. of a
      colorless oil. IR (film) 1600, 1192, 1182, 1053, 890 cm.sup..sup.-1.
      .lambda..sub.max (MeOH) 228 and 243.
PAC  EXAMPLE 19
PAC  Preparation of 1-methoximino-2-(8,8-dicarbethoxyoctyl)-2-cyclopentene
PAR  To an alcoholic solution of sodiodiethyl malonate, prepared from 0.847 g.
      (0.0368 g. atoms) of sodium; 100 ml. of absolute ethanol, and 7.05 g.
      (0.0440 mole) of diethyl malonate is added 7.7 g. of the tosylate of
      Example 18 and the mixture is refluxed for 2 hours under a nitrogen
      atmosphere. The mixture is partitioned between cold dilute hydrochloric
      acid and diethyl ether, and the organic phase is washed with water and
      saturated brine, dried (Na.sub.2 SO.sub.4), and evaporated to yield an
      oil. The excess diethyl malonate is distilled off under reduced pressure
      to yield 6.45 g. of a yellowish oil. IR (film) 1755, 1728, 1625, 1054, 890
      cm.sup..sup.-1.
PAC  EXAMPLE 20
PAC  Preparation of 1-methoximino-2-(8,8-dicarboxyoctyl)-2-cyclopentene
PAR  A mixture of 6.45 g. of the diester of Example 19 and 6.72 g. of potassium
      hydroxide in 150 ml. of 1:1 aqueous methanol is refluxed for 1 hour,
      cooled, and is partitioned between water and diethyl ether. The aqueous
      phase is acidified with hydrochloric acid, extracted with ether, and the
      organic phase is washed with water and saturated brine, dried (Na.sub.2
      SO.sub.4) and evaporated to yield a solid. The solid is crystallized from
      benzene to yield 4.15 g. of tan crystals, m.p. 135.degree.-137.degree.C.
      (--CO.sub.2).
PAC  EXAMPLE 21
PAC  Preparation of 1-methoximino-2-(8-carboxyoctyl)-2-cyclopentene
PAR  A solution of 3.926 g. (0.0126 mole) of the diacid of Example 20 in 20 ml.
      of xylene is refluxed for 1.5 hours, cooled, and evaporated to yield a tan
      solid. IR (KBr) 1720, 1618, 1179, 1050, 986 cm.sup..sup.-1.
PAC  EXAMPLE 22
PAC  Preparation of 2-(8-carboxyoctyl)cycopent-2-en-1-one
PAR  The acid methoxime from Example 21 is refluxed for 5 hours with 55 ml. of
      acetone and 20 ml. of 2N hydrochloric acid. The mixture is cooled, the
      solvent is evaporated, and the residue is partitioned between water and
      diethyl ether. The organic phase is washed with water and saturated brine,
      dried (Na.sub.2 SO.sub.4), and evaporated to yield a tan solid. IR (KBr)
      1745, 1665 cm.sup..sup.-1. .lambda..sub.max (MeOH) 228 (12,600).
PAC  EXAMPLE 23
PAC  Preparation of 2-(8-carbethoxyoctyl)cyclopent-2-en-1-one
PAR  The acid ketone from Example 22 is Fisher esterified with 100 ml. of
      absolute ethanol, 100 ml. of benzene, and 20 mg. of p-toluenesulfonic acid
      for 6 hours, cooled, and the solvent is evaporated. The resulting oil is
      dissolved in 3:1 benzene-ether and the solution is passed through a column
      of 100 g. of Florisil. The filtrate is evaporated and the residue is
      distilled to yield 2.97 g. of a colorless oil, b.p.
      137.degree.-139.degree.C. (0.05 Torr).
PAC  EXAMPLE 24
PAC  Preparation of 2-(4-carbethoxybutyl)-2-cyclopentenone methoxime
PAR  Treatment of 2-(4-carbethoxybutyl)-2-cyclopentenone (Example 15) with
      methoxyamine hydrochloride in the manner described in Example 16 gives an
      oil, b.p. 107.degree.-109.degree.C. (0.05 mm). IR (film): 1740, 1628,
      1050, 885 cm.sup..sup.-1. .lambda..sub.max (MeOH) 243 (13,600).
PAC  EXAMPLE 25
PAC  Preparation of 2-(5-hydroxypentyl)-2-cyclopentenone methoxime
PAR  Treatment of 2-(4-carbethoxybutyl)-2-cyclopentenomethoxime (Example 24)
      with diisobutyl aluminum hydride in the manner described in Example 17
      gives crystals, m.p. 33.degree.-35.degree.C. IR (KBr) 3420, 1630, 1050,
      886 cm.sup..sup.-1. .lambda..sub.max.sup.MeOH 243 (12,020).
PAC  EXAMPLE 26
PAC  Preparation of 2-(5p-toluenesulfonyloxypentyl)-2-cyclopentenone methoxime
PAR  Treatment of 2-(5-hydroxypentyl)-2-cyclopentenone methoxime (Example 25)
      with p-toluenesulfonyl chloride in pyridine in the manner described in
      Example 18 gives a colorless oil. IR (film) 1600, 1190, 1180, 1050, 885
      cm.sup..sup.-1.
PAC  EXAMPLE 27
PAC  Preparation of 2-(6,6-dicarbethoxyoctyl)-2-cyclopentenone methoxime
PAR  To a solution of sodio diethyl ethylmalonate, prepared from 1.63 g. (0.0387
      mole) of sodium hydride in mineral oil (57.2%), 100 ml. of ethylene glycol
      dimethyl ether and 8.5 g. (0.0452 mole) of ethyl diethyl malonate, is
      added 7.5 g. of tosylate from Example 26 in 20 ml. of ethylene glycol
      dimethyl ether and the mixture is refluxed for 3 hours and then allowed to
      stand at room temperature for 18 hours under nitrogen atmosphere. The
      reaction mixture is filtered and most of the solvent is removed. The
      mixture is partitioned between cold dilute hydrochloric acid and diethyl
      ether, and the organic phase is washed with water and saturated brine,
      dried (MgSO.sub.4), and evaporated to yield an oil. The excess ethyl
      diethyl malonate is distilled off under reduced pressure to yield 6.7 g.
      of a yellow oil. IR (film) 1755, 1728, 1627, 1050, 885 cm.sup..sup.-1.
PAC  EXAMPLE 28
PAC  Preparation of 2-(6,6-dicarboxyoctyl)-2-cyclopentenone methoxime
PAR  Treatment of 2-(6,6-dicarbethoxyoctyl)-2-cyclopentenomethoxime (Example 26)
      with potassium hydroxide, and 1:1 aqueous methanol in the manner described
      in Example 20 gives a light yellow oil.
PAC  EXAMPLE 29
PAC  Preparation of 2-(6-carboxyoctyl)-2-cyclopentenone methoxime
PAR  In the manner described in Example 21, treatment of
      2-(6,6-dicarboxyoctyl)-2-cyclopentenone methoxime (Example 28) with xylene
      at reflux for 18 hours gives a yellow oil.
PAC  EXAMPLE 30
PAC  Preparation of 2-(6-carboxyoctyl)-2-cyclopentenone
PAR  Treatment of 2-(6-carboxyoctyl)-2-cyclopentenone methoxime (Example 29)
      with acetone and 2N hydrochloric acid in the manner described in Example
      22 gives a light yellow oil.
PAC  EXAMPLE 31
PAC  Preparation of 2-(6-carbethoxyoctyl)-2-cyclopentenone
PAR  Treatment of 2-(6-carboxyoctyl)-2-cyclopentenone (Example 30) with thionyl
      chloride and then treatment of the acid chloride with ethanol in the usual
      manner gives an amber oil. The oil is placed on a magnesia-silica gel
      column and eluted with 3:1 benzene:ether. The solvent is removed and the
      residue is distilled, b.p. 122.degree.C. (0.06 mm).
PAC  EXAMPLE 32
PAC  Preparation of diethyl 1,1-dimethyl-5-tetrahydropyranylpentylmalonate
PAR  To 486 mg. (0.02 g.-atoms) of magnesium in 5 ml. of toluene containing one
      molar equivalent of tetrahydrofuran per equivalent of magnesium and one
      percent iodine (calculated in weight of magnesium) is added dropwise 3.86
      g. (0.02 mole) of 4-chloro-1-tetrahydropyranyloxybutane over a period of
      one hour with stirring, under nitrogen at 70.degree.C. The reaction
      mixture is stirred at 70.degree.C. for 4 hours. This reagent is then added
      dropwise to 3 g. (0.015 mole) of ethyl isopropylidenemalonate in 40 ml. of
      tetrahydrofuran containing 392 mg. of tetrakis
      [iodo(tri-n-butylphosphine)copper (I)] and stirred at room temperature for
      2 hours. The reaction mixture is poured into cold dilute hydrochloric acid
      and extracted with ether. The ether extract is dried over magnesium
      sulfate and concentrated to give 5.92 g. of subject product as an oil.
PAC  EXAMPLE 33
PAC  Preparation of diethyl 1,1-dimethyl-5-hydroxypentylmalonate
PAR  A solution of 3.5 g. (0.01 mole) of diethyl
      1,1-dimethyl-5-tetrahydrofuranyloxypentylmalonate in 70 ml. of ethanol
      containing 3 ml. of hydrochloric acid is allowed to stir at room
      temperature for 18 hours. The solution is concentrated, diluted with water
      and extracted with ether. The ether extract is washed with water, dried
      over magnesium sulfate and concentrated to give 3.262 g. of a light yellow
      oil. The oil is purified by distillation, b.p. 116.degree.-117.degree.C.
      (0.05 mm).
PAC  EXAMPLE 34
PAC  Preparation of 3,3-dimethyl-7-hydroxyheptanoic acid
PAR  A mixture of 32 g. (0.117 mole) of diethyl
      1,1-dimethyl-5-hydroxypentylmalonate, 25 g. of potassium hydroxide and 600
      ml. of methanol-water (1:1) is heated at reflux for 8 hours and then
      allowed to stand at room temperature for 18 hours. The methanol is
      removed, diluted with water and the reaction mixture is acidified with
      concentrated hydrochloric acid. The mixture is extracted with ether. The
      extract is washed with water and saline, dried over anhydrous magnesium
      sulfate and concentrated to give 27 g. of
      1,1-dimethyl-5-hydroxypentylmalonic acid. This crude oil is dissolved in
      200 ml. of bis-(2-methoxyethyl)ether and is heated at reflux for 4 hours
      and then allowed to stand at room temperature overnight. The solvent is
      removed and the reaction mixture is diluted with water and extracted with
      ether. The organic solution is washed with saline, dried over magnesium
      sulfate and concentrated to give 18 g. of product as an oil.
PAC  EXAMPLE 35
PAC  Preparation of ethyl 3,3-dimethyl-7-chloroheptanoate
PAR  To a solution of 3.484 g. (0.02 mole) of 3,3-dimethyl-7-hydroxyheptanoic
      acid in 25 ml. of chloroform containing 3 drops of dimethylformamide is
      added 5.8 ml. (0.08 mole) of thionyl chloride and the solution is then
      heated at reflux for 3-4 hours. The solution is concentrated to give the
      intermediate 3,3-dimethyl-7-chloro-1-heptanoyl chloride. The acid chloride
      is dissolved in a minimum amount of benzene and added slowly to 20 ml.
      benzene, 10 ml. of ethanol and 2.65 ml. of collidine. The solution is
      heated at reflux for one hour and then concentrated. The residue is
      dissolved in ether, washed with water, dilute sodium bicarbonate solution
      and saline. The organic solution is dried over magnesium sulfate and
      concentrated to give 3.57 g. of product as a yellow oil.
PAC  EXAMPLE 36
PAC  Preparataion of ethyl 3,3-dimethyl-7-iodoheptanoate
PAR  To a solution of 3.57 g. (0.0162 mole) of ethyl
      3,3-dimethyl-7-chloroheptanoate in 100 ml. of methyl ethyl ketone is added
      4 g. of sodium iodide and the mixture heated at reflux for 18 hours. The
      reaction mixture is cooled, filtered and concentrated. The residue is
      partitioned between ether and water. The aqueous phase is extracted
      several times with ether. The extract is washed with sodium bisulfite
      solution, water and saline. The organic solution is dried over magnesium
      sulfate and concentated to give 4.182 g. of a yellow oil. The material is
      purified by distillation, b.p. 86.degree.-87.degree.C. (0.18 Torr).
PAC  EXAMPLE 37
PAC  Preparation of
      2-carbalkoxy(methyl/ethyl)-2-(6-carbethoxy-5,5-dimethylhexyl)cyclopentan-1
     -one
PAR  This compound is prepared by treatment of sodio cyclopentanone carboxylate
      enolate with ethyl 3,3-dimethyl-7-iodoheptanoate by the procedure
      described in Example 1.
PAC  EXAMPLE 38
PAC  Preparation of 2-(6-carboxy-5,5-dimethylhexyl)cyclopentan-1-one
PAR  This compound is prepared by decarbalkoxylation of 2-carbalkoxy (mixed
      methyl and ethyl
      ester)-2-(6-carbethoxy-5,5-dimethylhexyl)cyclopentan-1-one by the
      procedure described in Example 2.
PAC  EXAMPLE 39
PAC  Preparation of 2-(6-carbethoxy-5,5-dimethylhexyl)cyclopentan-1-one
PAR  Esterification of 2-(6-carboxy-5,5-dimethylhexyl)cyclopentan-1-one with
      ethanol by the procedure described in Example 3 is productive of the
      subject compound.
PAC  EXAMPLE 40
PAC  Preparation of 1-acetoxy-2-(6-carbethoxy-5,5-dimethylhexyl)cyclopent-1-ene
PAR  This compound is prepared from
      2-(6-carbethoxy-5,5-dimethylhexyl)cyclopentan-1-one and acetic anhydride
      by the process described in Example 10.
PAC  EXAMPLE 41
PAC  Preparation of 2-(6-carbethoxy-5,5-dimethylhexyl)cyclopent-2-en-1-one
PAR  This compound is prepared from
      1-acetoxy-2-(6-carbethoxy-5,5-dimethylhexyl)cyclopent-1-ene via
      bromination and dehydrobromination according to the procedure described in
      Example 13.
PAC  EXAMPLE 42
PAC  Preparation of 2-(3-carbethoxypropyl)-1-methoximino-2-cyclopentene
PAR  In the manner described for the preparation of the compound of Example 16,
      2-(3-carbethoxypropyl)-1-methoximino-2-cyclopentene is prepared from
      2-(3-carbethoxypropyl)-2-cyclopentenone (Example 14) and methoxyamine
      hydrochloride.
PAC  EXAMPLE 43
PAC  Preparation of 2-(4-hydroxybutyl)-1-methoximino-2-cyclopentene
PAR  In the manner described for the preparation of the compound of Example 17,
      2-(4-hydroxybutyl)-1-methoximino-2-cyclopentene is prepared from
      2-(3-carbethoxypropyl)-1-methoximino-2-cyclopentene and diisobutylaluminum
      hydride.
PAC  EXAMPLE 44
PAC  Preparation of 2-(6-carbethoxy-5-oxahexyl)-1-methoximino-2-cyclopentene
PAR  To an ice cold solution of 4.833 g. (0.0266 mole) of
      2-(4-hydroxypentane)-1-methoximino-2-cyclopentene in 50 ml. of dry
      tetrahydrofuran under nitrogen is added 16.7 ml. of 1.6 molar n-butyl
      lithium in hexane, dropwise. The reaction mixture is stirred for 0.5 hour
      and then 4.85 g. (0.029 mole) of ethyl bromoacetate is added dropwise. The
      reaction mixture is stirred overnight at room temperature and then
      refluxed for 1.5 hours. The reaction is cooled and poured into water and
      extracted several times with ether. The ether extracts are washed with
      saline, dried over magnesium sulfate, and concentrated. The residue is
      placed on an alumina column, chloroform being used as a wash solvent. The
      combined washings are concentrated to dryness to give 4.903 g. of product
      an a yellow oil.
PAC  EXAMPLE 45
PAC  Preparation of 2-(6-carboxy-5-oxahexyl)-2-cyclopentenone
PAR  In the manner described in Example 22, treatment of
      2-(6-carbethoxy-5-oxahexyl)-1-methoximino-2-cyclopentene with acetone and
      2N hydrochloric acid at reflux gives the subject compound as a yellow oil.
PAC  EXAMPLE 46
PAC  Preparation of 2-(6-carbethoxy-5-oxahexyl)-2-cyclopentenone
PAR  In the manner described in Example 23, treatment of
      2-(6-carboxy-5-oxahexyl)-2-cyclopentenone with p-toluenesulfonic acid in
      ethanol produces the subject product as a light yellow oil.
PAC  EXAMPLE 47
PAC  Preparation of 2-(6-carboxy-5-oxahexyl)-1-methoximino-2-cyclopentene
PAR  To an ice cold solution of 3.66 g. (0.02 mole) of
      2-(4-hydroxybutyl)-1-methoximino-2-cyclopentene (Example 43) in 50 ml. of
      1,2-dimethyoxyethane under nitrogen is added dropwise 17 ml. of 1.6 M
      n-butyl lithium in hexane. The reaction mixture is stirred for half an
      hour and then the lithium salt of chloroacetic acid, prepared from 1.89 g.
      (0.02 mole) of chloroacetic acid and 16 ml. of 1.6M n-butyl lithium in 20
      ml. of dimethoxyethane, is added and the reaction mixture is heated at
      reflux for 48 hours. The solvent is evaporated and the residue is
      partitioned between ether and water. The aqueous phase is acidified with
      hydrochloric acid and extracted with ether. The organic phase is washed
      with water and saturated saline solution, dried (MgSO.sub.4), and
      evaporated to give 3.35 g. of a yellow oil.
PAC  EXAMPLE 48
PAC  Preparation of 2-(6-carboxy-5-oxahexyl)-2-cyclopenten-1-one
PAR  In the manner described in Example 22, treatment of
      2-(6-carboxy-5-oxahexyl)-1-methoximino-2-cyclopentene (Example 47) with
      acetone and 2N hydrochloric acid at reflux gives the subject compound as a
      yellow oil.
PAC  EXAMPLE 49
PAC  Preparation of 1-methoximino-2-(4-methanesulfonyloxybutyl)-2-cyclopentene
PAR  To a solution of 1.83 g. (0.01 mole) of
      1-methoximino-2-(4-hydroxybutyl)-2-cyclopentene (Example 43) in 10 ml. of
      methylene chloride containing 1.52 g. (0.015 mole) of triethylamine is
      added 1.265 g. (0.011 mole) of methanesulfonyl chloride over a period of
      5-10 minutes at -10.degree.--0.degree.C. Stirring is contrinued for 15
      minutes and the solution is then washed with cold water, cold 10%
      hydrochloric acid, cold sodium bicarbonate solution, and cold saline
      solution. The organic phase is dried (MgSO.sub.4) and concentrated to give
      an oil which solidifies upon cooling. Crystallization from ether-petroleum
      ether (30.degree.-60.degree.C.) gives 1.797 g. of white crystals, m.p.
      67.degree.-68.degree.C.
PAC  EXAMPLE 50
PAC  Preparation of 1-methoximino-2-(5-cyanopentyl)-2-cyclopentene
PAR  A mixture of 2.75 g. (0.01 mole) of
      1-methoximino-2-(5-methanesulfonyloxypentyl)-2-cyclopentene (Example 60)
      and 1.47 g. (0.03 mole) of sodium cyanide in 20 ml. of dry
      N,N-dimethylformamide is heated at 65.degree.-70.degree.C. for 3 hours.
      The cooled reaction mixture is poured into water and extracted with
      diethyl ether. The organic phase is washed with water and saturated saline
      solution, dried (MgSO.sub.4), and evaporated to give 1.89 g. of a light
      yellow oil.
PAC  EXAMPLE 51
PAC  Preparation of 1-methoximino-2-(5-carboxypentyl)-2-cyclopentene
PAR  A mixture of 1.89 g. (0.0092 mole) of
      1-methoximino-2-(5-cyanopentyl)-2-cyclopentene (Example 50) and 1 g.
      (0.025 mole) of sodium hydroxide in 50 ml. of 1:1 aqueous-ethanol is
      refluxed for 48 hours, cooled, and partitioned between water and diethyl
      ether. The aqueous phase is acidified with hydrochloric acid, extracted
      with diethyl ether, and the organic phase is washed with water and
      saturated saline solution, dried (MgSO.sub.4), and evaporated to give 1.86
      g. of a yellow oil.
PAC  EXAMPLE 52
PAC  Preparation of 2-(5-carboxypentyl)-2-cyclopentenone
PAR  A solution of 1.86 g. (0.00825 mole)
      1-methoximino-2-(5-carboxypentyl)-2-cyclopentene (Example 51) in 44 ml. of
      acetone and 13.1 ml. of 2N hydrochloric acid is refluxed for 5 hours. The
      solvent is partially evaporated and a solid precipitates and is collected.
      The residue is extracted with diethyl ether and the organic phase is
      washed with saturated saline solution, dried (MgSO.sub.4), and evaporated
      to yield additional solid. The combined solid material is crystallized
      from ether/pet ether (30.degree.-60.degree.C.degree.) to yield crystalline
      material, m.p. 70.degree.-72.degree.C.
PAC  EXAMPLE 53
PAC  Preparation of 2-(5-carbethoxypentyl)-2-cyclopentenone
PAR  A solution of 1.309 g. (0.00668 mole) of
      2(5-carboxypentyl)-2-cyclopentenone (Example 52) and 90 mg. of
      p-toluensulfonic acid in 150 ml. of ethanol is refluxed for 18 hours. The
      solvent is evaporated and the residue is dissolved in ether. The organic
      phase is washed with water, sodium bicarbonate solution, and saturated
      saline solution, dried (MgSO.sub.4), and evaporated to give 1.371 g. of a
      light yellow oil.
PAC  EXAMPLE 54
PAC  Preparation of 2-(5-acetoxypentyl)-2-carbomethoxy/carbethoxycyclopentanone
PAR  A mixture of sodiocyclopentanone carboxylate, prepared from 1200 g. (8.0
      moles) of cyclopentanone carboxylate (methyl and ethyl esters) and 200 g.
      (8.3 moles) of mineral oil free sodium hydride in 10 l. of
      1,2-dimethoxyethane, 1320 g. (8.0 moles) of 5-chloro-1-amyl acetate [M. E.
      Synerholm, Journ. Amer. Chem. Soc., 69, 2681 (1947)], and 1200 g. (8.0
      moles) of sodium iodide is refluxed under nitrogen for 18 hours. The
      mixture is cooled, concentrated to 4 l. and partitioned between dilute
      hydrochloric acid and diethyl ether. The organic phase is washed with
      water and saturated brine, dried (MgSO.sub.4), and evaporated to yield
      1920 g. of an oil.
PAC  EXAMPLE 55
PAC  Preparation of
      2-(5-hydroxypentyl)cyclopentanone/2-(5-acetoxypentyl)-cyclopentanone
PAR  A mixture of 4,500 g. (16.2 moles) of
      2-(5-acetoxypentyl)-2-carbomethoxy/carboethoxy-cyclopentanone (Example
      54), 2.2 l. of glacial acetic acid, 1 l. of concentrated hydrochloric
      acid, and 1 l. of water is refluxed for 18 hours, cooled, and partitioned
      between saturated brine and benzene. The organic phase is washed with
      saturated brine, dried (MgSO.sub.4), and evaporated in vacuo to yield 3155
      g. of an oil.
PAC  EXAMPLE 56
PAC  Preparation of 1-acetoxy-2-(5-acetoxypentyl)-1-cyclopentene
PAR  A solution of 400 g. (2.04 moles) of a mixture of
      2-(5-hydroxypentyl)cyclopentanone and 2-(5-acetoxypentyl)cyclopentanone
      (Example 55) and 4.0 g. of p-toluenesulfonic acid monohydrate in 1 l. of
      acetic anhydride is refluxed at a rate to maintain a steady distillation
      of acetic acid from the reaction through a helix -packed fractionation
      column. The reaction is continued with the addition of acetic anhydride to
      maintain a constant volume until complete conversion of starting materials
      to product is evident. The mixture is cooled and partitioned between 2 l.
      of hexane and 3 l. of cold water containing solid sodium bicarbonate to
      maintain a neutral pH. The organic phase is washed with saturated brine,
      dried (MgSO.sub.4), and evaporated to yield 452 g. of an oil.
PAC  EXAMPLE 57
PAC  Preparation of 2-(5-acetoxypentyl)-2-cyclopentenone
PAR  To a well stirred mixture of 405 g. (4.05 moles) of calcium carbonate, 3 l.
      of water, and 2.5 l. of chloroform cooled to 5.degree.C. is added
      simultaneously 1016 g. (4.0 moles) of
      1-acetoxy-2-(5-acetoxy-pentyl)-1-cyclopentene (Example 56) and a solution
      of 648 g. (4.05 moles) of bromine in 500 ml. of carbon tetrachloride at a
      rate to maintain a temperature below 10.degree.C. The mixture is stirred
      for half an hour after addition of the reagents and the phases are then
      separated. The organic phase is washed with 2% sodium thiosulfate
      solution, water, and saturated brine, dried (MgSO.sub.4), and evaporated
      in vacuo to an oil. the oil is immediately added to a refluxing slurry of
      500 g. (5.0 moles) of calcium carbonate in 2.5 l of N,N-dimethylacetamide
      under nitrogen and the mixture is then refluxed for thirty minutes. The
      mixture is cooled, filtered, and partitioned between water and diethyl
      ether. The organic phase is washed with water and saturated brine, dried
      (MgSO.sub.4), and evaporated to yield 757 g. of an oil, b.p.
      116.degree.-118.degree.C. (0.25 mm.).
PAC  EXAMPLE 58
PAC  Preparation of 1-methoximino-2-(5-acetoxypentyl)-2-cyclopentene
PAR  In the manner described for Example 16,
      2-(5-acetoxypentyl)-2-cyclopentenone (Example 57) is treated with
      methoxyamine hydrochloride in pyridine and ethanol to yield the subject
      compound, b.p. 101.degree.-103.degree.C. (0.20 mm.).
PAC  EXAMPLE 59
PAC  Preparation of 1-methoximino-2-(5-hydroxypentyl)-2-cyclopentene
PAR  A mixture of 74 g. (0.22 mole) of
      1-methoximino-2-(5-acetoxypentyl)-2-cyclopentene (Example 58) and 56 g.
      (1.0 mole) of potassium hydroxide in 300 ml. of 1:1 aqueous methanol is
      refluxed for 2 hours and then cooled. The solvent is partially removed in
      vacuo and the residue is partitioned between saturated brine and diethyl
      ether. The organic phase is washed with saturated brine, dried
      (MgSO.sub.4), and evaporated to yield an oil which crystallized, m.p.
      35.degree.-36.degree.C.
PAC  EXAMPLE 60
PAC  Preparation of 1-methoximino-2-(5-methanesulfonyloxypentyl)-2-cyclopentene
PAR  To a cold solution of 9.85 g. (0.05 mole) of
      1-methoximino-2-(5-hydroxypentyl)-2-cyclopentene (Example 59) and 7.6 g.
      (0.075 mole) of triethylamine in 100 ml. of methylene chloride at
      -10.degree.C. is added 6.3 g. (0.055 mole) of methanesulfonyl chloride at
      a rate to maintain a temperature of -10.degree. to 0.degree.C. The mixture
      is then stirred for 15 minutes and then poured into ice water. The organic
      phase is washed with cold 10% hydrochloric acid, cold saturated sodium
      bicarbonate solution, and cold saturated brine, dried (MgSO.sub.4), and
      evaporated to yield a solid, m.p. 78.degree.-80.degree.C.
PAC  EXAMPLE 61
PAC  Preparation of 1-methoximino-2-(6,6-dicarbethoxyhexyl)-2-cyclopentene
PAR  To a suspension of sodiodiethylmalonate in 1,2-dimethoxyethane, prepared
      from 248 g. (1.55 moles) of diethyl malonate and 17.2 g. (0.95 mole) of
      mineral oil free sodium hydride in 1 l. of 1,2-dimethoxyethane under
      nitrogen, is added 170 g. (0.62 mole) of
      1-methoximino-2-(5-methanesulfonyloxypentyl)-2-cyclopentene (Example 60)
      in 1.5 l. of 1,2-dimethoxyethane and the mixture is refluxed for 5 hours.
      The mixture is cooled, filtered, and the solvent is evaporated. The
      residue is partitioned between cold dilute hydrochloric acid and water,
      and the organic phase is washed with saturated brine, dried (MgSO.sub.4),
      and evaporated to remove solvent and excess diethyl malonate to yield 209
      g. of an oil.
PAC  EXAMPLE 62
PAC  Preparation of 1-methoximino-2-(6,6-dicarboxyhexyl)-2-cyclopentene
PAR  In the manner described in Example 20,
      1-methoximino-2-(6,6-dicarbethoxyhexyl)-2-cylcopentene is treated with
      potassium hydroxide in 1:1 aqueous methanol and then hydrochloric acid to
      yield the desired compound as crystals from diethyl ether, m.p.
      110.degree.-115.degree.C.
PAC  EXAMPLE 63
PAC  Preparation of 1-methoximino-2-(6-carboxyhexyl)-2-cyclopentene
PAR  A solution of 141 g. (0.50 mole) of
      1-methoximino-2-(6,6-dicarboxyhexyl)-2-cyclopentene in 500 ml. of
      bis-(2-methoxyethyl) ether is refluxed for 2 hours, cooled, and evaporated
       to yield an oil. The latter is crystallized from hexane to yield 92 g. of
      solid, m.p. 70.degree.-72.degree.C.
PAC  EXAMPLE 64
PAC  Preparation of 2(6-carboxyhexyl)-2-cyclopentenone
PAR  In the manner described in Example 22, treatment of
      1-methoximino-2-(6-carboxyhexyl)-2-cyclopentene (Example 63) with acetone
      and 2N hydrochloric acid at reflux provides the subject compound.
PAC  EXAMPLE 65
PAC  Preparation of 2-(6-carbethoxyhexyl)-2-cyclopentenone
PAR  Fischer estification of 2-(6-carboxyhexyl)-2-cyclopentenone (Example 64) in
      the manner of Example 23 provides the subject compound.
PAC  EXAMPLE 66
PAC  Preparation of
      1-methoximino-2-(6-fluoro-6,6-dicarbethoxyhexyl)-2-cyclopentene
PAR  To a solution of sodiodiethyl fluoromalonate, prepared from 2.062 g.
      (0.0491 mole) of sodium hydride in mineral oil (57.2%), 40 ml. of dry
      N,N-dimethylformanide and 8.174 g. (0.0458 mole) of diethyl fluoromalonate
      is added dropwise 11.32 g. (0.0413 mole) of
      1-methoximino-2-(5-methylsulfonyloxypentyl)-2-cyclopentene (Example 60) in
      60 ml. of N,N-dimethylformamide. The mixture is refluxed for 2 hours under
      a nitrogen atmosphere. The mixture is concentrated and partitioned between
      cold dilute hydrochloric acid and diethyl ether, and the organic phase is
      washed with saturated brine, dried (MgSO.sub.4), and evaporated to yield
      13.631 g. (92%) of a yellow oil.
PAC  EXAMPLE 67
PAC  Preparation of 1-methoximino-2-(6-fluoro, 6,6-dicarboxyhexyl)-2cyclopentene
PAR  A mixture of 13.631 g. of the diester of Example 66 and 16 g. of potassium
      hydroxide in 364 ml. of 1:1 aqueous methanol is refluxed for 5 hours,
      cooled, concentrated, and is partitioned between water and diethyl ether.
      The aqueous phase is acidified with hydrochloric acid, extracted with
      ether, and the organic phase is washed with saturated brine, dried
      (MgSO.sub.4) and evaporated to yield a solid. The solid is crystallized
      from diethyl ether petroleum ether (30.degree.-60.degree.C.) to give 10 g.
      (90%) of white crystals, m.p. 143.degree.-145.degree.C. (-CO.sub.2).
PAC  EXAMPLE 68
PAC  Preparation of 1-methoximino-2-(6-fluoro-6-carboxyhexyl)-2-cyclopentene
PAR  A solution of 10 g. of the diacid of Example 67 in 60 ml. of 2-methoxyethyl
      ether is refluxed for 7 hours, cooled, and evaporated to yield 8.5 g.
      (95%) of a tan solid. A sample is crystallized from diethyl
      ether-petroleum ether (30.degree.-60.degree.C.) to give white crystals,
      m.p. 98.degree.-100.degree.C.
PAC  EXAMPLE 69
PAC  Preparation of 2-6-fluoro-6-carboxyhexyl)cyclopent-2-en-1-one
PAR  The acid methoxime (8.5 g.) from Example 68 is refluxed for 5 hours with
      180 ml. of acetone and 64 ml. of 2N hydrochloric acid. The mixture is
      cooled, the solvent is evaporated, and the residue is partitioned between
      water and diethyl ether. The organic phase is washed with saturated brine,
      dried (MgSO.sub.4) and evaporated to yield 7.4 g. (98%) of a light yellow
      oil.
PAC  EXAMPLE 70
PAC  Preparation of 2-(6-fluoro-6-carbethoxyhexyl)cyclopent-2-en-1-one
PAR  The acid ketone (7.4 g.) from Example 69 is Fisher esterified with 300 ml.
      of absolute ethanol and 400 mg. of p-toluenesulfonic acid for 18 hours,
      cooled, and the solvent is evaporated. The resulting oil is dissolved in
      ether, washed with dilute sodium bicarbonate solution, and saline, dried
      (MgSO.sub.4), and evaporated to give 7.306 g. (86%) of a light yellow oil.
PAC  EXAMPLE 71
PAC  Preparation of 2-(7-cyanoheptyl)-1-methoximino-2-cyclopentene
PAR  Treatment of 1 methoximino-2-(7-p-toluenesulfonyloxy)-2-cyclopentene
      (Example 18) with sodium cyanide in the manner of Example 50 is productive
      of the subject compound.
PAC  EXAMPLE 72
PAC  Preparation of 2-(7-carboxyheptyl)-1-methoximino-2-cyclopentene
PAR  Alkaline hydrolysis of 2-(7-cyanoheptyl)-1-methoximono-2-cyclopentene
      (Example 71) by the procedure of Example 51 is productive of the subject
      compound.
PAC  EXAMPLE 73
PAC  Preparation of 2-(7-carboxyheptyl)-2-cyclopenten-1-one
PAR  Hydrolysis of the methoxime of Example 72 with acetonehydrochloric acid by
      the procedure of Example 52 is productive of the subject compound.
PAC  EXAMPLE 74
PAC  Preparation of 2-(7-carbethoxyheptyl)-2-cyclopenten-1-one
PAR  Fisher estification of the carboxylic acid of Example 73 by the procedure
      of Example 53 is productive of the subject compound.
PAC  EXAMPLE 75
PAC  Preparation of
      2-(6,6-dicarbethoxy-6-phenylhexyl)-1-methoximino-2-cyclopentene
PAR  Treatment of 1-methoximino-2-(5-methanesulfonyloxypentyl)-2-cyclopentene
      (Example 60) with sodio diethyl phenylmalonate by the procedure of Example
      61 is productive of the subject compound.
PAC  EXAMPLE 76
PAC  Preparation of 2-(6,6-dicarboxy-6-phenylhexyl)-2-methoximono-2-cyclopentene
PAR  Alkaline hydrolysis of
      2-(6,6-dicarbethoxy-6-phenylhexyl)-1-methoximino-2-cyclopentene (Example
      75) by the procedure of Example 20 is productive of the subject diacid.
PAC  EXAMPLE 77
PAC  Preparation of 2-(6-phenylhexyl)-1-methoximino-2-cyclopentene
PAR  Decarboxylation of
      2-(6,6-dicarboxy-6-phenylhexyl)-1-methoximino-2-cyclopentene (Example 76)
      by the procedure of Example 63 is productive of the subject compound.
PAC  EXAMPLE 78
PAC  Preparation of 2-(6-carboxy-6-phenylhexyl)-2-cyclopentene-1-one
PAR  Methoxime cleavage of
      2-(6-carboxy-6-phenylhexyl)-1-methoximino-2-cyclopentene (Example 77) in
      the manner of Example 69 is productive of the subject ketone.
PAC  EXAMPLE 79
PAC  Preparation of 2-(6-carbethoxy-6-phenylhexyl)-2-cyclopenten-1-one
PAR  Fisher esterification of the carboxylic acid of Example 78 in the manner of
      Example 70 is productive of the subject keto-ester.
PAC  EXAMPLE 80
PAC  Preparation of
      2-(6-fluoro-6,6-dicarbethocyhexyl)-1-methoximino-2-cyclopentene
PAR  An ethanolic solution of sodium ethoxide, prepared from 0.389 g. of sodium
      and 40 ml. of absolute ethanol, is treated at ambient temperatures with
      5.05 g. of 2-(6,6-dicarbethoxyhexyl)-1-methoximino-2-cyclopentene (Example
      61). The resulting solution is cooled to -20.degree.C. and then treated
      with a stream of perchloryl fluoride until the mixture becomes neutral.
      The excess perchloryl fluoride is removed with a stream of nitrogen and
      the mixture is retreated with 10 ml. of an ethanolic solution of sodium
      ethoxide (from 0.350 g. of sodium) and then with perchloryl fluoride until
      the mixture becomes neutral. The excess perchloryl fluoride is removed
      with a stream of nitrogen and the mixture is filtered and evaporated to an
      oil. The latter is partitioned between ether and water and the organic
      phase is washed with saturated saline, dried (Na.sub.2 SO.sub.4) and
      evaporated to afford the subject compound.
PAC  EXAMPLE 81
PAC  Preparation of 2-(6-carbo-n-butoxyhexyl)cyclopent-2-en-1-one
PAR  A solution of 50 g. of 2-(6-carboxyhexyl)cyclopent-2-en-1-one [Bagli et
      al., Tetrahedron Letters, No. 5, 465 (1966)] in 1400 ml. of n-butanol
      containing 2.7 g. of p-toluenesulfonic acid monohydrate is allowed to
      stand at room temperature in a stoppered flask for about 24 hours. The
      solution is taken to dryness. The residue is taken up in ether and the
      ethereal solution is washed several times with saline solution, dried with
      anhydrous magnesium sulfate, and taken to dryness to afford the subject
      butyl ester.
PAC  EXAMPLES 82-84
PAR  Treatment of 2-(6-carboxyhexyl)cyclopent-2-en-1-one by the precedure of
      Example 81 with the appropriate alcohol affords the ester of the following
      table.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Ex.  Alcohol    Product Ester                                             

     ______________________________________                                    

     82   isopropanol                                                          

                     2-(6-carboisopropoxyhexyl)cyclopent-2-                    

     en-1-one                                                                  

     83   methanol   2-(6-carbomethoxyhexyl)cyclopent-2-en-                    

     1-one                                                                     

     84   1-hydroxy- 2-(6-carbo-n-decyloxyhexyl)cyclopent-2-                   

     n-decane                                                                  

     en-1-one                                                                  

     ______________________________________                                    

PAC  EXAMPLE 85
PAC  Preparation of diethyl (5-chloro-1,1-dimethylpentyl)malonate
PAR  To magnesium (71 g. 2.92 moles) under 1 l. of ether containing a few
      crystals of iodine is added dropwise 1-chloro-4-bromobutane (500 g., 2.92
      moles) over a period of 30 minutes with stirring under nitrogen. The
      reaction is maintained at a temperature of 0.degree.C. to 5.degree.C. by
      immersing in an acetone-Dry Ice bath periodically. After stirring for 30
      minutes at room temperature, the solution is chilled to below 0.degree.C.
      and is then transferred to a dropping funnel from which it is added
      dropwise to diethyl isopropylidene malonate (440 g., 2.19 moles) [A. C.
      Cope and E. M. Hancock, J.A.C.S. 60, 2644 (1938)] dissolved in 1000 ml. of
      ether containing the tri(n-butyl)phosphine complex of copper (I) iodide
      (57g.) [G. B. Kaufman and L. A. Teter, Inorganic Synthesis, 7, 9(1963)] at
      -10.degree.C. with stirring under nitrogen over a period of 2 hours. After
      stirring at room temperature for  4 hours, the reaction mixture is poured
      into cold dilute hydrochloric acid and is extracted with ether. The
      combined ether extracts are washed with saline solution, dried over
      magnesium sulfate, and concentrated in vacuo to give 700 g. of crude amber
      oil, which is distilled under vacuum to yield two fractions: 212.4 g. with
      b.p. at 110.degree.C-135.degree.C. at 0.3 mm. and 100.0 g. with b.p. at
      135.degree.C.-145.degree.C. at 0.3 mm. The total yield is 312.4 g. (49%).
PAC  EXAMPLE 86
PAC  Preparation of 3,3-dimethyl-7-chloroheptanoic acid
PAR  A mixture containing diethyl 5-(5-chloro-1,1-dimethylpentyl)malonate (648
      g., 2.22 moles) potassium hydroxide (460 g.) and eight liters of 1:1
      isopropanol: water is stirred at room temperature overnight. Most of the
      isopropanol is distilled and the residue is diluted with water, and then
      carefully acidified with conc. hydrochloric acid. The mixture is extracted
      with ether and the extracts are washed with water and saline, dried over
      magnesium sulfate and concentrated in vacuo to give 548 g. of crude oil.
      The oil is dissolved in 3 liters of diglyne which is heated under reflux
      for 16 hours. About 2.7 l. of solvent is distilled, and the remainder is
      diluted with water and extracted with ether. The extracts are washed with
      saline, dried over magnesium sulfate and concentrated in vacuo to give 428
      g. of crude oil (99%).
PAC  EXAMPLE 87
PAC  Preparation of ethyl 3,3-dimethyl-7-chloroheptanoate
PAR  To a solution of 3,3-dimethyl-7-chloroheptanoic acid (428 g., 2.21 moles)
      in 3 l. of chloroform containing 3 ml. of N,N-dimethylformamide is added
      500 ml. of thionyl chloride and the resulting solution is tested under
      reflux for 3 hours. The reaction solution then is concentrated in vacuo
      and the residual acid chloride is dissolved in a minimum amount of benzene
      and added slowly to a solution containing 1260 ml. of 95% ethanol and 2520
      ml. of benzene and 390 ml. of collidine. After heating under reflux for
      one hour, the solution is concentrated and the residue is dissolved in
      ether washed with water, dilute sodium bicarbonate solution and saline
      solution, dried over magnesium sulfate and concentrated to give 415 g. of
      crude oil, which is distilled under vacuum to yield two fractions: 46.6 g.
      boiling at 75.degree.C. (0.3 mm.) and 236.7 g. boiling at 75.degree.C. -
      80.degree.C (0.3 mm). The total yield is 283.3 g. (60%) and the product is
      indicated to be 95% pure by g.l.c.
PAC  EXAMPLE 88
PAC  Preparation of methyl/ethyl 2-(6-carbethoxy-5,5-dimethylhexyl)
      cyclopentanone-2-carboxylate
PAR  Sodium hydride (67 g., 1.55 moles) is placed in a three l. round-bottom
      flask and to this is added 1.1 liters of glyme from a dropping funnel
      under nitrogen flow and with stirring. To the resulting grayish mixture is
      added the 2-carbalkoxycyclopentanone (mixed methyl and ethyl esters)
      dropwise over a period of 45 minutes with nitrogen flow whilst the
      temperature is maintained in the range of 40.degree.-55.degree.. Ethyl
      3,3-dimethyl-7-chloroheptanoate (283 g., 1.28 moles) and potassium iodide
      (195 g., 1.32 moles) are added and the mixture is heated at reflux
      overnight. After most of the solvent is distilled, the residue is made
      acidic with dilute hydrochloric acid and is then extracted with ether. The
      ether extracts are washed with water and saline solution, dried over
      magnesium sulfate, and concentrated in vacuo to 500 g. of crude yellow
      oil, which is distilled to give 405 g. (94% yield) of oil with b.p.
      140.degree.-180.degree. (0.8 mm).
PAC  EXAMPLE 89
PAC  Preparation of 7-(2-Cyclopentanone)-3,3 dimethylheptanoic acid
PAR  Methyl/Ethyl 2-(6-carbethoxy-5,5-dimethylhexyl)
      cyclopentanone-2-carboxylate (200 g., 0.6 moles), glacial acetic acid (180
      ml) and 240 ml. of diluted hydrochloric acid, prepared from 100 ml. of
      conc. hydrochloric acid and 300 ml. of water, are placed in a 2 l. flask,
      containing a reflux condenser and a magnetic stirrer. The mixture then is
      stirred at reflux for 24 hours. The reaction mixture is cooled, 1 l. of
      water is added and the mixture is extracted several times with benzene.
      The organic extracts are combined, washed with saturated sodium chloride
      solution, dried over magnesium sulfate, filtered and concentrated to an
      oil (173.5 g.). The oil is rendered basic with sodium hydroxide solution,
      extracted with benzene and made acidic with hydrochloric acid and
      reextracted with benzene several times. The benzene layers are combined
      and washed with water, saturated sodium chloride solution, dried over
      magnesium sulfate, filtered and concentrated to yield 109.8 g. (78%) of
      crude oil which was used without further purification in the next step.
PAC  EXAMPLE 90
PAC  Preparation of Ethyl 7-(2-Cyclopentanone)-3,3-dimethylheptanoate
PAR  To a solution of 7-(2-cyclopentanone)-3,3-dimethylheptanoic acid (45 g.,
      0.22 mol.) in 285 ml. of chloroform containing three drops of
      N,N-dimethylformamide is added dropwise 25 ml. of thionyl chloride. The
      solution is stirred at room temperature for 20 minutes, the solvent is
      removed at reduced pressure and the residual acid chloride is dissolved in
      a minimum amount of benzene and added slowly to a solution containing 115
      ml. of ethanol, 230 ml. benzene and 30 ml. of collodine. This solution is
      heated under reflux for 15 minutes and then concentrated. The residue is
      dissolved in ether, washed with water, diluted sodium bicarbonate solution
      and saline solution, dried over magnesium sulfate and concentrated to give
      51 g. of crude oil. Distillation gives 40 g. (67%) b.p.
      135.degree.-145.degree. (0.1 mm.) of oil.
PAC  EXAMPLE 91
PAC  Preparation of 1-Acetoxy-2-(6-carbethoxy-5,5-dimethylhexyl)cyclopent-1-ene
PAR  A solution of ethyl 7-(2-cyclopentanone)-3,3-dimethylheptanoate (90 g.,
      0.336 mol.) and p-toluenesulfonic acid (0.94 g.) in 250 ml. of acetic
      anhydride is heated to boiling under partial reflux, allowing distillate
      at 118.degree. or less (i.e. acetic acid) to escape thru a Vigreux column
      equipped with a condenser to collect the distillate. After ten hours 130
      ml. of distillate is collected. Another 50 ml. of acetic anhydride is
      added and the reaction is heated for five more hours; an additional 125
      ml. of acetic anhydride is added, the reaction is heated for seven more
      hours; finally another 50 ml. of acetic anhydride is added and heating is
      continued for 4 more hours. The solution is cooled and poured (cautiously)
      into a cold (0.degree.-5.degree.) mixture of saturated aqueous sodium
      bicarbonate (400 ml.) and hexane (250 ml.). The resulting cold mixture is
      stirred for thirty minutes during which time portions of solid sodium
      bicarbonate are added periodically until carbon dioxide evaluation ceases.
      The hexane layer is separated and washed with saturated sodium chloride
      solution until the washings are neutral, dried over magnesium sulfate and
      treated with Darco decolorizing charcoal for clarification and then
      evaporated to dryness leaving an amber colored oil (87.5 g., 84%).
PAC  EXAMPLE 92
PAC  Preparation of 2-(6-Carboxy-5,5-dimethylhexyl)cyclopent-2-en-1-one
PAR  To a rapidly stirred mixture of
      1-acetoxy-2-(6-carbethoxy-5,5-dimethylhexyl)cyclopent-1-ene (35 g., 0.113
      mole) chloroform (95 ml.), water (125 ml.) and calcium carbonate (11.8 g.)
      cooled in an ice-bath is added dropwise over a period of 30 minutes a
      solution of bromide (18.8 g.) in carbon tetrachloride (31 ml.). After
      stirring in the cold for an additional 45 minutes the orange colored
      chloroform layer is separated and washed with dilute sodium bisulfite and
      saturated saline solution, dried over magnesium sulfate and taken to
      dryness in vacuo (bath temperature: 35.degree.-40.degree.) leaving an
      amber colored oil. A slurry of 100 ml. of N,N-dimethylacetamide and 16.5
      g. of CaCO.sub.3 is stirred and heated to reflux under nitrogen flow. The
      above dried oil is added from a dropping funnel rapidly, maintaining
      reflux and nitrogen flow for 30 minutes. The cooled reaction mixture is
      filtered, and the precipitate is washed with ether. The filtrate is poured
      into two liters ice-cold water and is extracted with ether. The combined
      extracts and washing is washed with water, saturated saline, treated with
      decolorizing charcoal, filtered. The solvent evaporated in vacuo to give
      24 g. (77%) of subject product.
PAC  EXAMPLE 93
PAC  Preparation of 4-bromo-2(6-carboxyhexyl)cyclopent-2-en-1-one
PAR  A stirred mixture of 35.9 g. (0.171 moles) of 2-(6-carboxyhexyl)
      cyclopent-2-en-1-one [Bagli et al., Tetrahedron Letters, No. 5, 465
      (1966)], 35.0 g. (0.197 moles) of N-bromosuccinimide, and 600 ml. of
      carbon tetrachloride is refluxed for 35 minutes. The mixture is cooled to
      5.degree.C. and filtered. The filtrate is washed with cold water, dried
      over magnesium sulfate, and taken to dryness to give an oil,
      .lambda..sup.MeOH.sub.max. = 225 m.mu. (8850); .nu.max. = 1705 (carbonyl
      groups) and 1625. cm.sup.-.sup.1 (olefin group).
PAC  EXAMPLE 94
PAC  Preparation of 2-(6-carboxyhexyl)-4-hydroxy-cyclopent-2-en-1-one
PAR  To a stirred solution of 10.6 g. (ca. 34 mmoles) of crude
      4-bromo-2-(6-carboxyhexyl)cyclopent-2-en-1-one (Example 93) in 100 ml. of
      acetone and 65 ml. of water is added 8.80 g. (45.2 mmoles) of silver
      fluoborate during 2 minutes. The temperature is maintained at
      25.degree.-30.degree.C. by external cooling. The mixture is stirred for 90
      minutes, filtered, saturated with sodium chloride, and extracted with
      ether. The extract is extracted with half saturated sodium bicarbonate
      solutions. The basic solutions is reacidified with dilute hydrochloric
      acid, saturated with sodium chloride, and extracted with ether. the
      extract is washed with water and saturated sodium chloride solution, dried
      over magnesium sulfate, and concentrated. The crude product is purified by
      partition chromatography on Celite to give an oil;
      .lambda..sup.MeOH.sub.max. = 233 m.mu.. (7360); .nu.max. = 3380 (hydroxyl
      groups), 1710 (carbonyl groups), and 1632 cm.sup.-.sup.1 (olefin group).
PAC  EXAMPLE 95
PAC  Preparation of
      4-tetrahydropyranyloxy-2-(6-tetrahydropyranylcarboxyhexyl)cyclopent-2-en-1
     -one
PAR  To a stirred solution of 5.59 g. (24.6 mmoles) of
      4-hydroxy-2-(6-carboxyhexyl) cyclopent-2-en-1-one (Example 94) and 20.7 g.
      (246 mmoles) of dihydropyran in 100 ml. of methylene chloride at
      20.degree.C is added 47 mg. (0.246 mmoles) of p-toluenesulfonic acid
      monohydrate in one portion. The temperature is maintained at
      20.degree.-25.degree.C. by cooling and is stirred for one hour at that
      temperature. The solution is diluted with 200 ml. of ether and poured into
      a mixture of 40 ml. of saturated sodium bicarbonate solution, 40 ml. of
      saturated sodium chloride solution, and 80 ml. of water. The phases are
      separated, and the aqueous phase is extracted with additional ether. The
      total extract is washed successively with water and saturated sodium
      chloride solution, dried over potassium carbonate, and freed of volatile
      matter by concentration at reduced pressure to give an oil,
      .lambda..sup.MeOH.sub.max. = 223 m.mu. (9500); .nu.max. 1730 (ester
      carbonyl group), 1705 (ketone carbonyl group), and 1030 cm.sup.-.sup.1
      (tetrahydropyranyloxy groups).
PAC  EXAMPLE 96
PAC  Preparation of 2-(6,6-dicarbethoxyheptyl)-2-cyclopentenone methoxime
PAR  The subject compound is prepared from sodio diethyl methylmalonate and
      2-(5-methanesulfonyloxypentyl)-2-cyclopentenone methoxime (Example 60) by
      the procedure described in Example 61.
PAC  EXAMPLE 97
PAC  Preparation of 2-(6-carboxyheptyl)-2-cyclopentenone methoxime
PAR  Saponification of 2-(6,6-dicarbethoxyheptyl)-2-cyclopentenone methoxime
      (Example 96) with potassium hydroxide by the method of Example 20 is
      productive of 2-(6,6-dicarboxyheptyl)-2-cyclopentenone methoxime,
      decarboxylation of which in the manner of Example 83 provides the subject
      compound.
PAC  EXAMPLE 98
PAC  Preparation of 2-(6-carboxyheptyl)-2-cyclopentenone
PAR  Methoxime cleavage of 2-(6-carboxyheptyl)-2-cyclopenteneone methoxime
      (Example 97) in the manner of Example 22 provides the subject ketone.
PAC  EXAMPLE 99
PAC  Preparation of 2-(6-carbethoxyheptyl)-2-cyclopentenone
PAR  Esterification with ethanol of the acid chloride derived from
      2-(6-carboxyheptyl)-2-cyclopentenone in the manner of Example 31 is
      productive of the subject compound.
PAC  EXAMPLE 100
PAC  Preparation of ethyl (methyl) 7-(2-
      carbethoxycyclohexan-1-on-2-yl)heptanoate
PAR  To a stirred suspension of 51 g. of sodium hydride (57% in mineral oil) in
      675 ml. of dimethylformamide is added 200 g. of 2-cyclohexanone
      carboxylate (60% ethyl - 40% methyl esters) over a 1-5 hr. period with
      external cooling to maintain the temperature at 20.degree.-25.degree.C.
      The reaction mixture is stirred at ambient temperature for 15 minutes and
      heated to 50.degree.C. over 15 minutes. To the stirred mixture is added
      300 g. of ethyl 7-bromoheptanoate during a 10 minute period. The reaction
      mixture is stirred at 50.degree.-60.degree.C. for 4 hours, cooled, and
      poured into water. The product is obtained by ether extraction. The
      extract is washed successively with water and saturated sodium chloride,
      dried and evaporated to give a liquid which is purified by distillation,
      IR 1735 cm.sup.-.sup.1 (ester carbonyls) and 1710 cm.sup.-.sup.1 (ketone
      carbonyl).
PAC  EXAMPLE 101
PAC  Preparation of 7-(cyclohexan-1-on- 2-yl)heptanoic acid
PAR  A stirred mixture of 380 g. of mixed methyl and ethyl esters of
      7-(2-carbethoxycyclohexan-1-on-2-yl)heptanoate (Example 10), 202 ml. of
      concentrated sulfuric acid, 970 ml. of glacial acetic acid, and 970 ml. of
      water is refluxed for 22.5 hours. The cooled reaction mixture is treated
      with 380 g. of sodium carbonate and 2 liters of water and is extracted
      with ether. Acidic material is partitioned from the ether extract with
      1.0M sodium carbonate. The aqueous phase is acidified with concentrated
      hydrochloric acid and extracted with ether. The extract is washed
      successively with water and saturated sodium chloride, dried, and
      evaporated to give an oil.
PAC  EXAMPLE 102
PAC  Preparation of ethyl 7-(cyclohexan-1-on-2-yl)heptanoate
PAR  A solution of 232 g. of 7-(cyclohexan-1-on-2-yl)heptanoic acid in 2500 ml.
      of ethanol is refluxed for 4.5 hours with 3.8 g. of p-toluenesulfonic acid
      monohydrate. The solution is diluted with 200 ml. of benzene, and boiling
      is continued for 2 hours as 200 ml. of distillate is removed. The volume
      of the solution is concentrated to 500 ml. After dilution with 500 ml. of
      ether the solution is extracted with a solution prepared from 50 ml. of
      saturated sodium bicarbonate, 50 ml. of saturated sodium chloride, and 100
      ml. of water. The extract is washed with saturated sodium chloride, dried,
      and evaporated. The product is purified by distillation to give a liquid,
      IR 1740 cm.sup.-.sup.1 (ester carbonyl) and 1715 cm.sup.-.sup.1 (ketone
      carbonyl).
PAC  EXAMPLE 103
PAC  Preparation of
      2-carbalkoxy(methyl/ethyl)-2-(3-carbethoxypropyl)cyclohexan-1-one
PAR  The subject compound is prepared in the manner described in Example 10 by
      treatment of 2-cyclohexanone carboxylate (mixed methyl and ethyl esters)
      with sodium hydride and ethyl 4-iodobutyrate.
PAC  EXAMPLE 104
PAC  Preparation of 2-(3-carbethoxypropyl)cyclohexan-1-one
PAR  This compound is prepared from
      2-carbalkoxy(methyl/ethyl)-2-(3-carbethoxypropyl)cyclohexan-1-one (Example
      13) by decarbalkoxylation according to the procedure described in Example
      11 followed by esterification by the procedure of Example 12.
PAC  EXAMPLE 105
PAC  Preparation of 2-(5-carbethoxypentyl)cyclohexan-1-one
PAR  This compound is prepared by alkylation of 2-cyclohexanone carboxylate
      (mixed methyl and ethyl esters) with ethyl 6-bromohexanoate according to
      the procedure of Example 10, followed by decarbalkoxylation according to
      the procedure of Example 11 and finally esterification by the procedure of
      Example 12.
PAC  EXAMPLE 106
PAC  Preparation of 2-(7-carbethoxyheptyl)cyclohexan-1-one
PAR  Alkylation of 2-cyclohexanone carboxylate (mixed methyl and ethyl esters)
      with ethyl 8-bromoctanoate in accordance with the procedure of Example 10,
      followed by decarbalkoxylation by the procedure of Example 11 and then
      esterification by the procedure of Example 12 is productive of the subject
      compound.
PAC  EXAMPLE 107
PAC  Preparation of ethyl 7-(1-acetoxycyclohex-1-en-2-yl)heptanoate
PAR  A stirred solution of 28.0 g. of ethyl 7-(cyclohexan-1-on-2-yl)heptanoate
      (Example 12), 170 mg. of p-toluenesulfonic acid monohydrate, and 25.6 g.
      of acetic anhydride is heated for 5 hours while allowing 8.0 g. of
      distillate to distill. The cooled solution is poured into a stirred,
      ice-cold mixture of 500 ml. of saturated sodium bicarbonate and 250 ml. of
      hexane. After 1 hour the hexane phase is separated, dried, and evaporated.
      The crude product is distilled to give a liquid, IR 1760 cm.sup..sup.-1
      (vinyl ester carbonyl) and 1740 cm.sup..sup.-1 (ethyl ester carbonyl).
PAC  EXAMPLE 108
PAC  Preparation of 1-acetoxy-2-(3-carbethoxypropyl)cyclohex-1-ene
PAR  Treatment of 2-(3-carbethoxypropyl)cyclohexan-1-one (Example 14) with
      acetic anhydride by the procedure of Example 24 is productive of the
      subject compound.
PAC  EXAMPLE 109
PAC  Preparation of 1-acetoxy-2-(5-carbethoxypentyl)cyclohex-1-ene
PAR  Treatment of 2-(5-carbethoxypentyl)cyclohexan-1-one (Example 15) with
      acetic anhydride by the procedure of Example 24 is productive of the
      subject compound.
PAC  EXAMPLE 110
PAC  Preparation of 1-acetoxy-2-(7-carbethoxyheptyl)cyclohex-1-ene
PAR  Treatment of 2-(7-carbethoxyheptyl)cyclohexan-1-one (Example 16) with
      acetic anhydride by the procedure of Example 24 is productive of the
      subject compound.
PAC  EXAMPLE 111
PAC  Preparation of ethyl 7-(cyclohex-2-en-1-one-2-yl)heptanoate
PAR  To a stirred solution of ethyl 7-(1-acetoxycyclohex-1-en-2-yl)heptanoate
      (Example 24) in 750 ml. of acetic acid and 125 ml. of pyridine at
      10.degree.C. is added a solution of 13.8 g. of bromine in 200 ml. of
      acetic acid over 20 minutes. The resulting solution is allowed to stand at
      ambient temperature for 45 minutes and is then decolorized with sodium
      sulfite. The solution is poured into 800 ml. of half-saturated sodium
      chloride and extracted with 1:1 hexane-ether. The extract is washed
      successively with water and saturated sodium chloride, dried over sodium
      carbonate, and evaporated to give 32 g. of the crude bromoketone. To a
      stirred suspension of 14.2 g. of lithium bromide and 16.6 g. of lithium
      carbonate in 250 ml. of anhydrous dimethylformamide at 80.degree.C. is
      added to the above bromoketone. The stirred mixture is heated to boiling
      over 20 minutes and refluxed for 15 minutes. The cooled mixture is poured
      into 1000  ml. of water, acidified with dilute hydrochloric acid, and
      extracted with ether. The extract is washed successively with water and
      saturated sodium chloride, dried, and evaporated. The product is purified
      by distillation to give a liquid, IR 1740 cm.sup..sup.-1 (ester carbonyl),
      1685 cm.sup..sup.-1 (ketone carbonyl), and 1650 cm.sup..sup.-1 (olefin);
      NMR (CCl.sub.4) 6.63 (multiplet, vinyl proton).
PAC  EXAMPLE 112
PAC  Preparation of 2-(3-carbethoxypropyl)cyclohex-2-en-1-one
PAR  In accordance with the procedure of Example 40, bromination of
      1-acetoxy-2-(3-carbethoxypropyl)cyclohex-1-ene (Example 25) followed by
      treatment with lithium bromide and lithium carbonate is productive of the
      subject compound.
PAC  EXAMPLE 113
PAC  Preparation of 2-(5-carbethoxypentyl)cyclohex-2-ene-1-one
PAR  By the procedure of Example 40, bromination of
      1-acetoxy-2-(5-carbethoxypentyl)cyclohex-1-ene (Example 26) followed by
      treatment with lithium bromide and lithium carbonate is productive of the
      subject compound.
PAC  EXAMPLE 114
PAC  Preparation of 2-(7-carbethoxyheptyl)cyclohex-1-en-2-one
PAR  By the procedure of Example 40, bromination of
      1-acetoxy-2-(7-carbethoxyheptyl)cyclohex-1-ene (Example 27) followed by
      treatment with lithium bromide and lithium carbonate is productive of the
      subject compound.
PAC  EXAMPLE 115
PAC  Preparation of 2-(4-p-toluenesulfonyloxybutyl)-1-methoximino-2-cyclopentene
PAR  In the manner described in Example 34, treatment of
      2-(4-hydroxybutyl)-1-methoximino-2-cyclopentene with p-toluene sulfonyl
      chloride in pyridine gives the subject product as a light yellow oil; IR
      (film): 1600, 1190, 1050, 885 cm.sup..sup.-1.
PAC  EXAMPLE 116
PAC  Preparation of 2-(6-carbethoxy-5-thiahexyl)-1-methoximino-2-cyclopentene
PAR  To a stirred mixture of 1.465 g. (0.0348 mole) of sodium hydride (57.2% in
      mineral oil) in 50 ml. of dimethoxyethane, under nitrogen, is added slowly
      4.8 g. (0.0347 mole) of ethyl-2-mercaptoacetate. The reaction mixture is
      stirred at room temperature for one hour and then a solution of 7.8 g.
      (0.0231 mole) of
      2-(4-p-toluenesulfonyloxybutyl)-1-methoximino-2-cyclopentene in 30 ml. of
      dimethoxyethane is added dropwise and stirred at room temperature for 18
      hours. The solution is heated at reflux for 1 hour, cooled and poured into
      cold dilute hydrochloric acid and then extracted with ether. The combined
      ether extracts are washed with saline, dried over magnesium sulfate and
      evaporated to give 7.6 g. of subject product as a yellow oil.
PAC  EXAMPLE 117
PAC  Preparation of 2-(6-carboxy-5-thiahexyl)-2-cyclopentenone
PAR  In the manner described in Example 38, treatment of
      2-(6-carbethoxy-5-thiahexyl)-1-methoximino-2-cyclopentene with acetone and
      2N hydrochloric acid at reflux gives the subject product as a yellow oil.
PAC  EXAMPLE 118
PAC  Preparation of 2-(6-carbethoxy-5-thiahexyl)-2-cyclopentenone
PAR  In the manner described in Example 39, treatment of
      2-(6-carboxy-5-thiahexyl)-2-cyclopentenone with p-toluenesulfonic acid in
      ethanol gives the subject ester as a yellow oil.
PAC  EXAMPLE 119
PAC  Preparation of 3-triphenylmethoxy-1-octyne
PAR  A mixture of 1.26 g. (10.0 mmoles) of 1-octyn-3-ol, 4.85 g. (15.0 mmoles)
      of triphenylmethyl bromide, and 50 ml. of dry pyridine is heated at
      95.degree.C. for 60 minutes with occasional swirling. The solution is
      cooled, treated with water, and extracted with ether. The extract is
      washed successively with water and saturated sodium chloride solution,
      dried over magnesium sulfate, and concentrated. The crude product is
      purified by chromatography on Florisil and recrystallization from
      petroleum ether to give white crystals, m.p. 65.degree.-66.5.degree., .nu.
      max. (KBr) 3280 (acetylenic hydrogen), 1605, 1030, and 702 cm.sup..sup.-1
      (triphenylmethoxy group).
PAC  EXAMPLE 120
PAC  Preparation of ethyl 9-oxo-15-triphenylmethoxy-13-trans-8.xi.-prostenoate
PAR  A stirred solution of 7.37 g. (20.0 mmoles) of 3-triphenylmethoxy-1-octyne
      (Example 119) in 10 ml. of benzene is treated with 16.7 mg. of 1.2 M
      diisobutylaluminum hydride in hexane, and the resulting solution is heated
      at 50.degree.C. for 2 hours. The solution is cooled to 0.degree.C. and
      treated with 10.5 ml. of 1.7 M methyl lithium in ether. After stirring for
      a 20 minute period at ambient temperature, the alanate solution is cooled
      to 0.degree.C. and treated with a solution of 3.98 g. (16.7 mmoles) of
      2-(6-carbethoxyhexyl)cyclopent-2-en-1-one (Example 13) in 5 ml. of ether.
      The resulting solution is stirred at ambient temperature for 22.5 hours,
      diluted with ether, and poured into a stirred mixture 2N acetic acid and
      ice. After stirring until methane evolution ceases, the organic phase is
      separated and washed successively with water and saturated sodium chloride
      solution. The extract is dried over magnesium sulfate and concentrated.
      The crude product in the residue is purified by chromatography on silica
      gel to give an oil, .nu. max. 1735 (carbonyl groups), 967 (trans vinyl
      group), and 705 cm.sup..sup.-1 (triphenylmethoxy group).
PAC  EXAMPLE 121
PAC  Preparation of ethyl 15-hydroxy-9-oxo-13-trans-prostenoate
PAR  A 0.05M solution of ethyl
      9-oxo-15-triphenylmethoxy-13-trans-8.xi.-prostenoate (Example 120) in
      glacial acetic acid-tetrahydrofuran-water (4:2:1) is heated at
      45.degree.C. for 3.5 hours. The solvents are evaporated at reduced
      pressure, and the residue is dissolved in ether. The solution is washed
      successively with water, 0.5N sodium bicarbonate solution, and saturated
      sodium chloride solution; dried over magnesium sulfate; and concentrated.
      Column chromatography of the crude product on silica gel gives two
      epimeric substances which are purified separately by thin layer
      chromatography to give oils differing only in chromatographic behavior,
      .nu. max. 3470 (hydroxy group), 1735 (carbonyl groups), and 967
      cm.sup..sup.-1 (trans vinyl group).
PAC  EXAMPLE 122
PAC  Preparation of 15-hydroxy-9-oxo-13-trans-prostenoic acid
PAR  A solution of 2 g. of ethyl 15-hydroxy-9-oxo-13,14-trans-prostenoate
      (Example 121) (mixture of racemates) in 32 ml. of methanol-water (1:1),
      containing 850 mg. of potassium hydroxide is stirred at ambient
      temperature for 18 hours. After acidification with 10% hydrochloric acid,
      the solution is extracted with ether several times. The combined ether
      extracts are washed with saturated sodium chloride solution, dried with
      anhydrous magnesium sulfate and taken to dryness to give 1.69 g. (92%) of
      an oil which partially crystallizes. Recrystallized from etherhexane gives
      white crystals, m.p. 79.degree.-81.degree.C.; nmr .delta. 6.36 (s,
      hydroxyl and carboxyl groups), 5.61 (t, olefinic protons), 4.12 (s,
      C.sub.15 -H) and 0.90 (s, terminal methyl).
PAC  EXAMPLE 123
PAC  Preparation of tetrahydropyran-2-yl 9-oxo-11-tetrahydropyranyloxy-
      15-triphenylmethoxy-13-trans-8.xi.-prostenoate
PAR  In the manner described in Example 120, 13.6 g. (37 mmoles) of
      3-triphenylmethoxy-1-octyne (Example 119) contained in 18.5 ml. of benzene
      in converted to an alanate reagent by treatment with 31 ml. of 1-2M
      diisobutylaluminum hydride in hexane and 21 ml. of 1.7M methyl lithium in
      ether. To the stirred, ice-cold reagent is added a solution of 10.97 g.
      (24.6 mmoles) of
      2-(6-tetrahydropyranylcarboxyhexyl)-4-tetrahydropyranyloxycyclopent-2-en-1
     -one (Example 95) in 10 ml. of ether during 10 minutes. The resulting
      solution is stirred at ambient temperature for 20 hours, diluted with
      ether, and poured into a stirred mixture of 2N hydrochloric acid and ice.
      The organic phase is separated and washed successively with water and
      saturated sodium chloride solution. The extract is dried over magnesium
      sulfate, and the solvents are evaporated at reduced pressure to give the
      crude product as an oil, .nu. max. 1735 (carbonyl groups), 1030
      (tetrahydropyranyloxy groups), 970  (trans vinyl group), and 705
      cm.sup..sup.-1 (triphenylmethoxy group).
PAC  EXAMPLE 124
PAC  Preparation of 11,15-dihydroxy-9-oxo-13-trans-prostenoic acids
PAR  A 0.05M solution of crude tetrahydropyran-2-yl
      9-oxo-11-tetrahydropyranyloxy-15-triphenylmethoxy-13-trans-prostenoate
      (Example 123) in glacial acetic acid-tetrahydrofuran-water (4:2:1) is
      heated at 45.degree.C. for 3.5 hours. The solution is diluted with water
      and extracted with ether. The extract is washed successively with water
      and saturated sodium chloride solution and dried over magnesium sulfate.
      The solvents are removed at reduced pressure. Column chromatography of the
      residue on acid-washed silica gel gives the title compounds as a pair of
      epimeric substances which are purified separately by partition
      chromatography.
PAR  The fast-running epimer (15-epi-d,1-prostaglandin E.sub.1) is obtained as
      an oil, .nu. max. 1735 (ketone carbonyl group), 1710 (acid carbonyl
      group), and 967 cm.sup..sup.-1 (trans vinyl group); NMR (acetone-d.sub.6)
      5.68 (multiplet, vinyl hydrogens) and 4.11 .delta.(multiplet, carbinolic
      hydrogens).
PAR  The slow-running epimer (d,1-prostaglandin E.sub.1) is recrystallized from
      ethyl acetate-petroleum ether to give white crystals, m.p.
      100.degree.-105.degree.C., .nu. max. (KBr) 1725 (ketone carbonyl group),
      1700 (acid carbonyl group), and 970 cm.sup..sup.-1 (trans vinyl group);
      NMR (acetone-d.sub.6) 5.67 (multiplet, vinyl hydrogens) and 4.12
      (multiplet, carbinolic hydrogens).
PAC  EXAMPLES 125 to 139
PAC  In accordance with the method described in Example 119, the various
      3-hydroxy-1-alkynes listed in the table below are converted to the
      corresponding 3-triphenylmethoxy-1-alkynes by treatment with
      triphenylmethyl bromide.
TBL                TABLE                                                       

     ______________________________________                                    

     125  1-heptyn-3-ol   3-triphenylmethoxyheptyne-1                          

     126  1-hexyn-3-ol    3-triphenylmethoxy-hexyne-1                          

     127  1-pentyn-3-ol   3-triphenylmethoxy-pentyne-1                         

     128  1-nonyne-3-ol.sup.a                                                  

                          3-triphenylmethoxy-nonyne-1                          

     129  1-decyne-3-ol.sup.b                                                  

                          3-triphenylmethoxy-decyne-1                          

     130  4-ethyl-1-octyne-3-ol                                                

                          3-triphenylmethoxy-4-ethyl-                          

                          octyne-1                                             

     131  4-ethyl-1-hexyne-3-ol                                                

                          3-triphenylmethoxy-4-ethyl-                          

                          hexyne-1                                             

     132  4-methyl-1-heptyne-3-ol                                              

                          3-triphenylmethoxy-4-methyl-                         

                          heptyne-1                                            

     133  4-methyl-1-pentyne-3-ol                                              

                          3-triphenylmethoxy-4-methyl-                         

                          pentyne-1                                            

     134  7-methyl-6-en-1-octyne-                                              

                          3-triphenylmethoxy-7-methyl-                         

          3-ol.sup.c      6-en-octyne-1                                        

     135  6,7-dimethyl-6-en-1-                                                 

                          3-triphenylmethoxy-6,7-                              

          octyne-3-ol.sup.c                                                    

                          dimethyl-6-en-octyne-1                               

     136  7-isobutyl-6-en-1-                                                   

                          3-triphenylmethoxy-7-isobutyl-                       

          octyne-3-ol.sup.c                                                    

                          6-en-octyne-1                                        

     137  5-en-1-hexyne-3-ol.sup.d                                             

                          3-triphenylmethoxy-5-en-                             

                          hexyne-1                                             

     138  5,9-dimethyl-9-en-1-                                                 

                          3-triphenylmethoxy-5,9-                              

          decyne-3-ol.sup.e                                                    

                          dimethyl-9-en-decyne-1                               

     139  cis-5-en-1-octyne-3-                                                 

                          3-triphenylmethoxy-cis-5-en-                         

          ol.sup.f        octyne-1                                             

     ______________________________________                                    

     References:                                                               
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     c.  U.S. Pat. No. 3,452,105 (June 24, 1969); Chem. Abs., 71,              

         60678 (1969).                                                         

     d.  A. Viola and J. H. MacMillan, Jour. Amer. Chem. Soc.,                 

         92, 2404 (1970).                                                      

     e.  Sequin, Bull. Soc. Chim. France, 12, 948 (1945).                      

     f.  J. Fried et al., Jour. Amer. Chem. Soc., 94, 4342                     
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     ______________________________________                                    

PAC  EXAMPLES 140-256
PAR  Treatment of the cycloalkenone designated in the table below with the
      alanate [lithium
      diisobutyl-methyl-(3-triphenylmethoxy-1-trans-alkenyl)-alanate] prepared
      by treatment of the listed 3-triphenylmethoxy-1-alkyne with diisobutyl
      aluminum hydride followed with methyl lithium, all by the procedure
      described in Example 120, is productive
      9-oxo-15-triphenylmethoxy-13-trans-8-.xi. -prostenoates of the table.
TBL                                    Table 3                                 

     __________________________________________________________________________

                       Starting 3-triphenyl-                                   

                                    Product                                    

          Starting Cycloalkenone                                               

                       methoxy-1-alkyne of                                     

                                    Alkyl 9-oxo-15-triphenylmethoxy-13-trans-  

     Example                                                                   

          of Example   Example                                                 

     8.xi.-prostenoate                                                         

     __________________________________________________________________________

     140  14           119          ethyl 9-oxo-15-triphenylmethoxy-5,6,7-tri- 

                                    9                                          

                                    nor-13-trans-8.xi.-prostenoate             

     141  23           119          ethyl 9-oxo-15-triphenylmethoxy-7a,7b-bis- 

                                    .                                          

                                    homo-13-trans-8.xi.-prostenoate            

     142  31           119          ethyl 9-oxo-15-triphenylmethoxy-2-ethyl-13-

                                    8                                          

                                    trans-8.xi.-prostenoate                    

     143  41           119          ethyl 9-oxo-15-triphenylmethoxy-3,3-dimethy

                                    l-                                         

                                    13-trans-8.xi.-prostenoate                 

     144  46           119          ethyl 9-oxo-15-triphenylmethoxy-3-oxa-13-  

                                    trans-8.xi.-prostenoate                    

     145  53           119          ethyl 9-oxo-15-triphenylmethoxy-7-nor-13-  

                                    trans-8.xi.-prostenoate                    

     146  70           119          ethyl 9-oxo-15-triphenylmethoxy-2-fluoro-13

                                    -                                          

                                    trans-8.xi.-prostenoate                    

     147  74           119          ethyl 9-oxo-15-triphenylmethoxy-7a-homo-13-

                                    O                                          

                                    13-trans-8.xi.-prostenoate                 

     148  79           119          ethyl 9-oxo-15-triphenylmethoxy-2-phenyl-13

                                    -                                          

                                    trans-8.xi.-prostenoate                    

     149  99           119          ethyl 9-oxo-15-triphenylmethoxy-2-methyl-13

                                    -                                          

                                    trans-8.xi.-prostenaoate                   

     150  111          119          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-13

                                    -                                          

                                    trans-8.xi.-prostenoate                    

     151  112          119          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-5,

                                    -                                          

                                    6,7-trinor-13-trans-8.xi.-prostenoate      

     152  113          119          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-7-

                                    nor-13-trans-8.xi.-prostenoate             

     153  114          119          ethyl 9-oxo-15-triphenylmethoxy-7a,10a-bis-

                                    N                                          

                                    homo-13-trans-8.xi.-prostenoate            

     154  118          119          ethyl 9-oxo-15-triphenylmethoxy-3-thia-13- 

                                    O                                          

                                    13-trans-8.xi.-prostenoate                 

     155  81           119          butyl 9-oxo-15-triphenylmethoxy-13-trans-8.

                                    xi.-                                       

                                    prostenoate                                

     156  82           119          isopropyl 9-oxo-15-triphenylmethoxy-13-tran

                                    s-                                         

                                    8.xi.-prostenoate                          

     157  83           119          methyl 9-oxo-15-triphenylmethoxy-13-trans-8

                                    .xi.-                                      

                                    prostenoate                                

     158  84           119          n-decyl 9-oxo-15-triphenylmethoxy-13-trans-

                                    8.xi.-prostenoate                          

     159  900          119          methyl 9-oxo-15-triphenylmethoxy-5-cis,13- 

                                    trans-8.xi.-prostadienoate                 

     160  13           125          ethyl 9-oxo-15-triphenylmethoxy-20-nor-13- 

                                    N                                          

                                    trans-8.xi.-prostenoate                    

     161  13           128          ethyl 9-oxo-15-triphenylmethoxy-20-methyl- 

                                    O                                          

                                    13-trans-8.xi.-prostenoate                 

     162  13           130          ethyl 9-oxo-15-triphenylmethoxy-16-ethyl-13

                                    -                                          

                                    trans-8.xi.-prostenoate                    

     163  13           132          ethyl 9-oxo-15-triphenylmethoxy-16-methyl-2

                                    0-                                         

                                    nor-13-trans-8.xi.-prostenoate             

     164  13           134          ethyl 9-oxo-15-triphenylmethoxy-19-methyl-1

                                    3-                                         

                                    trans,18-8.xi.-prostadienoate              

     165  13           135          ethyl 9-oxo-15-triphenylmethoxy-18,19-di-  

                                    methyl-13-trans,18-8.xi.-prostadienoate    

     166  13           139          ethyl 9-oxo-15-triphenylmethoxy-8.xi.-13-tr

                                    ans,                                       

                                    17-cis-prostadienoate                      

     167  14           139          ethyl 9-oxo-15-triphenylmethoxy-5,6,7-trino

                                    r-                                         

                                    8.xi.-13-trans,17-cis-prostadienoate       

     168  15           139          ethyl 9-oxo-15-triphenylmethoxy-6,7-dinor-8

                                    .xi.-                                      

                                    13-trans,17-cis-prostadienoate             

     169  23           139          ethyl 9-oxo-15-triphenylmethoxy-7a,7b-bisho

                                    mo-                                        

                                    8.xi.-13-trans,17-cis-prostadienoate       

     170  31           139          ethyl 9-oxo-15-triphenylmethoxy-2-ethyl-8.x

                                    i.-13-                                     

                                    trans,17-cis-prostadienoate                

     171  41           139          ethyl 9-oxo-15-triphenylmethoxy-3,3-dimethy

                                    l-                                         

                                    8.xi.-13-trans,17-cis-prostadienoate       

     172  46           139          ethyl 9-oxo-15-triphenylmethoxy-3-oxa-8.xi.

                                    -13-                                       

                                    trans,17-cis-prostadienoate                

     173  53           139          ethyl 9-oxo-15-triphenylmethoxy-7-nor-8.xi.

                                    -13-                                       

                                    trans,17-cis-prostadienoate                

     174  70           139          ethyl 9-oxo-15-triphenylmethoxy-2-fluoro-8.

                                    xi.-13-                                    

                                    trans,17-cis-prostadienoate                

     175  74           139          ethyl 9-oxo-15-triphenylmethoxy-7a-homo-8.x

                                    i.-13-                                     

                                    trans,17-cis-prostadienoate                

     176  79           139          ethyl 9-oxo-15-triphenylmethoxy-2-phenyl-8.

                                    xi.-13-                                    

                                    trans,17-cis-prostadienoate                

     177  99           139          ethyl 9-oxo-15-triphenylmethoxy-2-methyl-8.

                                    xi.-13-                                    

                                    trans,17-cis-prostadienoate                

     178  111          139          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-8.

                                    xi.-13-                                    

                                    trans,17-cis-prostadienoate                

     179  112          139          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-5,

                                    6,7-                                       

                                    trinor-13-trans, 17-cis-prostadienoate     

     180  113          139          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-7-

                                    nor-                                       

                                    8.xi.-13-trans,17-cis-prostadienoate       

     181  114          139          ethyl 9-oxo-15-triphenylmethoxy-7a,10a-bish

                                    omo-                                       

                                    8.xi.-13-trans,17-cis-prostadienoate       

     182  118          139          ethyl 9-oxo-15-triphenylmethoxy-3-thia-8.xi

                                    .-13-                                      

                                    trans,17-cis-prostadienoate                

     183  81           139          butyl 9-oxo-15-triphenylmethoxy-8.xi.-13-tr

                                    ans,17-                                    

                                    cis-prostadienoate                         

     184  82           139          isopropyl 9-oxo-15-triphenylmethoxy-8.xi.-1

                                    3-trans,                                   

                                    cis-prostadienoate                         

     185  83           139          methyl 9-oxo-15-triphenylmethoxy-8.xi.-13-t

                                    rans,                                      

                                    17-cis-prostadienoate                      

     186  84           139          n-decyl 9-oxo-15-triphenylmethoxy-8.xi.-13-

                                    trans,17-                                  

                                    cis-prostadienoate                         

     187  14           136          ethyl 9-oxo-15-triphenylmethoxy-5,6,7-trino

                                    r-19-                                      

                                    isobutyl-8.xi.-13-trans,18-prostadienoate  

     188  14           137          ethyl 9-oxo-15-triphenylmethoxy-5,6,7,19,20

                                    -penta-                                    

                                    nor-8.xi.-13-trans-17,prostadienoate       

     189  13           137          ethyl 9-oxo-15-triphenylmethoxy-19,20-dinor

                                    -8.xi.-13-                                 

                                    trans,18-prostadienoate                    

     190  13           138          ethyl 9-oxo-15-triphenylmethoxy-17-methyl-2

                                    0-iso-                                     

                                    propenyl-8.xi.-trans-prostenoate           

     191  15           131          ethyl 9-oxo-15-triphenylmethoxy-16-ethyl-6,

                                    7,19,                                      

                                    20-tetranor-8.xi.-13-trans-prostenoate     

     192  15           135          ethyl 9-oxo-15-triphenylmethoxy-18,19-dimet

                                    hyl-6,                                     

                                    7-dinor-8.xi.-13-trans,18-prostadienate    

     193  23           130          ethyl 9-oxo-15-triphenylmethoxy-16-ethyl-7a

                                    ,7b-                                       

                                    bishomo-8.xi.-13-trans-prostenoate         

     194  23           134          ethyl 9-oxo-15-triphenylmethoxy-19-methyl-7

                                    a,7b-                                      

                                    bishomo-8.xi.-13-trans,18-prostadienoate   

     195  31           126          ethyl 9-oxo-15-triphenylmethoxy-2-ethyl-19,

                                    20-                                        

                                    dinor-8.xi.-13-trans-prostenoate           

     196  31           129          ethyl 9-oxo-15-triphenylmethoxy-2,20-diethy

                                    l-                                         

     8.xi.-13-trans-prostenoate                                                

     197  31           132          ethyl 9-oxo-15-triphenylmethoxy-2-ethyl-16-

                                    methyl-8.xi.-20-nor-13-trans-prostenoate   

     198  31           135          ethyl 9-oxo-15-triphenylmethoxy-2-ethyl-18,

                                    19-dimethyl-8.xi.-13-trans,18-prostadienoat

                                    e                                          

     199  41           127          ethyl 9-oxo-15-triphenylmethoxy-3,3-dimethy

                                    l-                                         

                                    18,19,20-trinor-8.xi.-13-trans-prostenoate 

                                    O                                          

     200  41           128          ethyl 9-oxo-15-triphenylmethoxy-3,3,20-tri-

                                    methyl-8.xi.-13-trans-prostenoate          

     201  41           132          ethyl 9-oxo-15-triphenylmethoxy-3,3,16-tri-

                                    methyl-20-nor-8.xi.-13-trans-prostenoate   

     202  41           136          ethyl 9-oxo-15-triphenylmethoxy-3,3-dimethy

                                    l-                                         

                                    19-isobutyl-8.xi.-13-trans,18-prostadienoat

                                    e                                          

     203  41           137          ethyl 9-oxo-15-triphenylmethoxy-3,3-dimethy

                                    l-                                         

                                    19,20-dinor-8.xi.-13-trans,17-prostadienoat

                                    e                                          

     204  46           125          ethyl 9-oxo-15-triphenylmethoxy-3-oxa-20-no

                                    r-                                         

                                    8.xi.-13-trans-prostenoate                 

     205  46           128          ethyl 9-oxo-15-triphenylmethoxy-3-oxa-20-  

                                    methyl-8.xi.-13-trans-prostenoate          

     206  46           130          ethyl 9-oxo-15-triphenylmethoxy-3-oxa-16-  

                                    ethyl-8.xi.-13-trans-prostenoate           

     207  46           132          ethyl 9-oxo-15-triphenylmethoxy-3-oxa-16-  

                                    methyl-20-nor-8.xi.-13-trans-prostenoate   

     208  46           137          ethyl 9-oxo-15-triphenylmethoxy-3-oxa-19,20

                                    -                                          

                                    dinor-8.xi.-13-trans,17-prostadienoate     

     209  53           137          ethyl 9-oxo-15-triphenylmethoxy-7,19,20-tri

                                    nor-8.xi.-13-trans,17-prostadienoate       

     210  53           135          ethyl 9-oxo-15-triphenylmethoxy-7-nor-18,19

                                    -                                          

                                    dimethyl-8.xi.-13-trans,18-prostadienoate  

     211  53           133          ethyl 9-oxo-15-triphenylmethoxy-7,18,19,20-

                                    tetranor-16-methyl-8.xi.-13-trans-prostenoa

                                    te                                         

     212  70           125          ethyl 9-oxo-15-triphenylmethoxy-2-fluoro-20

                                    -                                          

                                    nor-8.xi.-13-trans-prostenoate             

     213  70           129          ethyl 9-oxo-15-triphenylmethoxy-2-fluoro-20

                                    -                                          

                                    ethyl-8.xi.-13-trans-prostenoate           

     214  70           131          ethyl 9-oxo-15-triphenylmethoxy-2-fluoro-16

                                    -                                          

                                    ethyl-19,20-dinor-8.xi.-13-trans-prostenoat

                                    e                                          

     215  70           132          ethyl 9-oxo-15-triphenylmethoxy-2-fluoro-16

                                    -                                          

                                    methyl-20-nor-8.xi.-13-trans-prostenoate   

     216  70           134          ethyl 9-oxo-15-triphenylmethoxy-2-fluoro-19

                                    -                                          

                                    methyl-8.xi.-13-trans,18-prostadienoate    

     217  74           135          ethyl 9-oxo-15-triphenylmethoxy-7a-homo-18,

                                    19-                                        

                                    dimethyl-8.xi.-13-trans,18-prostadienoate  

     218  74           137          ethyl 9-oxo-15-triphenylmethoxy-7a-homo-19,

                                    20-                                        

                                    dinor-8.xi.-13-trans,17-prostadienoate     

     219  79           125          ethyl 9-oxo-15-triphenylmethoxy-2-phenyl-20

                                    -                                          

                                    nor-8.xi.-13-trans-prostenoate             

     220  79           129          ethyl 9-oxo-15-triphenylmethoxy-2-phenyl-20

                                    -                                          

                                    ethyl-8.xi.-13-trans-prostenoate           

     221  79           130          ethyl 9-oxo-15-triphenylmethoxy-2-phenyl-16

                                    -                                          

                                    ethyl-8.xi.-13-trans-prostenoate           

     222  79           133          ethyl 9-oxo-15-triphenylmethoxy-2-phenyl-16

                                    -                                          

                                    methyl-18,19,20-trinor-8.xi.-trans-prosteno

                                    ate                                        

     223  79           135          ethyl 9-oxo-15-triphenylmethoxy-2-phenyl-18

                                    ,                                          

     19,-dimethyl-8.xi.-13-trans,18-prostadienoate                             

     224  99           125          ethyl 9-oxo-15-triphenylmethoxy-2-methyl-20

                                    -                                          

                                    nor-8.xi.-13-trans-prostenoate             

     225  99           128          ethyl 9-oxo-15-triphenylmethoxy-2,20-dimeth

                                    yl-                                        

                                    8.xi.-13-trans-prostenoate                 

     226  99           131          ethyl 9-oxo-15-triphenylmethoxy-2-methyl-16

                                    -                                          

                                    ethyl-19,20-dinor-8.xi.-13-trans-prostenoat

                                    e                                          

     227  99           134          ethyl 9-oxo-15-triphenylmethoxy-2,19-dimeth

                                    yl-                                        

                                    8.xi.-13-trans,18-prostadienoate           

     228  99           137          ethyl 9-oxo-15-triphenylmethoxy-2-methyl-19

                                    ,                                          

                                    20-dinor-8.xi.-13-trans,17-prostadienoate  

     229  111          125          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-20

                                    -                                          

                                    nor-8.xi.-13-trans-prostenoate             

     230  111          128          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-20

                                    -                                          

                                    methyl-8.xi.-13-trans-prostenoate          

     231  111          130          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-16

                                    -                                          

                                    ethyl-8.xi.-13-trans-prostenoate           

     232  111          135          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-18

                                    ,                                          

                                    19-dimethyl-8.xi.-13-trans,18-prostadienoat

                                    e                                          

     233  111          137          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-19

                                    ,                                          

                                    20-dinor-8.xi.-13-trans,17-prostadienoate  

     234  112          129          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-5,

                                    6,                                         

                                    7-trinor-20-ethyl-8.xi.-13-trans-prostenoat

                                    e                                          

     235  112          132          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-5,

                                    6,                                         

                                    7,20-tetranor-16-methyl-8.xi.-13-trans-pros

                                    t-                                         

                                    enoate                                     

     236  112          136          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-5,

                                    6,7-                                       

                                    trinor-19-isobutyl-8.xi.-13-trans,18-prosta

                                    dienoate                                   

     237  113          128          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-20

                                    -                                          

                                    methyl-8.xi.-13-trans-prostenoate          

     238  113          134          ethyl 9-oxo-15-triphenylmethoxy-10a-homo-19

                                    -                                          

                                    methyl-8.xi.-13-trans,18-prostadienoate    

     239  114          125          ethyl 9-oxo-15-triphenylmethoxy-7a,10a-bis-

                                    homo-20-nor-8.xi.-13-trans-prostenoate     

     240  114          129          ethyl 9-oxo-15-triphenylmethoxy-7a,10a-bis-

                                    homo-20-ethyl-8.xi.-13-trans-prostenoate   

     241  114          132          ethyl 9-oxo-15-triphenylmethoxy-7a,10a-bis-

                                    J                                          

                                    homo-16-methyl-20-nor-8.xi.-13-trans-proste

                                    noate                                      

     242  114          134          ethyl 9-oxo-15-triphenylmethoxy-7a,10a-bis-

                                    n                                          

                                    homo-19-methyl-8.xi.-13-trans,18-prostadien

                                    oate                                       

     243  118          125          ethyl 9-oxo-15-triphenylmethoxy-3-thia-20-n

                                    or-                                        

                                    8.xi.-13-trans-prostenoate                 

     244  118          128          ethyl 9-oxo-15-triphenylmethoxy-3-thia-20-m

                                    ethyl-                                     

                                    8.xi.-13-trans-prostenoate                 

     245  118          130          ethyl 9-oxo-15-triphenylmethoxy-3-thia-16- 

                                    e                                          

                                    8.xi.-13-trans-prostenoate                 

     246  118          133          ethyl 9-oxo-15-triphenylmethoxy-3-thia-16- 

                                    b                                          

                                    methyl-18,19,20-trinor-8.xi.-13-trans-prost

                                    enoate                                     

     247  118          134          ethyl 9-oxo-15-triphenylmethoxy-3-thia-19-m

                                    ethyl-                                     

                                    8.xi.-13-trans,18-prostadienoate           

     248  118          137          ethyl 9-oxo-15-triphenylmethoxy-3-thia-19,2

                                    0-                                         

                                    dinor-8.xi.-13-trans,17-prostadienoate     

     249  900          125          methyl 9-oxo-15-triphenylmethoxy-20-nor-8.x

                                    i.-5-                                      

                                    cis,13-trans-prostadienoate                

     250  900          128          methyl 9-oxo-15-triphenylmethoxy-20-methyl-

                                    8.xi.-5-                                   

                                    cis,13-trans-prostadienoate                

     251  900          130          methyl 9-oxo-15-triphenylmethoxy-16-ethyl-8

                                    .xi.-5-                                    

                                    cis,13-trans-prostadienoate                

     252  900          132          methyl 9-oxo-15-triphenylmethoxy-16-methyl-

                                    20-                                        

                                    nor-8.xi.-5-cis,13-trans-prostadienoate    

     253  900          134          methyl 9-oxo-15-triphenylmethoxy-19-methyl-

                                    8.xi.-5-                                   

                                    cis,13-trans,18-prostatrienoate            

     254  900          135          methyl 9-oxo-15-triphenylmethoxy-18,19-dime

                                    thyl-                                      

                                    8.xi.-5-cis,13-trans,18-prostatrienoate    

     255  900          137          methyl 9-oxo-15-triphenylmethoxy-19,20-dino

                                    r-8.xi.-                                   

                                    5-cis,13-trans,17-prostatrienoate          

     256  900          139          methyl 9-oxo-15-triphenylmethoxy-8.xi.-5-ci

                                    s,13-                                      

                                    trans,17-cis-prostatrienoate               

     __________________________________________________________________________

PAC  EXAMPLE 257
PAC  Preparation of ethyl 9.alpha./.beta.,15-dihydroxy-13-trans-prostenoate
PAR  A solution containing 3 g. of ethyl 9-oxo-15-hydroxy-13-trans-prostenoate
      (Example 121) in 120 ml. of absolute alcohol containing 115 mg. of sodium
      borohydride is stirred at ambient temperature for 18 hours. The solution
      is poured into 300 ml. of saturated sodium chloride solution and the oily
      precipitate is extracted with ether. The ether is washed with saturated
      sodium chloride solution, dried with anhydrous magnesium sulfate and taken
      to dryness to give subject product as an oil; .lambda. max. 2195, 5178,
      8.45 .mu.; the product is a mixture of 9.alpha.- and 9.beta.-hydroxy
      derivatives.
PAC  EXAMPLES 258-374
PAC  Treatment of the designated 9-oxo-15-triphenylmethoxy derivatives listed in
      the table below, with glacial acetic acid-tetrahydropyran-water (4:2:1) in
      the manner described in Example 121 is productive of the corresponding
      15-hydroxy derivatives of the table. This acid treatment also ensures a
      trans-relationship between the two side-chains attached to C.sub.8 and
      C.sub.12.
TBL                TABLE 4                                                     

     ______________________________________                                    

     Ex-    Starting 15-tri-                                                   

                          Product Alkyl 9-oxo-                                 

     ample  phenylmethoxy                                                      

     15-hydroxy-13-trans-                                                      

            derivative of                                                      

     prostenoates                                                              

            Example                                                            

     ______________________________________                                    

     258    140           Ethyl 9-oxo-15-hydroxy-5,6,7-trinor-13-trans-prosteno

                          ate                                                  

     259    141           Ethyl 9-oxo-15-hydroxy-7a,7b-bishomo-13-trans-prosten

                          oate                                                 

     260    142           Ethyl 9-oxo-15-hydroxy-2-ethyl-13-trans-prostenoate  

     261    143           Ethyl 9-oxo-15-hydroxy-3,3-dimethyl-13-trans-prosteno

                          ate                                                  

     262    144           Ethyl 9-oxo-15-hydroxy-3-oxa-13-trans-prostenoate    

     263    145           Ethyl 9-oxo-15-hydroxy-7-nor-13-trans-prostenoate    

     264    146           Ethyl 9-oxo-15-hydroxy-2-fluoro-13-trans-prostenoate 

                          N                                                    

     265    147           Ethyl 9-oxo-15-hydroxy-7a-homo-13-trans-prostenoate  

     266    148           Ethyl 9-oxo-15-hydroxy-2-phenyl-13-trans-prostenoate 

                          O                                                    

     267    149           Ethyl 9-oxo-15-hydroxy-2-methyl-13-trans-prostenoate 

                          y                                                    

     268    150           Ethyl 9-oxo-15-hydroxy-10a-homo-13-trans-prostenoate 

                          0                                                    

     269    151           Ethyl 9-oxo-15-hydroxy-10a-homo-5,6,7-trinor-13-trans

                          -prostenoate                                         

     270    152           Ethyl 9-oxo-15-hydroxy-10a-homo-7-nor-13-trans-proste

                          noate                                                

     271    153           Ethyl 9-oxo-15-hydroxy-7a,10a-bishomo-13-trans-proste

                          noate                                                

     272    154           Ethyl 9-oxo-15-hydroxy-3-thia-13-trans-prostenoate   

     273    155           Butyl 9-oxo-15-hydroxy-13-trans-prostenoate          

     274    156           Isopropyl 9-oxo-15-hydroxy-13-trans-prostenoate      

     275    157           Methyl 9-oxo-15-hydroxy-13-trans-prostenoate         

     276    158           n-decyl 9-oxo-15-hydroxy-13-trans-prostenoate        

     277    159           Methyl 9-oxo-15-hydroxy-5-cis,-13-trans-prostadienoat

                          e                                                    

     278    160           Ethyl 9-oxo-15-hydroxy-20-nor-13-trans-prostenoate   

     279    161           Ethyl 9-oxo-15-hydroxy-20-methyl-13-trans-prostenoate

                          0                                                    

     280    162           Ethyl 9-oxo-15-hydroxy-16-ethyl-13-trans-prostenoate 

                          6                                                    

     281    163           Ethyl 9-oxo-15-hydroxy-16-methyl-20-nor-13-trans-pros

                          tenoate                                              

     282    164           Ethyl 9-oxo-15-hydroxy-19-methyl-13-trans,18-prostadi

                          enoate                                               

     283    165           Ethyl 9-oxo-15-hydroxy-18,19-dimethyl-13-trans,18-pro

                          stadienoate                                          

     284    166           Ethyl 9-oxo-15-hydroxy-13-trans,17-cis-prostadienoate

                          0                                                    

     285    167           Ethyl 9-oxo-15-hydroxy-5,6,7-trinor-13-trans,17-cis-p

                          rostadienoate                                        

     286    168           Ethyl 9-oxo-15-hydroxy-6,7-dinor-13-trans-17-cis-pros

                          tadienoate                                           

     287    169           Ethyl 9-oxo-15-hydroxy-7a,7b-bishomo-13-trans,17-cis-

                          prostadienoate                                       

     288    170           Ethyl 9-oxo-15-hydroxy-2-ethyl-13-trans,17-cis-prosta

                          dienoate                                             

     289    171           Ethyl 9-oxo-15-hydroxy-3,3-dimethyl-13-trans,17-cis-p

                          rostadienoate                                        

     290    172           Ethyl 9-oxo-15-hydroxy-3-oxa-13-trans,17-cis-prostadi

                          enoate                                               

     291    173           Ethyl 9-oxo-15-hydroxy-7-nor-13-trans,17-cis-prostadi

                          enoate                                               

     292    174           Ethyl 9-oxo-15-hydroxy-2-fluoro-13-trans,17-cis-prost

                          adienoate                                            

     293    175           Ethyl 9-oxo-15-hydroxy-7a-homo-13-trans,17-cis-prosta

                          dienoate                                             

     294    176           Ethyl 9-oxo-15-hydroxy-2-phenyl-13-trans,17-cis-prost

                          adienoate                                            

     295    177           Ethyl 9-oxo-15-hydroxy-2-methyl-13-trans,17-cis-prost

                          adienoate                                            

     296    178           Ethyl 9-oxo-15-hydroxy-10a-homo-13-trans,17-cis-prost

                          adienoate                                            

     297    179           Ethyl 9-oxo-15-hydroxy-10a-homo-5,6,7-trinor-13-trans

                          ,17-cis-prostadienoate                               

     298    180           Ethyl 9-oxo-15-hydroxy-10a-homo-7-nor-13-trans,17-cis

                          -prostadienoate                                      

     299    181           Ethyl 9-oxo-15-hydroxy-7a,10a-bishomo-13-trans,17-cis

                          -prostadienoate                                      

     300    182           Ethyl 9-oxo-15-hydroxy-3-thia-13-trans,17-cis-prostad

                          ienoate                                              

     301    183           Butyl 9-oxo-15-hydroxy-13-trans,17-cis-prostadienoate

                          N                                                    

     302    184           Isopropyl 9-oxo-15-hydroxy-13-trans,17-cis-prostadien

                          oate                                                 

     303    185           Methyl 9-oxo-15-hydroxy-13-trans,17-cis-prostadienoat

                          e                                                    

     304    186           n-decyl 9-oxo-15-hydroxy-13-trans,17-cis-prostadienoa

                          te                                                   

     305    187           Ethyl 9-oxo-15-hydroxy-5,6,7-trinor-19-isobutyl-13-tr

                          ans,18-prostadienoate                                

     306    188           Ethyl 9-oxo-15-hydroxy-5,6,7,19,20-pentanor-13-trans,

                          17-prostadienoate                                    

     307    189           Ethyl 9-oxo-15-hydroxy-19,20-dinor-13-trans,18-prosta

                          dienoate                                             

     308    190           Ethyl 9-oxo-15-hydroxy-17-methyl-20-isopropenyl-13-tr

                          ans-prostadienoate                                   

     309    191           Ethyl 9-oxo-15-hydroxy-16-ethyl-6,7,19,20-tetranor-13

                          -trans-prostenoate                                   

     310    192           Ethyl 9-oxo-15-hydroxy-18,19-dimethyl-6,7-dinor-13-tr

                          ans,18-prostadienoate                                

     311    193           Ethyl 9-oxo-15-hydroxy-16-ethyl-7a,7b-bishomo-13-tran

                          s-prostenoate                                        

     312    194           Ethyl 9-oxo-15-hydroxy-19-methyl-7a,7b-bishomo-13-tra

                          ns,18-prostadienoate                                 

     313    195           Ethyl 9-oxo-15-hydroxy-2-ethyl-19,20-dinor-13-trans-p

                          rostenoate                                           

     314    196           Ethyl 9-oxo-15-hydroxy-2,20-diethyl-13-trans-prosteno

                          ate                                                  

     315    197           Ethyl 9-oxo-15-hydroxy-2-ethyl-16-methyl-20-nor-trans

                          -prostenoate                                         

     316    198           Ethyl 9-oxo-15-hydroxy-2-ethyl-18,19-dimethyl-13-tran

                          s,18-prostadienoate                                  

     317    199           Ethyl 9-oxo-15-hydroxy-3,3-dimethyl-18,19,20-trinor-1

                          3-trans-prostenoate                                  

     318    200           Ethyl 9-oxo-15-hydroxy-3,3,20-trimethyl-13-trans-pros

                          tenoate                                              

     319    201           Ethyl 9-oxo-15-hydroxy-3,3,16-trimethyl-20-nor-13-tra

                          ns-prostanoate                                       

     320    202           Ethyl 9-oxo-15-hydroxy-3,3-dimethyl-19-isobutyl-13-tr

                          ans,18-prostadienoate                                

     321    203           Ethyl 9-oxo-15-hydroxy-3,3-dimethyl-19,20-dinor-13-tr

                          ans,17-prostadienoate                                

     322    204           Ethyl 9-oxo-15-hydroxy-3-oxa-20-nor-13-trans-prosteno

                          ate                                                  

     323    205           Ethyl 9-oxo-15-hydroxy-3-oxa-20-methyl-13-trans-prost

                          enoate                                               

     324    206           Ethyl 9-oxo-15-hydroxy-3-oxa-16-ethyl-13-trans-proste

                          noate                                                

     325    207           Ethyl 9-oxo-15-hydroxy-3-oxa-16-methyl-20-nor-13-tran

                          s-prostenoate                                        

     326    208           Ethyl 9-oxo-15-hydroxy-3-oxa-19,20-dinor-13-trans,17-

                          prostadienoate                                       

     327    209           Ethyl 9-oxo-15-hydroxy-7,19,20-trinor-13-trans,17-pro

                          stadienoate                                          

     328    210           Ethyl 9-oxo-15-hydroxy-7-nor-18,19-dimethyl-13-trans,

                          18-prostadienoate                                    

     329    211           Ethyl 9-oxo-15-hydroxy-7,18,19,20-tetranor-16-methyl-

                          13-trans-prostenoate                                 

     330    212           Ethyl 9-oxo-15-hydroxy-2-fluoro-20-nor-13-trans-prost

                          enoate                                               

     331    213           Ethyl 9-oxo-15-hydroxy-2-fluoro-20-ethyl-13-trans-pro

                          stenoate                                             

     332    214           Ethyl 9-oxo-15-hydroxy-2-fluoro-16-ethyl-19,20-dinor-

                          13-trans-prostenoate                                 

     333    215           Ethyl 9-oxo-15-hydroxy-2-fluoro-16-methyl-20-nor-13-t

                          rans-prostenoate-prostenoate                         

     334    216           Ethyl 9-oxo-15-hydroxy-2-fluoro-19-methyl-13-trans,18

                          -prostadienoate                                      

     335    217           Ethyl 9-oxo-15-hydroxy-7a-homo-18,19-dimethyl-13-tran

                          s,18-prostadienoate                                  

     336    218           Ethyl 9-oxo-15-hydroxy-7a-homo-19,20-dinor-13-trans,1

                          7-prostadienoate                                     

     337    219           Ethyl 9-oxo-15-hydroxy-2-phenyl-20-nor-13-trans-prost

                          enoate                                               

     338    220           Ethyl 9-oxo-15-hydroxy-2-phenyl-20-ethyl-13-trans-pro

                          stenoate                                             

     339    221           Ethyl 9-oxo-15-hydroxy-2-phenyl-16-ethyl-13-trans-pro

                          stenoate                                             

     340    222           Ethyl 9-oxo-15-hydroxy-2-phenyl-16-methyl-18,19,20-tr

                          inor-13-trans-prostenoate                            

     341    223           Ethyl 9-oxo-15-hydroxy-2-phenyl-18,19-dimethyl-13-tra

                          ns,18-prostadienoate                                 

     342    224           Ethyl 9-oxo-15-hydroxy-2-methyl-20-nor-13-trans-prost

                          enoate                                               

     343    225           Ethyl 9-oxo-15-hydroxy-2,20-dimethyl-13-trans-prosten

                          oate                                                 

     344    226           Ethyl 9-oxo-15-hydroxy-2-methyl-16-ethyl-19,20-dinor-

                          13-trans-prostenoate                                 

     345    227           Ethyl 9-oxo-15-hydroxy-2,19-dimethyl-13-trans,18-pros

                          tadienoate                                           

     346    228           Ethyl 9-oxo-15-hydroxy-2-methyl-19,20-dinor-13-trans,

                          17-prostadienoate                                    

     347    229           Ethyl 9-oxo-15-hydroxy-10a-homo-20-nor-13-trans-prost

                          enoate                                               

     348    230           Ethyl 9-oxo-15-hydroxy-10a-homo-20-methyl-13-trans-pr

                          ostenoate                                            

     349    231           Ethyl 9-oxo-15-hydroxy-10a-homo-16-ethyl-13-trans-pro

                          stenoate                                             

     350    232           Ethyl 9-oxo-15-hydroxy-10a-homo-18,19-dimethyl-13-tra

                          ns,18-prostadienoate                                 

     351    233           Ethyl 9-oxo-15-hydroxy-10a-homo-19,20-dinor-13-trans,

                          17-prostadienoate                                    

     352    234           Ethyl 9-oxo-15-hydroxy-10a-homo-5,6,7-trinor-20-ethyl

                          -13-trans-prostenoate                                

     353    235           Ethyl 9-oxo-15-hydroxy-10a-homo-5,6,7,20-tetranor-16-

                          methyl-13-trans-prostenoate                          

     354    236           Ethyl 9-oxo-15-hydroxy-10a-homo-5,6,7-trinor-19-isobu

                          tyl-13-trans,18-prostadienoate                       

     355    237           Ethyl 9-oxo-15-hydroxy-10a-homo-20-methyl-13-trans-pr

                          ostenoate                                            

     356    238           Ethyl 9-oxo-15-hydroxy-10a-homo-19-methyl-13-trans,18

                          -prostadienoate                                      

     357    239           Ethyl 9-oxo-15-hydroxy-7a,10a-bishomo-20-nor-13-trans

                          -prostenoate                                         

     358    240           Ethyl 9-oxo-15-hydroxy-7a,10a-bishomo-20-ethyl-13-tra

                          ns-prostenoate                                       

     359    241           Ethyl 9-oxo-15-hydroxy-7a,10a-bishomo-16-methyl-20-no

                          r-13-trans-prostenoate                               

     360    242           Ethyl 9-oxo-15-hydroxy-7a,10a-bishomo-19-methyl-13-tr

                          ans,18-prostadienoate                                

     361    243           Ethyl 9-oxo-15-hydroxy-3-thia-20-nor-13-trans-prosten

                          oate                                                 

     362    244           Ethyl 9-oxo-15-hydroxy-3-thia-20-methyl-13-trans-pros

                          tenoate                                              

     363    245           Ethyl 9-oxo-15-hydroxy-3-thia-16-ethyl-13-trans-prost

                          enoate                                               

     364    246           Ethyl 9-oxo-15-hydroxy-3-thia-16-methyl-18,19,20-trin

                          or-13-trans-prostenoate                              

     365    247           Ethyl 9-oxo-15-hydroxy-3-thia-19-methyl-13-trans,18-p

                          rostadienoate                                        

     366    248           Ethyl 9-oxo-15-hydroxy-3-thia-19,20-dinor-13-trans,17

                          -prostadienoate                                      

     367    249           Methyl 9-oxo-15-hydroxy-20-nor-5-cis,13-trans-prostad

                          ienoate                                              

     368    250           Methyl 9-oxo-15-hydroxy-20-methyl-5-cis,13-trans-pros

                          tadienoate                                           

     369    251           Methyl 9-oxo-15-hydroxy-16-ethyl-5-cis,13-trans-prost

                          adienoate                                            

     370    252           Methyl 9-oxo-15-hydroxy-16-methyl-20-nor-5-cis,13-tra

                          ns-prostadienoate                                    

     371    253           Methyl 9-oxo-15-hydroxy-19-methyl-5-cis,13-trans,18-p

                          rostatrienoate                                       

     372    254           Methyl 9-oxo-15-hydroxy-18,19-dimethyl-5-cis,13-trans

                          ,18-prostatrienoate                                  

     373    255           Methyl 9-oxo-15-hydroxy-19,20-dinor-5-cis,13-trans,17

                          -prostatrienoate                                     

     374    256           Methyl 9-oxo-15-hydroxy-5-cis,13-trans,17-cis-prostat

                          rienoate                                             

     ______________________________________                                    

PAC  EXAMPLES 375-491
PAR  Saponification of the alkyl esters designated in the following table by the
      method described in Example 122 is productive of the prostenoic acids of
      the table.
TBL                Table 5                                                     

     ______________________________________                                    

           Starting alkyl 9-                                                   

                          Product                                              

     Ex-                                                                       

     oxo-prostenoate                                                           

           9-Oxo-15-hydroxy-13-                                                

     ample of example                                                          

     trans-prostenoic acid                                                     

     ______________________________________                                    

     375   258            9-oxo-15-hydroxy-5,6,7-trinor-13-trans-prostenoic    

                          acid                                                 

     376   259            9-oxo-15-hydroxy-7a,7b-bishomo-13-trans-prostenoic   

                          acid                                                 

     377   260            9-oxo-15-hydroxy-2-ethyl-13-trans-prostenoic acid    

     378   261            9-oxo-15-hydroxy-3,3-dimethyl-13-trans-prostenoic    

                          acid                                                 

     379   262            9-oxo-15-hydroxy-3-oxa-13-trans-prostenoic acid      

     380   263            9-oxo-15-hydroxy-7-nor-13-trans-prostenoic acid      

     381   264            9-oxo-15-hydroxy-2-fluoro-13-trans-prostenoic acid   

     382   265            9-oxo-15-hydroxy-7a-homo-13-trans-prostenoic acid    

     383   266            9-oxo-15-hydroxy-2-phenyl-13-trans-prostenoic acid   

     384   267            9-oxo-15-hydroxy-2-methyl-13-trans-prostenoic acid   

     385   268            9-oxo-15-hydroxy-10a-homo-13-trans-prostenoic acid   

     386   269            9-oxo-15-hydroxy-10a-homo-5,6,7-trinor-13-trans-prost

                          enoic acid                                           

     387   270            9-oxo-15-hydroxy-10a-homo-7-nor-13-trans-prostenoic  

                          acid                                                 

     388   271            9-oxo-15-hydroxy-7a,10a-bishomo-13-trans-prostenoic  

                          acid                                                 

     389   272            9-oxo-15-hydroxy-3-thia-13-trans-prostenoic acid     

     390   273            9-oxo-15-hydroxy-13-trans-prostenoic acid            

     391   274            9-oxo-15-hydroxy-13-trans-prostenoic acid            

     392   275            9-oxo-15-hydroxy-13-trans-prostenoic acid            

     393   276            9-oxo-15-hydroxy-13-trans-prostenoic acid            

     394   277            9-oxo-15-hydroxy-5-cis,13-trans-prostadienoic acid   

     395   278            9-oxo-15-hydroxy-20-nor-13-trans-prostenoic acid     

     396   279            9-oxo-15-hydroxy-20-methyl-13-trans-prostenoic acid  

     397   280            9-oxo-15-hydroxy-16-ethyl-13-trans-prostenoic acid   

     398   281            9-oxo-15-hydroxy-16-methyl-20-nor-13-trans-prostenoic

                           acid                                                

     399   282            9-oxo-15-hydroxy-19-methyl-13-trans,18-prostadienoic 

                          acid                                                 

     400   283            9-oxo-15-hydroxy-18,19-dimethyl-13-trans,18-prostadie

                          noic acid                                            

     401   284            9-oxo-15-hydroxy-13-trans,17-cis-prostadienoic acid  

     402   285            9-oxo-15-hydroxy-5,6,7-trinor-13-trans,17-cis-prostad

                          ienoic acid                                          

     403   286            9-oxo-15-hydroxy-6,7-dinor-13-trans,17-cis-prostadien

                          oic acid                                             

     404   287            9-oxo-15-hydroxy-7a,7b-bishomo-13-trans,17-cis-prosta

                          dienoic acid                                         

     405   288            9-oxo-15-hydroxy-2-ethyl-13-trans,17-cis-prostadienoi

                          c acid                                               

     406   289            9-oxo-15-hydroxy-3,3-dimethyl-13-trans,17-cis-prostad

                          ienoic acid                                          

     407   290            9-oxo-15-hydroxy-3-oxa-13-trans,17-cis-prostadienoic 

                          acid                                                 

     408   291            9-oxo-15-hydroxy-7-nor-13-trans,17-cis-prostadienoic 

                          acid                                                 

     409   292            9-oxo-15-hydroxy-2-fluoro-13-trans,17-cis-prostadieno

                          ic acid                                              

     410   293            9-oxo-15-hydroxy-7a-homo-13-trans,17-cis-prostadienoi

                          c acid                                               

     411   294            9-oxo-15-hydroxy-2-phenyl-13-trans,17-cis-prostadieno

                          ic acid                                              

     412   295            9-oxo-15-hydroxy-2-methyl-13-trans,17-cis-prostadieno

                          ic acid                                              

     413   296            9-oxo-15-hydroxy-10a-homo-13-trans,17-cis-prostadieno

                          ic acid                                              

     414   297            9-oxo-15-hydroxy-10a-homo-5,6,7-trinor-13-trans,17-ci

                          s-prostadienoic acid                                 

     415   298            9-oxo-15-hydroxy-10a-homo-7-nor-13-trans,17-cis-prost

                          adienoic acid                                        

     416   299            9-oxo-15-hydroxy-7a,10a-bishomo-13-trans,17-cis-prost

                          adienoic acid                                        

     417   300            9-oxo-15-hydroxy-3-thia-13-trans,17-cis-prostadienoic

                           acid                                                

     418   301            9-oxo-15-hydroxy-13-trans,17-cis-prostadienoic acid  

     419   302            9-oxo-15-hydroxy-13-trans,17-cis-prostadienoic acid  

     420   303            9-oxo-15-hydroxy-13-trans,17-cis-prostadienoic acid  

     421   304            9-oxo-15-hydroxy-13-trans,17-cis-prostadienoic acid  

     422   305            9-oxo-15-hydroxy-5,6,7-trinor-19-isobutyl-13-trans,18

                          -prostadienoic acid                                  

     423   306            9-oxo-15-hydroxy-5,6,7,19,20-pentanor-13-trans,17-pro

                          stadienoic acid                                      

     424   307            9-oxo-15-hydroxy-19,20-dinor-13-trans,18-prostadienoi

                          c acid                                               

     425   308            9-oxo-15-hydroxy-17,-methyl-20-isopropenyl-13-trans-p

                          rostenoic acid                                       

     426   309            9-oxo-15-hydroxy-16-ethyl-6,7,19,20-tetra-nor-13-tran

                          s-prostenoic acid                                    

     427   310            9-oxo-15-hydroxy-18,19-dimethyl-6,7-dinor-13-trans,18

                          -prostadienoic acid                                  

     428   311            9-oxo-15-hydroxy-16-ethyl-7a,7b-bishomo-13-trans-pros

                          tenoic acid                                          

     429   312            9-oxo-15-hydroxy-19-methy-7a,7b-bishomo-13-trans,18-p

                          rostadienoic acid                                    

     430   313            9-oxo-15-hydroxy-2-ethyl-19,20-dinor-13-trans-prosten

                          oic acid                                             

     431   314            9-oxo-15-hydroxy-2,20-diethyl-13-trans-prostenoic    

                          acid                                                 

     432   315            9-oxo-15-hydroxy-2-ethyl-16-methyl-20-nor-13-trans-pr

                          ostenoic acid                                        

     433   316            9-oxo-15-hydroxy-2-ethyl-18,19-dimethyl-13-trans,18-p

                          rostadienoic acid                                    

     434   317            9-oxo-15-hydroxy-3,3-dimethyl-18,19,20-trinor-13-tran

                          s-prostenoic acid                                    

     435   318            9-oxo-15-hydroxy-3,3-20-trimethyl-13-trans-prostenoic

                           acid                                                

     436   319            9-oxo-15-hydroxy-3,3,16-trimethyl-20-nor-13-trans-pro

                          stenoic acid                                         

     437   320            9-oxo-15-hydroxy-3,3-dimethyl-19-isobutyl-13-trans,18

                          -prostadienoic acid                                  

     438   321            9-oxo-15-hydroxy-3,3-dimethyl-19,20-dinor-13-trans,17

                          -prostadienoic acid                                  

     439   322            9-oxo-15-hydroxy-3-oxa-20-nor-13-trans-prostenoic    

                          acid                                                 

     440   323            9-oxo-15-hydroxy-3-oxa-20-methyl-13-trans-prostenoic 

                          acid                                                 

     441   324            9-oxo-15-hydroxy-3-oxa-16-ethyl-13-trans-prostenoic  

                          acid                                                 

     442   325            9-oxo-15-hydroxy-3-oxa-16-methyl-20-nor-13-trans-pros

                          tenoic acid                                          

     443   326            9-oxo-15-hydroxy-3-oxa-19,20-dinor-13-trans,17-prosta

                          dienoic acid                                         

     444   327            9-oxo-15-hydroxy-7,19,20-trinor-13-trans,17-prostadie

                          noic acid                                            

     445   328            9-oxo-15-hydroxy-7-nor-18,19-dimethyl-13-trans,18-pro

                          stadienoic acid                                      

     446   329            9-oxo-15-hydroxy-7,18,19,20-tetranor-16-methyl-13-tra

                          ns-prostenoic acid                                   

     447   330            9-oxo-15-hydroxy-2-fluoro-20-nor-13-trans-prostenoic 

                          acid                                                 

     448   331            9-oxo-15-hydroxy-2-fluoro-20-ethyl-13-trans-prostenoi

                          c acid                                               

     449   332            9-oxo-15-hydroxy-2-fluoro-16-ethyl-19,20-dinor-13-tra

                          ns-prostenoic acid                                   

     450   333            9-oxo-15-hydroxy-2-fluoro-16-methyl-20-nor-13-trans-p

                          rostenoic acid                                       

     451   334            9-oxo-15-hydroxy-2-fluoro-19-methyl-13-trans,18-prost

                          adienoic acid                                        

     452   335            9-oxo-15-hydroxy-7a-homo-18,19-dimethyl-13-trans,18-p

                          rostadienoic acid                                    

     453   336            9-oxo-15-hydroxy-7a-homo-19,20-dinor-13-trans,17-pros

                          tadienoic acid                                       

     454   337            9-oxo-15-hydroxy-2-phenyl-20-nor-13-trans-prostenoic 

                          acid                                                 

     455   338            9-oxo-15-hydroxy-2-phenyl-20-ethyl-13-trans-prostenoi

                          c acid                                               

     456   339            9-oxo-15-hydroxy-2-phenyl-16-ethyl-13-trans-prostenoi

                          c acid                                               

     457   340            9-oxo-15-hydroxy-2-phenyl-16-methyl-18,19,20-trinor-1

                          3-trans-prostenoic acid                              

     458   341            9-oxo-15-hydroxy-2-phenyl-18,19-dimethyl-13-trans,18-

                          prostadienoic acid                                   

     459   342            9-oxo-15-hydroxy-2-methyl-20-nor-13-trans-prostenoic 

                          acid                                                 

     460   343            9-oxo-15-hydroxy-2,20-dimethyl-13-trans-prostenoic   

                          acid                                                 

     461   344            9-oxo-15-hydroxy-2-methyl-16-ethyl-19,20-dinor-13-tra

                          ns-prostenoic acid                                   

     462   345            9-oxo-15-hydroxy-2,19-dimethyl-13-trans,18-prostadien

                          oic acid                                             

     463   346            9-oxo-15-hydroxy-2-methyl-19,20-dinor-13-trans,17-pro

                          stadienoic acid                                      

     464   347            9-oxo-15-hydroxy-10a-homo-20-nor-13-trans-prostenoic 

                          acid                                                 

     465   348            9-oxo-15-hydroxy-10a-homo-20-methyl-13-trans-prosteno

                          ic acid                                              

     466    349           9-oxo-15-hydroxy-10a-homo-16-ethyl-13-trans-prostenoi

                          c acid                                               

     467   350            9-oxo-15-hydroxy-10a-homo-18,19-dimethyl-13-trans,18-

                          prostadienoic acid                                   

     468   351            9-oxo-15-hydroxy-10a-homo-19,20-dinor-13-trans,17-pro

                          stadienoic acid                                      

     469   352            9-oxo-15-hydroxy-10a-homo-5,6,7-trinor-20-ethyl-13-tr

                          ans-prostenoic acid                                  

     470   353            9-oxo-15-hydroxy-10a-homo-5,6,7,20-tetra-nor-16-methy

                          l-13-trans-prostenoic acid                           

     471   354            9-oxo-15-hydroxy-10a-homo-5,6,7-trinor-19-isobutyl-13

                          -trans,18-prostadienoic acid                         

     472   355            9-oxo-15-hydroxy-10a-homo-20-methyl-13-trans-prosteno

                          ic acid                                              

     473   356            9-oxo-15-hydroxy-10a-homo-19-methyl-13-trans,18-prost

                          adienoic acid                                        

     474   357            9-oxo-15-hydroxy-7a,10a-bishomo-20-nor-13-trans-prost

                          enoic acid                                           

     475   358            9-oxo-15-hydroxy-7a,10a-bishomo-20-ethyl-13-trans-pro

                          stenoic acid                                         

     476   359            9-oxo-15-hydroxy-7a,10a-bishomo-16-methyl-20-nor-13-t

                          rans-prostenoic acid                                 

     477   360            9-oxo-15-hydroxy-7a,10a-bishomo-19-methyl-13-trans,18

                          -prostadienoic acid                                  

     478   361            9-oxo-15-hydroxy-3-thia-20-nor-13-trans-prostenoic   

                          acid                                                 

     479   362            9-oxo-15-hydroxy-3-thia-20-methyl-13-trans-prostenoic

                           acid                                                

     480   363            9-oxo-15-hydroxy-3-thia-16-ethyl-13-trans-prostenoic 

                          acid                                                 

     481   364            9-oxo-15-hydroxy-3-thia-16-methyl-18,19,20-trinor-13-

                          trans-prostenoic acid                                

     482   365            9-oxo-15-hydroxy-3-thia-19-methyl-13-trans,18-prostad

                          ienoic acid                                          

     483   366            9-oxo-15-hydroxy-3-thia-19,20-dinor-13-trans,17-prost

                          adienoic acid                                        

     484   367            9-oxo-15-hydroxy-20-nor-5-cis,13-trans-prostadienoic 

                          acid                                                 

     485   368            9-oxo-15-hydroxy-20-methyl-5-cis,13-trans-prostadieno

                          ic acid                                              

     486   369            9-oxo-15-hydroxy-16-ethyl-5-cis,13-trans-prostadienoi

                          c acid                                               

     487   370            9-oxo-15-hydroxy-16-methyl-20-nor-5-cis,13-trans-pros

                          tadienoic acid                                       

     488   371            9-oxo-15-hydroxy-19-methyl-5-cis,13-trans,18-prostatr

                          ienoic acid                                          

     489   372            9-oxo-15-hydroxy-18,19-dimethyl-5-cis,13-trans-18-pro

                          statrienoic acid                                     

     490   373            9-oxo-15-hydroxy-19,20-dinor-5-cis,13-trans,17-prosta

                          trienoic acid                                        

     491   374            9-oxo-15-hydroxy-5-cis,-13-trans,17-cis-prostatrienoi

                          c acid                                               

     ______________________________________                                    

PAC  EXAMPLE 492
PAC  Preparation of 3-(tert-butoxy)-1-iodooctane
PAR  Into a solution of 16.7 g. of 1-iodo-3-octanol [Shriner et al., J. Org.
      Chem. 4, 103 (1939)] in 250 ml. of methylene chloride is bubbled
      isobutylene at a fast rate until the solution is saturated. The solution
      is cooled and 2 ml. of concentrated sulfuric acid is added. The solution
      is stoppered and allowed to stand at room temperature for 3 days. After
      the solution is poured into 300 ml. of 5% sodium carbonate, the organic
      phase is separated, washed with brine, dried with anhydrous magnesium
      sulfate and evaporated to dryness. Distillation gave 13.9 g. (68%) of
      product, b.p. 59.degree.C. (0.008 mm).
PAC  EXAMPLE 493
PAC  Preparation of 15-(tert-butoxy)-9-oxoprostanoic acid, ethyl ester
PAR  To a Grignard solution, prepared from 5.05 g. of magnesium and 65.8 g. of
      3-(tert-butoxy)-1-iodooctane in 150 ml. of diethyl ether under nitrogen
      atmosphere, is added 4.0 g. of copper iodide-tri-n-butylphosphine complex
      followed by dropwise addition of 49 g. of
      2-(6-carbethoxyhexyl)cyclopent-2-en-1-one [Hardegger et al., Helv. Chim.
      Acta 50, 2501 (1967)] and the resulting mixture is stirred for 18 hours.
      Saturated ammonium chloride (110 ml.) is added followed by 100 ml. of
      water and 100 ml. of diethyl ether. Unreacted magnesium is removed by
      filtration. The ethereal layer is washed successively with aqueous sodium
      thiosulfate solution, ammonium chloride solution, and water, dried over
      magnesium sulfate and taken to dryness to give an oil. Distillation at
      0.05 mm. (bath 100.degree.-185.degree.C.) gives 45.4 g. of material
      containing unreacted starting material and 30 g. (85% yield based on
      non-recovered starting material; see below) of residue which contains the
      desired product. This material is chromatographed on silica gel. The
      product is eluted with diethyl ether to give 25.2 g. (71% based on
      recovered starting material) of a syrup; this material has no significant
      ultraviolet absorption; .lambda..sub.max.sup.KBr 5.74, 7.20, 7.35, 8.35
      .mu.; nmr 2H quartet .delta.4.09 (OCH.sub.2 of ester), 1H broad singlet
      3.57 (carbinolic proton), 5H overlapping multiplets 2.0-2.4 (protons next
      to C=O), 3H triplet 1.22 (CH.sub.3 of ethyl), 9H singlet 1.17 (CH.sub.3 's
      to t-butyl) and 3H triplet 0.9 (terminal methyl); mass spectrum: m/e 424.
PAC  EXAMPLE 494
PAC  Preparation of 15-hydroxy-9-oxoprostanoic acid, ethyl ester
PAR  A solution of 25 g. of 15-(tert-butoxy)-9-oxoprostanoic acid, ethyl ester
      in 100 ml. of trifluoroacetic acid is stirred in an ice bath for 1 hour
      and is then poured into 500 ml. of ice water and extracted several times
      with chloroform. The combined chloroform extracts are washed with
      saturated sodium bicarbonate solution, saturated sodium chloride solution,
      dried with anhydrous magnesium sulfate, and taken to dryness. The
      resulting oil is dissolved in 200 ml. of 1N ammonium hydroxide in ethanol,
      kept at ambient temperature for 15 minutes, then taken to dryness. The
      residual oil is dissolved in chloroform and washed with 1N hydrochloric
      acid, saturated sodium chloride solution, dried and taken to dryness to
      give 21.7 g. (100%) of product as a yellow syrup. There is essentially no
      uv absorption; .lambda..sub.max.sup.KBr 2.90, 5.75, 8.45 .mu. ; nmr 2H
      quartet .delta.4.13 (OCH.sub.2 of ester), 1H broad singlet 3.63
      (carbinolic proton), 3H triplet (CH.sub.3 of ester), and 3 H distorted
      triplet 0.92 (terminal methyl); mass spectrum: m/e 368.
PAC  EXAMPLE 495
PAC  Preparation of 15-hydroxy-9-oxoprostanoic acid
PAR  A suspension of 15 g. of 15-hydroxy-9-oxoprostanoic acid, ethyl ester in
      230 ml. of aqueous methanol (1:1) containing 6.45 g. of potassium
      hydroxide is stirred at 50.degree.C. for 1 hour and then at room
      temperature for 18 hours. The resulting solution is acidified with 1N
      hydrochloric acid, saturated with sodium chloride, and extracted several
      times with diethyl ether. The combined ether extracts are washed twice
      with saturated sodium chloride solution, dried with anhydrous magnesium
      sulfate, and taken to dryness to give 13.1 g. (94%) of product as an oil.
      There is essentially no uv absorption; [.alpha.].sub.D.sup.25
      0.degree.(1.0% in CHCl.sub.3); .lambda..sub.max.sup.KBr 2.80-3.70 (Broad),
      5.75, 5.87 .mu.; nmr 2H singlet .delta.6.65 (hydroxyl and carboxyl
      protons), 1H broad singlet 3.63 (carbinolic proton), and 3H distorted
      triplet 0.93 (terminal methyl); mass spectrum: m/e 340.
PAC  EXAMPLE 496
PAC  Preparation of 1-chloro-3-hydroxy-4-octyne
PAR  To 68 ml. of 1.6M butyllithium in hexane at -50.degree.C. is added
      dropwise, with stirring, 7.4 g. of 1-pentyne. The resulting white sludge
      is diluted with 20 ml. of hexane, brought to 10.degree.C. and treated with
      11 g. of freshly prepared .beta.-chloropropionaldehyde (Org. Syn., Coll.
      Vol. I, p. 166) at such a rate that the temperature is maintained at
      10.degree.-Coll. C. The solution is allowed to stir at ambient temperature
      for 18 hours then treated with saturated ammonium chloride solution. The
      organic phase is separated, washed with dilute hydrochloric solution,
      dried with anhydrous magnesium sulfate and taken to dryness. Distillation
      gives 5.1 g. of product b.p. 65.degree.-66.degree.C. at 0.3 nm.;
      .lambda.max. 2.95 (-OH) and 4.55 .mu. (--C.tbd.C--); vapor phase
      chromatography shows one peak.
PAC  EXAMPLE 497
PAC  Preparation of 1-chloro-3-hydroxy-4-cis-octene
PAR  A solution of 2 g. of 1-chloro-3-hydroxy-4-octyne (Example 496) is
      hydrogenated in 50 ml. absolute alcohol using 200 mg. of Lindlar catalyst
      (5% Pd on CaCO.sub.3). The catalyst is removed by filtration and the
      mother liquor is taken to dryness to give 2 g. of an oil; .lambda.max.
      2.95 (--OH) and 7.25 .mu.
      ##EQU21##
PAC  EXAMPLE 498
PAC  Preparation of 3-hydroxy-1-iodo-4-octyne
PAR  A mixture of 15 g. of sodium iodide in 100 ml. of 2-butanone is stirred at
      the reflux temperature for 30 minutes. To the cooled mixture is added 12
      g. of 1-chloro-3-hydroxy-4-octyne in 150 ml. of 2-butanone. The resulting
      mixture is stirred at the reflux temperature for 18 hours then cooled and
      filtered. The mother liquor is taken to dryness and the residue is
      triturated with benzene and filtered. The benzene is taken to dryness to
      give the subject product as an oil. The material is shown to be
      homogeneous by vapor phase chromatography and thin layer chromatography.
PAC  EXAMPLE 499
PAC  Preparation of 3-hydroxy-1-iodo-4-cis-octen
PAR  The subject compound is prepared from 3-hydroxy-1-chloro-4-cis-octene and
      sodium iodide by the method of Example 498.
PAC  EXAMPLE 500
PAC  Preparation of 3-t-butoxy-1-iodo-4-octyne
PAR  The subject compound is prepared from 3-hydroxy-1-iodo-4-octyne (Example
      498) and isobutylene by the method of Example 492.
PAC  EXAMPLE 501
PAC  Preparation of 3-t-butoxy-1-iodo-4-cis-octene
PAR  The subject compound is prepared from 3-hydroxy-1-iodo-4-cis-octent
      (Example 499) and isobutylene by the method of Example 492.
PAC  EXAMPLE 502
PAR  Preparation of 3(tert-butoxy)-1-iodohexane
PAR  A mixture of 23.4 g. of 1-chloro-3-hexanol [Fourneau, et. al., Bull. Soc.
      Chem. France, 25, 367 (1919)] in 300 ml. of 2-butanone containing 30 g. of
      sodium iodide is stirred at the reflux temperature for 18 hours. The
      cooled solution is filtered and the mother liquor is taken to dryness.
      Distillation of the residue affords 32.9 g. (84%) of 1-iodo-3-hexanol,
      b.p. 105.degree.C. (10 mm). Treatment of this material in 500 ml. of
      methylene chloride, containing 4 ml. of concentrated sulfuric acid, with
      isobutylene according to the procedure described in Example 492 gives 27
      g. of crude material. Chromatography on florisil affords 16 g. of product;
      .lambda.max. 7.22 and 7.37 .mu.(tert-butyl group).
PAC  EXAMPLES 503- 558
PAR  Treatment of the cyclopentenones designated in the table below with the
      designated Grignard reagents by the procedure of Example 493 is productive
      of the alkyl 9-oxo-15-t-butoxy-8.xi.-prostanoates and prostenoates of the
      table. 3-t-Butoxyoctylmagnesium iodide was prepared from
      3-t-butoxy-1-iodooctane (Example 492); 3-t-butoxyhexyl magnesium iodide
      was prepared from 3-t-butoxy-1-iodohexane (Example 502),
      3-t-butoxy-4-octynyl magnesium iodide was prepared from
      3-t-butoxy-1-iodo-4-octyne (Example 500); and 3-t-butoxy-4-cis-octenyl
      magnesium iodide was prepared from 3-t-butoxy-1-iodo-4-cis-octene (Example
      501).
TBL                                    Table 6                                 

     __________________________________________________________________________

          Starting cyclopentenone Product Alkyl 9-Oxo-15-t-butoxy-8.xi.-prostan

                                  oates,                                       

     Example                                                                   

          of Example   Grignard Reagent                                        

                                  prostynoates and prostenoates                

     __________________________________________________________________________

     503  31           3-t-butoxyoctyl magnesium iodide                        

                                  ethyl 9-oxo-15-t-butoxy-2-ethyl-8.xi.-prostan

                                  oate                                         

     504  41           3-t-butoxyoctyl magnesium iodide                        

                                  ethyl 9-oxo-15-t-butoxy-3,3-dimethyl-8.xi.-pr

                                  ostanoate                                    

     505  46           3-t-butoxyoctyl magnesium iodide                        

                                  ethyl 9-oxo-15-t-butoxy-3-oxa-8.xi.-prostanoa

                                  te                                           

     506  70           3-t-butoxyoctyl magnesium iodide                        

                                  ethyl 9-oxo-15-t-butoxy-2-fluoro-8.xi.-prosta

                                  noate                                        

     507  79           3-t-butoxyoctyl magnesium iodide                        

                                  ethyl 9-oxo-15-t-butoxy-2-phenyl-8.xi.-prosta

                                  noate                                        

     508  99           3-t-butoxyoctyl magnesium iodide                        

                                  ethyl 9-oxo-15-t-butoxy-2-methyl-8.xi.-prosta

                                  noate                                        

     509  118          3-t-butoxyoctyl magnesium iodide                        

                                  ethyl 9-oxo-15-t-butoxy-3-thia-8.xi.-prostano

                                  ate                                          

     510  900          3-t-butoxyoctyl magnesium iodide                        

                                  methyl 9-oxo-15-t-butoxy-8.xi.-5-cis-prosteno

                                  ate                                          

     511  31           3-t-butoxyhexyl magnesium iodide                        

                                  ethyl 9-oxo-15-t-butoxy-2-ethyl-19,20-dinor-8

                                  .xi.-prostanoate                             

     512  41           3-t-butoxyhexyl magnesium iodide                        

                                  ethyl 9-oxo-15-t-butoxy-3,3-dimethyl-19,20-di

                                  nor-8.xi.-prostanoate                        

     513  46           3-t-butoxyhexyl magnesium iodide                        

                                  ethyl 9-oxo-15-t-butoxy-3-oxa-19,20-dinor-8.x

                                  i.-prostanoate                               

     514  70           3-t-butoxyhexyl magnesium iodide                        

                                  ethyl 9-oxo-15-t-butoxy-2-fluoro-19,20-dinor-

                                  8.xi.-prostanoate                            

     515  79           3-t-butoxyhexyl magnesium iodide                        

                                  ethyl 9-oxo-15-t-butoxy-2-phenyl-19,20-dinor-

                                  8.xi.-prostanoate                            

     516  99           3-t-butoxyhexyl magnesium iodide                        

                                  ethyl 9-oxo-15-t-butoxy-2-methyl-19,20-dinor-

                                  8.xi.-prostanoate                            

     517  118          3-t-butoxyhexyl magnesium iodide                        

                                  ethyl 9-oxo-15-t-butoxy-3-thia-19,20-dinor-8.

                                  xi.-prostanoate                              

     518  900          3-t-butoxyhexyl magnesium iodide                        

                                  methyl 9-oxo-15-t-butoxy-19,20-dinor-8.xi.-5-

                                  cis-prostenoate                              

     519  13           3-t-butoxy-4-octynyl magnesium iodide                   

                                  ethyl 9-oxo-15-t-butoxy-8.xi.-16-prostynoate 

     520  15           3-t-butoxy-4-octynyl magnesium iodide                   

                                  ethyl 9-oxo-15-t-butoxy-6,7-dinor-8.xi.-16-pr

                                  ostynoate                                    

     521  23           3-t-butoxy-4-octynyl magnesium iodide                   

                                  ethyl 9-oxo-15-t-butoxy-7a,7b-bishomo-8.xi.-1

                                  6-prostynoate                                

     522  31           3-t-butoxy-4-octynyl magnesium iodide                   

                                  ethyl 9-oxo-15-t-butoxy-2-ethyl-8.xi.-16-pros

                                  tynoate                                      

     523  41           3-t-butoxy-4-octynyl magnesium iodide                   

                                  ethyl 9-oxo-15-t-butoxy-3,3-dimethyl-8.xi.-16

                                  -prostynoate                                 

     524  46           3-t-butoxy-4-octynyl magnesium iodide                   

                                  ethyl 9-oxo-15-t-butoxy-3-oxa-8.xi.-16-prosty

                                  noate                                        

     525  53           3-t-butoxy-4-octynyl magnesium iodide                   

                                  ethyl 9-oxo-15-t-butoxy-7-nor-8.xi.-16-prosty

                                  noate                                        

     526  70           3-t-butoxy-4-octynyl magnesium iodide                   

                                  ethyl 9-oxo-15-t-butoxy-2-fluoro-8.xi.-16-pro

                                  stynoate                                     

     527  74           3-t-butoxy-4-octynyl magnesium iodide                   

                                  ethyl 9-oxo-15-t-butoxy-7a-homo-8.xi.-16-pros

                                  tynoate                                      

     528  79           3-t-butoxy-4-octynyl magnesium iodide                   

                                  ethyl 9-oxo-15-t-butoxy-2-phenyl-8.xi.-16-pro

                                  stynoate                                     

     529  81           3-t-butoxy-4-octynyl magnesium iodide                   

                                  butyl 9-oxo-15-t-butoxy-8.xi.-16-prostynoate 

     530  82           3-t-butoxy-4-octynyl magnesium iodide                   

                                  isopropyl 9-oxo-15-t-butoxy-8.xi.-16-prostyno

                                  ate                                          

     531  83           3-t-butoxy-4-octynyl magnesium iodide                   

                                  methyl 9-oxo-15-t-butoxy-8.xi.-16-prostynoate

                                  4                                            

     532  84           3-t-butoxy-4-octynyl magnesium iodide                   

                                  decyl 9-oxo-15-t-butoxy-8.xi.-16-prostynoate 

     533  99           3-t-butoxy-4-octynyl magnesium iodide                   

                                  ethyl 9-oxo-15-t-butoxy-2-methyl-8.xi.-16-pro

                                  stynoate                                     

     534  118          3-t-butoxy-4-octynyl magnesium iodide                   

                                  ethyl 9-oxo-15-t-butoxy-3-thia-8.xi.-16-prost

                                  ynoate                                       

     535  111          3-t-butoxy-4-octynyl magnesium iodide                   

                                  ethyl 9-oxo-15-t-butoxy-10a-homo-8.xi.-16-pro

                                  stynoate                                     

     536  113          3-t-butoxy-4-octynyl magnesium iodide                   

                                  ethyl 9-oxo-15-t-butoxy-10a-homo-7-nor-8.xi.-

                                  16-prostynoate                               

     537  114          3-t-butoxy-4-octynyl magnesium iodide                   

                                  ethyl 9-oxo-15-t-butoxy-7a,10a-bishomo-8.xi.-

                                  16-prostynoate                               

     538  900          3-t-butoxy-4-octynyl magnesium iodide                   

                                  methyl 9-oxo-15-t-butoxy-8.xi.-16-yne-5-cis-p

                                  rostenoate                                   

     539  13           3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  ethyl 9-oxo-15-t-butoxy-8.xi.                

                                  -16-cis-prostenoate                          

     540  15           3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  ethyl 9-oxo-15-t-butoxy-6,7-dinor-8.xi.-16-ci

                                  s-prostenoate                                

     541  23           3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  ethyl 9-oxo-15-t-butoxy-7a,7b-bishomo-8.xi.-1

                                  6-cis-prostenoate                            

     542  31           3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  ethyl 9-oxo-15-t-butoxy-2-ethyl-8.xi.-16-cis-

                                  prostenoate                                  

     543  41           3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  ethyl 9-oxo-15-t-butoxy-3,3-dimethyl-8.xi.-16

                                  -cis-prostenoate                             

     544  46           3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  ethyl 9-oxo-15-t-butoxy-3-oxa-8.xi.-16-cis-pr

                                  ostenoate                                    

     545  53           3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  ethyl 9-oxo-15-t-butoxy-7-nor-8.xi.-16-cis-pr

                                  ostenoate                                    

     546  70           3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  ethyl 9-oxo-15-t-butoxy-2-fluoro-8.xi.-16-cis

                                  -prostenoate                                 

     547  74           3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  ethyl 9-oxo-15-t-butoxy-7a-homo-8.xi.-16-cis-

                                  prostenoate                                  

     548  79           3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  ethyl 9-oxo-15-t-butoxy-2-phenyl-8.xi.-16-cis

                                  -prostenoate                                 

     549  81           3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  butyl 9-oxo-15-t-butoxy-8.xi.-16-cis-prosteno

                                  ate                                          

     550  82           3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  iospropyl 9-oxo-15-t-butoxy-8.xi.-16-cis-pros

                                  tenoate                                      

     551  83           3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  methyl 9-oxo-15-t-butoxy-8.xi.-16-cis-prosten

                                  oate                                         

     552  84           3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  decyl 9-oxo-15-t-butoxy-8.xi.-16-cis-prosteno

                                  ate                                          

     553  99           3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  ethyl 9-oxo-15-t-butoxy-2-methyl-8.xi.-16-cis

                                  -prostenoate                                 

     554  118          3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  ethyl 9-oxo-15-t-butoxy-3-thia-8.xi.-16-cis-p

                                  rostenoate                                   

     555  111          3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  ethyl 9-oxo-15-t-butoxy-10a-homo-8.xi.-16-cis

                                  -prostenoate -556          113 3-t-butoxy-4-c

                                                             is-octenyl        

                                                             magnesium         

                                                             iodide ethyl      

                                                             9-oxo-15-t-butoxy-

                                                             10a-homo-7-nor-8.x

                                                             i.-16-cis-prosteno

                                                             ate               

     557  114          3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  ethyl 9-oxo-15-t-butoxy-7a,10a-bishomo-8.xi. 

                                   -16-cis-prostenoate                         

     558  900          3-t-butoxy-4-cis-octenyl magnesium iodide               

                                  methyl 9-oxo-15-t-butoxy-8.xi.-5-cis-16-cis-p

                                  rostadienoate                                

     __________________________________________________________________________

PAC  EXAMPLES 559-614
PAR  Treatment of the 9-oxo-15-t-butoxy derivatives designated in the table
      below with trifluoroacetic acid and then with aqueous ammonia by the
      method described in Example 494 is productive of the 9-oxo-15-hydroxy
      esters of the table.
TBL                TABLE 7                                                     

     ______________________________________                                    

            Starting 15-t-                                                     

     Ex-    butoxy derivative                                                  

                          Product Alkyl 9-oxo-15-                              

     ample  of Example                                                         

     hydroxy derivative                                                        

     ______________________________________                                    

     559    503           Ethyl 9-oxo-15-hydroxy-2-ethyl-prostanoate           

     560    504           Ethyl 9-oxo-15-hydroxy-3,3-dimethyl-prostanoate      

     561    505           Ethyl 9-oxo-15-hydroxy-3-oxa-prostanoate             

     562    506           Ethyl 9-oxo-15-hydroxy-2-fluoro-prostanoate          

     563    507           Ethyl 9-oxo-15-hydroxy-2-phenyl-prostanoate          

     564    508           Ethyl 9-oxo-15-hydroxy-2-methyl-prostanoate          

     565    509           Ethyl 9-oxo-15-hydroxy-3-thia-prostanoate            

     566    510           Methyl 9-oxo-15-hydroxy-5-cis-prostenoate            

     567    511           Ethyl 9-oxo-15-hydroxy-2-ethyl-19,20-dinor-prostanoat

                          e                                                    

     568    512           Ethyl 9-oxo-15-hydroxy-3,3-dimethyl-19,20-dinor-prost

                          anoate                                               

     569    513           Ethyl 9-oxo-15-hydroxy-3-oxa-19,20-dinor-prostanoate 

                          p                                                    

     570    514           Ethyl 9-oxo-15-hydroxy-2-fluoro-19,20-dinor-prostanoa

                          te                                                   

     571    515           Ethyl 9-oxo-15-hydroxy-2-phenyl-19,20-dinor-prostanoa

                          te                                                   

     572    516           Ethyl 9-oxo-15-hydroxy-2-methyl-19,20-dinor-prostanoa

                          te                                                   

     573    517           Ethyl 9-oxo-15-hydroxy-3-thia-19,20-dinor-prostanoate

                          q                                                    

     574    518           Methyl 9-oxo-15-hydroxy-19,20-dinor-5-cis-prostenoate

                          .                                                    

     575    519           Ethyl 9-oxo-15-hydroxy-16-prostynoate                

     576    520           Ethyl 9-oxo-15-hydroxy-6,7-dinor-16-prostynoate      

     577    521           Ethyl 9-oxo-15-hydroxy-7a,7b-bishomo-16-prostynoate  

     578    522           Ethyl 9-oxo-15-hydroxy-2-ethyl-16-prostynoate        

     579    523           Ethyl 9-oxo-15-hydroxy-3,3-dimethyl-16-prostynoate   

     580    524           Ethyl 9-oxo-15-hydroxy-3-oxa-16-prostynoate          

     581    525           Ethyl 9-oxo-15-hydroxy-7-nor-16-prostynoate          

     582    526           Ethyl 9-oxo-15-hydroxy-2-fluoro-16-prostynoate       

     583    527           Ethyl 9-oxo-15-hydroxy-7a-homo-16-prostynoate        

     584    528           Ethyl 9-oxo-15-hydroxy-2-phenyl-16-prostynoate       

     585    529           Butyl 9-oxo-15-hydroxy-16-prostynoate                

     586    530           Isopropyl 9-oxo-15-hydroxy-16-prostynoate            

     587    531           Methyl 9-oxo-15-hydroxy-16-prostynoate               

     588    532           Decyl 9-oxo-15-hydroxy-16-prostynoate                

     589    533           Ethyl 9-oxo-15-hydroxy-2-methyl-16-prostynoate       

     590    534           Ethyl 9-oxo-15-hydroxy-3-thia-16-prostynoate         

     591    535           Ethyl 9-oxo-15-hydroxy-10a-homo-16-prostynoate       

     592    536           Ethyl 9-oxo-15-hydroxy-10a-homo-7-nor-16-prostynoate 

                          N                                                    

     593    537           Ethyl 9-oxo-15-hydroxy-7a,10a-bishomo-16-prostynoate 

                          O                                                    

     594    538           Methyl 9-oxo-15-hydroxy-16-yne-5-cis-prostenoate     

     595    539           Ethyl 9-oxo-15-hydroxy-16-cis-prostenoate            

     596    540           Ethyl 9-oxo-15-hydroxy-6,7-dinor-16-cis-prostenoate  

     597    541           Ethyl 9-oxo-15-hydroxy-7a,7b-bishomo-16-cis-prostenoa

                          te                                                   

     598    542           Ethyl 9-oxo-15-hydroxy-2-ethyl-16-cis-prostenoate    

     599    543           Ethyl 9-oxo-15-hydroxy-3,3-dimethyl-16-cis-prostenoat

                          e                                                    

     600    544           Ethyl 9-oxo-15-hydroxy-3-oxa-16-cis-prostenoate      

     601    545           Ethyl 9-oxo-15-hydroxy-7-nor-16-cis-prostenoate      

     602    546           Ethyl 9-oxo-15-hydroxy-2-fluoro-16-cis-prostenoate   

     603    547           Ethyl 9-oxo-15-hydroxy-7a-homo-16-cis-prostenoate    

     604    548           Ethyl 9-oxo-15-hydroxy-2-phenyl-16-cis-prostenoate   

     605    549           Butyl 9-oxo-15-hydroxy-16-cis-prostenoate            

     606    550           Isopropyl 9-oxo-15-hydroxy-16-cis-prostenoate        

     607    551           Methyl 9-oxo-15-hydroxy-16-cis-prostenoate           

     608    552           Decyl 9-oxo-15-hydroxy-16-cis-prostenoate            

     609    553           Ethyl 9-oxo-15-hydroxy-2-methyl-16-cis-prostenoate   

     610    554           Ethyl 9-oxo-15-hydroxy-3-thia-16-cis-prostenoate     

     611    555           Ethyl 9-oxo-15-hydroxy-10a-homo-16-cis-prostenoate   

     612    556           Ethyl 9-oxo-15-hydroxy-10a-homo-7-nor-16-cis-prosteno

                          ate                                                  

     613    557           Ethyl 9-oxo-15-hydroxy-7a,10a-bishomo-16-cis-prosteno

                          ate                                                  

     614    558           Methyl 9-oxo-15-hydroxy-5-cis-16-cis-prostadienoate  

     ______________________________________                                    

PAC  EXAMPLES 615-662
PAR  Saponification of the 9-oxo-15-hydroxy alkyl esters designated in the table
      below by the procedure described in Example 495 is productive of the
      carboxylic acids of the table.
TBL                TABLE 8                                                     

     ______________________________________                                    

            Starting alkyl                                                     

     Ex-    ester of      Product 9-oxo-15-hydroxy-                            

     ample  Example                                                            

     prostanoic acid                                                           

     ______________________________________                                    

     615    559           9-oxo-15-hydroxy-2-ethyl-prostanoic acid             

     616    560           9-oxo-15-hydroxy-3,3-dimethyl-prostanoic acid        

     617    561           9-oxo-15-hydroxy-3-oxa-prostanoic acid               

     618    562           9-oxo-15-hydroxy-2-fluoro-prostanoic acid            

     619    563           9-oxo-15-hydroxy-2-phenyl-prostanoic acid            

     620    564           9-oxo-15-hydroxy-2-methyl-prostanoic acid            

     621    565           9-oxo-15-hydroxy-3-thia-prostanoic acid              

     622    566           9-oxo-15-hydroxy-5-cis-prostenoic acid               

     623    567           9-oxo-15-hydroxy-2-ethyl-19,20-dinor-prostanoic      

                          acid                                                 

     624    568           9-oxo-15-3,3-dimethyl-19,20-dinor-prostanoic acid    

     625    569           9-oxo-15-hydroxy-3-oxa-19,20-dinor-prostanoic acid   

     626    570           9-oxo-15-hydroxy-2-fluoro-19,20-dinor-prostanoic     

                          acid                                                 

     627    571           9-oxo-15-hydroxy-2-phenyl-19,20-dinor-prostanoic     

                          acid                                                 

     628    572           9-oxo-15-hydroxy-2-methyl-19,20-dinor-prostanoic     

                          acid                                                 

     629    573           9-oxo-15-hydroxy-3-thia-19,20-dinor-prostanoic acid  

     630    574           9-oxo-15-hydroxy-19,20-dinor-5-cis-prostenoic acid   

     631    575           9-oxo-15-hydroxy-16-prostynoic acid                  

     632    576           9-oxo-15-hydroxy-6,7-dinor-16-prostynoic acid        

     633    577           9-oxo-15-hydroxy-7a,7b-bishomo-16-prostynoic acid    

     634    578           9-oxo-15-hydroxy-2-ethyl-16-prostynoic acid          

     635    579           9-oxo-15-hydroxy-3,3-dimethyl-16-prostynoic acid     

     636    580           9-oxo-15-hydroxy-3-oxa-16-prostynoic acid            

     637    581           9-oxo-15-hydroxy-7-nor-16-prostynoic acid            

     638    582           9-oxo-15-hydroxy-2-fluoro-16-prostynoic acid         

     639    583           9-oxo-15-hydroxy-7a-homo-16-prostynoic acid          

     640    584           9-oxo-15-hydroxy-2-phenyl-16-prostynoic acid         

     641    589           9-oxo-15-hydroxy-2-methyl-16-prostynoic acid         

     642    590           9-oxo-15-hydroxy-3-thia-16-prostynoic acid           

     643    591           9-oxo-15-hydroxy-10a-homo-16-prostynoic acid         

     644    592           9-oxo-15-hydroxy-10a-homo-7-nor-16-prostynoic acid   

     645    593           9-oxo-15-hydroxy-7a,10a-bishomo-16-prostynoic acid   

     646    594           9-oxo-15-hydroxy-16-yne-5-cis-prostenoic acid        

     647    595           9-oxo-15-hydroxy-16-cis-prostenoic acid              

     648    596           9-oxo-15-hydroxy-6,7-dinor-16-cis-prostenoic acid    

     649    597           9-oxo-15-hydroxy-7a,7b-bishomo-16-cis-prostenoic     

                          acid                                                 

     650    598           9-oxo-15-hydroxy-2-ethyl-16-cis-prostenoic acid      

     651    599           9-oxo-15-hydroxy-3,3-dimethyl-16-cis-prostenoic      

                          acid                                                 

     652    600           9-oxo-15-hydroxy-3-oxa-16-cis-prostenoic acid        

     653    601           9-oxo-15-hydroxy-7-nor-16-cis-prostenoic acid        

     654    602           9-oxo-15-hydroxy-2-fluoro-16-cis-prostenoic acid     

     655    603           9-oxo-15-hydroxy-7a-homo-16-cis-prostenoic acid      

     656    604           9-oxo-15-hydroxy-2-phenyl-16-cis-prostenoic acid     

     657    609           9-oxo-15-hydroxy-2-methyl-16-cis-prostenoic acid     

     658    610           9-oxo-15-hydroxy-3-thia-16-cis-prostenoic acid       

     659    611           9-oxo-15-hydroxy-10a-homo-16-cis-prostenoic acid     

     660    612           9-oxo-15-hydroxy-10a-homo-7-nor-16-cis-prostenoic    

                          acid                                                 

     661    613           9-oxo-15-hydroxy-7a,10a-bishomo-16-cis-prostenoic    

                          acid                                                 

     662    614           9-oxo-15-hydroxy-5-cis-16-cis-prostadienoic          

     ______________________________________                                    

                          acid                                                 

PAC  EXAMPLE 663
PAC  Ethyl 9-oxo-15-hydroxy-16-trans-prostenoate
PAR  To a mixture of 1 g. of ethyl 9-oxo-15 hydroxy -16 -prostynoate (Example
      575), 11 ml. of water and 27 ml. of dimethylformamide is added 27 ml. of
      0.45 N chromous sulfate solution. The mixture is stirred for 48 hours
      under nitrogen atmostphere. The mixture then is extracted with ether
      several times and the combined extracts are taken to dryness. Silica gel
      chromatography gives the subject product as an oil.
PAC  EXAMPLES 664 - 682
PAR  Treatment of the 9-oxo-15-hydroxy-16-prostynoates listed in Table 8A below
      with chromous sulfate in the manner of Example 663 is productive of the
      product 9-oxo-15-hydroxy-16-trans-prostenoates of the table.
TBL                TABLE 8A                                                    

     ______________________________________                                    

            Starting      Product                                              

     Ex-    16-prostenoate                                                     

                          9-oxo-15-hydroxy-16-                                 

     ample  of Example    trans-prostenoate                                    

     ______________________________________                                    

     664    576           Ethyl 9-oxo-15-hydroxy-6,7-dinor-16-trans-prostenoate

                          N                                                    

     665    577           Ethyl 9-oxo-15-hydroxy-7a,7b-bishomo-16-trans-prosten

                          oate                                                 

     666    578           Ethyl 9-oxo-15-hydroxy-2-ethyl-16-trans-prostenoate  

     667    579           Ethyl 9-oxo-15-hydroxy-3,3-dimethyl-16-trans-prosteno

                          ate                                                  

     668    580           Ethyl 9-oxo-15-hydroxy-3-oxa-16-trans-prostenoate    

     669    581           Ethyl 9-oxo-15-hydroxy-7-nor-16-trans-prostenoate    

     670    582           Ethyl 9-oxo-15-hydroxy-2-fluoro-16-trans-prostenoate 

                          e                                                    

     671    583           Ethyl 9-oxo-15-hydroxy-7a-homo-16-trans-prostenoate  

     672    584           Ethyl 9-oxo-15-hydroxy-2-phenyl-16-trans-prostenoate 

                          n                                                    

     673    585           Butyl 9-oxo-15-hydroxy-16-trans-prostenoate          

     674    586           Isopropyl 9-oxo-15-hydroxy-16-trans-prostenoate      

     675    587           Methyl 9-oxo-15-hydroxy-16-trans-prostenoate         

     676    588           Decyl 9-oxo-15-hydroxy-16-trans-prostenoate          

     677    589           Ethyl 9-oxo-15-hydroxy-2-methyl-16-trans-prostenoate 

                          t                                                    

     678    590           Ethyl 9-oxo-15-hydroxy-3-thia-16-trans-prostenoate   

     679    591           Ethyl 9-oxo-15-hydroxy-10a-homo-16-trans-prostenoate 

                          .                                                    

     680    592           Ethyl 9-oxo-15-hydroxy-10a-homo-7-nor-16-trans-proste

                          noate                                                

     681    593           Ethyl 9-oxo-15-hydroxy-7a,10a-bishomo-16-trans-proste

                          noate                                                

     682    594           Methyl 9-oxo-15-hydroxy-5-cis,16-trans-prostadienoate

     ______________________________________                                    

PAC  EXAMPLES 683-698
PAR  Saponification of the alkyl 9-oxo-15-hydroxy-16-trans-prostenoates listed
      in Table 8B below by the procedure described in Example 495 is productive
      of the corresponding prostenoic acids of the table.
TBL                TABLE 8B                                                    

     ______________________________________                                    

            Starting      Product 9-oxo-15-                                    

     Ex-    alkyl ester   hydroxy-16-trans                                     

     ample  of Example    prostenoic acids                                     

     ______________________________________                                    

     683    663           9-oxo-15-hydroxy-16-trans-prostenoic acid            

     684    664           9-oxo-15-hydroxy-6,7-dinor-16-trans-prostenoic acid  

     685    665           9-oxo-15-hydroxy-7a,7b-bishomo-16-trans-prostenoic   

                          acid                                                 

     686    666           9-oxo-15-hydroxy-2-ethyl-16-trans-prostenoic acid    

     687    667           9-oxo-15-hydroxy-3,3-dimethyl-16-trans-prostenoic    

                          acid                                                 

     688    668           9-oxo-15-hydroxy-3-oxa-16-trans-prostenoic acid      

     689    669           9-oxo-15-hydroxy-7-nor-16-trans-prostenoic acid      

     690    670           9-oxo-15-hydroxy-2-fluoro-16-trans-prostenoic acid   

     691    671           9-oxo-15-hydroxy-7a-homo-16-trans-prostenoic acid    

     692    672           9-oxo-15-hydroxy-2-phenyl-16-trans-prostenoic acid   

     693    677           9-oxo-15-hydroxy-2-methyl-16-trans-prostenoic acid   

     694    678           9-oxo-15-hydroxy-3-thia-16-trans-prostenoic acid     

     695    679           9-oxo-15-hydroxy-10a-homo-16-trans-prostenoic acid   

     696    680           9-oxo-15-hydroxy-10a-homo-7-nor-16-trans-prostenoic  

                          acid                                                 

     697    681           9-oxo-15-hydroxy-7a,10a-bishomo-16-trans-prostenoic  

                          acid                                                 

     698    682           9-oxo-15-hydroxy-5-cis,16-trans-prostadienoic        

     ______________________________________                                    

                          acid                                                 

PAC  EXAMPLE 699
PAC  Preparation of 9-oxo-15-hydroxy-3,3-dimethylprostanoic acid
PAR  A 2 g. sample of 9-oxo-15-hydroxy-3,3-dimethyl-13-trans-prostenoic acid is
      hydrogenated using 700 mg. of 10% palladium on carbon in 50 ml. of
      absolute alcohol. The catalyst is removed by filtration and the mother
      liquor is taken to dryness to give 2 g. of subject compound as an oil.
PAC  EXAMPLE 723
PAC  Preparation of 1-chloro-trans-1-octen-3-one
PAR  To a slurry of 233.5 g. (1.75 moles) of aluminum chloride in 390 ml. of
      carbon tetrachloride, saturated with acetylene and cooled in an ice bath,
      is added over 20 minutes 201.9 g. (1.50 moles) of hexanoyl chloride. After
      the addition is complete, acetylene is bubbled into the mixture as rapidly
      as it is absorbed and for 1 hour after absorption becomes slow. The
      mixture is poured onto 1700 g. of ice and 720 ml. of saturated brine. The
      organic phase is separated and the aqueous phase is washed with ether. The
      combined organic phase and washings are washed with saturated brine, dried
      (Na.sub.2 SO.sub.4) and evaporated. The residual oil is combined with 10
      g. of hydroquinone and distilled to yield a colorless oil, b.p.
      51.degree.-52.degree.C. (0.10 torr).
PAC  EXAMPLE 724
PAC  Preparation of 1-iodo-trans-1-octen-3-one
PAR  A mixture of 54.5 g. (0.364 mole) of sodium iodide and 40 g. (0.249 mole)
      of 1-chloro-trans-1-octen 3-one (Example 723) in 360 ml. of acetone is
      stirred and refluxed for 24 hours. The reaction mixture is cooled,
      filtered and concentrated. The residue is partitioned between water and
      ether. The organic phase is washed with dilute sodium bicarbonate
      solution, brine, dried (MgSO.sub.4) and evaporated to an oil. This
      material is used directly without purification.
PAC  EXAMPLE 725
PAC  Preparation of 1-bromo-trans-1-octen-3 one
PAR  A mixture of 68.0 g. (0.424 mole) of 1-chloro-trans-1-octen-3 one (Example
      723) and 444 g. (4.24 moles) of anhydrous lithium bromide in 900 ml. of
      2-pentanone is refluxed for 30 minutes, cooled, and partitioned between
      ice water and ether. The organic phase is washed with water and saturated
      brine, dried (NaSO.sub.4), and evaporated to an oil. This material is used
      directly without purification.
PAC  EXAMPLE 726
PAC  Preparation of 1-bromo-trans-1-octen-3-ol
PAR  To an ice cooled mixture of 14.29 g. (0.378 mole) of sodium borohydride in
      400 ml. of anhydrous ethanol is added the crude
      1-bromo-trans-1-octen-3-one (Example 725), from 0.424 mole of
      1-chloro-trans-1-octen-3-one) over 30 minutes. The mixture is stirred for
      2 hours with ice cooling and is then partitioned between ice water and
      benzene. The organic phase is washed with water and saturated brine, dried
      (Na.sub.2 SO.sub.4), and evaporated to an oil. Fractional distillation
      yields the title compound as a colorless oil, b.p. 66.degree.-68.degree.C.
      (0.025 torr).
PAC  EXAMPLE 727
PAC  Preparation of 1-chloro-trans-1-octen-3-ol
PAR  Treatment of 1-chloro-trans-1-octen-3-one (Example 723) with sodium
      borohydride in the manner of Example 726 is productive of the subject
      compound.
PAC  EXAMPLE 728
PAC  Preparation of 1-bromo-3-triphenylmethoxy-trans-1-octene
PAR  A mixture of 6.212 g. (0.030 mole) of 1-bromo-trans-1-octen-3-ol (Example
      726) and 10.67 g. (0.033 mole) of triphenylmethyl bromide in 40 ml. of
      pyridine is heated to 100.degree.C. for 1.5 hours under an inert
      atmosphere. The mixture is cooled and filtered. The filtrate is
      partitioned between ice water and ether. The organic phase is washed with
      cold dilute hydrochloric acid, saturated sodium bicarbonate solution, and
      saturated brine, dried (NaSO.sub.4 ), and evaporated to an oil. The latter
      is dissolved in hexane and passed through 250 g. of Florisil to yield
      after evaporation a colorless oil. Found for C.sub.27 H.sub.29 OBr : C,
      72.13; H, 6.61; BR, 17.57.
PAC  EXAMPLE 729
PAC  Preparation of 1-iodo-trans-1-octen-3-ol
PAR  Treatment of 63 g. (0.25 mole) of 1-iodo-trans-1-octen-3-one (Example 724)
      with sodium borohydride in the manner described in Example 726 gave 58 g.
      of yellow oil. The oil is purified by adsorption chromatography on a
      magnesia silica gel column using benzene as eluent to give a light yellow
      oil.
PAC  EXAMPLE 730
PAC  Preparation of 1-iodo-3-triphenylmethoxy-trans-1-octene
PAR  Treatment of 7.62 g. (0.03 mole) of 1-iodo-trans1-octen-3-ol with 10.67 g.
      (0.033 mole) of triphenylmethyl bromide in pyridine in the manner
      described in Example 728 gave 13.448 g. (90%) of a colorless oil.
PAC  EXAMPLE 731
PAC  Preparation of 1-chloro-3-triphenylmethoxy-trans-1-octene
PAR  Treatment of 1-chloro-trans-1-octen-3-ol (Example 727) with triphenylmethyl
      chloride by the method described in Example 728 except that the heating
      period is extended to six hours provides the subject compound.
PAC  EXAMPLE 732
PAC  Preparation of 11-deoxy-prostaglandin-E.sub.1 methyl ester and methyl
      15-hydroxy-9-oxo-13-cis-prostenoate
PAR  To a slurry of 0.535 g. (0.022 g. atom) of magnesium in 6 ml. of
      tetrahydrofuran is added under an inert atmosphere 2 ml. of a solution of
      6.548 g. (0.01455 mole) of 1-bromo-3-trityloxy-trans-1-octene (Example
      728) in 8 ml. of tetrahydrofuran. Reaction is initiated by warming the
      mixture to 45.degree.C. and adding 1 drop of methyl iodide. The remainder
      of the halide is added at a rate to maintain a temperature of
      43.degree.-46.degree.C. and the mixture is heated at 45.degree.C. for 1
      hour after complete addition of the halide. The Grignard reagent is cooled
      and added to an ice cooled solution of 2.615 g. (0.0117 mole) of
      2-(6-carbomethoxyhexyl) 2-cyclopentenone (Example 83) and 0.229 g. of
      Copper (I) iodide-tri-in-butylphosphine in 6 ml. of ether over 6 minutes.
      The mixture is stirred with ice cooling for 30 minutes and poured into 200
      ml. of saturated ammonium chloride. The mixture is extracted into ether
      and the organic phase is washed with water and saturated brine, dried
      (NaSO.sub.4) and evaporated. The residual oil is heated to 80.degree.C.
      for 30 minutes with 80% aqueous acetic acid under an inert atmosphere.
      This mixture is cooled, evaporated to dryness, and the residue is
      separated by dry column chromatography on silica gel using benzene-ethyl
      acetate 4:1 as eluent. The title compounds are isolated as oils with
      .DELTA.13 trans/.DELTA.13 cis in ratio of 10:1. Complete resolution is
      effected with partition chromatography [for a description see M. J. Weiss
      et al., Tetrahedron, 20, 357 (1964)] on acid-washed Celite -545 using
      heptane: acetonitrile (Hold Back Volume=1000 ml.);
      11-deoxy-prostaglandin-E.sub.1 methyl ester is obtained in Hold Back
      Volume 3-5 and methyl 15-hydroxy-9-oxo-13-cis-prostenoate is obtained in
      Hold Back Volume 6-8.
PAC  EXAMPLE 733
PAC  Preparation of 11-deoxy-prostaglandin-E.sub.1 methyl ester and methyl
      15-hydroxy-9-oxo-13-cis-prostenoate
PAR  To a slurry of 0.243 g. (0.010 g. atom) of magnesium in 4 ml. of
      tetrahydrofuran is added under an inert atmosphere 2ml. of a solution of
      4.494 g. (0.010 mole) of 1-bromo-3-trityloxy-trans-1-octene in 4 ml. of
      tetrahydrofuran. Reaction is initiated by warming the mixture to
      65.degree.C and adding 1 drop of methyl iodide. The remainder of the
      halide is added at a rate to maintain a temperature of
      65.degree.-70.degree.C. and the mixture is heated at
      75.degree.-80.degree.C. for 30 minutes after complete addition of the
      halide. The Grignard reagent is cooled and added to 2.243 g. (0.010 mole)
      of 2-(6-carbomethoxyhexyl)-2-cyclopentenone and 0.200 g. of copper (I)
      iodide-tri-n-butylphosphine in 6 ml. of ether and worked up with saturated
      ammonium chloride solution and aqueous acetic acid in the manner of
      Example 121. The products are isolated as described in Example 732 to
      yield 11-deoxy-prostaglandin E.sub.1 methyl ester and methyl
      15-hydroxy-9-oxo-13-cis-prostenoate in a ratio of 2:1.
PAC  EXAMPLE 734
PAC  Preparation of 15-hydroxy-9-oxo-13-cis-prostenoic acid
PAR  Methyl 15-hydroxy-9-oxo-13-cis-prostenoic acid is treated with potassium
      hydroxide in aqueous methanol and worked up as described in Example 495 to
      yield the title compound, m.p. at 71.degree.-75.degree.C.
PAC  EXAMPLE 735
PAC  Preparation of Prostaglandin-E.sub.1 and
      9-oxo-11.alpha.,15-dihydroxy-13-cis-prostenoic acid
PAR  A Grignard reagent is prepared as described in Example 732 from 0.535 g.
      (0.022 g. atom) of magnesium, 6.742 g. (0.015 mole) of
      1-bromo-3-triphenylmethoxy-trans-1-octene (Example 728), and 11 ml. of
      tetrahydrofuran at a temperature of 40.degree.-42.degree.C. The Grignard
      reagent is added to 3.95 g. of
      2-(6-carbotetrahydropyranyloxyhexyl)-4-tetrahydropyranyloxy-2-cyclopenteno
     ne (Example 95) and 0.589 g. of copper (I) iodide tri-n-butylphosphine in
      10 ml. of tetrahydrofuran and is worked up with ammonium chloride as
      described in Example 732. The protecting groups are removed by treating
      the worked up material, as described in Example 121, with 320 mol of
      acetic acid-water-tetrahydrofuran 2:1:1 at 45.degree.C. and the products
      are isolated by chromatography on silica gel with a benzene-ethyl acetate
      gradient and resolved via partition chromatography on acid-washed Celite
      545.
PAC  EXAMPLE 736
PAC  Preparation of Prostaglandin-E.sub.1, and
      9-oxo-11.alpha.,15-dihydroxy-13-cis-prostenoic acid
PAR  Treatment of
      2-(6-carbotetrahydropyranylhexyl)-4-tetrahydropyranyloxy-2-cyclopentenone
      (Example 95) with the Grignard reagent prepared from
      1-bromo-3-triphenylmethoxy-trans-1-octene (Example 728) in the presence of
      Copper (I) iodide tri-n-butylphosphine complex by the procedure described
      in Example 733 is productive of the subject compounds.
PAC  EXAMPLE 737
PAC  Preparation of 9.alpha.,15-dihydroxy-13-trans-prostenoic acid
PAR  To a solution of 433 mg. of 9-oxo-15-hydroxy-13-trans-prostenoic acid in
      4.5 ml. of tetrahydrofuran, stirred in an ice bath under nitrogen
      atmosphere, is added dropwise 3.7 ml. of 0.76M lithium
      perhydro-9b-boraphenalylhydride. After 40 minutes at 0.degree.C. there is
      added 1.62 ml. of 3N sodium hydroxide followed by 1.62 ml. of 30% hydrogen
      peroxide. Ether is added and the resulting solution is acidified with 2N
      hydrochloric acid. The ether layer is washed several times with saturated
      sodium chloride solution, dried with anhydrous magnesium sulfate and taken
      to dryness to give the subject product as an oil.
PAC  EXAMPLES 738-893
PAR  Treatment of the 9-oxo derivatives designated in the table below with
      lithium perhydro-9b-boraphenalyl hydride by the procedure described in
      Example 737 provides the 9.alpha.,15 -dihydroxy derivatives of the table.
TBL                TABLE 9                                                     

     ______________________________________                                    

            Starting 9-oxo-                                                    

     Ex-    derivative of Product 9.alpha., 15-Dihydroxy                       

     ample  Example       Derivative                                           

     ______________________________________                                    

     738    375           9.alpha.,15-dihydroxy-5,6,7-trinor-13-trans-prostenoi

                          c acid                                               

     739    376           9.alpha.,15-dihydroxy-7a,7b-bishomo-3-trans-prostenoi

                          c acid                                               

     740    377           9.alpha.,15-dihydroxy-2-ethyl-13-trans-prostenoic    

                          acid                                                 

     741    378           9.alpha.,15-dihydroxy-3,3-dimethyl-13-trans-prostenoi

                          c acid                                               

     742    379           9.alpha.,15-dihydroxy-3-oxa-13-trans-prostenoic      

                          acid                                                 

     743    380           9.alpha.,15-dihydroxy-7-nor-13-trans-prostenoic      

                          acid                                                 

     744    381           9.alpha.,15-dihydroxy-2-fluoro-13-trans-prostenoic   

                          acid                                                 

     745    382           9.alpha.,15-dihydroxy-7a-homo-13-trans-prostenoic    

                          acid                                                 

     746    383           9.alpha.,15-dihydroxy-2-phenyl-13-trans-prostenoic   

                          acid                                                 

     747    384           9.alpha.,15-dihydroxy-2-methyl-13-trans-prostenoic   

                          acid                                                 

     748    385           9.alpha.,15-dihydroxy-10a-homo-13-trans-prostenoic   

                          acid                                                 

     749    386           9.alpha.,15-dihydroxy-10a-homo-5,6,7-trinor-13-trans-

                          prostenoic acid                                      

     750    387           9.alpha.,15-dihydroxy-10a-homo-7-nor-13-trans-prosten

                          oic acid                                             

     751    388           9.alpha.,15-dihydroxy-7a,10a-bishomo-13-trans-prosten

                          oic acid                                             

     752    389           9.alpha.,15-dihydroxy-3-thia-13-trans-prostenoic     

                          acid                                                 

     753    390           9.alpha.,15-dihydroxy-13-trans-prostenoic acid       

     754    391           9.alpha.,15-dihydroxy-13-trans-prostenoic acid       

     755    392           9.alpha.,15-dihydroxy-13-trans-prostenoic acid       

     756    393           9.alpha.,15-dihydroxy-13-trans-prostenoic acid       

     757    394           9.alpha.,15-dihydroxy-5-cis,13-trans-prostadienoic   

                          acid                                                 

     758    395           9.alpha.,15-dihydroxy-20-nor-13-trans-prostenoic     

                          acid                                                 

     759    396           9.alpha.,15-dihydroxy-20-methyl-13-trans-prostenoic  

                          acid                                                 

     760    397           9.alpha.,15-dihydroxy-16-ethyl-13-trans-prostenoic   

                          acid                                                 

     761    398           9.alpha.,15-dihydroxy-16-methyl-20-nor-13-trans-prost

                          enoic acid                                           

     762    399           9.alpha.,15-dihydroxy-19-methyl-13-trans,            

                          18-prostadienoic acid                                

     763    400           9.alpha.,15-dihydroxy-18,19-dimethyl-13-trans,       

                          18-prostadienoic acid                                

     764    401           9.alpha.,15-dihydroxy-13-trans,17-cis-prostadienoic  

                          acid                                                 

     765    402           9.alpha.,15-dihydroxy-5,6,7-trinor-13-trans,         

                          17-cis-prostadienoic acid                            

     766    403           9.alpha.,15-dihydroxy-6,7-dinor-13-trans,            

                          17-cis-prostadienoic acid                            

     767    404           9.alpha.,15-dihydroxy-7a,7b-bishomo-13-trans,        

                          17-cis-prostadienoic acid                            

     768    405           9.alpha.,15--dihydroxy-2-ethyl-13-trans,             

                          17-cis-prostadienoic acid                            

     769    406           9.alpha.,15-dihydroxy-3,3-dimethyl-13-trans,         

                          17-cis-prostadienoic acid                            

     770    407           9.alpha.,15-dihydroxy-3-oxa-13-trans,                

                          17-cis-prostadienoic acid                            

     771    408           9.alpha.,15-dihydroxy-7-nor-13-trans,                

                          17-cis-prostadienoic acid                            

     772    409           9.alpha.,15-dihydroxy-2-fluoro-13-trans,             

                          17-cis-prostadienoic acid                            

     773    410           9.alpha.,15-dihydroxy-7a-homo-13-trans,              

                          17-cis-prostadienoic acid                            

     774    411           9.alpha.,15-dihydroxy-2-phenyl-13-trans,             

                          17-cis-prostadienoic acid                            

     775    412           9.alpha.,15-dihydroxy-2-methyl-13-trans,             

                          17-cis-prostadienoic acid                            

     776    413           9.alpha.,15-dihydroxy-10a-homo-13-trans,             

                          17-cis-prostadienoic acid                            

     777    414           9.alpha.,15-hydroxy-102-homo-5,6,7-trinor-13-trans,  

                          17-cis-prostadienoic acid                            

     778    415           9.alpha.,15-dihydroxy-10a-homo-7-nor-13-trans,       

                          17-cis-prostadienoic acid                            

     779    416           9.alpha.,15-dihydroxy-7a,10a-bishomo-13-trans,       

                          17-cis-prostadienoic acid                            

     780    417           9.alpha.,15-dihydroxy-3-thia-13-trans,               

                          17-cis-prostadienoic acid                            

     781    418           9.alpha.,15-dihydroxy-13-trans,17-cis-prostadienoic  

                          acid                                                 

     782    419           9.alpha.,15-dihydroxy-13-trans, 17-cis-prostadienoic 

                          acid                                                 

     783    420           9.alpha.,15-dihydroxy-13-trans, 17-cis-prostadienoic 

                          acid                                                 

     784    421           9.alpha.,15-dihydroxy-13-trans,17-cis-prostadienoic  

                          acid                                                 

     785    422           9.alpha.,15-dihydroxy-5,6,7-trinor-19-isobutyl-13-tra

                          ns, 18-prostadienoic acid                            

     786    423           9.alpha.,15-dihydroxy-5,6,7,19,20-pentanor-13-trans,1

                          7-prostadienoic acid                                 

     787    424           9.alpha.,15-dihydroxy-19,20-dinor-13-trans,          

                          18-prostadienoic acid                                

     788    425           9.alpha.,15-dihydroxy-17,20-dimethyl-20-isopropenyl-1

                          3-trans-prostenoic acid                              

     789    426           9.alpha.,15-dihydroxy-16-ethyl-6,7,19,20-tetranor-13-

                          trans-prostenoic acid                                

     790    427           9.alpha.,15-dihydroxy-18,19-dimethyl-6,7-dinor-13-tra

                          ns, 18-prostadienoic acid                            

     791    428           9.alpha.,15-dihydroxy-16-ethyl-7a,7b-bishomo-13-trans

                          -prostenoic acid                                     

     792    429           9.alpha.,15-dihydroxy-19-methyl-7a,7b-bishomo-13-tran

                          s, 18-prostadienoic acid                             

     793    430           9.alpha.,15-dihydroxy-2-ethyl-19,20-dinor-13-trans-pr

                          ostenoic acid                                        

     794    431           9.alpha.,15-dihydroxy-2,20-diethyl-13--trans-prosteno

                          ic acid                                              

     795    432           9.alpha.,15-dihydroxy-2-ethyl-16-methyl-20-nor-13-tra

                          ns-prostenoic acid                                   

     796    433           9.alpha.,15-dihydroxy-2-ethyl-18,19-dimethyl-13-trans

                          , 18-prostadienoic acid                              

     797    434           9.alpha.,15-dihydroxy-3,3-dimethyl-18,19,20-trinor-13

                          -trans-prostenoic acid                               

     798    435           9.alpha.,15-dihydroxy-3,3,20-trimethyl-13-trans-prost

                          enoic acid                                           

     799    436           9.alpha.,15-dihydroxy-3,3,16-trimethyl-20-nor-13-tran

                          s-prostenoic acid                                    

     800    437           9.alpha.,15-dihydroxy-3,3-dimethyl-19-isobutyl-13-tra

                          ns, 18-prostadienoic acid                            

     801    438           9.alpha.,15-dihydroxy-3,3-dimethyl-19,20-dinor-13-tra

                          ns, 17-prostadienoic acid                            

     802    439           9.alpha.,15-dihydroxy-3-oxa-20-nor-13-trans-prostenoi

                          c acid                                               

     803    440           9.alpha.,15-dihydroxy-3-oxa-20-methyl-13-trans-proste

                          noic acid                                            

     804    441           9.alpha.,15-dihydroxy-3-oxa-16-ethyl-13-trans-prosten

                          oic acid                                             

     805    442           9.alpha.,15-dihydroxy-3-oxa-16-methyl-20-nor-13-trans

                          -prostenoic acid                                     

     806    443           9.alpha.,15-dihydroxy-3-oxa-19,20-dinor-13-trans,    

                          17-prostadienoic acid                                

     807    444           9.alpha.,15-dihydroxy-7,19,20-trinor-13-trans,       

                          17-prostadienoic acid                                

     808    445           9.alpha.,15-dihydroxy-7-nor-18,19-dimethyl-13-trans, 

                          18,prostadienoic acid                                

     809    446           9.alpha.,15-dihydroxy-7,18,19,20-tetranor-16-methyl-1

                          3-trans-prostenoic acid                              

     810    447           9.alpha.,15-dihydroxy-2-fluoro-20-nor-13-trans-proste

                          noic acid                                            

     811    448           9.alpha.,15-dihydroxy-2-fluoro-20-ethyl-13-trans-pros

                          tenoic acid                                          

     812    449           9.alpha.,15-dihydroxy-2-fluoro-16-ethyl-19,20-dinor-1

                          3-trans-prostenoic acid                              

     813    450           9.alpha.,15-dihydroxy-2-fluoro-16-methyl-20-nor-13-tr

                          ans-prostenoic acid                                  

     814    451           9.alpha.,15-dihydroxy-2-fluoro-19-methyl-13-trans,   

                          18-prostadienoic acid                                

     815    452           9.alpha.,15-dihydroxy-7a-homo-18,19-dimethyl-13-trans

                          , 18-prostadienoic acid                              

     816    453           9.alpha.,15-dihydroxy-7a-homo-19,20-dinor-13-trans,  

                          17-prostadienoic acid                                

     817    454           9.alpha.,15-dihydroxy-2-phenyl-20-nor-13-trans-proste

                          noic acid                                            

     818    455           9.alpha.,15-dihydroxy-2-phenyl-20-ethyl-13-trans-pros

                          tenoic acid                                          

     819    456           9.alpha.,15-dihydroxy-2-phenyl-16-ethyl-13-trans-pros

                          tenoic acid                                          

     820    484           9.alpha.,15-dihydroxy-20-nor-5-cis,                  

                          13-trans-prostadienoic acid                          

     821    485           9.alpha.,15-dihydroxy-20-methyl-5-cis,               

                          13-trans-prostadienoic acid                          

     822    486           9.alpha.,15-dihydroxy-16-ethyl-5-cis,                

                          13-trans-prostadienoic acid                          

     823    487           9.alpha.,15-dihydroxy-16-methyl-20-nor-5-cis,        

                          13-trans-prostadienoic acid                          

     824    488           9.alpha.,15-dihydroxy-19-methyl-5-cis, 13-trans,     

                          18-prostatrienoic acid                               

     825    489           9.alpha.,15-dihydroxy-18,19-dimethyl-5-cis,          

                          13-trans, 18-prostatrienoic acid                     

     826    490           9.alpha.,15-dihydroxy-19,20-dinor-5-cis, 13-trans,   

                          17-prostatrienoic acid                               

     827    491           9.alpha.,15-dihydroxy-5-cis, 13-trans,               

                          17-cis-prostatrienoic acid                           

     828    734           9.alpha.,15-dihydroxy-13-cis-prostenoic acid         

     829    735           9.alpha.,11.alpha.,15-trihydroxy-13-cis-prostenoic   

                          acid                                                 

     830    615           9.alpha.,15-dihydroxy-2-ethyl-prostanoic acid        

     831    616           9.alpha.,15-dihydroxy-3,3-dimethyl-prostanoic acid   

     832    617           9.alpha.,15-dihydroxy-3-oxa-prostanoic acid          

     833    618           9.alpha.,15-dihydroxy-2-fluoro-prostanoic acid       

     834    619           9.alpha.,15-dihydroxy-2-phenyl-prostanoic acid       

     835    620           9.alpha.,15-dihydroxy-2-methyl-prostanoic acid       

     836    621           9.alpha.,15-dihydroxy-3-thia-prostanoic acid         

     837    622           9.alpha.,15-dihydroxy-5-cis-prostenoic acid          

     838    623           9.alpha.,15-dihydroxy-2-ethyl-19,20-dinor-prostanoic 

                          acid                                                 

     839    624           9.alpha.,15-dihydroxy-3,3-dimethyl-19,20-dinor-prosta

                          noic acid                                            

     840    625           9.alpha.,15-dihydroxy-3-oxa-19,20-dinor-prostanoic   

                          acid                                                 

     841    626           9.alpha.,15-dihydroxy-2-fluoro-19,20-dinor-prostanoic

                           acid                                                

     842    627           9.alpha.,15-dihydroxy-2-phenyl-19,20-dinor-prostanoic

                           acid                                                

     843    628           9.alpha.,15-dihydroxy-2-methyl-19,20-dinor-prostanoic

                           acid                                                

     844    629           9.alpha.,15-dihydroxy-3-thia-19,20-dinor-prostanoic  

                          acid                                                 

     845    630           9.alpha.,15-dihydroxy-19,20-dinor-5-cis-prostenoic   

                          acid                                                 

     846    631           9.alpha.,15-dihydroxy-16-prostynoic acid             

     847    632           9.alpha.,15-dihydroxy-6,7-dinor-16-prostynoic acid   

     848    633           9.alpha.,15-dihydroxy-7a,7b-bishomo-16-prostynoic    

                          acid                                                 

     849    634           9.alpha.,15-dihydroxy-2-ethyl-16-prostynoic acid     

     850    635           9.alpha.,15-dihydroxy-3,3-dimethyl-16-prostynoic     

                          acid                                                 

     851    636           9.alpha.,15-dihydroxy-3-oxa-16-prostynoic acid       

     852    637           9.alpha.,15-dihydroxy-7-nor-16-prostynoic acid       

     853    638           9.alpha.,15-dihydroxy-2-fluoro-16-prostynoic acid    

     854    639           9.alpha.,15-dihydroxy-7a-homo-16-prostynoic acid     

     855    640           9.alpha.,15-dihydroxy-2-phenyl-16-prostynoic acid    

     856    641           9.alpha.,15-dihydroxy-2-methyl-16-prostynoic acid    

     857    642           9.alpha.,15-dihydroxy-3-thia-16-prostynoic acid      

     858    643           9.alpha.,15-dihydroxy-10a-homo-16-prostynoic acid    

     859    644           9.alpha.,15-dihydroxy-10a-homo-7-nor-16-prostynoic   

                          acid                                                 

     860    645           9.alpha.,15-dihydroxy-7a,10a-bishomo-16-prostynoic   

                          acid                                                 

     861    646           9.alpha.,15-dihydroxy-16-yne-5-cis-prostenoic acid   

     862    683           9.alpha.,15-dihydroxy-16-trans-prostenoic acid       

     863    684           9.alpha.,15-dihydroxy-6,7-dinor-16-trans-prostenoic  

                          acid                                                 

     864    685           9.alpha.,15-dihydroxy-7a,7b-bishomo-16-trans-prosteno

                          ic acid                                              

     865    686           9.alpha.,15-dihydroxy-2-ethyl-16-trans-prostenoic    

                          acid                                                 

     866    687           9.alpha.,15-dihydroxy-3,3-dimethyl-16-trans-prostenoi

                          c acid                                               

     867    688           9.alpha.,15-dihydroxy-3-oxa-16-trans-prostenoic      

                          acid                                                 

     868    689           9.alpha.,15-dihydroxy-7-nor-16-trans-prostenoic      

                          acid                                                 

     869    690           9.alpha.,15-dihydroxy-2-fluoro-16-trans-prostenoic   

                          acid                                                 

     870    691           9.alpha.,15-dihydroxy-7a-homo-16-trans-prostenoic    

                          acid                                                 

     871    692           9.alpha.,15-dihydroxy-2-phenyl-16-trans-prostenoic   

                          acid                                                 

     872    693           9.alpha.,15-dihydroxy-2-methyl-16-trans-prostenoic   

                          acid                                                 

     873    694           9.alpha.,15-dihydroxy-3-thia-16-trans-prostenoic     

                          acid                                                 

     874    695           9.alpha.,15-dihydroxy-10a-homo-16-trans-prostenoic   

                          acid                                                 

     875    696           9.alpha.,15-dihydroxy-10a-homo-7-nor-16-trans-prosten

                          oic acid                                             

     876    697           9.alpha.,15-dihydroxy-7a,10a-bishomo-16-trans-prosten

                          oic acid                                             

     877    698           9.alpha.,15-dihydroxy-5-cis, 16-trans-prostadienoic  

                          acid                                                 

     878    647           9.alpha.,15-dihydroxy-16-cis-prostenoic acid         

     879    648           9.alpha.,15-dihydroxy-,6,7-dinor-16-cis-prostenoic   

                          acid                                                 

     880    649           9.alpha.,15-dihydroxy-7a,7b-bishomo-16-cis-prostenoic

                           acid                                                

     881    650           9.alpha.,15-dihydroxy-2-ethyl-16-cis-prostenoic      

                          acid                                                 

     882    651           9.alpha.,15-dihydroxy-3,3-dimethyl-16-cis-prostenoic 

                          acid                                                 

     883    652           9.alpha.,15-dihydroxy-3-oxa-16-cis-prostenoic acid   

     884    653           9.alpha.,15-dihydroxy-7-nor-16-cis-prostenoic acid   

     885    654           9.alpha.,15-dihydroxy-2-fluoro-16-cis-prostenoic     

                          acid                                                 

     886    655           9.alpha.,15-dihydroxy-7a-homo-16-cis-prostenoic      

                          acid                                                 

     887    656           9.alpha.,15-dihydroxy-2-phenyl-16-cis-prostenoic     

                          acid                                                 

     888    657           9.alpha.,15-dihydroxy-2-methyl-16-cis-prostenoic     

                          acid                                                 

     889    658           9.alpha.,15-dihydroxy-3-thia-16-cis-prostenoic acid  

     890    659           9.alpha.,15-dihydroxy-10a-homo-16-cis-prostenoic     

                          acid                                                 

     891    660           9.alpha.,15-dihydroxy-10a-homo-7-nor-16-cis-prostenoi

                          c acid                                               

     892    661           9.alpha.,15-dihydroxy-7a,10a-bishomo-16-cis-prostenoi

                          c acid                                               

     893    662           9.alpha.,15-dihydroxy-5-cis, 16-cis-prostadienoic    

                          acid                                                 

     ______________________________________                                    

PAC  EXAMPLE 894
PAC  Preparation of 2-carbalkoxy (methyl/ethyl)-b
      2-(2-methoxyethyl)-cyclopentan-1-one
PAR  Treatment of 2-cyclopentanone carboxylate (mixed methyl and ethyl esters)
      with 2-methoxyethyl bromide by the method of Example 1 furnishes the
      subject compound as an oil, b.p. 90.degree.C. (0.1 mm).
PAC  EXAMPLE 895
PAC  Preparation of 2-(2-methoxyethyl)cyclopentan-1-one
PAR  Heating 8 g. of 2-carboalkoxy
      (methyl/ethyl)2-(2-methoxyethyl)-cyclopentan-1-one (Example 894) in 8 ml.
      of 20% aqueous hydrochloric acid at reflux for 3.5 hours and isolating the
      product by the method of Example 2 furnishes the subject compound as an
      oil, b.p. 45.degree.-50.degree.C. (0.02 mm).
PAC  EXAMPLE 896
PAC  Preparation of 1-acetoxy-2-(2-methoxyethyl)cyclopent-1-ene
PAR  The subject compound is prepared from 2-(2-methoxyethyl)cyclopentan-1-one
      (Example 895) and acetic anhydride by the procedure of Example 10. The
      product is an oil, b.p. 60.degree.C. (0.2 mm.)
PAC  EXAMPLE 897
PAC  Preparation of 2-(2-hydroxyethyl)-cyclopent-2-en-1-one
PAR  The enol acetate of Example 896 is brominated and dehydrobrominated by the
      method described in Example 13. The crude product is then dissolved in
      methylene chloride and is added at -78.degree.C. to a methylene chloride
      solution containing about seven molar equivalents of boron tribromide.
      After one hour at -78.degree.C. the solution is allowed to warm to room
      temperature and is then kept at ambient temperatures for a total of 18
      hours. The mixture is poured into water and extracted with ether. The
      organic phase is washed with saturated saline solution, then water and is
      dried. Evaporation of solvents leaves subject product, which is purified
      by distillation. The combined organic phases are washed with ice cold 5%
      sodium hydroxide solution, ice cold 5% hydrochloric acid, and saturated
      sodium chloride solution, dried with anhydrous magnesium sulfate and taken
      to dryness. Distillation gives a pale yellow oil; .lambda. max 5.85 .mu.
      (carbonyl group).
PAC  EXAMPLE 898
PAC  Preparation of 2-formylmethylcycopent-2-en-1-one
PAR  Chromium trioxide (0.6 mol) is added to a stirring solution of (1.2 mol) of
      anhydrous pyridine in 1500 ml. of anhydrous methylene chloride cooled in
      an ice bath. The deep red suspension is stirred for 15 minutes at
      0.degree.C. and 45 minutes at ambient temperature. A solution of 01.5 mol
      of 2-(2-hydroxyethyl)-cyclopent-2-en-1-one (Example 897) in 50 ml. of
      methylene chloride is added, all at once, to the suspension. A black terry
      deposit is formed immediately. After stirring the mixture for 25 minutes
      at ambient temperature, the methylene chloride is decanted from the tarry
      precipitate which is then triturated several times with ether.
PAC  EXAMPLE 899
PAC  Preparation of 2-(6-carboxy-2-cis-hexenyl)-cyclopent-2-en-1-one
PAR  A mixture of 0.194 g. (0.007952 mole) of sodium hydride (free of mineral
      oil) and 5.5 ml. of dimethylsulfoxide is heated to 70.degree.C. until gas
      evolution ceases under a nitrogen atmosphere. The resulting solution is
      cooled below room temperature and treated with a solution of 1.400 g.
      (0.00316 mole) of 4-carboxybutyltriphenyl phosphonium bromide [E. J. Corey
      et al., J. Am. Chem. Soc., 91, 5675 (1969)] in 6 ml. of dimethylsulfoxide.
      To the resulting red solution is added 0.00263 mole of
      2-formylmethylcyclopent-2-en-1-one (Example 898) in 2 ml. of
      dimethylsulfoxide and the mixture is stirred at room temperature for 2.25
      hours. The mixture is poured into ice water, sodium hydroxide solution is
      added to pH 12, and the neutral materials are extracted with diethyl
      ether. The basic phase is acidified with dilute hydrochloric acid and is
      extracted with diethyl ether. The organic phase is washed with water and
      saturated brine, dried (Na.sub.2 SO.sub.4), and evaporated to a
      semicrystalline mass. The latter is triturated with hot hexane, the solids
      are filtered off, and the filtrate is evaporated to yield the subject
      product as an oil.
PAC  EXAMPLE 900
PAC  Preparation of 2-(6-carbomethoxy-2-cis-hexenyl)-cyclopent-2-en-1-one
PAR  Treatment of 2-(6-carboxy-2-cis-hexenyl)-cyclopent-2-en-1-one (Example 899)
      with diazomethane in the usual manner as productive of the subject ester.
PAC  EXAMPLES 901-909
PAR  Hydrogenation of 13-trans-prostenoic acids designated in the table below by
      the procedure of Example 699 is productive of the prostanoic acids of the
      table.
TBL                TABLE 10                                                    

     ______________________________________                                    

     Ex-    Starting 13-  Product                                              

     ample                                                                     

     trans-pro-                                                                

            Prostanoic                                                         

            stenoic acid  Acid                                                 

            of Example                                                         

     ______________________________________                                    

     901    397           9-oxo-15-hydroxy-16-ethyl-prostanoic acid            

     902    398           9-oxo-15-hydroxy-16-methyl-20-nor-prostanoic acid    

     903    400           9-oxo-15-hydroxy-18,19-dimethyl-prostanoic acid      

     904    426           9-oxo-15-hydroxy-16-ethyl-6,7,19,20-tetranor-prostano

                          ic acid                                              

     905    428           9-oxo-15-hydroxy-16-ethyl-7a,7b-bishomo-prostanoic   

                          acid                                                 

     906    429           9-oxo-15-hydroxy-19-methyl-7a,7b-bishomo-prostanoic  

                          acid                                                 

     907    433           9-oxo-15-hydroxy-2-ethyl-18,19-dimethyl-prostanoic   

                          acid                                                 

     908    436           9-oxo-15-hydroxy-3,3,16-trimethyl-20-nor-prostanoic  

                          acid                                                 

     909    476           9-oxo-15-hydroxy-7a,10a-bishomo-16-methyl-20-nor-pros

                          tanoic acid                                          

     ______________________________________                                    

PAC  EXAMPLES 910-915
PAR  Treatment of the 9-oxo-alkyl esters designated in the table below with
      sodium borohydride by the procedure described in Example 257 is productive
      of the corresponding 9-hydroxy derivative of the table. These products are
      obtained as 9.alpha.- and 9.beta.-hydroxy epimeric mixtures.
TBL                TABLE 11                                                    

     ______________________________________                                    

     Ex-    Starting 9-oxo-                                                    

                          Product                                              

     ample  derivative of 9.alpha./9.beta.-hydroxy derivative                  

            Example                                                            

     ______________________________________                                    

     910    260           ethyl 9.alpha./9.beta.,15-dihydroxy-2-ethyl-13-trans-

                          prostenoate                                          

     911    261           ethyl 9.alpha./9.beta.,15-dihydroxy-3,3-dimethyl-13-t

                          rans-prostenoate                                     

     912    262           ethyl 9.alpha./9.beta.,15-dihydroxy-3-oxa-13-trans-pr

                          ostenoate                                            

     913    266           ethyl 9.alpha./9.beta.,15-dihydroxy-2-phenyl-13-trans

                          -prostenoate                                         

     914    272           ethyl 9.alpha./9.beta.,15-dihydroxy-3-thia-13-trans-p

                          rostenoate                                           

     915    284           ethyl 9.alpha./9.beta.,15-dihydroxy-13-trans,        

                          17-cis-prostadienoate                                

     ______________________________________                                    

PAC  EXAMPLES 916-921
PAR  Saponification of the ethyl esters designated in the table below by the
      procedure described in Example 122 furnishes the carboxylic acids of the
      table.
TBL                TABLE 12                                                    

     ______________________________________                                    

                          Product 9.alpha./9.beta.,15-di-                      

     Ex-    Starting ethyl                                                     

                          hydroxy-13-trans-pro-                                

     ample  ester of Example                                                   

                          stenoic acid                                         

     ______________________________________                                    

     916    910           9.alpha./9.beta.,15-dihydroxy-2-ethyl-13-trans-proste

                          noic acid                                            

     917    911           9.alpha./9.beta.,15-dihydroxy-3,3-dimethyl-13-trans-p

                          rostenoic acid                                       

     918    912           9.alpha./9.beta. ,15-dihydroxy-3-oxa-13-trans-prosten

                          oic acid                                             

     919    913           9.alpha./9.beta.,15-dihydroxy-2-phenyl-13-trans-prost

                          enoic acid                                           

     920    914           9.alpha./9.beta.,15-dihydroxy-3-thia-13-trans-prosten

                          oic acid                                             

     921    915           9.alpha./9.beta.,15-dihydroxy-13-trans,17-cis-prostad

                          ienoic acid                                          

     ______________________________________                                    

PAC  EXAMPLES 922-932
PAR  Treatment of the cycloalkenones of Table 13, which follows, with the
      Grignard reagent, prepared from 1-bromo-3-triphenylmethoxy-trans-1-octene
      and magnesium according to the procedure of Example 733, hydrolizing the
      intermediate 15-O-triphenylmethyl derivatives with glacial acetic
      acid-tetrahydrofura-water (4:2:1) according to the procedure of Example
      121, and isolating the products in the manner described in Example 732 is
      productive of the product 9-oxo-15-hydroxy-13-cis-prostenoates and
      9-oxo-15-hydroxy-13-trans-prostenoates of the table.
TBL                                    TABLE 13                                

     __________________________________________________________________________

     Example                                                                   

          Starting cyclopentenone                                              

                       Product 15-hydroxy-13-cis-                              

                                         Product 15-hydroxy-13-trans-          

          Ester of Example                                                     

                       prostenoate ester prostenoate ester                     

     __________________________________________________________________________

     922  23           ethyl 9-oxo-15-hydroxy-7a,7b-bishomo-13-cis-prostenoate 

                       N                 ethyl 9-oxo-15-hydroxy-7a,7b-bishomo-1

                                         3-trans-prostenoate                   

     923  31           ethyl 9-oxo-15-hydroxy-2-ethyl-13-cis-prostenoate       

                                         ethyl 9-oxo-15-hydroxy-2-ethyl-13-tran

                                         s-prostenoate                         

     924  41           ethyl 9-oxo-15-hydroxy-3,3-dimethyl-13-cis-prostenoate  

                                         ethyl 9-oxo-15-hydroxy-3,3-dimethyl   

                                         13-trans-prostenoate                  

     925  46           ethyl 9-oxo-15-hydroxy-3-oxa-13-cis-prostenoate         

                                         ethyl 9-oxo-15-hydroxy-3-oxa-13-trans-

                                         prostenoate                           

     926  53           ethyl 9-oxo-15-hydroxy-7-nor-13-cis-prostenoate         

                                         ethyl 9-oxo-5-hydroxy-7-nor-13-trans-p

                                         rostenoate                            

     927  70           ethyl 9-oxo-15-hydroxy-2-fluoro-13-cis-prostenoate      

                                         ethyl 9-oxo-15-hydroxy-2-fluoro-13-tra

                                         ns-prostenoate                        

     928  84           n-decyl 9-oxo-15-hydroxy-13-cis-prostenoate             

                                         n-decyl 9-oxo-15-hydroxy-13-trans-pros

                                         tenoate                               

     929  99           ethyl 9-oxo-15-hydroxy-2-methyl-13-cis-prostenoate      

                                         ethyl 9-oxo-15-hydroxy-2-methyl-13-tra

                                         ns-prostenoate                        

     930  111          ethyl 9-oxo-15-hydroxy-10a-homo-13-cis-prostenoate      

                                         ethyl 9-oxo-15-hydroxy-10a-homo-13-tra

                                         ns-prostenoate                        

     931  118          ethyl 9-oxo-15-hydroxy-3-thia-13-cis-prostenoate        

                                         ethyl 9-oxo-15-hydroxy-3-thia-13-trans

                                         -prostenoate                          

     932  900          methyl 9-oxo-15-hydroxy-5-cis, 13-cis-prostadienoate    

                                         methyl 9-oxo-15-hydroxy-5-cis,        

                                         13-trans-prostadienoate               

     __________________________________________________________________________

PAC  EXAMPLES 933-942
PAR  Saponification of the 13-cis-prostenoate alkyl esters designated in Table
      14 below by the method described in Example 122 is productive of the
      13-cis-prostenoic acids of the Table.
TBL                                    TABLE 14                                

     __________________________________________________________________________

     Example                                                                   

          Starting 13-cis-prostenoate                                          

                          Product 13-cis-prostenoic acids                      

     933  922             9-oxo-15-hydroxy-7a,7b-bishomo-113-                  

     cis-prostenoic acid                                                       

     934  923             9-oxo-15-hydroxy-2-ethyl-13-cis-                     

     prostenoic acid                                                           

     935  924             9-oxo-15-hydroxy-3,3-dimethyl-13-cis-                

     prostenoic acid                                                           

     936  925             9-oxo-15-hydroxy-3-oxa-13-cis-prostenoic acid        

     937  926             9-oxo-15-hydroxy-7-nor-13-cis-prostenoic acid        

     938  927             9-oxo-15-hydroxy-2-fluoro-13-cis-prostenoic acid     

     939  929             9-oxo-15-hydroxy-2-methyl-3-cis-prostenoic acid      

     940  930             9-oxo-15-hydroxy-10a-homo-13-cis-prostenoic acid     

     941  931             9-oxo-15-hydroxy-3-thia-13-cis-prostenoic acid       

     942  932             9-oxo-15-hydroxy-5-cis, 13-cis-prostadienoic         

     __________________________________________________________________________

                          acid                                                 

PAC  EXAMPLES 943-954
PAR  Treatment of the 9-oxo-13-cis-prostenoic acids and esters of Table 15 below
      with lithium perhydro-9b-boraphenalyl hydride by the procedure described
      in Example 737 furnishes the 9.alpha.,15-dihydroxy-13-cis-prostenoic acids
      and esters of the table.
TBL                                    TABLE 15                                

     __________________________________________________________________________

     Example                                                                   

          Starting 9-oxo-13-cis-                                               

                       Product 9.alpha.,15-hydroxy-13-cis-prostenoic acid and  

                       esters                                                  

     prostenoic derivative                                                     

          of Example                                                           

     __________________________________________________________________________

     943  933          9,15-dihydroxy-7a,7b-bishomo-13-cis-prostenoic acid     

     944  934          9,15-dihydroxy-2-ethyl-13-cis-prostenoic acid           

     945  935          9,15-dihydroxy-3,3-dimethyl-13-cis-prostenoic acid      

     946  936          9,15-dihydroxy-3-oxa-13-cis-prostenoic acid             

     947  937          9,15-dihydroxy-7-nor-13-cis-prostenoic acid             

     948  938          9,15-dihydroxy-2-fluoro-13-cis-prostenoic acid          

     949  939          9,15-dihydroxy-2-methyl-13-cis-prostenic acid           

     950  940          9,15-dihydroxy-10a-homo-13-cis-prostenoic acid          

     951  941          9,15-dihydroxy-3-thia-13-cis-prostenoic acid            

     952  942          9,15-dihydroxy-5-cis,-13-cis-prostadienoic acid         

     953  932          methyl 9,15-dihydroxy-5-cis, 13-cis-prostadienoate      

     954  928          n-decyl 9,15-dihydroxy-13-cis-prostenoate               

     __________________________________________________________________________

PAC  EXAMPLE 955
PAC  Preparation of 1-iodo-trans-1-octen-3-ol
PAR  A solution of 78.2 g. (0.310 moles) of 1-iodo-trans-1-octen-3-one (Example
      724) in 150 ml. of absolute ethanol is added dropwise over 2 hours to a
      slurry of 6.49 g. (0.172 moles) of sodium borohydride in 50 ml. of
      absolute ethanol cooled in an ice bath. After the addition is complete,
      the mixture is stirred for 2 hours with ice cooling and is then poured
      into 1 l. of water. The mixture is extracted into benzene and the organic
      phase is washed with saturated brine, dried (Na.sub.2 SO.sub.4) and
      evaporated. The resulting oil is dissolved into 400 ml. of absolute
      ethanol and treated with 5 mole percent of p-carboxyphenylhydrazine at
      70.degree.C. for 1.5 hours to remove residual ketone. The mixture is
      cooled and evaporated and the residue is dissolved into 400 ml. of ether
      and is filtered. The filtrate is washed with dilute sodium bicarbonate
      solution and saturated brine, dried (Na.sub.2 SO.sub.4), and evaporated to
      an oil. This oil is chromatographyed upon 2 Kg. of Florisil packed in
      hexane and the product is obtained upon elution with benzene Distillation
      of the product yields a colorless oil, b.p. 74.degree.-76.degree.C. (0.005
      tor.).
PAC  EXAMPLE 956
PAC  Preparation of 1-iodo-3-(p-anisyldiphenylmethoxy)-trans-1-octene
PAR  A mixture of 14.92 g. (0.0588 mole) of 1-iodo-trans-1-octen-3-ol (Example
      955) and 18.2 g. (0.0588 mole) of p-anisyldiphenylmethyl chloride in 165
      ml. of dry pryidine is heated at 60.degree.C. for 18 hours under an inert
      atmosphere. The mixture is cooled and the solvent is evaporated in vacuo.
      The residue is partitioned between ether and water, and the organic phase
      is washed with water and saturated brine, dried (MgSO.sub.4), and
      evaporated. The residue is chromatographed upon 300 g. of Florisil packed
      in hexane and the product is eluted with hexane and 4:1 hexane-benzene the
      yield a colorless oil.
PAC  EXAMPLE 957
PAC  Preparation of methyl esters of d1-11-deoxyprostaglandin-E.sub.1 and
      d1-11-deoxy-15-epi-prostaglandin E.sub.1
PAR  To a solution of 6.030 g. (0.01215 mole) of
      1-iodo-3-triphenylmethoxy-trans-1-octene (Example 730) in 8 ml. of toluene
      cooled to -78.degree.C. under an inert atmosphere is added 5.2 ml. of a
      2.34 M solution of n-butyllithium in hexane. The resulting solution is
      allowed to warm to -40.degree.C. and is maintained at this temperature for
      1 hour. To the solution containing
      3-triphenylmethoxy-trans-1-octenyllithium is then added 5.0 ml. of a 2.44
      M (0.0122 mole) solution of trimethylaluminum in heptane and the mixture
      is allowed to warm to -10.degree.C. The mixture containing lithium
      trimethyl(3triphenylmethoxy-trans-1-octenyl) alanate is then cooled to
      -78.degree.C. and to it is added a solution of 2.725 g. (0.01215 mole) of
      2-(6-carbomethoxyhexyl)-2-cyclopentenone (Example 83) dissolved in 10 ml.
      of diethyl ether. The mixture is allowed to warm to room temperature and
      is stirred at ambient temperature for  18 hours. The mixture is then
      poured onto ice and diluted hydrochloric acid and is extracted into ether.
      The organic phase is washed with water and saturated brine, dried
      (Na.sub.2 SO.sub.4), and evaporated to yield a colorless oil. This oil is
      heated with 100 ml. of 80% aqueous acetic acid at 80.degree.C. for 1 hour
      under an inert atmosphere. The resulting mixture is cooled and evaporated
      in vacuo to dryness with 100 ml. of xylene to yield an oil. This oil is
      dry-column-chromatographed upon 400 g. of silica gel using 4:1
      benzene-ethyl acetate as eluent to yield a total of 2.59 g. of
      d1-11-deoxyprostaglandin E.sub.1 and d1-11-deoxy-15-epiprostaglandin
      E.sub.1 methyl esters.
PAC  EXAMPLE 958
PAC  Preparation of 4-(trimethylsiloxy)-2-(6-carbotrimethylsiloxyhexyl)
      cyclopent-2-en-1-one
PAR  To a solution of 5 g. of 2-(6-carboxyhexyl)-4-hydroxy-cyclopent-2-en-1-one
      (Example 94) in 10 ml. of dry N,N-dimethylformamide is added 5.4 g. of
      trimethylsilyl chloride in a nitrogen atmosphere. To the resulting
      solution cooled in a tap water bath is added 5.05 g. of triethylamine in
      10 ml. of N,N-dimethylformamide dropwise. The resulting mixture is stirred
      at 60.degree.C. in an oil-bath for 2 hours, then at ambient temperatures
      for 18 hours. Triethylamine hydrochloride is removed by filtration and the
      filtrate is taken to dryness. The residual oil is distilled to give 2.6 g.
      of product, b.p. 156.degree.-157.degree.C. (0.07 mm.).
PAC  EXAMPLE 958A
PAC  Preparation of
      4-(dimethylisopropylsiloxy)-2-(6-carbodimethylisopropylsiloxyhexyl)
      cyclopent-2-en-1-one
PAR  Treatment of 1 g. of 2-(6-carboxyhexyl)-4-hydroxy-cyclopent-2-en-1-one in 2
      ml. of dry N,N-dimethylformamide containing 1.81 g. of
      dimethylisopropylsilyl chloride [E. J. C rey, R. K. Varma, J. Amer. Chem.
      Soc., 93, 7320 (1971)] 1.57 g. of triethylamine in 2 ml. of
      N,N-dimethylformamide in the manner described in Example 958 gives 1.45 g.
      of product after two evaporations with toluene.
PAC  EXAMPLE 959
PAC  Preparation of
      4-(dimethyl-t-butylsiloxy)-2-(6-carbodimethyl-t-butylsiloxyhexyl)
      cyclopent-2-en-1-one
PAR  To a 0.degree.C. solution of 2.0 gm. (8.55 mole)
      4-hydroxy-2-(6-carboxyhexyl)cyclopent-2-en-1-one (Example 94) and 3.65 gm.
      (54 mole) of imidazole in 5 ml. of dimethylformamide is added a slurry
      consisting of 4.07 gm. (27 mole) of dimethyl-t-butyl chlorosilane in 5 ml.
      of dimethylformamide. The slurry is rinsed in with an additional 1 ml. of
      dimethylformamide. The ice-bath is removed and the solution is stirred at
      37.degree.C. for 4 hours. The solution is then poured into 140 ml. of
      water and the aqueous solution is extracted twice with 70 ml. of isomeric
      hexanes. The organic layers are combined, dried with magnesium sulfate and
      concentrated in vacuo to an oil. Toluene (50 ml.) is added twice and
      evaporated in vacuo to remove unwanted low boiling impurities.
PAR  The residue is maintained under active vacuum overnight to give 3.38 gm.
      (7.45 mole) of an oil, that shows no hydroxyl or carboxyl absorption in
      the infrared. .about..upsilon. max: 1720 cm.sup.-.sup.1 (unsaturated
      ketone and silyl ester), 840, 815, 795, 780 cm.sup.-.sup.1 (silyl ether
      and silyl ester).
PAC  EXAMPLE 960
PAC  Preparation of d1-prostaglandin E.sub.1 and d1-epi-prostaglandin E.sub.1
PAR  To a solution of 4.790 g. (0.0091 mole) of
      3-(p-anisyldiphenylmethoxy)-trans- 1-iodo-1-octene (Example 956) in 5 ml.
      of toluene cooled to -78.degree.C. under an inert atmosphere is added 3.9
      ml. of 2.34 M n-butyllithium in hexane. The resulting solution is warmed
      to -40.degree.C. and is maintained at this temperature for 1 hour. To the
      solution containing 3-(p-anisyldiphenylmethoxy)-trans-1-octenyllithium is
      then added 3.6 ml. of a 2.44 M solution of trimethylaluminum in heptane
      and the mixture is allowed to warm to 0.degree.C. The solution containing
      lithium trimethyl[3-(p-anisyldiphenylmethoxy) -trans-1-octenyl]alanate is
      then added to a solution of 3.30 g. (0.00726 mole) of
      2-(6-carbo-t-butyldimethylsiloxyhexyl)
      -4-(t-butyldimethylsiloxy)-2-cyclopentenone (Example 959) dissolved in 10
      ml. of ether cooled to -45.degree.C. under an inert atmosphere. The
      resulting solution is allowed to warm to room temperature and is stirred
      at ambient temperatures for 17  hours. The solution is then poured onto a
      mixture of 5 ml. of concentrated hydrochloric acid and 150 g. of ice. This
      mixture is stirred until the ice melts and is extracted into ether. The
      organic phase is washed with ice cold water and cold saturated brine,
      dried (Na.sub.2 SO.sub.4), and is evaporated ( &lt;37.degree.C.) in vacuo.
      The resulting oil is then heated to 38.degree.C. for 23 hours under an
      inert atmosphere with 100 ml. of 3:1:1 (V:V:V) acetic
      acid-tetrahydrofuran-water. The mixture is then evaporated with 150 ml. of
      xylene in vacuo ( &lt;38.degree.C.) to yield an oil. Chromatography of this
      oil upon 115 g. of Silic AR CC-4 (Mallinckrodt) using a benzene-ethyl
      acetate gradient as eluent yields d1-prostaglandin E.sub.1, m.p. 108-112
      (from ethyl acetate) and d1-15-epi-prostaglandin E.sub.1.
PAC  EXAMPLE 961
PAC  Preparation of 3-triphenylmethoxy-trans-1-octenyllithium
PAR  To a solution of 4.96 g. of 1-iodo-3-triphenylmethoxy-trans-1-octene
      (Example 730) in 10 ml. of toluene cooled to -78.degree.C. is added under
      an inert atmosphere 1 molar equivalent of n-butyllithium dissolved in
      hexane. The reaction mixture is allowed to warm to -40.degree.C. and is
      then maintained at that temperature for 1hour to yield a hydrocarbon
      solution of 3-triphenylmethoxy-trans-1-octenyllithium.
PAC  EXAMPLE 962
PAC  Preparation of 3-(p-anisyldiphenylmethoxy)-trans-1-octenyllithium
PAR  To a solution of 5.26 g. of 1-iodo-3-(p-anisyldiphenylmethoxy)-trans-
      1-octene (Example 956) in 10 ml. of toluene, cooled to -78.degree.C., is
      added under an inert atmosphere 1 molar equivalent of n-butyllithium
      dissolved in hexane. The reaction mixture is allowed to warm to
      -40.degree.C. and is maintained at that temperature for 1 hour to yield a
      hydrocarbon solution of
      3-(p-anisyldiphenylmethoxy)-trans-1-octenyllithium.
PAC  EXAMPLE 963
PAC  Preparation of lithium
      [3-triphenylmethoxy-trans-1-octenyl]-trimethylalanate
PAR  To a hydrocarbon solution of 3-triphenylmethoxy-trans-1-octenyllithium
      (Example 961) cooled to -40.degree.C. is added under an inert atmosphere 1
      molar equivalent of trimethylaluminum dissolved in heptane to yield a
      hydrocarbon solution of the title compound.
PAC  EXAMPLE 964
PAC  Preparation of lithium [3-p-anisyldiphenylmethoxy)-trans-1
      octenyl]-trimethylalanate
PAR  To a hydrocarbon solution of 3-(p-anisyldiphenylmethoxy)-trans-
      1-octenyllithium (Example 962) cooled to -40.degree.C. is added under an
      inert atmosphere 1 molar equivalent of trimethylaluminum dissolved in
      hexane to yield a hydrocarbon solution of the title compound.
PAC  EXAMPLE 965
PAC  Preparation of lithium
      [3-triphenylmethoxy-trans-1-octenyl]-tri-n-propylanate
PAR  To a hydrocarbon solution of 3-triphenylmethoxy-trans-1-octenyllithium
      (Example 961) cooled to -40.degree.C. is added under an inert atmosphere 1
      molar equivalent of tri-n-propylaluminum dissolved in hexane to yield a
      hydrocarbon solution of the title compound.
PAC  EXAMPLE 966
PAC  Preparation of lithium
      [3-(p-anisyldiphenylmethoxy)-trans-1-octenyl]-tri-n-hexylalanate
PAR  To a hydrocarbon solution of 3-(p-anisyldiphenylmethoxy)-trans-
      1-octenyllithium (Example 962) cooled to -40.degree.C. is added under an
      inert atmosphere 1 molar equivalent to tri-n-hexylaluminum dissolved in
      heptane to yield a hydrocarbon solution of the title compound.
PAC  EXAMPLE 967
PAC  Preparation of lithium
      [3-triphenylmethoxy-trans-1-octenyl]-tri-n-decylalanate
PAR  To a hydrocarbon solution of 3-triphenylmethoxy-trans-1-octenyllithium
      (Example 961) cooled to -40.degree.C. is added under an inert atmosphere 1
      molar equivalent of tri-n-decylaluminum dissolved in heptane to yield a
      hydrocarbon solution of the title compound.
PAC  EXAMPLE 968
PAC  Preparation of lithium
      di-(3-triphenylmethoxy-trans-1-octenyl)-dimethylalanate
PAR  To a hydrocarbon solution of dimethylaluminum chloride cooled to
      -78.degree.C. is added under an inert atmosphere 2 molar equivalents of
      3-triphenylmethoxy-trans-1-octenyllithium (Example 961) dissolved in
      toluene-hexane solvent. The mixture is allowed to warm to 0.degree.C. to
      yield a hydrocarbon solution of the title compound.
PAC  EXAMPLE 969
PAC  Preparation of lithium
      di-[3-(p-anisyldiphenylmethoxy)-trans-1-octenyl]-diethylalanate
PAR  To a hexane solution of diethylaluminum chloride cooled to -78.degree.C. is
      added under an inert atmosphere 2 molar equivalents of
      3-(p-anisyldiphenylmethoxy)-trans-1-octenyllithium (Example 962) dissolved
      in toluene-hexane solvent. The mixture is allowed to warm to 0.degree.C.
      to yield a hydrocarbon solution of the title compound.
PAC  EXAMPLE 970
PAC  Preparation of lithium
      tri-(3-triphenylmethoxy-trans-1-octenyl)-ethylalanate
PAR  To a hydrocarbon solution of ethylaluminum dichloride cooled to
      -78.degree.C. is added under an inert atmosphere 3 molar equivalents of
      3-triphenylmethoxy-trans-1-octenyllithium (Example 961) dissolved in
      toluene-hexane solvent. The mixture is allowed to warm to 0.degree.C. to
      yield a hydrocarbon solution of the title compound.
PAC  EXAMPLE 971
PAC  Preparation of lithium tetra-(3-triphenylmethoxy-trans-1-octenyl)alanate
PAR  Tp a well stirred mixture of anhydrous aluminum chloride and hexane cooled
      to -78.degree.C. is added under an inert atmosphere 4 molar equivalents of
      3-triphenylmethoxy-trans-1-octenyllithium (Example 961) dissolved in
      toluene-hexane The mixture is allowed to warm to 0.degree.C. to yield the
      title compound.
PAC  EXAMPLE 972
PAC  Preparation of lithium
      tetra-(3-p-anisyldiphenylmethoxy-trans-1-octenyl)alanate
PAR  To a well stirred mixture of anhydrous aluminum chloride and hexane cooled
      to -78.degree.C. is added under an inert atmosphere 4 molar equivalents of
      3-p-anisyldiphenylmethoxy-trans-1-octenyllithium (Example 962) dissolved
      in toluene-hexane. The mixture is allowed to warm to 0.degree.C. to yield
      the title compound.
PAC  EXAMPLES 973-981
PAR  Substitution of lithium
      trimethyl(3-triphenylmethoxy-trans-1-octenyl)alanate in Example 957 with
      the lithium alanates of Examples 964, 965, 966, 967, 968, 969, 970, 971 or
      972 is productive of the methyl esters of d,1-11-deoxy-prostaglandin
      E.sub.1 and d,11-deoxy-15-epi-prostaglandin E.sub.1.
PAC  EXAMPLES 982-990
PAR  Substitution of lithium trimethyl
      [3-(p-anisyldiphenylmethoxy)-trans-1-octenyl]alanate of Example 960 with
      the lithium alanates of Examples 965, 966, 967, 968, 969, 970, 971 or 972
      is productive of d,1-prostaglandin-E.sub.1 and d,1-15-epi-prostaglandin
      E.sub.1.
PAC  EXAMPLE 991
PAC  Preparation of hexanoyl bromide
PAR  A mixture of 300 g. of hexanoic acid and 260 g. of phosphorus tribromide is
      heated at 80.degree.C. for 1.5 hours with stirring and protection from
      moisture. The mixture is cooled and the upper phase is decanted into a
      distilling flask. Distillation of this material yields 400 g. of the
      colorless acid bromide, b.p. 51.degree.-53.degree.C. (10 torr.).
PAC  EXAMPLE 992
PAC  Preparation of 1-bromo-trans-1-octen-3-one
PAR  A mixture of 300 g. of aluminum bromide and 250 ml. of 1,2-dibromoethane,
      cooled in an ice bath and protected from moisture, is saturated with
      acetylene. To the mixture is added with ice cooling 150 g. of hexanoyl
      bromide (Example 991) over a period of 20 minutes and the resulting
      mixture is treated with acetylene until gas uptake ceases. The reaction
      mixture is poured onto 500 ml. of saturated brine and 500 g. of ice. The
      resulting mixture is extracted twice with 500 ml. of ether. The combined
      organic extracts are washed twice with 500 ml. of saturated brine and
      dried with anhydrous sodium sulfate. To the organic phase is added 5 g. of
      hydroquinone and the solvent is evaporated in vacuo to yield the crude
      1-bromo-trans-1-octen-3-one.
PAC  EXAMPLE 993
PAC  Preparation of 1-bromo-trans-1-octen-3-ol
PAR  To an ice cooled mixture of 20 g. of sodium borohydride in 800 ml. of
      anhydrous ethanol is added 160 g. of crude 1-bromo-trans-1-octen-3-one
      (Example 992) over a period of 0.5 hour. The mixture is stirred for 2
      hours with ice cooling and is then partitioned between ice water and
      benzene. The organic phase is washed with water and saturated brine, dried
      (Na.sub.2 SO.sub.4), and evaporated to an oil. Distillation gives the
      product as an oil, b.p. 66.degree.-68.degree.C. (0.025 torr.).
PAC  EXAMPLE 994
PAC  Preparation of 4,4-dimethyl-1-octyn-3-ol
PAR  To a solution of 20.2 g. (0.220 mole) of lithium acetylide-ethylenediamine
      complex in 100 ml. of dry dimethylsulfoxide is added 25.6 g. (0.200 mole)
      of 2,2-dimethyl-1-hexanal, prepared according to the procedure of G. Stork
      and S. R. Dowd, J. Amer. Chem. Soc., 85, 2178 (1963), in 25 ml. of
      dimethylsulfoxide at a rate to maintain a temperature of 25.degree.C.
      (cooling). The mixture is then maintained at 25.degree.C. for 2 hours and
      is poured onto ice and excess hydrochloric acid. The mixture is extracted
      with ether and the organic phase is washed with water and saturated brine,
      dried (Na.sub.2 SO.sub.4), and evaporated to an oil. Distillation in vacuo
      yields the product as a colorless oil.
PAC  EXAMPLE 995
PAC  Preparation of 4,4-dimethyl-3-tetrahydropyranyloxy-1-octyne
PAR  To a solution of 23.1 g. (0.150 mole) of 4,4-dimethyl-1-octyn-3-ol (Example
      994) in 126 g. of freshly distilled dihydropyran is added 1 drop of
      phosphorus oxychloride and the solution is maintained at ambient
      temperature in a tightly stoppered flask for 20 hours. Five drops of
      triethylamine are then added and the mixture is evaporated in vacuo to an
      oil. The oil is chromatographed on 600 g. of silica gel and the product is
      eluted with 5% ethyl acetate in benzene yielding a colorless oil.
PAC  EXAMPLE 996
PAC  Preparation of 4,4-dimethyl-1-iodo-trans-1-octen-3-ol
PAR  To 233 ml. of a 0.43M solution of disiamylborane in diglyme cooled to
      0.degree.C. under an inert atmosphere is added 23.8 g. (0.100 mole)
      4,4-dimethyl-3-tetrahydropyranyloxy-1-octyne (Example 995). The mixture is
      allowed to come to room temperature and is stirred at ambient temperature
      for 3 hours. The solution is cooled to 0.degree.C. and 22.5 g. (0.30 mole)
      of triethylamine oxide is added portionwise such that the temperature is
      maintained at 0-5.degree.C. The mixture is stirred at 0.degree.C. for 1
      hour and is then poured into 150 ml. of 1 N sodium hydroxide followed
      immediately by a solution of 25.4 g. (0.100 mole) of iodine in 60 ml. of
      tetrahydrofuran. The mixture is stirred at ambient temperatures for 0.5
      hour and poured into 500 ml. of water. The mixture is decolorized by
      addition of sodium thiosulfate solution and is extracted into ether. The
      organic phase is washed with water and the solvent is removed in vacuo.
      The residue is stirred at room temperature for 20 hours with 900 ml. 3:1:1
      tetrahydrofuran-acetic acid-water. The solution is evaporated in vacuo and
      the residue is chromatographed on silica gel in benzene using 10-20%
      ethylacetate in benzene.
PAC  EXAMPLE 997
PAC  Preparation of 4,4-dimethyl-1-iodo-3-triphenylmethoxy-trans-1-octene
PAR  Treatment of 11.2 g. (0.0396 mole) of
      4,4-dimethyl-1-iodo-trans-1-octen-3-ol (Example 996) with 12.8 g. of
      triphenylmethyl bromide in 50 ml. of pyridine and purification on
      Florisil, all as described in Example 728 gives the title compound.
PAC  EXAMPLE 998
PAC  Preparation of 5,5-dimethyl-1-octyn -3-ol
PAR  Treatment of 20.2 g. (0.220 mole) of lithium acetylide-ethylenediame
      complex in 100 ml. of dimethylsulfoxide with 25.6 g. (0.200 mole) of
      3,3-dimethylhexanal [prepared according to the procedure of A. W.
      Burgstahler, J. Amer. Chem. Soc., 82, 4681 (1960)] and distillation of the
      product, all as described in Example 994 yields the title compound.
PAC  EXAMPLE 999
PAC  Preparation of 5,5-dimethyl-3-tetrahydropyranyloxy-1-octyne
PAR  Treatment of 23.1 g. (0.150 mole) of 5,5-dimethyl-1-octyn-3ol (Example 998)
      with 126 g. of dihydropyran and 1 drop of phosphorus oxychloride as
      described in Example 995 gives the title compound.
PAC  EXAMPLE 1000
PAC  Preparation of 5,5-dimethyl-1-iodo-trans-1-octen-3-ol
PAR  Treatment of 23.8 g. (0.100 mole) of
      5,5-dimethyl-3-tetrahydropyranyloxy-1-octyne (Example 999) successively
      with 233 ml. of 0.43 M disiamylborane in diglyme, 22.5 g. of
      trimethylamine oxide, 150 ml. of 1 N sodium hydroxide, 25.4 g. of iodine,
      and 900 ml. of 3:1:1 tetrahydrofuran-acetic acid-water as described in
      Example 996 gives the title compound.
PAC  EXAMPLE 1001
PAC  Preparation of 5,5-dimethyl-1-iodo-3-triphenylmethoxy-trans-1-octene
PAR  Treatment of 6.0 g. of 5,5-dimethyl-1-iodo-trans-1-octen-3-ol (Example
      1000) with 6.9 g. of triphenylmethyl bromide in 30 ml. of pyridine and
      purification on Florisil, all as described in Example 728 gives the title
      compound.
PAC  EXAMPLE 1002
PAC  Preparation of 4,4-dimethyl-3-triphenylmethoxy-trans-1-octenyllithium
PAR  Treatment of 4,4-dimethyl-1-iodo-3-triphenylmethoxy-trans-1-octene (Example
      997) with n-butyllithium in the manner of Example 961 provides a
      toluene-hexane solution of the subject trans-vinyl lithium derivative.
PAC  EXAMPLE 1003
PAC  Preparation of 5,5-dimethyl-3-triphenylmethoxy-trans-1-octenyllithium
PAR  Treatment of 5,5-dimethyl-1-iodo-3-triphenylmethoxy-trans-1-octene (Example
      1001) with n-butyllithium in the manner of Example 961 provides a
      toluene-hexane solution of the subject trans-vinyl lithium derivative.
PAC  EXAMPLE 1004
PAC  Preparation of lithium
      (4,4-dimethyl-3-triphenylmethoxy-trans-1-octenyl)-trimethylalanate
PAR  The subject alanate in hydrocarbon solution is prepared according to the
      method of Example 963 from a hydrocarbon solution of
      4,4-dimethyl-3-triphenylmethoxy-trans-1-octenyllithium (Example 1002) and
      trimethylaluminum.
PAC  EXAMPLE 1005
PAC  Preparation of lithium
      (5,5-dimethyl-3-triphenylmethoxy-trans-1-octenyl)-trimethylalanate
PAR  A hydrocarbon solution of the subject alanate is prepared from a
      hydrocarbon solution of 5,5-dimethyl-3-triphenylmethoxy-trans-1-octenyl
      lithium (Example 1003) and trimethylaluminum according to the procedure of
      Example 963.
PAC  EXAMPLES 1006-1031
PAR  Treatment of the cycloalkenones of Table 16 which follows with the
      indicated alanates according to the procedure of Example 957 provides the
      product 16,16-dimethyl or 17,17-dimethyl 13-trans-prostenoates of the
      table. The intermediate corresponding 15-O-triphenylmethyl derivatives are
      obtained prior to treatment with aqueous acetic acid.
TBL                TABLE 16                                                    

     ______________________________________                                    

     Exam- Starting cyclo-                                                     

                          Product from reaction with                           

     ple   alkenone of    lithium (4,4-Dimethyl-3-                             

           Example                                                             

     triphenylmethoxy-trans-1-                                                 

     octenyl)trimethylalanate                                                  

                          (Example 1004)                                       

     ______________________________________                                    

     1006  13             ethyl 9-oxo-15-hydroxy-16,16-dimethyl-13-trans-proste

                          noate                                                

     1007  23             ethyl 9-oxo-15-hydroxy-16,16-dimethyl-7a,7b-bishomo-1

                          3-trans-prostenoate                                  

     1008  31             ethyl 9-oxo-15-hydroxy-16,16-dimethyl-2-ethyl-13-tran

                          s-prostenoate                                        

     1009  41             ethyl 9-oxo-15-hydroxy-16,16-dimethyl-3,3-dimethyl-13

                          -trans-prostenoate                                   

     1010  46             ethyl 9-oxo-15-hydroxy-16,16-dimethyl-3-oxa-13-trans-

                          prostenoate                                          

     1011  53             ethyl 9-oxo-15-hydroxy-16,16-dimethyl-7-nor-13-trans-

                          prostenoate                                          

     1012  70             ethyl 9-oxo-15-hydroxy-16,16-dimethyl-2-fluoro-13-tra

                          ns-prostenoate                                       

     1013  84             n-decyl 9-oxo-15-hydroxy-16,16-dimethyl-13-trans-pros

                          tenoate                                              

     1014  99             ethyl 9-oxo-15-hydroxy-16,16-dimethyl-2-methyl-13-tra

                          ns-prostenoate                                       

     1015  111            ethyl 9-oxo-15-hydroxy-16,16-dimethyl-10a-homo-13-tra

                          ns-prostenoate                                       

     1016  118            ethyl 9-oxo-15-hydroxy-16,16-dimethyl-3-thia-13-trans

                          -prostenoate                                         

     1017  900            methyl 9-oxo-15-hydroxy-16,16-dimethyl-              

                          5-cis,13-transprostadienoate                         

     1018  79             ethyl 9-oxo-15-hydroxy-16,16-dimethyl-2-phenyl-13-tra

                          ns- prostenoate                                      

     1019  13             ethyl 9-oxo-15-hydroxy-17,17-dimethyl-13-trans-proste

                          noate                                                

     1020  23             ethyl 9-oxo-15-hydroxy-17,17-dimethyl-7a,7b-bishomo-1

                          3-trans-prostenoate                                  

     1021  31             ethyl 9-oxo-15-hydroxy-17,17-dimethyl-2-ethyl-13-tran

                          s-prostenoate                                        

     1022  41             ethyl 9-oxo-15-hydroxy-17,17-dimethyl-3,3-dimethyl-13

                          -trans-prostenoate                                   

     1023  46             ethyl 9-oxo-15-hydroxy-17,17-dimethyl-3-oxa-13-trans-

                          prostenoate                                          

     1024  53             ethyl 9-oxo-15-hydroxy-17,17-dimethyl-7-nor-13-trans-

                          prostenoate                                          

     1025  70             ethyl 9-oxo-15-hydroxy-17,17-dimethyl-2-fluoro-13-tra

                          ns-prostenoate                                       

     1026  84             n-decyl 9-oxo-15-hydroxy-17,17-dimethyl-13-trans-pros

                          tenoate                                              

     1027  99             ethyl 9-oxo-15-hydroxy-17,17-dimethyl-2-methyl-13-tra

                          ns-prostenoate                                       

     1028  111            ethyl 9-oxo-15-hydroxy-17,17-dimethyl-10a-homo-13-tra

                          ns-prostenoate                                       

     1029  118            ethyl 9-oxo-15-hydroxy-17,17-dimethyl-3-thia-13-trans

                          -prostenoate                                         

     1030  900            methyl 9-oxo-15-hydroxy-17,17-dimethyl-              

                          5-cis,13-trans-prostadienoate                        

     1031  79             ethyl 9-oxo-15-hydroxy-17,17-dimethyl-2-phenyl-13-tra

                          ns-prostenoate                                       

     ______________________________________                                    

PAC  EXAMPLES 1032-1055
PAR  Saponification of the 16,16-dimethyl or 17,17-dimethyl 13-trans-prostenoate
      alkyl esters of Table 17 below by the method of Example 122 provides the
      corresponding prostenoic acids of the Table.
TBL                TABLE 17                                                    

     ______________________________________                                    

     Exam-  Starting alkyl                                                     

                          Product 16,16-dimethyl or                            

     ple    ester of      17,17-dimethyl-9-oxo-15-                             

            Example                                                            

     hydroxy-13-trans-proste-                                                  

                          noic acid                                            

     ______________________________________                                    

     1032   1006          9-oxo-15-hydroxy-16,16-dimethyl-13-trans-prostenoic  

                          acid                                                 

     1033   1007          9-oxo-15-hydroxy-16,16-dimethyl-7a,7b-bishomo-13-tran

                          s-prostenoic acid                                    

     1034   1008          9-oxo-15-hydroxy-16,16-dimethyl-2-ethyl-13-trans-pros

                          tenoic acid                                          

     1035   1009          9-oxo-15-hydroxy-16,16-dimethyl-3,3-dimethyl-13-trans

                          -prostenoic acid                                     

     1036   1010          9-oxo-15-hydroxy-16,16-dimethyl-3-oxa-13-trans-proste

                          noic acid                                            

     1037   1011          9-oxo-15-hydroxy-16,16-dimethyl-7-nor-13-trans-proste

                          noic acid                                            

     1038   1012          9-oxo-15-hydroxy-16,16-dimethyl-2-fluoro-13-trans-pro

                          stenoic acid                                         

     1039   1014          9-oxo-15-hydroxy-16,16-dimethyl-2-methyl-13-trans-pro

                          stenoic acid                                         

     1040   1015          9-oxo-15-hydroxy-16,16-dimethyl-10a-homo-13-trans-pro

                          stenoic acid                                         

     1041   1016          9-oxo-15-hydroxy-16,16-dimethyl-3-thia-13-trans-prost

                          enoic acid                                           

     1042   1017          9-oxo-15-hydroxy-16,16-dimethyl-5-cis,13-trans-prosta

                          dienoic acid                                         

     1043   1018          9-oxo-15-hydroxy-16,16-dimethyl-2-phenyl-13-trans-pro

                          stenoic acid                                         

     1044   1019          9-oxo-15-hydroxy-17,17-dimethyl-13-trans-prostenoic  

                          acid                                                 

     1045   1020          9-oxo-15-hydroxy-17,17-dimethyl-7a,7b-bishomo-13-tran

                          s-prostenoic acid                                    

     1046   1021          9-oxo-15-hydroxy-17,17-dimethyl-2-ethyl-13-trans-pros

                          tenoic acid                                          

     1047   1022          9-oxo-15-hydroxy-17,17-dimethyl-3,3-dimethyl-13-trans

                          -prostenoic acid                                     

     1048   1023          9-oxo-15-hydroxy-17,17-dimethyl-3-oxa-13-trans-proste

                          noic acid                                            

     1049   1024          9-oxo-15-hydroxy-17,17-dimethyl-7-nor-13-trans-proste

                          noic acid                                            

     1050   1025          9-oxo-15-hydroxy-17,17-dimethyl-2-fluoro-13-trans-pro

                          stenoic acid                                         

     1051   1027          9-oxo-15-hydroxy-17,17-dimethyl-2-methyl-13-trans-pro

                          stenoic acid                                         

     1052   1028          9-oxo-15-hydroxy-17,17-dimethyl-10a-homo-13-trans-pro

                          stenoic acid                                         

     1053   1029          9-oxo-15-hydroxy-17,17-dimethyl-3-thia-13-trans-prost

                          enoic acid                                           

     1054   1030          9-oxo-15-hydroxy-17,17-dimethyl-5-cis,13-trans-prosta

                          dienoic acid                                         

     1055   1031          9-oxo-15-hydroxy-17,17-dimethyl-2-phenyl-13-trans-pro

                          stenoiic acid                                        

     ______________________________________                                    

PAC  EXAMPLES 1056-1081
PAR  Treatment of the 9-oxo- acids and esters of Table 18 below with lithium
      perhydro-9b-boraphenalyl hydride by the procedure of Example 737 provides
      the 9.alpha., 15-dihydroxy-16,16-dimethyl or
      17,17-dimethyl-13-trans-prostenoic acid of the Table.
TBL                TABLE 18                                                    

     ______________________________________                                    

     Exam-  Starting 9-oxo                                                     

                          Product 9.alpha.-15-Dihydroxy-16,-                   

     ple    derivative of 16-dimethyl or 17,17-di-                             

            Example       methyl-13-trans-prostenoic                           

                          acids or esters                                      

     ______________________________________                                    

     1056   1032          9.alpha.,15-dihydroxy-16,16-dimethyl-13-trans-prosten

                          oic acid                                             

     1057   1033          9.alpha.,15-dihydroxy-16,16-dimethyl-7a,7b-bishomo-13

                          -trans-prostenoic acid                               

     1058   1034          9.alpha.,15-dihydroxy-16,16-dimethyl-2-ethyl-13-trans

                          -prostenoic acid                                     

     1059   1035          9.alpha.,15-dihydroxy-16,16-dimethyl-3,3-dimethyl-13-

                          trans-prostenoic acid                                

     1060   1036          9.alpha.,15-dihydroxy-16,16-dimethyl-3-oxa-13-trans-p

                          rostenoic acid                                       

     1061   1037          9.alpha.,15-dihydroxy-16,16-dimethyl-7-nor-13-trans-p

                          rostenoic acid                                       

     1062   1038          9.alpha.,15-dihydroxy-16,16-dimethyl-2-fluoro-13-tran

                          s-prostenoic acid                                    

     1063   1013          n-decyl 9.alpha.,15-dihydroxy-16,16-dimethyl-13-trans

                          -prostenoate                                         

     1064   1039          9.alpha.,15-dihydroxy-16,16-dimethyl-2-methyl-13-tran

                          sprostenoic acid                                     

     1065   1040          9.alpha.,15-dihydroxy-16,16-dimethyl-10a-homo-13-tran

                          s-prostenoic acid                                    

     1066   1041          9.alpha.,15-dihydroxy-16,16-dimethyl-3-thia-13-trans-

                          prostenoic acid                                      

     1067   1042          9.alpha.,15-dihydroxy-16,16-dimethyl-5-cis,13-trans-p

                          rostadienoic acid                                    

     1068   1043          9.alpha.,15-dihydroxy-16,16-dimethyl-2-phenyl-13-tran

                          s-prostenoic acid                                    

     1069   1044          9.alpha.,15-dihydroxy-17,17-dimethyl-13-trans-prosten

                          oic acid                                             

     1070   1045          9.alpha.,15-dihydroxy-17,17-dimethyl-7a,7b-bishomo-13

                          -trans-prostenoic acid                               

     1071   1046          9.alpha.,15-dihydroxy-17,17-methyl-2-ethyl-13-trans-p

                          rostenoic acid                                       

     1072   1047          9.alpha.,15-dihydroxy-17,17-dimethyl-3,3-dimethyl-13-

                          trans-prostenoic acid                                

     1073   1048          9.alpha.,15-dihydroxy-17,17-dimethyl-3-oxa-13-trans-p

                          rostenoic acid                                       

     1074   1049          9.alpha.,15-dihydroxy-17,17-dimethyl-7-nor-13-trans-p

                          rostenoic acid                                       

     1075   1050          9.alpha.,15-dihydroxy-17,17-dimethyl-2-fluoro-13-tran

                          s-prostenoic acid                                    

     1076   1026          n-decyl 9.alpha.,15-dihydroxy-17,17-dimethyl-13-trans

                          -prostenoate                                         

     1077   1051          9.alpha.,15-dihydroxy-17,17-dimethyl-2-methyl-13-tran

                          s-prostenoic acid                                    

     1078   1052          9.alpha.,15-dihydroxy-17,17-dimethyl-10a-homo-13-tran

                          s-prostenoic acid                                    

     1079   1053          9.alpha.,15-dihydroxy-17,17-dimethyl-3-thia-13-trans-

                          prostenoic acid                                      

     1080   1054          9.alpha.,15-dihydroxy-17,17-dimethyl                 

                          5-cis,13-trans-prostadienoic acid                    

     1081   1055          9.alpha.,15-dihydroxy-17,17-dimethyl-2-phenyl-13-tran

                          s-prostenoic acid                                    

     ______________________________________                                    

PAC  EXAMPLE 1082
PAR  A solution of methyl 9-oxo-15-hydroxy-5-cis,
      13-trans,17-cis-prostatrienoate (Example 374) in tetrahydrofuran is added
      to 1.1 equivalent of lithium perhydro-9b-boraphenyalyl hydride in
      tetrahydrofuran at -78.degree.C. After 30 minutes equal volumes of 5%
      aqueous sodium carbonate and 30% aqueous hydrogen peroxide is added, and
      the solution is stirred 15 minutes. The solution is diluted with water and
      extracted with ether. The organic phase is dried (magnesium sulfate) and
      concentrated in vacuo to give methyl
      9.alpha.,15.alpha.-dihydroxy-5-cis,13-trans,17-cis-prostatrienoate,
      contaminated with methyl
      9.beta.,15.alpha.-dihydroxy-5cis,13trans,17cis-prostatienoate. The crude
      mixture of esters is dissolved in methylene chloride and added to a
      refluxing solution of 1.2 equivalents of
      2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) in methylene chloride. After 5
      hours, the solution is cooled and filtered. The filtrate is diluted with
      two volumes of ether, extracted with 5% aqueous sodium carbonate and dried
      with magnesium sulfate. The solution is concentrated in vacuo to give
      methyl 9.alpha. -hydroxy-15-oxo-5cis13-trans, 17cis-prostatrienoate and
      9.beta.-hydroxy-15-oxo-5cis, 13trans,17cis-prostatrienoate. The crude
      material is dissolved in benzene and 1.2 equivalents each of triethylamine
      and trimethylsilyl chloride is added. The triethylamine hydrochloride is
      removed by filtration and the solution is concentrated in vacuo to give
      methyl 9.alpha.-trimethylsiloxy-15-keto-5cis,13trans,17cis-prostatrienoate
      and the corresponding 9.beta.-trimethylsiloxy derivative.
PAR  The siloxy derivatives are dissolved in ether at 0.degree.C. and 1.05
      equivalents of methyl magnesium bromide in ether is added. After the
      reaction is complete, the solution is poured into saturated aqueous
      ammonium chloride and extracted with ether. The ether is dried and
      concentrated  in vacuo to give methyl
      9.alpha.-trimethylsiloxy-15.alpha.-hydroxy-15.beta.-methyl-5cis,13-trans,1
     7cis-prostatrienoate, and methyl
      9.alpha.-trimethylsiloxy-15.beta.-hydroxy-15.alpha.-methyl-5cis,13trans,17
     cis-prostatrienoate, methyl
      9.beta.-trimethylsiloxy-15.alpha.-hydroxy-15.beta.-methyl-5cis,13trans,17c
     is-prostatrienoate, and methyl
      9.beta.-trimethylsiloxy-15.beta.-hydroxy-15.alpha.-methyl
      5cis,13trans,17-'cis-prostatrienoate. Hydrolysis of the siloxy functions
      of each in a solution of methanol, water and acetic acid (approximately
      10:1:1, 3 hours ambient temperatures) and gives methyl
      9.alpha.,15.alpha.-dihydroxy-15.beta.-methyl-5cis-13trans,17cis-prostatrie
     noate, methyl 9.alpha.,15.beta.-dihydroxy-15.alpha.-methyl-5cis,13trans,
      17cis-prostatrienoate, methyl
      9.beta.,15.alpha.-dihydroxy-15.beta.-methyl-5cis,13trans,17cis-prostatrien
     oate and methyl
      9.beta.,15.beta.-dihydroxy-15.alpha.-methyl-5-cis,13trans,17cis-prostatrie
     noate separated by dry column chromatography and further purified by
      partition chromatography saponification (method of Example 122) of each
      component in 50% aqueous methanol with potassium hydroxide gives the
      corresponding free acids.
PAR  Treatment of a solution of methyl
      9.alpha.,15.alpha.-dihydroxy-15.beta.-methyl-5cis,13trans,17cis-prostatrie
     noate in methylene chloride with Collins reagent (CrO.sub.3 -pyridine in
      methylene chloride) gives methyl
      9-oxo-15.alpha.-hydroxy-15.beta.-methyl-5cis,13-trans,17cis-prostatrienoat
     e, saponification of which (method of Example 122) gives
      9-oxo-15.alpha.-hydroxy-15.beta.-methyl-5cis,13trans,
      17cis-prostatrienoate acid.
PAR  Similar treatment of the 15.beta.-hydroxy esters gives methyl
      9-oxo-15.beta.-hydroxy-15.alpha.-methyl-5cis,13trans,17cis-prostatrienoate
      which gives
      9-oxo-15.beta.-hydroxy-15.alpha.-methyl5cis,13trans,17cis-prostatrienoic
      acid after saponification.
PAC  EXAMPLES 1083-1101
PAR  Treatment of the 9-oxo-15-hydroxy prostenoic esters of Table 18A below by
      the sequence of reactions described in Example 1082 is productive of the
      9.alpha.,15-dihydroxy-15-methyl and the 9-oxo-15-hydroxy-15-methyl
      products of the table. Also prepared in the course of these reaction
      sequences are the ethyl (methyl for Example 1101) esters corresponding to
      the products of the table, the 9.beta.-hydroxy derivatives corresponding
      to the listed 9.alpha.-hydroxy derivatives and their ethyl esters, the
      15-keto derivatives of the 9.alpha.- and 9.beta.-hydroxy compounds
      corresponding to the 9-oxo starting compounds, and the 9.alpha.- or
      9.beta.-trimethyl-silyloxy ethyl esters of the 15-keto and
      15-hydroxy-15methyl compounds. In all cases both the
      15.alpha.-hydroxy-15.beta.-methyl and the
      15.beta.-hydroxy-15.alpha.-methyl products and intermediates are obtained.
      These epimers are separable by chromatographic procedures.
TBL                TABLE 18A                                                   

     ______________________________________                                    

            Starting 9-oxo-                                                    

     Ex-                                                                       

     15-hydroxy-ester                                                          

            Product 15-hydroxy-                                                

     ample  of Example                                                         

     15-methyl derivative                                                      

     ______________________________________                                    

     1083   260           9-oxo-15-methyl-15-                                  

     hydroxy-2-ethyl-13-                                                       

     trans-prostenoic acid                                                     

                          and 9.alpha.,15-dihydroxy-                           

     15-methyl-2-ethyl-13-                                                     

     trans-prostenoic acid                                                     

     1084   261           9-oxo-15-hydroxy-15-                                 

     methyl-3,3-dimethyl-                                                      

     13-trans-prostenoic                                                       

                          acid and 9.alpha.,15-di-                             

     hydroxy-15-methyl-                                                        

     3,3-dimethyl-13-trans-                                                    

     prostenoic acid                                                           

     1085   262           9-oxo-15-hydroxy-15-                                 

     methyl-3-oxa-13-trans-                                                    

                          prostenoic acid and                                  

                          9.alpha.,15-dihydroxy-15-                            

                          methyl-3-oxa-13-trans-                               

     prostenoic acid                                                           

     1086   264           9-oxo-15-hydroxy-15-                                 

     methyl-2-fluoro-13-                                                       

     trans-prostenoic acid                                                     

                          and 9.alpha.,15-dihydroxy-                           

     15-methyl-2-fluoro-                                                       

     13-trans-prostenoic                                                       

                          acid                                                 

     1087   266           9-oxo-15-hydroxy-15-                                 

     methyl-2-phenyl-13-                                                       

     trans-prostenoic acid                                                     

                          and 9.alpha.,15-dihydroxy-                           

     15-methyl-2-phenyl-                                                       

     13-trans-prostenoic                                                       

                          acid                                                 

     1088   267           9-oxo-15-hydroxy-15-                                 

                          methyl-2-methyl-13-                                  

     trans-prostenoic acid                                                     

                          and 9.alpha.,15-dihydroxy-                           

     15-methyl-2-methyl-                                                       

     13-trans-prostenoic                                                       

                          acid                                                 

     1089   268           9-oxo-15-hydroxy-15-                                 

                          methyl-10a-homo-13-                                  

     trans-prostenoic acid                                                     

                          and 9.alpha.,15-dihydroxy-                           

     15-methyl-10a-homo-                                                       

     13-trans-prostenoic                                                       

                          acid                                                 

     1090   272           9-oxo-15-hydroxy-15-                                 

     methyl-3-thia-13-                                                         

     trans-prostenoic acid                                                     

                          and 9.alpha.,15-dihydroxy-                           

     15-methyl-3-thia-13-                                                      

     trans-prostenoic acid                                                     

     1091   362           9-oxo-15-hydroxy-15-                                 

     methyl-3-thia-20-                                                         

     methyl-13-trans-pro-                                                      

                          stenoic acid and 9.alpha.,15-                        

     dihydroxy-15-methyl-3-                                                    

     thia-20-methyl-13-                                                        

     trans-prostenoic acid                                                     

     1092   343           9-oxo-15-hydroxy-15-                                 

     methyl-2,20-dimethyl-                                                     

     13-trans-prostenoic                                                       

                          acid and 9.alpha.,15-di-                             

     hydroxy-15-methyl-                                                        

     2,20-dimethyl-13-                                                         

     trans, prostenoic acid                                                    

     1093   323           9-oxo-15-hydroxy-15-                                 

                          methyl-3-oxa-20-methyl-                              

     13-trans-prostenoic                                                       

                          acid and 9.alpha.,15-di-                             

     hydroxy-15-methyl-3-                                                      

     oxa-20-methyl-13-                                                         

     trans-prostenoic acid                                                     

     1094   284           9-oxo-15-hydroxy-15-                                 

     methyl-13-trans, 17-                                                      

     cis-prostadienoic acid                                                    

                          and 9.alpha.,15-dihydroxy-15-                        

     methyl-13-trans,17- -                                                     

     cis-prostadienoic acid                                                    

     1095   287           9-oxo-15-hydroxy-15-                                 

     methyl-7a, 7b-bishomo-                                                    

     13-trans, 17-cis-pro-                                                     

                          stadienoic acid and 9a,                              

                          15-dihydroxy-15-methyl-                              

                          7a, 7b-bishomo-13-                                   

     trans, 17-cis-prosta-                                                     

                          dienoic acid                                         

     1096   290           9-oxo-15-hydroxy-15-                                 

     methyl-3-oxa-13-trans,                                                    

                          17-cis-prostadienoic                                 

                          acid and 9a,15-dihydro-                              

                          xy-15-methyl-3-oxa-13-                               

     trans, 17-cis-prosta-                                                     

                          dienoic acid                                         

     1097   291           9-oxo-15-hydroxy-15-                                 

     methyl-7-nor-13-trans,                                                    

                          17-cis-prostadienoic                                 

                          acid and 9.alpha., 15-di-                            

                          hydroxy-15-methyl-7-                                 

     nor-13-trans, 17-cis-                                                     

     prostadienoic acid                                                        

     1098   292           9-oxo-15-hydroxy-15-                                 

     methyl-2-fluoro-13-                                                       

     trans, 17-cis-prosta-                                                     

                          dienoic acid and 9.alpha.,                           

                          15-dihydroxy-15-methyl-                              

     2-fluoro-13-trans,                                                        

     17-cis-prostadienoic                                                      

                          acid                                                 

     1099   293           9-oxo-15-hydroxy-15-                                 

     methyl-7a-homo-13-                                                        

     trans, 17-cis-prosta-                                                     

                          dienoic acid and 9.alpha., 15-                       

     dihydorxy-15-methyl-7a-                                                   

     homo-13-trans, 17-cis-                                                    

     prostadienoic acid                                                        

     1100   300           9-oxo-15-hydroxy-15-                                 

     methyl-3-thia-13-trans,                                                   

                          17-cis-prostadienoic                                 

                          acid and 9.alpha.,15-di-                             

                          hydroxy-15-methyl-3-                                 

     thia-13-trans, 17-cis-                                                    

     prostadienoic acid                                                        

     1101   733           9-oxo-15-hydroxy-15-                                 

     methyl-13-cis, 17-cis-                                                    

     prostadienoic acid and -                                                  

                          9.alpha.,15-dihydroxy-15-                            

     methyl-13-cis, 17-cis                                                     

     prostadienoic acid                                                        

            *methyl 15-hy-                                                     

            droxy-9-oxo-                                                       

     13-cis-prost-                                                             

            enoate only                                                        

     ______________________________________                                    

PAC  EXAMPLES 1102-1104
PAR  Hydrogenation of the 13-trans-prostenoic acids listed in Table 19 below by
      the procedure described in Example 699 is productive of the product
      prostanoic acids of the table. The product epimers are separable by
      chromatographic procedures.
TBL                TABLE 19                                                    

     ______________________________________                                    

           Starting 15-hy-                                                     

     droxy-15-methyl-                                                          

           Product 15-hydroxy-                                                 

     Ex-                                                                       

     13-trans-pros-                                                            

     15-methyl-prostanoic                                                      

     ample                                                                     

     tenoic acid                                                               

           acid                                                                

     ______________________________________                                    

     1102  9-oxo-15-hydroxy-                                                   

                          9-oxo-15-hydroxy-15-                                 

     15-methyl-3-oxa-                                                          

     methyl-3-oxa-prostanoic                                                   

     13-trans-pros-                                                            

           acid                                                                

     tenoic acid                                                               

           (Example 1085)                                                      

     1103  9.alpha.,15-dihydroxy-                                              

                          9.alpha.,15-dihydroxy-15-                            

     15-methyl-3-oxa-                                                          

     methyl-3-oxa-pros-                                                        

     13-trans-pros-                                                            

     tanoic acid                                                               

           tenoic acid                                                         

           (Example 1085)                                                      

     1104  9-oxo-15-hydroxy-                                                   

                          9-oxo-15-hydroxy-15-                                 

     15-methyl-10a-                                                            

     methyl-10a-homo-pros-                                                     

     homo-13-trans-                                                            

     tanoic acid                                                               

     prostenoic acid                                                           

           (Example 1089)                                                      

     ______________________________________                                    

PAC  EXAMPLE 1105
PAC  Preparation of all cis-2-(6-carboxy-2-cis-hexenyl)-3,4-oxido-cyclopentanol
PAR  A solution of 1.42 g. (10.0 moles) of
      all-cis-5hydroxy-2,3-oxidocyclopentylacetaldehyde- -lactol (E. J. Corey
      and R. Noyori, Tetrahedron Letters, 1970, 311) in 5ml. of DMSO is added to
      a stirred solution with the Whttig reagent [E. J. Corey et al. JACS, 91
      5675 (1969)] also Example 1108 prepared from 13.3 g. (30 moles) of
      4-carboxybutyltriphenylphosphonium bromide 2.52 g. (60 moles) of 57%
      sodium hydride dispersion, and 70 ml. of DMSO at 16.degree.C. during 1
      minute.
PAR  The solution is stirred at ambient temperature for 20 hours and poured into
      a stirred mixture of methylene chloride, ice, and hydrochloric acid. The
      organic phase is separated, and the aqueous phase is extracted with
      methylene chloride, saturated with sodium chloride, and extracted with
      ether. The combined organic extracts are partitioned with sodium
      bicarbonate. The aqueous basic extract is acidified with dilute HCl,
      saturated with sodium chloride, and extracted with ethyl acetate. The
      extract is washed with brine, dried over magnesium sulfate, and
      concentrated to give the crude title compound as an orange oil.
PAC  EXAMPLE 1106
PAC  Preparation of all-cis-2-(6-carboxy-2-cis-hexenyl)-3,4-oxidocyclopentanone
PAR  To a stirred solution of ca. 1:6 moles of crude
      all-cis-2-(6-carboxy-2-cis-hexenyl)-3,4-oxidocyclopentanol (Example 1105)
      in 1.6 ml. of ether is added 1.6 ml. of 4.0 N chromic acid in 4N sulfuric
      acid at 0.degree.C. during 9 minutes. After stirring for 5 minutes at
      0.degree.C. the solution is diluted with brine, ether, and ethyl acetate.
      The organic phase is treated with isopropanol, washed with brine and dried
      over magnesium sulfate. Evaporation of the solvent gives the subject
      compound as an oil
PAC  EXAMPLE 1107
PAC  Preparation of 2-(6-carboxy-2-cis-hexenyl)-4-hydroxycyclopent-2-en-1-one
PAR  A solution of 1.0 mmole of
      all-cis-2-(6-carboxy-2-cis-hexenyl)-3,4-oxidocyclopentanone (Example 1106)
      and 3.0 mmoles of sodium carbonate in 15 ml. of water is allowed to stand
      at room temperature for 3 hours. The solution is acidified with HCl,
      saturated with sodium chloride, and extracted with ether. The extract is
      washed with brine, dried over magnesium sulfate, and concentrated to give
      a mixture of the title compound and the isomeric compound,
      2-(6-carboxy-2-cis-hexenyl)-3-hydroxycyclopent-4-en-1-one. Further
      treatment of this mixture with N-10  sodium hydroxide at room temperature
      for 30 minutes causes the rearrangement of the latter isomer to the title
      compound, which is isolated from basic solution as above.
PAC  EXAMPLE 1107a
PAC  Preparation of 2-(6-carboxy-2-cis-hexenyl)-4-hydroxycyclopent-2-en-1-one
PAR  Treatment of
      cis-anti-cis-5-hydroxy-2,3-oxidocyclopentylacetaldehyde-.gamma.-lactol (E.
      J. Corey and R. Noyori Tetrahedron Letters, 1970, 311) with
      4-carboxybutyltriphenylphosphonium bromide as described in Example 1105 is
      productive of
      2.beta.-(6-carboxy-2-cis-hexenyl)-3.alpha.,4.alpha.-oxidocyclopentan-1.alp
     ha.-ol which on on oxidition by the method of Example 1106 provides
      2.beta.-(6-carboxy-2-cis-hexenyl)-3.alpha.,4.alpha.-oxidocyclopentanone,
      which in time on treatment with aqueous base by the procedure of Example
      1107 furnishes the subject compound.
PAC  EXAMPLE 1108
PAC  Preparation of 4-carboxybutyltriphenylphosphonium bromide
PAR  A mixture of 103 g. of 5-bromovalevic acid and 152 g. of triphenylphosphine
      in 400 ml. of acetonitrile is refluxed for 48 hours, cooled, diluted with
      100 ml. of benzene and allowed to crystallize. The crystals are filtered,
      washed with benzene and ether, to yield colorless material, m.p.
      207.degree.-209.degree.C.
PAC  EXAMPLES 1109-1111
PAR  Treatment of the indicated .omega.-bromoalkanoic acids of Table 20 below
      with triphenylphosphine by the method described in Example 1108 produces
      the phosphonium bromides of the table.
TBL                TABLE 20                                                    

     ______________________________________                                    

     Ex-   Starting .PHI.-bromo-                                               

                          Product                                              

     ample alkanone acid  Phosphonium bromide                                  

     ______________________________________                                    

     1109  4-bromo-n-butyric                                                   

                          3-carboxypropyltri-                                  

           acid           phenylphosphonium                                    

                          bromide                                              

     1110  6-bromo-n-hexanoic                                                  

                          5-carboxypentyltri-                                  

           acid           phenylphosphonium                                    

                          bromide                                              

     1111  7-bromo-n-hepta-                                                    

                          6-carboxyhexyltri-                                   

           noic acid      phenylphosphonium                                    

                          bromide                                              

     ______________________________________                                    

PAC  EXAMPLES 1112-1114
PAR  Treatment of all
      cis-5-hydroxy-2,3-oxidocyclopentylacetaldehyde-.gamma.-lactol with the
      Wittig reagent prepared from the indicated phosphonium bromides of Table
      21 below, all by the procedure of Example 1105 is productive of the
      product compounds of the table.
TBL                TABLE 21                                                    

     ______________________________________                                    

     Ex-    Reagent phos- Product                                              

     ample  phonium bromide                                                    

                          3,4-oxidocyclopentanol                               

            of Example                                                         

     ______________________________________                                    

     1112   1109          all cis-2-(5-carboxy-2-cis-pentenyl)-3,4-oxidocyclope

                          ntan-1-ol                                            

     1113   1110          all cis-2-(7-carboxy-2-cis-heptenyl)-3,4-oxidocyclope

                          ntan-1-ol                                            

     1114   1111          all cis-2-(8-carboxy-2-cis-octenyl)-3,4-oxidocyclopen

                          tan-1-ol                                             

     ______________________________________                                    

PAC  EXAMPLES 1115-1117
PAR  Oxidation of the cyclopentanols indicated in Table 22 below by the method
      described in Example 1106 furnishes the corresponding product
      3,4-oxidocyclopentanones of the table.
TBL                TABLE 22                                                    

     ______________________________________                                    

     Ex-   Starting cyclo-                                                     

                          Product                                              

     ample pentan-1-ol of 3,4-oxidocyclopent-                                  

           Example        an-1-one                                             

     ______________________________________                                    

     1115  1112           all cis-2-(5-carboxy-                                

     2-cis-pentenyl)-3,4-                                                      

     oxidocyclopentan-1-                                                       

     one                                                                       

     1116  1113           all cis-2-(7-carboxy-                                

     2-cis-heptenyl)-3,4-                                                      

     oxidocyclopentan-1-                                                       

     one                                                                       

     1117  1114           all cis-2-(8-carboxy-                                

     2-cis-octenyl)-3,4-                                                       

     oxidocyclopentan-1-                                                       

     one                                                                       

     ______________________________________                                    

PAC  EXAMPLES 1118-1120
PAR  Alkaline treatment of the 3,4-oxidocyclopentanones of Table 23 below by the
      process described in Example 1107 is productive of the
      4-hydroxycyclopentenones of the table.
TBL                TABLE 23                                                    

     ______________________________________                                    

     Ex-   Starting 3,4-  Product                                              

     ample                                                                     

     oxidocyclo-                                                               

           4-hydroxycyclo-                                                     

           pentanone of   pent-2-en-1-one                                      

           Example                                                             

     ______________________________________                                    

     1118  1115           2-(5-carboxy-2-                                      

     cis-pentenyl)-4-                                                          

     hydroxycyclo-                                                             

                          pent-2-en-1-one                                      

     1119  1116           2-(7-carboxy-2-                                      

     cis-heptenyl)-                                                            

                          4-hydroxycyclo-                                      

                          pent-2-en-1-one                                      

     1120  1117           2-(8-carboxy-2-                                      

     cis-octenyl)-4-                                                           

     hydroxycyclo-                                                             

                          pent-2-en-1-one                                      

     ______________________________________                                    

PAC  EXAMPLES 1121-1124
PAR  Treatment of the 4-hydroxycyclopent-2-en-1-ones listed in Table 24 below
      with dihydropyran (in the manner of Example 95) is productive of the
      corresponding bis-tetrahydropyranyl ether-ester of the table.
TBL                TABLE 24                                                    

     ______________________________________                                    

     Ex-    Starting 4-hy-                                                     

                          Product                                              

     ample  droxycyclopent-                                                    

                          bis-tetrahydropyranyl                                

     2-en-1-one of                                                             

            ether-ester                                                        

            Example                                                            

     ______________________________________                                    

     1121   1107          4-tetrahydropyranyloxy-                              

     2-(6-carbotetrahydro-                                                     

                          pyranyloxy-2-cis-hexenyl)                            

                          cyclopent-2-en-1-one                                 

     1122   1118          4-tetrahydropyranyloxy-                              

     2-(5-carbotetrahydro-                                                     

                          pyranyloxy-2-cis-pent-                               

                          enyl)cyclopent-2-en-1-                               

     one                                                                       

     1123   1119          4-tetrahydropyranyloxy-                              

     2-(7-carbotetrahydro-                                                     

                          pyranyloxy-2-cis-heptenyl)-                          

                          cyclopent-2-en-1-one                                 

     1124   1120          4-tetrahydropyranyloxy-                              

     2-(8-carbotetrahydro-                                                     

                          pyranyloxy-2-cis-octenyl)-                           

                          cyclopent-2-en-1-one                                 

     ______________________________________                                    

PAC  EXAMPLES 1125-1130
PAR  Treatment of the 4-hydroxycyclopent-2-en-1-ones listed in Table 25 below
      with the indicated trialkylsilyl chloride by the method described in
      Example 958 is productive of the bis-trialkylsilyl ether-esters of the
      table.
TBL                                    TABLE 25                                

     __________________________________________________________________________

          Starting 4-hydroxy-                                                  

     Example                                                                   

     cyclopentenone of                                                         

          Trialkylsilyl-                                                       

                      Product                                                  

          Example     chloride                                                 

                              bis-trialkylsilyl ether-ester                    

     __________________________________________________________________________

     1125 1107        (CH.sub.3).sub.3 SiCl                                    

                              4-trimethylsiloxy-2-(6-carbotrimethyl-           

                              siloxy-2-cis-hexenyl)cyclopent-2-en-1-one        

     1126 1118        (CH.sub.3).sub.3 SiCl                                    

                              4-trimethylsiloxy-2-(5-carbotrimethyl-           

                              siloxy-2-cis-pentenyl)cyclopent-2-en-1-one       

     1127 1119        (CH.sub.3).sub.3 SiCl                                    

                              4-trimethylsiloxy-2-(7-carbotrimethyl-           

                              siloxy-2-cis-heptenyl)cyclopent-2-en-1-one       

     1128 1120        (CH.sub.3).sub.3 SiCl                                    

                              4-trimethylsiloxy-2-(8-carbotrimethyl-           

                              siloxy-2-cis-octenyl)cyclopent-2-en-1-one        

     1130 1107        dimethyliso-                                             

                              4-dimethylisopropylsiloxy-2-(6-carbodi-          

                      propyl silyl                                             

                              methylisopropylsiloxy-2-cis-hexenyl)cyclo-       

                      chloride                                                 

                              pent-2-en-1-one                                  

     __________________________________________________________________________

PAC  EXAMPLE 1131
PAC  Preparation of 1-oxo-2-hydroxy-bicyclo[3.3.0]oct-4-ene
PAR  A solution of 6.2 g. (50 mole) of the lactone of
      cis-2-hydroxycyclopent-4-ene-1-acetic acid [P. A. Grieco, J. Org. Chem.,
      37, 2363 (1972)] in 350 ml. of toluene (dried over molecular sieves) is
      cooled to -75.degree.C. and treated dropwise under nitrogen with 84 ml.
      0.89 M diisobutyl aluminum hydride (10.55 g., 74 mole) over a period of
      about one hour maintaining the temperature at -74 + 2.degree.C. The
      resulting clear solution is stirred at -75.degree.C. for 2 hours and
      poured with stirring into a mixture of 15 ml. of concentrated hydrochloric
      acid and 300 ml. of ice water. The mixture is stirred while warming to
      room temperature. The layers are separated and the aqueous layer is
      treated with salt and extracted with three small portions of ether. The
      combined organic portions are dried over sodium sulfate and evaporated at
      reduced pressure (75.degree.C. water bath) to yield the product
      (homogeneous by thin layer chromatography) as a pale yellow mobile liquid.
PAC  EXAMPLE 1132
PAC  Preparation of 1-hydroxy-2-(6-carboxy-2-cis-hexenyl)cyclopent-3-ene
PAR  A solution of the sodium salt dimethyl sulfoxide is prepared by stirring
      under nitrogen a mixture of 160 ml. dry dimethyl sulfoxide (dried over
      molecular sieves and a few pellets of calcium hydride) with 6.0 g. (0.25
      mole) of sodium hydride (prepared by washing 10.5 g. of 57% sodium hydride
      dispersion in mineral oil with two 30 ml. portions of hexane.) The mixture
      is warmed with stirring at 75.degree.C. (oil bath) for 2.5 hours.
PAR  This solution is added over about five minutes to a solution under nitrogen
      of 44 grams (0.1 mole) of 4-carboxybutyltriphenylphosphonium bromide
      (Example 1108) in 180 ml. of dry dimethyl sulfoxide. The resulting dark
      reddish brown solution is stirred for ten minutes, cooled to room
      temperature and treated with a solution of crude
      1-oxa-2-hydroxy-bicyclo[3.3.0]oct-4-ene (6.2 g., 50 mole) (Example 1131)
      in 20 ml. of anhydrous dimethyl sulfoxide. The resulting solution is
      stirred 16 hours and then treated with 250 ml. of ice water.
PAR  This brown solution is extracted with two portions of ether to remove
      neutral material then made strongly acidic with hydrochloric acid. The
      solution is extracted into four 100 ml. portions of methylene chloride.
      The combined methylene chloride extacts are washed with water, then
      extracted with four 100 ml. portions of 5% sodium bicarbonate. The
      combined aqueous extracts are washed with methylene chloride and made
      acidic to Congo Red with concentrated hydrochloric acid. The mixture is
      extracted with three 100 ml. portions of methylene chloride. The organic
      extracts are combined, dried over sodium sulfate and the solvent is
      evaporated at reduced pressure. The residue (an oily solid) is extracted
      several times with ether and the ethereal extracts are combined and
      evaporated at reduced pressure to yield the crude product as a dark oil.
      The product is purified by chromatograph6 on silica gel, eluting with
      ether. The product is a colorless liquid.
PAC  EXAMPLE 1133
PAC  Preparation of 2-(6-carboxy-2-cis-hexenyl)cyclopent-3-en-1-one
PAR  A solution of 3.2 g. (0.5 mole) of
      1-hydroxy-2-(6-carboxy-2-cis-hexenyl)cyclopent-3-ene (Example 1132) in 60
      ml. of reagent acetone is treated dropwise with a total of 6 ml. of 8N
      chromic acid in sulfuric acid at 0.degree.C. The oxidation is rather slow.
      The resulting mixture is dissolved in 200 ml. of water and the solution is
      extracted with six 50 ml. portions of ether. The combined ethereal
      extracts are dried over sodium sulfate and the solvent is evaporated at
      reduced pressure to yield the product as a yellow oil.
PAC  EXAMPLE 1134
PAC  Preparation of 2-(6-carboxy-2-cis-hexenyl(cyclopent-2-en-1-one
PAR  A solution of 3 g. of crude 2-(6-carboxy-2-cis-hexenyl)cyclopent-3-en-1-one
      (Example 1133) in 100 ml. of 2% sodium hydroxide is stirred at
      80.degree.C. under nitrogen for 1.5 hours. The cooled solution is
      acidified to Congo Red and extracted into ether. The ethereal extracts are
      dried over sodium sulfate and evaporated at reduced pressure to afford the
      product.
PAC  EXAMPLES 1135-1137
PAC  Treetment of 1-oxa-2-hydroxy-bicyclo[3.3.0]oct-4-ene by the procedure
      described in Example 1132 with the ylids derived from the phosphonium
      bromides listed in Table 26 below furnishes the product
      1-hydroxy-cyclopent-3-enes of the table.
TBL                TABLE 26                                                    

     ______________________________________                                    

     Ex-    Starting phos-                                                     

                          Product                                              

     ample  phonium bromide                                                    

                          1-hydroxy-2-(.omega.-carboxy-                        

            of Example                                                         

     2-cis-alkenyl)cyclopent-                                                  

     3-enes                                                                    

     ______________________________________                                    

     1135   1109          1-hydroxy-2-(5-carboxy-                              

     2-cis-pentenyl)cyclo-                                                     

                          pent-3-ene                                           

     1136   1110          1-hydroxy-2-(7-carboxy-                              

     2-cis-heptenyl)cyclo-                                                     

                          pent-3-ene                                           

     1137   1111          1-hydroxy-2-(8-carboxy-                              

     2-cis-octenyl)cyclo-                                                      

                          pent-3-ene                                           

     ______________________________________                                    

PAC  EXAMPLES 1138-1140
PAR  Oxidation of the 1-hydroxycyclopent-3-enes listed in Table 27 below by the
      procedure described in Example 1133 is productive of the product
      cyclopent-3-en-1-ones of the table.
TBL                TABLE 27                                                    

     ______________________________________                                    

     Ex-    Starting 1-   Product                                              

     ample                                                                     

     hydroxycyclo-                                                             

            2-(.omega.-carboxy-2-cis-                                          

            pent-3-ene of                                                      

     alkenyl)cyclopent-3-                                                      

            Example                                                            

     en-1-one                                                                  

     ______________________________________                                    

     1138   1135          2-(5-carboxy-2-cis-                                  

     pentenyl)cyclopent-3-                                                     

     en-1-one                                                                  

     1139   1136          2-(7-carboxy-2-cis-                                  

     heptenyl)cyclopent-3-                                                     

     en-1-one                                                                  

     1140   1137          2-(8-carboxy-2-cis-                                  

     octenyl)cyclopent-3-                                                      

     en-1-one                                                                  

     ______________________________________                                    

PAC  EXAMPLES 1141-1143
PAR  Base treatment according to the procedure described in Example 1134 of the
      cyclopent-3-ene-1-ones listed in Table 28 below is productive of the
      product cyclopent-2-en-1-ones of the table.
TBL                TABLE 28                                                    

     ______________________________________                                    

     Ex-   Starting 2-(.omega.-                                                

                          Product                                              

     ample                                                                     

     carboxy-2-cis-                                                            

           2-(.omega.-carboxy-2-cis-                                           

     alkenyl)cyclo-                                                            

     alkenyl)cyclopent-                                                        

           pent-3-ene-1-                                                       

     2-en-1-one                                                                

           one of Example                                                      

     ______________________________________                                    

     1141  1138           2-(5-carboxy-2-cis-                                  

     pentyl)cyclopent-                                                         

     2-en-1-one                                                                

     1142  1139           2-(7-carboxy-2-cis-                                  

     heptenyl)cyclopent-                                                       

     2-en-1-one                                                                

     1143  1140           2-(8-carboxy-2-cis-                                  

     octenyl)cyclopent-                                                        

     en-en-1-one                                                               

     ______________________________________                                    

PAC  EXAMPLES 1144-1146
PAR  Treatment of the listed
      2-(.omega.-carboxy-2-cis-alkenyl)cyclopent-2-en-1-one of Table 29 below
      with diazomethane in the usual manner is productive of the product methyl
      esters of the table.
TBL                TABLE 29                                                    

     ______________________________________                                    

     Ex-   Starting car-  Product                                              

     ample boxylic acid   2-(.omega.-carbomethoxy-2-cis-                       

           of Example                                                          

     alkenyl)cyclopent-2-en-                                                   

     1-one                                                                     

     ______________________________________                                    

     1144  1141           2-(5-carbomethoxy-2-cis-                             

     pentenyl)cyclopent-2-en-                                                  

     1-one                                                                     

     1145  1142           2-(7-carbomethoxy-2-cis-                             

     heptenyl)cyclopent-2-en-                                                  

     1-one                                                                     

     1146  1143           2-(8-carbomethoxy-2-cis-                             

     octenyl)cyclopent-2-en-                                                   

     1-one                                                                     

     ______________________________________                                    

PAC  EXAMPLES 1147-1149
PAR  Treatment by the procedure of Example 120 of the cyclopentenones listed in
      Table 30 below with lithium
      diisobutylmethyl-(3-triphenylmethoxy-1-trans-5-cis-octadienyl) alanate,
      also prepared by the procedure of Example 120 from
      3-triphenylmethoxy-cis-5-en-octyne-1 (Example 139), diisobutylaluminum
      hydride and methyl lithium, followed by hydrolysis of the intermediate
      15-triphenylmethoxy derivatives by treatment with acetic
      acid-tetrahydrofuran-water (4:2:1) in the manner of Example 121, and then
      by saponification of the intermediate methyl esters by the process
      described in Example 122 is productive of the product prostatrienoic acids
      of the table.
TBL                TABLE 30                                                    

     ______________________________________                                    

     Ex-   Starting 2-(.omega.-                                                

                          Product                                              

     ample                                                                     

     carbomethoxy-2-                                                           

           9-oxo-15-hydroxy-5-                                                 

     cis-alkenyl)-                                                             

           cis, 13-trans,17-cis-                                               

           cyclopent-2-en-                                                     

     prostatrienoic acids                                                      

     1-one of Example                                                          

     ______________________________________                                    

     1147  1144           9-oxo-4-nor-15-hydroxy-                              

     5-cis-13-trans-17-                                                        

     cis-prostatrienoic                                                        

                          acid                                                 

     1148  1145           9-oxo-4a-homo-15-hydro-                              

                          xy-5-cis-13-trans-17-                                

     cis-prostatrienoic                                                        

                          acid                                                 

     1149  1146           9-oxo-4a-bishomo-15-hy-                              

                          droxy-5-cis-13-trans-                                

     17-cis-prostatrienoic                                                     

                          acid                                                 

     ______________________________________                                    

PAC  EXAMPLES 1150-1159
PAR  Treatment of the ether-ester blocked 4-oxycyclopent-2-en-1-ones listed in
      Table 31 below with lithium
      trimethyl[3-(p-anisyldiphenylmethoxy)-grans-1-octenyl] according to the
      procedure described in Example 960 is productive of the
      9-oxo-11.alpha.,15-dihydroxy-5-cis,13-trans-prostadienoic acids of the
      table as well as of the corresponding 15-epi derivatives, separable from
      the listed 15-normal derivatives by chromatography.
TBL                TABLE 31                                                    

     ______________________________________                                    

     Ex-   Starting blocked                                                    

     ample 4-oxycyclopent-                                                     

                          9-oxo-11.alpha.,15-dihydroxy-                        

     2-en-1-one of                                                             

     5-cis,13-trans-pros-                                                      

           Example        tadienoic acids                                      

     ______________________________________                                    

     1150  1121           9-oxo-11.alpha.,15-dihydroxy-5-cis,13-trans-prostadie

                          noic acid (prostaglandin E.sub.2)                    

     1151  1125           9-oxo-11.alpha.,15-dihydroxy-5-cis,13-trans-prostadie

                          noic acid (prostaglandin E.sub.2)                    

     1152  1130           9-oxo-11.alpha.,15-dihydroxy-5-cis,13-trans-prostadie

                          noic acid (prostaglandin E.sub.2)                    

     1153  1122           9-oxo-11.alpha.,15-dihydroxy-4-nor-5-cis,13-trans-pro

                          stadienoic acid                                      

     1154  1126           9-oxo-11.alpha.,15-dihydroxy-4-nor-5-cis,13-trans-pro

                          stadienoic acid                                      

     1155  1123           9-oxo-11.alpha.,15-dihydroxy-4a-homo-5-cis,13-trans-p

                          rostadienoic acid                                    

     1156  1127           9-oxo-11.alpha.,15-dihydroxy-4a-homo-5-cis,13-trans-p

                          rostadienoic acid                                    

     1158  1124           9-oxo-11.alpha.,15-dihydroxy-4a,4b-homo-5-cis,13-tran

                          s-prostadienoic acid                                 

     1159  1128           9-oxo-11.alpha.,15-dihydroxy-4a,4b-homo-5-cis,13-tran

                          s-prostadienoic acid                                 

     ______________________________________                                    

PAC  EXAMPLES 1160-1169
PAR  Treatment by the procedure described in Example 123 of the ether-ester
      blocked 4-oxycyclopent-2-en-1-ones listed in Table 32 below with lithium
      diisobutylmethyl(3-triphenylmethoxy-1-trans-5-cis-octadienyl)alanate,
      prepared from 3-triphenylmethoxy-cis-5-en-octyne-1- (Example 139) by the
      procedure of Example 120, followed by the cleavage of blocking groups and
      isolation of products by the method described in Example 124 is productive
      of the 9-oxo-11.alpha.,15-dihydroxy-5-cis,13-trans,17-cis-prostatrienoic
      acids of the table; also formed are the corresponding 15-epi derivatives
      which are separable by chromatography from the listed 15-normal
      derivatives.
TBL                TABLE 32                                                    

     ______________________________________                                    

           Starting blocked                                                    

                          Product                                              

     Ex-   4-oxycyclopent-                                                     

                          9-oxo-11.alpha.,15-dihydroxy-                        

     ample                                                                     

     2-en-1-one of                                                             

     5-cis,13-trans,17-cis-                                                    

           Example                                                             

     prostatrienoic acids                                                      

     ______________________________________                                    

     1160  1121           9-oxo-11.alpha.,15-dihydroxy-5-cis,13-trans,17-cis-pr

                          ostatrienoic acid (prostaglandin E.sub.3)            

     1161  1125           9-oxo-11.alpha.,15-dihydroxy-5-cis,13-trans,17-cis-pr

                          ostatrienoic acid (prostaglandin E.sub.3)            

     1162  1130           9-oxo-11.alpha.,15-dihydroxy-5-cis,13-trans,17-cis-pr

                          ostatrienoic acid (prostaglandin E.sub.3)            

     1163  1122           9-oxo-11.alpha.,15-dihydroxy-4-nor-5-cis,13-trans,17-

                          cis-prostatrienoic acid                              

     1164  1126           9-oxo-11.alpha.,15-dihydroxy-4-nor-5-cis,13-trans,17-

                          cis-prostatrienoic acid                              

     1165  1123           9-oxo-11.alpha.,15-dihydroxy-4a-homo-5-cis,13-trans,1

                          7-cis-prostatrienoic acid                            

     1166  1127           9-oxo-11.alpha.,15-dihydroxy-4a-homo-5-cis,13-trans,1

                          7-cis-prostatrienoic acid                            

     1168  1124           9-oxo-11.alpha.,15-dihydroxy-4a,4b-bishomo-5-cis,    

                          13-trans,17-cis-prostatrienoic acid                  

     1169  1128           9-oxo-11.alpha.,15-dihydroxy-4a,4b-bishomo-5-cis-13-t

                          rans,17-cis-prostatrienoic acid                      

     ______________________________________                                    

PAC  EXAMPLE 1170
PAC  Preparation of 9-oxo-11.alpha.,15-dihydroxy-5-cis,13-cis-prostadienoic acid
PAR  Treatment in the manner described in Example 733 of
      4-tetrahydropyranyloxy-2-(6-carbotetrahydropyranyloxy-2-cis-hexenyl)cyclop
     ent-2-en-1-one (Example 1121) with the Grignard reagent prepared from
      magnesium and 1-bromo-3-triphenylmethoxy-trans-1-octene (Example 728) also
      as described in Example 733 in the presence of cuprous iodide
      tri-n-butylphosphine complex is productive after chromatography of
      prostaglandin E.sub.2 and
      9-oxo-11.alpha.,15-dihydroxy-5-cis,13-cis-prostadienoic acid.
PAC  EXAMPLES 1171 and 1172
PAR  Treatment of the two 9-oxo derivative listed in Table 33 below with lithium
      perhydro-9b-boraphenalylhydride in the manner described in Example 737
      furnishes the indicated 9.alpha.,15-dihydroxy-13-cis-prostenoic acids.
TBL                TABLE 33                                                    

     ______________________________________                                    

     Ex-   Starting 9-oxo-                                                     

                          Product                                              

     ample                                                                     

     derivative of                                                             

           9.alpha.,15-dihydroxy-13-cis-                                       

           Example                                                             

     prostenoic acids                                                          

     ______________________________________                                    

     1171   736           9.alpha.,15-diohydroxy-13-cis-                       

     prostenoic acid                                                           

     1172  1170           9.alpha.,15-dihydroxy-5-cis                          

     prostadienoic acid                                                        

     ______________________________________                                    

PAC  EXAMPLE 1173
PAC  Preparation of 1-bromo-4,4-dimethyl-3-tetrahydropyranyloxy-trans-1-octene
PAR  To an ice cooled solution of 3.5 g. (50 moles) of 2-methyl-2-butene in 25
      ml. of tetrahydrofuran under an inert atmosphere is added 25 ml. of 1 M
      diborane in tetrahydrofuran dropwise over 10 minutes. The mixture is
      stirred at 0.degree.-5.degree.C. for 2 hours and then the solvent is
      removed under vacuum. The residue is dissolved in 20 ml. of carbon
      tetrachloride and to the resulting solution cooled to 0.degree.C. is added
      a solution of 5.25 g. (22 mole) of
      4,4-dimethyl-3-tetrahydropyranyloxy-1-octyne (Example 995) in 10 ml. of
      carbon tetrachloride over 10 minutes. The cooling bath is removed and the
      mixture is allowed to stir at ambient temperature for 1.5 hours. The
      mixture is cooled to 0.degree.C. and a solution of 3.52 g. (22 moles) of
      bromine in 15 ml. of carbon tetrachloride is added over 10 minutes. The
      cooling bath is removed and the mixture is refluxed for 6 hours under an
      inert atmosphere. The mixture is cooled and poured into dilute sodium
      hydroxide solution. The organic phase is washed with water and saturated
      brine, dried (Na.sub.2 SO.sub.4), and evaporated. The residue is
      chromatographed upon silica gel and the title compound is isolated with 5%
      ethyl acetate in benzene.
PAC  EXAMPLE 1174
PAC  Preparation of 1-bromo-4,4-dimethyl-trans-1-octen-3-ol
PAR  A mixture of 3.19 g. (10 moles) of
      1-bromo-4,4-dimethyl-3-tetrahydropyranyloxy-trans-1-octene (Example 1173)
      and 90 ml. of 3:1:1 tetrahydrofuran-acetic acid-water is stirred at
      amibent temperatures for 20 hours. The solvent is evaporated in vacuo and
      the residue is chromatographed on silica gel. The title compound is
      isolated using 10-20% ethyl acetate in benzene.
PAC  EXAMPLE 1175
PAC  Preparation of 1-bromo-4,4-dimethyl-3-triphenylmethoxy-trans-1-octene
PAR  Treatment of 1.88 g. (8 moles) of 1-bromo-4,4-dimethyl-trans-1-octen-3-ol
      (Example 1174) with 2.58 g. (8 moles) of triphenylmethyl bromide in 20 ml.
      of pyridine and purification of Florisil, all as described in Example 728
      gives the title compound.
PAC  EXAMPLE 1176
PAC  Preparation of 1-bromo-5,5-dimethyl-3-tetrahydropyranyloxy-trans-1-octene
PAR  Treatment of 7.15 g. (30 moles) of
      5,5-dimethyl-3-tetrahydropyranyloxy-1-octyne (Example 999) with 33 moles
      of disiamylborane in carbon tetrachloride followed by 30 moles of bromide
      in carbon tetrachloride, refluxing the resulting mixture, and isolation by
      chromatography on silica gel, all as described in Example 1173 gives the
      title compound.
PAC  EXAMPLE 1177
PAC  Preparation of 1-bromo-5,5-dimethyl-trans-1-octen-3-ol
PAR  Treatment of 7.35 g. (23 moles) of
      1-bromo-5,5-dimethyl-3-tetrahydropyranyloxy-trans-1-octene (Example 1176)
      with 200 ml. of 3:1:1 tetrahydrofuran-acetic acid-water and purification
      on silica gel all as described in Example 1174 gives the title compound.
PAC  EXAMPLE 1178
PAC  Preparation of 1-bromo-5,5-dimethyl-3-triphenylmethoxy-trans-1-octene
PAR  Treatment of 3.53 g. (15 moles) of 1-bromo-5,5-dimethyl-trans-1-octen-3-ol
      (Example 1177) with 4.85 g. (15 moles) of triphenylmethyl bromide in 35
      ml. of pyridine and purification on Florisil, all as described in Example
      728 gives the title compound.
PAC  EXAMPLE 1179
PAC  Preparation of 1-iodo-3-triphenylmethoxy-trans-1-octene
PAR  To a mixture of 0.650 g. (16.91 mole) of sodium borohydride and 3.17 g.
      (45.2 moles) of 2-methyl-2-butene in 40 ml. of diglyme cooled to
      -5.degree.C. under an inert atmosphere is added over 15 minutes 3.24 g.
      (22.6 moles) of boron trifluoride ethereate and the resulting mixture is
      stirred at 0.degree.C. for 2 hours. To this mixture is then added over 5
      minutes 8.32 g. (22.6 moles) of 3-triphenylmethoxy-1-octyne (Example 119)
      in 10 ml. of diglyme, the cooling bath is removed, and the mixture is
      stirred at ambient temperatures for 1.5 hours. The mixture is cooled to
      0.degree.C. and 6.0 g. of finely divided anhydrous trimethylamine oxide is
      added over 10 minutes. The cooling bath is removed and the mixture is
      stirred at ambient temperatures for 0.5 hour. The mixture is then poured
      into 200 ml. of 15% sodium hydrooxide solution, a solution of 16 g. (63
      moles) of iodine in 20 ml. of tetrahydrofuran is added immediately, and
      the resulting mixture is stirred for 0.5 hour. The organic phase is
      separated and the aqueous phase is washed with ether. The combined organic
      phase and washings are decolorized with 55 sodium thiosulfate solution,
      washed with saturated brine, dried (Na.sub.2 SO.sub.4), and evaporated.
      The residue is dry-columned chromatographed upon alumina using hexane as
      eluent and the title compound is isolated as an oil.
PAC  EXAMPLE 1180
PAC  Preparation of 3-triphenylmethoxy-cis-oct-5-en-1-yne
PAR  Treatment of 22 g. of cis-oct-5-en-1-yne-3-ol, prepared according to the
      procedure of J. Fried, C. H. Lin, J. C. Sih, P. Dalven, G. F. Cooper, J.
      Amer. Chem. Soc., 94, 4342 (1972), with 58 g. of triphenylmethyl bromide
      in 100 ml. of pyridine and purification on Florisil, all as described in
      Example 728 gives the title compound.
PAC  EXAMPLE 1181
PAC  Preparation of 1-iodo-3-triphenylmethoxy-trans-1,cis-5-octadiene
PAR  Treatment of 20 g. of 3-triphenylmethoxy-cis-oct-5-en-1-yne with 55 moles
      of disiamylborane in diglyme, followed by trimethylamine oxide, aqueous
      sodium hydroxide, and iodine, and purification of alumina, all as
      described in Example 1179, gives the title compound.
PAC  EXAMPLE 1182
PAC  Preparation of 1-bromo-3-triphenylmethoxy-trans-1,cis-5-octadiene
PAR  Treatment of 15 g. of 3-triphenylmethoxy-cis-oct-5-en-1-yne (Example 1180)
      with 41 moles of disiamylborane in tetrahydrofuran, replacing the solvent
      with carbontetrachloride, addition of 41 moles of bromine, and refluxing
      the mixture, all as described in Example 1173, and purification of the
      material upon Florisil as described in Example 728 gives the title
      compound.
PAC  EXAMPLE 1183
PAC  Preparation of 1-iodo-3-triphenylmethoxy-trans-1-decene
PAR  Treatment of 3-triphenylmethoxy-1-decyne (Example 129) with disamylborane,
      trimethylamine oxide and iodine by the procedure described in Example 1179
      is productive of the subject compound.
PAC  EXAMPLE 1184
PAC  Preparation of 1-iodo-3-triphenylmethoxy-trans-1-nonene
PAR  Treatment of 3-triphenylmethoxy-1-nonyne (Example 128) with disiamylborane,
      trimethylamine oxide and iodine by the process described in Example 1179
      is productive of the subject compound.
PAC  EXAMPLE 1185
PAC  Preparation of 1-bromo-3-triphenylmethoxy-trans-1-decene
PAR  Treatment of 3-triphenylmethoxy-1-decyne (Example 129) with disiamylborane
      and the bromide by the procedure described in Example 1173 is productive
      of the title compound.
PAC  EXAMPLE 1186
PAC  Preparation of 1-bromo-3-triphenylmethoxy-trans-1-nonene
PAR  Treatment of 3-triphenylmethoxy-1-nonyne (Example 128) with disiamylborane
      and the bromine by the procedure described in Example 1173 is productive
      of the title compound.
PAC  EXAMPLE 1187
PAC  Preparation of the Grignard reagent of
      1-bromo-3-triphenylmethoxy-trans-1-octene at 33.degree.C.
PAR  To a slurry of 0.585 g. (0.0241 g. atom) of magnesium and 5 ml. of
      tetrahydrofuran under an argon atmosphere is added 2 ml. of a solution of
      7.536 (0.0168 mole) of 1-bromo-3-triphenylmethoxy-trans-1-octene (Example
      728) in 10 ml. of tetrahydrofuran. The mixture is warmed to 35.degree.C.
      and reaction is initiated with 1 drop of methyl iodide. The reaction is
      allowed to exotherm to 37.degree.C. and then to cool to 33.degree.C.
      whereupon the remainder of the halide is added at a rate to maintain
      33.degree.C. After complete addition of the halide, the mixture is stirred
      at 33.degree.C. for 1 hour and is separated from the excess magnesium to
      yield a tetrahydrofuran solution of the title Grignard reagent.
PAC  EXAMPLE 1188
PAC  Preparation of 11-deoxy-8.beta.-methyl-prostaglandin E.sub.1 methyl ester,
      11-deoxy-8.alpha.-methyl-8-iso-prostaglandin E.sub.1 methyl ester, methyl
      15-hydroxy-8.beta.-methyl-9-oxo-13-cis-prostenoate, and methyl
      15-hydroxy-8.alpha.-methyl-9-oxo-8-iso-13-cis-prostenoate
PAR  The Grignard reagent, prepared as described in Example 1187 from 0.585 g.
      of magnesium, 7.536 g. of 1-bromo-3-triphenylmethoxy-trans-1-octene
      (Example 728), and 10 ml. of tetrahydrofuran, is added to an ice cooled
      solution of 3.76 g. of 2-(6-carbomethoxyhexyl)-2-cyclopentenone (Example
      83) and 0.305 g. of copper (I) iodide-tri-n-butylphosphine complex in 10
      ml. of tetrahydrofuran over 10 minutes under an inert atmosphere. The
      mixture is stirred with cooling for 0.5 hour and to it is then added 46 g.
      of methyl iodide. The cooling bath is removed and the mixture is stirred
      at ambient temperatures for 48 hours. The mixture is poured into saturated
      ammonium chloride solution and is extracted into ether. The organic phase
      is washed with saturated brine and is evaporated. The residue is heated to
      80.degree.C. with 100 ml. of 80% aqueous acetic acid for 0.5 hour and the
      mixture is then evaporated to dryness. The residue is dry-column
      chromatography upon silica gel using 4:1 benzene-ethyl acetate as eluent
      to afford a mixture of 11-deoxy-8.beta.-methyl-prostaglandin E.sub.1
      methyl ester and 11-deoxy-8.alpha.-methyl- 8-iso-prostaglandin E.sub.1
      methyl ester and a mixture of methyl
      15-hydroxy-8.beta.-methyl-9-oxo-13-cis-prostenoate and methyl
      15-hydroxy-8.alpha.-methyl-9-oxo-8-iso-13-cis-prostenoate. Further
      separation of the 8.beta. and 8.alpha. isomers is accomplished by a
      combination of partition chromatography and thin layer chromatography.
PAC  EXAMPLES 1190- 1205
PAR  Treatment by the procedure of Example 1188 of the cyclopentenones listed in
      Table 34 below with the Grignard reagent, prepared as described in Example
      1187 from the listed 1-bromo-3-triphenylmethoxy-1-trans-alkenes, and then
      with methyl iodide furnishes the product 8.alpha. and 8.beta. methyl
      prostenoates of the table. The products are all obtained via the
      corresponding 15-O-triphenylmethyl derivatives, which are hydrolytically
      cleaved as described in Example 1188.
TBL                                    TABLE 34                                

     __________________________________________________________________________

     Example                                                                   

          Starting cycloalkenene                                               

                      Starting 1-bromo-3-                                      

                                  Product 8-alkyl prostenoates                 

          of Example                                                           

     triphenylmethoxy-1-                                                       

     trans-alkene of                                                           

                      Example                                                  

     __________________________________________________________________________

     1190 13          1175        ethyl 8-.beta.-methyl-9-oxo-15-hydroxy-16,16-

                                  dimethyl-13-trans-prostenoate                

                                  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-16,16-d

                                  imethyl-8-iso-13-trans-prostenoate           

                                  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-16,16-d

                                  imethyl-13-cis-prostenoate                   

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-16,16-

                                  dimethyl-8-iso-13-cis-prostenoate            

     1191 13          1178        ethyl 8.beta.-methyl-9-oxo-15-hydroxy-17,17-d

                                  imethyl-13-trans-prostenoate                 

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-17,17-

                                  dimethyl-8-iso-13-trans-prostenoate          

                                  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-17,17-d

                                  imethyl-13-cis-prostenoate                   

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-17,17-

                                  dimethyl-8-iso-13-cis-prostenoate            

     1192 13          1182        ethyl 8.beta.-methyl-9-oxo-15-hydroxy-13-tran

                                  s, 17-cis-prostadienoate                     

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-

                                  13-trans,17-cis-prostadienoate               

                                  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-13-cis,

                                   17-cis-prostadienoate                       

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-

                                  13-cis, 17-cis-prostadienoate                

     1193 13          1185        ethyl 8.beta.-methyl-9-oxo-15-hydroxy-20-ethy

                                  l-13-trans-prostenoate                       

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-eth

                                  yl-8-iso-13-trans-prostenoate                

                                  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-20-ethy

                                  l-13-cis-prostenoate                         

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-

                                  20-ethyl-13-cis-prostenoate                  

     1194 84          1186        decyl 8.beta.-methyl-9-oxo-15-hydroxy-20-meth

                                  yl-13-trans-prostenoate                      

                                  decyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-met

                                  hyl-8-iso-13-trans-prostenoate               

                                  decyl 8.beta.-methyl-9-oxo-15-hydroxy-20-meth

                                  yl-13-cis-prostenoate                        

                                  decyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-met

                                  hyl-8-iso-13-cis-prostenoate                 

     1195 23          728         ethyl 8.beta.-methyl-9-oxo-15-hydroxy-7a,7b-b

                                  ishomo-13-trans-prostenoate                  

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-7a,7b-

                                  bishomo-8-iso-13-trans-prostenoate           

                                  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-7a,7b-b

                                  ishomo-13-cis-prostenoate                    

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-7a,7b-

                                  bishomo-8-iso-13-cis-prostenoate             

     1196 31          1185        ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2,20-bi

                                  sethyl-13-trans-prostenoate                  

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2,20-b

                                  isethyl-8-iso-13-trans-prostenoate           

                                  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2,20-bi

                                  sethyl-13-cis-prostenoate                    

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2,20-b

                                  isethyl-8-iso-13-cis-prostenoate             

     1197 46          1175        ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-1

                                  6,16-dimethyl-13-trans-prostenoate           

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-

                                  16,16-dimethyl-8-iso-13-trans-prostenoate    

                                  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-1

                                  6,16-dimethyl-13-cis-prostenoate             

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-

                                  16,16-dimethyl-8-iso-13-cis-prostenoate      

     1198 46          1182        ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-1

                                  3-trans,17-cis-prostadienoate                

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-

                                  8-iso-13-trans,17-cis-prostadienoate         

                                  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-1

                                  3-cis,17-cis-prostadienoate                  

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-

                                  8-iso-13-cis,17-cis-prostadienoate           

     1199 53          1186        ethyl 8.beta.-methyl-9-oxo-15-hydroxy-7-nor-2

                                  0-methyl-13-trans-prostenoate                

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-7-nor-

                                  20-methyl-8-iso-13-trans-prostenoate         

                                  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-7-nor-2

                                  0-methyl-13-cis-prostenoate                  

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-7-nor-

                                  20-methyl-8-iso-13-cis-prostenoate           

     1200 70          1178        ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2-fluor

                                  o-17,17-dimethyl-13-trans-prostenoate        

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2-fluo

                                  ro-17,17-dimethyl-8-iso-13-trans-prostenoate 

                                  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2-fluor

                                  o-17,17-dimethyl-13-cis-prostenoate          

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2-fluo

                                  ro-17,17-dimethyl-8-iso-13-cis-prostenoate   

     1201 111         728         ethyl 8.beta.-methyl-9-oxo-15-hydroxy-10a-hom

                                  o-13-trans-prostenoate                       

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-10a-ho

                                  mo-8-iso-13-trans-prostenoate                

                                  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-10a-hom

                                  o-13-cis-prostenoate                         

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-10a-ho

                                  mo-8-iso-13-cis-prostenoate                  

     1202 79          1186        ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2-pheny

                                  l-20-methyl-13-trans-prostenoate             

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2-phen

                                  yl-20-methyl-8-iso-13-trans-prostenoate      

                                  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2-pheny

                                  l-20-methyl-13-cis-prostenoate               

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2-phen

                                  yl-20-methyl-8-iso-13-cis-prostenoate        

     1203 900         1182        methyl 8.beta.-methyl-9-oxo-15-hydroxy-5-cis,

                                  13-trans,17-cis-prostatrienoate              

                                  methyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso

                                  -5-cis,13-trans,17-cis-prostatrienoate       

                                  methyl 8.beta.-methyl-9-oxo-15-hydroxy-5-cis,

                                  13-cis,17-cis-prostatrienoate                

                                  methyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso

                                  -5-cis,13-cis,17-cis-prostatrienoate         

     1204 900         728         ethyl 8.beta.-methyl-9-oxo-15-hydroxy-5-cis,1

                                  3-trans-prostadienoate                       

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-

                                  5-cis,13-trans-prostadienoate                

                                  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-5-cis,1

                                  3-cis-prostadienoate                         

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-

                                  5-cis,13-cis-prostadienoate                  

     1205 900         1185        ethyl 8.beta.-methyl-9-oxo-15-hydroxy-20-ethy

                                  l-5-cis,13-trans-prostadienoate              

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-eth

                                  yl-8-iso-5-cis,13-trans-prostadienoate       

                                  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-20-ethy

                                  l-5-cis,13-cis-prostadienoate                

                                  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-eth

                                  yl-8-iso-5-cis,13-cis-prostadienoate         

     __________________________________________________________________________

PAC  EXAMPLES 1206-1273
PAR  Treatment of the designated 9-oxo-prostenoic acid and ester derivatives
      listed in Table 35 below with sodium borohydride in ethanol as described
      in Example 257 gives the product 9.alpha. and 9.beta. hydroxy derivatives
      of the table, which are separable by standard chromatographic techniques.
TBL                TABLE 35                                                    

     ______________________________________                                    

     Ex-   Starting 9-oxo-                                                     

                          Product 9-hydroxy                                    

     ample derivative     derivatives                                          

     ______________________________________                                    

     1206  11-deoxy-8.beta.-methyl-prostaglandin E.sub.1 methyl ester (Example 

           1188)          11-deoxy-8.beta.-methyl-prostaglandin F.sub.1        

                          .alpha. and F.sub.1 .beta. methyl esters             

     1207  11-deoxy-8.alpha.-methyl-8-iso-prostaglandin E.sub.1 methyl ester   

           (Example 1188) 11-deoxy-8.alpha.-methyl-8-iso-prostaglandin F.sub.1 

                          .alpha. and F.sub.1 .beta. methyl esters             

     1208  methyl 15-hydroxy-8.beta.-methyl-9-oxo-13-cis-prostenoate (Example  

           1188)          methyl 9.alpha./.beta. ,15-dihydroxy-8.beta.-methyl-1

                          3-cis-prostenoates                                   

     1209  methyl 15-hydroxy-8.alpha.-methyl-9-oxo-13-cis-prostenoate (Example 

           1188)          methyl 9.alpha./.beta. ,15-dihydroxy                 

                          8.alpha.-methyl-8-iso-13-cis-prostenoates            

     1210  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-16-16-dimethyl-13-trans-proste

           noate (Example 1190)                                                

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-16,

                          16-dimethyl-13-trans-prostenoates                    

     1211  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-8-iso-13-trans

           -prostanoate (Example 1190)                                         

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-16

                          ,16-dimethyl-8-iso-13-trans-prostenoates             

     1212  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-13-cis-prosteno

           ate (Example 1190                                                   

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-16,

                          16-dimethyl-13-cis-prostenoates                      

     1213  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-8-iso-13-cis-p

           rostenoate (Example 1190)                                           

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-16

                          ,16-dimethyl-8-iso-13-cis-prostenoates               

     1214  ethyl-8.beta.-methyl-9-oxo-15-hydroxy-17,17-dimethyl-13-trans-proste

           noate (Example 1191)                                                

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-17,

                          17-dimethyl-13-trans-prostenoates                    

     1215  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-17,17-dimethyl-8-iso-13-trans

           -prostenoate (Example 1191)                                         

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-17

                          ,17-dimethyl-8-iso-13-trans-prostenoates             

     1216  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-17,17-dimethyl-13-cis-prosteno

           ate (Example 1191)                                                  

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-17,

                          17-dimethyl-13-cis-prostenoates                      

     1217  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-17,17-dimethyl-8-iso-13-cis-p

           rostenoate (Example 1191)                                           

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-17

                          ,17-dimethyl-8-iso-13-cis-prostenoates               

     1218  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-13-trans-17-cis-prostadienoate

            (Example 1192)                                                     

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-13-

                          trans,17-cis-prostadienoates                         

     1219  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-13-trans,17-cis-prostad

           ienoate (Example 1192)                                              

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-8-

                          iso-13-trans 17-cis-prostadienoates                  

     1220  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-13-cis,-17-cis-prostadienoate 

           (Example 1192) ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-13-

                          cis,17-cis-prostadienoates                           

     1221  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-13-cis,17-cis-prostadie

           noate (Example 1192)                                                

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-8-

                          iso-13-cis-17-cis-prostadienoates                    

     1222  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-20-ethyl-13-trans-prostenoate 

           (Example 1193) ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-20-

                          ethyl-13-trans-prostenoates                          

     1223  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-ethyl-8-iso-13-trans-prost

           enoate (Example 1193)                                               

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-20

                          -ethyl-8-iso-13-trans-prostenoates                   

     1224  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-20-ethyl-13-cis-prostenoate   

           (Example 1193) ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-20-

                          ethyl-13-cis-prostenoates                            

     1225  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-ethyl-8-iso-13-cis-prosten

           oate (Example 1193)                                                 

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-20

                          -ethyl-8-iso-13-cis-prostenoates                     

     1226  decyl 8.beta.-methyl-9-oxo-15-hydroxy-20-methyl-13-trans-prostenoate

            (Example 1194)                                                     

                          decyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-20-

                          methyl-13-trans-prostenoates                         

     1127  decyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-methyl-8-iso-13-trans-pros

           tenoate (Example 1194)                                              

                          decyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-20

                          -methyl-8-iso-13-trans-prostenoates                  

     1128  decyl 8.beta.-methyl-9-oxo-15-hydroxy-20-methyl-13-cis-prostenoate  

           (Example 1194) decyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-20-

                          methyl-13-cis-prostenoates                           

     1229  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-methyl-8-iso-13-cis-proste

           noate (Example 1194)                                                

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-20

                          -methyl-8-iso-13-cis-prostenoates                    

     1230  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-7a,7b-bis-homo-13-trans-proste

           noate (Example 1195)                                                

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-7a,

                          7b-bis-homo-13-trans-prostenoates                    

     1231  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-7a,7b-bis-homo-8-iso-13-trans

           -prostenoate (Example 1195)                                         

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-7a

                          ,7b-bis-homo-8-iso-13-trans-prostenoates             

     1232  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-7a,7b-bis-homo-13-cis-prosteno

           ate (Example 1195)                                                  

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-7a,

                          7b-bis-homo-13-cis-prostenoates                      

     1233  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-7a,7b-bis-homo-8-iso-13-cis-p

           rostenoate (Example 1195)                                           

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-7a

                          ,7b-bis-homo-8-iso-13-cis-prostenoates               

     1234  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2,20-bis-ethyl-13-trans-proste

           noate (Example 1196)                                                

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-2,2

                          0-bis-ethyl-13-trans-prostenoates                    

     1235  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2,20-bis-ethyl-8-iso-13-trans

           -prostenoate (Example 1196)                                         

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-2,

                          20-bis-ethyl-8-iso-13-trans-prostenoates             

     1236  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2,20-bis-ethyl-13-cis-prosteno

           ate (Example 1196)                                                  

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-2,2

                          0-bis-ethyl-13-cis-prostenoates                      

     1237  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2,20-bis-ethyl-8-iso-13-cis-p

           rostenoate (Example 1196)                                           

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-2,

                          20-bis-ethyl-8-iso-13-cis-prostenoates               

     1238  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl-13-trans-

           prostenoate (Example 1197)                                          

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-3-o

                          xa-16,16-dimethyl-13-trans-prostenoates              

     1239  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl-8-iso-13

           -trans-prostenoate (Example 1197)                                   

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-3-

                          oxa-16,16-dimethyl-8-iso-13-trans-prostenoates       

     1240  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl-13-cis-pr

           ostenoate (Example 1197)                                            

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-3-o

                          xa-16,16-dimethyl-13-cis-prostenoates                

     1241  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl-8-iso-13

           -cis-prostenoate (Example 1197)                                     

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-3-

                          oxa-16,16-dimethyl-8-iso-13-cis-prostenoates         

     1242  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-13-trans,17-cis-prostadi

           enoate (Example 1198)                                               

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-3-o

                          xa-13-trans,17-cis-prostadienoates                   

     1243  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-8-iso-13-trans,17-cis-p

           rostadienoate (Example 1198)                                        

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-3-

                          oxa-8-iso-13-trans,17-cis-prostadienoates            

     1224  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-13-cis,17-cis-prostadien

           oate (Example 1198)                                                 

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-3-o

                          xa-13-cis-17-cis-prostadienoates                     

     1245  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-8-iso-13-cis,17-cis-pro

           stadienoate (Example 1198)                                          

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-3-

                          oxa-8-iso-13-cis,17-cis-prostadienoates              

     1246  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-7-nor-20-methyl-13-trans-prost

           enoate (Example 1199)                                               

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-hydroxy-7-nor

                          -20-methyl-13-trans-prostenoates                     

     1247  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-7-nor-20-methyl-8-iso-13-tran

           s-prostenoate (Example 1199)                                        

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-7-

                          nor-20-methyl-8-iso-13-trans-prostenoates            

     1248  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-7-nor-20-methyl-13-cis-proste

           noate (Example 1199)                                                

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-7-n

                          or-20-methyl-13-cis-prostenoates                     

     1249  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-7-nor-20-methyl-8-iso-13-cis-

           prostenoate (Example 1199)                                          

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-7-

                          nor-20-methyl-8-iso-13-cis-prostenoates              

     1250  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2-fluoro-17,17-dimethyl-13-tra

           ns-prostenoate (Example 1200)                                       

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-2-f

                          luoro-17,17-dimethyl-13-trans-prostenoates           

     1251  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2-fluoro-17,17-dimethyl-8-iso

           -13-trans-prostenoate (Example 1200)                                

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-2-

                          fluoro-17,17-dimethyl-8-iso-13-trans-prostenoates    

     1252  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2-fluoro-17,17-dimethyl-13-cis

           -prostenoate Example 1200)                                          

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-2-f

                          luoro-17,17-dimethyl-13-cis-prostenoates             

     1253  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2-fluoro-17,17-dimethyl-8-iso

           -13-cis-prostenoate (Example 1200)                                  

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-2-

                          fluoro-17,17-dimethyl-8-iso-13-cis-prostenoates      

     1254  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-10a-homo-13-trans-prostenoate 

           (Example 1201) ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-10a

                          -homo-13-trans-prostenoates                          

     1255  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-10a-homo-8-iso-13-trans-prost

           enoate (Example 1201)                                               

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-10

                          a-homo-8-iso-13-trans-prostenoates                   

     1256  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-10a-homo-13-cis-prostenoate   

           (Example 1201) ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-10a

                          -homo-13-cis-prostenoates                            

     1257  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-10a-homo-8-iso-13-cis-prosten

           oate (Example 1201)                                                 

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-10

                          a-homo-8-iso-13-cis-prostenoates                     

     1258  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2-phenyl-20-methyl-13-trans-pr

           ostenoate (Example 1202)                                            

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-2-p

                          henyl-20-methyl-13-trans-prostenoates                

     1259  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2-phenyl-20-methyl-8-iso-13-t

           rans-prostenoate (Example 1202)                                     

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-2-

                          phenyl-20-methyl-8-iso-13-trans-prostenoates         

     1260  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2-phenyl-20-methyl-13-cis-pros

           tenoate (Example 1202)                                              

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-2-p

                          henyl-20-methyl-13-cis-prostenoates                  

     1261  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2-phenyl-20-methyl-8-iso-13-c

           is-prostenoates (Example 1202)                                      

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-2-

                          phenyl-20-methyl-8-iso-13-cis-prostenoates           

     1262  methyl 8.beta.-methyl-9-oxo-15-hydroxy-5-cis,13-trans,17-cis-prostat

           rienoate (Example 1203)                                             

                          methyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-5-

                          cis,13-trans,17-cis-prostatrienoates                 

     1263  methyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5-cis,13-trans,17-cis-

           prostatrienoate (Example 1203)                                      

                          methyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-8

                          -iso-5-cis,13-trans,17-cis-prostatrienoates          

     1264  methyl 8.beta.-methyl-9-oxo-15-hydroxy-5-cis,13-cis,17-cis-prostatri

           enoate (Example 1203)                                               

                          methyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-5-

                          cis,13-cis,17-cis-prostatrienoates                   

     1265  methyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5-cis,13-cis,17-cis-pr

           ostatrienoate (Example 1203)                                        

                          methyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-8

                          -iso-5-cis,13-cis,17-cis-prostatrienoates            

     1266  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-5-cis,13-trans-prostadienoate 

           (Example 1204) ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-5-c

                          is,13-trans-prostadienoates                          

     1267  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5-cis,13-trans-prostadi

           enoate (Example 1204)                                               

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-8-

                          iso-5-cis,13-trans-prostadienoates                   

     1268  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-5-cis,13-cis-prostadienoate   

           (Example 1204) ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-5-c

                          is,13-cis-prostadienoates                            

     1269  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5-cis,13-cis-prostadien

           oate (Example 1204)                                                 

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-8-

                          iso-5-cis,13-cis-prostadienoates                     

     1270  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-20-ethyl-5-cis,13-trans-prosta

           dienoate (Example 1205)                                             

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-20-

                          ethyl-5-cis,13-trans-prostadienoates                 

     1271  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-ethyl-8-iso-5-cis,13-trans

           -prostadienoate (Example 1205)                                      

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-20

                          -ethyl-8-iso-5-cis,13-trans-prostadienoates          

     1272  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-20-ethyl-5-cis,13-cis-prostadi

           enoate (Example 1205)                                               

                          ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-20-

                          ethyl-5-cis,13-cis-prostadienoates                   

     1273  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-ethyl-8-iso-5-cis,13-cis-p

           rostadienoate (Example 1205)                                        

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-20

                          -ethyl-8-iso-5-cis,13-cis-prostadienoates            

     ______________________________________                                    

PAC  EXAMPLES 1274- 1299
PAR  In the manner of Example 93, the various cyclopentenones of Table 36, which
      follows, are converted to the corresponding 4-bromo derivatives.
TBL                TABLE 36                                                    

     ______________________________________                                    

           Starting                                                            

     Ex-   Cyclopentenone Product 4-Bromocyclo-                                

     ample of Example     pentenones                                           

     ______________________________________                                    

     1274  13             4-bromo-2-(6-carbethoxyhexyl)-cyclopent-2-en-1-one   

     1275  83             4-bromo-2-(6-carbomethoxyhexyl)cyclopent-2-en-1-one  

     1276  15             4-bromo-2-(4-carbethoxybutyl)cyclopent-2-en-1-one    

     1277  14             4-bromo-2-(3-carbethoxypropyl)-cyclopent-2-en-1-one  

     1278  2              4-bromo-2-(4-carboxybutyl)cyclopent-2-en-1-one       

     1279  5              4-bromo-2-(3-carboxypropyl)cyclopent-2-en-1-one      

     1280  22             4-bromo-2-(8-carboxyoctyl)cyclopent-2-en-1-one       

     1281  23             4-bromo-2-(8-carboethoxyoctyl)cyclopent-2-en-1-one   

     1282  30             4-bromo-2-(6-carboxyoctyl)cyclopent-2-en-1-one       

     1283  31             4-bromo-2-(6-carbethoxyoctyl)cyclopent-2-en-1-one    

     1284  92             4-bromo-2-(6-carboxy-5,5-dimethylhexyl)cyclopent-2-en

                          -1-one                                               

     1285  41             4-bromo-2-(6-carbethoxy-5,5-dimethylhexyl)cyclopent-2

                          -en-1-one                                            

     1286  45             4-bromo-2-(6-carboxy-5-oxahexyl)cyclopent-2-en-1-one 

                          3                                                    

     1287  46             4-bromo-2-(6-carbethoxy-5-oxahexyl)cyclopent-2-en-1-o

                          ne                                                   

     1288  69             4-bromo-2-(6-carboxy-6-fluorohexyl)cyclopent-2-en-1-o

                          ne                                                   

     1289  70             4-bromo-2-(6-carbethoxy-6-fluorohexyl)cyclopent-2-en-

                          1-one                                                

     1290  52             4-bromo-2-(5-carboxypentyl)cyclopent-2-en-1-one      

     1291  53             4-bromo-2-(5-carbethoxypentyl)cyclopent-2-en-1-one   

     1292  73             4-bromo-2-(7-carboxyheptyl)cyclopent-2-en-1-one      

     1293  74             4-bromo-2-(7-carbethoxyheptyl)cyclopent-2-en-1-one   

     1294  78             4-bromo-2-(6-carboxy-6-phenylhexyl)cyclopent-2-en-1-o

                          ne                                                   

     1295  79             4-bromo-2-(6-carbethoxy-6-phenylhexyl)cyclopent-2-en-

                          1-one                                                

     1296  81             4-bromo-2-(6-carbo-n-butoxyhexyl)cyclopent-2-en-1-one

                          b                                                    

     1297  82             4-bromo-2-(6-carbo-isopropoxyhexyl)cyclopent-2-en-1-o

                          ne                                                   

     1298  84             4-bromo-2-(6-carbo-n-decyloxyhexyl)cyclopent-2-en-1-o

                          ne                                                   

     1299  98             4-bromo-2-(6-carboxyheptyl)-cyclopent-2-en-1-one     

     ______________________________________                                    

PAC  EXAMPLE 1300
PAC  Preparation of 4-hydroxy-2-(8-carboxyoctyl)cyclopent-2-en-1-one
PAR  To a stirred solution of 57.2 g. of crude
      4-bromo-2-(8-carboxyoctyl)cyclopent-2-en-1-one (Example 1280) in 500 ml.
      of acetone and 325 ml. of water at 3.degree.C. is added 44.1 g. (0.226
      moles) of silver fluoborate during a 15 minute period. The mixture is
      stirred at 0.degree.-3.degree.C. for 2 hours and filtered. The filtrate is
      diluted with water, saturated with solid sodium chloride, and extracted
      with ether. The extract is washed with saturated sodium chloride solution,
      dried over magnesium sulfate, and concentrated. Partition chromatography
      of the residue on Celite gives white crystals, m.p.
      58.degree.-66.degree.C., .lambda..sub.max..sup.MeOH =  223 m.mu. (7800);
      .nu. max (KBr) = 3340 (hydroxyl groups), 1705 (carbonyl groups), and 1625
      cm.sup.-.sup.1 (olefin group).
PAC  EXAMPLE 1301
PAC  Preparation of 4-acetoxy-2-(6-carbethoxyhexyl)cyclopent-2-en-1-one
PAR  A mixture of 51.6 g. (0.137 moles) of crude
      4-bromo-2-(6-carbethoxyhexyl)cyclopent-2-en-1-one (Example 1274), 27 g.
      (0.162 moles) of silver acetate, and 200 ml. of glacial acetic acid is
      stirred at reflux for 4.5 hours. The mixture is cooled, and solids are
      removed by filtration. The filtrate is concentrated and extracted with hot
      hexane. The extract is washed with saturated sodium bicarbonate solution
      and saturated sodium chloride solution, dried over mangesium sulfate, and
      concentrated to give an oil. The crude product is distilled at reduced
      pressure to give a liquid, b.p. 152.degree.-163.degree.C. (0.01 mm);
      .lambda..sub.max..sup.MeOH = 223 m.mu. (10700); .nu.max.  = 1745 (ester
      carbonyl groups), 1725 (ketone carbonyl groups), and 1235 cm.sup.-.sup.1
      (acetoxy group).
PAC  Examples 1302-1326
PAR  By the procedure of Example 94 the various 4-bromocyclopentenones of the
      following Table 37 are solvolyzed in acetone-water in the presence of
      silver fluoborate to provide the product 4-hydroxycyclopentenones of the
      Table.
TBL                Table 37                                                    

     ______________________________________                                    

           Starting 4-bromo                                                    

                          Product                                              

     Ex-   cyclopentenones                                                     

                          4-Hydroxycyclopent-2-                                

     ample of Example                                                          

     en-1-ones                                                                 

     ______________________________________                                    

     1302  1274           4-hydroxy-2-(6-carbethoxyhexyl)cyclopent-2-en-1-one  

     1303  1275           4-hydroxy-2-(6-carbomethoxyhexyl)cyclopent-2-en-1-one

                          N                                                    

     1304  1276           4-hydroxy-2-(4-carbethoxybutyl)cyclopent-2-en-1-one  

     1305  1277           4-hydroxy-2-(3-carbethoxypropyl)cyclopent-2-en-1-one 

                          O                                                    

     1306  1278           4-hydroxy-2-(4-carboxybutyl)cyclopent-2-en-1-one     

     1307  1279           4-hydroxy-2-(3-carboxypropyl)cyclopent-2-en-1-one    

     1308  1281           4-hydroxy-2-(8-carbethoxyoctyl)cyclopent-2-en-1-one  

     1309  1282           4-hydroxy-2-(6-carboxyoctyl)cyclopent-2-en-1-one     

     1310  1283           4-hydroxy-2-(6-carbethoxyoctyl)cyclopent-2-en-1-one  

     1311  1284           4-hydroxy-2-(6-carboxy-5,5-dimethylhexyl)-cyclopent-2

                          -en-1-one                                            

     1312  1285           4-hydroxy-2-(6-carbethoxy-5,5-dimethylhexyl)cyclopent

                          -2-en-1-one                                          

     1313  1286           4-hydroxy-2-(6-carboxy-5-oxahexyl)cyclopent-2-en-1-on

                          e                                                    

     1314  1287           4-hydroxy-2-(6-carbethoxy-5-oxahexyl)-cyclopent-2-en-

                          1-one                                                

     1315  1288           4-hydroxy-2-(6-carboxy-6-fluorohexyl)cyclopent-2-en-1

                          -one                                                 

     1316  1289           4-hydroxy-2-(6-carbethoxy-6-fluorohexyl)cyclopent-2-e

                          n-1-one                                              

     1317  1290           4-hydroxy-2-(5-carboxypentyl)cyclopent-2-en-1-one    

     1318  1291           4-hydroxy-2-(5-carbethoxypentyl)cyclopent-2-en-1-one 

                          A                                                    

     1319  1292           4-hydroxy-2-(7-carboxyheptyl)cyclopent-2-en-1-one    

     1320  1293           4-hydroxy-2-(7-carbethoxyheptyl)cyclopent-2-en-1-one 

                          M                                                    

     1321  1294           4-hydroxy-2-(6-carboxy-6-phenylhexyl)cyclopent-2-en-1

                          -one                                                 

     1322  1295           4-hydroxy-2-(6-carbethoxy-6-phenylhexyl)cyclopent-2-e

                          n-1-one                                              

     1323  1296           4-hydroxy-2-(6-carbo-n-butoxyhexyl)cyclopent-2-en-1-o

                          ne                                                   

     1324  1297           4-hydroxy-2-(6-carboisopropoxyhexyl)cyclopent-2-en-1-

                          one                                                  

     1325  1298           4-hydroxy-2-(6-carbo-n-decyloxyhexyl)cyclopent-2-en-1

                          -one                                                 

     1326  1299           4-hydroxy-2-(6-carboxyheptyl)cyclopent-2-en-1-one    

     ______________________________________                                    

PAC  Examples 1327-1337
PAR  By the procedure of Example 95, the various 4-hydroxycyclopentenones of
      Table 38, which follows, are converted to the tetrahydropyranyl
      4-tetrahydropyranyloxycyclopentenone esters of the table.
TBL                Table 38                                                    

     ______________________________________                                    

           Starting 4-hy- Product Tetrahydropyran-                             

     Ex-   droxycyclopenten-                                                   

     2'-yl 4-tetrahydropy-                                                     

     ample one of Example ran-2'-yl-oxycyclopent-                              

     2-en-1-ones                                                               

     ______________________________________                                    

     1327  1306           4-tetrahydropyran-2'-yloxy-2-(4-carbotetrahydropyran-

                          2'-yloxybutyl)cyclopent-2-en-1-one                   

     1328  1307           4-tetrahydropyran-2'-yloxy-2-(3-carbotetrahydropyran-

                          2'-yloxypropyl)cyclopent-2-en-1-one                  

     1329  1300           4-tetrahydropyran-2'-yloxy-2-(8-carbotetrahydropyran-

                          2'-yloxyoctyl)cyclopent-2-en-1-one                   

     1330  1309           4-tetrahydropyran-2'-yloxy-2-(6-carbotetrahydropyran-

                          2'-yloxyoctyl)cyclopent-2-en-1-one                   

     1331  1311           4-tetrahydropyran-2'-yloxy-2-(6-carbotetrahydropyran-

                          2'-yloxy-5,5-dimethylhexyl)cyclopent-2-en-1-one      

     1332  1313           4-tetrahydropyran-2'-yloxy-2-(6-carbotetrahydropyran-

                          2'-yloxy-5-oxahexyl)cyclopent-2-en-1-one             

     1333  1315           4-tetrahydropyran-2'-yloxy-2-(6-carbotetrahydropyran-

                          2'-yloxy-6-fluorohexyl)cyclopent-2-en-1-one          

     1334  1317           4-tetrahydropyran-2'-yloxy-2-(5-carbotetrahydropyran-

                          2'-yloxypentyl)cyclopent-2-en-1-one                  

     1335  1319           4-tetrahydropyran-2'-yloxy-2-(7-carbotetrahydropyran-

                          2'-yloxyheptyl)cyclopent-2-en-1-one                  

     1336  1321           4-tetrahydropyran-2'-yloxy-2-(6-carbotetrahydropyran-

                          2'-yloxy-6-phenylhexyl)cyclopent-2-en-1-one          

     1337  1326           4-tetrahydropyran-2'-yloxy-2-(6-carbotetrahydropyran-

                          2'-yloxyheptyl)cyclopent-2-en-1-one                  

     ______________________________________                                    

PAC  EXAMPLE 1338
PAC  Preparation of
      4-tetrahydropyranyloxy-2-(6-carbethoxyhexyl)cyclopent-2-en-1-one
PAR  To a stirred solution of 674 mg. (2.64 mmoles) of
      4-hydroxy-2-(6-carbethoxyhexyl)cyclopent-2-en-1-one (Example 1302) and
      2.22 g. (26.4 mmoles) of dihydropyran in 2.6 ml. of methylene chloride is
      added 5.0 mg. (0.026 mmoles) of p-toluenesulfonic acid monohydrate. After
      stirring for 20 minutes at room temperature the solution is diluted with
      ether and poured into saturated sodium chloride solution containing a
      little sodium bicarbonate. The organic phase is separated and washed with
      saturated sodium chloride solution. The extract is dried over magnesium
      sulfate, and volatile matter is evaporated at reduced pressure to give an
      oil, .lambda..sub.max..sup.MeOH  = 224 m.mu. (7950); max. = 1735 (ester
      carbonyl group), 1710 (ketone carbonyl group), and 1030 cm.sup..sup.-1
      (tetrahydropyranyloxy group).
PAC  EXAMPLE 1339-1352
PAR  In the manner of Example 1338 the alkyl 4-hydroxycyclopentenone esters of
      Table 39, which follows, are converted to the corresponding
      4-tetrahydropyranyloxy alkyl esters of the table.
TBL                TABLE 39                                                    

     ______________________________________                                    

           Starting 4-                                                         

           hydroxycyclo-  4-tetrahydropyran-                                   

     Ex-   pentenone Esters                                                    

                          2'yloxycyclopent-                                    

     ample of Example     2-en-1-one esters                                    

     ______________________________________                                    

     1339  1303           4-tetrahydropyran-2'yloxy-2-(6-carbomethoxyhexyl)cycl

                          opent-2-en-1-one -1340 1304 4-tetrahydropyran-2'yloxy

                          -2-(4-carbethoxybutyl)cyclopent-2-en-1-one           

     1341  1305           4-tetrahydropyran-2'yloxy-2-(3-carbethoxypropyl)cyclo

                          pent-2-en-1-one                                      

     1342  1308           4-tetrahydropyran-2'yloxy-2-(8-carbethoxyoctyl)cyclop

                          ent-2-en-1-one                                       

     1343  1310           4-tetrahydropyran-2'yloxy-2-(6-carbethoxyoctyl)cyclop

                          ent-2-en-1-one                                       

     1344  1312           4-tetrahydropyran-2'yloxy-2-(6-carbethoxy-5,5-dimethy

                          lhexyl)cyclopent-2-en-1-one                          

     1345  1314           4-tetrahydropyran-2'yloxy-2-(6-carbethoxy-5-oxahexyl)

                          cyclopent-2-en-1-one                                 

     1346  1316           4-tetrahydropyran-2'yloxy-2-(6-carbethoxy-6-fluorohex

                          yl)cyclopent-2-en-1-one                              

     1347  1318           4-tetrahydropyran-2'yloxy-2-(5-carbethoxypentyl)cyclo

                          pent-2-en-1-one                                      

     1348  1320           4-tetrahydropyran-2'yloxy-2-(7-carbethoxyheptyl)cyclo

                          pent-2-en-1-one                                      

     1349  1322           4-tetrahydropyran-2'yloxy-2-(6-carbethoxy-6-phenylhex

                          yl)cyclopent-2-en-1-one                              

     1350  1323           4-tetrahydropyran-2'yloxy-2-(6-carbo-n-butoxyhexyl)cy

                          clopent-2-en-1-one                                   

     1351  1324           4-tetrahydropyran-2'yloxy-2-(6-carbo-isopropoxyhexyl)

                          cyclopent-2-en-1-one                                 

     1352  1325           4-tetrahydropyran-2'yloxy-2-(6-carbo-n-decyloxyhexyl)

                          cyclopent-2-en-1-one                                 

     ______________________________________                                    

PAC  EXAMPLE 1353
PAC  Preparation of 8.beta.-methyl-prostaglandin E.sub.1,
      8.alpha.-methyl-8-iso-prostaglandin E.sub.1,
      8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-13-cis-prostenoic acid, and
      8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-13-cis-prostenoic acid
PAR  The Grignard reagent, prepared as described in Example 1187 from 1.54 g. of
      magnesium, 22.5 g. of 1-bromo-3-triphenylmethoxy-trans-1-octene (Example
      728), and 30 ml. of tetrahydrofuran, is added to an ice cooled solution of
      17.75 g. of
      11-tetrahydropyranyloxy-2-(6-carbotetrahydropyranyloxyhexyl)-2-cyclopenten
     one (Example 95) and 1.25 g. of copper (I) iodide-tri-n-butylphosphine
      complex in 30 ml. of tetrahydrofuran over 15 minutes under an inert
      atmosphere. The mixture is stirred with cooling for 0.5 hour. To the
      mixture is then added 100 g. of methyl iodide, the cooling bath is then
      removed and the mixture is stirred at ambient temperatures for 48 hours.
      The mixture is then poured into ice cold saturated ammonium chloride
      solution and the layers are separated. The aqueous phase is washed with
      ether and combined organic phase and washings are washed with saturated
      brine, and evaporated in vacuo. The residue is heated to 45.degree.C. for
      5 hours with 840 ml. of 4:2:1 tetrahydrofuranacetic acid-water under an
      inert atmosphere and is then evaporated to dryness in vacuo. The residue
      is chromatographed upon Silic AR CC-4 using a benzene-ethyl acetate
      gradient as eluent to yield the title compounds as a mixture of
      8.beta.-methyl-prostaglandin E.sub.1 and
      8.alpha.-methyl-8-iso-prostaglandin E.sub.1 and a mixture of
      8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-13-cis-prostenoic acid and
      8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy 8-isocis-8.alpha. isomers;
      resolution of the mixtures is then accomplished by a combination of
      partition chromatography and thin-layer chromatography.
PAC  EXAMPLES 1354-1386
PAR  Treatment of the blocked 4-oxycyclopent-2-en-1-ones listed in Table 40
      below by the procedure described in Example 1353 with the Grignard
      reagents, prepared by the procedure described in Example 1187 from the
      listed 1-bromo-3-triphenylmethoxy-1-trans-alkenes, and then with methyl
      iodide furnishes the product 8.alpha.- and 8.beta.-methyl prostenoates of
      the table. The products of Examples 1354-1378 inclusive are initially
      obtained as the corresponding 15-O-triphenylmethyl-11-O-tetrahydropyranyl
      tetrahydropyranyl esters. These blocking groups are then cleaved by the
      procedure described in Example 1353 by treatment at 45.degree.C. for 5
      hours with 4:2:1 tetrahydrofuran:acetic acid:water. The alkyl esters
      products of Examples 1379-1385 inclusive are obtained initially as the
      corresponding 15-O-triphenylmethyl-11-O-tetrahydropyranyl derivatives.
      These 11- and 15-hydroxy blocking groups are then cleaved by the
      deblocking procedure described in Example 1353. The products of Example
      1386 are initially obtained as the corresponding 15-O-triphenylmethyl
      derivatives, which are cleaved hydrolytically to the listed free  15-ols
      by the process described in Example 1353.
TBL                                    TABLE 40                                

     __________________________________________________________________________

     Ex- Starting blocked                                                      

                    Starting 1-bromo-                                          

     ample                                                                     

         4-oxycyclopent-                                                       

                    3-triphenylmethoxy-                                        

         2-en-1-one of                                                         

                    1-trans-alkene of                                          

         Example    Example    Product 8-methylprostenoic acid                 

     __________________________________________________________________________

     1354                                                                      

         95         1175       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,1

                               6-oimethyl-13-trans-prostenoic acid             

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,

                               16-dimethyl-8-iso-13-trans-prostenoic acid      

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,1

                               6-dimethyl-13-cis-prostenoic acid               

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,

                               16-dimethyl-8-iso-13-cis-prostenoic acid        

     1355                                                                      

         95         1178       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy,17,1

                               7-dimethyl-13-trans-prostenoic acid             

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-17,

                               17-dimethyl-8-iso-13-trans-prostenoic acid      

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-17,1

                               7-dimethyl-13-cis-prostenoic acid               

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-17,

                               17-dimethyl-8-iso-13-cis-prostenoic acid        

     1356                                                                      

         95         1182       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-13-t

                               rans,17-cis-prostadienoic acid                  

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-i

                               so-13-trans,17-cis-prostadienoic acid           

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-13-c

                               is,17-cis-prostadienoic acid                    

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-i

                               so-13-cis,17-cis-prostadienoic acid             

     1357                                                                      

         95         1185       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-e

                               thyl-13-trans-prostenoic acid                   

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-

                               ethyl-8-iso-13-trans-prostenoic acid            

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-e

                               thyl-13-cis-prostenoic acid                     

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-

                               ethyl-8-iso-13-cis-prostenoic acid              

     1358                                                                      

         1327       728        8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-6,7-

                               dinor-13-trans-prostenoic acid                  

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-6,7

                               -dinor-8-iso-13-trans-prostenoic acid           

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-6,7-

                               dinor-13-cis-prostenoic acid                    

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-6,7

                               -dinor-8-iso-13-cis-prostenoic acid             

     1359                                                                      

         1328       1186       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-5,6,

                               7-trinor-20-methyl-13-trans-prostenoic acid     

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-5,6

                               ,7-trinor-20-methyl-8-iso-13-trans-prostenoic   

                               acid                                            

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-5,6,

                               7-trinor-20-methyl-13-cis-prostenoic acid       

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-5,6

                               ,7-trinor-20-methyl-8-iso-13-cis-prostenoic     

                               acid                                            

     1360                                                                      

         1329       728        8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,7

                               b-bishomo-13-trans-prostenoic acid              

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,

                               7b-bishomo-8-iso-13-trans-prostenoic acid       

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,7

                               b-bishomo-13-cis-prostenoic acid                

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,

                               7b-bishomo-8-iso-13-cis-prostenoic acid         

     1361                                                                      

         1330       728        8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-et

                               hyl-13-trans-prostenoic acid                    

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-e

                               thyl-8-iso-13-trans-prostenoic acid             

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-et

                               hyl-13-cis-prostenoic acid                      

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-e

                               thyl-8-iso-13-cis-prostenoic acid               

     1362                                                                      

         1331       1186       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3,

                               20-trimethyl-13-trans-prostenoic acid           

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3

                               ,20-trimethyl-8-iso-13-trans-prostenoic acid    

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3,

                               20-trimethyl-13-cis-prostenoic acid             

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3

                               ,20-trimethyl-8-iso-13-cis-prostenoic acid      

     1363                                                                      

         1332       728        8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-ox

                               a-13-trans-prostenoic acid                      

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-o

                               xa-8-iso-13-trans-prostenoic acid               

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-ox

                               a-13-cis-prostenoic acid                        

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-o

                               xa-8-iso-13-cis-prostenoic acid                 

     1364                                                                      

         1332       1175       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-ox

                               a-16,16-dimethyl-13-trans-prostenoic acid       

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-o

                               xa-16,16-dimethyl-8-iso-13-trans-prostenoic     

                               acid                                            

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-ox

                               a-16,16-dimethyl-13-cis-prostenoic acid         

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-o

                               xa-16,16-dimethyl-8-iso-13-cis-prostenoic acid  

     1365                                                                      

         1332       1182       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-ox

                               a-13-trans,17-cis-prostadienoic acid            

                               8.alpha.-methyl -9-oxo-11.alpha.,15-dihydroxy-3-

                               oxa-8-iso-13-trans,17-cis-prostadienoic acid    

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-ox

                               a-13-cis,17-cis-prostadienoic acid              

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-o

                               xa-8-iso-13-cis,17-cis-prostadienoic acid       

     1366                                                                      

         1332       1185       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-ox

                               a-20-ethyl-13-trans-prostenoic acid             

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-o

                               xa-20-ethyl-8-iso-13-trans-prostenoic acid      

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-ox

                               a-20-ethyl-13-cis-prostenoic acid               

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-o

                               xa-20-ethyl-8-iso-13-cis-prostenoic acid        

     1367                                                                      

         1333       1178       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-fl

                               uoro-17,17-dimethyl-13-trans-prostenoic acid    

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-f

                               luoro-17,17-dimethyl-8-iso-13-trans-prostenoic  

                               acid                                            

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-fl

                               uoro-17,17-dimethyl-13-cis-prostenoic acid      

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-f

                               luoro-17,17-dimethyl-8-iso-13-cis-prostenoic    

                               acid                                            

     1368                                                                      

         1334       728        8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7-no

                               r-13-trans-prostenoic acid                      

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-7-n

                               or-8-iso-13-trans-prostenoic acid               

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7-no

                               r-13-cis-prostenoic acid                        

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-7-n

                               or-8-iso-13-cis-prostenoic acid                 

     1369                                                                      

         1335       1175       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a-h

                               omo-16,16-dimethyl-13-trans-prostenoic acid     

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a-

                               homo-16,16-dimethyl-8-iso-13-trans-prostenoic   

                               acid                                            

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a-h

                               omo-16,16-dimethyl-13-cis-prostenoic acid       

                               8.alpha.-methyl-9-oxo-11.alpha.                 

                               ,15-dihydroxy-7a-homo-16,16-dimethyl-8-iso-13-ci

                               s-prostenoic acid                               

     1370                                                                      

         1336       728        8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-ph

                               enyl-13-trans-prostenoic acid                   

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-p

                               henyl-8-iso-13-trans-prostenoic acid            

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-ph

                               enyl-13-cis-prostenoic acid                     

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-p

                               henyl-8-iso-13-cis-prostenoic acid              

     1371                                                                      

         1337       1182       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-me

                               thyl-13-trans,17-cis-prostadienoic acid         

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-m

                               ethyl-8-iso-13-trans,17-cis-prostadienoic acid  

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-me

                               thyl-13-cis,17-cis-prostadienoic acid           

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-m

                               ethyl-8-iso-13-cis,17-cis-prostadienoic acid    

     1372                                                                      

         1121       728        8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-5-ci

                               s,13-trans-prostadienoic acid                   

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-i

                               so-5-cis,13-trans-prostadienoic acid            

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-5-ci

                               s,13-cis-prostadienoic acid                     

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-i

                               so-5-cis,13-cis-prostadienoic acid              

     1373                                                                      

         1121       1182       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-5-ci

                               s,13-trans,17-cis-prostatrienoic acid           

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-i

                               so-5-cis,13-trans,17-cis-prostatrienoic acid    

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-5-ci

                               s,13-cis,17-cis-prostatrienoic acid             

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-i

                               so-5-cis,13-cis,17-cis-prostatrienoic acid      

     1374                                                                      

         1121       1175       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,1

                               6-dimethyl-5-cis,13-trans,prostadienoic acid    

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,

                               16-dimethyl-8-iso-5-cis,13-trans-prostadienoic  

                               acid                                            

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,1

                               6-dimethyl-5-cis,13-cis-prostadienoic acid      

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,

                               16-dimethyl-8-iso-5-cis,13-cis-prostadienoic    

                               acid                                            

     1375                                                                      

         1122       1186       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4-no

                               r-20-methyl-5-cis,13-trans-prostadienoic acid   

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-4-n

                               or-20-methyl-8-iso-5-cis,13-trans-prostadienoic 

                               acid                                            

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4-no

                               r-20-methyl-5-cis,13-cis-prostadienoic acid     

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4-no

                               r-20-methyl-8-iso-5-cis,13-cis-prostadienoic    

                               acid                                            

     1376                                                                      

         1123       1178       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a-h

                               omo-17,17-dimethyl-5-cis,13-trans-prostadienoic 

                               acid                                            

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a-

                               homo-17,17-dimethyl-8-iso-5-cis,13-cis-prostadie

                               noic acid                                       

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a-h

                               omo-17,17-dimethyl-5-cis,13-cis-prostadienoic   

                               acid                                            

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a-

                               homo-17,17-dimethyl-8-iso-5-cis,13-cis-prostadie

                               noic acid                                       

     1377                                                                      

         1124       1185       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,4

                               b-bishomo-20-ethyl-5-cis,13-trans-prostadienoic 

                               acid                                            

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,

                               4b-bishomo-20-ethyl-8-iso-5-cis,13-trans-prostad

                               ienoic acid                                     

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,4

                               b-bishomo-20-ethyl-5-cis,13-cis-prostadienoic   

                               acid                                            

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,

                               4b-bishomo-20-ethyl-8-iso-5-cis,13-cis-prostadie

                               noic acid                                       

     1378                                                                      

         1124       1182       8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,4

                               b-bishomo-5-cis,13-trans,17-cis-prostatrienoic  

                               acid                                            

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,

                               4b-bishomo-8-iso-5-cis,13-trans,17-cis-prostatri

                               enoic acid                                      

                               8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,4

                               b-bishomo-5-cis,13-cis,17-cis-prostatrienoic    

                               acid                                            

                               8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,

                               4b-bishomo-8-iso-5-cis,13-cis-17-cis-prostatrien

                               oic acid                                        

     1379                                                                      

         1339       1186       Methyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydro

                               xy-20-methyl-13-trans-prostenoate               

                               Methyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydr

                               oxy-20-methyl-8-iso-13-trans-prostenoate        

                               Methyl 8.beta.-9-oxo-11.alpha.,15-dihydroxy-20-m

                               ethyl-13-cis-prostenoate                        

                               Methyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydr

                               oxy-20-methyl-8-iso-13-cis-prostenoate          

     1380                                                                      

         1342       1182       Ethyl 8.beta.-methyl-9-oxo-11.alpha.            

                               ,15-dihydroxy-7a,7b-bishomo-13-trans,17-cis-pros

                               tadienoate                                      

                               Ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydro

                               xy-7a,7b-bishomo-8-iso-13-trans,17-cis-prostadie

                               noate                                           

                               Ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydrox

                               y-7a,7b-bishomo-13-cis,17-cis-prostadienoate    

                               Ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydro

                               xy-7a,7b-bishomo-8-iso-13-cis,17-cis-prostadieno

                               ate                                             

     1381                                                                      

         1343       1175       Ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydrox

                               y-2-ethyl-16,16-dimethyl-13-trans-prostenoate   

                               Ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydro

                               xy-2-ethyl-16-16-dimethyl-8-iso-13-trans-prosten

                               oate                                            

                               Ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydrox

                               y-2-ethyl-16,16-dimethyl-13-cis-prostenoate     

                               Ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydro

                               xy-2-ethyl-16,16-dimethyl-8-iso-13-cis-prostenoa

                               te                                              

     1382                                                                      

         1344       1178       Ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydrox

                               y-3,3-17,17-tetramethyl-13-trans-prostenoate    

                               Ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydro

                               xy-3,3-17,17-tetramethyl-8-iso-13-trans-prosteno

                               ate                                             

                               Ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydrox

                               y-3,3-17,17-tetramethyl-13-cis-prostenoate      

                               Ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydro

                               xy-3,3-17,17-tetramethyl-8-iso-13-cis-prostenoat

                               e                                               

     1383                                                                      

         1345       1178       Ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydrox

                               y-3-oxa-17,17-dimethyl-13-trans-prostenoate     

                               Ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydro

                               xy-3-oxa-17,17-dimethyl-8-iso-13-trans-prostenoa

                               te                                              

                               Ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydrox

                               y-3-oxa-17,17-dimethyl-13-cis-prostenoate       

                               Ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydro

                               xy-3-oxa-17,17-dimethyl-8-iso-13-cis-prostenoate

                               .                                               

     1384                                                                      

         1350       728        Butyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydrox

                               y-13-trans-prostenoate                          

                               Butyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydro

                               xy-8-iso-13-trans-prostenoate                   

                               Butyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydrox

                               y-13-cis-prostenoate                            

                               Butyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydro

                               xy-8-iso-13-cis-prostenoate                     

     1385                                                                      

         1352       1182       Decyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydrox

                               y-13-trans,17-cis-prostadienoate                

                               Decyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydro

                               xy-8-iso-13-trans,17-cis-prostadienoate         

                               Decyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydrox

                               y-13-cis-17-cis-prostadienoate                  

                               Decyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydro

                               xy-8-iso-13-cis,17-cis-prostadienoate           

     1386                                                                      

         1301       728        Ethyl 8.beta.-methyl-9-oxo-11.alpha.-acetoxy-15-

                               hydroxy-13-trans-prostenoate                    

                               Ethyl 8.alpha.-methyl-9-oxo-11.alpha.-acetoxy-15

                               -hydroxy-8-iso-13-trans-prostenoate             

                               Ethyl 8.beta.-methyl-9-oxo-11.alpha.-acetoxy-15-

                               hydroxy-13-cis-prostenoate                      

                               Ethyl 8.alpha.-methyl-9-oxo-11.alpha.-acetoxy-15

                               -hydroxy-8-iso-13-cis-prostenoate               

     __________________________________________________________________________

PAC  EXAMPLE 1387
PAC  Preparation of 8.beta.-methyl-prostaglandin A.sub.1
PAR  A mixture of 0.30 g. of 8.beta.-methyl-prostaglandin E.sub.1 (Example 1353)
      and 10 ml. of 1:9 aqueous acetic acid is heated to 65.degree.C. for 18
      hours under an inert atmosphere. The solvent is removed in vacuo and the
      residue is purified upon Silic AR-CC-4 using a benzene-ethylacetate
      gradient to yield the title compound.
PAC  EXAMPLES 1388-1522
PAR  Treatment of the designated 8-methyl-9-oxo-11-hydroxy-prostenoic acid
      derivatives of Table 41 below with 1:9 aqueous acid and purification all
      as described in Example 1387 gives the corresponding
      8-methyl-9-oxo-10,13-prostadienoic acids and esters of the table.
TBL                TABLE 41                                                    

     ______________________________________                                    

           Starting 9-oxo-                                                     

                          Product 8-methyl-9-oxo-                              

     Exam- 11-hydroxy                                                          

     10,13-prostadienoic                                                       

     ple   derivative     acids or esters                                      

     ______________________________________                                    

     1388  8.alpha.-methyl-8-iso-prostaglandin E.sub.1 (Example                

                          8.alpha.-methyl-8-iso-prostaglandin A.sub.1          

     1389  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-13-cis-prostenoic acid  

           (Example 1353) 8.beta.-methyl-11.alpha.,15-dihydroxy-10,13-cis-prost

                          adienoic acid                                        

     1390  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-13-cis-prostenoic

            acid (Example 1353)                                                

                          8.alpha.-methyl-11.alpha.,15-dihydroxy-8-iso-10,13-ci

                          s-prostadienoic acid                                 

     1391  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,16-dimethyl-13-trans-

           prostenoic acid (Example 1354)                                      

                          8.beta.-methyl-9-oxo-15-hydroxy-16,16-dimethyl       

                          10,13-trans-prostadienoic acid                       

     1392  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,16-dimethyl-8-iso-13

           -trans-prostenoic acid (Example 1354)                               

                          8.alpha.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-8-iso

                          -10,13-trans-prostadienoic acid                      

     1393  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,16-dimethyl-13-cis-pr

           ostenoic acid (Example 1354)                                        

                          8.beta.-methyl-9-oxo-15-hydroxy-16,16-dimethyl       

                          10,13-cis-prostadienoic acid                         

     1394  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,16-dimethyl-8-iso-13

           -cis-prostenoic acid (Example 1354)                                 

                          8.alpha.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-8-iso

                          -10,13-cis-prostadienoic acid                        

     1395  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-17,17-dimethyl          

           13-trans-prostenoic acid (Example 1355)                             

                          8.beta.-methyl-9-oxo-15-hydroxy-17,17-dimethyl       

                          10,13-trans-prostadienoic acid                       

     1396  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-17,17-dimethyl-8-iso-13

           -trans-prostenoic acid (Example 1355)                               

                          8.alpha.-methyl-9-oxo-15-hydroxy-17,17-dimethyl-8-iso

                          -10,13-trans-prostadienoic acid                      

     1397  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-17,17-dimethyl          

           13-cis-prostenoic acid (Example 1355)                               

                          8.beta.-methyl-9-oxo-15-hydroxy-17,17-dimethyl       

                          10,13-cis-prostadienoic acid                         

     1398  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-17,17-dimethyl-8-iso-13

           -cis-prostenoic acid (Example 1355)                                 

                          8.alpha.-methyl-9-oxo-15-hydroxy-17,17-dimethyl-8-iso

                          -10,13-cis-prostadienoic acid                        

     1399  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-13-trans,17-cis-prostadi

           enoic acid (Example 1356)                                           

                          8.beta.-methyl-9-oxo-15-hydroxy-10,13-trans,17-cis-pr

                          ostatrienoic acid                                    

     1400  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-13-trans,17-cis-p

           rostadienoic acid (Example 1356)                                    

                          8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-10,13-trans,-1

                          7-cis-prostatrienoic acid                            

     1401  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-13-cis,17-cis-prostadien

           oic acid (Example 1356)                                             

                          8.beta.-methyl-9-oxo-15-hydroxy-10,13-cis,17-cis-pros

                          tatrienoic acid                                      

     1402  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-13-cis,-17-cis-pr

           ostadienoic acid (Example 1356)                                     

                          8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-10,13-cis,-17-

                          cis-prostatrienoic acid                              

     1403  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-ethyl-13-trans-proste

           noic acid (Example 1357)                                            

                          8.beta.-methyl-9-oxo-15-hydroxy-20-ethyl-10,13-trans-

                          prostadienoic acid                                   

     1404  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-ethyl-8-iso-13-trans

           -prostenoic acid (Example 1357)                                     

                          8.alpha.-methyl-9-oxo-15-hydroxy-20-ethyl-8-iso-10,13

                          -trans-prostadienoic acid                            

     1405  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-ethyl-13-cis-prosteno

           ic acid (Example 1357)                                              

                          8.beta.-methyl-9-oxo-15-hydroxy-20-ethyl-10,13-cis-pr

                          ostadienoic acid                                     

     1406  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-ethyl-8-iso-13-cis-p

           rostenoic acid (Example 1357)                                       

                          8.alpha.-methyl-9-oxo-15-hydroxy-20-ethyl-8-iso-10,13

                          -cis-prostadienoic acid                              

     1407  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-6,7-dinor-13-trans-prost

           enoic acid (Example 1358)                                           

                          8.beta.-methyl-9-oxo-15-hydroxy-6,7-dinor-10,13-trans

                          -prostadienoic acid                                  

     1408  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-6,7-dinor-8-iso-13-tran

           sprostenoic acid (Example 1358)                                     

                          8.alpha.-methyl-9-oxo-15-hydroxy-6,7-dinor-8-iso-10,1

                          3-trans-prostadienoic acid                           

     1409  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-6,7-dinor-13-cis-prosten

           oic acid (Example 1358)                                             

                          8.beta.-methyl-9-oxo-15-hydroxy-6,7-dinor-10,13-cis-p

                          rostadienoic acid                                    

     1410  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-6,7-dinor-8-iso-13-cis-

           prostenoic acid (Example 1358)                                      

                          8.alpha.-methyl-9-oxo-15-hydroxy-6,7-dinor-8-iso-10,1

                          3-cis-prostadienoic acid                             

     1411  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-5,6,7-trinor-20-methyl  

           13-trans-prostenoic acid (Example 1359)                             

                          8.beta.-methyl-9-oxo-15-hydroxy-5,6,7-trinor-20-methy

                          l 10,13-trans-prostadienoic acid                     

     1412  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-5,6,7-trinor-20-methyl-

           8-iso-13-trans-prostenoic acid (Example 1359)                       

                          8.alpha.-methyl-9-oxo-15-hydroxy-5,6,7-trinor-20-meth

                          yl-8-iso-10,13-trans-prostadienoic acid              

     1413  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-5,6,7-trinor-20-methyl  

           13-cis-prostenoic acid (Example 1359)                               

                          8.beta.-methyl-9-oxo-15-hydroxy-5,6,7-trinor-20-methy

                          l 10,13-cis-prostadienoic acid                       

     1414  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-5,6,7-trinor-20-methyl-

           8-iso-13-cis-prostenoic acid (Example 1359)                         

                          8.alpha.-methyl-9-oxo-15-hydroxy-5,6,7-trinor-20-meth

                          yl-8-iso-10,13-cis-prostadienoic -1415 8.alpha.-methy

                          l-9-oxo-11.alpha.,15-dihydroxy-7a,7b-bishomo-13-trans

                          -prostenoic acid (Example 1360) 8.beta.-methyl-9-oxo-

                          15-hydroxy-7a,7b-bishomo-10,13-trans-prostadienoic   

                          acid                                                 

     1416  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,7b-bishomo-8-iso-13-

           trans-prostenoic acid (Example 1360)                                

                          8.alpha.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-8-iso-

                          10,13-trans-prostadienoic acid                       

     1417  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,7b-bishomo-13-cis-pro

           stenoic acid (Example 1360)                                         

                          8.beta.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-10,13-c

                          is-prostadienoic acid                                

     1418  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,7b-bishomo-8-iso-13-

           cis-prostenoic acid (Example 1360)                                  

                          8.alpha.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-8-iso-

                          10,13-cis-prostadienoic acid                         

     1419  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-ethyl-13-trans-prosten

           oic acid (Example 1361)                                             

                          8.beta.-methyl-9-oxo-15-hydroxy-2-ethyl-10,13-trans-p

                          rostadienoic acid                                    

     1420  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-ethyl-8-iso-13-trans-

           prostenoic acid (Example 1361)                                      

                          8.alpha.-methyl-9-oxo-15-hydroxy-2-ethyl-8-iso-10,13-

                          trans-prostadienoic acid                             

     1421  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-ethyl-13-cis-prostenoi

           c acid (Example 1361)                                               

                          8.beta.-methyl-9-oxo-15-hydroxy-2-ethyl-10,13-cis-pro

                          stadienoic acid                                      

     1422  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-ethyl-8-iso-13-cis-pr

           ostenoic acid (Example 1361)                                        

                          8.alpha.-methyl-9-oxo-15-hydroxy-2-ehtyl-8-iso-10,13-

                          cis-prostadienoic acid                               

     1423  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3,20-trimethyl-13-tran

           s-prostenoic acid (Example 1362)                                    

                          8.beta.-methyl-9-oxo-15-hydroxy-3,3,20-trimethyl-10,1

                          3-trans-prostadienoic acid                           

     1424  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3,20-trimethyl-8-iso-

           13-trans-prostenoic acid (Example 1362)                             

                          8.alpha.-methyl-9-oxo-15-hydroxy-3,3,20-trimethyl-8-i

                          so-10,13-trans-prostadienoic acid                    

     1425  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3,20-trimethyl-13-cis-

           prostenoic acid (Example 1362)                                      

                          8.beta.-methyl-9-oxo-15-hydroxy-3,3,20-trimethyl-10,1

                          3-cis-prostadienoic acid                             

     1426  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3,20-trimethyl-8-iso-

           13-cis-prostenoic acid (Example 1362)                               

                          8.alpha.-methyl-9-oxo-15-hydroxy-3,3,20-trimethyl-8-i

                          so-10,13-cis-prostadienoic acid                      

     1427  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxo-13-trans-prostenoi

           c acid (Example 1363)                                               

                          8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-10,13-trans-pro

                          stadienoic acid                                      

     1428  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-8-iso-13-trans-pr

           ostenoic acid (Example 1363)                                        

                          8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-8-iso-10,13,tr

                          ans-prostadienoic acid                               

     1429  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-13-cis-prostenoic 

           acid (Example 1363)                                                 

                          8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-10,13-cis-prost

                          adienoic acid                                        

     1430  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-8-iso-13-cis-pros

           tenoic acid (Example 1363)                                          

                          8.alpha.-methyl-9-oxo-15-hydrxoy-3-oxa-8-iso-10,13-ci

                          s-prostadienoic acid                                 

     1431  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-16,16-dimethyl-13-

           trans-prostenoic acid (Example 1364)                                

                          8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl-

                          10,13-trans-prostadienoic acid                       

     1432  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-16,16-dimethyl-8-

           iso-13-trans-prostenoic acid (Example 1364)                         

                          8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl

                          -8-iso-10,13-trans-prostadienoic acid                

     1433  8.beta.-methyl-9-oxo-11.alpha.  ,15-dihydroxy-3-oxa-16,16-dimethyl-1

           3-cis-prostenoic acid (Example 1364)                                

                          8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl-

                          10,13-cis-prostadienoic acid                         

     1434  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-16,16-dimethyl-8-

           iso-13-cis-prostenoic acid (Example 1364)                           

                          8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl

                          -8-iso-10,13-cis-prostadienoic acid                  

     1435  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-13-trans,17-cis-pr

           ostadienoic acid (Example 1365)                                     

                          8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-10,13-trans,17-

                          cis-prostatrienoic acid                              

     1436  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-8-iso-13-trans,17

           -cis-prostadienoic acid (Example 1365)                              

                          8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-8-iso-10,13-tr

                          ans,17-cis-prostatrienoic acid                       

     1437  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-13-cis,-17-cis-pro

           stadienoic acid (Example 1365)                                      

                          8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-10,13-cis,-17-c

                          is-prostatrienoic acid                               

     1438  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-8-iso-13-cis,17-c

           is-prostadienoic acid (Example 1365)                                

                          8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-8-iso-10,13-ci

                          s,17-cis-prostatrienoic acid                         

     1439  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-20-ethyl-13-trans-

           prostenoic acid (Example 1366)                                      

                          8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-20-ethyl-10,13-

                          trans-prostadienoic acid                             

     1440  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-20-ethyl-8-iso-13

           -trans-prostenoic acid (Example 1366)                               

                          8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-20-ethyl-8-iso

                          -10,13-trans-prostadienoic acid                      

     1441  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-20-ethyl-13-cis-pr

           ostenoic acid (Example 1366)                                        

                          8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-20-ethyl-10,13-

                          cis-prostadienoic acid                               

     1442  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-20-ethyl-8-iso-13

           -cis-prostenoic acid (Example 1366)                                 

                          8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-20-ethyl-8-iso

                          -10,13-cis-prostadienoic acid                        

     1443  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-fluoro-17,17-dimethyl-

           13-trans-prostenoic acid (Example 1367)                             

                          8.beta.-methyl-9-oxo-15-hydroxy-2-fluoro-17,17-dimeth

                          yl-10,13-trans-prostadienoic acid                    

     1444  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-fluoro-17,17-dimethyl

           -8-iso-13-trans-prostenoic acid (Example 1367)                      

                          8.alpha.-methyl-9-oxo-15-hydroxy-2-fluoro-17,17-diemt

                          hyl-8-iso-10,13-trans-prostadienoic acid             

     1445  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-fluoro-17,17-dimethyl-

           13-cis-prostenoic acid (Example 1367)                               

                          8.beta.-methyl-9-oxo-15-hydroxy-2-fluoro-17,17-dimeth

                          yl-10,13-cis-prostadienoic acid                      

     1446  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-fluoro-17,17-diemthyl

           -8-iso-13-cis-prostenoic acid (Example 1367)                        

                          8.alpha.-methyl-9-oxo-15-hydroxy-2-fluoro-17,17-dimet

                          hyl-8-iso-10,13-cis-prostadienoic acid               

     1447  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7-nor-13-trans-prostenoi

           c acid (Example 1368)                                               

                          8.beta.-methyl-9-oxo-15-hydroxy-7-nor-10,13-trans-pro

                          stadienoic acid                                      

     1448  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-7-nor-8-iso-13-trans-pr

           ostenoic acid (Example 1368)                                        

                          8.alpha.-methyl-9-oxo-15-hydroxy-7-nor-8-iso-10,13-tr

                          ans-prostadienoic acid                               

     1449  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7-nor-13-cis-prostenoic 

           acid (Example 1368)                                                 

                          8.beta.-methyl-9-oxo-15-hydroxy-7-nor-10,13-cis-prost

                          adienoic acid                                        

     1450  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-7-nor-8-iso-13-cis-pros

           tenoic acid (Example 1368)                                          

                          8.alpha.-methyl-9-oxo-15-hydroxy-7-nor-8-iso-10,13-ci

                          s-prostadienoic acid                                 

     1451  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a-homo-16,16-dimethyl-1

           3-trans-prostenoic acid (Example 1369)                              

                          8.beta.-methyl-9-oxo-15-hydroxy-7a-homo-16,16-dimethy

                          l-10,13-trans-prostadienoic acid                     

     1452  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a-homo-16,16-dimethyl-

           8-iso-13-trans-prostenoic acid (Example 1369)                       

                          8.alpha.-methyl-9-oxo-15-hydroxy-7a-homo-16,16-dimeth

                          yl-8-iso-10,13-trans-prostadienoic acid              

     1453  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a-homo-16,16-diemthyl-0

           1,13-cis-prostadienoic acid (Example 1369)                          

                          8.beta.-methyl-9-oxo-15-hydroxy-7a-homo-16,16-dimethy

                          l-10,13-cis-prostadienoic acid                       

     1454  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a-homo-16,16-dimethyl-

           8-iso-13-cis-prostenoic acid (Example 1369)                         

                          8.alpha.-methyl-9-oxo-15-hydroxy-7a-homo-16,16-dimeth

                          yl-8-iso-10,13-cis-prostadienoic acid                

     1455  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-phenyl-13-trans-proste

           noic acid (Example 1370)                                            

                          8.beta.-methyl-9-oxo-15-hydroxy-2-phenyl-10,13-trans-

                          prostadienoic acid                                   

     1456  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-phenyl-8-iso-13-trans

           -prostenoic acid (Example 1370)                                     

                          8.alpha.-methyl-9-oxo-15-hydroxy-2-phenyl-8-iso-10,13

                          -trans-prostadienoic acid                            

     1457  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-phenyl-13-cis-prosteno

           ic acid (Example 1370)                                              

                          8.beta.-methyl-9-oxo-15-hydroxy-2-phenyl-10,13-cis-pr

                          ostadienoic acid                                     

     1458  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-phenyl-8-iso-13-cis-p

           rostenoic acid (Example 1370)                                       

                          8.alpha.-methyl-9-oxo-15-hydroxy-2-phenyl-8-iso-10,13

                          -cis-prostadienoic acid                              

     1459  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-methyl-13-trans,17-cis

           -prostadienoic acid (Example 1371)                                  

                          8.beta.-methyl-9-oxo-15-hydroxy-2-methyl-10,13-trans,

                          17-cis-prostatrienoic acid                           

     1460  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-methyl-8-iso-13-trans

           ,17-cis-prostadienoic acid (Example 1371)                           

                          8.alpha.-methyl-9-oxo-15-hydroxy-2-methyl-8-iso-10,13

                          -trans,17-cis-prostatrienoic acid                    

     1461  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-methyl-13-cis,17-cis-p

           rostadionoic acid (Example 1371)                                    

                          8.beta.-methyl-9-oxo-15-hydroxy-2-methyl-10,13-cis,17

                          -cis-prostatrienoic acid                             

     1462  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-methyl-8-iso-13-cis-c

           is,17-cis-prostadienoic acid (Example 1371)                         

                          8.alpha.-methyl-9-oxo-15-hydroxy-2-methyl-8-iso-10,13

                          -cis,17-cis-prostatrienoic acid                      

     1463  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-5,cis,13-trans-prostadio

           noic acid (Example 1372)                                            

                          8.beta.-methyl-9-oxo-15-hydroxy-5,cis,10,13-trans-pro

                          statrienoic acid                                     

     1464  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-5,cis,13-trans-pr

           ostadienoic acid (Example 1372)                                     

                          8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5,cis,10,13-tr

                          ans-prostatrienoic acid                              

     1465  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-5,cis,13-cis-prostadieno

           ic acid (Example 1372)                                              

                          8.beta.-methyl-9-oxo-15-hydroxy-5,cis,10,13-cis-prost

                          atrienoic acid                                       

     1466  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-5,cis,13-cis-pros

           tadienoic acid (Example 1372)                                       

                          8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5,cis,10,13-ci

                          s-prostatrienoic acid                                

     1467  8.beta.-methyl-9-oxo-11.beta.,15-dihydro-xy-5-cis,13-trans,17-cis-pr

           ostatrienoic acid (Example 1373)                                    

                          8.beta.-methyl-9-oxo-15-hydroxy-5-cis,10,13-trans,   

                          17-cis-prostatetraeneoic acid                        

     1468  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-5-cis,-13-trans,1

           7-cis-prostatrienoic acid (Example 1373)                            

                          8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5-cis,10,-13-t

                          rans,17-cis-prostatetraeneoic acid                   

     1469  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-5-cis,13-cis,-17-cis-pro

           statrienoic acid (Example 1373)                                     

                          8.beta.-methyl-9-oxo-15-hydroxy-5-cis,10,13-cis,-17-c

                          is-prostatetraeneoic acid                            

     1470  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-5-cis,-13-cis,17-

           cisprostatrienoic acid (Example 1373)                               

                          8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5-cis,10,-13-c

                          is,17-cis-prostatetraeneoic acid                     

     1471  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,16-dimethyl-5-cis,13-

           trans-prostadienoic acid (Example 1374)                             

                          8.beta.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-5-cis,

                          10,13-trans-prostatrienoic acid                      

     1472  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,16-dimethyl-8-iso-5-

           cis,13-transprostadienoic acid (Example 1374)                       

                          8.alpha.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-8-iso

                          -5-cis,10,13-trans-prostatrienoic acid               

     1473  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,16-cis,13-cis-prostad

           ienoic acid (Example 1374)                                          

                          8.beta.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-5-cis-

                          ,10,13-cis-prostatrienoic acid                       

     1474  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,16-dimethyl-8-iso-5-

           cis,13-cis-prostadienoic acid (Example 1374)                        

                          8.alpha.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-8-iso

                          -5-cis,10,13-cis-prostatrienoic acid                 

     1475  8.beta.-methyl-9-oxo-11.alpha.,15,-dihydroxy-4-nor-20-methyl-5-cis-1

           3-trans-prostadienoic acid (Example 1375)                           

                          8.beta.-methyl-9-oxo-15-hydroxy-4-nor-20-methyl-5-cis

                          -10,13-trans-pro-statrienoic acid                    

     1476  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-4-nor-20-methyl-8-iso-5

           -cis,13-trans-prostadienoic acid (Example 1375)                     

                          8.alpha.-methyl-9-oxo-15-hydroxy-4-nor-20-methyl-8-is

                          o-5-cis,10,13-trans-prostatrienoic acid              

     1477  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4-nor-20-methyl-5-cis-13

           -cis-prostadienoic acid (Example 1375)                              

                          8.beta.-methyl-9-oxo-15-hydroxy-4-nor-20-methyl-5-cis

                          ,10,13-cis-prostatrienoic acid                       

     1478  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydro-4-nor-20-methyl-8-iso-5-c

           is, 13-cisprostadienoic acid (Example 1375)                         

                          8.alpha.-methyl-9-oxo-15-hydroxy-4-nor-20-methyl-8-is

                          o-5-cis,10,13-cis-prostatrienoic acid                

     1479  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a-homo-17,17-dimethyl-5

           -cis,13-trans-prostadienoic acid (Example 1376)                     

                          8.beta.-methyl-9-oxo-15-hydroxy-4a-homo-17,17-dimethy

                          l-5-cis,10,13-trans-prostatrienoic acid              

     1480  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a-homo-17,17-dimethyl-

           8-iso-5-cis,13-trans-prostadienoic acid (Example 1376)              

                          8.alpha.-methyl-9-oxo-15-hydroxy-4a-homo-17,17-dimeth

                          yl-8-iso-5-cis,10,13-trans-prostatrienoic acid       

     1481  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a-homo-17,17-dimethyl-5

           -cis,13-cis-prostadienoic acid (Example 1376)                       

                          8.beta.-methyl-9-oxo-15-hydroxy-4a-homo-17,17-dimethy

                          l-5-cis,10,13-cis-prostatrienoic acid                

     1482  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a-homo-17,17-dimethyl-

           8-iso-5-cis,13-cis-prostadienoic acid (Example 1376)                

                          8.alpha.-methyl-9-oxo-15-hydroxy-4a-homo-17,17-dimeth

                          yl-8-iso-5-cis,10,13-cis-prostatrienoic acid         

     1483  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,4b-bishomo-20-ethyl-5

           -cis,13-trans-prostadienoic acid (Example 1377)                     

                          8.beta.-methyl-9-oxo-15-hydroxy-4a,4b-bishomo-20-ethy

                          l-5-cis,10,13-trans-prostatrienoic acid              

     1484  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,4b-bishomo-20-ethyl-

           8-iso-5-cis,13-trans-prostadienoic acid (Example 1377)              

                          8.alpha.-methyl-9-oxo-15-hydroxy-4a,4b-bishomo-20-eth

                          yl-8-iso-5-cis,-10,13-trans-prostatrienoic acid      

     1485  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,4b-bishomo-20-ethyl-5

           -cis,13-cis-prostadienoic acid (Example 1377)                       

                          8.beta.-methyl-9-oxo-15-hydroxy-4a,4b-bishomo-20-ethy

                          l-5-cis,10,13-cis-prostatrienoic acid                

     1486  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,4b-bishomo-20-ethyl-

           8-iso-5-cis,13-cis-prostadienoic acid (Example 1377)                

                          8.alpha.-methyl-9-oxo-15-hydroxy-4a,4b-bishomo-20-eth

                          yl-8-iso-5-cis,-10,13-cis-prostatrienoic acid        

     1487  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,4b-bishomo-5-cis,13-t

           rans,-17-cis-prostatrienoic acid (Example 1378)                     

                          8.beta.-methyl-9-oxo-15-hydroxy-4a,4b-bishomo-5-cis,1

                          0,13-trans,17-cis-prostatetraenoic acid              

     1488  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,4b-bishomo-8-iso-5-c

           is,13-trans,17-cis-prostatrienoic acid                              

                          8.alpha.-methyl-9-oxo-15-hydroxy-4a,4b-bishomo-8-iso-

                          5-cis,10,13-trans,17-cis-prostatetraenoic acid       

     1489  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,4b-bishomo-5-cis,13-c

           is-17-cis-prostatrienoic acid (Example 1378)                        

                          8.beta.-methyl-9-oxo-15-hydroxy-4a,4b-bishomo-5-cis,1

                          0,13-cis-17-cis-prostatetraenoic acid acid           

     1490  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,4b-bishomo-8-iso-5-c

           is,13-cis-17-cis-prostatrienoic acid (Example 1378)                 

                          8.alpha.-methyl-9-oxo-15-hydroxy-4a,4b-bishomo-8-iso-

                          5-cis,10,13-cis-17-cis-prostatetraenoic acid         

     1491  methyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-methyl-13-tran

           s-prostenoate (Example 1379)                                        

                          methyl 8.beta.-methyl-9-oxo-15-hydroxy-20-methyl-10,1

                          3-trans-prostadienoate                               

     1492  methyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-methyl-8-iso-

           13-trans-prostenoate (Example 1379)                                 

                          methyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-methyl-8-i

                          so-10,13-trans-prostadienoate                        

     1493  methyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-methyl-13-cis-

           prostenoate (Example 1379)                                          

                          methyl 8.beta.-methyl-9-oxo-15-hydroxy-20-methyl-10,1

                          3-cis-prostadienoate                                 

     1494  methyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-methyl-8-iso-

           13-cis-prostenoate (Example 1379)                                   

                          methyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-methyl-8-i

                          so-10,13-cis-prostadienoate                          

     1495  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,7b-bishomo-13-t

           rans,17-cis-prostadienoate (Example 1380)                           

                          ethyl 8.beta.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-1

                          0,13-trans,17-cis-prostatrienoate                    

     1496  ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,7b-bishomo-8-i

           so-13-trans,17-cis-prostadienoate (Example 1380)                    

                          ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-

                          8-iso-10,13-trans,17-cis-prostatrienoate             

     1497  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,7b-bishomo-13-c

           is,17-cis-prostadienoate (Example 1380)                             

                          ethyl 8.beta.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-1

                          0,13-cis,17-cis-prostatrienoate                      

     1498  ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,7b-bishomo-8-i

           so-13-cis,17-cis-prostadienoate (Example 1380)                      

                          ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-

                          8-iso-10,13-cis,17-cis-prostatrienoate               

     1499  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-ethyl-16,16-dime

           thyl-13-trans-prostenoate (Example 1381)                            

                          ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2-ethyl-16,16-d

                          imethyl-10,13-trans-prostadienoate                   

     1500  ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-ethyl-16,16-dim

           ethyl-8-iso-13-trans-prostenoate (Example 1381)                     

                          ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2-ethyl-16,16-

                          dimethyl-8-iso-10,13-trans-prostadienoate            

     1501  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-ethyl-16,16-dime

           thyl-13-cis-prostenoate (Example 1381)                              

                          ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2-ethyl-16,16-d

                          imethyl-10,13-cis-prostadienoate                     

     1502  ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-ethyl-16,16-dim

           ethyl-8-iso-13-cis-prostenoate (Example 1381)                       

                          ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2-ethyl-16,16-

                          dimethyl-8-iso-10,13-cis-prostadienoate              

     1503  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3,17,17-tetramet

           hyl-13-trans-prostenoate (Example 1382)                             

                          ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3,3,17,17-tetra

                          methyl-10,13-trans-prostadienoate                    

     1504  ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3,17,17-tetrame

           thyl-8-iso-13-trans-prostenoate (Example 1382)                      

                          ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3,3,17,17-tetr

                          amethyl-8-iso-10,13-trans-prostadienoate             

     1505  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3,17,17-tetramet

           hyl-13-cis-prostenoate (Example 1382)                               

                          ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3,3,17,17-tetra

                          methyl-10,13-cis-prostadienoate                      

     1506  ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3,17,17-tetrame

           thyl-8-iso-13-cis-prostenoate (Example 1382)                        

                          ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3,3,17,17-tetr

                          amethyl-8-iso-10,13-cis-prostadienoate               

     1507  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-17,17-dimeth

           yl-13-trans-prostenoate (Example 1383)                              

                          ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-17,17-dim

                          ethyl-10,13-trans-prostadienoate                     

     1508  ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-17,17-dimet

           hyl-8-iso-13-trans-prostenoate (Example 1383)                       

                          ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-17,17-di

                          methyl-8-iso-10,13-trans-prostadienoate              

     1509  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-17,17-dimeth

           yl-13-cis-prostenoate (Example 1383)                                

                          ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-17,17-dim

                          ethyl-10,13-cis-prostadienoate                       

     1510  ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-17,17-dimet

           hyl-8-iso-13-cis-prostenoate (Example 1383)                         

                          ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-17,17-di

                          methyl-8-iso-10,13-cis-prostadienoate                

     1511  butyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-13-trans-prostenoa

           te (Example 1384)                                                   

                          butyl 8.beta.-methyl-9-oxo-15-hydroxy-10,13-trans-pro

                          stadienaote                                          

     1512  buty 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-13-trans-pro

           stenoate (Example 1384)                                             

                          butyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-10,13-tr

                          ans-prostadienoate                                   

     1513  butyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-13-cis-prostenoate

            (Example 1384)                                                     

                          butyl 8.beta.-methyl-9-oxo-15-hydroxy-13-cis-prostadi

                          enoate                                               

     1514  butyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-13-cis-pros

           tenoate (Example 1384)                                              

                          butyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-10,13-ci

                          s-prostadienoate                                     

     1515  decyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-13-trans,17-cis-pr

           ostadienoate (Example 1385)                                         

                          decyl 8.beta.-methyl-9-oxo-15-hydroxy-10,13-trans,17-

                          cis-prostatrienoate                                  

     1516  decyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-13-trans,17

           -cis-prostadienoate (Example 1385)                                  

                          decyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-10,13-tr

                          ans-,17-cis-prostatrienoate                          

     1517  decyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-13-cis-17-cis-pros

           tadienoate (Example 1385)                                           

                          decyl 8.alpha.-methyl-9-oxo-15-hydroxy-10,13-cis-17-c

                          is-prostatrienoate                                   

     1518  decyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-13-cis-17-c

           is-prostadienoate (Example 1385)                                    

                          decyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-10,13-ci

                          s-17-cis-prostatrienoate                             

     1519  ethyl 8.beta.-methyl-9-oxo-11.alpha.-acetoxy-15-hydroxy-13-trans-pro

           stenoate (Example 1386)                                             

                          ethyl 8.beta.-methyl-9-oxo-15-hydroxy-10,13-trans-pro

                          stadienoate                                          

     1520  ethyl 8.alpha.-methyl-9-oxo-11.alpha.-acetoxy-15-hydroxy-8-iso-13-tr

           ans-prostenoate (Example 1386)                                      

                          ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-10,13-tr

                          ans-prostadienoate                                   

     1521  ethyl 8.beta.-methyl-9-oxo-11.alpha.-acetoxy-15-hydroxy-13-cis-prost

           enoate (Example 1386)                                               

                          ethyl 8.beta.-methyl-9-oxo-15-hydroxy-10,13-ciss-pros

                          tadienoate                                           

     1522  ethyl 8.alpha.-methyl-9-oxo-11.alpha.-acetoxy-15-hydroxy-8-iso-13-ci

           s-prostenoate (Example 1386)                                        

                          ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-10,13-ci

                          s-prostadienoate                                     

     ______________________________________                                    

PAC  EXAMPLES 1523 - 1654
PAR  Treatment of the designated 9-oxo-prostenoic acid and ester derivatives
      listed in Table 42 below with sodium borohydride in ethanol as described
      in Example 257 gives the product 9.alpha. and 9.beta. hydroxy derivatives
      of the table, which are separable by standard chromatographic techniques.
TBL                TABLE 42                                                    

     ______________________________________                                    

           Starting 8-    Product                                              

           methyl-9-oxo-  8-methyl-9.alpha./.beta.,-                           

           11.alpha.,15-di-                                                    

                          11.alpha.,15-trihydroxy-                             

     Ex-   hydroxy-13-prosten-                                                 

                          13-prostenoic                                        

     ample oic acid or ester                                                   

                          acid or ester                                        

     ______________________________________                                    

     1523  8.beta.-methyl-prosta-glandin E.sub.1 (Example 1353)                

                          8.beta.-methyl-prosta-glandin F.sub.1 .alpha./F.sub.1

                           .beta.                                              

     1524  8.alpha.-methyl-8-iso-prostaglandin E.sub.1 (Example                

                          8.alpha.-methyl-8-iso-prostaglandin                  

                          F.sub.1 .alpha./F.sub.1 .beta.                       

     1525  8.beta.-methyl-9-oxo-11.alpha.-15-dihydroxy-13-cis-prostenoic acid  

           (Example 1353) 8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-13-cis-prostenoic acid                            

     1526  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-13-cis-prostenoic

            acid (Example 1353)                                                

                          8.alpha.-methyl-9.alpha./.beta., 11.alpha.,          

                          15-trihydroxy-8-iso-13-cis-prostenoic acid           

     1527  8.beta.-methyl-9-oxo-11.alpha., 15-dihydroxy-16,16-dimethyl-13-trans

           -prostenoic acid (Example 1354)                                     

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-16,16-dimethyl-13-trans-prostenoic acid           

     1528  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,16-dimethyl-8-iso-13

           -trans-prostenoic acid (Example 1354)                               

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-16,16-dimethyl-8-iso-13-trans-prostenoic acid    

     1529  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,16-dimethyl-13-,cis-p

           rostenoic acid (Example 1354)                                       

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.-15-trihydrox

                          y-16,16-dimethyl-13-cis-prostenoic acid              

     1530  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-16,16-dimethyl-8-iso-13

           -cis-prostenoic acid (Example 1354)                                 

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,15-trihydro

                          xy-16,16-dimethyl-8-iso-13-cis-prostenoic acid       

     1531  8.beta.-methyl-9-oxo-11.alpha.-15-dihydroxy-17,17-dimethyl-13-trans-

           prostenoic acid (Example 1355)                                      

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-17,17-dimethyl-13-trans-prostenoic acid           

     1532  8.alpha.-methyl-9-oxo-11.alpha.  ,15-dihydroxy-8-iso-17,17-di-methyl

           -13-trans-prostenoic acid (Example 1355)                            

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-17,17-dimethyl-8-iso-13-trans-prostenoic acid    

     1533  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-17,17-dimethyl-13-cis-pr

           ostenoic acid (Example 1355)                                        

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-17,17-dimethyl-13-cis-prostenoic acid             

     1534  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-17,17-dimethyl-8-iso-13

           -cis-prostenoic acid (Example 1355)                                 

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-8-iso-17,17-dimethyl-13-cis-prostenoic acid      

     1535  8.beta.-methyl-9-oxo-11.alpha.-15-dihydroxy-13-trans-17-cis-prostadi

           enoic acid (Example 1356)                                           

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.-15-trihydrox

                          y-13-trans,17-cis-prostadienoic acid                 

     1536  8.alpha.-methyl-9-oxo-11.alpha.-15-dihydroxy-8-iso-13-trans,17-cis-p

           rostadienoic acid (Example 1356)                                    

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-8-iso-13-trans-17-cis-prostadienoic acid         

     1537  8.beta.-methyl-9-oxo-11.alpha.-15-dihydroxy-13-cis,17-cis-prostadien

           oic acid (Example 1356)                                             

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-13-cis,17-cis-prostadienoic acid                  

     1538  8.alpha.-methyl-9-oxo-11.alpha.-15-dihydroxy-8-iso-13-trans-17-cis-p

           rostadienoic acid (Example 1356)                                    

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-8-iso-13-cis,17-cis-prostadienoic acid           

     1539  8.beta.-methyl-9-oxo-11.alpha.-15-dihydroxy-20-ethyl-13-trans-proste

           noic acid (Example 1357)                                            

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-20-ethyl-13-trans-prostenoic acid                 

     1540  8.alpha.-methyl-9-oxo-11.alpha.-15-dihydroxy-20-ethyl-8-iso-13-trans

           -prostenoic acid (Example 1357)                                     

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-20-ethyl-8-iso-13-trans-prostenoic acid          

     1541  8.beta.-methyl-9-oxo-11.alpha.-15-dihydroxy-20-ethyl-13-cis-prosteno

           ic acid (Example 1357)                                              

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-20-ethyl-13-cis-prostenoic acid                   

     1542  8.alpha.-methyl-9-oxo-11.alpha.-15-dihydroxy-20-ethyl-8-iso-13-cis-p

           rostenoic acid (Example 1357)                                       

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-20-ethyl-8-iso-13-cis-prostenoic acid            

     1543  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-6,7-dinor-13-trans-pros

           tenoic acid (Example 1358)                                          

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-6,7-dinor-13-trans-prostenoic acid                

     1544  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-6,7-dinor-8-iso-13-tran

           s-prostenoic acid (Example 1358)                                    

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-6,7-dinor-8-iso-13-trans-prostenoic acid         

     1545  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-6,7-dinor-13-cis-prosten

           oic acid (Example 1358)                                             

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-6,7-dinor-13-cis-prostenoic acid                  

     1546  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-6,7-dinor-8-iso-13-cis-

           prostenoic acid (Example 1358)                                      

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-6,7-dinor-8-iso-13-cis-prostenoic acid           

     1547  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-5,6,7-trinor-20-methyl-

           13-trans-prostenoic acid (Example 1359)                             

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-5,6,7-trinor-20-methyl-13-trans-prostenoic acid   

     1548  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-5,6,7-trinor-20-methyl

           -8-iso-13-trans-prostenoic acid (Example 1359)                      

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-5,6,7-trinor-20-methyl-8-iso-13-trans-prostenoic 

                          acid                                                 

     1549  8.beta.-methyl-9-oxo-11.alpha.-15-dihydroxy-5,6,7,-trinor-20-methyl-

           13-cis-prostenoic acid (Example 1359)                               

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-5,6,7-trinor-20-methyl-13-cis-prostenoic acid     

     1550  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-5,6,7-trinor-20-methyl

           -8-iso-13-cis-prostenoic acid (Example 1359)                        

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-5,6,7-trinor-20-methyl-8-iso-13-cis-prostenoic   

                          acid                                                 

     1551  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-7a,7b-bishomo-13-trans-

           prostenoic acid (Example 1360)                                      

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-7a,7b-bishomo-13-trans-prostenoic acid            

     1552  8.alpha.-methyl-9-oxo-11.alpha.-15-dihydroxy-7a,7b-bishomo-8-iso-13-

           trans-prostenoic acid (Example 1360)                                

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-7a,7b-bishomo-8-iso-13-trans prostenoic acid     

     1553  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,7b-bishomo-13-cis-pro

           stenoic acid (Example 1360)                                         

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-trihydrox

                          y-7a,7b-bishomo-13-cis-prostenoic acid               

     1554  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-7a,7b-bishomo-8-iso-13

           -cis-prostenoic acid (Example 1360)                                 

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-7a,7b-bishomo-8-iso-13-cis-prostenoic acid       

     1555  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-2-ethyl-13-trans-proste

           noic acid (Example 1361)                                            

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-2-ethyl-13-trans-prostenoic acid                  

     1556  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-ethyl-8-iso-13-trans-

           prostenoic acid (Example 1361)                                      

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-2-ethyl-8-iso-13-trans-prostenoic acid           

     1557  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-2-ethyl-13-cis-prosteno

           ic acid (Example 1361)                                              

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-2-ethyl-13-cis-prostenoic acid                    

     1558  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-2-ethyl-8-iso-13-cis-p

           rostenoic acid (Example 1361)                                       

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.-15,trihydro

                          xy-2-ethyl-8-iso-13-cis-prostenoic acid              

     1559  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3,3,20-trimethyl-8-iso-

           13-trans-prostenoic acid (Example 1362)                             

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-3,3,20-trimethyl-13-trans-prostenoic acid         

     1560  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3,3,20-trimethyl-8-iso

           -13-trans-prostenoic acid (Example 1362)                            

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-3,3,20-trimethyl-8-iso-13-trans-prostenoic acid   

     1561  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3,3,20-trimethyl-13-cis

           -prostenoic acid (Example 1362)                                     

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-3,3,20-trimethyl-13-cis-prostenoic acid           

     1562  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3,3,20-trimethyl-8-iso

           -13-cis-prostenoic acid (Example 1362)                              

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-3,3,20-trimethyl-8-iso-13-cis-prostenoic acid    

     1563  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-13-trans-prosteno

           ic acid (Example 1363)                                              

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-3-oxa-13-trans-prostenoic acid                    

     1564  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-8-iso-13-trans-p

           rostenoic acid (Example 1363)                                       

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-3-oxa-8-iso-13-trans-prostenoic acid             

     1565  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-8-iso-13-cis-pros

           tenoic acid (Example 1363)                                          

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-3-oxa-8-iso-13-cis-prostenoic acid                

     1566  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-8-iso-13-cis-pro

           stenoic acid (Example 1363)                                         

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-3-oxa-8-iso-13-cis-prostenoic acid               

     1567  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-16,16-dimethyl-13

           -trans-prostenoic acid (Example 1364)                               

                          8.beta.-methyl-9.alpha./.beta.-11.alpha.,-15-trihydro

                          xy-3-oxa-16,16-dimethyl-13-trans-prostenoic acid     

     1568  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-16,16-dimethyl-8

           -iso-13-trans-prostenoic acid (Example 1364)                        

                          8.alpha.-methyl-9.alpha./.beta.-11.alpha.,-5-trihydro

                          xy-3-oxa-16,16-dimethyl-8-iso-13-trans-prostenoic    

                          acid                                                 

     1569  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-16,16-dimethyl-13

           -cis-prostenoic acid (Example 1364)                                 

                          8.beta.-methyl-9.alpha./.beta.-11.alpha.,-15-trihydro

                          xy-3-oxa-16,16-dimethyl-13-cis-prostenoic acid       

     1570  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-16,16-dimethyl-8

           -iso-13-cis-prostenoic acid (Example 1364)                          

                          8.alpha.-methyl-9.alpha./.beta.-11.alpha.,-15-trihydr

                          oxy-3-oxa-16,16-dimethyl-8-iso-13-cis-prostenoic     

                          acid                                                 

     1571  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-13-trans,17-cis-p

           rostadienoic acid (Example 1365)                                    

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-3-oxa-13-trans,17-cis-prostadienoic acid          

     1572  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-8-iso-13-trans,1

           7-cis-prostadienoic acid (Example 1365)                             

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-3-oxa-8-iso-13-trans,17-cis-prostadienoic acid   

     1573  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-13-cis,17-cis-pro

           stadienoic acid (Example 1365)                                      

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-3-oxa-13-cis,17-cis-prostadienoic acid            

     1574  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-8-iso-13-cis,17-

           cis-prostadienoic acid (Example 1365)                               

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-3-oxa-8-iso-13-cis,17-cis-prostadienoic acid     

     1575  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-20-ethyl-13-trans

           -prostenoic acid (Example 1366)                                     

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-3-oxa-20-ethyl-13-trans-prostenoic acid           

     1576  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-20-ethyl-8-iso-1

           3-trans-prostenoic acid (Example 1366)                              

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-3-oxa-20-ethyl-8-iso-13-trans-prostenoic acid    

     1577  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-20-ethyl-13-cis-p

           rostenoic acid (Example 1366)                                       

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-3-oxa-20-ethyl-13-cis-prostenoic acid             

     1578  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-3-oxa-20-ethyl-8-iso-1

           3-cis-prostenoic acid (Example 1366)                                

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-3-oxa-20-ethyl-8-iso-13-cis-prostenoic acid      

     1579  8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-fluoro-17,17-dimethyl-

           13-trans-prostenoic acid (Example 1367)                             

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-2-fluoro-17,17-dimethyl-13-trans-prostenoic acid  

     1580  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-fluoro-17,17-dimethyl

           -8-iso-13-trans-prostenoic acid (Example 1367)                      

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-2-fluoro-17,17-dimethyl-8-iso-13-trans-prostenoic

                           acid                                                

     1581  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-2-fluoro-17,17-dimethyl

           -13-cis-prostenoic acid (Example 1367)                              

                          8.beta.-methyl 9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-2-fluoro-17,17-dimethyl-13-cis-prostenoic acid    

     1582  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-2-fluoro-17,17-dimethy

           l-8-iso-13-cis-prostenoic acid (Example 1367)                       

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-2-fluoro-17,17-dimethyl-8-iso-13-cis-prostenoic  

                          acid                                                 

     1583  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-7-nor-13-trans-prosteno

           ic acid (Example 1368)                                              

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-7-nor-13-trans-prostenoic acid                    

     1584  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-7-nor-8-iso-13-trans-p

           rostenoic acid (Example 1368)                                       

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-7-nor-8-iso-13-trans-prostenoic acid             

     1585  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-7-nor-13-cis-prostenoic

            acid (Example 1368)                                                

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-7-nor-13-cis-prostenoic acid                      

     1586  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-7-nor-8-iso-13-cis-pro

           stenoic acid (Example 1368)                                         

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-7-nor-8-iso-13-cis-prostenoic acid               

     1587  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-7a-homo-16,16-dimethyl-

           13-trans-prostenoic acid (Example 1369)                             

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-7a-homo-16,16-dimethyl-13-trans-prostenoic acid   

     1588  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-7a-homo-16,16-dimethyl

           -8-iso-13-trans-prostenoic acid (Example 1369)                      

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-7a-homo-16,16-dimethyl-8-iso-13-trans-prostenoic 

                          acid                                                 

     1589  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-7a-homo-16,16-dimethyl-

           13-cis-prostenoic acid (Example 1369)                               

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-7a-homo-16,16-dimethyl-13-cis-prostenoic acid     

     1590  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-7a-homo-16,16-dimethyl

           -8-iso-13-cis-prostenoic acid (Example 1369)                        

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-7a-homo-16,16-dimethyl-8-iso-13-cis-prostenoic   

                          acid                                                 

     1591  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-2-phenyl-13-trans-prost

           enoic acid (Example 1370)                                           

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-2-phenyl-13-trans-prostenoic acid                 

     1592  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-2-phenyl-8-iso-13-tran

           s-prostenoic acid (Example 1370)                                    

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-2-phenyl-8-iso-13-trans-prostenoic acid          

     1593  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-2-phenyl-13-cis-prosten

           oic acid (Example 1370)                                             

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-2-phenyl-13-cis-prostenoic acid                   

     1594  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-2-phenyl-8-iso-13-cis-

           prostenoic acid (Example 1370)                                      

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-2-phenyl-8-iso-13-cis-prostenoic acid            

     1595  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-2-methyl-13-trans-17-ci

           s-prostadienoic acid (Example 1371)                                 

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-2-methyl-13-trans,17-cis-prostadienoic acid       

     1596  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-2-methyl-8-iso-13-tran

           s,17-cis-prostadienoic acid (Example 1371)                          

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.-15-trihydro

                          xy-2-methyl-8-iso-13 cis-acid                        

     1597  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-2-methyl-13-cis,17-cis-

           prostadienoic acid (Example 1371)                                   

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-2-methyl-13-cis,17-cis-prostadienoic acid         

     1598  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-2-methyl-8-iso-13-cis,

           17-cis-prostadienoic acid (Example 1371)                            

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-2-methyl-8-iso-13-cis,17-cis-prostadienoic acid  

     1599  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-5,cis,-13-trans-prostad

           ienoic acid (Example 1372)                                          

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-5 cis -13-trans-prostadienoic acid                

     1600  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-8-iso-5-cis-13-trans-p

           rostadienoic acid (Example 1372)                                    

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-8-iso-5 cis,13-trans-prostadienoic acid          

     1601  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-5-cis,13-cis-prostadien

           oic acid (Example 1372)                                             

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-5 cis -13-cis-prostadienoic acid                  

     1602  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-8-iso-5-cis-13-cis-pro

           stadienoic acid (Example 1372)                                      

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-8-iso-5-cis-13-cis-prostadienoic acid            

     1603  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-5-cis,-13-trans,17-cis-

           prostatrienoic acid (Example 1373)                                  

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-5-cis,-13-trans,17-cis-                           

     1604  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-8-iso-5-cis,13-trans,1

           7-cis-prostatrienoic acid (Example 1373)                            

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-dihydro

                          xy-8-iso-5-cis,13-trans,17-cis-prostatrienoic acid   

     1605  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-5-cis,-13-cis,17-cis-pr

           ostatrienoic acid (Example 1373)                                    

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-5-cis,13-cis,17-cis-prostatrienoic acid           

     1606  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-8-iso-5-cis,13-cis,17-

           cis-prostatrienoic acid (Example 1373)                              

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-8-iso-5-cis,13-cis,17-cis-prostatrienoic acid    

     1607  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-16,16-dimethyl-5-cis,13

           -trans-prostadienoic (Example 1374)                                 

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-16,16-dimethyl-5-cis,13-trans-prostadienoic acid  

     1608  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-16,16-dimethyl-8-iso-5

           -cis,13-trans-prostadienoic acid (Example 1374)                     

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-16,16-dimethyl-8-iso-5-cis-13-transprostadienoic 

                          acid                                                 

     1609  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-16,16-dimethyl-5-cis   

           13-cis-prostadienoic acid (Example 1374)                            

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-16,16-dimethyl-5-cis,13-cis-prostadienoic acid    

     1610  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-16,16-dimethyl-8-iso-5

           -cis-13-cis-prostadienoic acid (Example 1374)                       

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-16,16-dimethyl-8-iso-5-cis-13-cis-prostadienoic  

                          acid                                                 

     1611  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-4-nor-20-methyl-5-cis,1

           3-trans-prostadienoic acid (Example 1375)                           

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-4-nor-20-methyl-5-cis,13-trans-prostadienoic      

                          acid                                                 

     1612  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-4-nor-20-methyl-8-iso-

           5-cis,13-trans-prostadienoic acid (Example 1375)                    

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-4-nor-20-methyl-8-iso-5-cis,13-trans-prostadienoi

                          c acid                                               

     1613  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-4-nor-20-methyl-5-cis,1

           3-cis-prostadienoic acid (Example 1375)                             

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-4-nor-20-methyl-5-cis,13-cis-prostadienoic acid   

     1614  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-4-nor-20-methyl-8-iso-

           5-cis,13-cis-prostdienoic acid (Example 1375)                       

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-4-nor-20-methyl-8-iso-5-cis,13-cis-prostadinoic  

                          acid                                                 

     1615  8.beta.-methyl-9-oxo-11.alpha.  ,-15-dihydroxy-4a-homo-17,17-dimethy

           l-5-cis-13-trans-prostadienoic acid (Example 1376)                  

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-4a-homo-17,17-dimethyl-5-cis,13-trans-prostadienoi

                          c acid                                               

     1616  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-4a-homo-17,17-dimethyl

           -8-iso-5-cis,13-trans-prostadienoic acid (Example                   

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-4a-homo-17,17-dimethyl-8-iso-5-cis,13-cis-prostad

                          ienoic acid                                          

     1617  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-4a-homo-17,17-dimethyl-

           5-cis-13-cis-prostadienoic acid (Example 1376)                      

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-4a-homo-17,17-dimethyl-5-cis,13-cis-prostadienoic 

                          acid                                                 

     1618  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-4a-homo-17,17-dimethyl

           -8-iso-5-cis,13-cis-prostadienoic acid (Example 1376)               

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-4a-homo-17,17-dimethyl-8-iso-5-cis,13-cis-prostad

                          ienoic acid                                          

     1619  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-4a,4b-bishomo-20-ethyl-

           5-cis,13-trans-prostadienoic acid (Example 1377)                    

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-4a,4b-bishomo-20-ethyl-5-cis,13-trans-prostadienoi

                          c acid                                               

     1620  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-4a,4b-bishomo-20-ethyl

           -8-iso-5-cis,13-trans-prostadienoic acid (Example                   

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-4a,4b-bishomo-20-ethyl-8-iso-5-cis,13-trans-prost

                          adienoic acid                                        

     1621  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-4a,4b-bishomo-20-ethyl-

           5-cis,13-cis-prostadienoic acid (Example 1377)                      

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-4a,4b-bishomo-20-ethyl-5-cis,13-cis-prostadienoic 

                          acid                                                 

     1622  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-4a,4b-bishomo-20-ethyl

           -8-iso-5-cis,13-cis-prostadienoic acid (Example 1377)               

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-4a,4b-bishomo-20-ethyl-8-iso-5-cis,13-cis-prostad

                          ienoic                                               

     1623  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-4a,4b-bis-homo-5-cis,13

           -trans,17-cis-prostatrienoic acid (Example 1378)                    

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-4a,4b-bishomo-5-cis,13-trans,17-cis-prostatrienoic

                           acid                                                

     1624  8.alpha.-methyl-9-oxo-11.alpha.,-15-dihydroxy-4a,4b-bis-homo-8-iso-5

           -cis-13-trans,17-cis-prostatrienoic acid (Example                   

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydr

                          oxy-4a,4b-bis-homo-8-iso-5-cis,-13-trans,17-cis-prost

                          atrienoic acid                                       

     1625  8.beta.-methyl-9-oxo-11.alpha.,-15-dihydroxy-4a,4b-bis-homo-5-cis,13

           -cis,17-cis-prostatrienoic acid (Example 1378)                      

                          8.beta.-methyl-9.alpha./.beta.,11.alpha.,-15-trihydro

                          xy-4a,4b-bis-homo-5-cis,13-cis-17-cis-prostatrienoic 

                          acid                                                 

     1626  8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-4a,4b-bis-homo-8-iso-5-

           cis,13-cis-17-cis-prostatrienoic acid (Example 1378)                

                          8.alpha.-methyl-9.alpha./.beta.,11.alpha.,15-trihydro

                          xy-4a,4b-bis-homo-8-iso-5-cis,13-cis,17-cis-prostatri

                          enoic acid                                           

     1627  methyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-methyl-13-tran

           s-prostenoate (Example 1379)                                        

                          methyl 8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-tr

                          ihydroxy-20-methyl-13-trans-prostenoate              

     1628  methyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-methyl-8-iso-

           13-trans-prostenoate (Example 1379)                                 

                          methyl 8.alpha.-methyl-9.alpha./.beta.,11.alpha.,15-t

                          rihydroxy-20-methyl-8-iso-13-trans-prostenoate       

     1629  methyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-methyl-13-cis-

           prostenoate (Example 1379)                                          

                          methyl 8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-tr

                          ihydroxy-20-methyl-13-cis-prostenoate                

     1630  methyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-20-methyl-8-iso-

           13-cis-prostenoate (Example 1379)                                   

                          methyl 8.alpha.-methyl-9.alpha. /.beta.,11.alpha.,15-

                          trihydroxy-20-methyl-8-iso-13-cis-prostenoate        

     1631  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,7b-bis-homo-13-

           trans,17-cis-prostadienoate (Example 1380)                          

                          ethyl 8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-tri

                          hydroxy-7a,7b-bis-homo-13-trans,17-cis-prostadienoate

                          5                                                    

     1632  ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,7b-bis-homo-8-

           iso-13-trans,17-cis-prostadienoate (Example 1380)                   

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,11.alpha.,15-tr

                          ihydroxy-7a,7b-bis-homo-8-iso-13-trans,17-cis-prostad

                          ienoate                                              

     1633  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,7b-bis-homo-13-

           cis-17-cis-prostadienoate (Example 1380)                            

                          ethyl 8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-tri

                          hydroxy-7a,7b-bis-homo-13-cis,17-cis-prostadienoate  

     1634  ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-7a,7b-bis-homo-8-

           iso-13-cis,17-cis-prostadienoate (Example 1380)                     

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,11.alpha.,15-tr

                          ihydroxy-7a,7b-bis-homo-8-iso-13-cis-17-cis-prostadie

                          noate                                                

     1635  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-ethyl-16,16-dime

           thyl-13-trans-prostenoate (Example 1381)                            

                          ethyl 8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-tri

                          hydroxy-2-ethyl-16,16-dimethyl-13-trans-prostenoate  

     1636  ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-ethyl-16,16-dim

           ethyl-8-iso-13-trans-prostenoate (Example 1381)                     

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,11.alpha.,15-tr

                          ihydroxy-2-ethyl-16,16-dimethyl-8-iso-13-trans-proste

                          noate                                                

     1637  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-2-ethyl-16,16-dime

           thyl-13-cis-prostenoate (Example 1381)                              

                          ethyl 8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-tri

                          hydroxy-2-ethyl-16,16-dimethyl-13-cis-prostenoate    

     1638  ethyl 8.alpha.-methyl-9-oxo-11.alpha.,11.alpha.,15-dihydroxy-2-ethyl

           -16,16-dimethyl-8-iso-13-cis-prostenoate (Example                   

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,11.alpha.,15-tr

                          ihydroxy-2-ethyl-16,16-dimethyl-8-iso-13-cis-prosteno

                          ate                                                  

     1639  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3,17,17-tetramet

           hyl-13-trans-prostenoate (Example 1382)                             

                          ethyl 8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-tri

                          hydroxy-3,3,17,17-tetramethyl-13-trans-prostenoate   

     1640  ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3,17,17-tetrame

           thyl-8-iso-13-trans-prostenoate (Example 1382)                      

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,11.alpha.,15-tr

                          ihydroxy-3,3,17,17-tetramethyl-8-iso-13-trans-prosten

                          oate                                                 

     1641  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3,17,17-tetramet

           hyl-13-cis-prostenoate (Example 1382)                               

                          ethyl 8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-tri

                          hydroxy-3,3,17,17-tetramethyl-13-cis-prostenoate     

     1642  ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3,3,17,17-tetrame

           thyl-8-iso-13-cis-prostenoate (Example 1382)                        

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,11.alpha.,15-tr

                          ihydroxy-3,3,17,17-tetramethyl-8-iso-13-cis-prostenoa

                          te                                                   

     1643  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-17,17-dimeth

           yl-13-trans-prostenoate (Example 1383)                              

                          ethyl 8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-tri

                          hydroxy-3-oxa-17,17-dimethyl-13-trans-prostenoate    

     1644  ethyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-17,17-dimet

           hyl-8-iso-13-trans-prostenoate (Example 1383)                       

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,11.alpha.,15-tr

                          ihydroxy-3-oxa-17,17-dimethyl-8-iso-13-trans-prosteno

                          ate                                                  

     1645  ethyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-3-oxa-17,17-dimeth

           yl-13-cis-prostenoate (Example 1383)                                

                          ethyl 8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-tri

                          hydroxy-3-oxa-17,17-dimethyl-13-cis-prostenoate      

     1646  ethyl 8.alpha.-methyl-9-oxo-11.alpha.-15-dihydroxy-3-oxa-17,17-dimet

           hyl-8-iso-13-cis-prostenoate (Example 1383)                         

                          ethyl 8.alpha.-methyl-9.alpha./.beta.,11.alpha.-15-tr

                          ihydroxy-3-oxa-17,17-dimethyl-8-iso-13-cis-prostenoat

                          e                                                    

     1647  butyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-13-trans-prostenoa

           te (Example 1384)                                                   

                          butyl 8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-tri

                          hydroxy-13-trans-prostenoate                         

     1648  butyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-13-transpro

           stenoate (Example 1384)                                             

                          butyl 8.alpha.-methyl-9.alpha./.beta.,11.alpha.,15-tr

                          ihydroxy-8-iso-13-trans-prostenoate                  

     1649  butyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-13-cis-prostenoate

            (Example 1384)                                                     

                          butyl 8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-tri

                          hydroxy-13-cis-prostenoate                           

     1650  butyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-13-cis-pros

           tenoate (Example 1384)                                              

                          butyl 8.alpha.-methyl-9.alpha./.beta.,11.alpha.,15-tr

                          ihydroxy-8-iso-13-cis-prostenoate                    

     1651  decyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-13-trans,17-cis-pr

           ostadienoate (Example 1385)                                         

                          decyl 8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-tri

                          hydroxy-13-trans,17-cis-prostadienoate               

     1652  decyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-13-trans,17

           -cis-prostadienoate (Example 1385)                                  

                          decyl 8.alpha.-methyl-9.alpha./.beta.,11.alpha.,15-tr

                          ihydroxy-8-iso-13-trans,17-cis-prostadienoate        

     1653  decyl 8.beta.-methyl-9-oxo-11.alpha.,15-dihydroxy-13-cis,17-cis-pros

           tadienoate (Example 1385)                                           

                          decyl 8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-tri

                          hydroxy-13-cis,17-cis-prostadienoate                 

     1654  decyl 8.alpha.-methyl-9-oxo-11.alpha.,15-dihydroxy-8-iso-13-cis,17-c

           is-prostadienoate (Example 1385)                                    

                          decyl 8.alpha.-methyl-9.alpha./.beta.,11.alpha.,15-tr

                          ihydroxy-8-iso-13-cis,17-cis-prostadienoate          

     ______________________________________                                    

PAC  EXAMPLES 1655-1781
PAR  Saponification of the alkyl esters designated in Table 43 below by the
      procedure described in Example 495 is productive of the carboxylic acids
      of the table. The epimeric 9.alpha. and 9.beta. hydroxy products are
      separable by the usual chromatographic procedures.
TBL                TABLE 43                                                    

     ______________________________________                                    

     Ex-   Starting alkyl                                                      

     ample prostenoate    Product prostenoic acid                              

     ______________________________________                                    

     1655  11-deoxy-8.beta.-methyl-prostaglandin E.sub.1 methyl ester (Example 

           1188)          11-deoxy-8.beta.-methyl-prostaglandin E.sub.1        

     1656  11-deoxy-8.alpha.-methyl-8-iso-prostaglandin E.sub.1 methyl ester   

           (Example 1188) 11-deoxy-8.alpha.-methyl-8-iso-prostaglandin         

                          E.sub.1                                              

     1657  methyl 15-hydroxy-8.beta.-methyl 9-oxo-13-cis-prostenoate (Example  

           1188)          15-hydroxy-8.beta.-methyl-9-oxo-13-cis-prostenoic    

                          acid                                                 

     1658  methyl-15-hydroxy-8.alpha.-methyl-8-iso-9-oxo-13-cis-prostenoate    

           (Example 1188) 15-hydroxy-8.alpha.-methyl-8-iso-9-oxo-13-cis-prosten

                          oic acid                                             

     1659  11-deoxy-8.beta.-methyl-prostaglandin F.sub.1 .alpha./.beta. methyl 

           esters (Ex. 1206)                                                   

                          11-deoxy-8.beta.-methyl-prostaglandin F.sub.1        

                          .alpha./.beta.                                       

     1660  11-deoxy-8.alpha.-methyl-8-iso-prostaglandin F.sub.1 .alpha./.beta. 

           methyl esters (Example 1207)                                        

                          11-deoxy-8.alpha.-methyl-8-iso-prostaglandin F.sub.1 

                          .alpha./.beta.                                       

     1661  methyl 9.alpha.,15-dihydroxy-8.beta.-methyl-13-cis-prostenoate      

           (Example 1208) 9.alpha.,15-dihydroxy-8.beta.-methyl-13-cis-prostenoi

                          c acid                                               

     1662  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-13-trans-proste

           noate (Example 1190)                                                

                          8.beta.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-13-tra

                          ns-prostenoic acid                                   

     1663  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-8-iso-13-trans

           -prostenoate (Example 1190)                                         

                          8.alpha.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-8-iso

                          -13-trans-prostenoic acid                            

     1664  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-13-cis-prosteno

           ate (Example 1190)                                                  

                          8.beta.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-13-cis

                          -prostenoic acid                                     

     1665  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-8-iso-13-cis-p

           rostenoate (Example 1190)                                           

                          8.alpha.-methyl-9-oxo-15-hydroxy-16,16-dimethyl-8-iso

                          -13-cis-prostenoic acid                              

     1666  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-17,17-dimethyl-13-trans-proste

           noate (Example 1191)                                                

                          8.beta.-methyl-9-oxo-15-hydroxy-17,17-dimethyl-13-tra

                          ns-prostenoic acid                                   

     1667  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-17,17-dimethyl-8-iso-13-trans

           -prostenoate (Example 1191)                                         

                          8.alpha.-methyl-9-oxo-15-hydroxy-17,17-dimethyl-8-iso

                          -13-trans-prostenoic acid                            

     1668  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-17,17-dimethyl-13-cis-prosteno

           ate (Example 1191)                                                  

                          8.beta.-methyl-9-oxo-15-hydroxy-17,17-dimethyl-13-cis

                          -prostenoic acid                                     

     1669  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-17,17-dimethyl-8-iso-13-cis-p

           rostenoate (Example 1191)                                           

                          8.alpha.-methyl-9-oxo-15-hydroxy-17,17-dimethyl-8-iso

                          -13-cis-prostenoic acid                              

     1670  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-13-trans,17-cis-prostadienoate

            (Example 1192)                                                     

                          8.beta.-methyl-9-oxo-15-hydroxy-13-trans,17-cis-prost

                          adienoic acid                                        

     1671  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-13-trans,17-cis-prostad

           ienoate (Example 1192)                                              

                          8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-13-trans,17-ci

                          s-prostadienoic acid                                 

     1672  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-13-cis,17-cis-prostadienoate  

           (Example 1192) 8.beta.-methyl-9-oxo-15-hydroxy-13-cis,17-cis-prostad

                          ienoic acid                                          

     1673  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-13-cis,17-cis-prostadie

           noate (Example 1192)                                                

                          8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-13-cis,17-cis-

                          prostadienoic acid                                   

     1674  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-20-ethyl-13-trans-prostenoate 

           (Example 1193) 8.beta.-methyl-9-oxo-15-hydroxy-20-ethyl-13-trans-pro

                          stenoic acid                                         

     1675  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-ethyl-8-iso-13-trans-prost

           enoate (Example 1193)                                               

                          8.alpha.-methyl-9-oxo-15-hydroxy-20-ethyl-8-iso-13-tr

                          ans-prostenoic acid                                  

     1676  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-20-ethyl-13-cis-prostenoate   

           (Example 1193) 8.beta.-methyl-9-oxo-15-hydroxy-20-ethyl-13-cis-prost

                          enoic acid                                           

     1677  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-ethyl-8-iso-13-cis-prosten

           oate (Example 1193)                                                 

                          8.alpha.-methyl-9-oxo-15-hydroxy-20-ethyl-8-iso-13-ci

                          s-prostenoic acid                                    

     1678  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-13-trans-prosten

           oate (Example 1195)                                                 

                          8.beta.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-13-tran

                          s-prostenoic acid                                    

     1679  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-8-iso-13-trans-

           prostenoate (Example 1195)                                          

                          8.alpha.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-8-iso-

                          13-trans-prostenoic acid                             

     1680  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-13-cis-prostenoa

           te (Example 1195)                                                   

                          8.beta.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-13-cis-

                          prostenoic acid                                      

     1681  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-8-iso-13-cis-pr

           ostenoate (Example 1195)                                            

                          8.alpha.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-8-iso-

                          13-cis-prostenoic acid                               

     1682  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2,20-bisethyl-13-trans-prosten

           oate (Example 1196)                                                 

                          8.beta.-methyl-9-oxo-15-hydroxy-2,20-bisethyl-13-tran

                          s-prostenoic acid                                    

     1683  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2,20-bisethyl-8-iso-13-trans-

           prostenoate (Example 1196)                                          

                          8.alpha.-methyl-9-oxo-15-hydroxy-2,20-bisethyl-8-iso-

                          13-trans-prostenoic acid                             

     1684  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2,20-bisethyl-13-cis-prostenoa

           te (Example 1196)                                                   

                          8.beta.-methyl-9-oxo-15-hydroxy-2,20-bisethyl-13-cis-

                          prostenoic acid                                      

     1685  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2,20-bisethyl-8-iso-13-cis-pr

           ostenoate (Example 1196)                                            

                          8.alpha.-methyl-9-oxo-15-hydroxy-2,20-bisethyl-8-iso-

                          13-cis-prostenoic acid                               

     1686  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl-13-trans-

           prostenoate (Example 1197)                                          

                          8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl-

                          13-trans-prostenoic acid                             

     1687  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl-8-iso-13

           -trans-prostenoate (Example 1197)                                   

                          8.alpha.-methyl-9-oxo-15-hydroxy-15-oxa-16,16-dimethy

                          l-8-iso-13-trans-prostenoic acid                     

     1688  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl-13-cis-pr

           ostenoate (Example 1197)                                            

                          8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl-

                          13-cis-prostenoic acid                               

     1689  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl-8-iso-13

           -cis-prostenoate (Example 1197)                                     

                          8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl

                          -8-iso-13-cis-prostenoic acid                        

     1690  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-13-trans,16-cis-prostadi

           enoate (Example 1198)                                               

                          8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-13-trans,17-cis

                          -prostadienoic acid                                  

     1691  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-8-iso-13-trans,17-cis-p

           rostadienoate (Example 1198)                                        

                          8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-8-iso-13-trans

                          ,17-cis-prostadienoic acid                           

     1692  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-13-cis,17-cis-prostadien

           oate (Example 1198)                                                 

                          8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-13-cis,17-cis-p

                          rostadienoic acid                                    

     1693  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-8-iso-13-cis,17-cis-pro

           stadienoate (Example 1198)                                          

                          8.alpha.-methyl-9-oxo-15-hydroxy-3-oxa-8-iso-13-cis,1

                          7-cis-prostadienoic acid                             

     1694  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-7-nor-20-methyl-13-trans-prost

           enoate (Example 1199)                                               

                          8.beta.-methyl-9-oxo-15-hydroxy-7-nor-20-methyl-13-tr

                          ans-prostenoic acid                                  

     1695  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-7-nor-20-methyl-8-iso-13-tran

           s-prostenoate (Example 1199)                                        

                          8.alpha.-methyl-9-oxo-15-hydroxy-7-nor-20-methyl-8-is

                          o-13-trans-prostenoic acid                           

     1696  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-7-nor-20-methyl-13-cis-prosten

           oate (Example 1199)                                                 

                          8.beta.-methyl-9-oxo-15-hydroxy-7-nor-20-methyl-13-ci

                          s-prostenoic acid                                    

     1697  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-7-nor-20-methyl-8-iso-13-cis-

           prostenoate (Example 1199)                                          

                          8.alpha.-methyl-9-oxo-15-hydroxy-7-nor-20-methyl-8-is

                          o-13-cis-prostenoic acid                             

     1698  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2-fluoro-17,17-dimethyl-13-tra

           ns-prostenoate (Example 1200)                                       

                          8.beta.-methyl-9-oxo-15-hydroxy-2-fluoro-17,17-dimeth

                          yl-13-trans-prostenoic acid                          

     1699  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2-fluoro-17,17-dimethyl-8-iso

           -13-trans-prostenoate (Example 1200)                                

                          8.alpha.-methyl-9-oxo-15-hydroxy-2-fluoro-17,17-dimet

                          hyl-8-iso-13-trans-prostenoic acid                   

     1700  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2-fluoro-17,17-dimethyl-13-cis

           -prostenoate (Example 1200)                                         

                          8.beta.-methyl-9-oxo-15-hydroxy-2-fluoro-17,17-dimeth

                          yl-13-cis-prostenoic acid                            

     1701  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-17,17-dimethyl-8-iso-13-cis-p

           rostenoate (Example 1200)                                           

                          8.alpha.-methyl-9-oxo-15-hydroxy-2-fluoro-17,17-dimet

                          hyl-8-iso-13-cis-prostenoic acid                     

     1702  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-10a-homo-13-trans-prostenoate 

           (Example 1201) 8.beta.-methyl-9-oxo-15-hydroxy-10a-homo-13-trans-pro

                          stenoic acid                                         

     1703  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-10a-homo-8-iso-13-trans-prote

           noate (Example 1201)                                                

                          8.alpha.-methyl-9-oxo-15-hydroxy-10a-homo-8-iso-13-tr

                          ans-prostenoic acid                                  

     1704  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-10a-homo-13-cis-prostenoate   

           (Example 1201) 8.beta.-methyl-9-oxo-15-hydroxy-10a-homo-13-cis-prost

                          enoic acid                                           

     1705  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-10a-homo-8-iso-13-cis-prosten

           oate (Example 1201)                                                 

                          8.alpha.-methyl-9-oxo-15-hydroxy-10a-homo-8-iso-13-ci

                          s-prostenoic acid                                    

     1706  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2-phenyl-20-methyl-13-trans-pr

           ostenoate (Example 1202)                                            

                          8.beta.-methyl-9-oxo-15-hydroxy-2-phenyl-20-methyl-13

                          -trans-prostenoic acid                               

     1707  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2-phenyl-20-methyl-8-iso-13-t

           rans-prostenoate (Example 1202)                                     

                          8.alpha.-methyl-9-oxo-15-hydroxy-2-phenyl-20-methyl-8

                          -iso-13-trans-prostenoic acid                        

     1708  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-2-phenyl-20-methyl-13-cis-pros

           tenoate (Example 1202)                                              

                          8.beta.-methyl-9-oxo-15-hydroxy-2-phenyl-20-methyl-13

                          -cis-prostenoic acid                                 

     1709  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-2-phenyl-20-methyl-8-iso-13-c

           is-prostenoate (Example 1202)                                       

                          8.alpha.-methyl-9-oxo-15-hydroxy-2-phenyl-20-methyl-8

                          -iso-13-cis-prostenoic acid                          

     1710  methyl 8.beta.-methyl-9-oxo-15-hydroxy-5-cis,13-trans,17-cis-prostat

           rienoate (Example 1203)                                             

                          8.beta.-methyl-9-oxo-15-hydroxy-5-cis,13-trans,17-cis

                          -prostatrienoic acid                                 

     1711  methyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5-cis,13-trans,17-cis-

           prostatrienoate (Example 1203)                                      

                          8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5-cis,13-trans

                          ,17-cis-prostatrienoic acid                          

     1712  methyl 8.beta.-methyl-9-oxo-15-hydroxy-5-cis,13-cis,17-cis-prostatri

           enoate (Example 1203)                                               

                          8.beta.-methyl-9-oxo-15-hydroxy-5-cis,13-cis,        

                          17-cis-prostatrienoic acid                           

     1713  methyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5-cis,13-cis,17-cis-pr

           ostatrienoate (Example 1203)                                        

                          8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5-cis,13-cis,1

                          7-cis-prostatrienoic acid                            

     1714  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-5-cis,13-trans-prostadienoate 

           (Example 1204) 8.beta.-methyl-9-oxo-15-hydroxy-5-cis,13-trans-prosta

                          dienoic acid                                         

     1715  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5-cis,13-trans-prostadi

           enoate (Example 1204)                                               

                          8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5-cis,13-trans

                          -prostadienoic acid                                  

     1716  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-5-cis,13-cis-prostadienoate   

           (Example 1204) 8.beta.-methyl-9-oxo-15-hydroxy-5-cis,13-cis-prostadi

                          enoic acid                                           

     1717  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5-cis,13-cis-prostadien

           oate (Example 1204)                                                 

                          8.alpha.-methyl-9-oxo-15-hydroxy-8-iso-5-cis,13-cis-p

                          rostadienoic acid                                    

     1718  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-20-ethyl-5-cis,13-trans-prosta

           dienoate (Example 1205)                                             

                          8.beta.-methyl-9-oxo-15-hydroxy-20-ethyl-5-cis,13-tra

                          ns-prostadienoic acid                                

     1719  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-ethyl-8-iso-5-cis,13-trans

           -prostadienoate (Example 1205)                                      

                          8.alpha.-methyl-9-oxo-15-hydroxy-20-ethyl-8-iso-5-cis

                          ,13-trans-prostadienoic acid                         

     1720  ethyl 8.beta.-methyl-9-oxo-15-hydroxy-20-ethyl-5-cis,13-cis-prostadi

           enoate (Example 1205)                                               

                          8.beta.-methyl-9-oxo-15-hydroxy-20-ethyl-5-cis,13-cis

                          -prostadienoic acid                                  

     1721  ethyl 8.alpha.-methyl-9-oxo-15-hydroxy-20-ethyl-8-iso-5-cis,13-cis-p

           rostadienoate (Example 1205)                                        

                          8.alpha.-methyl-9-oxo-15-hydroxy-20-ethyl-8-iso-5-cis

                          ,13-cis-prostadienoic acid                           

     1722  1210           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-16,16-dim

                          ethyl-13-trans-prostenoic acid                       

     1723  1211           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-16,16-di

                          methyl-8-iso-13-trans-prostenoic acid                

     1724  1212           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-16,16-dim

                          ethyl-3-cis-prostenoic acid                          

     1725  1213           8.alpha.-methyl-9.alpha.,.beta.,15-dihydroxy-16,16-di

                          methyl-8-iso-13-cis-prostenoic acid                  

     1726  1214           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-17,17-dim

                          ethyl-13-trans-prostenoic acid                       

     1727  1215           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-17,17-di

                          methyl-8-iso-13-trans-prostenoic acid                

     1728  1216           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-17,17-dim

                          ethyl-13-cis-prostenoic acid                         

     1729  1217           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-17,17-di

                          methyl-8-iso-13-cis-protenoic acid                   

     1730  1218           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-13-trans,

                          17-cis-prostadienoic acid                            

     1731  1219           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-8-iso-13

                          -trans,17-cis-prostadienoic acid                     

     1732  1220           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-13-cis,17

                          -cis-prostadienoic acid                              

     1733  1221           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-8-iso-13

                          -cis,17-cis-prostadienoic acid                       

     1734  1222           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-20-ethyl-

                          13-trans-prostenoic acid                             

     1735  1223           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-20-ethyl

                          -8-iso-13-trans-prostenoic acid                      

     1736  1224           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-20-ethyl-

                          13-cis-prostenoic acid                               

     1737  1225           8.alpha.-methyl-9.alpha./.beta.,15-dihyroxy-20-ethyl-

                          8-iso-13-cis-prostenoic acid                         

     1738  1230           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-7a,7b-bis

                          homo-13-trans-prostenoic acid                        

     1739  1231           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-7a,7b-bi

                          shomo-8-iso-13-trans-prostenoic acid                 

     1740  1232           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-7a,7b-bis

                          homo-13-cis-prostenoic acid                          

     1741  1233           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-7a,7b-bi

                          shomo-8-iso-13-cis-prostenoic acid                   

     1742  1234           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-2,20-bise

                          thyl-13-trans-prostenoic acid                        

     1743  1235           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-2,20-bis

                          ethyl-8-iso-13-trans-prostenoic acid                 

     1744  1236           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-2,20-bise

                          thyl-13-cis-prostenoic acid                          

     1745  1237           8.alpha.-methyl-9.alpha./.beta.,16-dihydroxy-2,20-bis

                          ethyl-8-iso-13-cis-prostenoic acid                   

     1746  1238           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-3-oxa-16,

                          16-dimethyl-13-trans-prostenoic acid                 

     1747  1239           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-3-oxa-16

                          ,16-dimethyl-8-iso-13-trans-prostenoic acid          

     1748  1240           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-3-oxa-16,

                          16-dimethyl-13-cis-prostenoic acid                   

     1749  1241           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-3-oxa-16

                          ,16-dimethyl-8-iso-13-cis-prostenoic acid            

     1750  1242           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-3-oxa-13-

                          trans,17-cis-prostadienoic acid                      

     1751  1243           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-3-oxa-8-

                          iso-13-trans,17-cis-prostadienoic acid               

     1752  1244           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-3-oxa-13-

                          cis,17-cis-prostadienoic acid                        

     1753  1245           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-3-oxa-8-

                          iso-13-cis,17-cis-prostadienoic acid                 

     1753  1245           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-3-oxa-8-

                          iso-13-cis,17-cis-prostadienoic acid                 

     1754  1246           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-7-nor-20-

                          methyl-13-trans-prostenoic acid                      

     1755  1247           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-7-nor-20

                          -methyl-8-iso-13-trans-prostenoic acid               

     1756  1248           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-7-nor-20-

                          methyl-13-cis-prostenoic acid                        

     1757  1249           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-7-nor-20

                          -methyl-8-iso-13-cis-prostenoic acid                 

     1758  1250           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-2-fluoro-

                          17,17-dimethyl-13-trans-prostenoic acid              

     1759  1251           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-2-fluoro

                          -17,17-dimethyl-8-iso-13-trans-prostenoic acid       

     1760  1252           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-2-fluoro-

                          17,17-dimethyl-13-cis-prostenoic acid                

     1761  1253           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-2-fluoro

                          -17,17-dimethyl-8-iso-13-cis-prostenoic acid         

     1762  1254           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-10a-homo-

                          13-trans-prostenoic acid                             

     1763  1255           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-10a-homo

                          -8-iso-13-trans-prostenoic acid                      

     1764  1256           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-10a-homo-

                          13-cis-prostenoic acid                               

     1765  1257           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-10a-homo

                          -8-iso-13-cis-prostenoic acid                        

     1766  1258           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-2-phenyl-

                          20-methyl-13-trans-prostenoic acid                   

     1767  1259           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-2-phenyl

                          -20-methyl-8-iso-13-trans-prostenoic acid            

     1768  1260           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-2-phenyl-

                          20-methyl-13-cis-prostenoic acid                     

     1769  1261           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-2-phenyl

                          -20-methyl-8-iso-13-cis-prostenoic acid              

     1770  1262           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-5-cis,13-

                          trans,17-cis-prostatrienoic acid                     

     1771  1263           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-8-iso-5-

                          cis,13-trans,17-cis-prostatrienoic acid              

     1772  1264           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-5-cis,13-

                          cis,17-cis-prostatrienoic acid                       

     1773  1265           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-8-iso-5-

                          cis,13-cis,17-cis-prostatrienoic acid                

     1774  1266           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-5-cis,13-

                          trans-prostadienoic acid                             

     1775  1267           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-8-iso-5-

                          cis,13-trans-prostadienoic acid                      

     1776  1268           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-5-cis,13-

                          cis-prostadienoic acid                               

     1777  1269           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-8-iso-5-

                          cis,13-cis-prostadienoic acid                        

     1778  1270           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-20-ethyl-

                          5-cis,13-trans-prostadienoic acid                    

     1779  1271           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-20-ethyl

                          -8-iso-5-cis,13-trans-prostadienoic acid             

     1780  1272           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-20-ethyl-

                          5-cis,13-cis-prostadienoic acid                      

     1781  1273           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-20-ethyl

                          -8-iso-5-cis,13-cis-prostadienoic acid               

     ______________________________________                                    

PAC  EXAMPLES 1782-1815
PAR  Catalytic hydrogenation of the 13-trans-prostenoic acids or esters listed
      below in Table 44 by the procedure described in Example 699 furnishes the
      product prostanoic acids of the table.
TBL                TABLE 44                                                    

     ______________________________________                                    

           Starting 13-   Products                                             

     Ex-                                                                       

     trans-prostenoic                                                          

           8-methylprostanoic                                                  

     ample acid or ester of                                                    

                          acids or esters                                      

           Example                                                             

     ______________________________________                                    

     1782  1206           Methyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-pr

                          ostanoate                                            

     1783  1207           Methyl 8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-8

                          -iso-prostanoate                                     

     1784  1210           Ethyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-16,

                          16-dimethyl-prostanoate                              

     1785  1226           Decyl 8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-20-

                          methyl-prostanoate                                   

     1786  1655           8.beta.-methyl-9-oxo-15-dihydroxy-prostanoic acid    

     1787  1656           8.alpha.-methyl-9-oxo-15-dihydroxy-8-iso-prostanoic  

                          acid                                                 

     1788  1659           8.beta.-methyl-9.alpha./.beta.,15-dihydroxy-prostanoi

                          c acid                                               

     1789  1660           8.alpha.-methyl-9.alpha./.beta.,15-dihydroxy-8-iso-pr

                          ostanoic acid                                        

     1790  1678           8.beta.-methyl-9-oxo-15-hydroxy-7a,7b-bishomo-prostan

                          oic acid                                             

     1791  1683           8.alpha.-methyl-9-oxo-15-hydroxy-2,20-bisethyl-8-iso-

                          prostanoic acid                                      

     1792  1686           8.beta.-methyl-9-oxo-15-hydroxy-3-oxa-16,16-dimethyl-

                          prostanoic acid                                      

     1793  1694           8.beta.-methyl-9-oxo-15-hydroxy-7-nor-20-methyl-prost

                          anoic acid                                           

     1794  1702           8.beta.-methyl-9-oxo-15-hydroxy-10a-homo-prostanoic  

                          acid                                                 

     1795  1523           8.beta.-methyl-9.alpha./.beta.,15-trihydroxy-prostano

                          ic acid                                              

     1796  1524           8.alpha.-methyl-9.alpha./.beta.,15-trihydroxy-8-iso-p

                          rostanoic acid                                       

     1797  1527           8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-trihydrox

                          y-16,16-dimethyl-prostanoic acid                     

     1798  1531           8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-trihydrox

                          y-17,17-dimethyl-prostanoic acid                     

     1799  1539           8.beta.-methyl-9.alpha./.beta.-11.alpha.,15-trihydrox

                          y-20-ethyl-prostanoic acid                           

     1800  1552           8.alpha.-methyl-9.alpha./.beta.,11.alpha.,15-trihydro

                          xy-7a,7b-bishomo-8-iso-prostanoic acid               

     1801  1551           8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-trihydrox

                          y-7a,7b-bishomo-prostanoic acid                      

     1802  1555           8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-trihydrox

                          y-2-ethyl-prostanoic acid                            

     1803  1559           8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-trihydrox

                          y-3,3,20-trimethyl-prostanoic acid                   

     1804  1563           8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-trihydrox

                          y-3-oxa-prostanoic acid                              

     1805  1567           8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-trihydrox

                          y-3-oxa-16,16-dimethyl-prostanoic acid               

     1806  1587           8.beta.-methyl-9.alpha./.beta.,11.alpha.,15-trihydrox

                          y-7a-homo-16,16-dimethyl-prostanoic acid             

     1807  1643           Ethyl 8.beta.-methyl-9.alpha./.beta.,11.alpha.,15    

                          trihydroxy-3-oxa-17,17-dimethyl-prostanoic acid      

     1808  1816           8.beta.,15-dimethyl-9.alpha./.beta.,15-dihydroxy-pros

                          tanoic acid                                          

     1809  1817           8.beta.,15-dimethyl-9-oxo-15-hydroxy-prostanoic      

                          acid                                                 

     1810  1819           8.alpha.,15-dimethyl-9-oxo-15-hydroxy-8-iso-prostanoi

                          c acid                                               

     1811  1834           8.beta.,15-dimethyl-9.alpha./.beta.,11.alpha.,15-trih

                          ydroxy-prostanoic acid                               

     1812  1835           8.beta.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-pros

                          tanoic acid                                          

     1813  1837           8.alpha.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-8-i

                          so-prostanoic acid                                   

     1814  1843           8.beta.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-7a,7

                          b-bishomo-prostanoic acid                            

     1815  1849           8.beta.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-3-ox

                          a-prostanoic acid                                    

     ______________________________________                                    

PAC  EXAMPLES 1816-1859
PAR  Treatment by the procedure described in Example 1082 of the
      8-methyl-9.alpha./.beta.,15-dihydroxy-prostenoic acids listed in Table 45
      below successively with 2,3-dichloro-5,6-dicyanobenzoquinone to give the
      corresponding 15-keto derivatives; 2.4 equivalents each of triethylamine
      and trimethylsilyl chloride to give the corresponding
      9.alpha./.beta.-O-trimethylsilyl ether trimethylsilyl prostenoate ester in
      the instance of the 11.alpha.-hydroxy derivatives an additional 1.1
      equivalent each of triethylamine and trimethylsilyl chloride is used and
      the 11.alpha.-O-trimethylsilyl ether derivative is obtained); methyl
      magnesium bromide to give the 15-methyl-15-hydroxy bis or tris
      trimethylsilyl blocked ether-ester; methanol-water-acetic acid for
      deblocking of the trimethylsilyl ether and ester blocking groups to give
      the listed 9.alpha./.beta.-hydroxy-15-methyl-15-hydroxy derivatives. In
      the 11-deoxy series treatment of these
      9.alpha./.beta.-hydroxy-15-methyl-15-hydroxy products with Collins reagent
      in methylene chloride provides the corresponding
      11-deoxy-9-oxo-15-hydroxy-15-methyl-prostenoic acids, also listed in the
      table. In the 11.alpha.-hydroxy series, treatment of the
      9.alpha./.beta.,11.alpha. -15-trihydroxy-15-methyl derivatives with 1.1
      molar equivalents each of triethylamine and trimethylsilyl chloride
      provides the corresponding
      11.alpha.-O-trimethylsilyloxy-9.alpha./.beta.,15-dihydroxy derivative,
      which on oxidation in the usual way with Collins reagent in methylene
      chloride followed by silyl ether cleavage (treatment with
      methanol-water-acetic acid by the procedure described in Example 1082)
      provides the corresponding
      9-oxo-11.alpha.,15-dihydroxy-15-methyl-prostenoic acids of the Table.
TBL                TABLE 45                                                    

     ______________________________________                                    

     Ex-   Starting 9.alpha./.beta., (or                                       

     ample 9.alpha.),15-dihydroxy-                                             

                          Product                                              

           or 9.alpha./.beta. (or 9.alpha.),                                   

                          8,15-dimethyl-15-hy-                                 

           11.alpha.,15-trihydroxy                                             

                          droxy-prostanoic                                     

           derivative of  acids                                                

           Example                                                             

     ______________________________________                                    

     1816  1659           8.beta.,15-dimethyl-9.alpha.,.beta.,15-dihydroxy-13-t

                          rans-prostenoic acid                                 

     1817  1659           8.beta.,15-dimethyl-9-oxo-15-hydroxy-13-trans-prosten

                          oic acid                                             

     1818  1660           8.alpha.,15-dimethyl-9.alpha.,15-dihydroxy-8-iso-13-t

                          rans-prostenoic acid                                 

     1819  1660           8.alpha.,15-dimethyl-9-oxo-15-hydroxy-8-iso-13-trans-

                          prostenoic acid                                      

     1820  1730           8.beta.,15-dimethyl-9.alpha./.beta.,15-dihydroxy-13-t

                          rans,17-cis-prostadienoic acid                       

     1821  1730           8.beta.,15-dimethyl-9-oxo-15-hydroxy-13-trans-17-cis-

                          prostadienoic acid                                   

     1822  1731           8.alpha.,15-dimethyl-9.alpha./.beta.,15-dihydroxy-8-i

                          so-13-trans,17-cis-prostandienoic acid               

     1823  1731           8.alpha.,15-dimethyl-9-oxo-15-hydroxy-8-iso-13-trans,

                          17-cis-prostadienoic acid                            

     1824  1738           8.beta.,15-dimethyl-9.alpha.,.beta.,15-dihydroxy-7a,7

                          b-bishomo-13-trans-prostenoic acid                   

     1825  1738           8.beta.,15-dimethyl-9-oxo-15-hydroxy-7a,7b-bishomo-13

                          -trans-prostenoic acid                               

     1826  1746           8.beta.,15-dimethyl-9.alpha./.beta.,15-dihydroxy-3-ox

                          a-16,16-dimethyl-13-trans-prostenoic acid            

     1827  1746           8.beta.,15-dimethyl-9-oxo-15-hydroxy-3-oxa-16,16-dime

                          thyl-13-trans-prostenoic acid                        

     1828  1750           8.beta.,15-dimethyl-9.alpha./.beta.,15-dihydroxy-3-ox

                          a-13-trans,17-cis-prostadienoic acid                 

     1829  1750           8.beta.,15-dimethyl-9-oxo-15-hydroxy-3-oxa-13-trans,1

                          7-cis-prostadienoic acid                             

     1830  1770           8.beta.,15-dimethyl-9.alpha./.beta.,15-dihydroxy-5-ci

                          s,13-trans,17-cis-prostatrienoic acid                

     1831  1770           8.beta.,15-dimethyl-9-oxo-15-hydroxy-5-cis,13-trans,1

                          7-cis-prostatrienoic acid                            

     1832  1778           8.beta.,15-dimethyl-9.alpha./.beta.,15-dihydroxy-20-e

                          thyl-5-cis,13-trans-prostadienoic acid               

     1833  1778           8.beta.,15-dimethyl-9-oxo-15-hydroxy-20-ethyl-5-cis,1

                          3-trans-prostadienoic acid                           

     1834  1523           8.beta.,15-dimethyl-9.alpha./.beta.,11.alpha.,15-trih

                          ydroxy-13-trans-prostenoic acid                      

     1835  1523           8.beta.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-13-t

                          rans-prostenoic acid                                 

     1836  1524           8.alpha.,15-dimethyl-9.alpha./.beta.,11.alpha.,15-tri

                          hydroxy-8-iso-13-trans-prostenoic acid               

     1837  1524           8.alpha.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-8-i

                          so-13-trans-prostenoic acid                          

     1838  1535           8.beta.,15-dimethyl-9.alpha./.beta.,11.alpha.,15-trih

                          ydroxy-13-trans,17-cis-prostadienoic acid            

     1839  1535           8.beta.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-13-t

                          rans,17-cis-prostadienoic acid                       

     1840  1539           8.beta.,15-dimethyl-9.alpha./.beta.,11.alpha.,15-trih

                          ydroxy-20-ethyl-13-trans-prostenoic acid             

     1841  1539           8.beta.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-20-e

                          thyl-13-trans-prostenoic acid                        

     1842  1551           8.beta.,15-dimethyl-9.alpha./.beta.,11.alpha.,15-trih

                          ydroxy-7a,7b-bishomo-13-trans-prostenoic acid        

     1843  1551           8.beta.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-7a,7

                          b-bishomo-13-trans-prostenoic acid                   

     1844  1555           8.beta.,15-dimethyl-9.alpha./.beta.,11.alpha.,15-trih

                          ydroxy-2-ethyl-13-trans-prostenoic acid              

     1845  1555           8.beta.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-2-et

                          hyl-13-trans-prostenoic acid                         

     1846  1559           8.beta.,15-dimethyl-9.alpha./.beta.,11.alpha.,15-trih

                          ydroxy-3,3,20-trimethyl-13-trans-prostenoic acid     

     1847  1559           8.beta.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-3,3,

                          20-trimethyl-13-trans-prostenoic acid                

     1848  1563           8.beta.,15-dimethyl-9.alpha./.beta.,11.alpha.,15-trih

                          ydroxy-3-oxa-13-trans-prostenoic acid                

     1849  1563           8.beta.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-3-ox

                          a-13-trans-prostenoic acid                           

     1850  1571           8.beta.,15-dimethyl-9.alpha./.beta.,11.alpha.,15-trih

                          ydroxy-3-oxa-13-trans-7-cis-prostadienoic acid       

     1851  1571           8.beta.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-3-ox

                          a-13-trans,17-cis-prostadienoic acid                 

     1852  1599           8.beta.,15-dimethyl-9.alpha./.beta.,11.alpha.,15-trih

                          ydroxy-5-cis-13-trans-prostadienoic acid             

     1853  1599           8.beta.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-5-ci

                          s,13-trans-prostadienoic acid                        

     1854  1603           8.beta.,15-dimethyl-9.alpha./.beta.,11.alpha.,15-trih

                          ydroxy-5-cis,13-trans,17-cis-prostatrienoic acid     

     1855  1603           8.beta.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-5-ci

                          s,13-trans,17-cis-prostatrienoic acid                

     1856  1611           8.beta.,15-dimethyl-9.alpha./.beta.,11.alpha.,15-trih

                          ydroxy-4-nor-20-methyl-5-cis,13-trans-prostadienoic  

                          acid                                                 

     1857  1611           8.beta.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-4-no

                          r-20-methyl-5-cis,13-trans-prostadienoic acid        

     1858  1623           8.beta.,15-dimethyl-9.alpha./.beta.,11.alpha.,15-trih

                          ydroxy-4a,4b-bishomo-5-cis,13-trans,17-cis-prostatrie

                          noic acid                                            

     1859  1623           8.beta.,15-dimethyl-9-oxo-11.alpha.,15-dihydroxy-4a,4

                          b-bishomo-5-cis,13-trans,17-cis-prostatrienoic       

     ______________________________________                                    

                          acid                                                 

PAC  EXAMPLES 1860-1876
PAR  Treatment of the 8,15-dimethyl-9-oxo-11.alpha.-hydroxy derivatives listed
      in Table 46 below with aqueous acetic acid by the procedure described in
      Example 1387 is productive of the corresponding 10-prostenoic acid
      products of the table.
TBL                TABLE 46                                                    

     ______________________________________                                    

     Ex-   Starting 8,15-di-                                                   

     ample methyl-9-oxo-11.alpha.-                                             

                          Product                                              

     hydroxy deriva-                                                           

           8,15-dimethyl-9-oxo-                                                

           tives of Example                                                    

     10-prostenoic acid                                                        

     ______________________________________                                    

     1860  1835           8.beta.,15-dimethyl-9-oxo-15-hydroxy-10,13-trans-pros

                          tadienoic acid                                       

     1861  1837           8.alpha.,15-dimethyl-9-oxo-15-hydroxy-8-iso-10,13-tra

                          ns-prostadienoic acid                                

     1862  1839           8.beta.,15-dimethyl-9-oxo-15-hydroxy-10,13-trans,17-c

                          is-prostatrienoic acid                               

     1863  1841           8.beta.,15-dimethyl-9-oxo-15-hydroxy-20-ethyl-10,13-t

                          rans-prostadienoic acid                              

     1864  1843           8.beta.,15-dimethyl-9-oxo-15-hydroxy-7a,7b-bishomo-10

                          ,13-trans-prostadienoic acid                         

     1865  1845           8.beta.,15-dimethyl-9-oxo-15-hydroxy-2-ethyl-10,13-tr

                          ans-prostadienoic acid                               

     1866  1847           8.beta.,15-dimethyl-9-oxo-15-hydroxy-3,3,20-trimethyl

                          -10,13-trans-prostadienoic acid                      

     1867  1849           8.beta.,15-dimethyl-9-oxo-15-hydroxy-3-oxa-10,13-tran

                          s-prostadienoic acid                                 

     1868  1851           8.beta.,15-dimethyl-9-oxo-15-hydroxy-3-oxa-10,13-tran

                          s,17-cis-prostatrienoic acid                         

     1869  1853           8.beta.,15-dimethyl-9-oxo-15-hydroxy-5-cis,10,13-tran

                          s-prostatrienoic acid                                

     1870  1855           8.beta.,15-dimethyl-9-oxo-15-hydroxy-5-cis,10,13-tran

                          s,17-cis-prostatetraenoic acid                       

     1871  1857           8.beta.,15-dimethyl-9-oxo-15-hydroxy-4-nor-20-methyl-

                          5-cis,10,13-trans-prostatrienoic acid                

     1872  1859           8.beta.,15-dimethyl-9-oxo-15-hydroxy-4a,4b-bishomo-5-

                          cis,10,13-trans,17-cis-prostatetraenoic acid         

     1873  1812           8.beta.,15-dimethyl-9-oxo-15-hydroxy-10-prostenoic   

                          acid                                                 

     1874  1815           8.beta.,15-dimethyl-9-oxo-15-hydroxy-3-oxa-10-prosten

                          oic acid                                             

     1875  1814           8.beta.,15-dimethyl-9-oxo-15-hydroxy-7a,7b-bishomo-10

                          -prostenoic acid                                     

     1876  1813           8.alpha.,15-dimethyl-9-oxo-15-hydroxy-8-iso-10-proste

                          noic acid                                            

     ______________________________________                                    

PAC  EXAMPLE 1877
PAC  Preparation of 3-methoxy-1-octyne
PAR  To an ice-cooled solution of 63 g. of 1-octyn-3-ol in 300 ml. of
      dimethoxyethane is added under an inert atmosphere 312 ml. of 1.6 M
      n-butyllithium in hexane dropwise over 1 hour. To the mixture is then
      added 145 g. of methyl iodide and the resulting mixture is stirred at
      ambient temperatures for 24 hours and then heated to 60.degree.C. for 1
      hour. The mixture is cooled and poured into cold dilute hydrochloric acid.
      The organic phase is separated, washed with water and saturated brine,
      dried (Na.sub.2 SO.sub.4), and evaporated to an oil, dried (Na.sub.2
      SO.sub.4), and evaporated to an oil. Fractional distillation of the oil in
      vacuo yields the product as a colorless oil.
PAC  EXAMPLE 1878
PAC  Preparation of 1-Iodo-3-methoxy-trans-1-octene
PAR  Treatment of 3-methoxy-1-octyne (Example 1877) with disiamylborane,
      trimethylamine oxide, sodium hydroxide and iodine by the procedure
      described in Example 996 furnishes the title product.
PAC  EXAMPLE 1879
PAC  Preparation of 3-Methoxy-trans-1-octenyl lithium
PAR  Treatment of 1-iodo-3-methoxy-trans-1-octene (Example 1878) with butyl
      lithium in the manner of Example 961 pro provides a toluene-hexane
      solution of the subject trans-vinyl lithium derivative.
PAC  EXAMPLE 1880
PAC  Preparation of Lithium (3-methoxy-trans-1-octenyl)trimethylalanate
PAR  The subject alanate in hydrocarbon solution is prepared according to the
      method of Example 963 from a hydrocarbon solution of
      3-methoxy-trans-1-octenyl lithium(Exa (Example 1879) and
      trimethylaluminum.
PAC  EXAMPLES 1881-1895
PAR  Treatment of the cycloalkenones listed in Table 47 with
      lithium(3-methoxy-trans-1-octenyl)trimethylalanate (Example 1880) by the
      procedure described in Example 957 with the omission of the 80% aqueous
      acetic acid treatment (80.degree.C., 1 hour) followed by saponification of
      the intermediate alkyl prostenoates by the procedure described in Example
      122 furnishes the product 9-oxo-15-methoxy-13-trans-prostenoic acids of
      the table.
TBL                TABLE 47                                                    

     ______________________________________                                    

     Ex-   Starting cyclo-                                                     

                          Product 9-oxo-15-                                    

     ample alkenone of                                                         

     methoxy-13-trans-                                                         

           Example                                                             

     prostenoic acid                                                           

     ______________________________________                                    

     1881  23             9-oxo-7a,7b-bishomo-15-methoxy-13-trans-prostenoic   

                          acid                                                 

     1882  31             9-oxo-2-ethyl-15-methoxy-13-trans-prostenoic acid    

     1883  41             9-oxo-3,3-dimethyl-15-methoxy-13-trans-prostenoic    

                          acid                                                 

     1884  46             9-oxo-3-oxa-15-methoxy-13-trans-prostenoic acid      

     1885  53             9-oxo-7-nor-15-methoxy-13-trans-prostenoic acid      

     1886  70             9-oxo-2-fluoro-15-methoxy-13-trans-prostenoic acid   

     1887  74             9-oxa-7a-homo-15-methoxy-13-trans-prostenoic acid    

     1888  79             9-oxo-2-phenyl-15-methoxy-13-trans-prostenoic acid   

     1889  99             9-oxo-2-methyl-15-methoxy-13-trans-prostenoic acid   

     1890  111            9-oxo-10a-homo-15-methoxy-13-trans-prostenoic acid   

     1891  118            9-oxo-3-thia-15-methoxy-13-trans-prostenoic acid     

     1892  900            9-oxo-15-methoxy-5-cis,13-trans-prostadienoic acid   

     1893  1144           9-oxo-4-nor-15-methoxy-13-trans-prostadienoic acid   

     1894  1145           9-oxo-4-homo-15-methoxy-5-cis,13-trans-prostadienoic 

                          acid                                                 

     1895  1146           9-oxo-4a,4b-bishomo-15-methoxy-13-trans-prostadienoic

                           acid                                                

     ______________________________________                                    

PAC  EXAMPLES 1896-1910
PAR  Treatment of the 9-oxo-15-methoxy-13-trans-prostenoic acids listed in Table
      48 below with lithium perhydro-9b-boraphenalylhydride by the procedure
      described in Example 737 furnishes the
      9.alpha.-hydroxy-15-methoxy-13-trans-prostenoic acids of the Table.
TBL                TABLE 48                                                    

     ______________________________________                                    

           Starting 9-oxo-                                                     

     Ex-                                                                       

     15-methoxy-13-                                                            

           Product 9.alpha.-hydroxy-15-                                        

     ample                                                                     

     trans-prosten-                                                            

     methoxy-13-trans-                                                         

           oic acid of                                                         

     prostenoic acid                                                           

           Example                                                             

     ______________________________________                                    

     1896  1881           9.alpha.-hydroxy-7a,7b-bishomo-15-methoxy-13-trans-pr

                          ostenoic acid                                        

     1897  1882           9.alpha.-hydroxy-2-ethyl-15-methoxy-13-trans-prosteno

                          ic acid                                              

     1898  1883           9.alpha.-hydroxy-3,3-dimethyl-15-methoxy-13-trans-pro

                          stenoic acid                                         

     1899  1884           9.alpha.-hydroxy-3-oxa-15-methoxy-13-trans-prostenoic

                           acid                                                

     1900  1885           9.alpha.-hydroxy-7-nor-15-methoxy-13-trans-prostenoic

                           acid                                                

     1901  1886           9.alpha.-hydroxy-2-fluoro-15-methoxy-13-trans-prosten

                          oic acid                                             

     1902  1887           9.alpha.-hydroxy-7a-homo-15-methoxy-13-trans-prosteno

                          ic acid                                              

     1903  1888           9.alpha.-hydroxy-2-phenyl-15-methoxy-13-trans-prosten

                          oic acid                                             

     1904  1889           9.alpha.-hydroxy-2-methyl-methoxy-13-trans-prostenoic

                           acid                                                

     1905  1890           9.alpha.-hydroxy-10a-homo-15-methoxy-13-trans-prosten

                          oic acid                                             

     1906  1891           9.alpha.-hydroxy-3-thia-15-methoxy-13-trans-prostenoi

                          c acid                                               

     1907  1892           9.alpha.-hydroxy-15-methoxy-5-cis,13-trans-prostenoic

                           acid                                                

     1908  1893           9.alpha.-hydroxy-4-nor-15-methoxy-5-cis,13-trans-pros

                          tadienoic acid                                       

     1909  1894           9.alpha.-hydroxy-4-homo-15-methoxy-5-cis,13-trans-pro

                          stadienoic acid                                      

     1910   1895.beta.    9.alpha.-hydroxy-4a,4b-bishomo-15-methoxy-13-trans-pr

                          ostenoic acid                                        

     ______________________________________                                    

PAC  EXAMPLE 1911
PAC  Preparation of 2-(6-carboxy-2-cis-hexenyl)-3,4-oxidocyclopentanol
PAR  A solution of 5.0 g. (35 mmoles) of
      5-hydroxy-2,3-oxidocyclopentylacetaldehyde-.gamma.-lactol (isomeric
      mixture; E. J. Corey and R. Noyori, Tetrahedron Letters, 1970, 311) in 25
      ml. of DMSO is added during 0.5 minutes at 20.degree.C. to a stirred
      solution of the Withig reagent [E. J. Corey et al., JACS, 91 5675 (1969);
      also Example 1108] and dimsyl sodium prepared from 23.5 g. (53 mmoles) of
      4-carboxybutyltriphenylphosphonium bromide, 6.1 g. (140 mmoles) of 57%
      sodium hydride dispersion, and 230 ml. of DMSO (dimethylsulfoxide).
PAR  The solution is stirred at ambient temperatures for 2 hours and poured into
      a stirred mixture of methylene chloride, ice, and hydrochloric acid. The
      reaction mixture is worked up as described in Example 1105, and the crude
      product is purified by dry column chromatography on silica gel to provide
      the title compound (mixture of two stereoisomers) as an oil, IR (film)
      3450, 1710, and 832 cm.sup..sup.-1.
PAC  EXAMPLE 1912
PAC  Preparation of 2-(6-carboxy-2-cis-hexenyl)-3,4-oxidocyclopentanone
PAR  A stirred solution of 2.98 g. (13.2 mmoles) of
      2-(6-carboxy-2-cis-hexenyl)-3,4-oxidocyclopentanol (Example 1911) in 66
      ml. of acetone is treated dropwise with 3.30 ml. of 8N chromic acid in 8N
      M.sub.2 SO.sub.4 during 20 minutes at -10 to -5.degree.C. The solution is
      stirred at -5.degree.C. for 10 minutes and treated successively with a few
      drops of isopropanol and 12 ml. of water. The mixture is filtered, and the
      filtrate is concentrated saturated with sodium chloride, and extracted
      with ethyl acetate. The extract is washed with brine, dried over
      MgSO.sub.4, and evaporated to give an oil, IR (film) 1740, 1710, and 840
      cm.sup..sup.-1.
PAC  EXAMPLE 1913
PAC  Preparation of 2-(6-carboxy-2-cis-hexenyl)-4-hydroxycyclopent-2-en-1-one
PAR  A solution of (pH or 10.2-10.5) of 2.42 g. (10.8 mmoles) of
      2-(6-carboxy-2-cis-hexenyl)-3,4-oxidocyclopentanone (Example 1912) 4.58 g.
      (43.2 mmoles) of sodium carbonate, and 216 ml. of water is allowed to
      stand at room temperatures under nitrogen for 24 hours. The solution is
      acidified at 15.degree.C. with hydrochloric acid and extracted with ethyl
      acetate. The extract is washed with brine, dried over MgSO.sub.4, and
      evaporated to give an oil; IR (film) 1700 (carbonyl groups) and 1630
      cm.sup..sup.-1 (conjugated olefin); NMR 7.11 (1), 5.54 (2), and 4.95
      (1).delta..
CLMS
STM  We claim:
NUM  1.
PAR  1. Compounds of the formula:
      ##EQU22##
      wherein R' is an alkyl group having from 1 to 10 carbon atoms which may be
      different when t is greater than one; R is selected from the group
      consisting of a straight chain alkyl group having from 2 to 10 carbon
      atoms, a straight chain alkyl group having from 2 to 10 carbon atoms and
      substituted with one or two alkyl groups having from one to three carbon
      atoms, a straight chain alkenylmethyl group having from 3 to 10 carbon
      atoms and a straight chain alkenylmethyl group having from 3 to 10 carbon
      atoms and substituted with one or two alkyl groups having between them 2
      to 5 carbon atoms; W is selected from a group consisting of lower alkyl,
      triphenylmethyl, triphenylmethyl in which one or two of the phenyl rings
      is substituted with a lower alkoxy group, tetrahydropyranyl,
      .alpha.-(lower alkoxy) substituted lower alkyl and tri(lower alkyl)silyl;
      s is an integer having the value of one to three, inclusive, and t is an
      integer having the values of one to three, inclusive, with the proviso
      that the sum of s and t must be equal to four.
NUM  2.
PAR  2. The compound according to claim 1 wherein s is one, t is three, R is
      n-pentyl, R' is methyl, and W is triphenylmethyl; lithium trimethyl
      3-triphenylmethoxy-1-trans-octenyl alanate.
NUM  3.
PAR  3. The compound according to claim 1 wherein s is one, t is three, R is
      cis-2-pentenyl, R' is methyl, and W is triphenylmethyl; lithium trimethyl
      3-triphenylmethoxy-1-trans,5-cis-octadienyl alanate.
NUM  4.
PAR  4. Compounds of the formula:
      ##EQU23##
      wherein R is lower alkyl; R.degree. is lower alkyl; and R' is selected
      from the group consisting of a straight chain alkyl group having from 2 to
      10 carbon atoms, a straight chain alkyl group having from 2 to 10 carbon
      atoms and substituted with one or two alkyl groups having from one to
      three carbon atoms, a straight chain alkenylmethyl group having from 3 to
      10 carbon atoms and a straight chain alkenylmethyl group having from 3 to
      10 carbon atoms and substituted with one or two alkyl groups having
      between them 2 to 5 carbon atoms.
NUM  5.
PAR  5. The compound according to claim 4 wherein R and R.degree. are methyl and
      R' is n-pentyl; lithium 3-triphenylmethoxy-1-trans-octenyl
      diisobutylmethyl alanate.
NUM  6.
PAR  6. The compound according to claim 4 wherein R and R.degree. are methyl and
      R' is n-butyl; lithium 3-triphenylmethoxy-1-trans-heptenyl
      diisobutylmethyl alanate.
NUM  7.
PAR  7. The compound according to claim 4 wherein R and R.degree. are methyl and
      R' is n-hexyl; lithium 3-triphenylmethoxy-1-trans-nonenyl diisobutylmethyl
      alanate.
NUM  8.
PAR  8. The compound according to claim 4 wherein R and R.degree. are methyl and
      R' is cis-2-pentenyl; lithium 3-triphenylmethoxy-5-cis-1-trans-octadienyl
      diisobutylmethyl alanate.
NUM  9.
PAR  9. The compound according to claim 4 wherein R and R.degree. are methyl and
      R' is 1-ethyl-n-pentyl; lithium-3-triphenylmethoxy-4-ethyl-1-trans-octenyl
      diisobutylmethyl alanate.
PATN
WKU  039324800
SRC  5
APN  4666305
APT  1
ART  127
APD  19740503
TTL  Benzylthiosulfuric acid salts
ISD  19760113
NCL  4
ECL  1
EXP  Patten; James A.
INVT
NAM  Grasshoff; J. Michael
CTY  Hudson
STA  MA
INVT
NAM  Taylor; Lloyd D.
CTY  Lexington
STA  MA
ASSG
NAM  Polaroid Corporation
CTY  Cambridge
STA  MA
COD  02
RLAP
COD  72
APN  230064
APD  19720228
PSC  03
RLAP
COD  84
APN  99310
APD  19701217
PSC  01
PNO  3698898
ISD  19721017
CLAS
OCL  260453R
XCL   96  3
XCL   96 29
XCL   96 663
XCL   96 665
XCL   96 76
XCL   96109
XCL   96111
XCL  260479R
EDF  2
ICL  C07C16105
FSC  260
FSS  479 R;453 R
OREF
PAL  esayan et al., Chem. Abstracts, Vol. 65, (1966), p. 2162.
PAL  Abramyan, Chem. Abstracts, Vol. 70, (1969), Abstract No. 19052k.
LREP
FR2  Matthews; Mart C.
FR2  Kiely; Philip G.
ABST
PAL  Novel compounds are disclosed which release a silver halide solvent in the
      presence of alkali, which compounds may be defined as quinone-or
      naphthoquinone-methide precursors containing the silver halide solvent
      moiety. These novel compounds are useful in photographic products and
      processes.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 230,064, now abandoned, filed FEB. 28, 1972, which in turn was a
      divisional of application Ser. No. 99,310, filed Dec. 17, 1970 and now
      U.S. Pat. No. 3,698,898, issued Oct. 17, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to chemistry and, more specifically to novel
      compounds per se.
PAR  2. Description of the Prior Art
PAR  In various photographic systems for forming images, whether in
      black-and-white or in color, it is often desirable to include in the
      photographic film unit one or more of the various photographic reagents
      required for development and/or to enhance image quality. This practice
      extends to both conventional systems for forming negative images and to
      the various systems such as diffusion transfer, wherein a positive image
      in silver or in color is obtained.
PAR  In many instances, the photographic reagent may be contained initially in
      either the processing composition applied for development and image
      formation or in the film unit, the latter being preferred to reduce and
      hence simplify the number of ingredients required in the processing
      composition.
PAR  In other instances, the particular photographic reagent desired is not
      sufficiently stable in alkali to provide the requisite shelf life for the
      processing composition or the reagent is incompatible and/or reactable
      with another reagent of the composition and hence must be contained
      initially in the film unit.
PAR  In still other instances, the reagent must be provided at some particular
      time in the development process, which requires that it be contained in a
      specified layer or in specified proximity to another layer in the film
      unit.
PAR  In all of the foregoing instances it is desirable that the reagent be
      contained in the desired layer or layers of the particular film unit in
      such a manner that it is stable, non-migratory or non-diffusible, and yet
      available when required in the development process.
PAR  The present invention is directed to novel compounds which provide
      advantageous means for incorporating reagents of the above-mentioned type
      in the photographic product.
PAR  The art contains several references to "hydrolyzable"  photographic reagent
      precursors such as, for example, reference in U.S. Pat. No. 3,265,498,
      issued Aug. 9, 1966 to hydrolyzable development restrainer precursors.
      However, prior to the present invention, the novel quinone and
      naphthoquinone-methide precursors of the present invention have been
      unknown in the art. Our U.S. Pat. No. 3,685,991, issued Aug. 22, 1972
      describes integral photographic silver diffusion transfer products and
      processes employing novel compounds within the scope of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  Novel compounds are provided in accordance with this invention which
      release a silver halide solvent in the presence of alkali. Since these
      compounds split off a quinone-methide or naphthoquinone-methide compound
      in alkali, they may be defined generically as quinonemethide or
      naphthoquinone-methide precursors containing a silver halide solvent
      moiety. They may also be defined as phenols or naphthols (including
      protected derivatives thereof) having a silver halide solvent moiety
      including a sulfur atom which is bonded to a nuclear carbon atom in a
      position ortho or para to the hydroxyl group through a methylene linkage.
PAR  The novel compounds of the invention are useful in photographic processes
      and products wherein it is desireable that a silver halide solvent be made
      initially unavailable for participation in the photographic process in a
      non-active, stable form, and yet is made available at some subsequent time
      in the process, e.g. when contacted by the aqueous alkaline developing
      medium.
DETD
PAC  Detailed Description of the Invention
PAR  The novel compounds of the present invention may be represented by the
      formula:
      ##SPC1##
PAL  wherein:
PA1  X represents the atoms necessary to complete a benzene or naphthalene
      nucleus, including substituents thereon, if any, e.g. a "ballasting" or
      "hydrolysis-retarding" substituent;
PA1  Y is hydroxyl or protected hydroxyl, i.e. a substitutent which upon
      hydrolysis provides a hydroxyl radical, e.g. acyloxy such as acetoxy,
      carbethoxy, etc. M is an alkali metal, e.g., sodium or potassium; and each
      R represents hydrogen or a lower (1-4 carbon) alkyl group, e.g., methyl,
      ethyl, etc., with the -C-S.sub.2 O.sub.3 M linkage being bonded to a
      nuclear carbon atom of X in a position ortho or para to the Y substituent.
PAR  As indicated, X may include nuclear substituents if desired, for example,
      to accomplish a specified purpose. As an illustration, X may include an
      "anchoring" or "ballasting" substituent which renders the compound
      essentially nondiffusible, i.e. a substituent such as is described, for
      example, in U.S. Pat. No. 3,443,940, e.g., an alkyl group containing at
      least ten carbon atoms, such as decyl, dodecyl, stearyl, oleyl, etc.,
      linked directly to the aromatic nucleus or indirectly through an
      appropriate linking group such as a -CONH-, alkylene-CONH- or
      ##SPC2##
PAL  substituent; or an aromatic ring, e.g., of the benzene or naphthalene
      series, or a heterocyclic ring, which rings may be either bonded to a
      single carbon atom of the aromatic nucleus formed by the X atoms or fused
      thereto by being bonded to a pair of adjacent carbon atoms; or a polymeric
      substituent, e.g., a high polymer backbone; or a plurality of short chain
      radicals which together provide the anchoring moiety.
PAR  If desired, the benzene or naphthalene nucleus of the novel compounds of
      this invention may contain other substituents providing particular desired
      functions, e.g., a substituent which will retard or slow down the
      hydrolysis rate and hence control the rate or time of release of the
      photographic reagent, as will be described hereinafter.
PAR  Accordingly, X may comprise a group of the formula:
      ##SPC3##
PAL  wherein T is hydrogen, alkyl, e.g. lower (1-4 carbon) alkyl such as methyl,
      propyl, t-butyl, etc., aryl, e.g. phenyl, or halide, e.g. chloro; or a
      group of the formula:
      ##SPC4##
PAL  wherein W is hydrogen, alkyl, aryl, halide, nitro, alkoxy, amino,
      amidoalkyl, carbonyl, carboxyl, sulfo, formyl, etc.; or a group of the
      formula:
      ##SPC5##
PAL  wherein A is hydrogen, or an anchoring or ballasting substituent as
      previously described, e.g. dodecylamidoalkyl or a high polymer backbone. Y
      in each instance has the definition given previously.
PAR  As examples of compounds within the scope of this invention, mention may be
      made of:
      ##SPC6##
PAL  sodium S-(p-acetoxybenzyl)thiosulfate
      ##SPC7##
PAL  sodium S-(p-hydroxybenzyl)thiosulfate
      ##SPC8##
PAL  sodium S-(o-acetoxybenzyl)thiosulfate
      ##SPC9##
PAL  sodium 5-(4-hydroxy-3,5-dichlorobenzyl) thiosulfate
PAR  In general, the novel compounds of this invention are readily obtainable by
      appropriate known replacement or substitution reactions. In such
      reactions, it may be and usually is, desireable to protect the phenolic
      hydroxyl group during the reaction step by which the silver halide solvent
      moriety is incorporated.
PAR  The following example shows by way of illustration and not by way of
      limitation the preparation of the novel compounds of this invention.
PAC  EXAMPLE 1
PAR  9.92 g. of sodium thiosulfate (Na.sub.2 S.sub.2 O.sub.3.5H.sub.2 O) were
      dissolved in 20 ml. of water and the resulting solution was heated to
      70.degree.C while stirring. A solution of 7.38 g. of p-acetoxybenzyl
      chloride in 20 ml. of 2B ethanol was then added dropwise. The resulting
      clear solution was then gently refluxed for 40 minutes. After cooling, the
      solvent was evaporated using a thin film evaporator to yield a crystalline
      residue which was then extracted with about 150 ml. of boiling ethanol,
      followed by filtration. Refrigeration and filtration of the resulting
      precipitate yielded about 7 g. of sodium S-(p-acetoxybenzyl) thiosulfate,
      the compound of formula 1, white platelets, m.p. 220.degree.C (decomp.),
      soluble in water, alkali, warm ethanol.
TBL  Elemental Analysis:                                                       

                   C          H         Cl                                     

     Calculated:   38.1       3.2       22.5                                   

     Found:        37.9       3.2       22.4                                   

PAR  The S-(o-acetoxybenzyl) thiosulfate isomer of formula 3 may be prepared by
      substituting o-acetoxybenzyl chloride in the above example.
PAR  The novel compounds of the invention are useful in the field of
      photography, and particularly in photographic film units wherein it is
      desireable that a silver halide solvent be contained in a layer or layers
      thereof in such a manner that it is stable, non-migratory or
      nondiffusible, and yet can be made available when required in the
      photographic process. One such use is fully and adequately described in
      our aforementioned U.S. Pat. No. 3,685,991, issued Aug. 22, 1972, wherein
      compounds within the scope of this invention are employed in integral
      photographic silver diffusion transfer film units which comprise an
      additive multicolor screen, silver precipitating nuclei and a layer
      comprising photosensitive silver halide crystals. In said patent, which is
      herein incorporated by reference in its entirety, a quinone-or
      naphthoquinone-methide precursor of the present invention containing a
      silver halide solvent moiety is disposed in a layer of the film unit,
      preferably the layer containing the photosensitive silver halide, in this
      essentially inactive form, yet splits off the active silver halide solvent
      when contacted with the alkaline medium used to process the film unit.
      Employment in the film unit of a developing agent or precursor in
      association with a silver halide solvent precursor of the present
      invention is stated in said patent to permit processing of the exposed
      film unit to be accomplished with a minimum of externally applied
      processing reagent. For a more detailed description of this particular
      embodiment, reference should be made to the aforementioned incorporated
      patent.
PAR  It should be understood that the present compounds are not limited in their
      usefulness to any particular photographic system. In any of the known
      systems for forming positive and/or negative silver or dye images, it is
      commonly desireable to employ photographic reagents performing desired
      functions, e.g. silver halide solvents to complex silver halide and render
      it diffusible, etc., and the compounds of the present invention provide
      advantageous means for incorporating these reagents in the photographic
      product.
PAR  The following example shows by way of illustration and not by way of
      limitation the use of the novel compounds of this invention in
      photographic products and systems for preparing visible images.
PAC  EXAMPLE 2
PAR  On a gelatin subcoated triacetate film base was coated a layer containing a
      gelatino silver iodobromide emulsion at a coverage of 100 mgs./ft..sup.2
      of silver, 40 mgs./ft..sup. 2 of toluhydroquinone and 300 mgs./ft..sup.2
      of the compound of formula 1, sodium S-(p-acetoxybenzyl) thiosulfate. The
      resulting film unit was exposed and then developed by applying between the
      thus exposed element and an image-receiving element form a Polaroid Type
      107 Land film comprising a siliceous silver-receptive stratum containing
      silver precipitating nuclei, at a gap of 0.0030 inch, a developing
      composition containing the following proportions of ingredients:
TBL  Water                  111.25   cc.                                       

     Sodium hydroxide       6.25     g.                                        

     Sodium carboxymethyl cellulose                                            

                            6.0      g.                                        

PAL  After about 60 seconds the respective elements were separated to reveal a
      positive silver transfer image.
PAR  A film unit prepared in Example 2 was subjected to a standard aging test
      for five days at 120.degree.F prior to use. Exposure and development in
      the foregoing manner produced a like positive silver image of
      substantially the same silver density, indicating no appreciable
      instability of the film unit under the test conditions. In contrast with
      the foregoing results, attempts to include a water-soluble silver halide
      solvent, e.g., sodium thiosulfate, in the silver halide layer produced no
      silver image.
PAR  Since certain changes may be made in the above products and processes
      without departing from the scope of the invention herein involved, it is
      intended that all matter contained in the above description shall be
      interpreted as illustrative only and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the formula:
      ##SPC10##
PAL  or
      ##SPC11##
PAL  wherein Y is hydroxyl or acetoxy; both T's are the same and represent
      hydrogen, chloro, or lower alkyl; and M is sodium or potassium.
NUM  2.
PAR  2. Sodium S-(p-acetoxybenzyl) thiosulfate.
NUM  3.
PAR  3. Sodium S-(p-hydroxybenzyl) thiosulfate.
NUM  4.
PAR  4. Sodium S-(o-acetoxybenzyl) thiosulfate.
PATN
WKU  039324818
SRC  5
APN  4590139
APT  1
ART  126
APD  19740408
TTL  Sulfuric acid esters of bis-(4-hydroxyphenyl)-methane
ISD  19760113
NCL  2
ECL  1
EXA  Chan; Nicky
EXP  Thomas, Jr.; James O.
INVT
NAM  Buzzolini; Mario G.
CTY  Convent Station
STA  NJ
INVT
NAM  Manning; Robert E.
CTY  Mountain Lakes
STA  NJ
ASSG
NAM  Shandoz, Inc.
CTY  E. Hanover
STA  NJ
COD  02
RLAP
COD  72
APN  258787
APD  19720601
PSC  03
CLAS
OCL  260457
XCL  260613R
XCL  424303
EDF  2
ICL  C07C14118
FSC  260
FSS  457
UREF
PNO  3237200
ISD  19660200
NAM  Barany et al.
OCL  260457
UREF
PNO  3528986
ISD  19700900
NAM  Pala
OCL  260457
FREF
PNO  1,315
ISD  19620500
CNT  FR
OCL  260457
LREP
FR2  Sharkin; Gerald D.
FR2  Honor; Robert S.
FR2  McGovern; Thomas O.
ABST
PAL  Sulfuric acid esters of bis-(4-hydroxyphenyl)-methane and their
      pharmaceutically acceptable salts, e.g., sodium
      bis-(4-hydroxyphenyl)-methane sulfuric acid diester, are useful in the
      treatment of Lipidemia.
PARN
PAR  This application is a continuation-in-part of copending United States
      Patent Application Ser. No. 258,787, filed June 1, 1972 now abandoned.
BSUM
PAR  This invention relates to derivatives of bis-(4-hydroxyphenyl)-methane. In
      particular it relates to sulfuric acid mono and diesters of
      bis-(4-hydroxyphenyl)methane, methods for preparing the esters, and their
      use in pharmaceutical compositions.
PAR  The compounds of this invention may be represented by the following
      formula:
      ##SPC1##
PAL  Where
PA1  R.sub.1 is hydrogen, benzyl or SO.sub.3 H and salts thereof with
      pharmaceutically acceptable bases.
PAR  The preferred compounds are the compounds and salts in which R.sub.1 is
      SO.sub.3 H, and especially preferred is the sodium salt of
      bis-(4-hydroxyphenyl)-methane sulfuric acid diester.
PAR  The compounds of formula (I) in which R.sub.1 is benzyl or SO.sub.3 H may
      be prepared in accordance with the following reaction scheme:
      ##SPC2##
PAL  Where
PA1  X is halo having an atomic weight of about 35 to 80,
PA1  R'.sub.1 is hydrogen or benzyl and
PA1  R".sub.1 is benzyl or SO.sub.3 H
PAL  provided that when R'.sub.1 is benzyl, R".sub.1 is also benzyl and when
      R.sub.1 '  is hydrogen R.sub.1 "  is SO.sub.3 H.
PAR  The compound of formula (Ia) are prepared by treating a compound of formula
      (II) with a halosulfonic acid of formula (III) in the presence of a base
      at a temperature of from about -50.degree. to about 30.degree.C. The base
      used in the reaction can be an inorganic base such as sodium hydroxide or
      sodium bicarbonate or preferably a tertiary amine such as pyridine,
      triethylamine, diethylaniline and the like. Although a solvent is not
      necessary, it is preferred that the reaction be run in excess amine or in
      an inert solvent such a hydrocarbons, e.g., hexane, benzene, toluene and
      the like, dimethylformamide, dimethylacetamide and especially carbon
      disulfide. The preferred temperature range is -10.degree.C to
      +10.degree.C. The time of the reaction is not critical, but is is normally
      run for about 30 minutes to 2 hours for optimum results. Halide ion formed
      during the reaction may be removed by standard techniques, e.g., treatment
      with barium hydroxide. The product (Ia) is recovered by conventional
      techniques, e.g., evaporation and recrystallization.
PAR  The compounds of formula (I) in which R.sub.1 is hydrogen may be prepared
      in accordance with the following reaction scheme:
      ##SPC3##
PAR  The compounds of formula (Ib) may be prepared by hydrogenating the compound
      of formula (Ia') or a soluble salt thereof in the presence of a
      hydrogenation catalyst in an inert solvent. The preferred salt forms are
      the alkali metal salts, preferably sodium. The hydrogenation catalyst is
      preferably a platinum or palladium catalyst especially 10% platinum or
      palladium on carbon. The inert solvents preferred are water; esters such
      as ethyl acetate; the lower alcohols, especially methanol, ethanol, or
      isopropyl alcohol; and ethers, such as dioxane and tetrahydrofuran or
      mixtures thereof. The temperature of the reaction and the pressure of the
      hydrogen are not critical in the hydrogenation. The process can be carried
      out at a temperature of about 0.degree. to 50.degree.C., preferably
      20.degree. to 30.degree.C., especially between 20.degree. and 25.degree.C.
      The hydrogenation is carried out preferably at pressure which vary from
      about 14 psi (about 1 atmosphere) to about 50 psi. Compound (Ib) is
      recovered by conventional techniques, e.g., by evaporation and
      recrystallization.
PAR  The compounds of formula (I) form pharmaceutically acceptable salts with
      such cations as sodium, potassium, calcium, magnesium and the like and
      such salts are included within the scope of the present invention. The
      salts are prepared by conventional techniques e.g., by dissolving the
      ester in a suitable solvent, e.g., water or lower alkanol such as
      methanol, ethanol and the like or in a mixture of water and lower alkanol
      and treating the ester with an oxide or hydroxide of the desired cation.
      Conversely the salts are converted back to the esters by treatment with an
      acid e.g., sulfuric acid, hydrochloric acid, and the like in a similar
      solvent. The compounds of formula (I) and their salts also form hydrates,
      which are included within the scope of the present invention.
PAR  The compounds of formula (II) in which R.sub.1 '  is benzyl are novel and
      may be prepared by the following reaction scheme:
      ##SPC4##
PAL  where X is as defined above.
PAR  The compounds of formula (IIb) can be prepared by treating a compound of
      formula (IIa) with a compound of formula (IV) in the presence of an alkali
      metal such as sodium, potassium, and the like; alkali metal hydrides, such
      as sodium hydride, potassium hydride and the like; or an alkali metal salt
      such as potassium carbonate, preferably sodium or sodium hydride. Although
      a solvent is not required, it is preferred that the reaction be run in an
      inert solvent, e.g. dimethylformamide, dimethylacetamide, ethers such as
      tetrahydrofuran and the like, or acetone when the alkali metal catalyst is
      an alkali metal carbonate. The temperature is not critical, but is is
      preferred that the reaction be run at between about 20.degree. to about
      150.degree.C, preferably at room temperature when an alkali metal or an
      alkali metal hydride is used as the catalyst or at the reflux temperature
      of the reaction medium, when an alkali metal carbonate is used as the
      catalyst. The time of the reaction also is not critical, but it is
      preferred that the reaction be run for at least 30 minutes. Because the
      above reaction also yields the dibenzyl ether, the monobenzyl ether (II)
      must be separated from it. This can be done by standard techniques, for
      example, crystallization and column chromatography.
PAR  The compounds of formula (IIa), (III) and (IV) are known and may be
      prepared by techniques which are disclosed in the literature.
PAR  The compounds of the formula (I) are useful because they possess
      pharmacological activity in animals. In particular, the compounds of
      formula (I) are useful as hypolipidemic agents as indicated by the fall in
      cholesterol and triglyceride levels in male albino Wistar rats weighing
      110-130 g initially. The rats are maintained on drug-free laboratory chow
      diet for seven days and then divided into groups of 8 to 10 animals. Each
      group, with the exception of the control, is then given orally 7.5, 30,
      250 and 500 milligrams per kilogram of body weight per diem of the
      compound for six days. At the end of this period, the animals are
      anesthetized with sodium hexobarbital and bled from the carotid arteries.
      Serum or plasma samples are collected and 1.0 ml of the serum is added to
      9.0 ml redistilled isopropanol. Two autoanalyzer cupsful of a mixture of
      zeolite-copper hydroxide and Lloydds reagent (Kersler, G., and Lederer,
      H., 1965, Technicon Symposium, Madiad Inc., New York, 345-347) are added,
      and the mixture is shaken for 1 hour. Cholesterol and triglyceride are
      determined simultaneously on the same sample by Technicon N 24A
      (cholesterol) and N-78 (triglyceride) methodology. The mean total serum
      cholesterol levels are then computed and the hypocholesterolemic activity
      is expressed as the fall in cholesterol levels as a percentage of the
      control level. The change in serum triglyceride levels induced by the drug
      is computed as a percentage of the control triglyceride levels.
PAR  For such usages, compounds (I) or their pharmaceutically acceptable salts
      may be administered orally or parenterally as such or admixed with
      conventional pharmaceutical carriers or adjuvants. They may be
      administered orally in such forms as tablets, dispersible powders,
      granules, capsules, syrups, elixirs, suspensions and the like or
      parenterally as injectable solutions, suspensions, dispersions, emulsions,
      and the like. These pharmaceutical preparations may contain up to about
      90% of the active ingredient in combination with the carrier or adjuvant.
PAR  The lipidemia effective dosage of active ingredient employed for the
      treatment of lipidemia may vary depending on the particular compound
      employed, the mode of administration and the severity of the condition
      being treated. However, in general, satisfactory results are obtained when
      the compounds (I) are administered at a daily dosage of from about 2
      milligrams to about 500 milligrams per kilogram of animal body weight,
      preferably given in divided doses two to four times a day, or in sustained
      release form. For most large mammals, the total daily dosage is from about
      150 to about 3000 milligrams. Dosage forms suitable for internal use
      comprise from about 37.5 to about 1500 milligrams of the active compounds
      in intimate admixture with a solid or liquid pharmaceutically acceptable
      carrier or diluent.
PAR  The preferred pharmaceutical compositions from the standpoint of
      preparation and ease of administration are solid compositions,
      particularly hard-filled capsules and tablets containing from about 200 to
      500 milligrams of the active ingredient.
PAR  The representative formulation suitable for oral administration is a
      capsule prepared by standard encapsulating techniques which contains the
      following and may be administered 2 to 4 times a day in the treatment of
      lipidemia:
TBL    Ingredients           Weight (mg)                                       

     ______________________________________                                    

     sodium bis-(4-hydroxyphenyl)-methane                                      

     sulfuric acid diester   200                                               

     Inert filler (lactose. kaolin, starch)                                    

                             200                                               

     ______________________________________                                    

DETD
PAC  EXAMPLE 1
PAC  Sodium bis-(4-hydroxyphenyl)methane sulfuric acid diester
PAR  A solution of 37.5 g. of diethylaniline in 30 ml of carbon disulfide is
      stirred mechanically and cooled to -10.degree.C. To the solution, 12.5 g
      of chlorosulfonic acid is added dropwise while the temperature is
      maintained below 10.degree.C. Ten grams of bis-(4-hydroxyphenyl)methane in
      35 ml of carbon disulfide is then added. The mixture is stirred for an
      hour at room temperature and then poured with stirring into a solution of
      8.25 g. of sodium hydroxide and 3.75 g. of hydrated barium hydroxide in
      300 ml of water. After extraction with benzene the aqueous phase is
      evaporated yielding the product, sodium bis-(4-hydroxyphenyl)methane
      sulfuric acid diester which is recrystallized from ethanol/water.
      (m.p.&gt;210.degree.C with decomposition).
PAR  The sodium bis-(4-hydroxyphenyl)methane sulfuric acid diester of this
      example is an effective hypolipidemic agent when orally administered to an
      animal suffering from lipidemia at a dosage of 200 milligrams twice a day.
PAC  EXAMPLE 2
PAC  Sodium-.alpha.-(p-benzyloxyphenyl)-p-cresol sulfate
PAC  Step A: .alpha.-(p-benzyloxyphenyl)-p-cresol
PAR  To a stirred suspension of 3.36 g of sodium hydride (in mineral oil) in 50
      ml of dimethylformamide is added dropwise at room temperature a solution
      of 15 g bis-(p-hydroxyphenyl)-methane in 50 ml dimethylformamide. The
      resulting solution is stirred at room temperature for one hour. Ten grams
      of benzyl chloride is added dropwise and the stirring is continued at room
      temperature overnight. After evaporation of the solvent under reduced
      pressure, the residue is treated with 100 ml of water and extracted twice
      with diethyl ether. The combined ether extracts are combined, dried over
      anhydrous magnesium sulfate, evaporated to dryness, and the resulting oil
      dissolved in hot ethanol. Bis-p-(benzyloxy)phenyl-methane (m.p.
      109.5.degree.-110.degree.C) crystallizes upon cooling and is collected by
      filtration. The mother liquors are evaporated to dryness and the
      crystalline mono-addition product is obtained by chromatography on silica
      gel with chloroform. After separation, the mono-benzyl ether is
      recrystallized from isopropyl ether, m.p. 95.degree.-96.degree.C.
PAC  Step B: Sodium-.alpha.-(p-benzyloxyphenyl)-p-cresol sulfate
PAR  A solution of 21.0 g. of diethylaniline in 7 ml. of carbon disulfide is
      stirred mechnically and cooled to -10.degree.C. To the solution 8.2 g. of
      chlorosulfonic acid is added dropwise, while the temperature is maintained
      below 10.degree.C. Twenty g of .alpha.-(p-benzyloxyphenyl)-p-cresol in 7
      ml carbon disulfide is then added, and the mixture stirred for an hour.
      The disulfide is removed by distillation under reduced pressure, and the
      residue is added to a solution of sodium hydroxide (11.2 g) and hydrated
      barium hydroxide (3.0 g) in 300 ml water with vigorous shaking. The white
      precipitate which forms is collected by filtration and the product, sodium
      -.alpha.-(p-benzyloxyphenyl)-p-cresol sulfate is recrystallized twice from
      ethanol (m.p. &gt; 220.degree.C with decomposition).
PAC  EXAMPLE 3
PAC  Sodium bis-(4-hydroxyphenyl)methane monosulfate ester.
PAR  A solution of 9.0 g of the sodium salt of
      .alpha.-(p-benzyloxyphenyl)-p-cresol sulfate in 450 ml methanol and 50 ml
      ethyl acetate is hydrogenated over 1 g of 10%-palladium on charcoal at
      atmospheric pressure. The catalyst is then separated by filtration through
      celite and the solvent evaporated. The white product obtained, sodium
      bis-(4-hydroxyphenyl)methane monosulfate ester, is recrystallized from
      isopropanol (m.p. &gt;200.degree.C with decomposition.)
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC5##
PAL  where
PA1  R.sub.1 is SO.sub.3 H, or salts of said compound with pharmaceutically
      acceptable bases.
NUM  2.
PAR  2. The compound of claim 1 which is sodium bis-(4-hydroxyphenyl) methane
      sulfuric acid diester.
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ABST
PAL  Alkyl polyhydro-2-phenanthrylideneacetates are prepared by interacting the
      corresponding 2-oxopolyhydrophenanthrenes with a tri-lower-alkyl
      .alpha.-phosphono-lower-alkanoate. Said alkyl
      polyhydro-2-phenanthrylideneacetates are hydrolyzed to the free acid, and
      then reesterified via the acid chloride with a
      tertiary-amino-lower-alkanol to give basic esters having cardiotonic
      activity.
PARN
PAR  This application is a division of our prior copending application Ser. No.
      879,921, filed Nov. 25, 1969, which in turn is a continuation-in-part of
      our prior copending application Ser. No. 585,762, filed Oct. 11, 1966, now
      U.S. Pat. No. 3,592,838.
BSUM
PAR  This invention relates to tricyclic substituted acids and esters thereof,
      and in particular is concerned with polyhydro-2-phenanthrylideneacetic
      acids and basic esters thereof, and with intermediates in the preparation
      thereof.
PAR  One aspect of the invention is concerned with compounds of the formula
      ##SPC1##
PAL  Wherein:
PA1  R is hydrogen, lower-alkyl or amino-lower-alkyl;
PA1  R' is hydrogen, lower-alkyl or hydroxy;
PA1  R" and R.sup.o are hydrogen or lower-alkyl;
PA1  X is H.sub.2, (H)(OH), (H)(O-acyl) or =O; and
PA1  Z is O=C, (HO)CH, (acyl-O)CH, CH.sub.2, (lower-alkyl)C(OH),
      (lower-alkoxy)CH, (halogen)CH, H.sub.2 NC(=NH)NHC=C, (O.sub.2 NO)CH,
      (C.sub.6 H.sub.5 CH.sub.2 S).sub.2 C, (C.sub.6 H.sub.5 CH.sub.2
      SO.sub.2).sub.2 C, [(lower-alkyl).sub.2 N]CH, (piperidino)CH,
      (pyrrolidino)CH, (4-hydroxypiperidino)CH,
      ##EQU1##
      Also included are compounds of formula I having a double bond in the
      8,8a-position or the 8a,9-position; compounds of formula I wherein the
      exocyclic double bond is saturated; and compounds of formula I having two
      identical lower-alkyl groups in the 8-position.
PAR  The term "lower-alkyl" used above in defining the groups R, R" and R.sup.o
      and certain subgroups under Z stands for alkyl groups having up to about
      six carbon atoms, including such groups as methyl, ethyl, propyl,
      isopropyl, butyl, hexyl, and the like.
PAR  When R in formula I stands for an amino-lower-alkyl group, it represents a
      lower-alkyl group substituted by a basic amino group. The extact nature of
      the basic amino moiety is not critical, although it is preferred that it
      have a molecular weight less than about 200. A particularly preferred type
      of amino-lower-alkyl group has the structure --Y--N=B wherein Y is
      lower-alkylene of 2-5 carbon atoms and N=B is unsubstituted amino,
      lower-alkylamino, di-lower-alkylamino, polymethylenimino of 5-7 ring
      carbons and lower-alkylated derivatives thereof, 4-morpholinyl and
      lower-alkylated derivatives thereof, or 1-piperazinyl and lower-alkylated
      derivatives thereof. The term "lower-alkyl" as used in defining portions
      of the amino moiety N=B stands for alkyl groups having up to about six
      carbon atoms.
PAR  When Z in formula I above stands for (acyl-O)CH, or X stands for
      (H)(O-acyl), the acyl groups are carboxylic acyl groups having from one to
      twelve carbon atoms and molecular weights less than about 250.
      Representative of the lower-carboxylic acyl radicals which can be present
      are lower-alkanoyl, e.g., acetyl, propionyl, isobutyryl, caproyl,
      heptanoyl, octanoyl, dodecanoyl, trimethylacetyl, and the like;
      cycloalkyl-lower-alkanoyl wherein cycloalkyl has 5-6 ring members, e.g.,
      .beta.-cyclopentylpropionyl, .beta.-cyclohexylpropionyl, and the like;
      benzoyl; phenyl-lower-alkanoyl or -alkenoyl, e.g., phenylacetyl,
      .beta.-phenylpropionyl, cinnamoyl, and the like; phenoxy-lower-alkanoyl,
      e.g., p-chlorophenoxyacetyl; carbamyl, including unsubstituted carbamyl,
      N-lower-alkylcarbamyl, N-phenylcarbamyl and N,N-di-lower-alkylcarbamyl;
      and pyridylcarbonyl, e.g., nicotinoyl and isonicotinoyl. In acyl radicals
      containing a phenyl group, the benzene ring thereof can be unsubstituted
      or substituted by any number and kind of substituents inert under the
      reaction conditions used, including lower-alkyl, for example p-tolyl;
      lower-alkoxy, for example 3,4-dimethoxyphenyl; halogen (including
      fluorine, chlorine, bromine and iodine), for example 2-bromophenyl; and
      nitro, for example p-nitrophenyl. The lower-alkyl and lower-alkoxy groups
      preferably have from one to four carbon atoms.
PAR  The invention is not limited to any particular stereochemical configuration
      of the compounds of formula I, although a preferred configuration of the
      ring system is transanti-trans (4a.alpha.,4b.beta.,8a.alpha.,10a.beta.),
      such compounds being derived from readily available starting materials.
PAR  A further aspect of the invention is concerned with compounds of the
      formula
      ##SPC2##
PAL  wherein:
PA1  R is hydrogen, lower-alkyl or amino-lower-alkyl;
PA1  R.sup.o is hydrogen or lower-alkyl; and
PA1  R'" is hydrogen, lower-alkyl or carboxylic acyl of 1-12 carbon atoms.
PAR  The terms lower-alkyl, amino-lower-alkyl and acyl have the meanings given
      above. The invention is not limited to any particular stereochemical
      configuration of the compounds of formula II, although a preferred
      configuration is 4a.alpha.,10a.beta., such compounds being derived from
      readily available starting materials.
PAR  The compounds of formulas I and II wherein R is lower-alkyl are prepared
      from compounds of formulas III and IV, respectively, including compounds
      of formula III having a double bond in the 8,8a-position, Z being C=O, and
      compounds of formula III being two identical lower-alkyl groups in the
      8-position and a double bond in the 8a,9-position, Z being C=O:
      ##SPC3##
PAL  by reacting compounds of formulas III and IV with a tri-lower-alkyl
      .alpha.-phosphono-lower-alkanoate of the formula
      ##EQU2##
      in the presence of a basic compound capable of acting as a proton
      acceptor. Examples of such basic compounds are alkali metal alkoxides,
      amides or hydrides, e.g., sodium ethoxide, sodium amide or sodium hydride,
      and the reaction is preferably carried out in non-aqueous medium at room
      temperature. The compounds of formula I where X is O can be prepared in
      this manner because the 10-oxo group is relatively unreactive compared to
      the 2-oxo group.
PAR  It is preferred to employ compounds of formula III wherein Z is (HO)CH,
      (acyl-O)CH, CH.sub.2, (lower-alkyl)C(OH), (lower-alkoxy)CH, (halogen)CH,
      (C.sub.6 H.sub.5 CH.sub.2 S).sub.2 C,
      ##EQU3##
      in the reaction with a tri-lower-alkyl .alpha.-phosphono-lower-alkanoate;
      however, Z can also be O=C if a double bond is present at the
      8,8a-position, or two identical lower-alkyl groups are in the 8-position.
      The compounds of formula I wherein Z is O=C, (acyl-O)CH, H.sub.2
      NC(=NH)NHN=C, (O.sub.2 NO)CH, [(lower-alkyl).sub.2 N]CH, (piperidino)CH,
      (4-hydroxypiperidino)CH, or (pyrrolidino)CH can readily be prepared from
      the compounds of formula I wherein Z is (HO)CH or O=C by conventional
      manner as illustrated in the examples below.
PAR  The reaction of compounds of formulas III and IV with a tri-lower-alkyl
      .alpha.-phosphono-lower-alkanoate gives a mixture of geometric isomers
      (cis and trans) involving the groups about the exocyclic double bond.
      Although in many instances it is possible to separate the isomers by
      physical means, it is not essential to the present invention that the
      isomers be separated because there is little difference in the
      physiological properties of the isomers.
PAR  The compounds of formulas I and II wherein R is hydrogen are prepared by
      alkaline hydrolysis of the compounds of formulas I and II wherein R is
      lower-alkyl.
PAR  The compounds of formulas I and II wherein R is amino-lower-alkyl are
      prepared by esterification of the compounds of formulas I and II wherein R
      is hydrogen by employing the appropriate amino-lower-alkanol or
      amino-lower-alkyl halide. A preferred method comprises reacting the acid
      halide of a free acid of formulas I or II with a
      tertiary-amino-lower-alkanol, although an alternative procedure involves
      reacting an alkali metal salt (e.g., sodium salt) of the acid with an
      amino-lower-alkyl halide (e.g., chloride or bromide). Surprisingly, the
      acid halide process can be used in the presence of a free hydroxy group
      [Z=(HO)CH]. It appears that if reaction does occur at the hydroxy group
      during acid halide formation, the hydroxy group is regenerated during the
      preparation of the basic ester.
PAR  The products of formulas I and II are obtained in the form of racemic
      mixtures of optically active d- and l-forms. If desired, the latter can be
      separated by conventional resolution procedures, for example, by treatment
      of the compounds where R is hydrogen with dehydroabietylamine.
PAR  The intermediates of formula IV can be prepared as illustrated in the
      following flow sheet.
      ##SPC4##
      ##SPC5##
PAR  A 2-carbo-lower-alkoxycyclohexane-1,4-dione 4-ketal (m = 2 or 3) is
      aralkylated with a m-lower-alkoxyphenylethyl bromide, and the resulting
      product V is cyclized with acid to yield
      3,4,9,10-tetrahydro-7-lower-alkoxy-2(1H)-phenanthrone (VI). Catalytic
      hydrogenation of VI with palladium-on-carbon gives a compound of formula
      IV having the 49.alpha.,10a.alpha.-configuration (IVA). Sodium borohydride
      reduction of VI gives 1,2,3,4,9,10-hexahydro-7-methoxy-2-phenanthrol
      (VII). Sodium-liquid ammonia reduction of the latter provides a mixture of
      1,2,3,4,4a.alpha.,9,10,10a.beta.-octahydro-7-lower-alkoxy-2.beta.- and
      2.alpha.-phenanthrol (VIIIC and VIIID), which can be oxidized with chromic
      oxide to give a compound of formula IV having the
      4a.alpha.,10a.beta.-configuration (IVB). Sodium borohydride reduction of
      IVA gives a mixture of
      1,2,3,4,4a.alpha.,9,10,10a.alpha.-octahydro-7-lower-alkoxy-2.beta.- and
      2.alpha.-phenanthrol (VIIIA and VIIIB).
PAR  The compounds of formula III wherein R' and R" are hydrogen, X is H.sub.2
      and Z is (HO)CH are prepared by reduction of the octahydrophenanthrenes of
      formulas VIIIA-D, as follows:
      ##SPC6##
PAL  A compound of formula VIII is first reduced with lithium and liquid ammonia
      in the presence of alcohol (Birch reduction) followed by hydrolysis to
      give a 4,4a,4b,5,6,7,8,8a,9,10-decahydro-7-hydroxy-2(3H)-phenanthrone
      (IX), which can then be reduced further either catalytically or by alkali
      metal-ammonia reduction to give
      3,4,4a,4b,5,6,7,8,8a,9,10,10a-dodecahydro-7-hydroxy-2(1H)-phenanthrone (X)
      (III; Z is (HO)CH, R' and R" = H, X = H.sub.2). The stereochemistry of the
      ring system and the 7-hydroxy group is dependent upon the particular VIII
      isomer used and the nature of the reduction of IX, as will be apparent
      from the specific examples below. The function groups of X can also be
      altered by conventional means as will be illustrated by the examples
      below.
PAR  The compounds of formula III wherein R' is methyl can be prepared from the
      compound:
      ##SPC7##
PAL  Reduction of the double bond of XI affords a compound of formula III
      wherein Z is (HO)CH, R' is CH.sub.3, R" is H and X is H.sub.2.
PAR  The compounds of formula III wherein R" is lower-alkyl are prepared from
      compounds of the formula
      ##SPC8##
PAL  by reduction alkylation with lithium in liquid ammonia and a lower-alkyl
      halide.
PAR  The compounds of formula III wherein R' is OH or X is O can be prepared by
      microbiological oxidation of compound IX above. When IX is incubated with
      a culture medium of an organism of the genus Cunninghamella there is
      obtained a mixture of the hydroxylated products:
      ##SPC9##
PAL  Treatment of XII with sulfuric acid in acetic acid converts it by
      rearrangement to a compound of formula III where Z is (CH.sub.3 COO)CH, R'
      is H, R" is H and X is =O. Oxidation of XIII with chromic oxide converts
      it to a compound of formula III wherein Z is O=C, R' is OH, R" is H, X is
      H.sub.2, and there is a double bond in the 8,8a-position.
PAR  The compounds of formula III wherein there are two lower-alkyl groups in
      the 8-position and a double bond in the 8a,9-position, Z being O=C, are
      prepared as follows:
      ##SPC10##
PAL  Alkylation of XIV (R is hydrogen or lower-alkyl) with a lower-alkyl halide
      in the presence of potassium tertiary-butoxide gives a hydroxy ketone of
      formula XV. The latter can be oxidized with chromic oxide to the diketone
      XVI. The 10-oxo group can then be introduced by the action of
      tertiary-butyl chromate to give the triketone XVII (III; R' is H or
      lower-alkyl, R" is H, X is O, Z is O=C, 8,8-di-lower-alkyl,
      .DELTA..sup.8a,9). Alternatively, the compounds XV or XVI can be oxidized
      with tertiary-butyl peracetate in the presence of cuprous chloride to
      introduce an acyloxy group into the 10-position. Hydrolysis and oxidation
      of the latter then gives the triketone XVII.
PAR  Further starting materials for the preparation of compounds of formula I
      having two identical lower-alkyl groups are of the formula
      ##SPC11##
PAL  where R' is hydrogen or lower-alkyl. The compounds of formula XVIII can be
      prepared from compounds of formula XVI by forming the mono-ethylene glycol
      ketal of the 2-oxo group, reducing the 8-oxo group with lithium aluminum
      hydride to an 8.beta.-hydroxy group, reducing the 8a,9-double bond with
      hydrogen in the presence of palladium-on-carbon, and finally cleaving the
      2-ketal group.
PAR  The compounds of formula I where the exocyclic double bond is saturated can
      be prepared by hydrogenation (palladium-on-carbon) of the unsaturated
      analogs where R is lower-alkyl.
PAR  The structures of the compounds of the invention were established by the
      modes of synthesis, by elementary analysis, by interpretation of their
      infrared, ultraviolet and NMR spectra, and by their behavior in thin layer
      chromatography (TLC) and gas-liquid phase chromatography (glpc).
PAR  The compounds of formulas I and II wherein R is amino-lower-alkyl are basic
      in nature and form acid-addition salts with moderate to strong inorganic
      or organic acids. For pharmacological purposes it is preferred to use
      water-soluble, pharmaceutically acceptable acid-addition salts, although
      all acid-addition salts are useful as characterizing derivatives of and as
      intermediates in the purification of the free bases.
PAR  Pharmacological evaluation of the basic ester compounds of the invention
      has shown that they possess cardiotonic activity similar to that shown by
      the alkaloid cassaine and are thus useful in increasing the ventricular
      contractile force of the mammalian heart. The compounds are prepared for
      use in the form of a sterile aqueous solution of a water-soluble,
      pharmaceutically acceptable acid-addition salt. The amidinohydrazone
      derivatives of the intermediate tricyclic ketones also have similar
      cardiotonic activity.
PAR  Chemotherapeutic evaluation has shown that the compounds of formula I
      wherein R is hydrogen possess bacteriostatic activity.
DETD
PAR  The following examples will further illustrate the invention without the
      latter being limited thereby.
PAC  EXAMPLE 1
PAC  2-Carbomethoxy-2-(m-methoxyphenethyl)-cyclohexane-1,4-dione 4-ethylene
      ketal [V; R'" is CH.sub.3 ].
PAR  A solution of 5.33 g. (0.047 mole) of potassium t-butoxide in 100 ml. of
      t-butanol was stirred while 10.0 g. (0.047 mole) of
      2-carbomethoxycyclohexane-1,4-dione 4-ethylene ketal in 150 ml. of
      t-butanol was added. An additional 100 ml. of t-butanol was added,
      followed by 10 g. (0.047 mole) of m-methoxyphenethyl bromide. The
      suspension was refluxed and stirred mechanically for 72 hours. At this
      point the reaction mixture was slightly alkaline to pH paper. The reaction
      mixture was cooled and added to ice water. Ether was added followed by
      dilute hydrochloric acid. The layers were separated, and the ether layer
      was washed with a saturated sodium bicarbonate solution. The ether was
      extracted twice with 200-ml. portions of 5% aqueous potassium hydroxide.
      The aqueous alkaline solution on acidification with hydrochloric acid
      yielded 1.45 g. of starting 2-carbomethoxycyclohexane-1,4-dione 4-ethylene
      ketal which was identified by its melting point. The ether solution from
      which the starting material had been removed was then washed with ice cold
      dilute hydrochloric acid, saturated sodium bicarbonate solution and
      saturated sodium chloride. After drying the ether solution (Na.sub.2
      SO.sub.4), the solvent was removed to leave a yellow viscous oil. This
      residue was distilled and the fraction that boiled at
      190.degree.-205.degree.C. (0.08-0.15 mm.) was collected to give 10.1 g. of
      2-carbomethoxy-2-(m-methoxyphenethyl)-cyclohexane-1,4-dione 4-ethylene
      ketal. A redistilled sample boiled at 195.degree.-196.degree.C. (0.18-0.20
      mm.); n.sub.D.sup.25 = 1.5267.
PAC  EXAMPLE 2
PAC  3,4,9,10-Tetrahydro-7-methoxy-2(1H)-phenanthrone [VI; R'" is CH.sub.3 ].
PAR  Sulfuric acid (1 liter 11N) was added all at once to a solution containing
      115.4 g. (0.33 mole) of
      2-carbomethoxy-2-(m-methoxyphenethyl)-cyclohexane-1,4-dione 4-ethylene
      ketal (Example 1) in 1 liter of dioxane. The reaction mixture was stirred
      at 100.degree.C. in a nitrogen atmosphere for four and one-half hours. The
      cooled solution was poured into ice and enough water was added to bring
      the total volume to 3 liters. The aqueous mixture was extracted with ether
      several times. The combined ether layers were washed with 10% sodium
      carbonate and finally with saturated sodium chloride solution. The ether
      solution was dried (Na.sub.2 SO.sub.4) and evaporated by warming in vacuo
      to afford 73.9 g. of a red oil. This material was chromatographed on 2 kg.
      of silica gel. Elution with 4 liters of ether-pentane (1:9) and 20 liters
      of ether-pentane (1:3) removed less polar material. Continued elution with
      5.5 liters of ether-pentane (1:3) afforded 18.2 g. of an oil which
      crystallized from ether containing hexane to give 16.5 g. of
      3,4,9,10-tetrahydro-7-methoxy-2(1H)-phenanthrone, m.p.
      75.degree.-77.degree.C. Further elution (5 liters) gave an additional 17.8
      g. of the compound.
PAC  EXAMPLE 3
PAC  1,2,3,4,9,10-Hexahydro-7-methoxy-2-phenanthrol [VII; R'" is CH.sub.3 ].
PAR  A solution of 36.7 g. (0.16 mole) of
      3,4,9,10-tetrahydro-7-methoxy-2(1H)-phenanthrone (Example 2) in 1500 ml.
      of 95% ethanol was treated with 19 g. of sodium borohydride in 150 ml. of
      water. After three hours at room temperature, acetone was added to the
      reaction mixture to decompose the excess borohydride. The volume was
      reduced to about 400 ml. by warming in vacuo. Water and ether were added
      and the layers were separated. The ether was washed with saturated sodium
      chloride solution. The aqueous layers were washed again with fresh ether
      and the organic layers were then combined. The ether solution was dried
      (Na.sub.2 SO.sub.4) and the solvent was removed leaving behind an oily
      residue (36.1 g.). Crystallization from ether containing hexane gave 20.3
      g. of 1,2,3,4,9,10-hexahydro-7-methoxy-2-phenanthrol, m.p.
      93.degree.-94.degree.C. Further concentration of the mother liquor
      afforded another 9.3 g. of the compound, m.p. 90.degree.-92.degree.C.
PAC  EXAMPLE 4
PAC  3,4,4a.alpha.,9,10,10a.alpha.-Hexahydro-7-methoxy-2(1H)-phenanthrone [IVA;
      R'" is CH.sub.3 ].
PAR  A solution of 1 g. (4.4 mmoles) of
      3,4,9,10-tetrahydro-7-methoxy-2(1H)-phenanthrone (Example 2) in 300 ml. of
      ethyl acetate was hydrogenated at a pressure of 3.86 kg./cm.sup.2 and room
      temperature in the presence of 100 mg. of 10% palladium-on-carbon. After
      one hour the hydrogenation was complete and the catalyst was removed by
      filtration. The solvent was removed by warming in vacuo and the residue
      was crystallized from ether containing hexane to yield 900 mg. of
      3,4,4a.alpha.,9,10,10a.alpha.-hexahydro-7-methoxy-2-(1H)-phenanthrone,
      m.p. 92.degree.-93.degree.C. and a second crop (100 mg.), m.p.
      89.degree.-91.degree.C.
PAC  EXAMPLE 5
PAC  1,2,3,4,4a.alpha.,9,10,10a.alpha.-Octahydro-7-methoxy-2.beta.-phenanthrol
      and -2.alpha.-phenanthrol [VIIIA and B; R'" is CH.sub.3 ].
PAR  (Method 1) - A solution of 15 g. (0.066 mole) of
      1,2,3,4,9,10-hexahydro-7-methoxy-2-phenanthrol (Example 3) in 300 ml. of
      ethyl acetate was hydrogenated at a pressure of 3.86 kg./cm.sup.2 and room
      temperature in the presence of 1.5 g. of 10% palladium-on-carbon. After 45
      minutes the hydrogenation was complete and the catalyst was removed by
      filtration. The filtrate was combined with the filtrate of an identical
      experiment. The solvent was removed by warming in vacuo to leave 31.5 g.
      of an oily residue which crystallized from ether containing hexane.
      Recrystallization of this material from ether containing hexane afforded
      13.6 g. of solid, m.p. 80.degree.-83.degree.C.
PAR  The mother liquor was chromatographed on 1.5 kg. of silica gel. Elution
      with 13 liters of ether-pentane (1:1) removed some less polar material.
      Continued elution with 5.5 liters of solvent of the same concentration
      afforded 6 g. of material which, on crystallization from ether containing
      hexane, yielded 4.83 g. of solid, m.p. 84.degree.-87.degree.C. and 0.4 g.
      of solid, m.p. 81.degree.-85.degree.C. Combination with the original solid
      obtained by direct crystallization and recrystallization from ether
      containing hexane afforded 16.1 g. of
      1,2,3,4,4a.alpha.,9,10,10a.alpha.-octahydro-7-methoxy-2.beta.-phenanthrol
      (VIIIA), m.p. 84-88.degree.C. This compound apparently shows polymorphism.
      Recrystallization from ether containing hexane gave material melting at
      77.degree.-82.degree.C.
PAR  Further elution in the above described chromatography, with 2.5 liters of
      ether-pentane (1:1) gave 4.2 g. of a mixture of two compounds. Finally,
      elution with another 4 liters of the same solvent mixture gave an oily
      residue which crystallized from ether containing hexane and afforded 5.3
      g. of
      1,2,3,4,4a.alpha.,9,10,10a.alpha.-octahydro-7-methoxy-2.alpha.-phenanthrol
      (VIIIB), m.p. 67.degree.-70.degree.C. Recrystallization from ether
      containing hexane gave 5 g., m.p. 89.degree.-90.5.degree.C.
PAR  (Method 2) - A solution of 580 mg. (2.5 mmoles) of
      3,4,4a.alpha.,9,10,10a.alpha.-hexahydro-7-methoxy-2(1H)-phenanthrone
      (Example 4) in 25 ml. of absolute ethanol was treated with 240 mg. of
      sodium borohydride in 2.5 ml. of water. The reaction mixture was kept at
      room temperature overnight and the excess borohydride was decomposed by
      adding acetone followed by water. The reaction mixture was washed with
      ether and the ether was washed with saturated sodium chloride solution.
      The ether was dried (Na.sub.2 SO.sub.4) and evaporated to leave 500 mg. of
      oily residue.
PAR  The oily residue was chromatographed on silica gel-coated plates which were
      developed with ether-pentane (3:1). About 170 mg. of residue was put on
      each of 3 plates (20 cm .times. 40 cm) carrying a 1-mm. coating of silica
      gel. The major band from the plates (less polar) afforded 310 mg. (54%) of
      1,2,3,4,4a.alpha.,9,10,10a.alpha.-octahydro-7-methoxy-2.beta.-phenanthrol
      (VIIIA), which was identified by melting point, infrared spectrum and TLC
      analysis. The more polar band afforded 110 mg. (19%) of
      1,2,3,4,4a.alpha.,9,10,10a.alpha.-octahydro-7-methoxy-2.alpha.-phenanthrol
      (VIIIB) which was identified by melting point, infrared spectrum and TLC
      analysis.
PAC  EXAMPLE 6
PAC  1,2,3,4,4a.alpha.,9,10,10a.beta.-Octahydro-7-methoxy-2.beta.-phenanthrol
      and -2.alpha.-phenanthrol [VIIIC and D; R'" is CH.sub.3 ].
PAR  Sodium (3.15 g., 0.137 mole) was dissolved in 1 liter of liquid ammonia. A
      solution of 15 g. (0.066 mole) of
      1,2,3,4,9,10-hexahydro-7-methoxy-2-phenanthrol (Example 3) in 100 ml. of
      tetrahydrofuran and 25 ml. of aniline was added over a twenty minute
      period to the ammonia solution which was being stirred. At the end of the
      addition 14 g. (0.26 mole) of ammonium chloride was added portion-wise
      during 5 minutes to discharge the blue color. The ammonia was evaporated
      and water and ether were added to the residue. The aqueous layer was
      separated and extracted twice with ether. The combined ether layers were
      washed three times with water, twice with 3N hydrochloric acid, three
      times with saturated sodium chloride solution, dried (Na.sub.2 SO.sub.4),
      and the solvent was removed to leave an amber colored residue. After
      crystallization and several recrystallizations from ether containing
      hexane, 4.7 g. of 1,2,3,4,4a.alpha.,
      9,10,10a.beta.-octahydro-7-methoxy-2.alpha.-phenanthrol (VIIIC), m.p.
      98.degree.-99.degree.C. was obtained.
PAR  The combined mother liquors were chromatographed on 5 kg. of silica gel.
      Preliminary elution with ether-pentane (1:1) separated some less polar
      oils which were discarded. Continued elution with ether-pentane (1.1:1)
      afforded first 15 g. of crude
      1,2,3,4,4a.alpha.,9,10,10a.beta.-octahydro-7-methoxy-2.beta.-phenanthrol.
      Continued elution with the same solvent system next afforded 12 g. of
      crude 1,2,3,4,4a.alpha.,9,10,10a.alpha.-octahydro-7-methoxy-2.beta.-phenan
     throl (VIIIA). Further elution with ether-pentane (1.5:1) finally gave 53
      g. of an oil which yielded 13 g. more of
      1,2,3,4,4a.alpha.9,10,10a.beta.-octahydro-7-methoxy-2.alpha.-phenanthrol
      (VIIID), m.p. 98.degree.-100.degree.C.
PAR  Recrystallization of the crude
      1,2,3,4,4a.alpha.,9,10,10a.beta.-octahydro-7-methoxy-2.beta.-phenanthrol
      from ether afforded 13.75 g. of this product.
PAR  A similar chromatographic separation afforded
      1,2,3,4,9,10-hexahydro-7-hydroxy-2-phenanthrol [VII; R"' is H], m.p.
      196.5.degree.-198.degree.C. (10% ) when 100% ether was put through the
      column.
PAC  EXAMPLE 7
PAC  3,4,4a.alpha.,9,10,10a.beta.-Hexahydro-7-methoxy-2(1H)-phenanthrone [IVB:
      R'" is CH.sub.3 ].
PAR  A solution of 25 g. (0.11 mole) of 1,2,3,4,4a.alpha.,9,10,10
      .alpha..beta.-octahydro-7-methoxy-2.alpha.-phenanthrol in 500 ml. of
      pyridine was added to a suspension of 25 g. of chromium trioxide (0.25
      mole) in 500 ml. of pyridine. After standing at room temperature for 68
      hours, the reaction mixture was added to 1.5 liters of ethyl acetate. The
      chromium salts were removed by passing the suspension through infusorial
      earth. The solvent was removed by heating in vacuo. Ether was added to the
      viscous residue and the mixture was filtered again. Evaporation of the
      ether afforded 20 g. of viscous oil. Crystallization from cyclohexane
      containing ether afforded 6 g. of
      3,4,4a.alpha.,9,10,10a.beta.-hexahydro-7-methoxy-2(1H)-phenanthrone, m.p.
      62.degree.-63.degree.C. Concentration of the mother liquor afforded
      another 4 g., m.p. 59.degree.-62.degree.C. Chromatography of the mother
      liquors on silica gel and elution with etherpentane (1:3) afforded an
      additional 6.14 g. of 3,4,4
      a.alpha.,9,10,10a.beta.-hexahydro-7-methoxy-2(1H)-phenanthrone, m.p.
      64.5.degree.-66.degree.C. when recrystallized from ether-hexane.
PAC  EXAMPLE 8
PAC  4,4a.alpha.,4b.beta.,5,6,7,8,8a.beta.,9,10-Decahydro-7.alpha.-hydroxy-2(3H)
     -phenanthrone [IX; 7.alpha.,4a.alpha.,4b.beta.,8a.beta.-configuration].
PAR  A solution of 11 g. (0.05 mole) of 1,2,3,4,4a.alpha.,9,10,10
      a.alpha.-octahydro-7-methoxy-2.beta.-phenanthrol (VIIIA, Example 5) in 200
      ml. of tetrahydrofuran and 200 ml. of t-butyl alcohol was added to 400 ml.
      of ammonia. Lithium (5.5 g., 0.79 mole) was added to the stirred solution
      over a two-hour period. The reaction mixture, which never became blue but
      developed a bronze-colored layer, was stirred for an additional four
      hours. Methanol (60 ml.) was added and the ammonia was evaporated. Water
      and ether were added, the mixture shaken and the layers separated. The
      ether layer was washed twice with saturated sodium chloride solution. The
      aqueous layers were washed with a fresh portion of ether and the ether
      layers were combined, dried (Na.sub.2 SO.sub.4) and concentrated by
      warming in vacuo. The syrupy residue was dissolved in 150 ml. of dioxane.
      The dioxane solution was treated with 75 ml. of 2N hydrochloric acid and
      heated in a nitrogen atmosphere on a steam bath for 30 minutes. Saturated
      sodium chloride solution and ether were added to the cooled reaction
      mixture, the mixture shaken and the layers separated. The ether was washed
      again with saturated sodium chloride solution. The aqueous layers were
      washed again with a fresh portion of ether. The combined ether layers were
      dried (Na.sub.2 SO.sub.4) and evaporated by warming in vacuo to leave 11
      g. of an oily residue. Crystallization from acetone afforded 5.36 g. of
      4,4a.alpha.,4
      b.beta.,5,6,7,8,8a.beta.,9,10-decahydro-7.alpha.-hydroxy-2(3H)-phenanthron
     e, m.p. 148.degree.-151.degree.C., and a crop of 0.4 g., m.p.
      144-147.degree.C. Recrystallization from acetone provided a sample with
      m.p. 150.degree.-152.degree.C.
PAC  EXAMPLE 9
PAC  4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10-Decahydro-7.beta.-hydroxy-2(3H)
     -phenanthrone [IX; 7.beta.,4a.alpha.,4b.beta.,8a.alpha.-configuration].
PAR  A solution of 18.33 g. (0.08 mole) of
      1,2,3,4,4a.alpha.,9,10,10a.beta.-octahydro-7-methoxy-2.alpha.-phenanthrol
      (VIIIB, Example 5) in 186 ml. of tetrahydrofuran was added to 300 ml. of
      ammonia. Lithium wire (5.5 g., 0.8 mole) was added in 30 minutes with
      stirring. After an additional 25 minutes a mixture of 60 ml. of absolute
      ethanol and 60 ml. of ether (anhydrous) was added to discharge the blue
      color. The solution was evaporated to half the volume. Ether and water
      were added, the mixture shaken and the layers separated. The ether was
      washed with saturated sodium chloride solution and the aqueous layers were
      washed with a fresh portion of ether. The combined ether layers were dried
      (Na.sub.2 SO.sub.4) and the ether was removed by warming in vacuo. The
      remaining residue was taken up in 300 ml. of dioxane and 150 ml. of 2N
      hydrochloric acid. The solution was heated in a nitrogen atmosphere for 30
      minutes on a steam bath. Saturated sodium chloride solution and ether were
      added to the cooled reaction mixture and the layers were separated. The
      ether was washed twice with saturated sodium chloride solution. The
      aqueous layers were washed with a fresh portion of ether. The combined
      ether was dried (Na.sub.2 SO.sub.4) and the solvent was removed while
      warming in vacuo, leaving 18 g. of an oily residue that crystallized from
      ether. Several recrystallizations from ether afforded 9.82 g. of
      4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,8,10-decahydro-7.beta.-hydroxy-2(3H
     )-phenanthrone, m.p. 141.degree.-143.degree.C., when recrystallized from
      acetone.
PAC  EXAMPLE 10
PAC  4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10-Decahydro-7.alpha.-hydroxy-2(3H
     )-phenanthrone [IX; 7.alpha.,4a.alpha.,4b.beta.,8a.alpha.-configuration].
PAR  1,2,3,4,4a.alpha.,9,10,10a.beta.-Octahydro-7-methoxy-2.beta.-phenanthrol
      (VIIIC, Example 6) (5.5 g., 0.024 mole), by the procedure of Example 9,
      afforded 2.8 g. of
      4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10-decahydro-7.alpha.-hydroxy-2(3
     H)-phenanthrone, m.p. 126.5.degree.-128.5.degree.C., and a second crop of
      0.6 g., m.p. 123.5.degree.-127.degree.C. (yield 64%), when recrystallized
      from acetone.
PAC  EXAMPLE 11
PAC  a.
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.alpha.-Tetradecahydr
     ophenanthrene-2.beta.,7.beta.-diol 7-acetate.
PAR  A solution of 6.95 g. (0.031 mole) of
      4,4a.alpha.,4b.beta.,5,6,7,8,8a.beta.,9,10-decahydro-7.alpha.-hydroxy-2(3H
     )-phenanthrone (Example 8) in 250 ml. of tetrahydrofuran and 250 ml. of
      ether was treated with 20 ml. of dihydropyran and 200 mg. of
      p-toluenesulfonic acid, and the solution was left at room temperature
      overnight. Solid sodium carbonate was added to neutralize the acid and the
      solution was passed through a filter. Pyridine
      (-tetradecahydrophenanthreneml.) was added and the volume of the solution
      was reduced to about 30 ml. by heating the mixture in vacuo.
      Tetrahydrofuran (30 ml.) and absolute ethanol (60 ml.) were added to the
      residue and the resulting solution was added to 500 ml. of liquid ammonia.
      A total of 7 g. (1 mole) of lithium wire was added to the stirred
      ammoniacal solution over a 45 minute period. The solution lithium blue for
      about one hour after addition of the lighium and 30 ml. more of absolute
      ethanol was added to discharge the color. The volume was reduced to
      one-third. Ether was added and the solution was heated under reflux
      conditions to remove more of the ammonia. Water was carefully added,
      followed by more ether. The layers were separated and the ether was washed
      with saturated sodium chloride solution. The aqueous layers were washed
      with a fresh portion of ether and the combined ether layers were dried
      (Na.sub.2 SO.sub.4). The solvent was removed in vacuo to afford
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.alpha.-tetradecahydr
     ophenanthrene-2.beta.,7.beta.-diol 2-dihydropyranyl ether. Pyridine (30
      ml.) and acetic anhydride (15 ml.) were added to the residue. The next
      morning the excess reagents were removed by warming in vacuo. The residue
      was dissolved in 150 ml. of methanol and 150 ml. of 2N hydrochloric acid.
      At the end of 45 minutes, ether was added and the layers were separated.
      The ether was washed twice with saturated sodium chloride solution. The
      aqueous layers were washed with a fresh portion of ether and the combined
      ether layers were dried (Na.sub.2 SO.sub.4). The solvent was removed by
      warming in vacuo and the residue was chromatographed on 250 g. of silica
      gel. The fractions eluted with methylene dichloride-ether-pentane (1:2:2),
      afforded 2.63 g. of
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.alpha.-tetradecahydr
     ophenanthrene-2.beta.,7.beta.-diol 7-acetate, m.p.
      166.5.degree.-167.degree.C. when recrystallized from ether.
PAC  b.
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.alpha.-Tetradecahydr
     ophenanthrene-2.beta.,7.beta.-diol.
PAR  A solution containing 150 mg. (0.6 mmoles) of
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.alpha.-tetradecahydr
     ophenanthrene-2.beta.,7.beta.-diol 7-acetate in 15 ml. of 5% methanolic
      potassium hydroxide containing 5% water was boiled under reflux for 30
      minutes. Water and ether were added, the mixture shaken and the layers
      separated. The aqueous layer was washed with a fresh portion of ether and
      the combined ether layers were washed with saturated sodium chloride,
      dried (Na.sub.2 SO.sub.4) and concentrated in vacuo. The residue
      crystallized from ether containing hexane and gave 90 mg. (68%) of
      1,2,3,4,4a.alpha.,4b.beta.,5,6,6,8,8a.alpha.,9,10,10a.alpha.-tetradecahydr
     ophenanthrene-2.beta.,7.beta.-diol, m.p. 152.5.degree.-153.5.degree.C. when
      recrystallized from acetone containing hexane.
PAC  EXAMPLE 12
PAC  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.alpha.-Dodecahydro-7.beta
     .-hydroxy-2(1H)-phenanthrone [X; 7.beta.,4a.alpha.,4b.beta.,8
      a.alpha.,10a.alpha.-configuration].
PAR  A pyridine solution (30 ml.) of 1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,
      a.alpha.,9,10,10a.alpha.-tetradecahydrophenanthrene-2.beta.,7.beta.-diol
      7-acetate (Example 11a) (2.4 g., 0.01 mole) was added to 30 ml. of
      pyridine containing 2.4 g. of chromium trioxide. After standing for 24
      hours at room temperature the reaction mixture was added to 500 ml. of
      ethyl acetate and then filtered. The solvent was removed in vacuo and 150
      ml. of ether was added to the residue. More salts were filtered away and
      the ether was evaporated. The residue containing
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.alpha.-dodecahydro-7.bet
     a.-hydroxy-2(1H)-phenanthrone 7-acetate was dissolved in 80 ml. of 5%
      methanolic potassium hydroxide containing 5% water and the solution was
      boiled under reflux for 45 minutes. Part of the methanol was removed by
      warming in vacuo. Ether and saturated sodium chloride were added. The
      mixture was shaken, the layers were separated and the ether was washed
      with saturated sodium chloride solution. The aqueous layers were washed
      again with a fresh portion of ether and the combined ether layers were
      dried (Na.sub.2 SO.sub.4) and evaporated. Crystallization of the residue
      from ether afforded 1.64 g. of
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.alpha.dodecahydro-7.beta
     .-hydroxy-2(1H)-phenanthrone, m.p. 116.degree.-117.5.degree.C. when
      recrystallized from ether.
PAC  EXAMPLE 13
PAC  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.beta.
     -hydroxy-2(1H)-phenanthrone [X;
      7.beta.,4a.alpha.,4b.beta.,8a.alpha.,10a.beta.-configuration].
PAR  A solution of 10.75 g. (0.049 mole) of
      4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10-decahydro-7.beta.-hydroxy-2(3H
     )-phenanthrone (Example 9) in 225 ml. of tetrahydrofuran and 110 ml. of
      ether was added in a steady stream to a stirred solution of liquid ammonia
      (1.1 liter) containing 1.37 g. (0.19 mole) of lithium wire. The dropping
      funnel used for the addition was rinsed with another 55 ml. of
      tetrahydrofuran. Ammonium chloride (10 g., 0.19 mole) was added as quickly
      as possible with controlled boiling. The solvent was evaporated to half
      the volume. Water (300 ml.) and ether (300 ml.) were added. The ether was
      boiled under reflux to remove more of the ammonia. More ether and water
      were added and the layers were separated. The ether layer was washed with
      saturated sodium chloride and was then dried (Na.sub.2 SO.sub.4).
      Evaporation of the ether left an oily residue of 11.6 g. The residue was
      chromatographed on 300 g. of silica gel. Elution with methylene
      dichloride-ether-pentane (2:5:3) afforded 7.9 g. of
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-2(1H)-phenanthrone, m.p. 107.degree.-108.degree.C. when
      recrystallized from acetone.
PAR  Further elution of the column with ether-methanol (19:1) afforded 0.9 g. of
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-tetradecahydro
     phenanthrene-2.alpha.,7.beta.-diol, m.p. 216.degree.-218.degree.C. when
      recrystallized from ether.
PAC  EXAMPLE 14
PAC  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.alpha
     .-hydroxy-2(1H)-phenanthrone [X;
      7.alpha.,4a.alpha.,4b.beta.,8a.alpha.,10a.beta.-configuration].
PAR  Using the reduction procedure described in Example 13,
      4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,
      9,10-decahydro-7.alpha.-hydroxy-2(3H)-phenanthrone (Example 10) (3.2 g.,
      0.014 mole) afforded 1.49 g. of
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.alph
     a.-hydroxy-2(1H)-phenanthrone, m.p. 137.5.degree.-138.degree.C. when
      recrystallized from ether.
PAR  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.alpha
     .-hydroxy-2(1H)-phenanthrone can be caused to react with methylmagnesium
      bromide to give
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-tetradecahydro
     -2-methyl-2,7.alpha.-dihydroxyphenanthrene, and the latter oxidized with
      chromic oxide to give
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-meth
     yl-7-hydroxy-2(1H)-phenanthrone [III; R' and R" are H, X is H.sub.2, Z is
      (HO) (CH.sub.3)C].
PAR  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.alpha
     .-hydroxy-2(1H)-phenanthrone can be ketalized with ethylene glycol and the
      resulting ketal caused to react with sodium to give the sodio derivative
      of the 7.alpha.-hydroxy group which in turn can be caused to react with
      methyl iodide to give the 7-methoxy compound. Hydrolysis of the ketal then
      gives 3,4,4a.alpha.,
      4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.alpha.-methoxy-2(1
     H)-phenanthrone [III; R' and R" are H, X is H.sub.2, Z is (.alpha.-CH.sub.3
      O)CH].
PAR  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.alpha
     .-hydroxy-2(1H)-phenanthrone can be caused to react with p-toluenesulfonyl
      chloride in pyridine to give the 7.alpha.-p-toluenesulfonate, and the
      latter treated with anhydrous potassium fluoride in diethylene glycol,
      eighteen hours at 110.degree.C., to give
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,
      9,10,10a.beta.-dodecahydro-7.beta.-fluoro-2(1H)-phenanthrone [III; R' and
      R" are H, X is H.sub.2, Z is (.beta.-F)CH]. By analogous procedures the
      corresponding 7.beta.-chloro and 7.beta.-bromo compounds can be prepared.
PAC  EXAMPLE 15
PAC  3,4,4,a.alpha.,4.beta.,5,6,7,8,8a.beta.,9,10,10a.beta.-Dodecahydro-7.alpha.
     -hydroxy-2(1H)-phenanthrone [X;
      7.alpha.,4a.alpha.,4b.beta.,8a.beta.,10a.beta.-configuration].
PAR  Using the lithium-ammonia procedure of Example 13 for reduction,
      4,4a.alpha.,4b.beta.,5,6,7,8,8a.beta.,9,10-decahydro-7.alpha.-hydroxy-2(3H
     )-phenanthrone (Example 8) (5.5 g., 0.025 mole) afforded 2.7 g. of
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.beta.,8,10,10a.beta.-dodecahydro-7.alpha
     .-hydroxy-2(1H)-phenanthrone, m.p. 82.degree.-83.degree.C. when
      recrystallized from ether containing hexane.
PAC  EXAMPLE 16
PAC  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.9,10,10a.beta.-Dodecahydro-7.beta.-
     hydroxy-2(1H)-phenanthrone amidinohydrazone.
PAR  A solution of 3.5 g. (0.016 mole) of
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-2(1H)-phenanthrone (Example 13 ) in 50 ml. of methanol was added
      to 115 ml. of methanol containing 4.93 g. (0.036 mole) of aminoguanidine
      bicarbonate and 12 ml. of concentrated hydrochloric acid. After standing
      at room temperature overnight, the reaction mixture was added to 1 liter
      of ether. A precipitate formed which was found to be crude aminoguanidine
      hydrochloride and was removed by filtration. Dilution of the filtrate with
      more ether than precipitated the desired product (3.28 g., 66%).
      Recrystallization was effected by adding ether to a methanolic solution of
      the solid, to give
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-2(1H)-phenanthrone amidinohydrazone in the form of its
      hydrochloride salt, m.p. 245.degree.-253.degree.C. (evacuated tube).
PAC  EXAMPLE 17
PAC  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.beta.
      -hydroxy-2(1H)-phenanthrone 2,2-ethylene dithioketal.
PAR  A solution of 4 g. (0.018 mole) of hydroxy ketone
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-2(1H)-phenanthrone (Example 13) in 50 ml. of glacial acetic acid
      was treated with 5 ml. of ethane dithiol. The mixture was warmed slightly
      to effect solution and 4 ml. of boron trifluoride etherate was added to
      the warm solution. After the mixture had stood at room temperature for 5
      minutes, water was added and the precipitated solid was collected. The
      solid (4.5 g.) was dissolved in 100 ml. of 5% methanolic potassium
      hydroxide containing 5% water and the mixture was boiled under reflux for
      30 minutes. The volume of methanol was reduced by warming in vacuo and ice
      water was added. The precipitate was recrystallized from acetone and
      afforded 2.94 g. of
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-2(1H)-phenanthrone 2,2-ethylene dithioketal, m.p.
      129.degree.-130.degree.C.
PAC  EXAMPLE 18
PAC  3,4,4a.alpha.,4b.beta.,5,6,7,9,10,10a.beta.-Decahydro-7-oxo-2(1H)-phenanthr
     one [III; R' and R" are H, X is H.sub.2, Z is O=C, .DELTA..sup.8 ].
PAR  A solution of 5.14 g. (0.023 mole) of
      4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10-decahydro-7.beta.-hydroxy-2(3H
     )-phenanthrone (Example 9) in 50 ml. of pyridine was added to 50 ml. of
      pyridine containing 5.15 g. of chromium trioxide. After being stirred
      overnight the reaction mixture was added to 500 ml. of ethyl acetate. The
      mixture was filtered and the solvent was removed by warming in vacuo.
      Ether (150 ml.) was added and more solid was filtered off. The solvent was
      evaporated leaving 4.69 g. of an oily residue that crystallized.
      Recrystallization from ether afforded 3.27 g. (63%) of
      3,4,4a.alpha.,4b.beta.,5,6,7,9,10,10a.beta.-decahydro-7-oxo-2(1H)-phenanth
     rone, m.p. 124.degree.-125.degree.C.
PAC  EXAMPLE 19
PAC  1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Tetradecahydrop
     henanthrene-2,7-dione.
PAR  A solution of 3.2 g. (0.014 mole) of
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-tetradecahydro
     phenanthrene-2.alpha.,7.beta.-diol (Example 11b) in 60 ml. of pyridine was
      added to 60 ml. of pyridine containing 6.4 g. of chromium trioxide. After
      being stirred overnight the reaction mixture was added to 600 ml. of ethyl
      acetate. The mixture was filtered and the solvent was removed by warming
      in vacuo. Ether (150 ml.) was added and more solid was removed by
      filtration. Upon concentration of the ether, there was obtained 1.51 g. of
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-tetradecahydro
     phenanthrene-2,7-dione, m.p. 152.5.degree.-154.degree.C. Upon further
      concentration, another 0.7 g., m.p. 149.5.degree.-151.5.degree.C. was
      obtained.
PAC  EXAMPLE 20
PAC  1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Tetradecahydrop
     henanthrene-2,7-dione bisamidinohydrazone.
PAR  A solution of 4.83 g. (0.022 mole) of
      1,2,3,4,4a.alpha.,4b.beta.5,6,7,8,8a.alpha.,9,10,10a.beta.-tetradecahydrop
     henanthrene-2,7-dione in 75 ml. of methanol was added to a solution of 13.6
      g. (0.100 mole) of aminoguanidine bicarbonate and 35 ml. of concentrated
      hydrochloric acid in 315 ml. of methanol. After 24 hours at room
      temperature, the mixture was filtered to give 6.46 g. (73%) of
      1,2,3,4,4a.alpha.,
      4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-tetradecahydrophenanthrene-2,7-d
     ione bisamidinohydrazone, m.p. 350.degree.C.
PAC  EXAMPLE 21
PAC  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7,7-eth
     ylenedimercapto-2(1H)-phenanthrone [III; R' and R" are H, X is H.sub.2, Z
      is (ethylenedithio)C].
PAR  A solution of 2.83 g (9.4 mmoles) of
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-2(1H)-phenanthrone 2,2-ethylene dithioketal (Example 17) in 40
      ml. of pyridine was added to 40 ml. of pyridine containing 3 g. of
      chromium trioxide. After 5 days at room temperature the reaction mixture
      was added to 500 ml. of ethyl acetate. The mixture was filtered and the
      filtrate was concentrated to a residue by warming in vacuo. Ether (200
      ml.) was added to the residue and more unwanted solid was separated. The
      ether was concentrated and 2 g. of
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7,7-et
     hylenedimercapto-2(1H)-phenanthrone, m.p. 131.degree.-132.degree.C. was
      obtained from the mother liquor (yield 76%).
PAC  EXAMPLE 22
PAR  Lithium-ammonia reduction of 2.04 g. of
      4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10-decahydro-7.beta.-hydroxy-4b.beta.-m
     ethyl-2(3H)-phenanthrone according to the procedure described above in
      Example 13 afforded 0.99 g. of
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydr
     oxy-4b.beta.-methyl-2(1H)-phenanthrone [III; R' is CH.sub.3, R" is H, X is
      H.sub.2, Z is (.beta.-HO)CH], m.p. 105.degree.-107.degree.C. and a second
      crop of 0.1 g., m.p. 103.degree.-105.degree.C. (54%).
PAR  1,2,3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-Tetradecahydro-4b.bet
     a.-methylphenanthrene-2.alpha. ,7 .beta.-diol (0.19 g., m.p.
      171.degree.-175.degree.C.) was also isolated (9%). Recrystallization from
      acetonitrile afforded a sample that melted at 182.degree.-184.degree.C.
      This compound can be oxidized to the corresponding 2,7-dione.
PAC  EXAMPLE 23
PAC  1.beta.,4b.beta.-Dimethyl-3,4,4 a.alpha.,4b,5,6,7,8,8
      a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydroxy-2(1H)-phenanthrone
      [III; R' and R" are CH.sub.3, X is H.sub.2, Z is (.beta.-HO)CH].
PAR  Dry liquid ammonia was prepared by treatment of 300 ml. of liquid ammonia
      with lithium wire until the blue color persisted, followed by distillation
      until 100 ml. of liquid ammonia had been condensed in the reaction vessel.
      To the dry liquid ammonia was added with stirring 0.16 g. (23 mmoles) of
      lithium wire followed by dropwise addition of a solution of 1.00 g. (4.29
      mmoles) of
      4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10-decahydro-7.beta.-hydroxy-4b.beta.-m
     ethyl-2(3H)-phenanthrone in 15 ml. of tetrahydrofuran and 35 ml. of
      anhydrous ether over a 10 minute period. The mixture was stirred for 30
      minutes and then treated with 1.2 ml. of methyl iodide which immediately
      discharged the blue color. The ammonia was allowed to evaporate and the
      residue was treated with 100 ml. of water and extracted with 250 ml. of
      ether. The extract was washed with water and saturated salt solution and
      dried (MgSO.sub.4). The residue (1.05 g.), obtained upon evaporation of
      the solvent, was chromatographed on 30 g. of silica gel. Elution with
      1:1:3 methylene dichloride-ether-pentane afforded crystalline material
      which, upon recrystallization from acetonitrile, furnished 0.34 g. of
      product, m.p. 115.degree.-120.degree.C. Recrystallization of the latter
      from acetonitrile gave 1.beta.,4b.beta.-dimethyl-3,4,4
      a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydroxy-2
     (1H)-phenanthrone, m.p. 129.degree.-132.degree.C.
PAC  EXAMPLE 24 4,4a.alpha., 4b.beta.,5,6,7,8,8a.alpha.,
      9,10-Decahydro-7.alpha.,10.alpha.-dihydroxy-2(3H)-phenanthrone [XII:
      7.beta.-OH] and
      1,2,3,4,4a.alpha.,4b,5,6,7,9,10,10a.beta.-dodecahydro-7-oxophenanthrene-2.
     alpha.,4b.beta.-diol ([XIII; 2.alpha.-OH].
PAR  The microorganism, Cunninghamella bainieri (American Type Culture
      Collection No. 9244) was grown in surface growth 15 days old agar slants
      at 26.degree.C. containing as a nutrient medium:
TBL  (A)        Maltose          40 gr.                                        

                Proteose peptone 10 gr.                                        

                Agar             15 gr.                                        

                Distilled water to                                             

                                 1 liter,                                      

PAL  and suspended in distilled water. Five ml. portions of the suspension were
      used to inoculate 500 ml. Erlenmeyer flasks each containing 100 ml. of a
      sterilized medium (autoclaved at 15 lbs. per sq. in. for 20 minutes)
      containing:
      ##EQU4##
      The seeded Erlenmeyer flasks were grown for 72 hours at 26.degree.C. on a
      shaker rotating at 210 cycles per minute. Fourteen-liter jar fermentors
      were prepared, each containing 10 liters of sterile medium B (sterilized
      for 45 minutes at 15 lbs. pressure) described above, and seeded with 10%
      quantities of inocula. The inoculated fermentors were agitated at 400
      r.p.m. and aerated with an air supply of 4 liters of air per minute at a
      temperature of 27.degree.C. for 48 hours. After this period of time, a
      solution of 3 gr. of 4,4a.alpha.,
      4b.beta.,5,6,7,8,8a.alpha.,9,10-decahydro-7.beta.-hydroxy-2(3H)-phenanthro
     ne (Example 9) dissolved in 15 ml. of N,N-dimethylformamide was added to
      each tank. Antifoam was added as needed during the fermentation cycle.
PAR  Samples were taken from the tanks every 24 hours and analyzed
      chromatographically. Further incubation for 144 hours after addition of
      the substrate indicated that this material had disappeared and the
      formation of three more polar metabolites was observed. The fermentation
      was terminated and the whole fermentation mash adjusted to pH 4.0 with 50%
      hydrochloric acid and extracted twice with 10-liter portions of methylene
      dichloride. The extracts were combined and concentrated under reduced
      pressure to a residue. This residue was triturated twice with 250-ml.
      portions of n-pentant to remove some oils. The pentane washed fermentation
      extract (43 g.) from 21 g. of substrate was dissolved in ethyl acetate and
      put on 2 kg. of silica gel. The column was eluted with ethyl acetate. The
      first 8 liters eluted brown oils which were discarded. The next 7.5 liters
      of ethyl acetate eluted 4.38 g. of a mixture of hydroxylated products.
      Continued elution with ethyl acetate afforded 5.98 g. of oil containing
      mostly the more polar
      4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10-decahydro-7.beta.,10.alpha.-di
     hydroxy-2(3H)-phenanthrone. After preparative thick layer chromatography of
      these two fractions 1.45 g. of 4,4a.alpha.,4b.beta.,
      5,6,7,8,8a.alpha.,9,10-decahydro-7.beta.,10.alpha.-dihydroxy-2(3H)-phenant
     hrone was obtained, m.p. 143.degree.-146.degree.C. Recrystallization from
      acetone containing ether gave a sample with m.p. 155.degree.-156.degree.C.
PAR  From the less polar band 1 g. of
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,9,10,10a.beta.-dodecahydro-7-oxophenanthr
     one-2.alpha.,4b.beta.-diol, m.p. 151.degree.-154.degree.C. was obtained.
      This material was recrystallized from acetone containing ether to give a
      sample with m.p. 163.degree.-165.degree.C. indistinguishable by infrared
      analysis, TLC analysis and mixed melting point from a sample prepared by
      an alternative chemical method as described below.
PAR  By substituting as the substrate in the foregoing preparation,
      4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10-decahydro-7.beta.-hydroxy-4b.beta.-m
     ethyl-2(1H)-phenanthrone (XI), there can be obtained
      4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10-decahydro-4b.beta.-methyl-7.beta.,10
     .alpha.-dihydroxy-2(3H)-phenanthrone.
PAR  In the foregoing fermentation process, the organism Cunninghamella bainieri
      can be replaced by Cunninghamella verticillator or Cunninghamella elegans.
PAC  EXAMPLE 25
PAC  a.
      1,2,3,4,4a.alpha.,5,6,7,8,9,10,10a.beta.-Dodecahydro-7-oxo-2.alpha.-phenan
     throl.
PAR  A solution of 13.8 g. (0.06 mole) of
      1,2,3,4,4a.alpha.,9,10,10a.alpha.-octahydro-7-methoxy-2.beta.-phenanthrol
      and -2.alpha.-phenanthrol in 50 ml. of tetrahydrofuran was added to 300
      ml. of liquid ammonia. Lithium wire (4.7 g., 0.66 mole) was added over a
      half-hour period with stirring. After stirring the mixture for a half-hour
      longer, a mixture of 70 ml. of absolute ethanol and 70 ml. of ether
      (anhydrous) was added to discharge the blue color. The solution was
      evaporated to half the volume. Ether and water were added and, after
      shaking, the layers were separated. The ether was washed with saturated
      sodium chloride solution and the aqueous layers were washed with a fresh
      portion of ether. The combined ether layers were dried (Na.sub.2 SO.sub.4)
      and the ether was removed by warming in vacuo. The remaining residue was
      taken up in 100 ml. of tetrahydrofuran and 200 ml. of methanol. Oxalic
      acid (10 g.) in 75 ml. of water was added. The solution was kept at room
      temperature for 75 minutes and then added to a large volume of ether. The
      layers were separated and the ether layer was washed several times with
      saturated sodium bicarbonate solution. The aqueous layers were washed with
      a fresh portion of ether. The combined ether layers were dried (Na.sub.2
      SO.sub.4) and the solvent was removed by warming in vacuo. The residue
      crystallized from ether containing hexane and afforded 7.9 g. of
      1,2,3,4,4a.alpha.,5,6,7,8,9,10,10a.beta.-dodecahydro-7-oxo-2.alpha.-phenan
     throl, m.p. 120.degree.-123.degree.C.
PAC  b.
      1,2,3,4,4a.alpha.,4b,5,6,7,9,10,10a.beta.-Dodecahydro-7-oxophenanthrene-2.
     alpha. 74b.beta.-diol [XIII; 2.alpha.-OH] and -2.alpha.,4b.alpha.-diol.
PAR  A solution of 6.76 g. of 85% m-chloroperbenzoic acid in 80 ml. of methylene
      dichloride was added to
      1,2,3,4,4a.alpha.,5,6,7,8,9,10,10a.beta.-dodecahydro-7-oxo-2.alpha.-phenan
     throl (6.5 g., 0.29 mole) in 50 ml. of methylene dichloride. After standing
      at room temperature overnight, the reaction mixture was washed twice with
      saturated sodium bicarbonate solution and once with saturated sodium
      chloride solution. The aqueous layers were washed again with methylene
      dichloride. The organic layers were combined and dried with sodium
      sulfate. The solvent was removed by warming in vacuo, leaving 6.3 g. of an
      oily residue that would not crystallize. The residue was chromatographed
      on 500 g. of silica gel. Ethyl acetate with 0.5% methanol was used for
      elution. A less polar fraction (2.53 g.) was obtained which on
      crystallization and recrystallization from acetone containing hexane,
      afforded 1.43 g. of
      1,2,3,4,4a.alpha.,4b,5,6,7,9,10,10a.beta.-dodecahydro-7-oxophenanthrene-2.
     alpha.,4b.beta.-diol, m.p. 160.degree.-161.degree.C.
PAR  A more polar fraction (1.74 g.) afforded, on crystallization and
      recrystallization from acetone-hexane, 0.88 g. of
      1,2,3,4,4a.alpha.,4b,5,6,7,9,10,10a.beta.-dodecahydro-7-oxophenanthrene-2.
     alpha.,4b.alpha.-diol, m.p. 176.degree.-177.degree.C.
PAC  EXAMPLE 26
PAC  1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Tetradecahydro-
     7.beta.-acetoxyphenanthrene-2,10-dione [III; R' and R" are H, X is O, Z is
      (.beta.-CH.sub.3 COO)CH].
PAR  A solution of 900 mg. of
      4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10-decahydro-7.beta.,10.alpha.-di
     hydroxy-2(3H)-phenanthrone (Example 24) in 50 ml. of acetic acid and 5 ml.
      of 10% sulfuric acid was kept at room temperature in a nitrogen atmosphere
      for 24 hours. At the end of this time the solution was poured into ice and
      solid sodium bicarbonate was added. Ether was added and the layers were
      separated. The ether was washed with saturated sodium bicarbonate solution
      and then with saturated sodium chloride solution. The aqueous layers were
      washed with more ether. The ether was combined and dried over sodium
      sulfate. The ether was evaporated by warming in vacuo leaving a residue
      that partially crystallized. Ether containing hexane was added and 310 mg.
      of
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-tetradecahydro
     -7.beta.-acetoxyphenanthrene-2,10-dione. Recrystallization from ether gave
      a sample with m.p. 146.degree.-148.degree.C.
PAC  EXAMPLE 27
PAC  1,2,3,4,4a.alpha.,4b,5,6,7,9,10,10a.beta.-Dodecahydro-4b.beta.-hydroxyphena
     nthrene-2,7-dione [III; R' is OH, R" is H, X is H.sub.2, Z is O=C,
      .DELTA..sup.8 ].
PAR  A solution of
      1,2,3,4,4a.alpha.,4b,5,6,7,9,10,10a.beta.-dodecahydro-7-oxophenanthrene-2.
     alpha.,4b.beta.-diol (Example 24) in 35 ml. of pyridine was added to 35 ml.
      of pyridine containing 3 g. of chromium trioxide. After standing at room
      temperature overnight, the reaction mixture was diluted with a large
      volume of ethyl acetate and filtered. The solvent was removed by warming
      in vacuo. The residue was taken up in acetone ether and was filtered. The
      volume was reduced and there was obtained 2 g. of
      1,2,3,4,4a.alpha.,4b,5,6,7,9,10,10a.beta.-dodecahydro-4b.beta.-hydroxyphen
     anthrene-2,7-dione, m.p. 179.degree.-180.degree.C. when recrystallized from
      ether.
PAC  EXAMPLE 28
PAC  a.
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.beta.-hydr
     oxy-4b.beta.-methyl-2(1H)-phenanthrone 7-p-toluenesulfonate.
PAR  A solution of 10.0 g. (0.043 mole) of
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydr
     oxy-4b.beta.-methyl-2(1H)-phenanthrone (Example 22) in 50 ml. of pyridine
      was treated with 9.60 g. (0.050 mole) of p-toluenesulfonyl chloride in 50
      ml. of pyridine and kept overnight at room temperature. The mixture was
      added to 150 ml. of concentrated hydrochloric acid and 350 ml. of
      ice-water and the mixture was extracted with ether. The extract was washed
      with 2N sodium hydroxide solution, dried (MgSO.sub.4) and concentrated to
      a residue to give 16.4 g. of
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydr
     oxy-4b.beta.-methyl-2(1H)-phenanthrone 7-p-toluenesulfonate as an amber
      oil. This oil was used without further purification in the following
      procedure.
PAC  b. Detosylation of
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydr
     oxy-4b.beta.-methyl-2(1H)-phenanthrone 7-p-toluenesulfonate.
PAR  A solution of 16.3 g. of the above oily tosylate in 100 ml. of s-collidine
      was heated under reflux for 4 hours. The solution was cooled and poured
      into 400 ml. of 2N sulfuric acid. The acid mixture was extracted with
      ether and the extract was washed with 2N sulfuric acid, water and brine.
      It was dried (MgSO.sub.4) and concentrated to a residue to give 7.0 g. of
      an oil which was assumed to be a mixture of .DELTA..sup.6 - and
      .DELTA..sup.7 -2-phenanthrones. This mixture was hydrogenated in the
      following procedure without purification.
PAC  c. Hydrogenation of the mixture of .DELTA..sup.6 - and .DELTA..sup.7
      -2-phenanthrones.
PAR  A solution of 0.69 g. of the mixture of phenanthrones described in the
      preceding example in 25 ml. of undenatured ethanol was treated with 0.10
      g. of 10% palladium-on-charcoal and the mixture was shaken in a hydrogen
      atmosphere until one molar equivalent was absorbed (5 minutes). The
      mixture was filtered and the filtrate was concentrated to a residue by
      warming under reduced pressure. The residue was dissolved in ether and the
      solution was dried (MgSO.sub.4) and concentrated to give 0.56 g. of
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-2(1H)-phenanthrone [III; R' is CH.sub.3, R" is H, X is H.sub.2, Z is
      CH.sub.2 ] as an amber oil. It was purified by column chromatography on 15
      g. of silica gel with elution by 1:9 ether-pentane.
PAC  EXAMPLE 29
PAC  a.
      8,8-Dimethyl-1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-dodecahydro-7
     -oxo-2.alpha.-phenanthrol [XV; R' is H, lower-alkyl is CH.sub.3 ].
PAR  A solution of 27.4 g. (0.25 mole) of
      4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10-decahydro-7.beta.-hydroxy-2(3H
     )-phenanthrone (IX) (Example 9) in 600 ml. of t-butanol was treated with 35
      g. (0.310 mole) of potassium t-butoxide. The reaction mixture was flushed
      with nitrogen. Methyl iodide (70 g., 0.500 mole) was added over a
      half-hour period. The solution was stirred at room temperature for one
      hour and was finally heated under reflux for 10 minutes. The reaction
      mixture was cooled and dilute hydrochloric acid was added. Ether and water
      were added and the layers were separated. The ether was washed with dilute
      sodium hydroxide and then saturated sodium chloride solution. The ether
      was dried (Na.sub.2 SO.sub.4) and evaporated to afford an oily residue
      that crystallized from ether containing hexane. Recrystallization twice
      from the same solvent gave 11.0 g. of
      8,8-dimethyl-1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-dodecahydro-7
     -oxo-2.alpha.-phenanthrol, m.p. 116.degree.-118.degree.C. Upon
      concentration of the mother liquor another crop of 3.2 g., m.p.
      114.degree.-116.degree.C. was obtained. The mother liquor was
      chromatographed on 500 g. of silica gel. Elution with methylene
      dichloride-ether-pentane (2:5:3) afforded another 5.5 g., m.p.
      116.degree.-117.degree.C. (64%). A sample recrystallized from ether
      containing hexane melted at 121.degree.-122.degree.C.
PAC  b.
      3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-Decahydro-8,8-dimethyl-7-oxo-2
     (1H)-phenanthrone [XVI; R' is H, lower-alkyl is CH.sub.3 ].
PAR  A solution of 16.6 g. (0.067 mole) of the hydroxy ketone of part (a) in 210
      ml. of pyridine was added to 210 ml. of pyridine containing 16.6 g. (0.166
      mole) of chromium trioxide. The mixture was stirred overnight and was then
      added to about 700 ml. of ethyl acetate. The mixture was filtered through
      infusorial earth and the solvent was removed by warming in vacuo. Ether
      was added to the residue and more inorganic solids were filtered away. The
      ether was concentrated to afford 11.9 g. of
      3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-decahydro-8,8-dimethyl-7-oxo-2
     (1H)-phenanthrone, m.p. 130.degree.-133.degree.C. A second crop of 1.21 g.,
      m.p. 128.degree.-130.degree.C. was also obtained. The mother liquor was
      chromatographed on 150 g. of silica gel. Elution with methylene
      dichloride-ether-pentane (2:3:5) afforded another 0.7 g., m.p.
      131.degree.-133.degree.C. (83%). A sample recrystallized from ether melted
      at 133.degree.-134.degree.C.
PAR  Similarly, starting from
      1,2,3,4,4a.alpha.,4b,5,9,10,10a.beta.-decahydro-2.alpha.-hydroxy-4b.beta.-
     methyl-7(6H)-phenanthrone [XIV; R' is CH.sub.3 ], there can be prepared
      3,4,4a.alpha.,4b,5,6,7,8,10,10a.beta.-decahydro-4b.beta.,8,8-trimethyl-7-o
     xo-2(1H)-phenanthrone [XVI; R' is CH.sub.3, lower-alkyl is CH.sub.3 ].
      3,4,4a.alpha.,4b,5,6,7,8,10,10a.beta.-Decahydro-4b.beta.,8,8-trimethyl-7-o
     xo-2(1H)-phenanthrone reacts with ethylene glycol in the presence of
      p-toluenesulfonic acid to give the 2-mono-ethylene glycol ketal. The
      latter ketal is reduced with lithium aluminum hydride to give
      3,4,4a.alpha.,4b,5,6,7,8,10,10a.beta.-decahydro-4b.beta.,8,8-trimethyl-7.b
     eta.-hydroxy-2(1H)-phenanthrone 2-mono-ethylene glycol ketal, which is
      further reduced catalytically in the presence of palladium-on-carbon to
      give
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.,8,8
     -trimethyl-7.beta.-hydroxy-2(1H)-phenanthrone 2-mono-ethylene glycol ketal.
      The ketal is then cleaved by heating it with acetic acid to give
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.,8,8
     -trimethyl-7.beta.-hydroxy-2(1H)-phenanthrone [XVIII; R' is CH.sub.3,
      lower-alkyl is CH.sub.3 ], m.p. 112.degree.-117.degree.C. when
      recrystallized from isopropyl alcohol.
PAC  EXAMPLE 30
PAC  a. Mixture of 10.alpha.- and
      10.beta.-acetoxy-8,8-dimethyl-3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-
     decahydro-7-oxo-2(1H)-phenanthrones.
PAR  A solution of 250 mg. (1.0 millimoles) of
      3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-decahydro-8,8-dimethyl-7-oxo-2
     (1H)-phenanthrone in 5 ml. of benzene and 1 ml. of glacial acetic acid was
      treated with 0.17 ml. (1.0 millimoles) of t-butyl peracetate (75% in
      benzene). Cuprous chloride (1 mg.) was added and oxygen was removed from
      the reaction mixture by flushing it with nitrogen. The solution was heated
      under reflux in an atmosphere of nitrogen for 22 hours. Another 0.17 ml.
      (1.0 millimoles) of t-butyl peracetate and a trace of cuprous chloride
      were added. After the reaction mixture was heated under reflux for another
      7 hours, the above addition procedure was repeated. The reaction mixture
      was then heated under reflux for 24 hours. The reaction mixture was added
      to ice water. Ether was added and the layers were separated. The ether was
      washed with saturated sodium bicarbonate and saturated sodium chloride
      solutions and then dried (Na.sub.2 SO.sub.4). Evaporation of the solvent
      afforded an oily residue that was redissolved in ether and filtered.
      Evaporation of the solvent by warming in vacuo gave 190 mg. of an oily
      residue. This residue was chromatographed on 19 g. of silica gel. Elution
      with 400 ml. of methylene dichloride-ether-pentane (2:3:5) gave 50 mg.
      (20%) of starting diketone. Continued elution with another 60 ml. of the
      same solvent mixture afforded 60 mg. (20%) of the mixture of 10.alpha.-
      and 10.beta.-acetates.
PAC  b. Mixture of 10.alpha.- and
      10.beta.-acetoxy-8,8-dimethyl-1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.be
     ta.-dodecahydro-2.alpha.-phenanthrol.
PAR  A solution of 2.3 g. (9.3 millimoles) of
      8,8-dimethyl-1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-dodecahydro-7
     -oxo-2.alpha.-phenanthrol in 50 ml. of benzene and 5 ml. of acetic acid was
      treated with 1.7 ml. (10.0 millimoles) of t-butyl peracetate (75% in
      benzene). Cuprous chloride (10 mg.) was added and the reaction flask after
      being flushed with nitrogen was boiled under reflux in a nitrogen
      atmosphere for 24 hours. Another 2 ml. of t-butyl peracetate was added and
      the reaction mixture was boiled under reflux for another 24 hours. The
      reaction mixture was worked up as described above in part (a). The oily
      residue (2.65 g.) was chromatographed on 200 g. of silica gel. Elution
      with methylene dichloride-ether-pentane (2:3:5) afforded 540 mg. (23%) of
      starting material. Continued elution with methylene dichloride-ether (1:4)
      then gave 690 mg. (19%) of the mixture of acetates.
PAC  EXAMPLE 31
PAC  8,8-Dimethyl-3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-Decahydro-7,10-dio
     xo-2(1H)-phenanthrone [XVII; R' is H, lower-alkyl is CH.sub.3 ].
PAR  a. The mixture of acetates from parts (a) and (b) of Example 30 were
      combined and were dissolved in 30 ml. of 5% methanolic potassium hydroxide
      containing 5% water. The solution was boiled under reflux in a nitrogen
      atmosphere for 45 minutes. The reaction mixture was added to ice and
      water. Sodium chloride was added followed by ether. The layers were
      separated. The ether was washed twice with saturated sodium chloride
      solution. The aqueous layers were washed with a fresh portion of ether and
      the combined ether layers were then dried (Na.sub.2 SO.sub.4) and
      evaporated by warming in vacuo to afford 390 mg. of an oily residue. The
      residue, containing a mixture of 10.alpha.- and
      10.beta.-hydroxy-8,8-dimethyl-3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-
     decahydro-7-oxo-2(1H)-phenanthrones and 10.alpha.- and
      10.beta.-hydroxy-8,8-dimethyl-1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.be
     ta.-dodecahydro-2.alpha.-phenanthrols was dissolved in 20 ml. of pyridine
      and this solution was added to 20 ml. of pyridine containing 600 mg. of
      chromium trioxide. The reaction mixture was kept at room temperature for
      40 hours and then added to about 100 ml. of ethyl acetate. The mixture was
      filtered and warmed in vacuo to remove the solvent. Ether was added and
      more inorganic solids were filtered away. The ether was evaporated. The
      residue was crystallized from ether and afforded 140 mg. of
      8,8-dimethyl-3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-decahydro-7,10-di
     oxo-2(1H)-phenanthrone, m.p. 147.degree.-150.degree.C. (23%).
      Recrystallization from ether gave a sample melting at
      152.degree.-153.degree.C.
PAR  b. A solution of 19 ml. of t-butyl chromate in carbon tetrachloride, 20 ml.
      of carbon tetrachloride, 6 ml. of acetic acid and 2.5 ml. of acetic
      anhydride were heated at 50.degree.C. in a water bath. A slow stream of
      air was blown through the solution while it was being stirred. A solution
      of 1 g. (4.1 millimoles) of
      3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-decahydro-8,8-dimethyl-7-oxo-2
     (1H)-phenanthrone in 18 ml. of carbon tetrachloride was added during a
      half-hour period. The temperature was maintained at
      50.degree.-70.degree.C. for a two hour period. This solution was stirred
      at room temperature with a slow stream of air passing through for another
      16 hours. Carbon tetrachloride (50 ml.) was added to the reaction mixture
      (to maintain volume). Oxalic acid (7.5 g., 83 millimoles) in 75 ml. of
      water was added during a half-hour period while the solution was being
      stirred in an ice bath. Oxalic acid (5.25 g.) was again added and the
      reaction mixture was stirred for another two hours. More carbon
      tetrachloride and water were added and the layers were separated. The
      aqueous layer was washed with a fresh portion of carbon tetrachloride. The
      carbon tetrachloride solutions were combined and were washed twice with
      saturated sodium bicarbonate and once with saturated sodium chloride
      solution. The organic solution was dried (Na.sub.2 SO.sub.4) and the
      solvent was removed by warming in vacuo to afford 320 mg. of a residue.
      The aqueous layers were extracted with ethyl acetate and gave another 570
      mg. of oily residue upon evaporation. Crystallization from ether afforded
      225 mg. of
      8,8-dimethyl-3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-decahydro-7,10-di
     oxo-2(1H)-phenanthrone, m.p. 148.degree.-151.degree.C.
PAC  EXAMPLE 32
PAC  Ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (mixture of
      isomers) [I; R is C.sub.2 H.sub.5, R.sup.o, R' and R" are H, X is H.sub.2,
      Z is (.beta.-HO)CH].
PAR  A solution of sodium ethoxide [prepared from 1.6 g. (0.070 mole) of sodium
      and absolute ethanol] in 120 ml. of dry dimethylformamide (DMF) was cooled
      in an ice bath and treated dropwise with a solution of 15.5 g. (0.070
      mole) of triethyl phosphonoacetate in 20 ml. of dry DMF with stirring. The
      resulting solution was stirred cold (0.degree.C.) for 5 minutes and then a
      solution of 7.68 g. (0.0346 mole) of
      7.beta.-hydroxy-3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-do
     decahydro-2(1H)-phenanthrone (Example 13) in 30 ml. of dry DMF was added
      dropwise with stirring. This mixture was then stirred cold (0.degree.C.)
      for 15 minutes and at room temperature for two hours. It was added to 1.5
      liter of water and the mixture was made acidic with 2N hydrochloric acid.
      The precipitated product was extracted with ether and the extracts were
      washed with brine and dried over sodium sulfate. Removal of the ether gave
      an oily residue which partially crystallized upon addition of about 25 ml.
      of ethanol. Dilution of this mixture with 300 ml. of water and filtration
      afforded 10.4 g. of a crystalline product, m.p. 89.degree.-101.degree.C.,
      which was shown by gasliquid phase chromatography (glpc) to be a 1:1
      mixture of cis and trans isomers together with 1.6% of an impurity. This
      mixture was purified on silica chromatoplates developed with pure ether
      and then recrystallized from ether-hexane to give ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate, m.p.
      102.degree.-110.degree.C.
PAC  EXAMPLE 33
PAC  Methyl
      1.beta.,4b.beta.-dimethyl-3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta
     .-dodecahydro-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate [I; R is CH.sub.3, R.sup.o is H, R' and R" are
      CH.sub.3, X is H.sub.2, Z is (.beta.-HO)CH].
PAR  To a suspension of 2.82 g. (0.052 mole) of reagent sodium methoxide in 35
      ml. of dry 1,2-dimethoxyethane was added 9.5 g. (0.052 mole) of trimethyl
      phosphonoacetate in 35 ml. of dry 1,2-dimethoxyethane and the mixture was
      stirred for 1 hour at room temperature. A solution of 6.5 g. (0.026 mole)
      of
      1.beta.,4b.beta.-dimethyl-7.beta.-hydroxy-3,4,4a.alpha.,4b,5,6,7,8,8a.alph
     a.,9,10,10a.beta.-dodecahydro-2(1H)-phenanthrone (Example 23) in 70 ml. of
      1,2-dimethoxyethane was added. Silica plates developed with methanol-ether
      (1:49) showed that the reaction was about 50% complete in one hour but
      that it progressed no further even when the mixture was refluxed
      (84.degree.C.) for five days. After the reflux period, 25 ml. of water and
      500 ml. of ether were added and the layers were separated. The organic
      layer was washed with brine, dried over magnesium sulfate and concentrated
      to give 9.0 g. of methyl
      1.beta.,4b.beta.-dimethyl-3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta
     .-dodecahydro-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate as a viscous oil which contained considerable
      unreacted ketone. This mixture was hydrolyzed directly, giving a
      carboxylic acid which was easily separable from ketonic impurity.
PAC  EXAMPLE 34
PAC  a. Ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Isomer A) [I; R is
      C.sub.2 H.sub.5, R.sup.o, R' and R" are H, X is H.sub.2, Z is O=C].
PAR  A solution of 25.4 g. (0.087 mole) of ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Example 32)
      in 220 ml. of pyridine was added in 2 minutes with stirring to a mixture
      of 21.9 g. (0.22 mole) of chromium trioxide and 220 ml. of pyridine at
      room temperature and the resulting mixture was stirred overnight. Ethyl
      acetate (1.5 liter) was added, the mixture was filtered and the filtrate
      was concentrated to a residue by warming under reduced pressure. This
      residue was treated with 400 ml. of ether and further insoluble material
      was removed by filtration. Concentration of the ether solution and
      addition of hexane afforded 6.13 g. of ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Isomer A), m.p.
      95.degree.-96.5.degree.C. when recrystallized from ether-hexane.
PAC  b.
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid (Isomer B) [I; R,
      R.sup.o, R' and R" are H, X is H.sub.2, Z is O=C].
PAR  The mother liquor residues from the preceding experiment containing ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate were dissolved in 500
      ml. of 95% ethanol, 200 ml. of 2N aqueous sodium hydroxide was added and
      the solution was refluxed in a nitrogen atmosphere for 75 minutes. The
      reaction mixture was added to ice-water, neutralized with acetic acid and
      the product was extracted with ether. The ether extracts were extracted
      with 2N sodium hydroxide and these extracts acidified with 2N hydrochloric
      acid. The precipitated carboxylic acid was collected and recrystallized
      from ethyl acetate to give 4.36 g. of
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid (Isomer B), m.p.
      220.degree.-222.degree.C. (vac.) when recrystallized from ethyl acetate.
PAC  c. Methyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Isomer B) [I; R is
      CH.sub.3, R.sup.o, R' and R" are H, X is H.sub.2, Z is O=C].
PAR  The mother liquor residues from separation of the Isomer B acid described
      immediately above contained 8.22 g. (0.0313 mole) of a mixture of Isomer A
      and Isomer B unsaturated carboxylic acids. This solid, m.p.
      180.degree.-195.degree.C., was dissolved in 250 ml. of methanol, 0.10 mole
      of diazomethane in ether was added and the solution was allowed to stand
      overnight. The solvent was removed and the crystalline residue was
      recrystallized from ether by the addition of hexane to give 2.87 g. of
      material which melted at 100.degree.-130.degree.C. Two further
      recrystallizations furnished 1.6 g. of methyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Isomer B), m.p.
      139.degree.-141.degree.C.
PAC  EXAMPLE 35
PAC  Ethyl
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-tetradecahydro
     -7.beta.-hydroxy-2-phenanthreneacetate (Isomer A) [I; R is C.sub.2 H.sub.5,
      R.sup.o, R' and R" are H, X is H.sub.2, Z is (.beta.-HO)CH, saturated side
      chain] .
PAR  A solution of 12.0 g. (0.041 mole) of ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Example 32)
      in 300 ml. of absolute ethanol was hydrogenated at 3.9 kg./cm.sup.3 and
      25.degree.C. for two and one-half hours in the presence of 1.2 g. of 10%
      palladium-on-carbon. The mixture was filtered and the filtrate was
      concentrated to a residue by warming under reduced pressure. The residue
      was dissolved in ether and precipitated by addition of a small amount of
      hexame to give 4.43 g. of material, m.p. 110.degree.-111.5.degree.C.
      Concentration of the filtrate gave 1.07 g. of material, m.p.
      106.degree.-108.degree.C. (41%). Recrystallization from ether containing
      hexane afforded ethyl 1,2,3,4,4a.alpha.,4b.beta.
      ,5,6,7,8,8a.alpha.,9,10,10a.beta.-tetradecahydro-7.beta.-hydroxy-2-phenant
     hreneacetate (Isomer A), m.p. 110.degree.-111.degree.C.
PAR  The mother liquor residues were greatly enriched in Isomer B but TLC showed
      no separation of these isomers when using silica plates developed with
      100% ether or 3:7 pentane-ether. These residues were hydrolyzed as
      described below in Example 53.
PAR  By the foregoing procedures the following examples of lower-alkyl esters
      (I; R is lower-alkyl) were prepared. In most instances the esters were not
      purified but were hydrolyzed directly to the corresponding free acids as
      described below.
PAC  EXAMPLE 36:
PAC  Methyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.3,
      R.sup.o  is H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is CH.sub.2 ],
      from 3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta
     .-methyl-2(1H)-phenanthrone (Example 28) and trimethyl phosphonoacetate.
PAC  EXAMPLE 37:
PAC  Methyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.3, R.sup.o, R' and R" are H, X is H.sub.2, Z is (.beta.-HO)CH],
      from 7.beta.-hydroxy-3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.bet
     a.-dodecahydro-2(1H)-phenanthrone (Example 13) and trimethyl
      phosphonoacetate.
PAC  EXAMPLE 38:
PAC  Ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.alph
     a.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      C.sub.2 H.sub.5, R.sup.o, R' and R" are H, Z is (.alpha.-HO)CH], from
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.alph
     a.-hydroxy-2(1H)-phenanthrone (Example 14) and triethyl phosphonoacetate.
PAC  EXAMPLE 39:
PAC  Methyl
      3,4,4a.alpha.,4b.beta.,5,6,7,9,10,10a.beta.-decahydro-7-oxo-.DELTA..sup.2(
     1H),.sup..alpha. -phenanthreneacetate [I; R is C.sub.2 H.sub.5, R.sup.o, R'
      and R" are H, X is H.sub.2, Z is O=C, .DELTA..sup.8 ], from
      3,4,4a.alpha.,4b.beta.,5,6,7,9,10,10a.beta.-decahydro-7-oxo-2(1H)-phenanth
     rone (Example 18) and trimethyl phosphonoacetate.
PAC  EXAMPLE 40:
PAC  Methyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7,7-et
     hylenedimercapto-.DELTA..sup.2(1H),.sup..alpha. phenanthreneacetate [I; R
      is CH.sub.3, R.sup.o, R' and R" are H, X is H.sub.2, Z is ethylenedithio],
      from
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7,7-et
     hylenedimercapto-2(1H)-phenanthrone (Example 21) and trimethyl
      phosphonoacetate.
PAC  EXAMPLE 41:
PAC  Methyl 3,4,4a.alpha.,4b,
      5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-methyl-7.beta.-hydro
     xy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.3,
      R.sup.o  is H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is (.beta.-HO)CH],
      from
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydr
     oxy-4b.beta.-methyl-2(1H)-phenanthrone (Example 22) and trimethyl
      phosphonoacetate.
PAC  EXAMPLE 42:
PAC  Methyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.3, R.sup.o is H, R" is CH.sub.3, R" is H, X is H.sub.2, Z is O=C],
      by oxidation of methyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha.-phenanthreneacetate
      (Example 41).
PAC  EXAMPLE 43:
PAC  Ethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I;
      R is C.sub.2 H.sub.5, R.sup.o is H, R' is CH.sub.3, R" is H, X is H.sub.2,
      Z is (.beta.-HO)CH], from 3,4,4a.alpha.,4b,5,6,7,8,8
      a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydroxy-4b.beta.-methyl-2(1H)-
     phenanthrone (Example 22) and triethyl phosphonoacetate.
PAC  EXAMPLE 44:
PAC  Ethyl,
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      C.sub.2 H.sub.5, R.sup.o is H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is
      O=C], by oxidation of ethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      (Example 43).
PAC  EXAMPLE 45:
PAC  Ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.beta.,9,10,10a.beta.-dodecahydro-7.alpha
     .-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      C.sub.2 H.sub.5, R.sup.o, R' and R" are H, X is H.sub.2, Z is
      (.alpha.-HO)CH, A/B cis], from
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.beta.,9,10,10a.beta.-dodecahydro-7.alpha
     .-hydroxy-2(1H)-phenanthrone (Example 15) and triethyl phosphonoacetate.
PAC  EXAMPLE 46:
PAC  Ethyl,
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.beta.,9,10,10a.beta.-dodecahydro-7-oxo-.
     DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is C.sub.2
      H.sub.5, R.sup.o, R' and R" are H, X is H.sub.2, Z is O=C, A/B cis], by
      oxidation of ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.beta.,9,10,10a.beta.-dodecahydro-7.alpha
     .-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Example 45).
PAC  EXAMPLE 47:
PAC  Methyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.alpha.-dodecahydro-7.bet
     a.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.3, R.sup.o, R' and R" are H, X is H.sub.2, Z is (.beta.-HO)CH, B/C
      cis], from
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.alpha.-dodecahydro-7.bet
     a.-hydroxy-2(1H)-phenanthrone (Example 12) and trimethyl phosphonoacetate.
PAC  EXAMPLE 48:
PAC  Methyl
      3,4,4a.alpha.,4b,5,6,7,9,10,10a.beta.-decahydro-4.beta.-hydroxy-7-oxo-.DEL
     TA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.3, R.sup.o
      is H, R' is OH, R" is H, X is H.sub.2, Z is O=C, .DELTA..sup.8 ], m.p.
      162.degree.-196.degree.C. (from ether), from
      1,2,3,4,4a.alpha.,4b,5,6,7,9,10,10a.beta.-dodecahydro-4b.beta.-hydroxyphen
     anthrene-2,7-dione (Example 27) and trimethyl phosphonoacetate.
PAC  EXAMPLE 49:
PAC  Methyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-10-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      7.beta.-acetate [I; R is CH.sub.3, R.sup.o, R' and R" are H, X is O, Z is
      (.beta.-CH.sub.3 COO)CH], Isomer A, m.p. 131.degree.-133.degree.C. (from
      ether), and Isomer B, m.p. 145.degree.-149.degree.C. (from ether); from
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-tetradecahydro
     -7.beta.-acetoxyphenanthrene-2,10-dione (Example 26) and trimethyl
      phosphonoacetate.
PAC  EXAMPLE 50:
PAC  Ethyl
      3,4,4a.alpha.,9,10,10a.beta.-hexahydro-7-methoxy-.DELTA..sup.2(1H),.sup..a
     lpha. -phenanthreneacetate [II; R is C.sub.2 H.sub.5, R.sup.o is H, R'" is
      CH.sub.3 ], from
      3,4,4a.alpha.,9,10,10a.beta.-hexahydro-7-methoxy-2(1H)-phenanthrone
      (Example 7) and triethyl phosphonoacetate.
PAC  EXAMPLE 51:
PAC  Methyl
      8,8-dimethyl-7,10-dioxo-3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-decahy
     dro-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub. 3,
      R.sup.o, R' and R" are H, X is O, Z is O=C, 8,8-(CH.sub.3).sub.2,
      .DELTA..sup.8a,9 ], Isomer A, m.p. 142.degree.-143.degree.C. (from ether);
      and Isomer B, m.p. 123.degree.-124.degree.C. (from ether), from
      3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-decahydro-8,8-dimethyl-7,10-di
     oxo-2(1H)-phenanthrone and trimethyl phosphonoacetate.
PAC  EXAMPLE 51A:
PAC  Ethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthrenepropionate
      [I; R is C.sub.2 H.sub.5, R.sup.o and R' are CH.sub.3, R" is H, X is
      H.sub.2, Z is (.beta.-HO)CH], from
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7.beta.-hydroxy-2(1H)-phenanthrone and triethyl
      .alpha.-phosphonopropionate.
PAC  EXAMPLE 51B:
PAC  Methyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.,8,8
     -trimethyl-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate [I; R is CH.sub.3, R.sup.o is H, R' is CH.sub.3, R"
      is H, X is H.sub.2, Z is (.beta.-HO)CH, 8,8-(CH.sub.3).sub.2 ], from
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.,8,8
     -trimethyl-7.beta.-hydroxy-2(1H)-phenanthrone and trimethyl
      phosphonoacetate.
PAR  According to the procedures of Examples 32 and 33, the following compounds
      can be reacted with trimethyl phosphonoacetate:
PAR  3,4,4a.alpha.,9,10,10a.alpha.-Hexahydro-7-methoxy-2(1H)-phenanthrone
      (Example 4),
PAR  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7-methy
     l-7-hydroxy-2(1H)-phenanthrone.
PAR  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.alpha
     .-methoxy-2(1H)-phenanthrone,
PAR  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.beta.
     -fluoro-2(1H)-phenanthrone,
PAR  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.beta.
     -chloro-2(1H)-phenanthrone,
PAR  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.beta.
     -bromo-2(1H)-phenanthrone,
PAR  3,4,4a.alpha.,4b,5,6,7,8,10,10a.beta.-Decahydro-4b.beta.,8,8-trimethyl-7-ox
     o-2(1H)-phenanthrone, and
PAR  10-Acetoxy-8,8-dimethyl-3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-decahyd
     ro-7-oxo-2(1H)-phenanthrone to give, respectively,
PAR  Methyl
      3,4,4a.alpha.,9,10,10a.alpha.-hexahydro-7-methoxy-.DELTA..sup.2(1H),.sup..
     alpha. -phenanthreneacetate [II; R is CH.sub.3, R.sup.o is H, R'" is
      CH.sub.3 ],
PAR  Methyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-meth
     yl-7-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.3, R.sup.o, R' and R" are H, X is H.sub.2, Z is (HO) (CH.sub.3)C],
PAR  Methyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.alph
     a.-methoxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.3, R.sup.o, R' and R" are H, X is H.sub.2, Z is (.alpha.-CH.sub.3
      O)CH],
PAR  Methyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-fluoro-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.3, R.sup.o, R' and R" are H, X is H.sub.2, Z is (.beta.-F)CH],
PAR  Methyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-chloro-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.3, R.sup.o, R' and R" are H, X is H.sub.2, Z is (.beta.-Cl)CH],
PAR  Methyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-bromo-.DELTA..sup.1(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.3, R.sup.o, R' and R" are H, X is H.sub.2, Z is (.beta.-Br)CH],
PAR  Methyl
      3,4,4a.alpha.,4b,5,6,7,8,10,10a.beta.-decahydro-4b.beta.,8,8-trimethyl-7-o
     xo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.3,
      R.sup.o is H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is O=C,
      .DELTA..sup.8a,9 ], and
PAR  Methyl
      10-acetoxy-8,8-dimethyl-3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-decahy
     dro-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.3, R.sup.o, R' and R" are H, X is (CH.sub.3 COO) (H), Z is O=C,
      .DELTA..sup.8a,9 ].
PAR  Ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Example 32)
      can be caused to react with phenyl isocyanate in boiling acetonitrile to
      give ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-(N-phenylcarbamoyloxy)-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate [I; R is CH.sub.3, R.sup.o, R' and R" are H, X is
      H.sub.2, Z is (.beta.-C.sub.6 H.sub.5 NHCOO)CH].
PAC  EXAMPLE 52
PAC  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7-oxo-.
     DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid (Isomer A) [I; R,
      R.sup.o, R' and R" are H, X is H.sub.2, Z is O=C].
PAR  A solution of 6.0 g. (0.021 mole) of ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Isomer A) (Example
      34a) in 200 ml. of 95% ethanol was treated with 80 ml. (0.16 mole) of 2N
      aqueous sodium hydroxide and the solution was refluxed for 75 minutes
      under nitrogen. The reaction mixture was cooled, acidified with acetic
      acid and concentrated under reduced pressure until the ethanol was
      removed. The product was extracted from the resulting mixture with ether
      and then extracted from the ether with 2N aqueous sodium hydroxide.
      Acidification of this extract with concentrated hydrochloric acid
      precipitated the product which was collected and recrystallized from ethyl
      acetate to give 4.2 g. of
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid (Isomer A), m.p.
      224.degree.-227.degree.C. (vac.).
PAC  EXAMPLE 53
PAC  1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Tetradecahydro-
     7.beta.-hydroxy-2-phenanthreneacetic acid (Isomer A), [I; R, R.sup.o, R'
      and R" are H, X is H.sub.2, Z is (.beta.-HO)CH, saturated side chain].
PAR  The ester of Example 35 (4.5 g.) was hydrolyzed according to the procedure
      of Example 52 and the product was recrystallized once from ethyl acetate
      to give 3.95 g. (97%) of
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-tetradecahydro
     -7.beta.-hydroxy-2-phenanthreneacetic acid (Isomer A), m.p.
      214.degree.-216.degree.C.
PAC  1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Tetradecahydro-
     7.beta.-hydroxy-2-phenanthreneacetic acid (Isomer B).
PAR  The mother liquor residues from Example 35 were hydrolyzed according to the
      procedure of Example 52. Two recrystallizations of the product from ethyl
      acetate and one from acetone afforded 3.13 g. of
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-tetradecahydro
     -7.beta.-hydroxy-2-phenanthreneacetic acid (Isomer B), m.p,
      164.degree.-166.degree.C.
PAR  By the foregoing hyrolysis procedure the following examples of acids (R is
      H) were prepared from the corresponding lower-alkyl esters:
PAC  EXAMPLE 54:
PAC  3,4,4a.alpha.,9,10,10a.beta.-Hexahydro-7-methoxy-.DELTA..sup.2(1H),.sup..al
     pha. -phenanthreneacetic acid [II; R and R.sup.o are H, R'" is CH.sub.3 ],
      m.p. 174.degree.-175.degree.C. (from acetone-hexane).
PAC  EXAMPLE 55:
PAC  3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-4b.beta.-meth
     yl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R and
      R.sup.o are H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is CH.sub.2 ],
      m.p. 169.degree.-179.degree.C. (from ethyl acetate).
PAC  EXAMPLE 56:
PAC  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7-oxo-.
     DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid (Isomer B) [I; R,
      R.sup.o, R' and R" are H, X is H.sub.2, Z is O=C ], m.p.
      220.degree.-222.degree.C. (vac.) (from ethyl acetate).
PAC  EXAMPLE 57:
PAC  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.alpha
     .-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [ I; R,
      R.sup.o, R' and R" are H, X is H.sub.2, Z is (.alpha.-HO)CH], m.p.
      173.degree.-189.degree.C. (from ethyl acetate).
PAC  EXAMPLE 58:
PAC  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.beta.
     -hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R,
      R.sup.o, R' and R" are H, X is H.sub.2 Z is (.beta.-HO)CH], m.p.
      205.degree.-207.degree.C. (from ethyl acetate).
PAC  EXAMPLE 59:
PAC  3,4,4a.alpha.,4b.beta.,5,6,7,9,10,10a.beta.-Decahydro-7-oxo-.DELTA..sup.2(1
     H),.sup..alpha. -phenanthreneacetic acid [I; R, R.sup.o, R' and R" are H, X
      is H.sub.2, Z is O=C, .DELTA..sup.8 ], 194.degree.-200.degree.C. (from
      ethyl acetate).
PAC  EXAMPLE 60:
PAC  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7,7-eth
     ylenedimercapto-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I;
      R, R.sup.o, R' and R" are H, X is H.sub.2, Z is ethylenedithio], m.p.
      187.degree.-220.degree. C. (from acetone).
PAC  EXAMPLE 61:
PAC  3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-4b.beta.-meth
     yl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R and
      R.sup.o are H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is O=C], Isomer A,
      m.p. 181.degree.-184.degree.C. (from ethyl acetate); and Isomer B, m.p.
      219.degree.-221.degree.C. (from ethyl acetate).
PAC  EXAMPLE 62:
PAC  3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-4b.beta.-meth
     yl-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid
      ]I; R and R.sup.o are H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is
      (.beta.-HO)CH], Isomer A, m.p. 223.degree.-225.degree.C.; and Isomer B,
      m.p. 198.degree.-200.degree.C. (from ether).
PAC  Example 63:
PAC  3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-1.beta.,4b.be
     ta.-dimethyl-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetic acid [I; R and R.sup.o are H, R'  and R" are CH.sub.3,
      X is H.sub.2, Z is (.beta.-HO)CH].
PAC  EXAMPLE 64:
PAC  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.beta.,9,10,10a.beta.-Dodecahydro-7-oxo-.D
     ELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R, R.sup.o, R'
      and R" are H, X is H.sub.2, Z is O=C, A/B cis], m.p.
      185.degree.-200.degree.C. (from ethyl acetate).
PAC  EXAMPLE 65:
PAC  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.alpha.-Dodecahydro-7.beta
     .-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R,
      R.sup.o, R' and R" are H, X is H.sub.2, Z is (.beta.-HO)CH, B/C cis].
PAC  EXAMPLE 66:
PAC  3,4,4a.alpha.,4b,5,6,7,9,10,10a.beta.-Decahydro-4b.beta.-hydroxy-7-oxo-.DEL
     TA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R and R.sup.o are
      H, R' is OH, R" is H, X is H.sub.2, Z is O=C, .DELTA..sup.8 ], m.p.
      208.degree.-232.degree.C. (from acetone).
PAC  EXAMPLE 67:
PAC  3,4,4a.alpha.
      ,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.beta.-hydroxy-10-
     oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R, R.sup.o,
      R' and R" are H, X is O, Z is (.beta.-HO)CH], Isomer A, m.p.
      237.degree.-238.degree.C. (from acetone); and Isomer B, m.p.
      282.degree.-283.degree.C. (vac.) (from acetone).
PAC  EXAMPLE 67A:
PAC  3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-4b.beta.-meth
     yl-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthrenepropionic
      acid [I; R is H, R.sup.o and R' are CH.sub.3, R" is H, X is H.sub.2, Z is
      (.beta.-HO)CH].
PAC  EXAMPLE 67B:
PAC  3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-4b.beta.,8,8-
     trimethyl-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetic acid [I; R and R.sup.o are H, R' is CH.sub.3, R" is H,
      X is H.sub.2, Z is (.beta.-HO)CH, 8,8(CH.sub.3).sub.2 ], m.p.
      186.degree.-190.degree.C. (from acetone).
PAR  According to the procedure of Example 52 the following acids can be
      prepared by hydrolysis of the corresponding lower-alkyl esters:
PAR  3,4,4a.alpha.,9,10,10a.alpha.-Hexahydro-7-methoxy-.DELTA..sup.2(1H),.sup..a
     lpha. -phenanthreneacetic acid [II; R and R.sup.o are H, R'" is CH.sub.3 ],
PAR  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7-methy
     l-7-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R,
      R.sup.o, R' and R" are H, X is H.sub.2, Z is (HO)CH.sub.3)C],
PAR  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.alpha
     .-methoxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R,
      R.sup.o, R' and R" are H, X is H.sub.2, Z is (.alpha.-CH.sub.3 O)CH],
PAR  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.beta.
     -fluoro-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R,
      R.sup.o, R' and R" are H, X is H.sub.2, Z is (.beta.-F)CH],
PAR  3,4,4a.alpha.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.beta.-chloro-.
     DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R, R.sup.o, R'
      and R" are H, X is H.sub.2, Z is (.beta.-Cl)CH],
PAR  3,4,4a.alpha.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.beta.-bromo-.D
     ELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R, R.sup.o, R'
      and R" are H, X is H.sub.2, Z is (.beta.-Br)CH],
PAR  3,4,4a.alpha.,4b,5,6,7,8,10,10a.beta.-Decahydro-4b.beta.,8,8-trimethyl-7-ox
     o-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R and R.sup.o
      are H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is 0=C, .DELTA..sup.8a,9
      ],
PAR  3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-Decahydro-7-oxo-10-hydroxy-.DEL
     TA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R, R.sup.o, R' and
      R" are H, X is (H)(OH), Z is 0=C, .DELTA..sup.8a,9 ], and
PAR  3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.beta.
     -(Nphenylcarbamoyloxy)-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic
      acid [I; R, R.sup.o, R' and R" are H, X is H.sub.2, Z is (.beta.-C.sub.6
      H.sub.5 NHCOO)CH].
PAC  EXAMPLE 68
PAC  7,7-Ethylenedimercapto-3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-do
     decahydro-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetic acid [I; R and R.sup.o are H, R' is CH.sub.3, R" is H,
      X is H.sub.2, Z is (ethylenedithio)C].
PAR  A solution of 1.64 g. (5.9 mmoles) of
      3,4,4a.alpha.,4b,5,-6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-me
     thyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid (Example
      61) in 15 ml. of acetic acid was treated with 2.0 ml. of ethanedithiol
      followed by 2.0 ml. of boron trifluoride etherate. No heat was evolved but
      a crystalline precipitate formed immediately. After 5 minutes the mixture
      was diluted with 15 ml. of water and filtered. The filter cake was washed
      well with water, air-dried and recrystallized from 100 ml. of acetic acid
      to give 1.56 g. of
      7,7-ethylenedimercapto-3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-d
     odecahydro-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetic acid, m.p. 254.degree.-259.degree.C.
PAR  By replacing the ethanedithiol in the foregoing preparation by a molar
      equivalent amount of ethylene glycol, 1,3-propylene glycol, or
      1,3-propanedithiol, there can be obtained, respectively,
      7,7-ethylenedioxy-3,4,4a.alpha.,4b5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecah
     ydro-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic
      acid [I: R and R.sup.o are H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is
      (ethylenedioxy)C],
      7,7-(1,3-propylenedioxy)-3,4,4a.alpha.,4b5,6,7,8,8a.alpha.,9,10,10a.beta.-
     dodecahydro-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetic acid [I; R and R.sup.o are H, R' is CH.sub.3, R" is H,
      X is H.sub.2, Z is (1,3-propylenedioxy)C], or
      7,7-(1,3-propylenedimercapto)-3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.
     beta.-dodecahydro-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetic acid [I; R and R.sup.o are H, R' is CH.sub.3, R" is H,
      X is H.sub.2, Z is (1,3-propylenedithio)C].
PAR  Similarly,
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid was
      caused to react with benzylmercaptan to give
      7,7-dibenzylmercapto-3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dod
     ecahydro-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic
      acid [I; R and R.sup.o are H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is
      (C.sub.6 H.sub.5 CH.sub.2 S).sub.2 C], m.p. 187.degree.-194.degree.C.
PAC  EXAMPLE 69
PAC  7,7-(Ethylenedisulfonyl)-3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.
     beta.-dodecahydro-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid
      [I; R, R.sup.o, R' and R" are H, X is H.sub.2, Z is
      (ethylenedisulfonyl)C].
PAR  A solution of 1.2 g. (3.5 mmoles) of
      7,7-(ethylenedimercapto)-3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a
     .beta.-dodecahydro-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid
      (Example 60) in 150 ml. of ether was treated with 3.08 g. (17 mmoles) of
      monoperphthalic acid in 21 ml. of ether. The solution was kept overnight
      at room temperature, 150 ml. of tetrahydrofuran was added and the solution
      was left for three more days. Ether (500 ml.) was added and the solution
      was washed with saturated sodium sulfite solution and brine and then dried
      over sodium sulfate. The solution was concentrated to give a crystalline
      residue which was triturated with about 20 ml. of chloroform and collected
      on a filter; 1.13 g., m.p. 266.degree.-267.degree.C. (dec.). A second crop
      of 0.19 g., m.p. 267.degree.-270.degree.C., was obtained by concentration
      of the chloroform washings (92% yield). Recrystallization from acetone
      gave 7,7-(ethylenedisulfonyl)-3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,1
     0,10a.beta.-dodecahydro-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic
      acid, m.p. 270.degree.-271.degree.C.
PAR  Similarly,
      7,7-dibenzylmercapto-3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.9,10,10a.beta.-dode
     cahydro-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic
      acid was oxidized to
      7,7-dibenzylsulfonyl-3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dod
     ecahydro-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic
      acid [I; R and R.sup.o are H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is
      (C.sub.6 H.sub.5 CH.sub.2 SO.sub.2).sub.2 C], m.p.
      152.degree.-154.degree.C.
PAC  EXAMPLE 70
PAC  3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahydro-4b.beta.-meth
     yl-7.beta.-pyrrolidino-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic
      acid [I; R and R.sup.o are H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is
      (CH.sub.2).sub.4 NCH].
PAR  A mixture of 3.10 g. (11.2 mmoles) of
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid (Example
      61), 75 ml. of benzene and 8 ml. (96 mmoles) of pyrrolidine was heated
      under reflux for four and one-half hours with a water separator attached
      to the system. This solution was concentrated to a residue by warming
      under reduced pressure and the residue was treated with 50 ml. of dry
      benzene and 3.5 ml. (93 mmoles) of formic acid. The mixture was heated
      under reflux for 30 minutes, cooled and treated with 1.5 ml. of formic
      acid. Water (60 ml.) and ether (100 ml.) were added and the layers were
      separated. The ether layer was extracted once with 2N hydrochloric acid
      and discarded. Addition of the acidic extract to the aqueous portion of
      the reaction mixture caused precipitation of the hydrochloride salt of the
      product. Concentrated hydrochloric acid (3 ml.) and 10 ml. of brine were
      added and the precipitate was collected. It was washed well with
      acetonitrile and then ether to give 2.57 g. of
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7.beta.-pyrrolidino-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic
      acid which was suitable for conversion to a basic ester.
PAR  By replacing the pyrrolidine in the foregoing preparation by a molar
      equivalent amount of diethylamine or piperidine there can be obtained,
      respectively,
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7.beta.-diethylamino-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic
      acid [I; R and R.sup.o are H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is
      [(C.sub.2 H.sub.5).sub.2 N]CH, or
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7.beta.-piperidino-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic
      acid [I; R and R.sup.o are H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is
      (CH.sub.2).sub.5 NCH].
PAC  EXAMPLE 71
PAC  8,8-Dimethyl-7,10-dioxo-3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-decahyd
     ro-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R, R.sup.o,
      R' and R" are H, X is 0, Z is 0=C, 8,8-(CH.sub.3).sub.2, .DELTA..sup.8a,9
      ] can be prepared from the corresponding methyl ester (Example 51) by
      methods which do not open Ring A, for example, by heating the methyl ester
      with anhydrous lithium iodide in the presence of a suitable solvent such
      as collidine.
PAR  Conventional aqueous alkaline hydrolysis of the methyl ester leads to a
      compound where Ring A has been opened as follows:
PAR  Methyl
      8,8-dimethyl-3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-decahydro-7,10-di
     oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Isomer A) (Example
      51) (810 mg., 2.5 millimoles) in 20 ml. of ethanol and 8 ml. of 2N sodium
      hydroxide was boiled under reflux in a nitrogen atmosphere for one hour.
      The reaction mixture was added to ice-water and was made acidic with
      dilute hydrochloric acid. Sodium chloride was added to the reaction
      mixture which was then extracted with ether. The ether was dried (Na.sub.2
      SO.sub.4) and evaporated to afford 810 mg. of residue. The residue was
      chromatographed on 100 g. of silica gel. Elution with acetic
      acid-ether-pentane (3:50:47) afforded 230 mg. of
      5.alpha.-(2-carboxyethyl)-3,4,4a.alpha.,5,8,8a.beta.-hexahydro-6-isopropyl
     -8-oxo-.DELTA..sup.2(1H),.sup..alpha. -naphthaleneacetic acid (Isomer A),
      m.p. 186.degree.-190.degree.C. Recrystallization from ether gave a sample
      that melted at 194.degree.-195.degree.C.
PAR  Similarly, methyl
      8,8-dimethyl-3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-decahydro-7,10-di
     oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Isomer B) (Example
      51) was hydrolyzed to
      5.alpha.-(2-carboxyethyl)-3,4,4a.alpha.,5,8,8a.beta.-hexahydro-6-isopropyl
     -8-oxo-.DELTA..sup.2(1H),.sup..alpha. -naphthalenacetic acid (Isomer B),
      m.p. 213.degree.-215.degree.C. (from ether).
PAR  5.alpha.-(2-Carboxyethyl)-3,4,4a.alpha.,5,8,8a.beta.-hexahydro-6-isopropyl-
     8-oxo-.DELTA..sup.2(1H),.sup..alpha. -naphthaleneacetic acid (Isomers A and
      B) were found to have antibacterial activity when tested in vitro against
      conventional test organisms such as Staph. aureus and E. typhi.
PAC  EXAMPLE 72
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Isomer A) [I; R is
      CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is
      H.sub.2, Z is 0=C].
PAR  A solution of 4.47 g. (0.017 mole) of the
      3,4,4a.alpha.,-4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo
     -.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid (Isomer A)
      (Example 52) in 100 ml. of tetrahydrofuran was treated with 0.92 g. (0.17
      mole) of sodium methoxide and 1 ml. of water. The solvent was then removed
      by warming under reduced pressure, 20 ml. of absolute ethanol was added
      and evaporated in the same manner and, finally, two 20-ml. portions of dry
      benzene were added and evaporated. The resulting dry sodium salt was
      suspended in 150 ml. of dry benzene, 3.46 g. (0.044 mole) of pyridine was
      added, the mixture was immersed in an ice bath and 40 ml. of oxalyl
      chloride was added in a fast stream of drops with stirring. The mixture
      was removed from the ice bath, stirred for 10 minutes and then
      concentrated as rapidly as possible under reduced pressure using a water
      bath at 45.degree.C. Application of heat was stopped as the last of the
      solvent evaporated, and 150 ml. of benzene was added followed by 40 ml. of
      2-dimethylaminoethanol in a rapid stream of drops with stirring and
      cooling. When addition was complete, the mixture was heated on the steam
      bath for 5 minutes, cooled and diluted with 1 liter of ether and 600 ml.
      of saturated aqueous sodium carbonate. The layers were separated and the
      water layer was washed with ether and discarded. The combined ether layers
      were extracted with two 100-ml. portions and one 50-ml. portion of 2N
      hydrochloric acid and the combined extracts were made basic with sodium
      hydroxide solution. The alkaline mixture was extracted with ether and the
      extracts were washed with brine and dried over sodium sulfate. Removal of
      the ether afforded 4.9 g. of a yellow oil which was (by glpc) a 96%
      trans-4% cis mixture of isomers together with 12% of impurity.
PAR  The product was purified by partition chromatography. The solvent system
      employed was a 12:1:2:0.2 mixture of hexane, ethylene dichloride, methanol
      and water. Infusorial earth (300 g.) was wet with 225 ml. of the polar
      phase containing 75 mg. of bromcresol purple, the color of the mixture was
      adjusted to a pale creamy yellow (faintly acid) by gaseous hydrogen
      chloride and the solid was packed into a column 9 cm. in diameter. The
      sample was dispersed on 10 g. of infusorial earth and placed on the top of
      the column. Elution of the column with the non-polar phase of the solvent
      mixture developed the column; the position of all basic material was
      clearly revealed by blue bands. The product was recovered either by
      elution or slicing of the column, depending on the separation of the
      bands. In the present case the product was eluted to yield 4.39 g. of the
      basic ester mixture which was free of significant impurities.
PAR  The 4.39 g. of oil was dissolved in 200 ml. of ether and treated with 1.11
      ml. of concentrated hydrochloric acid in 20 ml. of absolute alcohol. The
      precipitated hydrochloride salt was collected and recrystallized twice
      from acetone to give 3.56 g. of 2-dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Isomer A) in the form
      of its hydrochloride salt, colorless plates, m.p.
      180.0.degree.-182.0.degree.C.
PAR  Similarly there was prepared 2-dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate Isomer B, hydrochloride
      salt, m.p. 174.5.degree.-175.5.degree.C. (from acetone) containing 1/4
      mole of water of crystallization.
PAR  By replacing the 2-dimethylaminoethanol in the foregoing preparation by a
      molar equivalent amount of 2-(1-piperidyl)ethanol,
      2-(1-pyrrolidyl)ethanol, 2-(4-morpholinyl)ethanol,
      2-(4-methyl-1-piperidyl)ethanol, or 2-(4-methyl-1-piperazinyl)ethanol,
      there can be obtained, respectively, 2-(1-piperidyl)ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2
      CH.sub.2 N(CH.sub.2).sub.5, R.sup.o, R' and R" are H, X is H.sub.2, Z is
      0=C], 2-(1-pyrrolidyl)ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2
      CH.sub.2 N(CH.sub.2).sub.4, R.sup.o, R' and R" are H, X is H.sub.2, Z is
      0=C], 2-(4-morpholinyl)ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2
      CH.sub.2 N(CH.sub.2).sub.4 O, R.sup.o,R' and R" are H, X is H.sub.2, Z is
      0=C], 2-(4-methyl-1-piperidyl)ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2
      CH.sub.2 N(CH.sub.2).sub.4 CHCH.sub.3, R.sup.o, R' and R" are H, X is
      H.sub.2, Z is 0=C], or 2-(4-methyl-1-piperazinyl)ethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2
      CH.sub.2 N(CH.sub.2).sub.4 NCH.sub.3, R.sup.o, R' and R" are H, X is
      H.sub.2, Z is 0=C].
PAR  By the foregoing esterification procedure the following examples of basic
      esters (R is amino-lower-alkyl) were prepared from the corresponding acids
      (R is H):
PAC  EXAMPLE 73:
PAC  2-Diethylaminoethyl
      3,4,4a.alpha.,9,10,10a.beta.-hexahydro-7-methoxy-.DELTA..sup.2(1H),.sup..a
     lpha. -phenanthreneacetate [II; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2,
      R.sup.o is H, R'" is CH.sub.3 ], hydrochloride salt, m.p.
      179.degree.-183.degree.C. (from acetone).
PAC  EXAMPLE 74:
PAC  2-Dimethylaminoethyl
      1,2,3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-tetradecahydro
     -7.beta.-hydroxy-2-phenanthreneacetate [I; R is CH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is H.sub.2, Z is
      (.beta.-HO)CH, saturated side chain), Isomer A, hydrochloride salt, m.p.
      255.0.degree.-256.0.degree.C. (from methanol-ether); and Isomer B,
      hydrochloride salt, m.p. 199.8.degree.-216.0.degree.C. (from acetone).
PAC  EXAMPLE 75:
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2
      CH.sub.2 N(CH.sub.3).sub.2, R.sup.o is H, R' is CH.sub.3,R" is H, X is
      H.sub.2, Z is CH.sub.2 ], hydrochloride salt, m.p.
      192.degree.-198.degree.C. (from acetonitrile).
PAC  EXAMPLE 76:
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2
      CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is H.sub.2, Z is
      0=C], hydrochloride salt, m.p. 156.degree.-162.degree.C. (colorless
      needles from acetone).
PAC  EXAMPLE 77:
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.alph
     a.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is
      H.sub.2, Z is (.alpha.-HO)CH], methanesulfonate salt, m.p.
      167.degree.-169.degree.C. (colorless needles from acetone).
PAC  EXAMPLE 78:
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,9,10,10a.beta.-decahydro-7-oxo-.DELTA..sup.2(
     1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is H.sub.2 , Z is 0=C,
      .DELTA..sup.8 ], hydrochloride salt, m.p. 149.degree.-188.degree.C. (from
      ethyl acetate).
PAC  EXAMPLE 79:
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7,7-ethylene
     dimercapto-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o
      is H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is (ethylenedithio)C], free
      base, m.p. 116.degree.-120.degree.C. (from acetone); hydrochloride salt,
      m.p. 230.degree.-232.degree.C. (from methanol-ether-pentane).
PAC  EXAMPLE 80:
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7,7-et
     hylenedisulfonyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R
      is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, Y is
      H.sub.2, Z is (ethylenedisulfonyl)C], hydrochloride salt, m.p.
      255.degree.-260.degree.C. (from acetone).
PAC  EXAMPLE 81:
PAC  2-Dimethylaminoethyl 3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.
      -dodecahydro-4b.beta.-methyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o
      is H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is 0=C], methanesulfonate
      salt, m.p. 146.degree.- 148.degree.C. (dec.) (from ethyl acetate).
PAC  EXAMPLE 82:
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7.beta.-pyrrolidino-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o is H, R' is
      CH.sub.3, R" is H, X is H.sub.2, Z is (CH.sub.2).sub.4 NCH],
      dihydrochloride salt, m.p. 280.degree.C.(dec.), (colorless plates from
      acetonitrile).
PAC  EXAMPLE 83:
PAC  3-Dimethylaminopropyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2
      CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is
      H.sub.2, Z is 0=C], methanesulfonate salt, m.p. 158.degree.-165.degree.C.
      (colorless needles from acetone).
PAC  EXAMPLE 84:
PAC  3-Dimethylaminopropyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.2 CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2 , R.sup.o, R' and R" are H, X
      is H.sub.2, Z is (.beta.-HO)CH], hydrochloride salt, m.p.
      176.degree.-184.degree.C. (from acetone).
PAC  EXAMPLE 85:
PAC  4-Dimethylaminobutyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      (CH.sub.2).sub.4 N(CH.sub.3).sub.2, R.sup.o is H, R' is CH.sub.3, R" is H,
      X is H.sub.2, Z is 0=C], hydrochloride salt, m.p.
      130.degree.-138.degree.C. (from ethyl acetate).
PAC  EXAMPLE 86:
PAC  2-Diethylamino-1-methylethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I;
      R is CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2, R.sup.o is H, R' is CH.sub.3,
      R" is H, X is H.sub.2, Z is (.beta.-HO)CH], methanesulfonate salt, m.p.
      202.degree.-208.degree.C. (from acetonitrile).
PAC  EXAMPLE 87:
PAC   2-Diethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2, R.sup.o, R' and R" are H, X is
      H.sub.2, Z is (.beta.-HO)CH], hydrochloride salt, m.p.
      147.degree.-155.degree.C. (from acetone-ether).
PAC  EXAMPLE 88:
PAC  2-Diisopropylaminoethyl 3,4,4a.alpha., 4b.beta.,
      5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydroxy-.DELTA..sup.2
     (1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2 CH.sub.2
      N[CH(CH.sub.3).sub.2 ].sub.2, R.sup.o, R' and R" are H, X is H.sub.2, Z is
      (.beta.-HO)CH], hydrochloride salt, m.p. 183.degree.-185.degree.C. (from
      acetone).
PAC  EXAMPLE 89:
PAC  1-Methyl-4-piperidyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      1-methyl-4-piperidyl, R.sup.o, R' and R" are H, X is H.sub.2, Z is O=C],
      hydrochloride salt, m.p. 155.degree.-170.degree.C. (dec.) (from ethyl
      acetate).
PAC  EXAMPLE 90:
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydr
     oxy-1.beta.,4b.beta.-dimethyl-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.
      is H, R' and R" are CH.sub.3, X is H.sub.2, Z is (.beta.-HO)CH],
      hydrochloride salt, m.p. 238.degree.-242.degree.C. (from acetonitrile).
PAC  EXAMPLE 91:
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.beta.,9,10,10a.beta.-dodecahydro-7-oxo-.
     DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2
      CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is H.sub.2, Z is
      0=C, A/B cis], hydrochloride salt, m.p. 181.degree.-188.degree.C.
      (colorless needles from acetone).
PAC  EXAMPLE 92:
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.alpha.-dodecahydro-7.bet
     a.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is
      H.sub.2, Z is (.beta.-HO)CH, B/C cis], methanesulfonate salt, m.p.
      184.degree.-202.degree.C. (from acetone-ether).
PAC  EXAMPLE 93:
PAC  3-Dimethylaminopropyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7,7-et
     hylenedisulfonyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R
      is CH.sub.2 CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H,
      X is H.sub.2, Z is (ethylenedisulfonyl)C], hydrochloride salt, m.p.
      244.degree.-247.degree.C. (from methanol-ether).
PAC  EXAMPLE 94:
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-hydroxy-10-oxo-.DELTA..sup.2 (1H),.sup..alpha.-phenanthreneacetate [I; R
      is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is O,
      Z is (.beta.-HO)CH], Isomer A, hydrochloride salt, m.p.
      214.degree.-217.degree.C. (from acetone); Isomer B, hydrochloride salt,
      m.p. 224.degree.-226.degree.C.
PAC  EXAMPLE 95:
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7,7-dibenzyl
     sulfonyl-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o
      is H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is (C.sub.6 H.sub.5
      CH.sub.2 SO.sub.2).sub.2 C], hydrochloride salt, m.p.
      142.degree.-153.degree.C. (from acetone-ether).
PAC  EXAMPLE 96:
PAC  2-Dimethylaminoethyl 3,4,4a.alpha.,
      4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-methyl-7.beta.
      -hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthrenepropionate [I; R is
      CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o and R' are CH.sub.3, R" is H,
      X is H.sub.2, Z is (.beta.-HO)CH], hydrochloride salt, m.p.
      249.degree.-259.degree.C. (from methanol-ether).
PAC  EXAMPLE 96A:
PAC  2-Dimethylaminoethyl 3,4,4a.alpha.,4b,
      5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.,8,8-trimethyl-7.beta
     .-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid [I; R is
      CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o is H, R' is CH.sub.3, R" is
      H, X is H.sub.2, Z is (.beta.-HO)CH, 8,8-(CH.sub.3).sub.2 ], hydrochloride
      salt, m.p. 202.degree.-224.degree.C. (from acetone).
PAC  EXAMPLE 97
PAC  2-Dimethylaminoethyl 3,4,4a.alpha.,4b,
      5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydroxy-4b.beta.-meth
     yl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2
      CH.sub.2 N(CH.sub.3).sub.2, R.sup.o is H, R' is CH.sub.3, R"  is H, X is
      H.sub.2, Z is (.beta.-HO)CH].
PAR  A 3.65 g. sample (10.5 mmoles) of amorphous 2-dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Example 81)
      was dissolved in 100 ml. of methanol and stirred while 0.53 g. of sodium
      borohydride was added in small portions. The solution was allowed to stand
      overnight at room temperature, acidified with 2N sulfuric acid and
      concentrated by warming under reduced pressure until the methanol was
      removed. The aqueous residue was diluted with 250 ml. of water, washed
      with ether and made alkaline with 2N aqueous sodium hydroxide. The
      precipitated product was extracted with ether and the extracts were washed
      with water and brine and dried overmagnesium sulfate. Concentration
      afforded 3.00 g. of colorless, oily 2-dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydr
     oxy-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate,
      obtained in the form of its hydrochloride salt, m.p.
      218.degree.-236.degree.C. when recrystallized from acetonitrile.
PAR  Separation of the Isomers A and B -- The amorphous base obtained above (2.3
      g., 6.6 mmoles) dissolved in 30 ml. of ethyl acetate was treated with 0.53
      g. (5.5 mmoles) of methanesulfonic acid dissolved in 20 ml. of ethyl
      acetate. The precipitate which formed was collected and recrystallized
      three times from acetonitrile to give 0.74 g. (25%) of solid, m.p.
      232.degree.-236.degree.C. (dec.). One further recrystallization afforded
      2-dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydr
     oxy-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      (Isomer A), in the form of its methanesulfonate salt, m.p. 237.4.degree.-
      240.6.degree.C. (dec.).
PAR  Concentration of each of the three mother liquors separately in the above
      separation of Isomer A of m.p. 232.degree.- 236.degree.C. afforded the
      more soluble Isomer B in crops of 0.20 g., m.p. 213.degree.-218.degree.C.;
      0.25 g., m.p. 218.degree.-221.degree.C.; 0.20 g., m.p. 219.degree.-
      223.degree.C.; total yield 0.65 g. (22%). A single recrystallization from
      acetonitrile furnished the pure Isomer B, colorless plates, m.p.
      215.0.degree.-220.0.degree.C.
PAC  EXAMPLE 98
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.beta.,9,10,10a.beta.-dodecahydro-7.alpha
     .-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is
      H.sub.2, Z is (.alpha.-HO)CH].
PAR  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Example 72) (1.27 g.)
      was dissolved in 60 ml. of 95% ethanol, 150 mg. of sodium borohydride in 5
      ml. of water was added and the mixture was left standing for one hour at
      room temperature. Acetone and dilute hydrochloric acid were added and the
      ethanol was removed by warming under reduced pressure. Ether was added,
      the layers were separated and the ether layer was extracted with 2N
      hydrochloric acid. The combined layers were made alkaline with sodium
      hydroxide solution and extracted with ether. These extracts were washed
      with brine, dried (Na.sub.2 SO.sub.4) and concentrated. The residue was
      subjected to partition chromatography, converted to its hydrochloride salt
      and recrystallized from acetone to give 2-dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.beta.,9,10,10a.beta.-dodecahydro-7.alpha
     .-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate in the form
      of its hydrochloride salt, colorless needles, m.p.
      196.0.degree.-198.0.degree.C.
PAC  EXAMPLE 99
PAC  2 -Dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydr
     oxy-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      7-benzoate [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o is H, R'
      is CH.sub.3, R" is H, X is H.sub.2, Z is (C.sub.6 H.sub.5 COO)CH].
PAR  A solution of 0.90 g. of the free base, 2-diethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydr
     oxy-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      (Example 97), in 50 ml. of dry benzene was treated with 0.5 ml. of
      pyridine and 2.0 ml. of benzoyl chloride and heated on the steam bath for
      5 minutes. The solvents were removed by warming under reduced pressure and
      the residue was partitioned between 2N aqueous sodium hydroxide and
      methylene dichloride. The organic layer was separated, washed with brine,
      dried (Na.sub.2 SO.sub.4) and concentrated to give 1.3 g. of a crystalline
      residue. This base was dissolved in hot acetonitrile, 0.3 ml. of 8N
      alcoholic hydrogen chloride was added and the mixture cooled to give
      2-dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydr
     oxy-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      7-benzoate in the form of its hydrochloride salt, m.p.
      225.4.degree.-230.0.degree.C. when recrystallized from acetonitrile.
PAC  EXAMPLE 100
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydr
     oxy-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      7-acetate [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o is H, R'
      is CH.sub.3, R" is H, X is H.sub.2, Z is (.beta.-CH.sub.3 COO)CH] was
      prepared by treating the 7.beta.-hydroxy compound (Example 97) with an
      excess of acetic anhydride in pyridine, and was obtained in the form of
      its hydrochloride salt, m.p. 185.0.degree.-189.0.degree.C. when
      recrystallized from ethyl acetate.
PAR  By replacing the acetic anhydride in the previous example by caproyl
      chloride, .beta.-cyclohexylpropionyl chloride, p-nitrobenzoyl chloride,
      cinnamoyl chloride or nicotinoyl chloride, there can be obtained,
      respectively, the 7-caproate, 7-(.beta.-cyclohexylpropionate),
      7-(p-nitrobenzoate), 7-cinnamate or 7-nicotinate of 2-dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydr
     oxy-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate.
PAC  EXAMPLE 101
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-3.beta.-hydr
     oxy-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      3-nitrate [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o is H, R'
      is CH.sub.3, R" is H, X is H.sub.2, Z is (.beta.-O.sub.2 NO)CH].
PAR  Ninety percent nitric acid (8 ml.) was added slowly with stirring at
      -10.degree. to 0.degree.C. to 50 ml. of acetic anhydride. A solution of
      4.00 g. (0.0115 moles) of the free base, 2-diethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-hydr
     oxy-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      (Example 97), in 15 mo. of chloroform was then addedd dropwise with
      stirring at -5.degree. to -10.degree.C. over a quarter-hour period. This
      solution was kept cold for 90 minutes and then poured into 400 ml. of ice
      and water. The mixture was allowed to stand for one hour, made alkaline
      with concentrated ammonium hydroxide and extracted twice with ether. The
      extracts were washed with brine and concentrated to a residue by warming
      under reduced pressure. The oily residue was chromatographed on silica
      gel-coated plates which were developed with 1:1:98
      methanol-isopropylaminechloroform. The loading amounted to about 0.4 g.
      per 20 cm. .times. 40 cm. plate carrying a 1-mm. coating of silica gel.
      The principal band from the plates afforded an oil whose infrared spectrum
      showed no hydroxyl absorption. The oil was desolvated under reduced
      pressure at 54.degree.C., dissolved in 10 ml. of ether and treated with
      2.0 ml. of 6N alcoholic hydrogen chloride.  The precipitated solid was
      boiled with 15 ml. of acetone and the mixture was cooled and filtered. The
      crystalline salt was then recrystallized by diluting a solution of it in
      15 ml. of warm methanol with ether to the point of cloudiness. This
      mixture was diluted with 100 ml. of ether and filtered to give
      2-dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-3.beta.-hydr
     oxy-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      3-nitrate in the form of its hydrochloride salt, colorless plates, m.p.
      180.degree.-181.degree.C.(dec.).
PAC  EXAMPLE 102
PAC  a.2-(Carbobenzoxyamino)-ethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate.
PAR  A solution of 4.84 g. (0.0175 mole) of
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid (Example
      61) in 30 ml. of dimethylsulfoxide was treated with 0.99 g. (0.018 mole)
      of sodium methoxide followed by 4.74 g. (0.0183 mole) of benzyl
      2-bromoethylcarbamate. This mixture was allowed to stand for 75 minutes at
      room temperature, heated at 100.degree.C. for four and one-quarter hours,
      cooled, diluted with 150 ml. of water and extracted twice with ether.
      Concentration of the extracts gave an oil (8 g.) which was chromatographed
      on twenty-two 20 cm. .times. 40 cm. silica chromatoplates developed with
      1:4 ethyl acetate-chloroform. The 6.13 g. of oil (77%) was cleaved with
      trifluoroacetic acid as described below.
PAR  By replacing the benzyl 2-bromoethylcarbamate in the foregoing preparation
      by a molar equivalent amount of benzyl N-methyl-2-bromoethylcarbamate or
      benzyl N-(1-piperazinyl)-2-bromoethylcarbamate there can be obtained,
      respectively, 2-[carbobenzoxy-(N-methyl)amino]-ethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate or
      2-[carbobenzoxy-(N-1-piperazinyl)-amino]-ethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate.
PAC  b. 2-Aminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.2 CH.sub.2 NH.sub.2, R.sup.o is H, R' is CH.sub.3, R" is H, X is
      H.sub.2, Z is O=C].
PAR  A solutionn of 3.59 g. (0.0079 mole) of the carbobenzoxyamino ester,
      obtained in part (a) above, in 20 ml. of commercial trifluoroacetic acid
      was allowed to stand for 24 hours. The solution was diluted with 30 ml. of
      pentane, the mixture was stirred thoroughly and the supernatant liquid was
      decanted from an oily layer. This process was repeated four times. Then 5
      ml. of ether was added, the mixture was stirred, 50 ml. of pentane was
      added and the supernatant liquid was decanted. This process was repeated
      twice. The oily product was then diluted with a few ml. of acetone and
      streaked on ten 20 cm .times. 40 cm. silica plates which were developed
      with 3:3:94 methanol-isopropylamine-chloroform. The principal bands were
      quickly scraped off and eluted with 1:19 isopropylaminetetrahydrofuran
      (THF). The eluate was concentrated to a residue at &lt;25.degree.C. under
      reduced pressure, the flask was flushed free of iospropylamine with
      nitrogen and an additional 25 ml. of THF was added and evaporated to
      remove traces of isopropylamine. The residual oil was dissolved in 50 ml.
      of THF and an excess of gaseous hydrogen chloride was added. The amorphous
      precipitate was dissolved in 20 ml. of 95% ethanol and this solution was
      diluted with 10 ml. of acetone followed by 50 ml. of ether which was added
      in increments to allow the precipitate to crystallize. The slightly sticky
      solid was triturated with 10 ml. of acetone to give 2-aminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate in the form
      of its hydrochloride salt, m.p. 258.degree.-259.degree.C.
PAR  Similarly, 2-[carbobenzoxy-(N-methyl)amino]-ethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate or
      2-[carbobenzoxy-(N-1-piperazinyl)-amino]-ethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate can be
      cleaved with trifluoroacetic acid to give, respectively,
      2-methylaminoethyl 3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodec
     ahydro-4b.beta.-methyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate [I; R is CH.sub.2 CH.sub.2 NHCH.sub.3, R.sup.o is H,
      R ' is CH.sub.3, R" is H, X is H.sub.2, Z is O=C]; or
      2-(1-piperazinyl)ethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.2 CH.sub.2 N(CH.sub.2).sub.4 NH, R.sup.o is H, R' is CH.sub.3, R"
      is H, X is H.sub.2, Z is O=C].
PAC  EXAMPLE 103
PAC  2 -Dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      amidinohydrazone [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o is
      H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is H.sub.2 NC(=NH)NHN=C].
PAR  A solution of 5.60 g. (0.0161 mole) of 2-dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Example 81)
      and 1.2 ml. of concentrated hydrochloric acid in 25 ml. of methanol was
      added to 175 ml. of 1N methanolic hydrogen chloride in which had been
      dissolved 6.0 g. (0.044 mole) of aminoguanidine bicarbonate. The solution
      was allowed to stand at room temperature for 41 hours and was then treated
      with solid sodium bicarbonate until neutral. The solvents were removed by
      warming under reduced pressure and the residue was dissolved in 1:4 acetic
      acid-water. A small insoluble residue was removed by filtration and the
      filtrate was cooled in an ice bath while being made strongly alkaline with
      35% aqueous sodium hydroxide. The precipitated product was collected and
      dried by addition and evaporation of several portions of ethyl acetate.
      The 6.8 g. residue was dissolved in 110 ml. of methanol and the solution
      was treated with 2.8 ml. of concentrated hydrochloric acid and 500 ml. of
      ether. This mixture was allowed to stand for 64 hours and was then
      filtered to give 5.45 g. of desired amidinohydrazone hydrochloride, m.p.
      180.degree.-200.degree.C. It was recrystallized by dissolving it in ether
      and adding methanol to give a different polymorph of 2-dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      amidinohydrazone, m.p. 167.degree.C.
PAC  EXAMPLE 104
PAC  N-(2-Dimethylaminoethyl)
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetamide.
PAR  The acid chloride of
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-oxo-
     .DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid was prepared from
      2.05 g. (7.8 mmoles) of the acid in the manner described above in Example
      72. This acid chloride in 40 ml. of dry benzene was treated with 10 g.
      (114 mmoles) of N,N-dimethylethylenediamine and the mixture was heated on
      the steam bath for 5 minutes. Ether and saturated sodium bicarbonate were
      added and the layers were separated. The ether layer was extracted with
      six 100 ml. portions of 2N hydrochloric acid and the aqueous extracts were
      heated at 50.degree.C. for 45 minutes to cleave any enamine present from
      reaction at C-7. This aqueous solution was made basic with 35% sodium
      hydroxide, the product was extracted with ether and the extracts were
      washed with brine, dried (Na.sub.2 SO.sub.4) and concentrated. The
      resulting 1.8 g. of oil was purified by partition chromatography using 60
      g. of infusorial earth. The principal band furnished 1.16 g. of colorless
      oil, which was converted to its methanesulfonate salt and recrystallized
      from acetone-ether to give N-(2-dimethylaminoethyl)
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10
      a.beta.-dodecahydro-7-oxo-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetamide in the form of its methanesulfonate salt, colorless
      prisms, m.p. 140.0.degree.-160.0.degree.C.
PAR  N-(2-Dimethylaminoethyl) 3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.
      ,9,10,10a.beta.-dodecahydro-7-oxo-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetamide caused a decrease in blood pressure, contractile
      force and heart rate when administered to dogs at an intravenous dose of
      up to 4 mg./kg.
PAC  EXAMPLE 105
PAC  2-Dimethylaminoethyl
      3,4,4a.alpha.,9,10,10a.beta.-hexahydro-7-hydroxy-.DELTA..sup.2(1H),.sup..a
     lpha. -phenanthreneacetate [II; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2,
      R.sup.o and R'" are H] was prepared from
      3,4,4a.alpha.,4.beta.,5,6,7,9,10,10a.beta. -decahydro-4b.beta.
      -hydroxy-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid
      (Example 66) according to the procedure of Example 72, using partition
      chromatography on 60 g. of infusorial earth in the purification process.
      The product was obtained in the form of its hydrochloride salt, m.p.
      203.degree.-215.degree.C. when recrystallized from acetone. During this
      reaction dehydration of the 4b.beta.hydroxy group and aromatization of
      Ring A occurred.
PAR  Normal esterification of
      3,4,4a.alpha.,4.beta.,5,6,7,9,10,10a.beta.-decahydro-4b.beta.-hydroxy-7-ox
     o-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid can be effected
      by reacting the sodium salt of said acid with 2-diethylaminoethyl bromide
      to yield 2-diethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,9,10,10a.beta.-decahydro-4b.beta.-hydroxy-7-oxo-.su
     p..alpha..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2
      CH.sub.2 N(CH.sub.3).sub.2, R.sup.o is H, R' is OH, R" is H, X is H.sub.2,
      Z is O=C].
PAR  According to the procedure of Example 72, the following basic esters can be
      prepared from the corresponding acids:
PAR  2-Dimethylaminoethyl
      3,4,4a.alpha.,9,10,10a.alpha.-hexahydro-7-methoxy-.DELTA..sup.2(1H),.sup..
     alpha. -phenanthreneacetate [II, R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2,
      R.sup.o is H, R'" is CH.sub.3 ],
PAR  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7-meth
     yl-7-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is
      H.sub.2, Z is (HO)(CH.sub.3)C],
PAR  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.alph
     a.-methoxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is
      H.sub.2, Z is (.alpha.-CH.sub.3 O)CH],
PAR  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-fluoro-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is
      H.sub.2, Z is (.beta.-F)CH],
PAR  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-chloro-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is
      H.sub.2, Z is (.beta.-Cl)CH],
PAR  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.beta.,9,10,10a.beta.-dodecahydro-7.beta.
     -bromo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is
      CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is
      H.sub.2, Z is (.beta.-Br)CH],
PAR  2-Dimethylaminoethyl
      7,7-ethylenedioxy-3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodeca
     hydro-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o is H, R' is
      CH.sub.3, R" is H, X is H.sub.2, Z is (ethylenedioxy)C],
PAR  2-Dimethylaminoethyl
      7,7-(1,3-propylenedioxy)-3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.
     -dodecahydro-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o
      is H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is (1,3-propylenedioxy)C],
PAR  2-Dimethylaminoethyl
      7,7-(1,3-propylenedimercapto)3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.b
     eta.-dodecahydro-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o
      is H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is (1,3-propylenedithio)C],
PAR  2-Dimethylaminoethyl
      7,7-dibenzylmercapto-3,4,4a.alpha.,4b,5,6,7,8,8a.beta.,9,10,10a.beta.-dode
     cahydro-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o is H, R' is
      CH.sub.3, R" is H, X is H.sub.2, Z is (C.sub.6 H.sub.5 CH.sub.2 S).sub.2
      C],
PAR  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7.beta.-diethylamino-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o
      is H, R' is CH.sub.3, R" is H, X is H.sub.2, Z is [(C.sub.2 H.sub.5).sub.2
      N]CH],
PAR  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7.beta.-piperidino-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate
      [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2, R.sup.o is H, R' is
      CH.sub.3, R" is H, X is H.sub.2, Z is (CH.sub.2).sub.5 NCH],
PAR  2-Dimethylaminoethyl
      8,8-dimethyl-7,10-dioxo-3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.-decahy
     dro-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2
      CH.sub.2 N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is O, Z is O=C,
      8,8-(CH.sub.3).sub.2, .DELTA..sup.8a,9 ],
PAR  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,10,10a.beta.-decahydro-4b.beta.,8,8-trimethyl-7-o
     xo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2
      CH.sub.2 N(CH.sub.3).sub.2, R.sup.o is H, R' is CH.sub.3, R" is H, X is
      H.sub.2, Z is O=C, .DELTA..sup.8a,9 ],
PAR  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,10,10a.beta.decahydro-7-oxo-10-hydroxy-.DEL
     TA..sup.2(1H),.sup..alpha. -phenanthreneacetate [I; R is CH.sub.2 CH.sub.2
      N(CH.sub.3).sub.2, R.sup.o, R' and R" are H, X is (H)(OH), Z is O=C,
      .DELTA..sup.8a,9 ], and
PAR  2-Dimethylaminoethyl
      3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-(N-phenylcarbamoyloxy)-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate [I; R is CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2,
      R.sup.o, R' and R" are H, X is H.sub.2, Z is (.beta.-C.sub.6 H.sub.5
      NHCOO)CH].
PAC  EXAMPLE 106
PAC  Ethyl
      3,4,4a.alpha.,4b,.alpha.,5,6,7,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta
     .-(4-hydroxypiperidino)-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate [I; R is C.sub.2 H.sub.5, R.sup.o is H, R' is
      CH.sub.3, R" is H, X is H.sub.2, Z is HOCH(CH.sub.2 CH.sub.2).sub.2 NCH]
      was prepared from ethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-4b.beta.-met
     hyl-7-oxo-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate (Example 43)
      and 4-hydroxypiperidine followed by treatment with formic acid, according
      to the procedure of Example 70. The product was obtained in the form of
      its hydrochloride salt as a colorless crystalline powder, m.p.
      198.degree.-203.degree.C.
PAR  Ethyl
      3,4,4a.beta.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-(4-hy
     droxypiperidino)-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate can be hydrolyzed with aqueous sodium hydroxide
      according to the procedure of Example 52 to afford
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-(4-h
     ydroxypiperidino)-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetic acid, which in turn can be converted to its acid
      chloride and reacted with 2-dimethylaminoethanol according to the
      procedure of Example 72 to give 2-diethylaminoethyl
      3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-7.beta.-(4-h
     ydroxypiperidino)-4b.beta.-methyl-.DELTA..sup.2(1H),.sup..alpha.
      -phenanthreneacetate.
PAC  EXAMPLE 107
PAC  Preparation of optically active forms of 2-dimethylaminoethyl
      trans-3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydro-
     7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate.
PAR  a. Ethyl
      dl-trans-3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahyd
     ro-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate. The
      crude mixture of cis and trans isomers of this compound (41 g.) prepared
      as described in Example 32 was dissolved in 100 ml. of cyclohexane and the
      solution cooled to give 16.5 g. of a 3:7 mixture of cis and trans isomers.
      A second recrystallization from cyclohexane furnished 15.2 g. of needles,
      m.p. 96.degree.-114.degree.C. Recrystallization of this mixture from 150
      ml. of ether concentrated to a 50 ml. volume afforded 7.35 g. of needles,
      m.p. 118.degree.-126.5.degree.C. Recrystallization from hexane three more
      times raised the melting point to 126.degree.-128.5.degree.C. This product
      was shown by glpc to contain 93% of the trans isomer and 7% of the cis
      isomer.
PAR  b.
      dl-trans-3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-Dodecahyd
     ro-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid.
      A solution of 5.7 g. (0.019 mole) of the 93% pure dl-trans ester described
      immediately above in 100 ml. of hot methanol was treated with 50 ml. of 2N
      sodium hydroxide solution and the mixture was refluxed for 1 hr. The
      methanol was removed by warming in vacuo and 200 ml. of water and 100 ml.
      of ether were added. This mixture was shaken thoroughly and then filtered
      to separate a considerable quantity of undissolved sodium salt of the
      product. The water layer from the filtrate was combined with the solid and
      the suspension was made strongly acidic with 2N hydrochloric acid. The
      precipitated acid was collected and air-dried; 5.7 g. Recrystallization of
      this product twice from acetonitrile afforded 3.7 g. (74%) of dl-trans
      acid, m.p. 221.degree.-224.degree.C. (evac. cap). A third
      recrystallization of a portion of the product gave a sample as fine,
      colorless needles of m.p. 225.degree.-227.degree.C. (evac. cap.). Glpc on
      the methyl ester derivative, prepared with diazomethane, showed it to
      contain 1.6% of the cis isomer.
PAR  c. Resolution of
      dl-trans-3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahyd
     ro-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid.
      A solution of 3.70 g. of the dl-trans acid described immediately above in
      50 ml. of hot methanol was treated with a solution of 4.00 g. of
      dehydrobietylamine in 10 ml. of hot methanol. A crystalline salt
      precipitated immediately. The mixture was cooled and filtered to give 5.19
      g. of solid. The filtrate will be referred to below as the original
      filtrate.
PAR  Recrystallization of the 5.19 g. of solid twice from absolute ethanol with
      cooling only to room temperature produced 2.83 g. of needles of 1-trans
      acid dehydrobietylamine salt, m.p. 232.degree.-234.degree.C. dec. (evac.
      cap.). A third recrystallization gave 2.40 g. of this salt which
      decomposed at 232.5.degree.-234.5.degree.C. (evac. cap.);
      [.alpha.].sub.D.sup.25 = -19.7.degree. (1% in HOAc).
PAR  The mother liquor from the recrystallization of the 5.19 g. of solid was
      concentrated to half its volume and 0.47 g. of needles was obtained
      showing [.alpha.].sub.D.sup.25 = -3.degree. (1% in HOAc). Concentration of
      the filtrate to dryness yielded 1.27 g. of solid, [.alpha.].sub.D.sup.25 =
      +36.degree. (1% in HOAc). This dextrorotatory residue was combined with
      the residue from the original filtrate and shaken with 85 ml. of water, 15
      ml. of 2N sodium hydroxide and 100 ml. of ether. The ether layer was
      separated and washed with two 15 ml. portions of water. Acidification of
      the combined water layer and washings gave a crystalline precipitate which
      was washed well with water and air-dried; 1.57 g., [.alpha.].sub.D.sup.25
      = +40.3.degree. (1% in EtOH). Multiple recrystallization of this enriched
      d-trans acid from acetonitrile failed to raise the melting point above
      212.degree.-216.degree.C.; [.alpha.].sub.D.sup.25 = +43.0.degree. (1% in
      EtOH). Isolation of pure d-trans acid from this mixture is described later
      in this procedure.
PAR  The 1-trans acid-dehydrobietylamine salt described earlier in this
      procedure (2.25 g.) was shaken with 85 ml. of water, 15 ml. of 2N sodium
      hydroxide solution and 100 ml. of ether and the layers were separated. The
      ether layer was washed with water and the combined aqueous layers were
      acidified with 2N hydrochloric acid. The precipitated 1-trans acid was
      collected, washed with water and dried; 1.03 g.
PAR  A sample of the 1-trans acid just described (0.87 g.) was converted to its
      1-1-(1-naphthyl)-ethylamine salt by dissolving it in 25 ml. of hot
      methanol and adding a solution of 0.57 g. of the 1-amine in 10 ml. of
      methanol. Concentration of the resulting solution in vacuo to a 5 ml.
      volume, dilution with 35 ml. of ether and filtration gave 1.31 g. (91%) of
      1-trans acid 1-1-(1-naphthyl)ethylamine salt, m.p.
      229.degree.-231.degree.C. with intumescence (evac. tube).
      Recrystallization from 110 ml. of methanol (with concentration to a 25 ml.
      volume) gave 1.06 g. of colorless plates and prisms, m.p.
      231.degree.-233.5.degree.C. with intumescence, [.alpha.].sub.D.sup.25 =
      -27.5.degree. (1% in HOAc).
PAR  Treatment of 0.96 g. of the 1-acid-1-base salt with base in the usual
      manner followed by acidification of the aqueous solution gave a
      crystalline acid which was recrystallized from 100 ml. of acetonitrile
      with concentration to a 35 ml. volume. Colorless needles of 1-trans acid
      were obtained, m.p. 219.degree.-220.degree.C. (evac. tube);
      [.alpha.].sub.D.sup.25 = -49.4.degree. (1% in EtOH).
PAR  Returning to the 1.57 g. of enriched d-trans acid (1.57 g., m.p.
      212.degree.-216.degree.C.), a solution of this sample in 50 ml. of warm
      methanol was treated with a solution of 1.02 g. of
      d-1-(1-naphthyl)-ethylamine in 5 ml. of methanol. Cooling to 0.degree.C.
      and filtration afforded 1.84 g. of colorless blades of the
      d-trans-acid-d-amine salt, m.p. 230.degree.-231.5.degree.C. with
      intumescence (evac. capillary); [.alpha.].sub.D.sup.25 = +29.2.degree. (1%
      in HOAc). The filtrate was concentrated to a residue which was triturated
      twice with ether and then recrystallized from 25 ml. of methanol. Thus was
      obtained 0.22 g. of salt melting at 228.5.degree.-230.degree.C.
      (intumescence) (evac. capillary). The combined crops were recrystallized
      from 150 ml. of methanol by concentrating the solution to a 60 ml. volume
      and cooling to 0.degree.C. This process gave 1.54 g. of
      d-trans-acid-d-amine salt, blades, m.p. 230.degree.-231.degree.C. with
      intumescence (evac. capillary)l [.alpha.].sub.D.sup.25 = +29.3.degree..
PAR  The d-trans-acid-d-amine salt (1.98 g.) was shaken with a mixture of 65 ml.
      of water, 10 ml. of 2N sodium hydroxide and 50 ml. of ether and the layers
      were separated. The water layer was acidified with 2N hydrochloric acid
      and the precipitated d-trans-acid was washed with water and dried (1.7
      g.). One recrystallization from acetonitrile gave 0.98 g. of colorless
      needles, m.p. 218.degree.-220.degree.C. (evac. capillary) and one further
      recrystallization raised the m.p. to its maximum at
      219.degree.-220.degree.C. (evac. cap.); [.alpha.].sub.D.sup.25 =
      +49.0.degree. (1% in EtOH).
PAR  d. 2-Dimethylaminoethyl
      d-trans-3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydr
     o-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate.
PAR  A solution of 0.90 g. of the d-trans acid in 10 ml. of methanol was treated
      with 3.40 ml. of 1N aqueous sodium hydroxide and the resulting solution
      was concentrated to a residue by warming in vacuo. This residue was
      dissolved in 15 ml. each of absolute ethanol and benzene, the solution was
      concentrated to a residue and the process was repeated. Then 25 ml. of
      benzene was added and distilled to give the sodium salt of the d-trans
      acid as a dry, colorless powder.
PAR  A stirred suspension of the sodium salt in 25 ml. of dry benzene and 0.20
      ml. of pyridine was maintained at 10.degree.-15.degree.C. while 5.0 ml. of
      oxalyl chloride was added in 4 min. The mixture was stirred for 20 min. at
      the same temperature and was then concentrated to a residue at
      &lt;30.degree.C. in vacuo. The residue was suspended in 25 ml. of dry benzene
      and treated with 6.0 ml. of 2-dimethylaminoethanol dropwise with stirring
      at 10.degree.-15.degree.C. in 3 min. Then the mixture was boiled for 15
      min. with frequent stirring.
PAR  The reaction mixture was cooled and diluted with 10 ml. of water, 10 ml. of
      2N ammonium hydroxide and 50 ml. of ether. The layers were separated and
      the aqueous layer was washed once with ether. The ether layers were
      combined, washed with brine and concentrated to a residual oil, which was
      chromatographed on six 20 .times. 40 -cm. thick-layer silica gel plates
      using 3:3:94 methanol-isopropylamine-chloroform for development. The
      principal ultraviolet-absorbing band was scraped off and eluted with
      freshly distilled tetrahydrofuran. It was necessary to repeat the
      chromatographic process in order to remove a small quantity of less-polar
      impurity. Recrystallization of the 0.44 g. of crystalline product by
      dissolving it in 25 ml. of ether, filtering the solution through charcoal,
      concentrating to a 4 ml. volume and diluting with 20 ml. of pentane gave
      0.36 g. of colorless needles, m.p. 112.degree.-114.degree.C.
      Recrystallization from ether and pentane in the same manner gave 0.27 g.
      of 2-dimethylaminoethyl
      d-trans-3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydr
     o-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate,
      melting at 113.5.degree.-114.5.degree.C. Recrystallization of this sample
      by dissolving it in 15 ml. of ether and concentrating the solution to a
      1.5 ml. volume followed by cooling to -5.degree.C. produced a different
      polymorphic form of the product as triangular plates. It underwent partial
      melting at 107.degree.-108.degree.C. with resolidification and finally
      melted at 115.degree.-116.degree.C. When the temperature of the m.p. bath
      was held at 102.degree.- 106.degree.C. for five min., the sample failed to
      show the transitional melting and simply melted at the higher temperature.
      It showed [.alpha.].sub.D.sup.25 = +36.5.degree..
PAR  e. 2-Dimethylaminoethyl
      1-trans-3,4,4a.alpha.,4b.beta.,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodecahydr
     o-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate was
      prepared from 1.90 g. of the 1-trans acid in a manner identical with that
      described for the d-trans ester. The chromatographed product, 0.86 g., was
      recrystallized twice from ether and pentane as above to give 0.54 g. of
      colorless needles, m.p. 113.5.degree.-114.5.degree.C.,
      [.alpha.].sub.D.sup.25 = -36.0.degree..
PAR  The cardiotonic activities of the compounds of formulas I and II where R is
      amino-lower-alkyl were measured by standard methods in both the isolated
      appendage of the rabbit heart and in the intact dog. Cardiovascular
      activity in anesthetized, spontaneously respiring dogs was recorded on a
      polygraph. Heart contractile force was measured isometrically by means of
      a strain gauge arch sutured to the wall of the right ventricle. The test
      compounds in the form of their acid-addition salts were dissolved in
      distilled water and administered into the femoral vein at graduated dose
      levels ranging from 0.25 to 4 mg./kg. (calculated at the free base). The
      dose producing a 20% increase in contractile force (ED.sub.20) was
      calculated from the dose-response curve. By the procedure the compounds of
      the invention were found to have ED.sub.20 values ranging from 0.23 to 8
      mg./kg.
CLMS
STM  We claim:
NUM  1.
PAR  1. A. A compound of the formula
      ##SPC12##
PAL  wherein:
PA1  R is hydrogen or lower-alkyl;
PA1  R' is hydrogen or lower-alkyl;
PA1  R" and R.sup.o are hydrogen or lower-alkyl;
PA1  X is H.sub.2, and
PA1  Z is O=C, (HO)CH, (acyl-O)CH, or (lower-alkyl)C(OH), acyl, each instance
      being selected from the group consisting of lower-alkanoyl of up to 12
      carbon atoms, cycloalkyl-lower-alkanoyl wherein cycloalkyl has 5-6 ring
      members, benzoyl, phenyl-lower-alkanoyl, phenyl-lower-alkenoyl,
      phenoxy-lower-alkanoyl, carbamyl, N-lower-alkylcarbamyl, N-phenylcarbamyl,
      N,N-di-lower-alkylcarbamyl, alkylcarbamyl, nicotinoyl and isonicotinoyl,
      and wherein the phenyl group of any of the acyls can be unsubstituted or
      substituted by lower-alkyl, lower-alkoxy, halogen or nitro; or
PAR  B. a compound of the above formula having a double bond in the
      8,8a-position or the 8a,9-position.
NUM  2.
PAR  2. A compound according to claim 1, sub-paragraph (A), wherein R is
      hydrogen and Z is O=C.
NUM  3.
PAR  3. A compound according to claim 1, sub-paragraph (A), wherein R is
      hydrogen and Z is (HO)CH.
NUM  4.
PAR  4. 3,4,4a.alpha.,4b,5,6,7,
     8,8a.alpha.,9,10,10a.beta.-Dodecahydro-7.beta.-hydroxy-4b.beta.-methyl-.DEL
     TA..sup.2(1H),.sup..alpha. -phenanthreneacetic acid, according to claim 3
      wherein R' is methyl and R" and R.sup.o are hydrogen.
NUM  5.
PAR  5. A compound according to claim 1, sub-paragraph (A), wherein R is
      lower-alkyl and Z is O=C.
NUM  6.
PAR  6. Methyl 1.beta.,
      4b.beta.-dimethyl-3,4,4a.alpha.,4b,5,6,7,8,8a.alpha.,9,10,10a.beta.-dodeca
     hydro-7.beta.-hydroxy-.DELTA..sup.2(1H),.sup..alpha. -phenanthreneacetate,
      according to claim 1.
NUM  7.
PAR  7. A mixture of the two corresponding geometric isomers chosen from
      compounds of formula:
PAL  wherein R.sub.1 and R.sub.2 are both hydrogen or both methyl, R.sub.3 is
      hydrogen or methyl, R.sub.4 is hydrogen, and R'.sub.5 is alkyl of 1 to 4
      carbon atoms.
NUM  8.
PAR  8. A mixture according to claim 7, in which the geometric isomers thereof
      are 3-hydroxy-4,4,14-desmethyl-cassenic and -isocassenic acid methyl
      ester.
NUM  9.
PAR  9. A mixture according to claim 7, in which the geometric isomers thereof
      are 3-hydroxy-4,4-desmethyl-14-epicassenic and -isocassenic acid methyl
      ester.
NUM  10.
PAR  10. A mixture of two corresponding geometric isomers chosen from compounds
      of formula:
      ##SPC13##
PAL  in which A is
      ##EQU5##
      R.sub.1 and R.sub.2 are both hydrogen or both methyl, R.sub.3 is hydrogen
      or methyl, R.sub.4 is hydrogen, and R.sub.5 is alkyl having 1 to 4 carbon
      atoms.
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ABST
PAL  The present invention concerns unsaturated ethers or thioethers of the
      formula:
      ##EQU1##
      wherein R.sub.1 is an aliphatic or alicyclic hydrocarbon, R.sub.2 and
      R.sub.3 are H or alkyl, Y is cyano, amido, a ketone or an acid esters,
      ##EQU2##
      is an ether, thioether or a saturated or unsaturated c--c bond and n is an
      integer, which exhibit insecticidal properties.
PARN
PAR  This application is a continuation-in-part of copending U.S. Pat. Ser. No.
      257,671, filed May 30, 1972, now abandoned.
BSUM
PAR  The present invention relates to unsaturated ethers or thioethers.
PAR  The present invention provides compounds of formula I,
      ##EQU3##
      wherein R.sub.1 is alkyl of 1 to 10 carbon atoms; ALKENYL OF 3 TO 10
      CARBON ATOMS; ALKYNYL OF 3 TO 10 CARBON ATOMS; CYCLOALKYL OF 3 TO 6 CARBON
      ATOMS; CYCLOALKYL OF 3 TO 6 CARBON ATOMS SUBSTITUTED BY ALKYL OF 1 TO 4
      CARBON ATOMS; CYCLOALKENYL OF 5 TO 7 CARBON ATOMS; CYCLOALKENYL OF 5 TO 7
      CARBON ATOMS SUBSTITUTED BY ALKYL OF 1 TO 4 CARBON ATOMS; CYCLOALKYL (OF 3
      TO 6 CARBON ATOMS) ALKYL (OF 1 TO 4 CARBON ATOMS); CYCLOALKYL (OF 3 TO 6
      CARBON ATOMS) ALKYL (OF 1 TO 4 CARBON ATOMS) RING SUBSTITUTED BY ALKYL OF
      1 TO 4 CARBON ATOMS; CYCLOALKEYL (OF 5 TO 7 CARBON ATOMS) ALKYL (OF 1 TO 4
      CARBON ATOMS); OR CYCLOALKENYL (OF 5 TO 7 CARBON ATOMS) ALKYL (OF 1 TO 4
      CARBON ATOMS) RING SUBSTITUTED BY ALKYL OF 1 TO 4  CARBON ATOMS;
PA1  R.sub.2 and R.sub.3, which are the same or different, are each hydrogen or
      alkyl of 1 to 4 carbon atoms,
PA1  Y is cyano;
PA2  --CONR.sub.4 R.sub.5
PA2  wherein R.sub.4 and R.sub.5, which are the same or different, are each
      hydrogen or alkyl of 1 to 4 carbon atoms, or
PA2  R.sub.4 and R.sub.5 together with the nitrogen atom constitute a 5 or 6
      membered heterocycle containing either one ring nitrogen atom or one ring
      nitrogen atom and one ring oxygen atom, e.g. pyrrolidine, piperidine or
      morpholine;
PA2  --COOR.sub.6
PA2  wherein R.sub.6 is alkyl of 1 to 5 carbon atoms; or
PA2  Cor.sub.7
PA2  wherein R.sub.7 is alkyl of 1 to 5 carbon atoms;
PA1  Q is oxygen or sulphur;
      ##EQU4##
      or
      ##EQU5##
      and n is an integer 1, 2 or 3.
PAR  When any of R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6 and
      R.sub.7 are aliphatic groups of more than 2 carbon atoms, they may be
      straight or branched chain.
PAR  The present invention also provides processes for the production of a
      compound of formula I which comprises
PA1  a. reacting a compound of formula II,
      ##EQU6##
      wherein R.sub.1, R.sub.2, R.sub.3, Q,
      ##EQU7##
      and n are as defined above with a compound of formula III,
      ##EQU8##
      wherein Y is as defined above and R.sub.8 and R.sub.9, which are the same
      or different, are each phenyl, alkoxy of 1 to 4 carbon atoms or aryloxy
      (e.g. phenyloxy or toluyloxy),
PAL  in the presence of a strong base (i.e. under Wittig-Horner conditions --
      Houben-Weyl, Methoden der Organischen Chemie, Ed. E. Muller, Vol.V/lc page
      603 [1970])
PAL  or
PA1  b. reacting a compound of formula II with a compound of formula IV,
      ##EQU9##
      wherein Y is as defined above and R.sub.10, R.sub.11 and R.sub.12 are each
      aryl (e.g. phenyl, alkylphenyl, such as meta methyl-, ethyl-, n-propoyl-
      or i-propyl- substitited phenyl, alkoxyphenyl, such as para methoxy-,
      ethoxy-, n-propoxy- or i-propoxy- substituted phenyl, or chloro-or
      bromo-substituted phenyl, such as para chloro-substituted phenyl) or
      dialkylamino of 2 to 8 carbon atoms
PAL  or
PA1  c. reacting a compound of formula V,
      ##EQU10##
      wherein R.sub.1, R.sub.2, Q and n are as defined above,
      ##EQU11##
      or
      ##EQU12##
      and X is chlorine or bromine, with a compound of formula VI,
      ##EQU13##
      wherein R.sub.3 and R.sub.7 are as defined above and R.sub.13 is alkyl of
      1 to 4 carbon atoms,
PAL  with subsequent acid hydrolysis and dehydration, to produce a compound of
      formula Ia,
      ##EQU14##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.7, Q,
      ##EQU15##
      and n are as defined above or
PA1  d. reacting a compound of formula Ib
      ##EQU16##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.6, Q,
      ##EQU17##
      and n are as defined above with a compound of formula VII,
EQU  MNR.sub.4 R.sub.5                                          VII
PAL  wherein R.sub.4 and R.sub.5 are as defined above and
PA1  M is hydrogen, lithium or MgBr,
PAL  to produce a compound of formula Ic
      ##EQU18##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, Q,
      ##EQU19##
      and n are as defined above.
PAR  Process a) may, for example, be effected as follows, viz:
PAR  A strong base such as sodium hydride, in for example, an ether such as
      1,2-dimethoxyethane, tetrahydrofurane, diethylether or dioxane, or an
      amide such as dimethylformamide, as a solvent or as suspension medium, or
      potassium tert.butoxide in for example, benzene, toluene or
      tetrahydrofurane as a solvent or a suspension medium, or a sodium
      alcoholate in for example dimethylformamide as a solvent or a suspension
      medium, may be added to a compound of formula VII, preferably while
      stirring and conveniently at room temperature. The mixtures may be stirred
      for a period of about 8 hours and a compound of formula II then added in a
      solvent, conveninetly that employed for the strong base. The mixture may
      be stirred for a period of about 20 hours conveniently at room temperature
      after which time water may be added with cooling. Working up may be
      effected in conventional manner e.g. by extraction with benzene.
PAR  Process b) may, for example, be effected as follows viz:
PAR  A compound of formula II, in a solvent such as an ether, for example,
      dioxane or tetrahydrofurane, may be reacted with a compound of formula IV,
      preferably at an elevated temperature, for example, at reflux temperature,
      conveniently over a prolonged period, for example about 24 hours. In some
      circumstances, the compound of formula IV may conveniently be produced in
      situ. Working up may be effected in conventional manner.
PAR  Process c) may, for example, be effected as follows viz:
PAR  A compound of formula VI may be added to a compound of formula V in a
      solvent such as an ether, for example diethyl ether or tetrahydrofurane.
      After a period of between about 2 and 6 hours, conveniently at room
      temperature, a dilute mineral acid such as dilute hydrochloric acid or
      dilute sulphuric acid may be added to the mixture, the resulting magnesium
      salt and enol ether being hydrolysed with subsequent elimination of water.
      Working up may be effected in conventional manner.
PAR  Process d) may, for example, be effected as follows viz:
PAR  A compound of formula VII in a solvent such as absolute ether may be added
      to a compound of formula Ib in the same solvent conveniently with stirring
      and at room temperature. The reaction may be allowed to proceed over a
      prolonged period e.g. up to 12 hours. Working up is effected in manner
      known per se.
PAR  The compound of formula II employed as starting material in processes a)
      and b) above may be produced as follows viz:
PA1  a'. The compounds of formula IIa,
      ##EQU20##
      wherein R.sub.1, R.sub.2, R.sub.3, Q and n are as defined above may be
      produced by reacting a compound of formula VIII,
      ##EQU21##
      wherein R.sub.1, R.sub.2, Q and n are as defined above with a compound of
      formula XIII,
      ##EQU22##
      wherein R.sub.3 is as defined above and R.sub.14 is methyl or ethyl,
PAL  in manner known per se.
PA1  b'. The compounds of formula IIb
      ##EQU23##
      wherein R.sub.1, R.sub.2, R.sub.3, Q and n are as defined above and
      ##EQU24##
      or
      ##EQU25##
      may be produced by etherifying a compound of formula IX,
      ##EQU26##
      wherein R.sub.1, R.sub.2, Q,
      ##EQU27##
      and n are as defined above, with a compound of formula X,
      ##EQU28##
      wherein R.sub.3 is as defined above, in manner known per se.
PA1  c'. The compounds of formula IIc,
      ##EQU29##
      wherein R.sub.1, R.sub.2, R.sub.3, Q,
      ##EQU30##
      and n are as defined above, may be produced by reacting a compound of
      formula XI,
      ##EQU31##
      wherein R.sub.1, R.sub.2, Q,
      ##EQU32##
      n and X are as defined above, with a compound of formula XIII with
      subsequent hydrolysis and decarboxylation, in manner known per se.
PA1  d'. The compounds of formula IId,
      ##EQU33##
      wherein R.sub.1, R.sub.2, Q and n are as defined above, may be produced by
      reacting a compound of formula VIII, with an alkylvinyl ether of 3 to 7
      carbon atoms, in the presence of mercuric acetate. The reaction may be
      effected at elevated temperature and over a prolonged period e.g. 4 days,
      with subsequent rearrangement while heating at a temperature of, for
      example, 160.degree.-190.degree.C, over a period of, for example, 1 to 2
      hours.
PA1  e'. The compounds of formula IIe
      ##EQU34##
      wherein R.sub.1 ' is alkyl of 1 to 10 carbon atoms; cycloalkyl of 3 to 6
      carbon atoms; cycloalkyl of 3 to 6 carbon atoms substituted by alkyl of 1
      to 4 carbon atoms; cycloalkyl (of 3 to 6 carbon atoms) alkylene (of 1 to 4
      carbon atoms); or cycloalkyl (of 3 to 6 carbon atoms) alkylene (of 1 to 4
      carbon atoms) ring substituted by alkyl of 1 to 4 carbon atoms; and
PA1  R.sub.2, r.sub.3, q and n are as defined above, may be produced by
      catalytic hydrogenation of a compound of formula IIf
      ##EQU35##
      wherein R.sub.1 ', R.sub.2, R.sub.3, Q and n are as defined above, in
      conventional manner.
PAR  The compounds of formula VIII may, for example, be produced by reacting a
      compound of formula XII,
      ##EQU36##
      wherein R.sub.1, R.sub.2, Q and n are as defined above, with vinyl
      magnesium chloride or bromide.
PAR  The compounds of formulae III, IV, V, VI, VII, IX, X, XI, XII and XIII are
      either known or may be produced in analogous manner to the process for
      producing the known compounds.
PAR  The compounds of formula I are colourless oils. They may be characterised
      and purified in the normal manner e.g. purification by distillation or
      chromatography.
PAR  The compounds of formula I are useful as insecticides as indicated in the
      following tests by an inhibiting effect on the development of the insects
      Dysdercus Fasciatus (Egyptian cotton worm) and Prodenia littura (cotton
      stainer) from one development stage thereof to the next, to result either
      in death, reduced oviposition or inhibition of copulation, viz:
PAL  Test 1: Insecticidal effect on Dysdercus fasciatus larvae (Egyptian cottom
      worm)
PAR  Filter paper is impregnated with a solution of a compound of formula I viz:
PA1  a. methyl-[9-sec.butoxy-3,7-dimethyl]2,6-nonadienoate,
PA1  b. 9-sec.butoxy-3,7-dimethyl-2,6-nonadiene-1-nitrile, and
PA1  c. methyl-[9-isopropoxy-3,7-dimethyl]2,6-nonadienoate, at a concentration
      of 0.1 mg/cm.sup.2. A box made from polystyrene (200 .times. 100 .times.
      85 mm) is coated with the filter paper treated in this way. A folded
      filter paper, which is also impregnated, is covered with about 30
      Dysdercus larvae of the 4th larval stage and placed into the box. Pounded
      cotton seeds as food and a drinking-vessel are placed into it. The
      mortality is determined after 10 days. Substantial mortality is observed.
PAL  Test 2: Effect on the development of Prodenia-littura larvae (cotton
      strainer) into adults
PAR  Filter paper is impregnated with a solution of a compound of formula I viz:
PA1  a. methyl-[9-sec.butoxy-3,7-dimethyl]2,6-dienoate and
PA1  b. methyl-[9-isopropoxy-3,7-dimethyl]2,6-nonadienoate and
PA1  c. 9-sec.butoxy-3,7-dimethyl-2,6-nonadiene-1-nitrile, at a concentration of
      0.1 mg/cm.sup.2 Partitions, having a size of 3.5 .times. 5.5 cm, of a
      plastic box are coated with the filter paper treated in this way. One
      Prodenia caterpillar in the third to fourth larval stage is placed into
      each partition and a piece of artificial medium is given as food. The
      insects are kept at 25.degree.. The number of the adults which have
      developed normally after 21 days is determined. The rate of development is
      found to be substantially checked.
PAR  In addition, the compounds of formula I are further useful as insecticides
      because they exhibit low toxicity towards warm blooded animals.
PAR  It is to be understood that the term "insects" as used herein is used in a
      broad sense and may include not only the class Insecta, but classes of
      similar or related organisms e.g. spider mites. The term "insecticide" and
      "insecticidal" as used herein should be construed accordingly.
PAR  For the abovementioned use, the amount applied to a locus to be treated
      will of course vary depending on the compound employed, the mode of
      application, ambient conditions, and the insects to be combated. However,
      with regard to plant protection, satisfactory results are obtained when
      applied to a plant locus in an amount of between 1 and 4 kg/hectare, the
      application being repeated as required.
PAR  The compounds may be applied to the locus with conventional applicator
      equipment and by conventional methods e.g. strewing, spraying and dusting.
PAR  Compositions may comprise a compound of formula I in admixture with
      insecticide carriers, diluents and/or adjuvants in solid or liquid form
      e.g. spraying and dusting powders, granulates, liquid sprays and aerosols.
PAR  Solid forms may include diluents and carriers such as diatomaceous earth,
      bentonite and pumice. Adjuvants e.g. surfactants such as wetting and
      dispersing agents and adhesive agents, e.g. cellulose derivatives may also
      be included in the case of wettable powders to be applied as a water
      suspension. Granulates are produced by coating or impregnating granular
      carrier materials such as pumice, limestone, attapulgite and koalinite
      with the compounds.
PAR  Liquid forms may include non-phytotoxic diluents and carriers such as
      alcohols, gylcolic ethers, aliphatic and aromatic hydrocarbons e.g.
      xylene, alkyl napthalenes and other petroleum distillates. Adjuvants such
      as surface active agents, e.g. wetting and emulsifying agents such as
      polyglycol ethers formed by the reaction of an alkylene oxide with high
      molecular weight alcohols, mercaptans or alkyl phenols, may be included in
      emulsion concentrate forms. Appropriate organic solvents e.g. ketones,
      aromatic optionally halogenated hydrocarbons and mineral oils may also be
      included as solvent aids.
PAR  Aside from the abovementioned carriers, diluents and adjuvants, adjuvants
      such as U.V. stabilizing agents, desactivators (for solid forms with
      carriers having an active surface), agents for improving adhesiveness to
      surfaces treated, anticorrosives, defoaming agents and pigments may also
      be included.
PAR  Concentrate forms of composition generally contain between 2 and 90%,
      preferably between 5 and 50%, by weight of active compound.
PAR  Application forms of composition generally contain between 0.01 and 20% and
      preferably between 0.1  and 20%, by weight of active compound.
PAR  Examples of concentrate forms of composition will now be described.
PAR  a. Emulsifiable concentrate
PA1  25 parts by weight of a compound of formula I are mixed with 25 parts by
      weight of isooctylphenyldecaglycol ether and 50 parts by weight of xylene,
      whereby a clear solution is obtained which may be readily emulsified in
      water. The concentrate may be diluted with water to the desired
      concentration.
PAR  b. Emulsifiable concentrate
PA1  25 parts by weight of a compound of formula I are mixed with 30 parts by
      weight of isooctylphenyloctaglycol ether and 45 parts by weight of a
      petroleum fraction having a B.P. of 210.degree.-280.degree. (D.sub.20 :
      0.92). The concentrate may be diluted with water to the desired
      concentration.
PAR  c. Emulsfiable concentrate
PA1  50 parts by weight of a compound of formula I are mixed with 50 parts by
      weight of isooctylphenyloctaglycol ether. A clear concentrate is obtained
      which may be readily emulsified in water and which may be diluted with
      water to the desired concentration.
PAR  The preferred compounds of formula I are generally those compound wherein
PA1  R.sub.1 is alkyl of 1 to 6 carbon atoms,
PA1  R.sub.2 and R.sub.3, which are the same or different, are each hydrogen or
      alkyl of 1 to 4 carbon atoms,
PA1  Q is oxygen,
      ##EQU37##
      is
      ##EQU38##
      or
      ##EQU39##
      Y is cyano; COOR.sub.6 wherein R.sub.6 is alkyl of 1 to 5 carbon atoms; or
      COR.sub.7 wherein R.sub.7 is alkyl of 1 to 5 carbon atoms and
PA1  n is an integer 1, 2 or 3.
PA1  Specific preferred compounds are
      methyl-[9-sec.butoxy-3,7-dimethyl]2,6-nonadienoate,
PA1  9-sec.butoxy-3,7-dimethyl-2,6-nonadiene-1-nitrile.
PAL  and methyl-[9-isopropoxy-3,7-dimethyl]2,6-nonadienoate.
PAR  The following Examples illustrate the production of the compounds of
      formula I, but in no way limit the invention. The temperatures are
      indicated in degrees Centrigrade. Where concentration is indicated as a %,
      this is % by weight. Where pressure is indicated in mm this is mm/Hg.
DETD
PAC  EXAMPLE 1:
PAC  Methyl-[9-sec.butoxy-3,7-dimethyl]-2,6-nonadienoate [process a)]
PAR  1.31 g (0.03 mol) of a 55% sodium hydride emulsion in mineral oil are
      washed with hexane and suspended in 45 cc of 1,2-dimethoxy ethane in an
      atmosphere of nitrogen. 6.3 g (0.03 mol) of
      methyl-(0,0-diethyl-phosphono)acetic acid are added at
      20.degree.-25.degree. during the course of 1 hour and while stirring.
      After 8 hours 4.24 g (0.02 mol) of 8-sec.butoxy-6-methyl-5-octen-2-one in
      6 cc of 1,2-dimethoxy ethane are added dropwise and the mixture is stirred
      at 20.degree.-25.degree. for 20 hours. Working up is effected by the
      dropwise addition of 100 c of water with cooling. The organic phase is
      extracted with benzene; the benzene extract is concentrated by evaporation
      to 60 cc, is filtered through 30 g of aluminium oxide (activity II) and
      the filtrate is evaporated. The residue may be purified on silica gel by
      chromatography [eluant hexane/acetic ester (9:1)], whereby a cis/trans
      isomeric mixture of methyl-[9-sec.butoxy-3,7-dimethyl]-2,6-nonadienoate is
      obtained.
PAR  n.sub.D.sup.20 = 1.4678
PAR  Analysis: C.sub.16 H.sub.28 O.sub.3 ; Molecular weight 268.4;
PAR  Calc. C, 71.6%; H, 10.5%; O, 17.9%;
PAR  Found 71.9%; 10.2%; 18.3%;
PAC  EXAMPLE 2:
PAC  Methyl-[9-isopropoxy-3,7-dimethyl]-2,6-nonadienoate [process a)]
PAR  The above compound is produced in analogous manner to that described in
      Example 1, but using 8-isopropoxy-6-methyl-5-octen-2-one in place of
      8-sec.butoxy-6-methyl-5-octen-2-one.
PAR  n.sub.D.sup.20 = 1.4691
PAR  Analysis: C.sub.15 H.sub.26 O.sub.3 ; Molecular weight: 254.4;
PAR  Calc. C, 70.8%; H, 10.3%;
PAR  Found 71.2%; 10.4%;
PAC  EXAMPLE 3:
PAC  Methyl-[5-(4-isopropoxy-2-butyloxy)-3-methyl]-2-pentenoate [process a)]
PAR  The above compound is produced in analogous manner to that described in
      Example 1, but using 4-(4-isopropoxy-2-butyloxy)-2-butanone in place of
      8-sec.butoxy-6-methyl-5-octen-2-one.
PAR  n.sub.D.sup.20 = 1.4521
PAR  Analysis: C.sub.14 H.sub.26 O.sub.4 ; Molecular weight: 258.4;
PAR  Calc. C, 65.1%; H, 10.1%
PAR  Found 65.4%; 10.4%;
PAC  EXAMPLE 4:
PAC  Ethyl-[10-isopropoxy-3-methyl]-2-decenoate [process a)]
PAR  The above compound is produced in analogous manner to that described in
      Example 1, but using 9-isopropoxy-2-nonanone in place of
      8-sec.butoxy-6-methyl-5-octen-2-one and
      ethyl-(O,O-diethyl-phosphono)-acetic acid in place of
      methyl-(O,O-diethyl-phosphono)-acetic acid.
PAR  n.sub.D.sup.20 = 1.4527
PAR  Analysis: C.sub.16 H.sub.30 O.sub.3 ; Molecular weight: 270.4;
PAR  Calc. C, 71.1%; H, 11.2%; O, 17.7%;
PAR  Found 71.6%; 11.2%; 17.7%;
PAC  EXAMPLE 5:
PAC  Methyl-[5-(1-sec.butoxy-3-pentyloxy)-3-methyl]-2-pentenoate [process a)]
PAR  The above compound is synthesized in analogous manner to that described in
      Example 1. The 4-(1-sec-butoxy-3-pentyloxy)-2-butanone used as starting
      material in
PAR  place of 8-sec.butoxy-6-methyl-5-octen-2-one is produced in accordance with
      Example 14 below.
PAR  n.sub.D.sup.20 = 1.4527
PAR  Analysis: C.sub.16 H.sub.30 O.sub.4 ; Molecular weight: 286.4;
PAR  Calc. C, 67.1%; H, 10.6%;
PAR  Found 68.0%; 10.7%;
PAC  EXAMPLE 6:
PAC  Ethyl-[9-isopropoxy-3,7-dimethyl]-2-nonenoate [process a)]
PAR  The above compound is produced in analogous manner to that described in
      Example 1, but using ethyl-(O,O-diethylphosphono)-acetic acid in place of
      methyl-(O,O-diethylphosphone)-acetic acid and
      8-isopropoxy-6-methyl-2-octanone in place of
      8-sec.butoxy-6-methyl-5-octen-2-one.
PAR  n.sub.D.sup.20 = 1.4532
PAR  Analysis: C.sub.16 H.sub.30 O.sub.3 ; Molecular weight: 270.4;
PAR  Calc. C, 71.1%; H, 11.2%; O, 17.7%;
PAR  Found 70.7%; 10.8%; 18.4%;
PAC  EXAMPLE 7:
PAC  10-Isopropoxy-8-methyl-3,7-decadien-2-one [process b)]
PAR  1.84 g (0.01 mol) of 7-isopropoxy-5-methyl-4-heptenal and 3.18 g (0.01 mol)
      of triphenyl-acetyl methylene phosphorane (M.P.
      199.5.degree.-201.5.degree.), produced in accordance with D. B. Denney and
      S. T. Ross, J. Org. Chem. 27, 998 [1962], are boiled together under reflux
      for 24 hours in 30 cc of tetrahydrofurane. The tetrahydrofurane is then
      evaporated, the residue is taken up in hexane, and filtered off from the
      insoluble part and the hexane is evaporated. The oily residue may be
      purified by chromatography on silica gel with benzene/methanol 96:4. Pure
      10-isopropoxy-8-methyl-3,7-decadien-2-one is obtained.
PAR  n.sub.D.sup.20 = 1.4716
PAR  Analysis: C.sub.14 H.sub.24 O.sub.2 ; Molecular weight: 224.3;
PAR  Calc. C, 75.0%; H, 10.8%;
PAR  Found 75.1%; 10.9%;
PAC  EXAMPLE 8:
PAC  9-sec.Butoxy-3,7-dimethyl-2,6-nonadiene-1-nitrile [process a)]
PAR  To a suspension of 0.48 g (0.01 mol) of 50% sodium hydride dispersion in 25
      cc of absolute 1,2-dimethoxy ethane there is added dropwise at 25.degree.
      1.77 g (0.01 mol) of 0,0-diethylcyano methyl phosphonate. After stirring
      for 2 hours at 25.degree., 2.12 g (0.01 mol) of
      8-sec.butoxy-6-methyl-5-octen-2-one are added and the mixture is stirred
      over the course of 18 hours at 25.degree.. 50 cc of ether and 150 cc of
      water are subsequently added and the aqueous phase is extracted with
      ether. The ether extract is washed with saturated salt solution, dried
      with sodium sulphate and evaporated. The residue is chromatographed on
      silica gel with chloroform as eluant, whereby the
      9-sec.butoxy-3,7-dimethyl-2,6-nonadiene-1-nitrile is obtained as
      colourless oil consisting of about equal parts of the cis and trans
      isomers.
PAR  n.sub.D.sup.20 = 1.4720
PAR  Analysis: C.sub.15 H.sub.25 NO; Molecular weight: 235.4;
PAR  Calc. C, 76.5%; H, 10.7%; N, 6.0%;
PAR  Found 77.0%; 10.9%; 5.6%;
PAC  EXAMPLE 9:
PAC  10-Isopropoxy-4,8-dimethyl-3,7-decadien-2-one [process c)]
PAR  To the Grignard reagent, produced from 0.46 g (0.019 mol) of magnesium and
      4.5 g (0.019 mol) of 1-bromo-6-isopropoxy-4-methyl-3-hexene in 60 cc of
      absolute ether, there is added dropwise at 5.degree. over the course of 15
      minutes and while stirring, a solution of 2.45 g (0.019 mol) of
      4-ethoxy-3-penten-2-one. After stirring for 4 hours at 20.degree. the
      mixture is poured on ice cold 2N sulphuric acid and is extracted with
      ether. The ether extract is washed with saturated sodium bicarbonate
      solution, water and saturated salt solution, then dried over sodium
      sulphate and evaporated. After chromatography of the residue on 200 g of
      silica gel with hexane/ethyl acetate (9:1) as eluant,
      10-isopropoxy-4,8-dimethyl-3,7-decadien-2-one is obtained as a colourless
      oil.
PAR  n.sub.D.sup.20 = 1.4726
PAR  Analysis: C.sub.15 H.sub.26 O.sub.2 ; Molecular weight: 238.4
PAR  Calc. C, 75.5%; H 10.9%;
PAR  Found 74.6%; 10.9%;
PAC  EXAMPLE 10:
PAC  N,N-diethyl-[9-isopropoxy-3,7-dimethyl]-2-nonenoic acid amide [process d)]
PAR  1.46 g (0.02 mol) of diethylamine in 10 ml of absolute ether are added to a
      6 ml of a 20% solution of butyllithium in hexane in a nitrogen atmosphere
      with stirring at -10.degree.. The reaction mixture is then stirred for 1
      hour at 20.degree. when it is added to a solution of 5.4 g (0.02 mol) of
      ethyl-[9-isopropoxy-3,7-dimethyl]-2-nonenoate (produced in accordance with
      Example 6) in 10 ml of absolute ether.
PAR  After 4 hours at 25.degree., 10 ml of water, followed by 10 ml of 0.2%
      sodium chloride solution, are added to the reaction mixture. The aqueous
      phase is extracted with ether, the ether extract is washed with water,
      dried with sodium sulphate and the ether evaporated off.
PAR  After chromatography on a silica gel column with hexane/acetic acid ester
      (9:1) as eluant, N,N-diethyl-[9-isopropoxy-3,7-dimethyl]-2-nonenoic acid
      amide, as a colourless oil is obtained.
PAR  Analysis: C.sub.18 H.sub.35 NO.sub.2 ; Molecular weight: 297.4;
PAR  Calc. C, 72.7%; H, 11.8%; N, 4.7%;
PAR  Found 72.1%; 11.5%; 4.4%;
PAR  The following compounds of formula I may be produced by an analogous
      process to that described in the preceding Examples. The significances for
      R.sub.1, R.sub.2, R.sub.3, Q,
      ##EQU40##
      Y and n, and the preceding Example according to which the compounds may be
      produced are set out set below:
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PAL  Starting materials
PAL  compounds of formula II The following Examples 11 to 20 are representative
      of the processes for the production of the compounds of formula II
      employed as starting material in processes a) and b).
PAC  EXAMPLE 11:
PAC  8-sec.Butoxy-6-methyl-5-octon-2-one
PAR  8.06 g (0.05 mol) of 5-sec.butoxy-3-methyl-1-penten-3-ol and 11.6 g (0.1
      mol) of acetoacetic acid methyl ester are heated to 135.degree. in a round
      bottom flask with a fractionating column and in an atmosphere of nitrogen.
      The methyl alcohol which is liberated during the reaction distils into the
      receiver. After 1 hour the reaction temperature is increased to
      182.degree.-185.degree. at which temperature the reaction mixture is
      maintained for 5 hours. After cooling, the reaction mixture is
      fractionally distilled at reduced pressure. A cis/trans mixture of
      8-sec.butoxy-6-methyl-5-octen-2-one is obtained. B.P.
      105.degree.-109.degree./0.8 mm.
PAR  n.sub.D.sup.20 = 1.4534
PAR  Analysis: C.sub.13 H.sub.24 O.sub.2 ; Molecular weight: 212.3;
PAR  Calc. C, 73.5%; H, 11.4%;
PAR  Found 73.4%; 10.9%;
PAC  EXAMPLE 12:
PAC  8-Isopropoxy-6-methyl-5-octen-2-one
PAR  The compound is produced in analogous manner to that described in Example
      11, but using 5-isopropoxy-3-methyl-1-penten-3-ol in place of
      5-sec.butoxy-3-methyl-1-penten-3-ol. B.P. 117.degree.-119.degree./8 mm.
PAR  n.sub.D.sup.20 = 1.4473
PAR  Analysis: C.sub.12 H.sub.22 O.sub.2 ; Molecular weight: 198.3;
PAR  Calc. C, 72.7%; H, 11.2%;
PAR  Found C, 72.4%; 11.0%;
PAC  EXAMPLE 13
PAC  8-Isopropylthio-6-methyl-5-octen-2-one
PAR  The above compound is produced in analogous manner to that described in
      Example 11, except that 5-isopropylthio-3-methyl-1-penten-3-ol is used in
      place of 5-sec.butoxy-3-methyl-1-penten-3-ol and that the reaction mixture
      is purified not by distillation but by chromatography on silica gel with
      hexane/ethyl acetate (9:1) as eluant.
PAR  n.sub.D.sup.20 = 1.4883
PAR  Analysis: C.sub.12 H.sub.22 OS; Molecular weight: 214.4;
PAR  Calc. C, 67.3%; H, 10.2%; S, 15.0%;
PAR  Found 66.4%; 9.7%; 15.0%;
PAC  EXAMPLE 14
PAC  4-(4-Isopropoxy-2-butyloxy)-2-butanone
PAR  10 g (0.26 mol) of sodium borohydride are added at 20.degree.-25.degree.,
      over the course of 2 hours to 20 g (0.154 mol) of 4-iospropoxy-2-butanone,
      dissolved in 200 cc of ethanol. After a further 2 hours, the reaction
      mixture is concentrated by evaporation to 50 cc at reduced pressure,
      poured into 400 cc of water and the product extracted with ether. The
      ether solution is dried with sodium sulphate and evaporated. The residue
      is distilled at 35 mm, whereby 4-isopropoxy-2-butanol, having a B.P. of
      88.degree./35 mm is obtained.
PAR  A mixture of 9.9 g (0.075 mol) of 4-isopropoxy-2-butanol and 7.0 g (0.1
      mol) of methylvinyl is added dropwise at 20.degree.-30.degree. over the
      course of 30 minutes, to 3.3 g (0.025 mol) of 4-isopropoxy-2-butanol and
      0.4 g of concentrated sulphuric acid. After stirring for 24 hours at
      20.degree.-25.degree., 0.7 g of potassium carbonate and 0.1 g of water are
      added. The reaction mixture is vigorously stirred at room temperature over
      the course of 3 hours, filtered and distilled. The resulting
      4-(4-isopropoxy-2-butyloxy)-2-butanone has a B.P. of
      75.degree.-76.degree./1.0 mm.
PAR  n.sub.D.sup.20 = 1.4268
PAR  Analysis: C.sub.11 H.sub.22 O.sub.3 ; Molecular weight: 202.3;
PAR  Calc. C, 65.3%; H, 11.0%;
PAR  Found 65.0%; 11.0%;
PAC  EXAMPLE 15
PAC  4-(1-sec.Butoxy-3-pentyloxy)-2-butanone
PAR  The above compound is produced in analogous manner to that described in
      Example 14, but using 1-isopropoxy-3-pentanone in place of
      4-isopropoxy-2-butanone. B.P. 95.degree.-97.degree./1.2 mm.
PAR  n.sub.D.sup.20 = 1.4306
PAR  Analysis: C.sub.13 H.sub.26 O.sub.3 ; Molecular weight: 230.3;
PAR  Calc. C, 67.8%; H, 11,4%;
PAR  Found C, 67.8%; 11.2%;
PAC  EXAMPLE 16
PAC  7-Isopropoxy-5-methyl-4-heptenal
PAR  15.8 g (0.1 mol) of 5-isopropoxy-3-methyl-1-penten-3-ol and 20.0 g of
      mercuric acetate in 180 cc of ethyl vinyl ether are maintained at reflux
      temperature over the course of 4 days. 0.9 cc of glacial acetic acid is
      added at 20.degree. to the turbid solution. After 3 hours 150 cc of 5%
      potassium carbonate solution are added and the product is extracted with
      hexane. The hexane extract is dried with sodium sulphate and evaporated.
      The residue is heated to 165.degree.-168.degree. over the course of 11/2
      hours without further purification and in an atmosphere of nitrogen; the
      residue is subsequently distilled at reduced pressure. The
      7-isopropoxy-5-methyl-4-heptenal has a B.P. of 70.degree.-73.degree./0.8
      mm.
PAR  n.sub.D.sup.20 = 1.4476
PAR  Analysis: C.sub.11 H.sub.20 O.sub.2 ; Molecular weight: 184.3;
PAR  Calc. C, 71.7%; H, 10.9%;
PAR  Found C, 71.7%; 10.8%;
PAC  EXAMPLE 17
PAC  9-Isopropoxy-2-nonanone
PAR  1.4 g (0.025 mol) of solid potassium hydroxide are dissolved in 30 cc of
      50% aqueous methanol. 4.1 g (0.015 mol) of
      3-carbethoxy-9-isopropoxy-2-nonanone are added to this solution and the
      mixture is heated to boiling temperature. After 1 hour at reflux the
      reaction mixture is cooled to 50.degree., neutralized with 50% sulphuric
      acid, cooled to room temperature after 10 minutes, and 50 cc of water
      added. The product is extracted from the heterogeneous mixture with ether,
      the ether extract is washed with saturated salt solution, dried with
      sodium sulphate and evaporated. The residue is chromatographed on silica
      gel with hexane/ethyl acetate 9:1. Pure 9-isopropoxy-2-nonanone is
      obtained as a colourless oil.
PAR  n.sub.D.sup.20 = 1.4309
PAR  Analysis: C.sub.12 H.sub.24 O.sub.2 ; Molecular weight: 200.3
PAR  Calc. C, 72.0%; H, 12.1%; O, 16.0%;
PAR  Found 71.7%; 11.9%; 16.2%;
PAC  EXAMPLE 18:
PAC  8-Isopropoxy-6-methyl-2-octanone
PAR  The compound is produced in analogous manner to that described in Example
      17, but using 3-carbethoxy-8-isopropoxy-6-methyl-2-octanone in place of
      3-carbethoxy-9-isopropoxy-2-nonanone. B.P. 127.degree.-129.degree./15 mm.
PAR  Analysis: C.sub.12 H.sub.24 O.sub.2 ; Molecular weight: 200.3
PAR  Calc. C, 72./%; H, 12,1% O, 16.0%;
PAR  Found 71.3%; 11.8%; 17.3%;
PAC  EXAMPLE 19
PAC  3-Carbethoxy-9-isopropoxy-2-nonanone
PAR  0.69 g (0.03 mol) of sodium are added at 20.degree. to 20 cc of absolute
      ethanol. After complete reaction, 3.9 g (0.03 mol) of acetoacetic ester
      are added dropwise at 25.degree. to the solution. The clear solution is
      then heated to 80.degree. and, over a period of 1 hour, 6.7 g (0.03 mol)
      of 1-bromo-6-isopropoxy-hexane are added dropwise at reflux temperature.
      The turbid mixture is boiled at reflux for 16 hours and subsequently
      cooled to 20.degree. and neutralized with alcoholic hydrochloric acid.
      After adding 20 cc of ether, the reaction mixture is filtered and the
      filtrate is evaporated. The residue is distilled, whereby, according to
      gas-chromatography, pure 3-carbethoxy-9-isopropoxy-2-nonanone, having a
      B.P. of 125.degree.-130.degree./0.8 mm, is obtained.
PAR  Analysis: C.sub.15 H.sub.28 O.sub.4 ; Molecular weight: 272.4
PAR  Calc. C, 66.1%; H, 10.4%; O, 23.5%;
PAR  Found 65.8%; 10.4%; 24.1%;
PAC  EXAMPLE 20
PAC  3-Carbethoxy-8-isopropoxy-6-methyl-2-octanone
PAR  In manner analogous to that described in Example 19, the title compound may
      be produced, using 1-bromo-5-isopropoxy-3-methyl-pentane in place of
      1-bromo-6-isopropoxy-hexane. B.P. 92.degree.-94.degree./10.sup.-.sup.4 mm.
PAR  Analysis: C.sub.15 H.sub.28 O.sub.4 ; Molecular weight: 272.4;
PAR  Calc. C, 66.1%; H, 10.4%; O, 23.5%;
PAR  Found 66.1%; 10.0%; 23.9%;
PAL  Compounds of formula XI The following Examples 21 and 22 are representative
      of the process for producing compounds of formula XI:
PAC  EXAMPLE 21
PAC  1-Bromo-6-isopropoxy-hexane
PAR  1.15 g (0.05 mol) of finely cut sodium are added to 30 g (0.5 mol) of
      absolute isopropanol in an atmosphere of nitrogen; the mixture is stirred
      at 60.degree. for 16 hours in order to dissolve the sodium completely.
      After cooling to 20.degree., 12.2 g (0.05 mol) of 1,6-dibromohexane are
      added and the mixture is stirred at reflux temperature for 18 hours. The
      precipitated sodium bromide is filtered off, the excess isopropanol is
      removed and the filtrate is distilled under vacuum. The main fraction (6.0
      g), having a B.P. of 96.degree.-98.degree./15 mm, is chromatographed on
      300 g of silica gel with hexane/ethyl acetate (99:1), whereby
      1-bromo-6-isopropoxy-hexane is obtained as a colourless oil.
PAR  Analysis: C.sub.9 H.sub.19 BrO Molecular weight: 223.2
PAR  Calc. C, 48.4%; H, 8.5%; Br, 35.8%; O, 7.2%;
PAR  Found 48.7%; 8.4%; 35.9%; 7.6%;
PAC  EXAMPLE 22
PAC  1-Bromo-5-isopropoxy-3-methyl-pentane
PAR  A mixture of 16 g (0.1 mol) of 5-isopropoxy-3-methyl-1-pentanol and 2 g
      (/.25 mol) of pyridine is added dropwise at 0.degree. to 10.9 g (0.04 mol)
      of phosphorous tribromide. The mixture is subsequently stirred at
      25.degree. for 2 hours and is then distilled at a bath temperature of
      160.degree./12 mm into a receiver containing saturated sodium bicarbonate
      solution. (B.P. 100.degree.-110.degree./12 mm).
PAR  The contents of the receiver are taken up with ether and successively
      washed with saturated sodium bicarbonate solution, 2N sulphuric acid, and
      saturated salt solution and dried with sodium sulphate. The ether is
      evaporated and the remaining 1-bromo-5-isopropoxy-3-methyl-pentane is
      purified by distillation. B.P. 90.degree.-91.degree./12 mm.
PAR  Analysis: C.sub.9 H.sub.19 BrO Molecular weight: 223.2
PAR  Calc. C, 48.4%; H, 8.6%; Br, 35.8%; O, 7.2%;
PAR  Found 48.4%; 7.9%; 35.6%; 7.7%;
PAR  The alcohols, used for the production of the compounds of formula XI, may
      be produced in accordance with known processes, e.g. as described in the
      following Example:
PAC  EXAMPLE 23
PAC  5-Isopropoxy-3-methyl-pentanol
PAR  A mixture of 34.4 g (0.261 mol) of 4-isopropoxy-2-butanol and 5.07 g (0.064
      mol) of absolute pyridine is added dropwise at 0.degree.C over the course
      of 15 minutes and while stirring to 28.4 g (0.105 mol) of phosphorous
      tribromide. After stirring for 2 hours at room temperature the reaction
      mixture is rapidly distilled in a vacuum B.P. 35.degree.-60.degree./12 mm.
      The distillate is taken up in ether, successively washed with ice cold
      dilute sodium bicarbonate solution, water, ice cold 2N sulphuric acid,
      water and then saturated sodium chloride solution, dried over sodium
      sulphate and separated from the ether by fractional distillation.
PAR  The residue is fractionally distilled and 2-bromo-4-isopropoxy-butane,
      having a B.P. of 69.degree.-70.degree./24 mm, is obtained.
PAR  To an ethanolic sodium ethanolate solution, produced from 9.45 g of sodium
      and 200 cc of absolute ethanol, is added, in an atmosphere of nitrogen at
      50.degree.C over a period of 15 minutes while stirring, 67.7 g (0.423 mol)
      of diethyl-malonate, and subsequently 80.0 g (0.410 mol) of
      2-bromo-4-isopropoxy-butane over a further period of 15 minutes. The
      mixture is boiled at reflux for 24 hours, then neutraliued with glacial
      acetic acid and separated from the main amount of ethanol by distillation.
PAR  The residue is treated with ice-water, and extracted with ether. The ether
      extract is washed with water and saturated salt solution, dried over
      sodium sulphate and the ether evaporated off in a vacuum. The resulting
      crude ethyl-[2-carbethoxy-5-isopropoxy-3-methyl]-n-pentanoate may be
      reacted without additional purification.
PAR  110 g of crude ester are added dropwise at 60.degree. over a period of 15
      minutes and while stirring to 180 g of 50% KOH (1.60 mol) and the mixture
      is boiled at reflux for 2 hours. After adding 100 cc of water the ethanol
      produced by hydrolysis is distilled off at normal pressure. The residue,
      acidified with 250 cc of 6N sulphuric acid at 10.degree.C while stirring
      is extracted with ether, the ether extract is washed with a small amount
      of water and saturated sodium chloride, dried over sodium sulphate and
      evaporated. The remaining crude dicarbonic acid is decarboxylated by
      stirring at 190.degree.C for 1 hour and the product is subsequently
      distilled in a vacuum. 5-Isopropoxy-3-methyl-n-pentanoic acid, having a
      B.P. of 89.degree.-91.degree.C/0.1 mm, is obtained.
PAR  Analysis: C.sub.9 H.sub.18 O.sub.3 Molecular weight: 174.2;
PAR  Calc. C, 62.0%; H, 10.4%; O, 27.5%;
PAR  Found 62.0%; 10.4%; 27.6%;
PAR  A solution of 19.8 g (0.114 mol) of 5-isopropoxy-3-methyl-n-pentanoic acid
      in 120 cc of absolute benzene is added dropwise over a period of 1 hour to
      96 cc (0.342 mol) of 70% sodium-bis-(2-methoxy-ethoxy)-aluminium-dihydride
      in 220 cc of absolute benzene. The mixture is boiled at reflux for 2
      hours, cooled to 10.degree.C, acidified with 2N sulphuric acid while
      stirring and is extracted with ether. The ether extract is washed with a
      small amount of water and saturated sodium chloride solution, dried over
      sodium sulphate and the ether evaporated off.
PAR  The residue is chromatographed with hexane: ethyl acetate (9:1) on 600 g of
      silica gel and 5-isopropoxy-3-methyl-pentanol is obtained as colourless
      oil.
PAR  Analysis: C.sub.9 H.sub.20 O.sub.2 ; Molecular weight: 160.3;
PAR  Calc. C, 67.5%; H, 12.6%; O, 20.0%;
PAR  Found 67.3%; 12.7%; 20.2%;
PAR  The halide stage which is employed in the production of the Grignard
      compounds of formula V, employed in the production of compounds of formula
      I in accordance with process c), may, for example, be produced in
      accordance with the following Example:
PAC  EXAMPLE 24
PAC  1-Bromo-6-isopropoxy-4-methl-3-hexane
PAR  To the Grignard reagent [production according to E. Renk et al. J. Am.
      Chem. Soc. 83, 1987 (1961)], from 9.06 g (0.37 mol) of magnesium and 42.8
      g (0.35 mol) of cyclopropyl bromide in 460 cc of absolute
      tetrahydrofurane, is added dropwise at 5.degree.C over the course of 10
      minutes, in an atmosphere of nitrogen and while stirring, a solution of 46
      g (0.35 mol) of 4-isopropoxy-2-butanone -butanone in 100 cc of absolute
      tetrahydrofurane. After stirring the reaction mixture at room temperature
      for 20 hours, saturated ammonium chloride solution and ice are added and
      the mixture is extracted with ether. The ether extract is washed with
      saturated salt solution, dried over sodium sulphate and the ether
      evaporated off. The resulting 2-cyclopropyl-4-isopropoxy-2-butanol is
      obtained after distillation at 75.degree.-79.degree./12 mm as a colourless
      oil.
PAR  19 cc of 48% hydrobromic acid are added dropwise at 0.degree.C over a
      period of 15 minutes and while stirring, to 27.7. g of
      2-cyclopropyl-4-isopropoxy-2-butanol [Method of M. Julia et al., Bull.
      Soc. Chim. France 1072 (1960)]. The mixture is stirred at
      0.degree.-5.degree. for 30 minutes and is subsequently extracted with
      ether. The ether extract is washed with water, saturated sodium
      bicarbonate solution, and saturated salt solution, dried over sodium
      sulphate and the ether evaporated off.
PAR  The residue is chromatographed with hexane/ethyl acetate (98:2 and 95:5) on
      silica gel. The chromatographically pure mixture of the cis-trans isomers
      of 1-bromo-6-isopropoxy-4-methyl-3-hexene is obtained as colourless oil.
PAR  n.sub.D.sup.20 = 1.4802
PAR  Analysis: C.sub.10 H.sub.19 BrO; Molecular weight: 253.2;
PAR  Calc. C, 51.1%; H, 8.1%; Br, 34.0%;
PAR  Found 51.1%; 8.3%; 33.2%;
PAL  Compounds of formula XII The following Examples 25 and 26 are
      representative of the process for producing the ketones of formula XII,
      wherein R.sub.2 signifies a lower alkyl group of 1 to 4 carbon atoms.
PAC  EXAMPLE 25
PAC  5-Isopropoxy-2-butanone
PAR  0.3 g of concentrated sulphuric acid is added to 7.2 g (0.12 mol) of
      isopropanol. A mixture of 21 g (0.33 mol) of vinyl methyl ketone and 36 g
      (0.6 mol) of isopropanol is added dropwise at room temperature over a
      period of 1 hour and while stirring, the temperature not exceeding
      30.degree.. After 24 hours 1.6 g of potassium carbonate and 2 drops of
      water are added at room temperature, the mixture is vigorously stirred for
      2 hours, is filtered and the clear neutral filtrate is fractionated at 36
      mm. The excess of isopropanol is first distilled off and then the
      4-isopropoxy-2-butanone distills over at 73.degree.-76.degree./36 mm.
PAC  EXAMPLE 26
PAC  4-Isopropylthio-2-butanone
PAR  The above compound is produced in analogous manner to that described in
      Example 24, but using isopropyl mercaptan in the place of isopropanol.
      B.P. 94.degree.-96.degree./17 mm.
PAL  Compounds of formula VIII The following Examples are representative of the
      process for producing the alcohols of formula VIII.
PAC  EXAMPLE 27
PAC  5-Isopropoxy-3-methyl-1-penten-3-ol
PAR  12 g (0.5 mol) of magnesium turnings are covered with a layer of 60 cc of
      absolute tetrahydrofurane in an atmosphere of nitrogen in a flask equipped
      with a stirrer and a reflux condenser and heated to 40.degree.-45.degree..
      5 cc of a solution of 53.5 g (0.5 mol) of vinyl bromide in 100 cc of
      absolute tetrahydrofurane are added dropwise by means of a dropping
      funnel, whereupon an exothermic reaction commences. The remaining vinyl
      bromide solution is added dropwise at such rate that the reaction mixture
      is maintained at a temperature of 45.degree.-50.degree. (approximately 1
      to 11/2 hours). The mixture is then stirred at 50.degree. for 1 hour and
      is subsequently cooled to 0.degree.. 52 g (0.4 mol) of
      4-isopropoxy-2-butanone in 100 cc of absolute tetrahydrofurane are added
      dropwise over a period, of 45 minutes and while stirring vigorously and
      the reaction mixture is subsequently stirred at room temperature over a
      period of  16 hours. After this period 250 cc of 20% ammonium chloride
      solution are added over a period of 15 minutes to the reaction mixture
      which is cooled to 5.degree.-10.degree.. The mixture is stirred for 15
      minutes and is extracted with ether. The ether extract is washed with
      water in a separating funnel, dried with sodium sulphate and evaporated.
      The residue is fractionated at a pressure of 13 mm, whereby the
      5-isopropoxy-3-methyl-1-penten-3-ol distills over at
      72.degree.-73.degree..
PAR  n.sub.D.sup.20 = 1.4297
PAR  Analysis: C.sub.9 H.sub.18 O.sub.2 ; Molecular weight: 158.2;
PAR  Calc. C, 68.3%; H, 11.5%;
PAR  Found 68.1%; 11.4%;
PAC  EXAMPLE 28
PAC  5-Isopropylthio-3-methyl-1-penten-3-ol
PAR  The above compound is produced in analogous manner to that described in
      Example 27, but using 4-isopropylthio-2-butanone in place of
      4-isopropoxy-2-butanone. B.P. 79.degree.-80.degree./1.2 mm.
PAR  n.sub.D.sup.20 = 1.4813
PAR  Analysis: C.sub.9 H.sub.18 OS; Molecular weight: 174.3;
PAR  Calc. C, 62.0%; H, 10.4%; S, 18.4%;
PAR  Found 61.5%; 10.4%; 18.9%;
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##EQU41##
      wherein R.sub.1 is alkyl of 1 to 10 carbon atoms; alkenyl of 3 to 10
      carbon atoms; alkynyl of 3 to 10 carbon atoms; cycloalkyl of 3 to 6 carbon
      atoms; cycloalkyl of 3 to 6 carbon atoms substituted by alkyl of 1 to 4
      carbon atoms; cycloalkenyl of 5 to 7 carbon atoms; cycloalkenyl of 5 to 7
      carbon atoms substituted by alkyl of 1 to 4 carbon atoms; cycloalkyl(of 3
      to 6 carbon atoms)alkyl (of 1 to 4 carbon atoms); cycloalkyl(of 3 to 6
      carbon atoms)alkyl (of 1 to 4 carbon atoms) ring substituted by alkyl of 1
      to 4 carbon atoms; cycloalkenyl(of 5 to 7 carbon atoms)alkyl (of 1 to 4
      carbon atoms); or cycloalkenyl(of 5 to 7 carbon atoms)alkyl(of 1 to 4
      carbon atoms) ring substituted by alkyl of 1 to 4 carbon atoms;
PA1  R.sub.2 and R.sub.3, which are the same or different, are each hydrogen or
      alkyl of 1 to 4 carbon atoms,
PA1  Q is oxygen or sulphur;
      ##EQU42##
      is
      ##EQU43##
      or
      ##EQU44##
      and n is an integer 1, 2 or 3.
NUM  2.
PAR  2. A compound of claim 1 of the formula:
      ##EQU45##
      wherein R.sub.1 is alkyl of 1 to 6 carbon atoms,
PA1  R.sub.2 and R.sub.3 are independently hydrogen or alkyl of 1 to 4 carbon
      atoms,
      ##EQU46##
      is
      ##EQU47##
      or
      ##EQU48##
      and n is 1, 2 or 3.
NUM  3.
PAR  3. A compound of claim 1 of the formula:
      ##EQU49##
      wherein R.sub.1 is isopropyl or sec.-butyl,
PA1  R.sub.2 is hydrogen, methyl or ethyl,
PA1  R.sub.3 is hydrogen or methyl,
      ##EQU50##
      is
      ##EQU51##
      or
      ##EQU52##
      and n is 2 or 3.
NUM  4.
PAR  4. The compound of claim 1, which is 9-sec.
      butoxy-3,7-dimethyl-2,6-nonadiene-1-nitrile.
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ABST
PAL  This invention concerns an improved process for preparing monocarboxylated
      derivatives of cyclododecatriene by the catalytic addition of carbon
      monoxide using certain homogeneous, experimentally selected, three
      component, ligand-stabilized, platinum(II) or palladium(II)-Group IVB
      metal halide catalyst compositions.
PAL  Optionally, in the case of certain ligand-stabilized, platinum(II)
      halide-Group IVB metal halide catalyst complexes, the above carboxylated
      reaction mixture containing alkyl cyclododecadiene carboxylate can be
      purged of carbon monoxide, hydrogen can be passed into the reaction
      mixture, the reaction mixture pressurized in a hydrogen atmosphere and the
      carbon-to-carbon double bonds in said alkyl cyclododecadiene carboxylate
      intermediate reduced.
BSUM
PAR  This invention most broadly concerns a simplified catalytic process for
      preparing monocarboxylated cyclododecatriene derivatives using selected
      homogeneous, three-component ligand-stabilized, palladium(II) or
      platinum(II) dihalide-Group IVB halide catalyst complexes under relatively
      mild reaction conditions of temperature and pressure.
PAR  More particularly, this invention relates to the preparation of the
      monoalkyl esters of cyclododecadiene carboxylate in good yield from the
      higly selective catalytic addition of carbon monoxide to
      1,5,9-cyclododecatriene in the presence of alkanols and of certain
      catalyst complexes, followed by hydrogenation of said monoalkyl esters of
      cyclododecadiene carboxylate.
PAC  BACKGROUND OF THE INVENTION
PAR  The monoalkyl cyclododecadienecarboxylates are useful generally as organic
      intermediates, and particularly after reduction of both double bonds, as
      intermediates in the preparation of lauryl lactam, a useful precursor to
      Nylon-12. Nylon-12 is a polyamide having excellent mechanical properties
      such as hardness, tensile strength, resistance to abrasion combined with
      low sensitivity toward water and low density. Present applications include
      coatings for cables and textiles and mouldings for automobiles. One
      contemplated route to Nylon-12,* starting from 1,5,9-cyclododecatriene, is
      to first carboxylate said triene in the presence of a suitable
      homogeneous, ligand-stabilized, platinum(II) or palladium(II)-Group IVB
      metal halide catalyst to form the monoalkyl
      4,8-cyclododecadiene-1-carboxylate ester derivative by the addition of
      carbon monoxide and a lower alkanol (See Step 1), and then by replacing
      the CO atmosphere by hydrogen, and optionally using the same homogeneous
      catalyst, to reduce said monoalkyl unsaturated
      4,8-cyclododecadiene-1-carboxylate ester to the monoalkyl ester of
      cyclododecanecarboxylate (See Step 2). After separating the catalyst, the
      cyclododecanecarboxylate ester is converted to lauryl lactam by treatment
      with nitrosylsulphuric acid (Step 3). Polymerization of lauryl lactam
      yields the polyamide known as Nylon-12 (Step 4).
FNT   *See K. Bittler et al., Angew.Chem.intemat.Ed., 7,329(1968)
      ##SPC1##
PAC  DEFINITIONS
PAR  Carboxylation as used herein refers to the process of preparing fatty acid
      ester derivatives of 1,5,9-cyclododecatriene by the catalytic addition of
      carbon monoxide plus an alkanol to the 1,5,9-cyclododecatriene.
PAR  Conversion as defined throughout this disclosure represents the extent of
      transformation of the 1,5,9-cyclododecatriene to other products.
      Conversion is expressed in mole percent and is calculated by dividing the
      amount of said "triene" consumed during carboxylation by the amount of
      "triene" charged and multiplying the quotient by 100.
PAR  Yield as defined herein, represents the efficiency of the empirically
      selected three component palladium (II) or platinum(II) catalyst complexes
      in carboxylating 1,5,9-cyclododecatriene to the desired monoalkyl
      cyclododecadienecarboxylate esters relative to other undesired
      by-products. Yield is also expressed as mole percent, and is calculated by
      determining the amount of cyclododecadienecarboxylate ester formed,
      divided by the amount of said ester which theoretically can be formed and
      multiplying the quotient obtained by 100.
PAR  Analytical procedures used to determine conversions to desired or undesired
      products include standard analytical techniques such as gas chromatography
      (g.c.), infrared (i.r.), elemental analysis, nuclear magnetic resonance
      (n.m.r.) among others. Unless otherwise stated, all percentages are mole
      percent, rather than percentages by weight or volume, and all temperatures
      are in centigrade rather than fahrenheit.
PAR  Selectivity as used in this specification refers to efficiency in producing
      monoalkyl cyclododecadienecarboxylate esters compared to other undesired
      di- or tricarboxylates. Selectivity is calculated by determining the mole
      percent of monoalkyl cyclododecadienecarboxylate formed divided by the
      mole percent of all carboxylates formed multiplied by 100.
PAC  CATALYSTS, REACTANTS AND REACTION PARAMETERS
PAR  The three component, ligand stabilized, homogeneous platinum(II) or
      palladium(II)-Group IVB catalyst complexes are known in the literature,
      albeit not for this purpose, and methods for their preparation have been
      described.* One convenient mode or preparation in situ is to mix a ligand
      stabilized platinum(II) or palladium(II) halide, such as PtCl.sub.2
      [As(C.sub.6 H.sub.5).sub.3 ].sub.2 with a large molar excess of Group IVB
      chloride, such as SnCl.sub.2. More detailed descriptions of these catalyst
      complexes can be found in the applications Ser. No. 223,015 and 223,014.
      However, in all instances it should be realized that an excess (2 to 30
      moles per mole of platinum or palladium) of the Group IVB halide should be
      present for superior results.
FNT   *See for example R. D. Cramer et al., J.A.C.S., 85,1691(1963)
PAR  While many of the above three component catalysts are disclosed to function
      as hydroformylation or carboxylation catalysts for various aliphatic
      olefins, the carboxylation of 1,5,9-cyclododecatriene to the
      cyclododecadienecarboxylate ester requires certain attributes that only
      certain members of said platinum or palladium catalyst classes possess.
PAR  These characteristics are:
PA1  1. The ability to carboxylate the heat sensitive 1,5,9-cyclododecatriene to
      the cyclododecadienecarboxylate ester (See Step 1 of Scheme I) at
      temperatures below 160.degree. to 200.degree.C, the operational range of
      many of the prior art Group VIII carboxyls used for carboxylation.
PA1  2. The ability to selectively carboxylate said triene to the desired
      monoester, with little or no production of the corresponding di- or
      triesters, and optionally
PA1  3. The ability to reduce the remaining two (2) double bonds of the
      cyclododecadienecarboxylate ester (See Step 2 of Scheme I) in a novel
      shortened process for preparing dodecyl (lauryl) lactam. This lactam is a
      favored precursor in the commercial preparation of the polyamide known as
      Nylon-12.
PAR  For the purposes of the first two steps, the catalysts may be selected from
      the group consisting of:
PA1  PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 -SnCl.sub.2,
PA1  PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 -GeCl.sub.2,
PA1  PdCl.sub.2 [P(p-CH.sub.3.C.sub.6 H.sub.4).sub.3 ].sub.2 -SnCl.sub.2,
PA1  PdCl.sub.2 [P(p-CH.sub.3 O.C.sub.6 H.sub.4).sub.3 ].sub.2 -SnCl.sub.2,
PA1  PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 -SnCl.sub.4,
PA1  PtCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 -SnCl.sub.2, and
PA1  PtCl.sub.2 [As(C.sub.6 H.sub.5).sub.3 ].sub.2 -SnCl.sub.2.
PAC  PRIOR ART
PAR  While no novelty search has been made, it is believed that the following is
      pertinent:
PA1  1. Bittler et al (Angew.Chem.Intern.Edit. 7,329 [1968]) proposed the use of
      the complex PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 (without any
      Group IVB halide, such as SnCl.sub.2, as applicant's claimed catalysts
      require) as catalysts to carboxylate 1,5,9-cyclododecatriene. Examples 1
      and 2 of this application document that under virtually identical reaction
      conditions applicant's SnCl.sub.2 complexes are superior to Bittler et
      al.'s catalysts lacking this Group IVB halide agent.
PA1  2. H. Itatani and J. C. Bailar [J.Am.Oil Chem. Soc., 44,147 (1967) and
      J.Am.Chem.Soc., 89,1592(1967)] have disclosed palladium and platinum
      catalysts including PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2
      -SnCl.sub.2 for hydrogenating unsaturated fatty acid esters, particularly
      the methyl esters of unsaturated fatty acids found in soybean oil.
      However, insofar as is known, none of the published Prior Art teaches
      first carboxylating 1,5,9-cyclododecatriene with a selected group of the
      above empirically derived three component, ligand-stabilized platinum(II)
      or palladium(II)-Group IVB metal halide catalyst complexes in the presence
      of sufficient carbon monoxide and lower alkanol to produce the lower alkyl
      cyclododecadienecarboxylate, followed by a subsequent hydrogenation in the
      presence of the same platinum catalysts under mild reaction parameters of
      temperature and pressure.
PA1  3. U.S. patent applications Ser. Nos. 223,014 and 223,015 now U.S. Pat. No.
      3,819,669 disclose the carboxylation of alpha and internal aliphatic
      monoolefins generally rather than the specific substrate
      1,5,9-cyclododecatriene employed in this disclosure. Further, the specific
      catalysts of said application which are utilizable differ somewhat from
      the dual purpose claimed in this application. Finally, in the instant
      application both carboxylation and hydrogenation are achieved whereas in
      the applications only carboxylation takes place.
PAC  REACTION PARAMETERS FOR CARBOXYLATION
PAR  I. Temperatures and Pressures -- The temperatures which can be used to
      carboxylate the aforementioned triene substrate are relatively narrow,
      ranging from about 60.degree. to 90.degree.C. In both instances the
      pressures can vary from 2000 psig to 4000 psig during carboxylation.
      Hydrogenation of the lower alkyl cyclododecadienecarboxylate intermediate
      requires similar parameters of temperature and superatmospheric pressures
      of hydrogen to produce a significant quantity of the completely saturated
      product within practical reaction times. Unexpectedly, palladium
      catalysts, such as PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2
      -SnCl.sub.2, while highly active in carboxylating the
      1,5,9-cyclododecatriene show little or no activity for the subsequent
      hydrogenation of the cyclododecadienecarboxylate ester within similar
      conditions of temperature and pressure.
PAR  II. Alkanol Coreactant -- The alkanol coreactants which may be used in this
      invention include primary and secondary alcohols, phenol, substituted
      phenols, substituted alkanols and polyols. Preferred are primary alcohols
      containing 1 to 4 carbon atoms, including methanol, ethanol, n-propanol
      and iso-propanol.
PAR  III. Molar Ratio of 1,5,9-cyclododecatriene to palladium or platinum
      catalyst varies from 50 to 200 of said triene per mole of noble metal.
PAR  IV. Reaction Times are variable, depending upon the palladium or platinum
      catalyst employed, the reaction temperatures and pressures employed, and
      whether carboxylation or hydrogenation is the reaction carried out. In the
      former case, using PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2
      -SnCl.sub.2 as a typical catalyst, the range of reaction times for
      carboxylation can take place between 1 and 24 hours when at least 50%
      conversion of the triene takes place. More typically the carboxylation of
      the triene takes place within 1 to 12 hours.
PAR  V. Inert Solvents -- While inert solvents are not necessary for
      carboxylation nor hydrogenation, they do simplify handling of the
      components of the reaction mixture. For this reason solvents inert to both
      reactants, such as paraffins and aromatics and oxygenates such as ketones,
      in sufficient quantities to solubilize, or at least to disperse, the
      components, are employed. These include hexanes, heptanes, octanes,
      benzene, toluene, xylenes, methyl isobutyl ketone and the like.
PAC  VI. PROCESS SEQUENCE AND VARIATIONS
PAR  A. Carboxylation -- In general, the components of the carboxylation
      mixture, including optional inert solvent, 1,5,9-cyclododecatriene and
      homogeneous, ligand stabilized, platinum(II) or palladium(II)-Group IVB
      metal halide catalyst complex, may be added in any sequence as long as
      good agitation of the reaction mixture and freedom from oxidizing agents
      or oxidizing atmosphere is provided. Process variations which can be
      employed include:
PA1  1. The homogeneous catalyst may be preformed in an inert environment and
      added preformed to deoxygenated inert solvent prior to the addition of the
      triene and other components such as the alkanol coreactant.
PA1  2. Preferably, to minimize stability problems, it is recommended that the
      catalyst complexes be formed in situ by mixing the deoxygenated inert
      solvent, alkanol reactant, and neat cyclododecatriene, followed by the
      addition of excess Group IVB metal halide, and finally by the addition of
      the ligand-stabilized platinum(II) or palladium(II) halide, such as
      PtCl.sub.2 [As(C.sub.6 H.sub.5).sub.3 ].sub.2, to form the reaction
      mixture.
PA1  3. After employing variation (1) or (2) the reaction mixture of alkanol,
      inert solvent, catalyst (usually prepared in situ) and excess Group IVB
      metal halide and lacking only carbon monoxide, is sealed and pressurized
      using carbon monoxide and/or inert gas, initially only to low pressures
      ranging from about 10 psig to about 100 psig. After a homogeneous mixture
      is obtained, sufficient carbon monoxide is introduced to at least satisfy
      the stoichiometry needed for monocarboxylation of the triene, and to
      increase the superatmospheric pressure of the system up to about 2000 psig
      to 4000 psig. The pressurized reaction mixture is then heated until
      analysis indicates that the desired monocarboxylation of the triene has
      been obtained.
PAR  B. Hydrogenation
PA1  1. Order of adding reactants, catalyst and solvents. The reduction is
      ordinarily performed in a conveniently sized reactor of the type used for
      carboxylation under pressure. Generally degassed inert solvent(s) such as
      benzene or toleune, used as a vehicle for the preformed, ligand stabilized
      catalyst e.g. PtCl.sub.2 [As(C.sub.6 H.sub.5).sub.3 ].sub.2, in
      combination with excess Group IVB catalyst component (such as SnCl.sub.2),
      is charged to the reactor, as well as the alkyl cyclododecadiene
      carboxylate produced by carboxylation. During and after charging, the
      reactor is purged with inert gas such as nitrogen. The reactor is then
      sealed and heated under superatmospheric pressures provided by sufficient
      hydrogen gas to permit the desired reduction to take place. After
      monitoring the reduction with a suitable analytical technique, such as gas
      chromatography, the reduction is terminated by cooling the reactor and
      depressurizing it. The work-up is conventional and usually involves
      stripping off volatiles under vacuum, removing catalyst and utilizing
      chromatography, extraction etc. for further purification.
PA1  2. Reduction pressure -- Generally superatmospheric pressures are required
      for reasonable rates of reduction at the desired temperature range.
      Ordinarily pressures ranging from about 500 psig and 2000 psig and higher
      are required.
PA1  3. Reduction temperatures -- The hydrogenation reaction can be run between
      about 20.degree. and 120.degree.C with the best results being obtained
      between 60.degree.C and 90.degree.C.
DETD
PAR  In order to describe the inventive process in the greatest possible detail,
      the following illustrative embodiments are submitted.
PAC  EXAMPLE 1
PAC  Synthesis of Methyl Cyclododecadienecarboxylate from
      1,5,9-cyclododecatriene
PAR  To a degassed sample of benzene (75 ml) and methanol (16 ml, 0.4 mole)
      contained in an appropriately sized, glass-lined reactor fitted with means
      of agitating, sampling, heating and pressurizing, is charged, under a
      nitrogen purge, 1.13 g. (5.0 mmole) of SnCl.sub.2.2H.sub.2 O followed by
      0.35 g. (0.5 mmole) of PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2
      previously pre-formed. The mixture is vigorously agitated for 3 to 5
      minutes, while purging with nitrogen, to produce a clear red solution. The
      solution is then heated to 70.degree.C under 100 psig of carbon monoxide,
      a solution of 8.1 g. (50.0 mmole) of 1,5,9-cyclododecatriene in 5 ml of
      deoxygenated benzene injected into the reactor, and the total pressure of
      the reaction mixture in the reactor raised to 2000 psig with additional
      carbon monoxide. The reactor is heated at 70.degree.C under 2000 psig for
      12 hours, and the course of the reaction followed by periodic sampling. At
      the end of this time, the reaction is terminated, the reactor cooled,
      vented free of gas, and 82 ml of light yellow liquid recovered. After
      purification by gas chromatography (g.c.), product samples were subject to
      analysis. Methyl cyclododecadienecarboxylate (a mixture of various
      isomers) was identified as the major product ester by IR, NMR and
      elemental analyses.
TBL  ______________________________________                                    

     ELEMENTAL Analyses                                                        

     Calc. for C.sub.12 H.sub.19 COOCH.sub.3                                   

                                  Found                                        

     ______________________________________                                    

      %C = 75.6                   75.7                                         

      %H = 10.0                    9.9                                         

     CHROMATOGRAPHIC ANALYSES                                                  

     1,5,9-cyclododecatriene      .apprxeq.50%                                 

      conversion (mole %)                                                      

     Methyl cyclododecadienecarboxylate                                        

     Selectivity                  95%                                          

     Methyl cyclododecadiene-                                                  

     carboxylate yield (mole %)   47%                                          

     ______________________________________                                    

PAC  EXAMPLE 2
PAC  Synthesis of Methyl Cyclodedecadienecarboxylate from
      1,5,9-cyclododecatriene using the Palladium Catalyst of Example 1 without
      the SnCl.sub.2 Component
PAR  In this example the techniques and experimental conditions of Example 1 are
      duplicated, but here the palladium catalyst is
      bis(triphenylphosphine)palladium(II) chloride alone, with no added tin(II)
      chloride cocatalyst. Gas chromatographic analysis of the product mixture
      reveals the following results:
TBL  1,5,9-cyclododecatriene conversion (mole %)                               

                                 &lt;30                                           

     Methyl cyclododecadienecarboxylate                                        

     selectivity                 94%                                           

     Methyl cyclododecadienecarboxylate yield (mole %)                         

                                 27                                            

PAR  It is evident from a comparison of these data with those reported under
      Example 1 that, under comparable reaction conditions, the absence of
      SnCl.sub.2 cocatalyst leads to lower conversions of
      1,5,9-cyclododecatriene and lower yields of methyl
      cyclododecadienecarboxylate.
PAC  EXAMPLE 3
PAC  Synthesis of Methyl Cyclododecadienecarboxylate from Trans, Trans,Cis -
      1,5,9-Cyclododecatriene
PAR  In this example, the techniques, palladium catalyst, and experimental
      conditions of Example 1 are duplicated, but here the substrate is a single
      isomer of cyclododecatriene, namely trans,
      trans,cis-1,5,9-cyclododecatriene. Gas chromatographic analysis of the
      product mixture reveals the following results:
TBL  1,5,9-cyclododecatriene conversion (mole %)                               

                                   65                                          

     methyl cyclododecadienecarboxylate yield                                  

       (mole %)                    59                                          

     trans, trans, cis-1,5,9-cyclododecatriene                                 

     isomerization (mole %)        8.6                                         

PAC  EXAMPLES 4 TO 8
PAC  Synthesis of Ethyl Cyclododecadienecarboxylate from 1,5,9-Cyclododecatriene
      Using Various Ligand-Stabilized Platinum(II) and Palladium(II)-Group IVB
      Metal Halide Complexes as Catalyst
PAR  In these examples, the selective carboxylation of 1,5,9-cyclododecatriene
      to ethyl*cyclododecadienecarboxylate is carried out using various
      combinations of ligand-stabilized platinum(II) and palladium(II) complexes
      with Group IVB metal halides under experimental conditions similar to
      those described in Example 1. The following complexes gave significant
      quantities of the desired ester:
PA1  PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 -GeCl.sub.2
PA1  PdCl.sub.2 [P(p-CH.sub.3.C.sub.6 H.sub.4).sub.3 ].sub.2 -SnCl.sub.2
PA1  PdCl.sub.2 [P(p-CH.sub.3 O.C.sub.6 H.sub.4).sub.3 ].sub.2 -SnCl.sub.2
PA1  PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 -SnCl.sub.4
PA1  PtCl.sub.2 [As(C.sub.6 H.sub.5).sub.3 ].sub.2 -SnCl.sub.2
FNT  *Obtained by substituting ethanol for methanol on a mole for mole basis
PAC  EXAMPLE 9
PAC  The Hydrogenation of Methyl Cyclododecadienecarboxylate
PAR  To a degassed sample of toluene (50 ml) contained in the reactor of Example
      1 is charged, under a nitrogen purge, 0.95 g. (5.0 mmole) of SnCl.sub.2,
      0.44 g. (0.5 mmole) of PtCl.sub.2 [As(C.sub.6 H.sub.5).sub.3 ].sub.2,
      previously prepared, and 2.1 g. of methyl cyclododecadienecarboxylate
      product of Example 1. The mixture is heated to 85.degree.C under 500 psig
      of hydrogen for 12 hours, and the course of the reaction followed by
      periodic sampling. The reaction is then terminated by cooling the reactor
      and depressurizing, and 50 ml of reddish-brown liquid recovered. After
      purification by gas chromatography the sample was subjected to analysis.
      The major product is a mixture of methyl cyclododecenecarboxylate and
      methyl cyclododecanecarboxylate.
PAC  EXAMPLE 10
PAC  The Hydrogenation of Ethyl Cyclododecadienecarboxylate
PAR  In this example, the hydrogenation technique of Example 9 is repeated under
      similar conditions of temperature and H.sub.2 pressure, but here the
      reaction charge is the product of Example 8, consisting of inert solvent,
      benzene, platinum catalyst, PtCl.sub.2 [As(C.sub.6 H.sub.5).sub.3 ].sub.2
      -SnCl.sub.2, and ethyl cyclododecadienecarboxylate ester.
PAR  The major ester product of hydrogenation is a mixture of ethyl
      cyclododecenecarboxylate and ethyl cyclododecanecarboxylate.
PAR  As the several examples and previous discussion indicate, both process
      aspects of this invention are novel and advantageous. For example, the
      present commercial processes for preparing Nylon-12 precursor require more
      steps and processing operations and necessitates the preparation of
      unstable intermediates such as cyclododecanone oxime.
PAR  In contrast, applicant's novel process utilizes a single, dual purpose
      catalyst for both carboxylation and the reduction steps, requires fewer
      steps and less processing operations and employs relatively mild
      conditions of temperature and pressure.
PAR  Similarly, the claimed carboxylation of 1,5,9-cyclododecatriene to produce
      alkyl cyclododecadienecarboxylate employs several heretofore undescribed
      homogeneous, ligand stabilized platinum(II) or palladium(II)-Group IVB
      metal halide catalyst complexes, which exhibit good selectivity, produce
      the desired monocarboxylated product in good yield yet do not require
      severe reaction conditions.
PAR  Other advantages and applications of the inventive concepts will become
      apparent to those skilled in the art after a perusal of the claims which
      follow in view of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing monoalkyl cyclododecanecarboxylates, said
      monoalkyl radicals being selected from the group consisting of methyl and
      ethyl, from 1,5,9-cyclododecatriene, by the process of:
PA1  a. contacting each molar equivalent of 1,5,9-cyclododecatriene present with
      from about 0.005 to 0.02 molar equivalents of PtCl.sub.2 [As(C.sub.6
      H.sub.5).sub.3 ].sub.2 -SnCl.sub.2 and at least one molar equivalent of an
      alkanol selected from the group consisting of methanol and ethanol, in an
      oxygen-free inert solvent, in the presence of a pressurized carbon
      monoxide atmosphere of from about 2000 psig to 4000 psig, to form a
      pressurized carboxylation mixture,
PA1  b. heating said pressurized carboxylation mixture between about 60.degree.
      to 90.degree.C, until substantial monocarboxylation of said triene takes
      place, and monoalkyl cyclododecadienecarboxylate is prepared,
PA1  c. removing the carbon monoxide from the carboxylation mixture containing
      the monoalkyl cyclododecadienecarboxylate, and contacting each molar
      equivalent of said cyclododecadienecarboxylate present, in an oxygen-free
      inert solvent environment with about 0.005 to 0.02 molar equivalents of
      PtCl.sub.2 [As(C.sub.6 H.sub.5).sub.3 ].sub.2 -SnCl.sub.2, under a
      pressurized hydrogen atmosphere ranging from about 500 psig to 2000 psig
      to form a pressurized hydrogenation mixture,
PA1  d. heating said pressurized hydrogenation mixture between about 60.degree.
      and 90.degree.C, until substantial hydrogenation to the monoalkyl
      cyclododecanecarboxylate ester takes place, and
PA1  e. isolating the monoalkyl cyclodedecanecarboxylate ester contained
      therein.
NUM  2.
PAR  2. The process of claim 1 wherein the monoalkyl radical of the monoalkyl
      cyclododecanecarboxylates is methyl.
NUM  3.
PAR  3. The process of claim 1 wherein the monoalkyl radical of the monoalkyl
      cyclododecanecarboxylate is ethyl.
NUM  4.
PAR  4. The process of claim 1 wherein the inert solvent is an aromatic solvent
      selected from the group consisting of benzene, toluene and the xylenes.
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ABST
PAL  Improved preparation of Wittig salts of alpha,beta-unsaturated alcohols by
      treating the alcohol with a phosphine in a basic medium and in the
      presence of a salt of a weak organic base with a strong acid. The Wittig
      salt may be reacted further with an unsaturated aldehyde to form a polyene
      compound.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved preparation of Wittig salts of
      alpha,beta-unsaturated alcohols. The Wittig salts are useful intermediates
      for synthesizing polyene compounds, such as vitamin A.
PAR  Wittig salts of alpha,beta-unsaturated alcohols have heretofore been
      prepared by treating the alcohol with a phosphine salt of a strong mineral
      acid, such as hydrochloric acid. See, for example, German Patent No.
      1,059,900. Such preparations of Wittig salts have not however been
      entirely satisfactory. The use of strong acid salts under acidic
      conditions and in the presence of an unsaturated aldehyde has been found
      to cause alpha,beta-unsaturated alcohols to dehydrate and/or rearrange. As
      a consequence, the yields of Wittig salts from such processes have been
      relatively low due to the formation of dehydration and/or rearrangement
      by-products.
PAR  The formation of by-products has been a particularly severe problem in
      preparing Wittig salts of tertiary alcohols, wherein the hydroxy group is
      quite labile and the alcohol is hence quite prone to undergo rearrangement
      and/or dehydration. In this regard, it has been found that by utilizing,
      the process disclosed in German Patent No. 1,059,900, the yield of the
      Wittig salt of vinyl-beta-ionol has been quite low. This means that the
      overall process furnishes an improved polyene end-product with regard to
      purity and yield.
PAR  There has been an unfilled need therefore for an improved method of
      producing Wittig salts of alpha,beta-unsaturated alcohols.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the process of this application, Wittig salt of
      alpha,beta-unsaturated alcohols are produced by treating the alcohol with
      a phosphine of the formula:
      ##EQU1##
      wherein R.sub.1 is alkyl, aryl, aryl lower alkyl, di(lower alkyl)amino,
      piperidinyl or pyrrolidinyl; and R.sub.2 and R.sub.3 are lower alkyl,
      aryl, aryl lower alkyl, di(lower alkyl)amino, piperidinyl or pyrrolidinyl;
PAL  In a basic medium and in the presence of a salt of a weak organic base with
      a strong acid. The phosphonium salt formed may be reacted with an
      unsaturated aldehyde to yield a polyene compound.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As used throughout this application, the term "alpha,beta-unsaturated
      alcohol" comprehends any primary, secondary or tertiary,
      alpha-beta-unsaturated alcohol which can rearrange to form an
      alpha-beta-unsaturated Wittig salt. Among the alpha,beta-unsaturated
      alcohols of this invention are the alcohols of the formula:
      ##EQU2##
      wherein R.sub.4 is .DELTA..sup.1(2) -lower alkenyl or .DELTA..sup.1(2)
      -lower alkenyl substituted with nitrile, cyclo lower alkyl, cyclo lower
      alkenyl, cyclo lower alkoxy, cyclo lower alkenyloxy or aryl; and R.sub.5
      is hydrogen, lower alkyl, lower alkenyl, cyclo lower alkyl or cyclo lower
      alkenyl.
PAL  Among the preferred alpha,beta-unsaturated alcohols of formula II are the
      compounds of the formula:
      ##EQU3##
      wherein R.sub.4 is as in formula II above and R'.sub.5 is lower alkyl or
      lower alkenyl.
PAR  Among the alpha,beta-unsaturated alcohols of formula II-A, preferred are
      the alcohols of the formula:
      ##EQU4##
      wherein R.sub.6 is .DELTA..sup.1(2) -lower alkenyl substituted with cyclo
      lower alkyl or cyclo lower alkenyl and R.sub.7 is lower alkyl.
PAR  The particularly preferred alpha,beta-unsaturated alcohols are compounds of
      the formulae:
      ##EQU5##
      wherein R'.sub.6 is cyclo lower alkenyl lower alkenyl; and R'.sub.7 is
      methyl;
      ##SPC1##
PAL  wherein
PA1  n is a whole integer from 0 to 2.
      ##SPC2##
PAR  As also used throughout this specification, the term "alkyl" comprehends
      straight chain and branched chain, saturated aliphatic hydrocarbon groups
      of 1 to 12 carbon atoms. Where the alkyl group of this application is
      substituted, this group may be substituted with one or more groups such as
      lower alkoxy, lower alkenyloxy, hydroxy, oxo, nitro, nitrile, cyclo lower
      alkyl, cyclo lower alkenyl, cyclo lower alkoxy, cyclo lower alkenyloxy,
      and aryl groups. Also in this specification, the term "lower alkyl"
      comprehends alkyl groups of 1 to 6 carbon atoms, such as methyl, ethyl
      isopropyl and tert-butyl. Where the lower alkyl group is substituted this
      group may be substituted with one or more of the same substituents defined
      above with relation to the substitution of alkyl groups.
PAR  Also throughout this specification, the term "cyclo lower alkyl"
      comprehends saturated, aliphatic hydrocarbon groups of 3 to 8 carbon
      atoms, containing one or more, saturated, mononuclear or polynuclear,
      cycloaliphatic moieties, such as cyclopropyl and cyclohexyl. Where the
      cyclo lower alkyl groups of this application are substituted, these groups
      can be substituted in one or more positions with a lower alkyl, lower
      alkenyl, lower alkoxy, lower alkenyloxy, hydroxy, oxo, nitro or nitrile
      substituent.
PAR  As further used throughout this application, the term "lower alkenyl"
      comprehends straight chain and branched chain, aliphatic hydrocarbon
      groups of 2 to 7 carbon atoms which contain one or more, olefinic double
      bonds. Where the alkenyl groups of this application are substituted, these
      groups can be substituted with one or more groups, such as nitrile, cyclo
      lower alkyl, cyclo lower alkenyl, cyclo lower alkoxy, cyclo lower
      alkenyloxy, and aryl groups.
PAR  Further throughout this specification, the term "cyclo lower alkenyl"
      comprehends aliphatic hydrocarbon groups of 3 to 8 carbon atoms containing
      one or more, mononuclear or polynuclear, cycloaliphatic moieties, of 3 to
      8 carbon atoms, with at least one of the cycloaliphatic moieties
      containing one or more, olefinic double bonds, such as cyclohexenyl. The
      cycloalkenyl groups of this application may be unsubstituted or
      substituted in one or more positions with a lower alkyl, lower alkenyl,
      lower alkynyl, lower alkoxy, lower alkenyloxy, lower alkynyloxy, hydroxy,
      oxo, nitro or nitrile substituent.
PAR  As still further used throughout this specification, the term "alkynyl"
      comprehends straight chain and branched chain, aliphatic hydrocarbon
      groups of 2 to 20 carbon atoms which contain one or more, acetylenic
      triple bonds. The alkynyl group of this application can be unsubstituted
      or substituted with one or more groups, such as alkoxy, alkenyloxy,
      alkynyloxy, alkyl, alkenyl, hydroxy, oxo, nitro, nitrile, cycloalkyl,
      cycloalkenyl, cycloalkynyl, cycloalkoxy, cycloalkenyloxy, cycloalkynyloxy
      and aryl groups. Still further in this application, the term "lower
      alkynyl" comprehends alkynyl groups of 2 to 6 carbon atoms, such as
      ethynyl, 1-propynyl, penta-2,5-diynyl, and hex-2-en-5-ynyl.
PAR  Further herein, the terms, "lower alkoxy", "lower alkenyloxy", "cyclo lower
      alkoxy" and "cyclo lower alkenyloxy" comprehend the groups wherein the
      lower alkyl, lower alkenyl, cyclo lower alkyl and cyclo lower alkenyl
      moieties are as defined above. Still further herein, the terms "aryl lower
      alkyl" and "di(lower alkyl)amino" comprehend groups wherein the lower
      alkyl and aryl moieties are as defined above.
PAR  The term "esterified --CH.sub.2 OH group" encompasses a group of the
      formula:
      ##EQU6##
      wherein R.sub.8 is lower alkyl, aryl or aryl lower alkyl.
PAR  A preferred lower alkyl group is the methyl group and a preferred aryl
      group is the phenyl group. The benzyl group is the preferred aryl lower
      alkyl group.
PAR  The term "etherified --CH.sub.2 OH group" encompasses a group of the
      formula:
EQU  --CH.sub.2 OR.sub.9
PAL  wherein
PA1  R.sub.9 is lower alkyl, aryl, aryl lower alkyl or tetrahydropyranyl.
PAR  Again a preferred lower alkyl group is the methyl group, a preferred aryl
      group is the phenyl group and a preferred aryl lower alkyl group is the
      benzyl group.
PAR  Still further herein, the term weak organic base comprehends any
      conventional organic base having a pK value of 10.sup..sup.-8 or less.
      Among the preferred organic bases are the primary and secondary amine
      bases, such as the mono and di-lower alkyl amine bases and the cyclic
      amines. The particularly preferred, weak organic bases include those
      having a pK value of 10.sup..sup.-8 to 10.sup..sup.-12, especially bases
      such as aniline, alpha-napthylamine, diethyl aniline, p-phenetidine,
      o-phenylenediamine, p-phenylenediamine, pyridine, quinoline and toluidine,
      quite especially pyridine.
PAR  Further herein, the term "basic medium" encompasses a reaction medium the
      pH of which is in the range of about 7.5 to about 11, preferably of about
      8 to about 10.
PAR  Also herein, the term "strong acid" comprehends any conventional strong
      acid which can form an acid addition salt with the phosphines of formula
      I. Among the conventional strong acids are the acids disclosed in U.S.
      Pat. No. 3,441,623, column 4, lines 62 to 70, such as the strong,
      inorganic acids, e.g., HCl, HBr, HI, and H.sub.2 SO.sub.4, and the strong
      organic acids, e.g., benzenesulfonic acid and trichloroacetic acid. The
      preferred strong acid is HCl.
PAR  In accordance with this invention, a Wittig salt of an
      alpha,beta-unsaturated alcohol can be expeditiously obtained by treating
      the alcohol of formula II with the phosphine of formula I in the presence
      of a salt of a weak organic base with a strong acid in an inert organic
      solvent. The medium utilized in this reaction has to be basic, the pH
      being in the range from about 7.5 to about 11, preferably from about 8 to
      about 10. The basic medium is provided by using an excess of a base,
      preferably the weak organic base which is a component in the formation of
      the salt of a weak organic base with a strong acid mentioned hereinbefore.
      This reaction takes place in an inert organic solvent medium. Any of the
      inert organic solvents conventionally utilized in the Wittig synthesis can
      be utilized in the reaction medium. Among the preferred conventional inert
      organic solvents which form the reaction medium are the solvents disclosed
      in U.S. Pat. No. 3,441,623, column 4, lines 60 to 62, such as the lower
      alkanols, e.g., methanol and ethanol, the aromatic hydrocarbons, e.g.,
      benzene and toluene, the chlorinated hydrocarbons, e.g., methylene
      chloride and chloroform, and the ethers, e.g., tetrahydrofuran, dioxane
      and diethyl ether.
PAR  In carrying out this reaction, temperature and pressure are not critical,
      and any temperature between 0.degree.C. and the reflux temperature of the
      reaction mixture can be suitably utilized. Preferably, this reaction is
      carried out at about 20.degree.C. to 30.degree.C.
PAR  Also in this process, the ratio of reactants is not critical. Preferably,
      from 1 to 10 moles of the alpha, beta-unsaturated alcohol of formula II
      and 1 to 10 moles of the phosphine of formula I are utilized in the
      presence of 1 to 10 moles of the salt of the weak organic base with a
      strong acid. It is particularly preferred that about equal molar part of
      the phosphine, alcohol and salt be utilized.
PAR  By the process of this application, improved yields of Wittig salt of
      alpha, beta-unsaturated alcohols can be obtained, with decreased amounts
      of polyene hydrocarbon by-products.
PAR  The phosphonium salt obtained as described herein before may be reacted
      with an unsaturated aldehyde of the formula III:
      ##EQU7##
      wherein X is a --CH.sub.2 OH group, an esterified or etherified --CH.sub.2
      OH group, a --COOH group, a --CH.sub.2 N(lower alkyl).sub.2 group or a
      lower alkyl group;
PAL  to form a corresponding polyene compound. Therefore the two step process
      for the preparation of polyene compounds comprises reacting (a) an
      alpha,beta-unsaturated alcohol with a phosphine of the formula:
      ##EQU8##
      wherein R.sub.1 is alkyl, aryl, aryl lower alkyl, di(lower alkyl)amino,
      piperidinyl or pyrrolidinyl; and R.sub.2 and R.sub.3 are lower alkyl,
      aryl, aryl lower alkyl, di(lower alkyl)amino, piperidinyl or pyrrolidinyl;
PAL  in a basic medium and in the presence of a salt of a weak organic base with
      a strong acid to form a phosphonium salt of said unsaturated alcohol and
      (b) condensing said phosphonium salt obtained with an unsaturated aldehyde
      of the formula III. The phosphonium salt formed in reaction step (a) may
      be isolated or may be reacted directly in the reaction medium where it is
      formed with the unsaturated aldehyde. The condensation of the phosphonium
      salt with the unsaturated aldehyde is conducted in the presence of a
      proton acceptor. The proton acceptors employed are preferably basic
      agents, e.g., strong bases such as alkali metal hydroxides, alkaline earth
      metal hydroxides, alkali metal amides, alkaline earth metal amides, alkali
      metal alcoholates, alkaline earth metal alcoholates, ammonia, strongly
      basic amines, metalloorganic compounds, particularly Group I metallo-alkyl
      and Group I metallo aryl compounds, such as lithium methyl, lithium
      phenyl, sodium phenyl, sodium methyl, Grignard compounds, e.g., alkyl and
      aryl magnesium halides, etc. Sodium methoxide and potassium hydroxide are
      preferred although sodium amide has been found quite effective. The
      temperature of this reaction is not critical and room temperature can be
      utilized. Generally, it is preferred to carry out this condensation
      reaction at a temperature of from -50.degree.C. to +40.degree.C.
      Furthermore, it is generally preferred to carry out this condensation
      reaction in the presence of an inert organic solvent. The preferred
      solvents employed in this reaction are methanol, tetrahydrofuran,
      pyridine, isopropyl ether, isopropanol and ethyl ether, although any inert
      solvent may be employed.
PAR  Preferred unsaturated aldehydes are compounds of the following formulae:
DETD
PAR  The examples which follow further illustrate the process of this invention.
      Unless otherwise stated all temperatures are in degrees C.
PAC  EXAMPLE 1
PAR  In a two-liter flask fitted with a stirrer, thermometer condenser, and
      nitrogen inlet, there were placed 1,125 ml. of methyl alcohol, 25 ml. of
      pyridine, 25 ml. of concentrated hydrochloric acid and 2 ml. of 10% by wt.
      Butylated Hydroxy Anisole solution in benzene. The solution was stirred
      for 5 min., and 70 g. of triphenylphosphine and 60 g. of
      vinyl-.beta.-ionol (92.2% pure) were added all at once. The reaction
      mixture was heated to boiling and stirred at the reflux temperature of
      methyl alcohol for 30 min. At the end of this period, an analysis by thin
      layer chromatography showed that the reaction was completed. The solvent
      was removed under vacuum and the remaining residue was stirred with 1,000
      ml. of ethyl acetate, to which a few crystals of
      .beta.-ionyldenethyl-triphenylphosphonium chloride were added. The solvent
      was again removed under vacuum, and the crystalline solid remaining in the
      phase was stirred with 650 ml. of ethyl acetate and cooled in a
      refrigerator overnight. The crystalline solid was filtered, washed with
      two 50 ml. portions of ethyl acetate (10.degree.C.) and dried in vacuum
      oven at 45.degree.-50.degree.C. Obtained was 120.4 g. (96%) of
      .beta.-ionylidenethyl-triphenylphosphonium chloride.
PAC  EXAMPLE 2
PAR  In a 5-liter reaction flask, there were placed 2,250 ml of methyl alcohol,
      4 ml. of 10% butylated hydroxy anisole solution in benzene, 50 ml. of
      pyridine and 50 ml. of concentrated hydrochloric acid. The solution was
      stirred for 5 min., and 139 grams of triphenylphosphine and 120 g. (92.2%
      pure) of vinyl-.beta.-ionol were added all at once. The mixture was
      stirred under an atmosphere of nitrogen for 24 hr.
PAR  The reaction mixture was washed with 2,000 ml. of hexane, then with two
      1,000 ml. portions of hexane. The alcoholic layer was separated, and the
      solvent was removed under vacuum.
PAR  The resulting residue, consisting mainly of
      .beta.-ionylidenethyl-triphenylphosphonium chloride was dissolved in 2,000
      ml. of isopropyl alcohol and placed in a three-liter flask with 10 ml. of
      a 10% by wt. solution of butylated hydroxy anisole in benzene. The
      solution was cooled to -35.degree.C. Then 84 g. (90% purity) of
      .gamma.-acetoxytiglicaldehyde was placed in the reaction flask and a
      solution consisting of 42.5 g. (.sub..parallel.% pure) potassium hydroxide
      in 42 ml. of water was dropped into the stirred reaction in 15 min. The
      reaction mixture was then stirred at -35.degree.C. for an additional 30
      min.
PAR  The reaction mixture was poured into a separator with 3 liters of water and
      2 liters of hexane. The oil layer was separated and the aqueous portion
      was extracted with four 500 ml. portions of hexane. The combined oil
      extracts were washed with four 500 ml. portions of 80% by weight aqueous
      methyl alcohol and then with 1,000 ml. of water. The hexane solution was
      dried over anhydrous sodium sulfate, and the solvent was removed under
      vacuum. The yield of vitamin A acetate was 153 g. (93% based on
      vinyl-.beta.- ionol).
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing a phosphonium salt comprising reacting an alpha,
      beta-unsaturated alcohol of the formula:
      ##SPC3##
PAL  with a phosphine of the formula:
      ##EQU10##
      wherein R.sub.1 is alkyl of from 1 to 12 carbon atoms, phenyl, phenyl
      lower alkyl or di(lower alkyl) amino wherein lower alkyl contains from 1
      to 6 carbon atoms; and R.sub.2 and R.sub.3 are lower alkyl, phenyl, phenyl
      lower alkyl or di (lower alkyl) amino wherein lower alkyl contains from 1
      to 6 carbon atoms in a basic medium and in the presence of a salt of a
      weak organic base with a strong acid.
NUM  2.
PAR  2. A process for the preparation of polyene compounds comprising reacting
      an alpha, beta-unsaturated alcohol:
      ##SPC4##
PAL  with a phosphine of the formula:
      ##EQU11##
      wherein R.sub.1 is alkyl of from 1 to 12 carbon atoms, phenyl, phenyl
      lower alkyl or di(lower alkyl) amino wherein lower alkyl contains from 1
      to 6 carbon atoms; and R.sub.2 and R.sub.3 are lower alkyl, phenyl, phenyl
      lower alkyl or di (lower alkyl) amino wherein lower alkyl contains from 1
      to 6 carbon atoms in a basic medium and in the presence of a salt of a
      weak organic base with a strong acid to form a phosphonium salt of said
      unsaturated alcohol and condensing said phosphonium salt obtained with an
      unsaturated aldehyde of the formula:
      ##EQU12##
      wherein X is
      ##EQU13##
      and R.sub.8 and R.sub.9 are lower alkyl of from 1 to 6 carbon atoms.
NUM  3.
PAR  3. The process according to claim 1 wherein said basic medium has a pH
      value in the range of 7.5 to about 11.
NUM  4.
PAR  4. The process according to claim 2 wherein said basic medium has a pH
      value in the range of about 7.5 to 11.
NUM  5.
PAR  5. The process of claim 2 wherein said unsaturated aldehyde is a compound
      of the formula:
      ##EQU14##
NUM  6.
PAR  6. The process of claim 2 wherein said unsaturated aldlehyde is a compound
      of the formula;
      ##EQU15##
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PAL  Substituted phenyl and naphthyl esters of PGA.sub.2, 15-alkyl-PGA.sub.2,
      and 15(R)-15-alkyl-PGA.sub.2, and their racemic forms, and processes for
      producing them are disclosed. The products are useful for the same
      pharmacological and medical purposes as PGA.sub.2, 15-alkyl-PGA.sub.2, and
      15(R)-15-alkyl-PGA.sub.2, and are also useful as a means for obtaining
      highly purified PGA.sub.2, 15-alkyl-PGA.sub.2, and
      15(R)-15-alkyl-PGA.sub.2 products.
PARN
PAR  This is a continuation, division of application Ser. No. 431,598, filed
      Jan. 8, 1974
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel ester derivatives of prostaglandin A.sub.2
      (hereinafter identified as "PGA.sub.2 "), 15-alkyl-PGA.sub.2,
      15(R)-15-alkyl-PGA.sub.2, and their racemic forms, and to process for
      producing them.
PAR  PGA.sub.2 is represented by the formula:
      ##SPC1##
     A systematic name for PGA.sub.2 is
      7-{2.beta.-[(3S)-3-hydroxy-trans-1-octeryl]-5-oxo-1.alpha.-cyclo-3-penteny
     l}-cis-5-heptenoic acid. PGA.sub.2 is known to be useful for a variety of
      pharmacological and medical purposes, for example to reduce and control
      excessive gastric secretion, to increase the flow of blood in the
      mammalian kidney as in cases of renal dysfunction, to control spasm and
      facilitate breathing in asthmatic conditions, and as a hypotensive agent
      to reduce blood pressure in mammals, including humans. See Bergstrom et
      al., Pharmacol. Rev. 20, 1 (1968) and references cited therein. As to
      racemic PGA.sub.2, see for example J. Martel et al., Tetrahedron Lett.
      1491 (1972).
PAR  The 15-alkyl-PGA.sub.2 analog and its 15(R) epimer are represented by the
      formula:
      ##SPC2##
PAL  Wherein Y' is
      ##EQU1##
      following the usual convention wherein broken line attachment of hydroxy
      to the side chain at carbon 15 indicates the natural or S configuration
      and solid line attachment of hydroxy indicates the epi or R configuration.
      See for example Nugteren et al., Nature 212, 38 (1966) and Cahn, J. Chem.
      Ed. 41, 116 (1964). The 15-alkyl- and 15(R)-15-alkyl-PGA.sub.2 analogs in
      their optically active and racemic forms are known. See for example Belg.
      Pat. No. 772,584, Derwent Barmdoc No. 19694T. These analogs are also
      useful for the above-described pharmacological purposes.
PAR  Esters of the above compounds are known, wherein the hydrogen atom of the
      carboxyl group is replaced by a hydrocarbyl or substituted hydrocarbyl
      group. Among these is the methyl ester of PGA.sub.2 (J. P. Lee et al.
      Biochem. J. 105, 1251 (1967)).
PAC  SUMMARY OF THE INVENTION
PAR  It is a purpose of this invention to provide novel ester derivatives of
      prostaglandin PGA.sub.2, 15-alkyl-PGA.sub.2, 15(R)-15-alkyl-PGA.sub.2, and
      their racemic forms. It is a further purpose to provide such esters
      derived from substituted phenols and naphthols. It is a further purpose to
      provide such esters in a free-flowing crystalline form. It is still a
      further purpose to provide novel processes for preparing these esters.
PAR  The presently described esters include compounds represented by the generic
      formula:
      ##EQU2##
      wherein Z is the substituted phenyl or naphthyl group as defined
      immediately below, and Y is
      ##EQU3##
      i.e. esters of PGA.sub.2, 15-methyl-PGA.sub.2, and
      15(R)-15-methyl-PGA.sub.2, 15-ethyl-PGA.sub.2, and
      15(R)-15-ethyl-PGA.sub.2 ; and also the racemic compounds represented by
      each respective formula and the mirrow image thereof; Z being represented
      by
      ##SPC3##
PAR  For example, PGA.sub.2, p-acetamidophenyl ester, is represented by formula
      III when Y is
      ##EQU4##
      and Z is A, i.e.
      ##SPC4##
PAL  and is conveniently identified herein as the PGA.sub.2 ester of formula
      III-A. Racemic compounds are designated by the prefix "racemic" or "dl";
      when that prefix is absent, the intent is to designate an optically active
      compound. Racemic 15-methyl-PGA.sub.2, p-benzamidophenyl ester,
      corresponds to formula III wherein Y is
      ##EQU5##
      and Z is B, i.e.
      ##SPC5##
PAL  Including or course not only the optically active isomer represented by
      formula III but also its mirror image.
PAR  The novel formula-III compounds and corresponding racemic compounds of this
      invention are each useful for the same purposes as described above for
      PGA.sub.2 and are used for those purposes in the same manner known in the
      art, including oral, sublingual, buccal, rectal, intravaginal,
      intrauterine, or topical administration.
PAR  For many applications these novel prostaglandin esters which I have
      obtained from certain specified phenols and naphthols have advantages over
      the corresponding known prostaglandin compounds. Thus, these substituted
      phenyl and naphthyl esters are surprisingly stable compounds having
      outstanding shelf-life and thermal stability. In contrast to the acid form
      of these prostaglandins, these esters are not subject to decomposition
      either by elimination of water, epimerization, or isomerization. Thus
      these compounds have improved stability either in solid, liquid, or
      solution form. In oral administration these esters have shown surprisingly
      greater efficacy than the corresponding free acids or lower alkyl esters,
      whether because of longer duration of biological activity or because of
      improved lipophilicity and absorption is not certain. These esters offer a
      further advantage in that they have low solubility in water and the body
      fluids and are therefore retained longer at the site of administration.
PAR  A particularly outstanding advantage of many of these substituted phenyl
      and naphthyl esters is that they are obtained in free-flowing crystalline
      form, generally of moderately high melting point, in the range
      90.degree.-180.degree. C. This form is especially desirable for ease of
      handling, administering, and purifying. These crystals are highly stable,
      for example showing practically no decomposition at accelerated storage
      tests at 65.degree. C., in comparison with liquid alkyl esters or the free
      acids. This quality is advantageous because the compound does not lose its
      potency and does not become contaminated with decomposition products.
PAR  These crystalline esters also provide a means of purifying PGA.sub.2,
      15-methyl-PGA.sub.2, 15(R)-15-methyl-PGA.sub.2, 15-ethyl-PGA.sub.2, or
      15(R)-15-ethyl-PGA.sub.2, which are first converted to one of these
      esters, recrystallized until pure, and then recovered as the free acid.
      One method of recovering the free acid is by enzymatic hydrolysis of the
      ester, for example with a lipase. See German Pat. No. 2,242,792, Derwent
      Farmodoc No. 23047U.
PAR  To obtain the optimum combination of stability, duration of biological
      activity, lipophilicity, solubility, and crystallinity, certain compounds
      within the scope of formula III are preferred.
PAR  One preference is that Z is limited to either
      ##SPC6##
PAR  Another preference is that Z is further limited to
      ##SPC7##
PAL  wherein R.sub.1 is
      ##SPC8##
PAL  wherein R.sub.2 is
EQU  --CH.sub.3
      ##SPC9##
EQU  --NH.sub.2.
PAR  Another preference is that Z is limited to
      ##SPC10##
PAR  Another preference is that Z is limited to
      ##SPC11##
PAL  wherein R.sub.3 is
      ##SPC12##
      ##SPC13##
PAL  wherein R.sub.4 is
      ##SPC14##
PAR  Especially preferred are those compounds which are in free-flowing
      crystalline form, for example:
PA1  p-benzamidophenyl ester of PGA.sub.2
PA1  p-(p-acetamidobenzamido)phenyl ester of PGA.sub.2 or
PA1  .alpha.-semicarbazono-p-tolyl ester of PGA.sub.2
PAR  The substituted phenyl and naphthyl esters of PGA.sub.2,
      15-alkyl-PGA.sub.2, and 15(R)-15-alkyl-PGA.sub.2 encompassed by formula
      III wherein Z is defined by ester groups A through Y are produced by the
      reactions and procedures described and exemplified hereinafter. For
      convenience, the above prostaglandin or prostaglandin analog is referred
      to as "the PG compound". The term "phenol" is used in a generic sense,
      including both phenols and naphthols.
PAR  Various methods are available for preparing these esters, differing as to
      yield and purity of product. Thus, by one method, the PG compound is
      converted to a tertiary amine salt, reacted with pivaloyl halide to give
      the mixed acid anhydride and then reacted with the phenol. Alternately,
      instead of pivaloyl halide, an alkyl or phenylsulfonyl halide is used,
      such as p-toluenesulfonyl chloride. See for example Belgian Pat. Nos.
      775,106 and 776,294, Derwent Farmdoc Nos. 33705T and 39011T.
PAR  Still another method is by the use of the coupling reagent,
      dicyclohexylcarbodiimide. See Fieser et al., "Reagents for Organic
      Synthesis", pp. 231-236, John Wiley and Sons, Inc., New York (1967). The
      PG compound is contacted with one to ten molar equivalents of the phenol
      in the presence of 2-10 molar equivalents of dicyclohexylcarbodiimide in
      pyridine as a solvent.
PAR  The preferred novel process for the preparation of these esters, however,
      comprises the steps (1) forming a mixed anhydride with the PG compound and
      isobutylchloroformate in the presence of a tertiary amine and (2) reacting
      the anhydride with an appropriate phenol or naphthol.
PAR  The mixed anhydride is represented by the formula:
      ##SPC15##
PAL  for the optically active PG compounds, Y having the same definition as
      above.
PAR  The anhydride is formed readily at temperatures in the range -40.degree. to
      +60.degree. C., preferably at -10.degree. to +10.degree. C. so that the
      rate is reasonably fast and yet side reactions are minimized. The
      isobutylchloroformate reagent is preferably used in excess, for example
      1.2 molar equivalents up to 4.0 per mole of the PG compound. The reaction
      is preferably done in a solvent and for this purpose acetone is preferred,
      although other relatively non-polar solvents are used such as
      acetonitrile, dichloromethane, and chloroform. The reaction is run in the
      presence of a tertiary amine, for example triethylamine, and the co-formed
      amine hydrochloride usually crystallizes out, but need not be removed for
      the next step.
PAR  The anhydride is usually not isolated but is reacted directly in solution
      with the phenol, preferably in the presence of a tertiary amine such as
      pyridine.
PAR  The phenol is preferably used in equivalent amounts or in excess to insure
      that all of the mixed anhydride is converted to ester. Excess phenol is
      separated from the product by methods described herein or known in the
      art, for example by crystallization. The tertiary amine is not only a
      basic catalyst for the esterification but also a convenient solvent. Other
      examples of tertiary amines useful for this purpose include
      N-methylmorpholine, triethylamine, diisopropylethylamine, and
      dimethylaniline. Although they may be used, 2-methylpyridine and quinoline
      result in a slow reaction. A highly hindered amine such as
      2,6-dimethyllutidine is not useful because of the slowness of the
      reaction.
PAR  The reaction with the anhydride proceeds smoothly at room temperature
      (about 20.degree. to 30.degree. C.) and can be followed in the
      conventional manner with thin layer chromatography (TLC), usually being
      formed complete within 1-4 hours.
PAR  The reaction mixture is worked up to yield the ester following methods
      known in the art, and the product is purified, for example by silica gel
      chromatography.
PAR  Solid esters are converted to a free-flowing crystalline form on
      crystallization from a variety of solvents, including ethyl acetate,
      tetrahydrofuran, methanol, and acetone, by cooling or evaporating a
      saturated solution of the ester in the solvent or by adding a miscible
      non-solvent such as diethyl ether, hexane, or water. The crystals are then
      collected by conventional techniques, e.g. filtration or centrifugation,
      washed with a small amount of solvent, and dried under reduced pressure.
      They may be dried in a current of warm nitrogen or argon, or by warming to
      about 75.degree. C. Although the crystals are normally pure enough for
      many applications, they may be recrystallized by the same general
      techniques to achieve improved purity after each recrystallization.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention can be more fully understood by the following examples.
PAR  All temperatures are in degrees centigrade.
PAR  Silica gel chromatography, as used herein, is understood to include
      chromatography on a column packed with silica gel, clution, collection of
      fractions, and combination of those fractions shown by thin layer
      chromatography (TLC) to contain the desired product free of starting
      material and impurities.
PAR  "TLC", herein, refers to thin layer chromatography.
DETD
PAC  PREPARATION 1
PAC  p-Benzamidophenol
PAR  A solution of p-hydroxyaniline (20 g.) in 200 ml. pyridine is treated with
      benzoic anhydride (20 g.). After 4 hr. at about 25.degree. C., the mixture
      is concentrated under reduced pressure and the residue is taken up in 200
      ml. of hot methanol and reprecipitated with 300 ml. of water. The product
      is recrystallized from hot acetonitrile as white crystals, 8.5 g., m.p.
      218.0-218.5.degree. C.
PAC  Preparation 2
PAC  p-(p-Acetamidobenzamido)phenol
PAR  A solution of p-acetamidobenzoic acid (12.5 g.) in 250 ml. of
      tetrahydrofuran is treated with triethylamine (11.1 ml.). The mixture is
      then treated with isobutylchloroformate (10.4 ml.) and, after 5 min. at
      about 25.degree. C., with p-aminophenol (13.3 g.) in 80 ml. of dry
      pyridine. After 40 min. the crude product is obtained by addition of 2
      liters of water. The product is recrystallized from 500 ml. of hot
      methanol by dilution with 300 ml. of water as white crystals, 5.9 g., m.p.
      275.0.degree.-277.0.degree. C.
PAC  EXAMPLE 1
PAC  p-Benzamidophenyl Ester of PGA.sub.2 (formula III-B)
PAR  A solution of PGA.sub.2 (0.310 g.) and triethylamine (0.244 ml.) in 20 ml.
      of acetone is treated at -10.degree. C. with isobutylchloroformate (0.236
      ml.) whereupon triethylamine hydrochloride is precipitated. After 5 min.
      the mixture is treated with p-benzamidophenol (0.558 g.) in 5 ml. of
      pyridine for 0.25 hr. at about 25.degree. C. The solvent is removed under
      reduced pressure and the residue is dissolved in ethyl acetate and washed
      with aqueous citric acid (2%) and water. The organic phase is dried over
      sodium sulfate, concentrated, and subjected to silica gel chromatography,
      eluting with acetonitrile-chloroform (1:4). The residue obtained by
      concentration of selected fractions, a solid on chilling, is the title
      compound, 0.293 g., having R.sub.f 0.6 (TLC on silica gel in
      acetonitrile-chloroform (1:4)). It is recrystallized from ethyl
      acetate-hexane as white free-flowing crystals, m.p.
      56.5.degree.-57.5.degree. C.
PAC  EXAMPLE 2
PAC  p-(p-Acetamidobenzamido)phenyl Ester of PGA.sub.2 (Formula III-C)
PAR  Following the procedure of Examples 1 but using 0.308 g. of PGA.sub.2,
      0.244 ml. of triethylamine, 0.236 ml. of isobutylchloroformate, and 0.714
      g. of p-[(p-acetamidophenyl)-carbamoyl] phenol (Preparation 2), there is
      obtained a crude solid residue. This residue is subjected to silica gel
      chromatography, eluting with ethyl acetate. The residue obtained by
      concentration of selected fractions, 0.260 g., is chromatographed again on
      silica gel, eluting with acetonitrile-chloroform (1:1) to yield 0.047 g.
      which is recrystallized from ethyl acetate-methanol-hexane (97:3:10) as
      the title compound, 0.044 g., while free-flowing crystals, m.p.
      159.5.degree.-160.0.degree. C., having R.sub.f 0.42 (TLC on silica gel in
      ethyl acetate).
PAC  EXAMPLE 3
PAC  4-Biphenylyl Ester of PGA.sub.2 (Formula III-G)
PAR  Following the procedure of Example 1 but using 0.561 g. of PGA.sub.2, 0.302
      ml. of triethylamine, 0.286 ml. of isobutylchloroformate, and 0.570 g. of
      p-phenylphenol, there is obtained a crude oily residue. This residue is
      subjected to silica gel chromatography, eluting with ethyl acetate-hexane
      (2:3) saturated with water. The residue obtained by concentration of
      selected fractions, 0.381 g., an oil, is the title compound, having
      R.sub.f 0.5 (TLC on silica gel in ethyl acetate-hexane (2:3).
PAC  EXAMPLE 4
PAC  .alpha.-Semicarbazono-p-tolyl Ester of PGA.sub.2 (Formula III-K)
PAR  Following the procedure of Example 1 but using 0.310 g. of PGA.sub.2, 0.244
      ml. of triethylamine, 0.236 ml. of isobutylchloroformate, and 0.470 g. of
      p-hydroxybenzaldehyde semicarbazone, there is obtained a crude solid
      residue. This residue is subjected to silica gel chromatography, eluting
      with tetrahydrofuran-ethyl acetate (3:2). The residue obtained by
      concentration of selected fractions, 0.600 g., is crystallized from
      acetone-water (1:2) as the title compound, 0.376 g., as white free-flowing
      crystals. An analytical sample recrystallized from acetonitrile has m.p.
      128.3.degree.-129.0.degree. C. and R.sub.f 0.5 (TLC on silica gel in ethyl
      acetate-methanol (95:5)).
PAR  Following the procedures of Examples 1-4 but employing the racemic forms of
      the PG compounds, there are obtained the corresponding esters of racemic
      PG compounds.
PAC  EXAMPLES 5-75
PAR  The substituted phenyl and naphthyl esters of PGA.sub.2,
      15-methyl-PGA.sub.2, and 15(R)-15-methyl-PGA.sub.2 of Tables I-III below
      are obtained following the procedures of Example 1, wherein the
      prostaglandin compound is reacted in the presence of triethylamine and
      isobutylchloroformate with the appropriate hydroxy phenyl or naphthyl
      compound, listed in the Table. These phenols or naphthols are readily
      available or prepared by methods described herein or known in the art. The
      crude products, obtained by concentration under reduced pressure, are
      purified by means described herein or known in the art, including
      partitioning, solvent extraction, washing, silica gel chromatography,
      trituration, or crystallization.
PAR  Following the procedures of Examples 5-75 but employing the racemic forms
      of the PG compounds, there are obtained the corresponding esters of the
      racemic PG compounds.
TBL                TABLE I                                                     

     ______________________________________                                    

     Esters of PGA.sub.2                                                       

                                   Product PGA.sub.2                           

          Hydroxy Phenyl or        Ester of                                    

     Ex.  Naphthyl Compound        formula:                                    

     ______________________________________                                    

      5   p-acetamidophenol        III-A                                       

      6   p-(p-benzamidobenzamido) III-D                                       

          phenol                                                               

      7   p-hydroxyphenylurea      III-E                                       

      8   p-hydroxy-1,3-diphenylurea                                           

                                   III-F                                       

      9   p-tritylphenol           III-H                                       

     10   N-acetyl-L-tyrosinamide  III-I                                       

     11   N-benzoyl-L-tyrosinamide III-J                                       

     12   p-hydroxyacetophenone    III-L                                       

     13   p-hydroxybenzophenone    III-M                                       

     14   p-hydroxybenzamide       III-N                                       

     15   o-hydroxybenzamide       III-O                                       

     16   N-(p-tritylphenyl)-p-hydroxybenzamide                                

                                   III-P                                       

     17   p-hydroxybenzoic acid, methyl ester                                  

                                   III-Q                                       

     18   hydroquinone benzoate    III-R                                       

     19   hydroquinone, p-acetamidobenzoic                                     

                                   III-S                                       

          acid ester                                                           

     20   2,4-diacetamidophenol    III-T                                       

     21   1-acetamido-4-hydroxynaphthalene                                     

                                   III-U                                       

     22   1-benzamido-4-hydroxynaphthalene                                     

                                   III-V                                       

     23   1-hydroxy-4-ureidonaphthalene                                        

                                   III-W                                       

     24   2-naphthol III-X                                                     

     25   1-hydroxy-5-naphthalenesulfonamide                                   

                                   III-Y                                       

     ______________________________________                                    

TBL                TABLE II                                                    

     ______________________________________                                    

     Esters of 15-Methyl-PGA.sub.2                                             

                                  Product                                      

                                  15-Methyl-PGA.sub.2                          

          Hydroxy Phenyl or       Ester of                                     

     Ex.  Naphthyl Compound       formula:                                     

     ______________________________________                                    

     26   p-acetamidophenol       III-A                                        

     27   p-benzamidophenol       III-B                                        

     28   p-(p-acetamidobenzamido)phenol                                       

                                  III-C                                        

     29   p-(p-benzamidobenzamido)phenol                                       

                                  III-D                                        

     30   p-hydroxyphenylurea     III-E                                        

     31   p-hydroxy-1,3-diphenylurea                                           

                                  III-F                                        

     32   p-phenylphenol          III-G                                        

     33   p-tritylphenol          III-H                                        

     34   N-acetyl-L-tyrosinamide III-I                                        

     35   N-benzoyl-L-tyrosinamide                                             

                                  III-J                                        

     36   p-hydroxybenzaldehyde semicarbazone                                  

                                  III-K                                        

     37   p-hydroxyacetophenone   III-L                                        

     38   p-hydroxybenzophenone   III-M                                        

     39   p-hydroxybenzamide      III-N                                        

     40   o-hydroxybenzamide      III-O                                        

     41   N-(p-tritylphenyl)-p-hydroxybenzamide                                

                                  III-P                                        

     42   p-hydroxybenzoic acid, methyl ester                                  

                                  III-Q                                        

     43   hydroquinone benzoate   III-R                                        

     44   hydroquinone, p-acetamidobenzoic                                     

                                  III-S                                        

          acid ester                                                           

     45   2,4-diacetamidophenol   III-T                                        

     46   1-acetamido-4-hydroxynaphthalene                                     

                                  III-U                                        

     47   1-benzamido-4-hydroxynaphthalene                                     

                                  III-V                                        

     48   1-hydroxy-4-ureidonaphthalene                                        

                                  III-W                                        

     49   2-naphthol              III-X                                        

     50   1-hydroxy-5-naphthalenesulfonamide                                   

                                  III-Y                                        

     ______________________________________                                    

TBL                TABLE III                                                   

     ______________________________________                                    

     Esters of 15(R)-15-Methyl-PGA.sub.2                                       

                                  Product 15(R)-                               

                                  15-Methyl-PGA.sub.2                          

          Hydroxy Phenyl or       Ester of                                     

     Ex.  Naphthyl Compound       formula:                                     

     ______________________________________                                    

     51   p-acetamidophenol       III-A                                        

     52   p-benzamidophenol       III-B                                        

     53   p-(p-acetamidobenzamido)phenol                                       

                                  III-C                                        

     54   p-(p-benzamidobenzamido)phenol                                       

                                  III-D                                        

     55   p-hydroxyphenylurea     III-E                                        

     56   p-hydroxy-1,3-diphenylurea                                           

                                  III-F                                        

     57   p-phenylphenol          III-G                                        

     58   p-tritylphenol          III-H                                        

     59   N-acetyl-L-tyrosinamide III-I                                        

     60   N-benzoyl-L-tyrosinamide                                             

                                  III-J                                        

     61   p-hydroxybenzaldehyde semicarbazone                                  

                                  III-K                                        

     62   p-hydroxyacetophenone   III-L                                        

     63   p-hydroxybenzophenone   III-M                                        

     64   p-hydroxybenzamide      III-N                                        

     65   o-hydroxybenzamide      III-O                                        

     66   N-(p-tritylphenyl)-p-hydroxybenzamide                                

                                  III-P                                        

     67   p-hydroxybenzoic acid, methyl ester                                  

                                  III-Q                                        

     68   hydroquinone benzoate   III-R                                        

     69   hydroquinone, p-acetamidobenzoic                                     

                                  III-S                                        

          acid ester                                                           

     70   2,4-diacetamidophenol   III-T                                        

     71   1-acetamido-4-hydroxynaphthalene                                     

                                  III-U                                        

     72   1-benzamido-4-hydroxynaphthalene                                     

                                  III-V                                        

     73   1-hydroxy-4-ureidonaphthalene                                        

                                  III-W                                        

     74   2-naphthol              III-X                                        

     75   1-hydroxy-5-naphthalenesulfonamide                                   

                                  III-Y                                        

     ______________________________________                                    

CLMS
STM  I claim
NUM  1.
PAR  1. An optically active compound of the formula:
      ##EQU6##
      or a racemic compound of that formula and the mirror image thereof,
      wherein Z is
      ##SPC16##
PAL  and wherein Y is
      ##EQU7##
NUM  2.
PAR  2. Free-flowing crystals of the ester of p-hydroxybenzaldehyde
      semicarbazone and PGA.sub.2.
NUM  3.
PAR  3. An ester of N-acetyl-L-tyrosinamide and PGA.sub.2, a compound according
      to claim 1.
NUM  4.
PAR  4. An ester of N-benzoyl-L-tyrosinamide and PGA.sub.2, a compound according
      to claim 1.
NUM  5.
PAR  5. An ester of N-acetyl-L-tyrosinamide and 15-methyl-PGA.sub.2, a compound
      according to claim 1.
NUM  6.
PAR  6. An ester of N-benzoyl-L-tyrosinamide and 15-methyl-PGA.sub.2, a compound
      according to claim 1.
NUM  7.
PAR  7. An ester of p-hydroxybenzaldehyde semicarbazone and 15-methyl-PGA.sub.2,
      a compound according to claim 1.
NUM  8.
PAR  8. An ester of N-acetyl-L-tyrosinamide and 15(R)-15-methyl-PGA.sub.2, a
      compound according to claim 1.
NUM  9.
PAR  9. An ester of N-benzoyl-L-tyrosinamide and 15(R)-15-methyl-PGA.sub.2, a
      compound according to claim 1.
NUM  10.
PAR  10. An ester of p-hydroxybenzaldehyde semicarbazone and
      15(R)-15-methyl-PGA.sub.2, a compound according to claim 1.
NUM  11.
PAR  11. The ester of p-hydroxybenzaldehyde semicarbazone and PGA.sub.2, a
      compound according to claim 1.
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ABST
PAL  Sulfides of the general formula
      ##SPC1##
PAL  Wherein R.sub.1 is H or alkyl, R.sub.2 is =O, (H,OH), or (H,lower-acyloxy),
      R.sub.3 is H, OH or lower-acyloxy, R.sub.4 is alkyl or alkyl substituted
      by F, OH, lower-acyloxy, phenyl or p-tolyl, and A is alkylene which can be
      mono- or polysubstituted by F, and the physiologically acceptable salts
      thereof, possess, in addition to a blood-pressure-lowering activity,
      prostaglandin-type and antiprostaglandin-type effects.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel sulfides.
PAC  SUMMARY OF THE INVENTION
PAR  The compounds of this invention are sulfides of the general Formula I
      ##SPC2##
PAL  wherein R.sub.1 is H or alkyl of up to 12 carbon atoms; R.sub.2 is =O, (H,
      OH), or (H, acyloxy of up to 4 carbon atoms); R.sub.3 is H, OH, or acyloxy
      of up to 4 carbon atoms; R.sub.4 is alkyl of up to 12 carbon atoms,
      unsubstituted or substituted by F, OH, acyloxy of up to 4 carbon atoms,
      phenyl or p-tolyl; and A is alkylene of up to 8 carbon atoms,
      unsubstituted or mono- or polysubstituted by F; and the physiologically
      acceptable salts thereof.
PAC  DETAILED DISCUSSION
PAR  In Formula I and the other formulae hereinafter, the bonds characterized by
          indicate either the .alpha.- or .beta.-configuration, or both, i.e., a
      mixture of the compounds having opposite configurations.
PAR  The compounds of Formula I possess, with good physiological compatibility,
      blood-pressure-lowering activity. In addition, they possess
      prostaglandin-type and antiprostaglandin-type effects.
PAR  A compound of formula I showing weak prostaglandin-type effects can act in
      addition as a competitive inhibitor for prostaglandin and therefore may
      possess antiprostaglandine-type effects too.
PAR  Thus, the compounds possess vasodilatory, antiphlogistic, and diuretic
      properties. They also relieve bronchial spasm, inhibit the secretion of
      gastric juice, the aggregation of thrombocytes, lipid breakdown, and the
      liberation of noradrenalin, and reduce the swelling of the nasal mucous
      membrane. Furthermore, the compounds favorably affect the function of the
      corpus luteum, the transport of the ovum through the fallopian tube,
      nidation, and male fertility. Therefore, the compounds of Formula I can be
      employed as drugs, and also as intermediates for the preparation of other
      drugs.
PAR  The compounds of Formula I contain at least two asymmetrical C-atoms in the
      five-membered ring. When R.sub.2 is other than =O or R.sub.3 is other than
      H, then a third C-atom in the ring is also asymmetrical. When R.sub.2 is
      other than =O and R.sub.3 is other than H, then there are four centers of
      asymmetry in the ring. When A and/or R.sub.4 are substituted and/or
      branched alkylene and/or alkyl, respectively, then additional centers of
      asymmetry can occur in the two side chains.
PAR  Therefore, the compounds of Formula I can occur in a plurality of
      stereoisomeric forms and are normally present as mixtures of racemates. If
      desired, each of the racemates can be isolated by conventional
      chemical/physical methods.
PAR  The products of the process also comprise the optically active isomers of
      Formula I, as well as the racemates thereof. Especially preferred are the
      optically active stereoisomers of Formulae Ia - Ih, and their optical
      antipodes and racemates:
      ##SPC3##
PAL  wherein R.sub.13 is H or acyl of up to 4 carbon atoms.
PAR  In its process aspect, this invention relates to a process for the
      preparation of the compounds of general Formula I which comprises reacting
      a compound of the general Formula II
      ##SPC4##
PAL  wherein D is
      ##EQU1##
      or
      ##EQU2##
      and X is Cl, Br, I, alkylsulfonyloxy of up to 4 carbon atoms, or
      arylsulfonyloxy of up to 10 carbon atoms, and R.sub.1, R.sub.2, and
      R.sub.3 and A have the values given above, with a compound of the general
      Formula III
EQU  W-S-R.sub.4                                                III
PAL  wherein W is H or an equivalent of an alkali metal or alkaline earth atom;
      R.sub.4 has the values given above; or liberating, in a compound otherwise
      corresponding to Formula I but wherein the hydroxy and/or keto groups
      and/or the carboxyl groups present therein are present in a functionally
      modified form, these groups by treatment with solvolyzing or
      hydrogenolyzing agents; or treating a thus-obtained compound of Formula I
      (R.sub.2 = O) with a reducinng agent; and/or converting a thus-obtained
      compound of Formula I into another compound of Formula I by treatment with
      esterifying or solvolyzing agents; and/or separating a compound of Formula
      I into the racemates and/or optical antipodes thereof; and/or converting a
      compound of Formula I by treatment with a base into a physiologically
      acceptable salt thereof, or liberating a compound of formula I out of
      their salts by treatment of the salt with an acid.
PAR  In the above formulae, in addition to being hydrogen, R.sub.1 is preferably
      an alkyl of up to 12 carbon atoms, preferably straight-chain alkyl and
      especially those of up to 6 carbon atoms, e.g., methyl, ethyl, n-propyl,
      n-butyl, n-pentyl, n-hexyl, but also isopropyl, isobutyl, sec.-butyl,
      tert.-butyl, isopentyl, pent-2-yl, pent-3-yl, tert.-pentyl, neopentyl,
      hex-2-yl, hex-3-yl and isohexyl. Others include n-heptyl, n-octyl,
      n-nonyl, n-decyl, n-undecyl and n-dodecyl.
PAR  R.sub.2 in addition to =O, also is (H, OH) and (H, acyloxy of up to 4
      carbon atoms), preferably (H, OH), wherein the OH and/or the acyloxy group
      can be in the .alpha.- or .beta.-position, or both, in the case of racemic
      mixtures. When R.sub.2 is acyloxy, the acyl group is preferably that of a
      carboxylic acid, especially an alkanoic acid. Examples of such preferred
      acyloxy groups are formyloxy, acetoxy, propionyloxy, or butyryloxy groups.
      However the acyl group can be that of any simple acid, for example, from
      sulfonic acids and inorganic acids. Thus, in addition to alkanoyloxy, the
      acyloxy group can be, for example, a methylsulfonyloxy, ethylsulfonyloxy,
      and other alkanesulfonyloxy groups, e.g., 2-hydroxyethylsulfonyloxy,
      HOSO.sub.2 O- or (HO).sub.2 P(O)-O- and other inorganic ester groups,
      e.g., of a molecular weight of up to 150.
PAR  R.sub.3 in addition to H or OH, can also be an acyloxy group of up to 4
      carbon atoms as defined for R.sub.2. The OH or acyloxy group can be in the
      .alpha.- or .beta.-position. When R.sub.2 is (H, acyloxy of up to 4 carbon
      atoms) and R.sub.3 is acyloxy of up to 4 carbon atoms, the acyloxy groups
      are preferably identical.
PAR  R.sub.4 is straight-chain or branched alkyl of up to 12 carbon atoms,
      optionally mono- or polysubstituted by F, OH, acyloxy of up to 4 carbon
      atoms as defined above for R.sub.2, phenyl or p-tolyl. Preferred
      straight-chain alkyl groups are methyl, ethyl, propyl, butyl, pentyl,
      hexyl, heptyl, octyl, nonyl and decyl and preferred branched chain alkyl
      are 2,2-dimethylpropyl, 3,3-dimethylbutyl, 4,4-dimethylpentyl,
      5,5-dimethylhexyl, 6,6-dimethylheptyl, 7,7-dimethyloctyl,
      8,8-dimethylnonyl, 9,9-dimethyldecyl. Other alkyl groups include
      isopropyl, isobutyl, isopentyl, isohexyl, isoheptyl, isooctyl, 2-butyl,
      2-pentyl, 2-hexyl, 2-heptyl, or 2-octyl. Especially preferred are
      3,3-dimethylpentyl, 3,3-dimethylhexyl, 3,3-dimethylheptyl,
      3,3-dimethyloctyl and 3,3-dimethylnonyl.
PAR  Also especially preferred are alkyl groups substituted in the 2-position by
      OH or acyloxy of up to 4 carbon atoms, e.g., 2-hydroxypropyl,
      2-hydroxybutyl, 2-hydroxypentyl, 2-hydroxyhexyl, 2-hydroxyheptyl,
      2-hydroxyoctyl, 2-hydroxy-6,6-dimethylheptyl, 2-hydroxy-2-methylheptyl,
      2-hydroxy-7,7-dimethyloctyl, 2-formyloxypropyl, 2-formyloxyheptyl,
      2-acetoxyheptyl, 2-acetoxy-6,6-dimethylheptyl,
      2-acetoxy-7,7-dimethyloctyl, 2-hydroxynonyl, 2-hydroxy-2-methylnonyl,
      2-hydroxy-3,3-dimethylnonyl, 2-hydroxy-8,8-dimethylnonyl and the
      above-enumerated alkyl groups, substituted by OH in the 2-position.
PAR  R.sub.4 can also be alkyl of up to 12 carbon atoms substituted by F,
      preferably a terminal-positioned trifluoroalkyl, e.g.,
      5,5,5-trifluoropentyl, 6,6,6-trifluorohexyl, 7,7,7-trifluoroheptyl, or
      8,8,8-trifluorooctyl. When R.sub.4 is phenyl-substituted alkyl, it
      preferably is an .omega.-phenyl-alkyl group, e.g., 3-phenylpropyl,
      4-phenylbutyl, 5-phenylpentyl, 6-phenylhexyl, 7-phenylheptyl and
      8-phenyloctyl. R.sub.4 can also be p-tolyl-substituted alkyl, which also
      preferably is an .omega.-p-tolyl-alkyl group, e.g., 2-p-tolylethyl,
      3-p-tolylpropyl and 4-p-tolylbutyl. Especially preferred are those
      aryl-substituted alkyl groups when substituted by OH in the 2-position.
PAR  R.sub.4 can also be a polysubstituted alkyl residue of up to 12 carbon
      atoms, especially substituted by OH in the 2-position and phenyl or
      p-tolyl or fluorine in the .omega.-position. Especially preferred are
      2-hydroxy-.omega.-p-tolylalkyl- and
      2-hydroxy-2-methyl-.omega.-p-tolylalkyl-groups such as
      2-hydroxy-2-p-tolylethyl-, 2-hydroxy-2-methyl -2-p-tolylethyl-,
      2-hydroxy-3-p-tolylpropyl-, 2-hydroxy-3-p-tolylpropyl-,
      2-hydroxy-2-methyl-3-p-tolylpropyl-, 2-hydroxy-4-p-tolylbutyl-, and
      2-hydroxy-2-methyl-4-p-tolylbutyl-groups.
PAR  A is preferably unsubstituted alkylene of up to 8 carbon atoms, e.g.,
      methylene, ethylene, trimethylene, tetramethylene, pentamethylene,
      hexamethylene, heptamethylene and octamethylene. A can also be alkylene of
      up to 8 carbon atoms substituted by F, i.e., a fluoroalkylene group, e.g.,
      -CH.sub.2 CHF-, -CH.sub.2 CF.sub.2 -, -CH.sub.2 CH.sub.2 CHFCH.sub.2 -,
      -CH.sub.2 CH.sub.2 CH.sub.2 CF.sub.2 -, -CH.sub.2 CH.sub.2 CH.sub.2
      CHFCHF-, -CH.sub.2 CH.sub.2 CF.sub.2 -, -CH.sub.2 CH.sub.2 CH.sub.2
      CF.sub.2 CH.sub.2 -, -CH.sub.2 CH.sub.2 CF.sub.2 CH.sub.2 CH.sub.2 -,
      -CH.sub.2 CH.sub.2 CH.sub.2 CF.sub.2 CH.sub.2 CH.sub.2 -,
      -(CH.sub.2).sub.5 CF.sub.2 - and -(CH.sub.2).sub.4 CHFCHF-.
PAR  In Formula II, D is straight-chain
      .omega.-hydroxycarbonyl-1-alkenylene-(1,2) or
      .omega.-alkoxycarbonyl-1-alkenylene-(1,2), which optionally is mono- or
      polysubstituted by F; or straight-chain
      .omega.-hydroxycarbonyl-1-haloalkylene-(1,2) or
      .omega.-alkoxycarbonyl-1-haloalkylene-(1,2), also optionally mono- or
      polysubstituted by F, or the corresponding 1-alkylsulfonyloxy or
      1-arylsulfonyloxy group. Examples for such D groups are:
PA1  7-hydroxycarbonyl-1-heptenylene-(1,2),
PA1  8-hydroxycarbonyl-1-octenylene-(1,2),
PA1  9-hydroxycarbonyl-1-nonenylene-(1,2),
PA1  7-ethoxycarbonyl-1-heptenylene-(1,2),
PA1  8-ethoxycarbonyl-1-octenylene-(1,2),
PA1  9-ethoxycarbonyl-1-nonenylene-(1,2),
PA1  1-chloro-8-hydroxycarbonyl-octylene-(1,2),
PA1  1-bromo-8-hydroxycarbonyl-octylene-(1,2),
PA1  1-iodo-8-hydroxycarbonyl-octylene-(1,2),
PA1  1-chloro-8-methoxycarbonyl-octylene-(1,2),
PA1  1-bromo-8-methoxycarbonyl-octylene-(1,2),
PA1  1-iodo-8-methoxycarbonyl-octylene-(1,2),
PA1  1-methylsulfonyloxy-8-ethoxycarbonyl-octylene-(1,2),
PA1  1-ethylsulfonyloxy-8-ethoxycarbonyl-octylene-(1,2),
PA1  1-p-tolylsulfonyloxy-8-ethoxycarbonyl-octylene-(1,2),
PA1  1-(4-bromophenyl)-sulfonyloxy-8-ethoxycarbonyloctylene-(1,2), and
PA1  1-.alpha.-naphthylsulfonyloxy-8-ethoxycarbonyl-octylene-(1,2).
PAR  When D is a group containing X, X in addition to Cl, Br, or I, also is
      alkylsulfonyloxy of up to 4 carbon atoms, preferably methylsulfonyloxy or
      ethylsulfonyloxy, or 2-hydroxyethylsulfonyloxy or butylsulfonyloxy; or
      arylsulfonyloxy of up to 10 carbon atoms, e.g., p-tolylsulfonyloxy,
      p-bromophenylsulfonyloxy, 1-naphthylsulfonyloxy and 2-naphthylsulfonyloxy.
PAR  W, in addition to H, can also be an equivalent of an alkali metal or
      alkaline earth atom, preferably Na, K or 1/2 Ca.
PAR  Accordingly, the compounds of Formula II comprise substituted
      cyclopentanones, 2-cyclopentenones, cyclopentanols and 2-cyclopentenols,
      which preferably are 3-halocyclopentanones,
      3-alkylsulfonyloxycyclopentanones and 3-arylsulfonyloxycyclopentanones,
      especially 3-chloro-2-omega-carboxyalkyl-, 3-bromo-2-omega-carboxyalkyl-,
      3-iodo-2-omega-carboxyalkyl-, 3-methylsulfonyloxy-2-omega-carboxyalkyl-,
      3-p-tolylsulfonyloxy-2-omegacarboxyalkyl-,
      3-bromo-4.alpha.-hydroxy-2-omega-carboxyalkyl-,
      3-bromo-4.beta.-hydroxy-2-omega-carboxyalkyl-cyclopentanones;
      2-carboxyalkyl- and 2-carbalkoxyalkyl-2-cyclopentenones, especially
      2-omega-carboxyalkyl-, 2-omega-carbalkoxyalkyl-,
      4.alpha.-hydroxy-2-omega-carboxyalkyl,
      4.alpha.-hydroxy-2-omega-carbalkoxyalkyl-,
      4.alpha.-acyloxy-2-omega-carboxyalkyl-,
      4.alpha.-acyloxy-2-omega-carbalkoxyalkyl-,
      4.beta.-hydroxy-2-omega-carboxyalkyl-,
      4.beta.-hydroxy-2-omega-carbalkoxyalkyl-,
      4.beta.-acyloxy-2-omega-carboxyalkyl-,
      4.beta.-acyloxy-2-omega-carbalkoxyalkyl-2-cyclopentenones;
      3-halocyclopentanols, 3-alkylsulfonyloxycyclopentanols and
      3-arylsulfonyloxycyclopentanols, especially
      3-chloro-2-omega-carboxyalkyl-, 3-bromo-2-omega-carboxyalkyl-,
      3-iodo-2-omega-carboxyalkyl-, 3-methylsulfonyloxy-2-omega-carboxyalkyl-,
      3-p-tolylsulfonyloxy-2-omega-carboxyalkyl-,
      3-bromo-4-hydroxy-2-omega-carboxyalkyl-,
      3-iodo-4-hydroxy-2-omega-carboxyalkyl-cyclopentanols; 2-carboxyalkyl- and
      2-carbalkoxyalkyl-2-cyclopentenols, especially 2-omega-carboxyalkyl-,
      2-omega-carbalkoxyalkyl-, 4.alpha.-hydroxy-2-omega-carboxyalkyl-,
      4.alpha.-hydroxy-2-omega-carbalkoxyalkyl-,
      4.alpha.-acyloxy-2-omega-carboxyalkyl-,
      4.alpha.-acyloxy-2-omega-carbalkoxyalkyl-,
      4.beta.-hydroxy-2-omega-carboxyalkyl-, 4.beta.-hydroxy-carbalkoxyalkyl-,
      4.beta.-acyloxy-2-omega-carboxyalkyl- and
      4.beta.-acyloxy-2-omega-carbalkoxyalkyl-2-cyclopentenols.
PAR  The compounds of Formula III are optionally substituted thiols or alkali
      metal or alkaline earth thiolates, preferably n-alkyl- or
      2-hydroxy-n-alkylthiols and/or the alkali salts thereof, especially
      optionally substituted n-propyl-, n-hexyl-, n-heptyl-, n-octyl-,
      2-hydroxy-n-hexyl-, 2-hydroxy-n-heptyl-, 2-hydroxy-n-octyl- thiols and the
      corresponding sodium thiolates.
PAR  The compounds of Formula II are known or can be produced from known
      compounds in accordance with conventional processes.
PAR  For example, the diethylacetal of 2-bromo-2-cyclopentenone can be prepared
      therefrom in a conventional method by reaction with ethanol. This product,
      after treatment with lithium in ether, is reacted with [(CH.sub.3 O).sub.3
      P].sub.2 CuI, and the thus-obtained organocopper compound is reacted, for
      example, with an omega-tert.-butoxycarbonyl alkyl iodide. This sequence of
      reactions is preferably conducted at between -50.degree. and +5.degree.,
      especially between -30.degree. and -10.degree., and under an inert gas
      atmosphere, e.g., argon. However, it is also possible, for example, to
      react the cyclopentanone-2-carboxylic acid ester in a conventional manner
      with an omega-alkoxycarbonyl bromide or iodide or omega-cyanoalkyl bromide
      or iodide in the presence of an alkali metal alcoholate, e.g., NaOC.sub.2
      H.sub.5, then brominate the reaction product in an inert solvent,
      preferably a chlorinated hydrocarbon, such as CCl.sub.4, with Br.sub.2,
      and thereafter treat the product with H.sub.2 SO.sub.4. In this process, a
      compound of Formula II is formed. The reaction mechanism by which this
      occurs is not fully understood.
PAR  The compounds of Formula III are known or can be prepared according to
      conventional methods, as they are described, for example, in HOUBEN-WEYL,
      "Methods of Organic Chemistry," Vol. IX, pp. 3 et seq., Stuttgart, 1955.
      Preferably, the starting materials are compounds otherwise corresponding
      to Formula III wherein W has the values given for X, preferably Br, and
      the reaction is accomplished with an alkali metal hydrogen sulfide,
      preferably KHS or NaHS. The reaction in most cases is in a solvent,
      preferably an alcohol, e.g., methanol, ethanol and isopropanol, optionally
      also in the presence of water or an aprotically dipolar solvent, e.g.,
      acetone, dimethylformamide, dimethylsulfoxide, tetramethylurea,
      hexamethylphosphoric triamide, tetrahydrothiophene S,S-dioxide, ethylene
      carbonate, propylene carbonate and mixtures of such solvents. If the
      reaction mixture is worked up under acidic conditions, the free thiols of
      Formula III are usually obtained, which can be converted into the
      thiolates of Formula III by reaction with a base, preferably an alkali
      metal or alkaline earth metal hydroxides, especially NaOH and KOH.
PAR  The 2-hydroxyalkenethiols of Formula III are preferably produced from the
      corresponding 1,2-epoxyalkanes and H.sub.2 S in the presence of a basic
      catalyst.
PAR  The reaction of a compound of Formula II wherein D is
      ##EQU3##
      with a compound of Formula III takes place normally in the presence of a
      basic catalyst, using a suitable solvent, preferably an alcohol, e.g.,
      methanol or ethanol. However, it is also possible, for example, to employ
      a hydrocarbon, e.g., benzene or toluene, as well as H.sub.2 O or liquid
      ammonia, or to operate without solvent.
PAR  Suitable basic catalysts are preferably metal hydroxides, especially alkali
      metal and alkaline earth metal hydroxides, e.g., NaOH, KOH and
      Ca(OH).sub.2 ; alkali metal alcoholates, e.g., NaOCH.sub.3, NaOC.sub.2
      H.sub.5 and K-tert.-C.sub.4 H.sub.9 ; basic salts, preferably carbonates
      or acetates, e.g., K.sub.2 CO.sub.3 and NaOCOCH.sub.3 ; ammonia; amines,
      e.g., trimethylamine, triethylamine, isopropylamine, tert.-butylamine and
      ethylenediamine; alicyclic amines, e.g., cyclohexylamine,
      dicyclohexylamine and dimethylaniline; and heterocyclic amines, e.g.,
      piperidine, pyrrolidine, pyridine, quinoline, diazabicyclo[2,2,2]-octane
      and diazabicyclo[3,4,0]-nonene; and quaternary ammonium hydroxides, e.g.,
      tetramethylammonium hydroxide and benzyltrimethylammonium hydroxide.
PAR  The presence of such a basic catalyst is especially advantageous when a
      compound of Formula III wherein W is H is utilized. When employing a
      compound of Formula III wherein W is an equivalent of an alkali metal or
      alkaline earth metal atom, then the reaction mixture normally already is
      alkaline, so that the addition of a basic catalyst is unnecessary. It is,
      of course, also possible to use a basic catalyst, particularly liquid
      ammonia, as the solvent.
PAR  The process is conducted at -40.degree. to 120.degree., preferably from
      room temperature to the boiling point of the reaction mixture. Reaction
      times normally range between about 3 hours and 7 days, depending on the
      reaction conditions, but longer or shorter times are possible.
PAR  The reaction of a compound of Formula II wherein D is
      ##EQU4##
      with a compound of Formula III wherein W is an equivalent of an alkali or
      alkaline earth atom takes place in a conventional manner described in
      detail in the literature. Preferably, the reaction is effected in an inert
      solvent, especially one of those mentioned above. The reaction
      temperatures range preferably between 0.degree. and 120.degree.,
      particularly from room temperature to the boiling point of the reaction
      mixture. Here again, the reaction times range usually between 3 hours and
      7 days, depending on the reaction conditions.
PAR  The compounds of Formula I (R.sup.2 = 0) are converted into the compounds
      of Formula I (R.sub.2 = [H, OH] and R.sub.3 = H or R.sub.2 = [H, OH] and
      R.sub.3 = OH) by treatment with a reducing agent which will leave the
      carboxyl group or the carbalkoxy group unchanged, i.e., preferably complex
      metal hydrides, particularly NaBH.sub.4, optionally in the presence of
      AlCl.sub. 3 or LiBr, or LiBH.sub.4. The reaction is advantageously
      accomplished in the presence of an inert solvent, e.g., a lower alcohol,
      or an ether, e.g., tetrahydrofuran or ethylene glycol dimethyl ether. The
      reaction is suitably completed by refluxing the reaction mixture. The
      thus-formed metal complexes can be decomposed in the usual manner, for
      example with an aqueous solution of ammonium chloride.
PAR  Under appropriate reaction conditions, the reduction can also be
      accomplished with chemically activated hydrogen. Thus, a selective
      reduction of the carbonyl group is possible, for example, by agitation
      with zinc dust in 50% strength acetic acid at 0.degree.. Further suitable
      reducing agents are aluminum alcoholates, e.g., aluminum isopropylate
      (according to the method of Meerwein-Ponndorf, e.g., in benzene or toluene
      at temperatures of between about 20.degree. and about 110.degree.).
PAR  From other compounds of Formula I, esters of Formula I (R.sub.1 = alkyl of
      up to 12 carbon atoms) can be produced in accordance with methods
      described in the literature. Thus, an acid of Formula I (R.sub.1 = H) can
      be reacted, for example, with the respective alcohol in the presence of an
      inorganic or organic acid, e.g., HCl, HBr, HI, H.sub.2 SO.sub.4, H.sub.3
      PO.sub.4, trifluoroacetic acid, a sulfonic acid, such as benzenesulfonic
      acid or p-toluenesulfonic acid, or an acidic ion exchanger, optionally in
      the presence of an inert solvent, e.g., benzene, toluene or xylene, at a
      temperature of between about 0.degree. and preferably the boiling
      temperature. The alcohol is preferably used in an excess. Preferred
      alcohols are those of the formula R.sub.5 OH wherein R.sub.5 is alkyl of
      up to 12 carbon atoms. Examples of suitable alcohols are unbranched
      primary alcohols of up to 12 carbon atoms, e.g., methanol, ethanol,
      propanol, butanol, hexanol, octanol, decanol and dodecanol. Also suitable
      are, for example, isopropyl alcohol, sec.-butyl alcohol and tert.-butyl
      alcohol.
PAR  Additionally, the reaction can be effected in the presence of a
      water-binding agent, e.g., anhydrous heavy metal sulfates, or in the
      presence of a molecular sieve. The water of reaction can also be removed
      azeotropically wherein, advantageously, a hydrocarbon, e.g., benzene or
      toluene, or a chlorinated hydrocarbon, e.g., chloroform of
      1,2-dichloroethane, is added. The esterification takes place under gentle
      conditions, if the water of reaction is chamically bound, by adding a
      carbodiimide, e.g., N,N'-dicyclohexylcarbodiimide, employing an inert
      solvent, e.g., ether, dioxane, 1,2-dimethoxy-ethane, benzene, CH.sub.2
      Cl.sub.2 and CHCl.sub.3, and a base, e.g., pyridine, can be added. The
      methyl and ethyl esters, respectively, can also be prepared by reacting
      the free acids with diazomethane and diazoethane, respectively, in an
      inert solvent, e.g., ether, benzene and methanol. Also, esters of Formula
      I (R.sub.1 is not H) can be obtained by chemically adding a carboxylic
      acid (I, R.sub.1 = H) to an olefin, e.g., isobutylene, preferably in the
      presence of a catalyst, e.g., ZnCl.sub.2, BF.sub.3, H.sub.2 SO.sub.4,
      arylsulfonic acids, pyrophosphoric acid, boric acid and oxalic acid, at a
      temperature of between about 0.degree. and about 200.degree., under a
      pressure of between about 1 and 300 atmospheres and in an inert solvent,
      e.g., ether, tetrahydrofuran, dioxane, methylene chloride, benzene,
      toluene and xylene.
PAR  Furthermore, esters of Formula I (R.sub.1 is not H) can be produced by
      reacting a metallic salt of a carboxylic acid of Formula I (R.sub.1 = H),
      preferably the alkali metal, lead, or silver salt, with an alkyl
      halogenide, e.g., those of the formula R.sub.5 Cl, optionally in an inert
      solvent, for example ether, benzene, DMF, or petroleum ether, or with an
      alkyl chlorosulfite, e.g., those of the formula R.sub.5 -OSOCl, and
      subsequent thermolysis of the thus-obtained adduct.
PAR  It is also possible to esterify the alcohols of Formula I (R.sub.2 = [H,
      OH], R.sub.3 = H; R.sub.2 = [H, OH], R.sub.3 = OH; R.sub.2 = O, R.sub.3 =
      OH) with ketenes. The reaction is preferably conducted in an inert
      solvent, e.g., ether, benzene or toluene and in the presence of an acidic
      catalyst, e.g., sulfuric acid or p-toluenesulfonic acid.
PAR  Furthermore, esters of Formula I (R.sub.1 is not H) can be produced by the
      transesterification of other esters which correspond to Formula I but
      wherein R.sub.1 is not H, with an excess of the respective alcohol, or by
      reacting the carboxylic acid of Formula I (R.sub.1 = H) with any desired
      other ester of the respective alcohol, which is preferably employed in
      excess. Analogously, esters of Formula I can be obtained by the
      interesterification of alcohols of Formula I (R.sub.2 = [H, OH], R.sub.3 =
      H; R.sub.2 = [H, OH], R.sub.3 = OH; R.sub.2 = O, R.sub.3 = OH) with an
      excess of a lower alkyl ester, or by the transesterification of other
      esters which correspond to Formula I but wherein R.sub.2 = (H, esterified
      OH), R.sub.3 = H; R.sub.2 = (H, esterified OH), R.sub.3 = OH; R.sub.2 =
      (H, esterified OH), R.sub.3 = esterified OH; R.sub.2 = (H, OH), R.sub.3 =
      esterified OH; or R.sub.2 = O, R.sub.3 = esterified OH, with an excess of
      the carboxylic acid to be esterified. The reaction is conducted in
      accordance with the interesterification methods described in the
      literature, especially in the presence of a basic or acidic catalyst,
      e.g., sodium ethylate or sulfuric acid, at a temperature of between about
      0.degree. and the boiling temperature. Preferably, the process is
      conducted so that, after the equilibrium has been attained, one reactant
      is eliminated from the equilibrium mixture by distillation.
PAR  The compounds of Formula I generally have several centers of asymmetry and
      in all cases at least two. Therefore, they are for the most part obtained
      as mixtures of various stereoisomeric forms, e.g., as a racemate or
      usually as a mixture of racemates. Since different racemates are
      diastereomeric with respect to one another, they can be isolated from
      their mixtures due to their differing physical properties, and thus can be
      obtained in the pure form, for example by recrystallization from suitable
      solvents (wherein it is possible to employ especially, instead of the
      compounds proper, well-crystallizing derivatives), by distillative
      separation, but particularly with the aid of chromatographic methods,
      wherein it is possible to utilize adsorption chromatography or
      distribution chromatography, as well as mixed modes of operation.
PAR  The racemates can be separated into the optical antipodes thereof in
      accordance with any of a large number of conventional methods as disclosed
      in the literature. Chemical methods of separation are preferred. According
      to this method, diastereomers are formed from the racemic mixture by
      reaction with an optically active auxiliary agent. Thus, it is optionally
      possible to react an optically active base with the carboxyl group of a
      compound of Formula I (R.sub.1 = H). For example, diastereomeric salts of
      the compounds of Formula I can be formed with optically active amines,
      such as quinine, cinchonidine, brucine, cinchonine, hydroxyhydrindamine,
      morphine, 1-phenylethylamine, 1-naphthylethylamine,
      phenyloxynaphthylmethylamine, quinidine, strychnine, basic amino acids,
      such as lysine, arginine, or the amino acid esters. In a similar manner,
      ester diastereomers can be obtained by the esterification of compounds of
      Formula I (R.sub.1 = H) with optically active alcohols, e.g., borneol,
      menthol, 2-octanol. The difference in the solubility of the thus-produced
      diastereomeric salts and/or esters makes it possible to effect the
      selective crystallization of one form and the regeneration of the
      respective optically active compounds from the mixture.
PAR  The hydroxy acids and hydroxy esters of Formula I (R.sub.2 = [H,OH],
      R.sub.3 = H; R.sub.2 = [H,OH], R.sub.3 = OH; R.sub.2 = O, R.sub.3 = OH)
      can furthermore be converted into suitable diastereomeric esters by
      esterification with an optically active acid, e.g., (+)- and (-)- tartaric
      acid, dibenzoyl-(+)- and -(-)-tartaric acid, diacetyl-(+)- and
      -(-)-tartaric acid, camphoric acid, .beta.-camphorsulfonic acid, (+)- and
      (-)-mandelic acid, (+)- and (-)-malic acid, (+)- and (-)-2-phenylbutyric
      acid, (+)-dinitrodiphenic acid or (+)- and (-)-lactic acid. These esters
      can be separated on the basis of their differing solubilities into
      respective isomers. The optically active compounds of Formula I are then
      obtained in each case by the saponification of the pure diastereomer. It
      is also possible to produce first of all the acidic phthalic acid or
      succinic acid esters with phthalic acid anhydride or succinic acid
      anhydride, and then to convert the thus-obtained dibasic acids and/or the
      monoesters thereof with one of the above-mentioned, optically active bases
      into the diastereomeric salts, and then to produce the pure enantiomers
      therefrom. By reaction with optically active ketone reagents, menthyl
      hydrazine or menthyl semicarbazide, the corresponding diastereomeric
      hydrazones and/or semicarbazones can be produced from the keto acids and
      the keto esters of Formula I (R.sub.2 = O). Form these products, the pure
      enantiomers can likewise be obtained. Especially advantageous is the
      separation of the racemates or racemate mixtures by chromatography. It is
      possible to employ either optically active substrate materials, e.g.,
      tartaric acid, amylose, cane sugar, cellulose or acetyl cellulose, and
      optically inactive and/or optically active eluents for the separation into
      the pure enantiomers, or an optically inactive substrate can be used,
      e.g., silica gel or aluminum oxide, in combination with an optically
      active mobile phase. The optical antipodes can also be separated
      biochemically by a selective enzymatic reaction. Thus, the racemic acids
      of Formula I (R.sub.1 = H) can be subjected to an oxidase or optionally a
      decarboxylase, which destroys one form by oxidation or decarboxylation
      while the other form remains unaffected. It is furthermore possible to
      employ a hydrolase in case of a functional acid derivative of the racemic
      mixture for the preferred formation of an optically active form. Thus,
      esters or amides of the acids of Formula I (R.sub.1 = H) can be exposed to
      the effect of a hydrolase, which selectively saponifies one enantiomer and
      leaves the other one unchanged.
PAR  Furthermore, it is of course possible to obtain optically active compounds
      in accordance with the described methods by the use of starting materials
      which already are optically active.
PAR  If the compounds are produced by reacting a compound of Formula II wherein
      D is
      ##EQU5##
      with a compound of Formula II wherein W is H, then the residues
      -A-COOR.sub.1 and -S-R.sub.4 are normally in the trans-position, i.e.,
      when the alkylthio group is in the .beta.-position, the omega-carboxy- or
      carbalkoxyalkyl group is in the .alpha.-position, and vice versa.
PAR  If a compound of Formula I is converted into another compound of Formula I,
      or a precursor with certain steric characteristics on one or more carbon
      atoms is converted into a compound of Formula I, with the formation of a
      new center of asymmetry, it is possible to effect, by controlling the
      reaction in a certain way, that this carbon atom has predominantly a
      specific and preferably the desired, configuration.
PAR  For example, in the addition of a compound of Formula III where W is H to a
      compound of Formula II wherein D is
      ##EQU6##
      and R.sub.3 is .alpha.-acyloxy of up to 4 carbon atoms, the alkylthio
      group enters predominantly in the .beta.-position. The corresponding
      4.beta.-hydroxy-2-(omega-carboxyalkyl)-3.beta.-alkylthiocyclopentanone is
      obtained, for example, from
      4.alpha.-bromo-2-(omega-carboxyalkyl)-2-cyclopentenes by the addition of a
      compound of Formula II wherein W is H and subsequent hydrolysis with
      configuration reversal in the 4-position.
PAR  Compounds of Formula I wherein R.sub.1 is H can be converted into one of
      the physiologically acceptable metal or ammonium salts thereof by
      treatment with a base. Expecially suitable as salts are the sodium,
      potassium, magnesium, calcium and ammonium salts, including substituted
      ammonium salts, e.g., dimethyl- and diethylammonium, monoethanol-,
      diethanol- and triethanolammonium, cyclohexylammonium,
      dicyclohexylammonium and dibenzylethylenediammonium salts.
PAR  Conversely, compounds of Formula I can be liberated from the metal and
      ammonium salts thereof by treatment with an acid, especially a mineral
      acid, e.g., hydrochloric and sulfuric acid.
PAR  The novel compounds can be utilized in a mixture with solid, liquid and/or
      semiliquid excipients as drugs in human or veterinary medicine. Suitable
      vehicles are those organic or inorganic materials amenable to parenteral,
      enteral or topical application and which do not react with the novel
      compounds, e.g., water, vegetable oils, benzyl alcohols, polyethylene
      glycols, gelatin, lactose, amylose, magnesium stearate, talc, vaseline,
      cholesterol. Especially suitable for parenteral application are solutions,
      preferably oily or aqueous solutions, as well as suspensions, emulsions or
      implants. Feasible for enteral administration are tablets, dragees,
      syrups, elixirs, or suppositories, and for topical application ointments,
      creams or powders. The aforementioned preparation can optionally be
      sterilized or mixed with auxiliary agents, such as lubricants,
      preservatives, stabilizers, or wetting agents, emulsifiers, salts for
      influencing the osmotic pressure, buffers, coloring, flavoring and/or
      aromatous substances and/or other effective agents, e.g., vitamins.
PAR  The substances are preferably administered in a dosage of 0.1 - 2,000 mg.
      per dosage unit.
PAR  Pharmaceutical preparations containing natural prostaglandines are known
      e.g., from the German Offenlegungsschriften 1 692 035, 1 939 331, 1 943
      492 and 1 954 046. The pharmaceutical formulations described in these
      applications are appropriate for pharmaceutical preparations containing
      compounds of Formula I.
PAR  The IR spectra set forth hereinbelow were recorded with Perkin Elmer 6 as
      the film, and the NMR spectra were measured with Varian HA 100 or A 60 in
      CDCl.sub.3 against tetramethylsilane as the internal standard.
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative and not limitative of
      the remainder of the disclosure in any way whatsoever. The temperatures
      herein are in degrees Celsius.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 6 g. of 2-(6-carboxyhexyl)-2-cyclopentenone, 10 ml. of
      propylthiol, and 7.2 ml. of piperidine is allowed to stand at room
      temperature for 5 days, then diluted with 150 ml. of ether, the ether
      phase washed first with a mixture of 60 ml. of ice water and 6 ml. of
      concentrated HCl and then with saturated aqueous NaCl solution, dried over
      Na.sub.2 SO.sub.4, the solvent distilled off, and the residue purified by
      chromatography (silica gel/CH.sub.3 OH : CHCl.sub.3 =  1 : 9), thus
      obtaining 2-(6-carboxyhexyl)-3-propylthiocyclopentanone as an oil; R.sub.f
      =  0.3 (silica gel/chloroform : methanol = 95 : 5).
TBL  ______________________________________                                    

     Analysis:  C          H          S                                        

     Calculated:                                                               

                62.9 %     9.15 %     11.19 %                                  

     Found:     61.5 %     9.4  %     10.95 %                                  

     ______________________________________                                    

PAR  IR spectrum: bands at 1695, 1730, 2860, and 2940 cm.sup.-.sup.1, broad band
      between 3000 and 3400 cm.sup.-.sup.1.
PAR  NMR spectrum: signals at 0.86 p.p.m., 3.0 p.m.p. and 9.75 p.p.m.
PAR  Analogously, using the following starting materials:
PA1  hexanethiol
PA1  heptanethiol
PA1  octanethiol
PA1  nonanethiol
PA1  2-hydroxyethanethiol
PA1  2-hydroxypropanethiol
PA1  2-hydroxybutanethiol
PA1  2-hydroxyisobutanethiol
PA1  2-hydroxypentanethiol
PA1  2-hydroxyisopentanethiol
PA1  2-hydroxyhexanethiol
PA1  2-hydroxyisohexanethiol
PA1  2-hydroxyheptanethiol
PA1  2-hydroxyisoheptanethiol
PA1  2-hydroxyoctanethiol
PA1  2-hydroxyisooctanethiol
PA1  2-hydroxynonanethiol
PA1  2-hydroxyisononanethiol
PA1  2-hydroxy-5,5-dimethylhexylthiol
PA1  2-hydroxy-6,6-dimethylheptanethiol
PA1  2-hydroxy-7,7-dimethyloctanethiol
PA1  2-hydroxy-8,8-dimethylnonanethiol
PA1  2-hydroxy-2-methylhexanethiol
PA1  2-hydroxy-2-methylheptanethiol
PA1  2-hydroxy-2-methyloctanethiol
PA1  2-hydroxy-2-methylnonanethiol
PA1  2-hydroxy-3,3-dimethylhexanethiol
PA1  2-hydroxy-3,3-dimethylheptanethiol
PA1  2-hydroxy-3,3-dimethyloctanethiol
PA1  2-hydroxy-3,3-dimethylnonanethiol
PA1  2-hydroxy-2,3,3-trimethylhexanethiol
PA1  2-hydroxy-2,3,3-trimethylheptanethiol
PA1  2-hydroxy-2,3,3-trimethyloctanethiol
PA1  2-hydroxy-2,3,3-trimethylnonanethiol
PA1  2-hydroxy-2,5,5-trimethylhexanethiol
PA1  2-hydroxy-2,6,6-trimethylheptanethiol
PA1  2-hydroxy-2,7,7-trimethyloctanethiol
PA1  2-hydroxy-2,8,8-trimethylnonanethiol
PA1  2-hydroxy-6,6,6-trifluorohexanethiol
PA1  2-hydroxy-7,7,7-trifluoroheptanethiol
PA1  2-hydroxy-8,8,8-trifluorooctanethiol
PA1  2-hydroxy-9,9,9-trifluorononanethiol
PA1  2-hydroxy-2-methyl-6,6,6-trifluorohexanethiol
PA1  2-hydroxy-2-methyl-7,7,7-trifluoroheptanethiol
PA1  2-hydroxy-2-methyl-8,8,8-trifluorooctanethiol
PA1  2-hydroxy-2-methyl-9,9,9-trifluorononanethiol
PA1  2-hydroxy-3,3-dimethyl-6,6,6-trifluorohexanethiol
PA1  2-hydroxy-3,3-dimethyl-7,7,7-trifluoroheptanethiol
PA1  2-hydroxy-3,3-dimethyl-8,8,8-trifluorooctanethiol
PA1  2-hydroxy-3,3-dimethyl-9,9,9-trifluorononanethiol
PA1  2-hydroxy-2,3,3-trimethyl-6,6,6-trifluorohexanethiol
PA1  2-hydroxy-2,3,3-trimethyl-7,7,7-trifluoroheptanethiol
PA1  2-hydroxy-2,3,3-trimethyl-8,8,8-trifluorooctanethiol
PA1  2-hydroxy-2,3,3-trimethyl-9,9,9-trifluorononanethiol
PA1  2-hydroxy-2-phenylethanethiol
PA1  2-hydroxy-3-phenylpropanethiol
PA1  2-hydroxy-4-phenylbutanethiol
PA1  2-hydroxy-5-phenylpentanethiol
PA1  2-hydroxy-6-phenylhexanethiol
PA1  2-hydroxy-7-phenylheptanethiol
PA1  2-hydroxy-2-methyl-2-phenylethanethiol
PA1  2-hydroxy-2-methyl-3-phenylpropanethiol
PA1  2-hydroxy-2-methyl-4-phenylbutanethiol
PA1  2-hydroxy-2-methyl-5-phenylpentanethiol
PA1  2-hydroxy-2-methyl-6-phenylhexanethiol
PA1  2-hydroxy-2-methyl-7-phenylheptanethiol
PA1  2-hydroxy-3,3-dimethyl-3-phenylpropanethiol
PA1  2-hydroxy-3,3-dimethyl-4-phenylbutanethiol
PA1  2-hydroxy-3,3-dimethyl-5-phenylpentanethiol
PA1  2-hydroxy-3,3-dimethyl-6-phenylhexanethiol
PA1  2-hydroxy-3,3-dimethyl-7-phenylheptanethiol
PA1  2-hydroxy-2,3,3-trimethyl-3-phenylpropanethiol
PA1  2-hydroxy-2,3,3-trimethyl-4-phenylbutanethiol
PA1  2-hydroxy-2,3,3-trimethyl-5-phenylpentanethiol
PA1  2-hydroxy-2,3,3-trimethyl-6-phenylhexanethiol
PA1  2-hydroxy-2,3,3-trimethyl-7-phenylheptanethiol,
PA1  the final products set forth below are obtained by reaction with
      2-(6-carboxyhexyl)-2-cyclopentenone:
PA1  2-(6-carboxyhexyl)-3-hexylthio-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-heptylthio-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-octylthio-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-nonylthio-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxyethylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxypropylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2 -hydroxybutylthio-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxyisobutylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxypentylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxyisopentylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxyhexylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxyisohexylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxyheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxyisoheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxyoctylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxyisooctylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxynonylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxyisononylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-5,5-dimethylhexylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-6,6-dimethylheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-7,7-dimethyloctylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-8,8-dimethylnonylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methylhexylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methylheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyloctylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methylnonylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethylhexylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethylheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyloctylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethylnonylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethylhexylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethylheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyloctylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethylnonylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,5,5-trimethylhexylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,6,6-trimethylheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,7,7-trimethyloctylthiol)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,8,8-trimethylnonylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-6,6,6-trifluorohexylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-7,7,7-trifluoroheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-8,8,8-trifluorooctylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-9,9,9-trifluorononylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-6,6,6-trifluorohexylthio)-cyclopen
     tanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-7,7,7-trifluoroheptylthio)-cyclope
     ntanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-8,8,8-trifluorooctylthio)-cyclopen
     tanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-9,9,9-trifluorononylthio)-cyclopen
     tanone
PA1  2-(6-carboxyhexyl-3-(2-hydroxy-3,3-dimethyl-6,6,6-trifluorohexylthio)-cyclo
     pentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-7,7,7-trifluoroheptylthio)-cyc
     lopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-8,8,8-trifluorooctylthio)-cycl
     opentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-9,9,9-trifluorononylthio)-cycl
     opentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-6,6,6-trifluorohexylthio)-c
     yclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-7,7,7-trifluoroheptylthio)-
     cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-8,8,8-trifluorooctylthio)-c
     yclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-9,9,9-trifluorononylthio)-c
     yclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-phenylethylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3-phenylpropylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-4-phenylbutylthio)- cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-5-phenylpentylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-6-phenylhexylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-7-phenylheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-2-phenylethylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-3-phenylpropylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2methyl-4-phenylbutylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-5-phenylpentylthio)-cyclopentanone
PA1  2(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-6-phenylhexylthio-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-7-phenylheptylthio-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-3-phenylpropylthio)-cyclopenta
     none
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-4-phenylbutylthio)-cyclopentan
     one
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-5-phenylpentylthio)-cyclopenta
     none
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-6-phenylhexylthio)-cyclopentan
     one
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-7-phenylheptylthio-cyclopentan
     one
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-3-phenylpropylthio)-cyclope
     ntanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-4-phenylbutylthio)-cyclopen
     tanone
PA1  2-(6carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-5-phenylpentylthio)-cyclopen
     tanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-6-phenylhexylthio)-cyclopen
     tanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-7-phenylheptylthio)-cyclope
     ntanone.
PAC  EXAMPLE 2
PAR  5 g. of dry triethylamine is added to a mixture of 3.1 g. of
      2-(6-carboxyhexyl)-2-cyclopentenone and 1.5 g. of 2-hydroxyheptanethiol
      dissolved in 30 ml. of dry ethanol; the reaction mixture is refluxed for 8
      hours and then introduced into a mixture of 150 ml. of ice water and 10
      ml. of concentrated HCl, extracted with 200 ml. of ether, and the organic
      phase is washed with saturated aqueous NaCl solution, dried over Na.sub.2
      SO.sub.4, the solvent is evaporated, and the product, obtained after
      purifying the residue by chromatography (silica gel/CH.sub.3 OH :
      CHCl.sub.3 =  1 : 9), is
      2-(6-carboxyhexyl)-3-(2-hydroxyheptylthio)-cyclopentanone as an oil.
      R.sub.f =  0.2 (silica gel/chloroform : methanol = 95 : 5).
TBL  ______________________________________                                    

     Analysis:  C          H          S                                        

     Calculated:                                                               

                63.65 %    9.56 %     8.94 %                                   

     Found:     62.7  %    9.5  %     8.3  %                                   

     ______________________________________                                    

PAR  IR spectrum: bands at 1700, 1730, 2880, and 2950 cm.sup.-.sup.1, broad band
      between 3000 and 3500 cm.sup.-.sup.1.
PAR  NMR spectrum: signals at 0.9 p.p.m., 3.1 p.p.m., 3.75 p.p.m., and 6.8
      p.p.m.
PAR  Analogously, with the use of the following starting compounds:
PA1  heptanethiol
PA1  nonanethiol
PA1  2-hydroxyheptanethiol
PA1  2-hydroxynonanethiol
PA1  2-hydroxy-2-methylheptanethiol
PA1  2-hydroxy-2-methylnonanethiol
PA1  2-hydroxy-3,3-dimethylheptanethiol
PA1  2-hydroxy-3,3-dimethylnonanethiol
PA1  2-hydroxy-6,6,-dimethylheptanethiol
PA1  2-hydroxy-8,8-dimethylnonanethiol
PA1  2-hydroxy-2,3,3-trimethylheptanethiol
PA1  2-hydroxy-2,3,3-trimethylnonanethiol
PA1  2-hydroxy-2,6,6-trimethylheptanethiol
PA1  2-hydroxy-2,8,8-trimethylnonanethiol
PA1  2-hydroxy-7,7,7-trifluoroheptanethiol
PA1  2-hydroxy-9,9,9-trifluorononanethiol
PA1  2-hydroxy-2-methyl-7,7,7-trifluoroheptanethiol
PA1  2-hydroxy-2-methyl-9,9,9-trifluorononanethiol
PA1  2-hydroxy-3,3-dimethyl-7,7,7-trifluoroheptanethiol
PA1  2-hydroxy-3,3-dimethyl-9,9,9-trifluorononanethiol
PA1  2-hydroxy-2,3,3-trimethyl-7,7,7-trifluoroheptanethiol
PA1  2-hydroxy-2,3,3-trimethyl-9,9,9-trifluorononanethiol
PA1  2-hydroxy-3-phenylpropanethiol
PA1  2-hydroxy-5-phenylpentanethiol
PA1  2-hydroxy-2-methyl-3-phenylpropanethiol
PA1  2-hydroxy-2-methyl-5-phenylpentanethiol
PA1  2-hydroxy-3,3-dimethyl-3-phenylpropanethiol
PA1  2-hydroxy-3,3-dimethyl-5-phenylpentanethiol
PA1  2-hydroxy-2,3,3-trimethyl-3-phenylpropanethiol
PA1  2-hydroxy-2,3,3-trimethyl-5-phenylpentanethiol,
PA1  the final products set forth below are obtained by reaction with
      2-(6-carbethoxyhexyl)-2-cyclopentenone:
PA1  2-(6-carbethoxyhexyl)-3-heptylthio-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-nonylthio-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxyheptylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxynonylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methylheptylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methylnonylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethylheptylthio-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethylnonylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-6,6-dimethylheptylthio-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-8,8-dimethylnonylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethylheptylthio)-cyclopentanon
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethylnonylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,6,6-trimethylheptylthio)-cyclopentanon
     e
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,8,8-trimethylnonylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-7,7,7-trifluoroheptylthio)-cyclopentanon
     e
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-9,9,9-trifluorononylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methyl-7,7,7-trifluoroheptylthio)-cycl
     opentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methyl-9,9,9-trifluorononylthio)-cyclo
     pentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethyl-7,7,7-trifluoroheptylthio)-
     cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethyl-9,9,9-trifluorononylthio)-c
     yclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-7,7,7-trifluoroheptylthi
     o)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-9,9,9-trifluorononylthio
     )-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3-phenylpropylthio)-cyclopentanone
PA1  2(6-carbethoxyhexyl)-3-(2-hydroxy-5-phenylpentylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methyl-3-phenylpropylthio)-cyclopentan
     one
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methyl-5-phenylpentylthio)-cyclopentan
     one
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethyl-3-phenylpropylthio)-cyclope
     ntanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethyl-5-phenylpentylthio)-cyclope
     ntanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-3-phenylpropylthio)-cycl
     opentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-5-phenylpentylthio)-cycl
     opentanone.
PAC  EXAMPLE 3
PAR  3.2 g. of 2-(6-carbethoxyhexyl)-2-cyclopentenone, dissolved in 20 ml. of
      dry ethanol, is added to a solution of sodium heptanethiolate (producible
      by dissolving 0.24 g. of sodium in 30 ml. of dry ethanol and adding 1.3 g.
      of heptylthiol); the reaction mixture is agitated under nitrogen for 24
      hours at 40.degree., then diluted with 150 ml. of ice water and 10 ml. of
      concentrated HCl, extracted with CH.sub.2 Cl.sub.2, washed with saturated
      aqueous NaCl solution, dried over Na.sub.2 SO.sub.4, and the solvent is
      distilled off. After purifying the residue by chromatography,
      2-(6-carbethoxyhexyl)-3-heptylthio-cyclopentanone is obtained. R.sub.f =
      0.7 (silica gel/chloroform).
TBL  ______________________________________                                    

     Analysis:  C          H          S                                        

     Calculated:                                                               

                68.07 %    10.33 %    8.65 %                                   

     Found:     67.8  %    10.4  %    8.6  %                                   

     ______________________________________                                    

PAR  IR spectrum: bands at 1730, 2870, and 2950 cm.sup..sup.-1.
PAR  NMR spectrum: signals at 0.9 p.p.m. and 3.0 p.p.m.; signal between 3.95
      p.p.m. and 4.3 p.p.m. (quartet).
PAR  Analogously, with the use of the following starting compounds:
PA1  sodium 2-hydroxy-2-p-tolylethanethiolate
PA1  sodium 2-hydroxy-3-p-tolylpropanethiolate
PA1  sodium 2-hydroxy-4-p-tolylbutanethiolate
PA1  sodium 2-hydroxy-5-p-tolylpentanethiolate
PA1  sodium 2-hydroxy-2-methyl-2-p-tolylethanethiolate
PA1  sodium 2-hydroxy-2-methyl-3-n-tolylpropanethiolate
PA1  sodium 2-hydroxy-2-methyl-4-p-tolylbutanethiolate
PA1  sodium 2-hydroxy-2-methyl-5-p-tolylpentanethiolate
PA1  sodium 2-hydroxy-3,3-dimethyl-3-p-tolylpropanethiolate
PA1  sodium 2-hydroxy-3,3-dimethyl-4-p-tolylbutanethiolate
PA1  sodium 2-hydroxy-3,3-dimethyl-5-p-tolylpentanethiolate
PA1  sodium 2-hydroxy-2,3,3-trimethyl-3-p-tolylpropanethiolate
PA1  sodium 2-hydroxy-2,3,3-trimethyl-4-p-tolylbutanethiolate
PA1  sodium 2-hydroxy-2,3,3-trimethyl-5-p-tolylpentanethiolate,
PA1  the products set forth below are obtained by reaction with
      2-(6-carbethoxyheptyl)-2-cyclopentenone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-p-tolylethylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3-p-tolylpropylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-4-p-tolylbutylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-5-p-tolylpentylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methyl-2-p-tolylethylthio)-cyclopentan
     one
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methyl-3-p-tolylpropylthio)-cyclopenta
     none
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methyl-4-p-tolylbutylthio)-cyclopentan
     one
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methyl-5-p-tolylpentylthio)-cyclopenta
     none
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethyl-3-p-tolylpropylthio)-cyclop
     entanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethyl-4-p-tolylbutylthio)-cyclope
     ntanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethyl-5-p-tolylpentylthio)-cyclop
     entanone
PA1  2-(6carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-3-p-tolylpropylthio)-cycl
     opentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-4-p-tolylbutylthio)-cycl
     opentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-5-p-tolylpentylthio)-cyc
     lopentanone.
PAC  EXAMPLE 4
PAR  Analogously to Example 1, with the use of the following starting materials:
PA1  2-(4-carbethoxybutyl)-2-cyclopentenone
PA1  2-(5-carbethoxypentyl)-2-cyclopentenone
PA1  2-(7-carbethoxyheptyl)-2-cyclopentenone
PA1  2-(8-carbethoxyoctyl)-2-cyclopentenone,
PAL  the final products set forth below are obtained by reaction with
      2-hydroxyheptanethiol:
PA1  2-(4-carbethoxybutyl)-3-(2-hydroxyheptylthio)-cyclopentanone
PA1  2-(5-carbethoxypentyl)-3-(2-hydroxyheptylthio)-cyclopentanone
PA1  2-(7-carbethoxyheptyl)-3-(2-hydroxyheptylthio)-cyclopentanone
PA1  2-(8-carbethoxyoctyl)-3-(2-hydroxyheptylthio)-cyclopentanone;
PA1  by reaction with 2-hydroxynonanethiol:
PA1  2-(4-carbethoxybutyl)-3-(2-hydroxynonylthio)-cyclopentanone
PA1  2-(5-carbethoxypentyl)-3-(2-hydroxynonylthio)-cyclopentanone
PA1  2-(7-carbethoxyheptyl)-3-(2-hydroxynonylthio)-cyclopentanone
PA1  2-(8-carbethoxyoctyl)-3-(2-hydroxynonylthio)-cyclopentanone;
PA1  by reaction with 2-hydroxy-3,3-dimethylheptanethiol:
PA1  2-(4-carbethoxybutyl)-3-(2-hydroxy-3,3-dimethylheptylthio)-cyclopentanone
PA1  2-(5-carbethoxypentyl)-3-(2-hydroxy-3,3-dimethylheptylthio)-cyclopentanone
PA1  2-(7-carbethoxyheptyl)-3-(2-hydroxy-3,3-dimethylheptylthio)-cyclopentanone
PA1  2-(8-carbethoxyoctyl)-3-(2-hydroxy-3,3-dimethylheptylthio)-cyclopentanone;
PA1  by reaction with 2-hydroxy-3,3-dimethylnonanethiol:
PA1  2-(4-carbethoxybutyl)-3-(2-hydroxy-3,3-dimethylnonylthio)-cyclopentanone
PA1  2-(5-carbethoxypentyl)-3-(2-hydroxy-3,3-dimethylnonylthio)-cyclopentanone
PA1  2-(7-carbethoxyheptyl)-3-(2-hydroxy-3,3-dimethylnonylthio)-cyclopentanone
PA1  2-(8-carbethoxyoctyl)-3-(2-hydroxy-3,3-dimethylnonylthio)-cyclopentanone.
PAC  EXAMPLE 5
PAR  A mixture of 6 g. of 2-(6-carbethoxyhexyl)-2-cyclopentenone, 10 ml. of
      propanethiol, and 7.2 ml. of piperidine is allowed to stand for 5 days at
      room temperature, then diluted with 150 ml. of ether, and the ether phase
      is washed first with a mixture of 60 ml. of ice water and 6 ml. of
      concentrated HCl, and then with saturated aqueous NaCl solution, dried
      over NaSO.sub.4, and the solvent distilled off. After purifying the
      residue by chromatography (silica gel/chloroform),
      2-(carbethoxyhexyl)-3-propylthio-cyclopentanone is produced as an oil.
PAR  R.sub.f = 0.7 (silica gel/chloroform).
TBL  ______________________________________                                    

     Analaysis: C          H          S                                        

     Calculated:                                                               

                64.93 %    9.61 %     10.2 %                                   

     Found:     65.6  %    9.7  %      9.8 %                                   

     ______________________________________                                    

PAR  IR spectrum: bands at 1730, 2870, and 2950 cm.sup..sup.-1.
PAR  NMR spectrum: signals at 1.0 p.p.m., 3.0 p.p.m., and 4.0 - 4.22 p.p.m.
      (quartet).
PAC  EXAMPLE 6
PAR  3.2 g. of 2-(6-cyanohexyl)-3-heptylthio-cyclopentanone (obtainable from the
      potassium salt of the ethyl ester of 2-oxocyclopentanecarboxylic acid and
      6-cyanohexyl bromide, treating the thus-obtained ethyl ester of
      1-(6-cyanohexyl)-2-oxocyclopentanecarboxylic acid with bromine and
      subsequently with sulfuric acid, and addition of heptylthiol to the
      thus-produced 2-(6-cyanohexyl)-2-cyclopentenone) is refluxed for 3 hours
      in a mixture of 30 ml. of water and 20 ml. of concentrated sulfuric acid.
      After the mixture has been cooled, it is poured into 100 ml. of ice water,
      extracted twice with respectively 40 ml. of CH.sub.2 Cl.sub.2, the organic
      phase washed with water, dried over Na.sub.2 SO.sub.4, and the solvent
      distilled off. After purifying the residue by chromatography (silica
      gel/chloroform), the thus-obtained product is
      2-(6-carboxyhexyl)-3-heptylthio-cyclopentanone.
PAR  R.sub.f = 0.3 (silica gel/chloroform: methanol = 95 : 5).
TBL  ______________________________________                                    

     Analysis:  C          H          S                                        

     Calculated:                                                               

                66.62 %    10.01 %    9.36 %                                   

     Found:     65.5  %     9.17 %    9.8  %                                   

     ______________________________________                                    

PAR  IR spectrum: bands at 1700, 1730, 2860, and 2940 cm.sup..sup.-1 ; broad
      band between 3000 and 3400 cm.sup..sup.-1.
PAR  NMR spectrum: signals at 0.86 p.p.m., 3.0 p.p.m., and 9.75 p.p.m.
PAC  EXAMPLE 7
PAR  3.4 g. of 2-(6-carboxamidohexyl)-3-heptylthio-cyclopentanone (obtainable
      from the potassium salt of the ethyl ester of 2-oxocyclopentanecarboxylic
      acid and 6-carboxamidohexyl bromide [obtainable from 7-bromoheptanoic acid
      and thionyl chloride and reaction of the thus-produced 7 -bromoheptanoic
      acid chloride with aqueous ammonia], treating the thus-obtained ethyl
      ester of 1-(6-carboxamidohexyl)-2-oxocyclopentanecarboxylic acid with
      bromine and subsequently with H.sub.2 SO.sub.4, and addition of
      heptylthiol to the thus-produced 2-(6-carboxamidohexyl)-2-cyclopentanone)
      is refluxed for one hour with a mixture of 30 ml. of 2N aqueous NaOH and
      10 ml. of ethanol; after cooling, the reaction mixture is poured into 50
      ml. of aqueous 2N HCl, twice extracted with respectively 30 ml. of
      CH.sub.2 Cl.sub.2, and the organic phase is washed with water, dried over
      Na.sub.2 SO.sub.4, and the solvent distilled off. After purifying the
      residue by chromatography (silica gel/chloroform), the product is
      2-(6-carboxyhexyl)-3-heptylthio-cyclopentanone.
PAR  R.sub.f = 0.3 (silica gel/chloroform: methanol = 95 : 5).
TBL  ______________________________________                                    

     Analysis:  C          H          S                                        

     Calculated:                                                               

                66.62 %    10.01 %    9.36 %                                   

     Found:     65.5  %     9.71 %    9.8  %                                   

     ______________________________________                                    

PAR  IR spectrum: bands at 1700, 1730, 2860, and 2940 cm.sup..sup.-1 ; broad
      band between 3000 and 3400 cm.sup..sup.-1.
PAR  NMR spectrum: signals at 0.86 p.p.m., 3.0 p.p.m., and 9.75 p.p.m.
PAC  EXAMPLE 8
PAR  5.1 g. of 1,1-dibromo-2-(6-carbethoxyhexyl)-3-heptylthio-cyclopentane
      (obtainable from 2-(6-carboxyhexyl)-3-heptylthio-cyclopentanone by
      reaction with PBr.sub.5 and ethanolysis of the thus-obtained
      2-(6-bromocarbonylhexyl)-3-heptylthio-1,1-dibromopentane) is agitated for
      4 hours in 100 ml. of a mixture of 1 g. of KOH, 50 ml. of H.sub.2 O, and
      50 ml. of dioxane; after cooling the reaction mixture is poured into 100
      ml. of 2N aqueous HCl, extracted twice with respectively 50 ml. of
      CH.sub.2 Cl.sub.2, and the organic phase is washed with water and dried
      over Na.sub.2 SO.sub.4. The solvent is then distilled off and, after
      purifying the residue by chromatography (silica gel/chloroform),
      2-(6-carboxyhexyl)-3-heptylthio-cyclopentanone is obtained.
PAR  R.sub.f = 0.3 (silica gel/chloroform: methanol = 95 : 5).
TBL  ______________________________________                                    

     Analysis:  C          H          S                                        

     Calculated:                                                               

                66.62 %    10.01 %    9.36 %                                   

     Found:     65.5  %     9.71 %    9.8  %                                   

     ______________________________________                                    

PAR  IR spectrum: bands at 1700, 1730, 2860, and 2940 cm.sup..sup.-1 ; broad
      band between 3000 and 3400 cm.sup..sup.-1.
PAR  NMR spectrum: signals at 0.86 p.p.m., 3.0 p.p.m., and 9.75 p.p.m.
PAC  EXAMPLE 9
PAR  5.0 g. of
      1.alpha.-p-toluenesulfonyloxy-2-(6-carboxyhexyl)-3-heptylthio-cyclopentane
      (obtainable from 2-(6-carboxyhexyl)-3-heptylthio-cyclopentanol-(1.alpha.)
      and p-toluenesulfonic acid chloride) is refluxed for 2 hours in 60 ml. of
      2N aqueous NaOH; after cooling, the reaction mixture is poured into 100
      ml. of 2N aqueous HCl, extracted twice with respectively 50 ml. of
      CH.sub.2 Cl.sub.2, and the organic phase is washed with water, dried over
      Na.sub.2 SO.sub.4, and then the solvent is distilled off. After purifying
      the residue by chromatography (silica gel/chloroform), the product thus
      obtained is 2-(6-carboxyhexyl)-3-heptylthio-cyclopentanol-(1.beta.).
PAR  R.sub.f = 0.3 (silica gel/chloroform: methanol = 95 : 5).
TBL  ______________________________________                                    

     Analysis:  C          H          S                                        

     Calculated:                                                               

                66.62 %    10.01 %    9.36 %                                   

     Found:     65.5  %     9.71 %    9.8  %                                   

     ______________________________________                                    

PAR  IR spectrum: bands at 1700, 1730, 2860, and 2940 cm.sup..sup.-1 ; broad
      band between 3000 and 3400 cm.sup..sup.-1.
PAR  NMR spectrum: signals at 0.86 p.p.m., 3.0 p.p.m., and 9.75 p.p.m.
PAC  EXAMPLE 10
PAR  2.0 g. of NaBH.sub.4 is added to 3.4 g. of
      2-(6-carboxyhexyl)-3-heptylthio-cyclopentanone, dissolved in 30 ml. of
      methanol; the mixture is agitated for 2 hours at 20.degree. and, after
      cooling, is poured into 100 ml. of saturated aqueous NaCl solution. The
      mixture is extracted three times with respectively 30 ml. of ether, the
      organic phase is washed with water, dried over Na.sub.2 SO.sub.4, and the
      solvent is distilled off, thus obtaining after purifying the residue by
      chromatography (silica gel/chloroform),
      2-(6-carboxyhexyl)-3-heptylthio-cyclopentanol.
PAR  Analogously, by using the following starting compounds:
PA1  2-(6-carboxyhexyl)-3-(2-hydroxyheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxynonylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methylheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methylnonylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethylheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethylnonylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-6,6-dimethylheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-8,8-dimethylnonylthio)-cyclopentanone
PA1  2(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethylheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethylnonylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,6,6-trimethylheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,8,8-trimethylnonylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-7,7,7-trifluoroheptylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-9,9,9-trifluorononylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-7,7,7-trifluoroheptylthio)-cyclope
     ntanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-9,9,9-trifluorononylthio)-cyclopen
     tanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-7,7,7-trifluoroheptylthio)-cyc
     lopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-9,9,9-trifluorononylthio)-cycl
     opentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-7,7,7-trifluoroheptylthio)-
     cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-9,9,9-trifluorononylthio)-c
     yclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3-phenylpropylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-5-phenylpentylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-3-phenylpropylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-5-phenylpentylthio)-cyclopentanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-3-phenylpropylthio)-cyclopenta
     none
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-5-phenylpentylthio)-cyclopenta
     none
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-3-phenylpropylthio)-cyclope
     ntanone
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-5-phenylpentylthio)-cyclope
     ntanone
PA1  2-(6-carbethoxyhexyl)-3-heptylthio-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxyheptylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxynonylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methylheptylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methylnonylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethylheptylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethylnonylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-6,6-dimethylheptylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-8,8-dimethylnonylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethylheptylthio)-cyclopentanon
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethylnonylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,6,6-trimethylheptylthio)-cyclopentanon
     e
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,8,8-trimethylnonylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-7,7,7-trifluoroheptylthio)-cyclopentanon
     e
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-9,9,9-trifluorononylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methyl-7,7,7-trifluoroheptylthio)-cycl
     opentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methyl-9,9,9-trifluorononylthio)-cyclo
     pentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethyl-7,7,7-trifluoroheptylthio)-
     cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethyl-9,9,9-trifluorononylthio)-c
     yclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-7,7,7-trifluoroheptylthi
     o)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-9,9,9-trifluorononylthio
     )-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3-phenylpropylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-5-phenylpentylthio)-cyclopentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methyl-3-phenylpropylthio)-cyclopentan
     one
PA1  2-(6-carbethoxyhexyl)-3-(2hydroxy-2-methyl-5-phenylpentylthio)-cyclopentano
     ne
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethyl-3-phenylpropylthio)-cyclope
     ntanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethyl-5-phenylpentylthio)-cyclope
     ntanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-3-phenylpropylthio)-cycl
     opentanone
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-5-phenylpentylthio)-cycl
     opentanone
PA1  2-(6-carbodecyloxyhexyl)-3-heptylthio-cyclopentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxyheptylthio)-cyclopentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxynonylthio)-cyclopentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2-methylheptylthio)-cyclopentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2-methylnonylthio)-cyclopentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-3,3-dimethylheptylthio)-cyclopentanon
     e
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-3,3-dimethylnonylthio)-cyclopentanone
PA1  2-(6-carbodecyloxyhexyl)3-(2-hydroxy-6,6-dimethylheptylthio)-cyclopentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-8,8-dimethylnonylthio)-cyclopentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2,3,3-trimethylheptylthio)-cyclopenta
     none
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2,3,3-trimethylnonylthio)-cyclopentan
     one
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2,6,6-trimethylheptylthio)-cyclopenta
     none
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2,8,8-trimethylnonylthio)-cyclopentan
     one
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-7,7,7-trifluoroheptylthio)-cyclopenta
     none
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-9,9,9-trifluorononylthio)-cyclopentan
     one
PA1  2-(6-carbodecyloxyhexyl)3-(2-hydroxy-2-methyl-7,7,7-trifluoroheptylthio)-cy
     clopentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2-hydroxy-2-methyl-9,9,9-trifluoronon
     ylthio)-cyclopentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-3,3-dimethyl-7,7,7-trifluoroheptylthi
     o)-cyclopentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-3,3-dimethyl-9,9,9-trifluorononylthio
     )-cyclopentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-7,7,7-trifluoroheptyl
     thio)-cyclopentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-9,9,9-trifluorononylt
     hio)-cyclopentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-3-phenylpropylthio)-cyclopentanone
PA1  2-(6carbodecyloxyhexyl)-3-(2-hydroxy-5-phenylpentylthio)-cyclopentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2-methyl-3-phenylpropylthio)-cyclopen
     tanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2-methyl-5-phenylpentylthio)-cyclopen
     tanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-3,3-dimethyl-3-phenylpropylthio)-cycl
     opentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-3,3-dimethyl-5-phenylpentylthio)-cycl
     opentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-3-phenylpropylthio)-c
     yclopentanone
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-5-phenylpentylthio)-c
     yclopentanone, the final products set forth below are obtained by reaction
      with NaBH.sub.4 :
PA1  2-(6-carboxyhexyl)-3-(2-hydroxyheptylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxynonylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methylheptylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-methylnonylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethylheptylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethylnonylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-6,6-dimethylheptylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-8,8-dimethylnonylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethylheptylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethylnonylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,6,6-trimethylheptylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,8,8-trimethylnonylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-7,7,7-trifluoroheptylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-9,9,9-trifluorononylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-7,7,7-trifluoroheptylthio)-cyclope
     ntanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-9,9,9-trifluorononylthio)-cyclopen
     tanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-7,7,7-trifluoroheptylthio)-cyc
     lopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-9,9,9-trifluorononylthio)-cycl
     opentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-7,7,7-trifluoroheptylthio)-
     cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-9,9,9-trifluorononylthio)-c
     yclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3-phenylpropylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-5-phenylpentylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-3-phenylpropylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-5-phenylpentylthio)-cyclopentanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-3-phenylpropylthio)-cyclopenta
     nol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-3,3-dimethyl-5-phenylpentylthio)-cyclopenta
     nol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-3-phenylpropylthio)-cyclope
     ntanol
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-5-phenylpentylthio)-cyclope
     ntanol
PA1  2-(6-carbethoxyhexyl)-3-heptylthio-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxyheptylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxynonylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methylheptylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methylnonylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethylheptylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethylnonylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-6,6-dimethylheptylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-8,8-dimethylnonylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethylheptylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethylnonylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,6,6-trimethylheptylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,8,8-trimethylnonylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-7,7,7-trifluoroheptylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-9,9,9-trifluorononylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3(2-hydroxy-2-methyl7,7,7trifluoroheptylthio)-cyclope
     ntanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methyl-9,9,9-trifluorononylthio)-cyclo
     pentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethyl-7,7,7-trifluoroheptylthio)-
     cyclopentanol
PA1  2-(6-carbethoxyhexyl-3-(2-hydroxy-3,3-dimethyl-9,9,9-trifluorononylthio)-cy
     clopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-7,7,7-trifluoroheptylthi
     o)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-9,9,9-trifluorononylthio
     )-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3-phenylpropylthio)-cyclopentanol
PA1  2-(6-carboethoxyhexyl)-3-(2-hydroxy-5-phenylpentylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methyl-3-phenylpropylthio)-cyclopentan
     ol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methyl-5-phenylpentylthio)-cyclopentan
     ol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethyl-3-phenylpropylthio)-cyclope
     ntanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethyl-5-phenylpentylthio)-cyclope
     ntanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-3-phenylpropylthio)-cycl
     opentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-5-phenylpentylthio)-cycl
     opentanol
PA1  2-(6-carbodecyloxyhexyl)-3-heptylthio-cyclopentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxyheptylthio)-cyclopentanol
PA1  2-(6-carbodecycloxyhexyl)-3-(2-hydroxynonylthio)-cyclopentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2-methylhepthlthio)-cyclopentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2-methylnonylthio)-cyclopentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-3,3-dimethylheptylthio)-cyclopentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-3,3-dimethylnonylthio)-cyclopentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-6,6-dimethylheptylthio)-cyclopentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-8,8-dimethylnonylthio)-cyclopentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2,3,3-trimethylheptylthio)-cyclopenta
     nol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2,3,3-trimethylnonylthio)-cyclopentan
     ol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2,6,6-trimethylheptylthio)-cyclopenta
     nol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2,8,8-trimethylnonylthio)-cyclopentan
     ol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-7,7,7-trifluoroheptylthio)-cyclopenta
     nol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-9,9,9-trifluorononylthio)-cyclopentan
     ol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2-methyl-7,7,7-trifluoroheptylthio)-c
     yclopentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2-methyl-9,9,9-trifluorononylthio)-cy
     clopentanol
PA1  2-(6-carbodecyloxy-hexyl)-3-(2-hydroxy-3,3-dimethyl-7,7,7-trifluoroheptylth
     io)-cyclopentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-3,3-dimethyl-9,9,9-trifluorononylthio
     )-cyclopentanol
PA1  2-(6-carbodecyloxyhexyl)3-(2-hydroxy-2,3,3-trimethyl-7,7,7-trifluoroheptylt
     hio)-cyclopentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-9,9,9-trifluoronylthi
     o)-cyclopentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-3-phenylpropylthio)-cyclopentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-5-phenylpentylthio)-cyclopentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2-methyl-3-phenylpropylthio)-cyclopen
     tanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2-methyl-5-phenylpentylthio)-cyclopen
     tanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-3,3-dimethyl-3-phenylpropylthio)-cycl
     opentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-3,3-dimethyl-5-phenylpentylthio)-cycl
     opentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-3-phenylpropylthio)-c
     yclopentanol
PA1  2-(6-carbodecyloxyhexyl)-3-(2-hydroxy-2,3,3-trimethyl-5-phenylpentylthio)-c
     yclopentanol.
PAC  EXAMPLE 11
PAR  4.7 g. of
      1,1-ethylenedioxy-2-(6-tert.-butoxycarbonylhexyl)-3-(2-hydroxy-2-methylhep
     tylthio)-cyclopentane (obtainable from 2-(6-carboxyhexyl)-2-cyclopentenone,
      addition of 2-hydroxyheptanethiol, subsequent ketalization with ethylene
      glycol, as well as oxidation with CrO.sub.3 in ether, addition to
      isobutylene, and reaction of the thus-obtained
      1,1-ethylenedioxy-2-(6-tert.-butoxycarbonylhexyl)-3-(2-oxoheptylthio)-cycl
     opentane with methylmagnesium bromide) is agitated for 2 hours at room
      temperature in 60 ml. of 2N aqueous HCl, extracted, after cooling, three
      times with CH.sub.2 Cl.sub.2 ; the organic phase is washed with water,
      dried over Na.sub.2 SO.sub.4, the solvent is distilled off, and
      chromatographic purification of the residue (silica gel/chloroform) yields
      2-(6-carboxyhexyl)-3-(2-hydroxy-2-methylheptylthio)-cyclopentanone.
      R.sub.f = 0.25 (silica gel/chloroform : methanol = 95 : 5).
TBL  ______________________________________                                    

     Analysis:  C          H          S                                        

     Calculated:                                                               

                64.48 %     9.74 %    8.61 %                                   

     Found:     65.6  %    10.7  %    7.9  %                                   

     ______________________________________                                    

PAR  IR spectrum: bands at 1705, 1740, 2850, 2920, and 3400 cm.sup.-.sup.1 ;
      broad band between 3000 and 3300 cm.sup.-.sup.1.
PAR  NMR spectrum: signals at 0.9 p.p.m., 2.75 p.p.m., 3.0 p.p.m., and 6.4
      p.p.m.
PAC  EXAMPLE 12
PAR  At room temperature, 70 ml. of a 0.2N diazoethane solution in ether is
      added to a solution of 3.4 g. of
      2-(6-carboxyhexyl)-3-heptylthio-cyclopentanone in 25 ml. of dry ethanol.
      The reaction mixture is poured into 100 ml. of ice water, containing 5 ml.
      of concentrated HCl, agitated, the organic phase separated, the aqueous
      phase extracted three times with respectively 30 ml. of chloroform, and
      the combined organic phases are washed with water, dried over Na.sub.2
      SO.sub.4, the solvent is distilled off, and chromatographic purification
      of the residue (silica gel/chloroform) produces
      2-(6-carbethoxyhexyl)-3-heptylthio-cyclopentanone. R.sub.f = 0.7 (silica
      gel/chloroform).
TBL  ______________________________________                                    

     Analysis:  C          H          S                                        

     Calculated:                                                               

                68.07 %    10.33 %    8.65 %                                   

     Found:     67.8  %    10.4  %    8.6  %                                   

     ______________________________________                                    

PAR  IR spectrum: bands at 1730, 2870, and 2950 cm.sup.-.sup.1.
PAR  NMR spectrum: signals at 0.9 p.p.m., 3.0 p.p.m., and between 3.95 and 4.3
      p.p.m. (quartet).
PAC  EXAMPLE 13
PAR  (a) Analogously to Example 1
      2-(6-carboxyhexyl)-3-(2-hydroxy-2-p-tolylethylthio)-cyclopentanone,
PA1  Ir spectrum: bands at 1500, 1620, 1700, and 1735 cm.sup.-.sup.1,
PA2  broad band at 3500 cm.sup.-.sup.1,
PAR  NMR spectrum: signals at 2.3 p.p.m. (singulet),
PAR  2.88 p.p.m., 4.79 p.p.m. (triplet), and between 7.2 and 7.35 p.p.m.
      (multiplet) is obtained as an oil by reacting
PAR  2-(6-carboxyhexyl)-2-cyclopentenone with
PAR  2-hydroxy-2-p-toly-ethanethiol (obtainable from 4-methylbenzaldehyde
      analogously as described in Example A); and
PAR  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-2-p-tolylethylthio)-cyclopentanone
PA1  Ir spectrum: bands at 1500, 1620, 1700, 1740 cm.sup.-.sup.1,
PA2  broad band at 3400 cm.sup.-.sup.1,
PAR  NMR spectrum: signals at 1.55 p.p.m. (singulet),
PAR  2.3 p.p.m. (singulet), and between 7.0 and 7.3 p.p.m. (multiplet) is
      obtained as an oil by reacting 2-(6-carboxyhexyl)-2-cyclopentenone with
PAR  2-hydroxy-2-methyl-2-p-toly-ethanethiol (obtainable from
      4-methylacetaphenone analogously as described in Example A).
PAR  (b) Analogously to Example 1, with the use of the following starting
      compounds
PA1  2-hydroxy-2-methylheptanethiol
PAR  2-hydroxy-2-methyl-2-p-tolylethanethiol
PAR  2-hydroxy-2-p-tolylethanethiol
PAR  2-hydroxy-2-methyl-3-phenylpropanethiol the final products set forth below
      are obtained as an oil by reaction with
      2-(6-carboxyhexyl)-4-hydroxy-2-cyclopentenone
      2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-heptylthio)-4-hydroxycyclopentano
     ne,
PA1  Ir spectrum: bands at 1710 and 1740 cm.sup.-.sup.1,
PA2  broad band at 3450 cm.sup.-.sup.1,
PA1  Nmr spectrum: signals at 0.85 p.p.m., 1.2 p.p.m., 2.3 p.p.m. (triplet), 4.2
      p.p.m. and 5.8 p.p.m. (multiplet); and a stereoisomer of this compound an
      an oil,
PA1  Ir spectrum: bands at 1710 and 1740 cm.sup.-.sup.1,
PA2  broad band at 3500 cm.sup.-.sup.1,
PA1  Nmr spectrum: signals at 0.86 p.p.m., 1.2 p.p.m.,
PAR  2.31 p.p.m. (triplet), 4.2 p.p.m. and 5.75 p.p.m. (multiplet);
PAR  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-2-p-tolyethylthio)-4-hydroxy-cyclo
     pentanone as an oil
PA1  Ir spectrum: bands at 1510, 1707 and 1740 cm.sup.-.sup.1,
PA2  broad band 3400 cm.sup.-.sup.1,
PA1  Nmr spectrum: signals at 1.6 p.p.m. (singulet),
PAR  2.3 p.p.m. (singulet), 4.2 p.p.m. and between 7.1 and 7.5 p.p.m.
      (multiplet);
PAR  and a stereoisomer of this compound as an oil,
PA1  Ir spectrum: bands at 1506, 1705 and 1740 cm.sup.-.sup.1,
PA2  broad band at 3420 cm.sup.-.sup.1,
PA1  Nmr spectrum: signals at 1.6 p.p.m. (singulet), 2.32 p.p.m. (singulet),
      4.25 p.p.m. and between 7.1 and 7.5 p.p.m. (multiplet);
PAR  2-(6-carboxyhexyl)-3-(2-hydroxy-2-p-tolylethylthio)-4-hydroxycyclopentanone
      as an oil;
PAR  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-3-phenyl-propylthio)-4-hydroxy-cyc
     lopentanone as an oil,
PA1  Ir spectrum: bands at 1500, 1715 and 1745 cm.sup.-.sup.1,
PA2  broad hand at 3450 cm.sup.-.sup.1,
PA1  Nmr spectrum: signals at 1.2 p.p.m., 2.35 p.p.m. (triplet) 5 p.p.m. (broad
      multiplet) and 7.3 p.p.m.;
PAR  and a stereoisomer of this compound as an oil,
PA1  Ir spectrum: bands at 1600, 1745 and 1750 cm.sup.-.sup.1,
PA2  broad band at 3400 cm.sup.-.sup.1,
PA1  Nmr spectrum: signals at 1.2 p.p.m., 2.25 p.p.m. (triplet) 4.25 p.p.m., 5.2
      p.p.m. (broad multiplet) and 7.3 p.p.m.
PAR  (c) 2 g of
      2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-2-p-tolylethylthio)-4-hydroxy-cyc
     lopentanone is dissolved in 50 ml methanol, two drops of water are added
      and with cooling by ice and agitating 1.5 g NaBH.sub.4 is added during 2
      hours. After addition of 50 ml ice-water the mixture is acidified with
      aqueous HCl and extracted three times with respectively 50 ml portions of
      dimethylether. The combined organic phases are washed three times with a
      saturated aqueous NaCl-solution, dried over Na.sub.2 SO.sub.4, filtered
      and evaporated. After chromatographic purification of the residue (silica
      gel/chloroform : methanol = 9 : 1)
      2-(6-carboxyhexyl-3-(2-hydroxy-2-methyl-2-p-tolylethylthio)-1,4-cyclopenta
     nediol is obtained as an oil,
PA1  Ir spectrum: bands at 1505 and 1705 cm.sup.-.sup.1,
PA1  broad band at 3350 cm.sup.-.sup.1,
PA1  Nmr spectrum: signals at 1.23 p.p.m., 2.3 p.p.m.,
PAR  4.21 p.p.m. (quartet), 4.6 p.p.m. (broad multiplet) and between 7.0 and 7.3
      p.p.m.
PAR  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methylheptylthio)-1,4-cyclopentanediol is
      obtained analogously as an oil by reduction of
      2-(6-carboxyhexyl)-3-(2-hydroxy-2-methylheptythio)-4-hydroxy-cyclopentanon
     e with NaBH.sub.4.
PAC  EXAMPLE 14
PAR  2.0 g. of acetic anhydride, dissolved in 20 ml. of pyridine, is added to a
      solution of 3.9 g. of
      2-(6-carbethoxyhexyl)-3-(2-hydroxyhepthylthio)-cyclopentanone in 30 ml. of
      pyridine. The reaction mixture is agitated for 14 hours at 25.degree., the
      reaction mixture is poured into 100 ml. of water, saturated with NaCl,
      extracted three times with respectivity 40 ml. of ether, and the organic
      phase is washed with water, dried over Na.sub.2 SO.sub.4, the solvent is
      distilled off, and chromatographic purification of the residue (silica
      gel/chloroform) yields
      2-(6-carbethoxyhexyl)-3-(2-acetoxyheptylthio)-cyclopentanone.
PAC  EXAMPLE 15
PAR  Analogously to Example 13, with the use of the following starting
      compounds:
PA1  2-(6-carbethoxyhexyl)-3-heptylthio-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methylheptylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-2-methylnonylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethylheptylthio)-cyclopentanol
PA1  2-(6-carbethoxyhexyl)-3-(2-hydroxy-3,3-dimethylnonylthio)-cyclopentanol,
PAL  the final products set forth below are obtained by reaction with acetic
      anhydride in pyridine:
PA1  2-(6-carbethoxyhexyl)-3-heptylthio-cyclopentyl acetate
PA1  2(6-carbethoxyhexyl)-3-(2-acetoxy-2-methylheptylthio)-cyclopentyl acetate
PA1  2-(6-carbethoxyhexyl)-3-(2-acetoxy-2methylnonylthio)-cyclopentyl acetate
PA1  2-(6-carbethoxyhexyl)-3-(2-acetoxy-3,3-dimethylheptylthio)-cyclopentyl
      acetate
PA1  2-(6-carboxyhexyl)-3-(2-acetoxy-3,3-dimethylnonylthio)-cyclopentyl acetate.
PAC  EXAMPLE 16
PAR  0.24 g. of sodium is dissolved in 20 ml. of dry ethanol; a solution of 3.4
      g. of 2-(6-carboxyhexyl)-2-heptylthio-cyclopentanone in 20 ml. of dry
      ethanol is added dropwise thereto, and the reaction mixture is diluted
      with 60 ml. of dry ether. The thus-precipitated sodium salt of
      2-(6-carboxyhexyl)-2-heptylthio-cyclopentanone is filtered off.
PAC  EXAMPLE 17
PAR  10 ml. of 1N aqueous HCl is added to a solution of 3.7 g. of the sodium
      salt of 2-(6-carboxyhexyl)-2-heptylthio-cyclopentanone in a mixture of 30
      ml. of water and 30 ml. of ethanol; the reaction mixture is saturated with
      NaCl, extracted three times with respectively 20 ml. of benzene, the
      organic phase washed with water, dried over Na.sub.2 SO.sub.4, the solvent
      is distilled off, and chromatographic purification of the residue (silica
      gel/chloroform) yields 2-(6-carboxyhexyl)-3-heptylthio-cyclopentanone.
PAR  R.sub.f = 0.3 (silica gel/chloroform : methanol = 95 : 5).
TBL  ______________________________________                                    

     Analysis:  C          H          S                                        

     Calculated:                                                               

                66.62 %    10.01 %    9.36 %                                   

     Found:     65.5  %     9.71 %    9.8  %                                   

     ______________________________________                                    

PAR  IR spectrum: bands at 1700, 1730, 2860, and 2940 cm.sup.-.sup.1 ; broad
      band between 3000 and 3400 cm.sup.-.sup.1.
PAR  NMR spectrum: signals at 0.86 p.p.m., 3.0 p.p.m., and 9.75 p.p.m.
PAR  The following Examples A and B describe the preparation of several of the
      starting substances employed according to the present invention:
PAC  EXAMPLE A
PAR  20 g. of a 20% sodium hydride dispersion in paraffin oil is washed three
      times with 30 ml. of dry n-pentane. The sovlent is removed, and 33 g. of
      trimethylsulfoxonium iodide is added. Then, 100 ml. of dimethyl sulfoxide
      is introduced dropwise, the mixture is agitated for 20 minutes at room
      temperature until the evolution of gas is terminated, and a solution of
      14.2 g. of 2-heptanone in 15 ml. of dimethyl sulfoxide is added dropwise
      thereto. The mixture is then stirred for another 2 hours; under ice
      cooling, 500 ml. of water is added, the mixture extracted three times with
      respectively 250 ml. of ether; the combined ether extracts are washed with
      water, dried with sodium sulfate, and the solvent is distilled off. After
      fractionation of the residue, 2-methyl-2-pentyloxirane is obtained as
      colorless liquid; b.p. = 55.degree. (20 mm. Hg).
PAR  Under ice cooling, hydrogen sulfide is introduced into 150 ml. of methanol
      under agitation until the weight gain amounts to 3.2 g. Then, a solution
      of 370 mg. of diethylamine in 11 ml. of methanol is added thereto, and
      thereafter 4.8 g. of 2-methyl-2-pentyloxirane in 18 ml. of methanol is
      introduced into the reaction mixture. Hydrogen sulfide gas is again added
      to the solution for 15 minutes, then the solution is allowed to stand at
      room temperature for 12 hours, the solvent is distilled off, and the
      residue is dissolved in 50 ml. of petroleum ether (b.p. =
      50.degree.-70.degree.), washed with water, dried with sodium sulfate, the
      solvent distilled off, and the residue thus produced is
      2-hydroxy-2-methyl-heptanethiol as a colorless liquid.
TBL  ______________________________________                                    

     Analysis:  C          H          S                                        

     Calculated:                                                               

                59.2 %     11.18 %    19.76 %                                  

     Found:     60.1 %     11.6  %    20.2  %                                  

     ______________________________________                                    

PAR  IR spectrum: bands at 920, 1140, 1380, 1465, 2570, and 3450 cm.sup.-.sup.1.
PAR  NMR spectrum: signals at 0.96 p.p.m., 1.26 p.p.m., 2.27 p.p.m., and 2.67
      p.p.m.
PAR  Analogously, other 2-hydroxy-2-methyl-R.sub.4 -sulfides of Formula II can
      also be produced from the corresponding ketones, especially those
      disclosed in Examples 1 and 2.
PAC  EXAMPLE B
PAR  Under agitation, 500 g. of potassium salt of the ethyl ester of
      2-oxocyclopentanecarboxylic acid is added to a boiling solution of 550 g.
      of the ethyl ester of 7-bromoenanthic acid in 6 l. of toluene; the mixture
      is further refluxed and, after one hour, another 250 g. of the potassium
      salt of the ethyl ester of 2-oxocyclopentanecarboxylic acid is added
      thereto. The reaction mixture is refluxed for another 24 hours, filtered
      after cooling, the solvent is distilled off, the residue is diluted with 3
      l. of ether, washed with water, dried over Na.sub.2 SO.sub.4, and the
      solvent is distilled off. After fractionation of the residue,
      2-carbethoxy-2-(6-carbethoxyhexyl)-cyclopentanone is obtained as a
      colorless oil, b.p. = 165.degree. (0.3 mm. Hg).
PAR  Under agitation at 20.degree. , 48 g. of Br.sub.2, dissolved in 500 ml. of
      CHCl.sub.3, is added dropwise within 2 hours to a solution of 100 g. of
      2-carbethoxy-2-(6-carbethoxyhexyl)-cyclopentanone in 1 l. of CHCl.sub.3.
      The solvent is distilled off, the residue is taken up in a mixture of 4 l.
      of ethanol, l kg. of H.sub.2 SO.sub.4 (density: 1.84), and 100 ml. of
      H.sub.2 O, refluxed for 18 hours under N.sub.2 and poured on 10 kg. of ice
      after cooling. The reaction mixture is extracted three times with
      respectively 5 l. of ether, the combined ether extracts are dried over
      Na.sub.2 SO.sub.4, the solvent is distilled off, and chromatographic
      purification of the residue (silica gel/petroleum ether : ether =1 : 1)
      yields 2-(6-carbethoxyhexyl)- 2-cyclopentenone.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically or specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Compounds of the formula
      ##SPC5##
PAL  wherein R.sub.1 is H or alkyl of up to 12 carbon atoms; R.sub.2 is =O,
      (H,OH) or (H,acyloxy) wherein acyloxy is alkanoyloxy or alkanesulfonyloxy
      each of up to 4 carbon atoms; R.sub.3 is H, OH or acyloxy as defined
      above; R.sub.4 is alkyl, fluoroalkyl, 2-hydroxyalkyl or 2-acyloxyalkyl
      wherein acyloxy is as defined above, each alkyl being of 2 of 12 carbon
      atoms which is unsubstituted or substituted by phenyl of p-tolyl; and A is
      alkylene of 4 to 8 carbon atoms which is unsubstituted or substituted by
      F, and the physiologically acceptable salts thereof.
NUM  2.
PAR  2. A compound of claim 1 wherein R.sub.3 is H.
NUM  3.
PAR  3. A compound of claim 1 wherein R.sub.3 is OH.
NUM  4.
PAR  4. A compound of claim 1 wherein A is hexamethylene.
NUM  5.
PAR  5. A compound of claim 1 wherein R.sub.1 is H or alkyl of 1-6 carbon atoms.
NUM  6.
PAR  6. A compound of claim 1 wherein R.sub.2 is =O or H,OH.
NUM  7.
PAR  7. A compound of claim 1 wherein A is hexamethylene; R.sub.1 is H or
      straight chain alkyl of 1 to 6 carbon atoms, R.sub.2 is=O or H,OH; R.sub.3
      is H or OH; and R.sub.4 is 2-hydroxyalkyl of 2 to 12 carbon atoms or a
      corresponding group substituted by p-tolyl in the .omega.-position.
NUM  8.
PAR  8. A compound of claim 7 wherein R.sub.3 is OH.
NUM  9.
PAR  9. A compound of claim 1,
PA1  2-(6-carboxyhexyl)-3-heptylthio-cyclopentanone.
NUM  10.
PAR  10. A compound of claim 1,
PA1  2-(6-carbethoxyhexyl)-3-heptylthio-cyclopentanone.
NUM  11.
PAR  11. A compound of claim 1,
PA1  2-(6-carboxyhexyl)-3-(2-hydroxyheptylthio)-cyclopentanone.
NUM  12.
PAR  12. A compound of claim 1,
PA1  2-(6-carboxyhexyl)-3-heptylthio-cyclopentanol-(1.beta.).
NUM  13.
PAR  13. A compound of claim 1,
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methylheptylthio)-cyclopentanone.
NUM  14.
PAR  14. A compound of claim 1,
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-p-tolylethylthio)-cyclopentanone.
NUM  15.
PAR  15. A compound of claim 1,
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-2-p-tolylethylthio)-cyclopentanone
NUM  16.
PAR  16. A compound of claim 1,
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methylheptylthio)-4-hydroxy-cyclopentanon
     e.
NUM  17.
PAR  17. A compound of claim 1,
      2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-2-p-tolylethylthio)-4-hydroxy-cyc
     lopentanone.
NUM  18.
PAR  18. A compound of claim 1,
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-3-phenylpropylthio-4-hydroxy-cyclo
      pentanone.
NUM  19.
PAR  19. A compound of claim 1,
PA1  2-(6-carboxyhexyl)-3-(2-hydroxy-2-methyl-2-p-tolylethylthio)-1,4-cyclopenta
     nediol.
PATN
WKU  039324885
SRC  5
APN  520044&
APT  1
ART  124
APD  19741101
TTL  Etherification of bark extracts and condensed tannins
ISD  19760113
NCL  12
ECL  1
EXA  Phillips; D. R.
EXP  Gotts; Lewis
INVT
NAM  Sears; Karl David
CTY  Shelton
STA  WA
ASSG
NAM  International Telephone and Telegraph Corporation
CTY  New York
STA  NY
COD  02
RLAP
COD  72
APN  282333
APD  19720821
PSC  01
PNO  3856845
CLAS
OCL  2604735
XCL  260124
XCL  252  85
EDF  2
ICL  C07C 6976
FSC  260
FSS  473.5;124 R
UREF
PNO  3856845
ISD  19741200
NAM  Sears
OCL  260124R
LREP
FR2  Raden; James B.
FR2  Holt; Harold J.
ABST
PAL  Polyphenolic extracts of coniferous tree barks and condensed tannins from
      wood such as quebracho extracts are etherified by reaction at elevated
      temperature in the presence of an alkaline catalyst with an olefin
      containing a double bond-activated carbonyl group having the structure
      ##EQU1##
      A particularly effective olefin is acrolein. The reaction products are
      produced in high yield, are water or alkali soluble and act among other
      uses as good dispersants.
PARN
PAR  This is a continuation-in-part of application Ser. No. 282,333, filed Aug.
      21, 1972, now U.S. Pat. No. 3,856,845.
BSUM
PAR  The present invention relates to etherified polyphenolic derivatives of
      coniferous bark extracts and condensed tannin wood extracts and to a
      process for their preparation.
PAR  Bark from coniferous trees is essentially a waste by-product of lumbering
      and pulping operations. Certain uses have been made of bark but the
      available supply still far exceeds the demand. New uses and outlets for
      coniferous bark products are therefore constantly being sought, not only
      for the economic advantages that would flow from the successful use of a
      waste product, but also because of the very favorable impact that the
      conversion of a waste material into a useful product would have on the
      pollution problem.
PAR  The etherification of phenols at elevated temperatures in the presence of
      alkaline catalysts is known. It is also known that the alkaline extract
      resulting from the digestion of coniferous bark can be converted into
      water-soluble derivatives by reaction with a variety of chemical
      compounds. However, the reactions of the complex polyphenolic extracts
      from tree barks differ in many important respects from those of phenols
      and the types and conditions of reaction are quite dissimilar.
PAR  It is accordingly a principal object of the present invention to provide a
      new class of useful compositions from bark extracts and from condensed
      tannins from wood.
PAR  It is an additional object of this invention to provide a new class of
      water-soluble compositions which form good dispersants and have a number
      of other potentially valuable uses.
PAR  It is still an additional object of this invention to provide a process for
      readily obtaining high yields of such compositions in a relatively simple,
      economical process.
PAR  It has now been discovered that the polyphenolic extracts of coniferous
      tree barks and condensed tannin extracts from wood can be converted into
      water-soluble etherified polyphenolic derivatives by reacting the
      polyphenolics at an elevated temperature in the presence of an alkaline
      catalyst with an olefin containing a double bond-activated carbonyl group
      having the structure
      ##EQU2##
      Starting materials are the alkaline or sulfited extracts obtained from
      coniferous tree bark and condensed tannin extracts obtained from wood
      and/or barks. The reaction products are water alkali soluble polyphenolic
      ethers that are useful as dispersants in drilling mud formulations and
      possess reactive carbonyl groups making them potentially valuable for a
      number of applications or as intermediates for the production of useful
      end products.
PAR  The bark extract used as a starting material in the process of the present
      invention may be the alkaline extract obtained by digesting coniferous
      barks as disclosed in U.S. Pat. Nos. 2,782,241, 2,819,295 or 2,823,223,
      all assigned to the present assignee. The sulfited or sulfonated extract
      may be the type shown in U.S. Pat. No. 2,831,022, assigned to the present
      assignee. The latter patent discloses the digestion of coniferous barks at
      elevated temperature in the presence of suitable amounts of a salt of
      sulfurous acid until most of the sulfurous acid salt radical is consumed
      and then drying the sulfonated bark extract. Preparation of these
      materials leads principally to the extraction of the polyphenolic
      flavanoid fractions -- condensed tannin related materials -- from the
      bark. The condensed tannin extracts useful in the invention are
      commercially available products such as hot water extracts from quebracho
      wood.
PAR  In the etherification reaction, the bark polyphenolic or condensed tannin
      reacts with the double bond-activated carbonyl compound at one or more of
      the active sites. The carbonyl compound will, in general, conform to the
      following formula
      ##EQU3##
      in which R.sub.1 and R.sub.2 are the same or different and are selected
      from the group consisting of H, 1 to 3 carbon alkyl,
      ##EQU4##
      in which M is an alkali metal and R.sub.4 is a 1 to 3 carbon alkyl.
      R.sub.3 is selected from the group consisting of H, 1 to 3 carbon alkyl,
      OH, OM or OR.sub.4 where M and R.sub.4 have the meaning given above. An
      illustrative olefin particularly useful in the invention is acrolein.
      Other useful olefins are acrylic acid, alpha methyl acrolein, maleic acid
      and methyl methacrylate. Anhydrides of olefins containing double
      bond-activated carbonyl groups, such as maleic anhydride, are also useful.
      In addition, the esters and salts of the foregoing olefins may also be
      used such as dimethyl and diethyl maleate and disodium maleate.
PAR  The process of producing etherified polyphenolics will vary somewhat
      depending upon the specific olefin and polyphenolic starting materials
      used and the nature of the product desired. More specifically, the
      activated olefin and polyphenol in aqueous solution, or solid form, and
      catalyst, such as NaOH, are reacted together for from about 0.5 to 4.0
      hours at a temperature of from about 110.degree. to 260.degree.C
      preferably from about 150.degree. to 190.degree.C., and corresponding
      pressures. The alkaline catalyst can be added as such or an alkaline
      extract can be used which contributes alkalinity. The alkaline catalyst,
      such as Na or K hydroxide, is added in catalytic amounts - preferably one
      mole of hydroxide per mole of monomeric unit in the polyphenolic. This
      will normally be 10% by weight based on the weight of the extract and the
      pH will normally be from 9 to 10. Upon completion of the reaction, any
      unreacted reagents are removed from the mixture as by boiling and the
      product recovered by a convenient method such as freeze drying. The ratio
      of olefin to polyphenol is not particularly critical, mole:mole ratios of
      olefin to monomeric unit in the polyphenolic ranging from one to ten
      having been tested successfully. Little gain in yield or substitution
      level in most cases is attained, however, by the use of ratios in excess
      of about 4.0 to 5.0. This was not true in the case of acrolein where the
      weight of reaction product increased linearly as the amount of acrolein
      used increased. Other conditions remaining the same, the olefin
      substitution level will vary, within limits, with the amount added. The
      type of vegetative polyphenolic extract used also does not appear to be
      particularly critical. Successful etherification levels have been
      accomplished on alkaline bark extracts, sulfited bark extracts and on
      quebracho wood extracts. When using acrolein, yields as high as 90 to 95
      percent of theoretical are readily obtained in each case.
DETD
PAR  The following examples are illustrative of the practice of the invention.
PAC  EXAMPLE 1
PAR  This example illustrates the reaction of a western hemlock polyphenolic
      alkaline bark extract with methyl acrylate. The extract was prepared by
      digesting the tree bark in an alkaline solution and then drying. Methyl
      acrylate (12 g.) and the extract (15 g.) in water (60 ml.) were
      transferred to a steel vessel that was sealed and placed in a laboratory
      oven and heated for 2 hours at 170.degree.C. After cooling, the pH of the
      solution (5.13) was adjusted to 3.0 (4.5 ml. conc. HCl). The precipitate
      was removed by filtration and given several rinses (150 ml.) before
      freeze-drying to yield 9.26 g. of reaction product.
PAC  EXAMPLE 2
PAR  Reactions between the extract used in Example 1 and acrylic acid were
      carried out by essentially the same methods as those employed in Example
      1. The equivalents per mole of extract were slightly lower and the pH was
      adjusted to 9 with NaOH prior to reaction. The results of 2 samples each
      in accordance with Example 1 and 2 are set forth below in Table I and II
      respectively.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Oven Reactions of Extract with Methyl Acrylate.sup.a (Example 1)          

                                    CH.sub.2 =CH--CO.sub.2 H                   

                                    Incorporation.sup.e, %                     

             CH.sub.2 =CH--CO.sub.2 CH.sub.3                                   

                         Yield Net  As % of   As % of                          

     Sample                                                                    

         Temp.   mole/mole                                                     

                         of ppt.                                               

                               CO.sub.2 H.sup.d                                

                                    CH.sub.2 =CH--CO.sub.2 CH.sub.3            

                                              Theoret.                         

     No. .degree.C.                                                            

             g.  of extract.sup.c                                              

                         Wt., %.sup.b                                          

                               %    Dosage    Maximum.sup.f                    

     __________________________________________________________________________

     1   170 12  2.93    59.1  3.7  14.7      19.0                             

     2   210 12  2.93    57.3  5.7  22.5      12.4                             

     TABLE II                                                                  

     Oven Reactions of Extract with Acrylic Acid.sup.a (Example 2)             

                                    CH.sub.2 =CH--CO.sub.2 H                   

                                    Incorporation.sup.e, %                     

             CH.sub.2 =CH--CO.sub.2 H                                          

                         Yield Net  As % of   As % of                          

     Sample                                                                    

         Temp.   mole/mole                                                     

                         of ppt.                                               

                               CO.sub.2 H.sup.d                                

                                    CH.sub.2 = CH--CO.sub.2 H                  

                                              Theoret.                         

     No. .degree.C                                                             

             g.  of extract.sup.c                                              

                         Wt., %.sup.b                                          

                               %    Dosage    Maximum.sup.f                    

     __________________________________________________________________________

     1   210 8.4 2.42    53.5  5.7  25.4      19.0                             

     2   250 8.4 2.42    56.1  5.5  24.4      18.2                             

     __________________________________________________________________________

      .sup.a 2 hour reactions using 40 g. of extract.                          

      .sup.b Based on weight of extract starting material.                     

      .sup.c Based on Mw of 312/monomeric unit of extract.                     

      .sup.d Obtained by back titration using 01 NHCl.                         

      .sup.e Based on carboxyl content as determined by titration.             

      .sup.f Four moles per mole of monomeric phonolic unit, theor. maximum    

      CO.sub.2 H% = 30%                                                        

PAC  EXAMPLE 3
PAR  This example illustrates a typical autoclave reaction of acrolein with the
      alkaline bark extract of Example 1. Acrolein (42.6 g.) and the extract of
      Example 1 (40 g.) in water (400 ml.) were placed in an autoclave and
      heated with stirring for 2 hours at 170.degree.C. After cooling, the
      solution was removed and transferred to a beaker where it was boiled for
      one hour. The solution was freeze-dried to give a nicely lyophilized brown
      powder, 72.3 g. Other reactions were conducted by the same general
      procedure, varying acrolein dosage from 14.2 g. to 85.2 g. In a further
      set of experiments, reaction temperature was 190.degree.C. The results are
      set forth in the following Table III.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Autoclave Reactions of Extract with Acrolein.sup.a                        

             CH.sub.2 =CH--CHO    CH.sub.3 =CH=CHO                             

     Sample                                                                    

         Temp.   mole/mole        Incorporation.sup.d                          

     No. .degree.C.                                                            

             g.  of extract.sup.b                                              

                        g.   Wt. %.sup.c                                       

                                  %                                            

     __________________________________________________________________________

     1   170 14.2                                                              

                 1.98   47.6 119.0                                             

                                  87.8                                         

     2   170 28.4                                                              

                 2.96   63.1 157.8                                             

                                  92.2                                         

     3   170 42.6                                                              

                 4.94   72.3 180.7                                             

                                  87.5                                         

     4   170 56.8                                                              

                 5.92   81.9 204.7                                             

                                  84.6                                         

     5   170 71.0                                                              

                 7.90   94.7 236.8                                             

                                  85.3                                         

     6   170 85.2                                                              

                 9.88   103.2                                                  

                             258.8                                             

                                  82.4                                         

     7   190 14.2                                                              

                 1.98   47.3 118.2                                             

                                  87.2                                         

     8   190 28.4                                                              

                 2.96   58.7 146.8                                             

                                  85.8                                         

     9   190 42.6                                                              

                 4.94   69.2 173.0                                             

                                  83.7                                         

     10  190 71.0                                                              

                 7.90   84.5 211.0                                             

                                  76.1                                         

     __________________________________________________________________________

      .sup.a 2 hour reactions.                                                 

      .sup.b Based on a Mw of 312/monomeric unit assumed for extract.          

      .sup.c Based on weight of extract (40 g.).                               

      .sup.d Based on weight of product compared with total weight of starting 

      materials.                                                               

PAC  EXAMPLE 4
PAR  This example illustrates the reaction of a sulfonated extract with
      acrolein. The extract was prepared by digesting an aqueous solution of
      coniferous tree bark in a sulfurous acid solution, concentrating and spray
      drying. The extract (40 g.) in water (400 ml.) was adjusted to pH 9.0 with
      50% (w/w) sodium hydroxide solution (1.8 ml.). The solution was placed in
      an autoclave and acrolein (27 g.) was added. The solution was heated with
      stirring for 2 hours at 170.degree.C. After cooling, the solution was
      removed and transferred to a beaker where it was boiled for 1 hour with
      stirring. The solution was freeze-dried, 62.0 g. The results were as
      follows:
TBL                TABLE IV                                                    

     ______________________________________                                    

     Autoclave Reactions of Extract with Acrolein.sup.a                        

     CH.sub.2 =CH--CHO                                                         

     Sample       mole/mole  Yield     CH=CH--CHO                              

     No.   g.     of extract.sup.d                                             

                             g.   Wt. %.sup.e                                  

                                         Incorporation.sup.f                   

     ______________________________________                                    

     1.sup.b                                                                   

           27     3.95       60.0 150.0  89.5                                  

     2.sup.c                                                                   

           27     3.95       62.0 154.9  90.7                                  

     3.sup.c                                                                   

           54     7.90       84.2 210.8  88.2                                  

     ______________________________________                                    

      .sup.a 2 hour reactions at 170.degree. on 40 g. of extract.              

      .sup.b No adjustment to pH 9.                                            

      .sup.c Samples adjusted to pH 9 before addition of acrolein.             

      .sup.d Based on Mw of 326/monomeric unit assumed for extract.            

      .sup.e Based on weight of extract (40 g.).                               

      .sup.f Based on weight of product compared with total weight of starting 

      materials (calculations for samples 2 and 3 include 1.36 g. for added    

      sodium hydroxide).                                                       

PAC  EXAMPLE 5
PAR  The following example illustrates a typical reaction of an alkaline bark
      extract with maleic anhydride. The extract of Example 1 (20 g. O.D.) and
      powdered maleic anhydride (19 g.) were thoroughly mixed and placed in a
      steel vessel that was sealed and placed in a laboratory oven for 2 hours
      at 170.degree.C. After cooling, water (250 ml.) was added to the contents
      of the oven. The mixture was placed in an osterizer for about 1 minute to
      finely disperse the solid material. The mixture of pH 3.5 was then
      adjusted to pH 9.0 with sodium hydroxide solution and then boiled, with
      stirring, for 1 hour. After cooling, the solution was adjusted to pH 3.0.
      The precipitate that formed was removed by centrifuging, rinsed and
      freeze-dried, 20.4 g.
PAR  Other reactions were all conducted by the same general procedure with
      varying parameters such as time, temperature and quantity of maleic
      anhydride, as shown in Table V below. Samples 1 through 9 were all
      processed without boiling at pH 9 prior to precipitation at pH 3.0.
      Samples 10 - 15 all included the pH 9 boiling step in their processing.
PAR  Three reactions were run simultaneously in a laboratory oven with one of
      the reactions serving as a control for use as a reference. (This is the
      reason for the grouping of reactions into sets of three as seen in Table
      V.)
PAR  The carboxyl content was determined by back titration with 0.1 N HCl after
      addition of 10 ml. of 0.15N NaOH to a sample of the precipitated products.
      Two replicate determinations were run. The samples obtained were compared
      with those obtained in titration of the appropriate reference material.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     Oven Reactions of Extract with Maleic Anhydride.sup.a                     

                Maleic Anhydride                                               

     Sample                                                                    

         Temp.                                                                 

             Time    mole/mole                                                 

                            Yield ppt.                                         

                                     Net                                       

     No. .degree.C                                                             

             Hr.                                                               

                g.   of extract.sup.b                                          

                            g.  Wt. %.sup.c                                    

                                     CO.sub.2 H.sup.d %                        

     __________________________________________________________________________

     1   170 2  6.4  1.02   12.4                                               

                                62   0                                         

     2   170 2  16.0 2.50   16.2                                               

                                81   9.0                                       

     3   170 2  --   --     10.9                                               

                                55   Reference                                 

     4   170 4  6.4  1.02   15.2                                               

                                76   2.3                                       

     5   170 4  16.0 2.50   18.6                                               

                                93   6.3                                       

     6   170 4  --   --     12.8                                               

                                64   Reference                                 

     7   140 4  6.4  1.02   14.7                                               

                                74   2.3                                       

     8   140 4  16.0 2.50   19.1                                               

                                97   8.3                                       

     9   140 4  --   --     10.3                                               

                                52   Reference                                 

     10.sup.e                                                                  

         170 2  19.0 2.96   20.4                                               

                                102  7.4                                       

     11  170 2  25.0 3.90   27.7                                               

                                139  8.5                                       

     12.sup.f                                                                  

         170 2  --   --     --  --   Reference                                 

     13.sup.g                                                                  

         170 1  40.0 6.25   27.5                                               

                                138  5.3                                       

     14  170 1  60.0 9.40   30.4                                               

                                152  0                                         

     15  170 1  --   --     14.4                                               

                                72   Reference                                 

     __________________________________________________________________________

      .sup.a Reactions carried out on 20 g. O.D. extract.                      

      .sup.b Based on Mw of 312/monomeric unit assumed for extract.            

      .sup.c Based on weight extract (20 g.).                                  

      .sup.d Obtained by back titration using 0.1N HCl.                        

      .sup.e All samples prepared from 10 through 15 were boiled at pH 9 prior 

      to the pH 3 precipitation step.                                          

      .sup.f This reference sample was prepared by boiling Sample 3 in water at

      pH 9 for 1 hour and then precipitation at pH 3.                          

      .sup.g An exothermic reaction occurred during the reaction that caused   

      reaction to go to 190.degree.. The reaction was stopped after 1 hour for 

      this reason.                                                             

PAC  EXAMPLE 6
PAR  The following example illustrates a typical reaction of a sulfonated
      extract (that of Example 4) with maleic anhydride. The extract (20 g.) and
      powdered maleic anhydride (19 g.) were thoroughly mixed and added to a
      steel vessel that was sealed and placed in a laboratory oven for 2 hours
      at170.degree.C. After cooling, water (250 ml.) was added to the contents
      of the vessel. The mixture was placed in an osterizer for about one minute
      to finely disperse the solid material. The mixture of pH 3.3 was then
      adjusted to pH 3.0. The precipitate that formed was removed by
      centrifuging, rinsed and freeze-dried to yield 19.8 g.
PAR  Other reactions were conducted by the same general procedure with varying
      parameters such as time, temperature and quantity of maleic anhydride as
      shown in Table VI below. Samples 1 through 6 were processed without
      boiling at pH 9 for 1 hour prior to precipitation at pH 3.0. Samples 7 to
      12 included a pH 9 boiling step preceding precipitation in their
      processing.
PAR  Three reactions were run simultaneously in the laboratory oven with one of
      the reactions serving as a control for use as a reference. (This is why
      the reactions were grouped into sets of three as seen in Table VI.)
PAR  The carboxyl content was determined by back titration with 0.1N HCl after
      addition of an aliquot of base (10 ml. of 0.15NaOH) to a sample of the
      precipitated products. Two replicate determinations were run. Titration
      values obtained for the appropriate reference materials were substracted
      from those obtained on the precipitated fractions to obtain the net
      carboxyl content recorded in Table VI.
TBL                                    TABLE VI                                

     __________________________________________________________________________

     Oven Reactions of Extract with Maleic Anhydride.sup.a                     

                Maleic Anhydride                                               

     Sample                                                                    

         Temp.                                                                 

             Time   mole/mole                                                  

                           Yield of ppt.                                       

                                    Net                                        

     No. .degree.C.                                                            

             Hour                                                              

                g.  of extract.sup.b                                           

                           g.  Wt.%.sup.c                                      

                                    CO.sub.2 H.sup.d %                         

     __________________________________________________________________________

     1   170 2   5.9                                                           

                    1.10   16.2                                                

                               81    7.33                                      

     2   170 2  14.8                                                           

                    2.81   19.6                                                

                               98   16.23                                      

     3   170 2  --  --      5.7                                                

                               29   Reference                                  

     4   140 2   5.9                                                           

                    1.10   12.7                                                

                               64    6.71                                      

     5   140 2  14.8                                                           

                    2.81    7.8                                                

                               39   11.77                                      

      6.sup.e                                                                  

         140 2  --  --      0   0   Reference                                  

      7.sup.f                                                                  

         170 2  18.0                                                           

                    3.42   13.8                                                

                               69    9.49                                      

     8   170 2  24.0                                                           

                    4.56   10.6                                                

                               53   12.21                                      

     9   170 2  --  --      1.9                                                

                               10   Reference                                  

     10  170 2  40.0                                                           

                    7.60   15.6                                                

                               78   Undetermined                               

     11  170 2  60.0                                                           

                    11.40  35.1                                                

                               176  "                                          

     12  170 2  --  --      1.9                                                

                               10   "                                          

     __________________________________________________________________________

      .sup.a Reactions carried out on 20 g. extract.                           

      .sup.b Based on Mw of 326/monomeric unit assumed for extract.            

      .sup.c Based on weight of extract (20 g.).                               

      .sup.d Obtained by back titration using 0.1N HCl. To obtain net CO.sub.2 

      H%, titration values obtained on reference materials were subtracted.    

      .sup.e No precipitate was obtained from this reaction; a dialyzed        

      freeze-dried filtrate was used as a reference.                           

      .sup.f All samples prepared from Samples 7 through 12 were boiled at pH 9

      prior to pH 3 precipitation.                                             

CLMS
STM  I claim:
NUM  1.
PAR  1. Etherified polyphenolic derivatives produced by reacting at a
      temperature of 110.degree. to 260.degree.C in the presence of an alkaline
      catalyst a polyphenolic extract selected from the class consisting of bark
      polyphenolic extracts and condensed tannin wood extracts with (a) an
      olefin of the formula
      ##EQU5##
      in which R.sub.1 and R.sub.2 are the same or different and are selected
      from the group consisting of H, 1 to 3 carbon alkyl, COOH, COOM, COR.sub.4
      and COOR.sub.4 in which M is an alkali metal and R.sub.4 is a 1 to 3
      carbon alkyl and R.sub.3 is selected from the group consisting of H, 1 to
      3 carbon alkyl, OH, OM and OR.sub.4 or (b) an anhydride of the foregoing
      olefin; the mole/mole ratios of olefin reactant to monomeric unit in the
      polyphenolics ranging from about 1:1 to 10:1.
NUM  2.
PAR  2. The etherified polyphenolic derivative of claim 1 in which the extract
      is an alkaline extract of coniferous tree bark.
NUM  3.
PAR  3. The etherified polyphenolic derivative of claim 1 in which the extract
      is a condensed tannin from quebracho wood.
NUM  4.
PAR  4. The etherified polyphenolic derivative of claim 2 in which the bark
      extract is sulfonated.
NUM  5.
PAR  5. The etherified polyphenolic derivative of claim 1 in which the olefin is
      acrolein.
NUM  6.
PAR  6. The etherified polyphenolic derivative of claim 1 in which the olefin is
      methyl acrylate.
NUM  7.
PAR  7. The etherfied polyphenolic derivative of claim 1 in which the olefin is
      acrylic acid.
NUM  8.
PAR  8. The etherified polyphenolic derivative of claim 1 in which the olefin is
      maleic acid.
NUM  9.
PAR  9. The etherified polyphenolic derivative of claim 1 in which the olefin is
      maleic anhydride.
NUM  10.
PAR  10. The process of preparing an etherfied polyphenolic derivative
      comprising reacting at a temperature of 110.degree. to 260.degree.C in the
      presence of an alkaline catalyst a polyphenolic extract selected from the
      class consisting of bark polyphenolic extracts and condensed tannin wood
      extracts with (a) an olefin of the formula
      ##EQU6##
      in which R.sub.1 and R.sub.2 are the same or different and are selected
      from the group consisting of H, 1 to 3 carbon alkyl, COOH, COOM, COR.sub.4
      and COOR.sub.4 in which M is an alkali metal and R.sub.4 is a 1 to 3
      carbon alkyl and R.sub.3 is selected from the group consisting of H, 1 to
      3 carbon alkyl, OH, OM and OR.sub.4 or (b) an anhydride of the foregoing
      olefin; the mole/mole ratios of olefin reactant to monomeric unit in the
      polyphenolics ranging from about 1:1 to 10:1.
NUM  11.
PAR  11. The process of claim 10 in which the reaction is carried out at for
      from 0.25 to 4 hours.
NUM  12.
PAR  12. The process of claim 10 in which the olefin is acrolein.
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PAL  Hydroxy- or thiol-substituted amino acids are t-butylated by reacting them
      with isobutylene in the presence of a catalyst comprising boron
      trifluoride and anhydrous phosphoric acid.
PARN
PAR  This is a continuation, of application Ser. No. 196,182, filed Nov. 5,
      1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In prparing peptides by the interaction of the free amino group of one
      amino acid or peptide fragment with the free carboxyl group of another
      amino acid or peptide fragment, it is generally highly preferred that only
      those reactive functions which are intended to participate in the peptide
      formation be available during reaction. In other words, any other reactive
      groups which may be present in the reactants generally will be protected
      by prior reaction with an appropriate blocking group. Two such reactive
      functions which are sometimes present in amino acids or peptide fragments
      and which generally are protected prior to peptide chain building are the
      hydroxyl function and the thiol function. It has been found that
      protection of such groups can be achieved by reacting these functions with
      a suitable reagent to form the tertiary butyl ether or tertiary butyl
      thioether, respectively.
PAR  It is also quite possible that one would wish to protect a carboxyl group
      of an amino acid or peptide fragment. A tertiary butyl function provides a
      highly suitable protecting group for this purpose, producing the
      corresponding tertiary butyl ester. The tertiary butyl group is readily
      cleavable to re-form the free carboxyl group.
PAR  Literature describes the O-t-butylation of sterols using isobutylene when
      carried out in the presence of a catalyst comprising boron trifluoride
      etherate and anhydrous phosphoric acid, see H. C. Beyerman and G. J.
      Heiszwold, Rec. Trav. Chim., 84, 203 (1965). In this publication the use
      of the catalyst was directed exclusively to O-t-butylation of sterols. No
      indication or direction is contained in this publication with respect to
      the t-butylation of hydroxyl groups, thiol groups, or carboxyl groups
      present in amino acids.
PAR  The customary method by which an amino acid or peptide fragment has been
      esterified, etherified, or thioetherified using isobutylene has been by
      reacting the acid or peptide fragment with isobutylene in the presence of
      sulfuric acid as catalyst. Using a sulfuric acid catalyst system, it has
      been found to be necessary to carry out the reaction over an extended
      period of time, sometimes lasting even for several days. Since the
      reaction takes such a long period of time, it is furthermore essential, in
      order to retain the presence of the isobutylene reactant, to carry out the
      reaction in a pressure bottle. Moreover, typically the reaction does not
      proceed to completion. For example, using L-serine as amino acid, in which
      it is intended that the amino acid be both esterified at the carboxyl
      group and etherified at the hydroxyl group, it is found that a large
      portion of the product which results is the t-butyl ester of the amino
      acid containing intact a free hydroxyl function. That is to say, the
      conditions of reaction are such that it is possible to esterify the amino
      acid but not to accomplish substantial etherification. Thus, the sulfuric
      acid catalyzed t-butylation of hydroxy or thiol amino acids, although
      suitable for achieving some etherification, nevertheless, exhibits serious
      limitations.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found to be possible to accomplish the t-butylation of
      hydroxy or thiol amino acids using much shorter reaction times while
      avoiding the need for a pressure bottle and producing a much cleaner
      product in terms of extent of t-butylation. This invention involves a
      process for the t-butylation of hydroxy amino acids or thiol (sulfhydryl)
      amino acids using isobutylene, and is accomplished by carrying out the
      reaction in the presence of a catalyst comprising boron trifluoride and
      anhydrous phosphoric acid.
PAR  Accordingly, this invention is directed to a process for t-butylating a
      hydroxy or thiol amino acid, which comprises reacting a hydroxy or thiol
      amino acid, an ester thereof, or an N-protected derivative thereof, with
      isobutylene in the presence of a catalyst comprising boron trifluoride and
      anhydrous phosphoric acid.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention is directed to a process for preparing tertiary butyl ethers
      of hydroxy amino acids or thiol amino acids. The amino acid which can be
      used in the process of this invention is any amino acid which has in its
      structure a free hydroxyl or a free thiol functional group. Preferably,
      the amino acid which is employed will have the following structure:
      ##EQU1##
      In the above formula n is 0 or an integer from 1 to 3, Z is hydrogen or an
      amine protecting group,
      ##EQU2##
      wherein R.sup.1 is hydrogen, methyl, ethyl or propyl, Y is oxygen or
      sulfur, and R and Z when taken together are
      ##EQU3##
PAR  Esters of the above structure can likewise be readily employed in the
      process of this invention. The structure of the alcohol moiety of the
      ester is not important except that the alcohol moiety be stable under the
      conditions of t-butylation. The process of this invention thus
      contemplates the use of amino acid ester derivatives having virtually any
      of the commonly recognized ester functions. Such ester functions include,
      but are not limited to, for example, C.sub.1 -C.sub.5 alkyl, benzyl,
      p-nitrobenzyl, 2,2,2-trihaloethyl, C.sub.5 -C.sub.7 cycloalkyl, and the
      like.
PAR  In the event that the amino acid is in the form of the free acid, the
      process of this invention will also result in the product of the t-butyl
      ester of the amino acid, thus producing a t-butylation not only at the
      free hydroxyl or free thiol function, but also at the free carboxyl
      function present in the molecule.
PAR  In carrying out the reaction of the process of this invention, it is highly
      preferred that the amino group of the amino acid reactant be blocked with
      a suitable protecting group, many of which are well known in the art.
      However, it is not essential that such protecting group be used, and the
      reactant can indeed be an amino acid having a free amino group. By
      "protecting group" in the above definition, therefore, is meant any of the
      well recognized amino protecting groups, which include, but are not
      limited to, for example, benzyloxycarbonyl, t-butoxycarbonyl,
      cycloalkyloxycarbonyl, adamantyloxycarbonyl, and the like.
PAR  As used herein, the term "halo" includes fluorine, chlorine, bromine and
      iodine.
PAR  Typical of the amino acids or derivatives thereof which can be used as
      reactants in the process of this invention are, for example, serine,
      threonine, cysteine, hydroxyproline, tyrosine, and the like. Amino acids
      of varying other structures may likewise be used, the only requisite being
      that the amino acid contain a free hydroxyl or thiol (sulfhydryl) group.
      Thus, the hydroxyl or sulfhydryl group may be joined to a carbon atom
      present in an alkyl or cycloalkyl group, an aromatic group, or a
      heterocyclic nucleus.
PAR  The reaction can be carried out in any convenient manner. Generally, the
      amino acid or appropriately blocked derivative thereof is dissolved or
      suspended in a suitable inert liquid medium. The catalyst, comprising a
      mixture of boron trifluoride and anhydrous phosphoric acid, is added to
      the amino acid-containing mixture, followed by an appropriate quantity of
      cooled isobutylene. The reaction is then permitted to proceed for an
      appropriate period of time, and the product is isolated according to known
      techniques.
PAR  Suitable liquid media for carrying out the reaction include any liquid
      system which is inert to the reaction and which will readily dissolve
      isobutylene. Such liquid media include, for example, methylene chloride,
      tetrahydrofuran, N,N-dimethylformamide, benzene, toluene, ethyl ether,
      acetonitrile, and the like. The amino acid or peptide fragment can be
      present as a suspension in the liquid medium or can be dissolved therein.
      Normally, the solvent will be present in an amount sufficient to readily
      dissolve the isobutylene reactant. It is also possible to carry out the
      reaction in the absence of any added solvent or liquid medium, employing
      only cooled excess isobutylene as the reaction medium.
PAR  The catalyst which is employed in the process of this invention can be
      prepared prior to the reaction or can be prepared in situ. The catalyst
      comprises a combination of boron trifluoride and anhydrous phosphoric
      acid. The boron trifluoride can be present in the form of its etherate
      complex. The amount of boron trifluoride or boron trifluoride etherate
      relative to the anhydrous phosphoric acid can range from about 3:1 to
      about 1:3 on a molar basis. Generally, however, the molar of boron
      trifluoride or etherate (calculated as free boron trifluoride) to
      anhydrous phosphoric acid will be from about 2:1 to about 1:1.
PAR  In carrying out the reaction in accordance with the process of the
      invention, the combined boron trifluoride-anhydrous phosphoric acid will
      be employed in a catalytic amount which generally will be within the range
      of from about 5 to about 30 grams per mole of the amino acid reactant.
PAR  When the catalyst is to be prepared prior to its use in the t-butylation
      reaction, this can be accomplished by introducing an appropriate amount of
      boron trifluoride gas into the anhydrous phosphoric acid. Alternatively,
      the boron trifluoride etherate complex can be prepared by interaction of
      ethyl ether with boron trifluoride, and an appropriate amount of the
      etherate can be mixed with the anhydrous phosphoric acid. In accomplishing
      this mixing, the etherate can be added to the phosphoric acid or the
      phosphoric acid can be added to the etherate.
PAR  When it is desired to prepare the catalyst in situ, such preparation can be
      carried out using the techniques described above. That is, an appropriate
      amount of the boron trifluoride etherate can be added to the reaction
      mixture followed by the anhydrous phosphoric acid, or the anhydrous
      phosphoric acid can be added to the reaction mixture followed by an
      appropriate quantity of the boron trifluoride etherate. Likewise, boron
      trifluoride gas can be employed, and in such an instance the boron
      trifluoride gas can be bubbled into the reaction mixture either before or
      after addition of the anhydrous phosphoric acid.
PAR  Anhydrous phosphoric acid can be conveniently prepared by adding to a
      commercially available phosphoric acid sufficient phosphorus pentoxide to
      react with all of the water present in the commercial grade phosphoric
      acid and thereby to produce a 100 percent (anhydrous) phosphoric acid.
PAR  The isobutylene which is employed need be present only in an amount
      sufficient to react with each of the functional groups which are to be
      t-butylated. Thus, if the amino acid which is to be t-butylated contains
      both a free carboxyl group and a free hydroxyl or thiol group, two moles
      of the isobutylene will be required per mole of the amino acid. Normally,
      however, in order to assure the presence and retention of a sufficient
      amount of isobutylene in the reaction mixture, a substantial excess of the
      isobutylene is employed. Generally, therefore, from about 4 to about 30
      moles of the isobutylene is used per mole of amino acid. This is
      especially true when the reaction is carried out at atmospheric pressure
      and at a temperature which permits the free exiting of isobutylene from
      the reaction mixture.
PAR  The reaction normally is carried out at atmospheric pressure and,
      therefore, under conditions which permit the isobutylene to freely exit
      from the reaction system. However, it is also possible to carry out the
      reaction in a closed system, such as in a pressure bottle, with the
      pressure build-up being achieved by reason of the vapor pressure of the
      isobutylene itself.
PAR  The temperature at which the reaction is carried out is not critical except
      by reason of the limitations imposed by the isobutylene itself. Normally,
      the reaction will be carried out at a temperature from about -30.degree.C.
      to about room temperature. It is preferred that the reaction be carried
      out at a temperature within the range from about -20.degree.C. to about
      0.degree.C.
PAR  In accordance with this invention, the reaction time is significantly
      reduced over that customarily experienced by previous t-butylation
      reactions. The time for completion of the reaction will depend upon the
      particular amino acid or derivative thereof which is employed as well as
      the temperature at which the reaction is carried out. However, normally,
      the reaction will be complete within about two to about eight hours.
PAR  As hereinbefore mentioned, the process of this invention permits the ready
      t-butylation of hydroxy- or thiol-containing amimo acids. This invention
      permits a more complete extent of reaction and the use of a milder set of
      reaction conditions in terms of time of reaction and pressure at which the
      reaction can be carried out.
PAR  It has been recognized that it is somewhat more difficult to accomplish the
      etherization of the hydroxyl or sulfhydryl function on the amino acid than
      it is to accomplish the esterification of the carboxyl function. Thus, the
      known methods of carrying out the t-butylation resulted in extensive
      esterification but only moderate etherification. Many times, therefore,
      the resulting product comprised a mixture of major proportions of the
      ester containing a free hydroxyl or sulfhydryl function and the desired
      product, namely the ester containing the t-butylated hydroxyl or
      sulfhydryl function. Separation problems which thereby resulted were many
      times insurmountable.
PAR  In order to present a picture of the problems which exist in the previously
      known method when compared with the process of this invention, the
      following comparative example is provided. It employs the typical sulfuric
      acid catalyst technique. Following this comparative example are several
      examples which illustrate the process of this invention and demonstrate
      the improvement available therefrom.
PAC  COMPARATIVE EXAMPLE
PAC  t-Butylation of N-Benzyloxycarbonyl-Threonine
PAR  About 16.2 g. of N-benzyloxycarbonyl-threonine, 50 ml. of methylene
      dichloride, and 40 ml. of isobutylene were placed in a cooled pressure
      bottle. About 0.2 ml. of concentrated sulfuric acid was added, the bottle
      was sealed, and the reaction mixture was shaken at room temperature for
      about 16 hours. At the end of this reaction period the pressure was
      released and a stream of dry nitrogen was passed through the resulting
      clear solution for a period of about 0.5 hour. The reaction mixture was
      then washed with 5 percent aqueous sodium bicarbonate, dried over sodium
      sulfate, and the solvent was evaporated. A yellow oil remained. The yellow
      oil was dissolved in about 100 ml. of methanol, and a water slurry of 3 g.
      of 5 percent palladium on carbon was added. The reaction mixture was
      stirred and flushed with nitrogen for about 10 minutes, after which
      hydrogen was bubbled into the reaction mixture for about 6.5 hours. The
      reaction mixture was then filtered, and the filtrate was concentrated by
      evaporation of the solvent. The residual oil was dissolved in about 100
      ml. of ethyl ether, and about 17.8 g. of dibenzenesulfonamide was added.
      The mixture was cooled, and a precipitate formed which was filtered off
      and purified by refluxing it in ethyl ether. The substance which was
      obtained weighed about 20 g., and had a m.p. of 82.degree.-3.degree.C. By
      thin layer chromatography (TLC), this substance was shown to be a mixture
      of major amounts of the dibenzenesulfonamide amine salts of t-butyl
      threoninate and t-butyl (O-t-butyl) threoninate.
PAR  In the following examples, the optical rotations which are provided were
      taken on a Rudolph Model 220 polarimeter. Thinlayer chromatograms (TLC)
      were run on E. M. Laboratories Pre-Coated TLC Places Silica Gel F-254 and
      were developed with minhydrin or chloride-O-tolidine reagents.
PAC  EXAMPLE I
PAC  Preparation of Benzyl N-Benzyloxycarbonyl-(O-t-Butyl) Serinate
PAR  Benzyl N-benzyloxycarbonylserinate in an amount of 32.9 g. (0.1 mole) was
      dissolved in 125 ml. of methylene chloride. The solution was cooled to
      about -15.degree.C. and 2.5 ml. of boron trifluoride etherate followed by
      1 ml. of 100 percent H.sub.3 PO.sub.4 (prepared from 25 g. of P.sub.2
      O.sub.5 added to 33 g. (19.5 ml.) of 85 percent phosphoric acid) were
      added. To the resulting mixture was then added about 125 ml. of liquid
      isobutylene. The reaction mixture was stirred at about -15.degree.C. for
      about 15 minutes, and the mixture was then warmed to about 0.degree.C. and
      maintained thereat for about 2 hours. Cooling was then discontinued, and
      the reaction mixture was maintained without cooling for about 2 hours. The
      reaction mixture was then cooled in an ice bath to about 0.degree.C. and
      100 ml. of 2N NH.sub.4 OH was added. The reaction mixture was stirred for
      about 5 to 10 minutes at about 0.degree.C. and was then poured into about
      600 ml. of ethyl ether. An aqueous layer and an organic layer formed, and
      the aqueous layer was separated from the organic layer. The aqueous layer
      was extracted with ether, and the ether extract was added to the organic
      layer. The organic layer was washed first with water, then with a
      saturated sodium chloride solution, and then was dried over magnesium
      sulfate. Evaporation of the solvent produced a residual oil. The oil was
      dissolved in a mixture of ethyl acetate and petroleum ether, and the
      solution was cooled in a dry ice/acetone bath to produce 27.7 g. of benzyl
      N-benzyloxycarbonyl-(O-t-butyl) serinate, m.p., 48.degree.-9.degree. C.
      Optical rotation, [.alpha.].sub.D.sup.24 -13.4. TLC R.sub.f value -- in
      n-heptane/t-butyl alcohol/pyridine (5:1:1)--0.4; in chloroform/acetic acid
      (9:1)--0.7.
PAR  Analysis, Calc. for C.sub.22 H.sub.27 NO.sub.5 : C, 68.50; H, 7.06; N,
      3.65. Found: C, 68.29; H, 6.85; N, 3.70.
PAC  EXAMPLE II
PAC  Preparation of p-Nitrobenzyl N-Benzyloxycarbonyl-(O-t-Butyl) Threoninate
PAR  Using the procedure described in Example I, 38.8 g. (0.1 mole) of
      p-nitrobenzyl N-benzyloxycarbonylthreoninate were reacted with isobutylene
      in the presence of boron trifluoridephosphoric acid catalyst. A residue of
      product was obtained which was recrystallized from a mixture of ethyl
      acetate and petroleum ether to produce a total of about 34 g. of
      p-nitrobenzyl N-benzyloxy-carbonyl-(O-t-butyl)threoninate, m.p.,
      54.degree.-6.degree.C. Optical rotation [.alpha.].sub.D.sup.24 +11.0. TLC
      showed the presence of a trace of the starting material in the product and
      gave an R.sub.f value of 0.5 in n-heptane/t-butyl alcohol/ pyridine
      (5:1:1).
PAR  Analysis, Calc. for C.sub.23 H.sub.28 N.sub.2 O.sub.7 : C, 62.15; H, 6.35;
      N, 6.30. Found: C, 61.96; H, 6.16; N, 6.25.
PAC  EXAMPLE III
PAC  Preparation of t-Butyl (O-t-Butyl)Serinate Dibenzenesulfonamide Amine Salt
PAR  Using the procedure described in Example I, 23.9 g. (0.1 mole) of
      N-benzyloxycarbonyl serine was reacted with isobutylene, in the presence
      of boron trifluoride-phosphoric acid catalyst.
PAR  An oily residue product was obtained which was dissolved in about 300 ml.
      of methanol containing about 3 g. of 5 percent palladium on carbon
      catalyst. Nitrogen was bubbled into the mixture for about 10 minutes, and
      the mixture was cooled to about 0.degree.C. Hydrogen was then bubbled into
      the cooled mixture and vented to the atmosphere through a barium hydroxide
      trap. The addition of hydrogen was continued until no more precipitate
      appeared in the trap, evidencing a disappearance of carbon dioxide in the
      exit gases. Hydrogen addition was continued for an additional 0.5 hour at
      0.degree.C. The catalyst was then filtered from the reaction mixture, and
      the filtrate was evaporated in vacuo. The residue was dissolved in about
      100 ml. of ethyl ether, and 29.7 g. (0.1 mole) of dibenzenesulfonamide
      dissolved in 500 ml. of ethyl ether was added. Precipitation followed
      immediately. The product was collected by filtration, washed with cold
      ether, and dried in vacuo. About 44.8 g. of the dibenzenesulfonamide amine
      salt of t-butyl (O-t-butyl)serinate, m.p., 161.degree.-2.degree. C., was
      collected. Optical rotation [.alpha.].sub.D.sup.24 +2.6; TLC R.sub.f
      value, in sec-butanol/3% ammonium hydroxide (3:1)--0.7; in
      n-heptane/t-butyl alcohol/acetic acid/water/pyridine (25:50:6:24:20)--0.2.
PAR  Analysis, Calc. for C.sub.23 H.sub.34 N.sub.2 O.sub.7 S.sub.2 : C, 53.68;
      H6.66; N, 5.44; S, 12.46.  Found: C, 53.38; H, 6.59; N, 5.14; S, 12.76.
PAC  EXAMPLE IV
PAC  Preparation of t-Butyl (O-t-Butyl)Threoninate Dibenzenesulfonamide Amine
      Salt
PAR  About 38.2 g. (0.15 mole) of N-benzyloxycarbonyl threonine was suspended in
      250 ml. of methylene chloride. The resulting mixture was cooled to about
      -15.degree.C., and to this mixture was added 5 ml. of boron trifluoride
      etherate, 2.1 ml. of 100 percent phosphoric acid, and about 250 ml. of
      cold isobutylene. The reaction mixture was maintained at about
      -15.degree.C. for about 1.5 hours, after which the temperature was raised
      to about 0.degree.C. and maintained thereat for about an additional 1.5
      hours. Cooling was discontinued, and the reaction mixture was maintained
      without cooling for about one hour. About 250 ml. of aqueous 2N ammonium
      hydroxide was then added, the reaction mixture was stirred, and about 250
      ml. of ethyl ether was added. The resulting mixture comprised an aqueous
      and an organic phase. The aqueous phase was separated from the organic
      phase, and the organic phase was washed with aqueous 2N ammonium
      hydroxide. The organic phase was then dried over magnesium sulfate and the
      solvent removed in vacuo to produce an oily residue.
PAR  The oily residue was suspended in about 300 ml. of methanol, and about 5 g.
      of 5 percent palladium on carbon was added. Nitrogen was bubbled into the
      mixture for about 10 minutes, and the mixture was cooled to about
      0.degree.C. Hydrogen was then bubbled through the reaction mixture for
      about 4 hours. The methanol was then evaporated from the mixture, and
      about 100 ml. of ethyl ether was added, followed by about 44.5 g. of
      dibenzenesulfonamide dissolved in 600 ml. of ethyl ether. A precipitate
      formed immediately and was collected by filtration to yield about 60.6 g.
      of the dibenzenesulfonamide amine salt of t-butyl (O-t-butyl)threoninate,
      m.p., 85.degree.-7.degree.C. Optical rotation [.alpha.].sub.D.sup.24 -4.7.
      By TLC the product exhibited an R.sub.f value in sec-butanol/3% ammonium
      hydroxide (3:1)--0.7; in n-heptane/t-butyl alcohol/acetic
      acid/water/pyridine (25:50:6:24:20)--0.4.
PAR  Analysis, Calc. for C.sub.24 H.sub.36 N.sub.2 O.sub.7 S.sub.2 : C, 54.52;
      H, 6.86; N, 5.30; S, 12.13.  Found: C, 54.42; H, 7.09; N, 5.44; S, 12.15.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for t-butylating a hydroxy or thiol amino acid, which
      comprises reacting a hydroxy or thiol amino acid, an ester thereof, or an
      N-protected derivative thereof, with isobutylene in the presence of a
      catalyst consisting essentially of boron trifluoride and anhydrous
      phosphoric acid.
NUM  2.
PAR  2. The process of claim 1, in which the hydroxy or thiol amino acid
      reactant has the formula
      ##EQU4##
      in which n is 0 or an integer from 1 to 3, Z is hydrogen or an amine
      protecting group,
      ##EQU5##
      wherein R.sup.1 is hydrogen, methyl, ethyl, or propyl, Y is oxygen or
      sulfur, and R and Z when taken together are
      ##EQU6##
      or the reactant is an ester of the above acid.
NUM  3.
PAR  3. The process of claim 2, in which the t-butylation is carried out at
      atmospheric pressure in the presence of an inert solvent and at a
      temperature of from about -30.degree.C. to about room temperature.
NUM  4.
PAR  4. The process of claim 3, in which the t-butylation is conducted for a
      period of from about 2 to about 8 hours.
NUM  5.
PAR  5. The process of claim 2, in which Z is benzyloxycarbonyl,
      t-butoxycarbonyl, cycloalkyloxycarbonyl, or adamantyloxycarbonyl.
NUM  6.
PAR  6. The process of claim 2, in which an ester is employed as reactant, said
      ester having an alcohol moiety C.sub.1 -C.sub.5 alkyl, benzyl,
      p-nitrobenzyl, 2,2,2-trihaloethyl, or C.sub.5 -C.sub.7 cycloalkyl.
NUM  7.
PAR  7. The process of claim 2, in which n is 0, and R is --CH.sub.2 OH.
NUM  8.
PAR  8. The process of claim 2, in which n is 0 and R is
      ##EQU7##
PATN
WKU  039324907
SRC  5
APN  312035&
APT  1
ART  122
APD  19721204
TTL  Doxycycline aceturate
ISD  19760113
NCL  1
ECL  1
EXA  Tighe; Anne Marie T.
EXP  Gallagher; R.
NDR  1
NFG  1
INVT
NAM  Fernandez; Piedad Amezua
STR  Avenida del Poblado s/n - Edificio Montefresno escalera A, 1.degree. derech
     a
CTY  Puerta Hierro, Madrid
CNT  ES
PRIR
CNT  ES
APD  19711204
APN  397675
CLAS
OCL  26050111
XCL  260559AT
XCL  424227
EDF  2
ICL  C07C10319
FSC  260
FSS  559 AT;501.11
OREF
PAL  merck Index, Eight Edition, 1968, pp. 10 and 398 relied on.
PAL  Chemical Abstracts, Vol. 67, 1967, 93974s, relied on.
LREP
FRM  Woodhams, Blanchard and Flynn
ABST
PAL  Doxycycline aceturate is prepared by reacting doxycycline with aceturic
      acid in a solvent. The compound is useful for the same pharmacological
      purposes as doxycycline and is more soluble in water or aqueous solvents
      so that it is more suitable for parenteral administration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to doxycycline aceturate and a process for preparing
      same.
PAR  2. Description of the Prior Art
PAR  Doxycycline, the most modern broad-spectrum antibiotic of the tetracycline
      group, surpasses its other congener compounds in therapeutic efficiency
      because of its higher stability, better gastrointestinal absorbability and
      its slow urinary elimination. Thus, the concentration of it reaches higher
      and more stable haematic levels in less time after administration, thus
      permitting the use of a smaller dosage.
PAR  The acute toxicity of this antibiotic is very low (the DL.sub.50 in mice
      being over 3984 mg. per kilo) and the chronic toxicity is low also. In
      extensive tests on mice carried out during periods of up to 180 days with
      doses thirty times higher than the average daily human therapeutic dose,
      no histological, anatomical, or physiological alterations were observed in
      comparison to the control specimens.
PAR  The activity of doxycycline, determined "in vitro" in the presence of
      several Gram-positive and Gram-negative germs, Richettsiae, large viruses,
      etc., is superior to that of tetracycline, so that its use is specifically
      indicated in the treatment of bronchopulmonary and urinary tract
      infections, peritonitis, infected traumatic and post-operatory wounds,
      burns, etc.
PAR  However, the low solubility of doxycycline in water and aqueous solvents is
      an impediment to its use for parenteral administration, which is sometimes
      necessary to attain a maximum speed of effect.
PAC  SUMMARY OF THE INVENTION
PAR  I have discovered doxycycline aceturate, a pharmaceutical compound useful
      for the treatment of the previously mentioned conditions and which is
      readily soluble in water or aqueous solvents so that it is well adapted
      for parenteral administration. This compound can be obtained by reacting
      doxycycline with aceturic acid (acetylaminoacetic acid). The formula of
      doxycycline aceturate is:
      ##SPC1##
PAR  Experiments on laboratory animals have shown that the acute toxicity of the
      new compound, by oral administration, is very low and is similar to that
      of doxycycline. The same is true with regard to chronic toxicity.
      Experiments carried out over periods of more than twenty weeks have shown
      that the growth rate of the test animals is the same as that of the
      control animals. There was observed no alterations in glycemia, azotemia,
      or haematic crasis. On necropsy following the tests, no histological or
      anatomical alterations were observed.
PAR  In absorption tests, in comparison with doxycycline hyclate, no significant
      differences were observed in the blood plasma concentrations nor in the
      speed with which such levels were reached with both products.
PAR  Doxycycline aceturate is useful for the same pharmacological purposes as
      doxycycline and can be administered in the dosage forms and amounts
      conventionally used for doxycycline. In addition, because of its greater
      solubility in water and aqueous solvents, greater amounts of it can be
      parenterally administered in a condition suitable for more rapid systemic
      absorption.
PAR  In order to prepare doxycycline acetylaminoacetate, a solution of
      doxycycline is reacted with a solution of acetylaminoacetic acid, both
      dissolved in a suitable inert solvent and, if necessary, out of contact
      with atmospheric humidity. Representative procedures for preparing the
      compound are described in the following illustrative examples.
DETD
PAC  EXAMPLE 1
PAR  Into an enamel-lined or glass vessel having a capacity of about ten litres,
      provided with an agitator or stirrer and a thermometer, and which is
      heated by a hot water bath, a solution of 116 g (0.25 moles) of
      doxycycline monohydrate is prepared in 8 litres of absolute ethyl alcohol,
      and same is heated, if necessary, to a temperature of not more than
      30.degree. to 35.degree.C. It is advisable to close the feed opening or
      mouth of the vessel, so as to avoid contact with atmospheric humidity.
PAR  The solution of doxycycline can be obtained also, starting from the
      corresponding hyclate salt, by dissolving 128 g (0.25 moles) of same in a
      solution which contains 14 g (0.25 moles) of caustic potash in 8 litres of
      absolute ethyl alcohol, and filtering the precipitated potassium chloride.
PAR  Into said doxycycline solution, while stirring same actively, there is
      poured a solution of 29.3 g (0.25 moles) of acetylaminoacetic acid
      dissolved in 500 cc of absolute ethyl alcohol, while maintaining the
      temperature at 30.degree. to 35.degree.C. After the addition of the acid
      has been completed, 5 g of activated charcoal are added and the agitation
      is continued for another hour.
PAR  The liquid is then flowed under pressure through a filter in order to
      remove the charcoal, then through a rotary vacuum evaporator to evaporate
      the alcohol at a pressure of 5 - 10 mm.  Hg, and at a temperature of not
      higher than 30.degree. to 35.degree.C. The separated solid product is
      finally dried in vacuo over concentrated sulphuric acid. The product is a
      crystalline powder light yellow in color, and is very soluble in water and
      lower alcohols. About 140 g of the solid product are obtained, and 60 -
      65% of the alcohol employed is recovered for reuse.
PAC  EXAMPLE 2
PAR  Into an enamel-lined vessel or glass flask having a capacity of about 25
      litres, provided with an agitator or stirrer and a thermometer, and which
      is heated by a hot water bath, there is placed a solution of 2.22 Kg (5
      mole) of doxycycline base in 15 litres of dioxane, which dioxane is free
      of peroxides and which was recently distilled. The solution is heated at
      30.degree. to 35.degree.C.
PAR  Into said doxycycline solution, there is poured another solution of 585 g
      (5 mole) of acetylaminoacetic acid dissolved in 2720 cc of dioxane, also
      recently distilled and free of peroxides, and then 4450 cc of distilled
      water is gradually poured into the vessel. As the addition of water is
      carried out the doxycycline salt gradually dissolves. At the end, the
      reaction liquid has a very faint turbidity. It is stirred for another hour
      with 30 g of activated charcoal, and it is then filtered. The clean and
      slightly yellowish liquid is lyophilized, either in the total quantity or
      in the form of doses in different vessels, by freezing it at -20.degree.C
      and then drying it for two hours at 40.degree.C and at 10 microns
      pressure, after which the vessels are sealed or the gross product is
      sterile packed. About 2800 g of a solid product having characteristics
      similar to those of the product of Example 1 are obtained.
PAR  Analyses of the products prepared by Examples 1 and 2 are as follows:
     Theory   Found (Example 1)                                                

                             Found (Example 2)                                 

     ______________________________________                                    

     C   55.6     56.1           55.9                                          

     H   5.5      5.7            5.7                                           

     N   7.5      7.1            7.2                                           

                                 -139.degree. C(dec)                           

     ______________________________________                                    

PA1  The melting point of the compound is 138.degree.C. The solubility of the
      compound in water is about 130 mg/ml.
PAR  The IR Spectrophotometric curve is as per the attached recording chart.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Doxycycline aceturate.
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PAL  Optical resolution of lysine in the form of racemic lysine sulphanilate is
      enhanced by the addition to the supersaturated solution of racemic lysine
      sulphanilate of one or more substances which suppress the formation of
      seeds of racemic lysine sulphanilate in the supersatured solution. Among
      the seed-suppressing substances which may be added are lysine, lysine
      acetate, lysine carbonate, amino acetic acid and glycerol. The yield of
      optically active lysine sulphanilate is improved according to the
      disclosed process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for optical resolution of
      racemic lysine sulphanilate. It is known, for example in British patent
      specifications Nos. 1,191,100 and 1,250,557, that racemic lysine
      sulphanilate can be resolved optically by subjecting a supersaturated
      solution of racemic lysine sulphanilate to selective crystallization and
      by separating the optically active lysine sulphanilate, which has then
      crystallized out, from the mother liquor. From the L-lysine sulphanilate
      so obtained, L-lysine, as such or in the form of a customary L-lysine
      compoud, can be recovered, which is useful as an additive for human and
      animal food.
PAR  The use of sulphanilic acid as an auxiliary acid for optical resolution of
      racemic lysine has an advantage, in comparison with the use of another
      optically active auxiliary acid, in that it does not itself become
      racemized during the various processing steps. A disadvantage to the use
      of sulphanilic acid for optical resolution of racemic lysine, however, is
      that the yield of optically active lysine sulphanilate in the selective
      crystallization is rather small, so that a much larger recirculation is
      necessary than would be the case with the use of an optically active acid,
      for instance optically active alpha-phenoxypropionic acid, in which the
      required diastereoisomer-salt can be separated off with a very
      satisfactory yield through fractional crystallization.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It has now been found that there are specific substances which, when
      dissolved in the supersaturated solution of racemic lysine sulphanilate,
      can hinder or suppress the spontaneous formation of seeds of racemic
      lysine sulphanilate in the supersaturated solution, so that a greater
      supersaturation is obtained and, hence, a substantially higher yield of
      selectively crystallized optically active lysine sulphanilate with a high
      optical purity can be obtained. Examples of said substances are lysine,
      lysine acetate, lysine carbonate, amino acetic acid and glycerol.
PAR  The present invention, therefore, provides a process for optical resolution
      of racemic lysine sulphanilate by subjecting a supersaturated solution
      containing racemic lysine sulphanilate to selective crystallization and by
      separating the lysine sulphanilate, which has crystallized out, from the
      mother liquor, the process being characterized in that, in the selective
      crystallization, the beginning supersaturated solution contains a
      substance dissolved therein which hinders the spontaneous formation of
      seeds of racemic lysine sulphanilate.
PAR  For interference with the seed formation, preferably lysine, lysine acetate
      or lysine carbonate are applied since these substances are particularly
      suited, chemically, for use with the racemic lysine sulphanilate to be
      resolved. Lysine is highly suitable and, hence, is preferred. With the aid
      of this compound, the yield can be increased to a sufficient degree, while
      at the same time, it is also the compound which, actually, is to be
      resolved optically via the resolution of racemic lysine sulphanilate.
      While it is possible to use mixtures of two or more of these
      seed-suppressing materials, it is usually preferable to employ only one
      material at a time.
PAR  The quantity of substance added to the supersaturated solution and used for
      interference with seed formation may be varied, for instance between about
      0.01 and about 2 g per g of dissolved lysine sulphanilate contained in the
      supersaturated starting solution. For practical purposes an amount of
      about 0.05 to about 1.5 g per g of dissolved lysine sulphanilate in the
      supersaturated starting solution appears to be highly suitable.
PAR  As used herein the term lysine sulphanilate has the same meaning as lysine
      para-aminobenzene sulfonate.
PAR  The supersaturated starting solution may be obtained according to known
      procedures, for instance by cooling a solution or by concentrating it by
      evaporation, in which solution the racemic lysine sulphanilate and the
      substance which hinders seed formation (identified above) have been
      dissolved. As for the solvent, while water is very satisfactory, other
      solvents may also be used, such as mixtures of water and the lower
      alkanols, i.e., methanol, ethanol, propanol, as well as water plus acetone
      or butanone.
PAR  The technique of optical resolution of racemic lysine sulphanilate by
      selective crystallization of a supersaturated solution thereof is already
      well known in the art and is described in British Pat. Nos. 1,191,100 and
      1,250,557, the disclosures of which are hereby incorporated by reference
      to the extent necessary to better appreciate the present invention.
PAR  The selective crystallization may be brought about by seeding into the
      supersaturated solution crystals of the optically active lysine
      sulphanilate to be crystallized out, or by passing the supersaturated
      solution over a fixed bed of the optically active lysine sulphanilate to
      be crystallized out. In case the two antipodes of lysine sulphanilate are
      present in the supersaturated solution in unequal quantities, the antipode
      present in a larger quantity may also crystallize selectively through
      spontaneous crystallization. However, in that case the selective
      crystallization is, preferably, also brought about by contacting the
      supersaturated solution with crystals of the antipode to be crystallized
      out. The particle size of the crystals added to the supersaturated
      solution may be varied. A particle size of less than 0.05 mm can be used
      with a good result, though a particle size above 0.05 mm, e.g. between
      0.05 and 0.2 mm, is also suitable.
PAR  In practice, the process according to the present invention may be realized
      using methods known in the field of selective crystallization optical
      resolution, in which various conditions, such as the degree of
      supersaturation, the crystallization time, the crystallization
      temperature, the size and the quantity of the seed crystals, may be
      varied. For instance, the supersaturated solution may be separated into
      two equal parts, and a quantity of L-antipode crystallized selectively out
      of the one part and an equal quantity of D-antipode crystallized
      selectively out of the other part, and return the two remaining mother
      liquors, after mixture, to the section for preparation of the
      supersaturated starting solution. It is also possible for a quantity of
      the one antipode to be crystallized selectively out of the supersaturated
      solution, for a quantity of the other antipode to be crystallized
      selectively out of the remaining mother liquor, and for the mother liquor
      then left behind to be used in the preparation of the supersaturated
      starting solution. An example of yet another method for such procedures is
      the one in which the mother liquor remaining after a quantity of the one
      antipode has crystallized out selectively is processed by causing the
      mother liquor to become saturated, or virtually saturated, with racemic
      lysine sulphanilate, a quantity of the other antipode then being obtained
      in the solid state.
PAR  The L-lysine sulphanilate obtained according to the present invention may
      be separated into its components in various ways, for instance by passing
      an aqueous solution of the salt over a weakly basic ion exchanger. The
      sulphanilic acid is then bound on the ion exchanger, while a lysine
      solution is obtained as eluate. Also, an aqueous solution of the optically
      active lysine sulphanilate may be passed over a strongly acid ion
      exchanger in the NH.sub.4.sup.+ form. The lysine is then bound to the ion
      exchanger and may be washed out by means of dilute ammonia water. Ion
      exchange resins suitable for use in the above procedures are disclosed in
      Vol. 7, Encyclopedia of Polymer Science and Technology.
PAR  The present invention will be further explained by way of the following
      illustrative examples, all parts and percentages being expressed by weight
      unless otherwise indicated.
PAC  EXAMPLE 1
PAR  Racemic lysine sulphanilate (30 g) was dissolved, with sufficient heating,
      in an aqueous solution (45 g) containing DL-lysine (21.8% by weight),
      whereupon the clear solution was supersaturated by cooling to 25.degree.C.
      To the supersaturated solution solid L-lysine sulphanilate (2.5 g, crystal
      size smaller than 0.05 mm) was added, following which the suspension
      obtained was stirred at 25.degree.C for 15 minutes. Next, the L-lysine
      sulphanilate which crystallized out was separated by filtration from the
      mother liquor, washed on the filter with methanol (approximately 20 ml),
      and dried. 8.7 g of L-lysine sulphanilate were obtained.
PAR  In order to determine the optical purity of the L-lysine sulphanilate so
      obtained, the salt was converted into L-lysine monohydrochloride. To this
      end, the 8.7 g of L-lysine sulphanilate obtained were dissolved in water
      (35 ml) and the resulting solution was passed over a column filled with
      about 150 ml of a strongly acid ion exchanger (Dowex 50) in the
      NH.sub.4.sup.+ form. The column was reflushed with demineralized water
      until ammonium sulphanilate was no longer present in the eluate. The
      lysine bound to the ion exchanger was washed out with 3.5 N ammonia water,
      whereupon the eluate obtained was concentrated by evaporation at a reduced
      pressure in order to remove the ammonia. The lysine solution so obtained
      was neutralized with the required quantity of hydrochloric acid (1 mole
      per mole of lysine) and was then evaporated until fully dry.
PAR  L-lysine monohydrochloride (5 g) with a specific rotation of
      :.vertline..alpha..vertline..sub.D.sup.20 =  27.2 (lysine concentration =
      10; 6 N HCL) were obtained. From this follows an optical purity for the
      L-lysine sulphanilate obtained of 100%. The resolution efficiency (defined
      as
      ##EQU1##
      in which a, c and d respectively represent the quantity of L-lysine
      sulphanilate obtained, the quantity of seed material and the quantity of
      L-lysine sulphanilate in the starting material, expressed in grams, and b
      the optical purity, expressed in percents) amounts to 41.4%.
PAC  EXAMPLE 2
PAR  Racemic lysine sulphanilate (41 g) is dissolved, by heating in aqueous
      DL-lysine solution (50 g, 10% by weight of DL-lysine), whereupon the
      resulting clear solution was supersaturated by being cooled to
      25.degree.C. Subsequently, solid L-lysine sulphanilate (5 g, crystal size
      smaller than 0.05 mm) was added, and the suspension obtained was stirred
      at 25.degree.C for 5 minutes. The L-lysine sulphanilate which had
      crystallized out was then filtered off and washed on the filter with
      methanol (about 20 ml). L-lysine sulphanilate (12.84 g) with an optical
      purity of 89.6% (89.6% by weight of the L-antipode in addition to 10.4% by
      weight of DL) is obtained. The resolution efficiency amounts to 32%.
PAC  COMPARATIVE EXAMPLE
PAR  Racemic lysine sulphanilate (50 g) was dissolved, by being heated, in water
      (50 g), whereupon the resulting solution was supersaturated by cooling to
      25.degree.C. In this solution, as was the case in the Examples 1 and 2,
      the racemic lysine sulphanilate concentration was 10% by weight higher
      than the racemic lysine sulphanilate concentration in a saturated aqueous
      solution at 25.degree.C, which amounted to 40% by weight. Subsequently,
      solid L-lysine sulphanilate (4.2 g, crystal size smaller than 0.05 mm) was
      added and the suspension obtained was stirred at 25.degree.C for 5
      minutes. The L-lysine sulphanilate which had crystallized out was then
      filtered off and washed on the filter with methanol (approximately 20 ml).
      L-lysine sulphanilate (16.5 g) having an optical purity of 43.8% was
      obtained. The resolution efficiency amounted to 12%.
PAC  EXAMPLE 3
PAR  Racemic lysine sulphanilate (7.8 g) was dissolved, by being heated, in a
      mixture of 45 g of water and 5 g of racemic lysine acetate, whereupon the
      clear solution was cooled to 25.degree.C. Subsequently, solid L-lysine
      sulphanilate (2.5 g, crystal size smaller than 0.05 mm) was added and the
      suspension obtained stirred for 10 minutes at 25.degree.C. The L-lysine
      sulphanilate which had crystallized out was filtered off and washed on the
      filter with methanol (about 20 ml). L-lysine sulphanilate (11.82 g),
      having an optical purity of 85% was obtained. The resolution efficiency
      amounted to 39.2%.
PAC  EXAMPLE 4
PAR  Racemic lysine sulphanilate (35 g) was dissolved, with sufficient heating,
      in a mixture of water (36.1 g) and glycerol (1.9 g), whereupon the clear
      solution was supersaturated by cooling to 25.degree.C. Subsequently, solid
      L-lysine sulphanilate (2 g, crystal size smaller than 0.05 mm) was added
      and the resulting suspension was stirred for 15 minutes at 25.degree.C.
      The L-lysine sulphanilate which had crystallized out was then filtered off
      and washed on the filter with methanol (about 20 ml). L-lysine
      sulphanilate (9.28 g) having an optical purity of 85% was obtained. The
      resolution efficiency amounted to 33.7%.
PAC  EXAMPLE 5
PAR  Racemic lysine sulphanilate (35 g) was dissolved, by being heated, in a
      mixture of water (39.15 g) and amino acetic acid (4.35 g), whereupon the
      clear solution was supersaturated by being cooled to 25.degree.C. Next,
      solid L-lysine sulphanilate (2 g, crystal size smaller than 0.05 mm) was
      added and the resulting suspension was stirred for 10 minutes at
      25.degree.C. The L-lysine sulphanilate which had crystallized out was then
      filtered off and washed on the filter with methanol (about 20 ml).
      Optically pure L-lysine sulphanilate (7.88 g) was obtained. The resolution
      efficiency amounted to 33.6%.
PAC  EXAMPLE 6
PAR  Racemic lysine sulphanilate (44 g) was dissolved by being heated, in an
      aqueous DL-lysine carbonate solution (56 g, 10% by weight of DL-lysine
      carbonate), whereupon the resulting clear solution was supersaturated by
      being cooled to 25.degree.C. Next, solid L-lysine sulphanilate (5.0 g,
      crystal size smaller than 0.05 mm) was added and the resulting suspension
      was stirred for 5 minutes at 25.degree.C. The L-lysine sulphanilate which
      had crystallized out was then filtered off and washed on the filter with
      methanol (about 20 ml). L-lysine sulphanilate (13.1 g) having an optical
      purity of 92.6 % was obtained. The resolution efficiency amounted to
      32.4%.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for resolving DL-lysine sulphanilate comprising the steps
      of preparing a supersaturated solution of DL-lysine sulphanilate in water,
      seeding the supersaturated solution with crystals of the desired
      enantiomer of the DL-lysine sulphanilate to cause crystallization of the
      desired enantiomer to take place, and recovering the separated crystals,
PA1  the improvement comprising during the preparation of the supersaturated
      solution and prior to seeding adding a compound selected from the group
      consisting of DL-lysine, DL-lysine acetate, DL-lysine carbonate, amino
      acetic acid and glycerol, present in an amount of from about 0.01 to about
      2 g. per gram of dissolved lysine sulphanilate contained in the
      supersaturated starting solution, which compound suppresses
      crystallization of racemic lysine sulphanilate during the crystallization
      of the desired enantiomer.
NUM  2.
PAR  2. The process of claim 1 wherein the supersaturated solution contains from
      about 0.05 to about 1.5 grams of added compound per gram of dissolved
      DL-lysine sulphanilate.
NUM  3.
PAR  3. The process of claim 1 wherein DL-lysine is the compound added to the
      supersaturated solution.
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ABST
PAL  New amidine compounds of formula (I):
      ##EQU1##
      wherein R represents
      ##SPC1##
PAL  (R' being H or CH.sub.3) and acid addition salts thereof, are prepared by
      reacting a nitrile of formula (II):
EQU  R -- CN                                                    (II)
PAL  wherein R represents
      ##SPC2##
PAL  (R' being H or CH.sub.3) with a metal amide or with an alcohol and an acid
      under anhydrous conditions and the product thus obtained is reacted with
      ammonia.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  The present invention relates to a process for preparing new amidine
      compounds of the formula:
      ##EQU2##
      wherein R represents
      ##SPC3##
PAL  (R' being H or CH.sub.3) and acid addition salts thereof.
PAR  Compounds (I) prepared by the process of the present invention are new
      compounds which have never been disclosed in literatures. Those amidine
      compounds have a special broad antimicrobial spectrum. Surprisingly, they
      have only a low toxicity to fish and, therefore, the use of them for
      various purposes can be expected. The amidine compounds are also useful as
      intermediates in the preparation of many heterocyclic compounds. In
      addition, the nitriles of formula (II):
EQU  R -- CN                                                    (II)
PAL  wherein R represents
      ##SPC4##
PAL  (R' being H or CH.sub.3), used as starting compound can be obtained very
      easily from inexpensive cyclopentadiene, butadiene, isoprene,
      acrylonitrile, etc. by Diels-Alder reaction on a commercial scale. Thus,
      the amidine compounds (I) are very advantageous.
PAR  A process for synthesizing nitriles (II) has been disclosed in the
      specification of Japanese Pat. No. 49753/1973.
PAC  SUMMARY OF THE INVENTION
PAR  After intensive investigations on the reactions of nitriles and processes
      for synthesizing derivatives thereof, the inventors have found that
      amidines can be obtained by reacting a nitrile (II) which will be shown
      below with a lower alcohol and an acid in the same manner as in case of
      long chain aliphatic nitriles and then reacting the product with ammonia
      or by reacting said nitrile (II) with an alkali metal amide and
      hydrolyzing the resulting product. The inventors have attained the present
      invention on the basis of the finding.
PAR  The present invention provides a process for preparing amidines of above
      formula (I) and acid addition salts thereof in a simple, advantageous
      manner by reacting a nitrile of the formula:
EQU  R -- CN                                                    (II)
PAL  wherein R has the same meaning as in formula (I) with a lower alcohol and
      an acid and then reacting the product with ammonia or by reacting said
      nitrile (II) with an alkali metal amide and hydrolyzing the resulting
      product.
PAR  Embodiments of the present invention will be shown below. This reaction
      operation is very simple. An acid is added to a mixture of a nitrile of
      formula (II) and a lower alcohol while the mixture is cooled externally to
      form an imino ether. As the acid, hydrogen halides, particularly hydrogen
      chloride, are most generally used. In addition, sulfuric acid, sulfonic
      acid, etc. are also effective. Suitable lower alcohols are methanol,
      ethanol, n-propanol, i-propanol, n-butanol, i-butanol and sec.-butanol.
      Those lower alcohols are used in a stoichiometric quantity on the basis of
      the nitrile to yield sufficient effect. However, no bad effects occur even
      if an excess of the lower alcohol is used. The reaction temperature is
      within the range of 0.degree.-100.degree.C, preferably
      0.degree.-50.degree.C. Then, the imino ether thus obtained is dissolved in
      a lower alcohol of the above kind and is reacted with ammonia. Temperature
      for this reaction is within the range of 20.degree.-100.degree.C,
      preferably 30.degree.-60.degree.C.
PAR  Amidines of formula (I) can also be prepared in one step, not through the
      intermediate imino ether, in the following manner. The nitrile of the
      formula (II) is reacted with an alkali metal amide such as sodium amide or
      potassium amide in an anhydrous solvent such as benzene, toluene, xylene,
      anisole, biphenyl or liquid ammonia and then the product thus obtained is
      hydrolyzed. The reaction temperature is within the range of from
      -30.degree.C to 150.degree.C, preferably 10.degree.-80.degree.C.
PAR  The amidine thus obtained can be converted easily to the desired salts by
      anion exchange or by mere neutralization in the usual manner. The acid
      addition salts of amidine compounds obtained by the process of the present
      invention include those formed from organic acids and inorganic acids such
      as salts of hydrochloric acid, sulfuric acid, thiosulfuric acid,
      p-toluenesulfonic acid, oxalic acid, citric acid and phosphoric acid.
PAR  The present invention will be illustrated by way of examples to show
      embodiments of the invention and to show that the compounds obtained by
      the process of the present invention have only a low toxicity to fish and
      a broad antimicrobial spectrum.
DETD
PAC  EXAMPLE 1
PAR  Ten grams of nitrile (II) wherein R represents
      ##SPC5##
PAL  were dissolved in 25 g of anhydrous ethanol. Hydrogen chloride was bubbled
      into the solution at a rate of 50 ml./min. for 90 minutes while the
      temperature was kept at 5.degree.C by external ice-cooling. Thereafter,
      excess hydrogen chloride and ethanol were removed to obtain a colorless
      powder. The powder was then dissolved in 30 ml. of ethanol. The solution
      was heated to 40.degree.C. Gaseous ammonia was introduced therein at a
      rate of 50 ml./min. for 2 hours. Thereafter, ethanol was removed under
      reduced pressure to obtain 10.2 g of the desired amidine hydrochloride.
PAR  Elementary analysis: Found: C; 55.8 H; 7.3 N; 15.2 Cl; 21.0. Theoretical:
      C; 55.65 H; 7.59 N; 16.22 Cl; 20.53. Melting point:
      200.degree.-203.degree.C (decomposition). IR Spectrum (Nujol
      cm.sup.-.sup.1): 3220 (S), 3050 (S), .sup..nu.N--H; 1670 (S),
      .sup..nu.N=C; 1570 (W), .sup..nu.C=O.
PAC  EXAMPLE 2
PAR  Four hundred grams of nitrile (II) wherein R represents
      ##SPC6##
PAL  were dissolved in 96 g of anhydrous ethanol. Hydrogen chloride was bubbled
      into the solution at a rate of 300 ml./min. for four hours while the
      temperature was kept at 10.degree.C by external ice-cooling. Then dry
      nitrogen gas was introduced therein to remove excess hydrogen chloride
      from the reaction system. Four hundred grams of anhydrous ethanol were
      added to the reaction mixture and the whole was heated to 50.degree.C.
      Gaseous ammonia was bubbled therein at a rate of 500 ml./min. for three
      hours. Upon cooling, the resulting precipitate was collected by filtration
      and the filtrate was concentrated under reduced pressure. Ether was added
      to the crude product to obtain 260 g of the desired amidine hydrochloride
      as colorless crystals.
PAR  Elementary analysis: Found: C; 70.5 H; 8.4 N; 9.5 Cl; 11.4. Theoretical: C;
      70.45 H; 8.87 N; 9.13 Cl; 11.55.  Melting point: 140.degree.-145.degree.C.
      IR Spectrum (Nujol, cm.sup.-.sup.1); 3230 (S), 3030 (S), .sup..nu.N--H;
      1680 (S), .sup..nu.N=C.
PAC  EXAMPLE 3
PAR  Six grams of nitrile (II) wherein R represents
      ##SPC7##
PAL  were dissolved in 80 ml. of anhydrous benzene. Two grams of finely powdered
      sodium amide were added slowly to the solution and the whole was subjected
      to the reaction under reflux for 10 hours. After completion of the
      reaction, the reaction mixture was added dropwise to a 5% solution of
      sulfuric acid in ice-water under stirring to precipitate colorless
      crystals. The crystals was collected by filtration, washed with water and
      dried under reduced pressure to obtain 3.1 g of the desired amidine
      sulfate.
PAR  Elementary analysis: Found: C; 61.5 H; 7.4 N; 10.8 S; 6.9.  Theoretical: C;
       62.12 H; 7.62 N; 11.15 S; 6.38.  Melting point: 240.degree.-244.degree.C.
      IR Spectrum (Nujol, cm.sup.-.sup.1); 3270 (S), 3030 (S), .sup..nu.N--H
      1680 (S), .sup..nu.N=O 1090 (VS), 1080 (VS), 1060 (VS), .sup..nu.S=O.
PAC  EXAMPLE 4
PAR  Ten grams of the amidine hydrochloride obtained in Example 2 were dissolved
      in 100 ml. of water. Twenty-five milliliters of 10% aqueous sodium sulfate
      solution were added dropwise to the above solution under stirring at room
      temperature to obtain colorless crystals. The crystals were collected by
      filtration, washed with water and dried under reduced pressure to obtain
      9.8 g of the desired amidine sulfate.
PAR  Elementary analysis: Found: C; 67.3 H; 8.3 N; 8.4 S; 4.8. Theoretical: C;
      67.68 H; 8.52 N; 8.77 S; 5.02. Melting point: 235.degree.-237.degree.C
      (decomposition). IR Spectrum (Nujol, cm.sup.-.sup.1): 3280 (m), 3040 (m),
      .sup..nu.N--H; 1680 (m), .sup..nu.C=N; 1140 (vs, br), .sup..nu.S=O.
PAC  EXAMPLE 5
PAR  Minimum inhibiting concentrations (MIC) of the compounds prepared according
      to the present invention for bacteria and moulds are summarized in Table
      1. MIC was determined according to a series of dilution tests.
PAR  As culture medium, broth medium was used for bacteria and Sabouraud-Agar
      medium was used for moulds.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Antimicrobial activity                                                    

     Compound                         E.coli                                   

                                          St.aureus                            

                                               B.subtilis                      

                                                    Pseu. Asp.niger            

                                                               Pen.            

                                                    aeruginosa citrinum        

     __________________________________________________________________________

                                      ppm ppm  ppm  ppm   ppm  ppm             

                                      20-40                                    

                                           5-10                                

                                               5-10 40-60  80-100              

                                                               120-140         

                                      25-50                                    

                                          25-50                                

                                               --   --    120-140              

                                                               120-140         

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  Table 2 shows the results of tests of a toxicity of compound prepared
      according to the present invention and benzalkonium chloride (control) to
      fish. The test was carried out according to plant waste water test method
      (JIS-K-0102-1964). Wakin goldfish was used as the subject.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Toxicity to fish                                                          

     Compound                               TLM*                               

     __________________________________________________________________________

                                            11.5 ppm                           

     Benzalkonium chloride                  0.87                               

     __________________________________________________________________________

      *A concentration at which half the number of the subjects died within 48 

      hours. The higher the number of ppm., the lower the toxicity to fish.    

CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An amidine compound having the formula
      ##SPC8##
PAL  wherein R' is H or CH.sub.3, or an antimicrobially effective acid addition
      salt thereof.
NUM  2.
PAR  2. An amidine compound as claimed in claim 1 in which the acid moiety
      consists of an acid selected from the group consisting of hydrochloric
      acid, sulfuric acid, thiosulfuric acid, p-toluenesulfonic acid, oxalic
      acid, citric acid and phosphoric acid.
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PAL  A class of novel 3,3"-(alkylimino)bis(2-methylenepropiophenone)s has been
      discovered. The new compounds are readily synthesized, and are useful for
      the control of microorganisms, particularly soil-borne plant pathogens.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention concerns new organic compounds,
      3,3"-(alkylimino)bis(2-methylenepropiophenone)s, which are useful for the
      control of microorganisms, and especially of pathogens causing diseases of
      plants, such as fusarium root rot, which are communicated through the
      soil.
PAR  Such compounds have not previously been revealed. A
      3-amino-2-methylenepropiophenone was prepared and described by Piskov, Zh.
      Obshch. Khim. 35 (2), 228-229 (1965), C.A. 62, 13079(c) (1965). No
      biological activities of the compound were disclosed by the Russian
      author.
PAC  SUMMARY
PAR  A class of new microbiocidal compounds of the following formula has been
      discovered and is here disclosed.
      ##SPC1##
PAL  Wherein:
PA1  n represents 0 to 3;
PA1  R represents
PA2  C.sub.1 -c.sub.3 alkyl,
PA2  C.sub.1 -c.sub.3 alkoxy,
PA2  Fluoro, or
PA2  Phenyl;
PAL  Provided that when R represents phenyl, n represents 1; R.sup.1 represents
      C.sub.1 -C.sub.2 alkyl; and the nonphytotoxic acid addition salts thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the above formula, the general terms C.sub.1 -C.sub.2 alkyl, C.sub.1
      -C.sub.3 alkyl, and C.sub.1 -C.sub.3 alkoxy refer to groups such as
      methyl, ethyl, propyl, isopropyl, methoxy and propoxy.
PAR  Suitable nonphytotoxic acid addition salts may be made by forming salts of
      the free bases of the above compounds with acids such as maleic, formic,
      hydrochloric, sulfuric, phosphoric, sulfonic, toluenesulfonic, sulfurous,
      benzoic, phosphonic, acetic, propionic, tartaric, methylsulfonic and
      hyposulfurous acids.
PAR  A group of compounds of the invention will be named below to assure that
      the invention is readily understood. The compounds named are, of course,
      merely exemplary and are not intended to delineate the scope of the
      invention.
PA1  3,3"-(methylimino)bis(2-methylenepropiophenone)
PA1  3,3"-(ethylimino)bis(2-methylenepropiophenone)
PA1  3,3"-(ethylimino)bis(3'-methyl-2-methylenepropiophenone), hydrochloride
PA1  3,3"-(methylimino)bis(3',5'-diethyl-2-methylenepropiophenone), formic acid
      salt
PA1  3,3"-(ethylimino)bis(2-methylene-2',4',6'-tripropylpropiophenone),
      phosphonic acid salt
PA1  3,3"-(ethylimino)bis(2'-isopropyl-2-methylenepropiophenone),
      toluenesulfonic acid salt
PA1  3,3"-(ethylimino)bis(2',6'-diethoxy-2-methylenepropiophenone), benzoic acid
      salt
PA1  3,3"-(methylimino)bis(2-methylene-4'-propoxypropiophenone), acetic acid
      salt
PA1  3,3"-(ethylimino)bis(2',3',5'-trimethoxy-2-methylenepropiophenone)
PA1  3,3"-(ethylimino)bis(2-methylene-3'-phenylpropiophenone), propionic acid
      salt
PA1  3,3"-(ethylimino)bis(3',5'-difluoro-2-methylenepropiophenone), butyric acid
      salt
PA1  3,3"-(ethylimino)bis(3',4',5'-trifluoro-2-methylenepropiophenone),
      phosphoric acid salt
PA1  3,3"-(methylimino)bis(3',5'-diisopropoxy-2-methylenepropiophenone)
PAR  The preferred compounds of this invention are the following.
PA1  3,3"-(methylimino)bis(2-methylenepropiophenone), maleic acid salt
PA1  3,3"-(methylimino)bis(2',4'-dimethyl-2-methylenepropiophenone),
      hydrochloride
PA1  3,3"-(methylimino)bis(2',4'-dimethyl-2-methylenepropiophenone)
PA1  3,3"-(methylimino)bis(2',4'-dimethyl-2-methylenepropiophenone), maleic acid
      salt
PA1  3,3"-(methylimino)bis(2',4'-dimethyl-2-methylenepropiophenone), phosphoric
      acid salt
PA1  3,3"-(methylimino)bis(2'-methyl-2-methylenepropiophenone)
PAR  The compounds of this invention are readily prepared from suitably
      ring-substituted 1,3-dihalo-2-benzoylpropanes. The preparation is
      performed in two steps which can be performed in one vessel without
      isolation of the intermediate product. In the first step, the stating
      compound is dehydrohalogenated in the presence of an inorganic base to
      form the intermediate product, an appropriately ring-substituted
      2-(halomethyl)-acrylophenone. Reaction of the intermediate product with
      methylamine or ethylamine readily forms the desired product.
PAR  Both steps of the reaction may be performed at room temperature. If
      desired, temperatures from 0.degree.C. to the reflux temperature of the
      reaction medium may be used, but in general offer no advantage over room
      temperature reactions. The inorganic base used in the dehydrohalogenation
      step of the synthesis may be any which serves to accept hydrohalide
      removed from the starting compound, such as alkali metal hydroxides,
      carbonates and bicarbonates. The preferred base is NaHCO.sub.3. Since
      inorganic bases give off a mole of water for each mole of hydrohalide
      accepted, it is necessary to use a dehydrating agent, such as molecular
      sieves, in the reaction medium.
PAR  The reaction may be performed in any solvent which is inert to the
      dehydrohalogenation reaction. The preferred solvent is dimethylformamide.
      Other excellent reaction solvents include tetrahydrofuran and diethyl
      ether. In general, ethers, alkanes and aromatic solvents may be used as
      reaction solvents in the process.
PAR  When an acid addition salt of a compound of this invention is desired, it
      may be prepared by the common methods such as the simple contacting of the
      free base with an appropriate acid in an inert solvent such as ethyl ether
      or ethyl acetate.
PAR  The starting 1,3-dihalo-2-benzoylpropanes are readily prepared, as taught
      by Terada et al., Nippon Kagaku Zasshi 81, 612-18 (1960), C.A. 56, 1446h
      (1962), by the reaction of an appropriately ring-substituted acetophenone
      with paraformaldehyde to form the corresponding
      1,3-dimethoxy-2-benzoylpropane. The dimethoxy compound is reacted at ice
      bath temperature with gaseous HCl to form the desired dichloro
      intermediate in very high yield.
PAR  The following synthetic examples are presented to assure that organic
      chemists can obtain the compounds of this invention without undue
      experimentation.
PAC  EXAMPLE 1
PAC  3,3"-(methylimino)bis(2',4'-dimethyl-2-methylenepropiophenone),
      hydrochloride
PAR  A mixture of 24.5 g. of 1,3-dichloro-2-(2',4'-dimethylbenzoyl)propane, 42
      g. of NaHCO.sub.3, 600 ml. of dimethylformamide and about 50 g. of 3A
      molecular sieves was stirred overnight at room temperature. In the
      morning, 3.87 g. of a 40 percent solution of methylamine in water was
      added, and the mixture was stirred for three hours more. The mixture was
      then filtered to remove the solids, and the filtrate was poured into
      water. The aqueous mixture was then extracted with ethyl ether, and the
      ether extract was extracted with dilute HCl. The HCl extract was made
      basic with dilute NaOH, and was extracted with ethyl ether. The final
      ether extract was then dried over MgSO.sub.4, and dry HCl was bubbled
      through it. The product which precipitated was recrystallized from ethyl
      acetate/ethanol, producing 7.995 g. of
      3,3"-(methylimino)bis(2',4'-dimethyl-2-methylenepropiophenone),
      hydrochloride, m.p. 125.degree.-126.degree.C. The product was identified
      by nuclear magnetic resonance analysis and by elemental microanalysis, the
      results of which follow.
TBL  ______________________________________                                    

             Theoretical   Found                                               

     ______________________________________                                    

     C          72.89%         72.61%                                          

     H         7.34            7.12                                            

     N         3.40            3.41                                            

     ______________________________________                                    

PAC  EXAMPLE 2
PAC  3,3"-(methylimino)bis(4'-methyl-2-methylenepropiophenone), maleic acid salt
PAR  A reaction mixture of 23.1 g. of 1,3-dichloro-2-(p-toluoyl)propane, 42 g.
      of NaHCO.sub.3, and about 50 g. of 3A molecular sieves in about 600 ml. of
      dimethylformamide was stirred overnight at room temperature. In the
      morning, 3.87 g. of 40 percent methylamine solution was added, and the
      mixture was stirred for one hour more. The solids were filtered off, and
      the filtrate was poured into water which was then extracted with ethyl
      ether. The ether extract was extracted with dilute HCl. The HCl extract
      was made basic with dilute NaOH, and was extracted with ethyl ether. The
      final ether extract was dried over MgSO.sub.4 and evaporated under vacuum
      to yield 8 g. of oil, which was identified by nuclear magnetic resonance
      analysis as 3,3'-(methylimino)bis(4'-methyl-2-methylenepropiophenone).
PAR  The maleic acid salt was made by dissolving the above product in ethyl
      acetate and adding an appropriate amount of maleic acid in ethyl acetate
      solution. The salt was purified by recrystallization from ethyl
      acetate/ethyl ether. The yield was 7.43 g. of pure product having a
      melting point of 97.degree.-98.degree.C. It was identified by nuclear
      magnetic resonance analysis and by elemental microanalysis.
TBL  ______________________________________                                    

             Theoretical   Found                                               

     ______________________________________                                    

     C          69.96%         69.72%                                          

     H         6.31            6.41                                            

     N         3.02            2.93                                            

     ______________________________________                                    

PAR  The simple synthetic process illustrated by the above examples is used,
      with minor variations easily supplied by an organic chemist, to make other
      compounds of the invention, such as the following.
PAC  EXAMPLE 3
PAR  3,3"-(methylimino)bis(2-methylenepropiophenone), maleic acid salt, m.p.
      113.degree.-115.degree.C.
PAC  EXAMPLE 4
PAR  3,3"-(ethylimino)bis(2-methylenepropiophenone), m.p.
      156.degree.-158.degree.C.
PAC  EXAMPLE 5
PAR  3,3"-(methylimino)bis(2'-methyl-2-methylenepropiophenone), m.p.
      100.degree.-101.degree.C.
PAC  EXAMPLE 6
PAR  3,3"-(methylimino)bis(2'-methoxy-2-methylenepropiophenone), m.p.
      124.degree.-126.degree.C.
PAC  EXAMPLE 7
PAR  3,3"-(methylimino)bis(2-methylene-4'-phenylpropiophenone), m.p.
      175.degree.-178.degree.C.
PAC  EXAMPLE 8
PAR  3,3"-(methylimino)bis(4'-fluoro-2-methylenepropiophenone), oil
PAC  EXAMPLE 9
PAR  3,3"-(methylimino)bis(2',4'-dimethyl-2-methylenepropiophenone), oil
PAC  EXAMPLE 10
PAR  3,3"-(methylimino)bis(2',4',6'-trimethyl-2-methylenepropiophenone), oil
PAC  EXAMPLE 11
PAR  3,3"-(methylimino)bis(2-methylenepropiophenone), hydrochloride, oil
PAC  EXAMPLE 12
PAR  3,3"-(methylimino)bis(2-methylenepropiophenone), sulfuric acid salt, oil
PAC  EXAMPLE 13
PAR  3,3"-(methylimino)bis(2-methylenepropiophenone), formic acid salt, oil
PAC  EXAMPLE 14
PAR  3,3"-(methylimino)bis(2',4'-dimethyl-2-methylenepropiophenone), sulfuric
      acid salt, oil
PAC  EXAMPLE 15
PAR  3,3"-(methylimino)bis(2',4'-dimethyl-2-methylenepropiophenone), formic acid
      salt, oil
PAC  EXAMPLE 16
PAR  3,3"-(methylimino)bis(2',4'-dimethyl-2-methylenepropiophenone), maleic acid
      salt, oil
PAC  EXAMPLE 17
PAR  3,3"-(methylimino)bis(2',4'-dimethyl-2-methylenepropiophenone), phosphoric
      acid salt, oil
PAC  EXAMPLE 18
PAR  3,3"-(methylimino)bis(2-methylenepropiophenone), oil
PAC  EXAMPLE 19
PAR  3,3"-(methylimino)bis(3'-methyl-2-methylenepropiophenone), m.p.
      115.degree.-118.degree.C.
PAC  EXAMPLE 20
PAR  3,3"-(methylimino)bis(4'-methoxy-2-methylenepropiophenone), m.p.
      89.degree.-92.degree.C.
PAC  EXAMPLE 21
PAR  3,3"-(methylimino)bis(3',4'-dimethyl-2-methylenepropiophenone), m.p.
      97.degree.-99.degree.C.
PAC  EXAMPLE 22
PAR  3,3"-(methylimino)bis(2',4',6'-trimethyl-2-methylenepropiophenone),
      hydrochloride, m.p. 183.degree.-185.degree.C.
PAR  Many compounds of this invention have been evaluated in the following test
      systems to determine their ability to control phytopathogenic soil-borne
      organisms.
PAC  TEST 1
PAC  pythium damping-off test
PAR  An aqueous dispersion of each compound to be tested was prepared by first
      dissolving 114 mg. of the compound in 2 ml. of acetone/ethanol, and then
      dispersing the solution in about 30 ml. of water containing 0.1 percent of
      a nonionic surfactant.
PAR  Soil was infected with Pythium aphanidermatum, the causative organism of
      pythium damping-off disease, by growing four separate isolates of the
      organism in cornmeal and adding portions of all four cultures to
      greenhouse soil which had previously been sterilized to kill wild
      organisms.
PAR  Four ml. of the test compound dispersion was added to 150 g. of infected
      soil by absorbing the dispersion on granular clay particles and mixing the
      particles through the soil. The treatment rate was equivalent to 44.8
      kg./ha. The soil was then transferred to a small plastic pot which was
      planted with 12 cotton seeds. The pots were watered and placed ind a moist
      growth chamber until the cotton seedlings emerged, when the pots were
      transferred to the greenhouse for observation.
PAR  The cotton plants growing in treated soil were observed and compared with
      untreated control plants growing in infected soil without test compounds.
      The emergence and health of the treated plants were rated on a 1-5 scale,
      where 1 represents severe disease and 5 represents complete disease
      control. Results of testing typical compounds were as follows.
TBL  ______________________________________                                    

     Compound of     Disease                                                   

     Example No.     Rating                                                    

     ______________________________________                                    

     1               5                                                         

     2               5                                                         

     3               5                                                         

     4               1                                                         

     5               5                                                         

     6               4                                                         

     7               1                                                         

     8               5                                                         

     9               5                                                         

     10              3           (22.4 kg./ha.)                                

     11              4                                                         

     12              1                                                         

     13              4                                                         

     14              5                                                         

     15              1                                                         

     16              5                                                         

     17              5                                                         

     18              1                                                         

     19              4           (22.4 kg./ha.)                                

     20              3                                                         

     21              1                                                         

     22              3                                                         

     ______________________________________                                    

PAR  The compounds were sometimes tested by dusting the powdered compound on
      cotton seeds and planting the treated seed in infected soil. When the
      compounds of Examples 12, 15 and 21 were applied to seed at the rate of
      4.4 g./kg. of seed in typical tests, the cotton plants showed disease
      rated at 4, 2, and 2 respectively.
PAC  TEST 2
PAC  fusarium root rot test
PAR  The compounds were tested in a procedure essentially similar to the
      procedure of Test 1, except that the infecting organism was Fusarium
      solani f. phaseoli, the causative organism of fusarium root rot, which was
      grown in sand mixed with fusarium-infected wheat seed. The host plant was
      bean, of which three seeds were planted in each pot.
PAR  Typical results were as follows:
TBL  Compound of           Disease                                             

     Example No.           Rating                                              

     ______________________________________                                    

     1                     4                                                   

     2                     4                                                   

     3                     5                                                   

     4                     4                                                   

     5                     3                                                   

     6                     1                                                   

     7                     1                                                   

     8                     1                                                   

     9                     1                                                   

     10                    1                                                   

     11                    1                                                   

     12                    1                                                   

     13                    3                                                   

     14                    1                                                   

     15                    1                                                   

     16                    3                                                   

     17                    4                                                   

     18                    4                                                   

     19                    4                                                   

     20                    4                                                   

     21                    1                                                   

     22                    4                                                   

     ______________________________________                                    

PAR  The above test was varied at times by introducing the test compound as a
      coating of the finely powdered compound on the seed. For example, when the
      compound of Example 8 was applied to the bean seeds in this fashion at the
      rate of 4.4 g. per kg. of seed, a disease rating of 4 was obtained,
      indicating excellent control of the disease. In a similar test, the
      compound of Example 7 produced a disease rating of 3.
PAR  While the ability of the compounds to control soil-borne phytopathogens is
      their most important utility, the compounds also control many other
      microorganisms. For example, the compounds of Examples 2, 5, 6, 7, 19, 20,
      21 and 22 inhibit the growth of Staphylococcus aureus; the compounds of
      Examples 5 and 22 control Streptococcus faecalis; the compounds of
      Examples 2, 5, and 20 control Erwinia amylovora; and the compounds of
      Examples 2, 5, 6, 7, 20 and 22 inhibit the growth of Ceratocystis ulmi.
PAR  The compounds of this invention are used for the control of soil-borne
      pathogens in the usual methods which agricultural chemistry has evolved
      for such purposes. The compounds may be applied directly to the soil in
      the form of a typical agricultural chemical formulation, or may be applied
      to the seed to be planted.
PAR  When the compounds are to be applied directly to the soil, they are most
      often formulated as concentrated compositions applied in the form of water
      dispersions or emulsions. Such water-dispersible or emulsifiable
      formulations are either solids usually known as wettable powders, or
      liquids usually known as emulsifiable concentrates. Wettable powders
      comprise an intimate mixture of the active compound, an inert carrier and
      surfactants. The concentration of the active compound is usually from
      about 10 percent to about 90 percent by weight. The inert carrier is
      usually chosen from among the attapulgite clays, the montmorillonite
      clays, the diatomaceous earths, or the purified silicates. Effective
      surfactants, comprising from about 0.5 percent to about 10 percent of the
      wettable powder, are found among the sulfonated lignins, the condensed
      naphthalenesulfonates, the naphthalenesulfonates, the
      alkylbenzenesulfonates, the alkyl sulfates, and nonionic surfactants such
      as ethylene oxide adducts of alkyl phenol.
PAR  Typical emulsifiable concentrates of the compounds comprise a convenient
      concentration of the compound, such as from about 100 to about 500 g. per
      liter of liquid, dissolved in an inert carrier which is a mixture of
      water-immiscible organic solvent and emulsifiers. Useful organic solvents
      include the aromatics, especially the xylenes, and the petroleum
      fractions, especially the high-boiling naphthalenic and olefinic portions
      of petroleum such as heavy aromatic naphtha. Other organic solvents may
      also be used, such as the terpenic solvents including rosin derivatives,
      and complex alcohols such as 2-ethoxyethanol. Suitable emulsifiers for
      emulsifiable concentrates are chosen from the same types of surfactants
      used for wettable powders.
PAR  The compounds are also conveniently applied to the soil in the form of
      solid, granular formulations. Such formulations typically comprise the
      compound dispersed on a granular inert carrier such as coarsely ground
      clay. The particle size of such granules usually ranges from about 0.1 to
      about 3 mm. The usual formulation process comprises dissolving the
      compound in an inexpensive solvent, such as kerosene or heavy aromatic
      naphtha, and applying the solution to the carrier in an appropriate solids
      mixer.
PAR  The compounds control soil pathogens when applied directly to the soil at
      application rates from about 5 to about 50 kg./ha. When the compounds are
      used by applying them to crop seed, from about 0.25 to about 5 g. of the
      compound should be applied to each kilogram of seed.
PAR  The compounds are applied to seed by the usual coating techniques. For
      example, the compounds can be finely ground and dusted onto the seed. The
      seed can be coated with a small amount of an oil to increase the adhesion
      of the compound thereon. It is also possible to dissolve the compound in a
      nonphytotoxic solvent, coat the seed with the solution and evaporate the
      solvent.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC2##
PAL  wherein:
PA1  n represents 0 to 3;
PA1  R represents
PA2  C.sub.1 -c.sub.3 alkyl,
PA2  C.sub.1 -c.sub.3 alkoxy,
PA2  fluoro, or
PA2  phenyl;
PAL  provided that when R represents phenyl, n represents 1; R.sup.1 represents
      C.sub.1 -C.sub.2 alkyl; and the nonphytotoxic acid addition salts thereof.
NUM  2.
PAR  2. The compound of claim 1 which is
      3,3"-(methylimino)bis(2-methylenepropiophenone), maleic acid salt.
NUM  3.
PAR  3. The compound of claim 1 which is
      3,3"-(methylimino)-bis(2',4'-dimethyl-2-methylenepropiophenone),
      hydrochloride.
NUM  4.
PAR  4. The compound of claim 1 which is
      3,3"-(methylimino)bis(2',4'-dimethyl-2-methylenepropiophenone).
NUM  5.
PAR  5. The compound of claim 1 which is
      3,3"-(methylimino)bis(2',4'-dimethyl-2-methylenepropiophenone), maleic
      acid salt.
NUM  6.
PAR  6. The compound of claim 1 which is
      3,3"-(methylimino)-bis(2',4'-dimethyl-2-methylenepropiophenone),
      phosphoric acid salt.
NUM  7.
PAR  7. The compound of claim 1 which is
      3,3"-(methylimino)bis(2'-methyl-2-methylenepropiophenone).
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PAL  The compound thiohumic acid resulting from replacing at least a part of the
      carboxyl groups in humic acid by thiocarboxyl groups, i.e.,
      ##EQU1##
      as well as a heavy metal adsorbent containing thiohumic acid as its active
      ingredient. This new compound is obtained by treating humic acid with a
      halogenating agent to form humic acid halide and treating such halide with
      a thiolating agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a new compound, i.e., thiohumic acid, and to a
      heavy metal adsorbent containing this new compound as its active
      ingredient.
PAR  In recent years, pollution of rivers, lakes and sea water with heavy metal
      ions contained in industrial effluents has become a serious social problem
      and, consequently, the elimination of heavy metal ions in industrial
      effluents has become necessary for preventing environmental pollution. It
      has hitherto been proposed for removing heavy metal ions in water to
      precipitate these ions as sulfides, carbonates or hydroxides, adsorb them
      with active carbon, replace them with an ion exchange resin and complex
      them with a chelate-forming agent. However, such methods are unsuited for
      treating a large amount of liquids such as industrial effluents, as these
      methods require expensive treating agents and the rate of removal they
      achieve is limited.
PAR  It is known that humic acid exhibits high adsorptivity for various heavy
      metal ions, such as copper and cadmium ions. However, humic acid possesses
      poor adsorptivity for mercury ions and cannot be used as an adsorbent
      intended for removing mercury. In the chemical industry field, therefore,
      there is a great demand for the development of a new adsorbent which can
      economically be prepared and has a high adsorptivity for various heavy
      metal ions including mercury ions.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is a prime object of this invention to provide a new compound called
      thiohumic acid.
PAR  It is another object of this invention to provide a heavy metal adsorbent
      possessing a high adsorptivity for heavy metal ions, especially mercury
      ions.
PAR  It is still another object of this invention to provide a process for
      preparing thiohumic acid.
PAR  These and other objects of this invention will become more fully apparent
      as the description proceeds.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As the result of much research conducted for modifying humic acid to
      prepare a heavy metal adsorbent possessing good adsorptivity for heavy
      metals such as mercury, it has now been found that a compound obtained by
      substituting at least a part of carboxyl groups of humic acid by
      thiocarboxyl groups can minimize the concentration of mercury to 0.001 ppm
      or less when used for the treatment of an aqueous solution containing
      inorganic and/or organic mercury compounds at a concentration of 1 ppm.
PAR  In accordance with this invention, humic acid is first heated together with
      a halogenating agent to convert the acid into humic acid halide and any
      remaining excess halogenating agent is removed by distillation or other
      suitable means. Next, the resulting humic acid halide is dissolved or
      suspended in a solvent such as dimethylformamide, pyridine,
      dimethylsulfoxide, ethanol or water and then reacted with a thiolating
      agent. The reaction product thus obtained is separated from the reaction
      liquid by filtration or centrifugal separation, washed with water and
      dried. Thiohumic acid thus obtained contains about 2-6 meq/g of
      thiocarboxyl group and exhibits high adsorptivity to mercury compounds.
PAR  As the humic acid utilizable in this invention as the starting material,
      there can be mentioned natural humic acid as well as the so-called humic
      acid homologues, for example, oxidized coal obtained by oxidizing coal
      with an oxidizing agent, such as nitric acid or oxygen, regenerated humic
      acid obtained by extracting natural humic acid or oxidized coal with a
      dilute aqueous solution of alkali and adding an acid such as hydrochloric
      acid to the extract, another oxidized coal obtained by oxidation of coke,
      semi-coke, pitch or asphalt, and regenerated humic acid homologues
      obtained by extraction with a diluted alkali of such oxidized coal.
      Lignite and brown coal abounding in humic acid can also be used directly
      as the starting material for this invention.
PAR  Reagents for converting the carboxyl group in humic acid to an acid halide
      group include, for example, thionyl chloride, thionyl bromide, phosphorus
      trichloride, phosphorus pentachloride and phosphorus oxychloride. Among
      these, thionyl chloride is most preferable because of its high reactivity
      and easiness in removal of any excess after the reaction and of
      by-products. After completion of the halogenation reaction for humic acid,
      any remaining excess halogenating agent is distilled and reused.
PAR  The reaction between humic acid and a halogenating agent takes place to a
      notable degree at room temperature, but is suitably carried out at the
      boiling point or at a temperature of 20.degree.-30.degree.C below the
      boiling temperature of the halogenating agent to attain the halogenation
      reaction completely. The reaction requires 0.5-5 hours. In view of the
      fact that the yield of the product becomes higher than the theoretical
      yield when the reaction time is prolonged, it is supposed that in addition
      to halogenation of the carboxyl groups, halogenation of other active
      hydrogen atoms in the humic acid also takes place.
PAR  As described above, humic acid halide is then reacted with a thiolating
      agent such as hydrogen sulfide or alkali metal hydrosulfide to introduce
      the thiol group into the humic acid molecule. Utilizable as the solvent
      for this reaction are, for example, dimethylformamide (DMF), pyridine,
      dimethylsulfoxide (DMSO), alcohols, water and mixtures thereof. It is
      noted that not only the carbonyl halide groups but also other active
      halogens, for example, chlorine atoms bonded to the aliphatic carbon
      atoms, are converted into thiol groups by this reaction.
PAR  The product of the invention obtained as described above contains 2-6 meq/g
      of thiocarboxyl groups according to the iodometry for the determination of
      thiol groups and possesses a strong, selective adsorptivity for heavy
      metal ions.
PAR  As one of the characteristic features of the heavy metal adsorbent of the
      humic acid series according to this invention, the adsorbent adsorbs
      mercury compounds selectively in a wide pH range and without deterioration
      in quality even in the presence of other metal ions. More precisely, the
      heavy metal adsorbent of this invention exhibits an excellent adsorptivity
      for mercury in liquids to be treated having pH values within the range of
      2-10 or higher. The concurrent presence of a considerably high
      concentration of sodium and calcium ions and a small amount of metal ions
      such as iron, aluminum, chromium, copper and cadmium ions and anions such
      as chlorine ion gives no adverse influence on the adsorptivity of the
      present heavy metal adsorbent for mercury. Thiohumic acid is thus
      particularly effective for the adsorption of mercury but also has good
      adsorptivity for heavy metals other than mercury.
PAR  Another characteristic feature of thiohumic acid is its easy regeneration.
      The adsorbent after use can be regenerated by treating it with an aqueous
      solution of a mineral acid of low normality and can be used as
      regenerated.
PAR  Humic acid used as the starting material may be in the form of powder or
      granules. In case the adsorbent is used in a continuous treating method,
      such as in a column, the heavy metal adsorbent of humic acid series
      prepared from granular humic acid is suitable for this purpose.
PAR  This invention will be illustrated in more detail by way of the following
      examples.
PAC  EXAMPLE 1
PAR  20 Grams of regenerated humic acid, prepared by the oxidation of coal with
      nitric acid, were heated at 80.degree.C for 3 hours together with 200 ml
      of thionyl chloride. After the reaction, unreacted thionyl chloride was
      almost entirely distilled off at 80.degree.C under atmospheric pressure
      and then completely distilled off at 80.degree.C under reduced pressure.
      The yield of the resulting humic acid chloride was 23.0 g. 5.0 Grams of
      humic acid chloride were then added to 100 ml of DMF and gaseous hydrogen
      sulfide was blown thereinto for 5 hours.
PAR  Then, water was added to the reaction liquid to precipitate thiohumic acid
      and the precipitate was collected by centrifugal separation, washed with
      water and dried. The yield of the thiohumic acid was 5.1 g and its
      thiocarboxyl content was 4.8 meq/g.
PAR  0.05 Gram of the recovered product was added to 100 ml each of an aqueous
      solution of 1 ppm methylmercuric chloride and an aqueous solution of 1 ppm
      mercuric chloride and each solution was shaken for 24 hours. Upon
      measuring the concentrations of methylmercuric chloride and mercuric
      chloride in the aqueous solutions, these concentrations were 0.0052 ppm
      and 0.0036 ppm, respectively.
PAR  In a similar adsorption test using 0.5 g of thiohumic acid, the
      concentrations of methylmercuric chloride and mercuric chloride in the
      treated aqueous solutions were both reduced to 0.001 ppm.
PAC  EXAMPLE 2
PAR  0.05 Gram of thiohumic acid prepared according to Example 1 was added to
      100 ml each of 0.05 M aqueous solution of sodium chloride containing 1 ppm
      methylmercuric chloride and 1 .times. 10.sup..sup.-3 M aqueous solution of
      cupric chloride and each solution was shaken for 24 hours. Upon measuring
      the concentrations of methylmercuric chloride and cupric chloride in the
      aqueous solution, these concentrations were 0.0056 ppm and 0.0061 ppm,
      respectively.
PAC  EXAMPLE 3
PAR  1.0 Gram of humic acid chloride prepared according to Example 1 was added
      to each of 20 ml of pyridine and 20 ml of a 15% aqueous solution of
      potassium hydroxide. Hydrogen sulfide was blown into each solution for 4
      hours. After completion of the reaction, thiohumic acid thus prepared was
      collected, by centrifugal separation from the aqueous reaction liquid, and
      directly from the pyridine medium, and after acification with hydrochloric
      acid in the case of the aqueous solution of potassium hydroxide was washed
      with water and dried. The yields of the products were 0.9 g and 1.1 g,
      respectively, and the thiocarboxyl group content was 3.8 meq/g and 3.1
      meq/g, respectively.
PAR  0.1 Gram of each of the above products was added to separate 100 ml aqueous
      solutions containing 1 ppm methylmercuric chloride and each solution was
      shaken for 24 hours. Upon measuring the concentrations of methylmercuric
      chloride in the aqueous solutions, the concentrations were 0.0064 ppm and
      0.0071 ppm, respectively.
PAC  EXAMPLE 4
PAR  Ten g of humic acid prepared by extraction of lignite with alkali were
      heated at 50.degree.C for 4 hours together with 50 g of phosphorus
      trichloride. After completion of the reaction, unreacted excess phosphorus
      trichloride was removed by distillation first at 80.degree.C and then at
      100.degree.C under reduced pressure. In 20 ml of 90% ethanol were
      dissolved 5 g of potassium hydroxide and gaseous hydrogen sulfide was
      blown into the solution for 4 hours. To this solution were added 2.0 g of
      the above reaction product and the mixture was reacted together for 4
      hours at 5.degree.-15.degree.C. After the reaction, the reaction liquid
      was acidified with hydrochloric acid to precipitate thiohumic acid which
      was then collected by centrifugal separation, washed with water and dried.
      The yield of the product was 1.9 g and its thiocarboxyl group content was
      3.3 meq/g.
PAR  0.1 Gram of the product was added to 100 ml of an aqueous solution
      containing 1 ppm methylmercuric chloride and the solution was shaken for
      24 hours. Upon measuring the concentration of methylmercuric chloride in
      the aqueous solution, the concentration was 0.0058 ppm.
PAC  EXAMPLE 5
PAR  Using regenerated humic acid prepared by oxidation of coal tar pitch with
      air, thiohumic acid was prepared in a manner similar to that described in
      Example 1. The yield of the acid chloride from 20 g of the regenerated
      humic acid was 22.6 g and the yield of thiohumic acid from 5.0 g of the
      acid chloride was 4.9 g. The thiocarboxyl group content of the thiohumic
      acid was 4.4 meq/g.
PAR  0.5 Gram of the reaction product was added to 100 ml each of an aqueous
      solution of 1 ppm methylmercuric chloride and an aqueous solution of 1 ppm
      mercuric sulfate and each solution was shaken for 24 hours. Upon measuring
      the concentrations of methylmercuric chloride and mercuric sulfate in the
      aqueous solutions, both concentrations were less than 0.001 ppm.
PAC  EXAMPLE 6
PAR  20 Grams of granular oxidized coal, obtained by the oxidation of granular
      semi-coke (manufactured from coal; dry distillation: 550.degree.C, 30
      min,; granularity: 24 mesh) with nitric acid, were reacted with 100 ml of
      thionyl chloride at 60.degree.C for 5 hours. After completion of the
      reaction, unreacted excess thionyl chloride was removed by distillation
      under reduced pressure. The yield of the product was 22.1 g. 5.0 Grams of
      this product were added to 50 ml of DMF and gaseous hydrogen sulfide was
      blown thereinto for 5 hours. The product was collected by filtration,
      washed with water and dried in vacuo at room temperature. The yield of
      granular thiohumic acid was 4.9 g and its thiocarboxyl group content was
      2.1 meq/g.
PAR  1.0 Gram of the granular thiohumic acid was added to 100 ml each of an
      aqueous solution of 1 ppm methylmercuric chloride and an aqueous solution
      of 1 ppm mercuric chloride and each solution was shaken for 24 hours. Upon
      measuring the concentrations of methylmercuric chloride and mercuric
      chloride, both concentrations were less than 0.001 ppm.
PAR  The mercury adsorptivity of the granular thiohumic acid used in the
      foregoing adsorption tests was regenerated by treating the acid with 2-N
      hydrochloric acid.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thiocarboxyl derivative of humic acid prepared by (1) reacting:
PA1  a. regenerated humic acid prepared by the oxidation of coal with nitric
      acid,
PA1  b. humic acid prepared by the extraction of lignite with alkali,
PA1  c. regenerated humic acid prepared by the oxidation of coal tar pitch with
      air, or
PA1  d. granular oxidized coal obtained by the oxidation of granular semi-coke
      with nitric acid,
PAR  with a halogenating agent of the group consisting of thionyl chloride,
      thionyl bromide, phosphorus trichloride, phosphorus pentachloride and
      phosphorus oxychloride at a temperature ranging from room temperature to
      the boiling point of said halogenating agent; and (2) reacting the
      resultant acid halide with a thiolating agent of the group consisting of
      hydrogen sulfide or alkali metal hydrosulfide to produce the thiocarboxyl
      derivative containing about 2-6 meq/g of thiocarboxyl groups.
NUM  2.
PAR  2. A thiocarboxyl derivative as in claim 1 wherein said acid halide from
      step (1) is reacted with said thiolating agent in the presence of a
      solvent selected from the group consisting of dimethylformamide, pyridine,
      dimethylsulfoxide, alcohol, water and mixtures thereof.
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ABST
PAL  A process is provided for preparing quaternary ammonium compounds which
      contain both cationic and nonionic hydrophilic groups in the molecule.
      Alkylene oxide is reacted with aliphatic alcohol in the presence of an
      alkali catalyst at an elevated temperature; the resulting alkoxyglycol
      alcohol or ether is reacted with epichlorohydrin, producing the
      corresponding chloroglyceryl or chlorohydroxypropylene ether; and this is
      then reacted with a secondary amine to produce the quaternary ammonium
      compound.
PARN
PAR  This application is a continuation-in-part of Ser. No. 306,251, now
      abandoned filed Nov. 10, 1972, and Ser. No. 423,592, filed Dec. 10, 1973.
BSUM
PAR  U.S. Pat. Nos. 3,395,708 and Re. No. 26,939, to Hervey and George, dated
      Aug. 6, 1968 and Aug. 18, 1970, and French Pat. No. 1,265,818, disclose
      that treatment of unfiberized wet cellulose pulp with a surfactant before
      or during the formation of the cellulose pulp on a drying machine or on a
      paper machine reduces the interfiber bonds of the cellulose. The
      improvement is accomplished by impregnating a wet slurry of wood pulp with
      a cationic debonding agent, forming the wet slurry into a wet pressed wood
      pulp sheet, and mechanically fiberizing the dried sheet to form a
      substantially completely fiberized fluffed fibrous wood pulp batt. The
      result of this treatment is a cellulose batt, sheet or paper having
      improved softness and a low degree of mechanical strength. Among the
      surfactants said to be useful in this way are long chain cationic
      surfactants, preferably with at least twelve carbon atoms in at least one
      alkyl chain, and illustrative, but non-limiting, specific examples of same
      are fatty dialkyl amine quaternary salts, mono fatty alkyl tertiary amine
      salts, primary amine salts, and unsaturated fatty alkyl amine salts.
PAR  The hydrophilic cationic portion of the surfactant is considered to be
      attracted to the negatively-charged cellulose fibers, while the
      hydrophobic portions of the molecule are exposed on the surface, thus
      rendering the surface of the fibers hydrophobic. The interbonds between
      the cellulose fibers are reduced, and the defibration into cellulose fluff
      is thereby facilitated. However, a highly hydrophilic cellulose pulp when
      treated with such cationic surfactants will exhibit more hydrophobic
      properties than the corresponding untreated cellulose pulp. If the
      cellulose pulp or paper is intended to be used in the production of highly
      absorbent products, such as sanitary products, hydrophobicity is not
      desirable, since it reduces absorptivity. Consequently, in the treatment
      of such cellulose derivatives, it has been necessary in order to improve
      the wettability of the cellulose fibers after the treatment to add a
      wetting agent, which is preferably added to the cellulose pulp sheet in a
      separate operation, owing to the low degree of affinity to cellulose of
      these wetting agents.
PAR  In accordance with the invention of Ser. No. 306,251, filed Nov. 10, 1972,
      it has been determined that bis(alkoxy (2-hydroxy)propylene) quaternary
      ammonium compounds which contain both cationic and nonionic hydrophilic
      groups when used to treat textile materials impart improved softness and
      excellent antistatic properties while at the same time preserving good
      hydrophilic properties. The quaternary ammonium compounds in accordance
      with the invention have the general formula:
      ##EQU1##
PAR  In this formula:
PAR  R.sub.1 and R.sub.2 are aliphatic hydrocarbon groups, which can be either
      saturated or unsaturated, having from about eight to about twenty-two
      carbon atoms.
PAR  R.sub.3 and R.sub.3 are methyl, ethyl or hydroxyethyl.
PAR  n is a number from 2 to 4, representing the number of carbon atoms in the
      oxyalkylene substituent, which can thus be oxyethylene, oxypropylene-1,2or
      -1,3 or oxybutylene-1,2 -1,3, -1,4 or -2,3.
PAR  n.sub.1 And n.sub.2 are numbers within the range from 0 to about 10,
      representing the number of oxyalkylene groups present in each substituent,
      n.sub.1 and n.sub.2 usually represent average values, and therefore need
      not be integers.
PAR  X is a salt-forming anion, and can be organic or inorganic.
PAR  The quaternary ammonium compounds in accordance with the invention of Ser.
      No. 306,251 impart superior antistatic properties to substrates than the
      alkyl quaternary ammonium compounds heretofore used, such as those of U.S.
      Pat. No. 3,395,708. The improvement in antistatic properties is believed
      due to the presence of the 2-hydroxy-oxypropylene group. The addition of
      the oxyalkylene units also improves antistatic properties as well as
      softening properties. Compounds having no or from one to two oxyalkylene
      groups and one 2-hydroxy-oxypropylene group attached to the aliphatic
      hydrocarbon group impart the best antistatic and softening properties, and
      are therefore preferred. In these compounds, n.sub.1 and n.sub.2 are
      numbers within the range from 0 to 2.
PAR  The quaternary compounds in accordance with the invention of Ser. No.
      306,251 can be applied to the substrate in the form of solutions, in water
      or in an organic solvent. In such solutions, the concentration of
      quaternary ammonium compound can range from about 0.01 to about 25%,
      preferably from 0.1 to about 10%.
PAR  In accordance with the instant invention, a process is provided for
      preparing alkoxy 2-hydroxypropylene quaternary ammonium compounds by
      reaction of alkylene oxide with aliphatic alcohol to form the
      corresponding alkoxy glycol alcohol or ether, followed by reaction of this
      product with epichlorhydrin producing the corresponding chloroglyceryl or
      chlorohydroxypropylene ether, which is then reacted with a secondary
      amine.
PAR  The synthesis of the alkoxy-2-hydroxy-propylene quaternary ammonium
      compounds in accordance with the invention includes the following reaction
      steps:
      ##EQU2##
PAR  In the above reaction formulae, R.sub.1, R.sub.3, R.sub.4, n and n.sub.1
      have the meaning earlier mentioned.
PAR  The alkoxyalkylene oxy-(2-hydroxy)propylene quaternary ammonium compounds
      in accordance with the invention can be prepared by reaction of from one
      to about ten mols of ethylene oxide with one mol of an aliphatic alcohol
      having from about eight to about twenty-two carbon atoms. The reaction of
      alkylene oxide with the alcohol is carried out in the presence of an
      alkali catalyst, preferably sodium hydroxide, at an elevated temperature.
      If no oxyalkylene unit is present, of course this reaction step is
      omitted.
PAR  The resulting alkoxy glycol ether (or the alcohol, if no oxyalkylene group
      is present) is reacted with epichlorhydrin, producing the corresponding
      chloroglyceryl or chlorohydroxypropylene ether, which is then reacted with
      a secondary amine having the formula R.sub.3 R.sub.4 NH, where R.sub.3 and
      R.sub.4 are methyl, ethyl, or hydroxyethyl.
PAR  The product is a quaternary ammonium compound of the invention, in the form
      of its chloride salt. The chloride ion can then be exchanged by another
      anion, using known techniques, for example, by addition of a sodium salt
      with a higher solubility constant than sodium chloride, or by ion exchange
      in an anion exchanger. Among anions other than chloride ion which can
      serve as X in the quaternary ammonium compounds of the invention are
      nitrate, carbonate, hydroxyl, phosphate, iodide, bromide, methyl, sulfate,
      acetate, carbonate, formate, citrate, propionate, and tartrate. The
      monovalent anions are preferred.
PAR  The reaction between the alkylene oxide adduct and the epichlorhydrin
      proceeds at an elevated temperature within the range from about 25.degree.
      to about 150.degree.C in the presence of a catalyst, such as stannic
      chloride, boron trifluoride, and perchloric acid, HClO.sub.4. These give a
      rapid easily controllable reaction, but other acid catalysts such as
      toluene sulfonic acid and sulfuric acid can also be used.
PAR  In order to ensure complete reaction of the alkylene oxide adduct, an
      excess of epichlorhydrin is generally added.
PAR  The quaternization of the secondary amine with the chloroglyceryl ether is
      carried out in the presence of alkali, generally sodium hydroxide, at an
      elevated temperature within the range from about 25.degree. to about
      150.degree.C, in the presence of water or a water miscible organic
      solvent.
PAR  It is not necessary that the organic solvent be miscible with water in all
      proportions, but it should be miscible with water in the proportions used
      so as to form a homogeneous solvent mixture, if water is also present.
PAR  Any water-miscible organic solvent which is inert under reaction conditions
      can be used. The organic solvent accordingly can be selected from the
      classes consisting of lower aliphatic alcohols having from one to about
      six carbon atoms, lower aliphatic polyhydric alcohols having from two to
      about six carbon atoms and from two to six hydroxyl groups, and monoalkyl
      ethers of such lower aliphatic polyhydric alcohols having from two to
      about six carbon atoms in the alkyl group; polyoxyalkylene glycols and
      polyoxyalkylene glycol monoethers having at least one oxyether linkage and
      two alkylene groups, the alkylene groups having from two to four carbon
      atoms in a straight or branched chain, and having not more than one
      hydroxyl group etherified with a lower alkyl group having from one to
      about six carbon atoms; and heterocyclic ethers having up to six ring
      atoms of which one or two may be ether oxygen, and four or five carbon
      atoms.
PAR  Exemplary lower aliphatic alcohols include methanol, ethanol, propanol,
      isopropanol, butanol, isobutanol, tertiarybutanol, secondary butanol,
      pentanol, isopentanol, hexanol, isohexanol, and tertiaryhexanol.
PAR  Exemplary polyoxyalkylene glycols and glycol ethers include the monoethyl
      ethers of diethylene glycol, diethylene glycol, triethylene glycol,
      tetraethylene glycol, the monomethyl ether of triethylene glycol,
      dipropylene glycol, dibutylene glycol, tributylene glycol, tetrabutylene
      glycol, tetrapropylene glycol, the monomethyl ether of dipropylene glycol,
      and the monomethyl ether of dibutylene glycol.
PAR  Examplary polyhydric alcohols include ethylene glycol, propylene glycol,
      butylene glycol, the monomethyl ethers of ethylene glycol, propylene
      glycol and butylene glycol, and the monoethyl ethers of ethylene glycol,
      propylene glycol and butylene glycol, glycerol, sorbitol, pentaerythritol,
      and neopentyl glycol.
PAR  It is also possible to react the chloroglyceryl ether with ammonia or with
      a primary amine having a methyl, ethyl, or hydroxyethyl group, and the
      resulting product may then be quaternized with methyl or ethyl chloride or
      dimethyl or diethyl sulfate. However, this procedure is more complicated
      than the previously described procedure, and it involves more reaction
      steps, and results in larger amounts of byproducts and lower total yields
      of the desired quaternary ammonium compounds.
PAR  Alkylene oxides which can be used include ethylene oxide; propylene
      oxide-1,2; propylene oxide-1,3; butylene oxide-1,2; butylene oxide-1,3;
      butylene oxide-2,3; butylene oxide-1,4.
PAR  The aliphatic alcohols having from about eight to about twenty-two carbon
      atoms which can be used in the reaction products of the invention include
      both saturated and unsaturated alcohols, such as octyl alcohol, decyl
      alcohol, lauryl alcohol, myristyl alcohol, cetyl alcohol, stearyl alcohol,
      eicosyl alcohol, oleyl alcohol, ricinoleyl alcohol, linoleyl alcohol, and
      eicosenyl alcohol. The alcohol can also be a mixture of such alcohols,
      such as are obtained from natural fats and oils by reduction of the fatty
      acid or fatty acid ester mixtures obtained from such oils, such as coconut
      oil fatty alcohols, palm oil fatty alcohols, soya oil fatty alcohols,
      linseed oil fatty alcohols, corn oil fatty alcohols, castor oil fatty
      alcohols, fish oil fatty alcohols, whale oil fatty alcohols, tallow fatty
      alcohols, and lard fatty alcohols. Mixtures of synthetic alcohols prepared
      by the Ziegler procedure or the Oxo process can also be used. Most
      alcohols manufactured by the Oxo process have a branched chain, which
      makes possible a large number of isomers. The physical properties of these
      alcohol mixtures are very similar to those of the straight-chain primary
      alcohols.
PAR  Secondary amines which can be used in accordance with the invention include
      dimethyl amine, diethyl amine, diethanol amine, methyl amine, and methyl
      hydroxyethyl amine. Primary amines which can be used include methyl amine,
      ethyl amine, and hydroxy-ethyl amine.
PAR  The quaternary compounds in accordance with the invention can be applied to
      the substrate in the form of solutions, in water or in an organic solvent.
      In such solutions, the concentration of quaternary ammonium compound can
      range from about 0.01 to about 25%, preferably from 0.1 to about 10%.
PAR  In the case of solutions for application to textile materials, the
      concentration of the quaternary ammonium compound can be within the range
      from about 0.01 to about 0.5 gram, and preferably from about 0.5 to about
      0.15 gram, per liter of solution. Aqueous solutions of such concentrations
      are quite useful, for example, as rinsing solutions at any of the stages
      of textile processing during which aqueous rinsing solutions are used. Due
      to their good affinity for textile fibers, the quaternary ammonium
      compounds can be introduced into any rinsing solution in the course of the
      process, but the best and most lasting effect is obtained if the
      quaternary ammonium compound is included in the last rinsing solution.
PAR  The compounds can also be added at the prewash or in the main wash
      operations, but in these cases the antistatic and softening effects may be
      less per unit weight of compound applied to the textile material, probably
      because of losses of the compound during later processing.
PAR  The usual solvent used is water. However, if rapid volatilization of the
      solvent is desired, the quaternary ammonium compounds of the invention can
      be applied from a solution in a rapidly volatilizable organic solvent,
      such as acetone, methanol, ethanol, isopropanol, or mixtures thereof. In
      this case, the concentrations are the same as aqueous solutions within the
      range from about 0.005% to about 10% by weight of the quaternary ammonium
      compound.
PAR  The solutions of the quaternary ammonium compounds of the invention can
      also be applied by dipping, spraying or coating, using conventional
      techniques. This sort of application is useful on textile materials which
      normally are very seldom washed, or are not washed at all, or on leather
      or plastic sheet material, or on plastic films coated on other base such
      as wood. When applied in this way, the composition usually contains the
      quaternary ammonium compound in a concentration within the range from
      about 0.005% to about 10%.
PAR  The application solution can also include nonionic surfactants, such as
      adducts of ethylene oxide or propylene oxide and aliphatic alcohols or
      alkyl phenols, to improve the rewettability of the treated material.
      Solubility-enhancing additives, such as monoethyl ether of diethylene
      glycol, can also be added.
PAR  The quaternary ammonium compounds of the invention are applied to the
      substrate in an amount within the range from about 0.001% to about 2% by
      weight of the substrate.
PAR  The compounds of the invention will improve softness and impart antistatic
      properties to textile materials of all kinds including both woven and
      nonwoven materials made of natural or synthetic fibers or mixtures
      thereof, such as, for example, rayon, acetate rayon, cellulose
      acetate-propionate, cellulose acetate-butyrate, polyvinyl chloride,
      polyamide, polypropylene, polyethylene, polyacrylonitrile, polyesters such
      as ethylene glycol-terephthalic acid polymers, cotton, linen, jute, ramie,
      sisal, wool, mohair, alginate fibers, zein fibers, glass, potassium
      titanate, bast, bagasse, polyvinylidene chloride, and fur fibers of
      various kinds such as beaver, rabbit, seal, muskrat, otter, mink, caracul,
      lamb and squirrel.
PAR  The textile materials can take any form, including nonwoven materials such
      as felts, bats and mats; woven materials such as fabrics, cloth, carpets,
      rugs and upholstery; synthetic fur materials; curtains, and covering
      materials of all kinds.
PAR  The compounds of the invention are applicable to improve softness and
      impart antistatic properties to leather materials, such as leather
      furniture and leather clothing.
PAR  They are also applicable to plastic surfaces, many of which have a
      pronounced tendency to develop a static charge, such as synthetic
      phonograph records which are usually made of polyvinyl chloride; to
      painted, varnished and lacquered surfaces which bear a synthetic resinous
      coating film; to metal foils, and chassis for electric and electronic
      devices, such as radios, hi-fis, phonograph systems, sound amplification
      systems, amplifiers, television, and sound-recording equipment.
PAR  The following Examples in the opinion of the inventors represent preferred
      embodiments of their invention.
PAC  PREPARATION OF ADDITIVES
PAC  Additive A
PAR  In a reaction vessel provided with a heating coil, a stirrer, and a reflux
      condenser for cooling, was placed 300 grams (1 mol) of a melt of tallow
      fatty alcohol (a mixture of cetyl, stearyl and eicosyl alcohols), which
      has previously been reacted with 0.5 mol of ethylene oxide per mol of
      alcohol. The melt was brought to 75.degree.C with stirring, whereupon 3
      grams of stannic chloride was introduced, and 101 grams (1.1 mol)
      epichlorhydrin was then added over one hour. After all of the
      epichlorhydrin had been added, the temperature was increased to
      125.degree.C, and held there for a further reaction time of 2 hours. The
      remaining epichlorhydrin was then removed under vacuum, and the reaction
      product obtained was 390 grams of a pale yellow viscous liquid.
PAR  In an autoclave fitted with a heater and a stirrer was placed 350 grams
      (0.9 mol) of this reaction product, 125 grams of ethanol, in which 20
      grams (0.45 mol) of dimethyl amine had been dissolved, and 23 grams (0.56
      mol) of sodium hydroxide dissolved in 15 grams of water. The mixture was
      held at 125.degree.C in the autoclave for 3 hours. At the conclusion of
      this time, the unreacted dimethyl amine was removed by bubbling nitrogen
      gas through the mixture. The reaction product was a pale beige substance,
      having a melting point of 37.degree. to 40.degree.C. Analysis showed that
      it contained 57% quaternary amine, 10% tertiary amine, 23 grams ethanol,
      6% sodium chloride and 4% water, and had the formula:
      ##EQU3##
PAC  Additive B
PAR  Using the above procedure, 2 mols of alcohol, 2 mols epichlorhydrin and 1
      mol dimethyl amine were reacted, to form the product:
      ##EQU4##
PAC  Additive C
PAR  Using the above procedure, 2 mols of tallow fatty alcohol, 2 mols of
      epichlorhydrin and 1 mol dimethyl amine were reacted to form the product:
      ##EQU5##
PAC  Additive D
PAR  Using the above procedure, 2 mols tallow fatty alcohol, 1 mol butylene
      oxide, 2 mols epichlorhydrin and 1 mol dimethyl amine were reacted to form
      the product:
      ##EQU6##
PAC  Additive E
PAR  Using the above procedure, 2 mols tallow fatty alcohol, 4 mols ethylene
      oxide, 2 mols epichlorhydrin and 1 mol dimethyl amine were reacted to form
      the product:
      ##EQU7##
PAC  Additive F
PAR  Using the above procedure, 2 mols tallow fatty alcohol, 8 mols ethylene
      oxide, 2 mols epichlorhydrin and 1 mol dimethyl amine were reacted to form
      the product:
      ##EQU8##
PAC  Additive G
PAR  Using the above procedure, 2 mols of a mixture of C.sub.20 and C.sub.22
      fatty alcohols, 8 mols ethylene oxide, 2 mols epichlorhydrin and 1 mol
      dimethyl amine were reacted to form the product:
      ##EQU9##
PAC  Additive H
PAR  Using the same procedure as in Additive A above, a fatty alcohol mixture (1
      mol, 15% decyl alcohol, 47% dodecyl alcohol and 38% tetradecyl alcohol),
      was reacted with epichlorhydrin (1.1 mols) and dimethyl amine (0.5 mol),
      using monoethyl ether of dialkylene glycol as the solvent. The product by
      analysis contained 57% quaternary ammonium compound in accordance with the
      invention, having the formula:
      ##EQU10##
PAR  In addition, the reaction mixture contained 2.8% of a tertiary amine
      containing an alkyl ether group and two methyl groups and 25% monoethyl
      ether of diethylene glycol. The remainder was water, sodium chloride, and
      unreacted starting material. The product mixture had a softening point of
      12.degree.C, became clear at 33.degree.C, and when allowed to cool had a
      hardening point of 10.degree.C.
PAR  Twelve parts by weight of this reaction product was dissolved in 88 parts
      by weight of water. The resulting solution was liquid at room temperature;
      it became solid at 0.degree.C. When cooled further, so that the water
      solution was frozen, and then thawed, no tendency towards gelation was
      noted.
PAC  EXAMPLES 1 TO 5
PAR  A sequence of washing tests was carried out, using cotton terry cloth as a
      sample textile material, and comparing Additives A to E, inclusive, with a
      commercial additive Arquad 2 HT 75, distearyl dimethyl ammonium chloride,
      a compound described in U.S. Pat. No. 3,395,708. A drum washing machine
      was used. The test swatches of cotton terry cloth were washed with a
      commercial detergent at 90.degree.C, the same detergent solution being
      used in all tests. In the last rinsing water, one of the Additives A to E
      or the commercial product, distearyl dimethyl ammonium chloride, was
      introduced in an amount corresponding to 0.5 gram per kilogram of cloth
      samples. The washing and the after treatment were repeated five times.
      After each washing, the softness of the terry cloth was subjectively
      judged by a panel of six persons. The following results were obtained:
TBL                TABLE I                                                     

     ______________________________________                                    

                  Number of persons considering:                               

                                           Additives                           

                            Commer-        according to                        

     Ex.           Washing  cial best                                          

                                   Additives                                   

                                           invention                           

     No.  Additive Set      additive                                           

                                   Equivalent                                  

                                           best                                

     ______________________________________                                    

     1    A        1        0      1       5                                   

                   2        0      1       5                                   

                   3        1      0       5                                   

                   4        0      0       6                                   

                   5        0      0       6                                   

     2    B        1        2      2       2                                   

                   2        1      3       2                                   

                   3        2      1       3                                   

                   4        1      2       3                                   

                   5        0      3       3                                   

     3    C        1        1      1       4                                   

                   2        1      1       4                                   

                   3        0      2       4                                   

                   4        0      1       5                                   

                   5        0      1       5                                   

     4    D        1        0      0       6                                   

                   2        0      0       6                                   

                   3        0      0       6                                   

                   4        0      0       6                                   

                   5        0      0       6                                   

     5    E        1        2      3       1                                   

                   2        2      3       1                                   

                   3        2      2       2                                   

                   4        2      2       2                                   

                   5        1      3       2                                   

     ______________________________________                                    

PAR  From the above results, it is evident that the Additives A and D were
      regarded as having the best softening properties, and were clearly better
      than the commercial additive. The Additives B and C, without ethylene
      glycol units, also showed good softening properties, and were clearly
      better than the commercial additive. the data for Additive E show that if
      the number of ethylene glycol units is increased over about one unit per
      chain, the softening effect decreases, since at two units per chain, a
      softening effect comparable to the commercial additive is obtained.
PAC  EXAMPLES 6 TO 12
PAR  The antistatic properties of Additives A to G above were evaluated in
      comparison with Arquad 2 HT 75, distearyl dimethyl ammonium chloride,
      using a sequence of washing tests in a drum washing machine and test
      swatches of nylon cloth as the textile material. The test swatches were
      washed with the same commercial nonsoap detergent in each test, at
      22.degree.C. In the last rinsing water, a solution of one fo the additives
      was used in an amount corresponding to 0.5 gram per kilogram of nylon.
      After treatment, the time required for discharge of half the electric
      charge applied to the nylon in a Rothschild Static Voltmeter R-1020 was
      determined. The following results were obtained:
TBL                TABLE II                                                    

     ______________________________________                                    

                                   Half-life                                   

     Example No.   Additive        (seconds)                                   

     ______________________________________                                    

     Control       Commercial product                                          

                                   12                                          

     6             A               6                                           

     7             B               10                                          

     8             C               10                                          

     9             D               6                                           

     10            E               5                                           

     11            F               6                                           

     12            G               6                                           

     ______________________________________                                    

PAR  It is apparent from the above results that Additives B and C, which do not
      contain oxyethylene units, have better antistatic properties than the
      commercial additive. The addition of oxyethylene units improved (Additives
      A, D, E, F and G) the antistatic effect so that the half-line for the
      nylon swatches treated with these additives is half or less that for the
      commercial additive.
PAR  It is apparent from these data that the quaternary ammonium compounds in
      accordance with the invention have a better antistatic effect than the
      closely-related quaternary ammonium compounds of the prior art. It is
      further evident that the compounds wherein n.sub.1 and n.sub.2 are within
      the range from 0 to 2 have superior properties, both in antistatic effect
      and in softening effect.
PAC  EXAMPLE 13
PAR  The softening and antistatic properties of Additive H were evaluated
      against distearyl dimethyl ammonium chloride, Arquad 2 HT 75, for
      comparison. Test swatches of cotton terry cloth were washed with
      commercial nonsoap detergent at 90.degree.C in a drum washing machine. The
      last rinsing water contained either the Additive H or the distearyl
      dimethyl ammonium chloride, applying 1.2 grams of dry additive per
      kilogram of cotton terry cloth swatches. This washing cycle was repeated
      five times. After each washing cycle, the softness of the pieces of terry
      cloth was judged subjectively by six persons. Three of them found the
      pieces of terry cloth which had been treated with the quaternary ammonium
      compound of the invention to be the softest, while three of them did not
      notice any difference.
PAR  The water absorpitivity of the treated terry cloth swatches was determined
      by pressing a circular testing piece against the upper surface of a glass
      fiber while the entire under surface was in contact with water. By
      measuring the decrease in the amount of water as a function of time, the
      water absorption was determined. The following results were obtained:
TBL                TABLE III                                                   

     ______________________________________                                    

                        Water Absorption                                       

                        ml of water/g cloth                                    

                        absorbed after 50 secs.                                

     ______________________________________                                    

     Untreated terry cloth                                                     

                          3.1                                                  

     Terry cloth treated with 1.2 g/kg                                         

     of distearyl dimethyl ammonium                                            

                          1.1                                                  

     chloride                                                                  

     Terry cloth treated with 1.2 g/kg                                         

     of the cation surfactant according                                        

                          2.3                                                  

     to the invention                                                          

     ______________________________________                                    

PAR  Antistatic properties were evaluated on nylon cloth swatches which had been
      washed at 20.degree.C, using a nonsoap synthetic detergent with the
      additive in accordance with the invention added to the last rinse in the
      same manner as in Examples 6 to 12. After conditioning the nylon swatches
      for 24 hours at a relative humidity of 65% and 20.degree.C, the time
      required for discharge of half the electric charge applied to the nylon in
      a Rothschild Static Voltmeter R-1020 was determined. A strip of the cloth
      was stretched between two metal clips, to which a potential of 100 volts
      was applied. The following results were obtained.
TBL                TABLE IV                                                    

     ______________________________________                                    

                             Half-life                                         

     Product                 (seconds).sup.1                                   

     ______________________________________                                    

     Untreated nylon cloth   74                                                

     Nylon cloth treated with 1.2 g/kg                                         

     of distearyl dimethyl ammonium                                            

                             34                                                

     chloride                                                                  

     Nylon cloth treated with 1.2 g/kg                                         

     of the cation surfactant according                                        

                             10                                                

     to the invention                                                          

     ______________________________________                                    

      .sup.1 Due to different testing conditions, no direct comparison with the

      results from Examples 6 to 12 can be made.                               

PAR  The above data show that this compound is a liquid at room temperature, and
      forms a freeze-thaw-stable aqueous solution at a concentration of 12%.
      Compared to distearyl dimethyl ammonium chloride, the quaternary ammonium
      compound according to the invention imparts improved softening, antistatic
      and water-absorption effects to the textile material treated.
CLMS
STM  Having regard to the foregoing disclosure, the following is claimed as the
      inventive and patentable embodiments thereof:
NUM  1.
PAR  1. A process for the preparation of alkoxyalkylene oxy(2-hydroxy)propylene
      quaternary ammonium compounds having the formula:
      ##EQU11##
      in which R.sub.1 and R.sub.2 are aliphatic hydrocarbon groups having from
      about eight to about twenty-two carbon atoms.
PA1  R.sub.3 and R.sub.4 are selected from the group consisting of methyl, ethyl
      and hydroxyethyl.
PA1  n is a number from 2 to 4, representing the number of carbon atoms in the
      oxyalkylene substituent,
PA1  n.sub.1 and n.sub.2 are numbers within the range from 0 to about 10,
      representing the number of oxyalkylene groups present in each substituent;
      and
PA1  X is a salt-forming anion; which comprises reacting from zero to about ten
      mols of alkylene oxide with one mol of an aliphatic alcohol having from
      about eight to about 22 carbon atoms, in the presence of an alkaline
      catalyst at an elevated temperature within the range from about 25.degree.
      to 150.degree.C, reacting the resulting alkoxy glycol ether or aliphatic
      alcohol, if no oxyalkylene group is present, with epichlorohydrin,
      producing the corresponding chloroglyceryl or chlorohydroxypropylene
      ether, and then reacting this ether with a secondary amine having the
      formula R.sub.3 R.sub.4 NH, where R.sub.3 and R.sub.4 are selected from
      the group consisting of methyl, ethyl and hydroxyethyl in the presence of
      alkali and in the presence of a solvent selected from the group consisting
      of water and inert water-miscible organic solvents at an elevated
      temperature within the range from about 25.degree. to 150.degree.C, until
      there is obtained the quaternary ammonium compound of the above formula in
      the form of its chloride salt.
NUM  2.
PAR  2. A process according to claim 1, which comprises exchanging the chloride
      anion by another anion.
NUM  3.
PAR  3. A process according to claim 1, in which the reaction between the
      alkylene oxide adduct and the epichlorohydrin is carried out in the
      presence of a catalyst selected from the group consisting of stannic
      chloride, boron trifluoride, perchloric acid HClO.sub.4, toluene sulfonic
      acid and sulfuric acid.
NUM  4.
PAR  4. A process according to claim 1, in which the solvent during
      quaternization is selected from the group consisting of methanol, ethanol,
      and the monoethylether of diethylene glycol.
NUM  5.
PAR  5. A process according to claim 1, in which n.sub.1 and n.sub.2 are each
      zero.
NUM  6.
PAR  6. A process according to claim 1 in which n.sub.1 and n.sub.2 are each
      numbers from 2 to 10.
NUM  7.
PAR  7. A process according to claim 1 in which n is 2.
NUM  8.
PAR  8. A process according to claim 1 in which n is 3.
NUM  9.
PAR  9. A process according to claim 1 in which the alkali is sodium hydroxide.
NUM  10.
PAR  10. A process according to claim 1 in which the solvent is water.
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PAL  Novel mono- and dialkylated prostynoic acid derivatives, prepared by
      condensation of a suitably substituted cyclopentene carboxylic acid or
      ester with a suitable organometallic alkynyl derivative, display valuable
      pharmacological properties. For example, they are potent inhibitors of
      gastric secretion.
BSUM
PAR  The present invention relates to novel mono- and dialkylated prostynoic
      acid derivatives as represented by the following structural formula
      ##SPC1##
PAL  Wherein R.sub.1 is hydrogen or a lower alkyl radical, R.sub.2 represents
      hydrogen or a hydroxy or lower alkanoyloxy radical, R.sub.3 denotes
      hydrogen or a lower alkyl radical, R.sub.4 can be hydrogen or a lower
      alkyl radical, R.sub.5 is a lower alkyl radical, or R.sub.4 and R.sub.5
      together or R.sub.3 and R.sub.4 together comprise the residue of a
      cycloalkyl group containing 3-12 carbon atoms, R.sub.6 can be hydrogen or
      a lower alkanoyl radical, X denotes a carbonyl, hydroxymethylene or (lower
      alkanoyl)oxymethylene radical, n is 1 or 2, m is a positive integer less
      than 5, the dotted line indicates an optional double bond, alternatively
      in the cis or trans configuration, and the wavy line indicates the
      alternative R and S stereochemical configuration.
PAR  A preferred embodiment of the present invention consists of the novel
      compounds represented by the following structural formula
      ##SPC2##
PAL  Wherein R.sub.7 is hydrogen or a lower alkanoyl radical, R.sub.8 is
      hydrogen or a lower alkyl radical, R.sub.9 is hydrogen or a lower alkyl
      radical, R.sub.10 is a lower alkyl radical, R.sub.11 is hydrogen or a
      lower alkanoyl radical and R.sub.12 is hydrogen or a lower alkyl radical.
PAR  The lower alkyl radicals embraced in the foregoing structural formulae are
      typified by methyl, ethy, propyl, butyl, pentyl, hexyl, heptyl and the
      branched-chain radicals isomeric therewith.
PAR  The lower alkanoyl radicals denoted in those formulae are exemplified by
      formyl, acetyl, propionyl, butyryl, valeryl, caproyl, heptanoyl, and the
      corresponding branched-chain isomers.
PAR  The cycloalkyl radicals encompassed by the preceding structural formulae
      are typified by cyclopropyl, cyclohexyl, cyclooctyl, cyclododecyl, etc.
PAR  The compounds of the present invention are conveniently manufactured by the
      condensation of a suitably substituted cyclopentene carboxylic acid or
      ester of the types described in U.S. Pat. No. 3,558,682, issued Jan. 26,
      1971 and in Bruhn and Pappo U.S. Pat. application Ser. No. 346,358, filed
      Mar. 30, 1973, with a suitable acetylenic derivative as represented by the
      following structural formula
      ##EQU1##
      wherein R.sub.2, R.sub.3, R.sub.4, R.sub.5 and m are as defined
      hereinbefore. That process is exemplified by the reaction of methyl
      2-methoxy-4-hydroxy-5-oxocyclopent-1-eneheptanoate, the preparation of
      which starting material is described in Example 8 of the aforementioned
      U.S. Pat. No. 3,558,682, with lithium
      tetra-[3-(tetrahydropyran-2-yloxy)-4,4-dimethyl-1-octynyl]aluminate to
      afford, after hydrolysis of the organometallic adduct with hydrochloric
      acid,
      7-[3-(RS)-hydroxy-2-(3(RS)-hydroxy-4,4-dimethyl-1-octynyl)-5-oxocyclopent-
     1-ene]heptanoic acid. Manufacture of a monoalkyl derivative is typified by
      the substitution of lityium tetra-[3-(tetrahydropyran
      2-yloxy)-4-methyl-1-octynyl]aluminate in the latter process to afford
      7-[3(RS)-hydroxy-2-(3(RS)-hydroxy-4-methyl-1-octynyl)-5-oxocyclopent-1-ene
     ]heptanoic acid.
PAR  The acetylenic alcohol intermediates are produced by reaction of the
      appropriate carbonyl compounds with an organometallic acetylene reagent,
      e.g. acetylene magnesium bromide. Typically, 2,2-dimethyl-n-hexaldehyde is
      contacted with acetylene magnesium bromide and the adduct hydrolyzed to
      afford 4,4-dimethyl-1-octyn-3-ol. The acetylenic alcohols in which the
      alcohol group is tertiary are obtained from the appropriate ketones.
      2,2-Dimethyl-n-hexaldehyde, for example, is converted to
      3,3-dimethyl-2-heptanone by reaction with methyl magnesium bromide
      followed by hydrolysis of the adduct and oxidation of the secondary
      alcohol group with chrominum trioxide. That ketone is then contacted with
      acetylene magnesium bromide and the adduct hydrolyzed to afford
      3,4,4-trimethyl-1-octyn-3-ol.
PAR  The lower alkyl carboxylic acid esters of this invention are readily
      obtained by esterification of the corresponding acids. Typically,
      7-[3(RS)-hydroxy-2-(3(RS)-hydroxy-4,4-dimethyl-1-octynyl)-5-oxocyclopent-1
     -ene]heptanoic acid is contacted with ethereal diazo= methane, thus
      affording methyl
      7-[3(RS)-hydroxy-2-(3(RS)-hydroxy-4,4-dimethyl-1-octynyl)-5-oxocyclopent-1
     -ene]= heptanoate.
PAR  Those compounds of this invention which possess an olefinic carboxylic acid
      side-chain are readily produced by utilizing the appropriate
      cyclopentenealkenoic acids, the preparations of which are described in
      pending Bruhn & Pappo U.S. patent application Ser. No. 346,358, filed Mar.
      30, 1973. Methyl
      7-(2-methoxy-4-hydroxy-5-oxocyclopent-1-ene)hept-5-cis-enoate, whose
      manufacture is described in the latter patent application, is contacted
      with lithium
      tetra-[3-(tetrahydropyran-2-yloxy)-4,4-dimethyl-1octynyl]aluminate to
      produce
      7-[3(RS)-hydroxy-2-(3(RS)-hydroxy-4,4-dimethyl-1-octynyl)-5-oxocyclopent-1
     ene]hept-5-cis-enoic acid.
PAR  The instant compounds containing a tertiary alcohol group in the alkynyl
      side-chain are produced by reaction of the cyclopentene carboxylic acid
      intermediates with the organometallic derivative of an acetylenic alcohol,
      or the hydroxy protected derivative thereof, as represented by the
      following structural formula
      ##EQU2##
      wherein R.sub.3 is a lower alkyl radical and R.sub.4, R.sub.5 and m are as
      hereinbefore defined. A specific example is the reaction of methyl
      7-(2-methoxy-4-hydroxy-5-oxocyclopent-1-ene)heptanoate with lithium
      tetra-[3-(tetrahydropyran-2-yloxy)-3,4,4-trimethyl-1-octynyl]aluminate to
      produce
      7[3-hydroxy-2-(3-hydroxy-3,4,4-trimethyl-1-octynyl)-5-oxocyclopent-1-ene]h
     eptanoic acid.
PAR  The optically active dextrorotatory and levorotatory derivatives of this
      invention are obtained by utilizing, as intermediates, the appropriate
      optically active acetylenic alcohols. For example,
      4,4-dimethyl-1-octyn-3-ol is converted to the phthalic acid half-ester by
      reaction with phthalic anhydride and the half-ester is reacted with
      (-).alpha.-methybenzylamine to afford the diastereomeric salts, which are
      separated by fractional crystallization, then hydrolyzed to afford the
      individual R and S acetylenic alcohols. Resolution of the final products
      is achieved by reaction with an optically active carbonyl reagent,
      followed by cleavage of the resulting derivative.
PAR  For example, methy
      7-[3(RS)-hydroxy-2-(3(S)-hydroxy-4,4-dimethyl-1-octynyl)-5-oxocyclopent-1-
     ene]= heptanoate is contacted with 2(S)-aminoxyisocaproic acid to afford
      methyl
      7-[3(R)-hydroxy-2-(3(S)-hydroxy-4,4-dimethyl11-octynyl)-5-(1carboxyisoamyl
     )oximino]cyclopent-1-eneheptanoate and methyl
      7-[3(S)-hydroxy-2-(3(S)-hydroxy-4,4-dimethyl-1-octynyl)-5-(1-carboxyisoamy
     l)oxyimino]= cyclopent-1-eneheptanoate, which are separated
      chromatographically. Hydrolysis of those oximes with aqueous titanium
      trichloride affords methyl
      7-[3(R)-hydroxy-2-(3(S)-hydroxy-4,4-dimethyl-1-octynyl)-5-oxocyclopent-1-e
     ne]heptanoate and methyl
      7-[3(S)-hydroxy-2-(3(S)-hydroxy-4,4-dimethyl-1-octynyl)-5-oxocylopent-1-en
     e]heptanoate.
PAR  The instant compounds which lack a hydroxy group in the alkynyl side-chain
      are obtained by utilizing the appropriate alkynyl organometallic
      intermediate. Lithium tetra-(4,4-dimethyloctynyl)aluminate thus is
      condensed, by the procedure described hereinbefore, with methyl
      2-methoxy-4-hydroxy-5-oxocylopent-1-heptanoate to afford
      7-[3-hydroxy-2-(4,4-dimethyl-1-octynyl)-5-oxocylopent-1-ene]heptanoic
      acid.
PAR  The instant compounds containing a cycloalkyl group in the alkynyl
      side-chain are produced by utilizing the appropriate acetylenic alcohol
      organometallic derivative. For example, lithium
      tetra-[3-(tetrahydropyran-2-yloxy)-3-(1-butylcyclohexyl)-1-ethynyl]alumina
     te is allowed to react with methyl
      7-(2-methoxy-4-hydroxy-5-oxocyclopent-1-ene)heptanoate to afford
      7-[3-hydroxy-2-(3-hydroxy-3-(1-butylcyclohexyl)-1-ethynyl)-5-oxocyclopent-
     1-ene]= heptanoic acid. The acetylenic alcohol intermediate is produced by
      forming the cyclohexylimine of cyclohexane= carboxaldehyde, alkylating
      that imine with n-butyl iodide, hydrolyzing the product and reacting the
      resulting 1-butylcyclohexane carboxaldehyde with acetylene magnesium
      bromide to afford 3-(1-butylcyclohexyl)-1-ethyn-3-ol. In similar fashion,
      2-n-butylcyclohexanone is converted to 2-n-butyl-1-ethynylcyclohexanol.
      Conversion of that alcohol to the tetrahydropyranyl ether, then to the
      lithium aluminate derivative and reaction of the latter organometallic
      intermediate with, for example, methyl
      7-(2-methoxy-4-hydroxy-5-oxocyclopent-1-ene)heptanoate yields
      7-[3-hydroxy-2-[(2-n-butyl-1-hydroxycyclohexyl)-1-ethynyl]-5-oxocyclopent-
     1-ene]heptanoic acid.
PAR  The novel compounds of this invention exhibit valuable pharmacological
      properties, as is evidenced by their ability to inhibit the gastric
      secretion stimulatory properties of secretogogues such as histamine and
      pentagastrin.
PAR  Following is a description of the specific assay procedure:
PAR  Adult female beagle dogs weighing 4.5-7.3 kg. are equipped with a
      telfon-stainless gastric cannula implanted in the most dependent portion
      of the stomach near the antrum. After a recovery period of 1 month
      following surgery, the animals are fasted for approximately 20 hours, then
      are placed in a leather sling permitting only limited movement. The
      gastric cannula is opened and cleansed with warm (37.degree.C.) saline
      solution. The dogs are injected with either of two secretogogues,
      histamine or pentagastrin, at a dose approximately equal to 2/3 of that
      which will effect maximal stimulation. Immediately thereafter the test
      compound dissolved in iso-osmotic buffer solution is administered
      subcutaneously. The gastric juice is collected for a period of 2 hours
      following administration of the secretogogue and the total volume is
      measured. These results are compared with those obtained from control dogs
      treated with the secretogogue alone. A compound is rated active if
      statistically significant inhibition of secretory parameters occur
      following compound treatment.
DETD
PAR  The invention will appear more fully from the example which follow. These
      examples are given by way of illustration only and are not to be construed
      as limiting the invention either in spirit or in scope as many
      modifications both in materials and methods will be apparent from this
      disclosure to those skilled in the art. In these examples temperatures are
      given in degrees Centigrade (.degree. C.) and quantities of materials in
      parts by weight unless otherwise noted.
PAC  EXAMPLE 1
PAR  14.85 Parts of 5-chloropent-1-yne is dissolved in 250 parts by volume of
      toluene and the resulting solution is cooled to approximately -40.degree..
      To that solution is then added 62.8 parts by volume of 2.31 M ethereal
      butyl lithium and stirring is continued for approximately 15 minutes. 6.87
      Parts of boron trifluoride etherate is added and the reaction mixture is
      stirred for about 2 hours, then allowed to stand for about 16 hours at
      -5.degree. to -10.degree.. At the end of that time 10.14 parts of methyl
      vinyl ketone is added at -40.degree. and the reaction mixture is stirred
      for about 4 hours, then is quenched with water. 50 Parts by volume of 3 N
      hydrochloric acid is added and the mixture is kept at room temperature for
      about 16 hours, at the end of which time the aqueous and organic layers
      are separated. The aqueous layer is extracted with toluene and the organic
      layer with water. The organic solutions are combined, washed successively
      with aqueous sodium hydroxide and water, then dried over anhydrous sodium
      sulfate and stripped to dryness under reduced pressure, thus affording the
      crude product. This material is purified by distillation under reduced
      pressure to afford 9-chloro-5-nonyn-2-one, boiling at about
      80.degree.-92.degree. at a pressure of 0.11-0.06 mm.
PAC  EXAMPLE 2
PAR  To a solution consisting of 2.77 parts of 9-chloro-5-nonyn-2-one in 8 parts
      by volume of ethanol is added a solution containing 2.77 parts of sodium
      cyanide dissolved in 4 parts of water. The resulting reaction mixture is
      heated at 80.degree.-100.degree. for abut 24 hours, then is cooled and
      diluted with ether, whereupon 20 parts by volume of dilute aqueous sodium
      hydroxide is added with stirring. The layers are separated and the
      alkaline layer extracted with ether. The ether extracts are combined, then
      washed with water, dried over anhydrous sodium sulfate and concentrated
      under reduced pressure to afford 9-cyano-5-nonyn-2-one. This compound
      exhibits an infrared absorption maximum at 2250 reciprocal centimeters and
      nuclear magnetic resonance peaks at .delta.2.18 and .delta.2.50.
PAC  EXAMPLE 3
PAR  A mixture consisting of 1.79 parts of 9-cyano-5-nonyn-2-one, 5 parts by
      volume of ethanol and 5 parts by volume of 5% aqueous sodium hydroxide is
      heated just below the reflux temperature for about 6 hours, then is cooled
      and extracted with chloroform. The alkaline layer is acidified by means of
      hydrochloric acid to pH 4, resulting in separation of a brown liquid. This
      material is extracted with chloroform and the chloroform solution is
      washed with water, dried over anhydrous sodium sulfate, then concentrated
      to dryness under reduced pressure to afford 9-oxo-5-decynoic acid. It
      exhibits nuclear magnetic resonance peak at .beta.2.18 and .beta.2.50.
PAC  EXAMPLE 4
PAR  To a solution of 23.6 parts of 9-oxo-5-cis-decynoic acid in a mixture of
      999 parts by volume of benzene and 221.4 parts by volume of 1% quinoline
      in benzene is added 1.18 parts of 5% palladium-on-barium sulfate catalyst
      and the resulting mixture is shaken with hydrogen at atmospheric pressure
      and room temperature until one molecular equivalent of hydrogen is
      absorbed. The catalyst is then removed by filtration and the filtrate is
      washed successively with dilute hydrochloric acid and water, then dried
      over anhydrous sodium sulfate and stripped of solvent under reduced
      pressure, thus producing 9-oxo-5-cis-decenoic acid, which exhibits nuclear
      magnetic resonance maxima at .delta.2.13 and .delta.5.39.
PAC  EXAMPLE 5
PAR  A solution of potassium tertiary-butoxide is prepared by dissolving 4.8
      parts of potassium metal in 30 parts by volume of tertiary-butyl alcohol
      at reflux temperature under nitrogen. To that solution is then added a
      solution consisting of 3.7 parts of 9-oxo-5-cis-decenoic acid and 7.23
      parts of dimethyl oxalate dissolved in 25 parts by volume of
      tertiary-butyl alcohol. The addition is conducted with stirring at the
      reflux temperature. After the reaction mixture is refluxed under nitrogen
      for about 21/2 hours, the colored supernatant is decanted and the
      precipitate is dissolved in water, then acidified with dilute hydrochloric
      acid. Extraction of that acidic mixture with chloroform affords an organic
      solution, which is washed with saturated aqueous sodium chloride, then
      dried over anhydrous sodium sulfate and stripped of solvent under reduced
      pressure to afford
      7-(2,3,5-trioxo-4-methoxalylcyclopentane)hept-5-cis-enoic acid, melting at
      about 99.degree.-104.degree..
PAC  EXAMPLE 6
PAR  A mixture consisting of 10.6 parts of
      7-(2,3,5-trioxo-4-methoxalylcyclopentane)hept-5-cis-enoic acid and 490
      parts by volume of dilute hydrochloric acid is heated at the reflux
      temperature for about 3 hours, then is cooled and extracted with ethyl
      acetate. The organic extract is washed with saturated aqueous sodium
      chloride, then dried over anhydrous sodium sulfate and stripped of solvent
      under reduced pressure to afford the crude product. Purification of that
      material is effected by adsorption on a silicic acid chromatographic
      column followed by elution with ethyl acetate-benzene. From the eluate
      there are obtained pale yellow crystals of
      7-(2,3,5-trioxocyclopentane)hept-5-cis-enoic acid, melting at about
      84.degree.-85.degree..
PAC  EXAMPLE 7
PAR  A solution of 0.54 part of 7-(2,3,5-trioxocyclopentane)hept-5-cis-enoic
      acid in 11 parts of water is neutralized by the addition of dilute aqueous
      sodium hydroxide and that neutralized solution is cooled to
      0.degree.-5.degree., at which point 0.037 part of sodium borohydride is
      added. The reaction mixture is stirred at 0.degree.-5.degree. for about 50
      minutes, then is quenched by the addition of dilute hydrochloric acid to
      pH 1. The resulting solution is extracted several times with ethyl
      acetate. The ethyl acetate extracts are combined, washed with saturated
      aqueous sodium chloride, dried over anhydrous sodium sulfate and
      concentrated to dryness under reduced pressure to afford white crystals of
      7-(2,5-dioxo-3-hydroxycyclopentane)hept-5-cis-enoic acid, melting at about
      83.degree.-85.degree..
PAC  EXAMPLE 8
PAR  To a solution of 2.99 parts of
      7-(2,5-dioxo-3-hydroxycyclopentane)hept-5-cis-enoic acid in 33.8 parts by
      volume of methanol, under nitrogen, is added, with stirring, 10.18 parts
      by volume of acetone dimethyl ketal followed by 3.97 parts by volume of
      1.14% methanolic hydrogen chloride. The resulting reaction mixture is
      allowed to stand at room temperature for about 48 hours, then is stripped
      of solvent by distillation under reduced pressure. A small amount of ether
      is added and the mixture is allowed to stand for about 48 hours, then is
      dissolved in benzene containing 1% triethylamine and that solution is
      washed successively with dilute aqueous potassium carbonate and water,
      then dried over anhydrous sodium sulfate and stripped of solvent under
      reduced pressure to afford white crystals of methyl
      7-(4-hydroxy-2-methoxy-5-oxocyclopent-1-ene)hept-5-cis-enoate, melting at
      about 77.degree.-78.degree.. It exhibits nuclear magnetic resonance maxima
      at .delta.3.69, .delta.3.98, .delta.4.29 and .delta.5.39.
PAC  EXAMPLE 9
PAR  To a solution of 0.256 part of methyl
      7-(4-hydroxy-2-methoxy-5-oxocyclopent-1-ene)hept-5-cis-enoate in a mixture
      consisting of 3.7 parts by volume of tetrahydrofuran and 484 parts by
      volume of toluene, under nitrogen, is added, dropwise at -70.degree., 0.33
      parts by volume of a 3.3 M sodium dihydro bis-(2-methoxyethoxyaluminate in
      benzene solution. Stirring is continued at that temperature for about 51/2
      hours, at the end of which time the reaction mixture is quenched by the
      addition of methanol. After an additional 10 minute stirring period, the
      mixture is allowed to warm to room temperature, then is acidified to pH 2
      by the addition of dilute hydrochloric acid. The resulting two phase
      mixture is extracted with ethyl acetate and the organic extract is washed
      with saturated aqueous sodium chloride, then dried over anhydrous sodium
      sulfate and stripped of solvent under reduced pressure to afford the crude
      product. That material is purified by adsorption on a silicic acid
      chromatographic column followed by elution with ethyl acetate in benzene
      to afford, as an oil, methyl 7-(3-hydroxy-5-oxocyclopent- 1-ene)hept.
      5-cis-enoate. It exhibits nuclear magnetic resonance maxima at
      .delta.3.68, .delta.5.57 and .delta.7.19.
PAC  EXAMPLE 10
PAR  To a solution of 0.288 part of methyl
      7-(3-hydroxy-5-oxocyclopent-1-ene)hept-5-cis-enoate in 3.6 parts by volume
      of ether is added 0.01 part of p-toluenesulfonic acid and 0.109 part of
      dihydropyran. The reaction mixture is allowed to stand at room temperature
      for about 24 hours, then is diluted with water, washed successively with
      5% aqueous potassium carbonate and water, dried over anhydrous sodium
      sulfate and stripped of solvent under reduced pressure. The resulting
      product is methyl
      7-(3-tetrahydropyran-2'-yloxy-5-oxocyclopent-1-ene)hept-5-cis-enoate.
PAC  EXAMPLE 11
PAR  To a solutionn of 1.82 parts of 9-oxo-5-decynoic acid in 40 parts by volume
      of 50% aqueous ethanol is added 0.53 part of anhydrous sodium carbonate
      and the resulting solution is concentrated to dryness under reduced
      pressure. The residue is thoroughly dried, then is mixed with 200 parts by
      volume of anhydrous ammonia and that mixture is stirred vigorously at
      approximately -70.degree. while 0.46 part of sodium metal is added in
      small portions. When the absence of unreacted sodium is indicated by
      disappearance of the characteristic blue color, the ammonia is removed
      under an atmosphere of nitrogen and dilute hydrochloric acid is added to
      the residue. That acidic mixture is extracted with benzene and the benzene
      extracts are combined, washed with water, dried over anhydrous sodium
      sulfate and stripped of solvent under reduced pressure to afford
      9-oxo-5-trans-decenoic acid.
PAC  EXAMPLE 12
PAR  When 0.14 part of lithium metal is substituted for sodium metal in the
      procedure of Example 11, 9-oxo-5-trans-decenoic acid is, similarly,
      obtained.
PAC  EXAMPLE 13
PAR  To a solution of 0.238 part of methyl
      7-(3-hydroxy-5-oxocyclopent-1-ene)hept-5-cis-enoate in 4 parts by volume
      of isopropyl alcohol is added a solution consisting of 0.04 part of sodium
      hydroxide in 1 part of water and the resulting reaction mixture is allowed
      to stand, in an atmosphere of nitrogen, at 0.degree.-5.degree. for about
      16 hours. At the end of that time the reaction mixture is acidified by the
      addition of 1.1 parts by volume of 1 N hydrochloric acid, then is
      concentrated to a small volume at room temperature under reduced pressure.
      Extraction of that acidic mixture with ethyl acetate affords an organic
      solution, which is washed with aqueous sodium chloride, dried over
      anhydrous sodium sulfate and evaporated to dryness under reduced pressure,
      thus affording the crude product. Purification of that substance is
      effected by adsorption on a silicic acid chromatographic column followed
      by elution with ethyl acetate in benzene, thus affording
      7-(3-hydroxy-5-oxo=cyclopent-1-ene)hept-5-cis-enoic acid.
PAC  EXAMPLE 14
PAR  A mixture consisting of 144 parts of isobutyr=aldehyde, 198 parts of
      cyclohexylamine and 200 parts by volume of benzene is heated at the reflux
      temperature and the water of reaction is collected by means of a water
      trap. Reflux is continued until the separation of water ceases. The
      solvent is then removed by distillation under reduced pressure and the
      residue is distilled to afford N-cyclohexylisobutylideneimine, boiling at
      about 95.degree.-100.degree. at a pressure of about 3 mm. To 153 parts of
      ethyl magnesium bromide dissolved in approximately 500 parts of
      tetrahydrofuran is added, dropwise, N-cyclohexylisobutylideneimine and the
      resulting mixture is heated at reflux until the evolution of gas ceases.
      The mixture is cooled and 184 parts of n-butyl iodide is added dropwise
      with stirring. The mixture is heated at the reflux temperature for 5 to 6
      hours, then is cooled and treated dropwise with 150 parts of concentrated
      hydrochloric acid dissolved in 400 parts of water. That reaction mixture
      is heated at the reflux temperature for about 2 hours, then is cooled and
      diluted with a mixture of ether and water. The ether layer is separated,
      washed with water, dried over anhydrous sodium sulfate and stripped of
      solvent under reduced pressure, thus affording 2,2-dimethyl-n-hexaldehyde,
      boiling at 33.degree.-39.degree. at a pressure of about 3 mm.
PAC  EXAMPLE 15
PAR  To a solution containing 90 parts of acetylene dissolved in 600 parts by
      volume of tetrahydrofuran is added, over a period of about 50 minutes at
      -70.degree., 600 parts by volume of tetrahydrofuran containing 133 parts
      of ethyl magnesium bromide. Acetylene gas is continuously passed through
      the mixture during the addition period. Following that addition, the
      mixture is stirred at approximately -40.degree. for about 45 minutes. To
      that mixture is then added, with stirring under nitrogen over a period of
      about 1 hour, 80 parts by volume of 2,2-dimethyl-n-hexaldehyde dissolved
      in 350 parts by volume of tetra=hydrofuran. Stirring at room temperature
      is continued for about 16 hours, at the end of which time approximately
      125 parts by volume of saturated aqueous ammonium chloride is added slowly
      with stirring. The precipitate which forms is removed by filtration and
      the filtrate is partially concentrated, then diluted with ether and again
      filtered. The filtrate is stripped of solvent, then is distilled under
      reduced pressure to afford 4,4-dimethyl-1-octyn-3-ol, boiling at about
      55.degree.-65.degree. at a pressure of about 3 mm.
PAC  EXAMPLE 16
PAR  To a solution of 58 parts of 4,4-dimethyl-1-octyn-3-ol in 116 parts by
      volume of dry benzene is added first 158 parts of tetrahydropyran then,
      with cooling, 0.29 part of p-toluenesulfonic acid. The reaction mixture is
      stored at room temperature for about 16 hours, then is diluted with
      benzene and washed successively with dilute aqueous sodium hydroxide and
      water. Drying over anhydrous sodium sulfate followed by removal of the
      solvent under reduced pressure affords 4,4-dimethyl-1-octyn-3-ol
      tetrahydropyran-2-yl ether.
PAC  EXAMPLE 17
PAR  A solution consisting of 38 parts of 4,4-dimethyl-1-octyn-3-ol
      tetrahydropyran-2-yl ether in 300 parts of tetrahydrofuran is cooled to
      approximately -40.degree. and 70 parts by volume of 2.2 M butyl lithium in
      hexane is added over a period of about 2 minutes. The resulting mixture is
      stirred for approximately 10 minutes at about -40.degree., then at room
      temperature for about 1 hour. The mixture is then cooled to -40.degree.
      and 5.36 parts of aluminum chloride is added over a period of about 15
      minutes. Stirring is continued at room temperature for about 90 minutes.
      To that reaction mixture is then added 9.72 parts of methyl
      2-methoxy-4-hydroxy-5-oxocy=clopent-1-eneheptanoate dissolved in 100 parts
      by volume of tetrahydrofuran. The addition is carried out at room
      temperature over a period of approximately 30 minutes. Stirring at room
      temperature is continued for approximately 21/2 hours, at the end of which
      time the mixture is acidified by the addition of dilute hydrochloric acid.
      The solvent is removed by evaporation at room temperature and the residue
      is extracted into ethyl acetate. The ethyl acetate extract is washed with
      water, then concentrated to dryness under reduced pressure. The resulting
      residue is dissolved in a mixture consisting of 175 parts by volume of
      methanol and 20 parts by volume of 1 N hydrochloric acid. That mixture is
      kept at 30.degree.-35.degree. for approximately 6 hours and the methanol
      is then removed by distillation under reduced pressure. The resulting
      residue is extracted into ethyl acetate and the organic layer is washed
      with water, then extracted several times with dilute aqueous potassium
      bicarbonate. The alkaline extracts are acidified with hydrochloric acid,
      then extracted with ethyl acetate. The organic extract is washed with
      water, then concentrated to dryness under reduced pressure. The ethyl
      acetate solution containing the neutral fraction is concentrated to
      dryness under reduced pressure and the residue is dissolved in
      approximately 250 parts by volume of methanol. The solution is mixed with
      100 parts by volume of 5% aqueous potassium carbonate and that mixture is
      allowed to stand at room temperature for about 18 hours. The methanol is
      then removed by distillation at room temperature and the resulting residue
      is diluted with a mixture of ether and benzene. The organic layer is
      separated, dried over anhydrous sodium sulfate and concentrated to dryness
      under reduced pressure. The alkaline layer is acidified with hydrochloric
      acid, then extracted with ethyl acetate. The organic layer is separated,
      washed with water, dried over anhydrous sodium sulfate and concentrated
      under reduced pressure to afford a residue which is purified by adsorption
      on a silicic acid chromatographic column followed by elution with 5% ethyl
      acetate in benzene to afford
      7-[3(RS)-hydroxy-2-(3(RS)-hydroxy-4,4-dimethyl-1-octynyl)-5-oxocyclopent-1
     -ene]heptanoic acid.
PAC  EXAMPLE 18
PAR  When an equivalent quantity of 2-ethyl-n-butyraldehyde is substituted in
      the procedure of Example 14, there is produced 2,2-diethyl-n-hexaldehyde.
PAC  EXAMPLE 19
PAR  The substitution of an equivalent quantity of 2,2-diethyl-n-hexaldehyde in
      the procedure of Example 15 results in 4,4-diethyl-1-octyn-3-ol.
PAC  EXAMPLE 20
PAR  By substituting an equivalent quantity of 4,4-diethyl-1-octyn-3-ol in the
      procedure of Example 16, there is produced 4,4-diethyl-1-octyn-3-ol
      tetrahydropyran-2-yl ether.
PAC  EXAMPLE 21
PAR  The substitution of an equivalent quantity of 4,4-diethyl-1-octyn-3-ol
      tetrahydropyran-2-yl ether in the procedure of Example 17 affords
      7-[3(RS)-hydroxy-2-(3(RS)-hydroxy-4,4-diethyl-1-octynyl)-5-oxocyclopent-1-
     ene]heptanoic acid.
PAC  EXAMPLE 22
PAR  To a mixture consisting of 7 parts of potassium hydroxide dissolved in 13
      parts of water and 100 parts by volume of ether is added 6 parts of
      N-nitrosomethylurea. The resulting mixture is stirred until most of the
      solid is dissolved and the yellow ethereal solution is decanted into a
      solution consisting of 1 part of
      7-[3(RS)-hydroxy-2-(3(RS)-hydroxy-4,4-dimethyl-1-octynyl)-5-oxocyclopent-1
     -ene]heptanoic acid dissolved in 50 parts by volume of cold methanol. The
      reaction mixture is allowed to stand at that temperature for several
      minutes, at the end of which time the excess reagent is destroyed by the
      dropwise addition of glacial acetic acid. When the ether solution becomes
      colorless, it is washed successively with cold water, cold dilute aqueous
      sodium bicarbonate and cold water, then dried over anhydrous sodium
      sulfate and concentrated to dryness under reduced pressure. The product
      thus obtained is further purified by adsorption on a silicic acid
      chromatographic column followed by elution with ethyl acetate in benzene
      mixtures, thus affording methyl
      7-[3(RS)-hydroxy-2-(3-(RS)-hydroxy-4,4-dimethyl-1-octynyl)-5-oxocyclopent-
     1-ene]heptanoate.
PAC  EXAMPLE 23
PAR  A mixture consisting of 25 parts of
      7-[3(RS)-hydroxy-2-(3(RS)-hydroxy-4,4-dimethyl-1-octynyl)-5-oxocyclopent-1
     -ene]heptanoic acid, 10 parts of acetic anhydride and 10 parts of pyridine
      is allowed to stand at room temperature for about 16 hours, then is poured
      carefully into cold excess aqueous citric acid. The resulting aqueous
      mixture is allowed to stand at room temperature for about one hour, then
      is extracted several times with ether. The combined ether extracts are
      washed with cold water, dried over anhydrous sodium sulfate and
      concentrated under reduced pressure. The resulting residue is purified by
      adsorption on a silicic acid chromatographic column followed by elution
      with ethyl acetate in benzene mixtures, thus affording
      7-[3(RS)-acetoxy-2-(3(RS)-acetoxy-4,4-dimethyl-1-octynyl)-5-oxocyclopent-1
     -ene]heptanoic acid.
PAC  EXAMPLE 24
PAR  The substitution of an equivalent quantity of 3,4,4-trimethyl-1-octyn-3-ol
      in the procedure in Example 17 results in
      7-[3(RS)-hydroxy-2-(3(RS)-hydroxy-3,4,4-trimethyl-1-octynyl)-5-oxocyclopen
     t-1-ene]heptanoic acid.
PAC  EXAMPLE 25
PAR  A mixture consisting of 1.54 parts of 4,4-dimethyl-1-octyn-3-ol, 1.5 parts
      of phthalic anhydride and 2 parts by volume of pyridine is heated at the
      reflux temperature under nitrogen for 4 hours, then cooled and diluted
      with ether. That solution is extracted with dilute aqueous sodium
      hydroxide and the alkaline extract is washed with ether, then acidified
      with dilute hydrochloric acid and extracted with ether. The organic
      extract is washed with water, dried over anhydrous sodium sulfate and
      stripped of solvent. The resulting residue is triturated with hexane to
      afford 2-ethynyl-3,3-dimethyl-n-hexyl phthalate, melting at
      57.degree.-59.degree..
PAR  To a solution of 1.9 parts of 2-ethynyl-3,3-dimethyl-n-hexyl phthalate in 5
      parts by volume of methylene dichloride is added 0.762 part of
      (-).alpha.-methylbenzylamine. After a few minutes the solvent is removed
      by distillation and the residue is triturated with hexane, then
      recrystallized from hexane:ether (5:1) to afford the
      (-).alpha.-methylbenzylamine salt of 2-ethynyl-3,3-dimethyl-n-hexyl
      phthalate, which exhibits an optical rotation, in chloroform, of
      -34.1.degree.. A solution consisting of 2.5 parts of the latter amine
      salt, 20 parts by volume of 1 N sodium hydroxide and 20 parts by volume of
      methanol is heated at 60.degree.-70.degree. for 1 hour, then is diluted
      with hexane. The organic layer is separated, washed successively with
      water, 1 N hydrochloric acid and water, then dried over anhydrous sodium
      sulfate and concentrated to dryness to afford
      4,4-dimethyl-1-octyn-3(R)-ol, which exhibits an optical rotation, in
      ether, of -12.2.degree..
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC3##
PAL  wherein R.sub.1 and R.sub.3 are hydrogen or a lower alkanoyl radical,
      R.sub.2 and R.sub.6 are hydrogen or a lower alkyl radical, R.sub.4 and
      R.sub.5 are lower alkyl radicals and the wavy line indicates the
      alternative R and S stereochemical configuration.
NUM  2.
PAR  2. As in claim 1, a compound of the formula
      ##SPC4##
PAL  wherein R.sub.1 and R.sub.3 are hydrogen or a lower alkanoyl radical and
      R.sub.2 is hydrogen or a lower alkyl radical.
NUM  3.
PAR  3. As in claim 1, a compound of the formula
      ##SPC5##
PAL  wherein R.sub.4 and R.sub.5 are lower alkyl radicals.
NUM  4.
PAR  4. As in claim 1, the compound which is
      7-[3(RS)-hydroxy-2-(3(RS)-hydroxy-4,4-dimethyl-1-octynyl)-5-oxocyclopent-1
     -ene]heptanoic acid.
NUM  5.
PAR  5. As in claim 1, the compound which is
      7-[3(R)-hydroxy-2-(3(RS)-hydroxy-4,4-dimethyl-1-octynyl)-5-oxocyclopent-1-
     ene]heptanoic acid.
NUM  6.
PAR  6. As in claim 1, the compound which is
      7-[3(R)-hydroxy-2(3(S)-hydroxy-4,4-dimethyl-1-octynyl)-5-oxocyclopent-1-en
     e]heptanoic acid.
NUM  7.
PAR  7. As in claim 1, the compound which is
      7-[3(RS)-hydroxy-2-(3(S)-hydroxy-4,4-dimethyl-1-octynyl)-5-oxocyclopent-1-
     ene]heptanoic acid.
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ABST
PAL  An economically attractive process for industrial production of
      4-aminomethyl cyclohexane carboxylic acid-1 in high purity and in high
      yield is provided. p-Amino benzoic acid is hydrogenated utilizing a
      ruthenium catalyst in the presence of a specific amount of alkali metal
      hydroxide. The resulting product is useful as the starting material for
      polymers or pharmaceuticals.
BSUM
PAC  BACKGROUND
PAR  One commercially known process for the synthesis of 4-aminomethyl
      cyclohexane carboxylic acid-1 is via hydrogenation of the benzene nucleus
      of p-aminomethyl benzoic acid or the derivatives thereof. This process,
      however, is expensive, so that an improved process would be commercially
      useful.
PAR  One method which has been suggested is hydrogenating of cyanobenzoic acid
      in the presence of a catalyst comprising a platinum compound or a platinum
      compound together with a rhodium compound. This method, however, is not
      commercially useful because of the expense of the catalyst, its lack of
      selectivity, and the unacceptable number of side reactions.
PAR  Another method involves hydrogenating the aromatic nucleus of aminomethyl
      benzoic acid-N-acetate in the presence of nickel catalyst at an elevated
      temperature under high pressure to produce N-acetyl-4-aminomethyl
      cyclohexane carboxylic acid-1, which was further hydrolyzed to produce
      4-aminomethyl cyclohexane carboxylic acid-1. In an improvement of this
      process, p-aminomethyl benzoic acid is hydrogenated in the presence of a
      ruthenium catalyst.
PAR  The method is not commercially feasible, however, because of the expense of
      the catalyst, the large amounts which are required, and because it is
      poisoned in the course of the reaction and must be regenerated.
PAR  In order to establish a commercially feasible and economically advantageous
      method for the production of 4-aminomethyl cyclohexane carboxylic acid-1
      directly from p-aminomethyl benzoic acid, it is a prerequisite to prevent
      decrease of activity of the catalyst and to reduce the amount of the
      catalyst needed, thereby making the process economical by enabling
      repeated use of the catalyst.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an economically advantageous and
      commercially feasible process for preparing 4-aminomethyl cyclohexane
      carboxylic acid-1 by hydrogenating p-aminomethyl benzoic acid in the
      presence of ruthenium as a catalyst.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention, the amount of hydrogen employed per mol
      of p-aminomethyl benzoic acid is at least 3 mols. Hydrogen pressure is
      50-200 kg/cm.sup.2, preferably 80-150 kg/cm.sup.2.
PAR  P-Aminomethyl benzoic acid, starting material of the invention, can be
      advantageously prepared by hydrogenating p-cyanobenzoic acid methyl ester
      in an alkali media, as described for example in Japanese Patent
      Application No. 95243/1971. p-Cyanobenzoic acid methyl ester can be
      selectively obtained by distillation of the melted reaction product of
      terephthlonitrile, dimethyl terepthalate and terepthalic acid.
PAR  In the present invention, the role of the catalyst is very important.
PAR  Ruthenium catalysts which may be employed in the invention include
      ruthenium oxide, ruthenium hydroxide and metallic ruthenium supported on
      an inert carrier. Carriers employed include for example carbon, calcium
      carbonate, rare earth oxides such as cerium, praseodymium, or lanthanum,
      rare earth carbonates such as cerium, praseodymium or lanthanum, mixed
      rare earth oxide-carbonates, alumina, barium sulfate, kieselguhr, pumice,
      diaspore, bauxite, periclase, zirconia, titania, diatomaceous earth,
      calcium sulfate, calcium oxide, barium oxide, barium carbonate, strontium
      carbonate, strontium oxide, strontium sulfate, silica, silica-alumina,
      etched nickel, Nichrome and Inconel wire.
PAR  Among these compounds, alumina, kieselguhr, carbon, barium sulfate or
      calcium carbonate are preferred. The most preferred catalyst is ruthenium
      supported on a carrier. The ruthenium content in the catalyst is 1-10
      weight %, preferably 4-6 weight %. By adding 1-35 gram equivalents,
      preferably 1-10 gram equivalents per mol of the p-aminomethyl benzoic
      acid, of at least one alkali metal hydroxide selected from the group
      consisting of sodium hydroxide, potassium hydroxide and calcium hydroxide,
      the amount per reaction of ruthenium metal in the catalyst used can be
      reduced to 0.025-0.25% by weight based on p-aminomethyl benzoic acid. The
      yield obtained is comparable to that obtained when the quantity of
      catalyst in the form of 5% by weight ruthenium metal on active carbon is
      as high as 30% based on p-aminomethyl benzoic acid, the amount of
      ruthenium based on p-aminomethyl benzoic acid being 1.5% by weight. As a
      result, the reaction is economically feasible. To improve the economics,
      the amount of ruthenium catalyst should be as low as possible while still
      obtaining complete conversion of starting material.
PAR  According to the aforesaid known method, hydrogenation of p-aminomethyl
      benzoic acid in aqueous ammonia using 30% by weight of catalyst based on
      p-aminomethyl benzoic acid gives 4-aminomethyl cyclohexane carboxylic
      acid-1 in a yield as high as above 90%. However, the catalyst cannot
      usually be utilized more than three times without regeneration. As shown
      in Table 1, when the amount of catalyst is 8%, or below, there is a
      substantial decrease in percent conversion and yields.
TBL                                    Table 1                                 

     __________________________________________________________________________

     the amount of                                                             

                 from material B to A                                          

                                  starting material                            

                                               reaction conditions             

     catalyst per reaction                                                     

                 conversion                                                    

                       selectivity                                             

                              yield                                            

                                  still in reaction                            

                                               initial pressure                

                                                        temperature            

                                                               time            

     %/material B                                                              

                 %     %      %   liquid (material B) %                        

                                               of H2 (kg/cm)                   

                                                        .degree.C              

                                                               Hr              

     __________________________________________________________________________

     30    (1.5)*                                                              

                 100   97     97  0            100      150    3               

     20    (1.0) 100   97     97  0            100      150    3               

     8     (0.4) 80    98     78  19           100      150    6               

     5     (0.25)                                                              

                 58    96     56  42           100      150    16              

     __________________________________________________________________________

      *Figures in parentheses are the weight % of ruthenium metal catalyst base

      on the amount of p-aminomethyl benzoic acid.                             

      Note:                                                                    

      Material A in this and succeeding tables means 4-aminomethyl cyclohexane 

      carboxylic acid-1.                                                       

      Material B means p-aminomethyl benzoic acid.                             

      Catalyst: 5% ruthenium on carbon.                                        

      Starting Material: Material B 10g                                        

      Solvent: 5% aqueous ammonia 70ml                                         

      Vessel: 300 ml-autoclave made of stainless steel (sus 32)                

PAR  The phenomena discussed above and illustrated in the table make clear the
      reasons why the procedure is not commercially attractive.
PAR  It has now been found that the amount of catalyst required may be reduced,
      and its high activity prolonged by the addition of 1-35 mol equivalents
      (preferably 1-10) of at least one alkali metal hydroxide selected from the
      group consisting of sodium hydroxide, potassium hydroxide and calcium
      hydroxide per mol of p-aminomethyl benzoic acid. The effect of the
      addition is shown in Table 2. The addition of increased quantities of the
      selected alkali does not adversely affect the reaction, except that it
      increases the cost of purification, especially if an ion exchange
      procedure is used.
TBL                                    Table 2                                 

     __________________________________________________________________________

             from material B to A                                              

                               starting material                               

                                            reaction conditions                

     Compound added                                                            

             conversion                                                        

                   selectivity                                                 

                          yield                                                

                               still in reaction                               

                                            H.sub.2 initial pressure           

                                                         temperature           

                                                                time           

             %     %      %    liquid (material B) %                           

                                            kg/cm        .degree.C             

                                                                Hr             

     __________________________________________________________________________

     None    8     90     7    90           100          190    16             

     NH.sub.4 OH                                                               

             25    94     23.5 75           100          180     8             

     NaOH    100   97     97   0            100          150    11/2           

     KOH     100   96     96   0            100          150    11/2           

     __________________________________________________________________________

     Note: The amount based on 1 mol of the starting material of NH.sub.4 OH,  

     NaOH and KOH is 1.5 gram equivalent.                                      

     Type and the amount of catalyst:                                          

                         Catalyst comprising 5% ruthenium on carbon            

                         The amount by weight ratio is 3% based on starting    

                         material B.                                           

                         (The amount of ruthenium metal being 0.15% by weight  

                         based on                                              

                         p-aminomethyl benzoic acid.)                          

     Starting material: material B 10 g                                        

     Solvent: 5% aqueous ammonia (70 ml) or water (70 ml)                      

     Vessel: 300 ml-autoclave made of stainless steel (sus 32)                 

PAR  As shown in Table 3, residuum of p-aminomethyl benzoic acid in the reaction
      liquid becomes noticeable only when the amount of alkali added is less
      than 1 equivalent. A residue of p-aminomethyl benzoic acid is not
      desirable, because in the purification step, both p-aminomethyl benzoic
      acid and 4-aminomethyl cyclohexane carboxylic acid-1 shown similar
      characteristics so that it is extremely difficult to obtain highly pure
      4-aminomethyl cyclohexane carboxylic acid-1. If the amount of residual
      p-aminomethyl benzoic acid is more than 12% in the reaction product it
      cannot be removed even after five recrystallizations from boiling water.
PAR  Testing results with the change of the amount of additive are summarized in
      Table 3.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Compound to be added                                                      

                 from material B to A                                          

                                   starting material                           

                                               reaction conditions             

     (gram equivalent based                                                    

                 conversion                                                    

                       selectivity                                             

                              yield                                            

                                   still in reaction                           

                                               H.sub.2 initial                 

                                                           temper-e            

                                                                 time          

     on 1 mol of the start-                                                    

                 %     %      %    liquid (material B) %                       

                                               kg/cm       ature               

                                                                 Hregree.C     

     ing material)                                                             

     __________________________________________________________________________

     0.5 times   70    98     68.7 31          100         180   12            

     0.9         92    98     90   8           100         170   8             

     1.0         100   96     96   0           100         155   2             

     2.0         100   98     98   0           100         155   11/2          

     5.0         100   97     97   0           100         155   11/2          

     10.0        100   98     98   0           100         155   11/2          

     __________________________________________________________________________

     Note: Compound to be added:NaOH                                           

     Catalyst: Catalyst comprising 5% ruthenium on carbon                      

     Amount of catalyst:                                                       

                   3% by weight ratio to starting material B.(The amount       

                   of ruthenium metal being 0.15% by weight based on           

                   p-aminomethyl benzoic acid.)                                

     Solvent: Water 70 ml                                                      

     Vessel: 300 ml-autoclave made of stainless steel (sus 32)                 

     Starting material: material B 10 g.                                       

PAR  Amongst the hydroxides which may be used for the present invention, sodium
      hydroxide, potassium hydroxide and calcium hydroxide are effective. Of
      these, sodium hydroxide and potassium hydroxide are especially preferred.
      The effect of the addition of various alkali metal hydroxides is shown in
      Table 4.
TBL                                    Table 4                                 

     __________________________________________________________________________

     alkali metal                                                              

            from material B to A                                               

                             starting material                                 

                                         reaction conditions                   

     hydroxide                                                                 

            conversion                                                         

                  selectivity                                                  

                         yield                                                 

                             still in reaction                                 

                                         H.sub.2 initial pressure              

                                                     temperature               

                                                            time               

            %     %      %   liquid (material B) %                             

                                         kg/cm       .degree.C                 

                                                            Hr                 

     __________________________________________________________________________

     NaOH   100   98     98  0           100         155    11/2               

     KOH    100   97     97  0           100         155    11/2               

     Ca(OH).sub.2                                                              

            100   93     93  0           100         155    11/2               

     __________________________________________________________________________

     Note:                                                                     

        The amount by weight ratio of alkali metal hydroxide is 2 times gram   

        equivalent                                                             

        based on mol of the catalyst used.                                     

     Catalyst: catalyst comprising 5% ruthenium on carbon                      

     The amount of catalyst:                                                   

                     3% by weight ratio based on starting material B.          

                     (The amount of ruthenium metal being 0.15% by             

                     weight based on p-aminomethyl benzoic acid.)              

     Starting material: 10 g                                                   

     Solvent: Water 70 ml                                                      

     Vessel: 300 ml-autoclave made of stainless steel (sus 32)                 

PAR  According to the present invention, reaction temperature is
      90-200.degree.C, preferably 140-170.degree.C, and reaction pressure is
      50-200 kg/cm.sup.2, preferably 80-150 kg/cm.sup.2.
PAR  In practicing the present invention, any of a variety of conventionaly
      techniques known for those skilled in the art can be employed. The order
      of addition of a starting material, catalyst, alkali metal hydroxide and
      solvent is irrelevant in the present invention. It is preferable to stir
      the reactants at the beginning of the reaction, but continuance of
      stirring until completion of the reaction is not necessarily required.
PAR  After reaction, the reaction liquid is taken out and 4-aminomethyl
      cyclohexane carboxylic acid-1 is either directly adsorbed to the
      H.sup.+-type ion exchange resin and dissolved into aqueous ammonia, or the
      reaction liquid is first neutralized, concentrated and then by
      recrystallization, highly pure 4-aminomethyl cyclohexane carboxylic acid-1
      is isolated in a high yield.
PAR  4-Aminomethyl cyclohexane carboxylic acid- 1 thus obtained is useful as the
      starting material for polymers or pharmaceuticals.
PAR  The present invention will be further illustrated by, but not limited to,
      the following examples.
PAC  EXAMPLE 1
PAR  Into a 300-ml autoclave made of stainless steel (sus 32) equipped with a
      stirrer, 10 g of p-aminomethyl benzoic acid, 3.0 g of sodium hydroxide, 70
      ml of water and 0.3 g of active carbon carrying 5% by weight of ruthenium
      was charged and then hydrogen gas was charged at a normal temperature
      until the pressure increased to 100 kg/cm.sup.2. Reaction was effected at
      155.degree.C for 1.5 hour. The catalyst was separated by filtration and
      the filtrate was passed through a column filled with 400 ml of the
      H.sup.+-type ion exchange resin Amberlite 200 (Rhom and Haas Co.). The
      resin was washed with 1 liter of water. Then 800 ml of 1-N aqueous ammonia
      was passed through the column, the eluent was concentrated and then the
      concentrate was dried to obtain 10.3 g of white solid, which was
      identified as 4-aminomethyl cyclohexane carboxylic acid- 1 by NMR and
      infrared analysis. Purity of 4-aminomethyl cyclohexane carboxylic acid-1
      thus obtained was 98.5% by titration of the amino group and by gas
      chromatography.
PAC  EXAMPLES 2-9
PAR  The results of changing the amount of catalyst and types and the amount of
      alkali metal hydroxide are summarized in Table 5.
TBL                                    Table 5                                 

     __________________________________________________________________________

     catalyst (%)                                                              

               Alkali metal hydroxide                                          

                               reaction condition                              

                                               from material B to A            

        (based                 H.sub.2 initial                                 

                                      temper-  con- select-  the amount        

        on mater-                                                              

               type of                                                         

                     gram equivalent                                           

                               pressure                                        

                                      ature                                    

                                           time                                

                                               version                         

                                                    ivity                      

                                                         yield                 

                                                             of residuum       

     Ex.                                                                       

        ial B) compound                                                        

                     mol of material B                                         

                               kg/cm  .degree.C                                

                                           Hr  %    %    %   (material B)      

                                                             %                 

     __________________________________________________________________________

     2  1.0 (0.05)*                                                            

               NaOH  1.0       100    155  6   99   97   96  0.5               

     3  1.0 (0.05)                                                             

               "     10        "      "    4   100  98   98  0                 

     4  1.5 (0.075)                                                            

               "     10        "      "    3   "    95   95  0                 

     5  3.0 (0.15)                                                             

               "     10        "      "     11/2                               

                                               "    98   98  0                 

     6  5.0 (0.25)                                                             

               "     1.0       "      "    "   "    98   98  0                 

     7  2.0 (0.1)                                                              

               KOH   2.0       "      "    "   "    97   97  0                 

     8  3.0 (0.15)                                                             

               Ca(OH).sub.2                                                    

                     2.0       "      "    "   "    97   97  0                 

     9  5.0 (0.25)                                                             

               "     1.5       "      160  "   "    96   96  0                 

     __________________________________________________________________________

     *Figures in parentheses are weight % of ruthenium metal based on material 

     B.                                                                        

     Type and the amount of catalyst:                                          

                      catalyst comprising 5% ruthenium on carbon.              

                      The amount by weight ratio is 3% based on                

                      starting material B. (The amount of ruthenium metal      

                      being 0.15% by weight based on p-aminomethyl benzoic     

                      acid.)                                                   

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the catalytic hydrogenation of p-aminomethyl benzoic acid
      to form 4-aminomethyl cyclohexane carboxylic acid-1 utilizing a ruthenium
      metal catalyst which is characterized by effecting the reaction in an
      aqueous medium at a hydrogen pressure of 50 to 200 kg/cm.sup.2 in the
      presence of from 1 to 35 gram equivalent per mol of p-aminomethyl benzoic
      acid of at least one alkali metal hydroxide selected from the group
      consisting of sodium, potassium and calcium hydroxide, the amount of
      ruthenium metal in the catalyst employed being from 0.025 to 0.25% by
      weight based on the weight of p-aminomethyl benzoic acid.
NUM  2.
PAR  2. A process according to claim 1 wherein the reaction temperature is from
      90.degree.C to 200.degree.C.
NUM  3.
PAR  3. A process according to claim 1 wherein the amount of hydrogen employed
      is 3.5 mols per mol of p-aminomethyl benzoic acid.
NUM  4.
PAR  4. A process according to claim 1 wherein the amount of alkali metal
      hydroxide is 2 gram equivalent per mol of p-aminomethyl benzoic acid.
NUM  5.
PAR  5. A process for the catalytic hydrogenation of p-aminomethyl benzoic acid
      to form 4-aminomethyl cyclohexane carboxylic acid-1 utilizing a ruthenium
      metal catalyst which is characterized by effecting the reaction in aqueous
      sodium hydroxide at a temperature of 155.degree.C and a pressure of 100
      kg/cm.sup.2 wherein the amount of sodium hydroxide is 2 gram equivalents
      per mol of p-aminomethyl benzoic acid and the amount of ruthenium metal in
      the catalyst employed is from 0.025 to 0.25% by weight based on the weight
      of p-aminomethyl benzoic acid.
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ABST
PAL  New substituted indene acids and non-toxic pharmaceutically acceptable
      amides, esters and salts derived therefrom. The substituted indene acids
      disclosed herein have anti-inflammatory, anti-pyretic and analgesic
      activity. Also included herein are methods of preparing said indene acid
      compounds, pharmaceutical compositions having said indene acid compounds
      as an active ingredient and methods of treating inflammation by
      administering these particular compositions to patients.
PARN
PAC  CROSS REFERENCES
PAR  This application is a continuation-in-part of application Ser. No. 108,628
      filed Jan. 21, 1971 now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to new substituted indenyl acid compounds and
      processes for producing the same. More specifically, this invention
      relates to compounds having the following general formula:
      ##SPC1##
PAL  Wherein
PA1  R.sub.1 is
EQU  --CH(OH)CH.sub.2 CH.sub.2 COM,
EQU  --CH.sub.2 CH(OH)CH.sub.2 COM,
EQU  --CH.sub.2 CH.sub.2 CH(OH)COM,
      ##EQU1##
      wherein Ar is aryl or heteroaryl;
PA1  R.sub.2 is hydrogen, alkyl, alkenyl, alkynyl or haloalkyl;
PA1  R.sub.3, r.sub.4, r.sub.5 and R.sub.6 each may be hydrogen, alkyl, acyloxy,
      alkoxy, nitro, amino, acylamino, alkylamino, dialkylamino,
      dialkylaminoalkyl, sulfamyl, alkylthio, mercapto, hydroxy, hydroxyalkyl,
      alkylsulfonyl, halogen, cyano, carboxyl, carboalkoxy, carbamido,
      haloalkyl, cycloalkyl, cycloalkoxy, alkenyloxy, acyl, alkenyl or alkynyl;
PA1  R.sub.7 is alkylsulfinyl, alkylsulfonyl or alkylthio (C.sub.1-5 alkylthio);
PA1  R.sub.8 is hydrogen, halogen, hydroxy, alkoxy or haloalkoxy; and
PA1  M is hydroxy, loweralkoxy, substituted loweralkoxy, amino, alkylamino,
      dialkylamino, N-morpholino, hydroxyalkylamino, polyhydroxyalkylamino,
      dialkylaminoalkylamino, aminoalkylamino or OMe in which Me is a cation of
      a pharmaceutically acceptable salt;
PAL  Provided that at least one of R.sub.3, R.sub.4, R.sub.5 and R.sub.6 is not
      hydrogen.
PAR  In the more preferred aspect of this invention, R.sub.1 is --CH.sub.2
      -CH(OH)CH.sub.2 COM or
      ##EQU2##
      Ar is phenyl; R.sub.2 is hydrogen or C.sub.1-5 alkyl; R.sub.3, R.sub.4,
      R.sub.5 and R.sub.6 are each hydrogen, C.sub.1-5 alkyl, C.sub.1-5 alkoxy,
      halogen (fluoro, chloro), cyano, C.sub.1-5 alkanoyl, C.sub.2-5 alkenyloxy
      or C.sub.1-5 alkanoyloxy, at least two of R.sub.3, R.sub.4, and R.sub.6
      being hydrogen at any one time; R.sub.7 is C.sub.1-5 alkylsulfinyl or
      C.sub.1-5 alkylsulfonyl, (especially alkylsulfinyl); R.sub.8 is hydrogen,
      hydroxy, C.sub.1-5 alkoxy, C.sub.1-5 haloalkoxy or fluoro; M is hydroxy,
      C.sub.1-5 alkoxy, C.sub.1-5 alkanoyloxy-C.sub.1-5 alkoxy or OMe, and
      especially hydroxy.
PAR  In the most preferred aspect of this invention, R.sub.1 is --CH.sub.2
      CH(OH)--CH.sub.2 COM or
      ##EQU3##
      and especially --CH.sub.2 --CH(OH)--CH.sub.2 COM; R.sub.2 is C.sub.1-5
      alkyl; R.sub.3 is hydrogen; R.sub.4, R.sub.5 and R.sub.6 are each
      hydrogen, fluoro, C.sub.1-5 alkoxy, C.sub.1-5 alkenyloxy or cyano, at
      least one of R.sub.4, R.sub.5 and R.sub.6 being hydrogen at any one time;
      R.sub.7 is C.sub.1-5 alkylsulfinyl; R.sub.8 is hydrogen, M is hydroxy and
      Ar is phenyl.
PAR  Representative compounds of this invention are as follows:
PA1  5-Fluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-3-indenyl-.gamma.-(.alph
     a.-hydroxybutyric) acid
PA1  5-Fluoro-1-(4'-methylsulfinylbenzylidene)-3-indenyl-.gamma.-(.gamma.-ketobu
     tyric) acid
PA1  5-Fluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-3-indenyl-.gamma.-(.beta
     .-hydroxybutyric) acid
PA1  5-Fluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-3-indenyl-.gamma.-(.beta
     .-ketobutyric) acid
PA1  5-Fluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-3-indenyl-.gamma.-(.alph
     a.-hydroxybutyric) acid
PA1  5-Fluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-.gamma.-(.alpha.-ketobut
     yric) acid
PAL  and the corresponding amides, esters and pharmaceutically acceptable salts
      thereof.
PAR  It should be noted that the compounds of this invention may be isomerized
      into their cis and trans isomers by procedures well known in the art. It
      should be further noted that the cis isomer of the compounds of this
      invention is substantially more active than the trans isomer. Accordingly,
      it is to be understood that reference throughout the specification and
      appended claims to the compounds of this invention is intended to
      encompass not merely the compounds per se but includes their geometric
      isomers (cis, trans).
PAR  It should be further noted by one skilled in the art that the alkylsulfinyl
      derivatives of this invention are racemic mixtures of optically active
      enantiomorphs which may be resolved into their (+) and (-) forms by
      techniques well known in the art. Furthermore, when R and R' are
      different, an additional asymmetric atom results which gives rise to two
      additional enantiomorphs, which are also considered to be within the scope
      of the invention.
PAR  One skilled in the art should further note that some of the compounds of
      this invention are polymorphic and have different crystalline structures,
      melting points and solubility characteristics.
PAR  This invention also relates to a method of treating pain, fever or
      inflammation in patients using a compound of Formula I, particularly an
      especially preferred compound as the active constituent.
PAR  The compounds of the instant invention can be used to treat inflammation by
      reducing inflammation and relieving pain in such diseases as rheumatoid
      arthritis, osteoarthritis, gout, infectious arthritis and rheumatic fever.
PAR  The compounds of Formula I also have anti-pyretic and analgesic activity
      and would be administered and used in the same manner and in the same
      dosage ranges as if they were being used to treat inflammation as
      discussed further on.
PAR  The treatment of inflammation in accordance with the method of the present
      invention is accomplished by topically, orally, rectally or parenterally
      administering to patients a composition of a compound of Formula I,
      particularly the especially preferred compounds in a non-toxic
      pharmaceutically acceptable carrier.
PAR  The non-toxic pharmaceutical carrier may be, for example, either a solid or
      a liquid. Exemplary of solid carriers are lactose, corn starch, gelatin,
      talc, sterotix, stearic acid, magnesium stearate, terra alba, sucrose,
      agar, pectin, cab-o-sil and acacia. Exemplary of liquid carriers are
      peanut oil, olive oil, seasame oil and water. Similarly, the carrier or
      diluent may include a time delay material such as glyceryl monostearate or
      glyceryl distearate alone or with a wax.
PAR  Several pharmaceutical forms of the therapeutically useful compositions can
      be used. For example, if a solid carrier is used, the compositons may take
      the form of tablets, capsules, powders, troches or lozenges prepared by
      standard pharmaceutical techniques. If a liquid carrier is used, the
      preparation may be in the form of a soft gelatin capsule, a syrup, an
      aqueous solution or a liquid suspension. Suppositories may be prepared in
      a conventional manner by mixing the compounds of this invention with a
      suitable non-irritating excipient which is solid at room temperature, but
      liquid at the rectal temperature. Such materials are cocoa butter and
      polyethylene glycol. Gels and lotions for topical application may be
      prepared in conventional manners.
PAR  The active compounds of Formula I and of the compositions of this invention
      are administered in an amount sufficient to treat inflammation, that is to
      reduce inflammation. Advantageously, the compositions will contain the
      active ingredient; namely, the compounds of Formula I in an amount of from
      about 0.1 mg. to 50 mg. per kg. body weight per day (5 mg. to 3.5 g. per
      patient per day), preferably from about 1 mg. to 15 mg./kg. body weight
      per day (50 mg. to 1 g. per patient per day).
PAR  The method of treatment of this invention comprises administering to a
      patient (animal or human) a compound of Formula I, particularly an
      especially preferred compound admixed with a non-toxic pharmaceutical
      carrier such as exemplified above. The compounds of Formula I and
      particularly the especially preferred compounds will be administered in an
      amount of from 0.1 mg. to 50 mg./kg. body weight per day, preferably from
      about 1 mg. to about 15 mg. per kilogram body weight per day. The most
      rapid and effective anti-inflammatory effect is obtained from oral
      administration of a daily dosage of from about 1 to 15 mg./kg. per day. It
      should be understood, however, that although preferred dosage ranges are
      given, the dose level for any particular patient depends upon the activity
      of the specific compound employed. Also, many other factors that modify
      the actions of drugs will be taken into account by those skilled in the
      art in the therapeutic use of medicinal agents, particularly those of
      Formula I, for example, age, body weight, sex, diet, time of
      administration, route of administration, rate of excretion, drug
      combination, reaction sensitivities and severity of the particular
      disease.
PAR  In the preparation of the compounds of this invention, the starting
      material is a .beta.-aryl propionic acid. This compound is prepared
      according to the procedure shown in Flow Sheet I which illustrates several
      alternative routes. Thus, a substituted benzaldehyde may be condensed with
      a substituted acetic ester in a Claisen Reaction or with an
      .alpha.-halogenated propionic ester in a Reformatsky Reaction. The
      resulting unsaturated ester is reduced and hydrolyzed to give the benzyl
      propionic acid starting material. Alternatively, a substituted malonic
      ester in a typical malonic ester synthesis and acid hydrolysis of the
      resulting substituted ester yields the benzyl propionic acid directly or
      the benzaldehyde may be reacted with propionic anhydride in a reducing
      medium to form the benzyl propionic acid.
PAL  Equivalents:
PA1  X is halogen, usually Cl or Br;
PA1  E is an esterifying group, usually methyl, ethyl, or benzyl;
PA1  R.sub.2 is alkyl, alkenyl, alkynyl or haloalkyl; and
PA1  R.sub.3, r.sub.4, r.sub.5, and R.sub.6 each may be hydrogen, alkyl,
      acyloxy, alkoxy, nitro, amino, acylamino, alkylamino, dialkylamino,
      dialkylaminoalkyl, sulfamyl, alkylthio, mercapto, hydroxy, hydroxyalkyl,
      alkylsulfonyl, halogen, cyano, carboxy, carboalkoxy, carboxamido,
      haloalkyl, cycloalkyl, cycloalkoxy, alkenyloxy, acyl, alkenyl or alkynyl;
PAL  Reagents:
PA1  1. Zn dust in anhydrous inert solvent such as benzene and ether.
PA1  2. KHSO.sub.4 or p-toluene sulfonic acid.
PA1  3. NaOC.sub.2 H.sub.5 in anhydrous ethanol at room temperature.
PA1  4. H.sub.2, palladium on charcoal, 40 p.s.i., room temperature.
PA1  5. NaOH in aqueous alcohol at 20.degree.-100.degree..
PA1  6. NaOC.sub.2 H.sub.5 or any other strong base, such as NaOH or
      K-t-butoxide.
PA1  7. Acid.
PAR  1. Preparation of .beta.-arylpropionic acid starting material.
      ##SPC2##
PAR  In the preparation of the compounds of the instant invention, again a
      number of routes are possible, as shown in Flow Sheet II. The first step
      in ring closure of the .alpha.-aryl propionic acid to form an indanone
      which may be carried out by a Friedel-Crafts Reaction using a Lewis acid
      catalyst or by heating with polyphosphoric acid. The indanone may be
      condensed with an .alpha.-halo ester in the Reformatsky Reaction to
      introduce an aliphatic acid side chain by replacing the carbonyl group.
      Alternatively, this introduction can be carried out by use of a Wittig
      Reaction in which the reagent is an .alpha.-triphenylphosphinyl ester, a
      reagent which replaces the carbonyl with a double bond to a carbon. This
      is immediately rearranged into the indene. If the Reformatsky Reaction
      route is used, the intermediate 3-hydroxy-3aliphatic acid derivative must
      be dehydrated to the indene. In the preparation of the
      .alpha.-(.beta.-hydroxybutyric) acid compounds, the indenyl-3-acetic acid
      ester is reduced to the corresponding alcohol, which in turn is oxidized
      to the alcohol compound. This latter compound is then treated with a halo
      acetic ester to form the .alpha.-(.beta.-hydroxybutyric) acid ester. The
      corresponding .alpha.-(.beta.-ketobutyric) acid ester is prepared by
      oxidation of the .alpha.-(.beta.-hydroxybutyric) acid ester. The
      indenyl-3-.alpha.-(.alpha.-ketobutyric) acid compound is prepared by
      condensation of the indanone with a 3-halo butyric acid ester and
      subsequent reaction of the acetylinic compound to form the
      .alpha.-ketobutyric acid compound. The
      indenyl-3-.alpha.-(.alpha.-hydroxybutyric) acid compound may be readily
      prepared by reduction of the corresponding
      indenyl-3-.alpha.-(.alpha.-ketobutyric) acid compound. The introduction of
      the 1-substituent is carried out in one of two ways. The first is the
      direct reaction of the indene with the aldehyde of the structural
      characteristics defined, using a strong base as a catalyst and warming, if
      necessary, to form the carbanion. The reaction can be carried out in a
      number of solvents such as polar solvents like dimethoxyethane, aqueous
      methanol, pyridine, liquid ammonia, dimethylformamide and the like, or
      even in non-polar solvents such as benzene, etc. Alternatively, an
      indanone can be brominated and then dehydrogen-brominated to an indenone
      and the indenone carbonyl replaced by the substituent using the
      .alpha.-triphenyl-phosphinyl compounds of the desired structure. Note that
      a loweralkyl ester of the desired compound is formed in the third step.
      This ester can then be hydrolyzed to give the free acids and oxidized to
      give the sulfoxides and sulfones from which the salts, other esters and
      the amides may be formed. The keto substituted acid side chains may be
      prepared by oxidizing the hydroxy acid side chain.
PAL  Equivalents:
PA1  X, e, r.sub.2, r.sub.3, r.sub.4, r.sub.5 and R.sub.6 are the same as in
      Flow Sheet I;
PA1  Ar is aryl or heteroaryl;
PA1  R.sub.1 is
EQU  --CH(OH)CH.sub. 2 CH.sub.2 COM,
EQU  --CH.sub.2 CH(OH)CH.sub. 2 COM,
EQU  --CH.sub.2 --CH.sub.2 --CH(OH)COM
      ##EQU4##
      wherein M is hydroxy, loweralkoxy, substituted loweralkoxy,  amino,
      alkylamino, dialkylamino, N-morpholino,  hydroxyalkylamino,
      polyhydroxyalkylamino,  dialkylaminoalkylamino, aminoalkylamino or  OMe in
      which Me is a cation;
PA1  R.sub.8 is hydrogen, halogen, hydroxy, alkoxy or haloalkoxy; and
PA1  R.sub.9 is hydrogen or loweralkyl.
PAL  Reagents:
PA1  1. Friedel-Crafts Reaction using a Lewis Acid catalyst.
PA1  2. Heat with polyphosphoric acid.
PA1  3. Reformatsky Reaction: Zn in inert solvent, heat.
PA1  4. p-Toluene sulfonic acid and CaCl.sub.2 or I.sub.2 at 200.degree..
PA1  5. Reaction with aldehyde or ketone, using strong base as catalyst
      (K-t-butoxide or any alkoxide, NaOH, KOH, NaNH.sub.2, etc.), warming if
      necessary to form the carbanion in solvents as liquid ammonia,
      dimethylformamide, 1,2-dimethoxyethane, pyridine, aqueous alcohol, etc.
PAR  II. Preparation of .alpha.-(1-substituted-benzylidenyl)-3-indenyl)aliphatic
      acids.
      ##SPC3##
PAR  Although the syntheses described may produce esters of the acids of this
      invention, some desired esters are more easily obtained by forming a
      simple ester of the final acid, hydrolyzing to the free acid and
      re-esterifying. The simple loweralkyl or benzyl esters are usually the
      ones used in the synthesis of the compounds. Other esters are more
      desirable from the standpoint of therapeutic utility of the compounds,
      such as the methoxymethyl, diethylaminoethyl, dimethylaminoethyl,
      dimethylaminopropyl, diethylaminopropyl, N-pyrollidinylethyl,
      N-piperidinylethyl, N-morpholinylethyl, N-ethyl-2-piperidinylethyl,
      N-pyrollidinylmethyl, N-methyl-2-pyrollidinylmethyl,
      4-methyl-1-piperazinylethyl, methoxyethyl, ethoxyethyl and the like. These
      are mostly prepared from the corresponding alcohol and the indenyl acid.
PAR  The amides, both the simple amide and the substituted amides, are similarly
      prepared from the indenyl acids and the corresponding amines. Especially
      useful therapeutically are the morpholide, the bis(hydroxyethyl)amide and
      the like.
PAR  Similarly, salts are obtained by neutralizing the indenyl acids with bases
      or by methathesis of other salts. Especially useful are the metallic salts
      such as the alkali metal or alkaline earth salts and the amine and
      quaternary ammonium salts, which are water soluble, but the heavy metal
      salts such as iron, aluminum, etc. are also useful for some purposes.
DETD
PAR  The following examples are presented to further illustrate the invention:
PAC  EXAMPLE 1
PAC  A. 5-Fluoro-2-methylindenyl-3-(.beta.-ethanol)
PAR  9.8 G. of methyl 5-fluoro-2-methylindenyl-3-acetate in 75 ml. of ether is
      added with stirring to a suspension of 1.0 g. of lithium aluminum hydride
      in 50 ml. of ether during a 30 minute period. The reaction mixture is then
      held at reflux for 3 hours, cooled, and 50 ml. of methanol slowly added,
      followed by 50 ml. of water. The entire solution is filtered through
      celite and dried with anhydrous magnesium sulfate. The solution is
      filtered and concentrated to give an oil which solidifies, m.p.
      64.degree.-66.degree..
PAC  B. 5-Fluoro-2-methylindenyl-3-acetaldehyde
PAR  1.92 G. of the above alcohol in 50 ml. of a solution of 20 g. of chromium
      trioxide-bis-pyridyl complex in 300 ml. of methylene chloride is stirred
      at room temperature for 45 minutes. After this time the solution is
      filtered and the residue washed with ethyl acetate. The combined organic
      layers are poured into water (200 ml.) and more ethyl acetate is added
      until the organic layers are lighter than water. The organic layer is
      dried over anhydrous magnesium sulfate, filtered and evaporated to dryness
      to give a dark-red oil.
PAR  The oil is chromatographed on silica-gel (100 g.) and the aldehyde eluted
      with benzene. It is an oil with N.M.R. (in dimethyl sulfoxide):
TBL  triplet        0.37 (J = 1.5 c.p.s.)                                      

     multiplet      2.5-3.3                                                    

     two broad                                                                 

     singlets       6.30 and 6.65                                              

     singlet        8.95                                                       

PAC  C. Methyl 5-fluoro-2-methyl-3-indenyl-.gamma.-(.beta.-hydroxybutyrate)
PAR  A mixture of 5-fluoro-2-methyl-3-indenylacetaldehyde (28.5 g., 0.15 mole),
      "activated" zinc dust (13.1 g., 0.20 mole), methyl bromoacetate (23.0 g.,
      0.15 mole) and a crystal of iodine in dry benzene (750 ml.) is refluxed
      for 5 hours. The mixture is poured into 5% sulfuric acid (750 ml.),
      extracted with ether, the ether extract dried (MgSO.sub.4), and the
      ethereal solution concentrated. The crude ester is crystallized from
      methanol-n-hexane to yield methyl
      5-fluoro-2-methyl-3-indenyl.gamma.-(.beta.-hydroxybutyrate).
PAC  D. cis- and
      trans-5-Fluoro-2-methyl-1-(4'-methylthio-benzylidene)-3-indenyl-.gamma.-(.
     beta.-hydroxybutyric) Acids
PAR  Powdered sodium methoxide (11 g., 0.20 mole) is added to a suspension of
      esters (27.8 g., 0.1 mole) from Example 1-C and methylthiobenzaldehyde
      (16.7 g., 0.11 mole) in methanol (200 ml.) under dry nitrogen. A clear
      solution results and this mixture is refluxed 1 hour. An equal volume of
      water is added and the refluxing continued for 30 minutes to complete
      saponification. The solution is cooled to room temperature (25.degree.)
      and diluted with several volumes of water. Addition of 50% acetic acid
      (200 ml.) precipitates the product. The precipitate is separated by
      filtration, washed well with water and dried in vacuo over potassium
      hydroxide pellets. The crude product is taken up in methylene chloride and
      chromatographed over silica gel to separate cis- and trans- isomers,
      identifiable by integrating the 2-CH.sub.3 signal in the N.M.R. spectrum.
PAC  E.
      cis-5-Fluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-3-indenyl-.gamma.-(
     .beta.-hydroxybutyric)-Acid
PAR  To a solution of thio compound (3.84 g., 0.01 mole) from Example 1-D in
      methanol (100 ml.), acetone (100 ml.), and water (20 ml.) is added sodium
      periodate (11.3 g.) in water (20 ml.). The mixture is stirred for 24 hours
      at 25.degree. under nitrogen after which the mixture is concentrated in
      vacuo to small volume. The concentrate is diluted with water, filtered,
      the precipitate washed and dried in air, then in vacuo at 50.degree.. The
      residue is recrystallized from methanol-n-hexane to yield
      cis-5-fluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-3-indenyl-.gamma.-(
     .beta.-hydroxybutyric) acid.
PAR  Using the same reaction conditions and techniques the following
      indenyl-.gamma.-(.beta.-hydroxybutyric) acids are prepared from the
      indenyl ester.
TBL  ______________________________________                                    

     STARTING MATERIAL PRODUCT                                                 

     ______________________________________                                    

     methyl 5,6-difluoro-2-methyl-indenyl-3-acetate                            

                       cis-5,6-difluoro-2-methyl-1-(4'-methylsulfinyl-benzylide

                       ne)-3-indenyl-.gamma.-(.beta.-hydroxybutyric)acid       

     methyl 5-fluoro-6-methoxy-2-methylindenyl-3-acetate                       

                       cis-5-fluoro-6-methoxy-2-methyl-1-(4'-methyl-sulfinylben

                       zylidene)-3-indenyl-.gamma.-(.beta.-hydroxy-butyric     

                       acid                                                    

     methyl 5,7-difluoro-2-methyl indenyl-3-acetate                            

                       cis-5,7-difluoro-2-methyl-1-(4'-methylsulfinyl-benzylide

                       ne)-3-indenyl-.gamma.-(.alpha.-hydroxybutyric) acid     

     methyl 5-cyano-2-methyl-indenyl-3-acetate                                 

                       cis-5-cyano-2-methyl-1-(4'-methylsulfinylbenzyl-indene)-

                       3-indenyl-.gamma.-(.beta.-hydroxybutyric) acid          

     methyl 5-methoxy-2-methyl-indenyl-3-acetate                               

                       cis-5-methoxy-2-methyl-1-(4'-methylsulfinylbenzyl-indene

                       )-3-indenyl-.gamma.-(.beta.-hydroxybutyric) acid        

     methyl 5-allyloxy-2-methyl indenyl-3-acetate                              

                       cis-5-allyloxy-2-methyl-1-(4'-methylsulfinyl-benzylidene

                       )-3-indenyl-.gamma.-(.beta.-hydroxybutyric) acid        

     methyl 5,6-difluoroindenyl-3-acetate                                      

                       cis-5,6-difluoro-1-(4'-methylsulfinylbenzylidene)-3-inde

                       nyl-.gamma.-(.beta.-hydroxybutyric)acid                 

     methyl 5-fluoro-6-methoxy-indenyl-3-acetate                               

                       cis-5-fluoro-6-methoxy-1-(4'-methylsulfinyl-benzylidene)

                       -3-indenyl-.gamma.-(.beta.-hydroxybutyric) acid         

     methyl 5,7-difluoroindenyl-3-acetate                                      

                       cis-5,7-difluoro-1-(4'-methylsulfinylbenzyl-idene)-3-ind

                       enyl-.gamma.-(.beta.-hydroxybutyric) acid               

     methyl 5-cyanoindenyl-3-acetate                                           

                       cis-5-cyano-1-(4'-methyl-sulfinylbenzylidene)-3-indenyl-

                       .gamma.-(.beta.-hydroxy-butyric) acid                   

     methyl-5-methoxyindenyl-3-acetate                                         

                       cis-5-methoxy-1-(4'-methyl-sulfinylbenzylidene)-3-indeny

                       l-.gamma.-(.beta.-hydroxybutyric) acid                  

     methyl 5-allyloxyindenyl-3-acetate                                        

                       cis-5-allyloxy-1-(4'-methyl-sulfinylbenzylidene)-3-inden

                       yl-3-.gamma.-(.beta.-hydroxy-butyric)                   

     ______________________________________                                    

                       acid                                                    

PAC  EXAMPLE 2
PAC  cis-5-Fluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-3-indenyl-.gamma.-(.
     beta.-ketobutyric) Acid
PAR  To a solution of the thio compound (3.84 g., 0.01 mole) from Example 1-D in
      80% acetic acid (150 ml.) at 60.degree. is added with stirring over 10
      minutes 1.3 g. of 37 chromium trioxide. The mixture is maintained at
      60.degree.-65.degree. with stirring for an additional 20 minutes. The
      mixture is poured into ice and water (200 g.), filtered, washed with water
      and the precipitate dried in air. The residue is recrystallized from
      methanol-n-hexane to yield
      cis-5-fluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-3-indenyl-.gamma.-(
     .beta.-ketobutyric) acid.
PAR  Using the same reaction conditions and techniques the following
      indenyl-.gamma.-(.beta.-ketobutyric) acids are obtained:
TBL  STARTING MATERIAL PRODUCT                                                 

     ______________________________________                                    

     cis-5,6-difluoro-2-methyl-1-(4'-methylthiobenzylidene)-3-indenyl-.gamma.-(

     .beta.-hydroxybutyric acid                                                

                       cis-5,6-difluoro-2-methyl-1-(4'-methylsulfinylbenzyliden

                       e)-3-indenyl-.gamma.-(.beta.-ketobutyric) acid          

     cis-5-fluoro-6-methoxy-2-methyl-1-(4'-methylthiobenzylidene)-3-indenyl-.ga

     mma.-(.beta.-hydroxybutyric) acid                                         

                       cis-5-fluoro-6-methoxy-2-methyl-(4'-methylsulfinylbenzyl

                       idene)-3-indenyl-.gamma.-(.beta.-ketobutyric) acid      

     cis-5,7-difluoro-2-methyl-1-(4'-methylthiobenzylidene)-3-indenyl-.gamma.-(

     .beta.-hydroxybutyric) acid                                               

                       cis-5,7-difluoro-2-methyl-1-(4'-methylsulfinylbenzyliden

                       e)-3-indenyl-.gamma.-(.beta.-ketobutyric) acid          

     cis-5-cyano-2-methyl-1-(4'-methylthiobenzylidene)-3-indenyl-.gamma.-(.beta

     .-hydroxybutyric) acid                                                    

                       cis-5-cyano-2-methyl-1-(4'-methylsulfinylbenzylidene)-3-

                       indenyl-.gamma.-(.beta.-ketobutyric) acid               

     cis-5-methoxy-2-methyl-1-(4'-methylthiobenzylidene)-3-indenyl-.gamma.-(.be

     ta.-hydroxybutyric) acid                                                  

                       cis-5-methoxy-2-methyl-1-(4'-methylsulfinylbenzylidene)-

                       3-indenyl-.gamma.-(.beta.-ketobutyric) acid             

     cis-5-allyloxy-2-methyl-1-(4'-methylthiobenzylidene)-3-indenyl-.gamma.-(.b

     eta.-hydroxybutyric) acid                                                 

                       cis-5-allyloxy-2-methyl-1-(4'-methylsulfinylbenzylidene)

                       -3-indenyl-.gamma.-(.beta.-ketobutyric) acid            

     cis-5-acetyl-2-methyl-1-(4'-methylthiobenzylidene)-3-indenyl-.gamma.-(.bet

     a.-hydroxybutyric) acid                                                   

                       cis-5-acetyl-2-methyl-1-(4'-methylsulfinylbenzylidene)-3

                       -indenyl-.gamma.-(.beta.-ketobutyric) acid              

     cis-5,6-difluoro-1-(4'-methylthiobenzylidene)-3-indenyl-.gamma.-(.beta.-hy

     droxybutyric) acid                                                        

                       cis-5,6-difluoro-1-(4'-methylsulfinylbenzylidene)-3-inde

                       nyl-.gamma.-(.beta.-ketobutyric) acid                   

     cis-5-fluoro-6-methoxy-1-(4'-methylthiobenzylidene)-3-indenyl-.gamma.-(.be

     ta.-hydroxybutyric) acid                                                  

                       cis-5-fluoro-6-methoxy-(4'-methylsulfinylbenzylidene)-3-

                       indenyl-.gamma.-(.beta.ketobutyric) acid                

     cis-5,7-difluoro-1-(4'-methylthiobenzylidene)-3-indenyl-.gamma.-(.beta.-hy

     droxybutyric) acid                                                        

                       cis-5,7-difluoro-1-(4'-methylsulfinylbenzylidene)-3-inde

                       nyl-.gamma.  -(.beta.-ketobutyric) acid                 

     cis-5-cyano-1-(4'-methylthiobenzylidene)-3-indenyl-.gamma.-(.beta.-hydroxy

     butyric) acid     cis-5-cyano-1-(4'-methylsulfinylbenzylidene)-3-indenyl-.

                       gamma.-(.beta.-ketobutyric) acid                        

     cis-5-methoxy-1-(4'-methylthiobenzylidene)-3-indenyl-.gamma.-(.beta.-hydro

     xybutyric) acid   cis-5-methoxy-1-(4'-methylsulfinylbenzylidene)-3-indenyl

                       -.gamma.-(.beta.-ketobutyric) acid                      

     cis-5-allyloxy-1-(4'-methylthiobenzylidene)-3-indenyl-.gamma.-(.beta.-hydr

     oxybutyric) acid  cis-5-allyloxy-1-(4'-methylsulfinylbenzylidene)-3-indeny

                       l-.gamma.-(.beta.-ketobutyric acid                      

     cis-5-acetyl-1-(4'-methylthiobenzylidene)-3-indenyl-.gamma.-(.beta.-hydrox

     ybutyric) acid    cis-5-acetyl-1-(4'-methylsulfinylbenzylidene)-3-indenyl-

                       .gamma.-(.beta.-ketobutyric) acid                       

     ______________________________________                                    

PAC  EXAMPLE 3
PAC  A. Methyl-5-fluoro-2-methyl-3-indenyl-.gamma.-(.beta.-butynoate)
PAR  A mixture of 6-fluoro-2-methyl-1-indanone (24.6 g., 0.15 mole), "activated"
      zinc dust (12.7 g., 0.20 mole), methyl-4-bromo-3-butynoate (0.15 mole),
      and a crystal of iodine in dry benzene (750 ml.) is refluxed for 5 hours.
      The mixture is poured into 5% sulfuric acid (750 ml.), extracted with
      ether, the ether extract dried (MgSO.sub.4) and the ethereal solution
      concentrated. The crude ester is redissolved in benzene (220 ml.),
      phosphorous pentoxide (44 g.) added, and the resulting mixture is refluxed
      for 30 minutes. The mixture is decanted, the residue washed with benzene,
      the benzene layers are combined, washed with water, saturated salt
      solution and dried (MgSO.sub.4). Concentrations of dried organic phase
      yields methyl 5-fluoro-2-methyl-3-indenyl-.gamma.-(.beta.-butynoate) as a
      residue.
PAC  B. cis-and
      trans-5-Fluoro-2-methyl-1-(4'-methylthio-benzylidene)-3-indenyl-.gamma.-(.
     beta.-butynoic) Acids
PAR  Methyl 5-fluoro-2-methyl-3-indenyl-.gamma.-(.beta.-butynoate) 0.0015 mole
      in methanol (15 ml.) is treated with sodium methoxide (0.162 g., 0.003
      mole) and p-methylthiobenzaldehyde (0.342 g., o.00225 mole) and the
      mixture heated at reflux for 5 hours. Water (10 ml.) is added and the new
      mixture refluxed for 1 hour more. The mixture is cooled to 25.degree.,
      extracted with methylene chloride, the aqueous layer acidified to pH 2 and
      extracted with ether. The ethereal extract is dried (MgSO.sub.4), and
      concentrated in vacuo to an oil. The oil is chromatographed over silica
      gel and eluted with methanolic chloroform to obtain cis- and
      trans-5-fluoro-2-methyl-1-(4'-methylthiobenzylidene)-3-indenyl-.gamma.-(.b
     eta.-butynoic) acids.
PAC  C.
      cis-5-Fluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-3-indenyl-.gamma.-(
     .beta.-butynoic) Acids
PAR  To a solution of the cis-thio compound (0.600 g., 0.00168 mole) from
      Example 1-B in methanol (50 ml.), water (15 ml.) and acetone (50 ml.) is
      added sodium periodate (2 g.) in water (2 ml.). The mixture is allowed to
      stand. Each day for 3 successive days sodium periodate (2 grams) in water
      (2 ml.) is added. On the fourth day saturated sodium chloride solution is
      added and the mixture extracted with methylene chloride, the organic phase
      dried (MgSO.sub.4) and concentrated to a glass in vacuo. To the residue in
      methanol (100 ml.) is added concentrated sulfuric acid (1 ml.) and the
      mixture refluxed for 1 hour. The mixture is concentrated at room
      temperature in vacuo, the residue taken up in benzene and water, the
      benzene solution washed with water, 5%  sodium bicarbonate and saturated
      salt solution. The benzene extract is dried (MgSO.sub.4) and
      chromatographed on silica gel. The eluate with methanolic chloroform (1%)
      is concentrated to dryness in vacuo. The residue is saponified with sodium
      methoxide in methanol. The mixture is concentrated to dryness, taken up in
      ethyl acetate-water, the water layers acidified to pH 2 and the layers
      separated. The aqueous layer is extracted with ethyl acetate and the
      combined organic extracts dried (MgSO.sub.4) and concentrated to dryness
      in vacuo. The residue is crystallized from acetone-n-hexane to yield
      cis-5-fluoro-2-methyl-l-(4'-methylsulfinyl-benzylidene)-3-indenyl-.gamma.-
     (.beta.-butynoic) acid.
PAC  EXAMPLE 4
PAC  cis-5-Fluoro-2-methyl-l-(4'-methylsulfinylbenzylidene)-.gamma.-(.gamma.-ket
     obutyric) acid
PAR  The acid (0.761 g., 0.002 mole) from Example 3 in ethyl acetate (60 ml.) is
      stirred with mercuric acetate (1.27 g., 0.004 mole) for 24 hours at
      25.degree.. Hydrogen sulfide is passed into the mixture to precipitate
      mercury as the sulfide. The mixture is filtered through diatomaceous
      earth, the residue washed with ethyl acetate, and the filtrate taken to
      dryness in vacuo. The residue is recrystallized from ethyl
      acetate-n-hexane to yield
      cis-5-fluoro-2-methyl-l-(4'-methylsulfinyl-benzylidene)-3-indenyl-.gamma.-
     (.gamma.-ketobutyric) acid.
PAR  Using the same reaction conditions and techniques as in Example 4, the
      following .gamma.-(.gamma.-ketobutyric) acids are obtained.
TBL  STARTING MATERIAL                                                         

                      PRODUCT                                                  

     ______________________________________                                    

     cis-5-fluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-.gamma.-(.beta.-but

     ynoic) acid       cis-5-fluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-.

                       gamma.-(.gamma.-ketobutyric) acid                       

     cis-5,6-difluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-.gamma.-(.beta.

     -butynoic) acid   cis-5,6-difluoro-2-methyl-1-(4'-methylsulfinylbenzyliden

                       e)-.gamma.-(.gamma.-ketobutyric) acid                   

     cis-5-methoxy-6-fluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-.gamma.-(

     .beta.-butynoic) acid                                                     

                       cis-5-methoxy-6-fluoro-2-methyl-1-(4'-methylsulfinylbenz

                       ylidene)-.gamma.-(.gamma.-ketobutyric) acid             

     cis-5,7-difluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-.gamma.-(.beta.

     -butynoic) acid   cis-5,7-difluoro-2-methyl-1-(4'-methylsulfinylbenzyliden

                       e)-.gamma.-(.gamma.-ketobutyric) acid                   

     cis-5-cyano-2-methyl-1-(4'-methylsulfinylbenzylidene)-.gamma.-(.beta.-buty

     noic) acid        cis-5-cyano-2-methyl-1-(4'-methylsulfinylbenzylidene)-.g

                       amma.-(.gamma.-ketobutyric acid                         

     cis-5-methoxy-2-methyl-1-(4'-methylsulfinylbenzylidene)-.gamma.-(.beta.-bu

     tynoic) acid      cis-5-methoxy-2-methyl-1-(4'-methylsulfinylbenzylidene)-

                       .gamma.-(.gamma.-ketobutyric) acid                      

     cis-5-allyloxy-2-methyl-1-(4'-methylsulfinylbenzylidene)-.gamma.-(.beta.-b

     utynoic) acid     cis-5-allyloxy-2-methyl-1-(4'-methylsulfinylbenzyl=idene

                       )-.gamma.-(.gamma.-ketobutyric) acid                    

     cis-5-fluoro-1-(4'-methylsulfinylbenzylidene)-.gamma.-(.beta.-butynoic)   

     acid              cis-5-fluoro-1-(4'-methylsulfinylbenzylidene)-.gamma.-(.

                       gamma.-ketobutyric) acid                                

     cis-5,6-difluoro-1-(4'-methylsulfinylbenzylidene)-.gamma.-(.beta.-butyric)

      acid             cis-5,6-difluoro-1-(4'-methylsulfinylbenzylidene)-.gamma

                       .-(.gamma.-ketobutyric) acid                            

     cis-5-methoxy-6-fluoro-1-(4'-methylsulfinylbenzylidene)-.gamma.-(.beta.-bu

     tynoic) acid      cis-5-methoxy-6-fluoro-1-(4'-methylsulfinylbenzylidene)-

                       .gamma.-(.gamma.-ketobutyric) acid                      

     cis-5,7-difluoro-1-(4'-methylsulfinylbenzylidene)-.gamma.-(.beta.-butynoic

     ) acid            cis-5,7-difluoro-1-(4'-methylsulfinylbenzylidene)-.gamma

                       .-(.gamma.-ketobutyric) acid                            

     cis-5-cyano-1-(4'  -methylsulfinylbenzylidene)-.gamma.-(.beta.-butynoic)  

     acid              cis-5-cyano-1-(4'-methylsulfinylbenzylidene)-.gamma.-(.g

                       amma.-ketobutyric) acid                                 

     cis-5-methoxy-1-(4'-methylsulfinylbenzylidene)-.gamma.-(.beta.-butynoic)  

     acid              cis-5-methoxy-1-(4'-methylsulfinylbenzylidene)-.gamma.-(

                       .gamma.-ketobutyric) acid                               

     cis-5-allyloxy-1-(4'-methylsulfinylbenzylidene)-.gamma.-(.beta.-butynoic) 

     acid              cis-5-allyloxy-1-(4'-methylsulfinylbenzylidene)-.gamma.-

                       (.gamma.-ketobutyric) acid                              

     ______________________________________                                    

PAC  EXAMPLE 5
PAC  A. 3-Hydroxy-4-methylthiobenzaldehyde
PAR  o-Hydroxythioanisole (0.35 mole) in methylene chloride (200 ml.) is added
      to anhydrous aluminum chloride (66.67 g., 0.5 mole). The mixture is
      stirred and cooled while dichloromethyl methyl ester is added dropwise.
      After the solution is completed, the mixture is stirred for 15 minutes at
      room temperature. The liquid phase is decanted into ice and water (300 g.)
      and the unreacted aluminum chloride is washed with methylene chloride
      until the washes are colorless. The washes and decanted material are
      combined. The layers are separated and the organic layer is washed with
      saturated potassium carbonate, dried (MgSO.sub.4), and distilled to yield
      3-hydroxy-4-methylthio-benzaldehyde. Similarly, when o-fluorothioanisole
      is used in the above example, there is obtained
      3-fluoro-4-methyl-thiobenzaldehyde.
PAC  B. cir- and trans-5-Fluoro-2-methyl-l-(3'-hydroxy
      (4'-methylthiobenzylidene)-3-indenyl-.gamma.-(.beta.-hydroxybutyric) Acids
PAR  Powdered sodium methoxide (22 g., 0.04 mole) is added to a suspension of
      methyl 5-fluoro-2-methyl-3-indenyl-.gamma.-(.beta.-hydroxybutyrate) 0.1
      mole and 3-hydroxy-4-methylthiobenzaldehyde (15.2 g., 0.1 mole) in
      methanol (400 ml.), and the the mixture is heated at reflux for 2 hours.
      The mixture is stirred as sodium chloride precipitates to minimize
      bumping. An equal volume of water is added and refluxing continued for 1
      hour. The mixture is cooled to room temperature and worked up as in
      Example 1-B to yield cis- and
      trans-5-fluoro-5-fluoro-2-methyl-l-(3'-hydroxy-4'-methylthiobenzylidene)-3
     -indenyl-.gamma.-butyric acids. Similarly, when
      3-fluoro-4-methylthiobenzaldehyde is used in place of
      3-hydroxy-4-methylthiobenzaldehyde in the above example, there is obtained
      the corresponding 3-fluoro-4-methylthiobenzylidene compound.
PAC  C.
      cis-5-Fluoro-2-methyl-l-(3'-hydroxy-4'-methylsulfinyl-benzylidene)-3-inden
     yl -.gamma.-(.beta.-hydroxybutyric) Acid
PAR  Sodium metaperiodate trihydrate (11.3 g., 0.0422 mole) in water (85 ml.) is
      added to
      cis-5-fluoro-2-methyl-l-(3'-hydroxy-4'-methylthiobenzylidene)-3-indenyl-.g
     amma.-(.beta.-hydroxybutyric) acid 0.01 mole in methanol (240 ml.) and
      acetone (10 ml.) at room temperature. The mixture is stirred overnight,
      after which only a trace of starting material remains and only a trace of
      sulfone has formed. The mixture is concentrated to small volume, diluted
      with water and filtered. The precipitate is washed well with water, dried
      in air, then in vacuo at 50.degree. and recrystallized from ethyl
      acetate-n-hexane to yield
      cis-5-fluoro-2-methyl-l-(3'-hydroxy-4'-methylsulfinyl)-3-indenyl-.gamma.-(
     .beta.-hydroxy-butyric) acid. Similarly, when the
      3-fluoro-4-methylthio-benzylidene compound obtained from Example 5B above
      is used in the above example, there is obtained the corresponding
      3-fluoro-4-methylsulfinylbenzylidene compound.
PAR  Using the same reaction conditions and techniques, when
      o-chlorothioanisole, o-bromothioanisole and o-cyano-thioanisole are
      reacted according to steps A, B and C, there is obtained
      cis-5-fluoro-2-methyl-l-(3'-chloro-4'-methyl-sulfinylbenzylidene)-3-indeny
     l-.gamma.-(.beta.-hydroxybutyric) acid,
      cis-5-fluoro-2-methyl-l-(3'-bromo-4'-methylsulfinylbenzly-idene)
      -3-indenyl-.gamma.-(.beta.-hydroxybutyric) acid and
      cis-5-fluoro-2-methyl-l-(3'-cyano-4'-methylsulfinylbenzylidene)-3-indenyl-
     .gamma.-(.beta.-hydroxybutyric) acid.
PAC  EXAMPLE 6
PAC  A. o-(.beta.-Hydroxyethoxy)-thioanisole
PAR  o-Hydroxythioanisole (14.1 g., 0.1 mole) is dissolved in sodium ethoxide
      (6.8 g., 0.1 mole) in absolute ethanol (100 ml.) and stirred as
      .beta.-hydroxyethyl chloride (8.1 g., 0.1 mole) is added. The reaction
      mixture is refluxed for 2 hours and cooled. The
      o-(.beta.-hydroxyethoxy)-thioanisole is extracted.
PAR  Using the same reaction conditions and techniques, when
      o-hydroxythioanisole is reacted with .beta.-hydroxymethyl chloride,
      .beta.-hydroxypropyl chloride or .beta.-hydroxybutyl chloride, there is
      obtained o-(.beta.-hydroxymethoxy)-thioanisole,
      o-(.beta.-hydroxypropoxy)-thioanisole and
      o-(.beta.hydroxybutoxy)-thioanisole, respectively.
PAC  B.
      cis-5-Fluoro-2-methyl-l-(3'-.beta.-hydroxyethoxy-4'-methylsulfinylbenzylid
     ene)-3-indenyl-.gamma.-(.beta.-hydroxy-butyric) Acid
PAR  The product of Example 6-A is reacted by the methods of Examples 5-A, 5-B
      and 5-C to obtain
      cis-5-fluoro-2-methyl-l-(3'-.beta.-hydroxyethoxy-4'-methylsulfinyl-benzyli
     dene)-3-indenyl-.gamma.-(.beta.-hydroxybutyric) acid.
PAR  In this manner the other thioanisoles of Example 15-A may be reacted to
      form the corresponding 3-indenyl-.gamma.-(.beta.-hydroxybutyric) acid.
PAC  EXAMPLE 7
PAC  A. o-(.beta.-Chloroethoxy)-thioanisole
PAR  o-(.beta.-Hydroxyethoxy)-thioanisole (0.1 mole) is refluxed in excess
      thionyl chloride and evaporated to dryness to yield
      o-(.beta.-chloroethoxy)-thioanisole.
PAR  In a like manner, other o-(.beta.hydroxyalkoxy)-thioanisoles may be
      refluxed with other thionyl halides to yield the appropriate
      o-(.beta.-haloalkoxy)-thioanisole as, for example,
      o-(.beta.-bromomethoxy)-thioanisole,
      o-(.beta.-chloro-propoxy)-thioanisole, or
      o-(.beta.-bromobutoxy)-thioanisole.
PAC  B.
      cis-5-Fluoro-2-methyl-l-(3'-.beta.-chloroethoxy-4'-methyl-sulfinylbenzylid
     ene)-3-indenyl-.gamma.-(.beta.-hydroxybutyric) Acid
PAR  The product of Example 7-A is reacted by the methods of Examples 5A, 5-B
      and 5C to obtain
      cis-5-fluoro-2-methyl-l-(3'-.beta.-chloroethoxy-4'-methylsulfinyl-benzylid
     ene)-3-.gamma.-(.beta.-hydroxybutyric) acid.
PAR  In this manner the other thioanisoles of Example 7-A may be reacted to form
      the corresponding indenyl-.gamma.-(.beta.-hydroxybutyric) acids.
PAC  EXAMPLE 8
PAC  A. o-Ethoxythioanisole
PAR  o-Chlorothioanisole (prepared by the procedure of Example 5-A (15.85 g.,
      0.1 mole) is stirred at reflux in nitrobenzene containing copper powder
      (100 mg.) and sodium ethoxide (6.8 g., 0.1 mole) for 2 hours. The product
      is steam distilled and the distillate dried and fractionally distilled
      under reduced pressure to yield o-ethoxythioanisole.
PAR  Using the same reaction conditions and techniques, when o-chlorothioanisole
      is reacted with sodium methoxide, sodium propoxide and sodium t-butoxide,
      there are obtained o-methoxythioanisole, o-propoxythioanisole and
      o-t-butoxy-thioanisole, respectively.
PAC  B.
      cis-5-Fluoro-2-methyl-l-(3'ethoxy-4'-methylsulfinyl-benzylidene)-3-indenyl
     -.gamma.-(.beta.-hydroxybutyric) Acid
PAR  The product of Example 8A is reacted by the methods of Examples 5-A, 5-B
      and 5-C to obtain
      cis-5-fluoro-2-methyl-l-(3'-ethoxy-4'-methylsulfinylbenzylidene)-3-indenyl
     -.gamma.-(.beta.-hydroxybutyric) acid.
PAR  In this manner the other thioanisoles of Example 8-A may be reacted to form
      the corresponding indenyl-.gamma.-(.beta.-hydroxybutyric) acids.
PAC  EXAMPLE 9
PAC  Methyl cis-5-fluoro-2-methyl-l-(3',
      4'-bismethylsulfinyl-benzylidene)-3-indenyl-.gamma.-(.beta.-hydroxybutyrat
     e)
PAR  cis-5-Fluoro-2-methyl-l-(3',
      4'-bismethylsulfinyl-benzylidene-3-indenyl-.gamma.-(.beta.-hydroxybutyric)
      acid (0.03 mole) is dissolved in methanol (50 ml.), concentrated sulfuric
      acid (1.0 ml.) is added and the mixture heated at reflux for 3 hours. The
      mixture is cooled, poured into ethyl acetate and extracted successively
      with saturated sodium bicarbonate, water and saturated salt solution. The
      ethyl acetate extract is dried (MgSO.sub.4), concentrated to dryness and
      the residue crystallized from ethyl acetate-n-hexane. Similarly, when the
      other acids of Examples 1-8  are reacted in accordance with Example 9
      above, the corresponding methy esters are obtained. Similarly, the propyl,
      .beta.-chloropropyl or acetyl-oxyethyl esters are obtained when employing
      propyl alcohol, .beta.-chloropropyl alcohol or acetyloxyethanol in place
      of methanol.
PAC  EXAMPLE 10
PAC  cis-5-Fluoro-2-methyl-l-(3'-fluoro-4'-methylsulfinyl-benzylidene)-3-indenyl
     -.gamma.-(.beta.-hydroxybutamide)
PAR  cis-5-Fluoro-2-methyl-l-(3'fluoro-4'-methyl-sulfinylbenzylidene)-3-indenyl-
     .gamma.-(.beta.-hydroxybutyric) acid (0.01 mole) is warmed with thionyl
      chloride (5 ml.) for 25 minutes. The mixture is cooled to 25.degree. and
      poured with stirring into ice-cold concentrated ammonia solution. The
      precipitated amide is washed with water, dried and recrystallized from
      methanol-water to yield
      cis-5-fluoro-2-methyl-l-(3'-fluoro-(4'-methylsulfinylbenzylidene)-3-indeny
     l-.gamma.-(.beta.-hydroxybutamide).
PAR  Similarly, when ammonia is replaced by an equivalent amount of the
      following amines, the corresponding amides are obtained:
PA1  Morpholine
PA1  Dimethylamine
PA1  Ethanolamine
PA1  Benzylamine
PA1  N,n-diethylethylenediamine
PA1  Benzylglycinate
PA1  Piperidine
PA1  Pyrrolidine
PA1  N-methylpiperazine
PA1  N-phenylpiperazine
PA1  N-hydroxyethylpiperazine
PA1  Piperazine
PA1  Diethylamine
PA1  Diethanolamine
PA1  Aniline
PA1  p-Ethoxyaniline
PA1  p-Chloroaniline
PA1  p-Fluoroaniline
PA1  p-Trifluoromethylaniline
PA1  Butylamine
PA1  Cyclohexylamine
PA1  Methylamine
PA1  D-glucosamine
PA1  Tetra-o-acetyl-d-glucosamine
PA1  D-galactosylamine
PA1  D-mannosylamine
PA1  N,n-dimethylglycine amide
PA1  N,n-dibutylglycine amide
PA1  N-methyl-2-aminomethylpiperidine
PA1  N-methyl-2-aminomethylpyrrolidine
PA1  .beta.-Ethoxyethylamine
PA1  Di(.beta.-ethoxyethyl) amine
PA1  .beta.-Phenethylamine
PA1  .alpha.-Phenethylamine
PA1  Dibenzylamine
PA1  D-mannosamine
PAR  Similarly, when the other acids of Examples 1-8 are used in accordance with
      Example 10, the corresponding amides are obtained.
PAC  EXAMPLE 11
PAC  t-Butyl
      cis-5-Fluoro-2-methyl-l-(4'methylsulfinyl-benzylidene)-3-indenyl-.gamma.-(
     .beta.-ketobutyrate)
PAR  cis-5-Fluoro-2-methyl-l-(4'methylsulfinyl-benzylidene)-3-indenyl-.gamma.-bu
     tyric acid (0.01 mole) is added to isobutylene (30 ml.) and concentrated
      sulfuric acid (0.1 ml.). The mixture is stoppered securely and shaken at
      25.degree. for 18 hours, chilled to 0.degree. and the whole poured into a
      separatory funnel containing ether (50 ml.); water (25 ml.), ice (25 ml.)
      and sodium hydroxide (1.0 g.). The layers are separated, the water layer
      extracted with ether (2 .times. 40 ml.), the ethereal extracts washed with
      water and saturated salt solution and dried (MgSO.sub.4). The ethereal
      extract is concentrated to dryness and the residue crystallized from ethyl
      acetate-n-hexane to yield the subject compound.
PAC  EXAMPLE 12
PAC  Ammonium
      cis-5-Allyloxy-2-methyl-l-(4'methylsulfinyl-benzylidene)-3-indenyl-.gamma.
     -(.beta.-hydroxybutyrate)
PAR  To
      cis-5-allyloxy-2-methyl-l-(4'methyl-sulfinylbenzylidene)-3-indenyl-.gamma.
     -(.beta.-hydroxybutyric) acid (0.001 mole) in methanol (10 ml.) is added
      methanolic ammonia (1 N, 1 ml.). The mixture is evaporated to dryness to
      yield the subject compound.
PAC  EXAMPLE 13
PAC  Calcium
      cis-5-Fluoro-2-methyl-l-(4'-methylsulfinylbenzyl-idene)-3-indenyl-.gamma.-
     (.beta.-hydroxybutyrate)
PAR  To a slurry of
      cis-5-fluoro-2-methyl-l-(4'-methylsulfinylbenzylidene)-3-indenyl-.gamma.-(
     .beta.-hydroxybutyric) acid (0.002 mole) in water (10 ml.) is added
      hydrated calcium oxide (0.076 g., 0.001 mole) and the mixture stirred for
      15 minutes. The mixture is concentrated to dryness in vacuo, slurried with
      methanol (10 ml.) and again concentrated to dryness to yield the subject
      compound.
PAC  EXAMPLE 14
PAC  Aluminum
      cis-5-Acetyl-2-methyl-l-(4'methylsulfinylbenzylidene-3-indenyl-.gamma.-(.a
     lpha.-ketobutyrate)
PAR  To a solution of aluminum tert-butoxide (0.246 g., 0.001 mole) in ether (50
      ml.) is added
      cis-5-acetyl-2-methyl-l-(4'methylsulfinylbenzylidene)-3-indenyl-.gamma.-(.
     alpha.-ketobutyric) acid (0.003 mole) in pyridine (50 ml.) with stirring at
      10.degree.. The mixture is concentrated to dryness in vacuo to yield the
      subject compound.
PAC  EXAMPLE 15
PAC  Sodium
      cis-5-Fluoro-2-methyl-l-(4'methylsulfinylbenzyl-idene)-3-indenyl-.gamma.-(
     .alpha.-hydroxybutyrate)
PAR  To
      cis-5-fluoro--2-methyl-l-(4'-methylsulfinyl-benzylidene)-3-indenyl-.gamma.
     -(.alpha.-hydroxybutyric) acid (0.001 mole) in methanol is added methanolic
      sodium methoxide (0.1 N,   10 ml.). The mixture is concentrated to dryness
      in vacuo to yield the subject compound.
PAC  EXAMPLE 16
PAC  Methoxymethyl
      cis-5-allyloxy-2-methyl-l-(p-methyl-sulfinylbenzylidene)-3-indenyl-.gamma.
     -(.alpha.-hydroxybutyrate)
PAR  Chloromethyl methyl ether (0.055 mole) is added to a suspension of
      cis-5-allyloxy-2-methyl-l-(p-methyl-sulfinylbenzylidene)13-indenyl-.gamma.
     -(.beta.-hydroxybutyric) acid (0.05 mole) and anhydrous potassium carbonate
      (0.15 mole) in 250 ml. of anhydrous acetone. The mixture is allowed to
      stir overnight at room temperature. Diethyl ether is added (about 200 ml.)
      and the mixture is filtered. The filtrate is washed once with 100 ml. of
      water and dried over anhydrous sodium sulfate. It is then filtered and the
      solvent is removed in vacuo. The residue is chromatographed on 200 g. of
      acid-washed alumina, using ether-petroleum ether (varying from 10-60%
      ether by volume) as the eluent, to give methoxymethyl
      cis-5-allyloxy-2-methyl-l-(p-methyl-sulfinylbenzylidene)-3-indenyl-.gamma.
     -(.alpha.-hydroxybutyrate).
PAC  EXAMPLE 17
PAC  .beta.-Diethylaminoethyl
      cis-5-allyloxy-2-methyl-l-(p-methylsulfinylbenzylidene)-3-indenyl-.gamma.-
     (.beta.-hydroxybutyrate)
PAR  A solution of 0.0054 mole of N,N'-dicyclohexylcarbodiimide in 6 ml. of
      anhydrous tetrahydrofuran is added to a solution of
      cis-5-fluoro-2-methyl-l-(p-methylsulfamylbenzylidene)-3-indenyl-.gamma.-(.
     beta.-hydroxybutyric) acid (0.005 mole) and 2-diethylaminoethanol (0.0054
      mole) in 17 ml. of anhydrous tetrahydrofuran. The mixture is stirred at
      ambient temperaturer overnight. The dicyclohexylurea is removed by
      filtration and 2 ml. of glacial acetic acid is added to the filtrate.
      After the mixture has stood for 1 hour, it is filtered and 200 ml. of
      ether is added to the filtrate. The solution is then extracted three times
      with 100 ml. of 2.5 N HCl and the extracts are combined, washed twice with
      100 ml. of ether, ice-cooled, made slightly alkaline with concentrated
      NH.sub.4 OH and extracted three times with 100 ml. of ether. The ether
      extracts are combined, washed 10 times with 100 ml. of water to remove
      traces of starting amine, dried over anhydrous potassium carbonate,
      filtered, and evaporated in vacuo. The oily residue is
      .beta.-diethylaminoethyl
      cis-5-allyloxy-2-methyl-l-(p-methylsulfinylbenzylidene)-3-indenyl-.gamma.-
     (.beta.-hydroxy-butyrate).
PAR  When 2-dimethylaminoethanol, 3-dimethylamino-l-propanol,
      3-diethylamino-l-propanol, N-.beta.-hydroxyethylpiperidine,
      N-.beta.-hydroxethylpyrrolidine, N-hydroxymethylpyrrolidine,
      N-methyl-2-hydroxymethylpyrrolidine, N-ethyl-2-hydroxymethylpiperidine,
      1-.beta.-hydroxyethyl-4'-methylpiperazine or N-.beta.-hydroxyethyl
      morpholine is used in the above procedure in place of
      2-diethylaminoethanol, the corresponding .beta.-dimethylaminoethyl,
      .gamma.-dimethylaminopropyl, .gamma.-diethylaminopropyl,
      .beta.-N-piperidinylethyl, .beta.-N-pyrrolidinylethyl,
      N-pyrrolidinylmethyl, .alpha.'-(1'methylpyrrolidinylmethyl),
      4-methyl-1-piperazinylethyl, N-ethyl-2-piperidinylethyl and
      N-morpholinylethyl esters are obtained.
PAC  EXAMPLE 18
PAC  5Fluoro-2-methyl-l-(p-methylsulfinylbenzylidene)-indenyl-.gamma.-(.gamma.-h
     ydroxybutyric) acid
PAR  5-Fluoro-2-methyl-l-(p-methylsulfinylbenzylidene)-indenyl-.gamma.-(.gamma.-
     ketobutyric acid (0.1 mole) is stirred in aqueous alcoholic solution (20
      ml. ethanol, 10 ml. water) while sodium borohydride (0.13 mole) is dropped
      in over 10 minutes. The reaction mixture is stirred for 30 minutes. The
      alcohol evaporated off under high vacuo at 40.degree.. The reaction
      mixture is acidified with 2.5N HCl and the
      5fluoro-2-methyl-1-(p-methylsulfiinylbenzylidene)-indenyl-.gamma.-(.gamma.
     -hydroxylbutyric) acid filtered off.
PAR  In the above manner the following .gamma.-hydroxy and .beta.-hydroxybutyric
      acids are made:
TBL  STARTING MATERIAL                                                         

                      PRODUCT                                                  

     ______________________________________                                    

     5-Fluoro-2-methyl-1-(p-methylsulfinylbenzylidene)-indenyl-.gamma.         

     -(.gamma.-ketobutyric) acid                                               

                      5-Fluoro-2-methyl-1-(p-methylsulfinylbenzylidene)-indenyl

                      -.gamma.-(.gamma.-hydroxybutyric) acid                   

     5-Fluoro-2-methyl-1-(p-methylsulfonylbenzylidene)-indenyl-.gamma.-(.gamma.

     -ketobutyric) acid                                                        

                      5-Fluoro-2-methyl-1-(p-methylsulfonylbenzylidene)-indenyl

                      -.gamma.-(.gamma.-hydroxybutyric) acid                   

     5-Cyano-2-methyl-1-(p-methylsulfinylbenzylidene)-indenyl-.gamma.-(.gamma.-

     ketobutyric) acid                                                         

                      5-Cyano-2-methyl-1-(p-methylsulfinylbenzylidene)-indenyl-

                      .gamma.-(.gamma.-hydroxybutyric) acid                    

     5-Fluoro-2-methyl-1-(p-methylsulfinylbenzylidene)-indenyl                 

     .gamma.-(.beta.-ketobutyric) acid                                         

                      5-Fluoro-2-methyl-1-(p-methylsulfinylbenzylidene)-indenyl

                      -.gamma.-(.beta.-hydroxybutyric) acid                    

     5-Fluoro-2-methyl-1-(p-methylthiobenzylidene)-indenyl-.gamma.-(.beta.-keto

     butyric) acid    5-Fluoro-2-methyl-1-(p-methylthiobenzylidene)-indenyl-.ga

                      mma.-(.beta.-hydroxybutyric) acid                        

     6-Fluoro-2-methyl-1-(p-methylsulfinylbenzylidene)-indenyl-.gamma.(.gamma.-

     ketobutyric) acid                                                         

                      6-Fluoro-2-methyl-1-(p-methylsulfinylbenzylidene)-indenyl

                      -.gamma.-(.gamma.-hydroxybutyric) acid                   

     6-Fluoro-2-methyl-1-(p-methylthiobenzylidene)-indenyl-.gamma.-(.gamma.-ket

     obutyric) acid   6-Fluoro-2-methyl-1-(p-methylthiobenzylidene)-indenyl-.ga

                      mma.-(.gamma.-hydroxybutyric) acid                       

     5-Dimethylamino-2-methyl-1-(p-methylsulfinylbenzylidene)-indenyl-.gamma.-(

     .gamma.-ketobutyric) acid                                                 

                      5-Dimethylamino-2-methyl-1-(p-methylsulfinylbenzylidene)-

                      indenyl-.gamma.-(.gamma.-hydroxybutyric) acid            

     5-Allyloxy-2-methyl-1-(p-methylsulfinylbenzylidene)-indenyl-.gamma.-(.gamm

     a.ketobutyric) acid                                                       

                      5-Allyloxy-2-methyl-1-(p-methylsulfinylbenzylidene)-inden

                      yl-.gamma.-(.gamma.-hydroxybutyric) acid                 

     5-Ethynyl-2-methyl-1-(p-methylsulfinylbenzylidene)-indenyl-.gamma.-(.gamma

     .-ketobutyric) acid                                                       

                      5-Ethynyl-2-methyl-1-(p-methylsulfinylbenzylidene)-indeny

                      l-.gamma.-(.gamma.-hydroxybutyric) acid                  

     ______________________________________                                    

PAC  EXAMPLE 19
PAR  A mixture of 250 parts of
      5-fluoro-2-methyl-1-(4'-methylsulfinylbenzylidene)-3-indenyl-.gamma.-(.gam
     ma.-ketobutyric) acid and 25 parts of lactose is granulated with suitable
      water and to this is added 100 parts of maize starch. The mass is passed
      through a 16 mesh screen. The granules are dried at a temperature below
      60.degree.C. The dried granules are passed through a 16 mesh screen and
      mixed with 3.8 parts of magnesium stearate. They are then compressed into
      tablets suitable for oral administration according to the method of this
      invention.
PAR  Similarly, when any of the other butyric acid compounds of Examples 1-18
      are used in the above example, tablets are obtained for oral
      administration in accordance with this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC4##
PAL  wherein
PA1  R.sub.1 is
      ##EQU5##
      R.sub.2 is hydrogen or C.sub.1-15 alkyl; Ar is phenyl;
PA1  R.sub.3, r.sub.4, r.sub.5 and R.sub.6 each may be hydrogen, nitro, amino,
      sulfamyl, mercapto, hydroxy, halogen, cyano, carboxyl, carbamido,
      C.sub.1-5 alkyl, C.sub.1-5 alkoxy, C.sub.1-5 alkanoyl, C.sub.1-5
      alkenyloxy, C.sub.1-5 alkanoyloxy, dimethylamino or ethynyl;
PA1  R.sub.7 is C.sub.1-5 -alkylsulfinyl, C.sub.1-5 alkylsulfonyl or methylthio;
PA1  R.sub.8 is hydrogen, halogen, hydroxy, C.sub.1-5 alkoxy or C.sub.1-5
      haloalkoxy; and
PA1  M is hydroxy, C.sub.1-5 alkoxy, C.sub.1-5 alkanoyloxy-C.sub.1-5 alkoxy or
      OMe in which Me is a cation of a pharmaceutically acceptable salt;
      provided that at least one of R.sub.3, R.sub.4, R.sub.5 and R.sub.6 is not
      hydrogen.
NUM  2.
PAR  2. A compound as in claim 1 wherein
PA1  R.sub.1 is
      ##EQU6##
      R.sub.2 is hydrogen or C.sub.1-5 alkyl; R.sub.3 is hydrogen;
PA1  R.sub.4 is halogen, C.sub.1-5 alkoxy or allyloxy;
PA1  R.sub.5 and R.sub.6 are hydrogen;
PA1  R.sub.7 is C.sub.1-5 alkylsulfinyl, C.sub.1-5 alkylsulfonyl or methylthio;
PA1  R.sub.8 is hydrogen, halogen, hydroxy, C.sub.1-5 alkoxy or C.sub.1-5
      kaloalkoxy; and
PA1  M is hydroxy, C.sub.1-5 alkoxy, C.sub.1-5 alkanoyloxy-C.sub.1-5 alkoxy or
      OMe in which Me is ammonium, calcium, aluminum or sodium.
NUM  3.
PAR  3. The compound of claim 1 wherein
PA1  R.sub.1 is
      ##EQU7##
      R.sub.2 is hydrogen or C.sub.1-5 alkyl; R.sub.3, R.sub.4, R.sub.5 and
      R.sub.6 are each hydrogen, C.sub.1-5 alkyl, C.sub.1-5 alkoxy, halogen,
      cyano, C.sub.1-5 alkanoyl or C.sub.2-5 alkenyloxy, at least two of
      R.sub.3, R.sub.4, R.sub.5 and R.sub.6 being hydrogen at any one time;
PA1  R.sub.7 is C.sub.1-5 alkylsulfinyl, C.sub.1-5 alkylsulfinyl, C.sub.1-5
      alkylsulfonyl or methylthio;
PA1  R.sub.8 is hydrogen, hydroxy, C.sub.1-5 alkoxy, C.sub.1-5 haloalkoxy or
      fluoro; and
PA1  M is hydroxy.
NUM  4.
PAR  4. The cis- and trans- isomers of a compound as in claim 3.
NUM  5.
PAR  5. A compound as in claim 3 wherein
PA1  R.sub.1 is
      ##EQU8##
      R.sub.2 is methyl; R.sub.3 is hydrogen;
PA1  R.sub.4 is fluoro;
PA1  R.sub.5 and R.sub.6 are hydrogen;
PA1  R.sub.7 is methylsulfinyl; and
PA1  R.sub.8 is hydrogen.
NUM  6.
PAR  6. The compound of claim 3 wherein R.sub.1 is
      ##EQU9##
NUM  7.
PAR  7. A compound as in claim 3 wherein
PA1  R.sub.1 is
      ##EQU10##
      R.sub.2 is methyl; R.sub.3 is hydrogen;
PA1  R.sub.4 is fluoro;
PA1  R.sub.5 and R.sub.6 are hydrogen;
PA1  R.sub.7 is methylsulfinyl; and
PA1  R.sub.8 is hydrogen.
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ABST
PAL  2-(Substituted biphenylyl)propionic acids and salts and esters thereof,
      said substituents being selected from fluorine and bromine atoms, useful
      as anti-inflammatory agents, and their preparation.
BSUM
PAR  This invention relates to novel 2-(substituted biphenylyl)propionic acids,
      lower alkyl esters thereof and salts thereof, which have been found to
      possess valuable biological properties.
PAR  According to one feature of the invention there are provided compounds of
      general formula I
      ##SPC1##
PAL  in which
PAR  R.sub.1 is fluorine or bromine;
PAR  ONE OF R.sub.2 and R.sub.3 is fluorine or bromine and the other is
      hydrogen; and R is hydrogen or lower alkyl;
PAR  TOGETHER WITH PHARMACEUTICALLY ACCEPTABLE INORGANIC
PAR  AND ORGANIC SALTS OF SAID COMPOUNDS WHEN R is hydrogen.
PAR  Typical methods suitable for the preparation of the compounds of general
      formula I are as follows. Processes for the preparation of the stated
      starting materials and exact reaction conditions for the typical methods
      for the preparation of compounds of general formula I will be readily
      apparent to those skilled in the art from inherent knowledge, the prior
      art literature and the examples appended to this specification. As the
      methods are so-called "analogy processes" the descriptions have been kept
      brief and it is to be understood that any known procedures may be used to
      carry out the methods in addition to those procedures to which specific
      references be made.
PAR  In the following description of the preparation of Acids and Esters
PAL  R.sub.o represents
      ##SPC2##
PAR  Acids
PAR  1. Hydrolysis of
      ##EQU1##
      wherein Z is cyano, carbamoyl, N,N-disubstituted thiocarbamoyl, or
      COOR.sub.4 in which R.sub.4 is an ester-forming group, especially lower
      alkyl. The N,N-disubstituted thiocarbamoyl group is preferably derived
      from morpholine.
PAR  The hydrolysis may be carried out according to methods well-known in the
      art, for example by the use of acid or alkali in water, in an organic
      liquid reaction medium, or in a mixture thereof; a treatment temperature
      of 15.degree.-150.degree.C. is convenient. Preferably the hydrolysis is
      carried out by refluxing in the presence of an alkali metal hydroxide or
      of a mineral acid, and the organic liquid reaction medium is a lower
      alkanol.
PAR  The starting materials may be prepared, for example, from the substituted
      acetophenones R.sub.o --CO--CH.sub.3 by conventional means; other methods
      include the methods outlined below under the "Esters" heading.
PAR  2. Decarboxylation of
      ##EQU2##
PAR  This may be carried out by heating the compound at about 200.degree.C.
PAR  The starting materials may be conveniently prepared in conventional manner,
      for example by reacting an alkyl ester of an acid R.sub.o --CH.sub.2
      --COOH with an alkyl carbonate and an alkali metal alkoxide to yield an
      alkali metal derivative of a compound of formula R.sub.o
      --CH--(COOalkyl).sub.2, methylating this and hydrolysing the product.
PAR  3. Methylation of R.sub.o --CH.sub.2 --COOH.
PAR  A metal (e.g. sodio) derivative of the acetic acid is used, prepared for
      example by reaction of the acid with an alkali metal amide (e.g. sodamide)
      in a suitable medium e.g. liquid ammonia. Conventional methylating agents
      may be used e.g. methyl iodide, dimethyl sulphate, and the like.
PAR  4. Oxidation of
      ##EQU3##
PAR  The oxidation may be carried out using any suitable oxidising agent such as
      permanganates, chromic acid, dichromates, per acids, hydrogen peroxide,
      nitric acid, hypochlorites, silver oxide, or oxygen. A very convenient
      procedure involves oxidation in aqueous ethanol with alkali (e.g. an
      alkali metal hydroxide) and silver oxide.
PAR  The starting materials may be prepared by the methods described for related
      compounds in our British Pat. Specification No. 1,160,725.
PAR  5. Reduction cleavage of
      ##EQU4##
PAR  This may be achieved by conventional methods such as by catalytic
      hydrogenation e.g. using a palladium charcoal catalyst, or by treatment
      with sodium in liquid ammonia.
PAR  The starting materials may be prepared by the methods described for related
      compounds in our British Pat. Specification No. 1,167,192.
PAR  6. Hydrogenation of
      ##EQU5##
PAR  Typical procedures include hydrogenation over a conventional catalyst such
      as, for example, palladium, palladium oxide or platinum in an inert
      solvent such as a lower alkanol, benzene, toluene, xylene,
      tetrahydrofuran, dioxan and acetic acid, at a temperature of about
      0.degree.C. up to the reflux temperature of the system.
PAR  The starting materials may be prepared conventionally such as for example,
      by the following reaction scheme:
      ##EQU6##
PAR  7. The reaction
      ##EQU7##
PAR  The Grignard reagent may be prepared conventionally by reaction of the
      appropriately substituted alkyl halide with magnesium in the presence of
      ether; it is then treated in ethereal solution with carbon dioxide and the
      additive compound so formed is decomposed with acid e.g. dilute sulphuric
      acid.
PAR  8. By means of the Ullmann reaction: i.e.
      ##SPC3##
PAL  wherein A is iodine when R.sub.1 and/or R.sub.2 are/is bromine, and A is
      iodine or bromine when R.sub.1 is fluorine and R.sub.2 is hydrogen or
      fluorine; and B is iodine when R.sub.3 is bromine and B is iodine or
      bromine when R.sub.3 is hydrogen or fluorine. This reaction is normally
      carried out by heating the compounds together at 100.degree.-350.degree.C.
      in the presence of a metal catalyst especially copper powder or copper
      bronze.
PAR  9. Hydrolysis of
      ##SPC4##
PAL  wherein "alkyl" is preferably methyl. Typical hydrolysis conditions are
      described under method (1); acid hydrolysis is preferred.
PAR  The starting materials may be prepared by the reaction:
      ##EQU8##
PAR  10. Removal of sulphur dioxide from a compound of formula
      ##SPC5##
PAL  in which at least one of the symbols R.sub.5, R.sub.6 and R.sub.7 is a
      fluorosulphonyl or bromosulphonyl group and the remaining symbols
      correspond to the desired values of R.sub.1, R.sub.2 and R.sub.3, by
      heating in the presence of a compound useful in decomposing sulphonyl
      fluorides and bromides. Typical compounds are nickel, platinum, palladium,
      ruthenium, tris(triphenylphosphine)rhodium chloride,
      tris(triphenylphosphine(ruthenium dichloride,
      tetra(triphenylphosphine)-ruthenium dichloride and
      tris(triphenylphosphine)rhodium fluoride. A temperature of
      100.degree.-300.degree.C. is generally used. The reaction may be carried
      out in the presence of an inert organic solvent, such as benzene or
      xylene, although the use of a solvent is not necessary.
PAR  11. Reaction of a compound of formula
      ##SPC6##
      in which at least one of the symbols R.sub.8 R.sub.9 and R.sub.10 is an
      amino group and the other symbols correspond to the desired values of
      R.sub.1, R.sub.2 or R.sub.3 is known manner so as to convert said amino
      group to the desired halogen atom. Examples of known procedures include
      the Sandmeyer reaction, wherein the amino compound is diazotised and
      reacted with a cuprous halide, and the Schiemann reaction wherein the
      amino compound is diazotised in the presence of a fluorinating agent to
      form a fluorodiazonium derivative which is then decomposed by heating to
      give the corresponding fluoro compound. Suitable fluorinating agents
      include hydrogen fluoride, fluoboric acid, fluosilicic acid and phosphorus
      pentafluoride.
PAR  Esters
PAR  1. Esterification of the acids by conventional means:
      ##EQU9##
PAR  2. Alcoholysis of
      ##EQU10##
      wherein Z.sub.1 is cyano, carbamoyl, or N,N-disubstituted thiocarbamoyl
      (e.g. derived from morpholine).
PAR  3. By means of methods (3), (6), (8), (10) and (11) as described under
      "Acids" but starting with the desired ester in place of the acid.
PAR  4. By alcoholysis of the oxazolines described under "Acids (9)".
PAR  Salts
PAR  1. Reaction of the acids with organic or inorganic bases.
PAR  2. Alkaline hydrolysis of
      ##EQU11##
PAR  The compounds of general formula i possess anti-inflammatory activity and
      are useful for the treatment of diverse inflammatory conditions. They also
      possess analgesic and antipyretic properties and are useful for the
      treatment of conditions of pain and pyretic conditions. They are useful
      for the treatment of these three conditions individually or in any
      combination. A particularly notable and important feature of the compounds
      is their long lasting effect. This feature allows a relatively high blood
      level to be achieved for a long period following a single dose (in some
      cases 24 hours or longer), in contrast to short acting compounds e.g.
      2-(4-isobutylphenyl)propionic acid where there is no substantial amount of
      compound in the blood only a short time following a single dose, e.g.
      after 3-6 hours in the case of 2-(4-isobutylphenyl)propionic acid. Thus
      the compounds of the invention need only be administered once, or
      sometimes twice, per day, whereas the short acting compounds require to be
      administered at least three times, and often four times, per day.
PAR  The activity of the compounds of the invention has been determined in
      experimental animals using pharmacological tests which are known to be
      capable of characterising compounds possessing anti-inflammatory activity,
      and also analgesic and antipyretic activity; long lasting effect has been
      confirmed by blood level and other experiments.
PAR  Preferred compounds of the invention are those wherein R is hydrogen. It is
      believed that when salts and esters derived from these acids are used in
      place of the acids said derivatives are metabolised by the animal body and
      are converted in the body into the corresponding acids.
PAR  It will be appreciated that, since the compounds of general formula I
      possess an asymmetric carbon atom, they are ordinarily present in the form
      of a racemic mixture. The resolution of such racemates may be carried out
      by any conventional method and the separated optically active
      stereo-isomers form part of the present invention.
PAR  The compounds of the invention may be administered in the conventional
      manner of other anti-inflammatory, analgesic, and antipyretic agents, for
      example orally, topically, rectally or parenterally, preferably orally.
      The optimum dosage rate varies with the route of administration, but
      normally lies within the range 0.07-3.5 mg./kg./day. For oral
      administration the dosage rate is preferably 5-250 mg. per subject per
      day, optionally in divided doses; and the unit dose may vary from 2.5 mg.
      to 250 mg. per subject.
PAR  In use, the compounds of the invention are administered in conventional
      formulations and accordingly the invention also provides therapeutic
      compositions which comprise a compound of the invention in association
      with pharmaceutical excipients for the production of compositions for
      oral, topical, rectal or parenteral administration. These compositions
      preferably contain 0.1-90% by weight of a compound of the invention.
PAR  Preferred compositions of the invention are compositions for oral
      administration, and these are the conventional pharmaceutical forms for
      such administration, such as for example tablets, capsules, lozenges,
      powders, effervescent granules, syrups and aqueous and oily suspensions.
      The excipients used in the preparation of these compositions are the
      excipients of the pharmacist's art. Thus is the preparation of tablets,
      typical excipients include disintegrating agents, e.g., maize starch and
      lubricating agents, e.g. magnesium stearate; in the preparation of the
      capsules, standard gelatin capsules may be used containing the active
      ingredient alone or admixed with a diluent. The liquid compositions may
      comprise as excipients water and sucrose to provide syrups, water,
      dispersing agents and suspending agents, e.g., sodium
      carboxymethylcellulose to provide aqueous suspensions, and a non-toxic
      oil, e.g., a vegetable oil such as arachis oil and a suspending agent to
      provide oily suspensions.
PAR  Other preferred compositions of the invention are compositions for rectal
      administration, and these are the conventional pharmaceutical forms for
      such administration, such as for example suppositories with cocoa butter
      or polyethylene glycol bases.
PAR  Compositions for topical use are the conventional pharmaceutical forms for
      such application, such as ointments, creams and lotions. Ointments and
      creams may be water miscible or water-immiscible in character and include
      emulsions prepared from emulsifying waxes and oils and those prepared from
      water miscible polyethylene glycols. Lotions may comprise a solution in an
      aliphatic alcohol with 1-4 carbon atoms which may contain a small
      proportion of water.
PAR  Compositions for parenteral administration are the conventional
      pharmaceutical forms for such administration, for example sterile
      suspensions in aqueous or oily media or sterile solutions in propylene
      glycol.
PAR  In some formulations it may be beneficial to use the compounds of the
      invention in the form of particles of very small size, such as for
      example, as obtained by fluid energy milling, e.g., micronizing.
PAR  The invention further provides a method of treating inflammatory
      conditions, conditions of pain and pyretic conditions, individually or in
      any combination, which comprises administering a compound of the
      invention, preferably orally.
PAR  The products of the present invention may of course be employed in
      combination with other active anti-inflammatory agents, analgesics, and
      antipyretic agents, or with other drugs, as is already conventional in the
      art for other existing anti-inflammatory, analgesic and antipyretic
      materials.
DETD
PAR  The following non-limitative examples illustrate the invention.
PAC  EXAMPLE 1
PAR  Ethyl 2-(2', 4'-difluoro-4-biphenylyl)-2-methylmalonate (5.42 g.) was
      refluxed for 2 hours with a mixture of 2.5N aqueous sodium hydroxide (27
      ml.) and ethanol (13.5 ml.). The solution was then evaporated to a small
      bulk; the solid sodium salt was dissolved in water and the solution
      acidified with dilute hydrochloric acid. The resulting precipitate of
      crude 2-(2',4'-difluoro-4-biphenylyl)-2-methylmalonic acid was
      decarboxylated by heating for 20 minutes at 200.degree.C. The product was
      purified by preparative layer chromatography using 5% acetic
      acid/petroleum ether b.p. 60.degree.-80.degree.C. and eluting with ethyl
      acetate; recrystallisation from petroleum ether b.p.
      80.degree.-100.degree.C. gave 2-(2',4'-difluoro-4-biphenylyl)propionic
      acid, m.p. 125.degree.-127.degree.C.
PAR  The starting material was prepared as follows. 2,4-Difluoroaniline and
      butyl nitrite were reacted with benzene in a modified Gomberg reaction to
      give 2,4-difluorobiphenyl, m.p. 63.degree.-65.degree.C. which was reacted
      with acetyl chloride in a Friedel-Crafts reaction to give
      4-acetyl-2',4'-difluorobiphenyl, m.p. 82.5.degree.-83.5.degree.C. This was
      subjected to the Willgerodt reaction using morpholine and sulphur,
      followed by hydrolysis, to give 2',4'-difluoro-4-biphenylylacetic acid,
      m.p. 143.degree.-145.degree.C., which was esterified to give ethyl
      2',4'-difluoro-4-biphenylylacetate, b.p. 129.degree.-130.degree.C./0.2 mm.
      This ester was treated conventionally with diethyl carbonate, and then
      with dimethyl sulphate, to yield the required ethyl
      2-(2',4'-difluoro-4-biphenylyl)-2-methylmalonate, b.p.
      172.degree.-175.degree.C./0.5 mm.
PAC  EXAMPLE 2
PAR  By procedures similar to those described in Example 1, ethyl
      2-(2,4'-difluoro-4-biphenylyl)-2-methylmalonate was hydrolysed and the
      resulting crude 2-(2,4'-difluoro-4-biphenylyl)-2-methylmalonic acid was
      decarboxylated to give 2-(2,4'-difluoro-4-biphenylyl)-propionic acid, m.p.
      118.degree.-119.degree.C.
PAR  The starting material was prepared as follows. An Ullmann reaction using
      p-fluoroiodobenzene and 4-bromo-3-nitroacetophenone gave
      4-acetyl-4'-fluoro-2-nitrobiphenyl, m.p. 88.degree.-90.degree.C., which
      was reduced with stannous chloride/hydrochloric acid to give
      4-acetyl-2-amino-4'-fluorobiphenyl, m.p. 88.degree.-91.degree.C. This was
      subjected to the Schiemann reaction to give
      4-acetyl-2,4'-difluorobiphenyl, m.p. 80.degree.-82.5.degree.C., which was
      subjected to the Willgerodt reaction using morpholine and sulphur,
      followed by hydrolysis, to give 2,4'-difluoro-4-biphenylylacetic acid,
      m.p. 144.degree.-146.degree.C. This was esterified to give the ethyl
      ester, b.p. 142.degree.-146.degree.C./0.35 mm., which was treated
      conventionally with diethyl carbonate, and then with dimethyl sulphate, to
      yield the required ethyl 2-(2,4'-difluoro-4-biphenylyl)-2-methylmalonate,
      b.p. 164.degree.-166.degree.C./0.05 mm.
PAC  EXAMPLE 3
PAR  2-(2',4'-Difluoro-4-biphenylyl)propionic acid (2 g.), methanol (20 ml.) and
      concentrated sulphuric acid (0.6 ml.) were refluxed for 16 hours. Excess
      methanol was distilled in vacuo, the residue was diluted with water and
      the oil isolated in ether. Distillation gave methyl
      2-(2',4'-difluoro-4-biphenylyl)propionate, b.p.
      118.degree.-120.degree.C./0.2 mm.
PAC  EXAMPLE 4
PAR  2-(2',4'-Difluoro-4-biphenylyl)propionic acid (0.5 g.) in ether (25 ml.)
      was mixed with benzylamine (0.204 g.) in ether (5 ml.). The resulting
      precipitate was collected, washed with water and dried in vacuo to give
      benzylamine 2-(2',4'-difluoro-4-biphenylyl)propionate, m.p.
      148.degree.-150.degree.C.
PAC  EXAMPLE 5
PAR  2-(2',4'-Difluoro-4-biphenylyl)propionic acid (7.2 g.), cinchonidine (8.1
      g.) and methanol (140 ml.) were stirred for 1 hour and then evaporated to
      dryness. The resulting solid was recrystallised from acetone 7 times; the
      resulting cinchonidine salt was suspended in water, acidified with dilute
      sulphuric acid and the liberated free acid was isolated in ether. The
      ether solution was evaporated to dryness, the residue triturated with
      petroleum ether b.p. 60.degree.-80.degree.C. and the resulting solid dried
      in vacuo to give (+)-2-(2',4'-difluoro-4-biphenylyl) propionic acid, m.p.
      110.5-113.degree.C., [.alpha.].sub.D.sup.20 + 36.3.degree. (c, 1.625
      ethanol).
PAC  EXAMPLE 6
PAR  2-(2,4'-Difluoro-4-biphenylyl)propionic acid (830 mg.), ethanol (10 ml.)
      and concentrated sulphuric acid (0.5 ml.) were refluxed for 16 hours. The
      solution was diluted with ice-water (200 ml.) and extracted with ether.
      After the usual washing, evaporation of the ether and distillation of the
      residue gave ethyl 2-(2,4'-difluoro-4-biphenylyl)-propionate, b.p.
      145.degree.-146.degree.C./0.8 mm.
PAC  EXAMPLE 7
PAR  No. 5 hard gelatin capsules were prepared each containing the following:
TBL  (a)  2-(2',4'-difluoro-4-biphenylyl)propionic acid                        

                                   5     mg.                                   

          lactose                  95    mg.                                   

     (b)  2-(2',4'-difluoro-4-biphenylyl)propionic acid                        

                                   5     mg.                                   

          calcium phosphate        5     mg.                                   

          maize starch             90    mg.                                   

     (c)  2-(2',4'-difluoro-4-biphenylyl)propionic acid                        

                                   5     mg.                                   

     maize starch                                                              

     lactose       equal parts by weight                                       

                                   95    mg.                                   

     calcium phosphate                                                         

PAC  EXAMPLE 8
PAR  The following mixture (parts by weight) was formed into tablets in
      conventional manner, each tablet containing 5 mg. of active ingredient:
TBL  2-(2',4'-difluoro-4-biphenylyl)propionic acid                             

                               5                                               

     maize starch              30                                              

     lactose                   163                                             

     stearic acid              1                                               

     magnesium stearate        1                                               

PAR  Compositions similar to those described in Examples 7 and 8 were prepared
      containing as active ingredient other compounds of the invention described
      in Examples 2 - 6 and 9 - 15.
PAC  EXAMPLE 9
PAR  Silver nitrate (6.8 g.) in water (8 ml.) was stirred and treated dropwise
      with a mixture of 13.2 N potassium hydroxide (3.04 ml.) and water (7.3
      ml.). The resulting slurry was diluted with ethanol (9 ml.) and a solution
      of 2-(2-bromo-4'-fluoro-4-biphenylyl)propionaldehyde (5.9 g.) in ethanol
      (17 ml.) was added slowly. After stirring for 15 minutes, a mixture of
      13.2 N potassium hydroxide (1.8 ml.) and water (1.8 ml.) was added over 1
      hour, the temperature being maintained at 43.degree.-45.degree.C. The
      reaction product was then stirred at 40.degree.C. for 30 minutes,
      filtered, and the filtrate distilled in vacuo to remove the ethanol. The
      residue was acidified with dilute hydrochloric acid, the resulting oil
      isolated in ether, and the extract (after conventional washing) evaporated
      to dryness. Recrystallisation from light petroleum b.p.
      80.degree.-100.degree.C. gave 2-(2-bromo-4'-fluoro-4-biphenylyl)propionic
      acid, m.p. 129.degree.-131.degree.C.
PAR  The starting material was prepared by the following series of reactions:
PA1  1. p-fluoroiodobenzene + 4-bromo-3-nitroacetophenone under Ullmann
      conditions gave 4-acetyl-4'-fluoro-2-nitrobiphenyl, m.p.
      88.degree.-90.degree.C.;
PA1  2. reduction of this using stannous chloride gave
      4-acetyl-2-amino-4'-fluorobiphenyl, m.p. 88.degree.-91.degree.C.;
PA1  3. conversion of this by a Sandmeyer reaction gave
      4-acetyl-2-bromo-4'-fluorobiphenyl, b.p. 152-154.degree.C./0.7 mm.;
PA1  4. conversion of this by a Darzens reaction gave
      2-(2-bromo-4'-fluoro-4-biphenylyl)propionaldehyde, b.p.
      164-166.degree.C./0.6 mm.
PAC  EXAMPLE 10
PAR  By procedures similar to those described in Example 9, 2-
      (4'-bromo-2'-fluoro-4-biphenylyl)propionaldehyde was oxidised to give
      2-(4'-bromo-2'-fluoro-4-biphenylyl)propionic acid, m.p. 137.degree. -
      139.degree. C. (ex petroleum ether b.p. 80.degree. - 100.degree.C.).
PAR  The starting material was prepared by the following series of reactions:
PA1  1. 2-amino-4-bromobiphenyl was converted by a Schiemann reaction to
      4-bromo-2-fluorobiphenyl, b.p. 106.degree. -109.degree. C./0.6 mm;
PA1  2. conversion of this by a Friedel-Crafts reaction gave
      4-acetyl-4'-bromo-2'-fluorobiphenyl, m.p. 94.5 - 95.5.degree.C.;
PA1  3. conversion of this by a Darzens reaction gave
      2-(4'-bromo-2'-fluoro-4-biphenylyl)propionaldehyde, which was used without
      isolation and purification.
PAC  EXAMPLE 11
PAR  By procedures similar to those described in Example
      9,2-(2'-bromo-4'-fluoro-4-biphenylyl)propionaldehyde was oxidised to give
      2-(2'-bromo-4'-fluoro-4-biphenylyl)propionic acid, m.p. 77.degree. -
      79.degree. C.
PAR  The starting material was prepared by the following series of reactions:
PA1  1. reduction of 4-fluoro-2-nitrobiphenyl using stannous chloride gave
      2-amino-4-fluoro-biphenyl, b.p. 106.degree. -107.degree. C/0.6 mm.;
PA1  2. conversion of this by a Schiemann reaction gave
      2-bromo-4-fluorobiphenyl, b.p. 104.degree.C/0.8 mm.;
PA1  3. conversion of this by a Friedel-Crafts reaction gave
      4-acetyl-2'-bromo-4'-fluorobiphenyl, m.p. 70.degree. - 72.degree. C.;
PA1  4. conversion of this by a Darzens reaction gave
      2-(2'-bromo-4'-fluoro-4-biphenylyl)propionaldehyde which was used without
      isolation and purification.
PAC  EXAMPLE 12
PAR  By procedures similar to those described in Example 9,
      2-(4'-bromo-2-fluoro-4-biphenylyl)propionaldehyde was oxidised to give
      2-(4'-bromo-2-fluoro-4-biphenylyl)propionic acid, m.p.
      133.degree.-135.degree.C.
PAR  The starting material was prepared by the following series of reactions:
PA1  1. p-bromoiodobenzene + 4-bromo-3-nitroacetophenone under Ullmann
      conditions gave 4-acetyl-4'-bromo-2-nitrobiphenyl, m.p.
      118.degree.-118.5.degree.C.;
PA1  2. reduction of this using stannous chloride gave
      4-acetyl-2-amino-4'-bromobiphenyl, m.p. 159.degree.-160.degree.C.;
PA1  3. conversion of this by a Sandmeyer reaction gave
      4-acetyl-2,4'-dibromobiphenyl, m.p. 82.5.degree.-84.5.degree.C.;
PA1  4. conversion of this by a Darzens reaction gave
      2-(4'-bromo-2-fluoro-4-biphenylyl)propionaldehyde, which was used without
      isolation and purification.
PAC  EXAMPLE 13
PAR  By procedures similar to those described in Example 9,
      2-(4'-bromo-2-fluoro-4-biphenylyl)propionaldehyde was oxidised to give
      2-(4'-bromo-2-fluoro-4-biphenylyl)propionic acid, m.p.
      139.degree.-140.degree.C.
PAR  The starting material was prepared by the following series of reactions:
PA1  1. 4-acetyl-2-amino-4'-bromobiphenyl (see Example 12) was converted by a
      Schiemann reaction to give 4-acetyl-4'-bromo-2-fluorobiphenyl, m.p.
      89-91.degree.C.;
PA1  2. conversion of this by a Darzens reaction gave
      2-(4'-bromo-2-fluoro-4-biphenylyl)propionaldehyde, which was used without
      isolation and purification.
PAC  EXAMPLE 14
PAR  By procedures similar to those described in Example 9,
      2-(2',4'-dibromo-4-biphenylyl)propionaldehyde was oxidised to give
      2-(2',4'-dibromo-4-biphenylyl)propionic acid, m.p.
      114.degree.-116.degree.C.
PAR  The starting material was prepared by the following series of reactions:
PA1  1. 2,4-dibromobiphenyl was converted by a Friedel-Crafts reaction to
      4-acetyl-2',4'-dibromobiphenyl, m.p. 99.degree.-101.degree.C.;
PA1  2. this was converted by a Darzens reaction to give
      2-(2',4'-dibromo-4-biphenylyl)propionaldehyde, which was used without
      isolation and purification.
PAC  EXAMPLE 15
PAR  2-(2',4'-Difluoro-4-biphenylyl)propionic acid (1.3 g.) in acetone (5 ml.)
      was treated with a solution of sodium hydroxide (0.2 g.) in water (1 ml.).
      An immediate precipitate of the sodium salt was formed. After dilution
      with acetone (5 ml.) the solid was collected, washed with acetone (5 ml.),
      dried in vacuo and recrystallised from water (10 ml.) to give sodium
      2-(2',4'-difluoro-4-biphenylyl)propionate, m.p. 213.degree.-215.degree.C.
      (in the form of a dihydrate).
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of formula I
      ##SPC7##
PAL  in which
PA1  R.sub.1 is fluorine or bromine;
PA1  one of R.sub.2 and R.sub.3 is fluorine or bromine and
PA1  the other is hydrogen;
PA1  and R is hydrogen or lower alkyl; (together with) or a pharmaceutically
      acceptable inorganic and organic salt(s) of said compound(s) when R is
      hydrogen.
NUM  2.
PAR  2. 2-(2',4'-Difluoro-4-biphenylyl)propionic acid.
NUM  3.
PAR  3. 2-(2'-Bromo-4'-fluoro-4-biphenylyl)propionic acid.
NUM  4.
PAR  4. 2-(2,4'-Difluoro-4-biphenylyl)propionic acid.
NUM  5.
PAR  5. 2-(2-Bromo-4'-fluoro-4-biphenylyl)propionic acid.
NUM  6.
PAR  6. 2-(2',4'-Dibromo-4-biphenylyl)propionic acid.
NUM  7.
PAR  7. 2-(4'-Bromo-2'-fluoro-4-biphenylyl)propionic acid.
NUM  8.
PAR  8. 2-(4'-Bromo-2-fluoro-4-biphenylyl)propionic acid.
NUM  9.
PAR  9. 2-(2,4'-Dibromo-4-biphenylyl)propionic acid.
PATN
WKU  039325008
SRC  5
APN  2725517
APT  1
ART  175
APD  19720717
TTL  Recovering anhydrous acrylic acid
ISD  19760113
NCL  6
ECL  1
EXA  Sever; Frank
EXP  Yudkoff; Norman
NDR  1
NFG  1
INVT
NAM  Duembgen; Gerd
CTY  Dannstadt
CNT  DT
INVT
NAM  Engelbach; Heinz
CTY  Limburgerhof
CNT  DT
INVT
NAM  Frey; Walter
CTY  Mannheim
CNT  DT
INVT
NAM  Krabetz; Richard
CTY  Kirchheim
CNT  DT
INVT
NAM  Lebert; Ulrich
CTY  Ludwigshafen
CNT  DT
INVT
NAM  Spitzl; Hermann
CTY  Ludwigshafen
CNT  DT
INVT
NAM  Thiessen; Fritz
CTY  Ludwigshafen
CNT  DT
INVT
NAM  Willersinn; Carl-Heinz
CTY  Ludwigshafen
CNT  DT
ASSG
NAM  Badische Anilin- & Soda-Fabrik Aktiengesellschaft
CTY  Ludwigshafen (Rhine)
CNT  DT
COD  03
PRIR
CNT  DT
APD  19710721
APN  2136396
CLAS
OCL  260526N
XCL  203 63
XCL  203 68
XCL  260530N
XCL  260533N
EDF  2
ICL  C07C 5300
ICL  C07C 5500
ICL  C07C 5700
ICL  C07C 5900
FSC  260
FSS  526 N;530 N;533 N
FSC  203
FSS  15;51;55;62
FSC   55
FSS  68;69
UREF
PNO  2575285
ISD  19511100
NAM  Carlson et al.
OCL  203 69
UREF
PNO  3405172
ISD  19681000
NAM  Brown
OCL  260530N
UREF
PNO  3432401
ISD  19690300
NAM  Tcherkawsky
OCL  260526N
UREF
PNO  3433831
ISD  19690300
NAM  Yomiyama
OCL  260526N
UREF
PNO  3507915
ISD  19700400
NAM  Newman
OCL  260526N
UREF
PNO  3513632
ISD  19700500
NAM  Hess et al.
OCL  260533N
UREF
PNO  3657332
ISD  19720400
NAM  Sennewald
OCL  260526N
LREP
FRM  Johnston, Keil, Thompson & Shurtleff
ABST
PAL  Acrylic acid practically devoid of water, acrolein, formaldehyde and acetic
      acid is obtained at particularly low cost by countercurrent scrubbing and
      quenching of the reaction gas formed in the catalytic oxidation of
      propylene and/or acrolein with a high-boiling, extremely hydrophobic
      solvent followed by processing of the extract.
BSUM
PAR  The invention relates to a process for the recovery of anhydrous acrylic
      acid from reaction offgas such as is obtained in the oxidation of
      propylene and/or acrolein.
PAR  In addition to the Reppe synthesis, a process for the production of acrylic
      acid which is of current interest is the gas phase oxidation of propylene
      or acrolein. Oxidation of propylene and/or acrolein is carried out with
      oxygen or a gas containing oxygen in the presence of a catalyst (for
      example an oxide of the elements molybdenum, chromium, vanadium or
      tellurium) at elevated temperature. For safety reasons and for better
      control of the heat of reaction evolved the mixtures of the reactants are
      diluted with inert gas or steam. After the reaction there is consequently
      formed a gaseous reaction mixture which (in addition to unreacted
      propylene and/or acrolein) contains, inter alia, the desired acrylic acid
      but also varying amounts of water vapor, oxides of carbon, nitrogen,
      oxygen, acetic acid, formaldehyde and maleic anhydride. The economics of
      the process are largely dependent on how the acrylic acid is recovered
      from the gas mixture and purified, particularly on how the water is
      separated. Various methods of doing this are known from the literature.
PAR  U.K. Pat. Sepcifications Nos. 948,687 and 953,763 disclose, inter alia, the
      recovery of aqueous acrylic acid solutions by indirect cooling of the
      reaction gas (quenching). Similar methods are described in German Patent
      Specification No. . . DT-OS-1568925 (Pat. application K 59 985 IVb/120). A
      considerable disadvantage of these methods is that the acrylic acid
      obtained as a dilute aqueous solution of not more than 45% strength. The
      content of acrolein, acetic acid and formaldehyde in this solution is
      another disadvantageous phenomenon. The separation of these substantially
      liquid components requires considerable expense for distillative and/or
      extractive purification of the acrylic acid.
PAR  The teaching of German Published Specification No. 1,568,937 represents a
      certain advance because some of the said disadvantages can be avoided. In
      this method the hot reaction gas formed in the oxidation of propylene or
      acrolein, which is at a temperature of from 300.degree. to 600.degree.C,
      is first cooled, without condensation, to a temperature of from 90.degree.
      to 200.degree.C, preferably from about 100.degree. to 170.degree.C, and
      then extracted countercurrently with an ester of an aliphatic or aromatic
      monocarboxylic or dicarboxylic acid whose alcoholic component contains
      from one to eight carbon atoms and whose acid component contains from five
      to twenty carbon atoms, or with tributyl or tricresyl phosphate at a
      temperature of from 30.degree. to 100.degree.C at a pressure of from 0.5
      to 5 atmospheres absolute, preferably at atmospheric pressure, the ester
      being used in such an amount that the content of acrylic acid in the
      extract obtained is from about 5 to 35% by weight, preferably from 10 to
      25% by weight, acrylic acid being distilled off from the resultant extract
      in the form of a concentrated aqueous solution of for example 70% by
      weight strength and the distillation residue being reused for extraction
      of reaction gas containing acrylic acid. A preferred embodiment of this
      process consists in expelling acrolein from the extract containing acrylic
      acid at elevated temperature, preferably at about 100.degree. to
      140.degree.C prior to distillation and combining the acrolein vapor with
      the constituents of the reaction gas which have not been absorbed by the
      extractant and which consist mainly of steam together with unreacted
      propylene and/or acrolein, formaldehyde, carbon monoxide, carbon dioxide
      and nitrogen. Then excess water of reaction and formaldehyde are partly
      condensed out from the resultant gas mixture by cooling to about
      20.degree. to 70.degree.C and the residual gas is supplied again to the
      oxidation process together with fresh propylene and/or acrolein.
PAR  The advantage of the said process consists in the fact that a highly
      concentrated aqueous acrylic acid of a strength of about 70% by weight can
      be recovered and that this contains only traces of formaldehyde (in the
      Examples about 0.1% and less than 1% by weight). As before however a
      separate process step is necessary to separate the water and also the
      acetic acid from the acrylic acid.
PAR  The object of the present invention is to provide a process for the
      recovery of an acrylic acid which will be devoid of water, acrolein,
      formaldehyde and acetic acid.
PAR  This object is achieved by a process for the recovery of anhydrous acrylic
      acid, obtained by catalytic oxidation of propylene and/or acrolein, by
      countercurrent scrubbing of the reaction gas with a high-boiling inert
      organic solvent, which comprises carrying out the countercurrent scrubbing
      with an extremely hydrophobic solvent and processing the resultant mixture
      of solvent and acrylic acid by a conventional method.
PAR  The process of the invention is carried out by scrubbing the reaction gas
      countercurrently (while avoiding the formation of an aqueous phase) with a
      high-boiling extremely hydrophobic solvent, for example a solvent from the
      group of aliphatic or aromatic hydrocarbons or ethers or mixtures of the
      same, in an absorption column and treating the resultant mixture of
      hydrophobic solvent and acrylic acid in order to separate them from the
      other specified components by a conventional method. Such a treatment may
      be effected for example in a desorber in which the mixture of solvent and
      acrylic acid is treated countercurrently with a stripping gas, the
      desorber gas being returned to the absorber and, if desired, acetic acid
      and acrylic acid devoid of water, acrolein and formaldehyde being
      distilled off from the desorber discharge and the solvent or solvent
      mixture being used again for the absorption after maleic anyhdride and
      ester-like oligomeric acrylic acids have been separated.
PAR  In the process according to the invention, pressure and temperature have to
      be chosen in dependence on the water content of the reaction gas in order
      to avoid the occurrence of an aqueous phase in the absorption. It is
      advantageous to maintain the lowest possible temperature in absorption
      because the said extremely nonpolar solvents do not have very good solvent
      power for acrylic acid. In other words, if too high a temperature is
      chosen, some acrylic acid may be lost as a result of it escaping at the
      top of the absorber together with the water.
PAR  Depending on the water vapor content of the reaction gas, the favorable
      absorption temperature at standard pressure is from about 30.degree. to
      80.degree.C. This range is of course displaced if other pressures are used
      for the absorption.
PAR  Extremely non-polar hydrophobic organic solvents which are to be used
      according to the present invention are those which do not contain any
      outwardly acting polar groups which would be capable for example of
      forming hydrogen bridge bonds. They are mainly inert fractions such as the
      middle oil fractions of paraffin distillation, but also ethers providing
      their groups attached to the oxygen atoms are bulky and sufficiently large
      to screen off the free electron pairs of the oxygen, for example diphenyl
      ether, diphenyl and preferentially mixtures of diphenyl and diphenyl
      ether, known as "diphyl". A particularly preferred representative of the
      organic solvents to be used in accordance with the invention is a mixture
      of 75% of diphenyl ether and 25% of diphenyl.
PAR  It has proved to be advantageous to use, as the inert extremely hydrophobic
      compounds, hydrocarbons or ethers or mixtures of the same known as heat
      transfer oils whose boiling point at standard pressure is above
      170.degree.C and whose viscosity at temperatures within the range from
      30.degree. to 80.degree.C is less than 10 centistokes, preferably less
      than 3 centistokes.
PAR  The solvent is used in such an amount that the absorber discharge contains
      up to about 10% by weight of acrylic acid. The maximum content achievable
      depends on, inter alia, the absorption temperature, the size of the column
      and the desired absorption yield.
PAR  The absorber discharge contains not more than 5% by weight of water and
      traces of acrolein and formaldehyde as well as small amounts of acetic
      acid.
PAR  The residual water and the small amounts of acrolein and formaldehyde are
      then removed by conventional working methods. This is preferably carried
      out in a desorber in which the said impurities are expelled from the
      solvent containing acrylic acid in countercurrent with a stripping gas,
      for example nitrogen or air. The amount of stripping gas required depends
      mainly on the desorption temperature which is advantageously from
      20.degree. to 50.degree.C above the absorption temperature at the same
      pressure. In this case the amount of stripping gas is from 5 to 25% by
      volume of the amount of reaction gas in order to obtain practically
      anhydrous acrylic acid in the solvent. The desorber offgas is passed into
      the absorber column so that acrylic acid vapor entrained therein can be
      subjected again to countercurrent extraction.
PAR  It is an advantage of this process that a more or less large proportion of
      the acetic acid in the absorber can be withdrawn at the top depending on
      the conditions chosen. It is even possible to separate the acetic acid
      almost completely from the acrylic acid by combining absorption with the
      desorption described in the preceding paragraph.
PAR  Processing of the desorber discharge depends to some extent on whether it
      still contains acetic acid or not. If the acetic acid has already been
      removed in the absorption and desorption, pure acrylic acid can be
      immediately distilled off from the solvent. If acetic acid is still
      present up to a few percent, it has to be distilled off from the mixture
      prior to recovering the acrylic acid. This is more advantageous than a
      common separation of acetic acid and acrylic acid followed by separation
      of the two acids by distillation because the relative volatilities are
      favorably influenced by the presence of the solvent, and the presence of
      pure acrylic acid at too high a temperature can be avoided.
PAR  After the acrylic acid has been separated from the solvent it is preferred
      to remove maleic anhydride prior to reuse for absorption, in order to
      avoid concentration in the recycled solvent. If a solvent having a
      sufficiently high boiling point (about 220.degree.C) is used, the maleic
      anhydride may be distilled off in a column. Another way to separate maleic
      anhydride independently of the boiling point of the solvent is to carry
      out a liquid-liquid extraction with water; in this way it is possible
      without difficulty to recover practically the whole of the maleic
      anhydride as an aqueous concentrated maleic acid solution in one
      extraction stage.
PAR  In all methods of working up acrylic acid, ester-like oligomeric acrylic
      acids are formed. In the present process an accumulation in the solvent
      can be avoided by subjecting the solvent to a thermal treatment at a
      temperature above 180.degree.C prior to resuse so that the oligomers are
      cracked. If the acrylic acid formed is allowed to distil over, practically
      complete cracking is achieved for example within 20 minutes at
      230.degree.C.
PAR  To avoid accumulation it is of course also possible to free only branch
      streams of the solvent from maleic anhydride and esterlike oligomers.
PAR  As is conventionally done, stabilizers for acrylic acid are added in all
      processing methods. A branch stream of the solvent has to be purified by
      evaporation to avoid accumulation of these additives and other practically
      non-vaporizable substances, for example polymerized non-ester-like acrylic
      acids, in the solvent in the abovementioned method. This step of
      evaporation may advantageously be combined with the cracking of the
      ester-like oligomeric acrylic acids.
PAR  The process will now be described in greater detail in a special embodiment
      with reference to the accompanying drawing:
DETD
PAR  Hot reaction gas (at from 200.degree. to 300.degree.C) coming from the
      oxidation stage in the oxidation of acrolein and/or propylene and
      containing not only acrylic acid but also inter alia water vapor,
      acrolein, formaldehyde, acetic acid, maleic anhydride and, as mentioned
      above, inert gas, is fed through line 1 to an absorber column 2 in which
      the reaction gas is first quenched to the temperature desired in aborption
      by means of one or more than one circulation system 3 and cooler 4, by
      direct use of a solvent. The solvent is supplied through line 5 to the top
      of the absorber column 2 which may for example be packed or fitted with
      trays and this scrubs out, inter alia, acrylic acid from the reaction gas
      in countercurrent. The unabsorbed constituents of the reaction gas with
      traces of solvent leave the absorber column through line 6. The offgas
      coming from this absorber may be further treated, for example by
      subsequent cooling, to recover the solvent traces and constituents from
      the reaction gas. The liquid discharge from the absorber column 2, which
      contains mainly acrylic acid, solvent and the constituents described
      above, is passed through line 7, if necessary with cooling or heating in a
      heat exchanger 8, to the top of a desorber column 9, which may for example
      be a packed column or a tray column. Stripping gas is blown in
      countercurrent to the descending liquid through line 10. The desorber
      offgas (the used stripping gas) is passed through line 11, and if desired
      through line 12 or 13, into the absorber column 2. In this stripping,
      water, acrolein and formaldehyde in the absorber discharge are removed
      practically completely. Acetic acid may also be expelled in this
      operation, as has been mentioned above.
PAR  The liquid discharge from the desorber column 9 is supplied through line 14
      to a distillation column 15, which may be for example be a bubble tray
      column. Pure acrylic acid is drawn off through line 16 at the top of the
      distillation column 15. If acetic acid is still contained in the liquid
      discharge from the desorber column 9, this discharge is first supplied
      through line 18 to a distillation column 19, which may be for example a
      bubble tray column, freed therein from acetic acid (removed through line
      20) and only then passed through line 21 to the distillation column 15.
PAR  The liquid discharge from the column 15 is supplied through line 17 to a
      distillation column 22, which may be for example a tray column, and is
      freed therein from maleic anhydride (removed through line 23). The major
      portion of the solvent from the bottoms of the column 22 is returned
      through line 5 to the top of the absorber column 2. A branch stream is
      passed through line 24 to solvent purification 25, which may consist for
      example of a circulation evaporator, in which the solvent is distilled
      off, with simultaneous cracking of the ester-like oligomeric acrylic
      acids, and separated from residues which are removed through line 27. The
      distilled solvent containing acrylic acid is returned for example through
      line 26 to the middle of the absorber column 2.
PAR  The process according to this invention, including the preferred
      embodiment, shows a number of decisive advantages over the prior art
      methods. An extract containing acrylic acid which is practically free from
      water, acrolein and formaldehyde is obtained by the use of an extremely
      hydrophobic solvent and the processing methods (known per se) especially
      in the desorption stage. It is even possible to obtain the solvent
      containing acrylic acid substantially free from acetic acid so that pure
      acrylic acid may be recovered from the solvent by distillation. It is
      moreover important that the solvents used are substances which are
      extremely stable both thermally and chemically. Because of the thermal
      stability, for example hot reaction gas at more than 200.degree.C from the
      oxidation may be brought directly into contact with the solvent without
      any precooling, in contrast to the prior art. It is impossible with high
      boiling point esters as used in the prior art to maintain such high
      temperatures because thermal cracking is already possible in the case of
      the esters. Moreover, the new process is very economical.
PAR  The following Examples illustrate the invention.
PAC  EXAMPLE 1
PAC  (with reference to the drawing)
PAR  2692 liters (STP) of reaction gas (which contains 2.52% by volume of
      acrylic acid, 0.168% by volume of acetic acid, 0.25% by volume of
      formaldehyde, 0.07% by volume of acrolein, 10.2% by volume of water vapor,
      0.115% by volume of maleic anhydride, the remainder being inert substances
      such as nitrogen, carbon dioxide, carbon monoxide, propylene and the like)
      passes at a temperature of about 220.degree.C into the lower portion of an
      absorption column 2, which consists of a total of thirty-four bubble cap
      trays and two circulation systems for withdrawal of heat. A mixture of 75%
      of diphenyl ether and 25% of diphenyl is supplied at a temperature of from
      50.degree. to 53.degree.C at the rate of 1.98 kg/hour through line 5 to
      the top of the countercurrent absorption column 2 as the high boiling
      point non-polar solvent. This solvent is stabilized with phenothiazine to
      prevent polymerization of acrylic acid. The reaction gas is cooled to
      50.degree. to 60.degree.C in the lower portion of the absorber column by
      circulating the solution through a heat exchanger 4. Absorption heat
      evolved in this stage is also removed in this way. This process is
      repeated in the second absorption stage for further removal of absorption
      heat. The absorber discharge contains less than 5% of water based on 100%
      acrylic acid. The absorber discharge 7 is brought to a temperature of from
      95.degree. and 100.degree.C by heat exchanger 8 and fed to the top of the
      desorber column 9 which contains a total of eighteen bubble cap trays. 360
      liters (STP) per hour of stripping gas (nitrogen or air) is fed into the
      desorber column through line 10. The stripping gas removes all of the
      water and most of the acetic acid from the solution. The stripping gas is
      then returned through line 13 into the absorber column in which
      substantially only the acrylic acid entrained with the stripping gas is
      absorbed again.
PAR  The offgas leaving the absorber column 2 through line 6 is cooled to a
      temperature of about 15.degree.C so that the solvent entrained from the
      absorber column according to its partial pressure is separated from the
      condensed water and returned to the solvent loop. The offgas 6 contains
      practically all substances having a lower boiling point than acrylic acid,
      including acrolein, formaldehyde and water. Loss of acrylic acid in the
      offgas is about 1%.
PAR  The desorber discharge passes into the acrylic acid column 15, in which all
      volatile substances down to and including acrylic acid are drawn off in
      vacuo through line 16, an about 99% acrylic acid with 0.5% of acetic acid
      and about 0.1% of water being obtained. The bottoms is passed into the
      maleic anhydride column 22 for removal of maleic anhydride, and here
      maleic anhydride is withdrawn in vacuo over the top 23. After the solvent
      has been cooled to 50.degree. to 53.degree.C it is returned through line 5
      to the top of the absorber column, thereby completing the cycle. In a
      branch stream a fraction of about 5% of the solvent is withdrawn through
      line 24 and subjected to solvent purification at 25. In this solvent
      purification unit the solvent is distilled over the top at a temperature
      of 258.degree.C and at the same time the diacrylic acid contained therein
      in a very small amount is practically completely cracked and distilled as
      acrylic acid over the top with the solvent. The distillate is returned
      through line 26 into the absorber column 2.
PAC  EXAMPLE 2
PAR  The reaction gas has the same composition as in Example 1 except that the
      water content is 15.0% by volume. The process is carried out in a way
      similar to that described in Example 1. 2.5 kg/hour of solvent (a mixture
      of 75% of diphenyl ether and 25% of diphenyl) is supplied at a temperature
      of 58.degree.C to the top of the countercurrent absorption column 5.
      Further processing is as described in Example 1, only the desorber
      temperature is raised slightly to 100.degree. to 105.degree.C. The product
      is an about 99% acrylic acid with about 0.7% of acetic acid and 0.1% of
      water. The loss of acrylic acid is 1% of acrylic acid (in the offgas).
PAC  EXAMPLE 3
PAR  The composition of the reaction gas is the same as in Example 1 except that
      the acetic acid content is 0.3% by volume. The process is carried out in a
      way similar to that described in Example 1. 2.5 kg/hour of solvent
      (mixture of 75% of diphenyl ether and 25% of diphenyl) is supplied at a
      temperature of from 50.degree. to 53.degree.C to the top of the
      countercurrent absorption column 5. The desorber temperature is lowered as
      compared with Example 1 to 75.degree. to 80.degree.C. The amount of
      stripping gas supplied through line 10 is 250 liters (STP) per hour. The
      desorber discharge passes through line 18 into the acetic acid column 19
      in which 11 g of acetic acid and 1 g of water are withdrawn over the top.
      The bottoms contains the acrylic acid (devoid of acetic acid and water) in
      solution and it is fed through line 21 into the acrylic acid column 15. A
      more than 99% acrylic acid is withdrawn here practically completely. About
      0.5 to 1% of acrylic acid and about 10.5 g of acetic acid are contained in
      the offgas (line 6). Otherwise the procedure described in Example 1 is
      followed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A continuous process for recovering anhydrous acrylic acid from a
      reaction gas which has been obtained by the catalytic oxidation of a
      compound selected from the group consisting of propylene, acrolein and
      mixtures thereof which process comprises: initially scrubbing said
      reaction gas which contains unreacted propylene and/or acrolein and
      impurities including water vapor, acetic acid, and formaldehyde
      countercurrently in an absorption column with a high boiling inert and
      extremely hydrophobic solvent selected from the group consisting of a
      hydrocarbon having a boiling point at standard pressure above 170.degree.C
      and a viscosity within the temperature range of from 30.degree. to
      80.degree.C of less than 10 centistokes, diphenyl ether, diphenyl and
      mixtures of the same to absorb acrylic acid from said reaction gas and to
      effect direct cooling of the reaction gas with said solvent; and
      thereafter recovering acrylic acid from said solvent by distillation and
      recycling said solvent to said absorption column.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein said countercurrent scrubbing is
      carried out with a mixture of diphenyl and diphenyl ether.
NUM  3.
PAR  3. A process as claimed in claim 2 wherein said mixture comprises about 25%
      by weight of diphenyl and 75% by weight of said diphenyl ether.
NUM  4.
PAR  4. A process as claimed in claim 2 wherein said countercurrent scrubbing is
      carried out at a temperature of from about 30.degree. to 80.degree. C.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein maleic anhydride is removed from
      said solvent by distillation after acrylic acid is removed and before the
      solvent is recycled to said absorption column.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein said absorbed acrylic acid and
      solvent is passed to a desorber column wherein said absorbed acrylic acid
      and solvent are contacted countercurrently with a stripping gas to remove
      residual water and minor amounts of acrolein, acetic acid and
      formaldehyde.
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ABST
PAL  .beta.-ALANINE IS RECOVERED FROM A STARTING SOLUTION OF SODIUM CHLORIDE AND
      .beta.-ALANINE BY: (A) EVAPORATING WATER FROM THE SOLUTION TO PRECIPITATE
      SODIUM CHLORIDE AND FORM A FIRST MOTHER LIQUOR; (B) SEPARATING THE FIRST
      MOTHER LIQUOR AND THE PRECIPITATED SODIUM CHLORIDE WHILE THE FIRST MOTHER
      LIQUOR IS HOT; (C) COOLING THE SEPARATED FIRST MOTHER LIQUOR TO
      PRECIPITATE .beta.-ALANINE AND FORM A SECOND MOTHER LIQUOR; (D) SEPARATING
      THE PRECIPITATED .beta.-ALANINE AND THE SECOND MOTHER LIQUOR; AND (E)
      RECOVERING THE SEPARATED .beta.-ALANINE.
PAL  If desired, the separated second mother liquor can be admixed with a second
      lot of the starting solution and processed therewith.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of copending application Ser. No. 517,469,
      filed Oct. 24, 1974. Said application Ser. No. 517,469 is a
      continuation-in-part of application Ser. No. 442,543, filed Feb. 14, 1974,
      and now abandoned. Said application Ser. No. 442,543 is a
      continuation-in-part of application Ser. No. 319,539, filed Dec. 29, 1972,
      and now U.S. Pat. No. 3,808,269. The benefit of said earlier filed
      applications is claimed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is in the field of .beta.-alanine. More specifically, this
      invention is directed to a process for preparing pure or substantially
      pure .beta.-alanine.
PAR  In the prior art amino acids have been prepared by: (a) hydrolyzing the
      corresponding nitrile with an aqueous alkaline earth metal hydroxide to
      form an alkaline earth metal salt of the amino acid; and (b) treating the
      alkaline earth metal salt with carbon dioxide to form the free amino acid
      (which remains in solution) and an alkaline earth metal carbonate (which
      precipitates). The amino acid is then recovered. This method, as applied
      to the preparation of .beta.-alanine, is taught by "Organic Syntheses",
      collective volume 3, pp. 34-36, John Wiley and Sons, Inc., 1955.
PAR  It is desirable to replace the alkaline earth metal hydroxide of the prior
      art with sodium hydroxide because the latter has a lower equivalent weight
      than strontium and barium hydroxides, is more soluble, is easier to handle
      under plant conditions, and the ions of sodium, unlike those of barium, (a
      preferred alkaline earth metal hydroxide) are not toxic. However, such
      substitution introduces a complication in the separation and recovery of
      the amino acid (.beta.-alanine) because sodium carbonate, unlike the
      alkaline earth metal carbonates, is readily soluble in water, thereby to
      render to separation and recovery of pure or substantially pure
      .beta.-alanine difficult.
PAR  A method for separating certain free amino acids from a system comprising
      the amino acid, sodium chloride, and water is taught by U.S. Pat. No.
      3,433,832 (Swanson et al, 260/534).
PAR  The Swanson et al method is not applicable to amino acids such as
      .beta.-alanine which have a solubility greater than 35.0 parts per 100
      parts of water at 100.degree.C. The process of our invention has been
      found to present an effective and convenient method for recovering
      .beta.-alanine from a system consisting essentially of water,
      .beta.-alanine, and sodium chloride. Such a system results where the amino
      acid (.beta.-alanine) is formed from the corresponding nitrile by
      hydrolysis with sodium hydroxide followed by treatment with hydrochloric
      acid to convert the intermediate sodium salt (sodium .beta.-alaninate
      (sodium .beta.-aminopropionate)) to the free amino acid (.beta.-alanine).
PAC  SUMMARY OF THE INVENTION
PAR  In summary, this invention is directed to a process for recovering
      .beta.-alanine from an aqueous starting solution consisting essentially of
      water, .beta.-alanine, and sodium chloride, the aqeuous starting solution
      having a temperature above 0.degree.C (e.g., between about 0.5.degree.C
      and about its normal boiling point or between about 5.degree.C and
      100.degree.C), a pH of 4.5-8.5, and a mole ratio of .beta.-alanine to
      sodium chloride of 0.7-5:1, or 1-5:1 or 0.7-3:1, the process comprising
      (or consisting essentially of):
PAR  a. forming a first slurry consisting essentially of a first lot of
      precipitated solid sodium chloride and a first mother liquor consisting
      essentially of water, dissolved .beta.-alanine, and dissolved sodium
      chloride by evaporating water from the aqueous starting solution;
PAR  b. separating the first mother liquor from the first lot of precipitated
      solid sodium chloride at a temperature effective for preventing the
      precipitation of solid .beta.-alanine (e.g., within a temperature range
      between about 60.degree.C and the normal boiling point of the second
      slurry (e.g., about 70.degree.-100.degree.C or 80.degree.-95.degree.C));
PAR  c. forming a second slurry consisting essentially of a first lot of
      precipitated solid .beta.-alanine and a second mother liquor consisting
      essentially of water, dissolved .beta.-alanine, and dissolved sodium
      chloride by adjusting the temperature of the separated first mother liquor
      to a temperature effective for precipitating .beta.-alanine (e.g., to a
      temperature within a range of about 0.5.degree.-55.degree.C, or
      5.degree.-50.degree.C, or 10.degree.-30.degree.C, or to any temperature
      between about 0.5.degree.C and about 55.degree.C) if the separated first
      mother liquor is above such temperature;
PAR  d. separating the second mother liquor from the first log of precipitated
      solid .notident.-alanine while maintaining the temperature of the second
      slurry within a temperature range effective for precipitating
      .beta.-alanine (e.g., to a temperature within a range of about
      0.5.degree.-55.degree.C, or 5.degree.-50.degree. C, or
      10.degree.-30.degree.C, or to any temperature between about 0.5.degree.C
      and about 55.degree.C); and
PAR  e. recovering the separated .beta.-alanine.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In preferred embodiments of the process of the above Summary:
PAR  1. The pH of the aqueous starting solution is 4.5-8.5 or 5.5-6.5 If the pH
      of the starting solution is not within the desired range (4.5-8.5 or
      5.5-6.5), it can be brought to this range by adding caustic soda or a
      sodium salt of the amino acid to increase the pH, or HCl to lower the pH.
PAR  2. The mole ratio of .beta.-alanine to sodium chloride in the aqueous
      starting solution is 0.7-2:1.
PAR  3. The starting solution analyzes (contains) 34-43% .beta.-alanine.
PAR  In another preferred embodiment, ("Embodiment A") this invention is
      directed to a process for recovering .beta.-alanine from an aqueous
      starting solution consisting essentially of water, .beta.-alanine, and
      sodium chloride, the aqueous starting solution having a temperature above
      0.degree.C (e.g., between about 0.5.degree.C and about its normal boiling
      point or between about 5.degree.C and 100.degree.C), a pH of 4.5-8.5, and
      a mole ratio of .beta.-alanine to sodium chloride of 0.7-5:1, or 1-5:1 or
      0.7-3:1, the process comprising (or consisting essentially of):
PA1  a. forming a first slurry consisting essentially of a first lot of
      precipitated solid sodium chloride and a first mother liquor consisting
      essentially of water, dissolved .beta.-alanine, and dissolved sodium
      chloride by evaporating water from the aqueous starting solution;
PA1  b. separating the first mother liquor from the first lot of precipitated
      solid sodium chloride at a temperature effective for preventing the
      precipitation of solid .beta.-alanine (e.g., within a temperature range
      between about 60.degree.C and the normal boiling point of the second
      slurry (e.g., about 70.degree.-100.degree.C or 80.degree.-95.degree.C));
PA1  c. forming a second slurry consisting essentially of a first lot of
      precipitated solid .beta.-alanine and a second mother liquor consisting
      essentially of water, dissolved .beta.-alanine, and dissolved sodium
      chloride by adjusting the temperature of the separated first mother liquor
      to a temperature effective for precipitating .beta.-alanine (e.g., to a
      temperature within a range of about 0.5.degree.-55.degree.C, or
      5.degree.-50.degree.C, or 10.degree.-30.degree.C, or to any temperature
      between about 0.5.degree.C and about 55.degree.C) if the separated first
      mother liquor is above such temperature;
PA1  d. separating the second mother liquor from the first lot of precipitated
      solid .beta.-alanine while maintaining the temperature of the second
      slurry within a temperature range effective for precipitating
      .beta.-alanine (e.g., to a temperature within a range of about
      0.5.degree.-55.degree.C, or 5.degree.-50.degree.C, or
      10.degree.-30.degree.C, or to any temperature between about 0.5.degree.C
      and about 55.degree.C);
PA1  e. forming a third slurry consisting essentially of a second lot of
      precipitated solid sodium chloride and a third mother liquor consisting
      essentially of water, dissolved .beta.-alanine and dissolved sodium
      chloride by admixing the separated second mother liquor with a second lot
      of the aqueous starting solution to form an aqueous system and evaporating
      water from the aqueous system;
PA1  f. separating the third mother liquor from the second lot of precipitated
      solid sodium chloride at a temperature effective for preventing the
      precipitation of solid .beta.-alanine (e.g., within a temperature range
      between about 60.degree.C and the normal boiling point of the second
      slurry (e.g., about 70.degree.-100.degree.C or 80.degree.-95.degree.C));
PA1  g. forming a fourth slurry consisting essentially of a second lot of
      precipitated solid .beta.-alanine and a fourth mother liquor consisting
      essentially of water, dissolved .beta.-alanine, and dissolved sodium
      chloride by adjusting the temperature of the separated third mother liquor
      to a range effective for precipitating .beta.-alanine (e.g., to a
      temperature within the range of about 0.5.degree.-55.degree.C, or
      5.degree.-50.degree.C, 10.degree.-30.degree.C, or to any temperature
      between about 0.5.degree.C and about 55.degree.C); and
PA1  h. separating the second lot of precipitated solid .beta.-alanine from the
      fourth mother liquor at a temperature effective for precipitating
      .beta.-alanine (e.g., to a temperature within a range of about
      0.5.degree.-55.degree.C, or 5.degree.-50.degree.C, or
      10.degree.-30.degree.C, or to any temperature between about 0.5.degree.C
      and about 55.degree.C).
PAR  Steps (e), (f), (g), and (h), supra, can be repeated indefinitely by
      admixing the separated fourth mother liquor obtained in step (h) with a
      third (or subsequent) lot of aqueous starting solution (as recited in step
      (e)) and proceeding as recited in steps (e) through (h).
PAR  Where carrying on a long series of such runs (wherein steps (e) through (h)
      are repeated many times) it is generally preferred to remove a small
      portion of the fourth mother liquor (e.g., about 1-10% or 3-6% of the
      fourth mother liquor) to prevent the build up of color bodies and other
      undesired side-products which are present in small amounts in the aqueous
      starting solution. This removed portion is not admixed with starting
      aqueous solution in a repetition of step (e). It (the removed portion) can
      be discarded or processed separately to produce crude solid .beta.-analine
      which can be used as such or purified by conventional techniques such as
      recrystallization.
PAR  In steps (a) and/or (e) the evaporation can be conducted at temperatures
      (e.g., below about 55.degree. or 60.degree.C) at which .beta.-alanine can
      be precipitated along with the sodium chloride during the evaporation step
      providing steps (b) and/or (f), respectively, are conducted at
      temperatures above about 60.degree.C so that any .beta.-alanine which
      precipitated in steps (a) or (e) is redissolved and is not separated from
      the mother liquor along with the precipitated solid sodium chloride.
PAR  In certain embodiments of the invention of Embodiment A:
PAR  1. The mole ratio of amino acid (.beta.-alanine) to sodium chloride in the
      aqueous starting solution is 1-5:1.
PAR  2. The pH of the aqueous starting solution is 4.5-8.5 or 5.5-6.5. If the pH
      of the aqueous starting solution is not within the desired range (e.g.,
      4.5-8.5 or 5.5-6.5), it can be adjusted and brought within this range by
      methods which are within the skill of those of ordinary skill in the art
      (e.g., by adding hydrochloric acid to lower the pH or by adding NaOH or
      the sodium salt of .beta.-alanine to increase the pH).
PAR  3. The separated third mother liquor or about 80-99% (preferably 95-97%
      thereof) is combined with separated first mother liquor from another run
      or with a fresh lot of the aqueous starting solution and the resulting
      mixture is processed.
PAR  4. The aqueous starting solution is prepared by reacting the sodium salt of
      the amino acid (.beta.-alanine) with an amount of hydrochloric acid
      effective to convert the salt of the amino acid to free amino acid
      (.beta.-alanine) and sodium chloride. The sodium salt of the amino acid is
      preferably prepared by reacting a nitrile (H.sub.2 NCH.sub.2 CH.sub.2 CN)
      with an amount of aqueous sodium hydroxide solution effective for
      converting the nitrile to the sodium salt of the amino acid.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  If highly pure amino acid (.beta.-alanine) is desired, the recovered
      (product) amino acid can be dissolved in hot water and recrystallized
      therefrom by cooling to form a solid phase consisting essentially of the
      recrystallized amino acid and a liquid phase consisting essentially of a
      solution of the amino acid in water. The solid phase (amino acid) can be
      separated from the liquid phase and recovered. At least a portion (e.g.,
      up to about 80-99%, or 90-98%, or 100%) of the liquid phase from which the
      solid phase was separated can be admixed with the aqueous starting
      solution in a subsequent run.
PAR  Because of our disclosure it will be readily apparent to those skilled in
      the art that water can be evaporated from the aqueous solutions of the
      above Summary or Embodiment A at a reduced pressure (i.e., a pressure
      under 760 mm of mercury absolute) at normal atmospheric pressure, or at an
      elevated pressure (i.e., a pressure greater than 760 mm of mercury
      absolute). However, no particular advantage is gained by using reduced or
      elevated pressures and we generally prefer to operate at atmospheric
      pressure.
PAR  Because of our disclosure it will be readily understood by those skilled in
      the art that aqueous starting solutions containing considerably more than
      5% amino acid are preferred for use in the process of our invention
      because less water will have to be evaporated to cause the sodium chloride
      to precipitate where using starting solutions containing appreciably more
      than 5% amino acid. Starting solutions containing about 20% or more amino
      acid are generally preferred. Obviously, starting solutions containing
      less than 5% amino acid or 1% or less amino acid can be used, but large
      amounts of water must be evaporated where using such solutions.
PAR  Aqueous starting slurries in which sodium chloride is present as a solid
      phase can be used in place of aqueous starting solutions. Where using such
      slurries we generally prefer to heat the slurry to a temperature effective
      to prevent the precipitation of the amino acid and to dissolve any
      precipitated amino acid before separating the solid sodium chloride. If
      necessary, additional water can be added to dissolve any solid amino acid
      present in the starting slurry.
PAR  We prefer to prepare our amino acid (.beta.-alanine) from the corresponding
      nitrile according to the following sequence of reactions:
EQU  H.sub.2 NCH.sub.2 CH.sub.2 CN + H.sub.2 O + NaOH = H.sub.2 NCH.sub.2
      CH.sub.2 COONa + NH.sub.3
EQU  H.sub.2 NCH.sub.2 CH.sub.2 COONa + HCl = H.sub.2 NCH.sub.2 CH.sub.2 COOH +
      NaCl.
PAR  Where an excess of sodium hydroxide is added in the saponification step
      sufficient hydrochloric acid is added in the acidification step to
      neutralize such excess (free) sodium hydroxide according to the following
      equation:
EQU  NaOH + HCl = NaCl + H.sub.2 O.
PAR  The pH can be adjusted during (or after) the acidification step to a level
      (pH 4.5-8.5 or 5.5-6.5 or 6) preferred for separating the amino acid.
PAR  If too much hydrochloric acid is added during the acidification step or
      where adjusting the pH, the pH can be increased by neutralizing the excess
      acid with sodium hydroxide or with the sodium salt of the amino acid.
PAR  While it is preferred that the starting solution from which the amino acid
      (.beta.-alanine) is recovered contain at least 5% amino acid, this value
      (5%) is not critical, and excellent results can be obtained with solutions
      containing less than about 5% of the amino acid. Solutions containing
      substantially less than 5% of the amino acid can be concentrated by
      evaporating water therefrom to bring their amino acid content to about 5%.
PAR  Of course, if the solution were evaporated too far and the concentration of
      the amino acid became too high, the amino acid would precipitate out at an
      elevated temperature. However, by noting the solubility of the amino acid
      (.beta.-alanine) as a function of temperature, one skilled in the art can,
      because of this disclosure, readily avoid conditions under which the amino
      acid precipitates at elevated temperatures. For example, the solubility of
      .beta.-alanine in water is 45.8% at 35.degree.C and 54.9% at 80.degree.C.
PAR  .beta.-alanine separated by the process of this invention can, if desired,
      be washed, for example, with cool or cold water (e.g., water having the
      temperature of about 5.degree.-25.degree.C or up to about 30.degree.C) or,
      alternatively, with a solution of the amino acid (e.g., a saturated or
      nearly saturated aqueous solution of said amino acid).
DETD
PAR  The instant invention will be better understood by referring to the
      following specific but nonlimiting procedures which illustrate a preferred
      method for conducting the process of this invention. It is understood that
      said invention is not limited by these procedures which are offered merely
      as illustrations; it is also understood that modifications can be made
      without departing from the spirit and scope of the invention.
PAC  PROCEDURE 1
PAC  (Preparation of Aqueous .beta.-alanine-Sodium Chloride Solution)
PAR  50 moles of .beta.-aminopropionitrile (H.sub.2 NCH.sub.2 CH.sub.2 CN) is
      saponified at 50.degree.C with 51 moles of 20% sodium hydroxide solution.
      The product is boiled free of ammonia, bleached with hydrogen peroxide to
      remove undesired side-product color bodies, and diluted to 13.99 Kg. The
      resulting aqueous solution is acidified with 51 moles of 36% hydrochloric
      acid. The resulting solution which weighs 19.06 Kg and has a pH of 6 is an
      aqueous solution of .beta.-alanine (23.4%), sodium chloride (15.6%), and
      water. This solution is designated "Solution 1".
PAC  PROCEDURE 2
PAC  (Recovery of .beta.-alanine - First Cycle)
PAR  A 1,282 gram portion of Solution 1 is boiled to evaporate water therefrom.
      When 547 g of water has been evaporated the resulting slurry which is a
      slurry of solid crystalline sodium chloride in a first mother liquor
      consisting essentially of water, dissolved sodium chloride, and dissolved
      .beta.-alanine, is cooled to about 80.degree.C and centrifuged to separate
      the precipitated (solid phase crystalline) sodium chloride from the first
      mother liquor.
PAR  The separated first mother liquor is cooled to about 25.degree.C and
      stirred for about 2 hours to form a second slurry consisting essentially
      of precipitated crystalline .beta.-alanine and a second mother liquor
      consisting essentially of water, dissolved .beta.-alanine, and dissolved
      sodium chloride.
PAR  The second slurry is centrifuged at bout 25.degree.C to separate the
      precipitated crystalline .beta.-alanine from the second mother liquor.
PAR  The separated second mother liquor is designated "Solution 2".
PAC  PROCEDURE 3
PAC  (Recovery of .beta.-alanine - Second Cycle)
PAR  All of Solution 2 is admixed with a second 1,282 g portion of Solution 1 to
      form a resulting mixture which is boiled to evaporate water therefrom and
      to form a third slurry consisting essentially of precipitated crystalline
      sodium chloride and a third mother liquor consisting essentially of water,
      dissolved .beta.-alanine, and dissolved sodium chloride. After 632 g of
      water has been evaporated from the third slurry, said slurry is cooled to
      about 80.degree.C and centrifuged to separate the precipitated crystalline
      sodium chloride from the third mother liquor.
PAR  The separated third mother liquor is cooled to about 25.degree.C and gently
      agitated (stirred) at said temperature for about 2 hours. This results in
      a formation of a fourth slurry consisting essentially of precipitated
      crystalline .beta.-alanine and a fourth mother liquor consisting
      essentially of water, dissolved .beta.-alanine, and dissolved sodium
      chloride.
PAR  The fourth slurry is centrifuged at about 25.degree.C to separate the
      precipitated crystalline .beta.-analine from the fourth mother liquor.
PAR  The separated crystalline .beta.-alanine is recovered, dried and weighed.
      It weighs 167 g.
PAR  The separated fourth mother liquor is designated "Solution 3".
PAC  PROCEDURES 4 - 11
PAC  (Recovery of .beta.-alanine - 3rd - 10th Cycles)
PAR  The general method of Procedure 3 is repeated in 8 replications (e.g.,
      Cycles 3-10). However, in these runs, the method of Procedure 3 is
      modified by:
PAR  a. evaporating the quantities of water listed in Table 1 from the
      respective resulting mixtures to precipitate sodium chloride.
PAR  b. admixing separated fourth mother liquor from the second cycle and
      Solution 1 to prepare a resulting mixture for use in the third cycle.
PAR  In runs 5-11 (4th-10th cycles) the fourth mother liquor is as shown in
      Table 2.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Water Evaporated from the Resulting Mixture                               

     Procedure No.                                                             

                  Cycle No.   Water Evaporated, g                              

     ______________________________________                                    

     4            3           670                                              

     5            4           705                                              

     6            5           715                                              

     7            6           740                                              

     8            7           718                                              

     9            8           726                                              

     10           9           726                                              

     11           10          731                                              

     ______________________________________                                    

TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Fourth Mother Liquor Used in Procedures 4-11                              

     (Cycles 3-10)                                                             

     Procedure No.                                                             

              Cycle No.                                                        

                      Separated Fourth Mother Liquor                           

                      Mixed with Solution 1 to Prepare                         

                      Resulting Mixture                                        

     __________________________________________________________________________

     5        4      Fourth Mother Liquor from Procedure 4                     

     6        5      Fourth Mother Liquor from Procedure 5                     

     7        6      Fourth Mother Liquor from Procedure 6*                    

     8        7      Fourth Mother Liquor from Procedure 7*                    

     9        8      Fourth Mother Liquor from Procedure 8*                    

     10       9      Fourth Mother Liquor from Procedure 9*                    

     11       10     Fourth Mother Liquor from Procedure 10*                   

     __________________________________________________________________________

      *In each of Procedures 8, 9, 10, and 11 (Cycles 7, 8, 9, and 10) an amoun

      of separated fourth mother liquor from the previous procedure containing 

      about 24 g of .beta.-alanine is discarded before mixing such fourth      

      separated mother liquor with Solution 1 to prepare resulting mixture for 

      use in the next cycle (i.e., in Cycles 7, 8, 9, and 10, respectively).   

PAR  Table 3 shows the amount of .beta.-alanine and the amount of sodium
      chloride which is recovered in each of the above-described ten cycles
      (Procedures 2-11, Cycles 1-10).
TBL                TABLE 3                                                     

     ______________________________________                                    

     .beta.-alanine and Sodium Chloride Recovery                               

                           .beta.-alanine                                      

     Procedure No.                                                             

                Cycle No.  Recovery  NaCl Recovery                             

                           g         g                                         

     ______________________________________                                    

     2          1          112       129                                       

     3          2          167       158                                       

     4          3          212       159                                       

     5          4          268       161                                       

     6          5          266       201                                       

     7          6          289       182                                       

     8          7          272       206                                       

     9          8          279       185                                       

     10         9          273       190                                       

     11         10         280       180                                       

                Total      2,318*    1,751*                                    

     ______________________________________                                    

      *These totals do not include 97 g of .beta.-alanine and 36 g of NaCl     

      discarded in the discarded portions of separated fourth mother liquor fro

      Cycles 6, 7, 8, and 9 (which are discarded before preparing resulting    

      mixture for use in Cycles 7, 8, 9, and 10). Neither do they include 485 g

      of .beta.-alanine and 181 g of NaCl present in the separated fourth mothe

      liquor which is present at the end of Cycle 10. Such mother liquor (that 

      obtained from Run 11 (Cycle 10)) or a portion of it can be used to prepar

      a resulting mixture for use in an eleventh cycle.                        

PAR  As shown in Table 3, total .beta.-alanine recovered from Procedures 2
      through 10 (i.e., from Cycles 1-10, supra) 2,318 g corresponding to 80.6%
      of the .beta.-alanine charged and 1,751 g corresponding to 98.0% of the
      sodium chloride present are recovered. These values are exclusive of the
      485 g of .beta.-alanine and 181 g of NaCl present in the separated fourth
      mother liquor from Procedure 11 (10th cycle) and the 97 g of
      .beta.-alanine and 36 g of NaCl discarded in separated fourth mother
      liquor from Procedures 7, 8, 9, and 10 (Cycles 6, 7, 8, and 9). Including
      these amounts in a balance sheet shows that 100% of the .beta.-alanine
      charged in Cycles 1 through 10 and 98.0% of the NaCl charged in said
      cycles are accounted for.
PAR  The solid components (.beta.-alanine or sodium chloride, respectively) of
      the slurries formed in the process of our invention can be separated from
      the respective mother liquors by filtration, decantation, or
      centrifugation.
PAR  .beta.-alanine is an article of commerce. It is used as a starting material
      in the synthesis of pantothenic acid (a vitamin) and salts and other
      derivatives thereof.
PAR  As used herein the term "percent (%)" means parts per hundred and parts
      means parts by weight unless otherwise defined where used.
PAR  As used herein the term "mole" has its generally accepted meaning. A mole
      of a substance is that quantity which contains the same number of
      molecules of the substance as there are atoms in 12 grams of pure .sup.12
      C.
PAR  As used herein the term "g" means gram or grams and the term "Kg" means
      kilogram or kilograms. A kilogram is 1000 grams.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for recovering .beta.-alanine from an aqueous starting
      solution consisting essentially of water, .beta.-alanine, and sodium
      chloride, the aqueous starting solution having a temperature above
      0.degree.C, a pH of 4.5-8.5, and a mole ratio of .beta.-alanine to sodium
      chloride of 0.7-5:1, the process comprising:
PA1  a. forming a first slurry consisting essentially of a first lot of
      precipitated solid sodium chloride and a first mother liquor consisting
      essentially of water, dissolved .beta.-alanine, and dissolved sodium
      chloride by evaporating water from the aqueous starting solution;
PA1  b. separating the first mother liquor from the first lot of precipitated
      solid sodium chloride at a temperature effective for preventing the
      precipitation of solid .beta.-alanine;
PA1  c. forming a second slurry consisting essentially of a first lot of
      precipitated solid .beta.-alanine and a second mother liquor consisting
      essentially of water, dissolved .beta.-alanine, and dissolved sodium
      chloride by adjusting the temperature of the separated first mother liquor
      to a temperature effective for precipitating .beta.-alanine; and
PA1  d. separating the second mother liquor from the first lot of precipitated
      solid .beta.-alanine while maintaining the temperature of the second
      slurry within a temperature range effective for precipitating
      .beta.-alanine, and recovering the separated .beta.-alanine.
NUM  2.
PAR  2. The process of claim 1 in which the pH of the aqueous starting solution
      is 5.5-6.5.
NUM  3.
PAR  3. The process of claim 1 in which the mole ratio of .beta.-alanine to
      sodium chloride in the aqueous starting solution is 1-5:1.
NUM  4.
PAR  4. The process of claim 1 in which the aqueous starting solution contains
      34-43% .beta.-alanine.
NUM  5.
PAR  5. A process for recovering .beta.-alanine from an aqueous starting
      solution consisting essentially of water, .beta.-alanine, and sodium
      chloride, the aqueous starting solution having a temperature above
      0.degree.C, a pH of 4.5-8.5 and a mole ratio of .beta.-alanine to sodium
      chloride of 0.7-5:1, the process comprising:
PA1  a. forming a first slurry consisting essentially of a first lot of
      precipitated solid sodium chloride and a first mother liquor consisting
      essentially of water, dissolved .beta.-alanine, and dissolved sodium
      chloride by evaporating water from the aqueous starting solution;
PA1  b. separating the first mother liquor from the first lot of precipitated
      solid sodium chloride at a temperature effective for preventing the
      precipitation of solid .beta.-alanine;
PA1  c. forming a second slurry consisting essentially of a first lot of
      precipitated solid .beta.-alanine and a second mother liquor consisting
      essentially of water, dissolved .beta.-alanine, and dissolved sodium
      chloride by adjusting the temperature of the separated first mother liquor
      to a temperature effective for precipitating .beta.-alanine;
PA1  d. separating the second mother liquor from the first lot of precipitated
      solid .beta.-alanine while maintaining the temperature of the second
      slurry within a temperature range effective for precipitating
      .beta.-alanine;
PA1  e. forming a third slurry consisting essentially of a second lot of
      precipitated solid sodium chloride and a third mother liquor consisting
      essentially of water, dissolved .beta.-alanine and dissolved sodium
      chloride by admixing the separated second mother liquor with a second lot
      of the aqueous starting solution to form an aqueous system and evaporating
      water from the aqueous system;
PA1  f. separating the third mother liquor from the second lot of precipitated
      solid sodium chloride at a temperature effective for preventing the
      precipitation of solid .beta.-alanine;
PA1  g. forming a fourth slurry consisting essentially of a second lot of
      precipitated solid .beta.-alanine and a fourth mother liquor consisting
      essentially of water, dissolved .beta.-alanine, and dissolved sodium
      chloride by adjusting the temperature of the separated third mother liquor
      to a range effective for precipitating .beta.-alanine; and
PA1  h. separating the second lot of precipitated solid .beta.-alanine from the
      fourth mother liquor at a temperature effective for precipitating
      .beta.-alanine.
NUM  6.
PAR  6. The process of claim 5 in which the mole ratio of .beta.-alanine to
      sodium chloride in the aqueous starting solution is 1-5:1.
NUM  7.
PAR  7. The process of claim 5 in which the pH of the aqueous starting solution
      is 5.5-6.5.
NUM  8.
PAR  8. The process of claim 5 in which the aqueous starting solution is
      prepared by reacting a sodium salt of .beta.-alanine with an amount of
      hydrochloric acid effective to convert the salt to free .beta.-alanine and
      sodium chloride.
NUM  9.
PAR  9. The process of claim 8 in which the sodium salt of .beta.-alanine is
      prepared by reacting H.sub.2 NCH.sub.2 CH.sub.2 CN with an aqueous sodium
      hydroxide solution.
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ABST
PAL  The subject of the invention is a process for the manufacture of
      water-soluble condensation products of hydroxymethylphosphonium compounds
      and thiourea or biuret, characterised in that (a) one mol of a
      tetrakis-(hydroxymethyl)-phosphonium compound is condensed with (b) 0.02
      to 0.5 mol, preferably 0.1 to 0.3 mol, of optionally methylolated thiourea
      or biuret at 40.degree. to 120.degree.C, optionally in the presence of
      formaldehyde or a formaldehyde-releasing agent and optionally in the
      presence of an inert organic solvent, the condensation is optionally
      thereafter continued at temperatures of 100.degree. to 150.degree.C and,
      if appropriate, free hydroxyl groups are etherified at least partially
      with at least one alkanol with 1 to 4 carbon atoms and, if appropriate,
      the salts of the condensation products are converted into the
      corresponding hydroxides. In addition to the preferred molar ratio range
      of 1:0.1 to 0.3, the range of 0.2 to 0.5 is also advantageous.
PAL  The condensation products are used for flameproofing organic fibre
      material, especially textiles.
BSUM
PAR  The subject of the invention is a process for the manufacture of
      water-soluble condensation products of hydroxymethylphosphonium compounds
      and thiourea or biuret, characterised in that (a) one mol of a
      tetrakis-(hydroxymethyl)-phosphonium compound is condensed with (b) 0.02
      to 0.5 mol, preferably 0.1 to 0.3 mol, of optionally methylolated thiourea
      or biuret at 40.degree. to 120.degree.C, optionally in the presence of
      formaldehyde or a formaldehyde-releasing agent and optionally in the
      presence of an inert organic solvent, the condensation is optionally
      thereafter continued at temperatures of 100.degree. to 150.degree.C and,
      if appropriate, free hydroxyl groups are etherified at least partially
      with at least one alkanol with 1 to 4 carbon atoms and, if appropriate,
      the salts of the condensation products are converted into the
      corresponding hydroxides. In addition to the preferred molar ratio range
      of 1:0.1 to 0.3, the range of 0.2 to 0.5 is also advantageous.
PAR  The condensation is preferably carried out at 70.degree. to 110.degree.C in
      an inert organic solvent or solvent mixture. For this, aromatic
      hydrocarbons are above all suitable, such as, for example, toluene, o-, m-
      or p-xylene or a mixture thereof, or xylene-toluene, xylene-benzene or
      xylene-decahydronaphthalene mixtures. Preferably, the optional subsequent
      further condensation is carried out at 125.degree. to 140.degree.C or, in
      particular, at about 135.degree.C, that is to say the boiling point of the
      solvent or solvent mixture; in the particular case where thiourea is used
      as the component (b), it is desirable to carry out a further condensation
      at 125.degree. to 140.degree.C.
PAR  At the same time it is however also possible to carry out the condensation
      in the absence of an inert organic solvent, for example by using already
      prepared condensation products as the solvent or by carrying out the
      condensation in the melt.
PAR  An appropriate procedure is to heat the
      tetrakis-(hydroxymethyl)-phosphonium compound, which as a rule is in the
      form of an aqueous solution, together with the component (b), optionally
      in a solvent, to the boil and to distil off the water. Possible
      tetrakis-(hydroxymethyl)-phosphonium compounds are above all salts and the
      hydroxide.
PAR  Amongst the tetrakis-(hydroxymethyl)-phosphonium salts used, the halides,
      such as, for example, the bromide or especially the chloride, are
      preferred. Tetrakis-(hydroxymethyl)-phosphonium chloride is hereafter
      referred to as THPC.
PAR  Where the tetrakis-(hydroxymethyl)-phosphonium hydroxide (THPOH) is used as
      the starting product, it is appropriately manufactured beforehand from a
      corresponding salt, for example THPC, by neutralisation, in aqueous
      solution, with a base, for example sodium hydroxide, followed by
      dehydration.
PAR  Thiourea or biuret can be used as such or in the methylolated form. The
      non-methylolated products are preferred.
PAR  The formaldehyde which is optionally used conjointly is preferably in the
      form of an aqueous solution. Possible formaldehyde-releasing agents are
      above all paraformaldehyde.
PAR  The etherification, which is optionally to be carried out, of the
      condensation product which still contains free hydroxyl groups is effected
      with, for example, n-butanol, n-propanol, ethanol or especially methanol.
      Preferably, this is done in an acid medium.
PAR  The acid catalysts optionally used conjointly in the condensation are
      preferably acid salts (LEWIS acids) such as magnesium chloride, iron-II
      chloride, zinc nitrate or boron trifluoride/diethyl ether. The conjoint
      use of these catalysts is particularly advisable in the case of the
      condensation with THPOH.
PAR  After completion of condensation and, if appropriate, etherification, the
      salts of the condensation products can also be completely or partially
      converted into their corresponding hydroxides, which as a rule is achieved
      by adding strong bases, such as alkali metal hydroxides or alkaline earth
      metal hydroxides, for example sodium hydroxide, potassium hydroxide or
      calcium hydroxide, and also sodium carbonate. The amount of base is
      appropriately so chosen that the pH value of the reaction mixture is about
      5 to 8. This conversion is appropriately effected in the application bath.
PAR  At times, the end products have an unpleasant odour caused by volatile low
      molecular trivalent phosphorus compounds, for example phosphines, such as
      trihydroxymethylphosphine. This odour can be eliminated by an oxidative
      after-treatment of the condensation product, for example by passing air or
      oxygen into the reaction mixture or by adding oxidising agents, such as
      hydrogen peroxide or potassium persulphate.
PAR  The condensation products are used for flameproofing organic fibre
      material, especially textiles. An appropriate procedure for this is to
      treat these materials with an aqueous preparation which contains at least
      (1) a condensation product of the indicated nature and (2) a
      polyfunctional compound which differs from the condensation products
      according to (1), and to dry the materials treated in this way and finish
      them by the wet batch process, especially the moist batch process or
      ammonia process, or preferably by the thermofixing process.
PAR  The component (2) preferably consists of polyfunctional epoxides or above
      all of polyfunctional nitrogen compounds. Possible epoxides are above all
      epoxides which are liquid at room temperature and have at least two
      epoxide groups which are preferably derived from polyhydric phenols.
      Polyfunctional nitrogen compounds are, for example, polyalkylenepolyamines
      or, in particular, aminoplast-forming agents or aminoplast precondensates.
      The latter are preferred.
PAR  By aminoplast-forming agents there are understood nitrogen compounds which
      can be methylolated, and by aminoplast precondensates there are understood
      addition products of formaldehyde to nitrogen compounds which can be
      methylolated. As aminoplast-forming agents or nitrogen compounds which can
      be methylolated, there may be mentioned: 1,3,5-aminotriazines such as
      N-substituted melamines, for example N-butylmelamine,
      N-trihalogenomethylmelamines, triazones, and also ammeline, guanamines,
      for example benzoguanamines or acetoguanamines, or also diguanamines.
PAR  Further possibilities are: cyanamide, acrylamide, alkylureas or arylureas
      and alkylthioureas or arylthioureas, alkyleneureas or alkylenediureas, for
      example urea, thiourea, urones, ethyleneurea, propyleneurea,
      acetylenediurea or especially 4,5-dihydroxyimidazolidone-2 and derivatives
      thereof, for example 4,5-dihydroxyimidazolidone-2 substituted in the
      4-position, at the hydroxyl group, by the --CH.sub.2 CH.sub.2
      CO--NH--CH.sub.2 OH radical. The methylol compounds of a urea, of an
      ethyleneurea or of melamine are preferentially used. Valuable products are
      provided in general by products which are as highly methylolated as
      possible, but in particular also by products with low methylolation.
      Suitable aminoplast precondensates are both predominantly monomolecular
      aminoplasts and also more highly precondensed aminoplasts.
PAR  The ethers of these aminoplast precondensates can also be used together
      with the reaction products. For example, the ethers of alkanols such as
      methanol, ethanol, n-propanol, isopropanol, n-butanol or pentanols, are of
      advantage. It is however desirable that these aminoplast precondensates
      should be water-soluble, such as, for example, the
      pentamethylol-melamine-dimethyl-ether.
PAR  The organic fibre materials to be provided with a flameproof finish are,
      for example, wood, paper, furs, hides or, preferably, textiles. In
      particular, fibre materials of polyamides, cellulose, cellulose-polyester
      or polyester are flameproofed, with fabrics of wool or polyester or above
      all mixed fabrics of polyester and cellulose, wherein the ratio of the
      polyester constituent to the cellulose constituent is 1:4 to 2:1, being
      preferred. Thus, for example, so-called 20/80, 26/74, 50/50 or 67/33
      polyester-cellulose mixed fabrics can be used.
PAR  The cellulose or the cellulose constituent of the fibre material
      originates, for example, from linen, cotton, rayon or staple viscose. In
      addition to polyester-cellulose fibre mixtures it is also possible to use
      fibre mixtures of cellulose with natural or synthetic polyamides. Above
      all, fibre materials of wool can also be flameproofed well with the
      polycondensation products.
PAR  The aqueous preparations for flameproofing the organic fibre materials as a
      rule contain 200 to 800 g/l, preferably 350 to 600 g/l, of the component
      (1) and 20 to 200 g/l, preferably 40 to 120 g/l, of the component (2). The
      preparations in most cases have an acid to neutral or weakly alkaline pH
      value.
PAR  The preparations for flameproofing can optionally contain vet further
      additives. To achieve a greater deposit of material on fabrics it is
      advantageous, for example, to add 0.1 to 0.5%o of a high molecular
      polyethylene glycol. Further, the customary plasticisers, for example an
      aqueous polyethylene emulsion or silicone oil emulsion, can be added to
      the preparations.
PAR  To improve the mechanical strengths of the fibres, suitable copolymers can
      also be added to the preparations, for example copolymers of
      N-methylolacrylamide or cationic copolymers. For example, aqueous
      emulsions of copolymers of (a) 0.25 to 10% of an alkaline earth metal salt
      of an .alpha.,.beta.-ethylenically unsaturated monocarboxylic acid, (b)
      0.25 to 30% of a N-methylolamide or N-methylolamide-ether of an
      .alpha.,.beta.-ethylenically unsaturated monocarboxylic or dicarboxylic
      acid and (c) 99.5 to 60% of at least one other copolymerisable compound
      are advantageous in this context. These copolymers and their manufacture
      are known. The tenacity and abrasion resistance of the treated fibre
      material can be favourably influenced by the conjoint use of such a
      copolymer.
PAR  If a polymer of the indicated type is further added to the preparation, the
      amounts are advantageously small, for example 1 to 10%, relative to the
      amount of the condensation product. The same is true of any plasticiser,
      where the appropriate amounts can again be 1 to 10%.
PAR  It is also possible, though in most cases not necessary, to add curing
      catalysts such as, for example, ammonium chloride, ammonium dihydrogen
      orthophosphate, phosphoric acid, magnesium chloride or zinc nitrate. The
      pH value of the preparations is as a rule 2 to 7.5, preferably 4 to 7, and
      is adjusted in the usual manner by adding bases or acids.
PAR  It can also be advantageous to add buffer substances, for example sodium
      carbonate, disodium phosphate and trisodium phosphate and triethanolamine.
PAR  To improve the durability of the flameproof finishes and to achieve a soft
      handle, it can be advantageous to add to the aqueous preparations
      halogenated paraffins in combination with a polyvinyl halide compound.
PAR  The preparations are now applied to the fibre materials, and this can be
      done in a manner which is in itself known. Preferably, piece goods are
      used and impregnated on a padder which is charged with the preparation at
      room temperature.
PAR  In the preferred thermofixing process, the fibre material impregnated in
      this way must now be dried and subjected to a heat treatment. It is
      appropriately dried at temperatures of up to 100.degree.C. Thereafter the
      material is subjected to a heat treatment at temperatures above
      100.degree.C, for example 100.degree. to 200.degree.C, preferably
      120.degree. to 180.degree.C, the duration of which can be the shorter, the
      higher is the temperature. This duration of heating, is, for example, 30
      seconds to 10 minutes.
PAR  If the moist fixing process is used, the fabric is first dried to a
      residual moisture content of about 5 to 20% and then batched for 12 to 48
      hours at about 40.degree. to 60.degree.C, rinsed, washed and dried. In the
      wet fixing process, a similar procedure is followed except that the
      completely wet fibre material is batched. In the ammonia fixing process,
      the treated fibre material is first, in the moist state, gassed with
      ammonia and is subsequently dried.
PAR  A rinse with an acid-binding agent, preferably with aqueous sodium
      carbonate solution, can be desirable in the case of a strongly acid
      reaction medium.
DETD
PAR  The percentages and parts in the examples which follow are parts by weight
      or percentages by weight. The relationship of parts by volume to parts by
      weight is as of ml to g.
PAC  EXAMPLE 1
PAR  244 parts of a 78% strength aqueous THPC solution (1 mol of THPC), 19 parts
      of thiourea (0.25 mol) and 200 parts of a xylene isomer mixture are heated
      to the boil, with rapid stirring, in a stirred vessel of 500 parts by
      volume capacity which is equipped with a water separator and thermometer.
      At a boiling point of 105.degree.C, the azeotropic removal of the water
      from the aqueous THPC solution starts. After removal of this water (53.3
      parts) the boiling point of the xylene is 130.degree.C. A further 26 parts
      of water are now removed azeotropically by additional treatment at
      130.degree.C, after which the condensation product forms a very highly
      viscous mass. The product is cooled to 90.degree.C and dissolved by adding
      200 parts of water, and the xylene is largely syphoned off. The aqueous
      solution is completely evaporated in vacuo at 70.degree.C. 160 parts of a
      very highly viscous yellowish condensation product are obtained and this
      is diluted to 80% active substance content with water to facilitate
      handling.
PAR  The infrared spectrum of this product shows the following bands:
TBL  Broad     band at approx.                                                 

                           3,240   cm.sup..sup.-1                              

                                        strong                                 

     Broad shoulder                                                            

               "           2,980   "    weak                                   

     Broad shoulder                                                            

               "           2,905   "    weak                                   

     Broad shoulder                                                            

               "           2,850   "    weak                                   

     Broad shoulder                                                            

               "           2,670   "    weak                                   

     Broad shoulder                                                            

               "           2,480   "    weak                                   

     Broad shoulder                                                            

               "           2,360   "    weak                                   

     Broad shoulder                                                            

               "           2,080   "    weak                                   

     Broad shoulder                                                            

               "           1,705   "    medium                                 

     Broad     "           1,635   "    medium                                 

     Broad     "           1,540   "    weak                                   

     Broad shoulder                                                            

               "           1,455   "    weak                                   

     Broad     "           1,405   "    weak-medium                            

     Sharp     "           1,300   "    weak-medium                            

     Broad     "           1,150   "    medium                                 

     Borad shoulder                                                            

               "           1,100   "    weak                                   

     Sharp     "           1,045   "    medium-strong                          

     Sharp shoulder                                                            

               "           915     "    medium                                 

     Broad shoulder                                                            

               "           890     "    weak                                   

     Broad shoulder                                                            

               "           760     "    weak                                   

PAC  EXAMPLE 2
PAR  244 parts of a 78% strength aqueous solution of THPC (1 mol) and 51.5 parts
      (0.5 mol) of biuret are treated for 2 hours at 100.degree.C internal
      temperature in a stirred vessel of 500 parts by volume capacity which is
      equipped with a thermometer and reflux condenser. Thereafter the mixture
      is cooled to room temperature and 291 parts of a yellow product of low
      viscosity are obtained. The active substance content is 76%.
PAR  The infrared spectrum of this product shows the following bands:
TBL  Broad     band at approx.                                                 

                           3,240   cm.sup..sup.-1                              

                                        strong                                 

     Broad shoulder                                                            

               "           2,980   "    weak                                   

     Broad shoulder                                                            

               "           2,920   "    weak                                   

     Broad shoulder                                                            

               "           2,860   "    weak-medium                            

     Broad shoulder                                                            

               "           2,650   "    weak-medium                            

     Broad shoulder                                                            

               "           2,480   "    weak                                   

     Broad shoulder                                                            

               "           2,370   "    weak                                   

     Broad     "           2,080   "    weak                                   

     Sharp shoulder                                                            

               "           1,740   "    medium                                 

     Broad     "           1,680   "    medium-strong                          

     Broad     "           1,515   "    medium                                 

     Broad     "           1,400   "    weak-medium                            

     Broad shoulder                                                            

               "           1,285   "    weak-medium                            

     Broad     "           1,230   "    medium                                 

     Broad shoulder                                                            

               "           1,105   "    weak                                   

     Sharp     "           1,040   "    medium-strong                          

     Broad shoulder                                                            

               "           985     "    weak                                   

     Sharp shoulder                                                            

               "           910     "    medium                                 

     Broad shoulder                                                            

               "           885     "    weak                                   

     Sharp     "           760     "    weak                                   

PAC  EXAMPLE 3
PAR  244 parts (1 mol) of a 78% strength aqueous THPC solution are cooled to
      10.degree.C in a stirred vessel of 500 parts by volume capacity, which is
      equipped with a reflux condenser and thermometer, and are neutralised to
      pH 7.2 with 55.5 parts of a 30% strength aqueous sodium hydroxide solution
      whilst stirring rapidly and cooling with ice. Thereafter 51.5 parts of
      biuret (0.5 mol) are added and condensation is carried out for 2 hours at
      100.degree. - 110.degree.C. After cooling, 341.5 parts of a clear,
      colourless solution of low viscosity are obtained, of which the analysis
      shows a phosphorus content of 9.1%. The infrared spectrum of this product
      shows the following bands:
TBL  Broad     band at approx.                                                 

                           3.300   cm.sup..sup.-1                              

                                        strong                                 

     Broad shoulder                                                            

               "           3.000   "    weak                                   

     Broad shoulder                                                            

               "           2,925   "    weak                                   

     Broad shoulder                                                            

               "           2,860   "    weak-medium                            

     Broad shoulder                                                            

               "           2,670   "    weak-medium                            

     Broad shoulder                                                            

               "           2,480   "    weak                                   

     Broad shoulder                                                            

               "           2,360   "    weak                                   

     Broad     "           2,080   "    weak                                   

     Sharp shoulder                                                            

               "           1,725   "    medium-strong                          

     Broad     "           1,680   "    medium-strong                          

     Broad     "           1,525   "    medium                                 

     Broad     "           1,410   "    weak-medium                            

     Broad shoulder                                                            

               "           1,300   "    weak-medium                            

     Broad     "           1,235   "    medium                                 

     Broad shoulder                                                            

               "           1,165   "    weak                                   

     Sharp     "           1,045   "    medium-weak                            

     Broad     "           895     "    medium                                 

     Broad shoulder                                                            

               "           760     "    weak                                   

PAC  EXAMPLE 4
PAR  244 parts (1 mol) of a 78% strength aqueous THPC solution are cooled to
      10.degree.C in a stirred vessel of 500 parts by volume capacity which is
      equipped with a reflux condenser and thermometer, and are neutralised to
      pH 7.2 with 67.5 parts of a 30% strength sodium hydroxide solution whilst
      stirring rapidly and cooling with ice. Thereafter 19 parts (0.25 mol) of
      thiourea are added and condensation is carried out for 30 minutes at
      100.degree. - 110.degree.C. After cooling, 330 parts of a colourless,
      clear solution of low viscosity are obtained, the analysis of which shows
      a phosphorus content of 9.4%. The infrared spectrum of this product shows
      the following bands:
TBL  Broad     band at approx.                                                 

                           3.260   cm.sup..sup.-1                              

                                        strong                                 

     Broad shoulder                                                            

               "           2,970   "    weak                                   

     Sharp     "           2,910   "    weak                                   

     Broad shoulder                                                            

               "           2,850   "    medium                                 

     Broad shoulder                                                            

               "           2,650   "    weak-medium                            

     Broad shoulder                                                            

               "           2,470   "    weak                                   

     Broad shoulder                                                            

               "           2,350   "    weak                                   

     Broad     "           2,070   "    weak                                   

     Broad     "           1,625   "    medium                                 

     Broad     "           1,535   "    medium                                 

     Broad     "           1,415   "    medium                                 

     Broad shoulder                                                            

               "           1,365   "    weak                                   

     Broad     "           1,295   "    weak                                   

     Broad     "           1,190   "    weak-medium                            

     Broad shoulder                                                            

               "           1,100   "    weak                                   

     Sharp     "           1,040   "    medium-strong                          

     Broad shoulder                                                            

               "           1,015   "    medium-strong                          

     Broad shoulder                                                            

               "           920     "    medium                                 

     Broad shoulder                                                            

               "           880     "    weak-medium                            

     Broad shoulder                                                            

               "           805     weak                                        

PAC  EXAMPLE 5
PAR  244 parts (1 mol) of a 78% strength aqueous solution of THPC, 19 parts
      (0.25 mol) of thiourea and 21.2 parts (0.25 mol) of a 35.4% strength
      aqueous formaldehyde solution are condensed for 2 hours at 100.degree. -
      105.degree.C in a stirred vessel of 500 parts by volume capacity which is
      equipped with a reflux condenser and thermometer. After cooling, 276 parts
      of a colourless aqueous solution of the condensation product are obtained,
      the analysis of which shows a phosphorus content of 11.2%. The infrared
      spectrum of this product shows the following bands:
TBL  Broad     band at approx.                                                 

                           3.260   cm.sup..sup.-1                              

                                        strong                                 

     Broad shoulder                                                            

               "           2,980   "    weak                                   

     Sharp     "           2,920   "    weak                                   

     Broad shoulder                                                            

               "           2,850   "    weak-medium                            

     Broad shoulder                                                            

               "           2,650   "    weak-medium                            

     Broad shoulder                                                            

               "           2,470   "    weak                                   

     Broad shoulder                                                            

               "           2.350   "    weak                                   

     Broad     "           2,070   "    weak                                   

     Broad     "           1,635   "    medium                                 

     Broad     "           1,540   "    medium                                 

     Broad     "           1,420   "    medium                                 

     Broad shoulder                                                            

               "           1,360   "    weak                                   

     Broad shoulder                                                            

               "           1,300   "    weak                                   

     Broad shoulder                                                            

               "           1,275   "    weak                                   

     Broad     "           1,205   "    weak                                   

     Broad shoulder                                                            

               "           1,110   "    weak                                   

     Sharp     "           1,045   "    strong                                 

     Broad shoulder                                                            

               "           920     "    medium                                 

     Broad shoulder                                                            

               "           880     "    weak                                   

     Broad shoulder                                                            

               "           810     "    weak                                   

PAC  EXAMPLE 6
PAR  244 parts (1 mol) of a 78% strength aqueous THPC solution and 90.5 parts
      (0.25 mol) of a 45% strength aqueous solution of the dimethylol compound
      of biuret are condensed for 2 hours at 100.degree. - 105.degree.C in a
      stirred vessel of 500 parts by volume capacity which is equipped with a
      reflux condenser and thermometer. After cooling, a yellowish solution, of
      low viscosity, of the condensation product is obtained, the analysis of
      which shows a phosphorus content of 9.65%. The infrared spectrum of this
      product shows the following bands:
TBL  Broad     band at approx.                                                 

                           3,240   cm.sup..sup.-1                              

                                        strong                                 

     Broad shoulder                                                            

               "           2,970   "    weak                                   

     Sharp     "           2,910   "    weak                                   

     Broad shoulder                                                            

               "           2,850   "    medium                                 

     Broad shoulder                                                            

               "           2,630   "    weak-medium                            

     Broad shoulder                                                            

               "           2,470   "    weak                                   

     Broad shoulder                                                            

               "           2,350   "    weak                                   

     Broad     "           2,070   "    weak                                   

     Braod     "           1,680   "    strong                                 

     Broad shoulder                                                            

               "           1,645   "    weak-medium                            

     Broad     "           1,520   "    medium                                 

     Broad     "           1,410   "    medium                                 

     Broad shoulder                                                            

               "           1,295   "    weak-medium                            

     Broad     "           1,230   "    medium                                 

     Sharp     "           1,110   "    weak                                   

     Broad     "           1,040   "    medium-strong                          

     Broad shoulder                                                            

               "           910     "    medium                                 

     Broad shoulder                                                            

               "           880     "    weak-medium                            

     Broad shoulder                                                            

               "           815     "    weak                                   

     Broad shoulder                                                            

               "           765     "    weak                                   

PAC  EXAMPLE 7
PAR  244 parts (1 mol) of a 78% strength aqueous solution of THPC and 26.5 parts
      (0.25 mol) of the monomethylol compound of thiourea are condensed for 2
      hours at 100.degree. - 105.degree.C in a stirred vessel of 500 parts by
      volume capacity which is equipped with a reflux condenser and thermometer.
      After cooling, 267 parts of a colourless mobile solution of the
      condensation product are obtained, the analysis of which shows a
      phosphorus content of 11.6%. The infrared spectrum of this product shows
      the following bands:
TBL  Broad     band at approx.                                                 

                           3,240   cm.sup..sup.-1                              

                                        strong                                 

     Broad shoulder                                                            

               "           2,970   "    weak                                   

     Sharp     "           2,910   "    weak                                   

     Broad shoulder                                                            

               "           2,850   "    medium                                 

     Broad shoulder                                                            

               "           2,630   "    medium                                 

     Broad shoulder                                                            

               "           2,470   "    weak                                   

     Broad shoulder                                                            

               "           2,350   "    weak                                   

     Broad     "           2,070   "    weak                                   

     Broad     "           1,630   "    medium-strong                          

     Broad     "           1,535   "    medium                                 

     Broad     "           1,410   "    medium                                 

     Broad shoulder                                                            

               "           1,350   "    weak                                   

     Broad shoulder                                                            

               "           1,290   "    weak                                   

     Broad shoulder                                                            

               "           1,275   "    weak                                   

     Broad     "           1,195   "    weak                                   

     Broad     "           1,105   "    weak                                   

     Broad     "           1,040   "    medium-strong                          

     Broad shoulder                                                            

               "           910     "    medium                                 

     Broad shoulder                                                            

               "           880     "    weak                                   

     Broad shoulder                                                            

               "           810     "    weak                                   

PAC  EXAMPLE 8
PAR  190.5 parts (1 mol) of anhydrous crystalline THPC and 1.52 parts (0.02 mol)
      of thiourea are condensed in the melt for 2 hours at 100.degree. -
      105.degree.C in a stirred vessel of 500 parts by volume capacity which is
      equipped with a reflux condenser and thermometer. Thereafter the mixture
      is cooled to 50.degree.C, 80 parts of methanol and 0.1 part of aqueous 37%
      strength hydrochloric acid are added and the mixture is etherified for 30
      minutes at 65.degree.C (reflux temperature). The excess methanol is
      subsequently removed in vacuo at 50.degree.C. 186.5 parts of a highly
      viscous reddish-coloured condensation product are obtained, the analysis
      of which shows a phosphorus content of 16.6%. The infrared spectrum of the
      product shows the following bands:
TBL  Broad     band at approx.                                                 

                           3,240   cm.sup..sup.-1                              

                                        strong                                 

     Broad shoulder                                                            

               "           2,970   "    weak                                   

     Sharp     "           2,920   "    weak                                   

     Broad shoulder                                                            

               "           2,850   "    medium                                 

     Broad shoulder                                                            

               "           2,640   "    weak-medium                            

     Broad shoulder                                                            

               "           2,470   "    weak                                   

     Broad shoulder                                                            

               "           2,350   "    weak                                   

     Broad     "           2,070   "    weak                                   

     Broad     "           1,630   "    medium-strong                          

     Broad     "           1,520   "    weak                                   

     Broad     "           1,415   "    medium                                 

     Broad     "           1,295   "    weak                                   

     Broad     "           1,190   "    weak                                   

     Broad shoulder                                                            

               "           1,110   "    weak                                   

     Sharp     "           1,040   "    medium-strong                          

     Broad shoulder                                                            

               "           915     "    medium                                 

     Broad shoulder                                                            

               "           880     "    weak                                   

     Broad shoulder                                                            

               "           810     "    weak                                   

PAC  EXAMPLE 9
PAR  Mixed fabrics of polyester-cotton (PES/CO), 50:50 and 67:33, are padded
      with the liquors according to Table 1 below, dried for 30 minutes at about
      80.degree.C and subsequently cured for 5 minutes at 150.degree.C
      (thermofixing process).
PAR  The fabrics are then washed for 5 minutes at 60.degree.C in a liquor which
      per litre contains 5 ml of hydrogen peroxide (35% strength), 3 g of
      aqueous sodium hydroxide solution (30% strength) and 1 g of a 25% strength
      aqueous solution of a condensation product of 1 mol of p-tert.-nonylphenol
      and 9 mols of ethylene oxide. Thereafter the fabrics are rinsed and dried.
      The degree of fixing indicates the amount of product present on the fibre
      material after rinsing (relative to the amount originally absorbed).
PAR  The fabrics are then washed up to 40 times for 45 minutes at 60.degree.C in
      a domestic washing machine, in a liquor which contains 4 g/l of a domestic
      detergent (SNV 198.861 wash). The individual fabric samples are then
      tested for their flameproof character (DIN 53,906 vertical test; ignition
      time 6 seconds). Untreated fabrics burn away.
PAR  The results are also summarised in Table 1 below.
TBL                                    Table 1                                 

     __________________________________________________________________________

                          Treated with liquor                                  

                          (thermofixing process)                               

                          A    B    C                                          

     Constituents g/l     50:50                                                

                               67:33                                           

                                    67:33                                      

     __________________________________________________________________________

     Product according to Example 1                                            

                          455  455  --                                         

     Product according to Example 2                                            

                          --   --   725                                        

     Dimethylolmelamine   96.5 96.5 96.5                                       

     pH value of the liquor                                                    

                          5.5  5.5  5.5                                        

      (adjusted with NaOH)                                                     

     Liquor uptake, %     75   75   70                                         

     Phosphorus content per kg of fabric, g                                    

                          52   52   56                                         

     Degree of fixing, %  77   83   66                                         

     Flameproof character                                                      

     After rinsing                                                             

      Smouldering time (seconds)                                               

                          0    0    0                                          

      Tear length    (cm) 10   11.5 12.5                                       

     After 20 washes   (60.degree.C)                                           

      Smouldering time (seconds)                                               

                          0    0    0                                          

      Tear length   (cm)  10   9.5  11.5                                       

     After 40 washes   (60.degree.C)                                           

      Smouldering time (seconds)                                               

                          0    0    0                                          

      Tear length   (cm)  8.5  10   12                                         

     __________________________________________________________________________

PAC  EXAMPLE 10
PAR  A polyester (PES) fabric is padded with the liquor of Table 2 below, dried
      for 30 minutes at about 80.degree.C and subsequently cured for 5 minutes
      at 150.degree.C (thermofixing process).
PAR  The polyester fabric is then washed for 5 minutes at 40.degree.C in a
      liquor which per litre contains 4 g of sodium carbonate and 1 g of a 25%
      strength aqueous solution of a condensation product of 1 mol of
      p-tert.-nonylphenol and 9 mols of ethylene oxide. Thereafter the fabric is
      rinsed and dried.
PAR  The degree of fixing indicates the amount of the flameproofing agent after
      rinsing, in per cent of the original amount taken up.
PAR  The fabric is then tested for its flameproof character.
PAR  The results are also summarised in Table 2 below.
TBL                Table 2                                                     

     ______________________________________                                    

                                  Treated                                      

     Constituents g/l   Untreated with liquor                                  

     ______________________________________                                    

     Product according to Example 2                                            

                                  765                                          

     Dimethylolmelamine           120                                          

     pH value of the liquor                                                    

      (adjusted with NaOH)        5.5                                          

     g/l of phosphorus            84                                           

     Liquor uptake, %             70                                           

     Degree of fixing, %          77                                           

     Flameproof character                                                      

     After condensing   burns                                                  

      Smouldering time (seconds)                                               

                        .vertline.                                             

                                  5                                            

      Tear length   (cm)                                                       

                        .vertline.                                             

                                  12.5                                         

     After rinsing      .vertline.                                             

      Smouldering time (seconds)                                               

                        .vertline.                                             

                                  4                                            

      Tear length   (cm)                                                       

                        burns     13                                           

PAC  EXAMPLE 11
PAR  Mixed fabrics of polyester-cotton (PES/CO), 50:50 and 67:33, cotton serge
      (CO) and wool gaberdine (W) are padded with the liquors according to Table
      3 below, dried for 30 minutes at about 80.degree.C and subsequently cured
      for 5 minutes at 150.degree.C (thermofixing process).
PAR  The polyester-cotton (PES/CO) mixed fabrics are then washed for 5 minutes
      at 60.degree.C in a liquor which per liter contains 5 ml of hydrogen
      peroxide (35%), 3 g of aqueous sodium hydroxide solution (30%) and 1 g of
      a 35% strength aqueous solution of a condensation product of 1 mol of
      p-tert.-nonylphenol and 5 moles of ethylene oxide. Thereafter the fabric
      is rinsed and dried.
PAR  The cotton fabric (CO) is washed for 5 minutes at 95.degree.C and the wool
      fabric (W) is washed for 5 minutes at 40.degree.C, in a liquor which per
      liter contains 4 g of sodium carbonate and 1 g of a 25% strength solution
      of a condensation product of 1 mol of p-tert.-nonylphenol and 9 mols of
      ethylene oxide. Thereafter the fabric is rinsed and dried.
PAR  In addition to the thermofixing process (T) just described, the fabrics are
      in part also finished by the ammonia fixing process (A) or by the moist
      batch process (M).
PAR  Tn the case of the ammonia fixing process (A), the padded polyester-cotton
      mixed fabric (PES/CO), 50:50 and 67:33, is dried at 80.degree.C (not
      completely), treated for 10 minutes with ammonia gas, and then treated for
      10 minutes with a liquor which contains 300 ml of a 24% strength aqueous
      ammonia solution per liter. Thereafter the fabric is washed for 10 minutes
      at 40.degree.C in a liquor which per liter contains 6 ml of hydrogen
      peroxide (35% strength) and 5 g of soap. It is then rinsed and dried.
PAR  In the case of the moist batch process (M) the padded polyester-cotton
      mixed fabric (PES/CO), 50:50 and 67:33, is dried to 10% residual moisture,
      packed in a plastic film, batched for 24 hours at 50.degree.C and then
      rinsed. Thereafter the fabric is washed for 5 minutes at 40.degree.C in a
      liquor which per liter contains 4 g of sodium carbonate and 1 g of a 25 %
      strength aqueous solution of a condensation product of 1 mol of
      p-tert.-nonylphenol and 5 mols of ethylene oxide. Thereafter the fabric is
      rinsed and dried.
PAR  The degree of fixing indicates the amount of product present on the fibre
      material after rinsing (relative to the amount originally taken up).
PAR  The fabrics treated in accordance with the 3 processes described above are
      then washed up to 20 times for 45 minutes at 40.degree.C(W), 60.degree.C
      (PES/CO) or 95.degree.C (CO) in a domestic washing machine, in a liquor
      which contains 4 g/l of a domestic detergent (SNV 198,861 wash). The
      individual fabric samples are then tested for their flameproof character
      (DIN 53,906 vertical test, ignition time 6 seconds). Untreated fabrics
      burn away.
PAR  The results are also summarised in Table 3 below.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Fabric    PES/CO                                                          

                    PES/CO                                                     

                         PES/CO                                                

                              PES/CO                                           

                                   PES/CO    PES/CO                            

                                                  PES/CO                       

               50:50                                                           

                    67:33                                                      

                         50:50                                                 

                              50:50                                            

                                   67:33     50:50                             

                                                  50:50                        

                                                       67:33                   

                                                            W   CO             

     Process   T    T    T    T    T         M    T    T    T   T              

     __________________________________________________________________________

     Constituents                                                              

      in g/l                                                                   

     Product according                                                         

               895  895                                                        

      to Example 3                                                             

     Product according   865                                                   

      to Example 4                                                             

     Product according        730  730  730                                    

      to Example 5                                                             

     Product according                       845  845  695  455                

      to Example 6                                                             

     Product according                                                         

      to Example 7                                                             

     Product according                                                         

      to Example 8                                                             

     Di-trimethylol-                                                           

               103  103  103  103  103  103  103  103   84.5                   

                                                            120                

      melamine                                                                 

     Trimethylolmela-                                                          

      mine-dimethyl-                                                           

      ether                                                                    

      (75% strength)                                                           

     Constituents                                                              

     in g/l                                                                    

     Condensation pro-                                                         

     duct of 1 mol of                                                          

     p-tert.-nonylphe-                                 2                       

     nol and 9 mols of                                                         

     ethylene oxide                                                            

     Silicone oil                                                              

     emulsion                  35   35   35   35   35   35   35                

     (40% strength)                                                            

     pH value of the                                                           

     liquor (adjusted                                                          

                7*   7*  4.5  4.5  4.5   4.5 4.5  4.5  4.5  4.5                

     with NaOM)                                                                

     Phosphorus con-                                                           

     tent per kg of                                                            

                57   57   57   57   57   57   57   57   67   35                

     fabric                                                                    

     Degree of                                                                 

     fixing, %  81   83   74   81   81  --    80   83   23   52                

     Flameproof                                                                

     character                                                                 

     After rinsing                                                             

     Smouldering time                                                          

               0    0    0    0    0    0    0    0    2    0                  

     (seconds)                                                                 

     Tear length (cm)                                                          

               8.5   11  9.5  9.5   13   12  9    9    7.5  8.5                

     After 20 washes                                                           

     Smouldering time                                                          

               0    0    0    0    0    0    0    0     12  0                  

     (seconds)                                                                 

     Tear length (cm)                                                          

               8    8    7     12  8    7    9.5   10   12  8.5                

     __________________________________________________________________________

                       Fabric     PES/CO                                       

                                       PES/CO                                  

                                            PES/CO                             

                                                 PES/CO                        

                                                      PES/CO                   

                                                           PES/CO              

                                  50:50                                        

                                       67:33                                   

                                            50:50                              

                                                 67:33                         

                                                      50:50                    

                                                           50:50               

                       Process    T    T    T    T    T    A                   

     __________________________________________________________________________

                       Constituents                                            

                        in g/l                                                 

                       Product according                                       

                        to Example 3                                           

                       Product according                                       

                        to Example 4                                           

                       Product according                                       

                        to Example 5                                           

                       Product according                                       

                        to Example 6                                           

                       Product according                                       

                                  705  705  705  705                           

                        to Example 7                                           

                       Product according              490  490                 

                        to Example 8                                           

                       Di-trimethylol-                                         

                                  103  103  103  103                           

                        melamine                                               

                       Trimethylolmela-               153  153                 

                        mine-dimethyl-                                         

                        ether                                                  

                        (75% strength)                                         

                       Constituents                                            

                       in g/l                                                  

                       Condensation pro-                                       

                       duct of 1 mol of                                        

                       p-tert.-nonylphe-                                       

                       nol and 9 mols of                                       

                       ethylene oxide                                          

                       Silicone oil                                            

                       emulsion    35   35   35   35   35   35                 

                       (40% strength)                                          

                       pH value of the                                         

                       liquor (adjusted                                        

                                  4.5  4.5   7*   7*  4.5  4.5                 

                       with NaOH)                                              

                       Phosphorus con-                                         

                       tent per kg of                                          

                                   57   57   57   57   57   57                 

                       fabric                                                  

                       Degree of                                               

                       fixing, %   89   93   79   95   57  --                  

                       Flameproof                                              

                       character                                               

                       After rinsing                                           

                       Smouldering time                                        

                                  0    0    0    0    0    0                   

                       (seconds)                                               

                       Tear length (cm)                                        

                                  7.5   12  7.5   10  8    7                   

                       After 20 washes                                         

                       Smouldering time                                        

                                  0    3    0    0    3    0                   

                       (seconds)                                               

                       Tear length (cm)                                        

                                  9.5  10   7     12  7.5  6                   

     __________________________________________________________________________

      *Product converted to the hydroxyl compound                              

PAC  EXAMPLE 12
PAR  The mixed fabric of polyester-cotton (PES/CO), 67:33, is padded with the
      liquors according to Table 4 below, dried for 30 minutes at about
      80.degree.C and subsequently cured for 5 minutes at 150.degree.C
      (thermofixing process).
PAR  The polyester-cotton mixed fabric is then washed in accordance with the
      instructions of Example 11. The degree of fixing indicates the amount of
      product present on the fibre material after rinsing (relative to the
      amount originally absorbed).
PAR  The treated fabric is then washed up to 5 times, following the procedure in
      Example 11. The individual fabric samples are then tested for their
      flameproof character (DIN 53,906 vertical test, ignition time 6 seconds).
      Untreated fabrics burn away.
PAR  The results are also summarised in Table 4 below.
TBL                Table 4                                                     

     ______________________________________                                    

     Fabric                PES/CO   PES/CO                                     

                           67:33    67/33                                      

     Process               T        T                                          

     ______________________________________                                    

     Constituents in g/l                                                       

     Product according to Example 4                                            

                           865                                                 

            "       8               490                                        

     Di-trimethylolmelamine                                                    

                           103                                                 

     Trimethylolmelamine-dimethyl-ether                                        

                                    153                                        

      (75% strength)                                                           

     Silicone oil emulsion (40% strength)                                      

                                    35                                         

     pH value of the liquor                                                    

                           4.5      4.5                                        

      (adjusted with NaOH)                                                     

     Phosphorus content per kg of fabric                                       

                           57       57                                         

     Degree of fixing, %   83       62                                         

     Flameproof character                                                      

     After rinsing                                                             

      Smouldering time (seconds)                                               

                           0        2                                          

      Tear length   (cm)   11       10                                         

     After 5 washes                                                            

      Smouldering time (seconds)                                               

                           0        3                                          

      Tear length   (cm)   12       12                                         

     ______________________________________                                    

PAC  EXAMPLE 13
PAR  The padded polyester-cotton mixed fabric (PES/CO), 67:33, is dried at
      50.degree.C (not completely), treated with ammonia gas for 10 minutes, and
      then treated for 10 minutes with a liquor which contains 300 ml of a 24%
      strength aqueous ammonia solution per liter (ammonia fixing process).
      Thereafter the fabric is washed in accordance with the instructions of
      Example 11.
PAR  Apart from the ammonia fixing process (A) described above, it is also
      possible to use the moist batch process (M).
PAR  In the moist batch process (M), the padded polyester-cotton mixed fabric
      (PES/CO), 67:33, is dried to 10% residual moisture, packed in a plastic
      film, stored for 24 hours at 50.degree.C and then rinsed. Thereafter the
      fabric is washed as described in Example 11.
PAR  The fabrics treated in accordance with the 2 processes described above are
      then washed, following the instructions of Example 11. The individual
      fabric samples are then tested for their flameproof character (DIN 53,906
      vertical test, ignition time 6 seconds). Untreated fabrics burn away.
PAR  The results are summarised in Table 5 below.
TBL                Table 5                                                     

     ______________________________________                                    

     Fabric                PES/CO   PES/CO                                     

                           67:33    67:33                                      

     Process               F        A                                          

     ______________________________________                                    

     Constituents in g/l                                                       

     Product according to Example 5                                            

                           730                                                 

            "       8               490                                        

     Di-trimethylolmelamine                                                    

                           103                                                 

     Trimethylolmelaminedimethyl-ether                                         

                                    153                                        

      (75% strength)                                                           

     pH value of the liquor                                                    

                           4.5      4.5                                        

      (adjusted with NaOH)                                                     

     Phosphorus content per kg of fabric                                       

                           57       57                                         

     Flameproof character                                                      

     After rinsing                                                             

      Smouldering time (seconds)                                               

                           9        0                                          

      Tear length   (cm)   11       10                                         

     After one wash                                                            

      Smouldering time (seconds)                                               

                           14       0                                          

      Tear length   (cm)   10       12                                         

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the manufacture of a water-soluble condensation product of
      a hydroxymethyl-phosphonium compound and biuret, wherein 1 mol of a
      tetrakis-(hydroxymethyl)-phosphonium halide or
      tetrakis-(hydroxymethyl)-phosphonium hydroxide is mixed and heated at
      40.degree.C to 120.degree.C with 0.02 to 0.5 mols of biuret.
NUM  2.
PAR  2. Condensation products of one mol of tetrakis-(hydroxymethyl)-phosphonium
      hydroxide or a tetrakis-(hydroxymethyl)-phosphonium halide and 0.02 to 0.5
      mols of methylolated or non methylolated biuret condensed at 40.degree. to
      120.degree.C.
NUM  3.
PAR  3. Condensation products according to claim 2 of one mol of
      tetrakis-(hydroxymethyl)-phosphonium hydroxide or a
      tetrakis-(hydroxymethyl)-phosphonium halide and 0.1 to 0.3 mols of
      methylolated or non methylolated biuret condensed at 40.degree. to
      120.degree.C.
NUM  4.
PAR  4. Condensation products according to claim 2, further condensed at
      100.degree. to 150.degree.C.
NUM  5.
PAR  5. Condensation products according to claim 2 condensed in the melt.
NUM  6.
PAR  6. Condensation products according to claim 2 condensed in water.
NUM  7.
PAR  7. Condensation products according to claim 2 condensed in an inert organic
      solvent.
NUM  8.
PAR  8. Condensation products according to claim 2 condensed in an inert
      aromatic hydrocarbon as the solvent.
NUM  9.
PAR  9. Condensation products according to claim 2 of non methylolated biuret.
NUM  10.
PAR  10. A process for the manufacture of a water-soluble condensation product
      of a hydroxymethyl-phosphonium halide and biuret, wherein one mol of a
      tetrakis-(hydroxymethyl)-phosphonium halide is mixed and heated at
      40.degree. to 120.degree.C with 0.02 to 0.5 mols of biuret.
NUM  11.
PAR  11. Process according to claim 10, characterised in that the condensation
      is carried out in the presence of at least one inert aromatic hydrocarbon
      as the solvent.
NUM  12.
PAR  12. Process according to claim 10, characterised in that the two starting
      materials are condensed with one another in a molar ratio of 1:0.1 to
      1:0.3.
PATN
WKU  039325032
SRC  5
APN  0411604
APT  1
ART  126
APD  19700525
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ISD  19760113
NCL  9
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EXP  Schwartz; Gerald A.
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NAM  Weber; Helmut
CTY  Frankfurt am Main
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ABST
PAL  Benzenesulfonyl-ureas having hypoglycemic activity and corresponding to the
      formula
      ##SPC1##
PAL  Wherein R.sup.1 is
PA1  A. cyclopentyl, lower alkyl-cyclopentyl, dimethyl-cyclopentyl,
      tri-methyl-cyclopentyl, tetramethyl-cyclopentyl, chloro-cyclopentyl;
PA1  B. di-lower-alkyl-cyclohexyl, lower alkoxymethyl-cyclohexyl;
      chloro-cyclohexyl;
PA1  C. cycloalkenyl with 5-8 ring carbon atoms; methyl-cyclopentenyl,
      methyl-cyclohexenyl; di-methyl-cyclohexenyl, tri-methyl-cyclopentenyl;
      ##SPC2##
PAL  In which
PAL  A stands for hydrogen, halogen, lower alkyl, lower alkoxy, lower alkenoxy,
      methoxy-loweralkoxy, lower acyl, nitrophenyl or trifluoromethyl,
PAL  A.sup.1 stands for hydrogen, lower alkoxy, lower alkyl or halogen and B
      stands for hydrogen, lower alkyl, lower alkoxy, halogen, benzyloxy or
      methoxy-methoxy;
PAL  Y is a hydrocarbon chain of 1-3 carbon atoms, or a physiologically
      tolerable salt thereof.
PARN
PAR  This application is a continuation-in-part of Application Ser. No. 641,146
      filed May 25, 1967, Ser. No. 749,609 filed Aug. 2, 1968 and Ser. No.
      10,659 filed Feb. 11, 1970 all of which are now abandoned.
BSUM
PAR  The present invention relates to benzenesulfonylureas corresponding to the
      formula
      ##SPC3##
PAL  Which as such or in the form of their physiologically tolerable salts
      particularly their alkali or alkaline earth metal salts show hypoglycemic
      properties and are characterized by a strong and long lasting hypoglycemic
      action. In the formula:
PAL  R.sup.1 is
PA1  A. cyclopentyl, lower alkyl-cyclopentyl, di-methyl-cyclopentyl,
      tri-methyl-cyclopentyl; tetramethyl-cyclopentyl, chloro-cyclopentyl;
PA1  B. di-lower-alkyl-cyclohexyl, lower alkoxymethyl-cyclohexyl;
      chloro-cyclohexyl;
PA1  C. cycloalkenyl with 5-8 ring carbon atoms; methyl-cyclopentenyl,
      methyl-cyclohexenyl di-methyl-cyclohexenyl, tri-methyl-cyclopentenyl;
      ##SPC4##
PAL  In which
PAR  A stands for hydrogen, halogen, lower alkyl, lower alkoxy, lower alkenoxy,
      methoxy-loweralkoxy, lower acyl, nitrophenyl or trifluoromethyl;
PA1  A.sup.1 stands for hydrogen, lower alkoxy, lower alkyl or halogen and B
      stands for hydrogen, lower alkyl, lower alkoxy, halogen, benzyloxy or
      methoxy-methoxy;
PAR  Y is a hydrocarbon chain of 1-3 carbon atoms. According to the
      above-mentioned definitions, halogen may represent fluorine, chlorine,
      bromine or iodine; chlorine and bromine being preferred; lower alkyl or
      lower alkoxy may represent methyl, ethyl, propyl, isopropyl, n-butyl,
      tert.butyl or methoxy, ethoxy, propoxy, isopropoxy, tert.-butoxy, methyl
      or methoxy being preferred.
PAR  Ring systems representing the member X in the above mentioned formula are,
      for example, the following:
      ##SPC5##
PAL  As examples for the bridge member Y there are mentioned:
      ##EQU1##
      those binding the benzene nucleus with the carbonamido group over 2 carbon
      atoms being preferred.
PAR  The phenylene group mentioned in the formula by
      ##SPC6##
PAL  Is preferably unsubstituted. It may, however, likewise be mono- or
      polysubstituted by halogen, lower alkyl or lower alkoxy. It may carry the
      other parts of the molecule in ortho-, meta- or para-position to each
      other, the para-position being preferred.
PAR  The products of the present invention may be prepared by methods well known
      in the benzene-sulfonyl-urea art, for example by reacting a
      benzene-sulfonyl-isocyanate, -carbamic acid ester, -thiol-carbamic acid
      ester, -carbamic acid halide or -urea substituted by the group
EQU  X-CO-NH-Y
PAL  with a R.sup.1 -substituted amine.
PAR  The reaction products are treated with alkaline agents, if the formation of
      salts is desired.
PAR  According to the nature of the starting substances in particular of the
      member X one or the other method for the preparation of certain individual
      compounds corresponding to the aforementioned general formula may be
      unsuitable in some cases, or, at least, require measures for the
      protection of active groups. Such cases which do not occur very often can
      easily be recognized by the expert and there will be no difficulty in
      applying in these cases another method of synthesis.
PAR  As regards the reaction conditions, the forms of realizing the process of
      the invention may, in general, vary within wide limits and can be adapted
      to each individual case. For example, the reactions can be carried out
      with the use of solvents either at room-temperature or at an elevated
      temperature.
PAR  The hypoglycemic action of the benzene-sulfonyl-urea derivatives described
      above could be determined by feeding them to rabbits for example in the
      form of sodium salt in doses of 10 mg/kg and determining the blood sugar
      value according to the known method by Hagedown-Jensen or by means of an
      auto-analyzer over a prolonged period of time.
PAR  Thus, it was found, for example, that 10 milligrams/kilogram of
      N-[4-(.beta.-&lt;2-methoxy-5-fluoro-benzamido&gt;-ethyl)-benzene-sulfonyl]-N'-(3
     ,4-dimethyl-cyclohexyl)-urea provoke, after 3 hours, a lowering of the
      blood sugar by 45%, which, after 24 hours still amounts to 44% and which
      falls to zero only after 48 hours. In the same manner, 10 milligrams of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido-&gt;-ethyl)-benzene-sulfonyl]
      -N'-(2,4-dimethyl-cyclohexyl)-urea provoke after 3 hours a blood sugar
      lowering of 31 %, which after 24 hours even amounts to 39%, 10 mg of
      N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt; -ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea provoke after 3 hours a blood sugar lowering of 39%,
      which after 24 hours amounts to 45% and 10 mg of
      N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-
     methyl-.DELTA.3-cyclohexenyl)-urea provoke after 3 hours a lowering of the
      blood sugar of 22 %, which, after 24 hours still amounts to 19 %, whereas
      the known N-[4-methyl-benzene-sulfonyl]-N'-butyl-urea, when administered
      to rabbits in doses of less than 25 mg/kg, does not provoke a lowering of
      the blood sugar level. The strong hypoglycemic action of the
      benzenesulfonyl-ureas of the present invention becomes more evident if the
      dose is further reduced. When
      N-[4-(.beta.-&lt;2-n-propoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4,4-dimet
     hyl-cyclohexyl)-urea is administered to rabbits in a dose of 0.02 mg/kg and
      N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3,
     4-dimethylcyclohexyl)-urea is administered to rabbits in a dose of 0.01
      mg/kg, and the
      N-[4-(.beta.-&lt;2-methoxy-5-fluorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4,4
     -dimethyl-cyclohexyl) urea is administered to rabbits in a dose of 0.008
      mg/kg, a distinct lowering of the blood sugar can still be observed.
PAR  Furthermore, it was found, that 10 mg/kg of
      N-[4-(.beta.-&lt;2-ethoxy-5-fluoro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-c
     hlorocyclohexyl)-urea provoke after 3 hours a lowering of the blood sugar
      of 39 %, which, after 24 hours still amounts to 28 % and after 48 hours to
      16 %, and falls to zero only after 72 hours, that 10 mg/kg of
      N-[4-(.beta.-&lt;2-ethoxy-5-fluorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-me
     thoxy-4-methylcyclohexyl)-urea provoke after 3 hours a lowering of the
      blood sugar of 32 %, which, after 24 hours still amounts to 21 % and falls
      to zero only after 48 hours.
PAR  10 mg/kg of
      N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzene-sulfonyl]-N'-(4
     -chloro-cyclohexyl)-urea likewise provoke after 3 hours a lowering of the
      blood sugar of 25 % which, after 24 hours even amounts to 33 % and after
      48 hours to 25 %.
PAR  10 mg/kg of
      N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-
     methoxy-4-methyl-cyclohexenyl)-urea provoke after 3 hours a lowering of the
      blood sugar of 25 %, which, after 24 hours amounts to 25% and after 48
      hours still to 12 %. When
      N-[4-(.beta.-&lt;2-methoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-chloro-cyc
     lohexyl)-urea is administered to rabbits in a dose of 0.04 mg/kg,
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)benzenesulfonyl]-N'-(2-ch
     loro-cyclohexyl)-urea is administered to rabbits in a dose of 0.04 mg/kg,
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-(4-chloro-cyclohexyl)-urea is administered to rabbits in a dose of
      0.02 mg/kg, N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;
      -ethyl)-benzenesulfonyl]-N'-(3-methoxy-4-methyl-cyclohexyl)-urea is
      administered in a dose of 0.1 mg/kg or
      N-[4-(.beta.-&lt;2-methoxy-5-methyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-
     methoxy-4-methyl-cyclohexyl)-urea is administered to rabbits in a dose of
      0.01 mg/kg, a distinct lowering of the blood sugar can still be observed.
PAR  As regards the toxicity of the compounds the values are within the same
      range as those of benzenesulfonyl-ureas, for example
      N-[4-methyl-benzenesulfonyl]-N'-n-butyl urea and
      N-[4-methyl-benzenesulfonyl]-N'-cyclohexyl-urea the LD.sub.50 of which
      amounts to 2.5 and 4.8 grams/kg respectively, with oral application.
PAR  It results therefrom that the products of the invention show a very strong
      hypoglycemic action accompanied by a good tolerability.
PAR  The benzenesulfonyl-ureas of the present invention are preferably used for
      the manufacture of pharmaceutical preparations suitable for oral
      administration and for the lowering of the blood sugar level in the
      treatment of diabetes mellitus, for which purpose it may be used as such
      or in the form of its physiologically tolerable salts or in the presence
      of substances which cause salt formation. For the formation of salts,
      there may be used, for example, alkaline agents such as alkali metal- or
      alkaline earth metal hydroxides, carbonates or bicarbonates.
PAR  The present invention therefore also provides pharmaceutical preparations
      that have hypoglycemic action and are suitable for oral administration in
      the treatment of diabetes mellitus, which preparations have preferably the
      form of tablets and contain as the active ingredient the
      benzenesulfonyl-ureas of the invention or a salt thereof in admixture or
      conjunction with pharmaceutically suitable carriers such as talc, starch,
      lactose, tragacanth or magnesium stearate.
PAR  Such a pharmaceutical preparation, for example a tablet or a powder,
      containing the benzenesulfonyl-ureas of the invention or a physiologically
      tolerable salt thereof as the active substance, with or without one or
      more of the aforementioned carriers, are advantageously brought into a
      suitable dosage unit form. The dose chosen should comply with the activity
      of the benzenesulfonyl-urea used and with the desired effect.
      Advantageously, the dosage per unit amounts to about 0.5 to 100 mg,
      preferably 2 to 10 mg, but considerably higher or lower dosage units may
      also be used, which, where required, are divided or multiplied prior to
      their administration.
DETD
PAR  The following Examples serve to illustrate some variants of the process,
      which may be used for the synthesis of the benzenesulfonyl-ureas of the
      invention.
PAC  EXAMPLE 1
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl&gt;-N'-(3-me
     thoxy-4-methyl-cyclohexyl)-urea
PAR  4.2 g of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methyl-
     urethane (melting point 189.degree.- 191.degree.C) are suspended in 50 ml
      of dioxane and dissolved in 50 ml dioxane after addition of 2 g of
      3-methoxy-4-methyl-cyclohexyl-amine-acetate (melting point 134.degree. -
      136.degree. C) (obtained by hydrogenation of the nucleus of
      3-methoxy-4-methylaniline at Co.sub.2 O.sub.3 at 260.degree.C and under a
      pressure of 250 atmospheres H.sub.2) and heated for about 1 hour to
      110.degree.C, in which process the methanol which has formed during the
      reaction is distilled off. After cooling, water is added and the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-m
     ethoxy-4-methylcyclohexyl)-urea precipitates in crystalline form and it is
      recrystallized from methanol (melting point 179.degree. - 181.degree. C).
      In analogous manner, there is obtained: from
      N-[4-(.beta.-&lt;3-trifluoromethylbenzamido&gt;-ethyl)-benzenesulfonyl]-methylur
     ethane (melting point 178.degree. -  180.degree.C)
PA1  N-[4-(.beta.-&lt;3-trifluoromethylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-met
     hoxy-4-methylcyclohexyl)-urea, melting point 159.degree. - 161.degree.C
      (from methanol);
PA1  the
      N-[4-(.beta.-&lt;3-trifluoromethyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-m
     ethyl-cyclopentyl)-urea, melting point 166.degree. - 168.degree.C (from
      methanol); from
      N-[4-(.beta.-&lt;3,4-dichloro-benzamido&gt;-ethyl)-benzenesulfonyl]-methyl-ureth
     ane:
PA1  the
      N-[4-(.beta.-&lt;3,4-dichloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-methyl
     -cyclopentyl)-urea, melting point 180.degree. - 181.degree.C (from
      methanol);
PA1  the
      N-[4-(.beta.-&lt;3,4-dichlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyclohepte
     ne-(2)-yl-urea, melting point 197.degree. - 199.degree.C from
      methanol/dimethylformamid);
PAL  from
PA1  N-[4-(.beta.-&lt;3,4-dichlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 198.degree.-200.degree.C)
PA1  N-[4-(.beta.-&lt;3,4-dichlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-methoxy-
     4-methylcyclohexyl)-urea, melting point 190.degree. - 191.degree.C (from
      methanol); from
PA1  N-[4-(.beta.-&lt;3-benzyloxythiophencarbonamido&gt;-ethyl)-benzenesulfonyl]-methy
     lurethane (melting point 163.degree. - 164.degree.C), the
      N-[4-(.beta.-&lt;3-benzyloxythiophene-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-
     N'-(3-methoxy-4-methyl-cyclohexyl)-urea, melting point 177.degree. -
      178.degree.C (from methanol);
PAL  from
PA1  N-[4-(.beta.-&lt;3-ethoxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-methy
     lurethane (melting point 163.degree. - 165.degree.C), the
      N-[4-(.beta.-&lt;3-ethoxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-N'-(
     3-methoxy-4-methylcyclohexyl)-urea, melting point 154.degree. -
      156.degree.C (from methanol);
PAL  from
PA1  N-[4-(.beta.-&lt;2-methoxybenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 174.degree. - 176.degree.C), the
PA1  N-[4-(.beta.-&lt;2-methoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-methoxy-4-m
     ethylcyclohexyl)-urea, melting point 184.degree. - 185.degree. C (from
      methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyclo-octene
     -(2)-yl-urea, melting point 168.degree. - 170.degree.C (from methanol);
PA1  N-[4-(.beta.-2-methoxy-benzamidoethyl)-benzenesulfonyl]-N'-(3-methyl-.DELTA
     .2-cyclopentenyl)-urea (melting point 145.degree. - 147.degree.C),
PA1  N-[4-(.beta.-2-methoxy-benzamidoethyl)-benzenesulfonyl]-N'-(2,3,4,4-tetrame
     thyl-cyclopentyl)-urea (melting point 147.degree.-149.degree.C),
PA1  N-[4-(.beta.-2-methoxy-benzamidoethyl)-benzenesulfonyl]-N'-(3,3,4-trimethyl
     -cyclopentyl)-urea (melting point 164.degree. - 166.degree.C),
PA1  N-[4-(.beta.-2-methoxy-benzamidoethyl)-benzenesulfonyl]-N'-(3,4,4-trimethyl
     -.DELTA.2-cyclopentenyl)-urea (melting point 94.degree.C),
PA1  N-[4-(.beta.-2-methoxy-benzamidoethyl)-benzenesulfonyl]-N'-(3,3-dimethylcyc
     lopentyl)-urea (melting point 173.degree. - 174,5.degree.C), the
      N-[4-(.beta.-&lt;2-methoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-chloro-cy
     clopentyl)-urea, melting point 182.degree. - 183.degree.C (from methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-tert.buty
     l-cyclopentyl)-urea, melting point 175.degree. - 177.degree.C (from
      methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-methyl-cy
     clopentyl)-urea, melting point 164.degree. - 165.degree.C (from methanol);
PA1  from
      N-[4-(.beta.-&lt;2-ethoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-methyl-urethane:
PA1  the
      N-[4-(.beta.-&lt;2-ethoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-methyl-cyc
     lopentyl)-urea, melting point 139.degree.-141.degree.C (from methanol);
PA1  the
      N-[4-(.beta.-&lt;2-ethoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4,4-dimethyl
     cyclohexene-(2)-yl)-urea, melting point 141.degree. - 142.degree.C (from
      methanol); and
PA1  the
      N-[4-(.beta.-&lt;2-ethoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycloheptene-
     (2)-yl-urea, melting point 162.degree.-164.degree.C (from methanol);
PAL  from
PA1  N-[4-(.beta.-&lt;2-methoxy-4-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylur
     ethane (melting point 178.degree. - 180.degree.C), the
      N-[4-(.beta.-&lt;2-methoxy-4-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-m
     ethoxy-4-methylcyclohexyl)-urea, melting point 191.degree. - 193.degree.C
      (from methanol);
PA1  N-]4-(.beta.-(2-methoxy-4-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3,3-
     dimethylcyclopentyl)-urea (melting point 195.degree.-196.degree.C);
PAL  from
PA1  N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-methylur
     ethane, (melting point 175.degree.-177.degree.C), the
      N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-m
     ethoxy-4-methylcyclohexyl)-urea, melting point 177.degree. - 179.degree. C
      (from methanol/dimethylformamide);
PAL  from
PA1  N-[4-(.beta.-&lt;2-methoxy-5-bromobenzamido&gt;-ethyl)-benzenesulfonyl]-methylure
     thane, (melting point 197.degree. - 199.degree.C), the
      N-[4-(.beta.-&lt;2-methoxy-5-bromobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-me
     thoxy-4-methylcyclohexyl)-urea, melting point 181.degree. - 183.degree.C
      (from methanol/dimethylformamide);
PAL  from
PA1  N-[4-(.beta.-&lt;3,5-dimethylbenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 223.degree. - 225.degree.C), the
      N-[4-(.beta.-&lt;3,5-dimethylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-methoxy
     -4-methoxy-4-methylcyclohexyl)-urea, melting point 181.degree. -
      183.degree. C (from methanol);
PA1  the
      N-[4-(.beta.-&lt;3,5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-chlorocyc
     lopentyl)-urea, melting point 207.degree. - 209.degree. C (from methanol);
PA1  the
      N-[4-(.beta.-&lt;3,5-dimethylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-tert.bu
     tyl-cyclopentyl)-urea, melting point 150.degree. - 152.degree. C (from
      methanol);
PA1  the
      N-[4-(.beta.-&lt;3,5-dimethylbenzamido&gt;-ethyl)-benzenesulfonyl]N'-(3-methyl-c
     yclopentyl)-urea, melting point 183.degree. - 185.degree.C (from methanol);
PAL  from
PA1  N-[4-(.beta.-&lt;2-allyloxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylu
     rethane (melting point 167.degree. - 169.degree.C), the
PA1  N-[4-.beta.-&lt;2-allyloxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-me
     thoxy-4-methylcyclohexyl)-urea, melting point 146.degree. - 148.degree.C
      (from methanol);
PAL  from
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-fluorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylure
     thane (melting point 193.degree. -  195.degree.C), the
      N-[4-9.beta.-&lt;2-ethoxy-5-fluorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-me
     thoxy-4-methylcyclohexyl)-urea, melting point 173.degree. - 174.degree. C
      (from methanol);
PA1  the
      N-[4-(.beta.-&lt;2-ethoxy-5-fluorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4,4-
     dimethyl-cyclohexene-(2)-yl)-urea, melting point 140.degree. - 141.degree.
      C (from methanol); from
      N-[4-(.beta.&lt;2-ethoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-methyl-u
     rethane:
PA1  the
      N-[4-(.beta.-&lt;2-ethoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-t
     ert.butyl-cyclopentyl)-urea, melting point 152.degree. - 153.degree. C
      (from methanol);
PA1  the
      N-[4-(.beta.-&lt;2-ethoxy-5-chloro-benzamido&gt;-ethyl-benzenesulfonyl]-N'-(3-me
     thyl-cyclopentyl)-urea, melting point 144.degree. - 146.degree. C (from
      methanol); from
PA1  N-[4-(.beta.-&lt;2-ethoxy-4-trifluoromethylbenzamido&gt;-ethyl)-benzenesulfonyl]-
     methylurethane (melting point 166.degree. - 168.degree.C), the
      N-[4-(.beta.-&lt;2-ethoxy-4-trifluoromethylbenzamido&gt;-ethyl)-benzenesulfonyl]
     -N'-(3-methoxy-4-methylcyclohexyl)-urea, melting point 171.degree. -
      173.degree. C (from methanol); from
PA1  N-[4-(.beta.-tetraline-(2)-carbamido)-ethyl]-benzenesulfonylmethylurethane
      (melting point 176.degree.C), the
      N-]4-(.beta.-tetraline-(2)-carbamidoethyl)-benzenesulfonyl]-N'-(3-ethoxy-4
     -methylcyclohexyl)-urea, melting point 138.degree.C (from methanol/water).
PAC  EXAMPLE 2
PAC  N-]4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-et
     hoxy-4-methyl-cyclohexyl)-urea
PAR  4 g of
      N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-methyl-
     urethane (melting point 175.degree. - 177.degree.C) are suspended in 75 ml
      of dioxane and 1.7 g of 3-ethoxy-4-methyl-cyclohexylamine (boiling at
      80.degree.C under a pressure of 10 mm of mercury) obtained by
      hydrogenation of the nucleus of 3-ethoxy-4-methylaniline at Co.sub.2
      O.sub.3 at 260.degree. C and 250  atmospheres H.sub.2) are added. The
      whole is heated for 1 hour to 110.degree.C. Then the
      N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-e
     thoxy-4-methyl-cyclohexyl)-urea is precipitated by means of water. The
      cristals melt after recrystallization from methanol at 172.degree.-
      174.degree.C.
PAR  In analogous manner, there is obtained:  from
PA1  N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 173.degree.-175.degree.C), the
PA1  N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-ethoxy-4-met
     hylcyclohexyl)-urea, melting point 178.degree. - 180.degree.C);
PA1  the
      N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyclopentene-(
     2)-yl-urea, melting point 195.degree. - 196.degree.C (from methanol);
PA1  the
      N-[4-(.beta.&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4,4-dimethylcy
     clohexene-(2)-yl)-urea, melting point 188.degree. - 190.degree. C (from
      methanol);
PA1  the
      N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycloheptene-(
     2)-yl-urea, melting point 170.degree. - 172.degree.C (from methanol) and
      the N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyclo-octe
     ne-(2)-yl-urea, melting point 179.degree. - 181.degree. C (from methanol);
PA1  N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3,3-dimethylcy
     clopentyl)-urea, melting point 162.degree. - 164.degree.C;
PA1  N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-methyl-.DELT
     A.2-cyclopentenyl)-urea, melting point 159.degree. - 160.degree.C;
PA1  N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3,3,4-trimethy
     lcyclopentyl)-urea, melting point 137.degree.-139.degree.C;
PA1  the
      N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-chloro-cycl
     opentyl)-urea, melting point 192.degree. - 193.degree.C (methanol);
PA1  the
      N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(1-methyl-cycl
     opentyl)-urea, melting point 191.degree.-193.degree. C (from methanol);
PA1  the
      N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-tert.butyl-
     cyclopentyl)-urea, melting point 174.degree.-175.degree. C (from methanol);
PA1  the
      N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-methyl-cycl
     opentyl)-urea, melting point 164.degree. - 166.degree. C (from methanol);
      from
PA1  N-[4-(.beta.&lt;3-methoxythiophene-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-meth
     ylurethane (melting point 226.degree. - 228.degree. C);
PA1  N-[4-(.beta.-&lt;3-methoxythiophene-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-N'-
     (3-ethoxy-4-methylcyclohexyl)-urea, melting point 157.degree. - 159.degree.
      C (from methanol);
PA1  N-[4-(.beta.&lt;-3-methoxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-N'-c
     yclopentene-2-yl-urea, melting point 204.degree. - 205.degree. C (from
      methanol);
PA1  N-[4-(.beta.&lt;-3-methoxy-thiophen-2-carbonamido&gt;ethyl)-benzenesulfonyl]-N'-(
     3-methyl-.DELTA.2-cyclopentenyl)-urea, melting point 163.degree. -
      164.5.degree. C;
PA1  N-[4-(.beta.&lt;-3-methoxy-thiophen-2-carbonamido&gt;ethyl)-benzenesulfonyl]-N'-(
     3,3,4-trimethylcyclopentyl)-urea, melting point 180.degree. - 182.degree.C;
PA1  N-[4-(.beta.&lt;-3-methoxy-thiophen-2-carbonamido&gt;ethyl)-benzenesulfonyl]-N'-(
     3-tert.butylcyclopentyl)-urea, melting point 191.degree.-193.degree. C;
PA1  N-[4-(.beta.-&lt;3-methoxy-thiophen-2-carbonamido&gt;ethyl)-benzenesulfonyl]-N'-(
     3-ethylcyclopentyl)-urea, melting point 173.degree.-175.degree.C;
PA1  N-[4-(.beta.-&lt;3-methoxy-thiophen-2-carbonamido&gt;ethyl)-benzenesulfonyl]-N'-(
     3,3-dimethylcyclopentyl)-urea, melting point 190.degree. - 192.degree. C;
PA1  the
      N-[4-(.beta.-&lt;3-methoxy-thiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-N'
     -(3-methyl-cyclopentyl)-urea, melting point 178.degree. - 179.degree. C;
      from
PA1  N-[4-.beta.-&lt;3-ethoxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-methyl
     -urethane (melting point 163.degree.-165.degree.C):
PA1  N-[4-.beta.-&lt;3-ethoxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-N'-(4,
     4-dimethylcyclohexene-2-yl)-urea, melting point 140.degree. - 142.degree. C
      (from methanol);
PA1  N-[4-(.beta.-&lt;3-ethoxy-thiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-N'-(
     3,3-dimethyl-cyclopentyl)-urea, melting point 162.degree. - 164.degree. C;
      from
PA1  N-[4-(.beta.-&lt;2-methoxybenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting Point 174.degree. - 176.degree. C);
PA1  N-[4-(.beta.-&lt;2-methoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-ethoxy-4-me
     thylcyclohexyl)-urea, melting point 168.degree. - 169.degree.C (from
      methanol);
PA1  N-[4-(.beta.-&lt;2-methoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyclopentene-
     2-yl-urea, melting point 170.degree. - 172.degree.C (from methanol);
PA1  N-[4-(.beta.-&lt;2-methoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4,4-dimethyl
     cyclohexene-2-yl)-urea, melting point 178.degree. - 179.degree.C (from
      methanol);
PA1  N-[4-(.beta.-&lt;2-methoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycloheptene-
     (2)-yl-urea, melting point 174.degree. - 176.degree. C (from methanol);
      from
PA1  N-[4-(.beta.-&lt;2-n-butoxybenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 160.degree. - 162.degree.C);
PA1  N-[4-(.beta.-&lt;2-n-butoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-ethoxy-4-m
     ethylcyclohexyl)-urea, melting point 140.degree. - 142.degree.C (from
      methanol); from
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylur
     ethane (melting point 189.degree. - 191.degree. C);
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-et
     hoxy-4-methylcyclohexyl)-urea, melting point 173.degree. - 175.degree.C
      (from methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentene (2)-yl-urea, melting point 188.degree. - 189.degree. C (from
      methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4,4
     -dimethyl-cyclohexene-(2)-yl)-urea, melting point 170.degree.-172.degree. C
      (from methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     oheptene-(2)-yl-urea, melting point 142.degree. - 144.degree.C (from
      methanol); and
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     ooctene-(2)-yl-urea, melting point 171.degree. - 172.degree.C (from
      methanol);
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3,4,
     4-trimethyl-.DELTA.2-cyclopentenyl)-urea, melting point 152.degree. -
      155.degree.C;
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-et
     hyl-cyclopentyl)-urea, melting point 117.degree. - 119.degree. C;
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'
      -(3-methyl-.DELTA.2-cyclopentenyl)-urea, melting point 159.degree. -
      161.degree.C;
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2,3,
     4,4-tetramethyl-cyclopentyl)-urea, melting point 172.degree. - 174.degree.
      C;
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3,3-
     dimethyl-cyclopentyl)-urea, melting point 164.degree. - 165.degree.C;
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3,3,
     4-trimethylcyclopentyl)-urea, melting point 169.degree.-171.degree.C; from
PA1  N-[4-(.beta.-&lt;3,5-dimethylbenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 223.degree. - 225.degree.C);
PA1  N-[4-(.beta.-&lt;3,5-dimethylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-ethoxy-4
     -methylcyclohexyl)-urea, melting point 190.degree. - 192.degree.C (from
      methanol);
PA1  the
      N-[4-(.beta.-&lt;3,5-dimethyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyclohept
     ene-(2)-yl-urea, melting point 196.degree. - 198.degree. C (from methanol);
PA1  N-[4-(.beta.-&lt;3,5-dimethyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-methyl-
     .DELTA.2-cyclopentenyl)-urea, melting point 187.degree. - 188.degree.C;
PA1  N-[4-(.beta.-&lt;3,5-dimethyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3,3-dimet
     hylcyclopentyl)-urea, melting point 201.degree. - 203.degree.C; from
PA1  N-[4-(.beta.-&lt;2-methoxyethoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-methyluret
     hane (melting point 123.degree. - 125.degree.C):
PA1  the
      N-[4-(.beta.-&lt;2-methoxyethoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4,4-d
     imethylcyclohexene-(2)-yl)-urea, melting point 153.degree. - 155.degree. C
      (from methanol); and
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-ethoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyclo
     heptene-(2)-yl-urea, melting point 166.degree. - 168.degree. C (from
      methanol); from
PA1  N-[4-(.beta.-&lt;2-methoxymethoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-methyl-ur
     ethane:
PA1  the
      N-[4-(.beta.-&lt;2-methoxymethoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-me
     thyl-cyclopentyl)-urea, melting point 147.degree. - 149.degree. C (from
      methanol); from
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-acetylbenzamido&gt;-ethyl)-benzenesulfonyl]-methylure
     thane (melting point 164.degree. - 166.degree.C):
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-acetylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-eth
     oxy-4-methylcyclohexyl)-urea, melting point 155.degree. 157.degree.C (from
      methanol); from
PA1  N-[4-9.beta.-&lt;3-methoxy-5-chlorothiophen-2-carbonamido&gt;-ethyl)-benzenesulfo
     nyl]-methylurethane (melting point 186.degree. - 188.degree.C):
PA1  the N-[4-(.beta.-&lt;3-methoxy-5-chlorothiophen-2-carbonamido&gt;-ethyl)
      -benzenesulfonyl]-N'-cycloheptene-(2)-yl-urea, melting point 164.degree. -
      166.degree. C (from methanol);
PA1  the N-[4-(.beta.-&lt;3-methoxy-5-chloro-thiophen-2-carbonamido&gt;-ethyl)
      -benzenesulfonyl]-N'-(3-methyl-cyclopentyl)-urea, melting point
      169.degree. - 170.degree. C (from methanol);
PA1  N-[4-(.beta.-&lt;3-methoxy-5-chloro-thiophen-2-carbonamido&gt;ethyl)-benzenesulfo
     nyl]-N'-(3-ethylcyclopentyl)-urea, melting point 174.degree. - 176.degree.
      C;
PA1  N-[4-(.beta.-&lt;3-methoxy-5-chloro-thiophen-2-carbonamido&gt;-ethyl)-benzenesulf
     onyl]-N'-(3-tert.-butylcyclopentyl)-urea, melting point 163.degree. -
      165.degree. C;
PA1  N-[4-(.beta.-&lt;3-methoxy-5-chloro-thiophen-2-carbonamido&gt;-ethyl)-benzenesulf
     onyl]-N'-(3,3,4-trimethyl-cyclopentyl)-urea, melting point 156.degree. -
      158.degree. C; from
PA1  N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-methylur
     ethane (melting point 175.degree. - 177.degree.C):
PA1  N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-me
     thyl-4-methoxycyclohexyl)-urea, melting point 110.degree.-112.degree. C
      (from methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-methyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(5-
     methyl-cyclohexene-(2)-yl)-urea, melting point 171.degree. - 173.degree. C
      (from methanol);
PA1  the
      N-[4-(.beta.-&gt;2-methoxy-5-methyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-
     tert. butyl-cyclopentyl)-urea, melting point 143.degree. - 145.degree. C
      (from methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-methyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-
     methyl-cyclopentyl)-urea, melting point 151.degree. - 153.degree.C (from
      methanol);
PA1  N-[4-(.beta.-&lt;2-methoxy-5-methyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3,4
     ,4-trimethyl-.DELTA.2-cyclopentyl)-urea, melting point 90.degree.C;
PA1  N-[4-(.beta.-&lt;2-methoxy-5-methyl-benzamido&gt;ethyl)-benzenesulfonyl]-N'-(3-et
     hyl-cyclopentyl)-urea, melting point 131.degree. - 133.degree.C;
PA1  N-[4-(.beta.-&lt;2-methoxy-5-methyl-benzamido&gt;ethyl)-benzenesulfonyl]-N'-(3,3-
     dimethyl-cyclopentyl)-urea, melting point 150.degree.-151.degree.C;
PA1  N-[4-(.beta.-&lt;2-methoxy-5-methyl-benzamido&gt;ethyl)-benzenesulfonyl]-N'-(3,3,
     4-trimethylcyclopentyl)-urea, melting point 152.degree.-153.degree.C;
PA1  N-[4-(.beta.-2-&gt;methoxy-5-methyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-m
     ethyl-.DELTA.2-cyclopentenyl)-urea, melting point 149.degree.-151.degree.C;
      N-[4-(.beta.-&lt;2-methoxy-5-methyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2,
     3,4,4-tetramethyl-cyclopentyl)-urea, melting point 153.degree. -
      155.degree.C;
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-methyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-
     chloro-cyclopentyl)-urea, melting point 209.degree.-210.degree.C (from
      methanol/dimethylformamide/water);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-methyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(1-
     methyl-cyclopentyl)-urea, melting point 156.degree.-158.degree. C (from
      methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentene-(2)-yl-urea, melting point 201.degree. - 203.degree.C (from
      methanol/dimethylformamide);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4,4
     -dimethyl-cyclohexene-(2)-yl)-urea, melting point 152.degree. -
      154.degree.C (from methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-methyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyc
     loheptene-(2)-yl-urea, melting point 177.degree. - 178.degree. C (from
      methanol); and
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     ooctene-(2)-yl-urea, melting point 178.degree. - 180.degree.C (from
      methanol/dimethylformamide); from
PA1  N-[4-(.beta.-&lt;2-methoxy-5-bromobenzamido&gt;-ethyl)-benzenesulfonyl]-methylure
     thane (melting point 197.degree. - 199.degree. C):
PA1  N-[4-(.beta.-&lt;2-methoxy-5-bromo-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-et
     hoxy-4-methylcyclohexyl)-urea, melting point 178.degree. - 180.degree. C
      (from methanol);
PA1  N-[4-(.beta.-&lt;2-methoxy-5-bromo-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-et
     hyl-cyclopentyl)-urea, melting point 146.degree. - 147.degree. C;
PA1  N-[4-(.beta.-&lt;2-methoxy-5-bromo-benzamido&gt;-ethyl)-benzenesulfonyl]N'-(3,3-d
     imethyl-cyclopentyl)-urea, melting point 153.degree. - 155.degree.C;
PA1  N-[4-(.beta.-&lt;2-methoxy-5-bromo-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-me
     thyl-.DELTA.2-cyclopentenyl)-urea, melting point 153.degree.-155.degree.C;
PA1  N-[4-(.beta.-&lt;2-methoxy-5-bromo-benzamido&gt;ethyl)-benzenesulfonyl]-N'-(2,3,4
     ,5-tetramethylcyclopentyl)-urea, melting point 168.degree.-170.degree.C;
PA1  N-[4-9.beta.-&lt;2-methoxy-5-bromo-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3,3,
     4-trimethyl-cyclopentyl)-urea, melting point 154.degree. - 156.degree. C;
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-bromo-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-c
     hloro-cyclopentyl)-urea, melting point 191.degree. - 193.degree. C (from
      methanol/dimethylformamide);
PA1  the N-[4-(.beta.
      -&lt;2-methoxy-5-bromo-benzamido&gt;-ethyl)-benzenesulfonyl]-N-(3-tert.butyl-cyc
     lopentyl)-urea, melting point 144.degree. - 146.degree. C (from methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-bromo-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-m
     ethyl-cyclopentyl)-urea, melting point 144.degree. - 145.degree.C;
PA1  N-[4-(.beta.-&lt;2-methoxy-5-bromobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-met
     hyl-4-methoxycyclohexyl)-urea, melting point 113.degree.C (decomposition)
      (from methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-bromobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyclo
     pentene-(2)-yl-urea, melting point 188.degree. - 190.degree.C (from
      methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-bromobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4,4-
     dimethylcyclohexene-(2)-yl-urea, melting point 118.degree. - 120.degree. C
      (from methanol);
PA1  the N-[4-(.beta.-&lt;2-methoxy-5-bromobenzamido&gt;-ethyl)-
      benzenesulfonyl]-N'-cycloheptene-(2)-yl-urea, melting point 142.degree. -
      144.degree.C (from methanol); and
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-bromobenzamido&gt;ethyl)-benzenesulfonyl]-N'-cycloo
     ctene-(2)-yl-urea, melting point 175.degree. - 176.degree. C (from
      methanol); from
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methyl-u
     rethane:
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-c
     hloro-cyclopentyl)-urea, melting point 196.degree. - 198.degree. C (from
      methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(1-m
     ethyl-cyclopentyl)-urea, melting point 171.degree. - 173.degree. C (from
      methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(5-m
     ethyl-cyclohexene-(2)-yl)-urea, melting point 173.degree. - 175.degree. C
      (from methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-t
     ert.butyl-cyclopentyl)-urea, melting point 140.degree. - 142.degree. C
      (from methanol);
PA1  the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-m
     ethyl-cyclopentyl)-urea, melting point 152.degree. - 153.degree. C (from
      isopropanol);
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-me
     thyl-4-methoxycyclohexyl)-urea, melting point 112.degree. - 114.degree. C
      (decomposition) (from methanol);
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyclo
     pentyl-urea, melting point 184.degree. - 185.degree.C (from methanol); from
PA1  N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 173.degree. - 185.degree.C):
PA1  N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-methyl----4-
     methoxycyclohexyl)-urea, melting point 166.degree. 168.degree. (from
      methanol).
PAC  EXAMPLE 3
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyclo
     pentyl-urea
PAR  2.45 g of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-phenylu
     rethane (obtained from
      4-[.beta.-(2-methoxy-5-chlorobenzamido)-ethyl]-benzenesulfonamide and
      chloroformic acid phenyl ester) were refluxed for 2 hours with 0.43 g of
      cyclopentyl-amine in 30 ml of dioxane. After dilution with water and
      acidification with dilute hydrochloric acid a precipitate was obtained
      which was treated with 0.5 % ammonia. The aqueous alkaline solution was
      acidified and the precipitate obtained was recrystallized from methanol.
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea, melting point 184.degree. - 185.degree. C, was obtained.
PAC  EXAMPLE 4
      N-[4-(.beta.-&lt;3-methoxy-methoxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfo
     nyl]-N'-(3-methoxy-4-methylcyclohexyl)-urea
PAR  5 g of
      4-(.beta.-&lt;3-methoxy-methoxy-thiophen-2-carbonamido&gt;-ethyl)-benzenesulfona
     mide (melting point 160.degree. - 162.degree.C) were dissolved in 7 ml of
      2N sodium hydroxide solution and 50 ml of acetone and 2.4 g of
      3-methoxy-4-methylcyclohexyl-isocyanate (boiling at 90.degree.C under a
      pressure of 10 mm of mercury) were added dropwise at 0.degree. - 5.degree.
      C. Then stirring was continued for 2 hours, then the whole was diluted
      with water, and any undissolved matter was filtered off, and the filtrate
      was acidified with dilute hydrochloric acid. The
      N-[4-(.beta.-&lt;3-methoxy-methoxy-thiophen-2-carbonamido&gt;
      -ethyl)-benzenesulfonyl]-N'-(3-methoxy-4-methyl-cyclohexyl)-urea
      precipitating in crystalline form melted at 125.degree. - 127.degree. C
      after recrystallization from methanol.
PAR  In analogous manner there were obtained: from
PA1  4-(.beta. -&lt;4-chlorobenzamido&gt; -ethyl)-benzenesulfonamide (melting point
      225.degree. - 226.degree.C);
PA1  N-[4-(.beta.
      -&lt;4-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-methoxy-4-methylcyclohe
     xyl)-urea, melting point 209.degree. - 210.degree.C (from methanol/dimethyl
      formamide);
PA1  N-[4-(.beta.-&lt;4-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3,3,4-trimethy
     l-cyclopentyl)-urea, melting point 174.degree. - 176.degree.C; from
PA1  4-(.beta.-&lt;3-methylbenzamido&gt;-ethyl)-benzenesulfonamide (melting point
      197.degree. - 199.degree.C):
PA1  N-[4-(.beta.
      -&lt;3-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-methoxy-4-methylcyclohe
     xyl)-urea, melting point 167.degree. - 169.degree.C (from methanol); from
PA1  4-(.beta. -&lt;3,5-dimethylthiophen-2-carbonamido&gt;-ethyl)-benzenesulfonamide
      (melting point 176.degree. - 177.degree.C): the
      N-[4-(.beta.-&lt;3,5-dimethylthiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-
     N'-cycloheptene-(2)-yl-urea, melting point 184.degree. - 185.degree. C
      (from methanol); from
PA1  4-(.beta.-&lt;3-chlorothiophen-2-carbonamido&gt;-ethyl)-benzenesulfonnamide
      (melting point 190.degree. - 191.degree. C):
PA1  the N-[4-(.beta. -&lt;3-chlorothiophen-2-carbonamido&gt;
      -ethyl)-benzenesulfonyl]-N'-cycloheptene-(2)-yl-urea, melting point
      190.degree. - 191.degree. C (from methanol/dimethylformamide); from
PA1  4-(.beta. -&lt;2-methoxymethoxy-benzamido&gt;-ethyl)-benzenesulfonamide (melting
      point 169.degree. - 170.degree.C):
PA1  the
      N-[4-(.beta.-&lt;2-methoxymethoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyclo
     heptene-(2)-yl-urea, melting point 163.degree. - 164.degree. C (from
      methanol); from
PA1  4-(.beta.-&lt;2-methoxy-5-fluorobenzamido&gt;-ethyl)-benzenesulfonamide (melting
      point 167.degree. - 169.degree.C):
PA1  the N-[4-(.beta.-&lt;2-methoxy-5-fluorobenzamido&gt;
      -ethyl)-benzenesulfonyl]-N'-cycloheptene-(2)-yl-urea, melting point
      157.degree. - 159.degree.C (from methanol); from
PA1  4-(.beta.-&lt;2-ethoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonamide (melting
      point 147.degree. - 148.degree. C):
PA1  the
      N-[4-(.beta.-&lt;2-ethoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyclo
     heptene-(2)-yl-urea, melting point 164.degree. - 166.degree.C (from
      methanol/dimethylformamide); from
PA1  4-(.beta.-&lt;3,4-tetramethylenethiophen-2-carbonamido&gt;-ethyl)-benzenesulfonam
     ide (melting point 173.degree. - 174 .degree. C):
PA1  N-[4-(.beta.-&lt;3,4-tetramethylene-thiophen-2-carbonamido&gt;-ethyl)-benzenesulf
     onyl]-N'-(3-methoxy-4-methylcyclohexyl)-urea, melting point 187.degree. -
      188.degree. C (from methanol); from
PA1  4-(.beta.-&lt;2-methoxy-5-phenylbenzamido&gt; -ethyl)- benzenesulfonamide
      (melting point 213.degree. - 214.degree.C):
PA1  N-[4-(.beta.-&lt;2-methoxy-5-phenylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-me
     thoxy-4-methylcyclohexyl)-urea, melting point 143.degree. - 145.degree. C
      (from methanol); from
PA1  4-(.beta.-&lt;2-phenoxybenzamido&gt; -ethyl)-benzenesulfonamide (melting point
      187.degree. - 188.degree.C): N-[4-(.beta.&lt;
      2-phenoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-methoxy-4-methylcyclohex
     yl)-urea, melting point 170.degree. - 172.degree.C (from methanol); from
PA1  4-(.beta.-&lt;2-methoxy-5-acetylbenzamido&gt;-ethyl)-benzenesulfonamide (melting
      point 206.degree. - 208.degree. C):
PA1  N-[4-(.beta.-&lt;2-methoxy-5-acetylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-me
     thoxy-4-methylcyclohexyl)-urea, melting point 174.degree. - 176.degree. C
      (from methanol/dimethylformamide);
PAC  EXAMPLE 5
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-me
     thoxy-4-methylcyclohexyl)-urea
PA1  3.9 g of 4-(.beta.-&lt;2-methoxy-4-chlorobenzamido&gt;-ethyl)-benzenesulfonamide
      sodium and 6.7 g of N-N-diphenyl-N'-(3-methoxy-4-methylcyclohexyl)-urea
      (melting point 125.degree. - 126.degree.C) are heated to 110.degree.C for
      45 minutes in 100 ml of dimethylformamide. Then the whole is cooled,
      poured into water and ammonia of 1 % strenght is added. Then it is
      filtered off, the filtrate is acidified and the precipitate obtained is
      once more purified over ammonia/hydrochloric acid. The
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-m
     ethoxy-4-methylcyclohexyl)-urea which precipitates in crystalline form
      melts at 179.degree. - 181.degree.C after recrystallization from methanol.
PAC  EXAMPLE 6
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;]-N'-(3-methoxy-4-methylcyclohexy
     l)-urea
PAR  8.2 g of
      N-[4-(.beta.-acetamidoethyl)-benzenesulfonyl]-N'-(3-methoxy-4-methylcycloh
     exyl)-urea (melting point 151.degree.-153.degree.C) are heated under reflux
      for 2 hours with a solution of 1.6 g of sodium hydroxide in 30 ml of
      water. Then the whole is cooled at room temperature, 20 ml of acetone are
      added and 1.2 g of glacial acetic acid, and 4.1 g of
      2-methoxy-5-chlorobenzoyl-chloride are added in portions. After stirring
      for 2 hours at room temperature the whole is filtered off with suction,
      the precipitate is treated with a solution of bicarbonate and then it is
      precipitated from dilute ammonia/hydrochloride acid. The
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-m
     ethoxy-4-methyl-cyclohexyl)-urea melts at 179.degree. - 180.degree.C after
      recrystallization from methanol/dimethylformamide.
PAC  EXAMPLE 7
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-c
     hlorocyclohexyl)-urea
PAR  8.5 g of N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)
      -benzene-sulfonyl]-methylurethane (melting point 189.degree. -
      191.degree.C) are suspended in 100 ml of dioxane and 2.8 g of
      4-chlorocyclohexylamine (boiling point at 82.degree. - 84.degree. C under
      a pressure of 7 mm of mercury, obtained by reaction of 4-aminocyclohexanol
      with phosphoruspentachloride) are added. The reaction mixture is heated to
      110.degree. C for 1 hour, the methanol formed during the reaction is
      distilling off, after cooling, water is added, which lead to the
      precipitation of the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-c
     hlorocyclohexyl) -urea which had formed. After recrystallization from
      methanol/dimethylformamide it melts at 177.degree. - 178.degree. C.
PAR  In analogous manner there is obtained:
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-c
     hlorocyclohexyl)-urea, melting point 194.degree. - 195.degree.C (from
      methanol/dimethylformamide); from
      N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 173.degree. - 175.degree. C):
PA1  N-[4-(.beta.
      -&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-chlorocyclohexyl)-urea,
      melting point 179.degree. - 180.degree. C (from methanol); from
PA1  N-[4-(.beta.-&lt;2-methoxybenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 174.degree. - 176.degree. C):
PA1  N-[4-(.beta.-&lt;2-methoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-chlorocyclo
     hexyl)-urea, melting point 157.degree. - 158.degree.C (from methanol);
PA1  N-[4-(.beta.-&lt;2-methoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-chlorocyclo
     hexyl)-urea, melting point 198.degree. - 199.degree. C (from
      methanol/dimethylformamide); from
PA1  N-[4-(.beta.-&lt;2-n-propoxybenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 159.degree. - 161.degree. C):
PA1  N-[4-(.beta.-&lt;2-n-propoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-chlorocyc
     lohexyl)-urea, melting point 100.degree.- 102.degree.C (from methanol);
PA1  N-[4-(.beta. -&lt;2-n-butoxybenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 160.degree. - 162.degree.C);
PA1  N-[4-.beta.-&lt;2-n-butoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-chlorocyclo
     hexyl)-urea, melting point 131.degree. - 133.degree. C (from methanol);
      from
PA1  N-[4-(.beta.-&lt;2-methoxy-4-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylur
     ethane (melting point 178.degree. - 180.degree.C):
PA1  N-[4-(.beta.-&lt;2-methoxy-4-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-ch
     lorocyclohexyl)-urea, melting point 181.degree. - 182.degree.C (from
      methanol); from
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylure
     thane (melting point 203.degree. - 205.degree.C);
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]N'-(3-meth
     yl-.DELTA.2-cyclopentenyl)-urea, melting point 138,5.degree.-140,5.degree.
      C;
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-chl
     orocyclohexyl)-urea, melting point 162.degree. -164.degree. C (from
      methanol); from
PA1  N-[4-(.beta.&lt;2-methoxy-5-bromobenzamido&gt;-ethyl)-benzenesulfonyl]-methyluret
     hane (melting point 197.degree. - 199.degree.C)
PA1  N-[4-(.beta.-&lt;2-methoxy-5-bromobenzamido&gt;-ethyl)-benzenesulfonyl]N'-(4-chlo
     rocyclohexyl)-urea, melting point 180.degree. - 182.degree.C (from
      methanol) and
PA1  N-[4-(.beta.-&lt;2-methoxy-5-bromobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-chl
     orocyclohexyl)-urea, melting point 198.degree. - 199.degree.C (from
      methanol/dimethylformamide); from
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-fluorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylure
     thane (melting point 193.degree. - 195.degree.C)
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-fluorobenzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-(4-chlorocyclohexyl)-urea, melting point 159.degree. - 161.degree.C
      (from methanol/dimethylformamide); from
PA1  N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]
      -methylurethane (melting point 175.degree. -  177.degree.C)
PA1  N-[4-(.beta.
      -&gt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-chlorocyclohe
     xyl)-urea, melting point 110.degree. - 112.degree.C (from methanol) and
PA1  N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-ch
     lorocyclohexyl)-urea, melting point 206.degree. - 207.degree.C (from
      methanol/dimethylformamide); from
PA1  N-[4-(.beta.-&lt;2.5-dimethoxybenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethan
     e (melting point 173.degree.- 175.degree.C)
PA1  N-[4-(.beta.&lt;2.5-dimethoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-chlorocy
     clohexyl)-urea, melting point 143.degree. - 145.degree.C (from methanol);
      from
PA1  N-[4-(.beta.-&lt;3.5-dimethylbenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 223.degree. - 225.degree.C)
PA1  N-[4-(.beta.-&lt;3.5-dimethylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-chlorocy
     clohexyl)-urea, melting point 179.degree. - 181.degree.C (from methanol)
      and
PA1  N-[4-(.beta.-&lt;3.5-dimethylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-chlorocy
     clohexyl)-urea, melting point 202.degree. - 204.degree.C (from methanol);
      from
PA1  N-[4-(.beta. -&lt;2-phenoxybenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 167.degree. - 169.degree.C)
PA1  N-[4-(.beta.-&lt;2-phenoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-chloro-cycl
     ohexyl)-urea, melting point 147.degree. - 149.degree.C (from methanol);
      from
PA1  N-[4-(.beta.
      -&lt;3-methoxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 226.degree. - .sub.#.degree.C)
PA1  N-[4-(.beta.-&lt;3-methoxythiophen-2-carbonamido&gt;ethyl)-benzenesulfonyl]-N'-(2
     -chlorocyclohexyl)-urea, melting point 200.degree.- 201.degree.C (from
      methanol); from
PA1  N -[4-(.beta.-benzamido-ethyl)-benzenesulfonyl]-methylurethane (melting
      point 185.degree. - 187.degree.C)
PA1  N-[4-(.beta.-benzamido-ethyl)-benzenesulfonyl]-N'-(2-chlorocyclohexyl)-urea
     , melting point 186.degree. - 187.degree.C (from methanol); from
PA1  N-[4-.beta.-&lt;3-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 200.degree. - 202.degree.C)
PA1  N-[4-(.beta.-&lt;3-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-chlorocycloh
     exyl)-urea, melting point 179.degree. - 181.degree.C (from methanol); from
PA1  N-[4-(.beta.-&lt;3-trifluoromethylbenzamido&gt;-ethyl)-benzenesulfonyl]-methylure
     thane (melting point 178.degree. - 180.degree.C)
PA1  N-[4-(.beta.-&lt;3-trifluoromethylbenzamido&gt;ethyl)-benzenesulfonyl]-N'-(2-chlo
     rocyclohexyl)-urea, melting point 177.degree. - 179.degree.C (from
      methanol); from
PA1  N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 173.degree. -  175.degree.C)
PA1  N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-chlorocycloh
     exyl)-urea, melting point 173.degree. - 175.degree. C (from methanol); from
PA1  N-[4-(.beta.-&lt;3-methoxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-meth
     ylurethane (melting point 226.degree. - 228.degree.C)
PA1  N-[4-(.beta.-&lt;3-methoxythiophen-2-carbonamido&lt;ethyl)-benzenesulfonyl]-N'-(4
     -chlorocyclohexyl)-urea, melting point 196.degree. - 197.degree.C (from
      methanol/dimethylformamide); from
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylur
     ethane (melting point 189.degree. - 191.degree.C)
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-ch
     lorocyclohexyl)-urea, melting point 144.degree. - 146.degree.C (from
      methanol/dimethylformamide); from
PA1  N-[4-(.gamma.-&lt;2
      -methoxy-5-chlorobenzamido&gt;-propyl)-benzenesulfonyl]-methylurethane
      (melting point 160.degree.C)
PA1  N-[4-(.gamma.
      -&lt;2-methoxy-5-chlorobenzamido&gt;-propyl)-benzenesulfonyl]-N'-(2-chlorocycloh
     exyl)-urea, melting point 93.degree. (decomposition) (from methanol/water);
      from
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-propyl)-benzenesulfonyl]-methylu
     rethane (melting point 197.degree.C)
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-propyl)-benzenesulfonyl]-N'-(2-c
     hlorocyclohexyl)-urea, melting point 78.degree.C (decomposition) (from
      methanol/water); from
PA1  N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 173.degree.- 175.degree.C)
PA1  N-[4-(.beta. -&lt;3-chlorobenzamido
      -ethyl)-benzenesulfonyl]-N'-(3-chloro-cyclohexyl)-urea, melting point
      151.degree. - 153.degree.C (from methanol); from
PA1  N-[4-(.beta.
      -&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 175.degree. - 177.degree.C)
PA1  N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3-ch
     lorocyclohexyl)-urea, melting point 146.degree. - 148.degree.C (from
      methanol); from
PA1  N-[4-&lt;3-ethoxythiophen-2-carbonamido&gt;-benzenesulfonyl]-methylurethane
      (melting point 163.degree. -165.degree.C)
PA1  N-[4-(.beta.-&lt;3-ethoxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-N'-(2
     -chlorocyclohexyl)-urea, melting point 176.degree. -177.degree.C (from
      methanol); from
PA1  N-[4-.beta.-&lt;2-allyloxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylur
     ethane (melting point 167.degree. -169.degree.C)
PA1  N-[4-(.beta.-&lt;2-allyloxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-c
     hlorocyclohexyl)-urea, melting point 145.degree. -147.degree.C (from
      methanol);
PAC  EXAMPLE 8
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-ch
     lorocyclohexyl)-urea
PAR  4.26 g of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl-methyl-u
     rethane are heated for 1 1/2  hours in a reflux condenser in 100 ml dioxane
      with 2 g of 4-chlorocyclohexylamine-acetate. After addition of water and
      recrystallization of the precipitating product from
      methanol/dimethylformamide there is obtained in good yield the
      N-[4-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-chlorocyc
     lohexyl)-urea melting at 177.degree. -178.degree.C.
PAC  EXAMPLE 9
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-ch
     lorocyclohexyl)-urea
PAR  A mixture of 10.3 g of of
      N-[4-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-ethyl)-benzenes
     ulfonyl-urea (melting point 171.degree. -173.degree.C), 300 ml of toluene,
      30 ml of glycolmonomethyl-ether, 1.65 g of glacial acetic acid and 3.3 g
      of 2-chloro-cyclohexylamine are heated under reflux for 5 hours. Then the
      whole is concentrated in vacuo and the residue is treated with alcohol.
      The N-[4-(.beta.&lt;2-methoxy-5-chlorobenzamido&gt;
      -ethyl)-benzenesulfonyl]-N'-(2-chlorocyclohexyl)-urea obtained as crude
      product melts at 194.degree. -195.degree.C after recrystallization from
      methanol/dimethylformamide.
PAC  EXAMPLE 10
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-ch
     lorocyclohexyl)-urea
PAR  3.9 g of 4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonamide
      sodium, 6.5 g of N.N-diphenyl-N'-(4-chlorocyclohexyl)-urea (melting point
      115.degree. -116.degree.C) and 100 ml dimethyl formamide are heated to
      110.degree.C for 45 minutes. Then the whole is cooled, poured into water
      and ammonia of 1 % strength is added. Then the whole is filtered, the
      filtrate is acidified and the precipitate obtained is purified once more
      over ammonia/hydrochloric acid. The
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-c
     hlorocyclohexyl)-urea precipitating in crystalline form melts at
      178.degree. -179.degree.C after recrystallization from
      methanol/dimethylformamide.
PAC  EXAMPLE 11
PAC  N-[4-(.beta.-&gt;2-methoxy-5-chlorobenzamido&gt;-benzenesulfonyl]-N'-(4-chlorocyc
     lohexyl)-urea
PAR  7.8 g of
      N-[4-(.beta.-acetoamido-ethyl)-benzenesulfonyl]-N'-(4-chlorocyclohexyl)-ur
     ea (melting point 151.degree. -153.degree.C) are heated under reflux for 2
      hours with 1.6 g of sodium hydroxide and 30 ml of water. Then the whole is
      cooled to room temperature, 20 ml of acetone are added and 1.2 g of
      glacial acetic -chlorobenzamido&gt;-ethyl)-benzenesulfonyl] acid, and 4.1 g
      of 2-methoxy-5-chlorobenzoylchloride are added in portions and stirring is
      continued for 1 hour. The precipitate if filtered off with suction,
      stirred with bicarbonate solution and recrystallized from
      methanol/dimethylformamide. The
      N-[4-(.beta.-&lt;-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-ch
     lorocyclohexyl)-urea obtained melts at 178.degree.-179.degree.C.
PAC  EXAMPLE 12
PAC  N-[4-(.beta.-&lt;2-methoxy-4-chlorobenzamide]-ethyl)-benzenesulonyl]-N'-(2-chl
     orocyclohexyl)-urea
PAR  5 g of 4-(.beta.-&lt;2-methoxy-4-chlorobenzamido&gt;-ethyl)-benzenesulfonamide
      (melting point 185.degree. - 186.degree.C) are dissolved in 7 ml of 2N
      sodium hydroxide solution and 50 ml of acetone and 2.3 g of
      2-chlorocyclohexyl-isocyanate are added dropwise while stirring at
      0.degree. - 5.degree.C. Then stirring is continued for 2 hours, the whole
      is diluted with water and methanol, and any undissolved matter is filtered
      off and the filtrate is acidified with hydrochloric acid. The
      N-[4-(.beta.-&lt;2-methoxy-4-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-c
     hlorocyclohexyl)-urea precipitating, melts at 174.degree. - 176.degree.C
      after recrystallization from methanol.
PAR  In analogous manner there is obtained: from
PA1  4-(.beta.-&lt;4-chlorobenzamido&gt;-ethyl)-benzenesulfonamide (melting point
      225.degree. - 226.degree.C)
PA1  N-[4-(.beta.-&lt;4-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2-chlorocycloh
     exyl)-urea, melting point 180.degree. - 181.degree.C (from methanol); from
PA1  4-(.beta.-&lt;2-ethoxybenzamido&gt;-ethyl)-benzenesulfonamide (melting point
      148.degree. - 150.degree.C)
PA1  N-[4-(.beta.-&lt;2-ethoxybenzamide&gt;-ethyl)-benzenesulfonyl]-N'-(2-chlorocycloh
     exyl)-urea, melting point 147.degree. - 148.degree.C (from methanol); from
PA1  4-(.beta.-&lt;3.5-dimethylthiophen-2-carbonamido&gt;-ethyl)-benzenesulfonamide
      (melting point 176.degree. - 177.degree.C)
PA1  N-[4-(.beta.-&lt;3.5-dimethylthiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-N
     '-(2-chlorocyclohexyl)-urea, melting point 177.degree. - 179.degree.C (from
      methanol);
PAC  EXAMPLE 13
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-ch
     lorocyclohexyl)-urea
PAR  a. 2.3 g of 4-chlorocyclohexyl-parabanic acid (melting point 222.degree. -
      223.degree.C) are suspended in 50 ml benzene and heated under reflux for 2
      hours with 3.9 g of
      4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfochloride and 1
      g of triethylamine. The solvent is decanted, the remaining oil is treated
      with water and the undissolvable residue is recrystallized from methanol.
      The
      1-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl-)-benzenesulfonyl]-3-(4-c
     hlorocyclohexyl)-parabanic acid melts at 179.degree. - 181.degree.C.
PAR  b. 0.9 g of the above-mentioned compound is heated in a vapor bath for 45
      minutes in 5 ml of dioxane and 10 ml of 1N sodium hydroxide solution. Then
      water is added, acidified and recrystallized from methanol. There is
      obtained the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-c
     hlorocyclohexyl)-urea melting at 179.degree. - 181.degree.C.
PAC  EXAMPLE 14
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-2-chl
     orocyclohexyl urea
PAR  a. 1 g of
      N-[4-(.beta.-&lt;2-methoxy-4-chlorobenzamido&gt;-ethyl)-benzenesulfonyl-N'-2-chl
     orocyclohexyl-thiourea (melting point 173.degree. - 175.degree.C) is
      dissolved in 100 ml of methanol to which 10 ml of dioxane are added. 1.1 g
      of mercury peroxide are added and stirring is continued for 3 hours at
      50.degree. - 60.degree.C. After filtration from the mercury sulfide, the
      whole is concentrated in vacuo. The
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl-N'-2-chl
     orocyclohexyl-isourea methyl ether melts at 125.degree. - 127.degree.C
      after recrystallization from dilute methanol.
PAR  b. 0.1 g of the product obtained according to (a) is suspended in 2 ml
      dioxane and 10 ml concentrated hydrochloric acid. Then the whole is heated
      for 5 minutes in a vapor bath, water is added and the precipitate is
      filtered off with suction and crystallized from methanol. The
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-2-ch
     lorocyclohexyl-urea melts at 192.degree. - 194.degree.C.
PAC  EXAMPLE 15
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-2-chl
     orocyclohexyl-urea
PAR  0.5 of
      N-[4-9.beta.&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-2-chl
     orocyclohexyl-thiourea (melting point 173.degree. - 175.degree.C) is
      dissolved in 30 ml 2N sodium hydroxide solution, and 10 ml of hydrogen
      peroxide of 30 % strength are added.
PAR  Then the whole is heated for 20 minutes in a vapor bath, cooled and
      acidified. A precipitate is obtained which is filtered off with suction,
      and treated with highly diluted ammonia. After filtration it is acidified.
      The
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-2-ch
     lorocyclohexyl-urea melts at 192.degree. - 194.degree.C after
      recrystallization from methanol.
PAC  EXAMPLE 16
PAC  N-[4-(.beta.-benzamido-ethyl)-benzenesulfonyl]-N'-(4-methyl-.DELTA.3-cycloh
     exenyl)-urea
PAR  7.6 g of 4-(.beta.-benzamido-ethyl)-benzenesulfonamide are heated for 3
      hours in a reflux condenser while stirring in 150 ml of acetone with 5 g
      of potassium carbonate. Then 3.5 g of
      4-methyl-.DELTA.3-cyclohexenyl-isocyanate (boiling point of 72.degree. -
      74.degree.C under a pressure of 12 mm of mercury prepared by decomposition
      of the 4-methyl-.DELTA.3-cyclohexene carboxylic acid azide obtained in
      usual manner from 4-methyl-.DELTA.3-cyclohexenecarboxylic acid) are added
      and stirring is continued for 8 hours at boiling temperature. The solvent
      is evaporated, and the residue is treated with water, filtered and the
      filtrate is acidified. The
      N-[4-(.beta.-benzamido-ethyl)-benzenesulfonyl]-N'-(4-methyl-.DELTA.3-cyclo
     hexanyl)-urea filtered off with suction, is recrystallized from dilute
      ehtanol and melts at 195.degree. - 196.degree.C.
PAR  In analogous manner there is obtained: from
PA1  4-(.beta.&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonamide (melting
      point 214.degree. - 216.degree.C)
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-m
     ethyl-.DELTA.3-cyclohexenyl)-urea, melting point 158.degree. -
      160.degree.C; from
PA1  4-(.beta.-&lt;2-methoxy-benzamido&gt;-ethyl)-benzenesulfonamide (melting point
      178.degree. - 180.degree.C)
PA1  N-[4-(.beta.-&lt;2-methoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-methyl-.DE
     LTA.3 -cyclohexenyl)-urea, melting point 173.degree. - 175.degree.C; from
PA1  4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonamide (melting point
      161.degree. - 163.degree.C)
PA1  N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-methyl-.DELT
     A.3-cyclohexenyl)-urea, melting point 147.degree. - 149.degree.C; from
PA1  4-(.beta.-&lt;4-chloro-benzamido&gt;-ethyl)-benzenesulfonamide (melting point
      220.degree. - 221.degree.C)
PA1  N-[4-(.beta.-&lt;4-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-methyl-.DEL
     TA.3-cyclohexenyl)-urea, melting point 201.degree. - 203.degree.C; from
PA1  4-(.beta.-&lt;3-methyl-benzamido&gt;-ethyl)-benzenesulfonamide (melting point
      187.degree. - 189.degree.C)
PA1  N-[4-(.beta.-&lt;3-methyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-methyl-.DEL
     TA.3-cyclohexenyl)-urea, melting point 160.degree. - 162.degree.C; from
PA1  4-(.beta.-(.beta.2-methoxy-4-chloro-benzamido&gt;-ethyl)-benzenesulfonamide
      (melting point 187.degree. - 188.degree.C)
PA1  N-[4-9.beta.-&lt;2-methoxy-4-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-m
     ethyl-.DELTA.3-cyclohexenyl)-urea, melting point 160.degree. -
      162.degree.C; from
PA1  4-(.beta.-&lt;2,4-dichloro-benzamido&gt;-ethyl)-benzenesulfonamide (melting point
      162.degree. - 164.degree.C)
PA1  N-[4-(.beta.-&lt;2,4-dichloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-methyl-
     .DELTA.3-cyclohexenyl)-urea, melting point 178.degree. - 180.degree.C; from
PA1  4-(.beta.-&lt;2-ethoxy-benzamido&gt;-ethyl)-benzenesulfonamide (melting point
      148.degree. - 150.degree.C)
      N-[4-(.beta.-&lt;2-ethoxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-methyl-.DE
     LTA.3-cyclohexenyl)-urea, melting point 158.degree. - 160.degree.C; from
PA1  4-(.beta.-&lt;2-isoamyloxy-benzamido&gt;-ethyl)-benzenesulfonamide (melting point
      148.degree.C)
PA1  N-[4-(.beta.-&lt;2-isoamyloxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-methyl-
     .DELTA.3-cyclohexenyl)-urea, melting point 140.degree. - 142.degree.C; from
PA1  4-(.beta.-&lt;2-allyloxy-benzamido&gt;-ethyl)-benzenesulfonamide (melting point
      129.degree. - 130.degree.C)
PA1  N-[4-(.beta.-&lt;2-allyloxy-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-methyl-.D
     ELTA.3-cyclohexenyl)-urea, melting point 144.degree. - 146.degree.C; from
PA1  4-(.beta.-&lt;2-isoamyloxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonamide
      (melting point 142.degree. - 144.degree.C)
PA1  N-[4-(.beta.-&lt;2-isoamyloxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(
     4-methyl-.DELTA.3-cyclohexenyl)-urea, melting point 124.degree. -
      126.degree.C; from
PA1  4-(.beta.-&lt;3-fluoro-benzamido&gt;-ethyl)-benzenesulfonamide (melting point
      218.degree. - 219.degree.C)
PA1  N-[4-(.beta.-&lt;3-fluoro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-methyl-.DEL
     TA.3-cyclohexenyl)-urea, melting point 188.degree. - 190.degree.C; from
PA1  4-(.beta.-&lt;3-chloro-4-methyl-benzamido&gt;-ethyl)-benzenesulfonamide (melting
      point 184.degree. - 185.degree.C)
PA1  N-[4-(.beta.-&lt;3-chloro-4-methyl-benzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-(4-methyl-.DELTA.3-cyclohexenyl)-urea, melting point 185.degree. -
      187.degree.C; from
PA1  4-(.beta.-&lt;2,5-dimethyl-benzamido&gt;-ethyl)-benzenesulfonamide (melting point
      139.degree. - 141.degree.C)
PA1  N-[4-(.beta.-&lt;2,5-dimethyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-methyl-
     .DELTA.3-cyclohexenyl)-urea, melting point 173.degree. - 175.degree.C from
PA1  4-(.beta.-&lt;naphthalene-2-carbonamido&gt;-ethyl)-benzenesulfonamide (melting
      point 206.degree. - 208.degree.C)
PA1  N-[4-(.beta.-&lt;naphthalene-2-carbonamido&gt;-ethyl-benzenesulfonyl]-N'-(4-methy
     l-.DELTA.3-cyclohexenyl)-urea, melting point 180.degree. - 182.degree.C;
      from
PA1  4-(.beta.-&lt;4-nitro-benzamido&gt;-ethyl)-benzenesulfonamide (melting point
      182.degree. - 184.degree.C)
PA1  N-[4-(.beta.-&lt;4-nitro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-methyl-.DELT
     A.3-cyclohexenyl)-urea, melting point 172.degree. - 174.degree.C; from
PA1  4-(.beta.-&lt;2-methoxy-5-methyl-benzamido&gt;-ethyl)-benzenesulfonamide (melting
      point 193.degree. - 194.degree.C)
      N-[4-(.beta.-&lt;2-methoxy-5-methyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-
     methyl-.DELTA.3-cyclohexenyl)-urea, melting point 149.degree. -
      151.degree.C; from
PA1  4-(.beta.-&lt;2-ethoxy-5-methyl-benzamido&gt;-ethyl)-benzenesulfonamide (melting
      point 151.degree. - 153.degree.C)
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-methyl-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-me
     thyl-.DELTA.3-cyclohexenyl)-urea, melting point 158.degree. - 159.degree.C.
PAC  EXAMPLE 17
PAC  N-[4-(.beta.-&lt;2-methoxy-4-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4-m
     ethyl-.DELTA.3-cyclohexenyl)-urea
PAR  4.2 g of
      N-[4-(.beta.-&lt;2-methoxy-4-chloro-benzamido-&gt;ethyl)-benzenesulfonyl]-methyl
     -urethane (melting point 178.degree. - 180.degree.C) are heated to
      110.degree.C while stirring, in 50 ml dioxane with 4-methyl-.DELTA.
      3-cyclohexenylamine (boiling point at 50.degree.C under a pressure of 10
      mm of mercury, prepared from 4-methyl-.DELTA.3-cyclohexenyl-isocyanate by
      saponification with acetic acid of 50 % strength); during this process
      methanol which has formed is distilled off. Then dioxane is evaporated to
      a large extent under reduced pressure and water is added to the residue.
      The product which has precipitated is filtered off with suction and
      recrystallized from dilute ethanol. The
      N-[4-(.beta.-&lt;2-methoxy-4-chloro-benzamido&gt;-ethyl)-benezenesulfonyl]-N'-(4
     -methyl-.DELTA.3-cyclohexenyl)-urea melts at 160.degree. - 162.degree.C.
PAC  EXAMPLE 18
PAC  N-[4-(.beta.
      -&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl-benzenesulfonyl]-N'-(3.4-dimethylcycl
     ohexyl)-urea
PAR  5.7 g of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methyl-
     urethane (melting point 189.degree. - 191.degree.C) are suspended in 100 ml
      dioxane and 1.7 g of 3.4-dimethylcyclohexylamine (boiling point at
      47.degree.C under a pressure of 6 mm of mercury, acetate: melting point
      114.degree. - 115.degree.C) are added. Then the whole is heated to
      110.degree.C for 11/2 hours while stirring, and the methanol which has
      formed during the reaction is distilled off. When adding a small amount of
      water the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3.4
     -dimethylcyclohexyl)-urea crystallizes and melts after recrystallization
      from methanol at 170.degree. - 171.degree.C.
PAR  In analogous manner there is obtained:
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4-
     dimethylcyclohexyl)-urea, melting point 177.degree. - 178.degree.C (from
      methanol)
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3.5-
     dimethylcyclohexyl)-urea, melting point 193.degree.C (from
      methanol/dimethylformamide) and
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4-
     diethylcyclohexyl)-urea, melting point 174.degree. - 175.degree.C (from
      methanol); from
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylmet
     hane (melting point 203.degree. - 204.degree.C)
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-(4.4-diethylcyclohexyl)-urea, melting point 136.degree. - 138.degree.C
      (from methanol); from
PA1  N-[4-(.beta.-&lt;2-allyloxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylu
     rethane (melting point 167.degree. - 168.degree.C)
PA1  N-[4-(.beta.-&lt;2-allyloxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3.4
     -dimethylcyclohexyl)-urea, melting point 158.degree. - 160.degree.C (from
      methanol) and
PA1  N-[4-(.beta.-&lt;2-allyloxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4
     -dimethylcyclohexyl)-urea, melting point 156.degree. - 158.degree.C (from
      methanol); from
PA1  N-[4-(.beta.-&lt;2-methoxy-5-fluorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylur
     ethane (melting point 171.degree. - 173.degree.C)
PA1  N-[4-(.beta.-&lt;2-methoxy-5-fluorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2.4-
     dimethylcyclohexyl)-urea, melting point 175.degree. - 176.degree.C (from
      methanol)
PA1  N-[4-(.beta.-&lt;2-methoxy-5-fluorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3.4-
     dimethylcyclohexyl)-urea, melting point 180.degree. - 182.degree.C (from
      methanol)
PA1  N-[4-(.beta.-&lt;2-methoxy-5-fluorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4-
     dimethylcyclohexyl)-urea, melting point 196.degree. - 197.degree.C (from
      methanol); from
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-fluorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylure
     thane (melting point 193.degree. - 195.degree.C)
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-fluorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4-d
     imethylcyclohexyl)-urea, melting point 167.degree. - 168.degree.C; from
PA1  N-[4-(.beta.-&lt;2-methoxy-5-bromobenzamido&gt;-ethyl)-benzenesulfonyl]-methylure
     thane (melting point 197.degree. - 199.degree.C)
PA1  N-[4-(.beta.
      -&lt;2-methoxy-5-bromobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2.4-dimethylcylo
     hexyl)-urea, melting point 204.degree. - 205.degree.C (from
      methanol/dimethylformamide)
PA1  N-[4-(.beta.-&lt;2-methoxy-5-bromobenzamido&gt;-ethyl)-benzenesulfonyl]-N-(3.4-di
     methylcyclohexyl)-urea, melting point 166.degree. - 168.degree.C (from
      methanol) and
PA1  N-[4-(.beta.
      -&lt;2-methoxy-5-bromobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3.5-dimethylcycl
     ohexyl)-urea, melting point 202.degree. - 204.degree.C (from
      methanol/dimethylformamide); from
PA1  N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-methylur
     ethane (melting point 175.degree. - 177.degree.C)
PA1  N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4-
     dimethylcyclohexyl)-urea, melting point 164.degree. - 166.degree.C (from
      methanol; from
PA1  N-[4-(.beta.-&lt;2.5-dimethoxybenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethan
     e (melting point 173.degree. - 175.degree.C)
PA1  N-[4-(.beta.-&lt;2.5-dimethoxybenzamido&gt;-ethyl)-benzensulfonyl]-N'-(3.4-dimeth
     ylcyclohexyl)-urea, melting point 157.degree. - 159.degree.C (from
      methanol)
PA1  N-[4-(.beta.-&lt;2.5-dimethoxybenzamido&gt;-ethyl-benzenesulfonyl]-N'-(4.4-dimeth
     ylcyclohexyl)-urea, melting point 132.degree. - 134.degree.C (from
      methanol) and
PA1  N-[4-(.beta.-&lt;2.5-dimethoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4-dieth
     ylcyclohexyl)-urea, melting point 142.degree. - 144.degree.C (from
      methanol); from
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-acetylbenzamido&gt;-ethyl)-benzenesulfonyl]-methylure
     thane (melting point 164.degree. - 166.degree.C)
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-acetylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4-d
     imethylcyclohexyl)-urea, melting point 138.degree. - 140.degree.C (from
      methanol); from
PA1  N-[4-(.beta.-&lt;2-methoxybenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 174.degree. - 176.degree.C)
PA1  N-[4-(.beta.-&lt;2-methoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2.4-dimethylc
     yclohexyl)-urea, melting point 197.degree. - 199.degree.C (from
      methanol/dimethylformamide)
PA1  N-[4-(.beta.-&lt;2-methoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3.4-dimethylc
     yclohexyl)-urea, melting point 169.degree. - 171.degree.C (from methanol)
PA1  N-[4-(.beta.-&lt;2-methoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3.5-dimethylc
     yclohexyl)-urea, melting point 179.degree. - 181.degree.C (from methanol)
      and
PA1  N-[4-(.beta.
      -&lt;2-methoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4-dimethylcyclohexyl)-
     urea, melting point 188.degree. - 189.degree.C (from
      methanol/dimethylformamide); from
PA1  N-[4-(.beta.-&lt;2-propoxybenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 159.degree. - 161.degree.C)
      N-[4-(.beta.-&lt;2-propoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4-dimethyl
     cyclohexyl)-urea, melting point 183.degree. - 184.degree.C (from methanol);
      from
PA1  N-[4-(.beta.-&lt;3-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 200.degree. - 202.degree.C)
PA1  N-[4-(.beta.-&lt;3-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4-dimethylcy
     clohexyl)-urea, melting point 170.degree. - 172.degree.C (from methanol);
      from
PA1  N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 173.degree. - 175.degree.C)
PA1  N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3.4-dimethylcy
     clohexyl)-urea, melting point 163.degree. - 165.degree.C (from methanol)
PA1  N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4-dimethylcy
     clohexyl)-urea, melting point 168.degree. - 169.degree.C (from methanol)
      and
PA1  N-[4-(.beta.-&lt;3-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4-diethylcyc
     lohexyl)-urea, melting point 175.degree. - 176.degree.C (from methanol);
      from
PA1  N-[4-(.beta.-&lt;3.5-dimethylbenzamido&gt;-ethyl)-benzenesulfonyl]-methylurethane
      (melting point 223.degree. - 225.degree.C)
PA1  N-[4-(.beta.-&lt;3.5-dimethylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4-dimeth
     ylcyclohexyl)-urea, melting point 194.degree. - 195.degree.C (from
      methanol); from
PA1  N-[4-(.beta.-&lt;3-ethoxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-methy
     lurethane (melting point 163.degree. - 165.degree.C)
PA1  N[4-(.beta.-&lt;3-ethoxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.
     4-dimethylcyclohexyl)-urea, melting point 181.degree. - 183.degree.C (from
      methanol); from
PA1  N-[4-(.beta.-&lt;3.4-tetramethylenethiophen-2-carbonamido&gt;-ethyl)-benzenesulfo
     nyl]-methylurethane (melting point 194.degree. - 196.degree.C)
PA1  N-[4-(.beta.-&lt;3.4-tetramethylenethiophen-2-carbonamido&gt;-ethyl)-benzenesulfo
     nyl]-N'-(4.4-dimethylcyclohexyl)-urea, melting point 186.degree. -
      187.degree.C (from methanol).
PAC  EXAMPLE 19
PAC  N-[4-(.beta.-&lt;2-methoxy-benzamido&gt;-ethyl)-benzenesulfonyl-N'-(4.4-diethyl-c
     yclohexyl)-urea
PAR  6 g of 4-(.beta.-&lt;2-methoxybenzamido&gt;-ethyl)-benzenesulfonamide (melting
      point 178.degree. - 180.degree.C) are dissolved in 9 ml of 2N sodium
      hydroxide solution and 40 ml of acetone and 3.3 g of
      4.4-diethyl-cyclohexyl-isocyanate (boiling point at 108.degree. -
      110.degree.C under a pressure of 11 mm of mercury; obtained by reaction of
      4.4-diethyl-cyclohexylamine (boiling point at 95.degree. - 97.degree.C,
      hydrochloride: boiling point 243.degree.C) with phosgene) are added
      dropwise while stirring at 0.degree. - 5.degree.C. Stirring is continued
      for 2 - 3 hours at room temperature, the whole is diluted with water and
      methanol, then the whole is filtered from the undissolved matter and the
      filtrate is acidified with dilute hydrochloric acid. The N-[4-(.beta.-&lt;2
      -methoxy-benzamido&gt;-ethyl)benzenesulfonyl]-N'-(4.4-diethyl-cyclohexyl)-ure
     a precipitating in crystalline form melts after recrystallization from
      methanol at 186.degree. - 187.degree.C.
PAR  In analogous manner there is obtained: from
PA1  4-(.beta.-&lt;2-n-butoxybenzamido&gt;-ethyl)-benzenesulfonamide (melting point
      151.degree.-152.degree.C)
PA1  N-[4-(.beta.-&lt;2-n-butoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2.4-dimethyl
     cyclohexyl)-urea, melting point 190.degree.-191.degree.C (from
      methanol/dimethylformamide); from
PA1  4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonamide (melting
      point 197.degree.-198.degree.C)
PA1  N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2.4-
     dimethylcyclohexyl)-urea, melting point 191.degree.-192.degree.C (from
      methanol/dimethylformamide) and
PA1  N-[4-(.beta.-&lt;2-methoxy-5-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(3.5-
     dimethylcyclohexyl)-urea, melting point 203.degree.-204.degree.C (from
      methanol/dimethylformamide); from
PA1  4-(.beta.-&lt;2-methoxy-4-chlorobenzamido&gt;-ethyl)-benzenesulfonamide (melting
      point 187.degree.-188.degree.)
PA1  N-[4-(.beta.-&lt;2-methoxy-4-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2.4-
     dimethylcyclohexyl)-urea, melting point 186.degree.-188.degree.C (from
      methanol) and
PA1  N-[4-(.beta.-&lt;2-methoxy-4-chlorobenzamido&gt;ethyl)-benzenesulfonyl]-N'-(4.4-d
     imethylcyclohexyl)-urea, melting point 201.degree.-203.degree.C (from
      methanol); from
PA1  4-(.beta.-&lt;2-ethoxy-5-chlorobenzamido&gt;ethyl)-benzenesulfonamide (melting
      point 168.degree.-170.degree.C)
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-chlorobenzamido&gt;ethyl)-benzenesulfonyl]-N'-(2.4-di
     methylcyclohexyl)-urea, melting point 195.degree.-196.degree.C (from
      methanol); from
PA1  4-(.beta.-&lt;2-ethoxy-5-acetylbenzamido&gt;-ethyl)-benzenesulfonamide (melting
      point 197.degree.-198.degree.C)
PA1  N-[4-(.beta.-&lt;2-ethoxy-5-acetylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2.4-d
     imethylcyclohexyl)-urea, melting point 168.degree.-169.degree.C (from
      methanol); from
PA1  4-(.beta.-&lt;2-.beta.-methoxyethoxybenezamido&gt; -ethyl)-benzenesulfonamide
      (melting point 128.degree.-130.degree.C)
PA1  N-[4-(.beta.-&lt;2-.beta.-methoxyethoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(
     2.4-dimethylcyclohexyl)-urea, melting point 164.degree.-165.degree.C (from
      methanol) and
PA1  N-[4-(.beta.-&lt;2-.beta.-methoxyethoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(
     4.4-dimethylcyclohexyl)-urea, melting point 190.degree.-191.degree.C (from
      methanol); from
PA1  4-(.beta.-&gt;2-.beta.-methoxy-ethoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfona
     mide (melting point 161.degree.-162.degree.C)
PA1  N-[4-(.beta.-&lt;2-.beta.-methoxy-ethoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulf
     onyl]-N'-(2.4-dimethylcyclohexyl)-urea, melting point
      163.degree.-164.degree.C (from methanol); from
PA1  4-(2-methoxybenzamido-methyl)-benzenesulfonamide (melting point
      190.degree.-191.degree.C)
PA1  N-[4-2-methoxybenzamido-methyl)-benzenesulfonyl]-N'-(4.4-dimethyl
      cyclohexyl)-urea, melting point 210.degree.-211.degree.C (from methanol);
      from
PA1  4-(.beta.-&gt;2-phenoxybenzamido&gt;-ethyl)-benzenesulfonamide (melting point
      187.degree.-188.degree.C)
PA1  N-[4-(.beta.-&lt;2-phenoxybenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2.4-
      dimethylcyclohexyl)-urea, melting point 167.degree.-168.degree.C (from
      methanol) and
PA1  N-[4-(.beta.-&lt;2-phenoxybenzamido&lt;-ethyl)-benzenesulfonyl]-N'-(4.4-dimethylc
     yclohexyl)-urea, melting point 148.degree.-150.degree.C (from methanol);
      from
PA1  4-(.beta.-&lt;3-methylbenzamido&gt;-ethyl)-benzenesulfonamide (melting point
      187.degree.-189.degree.C)
PA1  N-[4-(.beta.-&lt;3-methylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2.4-dimethylcy
     clohexyl)-urea, melting point 178.degree.-180.degree.C (from methanol);
      from
PA1  4-(.beta.-&lt;N-methyl-3-methylbenzamido&gt;-ethyl)-benzenesulfonamide (melting
      point 146.degree.C)
PA1  N-[4-(.beta.-&gt;n-methyl-3-methylbenzamido&gt;-ethyl)-benzenesulfonyl
      ]-N'-(4.4-diethylcyclohexyl)-urea, melting point 141.degree.-142.degree.C
      (from methanol); from
PA1  4-(.beta.-&lt;3.5-dimethylbenzamido&gt;-ethyl)-benzenesulfonamide (melting point
      194.degree.-196.degree.C)
PA1  N-[4-(.beta.-&lt;3.5-dimethylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2.4-dimeth
     ylcyclohexyl)-urea, melting point 202.degree.-204.degree.C (from methanol);
      from
PA1  4-(.beta.-&lt;3-trifluoromethylbenzamido&gt;-ethyl)-benzenesulfonamide (melting
      point 145.degree.-147.degree.C)
PA1  N-[4-(.beta.-&lt;3-trifluoromethylbenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2.4-d
     imethylcyclohexyl)-urea, melting point 185.degree.-187.degree.C (from
      methanol) and
PA1  N-[4-(.beta.-&lt;3-trifluoromethylbenzamido&gt;-ethyl)-benzenesuflonyl]-
      N'-(4.4-dimethylcyclohexyl)-urea, melting point 169.degree.-170.degree.C
      (from methanol); from
PA1  4-(.beta.-&lt;3-methoxythiophen-2-carbonamide&gt;-ethyl)-benzenesulfonamide
      (melting point 201.degree.-203.degree.C)
PA1  N-[4-(.beta.-&lt;3-methoxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-N'-(
     2.4-dimethylcyclohexyl)-urea, melting point 175.degree.-176.degree.C (from
      methanol; from
PA1  4-(.beta.-&lt;3-ethoxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfonamide
      (melting point 177.degree.-179.degree.C)
PA1  N-[4-(.beta.-&lt;3-ethoxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-N'-(2
     .4-dimethylcyclohexyl)-urea, melting point 168.degree.-169.degree.C (from
      methanol); from
PA1  4-(.beta.-&lt;3-benzyloxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfonamide
      (melting point 196.degree.-198.degree.C)
PA1  N-[4-(.beta.-&lt;3-benzyloxythiophen-2-carbonamido&gt;-ethyl)-benzenesulfonyl]-N'
     -(4.4-dimethylcyclohexyl)-urea, melting point 181.degree.-182.degree.C
      (from methanol/dimethylformamide).
PAC  EXAMPLE 20
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2.4-
     dimethyl-cyclohexyl)-urea
PAR  8.2 g of
      N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-urea.(
     melting point 171.degree.-173.degree.C) are suspended in 150 ml of dioxane
      and heated under reflux for 1 hour after addition of 3.75 g of
      2.4-dimethyl-cyclohexyl-amine-acetate. Then the solvent is distilled off
      in vacuo and water is added to the residue. The crystals obtained of
      N-[4-(.beta.-&lt;2-methoxy5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(2.4-
     dimethylcyclohexyl)-urea are recrystallized from methanol/dimethyl
      formamide and melt at 200.degree.-201.degree.C.
PAC  EXAMPLE 21
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4-
     dimethylcyclohexyl)-urea
PAR  a. 5.6 g of 4.4-dimethylcyclohexyl parabanic acid (melting point
      182.degree.-183.degree.C, prepared by reaction of
      4.4-dimethylcyclohexyl-urea with oxalylchloride) are heated under reflux
      for 11/2 hours together with 9.7 g of
      4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfochloride and
      2.5g of triethylamine in 100 ml benzene. Then the whole is filtered off
      while hot from the undissolved matter, and the crystals which are obtained
      while cooling the filtrate, are boiled out with methanol. After
      recrystallization from methanol/dimethylformamide/water, the
      1-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-3-(4.4-
     dimethylcyclohexyl)-parabanic acid melts at 196.degree.-197.degree.C.
PAR  b. 0.5 g of the above-mentioned parabanic acid is heated in a vapor bath in
      5 ml of dioxane and 10 ml of 1N-sodium hydroxide solution for 45 minutes.
      After cooling, water is added, acidified and the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4
     -dimethylcyclohexyl)-urea obtained is recrystallized from methanol (melting
      point 177.degree.-178.degree.C).
PAC  EXAMPLE 22
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4
     -dimethyl-cyclohexyl)-urea
PAR  1. 2.9 g of N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-
      benzene-sulfonyl]-N'-(4.4-dimethylcyclohexyl)-thiourea (prepared by
      reaction of
      4-[.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl]-benzenesulfonamide with
      cyclohexyl mustard oil in dioxane/acetone in the presence of potassium
      carbonate) melting point 175.degree.-177.degree.C and decomposition, are
      dissolved in 250 ml acetone. An aqueous solution of 0.7 g sodium nitrite
      is added and while stirring is continued at 5.degree.C, 15 ml of 5N acetic
      acid are added dropwise. After stirring for 21/2 hours acetone is
      distilled off. The residue is dissolved in dilute sodium hydroxide
      solution, the solution is clarified with charcoal and acidified. There is
      obtained a crystalline precipitate of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4
     -dimethylcyclohexyl)-urea, which is filtered off with suction and
      recrystallized from dilute methanol. The substance melts at
      174.degree.-176.degree.C. 2. (a) 5.38 g of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)benzene-sulfonyl]-N'-(4.4
     -dimethylcyclohexyl)-thiourea are dissolved in 5 ml dioxane and 250 ml
      methanol. Then 2.16 g of mercury peroxide are added and stirring is
      continued for 4 hours at 60.degree.C. The mercury sulfide formed is
      filtered off, and the filtrate is half concentrated and water is added.
      After abandoning during the night a crystalline precipitate has formed,
      which is filtered off with suction and recrystallized from dilute
      methanol. The
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-(4.4
     -dimethylcyclohexyl)-isoureamethylether thus obtained melts at
      149.degree.-151.degree.C.
PAR  (b) 0.5 g of isourea ether obtained according to the method (2) (a) are
      dissolved in 5 ml dioxane. After addition of 20 ml 2N sodium hydroxide the
      whole is heated in a vapor bath for 45 minutes. By acidifying there is
      obtained a crystalline precipitate of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&lt;-ethyl)benzenesulfonyl]-N'-(4.4-
     dimethylcyclohexyl-urea melting at 174.degree.-176.degree.C after
      recrystallization from dilute methanol.
PAC  EXAMPLE 23
PAC  N-[4-(.beta.-benzamido-ethyl)-benzenesulfonyl]-N'-(4.4-diethyl-cyclohexyl)-
     urea
PAR  a. 6.4 g of 4-(.beta.-benzamido-ethyl)-benzenesulfonamide sodium and 7.2 g
      of 4-(.beta.-benzamido-ethyl)-benzenesulfonyl-carbamic acid methyl ester
      are well mixed. The substance is introduced into an Erlenmeyer flask
      having a content of 300 ml so that the botton of the flask is covered.
      Then the flask is put to an oil bath pre-heated to 250.degree.C. After a
      few minutes the mass starts to drip, after another 5 minutes
      solidification can be observed.
PAR  The whole is cooled, the reaction cake is treated with about 1 % of aqueous
      ammonia, it is filtered, and the filtrate is acidified with 2N
      hydrochloric acid. There is obtained a crystalline precipitate of
      N,N'-di-4-[.beta.-(benzamido-ethyl)-benzenesulfonyl]-urea, which is
      dissolved once more in dilute ammonia and which precipitates by
      acidification with hydrochloric acid. The substance melts after filtration
      with suction and recrystallization at 204.degree.C and decomposition.
PAR  b. 3.17 g of the bis-urea, obtained according to method (a) are suspended
      in 100 ml dioxane. 0.78 g of 4.4-diethylcyclohexyl-amine are added while
      stirring and salt formation can be observed. Then the whole is heated to
      boiling temperature for 1 hour while stirring; after a few minutes the
      suspension has changed into a clear solution.
PAR  The whole is concentrated in vacuo, the residue is treated with ammonia of
      about 1 % strength and then it is filtered. The filtrate gives by
      acidification a crystalline precipitate of
      N-[4-(.beta.-benzamido-ethyl)-benzenesulfonyl]-N'-(4.4-diethylcyclohexyl)-
     urea. The substance melts after recrystallization from methanol at
      199.degree.-201.degree.C.
PAC  EXAMPLE 24
PAC  N-[4-(.gamma.-&lt;2-methoxy-5-bromobenzamido&gt;-propyl)-benzenesulfonyl]-N'-(4.4
     -dimethylcyclohexyl)-urea
PAR  9 g of 4-(.gamma.&lt;- 2-methoxy-5-bromobenzamido&gt;-propyl)-benzenesulfonamide
      sodium and 16 g of N,N-diphenyl-N'-(4.4-dimethylcyclohexyl)-urea are
      heated for 7 hours in an oil bath to 100.degree.C in 30 ml of
      dimethylformamide. Then the whole is cooled, water and alkalies are added
      to the reaction mixtue and the diphenylamine which has formed is
      etherized. The aqueous phase is treated with charcoal and the filtrate is
      acidified. The sulfonyl-urea obtained is recrystallized from
      methanol/water and melts at 192.degree.C.
PAR  In analogous manner there is obtained:
PA1  N-[4-(.gamma.&lt;-
      2-methoxy-5-bromobenzamido&gt;-propyl)-benzenesulfonyl]-N'-(2.4 -dimethylcycl
     ohexyl)-urea, melting point 184.degree.C (from methanol/water),
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-propyl)-benzenesulfonyl]-N'-(4.4
     -dimethylcyclohexyl)-urea, melting point 153.degree.C (from methanol/water)
PA1  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-propyl)-benzenesulfonyl]-N'-(2.4
      -dimethylcyclohexyl)-urea, melting point 181.degree.C (from
      methanol/water)
PA1  N-[4-(.beta.-naphth-&lt;1'&gt;-amidoethyl)-benzenesulfonyl]-N'-(2.4-dimethylcyclo
     hexyl)-urea, melting point 216.degree.C (from methanol/water) and
PA1  N-[4-(.beta.-tetralincarb-&lt;2'&gt;-amidoethyl)-benzenesulfonyl]-N'-(2.4-dimethy
     lcyclohexyl)-urea, melting point 167.degree.C (from methanol/water).
PAC  EXAMPLE 25
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-.alpha.-methyl-ethyl)-benzenesul
     fonyl]-N'-(4.4-diethyl-cyclohexyl)-urea
PAR  9.6 g of
      4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;.alpha.-methylethyl)-benzenesulfona
     mide are dissolved in 250 ml of dioxane. 6.9 g of finely ground potassium
      carbonate are added and the whole is heated to boil for 2 hours while
      stirring. 4.5 g of 4.4-diethylcyclohexyl-isocyanate are added dropwise
      while continuing to stir. Stirring and heating is continued for 8 hours,
      the whole is poured into water and acidified. The crystalline precipitate
      obtained is filtered off with suction and dried. The whole is dissolved in
      dimethylformamide, methanol is added and thus a crystalline mass is
      obtained of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;.alpha.-methyl)-ethyl-benzenesul
     fonyl]-N'-(4.4-diethyl-cyclohexyl)-urea melting at 161.degree.-163.degree.C
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. Benzenesulfonyl- ureas corresponding to the formula X-CO-NH-Y-
      ##SPC7##
PAL  -so.sub.2 -nh-co-nh-r.sup.1
PAL  wherein R.sup.1 is lower alkyl-cyclopentyl, X is
      ##SPC8##
PAL  phenyl which is substituted in the 2-position by methoxy and in 5-position
      by halogen, methyl or methoxy,
PA1  Y is a saturated hydrocarbon chain of 1-3 carbon atoms, or a salt thereof
NUM  2.
PAR  2. The compound of claim 1 wherein X is
      ##SPC9##
NUM  3.
PAR  3. The compound of claim 1 wherein X is
      ##SPC10##
NUM  4.
NUM  5.
PAR  5. The compound of claim 1 wherein X is 2-methoxy-5-methylphenyl, Y is
NUM  6.
PAR  6. The compound of claim 1 wherein X is 2-methoxy-5-chlorophenyl, Y is
NUM  7.
PAR  7. The compound of claim 1 wherein X is 2-methoxy-5-bromophenyl, Y is
NUM  8.
PAR  8. Benzenesulfonyl ureas corresponding to the formula
PA1  X-co-nh-y-
      ##SPC11##
PAL  -so.sub.2 -nh-co-nh-r.sup.1
PAL  wherein R.sup.1 is lower alkyl cyclopentyl; X is phenyl which is
      substituted in 2-position by lower alkoxy; Y is a saturated hydrocarbon
      chain of 1 to 3 carbon atoms, or a salt thereof of pharmaceutically
NUM  9.
PAR  9. The compound of claim 8 wherein X is 2-methoxyphenyl, Y is -CH.sub.2
      CH.sub.2 - and R.sup.1 is 3-methylcyclopentyl,
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ABST
PAL  Urea is made from ammonia and carbon dioxide by first reacting ammonia and
      carbon dioxide to form urea, ammonium carbamate and water, and then
      decomposing the carbamate to ammonia and carbon dioxide which are returned
      to the reaction zone.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an improved process for making urea from ammonia
      and carbon dioxide. The process is carried out in a reaction vessel which
      has a zone in which the ammonia and carbon dioxide are reacted to form
      urea, ammonium carbamate and water, and which also has a zone in which the
      carbamate is decomposed to ammonia and carbon dioxide. Liquid ammonia is
      passed in indirect heat exchange relationship with the mixture in the
      reaction zone, whereby the mixture is cooled and liquid ammonia is
      vaporized. Ammonia vapor thus produced is passed into the zone in which
      carbamate is decomposed into ammonia and carbon dioxide to assist in the
      decomposition of the carbamate. Ammonia and carbon dioxide vapors produced
      by the decomposition of the carbamate are returned to the reaction zone. A
      stoichiometric excess of ammonia (that is, more than two moles of ammonia
      per mole of carbon dioxide and generally from 2.5 to 10 moles of ammonia
      per mole of carbon dioxide) is introduced into the reaction vessel, and,
      optionally, means are provided for the recycle of excess ammonia which
      passes through the reaction vessel unconverted.
PAR  The decomposition of the carbamate to ammonia and carbon dioxide is an
      endothermic reaction, and heat should therefore be added to the
      carbamate-containing mixture in order to maintain the mixture undergoing
      decomposition to ammonia and carbon dioxide at a more appropriate
      temperature. This is accomplished, in accordance with an embodiment of the
      invention, by introducing carbon dioxide into the stream leaving the zone
      in which the ammonia and carbon dioxide are reacted to form urea whereby
      the excess ammonia present in such stream and the carbon dioxide
      introduced react to form ammonium carbamate and thereby generate heat,
      while the stream is in indirect heat-exchange relationship with the zone
      in which the carbamate is decomposed to ammonia and carbon dioxide.
PAR  Also, in accordance with an embodiment of the invention, the
      urea-containing stream leaving the reaction vessel is flashed at
      relatively high pressure to produce ammonia vapor, which is conveniently
      liquefied and returned to the reaction vessel.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In U.S. Pat. No. 3,046,307 to Julius H. Bochinski it is proposed to
      synthesize urea from ammonia and carbon dioxide in a reaction vessel which
      has areaction zone in which the ammonia and carbon dioxide react to form
      urea, ammonium carbamate and water, and which also has a zone in which
      carbamate is decomposed into ammonia and carbon dioxide which are returned
      to the reaction zone. Vapors from the reaction zone are cooled and
      condensed by means of indirect heat exchange and the condensate is
      returned to the reaction zone. By this means, the reaction zone is cooled
      and the heat generated therein is dissipated. Gaseous ammonia is
      introduced into the zone in which the carbamate is decomposed to ammonia
      and carbon dioxide to aid in the decomposition of the carbamate, and the
      ammonia and carbon dioxide thus formed are returned to the reaction zone.
PAR  Thus, the Bochinski patent describes a process for making urea from ammonia
      and carbon dioxide in which gaseous ammonia is introduced into a stripping
      zone for upward flow therein into a reaction zone which is maintained at
      substantially the same pressure as the stripping zone. Carbon dioxide is
      introduced into the lower portion of the reaction zone for admixture with
      ammonia from the stripping zone. The carbon dioxide and ammonia flow
      upwardly in the reaction zone and countercurrently to an aqueous stream
      containing ammonium carbamate and urea produced by the reaction of ammonia
      and carbon dioxide in the reaction zone. This aqueous stream containing
      ammonium carbamate and urea passes downwardly through the stripping zone
      countercurrently to the gaseous ammonia which is introduced into the
      stripping zone for the purpose of decomposing the carbamate to carbon
      dioxide and ammonia.
PAR  The use of a stream of gaseous ammonia for the purpose of decomposing
      carbamate to ammonia and carbon dioxide is also described in U.S. Pat. No.
      3,470,247 to Mario Guadalupi.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, the reaction zone is cooled by passing liquid
      ammonia into indirect heat exchange relationship with the mixture in the
      reaction zone. Ammonia vapor is thus formed, and is introduced into the
      zone in which ammonium carbamate is decomposed into ammonia and carbon
      dioxide. When the process is operated in this manner, improved operating
      advantages result.
PAR  Thus, the use of steam or other source of heat for vaporizing liquid
      ammonia for use in decomposing the carbamate to ammonia and carbon dioxide
      is not necessary. Also, the liquid ammonia can be passed through a
      thin-walled heat-exchanger positioned in the reaction zone, for the
      purpose of generating the ammonia vapor introduced into the zone in which
      the ammonium carbamate is decomposed into ammonia and carbon dioxide.
PAR  The following description, taken in conjunction with accompanying FIG. 1,
      FIG. 2, and FIG. 3, describes in detail an operation falling within the
      broad scope of this invention. FIG. 1 describes a way in which ammonia
      which passes through the reaction vessel unconverted can be recycled to
      the reaction vessel with a minimum of power, steam and cooling water
      consumption. The pound figures mentioned in connection with FIG. 1 are on
      an hourly basis.
PAR  Referring now specifically to FIG. 1, 472 pounds of liquid ammonia flowing
      through line 1, 93.8 pounds of liquid ammonia flowing through line 2, and
      1083.2 pounds of liquid ammonia flowing through line 11 are admixed in
      line 3 and pressurized by pump 4 to 2750 psig and at a temperature of
      100.degree.F. The liquid ammonia is then introduced into vessel 5, which
      comprises reaction zone 6 and stripping 7. Reaction zone 6 contains an
      indirect heat-exchanger 8 through which the liquid pumped by pump 4 passes
      and in which liquid ammonia is vaporized by the heat of the reaction which
      takes place in reaction zone 6. From heat-exchanger 8 the ammonia vapor,
      now superheated to a temperature of 320.degree.F, and further heated to a
      temperature of 360.degree.F., by indirect heat-exchange with steam in
      heater 8a, is introduced by means of line 9 into the lower portion of
      stripping zone 7.
PAR  Through line 10 there is introduced into the lower portion of reaction zone
      6, 642 pounds of carbon dioxide. Reaction zone 6 is at a temperature of
      about 350.degree.F., and in it there is formed a urea melt containing 830
      pounds of urea, 468 pounds of ammonium carbamate, 250 pounds of water and
      1117 pounds of dissolved ammonia. This urea melt overflows from the
      reaction zone 6 and down into the stripping zone 7, where it contacts the
      ammonia vapor which is introduced into the stripping zone, by means of
      line 9. As a result of the contacting of the urea melt with the ammonia
      vapor introduced into the stripping zone there flows upwardly from the
      stripping zone a vapor mixture of 1792 pounds of ammonia, 234 pounds of
      carbon dioxide and a trace of water. This vapor mixture then mixes with
      the carbon dioxide introduced through line 10, and this entire mixture
      flows upwardly through reaction zone 6 to produce the urea melt previously
      described.
PAR  From the bottom of the stripping zone by means of line 13 there is
      withdrawn a final urea melt containing 830 pounds of urea, 54.6 pounds of
      ammonium carbamate, 250 pounds of water and 1154.8 pounds of dissolved
      ammonia at a temperature of about 340.degree.F, and at a pressure of about
      2750 psig. This final urea melt flows through let-down valve 14, which
      reduces the pressure to 260 psig. The mixture is then introduced into
      column 15.
PAR  Column 15 is operated at 260 psig and in it ammonia vapor is taken overhead
      by means of line 16. The ammonia vapor passing through line 16 is
      introduced into cooler 17 and is liquefied therein by indirect
      heat-exchange with cooling water. Steam is introduced into the lower
      section of column 15 by means of line 18. Condensate is removed by means
      of line 19. The purpose of the steam is to vaporize the ammonia by means
      of indirect heat-exchange.
PAR  From the bottom of column 15 through line 20 there is removed a mixture of
      830 pounds of urea, 54.6 pounds of ammonium carbamate, 250 pounds of water
      and 70 pounds of dissolved ammonia. This mixture is at a temperature of
      302.degree.F. and at a pressure of 260 psig. The mixture passes through
      let-down valve 21 and is then introduced into decomposer 22, which is
      operated at slightly above atmospheric pressure. Decomposer 22 is equipped
      with a heat-exchanger into which steam is introduced by means of line 23.
      Condensate is removed by means of line 24. In the decomposer ammonium
      carbamate is decomposed to form urea and water, so that through line 25
      there is introduced into vessel 26, 94.1 pounds of ammonia, 30.8 pounds of
      carbon dioxide and 158 pounds of water. The lower portion of vessel 26 is
      provided with a heat-exchanger, into which steam is introduced by means of
      line 27. Condensate is removed by means of line 28. From the bottom of
      vessel 26 by means of line 29, there is removed an ammonia-free urea melt
      containing 830 pounds of urea and 92 pounds of water. This melt can be
      further processed by conventional means.
PAR  The overhead vapor from vessel 26 passes by way of line 30 and is
      introduced into a stripping and dehumidifying tower 31, the upper section
      of which is provided with a heat exchanger into which cooling water is
      introduced by means of line 32 and removed by means of line 33. The tower
      31 is also provided with steam coil 34. Water is removed from the bottom
      of tower 31 by means of line 35, and overhead from tower 31 by means of
      line 36 there is removed a mixture of 94.1 pounds of ammonia, 30.8 pounds
      of carbon dioxide and 12.0 pounds of water at a temperature of
      155.degree.F.
PAR  The mixture flowing through line 36 is introduced into a conventional
      monoethanolamine absorption-desorption system which includes absorber 37
      and desorber 38. From the top of absorber 37 by means of line 39 there is
      removed 94.1 pounds of ammonia vapor which is pumped by compressor 40
      through water-cooled condenser 41 in which the ammonia vapor is liquefied.
      A portion of this liquid ammonia is returned to absorber 37 as reflux
      through line 42, and the remainder flows through line 2.
PAR  FIG. 2 illustrates a particularly valuable embodiment of the present
      invention with respect to the operation of the reaction vessel. In the
      operation shown in FIG. 2, a portion of the carbon dioxide is added to the
      mixture leaving the urea-forming zone for reaction with ammonia contained
      therein to produce ammonium carbamate and generate heat which is
      transferred to the zone in which carbamate is decomposed to ammonia and
      carbon dioxide.
PAR  In FIG. 2, liquid ammonia from an outside source is introduced by means of
      line 101 into heat-exchanger tubes 102 wherein the liquid ammonia is
      vaporized and passes by means of line 103 into the bottom of the generally
      cylindrical reaction vessel indicated by the numeral 104. The ammonia
      vapor then passes upwardly through heat-exchanger tubes 105 and then
      through line 106 and into the reaction zone 107.
PAR  Carbon dioxide from an outside source passes by means of line 108, 109 and
      110 into the reaction vessel 104, the amount of carbon dioxide passing
      through line 109 in general being from 70 to 90% of that passing through
      line 108. The carbon dioxide passing through line 109 enters the reaction
      zone 107, wherein a mixture containing urea, ammonium carbamate and water
      is formed. The mixture also contains excess ammonia. The reaction mixture
      passes upwardly through the reaction zone 107 and overflows downwardly
      through lines 111 into admixture with the carbon dioxide introduced
      through line 110. The carbon dioxide and ammonia react to form ammonia
      carbamate and generate heat.
PAR  The mixture passes upwardly outside heat-exchanger tubes 105 and then flows
      downwardly through the heat-exchanger tubes 105 countercurrent the gaseous
      ammonia introduced through line 103, resulting in the decomposition of
      ammonium carbamate to ammonia and carbon dioxide. The mixture leaving the
      bottom of vessel 104 can be processed by known procedures for the recovery
      of urea. If desired, some of the ammonia used in the operation can be
      introduced by means of line 113 directly into the reaction mixture.
PAR  Table I which follows sets forth operating data obtained using the
      procedure described in FIG. 2. In obtaining the data of Table I, no
      ammonia was introduced through line 113, and 80% of the carbon dioxide
      passed through line 108 passed through line 109. In Table I, the carbon
      dioxide in stream 112 is in the form of ammonium carbamate, that is, it is
      in chemical combination with a portion of the ammonia present in that
      stream.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Run No.   I            II           III          IV                       

     Stream                                                                    

      No       108                                                             

                  103                                                          

                     112    108                                                

                               103                                             

                                  112    108                                   

                                            103                                

                                               112    108                      

                                                         103                   

                                                            112                

     Percent, By Weight                                                        

     __________________________________________________________________________

     CO.sub.2  100                                                             

                  0  1.87   100                                                

                               0  1.18   100                                   

                                            0  1.62   100                      

                                                         0  0.66               

     NH.sub.3  0  100                                                          

                     48.33  0  100                                             

                                  53.17  0  100                                

                                               51.39  0  100                   

                                                            48.55              

     H.sub.2 O 0  0  12.42  0  0  10.88  0  0  10.48  0  0  12.28              

     Urea      0  0  37.38  0  0  34.77  0  0  36.51  0  0  38.51              

     Total     100                                                             

                  100                                                          

                     100.00 100                                                

                               100                                             

                                  100.00 100                                   

                                            100                                

                                               100.00 100                      

                                                         100                   

                                                            100.00             

     Press.,                                                                   

     PSIG      3050                                                            

                  3050                                                         

                     3000   2850                                               

                               2850                                            

                                  3800   2750                                  

                                            2750                               

                                               2700   3050                     

                                                         3050                  

                                                            3000               

     Temp.,                                                                    

     .degree.F 240                                                             

                  362                                                          

                     340    236                                                

                               354                                             

                                  338    232                                   

                                            360                                

                                               341    241                      

                                                         363                   

                                                            342                

     NH.sub.3 /CO.sub.2                                                        

     Feed Mole                                                                 

     Ratio           6.14         7.05         6.50         6.30               

     Overall                                                                   

     Urea/(urea + CO.sub.2)                                                    

     Mole Fraction   0.936        0.9545       0.939        0.979              

     __________________________________________________________________________

PAR  FIG. 3 illustrates a particularly valuable embodiment of the present
      invention wherein the urea-containing mixture leaving the bottom of the
      reaction vessel (operating pressure generally between 2000 and 8000 psig),
      passes through a pressure letdown valve whereby the pressure of the
      mixture is reduced to a pressure within the range from 1000 psig to just
      below the critical pressure of ammonia (1623.2 psig). The mixture then
      passes to a flash vessel or drum, overhead from which there is removed a
      stream of essentially pure gaseous ammonia. As bottoms from the flash
      vessel there is removed a liquid stream containing ammonia, water, urea
      and a small amount of carbon dioxide in the form of ammonium carbamate.
      This liquid stream can be further processed, for example, as described in
      FIG. I or by means well known in the art.
PAR  Operation of the flash vessel or drum at high pressure, but below the
      critical pressure of ammonia, results in definite operating advantages.
      Thus, the ammonia vapor requires aa relatively small amount of cooling
      water or other cooling means to condense it for return to the urea
      synthesis zone. Preferably, the ammonia vapor from the flash vessel is
      liquefied by direct contact with the fresh liquid ammonia introduced into
      the urea synthesis zone. By operating in this manner, the vessel used to
      liquefy the ammonia vapor can be of very simple and inexpensive
      construction. Moreover, the liquefied ammonia is at a high pressure, and
      is therefore easily pumped back into the urea synthesis zone. Also, the
      liquefied ammonia is at a relatively high temperature. Thus when the
      ammonia is returned to the synthesis zone a heater such as 8a in FIG. I
      can be eliminated.
PAR  Referring now to FIG. 3 in greater detail, the numeral 201 represents a
      reaction vessel similar to that described in FIG. I and having an upper
      reaction zone and a lower stripping zone. The vessel is operated at 2750
      psig. Liquid ammonia at a temperature of 220.degree.F is introduced into
      vessel 201 by means of line 202 and carbon dioxide is introduced through
      lines 203, 204 and 205, the amount of carbon dioxide flowing through line
      204 being four times that flowing through line 205.
PAR  From the bottom of vessel 201 through line 206 there is removed a liquid
      mixture having a temperature of 350.degree.F and containing 830 pounds of
      urea, 54.6 pounds of ammonium carbamate, 250 pounds of water, and 1154.8
      pounds of ammonia, the amounts being in pounds per hour. The mixture
      flowing through line 206 passes through letdown valve 207, which reduces
      the pressure to 1400 psig, and then into flash vessel 208. Due to the
      flashing the temperature is reduced to 310.degree.F. 510 pounds per hour
      of essentially pure ammonia vapor passes through line 209, and through
      line 210, there flows 830 pounds of urea, 54.6 pounds of ammonium
      carbamate, 250 pounds of water and 644.8 pounds of ammonia, the amounts
      being in pounds per hour.
PAR  In vessel 211 the ammonia vapor passing through line 209 is directly
      contacted with liquid ammonia having a temperature of 105.degree.F,
      introduced through line 212 at the rate of 1139 pounds per hour. As a
      result, there flows through line 213 ammonia liquid (temperature of
      220.degree.F) at the rate of 1649 pounds per hour. This liquid ammonia is
      pumped by pump 214 into vessel 201 by means of line 202.
PAR  Table II sets forth operating data obtained using the procedure described
      in FIG. 3. Table II gives the results of four runs (a, b, c and d) wherein
      the stream passing through line 206 was flashed by means of letdown valve
      207 to pressures of 1600, 1400, 1200 and 1000 psig, respectively. Vessel
      201 was operated under essentially constant conditions for the four runs
      and four-fifths of the carbon dioxide flowing through line 203 also flowed
      through line 204. Here again, the carbon dioxide in streams 206 and 210 is
      combined with a portion of the ammonia in the form of ammonium carbamate.
TBL                TABLE II                                                    

     ______________________________________                                    

     Stream No.   203      202         206                                     

                Percent, By Weight                                             

     ______________________________________                                    

     CO.sub.2     100      0           1.79                                    

     NH.sub.3     0        100         47.83                                   

     H.sub.2 O    0        0           12.29                                   

     Urea         0        0           38.09                                   

     Total        100      100         100.00                                  

     Press., psig.                                                             

                  2900     2900        2850                                    

     Temp., .degree.F                                                          

                  245      360         350                                     

     NH.sub.3 /CO.sub.2 Feed                                                   

     Mole Ratio            6.01                                                

     Overall Urea/                                                             

     (urea+CO.sub.2) mole                                                      

     Fraction              0.9397                                              

     ______________________________________                                    

     Stream No.                                                                

               210a      210b      210c    210d                                

             Percent, By Weight                                                

     ______________________________________                                    

     CO.sub.2  2.04      2.81      2.88    1.78                                

     NH.sub.3  38.66     34.06     32.30   31.23                               

     H.sub.2 O 13.02     14.38     14.07   15.53                               

     Urea      45.76     48.75     50.75   51.46                               

     Total     100.00    100.00    100.00  100.00                              

     Press., psig.                                                             

               1600      1400      1200    1000                                

     Temp., .degree.F                                                          

                315       310       300     290                                

     ______________________________________                                    

     Stream No.                                                                

              209a      209b      209c    209d                                 

            Percent, By Weight                                                 

     ______________________________________                                    

     CO.sub.2 144 ppm   167 ppm   180 ppm 243 ppm                              

     NH.sub.3 100       100       100     100                                  

     H.sub.2 O                                                                 

              Trace     Trace     Trace   Trace                                

     Urea     Not       Not       Not     Not                                  

              Detected  Detected  Detected                                     

                                          Detected                             

     Press., psig.                                                             

              1600      1400      1200    1000                                 

     Temp., .degree.F                                                          

               315       310       300     290                                 

     ______________________________________                                    

CLMS
NUM  1.
PAR  1. In a process for making urea from ammonia and carbon dioxide wherein
      gaseous ammonia is introduced into a stripping zone for upward flow
      therein into a reaction zone maintained at substantially the same pressure
      as the stripping zone, wherein carbon dioxide is introduced into the lower
      portion of the reaction zone for admixture with ammonia from the stripping
      zone, wherein the carbon dioxide and ammonia are flowed upwardly in the
      reaction zone and countercurrently to an aqueous stream containing
      ammonium carbamate and urea, wherein the carbon dioxide and ammonia are
      reacted in the reaction zone to form ammonium carbamate, urea and water,
      wherein the amount of ammonia introduced into the reaction zone is in
      excess of that stoichiometrically required to react with the carbon
      dioxide introduced into the reaction zone in producing urea, wherein said
      aqueous stream containing ammonium carbamate and urea is passed downwardly
      through the stripping zone countercurrently to the gaseous ammonia
      introduced thereinto to decompose the carbamate to carbon dioxide and
      ammonia for passage with the carbon dioxide fed into the reaction zone,
      and wherein said reaction zone is cooled by means of indirect heat
      exchange, the improvement which comprises passing liquid ammonia into
      indirect heat exchange with the reactants in said reaction zone whereby
      liquid ammonia is made gaseous and introducing gaseous ammonia thus formed
NUM  2.
PAR  2. The process of claim 1 wherein carbon dioxide is introduced into said
      aqueous stream containing ammonium carbamate and urea to react with
      ammonia present in said aqueous stream to produce ammonium carbamate and
      thereby generate heat, while said aqueous stream is in indirect
      heat-exchange relationship with said stripping zone whereby the
      decomposition of the carbamate present in the stripping zone to carbon
NUM  3.
PAR  3. The process of claim 2 wherein the amount of carbon dioxide introduced
      into said aqueous stream containing ammonium carbamate is from 10 to 30
NUM  4.
PAR  4. The process of claim 1 wherein the urea-containing mixture leaving the
      stripping zone is flashed to a pressure between 1000 psig and a pressure
      slightly below the critical pressure of ammonia to provide ammonia vapor
      and a liquid phase containing urea, liquefying the ammonia vapor by direct
      contact with fresh ammonia liquid being fed to the reaction zone, and
      returning the ammonia liquid thus formed directly to the reaction zone.
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PAL  A compound having the general formula
      ##SPC1##
PAL  In which R.sup.1 , R.sup.2, R.sup.3 and R.sup.4 may be the same or
      different and represent hydrogen, a straight or branched chain alkyl
      radical having 1 to 20 carbon atoms, an aralkyl radical having 7 to 20
      carbon atoms which may be substituted by one or more alkyl groups having 1
      to 4 carbon atoms, or may be of the type:
      ##SPC2##
PAL  Wherein R.sup.5 and R.sup.6 are each a hydrogen atom or a methyl group, and
      each R represents the others of R.sup.1, R.sup.2, R.sup.3 and R.sup.4, an
      alkenyl radical having 2 to 20 carbon atoms; a cycloalkyl radical having 5
      to 12 carbon atoms which may be substituted by one or more alkyl groups
      having 1 to 4 carbon atoms; an aryl radical having 6 to 10 carbon atoms;
      an alkaryl radical having 7 to 12 carbon atoms; a cyclohexyl alkyl radical
      in which the alkyl moiety has 2 or 3 carbon atoms and the cyclohexenyl
      ring may contain a methyl group as substituent; an alkenyl cyclohexyl
      radical in which the alkenyl moiety has 2 or 3 carbon atoms and the
      cyclohexyl ring may also contain a methyl group as substituent; or a group
      -OR.sup.7 wherein R.sup.7 represents an alkyl radical having 1 to 20
      carbon atoms, a cycloalkyl radical having 5 to 12 carbon atoms, optionally
      substituted by one or more alkyl groups having 1 to 4 carbon atoms, an
      aryl radical having 6 to 10 carbon atoms or an alkenyl radical having 3 to
      20 carbon atoms; or any two adjacent radicals R.sup.1, R.sup.2, R.sup.3
      and R.sup.4 may be joined together to form an aryl ring which may be
      substituted by one or more alkyl groups having 1 to 20 carbon atoms; X
      represents an anion; and n is the valency of X, is useful for the
      extraction of metals from aqueous solutions.
BSUM
PAR  The present invention relates to hydrazide derivatives of o-hydroxy
      carboxylic acids and to thier use in the extraction of metals from acid or
      alkaline solutions.
PAR  Recently the use of solvent extraction techniques for recovering metal
      values from aqueous solutions has been receiving increasing attention in
      the hydrometallurgical industry. This normally is a two stage process. In
      the first stage, the aqueous solution is mixed with a water immiscible
      organic liquid containing a metal complexing agent and the resulting metal
      complex migrates into the organic phase. In the second stage, the organic
      phase is mixed with an aqueous solution of a stripping agent such as
      sulphuric acid and the metal ion passes back to the new aqueous phase
      which may be more concentrated than the original aqueous solution and the
      metal values are then recovered, e.g. by electrolysis. The organic phase
      can then be recycled.
PAR  Various compounds, for example, o-hydroxy oximes, are known to be capable
      of extracting metals for example copper from acid solutions and their use
      is described, e.g. in British Pat. Specification No. 1091354. However,
      when the pH of the solution containing the metal drops to a value below
      1.0, the efficiency of such compounds rapidly diminishes and the amount of
      metal extracted is very small. It is an object of the present invention to
      provide compounds which are capable of extracting metals from aqueous
      solutions having pH values ranging from high alkali values down to strong
      acid values of below 1.0.
PAR  In addition, the solutions generated from such ores or scrap also contain
      undesired metals in addition to the desired metal and it is necessary to
      use a compound which is selected for the desired metal and extracts it
      from solution into the organic phase leaving other undesired metals still
      in the aqueous solution. This is particularly important when copper is
      being extracted from acid solutions which also contain iron.
PAR  Accordingly the present invention provides a compound having the general
      formula (I):
      ##SPC3##
PAL  in which R.sup.1, R.sup.2, R.sup.3 and R.sup.4 may be the same or different
      and represent hydrogen; a straight or branched alkyl radical having 1 to
      20 carbon atoms; an aralkyl radical having 7 to 20 carbon atoms which may
      be substituted by one or more alkyl groups having 1 to 4 carbon atoms, or
      may be of the type:
      ##SPC4##
PAL  wherein R.sup.5 and R.sup.6 are each a hydrogen atom or a methyl group, and
      each R represents the others of R.sup.1, R.sup.2, R.sup.3 and R.sup.4, and
      R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are furthermore an alkenyl radical
      having 2 to 20 carbon atoms; a cycloalkyl or cycloalkenyl radical having 5
      to 12 carbon atoms which may be substituted by one or more alkyl groups
      having 1 to 4 carbon atoms; an aryl radical having 6 to 10 carbon atoms;
      an alkaryl radical having 7 to 12 carbon atoms; a cyclohexenyl alkyl
      radical in which the alkyl moiety has 2 or 3 carbon atoms and the
      cyclohexenyl ring may contain a methyl group as substituent; an alkenyl
      cyclohexyl radical in which the alkenyl moiety has 2 or 3 carbon atoms and
      the cyclohexyl ring may also contain a methyl group as substituent; or a
      group -OR.sup.7 wherein R.sup.7  represents an alkyl radical having 1 to
      20 carbon atoms, a cycloalkyl radical having 5 to 12 carbon atoms,
      optionally substituted by one or more alkyl groups having 1 to 4 carbon
      atoms, an aryl radical having 6 to 10 carbon atoms and optionally
      substituted by alkyl with 1 to 4 carbon atoms, or an alkenyl radical
      having 3 to 20 carbon atoms, aralkyl; or any two adjacent radicals
      R.sup.1, R.sup.2, R.sup.3 and R.sup.4 may be jointed together to form a
      second aromatic ring which may be substituted by one or more alkyl groups
      having 1 to 20 carbon atoms; X represents an anion; and n is the valency
      of X.
PAR  Preferred compounds of general formula I are those in which R.sup.2 and
      R.sup.4 are both hydrogen and R.sup.1 and R.sup.3 are radicals other than
      hydrogen as set out above, especially alkyl groups.
PAR  When R.sup.1, R.sup.2, R.sup.3, R.sup.4 are alkyl radicals they may be, for
      example methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
      sec-butyl, t-butyl, sec-amyl, t-amyl, n-hexyl, 1-ethyl-1-methylpropyl,
      1,1-dimethylbutyl, 1-ethyl-1-methylpentyl, 1,1,3-trimethylpentyl, capryl,
      t-octyl, nonyl, 1,1,5-trimethylhexyl, n-decyl, n-undecyl, n-dodecyl,
      n-pentadecyl, n-hexadecyl, or n-octadecyl;
PAR  When R.sup.1, R.sup.2, R.sup.3, R.sup.4 are aralkyl radicals, they may be
      for example benzyl, .alpha.-methylbenzyl, .alpha..alpha.-dimethylbenzyl or
      3-hydrozido-4-hydroxybenzyl;
PAR  When R.sup.1, R.sup.2, R.sup.3, R.sup.4 are aryl radicals, they may be, for
      example phenyl or naphthyl.
PAR  When R.sup.1, R.sup.2, R.sup.3, R.sup.4 are cycloalkyl or cycloalkenyl
      radicals which may contain one or more alkyl groups, they may be, for
      example cyclopentyl, methylcyclopentyl, cyclohexyl, methylcyclohexyl,
      dimethylcyclohexyl or 1-isopropyl-4-methylcyclohex-3-en-1-yl.
PAR  When R.sup.1, R.sup.2, R.sup.3, R.sup.4 are alkaryl radicals, they may be,
      for example 4-tolyl, 3,4-xylyl, 4-isopropylphenyl or
      2-methyl-4-t-butylphenyl.
PAR  When R.sup.1, R.sup.2, R.sup.3, R.sup.4 are radicals -OR.sup.7 they may be,
      for example methoxy, ethoxy, n-hexoxy, n-decoxy, n-dodecoxy, n-octadecoxy,
      n-dodecenyloxy, cyclohexoxy, benzyloxy, phenoxy or p-isopropylphenoxy.
PAR  Where R.sup.1, R.sup.2, R.sup.3, R.sup.4 are alkenyl radicals, they may be,
      for example vinyl, allyl, hex-5-enyl, dec-9-enyl, or dodec-11-enyl. When
      an adjacent pair of R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are joined
      together to form a fused benzene ring they maay produce for example
      1-hydroxy-2-naphthoic hydrazide,3-hydroxy-2-naphthoic hydrazide or
      2-hydroxy-1-naphthoic hydrazide.
PAR  The anion X may be derived from an acid, preferably a mineral acid such as
      sulphuric, hydrochloric or phosphoric acid. The most preferred anion,
      however, is the divalent SO.sub.4.sup.-.sup.- ion, since the metal ion is
      normally in sulphuric acid during processing of metal ores.
PAR  The preferred hydrozide salts are those which are themselves soluble in the
      organic solvent as are their metal chelates. Generally this requires that
      the total number of carbon atoms in the radicals R.sup.1, R.sup.2, R.sup.3
      and R.sup.4 should be more than 4 and preferably more than 8 to attain a
      reasonable solubility of both hydrazide salt and chelate in the
      hydrocarbon. The upper limit of carbon atoms in R.sup.1, R.sup.2, R.sup.3
      and R.sup.4 can be as high as 30. These are not rigid limits since
      geometric arrangements and/or different combinations of radicals R.sup.1,
      R.sup.2, R.sup.3 and R.sup.4 can affect the solubility of both hydrazide
      salt and chelate. Preferred compounds, therefore, are those in which
      R.sup.2 and R.sup.4 are both hydrogen since such compounds are easier
      and/or cheaper to synthesise and the sum of carbon atoms in R.sup.1 and
      R.sup.3 is more than 8 and up to 30. Mixtures of hydrazide salts can be
      used successfully if desired.
PAR  Representative hydrazides which are used in the form of their salts of the
      general formula I are:
PAR  Where R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are alkyl singly or in
      combination:
PA1  2-hydroxy-5-isopropylbenzoic hydrazide sulphate
PA1  2-hydroxy-5-sec-butylbenzoic hydrazide sulphate
PA1  2-hydroxy-5-sec-amylbenzoic hydrazide sulphate
PA1  2-hydroxy-5-t-amylbenzoic hydrazide sulphate
PA1  2-hydroxy-5-(1-ethyl-1-methylpropyl)benzoic hydrazide sulphate
PA1  2-hydroxy-5-(1,1-dimethylbutyl)benzoic hydrazide sulphate
PA1  2-hydroxy-5-(1,1,3-trimethylpentyl)benzoic hydrazide sulphate
PA1  2-hydroxy-5-(1,1,5-trimethylhexyl)benzoic hydrazide hydrochloride
PA1  2-hydroxy-5-sec-nonylbenzoic hydrazide hydrochloride
PA1  2-hydroxy-5-(1-ethyl-1-methylpentyl)benzoic hydrazide hydrochloride
PA1  2-hydroxy-5-t-octylbenzoic hydrazide hydrochloride
PA1  2-hydroxy-3-t-amylbenzoic hydrazide phosphate
PA1  2-hydroxy-3-sec-butylbenzoic hydrazide phosphate
PA1  2-hydroxy-3-(1,1,5-trimethylhexyl)benzoic hydrazide phosphate
PA1  2-hydroxy-3,5-di-isopropylbenzoic hydrazide sulphate
PA1  2-hydroxy-3,5-di-sec-butylbenzoic hydrazide sulphate
PA1  2-hydroxy-3,5-di-t-amylbenzoic hydrazide sulphate
PA1  2-hydroxy-3,5-di-t-octylbenzoic hydrazide sulphate
PA1  2-hydroxy-5-methyl-3-(1,1,5-trimethylhexyl)benzoic hydrazide sulphate
PA1  2-hydroxy-5-sec-butyl-3-(1,1,5-trimethylhexyl)benzoic hydrazide
      hydrochloride
PA1  2-hydroxy-5-t-amyl-3-(1,1,5-trimethylhexyl)benzoic hydrazide hydrochloride
PA1  2-hydroxy-5-sec-butyl-3-decylbenzoic hydrazide hydrochloride
PA1  2-hydroxy-5-sec-butyl-3-(1,1,3-trimethylpentyl)benzoic hydrazide
      hydrochloride
PA1  2-hydroxy-3-sec-butyl-5-(1,1,5-trimethylhexyl)benzoic hydrazide phosphate
PA1  2-hydroxy-3-t-amyl-5-(1,1,5-trimethylhexyl)benzoic hydrazide phosphate
PA1  2-hydroxy-3,5,6-tri-isopropylbenzoic hydrazide sulphate
PAR  Where R.sub.1, R.sub.2, R.sub.3 or R.sub.4 are cycloalkyl, singly or in
      combination
PA1  2-hydroxy-5-cyclopentylbenzoic hydrazide sulphate
PA1  2-hydroxy-5-cyclohexylbenzoic hydrazide sulphate
PA1  2-hydroxy-5-dimethylcyclohexylbenzoic hydrazide hydrochloride
PA1  2-hydroxy-5-cyclododecylbenzoic hydrazide hydrochloride
PA1  2-hydroxy-3-cyclohexylbenzoic hydrazide phosphate
PA1  2-hydroxy-3,5-dicyclohexylbenzoic hydrazide sulphate
PAR  Where R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are aralkyl, singly or in
      combination
PA1  2-hydroxy-5-benzylbenzoic hydrazide sulphate
PA1  2-hydroxy-5-(.alpha..alpha.-dimethylbenzyl)benzoic hydrazide sulphate
PA1  2-hydroxy-3,5-di(.alpha..alpha.-dimethylbenzyl)benzoic hydrazide sulphate
PA1  2-hydroxy-5-(3-hydrazido-4-hydroxybenzyl)benzoic hydrazide hydrochloride
PA1  2-hydroxy-3-t-butyl-5-(3-hydrazido-4-hydroxy-5-t-butylbenzyl)benzoic
      hydrazide phosphate
PAR  Where R.sub.1, R.sub.2, R.sub.3 or R.sub.4 are alkenyl, singly or in
      combination
PA1  2-hydroxy-3-allylbenzoic hydrazide sulphate
PA1  2-hydroxy-3-hex-5-enylbenzoic hydrazide sulphate
PA1  2-hydroxy-3-dodec-11-enylbenzoic hydrazide sulphate
PA1  2-hydroxy-5-hex-5-enylbenzoic hydrazide hydrochloride
PA1  2-hydroxy-5-dodec-11-enylbenzoic hydrazide phosphate
PA1  2-hydroxy-3,5-dihexe5-enylbenzoic hydrazide sulphate
PAR  Where R.sup.1, R.sup.2, R.sup.3, R.sup.4 are -OR.sup.7 where R.sup.7 is
      alkyl, alkenyl, cycloalkyl, aralkyl, alkaryl, or aryl, singly or in
      combination
PA1  2-hydroxy-3-methoxybenzoic hydrazide sulphate
PA1  2-hydroxy-5-methoxybenzoic hydrazide sulphate
PA1  2-hydroxy-4-n-hexoxybenzoic hydrazide sulphate
PA1  2-hydroxy-5-n-dodecoxybenzoic hydrazide sulphate
PA1  2-hydroxy-5-n-octadecoxybenzoic hydrazide sulphate
PA1  2-hydroxy-5-cyclohexyloxybenzoic hydrazide hydrochloride
PA1  2-hydroxy-4-dodecenyloxybenzoic hydrazide hydrochloride
PA1  2-hydroxy-4-phenoxybenzoic hydrazide hydrochloride
PA1  2-hydroxy-4-benzyloxybenzoic hydrazide hydrochloride
PA1  2-hydroxy-3,5-di-n-amyloxybenzoic hydrazide phosphate
PA1  2-hydroxy-5-(4-isopropylphenoxy)benzoic hydrazide phosphate
PAR  Where R.sup.1, R.sup.2, R.sup.3, R.sup.4 are alkaryl singly or in
      combination
PA1  2-hydroxy-5-(4-isopropylphenyl)benzoic hydrazide sulphate
PA1  2-hydroxy-5-(3,4-xylyl)benzoic hydrazide hydrochloride
PAR  Where R.sub.1, R.sub.2, R.sub.3 or R.sub.4 are aryl, singly or in
      combination
PA1  2-hydroxy-5-phenyl benzoic hydrazide sulphate
PAR  Where R.sup.1, R.sup.2, R.sup.3, R.sup.4 are alkyl, alkaryl, aryl, alkenyl,
      cycloalkyl, aralkyl or a group -OR.sup.7 where R.sup.7 is an alkyl,
      cycloalkyl, aryl, alkaryl, aralkyl or alkenyl group
PA1  2-hydroxy-3-t-amyl-5-methoxybenzoic hydrazide sulphate
PA1  2-hydroxy-3-iso-propyl-5-phenylbenzoic hydrazide sulphate
PA1  2-hydroxy-3-sec-amyl-5-(.alpha..alpha.-dimethylbenzyl)benzoic hydrazide
      sulphate
PA1  2-hydroxy-3-t-butyl-5-(3,4-xylyl)benzoic hydrazide sulphate
PA1  2-hydroxy-3-sec-butyl-5-cyclohexylbenzoic hydrazide sulphate
PA1  2-hydroxy-3-methoxy-5-phenylbenzoic hydrazide sulphate
PA1  2-hydroxy-3-cyclohexyloxy-5-(.alpha..alpha.-dimethylbenzyl)benzoic
      hydrazide sulphate
PA1  2-hydroxy-3-n-hexoxy-5-cyclopentylbenzoic hydrazide hydrochloride
PA1  2-hydroxy-3-phenyl-5-cyclohexylbenzoic hydrazide hydrochloride
PA1  2-hydroxy-3-phenyl-5-(.alpha..alpha.-dimethylbenzyl)benzoic hydrazide
      hydrochloride
PA1  2-hydroxy-3-cyclopentyl-5-(.alpha..alpha.-dimethylbenzyl)benzoic hydrazide
      hydrochloride
PA1  2-hydroxy-3-dodec-11-enyl-5-cyclopentylbenzoic hydrazide hydrochloride
PA1  2-hydroxy-3-allyl-5-(.alpha..alpha.-dimethylbenzyl)benzoic hydrazide
      phosphate
PA1  2-hydroxy-3-allyl-5-methoxybenzoic hydrazide phosphate
PA1  2-hydroxy-3-dodec-11-enyl-5-phenylbenzoic hydrazide phosphate
PA1  2-hydroxy-3-dodec-11-enyl-5-t-butylbenzoic hydrazide phosphate
PA1  2-hydroxy-3-sec-butyl-5-phenyl benzoic hydrazide sulphate
PA1  2-hydroxy-3-methyl-5-(.alpha.,.alpha.-dimethylbenzyl) benzoic hydrazide
      sulphate
PAR  Where R.sub.1 and R.sub.2 or R.sub.2 and R.sub.3 or R.sub.3 and R.sub.4
      form part of an aromatic ring system (which may be substituted by one or
      more alkyl groups)
PA1  1-hydroxy-2-napthoichydrazide sulphate
PA1  3-hydroxy-2-naphthoichydrazide hydrochloride
PA1  2-hydroxy-1-naphthoichydrazide phosphate.
PAR  The free hydrazide may be prepared by methods well known in the art, for
      example, by the reaction of hydrazine hydrate with an ester, such as a
      lower alkyl ester, preferably the methyl ester, of the appropriate
      salicyclic acid according to the equation:
      ##SPC5##
PAR  The reaction may be carried out by refluxing the reactants in a solvent,
      such as aqueous ethanol.
PAR  The substituted salicyclic acids may be prepared by conventional synthetic
      routes. One such route is by the Friedel-Crafts alkylation of salicylic
      acid or methyl salicylate (or their monoalkyl derivatives) to give mono-
      or di-alkyl derivatives. .alpha.-Olefins are of special value as
      alkylating agents. Alkylation of a mono-alkyl salicylic acid or methyl
      salicylate with a different alkylating agent can give mixed alkyl
      derivatives. This synthetic route favours substitution in the R.sup.1 and
      R.sup.3 positions but re-arrangements, which are not uncommon under the
      conditions of the Friedel-Crafts synthesis can give substitution in the
      R.sup.2 and/or R.sup.4 positions.
PAR  A second route is by carboxylation of mono- or poly-substituted phenols
      which have a vacant position ortho to the hydroxyl group (Kolbe
      synthesis). The more readily available phenols are usually substituted in
      the ortho and/or para positions and this route consequently may be used to
      provide a hydrazide substituted in the R.sup.1 and/or R.sup.3 positions.
      However, derivatives prepared from m-substituted phenols give compounds
      which are substituted in the R.sup.2 and/or R.sup.4 positions. Generally,
      however, compounds substituted in the R.sup.1 and R.sup.3 positions are
      preferred because of ease of synthesis and/or availability of starting
      materials.
PAR  A third route is by the carboxylation of the mono-ether of a dihydric
      phenol or by the mono-etherification of a dihydroxy benzoic acid of the
      formula II
      ##SPC6##
PAL  to provide a salicylic acid substituted by an OR.sup.7 group.
PAR  A fourth route is by thermal rearrangement of an alkenyl aryl ether to give
      an o-substituted phenol, followed by carboxylation to give the
      corresponding alkenyl substituted salicylic acid.
PAR  A fifth route is by thermal rearrangement of an alkenyl ether of salicylic
      acid or its ester to give the corresponding alkenyl substituted salicylic
      acid or its ester.
PAR  The substituted salicylic acids, prepared by the above routes, may be
      allowed to react with e.g. formaldehyde or acetone to provide compounds
      having two substituted salicylic acid moieties joined by a
      ##EQU1##
      wherein R.sup.5 and R.sup.6 are each a hydrogen atom or a methyl group.
PAR  The present invention also provides a process for preparation of compounds
      of formula I by reacting the corresponding hydrazide with an appropriate
      acid H.sub.n X such as sulphuric acid, when X and n are as previously
      defined. The hydrazide may be dissolved in a solvent, preferably a
      hydrocarbon, an ether or chlorinated hydrocarbon and is then reacted with,
      e.g. sulphuric acid to form the salt which is itself soluble in the
      solvent. Suitable solvents are, e.g. kerosene, diethyl ether and carbon
      tetrachloride. The hydrochlorides may be prepared by passing hydrogen
      chloride gas through a solution of the hydrazide in a suitable solvent.
      The salt is recovered by evaporation of the solvent layer.
PAR  The present invention also provides a process for extracting a metal from
      an aqueous acid or alkaline solution which comprises treating the solution
      with a compound of formula I defined above, and then extracting the metal
      chelate thus produced into an organic solvent.
PAR  Examples of metals which can be extracted from aqueous solutions according
      to the present invention are copper, cobalt, nickel, zinc, chromium,
      cadmium, tin, silver, gold, mercury and Vanadium.
PAR  When an aqueous acid solution of a metal is treated with a hydrazide salt
      of general formula I in an organic solvent a metal chelate is formed which
      though insoluble in aqueous media can be extracted into the organic phase.
PAR  Suitable organic solvents include chlorinated hydrocarbons, such as
      chloroform, perchloroethylene, trichloroethylene and trichloroethane;
      water immiscible alcohols, such as isodecanol, capryl alcohol and
      tridecanol, hydrocarbons and ethers (or combinations of these solvents).
      It is preferred that the organic phase is a hydrocarbon solvent, e.g.
      kerosene.
PAR  One particularly important extraction from acid solutions is that of
      copper, which is often present together with iron. In this case it is
      important to use an extractant which selectively extracts the copper and
      leaves the iron in the aqueous solution. We have found that the hydrazide
      salts of the present invention are particularly effective in this
      selective extraction process.
PAR  When metals are extracted from alkaline solutions according to the present
      invention, it is preferred that the metal is present in an ammoniacal
      solution. In this case the metal may be, for example, copper, cobalt,
      nickel or zinc.
PAR  We believe that when the hydrazide salts of the present invention are used
      to extract metals from alkaline solutions, they are slowly converted to
      the free hydrazide. Therefore when extracting metals from alkaline
      solutions the free hydrazide may be used instead of the salt if desired.
      This represents a further feature of the present invention.
PAR  We have also found that the effectiveness of the process is enhanced if the
      complexing agent and solvent are used in admixture with a phosphate,
      phosphite, phosphonate, phosphinate, phosphine oxide, sulphone,
      sulphoxide, or a carbonyl compound, especially a ketone.
PAR  Suitable phosphates are tri-hydrocarbyl phosphates, such as trialkyl
      phosphates and triaryl phosphates. Examples of such phosphates are
      tributyl phosphate, triphenyl phosphate, diphenyl n-hexyl phosphate and
      tritolyl phosphate.
PAR  Suitable phosphates are di-hydrocarbyl phosphites, such as dibutyl
      phosphate and diphenyl phosphite.
PAR  Suitable phosphonates are the di-hydrocarbyl, hydrocarbyl phosphonates,
      such as dibutyl methylphosphonate and diphenyl n-octylphosphonate.
PAR  Suitable phosphinates are the hydrocarbyl di-hydrocarbyl phosphinates, such
      as n-butyl di-n-hexylphosphinate.
PAR  Suitable phosphine oxides are the tri-hydrocarbyl phosphine oxides, such as
      tri-n-butyl phosphine oxide and tri-phenyl phosphine oxide.
PAR  Among these various phosphorus compounds the preferred ones are the
      phosphates and phosphonates, especially the phosphates, and the most
      preferred are the trialkyl phosphates.
PAR  Suitable sulphones are the di-hydrocarbyl sulphones, such as dimethyl
      sulphone, di-n-butyl sulphone and butadiene sulphone.
PAR  Suitable sulphoxides are the di-hydrocarbyl sulphoxides, such as dimethyl
      sulphoxide and di-butyl sulphoxide.
PAR  The most preferred class of compounds which we add to the solvent is the
      ketones.
PAR  Although we have found that any ketone enhances the extraction efficiency
      of the hydrazide salt in the solvent it is preferred to use a ketone
      having low solubility in water, so that after removal of the metal from
      the organic phase, the solvent mixture can be recycled without losing much
      ketone into the aqueous phase.
PAR  The ketone may be a fully aromatic ketone, an aliphatic-aromatic ketone or
      a fully aliphatic ketone, a fully aliphatic ketone being preferred.
      Suitable ketones include, for example, benzophenone, acetophenone, methyl
      n-propyl ketone, methyl n-butyl ketone, methyl iso-butyl ketone, methyl
      n-amyl ketone, methyl isoamyl ketone, di-n-propyl ketone, ethyl iso-butyl
      ketone, 5-methylheptan-3-one, methyl n-hexyl ketone, di-isobutyl ketone,
      2,6,8-trimethylnonan-4-one, mesityl oxide, iso-phorone, cyclohexanone,
      methyl cyclohexanone, and 1-tetralone.
PAR  The amount of ketone used is not particularly critical and amounts of from
      0.5 to 10 moles per mole of hydrazide salt may be used. The preferred
      amounts are from 1 to 4 moles, most preferably 2 moles, per mole of
      hydrazide salt.
PAR  The ketone may be simply added to the solvent, or when the preferred
      solvent kerosene is employed some ketone may be formed from the kerosene
      by oxidation. This may be carried out by heating the kerosene and blowing
      air through it or the ketonic compounds may be formed during distillation
      of kerosene in the presence of air.
PAR  The kerosene/ketone solvent mixture may optionally contain a water
      immiscible alcohol, such as those mentioned above.
PAR  The metal values can be recovered from the organic phase by contact with an
      acid such as sulphuric acid whereupon the metal values are removed into
      the aqueous phase. Consequently, they may be obtained in a more
      concentrated form than in the original aqueous solution and are free from
      undesired products, e.g. copper is free of iron. The metal may then be
      recovered from the aqueous phase by electrolysis. Alternatively, the metal
      may be recovered from the organic phase by hydrogenation.
PAR  The invention will be illustrated by reference to the following examples.
DETD
PAC  EXAMPLE 1
PAC  2-Hydroxy-3,5-di-tert-amylbenzoic hydrazide sulphate
PAR  2,4-di-t-amyl phenol (0.44 m) and KOH (0.5 m) were refluxed in toluene for
      two hours. Dimethylformamide (100 ml) was added and solvent was removed by
      distillation until the temperature reached 145.degree.. CO.sub.2 was
      bubbled in and more solvent was removed until the temperature reached
      160.degree.. This temperature was maintained for four hours with CO.sub.2
      passing in and the reaction mixture was worked up to give
      2-hydroxy-3,5-di-t-amylbenzoic acid which was esterified to form the
      methyl ester, which had a boiling point of 127.degree.-129.degree.C at 0.7
      mm Hg pressure, in 50% yield. The ester was then converted to the
      hydrazide by refluxing with hydrazine hydrate in aqueous ethanol. The
      hydrazide had a melting point of 132.degree.-133.degree.C and the
      following elemental analysis by weight:
TBL          FOUND      CALCULATED FOR C.sub.17 H.sub.28 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon    70.05%       69.86%                                             

     Hydrogen  9.78%        9.59%                                              

     Nitrogen  9.32%        9.59%                                              

     ______________________________________                                    

PAR  The hydrazide (5.0 g) was dissolved in kerosene (20 ml) and the resulting
      solution shaken with sulphuric acid (100 ml, 2N) for 12 hours at room
      temperature.
PAR  The organic phase was separated, evaporated to dryness, to give
      2-hydroxy-3,5-di-t-aryl benzoic hydrazide sulphate, in quantitative yield.
      ##SPC7##
PAL  where R.sup.1 = R.sup.3 = t-amyl
PAR  The sulphate has a melting point of 238.degree.-243.degree.C and a strong
      IR absorption peak at 1100 cm.sup.-.sup.1 indicating sulphate.
PAC  EXAMPLE 2
PAC  2-Hydroxy-3-t-amyl benzoic hydrazide hydrochloride
PAR  Example 1 was repeated, except that the 2,4-di-t-amyl phenol was replaced
      by 2-t-amyl phenol; 2-hydroxy-3-t-amylbenzoic hydrazide having a melting
      point of 156.degree.-157.degree.C and the following elemental analysis by
      weight, was obtained:
TBL          FOUND      CALCULATED FOR C.sub.12 H.sub.18 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon    65.01%       64.86%                                             

     Hydrogen  8.12%        8.10%                                              

     Nitrogen  12.39%       12.61%                                             

     ______________________________________                                    

PAR  The hydrazide in solvent ether was converted into its hydrochloride by
      passing dry HCl gas through the solution. The solvent was removed and the
      hydrochloride which was obtained in quantitative yield had a melting point
      of 230.degree.-236.degree.C with decomposition and the following elemental
      analysis by weight:
TBL          FOUND     CALCULATED FOR C.sub.12 H.sub.19 N.sub.2 O.sub.2        

     ______________________________________                                    

                       Cl                                                      

     Carbon    55.44%      55.70%                                              

     Hydrogen  7.54%       7.40%                                               

     Nitrogen  10.57%      10.83%                                              

     Chlorine  14.06%      13.70%                                              

     ______________________________________                                    

PAC  EXAMPLE 3
PAC  2-Hydroxy-3,5-di-tert-butyl benzoic hydrazide sulphate
PAR  Concentrated sulphuric acid (70 ml) was added over a period of 1.5 hours to
      a stirred mixture of methyl salicylate (30.4 g, 0.2 m), methanol (16.0 g,
      0.2 m) and tert-butanol (37.0 g, 0.5 m), and the temperature of the
      mixture was maintained at 0.degree.-5.degree.C. After stirring for a
      further 6 hours at room temperature the mixture was poured into water. The
      white precipitate was filtered off, washed with water and then dried
      giving 52 g of product melting 70.degree.C on crystallisation from
      methanol. This was converted into its hydrazide by refluxing with
      hydrazine hydrate in aqueous ethanol. The resulting hydrazide had a
      melting point of 200.degree.-202.degree.C on crystallisation from
      petroleum ether (boiling range 60.degree.-80.degree.C) and had the
      following elemental analysis by weight:
TBL          FOUND      CALCULATED FOR C.sub.15 H.sub.24 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon    68.21%       68.18%                                             

     Hydrogen  8.86%        9.09%                                              

     Nitrogen  10.41%       10.60%                                             

     ______________________________________                                    

PAR  The hydrazide was converted into its sulphate (m.p. &gt; 200.degree.C,
      decomposed) by the procedure described in Example 1.
PAC  EXAMPLE 4
PAC  2-Hydroxy-3,5-di-sec-butylbenzoic hydrazide hydrochloride
PAR  Example 3 was repeated, except that the tert-butanol was replaced by
      sec-butanol; 2-hydroxy-3,5-di-sec-butyl benzoic hydrazide, having a
      melting point of 82.degree.-83.degree.C and the following elemental
      analysis by weight, was obtained:
TBL          FOUND      CALCULATED FOR C.sub.15 H.sub.24 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon    68.19%       68.18%                                             

     Hydrogen  9.37%        9.09%                                              

     Nitrogen  10.58%       10.60%                                             

     ______________________________________                                    

PAR  The hydrazide was converted into its hydrochloride by means of dry HCl gas
      according to the procedure described in Example 2. The hydrochloride had a
      melting point of 196.degree.-203.degree.C with decomposition and the
      following elemental analysis by weight:
TBL          FOUND     CALCULATED FOR C.sub.15 H.sub.25 H.sub.2 O.sub.2        

     ______________________________________                                    

                       Cl                                                      

     Carbon    60.13%      59.88%                                              

     Hydrogen  8.22%       8.38%                                               

     Nitrogen  9.21%       9.31%                                               

     Chlorine  11.80%      11.79%                                              

     ______________________________________                                    

PAC  EXAMPLE 5
PAC  Preparation of mixed 2-hydroxy-5-sec-butyl-3-(1,1,5-trimethylhexyl)- and
      2-hydroxy-3-sec-butyl-5-(1,1,5-trimethylhexyl)benzoic hydrazide sulphates
PAR  Alkylation of methyl salicylate (304 g, 2 m) with sec-butanol (148 g, 2 m)
      in methanol 200 ml) using concentrated sulphuric acid (450 ml) as the
      catalyst at room temperature gave a mixture of methyl
      2-hydroxy-3-sec-butyl- and methyl 2-hydroxy-5-sec-butyl benzoate (boiling
      point 7 mm Hg 120.degree.-128.degree.C, 50%). N.M.R. analysis indicated
      the mixture to be in the ratio of 3:2 respectively.
PAR  This mixture (41.6 g, 0.2 m) alkylated with 2,6-dimethylheptan-4-ol (28.8
      g, 0.2 m) in methanol (30 ml) using sulphuric acid (90 ml) as catalyst at
      room temperature to give a mixture of methyl
      2-hydroxy-5-sec-butyl-3-(1,1,5-trimethylhexyl)- and methyl
      2-hydroxy-3-sec-butyl-5-(1,1,5-trimethylhexyl)benzoate (boiling point 0.25
      mm Hg 136.degree.-140.degree.C, 70% 1:1 ratio by N.M.R.).
PAR  This mixture was converted to the hydrazide by refluxing with hydrazine
      hydrate in ethanol.
PAR  The resulting hydrazide had the following elemental analysis by weight:
TBL          FOUND      CALCULATED FOR C.sub.20 H.sub.34 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon    72.0%        71.85%                                             

     Hydrogen  10.14%       10.18%                                             

     Nitrogen  8.11%        8.38%                                              

     ______________________________________                                    

PAR  THe hydrazide was converted to its sulphate by shaking a solution in
      petroleum ether (boiling range 60.degree.-80.degree.C) with sulphuric acid
      (150 g/1). The resulting sulphate had a melting point of
      152.degree.-156.degree.C (decomposed) and a strong I.R. absorption peak at
      1100 cm.sup.-.sup.1 indicating sulphate. It also had the following
      elemental analysis by weight:
TBL          FOUND      CALCULATED FOR C.sub.40 H.sub.70 N.sub.4 O.sub.8       

     ______________________________________                                    

                        S                                                      

     Carbon    62.48%       62.66%                                             

     Hydrogen  9.18%        9.14%                                              

     Sulphur   4.06%        4.18%                                              

     ______________________________________                                    

PAC  EXAMPLE 6
PAC  2-Hydroxy-5-(1,1,5-trimethylhexyl)benzoic hydrazide sulphate
PAR  Methyl salicylate (15.2 g, 0.1 m) was alkylated with 14.4 g (0.1 m) of
      2,6-dimethylheptan-4-ol in 10 ml methanol using 35 ml concentrated
      sulphuric acid as catalyst, at room temperature, to give methyl
      2-hydroxy-5-(1,1,5-trimethylhexyl)benzoate (b.p. 180.degree.-190.degree.C
      7 mm Hg pressure) in 60% yield. This was converted quantitatively into its
      hydrazide by refluxing with hydrazine hydrate in aqueous ethanol. The
      resulting hydrazide had a melting point of 121.degree.-122.degree.C, and
      the following elemental analysis by weight:
TBL          FOUND      CALCULATED FOR C.sub.16 H.sub.22 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon    69.14%       69.06%                                             

     Hydrogen  9.36%        9.35%                                              

     Nitrogen  10.37%       10.07%                                             

     ______________________________________                                    

PAR  Following the procedure described in Example 1 the hydrazide sulphate
      (melting point &gt; 200.degree.C with decomposition) was produced.
PAC  EXAMPLE 7
PAC  2-Hydroxy-3,5-diisopropylbenzoic hydrazide sulphate
PAR  Salicylic acid (0.67 m) was alkylated with 1.33 m isopropanol using 3.3 m
      concentrated sulphuric acid as catalyst at 70.degree.C for six hours, to
      give 2-hydroxy-3,5-diisopropyl benzoic acid (m.p.
      113.degree.-116.degree.C) in 40% yield. This was esterified to form the
      methyl ester and converted into its hydrazide using hydrate in aqueous
      ethanol. The hydrazide had a melting point of 111.degree.-113.degree.C and
      the following elemental analysis by weight:
TBL          FOUND      CALCULATED FOR C.sub.13 H.sub.20 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon    66.19%       66.10%                                             

     Hydrogen  8.6%         8.47%                                              

     Nitrogen  12.01%       11.86%                                             

     ______________________________________                                    

PAR  Following the procedure described in Example 1 the hydrazide sulphate
      (melting point &gt; 200.degree.C with decomposition) was produced.
PAC  EXAMPLE 8
PAC  2-Hydroxy-5-(.alpha..alpha.-dimethylbenzyl)benzoic hydrazide sulphate
PAR  Methyl salicylate (1 m) was alkylated with .alpha.-methyl styrene (1 m)
      using the procedure set out in Example 4. The reaction gave methyl
      2-hydroxy-5-(.alpha..alpha.-dimethylbenzyl)benzoate having a boiling point
      of 200.degree.-222.degree.C at 7 mm Hg pressure, which was converted to
      its hydrazide by refluxing with hydrazine hydrate in aqueous ethanol. The
      hydrazide had a melting point of 169.degree.-171.degree.C and the
      following elemental analysis by weight:
TBL          FOUND      CALCULATED FOR C.sub.16 H.sub.18 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon    70.97%       71.11%                                             

     Hydrogen  6.83%        6.67%                                              

     Nitrogen  10.13%       10.37%                                             

     ______________________________________                                    

PAR  Following the procedure described in Example 1 the hydrazide sulphate
      (melting point &gt; 200.degree.C with decomposition) was produced.
PAC  EXAMPLE 9
PAC  2-Hydroxy-5-dimethylcyclohexyl benzoic hydrazide sulphates
PAR  Methyl salicylate was alkylated with a mixture of dimethylcyclohexanol
      isomers according to the procedure described in Example 4 and gave methyl
      2-hydroxy-5-dimethylcyclohexyl benzoate having a boiling point of
      180.degree.-196.degree.C at 7 mm Hg pressure. This benzoate was converted
      to its hydrazide by refluxing with hydrazine hydrate in aqueous ethanol.
      The hydrazide mixture had a melting point of 113.degree.-115.degree.C and
      the following elemental analysis by weight:
TBL          FOUND      CALCULATED FOR C.sub.15 H.sub.22 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon    68.55%       68.70%                                             

     Hydrogen  8.63%        8.40%                                              

     Nitrogen  10.61%       10.69%                                             

     ______________________________________                                    

PAR  Following the procedure described in Example 1 the hydrazide sulphate
      (melting point &gt; 200.degree.C with decomposition) was produced.
PAC  EXAMPLE 10
PAC  2-Hydroxy-3-allyl benzoic hydrazide hydrochloride
PAR  Methyl salicylate (15.2 g, 0.1 m), allyl bromide (12.1 g, 0.1 m), potassium
      carbonate (14.0 g, 0.1 m) and methyl ethyl ketone (70.0 g) were heated
      under reflux for four hours. The reaction mixture was poured into water
      (200 ml) and shaken with petroleum ether (boiling range
      60.degree.-80.degree.C). The petroleum extract was washed with water and
      dried over anhydrous magnesium sulphate. Removal of the drying agent and
      solvent gave the allyl ether of methyl salicylate (14.3 g), which was
      heated with stirring to 230.degree.C and maintained at this temperature
      for three hours. Distillation under reduced pressure gave the methyl ester
      of 2-hydroxy-3-allyl benzoic acid (7.7 g), which has a boiling point of
      132.degree.-136.degree.C at 10 mm Hg pressure. The ester was then
      converted to the hydrazide by refluxing with hydrazine hydrate (7.5 ml),
      water (7.5 ml) and ethanol (30 ml) for 12 hours. The hydrazide was
      crystallised from ethanol to give a white solid (3.8 g) melting point
      154.degree.-155.degree.C having the following elemental analysis by
      weight:
TBL          FOUND      CALCULATED FOR C.sub.10 H.sub.12 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon    62.68%       62.48%                                             

     Hydrogen  6.30%        6.30%                                              

     Nitrogen  14.56%       14.56%                                             

     ______________________________________                                    

PAR  The above hydrazide, in ether solvent, was converted to its hydrochloride
      using dry HCl gas according to the procedure described in Example 2. It
      gave 2-hydroxy-3-allyl benzoic hydrazide hydrochloride, melting point
      201.degree.-206.degree.C (with decomposition), which has the following
      elemental analysis by weight:
TBL          FOUND     CALCULATED FOR C.sub.10 H.sub.13 N.sub.2 O.sub.2        

     ______________________________________                                    

                       Cl                                                      

     Carbon    52.44%      52.52%                                              

     Hydrogen  5.78%       5.73%                                               

     Nitrogen  12.00%      12.25%                                              

     Chlorine  15.86%      15.51%                                              

     ______________________________________                                    

PAC  EXAMPLE 11
PAC  2-Hydroxy-3-dodecenyl benzoic hydrazide hydrochloride
PAR  Methyl salicylate (60.8 g, 0.4 m), dodecenyl chloride (81.0 g 0.4 m),
      potassium carbonate (52.0 g, 0.4 m) and methyl ethyl ketone (200 g) were
      heated under reflux for 48 hours. The reaction mixture was poured into
      water (800 ml) and shaken with ether. The ethereal extract was washed with
      water and was dried over anhydrous magnesium sulphate. Removal of the
      drying agent and solvent gave the dodecenyl ether of methyl salicylate
      (103.7 g) which was heated at 150.degree.-200.degree.C for 5 hours.
      Distillation under reduced pressure gave the methyl ester of
      2-hydroxy-3-dodecenyl benzoic acid which has a boiling range of
      158.degree.-172.degree.C at 0.2 mm Hg pressure. The ester (4.7 g) was
      converted to the hydrazide by refluxing with hydrazine hydrate (5.0 ml),
      water (5.0 ml) and ethanol (50.0 ml) for 12 hours. The reaction mixture
      was poured into water, shaken with ether, and the ethereal extract was
      dried over magnesium sulphate. Removal of the solvent gave the solid
      hydrazide which was crystallised from petroleum ether (boiling range
      60.degree.-80.degree.C). 2-Hydroxy-3-dodecenyl benzoic hydrazide had a
      melting point of 110.degree.-112.degree.C and the following elemental
      analysis by weight:
TBL           FOUND     CALCULATED FOR C.sub.19 H.sub.30 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon     71.4%       71.7%                                              

     Hydrogen   9.3%        9.4%                                               

     Nitrogen   8.5%        8.8%                                               

     ______________________________________                                    

PAR  The above hydrazide, in methanol, was converted to its hydrochloride using
      dry HCl gas according to the procedure described in Example 2. It gave
      2-hydroxy-3-dodecenyl benzoic hydrazide hydrochloride, melting point
      243.degree.-247.degree.C with decomposition which had the following
      elemental analysis by weight:
TBL          FOUND     CALCULATED FOR C.sub.19 H.sub.31 N.sub.2 O.sub.2        

     ______________________________________                                    

                       Cl                                                      

     Carbon    64.47%      64.29%                                              

     Hydrogen  8.59%       8.80%                                               

     Nitrogen  7.66%       7.89%                                               

     Chlorine  10.41%      9.99%                                               

     ______________________________________                                    

PAC  EXAMPLE 12
PAC  2-Hydroxy-5-isopropoxy benzoic hydrazide hydrochloride
PAR  Methyl 2,5-dihydroxy benzoate, melting point 85.degree.-87.degree.C, was
      obtained in 83% yield by esterification of 2,5-dihydroxy benzoic acid with
      methanol in the presence of sulphuric acid catalyst.
PAR  Methyl 2,5-dihydroxy benzoate (16.8 g, 0.1 m), methanol (100 ml), sodium
      methoxide (5.4 g, 0.1 m) and 2-bromopropane (12.3 g, 0.1 m) were mixed and
      heated under reflux for 18 hours. An additional amount of 2-bromopropane
      (5 g) was added and the heating continued for a further 12 hours. The
      reaction mixture was poured into water and shaken with ether. The ethereal
      extract was washed with water, dried over magnesium sulphate and the
      solvent removed to yield crude methyl 2-hydroxy-5-isopropoxy benzoate
      (16.7 g). Distillation under reduced pressure gave the pure product (4.0
      g) boiling range 156.degree.-162.degree.C at 11 mm Hg pressure. The ester
      (4.0 g) was converted to the hydrazide by refluxing with hydrazine hydrate
      (4.0 ml), water (4.0 ml) and ethanol (50.0 ml) for 12 hours. The reaction
      mixture was poured into water, shaken with ether, and the ethereal extract
      was dried over magnesium sulphate. Removal of the solvent gave the solid
      hydrazide (3.7 g) which was crystallised from a chloroform petroleum ether
      solvent. 2-Hydroxy-5-isopropoxy benzoic hydrazide had a melting point at
      123.degree.-125.degree.C and the following elemental analysis by weight:
TBL          FOUND      CALCULATED FOR C.sub.10 H.sub.14 N.sub.2 O.sub.3       

     ______________________________________                                    

     Carbon    56.97%       57.13%                                             

     Hydrogen  6.92%        6.71%                                              

     Nitrogen  13.17%       13.33%                                             

     ______________________________________                                    

PAR  The above hydrazide in ether was converted to its hydrochloride using dry
      HCl gas, according to the procedure described in Example 2. It gave
      2-hydroxy-5-isopropoxybenzoic hydrazide hydrochloride, melting point
      198.degree.-202.degree.C with decomposition which had the following
      elemental analysis by weight:
TBL          FOUND      CALCULATED FOR C.sub.10 H.sub.15 N.sub. 2 O.sub.3      

     ______________________________________                                    

                        Cl                                                     

     Carbon    48.86%       48.68%                                             

     Hydrogen  6.33%        6.13%                                              

     Nitrogen  11.31%       11.36%                                             

     Chlorine  14.56%       14.37%                                             

     ______________________________________                                    

PAC  EXAMPLE 13
PAC  2-Hydroxy-5-n-dodecoxy benzoic hydrazide hydrochloride
PAR  Methyl 2,5 -dihydroxy benzoate (16.8 g, 0.1 m) was added to a solution of
      sodium metal (2.3 g, 0.1 m) in absolute ethanol (30 ml). A further 60 ml.
      of alcohol were added and 1-bromododecane (24.9 g, 0.1 m) was run slowly
      into this mixture. The reaction mixture was refluxed for 18 hours, poured
      into water and shaken with ether. The ethereal extracts were washed with
      water, dried over MgSO4, and the solvent was removed to give crude
      ethyl-2-hydroxy-5-n-dodecoxy benzoate (29.4 g). Distillation under reduced
      pressure gave the pure product (8 g) which had boiling range
      205.degree.-210.degree.C at 0.8 mm Hg pressure. This ester (5.8 g) was
      converted to the hydrazide by refluxing with hydrazine hydrate (6.0 ml),
      water (6.0 ml), and ethanol (50 ml) for 12 hours. The reaction mixture was
      poured into water, shaken with ether and the ethereal extract was dried
      over magnesium sulphate. Removal of the solvent gave the solid hydrazide
      (3.4 g) which was crystallised from methanol. 2-Hydroxy-5-n-dodecoxy
      benzoic hydrazide has a melting point at 120.degree.C and the following
      elemental analysis by weight:
TBL          FOUND      CALCULATED FOR C.sub.19 H.sub.32 N.sub.2 O.sub.3       

     ______________________________________                                    

     Carbon    68.11%       67.82%                                             

     Hydrogen  9.57%        9.59%                                              

     Nitrogen  8.13%        8.33%                                              

     ______________________________________                                    

PAR  The above hydrazide in ether was converted to its hydrochloride using dry
      HCl gas, according to the procedure described in Example 2. It gave
      2-hydroxy-5-dodecoxybenzoic hydrazide hydrochloride, melting point
      254.degree.-256.degree.C with decomposition which had the following
      elemental analysis by weight:
TBL          FOUND     CALCULATED FOR C.sub.19 H.sub.33 N.sub.2 O.sub.3        

     ______________________________________                                    

                       Cl                                                      

     Carbon    60.99%      61.19%                                              

     Hydrogen  8.82%       8.92%                                               

     Nitrogen  7.38%       7.51%                                               

     Chlorine  9.72%       9.51%                                               

     ______________________________________                                    

PAC  EXAMPLE 14
PAC  2-Hydroxy-4-n-octadecoxy benzoic hydrazide hydrochloride
PAR  Methyl-2,5-dihydroxy benzoate 16.8 g. (0.1 m.) was added to sodium
      methoxide (5.9 g. 0.11 m.) in methanol (100 ml.). 1-Octadecyl bromide
      (33.4 g., 0.1 m.) was added slowly, and the reaction mixture refluxed for
      18 hours. The mixture was poured into water and shaken with ether. The
      ethereal extracts were washed with water, dried with magnesium sulphate,
      and the solvent was removed to give crude methyl 2-hydroxy-5-octadecoxy
      benzoate (41 g.). Distillation under reduced pressure gave the pure ester
      (10 g.) which had a boiling point of 232.degree.-242.degree.C at 0.07 mm.
      Hg. pressure, and a melting point of 62.degree.-63.5.degree.C after
      crystallisation from ethanol. This ester was converted to the hydrazide by
      refluxing with hydrazine hydrate (10.0 ml.), water (10.0 ml.) and ethanol
      (50 ml.) for 12 hours. This reaction mixture was poured into water, shaken
      with ether and the ethereal extracts were washed with water and dried over
      magnesium sulphate. Removal of the solvent gave the solid hydrazide (8 g.)
      which was crystallised from aqueous dimethyl formamide.
      2-Hydroxy-5-n-octadecoxy benzoic hydrazide had a melting point of
      125.degree.-127.degree.C and the following elemental analysis by weight:
TBL          Found      Calculated for C.sub.25 H.sub.44 N.sub.2 O.sub.3       

     ______________________________________                                    

     Carbon    71.34%       71.43%                                             

     Hydrogen  10.42%       10.47%                                             

     Nitrogen  6.40%        6.67%                                              

     ______________________________________                                    

PAR  The above hydrazide in petroleum ether (boiling point
      100.degree.-120.degree.C) was converted to its hydrochloride using dry HCl
      gas, according to the procedure described in Example 2. It gave
      2-hydroxy-5-n-octadecoxybenzoic hydrazide hydrochloride melting point
      200.degree.C with decomposition which had the following elemental analysis
      by weight:
TBL          Found     Calculated for C.sub.25 H.sub.45 N.sub.2 O.sub.3        

     ______________________________________                                    

                       Cl                                                      

     Carbon    65.52%      65.69%                                              

     Hydrogen  9.86%       9.92%                                               

     Nitrogen  6.09%       6.13%                                               

     Chlorine  7.95%       7.76%                                               

     ______________________________________                                    

PAC  EXAMPLE 15
PAC  2-Hydroxy-4-n-hexoxy benzoic hydrazide hydrochloride
PAR  Methyl- 2,4-dihydroxy benzoate, melting point 120.degree.-121.degree.C was
      obtained in 80% yield by esterification of 2,4-dihydroxy benzoic acid with
      methanol in presence of sulphuric acid catalyst.
PAR  Methyl- 2,4-dihydroxy benzoate (16.8 g., 0.1 m.), sodium methoxide (6.0
      g.),1-bromohexane (18.5 g.) and methanol (100 ml.) were refluxed for 18
      hours. The reaction mixture was poured into water, shaken with ether, and
      the etheral extracts were washed with water and dried over magnesium
      sulphate. The solvent was removed to give crude
      methyl-2-hydroxy-4-n-hexoxy benzoate (22 g.). Distillation under reduced
      pressure gave pure methyl-2-hydroxy-4-n-hexoxy benzoate (8.8 g.) which has
      a boiling point of 118.degree.-126.degree.C at 0.025 mm. Hg. pressure.
      This ester (5.0 g.) was refluxed with hydrazine hydrate (5.0 ml.), water
      (5.0 ml.) and ethanol (50 ml.) for 12 hours. The mixture was poured into
      water and the solid which separated was filtered off, dried and
      crystallised from chloroform/petroleum ether (60.degree.-80.degree.C). The
      pure hydrazide (3.0 g.) had a melting point of 150-151.degree.C and the
      following elemental analysis by weight:
TBL          Found      Calculated for C.sub.13 H.sub.20 N.sub.2 O.sub.3       

     ______________________________________                                    

     Carbon    61.77%       61.88%                                             

     Hydrogen  8.20%        8.0%                                               

     Nitrogen  11.08%       11.10%                                             

     ______________________________________                                    

PAR  The above hydrazide in methanol was converted to its hydrochloride using
      dry HCl gas, according to the procedure described in Example 2. It gave
      2-hydroxy-4-n-hexoxybenzoic hydrazide hydrochloride, melting point
      249.degree.-251.degree.C with decomposition which had the following
      elemental analysis by weight:
TBL          Found     Calculated for C.sub.13 H.sub.21 N.sub.2 O.sub.3        

     ______________________________________                                    

                       Cl                                                      

     Carbon    54.08%      54.07%                                              

     Hydrogen  7.32%       7.33%                                               

     Nitrogen  9.55%       9.70%                                               

     Chlorine  12.21%      12.28%                                              

     ______________________________________                                    

PAC  EXAMPLE 16
PAC  2-Hydroxy-3-phenyl benzoic hydrazide hydrochloride
PAR  Methyl-2-hydroxy-3-phenyl benzoate was prepared by esterification of
      2-hydroxy-3-phenyl benzoic acid with methanol using concentrated sulphuric
      acid catalyst. This ester (1.5 g.) was converted to its hydrazide by
      refluxing with hydrazine hydrate (2.0 ml.), water (2 ml.) and ethanol (25
      ml.) for 12 hours. The reaction mixture was poured into water and the
      solid hydrazide which was filtered off was crystallized from
      chloroform/petroleum ether (boiling point 60.degree.-80.degree.C). It had
      a melting point of 192.degree.-194.degree.C and the following elemental
      analysis by weight:
TBL          Found      Calculated for C.sub.13 H.sub.12 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon    68.10%       68.40%                                             

     Hydrogen  5.40%        5.30%                                              

     Nitrogen  12.10%       12.28%                                             

     ______________________________________                                    

PAR  The above hydrazide in methanol was converted to its hydrochloride using
      dry HCl gas according to the procedure described in Example 2. It gave
      2-hydroxy-3phenyl benzoic hydrazide hydrochloride, melting point
      239.degree.-242.degree.C with decomposition which had the following
      elemental analysis by weight.
TBL          Found     Calculated for C.sub.13 H.sub.13 N.sub.2 O.sub.2        

     ______________________________________                                    

                       Cl                                                      

     Carbon    58.73%      58.98%                                              

     Hydrogen  5.13%       4.95%                                               

     Nitrogen  10.77%      10.59%                                              

     Chlorine  13.82%      13.40%                                              

     ______________________________________                                    

PAC  EXAMPLE 17
PAC  2Hydroxy-5-cyclopentyl benzoic hydrazide hydrochloride
PAR  To a mixture of methyl salicylate (30.4 g., 0.2 ml.) and methanol (20 ml.)
      was added concentrated sulphuric acid at such a rate that the temperature
      of the mixture was kept below 25.degree.C. Cyclopentanol (17.2 g., 0.2
      ml.) was added slowly and the mixture was then stirred vigorously at room
      temperature for 12 hours. The reaction mixture was poured on to ice/water,
      shaken with ether and the ethereal extracts were washed with water, sodium
      bicarbonate solution, water and finally dried over magnesium sulphate.
      Removal of the solvent gave a brown oil 34.4 g.) which was distilled under
      reduced pressure. Pure methyl-2-hydroxy-5-cyclopentyl benzoate (8.4 g.),
      which had a boiling point of 168.degree.-172.degree.C. at 10 mm. Hg.
      pressure, and pure methyl-2-hydroxy-3,5-dicyclopentyl benzoate (4.6 g.)
      which had a boiling point of 218.degree.-224.degree.C at 10 mm. Hg.
      pressure were obtained. Methyl-2-hydroxy-5-cyclopentyl benzoate (8.3 g.)
      was converted to the hydrazide using hydrazine hydrate (8.5  ml.), water
      (8.5 ml.) and ethanol (50 ml.) under reflux for 12 hours. The crude
      hydrazide obtained was crystallised from chloroform and petroleum ether
      (boiling range 60.degree.-80.degree.C), and had a melting point of
      154.degree.-155.degree.C and the following elemental analysis by weight:
TBL          Found      Calculated for C.sub.18 H.sub.16 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon    65.30%       65.43%                                             

     Hydrogen  7.37%        7.32%                                              

     Nitrogen  12.44%       12.72%                                             

     ______________________________________                                    

PAR  The above hydrazide in ether was converted to its hydrochloride using dry
      HCl gas according to the procedure in Example 2. It gave
      2-hydroxy-5-cyclopentyl benzoic hydrazide hydrochloride, melting point
      305.degree.-309.degree.C with decomposition and had the following
      elemental analysis by weight.
TBL          Found     Calculated for C.sub.12 H.sub.17 N.sub.2 O.sub.2        

     ______________________________________                                    

                       Cl                                                      

     Carbon    56.34%      56.13%                                              

     Hydrogen  6.80%       6.68%                                               

     Nitrogen  10.99%      10.91%                                              

     Chlorine  13.49%      13.81%                                              

     ______________________________________                                    

PAC  EXAMPLE 18
PAC  2Hydroxy-3,5-dicyclopentyl benzoic hydrazide hydrochloride
PAR  Methyl-2-hydroxy-3,5-dicyclopentyl benzoate (4.5 g.), obtained from the
      reaction described in Example 17 was converted to its hydrazide in a
      similar manner. It gave the pure hydrazide (3.1 g.) which had a melting
      point of 121.degree.-122.degree.C after recrystallisation from
      chloroform/petroleum ether (boiling range 60.degree.-80.degree.C) and the
      following elemental analysis by weight:
TBL          Found      Calculated for C.sub.17 H.sub.24 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon    71.06%       70.80%                                             

     Hydrogen  8.69%        8.39%                                              

     Nitrogen  10.00%       9.72%                                              

     ______________________________________                                    

PAR  The above hydrazide in ether was converted to its hydrochloride using dry
      HCl gas according to the procedure described in Example 2. It gave
      2-hydroxy-3,5-dicyclopentyl benzoic hydrazide hydrochloride, melting point
      175.degree.-182.degree.C with decomposition which has the following
      element analysis by weight.
TBL          Found     Calculated for C.sub.17 H.sub.25 N.sub.2 O.sub.2        

     ______________________________________                                    

                       Cl                                                      

     Carbon    62.83%      62.85%                                              

     Hydrogen  7.78%       7.76%                                               

     Nitrogen  8.65%       8.63%                                               

     Chlorine  10.63%      10.92%                                              

     ______________________________________                                    

PAC  EXAMPLE 19
PAC  2-Hydroxy-3-methyl-5-(.alpha..alpha.-dimethyl benzyl) benzoic hydrazide
      hydrochloride
PAR  Methyl 2-hydroxy-3-methyl benzoate was obtained by esterification of
      2-hydroxy-3-methyl benzoic acid (cresotinic acid) using methanol and
      sulphuric acid catalyst. Alkylation of this ester (16.6 g., 0.1 m.) in
      methanol (15 ml.) and concentrated sulphuric acid catalyst (35 ml.) using
      .alpha.-methyl styrene (11.8 g., 0.1 m.) gave a brown oil (21.6 g.).
      Distillation under reduced pressure gave pure methyl
      2-hydroxy-3-methyl-5-(.alpha..alpha.-dimethylbenzyl) benzoate (13.9 g.)
      which has a boiling point of 160.degree.-170.degree.C at 0.7 mm. Hg.
      pressure. This was converted to its hydrazide in the usual way. The
      hydrazide which was crystallized from benzene had a melting point of
      159.degree.-161.degree.C and had the following elemental analysis by
      weight:
TBL  Found          Calculated for [C.sub.17 H.sub.20 N.sub.2 O.sub.2 ].sub.2  

                    + C.sub.6 H.sub.6                                          

     ______________________________________                                    

     Carbon  74.30%     74.30%                                                 

     Hydrogen                                                                  

             7.12%      7.12%                                                  

     Nitrogen                                                                  

             8.52%      8.67%                                                  

     ______________________________________                                    

PAR  The above hydrazide in methanol was converted to its hydrochloride using
      dry HCl gas according to the procedure described in Example 2. It gave
      2-hydroxy-3-methyl-5-(.alpha..alpha.-dimethylbenzyl) benzoic hydrazide
      hydrochloride, melting point 196.degree.-208.degree.C which had the
      following elemental analysis by weight:
TBL          Found     Calculated for C.sub.17 H.sub.21 N.sub.2 O.sub.2        

     ______________________________________                                    

                       Cl                                                      

     Carbon    63.62%      63.64%                                              

     Hydrogen  6.70%       6.60%                                               

     Nitrogen  8.67%       8.73%                                               

     Chlorine  10.85%      11.05%                                              

     ______________________________________                                    

PAC  EXAMPLE 20
PAC  2-Hydroxy-3-methyl-5-cyclopentyl benzoic hydrazide hydrochloride
PAR  Methyl 2-hydroxy-3-methyl benzoate (16.6 g., 0.1 m.) was alkylated with
      cyclopentanol (8.6 g., 0.1 m.) in methanol (15.0 ml.) and concentrated
      sulphuric acid (35.0 m.) at room temperature during 3-4 hours. A brown oil
      (19.1 g.) was obtained which on distillation gave pure methyl
      2-hydroxy-3-methyl-5-cyclopentyl benzoate (12.4 g.) which has a boiling
      point of 150.degree.-151.degree.C. at 1.5 mm. Hg. pressure. This ester
      gave a hydrazide melting point 150.degree.-152.degree.C. on
      recrystallisation from chloroform/petroleum ether, which had the following
      elemental analysis by weight:
TBL          F0und      Calculated for C.sub.13 H.sub.18 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon    66.88%       66.64%                                             

     Hydrogen  7.89%        7.74%                                              

     Nitrogen  11.88%       11.96%                                             

     ______________________________________                                    

PAR  The above hydrazide was dissolved in ether and dry HCL gas was passed
      through the solution for five minutes. The solvent was removed to give a
      white solid, 2-hydroxy-3-methyl-5-cyclo-pentylbenzoic hydrazide
      hydrochloride, melting point 215.degree.C., which had the following
      elemental analysis by weight:
TBL          Found     Calculated for C.sub.13 H.sub.19 N.sub.2 O.sub.2        

     ______________________________________                                    

                       Cl                                                      

     Carbon    57.83%      57.65%                                              

     Hydrogen  7.23%       7.07%                                               

     Nitrogen  10.10%      10.35%                                              

     Chlorine  13.26%      13.11                                               

     ______________________________________                                    

PAC  EXAMPLE 21
PAC  2-Hydroxy-3-methyl-5-sec-butylbenzoic hydrazide hydrochloride
PAR  Example 20 was repeated, except that the cyclopentanol was replaced by
      sec-butanol, 2-hydroxy-3-methyl5-sec-butyl benzoic hydrazide, having a
      melting point of 126.degree.-127.degree.C and the following elemental
      analysis by weight, was obtained:
TBL          Found      Calculated for C.sub.12 H.sub.18 N.sub.2 O.sub.2       

     ______________________________________                                    

     Carbon    64.73%       64.86%                                             

     Hydrogen  8.32%        8.10%                                              

     Nitrogen  12.56%       12.61%                                             

     ______________________________________                                    

PAR  The hydrazide was converted into its hydrochloride by the method of Example
      20. The hydrochloride has a melting point of 191.degree.-196.degree.C and
      the following elemental analysis by weight:
TBL          Found     Calculated for C.sub.12 H.sub.19 N.sub.2 O.sub.2        

     ______________________________________                                    

                       Cl                                                      

     Carbon    55.62%      55.70%                                              

     Hydrogen  7.42%       7.40%                                               

     Nitrogen  10.70%      10.83%                                              

     Chlorine  13.30%      13.70%                                              

     ______________________________________                                    

PAC  EXAMPLE 22
PAC  3-Hydroxy-2-naphthoic hydrazide sulphate
PAR  3-Hydroxy-2-naphthoic acid 94.0 g) was esterified by heating for 8 hours
      under reflux with methanol (207 ml) and concentrated sulphuric acid (14
      ml). The methyl ester had a melting point of 72.degree.-73.degree.C. It
      was converted to the hydrazide in the usual manner. The hydrazide was
      isolated as a cream coloured solid, melting point
      200.degree.-203.degree.C. The hydrazide (0.5 g) was dissolved in ethyl
      acetate (150 ml) and gaseous hydrogen chloride was passed into the stirred
      solution for 30 minutes. A turbid solution was obtained which was
      evaporated to dryness under reduced pressure leaving an off-white solid,
      melting point 238.degree.-240.degree.C with decomposition.
PAC  EXAMPLE 23
PAC  2-Hydroxy-mono(C.sub.16 -C.sub.18 alkyl) benzoic hydrazide sulphate
PAR  A monoalkyl substituted salicylic acid mixture containing C.sub.16
      -C.sub.18 alkyl groups (72.4 g), prepared by carboxylation of the
      corresponding phenol, was esterified by heating with methanol (80 ml) in
      the presence of concentrated sulphuric acid (10 ml). A portion of the
      crude ester, a dark brown oil, (18.8 g) was heated under reflux overnight
      with hydrazine hydrate (10 ml), water (10 ml) and ethanol (50 ml). The
      hydrazide, a viscous brown oil (19.0 g) was mixed with 500 ml petrol
      (boiling range) 80.degree.-100.degree.C) and was stirred overnight with
      200 ml sulphuric acid (concentration 150 g/l). Removal of the petrol phase
      and evaporation gave the crude hydrazide sulphate (14.4 g) as a viscous
      brown oil.
PAC  EXAMPLE 24
PAC  2-Hydroxy mixed 5-octyl and 3,5-dioctylbenzoic hyrazide sulphates
PAR  Methyl salicylate (7.6 g), methanol (10.0 ml) and concentrated sulphuric
      acid (35.0 ml) were mixed and cooled to 15.degree.C. Octene-1 (16.8 g) was
      added at this temperature over a period of 2 hours and the mixture was
      stirred for a further 18 hours at room temperature. The reaction mixture
      was worked up in the usual way and the low boiling products were stripped
      off under reduced pressure (10 mm. Hg.) at 100.degree.C. A brown oil which
      contained methyl monooctyl- and dioctyl-2-hydroxybenzoates (GLC/MS
      analysis) was obtained. This oil was converted to the mixed hydrazide
      (brown oil) and then to the mixed sulphate (brown waxy solid) by the
      procedure described in Example 1.
PAC  EXAMPLE 25
PAC  2-Hydroxy-3,5-di-(C.sub.6 -C.sub.7 mixed alkylbenzoic)hydrazide sulphate
PAR  Methyl salicylate (15.2 g), methanol (20 ml) and concentrated sulphuric
      acid (70.0 ml) were mixed and cooled to 10.degree.C. A C.sub.6 -C.sub.7
      alpha-olefin mixture (28.0 g) was added over 2 hours and the mixture was
      stirred for a further 48 hours at 15.degree.C. The reaction mixture was
      worked up to give a brown oil (33.4 g). This oil was stripped of low
      boilers at 100.degree. at 10 mm. Hg. pressure. A sample of this oil (10 g)
      was further stripped of monoalkylation products at 140.degree.C at 0.2 mm.
      Hg pressure and the residual oil which contained mixed isomers of C.sub.6
      -C.sub.7 dialkylated products was converted to the hydrazide and hydrazide
      sulphate (brown wax) by the procedure described in Example 1.
PAC  EXAMPLE 26
PAC  Mixed mono-(C.sub.6 -C.sub.7 alkyl) and di-(C.sub.6 -C.sub.7
      alkyl)-2-hydroxybenzoic hydrazide sulphates
PAR  A sample of the oily alkylation product obtained in Example 25 after
      stripping at 100.degree.C at 10 mm. Hg. pressure was found to contain
      mono- and dialkylated products where the substituents are mixed isomers of
      both C.sub.6 and C.sub.7 alkyl groups (GLC/MS). This oil (10 g) was
      converted to the mixed hydrazide (brown oil) and mixed hydrazide sulphates
      (brown wax) by the procedure described in Example 1.
PAC  EXAMPLE 27
PAC  2Hydroxy-3-methyl-5 -dodecylbenzoic hydrazide sulphate
PAR  Methyl 2-hydroxy-3-methylbenzoate (33.2 g., 0.2 m) in methanol (20 ml) was
      alkylated with propylene tetramer (50 g) in the presence of concentrated
      sulphuric acid catalyst (90 ml). A brown oil (80.9 g) was obtained.
      Distillation of a portion of the brown oil (43 g) gave methyl
      2-hydroxy-3-methyl-5-dodecylbenzoate (20.5 g) which had a boiling range of
      136.degree.-146.degree.C at 0.8 mm. Hg. pressure. The brown oil (37 g) was
      heated under reflux with hydrazine hydrate (20 ml), water (20 ml) and
      ethanol (100 ml), for 10 hours. The hydrazide (32.8 g) was isolated as a
      brown viscous oil. It was converted to its sulphate by stirring its
      solution in 200 ml petrol (boiling range 80.degree.-100.degree.C) with 20%
      w/v sulphuric acid solution (300 ml). The hydrazide sulphate (33 g) was
      obtained as a brown viscous oil and was used without further purification
      for copper extraction.
PAC  EXAMPLE 28
PAC  Hydrazide sulphate derived from the alkylation product of methyl salicylate
      and 2-ethylhexanol
PAR  2-Ethylhexanol (325 g, 2.5 m) was added dropwise to a stirred solution of
      methyl salicylate (152 g, 1.0 m), methanol (40 g) and concentrated
      sulphuric acid (490 ml). The reaction mixture was stirred overnight at
      room temperature. It was then poured into water extracted with ether and
      the ethereal extract washed with water. The ether was removed and the
      residue was heated at 100.degree.C at 12 mm. Hg. pressure for 2 hours to
      remove low boiling material. A brown viscous oil (375 g) was obtained.
      GLC/MS analysis showed that the oil contained a mixture of mono- and
      di-alkylated methyl salicylates. The oil (27.6 g) was converted to its
      hydrazide by heating under reflux with hydrazine hydrate (20 ml), water
      (20 ml) and ethanol (100 ml) for 10 hours. The hydrazide mixture (29.6 g)
      was isolated as a brown viscous oil. It was converted to its sulphate by
      stirring its solution in petrol (boiling range 80.degree.-100.degree.C)
      (200 ml) with 20% w/v sulphuric acid solution (400 ml). The hydrazide
      sulphate mixture (24.0 g) was obtained as a brown viscous oil and was used
      without further purification for copper extraction.
PAC  EXAMPLE 29
PAC  Comparison of the selectivity of extraction of copper from copper-iron
      solutions with hydrazide and hydrazide sulphate
PAR  An aqueous solution (pH2) containing Cu.sup.+.sup.+ (4.0 g/l) and
      Fe.sup.+.sup.+.sup.+ (3.6 g/l) was shaken six times with an equal volume
      of a 2% w/v solution of a mixture of
      2-hydroxy-3-sec-butyl-5-(1,1,5-trimethylhexyl)benzoic hydrazide and
      2-hydroxy-3-(1,1,5-trimethylhexyl)-5-sec-butyl-benzoic hydrazide, and a 2%
      w/v solution of the sulphates thereof in kerosene. The pH and
      concentration of Cu.sup.+.sup.+ and Fe.sup.+.sup.+.sup.+ remaining in the
      aqueous phase after each extraction were measured and the results are
      shown in Table I.
PAR  The kerosene used in this Example was distilled before use and contained
      some ketones in an amount equivalent to 0.20% w/v calculated as &gt;C = O
      (molecular weight 28.01).
TBL                TABLE I                                                     

     ______________________________________                                    

             contact pH       Cu.sup.+.sup.+ g/l                               

                                        Fe.sup.+.sup.+.ltorsim. g/l            

     ______________________________________                                    

               0 (blank) 2.0      4.0     3.6                                  

               1         1.88     2.9     3.2                                  

               2         1.81     1.9     3.0                                  

     hydrazide 3         1.65     0.9     2.8                                  

     of                                                                        

     Example 5 4         1.61     0.2     2.6                                  

               5         1.55     0.05    2.2                                  

               6         1.49     0.03    1.6                                  

               0 (blank) 2.0      4.0     3.6                                  

               1         1.61     3.0     3.6                                  

               2         1.33     2.0     3.6                                  

     hydrazide 3         1.16     1.1     3.6                                  

     sulphate                                                                  

     of        4         1.11     0.5     3.6                                  

     Example 5                                                                 

               5         1.08     0.4     3.6                                  

               6         1.00     0.01    3.6                                  

     ______________________________________                                    

PAR  It can be seen from Table I that while the free hydrazide does extract
      copper, it also extracts a comparatively large amount of iron, whereas the
      hydrazide sulphate extracts only the copper, leaving the iron still in the
      acid solution.
PAC  EXAMPLE 30
PAC  Use of Product of Example 5 for selective extraction of copper at low pH
PAR  Following the procedure of Example 29, aqueous solutions containing
      Cu.sup.+.sup.+ and Fe.sup.+ .sup.+.sup.+ were shaken with a 1% w/v
      solution in kerosene of a mixture of
      2-hydroxy-3-sec-butyl-5-(1,1,5-trimethylhexyl) benzoic hydrazide sulphate
      and 2-hydroxy-3-(1,1,5-trimethylhexyl)-5-sec-butyl benzoic hydrazide
      sulphate. The kerosene used in this Example was distilled before use and
      contained some ketones in an amount of equivalent to 0.2% w/v&gt;C = O. Table
      II shows the results when the initial aqueous solution has a pH of 2 and
      Table III shows the results when the initial aqueous solution has a pH of
      1.
PAR  It can be seen from Tables II and III that the hydrazide sulphate will
      extract copper from solutions of low pH values and at these levels still
      retains its selectivity for copper.
TBL                TABLE II                                                    

     ______________________________________                                    

     contact    pH         Cu.sup.+.sup.+ g/l                                  

                                        Fe.sup.+.sup.+.sup.+ g/l               

     ______________________________________                                    

     0 (blank)  2.0        4.0          3.6                                    

     1          1.71       3.4          3.6                                    

     2          1.49       2.6          3.6                                    

     3          1.35       2.3          3.6                                    

     4          1.29       1.7          3.6                                    

     5          1.13       1.2          3.6                                    

     6          1.05       0.7          3.6                                    

     ______________________________________                                    

TBL                TABLE III                                                   

     ______________________________________                                    

     contact    pH         Cu.sup.+.sup.+ g/l                                  

                                        Fe.sup.+.sup.+.sup.+ g/l               

     ______________________________________                                    

     0 (blank)  1.00       4.0          3.6                                    

     1          1.00       3.4          3.6                                    

     2          0.90       3.0          3.6                                    

     3          0.85       2.6          3.6                                    

     4          0.87       2.1          3.6                                    

     5          0.75       1.6          3.6                                    

     6          0.71       1.2          3.6                                    

     ______________________________________                                    

PAC  EXAMPLE 31
PAC  Effect of ketones on the extraction performance of the product of Example 5
      in kerosene
PAR  Aqueous acid solutions at original pH of 2, containing various amounts of
      Cu.sup.+.sup.+ were shaken with equal volumes of a 5% w/v solution of a
      mixture of 2-hydroxy-3-sec-butyl-5-(1,1,5-trimethylhexyl) benzoic
      hydrazide sulphate and 2-hydroxy-3-(1,1,5-trimethylhexyl)-5-sec-butyl
      benzoic hydrazide sulphate, in kerosene.
PAR  The extractions were repeated using, as solvent, kerosene containing the
      ketones stated below.
PAR  Tables IV to IX show that the extraction performance of the hydrazide
      sulphate mixture in kerosene containing a ketone, is superior to that of
      the hydrazide sulphate mixture in kerosene alone.
PAR  A. 5% w/v hydrazide sulphate in kerosene
TBL                TABLE IV                                                    

     ______________________________________                                    

     Cu.sup.+.sup.+ solution before                                            

                          % of Cu.sup.+.sup.+ extracted                        

     extraction conc. in g/l                                                   

                          into organic phase                                   

     ______________________________________                                    

     8.2                  10.6                                                 

     6.0                  9.3                                                  

     3.9                  18.0                                                 

     2.0                  24.0                                                 

     ______________________________________                                    

PAR  B. 5% w/v hydrazide sulphate + 1.66% w/v methyl hexyl ketone in kerosene
TBL                TABLE V                                                     

     ______________________________________                                    

     Cu.sup.+.sup.+ solution before                                            

                          % of Cu.sup.+.sup.+ extracted                        

     extraction conc. in g/l                                                   

                          into organic phase                                   

     ______________________________________                                    

     8.0                  43.8                                                 

     6.0                  55.0                                                 

     4.0                  80.0                                                 

     2.0                  95.0                                                 

     ______________________________________                                    

PAR  C. 5% w/v hydrazide sulphate in distilled kerosene containing ketones
      present in an amount equivalent to 0.2% w/v &gt;C = O
TBL                TABLE VI                                                    

     ______________________________________                                    

     Cu.sup.+.sup.+ solution before                                            

                          % of Cu.sup.+.sup.+ extracted                        

     extraction conc. in g/l                                                   

                          into organic phase                                   

     ______________________________________                                    

     8.2                  36.6                                                 

     6.0                  50.0                                                 

     3.9                  69.2                                                 

     2.0                  80.0                                                 

     ______________________________________                                    

PAR  D. 5% w/v hydrazide sulphate + 1.644% w/v acetophenone in kerosene
TBL                TABLE VII                                                   

     ______________________________________                                    

     Cu.sup.+.sup.+ solution before                                            

                          % of Cu.sup.+.sup.+ extracted                        

     extraction conc. in g/l                                                   

                          into organic phase                                   

     ______________________________________                                    

     8.0                  30.12                                                

     6.0                  35.5                                                 

     4.0                  42.5                                                 

     2.0                  52.6                                                 

     ______________________________________                                    

PAR  E. 5% w/v hydrazide sulphate + 2.497% w/v benzophenone in kerosene
TBL                TABLE VII                                                   

     ______________________________________                                    

     Cu.sup.+.sup.+ solution before                                            

                          % of Cu.sup.+.sup.+ extracted                        

     extraction conc. in g/l                                                   

                          into organic phase                                   

     ______________________________________                                    

     8.0                  25.3                                                 

     6.0                  33.9                                                 

     4.0                  47.5                                                 

     2.0                  63.5                                                 

     ______________________________________                                    

PAR  F. 5% w/v hydrazide sulphate + 1.95% w/v di-isobutyl ketone in kerosene
TBL                TABLE IX                                                    

     ______________________________________                                    

     Cu.sup.+.sup.+ solution before                                            

                          % of Cu.sup.+.sup.+ extracted                        

     extraction conc. in g/l                                                   

                          into organic phase                                   

     ______________________________________                                    

     8.0                  37.3                                                 

     6.0                  46.8                                                 

     4.0                  65.0                                                 

     2.0                  89.5                                                 

     ______________________________________                                    

PAC  EXAMPLE 32
PAC  Extraction and stripping using product of Example 27
PAR  An aqueous solution (pH 2) containing Cu.sup.+.sup.+ (3.5 g/l) and
      Fe.sup.+.sup.+.sup.+ (1.6 g/l) was shaken with an equal volume of a 5% w/v
      solution of the hydrazide sulphate, obtained in Example 27, in kerosene
      containing 2% w/v methyl hexyl ketone. The loaded organic phase was then
      shaken with an equal volume of 1.5 m sulphuric acid solution. This acid
      extraction was repeated. The stripped organic phase was then used to treat
      a second batch of the original copper-iron solution. This cycling
      procedure was repeated and the solutions were analysed at each stage for
      copper and iron. The results are illustrated in Table X.
TBL                TABLE X                                                     

     ______________________________________                                    

           % Metal extracted                                                   

                         % Extracted Cu.sup.+.sup.+ recovered                  

     Run   into organic phase                                                  

                         from organic phase                                    

     Cu.sup.+.sup.+                                                            

                 Fe.sup.+.sup.+.sup.+                                          

                         1st Acid Strip                                        

                                      2nd Acid Strip                           

     ______________________________________                                    

     1     54.3      0       94.7       5.2                                    

     2     54.3      0       94.7       5.2                                    

     3     54.3      0       84.2       11.9                                   

     4     54.3      0       89.5       10.0                                   

     5     54.3      0       84.2       13.5                                   

     6     54.3      0       84.2       14.8                                   

     ______________________________________                                    

PAL  The results show the selectivity of the reagent for copper over iron; the
      ease of copper recovery from the loaded organic phase and the ability of
      the reagent to be recycled.
PAC  EXAMPLE 33
PAC  Extraction and stripping using product of Example 28
PAR  An aqueous solution (pH 2) containing Cu.sup.+.sup.+ (3.5 g/l) and
      Fe.sup.+.sup.+.sup.+ (2.4 g/l) was shaken with a 5% w/v solution of the
      hydrazide sulphate, obtained in Example 28, in kerosene containing 2% w/v
      methyl hexyl ketone. The procedure followed was as described in Example 32
      and the results are given in Table XI.
TBL                TABLE XI                                                    

     ______________________________________                                    

           % Metal extracted                                                   

                         % Cu.sup.+.sup.+ recovered from                       

     Run   into organic phase                                                  

                         organic phase                                         

     Cu.sup.+.sup.+                                                            

                 Fe.sup.+.sup.+.sup.+                                          

                         1st Acid Strip                                        

                                      2nd Acid Strip                           

     ______________________________________                                    

     1     54.3      0       98.3       1.6                                    

     2     54.3      0       96.5       3.0                                    

     3     54.3      0       94.7       4.8                                    

     4     54.3      0       94.7       4.8                                    

     5     54.3      0       97.5       2.1                                    

     6     54.3      0       94.7       4.8                                    

     ______________________________________                                    

PAC  EXAMPLE 34
PAC  Extraction of Cu.sup.+.sup.+ from a solution of
      Cu.sup.+.sup.+/Fe.sup.+.sup.+.sup.+ using
      2-hydroxy-3-methyl-5-cyclopentylbenzoic hydrazide hydrochloride
PAR  An aqueous solution (pH 2) containing copper.sup.+.sup.+ (4.0 g/l) and iron
      (3.4 g/l) was shaken four times with an equal volume of a 2% w/v solution
      of 2-hydroxy-3-methyl-5-cyclopentylbenzoic hydrazide hydrochloride in
      chloroform containing 12% w/v methyl hexyl ketone and 18% w/v capryl
      alcohol. The amount of Cu.sup.+.sup.+ and Fe.sup.+.sup.+.sup.+ extracted
      after each contact was measured and the results are shown in the Table
      XII.
TBL                TABLE XII                                                   

     ______________________________________                                    

     Contact pH        % Cu.sup.+.sup.+ extracted                              

                                    % Fe.sup.+.sup.+.sup.+ extracted           

     ______________________________________                                    

     0       2.0       --           --                                         

     1       1.30      37.5         0.0                                        

     2       0.98      60.0         0.0                                        

     3       0.76      72.5         0.0                                        

     4       0.62      80.0         0.0                                        

     ______________________________________                                    

PAC  EXAMPLE 35
PAC  Extraction of Cu.sup.+.sup.+ from a solution of
      Cu.sup.+.sup.+/Fe.sup.+.sup.+.sup.+ using 2-hydroxy-4-n-hexoxybenzoic
      hydrazide hydrochloride
PAR  An aqueous solution (pH 2) containing copper (3.7 g/l) and iron (3.0 g/l)
      was shaken three times with an equal volume of a 2% w/v solution of
      2-hydroxy-4-n-hexoxybenzoic hydrazide hydrochloride in capryl alcohol
      containing 44% methyl hexyl ketone. The amount of Cu.sup.+.sup.+ and
      Fe.sup.+.sup.+.sup.+ extracted after each contact was measured and the
      results are shown in Table XIII.
TBL                TABLE XIII                                                  

     ______________________________________                                    

            equilibrium                                                        

     Contact                                                                   

            pH         % Cu.sup.+.sup.+ extracted                              

                                    % Fe.sup.+.sup.+.sup.+ extracted           

     ______________________________________                                    

     0 (blank)                                                                 

            2.0        --           --                                         

     1      1.32       11.0         0.0                                        

     2      1.11       22.8         0.0                                        

     3      0.88       35.3         0.0                                        

     ______________________________________                                    

PAC  EXAMPLE 36
PAC  Effect of various phosphorus and sulphur compounds on the extraction
      performance of the product of Example 5
PAR  An aqueous acid solution at original pH 2 containing 7.6 g/l Cu.sup.+.sup.+
      was shaken with an equal volume of a 5% w/v solution of a mixture of
      2-hydroxy-3-sec-butyl-5-(1,1,5-trimethylhexyl) benzoic hydrazide sulphate
      and 2-hydroxy-3-(1,1,5-trimethylhexyl)-5-sec-butylbenzoic hydrazide
      sulphate in kerosene. The extraction was repeated using, as solvent,
      kerosene containing the phosphorus and sulphur containing compounds listed
      below. The amounts of copper extracted into the organic phase were
      measured and the results are shown in Table XIV below.
TBL                                    TABLE XIV                               

     __________________________________________________________________________

                              % Cu.sup.+.sup.+ extracted into                  

     Solvent                  the organic phase                                

     __________________________________________________________________________

     kerosene                 10.2                                             

     kerosene + 3.5% w/v tri-n-butyl phosphate                                 

                              23.7                                             

     kerosene + 4.16% w/v tri-phenyl phosphate                                 

                              23.7                                             

     kerosene + 3.28% w/v di-n-butyl phosphite                                 

                              26.3                                             

     kerosene + 2.32% w/v di-n-butyl sulphone                                  

                              25.0                                             

     kerosene + 1.76% w/v tetrahydrothiophene-1,1-                             

                              18.7                                             

      dioxide (sulpholane)                                                     

     __________________________________________________________________________

PAC  EXAMPLE 37
PAC  Extraction of copper from ammonical copper sulphate solution using product
      of Example 5
PAR  An aqueous solution containing Cu.sup.+.sup.+ (9.14 g/l), 27% ammonium
      hydroxide solution (34.5 g/l) and ammonium carbonate (20.0 g/l), having an
      initial pH of 9.24, was shaken with a 5% w/v solution of a mixture of
      2-hydroxy-3-sec-butyl-5-(1,1,5-trimethylhexyl) benzoic hydrazide sulphate
      and 2-hydroxy-3-(1,1,5-trimethylhexyl)-5-sec-butylbenzoic hydrazide
      sulphate in kerosene. The extractions were carried out using various
      organic:aqueous volume phase ratios. The percentage of copper extracted
      into the organic phase after each extraction is shown in Table XV.
TBL                TABLE XV                                                    

     ______________________________________                                    

     Organic:aqueous    % of Cu.sup.+.sup.+ extracted                          

     phase ratio        into organic phase                                     

     ______________________________________                                    

     1                  66.7                                                   

     2                  99.9                                                   

     0.5                28.9                                                   

     ______________________________________                                    

PAC  EXAMPLE 38
PAC  Extraction of nickel from alkaline solution
PAR  An aqueous solution containing Ni.sup.+.sup.+ (6.4 g/l) and sodium sulphate
      (71 g/l), having an initial pH of 7.1, was shaken with an equal volume of
      a 5% w/v kerosene solution of the hydrazide sulphates used in Example 37.
      The percentage of Ni.sup.+.sup.+ extracted into the organic phase was 50%.
PAC  EXAMPLE 39
PAC  Extraction of cobalt from alkaline solution
PAR  An aqueous solution containing Co.sup.+.sup.+ (6.0 g/l) and sodium sulphate
      (71 g/l) was shaken with an equal volume of a 5% w/v kerosene solution of
      the hydrazide sulphates used in Example 37. The pH of the Co.sup.+.sup.+
      solution before extraction was adjusted by addition of ammonium hydroxide
      solution. The percentage of Co.sup.+.sup.+ extracted into the organic
      phase after each extraction is shown in Table XVI.
TBL                TABLE XVI                                                   

     ______________________________________                                    

                       % of Co.sup.+.sup.+ extracted                           

     Initial pH        into organic phase                                      

     ______________________________________                                    

     7.16              26.7                                                    

     7.92              56.7                                                    

     11.57             99.9                                                    

     ______________________________________                                    

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound having the formula I
      ##SPC8##
PAL  in which R.sup.1, R.sup.2, R.sup.3, and R.sup.4 may be the same or
      different and each represent hydrogen; a straight or branched chain alkyl
      radical having 1 to 20 carbon atoms; an aralkyl radical having 7 to 20
      carbon atoms which may be substituted by one or more alkyl groups having 1
      to 4 carbon atoms; or may be
      ##SPC9##
PAL  wherein R.sup.5 and R.sup.6 are each a hydrogen atom or a methyl group, and
      each R represents the others of R.sup.1, R.sup.2, R.sup.3 and R.sup.4 ; an
      alkenyl radical having 2 to 20 carbon atoms; a cycloalkyl radical having 5
      to 12 carbon atoms which may be substituted by one or more alkyl groups
      having 1 to 4 carbon atoms; an aryl radical having 6 to 10 carbon atoms;
      an alkaryl radical having 7 to 12 carbon atoms; a cyclohexenyl alkyl
      radical in which the alkyl moiety has 2 or 3 carbon atoms and the
      cyclohexenyl ring may contain a methyl group as substituent; an alkenyl
      cyclohexyl radical in which the alkenyl moiety has 2 or 3 carbon atoms and
      the cyclohexyl ring may also contain a methyl group as substituent; or a
      group -OR.sup.7 wherein R.sup.7 represents an alkyl radical having 1 to 20
      carbon atoms, a cycloalkyl radical having 5 to 12 carbon atoms, optionally
      substituted by one or more alkyl groups having 1 to 4 carbon atoms, an
      aryl radical having 6 to 10 carbon atoms or an alkenyl radical having 3 to
      20 carbon atoms; or any two adjacent radicals R.sup.1, R.sup.2, R.sup.3
      and R.sup.4 may be joined together to form an aryl ring which may be
      substituted by one or more alkyl groups having 1 to 20 carbon atoms; and
      with the proviso that the total number of carbon atoms of R.sup.1,
      R.sup.2, R.sup.3 and R.sup.4 are more than 8; X represents an anion; and n
      is the valency of X.
NUM  2.
PAR  2. A compound as claimed in claim 1 in which R.sup.2 and R.sup.4 are both
      hydrogen.
NUM  3.
PAR  3. A compound as claimed in claim 1 in which X is derived from a mineral
      acid.
NUM  4.
PAR  4. A compound as claimed in claim 3 in which X is SO.sub.4 .sup.-.sup.- or
      Cl.sup.-.
NUM  5.
PAR  5. A compound having the formula I
      ##SPC10##
PAL  in which R.sup.1, R.sup.2, R.sup.3 and R.sup.4 may be the same or different
      and each represent hydrogen; a straight or branched chain alkyl radical
      having 1 to 20 carbon atoms, an aralkyl radical having 7 to 20 carbon
      atoms, an alkenyl radical having 2 to 20 carbon atoms, a cycloalkyl
      radical having 5 to 12 carbon atoms, an alkoxy radical having 1 to 20
      carbon atoms or an aryl radical having 6 to 10 carbon atoms, and with the
      proviso that the total number of carbon atoms of R.sup.1, R.sup.2, R.sup.3
      and R.sup.4 are more than 8; X represents an anion and n is the valency of
      X.
NUM  6.
PAR  6. A compound as claimed in claim 5 in which R.sup.2 and R.sup.4 are both
      hydrogen.
NUM  7.
PAR  7. A compound as claimed in claim 5 in which X is derived from a mineral
      acid.
NUM  8.
PAR  8. A compound as claimed in claim 7 in which X is SO.sub.4 .sup.-.sup.- or
      Cl.sup.-.
NUM  9.
PAR  9. A compound as claimed in claim 1 in which besides the definitions of
      R.sup.1, R.sup.2, R.sup.3, R.sup.4 and R.sup.7 given in claim 1 at least
      one of R.sup.1, R.sup.2, R.sup.3 and R.sup.4 is cycloalkenyl with 5 to 12
      carbon atoms which may be substituted by one or more alkyl groups having 1
      to 4 carbon atoms, and/or R.sup.7 is an aryl radical having 6 to 10 carbon
      atoms and substituted by alkyl with 1 to 4 carbon atoms, or is aralkyl.
NUM  10.
PAR  10. A compound as claimed in claim 5 in which besides the definitions of
      R.sup.1, R.sup.2, R.sup.3 and R.sup.4 given in claim 7 at least one of
      R.sup.1, R.sup.2, R.sup.3 and R.sup.4 is cycloalkenyl with 5 to 12 carbon
      atoms which may be substituted by one or more alkyl groups having 1 to 4
      carbon atoms.
NUM  11.
PAR  11. A compound according to claim 5 wherein R.sup.2 and R.sup.4 are each
      hydrogen; R.sup.1 and R.sup.3 are the same or different and each represent
      hydrogen, alkyl of 1 to 18 carbon atoms, .alpha.,.alpha.-dimethylbenzyl,
      alkenyl of 3 to 12 carbon atoms, phenyl, alkoxy of 3 to 18 carbon atoms or
      cycloalkyl of 5 to 8 carbon atoms; and where the total number of carbon
      atoms of R.sup.1 plus R.sup.3 are 9 to 30; X represents chloride or
      sulfate; and n is 1 or 2.
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ABST
PAL  An improved technique for making a Raney copper catalyst by contacting
      particulate copper/aluminum alloy particles with an aqueous solution
      containing dissolved therein both alkali metal hydroxide and at least one
      polyfunctional oxygen-containing aromatic compound. The catalyst so
      prepared is used in the catalystic hydrolysis of acrylonitrile to
      acrylamide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Raney copper catalysts are conventionally prepared by contacting a starting
      copper aluminum alloy in particulate form with aqueous alkali metal
      hydroxide to remove some portion of the aluminum present initially. The
      manner in which such contacting is conducted affects the properties of the
      resulting Raney copper catalyst in such reactions, for example, as the
      hydrolysis of acrylonitrile to acrylamide under aqueous liquid phase
      conditions conducted in the presence of such catalyst.
PAR  Apparently, Raney copper catalysts have heretofore always been prepared
      with attention being given primarily to aluminum removal. Apparently,
      complete aluminum removal was heretofore sometimes believed to have been
      achieved and to be desirable for purposes of enhancing catalyst activity
      for this nitrile hydrolysis reaction; see, for example, Canadian Pat. No.
      899,380, at p.5 where the Kawaken Fine Chemicals Co. Raney copper catalyst
      is used. According to Kawaken Fine Chemicals Co. trade literature, it
      appears that substantially complete aluminum removal is achieved in such
      catalyst.
PAR  The art theorizes that Raney catalysts can contain amounts of insoluble
      aluminates which are sufficient to adversely affect catalyst activity and
      life for whatever reason, and the art has described processing procedures
      alleged to remove such impurities; see for example, U.S. Pat. Nos.
      2,643,189; 2,604,455; 2,950,260; and British Pat. Nos. 642,861 and
      658,863.
PAR  It has heretofore been proposed to activate Raney alloys for use as fuel
      cell electrodes by using in the activating solution alkali metal tartrates
      of polycarboxylated aliphatic amino compounds; see U.S. Pat. No.
      3,235,513. See also U.S. Pat. No. 3,067,276 for a discussion of catalyst
      regeneration using citric acid.
PAR  Because of the limitations and shortcomings observed for prior art Raney
      copper catalysts as respects catalyst initial activity and catalyst life,
      the art continues to seek improved Raney copper catalysts such as will be
      particularly suitable for use in such a nitrile hydrolysis reaction
      operated, for example, at rapid conversion rates and high conversion
      levels using a concentrated acrylonitrile/water feed.
PAR  So far as is known, no one has ever heretofore used, or suggested the use
      of polyfunctional oxygen-containing aromatic compound in preparing a Raney
      copper catalyst with aqueous alkali metal hydroxide. Furthermore, so far
      as is known, no one has ever heretofore used such a catalyst for the
      catalytic hydrolysis of acrylonitrile to acrylamide under aqueous liquid
      phase conditions.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved process for preparing a
      Raney copper catalyst and to the resulting catalyst so prepared. The
      process involves contacting particles of a metal alloy comprised of copper
      and aluminum with an aqueous solution which has dissolved therein on a 100
      weight percent total by-product free solution basis from greater than 0 to
      about 25 weight percent of a material selected from the group consisting
      of alkali metal hydroxide preferred and amine base and from greater than 0
      to about 25 weight percent of at least one additive as herein described.
      The contacting is conducted at a temperature which is below about
      80.degree.C.
PAR  The present invention is further directed to an improved process for making
      an olefinic amide such as acrylamide from a starting composition
      comprising an olefinic nitrile, such as acrylonitrile and water by
      catalytic hydrolysis using the catalyst prepared according to the
      teachings of this invention. Typically, such a starting composition
      comprises from about 10 to 75 weight percent olefinic nitrile with the
      remainder up to 100 weight percent thereof being water. Preferably, such
      starting composition contains from about 30 to 40 weight percent olefinic
      nitrile (same basis). The process is conducted under aqueous liquid phase
      conditions using temperatures in the range of from about 150.degree. to
      300.degree.F, with temperatures in the range of from about 160.degree. to
      250.degree.F being presently preferred. The olefinic nitrile preferably
      contains from 3 through 6 carbon atoms per molecule.
PAR  The additives used in the present invention are polyfunctional
      oxygen-containing aromatic compounds containing at least six carbon atoms
      per molecule. In addition, each molecule contains at least two oxygen
      atoms. The oxygen atoms are preferably each incorporated into either a
      hydroxyl group or a carboxyl group. One or more aldehyde groups may be
      present in a molecule particularly if such groups are hydrolyzable when
      such molecule is in aqueous alkaline solution. At least one of such oxygen
      containing groups is substituted on an aromatic nucleus in each molecule.
      In one class of such compounds, at least two such groups are both
      substituted on an aromatic ring in each molecule. In another class of such
      compounds, only at least one such group need be substituted on an aromatic
      ring, but at least two such groups are then also substituted on an alkyl
      side chain which chain is directly substituted on an aromatic ring in each
      molecule. Preferably, each molecule contains a total of at least three
      such oxygen containing groups. A carboxyl group may be in the acid form or
      in a salt form (when the latter, the salt is preferably either formed with
      an alkali metal hydroxide or ammonium). Each such compound is soluble in
      water at a pH greater than 10 to an extent such that about a 5 weight
      percent solution thereof can be formed at room temperature conditions. At
      least one oxygen atom in a given molecule can be a member of a
      heterocyclic ring, in which event the heterocyclic oxygen containing ring
      is substituted by at least one carboxyl group. Each such compound has a
      molecular weight of not more than about 1,000, and preferably not more
      than about 600, and, if a repeating or condensed group of molecules is
      involved in a single larger molecule, no compound is more than a dimer or
      a trimer. Such a compound is preferably substituted by at least one
      hydroxyl group and may contain as many as five or six hydroxyl groups.
      Such a compound can preferably include at least one six-membered aromatic
      ring and may contain as many as three such rings. Also, such a compound
      preferably does not contain more than six oxygen atoms and not more than
      four carboxyl groups.
PAR  One preferred class of such compounds comprises hydroxylated benzoic acids
      containing from 1 through 5 hydroxyl groups per molecule.
PAR  The catalyst so prepared characteristically and typically comprises from
      about 2 to 45 weight percent aluminum with the balance up to 100 weight
      percent being copper in any given catalyst. Minor quantities of other
      materials, such as oxygen, may be present. More preferably, such catalyst
      comprises, on a 100 weight percent total weight basis, from about 10 to 35
      weight percent aluminum with the balance up to 100 weight percent thereof
      being copper. This catalyst characteristically and typically has an
      average particle size (diameter) in the range from about 0.001 to 0.5
      inch, though larger and smaller particle sizes may be used if desired.
PAR  Because of the characteristically high initial catalytic activity, and also
      the characteristically long catalyst activity life, particularly in the
      aqueous liquid phase catalytic hydrolysis of acrylonitrile to acrylamide,
      associated with the type of catalyst so prepared by the process of this
      invention, the present invention provides an improved catalyst which may
      be used under conditions of continuous and extended use to produce
      desired, economically significant, high conversion yields of a product,
      such as acrylamide from acrylonitrile by hydrolysis.
PAR  In addition, the process of this invention offers operating efficiencies
      and economies, particularly in fixed catalyst bed reactors adapted for
      continuous operation, which are believed to be greater than heretofore
      known in the art of Raney copper catalysts.
PAR  The invention further provides an improved process for hydrolyzing
      acrylonitrile to acrylamide using the Raney copper type catalyst prepared
      as taught herein.
PAR  Other and further aims, objects, purposes, advantages, utilities, and
      features will be apparent to those skilled in the art from a reading of
      the present specification.
PAC  DETAILED DESCRIPTION
PAR  The catalyst of the present invention is a Raney copper type catalyst which
      has been activated through contact with an aqueous composition containing
      therein both dissolved base (e.g., alkali metal hydroxide, ammonium
      hydroxide, and/or amine base) and dissolved additive. The starting
      material is a preformed binary metal alloy comprised of aluminum and
      copper in particulate form which contains a weight ratio of Al/Cu in the
      range from about 70:30 to 30:70 (preferably about 45:55 to 55:45, and most
      preferably about 50:50). Minor quantities of other materials, such as
      metals or oxygen, may be present in a starting alloy.
PAR  In general, no particular special conditions need be employed when
      contacting starting alloy particles with an aqueous solution of base and
      additive. Typically, the alloy starting material is, as indicated, in the
      form of particles ranging in size from about 0.001 to 0.5 inch.
      Preferably, this solution comprises from greater than 0 to about 5 weight
      percent additive from greater than 0 to about 15 weight base (alkali metal
      hydroxide and/or amine base) and with the balance up to 100 weight percent
      thereof being water (total by-product free composition basis). More
      preferably, such a solution comprises from greater than 0 to about 10
      percent alkali metal hydroxide, from about 0.01 to about 1.0 weight
      percent additive and with the balance up to 100 weight percent thereof
      (total by-product free composition basis) being water, though some
      aluminate may be present with other by-products. Preferably, the process
      of contacting with such a solution is conducted while maintaining the
      reaction zone in the region of the particles being activated into Raney
      copper catalyst at a temperature in the range of from about 0.degree. to
      80.degree.C. Preferably, the contacting time ranges from about 1/2 to 30
      hours, though larger and shorter times may be employed if desired as those
      skilled in the art will appreciate. More preferably, the contacting
      temperature is in the range of from about 30.degree. to 60.degree.C. More
      preferably, the contacting time is adjusted to be in the range of from
      about 4 to 12 hours.
PAR  While the solution concentration of, respectively, base and additive can
      vary over very wide ranges, no particular advantage is normally attributed
      to a particular set of concentration values. The exact amount of additive
      and base, respectively, used in a given catalyst activation performed in
      accord with the teachings of this invention can vary over relatively wide
      ranges, as indicated. When a catalyst activation procedure using a
      particular additive material is being optimized so as to produce, for
      example, a catalyst having maximized initial activity, it can be borne in
      mind that apparently each additive has its own particular optimized
      concentration level. Above such level further increases thereof may result
      in no substantial further increase in product catalyst activity and/or
      life in a given catalyst activation solution used in accord with the
      teachings of this invention. Indeed, at relatively high concentrations, at
      least some additive materials may cause side reactions or other (presently
      unknown) effects to occur which exert an adverse influence upon a given
      activation procedure. Thus, as those skilled in the art will appreciate,
      it is practically impossible to express for each additive a broad useable
      range or an optimized use range. In general, lower as opposed to higher
      concentrations of an additive material are preferred for reasons of
      economy and general effectiveness in commercial activation procedures.
PAR  A copper catalyst prepared according to this invention preferably should
      have at least about 25 weight percent of the initially present aluminum in
      such alloy particles removed during base contacting; however, it is
      apparently not necessary to remove aluminum from a catalyst during
      activation thereof by contacting such with a mixed solution of, for
      example, alkali metal hydroxide and additive, as taught by this invention.
PAR  In one preferred and exemplary plant operational mode of catalyst
      preparation, activation of such starting alloy is accomplished by first
      contacting an aqueous solution of at least one additive with a group of
      such alloy particles. This aqueous solution can contain dissolved therein
      from about 0.01 to 1.0 weight percent of additive (total solution basis).
      Conveniently, the particles are preferably initially immersed in water and
      the additive(s) is (are) added to such water of immersion until the
      desired concentration of such compound(s) is (are) obtained. Such alloy
      particle group has an average particle size (diameter) in the range from
      about 0.001 to 0.5 inch, and such copper alloy preferably has a copper to
      aluminum weight ratio of from about 45:55 to 55:45. This aqueous solution
      has a temperature in the range from about 30.degree. to 60.degree.C during
      contacting. The time of such first contacting is relatively unimportant,
      though times of from about 5 minutes up to several hours have been found
      to be convenient.
PAR  Secondly, one contacts the resulting said group of alloy particles with an
      aqueous alkali metal hydroxide (preferred) or amine base solution.
      Conveniently, the alkali metal hydroxide or amine base is added to (and
      dissolved in) the previously utilized solution of additive while
      continuous contact of such solution with such particles is maintained.
      Such second contacting is accomplished over a total time interval of from
      about 1/2 to 30 hours, and such fresh base solution is added gradually to
      such contacting solution over said time interval. The contact rate or
      addition rate of caustic being added to said group of particles and such
      contacting solution during such contacting typically ranges from about
      0.01 to 10 pounds base (alkali metal hydroxide or amine base) per pound of
      said starting group of alloy particles per hour. The total quantity of
      base so added to the aqueous medium in the reaction zone is typically in
      the range of from about 0.5 to 25 pounds of base per pound of said group
      of particles (dry weight basis). During such contacting, such aqueous base
      solution and the resulting aqueous medium produced in such contacting each
      have a temperature in the range from about 0.degree. to 80.degree.C.
      During such second contacting, said group of particles is thus maintained
      in contact with at least one additive. Preferably at least about 25 weight
      percent (total starting weight basis) of this aluminum initially present
      is removed during such a contacting operation conducted in accord with the
      teachings of this invention during the course of such an initial catalyst
      operation using fresh starting alloy particles.
PAR  While some base during the contacting characteristically reacts with the
      aluminum of the alloy particles, the manner in which an additive functions
      in the practice of the present invention is presently unknown. One theory
      (and there is no intent herein to be bound by theory) is that such
      additive functions as a sequestering or stabilizing agent which prevents
      the precipitation of solid particles of alumina (or derivitives) on the
      surface or in the pores of the catalyst, a theory which may be supported
      by U.S. Pat. No. 2,345,134 where polyhydroxylated compounds apparently act
      as stabilizing agents for sodium aluminate.
PAR  After such contacting, the resulting grouping of Raney copper catalyst
      particles is preferably washed to separate therefrom remaining additive,
      the remaining unreacted base, aluminate or other by-products. Thereafter,
      the so-washed group of particles may optionally interveningly be stored
      before being used in a subsequent catalytic process.
PAR  Examples of suitable additives include resorcinal, salicylic acid,
      pyrogallol, pyro-mellitic acid, 4-pyragallol carboxylic acid,
      pyrogallol-1, 2-dimethyl ether, pyrogallol-2-methyl ether, pyrocatechol,
      pyrocatechol o-acid, pyrogallol triacetate, pyromucic carboxylic acid,
      furan-2, 5-dicarboxylic acid, pyro-tritaric acid, p-phthalic acid,
      terephthalic acid, isophthalic acid, phthalide, hydroquinone, gentisic
      acid, hydroxy methyl benzoic acid, coumarone-2-carboxylic acid, 2-hydroxy
      methyl furan, furfural, gallic acid, phloroglucinol, phloroglucinol
      carboxylic acid, phloroglucinol dimethyl ether, hydronapthoquinone, 2,
      5-dihydroxy-terephthalic acid, 3-hydroxy-hydrocinnamic acid,
      1,2,5-trihydroxy-anthraquinone, 2,3,4-trihydroxybenzo-phenone, quinic
      acid, 2,3,4,5-tetrahydroxy benzoic acid, 1,2,5,6-tetrahydroxy
      anthraquinone, paraconic acid, and the like.
PAR  Those skilled in the art will readily appreciate that any convenient
      procedure or technique may be employed for contacting starting
      copper/aluminum alloy particles with an aqueous mixture of base and
      additive. The starting alloy particles can be added to a starting mixture
      composition, or vice versa, or otherwise as desired. While pretreatment of
      particles of alloy with a starting mixture comprising an aqueous solution
      of compound of additive is more convenient, such is not necessary.
PAR  A preformed Raney copper catalyst conventionally prepared by base contact
      can be post-treated, if desired, with a starting solution comprised of
      base (preferably alkali metal hydroxide) and additive in accord with the
      teachings of this invention, particularly when optimized catalyst
      performance is not needed. It is preferred to activate a catalyst as
      taught herein for use in this invention under conditions such that the
      metal particles are subjected to a minimum of heat exposure, such as is
      generated when, for example, concentrated aqueous alkali metal hydroxide
      contacts the starting alloy particles. It is preferred to activate a
      catalyst as taught herein for use in this invention using temperatures
      which do not exceed about 80.degree.C and by using controlled incremental
      or continuous addition of base solution over an extended time period to an
      aqueous medium being used to activate a group of particles. In the
      practice of this invention, activation of a Raney copper catalyst may be
      accomplished using very dilute aqueous solutions of alkali metal
      hydroxide. Even trace amounts of a base such as alkali metal hydroxide
      have been found to be suitable for activation, as have trace amounts of
      additive. In general, it is preferred to practice this invention using
      small amounts of less than about 1 weight percent total solution basis of,
      respectively, base and additive.
PAR  It is preferred to remove at least about 25 weight percent of the aluminum
      initially present in starting particles during a contacting operation with
      aqueous base solution in the preparation of a catalyst of this invention
      made from starting copper/aluminum alloy particles as herein described,
      whether or not the base solution contacting is carried out in whole or in
      part, or even not at all in the presence of additive (though in this last
      situation a base treated group of particles is post treated with an
      additive solution, as indicated, in accord with this invention).
      Preferably additive and base are simultaneously present in a treating
      operation.
PAR  For reasons not altogether presently clear, it appears that it is not
      practical in base solution contacting to remove all of the aluminum
      present in particles. Commonly, with larger sizes of product particles
      about 15 to 20 weight percent of aluminum may be present total initial
      catalyst basis. Such a quantity of residual aluminum present in product
      catalyst particles does not appear to adversely affect catalyst
      properties.
PAR  With certain types of base solution a more vigorous rate of reaction
      between the particles and solution can occur than with others during
      contacting as demonstrated, for example, by the rate of hydrogen
      evolution. For example, alkali metal hydroxide at solution strengths from
      about 5 to 30 weight percent can cause a vigorous reaction to occur even
      at ambient temperatures. In general, the contacting may be, and preferably
      is accomplished under conditions of controlled reaction rate between
      particles and solution.
PAR  Typically one can employ during catalyst activation a total quantity of
      aqueous base, such that the molar quantity of hydroxide used totals from
      about 0.25 to 2.0 times (preferably 1.1 to 2.0 times) the total molar
      amount of aluminum initially present in a starting group of alloy
      particles, as when a batch preparation procedure is being employed, where
      the aqueous base is being added to a vessel containing a fixed quantity of
      starting alloy with aqueous additive and the aqueous base leaching
      composition being allowed to accumulate in this vessel during the leaching
      operation. The amount of hydrogen gas evolved during an activation or a
      contacting in accord with this invention is not always related to, or
      correlated with, the amount of base actually used.
PAR  The reaction rate is monitorable by metering the rate of hydrogen
      evolution.
PAR  Incremental addition of base solution can also be used to regulate reaction
      rate between base solution and starting alloy particles. One may also
      employ temperature regulation as a primary means of controlling production
      of catalyst from a starting alloy. In general, for higher concentrations
      of base, it is preferred to use lower contacting temperatures, although
      more strongly basic materials tend to react more rapidly than weaker basic
      materials at equivalent concentrations.
PAR  For example, when so using temperature control, those skilled in the art
      will appreciate that the contacting solution may initially contain at
      least about 0.1 weight percent of dissolved material selected from the
      group consisting of alkali metal hydroxide, ammonium hydroxide, aliphatic
      amine and/or quaternary ammonium hydroxide and preferably about at least
      15 weight percent thereof. Optionally, substantially all of the contacting
      solution can be initially present in a contacting medium and such medium
      is conveniently bulk added to a reaction zone wherein the alloy particles
      are maintained and the bulk temperature is maintained below about
      80.degree.C during such contacting until preferably at least about 25
      weight percent, and more preferably at least about 50 weight percent of
      aluminum is removed (based on total initial alloy weight).
PAR  When using temperature control, it is preferred, for example, to use
      temperatures below about 30.degree.C when alkali metal hydroxide
      concentrations greater than about 5 weight percent are employed in the
      contacting solution.
PAR  A group of starting alloy particles may have been previously processed by
      some technique known to the prior art. For example, a previously prepared
      Raney copper catalyst may be apparently typically improved as respects
      catalyst nitrile activity or life in use in the hydrolysis of
      acrylonitrile to acrylamide as taught herein by contacting with solutions
      in accord with the teachings of this invention.
PAR  Preferred nitrogen bases for use in this invention comprise ammonium
      hydroxides, alkyl amines, alkanol amines, and quanternary ammonium
      hydroxides. Preferred organic amine bases used in a second contacting
      operation in accord with the teachings of this invention comprise at least
      one compound selected from the group consisting of tri (lower alkyl)
      amines, tri (lower alkanol) amines, mono (lower alkyl) di (lower alkanol)
      amines, di (lower alkyl), mono (lower alkanol) amines, tetra (lower alkyl)
      quaternary ammonium hydroxides, tetra (lower alkanol) ammonium hydroxides,
      mono (lower alkyl) tri (lower alkanol) quaternary ammonium hydroxides,
      di(lower alkyl) di(lower alkanol) quaternary ammonium hydroxides and
      tri(lower alkyl) mono(lower alkanol) quaternary ammonium hydroxides. As
      used herein, the term "lower" has reference to less than six carbon atoms
      per group or molecule, as the case may be.
PAR  A suitable class of quaternary ammonium hydroxide compounds adapted for use
      in the present invention is characterized by the formula:
      ##EQU1##
      wherein; R.sub.1, R.sub.2, R.sub.3, and R.sub.4 are each a lower alkyl
      radical or a lower hydroxyalkyl radical.
PAR  When using an amine base, for example, the reaction rate between base and
      alloy particles is dependent upon many variables, such as amine base type,
      concentration, temperature, pressure, alloy particle size, alloy
      composition, and the like, as those skilled in the art will appreciate.
      Typically, a total quantity of amine base is used such that the molar
      quantity of amine base totals from about 0.25 to 2.0 times (preferably
      about 1.1 to 2.0 times) the total molar amount of aluminum initially
      present in a starting group of alloy particles as when a batch preparation
      procedure is being employed where the aqueous amine base is being added to
      a vessel containing a fixed quantity of starting alloy particles, and the
      aqueous amine composition is allowed to accumulate in the vessel during
      the activation operation.
PAR  Examples of suitable primary amines include methylamine, ethylamine,
      ethanolamine, and the like. Examples of suitable secondary amines include
      diethylamine, dimethylamine, diethanolamine, methyl ethyl amine, methyl
      ethanol amine, and the like. Examples of suitable tertiary amines include
      trimethylamine, triethylamine, triethanalamine, monomethyl diethylamine,
      dimethyl monoethanolamine, and the like. Examples of suitable quaternary
      ammonium compounds include tetra methyl ammonium hydroxide, tetraethyl
      ammonium hydroxide, methyl triethyl ammonium hydroxide, trimethyl
      monoethyl ammonium hydroxide, methyl ethyl n-propyl n-butyl ammonium
      hydroxide, mono methanol tri ethyl ammonium hydroxide, tetramethanol
      ammonium hydroxide, tetra ethanol ammonium hydroxide, and the like.
PAR  Various condensates of ethylene oxide, propylene oxide and/or butylene
      oxide with primary, secondary and tertiary amines can be employed. In
      general, commercially available materials are preferred for reasons of
      availability and cost. Mixtures of amine bases may be employed, such as a
      mixture of from about 25:75 to 75:25 weight ratio of tertiary (lower
      alkyl) amine with tetra (lower alkyl) ammonium hydroxide.
PAR  Further examples of monoamines include alpha-naphthylamine,
      beta-naphthylamine, m-anisidine, o-toluidine, o-anisidine, aniline,
      N-methyl-o-toluidine, m-toluidine, N-methyl-aniline, N-methyl-m-toluidine,
      p-toluidine, pyridine, N-dimethyl-aniline, p-anisidine,
      N-methyl-p-toluidine, beta-picoline, N-dimethyl-o-toluidine,
      alpha-picoline, gamma-picoline, triethanolamine, tris (hydroxyethyl)
      methylamine, morpholine, diethanolamine, 2-methoxy ethylamine,
      ethanolamine, benzylamine, 1-propyl piperidine, 1-2 dimethyl piperidine,
      1-ethyl piperidine, iso-butyl amine, 1-butyl piperidine, propylamine,
      iso-amylamine, n-butyl amine, iso-propylamine, cyclohexylamine,
      methylamine, ethylamine, triethyl-amine, dimethylamine, diethylamine, and
      piperidine.
PAR  Further examples of diamines include penta methylene diamine, tetra
      methylene diamine, trimethylene diamine, ethyl ethylene diamine, N-N'
      diethyl ethylene diamine, methyl ethylene diamine, N-N' dimethyl ethylene
      diamine, ethylene diamine, N-N diethyl ethylene diamine, hydroxyethyl
      ethylene diamine, piperazine, 1-2 diamino propane, 1-3 diamino 2-propanol,
      and N-N dimethyl ethylene diamine.
PAR  Examples of polyamines include diethylene triamine, 1-2-3 triamino propane,
      and triethylene tetramine.
PAR  It is preferred to conduct the activation operation under a blanket of
      nitrogen gas or a gas of the helium family, primarily to avoid forming
      explosive mixtures of hydrogen and oxygen.
PAR  At the end of a contacting operation by the teachings of this invention,
      the resulting solid catalyst particles remaining are preferably washed
      with water preferably to a neutral catalyst wash water pH (e.g., a pH not
      greater than about 9 and preferably less than about 8). The product
      catalyst is then removed from the reaction zone, and wet screened to
      separate fines, preferably. The wash water may be preferably deionized or
      distilled. Any conventional washing procedure may be employed.
PAR  The product catalyst is conveniently stored under water, as in drums, prior
      to charging to a reactor for use in the practice of the process of the
      present invention. Keeping the catalyst under water prevents oxidation by
      air which occurs rapidly if the catalyst is allowed to have oxygen
      exposure.
PAR  When practicing the process of the present invention to make a Raney copper
      catalyst for use in a suspension reactor bed system, it is preferred to
      employ the Raney copper catalyst in the form of particles at least 90
      weight percent of which are in an average size range from about 0.002 to
      0.100 inch. Similarly, when the present invention is used to make a Raney
      copper catalyst for use in a fixed bed system, it is convenient and
      preferred to use the Raney copper catalyst in the form of particles at
      least 90 weight percent of which range is average size from about 0.02 to
      0.50 inch.
PAR  In one more preferred catalyst preparation procedure, using the preferred
      route above-described, the said group of alloy particles is confined to a
      reaction zone. A base solution and a solution of additive may be admixed
      and contacted with said group of particles in said zone, but the resulting
      aqueous medium is gradually removed from the zone during the contacting.
      In another more preferred catalyst preparation procedure, using the
      preferred route above-described, the said resulting aqueous medium is so
      removed at a volumetric rate which is about equal to the rate of addition
      of said base solution. In such a removal procedure, substantially 100
      weight percent of this so-removed resulting aqueous medium can be recycled
      back into contact with the group of particles being activated. During such
      a recycle, the sorecycled aqueous medium is admixed with at least a
      portion of fresh base solution before or during recycle contact with such
      a group of particles.
PAR  Alternatively, less than 100 weight percent of said soremoved resulting
      aqueous medium can be recycled back into contact with said group of
      particles. The balance up to 100 weight percent thereof of such so-removed
      medium is permanently removed from said reaction zone and can be
      discarded. Base may be added to such reaction zone at a rate approximately
      equal to the rate at which base is consumed through reaction with the
      aluminum in the alloy. The contacting process involving base addition may
      preferably be practiced continuously at a rate which is approximately
      equal to the rate of base consumption. The amount of aluminum left in the
      catalyst after an activation, as described herein, can vary widely, but in
      the case of an active catalyst used for fixed bed catalysts, it has been
      found that as much as 20 weight percent aluminum (based on total catalyst
      weight) can be present in a catalyst without apparently affecting catalyst
      use and performance characteristics, such as conversion rate, throughput
      rate of reactants, catalyst life, catalyst activity, etc., a fact which is
      somewhat surprising in view of the prior art above-reviewed. Additive can
      be added with base.
PAR  In preparing a catalyst of this invention, it will be appreciated that
      there apparently is a sensitive relationship between the temperature of
      activation and the time of base contact with starting alloy. In general,
      the higher the temperature, the longer should be the time for base
      addition to provide a most active catalyst, because under such conditions
      localized overheating of the catalyst particles is avoided or reduced to a
      minimum level. Localized overheating of alloy particles may interfere with
      generation of a catalyst having an optimum desired group of
      characteristics associated therewith. If one employs a rapid reaction
      between alloy particles and base, there seems to be a tendency to cause a
      lessening of catalyst activity. A surprising amount of heat can be
      liberated when one contacts alloy particles with base solution so that on
      a large scale of catalyst activation, refrigeration equipment could be
      used to remove the exotherm.
PAR  Preferably the starting alloy particles are maintained under water (to
      avoid oxygen exposure) and preferably prior to (and during) contacting
      with base solution the particles are in the presence of an aqueous
      solution of one or more of the additives. Mixtures of different additives
      may be employed. Preferably such a pre-contacting solution contains from
      greater than 0 up to about 5 weight percent of a polyfunctional
      oxygen-containing aromatic compound (more preferably from about 0.01 to
      1.0 weight percent) with the balance up to 100 weight percent on a total
      composition basis being water.
PAR  The liquid phase hydrolysis of this invention proceeds even when the amount
      of the catalyst (prepared as described herein) employed is very slight.
      For example, addition of a catalyst as taught by this invention in an
      amount from about 0.1 gram per mole of olefinic nitrile is sufficient to
      make the reaction proceed. The greater the amount of catalyst used, the
      faster the reaction proceeds, in general, thus permitting an increase in
      the amount of olefinic amide produced. Consequently the amount of catalyst
      employed per mole of olefinic nitrile initially employed can preferably
      range from about 0.01 to 100 grams, although more or less catalyst can be
      used, if desired.
PAR  Acrylamide, for example, may be made from a mixture of acrylonitrile and
      water, as can other amides from their corresponding olefinic nitriles when
      admixed with water in accordance with the teachings of the present
      invention, using a suspension bed or a fixed bed of such catalysts.
      Combinations thereof may be employed. Two or more reactors may be
      connected in a series, and the reactant liquid and the catalyst may be
      counter currently moved relative to each other to effect and enhance
      reaction.
PAR  The hydrolysis process is preferably conducted under pressures sufficient
      to maintain liquid phase reaction conditions. Nitrile partial pressure in
      a reaction system can influence selection of optimized pressures. Batch
      processing may be used but continuous is preferred.
PAR  With the hydrolysis process of the present invention using a copper
      catalyst prepared as described herein and utilizing a suspension bed
      system, it is preferred to employ the catalyst in the form of particles at
      least 98 percent of which are in an average size range of from about 0.002
      to 0.1 inch. Similarly, when the present invention is practiced using a
      Raney copper catalyst in the form of a fixed bed system, it is preferred
      and convenient to use the catalyst in the form of particles at least 98
      percent of which range in average size from about 0.02 to 0.5 inch.
PAR  Those skilled in the art will appreciate that a catalyst prepared as taught
      herein may be subjected to further preparation by procedures known to the
      prior art, if desired, and before being utilized in the hydrolysis process
      as taught herein.
DETD
PAC  EMBODIMENTS
PAR  The present invention is further illustrated by reference to the following
      Examples. Those skilled in the art will appreciate that other and further
      embodiments are obvious and within the spirit and scope of this invention
      from the teachings of these present Examples taken with the accompanying
      specification.
PAC  EXAMPLE I
PAC  (Parts a through b)
PAR  A series of 2 different Raney copper catalysts are prepared using the
      following standardized procedure.
PAR  A 3 liter reaction flask is provided with a nitrogen purge inlet, a buret
      for caustic addition, a thermometer, and a hydrogen outlet connected to a
      wet test meter. A basket is attached to a motor-driven agitator shaft so
      that the basket can be rotated inside the reaction flask during the
      activation procedure.
PAR  A total of 200 grams of a copper/aluminum alloy particles are placed inside
      of the basket. The particles are between 6 and 8 Tyler mesh in size, and
      they are approximately 50% aluminum and 50% copper on a weight percentage
      basis. A total of approximately 2650 grams of deionized water and a
      preselected amount of an organic additive are charged to the flask. The
      flask is subsequently closed and purged with nitrogen to prevent forming
      an explosive gas mixture during activation. A total of 662 grams of a 50%
      by weight solution of sodium hydroxide in water are added to the flask
      incrementally over approximately a four hour period. After completing the
      sodium hydroxide addition, the mixture is held for an additional time
      period sufficient to allow a total of 4.2 to 4.7 cubic feet of hydrogen to
      evolve from the flask, as measured by the wet test meter. During the
      sodium hydroxide addition and the subsequent hold period the temperature
      of the liquid is maintained between 40.degree. and 43.degree. C. The
      basket containing the metal particles is rotated inside the liquid during
      the sodium hydroxide addition and subsequent hold period. After completing
      the activation procedure, the resulting Raney copper catalyst particles
      are washed repeatedly with water until the washings show a pH which is
      less than eight. Fines are removed by wet screening on a 10 Tyler mesh
      screen and subsequently are stored under water prior to testing for
      acrylonitrile hydration activity.
PAR  The additive tested is (a) 3,4,5, trihydroxybenzoic acid. A blank or
      control test (designated b) is run in which no additive is added to the
      catalyst reaction vessel. The results are summarized in Table 1.
PAR  The catalysts with additives prepared in Example 1 are each tested for
      acrylonitrile hydration activity by using the following standardized
      procedure:
PAR  A total of 80.6 grams of wet catalyst are charged to a reaction tube which
      has been fabricated from 3/4 inch diameter pipe. The reaction tube is
      immersed in a hot water bath which is used to control temperature inside
      the tube, as measured by thermocouples which are enclosed inside of a
      thermowell which projects into the reaction tube from one end.
PAR  When this reactor is used to determine activity of a catalyst,
      acrylonitrile and water are separately pumped from volumetrically
      calibrated feed tanks, combined, heated, and introduced into the bottom of
      the reactor. The reactor is maintained under pressure as necessary to
      allow maintaining liquid phase conditions. Product leaving the reactor is
      cooled before reducing pressure to atmospheric. Product is collected and
      analyzed by gas chromotagraphy for weight % acrylamide, acrylonitrile, and
      water. From this analysis the percent conversion of acrylonitrile to
      acrylamide is estimated.
PAR  For each catalyst, a series of different tests are run at different contact
      times with all other variables held constant, as follows:
PA1  1. Arithmetic means catalyst bed temperatures of approximately
      175.degree.F.
PA1  2. feed composition 100% basis of 25 weight % acrylonitrile and 75 weight %
      water.
PAR  Contact time is inversely measured as weight hourly space velocity (WHSV),
      which is defined as weight hourly feed rate divided by dry catalyst weight
      in the reaction zone.
PAR  The contact times are varied to bracket a 35% conversion of acrylonitrile
      to acrylamide. The WHSV required for a 35% conversion is estimated by
      graphical or statistical interpolation. The catalyst activity (a) is then
      calculated from the following expression:
EQU  a = 1.2 (WHSV.sub.35)
PAL  where WHSV.sub.35 is the weight hourly space velocity required for 35%
      conversion of acrylonitrile to acrylamide.
PAR  The activities determined by the preceding procedure for the catalysts
      prepared in Example 1 are tabulated in Table 1. The catalyst (a) which was
      prepared using additive shows higher catalyst activity than the control
      test (b).
TBL                TABLE I                                                     

     ______________________________________                                    

                           Additive                                            

              Additive Level                                                   

                           Concentration                                       

              (% based alloy                                                   

                           in Solution*                                        

                                       Catalyst                                

     Additive charge)      (% by weight)                                       

                                       Activity                                

     ______________________________________                                    

     (a) 3,4,5                                                                 

     trihydroxy-                                                               

     benzoic                                                                   

     acid     5.0          0.3         9.1                                     

     (b) control                                                               

     no additive                                                               

              0            0           3.2                                     

     ______________________________________                                    

      *after completing sodium hydroxide addition, on an aluminate-free basis. 

PAC  EXAMPLE 2
PAR  84 grams of 50:50 weight ratio copper/aluminum alloy in the form of
      particles of 6 to 8 mesh size are contacted with 500 grams of total of a
      25 weight percent aqueous solution of trimethylamine in deionized water
      over a 48-hour period in a flask. The particles are initially covered by
      deionized water (about 500 ml) to which 4 grams of 3,4,5-trihydroxy
      benzoic acid has been previously added. The trimethylamine solution is
      introduced into the flask gradually at a rate such that the temperature of
      the agitated liquid reaction medium does not exceed about 40.degree.C.
      Hydrogen gas is evolved.
PAR  The resulting particles are washed with fresh deionized water until the
      resulting pH is 7.5.
PAC  EXAMPLE 3
PAR  84 grams of 50:50 weight ratio copper/aluminum alloy in the form of
      particles of 6 to 8 mesh size are contacted with 1200 grams of a 15 weight
      percent aqueous solution of tetramethyl ammonium hydroxide in deionized
      water over a 24-hour period. The particles are initially covered with
      deionized water which contains 4 grams of 3,4,5-trihydroxybenzoic acid.
      The tetramethyl ammonium hydroxide is introduced into the flask gradually
      at a rate such that the temperature of the agitated liquid reaction medium
      does not exceed about 35.degree.C. Initially, it was necessary to cool the
      system as evolution of hydrogen gas was quite vigorous.
PAR  The resulting particles are washed with fresh deionized water until the
      resulting pH is 7.5.
PAC  EXAMPLE 4
PAC  Choline Preparation
PAR  To a two-liter autoclave is charged 944 grams of a 25 weight percent
      solution of trimethylamine in deionized water. To this system under
      autogeneous pressure is charged gradually a stoichiometric quantity of
      ethylene oxide below the water level in the vessel at such a rate that the
      temperature of the liquid phase of the reactants in the vessel is
      maintained at less than about 40.degree.C, during the exothermic reaction.
      Thereafter, after one hour of agitation, the resulting solution of choline
      so prepared is removed from the autoclave and placed in a storage flask.
PAR  This choline preparation is repeated until about 7500 grams of a 20 percent
      aqueous choline solution is prepared (with dilution by deionized water).
      This product solution contains minor amounts of ethylene glycol and
      trimethylamine.
PAC  Catalyst Activation
PAR  500 grams of 50:50 weight ratio copper/aluminum alloy in the form of
      particles of 6 to 8 mesh size are initially immersed in deionized water
      containing 50 grams of 3,4,5-trihydroxybenzoic acid. 7500 grams of the
      above prepared choline solution are gradually added to the liquid phase
      reaction zone. Agitation in the zone is generally insufficient to disturb
      the particles at the bottom the the reaction flask, and the choline
      solution addition rate being such that the reaction zone temperature does
      not rise above about 35.degree.C. During this addition, hydrogen gas is
      evolved which is vented to the atmosphere. The addition of choline
      solution is accomplished over an interval of from about 21/3 to 3 days.
      This solution is added during daylight hours at about 30-minute intervals.
      In the afternoon of the third day after the solution addition is complete,
      the agitation is stopped, the reaction mixture allowed to settle, and the
      liquid reactants are decanted. The resulting catalyst particles are washed
      with fresh, deionized water to a pH of about 7.5, after which they are
      stored under fresh deionized water.
PAC  EXAMPLE 5
PAR  The procedure of Example 3 is repeated except that in place of
      trimethylamine, mono ethylamine is employed using a 72 hour contact
      period.
PAC  EXAMPLE 6
PAR  The procedure of Example 3 is repeated except that in place of
      trimethylamine, a 10 weight percent ammonium hydroxide solution in
      deionized water is employed using a 72-hour contacting period.
PAC  EXAMPLE 7
PAR  A catalyst first is prepared in the same manner as described in Example 1
      but, without adding any additive to the reaction flask prior to or during
      the sodium hydroxide addition.
PAR  Then this catalyst is treated as follows: A clean reaction flask as
      described and equipped in Example 1 is filled with approximately 2650
      grams of deionized water, 662 grams of a 50 percent aqueous sodium
      hydroxide solution, and 10 grams of 3,4,5-trihydroxybenzoic acid. The
      previously prepared Raney copper type catalyst is charged into the basket
      which is immersed into this resulting solution and the basket is rotated
      in the solution for 31/3 hours. The liquid temperature is held between
      40.degree. and 43.degree.C. Less than 0.2 cubic feet of hydrogen is
      evolved, as measured by a wet test meter.
PAR  The catalyst so prepared when tested by the procedure of Example 2 is found
      to have an activity greater than about 3.2.
PAC  EXAMPLE 8
PAR  The catalyst produced in Example 1C is charged to the reaction tube of
      Example 2. The catalyst activity is evaluated in the manner described in
      Example 2 with the exception that methacrylonitrile is substituted for
      acrylonitrile. The catalyst is found to have significant activity for
      converting methacrylonitrile to methacrylamide.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an improved process for preparing a Raney copper type catalyst, the
      steps comprising contacting at a temperature below about 80.degree.C
      particles of an alloy comprised of an alloy comprised of aluminum and
      copper in a weight ratio of from about 70:30 to 30:70, said particles
      ranging in size from about 0.001 to 0.5 inch with an aqueous solution
      having dissolved therein from greater than 0 up to about 25 weight percent
      of at least one material selected from the group consisting of amine
      bases, ammonia, and alkali metal hydroxide for a time sufficient to remove
      from said particles at least about 25 weight percent of the aluminum
      present therein on a total initial particle weight basis, and further
      contacting such particles simultaneously and/or sequentially during said
      contacting with an aqueous solution having dissolved therein from greater
      than 0 up to about 25 weight percent of at least one polyfunctional
      oxygen-containing aromatic compound, for a time of at least about 1/2
      hour, each said amine base being selected from the group consisting of
      alkyl amines, alkanol amines, and quaternary ammonium hydroxides, each
      said polyfunctional oxygen-containing aromatic compound being
      characterized by
PA1  A. containing per molecule
PA2  1. at least one six membered aromatic nucleus,
PA2  2. at least two oxygen atoms, each such oxygen atom being incorporated into
      a different radical selected from the class consisting of hydroxyl groups
      and carboxyl groups,
PA2  3. at least one of said radicals being substituted on said one aromatic
      nucleus, and
PA2  4. not more than three repeating, condensed units per molecule,
PA1  B. having a solubility in water at a pH greater than 10 to an extent such
      that about a 5 weight percent solution thereof can be formed at room
      temperature conditions, and
PA1  C. having a molecular weight of not more than about 1000.
NUM  2.
PAR  2. The process of claim 1 wherein such particles after such contacting and
      such further contacting are washed with water for a time at least
      sufficient to cause said wash water to have a pH not greater than about 9.
NUM  3.
PAR  3. The process of claim 1 wherein said further contacting takes place
      simultaneously with said contacting.
NUM  4.
PAR  4. The process of claim 1 wherein said further contacting takes place
      simultaneously and following said contacting.
NUM  5.
PAR  5. The process of claim 1 wherein said further contacting takes place after
      said contacting.
NUM  6.
PAR  6. The process of claim 1 wherein the resulting particles are comprised of
      from about 2 to 45 weight percent aluminum with the balance up to 100
      weight percent thereof being copper.
NUM  7.
PAR  7. The process of claim 1 wherein said solution comprises from greater than
      0 to about 15 weight percent of a base selected from the group consisting
      of hydroxide and said amine bases, from greater than 0 to about 5 weight
      percent of said polyfunctional oxygen-containing aromatic compounds and
      with the balance up to 100 weight percent thereof being water, same
      solution basis.
NUM  8.
PAR  8. The process of claim 1 wherein said solution comprises from greater than
      0 to about 10 weight percent alkali metal hydroxide from about 0.01 to
      about 1.0 weight percent of said polyfunctional oxygen-containing aromatic
      compounds and with the balance up to 100 weight percent thereof being
      water, same solution basis.
NUM  9.
PAR  9. The process of claim 1 wherein at least about 25 weight percent of the
      initially present aluminum in said alloy particles is removed during said
      contacting.  pg,36
NUM  10.
PAR  10. The process of claim 1 wherein said contacting is conducted for a time
      ranging from about 1/2 to 30 hours.
NUM  11.
PAR  11. The process of claim 1 wherein before said contacting with said
      solution said alloy is preliminarily contacted with a preliminary
      composition which comprises an aqueous solution of at least one said
      polyfunctional oxygen-containing aromatic compound.
NUM  12.
PAR  12. The process of claim 11 wherein said preliminary composition comprises
      from greater than 0 to about 5 weight percent of said additive with the
      balance up to 100 weight percent on a total composition basis being water.
NUM  13.
PAR  13. The process of claim 11 wherein said preliminary composition comprises
      from about 0.01 to 1.0 weight percent of said one material with the
      balance up to 100 weight percent on a total composition basis being water.
NUM  14.
PAR  14. The process of claim 1 wherein said Raney copper catalyst is in the
      form of particles at least 90 weight percent of which range in average
      size from about 0.002 to 0.100 inch.
NUM  15.
PAR  15. The process of claim 1 wherein said Raney copper catalyst is in the
      form of particles at least 90 weight percent of which range in average
      size from about 0.02 to 0.5 inch.
NUM  16.
PAR  16. In an improved process for making a Raney copper catalyst, the
      improvement which comprises the step of activating a Raney copper catalyst
      through contact of aqueous alkali metal hydroxide with a metal alloy in
      particulate form and comprised of copper and aluminum thereby to remove
      from such alloy particles at least about 25 weight of the aluminum
      initially present therein, at least a portion of such contacting being
      conducted over a time interval of from 1/2 to 30 hours using an aqueous
      alkali metal hydroxide solution which additionally was dissolved therein
      at least one polyfunctional oxygen-containing aromatic compound, each said
      polyfunctional oxygen-containing aromatic compound being characterized by
PA1  A. containing per molecule
PA2  1. at least one six membered aromatic nucleus,
PA2  2. at least two oxygen atoms, each such oxygen atom being incorporated into
      a different radical selected from the class consisting of hydroxyl groups
      and carboxyl groups,
PA2  3. at least one of said radicals, being substituted on said one aromatic
      nucleus, and
PAR  4. not more than three repeating, condensed units per molecule,
PA1  B. having a solubility in water at a pH greater than 10 to an extent such
      that about a 5 weight percent solution thereof can be formed at room
      temperature conditions, and
PA1  C. having a molecular weight of not more than about 1000.
NUM  17.
PAR  17. The process of claim 1 wherein said polyfunctional oxygen-containing
      aromatic compound is gallic acid.
NUM  18.
PAR  18. The catalyst produced by the process of claim 1.
NUM  19.
PAR  19. A process for hydrolyzing an olefinic nitrile comprising the steps of
PA1  A. contacting at a temperature below about 80.degree.C particles of an
      alloy comprised of aluminum and copper in a weight ratio of from about
      70:30 to 30:70, said particles ranging in size from about 0.001 to 0.5
      inch, with an aqueous solution having dissolved therein from greater than
      0 up to about 25 weight percent of at least one material selected from the
      group consisting of amine bases, ammonia, and alkali metal hydroxide for a
      time sufficient to remove from said particles at least about 25 weight
      percent of the aluminum present therein on a total initial particle weight
      basis, each said amine base being selected from the group consisting of
      alkyl amines, alkanol amines, and quaternary ammonium hydroxides,
PA1  B. further contacting such particles simultaneously and/or sequentially
      during said contacting with an aqueous solution having dissolved therein
      from greater than 0 up to about 25 weight percent of at least one
      polyfunctional oxygen-containing aromatic compound for a time of at least
      about 1/2 hour, each said polyfunctional oxygen-containing aromatic
      compound being characterized by
PA1  1. containing per molecule
PA2  a. at least one six membered aromatic nucleus,
PA2  b. at least two oxygen atoms, each such oxygen atom being incorporated into
      a different radical selected from the class consisting of hydroxyl groups
      and carboxyl groups,
PA2  c. at least one of said radicals, being substituted on said one aromatic
      nucleus, and
PA2  d. not more than three repeating, condensed units per molecule,
PA1  2. having a solubility in water at a pH greater than 10 to an extent such
      that about a 5 weight percent solution thereof can be formed at room
      temperature conditions, and
PA1  3. having a molecular weight of not more than about 1000,
PA1  C. still further contacting the so-washed particles with a composition
      comprising from about 10 to 75 weight percent acrylonitrile with the
      remainder up to one hundred weight percent thereof being water at a
      temperature ranging from about 150 to 300.degree.F for a time sufficient
      to convert at least some of said olefinic nitrile to the corresponding
      amide.
NUM  20.
PAR  20. The process of claim 19 wherein the so-contacted and so further
      contacted particles before being so still further contacted are washed
      with water for a time at least sufficient to cause said wash water to have
      a pH not greater than about 9.
NUM  21.
PAR  21. In an improved process for hydrolyzing an olefinic nitrile to the
      corresponding amide, the improvement which comprises using, under liquid
      phase, elevated temperature conditions a copper catalyst comprised of from
      about 2 to 45 weight percent aluminum with the balance up to 100 weight
      percent thereof being copper, said catalyst being in the form of particles
      ranging in size from about 0.001 to 0.5 inch, said catalyst having been
      prepared by contacting particles of a metal alloy comprised of copper and
      aluminum with an aqueous solution which has dissolved therein on a 100
      weight percent total by-product free solution basis from greater than 0 to
      about 25 weight percent of at least one material selected from the group
      consisting of amine bases, ammonia, and alkali metal hydroxide and from
      about greater than 0 up to about 25 weight percent of at least one
      polyfunctional oxygen-containing aromatic compound, said contacting being
      conducted at a temperature below about 80.degree.C, each said amine base
      being selected from the group consisting of alkyl amines, alkanol amines,
      and quaternary ammonium hydroxides, each said polyfunctional
      oxygen-containing aromatic compound being characterized by
PA1  A. containing per molecule
PA2  1. at least one six membered aromatic nucleus,
PA2  2. at least two oxygen atoms, each such oxygen atom being incorporated into
      a different radical selected from the class consisting of hydroxyl groups
      and carboxyl groups,
PA2  3. at least one of said radicals, being substituted on said one aromatic
      nucleus, and
PA2  4. not more than three repeating, condensed units per molecule,
PA1  B. having a solubility in water at a pH greater than 10 to an extent such
      that about a 5 weight percent solution thereof can be formed at room
      temperature conditions, and
PA1  C. having a molecular weight of not more than about 1000.
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ABST
PAL  This invention relates to a novel process for the preparation of
      4-chloro-2-alkylphenylisocyanide dichlorides. More particularly, this
      invention relates to the chlorination of ortho substituted
      phenylisocyanide dichlorides exclusively in the para-position. The
      compounds are useful intermediates in the preparation of ixodicidal,
      insecticidal, ovicidal and chemosterilizing agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known that primary aromatic amines and their derivatives can be
      converted to arylisocyanide dichlorides in good yield by a number of
      methods, as for example the reactions graphically illustrated by the
      following equations taught by: E. Kuhle, B. Anders, and G. Zumach,
      Angewandte Chemie (International Edition), 6, 649 (1967); and J. E.
      Baldwin and J. E. Patriok, Chemical Communications, 968 (1968).
      ##EQU1##
      In these equations the legend "Ar" means aryl.
PAR  Although such reactions are effective for preparing arylisocyanide
      dichlorides from primary aromatic amines and derivatives thereof, they do
      not suggest a means for selectively or exclusively chlorinating
      phenylisocyanide dichlorides in the para-position. In fact to the
      contrary, the art reporting the above reactions actually indicates that
      these reactions yield (a) isomeric mixtures of haloarylisocyanide
      dichlorides, or (b) fail to achieve ring chlorination at all.
PAR  J. V. Nef, Ann. (Justus Liebigs), 270, 267 (1892), reported that
      chlorination of phenyl isothiocyanate at 0.degree.C. in chloroform
      solution yielded a mixture of phenylcarbonimidoyl dichloride and the
      p-chloro derivative thereof. Bly, Perkins and Lewis, J. Am. Chem. Soc.,
      44, 2896 (1922), attempted chlorination of phenylisothiocyanate in carbon
      tetrachloride and in phenylcarbonimidoyl dichloride but found no evidence
      of ring chlorination in either solvent system. D. B. Murphy, J. Org.
      Chem., 29, 1613, (1964), reported that when chlorination of
      phenylisothiocyanate is carried out in chloroform using excess chlorine a
      mixture of p-chlorophenyl carbonimidoyl dichloride, the unsubstituted
      compound and 2,4-dichlorophenyl carbonimidoyl dichloride, is obtained.
      Murphy also reported that when excess chlorine was removed from the
      reaction mixture immediately after the initial chlorination was completed,
      no ring chlorination occurred. In addition, we have found that
      chlorination of o-formotoluidide with a chlorine source such as sulfuryl
      chloride or chlorine gas leads to a mixture of approximately 75% 4-chloro-
      and 25% 6-chloro-o-formotoluidide. Similar results are also obtained with
      the acetyl derivative. Since these procedures give isomer mixtures, the
      additional undesirable step of isomer separation is required.
PAR  It was therefore an object of the present invention to find a process which
      would provide a means for chlorination of o-alkylaniline derivatives
      exclusively in the para-position.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a novel process for the manufacture of compounds
      having the formula:
      ##SPC1##
PAL  wherein R represents alkyl C.sub.1 -C.sub.6, including straight and
      branched chain alkyl and cycloalkyl. The invention also relates to a novel
      process for the chlorination of o-alkyl-phenylisocyanide dichlorides
      exclusively in the para-position.
PAR  We have now discovered that if the chlorination is carried out on an
      o-alkylphenylisocyanide dichloride, which may be prepared by any of the
      above or other methods, the chlorine is introduced essentially in the
      para-position. The chlorination can be carried out with any chlorine
      source, for example, sulfuryl chloride or chlorine gas. The reaction is
      normally run at temperatures between 20.degree.-150.degree.C., preferably
      at 60.degree.-120.degree.C., and can be conducted in the absence of
      solvents or in a chlorinated hydrocarbon solvent such as chloroform,
      dichloroethane, methylene chloride or carbon tetrachloride. The reaction
      may also be carried out in a solvent such as thionyl chloride.
      Graphically, the reaction may be illustrated as follows:
      ##SPC2##
PAL  wherein R is alkyl C.sub.1 -C.sub.6. We have also discovered a process for
      isolation of 4-chloro-2-alkylphenylisocyanide dichlorides. The reaction
      mixture is stripped of solvent and then diluted with an inert chlorinated
      hydrocarbon solvent such as methylene chloride, chloroform, dichloroethane
      or carbon tetrachloride. The resulting solution is then washed with water,
      dried, and stripped of solvent to give the purified product. The compounds
      are useful intermediates in the preparation of ixodicidal, insecticidal,
      ovicidal and chemosterilizing agents.
DETD
PAC  DETAILED DESCRIPTION
PAR  The 2-substituted para-chlorophenylisocyanide dichloride is an especially
      desirable product since it is an intermediate useful in the preparation of
      the highly effective ixodicidal, insecticidal, ovicidal and
      chemosterilizing, 2-alkyl-(4'-chlorophenylimino)-1,3-dithiethanes used for
      the control of insects and ixodides.
PAR  The process is particularly advantageous since it yields the
      2-alkyl-4-chlorophenylisocyanide dichloride as a product virtually free of
      isomeric contamination and readily convertible to the desired
      2-substituted (p-chlorophenyl-imino)-1,3-dithietane. These latter-named
      dithietanes may be prepared by a one-step procedure from phenylisocyanide
      di-chlorides, thereby eliminating the necessity of isolation and
      purification of intermediates. One such procedure involves the addition of
      a sulfide source represented by the formula H.sub.a.sub.'
      SM.sub.(2-a.sub.'), wherein a' is an integer 0, 1 or 2; M is an alkali
      metal, ammonium or primary-secondary- or tertiary-alkyl(C.sub.1 -C.sub.4)
      -ammonium group such as aqueous (NH.sub.4).sub.2 S; Na.sub.2 S, KSH or
      H.sub.2 S, to a solution of methylene bromide, an appropriate base, where
      needed, and the isocyanide dichloride. If a'=0 in the sulfide, no
      additional base is needed; if a'=1, one equivalent of base is needed per
      equivalent of sulfide; and if a'=2, two equivalents of base are needed per
      equivalent of sulfide. Any common base can be used, as for example alkali
      metal hydroxides, alkali metal bicarbonates, alkali metal carbonates, or
      perferably tertiary-alkyl(C.sub.1 -C.sub.4)-amines. Preferably used are 2
      to 3 equivalents of methylene bromide to each equivalent of the isocyanide
      dichloride. The reaction can be run at temperatures between 0.degree.C.
      and 60.degree.C., and preferably at 20.degree.C. to 40.degree.C. The
      solvent used can be any polar aprotic solvent or aqueous mixture of an
      organic solvent which is inert to the reactants such as water, pyridine,
      sulfolane, ethylene glycol dimethyl ether, diethylene glycol dimethyl
      ether, esters of lower alkanols, or an aqueous mixture of one of these, or
      preferable acetonitrile, aqueous acetonitrile, dimethyl sulfoxide (DMSO)
      aqueous DMSO, dimethylformamide (DMF), aqueous DMF, lower alkyl C.sub.1
      -C.sub.4 ketones, or aqueous lower alkyl C.sub.1 -C.sub.4 ketones.
PAR  An alternative procedure involves the sequential addition to a solution of
      suspension of the sulfide (plus base where required), of the isocyanide
      dichloride, followed by methylene bromide. Alternatively, the sulfide plus
      base may also be added to a solution of the isocyanide dichloride,
      followed by addition of methylene bromide. The same requirements on
      stoichiometry, reaction temperatures, reagents, and solvents apply to this
      modification as specified for the above procedure.
PAR  The present invention is further illustrated by the examples provided below
      which are not to be construed as limitative.
PAC  EXAMPLE 1
PAC  4-Chloro-o-tolylisocyanide Dichloride
      ##SPC3##
PAR  To a solution of 67.5 g. (0.5 mole) of o-formo-toluidide in 450 ml (6.2
      mole) of thionyl chloride was added over 1/2 hr. 162 ml. (2 mole) of
      sulfuryl chloride. The reaction mixture was stirred at room temperature
      overnight. It was then heated at reflux for 21/4 hr., after which another
      30 ml. (0.375 mole) of sulfuryl chloride was added dropwise over 15
      minutes as reflux was continued. After another 11/2 hr. of reflux, the
      reaction could be seen by gas chromatography (140.degree., 4 ft. SE-30 on
      Gaschrome Q, 100-120 mesh) to be essentially complete. The solvent was
      evaporated to afford a crude reaction product contaminated with small
      amounts of thionyl chloride and sulfuryl chloride. This solution was
      diluted with 250 ml. of methylene chloride and then was shaken with two
      100 ml. portions of water. The organic layer was dried over anhydrous
      magnesium sulfate, filtered, and stripped of solvent to afford a high
      yield of product which gas chromatography showed to contain about 9%
      o-chloro product and 91% p-chloro product. Gas chromatographic examination
      of aliquots removed during the reaction showed that
      6-chloro-o-tolylisocyanide dichloride was present soon after the reaction
      was begun to the extent of 9% of the total reaction mixture, and its
      relative amount remained constant during the course of the reaction. The
      formation of this isomer is due to the contamination of the thionyl
      chloride by sulfuryl chloride which gives some non-selective chlorination
      of o-formotoluidide. It is merely carried along in the reaction as an
      impurity in the o-tolylisocyanide di-chloride. After conversion of the
      o-formotoluidide and the contaminants 4- and 6-chloro-o-formotoluidide to
      their respective isocyanide dichlorides, further chlorination by addition
      of sulfuryl chloride is restricted to forming 4-chloro-o-tolylisocyanide
      dichloride from o-tolylisocyanide dichloride.
PAC  EXAMPLE 2
PAC  4-Chloro-o-tolylisocyanide Dichloride
      ##SPC4##
PAR  If Example 1 is repeated, but starting with pure o-tolylisocyanide
      dichloride, there will result isomerically pure 4-chloro-o-tolylisocyanide
      dichloride. Similarly, 4-chloro-2-n-butylphenylisocyanide dichloride,
      4-chloro-2-i-propylphenylisocyanide dichloride,
      4-chloro-2-sec-butyl-phenylisocyanide dichloride,
      4-chloro-2-(3-hexyl)phenyliso-cyanide dichloride, and
      4-chloro-2-ethylphenylisocyanide di-chloride are all prepared by the above
      procedure in isomerically pure form when the appropriate 2-substituted
      phenyl-isocyanide dichloride is substituted for o-tolylisocyanide
      dichloride.
PAC  EXAMPLE 3
PAC  4-Chloro-o-tolylisocyanide Dichloride
      ##SPC5##
PAR  If Example 1 is repeated with initial addition of Cl.sub.2 gas to the
      reaction mixture in place of half of the sulfuryl chloride, essentially
      identical results are obtained.
PAC  EXAMPLE 4
PAC  Chlorination of o-Formotoluidide
      ##SPC6##
PAR  To a solution of one g. (0.0074 mole) of o-formo-toluidide in 10 ml. of
      ethylene dichloride was added 0.72 ml. (0.0081 mole) of sulfuryl chloride.
      The resulting mixture became thick after a few minutes. It was stirred at
      room temperature for 3 hrs. The solvent was then removed by evaporation at
      reduced pressure leaving the product as a solid which gas chromatography
      (160.degree., 4 ft. SE 30 on Gaschrome Q, 100-120 mesh) indicated to be
      74% 4-chloro-, and 26% 6-chloro-o-formotoluidide.
PAC  EXAMPLE 5
PAC  4-Chloro-o-tolylisocyanide Dichloride
      ##SPC7##
PAR  To a solution of o-formotoluidide (6.75 grams, 0.05 mole) dissolved in 100
      ml. of chloroform was added dropwise thionyl chloride (7.64 gm, 0.064
      mole) at room temperature. The resulting solution was then heated to
      60.degree.C. over 1.5 hr. during which time gas evolution was rapid. After
      cooling the reaction to 5.degree.C., sulfuryl chloride (13.5 gm., 0.1
      mole), which was diluted with 40 ml. chloroform, was added dropwise to the
      reaction solution. The progress of the reaction was monitored by vpc
      (vapor phase chromatography). A new peak with short retention time
      (.about. 2 cm, 135.degree.C. 10 ft., SE-30 column, 135.degree.) was
      observed, but a peak with the retention time of known
      4-chloro-2-methylphenylisocyanide dichloride was not present after
      stirring the reaction at room temperature for 48 hours. The reaction flask
      was fitted with a distillation head and all of the volatiles were
      distilled out of the flask. A vpc trace of the residue was the same as
      previously described for the reaction mixture.
PAR  To the above residue was added excess sulfuryl chloride (.about. 50 ml.)
      and, after stirring the resulting solution overnight at 50.degree.C., the
      appearance of a peak (vpc) which corresponded to
      4-chloro-2-methylphenylisocyanide dichloride, was observed. Further
      stirring of this solution for 2 days at 50.degree.C. converted the
      reaction mixture to 90% 4-chloro-2-methylphenylisocyanide dichloride by
      vpc.
PAC  EXAMPLE 6
PAC  Preparation of 4-Chloro-o-tolylimino-1,3-dithietane
      ##SPC8##
PAR  Into an ice water cooled flask containing 20 ml. of dimethylsulfoxide
      (DMSO) is dropped 16 ml. (0.05 mole) of 21% aqueous (NH.sub.4).sub.2 S. To
      the resulting mixture is added 4.45 grams (0.02 mole) of
      4-chloro-o-tolylisocyanide dichloride as prepared in Example 1, above,
      over 10 minutes with stirring. The temperature is kept below 20.degree.C.
      by use of the ice water bath. The resulting mixture is stirred at
      20.degree.C. for 15 minutes. To this is then added 2.8 ml. (0.04 mole) of
      methylene bromide dropwise during 15 minutes, keeping the temperature
      below 20.degree.C. The resultant reaction mixture is stirred at room
      temperature for 11/2 hours. It is then poured into water and extracted
      with three 30 ml. portions of ether. The ether extract is washed with
      water and with saturated NaCl, dried, and evaporated giving 6.0 grams of
      crude yellow product. Analysis of the mixture indicated a 60% yield of
      dithietane is present. 4.85 Grams of this product is dissolved in 24 ml.
      of acetone, and stirred with 1.6 ml. of concentrated HCl. The precipitate
      if filtered off and washed with acetone and ether. The resulting 2.42
      grams of white powder is stirred with approximately 20 ml. of ether and 20
      ml. of water until all solids have dissolved. The layers are then
      separated and the organic layer washed with saturated NaCl,  dried, and
      the solvent evaporated at reduced pressure giving 1.94 grams (52.5% yield
      corrected to the entire sample) of the dithietane as a white solid.
PAR  Substituting 2-ethyl-4-dichlorophenylisocyanide dichloride for
      4-chloro-o-tolylisocyanide dichloride in the above procedure, yields
      2-ethyl-4-dichlorophenylimino-1,3-dithietane.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the preparation of compounds having the formula:
      ##SPC9##
PAL  wherein R represents alkyl C.sub.1 -C.sub.6, including straight chain
      alkyl, branched chain alkyl and cycloalkyl comprising:
PA1  reacting an isomerically pure compound having the formula:
      ##SPC10##
PAL  where R is as described above, with a chlorine source at a temperature
      between 20.degree.C. and 150.degree.C.
NUM  2.
PAR  2. A method according to claim 1, wherein the chlorine source is sulfuryl
      chloride or chlorine gas; the reaction is carried out in the absence of
      solvent and the reaction temperature is maintained between 60.degree.C.
      and 120.degree.C.
NUM  3.
PAR  3. A method according to claim 2, wherein the reaction is carried out in
      the presence of a solvent of chlorinated hydrocarbons or thionyl chloride
      and the reaction temperature is maintained between 60.degree.C. and
      120.degree.C.
NUM  4.
PAR  4. A method according to claim 2, wherein R is methyl.
NUM  5.
PAR  5. A method according to claim 3, wherein R is methyl.
NUM  6.
PAR  6. A method according to claim 1 with the additional steps of
PA1  stripping the reaction mixture of solvent,
PA1  diluting the reaction mixture with an inert chlorinated hydrocarbon
      solvent,
PA1  washing the resulting solution with water,
PA1  drying the solution and
PA1  stripping the solvent to give the purified product.
NUM  7.
PAR  7. A method according to claim 2 with the additional steps of
PA1  stripping the reaction mixture of solvent,
PA1  diluting the reaction mixture with methylene chloride, chloroform,
      dichloroethane or carbon tetrachloride,
PA1  washing the resulting solution with water,
PA1  drying the solution and
PA1  stripping the solvent to give the purified product.
NUM  8.
PAR  8. A method according to claim 3 with the additional steps of
PA1  stripping the reaction mixture of solvent,
PA1  diluting the reaction mixture with methylene chloride, chloroform
      dichloroethane or carbon tetrachloride,
PA1  washing the resulting solution with water,
PA1  drying the solution and
PA1  stripping the solvent to give the purified product.
NUM  9.
PAR  9. A method according to claim 4 with the additional steps of
PA1  stripping the reaction mixture of solvent,
PA1  diluting the reaction mixture with methylene chloride,
PA1  washing the resulting solution with water,
PA1  drying the solution and
PA1  stripping the solvent to give the purified product.
NUM  10.
PAR  10. A method according to claim 5 with the additional steps of
PA1  stripping the reaction mixture of solvent,
PA1  diluting the reaction mixture with methylene chloride,
PA1  washing the resulting solution with water,
PA1  drying the solution and
PA1  stripping the solvent to give the purified product.
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ABST
PAL  The compounds 1-trifluoromethylthio-3,3-dimethyl-2,
      butanone-O-methylcarbamoyloxime and
      1-difluoromethylthio-3,3-dimethyl-2-butanone-O-methylcarbamoyloxime are
      prepared from certain novel ketone and oxime intermediates. These
      compounds have insecticidal activity and are particularly effective
      against the Western and Northern corn rootworms, Diabrotica virgifera and
      Diabrotica longicornis respectively.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to polyfluoromethylthio-substituted ketones and
      oximes, as intermediates, and to their insecticidal derivatives,
      polyfluoromethylthio-substituted carbamoyloximes. A further aspect of the
      invention relates to a process for preparing these compounds. A still
      further aspect of the invention relates to insecticidal formulations
      comprising the carbamoyloxime compounds of the invention and to a method
      of combating insects, especially the corn rootworm, by contacting them
      with an insecticidal amount of these compounds.
PAC  PRIOR ART
PAR  Mono- and poly(alkylthio) ketones have been reported previously. For
      example by Brintzinger et al., Chemical Ber. 87, 300 (1954). This
      reference describes the reaction of acetone with ethanesulfenyl chloride
      to produce hexakis-[ethylthio] acetone. Fuson et al., (J. Org. Chem. 11,
      469, 1946) have reported the synthesis of a chloralkylthio-substituted
      ketone by the reaction of acetone with chloroethanesulfenyl chloride.
PAR  Neither of the above references suggest the possibility of reacting a
      polyfluorinated alkanesulfenyl chloride with tert-butylmethyl ketone to
      produce the polyfluoromethylthio-substituted ketone intermediates of the
      present invention. This reaction was unexpected in view of the fact that
      attempts to react nonfluorinated alkanesulfenyl chloride, i.e.
      methane-sulfenyl chloride, with tert-butylmethyl ketone were unsuccessful.
      In addition, known reactions of alkanesulfenyl chloride with ketones e.g.
      acetone, tend to produce poly-substituted alkylthio ketones, e.g.
      hexalkylthio-substituted acetone, whereas the reaction of
      polyfluoromethanesulfenyl chlorides with tert-butylmethyl ketone shows
      little tendency to form polysubstituted products.
PAR  A recent publication by Bayreuther and Haas, Chem. Ber., 106, 1418 (1973)
      describes the preparation of certain trifluoromethylthio-ketones by
      reaction of the unsubstituted ketone with trifluoromethanesulfenyl
      chloride. However, prior to the present invention, it is believed that the
      polyfluoromethylthio-ketone intermediates of the present invention have
      not been disclosed.
PAR  Magee (U.S. patent applications Serial Nos. 132,584 and 229,207) has
      reported a large group of carbamate derivatives of ketoximes which have
      pesticidal activity. A number of these carbamate derivatives contain
      alkylthio-substituents, and the compound
      1-methylthio-3,3-dimethyl-2-butanone-0-methylcarbamoyloxime is
      specifically disclosed. The fluorinated compound
      1-(3,3,3-trifluoropropylthio)-3,3-dimethyl-2-butanone-0-methylcarbamoyloxi
     me is also disclosed by this reference. While the above compounds of the
      prior art are structurally related to the carbamate compounds of the
      present invention, they do not show significant insecticidal activity
      against the Western and Northern corn rootworms, whereas the carbamate
      compounds disclosed herein possess unusually high insecticidal activity
      against this particularly bothersome pest. In addition, the carbamate
      compounds disclosed by Magee are prepared according to a different method
      than that utilized for the preparation of the compounds of the present
      invention.
PAC  DESCRIPTION OF THE INVENTION
PAR  Compounds of the present invention can be represented by the formula:
      ##EQU1##
      wherein R.sup.1 is oxygen, NOH or
      ##EQU2##
      and R.sup.2 is --CF.sub.3 or --CF.sub.2 H, and include the following six
      compounds:
PA1  1-difluoromethylthio-3,3-dimethyl-2-butanone
PA1  1-trifluoromethylthio-3,3-dimethyl-2-butanone
PA1  1-difluoromethylthio-3,3-dimethyl-2-butanone oxime
PA1  1-trifluoromethylthio-3,3-dimethyl-2-butanone oxime
PA1  1-difluoromethylthio-3,3-dimethyl-2-butanone-0-methylcarbamoyloxime
PA1  1-trifluoromethylthio-3,3-dimethyl-2-butanone-0-methylcarbamoyloxime.
PAR  Compounds of the invention wherein R.sup.1 is oxygen are ketones and can be
      readily prepared by reacting the unsubstituted ketone with the appropriate
      polyfluoromethylsulfenyl chloride in an inert solvent.
      1-difluoromethylthio-3,3-dimethyl-2-butanone is prepared by reaction of
      3,3-dimethyl-2-butanone with difluoromethanesulfenyl chloride, and
      1-trifluoromethylthio-3,3-dimethyl-2-butanone is prepared by reaction of
      3,3-dimethyl-2-butanone with trifluoromethanesulfenyl chloride. The molar
      ratio of ketone to sulfenyl chloride can range from about 2:1 to about
      1:2, but preferably equimolar amounts of starting materials are used.
      Excess polyfluoromethanesulfenyl chloride is not detrimental since
      significant polysubstitution does not readily occur.
PAR  The presently preferred solvents for carrying out the above reaction are
      chlorinated hydrocarbons such as chloroform, dichloromethane and the like.
      Other suitable solvents are acetonitrile, ethyl acetate, and methyl
      acetate. Benzene and nitromethane have also been used with some success.
      It is presently preferred to add as a catalyst small amounts, e.g. less
      than ten mole percent with respect to the reactants, of an alcohol such as
      methanol, ethanol, isopropanol or n-hexanol. The effect of the catalyst is
      to increase the rate and yield of the reaction.
PAR  The temperature of the reaction mixture may range from about -78.degree.C.
      to the reflux temperature of the reaction mixture, i.e. up to about
      125.degree.C. The preferred temperature range is about -25.degree. to
      +50.degree.C.
PAR  The reaction may be run in a pressure reactor to provide safer and more
      efficient confinement of the reactants.
PAR  Purification and isolation of the liquid ketone produce is generally
      carried out by distillation and/or vapor phase chromatography.
PAR  The oxime intermediates of the invention are prepared by reacting the
      polyfluoromethylthio-ketones with hydroxylamine, generally as the
      hydrochloride. This reaction is carried out in a suitable solvent such as
      an aqueous alcohol, e.g. ethanol, a halogenated hydrocarbon, e.g.
      dichloromethane, and the like. The oximination is generally carried out in
      the presence of an acid acceptor which is typically an organic base, such
      as a tertiary amine, e.g. triethylamine, or an inorganic base such as
      sodium carbonate.
PAR  Isolation of the solid oxime products is carried out using standard
      synthetic techniques such as extraction or column chromatography followed
      by recrystallization or vacuum distillation.
PAR  The carbamoyloxime compounds of the invention are obtained from conversion
      of the oximes. Two convenient methods are available to effect this
      conversion.
PAR  The most preferred method for converting the oximes to the carbamoyloximes
      consists of reacting the oxime with methyl isocyanate herein termed
      Process A. This reaction is carried out in an inert organic solvent and
      preferably in the presence of a tertiary amine catalyst. The inert organic
      solvents which can be employed in the reaction are those which are
      generally inert to isocyanates, i.e. free of substituents such as amino or
      hydroxy groups. Examples of useful solvents are aliphatic ketones such as
      acetone; aliphatic and aromatic hydrocarbons such as hexane, benzene,
      heptane, octane, toluene and the like; ethers such as diethyl ether and
      ethyl n-propyl ether; and chlorinated hydrocarbons such as
      dichloromethane. Suitable catalysts are aliphatic and/or aromatic tertiary
      amines such as N,N-dimethylaniline, triethylamine or the like. Generally,
      amounts of tertiary amine catalyst ranging from about 0.1 to about 1.0
      weight percent of the starting materials comprised of the oxime and methyl
      isocyanate are sufficient.
PAR  The reaction may be effected at temperatures ranging from 10.degree. to
      about 130.degree.C. and is preferably carried out between 25.degree. and
      90.degree.C. The pressure used is generally one atmosphere, although the
      reaction can be run at higher pressures if desired.
PAR  The mole ratio of isocyanate to oxime can range from about 0.25:1 to about
      2:1, but preferably an equimolar amount or slight excess of the isocyanate
      is employed to insure that the oxime is completely reacted. The reaction
      time for substantial completion may vary from about 5 minutes to about 7
      days, depending upon the reaction temperature and the amount of oxime
      used. Normally when operating in the preferred temperature range, reaction
      times of from about 1/2 hour to about 3 days are sufficient for complete
      reaction.
PAR  An alternative method, herein termed Process B, may be used to convert the
      oxime compounds to carbamoyloximes and consists of reacting the oxime with
      phosgene in an inert solvent such as toluene or diethyl ether in the
      presence of an acid acceptor which is preferably a tertiary amine, e.g.
      N,N-dimethyl aniline, trimethylamine, triethylamine or the like. The molar
      ratio of oxime to phosgene is approximately 1:1, and the amount of acid
      acceptor which is added is approximately equimolar with respect to the
      other reactants. This reaction can be carried out at from -30.degree.C. to
      about 40.degree.C., but will generally be found to proceed most
      advantageously between -10.degree. and 25.degree.C. The reaction is
      slightly exothermic so that some external cooling is usually necessary to
      maintain the temperature within the desired range. The reaction mixture
      can be filtered or washed with water to remove the byproduct amine
      hydrochloride and the organic layer containing the chloroformate can then
      be further reacted with methylamine. The reaction of the chloroformate
      intermediate with methylamine is carried out in the presence of a suitable
      solvent for the intermediate such as diethyl ether, dioxane, toluene or
      chloroform, at temperatures between about -40.degree. and about
      90.degree.C. Preferably the temperature is maintained below about
      40.degree.C. because the reaction proceeds smoothly even at low
      temperatures and is so rapid about 40.degree.C. that loss of low boiling
      reactants may occur and some decomposition may take place.
PAR  The carbamoyloxime products formed by either Process A or Process B are
      solids which can be recovered from the reaction mixture by means known to
      the art, such as extraction or vacuum distillation to remove the solvent.
PAR  In addition to their especially advantageous activity against the Western
      and Northern corn rootworms, i.e. Diabrotica virgifera and Diabrotica
      longicornis, respectively, compounds of the present invention have been
      found to be effective against houseflies, mosquitos, and German
      cockroaches. The compound
      1-difluoromethylthio-3,3-dimethyl-2-butanone-0-methylcarbamoyloxime is
      particularly effective in combating corn rootworms because of its
      prolonged duration of activity in the soil.
PAR  The pesticidal activity of the carbamate compounds of the present invention
      has been established by standard screening and field tests. These
      compounds also exhibit activity as plant growth regulators.
PAR  The carbamoyloxime compounds of this invention may be applied as
      insecticides according to methods known to those skilled in the art.
      Pesticidal compositions containing the compounds as active toxicants will
      usually comprise a carrier or diluent, either liquid or solid.
PAR  Liquid concentrates may be prepared by dissolving the active compound in a
      solvent such as acetone or xylene and then dispersing the toxicant in
      water with the aid of suitable surface active agents, i.e., depending and
      emulsifying agents.
PAR  The choice of dispersing and emulsifying agents and the amount of each
      which is employed is dictated by the nature of the composition and the
      ability of the agent to facilitate the dispersion of the toxicant.
      Generally, it is desirable to use as little of the agent as possible,
      consistent with the desired dispersion of the toxicant in the spray, so
      that rain does not re-emulsify the toxicant after it is applied to the
      plant and wash it off the plant. Nonionic, anionic or cationic surface
      active agents may be employed, for example, the condensation products of
      alkylene oxides with phenol and organic acids, alkyl aryl sulfonates,
      complex ether alcohols, quaternary ammonium compounds, and the like.
PAR  In the preparation of wettable powder or dust or granulated compositions,
      the active ingredient is dispersed in and on an appropriately divided
      solid carriers such as clay, talc, bentonite, diatomaceous earth,
      charcoal, corn cob granules, fullers earth and the like. In the
      formulation of the wettable powders, the aforementioned surface active
      agents as well as lignosulfonates can be included.
PAR  The formulations are applied in amounts which contain from about one-fourth
      to 15 pounds of active toxicant per acre. The required amount of the
      toxicants may be applied in from 1 to 200 gallons or more of water as
      diluent or in from about 5 to 500 pounds of inert solid carrier as diluent
      for each acre treated. The concentration of the active ingredient in the
      liquid concentrate will usually vary from about 5 to 30 percent by weight,
      and in the solid formulations from about 20 to about 80 percent by weight.
PAR  The pesticides described herein prevent attack by insects upon plants or
      other material to which the pesticide is applied, and they have high
      residual toxicity. With respect to plants, these pesticides have a high
      margin of safety in that when used in sufficient amounts to kill or repel
      the insects, they do not burn or injure the plant. The toxicants are
      sufficiently chemically inert that they are compatible with substantially
      any other constituent of the spray schedule, and they may be used in the
      soil or upon the seeds or roots of plants without injury to the seeds or
      roots. Furthermore, properties of the compounds are such that they are not
      unacceptably hazardous to the user.
DETD
PAR  The invention will be further understood by reference to the following
      illustrative and nonlimiting examples. All melting points and boiling
      points given are uncorrected.
PAC  EXAMPLE 1
PAC  Preparation of 1-difluoromethylthio-3,3-dimethyl-2-butanone
PAR  Chlorine (3 moles) was added over a 3-hour period to benzyl difluoromethyl
      sulfide (3 moles) in dichloromethane at -5.degree. to 5.degree.C. The
      reaction mixture was then allowed to warm to about 22.degree.C. and then
      heated at 30.degree.C. for 1 hour. The reaction mixture was cooled to
      10.degree. to 20.degree.C., and 3,3-dimethyl-2-butanone (3 moles) and
      ethanol (2.5 g) was added over a 45 minute period. After 6 hours the
      reaction mixture was allowed to warm to 25.degree.C. and then heated at 30
      to 35.degree.C. for 6 to 7 hours.
PAR  Trimethylamine (6 mole, 25% by volume in methanol) was added rapidly to the
      reaction mixture, and after stirring for 21/2 hours at about 22.degree.C.,
      the reaction mixture was heated for 2 hours at 35.degree. to 40.degree.C.
      The reaction mixture was then washed with water, dried over anhydrous
      calcium sulfate and distilled to give
      1-difluoromethylthio-3,3-dimethyl-2-butanone, b.p. 54.degree. to
      61.degree.C./1.8 - 2.5 mmHg. The structure of a pure sample, b.p.
      60.degree.C./3 mmHg was confirmed by elemental and spectroscopic analyses.
PAR  Calculated for C.sub.7 H.sub.12 F.sub.2 OS: %C, 46.13; %H, 6.63; Found: %C,
      46.6; %H, 6.5.
PAC  EXAMPLE 2
PAC  Preparation of 1-difluoromethylthio-3,3-dimethyl-2-butanone oxime
PAR  A mixture of 1-difluoromethylthio-3,3-dimethyl-2-butanone (2.21 moles) from
      example 1, hydroxylamine hydrochloride (2.44 moles) and sodium carbonate
      (1.22 moles) in aqueous ethanol (1 liter of water and 2.3 liters of
      ethanol) was heated at its reflux temperature for 7.5 hours. This reaction
      mixture was poured into water, and the product was extracted into diethyl
      ether. The ether was washed with water and dried, then the ether extracts
      were evaporated under reduced pressure leaving a residue of
      1-difluoromethylthio-3,3-dimethyl-2-butanone oxime. A pure sample, m.p.
      92.degree. to 95.degree.C., was obtained by recrystallization from a
      mixture of diethyl ether and petroleum ether (b.p. 30.degree. to
      60.degree.C.).
PAR  Analysis: Calculated for C.sub.7 H.sub.13 F.sub.2 NOS: %C, 42.62; %H, 6.64;
      %N, 7.09; Found: %C, 42.9; %H, 6.7; %N, 7.2.
PAC  EXAMPLE 3
PAC  Preparation of
      1-difluoromethylthio-3,3-dimethyl-2-butanone-0-Methyl-carbamoyloxime
      (Process A)
PAR  A mixture of 1-difluoromethylthio-3,3-dimethyl-2-butanone oxime (2.03
      moles) from example 2, methyl isocyanate (2.4 moles) and triethylamine (15
      drops) in 1500 ml. of dichloromethane was refluxed for 60 hours. The
      solvent was removed by evaporation under reduced pressure. The residual
      material was recrystallized first from a mixture of diethyl ether and
      petroleum ether (b.p. 30.degree. to 60.degree.C.) and then from benzene to
      give a purified sample of
      1-difluoromethylthio-3,3-dimethyl-2-butanone-0-methylcarbamoyloxime, m.p.
      54.degree. to 56.degree.C. The structure of the product was confirmed by
      elemental and spectral analyses.
PAR  Analysis: Calculated for: C.sub.9 H.sub.16 F.sub.2 N.sub.2 O.sub.2 S: %C,
      42.50; %H, 6.34; %N, 11.02; Found: %C, 42.8; %H, 6.1; %N, 11.1.
PAC  EXAMPLE 4
PAC  Preparation of 1-trifluoromethylthio-3,3-dimethyl-2-butanone
PAR  A mixture of 3,3-dimethyl-2-butanone (1.13 mole), ethanol (1.5 g.) and
      dichloromethane (300 ml) was introduced into a sealed and pressure tested
      2-liter vessel under reduced pressure. Trifluoromethanesulfenyl chloride
      (1.05 mole) was then added to the cooled, evacuated vessel. (Caution: It
      should be noted that trifluoromethanesulfenyl chloride is a highly
      hazardous material which must be handled with care to avoid inhalation and
      contact with the skin.) The vessel was warmed to about 25.degree.C. and
      then rocked for 21/2 to 3 days. The vessel was vented through a cold gas
      trap (-78.degree.C.) to trap any unreacted trifluoromethane sulfenyl
      chloride, and then through a scrubbing system to remove the vented
      hydrogen chloride gas. Residual liquid was transferred to a flask and
      distilled to give 1-trifluoromethylthio-3,3-dimethyl-2-butanone, b.p.
      65.degree.C./10mmHg.
PAR  Analysis: Calculated: %C, 41.99; %H, 5.54; Found: %C, 42.0; %H, 5.4.
PAC  EXAMPLE 5
PAR  Preparation of 1-trifluoromethylthio-3,3-dimethyl-2-butanone oxime.
PAR  Using the method of example 2,
      1-trifluoromethylthio-3,3-dimethyl-2-butanone was reacted with
      hydroxylamine hydrochloride to provide the desired oxime, m.p.
      94.5.degree. to 96.degree.C.
PAR  Analysis: Calculated for C.sub.7 H.sub.12 F.sub.3 NOS: %C, 39.05; %H, 5.62;
      %N, 6.51; Found: %C, 39.1; %H, 5.7; %N, 6.4.
PAC  EXAMPLE 6
PAC  Preparation of
      1-trifluoromethylthio-3,3-dimethyl-2-butanone-0-methylcarbamoyloxime
      (Process A)
PAR  A mixture of 1-trifluoromethylthio-3,3-dimethyl-2-butanone oxime (0.044
      mole) from example 5, methyl isocyanate (0.048 mole) and 3 drops of
      triethylamine in 50 ml. of dichloromethane was heated at reflux
      temperature overnight. The solvent was removed by evaporation under
      vacuum. The residual oil was recrystallized from a mixture of petroleum
      ether and diethyl ether to give the purified sample of
      1-trifluoromethylthio-3,3-dimethyl-2-butanone-0-methylcarbamoyloxime, m.p.
      82.5.degree. to 84.degree.C. The structure of the product was confirmed by
      elemental and spectral analyses.
PAC  EXAMPLE 7
PAC  Preparation of
      1-trifluoromethylthio-3,3-dimethyl-2-butanone-0-methylcarbamoyloxime
      (Process B)
PAR  To a cold (0.5.degree.C.) benzene solution of phosgene (23.2 g of 12.5%
      solution, i.e. 0.03 mole phosgene) was added dimethylaniline (0.03 mole).
      To the cold mixture was added
      1-trifluoromethylthio-3,3-dimethyl-2-butanone oxime (0.03 mole) from
      example 5 and 60 ml of benzene. The reaction mixture was stirred for 2
      hours at room temperature. Aqueous methylamine (0.03 mole) was then added
      to the reaction mixture. The reaction mixture was then washed with water
      and dried. Filtration to remove the drying agent was followed by
      evaporation of the solvents under vacuum to provide a residue which was
      purified by chromatography on silica gel and recrystallization. The
      productis
      1-trifluoromethylthio-3,3-dimethyl-2-butanone-0-methylcarbamoyloxime by
      spectral comparison of the product with the spectral characteristics of
      the product of example 6.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##EQU3##
      wherein R.sup.2 is CF.sub.3 -- or CF.sub.2 H--.
NUM  2.
PAR  2. The compound
      1-difluoromethylthio-3,3-dimethyl-2-butanone-0-methylcarbamoyloxime
      according to claim 1.
NUM  3.
PAR  3. The compound
      1-trifluoromethylthio-3,3-dimethyl-2-butanone-0-methylcarbamoyloxime
      according to claim 1.
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ABST
PAL  Carbamoyl oximes of the formula
      ##EQU1##
      their manufacture and fungicidal and virucidal activity are disclosed. In
      this formula R.sub.1 stand for alkylidene, aralkylidene or mono-, bi- or
      tricycloalkylidene and R.sub.2 stands for C.sub.8 to C.sub.14 alkyl, mono-
      or bicycloalkyl or cycloalkenyl.
PARN
PAR  This is a division of application Ser. No. 124,527, filed on Mar. 15, 1971,
      now U.S. Pat. No. 3,843,724.
BSUM
PAR  The present invention relates to new carbamoyloximes, to processes for
      their production, also to agents which contain these carbamoyloximes as
      active substances and which are used for the control of phytopathogenic
      fungi and viruses, and to methods for the controlling of phytopathogenic
      fungi and viruses using the new active substances or agents containing
      them. The new carbamoyloximes correspond to formula I:
      ##EQU2##
      wherein R.sub.1 represents an alkylidene radical optionally substituted by
      alkoxy, an aralkylidene radical, an optionally lower-alkyl-substituted
      cycloalkylidene, bicycloalkylidene, or tricycloalkylidene radical,
PA1  R.sub.2 represents an alkyl radical having 8 to 14 carbon atoms, an
      optionally lower-alkyl-substituted cyloalkyl, cycloalkenyl, or
      bicycloalkyl radical.
PAL  In formula I, R.sub.1 stands for hydrocarbon radicals having a bivalent
      carbon atom. In the case of alkylidene radicals, this bivalent C-atom is
      always the intermediate member; in the case of aralkylidene radicals, it
      can be either the intermediate member or the end member of the aliphatic
      chain. Alkylidene radicals are branched or straight-chain, and have 3 to 9
      carbon atoms in the chain. Such an alkylidene radical can be substituted
      by one or several lower alkoxy radicals containing 1 to 4 carbon atoms,
      such as, e.g. methoxy, ethoxy, propoxy and isopropoxy. The aliphatic part
      of an aralkylidene radical has 1 to 5 carbon atoms; and phenyl or phenyl
      substituted by halogen or low alkyl such as e.g. chlorine, bromine and/or
      methyl constitutes the aryl part. Cycloalkylidene radicals R.sub.1
      contains 5 to 12 carbon atoms as ring members, can carry alkyl radicals as
      substituents, especially low alkyl containing 1 to 4 carbon atoms, e.g.
      methyl and/or isopropyl radicals. As cycloalkylidene radicals, radicals of
      cyclopentane, cyclohexane and cyclododecane are preferred. With respect to
      the bicycloalkylidene radicals, these are, in particular, radicals of
      bicyclic terpenes; and by tricycloalkylidene radicals is meant especially
      a tricycloheptylidene radical. By an alkyl radical R.sub.2 having 8 to 14
      carbon atoms is meant, in particular, a straight-chain radical such as,
      e.g. the n-octyl, n-decyl, n-dodecyl and n-tetradecyl radical. Mentioned
      as cycloalkyl and cycloalkenyl radicals are particularly the cyclohexyl
      and cyclohexenyl radicals, which can carry as substituents lower alkyl
      radicals containing 1 to 4 carbon atoms, preferably methyl and/or
      isopropyl radicals. A bicycloalkyl radical R.sub.2 is preferably a
      bicycloheptyl radical, e.g. the bicyclo [4.1.0]heptyl radical, or a
      radical of a bicyclic terpene, such as a radical of bornane, of norbornane
      or of 1,3,3,-trimethylbornane.
PAR  The new carbamoyloximes of formula I are produced according to the present
      invention by reacting an oxime of formula II:
EQU  R.sub.1 = NOH (II)
PA1  a. with an isocyanate of formula III:
EQU  R.sub.2 NCO (III)
PA1    optionally in the presence of a catalyst, or
PA1  b. with a carbamic acid halide of formula IV:
EQU  Hal -- CO -- NHR.sub.2 (IV)
PA1    in the presence of an acid-binding agent, or
PA1  c. with the formation components of a carbamic acid halide, namely,
      phosgene and an amine of formula V:
EQU  NH.sub.2 R.sub.2 (V)
PA1    in the presence of an acid-binding agent.
PAR  In formulae II to V, the symbols R.sub.1 and R.sub.2 have the meanings
      given under formula I; in formula IV, Hal stands for chlorine or bromine.
PAR  Instead of an isocyanate of formula III or a carbamic acid halide of
      formula IV, it is possible to use for the process according to the
      invention also the mixture of an isocyanate of formula III and the
      corresponding carbamic acid halide of formula IV.
PAR  The reactions according to the invention are performed in the presence of
      acid-binding agents, such as inorganic bases, e.g. hydrides, hydroxides
      and carbonates of alkali metals and alkaline-earth metals; or organic
      nitrogen bases, e.g. tertiary amines such as pyridine, triethylamine,
      dimethylaniline, etc. Furthermore, as catalysts for the reaction with the
      isocyanates of formula III are used, e.g. tertiary amines or organotin
      compounds. It is preferable to perform the reactions in solvents or
      diluents inert to the reactants, e.g. in ethers or ethereal compounds such
      as diethylether, dipropylether, dioxane, tetrahydrofuran; in amides such
      as N,N-dialkylated carboxylic acid amides; as well as in halogenated
      hydrocarbons, or aliphatic or aromatic hydrocarbons.
PAR  The new carbamoyloximes are obtained using the process according to the
      invention in good to very good yields. They are soluble and stable in the
      usual organic solvents.
PAR  It is known that oximes can exist in two stereoisomeric forms: the syn- and
      anti-form. The carbamoyloximes of formula I too exist in these two forms.
      Accordingly, the term "carbamoyloximes of formula I" in the case of the
      present invention covers both stereoisomeric forms.
PAR  The starting materials of formula II used for the reactions according to
      the invention are known compounds and can be produced by known methods.
PAR  The new carbamoyloximes of formula I have an excellent fungicidal and
      viricidal action on numerous phytophatogenic fungi and viruses
      respectively. As phytopathogenic fungi, e.g. mildew fungi such as the
      powdery mildew of cucumbers (Erysiphe cichoracearum), powdery mildew of
      apples (Podosphaera leucotricha), powdery mildew of roses (Sphaerotheca
      pannosa), powdery mildew of wheat (Erysiphe graminis); as well as downy
      mildew fungi, such as the one causing the blight on leaves and tubers of
      potatoes (Phytophthora infestans); downy mildew of vines (Plasmophora
      viticola); also leaf spot fungi such as those causing the grey speck
      disease of tomatoes (Alternaria solani), leaf spot of celery (Septoria
      spicola); and rust fungi such as bean rust (Uromyces appendiculatus); also
      grey mould (Botrytis cinera) which is very difficult to control, etc. may
      be mentioned. As phytopathogenic viruses the following may for example be
      mentioned; bacilliform viruses as for example the tobacco mosaic virus or
      the potato-M-virus, filiform viruses as for example the potato-Y-virus or
      the carrot yellowing virus and spheroidal viruses as for example the
      cucumber mosaik virus. In addition to a persistent action, the compounds
      also have a good curative effect, so that even fungi and viruses which
      have already pentrated into the plant tissue are killed off by application
      of the new compounds.
PAR  Moreover, various carbamoyloximes of formula I also possess insecticidal
      and acaricidal properties. Since the compounds are not phytotoxic and have
      a favourable toxicity with regard to warm-blooded animals, they are most
      suitable for the protection of plants.
PAR  Preferred compounds of the invention are carbamoyloximes having the formula
      VI
      ##EQU3##
      wherein R.sub.3 represents a mono or bicyclic alkylidene radical
      containing 5 to 7 carbon atoms optionally substituted by a low alkyl
      group, a straight chained alkyl group containing 3 to 9 carbon atoms
      optionally substituted by a low alkoxy group or a phenyl-low-alkylidene
      radical optionally halogen-substituted and
PA1  R.sub.4 represents a cycloalkenyl-mono- or bicyclicalkyl-radical with 5 to
      7 carbon atoms optionally substituted by a low alkyl group or a straight
      chained alkyl group containing 8 to 12 carbon atoms whereby low alkyl, low
      alkoxy and halogen have the meanings given above.
PAR  In the group of compounds having the formula VI the compounds of the
      formula VII
      ##EQU4##
      are especially noteworthy.
PAR  In formula VII
PA1  R.sub.5 represents a cyclopentylidene, cyclohexylidene, cycloheptylidene,
      1,4-menthylidene(3), bornylidene, norbornylidene, 5-nonylidene,
      butylidene, 1,1-dimethoxybutylidene, benzylidene, p-chlorobenzylidene,
      phenyl-1-ethylidene or phenyl-1-propylidene group and represents a
      dodecyl, cyclohexyl, 1,4-menthyl(3), 3,5,5-trimethylcyclohexen(2)-yl,
      bornyl or 1,3,3-trimethylnorbornyl group.
PAR  Fungicidal and viricidal agents according to the invention are produced in
      a manner known per se by the intimate mixing and grinding of active
      substances of the general formula I with suitable carriers, optionally
      with the addition of dispersing agents or solvents which are inert to the
      active substances. The active substances can be used for the production of
      dusting agents, scattering agents, granulates, coated granulates,
      impregnated granulates, homogeneous granulates, wettable powders, pastes,
      emulsions, solutions, or aerosols.
PAR  Solid preparations (dusting agents, scattering agents, granulates) are
      produced by mixing together the active substances with solid carriers. The
      particle size of the carriers for dusting agents is advantageously up to
      ca. 0.1 mm, for scattering agents ca. 0.075 to 0.2 mm, and for granulates
      0.2 mm or more. The concentration of active substances in the solid
      preparations is, as a rule 0.01- 95 preferably 0.5 to 80 %. To these
      mixtures may also be added additives stabilising the active substance,
      and/or non-ionic, anion-active, and cation-active substances which, for
      example, improve the adhesiveness of the active substances on plants and
      parts of plants (adhesives and agglutinants), and/or ensure a higher
      degree of wettability (wetting agents) and also of dispersibility
      (dispersing agents). The amounts in which these agents are employed are
      chosen such that the applied quantity of active substance is between 0.5
      10 kg/hectare.
PAR  Water-dispersible active substance concentrates, wettable powders, pastes
      and emulsion concentrates constitute agents which can be diluted with
      water to obtain any desired concentration. They consist of active
      substance, carrier, surface-active substances, and anti-foaming agents
      and, optionally solvents. The active substance concentration in these
      agents is 5-80%. The wettable powders and the pastes are obtained by
      mixing and grinding the active substances with dispersing agents and
      pulverulent carriers, in suitable devices, until homogeneity is obtained.
      It is advantageous in some cases to use mixtures of different carriers.
      Suitable anti-foaming agents are, e.g. silicones. The active substances
      are mixed, ground, sieved and filtered with the above mentioned additives
      in such a manner that in the case of the wettable powders the solid part
      does not exceed a particle size of 0.02 to 0.04 mm., and in the case of
      the pastes a particle size of 0.003 mm. Used for the production of
      emulsion concentrates and pastes are dispersing agents, organic solvents,
      and water. The solvents must be practically without smell; they must also
      be inert to the active substances, not phytotoxic, and not readily
      combustible.
PAR  Furthermore, the agents according to the invention can be used in the form
      of solutions. For this purpose the active substance or several active
      substances of the general formula I is or are dissolved in suitable
      organic solvents, mixtures of solvents, or water. The solutions are to
      contain the active substances in a concentration range of 1 - 20%. To the
      described agents according to the invention can be added other biocidal
      active substances or agents. The new agents can thus contain, in addition
      to the stated compounds of the general formula I, and other fungicides,
      e.g. insecticides, herbicides, bactericides, fungistatica,
      bacteriostatica, or nematocides, for the purpose of widening the range of
      action of the new agents. The agents according to the invention may also
      contain fertilisers, trace elements etc. As active substances which may be
      mixed with the compounds of the invention the following may be mentioned
      amongs others:
PAC  Inorganic substances
PAR  Elemental sulphur, ammonium polysulphide, sodium polysulphide, barium
      polysulphide, calcium polysulphide and calcium thiosulphate (lime
      sulphur), calcium hypochlorite, boric acid, sodium tetraborate-decahydrate
      (borax), zinc chloride, magnesium borate, nickel sulphate, potassium
      chromate, lead arsenate, cadmium chloride, and cadmium carbonate;
PAC  Copper substances
PAR  copper(I) oxide (cuprous oxide), Bordeaux mixture, copper (II)
      sulphate-pentahydrate (copper sulphate), basic copper (II) chloride
      (copper oxychloride), copper(II) phosphate, tribasic copper (II) sulphate
      (tribasic copper sulphate), basic copper (II) carbonate, copper (II)
      dihydrazine sulphate, a copper-amine complex, copper (II)
      sulphate/ammonium carbonate mixture, copper(II) chloride/basic copper(II)
      sulphate mixture, basic copper(II) carbonate/zinc salt mixture,
      copper(II)-zinc chromate complex (copper zinc chromate),
      copper(II)-zinc-cadmium-calcium chromate complex, copper(II) salt of oleic
      acid (copper oleate), a copper(II) salt of a fatty acid, copper(II) salt
      of naphthenic acid (copper naphthenate), copper (II) salt of
      8-hydroxyquinoline (oxine copper), copper(II) salt of
      1,2-naphthoquinoncoxime-(2), and copper (II) salt of
      1,2-naphthoquinoneoxime-(2), and copper (II) salt of 3-phenylsalicylate;
PAC  Tin and mercury substances
PAR  bis-(tri-n-butyl tin)oxide, triphenyl tin hydroxide (fentin hydroxide),
      triphenyl tin acetate (fentin acetate), bis-(tributyl tin)succinate,
      mercury (I) chloride (calomel), mercury (II) chloride (mercuric chloride),
      mercury (II) oxide, mercury-zinc chromate complex, mercury (II) lactate,
      ethylmercury chloride, 2-hydroxyethyl mercury acetate, ethylmercury
      isothiocyanate, 3-ethoxypropyl mercury bromide, chloromethoxypropyl
      mercury acetate, methoxyethyl mercury chloride, 2-methoxyethyl mercury
      silicate, bis-(methylmercury) sulphate, bis-(methylmercury) ammonium
      acetate, ethylmercury acetate, 2-methoxyethylmercury acetate, ethylmercury
      phosphate, isopropylmethylmercury acetate, methylmercury cyanide,
      methylmercury benzoate, N-cyano-N'(methylmercury) guanidine, methylmercury
      pentachlorophenolate, ethylmercury-2,3-dihydroxypropyl mercaptide,
      methylmercury-8-hydroxyquinolate (Ortho LM),
      N-(methylmercury)-1,4,5,6,7,7-hexachlorobicyclo[2,2,1]hept-5-ene-2,3-dicar
     boximide,
      N-(ethylmercury)-1,4,5,6,7,7-hexachlorobicyclo[2,2,1]hept-5-ene-2,3-dicarb
     oximide, sodium salt of ethylmercury thiosalicylate,
      N-(ethylmercury)-para-toluenesulphonic acid anilide, phenylmercury acetate
      (PAM), phenylmercury propionate, phenylmercury triethanolammonium lactate
      (PAS), phenylmercury urea,
      N-(phenylmercury)-1,4,5,6,7,7-hexachlorobicyclo[2,2,1]hept-5-ene-2,3-dicar
     boximide, phenylmercury dimethyldithiocarbamate, phenylmercury formamide,
      phenylmercury chloride, phenylmercury acetate, phenylmercury benzoate,
      phenylmercury borate, phenylmercury hydroxide, phenylmercury iodide, basic
      phenylmercury nitrate, phenylmercury monoethanolamine lactate,
      phenylmercury salicylate, hydroxymercury chlorophenol, hydroxymercury
      trichlorophenol, hydroxymercury nitrophenol, N-phenylmercury
      ethylenediamine, phenylmercury monoethanolammonium acetate, pyridylmercury
      acetate, diphenylmercury-8-hydroxyquinolate, a mercury (II) complex with
      an organic phosphate, mixture of
      methylmercury-2,3-dihydroxypropylmercaptide and methylmercury acetate,
      mixture of hydroxymercury chlorophenol and hydroxymercury nitrophenol, and
      mercury-cadmium organic complex;
PAC  Further organic metal compounds
PAR  cadmium succinate, cadmium-di-n-propylxanthogenate,
      cadmium-8-hydroxyquinolate, phenylaminocadmium acetate, phenylaminocadmium
      dilactate, methylarsine sulphide, zinc octate and zinc oleate;
PAC  Simple organic compounds (aliphates)
PAR  formalin, paraformaldehyde, acrolein, methyl bromide, methyl
      isothiocyanate, tetraiodoethylene, 1,3-dichloropropene and related
      chlorinated C.sub.3 hydrocarbons, 1-chloro-3-bromopropene (1),
      trans-1,4-dibromobutene( 2), 1,3-dichloropropene(1),
      1-chloro-2-nitropropane, 2-chloro-1-nitropropane trichloronitromethane,
      dichlorotetrafluoro-acetone, sodium salt of propionic acid, calcium salt
      of propionic acid, chlorofumaric acid-bis-.beta.-chloroethyl ester, sorbic
      acid and the potassium salt thereof, 2-propene-1,1-diolacetate,
      2-aminobutane, dodecylguanidine acetate (dodine), dodecylquanidine
      phthalate, .alpha.-chloroacetyl-1,3-aminopropionitrile,
      .alpha.-bromoacetylvalinamide, 1,2-dichloro-1-(methylsulphonyl) ethylene,
      1,2-dichloro-1-(butylsulphonyl)ethylene, and trans
      1,2-bis-(n-propylsulphonyl)ethylene;
PAC  Benzene derivatives
PAR  para-dichlorobenzene, hecta-chlorobenzene (HCB),
      1,2,4,5-tetrachloro-4-nitrobenzene (tecnazene), pentachloronitrobenzene
      (quintozene), 1,3,5-trichloro-2,4,6-trinitrobenzene, isomer mixture of
      1,3,4-trichloro-2,6-dinitrobenzene and 1,2,3-trichloro-4,6-dinitrobenzene,
      2,4,5,6-tetrachloroisophthalic acid nitrile, 2,4-dinitrophenylthiocyanate,
      diphenyl, ortho-nitrodiphenyl, 1-chloro-2,4-dinitronaphthalene,
      acenaphthene;
PAC  Phenols 2,4,6-trichlorophenol, 2,4,5-trichlorophenol, 2,4,5-trichlorophenyl
      acetate, 2,4,5-trichlorophenyl chloroacetate, trichlorophenol zinc salt,
      meta-cresyl acetate, 2,3,4,6-tetrachlorophenol, pentachlorophenol (PCP),
      ortho-dihydroxybenzene, 2,4-dihydroxy-n-hexylbenzene, 2-phenylphenol
      (ortho-phenylphenol), 3,5-dibromosalicylic aldehyde,
      2-benzyl-4-chlorophenol, 2,2'-dihydroxy-5,5'-dichlorodiphenylmethane
      (dichlorophene), 2,2'-dihydroxy-3,3',5,5',6,6'-hexachlorodiphenylmethane,
      2,2'-dihydroxy-5,5'-dichlorophenylsulphide,
      2,2'-dihydroxy-3,3',5,5'-tetrachlorodiphenylsulphide,
      2,2'-dihydroxy-3,3',5,5'-tetrachlorodiphenylsulphide disodium salt,
      4-chloro-orthophenylphenol, 1,4-dichloro-2,5-dimethoxybenzene, salicylic
      anilide, bismuthsalicylate, trifluoromethylsalicylic anilide halogenated
      with chlorine or bromine, brominated salicylic anilide, and
      (3,5-dimethyl-4-chlorophenoxy)-ethanol;
PAC  Dinitrophenol derivatives
PAR  2-(1-methyl-n-propyl)-4,6-dinitrophenyl-2-methylcrotonate (binapacryl),
      2-(1-methyl-n-propyl)-4,6-dinitrophenylisopropylcarbonate (dinobuton),
      2-(1-methyl-n-heptyl)-4,6-dinitrophenylcrotonate (dinocap),
      methyl-2,6-dinitro-4-(1-ethylhexyl)phenylcarbonate +
      methyl-2,6-dinitro-4-(1-propylphenyl)phenylcarbonate (dinocton p),
      4-nonyl-2,6-dinitrophenylbutyrate, and
      S-methyl-2-(1-methyl-n-heptyl)-4,6-dinitrophenylthiocarbonate;
PAC  Aniline derivatives
PAR  2,6-dichloro-4-nitroaniline (dichloran), 2-cyanoethyl-N-phenylcarbamate,
      propynyl-N-phenylcarbamate, and .alpha.-(2-bromoacetoxy)-actanilide;
PAC  Quinone derivatives
PAR  2,3,5,6-tetrachlorobenzoquinone(1,4) (chloranil),
      2,3-dichloronaphthoquinone(1,4) (dichlone),
      2-amino-3-chloronaphthoquinone(1,4),
      2,3,6,7-tetrachloro-4.alpha.,8.alpha.-epoxy-1,2,3,4,4a,8a-hexahydro-1,4-me
     thanonaphthalene-5,8-dione, and quinonoximebenzoylhydrazone (benquinox);
PAC  Trichloromethylthio derivatives
PAR  N-(trichloromethylthio)phthalimide (folpet),
      N-(trichloromethylthio)cyclohex-4-ene-1,2-dicarboximide (captan),
      N-(1,1,2,2-tetrachloroethylthio)cyclohex-4-ene-1,2-dicarboximide
      (captafol), N-methanesulphonyl-N-trichloromethylthio-para-chloroaniline,
      N'-dichlorofluoromethylthio-NN-dimethyl-N'-phenylsulphamide
      (dichlofluanid), and S-(2-pyridyl-1-oxide)-S'-trichloromethyl disulphide;
      hydrochloride;
PAC  Organic Phosphates
PAR   O,O,O-trimethylthiophosphate, O,O-diethylphthalimidophosphonothioate,
      5-amino-bis-(dimethylamido)phosphinyl-3-phenyl-1,2,4-triazolo
      (triamiphos), 5-methylamino-bis(dimethylamido)phosphinyl-3-phenyl-1,2,4-tr
     iazole, O,O-diethyl-O- 2-pyrazinylphosphorthicate,
      O-ethyl-S,S-diphenyldithiolphosphate,
      O-ethyl-S-benzylphenyldithiophosphonate, and
      O,O-diethyl-S-benzylthiolphosphate;
PAC  Dithiocarbamates
PAR  zinc salt of dithiocarbazine acid, sodium-N-methyldithiocarbamate (metham),
      sodium-N-methoxyethyldithiocarbamate, sodium-N,N-dimethyldithiocarbamate
      (DDC), ammonium-N,N-dimethyldithiocarbamate,
      zinc-N,N-dimethyldithiocarbamate (ziram), iron-N,N-dimethyldithiocarbamate
      (ferbam), copper-N,N-dimethyldithiocarbamate,
      disodium-ethylene-1,2-bis-dithiocarbamate (nabam),
      zinc-ethylene-1,2-bis-dithiocarbamate (zineb),
      iron-ethylene-1,2-bis-dithiocarbamate,
      manganese(II)-ethylene-1,2-bis-dithiocarbamate (maneb),
      calcium-ethylene-1,2-bis-dithiocarbamate,
      ammonium-ethylene-1,2-bis-dithiocarbamate,
      zinc-propylene-1,2-bis-dithiocarbamate (mezineb) (propineb),
      bis(dimethylthiocarbamyl) ethylene-1,2-bis-dithiocarbamate, complex
      consisting (maneb) and zinc salt (manozeb), tetra-ethylthiuram
      monosulphide, bis-(N,N-dimethyldithiocarbamylmercapto)-methylarsine,
      tetramethylthiuramdisulphide (thiram), dipyrrolidylthiuramdisulphide,
      N,N'-bis-(dimethylamino)thiuramdisulphide polyethylenethiuramsulphide, and
      complex consisting of (zineb) and polyethylenethiuramdisulphide (metiram);
PAC  O-Heterocycles
PAR  bis-(3,4-dichloro-2(5)-furanoyl)ether (mucochloric anhydride
      2-methoxymethyl-5-nitrofuran, 5-nitrofurfuraldoxime-(2),
      5-nitorfurfurylamideoxime-(2), and
      1-hydroxy-3-acetyl-6-methylcyclohexene-(5)-dione-(2,4) (dehydroacetic
      acid);
PAC  1-N-Heterocycles
PAR  3-[2-(3,5-dimethyl-2-hydroxycyclohexyl)-2-hydroxyethyl]-glutarimide
      (cycloheximide), phthalimide, pyridine-2-thiol-1-oxide or
      1-hydroxypyridine-2-thione, zinc salt of pyridine-2-thiol-1-oxide,
      manganese(I) salt of pyridine-2-thiol-1- oxide,
      S-1(1-oxido-2-pyridyl)isothiuronium chloride
      .alpha.,.alpha.-bis(4-chlorophenyl)-3-pyridinemethanol (parinol),
      8-hydroxyquinoline (8-quinolinol), 8-hydroxyquinoline sulphate (quinosol),
      benzoyl-8-hydroxyquinoline salicylate,
      3-(2-methylpiperidino)propyl-3,4-dichlorobenzoate,
      6-ethoxy-1,2-dihydro-2,2,4-trimethylquinoline (ethoxyquin),
      N-lauryl-isoquinolinium bromide,
      9-(para-n-hexyloxyphenyl)-10-methylacridinium chloride, and
      9-(para-n-hexyloxyphenyl)-10-methylacridinium-para-toluene sulphonate;
PAC  2- and 3-N-heterocycles
PAR  2-n-heptadecylimidazolidine acetate (glyodine),
      1-hydroxyethyl-2-heptadecylimidazolidine,
      1-phenyl-3,5-dimethyl-4-nitrosopyrazole,
      1-para-chlorophenyl-3,5-dimethyl-4-nitorsopyrazole,
      1-para-sulphamylphenyl-3,5-dimethyl-4-nitrosopyrazole,
      N-(1-phenyl-2-nitropropyl)piperazine,
      2-dimethylamino-6-methyl-5-n-butyl-4-hydroxypyrimidine,
      N-dodecyl-1,4,5,6-tetrahydropyrimidine,
      N-dodecyl-2-methyl-1,4,5,6-tetrahydropyrimidine,
      2-n-heptadecyltetrahydropyrimidine,
      1-(4-amino-4-propyl-5-pyrimidylmethyl)-2-methylpyridinium chloride
      hydrochloride, 2-(2'-furyl)benzimidazole (furidazole),
      3-dodecyl-1-methyl-2-phenylbenzimidazolium ferricyanide,
      methyl-N-benzimidazol-2-yl-N-(butylcarbamoyl)carbamate (benomyl),
      2-(ortho-chloroanilino) 4,6-dichloro-sym.-triazine, and
      2-ethylamino-6-methyl-5-n-butyl-4-hydroxypyrimidine;
PAC  S-Heterocycles
PAR  5-chloro-4-phenyl-1,2-dithiol-3-one, 2,3-dicyano-1,4-dithia-anthraquinone
      (dithianone), and 2-(4-thiazolyl)benzimidazole;
PAC  NO-, NS- and OS-heterocycles
PAR  4-(2-chlorophenylhydrazono)-3-methyl-5-isoxazolone (drazoxolone),
      thiazolidinone-4-thione-(2) (rhodanine),
      3-(parachlorophenyl)-5-methylrhodanine,
      3,5-dimethyltetrahydro-1,3,5-thiadiazine-2-thione (dazomet),
      3,3'-ethylene-bis(tetrahydro-4,6-dimethyl)-2H-1,3,5-thiadazine-2-thione)
      (milneb), 3-benzylidene-amino-4-phenylthiazoline-2-thione,
      6-chlorobenzthiazole-2-thiol zinc salt,
      6-.beta.-diethylaminoethoxy-2-dimethylamino-benzthiazole dihydrochloride,
      monoethanolammonium-benzthiazole-2-thiol,
      laurylpyridinium-5-chloro-2-mercaptobenzthiazole, zinc and sodium salts of
      2-mercaptobenzthiazole and dimethyldithiocarbamate,
      6-(.beta.-diethylaminoethoxy)-2-dimethylaminobenzthiazole dihydrochloride,
      3-trichloromethylthiobenzothiazolone, 3-trichloromethylthiobenzoxazolone,
      3-(trichloromethyl)-5-ethoxy-1,2,4-thiadiazole,
      6-methyl-2-oxo-1,3-dithiolo[4,5-b]-quinoxaline (quinomethionate),
      2-thio-1,3-dithiolo[4,5-b]quinoxaline (thioquinox),
      2,3-dihydro-5-carboxanilido-6-methyl-1,4-oxathine,
      3,3,4,4-tetrachlorotetrahydrothiophene-1,1-dioxixide, and
      2,3-dihydro-5-carboxanilido-6-methyl-1,4-oxanthine-4,4-dioxide;
PAC  Quaternary ammonium compounds
PAR  cetyl-trimethylammonium bromide, n-alkyl(C.sub.12, C.sub.14, C.sub.16)
      dimethylbenzylammonium chloride, alkenyl-dimethylethylammonium bromide,
      dialkyldimethylammonium bromide, alkyldimethylbenzylammonium chloride,
      alkyl C.sub.9 -C.sub.15 tolylmethyltrimethylammonium chloride,
      di-isobutylcresoxyethyldimethylbenzylammonium chloride,
      para-di-isobutylphenoxyethoxyethyldimethylbenzylammonium chloride, and
      benzoyltrimethylammonium bromide;
PAC  Fungicidal antibiotics
PAR  Gliotoxin, 2,4-diguanidino-3,5,6-trihydroxycyclohexyl
      5-deoxy-2-O-(2-deoxy-2-methylamino-.alpha.-L-glucopyranosyl)3-C-formyl-.be
     ta.-L-hyxopentanofuranoside (streptomycin),
      7-chloro-4,6-dimethoxycoumaran-3-one-2-spiro-1'-(2'-methoxy-6'-methylcyclo
     hex-2'-en-4'-one) (griseofulvin),
      4-dimethylamino-1,4,4.alpha.,5,5.alpha.,6,11,12.alpha.-octahydro-3,5,6,10,
     12,12.alpha.-hexahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboximide
      (oxytetracycline),
      7-chloro-4-dimethylamino-1,4,4.alpha.,5,5.alpha.,6,11,12.alpha.-octahydro-
     3,6,10,12,12.alpha.-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboximi
     de (chlorotetracycline), (pimaricin), (lancomycin), (phleomycin),
      (kasugamycin), (phytoactin),
      D(-)-threo-2,2-dichloro-N-[.beta.-hydroxy-.alpha.-(hydroxymethyl)-para-nit
     orphenethyl]aretamide (chloramphenicol), and
      blasticidine-S-benzylaminobenzene-sulphonate;
PAC  Miscellaneous substances
PAR  N-(3-nitrophenyl)itaconimide, phenoxyacetic acid,
      sodiumpara-dimethylaminobenzenediazosulphonate, acroleinephenylhydrazone,
      2-chloroacetaldehyde(2,4-dinitrophenyl)-hydrazone,
      2-chloro-3-(tolysulphonyl)-propionitrile,
      1-chloro-2-phenylpentanediol(4,5)-thione(3),
      para-nonylphenoxypolyethyleneoxyethanol-iodine complex,
      (.alpha.-nitromethyl-ortho-chlorobenzylthioethylamine hydrochloride,
      3-(paratert.-butylphenylsulphonyl)acrylonitrile, octachlorocyclohexanone,
      pentachlorobenzyl alcohol, pentachlorobenzyl acetate,
      pentachlorobenzaldehyde cyanohydrin, 2-norcamphanemethanol,
      2,6-bis-(dimethylaminomethyl)-cyclohexanone,
      decachloro-octahydro-1,3,4-methano-2H-cyclobuta[ed]-pentalen-2-one,
      1-(3-chloroallyl)-3,5,7-triaza-1-azoiaadamantane chloride, coal tar, and
      blast furnace tar;
PAC  Mixtures
PAR  nickel sulphate/maneb mixture, maneb/mercaptobenzthiazole mixture,
      zineb/mercaptobenzthiazole mixture, zineb/nickel (II) chloride mixture,
      zineb/nickel(II) sulphate mixture, ziram/basic copper sulphate mixture,
      ziram/zinc/mercaptobenzthiazole mixture, thiram/cadmium hydrochloride
      mixture, thiram/hydroxymercury chlorophenol mixture, thiram/phenylmercury
      acetate mixture, polyethylene/bis-thiouram sulphide/copper oxychloride
      mixture, methylarsine/bis-(dimethyldithiocarbamate)/ziram/thiram mixture,
      folpet/phenylmercury acetate mixture, dodine/ferbam/sulphur mixture,
      diethianone/copper oxychloride mixture, dichlone/ferbam/sulphur mixture,
      dinocap/dinitrooctylphenol mixture, captan/quintozene/tribasic copper
      sulphate mixture, cadmium propionate/phenylmercury propionate mixture,
      formaldehyde/urea mixture and phenylammonium cadmium
      dilactate/phenylmercury formamide mixture.
PAR  The following examples illustrate but in no way limit the invention as
      hereinbefore described. Temperatures are given in degrees centigrade and
      parts by weight.
DETD
PAC  EXAMPLE 1
PAR  a. An amount of 230 g. of 2-bornylamine is dissolved in 1000 ml. of
      absolute toluene; into this solution at 30.degree.-40.degree. are fed 60
      g. of dried hydrogen chloride gas, and into the obtained suspension at
      100.degree. are subsequently introduced 160 g. of dried phosgene within 5
      hours. After cooling, the excess phosgene is removed by the passing
      through of a strong flow of air. The clear solution is concentrated in
      vacuo to dryness and the residue distilled. The 2-bornylisocyanate has the
      B.P.: 102.degree.-104.degree., 12 Torr; and M.P.: 65.degree..
PAR  b. To a solution of 245 g. of 2-bornylisocyanate in 700 ml. of absolute
      tetrahydrofuran is added dropwise at 20.degree.-30.degree.  a solution of
      215 g. of 5-nonanone-oxime in 300 ml. of tetrahydrofuran. The clear
      solution is afterwards stirred for 5 hours at 40.degree.; it is then
      allowed to cool before being concentrated in vacuo. The
      0-(bornyl(2)-carbamoyl)-5-nonanone-oxime has the B.P.:
      95.degree.-100.degree. at 0.4 Torr. (Compound No 1)
PAR  The following compounds are prepared in a analogous manner.
TBL  No.  Compounds                           Physical data                    

     __________________________________________________________________________

     2    O-(Dodecyl-carbamoyl)-2-butanone-oxime                               

                                              B.P.: 127 - 136.degree./0,03     

     3    O-(Dodecyl-carbamoyl)-4,4-dimethoxy-2-butanone-oxime                 

                                              B.P.: 68 - 70.degree.            

     4    O-(Bornyl(2)-carbamoyl)-4,4-dimethoxy-2-butanone-oxime               

                                              B.P.: 67 - 72.degree./0,03       

     5    O-(1,4-Menthyl(3)-carbamoyl)-3-heptanone-oxime                       

                                              B.P.: 62 - 64.degree./0,1        

     6    O-(Bornyl(2)-carbamoyl)-2-nonanone-oxime                             

                                              B.P.: 64 - 67.degree./0,1        

     7    O-(1,4-Menthyl(3)-carbamoyl)-3-heptanone-oxime                       

                                              B.P.: 69.degree./0,04            

     8    O-(1,4-Menthyl(3)-carbamoyl)-2-methyl-7-ethyl-4-nonanone-oxime       

                                              B.P.: 82.degree./0,3             

     9    O-(1,3,3-Trimethyl-norbonyl(2)-carbamoyl)-2-methyl-7-ethyl-4-nona-   

                                              B.P.: 77 - 78.degree./0,04       

          none-oxime                                                           

     10   O-(Dodecyl-carbamoyl)-5-nonanone-oxime                               

                                              B.P.: 170.degree./0,02           

     11   O-(3,5,5-Trimethyl-cyclohexen(2)-yl-carbamoyl)-5-nonanone-oxime      

                                              B.P.: 72 - 78.degree./0,02       

     12   O-(1,4-Menthyl(3)-carbamoyl)-5-nonanone-oxime                        

                                              B.P.: 98 - 102 /0,02             

     13   O-[Bicyclo[4.1.0]heptyl(7)-carbamoyl]-5-nonanone-oxime               

                                              B.P.: 79 - 82.degree./0,02       

     14   O-(1,3,3-Trimethyl-norbornyl(2)-carbamoyl)-5-nonanone-oxime          

                                              B.P.: 74 - 76.degree./0,01       

     15   O-(Dodecyl-carbamoyl)-benzaldehyde-oxime                             

                                              M.P.: 67 - 69.degree.            

     16   O-(Dodecyl-carbamoyl)-4-chlorobenzaldehyde-oxime                     

                                              M.P.: 58 - 60.degree.            

     17   O-(Cyclohexyl-carbamoyl)-benzaldehyde-oxime                          

                                              M.P.: 128 - 130.degree.          

     18   O-(Cyclohexyl-carbamoyl)-4-chlorobenzaldehyde-oxime                  

                                              M.P.: 134 - 137.degree.          

     19   O-(Bornyl(2)-carbamoyl)-4-chlorobenzaldehyde-oxime                   

                                              M.P.: 132 - 134.degree.          

     20   O-(Dodecyl-carbamoyl)-acetophenone-oxime                             

                                              M.P.: 59 - 61.degree.            

     21   O-(Cyclohexyl-carbamoyl)-acetophenone-oxime                          

                                              n.sub.D.sup.40 = 1.5495          

     22   O-(1,3,3-Trimethyl-norbornyl(2)-carbamoyl)-aceto-phenone-oxime       

                                              B.P.: 78 - 81.degree./0,02       

     23   O-(Dodecyl-carbamoyl)-propio-phenone-oxime                           

                                              M.P.: 68 - 70.degree.            

     24   O-(Bornyl(2)-carbamoyl)-propiophenone-oxime                          

                                              nondistillable                   

                                              oil                              

     25   O-(1,4-Menthyl(3)-carbamoyl)-4-phenyl-2-butanone-oxime               

                                              B.P.: 101 - 105.degree./0.6      

     26   O-(1,3,3-Trimethyl-norbornyl(2)-carbamoyl)-4-phenyl-2-butanone-oxime 

                                              M.P.: 115 - 117.degree.          

     27   O-(Bornyl(2)-carbamoyl)-4-phenyl-2-butanone-oxime                    

                                              B.P.: 110 - 112.degree./0.7      

     28   O-(Dodecyl-carbamoyl)-cyclopentanone-oxime                           

                                              M.P.: 48 - 50.degree.            

     29   O-(Cyclohexyl-carbamoyl)-cyclopentanone-oxime                        

                                              M.P.: 49 - 50.degree.            

     30   O-(3,5,5-Trimethyl-cyclohexen(2)-yl-carbamoyl)-cyclopentanone-oxime  

                                              M.P.: 111 - 113.degree.          

     31   O-(1,4-Menthyl(3)-carbamoyl)-cyclopentanone-oxime                    

                                              M.P.: 97 - 100.degree.           

     32   O-(Bornyl(2)-carbamoyl)-cyclopentanone-oxime                         

                                              M.P.: 60 - 62.degree.            

     33   O-(3,5,5-Trimethyl-cyclohexen(2)-yl-carbamoyl)-cyclohexanone-oxime   

                                              M.P.: 58 - 62.degree.            

     34   O-(1,4-Menthyl(3)-carbamoyl)-cyclohexanone-oxime                     

                                              M.P.: 83 - 85.degree.            

     35   O-(1,3,3-Trimethyl-norbornyl(2)-carbamoyl)-cyclohexanone-oxime       

                                              M.P.: 112 - 114.degree.          

     36   O-(Bornyl(2)-carbamoyl)-cyclohexanone-oxime                          

                                              n.sub.D.sup.40 = 1.5103          

     37   O-(3,5,5-Trimethyl-cyclohexen(2)-yl-carbamoyl)-cycloheptanone-oxime  

                                              B.P.: 72 - 73.degree./0.02       

     38   O-(1,4-Menthyl(3)-carbamoyl)-cycloheptanone-oxime                    

                                              B.P.: 120.degree./0.02           

     39   O-(1,3,3-Trimethyl-norbornyl(2)-carbamoyl)-cycloheptanone-oxime      

                                              M.P.: 85 - 87.degree.            

     40   O-[Bicyclo[4.1.0]heptyl(7)-carbamoyl]-cycloheptanone-oxime           

                                              M.P.: 70 - 72.degree.            

     41   O-(Bornyl(2)-carbamoyl)-cycloheptanone-oxime                         

                                              n.sub.D.sup.40 = 1.5092          

     42   O-(Dodecyl-carbamoyl)-cyclododecanone-oxime                          

                                              n.sub.D.sup.40 = 1.4830          

     43   O-(1,3,3-Trimethyl-norbornyl(2)-carbamoyl)-cyclododecanone-oxime     

                                              M.P.: 133 - 135.degree.          

     44   O-(1,4-Menthyl(3)-carbamoyl)-1,4-menthone(3)-oxime                   

                                              B.P.: 87 - 89.degree./0,2        

     45   O-(1,3,3-Trimethyl-norbornyl(2)-carbamoyl)-1,4-menthone(3)-oxime     

                                              B.P.: 94 - 96.degree./0,09       

     46   O-(Bornyl(2)-carbamoyl)-1,4-menthone(3)-oxime                        

                                              B.P.: 130 - 135.degree./0,5      

     47   O-(1,4-Menthyl(3)-carbamoyl)-2-bornanone-oxime                       

                                              n.sub.D.sup.20 = 1.4984          

     48   O-(1,3,3-Trimethyl-norbornyl(2)-carbamoyl)-2-bornanone-oxime         

                                              M.P.: 152 - 155.degree.          

     49   O-(Bornyl(2)-carbamoyl)-bornanone(2)-oxime                           

                                              M.P.: 181 - 184.degree.          

     50   O-(1,3,3-Trimethyl-norbornyl(2)-carbamoyl)-tricyclo[2.2.1.0.sup.2.6  

          ]-                                                                   

          3-heptanone-oxime                   B.P.: 126 - 130.degree./0,2      

     51   O-(Bornyl(2)-carbamoyl)-tricyclo[2.2.1.0.sup.2.6 ]-3-heptanone-oxime 

                                              n.sub.D.sup.40 = 1.5193          

     52   O-(Octyl-carbamoyl)-bornanone (2)-oxime                              

                                              n.sub.D.sup.26 = 1.4895          

     53   O-(Decyl-carbamoyl)-bornanone (2)-oxime                              

                                              n.sub.D.sup.26 = 1.4867          

     54   O-(Dodecyl-carbamoyl)-bornanone (2)-oxime                            

                                              n.sub.D.sup.26 = 1.4861          

     55   O-(Tetradecyl-carbamoyl)-bornanone (2)-oxime                         

                                              M.P. 52 - 54.degree.             

     56   O-(Cyclohexyl-carbamoyl)-bornanone (2)-oxime                         

                                              n.sub.D.sup.30 = 1.5092          

     57   O-(Cyclooctyl-carbamoyl)-bornanone (2)-oxime                         

                                              n.sub.D.sup.26 = 1.5119          

     58   O-(Benzyl-carbamoyl)-bornanone (2)-oxime                             

                                              M.P. 75 - 79.degree.             

     59   O-(1,4-Menthyl (3)-carbamoyl)-tricyclo[2.2.1.0.sup.2.6 ]-            

          3-heptanone-oxime                   M.P. 131 - 132.degree.           

     __________________________________________________________________________

PAC  EXAMPLE 2
PAC  A. Dusting agents
PAR  For the preparation of (a) a 10% dust, (b) a 5% dust, and (c) a 2% dust,
      the following materials are used:
PAC  a.
PA1  10 parts of 0-(3,5,5-trimethylcyclohexen(2)-yl-carbamoyl)-5-nonanone-oxime,
      (No. 11)
PA1  5 parts of highly dispersed silicic acid,
PA1  85 parts of talcum;
PAC  b.
PA1  5 parts of
      0-(3,5,5-trimethylcyclohexen(2)-yl-carbamoyl)-cycloheptanone-oxime, (No.
      37)
PA1  95 parts of talcum;
PAC  c.
PA1  2 parts of 0-(bornyl(2)-carbamoyl)-5-nonanone-oxime,
PA1  1 part of highly dispersed silicic acid, (No. 1)
PA1  97 parts of talcum.
PAR  The above listed active substances are intimately mixed and ground with the
      carriers. The thus obtained fungicidal dusting agents are used for the
      treatment of the soil of seed beds, or for the dusting of plants.
PAC  B. Wettable powders
PAR  The following constituents are used for the preparation of (a) a 50%, (b) a
      40%, (c) a 25%, and (d) a 10% wettable powder:
PAC  a.
PA1  50 parts of 0-(bicyclo[4.1.0]heptyl-carbamoyl)-cycloheptanone-oxime, (No.
      40)
PA1  5 parts of naphthalenesulphonic acid-benzenesulphonic acid formaldehyde
      condensate,
PA1  5 parts of dibutylnaphthalenesulphonic acid,
PA1  5 parts of Champagne chalk,
PA1  20 parts of silicic acid,
PA1  15 parts of kaolin;
PAC  b.
PA1  40 parts of 0-(cyclohexyl-carbamoyl)-acetophenone-oxime,(No.21)
PA1  1 part of dibutylnaphthalenesulphonic acid,
PA1  5 parts of ligninsulphonic acid-sodium salt,
PA1  2 parts of 1:1 mixture of Champagne chalk and hydroxyethyl cellulose,
PA1  30 parts of kaolin,
PA1  22 parts of sodium-aluminum-silicate;
PAC  c.
PA1  25 parts of 0-(bornyl(2)-carbamoyl)-5-nonanone-oxime,(No. 1)
PA1  5 parts of oleyl methyl tauride sodium salt,
PA1  2.5 parts of naphthalenesulphonic acid-formaldehyde-condensate,
PA1  0.5 parts of carboxymethyl cellulose,
PA1  5 parts of neutral potassium aluminium silicate,
PA1  62 parts of talcum;
PAC  d.
PA1  10 parts of
      O-(3,5,5-trimethylcyclohexen(2)-yl-carbamoyl)-cycloheptanone-oxime, (No.
      37)
PA1  3 parts of a mixture of the sodium salt of saturated fatty alcohol
      sulphates,
PA1  5 parts of naphthalenesulphonic acid-formaldehyde-condensate,
PA1  82 parts of kaolin.
PAR  The active substances are intimately mixed, in suitable mixers, with the
      additives, and then ground on suitable grinding mills and rollers.
      Wettable powders are thus obtained which can be diluted with water to form
      suspensions of any desired concentration. Such suspensions are used mainly
      for the protection of plants.
PAC  C. Paste
PAR  The following materials are used for the preparation of a 45% paste:
PA1  45 parts of O-(cyclohexyl-carbamoyl)-acetophenone-oxime, (No. 21)
PA1  5 parts of sodium aluminum silicate,
PA1  14 parts of cetyl polyglycol ether with 8 moles of ethylene oxide,
PA1  1 part of oleyl polyglycol ether with 5 moles of ethylene oxide,
PA1  2 parts of spindle oil,
PA1  10 parts of polyethylene glycol,
PA1  23 parts of water.
PAR  The active substance is intimately mixed and ground, in suitable equipment,
      with the additives. A paste is obtained, from which can be produced, by
      dilution with water, suspensions of any desired concentration. These
      suspensions are mainly used for plant protection.
PAC  D. Emulsion
PAR  The following ingredients are mixed together for the preparation of a 10%
      emulsion concentrate:
PA1  10 parts of O-(1,4-methyl-(3)-carbamoyl)-cyclopentanone-oxime, (No. 31)
PA1  55 parts of xylene,
PA1  32 parts of dimethylformamide,
PA1  3 parts of composite emulsifier (nonylphenolpolyoxyethylene- and
      dodecylbenzene-Ca-sulphonate).
PAR  This concentrate can be diluted with water to obtain emulsion of a
      concentration suitable for plant protection.
PAC  EXAMPLE 3
PAC  Action against Botrytis cinerea on Vicia faba (broad beans)
PAR  Petri dishes were lined with moist filter paper and into each dish were
      then placed three well developed and uniformly large leaves of Vicia faba;
      the leaves were subsequently sprayed until dripping wet with a liquor
      prepared from the active substance in the form of wettable powder (0.1 %
      active substance content). After the leaves had again become dry they were
      infected with a freshly prepared fungi spore suspension and kept for 1-2
      days in a moist atmosphere at 18.degree.-20.degree.C. After this time
      there firstly appeared on the leaves small black specks which rapidly
      spread. The number and magnitude of the areas of infection serve as a
      criterion for the assessment of the effectiveness of the test substance.
PAR  The interpretation of the numbers used in the following table is given
      below:
PA1  10 = ineffective, infection equally as severe as in the case of the
      untreated control plants;
PA1  9-1 = linear decrease in infection;
PA1  0 = no infection.
TBL  No.  Compound                                                             

     __________________________________________________________________________

     31   O-(1,4-Menthyl(3)-carbamoyl)-cyclopentanone-oxime                    

                                      3                                        

     30   O-(3,5,5-Trimethyl-cyclohexen(2)-yl-carbamoyl)-                      

          cyclopentanone-oxime        1                                        

     37   O-(3,5,5-Trimethyl-cyclohexen(2)-yl-carbamoyl)-                      

          cycloheptanone-oxime        2                                        

     2    O-(Dodecyl-carbamoyl)-2-butanone-oxime                               

                                      0                                        

     3    O-(Dodecyl-carbamoyl)-4,4-dimethoxy-2-butanone-oxime                 

                                      3                                        

     42   O-(Dodecyl-carbamoyl)-cyclododecanone-oxime                          

                                      1                                        

     20   O-(Dodecyl-carbamoyl)-acetophenone-oxime                             

                                      0                                        

     4    O-(Bornyl(2)-carbamoyl)-4,4-dimethoxy-2-butanone-                    

          oxime                       4                                        

     32   O-(Bornyl(2)-carbamoyl)-cyclopentanone-oxime                         

                                      0                                        

     36   O-(Bornyl(2)-carbamoyl)-cyclohexanone-oxime                          

                                      0                                        

     41   )-(Bornyl(2)-carbamoyl)-cycloheptanone-oxime                         

                                      2                                        

     35   O-(1,3,3-Trimethyl-norbornyl(2)-carbamoyl)-cyclo-                    

          hexanone-oxime              3                                        

     39   O-(1,3,3-Trimethyl-norbornyl(2)-carbamoyl)-cyclo-                    

          heptanone-oxime             3                                        

     17   O-(Cyclohexyl-carbamoyl)-benzaldehyde-oxime                          

                                      3                                        

          O-(Octahydro-1,2,4-methenopentalenyl(5)-carbamoyl)-                  

          propiophenone*              10                                       

          O-(Octahydro-1,2,4-methenopentalenyl(5)-carbamoyl)-                  

          5-nonanone-oxime*           8                                        

     __________________________________________________________________________

      *known from the French Patent Specification No. 1,549,790                

PAC  EXAMPLE 4
PAC  Action on Erysiphe cichoracearum (powdery mildew of cucumbers) on cucumbers
      (Cucumis sativus)
PAR  Young cucumber plants were sprayed dripping wet with a 1 % suspension of
      the active substances formulated as wettable powder. When the plants were
      again dry they were infected with a spore suspension of powdery mildew of
      cucumbers, and subsequently placed in a green-house at ca. 23.degree..
      After 8 days the degree of infection (proportion of leaf-surface covered
      by fungal coating) on the infected treated leaves compared with that on
      infected untreated control specimens is determined.
PAR  The interpretation of the numbers appearing in the following table is given
      below:
PA1  10 = ineffective, infection equally as severe as that obtained on the
      untreated control plants;
PA1  9-1 = linear descrease in degree of infection;
PA1  0 = no infection.
TBL  No.  Compound                                                             

     __________________________________________________________________________

      1   O-(Bornyl(2)-carbamoyl)-5-nonanone-oxime                             

                                      0                                        

     17   O-(Cyclohexyl-carbamoyl)-benzaldehyde-oxime                          

                                      4                                        

     11   O-(3,5,5-Trimethyl-cyclohexen(2)-yl-carbamoyl)-                      

          5-nonanone-oxime            2                                        

     30   O-(3,5,5-Trimethyl-cyclohexen(2)-yl-carbamoyl)-                      

          cyclopentanone-oxime        4                                        

     13   O-(Bicyclo[4.1.0]heptyl-carbamoyl)-5-nonanone-oxime                  

                                      1                                        

     40   O-(Bicyclo[4.1.0]heptyl-carbamoyl)-cycloheptanone-                   

          oxime                       3                                        

          O-(Oktahydro-1,2,4-methenopentalenyl(5)-carbamoyl)-                  

          pentanone-oxime*            10                                       

     __________________________________________________________________________

      *known from the French Patent Specification No. 1,549,790                

PAC  EXAMPLE 5
PAC  Action against Phytophthora infestans (blight on leaves and tubers) on
      tomatoes (solanum lycopersicum)
PAR  Tomatoes of the same type and in an identical stage of development were
      sprayed with a liquor of 0.1 % of active substance (prepared from the
      active substance processed into the form of a wettable powder). When the
      tomatoes were again dry they were infected with a spore suspension of
      Phytophthora infestans and kept for about 6 days in a green-house at
      18.degree.-20.degree. with a high level of atmospheric moisture (95- 100
      %). After this period they exhibit typical leaf spots. An assessment of
      the tested substances was made on the basis of the number and size of the
      leaf spots.
PAR  The interpretation of the number appearing in the following table is given
      below:
PA1  10 = ineffective, infection equal to that on the untreated control plants;
PA1  9- 1 = linear decrease in degree of infection;
PA1  0 = no infection.
TBL  No.  Compound                                                             

     ______________________________________                                    

     49   O-(Bornyl(2)-carbamoyl)-2-bornanone-oxime                            

                                       4                                       

     21   O-(Cyclohexyl-carbamoyl)-acetophenone-oxime                          

                                       4                                       

      5   O-(1,4-Menthyl(3)-carbamoyl)-2-nonanone-oxime                        

                                       4                                       

     44   O-(1,4-Menthyl(3)-carbamoyl)-1,4-menthon-(3)-                        

                                       4                                       

          oxime                                                                

     ______________________________________                                    

PAC  EXAMPLE 6
PAC  Action on Uromyces appendiculates (bean rust) on beans (Phaseolus vulgaris)
PAR  Bean plants in the two-leaf stage were sprayed until dripping wet with a
      suspension of the active substances made up as wettable powder (conc. 0.1
      % of active substance). When the plants were again dry they were infected
      with a freshly prepared bean rust spore suspension (5 plants per product),
      and kept for 1 day in a moist chamber and then in a green-house at
      20.degree.-22.degree.. Evaluation of the test results is based on the
      number of rust spots present after about 8-12 days.
PAR  The numbers in the following table have the meanings given below:
PA1  10 = ineffective, infection equally as severe as that on the untreated
      control plants;
PA1  9-1 = linear decrease in degree of infection;
PA1  0 = no infection.
TBL  No.                                                                       

        Compound                                                               

     __________________________________________________________________________

     11 O-(3,5,5-Trimethyl-cyclohexen(2)-yl-carbamoyl)-                        

        5-nonanone-oxime            4                                          

     40 O-(Bicyclo[4.1.0]heptyl-carbamoyl)-cycloheptanone-                     

        oxime                       0                                          

     17 O-(Cyclohexyl-carbamoyl)-benzaldehyde-oxime                            

                                    0                                          

     18 O-(Cyclohexyl-carbamoyl)-4-chlor-benzaldehyde-oxime                    

                                    1                                          

        O-(Octahydro-1,2,4-methenopentalenyl(5)-carbamoyl)-                    

        propiophenone-oxime*        10                                         

        O-(Octahydro-1,2,4-methenopentalenyl(5)-carbamoyl)-                    

        cyclohexanone-oxime*        10                                         

     __________________________________________________________________________

      *known from the French Patent Specification No. 1,549,790                

PAC  EXAMPLE 7
PAC  Action against Potato Virus-Y on pepper (Capsicum annuum)
PAR  Two separate groups of 15 pepper plants were sprayed 3 days after unfolding
      of the seedling leaves, with solutions containing 1000 and 2000 ppm of
      active substance respectively in the form of a aqueous suspension. 24
      hours after this treatment each plant was mechanically inoculated. The
      evaluation of the results was carried out 1 week later and may be
      sumarized as follows:
TBL  No.  Compound               conc.   value                                 

                                 (ppm)                                         

     ______________________________________                                    

     18   O-(Cyclohexyl-carbamoyl)-4-chloro-                                   

                                 1000    3                                     

          benzaldehyde-oxime     2000    2                                     

     33   O-(3,3,5-Trimethyl-cyclohexen(5)-yl-                                 

                                 1000    7                                     

          carbamoyl)-cyclohexanone-oxime                                       

                                 2000    2                                     

     34   O-(1,4-Menthyl(3)-carbamoyl)-                                        

                                 1000    9                                     

          cyclohexanone-oxime    2000    1                                     

     47   O-(1,4-Menthyl(3)-carbamoyl)-                                        

                                 1000    4                                     

          bornanone(2)-oxime     2000    2                                     

     48   O-(1,3,3-Trimethyl-norbornyl(2)-                                     

                                 1000    4                                     

          carbamoyl)-bornanone(2)-oxime                                        

                                 2000    2                                     

     49   O-(Bornyl(2)-carbamoyl)-bornanone-                                   

                                 1000    4                                     

          (2)-oxime              2000    4                                     

     ______________________________________                                    

PA1  10 = ineffective, infection equally severe as that on untreated control
      plants;
PA1  9-1 = linear decrease in degree of infection;
PA1  0 = no infection.
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NUM  4.
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PAR  6. O-(Bornyl(2)-carbamoyl)-5-nonanone oxime.
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ABST
PAL  A process for the preparation of cyclohexanediones-(1,3) by isomerization
      of a .delta.-enol-lactone in the presence of a strong base and a
      carboxylic acid amide, phosphoric acid amide, sulfoxide or sulfone as
      solvent.
BSUM
PAR  The present invention relates to the preparation of
      cyclohexanediones-(1,3).
PAR  It is known to prepare cyclohexanediones-(1,3by the isomerization of
      .delta.-enol-lactones having a double bond in the ring or in a semi-cyclic
      position with sodium alcoholates in benzene.
PAR  An essential disadvantage of these methods are their poor selectivity, low
      space-time yields and difficult isolation of the cyclic diketones from the
      reaction products, which are obtained in an oily form, and which also
      contain by-products preventing crystallization. These drawbacks therefore
      prevent an economic manufacture of the cyclohexanediones-(1,3).
PAR  The cyclohexanediones-(1,3) can be converted to industrially important
      resorcinols by dehydrogenation.
PAR  The present invention now provides a process for the preparation of
      cyclohexandiones-(1,3) of the formula
      ##SPC1##
PAL  Where the single radicals R are the same or different and each represent a
      hydrogen atom or an alkyl or aryl group, by isomerization of,
      respectively, a .delta.-enol-lactone having a cyclic or semicyclic double
      bond and corresponding to the formulae
      ##SPC2##
PAL  Where R is as defined above, in the presence of a solvent, with a strong
      base, wherein the solvent contains at least 50 % of a compound belonging
      to one of the following classes of substances:
PA1  1. carboxylic acid amides of the formula
      ##EQU1##
      where the single radicals R are the same or different and each represent a
      hydrogen atom or an alkyl or aryl group;
PA1  2. phosphoric acid amides of the formula
      ##EQU2##
      where R is as defined above; 3. SULFOXIDES OR SULFONES OF THE FORMULA 8N
      ##EQU3##
      where R is alkyl or aryl.
PAR  As the strong base acting as an isomerization agent, alkali metal or
      alkaline earth metal alcoholates, amides or hydrides may be used. Also
      alkali or alkaline earth metals per se or their amalgams are suitable, as
      well as alcoholic solutions of the alcoholates.
PAR  Especially suitable carboxylic acid amide solvents, which also have an
      accelerating effect on the isomerization reaction, are dimethyl formamide
      (DMF), dimethyl acetamide (DMAC) or N-methylpyrrolidone (NMP).
PAR  Among the phosphoric acid amides, an especially appropriate s0lvent is
      hexamethyl-phosphoric acid triamide.
PAR  From the class of sulfoxides and sulfones, dimethyl sulfoxide (DMSO) and
      sulfolane are preferably used as solvents.
PAR  The carboxylic acid amides, phosphoric acid amides, sulfoxides, and
      sulfones may be used in admixture with other solvents. The amount of the
      latter is generally up to 30 %, but it may be increased up to 50 %.
      Suitable mixture components are for example methanol, diethyl ether,
      acetonitrile, and benzene.
PAR  The isomerization reaction is generally carried out at a temperature of
      from 0.degree. to 150.degree.C, preferably from 15.degree. to 70.degree.C,
      without pressure and continuously or discontinuously. The solvent is
      generally used in a 10 to 10,000 fold excess, relative to the starting
      lactone. After recycling, the solvents may be used again.
PAR  The reaction proceeds with high selectivity (more than 95 %) and high
      space-time yield (more than 300 g/l. hr). Crystallized products having a
      high degree of purity are obtained. The reaction can be described by the
      following scheme, when for example 6-methyl-3,4-dihydro-2-pyranone is
      used:
      ##SPC3##
PAR  The following .delta.-enol-lactones are especially suitable as starting
      compounds: 6-methyl-3,4-dihydro-2-pyranone;
      5,6-dimethyl-3,4-dihydro-2-pyranone;
      6-methyl-5-phenyl-3,4-dihydro-2-pyranone; and
      5,5-dimethyl-6-methylene-tetrahydro-2-pyranone.
PAR  The reaction may for example be carried out as follows: the lactone to be
      isomerized is continuously added to a mixture of the isomerization agent
      and the solvent already present in a reaction vessel, with intense
      agitation and with such a speed that the concentration of free lactone
      remains at a low level. Since the solvents in accordance with the present
      invention considerably accelerate the reaction rate, feeding-in can be
      carried out very rapidly and thus space-time yields of from 300 to 600
      g/l. hr may be attained without difficulty. As soon as an amount of
      lactone equimolar to the condensation agent is added, the solvent is
      eliminated in vacuo. The salt obtained as residue is dissolved in a
      certain amount of water, and the solution is acidified with concentrated
      acid. On cooling, the cyclic diketones precipitate in a pure crystallized
      form. A small percentage may be obtained in addition by extraction from
      the aqueous mother liquor. The net yields after recrystallization are
      superior to 95 %.
PAR  The following Examples illustrate the invention
DETD
PAC  EXAMPLES 1 TO 10
PAR  A mixture of isomerization agent and solvent is introduced into a 1 liter
      four-necked flask provided with mechanical agitator, dropping funnel,
      thermometer and reflux condenser. An amount of the unsaturated lactone
      equimolar to the isomerization agent, dissolved in a certain amount of
      solvent, is added dropwise and homogeneously. The temperature is
      controlled by cooling, if necessary. The conversion is observed by means
      of gas chromatography. As long as free isomerization agent is present, the
      conversion is practically momentary.
PAR  After complete reaction, the solvent is eliminated in vacuo, the residue is
      digested with ether, dissolved in a small amount of water, and the
      solution is acidified with concentrated hydrochloric acid.
PAR  When benzene is used as solvent (Example 1 ), a yellow-brown oil is
      separated by acidification of the aqueous alkali metal salt solution, from
      which oil a small amount of dihydroresorcinol is obtained by complicated
      crystallization. The yield is 37 %. However, when the reaction is carried
      out in DMF, DMSO or DMAC (Examples 2, 3, and 5), a practically pure,
      crystallized dihydroresorcinol is obtained with high yields on
      acidification with cooling by ice. The same goes for the use of
      DMF/methanol and DMF/diethyl ether mixtures.
PAR  A small amount may be additionally obtained from the aqueous phase by
      extraction with methylene chloride. After recrystallization from benzene
      or ethyl acetate, the yield is superior to 95 %.
TBL  Examples 1 to 7                                                           

               Isomerization of 6-methyl-3,4-dihydro-2-pyranone (MDP) to       

               dihydroresorcinol                                               

     Example                                                                   

          Solvent                                                              

               .sup.(1)                                                        

                   MDP.sup.(2)                                                 

                         Isomerization                                         

                                 Reaction time                                 

               ml  Solvent                                                     

                         agent   min.                                          

                   g/ml  Kind g                                                

     __________________________________________________________________________

     1    Benzene                                                              

               450 37.5/50                                                     

                         NaOCH.sub.3                                           

                              30 480                                           

     2    DMF  250 37.5/50                                                     

                         NaOCH.sub.3                                           

                              20 30                                            

     3    DMSO 250 37.5/100                                                    

                         NaOCH.sub.3                                           

                              20 60                                            

     4    DMSO 250 37.5/100                                                    

                         NaH  10 60                                            

     5    DMAC 250 37.5/100                                                    

                         NaOCH.sub.3                                           

                              20 60                                            

     6    DMF/ 240 37.5/80                                                     

                         NaOCH.sub.3                                           

                              20 60                                            

          methanol                                                             

          5 : 1                                                                

     7    DMF/ 240 37.5/80                                                     

                         NaOCH.sub.3                                           

                              20 60                                            

          diethyl                                                              

          ether                                                                

          5 : 1                                                                

     __________________________________________________________________________

     Example                                                                   

          Temperature                                                          

                 H.sub.2 O .sup.(3)                                            

                       conc. HCL .sup.(4)                                      

                                Yield .sup.(5)                                 

                                         STY  Mp                               

          .degree.C                                                            

                 ml    ml       % of the theor.                                

                                         g/l.h.sup.(6)                         

                                              .degree.C                        

                                yield                                          

     __________________________________________________________________________

     1    25-80.1                                                              

                 50    46       37       3    103                              

     2    25     55    31       96.3     217  104                              

     3    23     50    31       93.6     87   104                              

     4    25     50    31       94.5     88   104                              

     5    25     55    31       90.0     84   105                              

     6    25     50    31       33.0     83   103                              

     7    25     50    31       92.0     93   104                              

     __________________________________________________________________________

      6;7-                                                                     

      .sup.(1) introduced first                                                

      .sup.(2) g MDP per ml of solvent in dropping funnel;                     

      .sup.(3) H.sub.2 O added for dissolving the Na-dihydroresorcinol;        

      .sup.(4) conc. hydrochloric acid for precipitating the cyclic dione;     

      .sup.(5) yield after recrystallization from benzene;                     

      .sup.(6) space-time yield                                                

TBL  Examples 8, 9:                                                            

                   Isomerization of .delta.-enol-lactones having a double bond 

                   in the                                                      

                   ring                                                        

     Example R     Solvent                                                     

                       .sup.(1)                                                

                           Lactone/DMF                                         

                                  Isomerization                                

                                         Reaction time                         

                   DMF     g/ml   agent  min.                                  

                   ml             NaOCH.sub.3                                  

                                  g                                            

     __________________________________________________________________________

     8       CH.sub.3                                                          

                   250     42/100 20     60                                    

     9       .phi. 250     63/100 20     60                                    

     __________________________________________________________________________

                   Isomerization of .delta.-enol-lactones having a semicyclic  

                   double                                                      

                   bond                                                        

     Example R.sub.1                                                           

                R.sub.2                                                        

                   Solvent                                                     

                       .sup.(1)                                                

                           Lactone/DMF                                         

                                  Isomerization                                

                                         Reaction time                         

                           g/ml   agent  min.                                  

                                  NaOCH.sub.3                                  

                                  g                                            

     __________________________________________________________________________

     10      CH.sub.3                                                          

                CH.sub.3                                                       

                   250     46.7/100                                            

                                  20     60                                    

     __________________________________________________________________________

     Example                                                                   

          Temperature                                                          

                 H.sub.2 O.sup.(3)                                             

                      conc. HCL.sup.(4)                                        

                              Yield.sup.(5)                                    

                                      STY.sup.(6)                              

                                           MP BP                               

          .degree.C                                                            

                 ml   ml      % of the theor.                                  

                                      g/l.h                                    

                                           .degree.C                           

                                              8 torrs                          

                              yield           .degree.C                        

     __________________________________________________________________________

     8    35     60   31      93.5     99     135-136                          

     9    35     60   31      95.0    144  112                                 

     10   35     60   31      96.0    110  103                                 

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for the preparation of 1,3-cyclohexanediones of the formulas
      ##SPC4##
PAL  wherein the R's are the same or different and each represents hydrogen,
      alkyl, or aryl, by the isomerization, with a strong base, in the presence
      of a solvent, of, respectively, a .delta.-enol lactone having a cyclic or
      semi-cyclic double bond and having the formula
      ##SPC5##
PAL  the improvement wherein said solvent comprises at least 50 percent of a
      member selected from the group consisting of dimethyl formamide, dimethyl
      acetamide, N-methyl-pyrrolidone, hexamethyl-phosphoric acid triamide,
      dimethyl sulfoxide, and sulfolane, the balance of said solvent being
      methanol, diethyl ether, acetonitrile, or benzene.
NUM  2.
PAR  2. A method as in claim 1 wherein said solvent comprises 100 percent of a
      member selected from the group consisting of dimethyl formamide, dimethyl
      acetamide, N-methyl pyrrolidone, hexamethyl-phosphoric acid triamide,
      dimethyl sulfoxide, and sulfolane.
NUM  3.
PAR  3. A method as in claim 1 wherein the isomerization is carried out at a
      temperature between 0.degree.C. and 150.degree.C.
NUM  4.
PAR  4. A method as in claim 1 wherein said strong base is an alkali or alkaline
      earth metal or an amalgam, alcoholate, amide or hydride thereof.
PATN
WKU  039325113
SRC  5
APN  4502205
APT  1
ART  126
APD  19740311
TTL  Preparation of cyclohexane-1,3-dione and of alkyl-substituted
      derivatives thereof
ISD  19760113
NCL  10
ECL  1
EXP  Morgenstern; Norman
INVT
NAM  Schaafsma; Sijbrandus E.
CTY  Beek
CNT  NL
INVT
NAM  Claassens; Johannes E. L.
CTY  Heerlen
CNT  NL
INVT
NAM  Verheijen; Egidius J. M.
CTY  Sittard
CNT  NL
ASSG
NAM  Stamicarbon B.V.
CTY  Geleen
CNT  NL
COD  03
PRIR
CNT  NL
APD  19730314
APN  7303536
CLAS
OCL  260586C
XCL  260586R
XCL  260617R
XCL  260621R
XCL  260621H
XCL  260624R
XCL  260625
XCL  260631R
XCL  260638R
EDF  2
ICL  C07C 4500
FSC  260
FSS  586 C
UREF
PNO  3595930
ISD  19710700
NAM  Hofmann et al.
OCL  260586R
OREF
PAL  Vorlander et al., "Justus Liebigs Annalen",  294:270-1.
PAL  Bornstein et al. "Chem. Abstracts",  48:9933e (1954).
PAL  Kost et al. "Zhur. Absch. Khim",  32:3983-6 (1962).
PAL  Mannich et al. "Ber",  Vol. 71, pp. 2090-2091 (1938).
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  Process for the preparation of cyclohexane-1,3-diones of the formula
      ##SPC1##
PAL  Wherein R.sub.1 -R.sub.8, which are the same or different, are each
      hydrogen or an alkyl group containing up to 6 carbon atoms and the total
      number of carbon atoms of R.sub.1 -R.sub.8 is not more than 12 carbon
      atoms, comprising contacting in the gaseous state a delta-keto ester of
      the formula
      ##EQU1##
      wherein R.sub.1 -R.sub.8 are as defined above and R.sub.9 is an alkyl,
      cycloalkyl, or monocyclic or bicyclic arylalkyl or aryl group containing
      up to 12 carbon atoms, with a thermally stable solid material having an
      internal surface area of from about 100 tot 1500 m.sup.2 /gm. at a
      temperature of from 100 .degree.C to 500 .degree.C.
BSUM
PAR  The present invention relates to a process for preparing
      cyclohexane-1,3-dione and the alkyl-substituted derivatives thereof.
PAR  It is known from, e.g., the Journal of General Chemistry USSR, volume 32,
      1962, pages 3908-3911, that various delta-keto-esters can be cyclized into
      substituted or unsubstituted cyclohexane-1,3-diones (dihydroresorcinols)
      by treating the ester with sodium methanolate (sodium methoxide), and
      neutralizing the resulting alkaline mixture with sulphuric acid, with
      sodium sulphate obtained as a by-product. At the same time, an alcohol
      corresponding to the alcohol moiety of the ester group is also obtained.
PAR  This known process, however, requires the use of a rather large quantity of
      sodium methanolate and sulphuric acid, and the resulting sodium sulphate
      by-product is of little value.
PAR  It has now been found that these disadvantages can be avoided and at the
      same time the desired product can be prepared with a higher yield. In the
      process according to the present invention for the preparation of
      cyclohexane-1,3-dione and its alkyl-substituted derivatives, a
      delta-keto-ester of the general formula:
      ##EQU2##
      is contacted in the gaseous state at an elevated temperature with a
      thermally stable solid material having an internal surface area of from
      about 100-1500 m.sup.2 /gm. whereby the delta-keto-ester is cyclized with
      separation of an alcohol corresponding to the alcohol moiety of the ester
      group, to yield a reaction mixture from which is recovered a
      cyclohexane-1,3-dione of the general formula
      ##SPC2##
PAR  In the above formulas, R.sub.1 -R.sub.8, which are the same or different,
      each represent, independent of each other, hydrogen or an alkyl group
      containing up to 6 carbon atoms, the total number of carbon atoms of the
      substituents R.sub.1 to R.sub.8 inclusive being at most 12, and R.sub.9
      represents a hydrocarbon group with at most 12 carbon atoms.
PAR  As mentioned above, the process according to the invention also forms an
      alcohol of the general formula R.sub.9 OH, in which R.sub.9 has the
      above-mentioned meaning. This alcohol may be recovered as such and re-used
      for the preparation of additional keto-ester starting material, for
      instance according to the method referred to in the above-mentioned
      publication, or according to the method disclosed in U.S. Pat.
      application, Ser. No. 413,436, filed Nov. 7, 1973, (in which an ester of
      an alpha-beta-unsaturated carboxylic acid is converted with a ketone into
      a keto-ester).
PAR  The radical R.sub.9 can represent various hydrocarbon groups; in particular
      alkyl-, cycloalkyl-, monocyclic and bicyclic aryl, e.g. phenyl and
      naphthyl and monocyclic and bicyclic arylalkyl, e.g. benzyl. Groups
      containing up to 12 carbon atoms are preferred. Especially preferred are
      lower alkyl groups containing up to 6 carbon atoms, such as methyl, ethyl,
      n-propyl, isopropyl, n-butyl, sec-butyl, and n-hexyl groups.
PAR  When R.sub.1 -R.sub.8 are alkyl, especially preferred are lower alkyl
      groups containing up to 6 carbon atoms, and in particular, those alkyl
      groups preferred for R.sub.9.
PAR  The process according to this invention may be realized at different
      temperatures above the ambient temperature. In practice, temperatures of
      between about 100.degree. and about 500.degree. C are preferred. A high
      efficiency and, at the same time, a sufficiently rapid reaction can be
      achieved at temperatures between about 200.degree. C and about
      350.degree.C.
PAR  With regard to the thermally stable solid materials, any material can be
      used provided that it is thermally stable and causes the delta-keto ester
      herein defined to cyclize to the desired product without adversely
      affecting the starting material, product or the course of the reaction.
      Appropriate materials can be determined by routine experimentation.
PAR  Among the solid materials that can be used, active carbon is highly
      suitable. Other materials that have been found to be effective include
      magnesium oxide, calcium oxide, barium oxide, strontium oxide and
      graphite.
PAR  Although the internal surface area of the solid material may vary, an area
      between about 100 to about 1,500 m.sup.2 per gram is preferred.
PAR  Otherwise, the process according to the invention may be conducted in
      various ways already well known to those skilled in the art. The starting
      compound may be diluted with an inert gas, such as nitrogen, carbon
      dioxide, hydrogen and the like. The solid material may be employed either
      in the form of a fixed bed or a so-called fluid bed. Different space
      velocities may be used, for instance velocities of between about 0.1 and
      about 2 g of keto-ester per milliliter of solid material per hour. By
      cooling the resulting gaseous reaction mixture, a condensate can be
      obtained from which, by fractional distillation, the desired product and,
      possibly, nonconverted starting material, can be recovered. Recovery of
      the desired product by subjecting the condensed reaction mixture to
      extraction is also possible.
PAR  It will be appreciated, of course, by those skilled in the art that because
      of keto-enol tautomerism some of the products herein obtained will be in
      the enol form, i.e. a 3-hydroxy-cyclohexen-2-on-1 will be obtained.
      Further, the product may comprise a keto-enol mixture. Accordingly,
      although the products described herein are designated as
      cyclohexane-1,3-diones, it should be understood that where the structural
      nature of the product permits, the process includes the formation of the
      corresponding dihydroresorcinols as well.
PAR  The final products obtained according to the invention can be used for the
      preparation of steroids, e.g. as described in Angewandte Chemie, 13,
      492-493 (1971). Where the products are obtained as dihydroresorcinols,
      they can be conveniently dehydrogenated to the corresponding resorcinols,
      which are useful in the preparation of dyes, adhesives for wood veneers,
      and resorcinol-formaldehyde resins. Typical dehydrogenation procedures are
      described in British Patent Specification No. 1,188,387 and U.S. Pat. No.
      3,627,833. See also our copending application, Ser. No. 450,219 and filed
      on even date herewith.
PAR  The invention will be elucidated in more detail in the following examples,
      which should not be construed, however, as limiting the scope of the
      invention.
DETD
PAC  EXAMPLE I
PAR  A gaseous mixture of hydrogen and methyl 5-oxo-hexanoat was made to descend
      for 30 hours through a vertical, tubular reactor, 18 mm. in diameter and
      400 mm. in length, containing 30 ml. of carbon (carbonized peat) in the
      form of little bars each having a diameter of 0.9 mm. and a length of 2-3
      mm. (bulk density 0.35 g per ml.; internal surface area approximately 800
      m.sup.2 per g). The temperature of the carbon was kept at
      300.degree.-302.degree. C by means of a heating jacket.
PAR  The gaseous mixture (10 moles of hydrogen per mole of methyl
      5-oxo-hexanoate) had been obtained by evaporation of the liquid methyl
      ester and admixture of the vapor with hydrogen. The space velocity
      amounted to 0.11 g of methyl ester per ml. of solid material per hour.
PAR  After an operating period of 28 hours, the resulting gas mixture was passed
      through a collecting vessel which had been cooled to -20.degree.C for 2
      hours, whereupon the condensed reaction product was heated to room
      temperature. The product so obtained (6.6 g) contained, according to a
      gas-chromatographic analysis, 5.8% by weight of dihydroresorcinol
      (cyclohexane-1,3-dione), 92.0% by weight of methyl 5-oxo-hexanoate, and a
      small quantity of methanol. Taking into account the recovered methyl
      ester, the yield of dihydroresorcinol amounted to 93%.
PAC  EXAMPLE II
PAR  The experiment described in Example I was repeated using nitrogen as a
      carrier gas (10 moles of nitrogen per mole of methyl 5-oxo-hexanoate)
      instead of hydrogen, keeping the temperature of the catalyst at
      330.degree.-332.degree.C.
PAR  6.5 g of product were obtained which, according to a gas-chromatographic
      analysis, contained 12.0% by weight of dihydroresorcinol and 84.2% by
      weight of methyl 5-oxo-hexanoate. Based on the recovered methyl ester, the
      dihydroresorcinol yield amounted to 96%.
PAC  EXAMPLE III
PAR  The experiment described in Example II was repeated using ethyl
      5-oxo-4-methyl hexanoate as starting material. For every mole of the ethyl
      ester, 10 moles of nitrogen were used.
PAR  After an operating period of eight hours, the gaseous reaction mixture was
      made to condense for 2 hours in the way described in Example I.
PAR  6.6 g of product were obtained which, according to gas-chromatographic
      analysis, contained 26.4 % by weight of 4-methylcyclohexane-1,3-dione and
      62.0 % by weight of ethyl 5-oxo-4-methyl hexanoate.
PAR  Based on the quantity of ethyl ester converted, the efficiency amounted to
      94 %.
PAC  EXAMPLE IV
PAR  The experiment described in Example II was repeated using methyl
      4-methyl-5-oxo-heptanoate as starting material. For every mole of the
      ester, 10 moles of nitrogen were used. The tubular reactor contained 20 ml
      of carbon.
PAR  After an operating period of twelve hours, the gaseous reaction mixture was
      made to condense for 22.8 hours in the way described in Example I.
PAR  55.6 g of product were obtained which, according to gas-chromatographic
      analysis, contained 58.9 % by weight of 2,4-dimethylcyclohexane-1,3-dione
      and 19.0 % by weight of methyl 4-methyl-5-oxo-heptanoate.
PAR  Based on the quantity of methyl ester converted, the efficiency amounted to
      82.7 %.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a cyclohexane-1,3-dione of the formula
      ##SPC3##
PAL  wherein R.sub.1 -R.sub.8, which are the same or different, are each
      hydrogen or an alkyl group containing up to 6 carbon atoms and the total
      number of carbon atoms of R.sub.1 -R.sub.8 is not more than 12 carbons
      which comprises contacting a delta-keto ester of the formula
      ##EQU3##
      wherein, R.sub.1 -R.sub.8 are as defined above and R.sub.9 is an alkyl,
      cycloalkyl, or monocyclic or bicyclic aryl or arylalkyl group containing
      up to 12 carbon atoms, in the gaseous state at a temperature from about
      100.degree.C to about 500.degree.C with a thermally stable solid material
      which is active carbon, magnesium oxide, calcium oxide, barium oxide,
      strontium oxide or graphite and which has an internal surface area of from
      about 100 to 1,500 m.sup.2 /gm.
NUM  2.
PAR  2. The process of claim 1 wherein the temperature is from about 200.degree.
      C to about 350.degree. C.
NUM  3.
PAR  3. The process of claim 1 wherein R.sub.9 is alkyl of up to 6 carbon atoms.
NUM  4.
PAR  4. The process of claim 2 wherein the 1,3-dione is cyclohexane-1,3-dione
      and the delta-keto-ester is a lower alkyl 5-oxo-hexanoate wherein R.sub.9
      is alkyl of up to 6 carbon atoms.
NUM  5.
PAR  5. The process of claim 1 wherein the delta-keto ester is diluted with an
      inert gas.
NUM  6.
PAR  6. A process for the preparation of a cyclohexane-1,3-dione of the formula
      ##SPC4##
PAL  wherein R.sub.1 -R.sub.8, which are the same or different, are each
      hydrogen or an alkyl group containing up to 6 carbon atoms and the total
      number of carbon atoms of R.sub.1 -R.sub.8 is not more than 12 carbons
      which comprises contacting a delta-keto ester of the formula
      ##EQU4##
      wherein, R.sub.1 -R.sub.8 are as defined above and R.sub.9 is an alkyl,
      cycloalkyl, or monocyclic or bicyclic aryl or arylalkyl group containing
      up to 12 carbon atoms, in the gaseous state at a temperature from about
      100.degree.C to about 500.degree.C with a thermally stable solid material
      which is active carbon or magnesium oxide having an internal surface area
      of from about 100 to 1,500 m.sup.2 /gm.
NUM  7.
PAR  7. The process of claim 6 wherein the temperature is from about
      200.degree.C to about 350.degree.C and said stable solid material is
      active carbon.
NUM  8.
PAR  8. The process of claim 6, wherein R.sub.9 is alkyl of up to 6 carbon
      atoms.
NUM  9.
PAR  9. The process of claim 7, wherein the 1,3-dione is cyclohexane-1,3-dione
      and the delta-keto ester is a lower alkyl 5-oxyl-hexanoate, wherein
      R.sub.9 is alkyl of up to 6 carbon atoms.
NUM  10.
PAR  10. The process of claim 6, wherein the delta-keto ester is diluted with an
      inert gas.
PATN
WKU  039325121
SRC  5
APN  2891220
APT  1
ART  117
APD  19720914
TTL  Antiviral 1,2,3,4-tetrahydro-1,-alkano naphthalenamine derivatives
ISD  19760113
NCL  6
ECL  1
EXP  Hines; R. V.
INVT
NAM  Bharucha; Kekhusroo R.
CTY  Toronto
CNT  CA
INVT
NAM  Ajdukovic; Djordje
CTY  Montreal
CNT  CA
INVT
NAM  Pavilanis; Vytautas
CTY  Westmount
CNT  CA
INVT
NAM  Mackay; Angus Campbell
CTY  Toronto
CNT  CA
ASSG
NAM  Canada Packers Limited
CTY  Toronto
CNT  CA
COD  03
CLAS
OCL  2605709
XCL  260349
XCL  260453PR
XCL  2605011
XCL  26050112
XCL  260514G
XCL  260515A
XCL  260546
XCL  260562R
XCL  260566A
XCL  2605705P
XCL  260576
XCL  260577
XCL  260578
XCL  260586
XCL  260590
XCL  424316
XCL  424330
EDF  2
ICL  C07C 8729
FSC  260
FSS  570.8;577;570.9 R;576;578
FSC  424
FSS  330
FREF
PNO  41-18944
ISD  19660100
CNT  JA
OCL  260570.9
OREF
PAL  Kitahonoki et al., "Tetrahedron", Vol. 24, pp. 4605 - 4623, (1968).
LREP
FRM  Bacon & Thomas
ABST
PAL  Amine derivatives of 1,2,3,4-tetrahydro-1,4-alkanonaphthalenes, and the use
      of such compounds to control viral infections, particularly influenza
      viruses, in warm-blooded animals are disclosed. Pharmaceutical
      compositions containing an effective amount of the novel compounds and a
      pharmaceutically acceptable carrier are also disclosed.
BSUM
PAR  The present invention relates to 1,2,3,4-tetrahydro-
      1,4-alkanonaphthalenamine derivatives and to the production and use
      thereof. In one aspect, the invention relates to new chemical compounds of
      the general formulas:
      ##SPC1##
PAL  And their non-toxic pharmaceutically acceptable acid addition salts
      wherein:
PA1  R.sub.1 is hydrogen
PA1  R.sub.2 either hydrogen or lower alkyl from 1 to 6 carbon atoms
PA1  R.sub.3 is selected from the group consisting of hydrogen, amino, alkyl
      substituted amino from 1 to 6 carbon atoms, dialkylaminoalkyl wherein
      alkyl contains 1 to 6 carbon atoms or phenyl and
PA1  R.sub.4 and R.sub.5 are selected from the group consisting of hydrogen, or
      lower alkyl from 1 to 6 carbon atoms except that when R.sub.3 is hydrogen,
      neither of R.sub.4 and R.sub.5 is methyl.
PAR  It is an object of the present invention to provide new anti-viral agents
      of the class of compounds having the formulas given above.
PAR  Another object of the invention is to provide a process for preparing
      1,2,3,4-tetrahydro-1,4-alkanonaphthalenamine compounds having the
      specified formulas.
PAR  A further object of the invention is to provide pharmaceutical compositions
      containing an effective anti-viral amount of a compound of the class of
      1,2,3,4-tetrahydro-1,4-alkanonaphthalenamine compounds described
      hereinbelow. These and other objects will be apparent from the subsequent
      description to those skilled in the art to which the present invention
      pertains.
PAR  There are relatively few known compounds that have significant anti-viral
      activity against influenza viruses. One of these generally recognized as
      having prophylactic activity against these viruses is the hydrochloride of
      amantadine. Other compounds reported to have activity against influenza
      viruses are disclosed in U.S. Pat. Nos. 3,483,254, 3,496,228, 3,538,160,
      3,534,084 and 3,592,934.
PAR  According to the invention, there has been discovered a further class of
      compounds having pharmaceutical application and utility as anti-influenza
      agents. The compounds are characterized by low-toxicity combined with good
      activity against influenza viruses, particularly influenza virus A.sub.2,
      as shown by standard tissue culture tests and by in vivo tests in mice.
PAR  It should be understood that the compounds within the scope of the above
      structural formulae, having a basic amino group or diamino groups, readily
      form acid addition salts and such salts having a non-toxic anion are also
      included within the scope of the present invention.
PAR  Representative of such salts are the hydrochlorides, hydrobromides,
      sulfates, phosphates, acetates, succinates, adipates, propionates,
      tartrates, citrates, bicarbonates, pamoates, cyclohexylsulfamates, and
      acetylsalicylates.
PAR  Particularly preferred anti-viral agents are the hydrochlorides of the
      following compounds:
PA1  I. 1,2,3,4,-tetrahydro-1,4-methanonaphthalen-endo-2-amine;
PA1  Ii. 1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-2-methylamine;
PA1  Iii. 1,2,3,4
PAR  -tetrahydro-1,4-methanonaphthalen-exo-3-dimethylaminomethyl-endo-2-amine;
PA1  Iv. 1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-3-methyl-endo-2-amine;
PA1  V. 1,2,3,4-tetrahydro-1,4-methanonaphthalen-exo-3-endo-2-diamine;
PA1  Vi. 1,2,3,4-tetrahydro-1,4-methanonaphthalen-exo-3-phenyl-endo-2-amine; and
PA1  Vii. 1,2,3,4-tetrahydro-1,4-ethanonaphthalen-exo-3-endo-2-diamine.
PAR  The general procedure for preparing compounds I, II, III, and IV, listed
      above, is illustrated as follows:
      ##SPC2##
PAR  The starting material for the three synthetic schemes outlined above is the
      benzonorbornen-2-one, which is produced by the reactions of
      benzonorbornadiene (1,4-dihydro-1,4 -methanonaphthalene) with formic acid
      followed by oxidation of the exo-2-formate with a solution of chromic
      acid. The preferential exo attack by the formic acid on the
      benzonorbornadiene is well established in these types of compounds.
PAR  The compound of structural formula I is prepared by reacting the ketone
      with hydroxylamine hydrochloride in the presence of sodium acetate. The
      oxime formed by the previous step is reduced with sodium metal in absolute
      ethanol to give the 1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-2-amine
      (I).
PAR  Compound I can be reacted with formic acid to give the endo-2-formamide
      which is reduced with lithium aluminum hydride to give the
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-2-methylamine (II).
PAR  The compound of structural formula III is prepared by reacting
      benzonorbornen-2-one with paraformaldehyde and dimethylamine hydrochloride
      in dimethyl formamide to give the
      exo-3-dimethylaminomethylbenzonorbornen-2-one hydrochloride, which is
      reacted with hydroxylamine hydrochloride and sodium acetate to give the
      corresponding oxime. The oxime is converted to the
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-exo-3-dimethylaminomethyl-endo-2-
     amine (III) by reduction with sodium in dry ethanol.
PAR  An intermediate in the synthesis of compound III, the
      exo-3-dimethylaminomethylbenzonorbornen-2-one hydrochloride, is heated at
      250.degree.C to give 3-methylenebenzonorbornen-2-one. The
      3-methylenebenzonorbornen-2-one is hydrogenated using a Pd/C catalyst in
      ethyl acetate. The endo-3-methylbenzonorbornen-2-one thus produced is
      reacted with hydroxylamine hydrochloride and sodium acetate to give the
      keto-oxime. As before, the oxime is reacted with sodium in absolute
      ethanol to give the
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-3-methyl-endo-2-amine (IV).
PAR  A Diels-Alder reaction is employed to produce compounds V and VI listed
      above. The scheme below outlines the approach taken in the synthetic work:
      ##SPC3##
PAR  The production of compounds V and VI begins with the Diels-Alder reaction
      between norborn-5-ene-trans-2,3-dicarboxylic acid and
      exo-3-phenylnorborn-5-ene-endo-2-carboxylic acid, respectively, with
      5,5-dimethoxytetrachlorocyclopentadiene. The Diels-Alder adducts are then
      treated with concentrated H.sub.2 SO.sub.4 and the resulting products are
      heated in o-dichlorobenzene. This gives
      5,6,7,8-tetrachloro-1,2,3,4,5a,8a-hexahydro-1,4-methanonaphthalen-trans-2,
     3-dicarboxylic acid and
      5,6,7,8-tetrachloro-1,2,3,4,5a,8a-hexahydro-1,4-methanonaphthalen-exo-3-ph
     enyl-endo-2-carboxylic acid, respectively. These products are next reacted
      with bromine in acetic acid to give the corresponding
      5,6,7,8-tetrachloro-1,2,3,4-tetrahydro-1,4-methanonaphthalene derivatives
      which are dehalogenated with Raney nickel and transformed into the desired
      amines by a Curtius degradation reaction.
PAR  Compound VII is produced by still another synthetic method which is
      illustrated below:
      ##SPC4##
PAR  The anhydride produced by Diels-Alder reaction of 2-naphthol and maleic
      anhydride is reduced under Wolff-Kishner conditions giving
      benzobicyclo[2.2.2]octene-endo-2-exo-3-dicarboxylic acid. This di-acid is
      subjected to a Curtius degradation to give the
      1,2,3,4-tetrahydro-1,4-ethanonaphthalen-exo-3-endo-2-diamine, VII.
PAR  Related compounds which fall within the scope of the instant invention may
      be prepared by similar methods.
PAR  The invention will be further understood by reference to the following
      illustrative examples:
DETD
PAC  EXAMPLE 1
PAR  Preparation of 1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-2-amine (I).
PAR  Benzonorbornen-2-one [Cook et al, J. Org. Chem., 31,14 (1966)] (1g.) was
      added to a solution of hydroxylamine hydrochloride (1.25g.) and sodium
      acetate (1.5g.) in water (5ml). Sufficient ethanol was then added to give
      a clear solution. This reaction mixture was heated on a water bath for 15
      minutes and then shaken until a white solid (1.2g., 100%) precipitated.
      This material was filtered off and purified by crystallization from
      chloroform - light petroleum. The material was analyzed by infra-red,
      nuclear magnetic resonance and elemental analysis techniques and
      determined to be benzonorbornen-2-one oxime, C.sub.11 H.sub.11 ON (m.p.
      115.degree.-116.degree.C).
PAR  A solution of benzonorbornen-2-one oxime (2g.) in absolute ethanol (120ml.)
      was heated to reflux under nitrogen and sodium metal (12 g.) was added in
      small portions with continuous stirring. The reaction mixture was then
      refluxed for 30 minutes. This viscous suspension was then cooled to room
      temperature, 100 ml. of water added and the reaction mixture agitated
      until a clear solution was obtained. This was extracted with ether and the
      ether extract worked up to give an oil which was dissolved in chloroform
      and extracted with 10% HCl solution. Removal of water and excess HCl under
      vacuum from this extract gave a white solid (1g., 40%). The white solid
      was analyzed by infra-red, nuclear magnetic resonance and elemental
      analysis techniques and was determined to be the
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-2-amine hydrochloride,
      C.sub.11 H.sub.14 NCl (m.p. 230.degree.-231.degree.C). Basification of a
      sample of this material with 10% NaOH gave, on ether extraction, the
      required amine as a pale yellow oil which was also analyzed by infra-red,
      and nuclear magnetic resonance techniques, and the empirical formula was
      determined to be C.sub.11 H.sub.13 N.
PAC  EXAMPLE 2
PAR  Preparation of 1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-2-methylamine
      (II).
PAR  1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-2-amine (1.6g.), synthesized
      by the above process, was mixed with formic acid (1.5g.) and toluene (50
      ml.) and heated at reflux for three hours. Evaporation of the solvents
      yielded a viscous oil which on standing crystallized. Recrystallization
      from benzene/hexane gave colorless granules which upon spectral analysis
      were determined to be
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-2-formamide C.sub.12
      H.sub.13 NO (m.p. 88.5.degree.-90.degree.C).
PAR  1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-2-formamide (1.0 g.) was
      dissolved in dry ether (20 ml.) with sufficient dry dimethoxyethane to
      complete solution. Lithium aluminum hydride (0.5 g.) was added and the
      mixture heated at reflux overnight. Work up was accomplished in the usual
      way by addition of dilute NaOH to the reaction mixture, followed by
      filtration and washing of the residue with ether. The organic layer was
      then extracted with dilute HCl and discarded. The aqueous layer was washed
      with ether, and then treated with concentrated NaOH to free the amine.
      This was isolated, by extraction with ether, as a mobile oil. It was not
      characterized as such, but the p.m.r. spectrum shows the presence of an
      N-methyl group. Conversion to the hydrochloride was effected with
      concentrated HCl in methanol. Removal of solvents and crystallization gave
      a pale cream colored solid (600 mg., 46%). The cream colored solid was
      analyzed by infra-red, nuclear magnetic resonance, and elemental analysis
      techniques, and was determined to be the
      1,2,3,4-tetrahydro-1,4-methanonaphthalene-endo-2-methylamine
      hydrochloride, C.sub.12 H.sub.16 ClN (m.p. 226.degree.-29.degree.C,
      decomposes).
PAR  A similar reaction scheme may be followed employing acetic anhydride in
      place of formic acid to give the corresponding acetamide which is reduced
      with "Redal" to give
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-2-ethylamine.
PAC  EXAMPLE 3
PAR  Preparation of
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-exo-3-dimethylaminomethyl-endo-2-
     amine (III).
PAR  A solution of benzonorbornen-2-one (0.73 g.), paraformaldehyde (0.3 g.) and
      dimethylamine hydrochloride (0.82 g.) in distilled DMF (10 ml.) was heated
      on the steam bath, protected from moisture, overnight (22 hours).
      Evaporation of the solvent at 65.degree.- 70.degree. (bath temperature) in
      vacuo left a beige solid (1.97 g.). A NaHCO.sub.3 solution and CH.sub.2
      Cl.sub.2 were then added, the organic layer was separated, and the aqueous
      layer extracted twice with CH.sub.2 Cl.sub.2. The combined organic
      extracts were backwashed once with water, dried (Na.sub.2 SO.sub.4) and
      evaporated in vacuo to leave a yellow oil (0.89 g.). The hydrochloride was
      prepared by bubbling HCl gas through a solution of the oil in absolute
      ethanol (5 ml.) for 5 minutes. Evaporation in vacuo gave a brown solid
      (0.93 g., m.p. 189.degree.-207.degree.C), which upon crystallization from
      ethanol/ether furnished a colorless solid (0.55 g., m.p. 211.degree.C).
      Infra-red and elemental analysis of a sample (73 mg.), which was
      recrystallized as above to give the pure hydrochloride as a colorless
      solid (64 mg.), were used to determine the empirical formula of the solid
      to be C.sub.14 H.sub.18 NOCl (m.p. 215.degree.C).
PAR  A solution of the 3-exo-dimethylaminomethylbenzonorbornen-2-one
      hydrochloride, thus prepared, (0.5 g.), hydroxylamine hydrochloride (0.17
      g.) and fused anhydrous sodium acetate (0.4g.) in absolute ethanol (15
      ml.) and water (3 ml.) was heated under reflux for four hours and then
      allowed to stand at room temperature for 7 days. Ethanol was then removed
      in vacuo, the residue was mixed with a dilute NaHCO.sub.3 solution and
      filtered to remove 0.076 g., (m.p. 154.degree.-156.degree.C) of a
      colorless solid. Evaporation of the mother-liquors left a colorless solid,
      which was extracted separately with hot CH.sub.2 Cl.sub.2 and filtered.
      Evaporation of the filtrate left a nearly colorless gum (0.497 g.) which
      was dissolved in absolute ethanol (5 ml.) and treated with hydrogen
      chloride by impinging a stream of dry HCl gas on the surface of the
      liquid. After refrigeration overnight, the crystals were filtered off,
      washed with cold (=5.degree.C) ethanol and dried. The weight of the
      colorless solid was 0.344 g. (m.p. 240.degree.C, decomposed). Infra-red
      and elemental analysis of a sample of the solid were used to determine the
      empirical formula of the solid to be C.sub.14 H.sub.19 N.sub.2 OCl.
PAR  exo-3-Dimethylaminomethylbenzonorbornen-2-one oxime hydrochloride, thus
      prepared, (0.719 g.) was converted to the free base (0.603 g.), which was
      obtained as a brownish gum. A solution of this material in dry absolute
      ethanol (35 ml.; dried over molecular sieves) was gradually treated with
      sodium wire (3.5 g.) under nitrogen. Towards the end of the addition,
      approximately 2 hours, more dry ethanol (10 ml.) was added and the
      solution stirred and heated. When all of the sodium had dissolved, the
      solution was evaporated to dryness in vacuo, and the colorless residual
      solid treated with water and CH.sub.2 Cl.sub.2. The aqueous layer was
      drawn off and the organic layer, after drying over Na.sub.2 SO.sub.4, was
      evaporated to dryness in vacuo to leave a brown oil (0.564 g.).
PAR  For the preparation of the hydrochloride, the above oil (0.55 g.) was
      dissolved in absolute ethanol (5 ml.) and dry HCl gas was impinged on the
      surface of the solution. After removal of solvent in vacuo at room
      temperature, the residual yellow froth was crystallized from ethanol (5
      ml.)/ether (10 ml.). The collected solid which was beige in color weighed
      0.628 g. (m.p. 274.degree.-276.degree.C, decomposed). The beige solid was
      analyzed by infra-red, nuclear magnetic resonance and elemental analysis
      techniques, and was determined to be the
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-exo-3-dimethylaminomethyl-endo-2-
     amine dihydrochloride, C.sub.14 H.sub.22 Cl.sub.2 N.sub.2.
PAC  EXAMPLE 4
PAR  Preparation of
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-3-methyl-endo-2-amine (IV).
PAR  exo-3-Dimethylaminomethylbenzonorbornen-2-one hydrochloride, prepared
      previously, (5 g.) was placed in a round bottom flask fitted with an air
      condenser and was heated in an oil bath maintained at 250.degree.C. The
      melt was heated for several minutes and was then cooled and worked up with
      water and CHCl.sub.3. The dark organic phase was treated with charcoal,
      filtered and evaporated to give a brown oil. Chromatography on Silicar CC7
      using benzene as eluant gave a colorless oil (1.9 g., 40%).
PAR  The 3-methylenebenzonorbornen-2-one, thus prepared, (1.9 g.) was dissolved
      in ethyl acetate (100 ml.) with 10% Pd/C catalyst (300 mg.). Hydrogenation
      was performed on the Parr apparatus and was complete in 10 minutes.
      Shaking under hydrogen atmosphere was continued for a subsequent 20
      minutes. The solution was filtered and evaporated to give a colorless oil
      (1.8 g., 95%).
PAR  The endo-3-methylbenzonorbornen-2-one, thus prepared, (1.8 g.) was
      dissolved in ethanol (7 ml.) and to this was added a solution containing
      hydroxylamine hydrochloride (1 g.) and sodium acetate (1.2 g.) in water (5
      ml.). The mixture was heated on the steam bath for 1 hour and then allowed
      to stand at room temperature over 2 days. The reaction was worked up with
      chloroform and water. Evaporation of the dried organic layer gave white
      crystals (1.1 g.). Crystallization from hexane-benzene gave an analytical
      sample (m.p. 126.degree.-128.degree.C).
PAR  The endo-3-methylbenzonorbornen-2-one oxime, thus prepared, (1.0 g.) was
      dissolved in absolute alcohol (60 ml.) and sodium wire (6.0 g.) was added
      at such a rate as to maintain a gentle reflux. The mixture was heated for
      a short while at the end of the reaction to insure completion. The product
      was isolated after work-up with water and benzene. This crude material was
      dissolved in absolute ethanol and HCl gas was impinged on the surface of
      the solution. Evaporation of solvents gave a white solid, which was
      crystallized from ethanol/ether to give feathery crystals (m.p.
      300.degree.C).
PAR  The feathery crystals were analyzed by infra-red and elemental analysis
      techniques, and were determined to be the
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-3-methyl-endo-2-amine
      hydrochloride, C.sub.12 H.sub.16 ClN.
PAC  EXAMPLE 5
PAR  Preparation of
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-exo-3-endo-2-diamine (V).
PAR  Norborn-5-ene-trans-2,3-dicarboxylic acid (10 g.) was heated at
      150.degree.C with 5,5-dimethoxytetrachlorocyclopentadiene (40 g.) for 7
      hours. After cooling, the gum was stirred with benzene/hexane to give a
      crystalline solid (13.8 g.). Crystallization from methanol/water gave
      colorless crystals (m.p. 253.5.degree.-255.degree.C). A sample of the
      colorless crystals was analyzed using infra-red and elemental analysis
      techniques, and the empirical formula of the material was determined to be
      C.sub.16 H.sub.16 Cl.sub.4 O.sub.6.
PAR  The Diels-Alder adduct, thus prepared, (33.8 g.) was stirred with
      concentrated H.sub.2 SO.sub.4 (135 ml.) at room temperature for 1 hour.
      The mixture was then poured on ice, keeping the temperature as low as
      possible. After dilution with ice water to 1200 ml., the mixture was
      extracted with ether. The ether was dried and evaporated to give a white
      foam (29.2 g.) which was characterized by infra-red analysis only.
PAR  The
      5,6,7,8-tetrachloro-9-keto-1,2,3,4,5,5a,8,8a-octahydro-1,4:5,8-dimethanona
     phthalene-trans-2,3-dicarboxylic acid, thus prepared, (29.2 g.) was treated
      with o-dichlorobenzene (280 ml.) and heated under reflux for 2 hours. The
      resulting insoluble white powder was collected by filtration and washed
      with benzene and dried (14.2 g.). Recrystallization from methanol/water
      gave colorless needles (m.p. &gt;300.degree.C). The colorless needles were
      analyzed using infra-red, ultra-violet and elemental analysis techniques,
      and the empirical formula of the material was determined to be C.sub.13
      H.sub.10 Cl.sub.4 O.sub.4.
PAR  The 5,6,7,8-tetrachloro-1,2,3,4,5A,
      8a-hexahydro-1,4-methanonaphthalene-trans-2,3-dicarboxylic acid, thus
      prepared, (20 g.) was suspended in acetic acid (300 ml.) and bromine (7
      ml.) was added. The mixture was heated at reflux with vigorous mechanical
      stirring, under nitrogen. After heating at reflux for 5 hours, the
      reaction was worked up by evaporation of the acetic acid. The product was
      recrystallized from acetic acid to give colorless crystals (12.5 g.; m.p.
      297.degree.-99.degree.C), which were also characterized by infra-red
      analysis.
PAR  The
      5,6,7,8-tetrachloro-1,2,3,4-tetrahydro-1,4-methanonaphthalene-trans-2,3-di
     carboxylic acid, thus prepared, (6 g.) was dissolved in aqueous KOH (40 g.
      in 400 ml.) with shaking and heated on the steam bath. Raney
      nickel/aluminum alloy (25 g.) was added at such a rate as to control
      foaming, and after complete addition the mixture was allowed to stand on
      the steam bath, with occasional shaking, for 5 hours. The mixture was
      filtered, and then strongly acidified with concentrated HCl and extracted
      with ether. The ether extracts were combined, washed with water, saturated
      NaCl solution, and then dried over MgSO.sub.4. Evaporation gave a white
      solid (3.4 g.) which was recrystallized from CHCl.sub.3 to give colorless
      crystals (m.p. 238.degree.-40.degree.C), which were characterized by
      infra-red analysis, and after a methylation step using CH.sub.2 N.sub.2,
      by nuclear magnetic resonance analysis.
PAR  The 1,2,3,4-tetrahydro-1,4-methanonaphthalene-trans-2,3-dicarboxylic acid,
      thus produced, (3.4 g.) was dissolved in water (3 g.) and acetone (20
      ml.). The solution was cooled to 0.degree.C in an ice/salt bath and
      triethylamine (8 g.) in acetone (80 ml.) was added and the resulting
      solution again cooled to 0.degree.C, whereupon ethyl chloroformate (9 g.)
      in acetone (20 ml.) was added, keeping the temperature below 4.degree.C.
      The mixture was stirred at 0.degree.C for 30 minutes. To the mixture was
      cautiously added a solution of sodium azide (6.3 g.) in a minimum volume
      of water, again maintaining the temperature below 4.degree.C, and stirring
      continued for a subsequent 90 minutes. The mixture was worked up with
      CHCl.sub.3 and water to give the azide as a mobile oil, which was
      characterized as such by infra-red analysis. The azide was dissolved in
      toluene (80 ml.) and added dropwise to a flask heated on the steam bath.
      Vigorous gas evolution ensued. Heating was maintained for 60 minutes, then
      the toluene was removed under reduced pressure. It was immediately
      replaced by 20% HCl (40 ml.) and the mixture was heated for 1 hour. The
      solvents were removed after standing overnight at room temperature and the
      residue crystallized from EtOH/Et.sub.2 O to give shiny white crystals
      (1.7 g.) of 1,2,3,4-tetrahydro-1,4-methanonaphthalen-exo-3-endo-2-diamine
      dihydrochloride, C.sub.11 H.sub.16 Cl.sub.2 N.sub.2, which was
      characterized as such by a determination of its melting point
      (&gt;300.degree.C) and by infra-red analysis.
PAC  EXAMPLE 6
PAR  Preparation of
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-exo-3-phenyl-endo-2-amine (VI).
PAR  exo-3-Phenylnorborn-5-ene-endo-2-carboxylic acid (5 g.) was mixed with
      5,5-dimethoxytetrachlorocyclopentadiene (25 g.) and heated on the steam
      bath to give a homogeneous solution. The reaction was then heated at
      160.degree.C for 6 hours, and then allowed to cool. Hexane was added and
      the mixture placed under refrigeration. The product (8.5 g.) was collected
      by filtration and recrystallized from MeOH. The product was characterized
      by its melting point (208.degree.-10.degree.C) and by infra-red analysis.
PAR  The preparations of the
      5,6,7,8-tetrachloro-9-keto-1,2,3,4,5,5a,8,8a-octahydro-1,4:5,8-dimethanona
     phthalene-exo-3-phenyl-endo-2-carboxylic acid, and the
      5,6,7,8-tetrachloro-1,2,3,4,5a,8a-hexahydro-1,4-methanonaphthalene-exo-3-p
     henyl-endo-2-carboxylic acid are analogous to the corresponding preparative
      steps described above for the preparation of
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-exo-3-endo-2-diamine
      di-hydrochloride.
PAR  Having thus prepared the
      5,6,7,8-tetrachloro-1,2,3,4,5a,8a-hexahydro-1,4-methanonaphthalene-exo-3-p
     henyl-endo-2-carboxylic acid, a portion (10 g.) was suspended in acetic
      acid (240 ml.) and bromine (4 ml.) was added, and the mixture was brought
      to reflux. Heating was continued for 9 hours after which the mixture was
      cooled and the solvents were removed by a rotary evaporator to give a
      mobile liquid product (18 g.). Hexane/benzene was added, and the mixture
      was placed in a refrigerator to crystallize. The resulting
      5,6,7,8-tetrachloro-1,2,3,4-tetrahydro-1,4-methanonaphthalene-exo-3-phenyl
     -endo-2-carboxylic acid (6.7 g.) was characterized by melting point
      (176.degree.-78.degree.C) and by infra-red analysis.
PAR  The tetrachloro acid prepared by the above procedure was dissolved in 10%
      KOH (530 ml.); it was also necessary to add methanol (100 ml.) to obtain a
      clear solution. This was heated on the steam bath and Raney nickel alloy
      (33.5 g.) was cautiously added, with shaking, at such a rate as to control
      foaming. The mixture was allowed to stand on the steam bath for
      approximately 4 hours, filtered to remove solids and finally strongly
      acidified with concentrated HCl. The acidified mixture was extracted with
      ether, the organic layers combined, washed with water, dried and finally
      evaporated to give the product (4.6 g.) as a white solid. A portion was
      crystallized from benzene/hexane to give beautiful needles. A sample of
      the needles (m.p. 154.degree.-6.degree.C) was analyzed using infra-red,
      nuclear magnetic resonance and elemental analysis techniques and the
      crystalline solid was determined to be
      1,2,3,4-tetrahydro-1,4-methanonaphthalene-exo-3-phenyl-endo-2-carboxylic
      acid, C.sub.18 H.sub.16 O.sub.2.
PAR  The acid from the previous reaction (3.0 g.) was suspended in water (2.0
      g.) and acetone added to effect solution. This was cooled to 0.degree.C,
      and triethylamine (1.35 g.) in acetone (23 ml.) was added, followed by
      ethyl chloroformate (1.65 g.) in acetone (5.9 ml.), at such a rate as to
      keep the temperature below 4.degree.C. The mixture was stirred at
      0.degree.C for 30 minutes, then sodium azide (1.14 g.) in water (4 ml.)
      was slowly added, again keeping the reaction temperature below 4.degree.C.
      This mixture was stirred at 0.degree.C for 90 minutes and then worked up
      with CHCl.sub.3 and water to give the azide, which was dissolved in
      toluene (60 ml.) and added dropwise to a flask heated on the steam bath.
      After complete addition, the solution was heated for 60 minutes. The
      toluene was removed under reduced pressure, then replaced by 20% HCl (40
      ml.) and heated until gas evolution ceased. The solvents were removed,
      giving a beige powder (2.9 g.) which was crystallized from EtOH/Et.sub.2 O
      to give a white crystalline product. The
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-exo-3-phenyl-endo-2-amine
      hydrochloride (m.p. 254.degree.-56.degree.C), C.sub.17 H.sub.18 ClN, thus
      produced was characterized as such by infra-red analysis.
PAC  EXAMPLE 7
PAR  Preparation of 1,2,3,4-tetrahydro-1,4-ethanonaphthalen-exo-3-endo-2-diamine
      (VII).
PAR  2-Naphthol (10 g.) and maleic anhydride (9 g.) were heated for 35 minutes
      in an oil bath maintained at about 230.degree.C. After cooling, ethyl
      acetate (40 ml.) was added and crystallization induced by scraping.
      Filtration gave the crude product (9.9 g., 59%) which melted at
      approximately 160.degree.C. Careful fractional recrystallization gave two
      isomers, m.p. 194.degree.-95.degree.C and 193.degree.-195.degree.C, mixed
      m.p. approximately 160.degree.C. The solvents used in this operation were
      benzene-acetone. The mixture of isomers was analyzed by infra-red and
      nuclear magnetic analysis techniques. Although the mixture of exo and endo
      isomers of benzobicyclo [2.2.2] octen-5-keto-2,3-dicarboxylic anhydride,
      thus produced may be separated by careful fractional crystallization, the
      initial mixture of isomers is quite suitable for use in the reaction
      scheme described below.
PAR  This mixture of anhydrides (13.3 g.) was dissolved in diethylene glycol
      (250 ml.) containing KOH (32.8 g.) and water to assist solution (10 ml.).
      Hydrazine hydrate (23 ml.) was added and the solution was heated at reflux
      for 10 minutes. The condenser was removed from the reaction flask and the
      temperature was raised to 190.degree.C and maintained at this point for 6
      hours. After cooling, the mixture was poured into a large volume of water,
      washed several times with ether and then strongly acidified with HCl. The
      product was extracted with ether and crystallized from ethyl
      acetate-benzene. The benzobicyclo[2.2.2]octene-endo-2-exo-3-dicarboxylic
      acid (12.8 g, 95% yield) was characterized by melting point
      (198.degree.-99.degree.C) and infra-red analysis. [See: K. Takeda et al,
      Chem. Ber., 95, 2344 (1962) and previous papers in this series].
PAR  The dicarboxylic acid, produced above, (6.1 g.) was suspended in water (8
      ml.) and sufficient acetone was added to effect solution. The mixture was
      cooled to 2.degree.C and triethylamine (5 g. in 50 ml. of acetone) was
      added. Keeping the temperature at 2.degree.C, ethyl chloroformate (7.5 g.
      in 20 ml. of acetone) was added with constant stirring; during this time a
      voluminous precipitate was obtained. After stirring for a subsequent 30
      minutes, sodium azide (4.5 g. in 15 ml. of water) was added at 2.degree.C
      and stirring was maintained for 90 minutes. The mixture was poured into
      ice water and extracted with toluene. An aliquot of this solution showed
      mainly di-acid azide on infra-red analysis. After drying, the toluene
      solution was added dropwise to a flask heated on the steam bath and, after
      complete addition, heated for an hour. Evaporation of the toluene gave a
      pale yellow oil (6.4 g.; 100%) which was determined to be
      benzobicyclo[2.2.2]octene-endo-2-exo-3-diisocyanate. This material was not
      further characterized, but was used as such.
PAR  The diisocyanate from the above reaction (1.2 g.) was treated with 20% HCl
      (10 ml.) and heated briefly on the steam bath. The reaction was worked up
      by filtation, followed by addition of base to pH 11. Extraction with
      CHCl.sub.3 was followed by evaporation of the organic solvents, and gave
      an oil, which was converted to the dihydrochloride by first dissolving in
      MeOH then adding concentrated HCl. After standing at room temperature
      overnight, a crystalline precipitate was obtained and collected by
      filtration to provide 320 mg (30% yield). A sample of the precipitate was
      characterized by melting point (&gt;300.degree.C) and by infra-red analysis,
      and was determined to be
      1,2,3,4-tetrahydro-1,4-ethanonaphthalen-exo-3-endo-2-diamine
      dihydrochloride, C.sub.12 H.sub.18 Cl.sub.2 N.
PAC  ANTIVIRAL ACTIVITY
PAR  A significant aspect of the instant invention resides in the discovery that
      benzonorbornene derivatives of the class described having an amino
      substituent in the 2-endo configuration of the molecule and particularly
      those derivatives having 2-endo amino and 3-exo substituents, exhibit
      enhanced activity as opposed to corresponding analogous compounds having
      other configurations.
PAR  As an example, the 1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-2-amine,
      one of the active antiviral compounds disclosed herein, when used in in
      vivo testing on mice infected with fatal influenza (influenza A.sub.2)
      showed 66% survival in mice treated with this compound, whereas almost no
      survival was observed in the control group. However, the isomer with the
      amino substituent taking up the exo configuration showed no antiviral
      activity by the same test procedure.
PAC  IN VITRO ACTIVITY OF ANTI-MYXOVIRUS COMPOUNDS
PAR  The in vitro activity of representative compounds of the present invention
      was determined as set forth below:
PAR  In preparing the compounds for testing, they were handled aseptically
      throughout. The compounds were dissolved in a minimum amount of a suitable
      solvent and the final dilutions were made up to the required volume in a
      complete culture medium used in assay and in concentration not exceeding
      the predetermined maximum non-toxic levels. All materials were tested
      first at three concentrations, and those which showed an inhibiting
      activity in that range were carefully retested at several concentrations
      below the maximum non-toxic levels.
PAR  The cell culture used in all primary in vitro anti-myxovirus assays was an
      established cell line of the human conjunctiva (G-2 cells). The cytotoxic
      studies of each of the compounds were performed prior to testing for
      antiviral activity to determine level of response of the cells to the
      potentially toxic action of the compounds. Cytotoxic levels were expressed
      as concentration which produces 50% inhibition of the cell growth
      (CTD.sub.50) as compared to the appropriate controls, or as a maximal
      non-toxic concentration which does not produce any morphologically
      detectable inhibition of the cell growth (CTD.sub.o).
PAR  Standard batches of virus were made by growing the virus in an appropriate
      cell culture, after passaging it on the chick embryo, and then making a
      pool which was dispersed in ampoules and kept frozen at -76.degree.C until
      used. The virus titer (TCID.sub.50) was determined in the cell culture
      employed for the assays.
PAR  The cells were grown in test tubes in a suitable medium. Immediately before
      use the initial medium was replaced with the one containing the test
      compound in an appropriate concentration. After virus was added the
      infected culture was incubated at 32.degree.C for a number of days. The
      medium was then drained, red blood cells added and after washing, the
      extent of hemadsorption evaluated. The percentage of inhibition of
      adsorption (a measure of antiviral activity) was then calculated.
PAR  In all anti-myxovirus testing in vitro, as well as in vivo, amantadine was
      used as a reference standard. It has been found that the most active
      compounds of this invention are those which exhibit the endo, exo
      configuration in the 2 and 3 positions respectively.
PAR  The results of in vitro tests compapred to Amantadine are shown in the
      following tables:
TBL  AMANTADINE HYDROCHLORIDE                                                  

     Influenza A.sub.2 /Aichi/3/68, G-2 cells;                                 

     ______________________________________                                    

     Cytotoxicity                                                              

               Concentration                                                   

                            % Inhibition                                       

     CTD.sub.50 CTD.sub.0                                                      

               of compounds                                                    

     (.mu.g/ml)                                                                

               (.mu.g/ml)   100 TCID.sub.50                                    

                                       56.2 TCID.sub.50                        

     ______________________________________                                    

     &gt;100 &gt;100 100          43         87                                      

               90           67         97                                      

               80           27         70                                      

               70           33         83                                      

               60           0          53                                      

               50           0          0                                       

               40           0          0                                       

               30           0          0                                       

     ______________________________________                                    

     Influenza (swine), G-2 cells;                                             

     ______________________________________                                    

     Cytotoxicity                                                              

               Concentration                                                   

                            % Inhibition                                       

     CTD.sub.50 CTD.sub.0                                                      

               of compounds                                                    

     (.mu.g/ml)                                                                

               (.mu.g/ml)   316 TCID.sub.50                                    

                                       178 TCID.sub.50                         

     ______________________________________                                    

     &gt;100 &gt;100 100          100        100                                     

               90           100        100                                     

               80           100        100                                     

               70           97         93                                      

               60           83         90                                      

               50           67         80                                      

               40           10         17                                      

               30           0          0                                       

     ______________________________________                                    

TBL  1,2,3,4-TETRAHYDRO-1,4-METHANONAPHTHALEN-ENDO-2-AMINE.HCl                 

     Influenza A.sub.2 /Aichi/3/68 (human), G-2 cells;                         

     ______________________________________                                    

     Cytotoxicity                                                              

               Concentration                                                   

                            % Inhibition                                       

     CTD.sub.50 CTD.sub.0                                                      

               of compounds                                                    

     (.mu.g/ml)                                                                

               (.mu.g/ml)   178 TCID.sub.50                                    

                                       17.8 TCID.sub.50                        

     ______________________________________                                    

     &gt;100 &gt;100 100          90         97                                      

               90           80         97                                      

               80           77         97                                      

               70           53         90                                      

               60           37         87                                      

               50           10         30                                      

               40           0          13                                      

               30           0          0                                       

     ______________________________________                                    

     Influenza (swine), G-2 cells;                                             

     ______________________________________                                    

     Cytotoxicity                                                              

               Concentration                                                   

                            % Inhibition                                       

     CTD.sub.50 CTD.sub.0                                                      

               of compounds                                                    

     (.mu.g/ml)                                                                

               (.mu.g/ml)   316 TCID.sub.50                                    

                                       178 TCID.sub.50                         

     ______________________________________                                    

     &gt;100 &gt;100 100          100        100                                     

               90           97         100                                     

               80           90         97                                      

               70           70         93                                      

               60           7          80                                      

               50           0          7                                       

               40           0          0                                       

     ______________________________________                                    

TBL  1,2,3,4-TETRAHYDRO-1,4-METHANONAPHTHALEN-EXO-                             

     3-DIMETHYLAMINOMETHYL-ENDO-2-AMINE.2HCl                                   

     Influenza A.sub.2 /Aichi/3/68 (human), G-2 cells;                         

     ______________________________________                                    

     Cytotoxicity Concentration    % Inhibition                                

     CTD.sub.50 CTD.sub.0                                                      

                  of compound                                                  

     (.mu.g/ml)   (.mu.g/ml)       100 TCID.sub.50                             

     ______________________________________                                    

     &gt;100 &gt;100    100              90                                          

                  66.7             87                                          

                  33.3             3                                           

     ______________________________________                                    

TBL  1,2,3,4-TETRAHYDRO-1,4-ETHANONAPHTHALEN-EXO-                              

     3-ENDO-2-DIAMINE.2HCl                                                     

     Influenza A.sub.2 /Aichi/3/68 (human) G-2 cells;                          

     ______________________________________                                    

     Cytotoxicity                                                              

               Concentration                                                   

                            % Inhibition                                       

     CTD.sub.50 CTD.sub.0                                                      

               of compound                                                     

     (.mu.g/ml)                                                                

               (.mu.g/ml)   100 TCID.sub.50                                    

                                       31.6 TCID.sub.50                        

     ______________________________________                                    

     &gt;100 &gt;100 100          83         100                                     

               90           80         100                                     

               80           60         100                                     

               70           57         100                                     

               60           80         100                                     

               50           67         95                                      

               40           30         87                                      

               30           20         60                                      

               20           0          7                                       

               10           0          0                                       

     ______________________________________                                    

     Influenza (swine), G-2 cells;                                             

     ______________________________________                                    

     Cytotoxicity                                                              

               Concentration                                                   

                            % Inhibition                                       

     CTD.sub.50 CTD.sub.0                                                      

               of compound                                                     

     (.mu.g/ml)                                                                

               (.mu.g/ml)   316 TCID.sub.50                                    

                                       10 TCID.sub.50                          

     ______________________________________                                    

     &gt;100 &gt;100 100          100        100                                     

               80           100        100                                     

               60           100        100                                     

               50           100        100                                     

               40           97         100                                     

               30           90         100                                     

               20           56         70                                      

               10           0          0                                       

     ______________________________________                                    

PAR  The relative antiviral activity of representative compounds as a result of
      in vitro testing is shown as follows:
      ##SPC5##
PAR  As mentioned above, Amantadine is included as a reference point. In regard
      to the unexpected relatively low antiviral activity in the
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-endo-3-methyl-endo-2-amine, it is
      believed that the endo-3-methyl group has reduced the activity.
PAR  It is within the scope of the present invention to use the known analogs of
      the Compound VII as anti-influenza agents, i.e., compounds within the
      general formula where R.sub.3 can be hydrogen and R.sub.4 and R.sub.5 can
      be hydrogen or methyl. Two of such compound
      2-endo-methylamino-1,2,3,4-tetrahydro-1,4-ethanonaphthalene hydrochloride
      and 2-endo-dimethylamino-1,2,3,4-tetrahydroethanonaphthalene hydrochloride
      are disclosed in Japanese Patent No. 18,944 of 1966. However, their
      antiviral activity was not recognized by the patentees.
PAR  When the compounds of the instant invention are used as antiviral agents
      they may be employed alone or in combination with the usual
      pharmaceutically acceptable carriers which are discussed in detail in the
      aforementioned U.S. Pat. Nos. 3,483,254; 3,496,228; 3,538,160; 3,534,084;
      and 3,592,934. The proportion of the antiviral agent with respect to the
      carrier is determined by its solubility and chosen route of
      administration.
PAR  The antiviral compounds of this invention can be administered according to
      this invention by any means that effects contact of the active ingredient
      compound with the site of influenza viral infection in the body of the
      living host. It will be understood that this includes the site prior to
      infection setting in as well as after. For example, administration can be
      intranasally, orally, or parenterally, that is subcutaneously,
      intravenously, intramuscularly, or intraperitoneally. Activity against
      influenza virus A.sub.2 by the latter route has been confirmed by tests in
      mice.
PAR  The following Table shows the toxicity of respresentative compounds I, III,
      and VII along with that of Amantadine.
TBL  __________________________________________________________________________

     TOXICITY OF IN VITRO ACTIVE                                               

     ANTI-MYXOVIRUS COMPOUNDS IN MICE                                          

     __________________________________________________________________________

     Animals:      Charles River white mice, 9-11 g. of                        

                   starting weight, 6 mice per group.                          

     Amantadine and                                                            

     Compounds I, III                                                          

     and VII     *I/P route:                                                   

                        100-125-150-175-200 mg/kg                              

                        (Compound I)                                           

                        150-175-200,225,250, 275-300-                          

                        325 mg/kg (Aman.)                                      

                        700-725-750-775-800 mg/kg                              

                        (Compound VII)                                         

                        100-250-500-750 mg/kg                                  

                        (Compound III)                                         

                 **P/O route: 200-225-250-275 (Compound I)                     

                 Mice were weighed each day before administration of the drugs 

                 and doses adjusted according to the actual weight of          

                 individual animal. All drugs were dissolved in water and      

                 diluted to the proper concentration (e.g., 20% by weight)     

                 with the phosphate-buffered saline (PBS).                     

     __________________________________________________________________________

                   Maximal non-toxic dose                                      

                               50% toxic dose                                  

     Route of      LD.sub.0 (mg/kg)                                            

                               LD.sub.50 (mg/kg)                               

     Compound                                                                  

           Administration                                                      

                   Acute Subacute                                              

                               Acute Subacute                                  

     Amantadine                                                                

           I/P     175   150   225   175-200                                   

     __________________________________________________________________________

     Compound I                                                                

           I/P     125   100   100   100                                       

           P/O     250   225   275   250-275                                   

     Compound                                                                  

     VII   I/P     700   700   775-800                                         

                                     800                                       

     Compound                                                                  

     III   I/P     500   250   750   500-750                                   

     __________________________________________________________________________

       *I/P - intraperitoneally                                                

      **P/O - oral                                                             

PAR  From the foregoing it will be seen that the maximum single dosage for
      compound I should be no greater than 100 mg/kg. Compounds VII and III were
      far less toxic than either the known antiviral agent Amantadine or
      compound I and can be used in larger maximum dosages.
PAC  IN VIVO ACTIVITY OF ANTI-MYXOVIRUS COMPOUNDS
PAR  In our experimental models for testing of anti-myxovirus activity mice were
      intranasally infected with mouse adapted human influenza A.sub.2 virus in
      an amount to cause development of acute influenza resulting in death of
      animals. When animals so infected were treated with Amantadine (the
      reference "positive control" substance) or representative Compounds I, III
      or VII administered intraperitoneally, those compounds exhibited a
      significant antiviral effect against influenza virus infection. The
      results of some of these tests are summarized in the following table:
TBL      Virus        Drug          Mean Survival                              

     Expt.                                                                     

         Dose   Drug  Dose                                                     

                          Survival  Time*                                      

         (LD.sub.50)  (I/P,              Increase                              

     --               mg/kg                                                    

                          S/T**                                                

                               %    Days (Days)                                

     __________________________________________________________________________

     1   1.44 Virus, only                                                      

                      0   10/30                                                

                               33.3 8.07 0                                     

              Amantadine                                                       

                      80  27/30                                                

                               90.0 15.4 7.33                                  

              Compound I                                                       

                      80  26/30                                                

                               86.7 15.4 7.33                                  

     2   2.24 Virus, only                                                      

                      0    4/27                                                

                               14.8 12.2 0                                     

              Amantadine                                                       

                      100 26/27                                                

                               96.3 14.9 2.7                                   

              Compound I                                                       

                      80  18/27                                                

                               66.6 14.1 1.9                                   

     3   2.88 Virus, only                                                      

                      0    1/24                                                

                               4.2  10.1 0                                     

              Amantadine                                                       

                      100 11/12                                                

                               91.6 14.6 4.5                                   

              Compound I                                                       

                      100  8/12                                                

                               66.4 13.8 3.1                                   

     4   3.80 Virus, only                                                      

                      0    1/30                                                

                               3.3       0                                     

              Amantadine                                                       

                      100 12/30                                                

                               39.6                                            

              Compound VII                                                     

                      100  6/30                                                

                               19.8                                            

              Compound III                                                     

                      100  8/30                                                

                               26.4                                            

     __________________________________________________________________________

       *Mean survival time (days) = number of mice alive each day (up to the   

      last day of experiment) divided by total number of mice in group.        

       **T = Total number of animals infected                                  

      S = Number of surviving animals                                          

PAR  These results indicate that the treatment of influenza A.sub.2 infection in
      mice with the compounds of the invention produces a reduction in mortality
      under the experimental conditions chosen. They compare favorably with
      Amantadine which is one of the few compounds presently known which is
      generally accepted to be significantly active against influenza in vivo.
PAR  In the following experiment, compound I was tested at different levels for
      preventive control of influenza as follows:
TBL  Animals:                                                                  

             Charles River white mice, starting weight: 10-12 g;               

             12 mice per group (24 mice as control).                           

     Virus:  Mice were inoculated intranasally with influenza                  

             A.sub.2 virus Aichi/2/68, with a titer of 2,88 LD.sub.50,         

             suspended in PBS.                                                 

     Compound I:                                                               

             Mice were divided into 5 groups and received                      

             respective doses of the drug: 100-85-70-55-40 mg/kg/              

             day intraperitoneally, once a day for 16 days                     

             beginning one day prior to infection with the                     

             virus. Mice were weighed each day before inocula-                 

             tions and doses adjusted according to the actual                  

             weight of each animal. The active compound was                    

             suspended in phosphate buffered saline.                           

PAR  The results are shown in the following tables:
TBL  DAYS POSTINFECTION / CUMULATIVE MORTALITY                                 

            GROUP  8    9     10    11    12    13    14                       

                   N/%  N/%   N/%   N/%   N/%   N/%   N/%                      

     __________________________________________________________________________

            Control                                                            

                   2/8.3                                                       

                        11/45.8                                                

                               17/70.8                                         

                                     21/87.5                                   

                                          21/87.5                              

                                                23/95.8                        

                                                      23/95.8                  

            (virus only)                                                       

            100mg/kg                                                           

                   0/0  0/0   2/16.7                                           

                                    3/25.0                                     

                                          4/33.3                               

                                                4/33.3                         

                                                      4/33.3                   

     Compound I                                                                

             85mg/kg                                                           

                   0/0  1/8.3 3/25.0                                           

                                    4/33.3                                     

                                          6/50.0                               

                                                6/50.0                         

                                                      6/50.0                   

      +      70mg/kg                                                           

                   1/8.3                                                       

                        1/8.3 5/41.7                                           

                                    6/50.0                                     

                                          6/50.0                               

                                                6/50.0                         

                                                      6/50.0                   

     Virus   55mg/kg                                                           

                   1/8.3                                                       

                        2/16.7                                                 

                              5/41.7                                           

                                    7/58.3                                     

                                          9/75.0                               

                                                11/91.6                        

                                                      11/91.6                  

             40mg/kg                                                           

                   1/8.3                                                       

                        5/41.7                                                 

                              7/58.3                                           

                                    9/75.0                                     

                                          10/83.3                              

                                                11/91.6                        

                                                      11/91.6                  

     __________________________________________________________________________

TBL                              Mean survival                                 

                   Survivors     time                                          

                     S/T.sup.(a)                                               

                          %    p.sup.(b)                                       

                                   Days                                        

                                       Increase                                

     Group    (dose)                   (days)                                  

     __________________________________________________________________________

     Virus control                                                             

              (2.9 LD.sub.50)                                                  

                     1/24 4.2  --  10.1                                        

                                       0                                       

     __________________________________________________________________________

     Virus + CPD I                                                             

              (100mg/kg)                                                       

                     8/12 66.4 0.01                                            

                                   13.6                                        

                                       3.5                                     

     Virus + CPD I                                                             

              ( 85mg/kg)                                                       

                     6/12 50.0 0.01                                            

                                   12.9                                        

                                       2.8                                     

     Virus + CPD I                                                             

              ( 70mg/kg)                                                       

                     6/12 50.0 0.01                                            

                                   12.4                                        

                                       2.3                                     

     Virus + CPD I                                                             

              ( 55mg/kg)                                                       

                     1/12 8.3      11.2                                        

                                       1.1                                     

     Virus + CPD I                                                             

              ( 40mg/kg)                                                       

                     1/12 8.3      10.5                                        

                                       0.4                                     

     __________________________________________________________________________

      .sup.(a) Total number of animals infected                                

      .sup.(b) Probability factor -- less than 0.3 significant antiviral       

      activity, less than 0.05 highly significant antiviral activity.          

PAR  Similar results have been demonstrated with other compounds of the
      invention.
PAR  The compounds within the scope of this invention are valuable for influenza
      viral prophylaxis, as well as for therapeutic treatment.
PAR  In general, the compounds of this invention are most desirably administered
      at a concentration level that will afford effective results without
      causing any harmful or deleterious side effect in the subject being
      treated, i.e., in an effective, non-toxic amount. The dosage administered
      will also be dependent upon the virus being treated, the age, health and
      weight of the recipient, the extent of infection, kind of concurrent
      treatment if any, frequency of treatment, and the nature of the effect
      desired. For example, a daily dosage of 10 to 100 mg/kg of body weight of
      compound I dissolved or suspended in phosphate buffer solution (PBS) may
      be safely and effectively administered to mice by the intraperitoneal
      route. Similar or larger dosages of the related compounds III and VII may
      likewise be administered. Dosages are readily adjusted by known procedures
      for administration to other animal hosts including human and avian hosts.
PAR  The compounds of the present invention can be employed in dosage forms in
      combination with pharmaceutically acceptable carriers, solvents, diluents,
      and the like to provide liquid solutions or suspensions for intranasal or
      parenteral use.
PAR  In general, water, saline, aqueous dextrose (glucose) and related sugar
      solutions and glycols such as propylene glycol or polyethylene glycol are
      preferred liquid carriers, particularly for injectable solutions. Sterile
      injectable solutions such as buffered saline will ordinarily contain from
      about 0.5% to 25% by weight of the active ingredient.
PAR  It will be apparent from the foregoing descriptions that the
      1,2,3,4-tetrahydro-1,4-alkanonaphthalenamine products of this invention
      and their acid salt derivatives constitute a valuable class of antiviral
      agents. One skilled in the art will also appreciate that the processes
      disclosed in the above examples are merely illustrative and are capable of
      wide variation and modification without departing from the spirit of this
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. The compound
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-exo-3-dimethylaminomethyl-endo-2-
     amine.
NUM  2.
PAR  2. A hydrochloride of the compound of claim 1.
NUM  3.
PAR  3. The compound
      1,2,3,4-tetrahydro-1,4-methanonaphthalen-exo-3-phenyl-endo-2-amine.
NUM  4.
PAR  4. The hydrochloride of the compound of claim 3.
NUM  5.
PAR  5. The compound
      1,2,3,4-tetrahydro-1,4-ethanonaphthalen-exo-3-endo-2-diamine.
NUM  6.
PAR  6. A hydrochloride of the compound of claim 5.
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ABST
PAL  The present invention relates to the oxidation of cyclohexane with
      molecular oxygen in a series of reaction zones, with vaporization of
      cyclohexane from the last reactor effluent and parallel distribution of
      this cyclohexane vapor among the series of reaction zones.
PARN
PAR  This is a continuation, of application Ser. No. 113,081 filed Feb. 5, 1971,
      which is a continuation of Appln. Ser. No. 650,996, filed July 3, 1967 all
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The oxidation of cyclohexane is a process of very great commercial
      importance. The major important oxidation products, cyclohexanol and
      cyclohexanone, are useful in the production of many high volume chemicals
      of commerce. For example, such important chemicals as adipic acid,
      caprotactam, phenol and others are produced from the above oxidation
      products.
PAR  In high volume, efficient processes, it is advantageous that the reaction
      be carried out in a continuous fashion in a series of separate reaction
      zones. The reaction selectivities which are achieved by known oxidation
      procedures, and the methods and equipment employed have not always proved
      completely satisfactory. For example, the art such as represented by
      British Pat. No. 1,025,752, has suggested a reaction system whereby vapor
      from the final reaction mixture is passed in countercurrent flow to the
      liquid oxidation reaction mixture in the series of reaction zones. Such a
      procedure has certain disadvantages which include, for example, necessary
      pressure differentials at various points in the system as well as the
      enlarged equipment necessary at each point to handle the high vapor flows.
PAR  The procedures which have been used in the prior art have not been entirely
      satisfactory and there has remained considerable room for significant
      improvements.
PAC  SUMMARY OF THE INVENTION
PAR  Now, in accordance with the present invention, there is provided an
      improved method for accomplishing the continuous liquid phase oxidation of
      cyclohexane in a series of reaction zones. In accordance with the
      invention, the reaction mixture from the last of the series of zones
      comprising mainly cyclohexane together with a minor proportion of reaction
      products is subjected to a vaporization and cyclohexane vapors from this
      vaporization are then distributed in parallel among the various oxidation
      zones. By means of this procedure, very significant improvements in
      oxidation selectively are achieved while at the same time conditions in
      the entire system tend to be stabilized and the equipment requirements are
      minimized.
PAR  Attached to the instant specification is a drawing which illustrates a
      suitable method for carrying out the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to the accompanying drawing, zones 1, 2, 3 and 4 represent a
      series of agitated reaction zones suitable for carrying out the liquid
      phase oxidation of cyclohexane. Each of the zones is equipped with
      agitating means as well as various vapor and liquid inlet and outlet
      conduits.
PAR  Net fresh cyclohexance is fed through line 8 and is combined with recycle
      cyclohexane from line 6 and the combined mixture is fed through line 7
      into reaction zone 1. After appropriate oxidation in zone 1, liquid
      reaction mixture is continuously removed by means of line 8 and fed to
      zone 2. From the zone 2 liquid reaction mixture is removed by means of
      line 9 and fed to zone 3, with liquid from zone 3 being removed via line
      10 and fed to zone 4. The oxidation is carried out in a continuous fashion
      with the appropriate flows a being requlated in accordance with standard
      procedures for accomplishing as nearly as possible steady state operation.
PAR  Oxygen containing gas, most suitably air, is introduced into the system by
      means of line 11 and is distributed among the oxidation zones respectively
      through lines 12, 13, 14 and 15 to accomplish the desired oxidation in
      each zone. The conditions are selected during the oxidation so as to
      provide for substantially complete conversion of oxygen in each oxidation
      zone.
PAR  Vapors are removed from each reaction zone respectively through lines 16,
      17, 18 and 19. These vapors comprise cyclohexane, water, very small
      amounts of oxygen and inert gas, usually nitrogen. As shown, the vapors
      are condensed in condenser 20 and separated in separator 21. Water is
      discarded by means of line 22 and the non-condensed gases are removed by
      means of line 23. Condensed cyclohexane is returned to the oxidation
      system by means of lines 6 and 7.
PAR  The reaction mixture from the last oxidation zone 4 comprising mainly
      unreacted cyclohexane together with a minor proportion of reaction
      products is removed from zone 4 by means of line 24 and is passed to vapor
      liquid contact zone 25. Zone 25 can be a bubble cap tray column or any
      other equivalent vapor liquid contact apparatus. The liquid reaction
      mixture flows downwardly through zone 25 and is removed through line 26
      and passed to vaporizer 27. In vaporizer 27, the reaction mixture is
      heated and a portion of the contained cyclohexane is vaporized. As shown
      in the drawing, steam coil 28 is provided to accomplish the heating
      although it will be apparent that any equivalent means can be employed.
PAR  In an especially preferred embodiment of the invention, wherein an inert
      gas recycle is provided, inert gas is introduced into the vaporizer by
      means of line 29. Most suitable, this inert gas is a portion of the
      nitrogen which was separated from separator 21 by means of line 23.
      However, the inert gas can be from some other zones. Vapors from the
      vaporizer pass via line 30 to the bottom of vapor liquid contact zone 25.
      The vapors countercurrently contact the reaction mixture in zone 25 and as
      a result of this contact such of the reaction products as is contained in
      the vapors from vaporizer 27 are absorbed in the liquid reaction mixture.
PAR  Vapors exiting from zone 25 are removed via line 31 and are passed to the
      various oxidation zones, vapor passing to zone 4 by means of lines 32, to
      zone 3 by means of line 33, to zone 2 by means of line 34 and to zone 1 by
      means of line 35. The amount of vapor distributed to each zone is
      sufficient to maintain the desired reaction conditions in the particular
      zone. Generally, a significantly greater amount of vapors is passed to the
      first oxidation zone, zone 1, because of the somewhat greater heat load in
      this zone.
PAR  Through practice of the present invention, it is possible to carry out the
      oxidation in each oxidation zone at conditions of very high dilution of
      oxidation products. This is conductive to achieving the very best
      selectivities in the oxidation. Additionally, the provision of parallel
      vapor distribution to the various oxidation zones provides for the
      greatest process flexibility. The conditions in each zone necessary for
      optimum operation can most conveniently be set and maintained by the
      process of this invention. The amount of cyclohexane vapor with or without
      inert gas in admixture is conveniently regulated to maintain the
      particular conditions in each zone. For example, the reaction temperature
      may be the same or may be different for the various zones and is
      conveniently adjusted by appropriate regulation of the cyclohexane vapor
      introduced. Likewise, the boilup in each zone can be similarly regulated.
      Still further, because of the parallel vapor distribution, the size of
      each oxidation zone and the vapor conduits associated with each zone can
      be very greatly lessened as compared with systems which involve total
      vapor passage to each zone.
PAR  The oxidation reaction itself is carried out in accordance with conditions
      and procedures which are well known in the art. The cyclohexane oxidation
      is carried out in the liquid phase and the conventional heavy metal
      oxidation catalysts, for example, cobalt naphthenate, can be employed as
      desired. However, the system of the present invention is particularly
      applicable where the oxidation reaction is carried out in the presence of
      a boron adjuvant such as meta boric acid or similar type compounds. For
      teaching of the details of this type reaction, reference is made to the
      prior art as illustrated specifically by U. S. Pat. No. 3,243,449. In
      practice of the invention wherein the boron adjuvant is employed, this
      material is added entirely to the first reaction zone or alternatively the
      boron material can be distributed by parallel addition to the oxidation
      zones.
PAR  Temperature which are employed in the present invention are suitably in the
      range of about 100.degree. to 180.degree.C., and preferably about
      140.degree. to 180.degree.C. Oxidation pressures are suitably sufficient
      to maintain the liquid phase at the elevated reaction temperature while
      maintaining the necessary conditions of cyclohexane vaporization to insure
      proper reaction selectivity. An illustrative range is 100 to 500 psig.
PAR  Overall conversions are as taught in the prior art. Usually up to about 20%
      of the cyclohexane can be converted per pass with conversions in the range
      of 1 to 10% being preferred.
PAR  As an additional aspect of the present invention, it is greatly to be
      desired that the oxygen containing gas introduced into each zone is
      sparged into the zone separate from the returned cyclohexane vapors.
      Conventional vapor sparging means can be employed but it is important for
      successful practice that the oxygen not be combined with the cyclohexane
      recycle vapor prior to introduction into the body of the reaction liquid
      in each zone. In the drawing these vapors are depicted as being introduced
      separately into each oxidation zone and this procedure is of considerable
      importance for successful practice of the invention in order to avoid
      explosive and/or non-selective preoxidation of the cyclohexane.
PAR  The invention is further illustrated by the following example:
PAC  EXAMPLE
PAR  Cyclohexane is oxidized as described in the figure accompanying the present
      specification.
PAR  About 1340 mols per hour of fresh cyclohexane is fed in line 5 and combined
      with about 59,730 mols per hour recycle cyclohexane (containing a small
      amount of oxygenated materials) and about 900 mols per hour meta boric
      acid slurried therein, introduced via line 6. The combined stream at
      160.degree.C. is fed to reactor 1 via line 7.
PAR  Reactor 1 is maintained with a liquid reaction mixture temperature of
      166.degree.C. The reaction pressure on all the oxidation zones is 146
      psia. To each oxidation zone respectively through lines 12, 13, 14 and 15
      is fed 280 mols per hour oxygen and 1070 mols per hour nntrogen.
      Substantially complete conversion of the oxygen is achieved in each
      oxidation zone.
PAR  Into zone 1 is sparged via line 35 about 16060 mols per hour cyclohexane
      (containing a small amount of oxygenated materials) and 3200 mols per hour
      inerts (mainly nitrogen) at about 174.degree.C. Liquid effluent is removed
      from zone 1 via line 8 and passed to zone 2 at the rate of about 62000
      mols per hour, of which about 635 mols are oxygenated products. Vapor
      effluent comprising per hour about 15100 mols of cyclohexane, about 30
      mols organic oxygenated materials, and about 4610 mols inerts (including
      water) is removed from zone 1 via line 16.
PAR  Oxidation zone 2 is also maintained at a liquid reaction mixture
      temperature of 166.degree.C. Via line 34 there is introduced into zone 2
      about 4280 mols per hour of cyclohexane (containing a small amount of
      oxygenated materials) and 860 mols per hour of inerts (mainly nitrogen).
      These vapors are at 174.degree.C. Also introduced into zone 2 by means
      which are not shown are 130 mols of inerts which have bypassed vaporizer
      27. Liquid effluent is removed from zone 2 via line 9 and passed to zone 3
      at the rate of about 58100 mols per hour, of which about 973 mols are
      oxygenated products. Vapor effluent comprising per hour about 8154 mols
      cyclohexane, 26 mols organic oxygenated materials, and about 2400 mols
      inerts (including water) is removed from zone 2 via line 17.
PAR  Oxidation zone 3 is maintained at a reaction liquid temperature of
      167.degree.C. Into zone 3 there is introduced per hour via line 33 about
      4280 mols cyclohexane and 860 mols per hour inerts (mainly nitrogen) at
      174.degree.C. Also, by means not shown, there is introduced into zone 3
      about 200 mols per hour of recycle inert gas which has bypassed vaporizer
      27. Liquid effluent is removed from zone 3 via line 10 in amount of 53300
      mols per hour of which about 1298 mols are oxygenated products and fed to
      zone 4. Vapor effluent comprising 9042 mols per hour cyclohexane, 38 mols
      per hour organic oxygenated materials and 2470 mols per hour (inerts per
      hour) are removed from zone 3 via line 18.
PAR  Oxidation zone 4 is maintained at a liquid reaction temperature of
      168.degree.C. Into zone 4 via line 32 is introduced 4280 mols per hour
      cyclohexane and 860 mols per hour of inerts (mainly nitrogen) at
      174.degree.C. Also introduced by means not shown is 260 mols per hour
      recycle inerts which have bypassed vaporizer 27. Vapor effluent is removed
      via line 19 comprising 9528 mols per hour cyclohexane, 52 mols per hour
      oxygenated organic materials and 2530 mols per hour inerts (including
      water). A liquid effluent is amount of 48000 mols per hour containing 1608
      mols oxidation products is removed by means of line 24 and passed to the
      top of vapor liquid contact zone 25.
PAR  The combined vapors from each of the oxidation zones are cooled in heat
      exchange zone 20 in order to condense the condensible materials. The
      cooled mixture passes to separation zone 21 with water being separated via
      line 22 and inerts via line 23. A suitable quantity of the inerts is
      recycled via line 29 to vaporizer 27 with another portion passing directly
      to reactors 2, 3 and 4 as above indicated. Liquid cyclohexane is removed
      via line 6 and recycled to the oxidation zone 1 as indicated after
      appropriate combination with meta boric acid (not shown).
PAR  Liquid reaction mixture from vapor liquid contact zone 25 passes via line
      26 to vaporizer 27 wherein the mixture is heated by means of steam coil
      28. Inert gas is introduced to the vaporizer via line 29. The combined
      vapors are passed via line 30 through zone 25 and thence via line 31 to
      the various oxidation zones as above indicated.
PAR  From the liquid effluent from vaporizer 27 there are recovered by
      hydrolysis and other known procedures a cyclohexane oxidation reaction
      mixture with a molecular yield of cyclohexanol and cyclohexanone of 86.9%.
      Recovered unreacted cyclohexane is recycled to line 6 by means not shown.
PAR  By way of contrast, when prior procedures are employed wherein the recycle
      cyclohexane in line 6 is vaporized and distributed among the reactors,
      oxidation selectivities of the order of 80.6 are achieved.
PAR  Further, where systems are employed using countercurrent flow of
      cyclohexane vapors, the volumes of the corresponding reactors are
      increased severalfold thus imposing severe economic penalty as contrasted
      with the practice of the present invention. For example, in the
      accompanying drawing, if all of the vapors in line 31 were passed
      countercurrent to the liquid in the reactors, as suggested in the prior
      art, the area and volume of reactors would be increased by a factor of
      about four compared to that needed when using this invention. Furthermore,
      the larger reactor sizes necessitates much longer liquid residence times
      in the oxidation zone. It is well known that long residence times result
      in substantial degradation of the desired oxidation products.
CLMS
STM  I claim:
NUM  1.
PAR  1. The process of oxidizing cyclohexane which comprises
PA1  contacting cyclohexane in the liquid phase at a temperature of from about
      100.degree. to 180.degree.C with a molecular-oxygen containing gas in each
      of a series of separate and inter-connected oxidation zones,
PA1  passing the liquid effluent from one zone to the next zone in series,
PA1  removing vapors from each oxidation zone respectively,
PA1  condensing said vapors to form a hydrocarbon phase and an aqueous phase,
PA1  separating said aqueous phase from said hydrocarbon phase,
PA1  returning the hydrocarbon phase in liquid form to the first of the series
      of oxidation zones,
PA1  removing a liquid effluent mainly containing unreacted cyclohexane and also
      containing oxidation products from the last of the series of oxidation
      zones,
PA1  subjecting said liquid effluent from said last zone to vaporization of
      contained cyclohexane prior to recovery of the oxidation product, and
PA1  returning directly to each of said oxidation zones a portion of said
      vaporized cyclohexane while in vaporized form.
NUM  2.
PAR  2. The process of oxidizing cyclohexane which comprises
PA1  contacting cyclohexane in the liquid phase at a temperature of from about
      100.degree. to about 180.degree.C with a molecular-oxygen containing gas
      in the presence of a boron oxidation adjuvant compound in each of a series
      of separate and inter-connected oxidation zones,
PA1  passing the liquid effluent from one zone to the next zone in series,
PA1  removing vapors from each oxidation zone respectively,
PA1  condensing said vapors to form a hydrocarbon phase and an aqueous phase,
PA1  separating said aqueous phase from said hydrocarbon phase,
PA1  returning the hydrocarbon phase in liquid form to the first of the series
      of oxidation zones,
PA1  removing a liquid effluent mainly containing unreacted cyclohexane and also
      containing oxidation products from the last of the series of oxidation
      zones,
PA1  subjecting said liquid effluent from said last zone to vaporization of
      contained cyclohexane prior to recovery of the oxidation product, and
PA1  returning directly to each of said oxidation zones a portion of said
      vaporized cyclohexane while in vaporized form.
NUM  3.
PAR  3. The method of claim 2 wherein the process further comprises recycling of
      an inert gas and at least a portion of the inert gas is combined with the
      cyclohexane vapors returned in parallel to the oxidation zones.
NUM  4.
PAR  4. the method of claim 2 wherein the oxygen containing gas necessary for
      the oxidation is sparged into each oxidation zone separately from the
      returned cyclohexane vapor.
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ABST
PAL  A palladium catalyst on an aluminum spinel carrier is used to selectively
      hydrogenate phenol to cyclohexanone.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of co-pending application Ser. No. 180,150
      filed Sept. 13, 1971 and now abandoned.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a highly active palladium catalyst, in which
      spinels are used as carrier material, for the preparation of cyclohexanone
      by selective vapour phase hydrogenation of phenol and to the process for
      using the said catalyst.
PAR  In U.S. Pat. No. 3.305.586 it has been disclosed that phenol can be
      hydrogenated to cyclohexanone by means of a catalyst of palladium on
      alumina as carrier. The process provides either high conversion rates with
      low selectivity or high selectivity with low conversion rates. The degree
      of purity in which the cyclohexanone is obtained from the hydrogenation
      process is of great economic importance for the working up of the
      hydrogenation product in order to obtain pure cyclohexanone.
PAR  According to U.S. Pat. No. 3.076.810 which describes a process for the
      preparation of cyclohexanone from phenol, an improvement in yield is
      obtained if the alumina used as carrier material is impregnated with 0.1
      to 1% by weight of sodium in the form of sodium carbonate or sodium
      hydroxide. In order to obtain sufficiently high selectivity at these high
      conversion rates, however, the hydrogenation of phenol over this catalyst
      requires residence times of from 21/2 to 5 hours, which are too long to be
      of technical interest. British Patent Specification No. 1.063.357
      describes a process for the preparation of cyclohexanone by vapour phase
      hydrogenation of phenol in which the catalyst carrier used is a mixture of
      40 to 98% by weight of .gamma.-alumina and 2 to 60 % by weight of alkaline
      earth metal hydroxide. However, the conversion rates of phenol are low
      when hydrogenation of phenol is carried out using this
      palladium-containing carrier.
PAR  According to DDR Patent Specification No. 69 585, higher conversion rates
      and selectivity are achieved if the alumina (40 to 98 % by weight) is
      mixed with a mixture of alkaline earth metal hydroxides (2 to 60 % by
      weight), the alumina used containing either .alpha.-alumina or
      .chi.-alumina addition to .gamma.-alumina.
PAR  The catalyst carrier is itself prepared by adding graphite to a mixture of
      alumina and alkaline earth metal hydroxides and pressing the resulting
      mixture to form cylindrical carriers. A serious disadvantage of catalyst
      carriers prepared in this way is that their mechanical hardness is
      generally low.
PAC  SUMMARY
PAR  It has been found that hard and highly active catalysts with long lasting
      activity are obtained by using, as catalyst carrier, alumina which has
      been completely or partly converted into spinel. Such spinels are obtained
      by reacting alumina with compounds of monovalent or divalent metals such
      as lithium, magnesium, cobalt, manganese or zinc (see Gmelin, System No.
      35, A1, I1, Al,Tl, A, 1934 - 1935 pages 26 - 28 and Ullmanns Encyklopaedie
      der technischen Chemie 3rd Edition (1955) Volume 6, pages 242 - 244). By
      using alumina in the form of balls as starting material for the production
      of spinels, the carriers obtained are not only distinguished by their high
      mechanical strength but they also have optimum properties by virtue of
      their spherical form, e.g. for use as catalyst carriers in a fixed bed
      reactor. In addition, the conversion into the spinel form substantially
      increases the selectivity and yield of the carriers as compared with pure
      alumina used as carrier for palladium in the gas phase hydrogenation of
      phenol to cyclohexanone.
DETD
PAC  DESCRIPTION
PAR  It was to be expected from the known state of the art that the preparation
      of cyclohexanone by selective gas phase hydrogenation of phenol on
      palladium catalysts could be achieved with high selectivity, high yields
      and long catalyst life only if a carrier material which is basic in
      reaction was used. It must therefore be regarded as distinctly suprising
      that the same effect can also be achieved with carrier material consisting
      of spinel types which are not alkaline in reaction. Another advantage of
      the process of the present invention is that the spinels used as carrier
      material are distinguished by great hardness and that moreover the
      catalyst used according to the invention can be produced by a very simple
      method.
PAR  The amount of spinel formation should be at least 20%. Carriers in which
      the alumina is present practically completely in the form of spinel have
      been found to be very suitable. It is advantageous to prepare the spinel
      form from highly active alumina in the form of lumps having an internal
      surface area of 200 to 350 m.sup.2 /g. All forms of alumina which are
      still absorbent and which form spinels when annealed in the presence of
      spinel-forming metal salts may be used for this purpose. The pieces of
      alumina, for example in the form of extrudes, pellets, pills or,
      preferably balls measuring 2 to 10 mm may be impregnated with the solution
      of a compound (salt, hydroxide) of the spinel forming metal which is to be
      used, and dried. If salts have been used for impregnating the particles,
      they should be converted into their hydroxides and then heated to
      250.degree.C to 650.degree.C, if desired with the addition of gases which
      contain oxygen or water vapour, to convert them into the oxides.
      Alternatively, salts which can be directly converted into their oxides by
      heat may be used (e.g. nitrates and salts of organic acids). Spinel
      formation is then brought about by heating to 900.degree.C to
      1300.degree.C, e.g. for 1 to 6 hours. Stoichiometric spinel formation may
      be achieved if desired by carrying out the impregnation with the given
      solution after a drying operation and, if necessary, repeating the process
      of decomposing the salts several times. If desired, mixed spinels may be
      prepared by using several spinel forming metal compounds. According to the
      invention, the metals used for spinel formation are preferably the
      following: cobalt, magnesium, lithium, nickel or zinc. The time of the
      annealing process and the annealing temperature vary with the different
      spinels. The annealing temperature and annealing time have an influence on
      the internal surface area and pore diameter of the carrier. Average pore
      diameters of catalyst carrier of from 200 to 800 A and internal surface
      areas of from 20 to 120 m.sup.2 /g have been found to be suitable.
PAR  The advantage of the catalyst carrier according to the invention is that it
      can be prepared from a hard alumina which is already shaped and which has
      even greater hardness and abrasion resistance after spinel formation and
      annealing.
PAR  The palladium may be applied to the carrier in known manner in quantities
      of e.g. 0.1 to 10% by weight, preferably 0.5 to 5% by weight, by
      impregnating the carrier e.g. with an aqueous solution of a palladium
      salt. In principle, any commercially available palladium compound may be
      used for this impregnation. Reduction of the salt (preferably the
      chloride) to the metal, which normally follows impregnation, may be
      carried out e.g. with formaldehyde in alkaline solution but any other
      reducing methods may also be used.
PAR  The catalysts prepared as described above are suitable for the selective
      vapour phase hydrogenation of phenol to cyclohexanone under conditions
      known per se, and long operational runs, high yields and high selectivity
      are achieved.
PAC  EXAMPLES
PAR  a. Preparation of the catalysts:
PAR  Catalyst 1
PAR  2.86 Litres of .gamma.-alumina balls having a diameter of a 4 to 6 mm and
      an internal surface area of about 250 m.sup.2 /g were impregnated with 1
      liter of an aqueous solution at 30.degree.C, into which solution 296 g of
      formic acid and 233 g of 54% aqueous lithium hydroxide solution had been
      introduced. The saturated alumina was dried under vacuum at 150.degree.C,
      again impregnated with the same solution and again dried under vacuum at
      150.degree.C. The carrier was then annealed at 1050.degree.C for 6 hours,
      thus being converted into a spinel, as could be determined by X-ray
      investigation. The finished carrier had an internal surface area of 25
      m.sup.2 /g and an average pore size of 700 A. After impregnation with a
      hydrochloric acid solution of 82.7 g of palladium-(II) chloride hydrate
      and reduction with alkaline formalin, the finished catalyst contained 1.8%
      by weight of palladium. More than 99% of the balls had a minimum rupture
      strength of 10.0 kg/ball.
PAR  Catalyst 2
PAR  1.2 Liters of active alumina in the form of balls having a diameter of 4 mm
      and an internal surface area of 288 m.sup.2 /g were impregnated three
      times at room temperature with 1.600 g of a saturated aqueous solution of
      cobalt -(II) nitrate. The cobalt nitrate was converted to the oxide by
      heating the impregnated and dried balls to 500.degree. C. The oxide was
      then heated to 1050.degree.C for 8 hours. This brought about conversion
      into the spinel form, as could be demonstrated by X-ray investigation of
      the structure. The carrier obtained in this way had an internal surface
      area of 40 m.sup.2 /g and an average pore size of 760 A. The catalyst was
      prepared by impregnating the carrier with 50 g of palladium-(II) chloride
      hydrate in hydrochloric acid solution. The palladium was reduced with
      alkaline formalin. The palladium content of finished catalyst was 1.8% by
      weight. 99% of finished catalyst had a minimum rupture strength of 8.9
      kg/ball.
PAR  Catalyst 3
PAR  The catalyst was prepared by the same method as described for catalyst 2
      but 1800 g of a saturated aqueous solution of magnesium nitrate was used
      instead of a solution of cobalt nitrate. The quantity of magnesium nitrate
      used corresponded to a spinel formation of 60% according to X-ray
      investigation of the structure. The carrier was impregnated with 50 g of
      palladium-(II) chloride hydrate in hydrochloric acid solution so that
      after the reduction carried out as in Example 1 the finished catalyst
      contained 1.8% by weight of palladium, and 99% of the balls had a minimum
      rupture strength of 8.8 kg/ball.
PAR  Catalyst 4
PAR  The catalyst carrier was prepared from 1.2 l of .gamma.-alumina in the form
      of extrudes measuring 4 to 6 mm and having an internal surface area of 300
      m.sup.2 /g. 1600 g of a saturated solution of zinc nitrate were added
      several times to the alumina extrudes. A zinc-aluminum spinel which had a
      stoichiometric composition was formed. The impregnated carrier was dried
      and heated to 500.degree.C to decompose the nitrate into the oxide. The
      carrier was then heated to 1050.degree.C for 6 hours. The resulting
      carrier consisted of zinc-alumina spinel according to X-ray investigation
      of its structure. It had an internal surface area of 20 m.sup.2 /g and an
      average pore size of 800 A. After impregnation with 55 g of
      palladium-chloride hydrate in hydrochloric acid solution, 2 hours
      reduction in a stream of hydrogen at 200.degree.C and washing free from
      chloride, the catalyst contained 1.8% by weight of palladium. At least 99%
      of the extrudes of the finished catalyst had a minimum rupture strength of
      8.3 kg/particle.
PAR  Catalyst 5 (Comparison control 1, alumina without additives)
PAR  36 g of palladium-(II) chloride hydrate in hydrochloric acid solution were
      applied to 1000 g of .gamma.-alumina balls which had a particle diameter
      of 4 to 6 mm and an internal surface area of 280 m.sup.2 /g. After
      reduction with aqueous alkaline formalin, the catalyst contained 1.8% by
      weight of palladium. At least 95% of the balls had a maximum rupture
      strength of only 2.6 kg/ball.
PAR  Catalyst 6 (Comparison control 2, alumina without additives)
PAR  36 g of palladium-(II) chloride hydrate in hydrochloric acid solution were
      applied to 1000 g of an .alpha.-alumina which was in the form of extruded
      pieces having a diameter and length of about 5 mm and an internal surface
      area of 30 m.sup.2 /g, the addition of palladium chloride hydrate being
      interrupted three times by periods of drying of the alumina. After
      reduction with aqueous formalin, the catalyst contained 1.8% by weight of
      palladium. 95% of the extrudes had a maximum rupture strength of only 4.5
      kg/particle.
PAR  b. Hydrogenation:
PAR  Example 1 (this invention)
PAR  2000 ml of catalyst 1 described above were introduced into a reaction
      furnace which had an internal width of 50 mm and a length of 1 mm and
      which was provided with an oil filled heating or cooling jacket. After the
      catalyst had been treated with hydrogen at 200.degree.C for about 24
      hours, 660 g of phenol vapour and 990 liters of hydrogen were passed over
      the catalyst, the heat of reaction being removed by the oil in the cooling
      jacket. Catalyst temperatures between 150.degree.C and 220.degree.C were
      established, a clear temperature peak being observed. The ratio of phenol:
      hydrogen is 1 mol:6 mol. The reaction product obtained contains on an
      average 93% of cyclohexanone, 6% of cyclohexanol and about 1% of
      impurities, the phenol content being less than 0.1%, i.e. conversion may
      be regarded as 100%.
PAR  The reaction product is purified by vacuum distillation and yields a
      cyclohexanone of exceptional purity, as can be determined by gas
      chromatographic analysis. After a reaction time of 2500 hours, the
      selectivity drops to below 90% of cyclohexanone and the conversion also
      drops. In this experiment, 1 litre of catalyst produced 830 kg of
      cyclohexanone. Similar results are achieved with catalysts 2 to 4.
PAR  Example 2 (comparison example)
PAR  When the catalysts 5 and 6 are subjected to the conditions described in
      example 1 above, the selectivity and conversion drop after 190 hours and
      130 hours, respectively. In this experiment, 1 liter of catalyst produces
      58 kg of cyclohexanone.
PAR  It is clear that the catalyst carrier according to the invention
      (lithium-aluminum spinel) has distinct advantages over a catalyst based on
      alumina.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the preparation of cyclohexanone by the selective
      hydrogenation of phenol in the vapor phase, the improvement which
      comprises carrying out the hydrogenation in the presence of a palladium
      catalyst on an aluminum spinel carrier obtained by annealing alumina with
      compounds of monovalent or divalent spinel forming metals followed by
      impregnation of the thus formed spinel carrier with a palladium salt which
      is subsequently reduced to the metal, said catalyst containing 0.1 to 10%
      by weight palladium.
NUM  2.
PAR  2. Process of claim 1, carried out at 100.degree.C to 350.degree.C.
NUM  3.
PAR  3. Process of claim 1, carried out at normal, reduced or elevated pressure.
NUM  4.
PAR  4. Process of claim 1 wherein said spinel forming metals are selected from
      the group of lithium, magnesium, nickel, cobalt, mangenese and zinc.
NUM  5.
PAR  5. Process of claim 1 wherein the amount of spinel formation in said
      carrier is at least 20%.
NUM  6.
PAR  6. Process of claim 1 wherein said spinel carrier is formed from highly
      active alumina in the form of lumps having an internal surface area of
      200-350 m.sup.2 /g.
NUM  7.
PAR  7. Process of claim 1 wherein said spinel carrier has average 4 diameters
      of from 200-800 A.
NUM  8.
PAR  8. Process of claim 1 wherein said spinel carrier has an internal surface
      area of from 20-120 m.sup.2 /g.
NUM  9.
PAR  9. Process of claim 1 wherein the amount of palladium on said carrier is in
      the range of 0.1-10 percent by weight.
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PAL  There are provided novel oxygenated pentamethyldecalins and dehydro
      derivatives thereof which are lasting odorants of woody character and
      which are useful in the perfumery art.
PAL  These novel compounds are prepared by oxidation of cis-thujopsene and
      cis-dihydrothujopsene which are readily available products of natural
      origin.
PARN
PAR  This is a division, of application Ser. No. 49,950 filed June 25, 1970.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Cis-thujopsene, the starting material in the present invention is a readily
      available natural product. It may be reduced to cis-dihydrothujopsene by
      methods well known in the art. (Erdtman and Norin, Acta. Chem. Scand., 13,
      1124 (1959); Forsen and Norin, ibid, 15, 592 (1961); Norin, ibid, 15, 1676
      (1961); Erdtman and Norin, Chem. and Ind., 622 (1960)).
PAR  Thujopsan-2-one, similarly a starting material herein is prepared by
      oxidation of cis-thujopsene according to the method of Ohloff and
      Strickier (German Application No. 1,911,440), and of S. P. Acharya and H.
      C. Brown (5th International Symposium of the Chemistry of Natural
      Products, London, July 8-19, 1968, p. 294).
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns the conversion of the readily available
      natural product cis-thujopsene (V) and its close derivative
      cis-dihydrothujopsene (VI) into three novel ketones and one epoxide of
      related structure and similar olfactory activity.
PAR  Cis-dihydrothujopsene (VI) is converted into cis-4a, 5,6,7,8,8a
      hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-napthalenone (I) referred to
      herein below as the pentamethyloctalone (I) by two different routes. The
      same compound may also be prepared starting with cis-thujopsene (V) and
      also from cis-thujopsan-2-one (XV) by a method related to this latter
      route.
PAR  In the first method, cis-dihydrothujopsene (VI) is oxidized to the
      pentamethyloctalone (I).
      ##SPC1##
PAR  The reactants are taken up in an anhydrous reaction inert polar solvent and
      treated with an excess of oxidant, suitably of the chromate species at
      moderate temperatures.
PAR  The following flow chart illustrates the method starting with
      cis-thujopsene (V)
      ##SPC2##
PAR  In this modification cis-thujopsene (V) is taken up in a suitable solvent
      and irradiated in the presence of oxygen and a carrier dye. The color of
      the dye should be the complement of at least a portion of the wavelength
      range of the irradiation source, that is to say the dye should absorb
      light in that wave length range.
PAR  After irradiation the product is reduced with a chemical (ie not catalytic)
      reducing agent to yield intermediate enol (XIV). Enol(XIV) is then
      contacted with a surface active catalyst such as alumina, or the like
      which is believed to cause the enol(XIV) to give the ketoform (XV) which
      is then rearranged to yield the pentamethyloctalone (I). This
      rearrangement is conveniently achieved by eluting the enol (XIV) from a
      column packed with the catalyst. The eluant should be sufficiently polar
      to achieve elution within a reasonable number of column volumes but not so
      polar as to cause elution which is too rapid to permit proper contact with
      the catalytic material.
PAR  It will be seen that the unisolated keto intermediate (XV) is in fact
      cis-thujopsan-2-one, which is a readily available product. Hence starting
      with thujopsan-2-one, compound (I) may be produced by similar contact with
      a surface active catalyst.
PAR  The following flow chart (I) shows how cis-dihydrothujopsene may be
      converted into pentamethyl octalone (I).
      ##SPC3##
PAR  In stage A (i) cis-dihydrothujopsene (VI) is treated with a peracid in the
      presence of hydrogen ion to yield a mixture of compounds indicated by
      formulas (I), (III) and (VII) thru (X). The reaction product is separated
      from the reaction mixture, suitably by extraction with a water immiscible
      solvent. Separation of the components at this stage is not required.
PAR  The entire mixture is then treated with a strong base in an alkanol in
      stage B. In this step products (I), (III), (VII) and (IX) are unchanged,
      however, it is presumed that (VIII) is converted to (VII) and (X) is
      converted to (IX). The entire reaction product is again separated from the
      reaction mixture, suitably by solvent extraction, however, here again
      resolution of the respective components is not necessary.
PAR  In stage C the reaction product of stage B is treated with a strong acid in
      an anhydrous solvent, suitably under continuous distillation to remove the
      water/solvent azeotrope.
PAR  Compound (I) and Compound (III) are unchanged, while the
      3-hydroxypentamethyloctahydronapthalene (VII) is converted into the
      pentamethylhexahydronapthalene (XI), and the
      3-hydroxy-1,2-epoxy-pentamethyldecalin (IX) is converted into compound I.
PAR  The ratio of the products I: III: XI is of the order of 25:10:1. This
      result is most surprising since (I) and (XI) would not normally be
      expected to be formed in this reaction series. The three identified
      compounds I, (III) and (XI) constitute ca 80% of the recovered product.
PAR  In an alternative procedure cis-dihydrothujopsene (VI) is reacted with
      neutral peracid, that is to say peracid having substantially no hydrogen
      ions present, to form
      cis-decahydro-1,2-epoxy-2,4a,8,8,8a-pentamethylnapthalene (IV),
      hereinafter referred to as the epoxypentamethyldecalin (IV). This may then
      be converted in stage A (ii) to the same products as above by the same
      means.
PAR  As mentioned in connection with step A (ii) above, cis-dihydrothujopsene
      (VI) is readily converted into the corresponding 1,2-epoxide (IV) by a
      peracid iin neutral conditions.
      ##SPC4##
PAR  The epoxide (IV) upon treatment with an acid, suitably in anhydrous
      conditions in an inert atmosphere yields the pentamethyl-1-decalone (III).
PAR  The pentamethyl-2-octalone (I) may be hydrogenated to give the
      corresponding pentamethyl-2-decalone i.e.:
      cis-3,4,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-(1H)-napthalenon
     e (II).
      ##SPC5##
PAR  It has been found that compounds I, II, III and IV have valuable properties
      as odorants in perfume manufacture. The compounds have various woody
      odours which add body and strength to the odorant compositions to which
      they are added. They possess valuable fixative properties and possess very
      useful tenacity.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Cis-dihydrothujopsene (VI) is oxidized to pentamethyloctalone (I).
PAR  In the preferred modification cis-dihydrothujopsene (VI) is taken up in a
      suitable polar reaction inert anhydrous solvent. It is preferred to use an
      aliphatic acid and anhydride such as an alkanoic acid and anhydride. The
      especially preferred alkanoic moities contain 1-5 carbon atoms such as the
      formic, acetic, propionic, butyric and valeric moieties, however in view
      of the malodorous properties of certain of the moieties, acetic and
      propionic acids and anhydrides are the solvents of choice.
PAR  There is utilized as an oxidant any available oxidant of the chromate
      species, especially preferred are the alkali metal dichromates and the
      alkylchromates such as sodium or potassium dichromate or, for example
      t-butylchromate.
PAR  There is utilized at least the calculated amount of oxidant (i.e. 4
      equivalents of oxidant per mole of (VI)) however it is preferred to use an
      excess of oxidant, a two fold excess (ie 12 equivalents per mole of (VI)
      is especially preferred. The concentration of (VI) lies between 0.25 and
      0.5 moles/litre of solvent.
PAR  The reaction is exothermic. It is therefore preferable to add the oxidant
      slowly while maintaining the vessel temperature at or below 25.degree.C.
      After thorough mixing of the reagents the temperature is carefully raised.
      The temperature may rise to 50.degree.C, however it is preferred to hold
      the temperature between 30.degree. to 40.degree.C in which range the
      reaction is self sustaining and will decline upon completion of the
      reaction. While reaction times will of course vary, generally the addition
      step should take about 1.5 hours, the stirring step at 25.degree. about 0.
      hours and the reaction step at 40.degree. about 2-5 hours.
PAR  The reaction is then quenched and the product isolated. Suitably the
      reaction mixture is poured into an approximately equivalent volume of
      water and extracted with a suitable water immiscible solvent and the
      solvent removed by evaporation.
PAR  In the irradiation process using cis-thujopsene (V) as starting material,
      the thujopsene (V) is taken up in any commonly utilized irradiation
      solvent. Among these solvents may be included hydrocarbons, ethers,
      alcohols and the like. However alkanols such as methanol being especially
      preferred.
PAR  The irradiation solution is sparged with oxygen, preferably through a
      sintered glass plate. The source of oxygen may be pure oxygen or air. The
      rate of flow is not critical, flow rates of between 1 and 30 litres per
      minute have been found satisfactory.
PAR  The irradiating source may comprise principally visible light (450-700 nm)
      or U.V. light (200-450 nm).
PAR  With visible light there are used carrier dyes whose colour is a complement
      of at least a portion of the irradiated wave length range of the
      irradiation source. As long as these criteria are met, the actual carrier
      dye used is not critical, however rose bengal, eosin chlorophyll,
      methylene blue and the like have been found useful.
PAR  Where U.V. light is used sensitizers such as benzene, aryl and alkyl
      ketones or other aromatics may be employed, however the use of high energy
      sources such as U.V. light is not favored.
PAR  The irradiation is carried out between 0.degree. and 50.degree.C, suitably
      at between 20.degree.-25.degree.C. Irradiation is continued until oxygen
      uptake ceases. This is determined by a steady, non-increasing value in a
      hydroperoxide determination.
PAR  The irradiated mixture is then reduced, any reducing agent may be used,
      aqueous sodium sulfite, lithium aluminum hydride and sodium borohydride
      are especially suitable. It should be noted however that where the solvent
      used is a hydroxylic solvent, lithium aluminum hydride is not suitable.
      After addition of the reducing agent, more water is added and the product,
      presumably the enol (XIV) among others is extracted with a suitable water
      immiscible solvent. The residue obtained is chromatographed on a suitable
      catalyst.
PAR  The catalyst should preferably be neutral alumina, acidic or basic alumina
      are operative but the yields are not optimal. The catalyst of choice is
      neutral grade I alumina.
PAR  The polarity of the solvent used is important but not totally critical. It
      should be more polar than hexane and less polar than methanol.
      Hexane/benzene gives by-products while benzene/ether preferably at a 4:1
      ratio gives the desired pentamethyloctalone (I).
PAR  While the column ratio is not critical good results have been obtained at a
      load/column ratio of 1:50 to 1:100.
PAR  In accordance with the foregoing catalytic chromatographic procedure, but
      starting with thujopsan-2-one (XV), the same product is obtained. It
      should be noticed however that solvents of slightly higher polarity are
      required to elute the pentamethyloctalone (I).
PAR  In the fourth modification of the procedures for the preparation of
      pentamethyloctalone (I), cis-dihydrothujopsene (VI) is treated with
      peracid in the presence of hydrogen ion. There may be utilized any
      peracid, suitably an organic peracid such as peracetic, perphthalic,
      perbenzoic or metachloro perbenzoic acid. Commercial peracetic acid
      contains 1% of concentrated sulfuric acid, if other peracids are used, a
      similar quantity of acid must be added. The quantity is not critical, from
      0.2-5% of acid may be added.
PAR  While it is preferred to carry out the reaction without solvents, there may
      be utilized reaction, inert solvents such as benzene, ether, glacial
      acetic acid or the like.
PAR  The reagent medium of choice is 40% aqueous peracetic acid.
PAR  There is utilized an excess of peracid, while there is no upper limit to
      the amount of acid used, it is preferred to use at least 2-3 moles of
      peracid per mole of dihydrothujopsene (VI).
PAR  The acid is warmed with agitation at a temperature of between 10.degree.
      and 80.degree.C, preferably at between 30.degree. and 40.degree.C for
      10-60 mins. preferably for about 20 minutes while the dihydrothujopsene
      (VI) is added slowly. After addition is complete, agitation at this
      temperature is continued for about 3 hours, although longer times may
      sometimes be required to remove the starting material. The reaction
      mixture is then quenched with water and extracted, suitably with hexane.
PAR  The residue from the extraction step is taken up in an alkanol, suitably in
      methanol and treated with a base, suitably an alkali, such as sodium or
      potassium hydroxide.
PAR  There is utilized from 1-5, suitably about 2 parts by weight of solvent
      relative to each part of peracid product.
PAR  There are utilized 1-5 moles of base per mole of residue, preferably
      between 1.5-2 moles/mole are used.
PAR  While it is not essential to heat the reaction mixture, temperatures
      between 25.degree. and 100.degree.C or even higher are operative. It is
      especially convenient to carry out the reaction at thereflux temperature
      of the solvent. The reaction is run until all of the ester has been
      saponified, as determined by infrared analysis, 3 hours is usually
      sufficient for this to occur.
PAR  The reaction product is then isolated. In the preferred mode of isolation,
      water is added to the reaction mixture and methanol removed by
      distillation until a pot-temperature of about 95.degree.C is reached. The
      mixture is then cooled and extracted with a water-immiscible solvent,
      hexane being especially suitable. The hexane extract is worked up in the
      usual manner to leave a saponified residue.
PAR  The saponified residue is taken up in a hydrocarbon solvent, preferably a
      solvent which forms an azeotrope with water such as benzene, toluene or
      the like. There is added thereto a strong acid, mineral acids or organic
      acids may be employed, for example sulfuric acid or p-toluene sulfonic
      acid may be used.
PAR  There is employed at least 1 part by weight of solvent per part by weight
      of saponified residue.
PAR  Preferably there are used 2-3 parts by weight of solvent for part of
      residue.
PAR  There are utilized between 1 and 20% by weight of acid relative to
      saponified residue, suitably there are used 4% by weight of acid.
PAR  The mixture is heated under reflux until no more azeotrope is formed. 10
      hours is usually sufficient for completion of the reaction.
PAR  The reaction mixture is then worked up. In the preferred method the acid is
      washed out with aqueous sodium bicarbonate, the solvent removed by an
      evaporation and the residual oil distilled under reduced pressure. The
      distillate is then further purified, suitably by column chromotography.
PAR  The pentamethyloctalone (I) may be hydrogenated to give the corresponding
      pentamethyldecalone (II).
PAR  The hydrogenation is carried out in a solvent in the presence of a
      catalyst. Any solvent resistant to catalytic hydrogenation, which will not
      poison the catalyst may be used. Thus alkanols such as ethanol and
      alkanoic acids such as acetic acid and the like may be utilized. Glacial
      acetic acid is especially preferred since good results may be obtained at
      room temperature, while other solvents require heating to about
      40.degree.-70.degree.C.
PAR  Any hydrogenation catalyst may be used, among them may be mentioned
      palladium, platinum, platinum oxide. Raney nickel, etc. with or without a
      carrier. Especially preferred however is palladium on charcoal, suitably
      5% palladium on charcoal at a ratio of 2-10g, preferably about 5g of
      catalyst/mole, of octalone charged. The reaction is run at 25-100 psi
      suitably at about 40 psi. Any temperature may be used up to 100.degree.C,
      where glacial acetic acid is used as the solvent, the reduction is carried
      out at ambient temperature. The hydrogenation is run until no further
      hydrogenation occurs.
PAR  The product was then isolated. The hydrogenation mixture is filtered, and
      the filtrate evaporated to yield the decalone (II) in crystalline form.
PAR  The cis-dihydrothujopsene (VI) may be oxidized to the corresponding
      1,2-epoxy pentamethyldecalone (IV) which in turn is rearranged to yield
      the corresponding pentamethyl-1-decalone (III).
PAR  In the process the cis-dihydrothujopsene (VI) is taken up in a solvent,
      such as a hydrocarbon solvent preferably hexane: There added a "neutral"
      peracid such as peracetic, perchlorobenzoic, perbromobenzoic, perbenzoic
      or perchloroacetic acid.
PAR  Where the commercially available peracid contains an acidic stabilizer
      (i.e. 1% sulfuric acid in peracetic acid) this must be removed.
PAR  The easiest method of removing the excess hydrogen ion is by addition of
      the salt of a weak acid suitably an acid having a pH of 3-6. Especially
      suitable is sodium acetate. In order to neutralize the excess acid, there
      are added 2 moles of the salt/mole of strong acid present, it is preferred
      however to use twice this amount.
PAR  There is utilized at least one mole of peracid per mole of
      cis-dihydrothujopsene (VI) preferably 1-1.5 mole of preferably 40% aqueous
      peracid.
PAR  The use of a solvent in the reaction is optional, where a solvent is used,
      a hydrocarbon solvent such as hexane is preferred.
PAR  The reaction is carried out at moderate temperatures suitably between
      0.degree.-50.degree.C, although higher temperatures are permitted. It is
      preferred to run the reaction at between about 30.degree.-40.degree.C for
      about 15 to 30 hours, preferably for about 20 hours.
PAR  The reaction is quenched with water, the hexane and water layers separated
      and the aqueous layer extracted with hexane. The combined hexane extracts
      are washed with aqueous sodium bicarbonate and then with aqueous sodium
      hypo-sulfite, and water. Evaporation and distillation under reduced
      pressure yields the desired epoxypentamethyl decalin (IV).
PAR  The epoxide (IV) is rearranged to the corresponding ketone (III) by means
      of acid in a solvent.
PAR  As acids there may be used mineral acids such as sulfonic, phosphoric or
      perchloric, organic acids such as p-toluene sulfonic acid, Lewis acids
      such as boron trifluoride, or aluminum chloride. Catalysts such as
      magnesium bromide or magnesium iodide may also be employed. The reaction
      is preferably carried out in a solvent, any anhydrous solvent used in
      Friedel-Crafts reactions may be used. Especially preferred is the use of
      aluminum chloride in petroleum ether as the rearranging agent and solvent.
PAR  The quantities of acid utilized are not critical, however in order to
      achieve an acceptable rate of reaction these are utilized between 1 and
      1.3 moles of aluminum chloride per mole of epoxide (IV). While the
      reaction may be run at temperatures between about 0.degree. and
      50.degree.C, temperatures of between about 20.degree. and 30.degree.C are
      especially convenient. Reaction is usually complete in between about 15
      and 30 minutes. The reaction is then quenched. Quenching is suitably
      achieved by cooling to ice bath temperatures and adding dilute aqueous
      sulfuric acid to the reaction mixture.
PAR  The reaction mixture is then worked up in the usual manner and the
      pentamethyldecane-1-one (III) is purified by distillation under reduced
      pressure.
DETD
PAC  EXAMPLE I
PAC  Cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2 (1H)-napthalenone
      (I).
PAR  A mixture of 103 g (0.50 mole, 2.0 eq) of dihydrothujopsene (VI), 700 ml
      acetic anhydride and 250 ml glacial acetic acid was stirred at room
      temperature and over a period of 11/2 hrs. was added at
      .ltoreq.25.degree., using ice bath cooling when necessary, 300 g (1.0
      mole. 6.0 eg) of sodium dichromate dihydrate. After the addition, the
      mixture was stirred at .ltoreq.25.degree. for 1/2 hr., using ice bath
      cooling when necessary, then carefully heated to 40.degree. and maintained
      at 40.degree. for 2-1/2 hrs. with ice bath cooling when necessary.
PAR  The mixture was allowed to cool and poured into a mixture of 1 l. of water
      and 300 ml of toluene. The layers were separated and the aq. phase
      extracted with toluene (2 .times. 300 ml). The combined toluene extract
      was backwashed with sat. salt solution (3 .times. 250 ml), dried over
      magnesium sulfate, and concentrated under reduced pressure.
PAR  The residual oil was distilled under nitrogen through a 15 inch glass
      helices packed column at 0.5 mm pressure. The first fraction (bp
      72.degree.-95.degree.) was recovered dihydrothujopsene (VI) plus two minor
      oxidation by-products (15.95 g), the second fraction (bp
      99.degree.-101.degree.) was the desired
      cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2 (1H)-napthalenone
      (I) (95% pure), 64.0 g (58% yield); n.sub.D.sup.20 1.5178; mol wt. 220
      (mass spectrum, .nu. neat max., 1675 (s), 1640 (w), 1384 (m), 1367 (m),
      1117 (w) cm.sup.-.sup.1 ; .lambda.MeOH max. 243 nm (.epsilon. 7,180); nmr
      (.tau., ppm, CDCl.sub.3), 3.50 (1H, quartet, J = 1.5 Hz, vinylic H), 7.49
      and 7.84 (2H, AB quartet, J = 17.5 Hz, H .alpha. to carbonyl), 8.22 (3H,
      doublet, J = 1.5  Hz, vinylic methyl H), 8.58 (6H, broad absorption,
      methylene H), 8.91 and 8.99 (12H, two singlets, methyl H). The nmr
      assignments were confirmed using both 60 and 100 MHZ spectra. Anal. Calcd.
      for C.sub.15 H.sub.24 O: C, 81.76; H, 10.98. Found: C, 81.53 H, 11.01.
PAC  EXAMPLE II
PAC  Cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone
      (I).
PAR  A solution of 50.0 g (0.245 mole) of thujopsene (V), 1.0 g rose bengal, and
      1450 ml of distilled methanol was aerated with oxygen at 4 l./min. and
      irradiated with 6-15 watt green-photo GE fluorescent bulbs until the
      uptake of oxygen ceased as monitored by a hydroperoxide determination.
PAR  The red solution was added dropwise with slight cooling to a stirred
      solution of 70 g sodium sulfite in 500 ml of water. The solution was
      stirred overnight at room temperature, then at 70.degree.-80.degree. for 2
      hrs., allowed to cool, diluted with 500 ml of water, and partially
      concentrated under reduced pressure.
PAR  The mixture was diluted with 500 ml of water and 200 ml of ether. The
      layers were separated, the aq. phase extracted with ether and the etherial
      extract was backwashed with sat. salt solution, dried, filtered, and
      concentrated.
PAR  A portion (10.0 g) of the crude mixture (46.6 g) was chromatographed on 350
      g of alumina (neutral, act. I) packed with hexane into a 2.5 .times. 67 cm
      column. Elution with hexane and benzene gave a mixture of products (3.74
      g) and these fractions were discarded. Elution with benzene-ether 4:1 gave
      pure cis-4a,5,6,7,8,8 a-hexahydro-3,4a,5,5,8
      a-pentamethyl-2(1H)-naphthalenone (I), a-hexahydro-1.43 g (121/2% yield);
      the physical and spectral data was identical to that described in Example
      I.
PAC  EXAMPLE III
PAC  Cis--4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone
      (I).
PAR  Thujopsan-2-one (XV) (1.0 g) was charged onto 90 g of alumina (neutral,
      activity 1) packed with benzene into a 1.5 .times. 50 cm column. Elution
      with benzene-ether mixtures and then with pure ether gave pure
      cis-4a,5,6,7,8,8a-pentamethyl-2(1H)-naphthalenone (I) (0.197 g) and
      elution with ether-methanol 50:1 eluted a mixture of pentamethyloctalone
      (I) (0.248 g, 45% overall yield) and unreacted thujopsan-2-one (XV) (0.315
      g. 32%). The pentamethyloctalone I gave physical and spectral data
      identical to that described in Example I.
PAC  EXAMPLE IV
PAC  Cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentyamethyl-2(1H)-naphthalenone
      (I).
PAR  The pentamethyloctalone (I) was prepared by the sequential application of
      the three following procedures: A. Into a 500 ml reaction flask equipped
      with an agitator, thermometer, dropping funnel and a condenser was charged
      125 g of peracetic acid (40%, stabilized with 1% H.sub.2 SO.sub.4) and
      while agitating heated to 35.degree.C. Dihydrothujopsene (VI) (51.2 g) was
      fed in while agitating at 30.degree.C over a 20 minute period and the
      batch agitated at 35.degree.C for 3 hours. Water was added (250 ml) and
      the batch extracted with 3 .times. 50 ml of hexane.
PAR  The hexane solution was washed as follows: 2 .times. 50 ml of water, 1
      .times. 50 ml of 10% NaHCO.sub.3 solution, 1 .times. 50 ml of water, 1
      .times. 50 ml of 10% Na.sub.2 S.sub.2 O.sub.5 solution and 1 .times. 50 ml
      of water. The hexane was removed by distillation under reduced pressure
      leaving a residual oil (59 g) which analyzed by VPC (20M column,
      225.degree.C) as follows: (1) 1.3%, (2) 3.0% cis-dihydrothujopsene, (3)
      1.4% cis-1,2,3,4,4a,8a-hexahydro-4,4,4a,6,8a-pentamethylnaphthalene (XI),
      (4) 0.2%, (5) 0.5% epimer of
      cis-3,4,4,a,5,6,7,8,8a-octahydro-2,4a,8,8-8a-pentamethyl-1(2H)-naphthaleno
     ne (III), (6) 14.2% epimer of
      cis-3,4,4a,5,6,7,8,8a-octahydro-2,4a,8,8,8a-pentamethyl-1(2H)-naphthalenon
     e (III), (7) 6.3% epimer of
      cis-1,2,4a,5,6-7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-naphthyl acetate
      (VIII), (8) 3.3% epimer of
      cis-1,2,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-naphthyl acetate
      (VIII), (9) 17.9% of the desired
      cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1II)-naphthalenone
      (I), (10) 2.4% epimer of
      cis-1,2,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2 -naphthol (VII),
      (11) 5.4% epimer of
      cis-1,2,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-naphthol (VII),
      (12) 2.6%
      cis-dechydro-1,2,-epoxy-3-acetoxy-2,4a,8,8,8a-pentamethylnaphthalene (X),
      (13) 33.6%
      cis-decahydro-1,2-epoxy-3-hydroxy-2,4a,8,8,8a-pentamethylnaphthalene (IX),
      and (14) 7.5% unknown glycol. B. The 59 g of crude material obtained as
      above, 10 g of potassium hydroxide, 10 ml of water and 100 ml of methanol
      were charged in a reaction flask and agitated under reflux (67.degree.C)
      for 3 hours. Water (250 ml) was added and the methanol was distilled at
      atmospheric pressure until a pot temperature of 95.degree.C was reached.
      The batch was extracted with 3 .times. 100 ml of hexane and the hexane
      extract was washed neutral with water. The hexane was removed by
      distillation leaving a residual oil (53 g) which analyzed by VPC (20M
      column, 225.degree.C) as follows: (1) 2.7% XI, (2) 2.5%, (3) 1.3%, (4)
      2.4%, (5) 5.2% epimer of III, (6) 9.4% epimer of III, (7) 2.7%, (8) 19.3%
      of the desired product I, (9) 17.9% epimer of VII, (10) 4.1 % epimer of
      VII, (11) 1.0% epimer of IX, (12) 29.2% epimer of IV, and (13) 2.3%
      glycol. C. The crude saponified mixture (53 g) obtained in the previous
      step was agitated under reflux with 125 ml of benzene and 2 g
      toluenesulfonic acid for 10 hours while removing 3.2 g of water through a
      water separator. The batch was washed with 2 .times. 50 ml of water, 1
      .times. 25 ml of 10% NaHCO.sub.3 and 1 .times. 50 ml of water. The benzene
      was distilled under slightly reduced pressure leaving a residual oil (50
      g) which was vacuum distilled at 0.5 mm using a 6 inch column packed with
      glass helices and gave the following: (1) 6.2 g. of fractions, b.p.
      80-107.degree.C/0.5 mm., n.sub.D.sup.20 1.5012-1.5042, (2) 37 g of
      fractions, b.p. 107.degree.-132.degree.C/0.5 mm., n.sub.D.sup.20
      1.5060-1.5160. Fraction 1, 6.2 g, was shown by VPC to contain besides
      other materials (mainly hydrocarbons) 14.5% of the diene XI, 20.1% of
      epimers of III and 16% of the desired I. Fraction 2, 37 g, was shown by
      VPC to consist besides other materials (mainly hydrocarbons), 24.4 % of
      epimers of III and 62.6% of the desired pentamethyloctalone I.
PAR  Fraction 2 (5.0 g) was chromatographed on 300 g of alumina (neutral,
      activity III) packed with hexane into a 2.5 .times. 62 cm. column.
      Elution, using 50 ml fractions, with hexane gave 0.33 g (7%) of
      hydrocarbons. Further elution with hexane and then with hexane-benzene
      10:1 gave 1.65 g (33%) of a mixture of epimers of III. Continued elution
      with hexane-benzene 10:1 and then with hexane-benzene 1:1 gave 2.94 g
      (59%) of the desired pentamethyloctalone (I).
PAR  The pentamethyloctalone I gave physical and spectral data identical to that
      described in Example I.
PAC  EXAMPLE V
PAC  Cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone (I)
PAR  Into a reaction flask equipped with an agitator, thermometer, condenser,
      and a water separator was charged 5 g
      cis-decahydro-3,4-epoxy-3,4a,5,5,8a-pentamethyl-2-naphthol (IX), prepared
      as described in Example VII, 0.5 g toluenesulfonic acid and 75 ml of
      benzene. The batch was refluxed for 23 hours while removing water through
      the separator. The batch was cooled to room temperature and washed with 2
      .times. 50 ml of water, neutralized with 10% sodium bicarbonate and washed
      with 2 .times. 50 ml of water. The benzene was removed by distillation
      under reduced pressure leaving a residual 4.5 g of crude product, which
      was vacuum distilled at 0.4 mm using a micro distillation head. The
      following fractions were collected: (1) 0.2 g (b.p. 102.degree.C/0.4 mm.,
      n.sub.D.sup.20 1.5115); (2) 2.7 g (b.p. 105-123.degree.C/0.4 mm.,
      n.sub.D.sup.20 1.5130), (3) 0.9 g of residue. Fraction 2 analyzed by VPC
      (225.degree.C, 20M) as containing 7 components: (1) 0.3%, (2) 1.8%, (3)
      6.7%, (4) 5.6%, (5) 76.2%, (6) 2.8%, (7 ) 6.5%. A sample of component 5
      was isolated by VPC (225.degree.C 20M) and shown by spectral data to be
      cis-4a, 5,6,7,-8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone
      (I), identical to (I) prepared in Example I.
PAC  EXAMPLE VI
PAC  Cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone (I)
PAR  Into a 50 ml reaction flask equipped with an agitator, thermometer,
      dropping funnel and a condenser was charged 2.5 g peracetic acid (40%
      containing 1% H.sub.2 SO.sub.4 stabilizer). The batch was agitated and
      heated to 35.degree.C and 2.2 g of epoxydihydrothujopsene (IV), as
      prepared in Example IX, was added over a 25 minute period at 35.degree.C
      and the batch agitated at 35.degree.C for 31/2 hours. The batch was
      diluted with water and extracted with 2 .times. 50 ml of benzene. The
      benzene extract was washed with water, washed with 10% sodium bicarbonate,
      and then washed with water until neutral. The benzene was removed by
      distillation under reduced pressure leaving a residual crude of 2 g which
      analyzed by VPC (20M column, 225.degree.C) as follows: (1) 0.4%, (2) 0.4%
      dihydrothujopsene (VI), (3) 4.9%
      cis-1,2,3,4,4a,8a-hexahydro-4,4,4a,6,8a-pentamethyl-naphthalene (XI), (4)
      3.0%, (5) 1.6% epimer of
      cis-3,4,4a-5,6,7,8,8a-octahydro-2,4a,8,8,8a-pentamethyl-1(2H)-naphthalenon
     e (III), (6) 16.9% epimer of
      cis-3,4,4a,5,6,7-8,8a-octahydro-2,4a,8,8,8a-octahydro-2,4a,8,8,8a-pentamet
     hyl-1(2H)-naphthalenone (III), (7) 10.0% epimer of
      cis-1,2,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-naphthyl acetate
      (VIII), (8) 12.5% epimer of
      cis-1,2-4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-naphthyl acetate
      (VIII), (9) 17.3% of the desired
      cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone
      (I), (10) 2.2% epimer of
      cis-1,2,4a,5,6,7,8-8a-octahydro-3,4a,5,5,8a-pentamethyl-2-naphthol (VII),
      (11) 2.1% epimer of
      cis-1,2,4a,5,6,7,8,8a-octahydro-3,4a-5,5,8a-pentamethyl-2-naphthol (VII),
      (12) 4.0%
      cis-decahydro-1,2-epoxy-3-acetoxy-2,4a,8,8,8a-pentamethylnaphthalene (X),
      (13) 21.0%
      cis-decahydro-1,2-epoxy-3-hydroxy-2,4a,8,8,8a-pentamethylnaphthalene (IX),
      and (14) 4.6% unknown glycol.
PAR  This above result is identical to the results in Example IV, which uses
      dihydrothujopsene (VI) as the starting material. The material can be
      converted by saponification followed by dehydration to the desired
      pentamethyloctalone (I), pentamethyl-I-decalone (III) and diene (XI) as
      described in procedure B and C of Example IV.
PAC  EXAMPLE VII
PAC  cis-1,2,4a,5,6,7,8,8a-Octahydro-3,4a,5,5,8a-pentamethyl-2-naphthol (VII),
      cis-Decahydro-3,4-epoxy-3,4a,5,5,8a-pentamethyl-2-naphthol (IX)
      cis-1,2,3,4,4a,8a-Hexahydro-4,4,4a,6,8a-pentamethylnaphthalene (XI)
PAR  Example IV was repeated for the purpose of the isolation and
      characterization of the compounds,
      cis-1,2,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-naphthol (VII),
      cis-decahydro-3,4-epoxy-3,4a,5,5,8a-pentamethyl-2-naphthol (IX), and the
      diene, cis-1,2,3,4,4a,8a-hexahydro-4,4,4a,6,8a-pentamethylnaphthalene (XI)
      which are formed in this example.
PAR  One hundred fifty grams (150 g) of dihydrothujopsene (VI) was processed as
      described in Example IV, section A and gave crude material, (168 g) which
      was dissolved in hexane (450 ml). The hexane solution cooled to
      10.degree.C gave solid crystals which after filtering and air drying gave
      17 g of crystalline IX, m.p. 140.degree.-142.5.degree.C.
PAR  A small sample of IX was recrystallized from methanol and vacuum dried. The
      product analyzed as follows:
PAR  m.p. 143.5.degree.-144.5.degree.C; saponification value after acetylation
      199.1; .nu.KBr max., 3490 (s), 1375 (w), 1368 (s), 1355 (w), 1332 (m),
      1318 (m), 1304 (m), 1290 (m), 1262 (w), 1242 (m), 1230 (m), 1198 (w), 1088
      (s), 1065 (s), 1048 (s), 1027 (s), 1004 (s), 972 (w), 912 (m), 872 (s),
      820 (m), 785 (m), 702 (m), 640 (w); NMR (.tau., ppm, CDCl.sub.3), 6.15
      (1H, triplet, J=7, .alpha.H to OH), 6.97 (1H, singlet, epoxide H), 8.00
      (2H, broad, .beta.H to C-OH), 8.62 (3H, singlet, epoxide methyl), 8.95
      (3H, singlet, CH.sub.3), 8.98 (3H singlet, CH.sub.3), 9.06 (6H, singlet,
      2CH.sub.3), 8.5 - 9.0 (6H, multiplet, 3CH.sub.2); Mass spectra, 220 ion
      which is M-18 (H.sub.2 O). Anal. Calcd. for C.sub.15 H.sub.26 O.sub.2 : C,
      75.58; H, 11.00. Found: C, 75.55; H, 11.03.
PAR  The hexane was removed by distillation at atmospheric pressure and the
      residue (151 g) was vacuum distilled at 0.6 mm using a distillation head
      and gave the following: 1) 15 g of fractions (b.p.
      85.degree.-140.degree.C/0.6 mm., mainly hydrocarbons), 2) 114.5 fractions
      (b.p. 140.degree.-155.degree.C/0.6 mm.), and 3) 11.0 g residue. The 114.5
      g fractions on standing partially crystallized. The crystals were filtered
      and washed with cold hexane. The dried crystals amounted to 19 g, m.p.
      140.degree.-142.5.degree.C and were identical to compound IX above.
PAR  The mother liquor from the crystals was distilled under vacuum to remove
      the hexane and the residual material (saponification value 85.9) was
      saponified by refluxing for 6 hours with 15 g potassium hydroxide, 15 ml
      of water and 100 ml of methanol. The reaction was worked up as described
      in Example IV section B and gave 77 g of crude material which was vacuum
      distilled at 0.6 mm using a 6 inch column packed with glass helices and
      the following fractions collected: (1) 29.0 g (b.p.
      96.degree.-105.degree.C/0.6 mm), (2) 31.8 g (b.p.
      105.degree.-115.degree.C/0.6 mm) (3) 10.2 g (b.p.
      115.degree.-127.degree.C/0.6 mm. Fractions 2 and 3 partially crystallized
      on standing. Recrystallization from hexane of the crystals (6.9 g) from
      fraction 2 gave pure VII which analyzed as follows: m.p.
      122.degree.-123.degree.C; mol. wt. 222 (mass spectrum); KBr max., 3220
      (s), 1395 (m), 1380 (s), 1365 (m), 1333 (m), 1280 (s), 1195 (w), 1122 (w),
      1090 (m), 1075 (m), 1055 (s), 1040 (m), 1012 (s), 978 (w), 960 (w), 932
      (m), 900 (w) 853 (m), 802 (w); NMR (.tau., ppm, CDCl.sub.3), 4.55 (1H,
      singlet, vinylic H), 5.98 (1H triplet, J=6.5 HZ, H.alpha. to C-OH), 8.27
      (3H, singlet, vinylic CH.sub.3), 8.97 (3H, singlet CH.sub.3), 9.00 (3H,
      singlet, CH.sub.3), 9.05 (6H, singlet, 2CH.sub.3), 8.38-8.90 (8H,
      multiplet, 4CH.sub.2).
PAR  Fractions 1, 3, and the mother liquid from fraction 2 above were combined
      and 51 g of this material was refluxed with 125 ml of benzene and 2.0 g
      p-toluenesulfonic acid for 12 hours while removing water through a water
      separator. The batch was worked up as described in Example IV, section C.,
      and gave 50 g of crude material which was vacuum distilled at 0.5 mm using
      a 6 inch column packed with glass helices and the following fractions
      collected: (1) 2.0 g (b.p. 80.degree.C/0.5 mm.), (2) 13.5 g (b.p.
      80.degree.-105.degree.C), (3) 26.5 g (b.p. 105-116/0.5 mm.) and 7.0 g of
      residue. Fraction 1 was pure
      cis-1,2,3,4,4a-8a-hexahydro-4,4,4a,6,8a-pentamethylnaphthalene (XI) and
      fraction 2 was principally
      cis-1,2,3,4,4a,8a-hexahydro-4,4,4a,6,8a-pentamethylnaphthalene (XI).
PAR  Fraction 1 (XI) analyzed as follows: mol. wt. 204 (mass spectrum); .nu.
      neat max., 1654 (m), 1382 (s), 1373 (s), 1363 (m), 1340 (w), 1180 (w),
      1117 (w), 1078 (w), 1025 (m), 970 (m), 845 (m), 826 (m), 745 (m), 735 (s);
      NMR (.tau., ppm, CDCl.sub.3) centered at 4.47 (2H, multiplet, 2 vinylic
      H), centered at 4.94 (1H, W.sup.h /.sub.2 =  5Hz, vinyl H), 8.28 (3H,
      doublet J=1.5 Hz, vinylic CH.sub.3), 8.97 (3H, singlet, CH.sub.3), 9.00
      (3H, singlet, CH.sub.3), 9.12 (3H, singlet, CH.sub.3), 9.18 (3H, singlet,
      CH.sub.3), 8.45-8.85 (6H, multiplet, 3CH.sub.2).
PAR  Fraction 3 (26.5 g) was shown by VPC to consist principally (93.1%) of
      three components: (A) 18.8%, (B) 21.5% and (C) 52.8%. Samples of each of
      the components were isolated by VPC (225.degree.C, 20M) and shown by IR
      and NMR that A and B were epimers of pentamethyl-1-decalone III, Example
      X, and C was pentamethyloctalone I, Example I.
PAC  EXAMPLE VIII
PAC  Cis-3,4,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-(1H)-naphthalenon
     e (II).
PAR  A mixture of 17.7 g (0.0805 mole) of pentamethyl-octalone I, 100 ml of
      glacial acetic acid, and 0.5 g of 5% palladium on carbon was hydrogenated
      at room temperature on a Parr shaker under an atmosphere of 40 psi of
      hydrogen until the hydrogen uptake ceased. The solvent was removed under
      reduced pressure and the crude crystalline material (18.7 g) was
      recrystallized twice from methanol to give
      cis-3,4,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-(1H)-naphthaleno
     ne (II) as white needles, 8.45 g (50% yield); mp
      111.0.degree.-113.5.degree.; mol. wt. 222 (mass spectrum) .nu. KBr max.
      1700 (s), 1440 (s), 1368 (m), 1356 (w), 1232 (w), 1184 (w), 1124 (w), 1096
      (w), cm.sup.-.sup.1 ; NMR (.tau., ppm, CDCl.sub.3, 60 MHz), 7.12-8.00 (3H,
      multiplet, H alpha to the carbonyl), 8.01-8.74 (8H, multiplet, methylene
      H), 8.79, 8.88, 8.90, and  9.14 (four singlets, four tertiary methyl
      groups), 9.02 (doublet, J= 6 Hz, secondary methyl group). The total methyl
      region integrated for 15H. Anal. Calcd. for C.sub.15 H.sub.26 O: C, 81.02;
      H, 11.79 Found: C, 80.99; H, 11.93.
PAC  EXAMPLE IX
PAC  Cis-decahydro-1,2-epoxy-2,4a,8,8,8a-pentamethyl-naphthalene (IV)
PAR  Into a reaction flask equipped with agitator, thermometer, and dropping
      funnel was charged 150 g of dihydrothujopsene (VI), 300 ml hexane and 50 g
      anhydrous sodium acetate. The batch was agitated and heated to 40.degree.C
      and 172 g peracetic acid (40%) was fed in over a 1/2 hour period at
      40.degree.C. The batch was agitated at 40.degree.C for 17 hours. Peracetic
      acid (30 g) was added and agitation continued 3 hours at 40.degree.C.
PAR  300 ml of water was added and the hexane and aqueous layers separated. The
      aqueous layer was extracted with 3 .times. 100 ml of hexane. The combined
      extract was washed with 1 .times. 100 ml of water, neutralized with 10%
      NaHCO.sub.3, washed with 1 .times. 100 ml of 10% Na.sub.2 S.sub.2 O.sub.5
      and washed with 1 .times. 50 ml of water. The hexane was removed under
      reduced pressure and the crude material (160 g) distilled on a 37 cm
      column packed with glass helices to give the following fractions: (1) 15.2
      g (b.p. 74.degree.-76.degree.C/0.5 mm., 51% dihydrothujopsene (VI), 49%
      cis-decahydro-1,2-epoxy-2,4a,8,8,8a-pentamethylnaphthalene (IV), (2) 32.0
      g (b.p. 76.degree.C/0.5 mm., 20% dihydrothujopsene (VI), 80%
      cis-decahydro-1,2-epoxy-2,4a,8,8,8a-pentamethylnaphthalene (IV), (3) 92.9
      g (b.p. 76.degree.-81.degree.C/0.5 mm.) of the desired
      cis-decahydro-1,2-epoxy-2,4a,8,8,8a-pentamethylnaphthalene (IV), (4) 8.3 g
      (b.p. 81.degree.-83.degree.C/0.5 mm., 80%
      cis-decahydro-1,2-epoxy-2,4a,8,8,8a-pentamethylnaphthalene (IV)), (5) 5.0
      g of residue.
PAR  The cis-decahydro-1,2-epoxy-2,4a,8,8,8a-pentamethylnaphthalene (IV) (90.5%
      yield) analyzed as follows: n.sub.D.sup.20 1.4965;
      sp.gr.25.degree.C/25.degree.C: 0.9787; VPC (20M column, 225.degree.C) two
      components, (1) 5.5%, (2) 94.5%; mol. wt. 222 (mass spectrum). Anal.
      Calcd. for C.sub.15 H.sub.26 O: C, 81.02, H, 11.79; Found: C, 81.21, H,
      11.74.
PAR  The two components of the epoxypentamethyldecalin IV were separated in a
      pure form by VPC (210.degree.C, 20M column). The minor isomer analyzed as
      follows: mol. wt. 222 (mass spectrum); .nu. neat max. 1395 (s), 1378 (s),
      1370 (s), 1245 (m), 1210 (m), 1110 (m), 1046 (m), 1037 (m), 1020 (m), 962
      (w), 940 (w), 918 (m), 886 (s), 815 (s), 762 (w), 705 (w), 582 (m); NMR
      (.tau., ppm, CDCl.sub.3), 7.33 (1H, singlet, .alpha.-H), 8.74 (3H,
      singlet, CH.sub.3), 8.96 (6H, singlet, 2CH.sub.3), 9.02 (3H, singlet,
      CH.sub.3), 9.09 (3H, singlet, CH.sub.3), 7.65 - 8.70 (8H, complex
      multiplet, 4CH.sub.2).
PAR  The major isomer analyzed as follows: mol. wt. 222 (mass spectrum); .nu.
      neat max., 1397 (s), 1380 (s), 1334 (w), 1200 (w), 1180 (w), 1120 (w),
      1090 (w), 1076 (w), 1038 (w), 1005 (w), 980 (w), 945 (w), 930 (w), 920
      (w), 905 (w), 870 (m), 862 (m), 820 (m); NMR (.tau., ppm, CDCl.sub.3),
      7.16 (1H, singlet, .alpha.-H), 8.71 (3H, singlet, .alpha.-CH.sub.3), 8.94
      (6H, singlet, 2CH.sub.3), 9.03 (6H, singlet 2CH.sub.3).
PAR  The above data shows the two compounds are epimers.
PAC  EXAMPLE X
PAC  Cis-3,4,4a,5,6,7,8,8a-octahydro-2,4a,8,8,8a-pentamethyl-1
      (2H)-naphthalenone (III)
PAR  Into a reaction flask equipped with an agitator, thermometer, condenser,
      drying tube and a nitrogen inlet tube was charged 17.7 g of aluminum
      chloride and 100 ml of petroleum ether. The batch was placed under an
      atmosphere of nitrogen and a mixture of 25 g of the
      epoxypentamethyldecalin (IV), prepared as in Example IX, in 25 ml of
      petroleum ether was added while agitating over a 17 minute period at
      25.degree. to 30.degree.C with slight cooling. The batch was agitated at
      25.degree.C for 1 hour and cooled to -5.degree.C. A solution of 300 ml of
      5% sulfuric acid was added and agitated at -5.degree.C for 1/2 hour and
      then an additional 11/2 hours allowing the temperature to rise to room
      temperature. The petroleum ether layer was separated and the aqueous layer
      extracted with 2 .times. 50 ml of petroleum ether. The combined ether
      layers were washed with water, neutralized with 10% NaHCO.sub.3 solution
      and washed neutral with water. The petroleum ether was removed under
      reduced pressure leaving a residual (25 g) which was vacuum distilled at
      0.5 mm. using a 6 inch column packed with glass helices and the following
      fractions collected:
PAR  (1) 6 g (b.p. 85.degree.-88.degree.C, n.sub.D.sup.20 1.5015-1,5025), (2)
      14.5 g (b.p. 88.degree.-120.degree.C, n.sub.D.sup.20 1.5026-1.5040), and 2
      g of residue.
PAR  Redistillation of fractions 1 and 2 gave 4 g hydrocarbons (b.p.
      85.degree.-87.degree.C. n.sub.D.sup.20 1.5018), and 16 g (b.p.
      98.degree.-105.degree.C, n.sub.D.sup.20 1.5026) of the desired product,
      cis-3,4,4a-5,6,7,8,8a-octahydro-2,4a,8,8,8a-pentamethyl-1(2H)-naphthalenon
     e (III). (Yield: 64%). Analysis: Mass Spectrum, mol. wt. 222: Calcd for
      C.sub.15 H.sub.26 O: C, 81.02%; H, 11.79%; Found: C, 81.08%; H, 11.67%;
      VPC (225.degree.C, 20M column) two components 15% (minor), 85% (major).
PAR  A small sample of the major isomer was prepared pure by VPC (225.degree.C,
      20M column) and was solid. A small sample of the mixture of epimers was
      seeded with the crystals, cooled over night at 0.degree.C and the material
      partially crystallized. The crystals were filtered, recrystallized twice
      from methanol and vacuum dried, m.p. 43.5.degree. - 44.5.degree.C. The VPC
      showed this to be the major epimer of III which analyzed as follows: mol.
      wt. 222 (mass spectrum): .nu. neat max. 1690 (s), 1388 (s), 1375 (m), 1318
      (w), 1240 (w), 1145 (m), 1092 (m), 1040 (w), 980 (m), 952 (w), 822 (w),
      774 (w), Cm.sup.-.sup.1 ; NMR (.tau., ppm, CDCl.sub.3), centered at 7.50
      (2H, consisting of an octet), centered at 8.20 (1H, consisting of a broad
      multiplet), 8.81 (3H, singlet, CH.sub.3), 8.97 (3H, doublet, J = 6.5 Hz,
      CH.sub.3), 8.96 (3H, singlet, CH.sub.3), 9.16 (3H, singlet, CH.sub.3),
      9.19 (3H, singlet, CH.sub.3), 8.30-8.75 (8H, complex multiplet,
      4CH.sub.2).
PAR  A small sample of the minor isomer was prepared pure by VPC (225.degree.C,
      20M column) and was solid. The sample analyzed as follows: mol. wt. 222
      (mass spectra); .nu. neat max. 1705 (s), 1395 (m), 1378 (m), 1320 (w),
      1197 (w), 1158 (w), 1112 (w), 1036 (w), 978 (m), 938 (w), 842 (w), 810
      (w), cm.sup.-.sup.1); NMR (.tau., ppm, CDCl.sub.3), centered at 7.17 (1H,
      septet, J=6.5 Hz, .alpha.H to C=O), 8.76 (3H, singlet, CH.sub.3), 8.92
      (3H, singlet, CH.sub.3), 8.99 (6H, singlet, 2CH.sub.3), 9.11 (3H, doublet,
      J=6.5 Hz, CH.sub.3), 7.60 - 8.85 (10H, complex multiplet, 5CH.sub.2).
PAC  EXAMPLE XI -- Base Cologne Formulation
PAR  There was prepared a citrus cologne base which was used to test the
      aromatic properties of compounds (I - IV). These results are set forth in
      Examples XII - XV infra: The base had the following composition
TBL  Benzyl isoeugenol       26                                                

     Bergamot oil            286                                               

     Geranium oil            10                                                

     Lavender oil            31                                                

     Lemon oil               265                                               

     Lime oil                53                                                

     Neroli oil              10                                                

     Orange bitter oil       138                                               

     Orange sweet oil        74                                                

     Rosemary oil            31                                                

     Sage, clary oil         21                                                

     Thyme oil (white)       5                                                 

                             950                                               

PAC  EXAMPLE XII
PAC  Use of
      cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone
      (I) in a Cologne Base of Ex. XI
PAR  Cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone (I)
      has a strong green woody peppery odor and lasts approximately two weeks on
      a blotter. The addition of 5% of (I) to the above cologne base adds great
      strength and lift to the fragrance while contributing a diffusive woody
      character on dry out. The cologne base without (I) is not as bright nor as
      pleasing as that with the derivative. This material also has fixative
      properties which produces a better balanced and more pleasing bouquet of
      the cologne as compared to the cologne base without it. The cologne base
      containing this material produces a fragrance that lasts approximately
      twice as long as the cologne without this material. The material has a
      very intense odor and may generally be used from 0.1% to 25% by weight.
      Higher concentrations (25% to 90%) may also be used successfully for
      unique and special effects.
PAC  EXAMPLE XIII
PAC  Use of
      cis-3,4,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenon
     e (II) in a Cologne Base of Ex. XI
PAR  Cis-3,4,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone
      (II) has a strong woody amber odor which lasts approximately two weeks on
      a blotter. The addition of 5% of this material to the above cologne base
      contributes an extremely fresh amber character to the fragrance. The
      cologne without (II) is not as fresh nor does it have the lift and body of
      that with (II). This material also has fixative properties which produce a
      better balanced and more pleasing bouquet of the cologne as compared to
      the cologne base without it. The cologne base containing this material
      produces a fragrance that lasts approximately twice as long as the cologne
      without this material. The material may generally be used in concentration
      ranging from 0.1% to 25% by weight. Higher concentrations (25% to 90%) may
      also be used successfully for unique and special effects.
PAC  EXAMPLE XIV
PAC  Use of
      cis-3,4,4a,5,6,7,8,8a-octahydro-2,4a,8,8,8a-pentamethyl-1(2H)-naphthalenon
     e (III) in a Cologne Base of Ex. XI
PAR  Cis-3,4,4a,5,6,7,8,8a-octahydro-2,4a,8,8,8a-pentamethyl-1(2H)-naphthalenone
      (III) has a warm woody odor which lasts approximately two weeks on a
      blotter. The addition of 5% of this material to the above cologne base
      contributes lift and strength together with a pleasing woody character on
      dry-out. The cologne without (III) is thin and lacks the unique odor
      qualities contributed by this aroma chemical. This material also has
      fixative properties which produces a better balanced and more pleasing
      bouquet of the cologne as compared to the cologne base without it. The
      cologne base containing this material produces a fragrance that lasts
      approximately twice as long as the cologne without this material. This
      material may be generally used in concentrations ranging from 1% to 25% by
      weight. Higher concentrations (25% to 90%) may be used successfully for
      unique and special effects.
PAC  EXAMPLE XV
PAC  Use of cis-decahydro-1,2-epoxy-2,4a,8,8,8a-pentamethyl-naphthalene (IV) in
      a Cologne Base of Ex. XI
PAR  Cis-decahydro-1,2 -epoxy-2,4a,8,8,8a-pentamethyl-naphthalene (IV) has a
      pleasant woody cedar odor which lasts approximately two weeks on a
      blotter. The addition of 5% of this material to the above cologne base
      contributes a fresh diffusive woodyness to the fragrance as a whole and
      adds warmth to dryout. The cologne without (IV) lacks body and is not as
      desirable a fragrance as that with (IV). This material also has fixative
      properties which produce a better balanced and more pleasing bouquet of
      the cologne as compared to the cologne base without it. The cologne base
      containing this material produces a fragrance that lasts approximately
      twice as long as the cologne without this material.
PAR  This material may generally be used in concentrations ranging from 1 to
      25%. Higher concentrations (25 to 90%) may also be used successfully for
      unique and special effects.
PAC  EXAMPLE XVI
PAC  Use of The Pentamethyloctalone I as a Sandelwood Component
PAR  The pentamethyloctalone I when compounded with Sandela makes a major odor
      contribution to the building of a synthetic sandelwood. This is
      demonstrated in the following base:
TBL  Pentamethyloctalone I    200                                              

     Sandela (Givaudan Corp.) 700                                              

     Amyris oil               50                                               

     Am. Cedarwood oil        50                                               

                              1000                                             

PAR  The addition of I produces a fatty-woody character which is observed in
      sandelwood. It contributes a more natural sandelwood note to the above
      formulation and is considered important to the formulation of a synthetic
      sandelwood base. In such a formulation, I may be used over a range of 5%
      to 60% by weight.
PAC  EXAMPLE XVII
PAC  Use of the Pentamethyl-2-decalone II, the Pentamethyl-1-decalone III and
      the Epoxypentamethyldecalin IV as Sandelwood Components
PAR  The pentamethyl-2-decalone II, the pentamethyl-1-decalone III and the
      epoxypentamethyldecalin IV are not as outstanding by themselves as
      pentamethyloctalone I in the above synthetic sandelwood formulation.
      However, they do contribute unique notes to this type of formulation when
      used together with I. The following formulae demonstrates:
TBL                 A       B         C                                        

     ______________________________________                                    

     Pentamethyloctalone I                                                     

                      200       200       200                                  

     Sandela          600       600       600                                  

     Amyris oil        50        50        50                                  

     Cedarwood oil (Am.)                                                       

                       50        50        50                                  

     Epoxypentamethyldecalin IV                                                

                      100       --        --                                   

     Pentamethyl-1-decalone III                                                

                      --        100       --                                   

     Pentamethyl-2-decalone III                                                

                      --        --        100                                  

                      1000      1000      1000                                 

     ______________________________________                                    

PAR  Both III and IV contribute lift and warmth to the formulation and improve
      the odor, making A and B closer still to natural sandelwood. The
      pentamethyl-2-decalone II adds a unique fresh amber woody character to the
      topnote while contributing a soft woodyness to the body of the fragrance
      which enhances the natural sandelwood character.
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PAL  There are provided novel oxygenated pentamethyldecalins and dehydro
      derivatives thereof which are lasting odorants of woody character and
      which are useful in the perfumery art.
PAL  These novel compounds are prepared by oxidation of cis-thujopsene and
      cis-dihydrothujopsene which are readily available products of natural
      origin.
PARN
PAR  This is a division of application Ser. No. 49,950 filed June 25, 1970.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Cis-thujopsene, the starting material in the present invention is a readily
      available natural product. It may be reduced to cis-dihydrothujopsene by
      methods well known in the art. (Erdtman and Norin, Acta. Chem. Scand., 13,
      1124 (1959); Forsen and Norin, ibid, 15, 592 (1961); Norin, ibid, 15, 1676
      (1961); Erdtman and Norin, Chem. and Ind., 622 (1960)).
PAR  Thujopsan-2-one, similarly a starting material herein is prepared by
      oxidation of cis-thujopsene according to the method of Ohloff and
      Strickler (German application Ser. No. 1,911,440), and of S. P. Acharya
      and H. C. Brown (5th International Symposium of the Chemistry of Natural
      Products, London, July 8-19, 1968, p. 294).
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns the conversion of the readily available
      natural product cis-thujopsene (V) and its close derivative
      cis-dihydrothujopsene (VI) into three novel ketones and one epoxide of
      related structure and similar olfactory activity.
PAR  Cis-dihydrothujopsene (VI) is converted into cis-4a, 5,6,7,8,8a
      hexahydro-3,4a, 5,5,8a-pentamethyl-2 (1H)-napthalenone (I) referred to
      herein below as the pentamethyloctalone (I) by two different routes. The
      same compound may also be prepared starting with cis-thujopsene (V) and
      also from cis-thujopsan-2-one (XV) by a method related to this latter
      route.
PAR  In the first method, cis-dihydrothujopsene (VI) is oxidized to the
      pentamethyloctalone (I).
      ##SPC1##
PAR  The reactants are taken up in an anhydrous reaction inert polar solvent and
      treated with an excess of oxidant, suitably of the chromate species at
      moderate temperatures.
PAR  The following flow chart illustrates the method starting with
      cis-thujopsene (V)
      ##SPC2##
PAR  In this modification cis-thujopsene (V) is taken up in a suitable solvent
      and irradiated in the presence of oxygen and a carrier dye. The color of
      the dye should be the complement of at least a portion of the wavelength
      range of the irradiation source, that is to say the dye should absorb
      light in that wave length range.
PAR  After irradiation the product is reduced with a chemical (i.e., not
      catalytic) reducing agent to yield intermediate enol (XIV). Enol (XIV) is
      then contacted with a surface active catalyst such as alumina, or the like
      which is believed to cause the enol (XIV) to give the ketoform (XV) which
      is then rearranged to yield the pentamethyloctalone (I). This
      rearrangement is conveniently achieved by eluting the enol (XIV) from a
      column packed with the catalyst. The eluant should be sufficiently polar
      to achieve elution within a reasonable number of column volumes but not so
      polar as to cause elution which is too rapid to permit proper contact with
      the catalytic material.
PAR  It will be seen that the unisolated keto intermediate (XV) is in fact
      cis-thujopsan-2-one, which is a readily available product. Hence starting
      with the thujopsan-2-one, compound (I) may be produced by similar contact
      with a surface active catalyst.
PAR  The following flow chart (I) shows how cis-dihydrothujopsene may be
      converted into pentamethyl octalone (I).
      ##SPC3##
PAR  In stage A (i) cis-dihydrothujopsene (VI) is treated with a peracid in the
      presence of hydrogen ion to yield a mixture of compounds indicated by
      formulas (I), (III) and (VII) thru (X). The reaction product is spearated
      from the reaction mixture, suitably by extraction with a water immiscible
      solvent. Separation of the components at this stage is not required.
PAR  The entire mixture is then treated with a strong base in an alkanol in
      stage B. In this step products (I), (III), (VII) and (IX) are unchanged,
      however, it is presumed that (VIII) is converted to (VII) and (X) is
      converted to (IX). The entire reaction product is again separated from the
      reaction mixture, suitably by solvent extraction, however, here again
      resolution of the respective components is not necessary.
PAR  In stage C the reaction product of stage B is treated with a strong acid in
      an anhydrous solvent, suitably under continuous distillation to remove the
      water/solvent azeotrope.
PAR  Compound (I) and Compound (III) are unchanged, while the
      3-hydroxypentamethyloctahydronapthalene (VII) is converted into the
      pentamethylhexahydronapthalene (XI), and the
      3-hydroxy-1,2-epoxy-pentamethyldecalin (IX) is converted into compound I.
PAR  The ratio of the products I: III: XI is of the order of 25:10:1. This
      result is most surprising since (I) and (XI) would not normally be
      expected to be formed in this reaction series. The three identified
      compounds I, (III) and (XI) constitute ca. 80% of the recovered product.
PAR  In an alternative procedure cis-dihydrothujopsene (VI) is reacted with
      neutral peracid, that is to say peracid having substantially no hydrogen
      ions present, to form
      cis-decahydro-1,2-epoxy-2,4a,8,8,8a-pentamethylnapthalene (IV),
      hereinafter referred to as the epoxypentamethyldecalin (IV). This may then
      be converted in stage A (ii) to the same products as above by the same
      means.
PAR  As mentioned in connection with step A (ii) above, cis-dihydrothujopsene
      (VI) is readily converted into the corresponding 1,2-epoxide (IV) by a
      peracid in neutral conditions.
      ##SPC4##
PAR  The epoxide (IV) upon treatment with an acid, suitably in anhydrous
      conditions in an inert atmosphere yields the pentamethyl-1-decalone (III).
PAR  The pentamethyl-2-octalone (I) may be hydrogenated to give the
      corresponding pentamethyl-2-decalone i.e.:
      cis-3,4,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-(1H)-napthalenon
     e (II).
      ##SPC5##
PAR  It has been found that compounds I, II, III and IV have valuable properties
      as odorants in perfume manufacture. The compounds have various woody
      odours which add body and strength to the odorant compositions to which
      they are added. They possess valuable fixative properties and possess very
      useful tenacity.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Cis-dihydrothujopsene (VI) is oxidized to pentamethyloctalone (I).
PAR  In the preferred modification cis-dihydrothujopsene (VI) is taken up in a
      suitable polar reaction inert anhydrous solvent. It is preferred to use an
      aliphatic acid and anhydride such as an alkanoic acid and anhydride. The
      especially preferred alkanoic moities contain 1-5 carbon atoms such as the
      formic, acetic, propionic, butyric and valeric moieties, however in view
      of the malodorous properties of certain of the moieties, acetic and
      propionic acids and anhydrides are the solvents of choice.
PAR  There is utilized as an oxidant any available oxidant of the chromate
      species, especially preferred are the alkali metal dichormates and the
      alkylchromates such as sodium or potassium dichromate or, for example
      t-butylchromate.
PAR  There is utilized at least the calculated amount of oxidant (i.e. 4
      equivalents of oxidant per mole of (VI) however it is preferred to use an
      excess of oxidant, a two fold excess (i.e. 12 equivalents per mole of (VI)
      is especially preferred. The concentration of (VI) lies between 0.25 and
      0.5 moles/liter of solvent.
PAR  The reaction is exothermic. It is therefore preferable to add the oxidant
      slowly while maintaining the vessel temperature at or below 25.degree.C.
      After thorough mixing of the reagents the temperature is carefully raised.
      The temperature may rise to 50.degree.C, however it is preferred to hold
      the temperature between 30.degree. to 40.degree.C in which range the
      reaction is self sustaining and will decline upon completion of the
      reaction. While reaction times will of course vary, generally the addition
      step should take about 1.5 hours, the stirring step at 25.degree. about
      0.5 hours and the reaction step at 40.degree. about 2-5 hours.
PAR  The reaction is then quenched and the product isolated. Suitably the
      reaction mixture is poured into an approximately equivalent volume of
      water and extracted with a suitable water immiscible solvent and the
      solvent removed by evaporation.
PAR  In the irradiation process using cis-thujopsene (V) as starting material,
      the thujopsene (V) is taken up in any commonly utilized irradiation
      solvent. Among these solvents may be included hydrocarbons, ethers,
      alcohols and the like. However alkanols such as methanol being especially
      preferred.
PAR  The irradiation solution is sparged with oxygen, preferably through a
      sintered glass plate. The source of oxygen may be pure oxygen or air. The
      rate of flow is not critical, flow rates of beween 1 and 30 liters per
      minute have been found satisfactory.
PAR  The irradiating source may comprise principally visible light (450-700 nm)
      or U.V. light (200-450 nm).
PAR  With visible light there are used carrier dyes whose colour is a complement
      of at least a portion of the irradiated wave length range of the
      irradiation source. As long as these criteria are met, the actual carrier
      dye used is not critical, however rose bengal, eosin chlorophyll,
      methylene blue and the like have been found useful.
PAR  Where U.V. light is used sensitizers such as benzene, aryl and alkyl
      ketones or other aromatics may be employed, however the use of high energy
      sources such as U.V. light is not favored.
PAR  The irradiation is carried out between 0.degree. and 50.degree.C, suitably
      at between 20.degree.-25.degree.C. Irradiation is continued until oxygen
      uptake ceases. This is determined by a steady, non-increasing value in a
      hydroperoxide determination.
PAR  The irradiated mixture is then reduced, any reducing agent may be used,
      aqueous sodium sulfite, lithium aluminum hydride and sodium borohydride
      are especially suitable. It should be noted however that where the solvent
      used is hydroxylic solvent, lithium aluminum hydride is not suitable.
      After addition of the reducing agent, more water is added and the product,
      presumably the enol (XIV) among others is extracted with a suitable water
      immiscible solvent. The residue obtained is chromatographed on a suitable
      catalyst.
PAR  The catalyst should preferably be neutral alumina, acidic or basic alumina
      are operative but the yields are not optimal. The catalyst of choice is
      neutral grade I alumina.
PAR  The polarity of the solvent used is important but not totally critical. It
      should be more polar than hexane and less polar than methanol.
      Hexane/benzene gives by-products while benzene/ether preferably at a 4:1
      ratio gives the desired pentamethyloctalone (I).
PAR  While the column ratio is not critical good results have been obtained at a
      load/column ratio of 1:50 to 1:100.
PAR  In accordance with the foregoing catalytic chromatographic procedure, but
      starting with thujopsan-2-one (XV), the same product is obtained. It
      should be noticed however that solvents of slightly higher polarity are
      required to elute the pentamethyloctalone (I).
PAR  In the fourth modification of the procedures for the preparation of
      pentamethyloctalone (I), cis-dihydrothujopsene (VI) is treated with
      peracid in the presence of hydrogen ion. There may be utilized any
      peracid, suitably an organic peracid such as peracetic, perphthalic,
      perbenzoic or metachloro perbenzoic acid. Commercial peracetic acid
      contains 1% of concentrated sulfuric acid, if other peracids are used, a
      similar quantity of acid must be added. The quantity is not critical, from
      0.2-5% of acid may be added.
PAR  While it is preferred to carry out the reaction without solvents, there may
      be utilized reaction, inert solvents such as benzene, ether, glacial
      acetic acid or the like.
PAR  The reagent medium of choice is 40% aqueous peracetic acid.
PAR  There is utilized an excess of peracid, while there is no upper limit to
      the amount of acid used, it is preferred to use at least 2-3 moles of
      peracid per mole of dihydrothujopsene(VI).
PAR  The acid is warmed with agitation at a temperature of between 10.degree.
      and 80.degree.C, preferably at between 30.degree. and 40.degree.C for
      10-60 mins. preferably for about 20 minutes while the dihydrothujopsene
      (VI) is added slowly. After addition is complete, agitation at this
      temperature is continued for about 3 hours, although longer times may
      sometimes be required to remove the starting material. The reaction
      mixture is then quenched with water and extracted, suitably with hexane.
PAR  The residue from the extraction step is taken up in an alkanol, suitably in
      methanol and treated with a base, suitably an alkali, such as sodium or
      potassium hydroxide.
PAR  There is utilized from 1-5, suitably about 2 parts by weight of solvent
      relative to each part of peracid product.
PAR  There are utilized 1-5 moles of base per mole of residue, preferably
      between 1.5-2 moles/mole are used.
PAR  While it is not essential to heat the reaction mixture, temperatures
      between 25.degree. and 100.degree.C or even higher are operative. It is
      especially convenient to carry out the reaction at the reflux temperature
      of the solvent. The reaction is run until all of the ester has been
      saponified, as determined by infrared analysis, 3 hours is usually
      sufficient for this to occur.
PAR  The reaction product is then isolated. In the preferred mode of isolation,
      water is added to the reaction mixture and methanol removed by
      distillation until a pottemperature of about 95.degree.C is reached. The
      mixture is then cooled and extracted with a water-immiscible solvent,
      hexane being especially suitable. The hexane extract is worked up in the
      usual manner to leave a saponified residue.
PAR  The saponified residue is taken up in a hydrocarbon solvent, preferably a
      solvent which forms an azeotrope with water such as benzene, toluene or
      the like. There is added thereto a strong acid, mineral acids or organic
      acids may be employed, for example sulfuric acid or p-toluene sulfonic
      acid may be used.
PAR  There is employed at least 1 part by weight of solvent per part by weight
      of saponified residue.
PAR  Preferably there are used 2-3 parts by weight of solvent for part of
      residue.
PAR  There are utilized between 1 and 20% by weight of acid relative to
      saponified residue, suitably there are used 4% by weight of acid.
PAR  The mixture is heated under reflux until no more azeotrope is formed. 10
      Hours is usually sufficient for completion of the reaction.
PAR  The reaction mixture is then worked up. In the preferred method the acid is
      washed out with aqueous sodium bicarbonate, the solvent removed by an
      evaporation and the residual oil distilled under reduced pressure. The
      distillate is then further purified, suitably by column chromotography.
PAR  The pentamethyloctalone (I) may be hydrogenated to give the corresponding
      pentamethyldecalone (II).
PAR  The hydrogenation is carried out in a solvent in the presence of a
      catalyst. Any solvent resistant to catalytic hydrogenation, which will not
      poison the catalyst may be used. Thus alkanols such as ethanol, and
      alkanoic acids such as acetic acid and the like may be utilized. Glacial
      acetic acid is especially preferred since good results may be obtained at
      room temperature, while other solvents require heating to about
      40.degree.-70.degree.C.
PAR  Any hydrogenation catalyst may be used, among them may be mentioned
      palladium, platinum, platinum oxide, Raney nickel, etc. with or without a
      carrier. Especially preferred however is palladium on charcoal, suitably
      5% palladium on charcoal at a ratio of 2-10g, preferably about 5g of
      catalyst/mole of octalone charged. The reaction is run at 25-100 psi
      suitably at about 40 psi. Any temperature may be used up to 100.degree.C,
      where glacial acetic acid is used as the solvent, the reduction is carried
      out at ambient temperature. The hydrogenation is run until no further
      hydrogenation occurs.
PAR  The product was then isolated. The hydrogenation mixture is filtered, and
      the filtrate evaporated to yield the decalone (II) in crystalline form.
PAR  The cis-dihydrothujopsene(VI) may be oxidized to the corresponding
      1,2-epoxy pentamethyldecalone (IV) which in turn is rearranged to yield
      the corresponding pentamethyl-1-decalone (III).
PAR  In the process the cis-dihydrothujopsene (VI) is taken up in a solvent,
      such as a hydrocarbon solvent preferrably hexane: There added a "neutral"
      peracid such as peracetic, perchlorobenzoic, perbromobenzoic, perbenzoic
      or perchloroacetic acid.
PAR  Where the commercially available peracid contains an acidic stabilizer
      (i.e.1% sulfuric acid in peracetic acid) this must be removed.
PAR  The easiest method of removing the excess hydrogen ion is by addition of
      the salt of a weak acid suitably an acid having a pH of 3-6. Especially
      suitable is sodium acetate. In order to neutralize the excess acid, there
      are added 2 moles of the salt/mole of strong acid present, it is preferred
      however to use twice this amount.
PAR  There is utilized at least one mole of peracid per mole of
      cis-dihydrothujopsene (VI) preferably 1-1.5 mole of preferably 40% aqueous
      peracid.
PAR  The use of a solvent in the reaction is optional, where a solvent is used,
      a hydrocarbon solvent such as hexane is preferred.
PAR  The reaction is carried out at moderate temperatures suitably between
      0.degree.-50.degree.C, although higher temperatures are permitted. It is
      preferred to run the reaction at between about 30.degree.-40.degree.C for
      about 15 to 30 hours, preferably for about 20 hours.
PAR  The reaction is quenched with water, the hexane and water layers separated
      and the aqueous layer extracted with hexane. The combined hexane extracts
      are washed with aqueous sodium bicarbonate and then with aqueous sodium
      hypo-sulfite, and water. Evaporation and distillation under reduced
      pressure yields the desired epoxypentamethyl decalin (IV).
PAR  The epoxide (IV) is rearranged to the corresponding ketone (III) by means
      of acid in a solvent.
PAR  As acids there may be used mineral acids such as sulfonic, phosphoric or
      perchloric, organic acids such as p-toluene sulfonic acid, Lewis acids
      such as boron trifluoride, or aluminum chloride. Catalysts such as
      magnesium bromide or magnesium iodide may also be employed. The reaction
      is preferably carried out in a solvent, any anhydrous solvent used in
      Friedel-Crafts reactions may be used. Especially preferred is the use of
      aluminum chloride in petroleum ether as the rearranging agent and solvent.
PAR  The quantities of acid utilized are not critical, however in order to
      achieve an acceptable rate of reaction these are utilized between 1 and
      1.3 moles of aluminum chloride per mole of epoxide (IV). While the
      reaction may be run at temperatures between about 0.degree.C and
      50.degree.C, temperatures of between about 20.degree.C and 30.degree.C are
      especially convenient. Reaction is usually complete in between about 15
      and 30 minutes. The reaction is then quenched. Quenching is suitably
      achieved by cooling to ice bath temperatures and adding dilute aqueous
      sulfuric acid to the reaction mixture.
PAR  The reaction mixture is then worked up in the usual manner and the
      pentamethyldecane-1-one (III) is purified by distillation under reduced
      pressure.
PAC  EXAMPLE I
PAC  Cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-napthalenone (I).
PAR  A mixture of 103 g (0.50 mole, 2.0 eq) of dihydrothujopsene (VI), 700 ml
      acetic anhydride and 250 ml glacial acetic acid was stirred at room
      temperature and over a period of 11/2 hrs. was added at
      .ltoreq.25.degree., using ice bath cooling when necessary, 300 g (1.0
      mole. 6.0 eg) of sodium dichromate dihydrate. After the addition, the
      mixture was stirred at .ltoreq.25.degree. for 1/2 hr., using ice bath
      cooling when necessary, then carefully heated to 40.degree. and maintained
      at 40.degree. for 21/2 hrs. with ice bath cooling when necessary.
PAR  The mixture was allowed to cool and poured into a mixture of 1 L of water
      and 300 ml of toluene. The layers were separated and the aq. phase
      extracted with toluene (2 .times. 300 ml). The combined toluene extract
      was backwashed with sat. salt solution (3 .times. 250 ml), dried over
      magnesium sulfate, and concentrated under reduced pressure.
PAR  The residual oil was distilled under nitrogen through a 15 inch glass
      helices packed column at 0.5 mm pressure. The first fraction (bp
      72.degree.-95.degree.) was recovered dihydrothujopsene (VI) plus two minor
      oxidation by-products (15.95 g), the second fraction (bp
      99.degree.-101.degree.) was the desired
      cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2 (1H)-napthalenone
      (I) (95% pure), 64.0 g (58% yield); n.sub.D.sup.20 1.5178; mol wt. 220
      (mass spectrum, .nu. neat max., 1675 (s), 1640 (w), 1384 (m), 1367 (m),
      1117 (w) cm.sup.-.sup.1 ; .lambda.MeOH max. 243 nm (.epsilon.7,180); nmr
      (.tau., ppm, CDCl.sub.3), 3.50 (1H, quartet, J = 1.5 Hz, vinylic H), 7.49
      and 7.84 (2H, AB quartet, J = 17.5 Hz, H .alpha.  to carbonyl), 8.22 (3H,
      doublet, J =1.5 Hz, vinylic methyl H), 8.58 (6H, broad absorption,
      methylene H), 8.91 and 8.99 12H, two singlets, methyl H). The nmr
      assignments were confirmed using both 60 and 100 MHz spectra.
PAR  Anal. Calcd. for C.sub.15 H.sub.24 O: C, 81.76; H, 10.98. Found: C, 81.53
      H, 11.01.
PAC  EXAMPLE II
PAC  Cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-napthalenone (I).
PAR  A solution of 50.0 g (0.245 mole) of thujopsene (V), 1.0 g rose bengal, and
      1450 ml of distilled methanol was aerated with oxygen at 4 1./min. and
      irradiated with 6-15 watt green-photo GE fluorescent bulbs until the
      uptake of oxygen ceased as monitored by a hydroperoxide determination.
PAR  The red solution was added dropwise with slight cooling to a stirred
      solution of 70 g sodium sulfite in 500 ml of water. The solution was
      stirred overnight at room temperature, then at 70.degree.-80.degree. for 2
      hrs., allowed to cool, diluted with 500 ml of water, and partially
      concentrated under reduced pressure.
PAR  The mixture was diluted with 500 ml of water and 200 ml of ether. The
      layers were separated, the aq. phase extracted with ether and the etherial
      extract was backwashed with sat. salt solution, dried, filtered, and
      concentrated.
PAR  A portion (10.0 g) of the crude mixture (46.6 g) was chromatographed on 350
      g of alumina (neutral, act. I) packed with hexane into a 2.5 .times. 67 cm
      column. Elution with hexane and benzene gave a mixture of products (3.74
      g) and these fractions were discarded. Elution with benzeneether 4:1 gave
      pure
      cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone
      (I), 1.43 g (12-1/2% yield); the physical and spectral data was identical
      to that described in Example I.
PAC  EXAMPLE III
PAC  Cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone
      (I).
PAR  Thujopsan-2-one (XV) 1.0 g) was charged onto 90 g of alumina (neutral,
      activity 1) packed with benzene into a 1.5 .times. 50 cm column. Elution
      with benzene-ether mixtures and then with pure ether gave pure
      cis-4a,5,6,7,8,8a-pentamethyl-2(1H)-naphthalenone (I) (0.197 g) and
      elution with ether-methanol 50:1 eluted a mixture of
      pentamethyloctalone(I) (0.248 g, 45% overall yield) and unreacted
      thujopsan-2-one (XV) (0.315 g, 32%). The pentamethyloctalone I gave
      physical and spectral data identical to that described in Example I.
PAC  EXAMPLE IV
PAC  Cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone
      (I).
PAR  The pentamethyloctalone (I) was prepared by the sqeuential application of
      the three following procedures:
PAR  A. Into a 500 ml reaction flask equipped with an agitator, thermometer,
      dropping funnel and condenser was charged 125 g of peracetic acid (40%,
      stabilized with 1% H.sub.2 SO.sub.4) and while agitating heated to
      35.degree.C. Dihydrothujopsene (VI) (51.2 g) was fed in while agitating at
      30.degree.C over a 20 minute period and the batch agitated at 35.degree.C
      for 3 hours. Water was added (250 ml) and the batch extracted with 3
      .times. 50 ml of hexane.
PAR  The hexane solution was washed as follows: 2 .times. 50 ml of water, 1
      .times. 50 ml of 10% NaHCO.sub.3 solution, 1 .times. 50 ml of water, 1
      .times. 50 ml of 10% Na.sub.2 S.sub.2 O.sub.5 solution and 1 .times. 50 ml
      of water. The hexane was removed by distillation under reduced pressure
      leaving a residual oil (59 g) which analyzed by VPC (20M column,
      225.degree.C) as follows: (1) 1.3%, (2) 3.0% cis-dihydrothujopsene, (3)
      1.4% cis-1,2,3,4,4a,8a-hexahydro-4,4,4a,6,8a-pentamethylnaphthalene (XI),
      (4) 0.2%, (5) 0.5% epimer of
      cis-3,4,4a,5,6,7,8,8a-octahydro-2,4a,8,8-8a-pentamethyl-1(2H)-naphthalenon
     e (III), (6) 14.2% epimer of
      cis-3,4,4a,5,6,7,8,8a-octahydro-2,4a,8,8,8a-pentamethyl-1(2H)-naphthalenon
     e (III), (7) 6.3% epimer of
      cis-1,2,4a,5,6-7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-naphthyl acetate
      (VIII), (8) 3.3% epimer of
      cis-1,2,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-naphthyl acetate
      (VIII), (9) 17.9% of the desired
      cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone
      (I), (10) 2.4% epimer of
      cis-1,2,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-naphthol (VII),
      (11) 5.4% epimer of
      cis-1,2,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-naphthol (VII),
      (12) 2.6%
      cis-decahydro-1,2,-epoxy-3-acetoxy-2,4a,8,8,8a-pentamethylnaphthalene (X),
      (13) 33.6%
      cis-decahydro-1,2,-epoxy-3-hydroxy-2,4a,8,8,8a-pentamethylnaphthalene
      (IX), and (14) 7.5% unknown glycol.
PAR  B. The 59 g of crude material obtained as above, 10 g of potassium
      hydroxide, 10 ml of water and 100 ml of methanol were charged in a
      reaction flask and agitated under reflux (67.degree.C) for 3 hours. Water
      (250 ml) was added and the methanol was distilled at atmospheric pressure
      until a pot temperature of 95.degree.C was reached. The batch was
      extracted with 3 .times. 100 ml of hexane and the hexane extract was
      washed neutral with water. The hexane was removed by distillation leaving
      a residual oil (53 g) which analyzed by VPC (20M column, 225.degree.C) as
      follows: (1) 2.7% XI, (2) 2.5%, (3) 1.3%, (4) 2.4%, (5) 5.2% epimer of
      III, (6) 9.4% epimer of III, (7) 2.7%, (8) 19.3% of the desired product I,
      (9) 17.9% epimer of VII, (10) 4.1% epimer of VII, (11) 1.0% epimer of IX,
      (12) 29.2% epimer of IV, and (13) 2.3% glycol.
PAR  C. The crude saponified mixture (53 g) obtained in the previous step was
      agitated under reflux with 125 ml of benzene and 2 g toluenesulfonic acid
      for 10 hours while removing 3.2 g of water through a water separator. The
      batch was washed with 2 .times. 50 ml of water, 1 .times. 25 ml of 10%
      NaHCO.sub.3 and 1 .times. 50 ml of water. The benzene was distilled under
      slightly reduced pressure leaving a residual oil (50 g) which was vacuum
      distilled at 0.5 mm using a 6 inch column packed with glass helices and
      gave the following: (1) 6.2 g. of fractions, b.p.
      80.degree.-107.degree.C/0.5 mm., n.sub.D.sup.20 1.5012-1.5042, (2) 37 g of
      fractions, b.p. 107.degree.-132.degree.C/0.5 mm., n.sub.D.sup.20
      1.5060-1.5160. Fraction 1, 6.2 g, was shown by VPC to contain besides
      other materials (mainly hydrocarbons) 14.5% of the diene XI, 20.1% of
      epimers of III and 16% of the desired I. Fraction 2, 37 g, was shown by
      VPC to consist besides other materials (mainly hydrocarbons),  24.4% of
      epimers of III and 62.6% of the desired pentamethyloctalone I.
PAR  Fraction 2 (5.0 g) was chromatographed on 300 g of alumina (neutral,
      activity III) packed with hexane into a 2.5 .times. 62 cm. column.
      Elution, using 50 ml fractions, with hexane gave 0.33 g (7%) of
      hydrocarbons. Further elution with hexane and then with hexane-benzene
      10:1 gave 1.65 g (33%) of a mixture of epimers of III. Continued elution
      with hexane-benzene 10:1 and then with hexanebenzene 1:1 gave 2.94 g (59%)
      of the desired pentamethyloctalone (I).
PAR  The pentamethyloctalone I gave physical and spectral data identical to that
      described in Example I.
PAC  EXAMPLE V
PAC  Cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone
      (I).
PAR  Into a reaction flask equipped with an agitator, thermometer, condenser,
      and a water separator was charged 5 g
      cis-decahydro-3,4-epoxy-3,4a,5,5,8a-pentamethyl-2-naphthol (IX), prepared
      as described in Example VII, 0.5 g toluenesulfonic acid and 75 ml of
      benzene. The batch was refluxed for 23 hours while removing water through
      the separator. The batch was cooled to room temperature and washed with 2
      .times. 50 ml of water, neutralized with 10% sodium bicarbonate and washed
      with 2 .times. 50 ml of water. The benzene was removed by distillation
      under reduced pressure leaving a residual 4.5 g of crude product, which
      was vacuum distilled at 0.4 mm using a micro distillation head. The
      following fractions were collected: (1) 0.2 g (b.p. 102.degree.C/0.4 mm.,
      n.sub.D.sup.20 1.5115); (2) 2.7 g (b.p. 105.degree.-123.degree.C/0.4 mm.,
      n.sub.D.sup.20 1.5130), (3) 0.9 g of residue. Fraction 2 analyzed by VPC
      (225.degree.C, 20M) as containing 7 components: (1) 0.3%, (2) 1.8%, (3)
      6.7%, (4) 5.6%, (5) 76.2%, (6) 2.8%, (7) 6.5%. A sample of compoennt 5 was
      isolated by VPC (225.degree.C 20M) and shown by spectral data to be
      cis-4a,5,6,7,-8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone
      (I), identical to (I) prepared in Example I.
PAC  EXAMPLE VI
PAC  Cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone
      (I).
PAR  Into a 50 ml reaction flask equipped with an agitator, thermometer,
      dropping funnel and a condenser was charged 2.5 g peracetic acid (40%
      containing 1% H.sub.2 SO.sub.4 stabilizer). The batch was agitated and
      heated to 35.degree.C and 2.2 g of epoxydihydrothujopsene (IV), as
      prepared in Example IX, was added over a 25 minute period at 35.degree.C
      and the batch agitated at 35.degree.C for 31/2hours. The batch was diluted
      with water and extracted with 2 .times. 50 ml of benzene. The benzene
      extract was washed with water, washed with 10% sodium bicarbonate, and
      then washed with water until neutral. The benzene was removed by
      distillation under reduced pressure leaving a residual crude of 2 g which
      analyzed by VPC (20M column, 225.degree.C) as follows: (1) 0.4%, (2) 0.4%
      dihydrothujopsene (VI), (3) 4.9%
      cis-1,2,3,4,4a,8a-hexahydro-4,4,4a,6,8a-pentamethylnaphthalene (XI), (4)
      3.0%, (5) 1.6% epimer of
      cis-3,4,4a-5,6,7,8,8a-octahydro-2,4a,8,8,8a-pentamethyl-1(2H)-naphthalenon
     e (III), (6) 16.9% epimer of
      cis-3,4,4a,5,6,7-8,8a-octahydro-2,4a,8,8,8a-octahydro-2,4a,8,8,8a-pentamet
     hyl-1(2H)-naphthalenone (III), (7) 10.0% epimer of
      cis-1,2,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-naphthyl acetate
      (VIII), (8) 12.5% epimer of cis-1,2
      -4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-naphthyl acetate
      (VIII), (9) 17.3% of the desired
      cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentametnyl-2(1H)-naphthalenone
      (I), (10) 2.2% epimer of
      cis-1,2,4a,5,6,7,8-8a-octahydro-3,4a,5,5,8a-pentamethyl-2-naphthol (VII),
      (11) 2.1% epimer of
      cis-1,2,4a,5,6,7,8,8a-octahydro-3,4a-5,5,8a-pentamethyl-2-naphthol (VII),
      (12) 4.0%
      cis-decahydro-1,2-epoxy-3-acetoxy-2,4a,8,8,8a-pentamethylnaphthalene (X),
      (13) 21.0%
      cis-decahydro-1,2-epoxy-3-hyroxy-2,4a,8,8,8a-pentamethylnaphthalene (IX),
      and (14) 4.6% unknown glycol.
PAR  This above result is identical to the results in Example IV, which uses
      dihydrothujopsene (VI) as the starting material. The material can be
      converted by saponification followed by dehydration to the desired
      pentamethyloctalone (I), pentamethyl-1-decalone(III) and diene(XI) as
      described in procedure B and C of Example IV.
PAC  EXAMPLE VII
EQU  cis-1,2,4a,5,6,7,8,8a-Octahydro-3,4a,5,5,8a-pentamethyl-2-naphthol (VII)
EQU  cis-Decahydro-3,4-epoxy-3,4a,5,5,8a-pentamethyl-2-naphthol (IX)
EQU  cis-1,2,3,4,4a,8a-Hexahydro-4,4,4a,6,8a-pentamethylnaphthalene (XI)
PAR  example IV was repeated for the purpose of the isolation and
      characterization of the compounds,
      cis-1,2,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-naphthol (VII),
      cis-decahydro-3,4-epoxy-3,4a,5,5,8a-pentamethyl-2-naphthol (IX), and the
      diene, cis-1,2,3,4,4a,8a-hexahydro-4,4,4a,6,8a-pentamethylnaphthalene (XI)
      which are formed in this example.
PAR  One hundred fifty grams (150 g) of dihydrothujopsene (VI) was processed as
      described in Example IV, section A and gave crude material, (168 g) which
      was dissolved in hexane (450 ml). The hexane solution cooled to
      10.degree.C gave solid crystals which after filtering and air drying gave
      17 g of crystalline IX, m.p. 140-142.5.degree.C.
PAR  A small sample of IX was recrystallized from methanol and vacuum dried. The
      product analyzed as follows: m.p. 143.5.degree.-144.5.degree.C;
      saponification value after acetylation 199.1;.nu.KBr max., 3490 (s), 1375
      (w), 1368 (s), 1355 (w), 1332 (m), 1318 (m), 1304 (m), 1290 (m), 1262 (w),
      1242 (m), 1230 (m), 1198 (w), 1088 (s), 1065 (s), 1048 (s), 1027 (s), 1004
      (s), 972 (w), 912 (m), 872 (s), 820 (m), 785 (m), 702 (m), 640 (w); NMR
      (.tau.,ppm,CDCl.sub.3), 6.15 (1H, triplet, J=7, .alpha.H to OH), 6.97 (1H,
      singlet, epoxide H), 8.00 (2H, broad, .beta.H to C-- OH). 8.62 (3H,
      singlet, epoxide methyl), 8.95 (3H, singlet, CH.sub.3), 8.98 (3H singlet,
      CH.sub.3), 9.06 (6H, singlet, 2CH.sub.3), 8.5-9.0 (6H, multiplet,
      3CH.sub.2); Mass spectra, 220 ion which is M-18 (H.sub.2 O).
PAR  Anal. Calcd. for c.sub.15 H.sub.26 O.sub.2 : C, 75.58; H, 11.00. Found: C,
      75.55; H, 11.03. 18
PAR  The hexane was removed by distillation at atmospheric pressure and the
      residue (151 g) was vacuum distilled at 0.6 mm using a distillation head
      and gave the following:
PA1  1. 15 g of fractions (b.p. 85.degree.-140.degree.C/0.6 mm., mainly
      hydrocarbons),
PA1  2. 114.5 fractions (b.p. 140.degree.-155.degree.C/0.6 mm), and
PA1  3. 11.0 g residue. The 114.5 g fractions on standing partially
      crystallized. The crystals were filtered and washed with cold hexane. The
      dried crystals amounted to 19 g, m.p. 140.degree.-142.5.degree.C and were
      identical to compound IX above.
PAR  The mother liquor from the crystals was distilled under vacuum to remove
      the hexane and the residual material (saponification value 85.9) was
      saponified by refluxing for 6 hours with 15 g potassium hydroxide, 15 ml
      of wateer and 100 ml of methanol. The reaction was worked up as described
      in Example IV section B and gave 77 g of crude material which was vacuum
      distilled at 0.6 mm using a 6 inch column packed with glass helices and
      the following fractions collected:
PA1  1. 29.0 g (b.p. 96.degree.-105.degree.C/0.6 mm),
PA1  2. 31.8 g (b.p. 105.degree.-115.degree.C/0.6 mm)
PA1  3. 10.2 g (b.p. 115.degree.-127.degree.C/0.6 mm. Fractions 2 and 3
      partially crystallized on standing. Recrystallization from hexane of the
      crystals (6.9 g) from fraction 2 gave pure VII which analyzed as follows:
      m.p. 122.degree.-123.degree.C; mol wt. 222 (mass spectrum; KBr max., 3220
      (s), 1395 m) 1380 (s), 1365 (m), 1333 (m), 1280 (s), 1195 (w), 1122 (w),
      1090 (m), 1075 (m), 1055 (s), 1040 (m), 1012 (s), 978 (w), 960 (w), 932
      (m), 900 *w), 853 (m), 802 (w); NMR (.tau., ppm,CDCl.sub.3), 4.55 (1H,
      singlet, vinylic H), 5.98 (1H triplet, J=6.5 Hz, H.alpha. to C--OH), 8.27
      (3H, singlet, vinylic CH.sub.3), 8.97 (3H, singlet CH.sub.3), 9.00 (3H
      singlet, CH.sub.3), 9.05 (6H, singlet 2CH.sub.3), 8.38-8.90 (8H,
      multiplet, 4CH.sub.2).
PAR  Fractions 1, 3, and the mother liquid from fraction 2 above were combined
      and 51 g of this material was refluxed with 125 ml of benzene and 2.0 g
      p-toluenesulfonic acid for 12 hours while removing water through a water
      separator. The batch was worked up as described in Example IV, section C.,
      and gave 50 g of crude material which was vacuum distilled at 0.5 mm using
      a 6 inch column packed with glass helices and the following fractions
      collected: (1) 2.0 g (b.p. 80.degree.C/0.5 mm.), (2) 13.5 g (b.p.
      80.degree.-105.degree.C), (3) 26.5 g (b.p. 105-116/0.5 mm.) and 7.0 g of
      residue. Fraction 1 was pure
      cis-1,2,3,4,4a-8a-hexahydro-4,4,4a,6,8a-pentamethylnaphthalene (XI) and
      fraction 2 was principally
      cis-1,2,3,4,4a,8a-hexahydro-4,4,4a,6,8a-pentamethylnapthalene (XI).
PAR  Fraction 1 (XI) analyzed as follows: mol. wt. 204 (mass spectrum; .nu.neat
      max., 1654 (m), 1382 (s), 1373 (s), 1363 (m), 1340 (w), 1180 (w), 1117
      (w), 1078 (w), 1025 (m), 970 (m), 845 (m), 826 (m), 745 (m), 735 (s); NMR
      (.tau.,ppm,CDCl.sub.3) centered at 4.47 (2H, multiplet, 2vinylic H),
      centered at 4.94 (1H, w.sup.h /2 = 5Hz, vinyl H), 8.28 (3H, doublet J=1.5
      Hz, vinylic CH.sub.3), 8.97 (3H, singlet, CH.sub.3), 9.00 (3H, singlet,
      CH.sub.3), 9.12 (3H, singlet, CH.sub.3), 9.18 (3H, singlet, CH.sub.3),
      8.45-8.85 (6H, multiplet, 3CH.sub.2).
PAR  Fraction 3 (26.5 g) was shown by VPC to consist principally (93.1%) of
      three components: (A) 18.8%, (B) 21.5% and (C) 52.8%. Samples of each of
      the components were isolated by VPC (225.degree.C, 20M) and shown by IR
      and NMR that A and B were epimers of pentamethyl-1-decalone III. Example
      X, and C was pentamethyloctalone I, Example I.
PAC  EXAMPLE VIII
PAC  Cis-3,4,4a,5,6,7,8,8a-octahydro-3,4,a,5,5,8a-pentamethyl-2-(1H)-naphthaleno
     ne (II).
PAR  A mixture of 17.7 g (0.0805 mole) of pentamethyloctalone I, 100 ml of
      glacial acetic acid, and 0.5 g of 5% palladiim on carbon was hdrogenated
      at room temperature on a Parr shaker under an atmosphere of 40 psi of
      hydrogen until the hydrogen uptake ceased. The solvent was removed under
      reduced pressure and the crude crystalline material (18.7 g) was
      recrystallized twice from methanol to give
      cis-3,4,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2-(1H)-napthalenon
     e (II) as white needles, 8.45 g (50% yield): mp
      111.0.degree.-113.5.degree.; mol. wt. 222 (mass spectrum) .nu.KBr max.
      1700 (s), 1440 (s), 1368 (m), 1356 (w), 1232 (w), 1184 (w), 1124 (w), 1096
      (w), cm.sup.-.sup.1 ; NMR (.tau., ppm, CDCl.sub.3, 60 MHz), 7.12-8.00 (3H,
      multiplet, H alpha to the carbonyl), 8.01- 8.74 (8H, multiplet, methylene
      H), 8.79, 8.88, 8.90, and 9.14 (four singlets, four tertiary methyl
      groups), 9.02 (doublet, J= 6 Hz, secondary methyl group). The total methyl
      region integrated for 15H.
PAR  Anal. Calcd. for C.sub.15 H.sub.26 O; C,81.02; H, 11.79. Found: C, 80.99;
      H, 11.93.
PAC  EXAMPLE IX
PAC  Cis-decahydro-1,2-epoxy-2,4a,8,8,8a-pentamethylnaphthalene (IV).
PAR  Into a reaction flask equipped with agitator, thermometer, and dropping
      funnel was charged 150 g of dihydrothujopsene (VI), 300 ml hexane and 50 g
      anhydrous sodium acetate. The batch was agitated and heated to 40.degree.C
      and 172 g peracetic acid (40%) was fed in over a 1/2 hour period at
      40.degree.C. The batch was agitated at 40.degree.C for 17 hours. Peracetic
      acid (30 g) was added and agitation continued 3 hours at 40.degree.C.
PAR  300 ml of water was added and the hexane and aqueous layers separated. The
      aqueous layer was extracted with 3 .times. 100 ml of hexane. The combined
      extract was washed with 1 .times. 100 ml of water, neutralized with 10%
      NaHCO.sub.3, washed with 1 .times. 100 ml of 10% Na.sub.2 S.sub.2 O.sub.5
      and washed with 1 .times. 50 ml of water. The hexane was removed under
      reduced pressure and the crude material (160 g) distilled on a 37 cm
      column packed with glass helices to give the following fractions: (1) 15.2
      g (b.p. 74.degree.-76.degree.C/0.5 mm., 51% dihydrothujopsene (VI), 49%
      cis-decahydro-1,2-epoxy-2,4a,8,8,8a-pentamethylnaphthalene (IV), (2) 32.0
      g (b.p. 76.degree.C/0.5 mm., 20% dihydrothujopsene (VI), 80%
      cis-decahydro-1,2-epoxy-2,4a,8,8,8a-pentamethylnaphthalene (IV), (3) 92.9
      g (b.p. 76-81.degree.C/0.5 mm.) of the desired
      cis-decahydro-1,2-epoxy-2,4a8,8,8a-pentamethylnaphthalene (IV), 4) 8.3 g
      (b.p. 81-83.degree.C/0.5 mm., 80%
      cis-decahydro-1,2-epoxy-2,4a,8,8,8a-pentamethylnaphthalene (IV)), (5) 5.0
      g of residue.
PAR  The cis-decahydro-1,2-epoxy-2,4a,8,8,8a-pentamethylnaphthalene (IV) (90.5%
      yield) analyzed as follows: n.sub.D.sup.20 1.4965;
      sp.gr.25.degree.C/25.degree.C: 0.0978; VPC (20M column, 225.degree.C) two
      components, 1) 5.5%, 2) 94.5%; mol. wt. 222 (mass spectrum).
PAR  Anal. Calcd. for C.sub.15 H.sub.26 O: C, 81.02, H, 11.79. Found: C, 81.21,
      H, 11.74.
PAR  The two components of the epoxypentamethyldecalin IV were separated in a
      pure form by VPG (210.degree.C, 20M column). The minor isomer analyzed as
      follows: mol. wt. 222 (mass spectrum); .nu. neat max. 1395 (s), 1378 (s),
      1370 (s), 1245 (m), 1210 (m), 1110 (m), 1046 (m), 1037 (m), 1020 (m), 962
      (w), 940 (w), 918 (m), 886 (s), 815 (s), 762 (w), 705 (w), 582 (m); NMR
      (.tau.,ppm,CDCL.sub.3), 7.33 (1H, singlet .alpha.-H), 8.74 (3H, singlet,
      CH.sub.3), 8.96 (6H, singlet, 2CH.sub.3), 9.02 (3H, singlet, CH.sub.3),
      9.09 (3H; singlet, CH.sub.3),  7.65-8.70 (SH, complex multiplet,
      4CH.sub.2).
PAR  The major isomer analyzed as follows: mol. wt. 222 (mass spectrum); .nu.
      neat max., 1397 (s), 1380 (s), 1334 (w), 1200 (w), 1180 (w), 1120(w), 1090
      (w) 1076 (w), 1038 (w), 1005 (w), 980 (w), 945 (w), 930 (w), 920 (w), 905
      (w), 870 (m), 862 (m), 820 (m); NMR (.tau.,ppm,CDCl.sub.3),7.16 (1H,
      singlet, .alpha.-H), 8.71 (3H, singlet, .alpha.-CH.sub.3), 8.94 (6H,
      singlet, 2CH.sub.3), 9.03 (6H, singlet, 2CH.sub.3).
PAR  The above data shows the two compounds are epimers.
PAC  EXAMPLE X
PAC  Cis-3,4,4a,5,6,7,8,8a-octahydro-2,4a,8,8,8a-pentamethyl-1
      (2H)-naphthalenone (III).
PAR  Into a reaction flask equipped with an agitator, thermometer, condenser,
      drying tube and a nitrogen inlet tube was charged 17.7 g of aluminum
      chloride and 100 ml of petroleum ether. The batch was placed under an
      atmosphere of nitrogen and a mixture of 25 g of the
      epoxypentamethyldecalin (IV), prepared as in Example IX, in 25 ml of
      petroleum ether was added while agitating over a 17 minute period at
      25.degree. to 30.degree.C with slight cooling. The batch was agitated at
      25.degree.C for 1 hour and cooled to -5.degree.C. A solution of 300 ml of
      5% sulfuric acid was added and agitated at -5.degree.C for 1/2 hour and
      then an additional 11/2 hours allowing the temperature to rise to room
      temperature. The petroleum ether layer was separated and the aqueous layer
      extracted with 2 .times. 50 ml of petroleum ether. The combined ether
      layers were washed with water, neutralized with 10% NaHCO.sub.3 solution
      and washed neutral with water. The petroleum ether was removed under
      reduced pressure leaving a residual (25 g) which was vacuum distilled at
      0.5 mm. using a 6 inch column packed with glass helices and the following
      fractions collected:
PAR  (1) 6 g (b.p. 85.degree.-88.degree.C, n.sub.D.sup.20 1.5015-1.5025), (2)
      14.5 g (b.p. 88.degree.-120.degree. C, n.sub.D.sup.20 1.5026 -1.5040), and
      2 g of residue.
PAR  Redistillation of fractions 1 and 2 gave 4 g hydrocarbons (b.p.
      85.degree.-87.degree.C. n.sub.D.sup.20 1.5018), and 16 g (b.p.
      98.degree.-105.degree.C, n.sub.D.sup.20 1.5026) of the desired product,
      cis-3,4,4a-5,6,7,8,8a-octahydro-2,4a,8,8,8a-pentamethyl-1(2H)-naphthalenon
     e (III). Yield: 64%).
PAR  Analysis: Mass Spectrum, mol.wt. 222: Calcd for C.sub.15 H.sub.26 O: C,
      81.02%; H, 11.79%; Found: C, 81.08%; H, 11.67%; VPC (225.degree.C, 20m
      column) two components 15% (minor), 85% (major).
PAR  A small sample of the major isomer was prepared pure by VPC (225.degree.C,
      20M column) and was solid. A small sample of the mixture of epimers was
      seeded with the crystals, cooled over night at 0.degree.C and the material
      partially crystallized. The crystals were filtered, recrystallized twice
      from methanol and vacuum dried, m.p. 43.5.degree.- 44.5.degree.C. The VPC
      showed this to be the major epimer of III which analyzed as follows: mol.
      wt. 222 (mass spectrum): .nu. neat max. 1690 (s), 1388 (s), 1375 (m), 1318
      (w), 1240 (w ), 1145 (m), 1092 (m), 1040 (w), 980 (m), 952 (w), 822 (w),
      774 (w), CM.sup.-.sup.1 ; NMR (.tau., ppm,CDCl.sub.3), centered at 750
      (2H, consisting of an octet), centered at 8.20 (1H, consisting of a broad
      multiplet), 8.81 (3H, singlet, CH.sub.3), 8.97 (3H, doublet, J= 6.5 Hz,
      CH.sub.3), 8.96 (3H, singlet, CH.sub.3), 9.16 (3H, singlet, CH.sub.3),
      9.19 (3H, singlet, CH.sub.3), 8.30-8.75 (8H, complex multiplet,
      4CH.sub.2).
PAR  A small sample of the minor isomer was prepared pure by VPC (225.degree.C,
      20M column) and was solid. The sample analyzed as follows: mol. wt. 222
      (mass spectral); .nu. neat max. 1705 (s), 1395 (m), 1378 (m), 1320 (w),
      1197 (w), 1158 (w), 1112 (w), 1036 (w), 978 (m), 938 (w), 842 (w), 810
      (w), cm.sup.-.sup.1); NMR (.tau., ppm, CDCl.sub.3), centered at 7.17 (1H,
      septet. J=6.5 Hz, .alpha.H to C=O), 8.76 (3H, singlet, CH.sub.3), 8.92
      (3H, singlet, CH.sub.3), 8.99 (6H, singlet, 2CH.sub.3), 9.11 (3H, doublet,
      J=6.5 Hz, CH.sub.3), 7.60 -8.85 (10H, complex multiplet. 5 CH.sub.2).
PAC  EXAMPLE XI -- Base Cologne Formulation
PAR  There was prepared a citrus cologne base which was used to test the
      aromatic properties of compounds (I-IV). These results are set forth in
      Examples XII--XV infra: The base had the following composition
TBL  Benzyl isoeugenol      26                                                 

     Bergamot oil           286                                                

     Geranium oil           10                                                 

     Lavender oil           31                                                 

     Lemon oil              265                                                

     Lime oil               53                                                 

     Neroli oil             10                                                 

     Orange bitter oil      138                                                

     Orange sweet oil       74                                                 

     Rosemary oil           31                                                 

     Sage, clary oil        21                                                 

     Thyme oil (white)      5                                                  

                            950                                                

PAC  EXAMPLE XII
PAC  Use of
      cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone
      (I) in a Cologne BAse of Ex. XI
PAC  Cis-4a,5,6,7,8,8a-hexahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone (I)
      has a strong green woody peppery odor and lasts approximately two weeks on
      a blotter. The addition of 5% of (I) to the above cologne base adds great
      strength and lift to the fragrance while contributing a diffusive woody
      character on dry out. The cologne base without (I) is not as bright nor as
      pleasing as that with the derivative. This material also has fixative
      properties which produces a better balanced and more pleasing bouquet of
      the cologne as compared to the cologne base without it. The cologne base
      containing this material produces a fragrance that lasts approximately
      twice as long as the cologne without this material. The material has a
      very intense odor and may generally be used from 0.1% to 25% by weight.
      Higher concentrations (25% to 90%) may also be used successfully for
      unique and special effects.
PAC  EXAMPLE XIII
PAC  Use of
      cis-3,4,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenon
     e (II) in a Cologne Base of Ex.XI
PAR  cis-3,4,4a,5,6,7,8,8a-octahydro-3,4a,5,5,8a-pentamethyl-2(1H)-naphthalenone
      (II) has a strong woody amber odor which lasts approximately two weeks on
      a blotter. The addition of 5% of this material to the above cologne base
      contributes an extremely fresh amber character to the fragrance. The
      cologne without (II) is not as fresh nor does it have the lift and body of
      that with (II). This material also has fixative properties which produce a
      better balanced and more pleasing bouquet of the cologne as compared to
      the cologne base without it. The cologne base containing this material
      producees a fragrance that lasts approximately twice as long as the
      cologne without this material. The material may generally be used in
      concentration ranging from 0.1% to 25% by weight. Higher concentrations
      (25% to 90%) may also be used successfully for unique and special effects.
PAC  EXAMPLE XIV
PAC  Use of
      cis-3,4,4a,5,6,7,8,8a-octahydro-2,4a,8,8,8a-pentamethyl-1(2H)-naphthalenon
     e (III) in a Cologne Base of Ex.XI
PAC  Cis-3,4,4a,5,6,7,8,8a-octahydro-2,4a,8,8,8a-pentamethyl-1(2H)-naphthalenone
      (III) has a warm woody odor which lasts approximately 2 weeks on a
      blotter. The addition of 5% of this material to the above cologne base
      contributes lift and strength together with a pleasing woody character on
      dry-out. The cologne without (III) is thin and lacks the unique odor
      qualities contributed by this aroma chemical. This material also has
      fixative properties which produces a better balanced and more pleasing
      bouquet of the cologne as compared to the cologne base without it. The
      cologne base containing this material produces a fragrance that lasts
      approximately twice as long as the cologne without this material. This
      material may be generally usd in concentrations ranging from 1% to 25% by
      weight. Higher concentrations (25% to 90%) may be used successfully for
      unique and special effects.
PAC  EXAMPLE XV
PAC  Use of cis-decahydro-1,3-epoxy-2,4a,8,8,8a-pentamethylnaphthalene (IV) in a
      Cologne Base of Ex. XI
PAR  Cis-decahydro-1,2-epoxy-2,4a,8,8,8a-pentamethylnaphthalene (IV) has a
      pleasant woody cedar odor which lasts approximately two weeks on a
      blotter. The addition of 5% of this material to the above cologne base
      contributes a fresh diffusive woodyness to the fragrance as a whole and
      adds warmth to the dryout. The cologne without (IV) lacks body and is not
      as desirable a fragrance as that with (IV). This material also has
      fixative properties which produce a better balanced and more pleasing
      bouquet of the cologne as compared to the cologne base without it. The
      cologne base containing this material produces a fragrance that lasts
      approximately twice as long as the cologne without this material.
PAR  This material may generally be used in concentrations ranging from 1 to
      25%. Higher concentrations (25 to 90%) may also be used successfully for
      unique and special effects.
PAC  EXAMPLE XVI
PAC  Use of the Pentamethyloctalone I as a Sandelwood Component.
PAR  The pentamethyloctalone I when compounded with Sandela makes a major odor
      contribution to the building of a synthetic sandelwood. This is
      demonstrated in the following base:
TBL  Pentamethyloctalone I                                                     

                          200                                                  

     Sandela (Givaudan Corp.)                                                  

                          700                                                  

     Amyris oil           50                                                   

     Am. Cedarwood oil    50                                                   

                          1000                                                 

PAR  The addition of I produces a fatty-woody character which is observed in
      sandelwood. It contributes a more natural sandelwood note to the above
      formulation and is considered important to the formulation of a synthetic
      sandelwood base. In such a formulation, I may be used over a range of 5%
      to 60% by weight.
PAC  EXAMPLE XVII
PAC  Use of the Pentamethyl-2-decalone II, the Pentamethyl-1-decalone III and
      the Epoxypentamethyldecalin IV as Sandelwood Components.
PAR  The pentamethyl-2-decalone II, the pentamethyl-1-decalone III and the
      epoxypentamethyldecalin IV are not as outstanding by themselves as
      pentamethyloctalone I in the above synthetic sandelwood formulation.
      However, they do contribute unique notes to this type of formulation when
      used together with I. The following formulae demonstrates:
TBL                 A      B         C                                         

     ______________________________________                                    

     Pentamethyloctalone I                                                     

                      200      200       200                                   

     Sandela          600      600       600                                   

     Amyris oil       50       50        50                                    

     Cedarwood oil (Am.)                                                       

                      50       50        50                                    

     Epoxypentamethyldecalin IV                                                

                      100      --        --                                    

     Pentamethyl-1-decalone III                                                

                      --       100       --                                    

     Pentamethyl-2-decalone III                                                

                      --       --        100                                   

                      1000     1000      1000                                  

     ______________________________________                                    

PAR  Both III and IV contribute lift and warmth to the formulation and improve
      the odor, making A and B closer still to natural sandelwood. The
      pentamethyl-2-decalone II adds a unique fresh amber woody character to the
      topnote while contributing a soft woodyness to the body of the fragrance
      which enhances the natural sandelwood character.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC6##
PATN
WKU  039325172
SRC  5
APN  4134702
APT  1
ART  126
APD  19731107
TTL  Isopropyl-(3-oxopentenyl)-cyclopentenes
ISD  19760113
NCL  5
ECL  1
EXP  Morgenstern; Norman
INVT
NAM  Naegeli; Peter
CTY  Wettingen
CNT  CH
ASSG
NAM  Givaudan Corporation
CTY  Clifton
STA  NJ
COD  02
PRIR
CNT  CH
APD  19721115
APN  16605/72
CLAS
OCL  260586R
XCL  252522
XCL  260586P
XCL  260598
XCL  260617R
XCL  260617E
EDF  2
ICL  C07C 4961
FSC  260
FSS  586 R
UREF
PNO  3285950
ISD  19661100
NAM  Weber
OCL  260586
OREF
PAL  Wohnsky et al., J. Org. Chem., Vol. 29, pp. 3740-3742, (1964).
PAL  Berlstein, Org. Chem., Vol. VII, P. 647, III Supplement (1958).
LREP
FR2  Cifelli, Jr.; Thomas
ABST
PAL  Novel cyclopentene derivatives, a process for making same and odorant
      compositions containing the novel compounds are disclosed.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the fields of new chemicals and odorant
      compositions.
PAC  SUMMARY OF THE INVENTION
PAR  The cyclopentene derivatives provided by this invention have the following
      general formula
      ##SPC1##
PAL  Wherein R.sup.1 and R.sup.2 each independently represent a hydrogen atom or
      a lower alkyl group and the broken line denotes an optional bond.
PAR  The term "lower alkyl" is used in this description and in the accompanying
      claims to mean a straight-chain or branched-chain group containing 1-6
      carbon atoms (e.g. methyl, ethyl, propyl, isopropyl or tert.butyl). A
      preferred lower alkyl group is the methyl group.
PAR  According to the process provided by this invention, the cyclopentene
      derivatives of formula I are manufactured by oxidising a compound of the
      general formula
      ##SPC2##
PAL  Wherein R.sup.1, R.sup.2 and the broken line have the significance given
      earlier.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The oxidation can be carried out in a manner known per se according to
      methods which are generally known for the oxidation of allylic hydroxy
      groups. Examples of oxidising agents which can be used are chromic acid
      (in its various forms such as, for example, Jones reagent), activated
      manganese dioxide, SO.sub.3 (preferably as the pyridine complex in the
      presence of dimethyl sulphoxide and triethylamine), silver oxide or silver
      carbonate in the presence of diatomaceous earth. The working up of the
      oxidation mixture as well as the purification of the cyclopentene
      derivatives of formula I can be carried out according to customary
      methods.
PAR  The starting materials of formula II can be prepared in a manner known per
      se from a compound of the general formula
      ##SPC3##
PAL  Wherein R.sup.1 and the broken line have the significance given earlier, by
      reaction with an organometallic compound, especially with an alkali metal
      acetylide or with a Grignard compound of the general formula
      ##SPC4##
PAL  Wherein R.sup.2 has the significance given earlier and Hal represents a
      chlorine or bromine atom.
PAR  When a compound of formula III is reacted with an acetylide it is necessary
      to catalytically partially hydrogenate the initially obtained compound of
      the general formula
      ##SPC5##
PAL  Wherein R.sup.1 and the broken line have the significance given earlier, in
      a manner known per se; for example, in the presence of a Lindlar catalyst
      (Pd/CaCO.sub.3 deactivated with PbO).
PAR  Insofar as they are not known, the compounds of formula III can be
      prepared, for example, by reacting
      3-isopropenyl-1-methyl-2-methylene-cyclopentan-1-ol with a vinylether of
      the general formula
      ##SPC6##
PAL  Wherein R.sup.1 has the significance given earlier and R represents an
      alkyl group, and, if desired, hydrogenating a resulting
      3-isopropenyl-cyclopentene of the general formula
      ##SPC7##
PAL  Wherein R.sup.1 has the significance given earlier, to give the
      corresponding 3-isopropyl compound.
PAR  The cyclopentene derivatives of formula I possess particular fragrance
      properties, especially in the foreground is a woody basic note. They can
      accordingly be used as odorants in perfumery; for example, in the
      manufacture or for the modification of the fragrance of odorant
      compositions such as perfumes, perfume bases, etc by addition of olfactory
      perceptible amounts (e.g. 0.1-10 wt %) to mixtures of known odorants. The
      cyclopentene derivatives of formula I can be used alone or in the form of
      odorant compositions for the perfuming of technical and cosmetic products
      of all types; for example, of solid and liquid detergents, synthetic
      washing agents, aerosols, soaps, creams, lotions, etc in concentrations
      of, for example, about 0.001-0.1 wt %. They can also be used as starting
      materials for the manufacture of other odorants.
PAR  The following Examples illustrate the process provided by the present
      invention:
PAC  EXAMPLE 1
PAR  A solution of 2.1 g of
      2-(3-hydroxy-4-pentenyl)-3-isopropyl-1-methyl-1-cyclopentene in 100 ml of
      acetone was treated at -10.degree.C with 4 ml of Jones reagent. After 2
      minutes, the solution was poured into an ice-cold 2-N soda solution and
      the mixture extracted with ether. The extract was worked up in the usual
      manner and yielded 2 g of a yellowish oil which, after distillation under
      reduced pressure, gave 1.6 g of pure
      3-isopropyl-1-methyl-2-(3-oxo-4-pentenyl)-1-cyclopentene; b.p. .sub.0.01 =
      65.degree.C;
PAR  IR (film): .nu. = 1700/1685, 1620, 1470, 1402, 1385, 1365, 1185, 1100, 990,
      965 cm.sup.-.sup.1. Odor: woody, ketone-like.
PAC  EXAMPLE 2
PAR  In a manner analogous to that described in Example 1, from
      2-(3-hydroxy-4-methyl-4-pentenyl)-3-isopropyl-1-methyl-1-cyclopentene
      there was prepared
      3-isopropyl-1-methyl-2-(4-methyl-3-oxo-4-pentenyl)-1-cyclopentene; b.p.
      .sub.0.01 = 80.degree.C;
PAR  UV (cyclohexane): .LAMBDA..sub.max = 214 nm (.epsilon. = 9000); IR (film):
      .nu. = 1680, 1635, 1465/55, 1385, 1365, 1090, 935 cm.sup.-.sup.1. Odor:
      woody, ionone-like, sweet, fig-like, somewhat fruity.
PAC  EXAMPLE 3
PAR  In a manner analogous to that described in Example 1, from
      2-(3-hydroxy-2-methyl-4-pentenyl)-3-isopropyl-1-methyl-1-cyclopentene
      there was prepared
      3-isopropyl-1-methyl-2-(2-methyl-3-oxo-4-pentenyl)-1-cyclopentene; b.p.
      .sub.0.005 = 78.degree.C;
PAR  UV (cyclohexane): .LAMBDA..sub.max = 212 nm (.kappa. = 8400); IR (film):
      .nu. = 1700, 1680, 1615, 1460, 1400, 1385, 1365, 1030, 985/975
      cm.sup.-.sup.1. Odor: fresh, woody, spicy.
PAC  EXAMPLE 4
PAR  In a manner analogous to that described in Example 1, from
      2-(3-hydroxy-2,4-dimethyl-4-pentenyl)-3-isopropyl-1-methyl-1-cyclopentene
      there was prepared
      3-isopropyl-1-methyl-2-(2,4-dimethyl-3-oxo-4-pentenyl)-1-cyclopentene;
      b.p. .sub.0.01 = 90.degree.C;
PAR  UV (cyclohexane): .LAMBDA..sub.max = 212 nm (.epsilon. = 7900); IR (film):
      .nu. = 1680, 1630, 1460, 1380, 1370, 930 cm.sup.-.sup.1. Odor: woody,
      cedar-like, fresh.
PAC  EXAMPLE 5
PAR  A solution of 20 g of
      2-(3-hydroxy-4-pentenyl)-3-isopropenyl-1-methyl-1-cyclopentene in 1000 ml
      of acetone was mixed with 40 ml of Jones reagent with stirring at
      -10.degree.C within 20 minutes. The mixture was stirred for a further 5
      minutes at -5.degree.C, poured into an excess of ice-cold 2-N soda
      solution and extracted with ether. The extract was worked up in the usual
      manner and yielded 18.5 g of a bright yellow oil which, after distillation
      under reduced pressure, gave 16 g of pure
      3-isopropenyl-1-methyl-2-(3-oxo-4-pentenyl)-1-cyclopentene; b.p.
      .sub.0.001 48.degree.C;
PAR  IR (film): .nu. = 3100, 1700/1685, 1645, 1620, 1442, 1402, 1375, 1100, 990,
      968, 895 cm.sup.-.sup.1. Odor: pleasant floral-ester-like, geranium-like,
      linalool-like.
PAC  EXAMPLE 6
PAR  In a manner analogous to that described in Example 5, from
      2-(3-hydroxy-2-methyl-4-pentenyl)-3-isopropenyl-1-methyl-1-cyclopentene
      there was prepared
      3-isopropenyl-1-methyl-2-(2-methyl-3-oxo-4-pentenyl)-1-cyclopentene; b.p.
      .sub.0.02 = 84.degree.C;
PAR  UV (cyclohexane): .LAMBDA..sub.max = 213 nm (.epsilon. = 9500); IR (film):
      .nu. = 3100, 1702, 1682, 1645, 1615, 1455/40, 1405, 1375, 1030, 990, 975,
      892 cm.sup.-.sup.1. Odor: fatty, similar to undecylenic acid.
PAC  EXAMPLE 7
PAR  In a manner analogous to that described in Example 5, from
      2-(3-hydroxy-4-methyl-4-pentenyl)-3-isopropenyl-1-methyl-1-cyclopentene
      there was prepared
      3-isopropenyl-1-methyl-2-(4-methyl-3-oxo-4-pentenyl)-1-cyclopentene; b.p.
      .sub.0.01 = 88.degree.C;
PAR  UV (cyclohexane); .LAMBDA..sub.max = 213 nm (.epsilon. = 9900); IR (film):
      .nu. = 3110, 1680, 1645, 1450, 1375, 1090, 935, 895 cm.sup.-.sup.1. Odor:
      fresh, woody, cedar-like, green.
PAC  EXAMPLE 8
PAR  In a manner analogous to that described in Example 5, from
      2-(3-hydroxy-2,4-dimethyl-4-pentenyl)-3-isopropenyl-1-methyl-1-cyclopenten
     e there was prepared
      3-isopropenyl-1-methyl-2-(2,4-dimethyl-3-oxo-4-pentenyl)-1-cyclopentene;
      b.p. .sub.0.01 = 92.degree.C;
PAR  UV (cyclohexane): .LAMBDA..sub.max = 216 nm (.epsilon. = 8800) IR (film):
      .nu. = 3110, 1680, 1645, 1455, 1375, 935, 895 cm.sup.-.sup.1. Odor: woody,
      cedar-like, camphoraceous.
PAR  The following Examples illustrate odorant compositions containing the
      cyclopentene derivatives provided by the invention.
PAC  EXAMPLE A
PAC  Odorant composition containing
      3-isopropenyl-1-methyl-2-(3-oxo-4-pentenyl)-1-cyclopentene.
TBL  ______________________________________                                    

                            Parts by weight                                    

     ______________________________________                                    

     Phenylethyl alcohol      400                                              

     Linalool                 30                                               

     Geranyl acetate          20                                               

     Eugenol                  10                                               

     Nonylaldehyde ( 1% in phthalic                                            

       acid diethyl ester)    10                                               

     Nerol                    50                                               

     Citral                   5                                                

     6-Methylionone           15                                               

     Rhodionol 70 Givaudan (Rhodinol/Citronellol                               

                              80                                               

       in ratio of 70/30)                                                      

     Citronellol              180                                              

     Baccartol Givaudan (condensation product                                  

       of citronella oilacetone)                                               

                              100                                              

     3-Isopropenyl-1-methyl-2-(3-oxo-                                          

       4-pentenyl)-1-cyclopentene                                              

                              100                                              

                              1000                                             

     ______________________________________                                    

PAR  By the addition of
      3-isopropenyl-1-methyl-2-(3-oxo-4-pentenyl)-1-cyclopentene, the rose-like
      note of the composition is intensified.
PAC  EXAMPLE B
PAC  Odorant composition containing
      3-isopropyl-1-methyl-2-(4-methyl-3-oxo-4-pentenyl)-1-cyclopentene.
TBL  ______________________________________                                    

                            Parts by weight                                    

     ______________________________________                                    

     Bergamot oil             200                                              

     Oak moss soluble         60                                               

     Vetiveryl acetate        40                                               

     Eugenol                  40                                               

     Lavandin                 80                                               

     Lavender oil             100                                              

     Sandalwood oil           100                                              

     Cedryl acetate           120                                              

     Musk ambrette            100                                              

     Lemon oil Italian        40                                               

     Sauge sclaree 20                                                          

     Orange oil Californian   20                                               

     Thyme oil white          20                                               

     3-Isopropyl-1-methyl-2-(4-methyl-                                         

       3-oxo-4-pentenyl)-1-cyclopentene                                        

                              60                                               

                              1000                                             

     ______________________________________                                    

PAR  By the addition of
      3-isopropyl-1-methyl-2-(4-methyl-3-oxo-4-pentenyl)-1-cyclopentene, the
      fresh, lavender-like note of the composition is emphasised.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Cyclopentene derivatives of the general formula
      ##SPC8##
PAL  wherein R.sup.1 and R.sup.2 each independently represent a hydrogen atom or
      a lower alkyl group.
NUM  2.
PAR  2. 3-Isopropyl-1-methyl-2-(3-oxo-4-pentenyl)-1-cyclopentene.
NUM  3.
PAR  3. 3-Isopropyl-1-methyl-2-(4-methyl-3-oxo-4-pentenyl)-1-cyclopentene.
NUM  4.
PAR  4. 3-Isopropyl-1-methyl-2-(2-methyl-3-oxo-4-pentenyl)-1-cyclopentene.
NUM  5.
PAR  5. 3-Isopropyl-1-methyl-2-(2,4-dimethyl-3-oxo-4-pentenyl)-1-cyclopentene.
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ABST
PAL  Catalytic process for alkylating ketones carrying at least one methyl or
      methylene group in .alpha.-position to the carbonyl group by reacting them
      with primary alcohols in the presence of copper and/or silver catalysts.
BSUM
PAR  The present invention relates to a catalytic process for alkylating ketones
      carrying at least one methyl or methylene group in .alpha.-position to the
      carbonyl group.
PAR  Up to now a simple and economic process for alkylating ketones, i.e. for
      the synthesis of higher ketones from simple unbranched ketones, has not
      been proposed.
PAR  It is known, however, to alkylate ketones with alkyl halides, preferably
      the bromides or iodides, but in most cases stoichiometric amounts of
      alkaline substances, such as alkali metals, alkali metal alcoholates,
      alkali metal hydroxides or alkali metal amides, must be used, which in
      part necessitate the use of expensive solvents, for example alkali metal
      amide in liquid NH.sub.3. It has also been proposed to alkylate ketones by
      using, additionally ammonia, amines or quaternary ammonium bases besides
      alkali metal compounds, mostly alkali metal hydroxides to neutralize the
      hydrogen halide formed in the alkylation with alkyl halides. The obvious
      drawback of this type of alkylation is the formation of stoichiometric
      amounts of alkali metal halides or ammonium halides or amine hydrohalides,
      from which the halogen portion and the free base cannot be recovered or
      can be recovered with difficulty only. Hence, problems arise how to
      utilize these by-products or to eliminate them without environmental
      pollution.
PAR  The present invention provides a catalytic process for alkylating ketones
      carrying at least one methyl or methylene group in .alpha.-position to the
      carbonyl group, which process is characterized by good selectivities and
      permits the production of higher ketones in simple and economic manner.
PAR  The object of the invention is a process for alkylating ketones in
      .alpha.-position to the carbonyl group, which comprises reacting a ketone
      of the formula R.sup.1 CO--CH.sub.2 --R.sup.2 in which R.sup.1 and R.sup.2
      represent alkyl, cycloalkyl or alkenyl, each having up to 12 carbon atoms,
      or aryl, R.sup.2 may also stand for hydrogen and R.sup.1 and R.sup.2
      together with the --CH.sub.2 --CO-- group may be part of a cycloaliphatic
      ring having up to 12 carbon atoms with a primary alcohol of the formula
      R.sup.3 CH.sub.2 OH in which R.sup.3 is hydrogen, alkyl, cycloalkyl or
      alkenyl having up to 6 carbon atoms, at a temperature of from 100.degree.
      to 500.degree.C, preferably 200.degree. to 400.degree.C, in the gaseous or
      liquid phase in the presence of a catalyst containing metallic copper
      and/or silver.
PAR  It is surprising that the alkyl halides used in known alkylation reactions
      can be replaced by the cheaper alcohols which can be activated by a
      catalyst in such a manner that the alkylation of the ketones takes place
      with good yields and with a high reaction speed. The use of primary
      alcohols for the alkylation of ketones has not been proposed so far.
PAR  When a methyl ketone is monoalkylated in the methyl group according to the
      process of the invention a straight chain ketone is obtained, for example
      using acetone and methanol or ethanol, methylethyl or methyl-n-propyl
      ketone is obtained. When the ketone contains an .alpha.-methylene group,
      the ketone obtained by the alkylation has an .alpha.-branching. With
      ketone having two methylene groups capable of being alkylated, the
      monoalkylation can yield, depending on the reaction conditions, mixtures
      of different composition of two new ketones, for example methyl-ethyl
      ketone and methanol yield mixtures of diethyl and methyl-isopropyl ketone,
      which may be further alkylated to give ethyl-isopropyl ketone and
      diisopropyl ketone.
PAR  Suitable ketones which can be alkylated with primary alcohols according to
      the invention are, for example acetone, methylethyl ketone, diethyl
      ketone, methylpropyl ketone, methylisopropyl ketone, methylisobutyl
      ketone, methyl-t-butyl ketone, methylhexyl ketone, methylcyclohexyl
      ketone; olefinic ketones such as mesityl oxide; alicyclic ketones such as
      cyclopentanone, cyclohexanone, cycloheptanone, cyclododecanone and their
      alkyl derivatives, camphor, acetophenone, methylbenzyl ketone, ethylphenyl
      ketone, as well as phenyl ketones substituted in the benzene nucleus.
PAR  Primary alcohols suitable as alkylating agents are, for example, methanol,
      ethanol, propanol, isobutanol and allyl alcohol.
PAR  The starting materials for the alkylating reaction need not have a high
      purity. Ketone mixtures composed of a ketone and its alkylation products
      may be used as well as alcohols containing the corresponding aldehyde as
      impurity. As water is a by-product of the alkylation, the reaction
      components need not be anhydrous.
PAR  The proportion of alcohol to ketone in the process according to the
      invention may vary within wide limits. To obtain a high yield of
      monoalkylated ketones the alcohol is preferably used in deficiency up to a
      proportion of at most 1 : 1. If, however, the production of higher
      alkylated ketones is desired, a ratio of alcohol to ketone greater than 1
      : 1 will preferably be chosen, for example 2 : 1 to 20 : 1. In the latter
      process with continuous operation, the ketones of low degree of alkylation
      can be recycled into the reaction, optionally after separation of the
      higher alkylated ketones.
PAR  The catalyst to be used according to the invention for the production of
      the alkylated ketones contains metallic copper and/or silver, supported or
      not on a carrier.
PAR  The finely divided reactive copper and silver metal necessary for the
      reaction can be prepared in known manner from their compounds, for example
      the oxides, hydroxides, carbonates, nitrates, acetates, oxalates or other
      organic compounds or complex compounds. The said compounds or complex
      compounds are reacted to yield the metal with reducing gases, for example
      H.sub.2 or CO, or with vapors, for example of methanol or ethanol, or of
      the reaction components of the process of the invention. When the
      carbonates, nitrates, acetates, or oxalates are used a thermal
      decomposition at elevated temperatures, for example at 500.degree.C, to
      give the oxides, can be performed prior to the reduction.
PAR  Alternatively, alloys can be used for making the catalysts of the
      invention, for example a copper/aluminum alloy. By dissolving the aluminum
      with alkali metal hydroxide solution active catalysts of the Raney type
      are obtained.
PAR  When a carrier is used it is impregnated with a solution of the aforesaid
      copper and/or silver compounds, for example an aqueous solution of copper
      and/or silver nitrate or acetate, and the salts are reduced, or prior to
      the reduction they are transformed into the hydroxides by introducing the
      impregnated carrier material into aqueous alkali metal hydroxide solution.
      After elimination of foreign ions by a washing process, the hydroxides are
      reduced to the metals in a manner analogous to that described above.
PAR  Suitable carrier materials are, for example, aluminum oxide, aluminum
      silicate, magnesium silicate, silica gel, carbon, zeolites and pumice.
PAR  The carrier can also be precipitated simultaneously with the copper and/or
      silver compound in an aqueous solution of copper and/or silver salt and,
      for example, an aluminum or silicium compound. Commercially available
      catalyst materials may be used, too, for making the catalysts of the
      invention. Industrial copper or silver catalysts may be used, possibly
      after reduction to the metals.
PAR  The concentration of the copper and/or silver on the carrier material can
      vary within wide limits. In many cases a concentration of from 0.5 to 25 %
      by weight is effective. Good results can also be obtained with a
      concentration above 25 % by weight.
PAR  When a copper and/or silver catalyst is used without carrier material very
      finely divided material may be transformed into coarser grains, for
      example by compression.
PAR  Higher yields of alkylated ketones are obtained by using a copper and/or
      silver catalyst additionally containing one or more basic components, for
      example oxides, hydroxides, or alcoholates of alkali metals, alkaline
      earth metals or rare earth metals. Other metals, the oxides, hydroxides or
      alcoholates of which have a basic reaction, such as zinc, cadmium or lead,
      are likewise suitable as promotors. When alcoholates are used, those
      corresponding to the alcoholic reaction component should be used. Other
      alcoholates may, of course, also be used without any disadvantage
      occurring.
PAR  The promotors can be applied to the carrier as such together with the
      copper and/or silver compound or the carrier can be impregnated with the
      promoter solution after reduction of the copper and/or silver compound to
      the metal. The carrier can also be impregnated with carbonates,
      bicarbonates, acetates, oxalates, or nitrates of alkali metals, alkaline
      earth metals, and/or rare earth metals, which are then transformed into
      the oxides, hydroxides or alcoholates during the thermal treatment, the
      reduction, or in the course of the reaction according to the invention.
PAR  When the reaction is carried out in the liquid phase the promotor can be
      added to the reaction mixture also in the form of a solution, suitably in
      one of the reaction components, for example an alkali metal oxide,
      hydroxide or alcoholate dissolved in an alcohol.
PAR  In the alkylation according to the invention the oxides, hydroxides, or
      alcoholates of the following metals may be used: lithium, sodium,
      potassium, rubidium, cesium, magnesium, calcium, lead, or rare earth
      metals, either alone or in admixture with one another. A suitable mixture
      of rare earth metals is, for example, the commercially available didymium.
PAR  The amount of oxides, hydroxides or alcoholates applied to the carrier can
      vary within wide limits, preferably in the range of from 0.01 to 10 % by
      weight, calculated on the metal catalyst. Higher concentrations being
      likewise possible.
PAR  The alkylation according to the invention is carried out at a temperature
      in the range of from 100.degree. to 500.degree.C, preferably 200.degree.
      to 400.degree.C. A mixture of the vaporous reaction components ketone and
      alcohol, optionally with the addition of an inert diluent, is passed in
      the gaseous phase, either alone or together with inert gases such as
      nitrogen or argon, over the catalyst, which is either in a fixed bed or in
      a fluidized bed created by the vaporous reactants. The residence time is
      in the range of from 0.1 to 100 seconds, preferably 1 to 20 seconds.
PAR  The reaction is performed at atmospheric pressure. The use of
      super-atmospheric pressure is, however, also possible.
PAR  After condensation of the reaction products, the constituents are separated
      in known manner and the alkylated ketones are obtained, for example, by
      distillation or extraction. Unreacted starting products may be passed
      again over the catalyst.
PAR  Alternatively, the alkylation can be carried out in the liquid phase. In
      order to reach a temperature necessary for a sufficient reaction speed, it
      is suitable to use ketones or alcohols which boil below said temperature
      in a closed apparatus, for example an autoclave. In this case the catalyst
      is added in finely divided form in an amount of from 5 to 30 % by weight,
      calculated on the feedstock. Good yields are likewise obtained with larger
      or smaller catalyst amounts.
PAR  After separation of the catalyst by filtration, the reaction product is
      separated, for example by distillation, into the reaction products and
      starting components, which can be reacted again in the presence of the
      catalyst.
PAR  It has been found that the course of the methylation of cyclohexanone is
      dependent on whether the reaction is carried out in the liquid or in the
      gaseous phase, on the residence time and on the reaction temperature.
PAR  In this methylation the choice of the reaction phase and the reaction
      temperature decisively influences the type of reaction products obtained
      and their quantitative composition.
PAR  When the methylation of cyclohexanone with methanol is carried out in the
      gaseous phase at a temperature above 250.degree.C, preferably in the range
      of from 280.degree. to 400.degree.C with a residence time of less than 60
      seconds, a dehydrogenation simultaneously takes place.
PAR  As disclosed in the comparative examples, unsaturated methylation products
      of cyclohexanone may form in small amounts in the liquid phase with a
      short residence time and at higher temperature under pressure. The yields
      in the gaseous phase are, however, much higher.
PAR  The dehydrogenation simultaneously taking place can be further promoted by
      the presence of oxygen containing gases which are passed over the catalyst
      together with cyclohexanone and methanol. In the dehydrogenating
      methylation the cyclohexanone forms, besides 2-methyl- and
      2,6-dimethyl-cyclohexanone, which can also be obtained in the liquid
      phase, mainly the unsaturated compounds 2-methylcyclohexene-2-one and
      2,6-dimethylcyclohexene-2-one, as well as 2,6-dimethylphenol and a little
      2-methylphenol and hexamethylbenzene
      ##SPC1##
PAL  As .alpha.,.beta.-unsaturated ketones, methyl and dimethyl-cyclohexenone
      are valuable intermediates for the synthesis of dyestuffs, plant
      protecting agents and pharmaceutically active ingredients.
      2,6-Dimethylphenol or 2,6-xylenol is the starting component for the
      manufacture of polyphenylene oxides having good thermostability, stability
      to acids and bases, as well as good dielectric properties.
PAR  To obtain a high yield of 2-methylcyclohexene-2-one methanol is preferably
      used in deficiency, up to at most the molar proportion with respect to
      cyclohexanone. When, however, 2,6-dimethylcyclohexene-2-one or 2,6-xylenol
      shall be produced, the proportion of methanol to cyclohexanone is
      preferably greater than 1 : 1, for example 2 : 1 to 20 : 1.
PAR  To perform the methylation with simultaneous dehydrogenation a vaporous
      mixture consisting of methanol and cyclohexanone, optionally with the
      addition of an oxygen containing gas, preferably air, is passed over the
      catalyst, which is either in a fixed bed or whirled up to a fluidized bed
      by the vaporous methanol/cyclohexanone mixture.
PAR  The reaction is mostly carried out at atmospheric pressure. It is likewise
      possible to operate at elevated pressure or reduced pressure. After
      condensation, the reaction products are separated in known manner, for
      example by distillation or extraction in liquid phase. Unreacted starting
      products can be recycled into the reaction.
PAR  The alkylation process according to the invention permits to prepare in
      simple and economic manner a series of alkylated ketones which can
      otherwise by obtained by complicated processes and often by indirect
      methods with numerous reaction stages only.
PAR  The parameters used in the following examples for the used ketone and the
      alkylated alkyl ketone obtained are defined as follows:
PAR  The conversion of a ketone is the molar portion in percent of the reacted
      ketone, calculated on the amount of ketone used.
PAR  The selectivity of an alkyl ketone is its molar portion in percent,
      calculated on the reacted ketone.
PAR  The yield of an alkyl ketone is its molar portion in percent, calculated on
      the amount of ketone used.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1
PAR  100 ml SiO.sub.2 (pore volume 0.8 g H.sub.2 O/ml, surface 160-180 m.sup.2
      /g) were impregnated with an aqueous solution of 3.3 g AgNO.sub.3, the
      impregnated carrier material was dried and stirred into 100 ml of 2 %
      aqueous potassium hydroxide solution. The preliminary catalyst obtained
      was filtered off and washed until it was free from nitrate. It was then
      dried at 200.degree.C under about 50 torr and reduced at 400.degree.C with
      hydrogen diluted with nitrogen.
PAR  In a glass reactor having a length of 320 mm and a diameter of 21 mm the
      catalyst was heated by means of two electric furnaces to a constant
      temperature which was regulated inside of the reactor with a displaceable
      thermocouple. The upper third of the reactor had the function of an
      evaporator, the remaining two thirds constituted the reaction zone proper.
      To collect the reaction products, two traps were used cooled to about
      -70.degree.C with dry ice/butanol.
PAR  After a starting period generally of 2 hours to obtain constant operating
      conditions, the reaction was performed over a prolonged period of time.
PAR  With the aid of an external standard mixture the reaction products and
      unreacted feedstock were analyzed in the combined condensates by gas
      chromatography. In most cases the reaction mixture was then separated by
      distillation.
PAR  By means of a pump 30 ml/h of a 2 : 1 molar mixture of acetone and methanol
      were passed at atmospheric pressure over the catalyst heated to
      400.degree. - 410.degree.C. With an acetone conversion of 19.0 mole % the
      selectivity of methylethyl ketone was 81.3 mole %, i.e. the yield was 15.5
      mole %.
PAC  EXAMPLE 2
PAR  100 ml SiO.sub.2 (pore volume 0.8 g H.sub.2 O/ml, surface 160 - 180 m.sup.2
      /g) were impregnated with an aqueous solution of 4.8 g
      Cu(NO.sub.3).sub.2.3 H.sub.2 O and stirred into 100 ml of 4.5 % aqueous
      potassium hydroxide solution. After washing, drying and reducing with
      H.sub.2 as described in Example 1, the catalyst was filled into the
      reactor as described in said example. 15 ml/h of a 2 : 1 molar mixture of
      acetone and methanol were passed over the catalyst heated to
      290.degree.-300.degree.C. 23.5 mole % of methylethyl ketone were obtained.
PAC  EXAMPLE 3
PAR  100 ml SiO.sub.2 (pore volume 0.8 g H.sub.2 O/ml, surface 160-180 m.sup.2
      /g) were impregnated with an aqueous solution of 4.8 g Cu(NO.sub.3).sub.2.
      3 H.sub.2 O and a solution of 1.05 g Di.sub.2 O.sub.3 (a product of
      Pechiney-St.Gobain, France, consisting of a mixture of the oxides of
      lanthanium, cerium, praseodymium, neodymium, and small amounts of
      samarium, gadolinium, ytterbium and others). The impregnated carrier
      material was stirred into 150 ml of 4.5 % aqueous potassium hydroxide
      solution. After washing, drying and reducing with H.sub.2 as in Example 1,
      the catalyst was filled into the reactor used in the said example. 15 ml/h
      of an equimolar mixture of acetophenone and methanol were passed per hour
      over the catalyst heated to 300.degree.C.
PAR  With an acetophenone conversion of 87.5 mole % the selectivities were 69.6
      mole % of ethylphenyl ketone and 21.6 mole % of isopropylphenyl ketone,
      i.e. the yields of the two compounds were 60.9 mole % and 18.9 mole %,
      respectively.
PAC  EXAMPLE 4
PAR  15 ml/h of an equimolar mixture of ethanol and acetone were passed at
      300.degree.C over a catalyst prepared and composed as described in Example
      3. Methylpropyl ketone was obtained in a yield of 16.0 mole %.
PAC  EXAMPLE 5
PAR  15 ml/h of an equimolar mixture of allyl alcohol and acetone were passed at
      300.degree.C over a catalyst prepared and composed as described in Example
      3. 4.6 Mole % of methylbutenyl ketone were obtained.
PAC  EXAMPLES 6 TO 12
PAR  100 ml .gamma.-Al.sub.2 O.sub.3 (pore volume 0.45 - 0.5 g H.sub.2 O/ml,
      surface 66 m.sup.2 /g) were impregnated with an aqueous solution of 4.8 g
      Cu(NO.sub.3).sub.2. 3 H.sub.2 O and the impregnated material was stirred
      into 100 ml of a 4.5 % aqueous potassium hydroxide solution. After washing
      out the nitrate and potassium ions, the preliminary catalyst was dried and
      reduced at 400.degree.C with hydrogen diluted with nitrogen. The reduced
      Cu/Al.sub.2 O.sub.3 catalyst was then impregnated with an aqueous solution
      of different promotor salts, defined in the following table, in an amount
      corresponding to 6.25 milliatoms of metal, the impregnated catalyst was
      dried and used in the reactor described in Example 1 to alkylate acetone
      with methanol. With the use of 15 ml/hour of a mixture of methanol and
      acetone in different molar proportions as indicated in the table and 1.8
      l/h of nitrogen, the results listed in the table were obtained.
PAC  EXAMPLE 13
PAR  15 ml/h of a 3 : 1 molar mixture of methanol and methylethyl ketone and 1.8
      l/h of nitrogen were passed at 300.degree.C over a catalyst prepared and
      composed as in Example 6. With a conversion of methylethyl ketone of 77.3
      mole % the following yields of methylated methylethyl ketones were
      obtained: 23.0 mole % of ethylisopropyl ketone, 22.1 mole % of
      methylisopropyl ketone, 14.6 mole % of diethyl ketone, and 3.3 mole % of
      diisopropyl ketone, corresponding to selectivities of 29.8 mole %, 28.6
      mole %, 18.9 mole % and 4.3 mole %, respectively.
PAC  EXAMPLE 14
PAR  A commercial copper catalyst containing 26 % by weight of copper as oxide
      on magnesium silicate was reduced with hydrogen. 100 ml of the catalyst
      were impregnated with aqueous potassium hydroxide solution containing 0.35
      g KOH, and dried.
PAR  In a 2 liter VA shaking autoclave 3 moles of cyclohexanone, 6 moles of
      methanol and 10 g of the described, finely ground catalyst were heated to
      250.degree. - 260.degree.C while shaking under a pressure of 5 atmospheres
      of nitrogen measured at 20.degree.C and kept at the high temperature for
      11 hours.
PAR  The cooled reaction product was fractionated by distillation. Besides
      unreacted methanol and cyclohexanone, 0.9 mole = 30 mole %
      2-methylcyclohexanone and 0.25 mole = 8.3 mole % dimethylcyclohexanone,
      calculated on the cyclohexanone used, could be isolated. Small amounts of
      cyclohexanol and 2-methylcyclohexanol were formed as by-products.
TBL          molar           Yield mole%                                       

         promo-                                                                

             proportion                                                        

                   temp.                                                       

                       conversion                                              

                             MEK  MIPK DEK  EIPK DIPK                          

         tor methanol :                                                        

                   .degree.C                                                   

                       mole %                                                  

     Ex. metal                                                                 

             acetone   acetone                                                 

     __________________________________________________________________________

     6   K   2 : 1 300 72.5  25.4 14.1 10.9 15.7 1                             

     7   Di  4 : 1 280 91.0  12.3 16.9 6.4  29.3 18.0                          

     8   Li  4 : 1 300 20.0  5.9  3.2  2.8  3.9  1.2                           

     9   Cs  4 : 1 300 29.3  8.9  4.4  5.1  4.3  1.4                           

     10  Mg  4 : 1 300 37.5  14.8 6.2  6.1  6.3  --                            

     11  Pb  4 : 1 300 93.5  8.0  8.0  3.0  10.3 4.9                           

     12  --  4 : 1 300 42.2  3.5  --   --   --   --                            

     __________________________________________________________________________

       MEK = methylethyl ketone                                                

      MIPK = methylisopropyl ketone                                            

       DEK = diethyl ketone                                                    

      EIPK = ethylisopropyl ketone                                             

      DIPK = diisopropyl ketone                                                

PAC  EXAMPLE 15
PAR  In a reactor analogous to that described in Example 1, 30 ml/h of a mixture
      of methanol and cyclododecanone in a molar proportion of 2 : 1 were passed
      over 100 ml of a catalyst prepared and composed as specified in Example 7
      and heated to 300.degree.C. With a conversion of cyclododecanone of 85.3
      mole % 2-methyl-cyclododecanone and 2.12-dimethylcyclododecanone were
      obtained with selectivities of 58.2 and 39.8 mole %, respectively.
PAC  EXAMPLE 16
PAR  100 ml .gamma.-Al.sub.2 O.sub.3 (pore volume 0.5 - 0.6 ml/g, surface 70 -
      120 m.sup.2 /g) were impregnated in two stages with acetic acid solutions,
      with intermediate drying in a water jet vacuum, first of 4.0 g
      Cu(OAc).sub.2. 2 H.sub.2 O and then of 1.05 g Di.sub.2 O.sub.3 (as defined
      in Example 3). After drying, the impregnated catalyst was treated with
      hydrogen (about 3 liters per hour) for 2 hours at 200.degree.C and for
      another 2 hours at 300.degree.C.
PAR  In a glass reactor having a length of 320 mm and a diameter of 21 mm the
      catalyst was heated to 300.degree.C by two electric furnaces. By means of
      a pump 30 ml/h of a mixture of methanol and cyclohexanone in a molar
      proportion of 2 : 1 were passed over the catalyst. The reaction products
      were collected in two traps cooled to -70.degree.C.
PAR  After preliminary period of generally 2 hours to obtain constant operating
      conditions, the reaction was continued for a prolonged period of time and
      repeatedly using the same catalyst.
PAR  With the aid of an external standard the reaction products and unreacted
      starting products were analyzed by gas chromatography. The mean analysis
      values of several runs were determined.
PAR  With a cyclohexanone conversion of 95 mole %, the selectivities were 37
      mole % of 2-methylcyclohexanone, 24 mole % of 2-methylcyclohexene-2-one,
      24 mole % of 2,6-dimethylcyclohexene-2-one, 6 mole % of 2,6-xylenol and 2
      mole % of 2,6-dimethylcyclohexanone. Hexamethylbenzene could also be
      detected.
PAR  The total yield of saturated and unsaturated methylation products amounted
      to 88.4 mole %. The molar proportion of unsaturated to saturated
      methylation products was about 1.4 to 1 with an average residence time of
      about 20 seconds.
PAC  EXAMPLE 17
PAR  Cyclohexanone and methanol were reacted at 360.degree.C and 360 torr in the
      presence of the catalyst and under the conditions as described in Example
      16. With a conversion of cyclohexanone of 85.5 mole % the proportion of
      unsaturated to saturated methylation compounds of cyclohexanone was 4.0 to
      1, the average residence time was about 9 seconds.
PAC  EXAMPLE 18
PAR  In a metal reactor containing 1.1 l of catalyst prepared and composed as
      described in Example 16, 620 ml/h of a molar mixture of methanol and
      cyclohexanone were reacted at 300.degree.C at atmospheric pressure while
      introducing 40 l/h of nitrogen.
PAR  With a conversion of cyclohexanone of 40.1 mole % and a residence time of
      5.6 seconds unsaturated and saturated methylation products of
      cyclohexanone were obtained in a molar proportion of 2.2 to 1. When the
      reaction components were passed over the catalyst together with 40 l/hour
      of air, instead of nitrogen, at a temperature of 290.degree. to
      300.degree.C, the molar proportion of unsaturated to saturated methylation
      products of cyclohexanone rose to 2.7 to 1.
PAC  EXAMPLE 19 (comparative example)
PAR  In a 1 liter autoclave 3 moles of cyclohexanone and 6 moles of methanol
      were stirred for 8 hours at 250.degree. - 260.degree.C with 10 g of finely
      ground catalyst prepared and composed as described in Example 16. With a
      conversion of 38.7 mole % of cyclohexanone practically no unsaturated
      methylation products were obtained besides 2-methyl- and
      2,6-dimethylcyclohexanone.
PAC  EXAMPLE 20 (comparative example)
PAR  The methylation was carried out as described in Example 19 for 4 hours at
      300.degree.C while stirring, whereby a conversion of cyclohexanone of 60.0
      mole % was obtained. Besides the saturated methyl and dimethyl derivatives
      only traces of unsaturated compounds were detected by gas chromatographic
      analysis.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for methylating cyclohexanone in .alpha.-position to the
      carbonyl group with simultaneous dehydrogenation in the gaseous phase in
      the presence of a catalyst consisting essentially of metallic copper
      supported on a carrier which comprises reacting cyclohexanone with
      methanol at a temperature from above 250.degree. to 500.degree.C with a
      residence time of less than 60 seconds and wherein the copper content of
      the catalyst is from 0.5 to 25 % by weight and the catalyst contains, as a
      promoter, oxides, hydroxides or alcoholates of potassium, didymium or
      mixtures of same in an amount from 0.01 to 10 % by weight, based on the
      copper catalyst.
NUM  2.
PAR  2. The process as defined in claim 1, wherein the carrier is aluminum
      oxide, aluminum silicate, magnesium silicate, silica gel, carbon, zeolites
      and pumice.
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ABST
PAL  A multi-step, stereospecific total synthesis of steroids is disclosed. The
      starting materials for this process are the relatively inexpensive and
      readily available m-alkoxy acetophenones. The process is suitable for the
      preparation of racemic or optically active, medicinally valuable steroids,
      particularly A-ring aromatic steroids. This process features an early
      optical resolution and a unique asymmetric induction which insures the
      correct stereochemistry of the final steroidal product.
PARN
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  This is a division, of application Ser. No. 100,372 filed Dec. 21, 1970 and
      now abandoned.
BSUM
PAR  The present invention relates to a multi-step, stereo-specific total
      synthesis of racemic or optically active, medicinally valuable steroids
      which makes use of a novel asymmetric induction for the control of the
      stereochemistry. The synthesis is particularly adapted for the production
      of A-ring aromatic steroids.
PAR  One aspect of the present invention involves the preparation of racemic or
      optically active compounds of the following formula:
      ##SPC1##
PA1  Wherein R.sub.1 is a primary alkyl group of from 1 to 5 carbon atoms;
      R.sub.3 is a cycloalkyl group, or a primary alkyl group of from 1 to 8
      carbon atoms; R.sub.6 is hydrogen, lower acyl or aroyl; Z is carbonyl or a
      group of the formula
      ##EQU1##
      where R.sub.7 is hydrogen, lower acyl, lower alkyl, aryl lower alkyl or
      tetrahydropyran-2-yl and R.sub.8 is hydrogen or lower aliphatic
      hydrocarbyl; and m is 1 or 2.
PAR  As used throughout the specification and appended claims, the term
      "hydrocarbyl group" denotes a monovalent substituent consisting solely of
      carbon and hydrogen and having from 1 to 20 carbon atoms; the term
      "aliphatic" with reference to hydrocarbyl groups, denotes groups
      containing no aromatic unsaturation, but which can be saturated or
      unsaturated, i.e., an alkyl, alkenyl or alkynyl group; the term "alkyl
      group" denotes a saturated hydrocarbyl group with a straight or branched
      chain having from 1 to 20 carbon atoms unless otherwise indicated; the
      term "cycloalkyl group" denotes a saturated hydrocarbyl group containing a
      3 to 8 membered ring having its valence bond from a ring carbon; the term
      "alkenyl" denotes a straight or branched chain hydrocarbyl group having at
      least 1 olefinic bond and containing from 1 to 20 carbon atoms; the term
      "alkynyl group" denotes a straight or branched chain hydrocarbyl group
      containing at least 1 acetylenic bond having from 1 to 20 carbon atoms;
      the term "primary alkyl group"  denotes an alkyl group having its valence
      from a carbon bound to at least 2 hydrogens; the term "aliphatic
      hydrocarbylene group" denotes a straight or branched chain divalent
      substituent consisting solely of carbon and hydrogen containing no
      aromatic unsaturation having its valence bonds from different carbons; the
      term "arylene group" denotes an aromatic divalent substituent having its
      valence bonds from the aromatic ring; the term "acyl group" denotes a
      group consisting of the residue of a hydrocarbyl monocarboxylic acid
      having from 1 to 18 carbon atoms formed by removal of the hydroxyl portion
      of the carboxyl group; and the term "lower", as applied to any of the
      foregoing groups, denotes a group having a carbon skeleton containing up
      to and including 8 carbon atoms, such as methyl, ethyl, butyl, tertiary
      butyl, hexyl, 2-ethylhexyl, vinyl, butenyl, hexynyl, ethynyl, ethylene,
      methylene, formyl, acetyl, 2-phenylethyl and the like.
PAR  In the formulae presented herein, the various substituents on cyclic
      compounds are joined to the cyclic nucleus by one of three notations, a
      solid line (-) indicating a substituent which is in the .beta.-orientation
      (i.e., above the plane of the paper), a dotted line (- - - -) indicating a
      substituent which is in the .alpha.-orientation (below the plane of the
      paper) or a wavy line ( ) indicating a substituent which may be either in
      the .alpha.- or .beta.-orientation. The position of R.sub.1 has generally
      been arbitrarily indicated as the .beta.-orientation, although the
      products obtained in the examples are all racemic compounds unless
      otherwise specified.
PAR  Preferred compounds of formula I are those wherein R.sub.1 is n-alkyl,
      especially methyl and ethyl; R.sub.3 is methyl; m is 1 and Z is a carbonyl
      or a .beta.-hydroxy methylene group.
PAR  A further aspect of the present invention concerns processes useful in the
      preparation of racemic or optically active forms of compounds of formula
      Ia
      ##SPC2##
PA1  where R.sub.1, R.sub.3, R.sub.6 and m are as above,
PAL  utilizing commercially available and relatively inexpensive starting
      materials. For example, a preferred synthetic route for the preparation of
      compounds of formula Ia, utilizes a 3-(3'-alkoxy-benzoyl)propionitrile or
      the corresponding carboxylic acid. These starting materials are generally
      known but if a specific material is not known, it may be prepared in an
      analogous manner as the known compounds from the corresponding
      m-alkoxy-acetophenone.
PAR  Processes for the preparation of the subgeneric compounds
      ##SPC3##
PA1  where R.sub.1, R.sub.3 and m are as above,
PAL  are summarized in the following Reaction Scheme.
      ##SPC4##
PA1  wherein R.sub.1, R.sub.3, R.sub.6 and m are as above and R.sub.12 is
      chloro; bromo; iodo; hydroxy; lower alkoxy; lower hydrocarbylamino or
      di(lower hydrocarbyl)amino.
TBL                                    CHART FOR REACTION SCHEME               

     __________________________________________________________________________

     Reagents                Solvent             Conditions    Remarks         

     Step                                                                      

        Operable     Preferred                                                 

                             Operable    Preferred                             

                                                 Operable                      

                                                        Preferred              

     __________________________________________________________________________

     A  Alkali metal boro-                                                     

                     Sodium boro-                                              

                             A non-ketonic organ-                              

                                         Ethanol -20.degree. to                

                                                        -10.degree. to         

                                                        20.degree.             

        hydrides, e.g., sodium                                                 

                     hydride ic solvent selected boiling point                 

        borohydride, alkoxy  from the group con- of solvent                    

        substituted alkali   sisting of lower                                  

        metal borohydrides, e.g.                                               

                             alkanols, e.g., meth-                             

        trimethoxy sodium boro-                                                

                             anol; water mis-                                  

        hydride, alkoxy sub- cible ethers, e.g.,                               

        stituted complex metal                                                 

                             tetrahydrofuran;                                  

        hydrides, e.g., tri-t-                                                 

                             pyridine and di-                                  

        butoxy lithium       methylformamide; or                               

        aluminum hydride     a mixture of water                                

                             and one or more of                                

                             the above.                                        

     B  a. dilute aqueous                                                      

                     a. dilute                                                 

                             No additional sol-                                

                                         No additional                         

                                                 a. -40.degree. to             

                                                        a. boiling             

                                                               The base        

        alkali metal hydroxide                                                 

                     aqueous vents are necessary                               

                                         solvent boiling point                 

                                                        point of               

                                                               treatment       

        e.g.,sodium hydroxide                                                  

                     sodium  but a water-miscible                              

                                                 of solvent                    

                                                        vent   in part a       

        or potassium hydroxide                                                 

                     hydroxide                                                 

                             organic ether, e.g.               can be          

                             tetrahydrofuran or                done            

        b. dilute aqueous min-                                                 

                     b. dilute                                                 

                             dioxane can be      b. 0.degree. to               

                                                        b. roomee.             

                                                               either          

        eral acid, e.g.,hydro-                                                 

                     aqueous hydro-                                            

                             employed.                  temperature            

                                                               upon the        

        chloric acid; dilute                                                   

                     chloric acid                              3-hydroxy       

        aqueous organic sul-                                   compound        

        fonic acid,e.g., p-                                    or its          

        toluene      sulfonic acid.                              ester or      

                                                               half            

                                                               ester.          

     C  a. same as for Step A                                                  

                     a. sodium boro                                            

                             A non-ketonic organ-                              

                                         Water con-                            

                                                 a. -10.degree. to             

                                                        a. 20.degree. to       

                     hydride ic solvent selected                               

                                         taining an                            

                                                 +50.degree.                   

                                                        30.degree.             

                             from the group con-                               

                                         alkali metal                          

                             sisting of lower al-                              

                                         hydroxide, e.g.                       

        b. dilute aqueous min-                                                 

                     b. dilute                                                 

                             kanols, e.g.;methanol                             

                                         sodium  b. 20.degree. to              

                                                        b. 40.degree. to       

        eral acid. e.g. hydro-                                                 

                     aqueous hydro-                                            

                             water miscible ether                              

                                         hydroxide      50.degree.             

        chloric acid; dilute                                                   

                     chloric acid                                              

                             e.g.;tetrahydrofuran                              

        aqueous organic sulfonic                                               

                             pyridine and di-                                  

        acid, e.g., p-toluene                                                  

                             methylformamide; or                               

        sulfonic acid        a mixture of water                                

                             and one or more of                                

                             the above                                         

     D  dialkyl aluminum hydride                                               

                     diisobutyl-                                               

                             aliphatic hydro-                                  

                                         Toluene -100 to -50.degree.           

                                                        -70.degree.            

        e.g., diisobutyl-                                                      

                     aluminum-                                                 

                             carbons, e.g.,hexane;                             

        aluminum hydride                                                       

                     hydride aromatic hydro-                                   

                             carbons, e.g.,                                    

                             benzene or toluene                                

     E  Vinyl magnesium halides                                                

                     Vinyl magne-                                              

                             Ethers, e.g.,diethyl                              

                                         Tetrahydro-                           

                                                 -20 to +50.degree.            

                                                        0.degree. to           

                                                        30.degree.             

        e.g.,vinyl magnesium                                                   

                     sium chloride                                             

                             ether, tetrahydro-                                

                                         furan                                 

        chloride; vinyl alkali                                                 

                             furan                                             

        metal, e.g., vinyl                                                     

        lithium                                                                

     F. Manganesedioxide and a                                                 

                     Manganese-                                                

                             Aliphatic hydro-                                  

                                         Benzene -20.degree. to                

                                                        0.degree. to           

                                                        20.degree.             

        reagent selected from                                                  

                     dioxide and                                               

                             carbons, e.g.,hexane;                             

        the group consisting of                                                

                     diethylamine                                              

                             aromatic hydro-                                   

        hydrogen halides, e.g.,                                                

                             carbons, e.g.,                                    

        hydrogen chloride; lower                                               

                             benzene; organic                                  

        alkanols, e.g., methanol;                                              

                             ethers, e.g.,tetra-                               

        water; lower hydrocarbyl                                               

                             hydrofuran.                                       

        amines, e.g., ethylamine;                                              

        di(lower hydrocarbyl)                                                  

        amines, e.g., diethyl-                                                 

        amine                                                                  

     D' a. vinyl magnesium                                                     

                     a. vinyl mag-                                             

                             a. ethers, e.g., di-                              

                                         a. tetra-                             

                                                 a. -40 to                     

                                                        a. -50.degree. to      

        halides e.g., vinyl mag-                                               

                     nesium chlor-                                             

                             ethyl ether, tetra-                               

                                         hydrofuran                            

                                                 -100.degree.                  

                                                        -60.degree.            

        nesium chloride; vinyl                                                 

                     ide     hydrofuran                                        

        alkali metals, e.g.,                                                   

        vinyl lithium                                                          

        b. a reagent selected                                                  

                     b. diethyl-                                               

                             b. aliphatic hydro-                               

                                         b. ethyl                              

                                                 b. 0.degree. to               

                                                        b. 0.degree. to        

        from the group consist-                                                

                     amine   carbons, e.g.,                                    

                                         ether          20.degree.             

        ing of hydrogen halides                                                

                             hexane; aromatic                                  

        e.g., hydrogen chloride;                                               

                             hydrocarbons, e.g.,                               

        lower alkanols, e.g.,                                                  

                             benzene; organic                                  

        methanol; water; lower                                                 

                             ethers, e.g., ethyl                               

        hydrocarbyl amines, e.g.,                                              

                             ether                                             

        ethylamine; di(lower                                                   

        hydrocarbyl)amines, e.g.,                                              

        diethylamine                                                           

     G  2-alkyl-cyclopentan-1,3-                                               

                     2-methyl                                                  

                             Aromatic hydrocar-                                

                                         Toluene 20.degree. to                 

                                                        80.degree. to          

                                                               An acidic cat-  

        diones, e.g., 2-methyl-                                                

                     cyclopentan-                                              

                             bons, e.g., toluene;       120.degree.            

                                                               alyst can be    

        cyclopentan-1,3-dione;                                                 

                     1,3-dione;                                                

                             organic ethers, e.g.              used prefer-    

        2-alkyl-cyclohexan-1,3-                                                

                     2-ethyl tetrahydrofuran;                  ably a lower    

        diones, e.g., 2-methyl-                                                

                     cyclopentan-                                              

                             dimethylformamide;                alkanoic acid,  

        cyclohexan-1,3-dione                                                   

                     1,3-dione                                                 

                             dimethylsulfoxide                 e.g.,acetic     

                                                               acid.           

     __________________________________________________________________________

PAR  In Step A the ketonitrile, compound II, is converted to the hydroxy
      nitrile, compound III, by reduction with a complex metal hydride reducing
      agent, for example, sodium borohydride.
PAR  If one wishes to produce optically active steroids having the natural
      d-configuration, it is especially desirable to resolve compound III to
      afford the desired optical antipode, formula IIIa,
      ##SPC5##
PA1  where R.sub.3 is as above,
PAL  or a suitable derivative for the conversion to lactone V.
PAR  Such an optical resolution may be accomplished in a number of ways. One
      procedure for resolving a racemic compound of formula III is to react it
      with an optically active compound such as a carboxylic acid, a carboxylic
      acid halide or anhydride, an isocyanate, and so forth, to afford a mixture
      of diastereomeric derivatives, separating the diastereomers by methods
      known per se such as, for example, crystallization or chromatography, and
      hydrolyzing the desired diastereomer to afford the desired enantiomer of
      compound III, or the corresponding lactone V. Examples of suitable
      reagents for the preparation of the diastereomeric mixtures described
      above are tartranilic acid, menthyl isocyanate, d- or
      1-.alpha.-methylbenzylisocyanate, menthoxy acetyl chloride,
      3.beta.-acetoxy-.DELTA..sup.5 -etiocholenic acid and so forth.
PAR  It is preferred, however, to resolve compounds of formula III by first
      converting them to a half ester of the formula
      ##SPC6##
PA1  wherein R.sub.3 is as above and Y is an aliphatic hydrocarbylene group
      having from 2 to 5 carbon atoms or an arylene group,
PA1  with a suitable derivative of a dicarboxylic acid, Y(COOH).sub.2, and then
      resolving the half ester by converting it to a mixture of diastereomeric
      salts with an optically active amine.
PAR  Suitable dicarboxylic acids include succinic acid, glutaric acid, adipic
      acid, pimelic acid, maleic acid, fumaric acid, phthalic acid, terephthalic
      acid, naphthalene 2,3-dicarboxylic acid, and the like. The diastereomeric
      salts are separated by methods known per se, as described above,
      preferably by fractional crystallization, and the desired diastereomeric
      salt can be decomposed by treatment with strong acid, or strong base to
      afford either the desired enantiomer of the compound of formula III or,
      more preferably, the half ester derivative. It is convenient to use the
      anhydride of a dicarboxylic acid to prepare the half ester. Thus, for
      example, compound III can be reacted with succinic or phthalic anhydride
      in the presence of a base such as, for example, pyridine to afford the
      corresponding acid succinate or acid phthalate. It is especially preferred
      to resolve the acid phthalate. Suitable optically active bases that can be
      used for the resolution are, for example, .alpha.-methylbenzylamine,
      .alpha.-methylnaphthylamine, dehydroabietylamine, leucine, ephedrine,
      strychnine, cinchonine, quinine, amphetamine, morphine, menthylamine, and
      so forth. .alpha.-Methylbenzylamine is preferred
      d-(+)-.alpha.-Methylbenzylamine is especially preferred, since the desired
      diastereomeric salt (i.e., the one which leads to steroids having the
      natural d-configuration) is the less soluble and is easily purified by
      recrystallization.
PAR  Suitable solvents for recrystallization of the mixture of diasteromeric
      salts are ketones, e.g., acetone; ethers, e.g., diisopropyl ether; lower
      alkanols, e.g., n-butanol and acetonitrile. Acetonitrile is especially
      preferred.
PAR  In Reaction Step B, racemic or optically active hydroxy nitrile III is
      hydrolyzed and cyclized to the lactone of formula V by treatment with
      aqueous base, followed by acidification. For the preparation of optically
      active V, it is convenient to utilize the half ester of the desired
      enantiomer of III without the necessity of first hydrolyzing it to the
      free alcohol.
PAR  The lactone V can also be prepared, as shown in Reaction Step C, by
      reduction of a keto acid of formula IV with a complex metal hydride
      reducing agent, such as for example, sodium borohydride, and subsequent
      acidification. In this reaction, however, one can prepare only racemic V.
      Therefore, it is necessary to utilize the nitrile sequence when optically
      active products are desired.
PAR  It should be pointed out at this time that the early resolution in the
      reaction sequence presents a number of advantages of the present process
      over those previously used for total synthesis of steroids. One advantage
      resides in the fact, that since the compound being resolved possesses only
      one chiral center, it can easily be racemized or converted to an achiral
      compound that can by recycled in the reaction process.
PAR  Thus, the unwanted optical isomer of compound III can be racemized by
      treatment by strong base since it possesses an acidic benzylic hydrogen
      atom at the chiral center. Alternatively, the unwanted antipide can be
      oxidized to compound II by standard oxidation techniques such as, for
      example, chromium trioxide or potassium permanganate oxidation, thus
      destroying the asymmetry, and the resulting achiral ketonitrile II can
      then be reutilized in the present process. Alternatively, the undesired
      antipide of lactone V can be converted to the desired antipode by methods
      known per se. In this manner, it is not necessary to discard half of the
      potential product as is necessary in many other resolution processes for
      the total synthesis of steroids.
PAR  Lactone V can be converted to lactol VI in Reaction Step D by reaction at
      reduced temperature with a metal hydride reducing reagent such as, for
      example, diisobutyl aluminum hydride.
PAR  In Step E, the lactol of formula VI is converted to the vinyl diol of
      formula VII by treatment with a vinylating agent.
PAR  In Reaction Step F, the allylic hydroxyl group of compound VII is
      selectively oxidized, in the presence of a benzylic hydroxyl group, by
      treatment with an oxidizing agent such as, for example, manganese dioxide,
      in the presence of a trapping agent, R.sub.12 H, where R.sub.12 is as
      above. In such a manner, the addition product (compound VIII, shown in
      both open and closed forms) is obtained directly. This reaction most
      probably proceeds through the vinyl ketone intermediate
      ##SPC7##
PA1  where R.sub.3 is as above.
PAL  In an alternate process, step D', the lactone V can be converted to
      compound VIII by vinylation and subsequent reaction of the intermediate
      vinyl ketone with R.sub.12 H.
PAR  If one utilizes a racemic lactone V or racemic vinyl diol VII in the
      preparation of compound VIII, as described above, using as R.sub.12 H, an
      optically active amine, the resulting mixture of diastereomeric Mannich
      bases of formula VIII can be separated to afford a pure diastereomer. The
      diastereomer having a 6-R stereochemistry is especially desired as it
      leads to steroids having the natural configuration. The separation and
      purification of the desired diastereomer can be done by methods known per
      se, such as recrystallization or chromatography. Suitable optically active
      amines are enantiomers of .alpha.-methylbenzylamine,
      .alpha.-methylnaphthylamine, dehydroabietylamine and so forth. It is
      particularly convenient to separate said diastereomeric Mannich bases as
      their acid addition salts with mineral acids, e.g., hydrochloric acid, or
      non-optically active organic acids, e.g., oxalic acid.
PAR  The condensation of compound VIII with a 2-alkyl cycloalkane 1,3-dione to
      afford compounds Ia-1' and Ia-1" is one of the key features of the present
      process. It is in this condensation that specific stereochemical induction
      at one member of the critical C/D ring junction of the eventual steroidal
      product occurs. Thus, this invention is particularly advantageous in that
      it involves a unique asymmetric induction. The products of the
      condensation, i.e., the diketones of formula Ia-1' and Ia-1", have two
      asymmetric centers at positions 2 and 7a(8a) respectively and, therefore,
      two racemates or four optical antipodes are possible. However, as a result
      of the condensation of this invention, when using a racemic starting
      material of formula VIII, mainly one of the two possible racemates is
      formed, Ia-1', i.e., the isomer where R.sub.1 and the OH groups are cis.
      For synthesis of a racemic steroidal final product, both of the racemates
      can be used. When one starts with an optically active lactone V and
      carries it through the above reaction sequence, the optical antipode
      having the absolute configuration depicted by formula Ia-1' is mainly
      formed. The desired optical antipode Ia-1' can be obtained in high purity
      by, for example, recrystallization or chromatography of the crude reaction
      product.
PAR  The condensation reaction (Step G) proceeds very readily, one hour in
      refluxing toluene usually being sufficient, in contrast to the known
      cyclization [H. Smith, et al., J. Chem. Soc. 5072 (1963)] of triketones
      not having a benzylic hydroxyl group, which require seven days. Thus,
      unexpectedly the presence of the benzylic hydroxyl group in compounds of
      formula VIII greatly facilitates their conversion to the important
      intermediates of formula Ia.
PAR  It is particularly useful to esterify compounds of formula Ia-1' and Ia-1"
      (i.e. the mixture obtained from the condensation reaction) to product
      suitable highly crystalline esters,
      ##SPC8##
PA1  wherein R.sub.1, R.sub.3 and m are as above and R.sub.6 ' is lower acyl or
      aroyl.
PAR  A preferred ester derivative is the p-bromobenzoate. The esterification is
      accomplished in the normal manner, utilizing for example, a carboxylic
      acid halide or anhydride in the presence of a base such as pyridine.
PAR  The mixture of esters can be treated by standard techniques, such as
      recrystallization, to afford the desired ester Ia-2' in pure form. This
      purification is particularly desirable when one desires to prepare an
      optically active steroid, since all traces of the undesired component of
      the condensation mixture must be removed. As stated above, when
      synthesizing racemic steroids, both components may be carried through the
      reaction sequence without the need for separation.
PAR  If desired, after purification of the ester, the group R.sub.6 ' may be
      cleaved by methods known per se to afford back the pure compound of
      formula Ia-1'. However, it is especially convenient to utilize compounds
      of formula Ia-2' in further reaction processes without the need to first
      hydrolyze the ester group.
PAR  It has been found that when starting with lactone V having a 5-R absolute
      configuration there is eventually obtained, as the major product, the
      optical antipode of formula Ia-1' having the desired 7a(8a)-S
      stereoconfiguration. Thus, to prepare steroidal materials having the more
      desirable 13.beta.-stereoconfiguration by the synthesis of this invention,
      one should start with the antipode of formula Ia-1' which is prepared
      starting with the 5-R antipode of compound V. In summary, the unique
      asymmetric induction concurrent to the condensation of this invention
      renders the obtention of a single optical antipode as an end-product more
      facile.
PAR  The compounds of subgenus Ia are readily converted to the corresponding
      1.beta.-alcohols and their esters and ethers as represented by the
      following formula
      ##SPC9##
PA1  where R.sub.1, R.sub.3, R.sub.6, R.sub.7 and m are as above, by the
      sequence of reactions comprising reduction of the 1-ketone to the alcohol,
      and if desired, subsequent esterification or etherification.
PAR  The reduction can be effected by the use of a limited amount of a metal
      hydride reducing reagent such as an alkali metal borohydride, e.g., dosium
      borohydride; an alkoxy substituted alkali metal borohydride, e.g.,
      trimethoxy sodium borohydride; or an alkoxy substituted complex metal
      hydride, e.g., lithium aluminum tri-t-butoxy hydride. Generally, one
      mole-equivalent of hydride is preferred. The reaction is effected in any
      suitable reaction medium, such as ethers, e.g., diethyl ether or
      tetrahydrofuran; water; a lower alkanol, e.g., methanol; N,N-di-(lower
      alkyl)-lower alkanoyl amides, e.g., N,N-dimethylformamide; or aromatic
      amines, e.g., pyridine. The use of a hydrocarbon co-solvent, e.g.,
      benzene, to solubilize the reactants is sometimes necessary. The remaining
      reaction conditions are not narrowly critical, although it is generally
      preferred to effect the reduction between about 0.degree.l C. and room
      temperature.
PAR  The free alcohol is recovered from the reaction mixture after
      acidification. The alcohol can be esterified in a known manner, for
      example, by base-catalyzed reaction with a carboxylic acid halide or
      carboxylic acid anhydride. Illustrative bases include sodium hydroxide,
      potassium hydroxide, an alkaline metal alkoxide, or an amine, especially a
      tertiary amine such as pyridine or picoline. Such reaction is conveniently
      carried out in an inert organic solvent, for example, benzene, at a
      temperature of about room temperature.
PAR  The alcohols can also be etherified in a known manner by acid catalyzed
      reaction with an olefin, e.g., isobutylene or 2,3-dihydropyran. Suitable
      acids include mineral acids, organic sulfonic acids and Lewis acids. The
      etherification is conveniently accomplished in an inert organic solvent at
      about room temperature. If a volatile olefin is employed, the reaction is
      conveniently carried out in a closed vessel. The diketones of subgenus Ia
      can be converted to their 1.beta.-hydroxy-1.alpha.-hydrocarbyl derivatives
      and their 1.beta.-esters and ethers represented by the following formula
      ##SPC10##
PA1  wherein R.sub.1, R.sub.3, R.sub.6, R.sub.7 and m are as above, and R.sub.8
      ' is lower aliphatic hydrocarbyl.
PAR  A suitable method involves first protecting the 5-ketone by use of a
      suitable protecting group known in the art such as for example a
      conventionally hydrolyzable ketal or enol ether, then reacting the
      1-ketone of the protected compound with a hydrocarbyl magnesium halide
      such as methyl magnesium chloride or vinyl magnesium chloride or with a
      hydrocarbyl alkali metal compound such as methyl lithium, sodium
      acetylide, potassium acetylide, and the like. Finally, the protecting
      group is removed from the 5-position to afford a 1-hydroxy compound of
      formula Ic which may be optionally esterified or etherified at the
      1-position. If OR.sub.6 represents an ester group in compound Ia then said
      ester will be hydrolyzed during the above hydrocarbylation reaction. The
      resulting hydroxy group can be reesterified, if desired, by the standard
      procedure.
PAR  While it is within the scope of the present invention to introduce a
      1.alpha.-alkyl, -alkenyl or -alkynyl group at this point or at any of the
      subsequent stages described below, it is not desirable to introduce an
      alkenyl or alkynyl group at any point prior to the formation of compound
      XII since said alkenyl or alkynyl group will necessarily be reduced to the
      corresponding alkyl group during subsequent hydrogenation processes. Thus,
      such groups would only serve as precursors of the corresponding alkyl
      groups.
PAR  As indicated above, the compounds of formula I are useful as intermediates
      for the preparation of various medicinally valuable steroid compounds.
      This is illustrated by the following Reaction Scheme:
      ##SPC11##
TBL                                    CHART FOR REACTION SCHEME               

     __________________________________________________________________________

     II                                                                        

     Reagents                Solvent          Conditions    Remarks            

     Step                                                                      

        Operable     Preferred                                                 

                             Operable Preferred                                

                                              Operable                         

                                                     Preferred                 

     __________________________________________________________________________

     H  Mineral acids, e.g.hydro-                                              

                     p-toluene                                                 

                             Aliphatic hydro-                                  

                                      Toluene 50.degree. to 150.degree.        

                                                     80.degree.                

        chloric acid; organic                                                  

                     sulfonic acid                                             

                             carbons, e.g.,          to                        

        sulfonic acids, e.g., p-                                               

                             hexane; aromatic        120.degree.-              

                                                            toluene sulfonic   

                                                            acid;  hydrocarbons

                                                            , e.g.,            

        Lewis acids, e.g., boron-                                              

                             toluene; organic                                  

        trifluoride.         ethers, e.g.,                                     

                             dioxane                                           

     J  Hydrogen and a metal                                                   

                     Palladium on                                              

                             Aliphatic hydro-                                  

                                      Toluene 0.degree. to 50.degree.;         

                                                     Room   The hydrogen-      

        catalyst e.g., palladium,                                              

                     charcoal                                                  

                             carbons, e.g.,   1 to 10                          

                                                     temper-                   

                                                            ation is term-     

        platinum, rhodium, Raney                                               

                     catalyst                                                  

                             hexane; aromatic atmospheres                      

                                                     ature; inated after       

        nickel,either unsupported                                              

                             hydrocarbons, e.g.,     1 atmos-                  

                                                            the uptake of      

        or on a suitable support.                                              

                             tolune; organic         phere  1 mole-equiva-     

                             ethers, e.g., tetra-           lent of hydro-     

                             hydrofuran; lower              gen.               

                             alkanols, e.g.,                                   

                             methanol                                          

     K  Same as in   Reaction                                                  

                             Step J.  Ethanol Same as in                       

                                                     Reaction                  

                                                            The hydrogena-     

                                              Step J.       tion is contin-    

                                                            ued until 2-       

                                                            mole-equiv-        

                                                            alents of          

                                                            hydrogen were      

                                                            taken up.          

     L  Hydrogen and a metal cat-                                              

                     Palladium on                                              

                             aliphatic hydro-                                  

                                      Ethanol 0.degree. to 50.degree.;         

                                                     Room   The hydrogen-      

        alyst e.g., palladium,                                                 

                     charcoal                                                  

                             carbons, e.g.,   1 to 10                          

                                                     tempera-                  

                                                            ation is con-      

        platinum, rhodium, Raney                                               

                     catalyst                                                  

                             hexane; aromatic atmospheres                      

                                                     ture; 1                   

                                                            tinued until       

        nickel, either unsupported                                             

                             hydrocarbons, e.g.,     atmosphere                

                                                            2-mole-equiv-      

        or on a suitable support.                                              

                             toluene, organic               alents of          

                             ethers, e.g., tetra-           hydrogen are       

                             hydrofuran; lower              taken up.          

                             alkanols,e.g., ethanol                            

     M  Hydrogen and a metal cat-                                              

                     Palladium on                                              

                             Aliphatic hydro-                                  

                                      Ethanol 0.degree. to 50.degree.;         

                                                     Room   The hydrogen-      

        alyst e.g., palladium,                                                 

                     barium sul-                                               

                             carbons, e.g.,   1 to 10                          

                                                     tempera-                  

                                                            ation is term-     

        platinum, rhodium, Raney                                               

                     fate catalyst                                             

                             hexane; aromatic atmospheres                      

                                                     ture; 1                   

                                                            inated after       

        nickel, either unsupported                                             

                             hydrocarbons, e.g.,     atmosphere                

                                                            1-mole-equiv-      

        or on a suitable support.                                              

                             toluene; organic               alent of           

                             ethers, e.g., tetra-           hydrogen has       

                             hydrofuran; lower              been taken up.     

                             alkanols, e.g.,                                   

                             methanol                                          

     N  Polyphosphoric acid;                                                   

                     hydrogen chlor                                            

                             aromatic hydro-                                   

                                      Benzene 50.degree. to 150.degree.        

                                                     70.degree. to             

        hydrogen halides, e.g.,                                                

                     ide followed                                              

                             carbons, e.g.,                                    

                                      and methanol.  100.degree.               

        hydrogen chloride;                                                     

                     by p-toluene-                                             

                             benzene; organic                                  

        organic sulfonic acids,                                                

                     sulfonic acid.                                            

                             ethers, e.g., tet-                                

        e.g., p-toluene sulfonic                                               

                             rahydrofuran;                                     

        acid                 lower alkanols,                                   

                             e.g., methanol                                    

     __________________________________________________________________________

PAR  In Reaction Step H, compound I is reacted with a strong acid to eliminate
      the OR.sub.6 group in the benzylic position and to afford the novel diene
      of structure IX. This diene most likely has the trans-geometry shown.
PAR  The styrene double bond of compound IX can be selectively hydrogenated if
      desired (Step J), to afford a compound of structure X. This can be done by
      stopping the hydrogenation after 1 mole equivalent of hydrogen has been
      taken up. On the other hand, compound IX can be completely hydrogenated
      (Step K) to a compound of structure XI by continuing the hydrogenation
      until hydrogen uptake (2mole-equivalents is complete. Compounds of
      structure X and XI are generally known in the racemic series, and have
      been converted to racemic estrone and its derivatives, i.e., compounds of
      structure XII. Estrone methyl ether, for example, can be converted to the
      potent estrogen ethynylestradiol 3-methyl ether (Mestranol), an important
      component of antifertility preparations. A-ring aromatic steroids such as
      estrone methyl ether can also be converted, by reduction of the aromatic
      ring, to valuable 19-norsteroids.
PAR  It is known that the conversion of compound X to compound XI by catalytic
      hydrogenation affords a mixture of C/D-cis and C/D-trans isomers. The
      ratio of these isomers can be controlled depending upon the Z substituent.
      If Z is carbonyl, a substantial amount of C/D-cis isomer is produced,
      whereas if Z is .beta.-hydroxy methylene, a preponderance of C/D-trans
      isomer is produced. The same considerations hold true for the 1-step
      hydrogenation of compound IX to compound XI. Thus, if one wishes to
      produce a C/D-trans steroid as final product, it is desirable before
      complete hydrogenation of compound IX, to have Z present as a
      .beta.-hydroxy methylene group, an .alpha.-hydrocarbyl - .beta.-hydroxy
      methylene group or a suitable derivative thereof.
PAR  Compounds of formula I wherein R.sub.6 is hydrogen, can also be reduced in
      a 1-step procedure (Step L) to compounds of formula XI by a combination
      hydrogenation/hydrogenolysis reaction wherein the 3a(4a),4(5) double bond
      is hydrogenated and the benzylic hydroxyl group in the 2'-position is
      hydrogenolyzed. As in Step K, this reaction is carried out by allowing the
      hydrogenation to proceed until it is completed, i.e. until 2
      mole-equivalents of hydrogen are absorbed. The same consideration
      regarding the choice of Z group apply for this hydrogenation as for the
      hydrogenations of compounds IX and X to compound XI.
PAR  Another important aspect of the present invention is the preparation of
      racemic or optically active steroids having both A- and B-rings aromatic.
      Steroids of this nature can be prepared by a 2-step process starting with
      compounds of formula I. For example, compound I, wherein R.sub.6 is lower
      acyl or lower aroyl, can be hydrogenated, as shown in Reaction Step M, to
      afford compounds of structure XIII. Again, as above, either a C/D-cis or
      C/D-trans product can be obtained depending upon the identity of the Z
      group.
PAR  Compounds of formula XIII can be converted, in Reaction Step N, to
      A,B-aromatic steroids of structure XIV by an acid-catalyzed elimination
      and cyclization reaction. Examples of known steroids of structure XV are
      equilenin, equilenin methyl ether and so forth.
PAR  In the claims, all compounds shall be construed to include, independently,
      the racemic form of the compound and independently, each enantiomeric
      form, i.e., d- and 1-configuration, unless specifically indicated
      otherwise.
DETD
PAR  The following examples are illustrative. All temperatures are in degrees
      Centigrade and all products having center of asymmetry are racemic unless
      specifically indicated otherwise. The "usual work-up" referred to in the
      following examples, consists of dilution of the reaction mixture with
      brine, extraction with three portions of the appropriate solvent, washing
      the combined extracts with brine, drying over anhydrous magnesium sulfate,
      filtering and concentrating under reduced pressure.
PAC  EXAMPLE 1
PAR  A solution of 33.5 g. (0.161 mole) of 3-(3-methoxybenzoyl)propionic acid in
      400 ml. of 10% aqueous sodium hydroxide was stirred while a solution of
      12.1 g. (0.32 mole) of sodium borohydride in 60 ml. of water was added
      dropwise. The resulting solution was stirred at room temperature for 4
      hours then cooled in an ice-bath and cautiously treated dropwise with 240
      ml. of concentrated hydrochloric acid. After stirring at
      40.degree.-50.degree. for 45 minutes; the reaction was cooled and worked
      up with ether in the usual manner (the ether extracts were additionally
      washed with 2 portions of saturated aqueous sodium bicarbonate) giving 30
      g. of viscous oily (.+-.)-4-hydroxy-4-(3-methoxyphenyl)-butyric
      acid-.gamma.-lactone. Distillation afforded 27.85 g. (90%) of colorless
      oil, bp. 133.degree.-140.degree./0.2 mm. A sample was evaporatively
      redistilled giving an analytical specimen. .nu..sub.max.sup.CHCl.sub.3
      1780 cm.sup.-.sup.1 (lactone C=O)
PAR  Anal. Calcd. for C.sub.11 H.sub.12 O.sub.3 : C, 68.78; H, 6.31 Found: C,
      69.00; H, 6.34
PAC  EXAMPLE 2
PAR  A solution of 19.2 g. (0.1 mole) of lactone from Example 1 in 64 ml. of dry
      tetrahydrofuran was cooled to -65.degree. (Dry Ice-isopropyl alcohol bath)
      and stirred under nitrogen while 80 ml. (0.16 mole) of 2M vinylmagnesium
      chloride in tetrahydrofuran was added dropwise over 40 minutes keeping the
      internal temperature at -50.degree. - -60.degree.. The mixture was stirred
      10 minutes more at this temperature, decomposed with 10 ml. of methanol
      keeping the temperature near -50.degree., and poured onto a mixture of 80
      g. of ice, 6 ml. of glacial acetic acid and 16 g. of ammonium chloride.
      The resulting mixture was extracted three times with ether and the
      combined extracts were treated with 50 ml. of diethylamine and dried over
      anhydrous magnesium sulfate for 1 hour at room temperature. After
      filtration, the ether solution was concentrated at reduced pressure giving
      25.2 g. of yellow oil containing
      (.+-.)-3-keto-6-(3-methoxyphenyl)-1-hexen-6-ol. This material was
      redissolved in ether and washed three times with 50 ml. portions of 1N
      aqueous hydrochloric acid. The combined acid extracts were washed once
      with ether and the combined ether solutions dried over magnesium sulfate
      and set aside.
PAR  The combined acid washes were chilled in an ice bath and made alkaline with
      50 ml. of 10% aqueous sodium hydroxide. The mixture was worked up with
      ether in the usual manner giving 3.22 g. (11%) of yellow oily,
      (.+-.)-1-diethylamino-3-keto-6-(3-methoxyphenyl)-hexan-6-ol equilibrium
      mixture, ir: .nu..sub.max.sup.film 3330 (OH), 3180 (broad H-bonded OH),
      1710 (ketone C=O, m), 1600 (anisole) cm.sup.-.sup.1, uv:
      .lambda..sub.max.sup.EtOH 215 m.mu. (.epsilon. 8780), 272 (2070), 279
      (1900);
PA1  nmr: .delta..sub.TMS.sup.CDCl.sub.3 7.00 (complex aromatic multiplet), 5.19
      (triplet, J=7 Hz, H--C--O of major component), 4.95 (multiplet H--C--O of
      minor component, approximately 1/3 of major component), 3.76 (--OCH.sub.3
      singlet), 1.05 (2 overlapping triplets of --CH.sub.2 CH.sub.3 of each
      component) ppm; ms: m/e 293 (M+). Tlc analysis showed a single spot.
PAC  EXAMPLE 3
PAR  A solution of 8.82 g. (0.046 mole) of lactone from Example 1 in 60 ml. of
      dry toluene was stirred at -70.degree. in an acetone-Dry Ice Bath while 50
      ml. of a 25% solution of diisobutylaluminum hydride in toluene was added
      dropwise over 10 minutes. The resulting mixture was stirred at -70.degree.
      for 1 hour then cautiously poured into a mixture of 70 g. of ice and 18
      ml. of glacial acetic acid. The toluene layer was separated and workup
      with ether was carried out in the usual manner (the organic solution was
      additionally washed with aqueous sodium bicarbonate solution). This gave 9
      g. of colorless oil which crystallized on standing. Recrystallization from
      benzene-hexane gave 6.87 g. (77.2%) of white solid, mp.
      76.degree.-78.degree.. An analytical sample of
      (.+-.)-5-(3-methoxyphenyl)tetrahydrofuran-2-ol was obtained by further
      recrystallization from benzene-hexane as white solid, mp.
      76.5.degree.-78.degree..
PA1  ir: .nu..sub.max.sup.CHCl.sub.3 3450, 3625 (OH), 1600 (anisole)
      cm.sup.-.sup.1
PAR  Anal. Calcd. for C.sub.11 H.sub.14 O.sub.3 : C, 68.01; H, 7.28 Found: C,
      67.74; H, 7.16
PAC  EXAMPLE 4
PAR  A solution of 24.9 g. (0.128 mole) of crude lactol from Example 3 in 135
      ml. of dry tetrahydrofuran was added dropwise to 210 ml. of stirred, 2M
      vinylmagnesium chloride in tetrahydrofuran with some cooling to moderate
      the exothermic reaction. After the addition was complete, the solution was
      stirred at room temperature, under nitrogen, for 3 hours then poured into
      600 ml of ice-cold aqueous ammonium chloride solution and worked up with
      ether in the usual manner. The residual, pale-yellow, oily
      (.+-.)-6-(3-methoxyphenyl)-1-hexen-3,6-diol (28.3 g.; 99%) was
      sufficiently pure for further use. A sample from another identical run was
      chromatographed on silica gel. The materials from the fractions eluted
      with 3:2 benzene-ether to pure ether were combined and evaporatively
      distilled giving the analytical sample as a viscous, colorless oil, bp.
      155.degree.-163.degree. (bath temp.)/0.2mm. Tlc analysis showed a single
      spot; ir .nu..sub.max.sup.CHCl.sub.3 3400, 3600 (OH), 1600 (anisole), 990
      (vinyl) cm.sup.-.sup.1
PAR  Anal. Calcd. for C.sub.13 H.sub.18 O.sub.3 : C, 70.23; H, 8.18 Found: C,
      70.02; H, 8.32
PAC  EXAMPLE 5
PAR  A 2-1. 3-necked flask fitted with a mechanical stirrer was charged with 660
      ml. of benzene and 284 g. of activated manganese dioxide. The dense slurry
      was stirred with ice-bath cooling and 42 ml. of diethylamine was added
      followed by 28.2 g. (0.127 mole) of crude diol from Example 4. The
      ice-bath was removed and the reaction mixture was stirred at room
      temperature for 4 1/2 hours. The manganese dioxide was filtered with
      suction and the filter cake was washed thoroughly with methylene chloride.
      The combined filtrate and washes were concentrated at reduced pressure.
      The red oily residue was dissolved in ether and the ether solution was
      extracted three times with 1N aqueous hydrochloric acid and set aside. The
      combined acidic, aqueous solutions were basified with 10% potassium
      hydroxide and extracted three times with ether. The usual workup gave 22.4
      g. (60.3%) of red oil composed of mainly the Mannich base prepared in
      Example 2. The material produced in this manner typically showed the
      following spectral properties: uv: .lambda..sub.max.sup.EtOH 214
      (.epsilon.9990), 253 (1210), 271 (1860), 278 (1720), 303 (360) m.mu. ir:
      .nu..sub.max.sup.film 3300-3600 (H-bonded OH), 1710 (CO), 1590, 1600
      (anisole) cm .sup.-.sup.1. Tlc analysis showed a main spot, with a minor
      impurity.
PAC  EXAMPLE 6
PAR  A mixture of 4 g. (0.0137 mole) of crude Mannich base mixture prepared as
      described in Example 5, 1.62 g. (0.0145 mole) of
      2-methyl-1,3-cyclopentanedione, 15 ml. of acetic acid and 55 ml. of
      toluene was stirred and refluxed under nitrogen for 1 hour. After cooling,
      the resulting solution was diluted with ether, washed three times with
      water and twice with saturated aqueous sodium bicarbonate. Completion of
      the usual workup gave 4.097 g. of red gum. This material was
      recrystallized from hexane-benzene giving 2.172 g. (50.4%) of tan solid,
      mp 110.degree.-112.degree.. Another recrystallization from hexane-benzene
      gave 1.929 g. (44.8%) of pale yellow solid
      (.+-.)-7,7a-dihydro-4-[2-(3-methoxyphenyl)-2-hydroxyethyl]-7a-methyl-1,5(6
     H)-indandione mp 112.degree.-113.degree.. This material showed a single
      spot on tlc analysis. Further recrystallization of a sample gave the
      analytical specimen, mp 113.degree.-114.degree.
PA1  uv: .lambda..sub.max.sup.EtOH 217 (.epsilon.10800), 251 (9320), 279 (2600)
      m.mu..
PA1  ir: .nu..sub.max.sup.CHCl.sub.3 3500, 3625 (OH), 1750 (cyclopentanone CO),
      1660 (conjugated ketone CO), 1600 (anisole) cm.sup.-.sup.1 ; mass spectrum
      m/e 314 (M+) nmr: .delta..sub.TMS.sup.CDCl.sub.3 1.17 (singlet; 3 protons
      7a-CH.sub.3); 3.76 (singlet, 3 protons, OCH.sub.3); 4.82 (multiplet; 1
      proton,
      ##EQU2##
PAR  Anal. Calcd. for C.sub.19 H.sub.22 O.sub.4 : C, 72.58; H, 7.07 Found: C,
      72.37; H, 6.81
PAC  EXAMPLE 7
PAR  A solution of 1 g. (3.184 moles) of enedione from Example 6 and 50 mg. of
      p-toluenesulfonic acid in 30 ml. of toluene was stirred and refluxed for
      20 minutes. The reaction mixture was cooled, diluted with ether and washed
      with saturated aqueous sodium bicarbonate solution. Completion of the
      usual work-up gave crude
      (.+-.)-7,7a-dihydro-4-[m-methoxystyryl]-7a-methyl-1,5(6H)-indandione as a
      red oil.
PAR  A sample prepared in this way (197 mg.) was chromatographed on 10 g. of
      silica gel. The early fractions eluted with 19:1 benzene:ether afforded
      102 mg. of a yellow, oily material which was homogeneous on tlc analysis;
PA1  ir: .nu..sub.max.sup.film 1740 (cyclopentanone C=O), 1660 (conjugated
      ketone C=O), 1575, 1600 (anisole), (no OH) cm.sup.-.sup.1 ;
PA1  uv: .lambda..sub.max.sup.EtOH 219 mm. (.epsilon.18820), 271 (12250),
      .lambda..sub.infl..sup.EtOH 313 (8750);
PA1  nmr: .delta..sub.TMS.sup.CDCl.sub.3 7.00 (center of complex multiplet, 4
      aromatic protons and 2 vinyl protons), 3.80 (singlet, OCH .sub.3 protons),
      1.35 (singlet, 7aCH.sub.3, 3 protons) ppm; Mass spectrum: m/e 296 (M+).
PAC  EXAMPLE 8
PAR  The above crude diene from Example 7 (.about.1 g.) in 30 ml. of toluene was
      stirred in an atmosphere of hydrogen in the presence of 0.2 g. of AK-4, 5%
      palladium on carbon (pre-equilibrated). After 30 minutes, 80 ml. of
      hydrogen had been absorbed (79.5 ml. theory) and the hydrogenation was
      stopped. The catalyst was filtered and washed with fresh toluene and the
      combined filtrate and washings were concentrated at reduced pressure. The
      residue (.about.1 g.) was chromatographed on 50 g. of silica gel. The
      fractions eluted with 19:1 and 9:1 benzene:ether afforded 0.729 g. of red
      oily
      (.+-.)-7,7a-dihydro-4-[2-(3-methoxyphenyl)ethyl]-7a-methyl-1,5(6H)-indandi
     one. Evaporative distillation gave 0.675 g. (71.3%) of a viscous, yellow
      oil bp 180.degree.-220.degree. (bath)/0.01 mm. which was homogeneous on
      tlc analysis; ir: .nu..sub.max.sup.film 1740 (cyclopentanone C=O), 1660
      (conjugated ketone), 1600 (anisole), 780, 690 cm.sup.-.sup.1 ; uv:
      .lambda..sub.max.sup.EtOH 220 m.mu..epsilon.10400), 251 (8300). This
      material has previously been converted to racemic estrone.
PAC  EXAMPLE 9
PAR  A mixture of 2.76 g. (8.8 mmoles) of pure ketol from Example 6 and 28 ml.
      of ethanol was stirred rapidly and cooled in a -10.degree. ice-salt bath
      while 9.2 ml. (2.67 mmoles) of 0.291M ethanolic sodium borohydride was
      added dropwise over a 10 minute period. The reaction mixture was stirred
      at -5.degree. to +5.degree. for 50 minutes, then decomposed with 3N
      aqueous hydrochloric acid. Workup with ether in the usual manner gave
      2.917 g. of
      (.+-.)-1.beta.-hydroxy-7,7a-dihydro-4[2-(3-methoxyphenyl)-2-hydroxyethyl]-
     7a .beta. -methyl-5(6H)-indanone as a tan foam which could not be induced
      to crystallize. Tlc analysis indicated a single spot, and no trace of the
      starting material; .nu..sub.max.sup.film 3450 (OH), 1640 (conjugated
      ketone CO) cm.sup.-.sup.1. This material was used without further
      purification.
PAR  The crude diol (2.9 g.) was hydrogenated in 80 ml. of ethanol in the
      presence of 250 mg. of AK-4 5% palladium on carbon. After 20 hours, 361 ml
      of hydrogen had been absorbed. The catalyst was filtered and the filtrate
      concentrated at reduced pressure. The residue was hydrogenated in 75 ml.
      of ethanol with 250 mg. of fresh AK-4 catalyst for 20 hours at the end of
      which time 91 ml. of hydrogen had been absorbed (452 ml. total; theory for
      2 moles-440 ml.). The catalyst was filtered and the filtrate concentrated
      at reduced pressure giving 2.763 g. of pale yellow glass containing
      (.+-.)-1.beta.-hydroxy-3a,4,7,7a-tetrahydro-4-[2-(3-methoxyphenyl)ethyl]-7
     a.beta.-methyl-5(6H)indanone.
PAR  This material was dissolved in 50 ml. of acetone and stirred with ice-bath
      cooling while 5 ml. of 8N Jones reagent was added dropwise over 20
      minutes. The red mixture was stirred for 5 minutes in the ice-bath then
      decomposed with 2-propanol. The usual workup with ether afforded 2.75 g.
      of yellow oil composed mainly of
      (.+-.)-3a,4,7,7a-tetrahydro-4[2-(3-methoxyphenyl)ethyl]-7a.beta.-methyl-1,
     5(6H)indandione;
PA1  ir: .nu..sub.max.sup.CHCl.sbsp.3 1750 (cyclopentanone CO), 1710
      (cyclohexanone CO) cm.sup.-.sup.1.
PAR  The above, crude diketone mixture (2.75 g.) in 60 ml. of methanol was
      stirred while 12 ml. of 10N aqueous hydrochloric acid was added. The
      resulting mixture was stirred at room temperature for 4 hours then cooled
      in ice and the precipitated solid filtered with suction and washed with a
      little ice-cold methanol. After drying under high vacuum, 0.667 g. (27%
      based on ketol) of white solid, mp 130.degree.-137.degree. which was
      homogeneous on tlc analysis was obtained. This material was an
      approximately 2:1 mixture of two isomers as evidenced by the following
      properties:
PA1  .lambda..sub.max.sup.EtOH 263 (.epsilon.17300) m.mu.; ir:
      .nu..sub.max.sup.CHCl.sbsp.3 1740 (cyclopentanone CO), 1600 (anisole)
      cm.sup.-.sup.1 ;
PA1  .delta..sub.TMS.sup.CDCl.sbsp.3 0.91 (singlet, C.sub.13 -CH.sub.3), 1.12
      (singlet, C.sub.13 --CH.sub.3)(these peaks in a ratio of 2:1
      respectively), 3.81 (singlet, OCH.sub.3), 6.15 (multiplet, C.sub.11 -H)
      ppm; mass spectral molecular ion m/e 282. Gc analysis on a 1% DEGA/Anak
      ABS column, at 200.degree., with a nitrogen carrier gas flow rate of 100
      mls/min showed 2 peaks: retention time 10.5 minutes (31.2%) and 14.5
      minutes (68.8%).
PAR  A sample of this material was separated by preparative gas chromatography
      (Autoprep 70S; 20% SE-30 on Anak A (3/8 inches .times. 10 ft.) aluminum
      column, 220.degree.; 150 ml/min nitrogen carrier gas flow rate; 5 mg.
      injections of 10% solution in xylene-chloroform). The main component (98%
      pure) was a colorless solid, racemic 9(11)dehydroestrone methyl ether m.p.
      146.degree.-148.degree..
PA1  uv: .lambda..sub.max.sup.EtOH 263 m.mu. (18750), 293 (3220),
      .lambda..sub.infl..sup.EtOH 310 (2100);
PA1  nmr:
PA1  .delta..sub.TMS.sup.CDCL.sbsp.3 7.53 (doublet, J=8Hz, C.sub.1 proton), 6.73
      (multiplet, C.sub.2 and C.sub.4 protons), 6.23 (multiplet, C.sub.11
      porton), 3.76 (singlet, OCH.sub.3), 0.91 (singlet, C.sub.13 CH.sub.3) ppm;
      mass spectrum: m/e 282 (M+). Reported for racemic 9(11)dehydroestrone
      methyl ether m.p. 146.degree.-147.degree.; .lambda.max 264 m.mu.
      (.epsilon. 18800). A small sample of the minor component racemic
      14.beta.-8(9)-dehydroestrone methyl ether was isolated (98% purity) as a
      solid, m.p. 75.degree.-85.degree..
PA1  uv: .lambda..sub.max.sup.EtOH 272 m.mu. (.epsilon.16800); nmr:
PA1  .delta..sub.TMS.sup.CDCl.sbsp.3 7.02 (doublet, J=9Hz, C.sub.1 proton), 6.62
      (multiplet, C.sub.2 and C.sub.4 protons), 3.76 (singlet, OCH.sub.3, 3
      protons), 2.69 (multiplet, 2 C.sub.11 protons) 1.06 (C.sub.13 CH.sub.3
      singlet, 3 protons) ppm. Reported for (+)-14.beta.-8(9)-dehydroestrone
      methyl ether;
PA1  uv: .lambda..sub.max.sup.EtOH 273 m.mu. (.epsilon.16600);
PA1  nmr: .delta..sub.TMS.sup.CDCl.sbsp.3 3.79 (--OCH.sub.3), 2.73 (C.sub.11
      protons), 1.08 (C.sub.13 --CH.sub.3) ppm.
PAC  EXAMPLE 10
PAR  A 0.5 g. (1.59 mmoles) sample of pure ketol from Example 6 was allowed to
      stand at room temperature in a solution of 5 ml. of pyridine and 2.5 ml.
      of acetic anhydride for 27 hours. The solvents were partially removed at
      reduced pressure and the residue was poured into saturated aqueous sodium
      bicarbonate and worked up with ether (the ether extracts were additionally
      washed twice with 1N hydrochloric acid) giving 0.573 g. of the oily
      acetate. This material showed a single spot on tlc analysis. After drying
      thoroughly, it showed the following spectral properties:
PA1  uv: .lambda..sub.max.sup.EtOH 220 (.epsilon.11010), 249 (9190), 275 (3040),
      281 (2620) m.mu.;
PA1  ir: .sub.max.sup.CHCl.sbsp.3 1750 (cyclopentanone, acetate C=O), 1670
      (conjugated ketone CO), 1600 (anisole) cm.sup.-.sup.1 ; mass spectrual
      molecular weight m/e 356;
PA1  nmr: .delta..sub.TMS.sup.CDCl.sbsp.3 1.15 (singlet, 7a-CH.sub.3), 2.02
      (singlet,
      ##EQU3##
      3.78 (singlet, --OCH.sub.3), 5.80 (triplet, J=7 Hz,
      ##EQU4##
PAR  A 0.526 g. (1.48 mmoles) sample of the crude acetate was dissolved in 4.6
      ml. of ethanol and the solution was stirred at -10.degree. (ice-salt bath)
      while 1.56 ml. of a 0.291 M ethanolic sodium borohydride solution was
      added dropwise from a syringe. The resulting mixture was stirred in the
      cold bath for 40 minutes then decomposed with 1N aqueous hydrochloric
      acid. Work-up with ether in the usual manner gave 0.545 g. of a yellow gum
      which was homogeneous on tlc analysis. This material,
      (.+-.)-1.beta.-hydroxy-7,7a-dihydro-4[2-(3-methoxyphenyl)-2-acetoxyethyl]-
     7a.beta.-methyl-5-(6H)-indanone, was used without further purification and
      showed the following spectral properties:
PA1  ir: .nu..sub.max.sup.film 3400 (OH), 1730 (ester C=O), 1650 (conjugated
      ketone C=O), 1600 (anisole), 1230 (acetate) cm.sup.-.sup.1 ;
PA1  uv: .nu..sub.max.sup.EtOH 219 m.mu. (.epsilon.9210), 248 (9300);
PA1  nmr: .delta..sub.TMS.sup.CDCl.sbsp.3 7.10 (multiplet, 4 aromatic protons),
      5.84 (triplet, J=8 Hz, H-C-O, 1 proton), 3,82 (singlet, 3-OCH.sub.3
      protons), 2.04 (singlet, CH.sub.3 C=O), 1.02 (singlet, 3 C.sub.7a
      -CH.sub.3 protons) ppm; mass spectrum: m/e 358 (M+).
PAC  EXAMPLE 11
PAR  A 0.742 g. (2.08 mmoles) sample of acetoxy ketol from Example 10 was
      hydrogentated in 30 ml. of ethanol, over 0.2 g. of pre-equilibrated
      palladium on barium sulfate at one atmosphere and room temperature. After
      5.67 hours, 53 ml. of hydrogen had been consumed (theory for 1 mole
      equivalent-52 ml.). The catalyst was filtered with suction and washed with
      fresh ethanol. The combined filtrate and washes were concentrated at
      reduced pressure giving 0.736 g. of a cloudy glass.
PAR  This material was chromatographed on 37.5 g. of silica gel. Elution with
      1:1 benzene:ether gave 109 mg. of an oil which was a mixture of isomers of
      (.+-.)-1.beta.-hydroxy-3a,4,7,7a-tetrahydro-4[2-(3-methoxyphenyl)2-acetoxy
     ethyl]-7a.beta.-methyl-5(6H)-indanone;
PA1  ir: .nu..sub.max.sup.film 3450 (OH), 1730 (ester C=O), 1700 (cyclohexanone
      C=O), 1590 (anisole) cm.sup.-.sup.1 (no conjugated ketone present).
PAR  A sample of hydrogenation product prepared in this way (0.191 g.; 0.53
      mmole) was dissolved in 5 ml. of acetone. The resulting solution was
      stirred and cooled to 0.degree.-5.degree. (ice-bath) while 0.19 ml. of
      Jones reagent was added from a syringe. The resulting red mixture was
      stirred for several minutes then decomposed with 2-propanol. Work-up with
      ether in the usual manner gave 0.171 g. of
      (.+-.)-3a,4,7,7a-tetrahydro-4[2-(3-methoxyphenyl)-2-acetoxyethyl]-7a.beta.
     -methyl-1,5(6H)-indandione which was homogeneous on tlc analysis;
PA1  ir: .nu..sub.max.sup.film 1735 (ester and cyclopentanone C=O, 1700
      (cyclohexanone C=O), 1590 (anisole) cm.sup.-.sup.1. Material from a
      similar run showed the following spectral properties:
PA1  uv: .nu..sub.max.sup.EtOH 215 m.mu. (.epsilon. 6960), 272 (2030), 279
      (1840);
PA1  nmr: .delta..sub.TMS.sup.CDCL.sbsp.3 6.85 (aromatic multiplet), 5.90
      (triplet, J=8 Hz, H-C-O), 3.87 (singlet, OCH.sub.3), 2.02 (singlet,
      CH.sub.3 C=O), 1.26 (singlet, C.sub.7a -CH.sub.3), 1.02 (singlet, C.sub.7a
      -CH.sub.3 approximately 2.33 times the intensity of the 1.26 signal) ppm;
      mass spectrum: m/e 358 (M+).
PAR  An ice cold solution of the above diketo acetate (0.171 g.; 0.475 mmole) in
      3 ml. of methanol was stirred while 0.625 ml. of 10 N aqueous hydrochloric
      acid was added. The resulting solution was stirred at 0.degree.-5.degree.
      for 10 minutes then at room temperature for 3.5 hours. Workup with ether
      in the usual manner gave 0.162 g. of oily product.
PAR  This material was stirred and refluxed in 5 ml. of benzene containing 25
      mg. of p-toluenesulfonic acid monohydrate. After cooling the solution was
      diluted with ether, washed once with aqueous sodium bicarbonate solution,
      dried (anhydrous magnesium sulfate) filtered and concentrated at reduced
      pressure giving 0.138 g. of semi-crystalline residue. Chromatography on
      7.5 g. of silica gel gave 63 mg. of pure, racemic equilenin methyl ether
      (eluted with 49:1 benzene:ether; tlc:one spot). Recrystallization from
      ethanol gave colorless plates, m.p. 183.degree.-186.degree. (reported m.p.
      185.degree.-186.degree.). The ir, uv and nmr spectra and tlc
      chromatographic behavior of the racemic material were identical to those
      of d-equilenin methyl ether prepared by methylation of (+)-equilenin as
      described by A. Wilds et al J. Am. Chem. Soc. 62 824 (1940).
PAC  EXAMPLE 12
PAR  A slurry f 14.9 g. (0.0788 mole) of 3-(3-methoxybenzoyl)-propionitrile in
      120 ml. of absolute ethanol was stirred in an ice-salt bath at 31.degree.
      to 0.degree.C. while a solution of 1.5 g. (0.0396 mole) of sodium
      borohydride in 100 ml. of absolute ethanol was added dropwise over a 30
      minute period. The reaction mixture was gradually allowed to warm to room
      temperature as it was stirred for 11/4 hour. The mixture was then poured
      into a separatory funnel containing 250 ml. of ether and 250 ml. of water.
      The aqueous layer was separated, cooled, brought to a pH of 5-6 by slowly
      adding 1N aqueous hydrochloric acid and extracted three times with ether.
      The ether layers were combined, washed with brine, dried and filtered.
      Solvent removal gave 14.2 g. (94.3%) of crude racemic
      4-hydroxy-4-(3-methoxyphenyl)butyronitrile as a colorless liquid which was
      sufficiently pure for further use.
PAR  A sample from a similar run was chromatographed on silica gel (50 parts;
      eluted with 9:1 benzene:ether) and evaporatively distilled to give an
      analytical sample as a pale yellow liquid; bp 130.degree.-175.degree.
      (bath temp.)/0.7 mm. This material showed a single spot on TLC analysis;
PA1  uv: .nu..sub.max.sup.EtOH 219 (.epsilon.6570), 273 (1910), 281 (1730)m.mu.;
PA1  ir: .nu..sub.max.sup.CHCl.sbsp.3 3475, 3600 (OH), 2250 (C.tbd.N), 1590,
      1600 (anisole) cm.sup.-.sup.1 ;
PA1  Ms: m/e 191 (M+)
PAR  Anal. Calcd. for C.sub.11 H.sub.13 NO.sub.2 : C, 69.09; H, 6.85; N, 7.33
      Found: C, 68.83; H, 6.80; N, 7.16
PAC  EXAMPLE 13
PAR  A solution of 56.1 g. (0.294 mole) of crude hydroxynitrile prepared as in
      Example 12, 44.4g.(0.3 mole) of phthalic anhydride and 160 ml. of
      anhydrous pyridine (dried over alumina I) was heated at 100.degree.C. for
      5 hours. The reaction mixture was cooled, poured into a mixture of 300 g.
      of ice and 1 liter of 3N aqueous hydrochloric acid and the resulting
      acidic aqueous solution was extracted three times with ether. The ether
      extracts were combined and extracted with 10% aqueous sodium carbonate
      solution then discarded. The alkaline extracts were combined, washed with
      ether then carefully acidified to pH 1 with 10% aqueous hydrochloric acid
      saturated with sodium chloride and extracted three times with chloroform.
      The chloroform extracts were combined, washed with brine, dried and
      filtered. Solvent removal gave 93.6 g. (93.8% of crude
      racemic-[3-cyano-1-(3-methoxyphenyl)]-1-propyl hemiphthalate as a brown
      oil which was used without purification.
PAR  A crude sample from a similar experiment showed the following spectra data:
PA1  uv: .nu..sub.max.sup.EtOH 273 (.epsilon.3170), 279 (.mu.3040),
      .nu..sub.infl.sup.EtOH 222 (.epsilon.15060) m.mu.;
PA1  ir: .nu..sub.max.sup.CHCl.sbsp.3 3400-3050 (broad H-bonded OH), 2250
      (C.tbd.N), 1740 (ester C=O), 1710 (acid C=O), 1605, 1595 (anisole)
      cm.sup.-.sup.1 ; mass spectrum m/e 339 M+).
PAC  EXAMPLE 14
PAR  To a solution of 93.6 g. (0.276 mole) of crude hemiphthalate from Example
      13 in 200 ml. of acetonitrile was added 35 g. (0.2885 mole) of
      di-(+)-.beta.-methylbenzylamine in 20 ml. of acetonitrile. The mixture was
      heated on the steam bath for 5 minutes, allowed to cool gradually, and
      then allowed to stand over the weekend at room temperature. The white
      solid obtained was recrystallized twice from acetonitrile giving 25.3 g.
      (39.8%) of pure R-(-)-[3-cyano-1-(3-methoxyphenyl)]-1-propyl hemiphthalate
      d-(+)-.beta.-methylbenzylamine salt as a white solid, m.p.
      124.5.degree.-126.degree., [.alpha.].sub.D.sup.25 -51.08.degree. (in
      ethanol, C = 1%).
PAR  The analytical specimen showed, m.p. 122.degree.-123.5.degree.;
      [.alpha.].sub.D.sup.25 -51.57.degree. (ethanol, 1%);
PA1  Nmr: .delta..sub.tms.sup.cdcl.sbsp.3 8.37 (multiplet, 3 protons,
      NH.sub.3.sup.+), 7.23 (multiplet, 13 protons, aromatic), 5.85 (multiplet,
      1 proton, H-C-O-),
PA2  4.16 (multiplet, 1 proton H.sub.3 C-C-H), 3.72 (singlet, 3 protons,
      --OCH.sub.3) 2.19 (multiplet, 4 protons, --CH.sub.2 CH.sub.2 CN), 1.38
      doublet, J=7 Hz, 3 protons, --CH.sub.3) ppm.
PAR  Anal. Calcd. for C.sub.27 H.sub.28 N.sub.2 O.sub.5 : C, 70.42; H, 6.13; N,
      6.08 Found: C, 70.22; H, 5.96; N, 5.86
PAC  EXAMPLE 15
PAR  The mother liquor from the crystallization of the salt in Ex. 14 was
      concentrated at reduced pressure to give 189 g. of a brown oil which
      contained some acetonitrile. This material was treated with ether and an
      excess of 3N HCl. The organic layer was separated and the aqueous phase
      was extracted three times with ether. The ether layers were combined,
      washed with brine, dried and filtered. Solvent removal gave 114 g. (0.337
      mole) of crude hemiphthalate as a brown oil. This material was taken up in
      200 ml. of acetonitrile and treated with 41 g. (0.338 mole) of
      1-(-)-.alpha.-methylbenzylamine in 50 ml. of acetonitrile. The mixture was
      heated on the steam bath for 15 minutes, allowed to cool slightly, and
      then allowed to stand over the weekend at room temperature. The white
      solid obtained was recrystallized twice from acetonitrile giving 36.3 g.
      of pure S-(+)-[3-cyano-1-(3-methoxyphenyl)]-1-propyl hemiphthalate
      1-(-)-.alpha.-methylbenzylamine salt as a white solid, m.p.
      132.degree.-133.degree., [.alpha.].sub.D.sup.25 +55.75.degree. (ethanol, C
      = 1%),
PAR  NMR: .delta..sub.TMS.sup.CDCl.sbsp.3  8.45 (multiplet, 3 protons, NH.sub.3
      .sup.+), 7.24 (multiplet, 13 protons, aromatic), 5.88 (multiplet, 1
      proton, -CH-O), 4.18 (multiplet, 1 proton, H.sub.3 C-C-H), 3.75 (singlet,
      3 protons, -OCH.sub.3), 2.20 (multiplet, 4 protons, -CH.sub.2 CH.sub.2
      CN), 1.37 (doublet, J=7 Hz, 3 protons, -CH.sub.3) ppm.
PAR  Anal. Calcd, for C.sub.27 H.sub.28 N.sub.2 O.sub.5 : C, 70.42; H, 6.13; N,
      6.08 Found: C, 70.64; H, 6.27; N, 6.08
PAC  EXAMPLE 16
PAR  To a separatory funnel containing 150 ml. of ether and 75 ml. of 3N aqueous
      hydrochloric acid was added 10 g. (0.0217 mole) of the S-salt from Example
      15. After shaking until the salt was dissolved the ether layer was
      separated and washed with 25 ml. of 3N aqueous hydrochloric acid. The
      acidic aqueous solutions were combined and extracted three times with
      ether. The ether layers were combined, washed with brine, dried and
      filtered. Solvent removal gave the free hemiphthalate
      [.alpha.].sub.D.sup.25 +21.77.degree. (ethanol, c 1%) as a colorless oil.
      This material was treated with 160 ml. of 10% aqueous sodium hydroxide and
      heated at reflux with stirring for 5 hours. The reaction mixture was
      cooled, washed once with ether (discard), acidified to pH 1 with 3N
      aqueous hydrochloric acid and stirred for 13/4 hour at room temperature.
      The reaction mixture was saturated with sodium chloride and extracted
      three times with ether. The ether extracts were combined, washed with
      saturated aqueous sodium bicarbonate solution and brine, then dried and
      filtered. Solvent removal gave a colorless oil which was evaporatively
      distilled to give 3.5 g. (83.8%) of
      S-(-)-4-hydroxy-4-(3-methoxyphenyl)butyric acid .gamma.-lactone as a
      colorless liquid, b.p. 170.degree.-185.degree. (bath temp.)/0.1 mm.,
      [.alpha.].sub.D.sup.25 -12.05.degree. (ethanol, c = 1%). TLC analysis
      showed a single spot
PAR  JR: .nu..sub.max .sup.CHCl.sbsp.3  1780 (.gamma.-lactone C=O), 1605, 1590
      (anisole) CM.sup..sup.-1 ; mass spectrum m/e 192 (M.sup.+);
PAR  NMR: .delta..sub.TMS.sup.CDCl 7.29 (multiplet, 1 proton, aromatic), 6.87
      (multiplet, 3 protons, aromatic), 5.47 (triplet, J=7 Hz, 1 proton,
      -O-C-H), 3.79 (singlet, 3 protons, OCH.sub.3), 2.60 (multiplet, 4 protons,
      -CH.sub.2 CH.sub.2 -) ppm.
PAR  Anal. Calcd. for C.sub.11 H.sub.12 O.sub.3 : C, 68.73; H, 6.29 Found: C,
      68.45; H, 6.34
PAC  EXAMPLE 17
PAR  To a separatory funnel containing 400 ml. of ether and 300 ml. of 3N
      aqueous hydrochloric acid was added 36.7 g. (0.0798 mole) of the R-salt
      from Example 14. After shaking until the salt was dissolved the ether
      layer was separated and washed with 100 ml. of 3N aqueous hydrochloric
      acid. The acidic aqueous solutions were combined and extracted three times
      with ether. The ether layers were combined, washed with brine, dried and
      filtered. Solvent removal gave the hemiphthalate as a colorless oil. A
      sample from a similar experiment showed [.alpha.].sub.D.sup.25 -
      22.02.degree. (ethanol, c 1%).
PAR  This material was treated with 600 ml. of 10% aqueous sodium hydroxide and
      heated at reflux, with stirring for 5 hours. The reaction mixture was
      cooled, washed once with ether, acidified to pH 1 with 3N aqueous
      hydrochloric acid (.about.600 ml.) and stirred for 13/4 hour at room
      temperature. The reaction mixture was then saturated with sodium chloride
      and extracted three times with ether. The ether extracts were combined,
      washed with saturated aqueous sodium bicarbonate solution and brine, then
      dried and filtered. Solvent removal gave 11.9 g. of crude lactone as a
      colorless oil. The aqueous sodium bicarbonate wash was cautiously
      acidified with concentrated hydrochloric acid to pH 1 and after working up
      the acidic aqueous solution with ether in the above manner 1.7 g. of
      additional crude lactone was obtained as a colorless oil to give a total
      of 13.6 g. (88.8%) of R-(+)-4-hydroxy-4-(3-methoxyphenyl)butyric acid
      .gamma.-lactone.
PAR  A sample was evaporatively distilled to give a colorless liquid, b.p.
      165.degree.-170.degree. (bath temp.)/0.2 mm. TLC analysis showed a single
      spot;
PAR  IR: .nu..sub.max.sup.CHCl 3 1780 (.gamma.-lactone C=O), 1605, 1595
      (anisole) cm.sup..sup.-1 ; mass spectrum m/e 192 (M.sup.+);
PAR  NMR: .delta..sub.TMS.sup.CDCl 7.27 (multiplet, 1 aromatic proton), 6.86
      (multiplet, 3 aromatic protons), 5.44 (triplet, J=7 Hz, 1 proton, H-C-O),
      3.78 (singlet, 3 protons, OCH.sub.3), 2.60 (multiplet, 4 protons,
      -CH.sub.2 CH.sub.2 -) ppm.
PAR  The analytical specimen, b.p. 170.degree.-180.degree. (bath temp.)/0.1 mm.
      showed [.alpha.].sub.D.sup.25 + 12.93.degree. (ethanol, C=1%).
PAR  Anal. Calcd. for C.sub.11 H.sub.12 O.sub.3 : C, 68.73; H, 6.29 Found: C,
      68.44; H, 6.18
PAC  EXAMPLE 18
PAR  A solution of 1.873 g. (0.0098 mole) of lactone from Example 17 in 20 ml.
      of dry toluene was stirred at .about.-70.degree. in an acetone-dry ice
      bath while 11 ml. of a 25% solution of diisobutylaluminum hydride in
      toluene was added dropwide over a three minute period. The reaction
      mixture was stirred at .about.-70.degree. for 1 hour and then cautiously
      poured into a mixture of 15 g. of ice and 4 ml. of glacial acetic acid.
      The resulting mixture was diluted with brine and the organic layer was
      separated. The acidic aqueous solution was extracted three times with
      ether. The organic solutions were combined, washed with aqueous saturated
      sodium bicarbonate solution and brine, then dried and filtered. Solvent
      removal gave 1.888 g. of crude 5R-(3-methoxyphenyl)tetrahydrofuran-2-ol as
      a colorless oil. TLC analysis showed the absence of starting material;
PAR  IR: .nu..sub.max .sup.film 3400 (OH), 1600, 1590 (anisole) cm.sup..sup.-1.
PAC  EXAMPLE 19
PAR  A solution of 1.635 g. (0.0084 mole) of the crude lactol from Example 18 in
      20 ml. of dry tetrahydrofuran was added dropwise to 15.0 ml. of stirred 2M
      vinylmagnesium chloride in tetrahydrofuran over a 10 minute period with
      ice-bath cooling. The reaction mixture was allowed to stir for 3 hours at
      room temperature then poured into 40 ml. of ice-cold aqueous ammonium
      chloride solution and extracted three times with ether. The ether extracts
      were combined, washed with brine, dried and filtered. Solvent removal gave
      1.98 g. of the crude 6R-(3-methoxyphenyl)-1-hexen-3,6-diol as a pale
      yellow oil.
PAC  EXAMPLE 20
PAR  Into a 250 ml. three-necked flask fitted with a mechanical stirrer was
      placed 40 ml. of dry benzene and 18 g. of activated manganese dioxide. The
      slurry was cooled in an ice-bath and 3 ml. of diethylamine was added
      followed by 1.98 g. (assume 0.0084 mole) of crude vinyl diol from Example
      19 in 20 ml. of dry benzene. The ice bath was removed and the reaction
      mixture was stirred at room temperature for 41/2 hr. The manganese dioxide
      was filtered and washed thoroughly with methylene chloride. The combined
      filtrate and washings were concentrated at reduced pressure giving a red
      oil which was dissolved in ether and extracted three times with 1N aqueous
      hydrochloric acid.
PAR  The acidic aqueous solutions were combined, made alkaline with 10% aqueous
      potassium hydroxide solution and extracted three times with ether. The
      ether extracts were combined, washed with brine, dried and filtered.
      Solvent removal gave 1.695 g. of a red oil composed mainly of
      6R-1-diethylamaino-3-keto-6-(3-methoxyphenyl)-hexan-6-ol equilibrium
      mixture. Material prepared in this way typically showed the following
PAR  IR: .nu..sub.max.sup.film 3600-3000 (H-bonded OH), 1715 (ketone C=O of open
      form), 1685 (shoulder, trace acetophenone type impurity), 1605, 1590
      (anisole) cm.sup..sup.-1. TLC analysis (9:1 benzene:triethylamine) showed
      essentially a single spot.
PAC  EXAMPLE 21
PAR  A mixture of 8.3 g. (0.0283 mole) of the crude Mannich base from Example
      20, 3.36 g. (0.0300 mole) of 2-methyl-1,3-cyclopentanedione, 30 ml. of
      glacial acetic acid and 100 ml. of toluene was stirred and heated at
      reflux for 1 hr. The reaction mixture was cooled, diluted with ether,
      washed three times with water, twice with saturated aqueous solution
      bicarbonate solution, once with brine, then dried and filtered. Solvent
      removal gave 8.2 g. of crude, red, oily product. This material was
      chromatographed on 400 g. of silica gel. The fractions eluted with 1:1
      benzene:ether and ether afforded 5.5 g. (62%) of the mixture of
      7,7a-dihydro-4-[2R-(3-methoxyphenyl)-2R-hydroxyethyl]-7aS-methyl-1,5(6H)-i
     ndandione and 7,7a-dihydro-4-[2R-(3-methoxyphenyl)-2
      -R-hydroxyethyl]-7aR-methyl-1,5(6H)-indandione with the former
      predominating as an orange oil [.alpha.].sub.D.sup.25 + 117.59.degree.
      (ethanol, C=1 %). This material was essentially homogeneous on TLC
      analysis;
PA1  Uv: .lambda. .sub.max.sup.EtOH 219 (.epsilon. 10410), 252 (.epsilon. 8675),
      279 (.epsilon. 2820)m.mu.;
PA1  Ir: .nu..sub.max.sup.CHCl 3 3450, 3600 (OH), 1750 (cyclopentanone C= O),
      1655 (conjugated ketone C=O), 1590, 1600 (anisole) cm.sup..sup.-1 ;
PA1  mass spectrum m/e 314 (M.sup.+ );
PA1  Nmr: .delta..sub.tms.sup.cdcl 3 4.82 (multiplet, 1 proton, H-C-OH), 3.72
      (singlet, 3 protons, --OCH.sub.3), 1.13 (singlet, 1 proton, C.sub.7a
      --CH.sub.3)ppm.
PAC  EXAMPLE 22
PAR  A solution of 0.493 g. (1.57 mmoles) of the hydroxy enedione mixture from
      Example 21 and 50 mg. of p-toluenesulfonic acid monohydrate in 15 ml. of
      toluene was stirred and heated at reflux for 20 minutes. The reaction
      mixture was cooled, diluted with ether, washed with saturated aqueous
      sodium bicarbonate solution and brine, then dried and filtered. Solvent
      removal gave the crude diene as a red oil which was hydrogenated in 30 ml.
      of toluene in the presence of 0.15 g. of AK-4, 5% palladium on carbon
      (pre-equilibrated). After 15 minutes, 39.2 ml. of hydrogen had been
      absorbed (39.3 ml. theory) and the hydrogenation was stopped. The catalyst
      was filtered, washed with ether and the combined filtrate and washings
      were concentrated at reduced pressure to give 0.46 g. of the crude
      enedione as a red oil. This material was chromatographed on silica gel (50
      g.) to give 0.352 g. of an orange oil (eluted with 9:1 benzene: ether).
      Evaporative distillation gave 0.335 g. (71.6%) of a mixture of the
      S-isomer and racemic 7,7a-dihydro-4[
      2-(3-methoxyphenyl)ethyl]-7a-methyl-1,5(6H)-indandione as a yellow oil,
      b.p. 145.degree.-175.degree. (bath)/0.01 mm which was homogeneous on TLC
      analysis; [.alpha.].sub.D.sup.25 + 149.68.degree. (benzene, C 1/2%);
      .lambda..sub.max.sup.EtOH 249 (.epsilon. 8940).
PAR  Preparative gas chromatographic purification of a sample prepared in this
      way was carried out using an F and M model 320 instrument on an 8 ft.
      .times. 1/2 in. 10% SE30 on 70-80 m Chrom.W AW-DMCS column at 280.degree.
      and the helium carrier gas flow rate at .about.2--2.5 ml/sec. The major
      peak (.about.94%; retention time 8.8 min.) was collected and evaporative
      distillation of this material gave a mixture of the S-isomer and racemic
      enedione as a pale yellow oil, b.p. 150-180/0.03 mm;
      [.alpha.].sub.D.sup.25 + 153.60.degree. (benzene, 0.5%);
PA1  Ir: .nu..sub.max.sup.film 1750 (cyclopentanone C=O), 1665 (conjugated
      ketone), 1600, 1590 (anisole) cm.sup..sup.-1 ;
PA1  Uv: .lambda..sub.max.sup.EtOH 219 (.epsilon.11,115), 250 (.epsilon. 8770),
      279 (.epsilon. 2470). The spectra were essentially identical to those of
      the pure racemic enedione and the pure S-enedione prepared in other
      experiments.
PAR  ORD (c 0.3178%, dioxane, 23.degree.): [O].sub.700 +254.8.degree. ,
      [O].sub.589 +396.4.degree. [0].sub.370 +5346.3.degree., [0].sub.366
      +5281.1.degree., [O].sub.355 +6519.8.degree. , [0].sub.349 +4824.7.degree.
      , [0].sub.342 +5607.4.degree. . [0].sub.335 +4694.3.degree. . [0].sub.324
      +8662.1.degree. , [o].sub.313 +2980.5.degree. , [0].sub.309 0.degree.,
      [0].sub.271 -30736.3, [0].sub.258 -43030.8, [0].sub.244 0.degree. ,
      [0].sub.230 + 45173.degree. , [0].sub.208 (last) +2528.5.degree. .
PAR  Anal. Calcd, for C.sub.19 H.sub.22 O.sub.3 : C, 76.48; H, 7.43. Found: C,
      76.21; H, 7.56.
PAC  EXAMPLE 23
PAR  A mixture of 2.6 g. (8.3 mmoles) of the hydroxy enedione mixture from
      Example 21, 3/65 g. (16.6 mmoles) of 4-bromobenzoyl chloride and 75 ml. of
      pyridine (dried over alumina I) was stirred at room temperature overnight.
      The reaction mixture was then treated was 25 ml. of water and allowed to
      stir for 15 minutes at room temperature before acidification with 3N
      aqueous hydrochloric acid and then extracted three times with
      ether-methylene chloride. The organic extracts (which contained some
      insoluble material) were combined, washed once with water, twice with
      aqueous saturated sodium bicarbonate solution, once with brine, then dried
      and filtered. Solvent removal gave a yellow solid residue which was
      chromatographed on 250 g. of silica gel. The fractions eluted with 9:1 and
      4:1 benzene:ether afforded 3.388 g. (82.3%) of yellow solid (mixture of
      p-bromobenzoates).
PAR  This material was recrystallized four times from ethanol giving 1.9 g.
      (46.3%) of pure
      (+)-7,7a-dihydro-4-[2R-(3-methoxyphenyl)-2R-(4-bromobenzoyloxy)-ethyl]-7aS
     -methyl-1,5-(6H)-indandione as white crystals, m.p. 126.degree.-127.degree.
      (homogenous on TLC analysis):
PA1  [.alpha.].sub.D.sup.25 + 143.85.degree. (benzene, C=0.5);
PA1  Uv: .lambda..sub.max.sup.EtOH 247 m.mu. (.epsilon. 29450);
PA1  Ir: .lambda..sub.max.sup.CHCl 3 1745 (cyclopentanone C=O), 1725 (ester
      C=O), 1670 conjugated ketone C=O), 1590 (anisole) cm.sup..sup.-1 ; mass
      spectrum m/e 496 (M+);
PA1  Nmr: .delta..sub.tms.sup.cdcl 3 7.71 (A.sub.2 B.sub.2 multiplet, 4 protons,
      ##EQU5##
      7.05 (multiplet, 4 protons, m-CH.sub.3 OC.sub.6 H.sub.4 -), 6.08 (Triplet,
      J =7 Hz, 1 proton, H-C-O), 3.78 (singlet, 3 protons, -OCH.sub.3), 1.13
      (singlet, 3 protons, C.sub.7a -CH.sub.3) ppm.
PAR  Anal. Calcd. for C.sub.26 H.sub.25 BrO.sub.5 : C, 62.78; H, 5.07; Br,
      16.06. Found: C, 63.08; H, 5.01; Br, 15.97.
PAR  The mother liquors from the first recrystallization above were
      concentrated. The NMR spectrum of the semi-crystalline residue showed two
      C.sub.7a -CH.sub.3 resonance singlets at .delta.1.11 and .delta.1.08 in an
      approximately 1:1 ratio. The TLC of this material showed no impurities
      present.
PAC  EXAMPLE 24
PAR  A solution of 1.84 g. (3.71 mmoles) of the pure bromobenzoate from Example
      23 and 0.3 g. of p-toluenesulfonic acid monohydrate in 50 ml. of toluene
      was stirred at reflux for 11/2 hr. The reaction mixture was cooled,
      diluted with ether, washed with aqueous saturated sodium bicarbonate
      solution and brine, then dried and filtered. Solvent removal gave an
      orange-yellow solid which was chromatographed on silica gel (60 g.) to
      give 0.9 g. of an orange-yellow solid (eluted with 4:1 and 9:1
      benzene:ether). Recrystallization from ethanol afforded 0.732 g. (66.5%)
      of the S-(+)-7,7a-dihydro-4(m-methoxystyryl)-7a-methyl-1,5(6H)-indanedione
      as yellow needles, m.p. 111.5.degree.-112.5.degree.; homogeneous on TLC
      analysis.
PAR  An analytical specimen was obtained as yellow needles, m.p.
      112.degree.-112.5.degree. by further recrystallization of a sample from
      ethanol; [.alpha.].sub.D.sup.25 +164.35.degree. (benzene, C=0.5);
PA1  Uv: .lambda..sub.max.sup.EtOH 219 (.beta. 23520), 279(16200),
      .dbd..sub.sh.sup.EtOH 315(.epsilon.12800)m.mu.;
PA1  .lambda..sub.max.sup.CHCl 3 1750 (cyclopentanone C=O), 1670 (conjugated
      ketone), 1640 (--C=C-- weak), 1600, 1585 (anisole) cm.sup.-.sup.1 ; NMR:
PA1  .delta..sub.tms.sup.cdcl 3 6.95 (multiplet, 4 aromatic and 2 vinyl
      protons), 3.78 (singlet, 3 protons, --OCH.sub.3), 1.34 (singlet, 3
      protons, C.sub.7a --CH.sub.3) ppm.
PAR  Anal. Calcd. for C.sub.19 H.sub.20 O.sub.3 : C, 77.00; H, 6.80. Found: C,
      77.07; H, 6.98.
PAC  EXAMPLE 25
PAR  The pure diene from Example 24 (0.407 g; 1.38 mmoles) was hydrogenated in
      25 ml. of dry toluene in the presence of 0.2 g. of AK-4, 5% palladium on
      carbon (pre-equilibrated). After 25 minutes, 37.5 ml. of hydrogen had been
      absorbed (34.4 ml. theory) and the hydrogenation was stopped. The catalyst
      was filtered, washed with ether and the combined filtrate and washings
      were concentrated at reduced pressure. The residual, colorless oil was
      chromatographed on silica gel (20 g.) to give 0.401 g. (97.8%) of
      S-(+)-7,7a-dihydro-4-[2-(3-methoxyphenyl)ethyl]-7a-methyl-1,5(6H)-indandio
     ne as a colorless oil (eluted with 9:1 and 4:1 benzene:ether). A sample
      from a similar run was rechromatographed on silica gel and evaporatively
      distilled to give an analytical specimen as a pale yellow oil, b.p.
      170.degree.-185.degree. (bath temp.)/0.05 mm which was homogeneous on TLC
      analysis; [.alpha.].sub.D.sup.25 +195.05.degree. (benzene, C=0.5);
PA1  Uv: .lambda..sub.max.sup.EtOH 220 (.epsilon. 11470), 250 (.epsilon. 9380),
      278 (.epsilon. 2630);
PA1  Ord: (c 0.5975%, dioxane, 23.degree.) [0].sub.700 +349.1.degree.,
      [0].sub.589 +528.1.degree., [0].sub.371 +7099.6.degree., [0].sub.366
      +6905.1.degree., [0].sub.357 +8655.7.degree., [0].sub.348 +6321.6.degree.,
      [0].sub.341 +7391.4.degree., [0].sub.335 +6127.1.degree., [0].sub.325
      +11969.8.degree., [0].sub.316 +4638.3.degree., [0].sub.313
      +4787.9.degree., [0].sub.310 0, [0].sub.282 -43889.5.degree., [0].sub.260
      -73415.2.degree., [0].sub.245 0, [0].sub.231 +74200.8.degree., [0].sub.210
      (last) 0;
PA1  Ir: .nu..sub.max.sup.CHCl 3 1750 (cyclopentanone C=0), 1665 (conjugated
      ketone), 1600, 1585 (anisole) cm.sup.-.sup.1 ;
PA1  Nmr: .delta..sub.tms.sup.cdcl 3 7.16 (multiplet, 1 proton, aromatic), 6.68
      (multiplet, 3 protons, aromatic), 3.75 (singlet, 3 protons, -OCH.sub.3),
      1.18 (singlet, 3 protons, C.sub.7a -CH.sub.3) ppm.
PAR  Anal. Calcd. for C.sub.19 H.sub.22 O.sub.3 : C, 76.48; H, 7.43. Found: C,
      76.21; H, 7.47.
PAC  EXAMPLE 26
PAR  A solution of 0.8698 g. (2.92 mmoles) of the optically pure enedione from
      Example 25 in 15 ml. of ethanol 2B was stirred and cooled in an ice-salt
      bath to -8.degree. while a solution of 30 mg. (0.793 mmole) of sodium
      borohydride in 25 ml. of ethanol 2B was added dropwise over a 15 minute
      period keeping the temperature below 0.degree.. The reaction mixture was
      then stirred for 15 minutes at .about.-3.degree.. The pH was adjusted to
      6-7 with 3N aqueous hydrochloric acid and after diluting with brine, the
      reaction mixture was extracted three times with ether. The ether extracts
      were combined, washed with brine, dried and filtered. Solvent removal gave
      a colorless oil which was chromatographed on silica gel (100 g.) to give
      770.3 mg. (88.0%) of
      1.beta.-hydroxy-7,7a-dihydro-4[2-(3-methoxyphenyl)ethyl]-7aS-methyl-5(6H)-
     indanone as a pale yellow oil (eluted with  1:1 and 1:3 benzene:ether).
PA1  Ir: .nu..sub.max.sup.film 3420 (OH), 1650 (conjugated ketone), 1600, 1585
      (anisole) cm.sup.-.sup.1. This material was essentially homogeneous on TLC
      analysis.
PAC  EXAMPLE 27
PAR  A 770 mg. (2.56 mmoles) sample of chromatographed ketol from Example 26 was
      hydrogenated in 30 ml. of absolute ethanol in the presence of 0.2 g. of
      AK-4, 5% palladium on carbon (pre-equilibrated). After 2 1/4 hr., 66 ml.
      of hydrogen had been absorbed (64 ml. theory) and the hydrogenation
      appeared to have stopped. The catalyst was filtered, washed well with
      ethanol and the combined filtrate and washings were concentrated at
      reduced pressure to give a colorless oil. This material was
      chromatographed on 75 g. of silica gel affording 464 mg. (60.1%) of the
      saturated hydroxy ketone (mainly C/D-trans) as a colorless oil (eluted
      with 1:2 and 1:4 benzene:ether).
PA1  Ir: .nu..sub.max.sup.film 3430 (OH), 1710 (cyclohexanone C=0), 1600, 1585
      (anisole) cm.sup.-.sup.1.
PAR  A solution of this material in 15 ml. of acetone was stirred in an ice-bath
      at 0.degree. while 1.25 ml. of Jones reagent was added dropwise through a
      syringe. The reaction mixture was stirred for 5 minutes in the ice bath
      then the excess Jones reagent was decomposed with 2-propanol. The reaction
      mixture was poured into brine and extracted three times with ether. The
      ether extracts were combined, washed with brine, dried, and filtered.
      Solvent removal gave a pale yellow oil which was chromatographed on silica
      gel (50 g.) giving 434 mg. (93.8%) of the saturated diketone as a pale
      yellow oil (eluted with 4:1 and 1:1 benzene: ether);
PA1  Ir: .nu..sub.max.sup.film 1740 (cyclopentanone C=0), 1715 (cyclohexanone
      C=0), 1600, 1585 (anisole) cm.sup.-.sup.1.
PAR  A solution of this diketone in 10 ml. of methanol was stirred at room
      temperature while 2 ml. of 10N aqueous hydrochloric acid was added. The
      reaction mixture became warm and after 10 minutes, a white precipitate was
      present. After 4 hr. of stirring at room temperature, the reaction mixture
      was chilled in the refrigerator for 1 1/2 hr. The white precipitate was
      filtered, washed with cold methanol and dried under vacuum to give 247.9
      mg. of white solid, m.p. 130.degree.-133.degree.. Recrystallization from
      methanol gave 156.8 mg. (38.5%) of the pure
      d-(+)-3-methoxy-estra-1,3,5(10), 9(11)-tetraen-17-one (9-dehydroestrone
      methyl ether) as white needlelike crystals, m.p.
      142.5.degree.-144.degree., homogeneous on TLC analysis;
PA1  [.alpha.].sub.D.sup.25 +290.92.degree.  (CHCL.sub.3, C 0.5);
PA1  Ir: .nu..sub.max.sup.CHCl 3 1735 (cyclopentanone C=0), 1605 (anisole)
      cm.sup.-.sup.1 ;
PA1  Uv: .lambda..sub.max.sup.EtOH 263 (.epsilon. 19300), 297 (.epsilon. 3400),
      .lambda..sub.infl.sup.EtOH 310 (.epsilon. 2220) m.mu.; ORD: (C 0.3034%,
      dioxane, 23.degree.) [0].sub.700 +650.6.degree., [0].sub.589
      +948.1.degree., [0].sub.321 +18812.4.degree., [0].sub.250 0.degree.,
      [0].sub.243 -1858.9.degree., [0].sub.240 0.degree., [0].sub.226
      +11153.6.degree., [0].sub.220/224 +8365.2.degree., [0].sub.216 0.degree.,
      [0].sub.210 (last) -9294.7.degree.;
PA1  Nmr: .delta..sub.tms.sup.cdcl 3 7.52 (doublet, 1 aromatic proton), 6.68
      (multiplet, 2 aromatic protons), 6.13 (multiplet, C.sub.11 -H,1 proton),
      3.76 (singlet, OCH.sub.3, 3 protons), 0.92 (singlet, C.sub.13 --CH.sub.3,
      3 protons) ppm. The IR, UV and NMR spectra were essentially identical to
      those of the known racemic form.
PAR  Anal. Calcd. for C.sub.19 H.sub.22 O.sub.2 : C, 80.81; H, 7.85. Found: C,
      80.53; H, 7.78. Reported m.p. 142.degree.-144.degree.;
      [.alpha.].sub.D.sup.25 +289.degree. (CHCl.sub.3);
PA1  .lambda..sub.max.sup.EtOH 263 m.mu. (.epsilon. 17300).
PAC  EXAMPLE 28
PAR  A solution of 0.753 g. (2.54 mmoles) of diene prepared as in Example 7 in 5
      ml. of ethanol and 2 ml. of benzene was stirred with cooling to
      -10.degree. - -15.degree.C. while 2.6 ml. (0.687 mmoles) of a 0.265 M
      ethanolic sodium borohydride solution was added dropwise over 5 minutes.
      The resulting mixture was stirred at -10.degree. - +2.degree. for 40
      minutes then decomposed by acidification with 3N aqueous hydrochloric
      acid. After dilution with water and brine, the mixture was extracted three
      times with ether. The combined ether extracts were washed once with brine
      then dried, filtered and concentrated at reduced pressure affording a red
      oily residue. This material was chromatographed on 37.5 g. of silica gel
      giving 0.638 g. of pure
      (.+-.)-1.beta.-hydroxy-7,7a-dihydro-4-(m-methoxystyryl)-7a.beta.-methyl-5(
     6H)indanone as an orange glass (eluted with 9:1, 4:1 and 1:1
      benzene:ether).
PA1  ir: .nu..sub.max.sup.film 3440 (OH), 1665 (conjugated ketone C=0), 1585,
      1600 (anisole) cm.sup.-.sup.1 ;
PA1  uv: .lambda..sub.max.sup.EtOH 221 m.mu. (.epsilon. 20400), 287 (16200).
PAC  EXAMPLE 29
PAR  A 0.617g. (2.07 mmoles) sample of diene ketol from Example 28 was
      hydrogenated in 25 ml. of ethanol over 0.3 g. of AK-4 5% palladium on
      carbon for 23 hours. The catalyst was filtered and the filtrate was
      concentrated at reduced pressure giving 0.597 g. of oily
      (.+-.)-1.beta.-hydroxy-3a,4,7,7a-tetrahydro-4[2-(3-methoxyphenyl)
      ethyl]-7a.beta.-methyl-5(6H)indanone, which showed no uv absorbing spots
      on tlc analysis.
PA1  ir: .nu..sub.max.sup.film 3380 (OH), 1710 (cyclohexanone C=0), 1590, 1600
      (anisole)cm.sup.-.sup.1.
PAC  EXAMPLE 30
PAR  The hydrogenation product from Example 29 was dissolved in 10 ml. of
      acetone and stirred with ice-bath cooling while 1 ml. of Jones reagent was
      added dropwise over 5 minutes. The resulting red mixture was stirred at
      0.degree.-5.degree. for 5 minutes then decomposed with 2-propanol. After
      dilution with water and brine, the mixture was extracted three times with
      ether. The combined ether extracts were washed once with brine, dried,
      filtered and concentrated at reduced pressure giving 0.565 g. of yellow
      oil. Chromatography on 25 g. of silica gel gave 0.306 g. of (.+-.)-3a,
      4,7,7a-tetrahydro-4[2-(3-methoxyphenyl)ethyl]-7a.beta.-methyl-1,5(6H)indan
     dione as a pale-yellow oil (eluted with 19:1 benzene:ether).
PA1  ir: .nu..sub.max.sup.film 1740 (cyclopentanone C=0), 1715 (cyclohexanone
      C=0), 1585, 1600 (anisole) cm.sup.-.sup.1. The infrared spectrum was
      essentially identical to that of material produced previously in Example
      9.
PAC  EXAMPLE 31
PAR  A mixture of 0.314 g. (1 mmole) of alcohol as prepared in Example 6,0.460
      g. (2 mmoles) of 4-bromobenzoyl chloride and 5 ml. of dry pyridine was
      stirred at room temperature for 5 hours. Water was then added and stirring
      was continued for several minutes. The mixture was acidified with dilute
      aqueous hydrochloric acid and extracted three times with ether. The
      combined ether extracts were washed once with water and twice with
      saturated aqueous sodium bicarbonate solution then dried and concentrated
      at reduced pressure giving 0.597 g. of solid residue. This material was
      treated with methylene chloride and filtered to remove some insoluble
      material. This process was repeated on the filtrate and still a third time
      using benzene. The filtrate was concentrated and the residue was
      chromatographed on 25 g. of silica gel. The fractions eluted with 9:1
      benzene: ether afforded 0.467 g. (94%) of yellow crystalline
      (.+-.)-7,7a-dihydro-4[2(3-methoxyphenyl)-2-(4-bromobenzoyloxy)ethyl]-7a.be
     ta.-methyl-1,5(6H)indandione p-bromobenzoate which was homogeneous on TLC
      analysis (R.sub.f 0.47). Recrystallization from ethanol gave 0.406 g. of
      pale-yellow solid, mp 139.degree.-140.degree.. Another recrystallization
      from ethanol gave the analytical specimen as pale-yellow crystals, mp
      139.degree.-140.degree.;
PA1  ir: .nu..sub.max.sup.CHCl 3 1745 (cyclopentanone C=0), 1725 (aromatic ester
      C=0), 1670 (.alpha.,.beta.-unsaturated ketone C=0), 1590 (anisole)
      cm.sup.-.sup.1 ;
PA1  uv: .lambda..sub.max.sup.EtOH 247 m.mu. (.epsilon. 29300);
PA1  nmr: .delta..sub.TMS.sup.CDCl 3 7.72 (4 proton A.sub.2 B.sub.2 multiplet,
      ##EQU6##
      7.00 (4 proton multiplet, m-CH.sub.3 OC.sub.6 H.sub.4 -), 6.11 (triplet,
      J=7 Hz, H-C-O, 1 proton), 3.80 (singlet, CH.sub.3 O-, 3 protons), 1.13
      (singlet, C.sub.7a --CH.sub.3, 3 protons) ppm; ms: m/e 496 (M.sup.+).
PAR  Anal. Calcd. for C.sub.26 H.sub.25 BrO.sub.5 : C, 62.78; H, 5.07; Br,
      16.06. Found: C, 63.04; H, 5.19; Br, 16.08.
PAC  EXAMPLE 32
PAR  A solution of 994 mg. (2 mmoles) of the bromobenzoate from Example 31 and
      0.2 g. of p-toluenesulfonic acid monohydrate in 30 ml. of toluene was
      stirred and heated at reflux for 11/2 hr. The reaction mixture was cooled,
      diluted with ether, washed with aqueous saturated sodium bicarbonate
      solution and brine, then dried and filtered. Solvent removal gave a yellow
      solid which was chromatographed on 60 g. of silica gel. Elution with 9:1
      and 4:1 benzene:ether afforded 540.6 mg. (91.3%) of
      (.+-.)-7,7a-dihydro-4-(m-methoxystyryl)-7a.beta.-methyl-1,5(6H)indandione
      as a yellow solid. Recrystallization of a sample from a similar experiment
      from ethanol-ether gave the analytical sample as a yellow solid, mp
      93.degree.-94.degree., which was homogeneous on TLC analysis (R.sub.f
      0.47).
PA1  Uv: .lambda..sub.max.sup.EtOH 220 (.epsilon. 21900), 279 (.epsilon. 15350),
      .lambda..sub.sh.sup.EtOH 315 (11950) m.mu.;
PA1  nmr: .delta..sub.TMS.sup.CDCl 3 6.96 (multiplet, 6 protons, 4 aromatic, 2
      vinyl), 3.79 (singlet, 3 protons, --OCH.sub.3), 1.35 (singlet, 3 protons,
      C.sub.7a --CH.sub.3) ppm.
PAR  Anal. Calcd. for C.sub.19 H.sub.20 O.sub.3 : C, 77.00; H, 6.80. Found: C,
      76.80; H, 6.69.
PAC  EXAMPLE 33
PAR  The crude diene obtained from 1.21 mmoles of pure bromobenzoate according
      to the procedure of Example 32 was hydrogenated in 20 ml. of dry toluene
      in the presence of 0.1 g. of AK-4, 5% palladium on carbon
      (pre-equilibrated). After 9 hours, 32.1 ml. of hydrogen had been absorbed
      (30.3 ml. theory) and the hydrogenation was stopped. The catalyst was
      filtered, washed with ether and the combined filtrate and washings were
      concentrated at reduced pressure to give a yellow oil (containing some
      solid) which was chromatographed on 35 g. of silica gel. Elution with 9:1
      and 4:1 benzene-ether gave a yellow oil which was evaporatively distilled
      to give 317.6 mg. (87.6%) based on pure bromobenzoate of crude
      (.+-.)-7,7a-dihydro-4-[2-(3-methoxyphenyl)ethyl]-7a.beta.-methyl-1,5(6H)in
     dandione as a pale yellow oil, bp 160.degree.-190.degree. (bath)/0.03 mm.
      Ultraviolet analysis indicated some diene was still present. Upon
      rehydrogenating 261.4 mg. of this material in the above manner until the
      takeup of hydrogen appeared to have ceased (3.7 ml. of hydrogen had been
      absorbed in 1 hour) a colorless oil was obtained which was evaporatively
      distilled to give 249.2 mg. of the pure enedione as a yellow oil, bp
      175.degree.-190.degree. (bath)/0.05 mm. TLC analysis showed one spot
      (R.sub.f 0.46).
PA1  Uv: .lambda..sub.max.sup.EtOH 219 (.epsilon. 11200), 250 (.epsilon. 9400),
      280 (.epsilon. 2750);
PA1  nmr: .delta..sub.TMS.sup.CDCl 3 7.14 (multiplet, 1 proton, aromatic), 6.66
      (multiplet, 3 protons, aromatic), 3.73 (singlet, 3 protons, -OCH.sub.3),
      1.16 (singlet, 3 protons, C.sub.7a -CH.sub.3) ppm.
CLMS
STM  We claim:
NUM  1.
PAR  1. The compound of the formula
      ##SPC12##
PA1  where R.sub.1 is a primary alkyl group of from 1 to 5 carbon atoms;
PA1  R.sub.3 is a cycloalkyl group, or a primary alkyl group of from 1 to 8
      carbon atoms;
PA1  R.sub.6 is hydrogen;
PA1  Z is carbonyl or a group of the formula
      ##EQU7##
      where R.sub.7 is hydrogen, lower alkyl or aryl lower alkyl, and
PA2  R.sub.8 is hydrogen or lower aliphatic hydrocarbyl; and m is 1 or 2.
NUM  2.
PAR  2. The compound of claim 1 of the formula
      ##SPC13##
PA1  where R.sub.1, R.sub.3 and m are as above.
NUM  3.
PAR  3. The compound of claim 2 where the absolute configuration of the carbon
      atom bearing R.sub.1 is S.
NUM  4.
PAR  4. The compound of claim 2 where m is 1, R.sub.1 is methyl or ethyl and
      R.sub.3 is methyl.
NUM  5.
PAR  5. The compound of claim 4 which is
      7,7a-dihydro-4-[2-(3-methoxyphenyl)-2-hydroxyethyl]-7a-methyl-1,5(6H)-inda
     ndione.
NUM  6.
PAR  6. A process for the preparation of a compound of the formula
      ##SPC14##
PA1  where
PA1  R.sub.1 is a primary alkyl group of from 1 to 5 carbon atoms;
PA1  R.sub.3 is a cycloalkyl group, or a primary alkyl group of from 1 to 8
      carbon atoms; and m is 1 or 2,
PAL  which comprises reacting a compound of the formula
      ##SPC15##
PA1  where R.sub.3 is as above and R.sub.12 is chloro, bromo, iodo, hydroxy,
      lower alkoxy, lower hydrocarbylamino or di(lower hydrocarbyl)amino,
PAL  with a compound of the formula
      ##SPC16##
PA1  where R.sub.1 and m are as above in an inert organic solvent at a
      temperature of about 20.degree. to 150.degree.C.
NUM  7.
PAR  7. The process of claim 6 where the major product has the R.sub.1 group and
      the hydroxyl group in a cis-configuration.
NUM  8.
PAR  8. The process according to claim 6 wherein the inert organic solvent is
      selected from the group consisting of aromatic hydrocarbons, organic
      ester, dimethylformamide and dimethylsulfoxide.
NUM  9.
PAR  9. The process according to claim 8 wherein the aromatic hydrocarbon is
      toluene.
NUM  10.
PAR  10. The process according to claim 6 wherein the temperature is about
      80.degree. to 120.degree.C.
NUM  11.
PAR  11. The process according to claim 10 wherein the temperature is the
      boiling point of toluene.
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ABST
PAL  2-METHYL-2-HEPTEN-6-ON-1-AL ACETALS AND A METHOD FOR THE PRODUCTION OF
      THESE COMPOUNDS. The acetals are obtained by reacting the acetals of
      2-methyl-4-halo-2-buten-1-al with an alkali compound of an ester of
      acetoacetic acid and eliminating, by means of an alkali, the
      alkoxycarbonyl group from the intermediate obtained.
      2-methyl-2-hepten-6-on-1-al is obtained from the acetals by acid
      hydrolysis. The products are perfumes having a pleasant fruity odor and
      are intermediates for advantageous synthesis of the natural orange
      aromatics and orange odorants .alpha.-sinensal and .beta.-sinensal.
PARN
PAR  This is a division of application Ser. No. 228,266, filed Feb. 22, 1972 now
      U.S. Pat. No. 3,840,559.
BSUM
PAR  The invention relates to acetals of 2-methyl-2-hepten-6-on-1-al and to a
      process for the production of these compounds.
PAR  The compounds in question have the formula (I):
      ##EQU1##
      where R.sup.1 and R.sup.2 is each an aliphatic hydrocarbon radical of one
      to eight carbon atoms.
PAR  I have found that the said compounds can be prepared in a simple way:
PAR  A. BY REACTING ANACETAL OF 2-METHYL-4-HALO-2-BUTEN-1-AL OF THE FORMULA:
      ##EQU2##
      in which X is chlorine, bromine or iodine and R.sup.1 and R.sup.2 have the
      meanings given above, at a temperature of from 0.degree. to 100.degree.C
      with an alkali metal compound of an acetoacetic ester of the formula
      (III):
      ##EQU3##
      in which R.sup.3 is a hydrocarbon radical of one to four carbon atoms and
      M is an alkali metal;
PAR  B. ELIMINATING THE COOR.sup.3 group from the resultant intermediate of the
      formula (IV):
      ##EQU4##
      in which R.sup.1, R.sup.2 and R.sup.3 have the meanings given above by
      alkaline treatment at a temperature of from 20.degree. to 100.degree.C.
PAR  This synthesis proceeds smoothly with high yields.
PAR  The acetals of 2-methyl-4-halo-2-buten-1-al of the formula (II):
      ##EQU5##
      may be those in which R.sup.1 and R.sup.2 each is an aliphatic hydrocarbon
      radical such as methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl,
      n-pentyl, n-hexyl or 2-ethylhexyl-1; R.sup.1 and R.sup.2 are preferably
      the same. Methyl and ethyl are particularly suitable as the aliphatic
      hydrocarbon radicals.
PAR  The acetals of the formula (II) can be easily prepared by acetalization of
      2-methyl-4-halo-2-buten-1-al which in turn is accessible by treatment of
      1,1-dialkoxy-2-methyl-3-buten-2-ol  pg,3 with a thionyl halide or phosgene
      in the presence of a tertiary amine.
PAR  The alkali metal compound of an acetoacetic ester of the formula (III) used
      is conveniently an alkali metal derivative of an acetoacetic ester of a
      lower alcohol, i.e., the ester of an alcohol of one to four carbon atoms,
      particularly of one or two carbon atoms. Although the use of higher esters
      is possible it does not result in any appreciable advantage.
PAR  The alkali metal compounds of esters of acetoacetic acid are prepared by
      conventional methods, for example, by reaction of an ester of acetoacetic
      acid with an alkali metal hydroxide or alcoholate at temperatures of from
      0.degree. to 50.degree.C.
PAR  Preferred compounds of the formula (III) are the sodium and potassium
      compounds of methyl acetoacetate and ethyl acetoacetate.
PAR  The process according to the invention may be carried out in various ways.
PAR  Generally a solution or suspension of the alkali metal acetoacetic acid
      ester is prepared and about 0.9 to 1.2 moles of an acetal of the formula
      (II) is added per mole of ester at a temperature of from 0.degree. to
      100.degree.C, preferably from 10.degree. to 60.degree.C. The reaction
      requires a reaction period of 0.5 to 15 hours. It may be carried out
      batchwise or continuously. Examples of solvents or suspending agents are:
      alcohols such as methanol, ethanol, propanol, butanol, isobutanol and
      glycol; or hydrocarbons such as benzene, cyclohexane, hexane and
      decahydronaphthalene. Ethers such as diethyl ether and tetrahydrofuran may
      however also be used as solvents. Alcohols, particularly methanol or
      ethanol, are however used as solvents with special advantage.
PAR  It is also possible however to introduce the alkali metal compound of an
      acetoactic ester in powder form slowly and with intense mixing into the
      acetal of the formula (II). A period of from 30 minutes to 5 hours is
      necessary for the introduction of the alkali metal compound (III). The
      total reaction period is then from 30 minutes to 15 hours.
PAR  The intermediates of the formula (IV) obtained in the reaction of the
      alkali compound (III) with the acetal (II) are new compounds. Some of
      their characteristic data are given in the experimental portion. They do
      not need to be isolated before they are processed into the desired acetals
      of 2-methyl-2-hepten-6-on-1-als.
PAR  To eliminate the alkoxycarbonyl groups it is advantageous to add to the
      reaction mixture obtained in the reaction of (II) with (III) an aqueous
      alkali metal hydroxide solution and to heat the mixture to a temperature
      of from 20.degree. to 100.degree.C, preferably from 30.degree. to
      80.degree.C. Generally from 1 to 4 moles, preferably from 1 to 2 moles, of
      alkali metal hydroxide in form 5 to 20%, preferably about 10%, solution is
      used per mole of ester. The necessary reaction period for the elimination
      of the --COOR.sup.3 group is from thirty minutes to ten hours.
PAR  When an alcohol has not been used as a solvent in the production of the
      intermediate (IV) it is advisable to use a lower alcohol, for example
      methanol, as a solubilizer in the said elimination. The necessary amount
      approximately corresponds to the amount by weight of water present in the
      reaction mixture. It is surprising that the COOR.sup.3 group can be
      eliminated by alkaline treatment alone because usually an additional
      treatment with acids is necessary for such eliminations.
PAR  The acetals of 2-methyl-2-hepten-6-on-1-als can be isolated by conventional
      methods. It is advantageous to isolate them from the reaction mixture by
      extraction with a conventional extractant, for example with diethyl ether
      or hexane, drying of the organic phase followed by fractional
      distillation.
PAR  2-methyl-2-hepten-6-on-1-al itself can easily be prepared from the acetals
      by acid hydrolysis.
PAR  The acid hydrolysis is carried out by conventional method. For example,
      from 0.01 to 1 mole of a mineral acid or organic acid such as sulfuric
      acid, hydrochloric acid, formic acid, p-toluenesulfonic acid or acetic
      acid is added to each mole of acetal in the form of a 1 to 20% solution
      and the mixture is heated for thirty minutes to five hours, preferably
      from 2 to 3 hours, at a temperature of from 10.degree. to 50.degree.C with
      intense mixing.
PAR  The addition of a lower alcohol as solubilizer is also advisable in this
      hydrolysis. The ketoaldehyde can be isolated by conventional method, for
      example, by extraction following mild neutralization of the reaction
      mixture, for example, with an alkali metal or sodium carbonate followed by
      distillation of the extractant.
PAR  A number of interesting new compounds are accessible for the first time by
      means of the said process. 2-methyl-2-hepten-6-on-1-al and its acetatals
      may be used as perfumes with a pleasant fruity odor note. Moreover they
      are suitable starting materials for the synthesis of the sinensals,
      desirable component of the natural orange aroma belonging to the terpene
      series.
PAR  The citrus odor of the parent substance 2-methyl-2-hepten-6-on-1-al is
      overlaid in the case of its acetals by a distinct green note (the odor of
      grass and hay). It is particularly strong in the case of the acetals
      derived from methanol and ethanol. It is somewhat less pronounced in the
      case of the other products. Upon prolonged standing in the air, the odor
      of the parent substance predominates, because this is liberated by slow
      hydrolysis. This effect can be utilized reliably in the perfumery industry
     .
DETD
PAR  The following Examples will illustrate the invention:
PAC  EXAMPLE 1
PAC  A. 2-methyl-2-hepten-6-on-1-al dimethylacetal
      ##EQU6##
PAR  180 g (1 mole) of 30% solution of sodium methylate in methanol is added
      over 15 minutes at 150.degree. to 20.degree.C to 116 g (1 mole) of methyl
      acetoacetate. The whole is stirred for another hour at 20.degree. to
      30.degree. C and then 156 g (0.95 mole) of 2-methyl-4-chloro-2-buten-1-al
      dimethylacetal is added to the solution at 20.degree.C over 30 minutes.
      The reaction mixture obtained is stirred for 15 hours at room temperature,
      then 400 g of 10% caustic soda solution is added and stirring is continued
      for another 2 hours at 60.degree.C. The salt-like constituents are
      separated by filtration and the organic products are isolated by
      extraction with ether. Before the ethereal solution is distilled it is
      washed with saturated common salt solution. The ether is then distilled
      off and the residue is fractionated. The boiling point is 72.degree. to
      83.degree. C at 0.9 to 1.5 mm and the refractive index n.sub.D.sup.25 =
      1.4474.
PAC  B. 2-methyl-2-hepten-6-on-1-al
PAR  200 ml of 10% sulfuric acid and 50 ml of methanol are added to 106 g (0.5
      mole) of the acetal obtained according to (A) and stirred for 3 hours at
      25.degree. to 30.degree.C. Neutralization is then carried out with sodium
      carbonate and the organic phase is isolated by extraction with ether.
      After the ether has been distilled off the residue is fractionated. 65 g
      (93% yield) of 2-methyl-2-hepten-6-on-1-al is obtained. The boiling point
      is 130.degree. to 140.degree.C at 20 to 23 mm and the refractive index
      n.sub.D.sup.25 = 1.4723. Note resembling citrus. The odor of the acetals
      is similar but not so strong.
PAR  The following acetals are prepared analogously to Example 1:
PAL  2-methyl-2-hepten-6-on-1-al diethylacetal:
PAR  Boiling point 74.degree. to 75.degree.C at 0.15 mm; n.sub.D.sup.25 =
      1.4442.
      ##EQU7##
      2-methyl-2-hepten-6-on-1-al (2-ethyl-1-hexyl)-bisacetal:
PAR  Boiling point 123.degree. to 128.degree.C at 0.01 to 0.05 mm;
      n.sub.D.sup.25 = 1.4615
      ##EQU8##
PAC  EXAMPLE 2
PAC  2-methyl-5-carbomethoxy-2-hepten-6-on-1-al dimethylacetal
      ##EQU9##
PAR  40 g (1 mole) of sodium hydroxide is dissolved in 200 ml of methanol and
      then 116 g (1 mole) of methyl acetoacetate is added over 30 minutes at
      45.degree. to 55.degree.C. Stirring is carried on for another hour at
      20.degree. to 55.degree.C and then 198 g (0.95 mole) of
      2-methyl-4-bromo-2-buten-1-al dimethylacetal is added at 25.degree. to
      37.degree.C over 30 minutes. The reaction mixture is then stirred for 15
      hours at room temperature. The methanol is distilled off in vacuo at
      20.degree. to 30.degree.C and the residue is extracted with 1 liter of
      ether. The ethereal solution is washed twice, each time with 100 ml of
      saturated common salt solution. The ether is then distilled off and the
      residue is fractionated. The boiling point is 116 to 122.degree.C at 0.8
      to 1.0 mm; n.sub.D.sup.25 = 1.4514.
PAR  The following intermediates are prepared analogously to Example 2:
PAL  2-methyl-5-carboethoxy-2-hepten-6-on-1-al diethylacetal:
PAR  boiling point 120.degree. to 126.degree.C at 1 to 1.5 mm; n.sub.D.sup.25 =
      1.4508.
      ##EQU10##
      2-methyl-5-carbo-tert.-butoxy-2-hepten-6-on-1-al dimethylacetal:
PAR  boiling point 125.degree. to 131.degree.C at 0.5 to 0.8 mm; n.sub.D.sup.25
      = 1.4516.
      ##EQU11##
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula (I):
PAL  where R.sup.1 and R.sup.2 each is an alkyl group of one to eight carbon
NUM  2.
PAR  2. A compound as set forth in claim 1 wherein R.sup.1 and R.sup.2 are
      selected from the group consisting of methyl and ethyl.
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LREP
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ABST
PAL  A carbonyl compound is prepared from an unsaturated olefin charge stock
      having at least five carbon atoms per molecule. In the process, a reaction
      mixture is provided including the charge stock, a catalyst system, a high
      boiling solvent and a polar solvent. The resulting mixture is then treated
      to effect a substantial conversion of the unsaturated olefin hydrocarbon
      to a carbonyl compound. Thereafter, a reaction product including the
      carbonyl compound is separated from the catalyst system and other
      components of the reaction mixture by distillation.
PARN
PAR  The present application is a continuation-in-part of U.S. Pat. application
      Ser. No. 113,627, filed Feb. 8, 1971, now abandoned.
PAR  The present invention relates generally to the preparation of carbonyl
      compounds by the oxidation of unsaturated liquid olefin compounds and,
      more particularly, the present invention relates to the recovery of the
      platinum group metal catalyst used in the oxidation reaction.
PAR  IT IS KNOWN TO PREPARE ACETALDEHYDE FROM ETHYLENE BY A PROCESS WHEREIN
      ETHYLENE IS CONTACTED WITH AN OXYGEN CONTAINING GAS IN THE PRESENCE OF A
      COMPOUND OF A METAL OF THE PLATINUM GROUP AND AN OXIDIZING AGENT HAVING AN
      OXIDATION POTENTIAL HIGHER THAN THAT OF THE PLATINUM GROUP METAL. This
      process is usually referred to as the "Consortium" or "Wacker" process.
      The Consortium process is generally applicable to the lower molecular
      weight olefins, such as ethylene and propylene, wherein the carbonyl
      compounds produced leave the reaction zone in the gaseous phase. Thus, for
      the lower molecular weight unsaturated olefin charge stocks, the
      separation of the carbonyl reaction compounds from the reaction catalyst
      is an easy matter. When the unsaturated olefin charge stock contains
      olefins having five or more carbon atoms per molecule, the olefin charge
      stock and carbonyl product are in the liquid phase at atmospheric pressure
      and ambient temperature. After the olefin charge stock is reacted to form
      a carbonyl product, a two-phase system is usually present with the
      carbonyl product in one phase and a portion of the platinum group metal
      catalyst and any solvents used in the reaction present in the other phase.
      Separation of the carbonyl product is usually made by decantation of the
      carbonyl product phase from the solvent phase. However, a portion of the
      platinum group metal catalyst is removed in the carbonyl product phase and
      it is difficult to recover substantially all of the catalyst from the
      carbonyl product phase. Due to its expense, it is important in achieving a
      commercially acceptable process to recover and re-use even small amounts
      of the platinum group metal catalyst used in effecting the reaction of the
      unsaturated olefin to carbonyl compounds.
PAR  Various methods have been used in an attempt to recover substantially all
      of the platinum group metal catalyst from the reaction product. These
      methods include distillation of the decanted reaction product, extraction
      with dimethyl sulfoxide and aqueous hydrochloric acid and contacting the
      carbonyl reaction product with a solid inert material at an elevated
      temperature for a time sufficient to precipitate the platinum group metal
      as the free metal on the solid inert material. None of the methods
      proposed for recovering the platinum group metal catalyst have been wholly
      successful, in that they either do not recover substantially all of the
      platinum group metal catalyst or they are so complex as to be economically
      unfeasible.
PAR  Accordingly, it is the principal object of the present invention to provide
      an improved process for preparing carbonyl compounds. It is another object
      of the present invention to provide a process for preparing a reaction
      product, including carbonyl compounds, wherein the reaction product is
      substantially free of any platinum group metal compound used as a catalyst
      in preparing the reaction product. It is a further object of the present
      invention to provide a method for utilizing a platinum group metal
      compound as a catalyst in a reaction and recovering substantially all of
      the platinum group metal catalyst for re-use.
PAR  Generally, in a process including various features of the invention, a
      carbonyl compound is prepared from an unsaturated olefin hydrocarbon
      charge stock having at least five carbon atoms per molecule by a process
      which comprises providing a reaction mixture including the charge stock, a
      catalyst system, a high boiling solvent and a polar solvent. The reaction
      mixture is then treated to effect a substantial conversion of the
      unsaturated olefin hydrocarbon to a carbonyl compound. Thereafter a
      reaction product, including the carbonyl compound, is separated from the
      catalyst system and other components of the reaction mixture by
      distillation.
PAR  The high boiling solvent of the invention can be any organic compound or
      mixture of organic compounds that is liquid under the conditions of the
      reaction, which has a boiling point which is a predetermined level higher
      than the boiling point of the carbonyl containing compound formed by the
      reaction, and which is a solvent for the catalyst system used in the
      reaction. Solvents must be selected that do not enter into the reaction
      and do not interfere with the reaction product. The suitability of any
      organic compound or mixture of organic compounds for use as a solvent in
      the reaction is readily determined by one skilled in the art by reference
      to the characteristics set forth above and which are described in more
      detail hereinafter.
PAR  The preferred high boiling solvents are those which have a boiling point of
      at least 170.degree.C. Particularly preferred solvents are organic
      alcohols, acids, and nitriles which have a boiling point within the range
      of from about 170.degree.C to about 320.degree.C. The solvents may be
      multi-functional, that is, they may contain more than one functional
      group, such as hydroxyl or carboxyl groups, and may contain a combination
      of functional groups. Suitable solvents include, but are not limited to,
      diethylene glycol, 1,5-pentanediol, 1-decanol, 1-nonanol, 1-dodecanol,
      tetrahydrofurfuryl alcohol, hexylene glycol, glycerol, paracresol,
      1,4-butanediol, benzonitrile, hexaonic acid, octanoic acid, decanoic acid,
      polyoxypropylene diols having an average molecular weight of up to about
      600, preferred examples of which include dipropylene glycol and a
      polypropylene glycol having an average molecular weight of about 430, and
      mixtures thereof.
PAR  The high boiling solvent preferably has a boiling point at least 5.degree.C
      higher than the carbonyl compound produced during the reaction. A
      particular high boiling solvent having the preferred boiling point may be
      selected from suitable high boiling solvents described above.
PAR  It has been found that the use of a polar solvent in combination with the
      high boiling solvent provides a reaction medium with increased reactivity.
      This enables the reaction to proceed at a faster rate and also provides
      for a more complete reaction of the olefin charge stock to the carbonyl
      compound. Suitable polar solvents are methanol, ethanol, propanol,
      isopropanol, n-butanol, sec.-butanol and dimethylformamide. The polar
      solvent is present at a level of from about 20 to about 60 percent by
      weight based on the weight of the high boiling solvent used.
PAR  The process of the invention is limited to conversion of unsaturated
      olefinic compounds of at least five carbon atoms, but having 20 carbon
      atoms or less. Those unsaturated olefinic compounds having more than 20
      carbon atoms have boiling points which are excessively high and
      distillation to separate carbonyl compounds from the high boiling solvent
      must be carried out at temperatures such that charring and deterioration
      of the catalyst system and product are incurred. The charge stock can be
      any unsaturated olefinic compound having at least five carbon atoms per
      molecule up to 20 carbon atoms per molecule and which has at least one
      hydrogen atom on each carbon atom of at least one olefinic double bond.
      The charge stocks may have from between one and four olefinic double
      bonds. Mixtures of unsaturated olefinic compounds can also be used.
      Suitable mixtures of unsaturated olefinic compounds are olefins obtained
      from the thermal cracking of wax and from the polymerization of ethylene.
PAR  The products from the reaction are carbonyl-containing compounds which
      include ketones, aldehydes and organic acids. The principal product is the
      ketone and if an alpha olefin is utilized as the charge stock, a methyl
      ketone is almost exclusively the product obtained.
PAR  The process of the present invention is carried out with a catalyst system
      which includes a platinum group metal compound and which includes an
      oxidizing agent which has an oxidation potential higher than that of the
      platinum group metal compound employed. The platinum group metal compound
      is selected from compounds of a noble metal of Group VIII of the Periodic
      Table, wich includes metals such as ruthenium, rhodium, palladium, osmium,
      iridium and platinum. The preferred metal compounds are those of palladium
      and platinum. It is still more preferred to use the water-soluble salts of
      palladium and platinum, such as halides, sulfates or phosphates. The most
      preferred platinum group metal compounds are palladium chloride and
      platinum chloride.
PAR  Other suitable specific examples of platinum group metal compounds which
      may be used in the process of the invention are platinum sulfate,
      palladium acetate and palladium sulfate. The amount of the platinum group
      metal compound used in the reaction is usually from between 0.01 and 20
      weight percent based on the weight of the high boiling solvent which is
      used. The preferred amount is from between about 0.5 and 5 weight percent
      of the platinum group metal compound.
PAR  In the process the platinum group metal compound is reduced while promoting
      the oxidation of the olefin by forming a complex with the unsaturated
      charge stock which then decomposes to form a reduced platinum group metal
      compound and the carbonyl compound. The reduced platinum group metal
      compound is inactive to promote further oxidation until it is again in a
      proper oxidation state. The catalyst system also includes an oxidizing
      agent which, while not reacting with the unsaturated charge stock, the
      high boiling solvent or the reaction products, is capable of oxidizing the
      platinum group metal compound to an active state. Thus, the platinum group
      metal compound can be used in stoichiometric quantities to produce the
      desired carbonyl compounds, but in order for the platinum group metal to
      function as a catalyst and not as a reactant, it must be reoxidized to the
      proper valence state. In view of the expense of the platinum group metal
      compounds, the reoxidation of the platinum group metal compound is the
      only practical means of operating the process.
PAR  It would be desirable, of course, to reoxidize the platinum group metal
      with an oxidizing gas, such as oxygen, but this reaction does not occur
      readily. It has been found that certain organic compounds, for example the
      quinones, are suitable oxidizing agents. Other organic oxidizing agents
      can also be employed, such as the organic peroxides, organic halamides,
      organic halimides and organic hypohalites.
PAR  Inorganic oxidizing agents can also be used. These include compounds such
      as ozone, hydrogen peroxide, sodium peroxide or compounds of the higher
      valence state of metals such as copper, iron, cobalt, nickel, manganese,
      chromium, lead, vanadium and others.
PAR  The organic oxidizing agents and many of the inorganic oxidizing agents are
      equally difficult to reoxidize with an oxygencontaining gas. It is
      consequently preferred to employ a redox system comprising an oxidizing
      agent which has an oxidation potential higher than that of the platinum
      group metal compound and an oxygen containing gas, said oxidizing agent
      being such that it is itself reoxidized with a oxygen containing gas. A
      class of compounds which are suitable for use in a redox system include
      the compounds of copper, iron, cobalt, manganese and nickel. Particularly
      preferred are the halide derivatives of copper, and most preferred is
      copper chloride.
PAR  The amount or concentration of the oxidizing agent will vary depending, in
      part, on whether it is employed alone or as part of a redox system. In the
      case where the oxidizing agent is employed alone, such as where a quinone
      is used, the amount of oxidizing agent can vary between 1 and 50 weight
      percent of the total reaction mixture with preferred amounts between 5 and
      25 weight percent.
PAR  Where a redox system is employed, the molar ratio of the sum of the redox
      metals to the platinum group metal is at least 1:10 and preferably between
      1:1 and 100:1.
PAR  Water must also be present in the reaction system but need be present only
      in trace amounts. The function of the water is to provide the necessary
      oxygen to form the desired carbonyl compound from the decomposition of the
      platinum group metal compound-olefin complex. In general, the amount of
      water can vary between about 0.05 and about 20 weight percent based on the
      high boiling solvent with preferred concentrations being between about 0.5
      and about 17 weight percent. The most preferred concentrations will depend
      in part on the high-boiling solvent employed. For example, when
      1,5-pentanediol is employed as the solvent, the preferred water
      concentration is between 0.2 and 7 weight percent. Too high a water
      concentration results in poor olefin solubility with consequent low
      conversion levels.
PAR  In general, the olefin charge stock can be added to the reaction system at
      a level of from about 0.5 to about 1200 percent by weight of the high
      boiling solvent. For batch and semi-batch reactions, it is preferred that
      the olefin charge stock be added at levels of from about 40 percent to
      about 600 percent by weight of the high boiling solvent.
PAR  When a redox system is employed which utilized an oxygen-containing gas to
      reoxidize a redox metal, then any oxygen-containing gas can suitably be
      employed, for example, air, oxygen, oxygen-enriched air, or air or oxygen
      diluted with an inert gas, such as nitrogen. The rate of addition of the
      oxygencontaining gas will depend, of course, on the oxygen content, but in
      general should be such as to substantially completely react while in the
      reaction zone. The preferred oxygen-containing gases are those having an
      oxygen content between 5 and 100 weight percent.
PAR  The process of the invention is adapted to batch, semibatch and continuous
      manufacture of carbonyl compounds. In this connection, known process
      conditions for effecting the reaction of unsaturated olefinic hydrocarbons
      to carbonyl containing compounds may be used in the invention. The
      reaction may be effected at various pressures and temperatures in
      accordance with known conditions. A process is known for reacting
      unsaturated olefinic compounds to provide carbonyl-containing compounds
      wherein an unsaturated olefinic charge stock is added continuously to a
      reaction mixture. The reaction mixture includes a compound of a metal of
      the platinum group, an oxidizing agent having an oxidation potential
      higher than that of the platinum group metal and a low boiling solvent.
      The charge stock is added continuously at a rate equivalent to the rate of
      reaction of the charge stock to the carbonyl containing compound.
PAR  After the reaction of the unsaturated olefin compound to a
      carbonyl-containing compound has been effected, the distillation step of
      the present invention is used to separate a reaction product containing
      the carbonyl compound from the reaction mixture. The distillation step may
      be conducted under vacuum, atmospheric or super-atmospheric conditions. In
      this connection, the temperature of the cooling fluid used to condense the
      reaction product is adjusted, based upon the conditions under which the
      distillation is effected. In general it is desirable to provide the
      condensing fluid at a temperature at least 20.degree.C below the boiling
      point of the lowest boiling component of the reaction mixture.
PAR  It is preferred not to use pressure conditions during distillation of the
      product from the high boiling solvent that result in a temperature of
      distillation that is so high as to damage the carbonyl product or the high
      boiling solvent. In this connection it is preferred that the distillation
      be effected at a temperature of from about 5.degree.C to about
      150.degree.C. The temperature of distillation may be regulated by
      adjusting the pressure during the distillation. In this connection, the
      preferred pressure during distillation is an absolute pressure within the
      range of from about 5 microns to atmospheric. It is particularly preferred
      to use reduced pressures of from about 5 microns to about 100 mm Hg. and
      to effect the distillation by flash evaporation and steam stripping.
PAR  After the distillation step, the catalyst system remains within the
      distillation chamber, and may be re-used. The high boiling solvent, which
      also remains substantially within the distillation chamber, may also be
      re-used so long as the temperature at which the distillation is effected
      is not sufficient to damage the high boiling solvent. The liquid reaction
      product obtained by  distillation containing the carbonyl compound may be
      further treated by fractional distillation to separate the polar solvent
      from the carbonyl containing compound and to recover a pure
      carbonyl-containing compound. The catalyst system is usually present in
      the liquid reaction product in amounts of less than about 25 parts per
      million.
DETD
PAR  The following examples further illustrate various features of the
      invention, but are intended to in no way limit the scope of the invention
      which is defined in the appended claims.
PAC  EXAMPLE I
PAR  The six-carbon olefin, 1-hexene is introduced to a reaction mixture having
      a catalyst system and is reacted to provide the ketone 2-hexanone. The
      method of the invention is then used to recover the catalyst system used
      in effecting the reaction.
PAR  A reaction flask is fitted with a mechanical stirrer, a dropping funnel, a
      thermometer, a gas dispersion tube and a condensing system. The gas
      dispersion tube is fitted so as to extend to the bottom of the reaction
      flask so that the reaction mixture covers the outlet of the gas dispersion
      tube. The condenser system is used to condense volatile reaction
      components during the reaction process and to reflux the condensed
      reaction components into the reaction flask.
PAR  A catalyst solution is prepared by dissolving 0.04 mols of palladium
      chloride, and 0.3 mols of cupric chloride in a mixture of 126 grams of
      1,5-pentanediol, 68.5 grams of methanol, and 21.4 grams of water. The
      catalyst solution is added to the  reaction flask described above and is
      heated to a temperature of 38.degree.C and maintained at that temperature
      throughout the reaction. Oxygen is admitted into the reaction flask
      through the gas dispersion tube, and an oxygen flow rate of 0.5 liters per
      minute is initiated and maintained. 50.4 grams of 1-hexene is added to the
      catalyst solution all at once. After the 1-hexene is added to the catalyst
      solution, the reaction mixture is stirred for 1.5 hours with the
      temperature maintained at 38.degree.C.
PAR  The reaction mixture is then vacuum distilled at an absolute pressure of
      2-4 mm Hg pressure until a temperature of about 30.degree.C is reached.
      The distillate is collected and analyzed by gas liquid chromotography
      (GLC). The yield of 2-hexanone is 48 percent, based on the level of
      1-hexene, which is charged to the reaction flask. The distillate contains
      less than 25 ppm of the catalyst system.
PAC  EXAMPLE II
PAR  The apparatus described in Example I is used to prepare 2-pentanone from
      1-pentene. A catalyst solution is prepared by dissolving 0.04 mols of
      palladium and 0.3 mols of cupric chloride in a mixture of 126 grams of
      diethylene glycol, 68.5 grams of methanol and 21.4 grams of water. The
      catalyst solution is transferred to the reaction flask and is heated to a
      temperature of 28.degree.C. An oxygen flow of 0.5 liters per minute is
      established throught the catalyst solution. 49 grams of 1-pentene is added
      by means of the dropping tube to the catalyst solution over a period of 6
      hours.
PAR  The reaction mixture is then transferred to a distillation flask and is
      vacuum distilled at a pressure of 2-4 mm. of mercury absolute pressure
      until a temperature of 30.degree.C is reached. The distillate is collected
      and analyzed and it is found that 34 percent by weight of the 1-pentene
      charge has been converted to 2 pentanone. The combined level of copper and
      palladium in the distillate is less than 25 ppm.
PAC  EXAMPLE III
PAR  The method of the present invention is used to convert 1-hexene to
      2-hexanone under pressure conditions. A catalyst solution containing 126
      gm. diethylene glycol, 68.5 gms. methanol, 7.12 gms. palladium chloride
      and 41 gms. copper chloride is charged to a 2 liter autoclave. The
      autoclave is purged with oxygen and the catalyst solution is heated to the
      reaction temperature of 50.degree.C. The autoclave is then pressurized
      with oxygen to a pressure of 100 psig. 100.8 grams of 1-hexene is then
      charged to the autoclave over a period of 10 min. by means of a metering
      pump. Throughout the reaction, the catalyst solution is stirred at 1,000
      r.p.m. and the temperature is maintained by cooling. The oxygen pressure
      is also maintained at 100 psig. throughout the reaction by
      re-pressurization with oxygen.
PAR  Following the completion of the 1-hexene addition, the reaction is stirred
      for an additional 0.5 hours.
PAR  Thereafter, the reaction mixture is transferred to a distillation flask.
      The mixture is then vacuum distilled at a pressure of 2-4 mm of mercury
      absolute pressure. The distillate was analyzed and it is found that 93
      percent by weight of the 1-hexene that has been charged is recovered as
      2-hexanone. The level of copper in the distillate is 6 ppm, and the level
      of palladium in the distillate is 2.5 ppm.
PAC  EXAMPLE IV
PAR  2-dodecanone is prepared from 1-dodecene according to the process of the
      present invention as follows: A catalyst solution is prepared by
      dissolving .04 moles of palladium chloride in a mixture of 137 grams of
      methanol, 252 grams of polypropylene glycol having an average molecular
      weight of 430, and 15 grams of water. The catalyst solution is then
      charged to a 2 liter titanium autoclave where the catalyst solution is
      heated to a temperature of 60.degree.C; while being stirred at 1,000
      r.p.m. with the reactor being pressurized to 100 p.s.i.g. with oxygen.
      Using a piston pump, 600 grams of 1-dodecene is introduced to the
      autoclave over a period of 21/2 hours. During this period of addition, the
      reaction temperature is maintained at 60.degree.C by cooling, with the
      reaction pressure of 100 p.s.i.g. being maintained by repressuration with
      oxygen. Stirring is continued for about 1/2 hour after the addition of
      1-dodecene is completed.
PAR  The crude reaction mixture is then steam stripped at a vacuum of 29 inches,
      gauge until a temperature of 100.degree.C is achieved. The distillate is
      then collected and analyzed by gas liquid chromotography (GLC). The yield
      of 2-dodecanone is 93% based on the level of 1-dodecene which is charged
      to the autoclave. The distillate contains less than 25 ppm of the
      inorganics of the catalyst system.
PAR  Utilizing the apparatus and catalyst solution described in Example IV above
      and under substantially identical conditions set forth therein, 600 grams
      of 1-tetradecene is reacted such that an 88% yield of 2-tetradecanone is
      obtained, based on the level of 1-tetradecene which is charged to the
      autoclave. The distillate contains less than 25 ppm of the inorganics of
      the catalyst system.
CLMS
NUM  1.
PAR  1. In a process for preparing a reaction product including ketone compounds
      from a reaction mixture comprising water, an unsaturated hydrocarbon
      having from five to 20 carbon atoms per molecule wherein the unsaturation
      in said hydrocarbon resides solely in from one to four olefin double
      bounds and wherein there is at least one hydrogen atom on each carbon atom
      of at least one of said olefin double bonds, a catalyst comprising a water
      soluble salt of a metal of the platinum group, and an oxidizing agent
      having oxidizing potential higher than that of the platinum group metal
      salt, the improvement comprising including in said reaction mixture a
      polar solvent and a high boiling solvent, said polar solvent being
      selected from the group consisting of methanol, ethanol, propanol, n.
      butanol, sec. butanol, dimethylformamide and mixtures thereof, said high
      boiling solvent being selected from diethylene glycol, 1,5-pentanediol,
      1-decanol, 1-nonanol, 1-dodecanol tetrahydrofurfuryl alcohol, hexylene
      glycol, glycerol, peracresol, 1,4-butanediol, dipropylene glycol,
      benzonitrile, hexanoic acid, octanoic acid, decanoic acid, polyropylene
      glycol, and mixtures thereof, said polar solvent being present in said
      reaction mixture at a level of from about 20 percent to about 60 percent
      by weight of said high boiling solvent, said unsaturated hydrocarbon being
      present in said reaction mixture at a level of from about 0.5 to about
      1200 percent by weight of said high boiling solvent, effecting a
      substantial conversion of said unsaturated hydrocarbon to a ketone
      compound in the presence of an oxygen containing gas and separating a
      reaction product including said ketone compound from said platinum group
NUM  2.
PAR  2. A process in accordance with claim 1 wherein said polar solvent is
NUM  3.
PAR  3. A process in accordance with claim 2 wherein said high boiling solvent
NUM  4.
PAR  4. A process in accordance with claim 2 wherein said high boiling solvent
NUM  5.
PAR  5. A process in accordance with claim 2 wherein said high boiling solvent
      is 1,5-pentanediol.
PATN
WKU  039325229
SRC  5
APN  2369710
APT  1
ART  126
APD  19720322
TTL  Manufacture of formaldehyde
ISD  19760113
NCL  9
ECL  1
EXA  Liles; R. H.
EXP  Thomas, Jr.; James O.
INVT
NAM  Seither; Karl
CTY  Ludwigshafen
CNT  DT
INVT
NAM  Matthias; Guenther
CTY  Ludwigshafen
CNT  DT
INVT
NAM  Diem; Hans
CTY  Mannheim
CNT  DT
INVT
NAM  Hussy; Oskar
CTY  Ludwigshafen
CNT  DT
INVT
NAM  Haas; Hans
CTY  Ludwigshafen
CNT  DT
ASSG
NAM  Badische Anilin- & Soda-Fabrik Aktiengesellschaft
CTY  Ludwigshafen (Rhine)
CNT  DT
COD  03
PRIR
CNT  DT
APD  19710325
APN  2114370
CLAS
OCL  260603HF
EDF  2
ICL  C07C 4704
FSC  260
FSS  603 HF
UREF
PNO  1213740
ISD  19170100
NAM  Calvert
OCL  260603
UREF
PNO  2436287
ISD  19480200
NAM  Brendyke
OCL  260603
UREF
PNO  2662911
ISD  19531200
NAM  Dorschner et al.
OCL  260603
UREF
PNO  2888140
ISD  19580800
NAM  Hebert
XCL  260603HF
FREF
PNO  1,135,476
ISD  19681200
CNT  UK
OCL  260603HF
FREF
PNO  1,903,197
ISD  19700800
CNT  DT
OCL  260603R
FREF
PNO  1,576,568
ISD  19690600
CNT  FR
OCL  260603
FREF
PNO  1,131,380
ISD  19681000
CNT  UK
OCL  260603
OREF
PAL  Brown et al., Unit Operations, 1950, p. 120, John Wiley & Sons.
LREP
FRM  Johnston, Keil, Thompson & Shurtleff
ABST
PAL  The manufacture of formaldehyde by oxidative dehydrogenation of crude
      methanol in the presence of a silver catalyst, the crude methanol being
      caused to impinge against baffle plates before the reaction takes place,
      the impurities which separate at the baffle plates being collected. The
      formaldehyde manufactured by the process of the invention is valuable as a
      disinfectant, tanning agent, reducing agent and intermediate in the
      manufacture of synthetic resins, adhesives and plastics.
BSUM
PAR  This invention relates to a process for the manufacture of formaldehyde by
      oxidative dehydrogenation of crude methanol in the presence of a silver
      catalyst, the crude methanol being caused to impinge against baffle plates
      before the reaction takes place, the impurities which separate at said
      baffle plates being collected.
PAR  In Ullmann's Encyklopaedie der technischen Chemie, Vol. 7, pp. 659 et seq.,
      there are described various processes for the manufacture of formaldehyde
      by oxidative dehydrogenation of methanol in the presence of a silver
      catalyst at elevated temperature. The starting material used is pure
      methanol obtained from crude methanol by fractional distillation. Crude
      methanol may vary in composition according to its manufacturing process
      (Ullmann's Encyklopaedie der technischen Chemie, Vol. 12, pp. 398 et seq.)
      and generally contains from 95 to 70% of methanol, from 1 to 29% of water
      and from 0.1 to 6% of impurities, by weight. According to manufacture and
      storage, the impurities may be, for example, alkali metal salts such as
      sodium formate, sodium hydrogen carbonate, sodium carbonate, sodium
      acetate, sodium sulfide; sodium and sodium methoxide, potassium hydroxide,
      sodium hydroxide; formic acid; aldehydes such as acrolein, glyoxal,
      propionaldehyde and acetaldehyde; ketones such as acetone and butanone-2;
      glycol and higher alkanols such as isobutanol, isopropanol, n-propanol,
      isohexanol and isoheptanol; ethers such as dimethyl ether; organic and
      inorganic compounds such as formates and sulfides of metals such as iron,
      chromium, copper, aluminum, zinc and magnesium; sulfur compounds such as
      dimethyl sulfide; esters such as dimethyl terephthalate; amines such as
      monomethylamine, dimethylamine and trimethylamine; and ammonia. In
      particular, alkaline impurities are usually present, since the acid
      present in methanol is neutralized with alkali in nearly all syntheses.
PAR  When crude methanol is evaporated, it effervesces vigorously and not only
      vapors but also liquid and solid impurities are taken up into the vaporous
      starting mixture for the formaldehyde synthesis, which impurities may be
      in the form of fine droplets or finely divided solid particles or a mist
      of liquid. These impurities tend to cause side reactions during the
      methanol conversion and attack the catalyst, for example by destroying the
      active surface of the silver or by deposition of solid or resinous
      particles onto the catalyst and thus shorten the life of the catalyst and
      reduce the yield of product, which increases the cost of the process.
      Moreover, deposits may substantially interfere with the operation of the
      plant by causing blockage of pipes or corrosion of metal surfaces. The
      catalyst, which consists of silver granules, gradually loses its
      permeability to gases when covered by the deposits. The loss of pressure
      across the catalyst bed increases and necessitates higher energy output
      for air compression. Using the blowers commonly employed, it is then no
      longer possible to pass the requisite amount of air through the plant so
      that the conversion rate falls and the plant has to be stopped at an early
      stage in order to renew the catalyst. This is another cause of losses of
      yield. In addition, the shorter life of the catalyst increases the cost of
      changing and regenerating the catalyst.
PAR  The apparatus used for evaporating methanol is generally equipped with
      liquid catchers (B.I.O.S. final report No. 1,331; F.I.A.T. final report
      No. 999), e.g. packings consisting of Raschig rings or wire netting. Such
      packings are effective to a certain degree until they reach a stage of
      saturation. Beyond this point, some of the liquid passed right through the
      packing and forms droplets or a mist downstream thereof. Thus these
      measures are not able to prevent extensive deposition of material on the
      catalyst. For these reasons, it has not hitherto been possible to
      manufacture formaldehyde from crude methanol on a large scale.
PAR  German Pat. Nos. 1,235,881 and 1,136,318 and German Published Application
      No. 1,277,834 reveal that crude methanol may be used as starting material
      on a large scale if it is purified by distilling off a low-boiling
      fraction or if it is treated with alkalis and/or oxidizing agents. These
      processes dispense with the expensive and time-consuming fractional
      distillation of the methanol. Despite the advantages of these proccesses,
      the life of the catalyst and the yields and space-time yields of pure
      product produced with said catalyst are still unsatisfactory, as some of
      the impurities in the crude methanol, particularly the alkaline compounds,
      are not separated and tend to inactivate the catalyst during the reaction.
PAR  Recently, methanol has also been produced by the so-called low-pressure
      process. In this process, carbon monoxide and hydrogen are converted to
      methanol at pressures below 150 atmospheres and at temperatures below
      300.degree.C. Catalysts used in the low-pressure process are those
      containing copper, zinc and a third element, e.g. chromium, or a
      difficultly reducible metal of groups II to IV of the Periodic Table. Such
      catalysts are described, for example, in U.K. Pat. Nos. 1,010,871 and
      1,159,035. German Printed Application No. 1,932,522 recommends that crude
      methanol coming from the low-pressure process be used for formaldehyde
      synthesis without any pretreatment. According to the Examples of said
      printed application, this leads to formaldehyde solutions which contain up
      to 14% of methanol. The high concentration of unreacted methanol in these
      aqueous formaldehyde solutions is undesirable for most purposes and
      necessitates the subsequent removal of the methanol by distillation, which
      methanol is recycled to the formaldehyde synthesis reaction. It has also
      been found that the silver catalyst, when unpurified crude methanol from
      the low-pressure process is used, loses some of its activity after an
      on-stream period of only 100  hours and the loss of pressure in the
      reactor progressively increases due to the deposition of solid residues on
      the catalyst. This makes it necessary to stop the plant and change the
      catalyst after relatively short on-stream times.
PAR  It is an object of the invention to provide a new process for manufacturing
      formaldehyde in good yield and purity in a simpler and more economical
      manner.
PAR  We have now found that formaldehyde may be manufactured by oxidative
      dehydrogenation of methanol in the presence of a silver catalyst at
      elevated temperature in an advantageous manner if the reaction is carried
      out using crude methanol which is caused to impinge, in vapor form,
      against baffle plates before entering the catalyst zone, the impurities
      which separate at said baffle in solid or liquid form being collected.
PAR  The process of the invention produces formaldehyde in good yield and purity
      in a simpler and cheaper manner than prior art processes making use of
      pure methanol. Compared with syntheses in which crude methanol is used as
      starting material, formaldehyde is produced by the process of the
      invention in better yield, spacetime yield and purity and with a longer
      catalyst life. Liquid mists, finely divided solids or droplets of
      solutions are largely removed. These advantageous results are surprising
      in view of the prior art.
PAR  Suitable starting materials for use in the process are crude methanols
      prepared by high-pressure or low-pressure processes or, advantageously,
      mixtures of such crude methanols with water; the concentration of the
      aqueous mixtures may conveniently be from 60 to 95% and preferably from 70
      to 90% of methanol, by weight. In an advantageous embodiment, crude
      methanol is used such as has been purified by the removal of a low-boiling
      fraction or by treatment with oxidizing agents and/or alkalis according to
      German Printed Application No. 1,277,834 and German Pat. Nos. 1,235,881
      and 1,136,318. We prefer to use crude methanol which has been treated by
      the process described in German Pat. No. 1,235,881.
PAR  The crude methanol is fed to the reaction chamber in vapor form and
      advantageously in admixture with steam, recycled off-gas and, if
      necessary, inert gas. A suitable inert gas for use in the process is, for
      example, nitrogen.
PAR  A suitable oxidizing agent is pure oxygen or a gas with contains elementary
      oxygen, such as air. The molar ratio of oxygen to crude methanol is
      conveniently from 0.3 to 0.6:1 and in particular from 0.4 to 0.5:1, while
      a convenient molar ratio of air to crude methanol is from 1.4 to 2.9:1.
      Oxidation may, if desired, be carried out in the presence of up to 2 moles
      and advantageously from 1 to 1.65 moles and in particular from 1.3 to 1.5
      moles of off-gas per mole of crude methanol. Preferably, the total amount
      of water vapor and off-gas added in addition to the air is not more than
      3.0 moles per mole of crude methanol.
PAR  Any silver catalyst is suitable for use in the process of the invention,
      for example any of those described in German Printed Application 1,231,229
      and Ullmann's Encyklopaedie der technischen Chemie, Vol. 7, pp. 659 et
      seq. It is preferred to use silver catalysts arranged in two layers, as
      described for example in German Printed Application No. 1,294,360 and
      German Laid Open Application No. 1,903,197. For information on the
      manufacture of the catalyst and the execution of the desired reaction
      using such catalysts, see the cited publications. A preferred embodiment
      of the process of the invention comprises effecting the reaction using
      such a double-layer catalyst of which the lower layer has a thickness of
      from 15 to 40 mm and in particular from 20 to 30 mm and consists of at
      least 50% by weight of crystals having a particle size of from 1 to 4 mm
      and in particular of from 1 to 2.5 mm and of which the upper layer has a
      thickness of from 0.75 to 3 mm and in particular from 1 to 2 mm and
      consists of crystals having a particle size of from 0.1 to 1 mm and in
      particular from 0.2 to 0.75 mm, and loading this catalyst with from 1 to 3
      metric tons and in particular from 1.4 to 2.4 tons of methanol per square
      meter of catalyst bed cross-section per hour. In large-scale work, it is
      preferred to use catalyst beds having a diameter of at least 0.5 m and
      conveniently of from 1 to 3 m.
PAR  In other respects, oxidation is carried out in known manner by passing a
      gaseous mixture consisting of crude methanol vapor, air, inert gas (if
      desired) and, conveniently, off-gas and steam at the rates specified above
      and at temperatures of from about 550.degree. to 750.degree.C and in
      particular from 600.degree. to 700.degree.C through said silver catalyst.
      The process is generally carried out continuously at pressures of from 0.5
      to 2 atmospheres and preferably from 0.8 to 1.8 atmospheres. It is
      advantageous to cool the reaction gases leaving the catalyst zone over a
      short period, for example in less than one tenth of a second, to
      temperatures of, say, 350.degree.C. The cooled gaseous mixture is then
      conveniently passed to an absorption column, in which the formaldehyde is
      washed out of the gaseous mixture with water, advantageously
      countercurrently.
PAR  A portion of the remaining off-gas is then allowed to escape, while the
      other portion is conveniently recycled to the reaction. This recycled
      portion of the off-gas consists of from 1 to 2 moles per mole of crude
      methanol fed to the reaction. The off-gas essentially contains nitrogen,
      hydrogen, carbon dioxide, carbon monoxide, water, methanol, argon and
      usually from 0.1 to 0.5 g of formaldehyde per cubic meter of off-gas. It
      is conveniently treated with an alkaline compound (advantageously with an
      amount thereof such that a pH of at least 10 and preferably of from 11 to
      13.5 is obtained) and/or oxidizing agents and is then mixed with the other
      components of the starting mixture and re-fed to the reaction chamber.
      Suitable alkaline compounds for this are preferably alkalis such as solid
      or water-dissolved hydroxides, oxides or carbonates or alkali metals or
      alkaline earth metals or other alkaline materials such as alkali metal
      alcoholates, and strongly basic and usually high-boiling amines such as
      triethanolamine. Suitable oxidizing agents are, for example, hydrogen
      peroxide, sodium peroxide in aqueous solution; perborates and
      percarbonates, conveniently in admixture with water; potassium
      permanganate or chromic acid, conveniently in the form of from 0.5  to 10%
      w/w aqueous solutions. In general, from 0.02 to 10 g of oxidizing agent
      are used per cubic meter of off-gas. This treatment is generally carried
      out continuously at a temperature of from 20.degree. to 150.degree.C and
      at atmospheric or superatmospheric pressures. It is also possible to
      effect the treatment in two stages, the first stage preferably comprising
      treatment with the basic compound, while the second stage is the treatment
      with oxidizing agent. The treatment of the off-gas is preferably carried
      out using the process described in German Laid Open Application No.
      2,022,818.
PAR  The shape and material of the baffle plates may be varied over a wide
      range. For example, plates may be used which are at an angle to or
      preferably at right angles to the direction of flow of the gaseous mixture
      and which are made of, say, iron, V2A steel or plastics material such as
      polyvinyl chloride or polyethylene. The baffle plates may be
      non-homogeneous, for example they may consist of layers of glass fibers or
      glass wool. The baffle plates may also be formed by suitable parts of the
      walls of the equipment through which the gaseous mixture is passed, e.g.
      the inclined surfaces of a zig-zag pipeline. Conveniently, the baffle
      plates are provided with pocket-like attachments, e.g. liquid catchers or
      phase- separating chambers. The droplets or particles of solid material
      present in the gaseous mixture accumulate at the baffle plates and
      agglomerate between the separate baffle plates to finally collect in the
      pocket-like attachments together with liquid methanol and/or water, in
      which attachments they are retained, separated from the gas stream and led
      off to appropriate receivers. Obviously, the effect is enhanced by using
      as many baffle plates or pocket attachments as possible. A preferred
      embodiment of the process makes use of the flow grid described in
      Chemie-Ingenieur-Technik, Vol. 39, pp. 1407 et seq. (1967) as baffle
      plates, in which the gas stream is passed through a number of zig-zag
      tubes provided with a series of phase-separating chambers in the manner
      described in said reference. Preferably, the feed pipes have a slot-shaped
      cross-section. Alternatively, zig-zag baffle plates may be inserted into
      tubes. The pockets and phase-separating chambers are conveniently disposed
      at right angles to the direction of flow of the feedstock. If necessary,
      when using flow grids, some crude methanol may be injected in liquid form
      into the vapor/air mixture or the baffle walls may be cooled to produce
      more condensate thereon for washing out the pockets and phase-separating
      chambers.
PAR  The vapor/gas stream comprising the feedstock is generally caused to
      impinge against the baffle plates at a temperature of from 60.degree. to
      100.degree.C. The baffle plates or the flow grid are advantageously
      maintained at a temperature of from 60.degree. to 250.degree.C and
      preferably from 75.degree. to 120.degree.C. The stream of vapor and gas
      conveniently flows at a rate of from 7 to 22 m/s.
PAR  In another advantageous embodiment, the catalyst is contained in a vertical
      reactor of which the top is covered by a hood beneath which there is a
      circle of from 15 to 40 baffle plates in the form of square segments
      separated from each other by corresponding square spaces. The arrangement
      of the circle of baffle plates is conveniently such that the baffle plates
      themselves form extensions of the wall of the reactor. The lower edge of
      the baffle plates, which also constitutes the upper edge of the reactor,
      has liquid catchers attached thereto, these being in the form of inner and
      outer circular gutters. The gaseous mixture flows through a pipe to
      impinge against from three to 10 of the baffle plates at right angles
      thereto, which baffle plates form a segment of the circle of baffle
      plates. Said feedpipe and the hood form the closure of the top of the
      reactor. Conveniently, the hood surrounds the circle of baffle plates in
      such a manner that a suitably dimensioned annular space is formed between
      the hood and the baffle plates.
PAR  The gaseous feedstock flows against the vertical baffle plates, onto which
      is deposited some condensate (which flows down into the gutters) before
      passing between the baffle plates and flowing vertically down through the
      catalyst bed, where the reaction takes place. The resulting reaction
      mixture flows on down through a cooling zone and is then worked up in the
      manner described above.
PAR  The circular gutters running round the inside and outside of the baffle
      plates are sufficiently large to accommodate all of the impurities
      deposited. As the gutters are heated by radiation from the catalyst, the
      separated water and methanol contained therein evaporate.
PAR  The baffle plates may be all of the same size with equal spacing.
      Preferably, the spaces between the baffle plates are small over that part
      of the circle which is near the feedpipe inlet and are large over the
      remaining part of the circle to ensure that the gaseous mixture does not
      pass through the said spaces substantially on one side of the circle only
      but is distributed through the annular space surrounding the baffle plates
      and then flows against the baffle plates on all sides of the circle before
      passing between them to the catalyst. An advantageous embodiment has for
      example the following dimensions for a circle of baffle plates having a
      diameter of 200 cm: width of annular space 20 cm; width of baffle plates
      near the gas inlet 12 cm; width of interspaces between the baffle plates
      near the gas inlet 8 cm; width of baffle plates over the part of the
      circle remote from the gas inlet 8 cm; width of interspaces between the
      baffle plates remote from the gas inlet 15 cm; number of baffle plates
      plates 23; width of inner and outer gutters 10 cm each; depth of gutters
      15 cm each.
PAR  Advantageously, a second circle of baffle plates may be arranged around the
      first circle of baffle plates, the second set of baffle plates being,
      conveniently, in staggered relationship to the baffle plates in the first
      set.
PAR  In the case of apparatus comprising baffle plates whose vertical axes are
      at right angles to the direction of flow, as in the preferred embodiment
      described above for example, it is preferred to cause the gaseous mixture
      to impinge against the baffle plates at a rate of from 500 to 3,000 g of
      crude methanol per second per square meter (of total baffle area) and to
      operate at a ratio of total baffle area to total interspace area (for the
      passage of the gaseous mixture) of from 0.4 to 5:1, the number of baffle
      plates used per meter of the diameter of the feedline being from 25 to 50.
PAR  The formaldehyde produced by the process of the invention is valuable as a
      disinfectant, tanning agent, reducing agent and intermediate in the
      manufacture of synthetic resins, adhesives and plastics materials. For
      information on the use of formaldehyde reference is made to the cited
      volume of Ullmann's Encyklopaedie, p. 670.
DETD
PAR  In the following Examples the parts are by weight. The yields given are in
      percent of theory based on the weight of methanol introduced (calculated
      on a 100% basis).
PAC  EXAMPLE 1
PAR  The plant used comprises a crude methanol evaporator and a vertical tubular
      reactor. The reactor is provided at its top with a circle of baffle plates
      as described above, an inlet for the gaseous feedstock and a hood. The
      catalyst bed (a bed having a height of 2.6 cm and containing silver
      granules having a diameter of from 0.4 to 2.5 mm) is situated below the
      top of the reactor and above a cooling zone. The reactor is connected to
      an absorption column. The circle of baffle plates has the following data:
      diameter of circle 200 cm; width of annular space 20 cm; width of baffle
      plates near the inlet 12 cm; width of interspaces near the inlet 8 cm;
      width of baffle plates in the part of the circle remote from the inlet 8
      cm; width of interspaces remote from the inlet 15 cm; number of baffle
      plates 23; width of the inner and outer gutters 10 cm each; depth of
      gutters 15 cm each.
PAR  A mixture of 3,050 parts/hr of crude methanol (prepared by a high-pressure
      process and containing 5 parts/hr of sodium hydroxide), 2,050 parts/hr of
      water and 5,480 parts/hr of air is fed to the evaporator and evaporated
      therein. 81 parts/hr of residue, of which more than 95% by weight consists
      of water, are withdrawn. The mixture of methanol vapor, water vapor and
      air and containing a mist of salt and liquid (at 78.degree.C) is caused to
      impinge against the baffle walls (90.degree.C) of the reactor at a rate of
      flow of 9.2 m/s. The finely divided solid particles or liquid droplets in
      the gaseous mixture are deposited on the baffle plates and are washed down
      into the gutters. A crust consisting of 4.2 parts of solid material forms
      in the gutters over a period of 1,920 hours. The solid deposit has the
      following composition: 22% of sodium formate, 77% of sodium carbonate,
      0.5% of sodium bicarbonate, 0.01% of sulfur compounds, 0.01% of magnesium
      compounds, 0.01% of aluminum compounds, 0.02% of iron compounds, 0.01% of
      copper compounds, 0.005% of silicon compounds, 0.01% of calcium compounds
      and 0.01% of lead compounds, by weight. The purified feedstock is passed
      through the catalyst (153 parts) and reacted at 690.degree.C under a
      pressure of 1.3 atmospheres. The reaction mixture is then cooled to
      150.degree.C and dissolved in water. The off-gases consist of 0.05% of
      formaldehyde, 6.3% of steam, 1.2 % of hydrogen, 0.3% of carbon monoxide,
      7.2% of carbon dioxide and 84.9% of nitrogen, by weight. There are
      obtained 3,150 parts/hour of formaldehyde (calculated on a 100% basis) in
      the form of a 40.2% w/w formaldehyde solution. This is equivalent to a
      yield of 82.5% of theory. The life of the catalyst is 80 days. After an
      on-stream period of 1,920 hours, only slight traces of salt deposits (0.08
      part) are found on the catalyst.
PAC  EXAMPLE 2
PAR  Example 1 is repeated but without the use of the system of baffle plates.
      The catalyst is contaminated with 2.3 parts of salt deposits and the life
      of the catalyst is 28 days. The yield is 81.6% of theory.
PAC  EXAMPLE 3
PAR  Example 1 is repeated using an additional set of similar baffle plates of
      steel plus 12 phase-separating chambers. The apparatus is essentially the
      same as the flow grid described in Chemie-Ingenieur-Technik, Vol. 39, pp.
      1107 et seq. (1967). No salt deposit is found on the catalyst and the life
      of the catalyst is 80 days. The yield is 82.4% of theory.
PAC  EXAMPLE 4
PAR  Example 1 is repeated using an additional system of eight baffle plates
      inserted between the inlet for the feedstock and the original circle of
      baffle plates such that eight of the interspaces between baffle plates of
      the original group are covered by the eight baffle plates in the
      additional group so that they are in the shadow of said additional plates.
      The distance between the groups of baffle plates is 18 cm. The baffle
      plates are all of the same size. No deposit is found on the catalyst. The
      life of the catalyst is 81 days and the yield is 82.2% of theory.
PAC  EXAMPLE 5
PAR  Example 1 is repeated using a low-pressure crude methanol which has been
      prepurified by the method described in German Pat. No. 2,034,532. No
      deposit is found on the catalyst. The life of the catalyst is 70 days and
      the yield, based on methanol, is 82. 90% of theory.
PAC  EXAMPLE 6
PAR  The same equipment is used as in Example 1, and a mixture of 3,058 parts of
      crude methanol (prepared in a high-pressure process), 782 parts of water,
      3,475 of recycled off-gas (which has been washed with a 2% w/w aqueous
      sodium peroxide solution), 5 parts of sodium hydroxide and 5,490 parts of
      air is fed to the evaporator per hour and evaporated therein. 70 parts/hr
      of residue, of which more than 95% by weight consists of water, are
      withdrawn. Over an on-stream period of 768 hours a crust is formed in the
      gutters consisting of 5.2 parts of solid material. This material consists
      of 25% of sodium formate, 74% of sodium carbonate, 0.5% of sodium
      bicarbonate, 0.01% of sulfur compounds, 0.01% of magnesium compounds,
      0.01% of aluminum compounds, 0.02% of iron compounds, 0.01% of copper
      compounds, 0.005% of silicon compounds, 0.01% of calcium compounds and
      0.01% of lead compounds, by weight.
PAR  The life of the catalyst is 75 days. At this point, only slight traces of
      salt deposits (0.01 part) are found on the catalyst. The yield, based on
      methanol, is 82.72% of theory.
CLMS
NUM  1.
PAR  1. In a process for the manufacture of formaldehyde by oxidative
      dehydrogenation of methanol in the presence of a silver catalyst at
      elevated temperature, the improvement comprising carrying out the reaction
      using crude methanol which is caused to impinge in vapor form against
      baffle plates before entering the catalyst zone, the impurities which
      separate at said baffle plates in solid or liquid form being collected.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein the reaction is carried out at
NUM  3.
PAR  3. A process as claimed in claim 1, wherein the reaction is carried out
      using a double-layer catalyst, of which the lower layer has a thickness of
      from 15 to 40 mm and consists of at least 50% by weight of crystals having
      a particle size of from 1 to 4 mm, and of which the upper layer has a
      thickness of from 0.75 to 3 mm and consists of crystals having a particle
      size of from 0.1 to 1 mm, the space velocity being from 1 to 3 metric tons
NUM  4.
PAR  4. A process as claimed in claim 1, wherein the reaction is carried out
      using a gas mixture consisting of crude methanol vapor, air, off-gas and
NUM  5.
PAR  5. A process as claimed in claim 1, wherein the reaction is carried out at
NUM  6.
PAR  6. A process as claimed in claim 1, wherein the reaction is carried out at
NUM  7.
PAR  7. A process as claimed in claim 1, wherein the reaction is carried out at
NUM  8.
PAR  8. A process as claimed in claim 1, wherein the reaction is carried out
      using a circle of from 15 to 40 baffle plates in the form of square
NUM  9.
PAR  9. A process as claimed in claim 1, wherein the reaction is carried out at
      a rate of flow of from 500 to 3,000 g/s of crude methanol impinging
      against the baffle plates per square meter of their total area and at a
      ratio of square meters of total baffle area to square meters of total
      interspace area (for the passage of the gaseous mixture) of from 0.4:1 to
      5:1, the number of baffle plates being from 25 to 50 per meter of diameter
      of the feedline.
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ABST
PAL  The formation of an emulsion when working up reaction mixtures containing
      butyraldehydes and cobalt is avoided by a treatment with gases containing
      molecular oxygen in an aqueous acid medium at an elevated temperature, at
      least twice the amount of molecular oxygen stoichiometrically required for
      the oxidation of the cobalt being used per gram atom of cobalt present in
      the oxoreaction mixture.
BSUM
PAR  This application discloses and claims subject matter described in German
      Patent Application P 24 04 855.3, filed Feb. 1, 1974, which is
      incorporated herein by reference.
PAR  The invention relates to a process for preventing the formation of an
      emulsion when working up reaction mixtures containing aldehydes and cobalt
      by treatment with gases containing molecular oxygen in an aqueous acid
      medium at an elevated temperature, followed by separation of the aqueous
      phase containing cobalt.
PAR  U.S. Pat. Nos. 2,547,178 and 3,520,937 disclose processes in which oxo
      reaction mixtures containing aldehydes and cobalt are worked up by
      treatment with air in the presence of aqueous acid at an elevated
      temperature, in order to remove the cobalt contained in the oxo reaction
      mixture. The aqueous acid phase containing cobalt is then separated from
      the cobalt-free oxoreaction product, for example by decanting. However,
      emulsification frequently occurs between the oxo reaction product and the
      aqueous phase so that phase separation requires considerable time.
      Addition of extraneous substances to speed up phase separation and break
      the emulsion is inadvisable since, firstly, undesirable impurities may be
      introduced into the oxo product whilst, secondly, water-soluble additives
      would interfere with the re-use of the aqueous phase, containing cobalt,
      as a catalyst solution for the oxo reaction.
PAR  It is an object of the present invention to prevent the formation of
      emulsions when working up reaction mixtures containing butyraldehydes and
      cobalt, and at the same time to avoid undesirable side-effects.
PAR  We have found that the formation of an emulsion when working up oxo
      reaction mixtures containing butyraldehydes and cobalt by treatment with
      gases containing molecular oxygen in an aqueous acid medium at an elevated
      temperature, followed by separation of the aqueous phase containing
      cobalt, can be avoided advantageously by using, per gram atom of cobalt
      contained in the oxo reaction mixture, at least twice the amount of
      molecular oxygen stoichiometrically required for the oxidation of the
      cobalt.
PAR  The new process has the advantage that the formation of an emulsion can be
      prevented simply, and without adding extraneous substances.
PAR  The new process is noteworthy because, in treating oxo reaction mixtures
      with gases containing molecular oxygen to remove cobalt, as little excess
      oxygen as possible, over the amount required for the oxidation of the
      cobalt, is used, in order to minimize the oxidation of the aldehydes. It
      was not to be expected that the use of at least twice the stoichiometric
      amount of molecular oxygen per gram atom of cobalt would prevent formation
      of an emulsion since the effect of the amount of molecular oxygen used on
      emulsion formation was unforeseeable.
PAR  The starting mixtures used are oxo reaction mixtures obtained, eg., by
      reaction of propylene with carbon monoxide and hydrogen in an oxo reaction
      at from 100.degree. to 180.degree.C, especially at from 120.degree. to
      170.degree.C, under pressures of from 100 to 400 atmospheres, in
      particular from 150 to 300 atmospheres, in the presence of 0.01 to 2 per
      cent by weight of cobalt carbonyl and cobalt carbonyl-hydride as
      catalysts. Such reaction mixtures in general contain from 60 to 95 per
      cent by weight of butyraldehydes and from 5 to 40 per cent by weight of
      alcohols, each with one carbon atom more than the starting olefin, and
      0.01 to 2 per cent by weight of cobalt in the form of cobalt carbonyl and
      cobalt carbonyl-hydride. In these figures, the content of dissolved
      unconverted olefins, of carbon monoxide and of hydrogen, has been left out
      of account. A typical reaction mixture resulting from the hydroformylation
      of propylene contains, eg., from 70 to 90 per cent by weight of
      butyraldehydes, from 10 to 20 per cent by weight of butanols, from 3 to 8
      per cent by weight of high-boiling constituents and from 0.005 to 1.5 per
      cent by weight of cobalt.
PAR  The oxo reaction mixtures are treated with gases containing molecular
      oxygen. Preferably, gases which contain from 15 to 25 per cent by volume
      of molecular oxygen are used. In addition, the gases can contain inert
      constituents such as nitrogen, argon or carbon dioxide. The use of air is
      of particular importance in industrial operation.
PAR  It is an essential feature of the invention that at least twice, and
      preferably 2.1 times, the amount of molecular oxygen stoichiometrically
      required for the oxidation of cobalt carbonyl to divalent cobalt is used
      per gram atom of cobalt present in the oxo reaction mixture. If, eg., air
      is used as the oxidant at least 2.7 cubic meters (S.T.P.) of air are used
      per kg of cobalt present in the reaction mixture. Preferably, the amount
      of molecular oxygen used should not exceed 2.5 times the
      stoichiometrically required amount since a large excess of molecular
      oxygen causes excessive oxidation of the valuable aldehydes, to less
      valuable carboxylic acids.
PAR  The treatment is carried out in an aqueous acid medium. In general, the
      weight of water used is from 0.1 to 10 times that of the oxo reaction
      mixture, advantageously from 0.1 to an equal amount. The pH of the aqueous
      acid medium used is generally from 2 to 6, and in particular from 3 to 5.
      Since the oxo reaction mixture itself is slightly acid because of the
      lower carboxylic acids contained therein, the addition of acids is
      frequently superfluous. However, it is advantageous to add small amounts
      of a non-oxidizing inorganic or organic acid, but it is advantageous to
      use lower fatty acids, especially those of which the cobalt salt is
      directly suitable for use as the catalyst for the oxo reaction. The use of
      formic acid and acetic acid has proved particularly successful. The amount
      of acid should at least suffice to convert the entire cobalt to the
      corresponding cobalt salt. The amount of water should preferably be such
      that during the treatment, and during the subsequent recycling of the
      aqueous solution, resulting from the treatment, to the reaction zone, the
      cobalt salts remain in solution and do not crystallize out. Since at one
      and the same time this solution which can be used as the catalyst should
      not be too dilute, whilst a considerable amount of water is required for
      the treatment, it is desirable to recycle the aqueous solution, containing
      cobalt, to the treatment chamber and only to tap off a small proportion,
      which is re-used as the catalyst solution for the oxo reaction.
PAR  The treatment is carried out at elevated temperatures, generally of from
      60.degree. to 160.degree.C. Temperatures of from 80.degree. to
      150.degree.C have proved particularly suitable and the results are
      particularly good at temperatures of from 105.degree. to 140.degree.C.
PAR  The residence time in the treatment chamber can vary within wide limits,
      depending on the treatment temperature. However, in general the times
      required are not more than one minute. Depending on the degree of mixing
      and the temperature used the organic phase of the reaction mixture is
      practically free from cobalt after only a few seconds and frequently
      within fractions of a second.
PAR  The treatment can be carried out at atmospheric or superatmospheric
      pressure. The latter, eg. pressures of more than 1 atmosphere gauge, and
      in particular of from 5 to 50 atmospheres gauge, has proved particularly
      suitable.
PAR  It has proved particularly desirable to carry out the treatment immediately
      after the production of the oxo reaction mixture, since longer residence
      times and storage times before treatment have an adverse effect on the
      quality of the product. Preferably, therefore, the oxo reaction mixture
      leaving the reactor is released directly into the treatment chamber whilst
      simultaneously introducing gases containing molecular oxygen, and the
      aqueous acid medium. The gases, which are dissolved in the mixture whilst
      it is under pressure, cause the mixture to atomize as the pressure is
      reduced, so that thorough mixing results.
PAR  The next stage after the treatment is preferably to separate the gas phase
      and liquid phase from one another. The aqueous phase is then separated
      from the organic phase, for example by decanting, and the organic phase is
      worked up by conventional methods, eg. by distillation, if necessary after
      washing it with water. The aqueous phase can be recycled to the treatment
      chamber. When it has reached a sufficient cobalt content, for example from
      0.8 to 1.0 per cent by weight, it can be used directly as the catalyst
      solution for the oxo reaction.
DETD
PAR  The Examples which follow illustrate the process according to the
      invention.
PAC  EXAMPLE 1
PAR  8,900 kg of an oxo reaction mixture which contains 84% by weight of n- and
      i-butyraldehyde, 11% by weight of n- and i-butanol and 0.09% by weight of
      cobalt as cobalt carbonyl and cobalt carbonylhydride, and which is
      withdrawn from the oxo synthesis stage at a temperature of 150.degree.C
      and a pressure of 290 atmospheres gauge, are passed hourly into a
      treatment chamber of 39 l capacity, wherein the pressure acting on the
      mixture is lowered from 280 atmospheres gauge to 17 atmospheres gauge. At
      the same time, 9,000 l of water, which contains 1.8% by weight of formic
      acid and 0.9% by weight of cobalt as cobalt formate and is at pH 3.9, and
      23 cubic meters (S.T.P.) of air are passed hourly into the treatment
      chamber. The temperature in the chamber assumes a value of 115.degree.C;
      the residence time is 1.5 seconds. 34 l (S.T.P.) of molecular oxygen are
      used per g atom of cobalt. This is 2.1 times the amount stoichiometrically
      required for the oxidation of the cobalt. The gas phase is separated from
      the resulting mixture. The liquid phase which remains separates, in the
      course of 2 seconds, into an organic phase and an aqueous phase. The
      organic phase, which contains 1 ppm of cobalt (which represents the limit
      of analytical detection) is worked up by distillation, without having been
      washed with water, whilst the aqueous phase is recycled. A portion of the
      aqueous phase is withdrawn for use as catalyst solution and the
      corresponding portion is replaced.
PAC  EXAMPLE 2 (comparative example)
PAR  The procedure followed is as described in Example 1 but only 20 cubic
      meters (S.T.P.) of air are used. This corresponds to 1.85 times the amount
      stoichiometrically required for the oxidation of the cobalt. The liquid
      phase forms an emulsion which has not separated into its phases even after
      6 hours.
CLMS
NUM  1.
PAR  1. In a process for preventing the formation of an emulsion when working up
      an oxo reaction mixture containing a butyraldehyde and cobalt by treatment
      with a gas containing molecular oxygen in an aqueous acid medium at an
      elevated temperature of from 60.degree. to 160.degree.C, followed by
      separation of the aqueous phase containing cobalt, the improvement
      comprising using at least twice the amount of molecular oxygen
      stoichiometrically required for the oxidation of the cobalt per gram atom
NUM  2.
PAR  2. A process as claimed in claim 1 wherein from 2.1 to 2.5 times the
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the oxo reaction mixture is
      derived from the reaction of propylene with carbon monoxide and hydrogen
      in the presence of cobalt carbonyl and contains 60 to 95 per cent by
      weight of butyraldehydes, 5 to 40 per cent by weight of alcohols and 0.01
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the gas containing molecular
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the treatment is carried out at
      a pH of the aqueous acid medium of 3 to 5, using from 0.1 to 10 parts by
NUM  6.
PAR  6. A process as claimed in claim 1 wherein the treatment is carried out at
NUM  7.
PAR  7. A process as claimed in claim 1 wherein the oxo reaction mixture is
      treated directly after leaving the oxo reactor.
PATN
WKU  039325245
SRC  5
APN  3026388
APT  1
ART  117
APD  19721101
TTL  Process for the preparation of phosphine oxides and sulphides
ISD  19760113
NCL  8
ECL  1
EXP  Demers; Arthur P.
INVT
NAM  Rouget De Gourcez; Etienne
CTY  Paris
CNT  FR
INVT
NAM  Mayeux; Jean-Claude
CTY  Bouchet
CNT  FR
ASSG
NAM  Societe Nationale des Poudres et Explosifs
CNT  FR
COD  03
PRIR
CNT  FR
APD  19711110
APN  71.40229
CLAS
OCL  2606065P
XCL  260429R
XCL  2604291
XCL  2604292
XCL  260665G
EDF  2
ICL  C07F  953
FSC  260
FSS  606.5 P;665 G
UREF
PNO  3080324
ISD  19630300
NAM  Richards et al.
OCL  260665G
UREF
PNO  3338701
ISD  19670800
NAM  Weil
OCL   71 71
UREF
PNO  3347912
ISD  19671000
NAM  Rowe et al.
OCL  260606.5P
UREF
PNO  3426087
ISD  19690200
NAM  Ashby
OCL  260665G
OREF
PAL  V. Rabl, Chemical Abstracts, Vol. 73, (1970), p. 122123v.
PAL  V. Kubala, Chemical Abstracts, Vol. 69, (1968), p. 29031w.
PAL  Houben-Weyl, Methoden Der Organischen Chemie, (1962), pp. 158-159.
PAL  Houben-Weyl, Methoden Der Organischen Chemie, (1962), p. 172.
PAL  Zakharkin et al, Tetrahedron Letters, 1962, pp. 631-633.
LREP
FRM  Bucknam and Archer
ABST
PAL  A process for the preparation of phosphine oxides or sulphides of the
      formula:
      ##EQU1##
       in which R is a linear or branched aliphatic radical containing 5-12
      carbon atoms, aralkyl radical selected from the group consisting of lower
      alkyl of 2-3 carbon atoms substituted by a phenyl group or R is cyclohexyl
      and X is an oxygen or sulphur atom comprising reacting a halo-compound of
      the formula R--Hal, in which Hal is chlorine, bromine or iodine, with
      magnesium to form a Grignard derivative of the formula RMgHal, the
      reaction being carried out initially in a very small amount of diethyl
      ether and then in a solvent mixture containing a preponderant amount of an
      aliphatic or aromatic hydrocarbon, which is liquid at room temperature or
      triethylamine, adding phosphorus oxychloride or phosphorus sulphochloride
      to the reaction mixture containing the Grignard derivative, and isolating
      the phosphine oxide or phosphine sulphide formed by removing the solvent
      by steam stripping or steam distillation. These compounds are valuable for
      use in the selective extraction of rare metals.
BSUM
PAR  The present invention is concerned with a process for the preparation of
      phosphine oxides and sulphides of the formula:
      ##EQU2##
      in which R is a linear or branched aliphatic, cyclic or aralkyl radical
      and X is oxygen or sulphur atom. These compounds are particularly valuable
      for use in the selective extraction of rare metals, such as lanthanides,
      actinides and curides; the phosphine oxides and sulphides form complexes
      with these metals which are easy to isolate.
PAR  Processes for the preparation of certain of the phosphine oxides and
      sulphides of the above formula are known.
PAR  One of the known processes (Russian Pat. No. 229,506) for the preparation
      of phosphine oxides, comprises oxidising phosphines of the formula:
      ##EQU3##
PAR  Another known process essentially consists of the reaction of a
      halogen-containing derivative with phosphorus or phosphorus iodide
      (Russian Pat. Nos. 149,776 and 149,777).
PAR  A third known process for the preparation of phosphine oxides and sulphides
      comprises reacting phosphorus oxychloride or sulphochloride with a
      Grignard organo-magnesium compound containing the desired organic group.
      (U.S. Pat. No. 3,338,701. In this latter process, the preparation of the
      phosphine oxide or phosphine sulphide is carried out in two main stages;
      first, the Grignard derivative is prepared in a solvent, such as ethyl
      ether and tetra-hydrofuran, and then phosphorus oxychloride or
      sulphochloride is reacted with the Grignard derivative which has been
      isolated from the solvent. The final product is then isolated by
      distillation in vacuo.
PAR  This latter process suffers from numerous disadvantages which make it
      difficult to carry out on an industrial scale. The use of ether as the
      solvent presents a hazard because of its inflammability and its high
      vapour pressure at ambient temperature. Tetrahydrofuran, on the other
      hand, is very expensive. Furthermore, the yields obtained in this known
      process do not exceed 50%.
PAR  Additionally, the purification of the final product by distillation in
      vacuo requires costly apparatus. This operation must be carried out at a
      temperature of from 150.degree.C to 200.degree.C under a pressure of less
      than 0.5 mm Hg. The distillation under reduced pressure also takes a long
      time.
PAR  We have now developed a process for the preparation of phosphine oxides and
      sulphides which is simpler and less costly to carry out and which enables
      high yields to be obtained, whilst being realisable on an industrial
      scale.
PAR  According to the present invention, we provide a process for the
      preparation of phosphine oxides or sulphides of the formula:
      ##EQU4##
      in which R is a linear or branched aliphatic, cyclic or aralkyl radical
      and X is an oxygen or sulphur atom, which comprises reacting a
      halo-compound of the formula R-Hal, in which Hal is a halogen atom, with
      magnesium to form a Grignard derivative of the formula RMgHal, said
      reaction being carried out initially in a very small amount of diethyl
      ether and then in a solvent mixture containing a preponderant amount of an
      aliphatic or aromatic hydrocarbon or a tertiary amine, adding phosphorus
      oxychloride or phosphorus sulphochloride to the reaction mixture
      containing the Grignard derivative, and isolating the phosphine oxide or
      phosphine sulphide formed by removing the solvent by steam stripping or
      steam distillation.
PAR  A preferred aliphatic hydrocarbon for use as the major solvent in the
      solvent mixture is octane; preferred aromatic hydrocarbons for this
      purpose are benzene, toluene and xylene; and a preferred tertiary amine
      for this purpose is triethylamine.
PAR  The mixture obtained after the addition of phosphorus oxychloride or
      sulphochloride is preferably heated to boiling temperature under reflux.
      The organic phase of the reaction mixture obtained after the completion of
      the reaction of the Grignard derivative with the phosphorus oxychloride or
      sulphochloride is preferably extracted with water prior to removal of the
      solvent.
PAR  The particular advantages of the present process are that the formation of
      the Grignard derivative is carried out in a solvent mixture which largely
      consists of a low cost, low hazard solvent and that the use of such
      solvents enables the final product to be purified by operations which are
      simple and which can readily be carried out on an industrial scale, that
      is steam stripping or steam distillation.
PAR  Certain of the phosphine sulphides of the above formula which can be
      prepared by the process according to the invention, are novel, viz.
PA1  tri-decylphosphine sulphide
PA1  tri-dodecylphosphine sulphide
PA1  tri-phenylethylphosphine sulphide
PA1  tri-phenylpropylphosphine sulphide
PA1  tri-(3,5,5-trimethylhexyl)-phosphine sulphide,
PAL  and these novel compounds form another aspect of the present invention.
DETD
PAR  In order that the invention may be more fully understood, the following
      examples are given by way of illustration only:
PAC  EXAMPLE 1
PAC  Preparation of tri-octylphosphine oxide
PAR  A solution of 44.5 g of octyl chloride in 300 cc of xylene was added
      dropwise to 12 g of degreased and dry magnesium immersed in a few cc of
      anhydrous diethyl ether, whilst heating until the reaction started. When
      the reaction had started, the octyl chloride was added in the cold. When
      all the octyl chloride solution had been added, stirring was continued for
      about 1 hour further. 13.8 g of phosphorus oxychloride were then added in
      the cold. The mixture was then heated to boiling under reflux for 2 hours
      30 minutes. The solution was hydrolysed by the addition of 1 litre of
      water acidified with 100 cc of HCl. The organic phase was decanted, washed
      with distilled water and neutralised with sodium bicarbonate. After
      decanting, the organic phase was recovered and then steam-distilled or
      steam-stripped to remove the solvent without distilling the product. A
      white solid, trioctylphosphine oxide, was obtained.
PAR  The yield of the reaction was 80% relative to the octyl chloride.
PAR  The product obtained melted at 50.degree.C. The main absorption bands in
      the infra-red were at 1,160 cm.sup.-.sup.1 and 2,880 cm.sup.-.sup.1.
PAR  In nuclear magnetic resonance, the following peaks were found: 0.86 ppm
      (CH.sub.3) and 1.28 ppm (CH.sub.2).
PAR  Elementary analysis gave the following results:
TBL  Element determined                                                        

                     %, theoretical                                            

                                    % found                                    

     ______________________________________                                    

     P               8.05          8.25                                        

     C               74.5          72.30                                       

     H               13.25         13.09                                       

     Cl              0             0                                           

     ______________________________________                                    

PAC  EXAMPLE 2
PAC  Preparation of tricyclohexylphosphine oxide
PAR  The same procedure as in Example 1 was followed. The materials used were 11
      g of magnesium, a solution of 35 g of cyclohexyl chloride in 300 cc of
      octane, and 13.8 g of phosphorus oxychloride.
PAR  A white solid, tricyclohexylphosphine oxide, was obtained, which could be
      recrystallised from toluene.
PAR  The product melted at 212.degree.C.
PAR  The principal absorption bands in the infra-red were at 1,140
      cm.sup.-.sup.1, 2,850 cm.sup.-.sup.1 and 2,900 cm.sup.-.sup.1.
PAC  EXAMPLE 3
PAC  Preparation of tri-phenylphosphine sulphide
PAR  The same procedure as in Example 1 was followed.
PAR  The materials used were 11 g of magnesium, a solution of 56 g of
      phenylethyl bromide in 300 cc of triethylamine, and 13.8 g of phosphorus
      oxychloride.
PAR  A white solid, triphenylethylphosphine oxide, was obtained, which could be
      recrystallised from ether.
PAR  The yield obtained was 70% relative to the bromoethylbenzene.
PAR  The product melted at 56.degree.C.
PAR  The principal absorption bands in the infrared were at 1,160
      cm.sup.-.sup.1, 2,920 cm.sup.-.sup.1 and 3,000 cm.sup.-.sup.1.
PAR  The following peaks were found in nuclear magnetic resonance: 2.7 ppm (a),
      1.8 ppm (b) and 7.1 ppm (c): ((b) and (c) denoted the groups indicated in
      the formula below:
      ##SPC1##
PAC  EXAMPLE 4
PAC  Preparation of tri-(3,5,5-trimethylhexyl)-phosphine sulphide
PAR  The same procedure as in Example 1 was followed, the phosphorus oxychloride
      being replaced by phosphorus sulphochloride.
PAR  The materials used were: 11 g of magnesium, a solution of 48 g of
      3,5,5-trimethylhexyl chloride in 300  cc of toluene, and 15 g of
      phosphorus sulphochloride.
PAR  A syrupy colourless liquid, tri-(3,5,5-trimethyl-hexyl)-phosphine sulphide,
      was obtained. This liquid boiled at 180.degree.C under a pressure of 0.05
      mm Hg.
PAR  The principal absorption bands in the infrared were at 760 cm.sup.-.sup.1,
      2,850 cm.sup.-.sup.1 and 2,900 cm.sup.-.sup.1.
PAR  The following peaks were found in nuclear magnetic resonance: 3.5 ppm
      (triplet) (a), 1.7 ppm (b) and 1 ppm (c); (a), (b) and (c) denoted the
      groups indicated in the formula below:
      ##EQU5##
PAC  EXAMPLE 5
PAC  Preparation of tricyclohexylphosphine sulphide
PAR  The same procedure as in Example 1 was followed, the phosphorus oxychloride
      being replaced by phosphorus sulphochloride. The materials used were: 11 g
      of magnesium, a solution of 35 g of cyclohexyl chloride in 300 cc of
      cumene, and 15 g of phosphorus sulphochloride.
PAR  A brown solid, tricyclohexylphosphine sulphide, was obtained. This product
      boiled at 150.degree.C under a pressure of 0.05 mm Hg.
PAR  The principal absorption bands in the infra-red were at: 760
      cm.sup.-.sup.1, 2,850 cm.sup.-.sup.1 and 2,900 cm.sup.-.sup.1.
PAR  Two peaks, at 1.4 and 1.9 ppm, were found in nuclear magnetic resonance.
PAC  EXAMPLE 6
PAC  Preparation of triphenylpropylphosphine sulphide
PAR  The same procedure as in Example 1 was followed, the phosphorus oxychloride
      being replaced by phosphorus sulphochloride. The materials used were: 11 g
      of magnesium, a solution of 60 g of phenylpropyl bromide in 300 cc of
      xylene, and 15 g of phosphine sulphochloride.
PAR  A white solid, triphenylpropylphosphine sulphide was obtained. This product
      could be recrystallised from ethanol, and melted at 88.degree.C.
PAR  The principal infra-red absorption bands were at 750 cm.sup.-.sup.1 and
      3,000 cm.sup.-.sup.1.
PAR  The following peaks were found in nuclear magnetic resonance: 7.5 ppm (a),
      2.65 ppm (b), 1.9 ppm (c) and 1.78 ppm (d); (a), (b), (c) and (d) denoted
      the groups incicated in the following formula:
      ##SPC2##
PAR  Some characteristic physical properties of phosphine sulphides according to
      the invention are given below:
TBL                            Boiling   Melting                               

     Nomenclature    Appearance                                                

                               Point     Point                                 

     ______________________________________                                    

     Tri-pentylphosphine                                                       

                     colourless                                                

                               150.degree.C/0.05                               

                                         --                                    

      sulphide        liquid   mm Hg                                           

     Tri-decylphosphine                                                        

                     white     --        73.degree.C                           

      sulphide        crystals                                                 

     Tri-dodecylphosphine                                                      

                     white     --        77.degree.C                           

      sulphide        crystals                                                 

     Tri-phenylethyl-                                                          

                     colourless                                                

                               92.degree.C/10                                  

                                         --                                    

      phosphine sulphide                                                       

                      liquid   mm Hg                                           

     Tri-phenylpropyl-                                                         

                     white     --        88.degree.C                           

      phosphine sulphide                                                       

                      crystals                                                 

     Tri-(3,5,5-trimethyl-                                                     

                     colourless                                                

                               180.degree.C/0.05                               

                                         --                                    

      hexyl)-phosphine                                                         

                      liquid   mm Hg                                           

      sulphide                                                                 

     Tri-Cyclohexylphosphine                                                   

                     brown     150.degree.C/0.06                               

                                         --                                    

      sulphide        solid    mm Hg                                           

     ______________________________________                                    

PAR  The phosphine oxides and sulphides of the above formula find their
      principal industrial application in the extraction of metals. They are
      capable of forming complexes with, and thus extracting, practically all
      the metals of the periodic classification and, in particular, the rare
      metals, such as the lanthanides, the actinides and curides.
PAR  The complexes formed are of the type:
EQU  MA. n (R.sub.3 P = X)
PAL  M being the metal bound as a complex, A an anion and n a number depending
      on the co-ordination of the metal M.
PAR  An example illustrating the extraction of uranium with tri-pentylphosphine
      sulphide is given below:
PAC  EXAMPLE 7
PAR  A mineral containing uranium oxide was treated with nitric acid to form
      uranyl nitrate:
EQU  UO.sub.2 (NO.sub.3).sub.2
PAL  This uranyl nitrate formed the following complex with tri-pentylphosphine
      sulphide:
EQU  UO.sub.2 (NO.sub.3).sub.2.2(CH.sub.3 --(CH.sub.2).sub.4).sub.3 P = S
PAR  This complex could be readily isolated by conventional separation methods.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the preparation of phosphine oxides or sulphides of the
      formula:
      ##EQU6##
      in which R is a linear or branched aliphatic radical containing 5 - 12
      carbon atoms, aralkyl radical selected from the group consisting of lower
      alkyl of 2 - 3 carbon atoms substituted by a phenyl group or R is
      cyclohexyl and X is an oxygen or sulphur atom which comprises reacting a
      halo-compound of the formula R--Hal, in which Hal is chlorine, bromine or
      iodine, with magnesium to form a Grignard derivative of the formula
      RMgHal, said reaction being carried out initially in a very small amount
      of diethyl ether and then in a solvent mixture containing a preponderant
      amount of an aliphatic or aromatic hydrocarbon, which is liquid at room
      temperature or triethylamine, adding phosphorus oxychloride or phosphorus
      sulphochloride to the reaction mixture containing the Grignard derivative,
      and isolating the phosphine oxide or phosphine sulphide formed by removing
      the solvent by steam stripping or steam distillation.
NUM  2.
PAR  2. A process according to claim 1, in which the aliphatic hydrocarbon
      solvent is octane.
NUM  3.
PAR  3. A process according to claim 1, in which the aromatic hydrocarbon
      solvent is benzene, toluene, xylene or cumene.
NUM  4.
PAR  4. A process according to claim 1, in which, after addition of the
      phosphorus oxychloride or sulphochloride, the reaction mixture is heated
      to boiling under reflux.
NUM  5.
PAR  5. A process according to claim 1, in which after completion of the
      phosphine oxide or sulphide-forming reaction and prior to removal of the
      solvent, the organic phase of the reaction mixture is washed with water.
NUM  6.
PAR  6. Tri-phenylethylphosphine sulphide.
NUM  7.
PAR  7. Tri-phenylpropylphosphine sulphide.
NUM  8.
PAR  8. Tri-(3,5,5-trimethylhexyl)-phosphine sulphide.
PATN
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ABST
PAL  The known compound,
      1,2,3,4,9,9-hexachloro-1,4-dihydro-1,4-methanonaphthalene-5,8-diol (I) is
      an excellent flame retardant for ABS resins and polyurethanes,
      particularly, polyether-based polyurethanes. Compound (I) also forms novel
      molecular complexes with weak bases such as pyridine, pyridine HCl,
      pyridine oxide, dimethylsulfoxide and dimethylformamide, and which are
      excellent flame retardants for ABS resins. Compound (I) also exhibits
      unusual synergistic flame retardant effects in ABS resins and other
      polymers when used together with certain additives that are not themselves
      flame retardants.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 347,455, filed Apr. 3, 1973, now
      U.S. Pat. No. 3,832,422, which is in turn a continuation-in-part of
      application Ser. No. 80,747, filed Oct. 4, 1970 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of flame retardants for polymers and to
      polymers rendered flame resistant therewith.
PAR  2. Description of the Prior Art
PAR  The increased use of polymeric materials, particularly in the building
      industry, has resulted in greatly increased interest in the fire
      retardancy of these materials. However, at the present time most
      commercially available plastics do not possess satisfactory fire
      retardancy and this inadequacy represents one of the major obstacles to
      the use of these materials.
PAR  Presently, the most widely used fire retardant chemicals are antimony
      trioxide and organohalogen compounds, the best known being chlorendic
      anhydride
      (1,4,5,6,7,7-hexachlorobicyclo[2.2.1]-hept-5-ene-2,3-dicarboxylic anhydrid
     e); tetrabromo- or tetrachlorophthalic acid; 1,4'-isopropylidenebis
      (2,6-dichlorophenol) [tetrachlorobisphenol A] or the corresponding
      bromine-containing compound; chloran, i.e.,
      2,3-dicarboxyl-5,8-endomethylene-5,6,7,8,9,9-hexachloro-1,2,3,4,4a,5,8,8a-
     octahydronaphthalene anhydride; chlorinated paraffins; and dechlorane
      (dihexachlorocyclopentadiene).
PAR  The foregoing halogen compounds have only limited utility in polymer
      compositions due to a number of disadvantages. For example, when such
      halogen compounds are incorporated into a polymer, various physical
      properties of the polymer are modified, e.g., change in melt viscosity
      which requires higher processing temperatures, decrease in light
      stability, decrease in thermal stability, increase in density, adverse
      effects on heat distortion point, etc.
PAR  Some of these disadvantages have been overcome by the use of
      halogen-containing polymers as the flame retardant additive. Typical of
      such polymers are 2-chlorobutadiene, polyvinylchloride, chlorinated
      polyethylene and chlorosulfonated polyethylene. There are also, however,
      serious disadvantages associated with the use of such polymers. Among
      these are: (1) large amounts of halogen-containing polymers are required
      in order to obtain satisfactory fire retardancy due to the relatively low
      halogen content thereof; (2) the halogen-containing polymers have low
      thermal stabilities; and (3) the blending of the halogen-containing
      polymer with the polymer to be rendered flame retardant usually requires
      expensive processing techniques.
PAR  In addition, it is known from U.S. Pat. No. 3,678,116 that
      1,2,3,4,9,9-hexachloro-1,4-dihydro-1,4-methanonaphthalene-5,8-diol (I) is
      useful as a flame retardant for polymer systems such as polyesters.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered a new system of chemical fire retardants for polymers
      such as acrylonitrile-butadiene-styrene (ABS) polymers and polyurethane
      polymers, hereinafter referred to as polyurethanes, and in particular, to
      polyether-based polyurethanes. The new system is based on the discovery
      that the known compound
      1,2,3,4,9,9-hexachloro-1,4-dihydro-1,4-methanonaphthalene-5,8-diol (I)
      possesses unexpected and superior flame retardant properties with respect
      to ABS and polyurethanes. Thus, notwithstanding that compound (I) is
      known, from U.S. Pat. No. 3,678,116, to be effective in rendering
      polyesters flame retardant, we have now discovered that this compound is
      dramatically better in rendering ABS and polyurethanes flame resistant
      than it is in rendering polyesters flame retardant.
PAR  Accordingly, in one aspect thereof, the present invention provides a flame
      retardant composition comprising an ABS polymer or a polyurethane and an
      amount of compound (I) which is effective to render the polymer flame
      retardant. This effective amount varies somewhat depending on which
      polymer is being rendered flame retardant. Thus, when as little as about
      6.0 parts of compound (I) are incorporated into 100 parts by weight of
      ABS, there is imparted to the ABS, considerable flame retardancy. With
      polyurethanes, on the other hand, as little as about 3.0 parts per hundred
      of compound (I) imparts good flame retardancy to the polyurethane, and
      with about 5.0 parts per hundred of compound (I), the flame retardancy of
      the polyurethane is outstanding. The invention also provides a method of
      rendering ABS and polyurethanes flame retardant by incorporating in the
      polymer an effective amount of compound (I).
PAR  We have also discovered that there is an unusual and unexpected synergistic
      effect exerted upon compound (I) by certain additives which are not
      themselves particularly effective as flame retardants and which do not
      synergize the effect of other known flame retardants including known
      polyhalogenated organic materials. In particular, these additives
      synergize the ability of compound (I) to impart flame retardancy to ABS
      polymers. Among these additives there are urea, magnesium oxide, magnesium
      sulfide, magnesium acetylacetonate, polyvinylchloride and other materials
      which generate stable free radicals, such as trityl chloride, (C.sub.6
      H.sub.5).sub.3 --C--Cl and
      ##SPC1##
PAR  Accordingly, the present invention provides novel synergistic compositions
      for rendering ABS polymers flame retardant, these compositions comprising
      compound (I) and a synergizing amount of one of the above mentioned
      additives. This synergizing amount varies depending on the nature of the
      additive. Generally, about 1-5 parts of the additive added to the usual
      effective amount of compound (I), will, when incorporated in 100 parts of
      ABS, lead to a considerable improvement in the flame retardancy of the ABS
      as compared to the use of compound (I) alone.
PAR  The preferred weight ratio of each of the above mentioned additives to
      compound (I) is given in the following Table I:
TBL                                    TABLE I                                 

     __________________________________________________________________________

                                      Weight Ratio                             

     Additive                         (Additive : Compound (I)                 

     __________________________________________________________________________

     urea                             3-6:10                                   

     magnesium oxide                  1.4-4.4:7.7-10                           

     magnesium sulfide                2.8:7.0                                  

     magnesium acetylacetonate        2.8:7.0                                  

     polyvinylchloride                15:6                                     

     trityl chloride                   4.2:11.1                                

                                      3-10:10                                  

     __________________________________________________________________________

PAR  The present invention also provides novel flame retardant compositions
      comprising an ABS polymer and an effective amount of the above-described
      synergistic composition, as well as a method for rendering an ABS polymer
      flame retardant by incorporating into the ABS an effective amount of said
      synergistic composition.
PAR  We have also discovered, and the invention provides, a novel class of
      molecular complexes of compound (I) and weak bases such as pyridine,
      pyridine oxide, pyridinium hydrochloride, pyridinium methobromide,
      pyridinium methoiodide, dimethylsulfoxide and dimethylformamide.
PAR  These novel molecular complexes have the formula:
      ##SPC2##
PAL  wherein A is pyridine, pyridine oxide, pyridinium hydrochloride, pyridinium
      methobromide, pyridinium methoiodide, dimethyl sulfoxide or
      dimethylformamide, and n is 1 or 2.
PAR  The invention further provides flame retardant compositions comprising an
      ABS polymer and an effective amount of the above defined molecular
      complex. This effective amount will vary depending on which molecular
      complex is incorporated in the ABS polymer. Generally, it is at least
      about 4.0 parts per 100 parts by weight of the ABS polymer and preferably,
      between about 5 and 15 parts per 100 parts of the ABS polymer.
PAR  Finally, the invention provides a method of rendering an ABS polymer flame
      retardant by incorporating in the polymer an effective amount of the
      molecular complex.
PAR  The polymeric materials, i.e., ABS polymers and polyurethanes, are rendered
      flame retardant by incorporation of the flame retardant systems of the
      present invention into the polymer.
PAR  The flame retardant system may readily be incorporated into the polymeric
      material by a variety of methods depending on the nature of the polymer.
      Thus, for example, for those polymers which are adaptable to milling
      procedures and the like, the flame retardant system may simply be
      physically blended with the preformed polymer. With other types of
      polymers which require compounding, e.g., an uncured elastomer, or cannot
      readily be physically blended with other materials after formation of the
      polymer, the flame retardant system may be added to the compounding
      mixture of polymerization mixture.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the following description and examples, reference will be made to ABS
      polymers and polyurethanes.
PAR  ABS (acrylonitrile-butadiene-styrene) polymers are members of the group
      known as gum plastics. These materials, also referred to as resin-rubber
      blends generally comprise a mixture of a hard, relatively brittle polymer
      (resin) and a minor portion of a relatively soft, rubbery polymer.
PAR  Suitable gum plastics which can be used in the present invention are
      described in U.S. Pat. No. 3,489,821, particularly column 1, line 52 -
      column 4, line 34 thereof, U.S. Pat. No. 3,489,822, particularly column 1,
      line 51 - column 4, line 45 thereof, said patents being incorporated by
      reference herein.
PAR  The ABS resins which best characterize the gum plastics, are made in a well
      known manner by interpolymerizing styrene and acrylonitrile monomers in
      the presence of a rubber which is either polybutadiene or a copolymer of
      butadiene and styrene, said copolymer containing not more than 10% by
      weight of combined styrene based on the sum of the weights of butadiene
      and styrene. Polymerization systems such as emulsion, mass, or solution
      are also applicable for ABS preparation. The manufacture of such ABS
      resins is shown in detail in U.S. Pat. Nos. 2,820,773, 2,802,809,
      3,238,275 and 3,260,772, particularly column 3, lines 32-50 thereof, each
      of said patents being incorporated by reference herein. The ABS graft
      polymer-containing resins used in the present invention can be made with
      varying rubber content, this conveniently being achieved in accordance
      with known practice (e.g., as shown in U.S. Pat. No. 2,820,773) by
      admixing additional acrylonitrile-styrene copolymer latex of grafted
      material, and co-precipitating.
PAR  It is further possible to substitute for the acrylonitrile-styrene resinous
      portion, mixtures of styrene-acrylonitrile resin and a vinyl resin such as
      vinyl chloride polymer (particularly polyvinylchloride).
PAR  In place of using acrylonitrile itself for the preparation of the polymer,
      one may substitute for part or all of the acrylonitrile, equivalent
      similar monomers such as homologs or substitution products of
      acrylonitrile, e.g., methacrylonitrile and ethacrylonitrile.
PAR  Similarly, in place of using styrene itself in the preparation of the
      polymers used in the invention, one may substitute, for part or all of the
      styrene, equivalent monomers including substitution products of styrene,
      such as alkyl-substituted styrenes, including alpha-alkyl styrenes and
      nuclear alkyl-substituted styrenes such as alpha-methyl-styrene, other
      nuclear methyl-substituted styrenes, nuclear monoethyl-substituted
      styrenes, the mono- or di-chloro styrenes, etc.
PAR  Suitable polyurethanes are foamed and unfoamed rigid polyurethanes, i.e.,
      organic diisocyanate-modified polyethers, polyesters,
      polyester-polyethers, and polyester-polyamides, both saturated and
      olefinically unsaturated; and in particular, organic diisocyanate-modified
      polyethers. Such polymers are generally obtained from the reaction of a
      polyisocyanate, usually a diisocyanate, with a polyfunctional compound
      containing active-hydrogen groups, such as polyalkylene ether glycols,
      hydroxy-terminated polyesters, castor oil and polyester amides as well as
      mixtures of two or more of these classes of polyfunctional compounds. The
      material used for reaction with the polyisocyanate to make the
      polyurethane is frequently a polyether or polyester glycol having a
      molecular weight of from 400 to 6,000, preferably in the 1,000-2,000
      range. Mention may be made of polyethers, such as polypropylene glycol,
      polypropylene-ethylene glycol and polytetramethylene glycol. Mention may
      also be made of chain extended polyesters made from a glycol (e.g.,
      ethylene and/or propylene glycol) and a saturated dicarboxylic acid (e.g.,
      adipic acid). Usually the starting glycol contains from two to 20 carbon
      atoms and the acid contains from four to 12 carbon atoms. Polyethylene
      adipate, polyethylene adipate-phthalate, polyneopentyl sebacate, etc. may
      be mentioned. Small amounts of tri-alcohols such as trimethylolpropane or
      trimethylolethane may be included. Among the suitable polyisocyantes may
      be mentioned m- and p-phenylene diisocyantes; toluene diisocyanate;
      p,p'-diphenylmethane diisocyanate; 3,3'-dimethyl (or
      dimethoxy)-4,4'-biphenyl diisocyanate; 1,5-naphthylene diisocyanate;
      p,p',p"-triphenylmethane triisocyanate; p-phenylene diisothiocyanate, etc.
      The isocyanate is, of course, used in an amount at least equivalent to the
      hydroxyl groups in the starting polymer; larger quantities of diisocyanate
      favor formation of liquid prepolymer. Generally, the molar ratio of
      diisocyanate to glycol is in the 1.2:1 to 3:1 range. For additional
      examples of suitable starting materials for making polyurethanes,
      reference may be had to the following: Otto Bayer in "Angewandte Chemie,"
      A/59 (1947), No. 9, p. 264; and U.S. Pat. No. 3,105,062 incorporated
      herein by reference. Suitable polyurethanes are described in U.S. Pat. No.
      3,412,071, particularly column 5, line 44 - column 4, line 6 thereof, U.S.
      Pat. Nos. 2,734,045 and 3,457,326, each of said patents being incorporated
      by reference herein.
PAR  The following examples illustrate the fire retardant effect of various
      amounts of compound (I) on an ABS polymer. The blends of compound (I) and
      the ABS polymer were prepared by mixing compound (I) and the ABS polymer
      in a conventional two roll mixing mill at 320.degree.F for 5 minutes. The
      compounded material was then molded to 1/8 inch thickness in a press. The
      molded sheets, after being cooled, were cut into strips and the strips
      were tested for fire retardance using the specified tests.
PAR  The test strips were evaluated for fire retardance using either ASTM method
      D-635, hereinafter referred to as "burn rate" and ASTM method D-2863,
      hereinafter referred to as "oxygen index." For the burn rate, the test
      strips were 1/8 inch .times. 1/2 inch .times. 5 inch, and for the oxygen
      index, the test strips were 1/8 inch .times. 1/4 inch .times. 21/2 inch.
PAR  The ABS gum plastic used was a gum plastic containing 22% acrylonitrile,
      23% butadiene and 55% styrene.
PAR  The results of the fire retardance tests are set forth in Table II. (In the
      Tables, SE means self-extinguishing and NB means non-burning.)
TBL                                    TABLE II                                

     __________________________________________________________________________

                                     BURN                                      

           ABS                 CHLORINE                                        

                                     RATE                                      

           PLASTIC                                                             

                 COMPOUND (I)                                                  

                         CHLORAN*                                              

                               Content                                         

                                     Inches/                                   

                                          OXYGEN                               

     EXAMPLE                                                                   

           (parts)                                                             

                 (parts) (parts)                                               

                               % Weight                                        

                                     Minutes                                   

                                          Index %                              

     __________________________________________________________________________

     1     100   0       --    --    1.80 18.3                                 

     2     "      6.0    --    --    1.60 23.2                                 

     3     "      8.7    --    4.5   1.11 24.0                                 

     4     "     11.6    --    5.8   SE   27.0                                 

     5     "     15.4    --    7.5   SE   28.0                                 

     6     "     25.0    --    11.2  SE   29.0                                 

     7     "     --      11.1  4.8   1.33 20.2                                 

     8     "     --      15.0  6.5   1.30 20.3                                 

     9     "     --      25.0  9.7   1.40 21.4                                 

     __________________________________________________________________________

      *a known commercial fire retardant                                       

PAR  From the data, it can be seen that compound (I) is a much more effective
      flame retardant in ABS polymers than in chloran, a known flame retardant.
      Thus, when about 15 pph of compound (I) were added to ABS, the oxygen
      index increased from 18.3% (control) to 28.0%, an increase of 9.7%. When
      15 pph of chloran were added to ABS. the oxygen index only increased from
      18.3% (control) to 20.3%, an increase of 2.0%. Compound (I) is therefore
      4.85 times more effective than chloran in making ABS flame retardant:
      ##EQU1##
PAR  In the following Examples 10-19, the fire retardant effect of various
      amounts of compound (I) on a polyurethane were determined.
PAR  A series of samples were prepared by blending compound (I) and chloran with
      a thermoplastic polyether-based polyurethane (Roylar A-863; Uniroyal).
PAR  The samples were milled at 335.degree.F. for 4 minutes and molded at
      350.degree.F. for 5 minutes.
PAR  The samples thus prepared were subjected to burn rate and oxygen index
      tests. The results of these tests are set out in Table III.
TBL                                    TABLE III                               

     __________________________________________________________________________

                                     BURN                                      

           POLY-                     RATE                                      

           URETHANE                                                            

                 COMPOUND (I)                                                  

                         CHLORAN     Inches/                                   

                                          OXYGEN                               

     EXAMPLE                                                                   

           (parts)                                                             

                 (parts) (parts)                                               

                               DRIPPING                                        

                                     Minutes                                   

                                          Index %                              

     __________________________________________________________________________

     10    100   0       --    XXX   1.03 22.3                                 

     11    "     3       --    XX    0.53 23.3                                 

     12    "     5       --    X     SE   24.1                                 

     13    "     10      --    None  SE   25.4                                 

     14    "     15      --    None  NB   31.3                                 

     15    "     25      --    None  NB   33.9                                 

     16    "     --      5     XX    0.60 23.1                                 

     17    "     --      10    XX    0.68 22.9                                 

     18    "     --      15    XX    SE   22.8                                 

     19    "     --      25    X     SE   22.5                                 

     __________________________________________________________________________

      XXX -- heavy dripping                                                    

      XX -- moderate dripping                                                  

      X -- light dripping                                                      

PAR  One of the most serious problems encountered in the use of FR polyurethane
      elastoplastics for wire coatings is a dripping phenomena during
      combustion. Most inorganic flame retardants cannot be used for the
      polyurethane because of severe degradation of the physical properties
      thereof. As can be seen from the data in Table III, the use of compound
      (I) substantially diminishes the dripping and with 15 pph of compound (I),
      the polyurethane is rendered non-burning and non-dripping.
PAR  Compound (I) is a much more effective flame retardant than chloran as can
      be seen from the oxygen index test data in Table III. Thus, when 15 pph of
      compound (I) are added to the polyurethane, the oxygen index increased
      from 22.3% to 31.3%, an increase of 9.0%. When 15 pph of chloran were
      added to the polyurethane, the oxygen index only increased from 22.3% to
      22.8%, an increase of 0.5%. Compound (I) is therefore 18 times more
      effective than chloran in making polyurethane flame retardant:
      ##EQU2##
PAR  By way of comparison, the following Examples 20-25 illustrate the effects
      of compound (I) and chloran on two different polyesters.
TBL                                    TABLE IV                                

     __________________________________________________________________________

                       COMPOUND (I)                                            

                               CHLORAN                                         

                                     OXYGEN                                    

     EXAMPLE                                                                   

           POLYESTER (Parts)                                                   

                       (parts) (parts)                                         

                                     Index %                                   

     KODEL*     POLYTEX**                                                      

     __________________________________________________________________________

     20    100  --     0       0     23.95                                     

     21    100  --     15      0     25.09                                     

     22    100  --     0       15    26.47                                     

     23    --   100    0       0     23.95                                     

     24    --   100    15      0     26.47                                     

     25    --   100    0       15    25.93                                     

     __________________________________________________________________________

      *Kodel -- Eastman Kodak polyester                                        

      **Polytex -- Industrial Finishes Corp. polyester                         

PAR  As can be seen from the data in Table IV, compound (I) and chloran both
      have about the same effect in making two different polyesters flame
      retardant. However, as seen from the data in Tables II and III, compound
      (I) is much more effective than chloran in both ABS and polyurethanes.
      Thus, the discovery that compound (I) is so clearly superior in rendering
      ABS and polyurethanes flame retardant is quite an unexpected discovery.
PAR  The following examples illustrate the synergistic flame retardant effect
      between compound (I) and the additives described above when they are
      incorporated in an ABS polymer.
PAR  In Examples 26-31, varying amounts of compound (I) and the stable, free
      radical generating additives trityl chloride and
      ##SPC3##
PAL  were incorporated in an ABS polymer and the oxygen indices were determined.
TBL                                    TABLE V                                 

     __________________________________________________________________________

           ABS  COMPOUND (I)                   OXYGEN                          

     EXAMPLE                                                                   

           (parts)                                                             

                (parts) ADDITIVE          PARTS                                

                                               Index %                         

     __________________________________________________________________________

     26    100  10      --                --   27.7                            

     27    "    10                        3    30.9                            

     28    "    10                        5    30.2                            

     29    "    10                        10   29.4                            

     30    "    11.1    trityl chloride   4.2  32.4                            

     31    "    --      trityl chloride   10   23.3                            

     __________________________________________________________________________

PAR  As can be seen from the data in Table V, both additives synergize the flame
      retardant effect of compound (I). The use of 3 parts per hundred of
      ##SPC4##
PAL  increases the oxygen index from 27.7% (compound (I) control) to 30.9%, an
      increase of 3.2%, while the use of 4.1 parts per hundred of trityl
      chloride increases the oxygen index even more, i.e., from 27.7% to 32.4%,
      an increase 4.7%.
PAR  The known flame retardants, chloran and chlorendic anhydride do not exhibit
      this synergism with the above additives.
PAR  In Examples 32-40, varying amounts of compound (I) and magnesium oxide,
      magnesium sulfide and magnesium acetylacetonate were incorporated in an
      ABS polymer and the flame retardant effects thereof were determined by
      both burn rate and oxygen index. The data are given below in Table VI.
TBL                                    TABLE VI                                

     __________________________________________________________________________

                                      MAGNESIUM                                

                                             BURN                              

                        MAGNESIUM                                              

                               MAGNESIUM                                       

                                      ACETYL-                                  

                                             RATE                              

           ABS  COMPOUND (I)                                                   

                        OXIDE  SULFIDE                                         

                                      ACETONATE                                

                                             Inches/                           

                                                  OXYGEN                       

     EXAMPLE                                                                   

           (parts)                                                             

                (parts) (parts)                                                

                               (parts)                                         

                                      (parts)                                  

                                             Minutes                           

                                                  Index %                      

     __________________________________________________________________________

     32    100  7.7     0      0      0      1.48 24.06                        

     33    "    "       1.4    0      0      0.98 24.13                        

     34    "    "       2.8    0      0      SE   26.76                        

     35    "    "       4.2    0      0      SE   27.25                        

     36    "    10      0      0      0      1.51 26.96                        

     37    "    "       3.0    0      0      SE   27.30                        

     38    "    "       4.4    0      0      NB   27.63                        

     39    "    7.0     0      2.8    0      SE   25.27                        

     40    "    "       0      0      2.8    SE   25.68                        

     __________________________________________________________________________

PAR  As can be seen from the data in Table VI, magnesium oxide exerts a strong
      synergistic effect on compound (I) in ABS polymer. This effect is more
      clearly shown by the burn rate test than by the oxygen index although the
      latter also shows a considerable enhancement over the results obtained
      when compound (I) is used alone.
PAR  Thus, 7.7 parts of compound (I) per 100 of ABS showed an oxygen index of
      about 24.1 and burned relatively fast. However, the addition of 2.8 parts
      or more of magnesium oxide made the composition self-extinguishing and
      raised the oxygen index to about 27. When 3 or more parts of magnesium
      oxide were mixed with 10 parts of compound (I) in ABS the composition was
      made self-extinguishing or even non-burning, whereas the oxygen index was
      not raised appreciably above about 27.
PAR  Magnesium sulfide and magnesium acetylacetonate appear to be approximately
      as effective as magnesium oxide in increasing the fire retardant effect of
      compound (I).
PAR  This synergism is not exhibited by chloran or chlorendic anhydride.
PAR  In Examples 41-45, varying amounts of compound (I), chloran and urea were
      incorporated into an ABS polymer and the flame retardant effects thereof
      were determined using both the burn rate and oxygen index tests. The data
      are set forth in Table VII.
TBL                                    TABLE VII                               

     __________________________________________________________________________

           ABS  ADDITIVES (parts)                                              

                                 BURN RATE                                     

                                          OXYGEN                               

     EXAMPLE                                                                   

           (parts)                                                             

                COMPOUND (I)                                                   

                       CHLORAN                                                 

                             UREA                                              

                                 Inches/Minutes                                

                                          Index %                              

     __________________________________________________________________________

     41    100  10     --    --  1.20     27.0                                 

     42    "    --     10    --  1.80     20.0                                 

     43    "    10     --    3   SE       33.3                                 

     44    "    10     --    6   SE       30.3                                 

     45    "    --     10    3   1.80     20.0                                 

     __________________________________________________________________________

PAR  From the data in Table VII, it can be seen that the addition of 3 parts per
      hundred of urea together with 10 parts of compound (I) considerably
      improves the flame retardancy of an ABS polymer in comparison with the use
      of 10 parts of compound (I) alone. Thus, with three parts of urea, the
      polymer becomes self-extinguishing and the oxygen index increases from
      27.0% to 33.3%.
PAR  This synergism is quite unexpected because urea alone is not a flame
      retardant and the addition of urea to chloran or chlorendic anhydride does
      not improve the flame retardancy thereof.
PAR  In Examples 46-50, varying amounts of compound (I), polyvinylchloride (PVC)
      and the known flame retardant, Dechloran 602 were incorporated into an ABS
      polymer and the flame retardant effects thereof were determined using both
      the burn rate and oxygen index tests. The data are set forth in Table
      VIII:
TBL                                    TABLE VIII                              

     __________________________________________________________________________

                                   BURN                                        

                ADDITIVES (parts)  RATE                                        

           ABS              DECHLORAN                                          

                                   Inches/                                     

                                        OXYGEN                                 

     EXAMPLE                                                                   

           (parts)                                                             

                COMPOUND (I)                                                   

                        PVC 602    Minutes                                     

                                        Index %                                

     __________________________________________________________________________

     46    100  6        0  0      1.60 23.2                                   

     47    "    6       15  0      SE   27.5                                   

     48    "    0       15  0      1.70 19.3                                   

     49    "    0        0  15     1.60 20.4                                   

     50    "    0       15  7.7    1.50 20.6                                   

     __________________________________________________________________________

PAR  The data in Table VIII show that the addition of 15 parts per hundred of
      PVC increases the oxygen index by 4.3% and makes the polymer composition
      self-extinguishing. In contrast, PVC alone or in combination with
      Dechloran 602 has no appreciable effect on either of the two criteria used
      to evaluate flame retardancy.
PAR  In the following Examples, the preparation of the novel molecular complexes
      of the invention will be described. In these Examples, all parts are by
      weight unless otherwise indicated.
PAC  EXAMPLE 51
PAC  Preparation of
      1,2,3,4,9,9-hexachloro-1,4-dihydro-1,4-methanonaphthalene-5,8-diol
PAR  50 g. of
      1,2,3,4,9,9-hexachloro-1,4,4a,8a-tetrahydro-1,4-methanonaphthalene-5,8-dio
     ne were dissolved in 300 ml. of methanol and 3 g. of pyridine were added.
      The mixture was refluxed until the yellow color disappeared (about 5
      hours). Upon cooling to 5.degree.-7.degree.C., white crystals separated.
      One recrystallization from methanol gave white crystals, m.p.
      186.degree.C. The yield was almost quantitative.
PAR  The product has the following structure:
      ##SPC5##
PAL  The dione starting material was prepared as follows:
PAR  A mixture of 54.6 g. (0.2 mole) of hexachlorocyclopentadiene, 21.6 g. (0.2
      mole) of p-benzoquinone, and 10 ml. of toluene were placed in a 125 ml.
      round bottom flask and heated for 3 hours so that the toluene refluxed
      gently. At the end of this period the reaction mixture suddenly solidified
      completely, indicating completion of the reaction. The crude product was
      bright yellow. The damp material was transferred to a Buchner funnel,
      rinsed with absolute ethanol, dried on the funnel, and crystallized from
      ethanol. 49 g. of bright yellow dense crystals were obtained, m.p.
      189.degree.-193.degree.C. (reported 188.degree.C.). The yield was 64%.
PAR  The dione product has the following structure:
      ##SPC6##
PAC  EXAMPLE 52
PAC  Preparation of molecular complex (1:1) of pyridine and
      1,2,3,4,9,9-hexachloro-1,4-dihydro-1,4-methanonaphthalene-5,8-diol
PAR  Pyridine (4.1 g., 0.0437 mole) was added to a solution of compound (I)
      prepared as in Example 51 (10.0 g., 0.0262 mole) in anhydrous ether (25
      ml.). A white solid began to precipitate within one-half hour. The solid
      was separated and recrystallized from ether. Yield 9.0 g., 75%, m.p.
      140-142.5.degree.C. The NMR spectrum and elemental analysis were
      consistent with the proposed structure.
PAR  Anal. calc'd. for C.sub.16 H.sub.9 Cl.sub.6 NO.sub.2 : C, 41.78; H, 1.97;
      Cl, 46.25; N, 3.05. Found: C, 41.94; H, 1.95; Cl, 46.63; N, 2.95.
PAR  The NMR spectrum showed five pyridine protons at 863 Hz, 783-741 Hz, two
      aromatic protons at 736 Hz and two --OH protons at 667.5 Hz.
      ##SPC7##
PAC  EXAMPLE 53
PAC  Preparation of molecular complex (1:2) of
      1,2,3,4,9,9-hexachloro-1,4-dihydro-1,4-methanonaphthalene-5,8-diol and
      pyridinium hydrochloride
PAR  A saturated ethereal hydrogen chloride solution was added to an ethereal
      solution of 1.0 gm. of the complex of Example 52 [compound (II)]. The
      white precipitate (0.8 g., m.p. 183.degree.-6.degree.C) was separated by
      filtration. This material was identical to the material obtained by
      reacting compound (I) with thionyl chloride and pyridine. The I.R. and
      elemental analysis were in agreement with the proposed structure.
PAR  Anal. calc'd for C.sub.21 H.sub.16 Cl.sub.8 N.sub.2 O.sub.2 : C, 41.21; H,
      2.64; Cl, 46.35; N, 4.58. Found: C, 40.47; H, 2.48; Cl, 45.72; N, 4.42.
      ##SPC8##
PAC  EXAMPLE 54
PAC  Preparation of molecular complex (2:1) of pyridinium methobromide and
      compound (I)
PAR  Methylbromide was bubbled through an ethereal solution of the complex of
      Example 52 [compound (II)] (15.0 g.) for 15 min. The flask was stoppered
      and allowed to stand at room temperature for 4 days. The resulting solid
      material was filtered to yield 3.6 g., m.p. 210.degree.-212.degree.C.
PAR  Anal. Calc'd. for C.sub.23 H.sub.20 Cl.sub.6 Br.sub.2 N.sub.2 O.sub.2 : C,
      37.90; H, 2.77; Cl, 29.18; H, 3.84. Found: C, 37.57; H, 2.53; Cl, 29.91;
      N, 3.86.
      ##SPC9##
PAC  EXAMPLE 55
PAC  Preparation of molecular complex (2:1) of pyridinium methoiodide and
      compound (I)
PAR  This complex was prepared in a manner similar to that of Example 54 from 15
      g. of compound (II) and 4.0 g. of methyliodide. The crude product (6.7 g.)
      was recrystallized from CHCl.sub.3 -ether to give a pure sample, m.p.
      225.degree.C.
PAR  Anal. Calc'd. for C.sub.23 H.sub.20 Cl.sub.6 I.sub.2 N.sub.2 O.sub.2 : C,
      33.57; H, 2.45; Cl, 25.85; N, 3.40. Found: C, 33.47; H, 2.23; Cl, 26.90;
      N, 3.33.
      ##SPC10##
PAC  EXAMPLE 56
PAC  Preparation of the molecular complex of compound (I) and dimethylsulfoxide
PAR  Compound (I), 38 g. and an excess of dimethylsulfoxide (DMSO) were mixed in
      benzene and stirred for 20 minutes. The formed solid was recrystallized
      from benzene and white crystals were obtained, m.p.
      160.degree.-162.degree.C. NMR, IR and elemental analysis were in good
      agreement with the proposed structure.
PAR  Anal. Calc'd. for C.sub.13 H.sub.10 Cl.sub.6 O.sub.3 S: C, 34.02; H, 2.20;
      Cl, 46.34; S, 6.99. Found: C, 33.80; H, 2.23; Cl, 46.42; S, 6.55.
PAR  The NMR spectrum showed two --OH protons at 729 Hz, 2 aromatic protons at
      665 Hz and 6 DMSO protons at 262 Hz. Infrared analysis showed the presence
      of a --OH group at 3300 cm.sup..sup.-1 and a norbornene double bond at
      1600 cm.sup..sup.-1.
      ##SPC11##
PAC  EXAMPLE 57
PAC  Preparation of the molecular complex of compound (I) and dimethylformamide
      (DMF)
PAR  This molecular complex was prepared by the same method as given in Example
      56. The product melted at 110.degree.-120.degree.C.
PAR  Anal. Calc'd. for C.sub.14 H.sub.10 Cl.sub.6 NO.sub.3 : C, 37.04; H, 2.44;
      Cl, 46.86; N, 3.09. Found: C, 37.74; H, 2.69; Cl, 47.83; N, 3.13.
PAR  The NMR spectrum showed 2 aromatic protons at 670 Hz, 2 --OH protons at 636
      Hz, and 2 methyl groups at 298 Hz and 292 Hz. Infrared analysis showed the
      presence of an --OH group at 3300 cm.sup..sup.-1 and a norbornene double
      bond at 1600 cm.sup..sup.-1.
      ##SPC12##
PAC  EXAMPLE 58
PAC  Preparation of the molecular complex (1:2) of compound (I) and pyridine
      oxide
PAR  19 g. of compound (I) and 10 g. of pyridine oxide were mixed in 150 ml. of
      anhydrous ether and stirred for 1 hour. The formed white solid was
      filtered off and recrystallized from benzene and white crystals were
      obtained, m.p. 146.degree.-148.degree.C. NMR, IR and elemental analysis
      agreed with the proposed structure.
PAR  Anal. Calc'd. for C.sub.21 H.sub.16 Cl.sub.6 N.sub.2 O.sub.2 : C, 44.04; H,
      2.45; N, 4.91. Found: C, 43.87; H, 2.29; N, 4.71.
PAR  The NMR spectrum showed pyridine oxide protons at 832-819 Hz and 740-738
      Hz, 2 aromatic protons at 671 Hz, and --OH protons at 819.5 Hz. Infrared
      analysis showed strong --OH group absorption at 3000-3300 cm.sup..sup.-1.
      ##SPC13##
PAR  All of compounds VI, VII and VIII were stable even in hot water and were
      recrystallized easily from benzene.
PAR  In the following Examples 59-73, varying amounts of the molecular complexes
      prepared in Examples 52-58 were milled into an ABS resin and compression
      molded. The effectiveness of these complexes in rendering the ABS flame
      retardant was determined by the burn rate and oxygen index tests. The data
      are set forth in Table IX.
TBL                                    TABLE IX                                

     __________________________________________________________________________

                            BURN RATE                                          

           ABS  Additive,                                                      

                       pph of                                                  

                            Inches/                                            

                                   OXYGEN                                      

     EXAMPLE                                                                   

           (parts)                                                             

                Compound No.                                                   

                       Additive                                                

                            Minutes                                            

                                   Index %                                     

     __________________________________________________________________________

     59    100  None   --   1.80   18.5                                        

     60    "    II     10.0 1.28   27.3                                        

     61    "    III    4.0  1.78   29.3                                        

     62    "    III    5.8  SE     30.1                                        

     63    "    III    10.0 NB     35.6                                        

     64    "    IV     8.1  --     22.5                                        

     65    "    V      10.0 1.84   24.8                                        

     66    "    VI     10.0 1.20   27.0                                        

     67    "    VI     15.0 SE     28.0                                        

     68    "    VII    10.0 1.10   26.0                                        

     69    "    VII    15.0 SE     27.5                                        

     70    "    VIII   15.0 SE     28.0                                        

     71    "    Chloran                                                        

                       11.1 1.80   20.2                                        

     72    "    Chloran                                                        

                       20.0 1.75   21.4                                        

     73    "    Chloran                                                        

                       150  SE     29.8                                        

     __________________________________________________________________________

PAR  The effectiveness of the molecular complexes of the invention as flame
      retardants is seen from the data in Table IX, wherein the complexes are
      compared with chloran.
PAR  As seen in Table IX, compound (II) at only a 5.8 parts per hundred level
      gives an oxygen index of 30.1 and a self-extinguishing composition,
      whereas it requires 150 parts per hundred of chloran to given an oxygen
      index of 29.8 and a self-extinguishing composition.
PAR  Thus, compound (II) is about 25 times better than chloran according to this
      test. Chloran at a 25 parts per hundred level gives an oxygen index of
      only 21.4.
PAR  Variations and modifications can, of course, be made without departing from
      the spirit and scope of the invention.
CLMS
STM  Having thus described out invention, what we desire to secure by Letters
      Patent and hereby claim is:
NUM  1.
PAR  1. A molecular complex of the formula
      ##SPC14##
PAL  wherein DMSO represents dimethylsulfoxide.
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ABST
PAL  Fluoroaliphaticsulfonyl substituted ethylenes, useful as catalysts in
      polymerization of monomers, e.g., epoxide, vinyl ether, and N-vinyl
      monomers, are prepared by condensation of precursor
      fluoroaliphaticsulfonyl methanes with aldehydes or N-formyl compounds.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to novel fluoroaliphaticsulfonyl substituted
      ethylene compounds, their use as catalysts, and to a method of their
      preparation. The invention also relates to novel precursor
      fluoroaliphaticsulfonyl methanes used in the method.
PAC  BACKGROUND OF THE PRIOR ART
PAR  The curing of epoxide, vinyl ether, and N-vinyl monomers in the presence of
      catalysts is well known in the art. For example, epoxides can be cured in
      the presence of boron trifluoride and complexes thereof and vinyl alkyl
      ethers can be polymerized in the presence of aluminum trichloride and
      related Lewis acids. While the use of such acid catalysts has been found
      to be advantageous in many cases, their use is often objectionable because
      many acid catalysts are highly corrosive to various substrates, such as
      metals. Other catalysts are objectionable because of their volatility. The
      present invention provides catalysts which are highly effective,
      substantially non-corrosive, and essentially non-volatile.
PAR  In one aspect, this invention provides a novel class of substituted
      ethylene compounds useful as catalysts for curing monomers. These
      ethylenes are non-acidic, therefore non-corrosive, and they are
      non-volatile during use. Some of the substituted ethylenes can be used in
      admixture with the monomers to provide latently curable compositions
      having a desirably long shelf or pot life.
PAR  In another aspect, the invention provides novel precursor methanes useful
      in preparing the substituted ethylenes of the invention.
PAR  Certain precursor methanes useful in the chemical reaction to obtain the
      novel fluoroaliphaticsulfonyl substituted ethylenes of the invention are
      known. Examples include bis(perfluoroalkylsulfonyl)methanes disclosed in a
      paper presented by H. A. Brown to the American Chemical Society in
      Minneapolis, Minnesota, in September 1955,
      bis(perfluoromethylsulfonyl)methane, disclosed in U.S. Pat. No. 2,732,398
      and by Gramstad and Haszeldine in Journal of Chemical Soc., 4069 (1957),
      and bis(perfluoroalkylsulfonyl)methanes, disclosed in U.S. Pat. No.
      3,281,472. Likewise, somewhat related substituted ethylenes are known,
      e.g., bis(alkylsulfonyl) ethylenes and perfluoromethyl sulfonyl ethylenes
      see U.S. Pat. No. 3,335,188 and L. M. Yagupolski and A. G. Pateleimonov in
      Zh. Obshch. Khim., 36, (3) 416 (1966), respectively, but these substituted
      ethylenes are considerably weaker than the substituted ethylenes of the
      invention, if at all effective, in catalyzing epoxide, vinyl ether, and
      N-vinyl monomer polymerization.
PAC  DESCRIPTION OF THE INVENTION
PAR  The novel fluoroaliphaticsulfonyl substituted ethylenes of the invention
      are formed by the chemical condensation of certain precursor
      fluoroaliphaticsulfonyl methanes with aldehydes or N-formyl compounds,
      i.e., compounds characterized by containing a "--CHO" group. The
      fluoroaliphatic sulfonyl substituted ethylenes of the invention are
      preferably represented by the general formula:
      ##EQU1##
      wherein R.sub.f is a monovalent saturated fluoroaliphatic radical, for
      example, containing from 1 to 18 carbon atoms (preferably 1 to 8 carbon
      atoms) with the majority of the carbon atoms preferably being
      perfluorinated; X is a monovalent, non-ionic, electron-withdrawing radical
      that is at least as electron-withdrawing as a benzoyl radical [i.e.,
      having a Hammett sigma (para) value of at least 0.5], e.g., a cyano,
      arylcarbonyl, alkylcarbonyl, perfluoroalkylcarbonyl, arylsulfonyl,
      perfluoroalkylsulfonyl, nitro, fluorosulfonyl, or chlorosulfonyl group,
      (preferably X has the general formula R'.sub.f SO.sub.2 where R'.sub.f is
      a fluoroaliphatic group as defined for R.sub.f above, including R'.sub.f
      being identical to R.sub.f); R is hydrogen, alkyl (preferably having 1-3
      carbon atoms), or phenyl; R' is the same as R with at least one of R or R'
      being hydrogen; n is an integer from 0 to 7 depending on Z; n is 1 to 7
      when Z is hydrogen, alkyl, alkenyl, aryl, arylalkyl, alkylaryl or
      2-furyl; n is 0 when Z is aryl or arylmethyl (e.g., benzyl) or amino,
      dialkylamino, arylalkylamino, diarylamino, alkylamino, arylamino or
      heterocyclic nitrogen-containing organic radical having a free valence on
      a ring nitrogen atom (e.g., a morpholino group) or Z is an unsaturated,
      conjugated heterocyclic organic radical containing one or more oxygen,
      sulfur, or nitrogen heteroatom and having a free valence on a carbon atom
      (e.g.,
      ##SPC1##
PAL  Additionally, Z may contain 1-3 substituent groups which can vary widely
      from highly electron-donating groups to highly electron-withdrawing
      groups, provided they are less reactive than the formyl group with the
      precursor methane. Exemplary substituents include groups such as halo
      (e.g., chloro, bromo, fluoro), cyano, hydroxy, nitro, lower alkyl (1-3
      carbon atoms), lower perfluoroalkyl (1-3 carbon atoms), alkylcarbonyl,
      arylcarbonyl, alkoxycarbonyl, lower alkenyl, alkylsulfonyl,
      fluorosulfonyl, alkoxy, etc.
PAR  As mentioned above a majority of the carbon atoms of the fluoroaliphatic
      groups R.sub.f and R'.sub.f are perfluorinated. The term "perfluorinated"
      and the prefex "perfluoro" is employed to denote substitution of all
      carbon-bonded hydrogen atoms by fluorine atoms, in accord with the
      recognized usage of these terms, see U.S. Pat. No. 2,732,398. This usage
      carries no implication of similarities in properties between corresponding
      groups and compounds of hydrocarbon and fluorocarbon systems; hydrogen and
      fluorine are not chemically equivalent or similar.
PAR  The above-mentioned fluoroaliphatic groups can contain chlorine atoms
      bonded to the carbon atoms as well as having fluorine and hydrogen atoms
      bonded to carbon atom. Preferably for any two carbons bonded together in a
      chain, there is no more than one hydrogen atom or one chlorine atom, with
      fluorine atoms occupying the remaining non-skeletal carbon bonds.
PAR  The fluoroaliphatic radical may be a straight or branched chain, or a
      straight chain including a cyclic portion. Additionally, the
      fluoroaliphatic group may contain an oxygen atom linking two carbon atoms,
      e.g., --CF.sub.2 OCF.sub.2 --, or a nitrogen atom linking three carbon
      atoms, e.g., (R.sub.f CF.sub.2) NCF.sub.2 --. Exemplary fluoroaliphatic
      groups include perfluoromethyl, perfluorobutyl, perfluorooctyl,
      perfluorododecyl, perfluoroisopropyl, perfluoro(2 -cyclohexylethyl),
      omega-chloroperfluorohexyl, 2-hydroperfluoropropyl,
      perfluoro(3-morpholinopropyl), and perfluoro(3-piperidinopropyl).
PAR  The combined electron withdrawing nature of the SO.sub.2 R.sub.f group and
      the X group is influential in providing the desired catalytic activity;
      the greater the electron withdrawing nature, the greater the catalytic
      activity will be of the fluoroaliphaticsulfonyl substituted ethylene
      compounds of the invention. The electron withdrawing nature of the
      SO.sub.2 R.sub.f and X groups can be determined by various known methods,
      e.g., by Hammett sigma (para) values as obtained by the method disclosed
      by H. H. Jaffe, Chem. Rev. 53 191 (1953). For the purpose of providing
      useful catalytic activity the combined electron withdrawing nature of the
      SO.sub.2 R.sub.f and X groups should provide a sigma (para) value of at
      least 1.0, with the X group having a sigma (para) value of at least 0.5.
      Preferably, the SO.sub.2 R.sub.f group has a sigma (para) value of at
      least 0.7, providing a combined sigma (para) value of at least 1.2 for the
      two groups. A benzoyl radical, for example, has a sigma (para) value of
      0.5. A preferred SO.sub.2 R.sub.f  group is SO.sub.2 CF.sub.3 having a
      sigma (para) value of 0.9. A very useful fluoroaliphaticsulfonyl
      substituted ethylene is provided when both X and  SO.sub.2 R.sub.f are
      SO.sub.2 CF.sub.3 groups. Additionally, exemplary organic radicals
      providing useful X groups include cyano, arylcarbonyl, alkylcarbonyl,
      perfluoroalkylcarbonyl, perfluoroalkylsulfonyl, nitro, fluorosulfonyl, and
      chlorosulfonyl groups.
PAR  The novel substituted ethylene compounds of the invention are most
      conveniently formed by condensation of precursor fluoroaliphaticsulfonyl
      methanes with aldehydes and N-formyl compounds in a chemical condensation
      reaction which can be illustrated as follows:
      ##EQU2##
      wherein X, R.sub.f, Z, R and R' are as defined above. The reaction of the
      N-formyl compounds is usually in the presence of a carboxylic acid
      anhydride such as acetic anhydride and propionic anhydride.
PAR  In another method, the substituted ethylene compounds can be obtained by
      the reaction of an alkali metal salt of the fluoroaliphaticsulfonyl
      methane with the N-formyl compound in presence of an active acid halide
      which reaction can be illustrated as follows:
      ##EQU3##
      wherein Q.sub.1 and Q.sub.2 can be monovalent radicals such as hydrogen,
      alkyl, aryl, arylalkyl or (when taken together) a divalent radical such as
      --(CH.sub.2).sub.5 -- or --CH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 -- to form
      a ring structure. The active acid halides useful in the process are those
      that form complex halides with the N-formyl compounds, such as are
      described, for example, by H. Eilingsfeld, et al, Angew, Chem., 72 836
      (1960). Examples of active acid halides include benzoyl chloride, benzoyl
      bromide, acetyl chloride, phosphorus oxychloride, phosphorus trichloride,
      thionyl chloride and phosgene. In the reaction, an equimolar amount of the
      active acid chloride is usually used.
PAR  Yet another useful method of obtaining certain of the substituted ethylene
      compounds of the invention includes condensation of active
      hydrogen-containing substituted ethylene compounds (previously made
      according to the invention), e.g., (CF.sub.3 SO.sub.2).sub.2 C=CHCH.sub.2
      C.sub.6 H.sub.5, with additional aldehyde to provide substituted ethylene
      compounds having additional substituents.
PAR  Useful fluoroaliphatic sulfonyl methanes are preferably represented by the
      general formula X - CH.sub.2 -SO.sub.2 R.sub.f wherein R.sub.f and X are
      as described above. Certain known compounds will provide useful
      fluoroaliphatic methane precursors, e.g., see the aforementioned article
      by T. Gramstad and R. N. Haszeldine. Known compounds such as CF.sub.3
      SO.sub.2 CH.sub.2 SO.sub.2 CF.sub.3 and CF.sub.3 SO.sub.2 CH.sub.2
      SO.sub.2 C.sub.6 H.sub.5 provide useful examples.
PAR  It will be noted that the combined electron-withdrawing nature of the
      SO.sub.2 R.sub.f and the X groups will be sufficient to at least make one
      of the hydrogen atoms of the methylene group of the
      fluoroaliphaticsulfonyl methane precursor sufficiently acidic, i.e.,
      having a pKa of less than 7, to permit the condensation reaction with an
      aldehyde or N-formyl compound to occur, and to provide compounds of the
      invention having catalytic utility.
PAR  Novel fluoroaliphaticsulfonyl methane precursors have been prepared and
      found useful in providing the novel substituted ethylenes of the invention
      on condensation with an aldehyde or an N-formyl compound. These precursors
      are preferably represented by the general formula:
      ##EQU4##
      wherein R.sub.f is as described above and R.sub.3 is alkyl, for example
      having 1 to 18 carbon atoms (preferably 1 to 8), a fluoroaliphatic group
      such as R.sub.f as defined above, or aryl such as a phenyl, naphthyl,
      biphenylyl, tolyl, or anisyl group.
PAR  The novel fluoroaliphaticsulfonyl methanes of the invention are
      conveniently prepared by reaction of a fluoroaliphaticsulfonyl methyl
      magnesium halide with a suitable acyl halide as is preferably represented
      by the following general formula:
      ##EQU5##
      wherein X" is monovalent chlorine, bromine or iodine, X' is monovalent
      chlorine or fluorine, and R.sub.f and R.sub.3 are as defined above.
PAR  The reaction for producing the novel fluoroaliphaticsulfonyl methanes is
      most conveniently carried out by mixing the acyl halide in an inert
      organic reaction medium such as tetrahydrofuran containing the
      fluoroaliphatic methyl magnesium halide under anhydrous conditions,
      acidifying the mixture, and removing the product from the organic reaction
      medium.
PAR  It should be noted that the novel fluoroaliphaticsulfonyl methanes, as well
      as providing precursors for the fluoroaliphatic substituted ethylenes of
      the invention, are themselves useful acidic catalysts for epoxy
      polymerization.
PAR  The aldehydes and N-formyl compounds useful in the condensation reaction to
      produce the novel fluoroaliphaticsulfonyl substituted ethylenes of the
      invention can be represented by the general formula Z(CR=CR').sub.n CHO
      wherein R, R', Z, and n are as defined above. Exemplary useful aldehydes
      and N-formyl compounds include:
PAC  AROMATIC ALDEHYDES
PAR  benzaldehyde
PAR  4-nitrobenzaldehyde
PAR  2-chlorobenzaldehyde
PAR  4-bromobenzaldehyde
PAR  4-cyanobenzaldehyde
PAR  4-hydroxybenzaldehyde
PAR  3,4-dichlorobenzaldehyde
PAR  2-hydroxybenzaldehyde
PAR  3,4-dihydroxybenzaldehyde
PAR  3-bromo-6-methoxybenzaldehyde
PAR  4-methoxybenzaldehyde
PAR  mesitaldehyde
PAR  4-hydroxy-3-ethoxybenzaldehyde
PAR  3-bromo-6-hydroxybenzaldehyde
PAR  2,3-dimethoxy-5-bromobenzaldehyde
PAR  2,5-dimethoxybenzaldehyde
PAR  2-isopropoxybenzaldehyde
PAR  2,4,5-trimethoxybenzaldehyde
PAR  4-valeryloxybenzaldehyde
PAR  3-methyl-4-benzyloxybenzaldehyde
PAR  3,5-di-t-butyl-4-hydroxybenzaldehyde
PAR  4-acetoxybenzaldehyde
PAR  4-acetamidobenzaldehyde
PAR  4-(methoxymethyl)benzaldehyde
PAR  3,4,5-triacetoxybenzaldehyde
PAR  2-benzaldehydesulfonic acid, sodium salt
PAR  4-methoxybenzaldehyde-3-sulfonic acid, sodium salt
PAR  4-fluorobenzaldehyde
PAR  3-trifluoromethylbenzaldehyde
PAR  4-formylphenoxyacetic acid, sodium salt
PAR  terephthalaldehyde
PAR  4-hydroxyisophthalaldehyde
PAR  4 methoxyisophthalaldehyde
PAR  2,5-dimethoxyterephthalaldehyde
PAR  1-naphthaldehyde
PAR  2-naphthaldehyde
PAR  azulene-1-carboxaldehyde
PAR  2-hydroxy-1-naphthaldehyde
PAR  ferrocene carboxaldehyde
PAR  5,6,7,8-tetrahydronaphthalene-2-carboxaldehyde
PAR  9-anthraldehyde
PAR  2,5-dibutoxyterephthalaldehyde
PAR  2,4-dimethyl-7-isopropylazulene-1-carboxaldehyde
PAR  tolualdehyde
PAR  4-(2'-chloroethylthio)benzaldehyde
PAC  HETEROCYCLIC ALDEHYDES
PAR  2-furaldehyde
PAR  thiophene-2-carboxaldehyde
PAR  pyridine-2-carboxaldehyde
PAR  pyrrole-2-carboxaldehyde
PAR  .beta.-(2-thienyl)acrolein
PAR  3,4-dimethylpyrrole-2-carboxaldehyde
PAR  4-carbethoxy-5-methyl-2-furaldehyde
PAR  4-carbethoxy-5-phenyl-2-furaldehyde
PAR  3,5-dimethyl-4-acetylpyrrole-2-carboxaldehyde
PAC  ARYLALKYL OR ARYLALKENYL ALDEHYDES
PAR  phenylacetaldehyde
PAR  cinnamaldehyde
PAR  11-phenylundecapentaenal
PAC  ACYCLIC ALDEHYDES
PAR  crotonaldehyde
PAR  acrolein
PAR  acetaldehyde
PAR  n-butyraldehyde
PAC  N-FORMYL COMPOUNDS
PAR  formamide
PAR  N-benzylformamide
PAR  N-(p-methoxy benzyl)formamide
PAR  N-triphenylmethylformamide
PAR  4-formylaminotoluene
PAR  1-formylaminonaphthalene
PAR  5-formylaminocaproamide
PAR  N-formylmorpholine
PAR  dimethyl formamide
PAR  formanilide
PAL  A list of other useful aldehydes can be found in Chap. 2, Organic
      Reactions, Vol. 15, (1967) edited by A. C. Cope, New York.
PAR  One convenient method for preparing the fluoroaliphaticsulfonyl substituted
      ethylene compounds of this invention consists in bringing a
      fluoroaliphaticsulfonyl methane precursor into intimate contact with an
      aldehyde in a liquid reaction medium, which is non-reactive to the
      reactants and the product, at a suitable temperature which is generally in
      the range of 60.degree. to 150.degree.C., and maintaining the mixture at
      the temperature until the reaction is essentially complete. The liquid
      reaction medium is preferably a solvent for the reactants and the product;
      most preferably it will also form an azeotrope with water that is a
      reaction byproduct, giving a convenient means of removing the water from
      the reaction mixture. Examples of suitable reaction media include benzene,
      toluene, xylene, mesitylene, and chloroform. Anhydrous basic tertiary
      amines such as pyridine can also be used as a reaction medium although
      they usually produce low yields of the condensation product--especially
      with bis(fluoroaliphaticsulfonyl)methanes. Strongly basic solutions such
      as aqueous sodium hydroxide or sodium methoxide are to be avoided because
      they may degrade the condensation product. Upon completion of the reaction
      (which is evidenced by cessation of the production of water), the
      condensation product is separated from the reaction mixture, e.g., by
      distillation or evaporation of reaction medium, with further purification,
      if desired, by re-crystallization from liquid anhydrous media.
PAR  The preferred reaction temperature range is from about 60.degree.C. to
      about 150.degree.C. but temperatures as low as 25.degree.C. and as high as
      165.degree.C. or even higher can be used.
PAR  The reaction, to proceed satisfactorily, may require the presence of a
      catalytic amount of organic base such as piperidine, triethylamine, or the
      organic acid salt of piperidine or triethylamine. Use of a catalyst,
      however, is not required where the precursor fluoroaliphaticsulfonyl
      methane is a bis(perfluoroaliphaticsulfonyl) methane.
PAR  For convenience, the reactions of this invention are conducted at normal
      atmospheric pressure but pressures above and below atmospheric pressure
      can be used. The reactor can be a vessel of simple design constructed of
      any non-reactive materials such as glass, ceramic ware, or stainless steel
      and is preferably provided with means for agitation, cooling and heating,
      and equipped to protect the charge from atmospheric contaminants.
PAR  The molar ratio of the precursor fluoroaliphaticsulfonyl methane to the
      aldehyde used in the method may be varied, but best results are obtained
      when equimolar amounts of aldehyde and fluoroaliphaticsulfonyl methane are
      used. With aliphatic aldehydes such as acetaldehyde, however, a molar
      ratio of 2:1 or greater (aldehyde to methane) is preferred.
PAR  The particular amount of fluoroaliphaticsulfonyl ethylene catalyst to be
      used and the temperature of polymerization are dependent on the particular
      monomers and catalyst used, as well as the particular application to be
      made. Generally, the amount of fluoroaliphaticsulfonyl substituted
      ethylene catalyst to be used will be in the range of 0.1 to 20 weight
      percent, preferably 0.1 to 5 weight percent based on the weight of
      monomeric material. The temperature will generally be
      25.degree.-150.degree.C. or higher.
PAR  The vinyl monomers polymerized by fluoroaliphaticsulfonyl substituted
      ethylenes of the invention contain a vinyl group and are typified by vinyl
      alkyl ethers, such as vinyl methyl ether, vinyl ethyl ether, vinyl n-butyl
      ether, vinyl 2-chloroethyl ether, vinyl isobutyl ether, vinyl phenyl ether
      and vinyl 2-ethylhexyl ether, vinyl ethers of substituted aliphatic
      alcohols, such as .omega.-hydroxybutyl vinyl ether, and N-vinyl compounds
      such as N-vinyl-N-methyl octanesulfonamide. A description of vinyl
      monomers and their use in preparing polymers is set forth in "Vinyl and
      Related Polymers", by Schildknecht, published by John Wiley & Sons, Inc.,
      New York (1952).
PAR  The epoxide monomers polymerized by the fluoroaliphaticsulfonyl substituted
      ethylenes of the invention include both monomeric and polymeric aliphatic,
      cycloaliphatic, aromatic or heterocyclic epoxy compounds typically having
      an epoxy equivalency (i.e., the number of epoxy groups contained in the
      average molecule) of from 1.0 to 6.0, preferably 1 to 3, this value being
      the average molecular weight of the epoxide divided by the epoxide
      equivalent weight. The epoxide monomers are well known and include such
      epoxides as epihalohydrins, e.g., epichlorohydrin, alkylene oxides, e.g.,
      propylene oxide, styrene oxide, alkenyl oxides, e.g., butadiene oxide,
      glycidyl esters, e.g., glycidyl acetate, glycidyl-type epoxy resins, e.g.,
      the diglycidyl ethers of Bisphenol A and of novolak resins, such as
      described in "Handbook of Epoxy Resins", by Lee and Neville, McGraw-Hill
      Book Co., New York (1967).
PAR  Particularly useful epoxides which can be used in this invention are those
      which contain one or more cyclohexane oxide groups such as the
      epoxycyclohexanecarboxylates, typified by
      3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexanecarboxylate,
      3,4-epoxy-2-methylcyclohexane carboxylate, and
      bis(3,4-epoxy-6-methylcyclohexylmethyl)adipate. For a more detailed list
      of useful epoxides of this nature, reference is made to the U.S. Pat. No.
      3,117,099.
PAR  Further epoxides which are particularly useful in the practice of this
      invention include glycidyl ether monomers of the formula
      ##EQU6##
      where R is alkyl or aryl and n is an integer of 1 to 6. An example is the
      glycidyl ethers of polyhydric phenols obtained by reacting a polyhydric
      phenol with an excess of chlorohydrin, such as epichlorohydrin, e.g., the
      diglycidyl ether of bisphenol A. Further examples of epoxides of this type
      which can be used in the practice of this invention are described in U.S.
      Pat. No. 3,018,262.
PAR  In particular, epoxides which are readily available include propylene
      oxide, epichlorohydrin, styrene oxide, vinyl cyclohexane oxide, glycidol,
      glycidyl methacrylate, diglycidyl ether of bisphenol A (e.g., Epon 828 and
      DER 332), vinylcyclohexene dioxide (e.g., ERL-4206),
      3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate (e.g., ERL
      4221), 3,4-epoxy-6-methylcyclohexylmethyl-3,4-epoxy-6-methylcyclohexane
      carboxylate (e.g., ERL-4201),
      bis(3,4-epoxy-6-methylcyclohexylmethyl)adipate (e.g., ERL 4289),
      bis(2,3-epoxycyclopentyl)ether (e.g., ERLA-0400), aliphatic epoxy modified
      with polypropylene glycol (e.g., ERL-4050 and ERL-4052), dipentene dioxide
      (e.g., ERL-4269), epoxidized polybutadiene (e.g., Oxiron 2001),
      1,4-butanediol diglycidyl ether (e.g., Araldite RD-2), polyglycidyl ether
      of phenolformaldehyde novalak (e.g., DEN-431 and DEN-438) and resorcinol
      diglycidyl ether (e.g., Kopoxite).
DETD
PAC  EXAMPLES
PAR  This invention is further illustrated by the following examples wherein all
      parts are given by weight and temperatures are in degrees centigrade
      unless otherwise specified.
PAC  EXAMPLE 1
PAR  Catalyst Preparation
PAR  A mixture of 7.5 g. (0.05 mole) of 1-naphthaldehyde, 14.0 g. (0.05 mole) of
      bis(perfluoromethylsulfonyl)methane and 50 ml. of benzene was heated under
      reflux (4 hrs.) until water ceased to be formed. During reaction, the
      water was removed by distillation using a Barrett-type water-receiver. The
      mixture was heated under reduced pressure (0.02 mm) to 100.degree.C.
      leaving a residue which was recrystallized from hexane to yield 12.7 g. of
      the fluoroaliphaticsulfonyl substituted ethylene compound,
      1,1-bis(perfluoromethylsulfonyl)-2-(1'-napthyl)ethylene, having a melting
      point of 91.degree.-93.degree., and a chemical structure as follows:
      ##SPC2##
PAR  Epoxide Polymerization
PAR  A solution of 0.03 g. of the
      1,1-bis(perfluoromethylsulfonyl)-2-(1'-naphthyl)ethylene prepared above in
      0.3 ml. of methylene chloride was added with stirring to 3.5 g. of
      3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate containing 0.1%
      of H.sub.2 O. The mixture was exposed to air for 15 min. and then heated
      at 75.degree. for 5 min. giving a hard cured polymer.
PAC  EXAMPLE 2
PAR  A mixture of 8.0 g. (0.08 mole) of benzaldehyde, 14.0 g. (0.05 mole) of
      bis(perfluoromethylsulfonyl)methane, 0.1 g. of piperidine and 50 ml. of
      benzene was refluxed until production of water ceased. Benzene, water and
      starting material were removed by heating, giving 15 g. of a solid
      residue. Recrystallization of the solid residue from hexane gave 13.3 g.
      of .beta.,.beta.-bis(perfluoromethylsulfonyl) styrene, (CF.sub.3
      SO.sub.2).sub.2 C=CHC.sub.6 H.sub.5, m.p. 39.degree.-41.degree..
PAC  EXAMPLE 3
PAR  A 250 ml. dry flask fitted with a stirrer, addition funnel and condenser
      connected to a drying tube was charged with 28 g. (0.1 mole) of
      bis(perfluoromethylsulfonyl)methane and 75 ml. of dry tetrahydrofuran. To
      the stirred solution was added 58 ml. of 3.0 molar methylmagnesium
      chloride in tetrahydrofuran. The mixture was stirred at room temperature
      for 0.5 hrs. and 15.0 g. (0.15 mole) of benzaldehyde added. The resultant
      mixture was stirred at room temperature for 3.5 hrs. and hydrolyzed by the
      slow addition of 80 ml. of 3N HCl. The organic phase was separated and
      heated to remove tetrahydrofuran and the residue extracted with diethyl
      water. The extract was dried over magnesium sulfate and distilled to yield
      13.3 g. of (CF.sub.3 SO.sub.2).sub.2 C=CHC.sub.6 H.sub.5, b.p.
      103.degree.-104.degree. (0.05 mm.), which solidified on standing.
PAR  Polymerization of vinylcyclohexene dioxide to a solid cured product was
      effected at room temperature using about 1% by weight of the above
      benzaldehyde condensation product dissolved in methylene chloride.
PAC  EXAMPLE 4
PAR  A mixture of 10.0 g. (0.08 mole) of phenylacetaldehyde, 28.0 g. (0.1 mole)
      of bis(perfluoromethylsulfonyl)methane and 80 ml. of benzene was stirred
      under reflux and water (1.3 ml.) continuously removed. The reaction
      yielded 12.5 g. of 1,1-bis(perfluoromethylsulfonyl)-3-phenylpropene,
      (CF.sub.3 SO.sub.2).sub.2 C=CHCH.sub.2 C.sub.6 H.sub.5, b.p. 112.degree.
      (0.01 mm.).
PAC  EXAMPLE 5
PAR  A mixture of 4.8 g. (0.05 mole) of 2-furaldehyde, 14.0 g. (0.05 mole) of
      bis(perfluoromethylsulfonyl)methane and 50 ml. of benzene was stirred
      under reflux and water continuously removed. The reaction yielded 11.8 g.
      of 1,1-bis(perfluoromethylsulfonyl)-2-(2'-furyl)ethylene, (CF.sub.3
      SO.sub.2).sub.2 C=CHC=CHCH=CHO, b.p. 109.degree.-110.degree. (0.01 mm).
      The condensation product was crystallized from hexane, giving a product
      having a m.p. of 78.degree.-79.degree..
PAC  EXAMPLE 6
PAR  Using procedures described in Example 2,
      .beta.,.beta.-bis-(perfluoromethylsulfonyl)-o-chlorostyrene, b.p.
      117.degree. at 1 mm., was prepared by condensation of o-chlorobenzaldehyde
      and bis(perfluoromethylsulfonyl)methane.
PAC  EXAMPLE 7
PAR  Using procedures described in Example 2,
      .beta.,.beta.-bis-(perfluoromethylsulfonyl)-p-nitrostyrene, m.p.
      102.degree.-104.degree., was prepared by condensation of
      p-nitrobenzaldehyde with bis(perfluoromethylsulfonyl)methane.
PAC  EXAMPLE 8
PAR  Using procedures described in Example 1,
      .beta.,.beta.-bis-(perfluoromethylsulfonyl)-3-ethoxy-4-hydroxystyrene,
      m.p. 82.degree.-84.degree., was prepared by condensation of
      3-ethoxy-4-hydroxybenzaldehyde with bis(perfluoromethylsulfonyl)methane.
      The compound was recrystallized from hexane.
PAC  EXAMPLE 9
PAR  A mixture of 5.0 g. (0.005 mole) of (C.sub.8 F.sub.17 SO.sub.2).sub.2
      CH.sub.2, 1.6 g. (0.01 mole) of 1-naphthaldehyde and 100 ml. of mesitylene
      was heated under reflux for 9 hrs. until water ceased to be produced. The
      mixture was allowed to cool and then filtered giving 5.1 g. of crude
      product. Recrystallization of the crude product from hexane gave 2.6 g. of
      the following product. m.p. 113.degree.-114.degree..
      ##SPC3##
PAR  Anal. Calcd: C,30.1; F,57.8; H,0.7. Found: C,30.1; F,57.0; H,0.8.
PAC  EXAMPLE 10
PAR  A mixture of 14 g. (0.05 mole) of bis(perfluoromethylsulfonyl)methane, 6.6
      g. (0.05 mole) of cinnamaldehyde and 50 ml. of benzene was heated under
      reflux until evolution of water ceased. There was obtained about 7.3 g. of
      ##EQU7##
      m.p. 93.degree.-94.degree.C.
PAC  EXAMPLE 11
PAR  Using the procedure described in Example 10, the reaction of
      bis(perfluoromethylsulfonyl)methane and pyrrole-2-carboxaldehyde gave
      ##EQU8##
      m.p. 112.degree.-114.degree.C.
PAC  EXAMPLE 12
PAR  Crotonaldehyde (3.5 g.; 0.05 mole) was added to 14 g. (0.05 mole) of
      bis(perfluoromethylsulfonyl)methane dissolved in 50 ml. of benzene. The
      mixture was heated under reflux until water evolution ceased. The reaction
      yielded (CF.sub.3 SO.sub.2).sub.2 C=CHCH=CHCH.sub.3, b.p. 78.degree. (0.2
      mm.) and a higher boiling sulfone product having 31.7% fluorine and a
      molecular weight of about 1120.
PAC  EXAMPLE 13
PAR  Acetaldehyde (9.3 g.; 0.21 mole) in 20 mol. of benzene was added to 28 g.
      (0.1 mole) of bis(perfluoromethylsulfonyl)methane in 50 ml. of benzene.
      The mixture was stirred at room temperature for one hour and heated then
      under reflux until evolution of water ceased. The reaction yielded 8 g. of
      (CF.sub.3 SO.sub.2).sub.2 C==CHCH.sub.3, b.p. 108.degree.-112.degree. (2
      mm.).
PAC  EXAMPLE 14
PAR  The reagent CF.sub.3 SO.sub.2 CH.sub.2 MgCl was prepared from 22.0 g. (0.15
      mole) of methyl perfluoromethylsulfone and 0.2 mole of methylmagnesium
      chloride in tetrahydrofuran. Butyryl chloride (30.0 g.; 0.3 mole) was
      added at room temperature and the mixture stirred for two hours. The
      mixture was hydrolyzed with 3 N HCl, the tetrahydrofuran phase separated
      and heated to remove solvent. The residue was dissolved in diethyl ether
      and the solution (dried over MgSO.sub.4) heated to remove the ether,
      giving 14 g. of the novel fluoroalkylsulfonyl methane precursor, CF.sub.3
      SO.sub.2 CH.sub.2 COC.sub.3 H.sub.7 b.p. 90.degree.C. (5 mm.). A sample
      was recrystallized from water, m.p. 67.5.degree.-68.5.degree.C.
PAR  Anal. Calcd: C, 33.0; F, 26.1; H, 4.1. Found: C, 33.1; F, 25.8; H, 4.5.
PAC  EXAMPLE 15
PAR  Using procedures described in Example 14, the novel fluoroalkylsulfonyl
      methane precursor, C.sub.4 F.sub.9 SO.sub.2 CH.sub.2 COC.sub.6 H.sub.5,
      was prepared from methyl perfluorobutyl sulfone and benzoyl chloride. The
      compound melted at 73.degree.-75.degree.C.
PAC  EXAMPLE 16
PAR  Using procedures described in Example 14, 22.0 g. (0.15 mole) of methyl
      perfluoromethylsulfone was converted to CF.sub.3 SO.sub.2 CH.sub.2 MgX and
      to this was added perfluoroacetyl chloride (0.22 mole), giving 20.7 g.
      liquid, b.p. 85.degree.-88.degree. (150 mm.) which contained the novel
      fluoroalkylsulfonyl methane precursor CF.sub.3 SO.sub.2 CH.sub.2
      COCF.sub.3, and its enol isomer.
PAC  EXAMPLE 17
PAR  Dimethylformamide (23.4 g.; 0.32 mole) was slowly added to a stirred
      mixture of 100 g (0.32 mole) of (CF.sub.3 SO.sub.2).sub.2 CHK, 48 g. (0.34
      mole) of benzoyl chloride and 350 ml. of carbon tetrachloride under
      nitrogen (slight exotherm). The mixture was stirred at room temperature
      for 1 hour and then at 60.degree.C. for one hour. After addition of 250
      ml. of carbon tetrachloride, filtration yielded about 135 g. of crude
      product containing potassium chloride. Recrystallization from toluene gave
      75 g. of 1,1-bis(perfluoromethylsulfonyl)-2-dimethylaminoethylene,
      (CF.sub.3 SO.sub.2).sub.2 C=CHN(CH.sub.3).sub.2, m.p.
      116.degree.-118.degree.C.
PAR  Anal. Calcd: C, 21.3; F, 34.0; N, 4.2. Found: C, 21.4; F, 34.3; N, 4.1.
PAR  A mixture of 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate and
      the above product (2% by weight) was heated at 150.degree.C. for 15 hours
      giving a hard polymer.
PAC  EXAMPLE 18
PAR  Formamide (2.8 g.; 0.06 mole) was slowly added to a stirred mixture of 20.0
      g. (0.06 mole) of (CF.sub.3 SO.sub.2).sub.2 CHK, 9.8 g. (0.07 mole) of
      benzoyl chloride and 75 ml. of carbon tetrachloride. The mixture was
      heated under reflux for 1.5 hours. Filtration gave 20.7 g. of crude
      product which was slurried with diethyl ether to remove KCl, leaving about
      19 g. of ether soluble (CF.sub.3 SO.sub.2).sub.2 C=CHNH.sub.2 (m.p.,
      121.degree.-122.degree. from chloroform).
PAR  Anal. Calcd: C, 15.6; F, 37.1; H, 1.0. Found: C, 15.8; F, 37.2; H, 1.2.
PAC  EXAMPLE 19
PAR  Using procedures found in Example 17, the reaction of N-formylmorpholine
      with the potassium salt of bis(perfluoromethylsulfonyl)methane gave
      ##EQU9##
PAR  The reaction of bis(perfluoromethylsulfonyl)methane and N-formyl compounds
      was also carried out using solvents such as acetic anhydride, but the
      yields of the product were lower.
PAC  EXAMPLES 20-28
PAR  The following compounds are further Examples prepared by the
      above-described procedures:
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluoroalkylsulfonyl ethylene compound having the formula
      ##EQU11##
      wherein Q is a monovalent organic radical selected from the group
      consisting of Z(CR=CR').sub.n --, aryl, and arylmethyl, wherein R is
      hydrogen, an alkyl group, or a phenyl group, R' is the same as R with at
      least one being hydrogen, and N is an integer from 1 to 7, Z is hydrogen,
      alkyl, alkenyl, aryl, arylalkyl, or alkylaryl, and R.sub.f and R'.sub.f
      are monovalent saturated perfluoroalkyl radicals each having from 1-18
      carbon atoms.
NUM  2.
PAR  2. The fluoroaliphaticsulfonyl ethylene compound of claim 1 wherein R and
      R' are hydrogen.
NUM  3.
PAR  3. The fluoroalkylsulfonyl ethylene compound of claim 1 wherein R.sub.f and
      R'.sub.f are perfluoromethyl radicals.
NUM  4.
PAR  4. The fluoroalkylsulfonyl ethylene compound of claim 1 wherein Q is a
      phenylmethyl radical.
NUM  5.
PAR  5. 1,1-bis(perfluoromethylsulfonyl)-2-(1'-napthyl)ethylene.
NUM  6.
PAR  6. .beta.,.beta.-bis(perfluoromethylsulfonyl)styrene.
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PAL  Preparation of insecticidal, biodegradable compositions comprising mixtures
      of p-p'disubstituted diaryl trichloroethanes. Chloral, and appropriate
      substitutal benzenes are condensed, in a single step, at low temperature,
      e.g., -30.degree.C., using a condensing agent preferably consisting of a
      mixture of sulfuric acid and acetic acid.
BSUM
PAR  The present invention relates to biodegradable p-p' disubstituted diaryl
      trichloroethanes. In general, it concerns the preparation of mixtures of
      p-p' disubstituted diaryl trichloroethanes. More particularly, it involves
      a single-step synthesis in which the reactants are brought together
      substantially all at once in a manner which yields relatively inexpensive
      mixtures of p-p' asymmetrical disubstituted diaryl trichloroethanes having
      utility, for example, as biodegradable insecticides.
PAR  In commonly assigned copending patent application U.S. Ser. No. 147,247,
      filed May 26, 1971, now U.S. Pat. No. 3,787,505, we disclosed that certain
      asymmetrical disubstituted diaryl trichloroethanes are insecticidal, yet
      biodegradable, compositions which exhibit low toxicity to mammals. Such
      compositions, therefore, possess properties which overcome the major
      environmental pollutant problems associated with the use of DDT
      (1,1,1-trichloro-2,2-bis [p-chlorophenyl] ethane). However, the procedures
      heretofore used to prepare the compositions disclosed in said application
      have not yet resulted in the practical, economic commercial production of
      such compositions. Briefly, such procedures involved a "dropwise" addition
      of reactants to synthesize a reaction mixture which thereafter was
      processed, e.g., by steam distillation, to isolate the desired p-p'
      disubstituted diaryl trichloroethane. Thus, there arose a need for a
      practical, less expensive process for the preparation of p-p'
      disubstituted diaryl trichloroethanes.
PAR  Briefly, the present invention provides for the preparation of relatively
      inexpensive mixture of p-p' asymmetrical disubstituted diaryl
      trichloroethanes.
PAR  We have found that by the procedures of the present invention we can
      synthesize reaction mixtures in a single step and that the resulting
      mixtures need not be subjected to time consuming and hence costly
      isolation steps in order to obtain biodegradable p-p' disubstituted diaryl
      trichloroethanes.
PAR  In the synthesis step of the present invention, chloral and the desired
      substituted benzene compound(s) are contacted together in a manner
      hereinafter described more fully. During the synthesis, chloral and the
      substituted benzene compound(s) condense in the presence of an acidic
      condensing agent to yield a mixture of p-p' disubstituted diaryl
      trichloroethanes. The synthesis step is carried out at low temperature,
      i.e., below about 20.degree.C. and preferably at about -30.degree.C.
PAR  One very important aspect of the single step synthesis of the present
      invention is that the reactants are contacted or brought together
      substantially all at once. By this we mean to distinguish the relatively
      time consuming prior art procedure of "dropwise" addition of reactants
      disclosed, for example, in the above identified application, Ser. No.
      147,247. In the present invention, during the synthesis step, the
      reactants are added or incorporated substantially all at once, or all at
      one time. This may be done, for example, in a batch operation by placing
      the reactants together in the reaction vessel, without regard to the
      sequence of addition. Moreover, this may also be done, for example, in a
      continuous operation provided the desired proportion or mole ratio of
      reactants is controlled throughout the synthesis step.
PAR  The acidic condensing agent employed in the present invention is either a
      mixture of sulfuric acid and glacial acetic acid or anhydrous aluminum
      trichloride. We have found that the reaction is sensitive to the relative
      proportions of sulfuric acid and glacial acetic acid employed. A preferred
      acidic condensing agent comprises a mixture of sulfuric acid and glacial
      acetic acid in a volume ratio in the range of about 90:10 to about 60:40,
      most preferably about 50:50.
PAR  During the synthesis step, the temperature is controlled so as to maintain
      low temperature throughout the reaction. In order to prevent sulfonation
      of the reaction product, the temperature of the reaction mass should
      generally be kept below about 20.degree.C. A preferred temperature is
      generally in the range of about 0.degree.C. to about -30.degree.C. During
      the synthesis step, the reaction mass is preferably stirred or agitated.
      Reaction time in the range of about 2 to about 5 hours has been found to
      be generally effective, with about 4 hours appearing to be an optimum
      reaction time. The synthesis step is terminated by contacting the reaction
      mass with ice which dilutes the acidic condensing agent and causes the
      mixture of p-p' disubstituted diaryl trichloroethanes to crystallize,
      since the mixture is substantially water insoluble.
PAR  Following termination of the synthesis step by the addition of ice to the
      reaction mass, the crystallized, generally water insoluble, mixture of
      p-p' disubstituted diaryl trichloroethanes is recovered by separating it
      from the rest of the reaction mass. This may be accomplished, for example,
      by a simple solvent extraction step, employing a suitable solvent, e.g.,
      chloroform, ether, benzene, and the like.
PAR  While the mixture thus recovered can, of course, be further processed in
      order to obtain relatively pure compounds, one important aspect of the
      present invention, exemplified hereinafter, is the discovery that the
      mixtures of p-p'-disubstituted diaryl trichloroethane have practical
      utility without the costly necessity of isolating specific pure compounds.
PAR  As mentioned above, the reactants employed in the present invention are
      chloral and one or more substituted benzenes. The particular substituted
      benzene(s) employed will, of course, depend, in part, upon the specific
      properties desired in the mixture. Generally, where a biodegradable
      mixture is desired, the substituted benzene is chosen so as to provide one
      or more --CH.sub.3, --CH.sub.3 O, and/or SCH.sub.3 moities in the p-p'
      asymmetrical disubstituted diaryl trichloroethane containing mixture.
      However, other election donating groups can also be used in the process,
      such as: --C.sub.2 H.sub.5 O, --C.sub.3 H.sub.7 O, --C.sub.2 H.sub.5,
      and/or -- Cl.
DETD
PAR  The present invention will be further understood by reference to the
      following illustrative examples.
PAC  EXAMPLE I
PAR  The preparation of a mixture containing
      2-(p-methoxyphenyl)-2-(p-tolyl)-1,1,1-trichloroethane was carried out as
      follows:
PAR  Anisole (2.84 gms., 0.017 mole), toluene (4.6gms., 0.05 mole), and chloral
      (7.35 gms., 0.05 mole) were added to a 60:40 (volume ratio) mixture of
      sulfuric acid and glacial acetic acid (25 ml) in an erlenmeyer flask
      cooled to -20.degree.C. The resulting mixture was stirred for 4 hours
      during which time the temperature of the reaction mass was maintained at
      0.degree.. Thereafter the synthesis step was terminated by pouring the
      reaction mass onto ice. The cooled, diluted reaction mass was extracted
      with chloroform. Evaporation of the chloroform left a waxy solid material
      which when subjected to gas chromatography gave the following analysis:
      ##SPC1##
PAR  The reaction exemplified above was found to be sensitive to the relative
      concentration of the substituted benzene reactants and to the
      proportionality of sulfuric acid and acetic acid, as shown in Table I. The
      toxicity of some of the mixtures resulting from various conditions of
      synthesis was tested by standard techniques well known in the art, the
      results of which are also shown in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Synthesis of mixtures containing:                                         

                       Composition of     Toxicity*                            

     Reactants                                                                 

              Condensing Agent                                                 

                       Resulting Mixture  topical                              

     (moles)  (volume %)                                                       

                       (yield %)          LD.sub.50 Musca                      

     anisole                                                                   

          toluene                                                              

              H.sub.2 SO.sub.4                                                 

                   HAc CH.sub.3 --OCH.sub.3                                    

                             CH.sub.3 O--OCH.sub.3                             

                                    CH.sub.3 --CH.sub.3                        

                                          domestica                            

                                          Mg.per.sub.+.degree.                 

     __________________________________________________________________________

     0.05 0.05                                                                 

              90   10  31    16     53    --                                   

     0.05 0.05                                                                 

              80   20  13    46     41    --                                   

     0.05 0.05                                                                 

              70   30  16    84     --    --                                   

     0.05 0.05                                                                 

              60   40  14    86     --    --                                   

     0.05 0.05                                                                 

              50   50   1    99     --    --                                   

     0.025                                                                     

          0.05                                                                 

              60   40  40    60     --    0.88                                 

     0.017                                                                     

          0.05                                                                 

              60   40  60    40     --    0.65                                 

     0.025                                                                     

          0.05                                                                 

              70   30  32    24     44    --                                   

     0.017                                                                     

          0.05                                                                 

              70   30  36    34     30    --                                   

     0.012                                                                     

          0.05                                                                 

              60   40  46    54     --    0.83                                 

     0.012                                                                     

          0.05                                                                 

              65   35  44    56     --    0.87                                 

     __________________________________________________________________________

      *The toxicity data was obtained by treating 2-4 day old female houseflies

      with standard w/v solutions applied to the pronota. Three replicates of 2

      flies each were run at 4 to 5 dosages and the LD.sub.50 data obtained fro

      log dosage vs. probit mortality plots. LD.sub.50 value for a 1:1 mixture 

      of 99% pure CH.sub.3 --OCH.sub.3 and 99% pure CH.sub.3 O--OCH.sub.3 is   

      0.62 Mg per .sub.+.degree.. LD.sub.50 for CH.sub.3 --OCH.sub.3 is 0.47 Mg

      per .sub.+.degree..                                                      

PAC  EXAMPLE II
PAR  A procedure identical to that employed in Example I was applied to the
      synthesis of a mixture containing
      2-(p-ethoxyphenyl)-2-(p-tolyl)-1,1,1-trichloroethane. The optimum
      conditions for maximum yield of the desired product were found to be a
      70:30 (volume ratio) mixture of sulfuric acid and glacial acetic acid
      about 0.025 moles of phenetol, 0.05 moles of toluene, and 0.05 moles of
      chloral. Table II shows the effects of variations in synthesis conditions
      upon the amounts of the various products formed.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Synthesis of mixtures containing:                                         

                                             Toxicity*                         

                        Composition of       topical                           

     Reactants Condensing Agent                                                

                        Resulting Mixture    LD.sub.50 Musca                   

     (moles)   (volume %)                                                      

                        (yield %)            domestica                         

     phenetol                                                                  

          toluene                                                              

               H.sub.2 SO.sub.4                                                

                    HAc CH.sub.3 --OC.sub.2 H.sub.5                            

                               C.sub.2 H.sub.5 O--OC.sub.2 H.sub.5             

                                       CH.sub.3 --CH.sub.3                     

                                             Mg.Per+                           

     __________________________________________________________________________

     0.05 0.05 60   40  --     99.5    --    --                                

     0.017                                                                     

          0.05 60   40  45     55      --    0.55                              

     0.025                                                                     

          0.05 60   40  21     79      --    0.48                              

     0.017                                                                     

          0.05 70   30  51     49      --    0.47                              

     0.025                                                                     

          0.05 70   30  59     7.5     33    0.87                              

     0.017                                                                     

          0.05 50   50  --     100     --    --                                

     0.0125                                                                    

          0.05 60   40  30     70      --    0.54                              

     __________________________________________________________________________

      *LD.sub.50 value for a 1:1 mixture of 99% pure CH.sub.3 --OC.sub.2 H.sub.

      and 99% pure C.sub.2 H.sub.5 O--OC.sub.2 H.sub.5 is 0.31 Mg per          

      .sub.+.degree. LD.sub.50 for CH.sub.3 --OC.sub.2 H.sub.5 is 0.18 Mg per  

      .sub.+                                                                   

PAC  EXAMPLE III
PAR  Synthesis of mixtures containing
      2-(p-methoxyphenyl)-2-(p-methylthiopenyl)-1,1,1-trichoroethane was
      prepared by the present invention as follows:
PAR  A mixture of anisole (10.8g., 0.1 mole), thioanisole (12 g., 0.1 mole), and
      chloral 14.7 g. (0.1 mole) was stirred into anhydrous AlCl.sub.3 (14.7 g.,
      0.1 mole) in 100 ml chloroform. The reaction mixture was left overnight,
      poured onto ice and extracted with chloroform. The extract was dried with
      CaCl.sub.2 and the chloroform removed to give an oil which crystallized
      from ethanol. Gas chromatography indicated the following composition:
      ##SPC2##
PAR  Compositions prepared by the present invention can be formulated into
      insecticidal formulations using techniques known to the art in the
      formulation of DDT insecticides. Thus, dust, water dispersion, emulsions
      and their solutions can be formulated, provided however that the carrier
      or solvent is compatible and inert in the sense that it does not react or
      interfere with the insecticidal and biodegradable characteristics of the
      mixtures of the p,p' disubstited diaryl trichloroethanes.
PAR  While the present invention has been described by reference to illustrative
      examples, various modifications will be apparent to those skilled in the
      art and any such modifications are intended to be within the spirit and
      scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing mixtures of asymmetrical p-p'-disubstituted
      diphenyl trichloroethanes which comprises reacting chloral and a
      substituted benzene, wherein the substituents are selected from the group
      consisting of --CH.sub.3, --CH.sub.3 O, --SCH.sub.3, --C.sub.2 H.sub.5 O,
      --C.sub.3 H.sub.7 O, --C.sub.2 H.sub.5 and --CL, together substantially
      all at once in the presence of an acidic condensing agent selected from
      the group consisting of (1) a mixture of sulfuric acid-glacial acetic acid
      and (2) anhydrous aluminum trichloride and at a low temperature in the
      range of about 0.degree.C to about -30.degree.C, the amount of chloral and
      substituted benzene being sufficient to form the said trichloroethanes.
NUM  2.
PAR  2. A process as defined in claim 1 wherein said acidic condensing agent
      comprises a mixture of sulfuric acid and glacial acetic acid.
NUM  3.
PAR  3. A process as defined in claim 1 wherein said acidic condensing agent
      comprises anhydrous aluminum trichloride.
NUM  4.
PAR  4. A process as defined by claim 1 wherein the reaction product is
      subsequently solvent extracted to yield a mixture of p-p'-disubstituted
      diphenyl trichloroethanes.
NUM  5.
PAR  5. A process for preparing mixtures of asymmetrical p-p'-disubstituted
      diphenyl trichloroethanes which comprises reacting chloral and a
      substituted benzene, wherein the substituents are selected from the group
      consisting of --CH.sub.3, --CH.sub.3 O, --SCH.sub.3, --C.sub.2 H.sub.5 O,
      --C.sub.3 H.sub.7 O, --C.sub.2 H.sub.5 and --Cl, together substantially
      all at once in the presence of an acidic condensing agent comprising a
      mixture of sulfuric acid and glacial acetic acid in a volume ratio of
      about 50:50 and at a low temperature in the range of about 0.degree.C. to
      about -30.degree.C.
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ABST
PAL  Dihydroperoxides of dialkylaromatic hydrocarbons are separated in high
      yield from an aqueous alkaline solutions of hydroperoxides containing the
      dihydroperoxides by adding 0.01 to 1 % by weight of a compound having a
      nitrogen base, such as ammonia and aromatic amines, to the solution, based
      on the weight of the solution, thereby stabilizing the dihydroperoxides in
      the solution, and separating the dihydroperoxides therefrom by extraction.
BSUM
PAR  This invention relates to a process for separating dihydroperoxides of
      dialkylaromatic hydrocarbons by extraction from an aqueous alkaline
      solution containing the dihydroperoxides, and more particularly to a
      process for stabilizing dihydroperoxides of dialkylaromatic hydrocarbon
      represented by the general formula:
PAC  R.sub.1 -- Ar -- R.sub.2
PAL  wherein R.sub.1 and R.sub.2 are alkyl groups having three to four carbon
      atoms and Ar an aromatic group, (the dihydroperoxides will be hereinafter
      referred to as DHPO) in the process for separating DHPO from an aqueous
      alkaline solution containing DHPO by extraction, which comprises adding a
      compound having a nitrogen base to the solution, thereby increasing a
      percent retention of DHPO in the solution, and separating DHPO in a good
      yield even at a high temperature by extraction. The percent retention is a
      ratio of an amount of a specific substance in a solution after some
      treatment to that before treatment, for example, represented by a formula
      B/A, when an amount A of the specific substance in a solution before
      treatment is changed to an amount B by some treatment.
PAR  When dialkylaromatic hydrocarbons are oxidized by ordinary procedure with
      oxygen or air, monohydroperoxides (which will be hereinafter referred to
      as MHPO), DHPO and several other kinds of hydroperoxides (which will be
      hereinafter referred to as HPO) of dialkylaromatic hydrocarbons are
      produced at the same time.
PAR  It is necessary to effectively separate or recover MHPO and DHPO from the
      resulting oxidation product solution containing these hydroperoxides. For
      example, the recovered MHPO is recycled to the oxidation reaction to
      convert it to DHPO. The recovered DHPO is subjected to cleavage reaction
      with an acid catalyst, for example, sulfuric acid, etc. to obtain the
      corresponding divalent phenols.
PAR  To carry out the successive cleavage reaction smoothly in good yield, it is
      an essential condition to effectively separate DHPO from these HPO
      compounds.
PAR  It is known from British Patent Specification No. 727498 to separate MHPO
      and DHPO from the oxidation product solution containing HPO compounds,
      that is, MHPO, DHPO and HPO by treating the solution with an aqueous 4-15
      wt. % alkali solution (% hereinafter referred to is all by weight).
PAR  Said prior art process has a good selectivity on one hand, as compared with
      other separation processes, but has the following two disadvantages on the
      other hand: Firstly, the stability of MHPO is poor in an aqueous alkaline
      solution, and secondly DHPO cannot be extracted as such (see Japanese
      Patent Publication No. 521/56).
PAR  Among these two disadvantages, the first problem can be solved by treating
      the solution at a low temperature. Loss of MHPO can be repressed thereby
      to a minimum within a substantially permissible range without so much
      reduction in selectivity. Therefore, the first problem is not so serious
      disadvantage.
PAR  As to the second problem, there has been known a process for extracting
      DHPO from an aqueous alkaline solution containing DHPO with an organic
      solvent and using DHPO as such (see German Patent No. 1,134,375), and the
      problem seems as if it has been solved. However, the percent retention of
      DHPO in the aqueous alkaline solution still remains as a serious problem
      in that case, and thus said disadvantage has not yet been overcome
      completely. The present inventors have thought highly of the aqueous
      alkaline solution treatment, because said treatment has a distinguished
      selectivity never comparable with other processes, and thus have made
      studies on an improvement of disadvantages of the aqueous alkaline
      solution treatment so as to fully take advantage of the superiority of the
      aqueous alkaline solution treatment. As a result, the present inventors
      have confirmed that said disadvantages have not yet been overcome
      completely, though various attempts and researches have been so far
      carried out to improve said disadvantages. Especially, low percent
      retention of DHPO in the aqueous alkaline solution is a fatal
      disadvantage, and it can be said that the effectiveness of the aqueous
      alkaline solution treatment depends solely upon an improvement of the low
      percent retention. That is, according to the conventional aqueous alkaline
      solution treatment, it is impossible to separate DHPO to obtain it as
      such. That is, a complicated step of making the resulting DHPO free by
      acid or through extraction by specific organic solvents, for example,
      methylethylketone, methylisobutylketone, etc. is further necessary.
      However, in the latter case, it is hard to extract DHPO into an organic
      layer with ease, because DHPO takes a salt-like form in the aqueous
      alkaline solution, and an extraction treatment at a considerably high
      temperature is necessary for obtaining DHPO as such. For example, the
      extraction treatment is carried out at 75.degree.C in said German Patent.
      However, the stability of DHPO is quite poor in the aqueous alkaline
      solution, and is quite adversely influenced particularly by temperature.
PAR  The present inventors have made various studies on how to prevent the DHPO
      loss on the basis of these confirmed facts, and, as a result, have found
      that addition of a compound having a nitrogen base to the aqueous alkaline
      solution containing DHPO has a remarkable effect upon the percent DHPO
      retention even at a high temperature without giving any influence upon the
      extraction efficiency.
PAR  The alkylaromatic compounds referred to in the present invention include,
      for example, diisopropylbenzene, di-sec-butylbenzene, diisobutylenzene,
      etc., and particularly diisopropylbenzene is a well known compound as a
      raw material for producing resorcinol, hydroquinone, etc.
PAR  Examples of the compounds having a nitrogen base, as referred to herein,
      include ammonia, aniline, toluidine, diphenylamine, N-methylaniline, N,
      N-dimethylaniline, benzylamine, .alpha.-phenylethylamine, triethylamine,
      pyridine, urea, etc. These compounds having the nitrogen base are all
      effective for the purpose of the present invention, but particularly
      ammonia and aromatic amines are suitable for the present invention. These
      compounds having the nitrogen base are effective for increasing the
      percent DHPO retention of the aqueous alkaline solution and have no
      influence at all upon the extraction efficiency of DHPO.
PAR  That is, the addition of a compound having a nitrogen base has no influence
      upon the extraction efficiency of DHPO, when DHPO is extracted into an
      aqueous alkaline layer from the oxidation product solution containing DHPO
      with the aqueous alkaline solution, or when DHPO is extracted from the
      aqueous alkaline solution containing DHPO with an organic solvent.
      However, the addition of the compound having a nitrogen base has a large
      effect upon the increase in the percent DHPO retention of the aqueous
      alkaline solution, and it is obvious that the addition of a compound
      having a nitrogen base to the solution consequently gives a very
      advantageous effect upon the extraction of DHPO from the solution.
PAR  The amount of the compound having the nitrogen base somewhat depends upon
      the kind of the compound, but in almost all the cases, it is effective to
      add 0.01 to 1 % of the compound to an aqueous alkaline solution containing
      DHPO, based on the weight of the solution.
DRWD
PAR  Now, the present invention will be described by way of the accompanying
      drawings.
PAR  FIG. 1 shows a relation between the retention time (hr) and the percent
      DHPO retention in the case that no compound having a nitrogen base is
      added to the reaction solution.
PAR  FIG. 2 shows a relation between amounts (%) of ammonia and percent DHPO
      retention where the retention time is 2 hours, in the case that ammonia is
      added to the reaction solution.
PAR  FIG. 3 shows a relation between the retention time (hr) and percent DHPO
      retention in the case that compounds having a nitrogen base are added to
      the reaction solution.
DETD
PAR  The present inventors carried out tests on the percent DHPO retention in
      aqueous alkali solutions of oxidation products containing HPO compounds of
      diisopropylbenzene, that is, aqueous alkali solutions especially prepared
      for separating DHPO, and obtained the results as shown in FIG. 1.
PAR  The percent DHPO retention as referred to herein is calculated by the
      following formula:
      ##EQU1##
PAR  More concretely, the aforesaid formula can be rewritten as follows;
EQU  Percent DHPO retention (%) = 100 - Loss* DHPO (%) = Extract DHPO (%) = DHPO
      in the aqueous layer (%).
FNT  The loss is due to the decomposition, but not to the handling.
PAR  That is, Test (1) was carried out to determine the percent DHPO retentions
      for various retention times when an aqueous 8 % caustic soda solution
      containing 12.3 % DHP was retained at 60.degree.C with heating [shown as
      (A) in FIG. 1]. Test (2) was carried out to determine the percent DHPO
      retentions for various retention times when an aqueous 8 % caustic soda
      solution containing 12.3 % DHPO was again prepared by adding freshly DHPO
      and caustic soda to the aqueous caustic soda solution used in the test (1)
      (the caustic soda recycled will be hereinafter referred to as "recycle
      caustic soda"), and retained at 60.degree.C with heating [shown as (B) in
      FIG. 1]. Likewise, Tests (3) was carried out to determine the percent DHPO
      retention for an aqueous 12.3 % DHPO - 4 % caustic soda solution retained
      at 60.degree.C [shown as (C) in FIG. 1], Test (4) for an aqueous 12.3 %
      DHPO - 4 % recycle caustic soda solution retained at 60.degree.C [shown as
      (D) in FIG. 1], Test (5) for an aqueous 12.3 % DHPO - 8 % caustic soda
      solution retained at 30.degree. C [shown as (E) in FIG. 1], and Test (6)
      for an aqueous 12.3 % DHPO - 8 % recycle caustic soda solution retained at
      30.degree.C [shown as (F) in FIG. 1].
PAR  In the case of Tests (5) and (6), shown as (E) and (F) in FIG. 1, the
      percent DHPO retention was high at a low temperature, but when an
      extraction operation was carried out at that temperature (30.degree.C),
      the extraction efficiency was very low. That is, when the extraction and
      separation of DHPO are evaluated in view of a combination of the percent
      DHPO retention and the extraction efficiency, yield of DHPO is very low,
      and an industrial scale extraction of DHPO is therefore uneconomical and
      cannot be carried out.
PAR  Further, in the case of Tests (1) to (4), shown as (A) to (D) in FIG. 1,
      the percent DHPO retention is low, but the extraction efficiency of DHPO
      is high on account of high temperature (60.degree.C). However, its yield
      is also low in view of a combination of the percent DHPO retention and the
      extraction efficiency.
PAR  It is the well known fact that the extraction efficiency is increased with
      higher temperature, and therefore an increase in the percent DHPO
      retention at a high temperature will be an important factor in the
      separation of DHPO. On the other hand, the percent DHPO retention is
      lowered by recyclic use of caustic soda, but the recyclic use must be
      carried out from the economical viewpoint, if the extraction is carried
      out, for example, in an industrial scale. In other words, the extraction
      must be carried out under the most stringent conditions especially for the
      percent DHPO retention.
PAR  For these reasons, the percent DHPO retention will be very low, when DHPO
      is extracted in s substantially effective form from the oxidation product
      solution of HPO compounds with the aqueous alkaline solution.
PAR  FIG. 2 shows a relation between amounts of the compound added and the
      percent DHPO retention by way of ammonia as the compound. The conditions
      for the test are the same as in said Test (1), and the percent DHPO
      retention shown in FIG. 2 corresponds to that at the time of 2 hours in
      FIG. 1.
PAR  The addition of the compound having the nitrogen base according to the
      present invention is not only effective for the most unstable DHPO, but
      also widely applicable, in general, to the HPO compounds of the same
      species, if necessary.
PAR  Now, the stability of DHPO in the aqueous alkaline solution will be
      described by way of Reference Example.
PAC  REFERENCE EXAMPLE
PAR  In correspondence with the foregoing Test (1) to (6), 0.5 % of a compound
      having a nitrogen base was added to the respective solutions, and changes
      with time in the percent DHPO retention were observed according to the
      respective procedures shown in FIG. 1.
PAR  That is to say, ammonia was added as the compound having the nitrogen base
      to the same solution as in Test (1) and changes with time in the percent
      DHPO retention were determined under the same conditions as in Test (1).
      The result is shown by (AA) in FIG. 3.
PAR  Likewise, paratoluidine was added to the solution in correspondence with
      Test (2) [the result being shown as (BB) in FIG. 3]; aniline in
      correspondence with Test (3) [the result being shown as (CC) in FIG. 3];
      diphenylamine in correspondence with Test 4 [the result being shown as
      (DD) in FIG. 3]; benzylamine in correspondence with Test (5) [the result
      being shown as (EE) in FIG. 3]; and triethylamine in correspondence with
      Test (6) [the result being shown as (FF) in FIG. 3].
PAR  Comparison in changes in the percent DHPO retention for the equal retention
      time between FIGS. 1 and 3 reveals that the addition of the compound
      having the nitrogen base greatly improves the stability of DHPO in the
      aqueous alkaline solution.
PAR  For example, in the case of Test (2) where no compound having the nitrogen
      base was added, as shown by (B) in FIG. 1, the percent DHPO retention was
      27 % at the retention time of 6 hours, but when paratoluidine was added
      thereto, as shown by (BB) in FIG. 3, a percent DHPO retention as high as
      96 % was obtained at the equal retention time even at a high temperature
      such as 60.degree.C.
PAR  Even in other corresponding cases, the addition of the compound having the
      nitrogen base can considerably increase the percent DHPO retention.
PAR  The present invention can be most effectively applied also to
      stabilization, separation and purification of hydroperoxides in processes
      for obtaining resorcinol and hydroquinone from alkylbenzenes.
PAR  Now, the present invention will be described by way of Example. In Example,
      parts are all by weight.
PAC  EXAMPLE
PAR  Stabilization and extraction of DHPO were carried out at the same time in
      the present Example.
PAR  1.5 parts of ammonia was added to 300 parts of an aqueous 8 % caustic soda
      solution containing 12.3 % DHPO, and the solution was subjected to
      extraction with 600 parts of methylisobutylketone at 60.degree.C for 90
      minutes through three counter-current contact stages. Similar extraction
      operation was carried out in another run under the same conditions except
      that only the extraction time was changed to 300 minutes.
PAR  Through a series of these extraction operations, DHPO was classified into
      the following three groups.
PA1  1. DHPO contained in methylisobutylketone as the extracting agent (extract
      DHPO)
PA1  2. dhpo remaining in the original aqueous alkaline solution (water layer
      DHPO)
PA1  3. decomposed DHPO (loss DHPO)
PAR  Proportions in said three groups 1, 2 and 3 of DHPO contained in the
      original aqueous caustic soda solution are given in Table 1 as a result of
      the operation.
PAC  COMPARATIVE EXAMPLE
PAR  Similar extraction operation was carried out under the same conditions as
      in Example for the same solution without adding ammonia to the solution.
      The results are given in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

                        Extract                                                

     Extraction         DHPO     Water Layer                                   

                                           Loss                                

     Time    Runs       (%)      DHPO (%)  DHPO (%)                            

     ______________________________________                                    

             Example    90       9         1                                   

      90 min.                                                                  

             Comp. Ex.  88       5         7                                   

             Example    89       7         4                                   

     300 min.                                                                  

             Comp. Ex.  53       4         43                                  

     ______________________________________                                    

PAR  As is apparent from Table 1, DHPO can be extracted and recovered in good
      yield without any influence upon the extraction time when ammonia is added
      to the solution.
PAR  The water layer DHPO is subjected to reextraction as the recycle caustic
      component, and is not a substantial loss.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for stabilizing dihydroperoxides of dialkyl aromatic
      hydrocarbons of the formula
      ##SPC1##
PAL  wherein R.sub.1 and R.sub.2 represent alkyl groups of three to four carbon
      atoms, in the process for separating said dihydroperoxides from an aqueous
      alkaline solution of hydroperoxides containing the dihydroperoxides by
      extraction with an organic solvent, which comprises adding to said aqueous
      alkaline solution prior to extraction a compound selected from the group
      consisting of ammonia, aniline, toluidine, diphenylamine, N-methylaniline,
      N,N-dimethylaniline, benzylamine, .alpha.-phenylethylamine, triethylamine,
      pyridine and urea, the amount of said compound being 0.01 to 1% by weight
      based on the weight of said aqueous alkaline solution.
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ABST
PAL  The following halocyclopropyl halomethyl ethers have been synthesized and
      found to possess utility as general inhalation anesthetics:
PAL  1-chloro-2-chlorofluoromethoxy-1,2,3,3-tetrafluorocyclopropane,
      1-chloro-2-difluoromethoxy-1,2,3,3-tetrafluorocyclopropane,
      1-bromo-2-chlorofluoromethoxy-1,2,3,3-tetrafluorocyclopropane and
      1-bromo-2-difluoromethoxy-1, 2,3,3-tetrafluorocyclopropane.
BSUM
PAC  THE PRIOR ART
PAR  In the continuing search for general inhalation anesthetics, there has been
      recently discovered a few halocyclopropanes and methylhalocyclopropanes
      and some methylhalocyclopropyl ethers. These compounds are disclosed in
      U.S. Pat. Nos. 3,839,589 and 3,769,429 as well as in pending applications
      Ser. No. 408,709 (filed Oct. 23, 1973) and Ser. No. 499,761 (filed Aug.
      22, 1974) for the methylcyclopropanes, and Ser. No. 451,677 (filed March
      15, 1974) for the methyl ethers. Prior to these current developments,
      which have been contributed to the art by the present applicants, the only
      known cyclopropane compounds with a claim to anesthetic utility were
      cyclopropane itself and the 1-methyl-1-trifluoromethylcyclopropane
      reported by Krantz and Rudo [Handbuch of Experimental Pharmakologie 20
      (1), at page 525 (1966)]. On assessing the progress reported in the art,
      as just reviewed, one must agree with these authors who, after an
      extensive compilation of the results of a few hundred tests on fluorinated
      compounds, conclude that cyclic halogenated compounds tend to be toxic. In
      fact, it has been the applicants' experience generally that for each
      useful compound discovered, there has been found one or more other
      structurally closely related compounds which are either useless or
      deleterious. Thus, despite the disclosures in recent years, it can be
      reasonably said that little has been added to the understanding of the
      mode of action of chemical compounds in this physiological role and,
      because of this, the relationship of the similarities and differences
      between fairly similar compounds with either their toxic or therapeutic
      properties remains substantially unidentified. The discovery of additional
      substances possessing a desirable combination of properties for anesthetic
      purposes still lies, therefore, beyond the scope of routine expertise.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that the following newly synthesized compounds
      possess utility as general anesthetics when administered to
      inhalation-anesthetic-susceptible organisms:
      1-chloro-2-chlorofluoromethoxy-1, 2,3,3-tetrafluorocyclopropane,
      1-chloro-2-difluoromethoxy-1,2,3,3-tetrafluorocyclopropane,
      1-bromo-2-chlorofluoromethoxy-1,2,3,3-tetrafluorocyclopropane and
      1-bromo-2-difluoromethoxy-1,2,3,3-tetrafluorocyclopropane.
DETD
PAC  DETAILED DESCRIPTION
PAR  The compounds of this invention were prepared from the corresponding
      halocyclopropyl methyl ethers by chlorination of the methoxy group
      followed by treatment with antimony trifluoride to replace the chlorine
      atoms by fluorine atoms. The preparation of the halocyclopropyl methyl
      ethers themselves is described in copending application Ser. No. 451,677
      (filed on March 15, 1974).
PAR  Specific preparations of the compounds of this invention are illustrated by
      the following examples. These examples are not limiting inasmuch as other
      ways can be devised by the men skilled in the art to prepare the same
      compounds such as for instance the direct cyclization of a suitable
      halocarbene with an appropriately substituted olefinic compound in the
      manner employed for the synthesis of the halocyclopropyl methyl ethers
      used in the method presently described.
PAC  EXAMPLE 1
PAC  1-Chloro-2-dichloromethoxytetrafluorocyclopropane.
PAR  This compound may be prepared in a three-neck Pyrex flask equipped with a
      magnetic stirrer, a thermometer, a chlorine introduction tube and, in
      series, a cold-water reflux condenser, a -40.degree. Dewar reflux
      condenser, a -40.degree. trap and a water bubbler. The flask is placed in
      a water bath which is cooled by occasional addition of chips of dry ice.
PAR  Placed in the flask are 1.27 moles of
      1-chloro-2-methoxy-1,2,3,3-tetrafluorocyclopropane. During irradiation of
      the flask by the light of a 275-watt sunlamp, 2.45 moles of chlorine are
      introduced into the stirred reaction mixture. The temperature of the
      mixture is maintained within the range of 15.degree. to 35.degree.C. In
      this manner, there has been obtained a 73.6% yield of
      1-chloro-2-dichloromethoxytetrafluorocyclopropane based on the starting
      ether.
PAC  EXAMPLE 2
PAC  1-Chloro-2-difluoromethoxytetrafluorocyclopropane.
PAR  This preparation can be carried out in a three-neck flask equipped with a
      heating mantle, a magnetic stirrer, a thermometer, an addition funnel and,
      in series, a reflux condenser, a -75.degree.C trap and a nitrogen bubbler.
PAR  The condenser is maintained at about 80.degree.C with a constant
      temperature circulating bath. Added to the flask are 0.4 mole of SbF.sub.3
      and 7 g of SbCl.sub.5. While heating the flask to 60.degree. to
      125.degree.C, 0.4 mole of
      1-chloro-2-dichloromethoxy-1,2,3,3-tetrafluorocyclopropane is added
      dropwise. The product is collected in the -75.degree. trap. There has thus
      been obtained 1-chloro-2-difluoromethoxytetrafluorocyclopropane in 81%
      yield, based on the starting dichloromethoxy compound. The purified
      compound had a boiling point of 61.5.degree.C, a density of
      (d.sub.4.sup.20) 1.573 and a refractive index of (n.sub.D.sup.20) 1.3144.
PAC  EXAMPLE 3
PAC  1-Chloro-2-chlorofluoromethoxytetrafluorocyclopropane.
PAR  This compound may be prepared by the method of Example 2 no changes are
      actually required. The reactants used are SbF.sub.3, 0.63 mole,
      SbCl.sub.5, 0.037 moles, and
      1-chloro-2-dichloromethoxy-1,2,3,3-tetrafluorocyclopropane, 0.61 mole. The
      condenser is kept at about 80.degree.C and the reaction flask is heated at
      70.degree. to 148.degree.C. Obtained in this manner is a yield of 5.6% of
      the chlorofluoromethoxy compound, based on the starting dichloromethoxy
      material. The purified product had a boiling point of 69.degree.C, a
      density of (d.sub.4.sup.20) 1.588 and a refractive index of
      (n.sub.D.sup.20) 1.3276.
PAC  EXAMPLE 4
PAC  1-Bromo-2-dichloromethoxytetrafluorocyclopropane.
PAR  This compound can be prepared by the method of Example 1, using, for
      instance, 0.054 mole of 1-bromo-2-methoxy-1,2,3,3-tetrafluorocyclopropane,
      and 0.1 mole of chlorine. A 72% yield, based on the 2-methoxy compound is
      thus obtained.
PAC  EXAMPLE 5
PAC  1-Bromo-2-difluoromethoxytetrafluorocyclopropane.
PAR  This compound can be prepared in the manner of Example 2, but with the
      following changes. The condenser is kept at about 95.degree.C and the
      reaction container heated at 85.degree. to 120.degree.C. SbF.sub.3, 0.06
      mole, SbCl.sub.5, 0.0033 mole, and
      1-bromo-2-dichloromethoxy-1,2,3,3-tetrafluorocyclopropane, 0.039 mole, are
      the reactants. A yield of 66% of the 1-bromo-2-difluoromethoxy product is
      obtained based on the starting dichloromethoxy analog. The purified
      product had a boiling point of 78.degree.C, a density of (d.sub.4.sup.20)
      1.852 and a refractive index (n.sub.D.sup.20) 1.3405.
PAC  EXAMPLE 6
PAC  1-Bromo-2-chlorofluoromethoxytetrafluorocyclopropane.
PAR  Again the procedure of Example 2 can be used with a few changes in
      conditions and reactants. For the present illustrative purpose, the
      product was isolated from the preparation in Example 5 in yield of 22%,
      based on the starting dichloromethoxy analog. The chlorofluoromethoxy
      compound had a boiling point of 86.degree.C, a density (d.sub.4.sup.20) of
      1.85 and a refractive index (n.sub.D.sup.20) of 1.356.
PAC  EXAMPLES 7 to 10
PAR  The physiological effects of the cyclopropyl ethers prepared in the
      preceding examples were demonstrated as follows, using a standard test for
      evaluation of inhalation anesthetics similar to that described in Robbins
      [J. Pharmacology and Experimental Therapeutics 86, 197 (1946)].
PAR  Mice were exposed to the anesthetic for a period of 10 minutes in a
      rotating drum. Observations were then made of the pinch reflex, the
      corneal reflex and the return of the righting reflex. At least four graded
      doses were employed to determine the minimum concentration required to
      anesthetize 50% of the mice used (AC.sub.50) and the minimum concentration
      required to kill 50% of the mice (LC.sub.50). The anesthetic index (AI)
      was then calculated from these minimum concentrations. The results of
      these tests are summarized in the following table.
TBL  __________________________________________________________________________

     ANESTHETIC PROPERTIES OF HALOMETHYLCYCLOPROPYL ETHERS                     

     Ex. 1,2,3,3-Tetrafluorocyclopropane                                       

                           AC.sub.50                                           

                                LC.sub.50                                      

                                     AI                                        

                           (% volume)                                          

                                     (LC.sub.50 /AC.sub.50)                    

     __________________________________________________________________________

     7   1-Cl-2-diFmethoxy-                                                    

                           2-10%                                               

                                &gt;10% &gt;1                                        

     8   1-Cl-2-ClFmethoxy-                                                    

                           2%   8-10%                                          

                                     4-5                                       

     9   1-Br-2-diFmethoxy-                                                    

                           1%   &gt; 4% &gt;4                                        

      10 1-Br-2-ClFmethoxy-                                                    

                           2-4% 6-8% .about.2                                  

     __________________________________________________________________________

      *When two figures are given, the actual parameter lies between them.     

PAR  The compounds of this invention are therefore capable of inducing a state
      of anesthesia in air-breathing mammals, from which the latter recover,
      provided that the lethal concentration of anesthetic vapors is not
      reached. The compounds can be stored in containers of the type commonly
      used for conventional anesthetics of comparable boiling point, e.g.
      halothane, and they may be used in admixture with pharmaceutically
      acceptable diluents and stabilizers such as thymol, or in combination with
      one or more of the known inhalation anesthetics, such as nitrous oxide,
      ether, halothane, chloroform, methoxyflurane, and the like. In short, it
      should be understood that variations can be carried out in either the
      preparation or the administration of these compounds depending on factors
      such as economic considerations, level and duration of anesthesia desired,
      subject treated, and the like.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The cyclopropyl ethers selected from the group consisting of:
      1-chloro-2-dichloromethoxy-1,2,3,3-tetrafluorocyclopropane,
      1-chloro-2-difluoromethoxy-1,2,3,3-tetrafluorocyclopropane,
      1-chloro-2-chlorofluoromethoxy-1,2,3, 3-tetrafluorocyclopropane,
      1-bromo-2-dichloromethoxy-1,2,3,3-tetrafluorocyclopropane,
      1-bromo-2-difluoromethoxy-1,2,3,3-tetrafluorocyclopropane, and
      1-bromo-2-chlorofluoromethoxy-1,2,3,3-tetrafluorocyclopropane.
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ABST
PAL  Phenoxyphenyl-butadienols, e.g., 2-(p-phenoxyphenyl)-3,4-pentadien-2-ol,
      and their preparation are described. The compounds are useful as
      anti-inflammatories.
BSUM
PAR  This invention relates to butadienols, and more particularly, to
      p-phenoxyphenyl-butadienols, as well as to pharmaceutical compositions
      containing such compounds and to the pharmaceutical use of such compounds.
PAR  The compounds of this invention may be conveniently represented by the
      formula I:
      ##SPC1##
PAL  wherein
PA1  R is a hydrogen atom, methyl or ethyl, preferably methyl.
PAR  Compounds I are obtainable by reducing with a complex metal hydride, a
      corresponding alkynol compound of the formula II, (process a):
      ##EQU1##
      wherein R is as defined above; and
      ##SPC2##
PA1  L is either
PA2  A. a quaternary ammonium radical;
PA2  B. an ether selected from the group consisting of tetrahydrofuran-2-yloxy;
      tetrahydropyran-2-yloxy-or 4-methoxy-tetrahydropyran-4-yloxy;
PA2  C. halo having an atomic weight of from about 19 to 127, e.g., fluoro,
      chloro, bromo, or iodo; or
PA2  D. a sulfonyloxy radical.
PAR  The complex hydride reducing agents may be of the formula IIIa or IIIb:
      ##EQU2##
      wherein T is aluminum, gallium or boron, and
PA1  Z.sup.1, z.sup.2 and Z.sup.3 are, independently, a hydrogen atom, alkyl of
      1 to 6 carbon atoms, alkoxy of 1 to 6 carbon atoms; or alkoxyalkoxy having
      from 2 to 6 total carbon atoms;
PA1  Z.sup.4 and Z.sup.5 are, independently, hydrogen or alkyl of 1 to 6 carbon
      atoms; and
PA1  M is an alkali or alkaline earth metal, such as lithium, sodium, potassium,
      calcium or magnesium.
PAL  Exemplary of such complex hydrides are lithium aluminum hydride, sodium
      dihydrobis (2-methoxyethoxy) aluminate, sodium diethyl aluminum dihydride,
      lithium borohydride, lithium gallium hydride, magnesium aluminum hydride,
      lithium diisobutylmethyl aluminum hydride, lithium trimethoxy aluminum
      hydride, diethyl aluminum hydride and diborane, preferably lithium
      aluminum hydride or sodium dihydrobis (2-methoxyethoxy) aluminate.
PAR  The complex hydrides (IIIa and IIIb) are either known and may be prepared
      by methods described in the literature or where not known may be prepared
      by methods analogous to those for preparing the known compounds. Many of
      the complex hydrides are commercially available.
PAR  Process (a) should be carried out in a medium which is not detrimental to
      the reaction, such as in an aprotic organic solvent, e.g., an ether such
      as diethyl ether, tetrahydrofuran or dioxane, an aromatic medium, such as
      benzene, toluene or pyridine or a saturated aliphatic hydrocarbon, such as
      pentane, hexane or octane. The medium may be a mixture or a single
      material. The reaction may, for example, be carried out at about
      -40.degree. to +120.degree.C., e.g., at the boiling point of the medium.
      However, temperatures of from about -10.degree. to +50.degree.C. are
      preferred. While the higher temperatures result in a faster reaction rate,
      reactions carried out at lower temperatures tend to give purer products.
      The reaction product (a Compound I) may be recovered by conventional
      means, e.g., by carefully adding a small amount of water or aqueous
      solution, e.g., aqueous ammonium chloride, or sodium hydroxide to the
      reaction mixture, filtering off the inorganic by-products or hydrolysis
      products of the hydride ion source, and then separating the Compound I
      product from the organic phase by such means as precipitation, extraction,
      crystallization, chromatography or liquid-liquid extraction. As will be
      appreciated by those skilled in the art, it is preferred to exclude
      moisture from the reaction, e.g., by use of anhydrous solvents and
      conditions. The reaction may be advantageously carried out in an inert
      atmosphere, e.g., under nitrogen gas.
PAR  The compounds of formula II in which L is a quaternary ammonium radical are
      compounds of formula IIa:
      ##EQU3##
      wherein A and R are as defined above; and
PA1  L' is the radical:
      ##EQU4##
      wherein R.sup.1 and R.sup.2 independently represent alkyl having 1 to 4
      carbon atoms; unsubstituted cycloalkyl having 5 to 6 ring carbons, i.e.,
      cyclopentyl or cyclohexyl; or together, with N, represent a heterocyclic
      ring having 5 to 7 members selected from the group consisting of
      unsubstituted pyrrolidino, piperidino, homopiperidino, morpholino, and
      their alkyl substituted derivatives containing from 1 to 3 alkyl groups of
      1 to 4 carbon atoms;
PA1  R.sup.3 represents alkyl having 1 to 4 carbon atoms, e.g., methyl, ethyl,
      propyl or butyl including isomeric forms where they exist, although the
      unbranched alkyls are preferred, especially methyl, and
PA1  X is an anion derived from a mineral acid or an organic sulfonic acid,
      provided that X is not fluoro, e.g., iodo or methylsulfonyl.
PAR  Compounds IIa can be prepared by quaternizing a compound of the formula V:
      ##EQU5##
      wherein A, R, R.sup.1 and R.sup.2 are as defined above, with a compound of
      the formula VI:
EQU  R.sup.3 X                                                  VI
PAL  wherein R.sup.3 and X are as defined above.
PAL  The quaternization can be carried out in the conventional manner, e.g., in
      a suitable solvent such as acetone, at a temperature of from -20.degree.
      to +30.degree.C., neither the solvent nor the temperature being critical.
      A preferred compound VI is methyl iodide. The compounds of formula VI are
      known per se or can be prepared from known materials by conventional
      methods, and many are commercially available.
PAR  The compounds of formula II in which L is an ether moiety, i.e., the
      compounds of formula IIb:
      ##EQU6##
      wherein A and R are as defined above, and
PA1  L" is tetrahydrofuran-2-yloxy, tetrahydropyran-2-yloxy or
      4-methoxy-tetrahydropyran-4-yloxy
PAL  can be prepared by reacting a compound of the formula VII
      ##EQU7##
      wherein A and R are defined above, with Grignard reagent formed by
      treating a compound of the formula VIII:
EQU  HC.ident.C--CH.sub.2 --L"                                  VIII
PAL  wherein L" is as defined above, with ethyl, magnesium bromide in the
      conventional manner for carrying out Grignard reactions.
PAR  The compounds of formulae VII and VIII used in the production of compounds
      IIb are known or can be prepared from known compounds using conventional
      techniques.
PAR  The compounds of formula II in which L is halo other than iodo, i.e., those
      compounds of formula IIc:
      ##EQU8##
      wherein A and R are as defined above, and
PA1  L'" is fluoro, chloro or bromo can be prepared by reacting a compound of
      the formula IX:
      ##EQU9##
      wherein A and R are as defined above with the appropriate halide selected
      from the group of thionyl chloride or bromide, phosphorus pentachloride or
      bromide and hydrocarbon sulfonyl fluorides, e.g., benzyl sulfonyl
      fluoride, tosyl fluoride and mesyl fluoride, in an organic medium such as
      hexane, benzene or dimethoxyglycol. For the chlorination and bromination
      of tertiary amine base, such as pyridine, is included in the reaction
      mixture and the reaction temperature is about 0.degree. to 20.degree.C.
      For the fluorination the reaction temperature is 0.degree. to about
      150.degree.C.
PAR  Compounds of formula II in which L is iodo are conveniently prepared by
      reacting corresponding compounds of formula IIc in which L'" is chloro,
      with sodium iodide in acetone, the reaction being carried out in
      conventional manner for replacing a chloro with an iodo.
PAR  The compounds of formula II in which L is a sulfonyloxy radical are
      compounds of formula IId:
      ##EQU10##
      wherein A and R are as defined above, and
PA1  L.sup.iv is a sulfonyloxy radical which may be either alkylsulfonyloxy in
      which the alkyl group may be substituted, e.g., halo, or unsubstituted and
      contain from 1 to as many as 16 or more, preferably 1 to 6 carbon atoms,
      e.g., methane sulfonyloxy, ethanesulfonyloxy, 3-chloropropanesulfonyloxy,
      or 1-hexadecanesulfonyloxy; or arylsulfonyloxy in which the aryl group is
      phenyl, naphthyl or substituted phenyl, which may have from 1 to 3
      substituents independently selected from the group consisting of alkyl of
      1 to 6 carbon atoms, alkoxy of 1 to 6 carbon atoms, halo and nitro.
PAR  Compounds IId can be prepared by reacting a compound of the formula IX
      above with an appropriate alkylsulfonyl chloride, such as methanesulfonyl
      chloride, 3-chloropropanesulfonyl chloride or 1-hexadecanesulfonyl
      chloride or an arylsulfonyl chloride, such as benzensulfonyl chloride,
      4`-toluenesulfonyl chloride or 2-naphthalenesulfonyl chloride. This
      reaction is conveniently carried out in pyridine at or about room
      temperature.
PAR  The compounds of formula IX used in the production of compounds IIc and IId
      can be prepared by conventional hydrolysis of a compound of formula IIb,
      such as with a mineral or organic acid.
PAR  The compounds of formula V used in the preparation of Compounds IIa, above,
      can be prepared by reacting a compound of formula VII above with a
      compound of formula XI:
      ##EQU11##
      wherein R.sup.1 and R.sup.2 are as defined above. This reaction may be
      carried out at temperatures of 0.degree. to 50.degree.C., conveniently at
      room temperature, and in the presence of an organic solvent such as
      tetrahydrofuran.
PAR  The compounds of formula XI are known or can be produced in known manner by
      reacting a compound of the formula XIV:
      ##EQU12##
      wherein R.sup.1 and R.sup.2 are as defined above, with lithium metal at a
      temperature of 0.degree. to 50.degree.C. in a suitable solvent such as
      ethylene diamine.
PAR  The compounds of formula V can also be prepared by a process (b) which
      involves reacting a compound of formula XII:
      ##EQU13##
      wherein A and R are as defined above, with a compound of formula XIII:
      ##EQU14##
      wherein R.sup.1 and R.sup.2 are as defined above.
PAR  In process (b), a compound of formula XII is reacted with a compound of
      formula XIII at a temperature of 10.degree. to 50.degree.C. preferably at
      room temperature, in the presence of an inert solvent, and in the presence
      of mono-valent coinage metal ion, e.g., copper ion, as catalyst,
      preferably cuprous chloride or cuprous oxide, although salts and the like
      of other coinage metals, i.e., silver and gold (I), can likewise be used.
      The compounds of formula XII can be prepared by reacting a compound of
      formula VII above in a solvent such as dimethylacetamide or
      dimethylsulfoxide with a suitable acetylene reagent, such as sodium or
      lithium acetylide conveniently at room temperature.
PAR  The compounds of formulae XIII and XIV used in the aboveidentified
      preparations of compounds V are known or can be produced from known
      materials by conventional techniques, and many are commercially available.
PAR  The compounds of formula (I) are useful because they possess
      pharmacological activity in animals. In particular, the compounds (I) are
      useful as anti-inflammatory agents as indicated by the Carrageenan induced
      edema test on rats (oral administration at 1 to 200 mg/kg). For such use,
      the compounds may be combined with a pharmaceutically acceptable carrier,
      and such other conventional adjuvants as may be necessary, and
      administered orally in such forms as tablets and capsules, elixirs,
      suspensions and the like or parenterally in the form of an injectable
      solution or suspension. The dosage administered will, of course, vary
      depending upon the compounds used and the mode of administration. However,
      in general, satisfactory results are obtained when administered at a daily
      dosage of from about 1 milligram to about 250 milligrams per kilogram,
      e.g., from about 1 milligram to about 175 milligrams per kilogram of body
      weight, preferably given in divided doses 2 to 4 times a day, or in
      sustained release form. For most mammals, the administration of from about
      100 milligrams to about 3000 milligrams, e.g., from about  160 milligrams
      to about 2000 milligrams, of the compound per day provides satisfactory
      results and dosage forms suitable for internal administration comprise
      from about 25 milligrams to about 1500 milligrams, e.g., from about 40
      milligrams to about 1000 milligrams, of the compound in admixture with a
      solid or liquid pharmaceutical carrier or diluent.
PAR  For the above usage, oral administration with carriers may take place in
      such conventional forms as tablets, dispersible powders, granules,
      capsules, syrups and elixirs. Such compositions may be prepared according
      to any method known in the art for manufacture or pharmaceutical
      compositions, and such compositions may contain one or more conventional
      adjuvants, such as sweetening agents, flavoring agents, coloring agents
      and preserving agents, in order to provide an elegant and palatable
      preparation. Tablets may contain the active ingredient in admixture with
      conventional pharmaceutical excipients, e.g., inert diluents such as
      calcium carbonate, sodium carbonate, lactose and talc, granulating and
      disintegrating agents, e.g., starch and alginic acid, binding agents,
      e.g., starch, gelatin and acacia, and lubricating agents, e.g., magnesium
      stearate, stearic acid and talc. The tablets may be uncoated or coated by
      known techniques to delay disintegration and absorption in the
      gastrointestinal tract and thereby provide a sustained action over a
      longer period. Similarly, suspensions, syrups and elixirs may contain the
      active ingredient in admixture with any of the conventional excipients
      utilized for the preparation of such compositions, e.g., suspending agents
      (methylcellulose, tragacanth and sodium alginate), wetting agents
      (lecithin, polyoxyethylene stearate and polyoxyethylene sorbitan
      monooleate) and preservatives (ethyl-p-hydroxybenzoate). Capsules
      preferably contain the active ingredient admixed with an inert diluent,
      e.g., calcium carbonate, calcium phosphate, kaolin, polyethylene glycol,
      peanut oil or sesame oil. The preferred pharmaceutical compositions from
      the standpoint of preparation and ease of administration are solid
      compositions, particularly tablets or solid or liquid diluent-filled
      capsules, as appropriate to the nature of the particular active
      ingredient.
PAR  Representative formulations for administration, 2 to 4 times a day, in
      treating inflammation are liquid-filled, soft gelatin capsules prepared by
      conventional techniques and containing the following:
TBL                          Weight                                            

     Ingredient              in Milligrams                                     

     ______________________________________                                    

     2-(p-phenoxy-phenyl)-3,4-pentadien-2-ol                                   

                             50                                                

     peanut or sesame oil    170                                               

     ______________________________________                                    

DETD
PAR  In the following example which is illustrative of the invention,
      temperatures are in degrees centigrade, and room temperature is 20.degree.
      to 30.degree.C., unless indicated otherwise.
PAC  EXAMPLE
PAC  2-(p-phenoxy-phenyl)-3,4-pentadien-2-ol
      ##SPC3##
PAR  Step A: To a Grignard mixture prepared from 7.1 g. of magnesium and 32.4 g.
      ethyl bromide in a total of 500 ml. of dry tetrahydrofuran, 37 g. of
      3-(2'-tetrahydropyranyloxy)-propyne is added dropwise. The mixture is
      heated for 20 minutes at reflux, cooled to room temperature and then 63 g.
      of 4-acetyldiphenylether dissolved in 100 ml. of dry tetrahydrofuran is
      added. After addition is completed, the mixture is poured onto ice, then
      extracted with chloroform thrice. The combined chloroform extracts are
      washed successively with water, 2N sodium hydroxide and brine, dried over
      anhydrous magnesium sulfate, filtered and evaporated to dryness to yield
      crude 2-(p-phenoxyphenyl)-5-(2'-tetrahydropyranyloxy)-3-pentyn-2-ol.
PAR  Step B: To 60 g. of the crude product from Step A dissolved in 400 ml. of
      dry tetrahydrofuran, 35 ml of a 1 molar ether solution of lithium aluminum
      hydride is added dropwise via syringe. After the addition is completed,
      the mixture is allowed to warm up to room temperature and stand for 18
      hours. The mixture is then poured onto ice and extracted with methylene
      chloride. The methylene chloride extracts are dried over anhydrous sodium
      sulfate, filtered from drying agent and evaporated to dryness to yield a
      yellow oily crude product. The oil is refined by chromatographing on a
      silica gel plate using chloroform as eluent to obtain refined
      2-(p-phenoxyphenyl)-3,4-pentadien-2-ol.
PAR  Repeating the procedure of this example, but replacing the
      4-acetyldiphenylether used in Step (A), with an approximately equivalent
      amount of:
PA1  a. 1-(p-phenoxyphenyl)-propan-1-one; or
PA1  b. p-phenoxybenzaldehyde;
PAL  there is similarly obtained:
PA1  a. 3-(p-phenoxyphenyl)-4,5-hexadien-3-ol; or
PA1  b. 1-(p-phenoxyphenyl)2,3-butadien-1-ol.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC4##
PAL  wherein R is a hydrogen atom, methyl or ethyl.
NUM  2.
PAR  2. A compound of claim 1 in which R is a hydrogen atom or ethyl.
NUM  3.
PAR  3. The compound of claim 2 which is
      2-(p-phenoxy-phenyl)-3,4-pentadien-2-ol.
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ABST
PAL  An improvement is provided in the manufacture of alkylene oxide adducts of
      an aliphatic alcohol in which the reaction mixture, comprising the
      alkylene oxide adduct, unreacted alcohol, acid catalyst residue, carbonyl
      compounds and hydrocarbons, is treated to remove unreacted alcohol for
      recycle to the adduct formation step. To prevent the build-up in the
      system of carbonyl compounds and hydrocarbons which are not easily
      distillable from the recycle alcohol because of their respective boiling
      points, at least a portion of the recycle alcohol is esterified with boric
      acid, the esterification mixture is subjected to distillation to remove
      volatile portions, and the borate ester thus obtained is hydrolyzed to
      recover the alcohol which is recycled to the adduct formation step.
BSUM
PAR  This invention relates to an improved method of manufacturing alkylene
      oxide adducts of an aliphatic alcohol, said alcohol having been obtained
      by the liquid phase oxidation of a saturated aliphatic hydrocarbon having
      8 to 20 carbon atoms in the presence of a boron compound by contacting
      with a molecular oxygen containing gas.
PAR  In the addition reaction of alkylene oxides to alcohols in the presence of
      an acid catalyst, it is known that the conversion of alcohols must be to
      an extent of 30 to 80 % from the economic point of view, so that it is
      necessary to recover unreacted alcohols by means of. e.g., distillation,
      and to recycle the recovered alcohols to the reaction system.
PAR  Not only alcohols obtained by the oxidation of hydrocarbons but alcohols in
      general may contain impurities, e.g. carbonyl compounds and hydrocarbons,
      which do not react with alkylene oxide. Such impurities are accumulated in
      the system with the recycle of recovered alcohols and this makes it
      difficult to obtain a product of a uniform quality by continuing the
      reaction under the same conditions. As the reaction is continued or
      repeated, the content of the impurities gradually increases and, with
      this, the average number of moles of added alkylene oxide (it will
      hereinafter be referred to as n.) per mole of alcohol in the product
      gradually varies. Therefore, it is necessary in order to obtain a product
      of a uniform quality to continually adjust the feed rate of fresh alcohol
      and/or alkylene oxide and to vary the material balance in the separation
      step of unreacted alcohol and of impurities by means of, e.g.,
      distillation. Unfortunately, it is difficult to completely separate the
      impurities, because of the relationship of their boiling points to that of
      the alcohol and the accumulated impurities at last make it impractical to
      recycle the recovered alcohol.
PAR  If the impurities contained in raw alcohols are simple carbonyl compounds
      or olefinic compounds hydrotreating may be employed in the purification
      step. Such a treatment has been utilyzed in practical to improve color and
      odor of the products but is ineffective for the complete removal of
      impurities contained in raw alcohols, e.g. hydrocarbons.
PAR  Therefore, there is a need for an improved method of manufacturing alkylene
      oxide adducts of aliphatic alcohols having uniform good quality in which
      removal of accumulated impurities is attained economically and
      efficiently.
PAR  An object of the present invention is to provide an improved method of
      manufacturing alkylene oxide adducts of aliphatic alcohols having uniform
      good quality in which removal of accumulated impurities is attained
      economically and effectively.
PAC  SUMMARY OF THE INVENTION
PAR  An improvement is provided in the manufacture of alkylene oxide adducts of
      an aliphatic alcohol in which a saturated aliphatic alcohol having 8 to 20
      carbon atoms is subjected to the reaction with an alkylene oxide having 2
      to 4 carbon atoms in the presence of an acid catalyst and unreacted
      alcohol containing impurities comprising hydrocarbons and carbonyl
      compounds are separated from the reaction mixture. The improvement
      comprises;
PA1  a. subjecting at least a portion of said unreacted alcohol to
      esterification with a boric acid to form a borate ester of said alcohol,
PA1  b. removing said impurities from the esterification mixture,
PA1  c. subjecting the borate ester thus obtained to hydrolysis to recover the
      alcohol and
PA1  d. recycling the recovered alcohol to the adduct formation step.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, alkylene oxide adducts of
      aliphatic alcohols having uniform good quality are produced from an
      aliphatic alcohol having from 8 to 20 carbon atoms per molecule and
      containing impurities which do not react with alkylene oxide. Said adducts
      are obtained by (1) subjecting said alcohol to reaction with
      pre-determined amount of an alkylene oxide in the presence of acid
      catalyst (this step will hereinafter be referred to, for short, as
      "alkoxylation".), (2) recovering unreacted alcohol by means of, e.g.,
      distillation, from the reaction mixture, if necessary after removal of the
      catalyst and some by-products, formed in the alkoxylation (3) reacting a
      portion or all of the recovered alcohol with a boric acid, (4) separating
      the resulting boric acid ester from the impurities, (5) hydrolyzing the
      separated borate ester to liberate the alcohol, and (6) recycling the
      alcohol thus obtained to the alkoxylation step, if necessary after removal
      of moisture, in combination with the other portion of the recovered
      alcohol which is not subjected to the esterification reaction.
PAR  In the above process, the concentration of impurities in the recycled
      alcohol increases with continuation of the operation to a certain value
      but thereafter becomes constant. Therefore the impurities contained in the
      raw material do not cause such troubles as mentioned above in connection
      with the prior art and, consequently, there is obtained a product of
      uniform good quality economically and continuously, because the
      alkoxylation reaction and the recovering unreacted alcohol can be
      conducted uniformly.
PAR  In addition, in accordance with the present invention, it is possible to
      produce commercially and continuously alkylene oxide adducts of alcohols
      having uniform good quality by using the above process in combination with
      the oxidation process of saturated aliphatic hydrocarbons to alcohols. To
      say, the method of the present invention makes it possible to produce
      directly alkylene oxide adducts of saturated aliphatic alcohols directly
      advantageously from aliphatic hydrocarbons without any particular unit
      process, effectively utilizing the impurities contained in said alcohols,
      which have hitherto been discarded.
DRWD
PAR  The present invention will be understood best in connection with the
      accompanying drawings wherein;
PAR  FIG. 1 is a flow diagram illustrating the fundamental of the method of
      manufacturing alkylene oxide adducts of aliphatic alcohols in accordance
      with the present invention,
PAR  FIG. 2 is a flow diagram illustrating an embodiment of the process of the
      present invention in combination with the manufacture of the alcohol, and
PAR  FIG. 3 is a flow diagram illustrating another embodiment of the process of
      the present invention in combination with the manufacture of the alcohol.
DETD
PAR  Illustrating the present invention with respect to FIG. 1, in alkoxylation
      step there are added to the alcohol an acid catalyst and an alkylene
      oxide. The starting alcohol can be any saturated aliphatic alcohol having
      8 to 20 carbon atoms per molecule. In general, alcohols obtained by liquid
      phase oxidation of straight chain saturated aliphatic hydrocarbons having
      8 to 20 carbon atoms per molecule by molecular oxygen containing gas in
      the presence of a boron compounds are conveniently used as such. As the
      alkylene oxide there are used those containing 2 to 4 carbon atoms per
      molecule, the preferred ones being ethylene oxide and propylene oxide.
      Mixtures of two or more of such alkylene oxides can also be used. As the
      acid catalyst there can be used mineral acids such as sulfuric acid and
      phosphoric acid, or Lewis acids or Firedel-Crafts catalysts. Among such
      acid catalysts, the most suitable are boron trifluoride and its complexes
      with, e.g., methanol, ethanol, isopropanol, butanols, ethylether,
      n-butylether, phenylether, acetic acid, propionic acid, phenol,
      monomethylamine, monoethylamine, dimethylamine, triethylamine or
      piperidine, tin chlorides and antimony chlorides.
PAR  The mole ratio of alcohol to alkylene oxide fed to the reaction zone for
      alkoxylation, although it varies in accordance with the n of the end
      product, is 0.5 to 4, preferably 0.8 to 2.0 since the n is usually
      restricted to 1 to 6 by the nature of the acid catalysted alkoxylation.
      The acid catalyst is usually used in an amount of 0.01 to 1 %, preferably
      0.05 to 0.5 % by weight based on the weight of the alcohol.
PAR  The reaction may be conducted in either a batchwise operation or a
      continuous operation. In the case of a batchwise operation, it is
      convenient to charge first the alcohol and the catalyst to a stirred
      reaction vessel and then add slowly thereto the alkylene oxide.
PAR  In case of the continuous operation, it is convenient to pass the catalyst
      containing-alcohol through a tubular reactor while adding thereto the
      alkylene oxide from two or more inlets positioned in the wall of the
      tubular reactor. The temperature, pressure, reaction time and other
      conditions can be properly selected depending on the kind and amounts of
      raw alcohol, alkylene oxide and catalyst used. Usually, the reaction
      temperature will be properly selected from the range between room
      temperature 20.degree. and 100.degree.C.
PAR  After the alkoxylation, if desired, the catalyst and by-products are
      removed from the reaction mixture. The catalyst can be removed by
      neutralization and subsequent filteration of the reaction mixture or by
      extraction with water. Among the by-products of alkoxylation,
      water-soluble polyalkylene glycols and dioxanes can be removed by
      extraction with water.
PAR  Distillation is the most convenient means for the recovery of unreacted
      alcohol; the alkylene oxide-alcohol adduct being recovered as the residue.
      The recovered alcohol is in whole or in part subjected to esterification
      with a boric acid. Althought the larger the proportion of recovered
      alcohols subjected to the esterification, the higher the quality of the
      end product, it is preferred to subject 1 to 50 % of recovered alcohol to
      the esterification from a commercial point of view. In the case where
      unreacted alcohols is recovered by distillation, the objects of the
      present invention are attainable more efficiently by subjecting to
      esterification a forerun amounting to 1 to 20 % of the entire distillate
      to the esterification. In Example II hereinafter set forth the recovered
      alcohol was processed in this manner, and the advantage is apparent from
      the comparison of the result in Example II with that of Example I and of
      Comparative Example I.
PAR  The boric acids used in the esterification include orthoboric acid,
      metaboric acid, pyroboric acid and boric acid anhydride, although is
      preferably used orthoboric acid. The boric acid can be used in an amount
      such as to provide 0.3 to 3, preferably 0.4 to 1.5 gram-atoms of boron
      atom per mole of alcohol.
PAR  The esterification usually is carried out using a stirred reaction vessel
      at temperatures of 100.degree. to 200.degree.C under a reduced pressure or
      in an atmosphere of an inert gas such as gaseous nitrogen with immediate
      removal of liberated water when water is liberated as a result of
      esterification. Usually a reaction time of 10 to 100 minutes is
      sufficient.
PAR  Separation of impurities from the esterification product is conveniently
      attained by an ordinary distillation. The impurities are removed as
      distillate and the boric acid ester of the alcohol is recovered as
      residue. The distillation preferably is conducted under reduced pressure
      to minimize thermal decomposition of the product and a still better result
      is obtained by use of a thin film evaporator because of a shorter
      residence time. The distillation may be conducted in the presence of an
      inert solvent of a lower boiling point than the impurities in order to aid
      effluence of the impurities. The distillate contains impurities which
      originate from the raw alcohol and remain unreacted during alkoxylation,
      such impurities generally comprising hydrocarbons and carbonyl compounds.
      Although the impurities are in most cases discarded, there are good uses
      therefor as illustrated hereinafter in connection with FIG. 2 and FIG. 3.
PAR  The boric acid esters thus obtained as residue in the distillation kettle
      is then hydrolysed. The hydrolysis may be carried out in various ways,
      e.g. in a batch operation using a stirred tank, or in a continuous
      operation or by means of a counter-current extractor. Water preferably is
      used in a weight ratio to the residue of 10:1 to 1:10. The temperature can
      be varied within the range from room temperature 20.degree.C to
      200.degree.C. Sometime, it is advantageous to carry out the hydrolysis at
      temperatures above 100.degree.C under pressure.
PAR  The alcohol yielded in the hydrolysis is separated as an oily layer from
      the aqueous boric acid solution. From the squeous boric acid solution is
      recovered boric acid which is then recycled to the esterification step
      while the mother liquor from the recovery of boric acid is recycled to the
      hydrolysis step.
PAR  The alcohol thus obtained is combined with the remainder of recovered
      alcohols which has not been subjected to esterification and, after removal
      of moisture if required, recycled to the alkoxylation step.
PAR  As mentioned above, in the method of the present invention, impurities of
      the same or similar boiling points as those of the recovered alcohol are
      substantially completely eliminated as a low boiling fraction during the
      distillation, because the unreacted alcohol fraction separated from the
      alkoxylation mixture after completion of the reaction is, in whole or in
      part, subjected to esterification with a boric acid and then to
      distillation to separate the recovered alcohol as residue in the form of a
      boric acid ester. Thus, impurities can be eliminated to the extent desired
      during purification of the recovered alcohol, so that the purity of the
      alcohol recycled to the alkoxylation stage becomes constant.
PAR  This makes it possible to continuously produce alkylene oxide adducts of
      aliphatic alcohols having uniform good quality without any adjustment of
      reaction conditions for the alkoxylation and conditions for recovery of
      unreacted alcohol. Example I and Comparative Example I are provided for
      the purpose of the simplest comparison of the method of the present
      invention with a conventional method. The superiority of the method of the
      present invention will be easily understood by the comparison.
PAR  It is more advantageous to combine the method of the present invention with
      the preparation of aliphatic alcohols by liquid phase oxidation with a
      molecular oxygen containing gas of corresponding straight chain saturated
      aliphatic hydrocarbons having 8 to 20 carbon atoms per molecule in the
      presence of a boron compound. Any aliphatic hydrocarbon having 8 to 20
      carbon atoms can be subjected to oxidation, though conveniently used are
      n-octane, n-nonane, n-decane, n-undecane, n-dodecane, n-tridecane,
      n-tetradecane, n-pentadecane, n-hexadecane, n-heptadecane and
      n-octadecane. Mixtures of two or more of such hydrocarbons habing 10 to 16
      carbon atoms are suitably used in commercial operation.
PAR  As the boron compound there may be used, other than boric acids, any of
      boron compounds which will yield boric acids upon contact with water.
      Preferred compounds are orthoboric acid, metaboric acid, boric anhydride,
      salts thereof, borate esters and boraxines.
PAR  The flow diagrams of FIG. 2 and FIG. 3 illustrate such combinations.
      Illustrating in more detail with reference to FIG. 2, in oxidation stage
      (a), an aliphatic hydrocarbon is oxidized in liquid state in the presence
      of 1 to 5 % by weight, caluculated as metaboric acid, based on the weight
      of the hydrocarbon of a boron compound with a molecular oxygen containing
      gas containing 2 to 21 % by volume of molecular oxygen in an inert gas
      such as gaseous nitrogen, at temperatures of 140.degree. to 200.degree.C,
      preferably 150.degree. to 190.degree.C. The conversion of the hydrocarbons
      is usually restricted to at most 30 %, preferably 10 % to 20 %, in order
      to obtain the alcohol in a high yield. The reaction time can range from
      0.5 to 4 hours, preferably from 1 to 3 hours. In esterification step (b),
      the oxidation mixture is maintained usually at a temperature of
      100.degree.to 200.degree. C, preferably at a temperature in the
      neighborhood of the oxidation temperature under reduced pressure or in an
      atmosphere of an inert gas for 10 to 100 minutes. The esterification step
      is, employed for conversion of a portion of the recovered alcohol recycled
      from the alkoxylation stage in addition to completion of esterification of
      the oxidation product. When the boron compound is present insufficiently
      in the system, it may be added to the system. In the following
      distillation step (c), unreacted hydrocarbon is distilled off together
      with volatile by-products. The distillation preferably is carried out at a
      temperature as low as possible and, accordingly, under reduced pressure.
      It is favorable to carry out the distillation in two stages to shorten the
      residence time of the effluent and to conduct the second stage in a thin
      film evaporator. The distillate is recycled to the oxidation step,
      preferably after the purity of hydrocarbons in the distillate has been
      increased by saponification or hydrotreating (d).
PAR  Hydrolysis (e) of the boric acid ester of the alcohol obtained as residue
      is performed in a similar manner as in the description of the process
      illustrated in FIG. 1. In separation step (f), boric acid is recovered
      from the aqueous solution separated in the preceding hydrolysis step (e)
      by crystallization and, after dehydration if required, recycled to the
      oxidation step, while the mother liquor may be recycled to the hydrolysis
      step for economization of the process.
PAR  The crude alcohol separated as an oily layer in the hydrolysis step is then
      purified (g) in various ways. For instance, it is purified usually by
      means of distillation following such post treatments as, e.g.,
      saponification by contact with an alkali hydroxide, such as potassium
      hydroxide or sodium hydroxide, washing with water, hydrotreating by
      contact with hydrogen in the presence of a metallic catalyst. The
      purification method consisting of the steps of saponification, washing
      with water and distillation, combined in this order, as indicated in FIG.
      2 is just by way of example and, of course, this purification may be
      carried out using other variations.
PAR  Alkoxylation step (h), catalyst removal (i) and distillation (j) are
      carried out in the same ways as explained in connection with FIG. 1.
PAR  The recovered alcohols obtained in the distillation of the product of step
      (j) may be recycled (k) in whole in part to either oxidation step (a),
      esterification step (b) or distillation step (c), though it is
      particularly desirable for avoidance of undesirable side reactions of the
      recovered alcohol and completion of esterification to recycle it to
      esterification step (b). In the case of a process in which the
      esterification step (b) is omitted, the alcohol may be recycled to the
      oxidation step (a) or distillation step (c). The balance of recovered
      alcohol unrecycled to the oxidation step (a), (a), esterification step (b)
      or distillation step (c) is recycled, if necessary after dehydration or
      drying (1), to the alkoxylation step. A better result is obtainable by
      recycling the forerun from the distillation (j) to the esterification step
      (b) and the other fractions to the alkoxylation step (h).
PAR  In accordance with the process as shown in FIG. 2, there is continuously
      produced from a hydrocarbon as mentioned above an alkylene oxide adduct of
      a corresponding alcohol having uniform good quality in a high yield
      without careful adjustment of conditions for alkoxylation and
      distillation. This process will be illustrated specifically in Example
      III.
PAR  The process as shown in FIG. 3 is a modification of the process as shown in
      FIG. 2. After liquid phase oxidation (a) of a hydrocarbon in the presence
      of a boron compound in a similar manner as explained in connection with in
      FIG. 2, the reaction mixture is directly subjected to hydrolysis. The
      hydrolysis (b) may be carried out in various ways in the same manner as
      the hydrolysis (e) in the process of FIG. 2. The aqueous boric acid
      solution thus formed is separated (c) and from the solution is recovered
      boric acid by crystallization which in turn is recycled after dehydration
      if requrired to the oxidation step, while the mother liquor is recycled to
      the hydrolysis step (b). The organic layer obtained is saponified by
      contact with an alkali hydroxide, such as potassium hydroxide, sodium
      hydroxide or lithium hydroxide, and washed with water (d). The
      saponification preferably is conducted at temperatures of 100.degree. to
      200.degree.C for few minutes to several hours using as aqueous alkali
      hydroxide solution of a concentration of 1 to 50 % by weight.
PAR  The esterification in esterification step (e) is carried out under the same
      conditions as explained in connection with the esterification in the
      process of FIG. 1. In distillation step (f), unreacted hydrocarbon is
      separated in a similar way as in the distillation step (c) in FIG. 2, and
      the distillate (g) is recycled to the oxidation step (a). Hydrolysis step
      (h) and separation (i) correspond to the hydrolysis step (e) and
      separation (f) in FIG. 2 are conducted in a similar manner. Recovery and
      recycle of boric acid and recycle of the mother liquor from the recovery
      of boric acid are also carried out in a similar manner.
PAR  Purification (j) or crude alcohol is performed by means of distillation as
      in the process of FIG. 2, and alkoxylation (k), catalyst removal (l) and
      distillation (m) correspond alkoxylation (h), catalyst removal (i) and
      distillation (j) in the process of FIG. 2, respectively. A portion or the
      whole of the recovered alcohol obtained by distillation is recycled (n) to
      either one of the steps of oxidation (a), hydrolysis (b), separation (c),
      saponification (d), esterification (f) and distillation (g). It is most
      desirable, as illustrated with respect to the process of FIG. 2, to
      recycle said recovered alcohol portion to the esterification step (f), the
      remainder of the recovered alcohol is recycled to the alkoxylation step
      (k). A better result is obtainable by recycling the forerun (n) to the
      esterification step and the other fractions (o), if necessary after
      drying, to the alkoxylation step. (k).
PAR  In accordance with the process of FIG. 3, an alkylene oxide adduct of
      alcohol having uniform good quality is continuously produced from a
      hydrocarbon as described above without the need of careful adjustment of
      the alkoxylation and distillation conditions. In the process of FIG. 3
      there is obtained alkylene oxide adducts which are further improved in
      color and odor when compared with those of the process of FIG. 2. Example
      IV is a specific example of the process.
PAC  EXAMPLE I
PAR  A straight chain saturated alcohol mixture of an average molecular weight
      of 200 consisting of C.sub.12 - C.sub.14 alcohols and containing 2% by
      weight of impurities consisting essentially of ketones and hydrocarbons
      was used as a raw material. 100 kg of the alcohols and 300 g of boron
      trifluoride etherate were charged to a jacketed stainless steel reaction
      vessel equipped with a stirrer, a thermometer and an inlet pipe for
      liquid. The reaction vessel was then purged of air with gaseous nitrogen
      and its inner pressure was raised to 5 kg/cm.sup.2 G. Through the liquid
      inlet there was introduced 38 kg of ethylene oxide into the reaction
      vessel over about 3 hours as to maintain a reaction temperature not
      exceeding 70.degree.C, with stirring. The stirring was continued for
      additional 30 minutes. The reaction mixture was then neutralized with a
      methanolic sodium hydroxide solution, methanol and a trace of ether were
      distilled off and precipitated salts were removed by filteration. The
      reaction mixture was then distilled under reduced pressure until 50 kg of
      distillate was recovered to obtain as residue 88 kg of an adduct of an
      average added mole number (n) of ethylene oxide per mole of alcohol of
      3.0.
PAR  5 kg of the distillate was added with 550 g of orthoboric acid, charged in
      a stirred second reaction vessel and stirred at 150.degree.C while
      distilling off liberated water at 300 Torr to effect esterification. The
      esterified mixture was then distilled at 190.degree.C, 5 Torr, to distill
      off about 200 g of volatile matter, which was discarded. The residue was,
      after cooling, added to 5 liters of water and agitated at 90.degree.C. The
      mixture was then allowed to stand still and a layer of aqueous boric acid
      solution was separated. This procedure was repeated 3 times to completely
      eliminate boric acid from the residue. The oily layer thus obtained was
      combined with the balance of the distillate and, after being dried under
      reduced pressure, recycled for esterification of the second round of
      operation. The operation was repeated over and over under the same
      operating conditions except that after the second round (1) the purity of
      recovered alcohol was determined by the following manner:
PA1  purity of recovered alcohol (wt. %) = 100 -- (impurity wt. % + combined E O
      wt. %)
PA1  where impurity wt. % = carbonyl compourds wt. % + hydrocarbons wt. %
PA1  combined E O wt. % = weight % of chemically bonded ethylene oxide unit
      based on the weight of recovered alcohol.
PAL  The fresh alcohol was charged together with the recovered alcohol into the
      first reaction vessel in a total amount as to provide 98 kg of pure
      alcohol constituent, (2) ethylene oxide was fed in an amount, together
      with the combined ethylene oxide in the recovered alcohol to be recycled,
      of 38 kg, (3) the quantity of the distillate drawn out of the first
      distillation stage was adjusted to (48 kg + .alpha. ) wherein .alpha. is
      the total weight of impurities introduced into the first reaction vessel,
      and (4) at all times the amount of a portion of the distillate introduced
      into the second reaction vessel was 10 % by weight of the total amount of
      the distillate.
TBL                                    Table I                                 

     __________________________________________________________________________

     Round Number                                                              

             1   3   5   7    10  20  30  50  90                               

     __________________________________________________________________________

      .alpha. (kg)                                                             

             2.0 3.5 4.8 5.7 6.9 8.3 8.5 8.6 8.5                               

      n      3.0 3.0 2.9 3.0 2.9 3.1 3.0 3.0 3.0                               

     Product                                                                   

      CV*    0.3 0.3 0.4 0.3 0.3 0.3 0.2 0.3 0.4                               

     __________________________________________________________________________

      *CV : carbonyl value (in all the tables in this specification)?          

PAR  As indicated by the results summarized in the above Table I, there was
      obtained, on and after 20th round, an alcohol ethoxylate without
      substantial change in the quantity of alcohol charged into the first
      reaction vessel and the quantity of distillate, in the distillation step
      while it was necessary to adjust slightly the quantity of alcohol charged
      in the early rounds.
PAC  COMPARATIVE EXAMPLE I
PAR  An adduct of n = 3 was obtained from the same raw alcohols as in Example I
      in the same process as in Example I except that the distillate, i.e. the
      recovered alcohol, was, after drying, directly recycled to the
      alkoxylation.
TBL                                    Table II                                

     __________________________________________________________________________

     Round Number                                                              

             1   3   5   7   10  20  30  50  90                                

     __________________________________________________________________________

      .alpha. (kg)                                                             

             2.0 4.0 5.9 7.8 10.7                                              

                                 18  26  45  75                                

      n      3.0 2.9 2.9 3.1 3.0 3.1 2.9 3.0 3.1                               

     Product                                                                   

      CV*    0.3 0.2 0.3 0.4 0.4 0.6 0.8 2.8 6.0                               

     __________________________________________________________________________

PAR  As indicated by the Table II, it was necessary to adjust the quantity of
      alcohol charged to the first reaction vessel over a fairly wide range.
      Neverthless there was not obtained a product of uniform quality as
      indicated by the fact that the content of impurities in the recovered
      alcohol did not level off and instead showed a tendency to increase
      infinitely and that the carbonyl value also increased gradually.
PAC  EXAMPLE II
PAR  The same alcohol as used in Exmaple 1 was ethoxylated in the same procedure
      as in Example 1 and, after removal of the catalyst, subjected to
      distillation under reduced pressure to obtain 2 kg of forerun and 48 kg of
      following distillate and, as residue, 88 kg of an adduct of n = 3.0. 2 kg
      of the forerun was charged into a small reaction vessel, admixed with 220
      g of orthoboric acid, stirred at 150.degree.C, 300 Torr, while distilling
      off water to effect esterification, and, after being post treated in the
      same manner as in Example I, combined with 48 kg of the following
      fraction, dried under reduced pressure and recycled for the second round
      operation. The operation was carried repeatedly and after the second
      round, in a similar manner as in Example I except that, at all times, 2 kg
      of forerun was cut away and subjected to esterification with boric acid.
TBL                                    Table III                               

     __________________________________________________________________________

     Round Number                                                              

             1   3   5   7   10  20  30  50  90                                

     __________________________________________________________________________

      .alpha. (kg)                                                             

             2.0 2.6 3.1 3.6 4.2 4.6 4.8 4.8 4.8                               

      n      3.0 2.8 3.0 3.0 3.0 3.1 3.0 2.9 3.0                               

     Product                                                                   

      CV     0.2 0.3 0.3 0.2 0.3 0.3 0.2 0.3 0.2                               

     __________________________________________________________________________

PAR  As shown in the above Table III, an alcohol ethoxylate of uniform good
      quality was obtained by slightly adjusting the charge of alcohols into the
      ethoxylation vessel and, in operation during and after the 20th round,
      without substantial charge in the amount of charge into the first reaction
      vessel and the quantity of distillate.
PAC  EXAMPLE III
PAR  Using as a raw material a n-paraffin mixture of an average molecular weight
      of 184 having 12 to 14 carbon atoms per molecule, a process consisting of
      a series of steps (a) to (g), as illustrated in FIG. 2, was operated for
      50 days in a completely continuous manner. In oxidation step (a) there was
      fed fresh n-paraffin and recovered n-paraffin at a total feed rate of 25
      kg/h together with metaboric acid at a feed rate of 0.6 kg/h and oxidation
      with air diluted with gaseous nitrogen in the oxidation zone was carried
      out under the following operating conditions: residence time of 2 hours,
      reaction temperature of about 170.degree.C, under normal pressure, and at
      conversion of n-paraffin of on average 15 %. In esterification step (b),
      esterification was carried out under the following conditions: residence
      time of 30 minutes and reaction temperature of about 170.degree.C, while
      charging the forerun from distillation step (j) of recovered alcohol at a
      rate of 154 g/h. In distillation step (c), distillation was carried out
      under a pressure of 5 Torr to obtain an effluent from the bottom of the
      kettle at a rate of about 4 kg/h. In saponification step (d), the
      distillate was stirred with an amount of 20 % by weight, based on the
      weight of the oily layer in the distillate, of a 10 % aqueous sodium
      hydroxide at 100.degree.C for a residence time of 1 hour and then recycled
      to oxidation step (a), after being washed with water. In hydrolysis step
      (e) and separation step (f), the bottom liquid from distillation step (c)
      was contacted countercurrently with a mixture of fresh water and a boric
      acid-containing mother liquor from the boron compound recovery step, the
      mixture being fed at a total rate of about 4 liter/hr under the following
      conditions: residence time of about 30 minutes, temperature of
      95.degree.C. An aqueous layer containing boric acid was fed to the boron
      compound recovery step, boric acid recovered therein was dehydrated into
      metaboric acid and recycled to oxidation step (a), and the mother liquor
      was recycled to hydrolysis step (e). In purification step (g), a 20 %
      aqueous sodium hydroxide was supplied at a feed rate to provide 10 %
      excess alkali over the necessary amount of alkali calculated on the basis
      of the saponification value of the crude alcohol and saponification was
      carried out with stirring at 100.degree.C for a residence time of about 1
      hour. The mixture was then contacted counter-currently with a stream of
      water at a feed rate of 4 liter/hr for a residence time of 20 minutes.
      Distillation of alcohol was then carried out in a batchwise operation and
      there was obtained, after removal of water and forerun, purified alcohol
      at a rate in average of 2.9 kg/hr. Crude alcohol obtained in continuous
      operation for 24 hours was distilled in one batch, and the distillation
      was carried out under a pressure of Torr to recover the fraction boiling
      in the range of from 130.degree. to 180.degree.C as the purified alcohol.
      The alcohol thus obtained was fed to ethoxylation step (h) together with
      the remaining fractions of recovered alcohol from distillation step (j).
      Step (h) to step (j) were carried out, for convenience, in a batchwise
      operation and there was repeated ethoxylation of about 140 kg/batch of
      alcohol. Accordingly, the alcohol from step (a) to step (g) was consumed
      in operation, one batch aday. In ethoxylation step (h), there were charged
      69.5 .+-. 0.5 kg/batch of fresh alcohol and 70 .+-. 0.5 kg./batch of
      recovered alcohol, 400 g/batch of boron trifluoride etherate and 44.4
      kg/batch of ethylene oxide. The ethoxylation and catalyst removal in step
      (i) were carried out in similar ways as in the corresponding steps in the
      process of Example I. In step (j), distillation was carried out under a
      pressure of 5 Torr to obtain 3.7 kg/batch of a forerun and (70 .+-. 0.5)
      kg/batch of the following fraction and, as residue, an average 110
      kg/batch of an alcohol ethoxylate of n of closely 3. The forerun was
      recycled continuously at a rate of 154 g/hr to esterification step (b),
      and the balance of recovered alcohol was, after drying, recycled to step
      (h). The value of n and of C.V of the product after 10 days operation were
      3.0 .+-. 0.1 and 0.2 to 0.4, respectively. The color value of the product
      was below A.P.H.A. 100.
PAC  EXAMPLE IV
PAR  Using the same raw paraffin as used in Example III, each operation of step
      (a) to step (i) in accordance with the process of FIG. 3 was carried out
      for 50 days in a continuous manner. Oxidation step (a) was performed in
      the same way as in Example III. In hydrolysis step (b) and separation step
      (c), the oxidation mixture from oxidation step (a) was contacted
      countercurrently at a residence time of about 30 minutes with a mixture of
      fresh water and the boric acid-containing mother liquor from boron
      compound recovery step the mixture being fed at a total rate of 10
      liter/hr. The aqueous layer containing boric acid in a high concentration
      was introduced into the boron compound recovery stage in which recovered
      orthoboric acid was dehydrated into metaboric acid and recycled to
      oxidation step while the mother liquor was recycled to hydrolysis step
      (b). The organic layer from separation step (c) was stirred in
      saponification stage (d) at 100.degree.C for a residence time of about 1
      hour with a 20 % aqueous sodium hydroxide being fed at a rate to provide
      10 % excess alkali over the necessary amount of alkali calculated on the
      basis of the saponification value of the organic layer and was then
      contacted countercurrently for a residence time of 20 minutes with a
      stream of water fed at a rate of 10 liters/hr. In esterification step (e),
      the effluent from state (d) was treated, together with the recycle from
      distillation step (m), at a temperature of 150.degree.C under reduced
      pressure for a residence time of 1 hour with orthoboric acid fed at a rate
      of 600 g/hr, with the elimination of liberated water. In distillation step
      (f), the effluent from step (e) was processed in the same way as in the
      distillation step (c) in Example III. The distillate thus obtained was
      recycled directly to oxidation step (a). The residue was processed in
      hydrolysis step (h) and separation step (i) in the same way as in steps
      (e) and (f) in Example III, an aqueous layer containing a large amount of
      boric acid thus separated was introduced into the boric acid recovery step
      in which orthoboric acid was recovered. The orthoboric acid recovered was
      recycled to esterification step (e) and the mother liquor was recycled to
      hydrolysis step (b). The organic layer separated in separation step (i)
      was processed in distillation step (j) in the same way as in the
      distillation step (g) in Example III to obtain as distillate an alcohol at
      a rate in average of 2.9 kg/hr. Each operation in steps (k) to (m) was
      carried out in the same way as in steps (h) to (j) in Example III, while
      recycling the forerun of recovered alcohol at a rate of 154 g/hr to
      esterification step (e). The ethoxylate thus obtained was of similar
      quality with that of the product of Example III except for its color below
      of APHA 50.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of manufacturing alkylene oxide adducts of an aliphatic
      alcohol comprising;
PA1  a. subjecting a saturated aliphatic hydrocarbon having 8 to 20 carbon atoms
      to oxidation by contacting said hydrocarbon with a molecular oxygen
      containing gas in the liquid phase in the presence of a boron compound
      which is capable of forming a boric acid upon contact with water to form a
      reaction mixture containing a borate ester,
PA1  b. maintaining said reaction mixture at a temperature between 100.degree.
      and 200.degree.C to esterify free alcohol for a period of time between 10
      and 100 minutes,
PA1  c. distilling the esterified reaction mixture to obtain a crude borate
      ester residue and a distillate consisting essentially of unreacted
      hydrocarbon and volatile by-product,
PA1  e. contacting said residue with water at a temperature between 20.degree.
      and 200.degree.C to form an organic layer and an aqueous layer, wherein
      the weight ratio of water to said residue is between about 10: 1 to 1: 10,
PA1  f. separating said layers,
PA1  g. purifying said organic layer to obtain an alcohol,
PA1  h. admixing an alkylene oxide having 2 to 4 carbon atoms with said alcohol
      in the presence of an acid catalyst to form an addition reaction mixture,
      and
PA1  j. distilling said mixture to obtain a residue essentially consisting of an
      alkylene oxide adduct of the alcohol and an alcoholic distillate,
PA1  the improvement comprising
PA1  k. recycling 1 to 50 % by weight of said alcoholic distillate to any of the
      steps (b) or (c), and
PA2  1. recycling the remainder of said alcolic distillate to combine the
      remainder with the alcohol from step (g) introduced to alkoxylation step
      (h).
NUM  2.
PAR  2. A method according to claim 1, wherein the average number of adduct
      moles of said alkylene oxide per aliphatic alcohol is between 1 and 6.
NUM  3.
PAR  3. A method according to claim 1, wherein said acid catalyst is selected
      from the group consisting of boron trifluoride and boron trifluoride
      complexes.
NUM  4.
PAR  4. A Method according to claim 1, wherein said saturated aliphatic
      hydrocarbon is at least one member selected from the group consisting of
      n-decane, n-undecane, n-dodecane, n-tridecane, n-tetradecane,
      n-pentadecane, n-hexadecane, n-heptadecane and n-octadecane.
NUM  5.
PAR  5. A method according to claim 1, wherein 1 to 50 % by weight of said
      alcoholic distillate is recycled to step (b).
NUM  6.
PAR  6. A method according to claim 1, wherein said alkylene oxide is ethylene
      oxide.
NUM  7.
PAR  7. A method according to claim 1, wherein said boron compound is selected
      from the group consisting of boric acids, salts of boric acids, boric acid
      anhydride, borate esters and boroxines.
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ABST
PAL  Ethers of polyglycerols and an improved method of preparing said ethers are
      disclosed. The ethers are prepared by reacting a purified polyglycerol
      with an alpha olefin epoxide in the presence of an alkali metal alkoxide
      catalyst.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to alkyl ethers of polyglycerols
      and to a method of preparing said ethers. More particularly, the invention
      relates to alkyl ethers prepared by reacting a purified polyglycerol with
      an alpha olefin epoxide of the general formula
      ##EQU1##
      wherein R is an alkyl group containing from 8 to 20 carbon atoms, said
      reaction being conducted in the presence of an alkali metal alkoxide
      catalyst.
PAR  2. Description of the Prior Art
PAR  A variety of surfactants have been reported in the literature. As is now
      well known, the utility of "ester-type" surfactants -- i.e., those
      containing an
      ##EQU2##
      linkage -- is limited by virtue of the fact that these surfactants
      hydrolyze when exposed to either acidic or alkaline environments. One
      solution to this problem is the use of "ether-type" surfactants -- i.e.,
      those containing an R -- O -- R linkage. Although these materials do not
      hydrolyze as readily as the ester-type surfactants, ethers of polyhydric
      materials, such as polyglycerols, have previously been difficult to
      prepare or resulted in only non-homogeneous or dark colored products
      having only limited utility.
PAR  Ethers of polyhydroxy materials, including di- and polyglycerols, have been
      described in the literature. See, in this regard, U.S. Pat. Nos. 2,258,892
      and 2,302,121, both of which are issued to Harris. However, if the ethers
      are prepared from polyglycerols containing 3 or more glycerol units, there
      results only non-homogeneous or highly colored products of very limited
      utility.
PAR  It would, therefore, be desirable to produce homogeneous, light colored,
      ether derivatives of polyglycerols.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, homogeneous, light colored, alkyl
      ethers of polyglycerols are prepared by reacting a purified polyglycerol,
      as will be defined hereinafter, with an alpha olefin epoxide of the
      general formula
      ##EQU3##
      wherein R is C.sub.8 -C.sub.20 alkyl, in the presence of an alkali metal
      alkoxide catalyst.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the present invention, alkyl ethers of polyglycerols are
      prepared by reacting, in the presence of an alkali metal alkoxide
      catalyst, a purified polyglycerol and an alpha olefin epoxide. Each of
      these materials is described in detail below.
PAL  Polyglycerol
PAR  As used herein, the term polyglycerol refers to those materials which
      contain an average of at least 3 glycerol units.
PAR  The polyglycerols useful in the present invention are prepared by reacting
      glycerol at a high temperature in the presence of an alkaline catalyst
      such as sodium hydroxide. During the course of the reaction, water is
      split off resulting in the formation of the desired polyglycerol. However,
      as the polymerization reaction proceeds, generally at temperatures as high
      as about 250.degree. or 260.degree.C., some organic acids are produced as
      by-products. These acids react with the alkaline catalyst to form salts
      thereby lowering the pH of the reaction mixture. Thus, an aqueous solution
      of the reaction mixture which initially had a pH of at least about 12 will
      become neutral or only slightly alkaline by the time the reaction reaches
      the decaglycerol stage and will then continue to become progressively more
      acidic as the polymerization proceeds beyond that point. As a result, the
      crude polyglycerol contains about 1 mol of the salts of these organic
      acids for each mol of alkaline catalyst employed in the reaction.
PAR  In preparing the ethers of the present invention, it has been found to be
      essential to employ a purified polyglycerol in the reaction. As used
      herein, the term purified polyglycerol refers to a material which has been
      rendered substantially free of any metals, organic acids, or salts of said
      metals and acids.
PAR  Any method known in the art for removing impurities from polyglycerols may
      be employed in the present invention. However, preferred results have been
      achieved with a polyglycerol which has been purified in accordance with
      the following procedure. This procedure is described in detail in U.S.
      patent application Ser. No. 52,704, filed July 6, 1970, now U.S. Pat. No.
      3,742,069 by Robert H. Hunter entitled "Purification of Polyglycerols" and
      comprises:
PA1  1. Preparing a slurry of an aqueous solution of a crude polyglycerol and an
      inert, finely divided solid filtering aid at a pH of from 10 to 12. The
      solid filtering aids which may be employed include any porous, finely
      divided material which is chemically inert in the reaction mixture.
      Typical materials which may be employed include, for example, finely
      ground calcium carbonate, silicas, alumina, diatomaceous earth, and
      Fullers earth.
PA1  2. Separating the solid and liquid phases of the slurry by any conventional
      means such as filtration or centrifugation.
PA1  3. Passing the liquid phase through an anionic exchange resin to remove
      essentially all of the organic anion constituents present.
PA1  4. Passing the liquid phase through a cationic exchange resin to remove the
      metal ions present in the material.
PAR  If desired, the purified polyglycerol may be subjected to a treatment with
      activated carbon to reduce the color of said material prior to use in the
      preparation of the ethers of the present invention.
PAR  Although any of the above-mentioned purified polyglycerols may be utilized,
      preferred results have been achieved with materials containing from about
      8 to about 12 glycerol units -- i.e., octaglycerol to dodecaglycerol.
      Especially preferred results have been achieved with a material containing
      10 glycerol units -- i.e., decaglycerol.
PAL  Alpha Olefin Epoxide
PAR  The alpha olefin epoxide which is reacted with the purified polyglycerol to
      prepare the alkyl ethers of the present invention is selected from
      compounds of the general formula
      ##EQU4##
      wherein R is an alkyl group containing from about 8 to about 20 carbon
      atoms. It has been found that, if epoxides with alkyl substituents having
      less than about 8 carbon atoms are employed, the resulting products are
      too hydrophilic to be useful as surfactants. Also, if epoxides with alkyl
      substituents having more than about 20 carbon atoms are employed, the
      resulting products are too hydrophobic to be useful.
PAR  The alpha olefin epoxides may be utilized either as individual compounds or
      as mixtures of 2 or more of the aboveidentified materials. Representative
      epoxides which may be employed include, for example, NEDOX 1518, a mixture
      of epoxides of the above formula wherein R is a straight-chain alkyl group
      containing from 13 to 16 carbon atoms; and NEDOX 1114, a mixture of
      epoxides wherein R is a straight-chain alkyl group containing from 9 to 12
      carbon atoms, both of which are available from ADM Chemicals, a division
      of Ashland Oil and Refining Company, Minneapolis, Minnesota. Other
      epoxides which may be employed include 1,2-epoxy decane; 1,2-epoxy
      dodecane; 1,2-epoxy octadecane and the like.
PAR  To produce the homogeneous, light colored reaction products of the present
      invention, the amount of epoxide employed should be equal to at least 1
      mol per mol of polyglycerol. Additional epoxide may be employed depending
      upon the desired properties of the resulting product. In general, as the
      amount of any given epoxide is increased, the product becomes more
      hydrophobic -- i.e., more lipophilic.
PAL  Catalyst
PAR  In reacting the purified polyglycerol with the alpha olefin epoxide to
      produce the homogeneous, light colored ethers of the present invention, it
      has been found to be essential to employ, as a catalyst for the reaction,
      an alkali metal alkoxide. This catalyst may be prepared by reacting an
      alkali metal with a hydroxyl-containing compound, such as methanol,
      ethanol, ethylene glycol and the like, and adding the resulting alkali
      metal alkoxide to the reaction mixture containing the purified
      polyglycerol and the alpha olefin epoxide. Alternatively, the catalyst may
      be prepared in situ by adding the alkali metal directly to the reaction
      mixture resulting in the formation of an alkoxide of the polyglycerol.
PAR  The amount of catalyst employed is preferably equal to from about 0.1% to
      about 2.0% by weight based on the weight of polyglycerol in the reaction
      mixture. If less than about 0.1% catalyst is employed, the reaction is too
      slow to be practical as a commercial operation. Also, if more than about
      2.0% catalyst is used, no further increase in reaction rate is noted and
      there is, therefore, no reason for including the additional catalyst.
      Preferred results have been achieved with an amount of catalyst equal to
      from about 0.5% to about 1.0 % by weight based on the weight of
      polyglycerol in the reaction mixture.
PAR  The etherification reaction of the present invention is carried out under
      anhydrous conditions and it is, therefore, necessary to dry the
      polyglycerol employed. This may be done, for example, by vacuum stripping
      the material to a temperature of about 125.degree.C. at a pressure of
      about 0.35 mm. mercury.
PAR  After the polyglycerol has been dried, the alkali metal alkoxide catalyst,
      or alkali metal if the catalyst is to be formed in situ, is added. If an
      alkali metal alkoxide is utilized, the catalyst is preferably added
      dissolved in a suitable solvent such as methanol, ethanol, and the like.
PAR  Following the addition of the catalyst, the mixture is again stripped to
      remove any added solvent and the alpha olefin epoxide is added. This
      material is preferably added gradually over of period of time.
PAR  The resulting reaction mixture is then heated, preferably under a nitrogen
      atmosphere, to an elevated temperature to increase the rate of the
      reaction. The actual temperature employed is not narrowly critical to the
      present invention and only affects the reaction rate. However, it has been
      found that preferred results are achieved if the reaction is carried out
      at temperatures in the range of from about 130.degree. to about
      170.degree.C. It is especially preferred to carry out the reaction at a
      temperature of about 150.degree.C.
PAR  The reaction mixture is maintained at this elevated temperature until a
      sample removed therefrom remains homogeneous when cooled to room
      temperature. As mentioned above, one advantage of the process of the
      present invention is the production of homogeneous products. As used
      herein, the term homogeneous refers to a product which exists as a single
      phase at room temperature. When heated at a temperature within the
      preferred range mentioned above, the reaction is generally completed in a
      period of time of from about 2 to about 4 hours.
PAR  After the product has become homogeneous, the reaction mixture is cooled,
      while maintaining the nitrogen atmosphere, and the product recovered. If
      desired, the cooling step may be interrupted when the temperature of the
      reaction mixture is about 90.degree.C. and the product bleached by adding
      about 1% by weight, based on the weight of product, of a 35% hydrogen
      peroxide solution. Another advantage of the products of the present
      invention is that they are readily bleachable, to a colorless or light
      colored product. In addition to the hydrogen peroxide treatment mentioned
      above, any other bleaching treatment known in the art may be employed. By
      comparison, ethers of polyglycerol prepared other than in accordance with
      the present invention are either non-homogeneous or dark colored and
      incapable of being bleached.
PAR  The resulting products may be either mono ethers or higher ethers depending
      upon the amount of alpha olefin epoxide added to the reaction mixture. As
      used herein, the term mono ether refers to an ether prepared by reacting 1
      mol of epoxide with 1 mol of polyglycerol.
PAR  The alkyl ethers of polyglycerol prepared in accordance with the present
      invention are useful as surfactants having improved hydrolytic stability
      under both acidic and alkaline conditions making them especially useful in
      cosmetic applications, as textile lubricants and as corrosion inhibitors.
      Additionally, these ethers have more free hydroxyl groups than the
      previously available ether-type surfactants making them useful in
      applications where other ethers cannot be employed.
DETD
PAR  In order to describe the present invention so that it may be clearly
      understood, the following examples are set forth. These examples are set
      forth primarily for the purpose of illustration and any enumeration of
      detail contained therein should not be interpreted as a limitation on the
      concept of the present invention.
PAC  EXAMPLE 1
PAR  Into a three-necked flask equipped with stirrer and thermometer, there was
      added 500 grams of a purified polyglycerol containing an average of 10
      glycerol units having an acid number of 3, a hydroxyl number of 898, a
      percent sulfated ash of 0.2, and a percent water of 1.5. Water was then
      removed from this material by vacuum stripping to a temperature of
      125.degree.C. at a pressure of 0.35 mm. Hg. ABS. There was then added 20
      cc. of a 25% by weight solution of sodium methylate in methanol and the
      resulting mixture was vacuum stripped, under the same conditions as
      described above, to remove the methanol. There was then added 376 grams of
      NEDOX 1518, an alpha olefin epoxide of the following formula
      ##EQU5##
      wherein R is a straight-chain alkyl group containing from 13 to 16 carbon
      atoms.
PAR  The resulting reaction mixture was heated, under a nitrogen atmosphere, to
      a temperature of 150.degree.C. and held at this temperature for a period
      of 4 hours at the end of which time the reaction mixture became
      homogeneous. The mixture was then cooled to 90.degree.C. and the product
      bleached by adding 10 cc. of 35% hydrogen peroxide solution.
PAR  The product, which was the hydroxy alkyl ether of decaglycerol, was a soft,
      light yellow wax weighing 881 grams. The product had an acid number of
      0.5, a saponification number of 3.2, a hydroxyl number of 506, a percent
      sulfated ash of 0.75, and a percent water of 1.0.
PAC  EXAMPLE 2
PAR  Into a three-necked flask equipped with stirrer and thermometer, there was
      added 500 grams of the purified polyglycerol described in Example 1 and
      the material was vacuum stripped to remove water, also as described in
      Example 1. There was then added 10 cc. of 25% sodium methylate in methanol
      and the mixture was again vacuum stripped to remove the methanol. There
      was then added 280 grams of NEDOX 1114, an alpha olefin epoxide of the
      following formula
      ##EQU6##
      wherein R is a straight-chain alkyl group containing from 9 to 12 carbon
      atoms.
PAR  After reacting, cooling, and bleaching as described in Example 1, there was
      isolated 773 grams of the hydroxy alkyl ether which was a light yellow,
      viscous liquid having an acid number of 0.9, a saponification number of
      5.0, a hydroxyl number of 585, a percent sulfated ash of 0.5, and a
      percent water of 1.3.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was repeated except that the amount of NEDOX
      1518 was reduced by 50% -- i.e., to 188 grams -- to prepare the monoether
      rather than the diether prepared in Example 1. Employing the same reaction
      sequence and procedure as described for Example 1, there was isolated a
      light yellow wax. This product had an acid number of 0, a saponification
      number of 1.1, a hydroxyl number of 630, a percent sulfated ash of 0.95,
      and a percent water of 1.0.
PAC  EXAMPLE 4
PAR  The procedure described in Example 2 was repeated except that the amount of
      NEDOX 1114 employed was reduced by 50% -- i.e., to 140 grams. After
      reaction, cooling, and bleaching as described in Example 2, there was
      isolated the monoether as a light yellow, viscous liquid. This product had
      an acid number of 0.4, a saponification number of 3.6, a hydroxyl number
      of 700, a percent sulfate ash of 1.0, and a percent water of 1.2.
PAC  EXAMPLE 5
PAR  Into a three-necked flask equipped with a stirrer and thermometer, there is
      added 240 grams (1 mol) of a purified polyglycerol containing an average
      of 3 glycerol units. The material is stripped to remove any water and
      there is then added 4.8 grams (2% by weight based on the weight of
      polyglycerol) of sodium ethylate dissolved in 25 cc. of ethanol. The
      resulting mixture is again stripped at the end of which time there is
      added 156 grams (1 mol) of 1,2-epoxy decane.
PAR  The resulting reaction mixture is heated to 130.degree.C. until a sample
      removed from the reaction mixture remains homogeneous at room temperature.
      At this time, the reaction mixture is cooled and the product, identified
      as the monoether of triglycerol, recovered.
PAC  EXAMPLE 6
PAR  The procedure of Example 5 is repeated except that the amount of 1,2-epoxy
      decane is increased to 212 grams (2 mols) to prepare the diether of
      triglycerol.
PAR  Similarly, the procedure of Example 5 is again repeated utilizing 368 grams
      (3 mols) of 1,2-epoxy decane to prepare the triether of triglycerol.
PAC  EXAMPLE 7
PAR  Into a three-necked flask equipped with a stirrer and thermometer, there is
      added 388 grams (1 mol) of a purified polyglycerol containing an average
      of 5 glycerol units. The material is stripped to remove any water and
      there is then added 0.388 grams (0.1% by weight based on the weight of
      polyglycerol) of sodium metal. The mixture is then heated under vacuum at
      a temperature of from about 100.degree. to about 120.degree.C. until the
      sodium metal has dissolved in the polyglycerol forming the sodium alkoxide
      of the polyglycerol. There is then gradually added 1,340 grams (5 mols) of
      1,2-epoxy octadecane.
PAR  The resulting reaction mixture is heated to about 130.degree.C. until a
      sample removed from the reaction mixture is homogeneous at room
      temperature. At this time, the reaction mixture is cooled and the product,
      identified as the pentaether of pentaglycerol, is recovered.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preparing an alkyl ether of polyglycerol, said method
      comprising reacting (1) a purified polyglycerol containing from 8 to 12
      glycerol units which polyglycerol has been purified by a process
      comprising
PA1  a. polymerizing glycerol in the presence of an alkaline catalyst to obtain
      a crude polyglycerol;
PA1  b. preparing an aqueous slurry, at a pH of from 10 to 12, of said crude
      polyglycerol and an inert, finely divided solid filtering aid;
PA1  c. separating a solid phase and a liquid phase of said slurry;
PA1  d. passing said liquid phase through an anionic exchange resin; and
PA1  e. subsequently passing said liquid phase through a cationic exchange resin
PAL  and (2) an alpha olefin epoxide of the general formula
      ##EQU7##
      wherein R is an alkyl group containing from 8 to 20 carbon atoms, provided
      that
PA1  i. the amount of epoxide employed is equal to at least 1 mol per mol of
      purified polyglycerol,
PA1  ii. the reaction is carried out under anhydrous conditions and at a
      temperature of 130.degree. - 170.degree.C, and
PA1  iii. the reaction is carried out in the presence of an alkali metal
      alkoxide catalyst in an amount equal to from 0.1% to 2.0% by weight based
      on the weight of polyglycerol employed.
NUM  2.
PAR  2. A method, as claimed in claim 1, wherein the alpha olefin epoxide is a
      mixture of alpha olefin epoxides.
NUM  3.
PAR  3. A method, as claimed in claim 2, wherein the alkyl portion of said
      olefin epoxides contains from about 9 to about 12 carbon atoms.
NUM  4.
PAR  4. A method, as claimed in claim 2, wherein the alkyl portion of said
      olefin epoxides contains from about 13 to about 16 carbon atoms.
NUM  5.
PAR  5. A method, as claimed in claim 1, wherein the polyglycerol contains about
      10 glycerol units.
NUM  6.
PAR  6. A method, as claimed in claim 1, wherein the alkali metal alkoxide
      catalyst is sodium methoxide.
NUM  7.
PAR  7. A method, as claimed in claim 1, wherein the alkali metal alkoxide
      catalyst is formed in situ by adding an alkali metal to the polyglycerol.
NUM  8.
PAR  8. A method, as claimed in claim 1, wherein the amount of alkali metal
      alkoxide is equal to from about 0.5% to about 1.0% by weight based on the
      weight of polyglycerol.
NUM  9.
PAR  9. A method, as claimed in claim 1, wherein the polyglycerol and the
      epoxide are reacted at a temperature of about 150.degree.C.
NUM  10.
PAR  10. A homogeneous alkyl ether of polyglycerol comprising the reaction
      product of (1) a purified polyglycerol containing from 8 to 12 glycerol
      units which polyglycerol has been purified by a process comprising
PA1  a. polymerizing glycerol in the presence of an alkaline catalyst to obtain
      a crude polyglycerol;
PA1  b. preparing an aqueous slurry, at a pH of from 10 to 12, of said crude
      polyglycerol and an inert, finely divided solid filtering aid;
PA1  c. separating a solid phase and a liquid phase of said slurry;
PA1  d. passing said liquid phase through an anionic exchange resin; and
PA1  e. subsequently passing said liquid phase through a cationic exchange resin
PAL  and (2) an alpha olefin epoxide of the general formula
      ##EQU8##
      wherein R is an alkyl group containing from 8 to 20 carbon atoms, provided
      that
PA1  i. the amount of epoxide employed is equal to at least 1 mol per mol of
      purified polyglycerol,
PA1  ii. the reaction is carried out under anhydrous conditions and at a
      temperature of 130.degree. - 170.degree.C, and
PA1  iii. the reaction is carried out in the presence of an alkali metal
      alkoxide catalyst in an amount equal to from 0.1% to 2.0% by weight based
      on the weight of polyglycerol employed.
NUM  11.
PAR  11. An ether, as claimed in claim 10, wherein the polyglycerol contains
      about 10 glycerol units.
NUM  12.
PAR  12. An ether, as claimed in claim 10, wherein the alpha olefin epoxide is a
      mixture of alpha olefin epoxides.
NUM  13.
PAR  13. An ether, as claimed in claim 12, wherein the alkyl portion of said
      olefin epoxides contains from about 9 to about 12 carbon atoms.
NUM  14.
PAR  14. An ether, as claimed in claim 12, wherein the alkyl portion of said
      olefin epoxides contains from about 13 to about 15 carbon atoms.
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ABST
PAL  .alpha.- Bisabolol of plant origin is purified by being treated with alkali
      hydroxide, alkali alcoholate, alkali carbonate, alkali bicarbonate,
      alkaline earth hydroxide, alkaline earth oxide or aluminium hydroxide.
      Preferably activated carbon is also used in the purification. Preferably
      the .alpha.-bisabolol is treated with pure nitrogen gas before the alkali
      treatment.
PARN
PAR  This application if a continuation-in-part of application Ser. No. 363,163,
      filed May 23, 1973 and now abandoned.
BSUM
PAR  .alpha.- Bisabolol is found in various plants in either the laevo rotatory
      or dextro rotatory form. Thus (-).alpha. -bisabolol is a constituent of
      essential oils from Cananga ordorata, Citrus bigaradia, Lavandula spica,
      Matricaria chamomilla, Myoporum crassifolium, Myrocarpus fastigiatus,
      Myrocarpus frondosus and Vanillosmopsis erythropappa. ( + )
      .alpha.-bisabolol is found in kinds of poplars, namely in the buds of
      Populus balsamifera and Populus tacamahaca.
PAR  .alpha..notident.-BISABOLOL IS A VISCOUS, COLORLESS, WEAKLY ODORIFEROUS
      LIQUID OF B.P. .sub.(12 mm) 153.degree. C. .alpha.-Bisabolol has strong,
      markedly olfactory fixing properties and therefore is used in cosmetics as
      a fixation agent for perfume (German Pat. No. 1,081,170). This firm
      attachment of intensely odoriferous materials to .alpha.-bisabolol,
      however, also prevents the recovery of pure .alpha.-bisabolol from natural
      essential oils by customary processes (for example, high vacuum
      distillation) since the .alpha.-bisabolol in the essential oils as a rule
      is associated with strongly odoriferous substances, which either in
      general cannot be separated from it or can only be very difficultly
      separated.
PAR  There has now been found a process for the purification of
      .alpha.-bisabolol arising from plants which is characterized in that
      bisabolol which is recovered from plant material in known manner is
      treated with alkali hydroxide, for example, sodium hydroxide, lithium
      hydroxide or potassium hydroxide; alkali alcoholates, e.g., sodium
      methylate, potassium methylate, sodium ethylate, potassium ethylate,
      sodium propylate, potassium propylate, sodium isopropylate, potassium
      isopropylate, sodium butylate, potassium butylate, sodium amylate, or
      sodium decylate; alkali carbonates, e.g., sodium carbonate or potassium
      carbonate; alkali bicarbonate, e.g., sodium bicarbonate or potassium
      bicarbonate; alkaline earth hydroxides, e.g., magnesium hydroxide, calcium
      hydroxide, strontium hydroxide or barium hydroxide; alkaline earth metal
      oxides, e.g., magnesium oxide, calcium oxide, strontium oxide or barium
      oxide or aluminium hydroxide. The named materials can be used in admixture
      with each other. Examples of such mixtures include potassium carbonate;
      potassium carbonate and magnesium hydroxide; potassium carbonate and
      magnesium oxide.
PAR  According to the process of the invention there is recovered in a very
      simple manner .alpha.-bisabolol of satisfactory odor. The
      .alpha.-bisabolol obtained has only a weak, however, pleasant odor. The
      process of the invention has considerable significance for the use of the
      bisabolol for example in cosmetics since previously the unpleasant odor to
      the accompanying material has prevented a wider use of the
      .alpha.-bisabolol.
PAR  The .alpha.-bisabolol to be purified can be obtained from the plants
      mentioned in the first paragraph of the specification. The process of the
      invention can be used with the optically active forms of .alpha.-bisabolol
      (laevo or dextro rotatory form) or with the racemate.
PAR  The alkaline materials used in the invention are preferably potassium
      hydroxide, sodium hydroxide or lithium hydroxide and the alkaline earth
      hydroxides, especially calcium hydroxide and barium hydroxide as well as
      alkali carbonates such as potassium carbonate and sodium carbonate.
      Likewise, suitable for example, however, are magnesium oxide and magnesium
      hydroxide as well as aluminum hydroxide.
PAR  The treatment with the alkaline material according to the invention
      generally takes place by working on the .alpha.-bisabolol with solid
      alkaline material or with the alkaline material in aqueous or alcoholic
      solution. Any conventional alcohol can be used such as methanol, ethanol,
      isopropanol, propanol, butanol, etc. The .alpha.-bisabolol can be added
      either undiluted or in solution. As solvents for the .alpha.-bisabolol
      there can be added known agents. Examples are:
PA1  a. saturated aliphatic or cycloaliphatic alcohols, especially saturated
      aliphatic alcohols, for example such with one hydroxy group. The number of
      the carbon atoms can be for example between 1 to 8. The cycloaliphatic
      alcohols are especially of 5 to 8 carbon atoms. The aliphatic alcohols
      have preferably 1 to 6 carbon atoms.
PA1  b. saturated and unsaturated aliphatic ethers with 2 to 14, preferably 2 to
      6 carbon atoms, which can also have an additional hydroxy group such as
      ethyleneglycolmonoethylether, and cycloaliphatic ethers. Among the cyclic
      ethers are for example suitable the saturated ethers with 5 to 8 ring
      atoms, preferably 5 to 6 ring atoms and one or two oxygen atoms (for
      example tetrahydrofuran, 1,3-dioxolane).
PA1  c. halogenated hydrocarbons, preferably of lower carbon number, which for
      example is between 1 to 6 such as chloroform, dichloromethane, carbon
      tetrachloride.
PA1  d. aliphatic and aromatic hydrocarbons. The number of the carbon atoms of
      the aliphatic hydrocarbons can be from 5 to 11, preferably 5 to 8
      (pentane, hexane, petroleum ether). Examples of aromatic hydrocarbons are
      benzene, methylbenzenes, ethylbenzenes.
PA1  e. saturated aliphatic lower alkyl ester of fatty acids which may have for
      example 1 to 18, preferably 1 to 10 C-atoms (ethylacetate, butylacetate),
      saturated aliphatic ketones of 3 to 10, preferably 3 to 8 C-atoms
      (acetone, methyl ethyl ketone, methylisobutyl ketone).
PA1  f. solvents with a nitrogen atom as pyridine, lower aliphatic alkyl- and
      dialkylamines (3 to 10 C-atoms) such as diethylamine, lower dialkylamides
      of lower fatty acids (diethylacetamide) whereby the fatty acids contain
      preferably 1 to 3 carbon atoms.
PA1  g. carbon disulphide
PA1  h. glacial acetic acid.
PAR  Generally there is employed crude bisabolol recovered from plants in known
      manner. The .alpha.-bisabolol for example can come from the essential oils
      of rutaces (for example Citrus aurantium or Citrus bigaradia), legumes
      (for example, Myrocarpus types), composites (for example, Matricaria
      chamomilla or Vanillosmopsis erythropappa), salicaces, (for example
      Populus types), myoporaces (for example Myoporus crassifolium), annonaces
      (for example Cananga odorata ), labiates (for example Lavandula spica),
      pinaces (for example Picea ajanensis), cupressaces (for example, Fokienia
      hodginsii), umbellifers (for example, Libanotis transcaucasica) or
      malvaces (for example Gossypium hirsutine). The .alpha.-bisabolol (crude
      bisabolol) can be obtained from these essential oils for example by steam
      distillation, fractional distillation or chromatography (for example on
      aluminum oxide; see E. Gildemeister, Fr. Hoffmann "Die atherischen Ole"
      Vol. b, 4th edition, Academie Verlag Berlin (1962) pages 245, et seq.)
PAR  It is suitable, at least in the starting stage of the action, to thoroughly
      mix the .alpha.-bisabolol and the solid alkaline material, for example by
      stirring or shaking.
PAR  The treatment can take place within a temperature range of 0.degree. to
      150.degree.  C. Suitably it takes place at a temperature between
      20.degree. and 100.degree. C., preferably between 20.degree. and
      50.degree. C. The time of treatment depends on the type of accompanying
      substances and is dependent on the temperature. It can be ended
      immediately after the alkali addition. As a rule the treatment is
      completed within 24 hours. However, it can also use a longer period of
      time.
PAR  The alkaline materials of the invention are generally used in an amount
      between 5 and 100% of the weight of the bisabolol. The alkaline material
      can be added as such in undiluted form or in the form of solutions. As
      solutions there can be employed aqueous solutions, alcoholic solutions or
      mixtures off the agents, wherein generally the concentration of the
      alkaline materials of the invention is between 0.5 and 50%. In most cases
      there is used a 5 to 20% solution. The concentration can be varied even
      more widely.
PAR  As the alcoholic solvent there can be used basically all alcohols which can
      be separated by distillation from the .alpha.-bisabolol and do not form
      azeotropic mixtures with the bisabolol. Especially there can be used
      alcohols which boil at normal pressure (760 mm) between 50.degree. and
      210.degree. C. Examples include aliphatic alcohols, e.g., alkanols,
      especially those having 1 to 8 carbon atoms, preferably 1 to 4 carbon
      atoms, e.g., methyl alcohol, ethyl alcohol, propyl alcohol, isopropyl
      alcohol, butyl alcohol, sec. butyl alcohol, amyl alcohol, hexyl alcohol,
      octyl alcohol, isooctyl alcohol or 2-ethylhexyl alcohol, cycloaliphatic
      alcohols such as cyclopentanol and cyclohexanol and lower phenyl alcohols
      such as benzyl alcohol.
PAR  Alkali alcoholates are preferably added as solutions wherein the above
      named alcohols are employed.
PAR  After the treatment the alkali is separated off, for example, by
      filtration, centrifuging or in a separatory funnel. In the treatment with
      alkali solutions it is suitable subsequently to work the bisabolol phase
      with alkali free water and to dry.
PAR  By too strong mixing of the bisabolol or bisabolol solutions with the
      alkaline materials of the invention or the solutions emulsion formation
      can be produced. In such cases generally by less intensive mixing the
      emulsion formation is repressed or avoided. However, customary materials
      can also be added which prevent or inhibit emulsion formation (for example
      known silicone-antifoaming agents, e.g., polydimethyl siloxane oils).
PAR  The treatment of .alpha.-bisabolol according to the invention can be
      combined with a carbon treatment. It is, of course, known that natural
      materials can be purified by adsorption on activated carbon. In case of
      .alpha.-bisabolol, however, by addition of higher concentrations of
      activated carbon to a crude bisabolol either in the cold or in the heat,
      there is successfully removed the odoriferous, irritating substances.
PAR  The combination of an alkali treatment with an activated carbon treatment
      has the advantage that still further odoriferous non-relevant accompanying
      materials are removed from the crude bisabolol and accordingly, for
      example, further make simple a subsequent distillation. Thereby the
      activated carbon treatment can take place simultaneously with or after the
      alkaline treatment of the invention. The simultaneous treatment has proven
      especially suitable. For example, there can be used 1 to 200%, preferably
      10 to 100% of activated carbon, based on the bisabolol weight.
PAR  First of all by the process of the invention odoriferous, disturbing
      accompanying materials are removed which chiefly are present in small
      amounts. In case a crude bisabolol is added hereby, this contains primarly
      still other impurities from which the .alpha.-bisabolol can be separated
      in known manner in connection with the treatment of the invention, for
      example, by high vacuum distillation or chromatography. The high vacuum
      distillation can be carried out, for example, by batch distillation or by
      use of evaporators which guarantee a nice evaporation and small pressure
      loss. These types of evaporators for example, are all film evaporators
      with mechanically produced films (for example Sambay evaporators) or
      falling film evaporators.
PAR  In the high vacuum distillation distillation must be over a column. As
      columns there can be considered those which guarantee the slightest
      possible pressure loss and the heat radiation reduced to a minimum.
      Suitable are Vigreux columns, plate columns, and preferably packed columns
      with Raschig rings, helices of glass or metal or packing.
PAR  The chromatographic separation is carried out in known manner. As
      adsorption agents there can be used, for example, silica gels as well as
      acid, neutral or basic aluminum oxide. Running media, for example, are
      benzene, petroleum ether, chloroform, ethyl acetate or mixtures thereof.
      The chromatographic purification can be carried out, for example, in the
      manner described in the Deutschen Apotheker-Zeitung 108 (1968) page 293 or
      in Collection Czech. Chem. Commun. 16 (1951), page 676.
PAR  It is understood that it is also possible from the first to add an almost
      pure .alpha.-bisabolol, which still only contains odoriferously disturbing
      accompanying materials. In such cases, in a given case no distillation or
      further purification is necessary after the treatment according to the
      invention.
PAR  The effect which is produced by the individual purification steps is
      illustrated by the following Table.
PAC  TABLE
PAR  Recovery of pure (-) .alpha.-bisabolol from the essential oil of
      Vanillosmopsis erythropappa
TBL  Step  Product              Bisabolol content                              

     ______________________________________                                    

     1    essential oil (crude bisabolol)                                      

                                87%                                            

     2    after alkali treatment                                               

                                95%                                            

     3    after alkali and activated carbon                                    

                                97.4%                                          

           treatment                                                           

     4    after high vacuum distillation                                       

                                99.5%                                          

     ______________________________________                                    

PAR  Unless otherwise indicated all parts and percentages are by weight.
DETD
PAC  EXAMPLE 1
PAR  100 grams of unpleasantly smelling essential oil from Vanillosmopsis
      erythropappa (87% bisabolol) were dissolved in 1000 ml petroleum ether.
      The solution was shaken in a separatory funnel with 500 ml of 5% aqueous
      soda lye.
PAR  After 24 hours the alkaline phase was sepparated. The petroleum ether phase
      was washed several times with water, dried over sodium sulfate and the
      petroleum ether distilled off. The thus treated bisabolol was distilled
      over a vacuum jacket packed column in a high vacuum at 0.1 mmHg. The
      weakly aromatic smelling to odorless portion passing over at 114.degree.
      to 115.degree.C. was collected. Yield: 77 grams, 99.5% (-) .alpha.
      -bisabolol.
PAC  EXAMPLE 2
PAR  100 grams of strongly balsamic smelling essential oil from Populus
      tacamahaca (73.5% bisabolol) were dissolved in 1000 ml of petroleum ether.
      The solution was shaken for 30 minutes with 50 grams potassium carbonate.
      Subsequently the residue was filtered off and the petroleum ether
      distilled off from the filtrate.
PAR  The thus treated bisabolol was distilled in high vacuum at 0.1 mmHg. The
      weakly aromatic smelling to odorless portion going over at 114.degree. to
      115.degree.C. was collected. Yield: 62 grams of 99% (+) .alpha.-bisabolol.
PAC  EXAMPLE 3
PAR  100 grams of unpleasantly smelling essential oil from Vanillosmopsis
      erythropappa (87% bisabolol) were dissolved in 1000 ml of petrolum ether.
      The solution was shaken for 1 hour with a mixture of 25 grams of potassium
      carbonate and 25 grams of activated carbon. Subsequently the residue was
      filtered off and the petroleum ether distilled off from the filtrate.
PAR  The residue was distilled in a high vacuum at 0.1 mmHG. The weakly aromatic
      smelling to odorless portion going over at 112.degree. to 114.degree.C.
      was collected. Yield: 75 grams of 99.5% (-) .alpha. -bisabolol.
PAR  It has further been found especially advantageous to gas the impure
      .alpha.-bisabolol with nitrogen prior to the treatment with alkali.
PAR  The gassing with nitrogen can take place either at room temperature or with
      heating. Thus, temperatures between room temperature (about 20.degree. C).
      and 100.degree. C. can be used, preferably between 30.degree. and
      60.degree.C.
PAR  It is recommended to stir the bisabolol or to keep it in motion by other
      customary methods during the gassing with nitrogen. The nitrogen used
      should be pure and free of oxygen and, if necessary, can be purified by
      conventional techniques prior to use. The time of nitrogen gassing, for
      example, can be between 1 and 5 hours. This time can be varied.
PAC  EXAMPLE 4
PAR  1000 grams of unpleasantly smelling essential oil from Vanillosmopsis
      erythropappa (87% bisabolol) were distilled in a high vacuum at 0.4 mm Hg.
PAR  The portion passing over at 119 to 125.degree. C. and still smelling
      strongly was collected (597 grams containing 98.5% bisabolol), heated to
      60.degree. C. with nitrogen (that had been passed through a pyrogallol
      solution according to Houben-Weyl I/2 page 332 to remove any oxygen
      present) from below by means of a glass frit.
PAR  The gassed bisabolol was treated with 25 grams of activated carbon and 10
      grams of potassium carbonate and stirred for 2 hours at 60.degree. C. The
      mixture was filtered warm through a Seitz-AW-filter layer.
PAR  Yield 530 grams of 99.8% .alpha.-bisabolol as a colorless and odorless oil.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the purification of .alpha.-bisabolol originating from
      plants comprising the step of subjecting the impure .alpha.-bisabolol
      still containing odoriferous impurities to alkali hydroxide, alkali
      alkanoate of 1 to 8 carbon atoms, alkali cyclopentanolate, alkali
      cyclohexanolate, alkali benzyl alcoholate, alkali carbonate, alkali
      bicarbonate, alkaline earth hydroxide, alkaline earth oxide or aluminum
      hydroxide at a temperature of 20.degree. to 60.degree.C. under alkaline
      conditions and recovering the purified bisabolol.
NUM  2.
PAR  2. A process according to claim 1 including the step of employing activated
      carbon simultaneously with said alkaline treatment to remove impurities
      from the .alpha.-bisabolol.
NUM  3.
PAR  3. A process according to claim 1 including the step of purifying the
      .alpha.-bisabolol chromatographically after said alkaline treatment.
NUM  4.
PAR  4. A process according to claim 3 also including the step of employing
      activated carbon prior to the chromatographic purification to remove
      impurities from the .alpha.-bisabolol.
NUM  5.
PAR  5. A process according to claim 1, including a high vacuum distillation to
      recover pure bisabolol.
NUM  6.
PAR  6. A process according to claim 5 including the step of employing activated
      carbon to remove impurities from the .alpha.-bisabolol prior to the
      distillation.
NUM  7.
PAR  7. A process according to claim 5 wherein the vacuum treatment is at 0.1 mm
      Hg.
NUM  8.
PAR  8. A process according to claim 1, wherein the temperature is 20.degree. to
      50.degree.C.
NUM  9.
PAR  9. A process according to claim 1 including the step of employing activated
      carbon after said alkali treatment to remove impurities from the
      .alpha.-bisabolol.
NUM  10.
PAR  10. A process for the purification of .alpha.-bisabolol originating from
      plants comprising gassing the impure .alpha.-bisabolol still containing
      odoriferous impurities with oxygen free nitrogen gas at a temperature up
      to 100.degree.C., and thereafter comprising the step of subjecting the
      .alpha.bisabolol containing impurities to alkali hydroxide, alkali
      alkanoate of 1 to 8 carbon atoms alkali cyclopentanoate, alkali
      cyclohexanolate, alkali benzyl alcoholate, alkali carbonate, alkali
      bicarbonate, alkaline earth hydroxide, alkaline earth oxide or aluminum
      hydroxide at a temperature of 20.degree. to 60.degree.C. under alkaline
      conditions and recovering the purified bisabolol.
NUM  11.
PAR  11. A process according to claim 10 wherein the nitrogen gassing is at
      30.degree. to 60.degree.C.
NUM  12.
PAR  12. A process according to claim 10 comprising subjecting the impure
      bisabolol to a high vacuum distillation prior to the gassing with
      nitrogen.
NUM  13.
PAR  13. A process according to claim 10 wherein the nitrogen gassing is for 1
      to 5 hours.
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ABST
PAL  When a solid reduction catalyst prepared by calcining and reducing at
      350.degree. to 700.degree.C. in a hydrogen stream a precursor compound
      having a composition expressed by the following formula
EQU  M.sub.x Ni.sub.y Al.sub.z (OH).sub.2x.sub.+2y.sub.+ex.sub.-tp
      (A).sub.p.sup.. aH.sub.2 O
PAL  and having a layer lattice crystal structure characterized by the following
      X-ray diffraction pattern
TBL  d (A)                 I/Io                                                

     ______________________________________                                    

      7.5-210.2            100                                                 

     3.6-10.6              5 - 80                                              

     2.4-6.4               5 - 60                                              

     ______________________________________                                    

PAL  Is employed for hydrogenation reduction of unsaturated organic compounds,
      the intended reduction products can be obtained at very high conversion
      and very high selectivity.
BSUM
PAR  This invention relates to an improvement in the process for hydrogenation
      reduction of compounds having a multiple bond between a carbon atom and an
      atom selected from the group consisting of carbon, oxygen, sulfur and
      nitrogen, such as C=C, C.tbd.C, C=O, C=N and C.tbd.N.
PAR  Various solid reduction catalysts such as Ni-diatomaceous earth, Raney
      nickel, Ni--Al.sub.2 O.sub.3 (carrier), Cu-Ni and Cu-diatomaceous earth
      have heretofore been used for hydrogenation reduction of aromatic
      compounds, aldehydes, ketones, nitriles and the like. According to the
      conventional theory, the particle size (so called X-ray particle size
      determined by the X-ray diffractiometry) of metallic nickel used as the
      catalyst component is considered to exert a great influence on the
      activity and selectivity of the catalyst, and it is said that a catalyst
      having a smaller X-ray particle size has a more improved activity.
      Particle sizes of nickel in conventional nickel-type hydrogenation
      reduction catalysts are disclosed in various literature references. For
      instance, Harshaw Keoing Walter, "Catalyst, 13 (4), 1579 (1971)" and
      Kishida and Adachi, "Kogyo Kagaku Zasshi, 74 (11), 2398 (1971)" disclose
      the following particle sizes:
TBL  Raney nickel catalyst 50 to 120 A                                         

     Raney type Cu-Ni alloy                                                    

                           66 to 134 A                                         

     reduced nickel catalyst                                                   

                           100 to 700 A                                        

PAR  We have now found that a catalyst formed by employing as a catalyst
      precursor a layer lattice crystal substance composed of a composite metal
      hydroxide of the Ni--Al system or the Ni--Mg system, and reducing and
      calcining this precursor in a hydrogen stream is advantageous over the
      conventional nickel-type reduced catalyst for hydrogenation reduction in
      the point that the increase of the X-ray particle size by calcination
      under heat is smaller and the particle size distribution is more uniform.
      It has also been found that the so formed catalyst has a desired
      combination of a good thermal stability and an excellent activity and this
      catalyst is very effective for hydrogenation reduction of unsaturated
      organic compounds such as mentioned above.
PAR  It is a primary object of this invention to provide a process for
      hydrogenation reduction of unsaturated organic compounds with use of a
      novel nickel-type catalyst.
PAR  Another object of this invention is to provide a process for hydrogenation
      reduction of unsaturated organic compounds, in which the X-ray particle
      size of the nickel component of the catalyst used is much smaller than
      that in the conventional nickel-type hydrogenation catalysts and hence,
      the intended hydrogenation reduction product can be obtained at a high
      selectivity and a high conversion
PAR  Still another object of this invention is to provide a process in which a
      catalyst for hydrogenation reduction having constant activity and
      selectivity can be obtained by employing as a catalyst precursor a
      compound having a stable layer lattice crystal structure, and the
      hydrogenation reduction treatment can be accomplished stably on an
      industrial scale by employing such catalyst.
PAR  In accordance with this invention, there is provided a process for
      hydrogenation reduction of unsaturated organic compounds which comprises
      reducing with hydrogen an unsaturated organic compound having a multiple
      bond between a carbon atom and an atom selected from the group consisting
      of carbon, oxygen, sulfur and nitrogen in the presence of a solid catalyst
      for reduction, such solid catalyst obtained by calcining and reducing at a
      temperature of 350.degree. to 700.degree.C. in a hydrogen stream a
      compound having a composition expressed by the following general formula
EQU  M.sub.x Ni.sub.y Al.sub.z (OH).sub.2x.sub.+2y.sub.+3z.sub.-tp (A).sub.p
      .aH.sub.2 O
PA1  wherein A stands for an anion, M stands for magnesium and/or zinc, t
      designates the valency of the anion A and x, y, z, p and a a are such
      numbers that when z is 2, the following relations are established:
PA2  x + y = 0.1 to 20,
PA2  x = 0 to 19.9, and
PA2  y = 0.1 to 20,
PA1  and the following conditions are satisfied:
PA2  1/6&gt;p/(x + y + z )&gt;1/20, and
PA2  a&gt;O
PAL  and having substantially the following diffraction pattern in the powder
      X-ray diffractiometry (Cu-K.alpha.):
TBL  d (A)                  I/Io                                               

     ______________________________________                                    

      7.5 - 21.02           100                                                

     3.6 - 10.6             5 - 80                                             

     2.4 - 6.4              5 - 60                                             

     ______________________________________                                    

PAR  This invention will now be described in detail.
PAC  Catalyst
PAR  Since the novel nickel type catalyst to be used in the process of this
      invention is prepared from a precursor substance having a layer lattice
      crystal structure which is composed of a composite metal hydroxide of the
      Ni--Al, Ni--Mg--Al, Ni--Zn--Al or Ni--Mg--Zn--Al system, the novel
      catalyst of this invention is characterized in that it has a smaller X-ray
      particle size of nickel than known nickel type catalysts and it exhibits
      higher catalytic activity and higher selectivity than known nickel type
      catalysts.
PAR  X-ray particle sizes [determined with respect to face (111)] and specific
      surface areas of catalysts formed from Ni--Al coprecipitate precursors
      prepared by a known method (catalysts of Comparative Examples 1 and 2
      given hereinafter) and catalysts prepared by employing as precursors
      composite metal hydroxides of the Ni--Al, Ni--Mg--Al, Ni--Zn--Al and
      Ni--Zn--Mg--Al systems having a layer lattice crystal structure specified
      in this invention are shown in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

                                  Calcining                                    

                                         BET Specific                          

                                  and Reducing                                 

                                         Surface Area                          

                                                     X-Ray Particle Size       

     Precursor No.                                                             

              Composition Formula of Precursor                                 

                                  Conditions                                   

                                         (m.sup.2 /g) of Catalyst              

                                                     (A) [(111) face] of       

                                                     Catalyst                  

     __________________________________________________________________________

     1        Ni.sub.2.7 Mg.sub.2.9 Al.sub.2 (OH).sub.16.7 (CO.sub.3).sub.0.7  

                                   I*    315         too fine and immesurable  

                                   II*   299         too fine and immesurable  

     2        Ni.sub.0.5 Mg.sub.2.3 Al.sub.2 (OH).sub.10.6 (CO.sub.3).sub.0.58 

                                   I     290         too fine and immesurable  

                                  II     368         too fine and immesurable  

     3        Ni.sub.10 Mg.sub.3 Al.sub.2 (OH).sub.30 (NO).sub.3.1             

                                   I     281         about 23                  

                                  II     271            30                     

     4        Ni.sub.3 Al(OH).sub.8 (NO.sub.3).sub.1.1                         

                                   I     210            34                     

                                  II      89            72                     

     5        Ni.sub.0.57 Al(OH).sub.3.9 (CO.sub.3).sub.0.26                   

                                   I     326         too fine and immesurable  

                                  II     230         about 22                  

     6        Ni.sub.0.1 Mg.sub.3.2 Zn.sub.3.0 Al.sub.2 (OH).sub.16.4 (C.sub.2 

              O.sub.4).sub.1.1     I     157         too fine and immesurable  

                                  II     138         too fine and immesurable  

     7        Ni.sub.3.4 Zn.sub.1.7 Al.sub.2 (OH).sub.14 (CO.sub.3).sub.1.1    

                                   I     131         too fine and immesurable  

                                  II     109         about 25                  

     Comparative                                                               

              Ni-Al coprecipitate  I     219         about 24                  

     Example 1                                                                 

              (Ni/Al = 0.07)      II      52            98                     

     Comparative                                                               

              Ni-al coprecipitate  I     221         about 29                  

     Example 2                                                                 

              (Ni/Al = 0.35)      II      79            73                     

     __________________________________________________________________________

      Notes:                                                                   

      *hydrogen flow rate = l/hr, 400.degree.C. .times. 2 hours                

      **hydrogen flow rate = 12 l/hr, 450.degree.C. .times. 2 hours            

PAR  From Table 1, it is seen that with due regard to the nickel content, the
      conditions for reducing and calcining the catalyst precursor and other
      factors, in the catalyst to be used in this invention the X-ray particle
      size of nickel is apparently smaller than in the nickel type catalyst of
      the similar kind. In general, in the catalyst of this invention the X-ray
      particle size is within the range not exceeding 60 A. It is believed that
      the reason why the X-ray particle size in the catalyst of this invention
      is much smaller than that in the conventional catalysts obtained by
      employing precursors formed by the known coprecipitation method or oxalate
      method, when compared besed on the same composition, is that in the
      composite metal hydroxide of the Ni--Al, Ni--Mg--Al, Ni--Zn--Al or
      Ni--Zn--Mg--Al system having a layer lattice crystal structure specified
      in this invention, as will be detailed hereinafter, nickel hydroxide units
      are combined finely and uniformly into the crystal structure. By dint of
      this structural characteristics of the precursor, the catalyst of this
      invention can possess a fine X-ray particle size, active points uniformly
      distributed in the catalyst and a high thermal stability. As a result, the
      catalyst of this invention makes it possible to perform the hydrogenation
      reduction of unsaturated organic compounds at high conversion and high
      selectivity. These excellent effects attained by the catalyst of this
      invention will be readily understood from the accompanying drawings, in
      which:
DRWD
PAR  FIG. 1 is a curve illustrating the relation of the reaction temperature to
      the conversion and selectivity in the hydrogenation reduction conducted by
      using the catalyst of Example 3;
PAR  FIG. 2 is a curve illustrating the same relation in the hydrogenation
      reduction conducted by using the catalyst of Example 4;
PAR  FIG. 3 is a curve illustrating the same relation in the hydrogenation
      reduction conducted by using the catalyst of Comparative Example 1;
PAR  FIG. 4 is a curve illustrating the same relation in the hydrogenation
      reduction conducted by using the catalyst of Comparative Example 2; and
PAR  FIG. 5 is a curve illustrating the same relation in the hydrogenation
      reduction conducted by using the catalyst of Example 5.
DETD
PAR  The catalyst of this invention is of two-to-four components and contains
      aluminum, magnesium and/or zinc, and nickel at the following atomic ratio:
EQU  Al : (Mg + Zn) : Ni = 2 : (0 to 19.9 ) : (0.1 to 20 )
PAL  In the above catalyst, it it believed that the aluminum component, the zinc
      component and the magnesium component are present in the form of oxides or
      hydroxides, and the nickel component is present partially in the metallic
      form and partially in the form of the oxide. In this catalyst, as the
      nickel content is higher and the content of zinc or magnesium is lower,
      the X-ray particle size of nickel in the catalyst is generally larger.
      Accordingly, in order to obtain a high catalytic activity in this
      invention, it is preferred to employ a catalyst having a relatively low
      nickel content and a relatively high content of magnesium or zinc.
      However, in the catalyst of this invention the X-ray particle size is
      generally less than 60 A, as far as the atomic ratio of the metals is
      within the above-mentioned range.
PAR  The precursor to be used for the preparation of the catalyst of this
      invention is a layer lattice crystal substance which is expressed by the
      following formula
EQU  M.sub.x Ni.sub.y Al.sub.2 (OH).sub.2x.sub.+2y.sub.+3z.sub.-tp (A).sub.p
      .aH.sub.2 O                                               (`)
PA1  wherein A stands for an anion, M stands for magnesium and/or zinc, t
      designates the valency of the anion A, and x, y, z, p and a are such
      numbers that when z is 2, the following relations are established:
PA1  x + y = 0.1 to 20,
PA1  x = 0 to 19.9, and
PA1  y = 0.1 to 20,
PA1   and the following conditions are satisfied:
PA2  1/20&lt;p/(x+y+z)&lt;1/6, and
PA2  a&gt;0
PAL  and has substantially the following diffraction pattern in the powder X-ray
      diffractiometry (Cu-K.alpha.):
TBL  d(A)(spacing)   I/Io (relative intensity)                                 

     ______________________________________                                    

      7.5 - 21.02    100                                                       

     3.6 - 10.6      5 - 80                                                    

     2.4 - 6.4       5 - 60                                                    

     ______________________________________                                    

PAR  As a result of the X-ray diffractiometry, the differential thermal
      analysis, the thermogravimetric analysis, the infrared absorption spectrum
      analysis and the like, it was confirmed that the above crystal substance
      contains water of crystallization in the state inserted in the sandwich
      form between layer lattices and it is characterized by a lattice constant
      of a.sub.o = 3.1 A and d = 45 to 132 A.
PAR  From the X-ray diffraction pattern it is seen that in the above crystal
      substance, though spacings d of faces (006), (0012) and (0018) vary
      depending on the kind of the anion, changes in other faces are very small.
      Accordingly, identification of this crystal substance can easily be done
      by examining the pattern of the region in which the value of d is not
      greater than 2.31 A and confirming the changes of d on faces (006), (0012)
      and (0018).
PAR  In the precursor of the above composition formula, the anion A can be 1 to
      4 inorganic or organic anions. As the inorganic anions, there may be
      mentioned, for example, halide ions such as Cl.sup.- Br.sup.- and I.sup.-,
      halogen oxyacid ions such as ClO.sub.2 .sup.-, ClO.sup.- and ClO.sub.3
      .sup.-, and oxyacid ions of such atoms as carbon, nitrogen, sulfur,
      phosphorus and arsenic (acidic oxide anions), such as carbonic acid ion,
      nitric acid ion, sulfuric acid ion and phosphoric acid ion. As the organic
      anion, there may be mentioned ions of carboxylic acids such as formic
      acid, oxalic acid, acetic acid, glycolic acid, succinic acid and tartaric
      acid. In view of the activity of the resulting catalyst, it is preferred
      that the anion of the precursor to be used in this invention has such a
      property that it can decompose or be released at the reducing treatment
      conducted for obtaining the intended catalyst. From this viewpoint, halide
      ions, nitric acid ion, carbonic acid ion, formic acid ion and oxalic acid
      ions are preferred as the anion A. Nitric and carbonic acid ions are
      especially preferred.
PAR  The fundamental form of this novel composite metal hydroxide is expressed
      by the following general formula
EQU  Ni.sub.m M.sub.n Al.sub.2 (OH).sub.16.A.sub.k.a'H.sub.2 O  (2)
PA1  wherein A and M are as defined above, m and n are numbers satisfying the
      following conditions:
PA2  m = 1 to 6,
PA2  n = 0 to 5, and
PA2  m + n = 6,
PA2  k is 2 when A is a monovalent anion or k is 1 when A is a divalent anion,
      and
PA2  a' is a number of from 2 to 5.
PAL  In this novel composite metal hydroxide, Ni or (Ni + Mg + Zn) forms a mixed
      crystal with Al within such a range that the atomic ratio of Ni or (Ni +
      Mg + Zn) to Al is maintained at a certain level, namely within the
      following range:
EQU  1/2.ltoreq.(x + y)/z.ltoreq.8
PAL  This can be readily understood from the fact that when the above composite
      metal hydroxides are prepared by varying the ratio of (Ni + Mg + Zn) to Al
      and the resulting products are analyzed by the X-ray diffractiometry,
      there is established a substantially proportional relation between the
      lattice constant on the face (006) and the mole ratio of (Ni + Mg +
      Zn)/[(Ni + Mg + Zn) + Al] and the Vegard law holds good in these products.
      This crystal structure consists of layers formed by ol-linkages between
      Al(OH).sub.3, and Ni(OH).sub.2 or Ni(OH).sub.2 and Mg(OH).sub.2 or
      Zn(OH).sub.2 and intermediate layers composed of coordination anions and
      water molecules, and Ni(OH).sub.2, or Ni(OH).sub.2 and Mg(OH).sub.2 or
      Zn(OH).sub.2 form a hexadentate octahedron layer together with
      Al(OH).sub.3. It is believed that the coordination anion A is positioned
      almost rectangularly to such octahedron layer and connects two octahedron
      layers. From the foregoing description it will readily be understood why
      the X-ray particle size of nickel is very fine in the catalyst of this
      invention.
PAR  Generally speaking, the composite metal hydroxide of the above formula (1)
      is prepared by reacting (i) y moles of a divalent nickel compound, (ii) x
      moles of a magnesium compound and/or a zinc compound and (iii) z moles of
      an aluminum compound in the presence of water and an anion A at a pH of at
      least 6.5, especially at least 8.0 when the metal M is Mg, at least 6.5
      when M is Zn or at least 6.5 when M is mixture of Zn and Mg, for a time
      enough to obtain a composite metal hydroxide having the above-mentioned
      specific layer lattice crystal structure.
PAR  As the divalent nickel compound, there may be employed compounds expressed
      by the following formula
EQU  NiX.sub.2/q                                                (3)
PA1  wherein X stands for an inorganic anion and q designates the valency of the
      anion X.
PAL  Examples of compounds expressed by the above formula (3) are nickel (II)
      chloride, nickel (II) bromide, nickel (II) nitrate and nickel (II)
      sulfate.
PAR  As the magnesium compound, there may be employed compounds expressed by the
      following formula
EQU  MgX.sub.2/q                                                (4)
PA1  wherein X and q are as defined above.
PAL  Examples of such magnesium compounds are magnesium chloride, magnesium
      bromide, magnesium nitrate, magnesium sulfate, magnesium carbonate, basic
      magnesium carbonate and magnesium oxide.
PAR  As the zinc compound, there may be employed compounds expressed by the
      following formula
EQU  ZnX.sub.2/q                                                (5)
PA1  wherein X and q are as defined above.
PAL  Examples of such zinc compounds are zinc chloride, zinc nitrate and zinc
      sulfate.
PAR  As the aluminum compound, there may be employed aluminum compounds
      expressed by the following formula
EQU  AlY.sub.3/q.sub.'                                          (6)
PA1  wherein Y stands for an inorganic anion or a lower alkoxy group and q'
      designates the valency of Y.
PAL  and alkali metal aluminates. More specifically, there can be preferably
      used aluminum chloride, aluminum bromide, aluminum nitrate, aluminum
      sulfate, aluminum ethoxide, aluminum isopropoxide, aluminum hydroxide,
      sodium aluminate, potassium aluminate and the like.
PAR  The anion A to be combined into the composite metal hydroxide and the anion
      X or Y of the starting compound may be the same or different. For
      instance, when a halide ion or nitric radical is combined into the
      composite metal hydroxide, compounds including such anion can be used as
      the starting compound. Further, in case a carbonic acid ion is combined
      into the composite metal hydroxide, the carbonic acid ion which is
      different from anions of the starting compounds can be added in the form
      of an alkali metal carbonate or alkali metal bicarbonate or by saturating
      the reaction system with carbon dioxide gas.
PAR  The following cares should be taken in conducting the above reaction of
      forming the composite metal hydroxide of the formula (1):
PAR  a. In case a monovalent ion such as a halide ion, a nitric acid ion, a
      formic acid ion or the like is combined into the composite metal
      hydroxide, no divalent anion should be present in the reaction system.
PAR  b. In case a divalent anion other than a carbonic radical, for example, an
      oxalic acid ion, is combined into the composite metal hydroxide, no
      carbonic acid ion should be present in the reaction system. Of course, a
      mixture of monovalent and divalent anions or a mixture of these anions
      with a carbonic acid anion may be combined in the composite metal
      hydroxide in this invention, and no particular disadvantage is brought
      about in this invention when such anions are combined in the mingled state
      into the composite metal hydroxide.
PAR  In general, it is preferred that the reaction is carried out in water at a
      pH of at least 8, especially at least 9. The reaction temperature is from
      room temperature to about 350.degree.C. The reaction may be performed
      under atmospheric pressure and pressurization is effected suitably
      depending on the reaction temperature. It is possible to subject the
      resulting composite metal hydroxide to a post treatment comprising
      immersing the composite hydroxide into water and heating it under
      pressure. By this post treatment, the degree of crystallinity is further
      improved in the composite metal hydroxide.
PAR  One of preferred precursors to be used in this invention is a composite
      metal hydroxide in which the atomic ratio of (Mg and/or Zn) : Ni : Al is
      (0 to 6 ) : (0.2 to 10 ) : 2, especially (0 to 4.5) : (0.5 to 2 ) : 2.
PAR  Another preferred precursor to be used in this invention is a composite
      metal hydroxide expressed by the following formula
EQU  Ni.sub.y Al.sub.2 (OH).sub.6.sub.+2y.sub.-tp (A).sub.p.aH.sub.2 O
PA1  wherein A is a nitric acid ion, a formic acid ion, an oxalic acid ion or a
      carbonic acid ion, y is a number of from 0.1 to 6, t designates the
      valency of the anion A, a is a positive number, and p is a number
      satisfying the condition of 1/6&gt;p/(2+y)&gt;1/20.
PAR  Still another preferred precursor to be used in this invention is a
      composite metal hydroxide expressed by the following formula
EQU  Ni.sub.y Mg.sub.x Al.sub.2 (OH).sub.6.sub.+2y.sub.+2x.sub.-tp
      (A).sub.p.aH.sub.2 O
PA1  wherein A is a nitric acid ion, a formic acid ion, an oxalic acid ion or a
      carbonic acid ion, y is a number of from 0.1 10, x is a number of from 1.5
      to 5.5, t designates the valency of the anion A, a is a positive number,
      and p is a number satisfying the condition of 1/6&gt;p/(2+x+y)&gt;1/20.
PAR  A still further example of preferred precursors to be used in this
      invention is a composite metal hydroxide expressed by the following
      formula
EQU  Ni.sub.y Zn.sub.x Al.sub.2 (OH).sub.6.sub.+2y.sub.+2z.sub.-tp
      (A).sub.p.aH.sub.2 O
PA1  wherein A is a nitric acid ion, a formic acid ion, an oxalic acid ion or a
      carbonic acid ion, y is a number of from 0.1 to 10, x is a number of from
      1.5 to 5.5, t designates the valency of the anion A, a is a positive
      number and p is a number satisfying the condition of 1/6&gt;p/(2+x+y)&gt;1/20.
PAR  A still further example of preferred precursors to be used in this
      invention is a composite metal hydroxide expressed by the following
      formula
EQU  Ni.sub.y Zn.sub.x.sub.' Mg.sub.x.sub." Al.sub.2
      (OH).sub.6.sub.+2y.sub.+2x.sub.'.sub.+2x.sub.".sub.- tp (A).sub.p.aH.sub.2
      O
PA1  wherein A is a nitric acid ion, a formic acid ion, an oxalic acid ion or
      carbonic acid ion, y is a number of from 0.1 to 10, x' and x" each stand
      for a number of from 1.5 to 5.5, t designates the valency of the anion A,
      a is a positive number, and p is a number satisfying the conditions of
      1/6&gt;p/(2+y+x'+x")&gt;1/20.
PAR  The catalyst precursor composed of such a composite metal hydroxide as
      illustrated hereinabove is calcined and reduced to obtain a final
      catalyst.
PAR  In this invention, it is generally preferred that a pretreatment for
      removing water of crystallization from the catalyst precursor is conducted
      prior to the calcining and reducing treatment.
PAR  In this pretreatment, the precursor substance is treated at a temperature
      of 80.degree. to 250.degree.C. to remove water of crystallization
      therefrom. Sufficient results can be obtained by conducting the heating
      under atmospheric pressure, but when it is desired to remove water of
      crystallization quickly, it is possible to conduct the heating under
      reduced pressure. In order to remove generated water as quickly as
      possible from the system, it is desired to conduct the heating
      pretreatment under ventilation. The time for this pretreatment is not
      particularly critical, and all of water of crystallization should not
      necessarily be removed at this pretreatment. After this water-removing
      pretreatment, the so treated product is calcined at a temperature of
      300.degree. to 700.degree.C. Air can be used as an atmosphere for
      calcination, and in order to remove water generated during the calcining
      treatment, it is preferable to conduct the operation while passing such a
      fluid as heated air through the calcination system. The calcination is
      generally carried out at a temperature of 300.degree. to 700.degree.C.,
      preferably from 400.degree. to 500.degree.C. The calcination time is
      varied to some extent depending on the calcination temperature and the
      amount to be treated, and a suitable time condition may be so selected
      that dehydration is substantially completed.
PAR  By the above-mentioned pretreatments, the catalyst precursor composed of a
      composite metal hydroxide is dehydrated and converted to a dehydrated
      hydroxide or oxide, but under microscopic observation it still retains the
      crystal framework and its BET specific surface area is greater than those
      of oxides formed by known methods.
PAR  According to this invention, the so formed polyatomic oxide or hydroxide is
      calcined and reduced in a hydrogen stream at a temperature ranging from
      350.degree. to 700.degree.C., preferably 400.degree. to 500.degree.C. By
      this calcining and reducing treatment, nickel oxide is reduced to metallic
      nickel. At this treatment, all of nickel oxide should necessarily be
      reduced to metallic nickel, but only a part of nickel oxide may be reduced
      to metallic nickel to form a mixture of nickel oxide (NiO) and metallic
      nickel. For instance, if the treatment is conducted under such conditions
      as will give only metallic nickel, sintering of crystals of metallic
      nickel proceeds and the particle size of metallic nickel becomes greater,
      with the result that the resulting catalyst is adversely affected with
      respect to the activity and selectivity and it is not suitable for
      attaining the objects of this invention. In this invention, it is
      considered that good results are obtained when the reduction ratio of
      nickel oxide (NiO) to metallic nickel is 3 to 70%, especially 15 to 70%.
      In other words, it is preferred that the mole ratio of NiO : Ni is within
      a range of from 30 : 70 to 97 : 3, especially from 30 : 70 to 85 : 15.
PAR  If the calcining and reducing treatment is conducted under such conditions
      as will reduce nickel oxide to metallic nickel within the above range,
      fulfilment of any other condition is not required. However, in case the
      calcining and reducing treatment is conducted at high temperatures for a
      long time, it sometimes happens that the X-ray particle size of metallic
      nickel in the catalyst becomes too great and defects such as mentioned
      above are brought about. Accordingly, in such case cares should be taken
      so as to prevent occurrence of such undesired phenomenon.
PAR  In preparing the catalyst to be used in this invention, it is possible to
      omit the above-mentioned water-removing pretreatment conducted at
      100.degree. to 250.degree.C. and the dehydration calcination treatment
      conducted at 300.degree. to 700.degree.C. and to directly calcine and
      reduce the above-mentioned precursor substance in a hydrogen stream at a
      temperature of from 350.degree. to 700.degree.C.
PAR  The novel catalyst to be used in this invention can be obtained by the
      foregoing procedures, and this catalyst may be stabilized by a known
      method, if desired. For instance, this catalyst is treated in an inert gas
      atmosphere containing a small amount of oxygen at such a temperature as
      will not cause a substantial growth of particles of nickel oxide and
      metallic nickel in the catalyst. In this case, it is generally preferred
      that the oxygen content in the treating atmosphere gas is 0.2 to 2%, and
      from the industrial view point it is preferable to employ nitrogen as the
      inert gas. It is generally desired that the treatment is carried out at
      50.degree. to 200.degree.C.
PAR  The treatment for calcining and reducing the catalyst precursor and
      optional water-removing and stabilizing treatments can be conducted prior
      to the hydrogenation reduction of unsaturated organic compounds in vessels
      different from the reaction vessel for the hydrogenation reduction. It is
      also possible to conduct such treatments in the reaction vessel for the
      hydrogenation reduction by charging the catalyst precursor or its
      dehydrated product into the reaction vessel prior to the hydrogenation
      reduction.
PAR  As described hereinabove, a hydrogenation reduction catalyst in which the
      X-ray particle size of the nickel component is very fine is obtained in
      this invention by using as a catalyst precursor a novel composite metal
      hydroxide having a specific layer lattice crystal structure. This catalyst
      of this invention exhibits much higher activity and selectivity than
      conventional catalysts obtained by calcining coprecipitate hydroxides,
      oxalates or carbonates, when the comparison is made based on the same
      composition. Further, it will be understood that advantages and effects
      attained by the catalyst of this invention cannot at all be attained by
      these conventional catalysts.
PAR  The catalyst of this invention can be used in the asprepared form for the
      hydrogenation reduction, but it may be used, if desired, in the form
      supported on a known carrier such as alumina, silica, alumina-silica,
      amorphous silicate, crystalline silicate or the like.
PAC  Hydrogenation Reduction Step
PAR  The process of this invention is effective for hydrogenation reduction of
      various unsaturated organic compounds having such unsaturated bonds as
      C=C, C.tbd.C, C=O, C=N, C.tbd.N and the like. As such unsaturated organic
      compound, there may be mentioned, for example, aromatic hydrocarbons,
      ethylenically unsaturated hydrocarbons, acetylenic hydrocarbons, and their
      alcohol, phenol and amine derivatives; aldehydes, ketones and esters;
      nitrogen-containing unsaturated heterocyclic compounds and nitriles; and
      the like.
PAR  Preferred examples of the hydrogenation reduction of these compounds are
      described below:
PAC  1. Nuclear Hydrogenation of Aromatic Hydrocarbon Compounds:
PAR  Nuclear hydrogenation of aromatic hydrocarbons such as benzene, toluene,
      xylene, naphthalene, diphenyl and anthracene; aromatic amines such as
      aniline, phenylene diamine and xylylene diamine; phenols such as phenol
      and hydroquinone; and aromatic alcohols such as xylylene glycol.
PAC  2. Hydrogenation of Olefinic Hydrocarbons and Acetylenic Hydrocarbons:
PAR  Hydrogenation of iso-octene, cyclo-octatriene, cyclododecatriene, cinnamic
      alcohol and the like, selective hydrogenation of acetylenes in cracked
      gasoline and other petroleum hydrocarbon cracked products to
      mono-olefines, selective hydrogenation of diolefins to mono-olefins, and
      hardening of animal oils and fats and vegetable oils and fats.
PAC  3. Hydrogenation Reduction of Aldehydes, Ketones and Esters to Alcohols:
PAR  Hydrogenation reduction of carbonyl compounds of the following formula
      ##EQU1##
      wherein R is an alkyl or aralkyl group having up to 12 carbon atoms,
      R.sup.1 is a hydrogen atom or the group R, and R.sup.2 is a lower alkyl
      group having up to 4 carbon atoms,
PAL  such as acetone, methylethylketone, butylaldehyde, phenylacetaldehyde and
      ethyl phenylacetate, to alcohols expressed by the following formula
      ##EQU2##
      wherein R and R.sup.1 are as defined above, and reduction of oils and fats
      to higher alcohols.
PAC  4. Reduction of Nitrogen-Containing Unsaturated Heterocyclic Compounds to
      Nitrogen-Containing Saturated Heterocyclic Compounds:
PAR  Reduction of pyridine, pyrazine and the like to piperidine, piperazine and
      the like.
PAC  5. Reduction of Nitriles to Amines:
PAR  Reduction of nitriles expressed by the following formula
EQU  R.sup.3 --CN or NC--R.sup.4 --CN
PA1  wherein R.sup.3 is a monovalent hydrocarbon radical having up to 16 carbon
      atoms, especially alkyl groups, and R.sup.4 is a divalent hydrocarbon
      radical having up to 16 carbon atoms, especially alkylene groups,
PAL  such as succinonitrile, adiponitrile, sebacinitrile, 1,10-decane dinitrile
      and 1,12-dodecane dinitrile, to amines expressed by the following formula
EQU  R.sup.3 --CH.sub.2 NH.sub.2 or H.sub.2 N--CH.sub.2 --R.sup.4 --CH.sub.2
      --NH.sub.2
PA1  wherein R.sup.3 and R.sup.4 are as defined above.
PAR  The hydrogenation reduction according to this invention is conducted under
      known catalytic reduction conditions except that the above-mentioned novel
      catalyst is employed.
PAR  For instance, a gas phase method comprising passing a vapor of the starting
      substance together with a hydrogen gas on a heated catalyst, and a liquid
      phase method comprising shaking or agitating a liquid phase comprising the
      starting substance, a catalyst and, if desired, a solvent while passing a
      hydrogen gas therethrough, can be adopted in this invention. A suitable
      hydrogenation reduction method is chosen depending on the kind of the
      starting substance. The reaction temperature is varied considerably
      depending on the kind of the substance to be reduced and the desired
      degree of reduction, but it is generally preferred that the reaction is
      carried out at temperatures ranging from room temperature to 250.degree.C,
      especially 50.degree. to 200.degree.C. The hydrogen pressure to be
      employed is also varied considerably depending on the kind of the
      substance to be reduced, the desired degree of reduction and the reaction
      temperature. For instance, an atmospheric pressure method employing
      hydrogen under atmospheric pressure and a high pressure method using
      hydrogen maintained under up to about 500 Kg/cm.sup.2 can be adopted in
      this invention.
PAR  The reaction can be performed either continuously or batchwise. In the
      continuous method, for instance, a high pressure reaction column is
      employed, and in the batchwise method an autoclave is employed. Known
      solvents such as water, alcohols, e.g., ethanol, and ethers, e.g., diethyl
      ether and tetrahydrofuran can be used for the catalytic reduction
      conducted in the liquid phase.
PAR  A prominent advantage that the intended reduction product can be obtained
      at high selectivity and high conversion can be attained in this invention
      by employing the above-mentioned novel catalyst.
PAR  This invention will now be illustrated in detail by reference to
      Referential Examples, Examples and Comparative Examples.
PAC  Referential Example 1
PAR  This Referential Example is given to illustrate the preparation of a
      catalyst precursor.
PAR  Nickel nitrate, magnesium nitrate and aluminum nitrate were mixed with each
      other in water to form an aqueous solution (A) containing 0.27 mole/l of
      Ni(NO.sub.3).sub.2 ; 0.29 mole/l of Mg(NO.sub.3).sub.2 and 0.2 mole/l of
      Al(NO.sub.3).sub.3.
PAR  Separately, an aqueous solution (B) containing 0.15 mole/l of Na.sub.2
      CO.sub.3 and 2 moles/l of NaOH was prepared.
PAR  Both the solutions were fed by a metering pump to a 1-liter capacity
      cylindrical reaction vessel equipped with a stirrer and an overflow
      device, in which 700 ml of pure water had been charged in advance. The
      feed rate of the solution (A) was adjusted to 40 ml/min, and the feeding
      of the solution (B) was so controlled that the pH of the reaction
      suspension was 9 to 10 as measured at room temperature. After 60 minutes
      had passed from the initiation of the reaction, the reaction suspension
      overflown from the reaction vessel was recovered and water was removed
      therefrom. The remaining solid was washed with water and dried to obtain a
      catalyst prescursor No. 1 having a composition indicated in Table 1 given
      hereinbefore. The X-ray diffraction pattern of this precursor was as
      follows:
TBL  d(A)                  I/Io                                                

     ______________________________________                                    

     7.76                  100                                                 

     3.82                  40                                                  

     2.56                  50                                                  

     ______________________________________                                    

PAR  This precursor was dried and calcined at 150.degree.C. for 24 hours to
      remove water of crystallization therefrom. Then, this precursor was used
      for formation of a catalyst, which will be described hereinafter.
PAC  Referential Example 2
PAR  Procedures of Referential Example 1 were repeated except that the following
      changes were made. Thus were obtained catalyst precursors Nos. 2 to 5
      shown in Table 1.
PAC  Precursors Nos. 2 and 5:
PAR  The composition of the aqueous solution (A) was changed as follows:
TBL                 Precursor No. 2                                            

                              Precursor No. 5                                  

     Concentration of Ni(NO.sub.3).sub.2                                       

                    0.1 mole/l                                                 

                              0.33 mole/l                                      

     Concentration of Mg(NO.sub.3).sub.2                                       

                    0.5 mole/l                                                 

                              0 mole/l 0 mole/l                                

     Concentration of Al(NO.sub.3).sub.3                                       

                    0.4 mole/l                                                 

                              0.6 mole/l                                       

PAR  The so formed precursors had the following X-ray diffraction patterns:
TBL  Precursor No. 2    Precursor No. 5                                        

     d (A)       I/Io       d (A)     I/Io                                     

     ______________________________________                                    

     7.68        100        7.62      100                                      

     3.81        50         3.76      50                                       

     2.53        50         2.56      50                                       

     ______________________________________                                    

PAC  Precursors Nos. 3 and 4:
PAR  All of water used was replaced by ion-exchanged water, and a solution
      formed by dissolving NaOH at a concentration of 2 moles/l in ion-exchanged
      water was used instead of the solution (B). In order to prevent carbon
      dioxide gas in air from being introduced into the reaction vessel, the
      preliminary operation and reaction operation were conducted in a nitrogen
      atmosphere.
PAR  The composition of the aqueous solution (A) was changed as follows:
TBL                 Precursor No. 3                                            

                              Precursor No. 4                                  

     Concentration of Ni(NO.sub.3).sub.2                                       

                    0.5 mole/l                                                 

                              0.33 mole/l                                      

     Concentration of MgCl.sub.2                                               

                    0.15 mole/l                                                

                              0 mole/l                                         

     Concentration of Al(NO.sub.3).sub.3                                       

                    0.1 mole/l                                                 

                              0.2 mole/l                                       

PAR  The soformed precursors had the following X-ray diffraction patterns:
TBL  Precursor No. 3     Precursor No. 4                                       

     d (A)       I/Io        d (A)      I/Io                                   

     ______________________________________                                    

     8.78        100         8.11       100                                    

     4.37        30          3.98       40                                     

     2.80        30          2.59       40                                     

     ______________________________________                                    

PAC  Example 1
PAR  The catalyst precursor No. 1 was charged in a Pyrex glass reaction tube
      having an inner diameter of 13 mm and a length of 600 mm in such a manner
      that the precursor was packed in the central portion of the reaction tube
      along about 4 cm, and the precursor was reduced at 500.degree.C. for 2
      hours by feeding hydrogen at a rate of 12 l/hr. Then, the temperature was
      lowered to a desired reaction temperature (100, 120.degree. or
      150.degree.C.) while continuing the feeding of hydrogen. At this desired
      reaction temperature, reduction of acetone was carried out at an acetone
      flow rate of 5.4 ml/hr and a time factor (W/F) of 15 g catalyst.hr/mole.
      When the reduction was continued for 20 minutes, at each reaction
      temperature the conversion of acetone was 99 % and the selectivity to
      isopropanol (IPA) was 100 %. The same results were obtained when the
      reaction was continued for 150 minutes from the start of the reaction.
PAR  The determination of the conversion and selectivity was performed by gas
      chromatography in this Example and all of Examples given hereinafter.
PAC  EXAMPLE 2
PAR  In the same manner as described in Example 1, the precursor No. 1 was
      reduced and calcined at 500.degree.C. for 2 hours. Then, with use of the
      so treated product, reduction of benzene to cyclohexane was conducted in
      the same manner as described in Example 1 except that the benzene feed
      rate was adjusted to 5.4 ml/hr or 10.8 ml/hr and the hydrogen feed rate
      was adjusted to 12 l/hr or 24 l/hr. Results are shown in Table 2 given
      below.
TBL                                    Table 2                                 

     __________________________________________________________________________

                                  10 to 20 Minutes From                        

                                               50 Minutes From                 

                                  Initiation of Reaction                       

                                               Initiation of Reaction          

     Reaction                                                                  

            H.sub.2 /C.sub.6 H.sub.6                                           

     Temperature   Feed Rate                                                   

                          Time Factor                                          

     (.degree.C.)                                                              

            Mole Ratio                                                         

                   of C.sub.6 H.sub.6                                          

                          (W/F)   Selectivity                                  

                                         Conversion                            

                                               Selectivity                     

                                                      Conversion               

     __________________________________________________________________________

     100    8.0    5.4 ml/hr                                                   

                          18      100 %  100 % 100 %  100 %                    

     200    8.0    5.4 ml/hr                                                   

                          18      100 %  95 %  100 %  95 %                     

     250    8.0    5.4 ml/hr                                                   

                          18      100 %  29 %  100 %  31 %                     

     100    8.0    10.8 ml/hr                                                  

                          9       100 %  97 %  100 %  99 %                     

     100    4.0    10.8 ml/hr                                                  

                          9       100 %  98 %  100 %  99 %                     

     200    4.0    10.8 ml/hr                                                  

                          9       100 %  50 %  100 %  50 %                     

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  The catalyst precursor No. 4 was charged in a Pyrex glass reaction tube
      having an inner diameter of 13 mm and a length of 600 mm in such a manner
      that the precursor was packed in the central portion of the tube along 3
      cm, and the precursor was reduced at 350.degree.C. for 1 hour in a
      hydrogen stream fed at a rate of 2 l/hr. The temperature was lowered to a
      desired reaction temperature while continuing the feeding of hydrogen. At
      this desired reaction temperature the reduction of benzene was carried out
      at a benzene flow rate of 5.4 ml/hr, a time factor (W/F) of about 18 g
      catalyst.hr/mole and a H.sub.2 /C.sub.6 H.sub.6 mole ratio of 8.0. Results
      obtained at the point when 10 minutes passed from the initiation of the
      reaction are shown in FIG. 5.
PAR  In each of accompanying FIGS. 1 to 5, the abscissa indicates the reaction
      temperature and the ordinate indicates the conversion (%) and selectivity
      (%), where the conversion is shown by the curve indicated by marks
      ".cndot." and the selectivity is shown by the curve indicated by marks
      "o".
PAR  In this Example, when the reaction temperature was maintained at a level
      not exceeding 150.degree.C., the activity of the catalyst was hardly
      lowered even after the reaction was continued for 200 minutes.
PAC  EXAMPLE 4
PAR  In the same manner as described in Example 3, the reduction adn calcination
      of the precursor substance and the reduction of benzene to cyclohexane
      were carried out except that the catalyst precursor No. 5 was employed
      instead of the precursor No. 3 used in Example 3. Results are shown in
      FIG. 2. Even after the reaction was continued for 200 minutes, degradation
      of the catalyst activity was hardly observed.
PAC  Comparative Example 1
PAC  preparation of Ni-Al Coprecipitate Catalyst:
PAR  According to the method disclosed in Kiyoshi Morikawa et al, "Kogyo Kagaku
      Zasshi, 64 (5), page 898 (1961)", the catalyst was prepared. More
      specifically, 300 g of Al(NO.sub.3).sub.3.9H.sub.2 O was dissolved in 1 of
      water. Separately, 20.1 g of Ni(NO.sub.3).sub.2.6H.sub.2 O was dissolved
      in 100 cc of water. Both the solutions were mixed, and the mixture was
      heated at about 70.degree.C. Then, 500 cc of aqueous ammonia containing 28
      % by weight of NH.sub.3 was gradually added dropwise to the above heated
      mixture. The resulting faintly blue precipitate was recovered by
      filtration, washed with water, and molded, dried, and calcined according
      to customary procedures. Thus was obtained a comparative catalyst
      precursor having a nickel content of about 10 %.
PAC  Reducton of Benzene to Cyclohexane:
PAR  The so formed catalyst precursor was dried at 200.degree.C. for 1 hour,
      calcined at 400.degree.C. for 2 hours and reduced at 400.degree.C. for 2
      hours in a hydrogen stream. Then, the hydrogenation of benzene was
      conducted with use of the resulting catalyst at a hydrogen/benzene mole
      ratio of 8.0 and a time factor (W/F) of 65 g catalyst.hour/mole. Results
      obtained when 15 minutes passed from the initiation of the hydrogenation
      are shown in FIG. 3.
PAC  Comparative Example 2
PAR  In the same manner as described in Comparative Example 1 a catalyst
      precursor was prepared except that the Ni/Al atomic ratio was changed to
      0.35, and the resulting catalyst precursor was dried, calcined and reduced
      under the same conditions as described in Comparative Example 1. Then,
      with use of the so formed catalyst, hydrogenation of benzene was conducted
      at a hydrogen/benzene mole ratio of 8.0 and a time factor (W/F) of 60 g
      catalyst.hour/mole. Results obtained at the point when 15 minutes passed
      from the initiation of the reaction are shown in FIG. 4.
PAC  EXAMPLE 5
PAR  With use of the same catalyst and reaction vessel as employed in Example 3,
      reduction of acetone to isopropanol was conducted at a hydrogen/acetone
      mole ratio of 6.0 and a time factor (W/F) of 14 g catalyst.hr/mole.
      Results obtained are shown in FIG. 5. When the reaction was carried out at
      a temperature not exceeding 120.degree.C., the degradation of the catalyst
      activity was not observed even after the reaction was continued for 200
      minutes.
PAC  EXAMPLE 6
PAR  2 g of the same reduction catalyst as used in Example 3 was charged
      together with 200 g of phenol into a 1-l inner capacity autoclave, and air
      was replaced by hydrogen. Reduction of phenol to cyclohexanol was carried
      out at 150.degree.C. under agitation while controlling the hydrogen
      pressure to 100 Kg/cm.sup.2. Absorption of hydrogen was completed in 35
      minutes from the initiation of the reduction, and the conversion of phenol
      was 100 % and the selectivity to cyclohexanol was 100 %.
PAC  Example 7
PAR  The catalyst precursor No. 3 was calcined and reduced in the same manner as
      described in Example 3 except that the reduction temperature was adjusted
      to 500.degree.C. and the reduction was conducted for 2 hours. With use of
      this catalyst and the same reaction vessel as employed in Example 3,
      hydrogenation reduction of butylaldehyde to n-butanol was carried out
      under the same conditions as employed in Example 3 except that the
      reaction temperature was changed as indicated below. Results obtained at
      the point when the reaction was continued for 20 minutes are as follows:
TBL  Reaction         Conversion                                               

                                Selectivity                                    

     Temperature (.degree.C.)                                                  

                      (%)       (%)                                            

     ______________________________________                                    

     150              100       100                                            

     200              100       100                                            

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  The catalyst precursor No. 4 was calcined and reduced under the same
      conditions as described in Example 3. With use of the so formed catalyst
      and the same reaction vessel as employed in Example 3, hydrogenation
      reduction of propionaldehyde to n-propyl alcohol was conducted under the
      same conditions as adopted in Example 3 except that the reaction
      temperature was changed as indicated below. Results obtained at the point
      when the reaction was continued for 20 minutes are as follows:
TBL  Reaction         Conversion                                               

                                Selectivity                                    

     Temperature (.degree.C.)                                                  

                      (%)       (%)                                            

     ______________________________________                                    

     150              98        100                                            

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  The catalyst precursor No. 4 was calcined and reduced under the same
      conditions as adopted in Example 3. With use of the so obtained catalyst
      and the same reaction vessel as employed in Example 3, hydrogenation of
      hexene-1 to n-hexane was conducted under the same conditions as adopted in
      Example 3 except that the reaction temperature was changed as indicated
      below. Results obtained at the point when the reaction was continued for
      20 minutes are as follows:
TBL  Reaction         Conversion                                               

                                Selectivity                                    

     Temperature (.degree.C.)                                                  

                      (%)       (%)                                            

     ______________________________________                                    

     100              95         98                                            

     150              98        100                                            

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  The catalyst precursor No. 4 was calcined and reduced under the same
      conditions as described in Example 3, and with use of the so formed
      catalyst and the same reaction vessel as employed in Example 3,
      hydrogenation of iso-octene to iso-octane was carried out under the same
      conditions as adopted in Example 3 except that the reaction temperature
      was changed as indicated below. Results obtained at the point when the
      reaction was continued for 20 minutes are shown below.
TBL  ______________________________________                                    

     Reaction         Conversion                                               

                                Selectivity                                    

     Temperature (.degree.C.)                                                  

                      (%)       (%)                                            

     ______________________________________                                    

     100              95        100                                            

     150              82        96                                             

     200              73        96                                             

     ______________________________________                                    

PAC  EXAMPLE 11
PAR  The catalyst precursor No. 2 was calcined and reduced under the same
      conditions as adopted in Example 3, and with use of the so formed catalyst
      and the same reaction vessel as employed in Example 6, hydrogenation
      reduction of cinnamyl alcohol to hydroxycinnamyl alcohol (p-phenylpropyl
      alcohol) under the same conditions as adopted in Example 6 except that the
      reaction temperature was changed as indicated below and tetrahydrofuran
      was used as a solvent. Results obtained at the point when the reaction was
      continued for 40 minutes are as follows:
TBL  Reaction         Conversion                                               

                                Selectivity                                    

     Temperature (.degree.C.)                                                  

                      (%)       (%)                                            

     ______________________________________                                    

     100              98        100                                            

     150              98        100                                            

     ______________________________________                                    

PAC  EXAMPLE 12
PAR  The catalyst precursor No. 5 was calcined and reduced under the same
      conditions as described in Example 3, and with use of the resulting
      catalyst and the same reaction vessel as employed in Example 6,
      hydrogenation reduction of phenylacetaldehyde to phenylethyl alcohol was
      carried out under the same conditions as adopted in Example 6 except that
      the reaction temperature was changed as indicated below and ethanol was
      used as a solvent. Results obtained at the point when the reaction was
      continued for 20 minutes are as follows:
TBL  Reaction         Conversion                                               

                                Selectivity                                    

     Temperature (.degree.C.)                                                  

                      (%)       (%)                                            

     ______________________________________                                    

     150              95        99                                             

     ______________________________________                                    

PAC  EXAMPLE 13
PAR  The catalyst precursor No. 4 was calcined and reduced under the same
      conditions as described in Example 3, and with use of the resulting
      catalyst and the same reaction vessel as employed in Example 3,
      hydrogenation reduction of butylmethylketone to butylmethylcarbinol
      (2-hexanol) was carried out under same conditions as adopted in Example 3
      except that the reaction temperature was changed as indicated below.
      Results obtained at the point when the reaction was continued for 20
      minutes are as follows:
TBL  Reaction         Conversion                                               

                                Selectivity                                    

     Temperature (.degree.C.)                                                  

                      (%)       (%)                                            

     ______________________________________                                    

     150              91        99                                             

     200              85        99                                             

     ______________________________________                                    

PAC  EXAMPLE 14
PAR  The catalyst precursor No. 4 was reduced in the same manner as described in
      Example 1. 2 g of the resulting catalyst was charged together with 150 g
      of diphenyl into a 1-liter capacity autoclave, and the inside atmosphere
      was replaced by hydrogen. The reaction was conducted under agitation at a
      temperature maintained at 200.degree.C. while controlling the hydrogen
      pressure to 80 atmospheres. Absorption of hydrogen was completed in 30
      minutes from the initiation of the reaction. The resulting reaction
      product comprised as main products 15 % of cyclohexyl benzene and 80 %
      dicyclohexyl.
PAC  EXAMPLE 15
PAR  The catalyst precursor No. 4 was calcined and reduced under the same
      conditions as described in Example 3, and with use of the resulting
      catalyst and the same reaction vessel as employed in Example 6,
      hydrogenation reduction of adiponitrile to hexamethylene diamine was
      carried out under the same conditions as employed in Example 6 except that
      the reaction temperature was changed as indicated below and ammonia was
      filled in the autoclave. Results obtained at the point when the reaction
      was continued for 40 minutes are as follows:
TBL  Reaction         Conversion                                               

                                Selectivity                                    

     Temperature (.degree.C.)                                                  

                      (%)       (%)                                            

     ______________________________________                                    

     100              98        99                                             

     ______________________________________                                    

PAC  Referential Example 3
PAR  A catalyst precursor No. 6 of the following composition
EQU  Ni.sub.0.1 Mg.sub.3.2 Zn.sub.3.0 Al.sub.2 (OH).sub.16.4 (C.sub.2
      O.sub.4).sub.1.1
PAL  was prepared in the same manner as described in Referential Example 1
      except that the following changes were made.
PAR  An aqueous solution having the following composition was employed instead
      of the aqueous solution (A):
TBL  Ni(NO.sub.3).sub.2   0.1 mole/l                                           

     MgCl.sub.2           0.3 mole/l                                           

     Zn(NO.sub.3).sub.2   0.3 mole/l                                           

     Al(NO.sub.3).sub.2   0.2 mole/l                                           

PAR  A solution prepared by dissolving NaOH at a concentration of 3 moles/l and
      oxalic acid (COOH)
PAL  at a concentration of 0.3 mole/l into ion-exchanged water was used instead
      of the aqueous solution (B). The X-ray diffraction pattern of the
      resulting catalyst precursor was as follows:
TBL  d (A)                 I/Io                                                

     ______________________________________                                    

     9.43                  100                                                 

     4.71                  40                                                  

     3.17                  35                                                  

     ______________________________________                                    

PAR  The specific surface area and the X-ray particle size of the product
      obtained by calcining and reducing the above precursor were as follows:
TBL  Reducing  BET Specific                                                    

                           X-ray Particle                                      

     Conditions                                                                

               Surface Area                                                    

                           Size                                                

     ______________________________________                                    

      I        278 m.sup.2 /g                                                  

                           too fine and immesurable                            

     II        243 m.sup.2 /g                                                  

                           too fine and immesurable                            

     ______________________________________                                    

PAC  EXAMPLE 16
PAR  With use of the catalyst precursor obtained in Referential Example 3,
      reduction of the precursor and reduction of benzene to cyclohexane were
      carried out in the same manner as described in Example 2 except that the
      reaction temperature was changed as indicated below. The following results
      were obtained.
TBL  ______________________________________                                    

     Reaction         Conversion                                               

                                Selectivity                                    

     Temperature (.degree.C.)                                                  

                      (%)       (%)                                            

     ______________________________________                                    

      50              40        100                                            

     100              40        100                                            

     150              30        100                                            

     ______________________________________                                    

PAC  Referential Example 4
PAR  A catalyst precursor No. 7 expressed by the following composition formula
EQU  Ni.sub.3.4 Zn.sub.1.7 Al.sub.2 (OH).sub.14 (CO.sub.3).sub.1.1
PAL  was prepared in the same manner as described in Referential Example 1
      except that the following changes were made. An queous solution of the
      following composition was employed instead of the aqueous solution (A):
TBL  NiC.sub.2           0.8 mole/l                                            

     ZnC.sub.2           0.4 mole/l                                            

     AlC.sub.3           0.2 mole/l                                            

PAR  The X-ray diffraction pattern of the resulting precursor was as follows:
TBL  d (A)                 I/Io                                                

     ______________________________________                                    

     7.82                  100                                                 

     3.79                  30                                                  

     2.59                  30                                                  

     ______________________________________                                    

PAR  The specific surface area and X-ray particle size of the reduction product
      formed from the above precursor were as follows:
TBL  Reducing    BET Specific                                                  

                             X-ray Particle                                    

     Conditions  Surface Area                                                  

                             Size                                              

     ______________________________________                                    

     12 l/hr of H,                                                             

     300.degree.C., 2 hours                                                    

                 153 m.sup.2 /g                                                

                             too fine and immesurable                          

     I           131 m.sup.2 /g                                                

                             too fine and immesurable                          

     ______________________________________                                    

PAC  EXAMPLE 17
PAR  With use of the catalyst precursor No. 7, a catalyst was prepared in the
      same manner as described in Example 1 except that the calcination
      reduction temperature was adjusted to 500.degree.C. With use of the so
      formed catalyst, reduction of acetone was carried out under the same
      conditions as employed in Example 1. Results obtained at the point when
      the reaction was continued for 10 minutes are as follows:
TBL  Reaction         Conversion                                               

                                Selectivity                                    

     Temperature (.degree.C.)                                                  

                      (%)       (%)                                            

     ______________________________________                                    

     100              99        100                                            

     ______________________________________                                    

PAC  EXAMPLE 18
PAR  The catalyst precursor No. 5 was pulverized to have a size less than 90
      mesh and was reduced at a feed rate of 10 g/hr in a stainless steel rotary
      kiln having a length of 1000 mm and an inner diameter of 100 mm in a
      hydrogen stream. The residence time of the precursor was 3 hours. The so
      reduced product was fed into a molten hardened oil without contacting it
      with air. The resulting flaky catalyst was added to 300 g of a rorqual oil
      having an iodine value of 122 in such an amount that the nickel content
      was 0.2 %. The oil was charged in a 1-liter inner capacity autoclave being
      rotated at 1000 rpm, and air was replaced by hydrogen. Hydrogenation was
      carried out at 180.degree.C. under agitation while controlling the
      hydrogen pressure to 2 Kg/cm.sup.2. Absorption of hydrogen was completed
      in 25 minutes from the initiation of the reaction. The resulting hardened
      oil had a melting point of 67.degree.C. and an iodine value of 0.5.
PAC  EXAMPLE 19
PAR  The same flaky catalyst as employed in Example 18 was added to 300 g of a
      soybean oil having an iodine value of 130 and a fatty acid composition of
      10 % of palmitic acid, 4 % of stearic acid, 24 % of oleic acid, 53 % of
      linoleic acid and 9 % of linolenic acid, in such an amount that the Ni
      content was 0.1 %. The oil was charged into a 1-liter inner capacity
      autoclave being rotated at 1200 rpm, and air was replaced by hydrogen.
      Hydrogenation was conducted at 160.degree.C. under agitation for 12
      minutes while controlling the hydrogen pressure at 1.8 Kg/cm.sup.2. As a
      result, there was obtained a hardened oil having an iodine value of 71, a
      melting point of 42.degree.C. and a fatty acid concentration of 10 % of
      palmitic acid, 13 % of stearic acid and 77 % of oleic acid.
CLMS
STM  What we claim is:
NUM  1.
PAR  1.  A process for hydrogenation of organic compounds which comprises
      reducing with hydrogen an unsaturated organic compound wherein the organic
      compound is a carbonyl compound expressed by the following formula
      ##EQU3##
      wherein R is an alkyl or aralkyl group having up to 12 carbon atoms,
      R.sup.1 stands for a hydrogen atom or the group R, and R.sup.2 stands for
      a lower alkyl group having up to 4 carbon atoms.
PAL  in the presence of a solid catalyst for reduction, wherein the solid
      reduction catalyst consists essentially of a product obtained by calcining
      and reducing at a temperature of 350.degree. to 700.degree.C. in a
      hydrogen stream a precursor compound having a composition expressed by the
      following general formula
PA1  M.sub.x Ni.sub.y Al.sub.z (OH).sub.2x.sub.+2y.sub.+3z.sub.-tp (A).sub.p
      .aH.sub.2 O
PA1  wherein A stands for an anion, M stands for at least one metal selected
      from the group consisting of magnesium and zinc, t designates the valency
      of the anion A, and x, y, z, p and a are such numbers that when z is 2,
      the following relations are established:
PA1  x + y = 0.1 to 20,
PA1  x = 0 to 19.9, and
PA1  y = 0.1 to 20
PAL  and the following conditions are satisfied:
EQU  1/6&gt;p/(x + y + z)&gt;1/20, and
EQU  a&gt;0
PAL  and having substantially the following diffraction pattern in the powder
      X-ray diffractiometry (Cu-K.alpha.)
TBL  d (A)             I/Io                                                    

     ______________________________________                                    

     7.5 - 21.02       100                                                     

     3.6 - 10.6        5 - 80                                                  

     2.4 - 6.4         5 -  60                                                 

     ______________________________________                                    

NUM  2.
PAR  2. A process according to claim 1 wherein the anion A in the precursor
      compound is selected from the group consisting of halide ions, nitric acid
      ion, carbonic acid ion, formic acid ion and oxalic acid ion.
NUM  3.
PAR  3. A process according to claim 1 wherein the solid reduction catalyst has
      a BET specific surface area of at least 100 m.sup.2 /g and an X-ray
      particle size on (111) face not exceeding 60 A.
NUM  4.
PAR  4. A process according to claim 1 wherein the precursor compound has a
      composition expressed by the following formula
EQU  Ni.sub.y Al.sub.2 (OH).sub.6.sub.+2y.sub.-tp (A).sub.p.aH.sub.2 O
PA1  wherein A stands for a nitric acid ion, a formic acid ion, oxalic acid ion
      or a carbonic acid ion, y is a number of from 0.1 to 6, t designates the
      valency of the anion A, a is a positive number, and p is a number
      satisfying the condition of 1/6&gt;p/(2+y)&gt;1/20.
NUM  5.
PAR  5. A process according to claim 1 wherein the precursor compound has a
      composition expressed by the following formula
EQU  Ni.sub.y Mg.sub.x Al.sub.2 (OH).sub.6.sub.+2y.sub.+2x.sub.-tp
      (A).sub.p.aH.sub.2 O
PA1  wherein A is a nitric acid ion, a formic acid ion, an oxalic acid ion or a
      carbonic acid ion, y is a number of from 0.1 to 10, x is a number of from
      1.5 to 5.5, t designates the valency of the anion A, a is a positive
      number, and p is a number satisfying the condiiton of 1/6&gt;p/(2+y+x)&gt;1/20.
NUM  6.
PAR  6. A process according to claim 1 wherein the precursor compound has a
      composition expressed by the following formula
EQU  Ni.sub.y Zn.sub.x Al.sub.2 (OH).sub.6.sub.+2y.sub.+2x.sub.-tp
      (A).sub.p.aH.sub.2 O
PA1  wherein A is a nitric acid ion, a formic acid ion, an oxalic acid ion or a
      carbonic acid ion, y is a number of from 0.1 to 10, x is a number of from
      1.5 to 5.5, t designates the the valency of the anion A, a is a positive
      number, and p is a number satisfying the condition of 1/6&gt;p/(2+y+x)&gt;1/20.
NUM  7.
PAR  7. A process according to claim 1 wherein the precursor compound has a
      composition expressed by the following formula
EQU  Ni.sub.y Zn.sub.x.sub.' Mg.sub.x.sub." Al.sub.2
      (OH).sub.6.sub.+2y.sub.+2x.sub.'.sub.+2x.sub.".sub.-tp (A).sub.tp.aH.sub.2
      O
PA1  wherein A is a nitric acid ion, a formic acid ion, an oxalic acid ion or
      carbonic acid ion, y is a number of from 0.1 to 10, x' and x" each stand
      for a number of from 1.5 to 5.5, t designates the valency of the anion A,
      a is a positive number, and p is a number satisfying the condition of
      1/6&gt;p/(2+y+x'+x")&gt;1/20.
NUM  8.
PAR  8. A process according to claim 1 wherein the mole ratio of nickel oxide
      (NiO) : metallic nickel in the catalyst is within a range of from 30 : 70
      to 97 : 3.
NUM  9.
PAR  9. A process according to claim 1 wherein the hydrogenation is carried out
      at a temperature ranging from room temperature to 250.degree.C.
NUM  10.
PAR  10. A process according to claim 1 wherein the hydrogenation is carried out
      in the presence of hydrogen maintained at a pressure ranging from
      atmospheric pressure to 500 Kg/cm.sup.2.
NUM  11.
PAR  11. The process of claim 1 wherein said carbonyl compound is selected from
      the group consisting of acetone, methylethylketone, butylaldehyde,
      phenylacetaldehyde and ethylphenylacetate.
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ABST
PAL  Process for the preparation of especially pure
      2,2-bis-(4-hydroxy-3-chlorophenyl)-propane (dichlordiane, DCD) by the
      chlorination of 2,2-bis-(4-hydroxyphenyl)-propane in the presence of
      solvents that are substantially indifferent to chlorine by prior-art
      methods; then, for purification, the chlorinated bis-phenol is dissolved
      in halogenated hydrocarbons and/or halogenated hydrocarbon in which are
      liquid at 20.degree.C which they are readily soluble in the absence of an
      aqueous phase but in which they are at most only slightly soluble after
      the addition of water thereto; and the
      2,2-bis-(4-hydroxy-3-chlorophenyl)-propane, is thereby precipitated from
      this aqueous solution.
PARN
PAR  This is a continuation, division, of application Ser. No. 261,827, filed
      June 12, 1972, which in turn is a continuation of Ser. No. 869,323 of Oct.
      24, 1969 now abandoned.
BSUM
PAR  It is in the prior art to chlorinte bisphenols, including
      2,2-bis-(4-hydroxyphenyl)-propane (diane) to produce chlorinated products
      which have many known technical and commercial uses. In this known
      chlorination, chlorine atoms are rapidly taken up with the hydrogen atoms
      adjacent the two phenolic hydroxy groups being replaced by such chlorine.
      If certain known conditions of reaction are maintained, the dichlordiane
      (DCD) stage of chlorination can be realized in good yields using half the
      amount of chlorine necessary to produce tetrachlordiane (TCD).
PAR  This chlorination can be performed by a number of known methods. For
      example, the chlorination of diane by the use of chloroform,
      trichloroethylene, perchloroethylene and pentachloroethane has generally
      been described in Czech Pat. No. 106,367 (C.A. 60, 2834). In W. German
      Green Pat. No. 1,213,849 the use of aliphatic chlorinated hydrocarbons in
      the presence of water is described for this chlorination. Complete
      chlorination of diane to TCD with the use of 1,2-dichloroethane or glacial
      acetic acid as solvents is described in British Pat. No. 491,702, and with
      the use of carbon tetrachloride as the solvent in French Pat. No.
      1,394,013.
PAR  In a process according to W. German Green Pat. No. 1,262,283 the complete
      chlorination of diane in benzene or toluene is described to be performed
      in the presence of water. Sulfuryl chloride has also been used for the
      chlorination of diane according to U.S. Pat. No. 2,902,518.
PAR  Chlorination to DCD can be performed by a number of known methods. For
      example, a description is given of the chlorination of diane using glacial
      acetic acid as the solvent in U.S. Pat. No. 2,455,652 and British Pat. No.
      614,235, and using chloroform, trichloroethylene, perchloroethylene, and
      pentachloroethane in Czech Pat. No. 106,367 (C.A. 60, 2834 d). In W.
      German Green Pat. No. 1,213,849 a description is given of chlorination
      with the use of aliphatic chlorinated hydrocarbons in the presence of
      water (no example given for DCD). Also, sulfuryl chloride has already been
      used for the chlorination of diane, according to British Pat. No.
      1,047,058 and USSR Pat. No. 145,584 (C.A. 57, 13 684 h).
PAR  The direct synthesis of DCD from o-chlorophenol and acetone is described in
      U.S. Pat. No. 2,455,703 and Zh. Obshch. Khim. 33, 487-90 (1963) (C.A. 59,
      2732 c; 36% yield).
PAR  The purity of the TCD prepared by the prior-art methods varies, as it can
      be seen from the melting points stated in the above-named patents, ranging
      from 127.degree. to 134.5.degree.C for TCD and from 65.degree. to
      89.5.degree.C for DCD. For many applications the degree of purity that has
      hitherto been achieved is entirely adequate. However, in the reaction of
      chlorinated dianes with bifunctional acid chlorides, such as dicarboxylic
      acid dichlorides, to form polyesters, it has been found that polyesters
      having only a relatively low molecylar weight can be obtained from the
      chlorinated dianes made by the prior-art methods. It has been found that
      these polyesters are not usable for the manufacture of sheet materials and
      the like. In order to make polyesters with a sufficiently high molecular
      weight, the dichlordiane or tetrachlordiane obtained by prior-art methods
      must additionally be subjected to purification either by
      recrystallization, which is as a rule expensive and wasteful, or by a
      process described in W. German Pat. No. 1,073,504. The purifying effect
      achieved by such procedures is sometimes hardly apparent from
      consideration of the melting point of the chlorinated dianes, but it is
      very substantially evident from the molecular weight of the polyesters
      made from them. Accordingly, the impurities which interfere with the
      manufacture of polyesters of high molecular weight cannot be determined
      with certainty from the melting point, so that the melting point is less
      useful as a criterion of purity than the measurement of the viscosity of
      the polyesters made from the chlorinated dianes.
PAR  It has now been found that pure dichlordiane and tetrachlordiane which are
      outstandingly suitable for the manufacture of polyesters of high molecular
      weight can be obtained very simply by the chlorination of
      2,2-bis-(4-hydroxyphenyl)-propane in the presence of solvents which are
      substantially indifferent to chlorine by prior-art methods and then
      purifying the reaction product by dissolving such in a hydrocarbon or in
      one or more halogenated aliphatic hydrocarbons which are liquid at
      20.degree.C, and in which the product is easily soluble in the absence of
      an aqueous phase. Water is added to this solution which causes
      precipitation of the chlorinated diane in a purified condition.
PAR  The present invention is based upon the surprising observation that
      dichlordiane and tetrachlordiane can be precipitated in crystallized form
      from solution in certain hydrocarbon or halogenated hydrocarbons simply by
      the addition thereto of water or of an aqueous phase. The product crystals
      precipitated by the addition of water decompose merely on exposure to air
      or, more rapidly when they are dried, releasing the hydrocarbon or the
      halogenated hydrocarbon solvent and water, whereupon a modification of
      their crystal structure is clearly apparent. The product, free of water
      and solvent, is extremely well suited for the manufacture of polyesters of
      high molecular weight.
PAR  The effect of the reduction of this solubility in the hydrocarbon or the
      chlorinated hydrocarbon of both DCD and TCD by the addition of water to
      their solution is observed with a series of aliphatic halogenated
      hydrocarbons which are liquid at 20.degree.C, such as methylene chloride,
      methyl iodide, ethyl bromide, trans-1,2-dichloroethylene,
      1,2-dichloroethane, 1,2-dibromoethane, 1,4-dichlorobutane, and their
      homologs, etc.
PAR  Thus TCD (DCD) is soluble to 19.5% (28.7%) by weight at 18.degree.C in
      1,2-dichloroethane. After such a solution has been thoroughly mixed with
      water and the precipitate that develops has been separated, the
      1,2-dichloroethane phase still contains only 3.5% by weight in the case of
      TCD, and only 2.3% by weight in the case of DCD.
PAR  The effect of the reduction of solubility is obtained in the case of
      dichlordiane also after the addition of water to a solution of the DCD in
      certain aromatic chlorinated or unchlorinated hydrocarbons, and also in
      chloroform and 1,1,2,2-tetrachloroethane.
PAR  For example, DCD is 40.0% soluble in benzene at 27.degree.C. After such a
      solution has been mixed with water and the resultant precipitate has been
      separated, the benzene phase contains a remainder of only 10.9% dissolved
      DCD by weight. Mixtures of such solvents can also be used.
PAR  On the other hand, the solubility of the chlorinated dianes in other
      solvents, such as cyclohexane, chlorocyclohexane, chloroform, carbon
      tetrachloride, methyl chloroform and perchlorethylene, is not appreciably
      affected by the addition of water, so that these solvents are not as
      usable, or are entirely unusable, for the process according to the
      invention.
PAR  For the purification of TCD according to the invention, benzene, toluene,
      chlorobenzene chloroform and 1,1,2,2-tetrachloroethane are not suitable as
      solvents, either. halogenated hydrocarbons which are liquid at
      20.degree.C, such as methylene chloride, methyl iodide, ethyl bromide,
      trans-1,2-dichloroethlylene, 1,2-dichloroethane, 1,2-dibromoethane,
      1,4-dichlorobutane, and their homologs, etc.
PAR  Thus TCD (DCD) is soluble to 19.5% (28.7%) by weight at 18.degree.C in
      1,2-dichloroethane. After such a solution has been thoroughly mixed with
      water and the precipitate that develops has been separated, the
      1,2-dichloroethane phase still contains only 3.5% by weight in the case of
      TCD, and only 2.3% by weight in the case of DCD.
PAR  The effect of the reduction of solubility is obtained in the case of
      dichlordiane also after the addition of water to a solution of the DCD in
      certain aromatic chlorinated or unchlorinated hydrocarbons, and also in
      chloroform and 1,1,2,2-tetrachloroethane.
PAR  For example, DCD is 40.0% soluble in benzene at 27.degree.C. After such a
      solution has been mixed with water and the resultant precipitate has been
      separated, the benzene phase contains a remainder of only 10.9% dissolved
      DCD by weight. Mixtures of such solvents can also be used.
PAR  On the other hand, the solubility of the chlorinated dianes in other
      solvents, such as cyclohexane, chlorocyclohexane, chloroform, carbon
      tetrachloride, methyl chloroform and perchlorethylene, is not appreciably
      affected by the addition of water, so that these solvents are not as
      usable, or are entirely unusable, for the process according to the
      invention.
PAR  For the purification of TCD according to the invention, benzene, toluene,
      chlorobenzene chloroform and 1,1,2,2-tetrachloroethane are not suitable as
      solvents, either.
PAR  However, although these solvents are not usable by themselves, they can be
      added even in high concentrations to those which are usable for the
      process of the invention.
PAR  The reduction in the solubility of the chlorinated dianes in the solvents
      that can be used according to the invention, which can be brought about by
      the addition of water, depends upon the temperature. The conditions
      necessary to achieve an optimum purifying effect may differ from case to
      case. It may be desirable to mix water into a solution of TCD at close to
      its boiling point, and to isolate the crystals that separate while it is
      hot. On the other hand, it may also be desirable to cool the solution
      after it has been mixed with water, and then separate the precipitated
      crystals.
PAR  The amount of water required for the precipitation of the chlorinated
      dianes from their solutions in a suitable chlorinated hydrocarbon can be
      varied over a wide range. It must be greater than the amount that is
      necessary to saturate the chlorinated hydrocarbon in question. The
      quantity of water is preferably determined by the desired composition of
      the crystalline precipitate formed after the addition of the water.
PAR  The crystals precipitated from a solution of TCD in 1,2-dichloroethane upon
      the addition of water preferably have approximately the following molar
      composition:
PAR  TCD : water : 1,2-dichloroethane = 1 : 3 - 4 : 0.5 - 0.7.
PAR  The crystals precipitated from a solution of DCD in 1,2-dichloroethane and
      in benzene upon the addition of water thereto have approximately the
      following molar compositions, respectively:
PAR  DCD : water : 1,2-dichloroethane = 1 : 2.5- 3.5 : 0.6- 0.8
PAR  DCD : water : benzene = 1 : 1.6- 2.4 : 0.4- 0.7.
PAR  It is possible that an inclusion compound is present since an excess of
      water over that which will yield the above compositions accomplishes
      nothing.
PAR  The preferred embodiment of the present invention resides in performing the
      chlorination of diane in a solvent which is substantially stable under the
      chlorination conditions and from which the chlorinated dianes can be
      precipitated by the addition of water. In this case it is only necessary
      to free the solution of hydrogen chloride, add water separate the
      precipitate which forms, and remove the water and solvent from the desired
      product. A TCD or DCD produced in this manner are already so pure that, in
      contrast to TCD or DCD prepared by prior-art methods, they can be used
      without further purification for the manufacture of polyesters of high
      molecular weight.
PAR  This embodiment differs quite substantially from the one described in W.
      German Pat. No. 1,213,849, in which the chlorination of bisphenols is
      performed in chlorinated hydrocarbons in the presence of 0.5 to 5% by
      weight water (percentage based upon the chlorinated hydrocarbon). The
      hydrogen chloride produced during the chlorination dissolves in the water
      present, forming concentrated hydrochloric acid. The produced concentrated
      hydrochloric acid is entirely indifferent to a solution of TCD in
      1,2-dichloroethane, for example, and does not bring about the
      precipitation of TCD which can be achieved with water.
DETD
PAR  The process of the present invention will now be illustrated with the aid
      of the following examples which are not limiting on the scope hereof.
PAC  EXAMPLE 1
PAR  2280 g of diane (10 moles) were suspended in 5000 ml of 1,2-dichloroethane.
      Within 4 hours, 3190 g of chlorine (45 moles) were introduced with the
      exclusion of direct sunlight. After the temperature had autogenously risen
      to 60.degree.C, it was maintained at this level by external cooling or
      heating as required. After the chlorination had ended, most of the
      dissolved hydrogen chloride, as well as a small excess of Cl.sub.2, was
      driven out of the now clear solution with inert gas sparging.
PAR  To this solution, still at a temperature of 60.degree.C, approximately 1000
      ml of H.sub.2 O was added. Crystallization began immediately. The solution
      was cooled down to 15.degree.C in the course of 4 to 5 hours with
      stirring. An excellently filterable crystalline mass (diameter of crystals
      about 1 mm) was formed. The crystals were strongly suction-filtered, and
      carefully washed twice with 2000 ml of dichloroethane each time, and twice
      with 2000 ml of H.sub.2 O each time. After drying at 80.degree.C, a
      colorless, very pure TCD was obtained, having a melting point of
      132.5.degree. to 133.5.degree.C. The yield amounted to 3100 g TCD (85%
      with reference to diane).
PAR  After concentration of the dichloroethane mother liquor and wash liquid,
      another 5% to 8% of a less pure TCD could be obtained by repeated
      precipitation with water. This TCD is advantageously added to the next
      batch prior to precipitation with water. In this manner, yields of very
      pure TCD amounting to better than 90% are obtained.
PAR  A polyester was prepared from the tetrachlorodiane thus obtained, by the
      following procedure:
PAR  In a three-necked flask provided with a stirrer, reflux condenser and gas
      introduction tube, 73.2 g of tetrachlorodiane, 20.3 g of terephthalic acid
      dichloride and 20.3 g of isophthalic acid dichloride were dissolved in 500
      ml of o-dichlorobenzene, and the resultant solution was treated with 0.5
      ml of quinoline and 0.5 ml of N,N-dimethylcyclohexylamine. The reaction
      mixture was heated with stirring to the boiling temperature of the
      o-dichlorobenzene. Reaction took place with evolution of hydrogen
      chloride. The reaction mixture was kept at its boiling temperature until
      the theoretical amount of hydrogen chloride had been produced.
PAR  The polyester thus obtained was precipitated by the addition of methanol,
      filtered and vacuum dried at about 200.degree.C. The following
      characteristics were determined:
TBL  Yield: approx. 98% of the theory                                          

     Stiffening Range          340-360.degree.C                                

     Thermal stability according                                               

     to Vicat (DIN 53,460): approx.                                            

                               235.degree.C                                    

     Molecular weight determined by                                            

     gel-chromatographic measurement:                                          

                               114 .times. 10.sup.3                            

     Reduced viscosity: 1.3 (measured as                                       

      0.5 wt.% solution in chloroform at 25.degree.C).                         

PAC  EXAMPLE 2
PAR  2 moles of diane were chlorinated as in Example 1 and the solution still at
      60.degree.C, was halved.
PAR  The one half was precipitated with water as described in Example 1, and
      washed twice each with 200 ml of water and 200  ml of carbon
      tetrachloride, respectively. 313 g of TCD resulted (85.5% of theoretical
      without treating the mother liquor), having a melting point of
      132.5.degree. to 133.5.degree.C. The TCD thus obtained yielded a polyester
      having a reduced viscosity of 1.3 (determined as in Example 1).
PAR  The other half was allowed to cool slowly without the addition of water. A
      thick, very finely crystalline, difficultly filterable mass resulted,
      which was suction-filtered and twice washed with 200 ml of carbon
      tetrachloride. After drying, 153 g of TCD (41.8% of theoretical, without
      treating the mother liquor) was obtained, having a melting point of
      132.5.degree.to 133.5.degree.C. The product obtained yielded a polyester
      by the process of Example 1, having a reduced viscosity of 1.1 (determined
      as in Example 1).
PAC  EXAMPLE 3
PAR  Chlorination in methylene chloride: 228 g of diane (1 mole) were suspended
      in 650 ml methylene chloride. Within 2.5 hours, 319 g of chlorine (4.5
      moles) were introduced at about 40.degree.C (apparatus as in Example 1).
      The pale yellow solution was sparged with nitrogen and was mixed with 100
      ml of H.sub.2 O. The crystallization ended after 4 hours. The crystals
      were appreciably smaller than those obtained in accordance with Example 1;
      however, they were easily filterable. After suction-filtration, the
      product was washed twice each time with 250 ml methylene chloride, and
      then dried at 80.degree.C. Thus, 320 g of TCD (87.4% of theoretical yield)
      were obtained, having a melting point of 132.5.degree.-133.5.degree.C. The
      resulting product yielded a polyester by the process of Example 1, having
      a reduced viscosity of 1.3 (determined as in Example 1).
PAC  EXAMPLE 4
PAR  A commercially obtainable TCD has a melting point of
      131.degree.-133.3.degree.C, is yellowish, and has a strong odor of
      chlorinated monophenols. By the process of Example 1, a polyester having
      the following characteristics was made from this product:
TBL  Stiffening Range:                                                         

                      300-330.degree.C                                         

     Vicat (DIN 53,460):                                                       

                      192.degree.C                                             

     Molecular weight,                                                         

      osmotically determined:                                                  

                      27,000                                                   

     Reduced viscosity:                                                        

                      0.7 (determined as in Ex. 1)                             

PAR  With this commercial TCD, the following five purification experiments were
      performed:
PAR  a. 50 g of the TCD were dissolved in 68 ml of dichloroethane at 70.degree.C
      and 14 ml of water were added. The mixture was let cool slowly to
      20.degree.C with stirring. The coarse crystals were suction-filtered and
      washed twice with 28 cm.sup.3 of carbon tetrachloride. After drying at
      90.degree.C, 46 g of pure TCD were obtained, having a melting point of
      132.5.degree. to 133.8.degree.C, which corresponded to a yield of 92%
      (without treating the mother liquor). The polyester prepared from this as
      in Example 1 had a reduced viscosity of 1.3 (determined as in Example 1).
PAR  b. 50 g of the TCD was stirred at 20.degree.C with 68 ml of dichloroethane
      and 14 ml of water. After 5 hours of stirring, the crystalline mass was
      suction-filtered, washed twice with 28 ml of carbon tetrachloride, and
      dried. The yield and melting point were identical with (a). The polyester
      prepared therefrom by the method of Example 1 had a reduced viscosity of
      1.2 (determined as in Example 1).
PAR  c. 50 g of the TCD were dissolved in a mixture of 34 ml of
      1,2-dichloroethane and 34 ml of cyclohexane at 65.degree.C, and 14 ml of
      water was added. The mixture was allowed to cool to 20.degree.C with
      stirring. The crystals were suctionfiltered and twice washed with 28 ml of
      the above mixture of solvents. After drying, 41.8 g of pure TCD were
      obtained, with a melting point of 133.degree.C. Yield 83,6% without
      treating the mother liquor. The polyester prepared therefrom by the method
      of Example 1 had a reduced viscosity of 1.25 (determined as in Example 1).
PAR  d. 50 g of the TCD were dissolved in a mixture of 34 ml of
      1,2-dichloroethane and 34 ml of perchloroethylene at 65.degree.C, and 14
      ml of water was added. The mixture was allowed to cool, with stirring, to
      about 20.degree.C. The coarse crystals were suctionfiltered and washed
      twice with 28 ml of the above solvent mixture. After drying, 45.8 g of
      pure TCD were obtained, having a melting point of 132.5.degree. to
      133.5.degree.C. Yield: 91.6% without treating the mother liquor. The
      polyester prepared therefrom by the method of Example 1 had a reduced
      viscosity of 1.3 (determined as in Example 1).
PAR  e. 50 g of the TCD were dissolved in a mixture of 13,5 ml of
      1,2-dichloroethane and 54,5 ml of perchloroethylene at 70.degree.C, and 14
      ml of water was added. The mixture was allowed to cool, with stirring, to
      about 20.degree.C. The coarse crystals were suction-filtered and washed
      twice with 28 ml of the above solvent mixture. After drying, 49,0 g of
      pure TCD were obtained, having a melting point of 132.5.degree. to
      133.5.degree.C. Yield: 98% without treating the mother liquor. The
      polyester prepared therefrom by the method of Example 1 had a reduced
      viscosity of 1,3 (determined as in Example 1).
PAR  f. Recrystallization from benzene. 50 g of TCD were dissolved in 70 ml of
      heated benzene. Upon the slow cooling of the mixture a finely crystalline
      mass developed, which was suction-filtered, washed with 40 ml of carbon
      tetrachloride, and dried at 90.degree.C. 40 g of TCD were obtained, M.P.
      132.5.degree. - 133.8.degree.C, corresponding to an 80% yield (without
      treating the mother liquor). The polyester prepared therefrom by the
      method of Example 1 had a reduced viscosity of only 1,1 (determined as in
      Example 1).
PAC  EXAMPLE 5
PAR  2280 g of diane (10 moles) were suspended in 5000 ml of 1,2-dichloroethane
      at 20.degree.C. Over a period of 2 hours, 1490 g of chlorine (21 moles)
      were introduced with the exclusion of direct sunlight, during which period
      the contents of the flask warmed to 60.degree.C. After the chlorination
      was ended, inert gas was passed through the clear reaction solution to
      remove most of the hydrogen chloride still in solution.
PAR  About 1000 ml of water were added to this solution while it was still at
      60.degree.C, with stirring. Crystallization immediately commenced. The
      mixture was cooled to 15.degree.C over the course of 4 to 5 hours. A very
      easily filterable crystalline mass developed. The crystals were strongly
      suctionfiltered, and carefully washed twice with 2000 ml of dichloroethane
      and twice with 2000 ml of water. Then they were dried. The drying
      temperature was at first kept at 45.degree.C, and then gradually increased
      to 70.degree.C. In this manner, a colorless, very pure, powdery DCD was
      obtained, having a melting point of 88.degree. to 89.degree.C. The yield
      amounted to 2827 g of DCD (95% of theoretical with reference to diane).
PAR  A polyaryl ester having a reduced viscosity of 1.47 and a melting range of
      320.degree.-340.degree.C was obtained from this DCD with terephthalic acid
      dichloride, following the instructions given by S. V. Vinogradova, V. V.
      Korshak, P. M. Valetskii, A. N. Baskakov, and L. M. Gillman, in the
      Journal of Polymer Science of the U.S.S.R. (1967), pp. 1452-7.
PAR  S. V. Vinogradova et al (see above), using a differently prepared and
      repeatedly recrystallized DCD, obtained a polymer having a reduced
      viscosity of only 1.08 and a melting range of only
      240.degree.-250.degree.C.
PAC  EXAMPLE 6
PAR  a. 297 g (1 mole) of DCD, M.P. 66.degree.-72.degree.C, produced according
      to Example 1 of U.S. Pat. No. 2,455,652, by the chlorination of diane in
      glacial acetic acid and one recrystallization from chloroform, was
      dissolved in 500 ml of 1,2-dichloroethane at 50.degree.C, and stirred with
      100 ml of water. The rest of the process was as described in Example 5
      hereof. 284 g of a DCD, M.P. 88.degree.-89.degree.C were obtained,
      corresponding to a yield of 95.7% (without treating the mother liquor).
PAR  b. 297 g (1 mole) of the same DCD described as the starting material in a)
      were dissolved in 500 ml of benzene at 30.degree.C and stirred with 100 ml
      of water. The rest of the procedure was as described in Example 5, except
      that the washing was done with only about 35% of the corresponding amount
      of cooled benzene.
PAR  179 g of pure DCD, M.P. 88.degree.-89.degree.C, were obtained, which
      corresponded to a yield of 60.3% (without treating the mother liquor).
PAR  c. 297 g (1 mole) of the same DCD, described as the starting material in a)
      were dissolved in a mixture of 250 ml 1,2-dichloroethane and 250 ml
      cyclohexane at 60.degree.C and stirred with 100 ml of water. The rest of
      the procedure was as described in Example 5 except that the washing was
      done with a mixture of equal volumes of 1,2-dichloroethane and
      cyclohexane.
PAR  288 g of pure DCD, M.P. 88.degree.-89.degree.C were obtained, corresponding
      to a yield of 97% (without treating the mother liquor).
PAR  The purified DCD specimens of Examples 6(a) - (d), polymerized with
      terephthalic acid dichloride, yielded polymers having reduced viscosities
      of 1.48 and 1.56, respectively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the purification of
      2,2-bis-(4-hydroxy-3-chlorophenyl)-propane obtained by chlorinating
      2,2-bis-(4-hydroxyphenyl)-propane which comprises forming a solution of
      said 2,2-bis-(4-hydroxy-3-chlorophenyl)-propane by mixing the same with a
      solvent thereof selected from the group consisting of benzene, toluene,
      chlorobenzene, 1,1,2,2-tetrachloroethane, methylenechloride, methyliodide,
      ethylbromide, trans-1,2-dichloroethylene, 1,2-dichloroethane,
      1,2-dibromoethane and 1,4-dichlorobutane, adding sufficient water thereto
      to form a precipitate of said 2,2-bis-(4-hydroxy-3-chlorophenyl)-propane,
      water and said solvent, which precipitate is insoluble in the remaining
      solvent, removing said precipitate from impurities which remain dissolved
      in the reaction mixture obtained from said chlorination and recovering
      2,2-bis-(4-hydroxy-3-chlorophenyl)-propane from said precipitate.
NUM  2.
PAR  2. A process according to claim 1 wherein said solvent is methyliodide.
NUM  3.
PAR  3. A process according to claim 1 wherein said solvent is ethylbromide.
NUM  4.
PAR  4. A process according to claim 1 wherein said solvent is
      trans-1,2-dichloroethylene.
NUM  5.
PAR  5. A process according to claim 1 wherein said solvent is
      1,2-dichloroethane.
NUM  6.
PAR  6. A process according to claim 1 wherein said solvent is
      1,2-dibromoethane.
NUM  7.
PAR  7. A process according to claim 1 wherein said solvent is
      1,4-dichlorobutane.
NUM  8.
PAR  8. A process according to claim 1 wherein said solvent is benzene.
NUM  9.
PAR  9. A process according to claim 1 wherein said solvent is toluene.
NUM  10.
PAR  10. A process according to claim 1 wherein said solvent is chlorobenzene.
NUM  11.
PAR  11. A process according to claim 1 wherein said solvent is
      1,1,2,2-tetrachloroethane.
NUM  12.
PAR  12. A process according to claim 1 wherein said solvent is methylene
      chloride.
NUM  13.
PAR  13. A process according to claim 1 wherein said water is added in such
      proportions that the precipitated and crystalized phenolic compound has at
      least one of the following compositions:
      2,2-bis-(4-hydroxy-3-chlorophenyl)-propane : 1.6-2.4 water : 0.4-0.7
      benzene and benzene is the solvent employed.
NUM  14.
PAR  14. A process according to claim 1 wherein the solvent employed is
      1,2-dichloroethylene and the water is added in such proportions that the
      precipitated and crystallized phenolic compound has at least one of the
      following compositions: 2,2-bis-(4-hydroxy-3-chlorophenyl)-propane :
      2.5-3.5 water: 0.6-0.8 1,2-dichloroethane.
NUM  15.
PAR  15. A process according to claim 1 wherein the amount of water added to
      said solution is greater than that amount necessary to form a saturated
      aqueous solution of said solvent.
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ABST
PAL  Hydroxydiphenyl is prepared by dehydrogenating a starting material
      comprising a completely and/or partly hydrogenated hydroxydiphenyl in the
      gaseous phase in the presence of a dehydrogenation catalyst. The starting
      material is free from autoxidation products less volatile than the
      completely or partially hydrogenated hydroxydiphenyl, or of a peroxidic
      nature, and only contain products of an acid nature to such an extent than
      the acid number of the starting material is less than 0.2.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a process for the production of hydroxydiphenyl.
PAR  Hydroxydiphenyl is known to be obtained by catalytically dehydrogenating
      completely and/or partially hydrogenated hydroxydiphenyl, in the gaseous
      phase. The dehydrogenation catalysts used for this purpose contain nickal,
      chromium, aluminium, copper and alkali oxide or carbonate, and in some
      cases, silver, and are described, for example, in German Pat. No.
      1,108,221 and DOS No. 2,049,809.
PAR  In addition to hydroxydiphenyl, a number of secondary products and
      intermediate products, mainly phenol, diphenyl and cyclohexylphenol and,
      to some extent, diphenylene oxide, are formed in this dehydrogenation
      process and have to be removed by special purification processes, for
      example the process described in DOS No. 2,102,476. However, the reaction
      product to be purified must satisfy certain qualitative requirements if a
      purification process of this kind is to be carried out successfully both
      from the technical and economic points of view. The main requirement is
      that the reaction product to be purified should have as uniform a
      qualitative and quantitative composition as possible.
PAR  On the other hand, the activity of the dehydrogenation catalyst is known to
      decrease with time so that the conversion is reduced and the composition
      of the reaction product is altered accordingly. Although this change in
      composition can be counteracted by reducing the catalyst load and/or by
      increasing the reaction temperature, reduction of the catalyst load
      involves a reduction in throughput and, hence, has an adverse effect upon
      the dehydrogenation process, whilst increasing the reaction temperature
      promotes secondary reactions to a greater extent than the main reaction,
      resulting in a deterioration in the composition of the reaction product.
PAR  For this reason, the continuous process has to be interrupted after a
      certain time in order to regenerate or replace the catalyst. However, this
      again involves a reduction in the output of the installation in which the
      process is carried out, quite apart from increased costs.
PAR  It has also proved to be advantageous to use a crude dehydrogenation
      product of largely constant composition for purification. As already
      mentioned, however, it is not possible to obtain a crude product of this
      kind by conventional dehydrogenation processes. Although it is possible,
      by storing and mixing dehydrogenation products of different composition in
      an intermediate stage, to prepare a product of constant composition for
      the purification process, this involves more work and additional costs.
PAR  In order to obviate the disadvantages attending conventional
      dehydrogenation processes, there is an urgent need for a dehydrogenation
      process which gives a dehydrogenation product remaining uniform in its
      composition over prolonged periods without any appreciable change in the
      activity and selectivity of the dehydrogenation catalyst which, in
      addition, should have a long service life.
PAC  SUMMARY
PAR  We have now found that, in the production of hydroxydiphenyl by the
      catalytic gaseous phase dehydrogenation of completely and/or partially
      hydrogenated hydroxydiphenyl, in the presence of dehydrogenation catalysts
      containing nickel, chromium, aluminium, copper and alkali sulphate and/or
      alkali carbonate, the service life of these catalysts can be considerably
      lengthened and the aforementioned disadvantages of conventional processes
      can be obviated by using a starting material which is free from
      autoxidation products less volatile than the completely or partially
      hydrogenated hydroxydiphenyl present in the starting material, or those of
      a peroxidic nature, and which only contains products of an acidic nature
      to the extent that the acid number of the starting material is less than
      0.2, and preferably less than 0.1.
PAC  DESCRIPTION
PAR  It has been found that the normal, gradual loss of activity from the
      dehydrogenation catalyst, despite the relatively high reaction
      temperatures applied of from 300.degree. to 400.degree.C, is attributable
      less to simple heat damage than to relatively small quantities of
      secondary products in the starting material used which can be formed even
      by the relatively brief action of oxygen-containing gases on the starting
      product, even at room temperature. These catalyst-damaging oxidation
      products are not known in any detail. Some of the oxidation products are
      peroxidic and acid in nature. Their presence can be detected by the
      analytical methods known per se for detecting peroxides and acids.
PAR  The secondary products formed by autoxidation from the starting material
      are largely less volatile than the main material, namely the completely
      and/or partially hydrogenated hydroxydiphenyl, and for this reason are
      mostly left behind in the distillation residue where the starting
      materials of the kind in question are subjected to careful distillation.
PAR  Accordingly, the starting material used in accordance with the invention
      can with advantage be obtained by distilling the conventional starting
      material to be used in the absence of air and other oxygen-containung
      gases and protecting it from the action of gases containing oxygen until
      it is used.
PAR  The starting material can also be purified by other methods; for example by
      treatment with acid-binding, peroxide-binding or -reducing agents.
PAR  An effect of using a starting material substantially free from autoxidation
      products in accordance with the invention, in addition to slowing down
      deactivation of the dehydrogenation catalyst, is that the relatively small
      reduction in the activity of the catalyst affects the main reaction and
      secondary reaction to the same extent so that it can be compensated by
      increasing the temperature without any appreciable change in the ratio of
      main and secondary products.
PAR  Suitable starting materials for use in the process according to the
      invention for the production of hydroxydiphenyl are known, the following
      being mentioned by way of example:
PA1  2-cyclohexylidene cyclohexanone,
PA1  2-cyclohexenyl cyclohexanone,
PA1  2-cyclohexyl cyclohexanone,
PA1  2-cyclohexyl cyclohexanol,
PA1  2-cyclohexylphenol,
PA1  3-cyclohexylphenol,
PA1  4-cyclohexylphenol,
PA1  2-phenylcyclohexanone,
PA1  2-phenylcyclohexanol.
PAL   These compounds are easy to prepare. Thus, 2-cyclohexylidene cyclohexanone
      and 2-cyclohexenyl cyclohexanone, for example, are obtained by condensing
      cyclohexanone in the presence of acid or basic catalysts by known methods.
      In addition, these two compounds are formed alongside 2-cyclohexyl
      cyclohexanone, 2-cyclohexyl cyclohexanol etc as secondary products in the
      catalytic dehydrogenation of cyclohexanol. They can readily be separated
      off from the dehydrogenation mixture by distillation and can be used in
      admixture for the production of 2-hydroxydiphenyl.
PAR  Cyclohexylphenol can be obtained by known methods, including the catalytic
      alkylation of phenol. In addition, 2-cyclohexylphenol is formed as a
      secondary product alongside 2-phenyl cyclohexanone and 2-phenyl
      cyclohexanol, 2-cyclohexyl cyclohexanol and 2-cyclohexyl cyclohexanone, in
      the synthesis of 2-hydroxydiphenyl.
PAR  Catalysts suitable for use in the process according to the invention are
      known per se and are described, for example, in DOS No. 2,049,809 and DOS
      No. 2,146,052.
PAR  In general, the process according to the invention is carried out by
      passing the starting material, which is free from autoxidation products,
      especially those less volatile than the completely or partially
      hydrogenated hydroxydiphenyl present in the starting material, and those
      of a peroxidic nature, and which only contains autoxidation products of an
      acid nature to the extent that the acid number of the starting material is
      less than 0.2, preferably less than 0.1, in the vapour phase over the
      catalyst at a temperature of from 300.degree. to 400.degree.C, more
      particularly at a temperature of from 320 to 350.degree.C, under normal or
      reduced pressure. The apparatus in which the reaction is carried out is
      known per se.
PAR  In addition to hydroxydiphenyl, the reaction product comprises intermediate
      compounds, especially cyclohexyl phenol, most of which can be reused as a
      starting material. In the production of 2-hydroxydiphenyl, the reaction
      product has the appropriate composition for purification by the process
      described in DOS No. 2,102,476.
PAR  The process according to the invention has the following advantages over
      the prior art:
PAR  The service life of the catalyst is considerably increased, the reaction
      product having substantially the same composition over most of the service
      life of the catalyst. As already described, this is of crucial importance
      so far as further purification is concerned. In addition, there is no
      longer any need for the otherwise necessary (DOS No. 2,049,809) frequent
      regeneration of the catalyst which interrupts the continuous process and
      interferes considerably with production.
PAR  O-Hydroxydiphenyl is a known preservative for citrus fruits and is also
      used in a known manner as a carrier for dyeing with dispersion dyes.
DETD
PAR  The percentages quoted in the following Examples relate to weight unless
      otherwise stated.
PAC  EXAMPLES
PAR  A catalyst prepared as follows in accordance with DOS No. 2,049,809 was
      used in the following Examples:
PAR  8580 g of a catalyst starting material containing 42.7% by weight of
      nickel, 9.5% by weight of chromium, 3.2% by weight of aluminium and 0.2%
      by weight of copper, obtained as known per se by precipitating a
      carbonate-hydroxide mixture containing the elements nickel, aluminium and
      copper from an aqueous solution consisting of the corresponding nitrates
      and sulphates (50% : 50%) with sodium carbonate solution, and subsequently
      reacting the precipitate, after it had been washed, with ammonium
      bichromate solution, are made into a paste in a solution of 225 g of
      potassium sulphate in 7900 ml of water. The resulting catalyst paste is
      dried at 120.degree.C, ground, mixed with 3% of graphite and the resulting
      mixture is processed in a tabletting press into tablets 5 mm thick.
PAR  1000 g of the tablets thus obtained are treated for 2.5 hours at
      390.degree.C with 100 liters of hydrogen per hour, and then for 6 hours at
      around 20 to 40.degree.C with 100 liters/hour of a mixture of 2% by volume
      of air and 98% by volume of CO.sub.2.
PAR  The tablets are then ground up and mixed with 2% of graphite, and the
      resulting mixture is re-tabletted, reduced for 2.5 hours at 390.degree.C
      with 730 liters of hydrogen per hour and subsequently tempered in a
      CO.sub.2 -atmosphere for 30 hours at 100.degree.C:
TBL  Powder density: 1.16 g/ml                                                 

     Specific surface:                                                         

                     136 m.sup.2 /g                                            

     Ni (metallic):  25.6%, Ni (total) 56.2%                                   

PAR  In all the Examples, the process was carried out as described below:
PAR  Using a vertically arranged tube reactor approximately 550 mm long with a
      tube diameter of 17 mm, which is filled with 30 ml of the catalyst
      prepared as described above and the upper part of which serves as
      evaporation zone, 6.0 g/h of a mixture of 2-cyclohexenyl cyclohexanone and
      2-cyclohexylidene cyclohexanone, hereinafter referred to as dianone,
      obtained by condensing cyclohexanone in the presence of an ion-exchanger
      resin containing sulphonic acid groups, followed by distillation (cf.
      Chem. Abstr. 75,5344 y (1971), are introduced at 330.degree.C at the upper
      end of the reactor and the reaction product is run off from the lower end
      of the reactor.
PAC  EXAMPLE 1
PAR  A dianone, during the production, storage and use of which oxygen and/or
      oxygen-containing gases (for example air) had been carefully kept away by
      an inert gas atmosphere, and which had an acid number of less than 0.1,
      was used.
PAR  After a start up period of a few hours, the reaction product contains:
PA1  81% of 2-hydroxydiphenyl,
PA1  8% of 2-cyclohexylphenol and 2-phenyl cyclohexanone,
PA1  1% of 2-cyclohexylcyclohexanone and dianone,
PA1  5% of diphenylene oxide, and
PA1  3% of diphenyl.
PAR  After 1000 hours' operation, the reaction product contains:
PA1  70 % of 2-hydroxydiphenyl,
PA1  18 % of 2-cyclohexylphenol and 2-phenyl cyclohexanone,
PA1  2 % of 2-cyclohexyl cyclohexanone and dianone,
PA1  4 % of diphenylene oxide, and
PA1  2.5% of diphenyl.
PAR  After a total of 4300 hours' operation, the reaction product contains:
PA1  69 % of 2-hydroxydiphenyl,
PA1  18 % of 2-cyclohexylphenol and 2-phenyl cyclohexanone,
PA1  4 % of 2-cyclohexyl cyclohexanone and dianone,
PA1  4 % of diphenylene oxide, and
PA1  2.5% of diphenyl.
PAR  During further operation, the reaction temperature is successively
      increased to the extent required to obtain a reaction product having a
      2-hydroxydiphenyl content of around 70%. In this way, a reaction product
      containing:
PA1  70 % of 2-hydroxydiphenyl,
PA1  14 % of 2-cyclohexyl phenol and 2-phenyl cyclohexanone,
PA1  6 % of 2-cyclohexyl cyclohexanone and dianone,
PA1  5.5% of diphenylene oxide, and 2 % of diphenyl,
PAL  is obtained after a total of 10,000 hours' operation at a final reaction
      temperature of 350.degree.C.
PAR  A dianone, during the production, storage and use of which oxygen and/or
      oxygen-containing gases had not been kept away, and which had an acid
      number of greater than 0.2, was used in each of the following comparison
      Examples.
PAC  EXAMPLE 2 (comparison Example)
PAR  The dianone used had an acid number of 0.3. Although after production it
      had been stored in a closed vessel, no effort was made thereafter to keep
      away oxygen and/or oxygen-containing gases.
PAR  After a start-up period of a few hours, the reaction product has the
      following composition:
PAL  81% of 2-hydroxydiphenyl,
PAL  7% of 2-cyclohexylphenol and 2-phenyl cyclohexanone,
PAL  2% of 2-cyclohexyl cyclohexanone and dianone,
PAL  4% of diphenylene oxide,
PAL  3% of diphenyl, and
PAL  3% of other products.
PAR  After approximately 1000 hours' operation, the reaction product contains:
PA1  65 % of 2-hydroxydiphenyl,
PA1  22 % of 2-cyclohexylphenol and 2-phenyl cyclohexanone,
PA1  5 % of 2-cyclohexyl cyclohexanone and dianone,
PA1  3.5% of diphenylene oxide, and
PA1  2.5% of diphenyl.
PAR  After a further 800 hours', the reaction product contains:
PA1  60 % of 2-hydroxydiphenyl,
PA1  24 % of 2-cyclohexylphenol and 2-phenyl cyclohexanone,
PA1  8 % of 2-cyclohexylcyclohexanone and dianone,
PA1  3.5% of diphenylene oxide, and
PA1  2 % of diphenyl.
PAC  EXAMPLE 3 (Comparison Example)
PAR  The dianone used had an acid number of 0.5. In order quickly to obtain this
      state of autoxidation, the dianone used in Example 2 was additionally
      stirred for 8 hours at room temperature in the presence of air.
PAR  After a start-up period of a few hours, the reaction product contains:
PA1  77% of 2-hydroxydiphenyl,
PA1  7% of 2-cyclohexylphenol and 2-phenyl cyclohexanone,
PA1  6% of 2-cyclohexyl cyclohexanone and dianone,
PA1  6% of diphenylene oxide, and
PA1  2% of diphenyl.
PAR  By contrast, after 500 hours, the reaction product contains:
PA1  58 % of 2-hydroxydiphenyl,
PA1  23 % of 2-cyclohexylphenol and 2-phenyl cyclohexanone,
PA1  8 % of 2-cyclohexyl cyclohexanone and dianone,
PA1  4.5% of diphenylene oxide, and
PA1  2 % of diphenyl.
PAC  EXAMPLE 4 (comparison Example)
PAR  The dianone used had an acid number of 5.7. In order quickly to obtain this
      state of autoxidation, the dianone used in Example 2 was additionally
      stirred for 8 hours at 50.degree.C in the presence of air.
PAR  A reaction product, the 2-hydroxydiphenyl content of which drops from 69%
      to 49% over a period of 200 hours, is obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the process for the production of hydroxydiphenyl which comprises
      dehydrogenating a starting material containing hydrogenated
      hydroxydiphenyls in the gaseous phase in the presence of a dehydrogenation
      catalyst comprising nickel, chromium, aluminum, copper and alkali metal
      sulfate and/or alkali metal carbonate, the improvement which comprises
      purifying said starting material prior to dehydrogenating so as to be free
      of autoxidation products less volatile than the hydrogenated
      hydroxydiphenyls, free of peroxide compounds, and containing only acid
      products to such an extent that the acid number of the starting material
      is less than 0.2.
NUM  2.
PAR  2. Process of claim 1 wherein the starting material is purified prior to
      dehydrogenation by distillation in the absence of air and other
      oxygen-containing gases, said purified starting material being protected
      from oxygen-containing gases until used in the process.
NUM  3.
PAR  3. Process of claim 1 wherein the starting material has an acid number of
      less than 0.1.
NUM  4.
PAR  4. Process of claim 1 wherein the starting material comprises
      2-cyclohexylidene cyclohexanone, 2-cyclohexenyl cyclohexanone,
      2-cyclohexyl cyclohexanone, 2-cyclohexyl cyclohexanol, 2-cyclohexylphenol,
      3-cyclohexylphenol, 4-cyclohexylphenol, 2-phenylcyclohexanone or
      2-phenylcyclohexanol, alone or in admixture.
NUM  5.
PAR  5. Process of claim 1 wherein the dehydrogenation is carried out at a
      temperature of from 300.degree. to 400.degree.C.
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ABST
PAL  Improvement in a method for producing para-alkylated phenols comprising
      reacting (A) a phenol and (B) an alkylating agent in the presence of (C)
      an alkylation catalyst and resulting product. This improvement comprises
      using as (C) an aryl sulfonic acid selected from the class of highly
      acidic aryl sulfonic acids having a K value of at least 3.8 .times.
      10.sup.-.sup.3 including para-chlorobenzene sulfonic acid,
      4,4'-diphenyldisulfonic acid, nitrobenzenesulfonic acids,
      2,4,6-trinitrobenzenesulfonic acid and meta-benzenedisulfonic acid and
      also trifluoromethanesulfonic acid. These acid catalysts are also very
      effective in rearranging ortho and meta substituted phenols to
      parasubstituted phenols allowing use of normally discarded by-products as
      starting materials.
PARN
PAR  This is a continuation of application Ser. No. 183,887, filed Sept. 9, 1971
      now abandoned.
BSUM
PAR  The invention relates to the production of selectively alkylated phenols
      namely para-alkylated phenols.
PAR  More specifically the invention relates to a method for producing
      para-alkylated phenols comprising reacting (A) a phenol and (B) an
      alkylating agent in the presence of (C) an alkylation catalyst and
      resulting product. More particularly this improvement comprises using as
      (C) an aryl sulfonic acid selected from the group including
      para-chlorobenzene sulfonic acid, 4,4'-diphenyldisulfonic acid,
      nitrobenzenesulfonic acids, 2,4,6-trinitrobenzenesulfonic acid and
      meta-benzenedisulfonic acid and also trifluoromethanesulfonic acid. These
      acid catalysts are also very effective in re-arranging ortho and meta
      substituted phenols to para-substituted phenols allowing use of normally
      discarded by-products as starting materials.
PAR  Alkylated phenols have been manufactured for many years and enjoy a wide
      variety of uses. They are used as intermediates in in the production of
      synthetic resins and varnishes, and when treated with ethylene oxide,
      surfactants are produced. Different processes have been suggested for the
      alkylation of phenols. They generally involve the reaction between a
      phenol and an alkylating agent in the presence of an acid catalyst. These
      acid catalysts include phosphoric acid, some arylmono-sulfonic and
      fluorosulfonic acids and anhydrous aluminum halides, zinc halides and
      boron trifluoride. Many of these catalysts, while effective in promoting
      alkylation, are not specific alkylation directors in that they do not
      appreciably favor alkylation at any one position. Therefore, they give a
      mixture at the end of the reaction which contains several products and
      generally not a majority of any one species. For this reason, boron
      trifluoride is the preferred catalyst because it produces para-alkylated
      products in excellent yields. In any event, no matter what catalyst is
      utilized, before a finished alkyl substituted phenol is obtained the crude
      reaction products must be processed in various ways to remove the catalyst
      such as neutralization, filtering to remove the resultant salt formed and
      distillation to obtain a pure product. Another disadvantage of boron
      trifluoride catalyst is that it is very corrosive to glass lined and
      stainless steel equipment.
PAR  According to a known process for producing para-alkylated phenols using
      boron trifluoride as the catalyst, the commonly used glass lined reactors
      and equipment suffer from heavy attack by the catalyst. This is due to the
      presence of minor amounts of water found in the reactants. Further, at the
      end of the reaction, prior to fractional distillation, the boron
      trifluoride catalyst must be neutralized with base and the resultant salt
      filtered and washed from the reaction mixture with the attendant cost in
      time, manpower and materials. Also all the washes must be carefully
      neutralized before being disposed of in the liquid waste system to
      eliminate any environmental pollution hazard. If the catalyst is not
      carefully removed before fractional distillation gaseous fluorides are
      released during the distillation step which will attack and corrode the
      apparatus. Also, it is found that if the finished product contains any
      catalyst residue it will cause degradation to paper and cardboard storage
      containers necessitating the use of more expensive types of storage
      containers.
PAR  It is, therefore, an object of this invention to produce para-alkylated
      phenols through the use of a powerful, highly selective catalyst.
PAR  It is also an object of this invention to product paraalkylated phenols
      through the use of a powerful, highly selective catalyst which does not
      attack or corrode glasslined and stainless steel reaction equipment.
PAR  Still another object of this invention is to produce paraalkylated phenols
      through the use of a powerful, highly selective catalyst which does not
      have to be removed after neutralization.
PAR  Yet another object of this invention is to produce paraalkylated phenols
      through the use of a powerful, high selective catalyst which allows
      distillation by-products to be re-cycled and rearranged to the desired
      product.
PAR  Still another object of this invention is to produce paraalkylated phenols
      through the use of a powerful, highly selective catalyst which lends
      itself to either batch wise or continuous production.
PAR  Still further objects and the entire scope of applicability of the present
      invention will become apparent from the detailed description give
      hereinafter; it should be understood, however, that the detailed
      description and specific examples while indicating preferred embodiments
      of the invention are given by way of illustration only, since various
      changes and modifications within the spirit and scope of the invention
      will become apparent to those skilled in the art from this detailed
      description.
PAR  It has now been found that these and other objects may be attained by using
      as the alkylation catalyst a highly acidic aryl sulfonic acid. These acids
      may be selected from a class of highly acidic aryl sulfonic acids
      including para-chlorobenzenesulfonic acid, 4,4'-diphenyldisulfonic acid,
      meta-nitrobenzenesulfonic acid, 2,4,6-trinitrobenzenesulfonic acid,
      para-nitrobenzensulfonic acid and meta-benzenedisulfonic acid and also
      trifluoromethanesulfonic acid. Through the use of these catalysts after
      the reaction has been completed, the catalyst is merely neutralized with
      any convenient base and then the reaction mass is purified by
      distillation. It is not necessary to remove the neutralized catalyst in
      any way as it ends up in the usual distillation bottoms which are
      discarded after each fractionation. There is no danger of accelerated
      corrosion of the equipment or distillation apparatus. Also, since these
      catalysts are very effective in re-arranging ortho and meta substituted
      phenols to the desired para-substituted compound the batch charge may
      include large amounts of recycled intermediate still fractions composed of
      ortho and meta substituted phenols which are normally discarded. Further,
      since the crude reaction mass does not have to be washed to remove the
      spent catalyst these are no large amounts of waste water to be released
      into the disposal system with the possible danger of evironmental
      pollution.
PAR  These catalysts are highly versatile in that they lend themselves to
      batchwise or continuous production. For example, the liquid reaction
      mixture may be passed through a coil which is heated to the desired
      temperature and whose dimensions are such that conversion has occurred by
      the time the mixture leaves the coil. The desireed neutralizing agent may
      be metered in and then the stream directed to the distillation apparatus.
PAR  Procedures for the alkylation of phenols with alcohols or olefins are well
      known to the art. For instance, the desired phenol may be placed into a
      suitable reaction apparatus along with a catalyst. The temperature is
      raised to about 125.degree.C. and the alkylating agent is slowly added
      under the surface. After completion of the addition, the temperature is
      raised to about 150.degree.C. for an hour to complete the reaction. The
      ratio of phenol to alkylating agent is generally in the range of about one
      mole of phenol per mole of alkylating agent.
PAR  Phenols which may be selectively alkylated in the para position through the
      use of the catalyst of this invention include phenol, cresol, resorcinol,
      ethyl, propyl, butyl, amyl, hexyl, heptyl, octyl, and nonyl phenols, as
      well as chlorophenols, bromophenols, and xylenol and the like and mixtures
      thereof. Other phenols may be selectively re-arranged to the para-position
      including ortho and meta-substituted phenols and di-alkyl substituted
      phenols such as ortho-tertiary butyl phenol and 2,4-ditertiarybutyl phenol
      and the like and mixtures thereof.
PAR  The alkylating agents may include any of these now employed in the art such
      as aliphatic, cyclic and aralkyl alcohols and olefins. Examples of
      suitable alkylating agents are:
TBL               Alcohols                                                     

     Ethanol                Decanol                                            

     Propanol               Undecanol                                          

     Butanol                Dodecanol                                          

     Pentanol               Tetradecanol                                       

     Hexanol                Hexadecanol                                        

     Heptanol               Octadecanol                                        

     Octanol                Eicosanol                                          

     Nonanol                Phenyl-Ethanol                                     

                  Olefins                                                      

     Ethylene               Undecene                                           

     Propene                Dodecene                                           

     Butene                 Tetradecene                                        

     Pentene                Hexadecene                                         

     Hexene                 Octadecene                                         

     Heptene                Eicosene                                           

     Octene                 Triisobutylene                                     

     Nonene                 Isobutylene                                        

     Decene                 Diisobutylene                                      

PAL  and the like, their isomers and mixtures thereof. The alkylating agent and
      the phenol are generally used in a mole ratio of about 1:1. However, as is
      well known in the art this may vary from less than 1:1 to 10:1 or more.
      But to obtain a majority of the paraalkylated product a ratio of about
      0.9:1 is preferred.
PAR  Certain aromatic as well as certain alkyl sulfonic acids are suitable for
      use as catalyst under the practice of this invention. It has also been
      found that the effectiveness of these aromatic and alkyl sulfonic acids as
      selective para-alkylating agents appears to be directly related to their
      acid strength. For instance, para-toluenesulfonic acid is a weaker acid
      than meta-benzenedisulfonic acid. Because of the known electron
      withdrawing effect of one sulfonic acid group on the other,
      meta-benzenedisulfonic acid is a much stronger acid than
      para-toluenesulfonic acid. Thus, only a 34.0% yield of para-tertiarybutyl
      phenol is obtained when the relatively weak acidic para-toluenesulfonic
      acid is used as a catalyst in the butylation of phenol. However, when the
      stronger acid, meta-benzenedisulfonic acid is used as a catalyst in the
      same reaction the yield is 78% of the paratertiary-butylphenol product.
      (See Table I).
PAR  In order to define exactly what class of catalyst are suitable for the
      practice of instant invention a spectrophotometric method for measuring
      the relative acidities of the acids under study was used.
PAR  The effect of each acid, at 25.degree.C, on a solution of a weakly basic
      dye, 4-chloro-2-nitroaniline was observed. This dye has a maximum
      absorbance at 415 (nm). A plot of absorbance (of the dye alone) vs.
      concentration (3-23 .mu. mole/ml) in glacial acetic acid solvent gave a
      linear Beer's Law plot. The strength of the acids under study was measured
      as a function of absorbance when added to a known concentration of the
      dye. The stronger the acid the more of the free basic dye was transformed
      to the conjugate acid and thus the lower the absorbance. The equation
      below represents this process.
      ##SPC1##
PAL  or in general terms,
      ##EQU1##
      An equation,
      ##EQU2##
      Where K = the equilibrium expressing acidity of the acid studied.
PA1  [B ] = concentration of the base (4-chloro-2-nitroanaline)
PA1  [BH.sup.+] = concentration of the conjugate acid
PA1  [HA] = concentration of the undissociated catalyst acid has been derived,
      following the usual known spectrophotometric procedures for determining
      the equilibrium constants of the test catalyst acids and a direct
      relationship between acid strength and yield of para-tertiary-butyl phenol
      was obtained.
PAR  The derivation of the above equation for expressing relative acidities is
      shown below:
PAR  The dissociation of the acids studied is expressed by the equilibrium,
EQU  HA = H.sup.+ + A.sup.-                                     (1)
PAL  from where the equilibrium constant is derived,
      ##EQU3##
      where K.sub.a = equilibrium constant of the acid studied.
PA1  [H.sup.+] = concentration of ionic hydrogen
PA1  [A.sup.-] = concentration of the anion
PA1  [HA] = concentration of the undissociated acid
PAR  The equilibrium involved in the reaction of the basic dye,
      4-chloro-2-nitroanaline with the acids under study is expressed as,
EQU  B + H.sup.+ = BH.sup.+                                     (3)
PAL  and from this another equilibrium constant was obtained.
      ##EQU4##
      Rearranging (4) above the following was obtained,
      ##EQU5##
      where K.sub.b = equilibrium constant of the basic dye,
      4-chloro-2-nitroanaline
PA1  [BH.sup.+] = concentration of the conjugate acid
PA1  [B] = concentration of the basic dye
PA1  [H.sup.+] = concentration of ionic hydrogen
PAL  Since HA &gt; H.sup.+ or A.sup.- and assuming H.sup.+ &gt; B or BH.sup.+.
PAL  Then H.sup.+ = A.sup.-.
PAR  By substituting the value of [H.sup.+] from equation (5) above into
      equation (2) the following equation is formed,
      ##EQU6##
      combining the constants
      ##EQU7##
      which is the expression used as a measure of acidity of the catalysts. The
      greater the value of K the greater is the acidity of the catalyst.
PAR  In Table I the direct relationship of K Values (equilibrium constants) of a
      number of acids with the yield of para-tertiarybutyl phenol in butylations
      of phenol using these acids is shown:
TBL                Table I                                                     

     ______________________________________                                    

     Catalyst             Yield   K                                            

     ______________________________________                                    

     2,5-dimethylbenzenesulfonic acid                                          

                          28      6.15 .times. 10.sup..sup.-4                  

     para-toluenesulfonic acid                                                 

                          34      8.96 .times. 10.sup..sup.-4                  

     benzenesulfonic acid 44      1.50 .times. 10.sup..sup.-3                  

     para-chlorobenzenesulfonic acid                                           

                          62      3.80 .times. 10.sup..sup.-3                  

     4,4'-diphenyl disulfonic acid                                             

                          63      6.81 .times. 10.sup..sup.-3                  

     meta-nitrobenzenesulfonic acid                                            

                          71      1.80 .times. 10.sup..sup.-2                  

     para-nitrobenzenesulfonic acid                                            

                          73      2.60 .times. 10.sup..sup.-2                  

     meta-benzenedisulfonic acid                                               

                          78      4.70 .times. 10.sup..sup.-2                  

     2,4,6-trinitrobenzenesulfonic acid                                        

                          79      1.20 .times. 10.sup..sup.-1                  

     trifluoromethanesulfonic acid                                             

                          84      3.88 .times. 10.sup..sup.-1                  

     ______________________________________                                    

PAR  The yields in Table I are expressed as analyzed weight percent of
      para-tertiary-butyl phenol in the crude reaction product.
PAR  The K values of some of the acids could not be obtained and included in the
      above table because of their insolubility in glacial acetic acid used as
      solvent for the spectrophotometric determinations.
PAR  Only the Lowry-Bronsted type acids were studied in Table I and defined as
      substances that give up a proton (hydrogen nucleus) to a base. The base
      used in this case of course is 4-chloro-2-nitroaniline. The Lewis acids
      such as boron trifluoride, zinc chloride and aluminum chloride contain no
      hydrogen and could not be properly included in the acidity study. They,
      however, were used along with the Lowry-bronsted acids simply to relate
      yields of para alkylated product obtained with then with that of the acids
      of our invention. See Table II.
PAR  It is thus seen, within the scope of our invention, that higher acid
      strengths of the catalyst acids give rise to higher yield of the para
      alkylated product. This relationship can be depicted graphically in FIG. I
      which shows that the yields increase rapidly with increasing K values at
      lower levels but tend to level out as the K value approaches values of
      0.04 and above. The acid catalysts claimed in our invention are those
      having K value above and including 3.8 .times. 10.sup.-.sup.3 and thus
      comprise, among others that can fall in this range,
      para-chlorobenzenesulfonic acid, 4,4'-diphenyldisulfonic acid, ortho, meta
      and para-nitrobenzene sulfonic acids, meta-benzenedisulfonic acid,
      2,4,6-trinitrobenzenesulfonic acid, 1,3,5-mesitylenedisulfonic acid, 2,2',
      4,4'-diphenyltetrasulfonic acid, 1,4,5-naphalenetrisulfonic acid,
      2,4-dichlorobenzene disulfonic acid, ortho-dischlorobenzenedisulfonic
      acid, 2,6-meta-xylene-disulfonic acid, 2,7-fluorenedisulfonic acid,
      1,3,5-benzenetrisulfonic acid and trifluromethane sulfonic acid and the
      like. However the preferred catalyst may include
      para-chlorobenzenesulfonic acid, 4,4'-diphenyldisulfonic acid, meta-and
      para-nitrobenzenesulfonic acids, 2,4,6-trinitrobenzenesulfonic acid,
      meta-benzenedisulfonic acid and trifluoromethanesulfonic acid with
      meta-benzenedisulfonic being favored because of the excellent results
      obtained therefrom.
PAR  The amount of catalyst used is based upon the weight of phenol used and may
      range from about 0.05% to about 20% by weight. However, the preferred
      range is from about 0.1% to about 2% by weight based upon the amount of
      phenol used.
PAR  The temperature for the reaction may range from about 10.degree. to about
      185.degree.C. although the reaction may be run at higher temperatures when
      pressure is applied to the system. Temperatures ranging from about
      90.degree. to about 170.degree.C. are preferred.
PAR  In a typical practice of this invention 564 grams of phenol were charged
      into a reaction flask equipped with stirrer, heating mantle, sparge for
      adding alkylating agent and reflux condenser along with 5 grams of
      meta-benzenedisulfonic acid. The temperature was raised to 120.degree.C.
      with stirring and 315 grams of isobutylene were sparged in at the rate of
      about 60 grams per hour. After the addition was completed, the batch was
      heated up to 150.degree.C. and held at this temperature for an additional
      hour. The yield of para-tertiarybutyl phenol in this mixture was 92% based
      upon isobutylene. Then the temperature was reduced to about 100.degree.C.
      and aqueous sodium hydroxide was slowly added. After the batch was
      neutralized the flask was arranged for vacuum distillation and purified
      para-tertiarybutyl phenol was distilled off under vacuum.
DETD
PAR  This invention will now be more specifically described in and by the
      following examples which are given for the purpose of illustration only
      and are not meant to be limiting in any manner except as described in the
      appended claims.
PAC  EXAMPLE I
PAR  Into a reaction flask equipped with stirrer, heating mantle, sparge for
      adding alkylating agent, and reflux condenser were charged 564 grams of
      phenol and 5 grams of para-nitrobenzenesulfonic acid. The temperature was
      raised to 120.degree.C. with stirring and then 315 grams of isobutylene
      were sparged in at the rate of about 60 grams per hour. After the
      isobutylene addition was completed, the batch was heated to 150.degree.C.
      for 1 hour. Upon cooling, the crude reaction mixture contained 73%
      para-tertiary-butyl phenol.
PAC  EXAMPLE II
PAR  Example I was repeated except that no catalyst was used. The crude reaction
      mixture contained 92% phenol and only 3.2% paratertiary-butyl phenol.
PAC  EXAMPLE III
PAR  Example I was repeated except that 20 grams of meta-benzene disulfonic acid
      was used as the catalyst. The reaction temperature was held at
      42.degree.C. during part of the addition of the isobutylene and then
      lowered to 13.degree.C. for the remainder of the addition and then raised
      to 150.degree.C. for 1 hour to complete the reaction. The crude reaction
      mixture contained 78.7% para-tertiarybutyl phenol.
PAC  EXAMPLE IV
PAR  Example III repeated exactly that the reaction temperature was
      185.degree.C. for the entire reaction. The crude reaction mixture
      contained 74% para-tertiarybutyl phenol.
PAC  EXAMPLE V
PAR  Five hundred and sixty-four grams (6 moles) of phenol containing 5 grams of
      trifluoromethanesulfonic acid catalyst was stirred at 90.degree.C. and
      butylated with isobutylene to a degree of 0.92. The batch was then heated
      to 120.degree.C. for one hour with stirring. Analysis of the crude product
      gave 84% weight para-tertiary-butyl phenol.
PAC  EXAMPLE VI
PAR  Two grams of ortho-tertiary-butyl phenol was mixed with 1% of
      meta-benzenedisulfonic acid and heated in a test tube for 1.5 hours with
      occasional stirring at 150.degree.C. Analysis gave 84.0%
      para-tertiary-butyl phenol; the remaining components consisted of its
      isomers.
PAC  EXAMPLE VII
PAR  Thus, to 2.06 grams of 2,4-ditertiary-butyl phenol was added 0.94 grams of
      phenol. Then 1% of meta-benzenedisulfonic acid was stirred in with warming
      and the final mixture was heated to 150.degree.C. for 1.5 hours. Analysis
      gave 81.2% para-tertiary-butyl phenol. The remaining components were its
      isomers.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Comparison of Effectiveness of m-Benzenedisulfonic Acid Catalyst          

                             Weight                                            

             Reaction        Crude                                             

                                  Analysis                                     

             Time            Product   p-tertiary butyl                        

                                                o-tertiary butyl               

                                                         2,4-di tertiary       

     Experiment                                                                

             .degree.C                                                         

                     Catalyst                                                  

                             Grams                                             

                                  Phenol %                                     

                                       phenol,% phenol,% butyl                 

     __________________________________________________________________________

                                                         phenol,%              

     1    A  120  p-toluene- 844  23.3 23.4     25.4     26.9                  

          B  150  sulfonic acid   22.5 34.5     16.1     21.0                  

     2    A  120  m-xylenesulfonic                                             

                             864  25.3 11.4     31.7     30.7                  

          B  150  Acid            20.2 36.5     18.3     24.1                  

     3    A  120  m-benzene-disulfonic                                         

                             860  16.7 67.7      4.2     10.4                  

          B  150  acid            14.1 78.2      2.0      4.9                  

     4    A  120  sulfonic acid                                                

                             855  18.1 34.6     17.3     28.0                  

          B  150                  11.1 69.3      6.5     12.4                  

     5    A  120  Zinc Chloride   27.5 23.6     13.2     37.6                  

          B  150  Acetic Acid                                                  

                             844  22.6 28.2     13.2     35.2                  

                  Mixture                                                      

     6    A  120  Phosphoric 669  64.5  8.4     21.0      5.0                  

          B  150  Acid            62.2  5.8     23.8      7.0                  

     7    A  120  Aluminum   696  57.4 24.2     11.5      6.6                  

          B  150  Chloride         5.5 22.2     12.5     10.0                  

     8    A  120  2,5-dimethyl-   25.9 14.3     30.5     28.3                  

          B  150  benzenesulfonic                                              

                             859  26.0 27.7     21.8     23.8                  

                  Acid                                                         

     9    A  120  borontriflouride                                             

                             850  15.2 68.7      5.0     11.5                  

          B  140                  10.6 78.6      2.2      8.6                  

     __________________________________________________________________________

PAC  EXAMPLE VIII
PAR  The following catalysts were used to butylate phenol similarly to the
      procedure in Example I.
TBL  ______________________________________                                    

                             Percent Yield                                     

                             Para-Tertiary-                                    

     Acid Catalyst           Butyl Phenol                                      

     ______________________________________                                    

     1,4-5-naphthalenetrisulfonic acid                                         

                             64.0                                              

     para-chlorobenzenesulfonic acid                                           

                             62.0                                              

     4,4'-diphenyldisulfonic acid                                              

                             63.0                                              

     meta-nitrobenzenesulfonic acid                                            

                             71.0                                              

     2,4,6-trinitrobenzenesulfonic acid                                        

                             79.0                                              

     1,3,5-mesitylenedisulfonic acid                                           

                             72.0                                              

     2,2',4,4'-diphenyl tetrasulfonic acid                                     

                             75.9                                              

     2,4-dichlorobenzenedisulfonic acid                                        

                             71.1                                              

     ortho-dichlorobenzenedisulfonic acid                                      

                             80.1                                              

     4,6-meta-xylenedisulfonic acid                                            

                             72.7                                              

     2,7-fluorenedisulfonic acid                                               

                             74.9                                              

     1,3,5-benzenetrisulfonic acid                                             

                             79.6                                              

     ______________________________________                                    

PAC  EXAMPLE IX
PAR  A reaction flask was set up according to Example I. Then 546 grams phenol
      and 5 grams of meta-benzenedisulfonic acid were added and the whole heated
      to 100.degree.C. with stirring. At this point 350 grams of isobutylene
      were added over a period of 30 minutes. The temperature was then raised to
      150.degree.C. for 1 hours. The crude reaction contained 78%
      para-tertiarybutyl phenol.
PAC  EXAMPLE X
PAR  To a reaction set up as described in Example I was charged 647 grams of
      ortho-cresol and 5 grams of meta-benzenedisulfonic acid and then heated
      with stirring to 120.degree.C. Then 300 grams of isobutylene was added
      over a period of 5 hours and 27 minutes. At this point, the temperature
      was heated at 150.degree.C. for 1 hour and 15 minutes. The crude product
      contained 79% para-tertiarybutyl ortho-cresol.
PAC  EXAMPLE XI
PAR  This experiment compares the alkylating power of metabenzenedisulfonic with
      other previously noted literature catalysts used in alkylation reactions.
      The procedure as outlined in Example I was followed except that a sample
      was removed for analysis before the temperature was raised to
      150.degree.C. (A) and again when the reaction was terminated (B). These
      results are shown in the following table, Table II.
PAC  EXAMPLE XII
PAR  The effectiveness of meta-benzene disulfonic acid as a catalyst for
      alkylation of phenol with olefins other than isobutylene is demonstrated
      in this example where isoamylene was used. The same equipment was employed
      as in Example I, except that instead of using a gas sparger to introduce
      the olefin, a separatory funnel was subtituted to introduce the liquid
      isoamylene dropwise under the stirred phenol. Thus 100 grams of phenol was
      mixed with 0.8 grams of meta-benzene disulfonic acid and the whole heated
      to 120.degree.C with stirring. Then 75 grams of 2-methyl-2-butene
      (isoamylene) was added in a period of 30 minutes with stirring. It was
      then heated to 150.degree.C and held there with continued stirring for one
      hour. The crude brown product weighed 170 grams which analyzed as 87%
      para-tertiary amyl phenol.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for producing para-alkylated phenols comprising reacting at
      a temperature ranging from about 10.degree. to about 185.degree.C (A) a
      phenol which is at least one member selected from the group consisting
      ortho-tertiarybutyl phenol ertho-tertiarybutyl phenol and
      2,4-ditertiarybutyl phenol and (B) an alkylating agent consisting of
      aliphatic olefins having from 20 to about 20 carbon atoms in the presence
      of (C) from about 0.05% to about 20% by weight based upon the amount of
      (A) used of an alkylation catalyst; the improvement consisting of using as
      the alkylation catalyst (C) an aryl sulfonic acid which is at least one
      member selected from the class of highly acidic aryl sulfonic acids having
      a K value of at least 3.8 .times. 10.sup.-.sup.3.
NUM  2.
PAR  2. The process as set forth in claim 1 which is carried out in the absence
      of water.
NUM  3.
PAR  3. In a process for producing para-alkylated phenols comprising reacting at
      a temperature ranging from about 10.degree. to about 185.degree.C (A) a
      phenol which is at least one member selected from the group consisting of
      phenol ortho-tertiarybutyl phenol and 2,4-ditertiarybutyl phenol and (B)
      an alkylating agent consisting of aliphatic olefins having carbon to
      carbon linkages and from 2 to about 20 carbon atoms in the presence of (C)
      from about 0.5% to about 20% by weight based upon the amount of (A) used
      of an alkylation catalyst; the improvement consisting of using as the
      alkylation catalyst (C) an aryl sulfonic acid selected from the group
      consisting of meta-benzenedisulfonic acid, 2,4,6-trinitrobenzenesulfonic
      acid and trifluoromethane sulfonic acid.
NUM  4.
PAR  4. In a process for producing para-alkylated phenols according to claim 3
      comprising reacting at a temperature ranging from about 10.degree. to
      about 185.degree.C (A) a phenol which is at least one member selected from
      the group consisting of phenol ortho-tertiarybutyl phenol and
      2,4-ditertiarybutyl phenol and (B) an alkylating agent consisting of
      aliphatic olefins having carbon to carbon linkages and from 2 to about 20
      carbon atoms in the presence of (C) from about 0.05% to about 20% by
      weight based upon the amount of (A) used of an alkylation catalyst; the
      improvement consisting of using as the alkylation catalyst (C)
      meta-benzenedisulfonic acid.
NUM  5.
PAR  5. In a process for producing para-alkylated phenols according to claim 3
      comprising reacting at a temperature ranging from about 10.degree. to
      about 185.degree.C (A) a phenol which is at least one member selected from
      the group consisting of phenol ortho-tertiarybutyl phenol and
      2,4-ditertiaybutyl phenol and (B) an alkylating agent consisting of
      aliphatic olefins having carbon to carbon linkages and from about 2 to
      about 20 carbon atoms in the presence of (C) from about 0.05% to about 20%
      by weight based upon the amount of (A) used of an alkylation catalyst; the
      improvement consisting of using as the alkylation catalyst (C)
      4,4'-diphenyldisulfonic acid.
NUM  6.
PAR  6. In a process for producing para-alkylated phenols according to claim 3
      comprising reacting at a temperature ranging from about 10.degree. to
      about 185.degree.C (A) a phenol which is at least one member selected from
      the group consisting of phenol ortho-tertiarybutyl phenol and
      2,4-ditertiarybutyl phenol and (B) an alkylating agent consisting of
      aliphatic olefins having carbon to carbon linkages and from 2 to about 20
      carbon atoms in the presence of (C) from about 0.05% to about 20% by
      weight based upon the amount of (A) used of an alkylation catalyst; the
      improvement consisting of using the alkylation catalyst (C)
      trifluoromethane sulfonic acid.
NUM  7.
PAR  7. The process as set forth in claim 3 which is carried out in the absence
      of water.
NUM  8.
PAR  8. In a process for producing para-tertiary-butyl phenol comprising
      reacting at a temperature ranging from about 10.degree. to about
      185.degree.C (A) a phenol which is at least one member selected from the
      group consisting of phenol, ortho-tertiary butyl phenol and
      2,4-ditertiarybutyl phenol and (B) isobutylene of (C) from about 0.05% to
      about 20% by weight based upon the amount of (A) used of an alkylation
      catalyst; the improvement consisting of using as the alkylation catalyst
      (C) an aryl sulfonic acid which is at least one member selected from the
      group consisting of meta-benzenedisulfonic acid,
      2,4,6-trinitrobenzenesulfonic acid and trifluoromethane sulfonic acid.
NUM  9.
PAR  9. In a process for producing para-tertiary-butyl phenol according to claim
      8 comprising reacting at a temperature ranging from about 10.degree. to
      about 185.degree.C (A) a phenol which is at least one member selected from
      the group consisting of phenol, ortho-tertiarybutyl phenol and
      2,4-ditertiarybutyl phenol and (B) isobutylene in the presence of (C) from
      about 0.05% to about 20% by weight based upon the amount of (A) used of an
      alkylation catalyst; the improvement consisting of using as the alkylation
      catalyst (C) meta-benzenedisulfonic acid.
NUM  10.
PAR  10. In a process for producing para-tertiary-butyl phenol according to
      claim 8 comprising reacting at a temperature ranging from about 10.degree.
      to about 185.degree.C (A) a phenol which is at least one member selected
      from the group consisting of phenol, ortho-tertiarybutyl pehnol and
      2,4-ditertiarybutyl phenol and (B) isobutylene in the presence of (C) from
      about 0.05% to about 20% by weight based upon the amount of (A) used of an
      alkylation catalyst; the improvement consisting of using as the alkylation
      catalyst (C) 2,4,6-trinitrobenzenesulfonic acid.
NUM  11.
PAR  11. In a process for producing para-tertiary-butyl phenol according to
      claim 8 comprising reacting at a temperature ranging from about 10.degree.
      to about 185.degree.C (A) a phenol which is at least one member selected
      from the group consisting of phenol, ortho-tertiarybutyl phenol and
      2,4-ditertiarybutyl phenol and (B) isobutylene in the presence of (C) from
      about 0.05% to about 20% by weight based upon the amont of (A) used of an
      alkylation catalyst; the improvement consisting of using as the alkylation
      catalyst (C) trifluoromethane sulfonic acid.
NUM  12.
PAR  12. The process as set forth in claim 8 which is carried out in the absence
      of water.
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ABST
PAL  A process for producing pyrogallol or 5-substituted pyrogallol having the
      formula:
      ##SPC1##
PAL  Wherein R is selected from the group consisting of alkyl, cycloalkyl, aryl,
      and aralkyl, or a mixture thereof which comprises heating an aqueous
      solution of 4-substituted-2,6-diaminophenol or 4-substituted-2,6-diamino
      1-alkoxybenzene having the formula:
      ##SPC2##
PAL  Wherein R is as defined above and A is selected from the group consisting
      of hydrogen and alkyl, under acid conditions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the process for producing pyrogallol and
      5-substituted pyrogallol.
PAR  2. Description of the Prior Art
PAR  Pyrogallol has been produced conventionally by decarboxylation of gallic
      acid (3,4,5-trihydroxybenzoic acid) by heating an aqueous solution of
      gallic acid at elevated temperatures under high pressures. However, the
      primary source of gallic acid is gall extracts and therefore the
      availability of gallic acid is quite limited and the costs are quite high.
PAR  Another known process for the production of pyrogallol is hydroxylation of
      catechol or resorcinol with hydrogen peroxide. This technique, however,
      has been found to be generally unsuitable for technical production.
      Accordingly, the range of usefulness of pyrogallol has been heretofore
      limited to applications such as an intermediate for certain
      pharmaceuticals, an analytical reagent or a reagent for absorption of
      oxygen, which requires only relatively small quantities of pyrogallol.
PAR  A need exists, therefore, for a method of producing pyrogallol and
      5-substituted pyrogallol on an industrial scale whereby the costs of
      production would be drastically cut, thereby permitting these compounds to
      be used more widely, particularly in the field of agricultural chemicals,
      pharmaceuticals, dyestuffs and the like.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the present invention is to provide a process
      for producing pyrogallol and 5-substituted pyrogallol in high yields and
      at relatively low cost.
PAR  This and other objects of this invention, as will hereinafter become better
      understood by the following description, have been attained in this
      invention by providing a method for producing pyrogallol or 5 -substituted
      pyrogallol from petrochemical products.
PAR  According to this method, 5-substituted pyrogallol having the formula I
      ##SPC3##
PAL  wherein R is selected from the group consisting of alkyl, cycloalkyl, aryl
      and aralkyl, and/or pyrogallol is produced by heating an aqueous solution
      of 4-substituted-2,6-diaminophenol or
      4-substituted-2,6-diamino-1-alkoxybenzene having the formula II:
      ##SPC4##
PAL  wherein R is the same as in the formula I, and A is selected from the group
      consisting of hydrogen and alkyl, under acid conditions.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The reactants used in the invention are 4-substituted-2,6-diamino-phenol
      and 4-substituted-2,6-diamino-1-alkoxybenzene, represented by the formula
      II, wherein R is selected from the group consisting of alkyl, cycloalkyl,
      aryl, and aralkyl, such as methyl, ethyl, n-propyl, isopropyl, sec-butyl,
      tert-butyl, 1-methylbutyl, 1-ethylpropyl, 1,1-dimethylbutyl,
      1,3-dimethylbutyl, 1,1,3,3-tetramethylbutyl, cyclopentyl, cyclohexyl,
      1-methylcyclopentyl, 1-methylcyclohexyl, phenyl, benzyl, 1-phenylethyl,
      1-methyl-1-(3,5-diamino-4-hydroxyphenyl)ethyl and the like. Preferred are
      alkyl, cycloalkyl, aralkyl, or those containing lower alkyl groups of 1 -
      10 carbon atoms.
PAR  Pyrogallol and/or 5-substituted pyrogallol can be obtained in good yields
      only when 4-substituted-2,6-diaminophenol is used. The 4-substituent seems
      to provide a certain degree of stability which is essential to the
      reaction. When 4-unsubstituted-2,6-diaminophenol is hydrolyzed, the yields
      are quite poor. Also, hydrolysis of 4-substituted-2,6-diaminophenol or
      4-substituted-2,6-diamino-1-alkoxybenzene in which the 4-substituent is
      carboxyl or alkoxy carbonyl groups, provides poor yields.
PAR  The reaction is carried out by heating said 4-substituted-2,6-diaminophenol
      or 4-substituted-2,6-diaminophenol or 4-substituted-2,6-diamino-1-alkoxy
      benzene to a temperature of 150.degree. - 300.degree.C, preferably
      200.degree. - 270.degree.C in an acidic aqueous solution. The
      concentration of 4-substituted-2,6-diaminophenol or
      4-substituted-2,6-diamino-1-alkoxybenzene should be no more than 20 wt %,
      preferably 0.5-12 wt %. If it is over 20 wt %, the yield will apparently
      decrease, because of the resinification. On the other hand, too low a
      concentration will be economically disadvantageous.
PAR  The 4-substituted-2,6 diaminophenol or
      4-substituted-2,6-diamino-1-alkoxybenzene is readily converted in
      accordance with the present invention by heating to an elevated
      temperature in the presence of an acid substance. Examples of suitable
      acids are hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric
      acid, methanesulfonic acid, and the like. Hydrochloric acid is preferably
      used.
PAR  The acid can be normally employed in about an equivalent amount required
      for neutralization of 4-substituted-2,6-diaminophenol or
      4-substituted-2,6-diamino-1-alkoxybenzene. Addition of any excess amount
      of acid would result in the decreased yields.
PAR  The resinification of the product is prevented and the yield thereby
      enhanced, if the reaction is carried out in the inert gas atmosphere.
      Approximately 1-20 kg/cm.sup.2 of an inert gas, for example, hydrogen,
      nitrogen, carbon dioxide, helium, argon or the like is introduced in
      addition to the vapor pressure of water formed by heating. The heating
      time will vary widely depending upon the particular reaction temperature,
      and generally ranges from 1 to 20 hours.
PAR  If the reaction is carried out at elevated temperatures employing
      2,6-diaminophenol or 2,6-diamino-1-alkoxybenzene, substituted at the 4th
      position by an alkyl group, a cycloalkyl group or an aralkyl group
      respectively having tertiary carbon atom at the 1st position (bonded
      directly to the benzene ring), the substituent is eliminated
      simultaneously with the hydrolysis of amino groups, and the desired
      pyrogallol is obtained.
PAR  Namely pyrogallol is easily obtained by heating to a temperature above
      200.degree.C, preferably 220.degree.-270.degree.C for 2-20 hours, which
      effects the nearly complete elimination of the alkyl group, cycloalkyl
      group or aralkyl group, respectively having tertiary carbon atoms at the
      1st position (bonded directly to the benzene ring).
PAR  The 5-substituted pyrogallol is obtained nearly selectively by heating
      2,6-diaminophenol or 2,6-diamino-1-alkoxybenzene substituted at the 4th
      position by an alkyl group, a cycloalkyl group, an aryl group or an
      aralkyl group, respectively, having a primary or a secondary carbon atom
      at the 1st position (bonded directly to the benzene ring), to the above
      defined reaction temperature.
PAR  After completion of the reaction, the reaction mixture is evaporated to
      dryness, and the residue is extracted with a solvent such as methanol,
      acetone, ethyl acetate or the like. The extract obtained thereby is
      separated into its components by distillation.
PAR  Having generally described the invention, a further understanding can be
      obtained by certain specific examples which are provided herein for
      purposes of illustration only and are not intended to be limiting in any
      manner.
PAC  EXAMPLE 1
PAR  Into 10 l Ti autoclave, 177.2 g of 2,6-diamino-4-tert-butyl-phenol
      dihydrochloride and 2978 g of water was placed, and air was replaced with
      nitrogen gas of 10 kg/cm.sup.2 pressure. The reaction vessel was heated to
      250.degree.C for 8 hours. After the reaction was completed, the aqueous
      solution was evaporated to dryness. The mixture of organic substance and
      ammonium chloride, thus obtained, was analyzed by gas chromatography after
      trimethylsilylation. Thus the yields were determined from chromatograph as
      39.2% pyrogallol and 6.5% 5-tert-butylpyrogallol. The reaction product was
      extracted with methanol, and the extract was distilled at first at
      atmospheric pressure to remove the methanol, then distilled in vacus. The
      fraction boiling at 147.degree.-152.degree.C/5mmHg, was identified as
      pyrogallol, m.p. 130.degree.-132.degree.C. The fraction, boiling at
      150.degree.-156.degree.C/3mmHg, was identified as 5-tert-butyl-pyrogallol,
      m.p. 133.degree.-135.degree.C. Elemental analysis for C.sub.10 H.sub.14
      O.sub.3 : calcd., C 79.95, H 9.40%; obsd., C 79.26, H 9.28%.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is repeated to study the effects of reaction
      conditions, such as concentration of 2,6-diamino-4-tertbutyl phenol,
      reaction temperature, reaction time, effect of particular sealing gas, and
      effect of different acids on the yield of pyrogallol and
      5-tert-butylpyrogallol. The results are shown in Table 1. In this Table 1,
      the concentration shows the weight (g) of free
      2,6-diamino-4-tert-butylphenol in 100 g of water. The quantity of reaction
      medium was 80 ml, and the reaction was carried out in a 200 cc autoclave.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Run                                                                       

        Reaction   Conditions                                                  

                             Yield (%)                                         

     No.                                                                       

     Concn  Temp.                                                              

                Time                                                           

                    Sealed   Pyrogallol                                        

                                   5-tert-butyl-                               

            (.degree.C)                                                        

                (hr)                                                           

                    gas Acid (%)   pyrogallol                                  

                                   (%)                                         

     __________________________________________________________________________

     1  8.7 250 8   N.sub.2                                                    

                        HCl  31.0  6.3                                         

     2  6.4 "   "   "   "    34.3  8.3                                         

     3  4.2 "   "   "   "    38.6  9.7                                         

     4  1.0 "   "   "   "    47.8  8.6                                         

     5  0.5 "   "   "   "    44.5  20.8                                        

     6  0.2 "   "   "   "    37.2  29.7                                        

     7  4.2 "   2   "   "    14.2  39.0                                        

     8  "   "   16  "   "    39.3  7.0                                         

     9  "   200 72  "   "    26.5  31.1                                        

     10 "   "   16  "   "    0.9   9.0                                         

     11 "   265 4   "   "    31.8  4.2                                         

     12 "   "   1   "   "    22.6  8.7                                         

     13 "   250 4   H.sub.2                                                    

                        "    42.1  2.9                                         

     14 "   "   8   none                                                       

                        "    35.5  1.6                                         

     15 "   "   "   H.sub.2                                                    

                        HBr  38.2  9.3                                         

     16 "   "   "   "   H.sub.2 SO.sub.4                                       

                             34.5  8.2                                         

     17 "   "   "   "   H.sub.3 PO.sub.4                                       

                             35.9  10.4                                        

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  The procedure of Example 1 is repeated except that
      2,6-diamino-4-methyl-phenol dihydrochloride was used as the starting
      material. 295.5 g of 2,6-diamino-4-methylphenol dihydrochloride was
      dissolved in 4541 g of water, and the solution was placed into a 10 liter
      Ti autoclave, then heated to 250.degree.C for 8 hours. After similar
      treatment as described in Example 1, 5-methyl-pyrogallol, m.p.
      124.5.degree.-125.degree.C, was obtained in 37.1% yield. Elemental
      analysis for C.sub.7 H.sub.8 O.sub.3 : Calculated: C 60.00, H 5.75%;
      Observed: C 60.14, H 5.85%. Pyrogallol was not recognized in the reaction
      product.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 is repeated except
      2,6-diamino-4-sec.-butylphenol dihydrochloride was used as the starting
      material. 354.4 g of 2,6-diamino-4-sec.-butyl phenol dihydrochloride was
      dissolved in 5954 g of water, and the solution was placed into a 10 liter
      Ti autoclave, then heated to 250.degree.C for 8 hours. After similar
      treatment as described in Example 1, 5-sec.-butylpyrogallol, m.p.
      89.5.degree.-90.5.degree.C, b.p. 145.degree.C/3 mmHg, was obtained in
      37.8% yield. Elemental analysis for C.sub.10 H.sub.14 O.sub.3 :
      Calculated: C 79.95, H 9.40%; Observed: C 78.89, H 9.20%. Pyrogallol was
      also recognized in 3.1% yield.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 was repeated except
      2,6-diamino-4-tert-butylanisole dihydrochloride was used as the starting
      material. 0.802 g of 2,6-diamino-4-tert-butylanisole dihydrochloride was
      dissolved in 12.72 g of water, and the solution was placed in a Pyrex
      glass ampoule, sealing with 1 atm. nitrogen gas, then heated to
      250.degree.C for 8 hours. After the reaction was completed, the solution
      was analyzed and the yield was determined. Thus 24.1% pyrogallol and 8.3%
      5-tert-butylpyrogallol was obtained, but 2,6-dihydroxyanisole or
      2,6-dihydroxy-4-tert-butylanisole was not recognized.
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. A process for producing pyrogallol, which comprises: heating an aqueous
      solution of 4-substituted-2,6-diamino-phenol or
      4-substituted-2,6-diamino-1-alkoxy benzene having the formula:
      ##SPC5##
PAL  wherein R is alkyl, cycloalkyl, or aralkyl, respectively, having from 1 to
      10 carbon atoms and having a tertiary carbon atom bonded directly to the
      nuclear benzene carbon atom, and A is hydrogen or alkyl, having from 1 to
      10 carbon atoms at a temperature of 150.degree.-300.degree.C in the
      presence of hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric
      acid, methane sulfonic acid or trifluoromethane sulfonic acid.
NUM  2.
PAR  2. The process according to claim 1 wherein R is selected from the group
      consisting of tertiary-butyl 1,1-dimethylbutyl 1,1,3,3-tetramethylbutyl,
      1-methylcyclopentyl, and 1-methyl-1-(3,5-diamino-4-hydroxyphenyl)ethyl,
      and A is selected from the group consisting of hydrogen, methyl and ethyl.
NUM  3.
PAR  3. The process according to claim 1, wherein said
      4-substituted-2,6-diaminophenol is 2,6-diamino-4-tert-butylphenol.
NUM  4.
PAR  4. The process according to claim 1, wherein said
      4-substituted-2,6-diamino-1-alkoxybenzene is
      2,6-diamino-4-tert-butylanisole.
NUM  5.
PAR  5. The process according to claim 1, wherein said aqueous solution contains
      0.5-12 wt% of 4-substituted-2,6-diaminophenol or
      4-substituted-2,6-diamino-1-alkoxybenzene.
NUM  6.
PAR  6. The process according to claim 1, wherein said aqueous solution of
      4-substituted-2,6-diaminophenol or
      4-substituted-2,6-diamino-1-alkoxy-benzene is heated to a temperature of
      200.degree.-270.degree.C for 1-20 hours.
NUM  7.
PAR  7. The process according to claim 1, wherein an acid is used in
      approximately an amount required for neutralization of
      4-substituted-2,6-diaminophenol or
      4-substituted-2,6-diamino-1-alkoxybenzene.
NUM  8.
PAR  8. The process according to claim 1, wherein said aqueous solution of
      4-substituted-2,6-diamino-1-alkoxybenzene is heated under the atmosphere
      of an inert gas selected from the group consisting of hydrogen, nitrogen,
      carbon dioxide, helium and argon.
NUM  9.
PAR  9. The process according to claim 8, wherein the pressure of an inert gas
      is 1-20 kg/cm.sup.2.
NUM  10.
PAR  10. A process for producing pyrogallol, which comprises: heating an aqueous
      solution containing 0.5 - 12 wt% of 4-substituted-2,6-diaminophenol or
      4-substituted-2,6-diamino-1-alkoxybenzene having the formula:
      ##SPC6##
PAL  wherein R is alkyl, cycloalkyl, or aralkyl, respectively, having from 1-10
      carbon atoms and having a tertiary carbon atom which is bonded directly to
      the nuclear benzene carbon atom, and A is hydrogen or alkyl having not
      more than 10 carbon atoms, at a temperature of 150.degree.-300.degree.C in
      the presence of hydrochloric acid, hydrobromic acid, sulfuric acid,
      phosphoric acid, methane sulfonic acid or trifluoromethane sulfonic acid
      under an atmosphere of an inert gas selected from the group consisting of
      hydrogen, nitrogen, carbon dioxide, helium, and argon, for a time
      sufficient to effect substantial conversion thereof.
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ABST
PAL  An improved process for the preparation of unsaturated terpene alcohols
      such as myrcenol and cis and trans ocimenol is described. Acyclic terpene
      allylic halides are reacted with a tertiary amine of the formula
      hereinafter described to form the corresponding quaternary ammonium salt
      which is then acidified to remove the ethylenic unsaturation between the
      6th and 7th carbon atom and adding a hydroxy substituent on the 7th carbon
      atom of the terpene halide salt. The hydrated terpene ammonium halide salt
      is made neutral and thermally decomposed into the unsaturated terpene
      alcohols. Myrcenol and ocimenol cis and trans are useful for their
      fragrance and aroma in perfumery and cosmetic manufacture.
BSUM
PAR  This invention relates to an improved process for preparing valuable
      terpene alcohols from acyclic terpene allylic halides. More specifically
      this invention relates to an improved process for preparing unsaturated
      terpene alcohols such as:
PA1  A. myrcenol (2-methyl-6-methylene-7-octene-2-ol).
      ##SPC1##
PA1  B. cis-ocimenol (cis-2,6-dimethyl-5,7-octadiene-2-ol).
      ##SPC2##
PA1  C. trans-ocimenol (trans-2,6-dimethyl-5,7-octadiene-2-ol).
      ##SPC3##
PAL  Terpene alcohols of the type produced by this invention are especially
      valuable because of their fragrance. Their odors are useful in citrus and
      floral fragrances employed in cosmetic and soap manufacture. Ocimenol, in
      particular, is especially prized in perfume compositions. Ocimenol is said
      to offer "new tonalities, freshness and rich cool notes, unobtainable with
      the natural citrus oil" in "Perfume and Flavor Chemicals" by S. Arctander
      (1969) no. 2389. Additionally, the esters of myrcenol and ocimenol are
      much prized for their odors.
PAR  Prior art processes for the manufacture of these terpene alcohols have
      suffered from many disadvantages. Processes for the production of myrcenol
      as described in U.S. Pat. Nos. 2,871,271 and in 2,947,780 give mixtures
      containing major quantities of other less desirable alcohols. Another
      process described in U.S. Pat. No. 3,075,003 produces none of the more
      desired alcohol, ocimenol. Moreover, this process requires highly
      specialized manufacturing equipment consisting of a low vacuum "wiping"
      still for the purification of intermediates. In yet another process,
      described in U.S. Pat. No. 3,549,679, it is necessary to use large
      quantities of a toxic and expensive compound, iron pentacarbonyl to
      produce myrcenol. Further, the process of that patent also gives none of
      the more valuable ocimenol. The process described in U.S. Pat. No.
      3,344,171 requires the use of precious metals such as rhodium and iridium
      for the production of ocimenol. Moreover, the theory yield of ocimenol
      from myrcenol by this process is reported to be only 60%.
PAR  In summary, prior art processes for the manufacture of unsaturated terpene
      alcohols have encountered numerous problems and disadvantages such as (a)
      low yields, (b) impure mixtures of terpene alcohols containing major
      quantities of less desirable alcohols, (c) the need for expensive highly
      specialized process equipment, (d) high inefficiency, (e) require the use
      of expensive catalysts such as precious metals and/or toxic ingredients
      and (f) unstability of unsaturated terpene alcohols in that they tend to
      polymerize readily due to its conjugated double bond.
PAR  It is an object of this invention to provide an improved process for the
      production of unsaturated terpene alcohols such as myrcenol and cis and
      trans-ocimenol and mixtures thereof. It is a further object of this
      invention to provide a highly efficient commercially feasible process for
      the synthesis of unsaturated terpene alcohols such as myrcenol and cis and
      trans-ocimenol of high purity without the aforementioned problems of the
      prior art.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  Unsaturated terpene alcohols (conjugated dienic terpene alcohols) such as
      myrcenol and cis and trans-ocimenol are prepared by quaternizing an
      acyclic terpene allylic halide such as neryl, geranyl, and linalyl halides
      and mixtures thereof with a tertiary amine to form the corresponding
      quaternary ammonium salt. The tertiary amines useful for this invention
      are represented by the following formula:
      ##EQU1##
      wherein (a) R.sub.1, R.sub.2 and R.sub.3 are lower alkyl groups having 1-2
      carbon atoms, (b) R.sub.1 and R.sub.2 are joined as a heterocyclic residue
      and R.sub.3 is a lower alkyl having 1-2 carbon atoms, (c) R.sub.1 and
      R.sub.2 are lower alkyl groups having 1-2 carbon atoms and R.sub.3 is a
      cycloalkyl, aralkyl or aryl carbon compound.
PAR  After quaternization, the quaternary ammonium salt of the terpene allylic
      halide is acidified by adding an aqueous acid medium to the reaction
      mixture thereby removing the ethylenic un-saturation, between the 6th and
      7th carbon of the terpene allylic halide salt and adding an hydroxy
      substituent on the 7th carbon of the terpene halide salt. Following
      hydration is neutralization of the hydroxy substituted terpene quaternary
      ammonium salt by base or aqueous alkaline solution and thereafter
      thermally decomposing the neutralized hydroxy substituted terpene
      quaternary salt to form the unsaturated terpene alcohols.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the invention, the first step of the process for
      preparing the unsaturated terpene alcohols such as myrcenol and ocimenol
      (cis and trans) is the quaternization step. An halo-substituted acyclic
      terpene is reacted with a tertiary amine of the formula heretofore
      described to form a quanternary ammonium salt of the terpene halide.
      Typical halo-substituted acyclic terpenes also referred to as acyclic
      terpene allylic halides which can be used for the quaternization reaction
      are linalyl halides, geranyl halides, and neryl halides. One common source
      of linalyl, geranyl, and neryl chlorides is the hydrochlorination of
      commercial myrcene using a copper catalyst to form crude myrcene
      hydrochloride described in U.S. Pat. No. 2,882,323. Myrcene hydrochloride
      contains about 60% neryl and geranyl chloride, 10% linalyl chloride, about
      10-15% non-allylic terpene chlorides and the remainder is a mixture of
      terpene hydrocarbons. Myrcene hydrochloride is an intermediate produced in
      large volume for the synthesis of nerol, geraniol and citral. The
      following chemical reaction is illustrative of the quaternization step
      when neryl and geranyl chlorides are employed.
      ##SPC4##
      ##SPC5##
PAR  Mixtures of acyclic terpene allylic halides are also reacted with the
      tertiary amine to form the quaternary ammonium salt of the terpene halide.
      Generally, the amount of tertiary amine reacted with the acyclic terpene
      allylic halide is not critical, usually an excess of the stoichiometric
      amount necessary for the quaternization reaction, from about 1.01 to about
      2.00 moles per mole of the acyclic terpene allylic halides. The preferred
      ranges are 1.1 to 1.2 moles of the amine per mole of the terpene halide.
      Any excess tertiary amine used in the reaction can be readily recovered by
      known procedures.
PAR  Tertiary amines useful for the quaternization reactions are represented by
      the formula:
      ##EQU2##
      wherein (a) R.sub.1, R.sub.2 and R.sub.3 are lower alkyl groups having 1-2
      carbon atoms, (b) R.sub.1 and R.sub.2 are joined as a heterocyclic residue
      and R.sub.3 is a lower alkyl having 1-2 carbon atoms, (c) R.sub.1 and
      R.sub.2 are lower alkyl groups having 1-2 carbon atoms and R.sub.3 is a
      cycloalkyl, aralkyl or aryl carbon compound.
PAR  Tertiary amines useful for this reaction are those which generally give
      satisfactory rates of quaternization of alkyl halides. Typical of such
      amines represented by the formula heretofore described are aliphatic
      amines, such as trimethylamine, triethylamine and methyldiethylamine.
      Cyclic aliphatic amines such a N-methyl-piperidine and N-methyl morpholine
      are also effective. Examples of other effective amines are
      N-N-dimethylcyclohexylamine and N,N-dimethyl benzylamine. Sterically
      hindered tertiary amines, such as tri-n-butylamine, N-cyclohexyl
      morpholine, N-methyl-dicyclohexylamine and N-cyclohexyl piperidine as well
      as tertiary-aromatic amines such as dimethylaniline, are useful, but only
      with long reaction times. Trimethylamine is the preferred tertiary amine
      for reasons of economy. Further, because trimethylamine has no hydrogens
      on a beta-carbon, the resultant quaternary ammonium hydroxide can
      eliminate in only one direction and thus give improved yields.
PAR  Quaternization temperature can range from -20.degree.C to 100.degree.C.
      Temperatures in the range of 20.degree. to 60.degree.C are preferred.
PAR  The quaternary ammonium salt of the terpene halide is a solid which
      precipitates as a product from the quaternization reaction. If the
      reaction mixture becomes too thick, solvents such as a mixture of
      menthadienes or aliphatic and aromatic hydrocarbons may be added to make
      the reaction mixture more fluid. Alternatively, water may be incrementally
      added. The amount of water is not critical. The amount would further
      depend on the nature of the quaternary ammonium salt. About 8% water based
      on the weight of myrcene hydrochloride is sufficient to form an aqueous
      solution of the trimethyl quaternary ammonium chloride. Additional
      quantities can be used but are not preferred because large quantities
      would promote the hydrolysis of terpene allylic halides to the
      corresponding alcohols. Quaternization reaction time is complete when all
      the allylic terpene halides are absent from the reaction mixture. The
      progress of the reaction can be monitored by removing samples from the oil
      phase and determining the concentration of the allylic halides by vapor
      phase chromatography or infra-red analysis.
PAC  STEP II -- HYDRATION REACTION
PAR  Following quaternization is hydration of the quaternary ammonium salt of
      the terpene halide with an aqueous acid to form a hydroxy substituent on
      the seventh carbon atom. The quaternary ammonium salts from the
      quaternization step are solid compounds and were found to be highly water
      soluble. This high water solubility has two valuable features. One, the
      water solubility facilitates a more rapid hydration of the 6,7-double
      bond. Secondly, the quaternary ammonium salts can be purified easily from
      the unreacted chloride compounds and hydrocarbons, originally present in
      the crude myrcene hydrochloride which are not water soluble. The following
      reaction is illustrative of the hydration step:
      ##SPC6##
PAR  The hydration reaction is started after the termination of the
      quaternization reaction by the addition of water and acid to catalyze
      hydration. Acids useful for the hydration are mineral acids such as HCl,
      H.sub.2 SO.sub.4, and H.sub.3 PO.sub.4.
PAR  The normality of the acid used for hydration ranges from 1.0 N to 6.0 N.
      Preferred acid normality is 1.2 N to 3.0 N. The amount of water added is
      not critical. For economy and efficiency water is added first to dissolve
      the quaternary ammonium terpene halide salt in an aqueous solution and to
      separate any hydrocarbons and terpene non-allylic halides in a separate
      oil layer.
PAR  The aqueous layer is then washed with a suitable paraffinic or aromatic
      hydrocarbon solvent to remove the last traces of any unreacted terpene
      compounds. Generally the temperature of hydration ranges from 15.degree.
      to 60.degree.C. Preferred temperature is room temperature. Time of the
      hydration reaction is dependent upon normality of the acid used.
PAR  One normal acid will give complete hydration in 24 hours at 25.degree.C. If
      3.4 N acid is used, hydration is complete in 4 hours.
PAR  The progress of the hydration step may be followed by removing a sample
      from the reaction and subjecting it to heat in the presence of aqueous
      alkali. The volatile oil formed is then analyzed by vapor phase
      chromatography to determine the degree of hydration of the 6,7-double
      bond.
PAC  STEP III -- NEUTRALIZATION
PAR  Following the hydration step the aqueous layer is neutralized with solid
      base or an aqueous alkaline solution (See Chart I). Performance of this
      step is not critical but for best yields it is preferred that the aqueous
      solution of the hydrated quaternary ammonium compounds be neutralized
      before subjecting this solution to the conditions of the next step. In the
      decomposition the temperature is elevated and if the acidic aqueous
      solution is momentarily heated to an elevated temperature, there results
      some dehydration of the 7-hydroxy substituent on the allylic terpene
      quaternary ammonium compound. The terpene alcohols can be made without the
      neutralization step but neutralization is preferred for economy,
      efficiency and higher yields.
PAR  The base may be added as a solid or as an aqueous solution. The
      concentration of the base may be 100%-5%. Preferably a sodium hydroxide
      solution having a concentration between 10% and 30% is employed for
      efficiency and economy. Similar results were obtained with other
      concentrations and with other bases such as potassium hydroxide or sodium
      carbonate. The neutralization can be carried out at temperatures between
      -15.degree. and 60.degree.C. Preferably the hydroxy substituted terpene
      quaternary ammonium salt solution is cooled to about room temperature,
      25.degree.C, during neutralization.
PAR  During neutralization the quaternary ammonium hydroxide of the hydroxy
      substituted terpene is formed. However, it is postulated that it may not
      be exclusively in the hydroxide form. The reaction mixture may contain
      terpene quaternary ammonium hydroxide in the form of a solution of ions.
PAC  STEP IV -- THERMAL DECOMPOSITION
PAR  The final step of the process is the thermal decomposition of the
      quaternary ammonium hydroxide of the hydroxy substituted terpene. (See
      Chart I). Thermal decomposition was accomplished at a temperature range of
      above about 100.degree.C to below about 170.degree.C. The preferred
      temperature of decomposition is 125.degree.C to 140.degree.C. The rate of
      decomposition was found to be slow below 110.degree.C.
PAR  The quaternary ammonium hydroxide is decomposed for convenience preferably
      in the presence of sodium hydroxide solution. Alternately, the quaternary
      ammonium hydroxide can be heated alone in order to bring about
      decomposition. This latter alternative is commercially less attractive
      because of the difficulty of isolating the quaternary ammonium hydroxide.
PAR  In the preferred manner of operation, the neutralized aqueous solution of
      the quaternary ammonium salt is fed to a refluxing solution of a base,
      such as sodium hydroxide or potassium hydroxide, at a rate proportional to
      the rate of steam distillation of the myrcenol and ocimenol from the
      decomposition.
PAR  In order to achieve more rapid rates of decomposition, the reaction
      temperature must be in the vicinity of at least 120.degree.C. To achieve
      such a temperature, the sodium hydroxide solution must be at least 25% in
      concentration. Weaker concentrations tend to give lower reflux
      temperatures and thus slower rates. Good results are obtained using
      solutions containing 50-60% aqueous alkali which give reflux temperatures
      of 135.degree. to 140.degree.C. The preferred range is 125.degree. to
      140.degree.C. Concentration of 10-70% can be used.
PAR  The ratio of myrcenol to cis and trans-ocimenol was found to be dependent
      upon the concentration of the alkaline solution employed during the
      thermal decomposition. The amount of myrcenol increased with decreasing
      concentration of alkali. For example, when an alkaline solution was
      employed having a concentration of 50-60% during the thermal decomposition
      reaction the product ratio was 60% myrcenol and 40% cis and
      trans-ocimenol. When an alkaline solution having a concentration of 25%
      was employed, the ratio was 80% myrcenol and 20% cis and trans-ocimenol.
PAR  The rate of decomposition is dependent primarily upon the temperature of
      decomposition. When the temperature of the reaction is less than
      110.degree.C, decomposition is slow. Optionally, the rate of decomposition
      can be increased by the addition of high boiling solvent such as ethylene
      glycol, or by the addition of neutral salts such as NaCl, Na acetate,
      sodium formate and sodium phosphate.
PAR  As the quaternary ammonium hydroxide decomposes, the unsaturated terpene
      alcohol products formed are readily separated by conventional phase
      separation methods such as steam distillation, decantation, cohobation;
      unsaturated terpene alcohols are advantageously removed from the alkaline
      solution rapidly to prevent polymerization.
      ##SPC7##
DETD
PAR  The following examples show ways in which the invention has been practiced
      but should not be construed as limiting the invention. All parts are parts
      by weight and all temperatures are degrees Centigrade unless otherwise
      indicated.
PAC  EXAMPLE 1
PAR  The starting material, prepared by hydrochlorination of commercial myrcene
      using a copper catalyst, contained about 10% linalyl chloride and 60%
      neryl and geranyl chlorides, about 10-15% non-allylic terpene chlorides
      and the remainder was a mixture of various terpene hydrocarbons.
PAR  Trimethylamine (285 grams) was added gradually over 4 hours at
      20.degree.-30.degree.C to 1000 grams myrcene hydrochloride. In order to
      make the reaction more fluid, 500 grams of a mixture of terpene
      hydrocarbons is added to the reaction at the beginning. The reaction
      mixture containing solid quaternary ammonium chlorides was stirred for an
      additional 16 hours at 20.degree.-30.degree.C. Then 1000 grams of water
      was added to dissolve the solid.
PAR  The oil layer containing terpene hydrocarbons and unreactive terpene
      chlorides after separation weighed 766 grams. The water layer was washed
      once with 200 grams of heptane to remove occluded oils. The water layer,
      which weighed 2019 grams, was diluted with 1615 grams of water and
      acidified with 385 grams 37% aqueous hydrochloric acid. The mixture was
      allowed to stand for 24 hours. The normality of the acid layer was 1.3N.
PAR  The solution was then carefully made alkaline at 25.degree.C with cooling
      by the addition of an aqueous solution containing 324 grams of sodium
      hydroxide. The hydrated geranyl trimethyl ammonium hydroxide remained
      dissolved in the water layer.
PAR  The aqueous solution was then added gradually to a refluxing solution of
      1800 grams sodium hydroxide in 2700 grams of water. The rate was such that
      the volatile alcohols, formed on decomposition, could be readily removed
      by steam distillation. The decomposition temperature was maintained at
      120.degree.-130.degree.C.
PAR  A total of 669 grams of steam distilled alcohols was obtained. Vapor phase
      chromatographic analysis showed the myrcenol content to be 80% and the
      cis- and trans-ocimenols to be 20%.
PAC  EXAMPLE 2
PAR  Trimethylamine (340 grams) was added to 1000 grams of myrcene hydrochloride
      under the same conditions as in Example 1. The reaction was then diluted
      with 1000 grams of water. The unreacted oils, including the 500 grams of
      terpene hydrocarbons which were added during the trimethylamine addition,
      were not separated from the oil layer.
PAR  To the reaction was then added 600 grams 37% hydrochloric acid solution.
      The normality of the water layer was 2.6N. Analysis of the water layer
      after 6 hours indicated that the hydration was complete.
PAR  The water layer was then separated from the oil layer which weighed 757
      grams. The water layer after washing with 200 grams heptane was carefully
      made alkaline (pH greater than 9) using cooling at 25.degree.C. with the
      addition of 290 grams NaOH (97%).
PAR  The water layer, now weighing 2973 grams, was added gradually to a
      refluxing solution of 300 grams NaOH, 615 grams sodium acetate and 900
      grams of water. The temperature of the decomposition was maintained
      between 125.degree.-130.degree.C. At completion the steam distilled oil
      weighed 540 grams and analyzed 79.4% myrcenol and 18.6% cis- and
      trans-ocimenols.
PAR  The alcohol product may then be given a distillation at reduced pressure to
      produce perfume quality myrcenol and ocimenols. An oxidation inhibitor
      such as 2,6-dibutyl-p-cresol can be added to the distillation to give
      better yields.
PAR  The alcohol product also may be reacted with acetic anhydride at room
      temperature with a few precent mineral acid catalyst. After a suitable
      reaction period, the reaction is washed up and the mixed acetates are
      distilled to give a perfume grade mixture of myrcenyl and cis- and
      trans-ocimenyl acetates.
PAC  EXAMPLE 3
PAR  Trimethylamine (285 grams) was added to 1000 grams of myrcene hydrochloride
      over 4 hours at 20.degree.-30.degree.C. The reaction was made more fluid
      by the addition of 500 grams of mixed terpene hydrocarbons. After 16
      hours, 1000 grams of water was added with mixture. The separated oil layer
      weighed 766 grams and the water layer after washing with 200 grams heptane
      weighed 2019 grams. The water layer was then diluted with 2000 grams water
      and acidified with 393 grams of 37% hydrochloric acid. After 24 hours at
      room temperature, the hydration was virtually complete.
PAR  Then the water layer was made very strongly alkaline (pH 14) by the gradual
      addition of 1023 grams of sodium hydroxide. The hydrated quaternary
      ammonium compounds separated as a thick, oil layer. This oil layer, after
      separation, weighed 1958 grams.
PAR  The oil layer was then fed gradually to a refluxing solution of 900 grams
      sodium hydroxide, 1845 grams sodium acetate and 2700 grams water. The oil
      distillate weighed 573 grams and contained 79.2% myrcenol and 20.8% cis-
      and trans-ocimenols. Much of the aqueous distillate was returned to the
      decomposition vessel so as to maintain a reaction temperature of
      125.degree.-130.degree.C.
PAC  EXAMPLE 4
PAR  The conditions of Example 3 were repeated except that the
      hydroxygeranyltrimethylammonium hydroxide oil layer was decomposed to
      alcohols by gradually adding it to a refluxing solution of 300 grams
      sodium hydroxide and 2982 grams ethylene glycol. The temperature of the
      decomposition was maintained at 165.degree.-170.degree.C. throughout the
      run. The crude product weighed 591 grams and contained 81.9% myrcenol and
      17.3% ocimenols.
PAC  EXAMPLE 5
PAR  Trimethylamine (294 grams) was added gradually to a mixture of 1000 grams
      of myrcene hydrochloride and 80 grams of water at 20.degree.-30.degree.C.
      over 4 hours. The reaction was then stirred for an additional 16 hours at
      about 25.degree.C. The reaction mixture remained fluid throughout.
PAR  To the mixture was added 1160 grams of water. The aqueous layer after
      separation weighed 1914 grams and the oil layer weighed 304 grams. VPC
      analysis of the oil layer showed no unreacted terpene allylic chlorides
      and only traces of alcohols.
PAR  The aqueous layer was washed with 100 grams of heptane to remove occluded
      oils and then acidified with 225 grams of 37% hydrochloric acid solution.
      The hydration was virtually complete after 24 hours at room temperature.
PAR  The solution was neutralized by the gradual addition of 215 grams of sodium
      hydroxide with agitation and cooling. The neutralized solution was then
      fed gradually to a refluxing solution of 1040 grams NaOH in 975 grams of
      water. A total of 526 grams of alcohol mixture was obtained which by VPC
      analysis contained 3.1% hydrocarbons, 63.5% myrcenol and 33.4% ocimenols.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved process for preparing a mixture of terpene alcohols
      consisting essentially of myrcenol, and at least 20% cis-ocimenol and
      trans-ocimenol, comprising the steps of:
PA1  A. reacting an acyclic terpene allylic halide selected from the group
      consisting of geranyl, neryl and linalyl halides and mixtures thereof with
      a tertiary amine at a temperature in the range of about -20.degree.C to
      about 100.degree.C to form a corresponding quaternary ammonium halide
      salt, said tertiary amine being a compound represented by the formula:
      ##EQU3##
      wherein a. R.sub.1, R.sub.2 and R.sub.3 are lower alkyl groups having 1-2
      carbon atoms,
PA2  b. R.sub.1 and R.sub.2 are lower alkyl groups having 1-2 carbon atoms and
      R.sub.3 is a 6 or 7 carbon cycloalkyl, aralkyl or aryl hydrocarbon group:
PA2  c. or said tertiary amine is a compound selected from the group consisting
      of N-alkyl morpholine, N-alkyl piperidine, the alkyl group being ethyl or
      methyl, N-cyclohexyl morpholine, N-cyclohexyl piperidine and N-methyl
      dicyclohexylamine and tri-n-butylamine;
PA1  B. acidifying said salt by adding to said reaction mixture a 1.0 N to 6.0 N
      aqueous solution of a mineral acid of the group consisting of sulfuric
      acid, hydrochloric acid, and orthophosphoric acid to hydrate the 6-7
      ethylenic unsaturation of said quaternary ammonium salt to form an hydroxy
      substituent on the seventh carbon atom;
PA1  C. neutralizing said hydroxy substituted terpene quaternary ammonium halide
      salt by adding to said mixture an aqueous solution of carbonate or
      hydroxide alkaline base to form the corresponding quaternary ammonium
      hydroxide; and
PA1  D. thereafter thermally decomposing in the presence of an alkaline solution
      having a concentration of at least 25% at a temperature above about
      100.degree.C to below about 170.degree.C the 7-hydroxy substituted terpene
      quaternary ammonium hydroxide to form a mixture the major portion of which
      consists essentially of myrcenol, cis-ocimenol and trans-ocimenol.
NUM  2.
PAR  2. The process of claim 1 wherein the tertiary amine is trimethylamine.
NUM  3.
PAR  3. The process of claim 1 wherein the normality of acid used for acidifying
      step (B) is 1.0 N to 6.0 N.
NUM  4.
PAR  4. The process of claim 1 wherein the concentration of the alkali used for
      the neutralization step is 100% to 5%.
NUM  5.
PAR  5. The process of claim 1 wherein the neutralization step is done at a
      temperature of -15.degree. to 60.degree.C, the temperature range for
      thermal decomposition being 125.degree. to 140.degree.C.
NUM  6.
PAR  6. The process of claim 1 wherein the acyclic terpene allylic halide for
      the quaternization step is selected from the group consisting of geranyl
      chloride, neryl chloride and linalyl chloride.
NUM  7.
PAR  7. The process of claim 1 wherein the tertiary amine is reacted with the
      acyclic terpene allylic halide at a temperature of 20.degree. to
      60.degree.C.
NUM  8.
PAR  8. The process of claim 1 wherein said aqueous solution of step (C) is a
      carbonate or hydroxide of sodium or potassium.
NUM  9.
PAR  9. An improved process for preparing a mixture of terpene alcohols
      consisting essentially of myrcenol, and at least 20% cis-ocimenol and
      trans-ocimenol, comprising the steps of:
PA1  A. reacting an acyclic terpene allylic halide selected from the group
      consisting of geranyl, neryl and linalyl halides and mixtures thereof with
      a tertiary amine at a temperature in the range of about -20.degree.C to
      about 100.degree.C to form a corresponding quaternary ammonium halide
      salt, said tertiary amine being a compound represented by the formula:
      ##EQU4##
      wherein a. R.sub.1, R.sub.2 and R.sub.3 are lower alkyl groups having 1-2
      carbon atoms,
PA2  b. R.sub.1 and R.sub.2 are lower alkyl groups having 1-2 carbon atoms and
      R.sub.3 is a 6 or 7 carbon cycloalkyl, aralkyl or aryl hydrocarbon group;
PA2  c. or said tertiary amine is a compound selected from the group consisting
      of N-alkyl morpholine, N-alkyl piperidine, the alkyl group being ethyl or
      methyl, N-cyclohexyl morpholine, N-cyclohexyl piperidine and N-methyl
      dicyclohexylamine and tri-n-butylamine
PA1  B. acidifying said salt by adding to said reaction mixture a 1.0 N to 6.0 N
      aqueous solution of a mineral acid of the group consisting of sulfuric
      acid, hydrochloric acid, and orthophosphoric acid to hydrate the 6-7
      ethylenic unsaturation of said quaternary ammonium salt to form an hydroxy
      substituent on the seventh carbon atom;
PA1  C. thereafter thermally decomposing in the presence of an alkaline solution
      having a concentration of at least 25% at a temperature above about
      100.degree.C to below about 170.degree.C the hydrated quaternary ammonium
      compound to form a mixture the major portion of which consists essentially
      of myrcenol, cis-ocimenol and trans-ocimenol.
NUM  10.
PAR  10. The process of claim 9 wherein the temperature range for the thermal
      decomposition is 125.degree. to 140.degree.C.
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ABST
PAL  2,3-Dibromo-1-propanol of at least 99.5% purity is prepared in high yeilds
      by continuously adding bromine and allyl alcohol to a reactor that
      contains a reaction medium that is immiscible with 2,3-dibromo-1-propanol
      and inert to bromine and continuously removing 2,3-dibromo-1-propanol from
      the reactor.
BSUM
PAR  This invention relates to a process for the production of
      2,3-dibromo-1-propanol.
PAR  Tris-(2,3-dibromopropyl)phosphate, which is a valuable flame-proofing agent
      for textiles and for various resins, is generally prepared by the reaction
      of 2,3-dibromo-1-propanol with phosphorus oxychloride. To avoid the
      formation of undesirable by-products of this reaction, it is necessary
      that the 2,3-dibromo-1-propanol that is esterified contain very small
      amounts of 1,2,3-tribromopropane and other volatile impurities.
PAR  2,3-Dibromo-1-propanol is readily prepared by the bromination of allyl
      alcohol. This bromination, however, is usually accompanied by side
      reactions which lead to the formation of 1,2,3-tribromopropane, allyl
      bromide, 1,2-dibromopropane, and 1,3-dibromo-2-propanol.
PAR  Since it is difficult and costly to separate the reaction by-products from
      2,3-dibromo-1-propanol, attempts have been made to develop processes that
      yield a maximum amount of 2,3-dibromo-1-propanol and a minimum amount of
      1,2,3-tribromopropane and other reaction by-products. The batch processes
      described in the prior art involve the reaction of bromine with allyl
      alcohol in the absence of a solvent or in the presence of a small amount
      of a solvent. These processes are not satisfactory because they give
      relatively low yields of products that contain more than 10 percent of
      1,2,3-tribromopropane. In U.S. Pat. No. 3,268,597, Clemons et al.
      disclosed a continuous process for the bromination of allyl alcohol in the
      presence of 2,3-dibromo-1-propanol. The product of this process, which was
      obtained in yields of about 78 percent to 86 percent, contained from 2
      percent to 5 percent of 1,2,3-tribromopropane. Another continuous process
      for the production of 2,3-dibromo-1-propanol, which was described by
      Jenkner et al. in U.S. Pat. No. 3,378,593, calls for the addition of
      bromine to a mixture of allyl alcohol and 2,3-dibromo-1-propanol, and it
      yields a product that contains about 5 percent of low-boiling impurities.
PAR  In accordance with this invention, a process has been developed for the
      production of 2,3-dibromo-1-propanol of excellent quality in high yields.
      This process, which is preferably carried out continuously, is simple and
      economical from the viewpoint of equipment, material, and labor costs, and
      it can be carried out in a single vessel with a high volume output. This
      process overcomes the difficulties of the prior art processes in that it
      suppresses side reactions and the formation of undesirable by-products.
PAR  In the practice of the process of this invention in a continuous manner,
      bromine and allyl alcohol in the amounts of about 0.95 mole to 1.05 moles
      of bromine per mole of allyl alcohol are added simultaneously and
      continuously to a vessel that contains a reaction medium that is
      immiscible with 2,3-dibromo-1-propanol and inert to bromine, and the
      2,3-dibromo-1-propanol that forms is removed continuously from the
      reaction vessel.
PAR  During the bromination of allyl alcohol, the reaction mixture is agitated
      vigorously and maintained at a temperature in the range of -10.degree.C.
      to 60.degree.C., and preferably in the range of 10.degree.C. to
      40.degree.C.
PAR  The bromine and allyl alcohol that are added to the reaction medium react
      rapidly to form 2,3-dibromo-1-propanol. Shortly after the addition of
      bromine and allyl alcohol is begun, the reaction mixture separates into
      two phases. The lower phase comprises 2,3-dibrome-1-propanol, and the
      upper phase comprises the reaction medium. As the addition of bromine and
      allyl alcohol proceeds, the additional quantities of the lower
      2,3-dibromo-1-propanol layer that are formed are removed from the reaction
      vessel. Because the product layer is removed continuously at approximately
      the rate at which it is formed, a small reaction vessel can be used to
      produce large quantities of 2,3-dibromo-1-propanol.
PAR  The crude product that is removed from the reaction vessel is heated under
      subatmospheric pressure to separate from it the small amounts of the
      reaction medium and of low-boiling impurities that it contains. After
      removal of low-boilers the desired product is collected as a distillate of
      at least 99.5 percent and in most cases 99.7 percent or more of
      2,3-dibromo-1-propanol. It can be used without further purification in the
      production of tris(2,3-dibromopropyl)phosphate,
PAR  The reaction medium in which the bromination of allyl alcohol is effected
      is a liquid that is immiscible with 2,3-dibromo-1-propanol and inert to
      bromine. The medium may be, for example, a saturated aliphatic hydrocarbon
      having from 3 to 12 carbon atoms and preferably from 6 to 12 carbon atoms.
      Illustrative of these hydrocarbons are propane, butane, pentane, hexane,
      octane, decane, dodecane, 2,2-dimethylbutane, 2,2,3-trimethylbutane,
      3,3-dimethylhexane, and 2,2,5-trimethylhexane. A single hydrocarbon or a
      mixture of hydrocarbons may be used as the reaction medium. Among the
      useful mixtures of hydrocarbons are such petroleum fractions as VMP
      naphtha and mineral spirits.
PAR  The amount of the reaction medium used is that which will impart the
      desired fluidity to the reaction mixture and at the same time improve its
      heat transfer characteristics so that the heat evolved can be removed
      rapidly and the reaction can be carried out at a temperature at which very
      little by-product formation takes place.
PAR  During the course of the reaction, small amounts of the medium are usually
      removed from the reaction vessel along with the crude product. The medium
      lost in this way may be recovered when the crude product is heated under
      subatmospheric pressure to remove low-boiling impurities from it. The
      recovered reaction medium may be returned to the reaction vessel along
      with the amount of fresh medium which is required to replace that lost
      during the removal of the product. Alternatively, the recovered medium may
      be discarded and fresh medium used to bring the amount of medium in the
      reaction vessel to the desired level.
PAR  While the process of this invention is usually and preferably carried out
      continuously, it can also be carried out as a discontinuous or batch
      process. In the discontinuous mode of operation, approximately equimolar
      amounts of allyl alcohol and bromine are added to a reaction medium that
      is immiscible with 2,3-dibromo-1-propanol. The reaction mixture separates
      into two phases and the lower, product-containing phase is separated and
      then heated to remove low-boiling impurities from it. The upper phase may,
      if desired, be used as the reaction medium in the preparation of an
      additional quantity of 2,3-dibromo-1-propanol.
PAR  The invention is further illustrated by the following examples.
DETD
PAC  EXAMPLE 1
PAR  The preparation of 2,3-dibromo-1-propanol was carried out in a jacketed
      reaction vessel equipped with a thermometer, an agitator, and three
      dropping funnels. The vessel had a bottom outlet joined to it through a
      small (ca 5 cc.) chamber. During the bromination reaction, ice water was
      circulated through the jacket of the reaction vessel, and the reaction
      mixture was agitated vigorously.
PAR  One hundred grams of n-hexane was charged to the reaction vessel. Then,
      over a period of 2.5 hours, 1600 grams (10.01 moles; 520 cc.) of bromine
      and 600 grams (10.33 mole; 700 cc.) of allyl alcohol were added
      simultaneously and continuously at the rate of 1.345 parts by volume of
      allyl alcohol per part by volume of bromine while the reaction mixture was
      agitated vigorously and maintained at 20.degree.-30.degree.C.
PAR  The reaction mixture became turbid shortly after the start of the addition
      of the reactants, and a small amount of a hexaneimmiscible lower phase
      soon appeared in the chamber leading to the bottom outlet of the reaction
      vessel. The lower phase, which comprised crude 2,3-dibromo-1-propanol, was
      withdrawn continuously at such a rate that the interface between the
      hexane phase and the hexane-immiscible phase remained in the chamber. When
      the addition of allyl alcohol and bromine was completed, 2240 grams of
      crude 2,3-dibromo-1-propanol had been removed from the reaction vessel,
      and 55 grams of the hexane layer remained in it.
PAR  The crude dibromopropanol was distilled under subatmospheric pressure in
      the presence of a small amount of dry soda ash. After the hexane and other
      low boiling materials had been removed, there was obtained 1865 grams
      (85.6% yield) of 2,3-dibromo-1-propanol as the main fraction. The product
      was shown by gas chromatography to contain 99.7% of 2,3-dibromo-1-propanol
      and 0.2% of 1,2,3-tribromopropane.
PAC  EXAMPLE 2
PAR  To 150 grams (225 cc.) of n-hexane in the reaction vessel described in
      Example 1 were added simultaneously and continuously 4000 grams (25.03
      moles) of bromine and 1515 grams (26.08 moles) of allyl alcohol at the
      rate of 1.35 parts by volume of allyl alcohol per part by volume of
      bromine. During the addition of bromine and allyl alcohol, which required
      6 hours, the reaction mixture was maintained at 20.degree.-30.degree.C.
      The lower; hexane-immiscible phase that formed was withdrawn continuously
      from the bottom outlet, as described in Example 1. When about 80% of the
      bromine and allyl alcohol had been added, an additional 33.5 grams (50
      cc.) of n-hexane was added to the reaction mixture.
PAR  When the addition of the reactants was complete, 5630 grams of crude
      2,3-dibromo-1-propanol had been removed from the reaction vessel, and 77
      grams of the hexane layer remained in it.
PAR  A 1450 gram (6.44 moles) aliquot of the crude 2,3-dibromo-1-propanol was
      distilled under subatmospheric pressure in the presence of a small amount
      of dry soda ash. After hexane and other low-boiling materials had been
      removed, there was obtained 1194 grams (5.48 moles; 85.1% yield) of
      2,3-dibromo-1-propanol as the main fraction. The product was shown by gas
      chromatography to contain 99.7% of 2,3-dibromo-1-propanol and 0.1% of
      1,2,3-tribromopropane.
PAC  EXAMPLE 3
PAR  Using the procedure described in Example 1, 1600 grams (10.01 moles) of
      bromine and 600 grams (10.33 moles) of allyl alcohol were added
      simultaneously and continuously to 100 grams of n-heptane. The reaction
      mixture was maintained at 20.degree.-30.degree.C. during the 2.75 hour
      addition period. The lower, heptane-immiscible layer that formed was
      removed continuously from the reaction vessel, as is described in Example
      1.
PAR  When the addition of the reactants was complete, 2223 grams of crude
      2,3-dibromo-1-propanol had been removed from the reaction vessel, and 61.6
      grams of the heptane layer remained in it.
PAR  A 1366 gram aliquot, which represented 6.15 moles of bromine, was distilled
      under subatmospheric pressure in the presence of a small amount of dry
      soda ash. After heptane and other low-boiling materials had been removed,
      1157 grams (5.31 moles) of 2,3-dibromo-1-propanol was obtained as the main
      fraction.
PAR  The product, which was obtained in an 86.3% yield, was shown by gas
      chromatography to contain 99.9% of 2,3-dibromo-1-propanol and less than
      0.05% of 1,2,3-tribromopropane.
PAC  EXAMPLE 4
PAR  Using the procedure described in Example 1, 1600 grams (10.01 moles) of
      bromine and 600 grams (10.33 moles) of allyl alcohol were added
      simultaneously and continuously to 100 grams of mineral spirits, which had
      a boiling range of 165.degree.-192.5.degree.C. and which contained less
      than 8% of aromatic compounds. The addition took place over a period of
      2.25 hours during which the reaction mixture was agitated and maintained
      at 25.degree.-35.degree.C. The lower, mineral spirits-immiscible layer
      that formed was removed continuously from the reaction vessel, as
      described in Example 1.
PAR  When the addition of the reactants was complete, 2232 grams of crude
      2,3-dibromo-1-propanol had been removed from the reaction vessel, and 70.5
      grams of mineral spirits remained in it.
PAR  A 1326 gram aliquot, which represented 5.95 moles of bromine, was distilled
      under subatmospheric pressure in the presence of a small amount of dry
      soda ash. There was obtained 1117 grams (5.126 moles; 86.2% yield) of
      2,3-dibromo-1-propanol as the main fraction. The product was shown by gas
      chromatography to contain 99.9% of 2,3-dibromo-1-propanol and less than
      0.05% of 1,2,3-tribromopropane.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process for the production of 2,3-dibromo-1-propanol that comprises
      contacting allyl alcohol with an approximately equimolar amount of bromine
      at a temperature between -10.degree.C. and 60.degree.C. and in the
      presence of a reaction medium that comprises a saturated aliphatic
      hydrocarbon having 3 to 12 carbon atoms and thereafter separating
      2,3-dibromo-1-propanol from said reaction medium.
NUM  2.
PAR  2. The process of claim 1 wherein the reaction medium is a saturated
      aliphatic hydrocarbon having 6 to 12 carbon atoms.
NUM  3.
PAR  3. In the process for the continuous production of 2,3-dibromo-1-propanol
      wherein allyl alcohol and bromine in approximately equimolar quantities
      are added simultaneously and continuously to a reaction vessel containing
      a reaction medium while the temperature of the reaction medium is
      maintained between -10.degree.C. and 60.degree.C. and
      2,3-dibromo-1-propanol is removed continuously from the reaction vessel,
      the improvement that comprises adding allyl alcohol and bromine to a
      reaction medium that is a saturated aliphatic hydrocarbon having 3 to 12
      carbon atoms.
NUM  4.
PAR  4. The process of claim 3 wherein the reaction medium comprises a saturated
      aliphatic hydrocarbon having 6 to 12 carbon atoms.
NUM  5.
PAR  5. The process of claim 3 wherein the reaction medium is hexane.
NUM  6.
PAR  6. The process of claim 3 wherein the reaction medium is heptane.
NUM  7.
PAR  7. The process of claim 3 wherein the reaction medium is mineral spirits.
NUM  8.
PAR  8. The process of claim 3 wherein the temperature of the reaction medium is
      maintained between 10.degree.C. and 40.degree.C.
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ABST
PAL  Brominated pentaerythritols are prepared at reaction temperatures of from
      about 85.degree. to 135.degree.C. by reacting pentaerythritol with HBr in
      the liquid phase employing a solvent medium containing from about 0.8 to
      about 25 mole percent of an aliphatic carboxylic acid of 2 to 8 carbon
      atoms and their anhydrides, based on the pentaerythritol. The HBr is fed
      continuously to the reactor throughout the reaction. The water formed as a
      result of the reaction remains in the reaction mixture until substantial
      completion of the reaction. The product can be predominantly
      dibromoneopentyl glycol or tribromoneopentyl alcohol and is characterized
      by the absence of tar formation.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our earlier application, Ser.
      No. 171,334, filed Aug. 12, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The preparation of brominated pentaerythritols has been carried out by
      reacting fuming hydrobromic acid with pentaerythritol at temperatures of
      120.degree. to 160.degree.C. for periods of 8-15 hours and by reacting
      hydrogen bromide with pentaerythritol in glacial acetic acid; see Berlow,
      Barth and Snow, The Pentaerythritols, ACS Monograph No. 136, pp. 99-100.
      In the reactions with hydrobromic acid, long reaction times and high
      temperatures are required. Reactions carried out in glacial acetic acid
      form large amounts of undesirable acetate by-product; moreover, in the
      prior art processes large amounts of tar are formed, and where such
      formation is obviated, it is obtained at the expense of having to use
      extremely high pressures.
PAR  Thus, Conia et al., Bull. Soc. Chim. France, 1961, p. 1803, discloses a
      process whereby pentaerythritol and HBr are reacted using acetic acid in
      large amounts as a solvent. This process produces an unknown mixture of
      brominated neopentyl acetates which have to be hydrolyzed back to the
      alcohols, stripped and distilled. The yield or products are not revealed.
      The melting point of this unknown product is 90.degree.-95.degree.C. which
      is neither that of tribromoneopentyl alcohol (72.degree.C.) nor
      dibromoneopentyl glycol (110.degree.C.).
PAR  Bincer et al., Ber. 61 B (1928), p. 542, discloses the reaction of
      pentaerythritol with aqueous HBr using no catalyst at 140.degree.C. for 20
      hours. Using elevated pressures, they obtain a 44% tribromoneopentyl
      alcohol yield which is exemplified by a dark color.
PAR  Zelinsky, Ber. 46 (1913), pp. 163-164, also reacts pentaerythritol with
      aqueous HBr in the absence of a catalyst and obtains at 44% yield. He uses
      a sealed system under pressure and obtains a "very dark" product.
PAR  In the somewhat related processes whereby pentaerythritol chlorohydrins are
      formed, processes are disclosed where either large amounts of acetate
      by-products are formed necessitating saponification, unduly and
      undesirable high pressures are used in the process, and/or the products
      are replete with tar formation, necessitating distillation. In the
      bromination of pentaerythritols, saponification of the reaction product to
      reduce acetate content is not feasible because the rate of decomposition
      of the brominated pentaepythritol is greater than the rate of
      saponification. Consequently, the oxetane is formed, plus irreversible
      lachrymatory (2-bromomethyl-3-bromo-propene) as well as other undesirable
      by-products.
PAR  Thus, British Pat. No. 764,664 discloses a process for preparing
      pentaerythritol trichlorohydrin by reacting pentaerythritol with at least
      3 moles and preferably 5 to 10 moles of hydrogen chloride at extremely
      high pressures and temperatures between 150.degree. and 200.degree.C. in
      the presence of at least 10 mole percent of an aliphatic monocarboxylic
      acid or ester of same per each mole of pentaerythritol. An inert organic
      solvent may be used. All the ingredients are combined at the outset of the
      reaction and reacted in a silver-plated autoclave. Saponification is used
      in all cases to transform the monoacetate formed into free
      trichlorohydrin. At the lower range of acetic acid used, the yield is only
      63%. This process has the disadvantage that it must be reacted at elevated
      temperatures and pressures. As indicated in U.S. Pat. No. 3,217,045, the
      British Pat. No. 764,664 process has little to recommend it. In Column 1,
      lines 30-39 of the cited U.S. patent, reference is made to the British
      patent's German equivalent patent specification (No. 955,233). It is there
      stated that "this process does not proceed in the manner specified unless
      elevated pressures are applied. The process is difficult to carry out on a
      commercial scale on account of the aqueous hydrochloric acid which forms
      during the reaction . . ." Likewise, Japanese Pat. No. 39-27230 points out
      that the process of British Pat. No. 764,664 requires the use of pressure
      equipment and presents problems in operation and recovery of the product.
PAR  Japanese Pat. No. 39-27230 discloses the manufacture of pentaerythritol
      trichlorohydrin through a direct chlorination of pentaerythritol with HCl
      gas with a small amount of acetic anhydride. This process teaches the use
      of 3 to 50 mole equivalents of acetic anhydride at
      170.degree.-200.degree.C. to react HCl gas with pentaerythritol. It
      obviates the use of high pressures in the reaction; however, because they
      remove the water that is formed during the reaction continuously
      throughout the reaction by passing large excesses of HCl to sweep it out,
      the Japanese obtain large amounts of tar formation at low levels of acetic
      anhydride. Consequently they teach that the preferred range of acetic
      anhydride is 25 to 50 mole equivalents. This corresponds to a 50 to 100
      mole percent of carboxylic radical per mole equivalent of pentaerythriol.
      The Japanese patent indicates that at low levels of acetic anhydride,
      yield is drastically reduced and etherization (tar formation) becomes more
      prominent than chlorination. As will be shown below, at the levels of
      acetic acid used in the instant invention, the Japanese process produces
      about 1 pound of tar per 1 pound of usable product. Finally, the Japanese
      state that acetic acid cannot be used as a catalyst.
PAR  These significant drawbacks to the preparation of brominated
      pentaerythritols have led to an extensive search for methods of avoiding
      these problems.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered according to the present invention that in the
      preparation of brominated pentaerythritols by reacting pentaerythritol
      with HBr, the process and the final products are greatly improved by
      conducting the reaction in the liquid phase at a temperature of from about
      85.degree. to about 135.degree.C. in an inert solvent containing as a
      catalyst an aliphatic monocarboxylic acid of from 2 to 8 carbon atoms or
      its anhydride, having a concentration of from about 0.8 to about 25 mole
      percent per mole of pentaerythritol, by feeding the HBr to the reactor
      containing the pentaerythritol and solvent continuously throughout the
      reaction while not removing the water from the reaction mixture until the
      reaction is substantially complete.
PAR  The products of the invention are brominated pentaerythritols where 1 to 3
      of the hydroxyls have been replaced by bromine. Optionally, the products
      of the invention may contain some chlorine provided that the starting
      pentaerythritol is a chlorinated derivative. Preferred products, however,
      contain only bromine as the halogen atoms.
PAR  A special advantage of the process of the present invention is that
      essentially any product distribution of brominated pentaerythritols, i.e.,
      the mono-, di-, or tribromopentaerythritol, can be obtained with
      substantially no tar being produced. Accordingly, the product can be used
      directly without further purification in most, if not in all,
      applications. As used herein, monobromopentaerythritol designates
      pentaerythritol where 1 hydroxyl has been replaced by bromine,
      dibromoneopentyl glycol designates pentaerythritol where 2 hydroxyls are
      replaced by bromine and tribromoneopentyl alcohol is pentaerythritol where
      3 hydroxyls are replaced by bromine. Brominated pentaerythritols refer to
      any one or combination of these three compounds.
PAR  In this method of preparing brominated pentaerythritols, the primary and
      essential feature of the invention is conducting the reaction in a solvent
      medium containing a catalytic amount of an aliphatic carboxylic acid or
      its anhydride in such a manner that the HBr is fed to the reactor
      continuously throughout the reaction while the water that is formed during
      the reaction plus that used as a solvent, if any, remains in the reaction
      mixture until substantial completion of the reaction. By feeding HBr
      continuously to the reactor throughout the reaction is meant saturating
      the reaction mixture with HBr so as to push the reaction towards
      production of the desired predominant product. If the reaction is run
      under pressure higher than atmospheric, the HBr is fed at a rate
      consistent with maintaining the desired pressure and temperature
      throughout the reaction. If run at atmospheric pressure, the HBr feed is
      at a rate which insures saturation throughout the reaction period with,
      for practical reasons, a minimal venting of HBr. The lower concentration
      of the acid or anhydride is essentially that concentration that will
      catalyze the reaction. The upper limit on the concentration is not
      critical so long as the ester formed in the reaction is maintained at a
      low level. In the preferred practice of the present invention, considering
      the anhydride as the free acid, the solvent medium contains a carboxylic
      acid concentration of about 0.8 to about 25 mole percent based on the
      pentaerythritol charged. Of even greater interest because of the very
      desirable reaction obtained with a minimum amount of ester by-products is
      a concentration of about 2 to about 10  mole percent per mole of
      pentaerythritol charged.
PAR  The carboxylic acids useful in the present invention are preferably
      aliphatic monocarboxylic acids or halogenated aliphatic monocarboxylic
      acids of 2 to about 8 carbon atoms and their anhydrides. Especially
      preferred are those acids of 2 to about 4 carbons, with acetic acid being
      of special interest because of its low cost and desirable effectiveness.
PAR  Although the use of a catalytic amount of a carboxylic acid or its
      anhydride to catalyze the reaction along with the continual feed of the
      HBr and the concomitant nonremoval of water during the reaction is the
      focal point of the present invention, the presence of an inert solvent is
      also important. Reaction of anhydrous HBr with pentaerythritol in the
      absence of a solvent produces a black resinous mass and only small amounts
      of the desired product. Consequently, the presence of a solvent is
      important.
PAR  Even though the presence of a solvent is essential, the nature of the
      solvent does not appear to be critical except that the solvent should not
      substantially react with the pentaerythritol or HBr under the conditions
      employed in the process. Representative examples of preferred solvents
      include: water; saturated hydrocarbon solvents such as benzene, toluene,
      xylene, cyclohexane, petroleum ether and heptane; and halogenated
      hydrocarbon solvents such as perchloroethylene, trichloroethylene,
      chlorobenzene, dichlorobenzene, hexachlorocyclopentadiene, ethylene
      dibromide, methylene chloride and methylenedibromide. This definition
      specifically excludes carboxylic acid solvents for they would react with
      the pentaerythritol to form esters.
PAR  With respect to the other properties of the solvent, those which provide a
      reaction mixture having a reflux temperature within the desired reaction
      temperatures are preferred. Of greatest interest because of their
      effectiveness and low cost are perchloroethylene and water. Of course, any
      of the solvents may be used alone or in combination with each other.
PAR  The reactants in the process of the present invention are well known.
      Usually the reaction is between pentaerythritol and HBr, but in some
      reactions in the invention, pentaerythriol having 1 or 2 hydroxyls
      replaced by chlorine or bromine may be employed. Of course,
      monobromopentaerythritol and dibromoneopentyl glycol are brominated as
      intermediates in the reaction. HBr is generally added to the reaction in
      anhydrous form, but the aqueous acid may be used.
PAR  The ratio of reactants employed in the present invention is essentially a
      function of the desired product. Usually a stoichiometric excess of HBr
      based on the desired product is employed to assure completion of the
      reaction, with an excess of about 20 to 50 percent being sufficient to
      obtain the desired product in predominant yield.
PAR  The temperature of the reaction may vary widely so long as the halogen
      replacement occurs. In the preferred practice of the invention, it has
      been found that reaction temperatures of about 85.degree. to about
      135.degree.C. are desirably employed, with temperatures of 90.degree. to
      120.degree.C. being preferred because of the particularly good reaction
      and product obtained.
PAR  Normally, the reaction is run at atmospheric or superatmospheric pressure.
      Although this variable is not critical, atmospheric to about 75 p.s.i.g.
      is desirable because in this range, special high-pressure equipment is not
      necessary. Under the conditions of the process of this invention, such
      pressures can be effectively utilized without the creation of tar. The
      reaction time, of course, depends on the many factors in the invention,
      but in normal practice, the reaction is conveniently carried out in
      substantially less than 6 hours for the preparation of the
      dibromoneopentyl glycol and less than 15 hours for tribromoneopentyl
      alcohol.
PAR  In the manufacture of brominated pentaerythritols, it is desirable that the
      brominated pentaerythritol product is in a form immediately useful as a
      fire retardant agent in such areas as unsaturated polyester resins and
      polyurethane foams. To meet this requirement, the process must produce a
      product that is low in color. By low in color is meant less than about 100
      APHA for the dibromoneopentyl glycol product and less than about 200 APHA
      for the tribromoneopentyl alcohol. Moreover, the process itself must be
      operable at atmospheric pressure or superatmospheric pressure of a range
      not requiring special equipment; no elaborate purification processes
      should be involved; the process must generate only minimal waste streams;
      the process must be simple to operate and employ standard chemical
      processing equipment; the process must be able to use a minimal excess of
      hydrogen bromide; and finally the process must be one that gives high
      yields of the brominated pentaerythritol products and minimal
      etherification type by-products. The process of the present invention
      meets the above criteria in all ways.
DETD
PAC  SPECIFIC EMBODIMENTS
PAC  Example 1 -- Preparation of Tribromoneopentyl Alcohol
PAR  To a 50-gallon reactor equipped with a high speed agitator, a reflux
      condenser and a pressure regulator, was charged 5 parts by weight of
      acetic acid, 227 parts of pentaerythritol and 236 parts of
      perchloroethylene. Anhydrous HBr (510 parts) was added continuously over a
      period of 12 hours at the maximum rate so as to maintain the temperature
      of 110.degree. to 120.degree.C. and a pressure of 10 to 18 p.s.i.g. This
      amount of HBr was about a 20% excess over the stoichiometric amount
      required to obtain tribromoneopentyl alcohol. After the addition of HBr,
      the reactor was maintained under the reaction conditions for 30 minutes.
      The reaction mixture was then distilled to remove the HBr as an azeotrope
      with the perchloroethylene and the water that was formed as a result of
      the reaction until the final conditions of 110.degree. and 25 mm. of Hg
      were attained. The product was treated with 200 ml. of epichlorohydrin to
      obtain an off-white solid having an APHA color of 90 (20 g. product/100
      ml. methanol). An acetylated sample of the product was analyzed to G.L.C.
      and found to contain 0.2% dibromoneopentyl moiety and 99.8%
      tribromoneopentyl moiety by weight. A G.L.C. analysis of a nonacetylacted
      sample showed that 4.2 mole percent of the product was an acetate moiety.
PAC  Example 2 -- Preparation of Dibromoneopentyl Glycol
PAR  Using a 100-gallon glass lined reactor equipped with an agitator, a 4 inch
      by 10 foot glass column (no packing), a 13 foot square condenser, a
      10-gallon glass lined receiver and a 2-stage jet for vacuum, 390 pounds of
      perchloroethylene, 10 pounds of acetic acid (0.167 pound moles), and 450
      pounds of pentaerythritol (3.31 pound moles) were charged to the reactor.
      This amounted to 2.2 weight percent or 5 mole percent of acetic acid based
      on pentaerythritol. The temperature was raised to 105.degree.C. and 685
      pounds of anhydrous HBr (8.45 pound moles) was fed into the reactor at the
      maximum rate while holding the temperature at 105.degree. to 112.degree.C.
      and the pressure at 5 to 20 p.s.i.g. This amount of HBr was in 27% excess
      of the stoichiometric amount needed to produce dibromoneopentyl glycol.
      The HBr was added in 4 hours and 45 minutes and the reaction mixture was
      stirred for an additional 30 minutes at 110.degree.C. The HBr, water and
      perchloroethylene was then stripped off at 110.degree.C. at 25 mm. After
      stripping, the reactor was blanketed with nitrogen and sampled. 1200 ml.
      of epichlorohydrin were added to neutralize the remaining acid and the
      product allowed to stir for 20 minutes at 100.degree.C.
PAR  The liquid product was then fed to a flaker and 865 pounds of white (APHA
      of 35), flaked product (about 99% of the expected yield based on
      pentaerythritol) having the following analysis was recovered:
PA1  monobromopentaerythritol -- 6.0 weight percent
PA1  dibromoneopentyl glycol -- 82.3 weight percent
PA1  tribromoneopentyl alcohol -- 11.7 weight percent
PAC  Example 3  Preparation of Brominated Pentaerythritols With Concomitant
      Removal of Water Throughout The Reaction
PAR  This example was carried out to determine the effect of removing the water
      from the hydrobromination of pentaerythritol. The reaction was carried out
      under substantially anhydrous conditions. Removal of water by azeotropic
      distillation during and throughout the reaction is taught in U.S. Pat.
      Nos. 2,763,679, 3,118,003, 3,217,045 and Japanese Pat. No. 39-27230. The
      processes disclosed in these patents are directed to the preparation of
      chlorinated pentaerythritols, and the HCl--H.sub.2 O azeotrope is swept
      out in these processes by the use of a large excess of HCl. To effect the
      removal of the water formed during the course of the reaction in a
      hydrobromination, an inert organic solvent was used to lower the
      azeotroping temperature. Further, large excesses of anhydrous hydrogen
      bromide were passed through the reaction mixture to facilitate the removal
      of the water in the same manner as the cited patented processes use large
      excesses of HCl.
PAR  A 2-liter resin flask equipped with a mechanical stirrer, gas dispersion
      tube, thermocouple, and a steam heated partial condenser was connected
      through the condenser to a Dean-Stark tube, a water cooled reflux
      condenser and a water filled acid trap. Anhydrous hydrogen bromide was
      metered to the reactor through a Rotometer and entered the reaction
      mixture at the bottom of the flask via the fritted gas dispersion tube.
      The reactor was charged with 544 g. (4 moles) of pentaerythritol, 24 g.
      (0.4 mole or 10 mole percent) of acetic acid, 200 ml. of 62% aqueous HBr
      (2.7 mole HBr) and 200 ml. of o-xylene. The reaction mixture was then
      heated to 80.degree.C. and anhydrous HBr passed in at a rate such that the
      gas passed through the system and into the water filled acid trap at about
      6.8 g./min. The reaction temperature was held at about 117.degree.C. After
      1 hour and 7 minutes, about 5.6 moles of anhydrous HBr had been passed
      into the mixture in addition to the 2.7 moles of HBr present initially. In
      that time, 50 ml. of aqueous acid was collected in the Dean-Stark tube.
      The reaction mixture was sampled and found to have a composition
      containing about 3.0 weight percent pentaerythritol, 61.6%
      monobromopentaerythritol, 35.1% dibromoneopentyl glycol, and 0.5%
      tribromoneopentyl alcohol. The APHA color of the stripped product was
      found to be 440. In all cases, the APHA color was determined by taking a
      20 g. of product and dissolving it in 100 ml. of methanol. The HBr feed
      was stopped and the reaction cooled to room temperature under a nitrogen
      blanket overnight. In the morning the mixture was reheated and the HBr gas
      sparge continued so that excess HBr was continually vented from the
      system. After 2 hours a total of 10.6 moles of HBr had been passed into
      the reactor, making a total of HBr of 13.3 moles. Upon sampling the
      brominated pentaerythritol reaction product, it was found to consist of
      about 6.9 weight percent monobromopentaerythritol, 78.4 weight percent
      dibromoneopentyl glycol, and 14.8% tribromoneopentyl alcohol. The APHA
      color of the stripped product was about 2800. Approximately 95 ml. of
      aqueous acid had been collected in the Dean-Stark tube. The reaction was
      continued until 99% of the pentaerythritol moiety was tribrom-. The total
      reaction time was about 31 hours run in approximate 8-hour segments and
      cooled between segments. The total HBr passed into the reactor including
      that originally present was 31.1 moles and the stripped product was a
      black, crystalline solid having a APHA color of about 11,000. About 410
      ml. of aqueous acid containing 4.6 moles of HBr was drained from the
      Dean-Stark tube during the run and approximately 85% of the theoretical
      water was collected in the Dean-Stark tube.
PAR  This example showed that when the water is removed during the reaction as
      contrasted with the process of the present invention, unacceptable tar
      formation results. This formation occurs rapidly as shown by the first
      analytical sample which had an APHA of about 440 after 1 hour of reaction
      time.
PAR  While the reaction was run in 8-hour segments, the use of this technique
      did not significantly contribute to the color formation as the reaction
      temperature was allowed to drop to room temperature during each period in
      which the HBr feed was stopped.
PAC  Example 4 -- Hydrochlorination of Pentaerythritol
PAR  To show that the azeotroping of the water formed during the reaction was as
      detrimental in hydrochlorination as taught in the prior art as it is in
      hydrobromination of pentaerythritol, pentaerythritol was hydrochlorinated
      in the manner specified by Japanese Pat. No. 39-27230. Example 2 of that
      patent was carried out as follows: To 136 g. of pentaerythritol, 25.5 g.
      (0.25 mole equivalent on pentaerythritol) of acetic anhydride was added
      and the mixture was gradually heated to dissolve the ingredients while dry
      hydrogen chloride gas was passed through the mixture. The chlorination by
      hydrogen chloride gas was continued for 10 hours at
      180.degree.-185.degree.C. Hydrogen chloride gas was introduced to the
      reactor from the bottom and the water produced was recovered from the top
      section as a hydrochloric acid solution. At the end of the reaction and
      distillation, 97 g. of residue with a boiling point of
      105.degree.-121.degree.C./2 mm. Hg was obtained. Analysis of this residue
      indicated that 64.4% of this product was pentaerythritol trichlorohydrin
      and 35.2% monoacetate.
PAR  It was noted that the reaction mixture was initially nearly colorless but
      rapidly turned a light brown in 1 hour, a brown color in about 2 hours and
      very dark brown in 8 hours. At the end of 8 hours, the reaction mixture
      was sampled and the solution color of the mixture was determined and found
      to have a color equivalent to APHA 1600. At the end of 10 hours, the APHA
      color had increased to 2,300. In addition to the product, 51 g. of a
      nondistillable black tar was obtained.
PAC  Example 5 -- Hydrochlorination of Pentaerythritol
PAR  Example 3 of the Japanese Pat. No. 39-27230 was herein repeated. To 136 g.
      of pentaerythritol, 5.1 g. (0.05 mole equivalent to pentaerythritol) of
      acetic anhydride was added and the chlorination was carried out in the
      manner described in Example 4, above, for 12 hours at
      180.degree.-190.degree.C. to yield 63 g. of a residue having a boiling
      point of 115.degree.-130.degree.C./4-5 mm. Hg. This residue was completely
      solid and contained a trace of pentaerythritol trichlorohydrin
      monoacetate. The total HCl fed was 468 g. (12.9 moles). The reaction
      mixture turned brown within 30 minutes was a dark brown cloudy liquid
      within 1.5 hours. The mixture was sampled at the end of 8 hours and found
      to have an APHA color of about 2,500. At the end of 12 hours, the APHA
      color had increased to greater than 3,000. In addition to the product, 70
      g. of a non-distillable black tar was obtained.
PAC  Example 6 -- Saponification of Tribromoneopentyl Acetate
PAR  This example was carried out to show that the production of brominated
      pentaerythritols via the process of esterification and saponification is
      not feasible. The reaction stoichiometry would lead one to believe that 1
      mole of tribromoneopentyl acetate reacted with 1 mole of sodium hydroxide
      would yield 1 mole of tribromoneopentyl alcohol plus 1 mole of sodium
      acetate. This is not the case. In performing this example, the procedure
      employed was that used in Example 2 of British Pat. No. 764,664.
PAR  The reaction was carried out in a 500 ml. round bottomed flask equipped
      with a mechanical stirrer, a thermometer, a reflux condenser, and a
      dropping funnel. Pentaerythritol tribromohydrin monoacetate (184 g., 0.5
      m.) was charged to the flask and heated to 100.degree.C. A 20% caustic
      soda solution (20 g. NaOH in 100 ml. H.sub.2 O) was added and the reaction
      maintained at 100.degree.C. for 1 hour. At this point, the pH of the
      aqueous phase had dropped to 7. The reaction mixture was cooled and the
      phases separated. Titration of the water phase (117 ml.) indicated the
      presence of 0.36 moles of bromide ion. The organic phase (149 g.) was
      treated with 10 drops of concentrated aqueous hydrobromic acid. No
      crystallization occurred. The oil phase was analyzed by G.L.C. and NMR
      analysis and found to consist principally of pentaerythritol
      tribromohydrin monoacetate -- 69.2%, pentaerythritol tribromohydrin --
      13.7%, 3,3-bis(bromomethyl)oxetane -- 13.1%, and
      2-bromomethyl-3-bromopropene-1 -- 3.9%. The yield of pentaerythritol
      tribromohydrin (tribromoneopentyl alcohol) based on the acetate consumed
      was 44.5%. Organic recovery was about 90%. Of the original 1.50 gram-atoms
      of bromine in 0.5 mole of acetate, 0.36 (24%) appeared as bromide ion in
      the water phase.
PAC  Comparative Examples A and B
PAR  To show the efficiency of the carboxylic acids as catalysts, Examples A and
      B were separately prepared in two-liter flasks equipped with a stirrer and
      a condenser followed by a water scrubber to adsorb any unreacted HBr that
      passed through the system as follows:
PAR  Example A charge was 544 g. of pentaerythritol (4 moles), 350 ml.
      perchloroethylene and 907 g. anhydrous HBr. The anhydrous HBr was weighed
      and metered into the reaction continuously over a period of 6.7 hours at
      116.degree. to 120.degree.C. with stirring. The HBr fed was a 40% excess
      over the amount required for di-brom formation. The HBr and
      perchloroethylene were then stripped off under vacuum to 114.degree.C. at
      15 mm. Hg. 545 g. of a white solid was recovered which turned out to be
      essentially pure pentaerythritol. Titration of the scrubber and distillate
      gave a total recovery of the HBr charged, indicating no reaction between
      the HBr and the pentaerythritol.
PAR  Example B charge was the same as Example A, above, except that 54 g. of
      H.sub.2 O was also added. The anhydrous HBr (40% excess over the
      stoichiometric amount needed to obtain a di-brom) was weighed and metered
      into the reaction over a period of 5.3 hours while heating and stirring at
      103.degree. to 120.degree.C. at a constant pressure of 5 p.s.i.g. The HBr,
      perchloroethylene, water mixture was then stripped off under vacuum to
      118.degree.C. at 15 mm. Hg. The product was a soft tan colored material
      weighing 738 g. which did not change color upon addition of
      epichlorohydrin. 8.6 moles (out of a total of 11.2 moles) of HBr were
      recovered. G.L.C. analysis of the product showed very little reaction,
      giving:
PA1  pentaerythritol -- 39.8%
PA1  mono-brom -- 58.0%
PA1  di-brom -- 8.2%
PAR  In the same manner as shown by Examples 1 and 2 above, other aliphatic
      carboxylic acids, such as propionic acid, butyric acid, hexanoic acid, and
      octanoic acid, are substituted for the acetic acid and the acid is
      observed to have a desirable catalytic effect on the reaction. In the same
      manner, halogenated aliphatic monocarboxylic acids, such as chloroacetic
      acid, trichloroacetic acid, trifluoroacetic acid, bromoacetic acid,
      2,2,3-trichlorobutyric acid, 2,3-dibromopropionic acid and 2-iodohexanoic
      acid, are employed in place of acetic acid to give a desirable catalytic
      effect. Also in the same manner as shown for acetic acid, anhydrides, such
      as acetic anhydride, dichloroacetic anhydride, propionic anhydride and
      heptanoic anhydride, are used as catalysts in the reaction to obtain
      similar results. Also, other solvents are employed in the reaction of the
      invention. For example, water or perchloroethylene as shown in the
      examples above can be replaced by other solvents such as saturated
      hydrocarbon solvents like benzene, toluene, xylene, cyclohexane or
      petroleum ether or chlorinated hydrocarbon solvents like methylene
      chloride, trichloroethylene, chlorobenzene or hexachlorocyclopentadiene.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process for preparing brominated pentaerythritols by contacting
      pentaerythritol with HBr, the improvement comprising reacting the
      pentaerythritol with HBr in the liquid phase at a temperature of from
      about 85.degree. to about 135.degree.C. in a solvent selected from the
      groups consisting of benzene, toluene, xylene, a saturated hydrocarbon
      solvent, a substantially nonreactive brominated or chlorinated hydrocarbon
      solvent, and water, containing as a catalyst an alkanoic acid of from 2 to
      8 carbon atoms or its anhydride having a concentration of from about 0.8
      to about 25 mole percent per mole of pentaerythritol, by feeding the HBr
      to the reactor containing the pentaerythritol and solvent continuously
      throughout the reaction to saturate the reaction mixture with HBr while
      retaining in the reaction mixture until completion of the reaction water
      formed during the reaction and any water used as solvent.
NUM  2.
PAR  2. The process of claim 1 wherein the catalyst is an alkanoic acid of 2-4
      carbons.
NUM  3.
PAR  3. The process of claim 1 wherein the catalyst is acetic acid.
NUM  4.
PAR  4. The process of claim 1 wherein the concentration of the alkanoic acid is
      from about 2 to about 10 mole percent per mole of pentaerythritol.
NUM  5.
PAR  5. The process of claim 1 wherein the solvent is water or
      perchloroethylene.
NUM  6.
PAR  6. The process of claim 1 wherein the temperature is from about 90.degree.
      to about 120.degree.C.
NUM  7.
PAR  7. The process of claim 1 wherein the predominant product obtained is
      dibromoneopentyl glycol.
NUM  8.
PAR  8. The process of claim 1 wherein the predominant product obtained is
      tribromoneopentyl alcohol.
NUM  9.
PAR  9. In the process for preparing brominated pentaerythritols by contacting
      pentaerythritol with HBr, the improvement comprising reacting the
      pentaerythritol with HBr in the liquid phase at a temperature of from
      about 85.degree. to about 135.degree.C. in a solvent selected from the
      group consisting of water and perchloroethylene, containing as a catalyst
      acetic acid or its anhydride having a concentration of from about 0.8 to
      about 25 mole percent per mole of pentaerythritol, by feeding the HBr to
      the reactor containing the pentaerythritol and the solvent continuously
      throughout the reaction to saturate the reaction mixture with HBr while
      retaining in the reaction mixture until completion of the reaction water
      formed during the reaction and any water used as solvent.
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ABST
PAL  Selective bromination process for 2,5-dibromo-p-xylene which comprises
      bromination of p-xylene using approximately stoichiometric amounts of
      bromine and a hydrated iron containing bromination catalyst to give
      selectively high yields of substantially pure 2,5-dibromo-p-xylene.
BSUM
PAR  The invention is broadly concerned with the selective nuclear bromination
      of aromatic compounds and more particularly with the isomer selective
      bromination of p-xylene to produce high yields of very pure
      2,5-dibromo-p-xylene substantially without contamination of other dibromo
      isomers, tribromo-p-xylene or other by-products. The process employs
      hydrated iron containing bromination catalysts in the presence of a
      reaction mixture diluent which may be either the intermediate
      monobromo-p-xylene, a by-product of the bromination reaction itself,
      and/or a non-reactive inert diluent.
PAR  Flame retardant plastics, for example, polyester polymers are currently in
      great demand in industry and are of particular importance in consumer
      goods. One of the most commonly used dibasic acids for polyesters is
      terephthalic acid. A polybrominated terephthalic acid intermediate offers
      the excellent possibility for providing built-in-flame retardant
      properties for polyesters. In this approach the polybrominated
      terephthalic acid enters into the polyesterification reaction and becomes
      an integral part of the polymer structure, i.e., is a "reactive" flame
      retardant in the polyester. If offers numerous advantages over the
      alternate process of using an "additive" flame retardant which is not
      chemically bound into the polymer structure; specifically, the reactive
      flame retardant, because it is chemically bound, has a high order of
      permanence not shared by additive flame retardants which are susceptible
      to loss by volatilization, by exhudation from the polymer, or by
      dissolution on laundering or dry cleaning.
PAR  Thus dibromoterephthalic acid is a preferred polybasic acid for manufacture
      of the fire retardant polyesters. The 2,5-dibromoterephthalic acid is the
      polyacid of choice since it is the most symmetrical of the dibromo isomers
      and therefore the most preferred as a monomer for polyesters. Any
      nonsymmetrical products are undesirable and to be avoided since they can
      participate in the polymerization (polyesterification) reactions and
      undesirably affect the properties of the polymers. For these reasons, it
      has been found that an isomer purity of at least about 98% or above is
      necessary for the 2,5-dibromo-p-xylenes which is to be used for making the
      dibromoterephthalic acid.
PAR  The conversion of the 2,5-dibromo-p-xylene to the corresponding
      dibromoterephthalic acid is readily accomplished using oxidizing agents
      known to the art. However, producing 2,5-dibromo-p-xylene of the required
      purity by an economically feasible and practical process has until
      discovery of the process disclosed herein been difficult and, in fact, not
      satisfactory for commercialization.
PAR  Experimentally the bromination of p-xylene using conventional catalysts
      produces monobromo-xylene, isomeric dibromoxylenes and tribromoxylene. The
      dibromination of p-xylene theoretically produces three isomers,
      2,3-dibromo-p-xylene, 2,5-dibromo-p-xylene, and 2,6-dibromo-p-xylene. The
      2,5-isomer has been found to be the predominant one formed and the other
      two isomers are formed in lesser amounts. In fact, the 2,6-isomer is
      apparently formed only in negligible quantities or not at all. There is,
      of course, only one tribromo-p-xylene possible.
PAR  Although the dibromination theoretically produces three isomeric
      dibromo-p-xylenes, fortunately the greatest amount is the preferred isomer
      2,5-dibromo-p-xylene. Vacuum distillation of the products, while an
      excellent means for separation of the dibromoxylenes from the mono- and
      tri-bromo compounds, is an extremely difficult method to use in separating
      the isomeric dibromo compounds from each other for their vapor pressure
      are very close.
PAR  Variations in bromination conditions in efforts to increase selectivity
      have been studied extensively. Numerous solvents were examined, among them
      carbon tetrachloride, methyl cellosolve, methylene chloride and
      methylcyclohexane. Other catalysts have been tried including iodine,
      anhydrous ferric bromide, iron, aluminum chloride, and cupric bromide.
      Also bromine chloride has been tried as a substitute for part or all of
      the bromine itself as brominating agent.
PAR  None of the variations have been found to produce the 2,5-dibromo-p-xylene
      in yields and selectivities comparable to the process of the invention.
      Among the disadvantages found in the process variations were dark colored
      bromination products, difficulties in purification procedures, lack of
      improvement in selectivity for the desired 2,5-dibromo-p-xylene isomer,
      and undesirable production of appreciable quantities of tribromoxylene.
      Formation of tribromoxylene and its presence in the 2,5-dibromo-p-xylene
      products represents uneconomic waste and creates problems in purification
      since it cannot be tolerated in the product intended for commercial
      purposes.
PAR  The invention process is a selective and improved dibromination of p-xylene
      to give almost exclusively 2,5-dibromo-p-xylene as the product. The
      outstanding feature of the process is the discovery that it is isomer
      selective andyields relatively pure 2,5-dibromo-p-xylene in high yield
      with amounts of other brominated products at a minimum; that is, a product
      is formed which has a high isomer ratio as defined below. To define this
      term, the isomer ratio, as it is used herein in connection with
      selectivitity, is the ratio of the 2,5-dibromo-p-xylene isomer to the
      2,3-dibromo-p-xylene isomer. For purposes of the process of the invention,
      an isomer ratio of 13 or 14 or above is considered to be satisfactory.
PAR  The essential feature of this newly discovered bromination process is the
      use of a hydrated iron-containing catalyst. In a preferred embodiment of
      this process the bromination is carried out in the presence of
      monobromo-p-xylene, a product of the bromination, as the reaction solvent,
      or alternatively an inert diluent as the reaction solvent.
PAR  Extensive experimental study of the bromination process has shown that the
      best process for selectivity (i.e., an isomer ratio of 13 or 14 and above)
      and high yield of 2,5-dibromo-p-xylene depends on operating the
      bromination process of the invention such that a number of process
      variables are maintained within critical limits.
PAR  It has been found that despite the known art in bromination, the anhydrous
      iron containing catalysts such as the ferric halides, and more
      particularly, anhydrous ferric chloride, do not function selectively as
      catalysts for the bromination of p-xylene to produce high assay
      2,5-dibromo-p-xylene. For instance comparison of results obtained with
      hydrated ferric chloride versus the results using the anhydrous form shows
      that both selectivity and yield of the desired 2,5-dibromo-p-xylene are
      unexpectedly and unpredicatably increased by use of the hydrated form of
      iron-containing catalysts.
PAR  Catalyst concentration, i.e. the amount of the hydrated iron containing
      catalysts employed, is another variable which should be controlled. The
      catalyst requirement for good results is a small but effective amount of
      the hydrated catalyst which amount is found in the range of approximately
      from 0.25 to 5.0 mole percent based on the bromine feed. In any event a
      sufficient amount of hydrated iron-containing catalyst must be present to
      function as a catalyst for the dibromination. An excess tends to
      complicate product recovery and purification procedures and is wasteful.
PAR  Control of temperature of the dibromination has been found to be critical
      in maintaining high isomer ratios. A temperature in the range of about
      0.degree. to 40.degree.C. has been found most convenient for practice of
      the invention although under selected conditions it is possible to use
      even lower temperatures, for example down to about -20.degree.C., without
      sacrifice of isomer selectivity. If the temperature is permitted to exceed
      substantially about 40.degree.C., the isomer ratio drops. If the
      temperature of the process is allowed to fall below about -5.degree.C.,
      the fluidity of the reaction mixture becomes difficult to maintain and the
      application of a mechanical blending device becomes necessary. However,
      within these temperature limits the lower the temperature of bromination,
      the higher the isomer ratio obtained.
PAR  If a diluent is used, it is also important that the bromine to p-xylene
      molar ratio in the reacting mixture be maintained between 1.8 and 2.4. Too
      little bromine gives decreased amounts of 2,5-dibromo-p-xylene while a too
      high ratio of bromine to p-xylene is unnecessary and is wasteful of
      bromine, thereby creating process and product difficulties.
PAR  Catalyst studies on the process include the use of cobalt bromide both
      anhydrous and the hexahydrate, manganese bromide anhydrous and the
      tetrahydrate, anhydrous nickel bromide, anhydrous zinc bromide, molybdenum
      pentachloride, both anhydrous and the pentahydrate, and aluminum chloride.
      In general, a multiplicity of brominated products was obtained, showing
      both poor isomer ratios, and either too sluggish or too vigorous
      bromination activity. For instance molybdenum pentachloride pentahydrate
      required more than twice the reaction time as did the preferred hydrated
      iron containing catalyst.
PAR  It has been found that hydrated ferric halides are the preferred catalysts.
      Unexpectedly, the hydrated ferric salts function far better than the
      anhydrous forms. A trihydrate of ferric halide seems to be an optimum and
      preferred level of hydration, although the degree of hydration may range
      from 2 to 6. A lower level of hydration gives lower isomer ratios and/or a
      higher level of tribromination, while greater amounts of water appear to
      promote formation of high boiling material. The appropriate hydrated form
      can be supplied per se to the reaction or it can be prepared in situ by
      addition of the appropriately equivalent amounts of anhydrous ferric
      chloride or bromide and partially hydrated material and/or water to the
      reaction mixture. The hydrated form of ferric halide catalyst can also be
      conveniently supplied by catalyst recycle from previous runs. Ferric
      chloride trihydrate can be prepared either by preliminary mixing of
      equivalent amounts of the anhydrous and hexahydrate forms or can be
      prepared in situ.
PAR  It is an advantage of a preferred embodiment of the invention process that
      it is possible to obtain yields of 85% or higher of 2,5-dibromo-p-xylene
      of very high purity (above 98%). It is possible to isolate the reaction
      product 1) by distillation which first removes the monobromo-p-xylene and
      then the dibromo-p-xylenes, or 2) by washing the reaction mixture, then
      stripping off the monobromo-p-xylene. As an additional feature of this
      invention, it has been found possible to purify further the isolated
      product whose dibromoxylene content is at least about 92% 2,5-dibromo
      isomer and to obtain material of over 99% purity by selective dissolution
      at ambient temperature of the impurities from the 2,5-dibromo-p-xylene
      using for instance a lower molecular weight aliphatic alcohol of 1-4
      carbon atoms, such as methanol, ethanol, isopropanol, n-propanol,
      butanols, and mixtures thereof. This purification step removes residual
      small amounts of monobromo-p-xylene, the 2,3-dibromo isomer and trace
      amounts of high boiling materials.
PAR  Thus, using the preferred process of the invention in which the
      intermediate monobromo-p-xylene essentially acts as a reaction mixture
      diluent, fully recoverable under the appropriately selective conditions,
      and using hydrated ferric halide as the bromination catalyst there is
      obtained a product whose dibromo-p-xylene content is 92-96% 2,5-isomer and
      which contains essentially no tribromo-p-xylene. It is contemplated as a
      preferred embodiment of the invention that xylene and bromine are charged
      to the reaction vessel which contains a monobromo-p-xylene heel and
      catalyst. In a continuous embodiment p-xylene, bromine, and catalyst are
      continually fed to a mixture of the reactants and the monobromo-p-xylene
      with continuous removal of hydrogen bromide and product. Obviously, other
      variants of the feed streams for continuous operation are possible. It is
      also possible to carry out the process of the invention by substituting a
      part or all of the intermediate monobromo-p-xylene by an appropriate
      amount of a reaction mixture diluent which is substantially unreacting
      under the conditions of the bromination reaction. Diluents which can be
      used include halogenated solvents such as carbon tetrachloride,
      chloroform, methylene chloride, mixed chlorinated solvents,
      methylcyclohexane, and higher boiling aliphatic hydrocarbons.
PAR  It has been further found that the use of hydrated ferric chloride
      catalysts for bromination actually suppresses tribromination of the
      p-xylene, thereby assuring the obtaining of a pure dibromo derivative as
      the principal product.
PAR  The process of the invention has been found to proceed well when carried
      out both in batch or semi-continuous operations and is especially
      adaptable to operate as a continuous process.
DETD
PAR  The invention will be illustrated in greater detail by the examples
      presented hereinbelow. It is not intended however to limit the invention
      in any way specifically thereto.
PAC  EXAMPLE 1
PAC  Dibromination of p-Xylene with Hydrated Ferric Chloride Catalyst
PAR  p-Xylene (212 grams, 2.0 moles) and 7 grams of ferric chloride hexahydrate
      (0.026 moles, 1 mole percent based on bromine) were charged to a 500 ml.
      four-neck flask. To this mixture, while maintaining stirring and a
      temperature of 25.degree.C. there was added from a dropping funnel, 416 g.
      (2.6 moles) bromine. The addition of bromine required 23/4  hours after
      which the mixture was allowed to stir an additional hour at
      20.degree.-25.degree.C.
PAR  Samples of the reaction mixture were taken at intervals during the reaction
      (2.0 moles bromine, 2.15 moles bromine, 2.3 moles bromine, 2.45 moles
      bromine, and 2.6 moles bromine). These samples were analyzed by vapor
      phase chromatography and the average isomer ratio as defined above was
      found to be 17. The product, 2,5-dibromo-p-xylene was identified by vapor
      phase chromatography.
PAC  EXAMPLE 2
PAC  Batch Process Dibromination of p-Xylene
PAR  A bromination reaction was carried out according to the process of the
      invention wherein 625 g. (6.15 moles) of p-xylene and 12.95 g. (0.08 mole)
      of anhydrous ferric chloride and 4.3 g. (0.24 mole) deionized water (to
      produce FeCl.sub.3.3H.sub.2 O in situ) were added to a stirred reaction
      vessel, fitted with a thermometer and condenser with gas outlet to a water
      trap. Bromine (1280 g., 8.0 moles) was added to the stirred mixture of
      p-xylene and catalyst, initially held at 10.degree.-15.degree.C. (first
      15% of bromine addition) then at 0.degree.-5.degree.C. Hydrogen bromine
      was collected in the water trap. After all the bromine had been added,
      stirring was continued for 1 hour at 0.degree.-5.degree.C., then at
      ambient temperature until hydrogen bromide evolution ceased. A total of
      388.3 g. hydrogen bromide (90% theory) was collected.
PAR  The product may be washed with caustic and/or water as desired, and the
      monobromo-p-xylene stripped off. The washing steps are not, however,
      necessary. The washed and stripped product is substantially pure. In this
      instance, however, the reaction mixture was distilled without washing
      using a packed column at reduced pressure. After removal of the
      monobromo-p-xylene the column was replaced by a still head and the main
      product fraction distilled via a short path.
PAR  The monobromo-p-xylene fraction obtained as a forerun boiled in the range
      75.degree.-80.degree.C. at 8 mm. pressure. The product fraction distilled
      at 119.degree.-123.degree.C. at 8 mm. pressure. The product fraction
      consisted of 473 grams of a white crystalline solid assaying 93.4% of
      2,5-dibromo-p-xylene. The isomer ratio was found to be 16.1. The
      distillation residue consisted of the iron catalyst and a small amount of
      tar.
PAC  EXAMPLE 3
PAC  Semi-Continuous Dibromination with Recycle of Monobromo-p-Xylene
PAR  This experiment was carried out in two successive steps. In the first stage
      the total p-xylene was divided into two parts and one-half of the p-xylene
      was added to the reaction vessel with the catalyst. The other half of the
      p-xylene and the bromine were then added simultaneously but in separate
      streams to the flask while maintaining the temperature of the reacting
      mixture at 20.degree.-25.degree.C. When the reaction was completed as
      evidenced by no further hydrogen bromide evolution, the resulting mixture
      was distilled. An initial fraction of monobromo-p-xylene was taken off at
      75.degree.-103.degree. (9mm). The 2,5-dibromo-p-xylene was recovered by
      distillation at 122.degree.-126.degree. (10 mm) as a water-white liquid
      which solidified to a white, fused, crystalline mass.
PAR  In the second stage p-xylene was brominated using recovered and recycled
      monobromo-p-xylene from the above described first step as diluent. The
      monobromo-p-xylene and catalyst were charged to a reaction vessel and
      bromine and p-xylene then added simultaneously to the reaction flask at
      20.degree.-25.degree.C. When reaction was completed, the mixture was
      distilled as described before.
PA1  a. A total of 212 g (2.0 moles) p-xylene of 99 mole % purity was used. The
      reaction vessel was charged with 106 g. of the p-xylene and as catalyst
      2.43 g. (0.015 mole) anhydrous ferric chloride and 4.05 g. (0.015 mole)
      ferric chloride hexahydrate to give the preferred ferric chloride
      trihydrate as catalyst in the reaction vessel. p-Xylene (106 g.) and 480
      g. (3.0 moles) of bromine were added simultaneously but separately to the
      reaction mixture at a rate such that their additions were completed at the
      same time. The reaction temperature was maintained at
      20.degree.-25.degree.C. by cooling. Hydrogen bromide (224 g. -- 92% of
      theoretical) was evolved. The resulting reaction mixture was a thick brown
      slurry. After hydrogen bromide evolution ceased, the mixture was heated to
      40.degree.-45.degree.C. to dissolved the solids in order to facilitate
      transfer of the mixture. The reaction mixture was distilled through a
      packed vacuum-jacketed column to strip off the monobromo-p-xylene. The
      column was then replaced with a still head and the main product fraction,
      2,5-dibromo-p-xylene, distilled via short path.
PAR  The monobromo-p-xylene fraction was collected over the range of
      75.degree.-103.degree.C. at 9 mm. pressure. The product fraction
      2,5-dibromo-p-xylene distilled at 122.degree.-126.degree.C. at 10 mm.
      pressure and weighed 233.7 and assayed at 94.4%. The isomer ratio was 17.
PAR  b. Monobromo-p-xylene (185 g., 1.0 mole) prepared as described above, was
      charged to a reaction flask together with 1.475 g. (0.0091 mole) of
      anhydrous ferric chloride and 2.46 g. (0.0091 mole) of ferric chloride
      hexahydrate. p-Xylene (96.3 g. 0.91 mole) and 291 g. (1.82 moles) of
      bromine were added simultaneously but separately to the reaction mixture
      at a rate such that the additions were completed at the same time. The
      reaction mixture was maintained at 20.degree.-25.degree.C. with cooling.
      As described in part (a) above, hydrogen bromide was evolved and a brown
      slurry was formed. A total of 130 g. (88.2% of the theoretical) hydrogen
      bromide was evolved. The reaction mixture was distilled and the products
      recovered in a similar fashion as described in part (a) above. The results
      obtained are as follows.
PAR  In this reaction, a product fraction boiling at 123.degree.-124.degree.C.
      at 10 mm. pressure was collected. This 210.7 g. of product assayed 93.4%
      2,5-dibromo-p-xylene and the isomer ratio was 14.4.
PAC  EXAMPLE 4
PAC  Dibromination Process Using Trihydrate of Ferric Chloride
PAR  Monobromo-p-xylene (472 g., 2.55 moles) and catalyst, 3.29 (0.0203 mole)
      anhydrous ferric chloride and 4.58 g. (0.0203 mole) ferric chloride
      hexahydrate were charged to the stirred reaction vessel. p-Xylene (215
      grams, 2.03 moles) and 648 g. (4.06 moles) bromine were added
      simultaneously but separately at 0.degree.-5.degree.C. with cooling for a
      period of four hours. The temperature was allowed to rise to 25.degree.C.
      At the end of the reaction period the temperature was raised to
      40.degree.C. to dissolve all solids and facilitate transfer. The unwashed
      reaction mixture was distilled under reduced pressure of 10 mm. A fraction
      consisting of monobromo-p-xylene was collected at 70.degree.-85.degree.
      and an intermediate cut was recovered at 85.degree.-119.degree.. The
      product 2,5-dibromo-p-xylene was distilled at 119.degree.-126.degree.C.
      and recovered as a water white liquid which crystallized on cooling to a
      white solid. The results obtained are summarized below.
TBL  ______________________________________                                    

     A. Summary of Distillation                                                

                                p.                                             

     Fraction No. Head temp. .degree.C.                                        

                                mm.     Wt. g.                                 

     ______________________________________                                    

     1            70-85         10      485*                                   

     2             85-119       10      5.5                                    

     3            119-126       10      516.2                                  

     Pot Residue  --            --      14.3                                   

     Recovered from                                                            

     column       --            --      5.0                                    

     ______________________________________                                    

      *As in other examples presented herein, this figure includes the water   

      from the catalyst codistilled. It can be easily and completely decanted  

      from the organic fractions.                                              

TBL  B. VPC Assays (Area %)                                                    

              p-      monobromo 2,5-  2,3-   Isomer                            

     Sample No.                                                                

              xylene  p-xylene  DBX*  DBX    ratio                             

     ______________________________________                                    

     Reaction  0.02   52.6      45.6  1.81   25.2                              

     mixture                                                                   

     Forerun  0       99.4      0.53  --     --                                

     Middle cut                                                                

              0       47.0      51.6  1.1    47                                

     Product cut                                                               

              0       0.13      95.9  4.0    24                                

      *DBX = dibromo-p-xylene                                                  

TBL  C. HBr Recovery                                                           

                         % of Theoretical                                      

                         (329 g)                                               

                         Collected in                                          

                         Water Trap                                            

     ______________________________________                                    

     At end of Br.sub.2 addition                                               

                         85.6                                                  

     At end of 0-5.degree.C. stirring period                                   

                         87.8                                                  

     At end of 25.degree.C. stirring period                                    

                         90.6                                                  

     At 40.degree. (transfer temperature)                                      

                         91.2                                                  

     D. Yield of Dibromo-p-Xylenes                                             

     Theoretical yield of DBX                                                  

                     = 2.03 moles on bromine and                               

                     p-xylene                                                  

                     = 2.03 (264) = 535 g.                                     

     Yield of DBX (all fractions) = 516.2 g.                                   

     Actual % yield on p-xylene and bromine = 96.5%                            

     ______________________________________                                    

PAC  EXAMPLE 5
PAC  Continuous Plant Process
PAR  Preparatory to a continuous run a "heel" was prepared in a 10 gal. reactor
      by adding over a period of 1.75 hours, 128 lbs. of bromine to 60 lbs. of
      p-xylene and 25 oz. of the preferred catalyst while maintaining a
      temperature of 15.degree.-19.degree.. After completion of bromine
      addition, the system was held with agitation for an additional hour. The
      system was then ready for the continuous run.
PAR  There were three feed streams employed in the continuous process. These
      were bromine, catalyst, and a premixed stream of p-xylene and a recycle
      fraction consisting substantially of monobromo-p-xylene.
PAR  Catalyst, 32 oz., was charged to the reactor on an intermittent basis every
      15 minutes throughout the period of the run.
PAR  p-Xylene, 49 lbs., was mixed with 160 lbs. of a recycle fraction assaying
      92% monobromo-p-xylene. A 204 lb. portion of this mixture was fed
      simultaneously with 152 lbs. of bromine to the reactor over a period of
      4.25 hours.
PAR  The temperature was maintained at 14.degree.-26.degree. during the reaction
      by varying the brine flow through the cooling jacket. Product coming from
      the reactor was passed through a small heat exchanger, warmed to about
      50.degree.C. and collected in a receiver. The crude reaction mixture in
      the receiver was then neutralized by multiple contacts with deionized
      water. Light ends were then distilled off at a reduced pressure of 10-20
      mm.
PAR  The dibromo-p-xylene product remaining in the pot was then fed in the
      molten state into an agitated reactor containing methanol at ambient
      temperature. After agitation for about one hour the product was filtered
      off. The product obtained at this stage had the desired isomer purity of
      &gt;98% 2,5-isomer. For removal of color, a single plate overhead flash
      distillation of methanol-wet filter cake was utilized. Overall yields were
      comparable to those achieved on laboratory scale.
TBL  __________________________________________________________________________

     Product Assay (VPC, area %)                                               

                   Monobromo                                                   

                         2,5-Dibromo-                                          

                                 2,3-Dibromo-                                  

                                         Isomer                                

              p-Xylene                                                         

                   p-xylene                                                    

                         p-xylene                                              

                                 p-xylene                                      

                                         Ratio                                 

     __________________________________________________________________________

     Washed crude                                                              

     reaction                                                                  

     mixture  0.86 56.1  41.1    1.88    21.9                                  

     Crude product                                                             

     after removal                                                             

     of light ends                                                             

              tr   7.2   89.6    3.2     28.0                                  

     Product after                                                             

     methanol slurry                                                           

              --   .4    99.1    .5      198.                                  

     __________________________________________________________________________

PAC  EXAMPLE 6
PAC  Effects of Various Iron Containing Catalysts on Dibromination of p-Xylene
PAR  A series of experimental bromination reactions was carried out using
      various iron containing catalysts and a molar ratio of bromine to p-xylene
      of 1.3. The reaction temperature used was 0.degree.-5.degree.C. with the
      first 15% of bromine being added at 10.degree.-15.degree.C. to facilitate
      agitation of the reaction mixture during the initial stages of the
      bromination. No extraneous solvent was employed. The concentration of the
      respective catalysts employed is in each case, expressed as mole percent
      on bromine used. In each case, the reaction mixture was washed with 10%
      sodium hydroxide. The experimental results are shown in Table I presented
      below:
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Comparison of Various Iron Catalysts in Dibromination of p-Xylene         

     Catalysts       Reaction Mixture Assay (VPC, area %)                      

                               2,5- 2,3-                                       

     Run     Conc. Mole %                                                      

                     p-  Monobromo-                                            

                               Dibromo-                                        

                                    Dibromo-                                   

                                         2,5-/2,3-                             

                                                 Tribromo-                     

                                                       High                    

     No.     based on Br.sub.2                                                 

                     Xylene                                                    

                         p-xylene                                              

                               p-xylene                                        

                                    p-xylene                                   

                                         Isomer Ratio                          

                                                 p-xylene                      

                                                       Boilers                 

     __________________________________________________________________________

     1  FeCl.sub.3                                                             

             1       2.31                                                      

                         60.0  33.3 4.13 8.1     0.21  0.04                    

     2  FeCl.sub.3,                                                            

             1       0   66.7  31.4 1.69 18.6    0     0.07                    

        3H.sub.2 O                                                             

     3  FeCl.sub.3.                                                            

             1       0   64.4  32.1 1.27 25.3    0     2.3                     

        6H.sub.2 O                                                             

     4  FeBr.sub.3                                                             

             1       0.58                                                      

                         62.3  33.0 4.13 8.0     0.01  Trace                   

     5  FeBr.sub.3                                                             

             1       0.24                                                      

                         62.6  32.6 4.22 7.7     0.17  Trace                   

        I.sub.2                                                                

             0.1                                                               

     6  Fe   1.2     0.18                                                      

                         65.56 30.35                                           

                                    3.69 8.2     0     0                       

        powder                                                                 

     7  Fe   1.2     0.46                                                      

                         70.26 25.85                                           

                                    3.35 7.7     0     0                       

        powder                                                                 

        I.sub.2                                                                

             0.063                                                             

     8  Fe   1.2     0.1 65.94 30.18                                           

                                    3.80 7.9     0     0                       

        filings                                                                

        I.sub.2                                                                

             0.063                                                             

     __________________________________________________________________________

PAR  These experimental data show the unexpected superiority of the hydrated
      iron containing catalysts of the invention used in Runs 2 and 3 for
      producing high purity 2,5-dibromo-p-xylene as compared with results from
      other closely related iron-containing catalysts. Runs 1 and 4 using
      anhydrous ferric halides show low isomer ratios. Addition of iodine, a
      well-known bromination catalyst to the ferric halide in Run 5 did not
      improve the poor selectivity of the anhydrous ferric halide catalyst. Iron
      powder alone, or with iodine as well as iron filings with iodine, show
      similar poor isomer selectivities as dibromination catalysts (Runs 6, 7,
      and 8), i.e., show low isomer ratios.
PAC  EXAMPLE 7
PAC  Effect of Degree of Hydration of Catalyst
PAR  a. A series of bromination experiments was carried out in which p-xylene
      was subjected to bromination using anhydrous ferric chloride as well as
      variations in the hydrated forms of the salt (from 1 1/2 to 6 moles of
      water per mole of ferric chloride). The reaction charge was 212 g. (2.0
      moles) p-xylene, 416 g. (2.6 moles) bromine and 0.026 moles of catalyst.
      The results are shown below in Table II. The catalyst concentration was 1
      mole % based on the bromine used. No extraneous solvent was employed. The
      bromine to p-xylene ratio was maintained at 1.3 in all experiments and the
      temperature was 0.degree.-5.degree.C. To facilitate stirring a higher
      temperature of about 15.degree.C. was employed in the initial stages of
      the reaction period. The individual reaction mixtures were washed with 10%
      sodium hydroxide.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Effect of Hydration on Ferric Chloride Catalysis of Dibromination         

                    Crude Reaction Mixture Assay VPC (area %)                  

                         Monobromo-                                            

                               2,5-Dibromo-                                    

                                       2,3-Dibromo-                            

                                               2,5-/2,3-                       

                                                       Tribromo-               

                                                             High              

     Run No.                                                                   

           Catalyst p-xylene                                                   

                         p-xylene                                              

                               p-xylene                                        

                                       p-xylene                                

                                               Isomer Ratio                    

                                                       p-xylene                

                                                             Boilers           

     __________________________________________________________________________

     9     FeCl.sub.3                                                          

                    2.31 60.0  33.3    4.13    8.1     0.21  0.04              

     10    FeCl.sub.3.11/2H.sub.2 O                                            

                    15.0 32.1  46.0    5.10    9.0     1.80  --                

     11    FeCl.sub.3.2H.sub.2 O                                               

                    0    68.0  29.8    2.21    13.5    Trace Trace             

     12    FeCl.sub.3.3H.sub.2 O                                               

                    0    66.68 31.4    1.69    18.6    0     0.07              

     13    FeCl.sub.3.41/2H.sub.2 O                                            

                    0    66.0  31.9    1.8     17.7    0     0.86              

     14    FeCl.sub.3.6H.sub.2 O                                               

                    0    64.4  32.1    1.27    25.3    0     2.3               

     __________________________________________________________________________

PAR  b. In similar way a series of dibromination reactions was carried out using
      recycle monobromo-p-xylene as diluent with anhydrous ferric chloride and
      variations in the hydrated forms of the salt (from 1 1/2 to 12 moles of
      water per mole of ferric chloride). In each case, the catalyst was used in
      an amount of 1 mole % based on bromine used. The results are shown in
      Table III below. The mole ratio of recycled monobromo-p-xylene to p-xylene
      was 1.25 and the mole ratio of bromine to p-xylene was 2.0. The reaction
      mixtures were each worked with 10% sodium hydroxide.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Effect of Hydration on Ferric Chloride Catalysis of Dibromination         

                       Reaction Mixture Assay                                  

     Run                                                                       

        Catalyst                                                               

               % Theoretical                                                   

                       VPC (area %)                                            

     No.                                                                       

        FeCl.sub.3.xH.sub.2 O                                                  

               HBr collected      2,5-                                         

        .times.                                                                

               when all Br.sub.2                                               

                            Monobromo                                          

                                  Dibromo-                                     

                                       2,3-Dibromo-                            

                                               2,5/2,3-                        

                                                      tribromo                 

                                                           High                

                                                              Boilers          

               added   p-xylene                                                

                            p-xylene                                           

                                  p-xylene                                     

                                       p-xylene                                

                                               Isomer ratio                    

                                                      p-xylene                 

                                                           No.                 

                                                              %                

     __________________________________________________________________________

     15  0     89      3.84 44.1  46.7 5.14     9.1   0.6  1  0.06             

     16 11/2   86      2.20 45.8  46.3 5.49     8.4   0.10 0  --               

     17  2     87      0.41 50.9  45.4 3.24    14.0   tr   -- tr               

     18 21/2   88      0.81 50.5  45.9 2.73    16.8   0    -- tr               

     19  3     87.7    0.66 50.9  46.0 2.27    20.3   0.05 -- tr               

     20 41/2   83      tr   52.2  45.7 2.02    22.6   tr   -- tr               

     21  6     76      0.14 51.9  42.6 2.33    18.5   tr   6  3.4              

     22  9     55      tr   52.9  44.1 2.71    16.3   0.03 5  0.3              

     23 12     50      tr   55.8  41.1 2.13    19.3   tr   7  2                

     __________________________________________________________________________

PAR  These experiments indicate that the degree of hydration of the catalyst
      governs the isomer selectivity or the relative distribution of the bromine
      atoms on the aromatic nucleus of the p-xylene. Clearly the anhydrous
      ferric chloride is unsatisfactory in that the isomer ratio obtained is
      low.
PAC  EXAMPLE 8
PAC  Effect of Variation in FeCl.sub.3.3H.sub.2 O Catalyst Concentration
PAR  A series of runs was carried out to study the effect of variations of
      concentration of the FeCl.sub.3.3H.sub.2 O catalyst from 0.25 to 5.0 mole
      % based on the bromine. The experiments were performed as a
      semi-continuous recycle process in which there was simultaneous addition
      of bromine and p-xylene in a molar ratio of 2.0 to the recycle stream of
      monobromo-p-xylene and catalyst. The bromination temperature was
      0.degree.-5.degree.C. and the reactions times were constant for each
      experiment. The results are shown in Table IV below. These data indicate
      that the catalyst concentrations of the hydrated iron containing catalysts
      can vary from about 0.25 up to 5.0 mole % with satisfactory results, i.e.,
      to yield products of high isomer ratios.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Effect of Variation in FeCl.sub.3.3H.sub.2 O Concentration                

                      Reaction Mixture Assay                                   

                      VPC (Area %)                                             

           Catalyst                                                            

                % HBr      Monobromo-                                          

                                 2,5-Dibromo                                   

                                         2,3-Dibromo-                          

                                                 2,5-/2,3-                     

                                                         High                  

     Run No.                                                                   

           Conc.                                                               

                Collected                                                      

                      p-xylene                                                 

                           p-xylene                                            

                                 p-xylene                                      

                                         p-xylene                              

                                                 Isomer Ratio                  

                                                         Boilers               

     __________________________________________________________________________

     24    0.25 78.0  0.02 53.7  43.6    2.64    16.5    Trace                 

     25    0.5  86.0  0.1  51.8  45.7    2.78    20.1    Trace                 

     26    1.0  88    0.66 50.9  46.0    2.27    20.3    0.05                  

     27    2.5  84.1  1.10 50.8  46.1    1.93    23.9    0.03                  

     28    5.0  Leak in                                                        

                      0.24 52.1  45.3    2.34    19.4    trace                 

                trap                                                           

     __________________________________________________________________________

PAC  EXAMPLE 9
PAC  Effect of Temperature Variations
PAR  The effect of reaction temperature as a variable in the bromination
      reaction in the preferred range of 0.degree.-40.degree.C. was studied in a
      series of experiments. The results obtained are set forth in Table V
      below. The experiments were all carried out using FeCl.sub.3.3H.sub.2 O as
      the catalyst with simultaneous addition of bromine and p-xylene to recycle
      monobromo-p-xylene as solvent. The bromo-p-xylene to p-xylene molar ratio
      was 1.25 and the bromine to p-xylene molar ratio was 2.0.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     Effect of Temperature in Dibromination of p-Xylene                        

                      Reaction Mixture Assay                                   

                      VPC (area %)                                             

           Reaction                                                            

                % HBr      Monobromo-                                          

                                 2,5-Dibromo-                                  

                                         2,3-Dibromo-                          

                                                 2,5-/2,3-                     

                                                        High                   

     Run No.                                                                   

           Temp.                                                               

                Collected                                                      

                      p-Xylene                                                 

                           p-xylene                                            

                                 p-xylene                                      

                                         p-xylene                              

                                                 Isomer Ratio                  

                                                        Boilers                

     __________________________________________________________________________

     29     0-5.degree.                                                        

                87.5  0.66 50.9  46.0    2.27    20.3   0.05                   

     30    20-25                                                               

                88.5  0.60 51.2  45.7    2.66    17.2   Trace                  

     31    30-35                                                               

                89    0.42 52.0  44.2    2.87    15.4   0.5                    

     32    40-45                                                               

                92    0.47 50.2  44.8    4.31    10.4   Trace                  

     33    50-55                                                               

                92    2.48 48.8  43.6    5.16     8.4   Trace                  

     __________________________________________________________________________

PAR  These data show that temperatures of about 0.degree.C. up to about
      40.degree.C. are satisfactory for carrying out the process of the
      invention. Temperatures in the range of 40.degree.-45.degree.C. and also
      up to the range of 50.degree.-55.degree.C. show a decrease in isomer ratio
      and the amount of high molecular weight by-products (high boiling
      fraction) tends to increase somewhat at these higher temperatures. At the
      lower temperatures of the useful range (below 0.degree.C.) the isomer
      ratio is increased but fluidity of the reaction mass decreases to the
      point where proper agitation of the mixture can no longer be effected by
      using conventional stirring means and mechanical blending devices are
      necessary to accomplish the desired intimate mixing of the reactants.
PAC  EXAMPLE 10
PAC  Effect of Variation of Monobromo-p-xylene to p-Xylene ratio
PAR  A series of experiments was carried out to determine the effect of varying
      the ratio of monobromo-p-xylene to p-xylene. In all the reactions
      FeCl.sub.3.3H.sub.2 O was used as the catalyst and temperatures were
      maintained at 0.degree.-5.degree.C. The experimental runs are summarized
      in Table VI below.
PAR  These experiments show that molar ratios of monobromo-p-xylene to p-xylene
      in the range of about 1 to 3 and molar ratios of monobromo-p-xylene to
      bromine in the range of about 0.5 to 1.5 are satisfactorily and operable
      in the process, i.e., yield products of high isomer ratios.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Monobromo- Monobromo-                                                     

     p-xylene   p-xylene/                                                      

                        VPC - Assay (area %)                                   

     Run                                                                       

        p-xylene ratio                                                         

                bromine ratio                                                  

                        Monobromo-                                             

                              2,5-Dibromo-                                     

                                      2,3-Dibromo-                             

                                              Isomer                           

                                                  High boiling                 

     No.                                                                       

        molar                                                                  

            wt. molar                                                          

                    wt  p-xylene                                               

                              p-xylene                                         

                                      p-xylene                                 

                                              Ratio                            

                                                  fraction                     

     __________________________________________________________________________

      34*                                                                      

        1.0 1.75                                                               

                0.5 0.58                                                       

                        70.2  28.17   1.50    18.8                             

                                                  0                            

     35 1.26                                                                   

            2.2 0.63                                                           

                    0.73                                                       

                        51.6  45.9    2.46    18.6                             

                                                  0                            

     36 1.9 3.3 0.94                                                           

                    1.1  60.44                                                 

                              36.80   2.57    14.3                             

                                                  0                            

     37 2.78                                                                   

            4.85                                                               

                1.39                                                           

                    1.6 69.6  28.8    1.60    18.0                             

                                                  0                            

     __________________________________________________________________________

      *Reaction mixture became unstirrable using a conventional laboratory     

      stirrer after 76% of bromine had been added.                             

PAC  EXAMPLE 11
PAC  Effects of Excess Bromine
PAR  A series of semi-continuous experiments was run using recycle
      monobromo-p-xylene as the diluent. The catalyst was FeCl.sub.3.3H.sub.2 O
      and bromination temperature was 20.degree.-25.degree.C. The
      monobromo-p-xylene to p-xylene molar ratio was 1.25. The results of these
      experiments are shown in Table VII below.
PAR  It was found from these experiments that the use of up to about a 10%
      excess (over the stoichiometric) amount of bromine does not result in any
      significant increase of more highly brominated xylenes.
TBL                                    TABLE VII                               

     __________________________________________________________________________

     Effect of Increase in Bromine over Stoichiometric Amount                  

                Crude Reaction Mixture                                         

     Bromine-   VPC-assay (Area %)                                             

           p-xylene                        2,5-/2,3-                           

                                                  Dibromo-                     

           Mole      Monobromo-                                                

                           2,5-Dibromo-                                        

                                   2,3-Dibromo-                                

                                           Isomer Monobromo                    

                                                        High                   

     Run No.                                                                   

           Ratio                                                               

                p-Xylene                                                       

                     p-xylene                                                  

                           p-xylene                                            

                                   p-xylene                                    

                                           Ratio  Ratio Boilers                

     __________________________________________________________________________

     38    2.0  0.60 51.2  45.5    2.66    17.1   0.94  Trace                  

     39    2.1  0.36 47.5  49.5    2.69    18.4   1.1   Trace                  

     40    2.2  0.08 43.0  53.8    3.04    17.7   1.32  0.1                    

     __________________________________________________________________________

PAC  EXAMPLE 12
PAC  Effects of Variations in Use of Inert Diluents
PAR  A series of experimental reactions was carried out in which various inert
      diluents which were substantially non-reactive under the reaction
      conditions were tested and evaluated for selectivity as compared with use
      of the intermediate, monobromo-p-xylene as diluent. The bromine to
      p-xylene ratio was 2.0. A temperature of about 0.degree.C. was employed;
      the reaction mixture was held at 10.degree.-15.degree.C. during addition
      of the first 15% of the bromine to facilitate agitation of the reaction
      mixture during the initial stages of bromination. The catalyst employed in
      each case was FeCl.sub.3.3H.sub.2 O. In each case the resulting reaction
      mixture, was washed with 10% sodium hydroxide. The inert, non-reactive
      diluents were in each case, Run Nos. 42, 43, 44, and 45, found to be equal
      to monobromo-p-xylene as diluents.
TBL                                    TABLE VIII                              

     __________________________________________________________________________

     Variations in Diluent Used                                                

                             Reaction Mixture Assay (VPC, area %)              

                       % HBr 2-Bromo-                                          

                                   2,5-Dibromo-                                

                                           2,3-Dibromo-                        

                                                   2,5-/2,3-                   

                                                           Tribromo-           

     Run No.                                                                   

           Diluent     Collected                                               

                             p-xylene                                          

                                   p-xylene                                    

                                           p-xylene                            

                                                   Isomer Ratio                

                                                           p-xylene            

     __________________________________________________________________________

     41    Monobromo-p-xylene                                                  

                       88    50.9  46.0    2.27    20.3    0.05                

     42    Carbon Tetrachloride                                                

                       84    3.43  93.0    3.16    29.4    0.2                 

     43    Chloroform  69.4  7.69  88.4    3.93    22.5    Trace               

     44    Methylene Chloride                                                  

                       83.9  1.48  93.0    5.00    18.6    0.3                 

     45    methyl Cyclohexane                                                  

                       84.2  5.06   91.08  3.51    25.9    0.3                 

     __________________________________________________________________________

PAC  EXAMPLE 13
PAC  Comparative Bromination Studies Using Iron Containing Compounds as
      Catalysts
PAR  A series of comparable runs was carried out using various iron-containing
      compounds as catalysts for the dibromination reaction. Generally, both the
      anhydrous and the corresponding hydrated forms of the iron-containing
      compounds were used. Monobromo-p-xylene was employed as the diluent and
      the bromine to p-xylene ratio was 2.0.
PAR  The reactant charge was as follows:
PA1  106 g. (1.0 mole) p-xylene
PA1  320 g. (2.0 moles) bromine
PA1  231 g. (1.25 moles) monobromo-p-xylene
PA1  0.02 mole catalyst
PAR  The bromine and p-xylene were added simultaneously to the reaction vessel.
      The reaction temperature was 0.degree.C., with a temperature of
      10.degree.-15.degree.C. being maintained during the addition of the first
      15% of the bromine to facilitate agitation of the reaction mixture during
      the initial stages of the bromination. The final reaction mixture in each
      Run was washed with 10% sodium hydroxide. These runs show the increased
      effectiveness of hydrated iron containing catalysts over their anhydrous
      counter-parts.
TBL                                    TABLE IX                                

     __________________________________________________________________________

     CATALYSTS BY ANHYDROUS AND HYDRATED IRON CONTAINING SALTS                 

                       Reaction Mixture Assay (VPC area %)                     

                 %               2,5-         2,5/2,3-    High Boilers         

     Run         HBr        2-bromo-                                           

                                 Dibromo-                                      

                                      2,3-Dibromo-                             

                                              isomer                           

                                                    Tribromo-                  

     No.                                                                       

        Catalyst Collected                                                     

                       p-xylene                                                

                            p-xylene                                           

                                 p-xylene                                      

                                      p-xylene                                 

                                              ratio p-xylene                   

                                                          No.                  

                                                             %                 

     __________________________________________________________________________

     46 FeCl.sub.3                                                             

                 89    3.84 44.1 46.7 5.14     9.1  0.6   1  0.06              

     47 FeCl.sub.3.3H.sub.2 O                                                  

                 88    0.66 50.9 46.0 2.27    20.3  0.05  -- tr                

     48 FeBr.sub.3                                                             

                 90    17.5 22.9 50.9 3.86    13.2  4.85  1  0.8               

     49 FeBr.sub.3.3H.sub.2 O                                                  

                 89    1.99 48.8 45.8 3.37    13.6  tr    0  0                 

     50 FePO.sub.4                                                             

                 86.7  0.10 51.5 45.3 3.08    14.7  0     2  0.15              

     51 FePO.sub.4.3H.sub.2 O                                                  

                 73    0    53.8 42.2 2.42    17.4  0     4  1.7               

     52 Fe(NO.sub.3).sub.3.9H.sub.2 O                                          

                 33.3  0    50.8 46.6 2.55    18.3  0     -- tr                

     53 Fe.sub.2 (SO.sub.4).sub.3                                              

                 81.5  1.99 48.2 44.9 4.87     9.3  0     -- tr                

     54 Fe.sub.2 (SO.sub.4).sub.3.3H.sub.2 O                                   

                 83    0.41 50.6 46.2 2.64    17.5  0     3  0.16              

     55 Fe.sub.2 O.sub.3                                                       

                 87.8  4.07 42.7 47.2 5.81     8.1  0.19  0  0                 

     56 Fe.sub.2 O.sub.3.3H.sub.2 O                                            

                 85.2  0.3  50.2 41.3 1.75    23.6  tr    6  6.5               

     57 FeCl.sub.2.4H.sub.2 O                                                  

                 87.5  0.15 52.1 44.4 1.5     29.6  0     5  1.7               

     58 FeSO.sub.4                                                             

                 89    1.65 49.3 44.6 4.46    10    0     0  0                 

     59 FeSO.sub.4.3H.sub.2 O                                                  

                 71    tr   54.6 39.0 2.86    13.6  0     4  3.5               

     60 Fe powder                                                              

                 90.5  2.13 48.1 45.3 4.48    10.1  0     0  0                 

     61 Fe powder.3H.sub.2 O                                                   

                 86.5  0.34 47.4 43.3 1.84    23.5  tr    8  7                 

     __________________________________________________________________________

PAC  EXAMPLE 14
PAC  Comparative Process Studies Between the Invention Process and Conventional
      Bromination Process
PAR  In order to compare as directly as possible the conventional bromination
      process with the process of the invention the data of the following Table
      X is presented:
TBL                                    TABLE X                                 

     __________________________________________________________________________

                    A          B                                               

                    Invention  Typical "Conventional"                          

     Experiment     Process    Process                                         

     __________________________________________________________________________

     Catalyst (1 mole% on Br.sub.2)                                            

                    FeCl.sub.3.3H.sub.2 O                                      

                               FeCl.sub.3 (anhyd.)                             

     Solvent        recycle monobromo                                          

                               CCl.sub.4                                       

                    xylene                                                     

     Theoretical dibromoxylene/                                                

     solvent        150 g/100 ml                                               

                               100 g/100 ml                                    

     Productivity                                                              

     Reaction Temperature                                                      

                    20-25.degree.C.                                            

                               10-15.degree.C.                                 

     Br.sub.2 excess                                                           

                    0          0                                               

     Yield (distilled)                                                         

                    96% on xylene and                                          

                               82% on Br.sub.2                                 

                     Br.sub.2  86% on xylene                                   

     2,5-DBX/2,3-DBX ratio                                                     

                    15-18      8                                               

     2,5-DBX assay  92-95%     86.6%                                           

     tribromo-p-xylene                                                         

                    0          1.0%                                            

     __________________________________________________________________________

PAR  Experiment A shows typical results obtained by using the process of the
      invention as described for instance in Example 3(b) above.
PAR  Experiment B was carried out using a typical (conventional) bromination
      process. To a reaction vessel containing 106 g. p-xylene (1.0 mole) 260
      ml. CCl.sub.4, 3.24 g. (0.02 mole) anhydrous ferric chloride there was
      added 320 g. (2.0 moles) bromine over a period of 2 hours. Temperature was
      maintained at 0.degree.-5.degree.C. After an additional 11/2  hour of
      stirring, the reaction mixture was sampled for vapor phase chromatography.
      The reaction mixture was worked up substantially as that of Experiment A.
PAR  The yields reported represent the total amount of dibromoxylenes collected
      overhead in the fractionation and do not include the amounts of material
      residues remaining with the catalyst, the column hold-up, the amount lost
      in transfers and other unavoidable losses in recovery.
PAR  It is clear from the above comparative data that the new process using the
      hydrated ferric chloride as catalyst gives unexpectedly higher yields as
      well as much greater selectivities (high isomer ratios) for the preferred
      2,5-dibromo-p-xylene isomer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Selective bromination process for 2,5-dibromo-p-xylene which comprises
      contacting p-xylene with bromine at a temperature of about -20.degree.C.
      to 40.degree.C. in the presence of from about 0.25 to about 5.0 mole
      percent based on the bromine of a hydrated iron containing catalyst having
      from about two to about six molecules of water per atom of iron present in
      the catalyst.
NUM  2.
PAR  2. The process of claim 1 in which the hydrated iron containing catalyst is
      a hydrated ferric halide.
NUM  3.
PAR  3. The process of claim 2 in which the hydrated ferric halide is ferric
      chloride trihydrate.
NUM  4.
PAR  4. The process of claim 1 in which the iron containing catalyst is a
      hydrated ferric nitrate.
NUM  5.
PAR  5. The process of claim 1 in which the iron containing catalyst is a
      hydrated ferric sulfate.
NUM  6.
PAR  6. The process of claim 2 in which the bromine to p-xylene ratio is
      maintained in the range of 1.8 up to 2.4.
NUM  7.
PAR  7. The process of claim 2 in which the crude bromination product is washed,
      the monobromo-p-xylene is stripped off, and the residue recovered is
      substantially pure 2,5-dibromo-p-xylene.
NUM  8.
PAR  8. The process of claim 2 in which the crude bromination product is
      distilled under reduced pressure to obtain 2,5-dibromo-p-xylene.
NUM  9.
PAR  9. The process of claim 1 which comprises carrying out the bromination in
      the presence of monobromo-p-xylene.
NUM  10.
PAR  10. A continuous selective bromination process for 2,5-dibromo-p-xylene
      according to claim 1 in which the monobromo-p-xylene is separated and
      recycled to the reaction process.
NUM  11.
PAR  11. The process of claim 7 in which the 2,5-dibromo-p-xylene product is
      contacted with at least one alkanol of 1-4 carbon atoms to remove
      impurities by selective dissolution and thereafter pure
      2,5-dibromo-p-xylene is recovered in high yield.
NUM  12.
PAR  12. As an additional feature, the process of claim 8 in which the
      2,5-dibromo-p-xylene product is treated with at least one aliphatic
      alcohol of 1-4 carbon atoms to remove impurities and thereafter pure
      2,5-dibromo-p-xylene is recovered in high yield.
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ABST
PAL  In the process for halogenation of conjugated dienes with elemental halogen
      under halogenation conditions, the improvement for obtaining increased
      yield of dihalogenated butene products comprising forming the reaction
      mixture with a dipolar aprotic solvent vehicle resistant to halogenation
      under such conditions in the proportion of about 0.05-10 moles per mole of
      said diene. The invention has particular application in the chlorination
      of isoprene to 1,4-dichloro-2-methyl-2-butene and
      1,2-dichloro-2-methyl-3-butene.
BSUM
PAR  The present invention relates to the halogenation of conjugated dienes and
      particularly to obtaining an improved yield of dihalogenated butene
      products. The invention is particularly applicable to the chlorination of
      isoprene towards obtaining improved yields of
      1,4-dichloro-2-methyl-2-butene and 1,2-dichloro-2-methyl-3-butene.
PAC  BACKGROUND OF THE INVENTION
PAR  The chlorination of isoprene under normal conditions is less than
      straightforward and results in the formation of a variety of products. In
      a simple addition reaction involving loss of one double bond, dichlorides
      are formed such as 1,4-dichloro-2-methyl-2-butene and
      1,2-dichloro-2-methyl-3-butene. A competing reaction, however, is one of
      substitution rather than addition in which a hydrogen ion is given up
      resulting in the formation of monochlorides such as
      2-chloromethyl-1,3-butadiene and 1-chloro-2-methyl-1,3-butadiene. The
      substitution reaction produces HCl as a by-product which in turn reacts
      with unreacted isoprene in an HCl addition reaction to give hydrochlorides
      or monochlorobutenes such as 1-chloro-3-methyl-2-butene and
      2-chloro-2-methyl-3-butene. In the preparation of the dichloride addition
      products, the formation of these monochloride substitution and HCl
      addition products constitutes an undesirable loss. Chlorination under
      conditions reported in the literature was found to result in
      discouragingly low weight yields of the 1,4- and 1,2-dichlorides, e.g.,
      less than 50-60%, based on the weight of isoprene consumed. On a theory
      yield basis, which is moles of dichloride product per mole of isoprene
      consumed, this amounts to a yield of less than about 25-30%.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, it was found that improved yields
      of 1,2- and 1,4-dihalogenated butene products could be obtained by forming
      a reaction mixture of the conjugated dienes with a dipolar aprotic solvent
      vehicle which was resistant to the halogenation. Preferably the dipolar
      aprotic solvent is employed in the proportion of about 0.05-10 moles per
      mole of diene. A preferred solvent is dimethylformamide (DMF) with which
      optimum 1,4- and 1,2-dihalide weight yields of 140% or better, based on
      the weight of isoprene consumed, are obtained. Other suitable solvents are
      N,N-dimethylacetamide (DMA), hexamethylphosphoramide (HMPA), acetamide,
      N-methylpyrrolidone, dimethylsulfoxide (DMSO) and thioamides where the
      oxygen atom of the aforementioned solvents is replaced by sulfur. Also a
      mixture of solvents may be employed, and the solvent system can include
      limited amounts of water, in varying proportions. The reaction may be
      carried out at room temperature and preferably is carried out in the dark.
      Temperatures below ambient appear to offer no advantage. Preferred
      halogens are chlorine and bromine.
PAR  Optimization of the process is achieved by conversion or consumption of
      less than the 100% of the isoprene. Desirably the reaction is carried out
      to 50-80% conversion, the weight yield per mole of isoprene consumed
      declining slightly with increased conversion beyond 50%, i.e., use of
      chlorine in a mole ratio, per mole of isoprene, of more than 1:2. Higher
      conversions up to 100%, however, can be tolerated without the losses
      becoming undue.
PAR  In an embodiment of the invention, the 1,2 addition product formed in the
      halogenation reaction may be isomerized in the presence of diethylene
      glycol with a catalyst such as CuCl or CuCl.sub.2, or by other known
      methods to increase the yield of the 1,4-dichloride addition product. The
      literature in this regard is replete with references to methods for the
      isomerization of dichlorobutadienes which methods largely can be applied
      to the isomerization of 1,2-dichloro-2-methyl-2-butene and other
      1,2-dihalobutenes.
PAR  An excess of aprotic solvent is not necessary, satisfactory yields being
      achieved with, by way of example, isoprene/DMF mole ratios of about 6:1
      (about 0.16 moles of solvent per mole of diene). As a general rule,
      economics dictate that the least amount of solvent possible, without
      sacrificing yield, should be employed. However, ratios of below about 0.05
      moles solvent per mole of diene may provide weight yields of dichloride
      addition products which are less than satisfactory. Increases in
      solvent/isoprene mole ratios above about 1:6 do not tend to give
      proportionate increases in yield. A preferred range for the dipolar
      aprotic solvent is about 0.1-0.6 moles per mole of diene.
PAR  The following examples illustrate the present invention:
DETD
PAC  EXAMPLE 1
PAR  In the process in accordance with the present invention, isoprene (204
      grams, 3.0 moles) was stirred in a 500 ml. 3-neck round bottom flask at
      25.+-.2.degree.C. in the dark in the presence of 36.5 grams (0.5 moles) of
      N,N-dimethylformamide (DMF). Chlorine (215 grams, 3.0 moles) was added via
      a fritted tube over a period of 145 minutes. Samples were taken during the
      course of the addition, were washed with water and were analyzed by gas
      chromatography giving the following ratios of primary products:
TBL                                    TABLE 1                                 

     __________________________________________________________________________

           Moles Cl.sub.2                                                      

                         Percent     Percent                                   

           Added Per                                                           

                  Percent                                                      

                         HCl  Percent                                          

                                     Higher                                    

           Mole of                                                             

                  Substitution                                                 

                         Addition                                              

                              Desired                                          

                                     Mol. Wt.                                  

     Time  Isoprene                                                            

                  Products                                                     

                         Products                                              

                              Dichlorides                                      

                                     Cmpds.                                    

     __________________________________________________________________________

      40 min.                                                                  

           .28    10.9   --   67.7   --                                        

      75 min.                                                                  

           .52    9.3    --   77.4   --                                        

     110 min.                                                                  

           .76    9.5    0.9  74.1   2.1                                       

     145 min.                                                                  

           1.00   10.3   1.1  70.6   6.6                                       

     __________________________________________________________________________

PAL  The weight yield of desired dichlorides, which were
      1,2-dichloro-2-methyl-3-butene and cis- and
      trans-1,4-dichloro-2-methyl-2-butene, based on the weight of isoprene
      consumed, calculated to be about 144.5% after completion of addition. The
      primary substitution and HCl addition products were, respectively,
      2-chloromethyl-1,3-butadiene, and 1-chloro-3-methyl-2-butene and
      2-chloro-2-methyl-3-butene. It can be seen from Table 1 that the
      percentage of desired dichlorides decreased slightly after 75 minutes
      reaction time, or about 0.52 moles addition of chlorine per mole of
      isoprene. Experience indicates that weight yields of even higher than
      144.5%, with the same reaction conditions, can be obtained by interrupting
      the addition of chlorine at about 0.50 moles. The ratio of 1,4-dichloride
      to 1,2-dichloride product was about 3:1 (74.6:25.4).
PAR  By comparison, the following results were obtained when no solvent was
      employed. Isoprene (204 grams, 3.0 moles) was stirred in a 500 ml. 3-neck
      round bottom flask at 0.degree.C. in the dark, while 213 grams of chlorine
      (3.0 moles) was added via a fritted tube over a period of 195 minutes.
      Samples were taken during the course of the addition, were washed with
      water and analyzed. Gas chromatographic analysis of the product indicated
      the presence primarily of the substitution product
      (2-chloromethyl-1,3-butadiene) and the HCl addition products
      (1-chloro-3-methyl-2-butene and 2-chloro-2-methyl-3-butene), and of
      relatively low percentages of the desired dichlorides.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

           Moles Cl.sub.2                                                      

                         Percent     Percent                                   

           Added Per                                                           

                  Percent                                                      

                         HCl  Percent                                          

                                     Higher                                    

           Mole of                                                             

                  Substitution                                                 

                         Addition                                              

                              Desired                                          

                                     Mol. Wt.                                  

     Time  Isoprene                                                            

                  Products                                                     

                         Products                                              

                              Dichlorides                                      

                                     Cmpds.                                    

     __________________________________________________________________________

      37 min.                                                                  

           .27    24.2   30.2 31.8   1.7                                       

      70 min.                                                                  

           .50    22.8   34.5 29.3   1.6                                       

     105 min.                                                                  

           .73    20.4   29.4 29.4   2.7                                       

     195 min.                                                                  

           1.00   5.2    22.6 26.8   21.7                                      

     __________________________________________________________________________

PAL  The weight yield of desired dichlorides based on the amount of isoprene
      consumed calculated to be about 54.3% after completion of addition, as
      compared to the yield of about 144.8% of Table 1.
PAR  Although applicant is to be held to no particular theory as to the reason
      for the effectiveness of the chlorination reaction in accordance with the
      concepts of the present invention, it is surmised that the aprotic solvent
      serves a dual function, suppressing the substitution reaction and also
      consuming HCl formed thus decreasing the amounts of HCl addition products.
PAR  The following example illustrates the present invention with other solvents
      and conditions:
PAC  EXAMPLE 2
PAR  The following table gives yields for different solvents at different
      conditions, using isoprene as the starting material. The percentage yields
      are amounts of 1,2- and 1,4-dichloride product per weight of isoprene
      consumed. In each instance, the procedure of Example 1 was followed, the
      reaction being carried out in the dark. The data of Example 1 is also
      summarized in the following table for comparison.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

                            Moles                                              

                Moles Cl.sub.2                                                 

                            Solvent                                            

                per Mole    Per Mole                                           

                                   Wt. Yield of                                

            Temp.                  1,2- and 1.4-                               

     Run    .degree.C. Solvent     Dichlorides                                 

     __________________________________________________________________________

     Example 1                                                                 

     with solvent                                                              

            25.degree.                                                         

                1.0    DMF   0.16  144%                                        

     Example 1                                                                 

     without                                                                   

     solvent                                                                   

            0.degree.                                                          

                1.0    --   --      54%                                        

     1.     0.degree.                                                          

                0.5    DMA  0.3    139%                                        

     2.     0.degree.                                                          

                1.0    DMA  0.3    125%                                        

     3.     0.degree.                                                          

                0.5    DMF  0.3    138%                                        

     4.     0.degree.                                                          

                1.0    DMF  0.3    128%                                        

     5.     0.degree.                                                          

                1.0    DMF  4.0    137%                                        

     6.     0.degree.                                                          

                0.5     HMPA                                                   

                            0.3    145%                                        

     7.     25.degree.                                                         

                0.5    DMF  0.3    144%                                        

     8.     25.degree.                                                         

                0.5    DMF  0.6    136%                                        

     __________________________________________________________________________

PAL  All of the above runs, except that of Example 1 without solvent, are within
      the concepts of the present invention.
PAC  EXAMPLE 3
PAR  This example illustrates isomerization of the 1,2-dichloride to the
      1,4-isomer. The isomerization is carried out with a catalyst such as CuCl
      or CuCl.sub. 2 preferably in the presence of a solvent. Improved yields
      were obtained with increased reaction time and temperature as shown in the
      following table:
TBL                                    TABLE 4                                 

     __________________________________________________________________________

                         Conversion, %                                         

     Grams of Grams of   1 hr.                                                 

                             1 hr.                                             

                                 2 hr.                                         

                                     1 hr.                                     

                                         2 hr.                                 

     1,2-dichloride                                                            

              Catalyst                                                         

                   Solvent                                                     

                         25.degree.                                            

                             40.degree.                                        

                                 40.degree.                                    

                                     70.degree.                                

                                         70.degree.                            

     __________________________________________________________________________

     2.5      0.2  20 ml 11 9                                                  

                             10  11  59  94                                    

              CuCl.sub.2                                                       

                   Diethylene                                                  

                   Glycol                                                      

     2.5      0.2  "     20  67  90  96  95                                    

              CuCl                                                             

     __________________________________________________________________________

PAR  In place of isoprene, the reactions of Example 1 may be successfully
      carried out with butadiene and other diolefins having a conjugated system
      of double bonds. Examples of other olefinic materials which can be
      halogenated are piperylene, cyclopentadiene, myrcene, ocimene, and
      .alpha.-terpinene. The resulting halogenated materials may be useful
      monomers or may be converted to the useful products or the intermediates
      of useful products, such as pharmaceuticals, flavor and perfume chemicals
      and pesticides, and also may have useful flame-retardant and biological
      properties.
PAR  Prior application Ser. No. 246,939, filed Apr. 24, 1972, by William
      Oroshnik now abandoned, assigned to assignee of the present application,
      describes a new process for making Vitamin A, carotenoid by-products of
      Vitamin A, and isomers thereof. One of the intermediates employed in the
      method of the application is isoprene chloroacetate
      (4-chloro-3-methylbut-2-enyl-acetate) which has the structure
      ##SPC1##
PAL  This compound may also be named 1-chloro-4-acetoxy-2-methyl-2-butene or
      4-chloro-3-methyl-2-butene-1-yl acetate. The preparation of the isoprene
      chloroacetate is described in copending application Ser. No. 359,011,
      filed by Carlos G. Cardenas. The present invention has particular
      application in the preparation of an intermediate suitable for the method
      of said copending application.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for addition halogenation of a conjugated diene with an
      elemental halogen of the group consisting of chlorine and bromine under
      halogenation conditions, the improvement for obtaining increased yield of
      1,2- and 1,4-dihalogenated butene addition products comprising forming a
      reaction mixture comprising said conjugated diene and a dipolar aprotic
      solvent resistant to halogenation under such addition halogenation
      conditions in the proportion of about 0.1-0.6 moles dipolar aprotic
      solvent per mole of said diene.
NUM  2.
PAR  2. The process of claim 1 wherein the molar ratio of chlorine to conjugated
      diene is less than 1:1.
NUM  3.
PAR  3. The process of claim 1 wherein 1,4-dihalogenated butene and 1,2
      halogenated butene products are recovered from said reaction mixture and
      the recovered 1,2-dihalogenated-3-butene product is converted into
      additional 1,4-dihalogenated butene product.
NUM  4.
PAR  4. The process of claim 1 where the halogen is chlorine.
NUM  5.
PAR  5. The process of claim 1 wherein the conjugated diene is isoprene.
NUM  6.
PAR  6. The process of claim 1 wherein the aprotic solvent is dimethylformamide.
NUM  7.
PAR  7. The process of claim 1 wherein the aprotic solvent is
      N,N-dimethylacetamide.
NUM  8.
PAR  8. The process of claim 1 wherein the aprotic solvent is
      hexamethylphosphoramide.
NUM  9.
PAR  9. The process of claim 1 wherein the reaction is carried out at about room
      temperature.
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ABST
PAL  Meso-1,2,3,4-tetrachlorobutane is produced in an improved liquid phase
      chlorination process wherein trans-1,4-dichlorobutene-2 is contacted with
      chlorine which is added to the reaction zone throughout the chlorination
      reaction at a rate of from about 0.01 to about 2.0 mole percent per minute
      based on the amount of trans-1,4-dichlorobutene-2 initially present.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  The present invention relates to the production of
      meso-1,2,3,4-tetrachlorobutane, which compound is of established utility
      in the production of 2,3-dichlorobutadiene. More particularly, this
      invention relates to a method for preparing meso-1,2,3,4-tetrachlorobutane
      from trans-1,4-dichlorobutene-2 in a liquid phase chlorination process.
PAR  2. Description of the Prior Art.
PAR  In preparing meso-1,2,3,4-tetrachlorobutane from dichlorobutenes in a
      liquid phase chlorination process, there are produced, in addition to the
      desired meso-isomer, the dextrorotatory and levorotatory
      1,2,3,4-tetrachlorobutanes (the racemic mixture is referred to as
      dl-isomer) and a proportion of chlorinated materials designated as heavy
      ends. These heavy ends are generally more highly chlorinated products such
      as the pentachlorobutanes. The formation of dl-isomer and heavy ends is
      undesirable in that these materials represent a yield loss and are
      undesirable contaminants in the desired meso-1,2,3,4-tetrachlorobutane
      product.
PAR  Known methods for preparing meso-1,2,3,4-tetrachlorobutane from
      dichlorobutenes in a liquid phase chlorination process have been generally
      unsatisfactory. Noncatalytic processes, such as those disclosed in
      Japanese Pat. No. 38,802 (1970) and in the Journal of the American
      Chemical Society 73, 244-6 (1951), require extremely low temperatures of
      from 0.degree.C. to about -30.degree.C. and are, therefore, generally
      undesirable economically. Known processes for carrying out the
      chlorination reaction at moderate temperatures in the range of from about
      50.degree.C.-150.degree.C. involve the use of a catalyst. See, for
      example, the process disclosed in French Pat. No. 1,401,077 (titanium
      tetrachloride catalysts), French Pat. No. 1,401,078 (pyridine catalysts),
      and U.S. Pat. No. 2,445,729 (ferric chloride or antimony pentachloride
      catalysts). All of these processes are generally unsatisfactory in that
      there are produced a large proportion of heavy ends material and an
      undesirably large proportion of the dl-isomer. These catalytic processes
      are additionally undesirable due to the presence of the metallic catalyst
      in the reaction product.
PAC  SUMMARY OF THE INVENTION
PAR  According to the improved process of the instant invention,
      meso-1,2,3,4-tetrachlorobutane is produced by contacting
      trans-1,4-dichlorobutene-2 with a chlorine-containing gas in a
      non-catalytic liquid phase chlorination wherein the chlorine-containing
      gas is added to the reaction zone at a rate of from about 0.01 to about
      2.0 mole percent per minute based on the amount of dichlorobutenes
      initially present.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the process of this invention,
      meso-1,2,3,4-tetrachlorobutane is produced in high yield by the
      chlorination of certain dichlorobutenes under conditions in which the rate
      at which the chlorine is introduced into the reaction zone is maintained
      at relatively low levels. Effecting the chlorination of the
      trans-1,4-dichlorobutene-2 at such relatively low chlorination rates has
      been found to enhance the formation of the meso-isomer and to suppress the
      formation of more highly chlorinated derivatives of the dichlorobutene
      starting materials, such as pentachlorobutanes.
PAR  In the chlorination of trans-1,4-dichlorobutene-2 by conventional
      processes, there is produced dl-isomer in appreciable quantities.
      Typically, the concentration of dl-isomer in the chlorination product is
      from about 25 to about 40%. Moreover, such chlorination processes also
      result in the production of undesirable higher chlorinated co-products or
      heavy ends, often produced in levels ranging from 5 to about 10% by
      weight. By contrast, in the chlorination process of this invention, at
      least about 90% of the trans-1,4-dichlorobutene-2 is converted to the
      meso-isomer. Likewise, the chlorination of 3,4-dichlorobutene-1 by the
      process of the instant invention results in a higher yield of the
      meso-isomer -- it is formed in proportions near the theoretical maximum,
      i.e., 50%. Also in the chlorination process of this invention, the
      formation of heavy ends is suppressed with the result that heavy ends are
      present in the reaction product mixture in concentrations of 2 wt.% or
      less. In a preferred embodiment of this invention wherein nitric oxide is
      additionally present during the chlorination reaction, the heavy ends
      formation is suppressed to levels considerably less than 1% by weight.
PAR  The feedstocks useful in practicing the instant invention are
      trans-1,4-dichlorobutene-2 and 3,4-dichlorobutene-1. These compounds are
      generally availble in mixtures containing other chlorinated compounds such
      as, for example, cis-1,4-dichlorobutene-2 and the trichlorobutenes. The
      presence of these materials is not deleterious to the process of the
      instant invention; however, concentrations of such compounds should be
      kept to a minimum inasmuch as they are chlorinated to products other than
      meso-1,2,3,4-tetrachlorobutane.
PAR  The preferred feedstock for practicing this invention is
      trans-1,4-dichlorobutene-2 since the tetrachloro product from the
      chlorination of this feedstock is substantially all
      meso-1,2,3,4-tetrachlorobutane. However, the chlorination of
      3,4-dichlorobutene-1 also results in the production of
      meso-1,2,3,4-tetrachlorobutane; therefore, either
      trans-1,4-dichlorobutene-2, 3,4-dichlorobutene-1, or mixtures thereof are
      useful in practicing the instant invention.
PAR  The gist of the instant invention is that the manner in which the
      contacting of the dichlorobutenes and chlorine is effected is such that
      the chlorine concentration is maintained at as low a concentration as is
      practicable throughout the chlorination reaction period. High
      concentrations of chlorine are to be avoided since such high
      concentrations tend to promote the formation of dl-isomer and higher
      chlorinated derivatives, or heavy ends.
PAR  Since the reaction of chlorine with the olefinic materials present in the
      reaction zone is generally a relatively fast reaction, the relatively low
      chlorination rates which are the object of this invention are obtained by
      adjustment of the rate at which chlorine is introduced into the reaction
      zone. Generally, chlorine is introduced into the reaction zone at a rate
      of from about 0.01 to about 2.0 mole percent per minute based upon the
      amount of dichlorobutenes initially present. Preferably, the chlorine
      addition rate will be from about 0.1 to about 1.0 mole percent per minute,
      based upon the dichlorobutenes initially present.
PAR  The determination of an optimum chlorine addition rate within the
      aforementioned ranges will depend, in part, upon the manner in which the
      chlorine is introduced into the reaction zone. In one embodiment of this
      invention, chlorine is introduced into the liquid dichlorobutene reactants
      through a nozzle or plurality of nozzles extending into the liquid
      reactants. In an alternate embodiment, chlorine is introduced into the gas
      space above the liquid dichlorobutene reactants and the chlorination
      reaction takes place as the chlorine dissolves into the dichlorobutene
      reactants. In either embodiment, the addition of chlorine into the
      reaction zone is continued until the desired amount of the dichlorobutene
      starting materials have been chlorinated to products. Generally, the
      introduction of chlorine into the reaction zone in the gas space above the
      dichlorobutene reactants results in less production of heavy ends. Also,
      the lower the addition rate of chlorine into the reaction zone, the higher
      the proportion of meso-isomer produced and the lower the proportion of
      heavy ends produced.
PAR  In embodiments of this invention in which the chlorination is effected in a
      batch process, the chlorine addition rate ideally is a function of time.
      That is, as the dichlorobutenes are converted to tetrachlorobutane
      product, the chlorine addition rate is gradually reduced to maintain the
      desired low chlorination rate. Whenever the chlorination reaction has
      reached the point where a substantial proportion of the dichlorobutenes
      initially present have been converted to tetrachlorobutane products, the
      chlorine addition can be discontinued. However, it is equivalently useful
      to select an initial chlorine addition rate which results in a desirably
      low chlorination rate and to maintain this chlorine addition rate
      throughout the chlorination reaction period. Of course, it will be
      recognized that if a selected chlorine addition rate is maintained
      throughout the entire chlorination period, the concentration of chlorine
      in the reaction zone relative to the dichlorobutene reactants will
      increase as the dichlorobutenes are chlorinated. However, the advantage of
      the process of this invention is realized over substantially all of the
      reaction period except for the last small proportion of the
      dichlorobutenes to be chlorinated. Moreover, such a uniform chlorination
      rate additionally facilitates the maintenance of a uniform reaction zone
      temperature. Then, as that point of the chlorination reaction is reached
      at which substantially all of the dichlorobutenes have been reacted, there
      will result a sharp drop in the reaction zone temperature as the reaction
      exotherm decreases. At this point, the chlorine addition is terminated and
      the reaction zone is purged of residual chlorine. Of course, depending
      upon desired crude product specifications, the chlorine addition can be
      terminated prior to the chlorination of all of the dichlorobutenes present
      so as to avoid the high chlorine to dichlorobutene ratios. The unreacted
      dichlorobutenes can then be recovered and recycled to the reaction zone
      and be subsequently chlorinated to desired product.
PAR  In a continuous chlorination reaction process according to this invention,
      the relatively low chlorination rates are maintained by staged chlorine
      addition. That is, continuous addition of chlorine at a plurality of
      addition points located along the reaction zone. The chlorine addition
      rate at each of the plurality of chlorine addition locations can be the
      same or can decrease in rate in the downstream direction of the reaction
      zone as the dichlorobutene content of the reaction mixture decreases.
PAR  In the instant invention, chlorine can be introduced into the reaction zone
      as chlorine gas or as chlorine gas in admixture with a diluent gas which
      is inert to the reaction environment. Suitable diluent gases include the
      inert gases such as helium and argon; nitrogen; and saturated lower
      alkanes such as methane and ethane.
PAR  The total amount of chlorine required to effect the desired degree of
      chlorination in the process of this invention will depend upon the manner
      in which chlorine is introduced into the reaction zone.
      Stoichiometrically, one mole of chlorine is required for each mole of
      meso-1,2,3,4-tetrachlorobutane to be produced from the dichlorobutene
      starting materials. Generally, however, a slight excess of chlorine will
      be required to effect the desired degree of chlorination. In batch
      chlorinations wherein chlorine is introduced in admixture with an inert
      gas into the gas space of the reaction zone as hereinbefore described, a
      greater excess of chlorine will be required to effect a given level of
      chlorination than in the case of a batch chlorination wherein the chlorine
      alone is introduced directly into the liquid dichlorobutene reactant.
      However, the amount of excess chlorine required is generally not large and
      can, in any event, generally be recovered from the reaction zone and
      recycled for reuse.
PAR  In a preferred embodiment of the process of the instant invention, the
      chlorination reaction described herein is carried out in the additional
      presence of an effective amount of nitric oxide. By effective amount is
      meant that quantity of nitric oxide necessary to effectively suppress the
      formation of the undesirable dl-isomer and the higher chlorinated
      derivatives. Details as to the manner in which nitric oxide is employed in
      the process of this invention are to be found in my co-pending
      application, Ser. No. 484,575, of even date which is herein incorporated
      by reference.
PAR  It is desirable that there be provided in the reaction zone suitable means
      for agitating the liquid reaction mass to facilitate the contact of the
      chlorine or chlorine-containing gas with the dichlorobutenes. Agitation of
      the reaction mixture also insures that there is a good distribution of
      chlorine throughout the reaction mixture and that undesirably high
      chlorine concentrations are thereby avoided. Any number of agitator means
      are suitable, as will be apparent to one skilled in the art. For example,
      it has been found useful to employ propeller driven agitators, turbine
      blades, orifice mixing devices, inert gas spargers, and various baffle
      arrangements in the reaction zone.
PAR  The temperature at which the chlorination reaction of this invention is
      carried out is not critical and can vary over wide limits. It has been
      found that satisfactory results are obtained whenever the chlorination
      reaction as described herein is carried out at temperatures of from about
      25.degree.C. to about 150.degree.C. A preferred temperature range for
      conducting the chlorination of trans-1,4-dichlorobutene-2 is from about
      50.degree.C. to about 100.degree.C. Especially preferred are temperatures
      within these ranges above about 70.degree.C., at which temperatures the
      meso-1,2,3,4-tetrachlorobutane product is liquid. Chlorinations carried
      out below about 65.degree.C. result in a solid product being formed and
      thus requiring a reaction zone designed to accommodate slurry conditions.
PAR  The pressure at which the process of this invention is conducted is,
      likewise, not critical and can vary over rather wide limits. As a general
      proposition, the higher the reaction pressure selected, the higher the
      rate at which the chlorine is dissolved into the liquid reaction medium.
      Suitable reaction pressures can include subatmospheric pressure,
      atmospheric pressure or superatmospheric pressure. Generally, however,
      subatmospheric pressure is avoided because of the concomitant problems
      associated with the leakage of oxygen into the reaction system. Preferred
      reaction pressures are within the range of about 15 psia to about 100
      psia, with reaction pressures of from about 15 psia to about 50 psia being
      especially preferred.
PAR  In carrying out the reaction according to the process of this invention,
      the reaction zone is initially purged of any contained oxygen. This
      purging action is generally commenced after the reaction zone has been
      charged with the liquid dichlorobutene reactants. The gas used for the
      purging operation is generally an inert gas such as helium and argon;
      nitrogen or a saturated hydrocarbon such as methane or ethane. The purgine
      gas can additionally contain nitric oxide which acts as an oxygen
      scavenger. Generally, a purging gas of from about 2 to about 20 reactor
      volumes will be required in order to purge the reaction zone of the
      contained oxygen. Thereafter, chlorine is introduced into the reaction
      zone and the chlorination reaction is begun as herein described.
PAR  Although the process of the instant invention can be carried out in the
      absence of any solvent, it is equivalently useful to provide a solvent for
      the reactants. Suitable solvents generally include halogenated solvents
      such as methylene chloride, chloroform, carbon tetrachloride, and certain
      halogenated aromatic solvents such as chlorobenzene. Whenever a solvent is
      employed in the process of the instant invention, the amount is not
      critical and can vary. Solvent concentrations of from about 10 to about 90
      wt.% are satisfactory, with concentrations of from about 25 to about 75
      wt.% being preferred.
PAR  Subsequent to the reaction, the unreacted chlorine is generally removed
      from the crude product mixture and the desired
      meso-1,2,3,4-tetrachlorobutane product is thereafter recovered by
      conventional means, such as by fractional distillation, selective
      extraction, fractional crystallization and the like. Unreacted
      dichlorobutenes are recovered and recycled for further reaction according
      to the process of this invention. The meso-1,2,3,4-tetrachlorobutane is
      generally recovered in high purity from the crude product containing both
      the dl- and meso-isomers by conventional fractional crystallization
      techniques. The small proportion of trichloro compounds, generally present
      in the reaction mixture, may be recovered as a separate product.
PAR  As mentioned previously, meso-1,2,3,4-tetrachlorobutane is a compound of
      established utility. The meso-1,2,3,4-tetrachlorobutane is
      dehydrochlorinated to 2,3-dichlorobutadiene which is useful either alone
      or as a comonomer with chloroprene in the production of specialty rubber
      compositions.
PAR  To further illustrate the process of this invention, the following examples
      are provided. It should be understood that the details thereof are not
      regarded as limitations.
DETD
PAC  EXAMPLE I
PAR  This Example illustrates the effect of carrying out the chlorination of a
      feedstock consisting substantially of trans-1,4-dichlorobutene with
      smaller proportions of other dichlorobutenes at different chlorination
      rates. In each of the three runs, the feedstock was charged into a
      5-liter, 3-necked flask equipped with a water jacket for cooling and an
      agitator means. After the dichlorobutene (DCB) feedstock was charged into
      the reactor flask, the system was then purged with a mixture of nitrogen
      containing about 10 mole percent nitric oxide. Thereafter, chlorine was
      introduced into the reaction mixture by means of a 4 mm nozzle extending
      down into the liquid dichlorobutene. The liquid reaction mixture was
      maintained under agitation throughout the chlorination period. The rate at
      which chlorine was introduced into the reaction flask was maintained at a
      rate which resulted in the indicated average chlorination rate. The
      temperature throughout the chlorination was maintained at 70.degree.C. by
      adjusting the cooling water flow through the water jacket surrounding the
      reaction flask. The end of the chlorination reaction was determined to be
      that point at which the indicated temperature of the reaction flask
      contents began to decrease. The data for the three runs at different
      chlorination rates are presented in the following Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

       Run            A        B        C                                      

     ______________________________________                                    

     Feed Composition, %                                                       

     3,4-dichlorobutene-1                                                      

                      2.2      2.4      2.5                                    

     cis-1,4-dichlorobutene-2                                                  

                      5.0      5.1      5.4                                    

     trans-1,4-dichloro- -butene-2                                             

                      92.3     91.8     91.3                                   

     Feed Charged, g. 2966     2126     1022                                   

     Chlorination Temp., .degree.C.                                            

                       70       70       70                                    

     Chlorination rate,                                                        

     Mol DCB chlorinated                                                       

     hr.              4.0      2.8      0.8                                    

     Product Composition, %                                                    

     Light ends (trichloro                                                     

     compounds)       1.6      1.5      7.3                                    

     dl-1,2,3,4-tetrachloro-                                                   

     butane           26.9     15.9     10.3                                   

     meso-1,2,3,4-tetra-                                                       

     chlorobutane     64.9     73.5     80.2                                   

     Heavy ends (pentachloro-                                                  

     butanes)         6.5      9.1      2.2                                    

     ______________________________________                                    

PAR  At the end of the reaction period, the product was worked up as follows. A
      heating medium was substituted for the cooling water in the water jacket
      and the temperature of the reaction flask contents was maintained at
      70.degree.C. The reaction flask was then purged with nitrogen to degas the
      system of the residual chlorine. Throughout the purging, the contents of
      the reaction flask were stirred to liberate any entrained chlorine. A
      sample from the reaction flask was dissolved in dichloromethane and
      analyzed by gas chromatographic techniques to yield the above analyses.
      The remaining contents of the reaction flask were then diluted with
      approximately one-half its volume of isopropyl alcohol. The mixture was
      then stirred rapidly and allowed to cool to 70.degree.-75.degree.F. At
      this temperature, crystallization of the meso-1,2,3,4-tetrachlorobutane
      was effected. The crystals after filtering and washing analyzed 99+ wt.%
      meso-1,2,3,4-tetrachlorobutane.
PAR  From the above data in Table I, it is apparent that reducing the
      chlorination rate from 4 to 0.8 mols per hour has a dramatic effect upon
      the isomer distribution of the tetrachlorobutanes produced, as well as on
      the proportion of heavy ends produced. The lower chlorination rates
      produce a product containing less of the dl-isomer and significantly less
      heavy ends. The meso-isomer is also maximized at the lower chlorination
      rate.
PAC  EXAMPLE II
PAR  In the following comparison, two chlorinations were effected at similar
      chlorination rates, but with differing modes of effecting contact of the
      chlorine with the dichlorobutenes to be chlorinated. In Run D, the
      chlorine was introduced into the liquid reaction medium through two 0.5 mm
      nozzles, whereas in Run E, the chlorine was introduced into the gas space
      above the liquid reaction medium and allowed to dissolve into the liquid
      wherein the chlorination took place. The procedure was otherwise the same
      as in Example I, except that in Run E the reaction flask was a one-liter
      flask inasmuch as the amount of dichlorobutenes being chlorinated was
      substantially smaller. The data from the two runs are presented in Table
      II.
TBL                TABLE II                                                    

     ______________________________________                                    

       Run               D          E(b)                                       

     ______________________________________                                    

     Feed Composition, %                                                       

     3,4-dichlorobutene-1                                                      

                          2.3        2.2                                       

     cis-1,4-dichlorobutene-2                                                  

                          4.9        4.7                                       

     trans-1,4-dichloro-                                                       

     butene-2            92.1       92.6                                       

     Feed Charged, g.    2978        307                                       

     Chlorination Temp..degree.C.                                              

                          70         70                                        

     Chlorination rate,                                                        

     Mol DCB chlorinated                                                       

     hr.                   1.7(a)     1.5(c)                                   

     Product Composition, %                                                    

     Light ends (trichloro                                                     

     compounds)           5.3        6.5                                       

     dl-1,2,3,4-tetrachloro-                                                   

     butane               8.3        6.9                                       

     meso-1,2,3,4-tetra-                                                       

     chlorobutane        82.5       84.9                                       

     Heavy ends (pentachloro-                                                  

     butanes)             3.8        1.6                                       

     ______________________________________                                    

      .sup.(a) Approximately 380-450 cc/min chlorine through each of two 0.5 mm

      nozzles for total of 14 hours.                                           

      .sup.(b) 1-liter reaction flask.                                         

      .sup.(c) Chlorine introduced into gas space above liquid reactants for   

      total of 1.67 hours.                                                     

PAC  EXAMPLE III
PAR  The following Example illustrates another embodiment of the process of this
      invention in which the contact between the chlorine and the dichlorobutene
      is effected by introducing the chlorine into the reaction zone through a
      nozzle which discharges directly into the liquid dichlorobutene reactants.
      In Run C, the chlorine is introduced into the reaction mixture through a 4
      mm. nozzle. In Run F, the chlorine is introduced into the reaction mixture
      through a 0.5 mm. nozzle at a relatively higher gas velocity. The data
      from the two runs is presented in Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

       Run               C          F                                          

     ______________________________________                                    

     Feed Composition, %                                                       

     3,4-dichlorobutene-1                                                      

                         2.5        2.2                                        

     cis-1,4-dichlorobutene-2                                                  

                         5.4        4.7                                        

     trans-1,4-dichlorobutene-2                                                

                         91.3       92.6                                       

     Feed Charged, g.    1022       436                                        

     Chlorination Temp.,.degree. C.                                            

                          70         70                                        

     Chlorination rate,                                                        

     Mol DCB chlorinated                                                       

     hr.                 0.8         0.95*                                     

     Product Composition, %                                                    

     Light ends (trichloro                                                     

     compounds)          7.3        7.5                                        

     dl-1,2,3,4-tetrachloro-                                                   

     butane              10.3       6.4                                        

     meso-1,2,3,4-tetrachloro-                                                 

     butane              80.2       84.4                                       

     Heavy ends (pentachloro-                                                  

     butanes)            2.2        1.6                                        

     ______________________________________                                    

      *Approximately 400 cc/min chlorine for a total of 3.67 hours.            

PAR  From the above data, it is apparent that even at the slightly higher
      chlorination rate, the effect of the smaller nozzle size and
      correspondingly better gas mixing results in an even lower heavy ends
      production and a better meso-isomer distribution.
PAC  EXAMPLE IV
PAR  The following example illustrates a preferred embodiment of this invention
      in which the chlorine was introduced into the reaction zone in the gas
      space above the liquid reactants. In Run F, the chlorine was introduced
      into the liquid reaction medium through a 0.5 mm. nozzle, wherein in Run
      E, the chlorine was introduced into the reaction zone in the gas space
      above the liquid reactants. The data from the two runs are presented in
      Table IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

       Run               F          E                                          

     ______________________________________                                    

     Feed Composition                                                          

     3,4-dichlorobutene-1                                                      

                         2.2        2.2                                        

     cis-1,4-dichlorobutene-2                                                  

                         4.7        4.7                                        

     trans-1,4-dichlorobutene-2                                                

                         92.6       92.6                                       

     Feed Charged, g.    436        307                                        

     Chlorination Temp.,.degree. C.                                            

                          70         70                                        

     Chlorination rate,                                                        

     Mol DCB chlorinated                                                       

     hr.                  0.95*      1.5**                                     

     Product Composition                                                       

     Light ends (trichloro                                                     

     compounds)          7.5        6.5                                        

     dl-1,2,3,4-tetrachloro-                                                   

     butane              6.4        6.9                                        

     meso-1,2,3,4-tetrachloro-                                                 

     butane              84.4       84.9                                       

     Heavy ends (pentachloro-                                                  

     butanes)            1.6        1.6                                        

     ______________________________________                                    

      * Approximately 400 cc/min chlorine for a total of 3.67 hours.           

      **Chlorine introduced into gas space above liquid reactants for a total o

      1.67 hours.                                                              

PAR  From the above, it is apparent that the chlorination rate was increased by
      over 50% without adversely affecting the meso-isomer yield or the heavy
      ends yield when introducing the chlorine into the reaction flask in the
      gas space above the liquid dichlorobutenes and allowing the contact to
      come about as the chlorine dissolved into the liquid phase where the
      chlorination reaction was effected.
PAR  From the foregoing description and Examples of this invention, those of
      ordinary skill in the art may make many modifications and variations
      therefrom without departing from the scope of the invention as hereinafter
      claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for the production of meso-1,2,3,4-tetrachlorobutane by
      contacting in a reaction zone trans-1,4-dichlorobutene-2 in the liquid
      phase with chlorine in the substantial absence of oxygen the improvement
      which comprises:
PA1  effecting said contacting at a temperature in the range of from about
      50.degree. to 100.degree. C. in the absence of a catalyst by introducing
      the chlorine into the reaction zone containing the
      trans-1,4-dichlorobutene-2 at a rate of from about 0.01 to about 2.0 mole
      percent per minute based on the amount of trans-1,4-dichlorobutene-2
      initially present, for a period of time sufficient to effect the desired
      chlorination of the trans-1,4-dichlorobutene-2.
NUM  2.
PAR  2. The process according to claim 1 wherein said contacting is effected by
      introducing the chlorine into the gas space of the reaction zone
      containing the liquid trans-1,4-dichlorobutene-2.
NUM  3.
PAR  3. The process according to claim 1 wherein said contacting is effected by
      introducing the chlorine into the liquid
      trans-1,4-dichlorobutene-2-containing reaction mixture.
NUM  4.
PAR  4. The process according to claim 1 wherein said contacting is effected in
      a continuous flow reaction zone wherein the chlorine is introduced into
      the reaction zone at a plurality of points along the reaction zone.
NUM  5.
PAR  5. In a process for the production of meso-1,2,3,4-tetrachlorobutane by
      contacting in a reaction zone trans-1,4-dichlorobutene-2 in the liquid
      phase with chlorine at a temperature of from about 25.degree. C. to about
      150.degree. C. in the substantial absence of oxygen the improvement which
      comprises:
PA1  effecting said contacting by introducing the chlorine into the reaction
      zone containing the trans-1,4-dichlorobutene-2 at a rate of from about
      0.01 to about 2.0 mole percent per minute based on the amount of
      trans-1,4-dichlorobutene-2 initially present, for a period of time
      sufficient to effect the desired chlorination of the
      trans-1,4-dichlorobutene-2
PA2  wherein said contacting is carried out in the additional presence of an
      effective amount of nitric oxide for suppressing the formation of the
      dl-1,2,3,4-tetrachlorobutane and the more highly chlorinated derivatives
      of the tetrachlorobutanes.
NUM  6.
PAR  6. The process according to claim 5 wherein the chlorine is introduced into
      the reaction zone at a rate of from about 0.1 to about 1 mole percent per
      minute based on the amount of trans-1,4-dichlorobutene-2 initially
      present.
NUM  7.
PAR  7. The process according to claim 5 wherein said contacting is effected by
      introducing the chlorine into the gas space of the reaction zone
      containing the liquid trans-1,4-dichlorobutene-2.
NUM  8.
PAR  8. The process according to claim 5 wherein said contacting is effected by
      introducing the chlorine into the liquid trans-1,4-dichlorobutene-2
      containing reaction mixture.
NUM  9.
PAR  9. The process according to claim 5 wherein said contacting is effected in
      a continuous flow reaction zone wherein the chlorine is introduced into
      the reaction zone at a plurality of points along the reaction zone.
NUM  10.
PAR  10. The process according to claim 1 wherein the temperature is above about
      70.degree. C.
NUM  11.
PAR  11. A process for the production of meso-1,2,3,4-tetrachlorobutane
      comprising:
PA1  contacting trans-1,4-chlorobutene-2 in the liquid phase with chlorine at a
      temperature in the range of from about 50.degree. to 100.degree. C. in the
      substantial absence of oxygen and in the absence of catalysts, introducing
      said chlorine at a rate of from about 0.01 to about 2.0 mole percent per
      minute based on the amount of trans-1,4-dichlorobutene-2 initially present
PA1  and recovering meso-1,2,3,4-tetrachlorobutane.
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ABST
PAL  An alkali metal-containing, organometallic product, which is
      hydrocarbon-soluble, is prepared by reacting an organo-alkali metal
      reactant in which the alkali metal atom is bonded to a carbon atom, e.g.
      cyclohexyl-lithium, with a di(organooxy)-alkaline earth metal reactant,
      e.g. di-n-butoxy-magnesium, in an organic solvent at about -20.degree. to
      +120.degree.C. The organo-alkali metal reactant can be prepared by
      reacting an organo halide with an alkali metal, and this can be done in
      situ, i.e. in the presence of the di(organooxy)-alkaline earth metal
      reactant. The organometallic product has approximately the same chemical
      reactivity as the organo-alkali metal reactant from which it is prepared,
      but is more soluble in hydrocarbon solvents.
BSUM
PAR  This invention relates to alkali metal-containing, organometallic
      compounds. More specifically, it relates to organometallic products that
      exhibit approximately the same chemical reactivity as organo-alkali metal
      compounds in which the alkali metal atom is bonded directly to a carbon
      atom, but are more hydrocarbon-soluble.
PAR  Organo-alkali metal compounds containing alkali metal-to-carbon bonds, such
      as phenyl-lithium, cyclohexyl-lithium, n-butyl-lithium,
      1,4-dilithiobutane, phenyl-sodium, 2-pyridylmethyl-sodium, and
      n-butyl-sodium, are known compounds having several and varied uses. For
      example, they can be reacted with a ketone to produce a tertiary alcohol
      salt (e.g., cyclohexyl-sodium can be reacted with benzophenone to produce
      .alpha.-cyclohexyl-.alpha.-phenylbenzyloxy sodium); they can be reacted
      with carbon dioxide to make a carboxylic acid salt (e.g.,
      cyclohexyl-lithium can be reacted with carbon dioxide to obtain lithium
      hexahydrobenzoate; they can be used to catalyze addition polymerization
      reactions (e.g., n-butyl-sodium can catalyze the homopolymerization of
      isoprene to obtain isoprene rubber); and they can be used as metalating
      agents to prepare weaker organometallic bases (e.g., isobutyl-sodium can
      be reacted with benzene to obtain phenyl-sodium).
PAR  A common drawback, however, of using such organoalkali metal compounds as
      reactants and catalysts is their low solubility in hydrocarbon solvents,
      requiring that they be used in solution in more polar solvents, such as
      ethers, which are more expensive, more flammable, and more of a health
      hazard than hydrocarbon solvents. Furthermore, polar solvents sometimes
      interfere with the desired reaction.
PAR  When present in conjugated diene polymerization systems, for example, polar
      solvents exert a disruptive effect on the mode of addition of the diene
      units, resulting in diene polymers having undesirably high amounts of 1,2-
      or 3,4-content. Polar solvents cause a relatively low cis content in
      polyisoprene, for example, and a relatively high vinyl content in
      polybutadiene. This is especially disadvantageous when it is desired to
      use such polymers as low temperature elastomers, for the lower the 1,2- or
      3,4-content in the polymer, the lower will be its freeze point.
PAR  By this invention is provided means for converting an organo-alkali metal
      compound having an alkali metal-to-carbon bond into an alkali
      metal-containing, organometallic compound having approximately the same
      usefulness as a chemical reactant or catalyst as the organo-alkali metal
      compound, but being more soluble in hydrocarbons than the organo-alkali
      metal compound. This is accomplished by reacting the organo-alkali metal
      compound with a di(organooxy)-alkaline earth metal compound in an organic
      solvent at about -20.degree. to +120.degree.C. The product of the reaction
      is an alkali metal-containing, organometallic compound which possesses the
      same organo functionality as the organo-alkali metal compound from which
      it is prepared. That organo functionality can be replaced, if desired, by
      a less basic organo group by subjecting the organometallic compound to a
      transmetallation reaction with an appropriate organic compound.
PAR  The di(organooxy)-alkaline earth metal reactants used in the present
      invention are barium, calcium, strontium, or magnesium compounds. The
      elements of the organooxy groups are preferably selected from the group
      consisting of carbon, hydrogen, oxygen, nitrogen, sulfur, and phosphorus.
      The organo moieties of the organooxy groups preferably consist of one or
      more radicals selected from the group consisting of hydrocarbyl, ether,
      thioether, dihydrocarbyl amino, and dihydrocarbyl phosphino radicals.
      Examples of suitable organooxy groups are alkoxy groups, alkoxyalkoxy
      groups, N,N-dialkylaminoalkoxy groups, alkylthioalkoxy groups, and
      P,P-diarylphosphinoalkoxy groups. Each organooxy group preferably has 1 to
      18 carbon atoms, most preferably 3 to 9 carbon atoms. As examples of
      suitable di(organooxy)-alkaline earth metal reactants may be mentioned
      bis[2-(N,N-dimethylamino)ethoxy]-magnesium; di(methylthiobutoxy)-calcium;
      bis[3-(P,P-diphenyl phosphino)propoxy]-barium; di-n-butoxymagnesium;
      di(2-methoxyethoxy)magnesium; di(2-methoxyethoxy)-calcium;
      di-(2-ethoxyethoxy)barium; and di(2-methoxyethoxy)-strontium.
PAR  Preparation of the di(organooxy)-alkaline earth metal compound can be by
      methods known in the art, for example as described in "Metal Alkoxides" by
      D. C. Bradley (Volume 2 of "Progress in Inorganic Chemistry" by
      Interscience Publishers, New York, 1960).
PAR  The organo-alkali metal reactants used in the present invention are sodium
      or lithium compounds wherein each alkali metal atom is bonded to a carbon
      atom of the organo moiety. The organo moieties preferably have 1 to 20,
      most often 1 to 12, carbon atoms, can be aliphatic, cycloaliphatic, or
      aromatic, and can be saturated or ethylenically or acetylenically
      unsaturated. The elements of the organo moiety are preferably selected
      from the group consisting of carbon, hydrogen, oxygen, nitrogen, sulfur,
      and phosphorus. Preferred organo moieties are those consisting of one or
      more radicals selected from the group consisting of hydrocarbyl, ether,
      thioether, and pyridinyl radicals. Examples of suitable organo groups are
      cycloalkyl, alkyl, aryl, aralkyl, alkenyl, pyridylalkyl, aralkynyl (such
      as phenylacetylenyl), cyclothioalkenyl (such as thiophenyl), and
      aryloxyalkyl radicals. The organo-alkali metal reactant may be
      monofunctional or polyfunctional (e.g., difunctional) as regards the
      alkali metal sites on the compound. Some of the most commercially
      important organo-alkali metal reactants for use in the present invention
      are cyclohexyl-sodium, phenyl-sodium, benzyl-sodium,
      2-pyridylmethyl-sodium, and 4-pyridylmethyl-sodium.
PAR  Preparation of the organo-alkali metal compound used in the present
      invention can be known methods, for example by reacting the corresponding
      organo-halide with free alkali metal. Such a reaction, to prepare the
      organo-alkali metal reactant, can, if desired, be conducted in the
      presence of the di(organocarboxy)-alkaline earth metal reactant so as to
      react with the latter and yield the product of the present invention. As
      is known in the art, some reactions of free alkali metal with a relatively
      slightly reactive organo halide may require that the alkali metal first be
      activated by treating it with a small amount of a more reactive organo
      halide. Thus, for instance, when preparing cyclohexyl-lithium by reacting
      chlorocyclohexane with lithium metal, the reaction will be greatly
      facilitated if the lithium metal is first treated with a small amount of a
      more reactive hydrocarbyl halide, such as n-butyl chloride.
PAR  The reaction between the organo-alkali metal compound and the
      di-(organooxy)-alkaline earth metal compound is conducted in an organic
      solvent at a temperature of about -20 to +120.degree.C., preferably about
      0.degree. to 60.degree.C. Any organic solvent which will not interfere
      with the reactants or the desired product under the conditions of the
      reaction can be employed. Hydrocarbon solvents are preferred, such as the
      alkanes and cycloalkanes of 5 to 10 carbon atoms, benzene, and alkylated
      benzenes, e.g. the methyl-substituted benzenes. Some solvents might even
      be used in reaction systems in which they would react with the desired
      product if the mixture were held at reaction temperature for an extended
      period of time. In such a system, the obvious precaution to take to avoid
      loss of the desired product is to terminate the reaction and recover the
      desired product as soon as the reaction is substantially complete. An
      example of such a system is the reaction of phenyl-sodium with
      di-n-butoxy-magnesium in toluene, at room temperature. The desired
      organometallic product, having much the same reactivity as the
      phenyl-sodium reactant, will be formed but, if not removed from the
      reaction mixture, will undergo a transmetalation reaction with the
      toluene, replacing the phenyl functionality in the product with a tolyl
      functionality.
PAR  The products of the present invention exhibit generally the same reactivity
      as the organo-alkali metal compounds from which they are prepared, and
      they contain both the alkali metal functionality and the organo
      functionality of the organo-alkali metal reactant. Thus, for example, the
      product obtained by reacting phenyl-lithium with a di(organooxy)-alkaline
      earth metal compound can, in turn, be reacted with carbon dioxide to yield
      lithium benzoate, or can be reacted with benzophenone to yield
      triphenylcarboxy lithium. Also, as alluded to above in the discussion of
      choice of solvent, the organo functionality of a product of the present
      invention can be exchanged for a less basic organo group by reaction with
      the corresponding organic compound, yielding a different product, still of
      the present invention. The phenyl functionality in the reaction product of
      phenyl-lithium with a di(organooxy)-alkaline earth metal, for example, can
      be replaced by the less basic tolyl group by reacting the product with
      toluene. Such a product will take on the reactivity characteristics of
      tolyl-lithium, rather than phenyl-lithium, as the exchange of tolyl
      functionality for phenyl functionality progresses.
PAR  Similar transmetalation reactions, wherein the metalating agent is one of
      the prior art organo-alkali metal compounds having an alkali
      metal-to-carbon bond, are described in Neuer's "Methods of Preparative
      Organic Chemistry", Volume V, pp. 284-286 (Editor: W. Foerst). As there
      described, a n-amyl functionality in an organo-alkali metal compound can
      be replaced by the less basic vinyl functionality by reacting the compound
      with ethylene; also a phenylisopropyl functionality can be replaced by the
      less basic 2-methylallyl functionality by reacting with isobutene; a
      n-butyl functionality can be replaced by the less basic phenyl
      functionality by reacting with benzene; a triphenylmethyl functionality
      can be replaced by the less basic 9-fluorenyl functionality by reacting
      with fluorene, etc. The organometallic products of the present invention
      can undergo these same transmetalation reactions, generally at
      temperatures of -20.degree. to +120.degree.C., preferably at 0.degree. to
      60.degree.C. The organic compounds with which they will react in that
      manner are compounds which, by removal of a hydrogen atom, provide a less
      basic organo group than the organo functionality which the organometallic
      product obtained from the organo-alkali metal reactant. Generally suitable
      for that purpose are organic compounds having 2 to 20, preferably 2 to 12,
      carbon atoms. They can be aliphatic, cycloaliphatic, or aromatic, and can
      be saturated or ethylenically or acetylenically unsaturated. The elements
      of such organic compounds are preferably selected from the group
      consisting of carbon, hydrogen, oxygen, nitrogen, sulfur, and phosphorus.
      Preferred compounds are those consisting of one or more radicals selected
      from the group consisting of hydrocarbyl, ether, thioether, and pyridinyl
      radicals. Examples of suitable types of organic compounds are
      hydrocarbons, cyclothioalkenes (such as thiophene), pyridylalkanes (such
      as picoline), and aryloxyalkanes.
PAR  The invention will be better understood by reference to the following
      examples, which are offered for illustration purposes only, and not for
      limitation. In each of the examples, the reaction was conducted in a round
      bottom flask equipped with dropping funnel, stirrer, and reflux condenser.
DETD
PAC  EXAMPLE I
PAC  Preparation of Reaction Product of Cyclohexyl-lithium (Prepared in situ)
      and Di-n-butoxy-magnesium
PAR  Into the reaction vessel was placed 0.5 gram atom of lithium metal
      dispersion. The vessel was evacuated and then filled with high purity
      argon gas to atmospheric pressure. One hundred ml. of dry pentane was
      added, followed by 0.5 ml. of n-butyl chloride to activate the lithium.
      Thirty g. of di-n-butoxy-magnesium powder was then introduced rapidly,
      followed by the dropwise addition of a solution of 0.2 mole of
      chlorocyclohexane in 100 ml. of dry pentane, with vigorous stirring. The
      rate of addition was adjusted so as to maintain a steady, gentle reflux of
      the solvent throughout the addition. Stirring was continued for 1 hour
      after completion of the addition. The reaction mixture was filtered
      through a glass filter under argon to give a clear filtrate in which
      lithium-containing organometallic product was dissolved.
PAR  The filtrate was tested for cyclohexyl-lithium type of activity by reacting
      it with solid carbon dioxide (slurried in diethyl ether) followed by
      treatment with dilute sulfuric acid. The resultant product was
      hexahydrobenzoic acid, in 79% yield, based on the amount of
      chlorocyclohexane used, confirming that the organometallic product had the
      same reactivity toward carbon dioxide as does cyclohexyl-lithium, which,
      however, is insoluble in n-pentane.
PAC  EXAMPLE II
PAC  Preparation of Reaction Product of n-Butyl-lithium and
      Di-n-butoxy-magnesium
PAR  Into the reaction vessel was placed 0.02 mole of di-n-butoxy-magnesium,
      following which one neck of the vessel was closed with a rubber septum and
      the other neck was joined to a vacuum line. The flask was evacuated, then
      filled with argon to atmospheric pressure. 10 ml. of a 1.7 molar solution
      of n-butyl-lithium in n-pentane was introduced with a syringe through the
      rubber septum. The di-n-butoxy-magnesium at first was undissolved but,
      upon stirring, a clear solution was formed. The solution was freeze-dried,
      leaving a lithium-containing, organometallic product in the form of a
      viscous liquid.
PAR  The product was dissolved in 5 ml. of dry benzene and analyzed by Nuclear
      Magnetic Resonance (NMR) spectroscopy. The spectrum exhibited a diffused
      triplet at about 10.55.tau., which is distinct from that exhibited by
      n-butyl-lithium, which is about 10.83.tau.. The solution was tested for
      n-butyl-lithium type of activity by reacting it with carbon dioxide,
      followed by treatment with dilute sulfuric acid. The resultant product was
      valeric acid, in 95% yield, based on the amount of n-butyl-lithium used,
      confirming that the organometallic product had the same reactivity toward
      carbon dioxide as does n-butyl-lithium.
PAC  EXAMPLE III
PAC  Preparation of Reaction Product of n-Butyl-sodium (Prepared in situ) and
      Di(2-methoxy-ethoxy)-magnesium
PAR  Into the reaction vessel were placed 0.4 gram atom of sodium metal, cut in
      small pieces, 200 ml. of dry n-pentane, and 35 grams of powdered
      di(2-methoxyethoxy)-magnesium. Into that mixture was added n-butyl
      chloride, dropwise with continuous stirring, until the sodium metal was
      completely reacted, which required 26 ml. of the n-butyl chloride. The
      resultant reaction mixture was filtered through a glass filter. The clear,
      colorless filtrate, in which sodium-containing, organometallic product was
      dissolved, was reacted with solid carbon dioxide (crushed and slurried in
      diethyl ether) followed by treatment with dilute sulfuric acid to give
      17.3 grams of valeric acid (an 85% yield, based on the amount of n-butyl
      chloride used), confirming that the organometallic product had the same
      reactivity toward carbon dioxide as does n-butyl-sodium, which, however,
      is insoluble in n-pentane.
PAC  EXAMPLE IV
PAC  Preparation of Reaction Product of Phenyl-sodium and
      Di(2-methoxyethoxy)-calcium
PAR  A suspension of phenyl-sodium in toluene was prepared by reacting 0.45 gram
      atom of sodium with 0.2 mole of chlorobenzene in 200 ml. of toluene.
PAR  To the suspension was added 0.2 mole of di(2-methoxyethoxy)-calcium. On
      stirring the mixture, the phenyl-sodium reacted and went into solution. On
      carbonation, followed by treatment with dilute sulfuric acid, the mixture
      gave 14.6 grams of benzoic acid (a 60% yield, based on the amount of
      chlorobenzene used), illustrating that the sodium-containing,
      organometallic product had the same reactivity toward carbon dioxide as
      does phenyl-sodium.
PAC  EXAMPLE V
PAC  Preparation of Reaction Product of n-Butyl-lithium and
      Di(2-methoxyethoxy)-calcium
PAR  To 0.02 mole of di(2-methoxyethoxy)-calcium was added 10 ml. of a 1.7 molar
      solution of n-butyl-lithium in n-pentane at about -10.degree.C. The
      mixture was stirred and reacted for 2 hours at -10.degree. to 0.degree.C.,
      yielding a dissolved, lithium-containing, organometallic product.
PAR  To the resultant mixture was then added 10 ml. of dry toluene. The mixture
      was stirred and reacted overnight, during which period the liquid turned a
      light yellowish-green in color and a precipitate formed.
PAR  The resultant mixture was reacted with carbon dioxide, followed by
      treatment with dilute sulfuric acid, giving an 80% yield of phenylacetic
      acid, based on the amount of n-butyl-lithium used, thus revealing that the
      product of the first reaction entered into a transmetalation reaction with
      the toluene to replace the butyl functionality in the first product with
      the less basic tolyl functionality. The second product, also a
      hydrocarbon-soluble, lithium-containing, organometallic compound,
      demonstrated the same reactivity towards carbon dioxide as is exhibited by
      tolyl-lithium, which, however, is insoluble in hydrocarbons. k
PAC  EXAMPLE VI
PAC  Preparation of Reaction Product of n-Butyl-lithium and
      Di(2-ethoxyethoxy)-barium
PAR  Three grams of powdered barium hydride was stirred and reacted overnight
      with 2 ml. of 2-ethoxyethanol in 10 ml. of toluene, under argon
      atmosphere, yielding a slurry of di(2-ethoxyethoxy)-barium in toluene. To
      the slurry was added 10 ml. of a 1.7 molar solution of n-butyl-lithium in
      n-pentane. The mixture was stirred for 3 hours at room temperature, during
      which time a reaction ensued between the di(2-ethoxyethoxy)-barium, the
      n-butyl-lithium, and the toluene to give a partly hydrocarbon-soluble,
      lithium-containing, organometallic product having tolyl functionality.
PAR  The reaction mixture was carbonated and then treated with dilute sulfuric
      acid to provide an 80% yield (based on the amount of n-butyl-lithium used)
      of phenylacetic acid, illustrating that the lithium-containing
      organometallic product had the same reactivity toward carbon dioxide as
      does tolyl-lithium, which, however, is insoluble in hydrocarbons.
PAC  EXAMPLE VII
PAC  Preparation of Reaction Product of Phenyl-lithium and
      Di(2-methoxyethoxy)-strontium
PAR  To a suspension of 0.01 mole of phenyl-lithium in 10 ml. of dry benzene was
      added 2.5 grams of di(2-methoxy-ethoxy)-strontium. On stirring the
      mixture, all of the suspended phenyl-lithium reacted and went into
      solution.
PAR  Carbonation of the reaction mixture, followed by treatment with dilute
      sulfuric acid, produced benzoic acid in 89% yield, based on the amount of
      phenyl-lithium used, illustrating that the lithium-containing
      organometallic product had the same reactivity toward carbon dioxide as
      does phenyl-lithium.
PAC  EXAMPLE VIII
PAC  Preparation of Reaction Product of Cyclohexyl-sodium and
      Di-(2-ethoxyethoxy)-magnesium
PAR  One hundred milliliters of dry n-pentane, 6.0 g. of sodium metal in pieces,
      18 ml. of chlorocyclohexane, and 14 g. of di-(2-ethoxyethoxy)-magnesium
      were stirred under argon. The stirring rate was gradually increased until
      the characteristic blue coloration appeared. Stirring was continued at
      such a rate that a gentle reflux of the solvent was maintained without
      external heating. The reaction was complete in about 3.5 hours. On
      standing, a clear supernatant separated from the reaction mixture.
      Titration of a 1.0 ml. aliquot of the supernatant with standard acid
      revealed the aliquot to be 2.1 M in total alkalinity. The mixture was
      filtered through a glass filter under argon, and the filtrate was poured
      over a slurry of Dry Ice in diethyl ether. Treatment of the carbonation
      mixture with dilute sulfuric acid provided 8.5 g. of hexahydrobenzoic
      acid, representing a 95% yield, based on the amount of
      di-(2-ethoxyethoxy)-magnesium used.
PAC  EXAMPLE IX
PAC  Preparation of Reaction Product of Phenyl-sodium (Prepared in situ) and
      Di-(2-methoxyethoxy)-magnesium
PAR  A mixture of 1.8 g. of diphenyl-mercury, 0.5 g. of sodium metal, 10 ml. of
      dry benzene, and 2.0 g. of di-(2-methoxyethoxy)-magnesium was reacted at
      room temperature. To the resulting mixture, containing sodium-containing,
      organometallic product, was added 3.0 ml. of 1-methylnaphthalene,
      following which the mixture was stirred for 4 hours at
      50.degree.-55.degree.C. At the end of this period, the mixture was a
      brownish-red, clear solution.
PAR  Carbonation of the latter solution, followed by treatment with dilute
      sulfuric acid, gave 1.36 g. of naphthyl-1-acetic acid, representing a 73%
      yield and confirming that the reaction product of phenyl-sodium and
      di-(2-methoxyethoxy)-magnesium entered into a transmetalation reaction
      with 1-methylnapthalene in the same manner as does phenyl-sodium.
PAC  EXAMPLE X
PAC  Preparation of Reaction Product of 2-Butenyl-2-lithium and
      Di-(2-ethoxyethoxy)-magnesium
PAR  A dispersion of 2.0 g. of lithium metal in 50 ml. of diethyl ester was
      placed in the reaction flask. To the dispersion was added, over a
      half-hour period, with stirring, 6.8 g. of a mixture of cis and trans
      2-bromobutene-2 in 50 ml. of anhydrous diethyl ether. After 1 hour of
      additional stirring, the mixture was freeze-dried. Vacuum was applied to
      the residue for several hours, following which the residue was mixed with
      50 ml. of dry benzene and 10 g. of di-(2-ethoxyethoxy)-magnesium. Stirring
      of the mixture resulted in a clear solution of lithium-containing,
      organometallic product.
PAR  The product solution was reacted with 9.0 g. of benzophenone dissolved in
      25 ml. of benzene for 3 hours at room temperature, following which it was
      hydrolyzed, providing 7.6 g. (representing a 64% yield) of
      1,1-diphenyl-1-hydroxy-2-methyl-butene-2, illustrating that the
      lithium-containing, organometallic product had the same reactivity toward
      benzophenone as does 2-butenyl-2-lithium.
PAC  EXAMPLE XI
PAC  Preparation of Reaction Product of 1,4-Dilithiobutane and
      Di-(2-ethoxyethoxy)-magnesium
PAR  Twenty-one and six-tenths grams (0.1 mole) of 1,4-dibromobutane in 150 ml.
      of anhydrous diethyl ether was added slowly with vigorous stirring to 5.0
      g. of lithium sand, suspended in 50 ml. of diethyl ether. The reaction was
      started by stirring for a few minutes at room temperature, after which
      time it was kept at -10.degree. to -20.degree.C. Additional stirring for 2
      hours at -10.degree. to +10.degree.C. completed the reaction. The reaction
      mixture was filtered through a glass filter under argon and the filtrate
      was freeze-dried. Vacuum was applied to the residue for 6 hours, following
      which the residue was mixed with 20 g. of di-(2-ethoxyethoxy)-magnesium
      and 200 ml. of dry benzene. On stirring, most of the solid material went
      into solution, providing a hydrocarbon solution of lithium-containing
      organometallic product.
PAR  Filtration of the product mixture through a glass filter and carbonation of
      the filtrate, followed by treatment with dilute sulfuric acid, afforded
      8.61 g. (59% yield) of adipic acid, thereby illustrating that the
      lithium-containing, organometallic product had the same reactivity toward
      carbon dioxide as does 1,4-dilithiobutane.
PAR  The following examples illustrate the properties of some of the compounds
      prepared by the present invention.
PAC  EXAMPLE XII
PAR  Ten ml. of a 1.0 Molar solution in cyclohexane of the sodium-containing,
      organometallic reaction product of n-butyl-sodium and
      di-(2-ethoxyethoxy)-magnesium was stored for 6 months, following which it
      was added to 3.0 ml. of 4-picoline. The resulting mixture was stored
      overnight at room temperature, and then mixed with 4.0 g. of benzophenone
      dissolved in 10 ml. of dry benzene. Stirring was continued for 4 hours
      without heating. Hydrolysis of the resultant mixture and removal of the
      excess benzophenone by steam distillation left 2.36 g (85% yield) of
      1,1-diphenyl-1-hydroxy-2-(p-pyridyl)ehtane, illustrating that the
      sodium-containing, organometallic product had entered into a
      transmetalation reaction with the 4-picoline, the product of which
      exhibited the same reactivity toward benzophenone as does
      4-picolinyl-sodium.
PAC  EXAMPLES XIII AND XIV
PAR  The same reactions as those in Example XII, but using 2-picoline and
      3-picoline, instead of 4-picoline, provided 93 and 30 % yields,
      respectively, of 1,1-diphenyl-1-hydroxy-2-(o-pyridyl)ethane and
      1,1-diphenyl-1-hydroxy-2-(m-pyridyl)ethane.
PAC  EXAMPLE XV
PAR  Sodium-containing, organometallic product (0.01 Mole) of the reaction of
      n-butyl-sodium and di-(2-methoxyethoxy)-magnesium was provided in solution
      in 10 ml. of n-pentane. Two ml. of phenylacetylene was added to the
      solution, following which a vigorous reaction took place and a white
      precipitate formed. On adding 10 ml. of dry benzene to the reaction
      mixture, most of the solids went into solution. Carbonation of the
      resultant mixture followed by treatment with dilute sulfuric acid,
      provided 1.16 g. (an 80% yield) of phenylpropynoic acid, illustrating that
      the sodium-containing, organometallic product had entered into a
      transmetalation reaction with the phenylacetylene, the product of which
      exhibited the same reactivity toward carbon dioxide as does
      phenylacetylenyl-sodium.
PAC  EXAMPLE XVI
PAR  The same sequence of reaction as those in Example XV, but using 3.0 ml. of
      thiophene, rather than phenylacetylene, provided a 68% yield of 2-thienoic
      acid.
PAC  EXAMPLE XVII
PAR  The same sequence of reactions as those used in Example IX, but using 3.0
      ml. of anisole, rather than 1-methylnaphthalene, provide 0.96 g. (a 62%
      yield) of 2-methoxybenzoic acid.
CLMS
STM  I claim:
NUM  1.
PAR  1. The hydrocarbon-soluble, alkali metal-containing, organometallic product
      of the reaction in an organic solvent at about -20 to +120.degree.C. of an
      organo-alkali metal reactant with a di(organooxy)-alkaline earth metal
      reactant, wherein the organo moiety of the organo-alkali metal reactant
      has 1 to 20 carbon atoms and consists of one or more radicals selected
      from the group consisting of hydrocarbyl, ether, thioether, and pyridinyl
      radicals, each alkali metal atom of the organo-alkali metal reactant is
      directly bonded to a carbon atom of the organo moiety, the alkali metal is
      selected from the group consisting of sodium and lithium, the organooxy
      groups of the di(organooxy)-alkaline earth metal reactant are selected
      from the group consisting of alkoxy groups, alkoxyalkoxy groups,
      N,N-dialkylaminoalkoxy groups, alkylthioalkoxy groups, and
      P,P-diarylphosphinoalkoxy groups, each organooxy group has 1 to 18 carbon
      atoms, and the alkaline earth metal is selected from the group consisting
      of barium, calcium, strontium, and magnesium.
NUM  2.
PAR  2. The product of claim 1 wherein the organo moiety of the organo-alkali
      metal reactant is selected from the group consisting of cycloalkyl, alkyl,
      aryl, aralkyl, alkenyl, pyridylalkyl, aralkynyl, cyclothioalkenyl, and
      aryloxyalkyl radicals, and the organo-alkali metal reactant contains up to
      two alkali metal atoms per molecule.
NUM  3.
PAR  3. The product of claim 1 wherein the organo moiety of the organo-alkali
      metal reactant is selected from the group consisting of cyclohexyl, butyl,
      phenyl, benzyl, naphthyl-1-methyl, 2-butenyl-2-, 2-picolinyl, 3-picolinyl,
      4-picolinyl, phenylacetylenyl, 2-thiophenyl, and phenyloxymethyl radicals.
NUM  4.
PAR  4. A method of replacing (a) the organo functionality in the product of
      claim 1 that is derived from the organo-alkali metal reactant with (b) a
      less basic organo functionality, comprising subjecting said product to a
      transmetalation reaction at about -20.degree. to +120.degree.C. with an
      organic compound which, by removal of a hydrogen atom, provides a less
      basic organo group than (a), said organic compound having 2 to 20 carbon
      atoms and being selected from the group consisting of hydrocarbons,
      cyclothioalkenes, pyridylalkanes, and aryloxyalkanes.
NUM  5.
PAR  5. The method of claim 4 wherein the organo moiety of the organo-alkali
      metal reactant is selected from the group consisting of cycloalkyl, alkyl,
      aryl, aralkyl, alkenyl, pyridylalkyl, aralkynyl, cyclothioalkenyl, and
      aryloxyalkyl radicals, and the organo-alkali metal reactant contains up to
      two alkali metal atoms per molecule.
NUM  6.
PAR  6. The product of the method of claim 4.
NUM  7.
PAR  7. The product of the method of claim 5.
NUM  8.
PAR  8. The product of claim 1 wherein the organo-alkali metal reactant is
      selected from the group consisting of cyclohexyl-lithium, phenyl-lithium,
      n-butyl-lithium, cyclohexyl-sodium, benzyl-sodium, 2-pyridylmethyl-sodium,
      4-pyridylmethyl-sodium, n-butyl-sodium, phenyl-sodium,
      2-butenyl-2-lithium, and 1,4-di-lithiobutane, and the
      di(organooxy)-alkaline earth metal is selected from the group consisting
      of dibutoxy-magnesium, di(2-methoxyethoxy)-magnesium,
      di(2-methoxyethoxy)-calcium, di(2-ethoxyethoxy)-barium,
      di(2-methoxyethoxy)-strontium,
      bis[3-(P,P-diphenylphosphino)-propoxy]-magnesium,
      bis[2-N,N-dimethylamino)ethoxy]-magnesium,
      di(4-methylthiobutoxy)-magnesium, di(2-ethoxyethoxy)magnesium,
      di(methylthiobutoxy)-calcium and
      bis[3-(P,P-diphenylphosphino)-propoxy]-barium.
NUM  9.
PAR  9. The method of claim 5 wherein the organo-alkali metal reactant is
      selected from the group consisting of cyclohexyl-lithium, phenyl-lithium,
      n-butyl-lithium, cyclohexyl-sodium, benzyl-sodium, 2-pyridylmethyl-sodium,
      4-pyridylmethyl-sodium, n-butyl-sodium, phenyl-sodium,
      2-butenyl-2-lithium, and 1,4 -di-lithiobutane, and the
      di(organooxy)-alkaline earth metal is selected from the group consisting
      of dibutoxy-magnesium, di(2-methoxyethoxy)-magnesium,
      di(2-methoxyethoxy)-calcium, di(2-ethoxyethoxy)-barium,
      di(2-methoxyethoxy)-strontium,
      bis[3-(P,P-diphenylphosphino)-propoxy]-magnesium,
      bis[2-(N,N-dimethylamino) ethoxy]-magnesium,
      di(4-methylthiobutoxy)-magnesium, di(2-ethoxyethoxy)magnesium,
      di(methylthiobutoxy)-calcium and
      bis[3-(P,P-diphenylphosphino)-propoxy]-barium.
NUM  10.
PAR  10. The product of the method of claim 9.
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ABST
PAL  Polyenes are synthesized from unsaturated materials having allylic hydroxyl
      groups, which react with imidosulfides to produce sulfones. Removal of the
      sulfone group, e.g. by reaction with alkyllithium and iodine, results in
      compounds in which the allylic carbons are joined by a double bond. The
      reactions take place easily over wide temperature ranges. The method is
      particularly advantageous in the synthesis of carotenoids from polyene
      alcohols, being much simpler and easier to use than previous carotenoid
      syntheses.
GOVT
PAC  BACKGROUND
PAR  The invention herein described was made in the course of work performed
      under a grant with the National Institutes of Health.
BSUM
PAR  The usefulness of polyenes, e.g. in making polymers of many uses, has long
      been known. Conjugated polyenes, such as isoprene, are particularly useful
      in making synthetic elastomers, and other materials. In spite of a great
      deal of interest in such compounds, the methods for synthesizing them have
      suffered from a number of difficulties. One early method involved the
      reduction of unsaturated carbonyl compounds to pinacols, replacement of
      the hydroxyl groups by halogens, and elimination of the halogens by zinc.
      This complex procedure necessitated the use of large quantities of
      materials, involved difficult chemical procedures, and usually resulted in
      poor over-all yields of the polyene. An improved method was disclosed by
      Kharasch et al, J. Amer. Chem. Soc., 61: 2318 (1939), which involved the
      alkaline condensation of organic halides, e.g. allyl chloride, to form
      unsaturated dimers. That method was based on the finding that halides of
      weakly electronegative radicals condense when treated with sodamide in
      liquid ammonia if there is a hydrogen atom on the carbon atom to which the
      halogen is attached. The Kharasch method of synthesis still suffered from
      a number of drawbacks. The reaction was difficult to control, in that the
      materials polymerized to varying degrees, giving a mixture of unsaturated
      cyclic and acyclic compounds of varying structure and chain length. Also,
      condensation would occur between the organic chloride starting materials
      and various carbon atoms in the desired polyene products, giving a mixture
      of many varieties of polyenes with many varieties of halogen compounds.
PAR  Similar problems plagued the synthesis of more complex polyenes such as the
      carotenoids. Carotenoids are a class of easily oxidizable, highly colored
      compounds that are widely distributed in plants and animals and are noted
      for their preferential solubility in fats and in solvents for fats. They
      are highly unsaturated compounds, containing a chromophoric system of
      conjugated double bonds in a multibranched chain of carbon atoms. Over 100
      carotenoid pigments have been described, having colors which vary in
      accordance with the number and conjugation of the double bonds they
      contain. The carotenoids, especially .beta.-carotene, are generally useful
      as edible dyestuffs in food and beverages, and as vitamin-A supplements in
      food and fodder.
PAR  While carotenoids have previously been synthesized, their preparation has
      required extensive and complex reaction schemes, which often result in
      rather low yields. While there is close structural similarity between the
      higher carotenoids, such as .beta.-carotene, and shorter chain polyene
      alcohols, such as vitamin A, the synthesis of the carotenoids has
      generally followed a different and often more complicated route than the
      synthesis of the lower polyene alcohols. For example .beta.-carotene is
      generally commercially prepared by the following scheme, shown in Isler,
      Carotenoids, at 480-82 (1971):
      ##SPC1##
PAL  Two moles of .beta.-C.sub.19 -aldehyde (I) are condensed with
      acetylenedimagnesium bromide to give the C.sub.40 -diol (II). The C.sub.40
      -diol is converted into 15,15' didehydro-.beta.-carotene (III) by allylic
      rearrangement with simultaneous dehydration. The product is partially
      hydrogenated over Lindlar catalyst to give mainly 15-cis-.beta.-carotene
      (IV) which is isomerized to all-trans-.beta.-carotene by treatment in high
      boiling petroleum ether. While several methods of obtaining
      .beta.-carotene from vitamin A have been proposed, the conditions required
      in these methods are extreme, the reagents are expensive, and, worst of
      all, the yields are low.
PAR  It is therefore an object of the present invention to provide a simple and
      easy method for preparing polyenes.
PAR  It is a further object of this invention to provide a method by which
      polyenes, and especially carotenoids, can be prepared from starting
      materials which are relatively cheap and readily available.
PAR  It is another object of the present invention to provide a method for
      producing polyenes, especially carotenoids, which require only a small
      number of relatively simple steps.
PAR  Other objects and advantages will be apparent to those skilled in the art
      from a consideration of this application, or from practicing of the
      invention disclosed.
PAR  Generally, the invention involves reaction of allyl alcohols with one or
      more disubstituted sulfides to form a sulfone, which is thereafter
      de-sulfonized to form the desired polyene. The reactions may be depicted
      as follows:
      ##EQU1##
      wherein R is a material having a double bond separated from the hydroxyl
      group by one carbon atom. R is preferably an isoprenoid containing from
      about 1 to 6 isoprene units, such as a terpene, sesquiterpene, or
      diterpene. Mixtures of different allyl alcohols may advantageously be
      used, depending on the product desired. R' and R" may be the same or
      different nitrogen terminated compound in which the nitrogen atom which is
      bound to the sulfur is also bound to a moiety which is strongly
      electrophilic. Preferably R and R' are imides or imidazoles. Compounds
      containing suitable bound nitrogen atoms include substituted and
      unsubstituted pyrrole, imidazole, pyrazole, 1,2,3-triazole, 1,2,4
      triazole, tetrazole, pyridine, pyridazine, pyrimidine, pyrazine, and
      higher nitrogen-containing heterocylcic compounds, such as carbazole;
      imides, such as phthalimide, succinimide and acetimide; and sulfonamides,
      particularly the triflamides, which are derivatives of the
      trifluoromethanesulfonyl group, such as N-phenyl triflamide (C.sub.6
      H.sub.5 NHSO.sub.2 CF.sub.3). Suitable triflamides are described in
      Hendrickson, Tetrahedron Letters, 46: 4607 (1973) and in Hendrickson, J.
      Amer. Chem. Soc. 95: 3412 (1973). The sulfides of such nitrogen-containing
      materials can be prepared for example by reaction with sulfur chlorides in
      the manner described in Kalnins, Canad. J. Chem., 44: 2111 (1966) or
      Birkhofer, Chem. Ber., 93: 2804 (1960). They are known to react with
      alcohols in general, as described in Birkhofer, Chem. Ber., 99: 2070
      (1966).
PAR  In preparing the present invention, the allylic alcohol (R-OH) and the
      disubstituted sulfide are mixed in a suitable solvent under an inert
      atmosphere, e.g. argon, nitrogen, etc.. The reaction proceeds at a wide
      range of temperatures, e.g., -50.degree. to 50.degree.C, preferably
      0.degree. - 40.degree.C. It is most preferred to conduct the reaction at
      about room temperature, e.g. from about 15.degree. to 35.degree.C.
      Suitable solvents include lower aliphatic and cyclic ethers, such as
      methyl, ethyl, n- or isopropyl or the various butyl ethers,
      tetrahydrofuran, 1,4 dioxane, etc., halocarbons such as methylene
      chloride, chloroform, carbon tetrachloride, etc., and lower aromatic
      solvents such as benzene, toluene, ethylbenzene, etc.. Where R' or R" in
      equation 1 are imides, such as phthalimide, the ethereal solvents give
      relatively poor results. Those skilled in the art will know which solvents
      are most advantageous for particular reagents.
PAR  When the allylic alcohol is reacted with the N--S--N compounds described
      above, the product formed is a mixture of the sulfone
      ##EQU2##
      and the sulfinate ester
      ##EQU3##
      The sulfinate estere are readily converted into sulfone, e.g. by ageing
      with silica gel at about room temperature, to give an all-sulfone product.
      Other methods of making the conversion have been reported. See Braverman,
      Int. J. Sulfur Chem., 6: 149 (1971).
PAR  In some cases the reactivity of the nitrogen-containing groups in the
      sulfide is not sufficient to remove the proton from the allyl alcohol in
      order to obtain a satisfactory rate of production of the sulfone. Such is
      the case, for example, when the nitrogen-containing group is phthalimide
      or succinimide. This difficulty can be easily remedied by addition of a
      basic compound to the mixture. Suitable bases include inorganic bases,
      such as alkaline metal carbonates or bicarbonates, or organic bases, such
      as the tertiary amines or alkyllithiums.
PAR  The sulfone obtained from the first reaction is then mixed with a reactive
      organometallic compound of an alkali metal in a suitable solvent. The
      organometallic compound may be, e.g. alkyllithium or alkali amides, such
      as sodium, lithium, or potassium amides with alkyllithium being preferred.
      The alkyllithium is preferably a lower alkyl lithium, such as methyl,
      ethyl, propyl, or butyl lithium, n-butyl lithium being most preferred. The
      suitable solvents are generally the aliphatic or cyclic ethers, the lower
      aromatics and the lower alkanes. The halogenated hydrocarbons should not
      be used, as they would react with the organometallic compound. The
      addition of a solution of iodine or other source of positive halogen
      results in the splitting off of the SO.sub.2 group, with a double bond
      being left in its place. The preferred agent for this purpose is iodine,
      but other sources of positive halogens such as bromine or chlorine can be
      used. Wide ranges of reaction temperatures may be employed e.g.
      -50.degree. to 50.degree.C, with peak yields being obtained at around room
      temperature, e.g. 15.degree. - 35.degree.C.
PAR  Without wishing to be bound by theory, it is believed that the alkyllithium
      removes a proton from the carbon atoms on either side of the sulfone
      group, and that the iodine or other positive or nascent halogen causes
      these two carbons to form a three membered ring with the sulfur, with the
      sulfur dioxide thereafter being split off, with formation of the double
      bond between these carbons. This reaction itself has been previously
      reported. See L. A. Paquette, Acc. Chem. Res, 1: 209 (1968) L. A. Paquette
      in Thyagarajan, Mechanisms of Molecular Migrations, p. 121 (1968).
PAR  The present method is particularly advantageous as compared to the prior
      methods of synthesizing carotenoids. Not only is it simpler and easier to
      run than known methods, it also gives yields of carotenoids which are
      above those of prior methods.
PAR  Suitable starting materials for the various carotenoids will be readily
      apparent to those skilled in the art. In making .beta.-carotene, for
      example, R--OH in Equation 1 above will comprise vitamin A. For lycopene,
      R--OH would comprise:
      ##SPC2##
PAL  For zeaxanthin (dihydroxy -.beta.-carotene), R--OH would comprise
      3-hydroxylated vitamin A:
      ##SPC3##
PAL  Where there are more than one hydroxyl group in the compound, minor amounts
      of the non-allyl hydroxyl will also react with the --N--S--N-- compound.
PAR  For non-symmetrical carotenoids, e.g. .alpha.-carotene, lutein and
      cryptoxanthin, mixtures of the hydroxyl terminated polyisoprene starting
      materials will be required, and mixtures of carotenoids will be produced.
      Thus for production of cryptoxanthin (monohydroxy -.beta.-carotene),
      equimolar amounts of vitamin A and 3-hydroxyl substituted vitamin A
      (compound VI) will be required. The end product will be predominantly
      cryptoxanthin, and will contain minor amounts of .beta.-carotene and
      zeaxanthin, which can be separated by known methods, such as
      chromatographic techniques or partition between solvents. Production of
      .alpha.-carotene would require a mixture of vitamin A and a compound of
      the formula:
      ##SPC4##
PAL  Production of lutein (dihydroxy -.alpha.-carotene) will require a mixture
      of 3-hydroxyl substituted vitamin A (compound VI) and a compound
      corresponding to formula VII with an OH at the 3-carbon.
PAR  Normally the product of the second reaction will be a mixture of the
      isomers of the carotenoids. The mixture can be converted to all trans
      compound by heating at from about 70.degree. - 90.degree.C. preferably
      80.degree. - 85.degree.C., for from a few hours to about one day. As is
      known in the art, this conversion into all trans can be made more rapidly
      by addition of a small amount of iodine or other source of positive
      halogen, especially with exposure to light, or by addition of a small
      amount of acid.
PAR  Thus the invention provides a simplified method of synthesizing compounds
      from materials which contain allylic hydroxyl groups. The reactions
      involved readily take place at room temperature, and give relatively high
      yields, with little or no by-product formation.
PAR  The invention will be further clarified by a consideration of the following
      illustrative embodiments, which are intended to be purely exemplary of the
      use of the invention.
DETD
PAC  EXAMPLE 1
PAR  A solution of 2.51 g of vitamin A (8.72 mmol) in 5 ml of anhydrous ether is
      added rapidly with stirring to a suspension of 659 mg. of
      1,1'-thiodiimidazole (3.96 mmol.) in 2 ml of anhydrous ether, under an
      argon atmosphere. The resultant orange solution is stirred at room
      temperature for about 90 minutes. Ten milliliters of additional ether is
      added, and the solution is washed successively with 15 ml of 10%
      hydrochloric acid, 10 ml of 5% weight aqueous sodium carbonate, and 5 ml
      of saturated aqueous sodium chloride, and dried over anhydrous sodium
      sulfate. Removal of solvent in vacuo gives 2.59 g of an orange amorphous
      solid. The solid is dissolved in 120 ml of methylene chloride and stirred
      with 2.4 grams of Silica Gel G, made by Merck & Co. at room temperature,
      under argon atmosphere, for 1 hour. Filtration of the silica gel and
      solvent removal in vacuo gives 2.5 g of orange amorphous solid.
      Chromatography on  150 g of aluminum oxide with 155 ml of benzene, 155 ml
      of a 50/50 mixture of benzene and methylene chloride, and 30 ml of
      methylene chloride, elutes 475 mg of colored byproducts. Additional
      methylene chloride elutes 1.16 g (46% yield) of a light yellow amorphous
      solid identified as .beta.-retinyl sulfone. The compound exhibits the
      following spectral properties: an infra red scan of the compound in carbon
      tetrachloride gives peaks at 2945, 1325, 1120, and 965 cm.sup..sup.-1.
      Nuclear magnetic resonance analysis in deuterated chloroform gives the
      following results: .delta. 1.05 (s, 12), [1.72 (s), 1.88 (s), 1.97 (s),
      1.4 - 2.1 (m), total-30], 3.87 (d, 4, J = 8Hz), 5.53 (.tau., 2, J = 8Hz),
      5.9 -- 7.0 (m, 10). The ultra violet spectrum in 95% ethanol shows a peak
      at 332 nm. The reaction is depicted thus:
      ##SPC5##
PAC  EXAMPLE 2
PAR  A mixture of 903 mg of vitamin A (3.15 mmol), 435 mg of anhydrous potassium
      carbonate (3.15 mmol), and 566 mg of N,N'-thiodiphthalimide (1.75 mmol) in
      5 ml of methylene chloride is stirred for 5 hours at room temperature
      under argon atmosphere. The reaction mixture is filtered and the volume of
      the filtrate increased to 50 ml with methylene chloride. One gram of
      Silica Gel G (Merck & Co.) is added, and the mixture is stirred for 1 hour
      at room temperature, still under argon atmosphere. The silica gel is
      filtered, and the filtrate concentrated in vacuo gives 1.15 g of a yellow
      amorphous solid. Trituration with a mixture of 3 parts hexane to 2 parts
      ether by volume precipitated 139 mg of a white solid. On being
      chromatographed on 60 g of aluminum oxide, two yellow bands amounting to
      117 mg are eluted with 315 ml of the above hexane/ether mixture. Further
      elution with 60 ml of the hexane/ether mixture and 225 ml of pure ether
      give 703 mg of a light yellow amorphous solid identified as .beta.-retinyl
      sulfone, having the same spectral properties given in Example 1. This
      amounts to about a 74% yield.
PAC  EXAMPLE 3
PAR  Same as Example 2 except that 319 mg (3.15 mmol) of triethylamine are
      substituted as a base for the anhydrous potassium carbonate, and 5 ml of
      benzene was substituted as the solvent for the methylene chloride. The
      yield of .beta.-retinyl sulfone is about 57%.
PAR  Attempts made to make .beta.-retinyl sulfone using N,N'-thiodiphthalimide
      in ethyl ether and in dimethylformamide were unsuccessful. The production
      of .beta.-carotene from the .beta.-retinyl sulfone obtained in the
      preceding examples is illustrated in Example 4.
PAC  EXAMPLE 4
PAR  To a stirred solution of 131 mg of .beta.-retinyl sulfone (0.218 mmol) in 6
      ml of anhydrous, degassed tetrahydrofuran, at room temperature, under
      argon atmosphere, is added 0.21 ml of 2.1 M n-butyllithium (0.44 mmol) in
      hexane. The resultant very dark purple solution is stirred for 10 minutes,
      followed by dropwise addition of 58 mg of iodine (0.23 mmol) in 6 ml of
      tetrahydrofuran, over a period of about 13 minutes. Ethyl ether (15 ml) is
      added to the reaction mixture, and the resultant solution is washed with
      10 ml of water and 10 ml of saturated aqueous sodium chloride, and dried
      over anhydrous sodium sulfate. Removal of the solvent in vacuo gives 131
      mg of a dark red semisolid. Elution with 35 ml of benzene on a 16cm
      .times. 1.3cm chromatography column of aluminum oxide gives 33 mg of
      .beta.-carotene (28% yield) as a mixture of stereo isomers. A suspension
      of this material in heptane under argon atmosphere is heated at 80.degree.
      - 85.degree.C overnight. Recrystallization of the product from benzene -
      methanol (about 1:3 by volume) gives dark red crystals, mp 179.degree. -
      80.degree.C (evacuated capillary). Compared with a sample of natural
      all-trans .beta.-carotene and a mixture of the natural and the
      above-produced synthetic all-trans .beta.-carotene, all have the same
      melting point. In addition, the natural and synthetic sample have
      identical infra-red, nuclear magnetic resonance, ultra violet, visible and
      mass spectra, and were identical on three separated thin layer
      chromotography systems: on alumina, eluted with benzene; on silica gel,
      eluted with a 9 to 1 mixture of hexane/methylene chloride; and on silica
      gel eluted with benzene.
PAC  EXAMPLE 5
PAR  In this example n-butyl lithium is used as a base in place of the
      triethylamine of Example 3 or the anhydrous potassium carbonate of Example
      2. To a solution of 1723 mg (20 mmol) of 1,1-dimethyl allyl alcohol in 40
      ml of methylene chloride at 0.degree.C, is added 9.8 ml of a 2.1 M
      solution of n-butyllithium (20.6 mmol) in hexane. The mixture is warmed to
      room temperature, and 3.39 g (10.5 mmol) of N,N'-thiodiphthalimide is
      added slowly. The resultant mixture is stirred at room temperature 11
      hours, filtered, and the filtrate is concentrated in vacuo. It is washed
      twice with 50 ml portions of pentane, and again concentrated in vacuo. A
      brown oil (1.4 g) is obtained, which is dissolved in 80 ml of methylene
      chloride and stirred with 0.5 g of silica gel for 19 hours at room
      temperature. Filtration and concentration give 1.32 g of a brown oil. This
      oil is filtered over alumina and crystallized from pentane to give 834 mg
      (41.5% yield) of white needles of dimethyl allyl sulfone having the
      following formula:
      ##SPC6##
PAL  In this case there was a rearrangement of the double bond. The above
      sulfone can then be reacted with 8.26 mmol of n-butyllithium and 4.13 mmol
      of iodine in the manner of Example 4 to give a compound of the structure:
      ##SPC7##
PAC  EXAMPLE 6
PAR  To 3.08 g of the terpene linalool (20 mmol) in 40 ml of methylene chloride,
      is added 9.8 ml (20.6 mmol) of a 2.1 M solution of n-butyllithium in
      hexane. Addition of 3.56 g (11 mmol) of N,N'-thiodiphthalimide followed by
      stirring at room temperature for 11 hours and concentration in vacuo gives
      2.99 g of a brown oil. A 2.04 g sample of that oil is dissolved in 100 ml
      methylene chloride, mixed with 2 g silica gel and stirred for 22 hours,
      and concentrated in vacuo to yield 1.90 g of a brown oil. The residual
      linalool is distilled off to give 1.25 g of disubstituted sulfone, which
      comprises a mixture of stereo isomers. Reaction with n-butyl lithium and
      iodine in the manner of Example 4 will yield a diterpene.
PAR  While a number of particular embodiments of the present invention have been
      described herein, they are intended to merely be exemplary, and the true
      scope and spirit of the invention is indicated by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing polyenic organic compounds, comprising reacting an
      allyl alcohol with a sulfide of the following formula
EQU  R' -- S -- R"
PAL  in which R' and R" are the same or different nitrogen-containing
      substituents, bound to sulfur through a nitrogen atom, the remainder of R'
      and R" being electrophilic, to produce an allylic sulfone, reacting said
      sulfone with an organometallic compound selected from the group of
      alkyllithiums and alkali metal amides and a halogen selected from the
      group of bromine, chlorine and iodine.
NUM  2.
PAR  2. The method of claim 1 in which the allyl alcohol is a compound of the
      following structure:
      ##EQU4##
      in which R.sub.1 -R.sub.5 are alkyl, alkenyl or hydrogen.
NUM  3.
PAR  3. The method of claim 2, in which R.sub.1 represents from about 1 to 6
      isoprene units, R.sub.2 represents methyl, and R.sub.3 -R.sub.5 represent
      hydrogen.
NUM  4.
PAR  4. The method of claim 2, in which R' and R" are selected from the group of
      pyrrole, imidazole, pyrazole, 1,2,3-triazole, 1,2,4-triazole, tetrazole,
      carbazole, phthalimide, succinimide, succinimide, acetimide,
      trifluoromethylsulfonamides.
NUM  5.
PAR  5. The method of claim 2, in which R' and R" are selected from the group of
      imidazole, phthalimide and succinimide.
NUM  6.
PAR  6. The method of claim 2, in which the allyl alcohol is reacted with the
      sulfide in the presence of a base.
NUM  7.
PAR  7. The method of claim 2, in which the reaction product of the allyl
      alcohol and the sulfide comprises a mixture of allyl sulfone and allyl
      sulfinate ester, said sulfinate ester being converted to allyl sulfone
      prior to reaction with the organometallic compound.
NUM  8.
PAR  8. The method of claim 2 in which the organometallic material is a lower
      alkyllithium.
NUM  9.
PAR  9. A method of preparing carotenoids, comprising reacting an allyl alcohol
      having the following formula:
      ##EQU5##
      wherein R.sub.1 represents from about 1 to 6 isoprene units, with a
      sulfide having the following formula:
EQU  R.sub.2 -- S -- R.sub.3
PAL  in which R.sub.2 and R.sub.3 are the same or different nitrogen-containing
      substituents, bound to sulfur through a nitrogen atom, the remainder of R'
      and R", being electrophilic, to produce a mixture comprising an allyl
      sulfone and sulfinate ester, converting said sulfinate ester to an allyl
      sulfone, reacting said sulfone with an organometallic compound selected
      from the group of alkyllithiums and alkali metal amides and a halogen
      selected from the group of bromine, chlorine and iodine.
NUM  10.
PAR  10. The method of claim 9, in which R.sub.2 and R.sub.3 are selected from
      the group of pyrrole, imidazole, pyrazole, oxazole, 1,2,3-triazole,
      1,2,4-triazole, tetrazole, carbazole, phthalimide, succinimide, acetimide,
      and trifluoromethylsulfonamides.
NUM  11.
PAR  11. The method of claim 9, in which R.sub.2 and R.sub.3 are selected from
      the group of imidazole, phthalimide, and succinimide.
NUM  12.
PAR  12. The method of claim 9, in which the allyl alcohol is reacted with the
      sulfide in the presence of a base.
NUM  13.
PAR  13. The method of claim 9, in which the allyl alcohol is vitamin A and the
      carotenoid produced is .beta.-carotene.
NUM  14.
PAR  14. The method of claim 13, in which the organometallic compound is a lower
      alkyllithium.
NUM  15.
PAR  15. The method of claim 14, in which the organometallic compound is
      n-butyllithium.
NUM  16.
PAR  16. The method of claim 7, in which said sulfinate ester is converted to an
      allyl sulfone by contacting said sulfinate ester with silica gel.
NUM  17.
PAR  17. The method of claim 9, in which said sulfinate ester is converted to an
      allyl sulfone by contacting said sulfinate ester with silica gel.
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ABST
PAL  Novel hydrogenation catalysts are formed by impregnating a suitable support
      material with an aqueous solution of a salt of a transition metal;
      heat-treating the impregnated support at a temperature above 500.degree.F.
      to form chemical complexes on the surface of the support and to drive off
      moisture and absorbed oxygen; activating the surface complex by contacting
      the impregnated support with a soluble organometallic compound wherein the
      metal constituent is selected from Groups I, II and III of the Periodic
      Chart of the Elements, and thereafter treating the activated support
      material in the presence of a gaseous stream containing hydrogen at a
      temperature of at least 300.degree.F. to form a highly stable
      heterogeneous catalyst. The novel supported catalysts of the instant
      invention have been found to be highly active for the hydrogenation of
      organic compounds under extremely mild conditions.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of U.S. Pat. Ser. No. 253,765, filed May 16,
      1972 now U.S. Pat. No. 3,855,324 which in turn is a continuation-in-part
      of U.S. Ser. No. 880,993, filed Nov. 28, 1969 now U.S. Pat. No. 3,711,423
      which in turn is a continuation-in-part of U.S. Ser. No. 674,098, filed
      Oct. 10, 1967, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a new and useful process for the preparation of
      high activity catalysts suitable for reactions between hydrogen and
      hydrocarbons and particularly for the hydrogenation, or hydrogen addition,
      to organic compounds containing nitrile groups, carbonyl groups, aromatic,
      acetylenic or olefinic linkages. It is also concerned with the novel
      catalysts so produced, as well as the processes for using these catalysts.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Various heavy metals, especially transition metals, have been previously
      described as useful for conducting catalytic reactions. Hydrogenation
      catalysts have included solid metals, slurries of metals, and metals
      dispersed on supports. Solid metal catalyst had been prepared by
      contacting oxides of the desired metal with reducing gases, e.g., carbon
      monoxide, or hydrogen, or both. Slurries suitable as catalyst have been
      prepared by contacting anhydrous solutions of organometallic compounds of
      the desired metal with organoaluminum compounds, these being brought
      together to form slurried catalysts. Metals have been provided on supports
      by impregnation of support with anhydrous solutions of the salts of the
      desired metal, this being found by reduction of the salts to produce
      deposition of metallic metal.
PAR  In Canadian Pat. No. 697,780, which issued Nov. 10, 1964, methods are
      described for improving the activity of cobalt and for converting certain
      inactive metals, i.e., manganese and molybdenum, into hydrogenation
      catalysts. In typical reactions, slurried catalytic mixtures are produced
      by forming anhydrous solutions of soaps of the desired metal, and the
      desired organometallic reducing agent, and then contacting the two
      solutions together to form catalytic reaction mixtures. In accordance with
      one of the methods, a support is impregnated by contact with anhydrous or
      nonaqueous solution of a soap of the desired metal, and with an
      organometallic reducing agent, such as organoaluminum compound, to produce
      a loosely supported reaction product mixture of dispersed metals. In other
      techniques, supports are impregnated with soaps of the desired metal, and
      the support then contacted with a solution of the organometallic reducing
      agent to produce supported catalytic mixtures.
PAR  While these catalysts are moderately active hydrogenation catalysts, there
      are nonetheless a number of diasvantages associated with their use. For
      one thing, the materials, in all the phases of their use are highly
      pyrophoric and the slurries must be formed in an oxygen-free atmosphere.
      Also, the catalytic materials formed are highly pyrophoric. Thus, the
      catalytic product of the reaction is an insoluble pyrophoric solid which
      is highly reactive whether in slurry or supported form. Moreover, the
      material used in forming the catalysts are quite expensive, to say nothing
      of the cost involved, due to the extra precautions which must be taken in
      handling the materials. Furthermore, the organic solvents which are used
      are highly flammable.
PAR  In U.S. Pat. No. 3,415,759 there is dsclosed a method for preparing a
      hydrogenation catalyst by depositing cobalt carboxylate on a diatomaceous
      earth support and heating the supported cobalt carboxylate at a temperture
      between about 135.degree. and 160.degree.C. and thereafter reacting the
      thus heat-treated product with an aluminum alkyl. However, when
      temperatures materially above about 160.degree.C. are employed to dry the
      catalysts, the catalyst becomes progressively deactivated, particularly
      insofar as the hydrogenation of high molecular weight compounds are
      concerned.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that novel hydrogenation catalysts exhibiting
      unusually high activity and stability may be prepared by impregnating a
      suitable support material, as hereinafter defined, with an aqueous
      solution of a salt of a transition metal; heat-treating the impregnated
      support at a temperature of at least about 500.degree.F. to form chemical
      conplexes on the surface of the support and to drive off moisture and
      absorbed oxygen; activating the surface complex by contacting the
      impregnated supports with a soluble organometallic compound wherein the
      metal constituent is selected from Groups I, II and III of the Periodic
      Chart of the Elements, and thereafter treating the activated support
      material in the presence of a gaseous stream containing hydrogen at a
      temperature of at least 300.degree.F. The present invention is based on
      the discovery that a highly tenaceous chemical bonding can be formed
      between the surface of certain types of supports and the transition metals
      and the metallic constituent of the soluble organometallic compound when
      the metals are applied to the supports under the sequence and critically
      defined conditions of the instant invention. In the sequence of process
      steps, a supporting material having a surface area of at least 5 square
      meters per gram and containing at least 0.1 millimoles of hydroxyl groups
      per gram of support is first impregnated with a water-soluble species of a
      transition metal, preferably a Group IB, IVB, VB, VIB, VIIB or Group VIII
      metal. Water has been found particularly suitable for the application of
      the Group IB, IVB, VB, VIB, VIIB or Group VIII metals to the support by
      contacting or immersing the support in an aqueous solution of a salt of
      the desired metal. Suitably, the support is impregnated with from about
      0.1 to about 20% metal, and preferably from about 2 to about 10% metal,
      based on the total weight of the deposited metal and support.
PAR  The impregnated support is then preconditioned by heating the impregnated
      support at a temperature of at least about 500.degree.F. in order to drive
      off moisture and absorbed oxygen from the catalyst surface. The
      preconditioned catalyst is then activated by contacting the impregnated
      supports with a soluble organometallic compound wherein the metallic
      constituent is selected from Groups I, II and III of the Periodic Chart of
      the Elements and wherein the metallic constituent has an atomic number of
      from 3 to 50. Preferably, the organic constituents of the organometallic
      compound are alkyl groups, particularly linear alkyl groups having from 1
      to 12 carbon atoms. Only the organometallic compounds of Groups I, II and
      III which are soluble in hydrocarbons or soluble in, or complex with
      ethers are suitable for the method of this invention. These are the
      organometallic species which are characterized by predominantly covalent
      bonding between the metal and the alkyl and/or hydride groups. The
      preferred metallic constituent of the organometallic compound is aluminum.
PAR  Thereafter, the activated support material is treated by heating the
      activated supported material at a temperature of at least 300.degree.F in
      the presence of a gaseous stream containing hydrogen. Preferably, the
      activated supported material is treated in the presence of hydrogen at a
      temperature above 800.degree.F. and more preferably at a temperature in
      the range of from about 800.degree. to about 1200.degree.F. for a period
      of time in the range from about 1 to about 100 hours. Surprisingly, it has
      been found that under these high severity conditions, i.e., treating the
      activated supported catalyst at a temperature above 800.degree. and up to
      about 1200.degree.F. in the presence of hydrogen, the activity of these
      catalysts is not significantly decreased and, in fact, generally increases
      as the treating severity is increased.
PAR  While the exact nature of the mechanism is not known and, though the
      applicants do not wish to be bound by a specific theory on mechanism,
      there are certain things which are known to occur in the formation of
      these catalysts. When a suitable support has been impregnated with a
      transition metal and heat-treated at a temperature of at least
      500.degree.F., there is believed to exist a chemical bonding between the
      surface of the support and the species of the transition metal. This
      interaction is believed to occur between the acid sites on the support
      surface and the transition metal salt. Evidence of such interaction is
      obtained when, for example, iron is employed as the transition metal and
      is impregnated on a suitable support and heat-treated at a temperature of
      500.degree.F. in accordance with the practice of the instant invention,
      and examined by Mossbauer spectroscopy. Such an examination reveals that
      essentially all i.e., 99+%, of the iron is in the +3 valence state and the
      Mossbauer pattern corresponds to no known oxide of iron nor to the iron
      salt employed in impregnating the suitable supporting material.
      Consequently, this interaction or chemical bonding between the support and
      the transition metal is believed to be responsible for the difficulty in
      reducing such a supported catalyst to metallic iron by treatment with
      hydrogen. For example, under conditions of 1 atmosphere hydrogen pressure
      at a temperature of about 1000.degree.F., virtually all the iron is
      reduced to the +2 valence state, i.e., an inactive catalyst while little
      or no metallic iron is formed.
PAR  However, when the heat-treated impregnated support is treated with an
      excess organometallic compound, for example, triethylaluminum, it is
      believed that the bond between the iron and the support is reduced by the
      organometallic compound with the organometallic, i.e., metal alkyl
      fragment being bonded to the support and replacing the reduced iron.
      Consequently, when the activated supported catalyst is then treated in the
      presence of hydrogen under increasingly sever conditions, two reactions
      are believed to occur: (1) further reduction of the transition metal
      species to a lower valence species or to the "nascent metal" state, and
      (2) simultaneous removal of the functional groups, i.e., alkyl and hydride
      groups, from the metal alkyl fragments resulting in bonding between the
      alkyl metal and the transition metal. The abovedescribed reactions can be
      visualized as follows:
      ##EQU1##
      wherein M-X represents the transition metal salt impregnated upon a
      suitable support, as hereinafter defined, by aqueous solution; M thus
      representing the transition metal; where Q represents a Group I, II or III
      metal and R represents hydride or the organic constituent of the
      organometallic compound and wherein n is equal to the valence state of Q.
PAR  The free radical Ro resulting from equation (2) must stabilize itself by
      combination or disproportionation. When R is an ethyl radical, the
      combination product is n-butane and the disproportionation products are
      ethylene plus ethane. The gas liberated when these catalysts are treated
      with an organometallic compound, i.e. triethyl aluminum is predominantly
      ethane but containing appreciable amounts of ethylene and n-butane.
      Evidence for reactions (4) and (5) has been obtained by treating typical
      gamma alumina supports with triethyl aluminum (no transition metal
      present) and analyzing the gases liberated when the treated alumina is
      heated at temperatures of 400.degree.-1200.degree.F. Reaction (6)
      represents bonding between a radical resulting from thermal decomposition
      of the Q metal hydride and an electron (probably a d-electron) supplied by
      the transition metal in a reduced valence state.
PAR  While the exact nature of this bonding is unknown, it is believed that the
      product of reaction (6) which is believed to be a close approximation to
      the active sites of these catalysts, is a stable bond which accounts for
      the increased activity and inhibition of crystallite growth on the surface
      of the catalyst when the catalysts are subjected to high temperatures in
      the presence of hydrogen. Closely related configurations such as:
      ##EQU2##
      can easily be formed from the product of reaction (5) to give the iron a
      +2 valence state which has been observed in several cases for these
      catalyst systems by Mossbauer and magnetic susceptibility. As disclosed
      above, a critical feature of the instant invention is the conditions under
      which the activated supported catalyst is treated with a gaseous stream
      containing hydrogen. In terms of the mechanism disclosed above, this
      "fixation" treatment is believed to favor the completion of reactions (3),
      (4), (5) and (6). In this manner catalysts several orders of magnitude
      more active and more stable than those described in prior art processes
      are obtained.
PAR  Thus, it is believed that the applicants have discovered a new route to a
      valuable and novel heterogenous catalyst which is believed to involve
      chemical bonding between the support, transition metal and metallic
      constituent of the organometallic reducing agent which allows for a highly
      active catalyst which is stable under high severity conditions.
PAR  The selection of a suitable support material upon which the transition
      metal is impregnated as an essential feature of the instant invention.
      Suitable supports are those having a reasonable surface area and a
      sufficient concentration of hydroxyl groups on the surface, which hydroxyl
      groups are capable of reacting with an organometallic compound, i.e.,
      QR.sub.n or QR.sub.n X.sub.n, where Q represents a Group I, II or III
      metal, R represents hydride or an organic constituent, e.g., an alkyl
      group of the organometallic compound, and wherein X equals a halogen, in
      order to eliminate the RH species and attach the QR.sub.n.sub.-1 species
      to support surface through the oxygen atom of the original hydroxyl group.
      Properties and suitability of supports can be characterized in terms of
      surface area and their hydroxyl content measured by reaction with an
      organometallic i.e., QR.sub.n compound in the absence of a transition
      metal.
PAR  Those supports most suited to the instant invention include the oxides of
      Groups II, III and IV of the Periodic Chart of the Elements which can be
      prepared with surface areas in excess of 5 square meters per gram and
      wherein the hydroxyl content of the support is at least 0.1 millimoles of
      hydroxyl groups per gram of support. The oxides of Groups, II, III and IV
      having a surface area in excess of 50 square meters per gram and
      containing a hydroxyl group content of at least 0.2 millimoles of hydroxyl
      groups per gram of support, determined by reaction of the support with the
      organometallic compound in the absence of the transition metal are
      preferred. Aluminum oxide having a surface area of above about 100 square
      meters per gram and a hydroxyl content of at least 1 millimole per gram is
      the most preferred supporting material of the instant invention.
      Additional, nonlimiting examples of suitable supporting materials include
      magnesium oxide, zinc oxide, titanium oxide, provided they have the
      necessary surface areas and reactive hydroxyl group content as described
      above. Any types of supports, while possessing the desired surface area,
      may or may not have the desired reactive hydroxyl group content.
      Nevertheless, some such supports, for example, activated carbon, can be
      enhanced in hydroxyl group content by treatment with air or an air-stream
      mixture at moderate temperatures, i.e. below about 1000.degree.F. in order
      to form a suitable support for the catalyst of the instant invention.
      Other well-known supports, such as silica, have a sufficient surface area
      but may lack the necessary concentration of reactive hydroxyl groups and
      are not suitable. Silica-alumina supports, having the necessary hydroxyl
      group concentrations are effective supports and may also be employed in
      the practice of the invention.
PAR  The supported catalyst of the instant invention may be prepared by any
      means conventionally used for the preparation of a supported catalyst,
      e.g., by impregnating the support or by precipitation in the presence of
      the support or by coprecipitation with the supporting material. Water has
      been found to be particularly suitable for the application of the
      transition metal salt to the supporting materials. Preferably, the support
      is first impregnated with a water-soluble species of the transition metal
      salt by contacting or immersing the support in an aqueous solution of the
      salt of the desired metal. Preferably, the support is impregnated with
      from about 0.1 to about 30% equivalent transition metals; and preferably
      from about 1 to about 10% equivalent transition metal, based on the total
      weight of the deposited equivalent metal and support. The optimum
      concentration of transition metal on the support will depend on the nature
      of the transition metal and on the surface area and hydroxyl content of
      the support. For example, when a pure activated alumina having a surface
      area of about 200 square meters per gram and a hydroxyl content of about
      1.2  millimoles per gram is employed as the supporting material, and when
      iron is employed as the transition metal, the optimum concentration of
      iron is about 0.6 millimoles of iron per gram support. With noble metals,
      for example much lower concentration in the range of 0.1 to 1% are
      employed. The optimum concentration for other transition metals which
      results in the highly active, stable catalysts of the instant invention
      are not shown with exactitude because of the many and varied supports
      which can be employed herein. Nevertheless, it is believed that one
      skilled in the art can readily determine these concentrations in view of
      the fact that they are within the preferred concentration ranges as
      described above.
PAR  The use of water to effect the chemical bonding is particularly important
      in the impregnation of the supports with salts of the desired transition
      metal. Even iron has produced an exceptionally active catalyst when
      applied to the support in the form of salts dissolved in aqueous solution.
      In fact, catalysts derived from aqueous solutions of iron salts have ever
      proved highly effective for the hydrogenation of aromatic nucleus and
      carbonyl groups of organic compound, i.e. aldehydes and ketones.
PAR  The transition metals which can be employed in the practice of the instant
      invention include the Groups IB, IVB, VB, VIB, VIIB and Group VIII metals.
      Preferably, the transition metals which can be employed in the practice of
      the instant invention include iron, cobalt, nickel, platinum, tungsten,
      chromiun, vanadium, molybdenum, rhenium, manganese, titanium, zirconium,
      palladium, rhodium, copper, silver and gold. The most preferred transition
      metals include iron, cobalt and nickel, platinum, tungsten, chromium,
      molybdenum, vanadium, rhenium and copper. Nonlimiting examples of salts
      which can be employed for the application of these metals to these
      supports include the halides, sulfates, nitrates, formates, acetates,
      propionates, molybdate, vanadates, chromates, dichromates, tungstates,
      manganates, titanates, zirconates, rhenates, perhenates and the like.
      Water soluble acids such as perrhenic acid may also be employed. These
      various transition metals described above may be used alone or in
      combination.
PAR  The impregnated support in powder or granular form, is then treated by
      establishing time-temperature relationships suitable to produce a chemical
      change on the surface of the support and remove water and absorbed oxygen.
      Suitably, the impregnated support can be heated in air, in an inert
      atmosphere or in vacuum, e.g. 20 to 29 inches of vacuum at a temperature
      of at least about 500.degree.F. preferably 600.degree. to 1500.degree.F.
      and more preferably from about 600.degree. to about 1000.degree.F. It is a
      critical feature, in order to form the more highly active and stable
      catalyst of the instant invention, to heat the impregnated support at a
      temperature above 500.degree.F. for a period of time in the range of about
      0.5 to about 4 hours and preferably from about 1 to 2 hours. While the
      heat-treatment may be performed in air or an oxygen atmosphere, it must
      then be followed by a period in an inert atmosphere in order to remove the
      adsorbed oxygen. In addition to the removal of oxygen and moisture, other
      important reactions occur during this heat-treatment, as described above,
      in order to render the transition metal in a form more amenable to the
      subsequent reaction with the organometallic compounds.
PAR  In an alternative embodiment, the impregnation and heat-treating steps can
      be conducted in multiple stages. For example, the support can be
      impregnated and then dried or partially dried, at low temperature. The
      support can then be reimpregnated and again dried or partially dried. The
      heat treatment per se may be conducted in multiple stages, if desired. The
      impregnated support, to facilitate handling, can thus be subjected to a
      first rather mild heat treatment to dry the support and then, in a second
      step, to a more severe treatment to produce the desired chemical change at
      the surface of this support. Supported catalysts, such as are supplied by
      the commercial catalyst manufacturers, e.g., iron, cobalt and/or nickel,
      alone or in combination with other metals such as molybdenum, tungsten, or
      the like are also amenable to such tretments to transform them to highly
      active catalysts.
PAR  The then impregnated, heat-treated support is activated by treatment with
      an organometallic compound, suitably a hydrocarbon solution of an
      organometallic compound, or a hydrocarbon soluble organometallic compound,
      a metallic constituent of which is selected from Groups I, II and III of
      the Periodic Chart of the Elements as in Fisher Scientific Company
      Copyright 1952. Preferably, the oroganometallic compounds include those
      having the formula: QR.sub.n wherein Q is equal to the metallic
      constituent and is selected from Groups IA, II and IIIA having an atomic
      number of from 3 to 50, n is the valence state of Q and wherein R is
      hydride or an organic constituent selected from the group consisting of
      same or different, substituted or unsubstituted, saturated or unsaturated
      alkyl, aryl, alkylaryl, arylalkyl or cycloalkyl groups containing up to
      about 20 carbon atoms. Representative, nonlimiting examples of the organic
      constituents, i.e. R include, but are not limited to methyl, ethyl,
      n-propyl, isopropyl, isobutyl, secondary butyl, tertiary butyl, n-amyl,
      isoamyl, heptyl, n-octyl, n-dodecyl and the like; 2-butyl,
      2-methyl-2-butyl, and the like; cyclopentylmethyl, cyclohexylethyl,
      cyclohexyl-propyl and the like: 2-phenylethyl,  2-phenylpropyl,
      2-naphthylethyl, methylnaphthylethyl and the like; cyclopentyl,
      cyclohexyl, 2,2,1-bicycloheptyl and the like; methylcyclopentyl,
      dimethylcyclopentyl, ethylcyclopentyl, methylcyclohexyl,
      dimethylcyclohexyl, 5-cyclopentadienyl and the like; phenylcyclopentyl,
      and the like, phenyl, tolyl, ethylphenyl, xylenyl, naphthyl,
      cyclohexylphenyl and the like. The more preferred metallic constituent of
      the organic metallic compound, i.e., Q is selected from the group
      consisting of lithium, magnesium, beryllium, zinc, cadmium, mercury, boron
      aluminum, gallium and indium. In addition, organometallic compounds having
      the formula QR.sub.n X.sub.m may be employed as the organometallic
      compound of the instant invention where Q and R are identical to the Q and
      R having been previously described, X is a halogen, and n and m are
      integers ranging from 1 to 3, the summation equal to the valence of Q.
PAR  The most preferred organometallic activating agents are the tri-alkyl
      substituted products of aluminum and the dialkyl halides of aluminum,
      particularly those containing alkyl groups having from one to about 6
      carbon atoms, especially the linear alkyl groups. Exemplary of such
      compounds, which contain up to about 18 carbon atoms in the molecule, are
      trimethyl aluminum, triethyl aluminum, tri-n-butyl aluminum, triisobutyl
      aluminum, diethyl aluminum hydride, diethyl aluminum chloride, diethyl
      aluminum fluoride and the like. Certain volatile or hydrocarbon-soluble
      hydrides, for example, the various known hydrides of boron, are also
      suitable activating agents as well as are the Grignard reagents.
PAR  The treatment of the supported, heat-treated catalyst with the
      organometallic compound can be carried out with pure or diluted metal
      alkyl compounds in the liquid or vapor phase. Hydrocarbon diluents of the
      paraffinic, cyclo-parafinic or aromatic types are entirely suitable. The
      metal alkyl compound may be present in concentrations of 5 to 50% in the
      diluent. A solution of about 20% aluminum triethyl in a paraffinic diluent
      is a preferred activation system. The activation reaction is quite
      exothermic and it may be desirable to remove the heat of activation. The
      temperature during the activation step, which is maintained in the range
      of from about 0.degree.F. to about 500.degree.F., preferably from about
      100.degree.F. to about 200.degree.F. Considerable gas liberation occurs
      during activation and these gases are normally vented from the system. The
      activation is allowed to proceed until reaction is no longer observed,
      generally 0.5 hrs. to 2 hrs. in contact with at least some excess of metal
      alkyl compound.
PAR  The treatment of the activated support material in order to obtain the most
      active and stable catalysts referred to above as the "fixation" step in a
      critical feature of the instant invention. After the supported catalyst
      has been activated with the organometallic reducing agent, it is essential
      that the supported catalyst be treated in the presence of a gaseous stream
      containing hydrogen at a temperature of at least 300.degree.F. in order to
      form the highly active, stable, novel heterogeneous catalyst of the
      instant invention. Preferably, the supported activated catalyst is treated
      in the presence of hydrogen at a temperature in the range of from about
      300.degree.F. to about 1200.degree.F., more preferably from about
      400.degree.F. to about 1200.degree.F. and still more preferably between
      about 800.degree.F. and 1200.degree.F. It is essential that this fixation
      treatment be conducted in the presence of a gaseous stream containing
      hydrogen. This fixation treatment can be carried out in the presence of
      inert gases such as nitrogen, helium, argon, and the like in view of the
      fact that hydrogen is formed " in situ" when these inert gases are
      employed. Necessarily, however, the fixation in the presence of such inert
      gases as nitrogen, helium, and argon will result in catalysts of lower
      activity than when the fixation step of the activated supported catalyst
      is conducted totally in the presence of a hydrogen gas.
PAR  Although nitrogen is normally considered an inert gas, there is evidence
      that it may not be truly inert when present in the fixation of these
      catalyst systems. There is some evidence that gaseous nitrogen may react
      with the transition metal species at elevated temperatures. Such reaction
      which may form nitrides of the metals are obviously undesirable.
      Therefore, it is preferred that the fixation step be conducted at the
      above critical temperatures in the presence of a gaseous stream containing
      or resulting in the formation in the reaction zone of from about 5 to 100%
      hydrogen and more preferably from about 75 to about 100% hydrogen. Most
      preferably, the fixation under the above-described critical temperature
      conditions is conducted totally in the presence of a hydrogen atmosphere.
      As described above, it is believed that the function of hydrogen during
      the "fixation step" when the supported activated catalyst is treated under
      the critical temperature limitation described above, is to fix the
      catalyst in a stable heterogeneous form and to further reduce the
      transition metal compound to a valence state to which it can more readily
      and completely react the metallic portion of the organometallic compound.
PAR  The fixation of the supported activated catalyst in the presence of a
      hydrogen gas under the above-described critical conditions is usually
      conducted over a period of time varying between about 1 to about 100
      hours, generally less time being required at higher temperatures. As
      described above, it is quite surprising that under optimum conditions as
      described above, it can be shown that the activity of the catalysts of the
      instant invention increases as the length of time in which the supported
      activated catalyst is being treated in the presence of hydrogen at high
      temperatures, e.g. 800.degree.-1200.degree.F. increases. This, again, is
      believed to be due to the fact that the instant invention results in
      completion of a series of reactions leading to a chemical bonding between
      the surface of the support and the transition metal and metal constituent
      of the organometallic compound such that these metals are not free to
      migrate on the surface of the catalyst and grow large crystallites. The
      formation of large crystallites in conventional supported catalyst is
      generally accepted as an important mode of catalyst deactivation. Thus,
      the catalysts of the instant invention are highly active at extremely mild
      hydrogenation conditions as well as exhibiting unusual stability at high
      severity conditions.
PAR  The fixation in the presence of hydrogen under the above-described
      temperature conditions can also be influenced by the hydrogen pressure at
      which such a treatment is conducted. Generally, atmospheric or near
      atmospheric pressure, from about 0.5 to about 1.5 atmospheres is employed.
      However, the hydrogen partial pressure may be increased in the reaction
      zone up to 100 atmospheres or greater. The hydrogen partial pressure will
      generally decrease the time-temperature requirements for forming the
      chemical bonding between the supports at a transition metal and metallic
      portion of the organometallic compounds.
PAR  The so-treated catalysts are then ready for contact with hydrogen or
      hydrogen-containing gases, a suitable reaction system for producing
      hydrogenation (or dehydrogenation) reactions. Olefins, whether singular or
      multiple linkage compounds, aliphatic or cyclic, and containing 2 to about
      50 carbon atoms have been readily hydrogenated to paraffins, and aromatic
      compounds containing from 6 to about 50 carbon atoms, and more preferably
      from about 6 to about 30 carbon atoms have been saturated to produce the
      corresponding cycloalkane. Acetylenic compounds, whether singular or
      multiple linkage, aliphatic or cyclic in containing from about 2 to about
      10 carbon atoms can also be hydrogenated by the catalyst of the instant
      invention. In fact, catalyst formed by the impregnation of the supports
      with aqueous salts of cobalt, and iron have proven highly satisfactory
      despite the normally low activity attributed to cobalt and the even lower
      activity attributed to iron for producing hydrogenation reactions.
PAR  The catalysts can be utilized as slurries or as fixed beds, movable beds
      and fluidized beds, in liquid phase or vapor phase, in batch, continuous
      or staged operations. Hydrogenation reactions can be carried out at
      remarkably low temperatures and pressures as contrasted with the more
      conventional catalysts, whether the reaction is conducted in liquid phase
      or vapor phase. Hydrogenation reactions are generally conducted at
      temperatures ranging from about 0.degree.F. to about 1000.degree.F., and
      preferably at temperatures ranging from about 100.degree.F. to about
      500.degree.F. The reaction can be conducted at lower than atmospheric
      pressures or greater than atmospheric pressures but generally pressures
      ranging from as low as about 1 atmosphere to about 500 atmospheres can be
      employed. Preferably, however, pressures ranging from about 1 atmosphere
      to about 50 atmospheres are employed in conducting the reactions.
PAR  These catalysts are suitable for carrying out hydrogenation reactions in
      systems designed to handle high heats of reaction and severe contacting
      problems, without substantial deterioration and separation of catalyst
      from the support. This is due in large part to the high stability and
      activity of these catalysts, by virtue of which hydrogenation reactions
      can be conducted at very low hydrogen partial pressures ranging as low as
      from about 1 to about 200 atmospheres.
PAR  When it is desired to carry hydrogenation reactions essentially to
      completion, an excess of hydrogen over the stoichiometric requirement is
      used. This excess may vary from a few percent to several hundred or even
      several thousand percent. In the latter cases, the excess hydrogen is
      separated and recycled to the system. When it is desired to carry out
      partial hydrogenations, the reaction can be controlled on the basis of
      hydrogen concentration, e.g., mol ratio of H.sub.2 to feed, or reaction
      kinetics, e.g., using an excess of hydrogen and controlling reaction by
      time, temperature, H.sub.2 partial pressure and the like.
PAR  The activity of the catalyst is virtually unimpaired even after long
      periods of use. However, there is some interference by some types of
      sulfur compounds and the normal high activity of the catalyst can be
      impeded very gradually. Thus, although these catalysts normally have good
      resistance to sulfur-types and concentrations normally present in
      petroleum oil stocks, there is evidence that certain sulfur compounds,
      e.g. mercaptans; tend to be adsorbed on the catalyst and may thereby cause
      some loss of activity. In addition, impurities such as water, other
      oxygen-containing compounds and nitrogen-containing compounds may also
      exert a deactivating effect on the catalysts. Even this effect, however,
      can be curtailed or eliminated by operating the catalysts at temperatures
      and pressures at which adsorption of the impurities is not favored. The
      conditions necessary to achieve this effect will vary with different
      feedstocks and different impurities.
PAR  It has been unexpectedly discovered that the catalyst deactivation is
      reversible such that the deactivated catalyst can be restored to
      substantially its original activity, by treatment at elevated
      temperatures, preferably in the presence of a stripping gas. Examples of
      suitable stripping gases include hydrogen, nitrogen, methane and the like.
      Hydrogen is preferred, and is desirably used at temperatures ranging
      between about 400.degree. and 1000.degree.F. However, broad temperature
      ranges which are operable in the subject process vary from about
      200.degree. to 1200.degree.F. The stripping gases should be substantially
      free of the impurities that are to be removed from the catalyst, and hence
      are preliminarily purified such as by drying, caustic scrubbing and
      drying, contacting with suitable adsorbents and the like. The amount of
      stripping gas that may be used in the process varies, dependent in part on
      the degree of deactivation of the catalyst, the level of catalytic
      activity desired to be obtained and the nature of the stripping gas. In
      general space velocities ranging between about 100 and 25,000 volumes of
      gas per volume of catalyst per hour (V/V/Hr), preferably 500 to about 1000
      V/V/Hr may be used. The stripping gas may be used on a once-through basis
      or may be recycled for further use. The reactivation process is desirably
      conducted in the absence of solvent. In addition, the reactivation process
      may be aided by conducting same in vacuo. The reactivation is carried out
      for a time sufficient to achieve the desired level of reactivation and
      generally for a time ranging between about 1 and 24 hours or more. The
      catalysts are amenable to substantially complete regeneration by (1)
      oxidizing with air to remove carbonaceous residues, and (2) reactivation
      with aluminum alkyl compound.
PAR  These and other features of the invention will be understood by reference
      to the following illustrative examples.
DETD
PAC  EXAMPLE 1
PAR  These examples (1A through 1F, Table I) illustrate the critical properties
      of the catalyst supports required for this invention. The measurements
      were made by subjecting the pure, thoroughly dried and deoxygenated
      supports (no transition metals present) to reaction with aluminum triethyl
      (in excess). Total gas liberated was metered, collected and analyzed. The
      total ethane produced is a direct measure of the hydroxyl group content of
      the support (J. Catalysis 7, 362 (1967)).
PAR  The supports, after treatment with excess aluminum triethyl, were heated in
      nitrogen or hydrogen at 400.degree.F., then cooled and hydrolyzed with
      excess water. Gases were metered, collected and analyzed. These gases are
      a quantitative measure of the functional groups associated with the
      aluminum triethyl fragment (theoretically -AlEt.sub.2) now strongly bound
      to the support. The tendency to form such groups as hydride particularly
      is a measure of the efficiency with which the supports function to give
      the catalysts of this invention.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     CHARACTERIZATION OF CATALYST SUPPORTS                                     

                     Hydroxyl Groups,           Hydride Groups                 

                     Millimols     Fixation Conditions                         

                                                after Fixation                 

     Example                                                                   

          Catalyst Support                                                     

                     Per Gram                                                  

                           Per Sq. Meter                                       

                                   Atmosphere                                  

                                         Temp.,.degree.F.                      

                                                Millimols/gm.                  

     __________________________________________________________________________

     A    Alumina F-1                                                          

                     1.68  0.0060  Nitrogen                                    

                                         400    0.12                           

     B    Alumina (Alcohol-                                                    

               ate)  1.30  0.0064  Nitrogen                                    

                                         400    0.15                           

     C    Alumina (Alcohol-                                                    

               ate)  1.28  0.0063  Hydrogen                                    

                                         400    0.14                           

     D    Silica (Gr. 0-8)                                                     

                     0.06   0.00010                                            

                                   Nitrogen                                    

                                         400     0.004                         

     E    Titania Gel                                                          

                     0.24  0.0022  Nitrogen                                    

                                         400    0.19                           

     F    Activated Carbon                                                     

                     0.11   0.00008                                            

                                   Nitrogen                                    

                                         400    0.12                           

          (Columbia-L)                                                         

     __________________________________________________________________________

PAR  It is seen from the results given in Table I that both types of activated
      alumina and titania gel are the best supports. Silica is not a useful
      support because of its very low hydroxyl content and virtually no tendency
      to form hydrides. Activated carbon is not a very good support because of
      its very low hydroxyl content although hydride groups are formed very
      readily at these hydroxyl sites. However, it will be shown that the
      performance of activated carbon as a support for the catalysts of this
      invention can be enhanced by surface oxidation of the carbon.
PAC  EXAMPLE 2
PAR  One hundred grams of aqueous solution was prepared by dissolving 34 grams
      FeCl.sub.3.6 H.sub.2 O in 66 grams of water. One hundred grams F-1 alumina
      (8-14 mesh) was added to the solution and allowed to stand with occasional
      mixing for about 30 minutes. A small quantity of liquid was poured off and
      the catalyst freed of excess liquid by placing on absorbent paper towels.
      The catalyst was dried for 3 hours in a vacuum oven at 500.degree.F. The
      recovered catalyst weighed 107.4 grams, and analyzed 5.3 percent iron
      (calculated as Fe).
PAR  A heated quartz reaction tube was charged with 25.7 grams of the above
      catalyst and a preheat area above the catalyst bed was filled with
      stainless steel distillation packing. The catalyst was preconditioned in a
      stream of dry nitrogen at a temperature of 500.degree.-550.degree.F. for
      one hour and was then cooled in nitrogen to room temperature. The reactor
      was flooded from the bottom with a 20% solution of aluminum triethyl.
      Considerable gas was evolved and the maximum temperature reached
      200.degree.F. After 1.33 hours, the solution was withdrawn. A rapid flow
      of nitrogen was introduced and the temperature was increased to
      350.degree.F. Fixation was continued for about 30 minutes.
PAR  The temperature in the catalyst bed was adjusted to 250.degree.F. and a 20
      percent solution of benzene in cyclohexane was fed at a rate of about 11
      cc/hour and hydrogen gas at 60 cc/minute. The pressure in the reaction
      zone was essentially one atmosphere. Samples analyzed after one hour and
      two hours on conditions showed no detectable benzene by vapor
      chromatography, all the benzene having been hydrogenated to cyclohexane.
PAC  EXAMPLE 3
PAR  A catalyst prepared and activated in a manner essentially identical to that
      described in Example 2 was used to hydrogenate a feed consisting of 25
      percent 1-hexyne in n-heptane at atmospheric pressure in the vapor phase.
      The catalyst temperature was maintained at 230.degree.-240.degree.F., the
      liquid fed at 11 cc/hour, and hydrogen gas at 60 cc/minute. The 1-hexyne
      was hydrogenated completely to n-hexane as shown by vapor chromatography
      and confirmed by infrared spectroscopy.
PAC  EXAMPLE 4
PAR  One hundred fifty grams of F-1 activated alumina (8-14 mesh) was treated
      with 140 grams of an aqueous solution of 36% CoCl.sub.2.6H.sub.2 O. After
      drying in vacuum for about 5 hours at 400.degree.-450.degree.F., 162.3
      grams of intense blue catalyst was obtained. The catalyst contained 5.3%
      cobalt, calculated as metal.
PAR  Twenty-five grams of the above catalyst was charged to a quartz tube and
      preconditioned at 700.degree.-785.degree.F. in dry nitrogen for
      approximately 1 hour. After cooling to room temperature in a stream of dry
      nitrogen, the tube was flooded with a 20% solution of aluminum triethyl in
      n-heptane. The maximum temperature in the catalyst bed reached
      160.degree.F. After about 1 hour, the liquid was withdrawn and the
      catalyst was fixed in a flow of dry nitrogen at 375.degree.-400.degree.F.
      for 1 hour. A 20% solution of benzene in cyclohexane was fed at a rate of
      11 cc/hour along with 60 cc/minute of hydrogen. At a temperature of
      216.degree.-250.degree.F. in the catalyst bed, the benzene was completely
      hydrogenated to cyclohexane.
PAC  EXAMPLE 5
PAR  Reagent grade magnesium oxide (50 grams) was mixed with 83 grams of a 40%
      aqueous solution of CoCl.sub.2.6H.sub.2 O to give a thick paste. The paste
      was spread on a glass plate and dried in a vacuum oven at
      250.degree.-260.degree.F. for 3 days. The hard particles were crushed in a
      mortar and 10-20 mesh particles were screened out. These 10-20 mesh
      particles were dried for 3 hours at 425.degree.-450.degree.F. in the
      vacuum oven and were light blue in color and contained about 14 percent
      cobalt calculated as metal.
PAR  The quartz reaction tube was charged with 17.3 grams of the above catalyst
      which was then preconditioned in a stream of dry nitrogen at 660.degree.F.
      for about 30 minutes. After cooling to room temperature, the tube was
      flooded with 20% aluminum triethyl in n-heptane. There was very little
      heat evolved and the liquid was withdrawn after 30 minutes. The catalyst
      was fixed in dry nitrogen at 350.degree.-365.degree.F.
PAR  A 20% solution of benzene in cyclohexane was fed at a rate of 11 cc/hour
      and hydrogen at a rate of 60 cc/minute. At a catalyst temperature of
      240.degree.F., hydrogenation of the benzene was better than 99% complete.
PAC  EXAMPLE 6
PAR  One hundred grams of F-1 alumina was treated with 80 grams of cobalt
      octoate solution (6% cobalt dissolved in hydrocarbon vehicle) and the
      solid dried in the vacuum oven. A second impregnation was carried out in a
      similar manner and the vacuum dried solid amounted to 113.4 grams.
PAR  Twenty-five grams of the above catalyst was charged to the quartz reaction
      tube, preconditioned in N.sub.2 at 500.degree.F. for 2 hours, then
      activated with 20% aluminum triethyl as previously described and fixed in
      nitrogen at 400.degree.F. Only very slight hydrogenation of benzene was
      noted at atmospheric pressure and 240.degree.F. Compared to Example 4,
      this illustrates the advantage in catalyst activity by carrying out the
      original impregnation in an aqueous medium with water soluble salts of the
      transition metal.
PAC  EXAMPLE 7
PAR  The catalyst described in Example 4 was used to hydrogenate o-xylene (24%
      in n-heptane) at atmospheric pressure and 260.degree.-270.degree.F.
      Hydrogenation was complete and two isomers of dimethyl cyclohexane were
      observed by vapor chromatography.
PAC  EXAMPLE 8
PAR  Catalysts were prepared and evaluated by the general procedure described in
      Example 4 with the results shown in Table II; Examples 8A through 8E. All
      the cobalt catalysts contained about 5% cobalt.
TBL                                    TABLE II                                

     __________________________________________________________________________

                                               Benzene                         

                         Activation Max. Temp. Hydrogenation                   

     Example                                                                   

          Catalyst Base                                                        

                     Cobalt Salt Used                                          

                               N.sub.2 Precond.                                

                                       AlEt.sub.3 Treat                        

                                               at 1 Atm.,250.degree.F.         

     __________________________________________________________________________

     8A   F-1 Alumina                                                          

                     None      790     153     Not Active                      

     8B   F-1 Alumina                                                          

                     CoSO.sub.4.7H.sub.2 O                                     

                               520     140     100%                            

     8C   Activated Carbon                                                     

                     CoCl.sub.2.6H.sub.2 O                                     

                               520     121      77%                            

          (Columbia Carbon)                                                    

     8D   Silica Alumina                                                       

                     CoCl.sub.2.6H.sub.2 O                                     

                               500     130      77%                            

          Cracking Catalyst                                                    

     8E   F-1 Alumina                                                          

                     Co Acetate.4H.sub.2 O                                     

                               500     150     100%                            

     __________________________________________________________________________

PAC  EXAMPLE 9
PAR  A catalyst consisting of cobalt on F-1 alumina was prepared from aqueous
      cobaltous acetate according to the procedure of Example 4 and contained
      5.3% cobalt (calculated as metal) after drying in the vacuum oven.
PAR  The quartz tube reactor was charged with 26.1 grams of the above catalyst
      which was preconditioned at 600.degree.F. in nitrogen for 1-1/2 hours,
      then activated with aluminum triethyl and fixed in hydrogen at
      400.degree.F.
PAR  A 20% solution of n-butyraldehyde in a n-heptane was hydrogenated at
      atmospheric pressure with the following results (expressed on solvent-free
      basis).
TBL  ______________________________________                                    

     Per- Catalyst   Product Analysis, %                                       

     iod  Temp., .degree.F.                                                    

                     n-C.sub.4 Ald.                                            

                                n-C.sub.4 Alc.                                 

                                         Hvy. Prod.                            

     ______________________________________                                    

     1    298        0.5        91.9     7.6                                   

     2    300        0.5        93.2     6.3                                   

     3    325        1.9        89.3     8.8                                   

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  A catalyst was prepared by impregnating 100 grams of F-1 alumina with a
      solution prepared by dissolving 36 grams nickel acetate.4H.sub.2 O in 156
      grams water. After drying in vacuum, the catalyst was impregnated a second
      time with the residual solution. After drying at 350.degree.-400.degree.F.
      in vacuum, 116.3 grams catalyst was recovered which analyzed 3.4% nickel
      (calculated as metal).
PAR  The quartz reaction tube was charged with 25.1 grams of the nickel catalyst
      which was preconditioned in nitrogen at 600.degree.F. (1 hour), then
      activated with 20% aluminum triethyl (max. temperature 125.degree.F.) and
      fixed at 400.degree.F. with dry nitrogen.
PAR  A 20% solution of C.sub.4 aldehydes was hydrogenated at atmospheric
      pressure, 300.degree.-400.degree.F., 60 cc/minute hydrogen rate. Typical
      results obtained during an 80-hour run were:
TBL  Aldehyde          n-C.sub.4                                               

                               n-C.sub.4                                       

                                       iso-C.sub.4                             

     ______________________________________                                    

     Catalyst Age, Hrs.                                                        

                       5       76      46                                      

     Aldehyde Feed, W/Hr./W                                                    

                       0.14    0.14    0.35                                    

     Temperature, .degree.F. Max.                                              

                       308     309     400                                     

     Conversion, %     99.8    99.7    99.1                                    

     Selectivity, %                                                            

      To Alcohol       95.4    97.6    96.5                                    

      To Heavier Products                                                      

                        4.6     2.4     3.5                                    

     ______________________________________                                    

PAC  EXAMPLE 11
PAR  Fifty grams of activated nickel catalyst prepared as described in Example
      10 was charged to a one-liter stirred autoclave along with 240 ml.
      n-octane and 60 cc. 2-ethyl-hexaldehyde. Five consecutive hydrogenation
      runs were made using the same charge of catalyst and the same volume of
      feed. Hydrogenation conditions and results of these five runs are shown
      below:
TBL                               % Selectivity                                

     Hydrogenation Conditions     to                                           

     Example                                                                   

          % Aldehyde                                                           

                Temp., .degree.F.                                              

                       Press. Psig                                             

                              Hrs.*                                            

                                  2-Et. Hexanol                                

     __________________________________________________________________________

     11A  20    275    500    3.5 88                                           

     11B  20    294    500    3.0 92                                           

     11C  20    340    500    1.2 97                                           

     11D  20    330    200    3.0 96                                           

     11E  50    330    500    4.5 94                                           

     __________________________________________________________________________

      *Time until H.sub.2 no longer absorbed.                                  

PAC  EXAMPLE 12
PAR  A commercial cobalt molybdena on alumina catalyst containing about 3.5% CoO
      and 12% MoO.sub.3 and in the form of 1/16 inch extruded rods was charged
      (36.7 grams) to the quartz reaction tube and was preconditioned in a flow
      of dry nitrogen at 600.degree.F. for one hour. The catalyst had been
      calcined at 1200.degree.F. for 12 hours before charging to the tube. After
      cooling in dry nitrogen, the catalyst bed was flooded with 20% aluminum
      triethyl. Maximum temperature reached was 160.degree.F. After 40 minutes,
      the solution was withdrawn and the catalyst fixed at 500.degree.F. in a
      stream of dry hydrogen for 15 minutes. After cooling, the catalyst was
      charged with 290 ml. n-octane and 60 ml. benzene to a one-liter stirred
      autoclave. At a temperature of 225.degree.-230.degree.F. and a pressure of
      200 psig, the benzene was completely hydrogenated in 1 hour.
PAR  About 80 ml. of the above product was left in the reactor and a fresh
      charge of 160 ml. octane and 60 ml. benzene was added. This charge was
      hydrogenated at 165.degree.-170.degree.F. and a pressure of 200 psig and
      hydrogenation was complete in about 1.5 hours. Selectivity to cyclohexane
      was essentially 100%.
PAR  For comparison purposes, a hydrogen reduced platinum (0.5% Pt) on alumina
      catalyst used for commercial scale hydrogenation of benzene was tested
      under conditions identical to the second hydrogenation run described
      above. Complete hydrogenation of benzene required 2.0 hours.
PAC  EXAMPLE 13
PAR  A nickel molybdena-alumina commercial hydrotreating catalyst 10-20 mesh
      particle size and containing 3-4% NiO, 14-16% MoO.sub.3 was activated with
      aluminum triethyl essentially as described in Example 12.
PAR  Fifty-three grams of the activated catalyst was charged to the stirred
      autoclave along with 240 ml. n-octane and 60 ml. benzene. Hydrogenation
      was carried out at 165.degree.-170.degree.F. and 200 psig and the
      conversion of the benzene to cyclohexane was complete in 1 hour.
PAC  EXAMPLE 14
PAR  A catalyst (57 grams), prepared from cobaltous acetate on F-1 alumina and
      activated according to the procedure of Example 4, was charged to the
      stirred autoclave along with 240 ml. paraffinic diluent and 60 ml.
      trans,trans,cis-1,5,9-cyclododecatriene. The hydrogenation conditions were
      165-170.degree.F. and 200 psig. Hydrogenation to cyclododecane was 96%
      complete in 1 hour and complete in 1.33 hours.
PAC  EXAMPLE 15
PAR  To illustrate the significant effect of type of support used, the following
      results were obtained using cobalt catalysts (4-5% Co), prepared from
      cobalt acetate or cobalt chloride (Example 15C). All catalysts were
      preconditioned in dry nitrogen at 600.degree.F., then activated with
      aluminum triethyl (20%) as described in previous examples. Finally, the
      catalysts were fixed in nitrogen at 400.degree.F. Hydrogenations were
      carried out with 50 ml. portions of catalyst, 240 ml. of paraffinic
      diluent, and 60 ml. of benzene and the time noted for complete
      hydrogenation of the benzene at 165.degree.-170.degree.F. and 200 psig.
TBL  ______________________________________                                    

                               Time to Complete                                

     Example                                                                   

              Support          Hydrogenation,Hrs                               

     ______________________________________                                    

     15A    F-1 Alumina (Alcoa)                                                

                               2.03                                            

     15B    F-10 Alumina (Alcoa)                                               

                               1.25                                            

     15C    H-151 Alumina (Alcoa)                                              

                               3.22                                            

     15D    471A Alumina       5.0                                             

     15E    Alcoholate Alumina 1.25                                            

     15F    "Celite" (Johns-Manville)                                          

                               10.0                                            

     15G    Activated Carbon   4.75                                            

            (Pittsburgh Coke)                                                  

     ______________________________________                                    

PAR  The F-10 alumina and the alcoholate alumina were the purest alumina bases
      used and these gave the highest catalytic activity. Aluminas containing
      2-6% silica (H-151 and 471A) gave less active catalysts. The "Celite" is
      largely silica and is not a useful catalyst support. The low order of
      activity is probably due to formation of some cobalt metal rather than to
      the catalyst complexes of this invention.
PAC  EXAMPLE 16
PAR  Catalysts containing 5-6% Fe on F-1 alumina were prepared from ferric
      chloride.6H.sub.2 O, ferrous chloride.4H.sub.2 O and ferric
      nitrate.9H.sub.2 O and dried in the vacuum oven. The catalysts were
      preconditioned at 800.degree.F. in dry nitrogen and then contacted with
      aluminum triethyl at room temperature (maximum temperature during
      activation was about 200.degree.F.). The catalysts were treated in
      nitrogen at 400.degree.F. for fixation. Samples were taken after the
      800.degree.F. N.sub.2 preconditioning and after the final 400.degree.F.
      N.sub.2 fixation for examination by Mossbauer spectrometry to determine
      the valence state of the iron, and for correlation with catalytic
      activity. The results obtained were as follows:
TBL                Mossbauer Results, %                                        

                                   Time, Hrs.,                                 

                   Preconditioned                                              

                           Fixed   for Benzene                                 

     Salt Used In  Catalyst                                                    

                           Catalyst                                            

                                   Hydrogenation                               

     Example                                                                   

          Preparation                                                          

                   Ee.sup.+.sup.3                                              

                       Fe.sup..sup.+2                                          

                           Fe.sup..sup.+3                                      

                               Fe.sup..sup.+2                                  

                                   165.degree.F. 200 psi                       

     __________________________________________________________________________

     16A  FeCl.sub.3.6H.sub.2 O                                                

                   100 0   15  85  1.3                                         

     16B  FeCl.sub.2.4H.sub.2 O                                                

                   100 0   10  90  1.4                                         

     16C  Fe(NO.sub.3).sub.3.9H.sub.2 O                                        

                   100 0   60  40  (1)                                         

     __________________________________________________________________________

PAR  1. Catalyst not active at 165.degree.F., 200 psig, but benzene
      hydrogenation was complete in 1.8 hours at 300.degree.F., 400 psig. The
      catalysts prepared from chloride had high activity and high concentrations
      of Fe.sup.+.sup.2 in the final activated (fixed) state while the catalyst
      prepared from nitrate had a much lower order of activity and a much lower
      concentration of Fe.sup.+.sup.2. No metallic iron was detectable.
PAC  EXAMPLE 17
PAR  Zinc oxide (442 grams) was mixed with a solution of 93.5 grams nickel
      acetate.4H.sub.2 O in 450 ml. warm water to give a thick paste. The
      mixture was dried in the vacuum oven giving chunks of greenish-white
      solid. The solid was broken in a mortar and screened to 10-20 mesh size.
PAR  The 10-20 mesh catalyst was charged to a heated quartz tube, preconditioned
      at 600.degree.F. for one hour in a nitrogen atmosphere, then activated
      with aluminum triethyl and then fixed in nitrogen at 400.degree.F.
PAR  The above catalyst (55 grams) was mixed with 250 ml. iso-octane and 50 ml.
      benzene in a one-liter autoclave and the hydrogenation of the benzene was
      complete in 5.2 hours at 165.degree.F. and 200 psig.
PAC  EXAMPLE 18
PAR  These examples show that magnetic susceptibility measurements on typical
      catalysts of this invention confirm that the group VIII nonnoble metals
      are present in the +2 valence state. All catalysts were prepared on F-1
      alumina base and, containing 4-6% equivalent metal, were activated in the
      liquid phase with triethyl aluminum (20% solution), then fixed in a
      nitrogen atmosphere at 400.degree.F. The iron catalysts derived from
      FeCl.sub.3 and Fe(NO.sub.3).sub.3 were the same catalysts in which the
      Mossbauer measurements described in Example 16 were made.
TBL  ______________________________________                                    

                                   Literature                                  

     Salt Used to                                                              

                 Magnetic Moment, .mu. after                                   

                                   Values                                      

     Impregnate Base                                                           

                 Activation and Fixation                                       

                                   Fe.sup..sup.+2                              

                                           Fe.sup..sup.+3                      

     ______________________________________                                    

     FeSO.sub.4  5.18              5.1     5.9                                 

     FeCl.sub.3  5.35                                                          

       Fe(NO.sub.3).sub.3                                                      

                 5.29                                                          

                                   Ni.sup..sup.+2                              

     NiSO.sub.4  2.92              3.1                                         

                                   Co.sup..sup.+2                              

     CoSO.sub.4  4.79              5.2                                         

     ______________________________________                                    

PAR  Literature values are for these elements in octahedral configuration. For
      the iron catalysts, the values are in good agreement for predominantly an
      Fe.sup.+.sup.2 configuration but containing a small amount of
      Fe.sup.+.sup.3 contaminant (as shown by the Mossbauer data in Example 16).
      Only in the case of the catalyst derived from Fe(NO.sub.3).sub.3 was a
      minute trace (about 85 ppm) of metallic iron detected.
PAR  The nickel and cobalt catalysts (Ni.sup.+.sup.2 and Co.sup.+.sup.2 salts
      used in preparation) one in fairly good agreement but slightly lower in
      magnetic moment than the literature values. It is well known that
      distorted configurations such as would exist on a support surface will
      lower the magnetic moment.
PAC  EXAMPLE 19
PAR  A catalyst containing 6.5 weight % iron was prepared by impregnating an
      alcoholate type alumina with aqueous iron nitrate. In the following table
      the benzene hydrogenation activity of this catalyst, activated in
      accordance with this invention (preconditioned at 800.degree.F. in N.sub.2
      and fixed as indicated), is compared with the activity of the same
      catalyst activated by severe hydrogen treating.
TBL  __________________________________________________________________________

     Example        19A           19B  19C                                     

     __________________________________________________________________________

     Catalyst       6.5% Fe on PF Alumina                                      

      AlEt.sub.3 Treat                                                         

                    None          Standard Treat                               

     Fixation (H.sub.2 Atm.)                                                   

      Temp.,.degree.F.                                                         

                    1200          400  1200                                    

      Time, Hrs.    16            1    16                                      

     Mossbauer Summary    Before  After                                        

                                       After                                   

     Estimated % of Fe as AlEt.sub.3 Treat                                     

                                  Fixation                                     

                                       Fixation                                

     __________________________________________________________________________

      Fe.sup..sup.+3                                                           

                    --    85      65   50                                      

      Fe.sup..sup.+2                                                           

                    --    --      25   20                                      

      Alpha Fe.sub.2 O.sub.3                                                   

                    --    15      --   --                                      

      Alpha Fe      --    --      10   30                                      

     Time, Hrs., to Compl.                                                     

                    1000+         3.2  3.3                                     

     Abs. Hydro. Act.mol/hr/gm                                                 

     Fe             &lt;0.0001       0.34 0.37                                    

     __________________________________________________________________________

PAR  The catalyst activated by hydrogen alone is essentially inactive for
      benzene hydrogenation (at 212.degree.F., 600 psig). There are only slight
      differences in activity between the mildly fixed (400.degree.F.) and
      severely fixed (1200.degree.F.) catalysts. The Mossbauer results (presence
      of alpha iron) indicate that this catalyst contained too high an iron
      concentration for maximum activity and complete stabilization.
PAC  EXAMPLE 20
PAR  A catalyst similar to that of Example 19 was prepared from iron nitrate on
      the same alumina base, except that the iron content was 3.2 wt. %. This
      catalyst was activated according to the procedure used for Example 19B,
      activity for benzene hydrogenation was 0.04 mol/hr./gm. Fe at
      212.degree.F. and 0.38 mol/hr./gm. Fe at 300.degree.F. The same charge of
      catalyst was placed back in the tube and heated in hydrogen for 16 hours
      at 1200.degree.F. The hydrogenation activity tests were repeated. At
      212.degree.F. the activity was 0.54 mol/hr./gm. Fe and at 300.degree.F.
      was 2.4 mol/hr./gm. Fe. At this more optimum iron concentration and more
      optimum Al/Fe ratio, the stabilization of the iron by the aluminum is much
      more complete and the actiity is enhanced on the order of tenfold or more.
PAC  EXAMPLE 21
PAR  A series of iron catalysts containing 0.8, 1.6, 3.2 and 6.4 percent Fe were
      prepared on the alcoholate type alumina base. The base contains 1.2
      millimols/gm. --CH group equivalent and the Fe was impregnated on the base
      as FeCl.sub.3.6 H.sub.2 O. The catalysts were activated by preconditioning
      at 600.degree.F. (N.sub.2 atmosphere), treating with 20 percent AlEt.sub.3
      in n-heptane, then fixed in hydrogen at 400.degree.F. Activities were
      determined on an absolute basis (mols. benzene hydrogenated per hour per
      gram Fe) in a standard hydrogenation test at 212.degree.F. and 600 psi
      H.sub.2 pressure. Results of these tests were:
TBL                        Hydrogenation                                       

                           Rate,                                               

                 Mole Ratio                                                    

                           mol/hr./gm. Fe                                      

     Run    Wt. % Fe   Fe/OH       212.degree.F.                               

                                           300.degree.F.                       

     ______________________________________                                    

     A      6.4        1.01        1.94    --                                  

     B      3.2        0.49        2.60    --                                  

     C      1.6        0.24        1.11    --                                  

     D      0.8        0.12        0.17    1.18                                

     ______________________________________                                    

PAR  The results are very striking in showing the critical effect of transition
      metal/hydroxyl group ratio in preparing these catalysts. There is a fairly
      sharp maximum in catalytic activity occuring at an Fe/OH molar ratio of
      about 0.5. However, even at the greatly nonoptimum ratio of 0.12, the
      activity of catalyst is increased more than six-fold by increasing the
      temperature to 300.degree.F.
PAC  EXAMPLE 22
PAR  This example is to show the positive identification of Fe-Al linkages in
      high activity iron catalysts prepared according to this invention. Also,
      it is designed to show the amount of iron present in the active catalytic
      state. The method is based on hydrolysis of the activated, fixed catalysts
      with deuterium oxide, and that (1) hydride groups on Al or Fe will give HD
      on deuterolysis, and (2) -Al-Fe direct linkages will give D.sub.2 on
      deuterolysis. Thus the D.sub.2 make will be a direct measure of -Al-Fe
      groups.
PAR  The two most active catalysts from Example 21 (6.4% Fe and 3.2% Fe
      preconditioned at 600.degree.F.) were used in these tests. All gases
      liberated during the treat with 20% AlEt.sub.3, during the hydrogen
      fixation and during the deuterolysis with excess D.sub.2 O were metered,
      collected and analyzed. The deuterolysis gases were analyzed for HD,
      D.sub.2 and deuterated components of methane and ethane in addition to the
      usual components. Results of these exhaustive tests for the two iron
      catalysts were:
TBL  Example                 22A      22B                                      

     ______________________________________                                    

     Catalyst, Wt. % Fe      6.4      3.2                                      

     Total Deuteralysis Gas, mmol./gm.                                         

     Cat                     1.52     1.78                                     

     D.sub.2 Made, mmol./gm. Cat.                                              

                             0.41     0.34                                     

     HD Made, mmol./gm. Cat. 0.34     0.39                                     

     D.sub.2, Mole % on Fe   36       59                                       

     Hydrogenation Activity, mol./hr./                                         

     gm. Fe                  1.94     2.60                                     

     ______________________________________                                    

PAR  The D.sub.2 concentration expressed as mol % on Fe represents the percent
      of iron as the catalytically active species, that is, having an average of
      one iron to aluminum direct chemical bonds. The catalyst bonding the
      greater percent iron in this form is the same as the catalyst of Example
      21 Run B.
PAC  EXAMPLE 23
PAR  To illustrate the criticality of preconditioning the catalyst at elevated
      temperatures, the catalyst containing 6.4% Fe (as FeCl.sub.3) on the PT
      (alcoholate) alumina base was activated as described in Example 21 except
      that the temperature of preconditioning was varied from 300.degree.F. to
      600.degree.F. to 900.degree.F. in nitrogen atmosphere for 2-hour periods.
      Activity was measured by the benzene hydrogenation test.
TBL  ______________________________________                                    

               Preconditioning                                                 

                             Absolute Hydrogenation                            

     Example   Temp., .degree.F.                                               

                             Rate, Mol./Hr./Gm. Fe                             

     ______________________________________                                    

     23A       300           0.26                                              

     23B       600           1.94                                              

     23C       900           1.60                                              

     ______________________________________                                    

PAR  These results show clearly that an inferior catalyst results at low
      pretreat temperatures. At the highest temperature, 900.degree.F., some
      crystallite growth may have occurred since the high stability
      characteristic of these catalysts is not realized prior to the alkyl treat
      and fixation in the presence of hydrogen.
PAC  EXAMPLE 24
PAR  A catalyst containing 6.5% Fe was prepared by impregnating silica gel
      (Davison Grade 0-8) with FeCl.sub.3 aqueous solution. The catalyst was
      preconditioned at 800.degree.F., treated with 20% AlBt.sub.3 solution,
      then fixed in hydrogen at 400.degree.F. Activity for benzene hydrogenation
      was not measurable at 212.degree.F. and was on the order of 0.002
      mol./hr./gm. Fe at 300.degree.F. This silica-based catalyst is essentially
      inactive because any hydroxyl groups in the silica base undergo alkylation
      to give -Si-Et groups rather than the necessary -Si-O-AlBt.sub.2 groups.
PAC  EXAMPLE 25
PAR  This example is designed to show the importance of hydroxyl functionality
      on a support such as activated carbon. Columbia activated carbon Grade L
      (surface area 1350 sq.in./gm.) was impregnated with an aqueous solution of
      ferric chloride to give 6.0 wt. % Fe. Another sample of the carbon was
      air-oxidized at 500.degree.F. for 16 hours and then impregnated to give 6%
      Fe. Both catalysts were preconditioned for 2 hrs. at 600.degree.F. in
      N.sub.2 atmosphere, treated with triethyl aluminum (20% solution), then
      fixed in hydrogen for 1 hour at 400.degree.F. Benzene hydrogenation
      activities were as follows for these catalysts.
TBL  ______________________________________                                    

                   Hydrogenation Activity,                                     

     Benzene       mol./hr./gm. Fe                                             

     Hydrogenation Carbon Base Not                                             

                                 Carbon Base                                   

     Temperature,.degree.F.                                                    

                   Preoxidized   Preoxidized                                   

     ______________________________________                                    

     212           0.023         0.040                                         

     300           0.053         0.130                                         

     392           0.155         0.360                                         

     ______________________________________                                    

PAR  Preoxidation of the carbon base more than doubles the activity of the
      catalysts. However, compared to activated alumina, carbon is a relatively
      poor base for these catalysts because its hydroxyl functionality is far
      from optimum, even after oxidation.
PAC  EXAMPLE 26
PAR  A titania gel base having a surface area of 106 sq. meters/gm. was
      determined to have a hydroxyl group content of 0.24 millimols/gm. as
      described in Example 1. This base (100 grams) was impregnated with a
      solution prepared by dissolving 17 gms. FeCl.sub.3.6H.sub.2 O sufficient
      water to give 65 cc. of solution. Essentially all the solution was
      absorbed and the iron content of the catalyst was 3.2 wt. % after drying
      in the vacuum oven.
PAR  A 50 cc. portion of the catalyst was activated as follows: (a)
      preconditioned at 600.degree.F. for 2 hours in a flow of dry nitrogen; (b)
      treated with an excess of 20% AlEt.sub.3 solution-maximum temperature was
      192.degree.F.; and (3) fixation in hydrogen for one hour at 400.degree.F.
PAR  The activated catalyst (56.4 gms.) was charged with 250 cc. of benzene to
      the stirred autoclave and a hydrogenation test carried out at
      212.degree.F. and 600 psig H.sub.2 pressure. The hydrogenation was
      complete in 11/2 hours and the catalytic activity calculated to be 1.03
      mol./hr./gm. Fe.
PAC  EXAMPLE 27
PAR  The iron catalyst containing 3.2% Fe derived from iron nitrate on the
      alcoholate alumina base was activated with diethyl zinc and triethyl boron
      in comparison with triethyl aluminum. The catalyst preconditioning
      activation and fixation conditions and hydrogenation activities were as
      shown in the table below:
TBL  Example            27A      27B      27C                                  

     ______________________________________                                    

     Alkyl Used         AlEt.sub.3                                             

                                 BEt.sub.3                                     

                                          ZnEt.sub.2                           

     Preconditioning Temp., .degree.F.                                         

                        600      600      600                                  

     Alkyl Treat, temp., .degree.F. (Max)                                      

                        200      550      190                                  

     Fixation (H.sub.2 Atm.)                                                   

      Temp., .degree.F. 400      400      1200                                 

      Time, Hrs.        1        1        16                                   

     Hydrogenation Activity,                                                   

     mol./hr./gm. Fe    0.38     0.031    0.11                                 

     At Temp., .degree.F.                                                      

                        300      392      392                                  

     ______________________________________                                    

PAC  EXAMPLE 28
PAR  The catalyst having a very low nickel concentration (0.6 Wt. % Ni) was
      prepared by impregnating the alcoholate alumina base with an aqueous
      solution of nickelous acetate. Hydrogenation activities for activation
      with hydrogen alone and by the method of this invention are compared in
      the table.
TBL  ______________________________________                                    

     Example             28A     28B     28C                                   

     ______________________________________                                    

     Catalyst            0.6% Ni on PF Alumina                                 

     AlEt.sub.3 Treat    None    Standard                                      

     Fixation (H.sub.2 Atm.)                                                   

     Temp., .degree.F.   1200    400     1200                                  

     Time, Hrs.          16      1       16                                    

     Time, Hrs. to Completion                                                  

                         45      5.3     3.2                                   

     Abs. Hydro. Act., mol/hr/gm Ni                                            

                         0.31    2.2     3.7                                   

     ______________________________________                                    

PAC  EXAMPLE 29
PAR  The noble metals of Group VIII are also converted to highly active and
      stable catalyst by the technique of this invention. However, the noble
      metals, because of cost and activity considerations, are generally used in
      very low concentrations, e.g., 0.1-1.0%, on the support. With the usual
      supports, this results in very high alkyl metal-to-noble metal molar
      ratios (e.g., 20/1 to 100/1). Under such conditions and at mild fixation
      severity, the noble metal may be overwhelmed or buried by the alkyl metal
      resulting in low catalyst activity. But it has been found that at very
      severe fixation conditions this effect is overcome and highly active and
      extremely stable catalysts result.
PAR  A 0.6% platinum on alcoholate alumina was prepared by impregnation with
      aqueous chloroplatinic acid. The activity of this catalyst at several
      severities of hydrogen activation was as follows:
TBL  Example       29A     29B     29C                                         

     ______________________________________                                    

     Catalyst      0.6% Pt on Alcoholate Alumina                               

     H.sub.2 Reduction Cond.                                                   

      Temp., .degree.F.                                                        

                   800     1200    1200                                        

      Time, Hrs.   2.5     2.5     18.5                                        

     Time, Hrs. to Compl.                                                      

                   0.90    1.33    1.75                                        

     ABS Hydro. Act.*                                                          

                   22.8    18.0    12.2                                        

     ______________________________________                                    

      *Mol./hr./gm. Pt.                                                        

PAR  The decreasing activity with increasing severity of hydrogen reduction is
      attributed to growth of larger crystallites of platinum metal. It was,
      however, not possible to detect this by X-ray at this low platinum
      concentration.
TBL  ______________________________________                                    

     Example         29D     29E     29F   29G                                 

     ______________________________________                                    

     Catalyst        0.6% Pt on Alcoholate Alumina                             

     AlEt.sub.3 Treat                                                          

                     Standard                                                  

     Fixation (H.sub.2 Atm.)                                                   

      Temp., .degree.F.                                                        

                     400     800     1200  1200                                

      Time, Hrs.     1       2.5     16    32                                  

     Time, Hrs. to Compl.                                                      

                     53      15.8    1.6   0.67                                

     ABS Hydro. Act. mol/hr./                                                  

      gm. Pt         0.37    1.40    11.8  17.2                                

     ______________________________________                                    

PAR  Here it is noted that the activity of the catalyst is increasing with
      increasing hydrogen fixation severity and that the low activity
      characteristic of mild fixation (Example 29D) is completely overcome. The
      extreme stability of the catalyst of Example 29G is typical of noble metal
      catalysts activated by the methods of this invention. An equivalent
      time-temperature exposure in hydrogen activation (or reactions with
      hydrogen) would give a predicted activity in the range of 5-7 mol/hr./gm.
      Pt.
PAC  EXAMPLE 30
PAR  A molybdenum catalyst containing 13 wt. % MoO.sub.3 was prepared by
      impregnating 200 grams of the alcoholate alumina base with a solution of
      38 grams ammonium molybdate (82% MoO.sub.3) dissolved in 120 cc. water.
      All liquid was absorbed and the catalyst was dried in the vacuum oven.
PAR  A 50 cc. portion of this catalyst was charged to the quartz tube and heated
      in a flow of dry nitrogen at 800.degree.F. for 2 hours. After cooling to
      room temperature, the catalyst was treated with 20% triethyl aluminum
      giving a transient maximum temperature of 195.degree.F. After one hour,
      the liquid was withdrawn and the catalyst was fixed in hydrogen at
      400.degree.F. for 11/2 hours.
PAR  Thirty-nine grams of the activated catalyst and 250 cc. of benzene were
      charged to a stirred autoclave and a hydrogenation was carried out at
      212.degree.F. and 600 psig H.sub.2 pressure. The reaction was complete in
      3 hours and the calculated rate of hydrogenation was 0.28 mol benzene
      hydrogenated per hour per gram of molybdenum.
PAC  EXAMPLE 31
PAR  In the data tabulated below, the 13% MoO.sub.3 on alcoholate alumina
      catalyst is used to show the effects of
PAR  1. Hydrogen activation vs. the activation method of this invention.
PAR  2. Increasing severity of fixation in a hydrogen atmosphere.
PAR  3. Fixation in hydrogen compared to fixation in nitrogen at high severity.
PAR  4. The activation method of this invention is inhibiting formation of large
      crystallites of transition metals (free metals).
TBL  __________________________________________________________________________

     Example     31A  31B  31C  31D 31E  31F                                   

     __________________________________________________________________________

     Cat. Activation                                                           

      AlEt.sub.3 Treat                                                         

                 None      Standard Treat.sup.(a)                              

      Fixation                                                                 

      Atmosphere Hydrogen                Nitrogen                              

      Temp., .degree.F.                                                        

                 1200 1200 400  900 1200 800                                   

      Time, Hrs. 16   44   1    16  16   16                                    

     Hrs. to Completion                                                        

                 69   91   3.3  1.83                                           

                                    1.60 6.6                                   

     Abs. Hydro. Act..sup.(b)                                                  

                  0.012                                                        

                      0.0096                                                   

                           0.27 0.42                                           

                                    0.53 0.12                                  

     Rel. Mo Metal.sup.(c)                                                     

                 0.69 1.00 0.000                                               

                                --   0.036                                     

                                         0.012                                 

     __________________________________________________________________________

      .sup.(a) Catalyst heated at 800.degree.F. in N.sub.2 flow for 2 hours,   

      cooled, treated with an excess of 20% AlEt.sub.3 at room temperature.    

      .sup.(b) Mols benzene hydrogenated per hour per gram of metal.           

      .sup.(c) By x-ray diffraction, relative values based on most severely    

      reduced catalyst = 1.00.                                                 

PAR  Examples 31C, D and E show the effects of increasing severity of fixation
      in the presence of hydrogen.
PAR  Examples 31C, D, and E, in comparison with Examples 31A and B, show the
      activation method of this invention in comparison with hydrogen
      activation. The x-ray diffraction data for these runs show how the
      technique of this invention stabilizes the active catalytic species in a
      very stable, highly dispersed form.
PAR  Examples 31D and F show the effects of fixation in nitrogen compared to
      fixation in hydrogen and that the presence of hydrogen during fixation
      results in a significant increase in the hydrogenation activity of the
      catalyst.
PAC  EXAMPLE 32
PAR  A catalyst containing about 10 wt. % tungsten was prepared by impregnating
      200 gms. of alcoholate type alumina with an aqueous solution prepared by
      dissolving 31 grams of ammonium meta tungstate in 110 cc. water. All
      solution was taken up.
PAR  A 50 cc. portion of the above catalyst was changed to an electrically
      heated quartz tube and heated at 850.degree.F. in a flow of dry nitrogen
      for 3 hours.
PAR  After cooling to room temperature, the catalyst bed was flooded from the
      bottom with a .degree.% solution of triethyl aluminum in n-heptane. The
      temperature rose transiently to 190.degree.F. and much gas was evolved.
      After 30 minutes the solution was drained off and the catalyst was then
      heated in nitrogen at 400.degree.-420.degree.F. for one hour.
PAR  Forty grams of the above catalyst and 250 cc. benzene were charged to a
      stirred autoclave and a hydrogenation was carried out at 212.degree.F. and
      600 psig H.sub.2 pressure. Gas was absorbed at a rate of 20 lbs. per
      minute and the reaction was complete in 4.1 hours. The absolute rate of
      hydrogenation was calculated to be 0.17 mole of benzene hydrogenated per
      hour per gram of tungsten.
PAR  Another run made with the same catalyst at 260.degree.F. gave a
      hydrogenation rate of 0.31 mol/hr./gm. of tungsten.
PAC  EXAMPLE 33
PAR  The results tabulated below were obtained with two tungsten catalysts on
      alcoholate type alumina having respective tungsten concentrations of 27
      percent WO.sub.3 and 9 percent WO.sub.3. These results will show the
      effects of the concentration of the transition metal, in this case,
      tungsten.
TBL  Example    33A  33B  33C   33D  33E  33F                                  

     __________________________________________________________________________

     WO.sub.3 conc.,                                                           

     wt. %      27   27   27    9    9    9                                    

     Activation                                                                

      AlEt.sub.3 Treat                                                         

                None Standard   None Standard                                  

      Fixation (H.sub.2)                                                       

      Temp., .degree.F.                                                        

                1200 400  1200  1200 400  1200                                 

      Time, Hrs.                                                               

                16   1    16    16   1    16                                   

     Hrs. to Compl.                                                            

                153  3.6  77    1000 5.6  5.7                                  

     Abs. Hydro. Act.,                                                         

     Mol/hr./gm. W                                                             

                0.0017                                                         

                     0.057                                                     

                          0.0028                                               

                                0.0001                                         

                                     0.18 0.18                                 

     X-Ray Eval.                                                               

                Most W                                                         

                     No   W metal,                                             

                                No W No W No                                   

                metal                                                          

                     cryst.                                                    

                          possi-                                               

                                metal                                          

                                     metal                                     

                                          cryst.                               

                also forms                                                     

                          bly WO.sub.2                                         

                                possi-                                         

                                     less form                                 

                WO.sub.2 &                                                     

                     of W & W.sub.3 O.                                         

                                ble  WO.sub.2                                  

                                          of W                                 

                W.sub.3 O                                                      

                     metal      small                                          

                                     than metal                                

     W&gt;WO.sub.2 or        conc. Ex.33D                                         

                                     or                                        

                .congruent.W.sub.3 O                                           

                     oxides.    WO.sub.2  oxides.                              

     __________________________________________________________________________

PAR  Examples 33A, B and C with the high tungsten concentration show that the
      AlEt.sub.3 activated, hydrogen fixed catalyst (Example 33B) is more than
      50 times as active as the catalyst activated by hydrogen (Example 33A).
      However, this catalyst is unstable at higher severity hydrogen fixation.
      The Al/W ratio (Al from AlEt.sub.3) is insufficient to stabilize this
      amount of tungsten.
PAR  The Al/W ratio is much more favorable at the 9% WO.sub.3 concentration and
      most of the tungsten is stabilized, does not undergo crystallite growth,
      and activity remains constant as fixation severity is increased (compare
      Example 33F with Example 33E).
PAC  EXAMPLE 34
PAR  Results obtained at a still lower tungsten concentration (6% WO.sub.3 on
      the alcoholate alumina base) show a striking enhancement in activity as
      fixation severity is increased.
PAR  This catalyst, when given the standard AlEt.sub.3 activation (as in Example
      33) and fixed in hydrogen for 1 hour at 400.degree.F., had a benzene
      hydrogenation activity of 0.10 mol/hr./gm. W. The same catalyst was then
      placed back in the activation tube and given an additional fixation of 16
      hours at 1200.degree.F. in hydrogen. This catalyst then showed an activity
      of 0.71 mol/hr./gm. W. This high activity is now completely stabilized.
PAC  EXAMPLE 35
PAR  A catalyst was prepared by impregnating 200 gms. of F-1 alumina with a
      solution of 3 ml. perrhenic acid (1.3 gms. Re/ml.) made up to 120 ml. with
      water. All solution was absorbed. Catalyst was dried in the vacuum oven
      and had a rhenium content of 2.0 wt. %.
PAR  The quartz activation tube was charged with 55 cc. of the above catalyst
      and heated in a flow of dry nitrogen at 600.degree.F. for 2 hours. After
      cooling to room temperature, the catalyst bed was flooded from the bottom
      with a 20% solution of aluminum triethyl. The maximum temperature reached
      210.degree.F. After one hour, the solution was drained off and the
      catalyst was fixed in hydrogen for one hour at 400.degree.F.
PAR  The stirred autoclave was charged with 51.5 gms. of the above catalyst and
      250 cc. of a 20% solution of benzene in n-octane.
PAR  At a temperature of 260.degree.F. and a hydrogen pressure of 500 psig, the
      benzene was hydrogenated at a rate of 0.22 mol/hr./gm. Re.
PAC  EXAMPLE 36
PAR  A catalyst was prepared by impregnating 200 gms. F-1 alumina with a
      solution prepared by dissolving 40 gms. C.sub.R O.sub.3 in sufficient
      water to give a total volume of 125 ml. All liquid was absorbed. The
      catalyst was dried in the vacuum oven and the chromium content was 9 wt.
      %.
PAR  The catalyst (60cc.) was activated as follows: (1) heated in air for 16
      hours at 1000.degree.F.; (2) heated in dry nitrogen for 1 hour at
      1000.degree.F.; (3) cooled to room temperature and treated with an excess
      of aliminum triethyl (20% solution), maximum temperature reaching
      240.degree.F; and (4) finally treating in hydrogen for 2 hours at
      400.degree.F.
PAR  The activated catalyst (49 gms.) was charged to the stirred autocalve with
      250 cc. benzene. Hydrogenation at 300.degree.F. and 600 psig H.sub.2
      pressure gave a measured reaction rate of 0.062 mol of benzene
      hydrogenated per hour per gram of chromium.
PAC  EXAMPLE 37
PAR  A catalyst was prepared by impregnating 200 gms. of alcoholate type alumina
      with a solution of 38 gms. ammonium vanadate dissolved in a mixture of 80
      cc. of water and 60 cc. of monoethanolamine, the latter added to aid in
      dissolving the ammonium vanadate. After drying in the vacuum oven, the
      catalyst contained 7.5% vanadium.
PAR  The catalyst was activated as follows: (1) heated in air for 71/2 hours at
      1000.degree.F.; (2) heated in dry nitrogen for 1 hour at 800.degree.F.;
      (3) cooled to room temperature and treated with an excess of aluminum
      triethyl (20% solution), maximum temperature reaching 205.degree.F.; and
      (4) fixation in hydrogen at 400.degree.F. for 1 hour.
PAR  The activated catalyst (41 gms.) was charged to the autoclave with 250 cc.
      of benzene. Hydrogenation at 212.degree.F. and 600 psig H.sub.2 pressure
      gave a hydrogenation rate of 0.08 mol/hr./gm. vanadium and at
      300.degree.F. and 600 psig the rate increased to 0.21 mol/hr./gm.
PAC  EXAMPLE 38
PAR  A catalyst containing 6 wt. % copper was prepared by impregnating 200 gms.
      F-1 alumina with a solution prepared by dissolving 34 gms. CuCl.sub.2
      -2H.sub.2 O in sufficient water to give 160 cc. solution. All solution was
      absorbed and the catalyst was dried in the vacuum oven.
PAR  The activation tube was charged with 47.2 gms. of the catalyst, the weight
      being determined after preconditioning the catalyst at 800.degree.F. for 2
      hours in dry nitrogen. The catalyst was then activated with an excess of
      aluminum triethyl and fixed in hydrogen at 400.degree.F. for one hour.
PAR  The fixed catalyst was then hydrolyzed with deuterium oxide and gases
      evolved were collected and analyzed. The gases were principally C.sub.2
      H.sub.5 D, D.sub.2 and HD, the latter two components amounting to 0.18 and
      0.07 millimols per gram of catalyst, respectively. This amount of D.sub.2
      corresponds to 19 percent of the copper bonded directly to aluminum and an
      average of 4 mol % hydride (bases on copper) associated with the
      copper-aluminum complex.
PAR  This catalyst had relatively low activity for hydrogenation of benzene, the
      activity being determined as 0.033 mol/hr./gm. Cu at 392.degree.F. and 600
      psig H.sub.2 pressure.
PAC  EXAMPLE 39
PAR  A catalyst containing 6 wt. % manganese was prepared by impregnating 200
      gms. of alcoholate alumina with a solution prepared by dissolving 54 gms.
      manganous acetate (4 H.sub.2 O) in sufficient water to give 225 cc. of
      solution. Essentially all liquid was absorved and the catalyst was dried
      in the vacuum oven.
PAR  A 50 cc. portion of the catalyst was placed in the heated quartz tube and
      preconditioned at 800.degree.F. in a flow of dry nitrogen for 2 hours. The
      temperature was then reduced to 400.degree.F. and aluminum triethyl (20%)
      solution was added dropwise over a period of one hour. The temperature
      maximum was 565.degree.F. Aftr one hour the alkyl solution was cut off and
      the catalyst was fixed at 400.degree.F. in a stream of dry hydrogen.
PAR  Thirty-six grams of the activated catalyst was charged to the stirred
      autoclave with 250 cc. benzene. At 392.degree.F. and 600 psig H.sub.2
      pressure, the hydrogenate rate was 0.015 mol/hr./gm. Mn.
PAC  EXAMPLE 40
PAR  A catalyst containing about 7 wt. % mickel was prepared by three
      consecutive impregnations of 500 gms. F-1 alumina with solutions
      containing 50 gms. nickel acetate (.4H.sub.2 O) in sufficient water to
      give 250 cc. solution. The catalyst was dried in the vacuum oven between
      impregnations.
PAR  The activation tube was charged with 50 cc. of this catalyst which was
      preconditioned by heating at 800.degree.F. for 2 hours in a flow of dry
      nitrogen. After cooling to room temperature, the catalyst was treated with
      an excess of a 20% solution of diethyl aluminum fluoride in n-heptane.
      After standing for about 1 hour, the solution was drawn off and the
      catalyst was fixed in a flow of dry nitrogen at 400.degree.F. for 1 hour.
      The catalyst was analyzed and contained 6.4% nickel and 2.5% fluorine.
PAR  The stirred autoclave was charged with 43.4 gms. of the above activated
      catalyst and 250 cc. of benzene and a hydrogenation reaction was carried
      out at 212.degree.F and 600 psig H.sub.2 pressure. The hydrogenation rate
      of the benzene was 0.39 mol/hr./gm. Ni.
PAC  EXAMPLE 41
PAR  The following example demonstrates the effectiveness of the reactivation
      process of the subject invention. A catalyst containing about 10 wt. %
      tungsten, based on total weight of catalyst, on alcoholate alumina was
      prepared by impregnating the alumia base with an aqueous solution of
      ammonium meta tungstate and drying in a vacuum oven. The catalyst was
      activated as follows:
PAR  Fifty (50) cc of the catalyst was charged to a quartz tube and heated in a
      stream of dry nitrogen for two hours and cooled under nitrogen. The tube
      and catalyst bed were then flooded from the bttom with a 20% solution of
      triethyl alunimum in n-heptane. A vigorous reaction occurred with
      considerable gas liberation and the temperature rose from room temperature
      to about 190.degree.F. After the reaction subsided the solution was
      withdrawn. The catalyst was subsequently fixed by heating in a flow of dry
      hydrogen at 400.degree.F. for one hour and then cooled under dry nitrogen.
PAR  The catalyst as prepared above was charged to a 1-liter stirred autoclave
      with 250 cc of benzene and a hydrogenation reaction conducted at
      212.degree.F. and 500-600 pounds of hydrogen pressure. The hydrogenation
      of the benzene followed zero order kinetics. After the reaction was
      substantially complete, the liquid product was withdrawn from the
      autoclave and a fresh charge of 250 cc of benzene introduced therein.
      Additional cyclic batch hydrogenation runs were carried out in the same
      manner. Catalyst deactivation was determined by the change in rate
      constant with cycles of operation at 212.degree.F. Typical results are
      shown below:
TBL                     ZERO ORDER RATE CONSTANT                               

     HYDROGENATION CYCLE NUMBER                                                

                        %/HR.                                                  

     ______________________________________                                    

     1                  23.7                                                   

     3                  13.0                                                   

     4                   8.8                                                   

     ______________________________________                                    

PAR  After the fourth cycle, the catalyst was placed back in the quartz tube and
      treated at 600.degree.F. for one hour in a flow of dry hydrogen. The
      regenerated catalyst was charged to the autoclave with a fresh 250 cc
      charge of benzene. A hydrogenation rate constant of 22.7 was determined at
      212.degree.F. and 500-600 psi hydrogen pressure, indicating that the
      catalyst had been regenerated to very near its initial activity.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the hydrogenation of a feed containing benzene comprising
      the steps of:
PA1  forming a catalyst by
PA1  impregnating a support containing at least about 0.1 millimoles of hydroxyl
      groups per gram of support, said support comprising alumina with an
      aqueous solution of a transition metal salt comprising nickel acetate;
PA1  heat-treating the impregnated support at a temperature of at least about
      500.degree.F.;
PA1  activating the heat-treated impregnated support by contacting same with an
      organometallic compound having the formula: QR.sub.n, wherein Q is
      selected from Group I, II or III metals of the Periodic Chart of the
      Elements, R is selected from the group consisting of hydride and alkyl,
      aryl, alkaryl, aralkyl and cycloalkyl radicals containing from 1 to about
      20 carbon atoms and wherein N ranges from 1 to 3 and satisfies the valence
      of Q;
PA1  treating the activated supported metal complex in the presence of hydrogen
      at a temperature of at least about 300.degree.F,;
PA1  and thereafter contacting said catalyst with said feed in the presence of a
      hydrogen-containing gas, thereby producing a hydrogenation reaction.
NUM  2.
PAR  2. The process of claim 1 wherein the hydrogenation reaction is conducted
      at a temperature in the range of from about 0.degree. to about
      1000.degree.F. and at a pressure ranging between about 1 and 50
      atmospheres.
NUM  3.
PAR  3. The process of claim 1 wherein said catalyst is at least partially
      deactivated as a result of contacting same with said feed in the
      hydrogenation reaction, and where said deactivated catalyst is at least
      partially reactivated by treatment of same at eleated temperature in the
      presence of a stripping gas.
NUM  4.
PAR  4. The process of claim 3 wherein said stripping gas is selected from the
      group consisting of hydrogen, nitrogen and methane.
NUM  5.
PAR  5. The process of claim 4 wherein said stripping gas is hydrogen.
NUM  6.
PAR  6. The process of claim 3 wherein said elevated temperatures range between
      about 200.degree. to 1200.degree.F.
NUM  7.
PAR  7. The process of claim 3 wherein the space velocity of the stripping gas
      ranges from about 100 to about 25,000 volumes of gas per volume of
      catalyst per hour.
NUM  8.
PAR  8. The process of claim 1 wherein said catalyst is at least partially
      deactivated as a result of contacting same with said feed in the
      hydrogenation reaction, and where said deactivated catalyst is at least
      partially regenerated by (1) oxidizing same with air and (2) reactivating
      by contacting said oxidized catalyst with a trialkyl alunimum compound
      wherein the alkyl group contains from 1 to about 6 carbon atoms.
NUM  9.
PAR  9. The process of claim 1 wherein Q has an atomic number of from 3 to 50,
      and wherein QR.sub.n is a trialkyl aluminum compound.
NUM  10.
PAR  10. The process of claim 1 wherein the activated supported metal complex is
      treated in the presence of hydrogen at a temperature above about
      800.degree.F.
NUM  11.
PAR  11. The process of claim 1 wherein the amount of transition metal
      impregnated on the support is in the range of from about 0.1 to about 30%
      bases on total weight of deposited equivalent metal and support.
NUM  12.
PAR  12. The process of claim 1 wherein said alumina support has a surface area
      greater than about 100 square meters per gram of support and a hydroxyl
      content of at least one millimole per gram of support.
NUM  13.
PAR  13. The process of claim 12 wherein said impregnated support is
      heat-treated at a temperature of about 800.degree.F.
NUM  14.
PAR  14. The process of claim 12 wherein said heat-treated impregnated support
      is activated by contacting same with an organometallic compound comprising
      aluminum triethyl and wherein the activated supported metal complex is
      treated in the presence of hydrogen at a temperature of at least about
      400.degree.F.
NUM  15.
PAR  15. The process of claim 14 wherein the aluminum triethyl is present in a
      paraffinic diluent in a concentration of about 20 wt. % aluminum triethyl
      in the diluent.
NUM  16.
PAR  16. The process of claim 1 wherein said impregnated support is heat-treated
      at a temperature ranging between about 600.degree. and 1500.degree.F. in
      order to remove liquid and adsorbed oxygen therefrom.
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ABST
PAL  Dehydrogenatable hydrocarbons are dehydrogenated by contacting them, at
      dehydrogenation conditions, with a catalytic composite comprising a
      combination of catalytically effective amounts of a platinum group
      component, a Group IB transition metal component, a rhenium component and
      a tin component with a porous carrier material. A specific example of the
      catalytic composite disclosed herein is a combination of a platinum group
      component, a Group IB component, a rhenium component, a tin component and
      an alkali or alkaline earth component with a porous carrier material
      wherein substantially all of the platinum group component, the Group IB
      component and the rhenium component are present as the corresponding
      elemental metals and substantially all of the tin component is present in
      an oxidation state above the elemental metal, and wherein the composite
      contains about 0.01 to about 2 wt. % platinum group metal, about 0.01 to
      about 5 wt. % Group IB metal, about 0.01 to about 2 wt. % rhenium, about
      0.01 to about 5 wt. % tin and about 0.01 to about 5 wt. % alkali or
      alkaline earth metal.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my prior, copending
      application Ser. No. 301,006 filed Oct. 26, 1972, now patent No.
      3,801,498, Apr. 2, 1974 which in turn is a continuation-in-part of my
      prior application Ser. No. 142,079 filed May 10, 1971 and now U.S. Pat.
      No. 3,702,294 which in turn is a continuation-in-part of my prior, now
      abandoned application Ser. No. 819,114 filed Apr. 24, 1969 and of my prior
      application Ser. No. 807,910 filed Mar. 17, 1969 and now U.S. Pat. No.
      3,740,328. All of the teachings of these prior applications are
      specifically incorporated herein by reference.
BSUM
PAR  The subject of the present invention is, broadly, an improved method for
      dehydrogenating a dehydrogenatable hydrocarbon to produce a hydrocarbon
      product containing the same number of carbon atoms but fewer hydrogen
      atoms. In another aspect, the present invention involves a method of
      dehydrogenating normal paraffin hydrocarbons containing 4 to 30 carbon
      atoms per molecule to the corresponding normal mono-olefin with minimum
      production of side products. In yet another aspect, the present invention
      relates to a novel multimetallic catalytic composite comprising a
      combination of catalytically effective amounts of a platinum group
      component, a Group IB transition metal component, a rhenium component, a
      tin component and an alkali or alkaline earth component with a porous
      carrier material, which composite has highly beneficial characteristics of
      activity, selectivity and stability when it is employed in the
      dehydrogenation of dehydrogenatable hydrocarbons such as aliphatic
      hydrocarbons, naphthene hydrocarbons and alkylaromatic hydrocarbons.
PAR  The conception of the present information followed from my search for a
      novel catalytic composite possessing a hydrogenation-dehydrogenation
      function, a controllable cracking function, and superior conversion,
      selectivity and stability characteristics when employed in hydrocarbon
      conversion processes that have traditionally utilized dual-function
      catalytic composites. In my prior applications, I disclosed a significant
      finding with respect to a tetrametallic catalytic composite meeting these
      requirements. More specifically, I determined that a combination of a
      Group IB metal, rhenium and tin can be utilized, under certain conditions,
      to beneficially interact with the platinum group component of a
      dual-function catalyst with a resulting marked improvement in the
      performance of such a catalyst. Now I have ascertained that a catalytic
      composite, comprising a combination of catalytically effective amounts of
      a platinum group component, a Group IB component, a rhenium component and
      a tin component with a porous carrier material can have superior activity,
      selectivity and stability characteristics when it is employed in a
      dehydrogenation process if the oxidation state of the metallic ingredients
      are carefully controlled so that substantially all of the platinum group
      component, the Group IB component and the rhenium component are present as
      the corresponding elemental metals and substantially all of the tin
      component is present in an oxidation state above that of the elemental
      metal. Moreover, I have discerned that a particularly preferred
      multimetallic catalytic composite of this type contains not only a
      platinum group component, a Group IB component, a rhenium component and a
      tin component, but also an alkali or alkaline earth component.
PAR  The dehydrogenation of dehydrogenatable hydrocarbons is an important
      commercial process because of the great and expanding demand for
      dehydrogenated hydrocarbons for use in the manufacture of various chemical
      products such as detergents, plastics, synthetic rubbers, pharmaceutical
      products, high octane gasolines, perfumes, drying oils, ion-exchange
      resins, and various other products well known to those skilled in the art.
      One example of this demand is in the manufacture of high octane gasoline
      by using C.sub.3 and C.sub.4 mono-olefins to alkylate isobutane. Another
      example of this demand is in the area of dehydrogenation of normal
      paraffin hydrocarbons to produce normal mono-olefins having 4 to 30 carbon
      atoms per molecule. These normal mono-olefins can, in turn, be utilized in
      the synthesis of a vast number of other chemical products. For example,
      derivatives of normal mono-olefins have become of substantial importance
      to the detergent industry where they are utilized to alkylate an aromatic,
      such as benzene, with subsequent transformation of the product arylalkane
      into a wide variety of biodegradable detergents such as the alkylaryl
      sulfonate type of detergents which is most widely used today for
      household, industrial, and commercial purposes. Still another large class
      of detergents produced from these normal mono-olefins are the oxyalkylated
      phenol derivatives in which the alkyl phenol base is prepared by the
      alkylation of phenol with these normal mono-olefins. Still another type of
      detergents produced from these normal mono-olefins are the biodegradable
      alkylsulfonates formed by the direct sulfation of the normal mono-olefins.
      Likewise, the olefin can be subjected to direct sulfonation with sodium
      bisulfite to make biodegradable alkylsulfonates. As a further example,
      these mono-olefins can be hydrated to produce alcohols which then, in
      turn, can be used to produce plasticizers and/or synthetic lube oils.
PAR  Regarding the use of products made by the dehydrogenation of alkylaromatic
      hydrocarbons, they find wide application in the petroleum, petrochemical,
      pharmaceutical, detergent, plastic and the like industries. For example,
      ethylbenzene is dehydrogenated to produce styrene which is utilized in the
      manufacture of polystyrene plastics, styrene-butadiene rubber, and the
      like products. Isopropylbenzene is dehydrogenated to form
      alpha-methyl-styrene which, in turn, is extensively used in polymer
      formation and in the manufacture of drying oils, ion exchange resins, and
      the like materials.
PAR  Responsive to this demand for these dehydrogenation products, the art has
      developed a number of alternative methods to produce them in commercial
      quantities. One method that is widely utilized involves the selective
      dehydrogenation of a dehydrogenatable hydrocarbon by contacting the
      hydrocarbon with a suitable catalyst at dehydrogenation conditions. As is
      the case with most catalytic procedures, the principal measure of
      effectiveness for this dehydrogenation method involves the ability to
      perform its intended function with minimum interference of side reactions
      for extended periods of time. The analytical terms used in the art to
      broadly measure how well a particular catalyst performs its intended
      functions in a particular hydrocarbon conversion reaction are activity,
      selectivity and stability, and for purposes of discussion here these terms
      are generally defined for a given reactant as follows: (1) activity is a
      measure of the catalyst's ability to convert the hydrocarbon reactant into
      products at a specified severity level where severity level means the
      specific reaction conditions used -- that is, the temperature, pressure,
      contact time, and presence of diluents such as H.sub.2 ; (2) selectivity
      usually refers to the amount of desired product or products obtained
      relative to the amount of the reactant charged or converted; (3) stability
      refers to the rate of change with time of the activity and selectivity
      parameters -- obviously the smaller rate implying the more stable
      catalyst. More specifically, in a dehydrogenation process, activity
      commonly refers to the amount of conversion that takes place for a given
      dehydrogenatable hydrocarbon at a specified severity level and is
      typically measured on the basis of disappearance of the dehydrogenatable
      hydrocarbon; selectivity is typically measured by the amount, calculated
      on a mole percent of converted dehydrogenatable hydrocarbon basis, of the
      desired dehydrogenated hydrocarbon obtained at the particular activity or
      severity level; and stability is typically equated to the rate of change
      with time of activity as measured by disappearance of the dehydrogenatable
      hydrocarbon and of selectivity as measured by the amount of desired
      hydrocarbon produced. Accordingly, the major problem facing workers in the
      hydrocarbon dehydrogenation art is the development of a more active and
      selective catalytic composite that has good stability characteristics.
PAR  I have now found catalytic composite which possesses improved activity,
      selectivity and stability when it is employed in a process for the
      dehydrogenation of dehydrogenatable hydrocarbons. In particular, I have
      determined that the use of a multimetallic catalyst, comprising a
      combination of catalytically effective amounts of a platinum group
      component, a Group IB transition metal component, a rhenium component and
      a tin component with a porous, refractory carrier material, can enable the
      performance of a dehydrogenation process to be substantially improved.
      Moreover, particularly good results are obtained when this composite is
      combined with an alkali or alkaline earth component and utilized to
      produce dehydrogenated hydrocarbons containing the same carbon structure
      as the reactant hydrocarbon but fewer hydrogen atoms. This last composite
      is particularly useful in the dehydrogenation of long chain normal
      paraffins to produce the corresponding normal mono-olefin with
      minimization of side reactions such as skeletal isomerization,
      aromatization, and cracking.
PAR  It is, accordingly, one object of the present invention to provide a novel
      method for the dehydrogenation of dehydrogenatable hydrocarbons utilizing
      a multimetallic catalytic composite comprising a platinum group component,
      a Group IB component, a rhenium component and a tin component combined
      with a porous carrier material. A second object is to provide a novel
      nonacidic catalytic composite having superior performance characteristics
      when utilized in a dehydrogenation process. Another object is to provide
      an improved method for the dehydrogenation of normal paraffin hydrocarbons
      to produce normal mono-olefins which method minimizes undesirable side
      reactions such as cracking, skeletal isomerization and aromatization.
PAR  In brief summary, one embodiment of the present invention involves a method
      for dehydrogenating a dehydrogenatable hydrocarbon which comprises
      contacting the hydrocarbon with a multimetallic catalytic composite,
      containing a platinum group component, a Group IB metallic component, a
      rhenium component and a tin component combined with a porous carrier
      material, at dehydrogenation conditions. Moreover, substantially all of
      the platinum group, Group IB and rhenium components are present in the
      composite as the corresponding elemental metals and substantially all of
      the tin component is present in an oxidation state above that of the
      elemental metal. Further, these components are present in this composite
      in amounts, calculated on an elemental basis, sufficient to result in the
      composite containing about 0.01 to about 2 wt. % platinum group metal,
      about 0.01 to about 5 wt. % Group IB metal, about 0.01 to about 2 wt. %
      rhenium and about 0.01 to about 5 wt. % tin.
PAR  A second embodiment relates to the dehydrogenation method described in the
      first embodiment wherein the dehydrogenatable hydrocarbon is an aliphatic
      compound containing 2 to 30 carbon atoms per molecule.
PAR  A third embodiment comprehends a catalytic composite comprising a
      combination of a platinum group component, a Group IB metallic component,
      a rhenium component, a tin component, and an alkali or alkaline earth
      component with a porous carrier material. These components are furthermore
      present in amounts sufficient to result in the catalytic composite
      containing, on an elemental basis, about 0.01 to about 2 wt. % platinum
      group metal, about 0.01 to about 5 wt. % of the alkali metal or alkaline
      earth metal, about 0.01 to about 5 wt. % Group IB metal, about 0.01 to
      about 2 wt. % rhenium and about 0.01 to about 5 wt. % tin. In addition,
      substantially all of the platinum group metal, Group IB metal and rhenium
      components are present as the corresponding elemental metals and
      substantially all of the tin component is present in an oxidation state
      above that of the elemental metal.
PAR  Another embodiment pertains to a method for dehydrogenating a
      dehydrogenatable hydrocarbon which comprises contacting the hydrocarbon
      with the catalytic composite described in the third embodiment at
      dehydrogenation conditions.
PAR  Other objects and embodiments of the present invention involve specific
      details regarding essential and preferred catalytic ingredients, preferred
      amounts of ingredients, suitable methods of multimetallic composite
      preparation, suitable dehydrogenatable hydrocarbons, operating conditions
      for use in the dehydrogenation process, and the like particulars. These
      are hereinafter given in the following detailed discussion of each of
      these facets of the present invention.
PAR  Reagarding the dehydrogenatable hydrocarbon that is subjected to the method
      of the present invention, it can, in general, be an organic compound
      having 2 to 30 carbon atoms per molecule and containing at least 1 pair of
      adjacent carbon atoms having hydrogen attached thereto. That is, it is
      intended to include within the scope of the present invention, the
      dehydrogenation of any organic compound capable of being dehydrogenated to
      produce products containing the same number of carbon atoms but fewer
      hydrogen atoms, and capable of being vaporized at the dehydrogenation
      temperatures used herein. More particularly, suitable dehydrogenatable
      hydrocarbons are: aliphatic compounds containing 2 to 30 carbon atoms per
      molecule, alkylaromatic hydrocarbons where the alkyl group contains 2 to 6
      carbon atoms, and naphthenes or alkyl-substituted naphthenes. Specific
      examples of suitable dehydrogenatable hydrocarbons are: (1) alkanes such
      as ethanes, propane, n-butane, isobutane, n-pentane, isopentane, n-hexane,
      2-methylhexane, 2-methylpentane, 2,2-dimethylbutane, n-heptane,
      2-methylhexane, 2,2,3-trimethylbutane, and the like compounds; (2)
      naphthenes such as cyclopentane, cyclohexane, methylcyclopentane,
      ethylcyclopentane, n-propylcyclopentane, 1,3-dimethylcyclohexane, and the
      like compounds; and (3) alkylaromatics such as ethylbenzene,
      n-butylbenzene, 1,3,5-triethylbenzene, isopropylbenzene, isobutylbenzene,
      ethylnaphthalene, and the like compounds.
PAR  In a preferred embodiment, the dehydrogenatable hydrocarbon is a normal
      paraffin hydrocarbon having about 4 to 30 carbon atoms per molecule. For
      example, normal paraffin hydrocarbons containing about 10 to 18 carbon
      atoms per molecule are dehydrogenated by the subject method to produce the
      corresponding normal mono-olefin which can, in turn, be alkylated with
      benzene and sulfonated to make alkylbenzene sulfonate detergents having
      superior biodegradibility. Likewise, n-alkanes having 10 to 18 carbon
      atoms per molecule can be dehydrogenated to the corresponding normal
      mono-olefin which, in turn, an be sulfonated or sulfated to make excellent
      detergents. Similarly, n-alkanes having 6 to 10 carbon atoms can be
      dehydrogenated to form the corresponding mono-olefin which can, in turn,
      be hydrated to produce valuable alcohols. Preferred feed streams for the
      manufacture of detergent intermediates contain a mixture of 4 or 5
      adjacent normal paraffin homologues such as C.sub.10 to C.sub.13, C.sub.11
      to C.sub.14, C.sub.11 to C.sub.15, and the like mixtures.
PAR  The multimetallic catalyst of the present invention comprises a porous
      carrier material or support having combined therewith catalytically
      effective amounts of a platinum group component, a Group IB component, a
      rhenium component, a tin component and in the preferred case, an alkali or
      alkaline earth component. Considering first the porous carrier material
      utilized in the present invention, it is preferred that the material be a
      porous, adsorptive, high-surface area support having a surface area of
      about 25 to about 500 m.sup.2 /g. The porous carrier material should be
      relatively refractory to the conditions utilized in the hydrocarbon
      conversion process, and it is intended to include within the scope of the
      present invention carrier materials which have traditionally been utilized
      in dual-function hydrocarbon conversion catalysts, such as: (1) activated
      carbon, coke, or charcoal; (2) silica or silica gel, silicon carbide,
      clays and silicates including those synthetically prepared and naturally
      occurring, which may or may not be acid treated, for example, attapulgus
      clay, china clay, diatomaceous earth, fuller's earth, kaoline, kieselguhr,
      etc.; (3) ceramics, porcelain, crushed firebrick, bauxite; (4) refractory
      inorganic oxides such as alumina, titanium dioxide, zirconium dioxide,
      chromium oxide, zinc oxide, magnesia, thoria, boria, silica-alumina,
      silica-magnesia, chromia-alumina, alumina-boria, silica-zirconia, etc.;
      (5) crystalline zeolitic aluminosilicates such as naturally-occurring or
      synthetically-prepared mordenite and/or faujasite, either in the hydrogen
      form or in a form which has been treated with multivalent cations; (6 )
      spinels such as MgAl.sub.2 O.sub.4, FeAl.sub.2 O.sub.4, ZnAl.sub.2
      O.sub.4, MnAl.sub.2 O.sub.4, CaAl.sub.2 O.sub.4, and other like compounds
      having the formula MO.sup.. Al.sub.2 O.sub.3 where M is a metal having a
      valence of 2; and (7) combinations of elements from one or more of these
      groups. The preferred porous carrier material for use in the present
      invention are refractory inorganic oxides, with best results obtained with
      an alumina carrier material. Suitable alumina materials are the
      crystalline aluminas known as the gamma-, eta- and theta-alumina, with
      gamma- or eta-alumina giving best results. In addition, in some
      embodiments the alumina carrier material may contain minor proportions of
      other well-known refractory inorganic oxides such as silica, zirconia,
      magnesia, etc.; however, the preferred support is substantially pure
      gamma- or eta-alumina. Preferred carrier materials have an apparent bulk
      density of about 0.3 to about 0.7 g/cc and surface area characteristics
      such that the average pore diameter is about 20 to 300 Angstroms, the pore
      volume is about 0.1 to about 1 cc/g and the surface area is about 100 to
      about 500 m.sup.2 /g. In general, best results are typically obtained with
      a gamma-alumina carrier material which is used in the form of spherical
      particles having: a relatively small diameter (i.e., typically about 1/16
      inch), an apparent bulk density of about 0.5 to about 0.6 g/cc, a pore
      volume of about 0.4 cc/g and a surface area of about 175 m.sup.2 /g.
PAR  The preferred alumina carrier material may be prepared in any suitable
      manner and may be synthetically prepared or natural occurring. Whatever
      type of alumina is employed it may be activated prior to use by one or
      more treatments including drying, calcination, steaming, etc., and it may
      be in a form known as activated alumina, activated alumina of commerce,
      porous alumina, alumina gel, etc. For example, the alumina carrier may be
      prepared by adding a suitable alkaline reagent, such as ammonium hydroxide
      to a salt of aluminum such as aluminum chloride, aluminum nitrate, etc.,
      in an amount to form an aluminum hydroxide gel which upon drying and
      calcining is converted to alumina. The alumina carrier may be formed in
      any desired shape such as spheres, pills, cakes, extrudates, powders,
      granules, etc., and utilized in any desired size. For the purpose of the
      present invention a particularly preferred form of alumina is the sphere;
      and alumina spheres may be continuously manufactured by the well-known oil
      drop method which comprises: forming an alumina hydrosol by any of the
      techniques taught in the art and preferably by reacting aluminum metal
      with hydrochloric acid, combining the resulting hydrosol with a suitable
      gelling agent and dropping the resultant mixture into an oil bath
      maintained at elevated temperatures. The droplets of the mixture remain in
      the oil bath until they set and form hydrogel spheres. The spheres are
      then continuously withdrawn from the oil bath and typically subjected to
      specific aging treatments in oil and an ammoniacal solution to further
      improve their physical characteristics. The resulting aged and gelled
      particles are then washed and dried at a relatively low temperature of
      about 300.degree. F. to about 400.degree. F. and subjected to a
      calcination procedure at a temperature of about 850.degree. F. to about
      1300.degree. F. for a period of about 1 to about 20 hours. This treatment
      effects conversion of the alumina hydrogel to the corresponding
      crystalline gamma-alumina. See the teachings of U.S. Pat. No. 2,620,314
      for additional details.
PAR  One essential constituent of the multimetallic catalyst of the present
      invention is the tin component. It is an essential feature of the present
      invention that the tin component is present in the multimetallic composite
      in an oxidation state above that of the elemental metal. That is, the tin
      component will exist in the present catalytic composite in either the +2
      or +4 oxidation state with the latter being the most likely state.
      Accordingly, the tin component will be present in the composite as a
      chemical compound, such as the oxide, sulfide, halide, etc., wherein the
      tin moiety is in the required oxidation state, or as a chemical
      combination with the carrier material in which combination the tin moiety
      exists in this higher oxidation state. On the basis of the evidence
      currently available, it is believed that the tin component in the subject
      composite exists in the form of tin oxide -- that is, as stannic or
      stannous oxide. It is important to note that this limitation on the state
      of the tin component requires extreme care in the preparation and use of
      the subject composite in order to insure that it is subjected to oxidation
      conditions effective to produce tin oxide and that it is not thereafter
      subjected to high temperature reduction conditions effective to produce
      the tin metal. Preferably, the tin component is used in an amount
      sufficient to result in the final catalytic composite containing, on an
      elemental basis, about 0.01 to about 5 wt. % tin, with best results
      typically obtained with about 0.1 to about 2 wt. %.
PAR  This tin component may be incorporated in the multimetallic catalytic
      composite in any suitable manner known to result in a relatively uniform
      distribution of the tin moiety in the carrier material, such as by
      coprecipitation or cogellation with the porous carrier material, ion
      exchange with the carrier material or impregnation of the carrier material
      at any stage in the preparation. It is to be noted that it is intended to
      include within the scope of the present invention all conventional methods
      for incorporating a uniform distribution of the metallic component in a
      catalytic composite, and the particular method of incorporation used is
      not deemed to be an essential feature of the present invention. One
      preferred method of incorporating the tin component into the catalytic
      composite involves coprecipitating the tin component during the
      preparation of the preferred refractory oxide carrier material. In the
      preferred case, this involves the addition of suitable soluble tin
      compounds such as stannous or stannic halide to the alumina hydrosol, and
      then combining the hydrosol with a suitable gelling agent, and dropping
      the resulting mixture into an oil bath, etc., as explained in detail
      hereinbefore. Following the calcination step, there is obtained a carrier
      material comprising an intimate combination of alumina and stannic oxide.
      Another preferred method of incorporating the tin component into the
      catalytic composite involves the utilization of a soluble, decomposable
      compound of tin to impregnate the porous carrier material. Thus, the tin
      component may be added to the carrier material by commingling the latter
      with an aqueous solution of a suitable tin salt or water-soluble compound
      of tin such as stannous bromide, stannous chloride, stannic chloride,
      stannic chloride pentahydrate, stannic chloride tetrahydrate, stannic
      chloride trihydrate, stannic chloride diamine, stannic trichloride
      bromide, stannic chromate, stannous fluoride, stannic fluoride, stannic
      iodide, stannic sulfate, stannic tartrate, and the like compounds. The
      utilization of a tin chloride compound, such as stannous or stannic
      chloride is particularly preferred. In general, the tin component can be
      impregnated either prior to, simultaneously with, or after the other
      metallic components are added to the carrier material. However, I have
      found that excellent results are obtained when the tin component is
      impregnated simultaneously with the other metallic components. In fact, a
      preferred impregnation solution contains chloroplatinic acid, perrhenic
      acid, chloroiridic acid, stannous or stannic chloride and a strong acid
      such as hydrochloric acid, nitric acid and the like.
PAR  Regardless of which tin compound is used in the preferred impregnation
      step, it is extremely important that the tin component be uniformly
      distributed throughout the carrier material during this step. In order to
      achieve this objective it is necessary to maintain the pH of the
      impregnation solution in at a relatively low level, a range of about 1 to
      about 7, preferably 1 to about 3, and to dilute the impregnation solution
      to a volume which is approximately equivalent to or greater than the
      volume of the carrier material which is impregnated. It is preferred to
      use a volume ratio of impregnation solution to carrier material of at
      least 0.5:1 and preferably about 0.75:1 to about 2:1 or more. Similarly,
      it is preferred to use a relatively long contact time during the
      impregnation step ranging from about 1/4 hour up to about 1/2 hour or more
      before drying to remove excess solvent in order to insure a high
      dispersion of the tin component into the carrier material. The carrier
      material is, likewise, preferably constantly agitated during this
      preferred impregnation step.
PAR  A second essential component of the subject catalyst is the platinum group
      component. Although the process of the present invention is specifically
      directed to the use of a catalytic composite containing platinum, it is
      intended to include other platinum group metals such as palladium,
      rhodium, ruthenium, osmium, iridium and mixtures of these metals. It is an
      essential feature of the present invention that substantially all of the
      platinum group component, such as platinum, exists within the final
      catalytic composite in the elemental metallic state. Generally the amount
      of the platinum group component present in the final catalyst composite is
      small compared to the quantities of the other components combined
      therewith. In fact, the platinum group component generally comprises about
      0.01 to about 2 wt. % of the final catalytic composite, calculated on an
      elemental basis. Excellent results are obtained when the catalyst contains
      about 0.05 to about 1 wt. % of the platinum group metal. The preferred
      platinum group component is elemental platinum metal or palladium metal.
PAR  The platinum group component may be incorporated in the catalytic composite
      in any suitable manner such as coprecipitation or cogellation with the
      preferred carrier material, ion-exchange, or impregnation. The preferred
      method of preparing the catalyst involves the utilization of a soluble,
      decomposable compound of a platinum group metal to impregnate the carrier
      material. Thus, the platinum group component may be added to the support
      by commingling the latter with an aqueous solution of a suitable soluble
      platinum group metal compound such as chloroplatinic acid. Other
      water-soluble compounds of platinum group metals may be employed in
      impregnation solutions and include ammonium chloroplatinate, bromoplating
      acid, platinum chloride, dinitrodiaminoplatinum, platinum sulfate,
      chloropalladic acid, palladium chloride, palladium nitrate, palladium
      sulfate and the like compounds. The utilization of a platinum chloride
      compound, such as chloroplatinic acid, is generally preferred. Hydrogen
      chloride, nitric acid or the like acid is also generally added to the
      impregnation solution in order to further facilitate the uniform
      distribution of the metallic component in the carrier material. In
      addition, it is generally preferred to impregnate the carrier material
      after it has been calcined in order to minimize the risk of washing away
      the valuable platinum metal compounds; however, in some cases it may be
      advantageous to impregnate the carrier material when it is in a gelled
      state.
PAR  A third essential constituent of the instant catalyst is a Group IB metal
      component. By the use of the expression "Group IB" metallic component, it
      is intended to cover the transition metals of Group IB of the Periodic
      Table: copper, silver, gold, and mixtures of these metals. Although this
      Group IB metallic component may be initially incorporated in the catalytic
      composite as a chemical combination with one or more of the other
      ingredients of the composite, or as a chemical compound of the Group IB
      metal such as the nitrate, carbonate, hydroxide, oxide, sulfide, halide,
      oxyhalide, oxychloride, and the like compounds, it is an essential feature
      of the present invention that substantially all of the Group IB component
      is present in the final catalyst in the elemental metallic state. The
      subsequently described oxidation and reduction steps, that are used in the
      preparation of the instant multimetallic composite, are believed to result
      in a catalytic composite which contains the Group IB component in the
      elemental state regardless of the state it was in when it was incorporated
      into the composite. This Group IB component can be utilized in the present
      composite in any amount which is catalytically effective with the
      preferred amount being about 0.01 to about 5 wt. % thereof, and the most
      preferred amount being about 0.05 to 2 wt. %, calculated on an  elemental
      basis. For instance, in the case where this component is gold, it is
      usually a good practice to select the amount of this component from the
      low end of this range -- namely, about 0.05 to about 2 wt. %. In the case
      where this component is silver, it is the best practice to select from a
      relatively broader range of about 0.05 to about 3 wt. % thereof. And in
      the case where this component is copper, the selection can be made from
      the full breadth of the stated range -- specifically, about 0.01 to about
      5 wt. %, with best results at about 0.05 to about 2 wt. %.
PAR  This Group IB component may be incorporated in the composite in any
      suitable manner known to the art such as by coprecipitation or cogellation
      with the porous carrier material, ion exchange with the carrier material,
      or impregnation of the carrier material at any stage in its preparation.
      It is to be noted that it is intended to include within the scope of the
      present invention all coventional procedures for incorporating a metallic
      component into a catalytic composite, and the particular method of
      incorporation used is not deemed to be an essential feature of the present
      invention. However, best results are believed to be obtained when the
      Group IB component is uniformly distributed throughout the porous carrier
      material and the preferred methods are thus the ones known to result in
      this uniform distribution. One acceptable method of incorporating the
      Group IB component into the catalytic composite involves cogelling the
      Group IB component during the preparation of the preferred carrier
      material, alumina. This method typically involves the addition of a
      suitable soluble compound of the Group IB metal of interest to the alumina
      hydrosol. The resulting mixture is then commingled with a suitable gelling
      agent such as a relatively weak alkaline reagent, and the resulting
      mixture is thereafter preferably gelled by dropping into a hot oil bath as
      explained hereinbefore. After aging, drying and calcining the resulting
      particles there is obtained an intimate combination of the oxide of the
      Group IB metal and alumina. One especially preferred method of
      incorporating this component into the composite involves utilization of a
      soluble, decomposable compound of the particular Group IB metal of
      interest to impregnate the porous carrier material either before, during
      or after the carrier material is calcined. In general, the solvent used
      during this impregnation step is selected on the basis of its capability
      to dissolve the desired Group IB compound without affecting the porous
      carrier material which is to be impregnated; ordinarily, good results are
      obtained when water is the solvent; thus the preferred Group IB compound
      for use in this impregnation step are typically water-soluble and
      decomposable. Examples of suitable Group IB compounds are:
      hexammine-copper (II) chloride, tetramminecopper (II) dithionate,
      tetrammine-copper (II) nitrate, tetramminecopper (II) sulfate, copper (II)
      bromide, copper (II) fluoride, copper (II) chlorate, copper (II)
      perchlorate, copper (II) chloride, copper (II) formate, copper (II)
      nitrate, copper (II) sulfate, copper (II) acetate, silver acetate, silver
      perchlorate, silver chlorate, silver fluoride, silver nitrate, silver
      sulfate, gold (III) nitrate, gold (III) chloride, gold (III) bromide,
      tetra-chlorauric (III), gold potassium chloride, and the like compounds.
      In the case where the Group IB component is gold, a preferred impregnation
      solution is an aqueous solution of chloroauric acid. In the case of
      silver, silver nitrate dissolved in water is preferred. And in the case of
      copper, copper nitrate in water is preferred. Regardless of which
      impregnation solution is utilized, the Group IB component can be
      impregnated either prior to, simultaneously with, or after the other
      metallic components are added to the carrier material. Ordinarily, best
      results are obtained when this component is impregnated simultaneously
      with the other metallic components of the composite. Likewise, best
      results are ordinarily obtained when the Group IB component is gold.
PAR  Yet another essential component of the multimetallic catalyst of the
      present invention is the rhenium component. It is an essential feature of
      the present invention that substantially all of the rhenium component of
      the catalyst is present therein as the elemental metal, and the
      hereinafter described reduction step is specifically designed to reduce
      this component along with the platinum group component and the Group IB
      component to the corresponding metallic state. The rhenium component is
      preferably utilized in an amount sufficient to result in a final catalytic
      composite containing about 0.01 to about 2 wt. % rhenium and preferably
      about 0.05 to about 1 wt. %, calculated on an elemental basis.
PAR  The rhenium component may be incorporated in the catalytic composite in any
      suitable manner and at any stage in the preparation of the catalyst. It is
      generally advisable to incorporate the rhenium component in an
      impregnation step after the porous carrier material has been formed in
      order that the expensive metal will not be lost due to washing and
      purification treatments which may be applied to the carrier material
      during the course of its production. Although any suitable method for
      incorporating a catalytic component in a porous carrier material can be
      utilized to incorporate the rhenium component, the preferred procedure
      involves impregnation of the porous carrier material. The impregnation
      solution can, in general, be a solution of a suitable soluble,
      decomposable rhenium salt such as ammonium perrhenate, sodium perrhenate,
      potassium perrhenate, and the like salts. In addition, solutions of
      rhenium halides such as rhenium chloride may be used; the preferred
      impregnation solution is, however, an aqueous solution of perrhenic acid.
      The porous carrier material can be impregnated with the rhenium component
      either prior to, simultaneously with, or after the other components
      mentioned herein are combined therewith. Best results are ordinarily
      achieved when the rhenium component is impregnated simultaneously with the
      platinum group metal, tin and Group IB component. In fact, excellent
      results are obtained with a one step impregnation procedure utilizing as
      an impregnation solution, an aqueous solution of chloroplatinic acid,
      chloroauric acid, perrhenic acid, stannic chloride, and a strong acid such
      as hydrochloric acid, nitric acid and the like.
PAR  Regarding the preferred amounts of the various metallic components of the
      subject catalyst, I have found it to be a good practice to specify the
      amounts of the Group IB component, the rhenium component, and the tin
      component as a function of the amount of the platinum group component. On
      this basis, the amount of the rhenium component is ordinarily selected so
      that the atomic ratio of rhenium to platinum group metal contained in the
      composite is about 0.1:1 to about 3:1, with the preferred range being
      about 0.25:1 to about 1.5:1. Similarly, the amount of the tin component is
      ordinarily selected to produce a composite containing an atomic ratio of
      tin to platinum group metal of about 0.1:1 to about 3:1, with the
      preferred range being about 0.25:1 to about 2:1. In the same manner, the
      amount of the Group IB component is preferably selected so that the atomic
      ratio of Group IB metal to platinum group metal is about 0.1:1 to about
      2:1.
PAR  Another significant parameter of the instant catalyst is the "total metals
      content" which is defined to be the sum of the platinum group component,
      the Group IB component, the rhenium component, and the tin component,
      calculated on an elemental metal basis. Good results are ordinarily
      obtained with the subject catalyst when this parameter is fixed at a value
      of about 0.15 to about 5 wt. %, with best results ordinarily achieved at a
      metals loading of about 0.3 to about 2 wt. %.
PAR  Integrating the above discussion of each of the essential components of the
      multimetallic catalytic composite, it is evident that a particularly
      preferred catalytic composite comprises a combination of a platinum
      component, a gold component, a rhenium component and a tin component with
      an alumina carrier material in amounts sufficient to result in the
      composite containing about 0.05 to about 1 wt. % platinum, about 0.05 to
      about 2 wt. % gold, about 0.05 to about 1 wt. % rhenium and about 0.05 to
      about 2 wt. % tin. Accordingly, specific examples of especially preferred
      catalytic composites are as follows: (1) a catalytic composite comprising
      a combination of 0.5 wt. % tin, 0.5 wt. % rhenium, 0.25 wt. % gold and
      0.75 wt. % platinum with an alumina carrier material; (2) a catalytic
      composite comprising a combination of 0.1 wt. % tin, 0.1 wt. % rhenium,
      0.1 wt. % gold and 0.1 wt. % platinum with an alumina carrier material;
      (3) a catalytic composite comprising a combination of 0.375 wt. % tin,
      0.375 wt. % rhenium, 0.375 wt. % platinum and 0.375 wt. % gold with an
      alumina carrier material; (4) a catalytic composite comprising a
      combination of 0.12 wt. % tin, 0.1 wt. % rhenium, 0.2 wt. % platinum and
      0.2 wt. % gold with an alumina carrier material; (5) a catalytic composite
      comprising a combination of 0.25 wt. % tin, 0.25 wt. % platinum, 0.25 wt.
      % gold and 0.25 wt. % rhenium with an alumina carrier material; and, (6) a
      catalytic composite comprising a combination of 0.2 wt. % tin, 0.2 wt. %
      rhenium, 0.2 wt. % platinum and 0.2 wt. % gold with an alumina carrier
      material. The amounts of the components reported in these examples are, of
      course, calculated on an elemental basis.
PAR  As indicated above, a preferred embodiment of the present invention
      involves use of a catalytic composite containing an alkali or alkaline
      earth component. More specifically, this component is selected from the
      group consisting of the alkali metals -- cesium, rubidium, potassium,
      sodium and lithium -- and of the alkaline earth metals -- calcium,
      strontium, barium and magnesium. This component may exist within the
      catalytic composite as a relatively stable compound such as the oxide or
      sulfide or in combination with one or more of the other components of the
      composite, or in combination with an alumina carrier material such as in
      the form of a metal aluminate. Since, as is explained hereinafter, the
      composite containing the alkali or alkaline earth is always calcined or
      oxidized in an air atmosphere before use in the conversion of
      hydrocarbons, the most likely state this component exists in during use in
      dehydrogenation is in the form of the corresponding metallic oxide.
      Regardless of what precise form in which it exists in the composite, the
      amount of this component utilized is preferably selected to provide a
      composite containing about 0.01 to about 5 wt. % of the alkali or alkaline
      earth metal, and more preferably, about 0.05 to about 2.5 wt. %. Best
      results are ordinarily achieved when this component is a compound of
      lithium or potassium and particularly lithium oxide or potassium oxide.
PAR  This alkali or alkaline earth component may be combined with the porous
      carrier material in any manner known to those skilled in the art such as
      by impregnation, coprecipitation, physical admixture, ion exchange, etc.
      However, the preferred procedure involves impregnation of the carrier
      material either before or after it is calcined and either before, during
      or after the other components are added to the carrier material. Best
      results are ordinarily obtained when this component is added after the
      platinum group, Group IB, rhenium and tin components because it serves to
      neutralize the acid used in the preferred impregnation procedure for
      incorporation of these components. In fact, it is preferred to add the
      previously specified metallic components, dry and oxidize the resulting
      composite, then treat the oxidized composite with steam in order to remove
      residual acidity, and then add this component by means of an impregnation
      procedure. Typically, the impregnation of the oxidized composite or of the
      carrier material is performed by contacting same with a solution of a
      suitable decomposable compound or salt of the desired alkali or alkaline
      earth metal. Hence, suitable compounds include the halides, sulfates,
      nitrates, acetates, carbonates, phosphates, and the like compounds. For
      example, excellent results are obtained by impregnating the carrier
      material, after the platinum group, Group IB, rhenium and tin components
      have been combined therewith, with an aqueous solution of lithium nitrate
      or potassium nitrate. Following the incorporation of this component, the
      resulting composite is preferably dried and oxidized in an air atmosphere
      as explained hereinafter.
PAR  Regardless of the details of how the components of the catalyst are
      combined with the porous carrier material, the resulting composite, after
      one or more of the components are added thereto, generally will be dried
      at a temperature of about 200.degree. F. to about 600.degree. F. for a
      period of about 2 to 24 hours or more and finally calcined or oxidized at
      a temperature of about 600.degree. F. to about 1100.degree. F. in an air
      atmosphere for a period of about 0.5 to about 10 hours, preferably about 1
      to about 5 hours in order to convert substantially all of the metallic
      components to the corresponding oxide forms. When acidic components are
      present in any of the reagents used to effect incorporation of any one of
      the components of the subject composite, it is a good practice to subject
      the resulting composite to a high temperature treatment with steam, either
      after or before the calcination step described above, in order to remove
      as much as possible of the undesired acidic component. For example, when
      the platinum group component is incorporated by impregnating the carrier
      material with chloroplatinic acid, it is preferred to subject the
      resulting composite to a high temperature treatment with steam in order to
      remove as much as possible of the undesired chloride.
PAR  It is essential to subject the resultant oxidized multimetallic catalytic
      composite to a reduction step with substantially water-free hydrogen prior
      to its use in the conversion of hydrocarbons. This step is designed to
      insure a uniform and finely divided dispersion of the metallic components
      throughout the carrier material and to selectively reduce the platinum
      group, Group IB and rhenium components to the corresponding elemental
      metallic states, while maintaining the tin component is a positive
      oxidation state. Preferably, a stream of substantially pure and dry
      hydrogen (i.e., less than 20 vol. ppm H.sub.2 O) is used as the reducing
      agent in this step. The reducing agent is contacted with the calcined or
      oxidized composite at reduction conditions, including a temperature of
      about 800.degree. F. to about 1200.degree. F., a gas hourly space velocity
      of about 100 to about 10,000 hr..sup.-.sup.1 and for a period of time of
      about 0.5 to 10 hours or more, effective to reduce substantially all of
      the platinum group, Group IB, and rhenium components to the elemental
      metallic state while maintaining substantially all of the tin component in
      a positive oxidation state. This reduction treatment may be performed in
      situ as part of a start-up sequence if precautions are taken to predry the
      plant to a substantially water-free state and if a substantially
      water-free hydrogen stream is used.
PAR  The resulting selectively reduced catalytic composite may, in some cases,
      be beneficially subjected to a presulfiding operation designed to
      incorporate in the catalytic composite from about 0.05 to about 0.5 wt. %
      sulfur, calculated on an elemental basis. Preferably, this presulfiding
      treatment takes place in the presence of hydrogen and a suitable
      sulfur-containing compound such as hydrogen sulfide, lower molecular
      weight mercaptans, organic sulfides, etc. Typically this procedure
      comprises treating the selectively reduced catalyst with a sulfiding gas
      such as a mixture containing a mole ratio of H.sub.2 to H.sub.2 S of about
      10:1 at conditions sufficient to effect the desired incorporation of
      sulfur, generally including a temperature ranging from about 50.degree. F.
      up to about 1100.degree. F. or more. This presulfiding step can be
      performed in situ or ex situ.
PAR  According to the method of the present invention, the dehydrogenatable
      hydrocarbon is contacted with the multimetallic catalytic composite
      described above in a dehydrogenation zone maintained at dehydrogenation
      conditions. This contacting may be accomplished by using the catalyst in a
      fixed bed system, a moving bed system, a fluidized bed system, or in a
      batch type operation; however, in view of the danger of attrition losses
      of the valuable catalyst and of well known operational advantages, it is
      preferred to use a fixed bed system. In this system, the hydrocarbon feed
      stream is preheated by any suitable heating means to the desired reaction
      temperature and then passed into a dehydrogenation zone containing a fixed
      bed of the catalyst previously characterized. it is, of course, understood
      that the dehydrogenation zone may be one or more separate reactors with
      suitable heating means therebetween to insure that the desired conversion
      temperature is maintained at the entrance to each reactor. It is also to
      be noted that the reactants may be contacted with the catalyst bed in
      either upward, downward, or radial flow fashion with the latter being
      preferred. In addition, it is to be noted that the reactants may be in the
      liquid phase, a mixed liquid-vapor phase, or a vapor phase when they
      contact the catalyst, with best results obtained in the vapor phase.
PAR  Although hydrogen is the preferred diluent for use in the subject
      dehydrogenation method, in some cases other art-recognized diluents may be
      advantageously utilized such as steam, methane, carbon dioxide, and the
      like diluents. Hydrogen is preferred because it serves the dual-function
      of not only lowering the partial pressure of the dehydrogenatable
      hydrocarbon, but also of suppressing the formation of hydrogen-deficient,
      carbonaceous deposits on the catalytic composite. Ordinarily, hydrogen is
      utilized in amounts sufficient to insure a hydrogen to hydrocarbon mole
      ratio of about 1:1 to about 20:1, with best results obtained in the range
      of about 1.5:1 to about 10:1. The hydrogen stream charged to the
      dehydrogenation zone will typically be recycled hydrogen obtained from the
      effluent stream from this zone after a suitable hydrogen separation step.
      When utilizing hydrogen in the instant process, improved results are
      obtained if water or a water-producing substance (such as an alcohol,
      ketone, ether, aldehyde, or the like oxygen-containing decomposable
      organic compound) is added to the dehydrogenation zone in an amount
      calculated on the basis of equivalent water, corresponding to about 100 to
      about 4,000 wt. ppm. of the hydrocarbon charge stock, with about 1500 to
      2500 wt. ppm. of water giving best results.
PAR  Regarding the conditions utilized in the process of the present invention,
      these are generally selected from the dehydrogenation conditions well
      known to those skilled in the art for the particular dehydrogenatable
      hydrocarbon which is charged to the process. More specifically, suitable
      conversion temperatures are selected from the range of about 700.degree.
      to about 1250.degree. F. with a value being selected from the lower
      portion of this range for the more easily dehydrogenated hydrocarbons such
      as the long chain normal paraffins and from the higher portion of this
      range for the more difficultly dehydrogenated hydrocarbons such as
      propane, butane, and the like hydrocarbons. For example, for the
      dehydrogenation of C.sub.6 to C.sub.30 normal paraffins, best results are
      ordinarily obtained at a temperature of about 800.degree. to about
      950.degree. F. The pressure utilized is ordinarily selected at a value
      which is as low as possible consistent with the maintenance of catalyst
      stability and is usually about 0.1 to about 10 atmospheres with best
      results ordinarily obtained in the range of about 0.5 to about 3
      atmospheres. In addition, a liquid hourly space velocity (calculated on
      the basis of the volume amount, as a liquid, of hydrocarbon charged to the
      dehydrogenation zone per hour divided by the volume of the catalyst bed
      utilized) is selected from the range of about 1 to about 40
      hr..sup.-.sup.1, with best results for the dehydrogenation of long chain
      normal paraffins typically obtained at a relatively high space velocity of
      about 25 to 35 hr..sup.-.sup.1.
PAR  Regardless of the details concerning the operation of the dehydrogenation
      step, an effluent stream will be withdrawn therefrom. This effluent will
      usually contain unconverted dehydrogenatable hydrocarbons, hydrogen and
      products of the dehydrogenation reaction. This stream is typically cooled
      and passed to a hydrogen-separating zone wherein a hydrogen-rich vapor
      phase is allowed to separate from a hydrocarbon-rich liquid phase. In
      general, it is usually desired to recover the unreacted dehydrogenatable
      hydrocarbon from this hydrocarbon-rich liquid phase in order to make the
      dehydrogenation process economically attractive. This recovery operation
      can be accomplished in any suitable manner known to the art such as by
      passing the hydrocarbon-rich liquid phase through a bed of suitable
      adsorbent material which has the capability to selectively retain the
      dehydrogenated hydrocarbons contained therein or by contacting same with a
      solvent having a high selectivity for the dehydrogenated hydrocarbon, or
      by a suitable fractionation scheme where feasible. In the case where the
      dehydrogenated hydrocarbon is a mono-olefin, suitable adsorbents having
      this capability are activated silica gel, activated carbon, activated
      alumina, various types of specially prepared molecular sieves, and the
      like adsorbents. In another typical case, the dehydrogenated hydrocarbons
      can be separated from the unconverted dehydrogenatable hydrocarbons by
      utilizing the inherent capability of the dehydrogenated hydrocarbons to
      easily enter into several well known chemical reactions such as
      alkylation, oligomerization, halogenation, sulfonation, hydration,
      oxidation, and the like reactions. Irrespective of how the dehydrogenated
      hydrocarbons are separated from the unreacted hydrocarbons, a stream
      containing the unreacted dehydrogenatable hydrocarbons will typically be
      recovered from this hydrocargon separation step and recycled to the
      dehydrogenation step. Likewise, the hydrogen phase present in the
      hydrogen-separating zone will be withdrawn therefrom, a portion of it
      vented from the system in order to remove the net hydrogen make, and the
      remaining portion is typically recycled through suitable compressing means
      to the dehydrogenation step in order to provide diluent hydrogen therefor.
PAR  In a preferred embodiment of the present invention wherein long chain
      normal paraffin hydrocarbons are dehydrogenated to the corresponding
      normal mono-olefins, a preferred mode of operation of this hydrocarbon
      recovery step involves an alkylation reaction. In this mode, the
      hydrocarbon-rich liquid phase withdrawn from the hydrogen-separating zone
      is combined with a stream containing an alkylatable aromatic and the
      resulting mixture passed to an alkylation zone containing a suitable
      highly acid catalyst such as an anhydrous solution of hydrogen fluoride.
      In the alkylation zone the mono-olefins react with alkylatable aromatic
      while the unconverted normal paraffins remain substantially unchanged. The
      effluent stream from the alkylation zone can then be easily separated,
      typically by means of a suitable fractionation system, to allow recovery
      of the unreacted normal paraffins. The resulting stream of unconverted
      normal paraffins is then usually recycled to the dehydrogenation step of
      the present invention.
PAR  The following working examples are introduced to illustrate further the
      novelty, mode of operation, utility, and benefits associated with the
      dehydrogenation method of the present invention. These examples are
      intended to be illustrative rather than restrictive.
PAR  These examples are all performed in a laboratory scale dehydrogenation
      plant comprising a reactor, a hydrogen separating zone, a heating means,
      cooling means, pumping means, compressing means and the like equipment. In
      this plant, the feed stream containing the dehydrogenatable hydrocarbon is
      combined with a hydrogen stream and the resultant mixture heated to the
      desired conversion temperature, which refers herein to the temperature
      maintained at the inlet to the reactor. The heated mixture is then passed
      into contact with the catalyst which is maintained as a fixed bed of
      catalyst particles in the reactor. The pressures reported herein are
      recorded at the outlet from the reactor. An effluent stream is withdrawn
      from the reactor, cooled, and passed into the hydrogen-separating zone
      wherein a hydrogen gas phase separates from a hydrocarbon-rich liquid
      phase containing dehydrogenated hydrocarbons, unconverted dehydrogenatable
      hydrocarbons, and a minor amount of side products of the dehydrogenation
      reaction. A portion of the hydrogen-rich gas phase is recovered as excess
      recycle gas with the remaining portion being continuously recycled through
      suitable compressive means to the heating zone as described above. The
      hydrocarbon-rich liquid phase from the separating zone is withdrawn
      therefrom and subjected to analysis to determine conversion and
      selectivity for the desired dehydrogenated hydrocarbon as will be
      indicated in the Examples. Conversion numbers of the dehydrogenatable
      hydrocarbon reported herein are all calculated on the basis of
      disappearance of the dehydrogenatable hydrocarbon and are expressed in
      mole percent. Similarly, selectivity numbers are reported on the basis of
      moles of desired hydrocarbon produced per 100 moles of dehydrogenatable
      hydrocarbon converted.
PAR  All of the catalysts utilized in these examples are prepared according to
      the following general method with suitable modification in stoichiometry
      to achieve the compositions reported in each example. First, an alumina
      carrier material comprising 1/16 inch spheres is prepared by: forming an
      alumina hydroxyl chloride sol by dissolving substantially pure aluminum
      pellets in a hydrochloric acid solution, adding hexamethylenetetramine to
      the sol, gelling the resulting solution by dropping it into an oil bath to
      form spherical particles of an alumina hydrogel, aging and washing the
      resulting particles with an ammoniacal solution and finally drying,
      calcining and steaming the aged and washed particles to form spherical
      particles of gamma-alumina containing substantially less than 0.1 wt. %
      combined chloride. Additional details as to this method of preparing this
      alumina carrier material are given in the teachings of U.S. Pat. No.
      2,620,314. The resulting gamma-alumina particles are then contacted with
      an aqueous impregnation solution containing chloroplatinic acid, perrhenic
      acid, hydrogen chloride, stannous chloride and chloroauric acid in amounts
      sufficient to yield a final multimetallic catalytic composite containing
      the desired amounts of platinum, gold, rhenium and tin. The hydrochloric
      acid is utilized in an amount of about 10 wt. % of the alumina particles.
      The impregnated spheres are then dried at a temperature of about
      225.degree. F. for about an hour and thereafter calcined or oxidized in an
      air atmosphere at a temperature of about 500.degree. F. to about
      1000.degree. F. for about 2 to 10 hours effective to convert all of the
      metallic components to the corresponding oxide forms. In general, it is a
      good practice to thereafter treat the resulting oxidized particles with an
      air stream containing about 10 to about 30 % steam at a temperature of
      about 1000.degree. F. for an additional period of about 5 hours in order
      to reduce the residual combined chloride contained in the catalyst to a
      value of less than 0.5 wt. % and preferably less than 0.2 wt. %. In the
      cases shown in the examples where the catalyst utilized contains an alkali
      component, this component is added to the oxidized and steam-treated
      multimetallic catalyst in a separate impregnation step. This second
      impregnation step involves contacting the oxidized multimetallic catalyst
      with an aqueous solution of a suitable decomposable salt of the alkali
      component. For the catalyst utilized in the present examples, the salt is
      either lithium nitrate or potassium nitrate. The amount of the salt of the
      alkali metal utilized is chosen to result in a final catalyst of the
      desired composition. The resulting alkali impregnated particles are then
      dried and calcined in an air atmosphere in much the same manner as is
      described above following the first impregnation step.
PAR  In all of the examples the catalyst is reduced during start-up by
      contacting with dry hydrogen at conditions including a temperature of
      about 1050.degree. F. for 1 hour at a gas hourly space velocity of about
      500 hr..sup.-.sup.1, effective to reduce the platinum, gold and rhenium
      components to the corresponding elemental metals while maintaining the tin
      component in a positive oxidation state.
DETD
PAC  EXAMPLE I
PAR  The reactor is loaded with 100 cc's of a catalyst containing, on an
      elemental basis, 0.75 wt. % platinum, 0.5 wt. % rhenium, 0.25 wt. % gold,
      0.5 wt. % tin and less than 0.15 wt. % chloride. The feed stream utilized
      is commercial grade isobutane containing 99.7 wt. % isobutane and 0.3 wt.
      % normal butane. The feed stream is contacted with the catalyst at a
      temperature of 1065.degree. F., a pressure of 10 psig., a liquid hourly
      space velocity of 4.0 hr..sup.-.sup.1, and a hydrogen to hydrocarbon mole
      ratio of 2:1. The dehydrogenation plant is lined-out at these conditions
      and a 20 hour test period commenced. The hydrocarbon product stream from
      the plant is continuously analyzed by GLC (gas liquid chromotography) and
      a high conversion of isobutane is observed with a high selectivity for
      isobutylene.
PAC  EXAMPLE II
PAR  The catalyst contains, on an elemental basis, 0.375 wt. % platinum, 0.2 wt.
      % gold, 0.375 wt. % rhenium, 0.5 wt. % tin, 0.6 wt. % lithium, and 0.15
      wt. % combined chloride. The feed stream is commercial grade normal
      dodecane. The dehydrogenation reactor is operated at a temperature of
      870.degree. F., a pressure of 10 psig., a liquid hourly space velocity of
      32 hr..sup.-.sup.1, and a hydrogen to hydrocarbon mole ratio of 8:1. After
      a line-out period, a 20 hour test period is performed during which the
      average conversion of the normal dodecane is maintained at a high level
      with a selectivity for normal dodecene of about 90%.
PAC  EXAMPLE III
PAR  The catalyst is the same as utilized in Example II. The feed stream is
      normal tetradecane. The conditions utilized are a temperature of
      840.degree. F., a pressure of 20 psig., a liquid hourly space velocity of
      32 hr..sup.-.sup.1, and a hydrogen to hydrocarbon mole ratio of 8:1. After
      a line-out period, a 20 hour test shows an average conversion of about
      12%, and a selectivity for normal tetradecene of about 90%.
PAC  EXAMPLE IV
PAR  The catalyst contains, on an elemental basis, 0.375 wt. % platinum, 0.2 wt.
      % rhenium, 0.2 wt. % gold, 0.25 wt. % tin and 0.6 wt. % lithium, with
      combined chloride being less than 0.2 wt. %. The feed stream is
      substantially pure normal butane. The conditions utilized are a
      temperature of 950.degree. F., a pressure of 15 psig., a liquid hourly
      space velocity of 4.0 hr..sup.-.sup.1, and a hydrogen to hydrocarbon mole
      ratio of 4:1. After a line-out period, a 20 hour test is performed with an
      average conversion of the normal butane being about 30% and the
      selectivity for normal butene is about 80%.
PAC  EXAMPLE V
PAR  The catalyst contains, on an elemental basis, 0.6 wt. % platinum, 0.2 wt. %
      gold, 0.2 wt. % rhenium, 0.25 wt. % tin, 1.5 wt. % potassium and less than
      0.2 wt. % combined chloride. The feed stream is commercial grade
      ethylbenzene. The conditions utilized are a pressure of 15 psig., a liquid
      hourly space velocity of 32 hr..sup.-.sup.1, a temperature of 1050.degree.
      F., and a hydrogen to hydrocarbon mole ratio of 8:1. During a 20 hour test
      period, 85% or more of equilibrium conversion of the ethylbenzene is
      observed. The selectivity for styrene is about 95%.
PAR  It is intended to cover by the following claims, all changes and
      modifications of the above disclosure of the present invention which would
      be self-evident to a man of ordinary skill in the catalyst-formulation art
      or in the hydrocarbon dehydrogenation art.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method for dehydrogenating a dehydrogenatable hydrocarbon comprising
      contacting said hydrocarbon, at dehydrogenation conditions, with a
      catalytic composite comprising a combination of a platinum group
      component, a rhenium component, a tin component and a Group IB component
      with a porous carrier material in amounts sufficient to result in a
      composite containing, on an elemental basis, about 0.01 to about 2 wt. %
      platinum group metal, about 0.01 to about 2 wt. % rhenium, abut 0.01 to
      about 5 wt. % tin, and about 0.01 to about 5 wt. % of a Group IB metal,
      wherein substantially all of the platinum group component, the rhenium
      component, and the Group IB component are present in the corresponding
      elemental metallic states and wherein substantially all of the tin
      component is present in an oxidation state above that of the elemental
      metal.
NUM  2.
PAR  2. A method as defined in claim 1 wherein the dehydrogenatable hydrocarbon
      is admixed with hydrogen when it contacts the catalytic composite.
NUM  3.
PAR  3. A method as defined in claim 1 wherein the platinum group component is
      platinum metal.
NUM  4.
PAR  4. A method as defined in claim 1 wherein the platinum group component is
      palladium metal.
NUM  5.
PAR  5. A method as defined in claim 1 wherein the tin component is tin oxide.
NUM  6.
PAR  6. A method as defined in claim 1 wherein the porous carrier material is a
      refractory inorganic oxide.
NUM  7.
PAR  7. A method as defined in claim 6 wherein the refractory inorganic oxide is
      gamma- or eta-alumina.
NUM  8.
PAR  8. A method as defined in claim 1 wherein the Group IB component is copper.
NUM  9.
PAR  9. A method as defined in claim 1 wherein the Group IB component is silver.
NUM  10.
PAR  10. A method as defined in claim 1 wherein the Group IB component is gold.
NUM  11.
PAR  11. A method as defined in claim 1 wherein the dehydrogenatable hydrocarbon
      is an aliphatic compound containing 2 to 30 carbon atoms per molecule.
NUM  12.
PAR  12. A method as defined in claim 1 wherein the dehydrogenatable hydrocarbon
      is a normal paraffin hydrocarbon containing 4 to 30 carbon atoms per
      molecule.
NUM  13.
PAR  13. A method as defined in claim 1 wherein the dehydrogenatable hydrocarbon
      is a naphthene.
NUM  14.
PAR  14. A method as defined in claim 1 wherein the dehydrogenation conditions
      include a temperature of 700 to about 1250.degree. F., a pressure of 0.1
      to 10 atmospheres, an LHSV of 1 to 40 hr..sup.-.sup.1, and a hydrogen to
      hydrocarbon mole ratio of about 1:1 to about 20:1.
NUM  15.
PAR  15. A method as defined in claim 1 wherein the composite contains, on an
      elemental basis, about 0.05 to about 1 wt. % platinum group metal, about
      0.05 to about 1 wt. % rhenium, about 0.05 to about 2 wt. % tin and about
      0.05 to about 2 wt. % Group IB metal.
NUM  16.
PAR  16. A method as defined in claim 1 wherein the metals content of the
      catalytic composite is adjusted so that the atomic ratio of tin to
      platinum group metal is about 0.1:1 to about 3:1, the atomic ratio of
      rhenium to platinum group metal is about 0.1:1 to about 3:1 and the atomic
      ratio of Group IB metal to platinum group metal is about 0.1:1 to about
      2:1.
NUM  17.
PAR  17. A catalytic composite comprising a combination of a platinum group
      component, a rhenium component, a tin component, a Group IB component, and
      an alkali or alkaline earth component with a porous carrier material in an
      amount sufficient to result in a composite containing, on an elemental
      basis, about 0.01 to about 2 wt. % platinum group metal, about 0.01 to
      about 2 wt. % rhenium, about 0.01 to about 5 wt. % tin, about 0.01 to
      about 5 wt. % Group IB metal, and about 0.01 to about 5 wt. % alkali metal
      or alkaline earth metal, wherein substantially all of the platinum group
      component, rhenium component, and the Group IB component are present in
      the corresponding elemental metallic states and wherein substantially all
      of the tin component is present in an oxidation state above that of the
      elemental metal.
NUM  18.
PAR  18. A catalytic composite as defined in claim 17 wherein the platinum group
      component is platinum metal.
NUM  19.
PAR  19. A catalytic composite as defined in claim 17 wherein the tin component
      is tin oxide.
NUM  20.
PAR  20. A catalytic composite as defined in claim 17 wherein the porous carrier
      material is a refractory inorganic oxide.
NUM  21.
PAR  21. A catalytic composite as defined in claim 20 wherein the refractory
      inorganic oxide is gamma- or eta-alumina.
NUM  22.
PAR  22. A catalytic composite as defined in claim 17 wherein the alkali or
      alkaline earth component is a compound of potassium.
NUM  23.
PAR  23. A catalytic composite as defined in claim 17 wherein the alkali or
      alkaline earth component is a compound of lithium.
NUM  24.
PAR  24. A catalytic composite as defined in claim 17 wherein the Group IB
      component is copper.
NUM  25.
PAR  25. A catalytic composite as defined in claim 17 wherein the Group IB
      component is silver.
NUM  26.
PAR  26. A catalytic composite as defined in claim 17 wherein the Group IB
      component is gold.
NUM  27.
PAR  27. A catalytic composite comprising a combination of the catalytic
      composite defined in claim 17 with a sulfur component in an amount
      sufficient to result in a composite containing about 0.05 to about 0.5 wt.
      % sulfur.
NUM  28.
PAR  28. A method for dehydrogenating a dehydrogenatable hydrocarbon comprising
      contacting the hydrocarbon with the catalytic composite defined by claim
      17 at dehydrogenation conditions.
NUM  29.
PAR  29. A method as defined in claim 28 wherein the dehydrogenatable
      hydrocarbon is admixed with hydrogen when it contacts the catalytic
      composite.
NUM  30.
PAR  30. A method as defined in claim 28 wherein the dehydrogenatable
      hydrocarbon is an aliphatic compound containing 2 to 30 carbon atoms per
      molecule.
NUM  31.
PAR  31. A method as defined in claim 28 wherein the dehydrogenatable
      hydrocarbon is a normal paraffin hydrocarbon containing about 4 to 30
      carbon atoms per molecule.
NUM  32.
PAR  32. A method as defined in claim 28 wherein the dehydrogenatable
      hydrocarbon is a normal paraffin hydrocarbon containing about 10 to about
      18 carbon atoms per molecule.
NUM  33.
PAR  33. A method as defined in claim 28 wherein the dehydrogenatable
      hydrocarbon is an alkylaromatic, the alkyl group of which contains about 2
      to 6 carbon atoms.
NUM  34.
PAR  34. A method as defined in claim 28 wherein the dehydrogenatable
      hydrocarbon is a naphthene.
NUM  35.
PAR  35. A method as defined in claim 29 wherein the dehydrogenation conditions
      include a temperature of about 700.degree. to 1250.degree. F., a pressure
      of about 0.1 to about 10 atmospheres, an LHSV of about 1 to 40
      hr..sup.-.sup.1 and a hydrogen to hydrocarbon mole ratio of about 1:1 to
      about 20:1.
NUM  36.
PAR  36. A method as defined in claim 29 wherein the contacting is performed in
      the presence of water or a water-producing substance in an amount
      corresponding to about 100 to about 4000 wt. ppm. based on hydrocarbon
      charge.
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ABST
PAL  TERT-Butylstyrene is prepared by a one-step reaction of tert-butylbenzene,
      ethylene and oxygen in the presence of a catalyst prepared by treating
      metallic palladium or fatty acid salts thereof with pyridine. The yield is
      increased by using together therewith a promoter prepared by treating one
      or more metals or oxides or fatty acid salts thereof, the metals being
      selected from the group consisting of copper, nickel, manganese, uranium
      and thallium. The reaction is carried out at a temperature between
      50.degree. to 300.degree.C under a pressure of up to 100 kg/cm.sup.2.
BSUM
PAR  This invention relates to a process for preparing tert-butylstyrene, and
      more particularly, it concerns a process for preparing tert-butylstyrene
      by a one-step reaction of tert-butylbenzene, ethylene and oxygen.
PAR  TERT-Butylstyrene is useful as a comonomer for preparing copolymers or as a
      curing agent for fibre-reinforced plastics because it has such effects as
      lessening the mold shrinkage of molded articles and improving the
      moldability of plastics.
PAR  It has only been known to prepare tert-butylstyrene by tertiary-butylating
      ethylbenzene with butanol followed by dehydrogenation thereof. The process
      mentioned above, however, is not suitable for commercial preparation,
      because its yield and selectivity are very low and the starting materials
      are very expensive. Moreover, separation of the product is extremely
      difficult.
PAR  The present inventors have now found that the use of a specific palladium
      catalyst enables the one-step preparation of tert-butylstyrene by
      subjecting tert-butylbenzene, ethylene and oxygen to reaction.
PAR  An object of the present invention is to provide a method for the one-step
      preparation of tert-butylstyrene using a specific palladium catalyst.
      Another object of the present invention is to provide a process for
      preparing tert-butylstyrene in high yield and in high selectivity.
PAR  The present invention, therefore, provides a process for a method for the
      one-step preparation of tert-butylstyrene which comprises reacting
      tert-butylbenzene with ethylene and oxygen in the presence of a catalyst
      prepared by treating metallic palladium or a fatty acid salt thereof with
      pyridine with or without a promoter prepared by treating one or more
      metals selected from copper, nickel, manganese, uranium and thallium, or
      fatty acid salts or oxides thereof, with pyridine.
PAR  The catalyst is prepared by treating metallic palladium or a fatty acid
      salt of palladium with a pyridine solution or by adding pyridine to a
      catalyst layer of metallic palladium or fatty acid salt of palladium
      before the reaction. As the metallic palladium, that prepared by reducing
      palladium salts may be used. As the fatty acid salt of palladium,
      palladium acetate or palladium propionate is preferable.
PAR  As the promoter, metallic copper, nickel, manganese, uranium or thallium or
      oxides or fatty acid salts of these metals may be used. Among the fatty
      acid salts of these metals, acetates, formates or propionates of these
      metals are preferable. These metals or oxides or fatty acid salts thereof
      may be used alone or in combination of two or more. The promoter is also
      required to be treated with pyridine.
PAR  The promoter can be used in a proportion of M/Pd of 1,000 - 1/200 (in
      atomic ratio), preferably 50 - 1/50, wherein M is the metal of promoter
      mentioned above.
PAR  The catalyst with or without the promoter can be supported on a carrier. As
      the carrier, active carbon, silica or alumina is preferable. When catalyst
      supported on a carrier is required, it can be prepared by supporting a
      promoter on the carrier first, treating the assembly at a high
      temperature, and then supporting palladium or a fatty acid salt of
      palladium on the same. The thus obtained catalyst is treated with
      pyridine. An example of preparing such catalyst is as follows: manganese
      nitrate is supported on silica gel, which is then calcined at 500.degree.C
      for 10 hours to produce manganese oxide-silica gel. Then, palladium and
      pyridine are supported on said manganese oxide-silica gel.
PAR  The use of a promoter with the palladium catalyst is favorable in the
      process of the present invention because of its increasing the yield of
      tert-butylstyrene by about two to 10 times or more.
PAR  In the process of the present invention, temperatures between 50.degree.
      and 300.degree.C, preferably 80.degree. to 250.degree.C may be employed.
PAR  The reaction may be carried out at ordinary pressure, more preferably under
      a pressure of up to 100 kg/cm.sup.2.
PAR  Ethylene and oxygen are used in the reaction in a proportion of 10 - 0.01
      moles of ethylene per mole of oxygen. Instead of pure oxygen, a mixture of
      oxygen and inert gases such as nitrogen, carbon dioxide, etc. which do not
      affect the reaction, may be used. It is advantageous to use 3 - 1/50 moles
      of ethylene per mole of tert-butylbenzene.
PAR  The use of an organic acid such as acetic acid, propionic acid, and the
      like in the process of the present invention is preferable, but not
      essential. Said organic acid is preferably used in an amount of less than
      double the molar quantity of the tert-butylbenzene.
PAR  The reaction of the present invention may be carried out with a reaction
      process such as flow method, a method of stirring a mixture of gas and
      liquid, gas-blowing method, etc. The reaction can take place both in gas
      phase and liquid phase.
DETD
PAR  In order that the invention may be more fully understood, the following
      Examples are given, by way of illustration only:
PAC  EXAMPLE 1
PAR  A catalyst was prepared by dissolving 0.1 g of palladium in 10 ml. of
      pyridine, adding 10 ml. of silica gel particles to the solution, and
      evaporating the mixture to dryness. The obtained catalyst (10 ml.), 20 ml.
      of tert-butylbenzene, and 10 ml. of acetic acid were enclosed in a
      microbomb having an inner volume of 50 ml., and ethylene and oxygen were
      introduced into the bomb in terms of a pressure of 10 kg/cm.sup.2 and 30
      kg/cm.sup.2, respectively, from the upper valve. The reaction was carried
      out at 150.degree.C for 5 hours with laying said bomb in an oil bath
      equipped with a shaking means. tert-Butylstyrene was yielded in a
      proportion of 470 %, based on the mole of palladium in the used catalyst.
      No by-product was detected.
PAC  EXAMPLE 2
PAR  A catalyst was prepared by dissolving 1.8 g of palladium chloride in
      diluted hydrochloric acid, adding 100 ml. of silica gel particles to the
      solution, evaporating the mixture to dryness, adding 50 ml. of alkaline
      hydrazine hydrate to the resulting mixture to reduce palladium chloride,
      washing the resulting mixture with water sufficiently, and drying the same
      at 150.degree.C for one day. To the thus obtained catalyst (10 ml.) was
      added 1 ml. of pyridine, and the resulting mixture was enclosed together
      with 20 ml. of tert-butylbenzene, and 2 ml. of acetic acid in a microbomb
      having an inner volume of 50 ml., and ethylene and oxygen were introduced
      into the bomb in terms of a pressure of 10 kg/cm.sup.2 and 20 kg/cm.sup.2,
      respectively, from the upper valve. The reaction was carried out at
      170.degree.C for 3 hours. tert-Butylstyrene was yielded in a proportion of
      340 %, based on the mole of palladium in the catalyst used.
PAC  COMPARATIVE EXAMPLE
PAR  Example 2 was repeated except that no pyridine was added before the
      reaction. tert-Butylstyrene was yielded in a proportion of 190 %, based on
      the mole of palladium in the catalyst used.
PAC  EXAMPLE 3
PAR  A catalyst was prepared by dissolving 0.1 g of palladium propionate in 10
      ml. of pyridine, adding 10 ml. of alumina particles to the solution, and
      evaporating the mixture to dryness. The thus obtained catalyst (10 ml.),
      10 ml. of tert-butylbenzene and 1 ml. of acetic acid were enclosed in a
      microbomb having an inner volume of 50 ml., and ethylene and oxygen were
      introduced into the bomb in terms of a pressure of 20 kg/cm.sup.2 and 50
      kg/cm.sup.2, respectively, from the upper valve. The reaction was carried
      out at 130.degree.C for 10 hours. tert-Butylstyrene was yielded in a
      proportion of 350 %, based on the mole of palladium in the catalyst used.
      A trace of tert-butylbenzaldehyde was detected.
PAC  EXAMPLE 4
PAR  A catalyst was prepared by dissolving 0.1 g of palladium acetate and 0.2 g
      of manganese acetate in 10 ml. of pyridine, adding 10 ml. of silica gel
      particles to the solution, and evaporating the mixture to dryness. The
      thus obtained catalyst (10 ml.), 20 ml. of tert-butylbenzene and 3 ml. of
      acetic acid were enclosed in a microbomb having an inner volume of 50 ml.,
      and ethylene and oxygen were introduced into the bomb in terms of a
      pressure of 10 kg/cm.sup.2 and 30 kg/cm.sup.2, respectively, from the
      upper valve. The reaction was carried out at 150.degree.C for 5 hours.
      tert-Butylstyrene was yielded in a proportion of 1820 %, based on the mole
      of palladium in the catalyst used. No by-product was detected.
PAC  EXAMPLE 5
PAR  To an aqueous solution containing 0.5 g of manganese nitrate was added 10
      ml. of silica gel particles. After being evaporated to dryness, the
      mixture was calcined at 450.degree.C for 10 hours. The thus obtained
      silica gel was immersed in 10 ml. of pyridine solution containing
      dissolved therein 0.02 g of palladium propionate and 0.1 g of uranium
      acetate, and then evaporated to dryness to obtain a catalyst. The catalyst
      (10 ml.), 10 ml. of tert-butylbenzene and 1 ml. of acetic acid were
      enclosed in a similar bomb to that used in Example 4, and etylene and
      oxygen were introduced into the bomb both in terms of a pressure of 20
      kg/cm.sup.2 from the upper valve. The reaction was carried out at
      140.degree.C for 10 hours with shaking. tert-Butylstyrene was yielded in a
      proportion of 1200 %, based on the mole of palladium in the catalyst used.
PAC  EXAMPLE 6
PAR  A catalyst solution was prepared by dissolving 0.05 g of palladium acetate,
      0.02 g of cupric acetate and 0.02 g of thallium acetate in 1 ml. of
      pyridine and adding thereto 10 ml. of acetic acid. Said catalyst solution
      and 20 ml. of tert-butylbenzene were enclosed in a microbomb having a
      volume of 100 ml. and ethylene and oxygen were introduced into the bombe
      in terms of pressure of 10 kg/cm.sup.2 and 30 kg/cm.sup.2, respectively,
      from the upper valve. The reaction was carried out at 120.degree.C for 16
      hours laying said bomb in an oil bath equipped with a shaking means.
      tert-Butylstyrene was yielded in a proportion of 1500 %, based on the mole
      of palladium in the catalyst used.
PAC  EXAMPLE 7
PAR  A catalyst (10 ml.) prepared by a similar method to that in Example 4 was
      charged into a vertical reaction tube of hard glass and heated at
      180.degree.C., after which a mixed solution of tert-butylbenzene and
      acetic acid in a proportion of 9 moles of the former per mole of the
      latter was introduced into the reaction tube from its upper part at a rate
      of 10 ml./min, while a mixed gas of ethylene and oxygen in a proportion of
      3 moles of the former per mole of the latter was introduced thereinto from
      the bottom at a rate of 30 ml./min. The liquid accumulated at the bottom
      of the reaction tube was analyzed, to find that tert-butylstyrene was
      yielded at a rate of 1.5 % based on tert-butylbenzene. The activity of the
      catalyst was not lowered even after 20 hours' reaction.
PAC  EXAMPLES 8 - 13
PAR  Catalysts, the compositions of which are as set forth in the following
      Table, were prepared by a similar method to that in Example 5. The
      reactions were carried out according to Example 5 except for the reaction
      conditions set forth in the Table. The results obtained were as set forth
      in the Table.
TBL                                    Table                                   

     __________________________________________________________________________

                      Charging conditions Reaction                             

     Example                                                                   

          Composition of    Acetic                                             

                                Ethylene                                       

                                     Oxygen                                    

                                          tempera-                             

                                               Reaction                        

                                                    Yield of                   

     No.  the catalyst                                                         

                      T.B.B.*.sup.1                                            

                            acid          ture time T.B.S.*.sup.2              

          (g/10 ml of carrier)                                                 

                      (ml)  (ml)                                               

                                (kg/cm.sup.2)                                  

                                     (kg/cm.sup.2)                             

                                          (.degree.C)                          

                                               (hour)                          

                                                    (% based on                

     __________________________________________________________________________

                                                    Pd)                        

          Pd(OAc)*.sup.3 - Mn(OAc)-                                            

      8    0.05       0.05                                                     

                      15    1   10   30   150  5    2160                       

          Ni(O )/SiO.sub.2 *.sup.4                                             

          Pd(OAc) - Tl(OAc)-                                                   

      9    0.02       0.05                                                     

                      10    2   10   30   120  24   3800                       

          Mn(O)/SiO.sub.2                                                      

           0.1                                                                 

          Pd(OAc) - Cu(OAc)-                                                   

     10    0.05       0.02                                                     

                      10    2   10   30   120  3    1050                       

          Mn(O)/SiO.sub.2                                                      

          0.3                                                                  

          Pd(OAc)-Mn(OAc)-                                                     

     11    0.05      0.03                                                      

                      10    1   10   30   140  4    1290                       

          Ni(OAc)/Al.sub.2 O.sub.3                                             

           0.04                                                                

          Pd(OAc)-                                                             

     12    0.02       15    3   10   30   160  5     960                       

          U(OAc)/SiO.sub.2                                                     

           0.01                                                                

          Pd(OAc)-Cu(OAc)-                                                     

     13    0.05      0.02                                                      

                      10    10  10   30   130  5    1370                       

          Cu(O)/SiO.sub.2                                                      

           0.1                                                                 

     __________________________________________________________________________

      Note) *- T.B.B. represents tert-butylbenzene                             

      *2 T.B.S. represents tert-butylstyrene                                   

      *3 Pd(OAc) represents palladium acetate. Similar abbreviations are used  

      for other metals.                                                        

      *4 Ni(O) represents nickel oxide. Similar abbreviations are used for othe

      metals.                                                                  

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing tert. butyl styrene which comprises reacting
      tert. butyl benzene with 1/50 to 3 moles of ethylene and 1/500 to 300
      moles of oxygen per mole of tert. butyl benzene at a temperature between
      50.degree. and 300.degree.C. and at a pressure up to 100 kg/cm.sup.2 in
      the presence of a catalyst prepared by treating metallic palladium or a
      fatty acid salt thereof with pyridine.
NUM  2.
PAR  2. A process according to claim 1, wherein said catalyst contains at least
      one promoter selected from the group consisting of metallic copper,
      nickel, manganese, uranium and thallium, and oxides and fatty acid salts
      of these metals, said promoter being treated with pyridine.
NUM  3.
PAR  3. A process according to claim 1, wherein the reaction is carried out in
      the presence of at least one organic acid.
NUM  4.
PAR  4. A process according to claim 2, wherein the promoter is used in a
      proportion of M/Pd between 1,000 and 1/200 (in atomic ratio) in which M
      represents the metal of promoter.
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ABST
PAL  A process for producing 2,6-dimethyl-1,3,6-octatriene by dimerizing
      isoprene in the presence of a novel catalyst composition, which comprises:
      (A) a zirconium component represented by the formula: Zr(OR).sub.n
      Cl.sub.4.sub.-n wherein R is a chlorinated alkyl group containing two to
      20 carbon atoms or a chlorinated cycloalkyl group containing three to 20
      carbon atoms, and n is an integer of 1 to 4; (B) an aluminum component
      represented by the formula: AlR'.sub.m Cl.sub.3.sub.-m wherein R' is an
      alkyl group containing one to 10 carbon atoms, a cycloalkyl group
      containing three to 10 carbon atoms, or an aryl group, and m is 1.5 or 2;
      and (C) a coordinating component.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a process for producing
      2,6-dimethyl-1,3,6-octatriene by linear dimerization of isoprene. More
      particularly, it is concerned with the use of novel catalyst compositions
      comprising specific zirconium compounds, aluminum compounds, and
      coordinating compounds.
PAR  2. Description of the Prior Art
PAR  For producing 2,6-dimethyl-1,3,6-octatriene from isoprene, there have been
      proposed a method using Ziegler type catalysts wherein titanium compounds
      are used, as described in French Pat. No. 1,393,071, Quarterly of the
      Government Industrial Research Institutes, Osaka, 15, 271, Makromol.
      Chem., 123, 274 (1969), etc., a method using vanadium based catalysts as
      described in Japanese Patent Laid Open No. 5704/1973, etc., and so on. In
      accordance with these methods, however, cyclic dimer, trimer and the like
      are by-produced and good results cannot be obtained.
PAR  Furthermore, as a method for selectively producing
      2,6-dimethyl-1,3,6-octatriene, the use of zirconium based catalyst is
      described in Bull. Chem. Soc. Japan, 42, 2303 (1969), Japanese Patent Laid
      Open Nos. 34303/1972 and 5706/1973, etc., and the use of hafnium-based
      catalyst is described in Bull. Chem. Soc. Japan, 42, 1383 (1969), etc.
PAR  These catalysts, however, could incur certain problems, such as that the
      production thereof is, as described in J. Chem. Soc., 1952, 2032 to 2035,
      etc., complicated in that ammonia is used as a dehydrochlorination agent,
      precipitated NH.sub.4 Cl is filtered and washed as a post-treatment, and
      so on, and that conventional Zr(OR).sub.4 is readily hydrolyzed with the
      moisture contained in air and is polymerized into resinous compounds.
PAR  Furthermore, the use of these catalysts is industrially disadvantageous in
      that the catalyst cost is high because sufficient activity cannot be
      obtained unless a large amount of the catalyst is added to the monomer
      feed.
PAR  It has been previously found through our investigation of the
      oligomerization of isoprene by the use of a zirconium based catalyst that
      a zirconium alkoxychloride-based catalyst overcomes the above mentioned
      drawbacks (see U.S. Pat. No. 3,689,585, British Pat. No. 1,298,609, and
      Japanese Pat. Publication No. 104,020/1969).
PAR  As a result of further investigation of the improved catalyst, we have now
      discovered a novel catalyst which can be produced at much lower cost and
      much easier than conventional zirconium based catalysts.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of the present invention is to provide a novel
      catalyst composition which makes possible the production of
      2,6-dimethyl-1,3,6-octatriene from isoprene in high yields and
      selectively.
PAR  Another object of the present invention is to provide a novel catalyst
      composition which is highly active at a low level of concentration.
PAR  A further object of the present invention is to provide a process for
      producing 2,6-dimethyl-1,3,6-octatriene from isoprene by the use of the
      novel catalyst composition.
PAR  Other objects, further features, and advantages of the present invention
      will become apparent from the following detailed description.
PAR  In accordance with the present invention, 2,6-dimethyl-1,3,6-octatriene is
      produced by dimerizing isoprene in the presence of a catalyst composition
      comprising (A) a zirconium component consisting of one or more compounds
      represented by the formula Zr(OR).sub.n Cl.sub.4.sub.-n wherein R is a
      chlorinated alkyl group containing two to 20 carbon atoms or a chlorinated
      cycloalkyl group containing three to 20 carbon atoms, and n is an integer
      of 1 to 4; (B) an aluminum component consisting of one or more compounds
      represented by the formula AlR'.sub.m Cl.sub.3.sub.-m wherein R' is an
      alkyl group containing one to 10 carbon atoms, a cycloalkyl group
      containing three to 10 carbon atoms or an aryl group, and m is 1.5 or 2;
      and (C) a coordinating component.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The catalyst compositions as used in the present invention are highly
      active at low concentration and make possible the production of
      2,6-dimethyl-1,3,6-octatriene in high yields and selectively. Moreover,
      since the amount of the catalyst composition used is small, post-treatment
      such as decomposition of catalyst is substantially simplified. Thus, the
      present invention is industrially very advantageous.
PAL  1. Catalyst
PAR  A. Zirconium Component
PAR  The zirconium component of the catalyst composition as used in the present
      invention comprises one or more compounds represented by the formula
      Zr(OR).sub.n Cl.sub.4.sub.-n wherein R is a chlorinated alkyl group
      containing two to 20 carbon atoms, or a chlorinated cycloalkyl group
      containing three to 20 carbon atoms, and n is an integer of 1 to 4.
      Representative examples of the zirconium compounds are shown below.
PA0  Tetrachloroethoxy zirconium
EQU  Zr(OC.sub.2 H.sub.4 Cl).sub.4
PA0  Tetrachloropropoxy zirconium
EQU  Zr(OC.sub.3 H.sub.6 Cl).sub.4
PA0  Tetrachlorobutoxyzirconium
EQU  Zr(OC.sub.4 H.sub.8 Cl).sub.4
PA0  Tetrachlorocyclobutenoxyzirconium
      ##SPC1##
PA0  Tetrachlorocyclohexoxyzirconium
      ##SPC2##
PA0  Chloroethoxytrichlorozirconium
EQU  Zr(OC.sub.2 H.sub.4 Cl)Cl.sub.3
PA0  Chloropropoxytrichlorozirconium
EQU  Zr(OC.sub.3 H.sub.6 Cl)Cl.sub.3
PA0  Chlorododecoxytrichlorozirconium
EQU  Zr(OC.sub.12 H.sub.24 Cl)Cl.sub.3
PA0  Chlorocyclododecoxytrichlorozirconium
      ##SPC3##
PA0  Chlorocyclobutoxytrichlorozirconium
      ##SPC4##
PA0  Chlorocyclopentoxytrichlorozirconium
      ##SPC5##
PA0  Di(chloropropoxy)trichlorozirconium
EQU  Zr(OC.sub.3 H.sub.5 Cl.sub.2)Cl.sub.3
PA0  Di(chloroethoxy)dichlorozirconium
EQU  Zr(OC.sub.2 H.sub.4 Cl).sub.2 Cl.sub.2
PA0  Di(chloropropoxy)dichlorozirconium
EQU  Zr(OC.sub.3 H.sub.6 Cl).sub.2 Cl.sub.2
PA0  Di(chlorobutoxy)dichlorozirconium
EQU  Zr(OC.sub.4 H.sub.8 Cl).sub.2 Cl.sub.2
PA0  Di(chlorocyclopentoxy)dichlorozirconium
      ##SPC6##
PA0  Di(chlorocyclohexoxy)dichlorozirconium
      ##SPC7##
PA0  Di(chlorocyclooctoxy)dichlorozirconium
      ##SPC8##
PA0  Tri(chloroethoxy)chlorozirconium
EQU  Zr(OC.sub.2 H.sub.4 Cl).sub.3 Cl
PA0  Tri(chloropropoxy)chlorozirconium
EQU  Zr(OC.sub.3 H.sub.6 Cl).sub.3 Cl
PA0  Tri(dichloropropoxy)chlorozirconium
EQU  Zr(OC.sub.3 H.sub.5 Cl.sub.2).sub.3 Cl
PA0  Tri(chlorohexoxy)chlorozirconium
      ##SPC9##
PAR  These zirconium chloroalkoxy compounds can be produced by reacting
      zirconium tetrachloride with the corresponding alkylene oxides by known
      methods as described in Kogyo Kagaku Zasshi, Vol. 71, No. 3, page
      76(1968), and J. Appl. Chem., 20, 183 to 187(1970). Since
      dehydrochlorination is not required and all the complicated steps are
      eliminated, they can be easily produced.
PAR  In the case of the reaction of zirconium tetrachloride and alkylene oxides,
      the reaction products possess a structure wherein at least one chlorine of
      the zirconium tetrachloride is substituted with the group
      ##EQU1##
      in which R.sup.1 to R.sup.4 are substituents forming the alkylene oxide
      ##EQU2##
      and at least one pair comprising two substituents selected from R.sup.1,
      R.sup.2, R.sup.3 and R.sup.4 (e.g., R.sup.1 and R.sup.3) may combine to
      form a ring (in the case of, e.g., cyclohexeneoxide).
PAR  B. Aluminum Component
PAR  The aluminum component of the catalyst composition of the present invention
      comprises one or more compounds represented by the formula AlR'.sub.m
      Cl.sub.3.sub.-m where R' is an alkyl group containing one to 10 carbon
      atoms, a cycloalkyl group containing three to 10 carbon atoms, or an aryl
      group, and m is 1.5 or 2. Representative examples of the aluminum
      compounds are as follows.
PA1  Dimethylaluminum chloride
PA1  Diethylaluminum chloride
PA1  Diisobutylaluminum chloride
PA1  Diphenylaluminum chloride
PA1  Dioctylaluminum chloride
PA1  Methylaluminum sesquichloride
PA1  Ethylaluminum sesquichloride
PA1  Butylaluminum sesquichloride
PAR  C. Coordinating Component
PAR  As the coordinating component as used in the present invention, those
      compounds containing one or more, the same or different, non-covalent
      electron pairs such as oxygen, nitrogen, sulfur, phosphorus, and the like,
      and having a molecular weight less than about 1,000 or having carbon atoms
      of one to about 30 can be used. These compounds can be used alone or in
      admixtures comprising two or more thereof. Representative examples of the
      coordinating compounds are as follows.
PAR  Oxygen-containing compound
PA1  Ethers: e.g., dimethyl ether, diethyl ether, ethyleneglycol dimethyl ether,
      phenyl glycidyl ether, tetrahydrofuran.
PA1  Alcohols: e.g., methanol, ethanol, propanols, butanols, butanediol,
      ethyleneglycol monomethyl ether, benzyl alcohol.
PA1  Ketones and aldehydes: e.g., acetone, methyl ethyl ketone, benzaldehyde,
      furfural, cyclohexanone.
PA1  Siloxanes: e.g., dimethyldiethoxy silane, cyclohexamethyl trisiloxane.
PAR  Nitrogen-containing compound
PA1  Amines: e.g., trimethylamine triethylamine, ethanolamines, pyridine,
      piperazine, dipyridyl.
PA1  Amides: e.g., acetamide, benzamide, urea.
PA1  Nitriles: e.g., acetonitrile, benzonitrile.
PAR  Sulfur-containing compound
PA1  Mercaptans: e.g., methylmercaptan, ethylmercaptan, benzylmercaptan.
PA1  Sulfoxides: e.g., dimethylsulfoxide, sulfolane, sulfolene, dimethylsulfone.
PAR  Phosphorus containing compound
PA1  Phosphines: e.g., trimethylphosphine, triphenylphosphine.
PA1  Phosphates: e.g., trimethyl phosphate, tricresyl phosphate.
PA1  Phosphites: e.g., trimethyl phosphite, triphenyl phosphite.
PA1  Phosphineoxides: e.g., tributyl phosphineoxide, tricresyl phosphineoxide.
PAR  Composition of Catalyst
PAR  The proportions of the components as used in the present invention are
      important and preferably in the following ranges. When the proportions are
      unbalanced, catalyst activity tends to be reduced.
PAR  1. The quantity of the coordinating component (C) containing unpaired
      electron is an important factor controlling selectivity of
      2,6-dimethyl-1,3,6-octatriene and polymerization of isoprene. The molar
      ratio of the coordinating component to the zirconium component (Zr) is
      preferably 0.01 to 10 ( (C)/(Zr) = 0.01 to 10 ) and more preferably, 0.1
      to 2.0.
PAR  2. The quantity of the aluminum component can be changed in wide limits. In
      general, the molar ratio of the aluminum component (Al) to the zirconium
      component is 1 to 100 ( (Al)/(Zr) = 1 to 100 ) and preferably 3 to 30.
PAR  Preparation of Catalyst
PAR  The catalyst composition as used in the present invention can be produced
      by mixing the components, e.g., in a stream of inert gas or isoprene feed.
PAR  In accordance with the preferred preparation sequence, the zirconium
      compound and the coordinating compound are added to a solvent in this
      order and stirred, and then the aluminum compound is added, whereby an
      active catalyst composition can be obtained. It is preferred that the
      preparation temperature range from 30.degree. to 80.degree.C.
PAL  2. catalytic Dimerization
PAR  Solvents which can be used in the present invention include aromatic
      hydrocarbons such as benzene, toluene, xylene, and the like, and aliphatic
      hydrocarbons such as hexane, heptane, and the like. The aromatic
      hydrocarbons which are convenient for dissolving the catalyst therein are
      preferred.
PAR  These solvents can be used alone or in admixtures comprising two or more
      thereof.
PAR  The reaction temperature can be changed within the range of 0.degree. to
      200.degree.C, and the preferred range is 50.degree. to 150.degree.C. The
      reaction can be effected either at atmospheric pressure or under pressure.
PAR  The molar ratio of isoprene to the zirconium compound is 50 to 5,000, the
      preferred range being from 1,000 to 3,000. On the other hand, with
      conventional methods, e.g., the method of Japanese Patent Laid Open No.
      5706/1973, the molar ratio is 5 to 1,000, the preferred range being from
      50 to 500.
DETD
PAR  The following examples are given to illustrate preferred embodiments of the
      present invention.
PAC  EXAMPLES 1 to 7
PAR  After purging a 500-ml autoclave with nitrogen gas, the solvents, zirconium
      compounds, coordinating compounds and aluminum compounds as indicated in
      Table 1 were charged thereto in amounts as indicated in Table 1 and mixed
      at 40.degree.C to produce respective catalysts.
PAR  Then, after charging 27 g of isoprene, the reaction mixtures were stirred
      at 110.degree.C for 8 hours in the cases of Examples 1, 2, 4, 6 and 7, and
      at 130.degree.C for 5 hours in the cases of Examples 3 and 5.
PAR  On adding methanol, the catalysts were decomposed and the products were
      separated by distillation. The fraction of 2,6-dimethyl-1,3,6-octatriene
      boiling at 50.degree.-60.degree.C under reduced pressure of 10-15 mmHg was
      obtained in quantities as shown in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

                               Coordinating         DMOT DMOT                  

                                                             DMOT              

     Feed      Solvent                                                         

                    Zirconium Compound                                         

                               Compound  Aluminum Compound                     

                                                    Fraction                   

                                                         Yield                 

                                                             Selectivity       

     Example                                                                   

          (g)  (ml) (mM) (g)   (mM) (g)  (mM) (g)   (g)  (%) (%)               

     __________________________________________________________________________

          isoprene                                                             

               toluene                                                         

                    tetrachloropropoxy   diethylaluminum                       

     1    27   100  zirconium  triphenylphosphine                              

                                         chloride   20.7 76.7                  

                                                             84.9              

                    0.2  0.093 0.2  0.052                                      

                                         4.0  0.484                            

                    tetrachloropropoxy   diethylaluminum                       

     2    "     "   zirconium  triphenylphosphine                              

                                         chloride   22.6 83.6                  

                                                             88.1              

                    2.0  0.93  2.0  0.524                                      

                                         40.0 4.840                            

                    chlorocyclobutenoxy  ethylaluminum                         

     3    "    "    trichlorozirconium                                         

                               furfural  sesquichloride                        

                                                    21.7 80.5                  

                                                             86.1              

                    0.4  0.121 0.4  0.038                                      

                                         4.0  0.992                            

               xylene                                                          

                    di(chlorobutoxy)     diethylaluminum                       

     4    "    100  dichlorozirconium                                          

                               monoethanolamine                                

                                         chloride   19.5 72.2                  

                                                             78.8              

                    1.2  0.452 0.6  0.037                                      

                                         6.0  0.726                            

                    tri(dichloropropoxy) diisobutylaluminum                    

     5    "    "    chlorozirconium                                            

                               sulfolane chloride   21.3 78.8                  

                                                             82.9              

                    0.2  0.102 0.4  0.048                                      

                                         4.0  0.708                            

               benzene                                                         

                    chlorododecenoxy     ethylaluminum                         

     6    "    100  trichlorozirconium                                         

                               triphenylphosphine                              

                                         sesquichloride                        

                                                    19.7 73.1                  

                                                             81.1              

                    0.8  0.334 0.4  0.105                                      

                                         8.0  1.984                            

                    tetrachloroethoxy                                          

                               cyclohexamethyl-                                

                                         diethylaluminum                       

     7    "    "    zirconium  trisiloxane                                     

                                         chloride   21.4 79.3                  

                                                             80.5              

                    0.4  0.164 0.4  0.082                                      

                                         4.0  0.484                            

     __________________________________________________________________________

      mM : millimole                                                           

      DMOT : 2,6-dimethyl-1,3,6-octatriene                                     

PAC  COMPARISON EXAMPLE 1
PAR  The procedures of Examples 1 and 2 were repeated with the exception that
      the same quantity of tetrapropoxy zirconium was used in place of
      tetrachloropropoxy zirconium, and thus 2,6-dimethyl-1,3,6-octatriene
      (DMOT) was obtained. These results are shown in Tables 2 and 3.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Comparison at low concentration of catalyst                               

            Zirconium                                                          

                   Concentration                                               

                           Conversion                                          

                                  DMOT DMOT DMOT                               

            compound                                                           

                   of zirconium                                                

                           of isoprene                                         

                                  selec-                                       

                                       yield                                   

                                            Zr                                 

                   compound       tivity                                       

     __________________________________________________________________________

     Example 1                                                                 

            tetrachloro-                                                       

                   0.93 mg/c.c.                                                

                           90.3%  84.9%                                        

                                       76.7%                                   

                                            222.6g/g                           

            propoxy                                                            

                   solvent                                                     

            zirconium                                                          

     Comparison                                                                

            tetrapropoxy                                                       

                   "       30.1%  70.1%                                        

                                       21.1%                                   

                                            61.3g/g                            

     example                                                                   

            zirconium                                                          

     __________________________________________________________________________

      Reaction condition: the same as in Example 1.                            

TBL                                    Table 3                                 

     __________________________________________________________________________

     Comparison at high concentration of catalyst                              

            Zirconium                                                          

                   Concentration                                               

                           Conversion                                          

                                  DMOT DMOT DMOT                               

            compound                                                           

                   of zirconium                                                

                           of isoprene                                         

                                  selec-                                       

                                       yield                                   

                                            Zr                                 

                   compound       tivity                                       

     __________________________________________________________________________

     Example 2                                                                 

            tetrachloro-                                                       

                   9.3 mg/c.c.                                                 

                           94.9%  88.1%                                        

                                       83.6%                                   

                                            24.3 g/g                           

            propoxy                                                            

                   solvent                                                     

            zirconium                                                          

     Compari-                                                                  

            tetrapropo-                                                        

     son    xy     "       90.2%  80.0%                                        

                                       72.2%                                   

                                            21.0 g/g                           

     example                                                                   

            zirconium                                                          

     __________________________________________________________________________

      Reaction condition: the same as in Example 2.                            

PAR  As shown in Table 2, the catalyst compositions of the present invention
      exhibit high reactivity and selectivity at low concentration and possess
      capability to produce 2,6-dimethyl-1,3,6-octatriene in high yields.
PAR  That is, with the zirconium chloroalkoxide based catalyst of the present
      invention, the quantity of the product per unit of catalyst is markedly
      increased, whereas with the conventional zirconium alkoxide based
      catalyst, as shown in Table 3, good results comparable to those with the
      catalyst composition of the present invention cannot be obtained even at
      high concentration.
PAC  COMPARISON EXAMPLE 2
PAR  The procedure of Example 1 was repeated with the exception that
      triphenylphosphine was not used. The results are shown in Table 4.
TBL                Table 4                                                     

     ______________________________________                                    

     Quantity of coordinating                                                  

                          DMOT       Polymer                                   

     compound used        selectivity                                          

                                     selectivity                               

     ______________________________________                                    

     Example triphenylphosphine/                                               

                              84.9 %     8.1 %                                 

             zirconium compound = 1                                            

     Comparison                                                                

             none             45.1 %     30.0 %                                

     example 2                                                                 

     ______________________________________                                    

PAR  As shown in Table 4, an excessively small quantity of the coordinating
      compound reduces DMOT selectivity and increases polymer selectivity.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing 2,6-dimethyl-1,3,6-octatriene from isoprene
      which comprises dimerizing isoprene in the presence of a catalyst
      composition comprising: (A) a zirconium component selected from the group
      consisting of one or more compounds represented by the formula
      Zr(OR).sub.n Cl.sub.4.sub.-n wherein R is a chlorinated alkyl group
      containing two to 20 carbon atoms or a chlorinated cycloalkyl group
      containing three to 20 carbon atoms, and n is an integer of 1 to 4; (B) an
      aluminum component consisting of one or more compounds represented by the
      formula AlR'.sub.m Cl.sub.3.sub.-m wherein R' is an alkyl group containing
      one to 10 carbon atoms, a cycloalkyl group containing three to 10 carbon
      atoms or an aryl group, and m is 1.5 or 2; and (C) a coordinating
      component selected from the group consisting of an oxygen-containing
      compound, a nitrogen-containing compound, a sulfur-containing compound, a
      phosphorus-containing compound, and mixtures thereof.
NUM  2.
PAR  2. The process according to claim 1 wherein the molar ratio of the
      coordinating component to the zirconium component is 0.01 to 10.
NUM  3.
PAR  3. The process according to claim 1, wherein the molar ratio of the
      aluminum component to the zirconium component is 1 to 100.
NUM  4.
PAR  4. The process according to claim 1 wherein the oxygen containing compound
      is selected from the group consisting of ethers, alcohols, ketones,
      aldehydes, and siloxanes.
NUM  5.
PAR  5. The process according to claim 1 wherein the nitrogen containing
      compound is selected from the group consisting of amines, amides, and
      nitriles.
NUM  6.
PAR  6. The process according to claim 1 wherein the sulfur containing compound
      is selected from the group consisting of mercaptans and sulfoxides.
NUM  7.
PAR  7. The process according to claim 1 wherein the phosphorus containing
      compound is selected from the group consisting of phosphines, phosphates,
      phosphites, and phosphineoxides.
NUM  8.
PAR  8. The process according to claim 1 wherein the dimerization is effected in
      a hydrocarbon solvent.
NUM  9.
PAR  9. The process according to claim 8 wherein the hydrocarbon solvent is
      selected from aromatic hydrocarbons.
NUM  10.
PAR  10. The process according to claim 1 wherein the dimerization is effected
      at temperatures of 0.degree. to 200.degree.C.
NUM  11.
PAR  11. The process according to claim 1 wherein the coordinating component is
      selected from the group consisting of tetrahydrofuran, benzyl alcohol,
      dimethylsulfoxide, trimethylphosphine, tricresylphosphine, triphenyl
      phosphite, and tricresylphosphine oxide.
NUM  12.
PAR  12. The process according to claim 1 wherein the coordinating component is
      selected from the group consisting of triphenyl phosphine, furfural,
      monoethanol amine, sulfolane, and cycrohexamethyl trisiloxane.
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ABST
PAL  Catalysts containing molybdenum, bismuth, iron and nickel, cobalt,
      magnesium, zinc, cadmium, manganese, calcium or mixture thereof are
      promoted by chromium, tellurium, germanium, tungsten, manganese, thorium,
      niobium, praseodymin, cerium, lanthanum, zinc or mixture thereof to give
      highly desirable catalysts for the oxidative dehydrogenation of olefins of
      4 to about 10 carbon atoms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The oxidative dehydrogenation of olefins is known, see for example U.S.
      pat. Nos. 3,414,631 and 3,642,930. The process of the present invention is
      conducted within the parameters of the art, but uses a different catalyst.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered in the process for the oxidative dehydrogenation of
      an olefinic hydrocarbon of four to about 10 carbon atoms comprising
      contacting a mixture of the olefin and molecular oxygen with a catalyst at
      a temperature of about 200.degree. to about 600.degree.C., the improvement
      comprising using as the catalyst a catalyst wherein the atomic ratios are
      described by the empirical formula
EQU  A.sub.a C.sub.c D.sub.d Fe.sub.e Bi.sub.f Mo.sub.g O.sub.x
PAL  Wherein
PA1  A is chromium, tellurium, germanium, tungsten, manganese, thorium, niobium,
      praseodymium, cerium, lanthanum, zinc or mixture thereof;
PA1  C is an alkali metal, alkaline earth metal, Tl, In, Ag, Cu, Sn, Sb, rare
      earth metal or mixture thereof;
PA1  D is nickel, cobalt, magnesium, zinc, cadmium, manganese, calcium or
      mixture thereof; A is not the same as D;
PAL  and wherein
PA1  a is greater than zero to about 4;
PA1  c is 0 to about 4;
PA1  d is 0.1 to about 20;
PA1  e and f are 0.01 to 12;
PA1  g is 10 to 15; and
PA1  x is the number of oxygens required by the valence states of the other
      elements present.
PAL  The process of the invention gives highly desirable yields of the diolefin
      product, long catalyst life is realized and large quantities of product
      are produced in a given period of time.
PAR  The present invention is the use of a different catalyst in the known
      oxidative dehydrogenation of olefins. The central aspect of this invention
      is the catalyst.
PAR  The catalyst is suitably any catalyst containing the combination of
      elements delimited by the formula above. Preferred are catalysts that
      contain nickel, cobalt, magnesium or mixture thereof and those catalysts
      that contain potassium, or cesium. Catalysts of the invention that contain
      germanium, chromium, manganese, niobium, lanthanum, zinc or mixture
      thereof are especially preferred because of the high per pass conversions
      to useful diolefin products.
PAR  THE CATALYSTS OF THE INVENTION ARE CONVENIENTLY PREPARED BY ANY OF THE
      METHODS ASSOCIATED WITH THE SIMILAR OXIDATION CATALYSTS IN THE ART. One of
      ordinary skill in the art knows a number of preparations from related
      catalysts that contain many common elements. Among methods of combining
      the elements of the catalyst are the coprecipitation of soluble salts from
      a solution and the mixing of salts or oxides of the various compounds.
      After the elements of the catalyst are combined, the preparation of the
      catalyst is completed by calcination of the catalyst at an elevated
      temperature. Temperatures between about 200.degree. and about
      600.degree.C. are most suitable.
PAR  Specific preparations of catalysts of the invention are shown in the
      Specific Embodiments. These preparations give preferred catalysts of the
      invention.
PAR  The catalysts of the invention may be used as pure catalytic material or
      they may be used in a supported form. Suitable support materials include
      silica, alumina, titania, zirconia, boron phosphate and the like. The use
      of catalysts supported on silica is preferred.
PAR  The oxidative dehydrogenation reaction of the invention is known. The
      invention is operated within the parameters of the art processes even
      though a different catalyst is employed.
PAR  Broadly, the reaction of the invention reacts an olefin of 4-10 carbon
      atoms with molecular oxygen, normally added as air, in the presence of a
      catalyst. The ratio of molecular oxygen is about 0.2 to about 8 moles of
      oxygen per mole of olefin. The reactants could be diluted with a diluent
      such as steam, carbon dioxide or the like.
PAR  Preferred reactants in the present invention are the n-butenes which are
      converted to butadiene by the process of the invention. Also preferred is
      the reaction of isoamylene to obtain isoprene.
PAR  The reaction is normally conducted at temperatures between about
      200.degree. and about 600.degree.C., with temperatures of about
      300.degree. to about 500.degree.C. being preferred. The reactants can be
      passed over the catalyst at an apparent contact time as low as a fraction
      of a second to 20 seconds or more. The reaction can be conducted in a
      fluid-bed or fixed-bed reactor at atmospheric, superatmospheric or
      subatmospheric pressure. Using these techniques, the reaction of the
      present invention gives highly desirable yields of diolefins from the
      corresponding olefin. When used in the oxydehydrogenation reaction, the
      catalysts are remarkably stable, and large amounts of product in a given
      time are produced.
DETD
PAC  SPECIFIC EMBODIMENTS
PAL  Examples 1-9 --
PAC  oxidative dehydrogenation of butene-1
PAR  A reactor was constructed from a 0.8 cm. diameter stainless steel tube
      having an inlet for reactants and an outlet for products. The reactor had
      a reaction zone which could be charged with 2.5 c.c. of catalyst.
PAR  Various catalysts of the invention were prepared as described below. All
      catalysts contained 80% active ingredients and 20% silica.
PAC  EXAMPLE 1
PAC  Cr.sub.0.5 K.sub.0.1 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3 BiMo.sub.12 O.sub.x
PAR  In 100 ml. of water, 63.56 g. of ammonium heptamolybdate, (NH.sub.4).sub.6
      Mo.sub.7 O.sub.24.4H.sub.2 O, was dissolved and 51.66 g. of Nalco 40%
      silica sol was added with stirring and heating. To this slurry was added
      1.50 g of CrO.sub.3.
PAR  Separately, 36.36 g. of ferric nitrate, Fe(NO.sub.3) 3. 9H.sub.3 O, was
      heated and dissolved in 10 c.c. of water. Then 14.55 g.
      Bi(NO.sub.3).sub.3. 5H.sub.2 O, 39.29 g of Co(NO.sub.3).sub.2. 6H.sub.2 O,
      21.81 g. of Ni(NO.sub.3).sub.2. 6H.sub.2 O and 3.03 g. of a 10% solution
      of KNO.sub.3 was dissolved in the solution. The nitrate solution was
      slowly added to the slurry containing the molybdenum. The mixture was
      heated and stirred until it began to thicken. The solid was dried in an
      oven at 120.degree.C. with occasional stirring. The final catalyst was
      calcined in air at 550.degree.C. for 16 hours.
PAC  EXAMPLE 2
PAC  Te.sub.0.5 K.sub.0.1 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3 BiMo.sub.12 O.sub.x
PAR  The catalyst was prepared in the same manner as shown in Example 1, except
      that 4.04 g. TeCl4 was substituted for the CrO.sub.3.
PAC  EXAMPLE 3
PAC  Ge.sub.0.5 K.sub.0.1 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3 BiMo.sub.12 O.sub.x
PAR  The catalyst was prepared in the same manner as Example 1,except that 1.57
      g. of GeO.sub.2 was substituted for the CrD.sub.3.
PAC  EXAMPLE 4
PAC  W.sub.0.5 K.sub.0.1 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3 BiMo.sub.12 O.sub.x
PAR  The catalyst was prepared as described in Example 1, except that 4.04 g. of
      (NH.sub.4).sub.6 W.sub.7 O.sub.24. 6H.sub.2 O was substituted for the
      CrO.sub.3.
PAC  EXAMPLE 5
PAC  Mn.sub.0.5 K.sub.0.1 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3 BiMo.sub.12 O.sub.x
PAR  The catalyst was prepared as described in Example 1, except that 5.37 g. of
      a 50% solution of manganese nitrate was substituted for the CrO.sub.3.
PAC  EXAMPLE 6
PAC  Th.sub.0.5 K.sub.0.1 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3 BiMo.sub.12 O.sub.x
PAR  The catalyst was prepared as shown in Example 1, except that 8.28 g. of
      Th(NO.sub.3).sub.4. 4H.sub.2 O was substituted for the CrO.sub.3.
PAC  EXAMPLE 7
PAC  Nb.sub.0.5 K.sub.0.1 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3 BiMo.sub.12 O.sub.x
PAR  In 50 c.c. of warm water, 31.8 g. of ammonium heptamolybdate was dissolved.
      To this solution was added 2.0 g. of NbCl.sub.5 slurried with water, 26.5
      g. of Nalco 40% silica sol and a mixture of 10.9 g. of nickel nitrate and
      19.7 g. cobalt nitrate.
PAR  Separately, a solution of 18.2 g. ferric nitrate, 7.2 g. of bismuth nitrate
      and 0.19 g. KOH as a 45% solution was prepared, and the solution was
      slowly added to the molybdenum slurry. The remainder of the preparation
      was the same as Example 1.
PAC  EXAMPLE 8
PAC  Pr.sub.0.5 K.sub.0.1 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3 BiMo.sub.12 O.sub.x
PAR  The catalyst was prepared as shown in Example 1, except that 2.60 g. of
      PrO.sub.2 was substituted for the CrO.sub.3.
PAC  EXAMPLE 9
PAC  Ce.sub.0.5 K.sub.0.1 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3 BiMo.sub.12 O.sub.x
PAR  The catalyst was prepared as described in Example 1, except that 8.22 g. of
      (NH.sub.4).sub.2 Ce(NO.sub.3).sub.6 was substituted for the CrO.sub.3.
PAR  The catalyst samples were ground and screened to give a 20 to 35 mesh
      fraction that was charged to the 2.5 c.c. reaction zone of the reactor. A
      butene-1/air/steam feed of a molar ratio of 1/11/4 was fed over the
      catalyst at a temperature of 350.degree.C. for an apparent contact time of
      1 second.
PAR  The results of these experiments are stated in the following terms:
      ##EQU1##
      The results of these experiments are given in Table I. Isomerization of
      butene-1 is not computed as olefin reacted.
TBL                TABLE I                                                     

     ______________________________________                                    

     Oxidative Dehydrogenation of Butene-1 To                                  

     Butadiene With X.sub.0.5 K.sub.0.1 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3         

     BiMo.sub.12 O.sub.x                                                       

                Results, %                                                     

                                Selectivity                                    

                                         Single Pass                           

            Catalyst            to       Yield of                              

     Example                                                                   

            X=        Conversion                                               

                                Butadiene                                      

                                         Butadiene                             

     ______________________________________                                    

     1      Cr        100       98       97.7                                  

     2*     Te        98.8      98       97.3                                  

     3      Ge        98.8      98       96.8                                  

     4      W         98.6      96       95.7                                  

     5*     Mn        98.4      97       95.2                                  

     6*     Th        98.4      97       95.2                                  

     7      Nb        97.6      95       92.6                                  

     8*     Pr        97.5      94       92.1                                  

     9*     Ce        100       92       92.1                                  

     ______________________________________                                    

      *no steam in feed                                                        

PAL  Examples 10-17 -- oxidative dehydrogenation of butene-1 with germanium
      containing catalysts
PAR  Various catalysts containing germanium were prepared as follows:
PAC  EXAMPLE 10
PAR  The catalyst was prepared the same as the catalyst of Example 1 except that
      no potassium was added and 1.57 g. GeO.sub.2 was substituted for
      CrO.sub.3.
PAC  EXAMPLE 11
PAR  The catalyst was prepared as shown in Example 10 except that the normal
      amount of potassium was added, and 61.04 g. of nickel nitrate was used
      instead of the nickel and cobalt.
PAC  EXAMPLE 12
PAR  The catalyst was prepared as shown in Example 11 except that 61.12 g. of
      cobalt nitrate was substituted for the nickel nitrate.
PAC  EXAMPLE 13
PAR  The catalyst was prepared as shown in Example 11 except that 72.83 g. of
      ammonium heptamolybdate and 3.03 g. of a 45% KOH solution were used.
PAC  EXAMPLE 14
PAR  The catalyst was prepared as shown in Example 11, except that 53.85 g. of
      Mg(NO.sub.3).sub.2. 6H.sub.2 O was added instead of the nickel and cotalt,
      and 3.22 g. of GeCl.sub.4 was used in place of GeO.sub.2.
PAC  EXAMPLE 15
PAR  The catalyst was prepared as shown in Example 11 except that magnesium
      nitrate was substituted for the nickel nitrate, and GeCl.sub.4 was used as
      shown in Example 14.
PAC  EXAMPLE 16
PAR  The catalyst was prepared as shown in Example 11 except that manganese
      nitrate in the form of a 50% solution was substituted for the cobalt.
PAC  EXAMPLE 17
PAR  The catalyst was prepared as shown in Example 11 except that 2.72 g. of
      GeCl.sub.4 was used for the germanium, 21.48 g. of a 50% solution of
      manganese nitrate replaced the nickel and 3.03 g. of a 45% solution of KOH
      were employed.
PAR  The catalysts were tested as shown in Examples 1-9. The results are shown
      in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Germanium-Containing Catalysts to Convert Butene-1 to Butadiene           

                             Results, %                                        

     Example                                                                   

          Catalyst           Conversion                                        

                                   Selectivity                                 

                                          Single Pass Yield                    

     __________________________________________________________________________

     10   Ge.sub.0.5 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3 BiMo.sub.12 O.sub.x        

                             98.8  91     90.4                                 

     11   Ge.sub.0.5 K.sub.0.1 Ni.sub.7 Fe.sub.3 BiMo.sub.12 O.sub.x           

                             99.9  94     94.3                                 

     12   Ge.sub.0.5 K.sub.0.1 Co.sub.7 Fe.sub.3 BiMo.sub.12 O.sub.x           

                             87.4  99     86.8                                 

     13   Ge.sub.0.5 K.sub.0.8 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3 BiMo.sub.13.75   

          O.sub.x            100.0 99     99.2                                 

     14   Ge.sub.0.5 K.sub.0.1 Mg.sub.7 Fe.sub.3 BiMo.sub.12 O.sub.x           

                             98.7  98     96.8                                 

     15   Ge.sub.0.5 K.sub.0.1 Mg.sub.2.5 Co.sub.4.5 Fe.sub.3 BiMo.sub.12      

          O.sub.x            99.4  99     98.1                                 

     16   Ge.sub.0.5 K.sub.0.1 Ni.sub.2.5 Mn.sub.4.5 Fe.sub.3 BiMo.sub.12      

          O.sub.x            96.9  97     93.7                                 

     17   Ge.sub.0.4 K.sub.0.8 Mn.sub.2 Co.sub.5 Fe.sub.3 BiMo.sub.12 O.sub.x  

                             55.2  99     54.6                                 

     __________________________________________________________________________

PAC  EXAMPLE 18
PAC  Two promoters in thallium containing catalyst
PAR  A catalyst of the formula 80% Ge.sub.0.5 Cr.sub.1.5 Tl.sub.0.1 Ni.sub.2
      Co.sub.3 Fe 0.5BiMo.sub.12 O.sub.x and 20% SiO.sub.2 was prepared in the
      same manner as described for the examples above and used in the
      oxydehydrogenation of butene-1 using a butene-1/air ratio of1/11, a
      temperature of 350.degree.C. and an apparent contact time of one second.
      The conversion of the butene-1 was 89.6%, the selectivity was 98% and the
      single pass yield was 88.1%.
PAC  EXAMPLE 19
PAC  Cesium containing catalyst
PAR  A catalyst of the formula 80% Mn.sub.0.5 Cs.sub.0.1 Ni.sub.2.5 Co.sub.4.5
      Fe.sub.3 BiMo.sub.12 O.sub.x and 20% SiO.sub.2 was prepared as shown in
      Example 5 except that 0.59 g. cesium nitrate, CsNO.sub.3, was substituted
      for the potassium compound. Using the feed and conditions of Example 18,
      butene-1 was 100% converted to products, the selectivity to butadiene was
      99% and the single pass yield was 98.6%.
PAC  EXAMPLES 20-28
PAC  Oxydehydrogenation of butene-2.
PAR  Catalysts prepared in the examples above were used in the
      oxydehydrogenation of butene-2 to butadiene. Using the reactor, catalyst
      volumes of the examples above and an apparent contact time of 1 second, a
      mixture of 57.5% trans and 42.5% cis butene-2 was reacted. The ratio of
      butene-2/air was 1/11. The results of these experiments are given in Table
      III.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Oxydehydrogenation of Butene-2 to Butadiene                               

                                  Results, %                                   

                             Reaction          Single Pass                     

     Example                                                                   

          Catalyst           Temp., .degree.C                                  

                                  Conversion                                   

                                        Selectivity                            

                                               Yield                           

     __________________________________________________________________________

     20   Ce.sub.0.5 (K.sub.0.1 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3 BiMo.sub.12     

          O.sub.x)           350  95.4  93     88.3                            

     21   Nb.sub.0.5 (      "       )                                          

                             "    93.0  95     88.1                            

     22   Pr.sub.0.5 (      "       )                                          

                             375  97.7  89     87.3                            

     23   Mn.sub.0.5 (      "       )                                          

                             385  95.1  93     88.9                            

     24   Cr.sub.0.5 (      "       )                                          

                             "    95.6  95     90.9                            

     25   Ge.sub.0.5 (      "       )                                          

                             "    84.4  95     80.5                            

     26   W.sub.0.5 (      " "    85.0  95     80.3                            

     27   Th.sub.0.5 (      "       )                                          

                             400  90.5  92     82.7                            

      28* Ge.sub.0.5 K.sub.0.8 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3 BiMo.sub.13.75   

          O.sub.x            375  95.7  90     86.5                            

     __________________________________________________________________________

      *4 sec. contact time                                                     

PAC  EXAMPLES 29-38
PAC  Operation at high air-to-olefin ratios
PAR  Catalysts of the invention prepared as described above were used to
      oxydehydrogenate a mixture of butene-2 in the same manner as shown for
      Examples 20-28, except that the butene-2/air ratio was 1/31. The reaction
      temperature was 350.degree.C., and the apparent contact time was one
      second. The results of these experiments are shown in Table IV. The
      lanthanum catalyst of Example 37 was prepared by substituting 6.22 g. of
      La(NO.sub.3).sub.3. 5H.sub.2 O for the CrO.sub.3 in the catalyst of
      Example 1. The zinc catalyst of Example 38 was prepared by substituting
      4.46 g. of Zn(NO.sub.3).sub.2. 6H.sub.2 O for the CrO.sub.3 of Example 1.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Oxydehydrogenation of Butene-2 with                                       

     Catalyst of X.sub.0.5 K.sub.0.1 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3 BiMo.sub.12

      O.sub.x                                                                  

                            Results, %                                         

     Example                                                                   

          Catalyst, X=                                                         

                  Conversion                                                   

                        Selectivity                                            

                               Single Pass Yield                               

     __________________________________________________________________________

     29   Mn      100   97     96.8                                            

     30   Cr      96.6  96     92.5                                            

      31.sup.1.                                                                

          Nb      100   93     92.8                                            

     32   Ce      100   89     88.9                                            

      33.sup.1.                                                                

          Ce      100   91     90.9                                            

     34   Ge      81.5  98     80.0                                            

      35.sup.2.                                                                

          W       92.9  91     84.2                                            

      36.sup.2.                                                                

          Th      96.7  90     86.7                                            

     37   La      100   95     95.4                                            

     38   Zn      100   95     94.7                                            

     __________________________________________________________________________

      .sup.1. Reaction temperature 340.degree.C.                               

      .sup.2. Reaction temperature 385.degree.C.                               

PAC  EXAMPLE 39
PAC  High air ratios with different potassium catalyst
PAR  A catalyst of 80% W.sub.0.5 K.sub.0.5 Ni.sub.2.5 Co.sub.4.5 Fe.sub.3
      BiMo.sub.12 O.sub.x and 20% SiO.sub.2 was prepared as described in Example
      9 except that five times the potassium was added. Using the mixture of
      butene-2 above in a ratio of air-to-butene-2 of 31, an apparent contact
      time of one second and a temperture of 385.degree.C. this catalyst was
      tested for the production of butadiene. The conversion of the butene-2 was
      96.4%, the selectivity was 91% and the single pass yield was 88.1%.
PAC  EXAMPLE 40
PAC  Oxydehydrogenation of isoamylene
PAR  With the catalyst of Example 13, in a reactor having a reaction zone of 5
      c.c., a mixture of equal volumes of 2-methylbutene-1 and
      2-methylbutene-2was oxydehydrogenated to give isoprene. At 400.degree.C.
      and an apparent contact time of 2 seconds, the conversion of the
      isoamylene was 85.9%, the selectivity to isoprene was 82% and the single
      pass yield to isoprene was 70.2%.
PAC  EXAMPLE 41
PAC  Preparation of isoprene with Cr catalyst
PAR  In the same manner shown by Example 40, the catalyst of Example 1 was used
      to prepare isoprene. The conversion was 86.2%, the selectivity was 70%,
      and the single pass yield was 60.5%.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process for the oxidative dehydrogenation of an olefinic
      hydrocarbon of four to about 10 carbon atoms comprising contacting a
      mixture of the olefin and molecular oxygen with a catalyst at a
      temperature of about 200.degree. to about 600.degree.C., the improvement
      comprising
PA1  using as the catalyst a catalyst wherein the atomic ratios are described by
      the empirical formula
EQU  Te.sub.a C.sub.c D.sub.d Fe.sub.e Bi.sub.f Mo.sub.g O.sub.x
PA1  wherein
PA2  C is an alkali metal, alkaline earth metal, Tl, In, Ag, Cu, Sn, Sb, rare
      earth metal or mixture thereof;
PA2  D is nickel, cobalt, magnesium, zinc, cadmium, manganese, calcium or
      mixture thereof;
PA1  and wherein
PA2  a is greater than zero to about 4;
PA2  c is 0 to about 4;
PA2  d is 0.1 to about 20;
PA2  e and f are 0.01 to 12;
PA2  g is 10 to 15; and
PA2  x is the number of oxygens required by the valence states of the other
      elements present.
NUM  2.
PAR  2. In the process for the oxidative dehydrogenation of an olefinic
      hydrocarbon of four to about 10 carbon atoms comprising contacting a
      mixture of the olefin and molecular oxygen with a catalyst at a
      temperature of about 200.degree. to about 600.degree.C., the improvement
      comprising
PA1  using as the catalyst a catalyst wherein the atomic ratios are described by
      the empirical formula
EQU  Ge.sub.a C.sub.c D.sub.d Fe.sub.e Bi.sub.f Mo.sub.g O.sub.x
PA1  wherein
PA2  C is an alkali metal, alkaline earth metal, Tl, In, Ag, Cu, Sn, Sb, rare
      earth metal or mixture thereof;
PA2  D is nickel, cobalt, magnesium, zinc, cadmium, manganese, calcium or
      mixture thereof;
PA1  and wherein
PA2  a is greater than zero to about 4;
PA2  c is 0 to about 4;
PA2  d is 0.1 to about 20;
PA2  e and f are 0.01 to 12;
PA2  g is 10 to 15; and
PA2  x is the number of oxygens required by the valence states of the other
      elements present.
NUM  3.
PAR  3. In the process for the oxidative dehydrogenation of an olefinic
      hydrocarbon of four to about 10 carbon atoms comprising contacting a
      mixture of the olefin and molecular oxygen with a catalyst at a
      temperature of about 200.degree. to about 600.degree.C., the improvement
      comprising
PA1  using as the catalyst a catalyst wherein the atomic ratios are described by
      the empirical formula
EQU  Th.sub.a C.sub.c D.sub.d Fe.sub.e Bi.sub.f Mo.sub.g O.sub.x
PA1  wherein
PA2  C is an alkali metal, alkaline earth metal, Tl, In, Ag, Cu, Sn, Sb, rare
      earth metal or mixture thereof;
PA2  D is nickel, cobalt, magnesium, zinc, cadmium, manganese, calcium or
      mixture thereof;
PA1  and wherein
PA2  a is greater than zero to about 4;
PA2  c is 0 to about 4;
PA2  d is 0.1 to about 20;
PA2  e and f are 0.01 to 12;
PA2  g is 10 to 15; and
PA2  x is the number of oxygens required by the valence states of the other
      elements present.
NUM  4.
PAR  4. In the process for the oxidative dehydrogenation of an olefinic
      hydrocarbon of four to about 10 carbon atoms comprising contacting a
      mixture of the olefin and molecular oxygen with a catalyst at a
      temperature of 200.degree. to about 600.degree.C., the improvement
      comprising
PA1  using as the catalyst a catalyst wherein the atomic ratios are described by
      the empirical formula
EQU  Nb.sub.a C.sub.c D.sub.d Fe.sub.e Bi.sub.f Mo.sub.g O.sub.x
PA1  wherein
PA2  C is an alkali metal, alkaline earth metal, Tl, In, Ag, Cu, Sn, Sb, rare
      earth metal or mixture thereof;
PA2  D is nickel, cobalt, magnesium, zinc, cadmium, manganese, calcium or
      mixture thereof;
PA1  and wherein
PA2  a is greater than zero to about 4;
PA2  c is 0 to about 4;
PA2  d is 0.1 to about 20;
PA2  e and f are 0.01 to 12;
PA2  g is 10 to 15; and
PA2  x is the number of oxygens required by the valence states of the other
      elements present.
NUM  5.
PAR  5. In the process for the oxidative dehydrogenation of an olefinic
      hydrocarbon of four to about 10 carbon atoms comprising contacting a
      mixture of the olefin and molecular oxygen with a catalyst at a
      temperature of about 200.degree. to about 600.degree.C., the improvement
      comprising
PA1  using as the catalyst a catalyst wherein the atomic ratios are described by
      the empirical formula
EQU  Pr.sub.a C.sub.c D.sub.d Fe.sub.e Bi.sub.f Mo.sub.g O.sub.x
PA1  wherein
PA2  C is an alkali metal, alkaline earth metal, Tl, In, Ag, Cu, Sn, Sb, rare
      earth metal or mixture thereof;
PA2  D is nickel, cobalt, magnesium, zinc, cadmium, manganese, calcium or
      mixture thereof;
PA1  and wherein
PA2  a is greater than zero to about 4;
PA2  c is greater than zero to about 4;
PA2  d is 0.1 to about 20;
PA2  e and f are 0.01 to 12;
PA2  g is 10 to 15; and
PA2  x is the number of oxygens required by the valence states of the other
      elements present.
NUM  6.
PAR  6. In the process for the oxidative dehydrogenation of an olefinic
      hydrocarbon of four to about 10 carbon atoms comprising contacting a
      mixture of the olefin and molecular oxygen with a catalyst at a
      temperature of about 200.degree. to about 600.degree.C., the improvement
      comprising
PA1  using as the catalyst a catalyst wherein the atomic ratios are described by
      the empirical formula
EQU  Ce.sub.a C.sub.c D.sub.d Fe.sub.e Bi.sub.f Mo.sub.g O.sub.x
PA1  wherein
PA2  C is an alkali metal, alkaline earth metal, Tl, In, Ag, Cu, Sn, Sb, rare
      earth metal or mixture thereof;
PA2  D is nickel, cobalt, magnesium, zinc, cadmium, manganese, calcium or
      mixture thereof;
PA1  and wherein
PA2  a is greater than zero to about 4;
PA2  c is greater than zero to about 4;
PA2  d is 0.1 to about 20;
PA2  e and f are 0.01 to 12;
PA2  g is 10 to 15; and
PA2  x is the number of oxygens required by the valence states of the other
      elements present.
NUM  7.
PAR  7. In the process for the oxidative dehydrogenation of an olefinic
      hydrocarbon of four to about 10 carbon atoms comprising contacting a
      mixture of the olefin and molecular oxygen with a catalyst at a
      temperature of about 200.degree. to about 600.degree.C., the improvement
      comprising
PA1  using as the catalyst a catalyst wherein the atomic ratios are described by
      the empirical formula
EQU  La.sub.a C.sub.c D.sub.d Fe.sub.e Bi.sub.f Mo.sub.g O.sub.x
PA1  wherein
PA2  C is an alkali metal, alkaline earth metal, Tl, In, Ag, Cu, Sn, Sb, rare
      earth metal or mixture thereof;
PA2  D is nickel, cobalt, magnesium, zinc, cadmium, manganese, calcium or
      mixture thereof;
PA1  and wherein
PA2  a is greater than zero to about 4;
PA2  c is greater than zero to about 4;
PA2  d is 0.1 to about 20;
PA2  e and f are 0.01 to 12;
PA2  g is 10 to 15; and
PA2  x is the number of oxygens required by the valence states of the other
      elements present.
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ABST
PAL  C.sub.2 hydrocarbons may be produced from carbon monoxide and hydrogen
      using an integrated process scheme involving reacting carbon monoxide and
      hydrogen to produce a hydrocarbon effluent containing hydrogen and
      subsequently hydropyrolyzing said effluent and recovering C.sub.2
      hydrocarbons.
BSUM
PAR  This invention relates to an integrated process for producing ethane and/or
      ethylene from carbon monoxide and hydrogen.
PAR  In general, ethane and ethylene are regarded as most valuable materials,
      being among the cornerstones of the synthetic chemical industry.
      Heretofore, ethane has been commercially obtained from natural gas and
      distillation of crude petroleum while ethylene has been obtained
      principally from the pyrolysis of various petroleum fractions ranging from
      ethane to heavy gas oil or even whole crude. In some areas, ethylene has
      typically been obtained by pyrolysis of naphtha, liquid petroleum gas or
      kerosene. Quite obviously with the decline of available reserves of
      natural gas and petroleum crude, there is a need for alternative means for
      producing ethane and ethylene which are not dependent upon natural gas and
      petroleum feedstocks.
PAR  In accordance with this invention, there is provided an integrated process
      wherein ethane and/or ethylene is produced from carbon monoxide and
      hydrogen, two materials which are plentiful and not dependent on natural
      gas or petroleum for supply. Briefly described, the integrated process
      involves catalytically reacting carbon monoxide and hydrogen to form a
      gaseous effluent containing a mixture of hydrocarbons, oxygenated
      hydrocarbons, and hydrogen among other materials, feeding this gaseous
      effluent to a pyrolysis zone and non-catalytically hydropyrolyzing the
      effluent under pressure to produce a product mixture containing
      significant amounts of C.sub.2 hydrocarbons, methane, and small amounts of
      higher hydrocarbons of which a predominant portion is benzene and toluene.
      In addition, unreacted hydrogen and carbon monoxide may be conveniently
      recycled as can be any higher hydrocarbons.
PAR  Beginning with the catalytic reaction of hydrogen and carbon monoxide, it
      is pointed out that this is basically a Fischer-Tropsch synthesis.
      Fischer-Tropsch syntheses have long been known in the art and are well
      documented in the literature. However, the details of this catalytic
      reaction as it applies to the integrated process of the invention are
      described hereinafter.
PAR  The essential components of the feedstock for the catalytic reaction are
      hydrogen and carbon monoxide. In general, the mol ratio of hydrogen to
      carbon monoxide should be at least 1/1, and preferably at least 1.5/1. Low
      amounts of hydrogen decrease the reaction rate and, perhaps more
      importantly, tend to result in some disassociation of the carbon monoxide
      to carbon dioxide and elemental carbon. The formation of carbon is
      undesirable as it deposits out on the interior of the reaction zone and on
      the catalyst. This results in decreased heat transfer, a factor which may
      be significant in view of the exothermic nature of the reaction, and in
      decreased activity of the catalyst. As the mol ratio of hydrogen to carbon
      monoxide increases the rate of reaction generally increases up to a point
      after which it either remains somewhat constant or even tapers off. In
      addition, high amounts of hydrogen generally tend to result in lower
      average molecular weight products with saturated compounds favored over
      unsaturated compounds. Another factor to be considered with high amounts
      of hydrogen is that the unconsumed hydrogen must be carried through and
      subsequently be separated in the process, even though it may be recycled.
      Considering all of these aspects, it is generally desired to operate the
      process with a mol ratio of hydrogen to carbon monoxide of less than about
      5/1, and preferably in the range of about 2/1 to 4/1.
PAR  A portion of the hydrogen and carbon monoxide to the reaction may be
      provided by introducing water (steam) and carbon dioxide as part of the
      feedstock. Under conditions of the reaction, the well-known water gas
      shift takes place to some extent as follows:
EQU  H.sub.2 O + CO .revreaction. H.sub.2 + CO.sub.2
PAL  However, the reversible nature of the reaction should be taken into
      consideration in determining the amounts of water or carbon monoxide to be
      included in the feedstock.
PAR  It is further mentioned that the hydrogen carbon monoxide feedstock can
      contain other materials such as methane or higher hydrocarbons or
      oxygenated hydrocarbons or inert materials such as nitrogen, argon, and
      the like. In fact, for reactor control, it may be desirable to recycle a
      portion of the effluent or part of the effluent from the catalytic
      reaction zone after being cooled. When other materials are present, it is
      generally desirable to maintain the hydrogen carbon monoxide concentration
      as high as possible consistent with maintaining control over the reaction
      zone.
PAR  Sulfur compounds such as H.sub.2 S or COS in the feedstock are undesirable
      as they tend to deactiviate the catalyst. Thus, if the feedstock contains
      more than tolerable traces of such sulfur compounds, it may become
      necessary to replace the catalyst more often than would normally be
      acceptable.
PAR  A particularly suitable source of a feedstock for the catalytic reaction is
      the effluent from gasification of coal with steam and oxygen which has
      been suitably treated to remove sulfur compounds as known in the art. Such
      effluents contain considerable quantities of hydrogen and carbon monoxide
      along with some methane, carbon dioxide, water and possibly higher
      hydrocarbons. If the mol ratio of hydrocarbon to carbon monoxide is lower
      than that desired, the effluent may be subjected to a water gas shift
      reaction to increase the ratio to the desired value. It may also be
      adjusted from external sources of hydrogen. While not necessarily
      essential, the gasification effluent may also be subjected to a separation
      step; e.g., cryogenic separation, to remove most of the carbon dioxide,
      water, methane, and higher hydrocarbons to provide a feedstock consisting
      essentially of only hydrogen and carbon monoxide.
PAR  The catalytic reaction may be conducted at temperatures in the range of
      about 150.degree.C to about 450.degree.C. Lower temperatures tend to
      result in higher molecular weight products which may cause fouling of the
      catalyst or reaction zone. On the other hand, higher temperatures tend to
      result in production of carbon which likewise may cause catalyst fouling.
      Preferred temperatures are in the range of 200.degree.C to 400.degree.C
      with the most preferred temperatures ranging from 250.degree.C to
      350.degree.C.
PAR  Pressures as low as atmospheric pressure may be employed but the reaction
      rate is relatively slow at low pressures. Higher pressures may also be
      used with the primary considerations being equipment design, possible
      reactor and catalyst fouling due to the fact that higher pressures tend to
      result in higher molecular weight products, and reaction control since
      increased pressure increases the reaction rate. Generally, pressures in
      the range of 5 to 75 atmospheres gauge will be used, preferably 10 to 30
      atmospheres gauge.
PAR  The catalytic reaction may be conducted in a zone containing a conventional
      fixed or fluidized (fixed or entrained types) catalyst bed. Normally the
      fluidized bed is employed. Space velocities in the range of about 500 too
      50,000 volumes of feedstock/volume of catalyst/hour at standard
      temperature and pressure conditions may be used, preferably in the range
      of 3,000 to 10,000 V/V/hr STP.
PAR  The catalysts useful for the catalytic reaction include any Fischer-Tropsch
      catalyst containing iron, cobalt, nickel or ruthenium. These catalysts are
      well known in the art being described in the Fischer-Tropsch and Related
      Syntheses by Storch et al, John Wiley and Sons, 1951, Chapter 3, all of
      which is incorporated herein by reference. As also well known in the art
      and described in the referenced text, these catalysts may be supported and
      may be promoted or activated by numerous materials. All of this is
      intended to be encompassed by the phrase "Fischer-Tropsch catalyst" as
      used herein. Further examples of suitable Fischer-Tropsch catalysts appear
      in U.S. Pat. Nos. 2,543,327 and 2,944,988, also incorporated herein by
      reference.
PAR  A particularly preferred Fischer-Tropsch catalyst is one containing iron
      and promoted or activated with alumina, magnesium oxide, calcium oxide,
      potassium oxide, silica, manganese oxide, thoria, titania, molybdenum
      oxide, or mixtures thereof. Suitable sources of iron component include
      mill scale and magnetite with the latter already containing some of
      promoters or activators.
PAR  The catalytic reaction is carried out under conditions within the ranges
      described above to a conversion of carbon monoxide in the feedstock of at
      least 50 percent and wherein the effluent product system contains in the
      range of about 8 volume percent to 75 volume percent methane based on the
      total content of hydrocarbons and oxygenated hydrocarbons produced from
      CO. In other words, the effluent contains 25 volume percent to 92 volume
      percent of the total hydrocarbons and oxygenated hydrocarbons which is
      available for conversion to C.sub.2 hydrocarbons. There is little aromatic
      content in these higher hydrocarbons and oxygenated hydrocarbons. There is
      little or no incentive to produce an effluent containing below 8 volume
      percent methane due to severe catalyst fouling. Preferably, the effluent
      product stream contains 10 volume percent to 50 volume percent, more
      preferably 10 volume percent to 25 volume percent, methane based on the
      total content of hydrocarbons and oxygenated hydrocarbons produced from
      CO.
PAR  In addition to the hydrocarbons and oxygenated hydrocarbons, the effluent
      includes carbon monoxide, hydrogen, carbon dioxide and water. The hydrogen
      present in the effluent is considerable, usually in excess of 1 mol of
      hydrogen per mol of hydrocarbons and oxygenated hydrocarbons having three
      or more carbon atoms (C.sub.3 + hydrocarbons). This feature is of
      significance since the effluent is thereby particularly suitable for
      direct introduction as is to the hydropyrolysis step of the integrated
      process without additional hydrogen from an outside source.
PAR  The effluent from the catalytic reaction is then introduced to a
      hydropyrolysis zone, preferably without cooling. The hydropyrolysis zone
      is a heated zone through which the effluent passes while the C.sub.3 +
      hydrocarbons and oxygenated hydrocarbons are pyrolytically cracked in the
      presence of hydrogen to C.sub.1 and C.sub.2 hydrocarbons. In general, it
      has been found that the above described catalytic reaction effluent
      already containing significant quantities of hydrogen is ideally suited
      for pyrolytic cracking of the C.sub.3 + hydrocarbons and oxygenated
      hydrocarbons to products having a relatively high mol ratio of C.sub.2
      hydrocarbons to C.sub.1 hydrocarbon; e.g., a 0.8/1 mol ratio or higher.
PAR  From an equipment standpoint, a suitable reactor for conducting the
      hydropyrolysis is described in U.S. Pat. No. 3,363,024. In addition, it is
      possible to employ conventional tubular furnaces of the type used in
      cracking petroleum derived feedstocks to ethylene.
PAR  The hydropyrolysis step is conducted with a mol ratio of hydrogen to
      C.sub.3 + hydrocarbons and oxygenated hydrocarbons of at least 1/1,
      preferably in the range of about 3/1 to 30/1, most preferably 20/1. The
      more hydrogen present the greater the amount of ethane relative to
      ethylene that will be produced, in general. Quantities of hydrogen much
      above a 30/1 ratio do not result in any significant effects other than
      necessitating separation and recycle of large volumes of material.
PAR  As pointed out above, the effluent from the catalytic reaction will usually
      contain sufficient hydrogen to conduct the hydropyrolysis step. However,
      if more is desired, it may be introduced from an external source.
      Preferably, it is introduced to the effluent stream prior to introduction
      to the hydropyrolysis zone. Such external source of hydrogen
      advantageously consists substantially wholly of hydrogen but may contain
      other materials such as carbon monoxide, water, and carbon dioxide. A
      particularly suitable sourcee may be the product of gasifying coal with
      steam and oxygen or the product of a water gas switch reaction with carbon
      dioxide removal.
PAR  In another embodiment of the invention, the effluent from the catalytic
      reaction may be divided prior to introduction to the hydropyrolysis zone.
      One portion may be cooled and fractionated to separate the C.sub.3 +
      hydrocarbons and oxygenated hydrocarbons from the hydrogen, carbon
      monoxide, carbon dioxide, water, methane, ethylene, and ethane. The latter
      materials, except for methane, ethane and ethylene which are recovered,
      may then be recycled to the feedstock for the catalytic reaction while the
      C.sub.3 + hydrocarbons and oxygenated hydrocarbons are reintroduced back
      to the remaining portion of the effluent thereby increasing the
      concentration of hydrocarbons and oxygenated hydrocarbons of the feed to
      the hydropyrolysis zone.
PAR  As a further embodiment of the process, hydrocarbons from an external
      source may also be introduced to the catalytic reaction effluent to enrich
      the hydrocarbon content for hydropyrolysis. This external source may be
      hydrocarbons along with oxygenated hydrocarbons separated from the
      effluent of another catalytic reaction zone. These hydrocarbons may also
      be petroleum distillate streams containing predominantly paraffinic
      hydrocarbons.
PAR  The hydropyrolysis is carried out at temperatures in the range of
      600.degree.C to 900.degree.C, preferably 700.degree.C to 850.degree.C. The
      higher temperatures favor ethylene over ethane. Pressures of at least 5
      atmospheres gauge are employed, usually in the range of 5 to 100
      atmospheres gauge and preferably in the range of 15 to 30 atmospheres
      gauge. The lower pressures favor ethylene over ethane. Residence times in
      the range of 0.1 sec to 60 sec, preferably 0.5 to 20 sec, are employed.
      The shorter residence times favor ethylene over ethane.
PAR  Carbon deposition in the hydropyrolysis zone can be inhibited by providing
      a small concentration of sulfur compounds in the feed to the zone; e.g.,
      10 ppm, as is known in the art. This is generally referred to as
      passification of the zone and is done essentially on a continuous basis
      throughout the operation. The use of sulfur compounds in the present
      process has some disadvantages in that the hydrogen, carbon monoxide, and
      carbon dioxide in the effluent product must be purified before recycling
      back to the catalytic reaction as sulfur has an adverse effect on
      Fischer-Tropsch catalysts.
PAR  An alternative to the use of sulfur compounds is water or stream although
      for a given degree of effectiveness in inhibiting carbonization greater
      quantities of water are required compared to sulfur compounds. Usually, up
      to about 3 mol of water per mol of hydrocarbon and oxygenated hydrocarbon
      will be effective although greater quantities can also be employed. Water
      not only inhibits carbonization but can be recycled in some quantities to
      the catalytic reaction. It further has an effect on the hydropyrolysis of
      tending to favor production of ethylene over ethane. Depending on the
      ultimate desired C.sub.2 product, this effect may be used to some benefit.
PAR  The product mixture from the hydropyrolysis zone, a gas, is then processed
      for recovery of the C.sub.1 and C.sub.2 hydrocarbons by suitable
      techniques known in the art. A convenient recovery system involves rapidly
      cooling the product mixture and then processing the cooled mixture through
      a series of low-temperature fractional distillation columns. Hydrogen
      along with carbon monoxide, carbon dioxide, and water are first removed
      and recycled, with or without further separation, back to the catalytic
      reaction zone. Methane is then separated and may be utilized as a
      synthetic natural gas component. Ethylene and ethane are next separated
      and recovered. The remaining higher hydrocarbons, which include some
      aromatics, may be hydrogenated and recycled to the hydropyrolysis zone for
      reprocessing. Alternatively, aromatics such as benzene and toluene may be
      separated and recovered prior to hydrogenation and recycle.
PAR  While the above separation technique essentially is a selective step-wise
      distillation, it will be understood by those skilled in the art that a
      selective stepwise condensation approach may also be used.
PAR  As is apparent from the above description, the integrated process of this
      invention provides a unique way to produce C.sub.2 hydrocarbons, ethylene,
      and ethane, from hydrogen and carbon monoxide, as well as other valuable
      by-products.
PAR  In demonstrating the integrated process of the invention, an apparatus was
      assembled comprising a catalytic reactor and a hydropyrolysis reactor in
      series. The catalytic reactor was an annularly cooled fixed fluidized-bed
      reactor of 1-inch diameter, N.P.S., Schedule 40, 316 stainless steel 80
      inches in length equipped at the lower end with a reactant distribution
      plate (a porous frit disc) and at the upper end with a 3-inch diameter
      N.P.S. catalyst disengaging zone and a catalyst baffle and filter. The
      hydropyrolysis reactor was a 1/2 inch, 316 SS, 18 ga piece of tubing about
      28 inches in length mounted within a 2-inch N.P.S. pipe furnace.
DETD
PAR  Using the above described apparatus, several runs were conducted in
      converting hydrogen and carbon monoxide to C.sub.2 hydrocarbons. The
      details and results of these runs are described in the following examples.
PAC  EXAMPLE 1
PAR  A feedstock of technical grade hydrogen and carbon monoxide were separated
      metered along with a small amount of argon (2 percent of feedstock -- used
      as an internal standard for GLC analysis) to a mixing zone. The hydrogen
      to carbon monoxide mol ratio was about 3 with the hydrogen feed rate being
      about 16.6 l/min STP and the carbon monoxide feed rate being about 5.54
      l/min STP. After mixing, the gaseous feedstock was passed through beds of
      activated carbon and molecular sieves for cleanup followed by preheating
      to about 300.degree.C.
PAR  The feedstock was then introduced to the catalytic reactor through the
      lower distribution plate. The reactor was charged with 344 g of a
      preconditioned Fischer-Tropsch catalyst containing iron (Armco mill scale
      promoted with 0.17 weight percent K in the form of K.sub.2 O, 0.17 weight
      percent Ca in the form of CaO and 3 weight percent Al.sub.2 O.sub.3). The
      feedstock was reacted by passing it through the fixed, fluidized-bed of
      catalyst at a space velocity of about 5,100 hr .sup.-.sup.1, a temperature
      of about 360.degree.C and a pressure of about 17 atmospheres gauge for a
      conversion of CO greater than 98 percent. A sample of the effluent from
      the catalytic reactor was passed through a chilled water condenser and
      then depressurized into a collection tube. Water collected was separated
      and determined. The organic liquid phase and the gas phase were each
      analyzed by GLC. The results appear in Table I.
PAR  The effluent from the catalytic reactor, having a mol ratio of hydrogen to
      total hydrocarbon and oxygenated hydrocarbon having three or more carbon
      atoms of about 20.4, was directly introduced to the hydropyrolysis reactor
      wherein it was subjected to conditions of temperature of about
      799.degree.C, pressure of about 17 atmospheres and a residence time of
      about 0.5 second. A sample of the hydropyrolysis effluent was passed
      through a chilled water condenser and then depressurized into a collection
      tube. Water collected was separated and determined while each of the
      organic liquid phase and the gas phase were analyzed by GLC. The results
      are shown in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

            PRODUCT ANALYSIS                                                   

                          DISTRIBUTION                                         

            (WEIGHT PERCENT)                                                   

                          (WEIGHT PERCENT)                                     

              From      From      From  From                                   

              Cata-     Hydro-    Cata- Hydro-                                 

              lytic     pyrol-    lytic pyrol-                                 

     Component                                                                 

              Reaction  ysis      Reaction                                     

                                        ysis                                   

     ______________________________________                                    

     H.sub.2 O                                                                 

              28.7      33.3                                                   

     H.sub.2  10.1      7.6                                                    

     CO       1.4       7.5                                                    

     CO.sub.2 28.4      19.5                                                   

     C.sub.1.sup.a                                                             

              12.4      17.2      39.6    53.6                                 

     C.sub.2.sup.a                                                             

              5.0       11.9      16.0    37.1                                 

     C.sub.3.sup.a                                                             

              5.3       2.0       16.9    6.2                                  

     C.sub.4.sup.a                                                             

              3.4       0.4       11.0    1.3                                  

     C.sub.5.sup.a                                                             

              2.2       0.1       7.0     0.2                                  

     C.sub.6 +.sup.a                                                           

              3.0       0.5       9.6     1.7                                  

     ______________________________________                                    

      .sup.a These figures include both hydrocarbons and oxygenated hydrocarbon

      in products from the catalytic reaction whereas the figures for          

      hydropyrolysis products represent only hydrocarbons since any original   

      oxygenated hydrocarbons are converted to hydrocarbons in the             

      hydropyrolysis reactor.                                                  

      Note - C.sub.6 + includes all materials having 6 or more carbon atoms -- 

      this same nomenclature appears in the subsequent tables.                 

PAC  EXAMPLE 2
PAR  Another run was performed according to the procedure described in Example 1
      except that the mol ratio of hydrogen to carbon monoxide in the feedstock
      to the catalytic reaction was about 4, the hydrogen rate was about 13.7
      l/min STP and the carbon monoxide rate was about 3.42 l/min STP.
PAR  The catalytic reaction was conducted at a temperature of about
      343.degree.C, a pressure of about 13.6 atmospheres gauge and a space
      velocity of about 4,200 hr.sup.-.sup.1 to a conversion of carbon monoxide
      of about 98.7 percent. The effluent has a mol ratio of hydrogen to total
      hydrocarbons and oxygenated hydrocarbons having 3 or more carbon atoms of
      about 32.1.
PAR  The hydropyrolysis reaction was conducted at a temperature of about
      799.degree.C, a pressure of about 13.6 atmospheres gauge and a residence
      time of 0.5 second.
PAR  The analyses of the catalytic reaction effluent and the hydropyrolysis
      effluent are indicated in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

            PRODUCT ANALYSIS                                                   

                          DISTRIBUTION                                         

            (WEIGHT PERCENT)                                                   

                          (WEIGHT PERCENT)                                     

              From      From      From    From                                 

              Cata-     Hydro-    Cata-   Hydro-                               

              lytic     pyrol-    lytic   pyrol-                               

     Component                                                                 

              Reaction  ysis      Reaction                                     

                                          ysis                                 

     ______________________________________                                    

     H.sub.2 O                                                                 

              29.3      33.9                                                   

     H.sub.2  14.6      12.3                                                   

     CO       1.0       7.1                                                    

     CO.sub.2 24.4      15.5                                                   

     C.sub.1.sup.a                                                             

              13.3      16.9      43.5    54.1                                 

     C.sub.2.sup.a                                                             

              5.4       12.3      17.7    39.6                                 

     C.sub.3.sup.a                                                             

              5.5       1.6       17.9    5.0                                  

     C.sub.4.sup.a                                                             

              3.3       0.2       10.7    0.6                                  

     C.sub.5.sup.a                                                             

              1.9       0.01      6.1     0.03                                 

     C.sub.6 +.sup.a                                                           

              1.3       0.2       4.1     0.7                                  

     ______________________________________                                    

      .sup.a These figures include both hydrocarbons and oxygenated hydrocarbon

      in products from the catalytic reaction whereas the figures for          

      hydropyrolysis products represent only hydrocarbons since any original   

      oxygenated hydrocarbons are converted to hydrocarbons in the             

      hydropyrolysis reactor.                                                  

PAC  EXAMPLE 3
PAR  Another run was performed according to the procedure described in Example I
      with the mol ratio of hydrogen to carbon monoxide in the feedstock to the
      catalytic reaction being about 3 except that the hydrogen rate was 13.3
      l/min STP and the carbon monoxide rate was about 4.42 l/min STP and the
      Fischer-Tropsch iron catalyst (300 g) was formed from mill scale and
      contained 3 weight percent alumina and 0.13 weight percent potassium in
      the form of K.sub.2 O.
PAR  The catalytic reaction was carried out at a temperature of about
      343.degree.C, a pressure of about 13.6 atmospheres gauge and a space
      velocity of about 5900 hr.sup.-.sup.1 to a conversion of carbon monoxide
      of about 97.6 percent. The effluent had a mole ratio of hydrogen to total
      hydrocarbons and oxygenated hydrocarbons having 3 or more carbon atoms of
      about 12.5.
PAR  The hydropyrolysis reaction was conducted at a temperature of about
      799.degree.C, a pressure of about 13.6 atmospheres gauge and a residence
      time of about 0.5 second.
PAR  The analyses of the catalytic reaction effluent and the hydropyrolysis
      effluent are set forth in Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

            PRODUCT ANALYSIS                                                   

                          DISTRIBUTION                                         

            (WEIGHT PERCENT)                                                   

                          (WEIGHT PERCENT)                                     

              From      From      From    From                                 

              Cata-     Hydro-    Cata-   Hydro-                               

              lytic     pyrol-    lytic   pyrol-                               

     Component                                                                 

              Reaction  ysis      Reaction                                     

                                          ysis                                 

     ______________________________________                                    

     H.sub.2 O                                                                 

              30.6      34.2                                                   

     H.sub.2  8.9       6.8                                                    

     CO       2.2       6.8                                                    

     CO.sub.2 26.1      19.4                                                   

     C.sub.1.sup.a                                                             

              5.2       11.8      16.1    36.1                                 

     C.sub.2.sup.a                                                             

              3.8       16.2      11.9    49.4                                 

     C.sub.3.sup.a                                                             

              5.0       2.9       15.4    8.9                                  

     C.sub.4.sup.a                                                             

              4.3       0.5       13.4    1.6                                  

     C.sub.5.sup.a                                                             

              3.7       0.2       11.6    0.6                                  

     C.sub.6 +.sup.a                                                           

              10.1      1.1       31.6    3.3                                  

     ______________________________________                                    

      .sup.a These figures include both hydrocarbons and oxygenated hydrocarbon

      in products from the catalytic reaction whereas the figures for          

      hydropyrolysis products represent only hydrocarbons since any original   

      oxygen ated hydrocarbons are converted to hydrocarbons in the            

      hydropyrolysis reactor.                                                  

PAC  EXAMPLE 4
PAR  A further run was conducted according to the procedure described in Example
      1 with the mol ratio of H.sub.2 to CO in the feedstock to the catalytic
      reaction being about 3 except that the H.sub.2 rate was 19.1 l/min STP and
      the CO rate was 6.6 l/min STP and the Fischer-Tropsch catalyst (300 g) was
      the same as used in Example 3.
PAR  The catalytic reaction was carried out at a temperature of about
      343.degree.C, a pressure of about 20.4 atmospheres gauge and a space
      velocity of 880 hr.sup.-.sup.1 to a conversion of CO of about 96.8
      percent. The effluent had a mol ratio of hydrogen to hydrocarbons and
      oxygenated hydrocarbons having three or more carbon atoms of about 16.3.
PAR  The hydropyrolysis reaction was conducted at a temperature of about
      807.degree.C, a pressure of about 20.4 atmospheres gauge and a residence
      time of about 0.5 second. The feed to the pyrolysis reactor had a level of
      about 730 ppm H.sub.2 S added thereto for passification of the reactor.
PAR  The analyses of the catalytic reaction effluent and the hydropyrolysis
      effluent are set forth in Table IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

            PRODUCT ANALYSIS                                                   

                          DISTRIBUTION                                         

            (WEIGHT PERCENT)                                                   

                          (WEIGHT PERCENT)                                     

              From      From      From    From                                 

              Cata-     Hydro-    Cata-   Hydro-                               

              lytic     pyrol-    lytic-  pyrol-                               

     Component                                                                 

              Reaction  ysis      Reaction                                     

                                          ysis                                 

     ______________________________________                                    

     H.sub.2 O                                                                 

              29.8      30.6                                                   

     H.sub.2  10.7      8.6                                                    

     CO       2.6       2.9                                                    

     CO.sub.2 25.6      25.8                                                   

     C.sub.1.sup.a                                                             

              6.5       12.8      20.8    40.1                                 

     C.sub.2.sup.a                                                             

              4.5       15.9      14.5    49.5                                 

     C.sub.3.sup.a                                                             

              5.7       2.2       18.2    7.0                                  

     C.sub.4.sup.a                                                             

              4.2       0.4       13.5    1.1                                  

     C.sub.5.sup.a                                                             

              3.1       0.1       9.8     0.2                                  

     C.sub.6 +.sup.a                                                           

              7.0       0.7       22.2    2.1                                  

     ______________________________________                                    

      .sup.a These figures include both hydrocarbons and oxygenated hydrocarbon

      in products from the catalytic reaction whereas the figures for          

      hydropyrolysis products represent only hydrocarbons since any original   

      oxygenated hydrocarbons are converted to hydrocarbons in the             

      hydropyrolysis reactor.                                                  

PAC  EXAMPLE 5
PAR  Another run carried in accordance with Example 1 with the mol ratio of
      hydrogen to carbon monoxide in the feedstock to the catalytic reaction
      being about 3, except that the H.sub.2 rate was 19.1 l/min STP and the CO
      rate was 6.6 l/min STp and the Fischer-Tropsch catalyst (300 g) was the
      same as used in Example 3.
PAR  The catalytic reaction was carried out at a temperature of 343.degree.C, a
      pressure of 20.4 atmospheres gauge and a space velocity of 8,800
      hr.sup.-.sup.1 to a conversion of CO of about 96.8 percent. The effluent
      had a mol ratio of hydrogen to total hydrocarbons and oxygenated
      hydrocarbons having three or more carbon atoms of about 16.3.
PAR  The hydropyrolysis reaction was carried out at a temperature of
      815.degree.C, a pressure of 20.4 atmospheres gauge and a residence time of
      about 0.5 second. A level of 105 ppm H.sub.2 S were added to the feed to
      the pyrolysis reactor.
PAR  The analyses of the catalytic reaction effluent and the hydropyrolysis
      effluent are set forth in Table V.
TBL                TABLE V                                                     

     ______________________________________                                    

            PRODUCT ANALYSIS                                                   

                          DISTRIBUTION                                         

            (WEIGHT PERCENT)                                                   

                          (WEIGHT PERCENT)                                     

              From      From      From    From                                 

              Cata-     Hydro-    Cata-   Hydro-                               

              lytic     pyrol-    lytic   pyrol-                               

     Component                                                                 

              Reaction  ysis      Reaction                                     

                                          ysis                                 

     ______________________________________                                    

     H.sub.2 O                                                                 

              29.8      30.5                                                   

     H.sub.2  10.7      8.7                                                    

     CO       2.6       2.9                                                    

     CO.sub.2 25.6      25.5                                                   

     C.sub.1.sup.a                                                             

              6.5       13.1      20.8    40.5                                 

     C.sub.2.sup.a                                                             

              4.5       16.9      14.5    52.3                                 

     C.sub.3.sup.a                                                             

              5.7       1.2       18.2    3.8                                  

     C.sub.4.sup.a                                                             

              4.2       0.3       13.5    0.8                                  

     C.sub.5.sup.a                                                             

              3.1       0.04      9.8     0.1                                  

     C.sub.6 +.sup.a                                                           

              7.0       0.8       22.2    2.6                                  

     ______________________________________                                    

      .sup.a These figures include both hydrocarbons and oxygenated hydrocarbon

      in products from the catalytic reaction whereas the figures for          

      hydropyrolysis products represent only hydrocarbons since any original   

      oxygenated hydrocarbons are converted to hydrocarbons in the             

      hydropyrolysis reactor.                                                  

PAC  EXAMPLE 6
PAR  A further run was carried out in accordance with Example 1 with the mol
      ratio of hydrogen to carbon monoxide in the feedstock to the catalytic
      reaction being about 3, except that the H.sub.2 rate was 19.9 l/min STP
      and the CO rate was 6.6 l/min STP and the Fischer-Tropsch catalyst was the
      same as used in Example 3.
PAR  The catalytic reaction was carried out at a temperature of 343.degree.C, a
      pressure of 20.4 atmospheres gauge and a space velocity of 8,900
      hr.sup.-.sup.1 to a conversion of CO of about 98.1 percent. The effluent
      had a mol ratio of hydrogen to total hydrocarbons and oxygenated
      hydrocarbons having three or more carbon atoms of about 15.9.
PAR  The hydropyrolysis reaction was run at a temperature of 799.degree.C, a
      pressure of 20.4 atmospheres gauge and a residence time of 0.5 second.
PAR  The analyses of the catalytic reaction effluent and the hydropyrolysis
      effluent are set forth in Table VI.
TBL                TABLE VI                                                    

     ______________________________________                                    

            PRODUCT ANALYSIS                                                   

                          DISTRIBUTION                                         

            (WEIGHT PERCENT)                                                   

                          (WEIGHT PERCENT)                                     

              From      From      From    From                                 

              Cata-     Hydro-    Cata-   Hydro-                               

              lytic     pyrol-    lytic   pyrol-                               

     Component                                                                 

              Reaction  ysis      Reaction                                     

                                          ysis                                 

     ______________________________________                                    

     H.sub.2 O                                                                 

              27.6      32.1                                                   

     H.sub.2  10.2      7.8                                                    

     CO       1.6       7.7                                                    

     CO.sub.2 29.7      20.9                                                   

     C.sub.1.sup.a                                                             

              6.4       12.8      20.8    40.2                                 

     C.sub.2.sup.a                                                             

              4.3       14.9      13.9    46.9                                 

     C.sub.3.sup.a                                                             

              5.2       2.8       16.8    8.7                                  

     C.sub.4.sup.a                                                             

              3.9       0.5       12.6    1.6                                  

     C.sub.5.sup.a                                                             

              2.7       0.1       8.8     0.4                                  

     C.sub.6 +.sup.a                                                           

              8.4       0.7       27.1    2.2                                  

     ______________________________________                                    

      .sup.a These figures include both hydrocarbons and oxygenated hydrocarbon

      in products from the catalytic reaction whereas the figures for          

      hydropyrolysis products represent only hydrocarbons since any original   

      oxygenated hydrocarbons are converted to hydrocarbons in the             

      hydropyrolysis reactor.                                                  

PAC  EXAMPLE 7
PAR  A further run was carried out in accordance with Example 1 with the mol
      ratio of hydrogen to carbon monoxide in the feedstock to the catalytic
      reaction being about 3, except that the H.sub.2 rate was 19.9 l/min STP
      and the CO rate was 6.6 l/min STP and the Fischer-Tropsch catalyst was the
      same as used in Example 3.
PAR  The catalytic reaction was carried out at a temperature of 343.degree.C, a
      pressure of 20.4 atmospheres gauge and a space velocity of 8,800
      hr.sup.-.sup.1 to a conversion of CO of about 96.8 percent. The effluent
      had a mol ratio of hydrogen to total hydrocarbons and oxygenated
      hydrocarbons having three or more carbon atoms of about 16.3.
PAR  Prior to introducing the effluent to the hydropyrolysis zone, 3.67 ml/min
      n-hexane (liquid) were preheated and introduced to the effluent thus
      enriching the C.sub.3 + content for pyrolysis. The mol ratio of hydrogen
      to total hydrocarbons and oxygenated hyrocarbons having 3 or more carbon
      atoms in the mixture was about 15.0.
PAR  The hydropyrolysis reaction was run at a temperature of 846.degree.C, a
      pressure of 20.4 atmospheres gauge, and a residence time of about 0.5
      second. A level of 730 ppm H.sub.2 S were added to the feed to the
      hydropyrolysis reactor.
PAR  The analysis of the catalytic reaction effluent and the hydropyrolysis
      effluent are set forth in Table VII.
TBL         PRODUCT ANALYSIS                                                   

                          DISTRIBUTION                                         

            (WEIGHT PERCENT)                                                   

                          (WEIGHT PERCENT)                                     

              From      From      From    From                                 

              Cata-     Hydro-    Cata-   Hydro-                               

              lytic     pyrol-    lytic   pyrol-                               

     Component                                                                 

              Reaction  ysis      Reaction                                     

                                          ysis                                 

     ______________________________________                                    

     H.sub.2 O                                                                 

              29.8      23.0                                                   

     H.sub.2  10.7      2.0                                                    

     CO       2.6       2.6                                                    

     CO.sub.2 25.6      20.1                                                   

     C.sub.1.sup.a                                                             

              6.5       19.5      20.8    37.4                                 

     C.sub.2.sup.a                                                             

              4.5       28.4      14.5    54.4                                 

     C.sub.3.sup.a                                                             

              5.7       2.2       18.2    4.3                                  

     C.sub.4.sup.a                                                             

              4.2       0.6       13.5    1.2                                  

     C.sub.5.sup.a                                                             

              3.1       0.2       9.8     0.3                                  

     C.sub.6 +.sup.a                                                           

              7.0       1.3       22.2    2.4                                  

     ______________________________________                                    

      .sup.a These figures include both hydrocarbons and oxygenated hydrocarbon

      in products from the catalytic reaction whereas the figures for          

      hydropyrolysis products represent only hydrocarbons since any original   

      oxygenated hydrocarbons are converted to hydrocarbons in the             

      hydropyrolysis reactor.                                                  

PAC  EXAMPLE 8
PAR  A similar run to that of Example 7 was made except that 3.33 ml/min of
      kerosene (liquid) were preheated and introduced to the effluent rather
      than n-hexane. The kerosene had a boiling point range of 190.degree. to
      270.degree.C and a specific gravity of 0.82. The mol ratio of hydrogen to
      total hydrocarbons and oxygenated hydrocarbons having three or more carbon
      atoms in the mixture was about 15.5.
PAR  The hydropyrolysis reaction was conducted as in Example 7 except the
      temperature was 835.degree.C and only a level of 105 ppm H.sub.2 S were
      added to the feed.
PAR  The analysis of the catalytic reaction effluent and the hydropyrolysis
      effluent are set forth in Table VIII.
TBL         PRODUCT ANALYSIS                                                   

                          DISTRIBUTION                                         

            (WEIGHT PERCENT)                                                   

                          (WEIGHT PERCENT)                                     

              From      From      From    From                                 

              Cata-     Hydro-    Cata-   Hydro-                               

              lytic     pyrol-    lytic   pyrol-                               

     Component                                                                 

              Reaction  ysis      Reaction                                     

                                          ysis                                 

     ______________________________________                                    

     H.sub.2 O                                                                 

              29.8      23.0                                                   

     H.sub.2 O                                                                 

              10.7      2.1                                                    

     CO       2.6       2.6                                                    

     CO.sub.2 25.6      20.1                                                   

     C.sub.1.sup.a                                                             

              6.5       16.8      20.8    32.1                                 

     C.sub.2.sup.a                                                             

              4.5       21.0      14.5    40.2                                 

     C.sub.3.sup.a                                                             

              5.7       3.4       18.2    6.6                                  

     C.sub.4.sup.a                                                             

              4.2       1.1       13.5    2.1                                  

     C.sub.5.sup.a                                                             

              3.1       0.6       9.8     1.2                                  

     C.sub.6 +.sup.a                                                           

              7.0       9.3       22.2    17.9.sup.b                           

     ______________________________________                                    

      .sup.a These figures include both hydrocarbons and oxygenated hydrocarbon

      in products from the catalytic reaction whereas the figures for          

      hydropyrolysis products represent only hydrocarbons since any original   

      oxygenated hydrocarbons are converted to hydrocarbons in the             

      hydropyrolysis reactor.                                                  

      .sup.b This figure reflects the high aromatic content of the kerosene    

      which does not pyrolyze but can be recovered as predominantly benzene,   

      toluene and xylenes.                                                     

PAR  Thus having described the invention in detail it will be understood by
      those skilled in the art that certain variations and modifications may be
      made without departing from the spirit and scope of the invention as
      described herein or defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for producing ethane and/or ethylene comprising
PA1  a. introducing hydrogen and carbon monoxide to a catalytic reaction zone,
      the mol ratio of hydrogen to carbon monoxide being in the range of about
      1/1 to about 5/1;
PA1  b. reacting said hydrogen and carbon monoxide in the catalytic reaction
      zone to a conversion of at least 50 percent of the carbon monoxide and
      thereby producing a catalytic reaction zone effluent containing hydrogen,
      carbon monoxide, water, hydrocarbons, and oxygenated hydrocarbons, said
      reaction being carried out under conditions of temperatures in the range
      of about 150.degree.C to 450.degree.C, pressures in the range of
      atmospheric to about 75 atmospheres and space velocities in the range of
      500 to 50,000 V/V/hr STP, in the presence of a Fischer-Tropsch catalyst
      containing iron, cobalt, nickel or ruthenium;
PA1  c. introducing directly to a hydropyrolysis zone at least a portion of the
      catalytic reaction zone effluent containing hydrogen, carbon monoxide,
      carbon dioxide, water, hydrocarbons and oxygenated hydrocarbons, together
      with any necessary hydrogen required to bring the mol ratio of hydrogen to
      total hydrocarbons and oxygenated hydrocarbons having at least three
      carbon atoms to at least 1/1;
PA1  d. hydropyrolyzing said catalytic reaction zone effluent to produce a
      hydropyrolysis zone effluent, said hydropyrolyzing being carried out under
      conditions of temperatures in the range of about 600.degree.C to
      900.degree.C, pressures of at least 5 atmospheres gauge and residence
      times in the range of about 0.1 sec to 60 sec;
PA1  e. and recovering C.sub.2 hydrocarbons from said hydropyrolysis zone
      effluent.
NUM  2.
PAR  2. A process according to claim 1 wherein the hydrogen and carbon monoxide
      are introduced to the catalytic reaction zone in the form of a
      desulfurized effluent from gasification of coat with steam and oxygen.
NUM  3.
PAR  3. A process according to claim 1 wherein the catalytic reaction is carried
      out under conditions of temperatures in the range of 200.degree.C to
      400.degree.C, pressures in the range of 5 to 75 atmospheres gauge and
      space velocities in the range of 3,000 to 10,000 V/V/hr STP.
NUM  4.
PAR  4. A process according to claim 3 wherein the temperatures are in the range
      of 250.degree.C to 350.degree.C and the pressures are in the range of 10
      to 30 atmospheres gauge in the catalytic reaction.
NUM  5.
PAR  5. A process according to claim 1 wherein the hydrogen/carbon monoxide mol
      ratio being introduced to the catalytic reaction is in the range of 2/1 to
      4/1.
NUM  6.
PAR  6. A process according to claim 3 wherein the hydropyrolysis is carried out
      under conditions of temperatures in the range of 700.degree.C to
      850.degree.C, pressures in the range of 5 to 100 atmospheres gauge and
      residence times of 0.5 to 20 seconds.
NUM  7.
PAR  7. A process according to claim 6 wherein the hydropyrolysis pressure is in
      the range of 15 to 30 atmospheres gauge.
NUM  8.
PAR  8. A process according to claim 1 wherein additional hydrocarbons are
      combined with the catalytic reaction zone effluent prior to introduction
      to the hydropyrolysis zone.
NUM  9.
PAR  9. A process according to claim 1 wherein the catalytic reaction zone
      effluent is divided into two portions, each portion containing hydrogen,
      carbon monoxide, carbon dioxide, water, hydrocarbons, and oxygenated
      hydrocarbons; separating the hydrocarbons and oxygenated hydrocarbons from
      one portion; recombining the separated hydrocarbons and oxygenated
      hydrocarbons with the other portion of the effluent; and introducing the
      thus combined materials to the hydropyrolysis zone.
NUM  10.
PAR  10. A process according to claim 1 wherein hydrogen is separated from the
      hydropyrolysis zone effluent and recycled to the catalytic reaction zone
      and/or the hydropyrolysis zone.
NUM  11.
PAR  11. A process according to claim 1 wherein the hydrocarbons having three or
      more carbon atoms are separated from the hydropyrolysis zone effluent and
      recycled to the hydropyrolysis zone.
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ABST
PAL  Propylene is oligomerised in the presence of a boron trifluoride catalyst
      and a small amount of a reagent which reduces the activity of the
      catalyst, thereby resulting in a reduction of the average molecular weight
      of the oligomerisation product. Butadiene is one said reagent.
BSUM
PAR  The present invention relates to the manufacture of heavy olefins intended
      for use in particular as the raw materials for making surface-active
      products, plasticisers, lubricating compositions etc. It relates to a
      process for preparing heavy olefins from propylene. This process lends
      itself particularly well, but not exclusively, to the manufacture of
      olefins having from 15 to 21 carbon atoms per molecule. The invention also
      relates to the olefins that are obtained by means of this process.
PAR  Several processes are known for making propylene oligomers. These processes
      consist essentially of subjecting propylene to the action of appropriate
      catalysts. The average molecular weight of the oligomer depends on the
      nature of the catalyst and the conditions of temperature and pressure at
      which the reaction takes place. It is known, for instance, that oligomers
      having an average carbon chain length of 12 can be obtained by causing
      propylene to react on a catalyst based on phosphoric acid, at a
      temperature of 130.degree. to 250.degree.C approximately, at a pressure
      from 20 to 100 atmospheres, and that oligomers having an average carbon
      chain length of about 24 carbon atoms can be obtained by polymerising
      propylene in the presence of boron trifluoride, at temperatures of the
      order of 10.degree. to 50.degree.C, in the liquid phase.
PAR  Oligomerisation at high temperature on phosphoric acid, which was designed
      to produce preferentially propylene tetramer, indeed makes it possible to
      obtain the trimer, provided that the reaction is performed under suitable
      conditions of temperature, pressure and time, but it does not make it
      possible to produce in appreciable yield, oligomers higher than the
      tetramer.
PAR  Oligomerisation in the presence of boron trifluoride produces a mixture of
      olefins, the average molecular weight of which decreases as a function of
      the temperature at which the reaction is performed. For instance, the
      reaction must take place at about 30.degree. if it is desired to obtain an
      oligomer having an average number of carbon atoms per molecule of about
      24, but it must take place at 65.degree. or 70.degree.C if it is desired
      to obtain an oligomer having an average number of carbon atoms per
      molecule of about 18. Now any rise in the temperature used involves
      technological difficulties which are of two kinds: on the one hand, the
      pressure inside the reactor has to be increased, and on the other, the
      corrosion of the equipment is considerably accelerated.
PAR  The present invention is aimed at obviating these difficulties. It relates
      to a process by means of which, propylene oligomers can be obtained having
      a rather low average molecular weight, without its being necessary to
      perform the reaction at excessively high temperatures. This process is
      especially useful for making oligomers having an average number of carbon
      atoms per molecule of between 15 and 21.
PAR  This process involves the oligomerisation of propylene, catalysed by boron
      trifluoride, in the presence of traces of water, at a temperature of
      between about 0.degree.C and 60.degree.C, at a pressure such that the
      reaction mixture is liquid. According to the invention a small proportion
      of a reagent reducing the activity of the catalyst is added to the
      propylene undergoing oligomerisation. The addition of this reagent has the
      effect of lowering the average molecular weight of the oligomer obtained.
PAR  The applicants have discovered that diolefinic hydrocarbons or polyolefinic
      hydrocarbons are reagents that reduce the activity of boron trifluoride,
      so that the addition of a controlled quantity of these hydrocarbons in the
      liquid medium where the oligomerisation of the propylene takes place makes
      it possible to control the molecular weight of product obtained.
PAR  It is possible to use diolefinic or polyolefinic hydrocarbons, in the
      molecule of which the double bonds are in any position. It is possible to
      use in particular a hydrocarbon with cumulative double bonds, like
      propadiene. It is preferable to use a hydrocarbon with conjugated double
      bonds, such as butadiene-1-3, isoprene etc. Moreover, the molecular weight
      of the polyunsaturated hydrocarbon used is immaterial; the molecule of
      this hydrocarbon may contain 10 or 12 or more carbon atoms.
PAR  In particular, it is possible to use the mixture of unsaturated
      hydrocarbons that is obtained by oligomerisation of propylene at a
      temperature of from 130.degree. to 250.degree.C, at a pressure of 20 to
      100 atmospheres in contact with a catalyst based on phosphoric acid, for
      this mixture contains a high proportion of diolefinic and polyolefinic
      hydrocarbons. A fraction of this mixture may also be used.
PAR  Although diolefinic or polyolefinic hydrocarbons are the preferred reagents
      for carrying out the invention, it is possible to consider using other
      reagents that are capable of reducing the activity of the catalyst. For
      instance, it is possible to consider using an acetylenic hydrocarbon, such
      as acetylene, methylacetylene etc.
PAR  The proportion of the reagent, in relation to the weight of propylene used
      in the reaction, is selected as a function of the molecular weight of the
      oligomer it is desired to obtain. A very small proportion, such for
      instance as 0.05% by weight in the case of dienes and polyenes, suffices
      to reduce considerably the molecule weight of the oligomer. As the
      proportion of reagent is increased, oligomers are obtained; the molecular
      weight of which is less and less. Nevertheless, if too high a proportion
      of reagent is used, the conversion of the propylene is complete. In the
      case of dienes and polyenes, for instance, it is for this reason
      preferable to use a proportion of reagent less than about 1%.
PAR  The optimum proportion of anhydrous boron trifluoride is from 0.2 to 1 part
      by weight approximately per 100 parts by weight of monomeric propylene.
      0.5 part by weight of anhydrous boron trifluoride suffices to bring about
      a quantitative reaction of 100 parts of monomer, if the average period of
      action is about 1 hour in the reactor. It is obvious that this proportion
      can be increased if it is desired to reduce the average time the reaction
      remains in the reactor. Conversely, it is also possible to lessen the
      proportion of catalyst, but then it must be accepted that either the
      average time of treatment in the reactor is increased, or a very
      incomplete reaction of the propylene used is obtained.
PAR  Preferably, between 0.01 and 0.1 part by weight of water is used per 100
      parts by weight of propylene.
PAR  The oligomerisation of propylene is carried out in the usual suitable
      reactor. This reactor has to be designed to withstand the pressure used
      and corrosion by boron trifluoride and by the acids derived from the
      hydrolysis of the latter. It must have a stirrer and the necessary means
      of cooling the reaction mixture and discharging the heat liberated by the
      reaction; it must finally be provided with the device and the additional
      means making it possible to incorporate the reagents and to withdraw the
      products from the reaction.
PAR  The raw product of the reaction includes gaseous products which consist
      essentially of propane, the main impurity of the propylene used as raw
      material, and of boron trifluoride; they are extracted from the raw
      product of the reaction by using the usual suitable means that are well
      known to the technician. After being freed from gas, the oligomer obtained
      still contains boron and fluorine components derived from the boron
      trifluoride. These compounds can be eliminated by means of the usual
      processes. The latter may consist in particular of washing the oligomer
      with an alkaline solution. It is finally possible to submit the olefins
      thus obtained to fractional distillation.
PAR  The average molecular weight of the olefins formed by the oligomerisation
      of the propylene is higher, other things being equal, the lower the
      temperature used. The invention makes it possible in particular to prepare
      oligomers; the average number of carbon atoms per molecule of which is
      from 15 to about 21, by performing the reaction at a temperature between
      30.degree.C and 50.degree.C.
DETD
PAR  The following Examples are given to illustrate the description of the
      invention. It is obvious that these Examples are in no way restrictive.
PAR  These Examples show how the carbon chain length of the olefins obtained
      varies, on the one hand when the temperature at which the reaction is
      carried out is altered, and on the other hand when to the propylene is
      added a small proportion of diolefins.
PAR  To carry out these Examples, the apparatus described below and shown
      diagrammatically in the attached drawing was used.
PAC  EXAMPLE 1
PAR  In a first series of tests, the raw material used was propylene of high
      purity, the composition of which was as follows: (% by weight)
TBL  Propylene                  99.8                                           

     Propane                     0.2                                           

     Diolefins      propadiene and                                             

                    butadiene    0.002                                         

PAR  To reduce the activity of the catalyst, use was made of a mixture of
      unsaturated hydrocarbons obtained by polymerisation of the propylene at
      20.degree.C, in contact with kieselguhr impregnated with phosphoric acid.
PAR  The different types of hydrocarbon forming this mixture was distributed as
      follows:
TBL  Hydrocarbons of type C.sub.n H.sub.2n                                     

                          80% by weight                                        

     Hydrocarbons of type C.sub.n H.sub.2n.sub.-2                              

                          18% by weight                                        

     Hydrocarbons of type C.sub.n H.sub.2n.sub.-4                              

                           2% by weight                                        

PAR  According to their carbon chain length, these hydrocarbons were distributed
      as follows:
TBL  C.sub.10 hydrocarbons 40% by weight                                       

     C.sub.11 hydrocarbons 30% by weight                                       

     C.sub.12 hydrocarbons 20% by weight                                       

     Hydrocarbons heavier than C.sub.12                                        

                           10% by weight                                       

PAR  The oligomerisation of propylene was carried out at 40.degree.C in the
      presence of 1.5% by weight of this mixture, i.e. in the presence of 0.3%
      by weight of hydrocarbons of the types C.sub.n H.sub.2n.sub.-2 and C.sub.n
      H.sub.2n.sub.-4. The oligomer thus obtained was compared with those
      obtained at 30.degree.C and at 70.degree.C, the addition of the
      polyunsaturated hydrocarbons being omitted.
PAR  The conditions of the reaction and the composition of the oligomers
      obtained are recapitulated in table 1 below.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

                                    Test with addition of                      

     Conditions of reaction                                                    

                        Reference Test                                         

                                    diolefins to propylene                     

     __________________________________________________________________________

     Reaction temperature                                                      

                     .degree.C                                                 

                        30    70    40                                         

     High purity propylene                                                     

                     g. 100   100   100                                        

     BF.sub.3    g.     0.5   0.5   0.65                                       

     H.sub.2 O   g.     0.05  0.05  0.05                                       

     C.sub.n H.sub.2n.sub.-2 and C.sub.n H.sub.2n.sub.-4                       

                     g. 0     0     0.3                                        

     Composition of Olefins                                                    

     Obtained                                                                  

     (Composition by vol.%)                                                    

       C.sub.9                2.1   1.2                                        

       C.sub.12         0.2   8.5   2.9                                        

       C.sub.15         2.9   24.5  13.6                                       

       C.sub.18         9.8   28.8  28.5                                       

       C.sub.21         22.0  20.9  28.7                                       

       C.sub.24         29.8  9.6   16.4                                       

       C.sub.27         21.5  3.6   5.6                                        

     Heavier than C.sub.27                                                     

                        13.8  2.0   3.1                                        

     Average number of carbon atoms                                            

                        24.0  18.3  18.2                                       

     __________________________________________________________________________

PAR  It will be seen that the additon of 3.0% di and tri olefinic hydrocarbons
      makes it possible to produce at 40.degree.C, instead of at 70.degree.C, an
      oligomer having an average chain length of about 18 carbon atoms.
PAC  EXAMPLE 2
PAR  In a second series of tests, the raw material used was propylene of 95%
      purity (containing 5% propane and 0.002% diolefins), and butadiene-1-3 was
      used to reduce the activity of the catalyst.
PAR  The conditions of the reaction and the composition of the oligomers
      obtained are shown in the following table 2.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Conditions of Reaction                                                    

     __________________________________________________________________________

     Reaction temperature                                                      

                     .degree.C                                                 

                        40    40    40                                         

     95% pure propylene                                                        

                     g. 100   100   100                                        

     BF.sub.3    g.     0.75  0.85  0.85                                       

     H.sub.2 O   g.     0.05  0.05  0.05                                       

     Butadiene g.       0     0.2   0.4                                        

     Composition of Olefins                                                    

     Obtained                                                                  

     (Composition by vol.%)                                                    

       C.sub.9          --    --    0.4                                        

       C.sub.12         1.5   2.0   7.3                                        

       C.sub.15         7.2   9.8   19.2                                       

       C.sub.18         16.6  25.3  30.7                                       

       C.sub.21         22.6  32.5  23.5                                       

       C.sub.24         22.4  21.2  12.3                                       

       C.sub.27         15.0  7.3   4.8                                        

     More heavy than C.sub.27                                                  

                        14.7  1.9   1.8                                        

     Average number of carbon atoms                                            

                        23.0  20.7  19.0                                       

     __________________________________________________________________________

PAR  It will be seen that at a temperature of 40.degree.C, the addition of a
      very small proportion of butadiene has the effect of reducing very
      appreciably the carbon chain length of the oligomer obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for oligomerizing propylene comprising oligomerizing a
      propylene feed in the liquid phase in the presence of a boron trifluoride
      catalyst and traces of water at a temperature between 0.degree.C and
      60.degree.C to form oligomers, the improvement which comprises adding to
      said propylene feed an amount in the range of about 0.05 to about 1 weight
      percent, based upon the weight of propylene, of an olefinic diene to
      reduce the activity of said catalyst to thereby produce oligomers having
      an average number of carbon atoms per molecule of between about 15 to
      about 21 carbon atoms.
NUM  2.
PAR  2. A process according to claim 1, in which said diene is a hydrocarbon
      with conjugated double bonds.
NUM  3.
PAR  3. A process according to claim 1, in which said diene is butadiene-1-3.
NUM  4.
PAR  4. A process according to claim 1, in which said diene is obtained by
      oligomerization of propylene, at a temperature from 130.degree.C to
      250.degree.C, under a pressure of 20 to 100 atmospheres, in contact with a
      catalyst based on phosphoric acid.
NUM  5.
PAR  5. A process according to claim 1, in which 100 parts by weight of said
      propylene feed is contacted with 0.2 to 1 part by weight of anhydrous
      boron trifluoride, and from 0.01 to 0.1 part by weight of water, at a
      temperature of between 30.degree.C and 50.degree.C under a pressure such
      that the reaction mixture is liquid, and wherein said propylene feed
      contains only about 0.002% of diolefins prior to adding said 0.05 to 1 wt.
      % of said olefinic diene.
NUM  6.
PAR  6. A process according to claim 5, wherein said diene is butadiene -1-3.
NUM  7.
PAR  7. A process according to claim 5, wherein said diene is obtained by
      oligomerization of propylene, at a temperature of about 130.degree.C to
      about 250.degree.C, under a pressure of about 20 to 100 atmospheres, in
      contact with a catalyst based on phosphoric acid.
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ABST
PAL  Process for isomerizing saturated hydrocarbons in the presence of a
      catalyst composition comprised of platinum or palladium on a
      fluorine-containing mordenite-type aluminosilicate, the fluorine having
      been introduced to the composition by halogenation with a
      fluorine-containing hydrocarbon halide.
PARN
PAR  This is a continuation of application Ser. No. 207,523, filed Dec. 13, 1971
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  This invention relates to a process for isomerizing saturated hydrocarbons.
      More particularly, it relates to a process for isomerizing a saturated
      hydrocarbon or a saturated hydrocarbon mixture to convert the same to a
      more highly branched saturated hydrocarbon or hydrocarbon mixture.
PAR  The present invention is also concerned with isomerizing alicylic
      hydrocarbons contained in petroleum hydrocarbons to convert the same to
      other isomers.
PAR  Furthermore, it is also concerned with ring-opening alicyclic hydrocarbons
      contained in petroleum hydrocarbons to convert the same to aliphatic
      hydrocarbons. As a manner in which the invention is utilized it is also
      concerned with conversion of aromatic hydrocarbons contained in petroleum
      hydrocarbons by saturation of the aromatic rings with hydrogen to
      alicyclic hydrocarbons as well as to isomerization or ring-opening to
      aliphatic saturated compounds of the resulting alicyclic compounds.
PAR  2. Description of the prior art
PAR  Various properties are required for gasoline fuel, including distillation
      characteristics, being free from corrosiveness, and appropriate
      volatility. Among them, high octane value is regarded to be critical.
PAR  Aromatic hydrocarbons, olefin hydrocarbons and highly branched saturated
      hydrocarbons are known to posses high octane values. The highly branched
      hydrocarbons are superior to the other hydrocarbons in that there is with
      the former less difference between the octane value according to the
      research method and that according to the motor method, that is, due to
      the lower sensitivity of the hydrocarbons.
PAR  The gasoline is a mixture of a variety of hydrocarbon compounds. The highly
      volatile of these, with boiling points below 85.degree.C., are ordinarily
      olefin and saturated hydrocarbons having low molecular weights for the
      most part but most are saturated hydrocarbons.
PAR  For use in the highly developed gasoline engine is needed a gasoline
      containing in the low-boiling component low molecular weight saturated
      hydrocarbons possessing high octane values such as, for example,
      isopentanes and isohexanes, because gasoline is required to have high
      octane values throughout all the distillates.
PAR  In petroleum refining industry there have been divised and put into
      practical use various processes for isomerizing saturated hydrocarbon
      compounds to produce highly branched hydrocarbon compounds.
PAR  All of these isomerization processes are catalytic isomerization processes
      effected by the use of a catalyst. The catalysts used in these processes
      may be broadly classified into three classes: Metal halide catalysts of
      Friedel-Crafts type such as aluminium chloride or bromide used in
      combination with anhydrous hydrogen chloride or bromide; so-called dual
      functional catalysts comprising a metal component of hydrogenating
      function such as nickel, platinum or palladium carried on a refractory
      oxide such as alumina or silica-alumina; and platinum-alumina-halogenide
      composite catalysts.
PAR  Using a catalyst mainly composed of a metal halide such as aluminium
      chloride in the isomerization reaction of hydrocarbons containing more
      carbon atoms than pentane side reactions occur such as polymerization,
      condensation, disproportionation and cyclization with rapid deterioration
      of the catalyst. Moreover, the catalyst, which is highly corrosive,
      requires the use of a corrosion-resistant alloy for the main parts of the
      equipment. In addition, it is disadvantageous that the aluminium chloride
      sludge withdrawn from the equipment should be made harmless by means of,
      for example, neutralization or combustion.
PAR  On the other hand, so-called dual functional catalysts such as
      platinum-alumina, which are free from the afore mentioned disadvantages of
      aluminium-chloride catalyst, require use of a relatively high temperature
      in carrying out the reaction in order to attain a practically high
      reaction rate.
PAR  As well known, the lower the temperature the more favorable is the
      composition of paraffin hydrocarbon isomers at thermodynamic equilibrium
      to the highly branched isomer. Consequently, octane value of the product
      in the process using a dual functional catalyst, which requires a high
      reaction temperature, is controlled by the thermodynamic equilibrium in
      the same way as is the composition of isomers in the product.
PAR  Although composite catalysts of platinum-alumina with impregnated aliminium
      chloride thereupon by such a means as sublimation or impregnation, which
      are considered to be catalysts with combined merits of aluminium-chloride
      catalyst being active at low temperatures and of binarily functional
      catalyst being free from corrosiveness, requiring no activator such as
      hydrogen chloride and generating no harmful sludge, have been found to be
      effective at relatively low temperatures with little side reactions and
      are superior to the former two, they are disadvantageous in that the
      catalyst will be poisoned unless water content of the starting hydrocarbon
      is maintained below a few p.p.m. as well as regeneration of the
      deteriorated catalyst cannot be easily made.
PAR  Recently, crystalline aluminosilicate of zeolite type have drawn attention
      as a carrier being superior to alumina or silica-alumina. Catalysts
      composed of combination of platinum and crystalline aluminosilicate of
      zeolite type have been found to exert high catalytic activities. According
      to the descriptions by J. A. Labo, P. E. Pickart and R. L. Maize, catalyst
      MB 5390 manufactured by Department of Molecular Sieve Products of Linde
      Corporation, Tonawanda, N.Y., U.S.A., a division of Union Carbide
      Corporation, is water-proof and effectively used in the isomerization
      reaction of n-pentane and n-hexane at a reaction temperature from
      335.degree. to 340.degree.C. [Industrial and Engineering Chemistry Vol.
      53, No. 9, P. 735 (1961)]. The catalyst has been demonstrated on the basis
      of X-ray diffraction pattern and chemical analysis to be Molecular Sieve Y
      decationized and carrying a small amount of palladium [Noboru Yamamoto,
      Kataundo Fujii and Yoshitaka Damaru, Journal of Petroleum Society of
      Japan, vol. 9, No. 7, p. 531 (1966)].
PAR  In order to obtain hydrocarbons of high octane values, however, catalysts
      that are effective at lower temperatures are naturally desired.
PAR  Another crystalline aluminosilicate of zeolite type which may be used as a
      catalyst is mordenite. Mordenite catalysts including metallic
      hydrogenation component such as platinum or palladium, are effective at
      somewhat lower temperatures (of. the comparative examples below) but, with
      respect to improvement in octane value, there is a need for catalysts that
      are effective at even lower temperatures.
PAR  In order to enhance activities of platinum-alimina, palladium-alumina and
      other dual functional catalysts in the isomerization reaction, various
      methods are known; (1) addition of aluminum chloride by sublimation or
      impregnation, (2) introduction of halogens by reacting the catalyst with
      halogenating agents such as CCl.sub.4, S.sub.2 Cl.sub.2, SOCl.sub.2,
      PCOl.sub.1, or the like. An experiment has disclosed that these catalysts
      are effective at a lower temperature, viz., at 165.degree.C. All of these
      catalysts, however, are hygroscopic as highly as is aluminium chloride as
      mentioned earlier and, on contacting with moisture, are reduced in
      catalytic activity so much that recovery of the activity by conventional
      means such as drying and calcination will be impossible.
PAR  On the other hand, we have discovered a method of introducing onto
      crystalline aluminosilicate of zeolite type a halogen by the reaction with
      a halogenated hydrocarbon (West German Patent Publication No. 2,010,551),
      wherein only the application to crystalline aluminosilicate of faujasite
      type is disclosed but no embodiment on mordenite.
PAR  Both mordenite and faujasite are classified in mineralogy under
      aluminosilicate of zeolite type, but the two are different in properties
      such as a chemical composition, crystal structure and reactivity with
      halogenated hydrocarbon. In particular, mordenite containing far smaller
      portion of aluminium than that in faujasite is not subjected to
      halogenation so readily as the latter or, if halogentated, to a halogen
      content as high as the latter.
PAR  For example, according to an experiment on halogenation of a commercially
      available reforming catalyst composed of substantially 100% alumina
      carrying platinum with CCl.sub.4 (the third World Petroleum Congress,
      Amsterdam, 1964, by A. G. Goble and P. A. Laurance), there has been easily
      obtained a catalyst containing 13.6% chlorine. As we have previously
      demonstrated, treatment of zeolite of faujasite type with CCl.sub.2
      F.sub.2 yields zeolite containing 0.12% fluorine and 0.16% chlorine.
PAR  As set forth above, halogenation of mordenite with very low content of
      aluminum as compared with zeolite of faujasite type is difficult to
      conduct and for the same reason the combination with a halogen in an
      amount sufficient to improve catalytic activity has been unexpected; molar
      ratio of silica to alumina (SiO.sub.2 /Al.sub.2 O.sub.3) is from 2 to 5
      with the latter and above 9 with former. Such a case of halogenation has
      not been known at least regarding mordenite.
PAC  SUMMARY OF THE INVENTION
PAR  After extensive invenstigations of methods for enhancing the activity of
      catalysts comprising mordenite, we have now found that mordenite carrying
      platinum or palladium can be reacted with a halogenated hydrocarbon in a
      distinctly different manner from that with zeolite of faujasite type to
      afford catalysts which are effective at lower temperatures than those with
      catalysts of mordenite simply carrying platinum or palladium. Moreover, it
      has been found that when the halogenation reaction is carried out in the
      presence of steam there occurs no destruction of the crystal structure of
      mordenite at all even at temperatures higher than 350.degree.C. to give
      halogen-containing mordenite.
PAR  The mordenite halogenated by the method set forth above is an isomerization
      catalyst of superior properties to those of non-halogenated mordenite. For
      example, isomerization of saturated hydrocarbons, hydrogenation of
      aromatic hydrocarbons and isomerization of a ring-opening reaction of
      alicyclic hydrocarbons, when using the mordenite in combination with an
      active metal component of hydrogenation function such as platinum or
      palladium, are effectively promoted at temperatures from 60.degree.C. to
      100.degree.C. lower than with non-halogenated mordenite containing the
      active metal component of the same sort in the same proportion.
PAR  The present invention, which has been achieved on the basis of the
      above-described discovery, provides catalyst activities which are not
      adversely affected in the presence of moisture usually contained in the
      starting hydrocarbons to be subjected to such a reaction as isomerization
      or hydrogenation and which exert efficient and stable catalytic activities
      at temperatures far lower than those with heretofore known
      zeolite-containing catalysts in methods of hydrocarbon conversions such as
      isomerization of saturated hydrocarbons, hydrogenation of aromatic
      hydrocarbons and isomerization and ring-opening of alicyclic hydrocarbons
      using said catalysts.
PAR  It is therefore an object of this invention to provide a process for
      isomerizing petroleum hydrocarbon compounds or a mixture thereof to
      produce a petroleum hydrocarbon distillate containing a large proportion
      of more highly branched saturated hydrocarbons.
PAR  Another object of this invention is to provide a process for producing
      hydrocarbon distillates containing a large proportion of more highly
      branched saturated hydrocarbons by the treatment of hydrocarbons from
      shale oil or carbonization of coal or hydrocarbon distillates from
      Fischer-Tropsch synthesis by reaction of hydrogen and carbon dioxide.
PAR  A further object of this invention is to provide a process for producing
      gasoline having superior antiknocking property.
PAR  A still further object is to provide a method of preparing isomerization
      catalysts comprising natural or synthetic mordenite which are effective at
      temperatures lower than with the prior art catalysts and an isomerization
      process carried out using the same.
PAC  DESCRIPTION OF THE INVENTION
PAR  In the process of this invention may be used either natural or synthetic
      mordenite. An example of the natural mordenite is mordenite produced in
      Shiraishi City, Miyagi Prefecture, Japan. Synthetic mordenite products
      include one marketed by Norton Corporation under the trade name Zeolon Na
      and one marketed by the same corporation under the same Zeolon H. The
      mordenites mentioned above are merely illustrative and it is not intended
      to limit thereby the scope of mordenite usable in this invention.
PAR  Natural mordenite often contains exchangeable cations such as sodium,
      potassium, calcium, magnesium, strontium or other metal cations. In most
      cases, the mordenite has a low capacity of adsorbing compounds with a
      molecular size larger than 5 A. This is due to the small pore size of
      mordenite.
PAR  It is known that mordenite with such small pore size can be transformed
      into larger pore size mordenite by washing with water, ion exchange with
      sodium or ammonium ion or acid treatment with hydrochloric, sulfuric or
      another acid. Synthetic mordenite can also be transformed from the
      small-pore to larger-pore size. The larger pore type is also synthesized
      and commercially available.
PAR  Crystalline aluminosilicate of mordenite type including mordenite is a
      crystalline mass in which SiO.sub.4 tetrahedrons and AlO.sub.4
      tetrahedrons are bonded to form a three-dimensional network structure. The
      networks form cavities within which cations such as metal cations or
      ammonium ions corresponding to the negative charge of AlO.sub.4 are
      located. In the case of zeolite catalysts comprising other zeolite, for
      example, zeolite of faujasite type such as Y- or X-type zeolite, it is
      known that the alkali metal is ion-exchanged with a multivalent metal ion
      such as calcium, magnesium, lanthanum, dysprosium, zinc or cadmium to give
      a highly active catalyst which is effective in cracking, hydrocracking or
      alkylation reaction. On the other hand, catalysts obtained from mordenite
      containing these metals are of too low activities to be effective. This
      may be ascribed to difference in crystal structure between zeolite of
      mordenite type and zeolite of faujasite such as the Y or X type. According
      to the present invention, metal ions within the cavities of mordenite are
      exchanged with hydrogen or ammonium ions to form mordenite of hydrogen-ion
      or ammonium-ions type before use.
PAR  During the ion-exchanging treatment with hydrogen ion the bond
      ##EQU1##
      in mordenite is hydrolyzed thereby a portion of the aluminium atoms being
      removed. As well known, such a treatment does not lead to destruction of
      the crystal structure of mordenite. The mordenite from which a portion of
      aluminium has been removed by such a treatment is sometimes called
      aluminium deficient mordenite, some of which has a silica-alumina molar
      ratio (molar ratio SiO.sub.2 /Al.sub.2 O.sub.3) more than 100.
PAR  According to this invention mordenite having a silica-alumina molar ratio
      in the range from 9 to 50 may be employed and one in the range from 9 to
      35 is preferable.
PAR  Mordenite is available in a variety of forms such as fine powder,
      pulverized particle or small granule. It is not intended to set particular
      limitation to the shape and form in use, but the description is given
      merely for the convenience sake. Mordenite may be used after compacting,
      tabletting or extruding. In carrying out the molding, mordenite may be
      molded either alone or in mixture with a binding agent such as bentonite,
      diatomaceous earth, kaoline, alumina, silica, silica-alumina or another
      refractory inorganic oxide. No substantial influence to the catalytic
      activities will be associated with the mixing. The binding agent is used
      preferably after removal of cations of metals such as alkali and alkali
      earth metals.
PAR  A mixture of mordenite with a hydrosol or hydrogel, for example of alumina,
      silica or silica-alumina may also be employed for the molding. The binding
      agent may be used in a ratio up to 9 parts of the agent per part of the
      mordenite catalyst.
PAR  Platinum or palladium to be contained in the catalyst according to this
      invention is carried thereon by such a means as impregnation, blending or
      ion exchange. It is known that zeolite, being highly capable of exchanging
      ions, can carry a desired metal ion in an easy and efficient manner by
      means of ion exchange.
PAR  In preparing mordenite carrying platinum or palladium it is preferred to
      employ the ion-exchange method, but this invention may be carried out by
      impregnation or kneading. The platinum or palladium may be added either
      before or after molding.
PAR  Platinum or palladium is supported on the mordenite in an amount from 0.01
      to 2.00% by weight on the basis of the finished catalyst. When carried in
      an amount below 0.01% by weight activity and stability will not be
      satisfactory. Use of the noble metal in an amount more than 2.00% by
      weight will not be economical with no increased effect at a sacrifice of
      economy.
PAR  Fluorine-containing halogen compounds used in the method of this invention
      are halogenated hydrocarbons including, for example, CF.sub.4, CHF.sub.3,
      CH.sub.2 F.sub.2, CCl.sub.3 F, CCl.sub.2 F.sub.2, CClF.sub.3, CH.sub.2
      ClF, CHCl.sub.2 F, CHClF.sub.2, CClF.sub.2 --CClF.sub.2, CF.sub.3 C.sub.6
      H.sub.5, CF.sub.2 ClC.sub.6 H.sub.5 and C.sub.6 H.sub.5 F.
PAR  The process of this invention is particularly characterized by the reaction
      between the halogen compound and mordenite which is beyond all precedents
      and, is different from the reaction between zeolite of faujasite type and
      a halogenating agent as set forth above. Whereas zeolite of faujasite type
      gives chlorinated zeolite containing from 0 to 20% chlorine by the
      reaction with CCl.sub.4, zeolite of mordenite type is combined with
      several percent chlorine at best. On the other hand, introduction of
      fluorine is more easily made with the mordenite type than the faujasite
      type. For example, when reacted with a halogen compound containing both
      fluorine and chlorine such as CHClF.sub.2, mordenite is selectively
      attacked by flourine but faujasite does not show such selectivity.
PAR  Halogenation reaction of mordenite with the halogenating agent as
      illustrated above takes place at low temperature, at room temperature or
      below but is efficiently effected at an elevated temperature below
      600.degree.C. From experience the halogenation is preferably carried out
      at a temperature in the range from 160.degree. to 320.degree.C. with a
      high efficiency.
PAR  The halogen compound as illustrated above may be employed for the reaction
      with or without dilution with a gas such as helium, argon, carbon dioxide,
      air, nitrogen or oxygen.
PAR  When reacted at a relatively high temperature above 300.degree.C., the
      halogen is readily introduced. On the other hand, crystal structure of
      aluminosilicate might be destroyed. Especially marked destruction is noted
      in cases of molecular sieves A, X and Y. Mordenite loses crystal
      structure, though to a lesser degree. However, it has been experimentally
      found that, when conducted in the presence of steam, the halogenation
      reaction with the halogenating agent is effected with no loss in
      crystallinity.
PAR  Halogenation with a relatively less reactive fluorinated hydrocarbon as
      illustrated by CF.sub.4 and CHF.sub.3 or a halogenated hydrocarbon such as
      polytetrafluorethylene or polytrifluorochlorethylene has now become
      feasible with no substantial destruction of zeolite structure.
PAR  It is possible to carry out the reaction between the halogenating agent and
      mordenite either continuously or batchwise. The reaction may be effected
      at reduced, normal or elevated pressure.
PAR  According to this invention a catalyst containing from 0.01 to 15% by
      weight, preferably from 0.05 to 13.0% by weight of halogen is employed. At
      a content below 0.01% by weight the effect of halogenation is not
      significant, whereas at a content above 15% by weight not only side
      reactions are increased but also the halogenation is not economical. This
      invention is characterized by the use of the catalyst prepared as above in
      isomerization hydrocarbons. The isomerization reaction of saturated
      hydrocarbons using the catalyst according to the invention may be
      conducted either in batch or in continuous operations.
PAR  The catalyst may be employed in the form of granule, tablet, extrudate, or
      powder. It may be used in a fixed bed, or in suspension or in a moving or
      fluidized bed. In order to maintain activity of the catalyst for a long
      period of time it is essential to use the same in the presence of a
      hydrogen-containing gas. However, as the isomerization reaction is
      accompanied only by change in hydrocarbon skeltone there occurs no
      substantial consumption of hydrogen. On the other hand, when the starting
      material contains olefinic, aromatic or alicyclic hydrocarbons, reactions
      including hydrogenation of the olefine and aromatic ring and ring-opening
      of the naphthene ring concurrently occur to consume hydrogen. In addition,
      light hydrocarbons such as methane produced by side reactions are
      accumulated in the reaction vessel in some cases when it is necessary to
      supply a small amount of hydrogen.
PAR  The reaction temperature is in the range from 15.degree. to 350.degree.C.,
      preferably from 100.degree. to 300.degree.C. The reaction pressure is in
      the range from ordinary pressure to 90 kg./cm..sup.2 G, preferably from 5
      to 50 kg./cm..sup.2 G.
PAR  Hydrogen to hydrocarbon molar ratio at the initiation of the reaction or at
      the inlet of the continuous reaction vessel is required to be in the range
      from 0.1 to 20, preferably from 0.5 to 10.
PAR  When a continuous reaction vessel is employed, the rate of charging the
      starting material may be from 0.05 to 20, preferably from 0.5 to 4, in
      terms of weight hourly space velocity.
PAR  Hydrocarbon suitable as the starting material is a saturated hydrocarbon
      containing from four to seven carbon atoms such as, for example, butane,
      pentane, hexanes, cyclohexane, methylcyclopentane or the like or a mixture
      thereof. Another example of the hydrocarbon suitable as the starting
      material is a distillate of light naphtha fraction initially boiling
      around 10.degree.C. and having an end point of distillation below
      90.degree.C. As the hydrocarbon used as the starting material may be used
      straight run naphtha, hydrocracked naphtha, cracked naphtha and the like
      following or without fractional distillation. Although these may be used
      without removal of impurities such as sulfur and nitrogen compounds, the
      starting material is purified prior to use by acid, alkali, hydrogenation
      or adsorption (for example, with silica gel) treatment.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The process of this invention will be more clearly understood by referring
      to the following examples:
PAC  EXAMPLE 1
PAR  To 1000 ml. of 1 M aqueous solution of NH.sub.4 NO.sub.3 was added 100 g.
      of commercially available synthetic mordenite in Na form (SiO.sub.2
      /Al.sub.2 O.sub.3 molar ratio, 11.1). The mixture was heated under reflux
      for 4 hours, followed by filtration to separate the mordenite and the
      mother liquor.
PAR  The above procedure was repeated three times to give NH.sub.4 mordenite
      containing the residual Na as low as 0.05% by weight in terms of Na.sub.2
      O(SiO.sub.2 /Al.sub.2 O.sub.3 molar ratio, 11.0), which was referred to as
      catalyst R.
PAR  15 g. of catalyst R was treated with aqueous solution of
      tetraamminpalladium (II) chloride prepared by adding to Na.sub.2
      PdCl.sub.4 a large excess of aqueous ammonia to afford the catalyst
      carrying 0.3% by weight palladium. The resulting catalyst was washed with
      water, kneaded with 3.75 g. of bentonite treated by refluxing three times
      with 1 M aqueous solution of ammonium chloride thereby reducing the
      concentration of Na ion. The kneaded mass was extruded through a syringe.
      The extruded dough was dried in air and then at 120.degree.C. for 2 hours
      and calcinated in air at 500.degree.C. for 3 hours. The catalyst thus
      prepared was referred to as catalyst A.
PAR  3 g. of catalyst A was filled in a quartz reaction tube and reduced under
      hydrogen at 450.degree.C. for 3 hours. Then, CHClF.sub.2 was passed at a
      flow rate of 50 ml./min. through the reaction tube maintained at a
      temperature of 180.degree.C. for 20 min. together with N.sub.2 gas at a
      flow rate of 100 ml./min.
PAR  After completion of the reaction unreacted materials were removed by
      passing N.sub.2 gas at a flow rate of 100 ml./min. After cooled under
      nitrogen, the resulting catalyst was stored in a moisture-proof vessel.
      Analysis indicated 2.38% by weight of fluorine and 0.11% by weight of
      chlorine contained. This was referred to as catalyst B.
PAR  Using catalysts A and B and, for comparison's sake, a commercially
      available zeolite catalyst of Pd-Y type (SK-200 catalyst manufactured by
      Linde Corporation, U.S.A.), as an example of zeolite of Y type,
      isomerization reaction of n-hexane was conducted in a stainless steel
      tubular reactor equipment. Conditions and results of the reactions are
      shown in Table 1. Distribution of the products was determined by gas
      chromatography when stationary state was confirmed 20 hours or longer
      after initiation of the reaction.
PAR  The results in Table 1 indicate that in order to attain a similar
      conversion zeolite catalyst of Pd-Y type required a reaction temperature
      at least 70.degree.C. higher than that with Pd-mordenite catalyst A thus
      demonstrating superiority of the latter catalyst. It may be understood
      that halogenated mordenite catalyst B is far superior, because it afforded
      a similar conversion to that with non-halogenated catalyst A at a
      temperature at least 70.degree.C. lower.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Isomerization of n-hexane.                                                

                  Starting    Catalyst                                         

                                    Catalyst                                   

                  material                                                     

                        Pd-Y  A     B                                          

     __________________________________________________________________________

     Reaction conditions:                                                      

      Temperature, .degree.C.                                                  

                        350   280   210                                        

      Pressure, kg./cm.sup.2 G                                                 

                        30    30    30                                         

      WHSV, g./g.hr.    2.3   2.3   2.3                                        

      H.sub.2 /n--C.sub.6 molar ratio                                          

                        5     5     5                                          

     Distribution of the                                                       

     products wt.%:                                                            

      C.sub.1                 0.05  0.01                                       

      C.sub.2           0.01  0.25  0.02                                       

      C.sub.3           0.11  2.55  0.23                                       

      iC.sub.4          0.01  2.75  0.40                                       

      nC.sub.4          0.02  0.77  0.08                                       

      iC.sub.5          0.02  2.28  0.32                                       

      nC.sub.5          0.03  0.72  0.09                                       

      2.2DMB            8.78  10.92 14.78                                      

      2.3DMB            4.25  6.92  7.58                                       

      2MP               36.92 32.85 34.50                                      

      3MP               23.38 19.68 20.36                                      

      n--C.sub.6  99.75 26.27 20.16 21.58                                      

      MCP         0.25  0.20  0.10  0.05                                       

     Total:       100.00                                                       

                        100.00                                                 

                              100.00                                           

                                    100.00                                     

     Distribution of the                                                       

     C.sub.6 isomers (mole%):                                                  

      2.2DMB            8.80  12.18 14.96                                      

      2.3DMB            4.26  7.65  7.67                                       

      2MP               37.10 36.29 34.92                                      

      3MP               23.53 21.66 20.61                                      

      n--C.sub.6        26.32 22.22 21.84                                      

     Total:             100.00                                                 

                              100.00                                           

                                    100.00                                     

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  A quartz reaction tube was filled with 5 g. of catalyst A, through which
      was passed CHClF.sub.2 at a flow rate of 50 ml./min. together with N.sub.2
      gas at a flow rate of 100 ml./min. at 200.degree.C. for 10 min. After
      completion of the reaction volatile substances remaining in the catalyst
      was purged with N.sub.2 gas for 1 hour and the resulting catalyst was
      cooled under N.sub.2 gas and stored in a moisture-proof vessel, which was
      referred to as catalyst C.
PAR  Catalyst C contained 3.64% by weight of fluorine and 0.02% by weight of
      chlorine.
PAR  Using 2 g. of catalysts A and C respectively, hydrofined naphtha was
      treated in a similar equipment to one in Example 1 at a reaction pressure
      of 30 kg./cm..sup.2, a hydrogen to naphtha molar ratio of 5 and WHSV of
      2.3 g./g.hr. The reaction temperatures were 200.degree.C. with catalyst C
      and 200.degree.C. and 280.degree.C. with catalyst A.
PAR  Prior to charging the starting material reduction of the catalyst was made
      by passing dry hydrogen at a flow rate of 100 ml/min. (dried on molecular
      sieve 4A) at 390.degree.C. for 3 hours.
PAR  In Table 2 are shown analytical results of the hydrofined naphtha used as
      the starting material and the reaction products. The values for the
      analysis of the products are those obtained 40 hours after initiation of
      the reaction. As understood from Table 2, not only on n-hexane as set
      forth in Example 1 but also on hydrogenatively purified naphtha, Catalyst
      C according to this invention has a far higher activity than that of
      Catalyst A in view of obvious differences in reaction temperature, content
      of isomers in the product oil as well changes in contents of benzene and
      naphthenes.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Isomerization of hydrogenatively purified                                 

                  Starting                                                     

                        Catalyst                                               

                              Catalyst                                         

                                    Catalyst                                   

                  material                                                     

                        A     A     C                                          

     __________________________________________________________________________

     Reaction conditions:                                                      

      Temperature, .degree.C.                                                  

                        200   280   200                                        

      Pressure, kg./cm..sup.2 G                                                

                        30    30    30                                         

      WHSV, g./g.hr.    2.3   2.3   2.3                                        

      H.sub.2 /H.C molar ratio                                                 

                        5     5     5                                          

     Distribution of the                                                       

     products wt.%:                                                            

      C.sub.1     0     0     0.59  0                                          

      C.sub.2     0     0     1.14  0                                          

      C.sub.3     0     0     10.02 0.41                                       

      iC.sub.4    0     0     5.64  1.33                                       

      nC.sub.4    1.76  1.52  5.64  0.71                                       

      neoc.sub.5  0.00  --    0.64  0.05                                       

      iC.sub.5    16.15 14.22 24.70 29.07                                      

      nC.sub.5    24.41 25.84 12.90 17.03                                      

      2.2DMB      0.42  0.84  6.26  7.78                                       

      2.3DMB      1.69  2.40  2.86  4.20                                       

      2MP         16.10 13.96 11.80 16.04                                      

      3MP         9.48  9.46  7.99  9.48                                       

      nC.sub.6    20.48 20.86 7.33  8.68                                       

      CP          1.88  1.97  0.94  1.61                                       

      MCP         4.41  5.80  1.09  2.68                                       

      CH          0.79  1.19  0.30  0.93                                       

      Benzane     1.89  0.22  0     0.00                                       

     Total:       100.00                                                       

                        100.00                                                 

                              100.00                                           

                                    100.00                                     

     Distribution of                                                           

     the C.sub.5 isomer                                                        

     composition mole%:                                                        

      neoC.sub.5        0.00  1.66  0.33                                       

       i--C.sub.5 39.82 35.50 64.60 62.85                                      

      n--C.sub.5  60.18 64.50 33.74 36.82                                      

     Total:       100.00                                                       

                        100.00                                                 

                              100.00                                           

                                    100.00                                     

     __________________________________________________________________________

TBL             Starting                                                       

                      Catalyst                                                 

                            Catalyst                                           

                                  Catalyst                                     

                material                                                       

                      A     A     C                                            

     __________________________________________________________________________

     Distribution of C.sub.6                                                   

     isomer composition                                                        

     mole %:                                                                   

      2.2DMB    0.88  1.78  17.27 16.84                                        

      2.3DMB    3.51  5.05  7.90  9.10                                         

      2MP       33.42 29.38 32.55 34.74                                        

      3MP       19.68 19.90 22.05 20.53                                        

      n--C.sub.6                                                               

                42.51 43.90 20.23 18.79                                        

     Total:     100.00                                                         

                      100.00                                                   

                            100.00                                             

                                  100.00                                       

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  Isomerization reactions of n-butane were carried out respectively using
      catalysts A and C used in Example 2.
PAR  A stainless steel tubular reactor was filled with 2 g. of catalyst and the
      reaction was conducted at a pressure of 15 kg./cm..sup.2, a hydrogen to
      butane molar ratio of 7 and a WHSV of 6 g./g.hr., the temperature being
      determined in such a way that a similar conversion was afforded.
PAR  Analytical values of the products are those obtained after 10 hours of the
      run.
PAR  As shown in Table 3, it may be understood that catalyst C is effective is
      isomerization of butane at a temperature far lower than that with catalyst
      A.
TBL                Table 3                                                     

     ______________________________________                                    

     Isomerization of n-butane.                                                

                  Starting                                                     

                         Catalyst  Catalyst                                    

                  material                                                     

                         A         B                                           

     ______________________________________                                    

     Reaction conditions:                                                      

      Temperature, .degree.C.                                                  

                             320       260                                     

      Pressure, kg./cm..sup.2 G                                                

                             15        15                                      

     WHSV g./g.hr.           6         6                                       

     H.sub.2 /n--C.sub.4 molar ratio                                           

                             1         1                                       

     ______________________________________                                    

TBL               Starting                                                     

                          Catalyst  Catalyst                                   

                  material                                                     

                          A         B                                          

     ______________________________________                                    

     Distribution of the                                                       

     products wt.%:                                                            

      C.sub.1       0         0.25      0.19                                   

      C.sub.2       0         0.63      0.44                                   

      C.sub.3       0         2.17      1.50                                   

      iC.sub.4      0.30      42.64     46.41                                  

      nC.sub.4      99.70     54.31     51.46                                  

     Total:         100.00    100.00    100.00                                 

     Distribution of the                                                       

     C.sub.4 isomer composition                                                

     mole %:                                                                   

      i--C.sub.4    0.30      43.93     49.32                                  

      n--C.sub.4    99.70     56.07     52.68                                  

     Total:         100.00    100.00    100.00                                 

     Ratio of decomposition                                                    

     wt.%:                                                                     

     .SIGMA.C.sub.1 --C.sub.3 /.SIGMA.C.sub.1 --C.sub.4                        

                              3.05      2.13                                   

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  15 g. of catalyst R as prepared in Example 1 (NH.sub.4 mordenite) was
      treated with an aqueous solution containing [Pt(NH.sub.3).sub.4
      ].sup.+.sup.+ prepared by adding to K.sub.2 PtCl.sub.4 a large excess of
      aqueous ammonia to give the catalyst carrying platinum as much as 0.3% by
      weight in terms of the metal.
PAR  After washed with water the mordenite was mixed with Na.sup.+ free silica
      hydrogel at such a ratio that the former is contained as much as 75% by
      weight and the mixture was kneaded and extruded. The extruded dough was
      dried in air and then at 120.degree.C. for 2 hours and calcinated at
      500.degree.C. for 3 hours. The resulting catalyst was referred to as
      catalyst D.
PAR  A quartz reaction tube was filled with Catalyst D and heated to
      350.degree.C. A gaseous mixture of F.sub.2 ClC--CClF.sub.2 at 10 ml./min.
      and air at 400 ml./min. was passed through the reaction tube for 30 min.,
      the gaseous mixture containing steam at a partial pressure of 15 mm.Hg by
      in advance passing through a scrubbing bottle filled with water. Dry air
      was then passed at a flow rate of 200 ml./min. at 350.degree.C. for 1 hour
      to purge volatile substances on the catalyst. The resulting catalyst,
      which was cooled and stored in a moisture-proof vessel, was referred to as
      Catalyst E.
PAR  Catalyst E contained 1.02% by weight fluorine but no chlorine.
PAR  Catalysts D and E each weighing 2 g. were respectively filled in a
      stainless steel reaction vessel, in which isomerization of n-pentane was
      conducted at a reaction pressure of 20 kg./cm..sup.2 G, a hydrogen to
      hydrocarbon molar ratio of 5 and a WHSV of 2.2 g./g.hr., the reaction
      temperature being 280.degree.C. with Catalyst D and 220.degree.C. with
      Catalyst E. Results of analysis of the products are shown in Table 4. The
      analytical values are those obtained 30 hours after initiation of supply
      of the starting material. As seen from Table 4, in cases of Catalyst D and
      E where palladium was replaced by platinum, too, Catalyst E treated
      according to the method of this invention is effective at a far lower
      temperature.
TBL                Table 4                                                     

     ______________________________________                                    

     Isomerization of n-pentane.                                               

                  Starting                                                     

                          Catalyst  Catalyst                                   

                  material                                                     

                          D         E                                          

     ______________________________________                                    

     Reaction conditions:                                                      

      Temperature, .degree.C. 280       220                                    

      Pressure, kg./cm..sup.2 G                                                

                              20        20                                     

      WHSV, g./g.hr.          2.2       2.2                                    

      H.sub.2 /n--C.sub.5 molar ratio                                          

                              5         5                                      

     Distribution of the                                                       

     products wt.%:                                                            

      C.sub.1       0         0.19                                             

      C.sub.2       0         0.42      0.06                                   

      C.sub.3       0         1.43      0.13                                   

      iC.sub.4      0         1.00      0.27                                   

      nC.sub.4      0         1.19      0.14                                   

      neoc.sub.5    0         0.14                                             

      iC.sub.5      0.45      54.11     56.81                                  

      nC.sub.5      99.55     41.52     42.59                                  

     Total:         100.00    100.00    100.00                                 

     Distribution of the                                                       

     C.sub.5 isomer composition                                                

     mole %:                                                                   

      neoC.sub.5              0.15      0                                      

      iC.sub.5      0.45      56.50     57.16                                  

      nC.sub.5      99.55     43.35     42.84                                  

     Total:         100.00    100.00    100.00                                 

     ______________________________________                                    

PAC  EXAMPLE 5
PAC  Experiment 1
PAR  100 g. of natural mordenite having an SiO.sub.2 /Al.sub.2 O.sub.3 molar
      ratio of 9.2, produced in Miyagi Prefecture, Japan, in an aqueous solution
      of 2N HCl was heated under reflux for 4 hours. The procedure was repeated
      nine times to give a mordenite in H form having an SiO.sub.2 /Al.sub.2
      O.sub.3 molar ratio of 20.5, which was referred to as Catalyst S.
PAR  Catalyst S, 15 g., was transferred into an aqueous solution containing
      [Pt(NH.sub.3).sub.4 ].sup.+.sup.+ ion prepared by adding to K.sub.2
      PtCl.sub.4 a large excess of aqueous ammonia. There was carried 0.3% by
      weight platinum. After washed with water, the mordenite was kneaded with
      bayerite hydrogel in an amount corresponding to 15% by weight in terms of
      Al.sub.2 O.sub.3 on the basis of the mordenite, and the kneaded mass was
      molded. The extruded catalyst dough was dried in air and then at
      120.degree.C. for about 2 hours and calcinated in air at 500.degree.C. for
      3 hours. The catalyst thus obtained was referred to as catalyst F.
PAR  A stainless steel tubular high-pressure reactor was filled with 2 g. of
      catalyst F, with which isomerization of n-hexane containing moisture at 20
      p.p.m. was conducted at a reation temperature of 280.degree.C., a reaction
      pressure of 30 kg./cm..sup.2 G, a hydrogen to hydrocarbon molar ratio of
      10 mol./mol. and a WHSV of 1.3 g./g.hr. In Table 5 are shown of results of
      composition analysis of the products obtained 250 hours after initiation
      of supply of the starting material.
PAC  Experiment 2
PAR  A quartz reaction tube was filled with 3 g. of catalyst F, which was dried
      and reduced under hydrogen at 450.degree.C. for 3 hours. After cooled
      CCl.sub.2 F.sub.2 at a flow rate of 50 ml./min. together with N.sub.2 gas
      at a flow rate of 100 ml./min. was passed therethrough at 220.degree.C.
      for 10 min.
PAR  After completion of the reaction the resulting catalyst was cooled under
      N.sub.2 gas for 1 hour to room temperature and stored in a moisture-proof
      vessel. The catalyst thus obtained was referred to as catalyst G, which
      contained 2.80% by weight fluorine and 0.2% by weight chlorine. The same
      high-pressure reaction vessel as in Experiment 1 was filled with 2 g. of
      catalyst G, with which isomerization of n-hexane containing moisture at 20
      p.p.m. was conducted under the same reaction conditions as in Experiment 1
      except that the reaction temperature was 220.degree.C. Results of analysis
      of the products 250 hours after initiation of supply of the starting
      material are shown in Table 5. As seen from Table 5, as compared with
      catalyst F obtained by treating natural mordenite with hydrochloric acid
      and having platinum carried thereon, catalyst G obtained by halogenating
      catalyst F exerts a superior activity. It will also be understood that the
      starting material containing moisture may be treated for catalyst G.
TBL                Table 5                                                     

     ______________________________________                                    

     Isomerization of n-hexane.                                                

                  Starting                                                     

                          Catalyst  Catalyst                                   

                  material                                                     

                          F         G                                          

     ______________________________________                                    

     Reaction conditions:                                                      

      Temperature, .degree.C. 280       220                                    

      Pressure, kg./cm..sup.2 G                                                

                              25        25                                     

      WHSV, g./g.hr.          1.3       1.3                                    

      H.sub.2 /n--C.sub.6 molar ratio                                          

                              10        10                                     

     Distribution of the                                                       

     products wt.%:                                                            

      C.sub.1                                                                  

      C.sub.2                 0.27      0.09                                   

      C.sub.3                 2.33      0.61                                   

      iC.sub.4                0.73      0.39                                   

      nC.sub.4                0.54      0.19                                   

      iC.sub.5                0.77      0.22                                   

      nC.sub.5                0.34      0.10                                   

      2.2DMB                  8.93      13.03                                  

      2.3DMB                  7.22      7.75                                   

      2MP                     35.82     35.88                                  

      3MP                     21.58     21.10                                  

      n--C.sub.6    99.75     21.47     20.52                                  

      MCP           0.25      0.14      0.12                                   

     Total:         100.00    100.00    100.00                                 

     ______________________________________                                    

TBL               Starting                                                     

                          Catalyst  Catalyst                                   

                  material                                                     

                          F         G                                          

     ______________________________________                                    

     Distribution of C.sub.6                                                   

     isomer composition                                                        

     mole %:                                                                   

      22DMB                   9.40      13.24                                  

      23DMB                   7.60      7.88                                   

      2MP                     37.69     36.50                                  

      3MP                     22.71     21.48                                  

      n--C.sub.6              22.59     20.89                                  

     Total:                   100.00    100.00                                 

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  On 15 g. of catalyst S in Example 5 was carried 0.3% by weight palladium by
      adding the same to an aqueous solution containing [Pd(NH.sub.3).sub.4
      ].sup.+.sup.+ ion prepared by adding to Na.sub.2 PdCl.sub.4 a large excess
      of aqueous ammonia.
PAR  After washed with water the mordenite was added to an aluminum hydrosol in
      such as manner that the mordenite to Al.sub.2 O.sub.3 weight ratio was 1.
      The alumina sol was then gelled. The mass was dried at 120.degree.C. for
      24 hours and calcinated in air at 500.degree.C. for 3 hours. The resulting
      catalyst was referred to as catalyst H.
PAR  In a 2-liter quartz flask was placed 3 g. of catalyst H and, after heated
      at 300.degree.C. under a reduced pressure of 20 mm.Hg., argon gas was
      introduced to a reduced pressure of 400 mm.Hg into the flask, which was
      then heated to 350.degree.C.
PAR  A gaseous mixture of steam at a partial pressure of 15 mm.Hg and CHF.sub.3
      at a partial pressure of 125 mm.Hg, the total pressure being 150 mm.Hg,
      was mixed with O.sub.2 gas at a partial pressure of 10 mm.Hg to a total
      pressure of 160 mm.Hg. In a 30-ml. gas burette was placed the resulting
      gaseous mixture under such conditions that total pressure was 150 mm.Hg
      and temperature was 50.degree.C., which was then introduced into the flask
      containing catalyst H and argon gas. This procedure was repeated ten times
      at intervals of 15 min.
PAR  After heated under a reduced pressure of 20 mm.Hg at 250.degree.C. for 3
      hours the flask was filled with N.sub.2 gas to ordinary pressure and
      cooled. The catalyst was discharged and stored, which was referred to as
      catalyst J. Analysis indicated that Catalyst J contained 0.86% by weight
      fluorine.
PAR  A stainless steel tubular reactor was filled with 2 g. each of the
      catalyst, through which H.sub.2 gas was passed at a flow rate of 100
      ml./min. at 280.degree.C. Isomerization of n-pentane was conducted at a
      reaction temperature of 280.degree.C. a reaction pressure of 15
      kg./cm..sup.2 G, a hydrogen to hydrocarbon molar ratio of 2 and a WHSV of
      4.4 g./g.hr.
PAR  In Table 6 are shown results of composition analysis of the products
      obtained 80 hours after initiation of supply of the started material.
PAR  As seen from Table 6, as compared with catalyst H obtained by treating
      natural mordenite with hydrochloric acid and having palladium carried
      thereon, catalyst J obtained by halogenating catalyst H according to the
      method of this invention exerts a superior activity.
TBL                Table 6                                                     

     ______________________________________                                    

     Isomerization of n-pentane.                                               

                  Starting                                                     

                          Catalyst  Catalyst                                   

                  material                                                     

                          H         J                                          

     ______________________________________                                    

     Reaction conditions:                                                      

      Temperature, .degree.C. 280       280                                    

      Pressure, kg./cm..sup.2 G                                                

                              15        15                                     

      WHSV g./g.hr.           4.4       4.4                                    

      H.sub.2 /n--C.sub.5 molar ratio                                          

                              2         2                                      

     Distribution of the                                                       

     products wt.%:                                                            

      C.sub.1       0                                                          

      C.sub.2       0         0.06      0.14                                   

      C.sub.3       0         0.10      0.23                                   

      iC.sub.4      0         0.08      0.38                                   

      nC.sub.4      0         0         0.26                                   

      neoC.sub.5    0         0         0.07                                   

      iC.sub.5      0.45      57.07     59.70                                  

      nC.sub.5      99.55     42.69     39.22                                  

     Total:         100.00    100.00    100.00                                 

     Distribution of the C.sub.5                                               

     isomer composition                                                        

     mole%:                                                                    

      neoC.sub.5              0         0.07                                   

      i--C.sub.5    0.45      57.21     60.35                                  

      n--C.sub.5    99.55     42.79     39.58                                  

     Total:         100.00    100.00    100.00                                 

     Ratio of decomposition                                                    

     wt.%:                                                                     

     .SIGMA.C.sub.1 --C.sub.4 /.SIGMA.C.sub.1 --C.sub.5                        

                              0.24      1.01                                   

     ______________________________________                                    

PAC  COMPARATIVE EXAMPLE
PAR  In aqueous solution of 2N-HCl was heated under reflux 100 g. of synthetic
      mordenite having an SiO.sub.2 /Al.sub.2 O.sub.3 molar ratio of 11.1 for 4
      hours. The procedure was repeated three times to give a mordenite in H
      form containing 0.04% by weight Na.sub.2 O and having an SiO.sub.2
      /Al.sub.2 O.sub.3 molar ratio of 65. The catalyst was referred to as
      catalyst T. Into an aqueous solution containing [Pd(NH.sub.3).sub.4
      ].sup.+.sup.+ ion prepared by adding to Na.sub.2 PdCl.sub.4 a large excess
      of aqueous ammonia was transferred 15 g. of the catalyst, on which 0.3% by
      weight palladium was thereby carried. After washed with water, the
      resulting catalyst was kneaded with 3.75 g. of bentonite from which most
      portion of Na.sup.+ ion had been in advance removed and the kneaded mass
      was molded. The molded mass was dried in air and then at 120.degree.C. for
      2 hours and calcinated in air at 500.degree.C. for about 3 hours. The
      catalyst thus prepared was referred to as catalyst K.
PAR  A quartz reaction tube was filled with 3 g. of Catalyst K, which was then
      dried and reduced under hydrogen at 450.degree.C. for 3 hours. After
      cooled, the reduced catalyst was contacted with CHF.sub.3 at a flow rate
      of 10 ml./min. together with N.sub.2 gas (in advance passed through water)
      at a flow rate of 200 ml./min. for 1 hour. After completion of the
      reaction the resulting catalyst was cooled under N.sub.2 gas for about 1
      hour to room temperature and then stored in a moisture-proof vessel. The
      catalyst thus prepared, which was referred to as catalyst L, contained
      0.8% by weight fluorine.
PAR  A stainless steel tubular high-pressure reaction tube was filled with 2 g.
      of the catalyst K or L respectively, in which isomerization of n-hexane
      was conducted at a reaction temperature of 280.degree.C., a reaction
      pressure of 20 kg./cm..sup.2 G, a hydrogen-hydrocarbon molar ratio of 3
      mol./mol. and a WHSV of 3.5 g./g.hr. In Table 7 are shown results after 47
      hours of run. As seen from Table 7,  the effect of halogenation cannot be
      produced with the mordenite extremely deficient in Al which has an
      SiO.sub.2 /Al.sub.2 O.sub.3 molar ratio of 65 and there is almost no
      difference in activity between the non-halogenated catalyst K and the
      halogenated catalyst L. It is therefore critical that SiO.sub.2 /Al.sub.2
      O.sub.3 molar ratio of mordenite is smaller than 50.
TBL                Table 7                                                     

     ______________________________________                                    

     Isomerization of n-hexane.                                                

                  Starting                                                     

                          Catalyst  Catalyst                                   

                  material                                                     

                          K         L                                          

     ______________________________________                                    

     Reaction conditions:                                                      

      Temperature, .degree.C. 280       280                                    

      Pressure, kg./cm..sup.2 G                                                

                              20        20                                     

      WHSV, g./g.hr.          3.5       3.5                                    

      H.sub.2 /n--C.sub.6 molar ratio                                          

                              3         3                                      

     Distribution of the                                                       

     products wt.%:                                                            

      C.sub.1                                                                  

      C.sub.2                 1.32      1.36                                   

      C.sub.3                 14.37     11.98                                  

      iC.sub.4                1.76      2.97                                   

      nC.sub.4                2.26      2.53                                   

      iC.sub.5                3.73      2.80                                   

      nC.sub.5                3.38      1.36                                   

      22DMB                   9.10      9.77                                   

      23DMB                   5.45      5.74                                   

      2MP                     25.81     26.58                                  

      3MP                     16.98     17.41                                  

      n--C.sub.6    99.75     15.83     17.39                                  

      MCP           0.25      0.11      0.12                                   

     Total:         100.00    100.00    100.00                                 

     ______________________________________                                    

TBL                Starting                                                    

                          Catalyst  Catalyst                                   

                   material                                                    

                          K         L                                          

     ______________________________________                                    

     Distribution of the C.sub.6                                               

     isomer composition mole%:                                                 

      22DMB                   12.38     12.70                                  

      23DMB                   7.46      7.46                                   

      2MP                     35.24     34.52                                  

      3MP                     23.24     22.74                                  

      n--C.sub.6              21.68     22.58                                  

     Total:                   100.00    100.00                                 

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  A quartz reaction tube was filled with 3 g. of Catalyst D obtained in
      Example 4 and, while heating the catalyst at 350.degree.C., N.sub.2 gas
      was passed therethrough at a flow rate of 50 ml./min.
PAR  After 3 hours, the flow rate of N.sub.2 gas was raised to 100 ml./min. and
      the temperature reduced to 240.degree.C. CF.sub.2 Cl.sub.2 gas was then
      passed at a flow rate of 40 ml./min., together with N.sub.2 gas at a flow
      rate of 100 ml./min., over catalyst D heated at 240.degree.C. for 12
      hours.
PAR  Then, supply of the CF.sub.2 Cl.sub.2 gas was stopped, whereas supply of
      the N.sub.2 gas was continued for 3 hours at a flow rate of 100 ml./min.
      Heating was then discontinued. After cooled, the resulting catalyst was
      stored in a moisture-proof vessel, which was referred to as catalyst M.
      Analysis indicated that catalyst M contained 10.20% by weight fluorine and
      0.01% by weight chlorine.
PAR  A stainless steel reactor was filled with 2 g. of catalyst M which was
      heated to 350.degree.C. while passing hydrogen gas at a flow rate of 100
      ml./min. under ordinary pressure. After 6 hours, the pressure was raised
      to 50 kg./cm..sup.2 G and the temperature to 210.degree.C. Isomerization
      of n-pentane was conducted under the pressure and temperature conditions
      cited above and at a WHSV of 2.5 g./g.hr. and a hydrogen to pentane molar
      ratio of 3.0.
PAR  From the analytical values of the products shown in Table 8, which are
      those obtained 480 hours after initiation of the reation, it will be
      understood that Catalyst M containing 10.20% by weight fluorine at
      210.degree.C. possesses an efficient activity.
TBL                Table 8                                                     

     ______________________________________                                    

     Isomerization of n-pentane.                                               

     Reaction conditions:                                                      

      Temperature, .degree.C.                                                  

                      --          210                                          

      Pressure, kg./cm..sup.2 G                                                

                      --          50                                           

      WHSV            --          2.5                                          

      H.sub.2 /n--C.sub.5 molar ratio                                          

                      --          3.0                                          

      Catalyst        --          2 g                                          

     Distribution of the                                                       

     products wt.%:                                                            

      C.sub.1         0           0.30                                         

      C.sub.2         0           0.62                                         

      C.sub.3         0           2.88                                         

      iC.sub.4        0           1.15                                         

      n--C.sub.4      0           0.87                                         

      i--C.sub.5      0.45        54.61                                        

      n--C.sub.5      99.55       39.57                                        

     Total:           100.00      100.00                                       

     Distribution of the C.sub.5                                               

     isomer composition:                                                       

      i--C.sub.5      0.45        58.00                                        

      n--C.sub.5      99.55       42.00                                        

     Total:           100.00      100.00                                       

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the branch isomerization of saturated hydrocarbons at
      an elevated temperature of up to about 350.degree.C. in the presence of a
      catalyst,
PA1  the improvement which comprises conducting said process with a catalyst
      prepared by
PA2  contacting a composition consisting essentially of from 0.01 to 2 weight
      percent of platinum or palladium supported on a natural or synthetic
      mordenite which is in hydrogen or ammonium form having a SiO.sub.2
      /Al.sub.2 O.sub.3 molar ratio in said mordenite of from 9 to 50
PA2  with a fluorine-containing halogenated hydrocarbon
PA2  at a temperature from 0.degree. to 600.degree.C., to provide in
PA1  said catalyst at least about .86 weight percent fluorine and containing
      chlorine in an amount less than about 0.2 weight percent.
NUM  2.
PAR  2. Process according to claim 1 wherein the SiO.sub.2 /Al.sub.2 O.sub.3
      molar ratio in said mordenite is from 9 to 35.
NUM  3.
PAR  3. Process according to claim 1 wherein the fluorine-containing halogenated
      hydrocarbon is a member selected from the group consisting of CF.sub.4,
      CHF.sub.3, CH.sub.2 F.sub.2, CCl.sub.3 F, CCl.sub.2 F.sub.2, CClF.sub.3,
      CH.sub.2 ClF, CHCl.sub.2 F, CHClF.sub.2, CClF.sub.2 --CClF.sub.2, CF.sub.3
      C.sub.6 H.sub.5, CF.sub.2 ClC.sub.6 H.sub.5 and C.sub.6 H.sub.5 F.
NUM  4.
PAR  4. Process according to claim 1 wherein the contacting of said composition
      with a fluorine-containing halogenated hydrocarbon is conducted at a
      temperature from 160.degree.C. to 320.degree.C.
NUM  5.
PAR  5. Process according to claim 1 wherein the contacting of said composition
      with a fluorine-containing halogenated hydrocarbon is conducted at a
      temperature from 300.degree. to 600.degree.C. in the presence of steam.
NUM  6.
PAR  6. Process according to claim 1 wherein the isomerization reaction is
      conducted in a fixed-bed reactor.
NUM  7.
PAR  7. Process according to claim 1 wherein the isomerization reaction is
      conducted in a fluidized-bed reactor.
NUM  8.
PAR  8. Process according to claim 1 wherein the isomerization reaction is
      conducted at a temperature from 100.degree. to 300.degree.C. and a
      pressure from ordinary to 90 kg./cm/.sup.2 G, preferably from 5 to 50
      kg./cm..sup.2 G.
NUM  9.
PAR  9. Process according to claim 1 wherein the isomerization reaction is
      conducted in a continuous reaction in which the hydrogen to hydrocarbon
      molar ratio at the inlet is from 0.1 to 20, preferably from 0.5 to 10.
NUM  10.
PAR  10. Process according to claim 9 wherein the hydrocarbon compound to be
      isomerized is charged at a weight hour space velocity from 0.05 to 20.
NUM  11.
PAR  11. Process according to claim 1 wherein the hydrocarbon compound to be
      isomerized is a saturated hydrocarbon containing from four to seven carbon
      atoms or a light naphtha fraction composed of distillates in the range
      from 10.degree. to 90.degree.C.
NUM  12.
PAR  12. The process of claim 1 wherein said catalyst includes up to 10 weight
      percent fluorine.
NUM  13.
PAR  13. Process according to claim 1 wherein said composition also includes a
      member of the group selected from bentonite, diatomaceous earth, kaolin,
      alumina, silica and silica-alumina as a binding agent.
NUM  14.
PAR  14. Process according to claim 1 wherein said composition is contacted with
      said fluorine-containing halogenated hydrocarbon diluted with a gas
      selected from the group consisting of helium, argon, carbon dioxide, air,
      nitrogen and oxygen.
NUM  15.
PAR  15. Process according to claim 1 wherein the catalyst from 0.05 to 0.2% by
      weight of chlorine and .86 to 13.0% by weight of fluorine.
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ABST
PAL  A reinforced silicone elastomer formed from 95% to 20% by weight of a
      cross-linkable poly(organo siloxane) and from 5% to 80% by weight of a
      polymerisable ethylenically unsaturated material by cross-linking a
      substantial proportion of the poly(organosiloxane) before a substantial
      proportion of the ethylenically unsaturated material is polymerised, the
      ethylenically unsaturated material subsequently being polymerised.
BSUM
PAR  This invention relates to reinforced silicone elastomers.
PAR  Unreinforced silicone elastomers produced by crosslinking of a poly(organo
      siloxane) generally have only low mechanical strength, for example, low
      tensile strength and low tensile modulus. Increased strength may be
      imparted to such elastomers by incorporating reinforcing fillers into the
      elastomers. Suitable fillers include calcium carbonate, titanium dioxide,
      and silica, especially finely divided silica.
PAR  It has also been proposed to reinforce such silicone elastomers by
      incorporating polymeric materials into the elastomers, e.g. by
      polymerising an ethylenically unsaturated monomer in the presence of a
      poly(organo siloxane) to form a polymeric material grafted to the
      poly(organo siloxane) and subsequently cross-linking the poly(organo
      siloxane).
PAR  The present invention relates to reinforcement of silicone elastomers with
      polymeric materials, the reinforced silicone elastomer comprising a blend
      of from 95% to 20% by weight of cross-linked silicone elastomer and from
      5% to 80% by weight of a polymeric material in which the reinforced
      silicone elastomer is formed from a composition comprising at least one
      cross-linkable poly(organo siloxane) and at least one polymerisable
      ethylenically unsaturated material, and in which a substantial proportion
      of the cross-linking of the poly (organo siloxane) is effected before a
      substantial proportion of the ethylenically unsaturated material is
      polymerised, the ethylenically unsaturated material subsequently being
      polymerised. The composition suitably contains at least one cross-linking
      agent reactive with the poly(organo siloxane).
PAR  We have found that the reinforced silicone elastomers of the present
      invention, in general, possess certain properties superior to the
      properties of reinforced silicone elastomers prepared from a similar
      composition but in which the cross-linking of the silicone elastomer and
      the polymerisation of the polymerisable material are effected
      simultaneously or in which the polymerisation of the polymerisable
      material is effected before cross-linking of the elastomer. For example,
      the reinforced silicone elastomers of the present invention possess
      superior mechanical properties, e.g. superior tensile strength and tensile
      modulus.
PAR  The poly(organo siloxane), which is preferably completely soluble in
      benzene, may have a structure comprising, and preferably consisting
      essentially of, repeat units of structure
      ##EQU1##
      WHERE R and R', which may be the same or different, are hydrocarbyl
      radicals or substituted hydrocarbyl radicals and x is an integer. For
      example, R and R' may be selected from alkyl radicals e.g. methyl, ethyl,
      propyl, butyl and pentyl; aryl radicals, e.g. phenyl; aralkyl radicals,
      e.g. benzyl; alkaryl radicals, e.g. tolyl; alkenyl radicals e.g. vinyl,
      allyl and methallyl, and substituted alkyl radicals, e.g. chloromethyl,
      chloropropyl and trifluoropropyl.
PAR  Preferably both of the groups R and R' are hydrocarbyl groups and they may
      both suitably be alkyl groups especially methyl. Minor amounts of
      monoorganosiloxy units RSiO 3/2 may be present in the
      poly(organosiloxane).
PAR  The average molecular weight of the poly(organosiloxane) may vary widely,
      for example, from 20,000 to 500,000 or even greater but is preferably
      within the range 40,000 to 200,000. Poly(organo siloxanes) having
      molecular weights outside these ranges may be used if desired.
PAR  The polymeric material formed by polymerisation of the ethylenically
      unsaturated material preferably has a glass-rubber transition temperature
      of at least 25.degree.C, more preferably at least 35.degree.C, although we
      do not exclude the possibility of the polymeric material itself being an
      elastomer, that is, having a glass-rubber transition temperature below
      25.degree.C.
PAR  The polymeric material may suitably be formed by polymerisation of at least
      one ethylenically unsaturated monomer containing ethylenic unsaturation in
      a terminal group. Mixtures of such monomers may be used.
PAR  Suitable monomers inlcude, for example, vinyl esters, aromatic vinyl
      compounds, vinyl halides, vinylidene halides, and vinyl nitriles.
PAR  Suitable vinyl esters include, for example, vinyl acetate, and esters of
      acrylic acid having the structure CH.sub.2 =CH--COOR.sup.2, where R.sup.2
      is an alkyl, aryl, alkaryl, aralkyl or cycloalkyl group. For example
      R.sup.2 may be an alkyl group having from 1 to 20, and preferably 1 to 10
      carbon atoms. Particular vinyl esters which may be mentioned include, for
      example, methyl acrylate, ethyl acrylate, n- and iso-propyl acrylates, and
      n-, iso and tertiary butyl acrylates.
PAR  Other suitable vinyl esters include, for example esters of the formula
      CH.sub.2 =C(R.sup.3)COOR.sup.2, where R.sup.3 may be an alkyl group, e.q.
      methyl. In the ester of formula CH.sub.2 =C(R.sup.3)COOR.sup.2, R.sup.2
      and R.sup.3 may be the same or different. Particular vinyl esters which
      may be used include, for example, methyl methacrylate, ethyl methacrylate,
      n-and isopropyl methacrylate and n-, iso- and tertiary-butyl methacrylate.
      Suitable aromatic vinyl compounds include, for example, styrene and
      derivatives thereof, e.g. .alpha.-alkyl derivatives of styrene, e.g.
      .alpha.-methyl styrene, and vinyl toluene.
PAR  The vinyl halide may be, for example, vinyl chloride, and the vinylidene
      halide may be, for example, vinylidene chloride.
PAR  Suitable vinyl nitriles include, for example, acrylonitrile and derivatives
      thereof, e.g. methacrylonitrile.
PAR  The ethylenically unsaturated material may include at least one
      polyfunctional ethylenically unsaturated monomer, that is, a monomer
      containing a plurality of ethylenically unsaturated groups. Suitable
      polyfunctional ethylenically unsaturated monomers include divinyl benzene,
      allyl acrylate, allyl methacrylate, triallyl cyanurate and esters of a
      glycol, for example, ethylene glycol, propylene glycol or glycerol, with
      an ethylenically unsaturated acid, for example, acrylic acid or
      methacrylic acid. A suitable such ester is ethylene glycol dimethacrylate.
      The polymeric material may be formed by polymerisation of a mixture of at
      least one monofunctional and at least one polyfunctional ethylenically
      unsaturated monomer.
PAR  The polymeric material may be formed from a mixture of at least one
      ethylenically unsaturated monomer and a polymer, for example, a polyester,
      containing a plurality of copolymerisable ethylenically unsaturated
      groups.
PAR  Polymerisation of ethylenically unsaturated monomer containing a plurality
      of ethylenically unsaturated groups alone or in admixture with a
      monofunctional ethylenically unsaturated monomer will lead to the
      production of a crosslinked polymeric material. Similarly, polymerisation
      of an ethylenically unsaturated monomer and a polymer containing a
      plurality of ethylenically unsaturated groups will lead to the production
      of a cross-linked polymeric material. It is preferred that the polymeric
      material is cross-linked as, in general, reinforced silicone elastomers
      containing such materials possess certain properties, e.g. tensile
      strengths and tensile moduli, superior to elastomers in which the
      polymeric material is not cross-linked.
PAR  The composition from which the reinforced silicone elastomer is produced is
      desirably homogeneous by which we mean that in the composition there is
      little if any phase separation visible to the unaided eye. Thus, we
      exclude gross phase separation in the composition although we do not
      exclude the possibility of the formation of some haziness therein.
PAR  In producing the reinforced silicone elastomer of the present invention the
      skilled man will readily be able to recognise how to effect cross-linking
      of the poly(organo siloxane) and polymerisation of the polymerisable
      material in such a way that a substantial proportion of the cross-linking
      of the poly(organo siloxane) is effected before a substantial proportion
      of the ethylenically unsaturated material is polymerised.
PAR  Thus, when the poly(organo siloxane) in the composition is cross-linked the
      composition changes from a material having a viscous, liquid,
      non-elastomeric consistency to a material which has elastomeric
      properties, that is, when the material is extended it recovers on release
      of the extending force. When the ethylenically unsaturated polymerisable
      material in the composition is polymerised the composition generally
      becomes opaque. In producing the reinforced silicone elastomer of the
      present invention the cross-linking of the poly(organo siloxane) should be
      effected at least to such an extent that the composition has an
      elastomeric consistency as hereinbefore described, and is preferably
      non-tacky, before polymerisation of the ethylenically unsaturated
      polymerisable material has proceeded to the extent that the composition
      has become opaque due to formation of the polymeric material. It is
      preferred that cross-linking of the poly(organo siloxane) should be
      effected substantially to completion before commencement of polymerisation
      of the polymerisable material.
PAR  In order that the cross-linking of the poly(organo siloxane) and
      polymerisation of the ethylenically unsaturated material may be effected
      in the manner hereinbefore described the cross-linking reaction and and
      polymerisation should be effected under different conditions. This
      difference in conditions may conveniently be a difference in temperature,
      that is, the cross-linking reaction and the polymerisation may
      conveniently be controlled by controlling the temperature. In a preferred
      method the cross-linking reaction is effected at a lower temperature than
      that at which the polymerisation is effected.
PAR  Thus, it is desirable that the cross-linking of the poly(organo siloxane)
      be effected at a relatively low temperature, e.g. at a temperature up to
      50.degree.C or even 60.degree.C and preferably at or near ambient
      temperature.
PAR  Where cross-linking of the poly(organo siloxane) is to be effected by
      reaction with a cross-linking agent the cross-linking agent should possess
      two or more groups which will react with functional groups on the
      poly(organo siloxane). The poly(organo siloxane) should contain two or
      more such functional groups. Examples of such functional groups attached
      directly to silicon atoms in the poly(organo siloxane) include hydrogen,
      hydroxyl, alkoxy, e.g. methoxy, ethoxy and propoxy, alkenyl, e.g. vinyl
      and allyl, and acyloxy, e.g. acetoxy. Such functional groups may be
      attached to silicon atoms at the ends of the poly(organo siloxane) chain,
      or to in-chain silicon atoms, or to both types of silicon atoms. Suitably
      the poly(organo siloxane) may have one of the following general
      structures:
EQU  HO--Si(CH.sub.3).sub.2 --O--.sub.n Si (CH.sub.3).sub.2 --OH (1)
EQU  CH.sub.2 =CH--Si(CH.sub.3).sub.2 --O--.sub.n Si(CH.sub.3).sub.2
      --CH=CH.sub.2                                             ( 2)
EQU  CH.sub.3 --Si(CH.sub.3).sub.2 --O--.sub.n (Si(CH.sub.3)CH=CH.sub.2 --
      O--.sub.m Si(CH.sub.3).sub.3                              ( 3)
EQU  H--Si(CH.sub.3).sub.2 -- O--.sub.n Si(CH.sub.3).sub.2 --H  (4)
PAL  and
EQU  (CH.sub.3).sub.3 -- Si -- O --Si(CH.sub.3).sub.2 --O--.sub.n (Si CH.sub.3
      H--O--.sub.m Si(CH.sub.3).sub.3                           (5)
PAR  The aforementioned poly(organo siloxanes) are well known in the art.
      Poly(organo siloxanes) of types (1), (2) and (3) are preferred and the
      silanol-ended poly(dimethyl siloxane) of type (1) is the most preferred.
PAR  Suitable cross-linking agents reactive with hydroxyl groups attached
      directly to silicon, that is silanol groups, are well known in the art and
      are described, inter alia, in British Pat. Nos. 687,759; 764,246; 841,825;
      844,128; 835,790; 851,578; 905,364; 975,603 and 999,123. Suitable
      cross-linking agents include alkyl silicates and alkyl polysilicates, e.g.
      methyl silicate, ethyl silicate, propyl silicate, butyl silicate and ethyl
      poly-silicate; methoxy ethyl silicate and amino ethyl silicate; trialkoxy
      silanes, e.g. methyl triethoxy silane and phenyl trimethoxy silane;
      triacyloxy silanes, e.g. methyl triacetoxy silane; methyl tris(benzamido)
      silane and methyl tris(butyl amino) silane. The preferred cross-linking
      agents are ethyl silicate, ethyl polysilicate and methoxy ethyl silicate.
PAR  The cross-linking reaction may be assisted by the presence in the
      composition of catalysts, e.g. bases or metal salts. Suitable bases
      include amines, especially primary amines. Where the catalyst is a metal
      salt metal salts of tin are preferred, although salts of other metals may
      be used. For example, the metal salt may be dibutyl tin dilaurate, tin
      naphthenate, lead octanoate, stannous octoate tin oleate and iron
      stearate.
PAR  Where the poly(organo siloxane) comprises a plurality of alkenyl groups,
      which may be terminal groups or which may alternatively or in addition be
      at least some of the groups R and/or R' on the silicon atoms in the chain
      of the poly(organo siloxane), the cross-linking agent may be a compound
      containing a plurality of groups reactive with the ethylenically
      unsaturated groups. For example, the cross-linking agent may be an alkyl
      hydrogeno polysiloxane, e.g. methyl hydrogeno polysiloxane and the
      catalyst may be, for example, chloroplatinic acid. The use of methyl
      hydrogeno siloxanes as cross-linking agent for alkenyl group containing
      poly(organo siloxanes) is described in British Pat. Nos. 1,027,051 and
      1,289,217.
PAR  Other suitable combinations of poly(organo siloxane) and cross-linking
      agent include a poly(organo siloxane) containing halogenated hydrocarbon
      groups and an aminosilane cross-linking agent, and a poly(organo siloxane)
      containing hydroxyl groups and a cross-linking agent which is a siloxane
      having at least three units per molecule of formula R.sup.6 HSiO where
      R.sup.6 is a monovalent hydrocarbon radical containing less than seven
      carbon atoms. The use of methyl hydrogenosiloxanes as cross- linking agent
      for silanol containing poly(organo siloxanes) is described in British Pat.
      Nos. 686,575; 804,199 and 841,825.
PAR  The cross-linking agent may suitably be present in the composition in a
      proportion of 0.1% to 20%, preferably 1% to 10% by weight of the
      poly(organo siloxane) in the composition. The most preferred proportion is
      from 1% to 5% by weight of cross-linking agent by weight of the
      poly(organo siloxane). Where a catalyst for the crosslinking reaction is
      used it may suitably be present in the composition in a proportion of 1%
      to 50%, preferably 10% to 30% by weight of the cross-linking agent in the
      composition. Proportions of cross-linking agent and catalyst outside the
      hereinbefore described ranges may be used if desired. For example,
      platinum catalyst may be effective in very small amounts of the order of
      parts per million.
PAR  Polymerisation of the ethylenically unsaturated material may be
      conveniently effected at a temperature higher than that at which the
      cross-linking is effected. The polymerisation temperature may suitably be
      greater than 50.degree.C and preferably greater than 70.degree.C. Onset of
      polymerisation may be delayed, if desired, by including in the composition
      suitable inhibiters for free radical polymerisation. The ethylenically
      unsaturated material may be polymerised by a free-radical generator.
      Suitable free-radical generators include peroxides e.g. dicumyl peroxide,
      cumene hydroperoxide, t-butyl hydroperoxide and di-t-butyl hydroperoxide,
      and peresters, e.g. t-butyl perbenzoate, isopropyl peroxycarbonate and
      t-butyl per-oxycarbonate. The free-radical generator may be
      azobisiso-butyronitrile.
PAR  The concentration of free-radical generator may suitably be in the range
      0.1% to 10%, preferably 1% to 5% by weight of the ethylenically
      unsaturated polymerisable material in the composition, although
      concentrations outside this range may be used if desired.
PAR  In order that the polymeric material may have a substantial reinforcing
      effect in the silicone elastomer it is preferred that the reinforced
      silicone elastomer comprises at least 10% by weight of polymeric material,
      and more preferably that the reinforced silicone elastomer comprises from
      75% to 50% by weight of cross-linked silicone elastomer and from 25% to
      50% by weight of polymeric material.
PAR  The reinforced silicone elastomer may contain particulate filler material,
      e.g. glass, silica, quartz, titanium, dioxide, or ferric oxide, or fibrous
      filler material, e.g. glass fibre, carbon fibre or asbestos fibre,
      suitably in a proportion of up to 50% by weight of the reinforced silicone
      elastomer hereinbefore described.
DETD
PAR  This invention is now illustrated by the following Examples in which all
      parts are expressed as parts by weight.
PAC  EXAMPLE 1
PAR  A mixture of poly(dimethyl siloxane) of average molecular weight 100,000
      containing an hydroxyl group attached to each of the terminal silicon
      atoms (200 parts) and methyl methacrylate (containing Topanol A) (150
      parts) was vigorously stirred at room temperature (3 hours) to form a
      homogeneous mixture. Ethyl polysilicate (4.0 parts) ("ethyl Silicate 40"),
      dibutyl tin dilaurate (0.8 part), t-butyl peroctoate (0.76 part) and
      methyl methacrylate (10 parts) were added to the mixture. The resultant
      mixture was then stirred (0.25 hour) and n-butylamine (0.13 part) was
      added and stirring continued for 2 minutes. The mixture was then degassed
      at 50 mm pressure and poured into a mould consisting of a 1/8 inch thick
      polytetrafluoroethylene gasket on a 3/100 inch thick
      polytetrafluoroethylene sheet backed by a glass plate. The mould was
      sealed by placing a similar sheet and glass plate on the gasket, the glass
      plates were clamped, and the mould was heated in an upright position in an
      oven at 55.degree.-60.degree.C for 30 minutes after which time gelation
      had occurred and the poly(dimethyl) siloxane has been converted to a
      non-tacky elastomeric material. The mould was then heated at 72.degree.C
      for 16 hours and finally at 130.degree.C for 6 hours. The opaque elastomer
      had a tensile strength of 523 lb. in .sup.-.sup.2 and an extension to
      break of 750%.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was followed to prepare two separate mixtures of
      poly(dimethyl siloxane) of molecular weight 125,000 and having terminal
      hydroxyl groups (60 parts), methyl methacrylate (40 parts), ethyl
      polysilicate (1.0 part), dibutyl tin dilaurate (0.2 part), and, in the
      first mixture, tertiary-butyl peroctoate (0.19 part) and n-butyl amine
      (0.05 part) and, in the second mixture, tertiary-butyl peroctoate (0.38
      part).
PAR  The mixtures were degassed and charged to separate moulds following the
      procedure described in Example 1. The first mixture was allowed to stand
      overnight at room temperature to produce a non-tacky elastomeric material.
      Thereafter, the mould was heated at 70.degree.C for 16 hours and at
      130.degree.C for 6 hours.
PAR  The resultant opaque elastomer had a tensile strength of 539
      lb.sq.in.sup.-.sup.1.
PAR  By way of comparison, the second mixture was charged to a mould preheated
      to 90.degree.C and then heated directly at 90.degree.C for 16 hours and
      130.degree.C for 6 hours. The cross-linking of the poly(organo siloxane)
      and polymerisation of the methyl methacrylate proceeded simultaneously.
PAR  The resultant opaque elastomer had a lower tensile strength, 459
      lb.sq.in.sup.-.sup.1.
PAC  EXAMPLE 3
PAR  A mixture of poly(dimethyl siloxane) molecular weight 300,000 containing a
      vinyl group attached to each of the terminal silicon atoms and 0.15 mole %
      of vinyl groups attached to silicon atoms in the macromolecular chain of
      the poly(dimethyl siloxane) (60 parts) and methyl methacrylate (dried over
      calcium hydride) (40 parts) were vigorously stirred under anhydrous
      conditions (1 hour). To the mixture there were added methyl
      hydrogenopolysiloxane of approximate general formula (CH.sub.3).sub.2
      Si--O--SiCH.sub.3 H--O--.sub.50 Si(CH.sub.3).sub.2 (1.8 parts),
      chloroplatinic acid in isopropanol (25% w/v, 0.02 part), and t-butyl
      peroctoate (0.1 part) all of which had been degassed at room temperature
      for 30 minutes. The resultant homogeneous mixture was stirred for 5
      minutes, degassed, and poured into a mould as used in Example 1 and heated
      at 70.degree.C for 30 minutes until gelation had occurred to produce a
      non-tacky elastomer. The mould was then heated at 130.degree.C for 6
      hours. The resultant opaque elastomer had a tensile strength at break of
      363 lb.in.sup.-.sup.2 and an extension to break of 800%.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 was followed except that 58.3 parts of
      poly(dimethyl siloxane) 1.25 parts of ethyl polysilicate, 0.17 part of
      dibutyl tin dilaurate and 0.033 part of n-butylamine were used, in place
      of the methyl methacrylate there was used 41.7 parts of n-butyl
      methcarylate and in place of the t-butyl peroctoate there was used 0.2
      part of t-butyl perbenzoate, and the mould and contents were heated at
      55.degree.C to 60.degree.C for 1 hour, 90.degree.C for 16 hours and
      130.degree.C for 6 hours. The resultant opaque elastomer had a tensile
      strength of 320 lb.in.sup.-.sup.2 and an extension to break of 250%.
PAC  EXAMPLE 5
PAR  In three separate experiments the procedure of Example 4 was followed to
      prepare elastomers from the following compositions.
TBL  __________________________________________________________________________

     Experiment   A    B       C                                               

     __________________________________________________________________________

     poly(dimethyl                                                             

                  60   70      280                                             

     siloxane) parts           (molecular wt.                                  

     molecular weight          125,000)                                        

     100,000.                                                                  

     Monomer. In place                                                         

                  Styrene                                                      

                       divinylb-                                               

                               Styrene 101.2                                   

     of n-butyl meth-                                                          

                  40   enzene 20,                                              

                               ethylene                                        

     acrylate of Example                                                       

                       ethyl vinyl                                             

                               glycol dimethy-                                 

     4, parts          benzene 20.                                             

                               acrylate 36                                     

     Ethyl polysilicate                                                        

                  1.9  2.8     11.2                                            

     parts                                                                     

     t-butyl perbenzoate,                                                      

                  0.19 0.14    0.56                                            

     part                                                                      

     n-butylamine, part                                                        

                  --   --      0.48                                            

     dibutyl tin dilaurate                                                     

                  0.38 0.23    0.92                                            

     part                                                                      

     water, part  0.2  --      --                                              

     __________________________________________________________________________

PAR  The heating procedure of Example 4 was followed except that in Experiment B
      the mould and contents were heated at 50.degree.C for 30 minutes,
      70.degree.C for 16 hours and 130.degree.C for 6  hours, and in Experiment
      C at 50.degree.C for 30 minutes, 90.degree.C for 18 hours and 130.degree.C
      for 6 hours.
PAR  The properties of the resultant elastomers were as follows:
TBL  Experiment       A       B       C                                        

     Tensile strength 432     854     590                                      

     lb.sq.in.sup.-.sup.1                                                      

     Extension to break%                                                       

                      870     670     720                                      

PAC  EXAMPLE 6
PAR  The procedure of Example 5B was followed in two separate experiments to
      prepare elastomers from the following compositions, the moulds and
      contents being heated at 50.degree.C for 1 hour, 70.degree.C for 18 hours
      and 130.degree.C for 6 hours.
TBL  ______________________________________                                    

     Experiment         A           B                                          

     ______________________________________                                    

     poly(dimethyl siloxane)                                                   

                        70          70                                         

     parts                                                                     

     molecular weight   45,000      128,000                                    

     divinyl benzene, parts                                                    

                        15          15                                         

     ethyl vinyl benzene, parts                                                

                        15          15                                         

     ethyl polysilicate, parts                                                 

                        2           4                                          

     dibutyl tin dilaurate,                                                    

     part               0.48        0.32                                       

     t-butyl perbenzoate, part                                                 

                        0.14        0.14                                       

     b-butylamine, part 0.08        0.024                                      

     ______________________________________                                    

PAR  The properties of the resultant elastomers were as follows:
TBL  Experiment:        A          B                                           

     Tensile strength   463        745                                         

     lb.sq.in.sup.-.sup.1                                                      

     Extension to break%                                                       

                        440        590                                         

PAC  EXAMPLE 7
PAR  The procedure of Example 5B was followed in three separate experiments to
      prepare elastomers from the following compositions
TBL  Experiment        A        B        C                                     

     poly(dimethyl siloxane)                                                   

                       100      100      100                                   

     molecular weight 100,000                                                  

     parts                                                                     

     divinyl benzene, parts                                                    

                       5.5      12.5     33.5                                  

     ethyl vinyl benzene, parts                                                

                       5.5      12.5     33.5                                  

     ethyl polysilicate                                                        

                       4        4        5                                     

     dibutyl tin dilaurate, part                                               

                       0.33     0.34     0.33                                  

     t-butyl perbenzoate, part                                                 

                       0.33     0.12     0.32                                  

     n-butylamine, part                                                        

                       0.044    0.06     0.067                                 

PAR  The properties of the resultant elastomers were as follows:
TBL  Experiment       A       B       C                                        

     Tensile strength                                                          

     lb.sq.in.sup.-.sup.1                                                      

                      62      270     662                                      

     Extension to break %                                                      

                      230     440     490                                      

PAC  EXAMPLE 8
PAR  The procedure of Example 1 was followed to prepare a mixture of 60 parts of
      poly(dimethyl siloxane) of molecular weight 125,00, 40 parts of methyl
      methacrylate, 1 part of ethyl orthosilicate, 0.2 part of dibutyl tin
      dilaurate, 0.19 part of t-butyl peroctoate and 0.032 part of n-butylamine.
      The mixture was degassed and charged to a mould and heated at 50.degree.C
      for 11/2 hours to effect cross-linking of the poly(dimethyl siloxane) and
      thereafter at 70.degree.C for 16 hours and 130.degree.C for 6 hours to
      polymerise the methyl methacrylate. The resultant elastomer had a tensile
      strength of 437 lb.sq.in.sup.-.sup.1.
PAR  By way of comparison the above procedure was repeated except that the
      n-butylamine was omitted and the mould and contents were heated at
      70.degree.C for 16 hours and 130.degree.C for 6 hours to effect
      simultananeous cross-linking of the poly(dimethyl siloxane) and
      polymerisation of the methyl methacrylate. In this case the tensile
      strength of the resultant elastomer was only 351 lb.sq.in.sup.-.sup.1.
PAC  EXAMPLE 9
PAR  The procedure of Example 8 was followed to prepare an elastomer from 60
      parts of poly(dimethyl siloxane) of molecular weight 45,000, 40 parts of
      methyl methacrylate, 1.7 parts of ethyl polysilicate, 0.41 part of dibutyl
      tin dilaurate, 0.1 part of azobisisobutyronitrile and 0.04 part of
      n-butylamine. The mixture was degassed and charged to a mould as used in
      Example 1 and was allowed to stand at room temperature for 16 hours in
      order to effect cross-linking of the poly(dimethyl siloxane). Thereafter,
      the mould and contents were heated at 70.degree.C for 18 hours and
      130.degree.C for 6 hours to polymerise the methyl methacrylate.
PAR  The resultant elastomer had a tensile strength of 253 lb.sq.in.sup.-.sup.1.
PAR  By way of comparison the above procedure was repeated except that 0.2 part
      of azobisisobutyronitrile was used, the n-butyl-amine was omitted, and the
      mould and contents were not allowed to stand at room temperature but were
      heated at 90.degree.C for 18 hours and 130.degree.C for 6 hours in order
      to effect simultaneous polymerisation of the methyl methacrylate and
      cross-linking of the poly(dimethyl siloxane). The resultant elastomer
      appeared non-homogenous when viewed by the naked eye and had a tensile
      strength of only 115 lb.sq.in.sup.-.sup.1.
PAC  EXAMPLE 10
PAR  50 parts of a poly(dimethyl siloxane) of the type used in Example 3, 50
      parts of methyl methacrylate, 1.5 parts of methyl hydrogenopolysiloxane,
      0.02 part of a 25% w/v solution of chloroplatinic acid in isopropanol and
      0.1 part of t-butyl peroctoate were mixed, degassed, charged to a mould
      and heated following the procedure described in Example 3. The resultant
      elastomer had a tensile strength of greater than 230 lb.sq.in.sup.-.sup.1
      and an extension to break of greater than 1000%.
PAC  EXAMPLE 11
PAR  The procedure of Example 10 was repeated except that 60 parts of the
      poly(dimethyl siloxane) having a molecular weight of 165,000 and
      containing 13.5 weight % of vinyl groups on the silicon atoms, 40 parts of
      methyl methacrylate, 1 part of methyl hydrogenopolysiloxane, 0.04 part of
      a 25% w/v solution of chloroplatinic acid in isopropanol and 0.19 part of
      t-butyl peroctoate were used. The mixture was degassed, charged to a
      mould, and heated at 50.degree.C for 30 minutes to cross-link the
      poly(dimethyl siloxane) and was thereafter heated at 70.degree.C for 18
      hours and 130.degree.C for 6  hours to polymerise the methyl methacrylate.
      The resultant elastomer had a tensile strength of 294 lb.sq.in.sup.-.sup.1
      and an extension to break of 60%.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A reinforced silicone elastomer comprising a blend of from 95% to 20% by
      weight of cross-linked silicone elastomer and from 5% to 80% by weight of
      a polymeric material in which the reinforced silicone elastomer is formed
      from a composition comprising at least one cross-linkable
      poly(organo-siloxane) comprising repeat units having the structure
      ##EQU2##
      where x is an integer and the groups R and R', which may be the same or
      different, are hydrocarbyl radicals or substituted hydrocarbyl radicals,
      and at least one polymerisable ethylenically unsaturated material, and in
      which a substantial proportion of the cross-linking of the
      polyorganosiloxane is effected before a substantial proportion of the
      ethylenically unsaturated material is polymerised, the ethylenically
      unsaturated material subsequently being polymerised.
NUM  2.
PAR  2. A reinforced silicone elastomer as claimed in claim 1 in which the
      composition contains at least one cross-linking agent reactive with the
      poly(organo siloxane).
NUM  3.
PAR  3. A reinforced silicone elastomer as claimed in claim 1 in which the
      groups R and R' are both alkyl.
NUM  4.
PAR  4. A reinforced silicone elastomer as claimed in claim 3 in which the
      groups R and R' are both methyl.
NUM  5.
PAR  5. A reinforced silicone elastomer as claimed in claim 1 in which the
      poly(organo siloxane) has a molecular weight in the range 40,000 to
      200,000.
NUM  6.
PAR  6. A reinforced silicone elastomer as claimed in claim 1 in which the
      ethylenically unsaturated material comprises at least one ethylenically
      unsaturated monomer.
NUM  7.
PAR  7. A reinforced silicone elastomer as claimed in claim 6 in which the
      ethylenically unsaturated material comprises at least one ethylenically
      unsaturated monomer containing a plurality of ethylenically unsaturated
      groups.
NUM  8.
PAR  8. A reinforced silicone elastomer as claimed in claim 1 in which
      cross-linking of the poly(organo-siloxane) is effected substantially to
      completion before commencement of polymerisation of the polymerisable
      ethylenically unsaturated material.
NUM  9.
PAR  9. A reinforced silicone elastomer as claimed in claim 1 in which the
      poly(organo siloxane) comprises a plurality of hydroxyl groups and the
      cross-linking agent is an alkyl silicate or an alkyl polysilicate.
NUM  10.
PAR  10. A reinforced silicone elastomer as claimed in claim 1 in which the
      poly(organo siloxane) comprises a pluraltiy of ethylenically unsaturated
      groups and the cross-linking agent is an alkyl hydrogeno polysiloxane.
NUM  11.
PAR  11. A reinforced silicone elastomer as claimed in claim 1 in which in the
      composition the cross-linking agent is present in a proportion of 1% to 5%
      by weight of the poly(organo siloxane).
NUM  12.
PAR  12. A reinforced silicone elastomer as claimed in claim 1 which comprises
      at least 10% by weight of polymeric material.
NUM  13.
PAR  13. A reinforced silicone elastomer as claimed in claim 12 which comprises
      from 75% to 50% by weight of cross-linked silicone elastomer and from 25%
      to 50% by weight of polymeric material.
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ABST
PAL  A thermosetting resin composition consisting essentially of (1) a
      prepolymer having a thermal vinyl group, prepared by reacting (a) a
      polyepoxide compound with at least one equivalent, per epoxy group of said
      polyepoxide compound, of (b) a dicarboxylic acid half ester having the
      formula:
      ##SPC1##
PAL  Wherein R is
      ##EQU1##
      in which n is an integer of 1 to 4 and X is H or CH.sub.3, and R' is a
      divalent aliphatic group having 2 to 6 carbon atoms or a divalent aromatic
      radical having 6 or 7 carbon atoms; and (2) a vinyl monomer
      copolymerizable therewith.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a thermosetting resin composition consisting
      essentially of a prepolymer having more than one double bond of the
      styrene type at the terminals of the molecule and a vinyl monomer.
PAR  An object of this invention is to provide a thermosetting resin composition
      which can form a cured material possessing improved mechanical properties,
      such as impact resistance, resistance to chemicals, air-setting properties
      and so on.
PAR  2. Description of the Prior Art
PAR  Thermosetting resins that undergo a curing reaction due to the
      copolymerization of (1) a prepolymer having a double bond capable of
      radical polymerization with (2) a vinyl monomer, are known, and reference
      can be made to unsaturated polyesters as typical. However, these have
      disadvantages in that they shrink greatly during curing and the cured
      products are poor in impact resistance. With respect to a thermosetting
      resin improved in, especially, its impact resistance, for example,
      Japanese Patent Publication Nos. 15988/1970 and 25178/1970 disclose a
      resin with a terminal diacryl group in the molecule. Although such a resin
      has favorable properties, it has an insufficient air-setting property. The
      resin becomes sticky because of the insufficient setting of the surface
      when in contact with air.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a thermosetting resin composition consisting
      essentially of (1) a prepolymer having a double bond of the styrene type
      at the ends of the molecule, and (2) a vinyl monomer copolymerizable with
      (1). The composition of this invention possesses excellent air-setting
      properties, and this composition possesses not only a thermosetting
      property but also it can be cured at room temperature in a very short
      time. In addition, when using a vinyl monomer, such as styrene, for
      example, the composition of this invention can provide a uniformly set
      resin with excellent mechanical properties, and impact resistance, because
      the prepolymer is advantageously copolymerizable with said monomer.
PAR  According to the present invention, there is provided a thermosetting resin
      composition consisting essentially of (1) a prepolymer having a terminal
      vinyl group, prepared by reacting (a) a polyepoxide compound with at least
      one equivalent, per epoxy group of said polyepoxide compound, of (b) a
      dicarboxylic acid half ester having the formula:
      ##SPC2##
PAL  Wherein R is
      ##EQU2##
      in which n is an integer of 1 to 4 and X is H or CH.sub.3, and R' is a
      divalent aliphatic group having 2 to 6 carbon atoms or a divalent aromatic
      radical having 6 or 7 carbon atoms; and (2) a vinyl monomer
      copolymerizable therewith.
PAR  The polyepoxide is an organic epoxy compound having more than one epoxy
      group in the molecule, and examples that can be used in the present
      invention, include a glycidyl polyether obtainable from a polyhydric
      alcohol and a polyhydric phenol, a glycidyl polyester of a polyhydric
      aliphatic acid, an epoxidized aliphatic acid or an epoxidized drying oil
      acid, an epoxidized polyolefin, and an ester of an epoxidized
      di-unsaturated acid.
PAR  As examples of the polyepoxide compound, there can be enumerated a
      diglycidyl ether of polyethylene glycol, a diglycidyl ether of
      polypropylene glycol, a triglycidyl ether of glycerin, a diglycidyl ether
      of 2,2-bis(4-hydroxyphenyl)-propane, a diglycidyl ether of
      tetrabromobisphenol A, a tetraglycidyl ether of tetraphenyleneethane, a
      polyglycidyl ether obtained by the reaction of epichlorohydrin or methyl
      epichlorohydrin with a novolak resin which is obtained by the reaction
      between phenol and formaldehyde (the so-called "epoxidized novolak
      resin"), a digylcidyl ester obtained by reacting phthalic acid with
      epichlorohydrin or methyl epichlorohydrin, epoxidized soybean oil,
      3,4-epoxy-6-methyl-cyclohexyl methyl-3,4-epoxy-6-methyl-cyclohexane
      carboxylate, epoxidized polybutadiene, 3,4-epoxy-cyclohexyl
      methyl-3,4-epoxycyclohexane carboxylate, and
      1-epoxyethyl-3,4-epoxycyclohexane. Also, polyepoxides derivable from
      nitrogen-containing compounds can be used, for example, the diepoxide
      obtained by the reaction of aniline with epichlorohydrin or methyl
      epichlorohydrin, the triepoxide obtained by the reaction of aminophenol
      with epichlorohydrin or methyl epichlorohydrin or the like.
PAR  The dicarboxylic acid half ester of Formula I used in this invention, can
      be synthesized from a compound having the formula:
      ##SPC3##
PAL  wherein R is
      ##EQU3##
      in which n is an integer from 1 to 4 and X is H or CH.sub.3, and a
      dicarboxylic acid, or anhydride thereof, having the formulae:
EQU  HOOC--R'--COOH                                             (III)
PAL  or
      ##EQU4##
      wherein R' is a saturated or olefinically unsaturated divalent aliphatic
      hydrocarbon group having 2 to 6 carbon atoms, or a divalent unsaturated
      cyclic group having 6 or 7 carbon atoms in total, having a 6 carbon
      unsaturated ring from two different carbon atoms of which a hydrogen atom
      has been removed to provide the valence bonds, having up to one carbon
      atom in a substituent group or in a bridging group between two carbon
      atoms, having up to 6 halo atoms as substituents and the balance being
      carbon and hydrogen atoms.
PAR  The compound of Formula II can be, for example, p-vinylbenzyl alcohol,
      o-vinylbenzyl alcohol, p-(2-hydroxypropyl)-styrene, p-hydroxyethylstyrene,
      o-hydroxyethylstyrene, ethylene
      glycol-mono[.beta.-(p-vinylphenyl)ethyl]ether, triethylene
      glycol-mono[.beta.-(p-vinylphenyl)ethyl]ether or the like.
PAR  The compound of Formula I can be obtained by the reaction of about
      equimolar amounts of the compound of Formula II with the dicarboxylic acid
      or dicarboxylic anhydride (Formula III or IV).
PAR  The dicarboxylic acid (III) or dicarboxylic acid anhydride (IV) used for
      the production of the half ester can be, for example, fumaric acid, maleic
      acid, maleic anhydride, succinic acid, succinic anhydride, adipic acid,
      phthalic anhydride, isophthalic acid, tetrahydrophthalic anhydride,
      tetrabromophthalic anhydride, tetrachlorophthalic anhydride, chlorendic
      acid, terephthalic acid, methyl phthalic acid, methyl isophthalic acid,
      methyl terephthalic acid and the like.
PAR  The reaction of the organic epoxy compound having more than one epoxy group
      in the molecule with the compound of Formula I involves the use of at
      least one equivalent amount of the compound of Formula I per epoxy group
      of the epoxide compound, and the reaction is carried out in the presence
      or absence of catalysts such as tertiary amines, phenols, and addition
      products of tertiary amines and inorganic or organic acids. In the
      reaction, a minor amount of, for example, hydroquinone, tertiary butyl
      catechol, benzoquinone, etc. can be used as a polymerization inhibitor if
      necessary or desired. The prepolymer having a terminal vinyl group (1) is
      produced in this way.
PAR  As the vinyl monomer copolymerizable with the prepolymer in the present
      invention, there can be used the members of the general class of
      polymerizable vinyl monomers, examples of which are styrene,
      p-chlorostyrene, tertiary butylstyrene, methylmethacrylate, acrylonitrile,
      vinylpyrrolidone, acrylic acid, ethyl acrylate, vinyl acetate, isoprene
      and the like.
PAR  The weight ratio of (1) the prepolymer : (2) the vinyl monomer, can be in
      the range of 30-99.5:70-0.5, preferably from 40:60 to 75:25.
PAR  The curing of the resin composition in accordance with the present
      invention generally involves conventional free radical-initiated
      polymerization. The addition of catalytic amounts, e.g. from 0.1 to 5.0
      percent by weight of peroxides or azobis-base radical polymerization
      initiators is satisfactory, and it also occurs at room temperature by
      using redox system initiators or by the addition of catalytic amounts of
      dimethylaniline, cobalt naphthenate etc. It is also possible to cause the
      curing polymerization by means of ultraviolet rays or electron beams.
PAR  The composition of the present invention can be used in a wide variety of
      technological fields, such as, for example, casting articles, molding
      articles such as fiber-reinforced plastics, coatings and adhesives.
DETD
PAR  The invention is further described by reference to the following
      illustrative examples.
PAC  EXAMPLE 1
PAR  162 Grams (one mol) of p-(2-hydroxypropyl)styrene and 100 g (one mol) of
      succinic anhydride were charged into a four-necked flask and heated at
      80.degree.C. for 5 hours to produce a compound of the formula
      ##SPC4##
PAL  Upon confirmation of the completion of the mono-esterification, there was
      added 180 g of epoxy-novolac (Trade name "Dow Epoxy Novolac DEN-438", made
      by Dow Chemical Co., Ltd., epoxy equivalent : 180) that contained adducted
      epichlorohydrin to the phenolic hydroxyl group of the novolac, together
      with 0.2 g of hydroquinone, used as the polymerization inhibitor, and 1 g
      of dimethylamine hydrochloride, used as the catalyst, and the reaction
      mixture was maintained at 120.degree.C. for 2.5 hours. The prepolymer thus
      obtained by this reaction had an acid value of 7.2. This prepolymer was
      cooled to 80.degree.C., and then to it was added 362 g of tertiary
      butylstyrene to form a tertiary butylstyrene solution of the prepolymer,
      i.e., a resin composition of this invention.
PAR  To this vinyl monomer solution of the prepolymer were added 0.5 weight % of
      cobalt naphthenate and 1.3 weight % of methyl ethyl ketone peroxide and
      the resulting solution of this invention was then cured at room
      temperature (the pot-life was 40 min.). The product, post-cured at
      100.degree.C. for 2 hours, exhibited a tensile strength of 11.5
      kg/cm.sup.2, an elongation of 0.5 % and a Charpy impact strength (notch)
      of 6.2 kg.cm/cm.sup. 2. Its heat distortion temperature was 141.degree.C.
      and its air-drying property was also very good.
PAR  A fiber glass reinforced plastic sheet of 3 mm thickness was manufactured
      by a conventional method, using as the substrate three chopped strand
      glass mats (Trade Name "CM455FA", made by Asahi Fiber Glass Co., Ltd.)
      impregnated with the above novel resin composition as the binder resin and
      using the above curing and post-curing agents and conditions. The physical
      properties of the reinforced plastic sheet were tested. The bending
      strength of the thus-obtained sheet was 14.6 kg/cm.sup.2 and its Barcol
      hardness was 40. The sheet was subjected to a heat resistance test in an
      oven at 190.degree.C. for 500 hours, and no cracks were formed. The sheet
      after the heat resistance test exhibited a bending strength of 13.5
      kg/mm.sup.2. Thus there occurred only a small decrease in its bending
      strength as a consequence of the heat resistance test.
PAC  EXAMPLE 2
PAR  148 Grams (one mol) of o-hydroxyethylstyrene and 148 g (one mol) of
      phthalic anhydride were charged into a four-necked flask and heated at
      80.degree.C. for 5 hours to produce a compound of the formula
      ##SPC5##
PAL  Upon confimation of the completion of the monoesterification, 558 g of the
      diglycidyl ether of polypropylene glycol (epoxy equivalent : 558),
      together with 4.3 g of triethylenediamine used as the catalyst, was added
      thereto followed by carrying out the reaction at 120.degree.C. for 2.5
      hours. The thus-obtained prepolymer was cooled to 80.degree.C., and to it
      was added 285 g of methylmethacrylate to form a methylmethacrylate
      solution of the prepolymer.
PAR  Cobalt naphthenate and methyl ethyl ketone peroxide were added to this
      vinyl monomer solution of the prepolymer in an amount as in Example 1 and
      the resulting composition was cured at room temperature. The product was
      then postcured at 100.degree.C. for one hour and it exhibited a tensile
      strength of 5.2 kg/cm.sup.2, an elongation of 9.2 % and a Charpy impact
      strength (notch) of 11.3 kg/cm.sup.2. Its heat distortion temperature was
      60.degree.C.
PAR  This resin composition exhibited a good adhesion to iron or wood when
      applied thereto and then given the above curing and postcuring treatments.
PAC  EXAMPLE 3
PAR  192 Grams (one mol) of ethylene
      glycol-mono[.beta.-(p-vinylphenyl)ethyl]ether, 584 g (four mols) of adipic
      acid, 3.9 g of p-toluenesulphonic acid, 156 g of benzene and 0.3 g of
      hydroquinone were placed in a four-necked flask, and dehydrated and
      condensed at 120.degree.C. for 4 hours under refluxing benzene. Benzene
      and the excess (about three nols) adipic acid were then removed at a
      temperature below 60.degree.C. by reduced pressure distillation.
      Thereafter, p-toluenesulfonic acid was washed off with water. The product,
      sufficiently dried, had an acid value of 184. To the product thus
      monoesterified was added 138 g of
      3,4-epoxy-cyclophexylmethyl-3,4-epoxycyclohexanecarboxylate (Trade Name
      "Chisonox CX-221" made by Chisso Co., Ltd. epoxy equivalent : 138) and the
      mixture was subjected to reaction at 120.degree.C. for two hours in the
      presence of 2.3 g of triethylenediamine. The prepolymer obtained in this
      reaction has an acid value of 7.2 This prepolymer was then cooled to
      80.degree.C. and 98 g of styrene and 98 g of methylmethacrylate were added
      thereto to form a vinyl monomer solution of the prepolymer.
PAR  As in Example 1, cobalt naphthenate and methyl ethyl ketone peroxide were
      added to the vinyl monomer solution of the prepolymer to effect curing
      thereof at room temperature. The product postcured at 100.degree.C. for
      two hours showed a tensile strength of 7.6 kg/cm.sup.2, an elongation of
      6.5 % and a Charpy impact strength (notch) of 9.9 kg/cm.sup.2, and its
      heat distortion temperature was 82.degree.C.
PAR  This resin composition exhibited very excellent adhesion to iron and wood
      when used as described in the foregoing example.
PAC  EXAMPLE 4
PAR  268 Grams (two moles) of p-vinylbenzyl alcohol and 196 g (two mols) of
      maleic anhydride were charged in a four-necked flask and heated at
      80.degree.C. for 5 hours. Upon confirmation of the completion of the
      monoesterification, 484 g (one mol) of Epicoat 834, made by Shell Chemical
      Co., Ltd., (a diglycidyl ether of bisphenol A), 0.5 g of hydroquinone,
      used as the polymerization inhibitor, and 4 g of
      tri(dimethylaminomethyl)-phenol, were further added and the reaction was
      carried out at 120.degree.C. for 2.5 hours. The obtained product was then
      cooled to 80.degree.C., and 776 g of styrene was added thereto to prepare
      a styrene solution of the prepolymer.
PAR  0.5 Weight % of cobalt naphthenate 1.3 weight % methyl ethyl ketone
      peroxide were then added to this styrene solution of the prepolymer and
      cured at room temperature (it exhibited a pot life of 40 min.). The
      product postcured at 100.degree.C. for 2 hours exhibited a tensile
      strength of 10.1 kg/cm.sup.2, an elongation of 4.1 %, and a Charpy impact
      strength of 7.1 kg.cm/cm.sup.2. Its heat distortion temperature was
      108.degree.C. and its air-drying property was also excellent.
PAR  Then, a fiber glass reinforced plastic sheet (FRP) of 3 mm thickness was
      prepared according to a conventional method, using as the substrate three
      chopped strand glass mats (Trade Name "CM 455 FA" made by Asahi Fiber
      Glass Co., Ltd.) under the above-mentioned curing conditions as described
      in Example 1.
PAR  The anticorrosion test on FRP test pieces of the above was carried out for
      3 and 6 months by dipping them in the following liquids listed in the
      table below. The results are tabulated in the table.
TBL  ______________________________________                                    

     Anticorrosion Test Condition                                              

     Liquid       Concentration  Test                                          

                                 Condition                                     

     ______________________________________                                    

     Sulfuric acid                                                             

                  75% Sulfuric Acid                                            

                                 Room temp.                                    

     Hydrochloric 37% Hydrochloric                                             

                                 Room temp.                                    

     acid           acid                                                       

     Caustic soda 50% Caustic soda                                             

                                 Room temp.                                    

     ______________________________________                                    

TBL  Anticorrosion Test Results                                                

             Bending strength                                                  

                            Barcol Hardness                                    

             (Kg/mm.sup.2)                                                     

             Before                                                            

                  After dipping                                                

                            Before                                             

                                 After dipping                                 

     Liquid  dipping                                                           

                  3 months                                                     

                       6 months                                                

                            dipping                                            

                                 3 months                                      

                                      6 months                                 

     __________________________________________________________________________

     Sulfuric acid                                                             

             13.3 12.5 13.0 38   39   38                                       

     Hydrochloric                                                              

             13.3 11.1 10.8 38   39   37                                       

     acid                                                                      

     Caustic soda                                                              

             13.3 12.0 12.3 38   37   37                                       

     __________________________________________________________________________

CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A thermosetting resin composition consisting essentially of (1) a
      prepolymer having a terminal vinyl group, produced by reacting a
      polyepoxide compound with at least one equivalent, per epoxy group of said
      polyepoxide compound, of a dicarboxylic acid half ester having the formula
      ##SPC6##
PAL  where R is a member of the group consisting of --CH.sub.2 -- and
      --(CH.sub.2 --CHX--O).sub.n.sub.-1 --CH.sub.2 --CHX--, in which n is 1 to
      4 and X is a member of the group consisting of H and CH.sub.3, and R' is a
      member of the group consisting of divalent aliphatic radical of 2 to 6
      carbon atoms and a divalent aromatic radical of 6 to 7 carbon atoms, and
      (2) a vinyl monomer copolymerizable therewith or a mixture of said vinyl
      monomers.
NUM  2.
PAR  2. A thermosetting resin composition according to claim 1 wherein the vinyl
      monomer is a member of the group consisting of styrene, p-chlorostyrene,
      t-butylstyrene, methylmethacrylate, acrylonitrile, vinylpyrrolidone,
      acrylic acid, ethyl acrylate, vinyl acetate and isoprene.
NUM  3.
PAR  3. A thermosetting resin composition according to claim 2 comprising a
      solution of (1) dissolved in (2).
NUM  4.
PAR  4. The method of producing a cured resin article comprising forming a
      shaped article from a thermosetting resin composition comprising (1) a
      prepolymer having a terminal vinyl group, produced by reacting a
      polyepoxide compound with at least one equivalent, per epoxy group of said
      polyepoxide compound, of a dicarboxylic acid half ester having the formula
      ##SPC7##
PAL  where R is a member of the group consisting of --CH.sub.2 -- and
      --(CH.sub.2 --CHX--O).sub.n.sub.-1 --CH.sub.2 --CHX--, in which n is 1 to
      4 and X is a member of the group consisting of H and CH.sub.3, and R' is a
      member of the group consisting of divalent aliphatic radical of 2 to 6
      carbon atoms and a divalent aromatic radical of 6 to 7 carbon atoms and
      (2) a vinyl monomer copolymerizable therewith or a mixture of said vinyl
      monomers, and about 0.1 to 5.0 percent by weight of a polymerization
      initiator, thus to form a solution of (1) in (2), forming said solution
      into said shaped article and curing said shaped article by causing
      polymerization thereof.
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ABST
PAL  A hydrophilic, epoxy containing polymer. The polymer is made by the free
      radical polymerization of a substituted epoxy monomer containing terminal
      unsaturation and at least one 1,2-epoxy group with an olefin monomer such
      as acrylonitrile to form a polymer having free epoxy groups which are
      available for reaction with other substances. Enzymes are immobilized by
      reaction with the polymer.
BSUM
PAR  The invention relates to a hydrophilic, epoxy containing polymer having
      free, reactive epoxy groups and to a method for preparing the polymer.
PAR  The novel epoxy-containing polymer of my invention is prepared by the
      reaction of an epoxy monomer having at least one 1,2-epoxy group and one
      terminal unsaturation per molecule when the epoxy molecule is a single
      chemical species or per average molecule when the epoxy monomer is a
      mixture of chemical species as a result of its method of preparation.
      Suitable available epoxy monomers include glycidyl acrylate, glycidyl
      methacrylate, allyl glycidyl ether, and the like. Other epoxy monomers
      which are useful for preparing the epoxy containing polymer include those
      which are prepared by the reaction of an epoxy resin with a difunctional
      olefin to form the epoxy monomer as defined. The epoxy monomer is then
      copolymerized with a substituted olefin monomer by free radical
      polymerization to form a hydrophilic polymer which contains reactive epoxy
      groups.
PAR  Many enzymes can be separated from their natural environment in a living
      organism and recovered for catalytic use such as, for example, in an
      industrial process or in a suitable analytical application. Since enzymes
      are water soluble, some enzymes function in their natural environment in
      solution, however, most enzymes function within the living organism in
      association with a membrane. When an enzyme is removed from the organism
      and is used as a catalyst in an aqueous solution, it tends to become
      denatured because of reduced stability in the foreign environment.
      Furthermore, it is difficult to recover active enzyme catalyst for reuse
      from the product solution containing the enzyme and impurities. It has
      been proposed to artificially insolubilize enzymes to overcome these
      disadvantages by chemically or physically attaching the enzyme to a
      water-insoluble substrate or support to form a synthetically immobilized
      enzyme analogous to the membrane-enzyme relationship in nature.
PAR  The solid and water-insoluble, hydrophilic, epoxy containing polymer of my
      invention can synthetically immobilize and support enzymes by chemically
      uniting with an enzyme or mixture of enzymes. Both the stability and the
      activity during storage and use of the resulting immobilized enzyme are
      thereby substantially enhanced by the hydrophilic environment provided by
      the epoxy containing polymer. Not only does the enzyme, immobilized by the
      epoxy containing polymer, retain its natural activity to a substantial
      degree, but it can also be repeatedly reused in a batch process or used
      over extended periods of time in a continuous process with substantial
      retention of its activity.
PAR  In the immobilized enzyme the enzyme is chemically bound or coupled to the
      epoxy containing polymer through one or more epoxy groups of the support
      or carrier. This coupling reaction takes place with a suitable functional
      group in the enzyme molecule. Since an epoxy group can react with many
      different functional groups, the epoxy containing polymer carrier is
      reactive with and can immobilize any enzyme which is capable of being
      immobilized. Thus, the present epoxy containing polymer can advantageously
      immobilize a large number and variety of enzymes for catalytic utility or
      can be reacted with other substances, as desired.
PAR  The expressions epoxy resin and polyepoxide are used interchangeably to
      refer to the broad class of initial epoxide containing reactants which are
      used in the reaction of the difunctional olefin with the epoxy resin to
      form the epoxy monomer. The epoxy resin can be a single compound or a
      mixture of compounds containing the alpha-epoxy group and can be monomeric
      or polymeric. Each epoxy group can be located terminally, internally, or
      on a cyclic structure that is capable of being used in preparing a
      thermoset material. The expressions are used with reference to the
      thermoplastic or uncured state and do not refer to a thermoset or cured
      material. When the epoxy resin is a single compound, it must contain at
      least two epoxy groups per molecule. However, with epoxy resins or
      polyepoxides in which a variety of molecular species are present, the
      number of epoxy groups will vary from molecular species to molecular
      species such that the average number of epoxy groups per molecule is
      specified.
PAR  This average number of epoxy groups per molecule is also designated the
      epoxy equivalent value. When a mixture of compounds is involved, the epoxy
      equivalent value must be greater than one and preferably at least about
      two but will generally not be a whole integer. The epoxy equivalent value
      is obtained by dividing the average molecular weight of the epoxy resin by
      its epoxide equivalent weight (grams of epoxy resin containing one gram
      equivalent of epoxide). The epoxy resin can be aliphatic, cycloaliphatic,
      aromatic, heterocyclic, mixtures of these, saturated or unsaturated, and
      can include non-interfering groups such as halogen, alkoxy, ester and the
      like.
PAR  This broad class of epoxy resins which is useful in forming the epoxy
      containing polymer is exemplified by reference to several of the better
      known types. Glycidyl group epoxy resins are an important type of epoxy
      resin. This includes the glycidyl ethers, the glycidyl esters, the
      glycidyl amines, the thioglycidyl resins, the silicon glycidyl resins and
      the like. The glycidyl ethers include the glycidyl ethers of mononuclear
      polyhydric phenols, polynuclear polyhydric phenols and the aliphatic
      polyols. They may be single compounds or more commonly are a mixture of
      compounds, some of which are polymeric in nature. Illustrative of glycidyl
      ethers are the di or polyglycidyl ethers of ethylene glycol; trimethylene
      glycol; glycerol; diglycerol; erythritol; mannitol; sorbitol; polyallyl
      alcohol; dihydroxymethylcyclohexene; polyepichlorohydrin; butanediol;
      hydrogenated bisphenol A; 1,3-bis(3-hydroxypropyl)tetramethyldisiloxane;
      2,5-bis(hydroxymethyl)tetrahydrofuran; 1,4:3,6-dianhydro-D-sorbitol;
      2-butynediol; and the like.
PAR  The glycidyl ethers of polyhydric phenols include the glycidyl ethers of
      resorcinol; hydroquinone; catechol; pyrogallol; phloroglucinol; their
      methyl derivatives; and the like as well as the glycidyl ethers of
      polynuclear phenols such as 2,2-bis(4-hydroxyphenyl)propane;
      bis(4-hydroxyphenyl)methane; 2,2-bis(4-hydroxyphenyl)isobutane;
      2,2-bis(2-hydroxynaphthyl)-pentane; 1,5-dihydroxynaphthalene; bisphenol A;
      4,4'-dihydroxybiphenyl; 2,3',4-tri(epoxytripropoxy)diphenyl;
      dihydroxyfluoroanthrene; dihydroxydinaphthylmethane, and the like, and
      glycidyl ethers of the novolac resins such as bisphenol F.
PAR  The epoxy resins also include epoxidized polyolefins generally based on
      naturally occurring polyolefins such as epoxidized soybean oil, epoxidized
      cotton seed oil, epoxidized castor oil, epoxidized linseed oil, epoxidized
      menhaden oil, epoxidized lard oil and the like, but also including
      epoxidized butadiene, epoxidized polybutadiene, and the like. They also
      include epoxy resins obtained from chloroacetyl compounds such as
      4,4-bis(1,2-epoxyethyl)phenyl ether; 1,3,5(1,2-epoxyethyl)benzene;
      1,5(1,2-epoxyethyl)naphthalene; 4,4'-bis(1,2-epoxyethyl)biphenyl; and the
      like.
PAR  Additional useful epoxy resins are diglycidyl isophthalate; diglycidyl
      phthalate; O-glycidyl phenyl glycidyl ether;
      2,6-(2,3-epoxypropyl)phenylglycidyl ether; triglycidyl p-aminophenol;
      diglycidyl ether of bisphenol-hexafluoroacetone; diglycidyl ether of
      2,2-bis(4-hydroxyphenyl)nonadecane; diglycidyl phenyl ether; triglycidyl
      4,4-bis(4-hydroxyphenyl)-pentanoic acid; diglycidyl ether of
      tetrachlorobisphenol A; triglycidyl ether of trihydroxybiphenyl;
      tetraglycidoxy biphenyl; tetraglycidyl ether of bisresorcinol F;
      tetraglycidyl ether of resorcinol ketone; diglycidyl ether of bisphenol
      PA, triglycidoxy-1,1,3-triphenylpropane; and the like. Also included are
      tetraglycidoxy tetraphenyl ethane;
      1,3-bis[3-(2,3-epoxypropoxy)-propyl]tetramethyldisiloxane; diglycidyl
      ether of polypropylene glycol; polyallyl glydicyl ether; triglycidyl ester
      of linoleic trimer acid; epoxidized cyclic silane; diglycidyl ether of
      chlorendic diol; diglycidyl ether of dioxanediol; diglycidyl ether of
      endomethylene cyclohexanediol; diglycidyl ester of linoleic dimer acid;
      and the like.
PAR  Further examples of epoxy resins are
      2,2-bis[4-(2,3-epoxypropyl)cyclohexyl]propane;
      2,2-(4-[3-chloro-2-(2,3-epoxypropoxy)propoxyl]cyclohexyl)propane;
      vinylcyclohexenedioxide; limonene dioxide;
      2,2-bis(3,4-epoxycyclohexyl)propane; diglycidyl ether;
      bis(2,3-epoxycyclopentyl)ether; dicyclopentadiene dioxide;
      1,2-epoxy-6-(2,3-epoxypropoxy)hexahydro-4,7-methanoindane;
      p-epoxycyclopentylphenyl glycidyl ether; epoxydicyclopentyl glycidyl
      ether; O-epoxycyclopentylphenyl -epoxycyclopentylphenyl glycidyl ether;
      bisepoxydicyclopentyl ether of ethylene glycol;
      3,4-epoxycyclohexylmethyl-(3,4-epoxy)cyclohexane carboxylate;
      3,4-epoxy-6-methylcyclohexylmethyl-4-epoxy-6-methylcyclohexane
      carboxylate; dicycloaliphatic diether diepoxy;
      bis(3,4-epoxy-6-methylcyclohexylmethyl)adipate; and the like. Further
      information on these epoxy resins and additional examples of useful epoxy
      resins are discussed and/or referred to in HANDBOOK OF EPOXY RESINS by H.
      Lee and K. Neville, McGraw-Hill Book Co., 1967.
PAR  The difunctional olefin can be defined by the following structural formula
EQU  CH.sub.2 =C(R.sub.1)--R.sub.2
PAL  where R.sub.1 is hydrogen or methyl and R.sub.2 is carboxyl; hydroxymethyl;
      formyl; chlorocarbonyl; carbamyl; aminomethyl; mercaptocarbonyl;
      mercaptomethyl;
EQU  --CH.sub.2 NHR.sub.3
PAL  where R.sub.3 is lower alkyl, hydroxyphenyl or lower alkyl substituted
      hydroxyphenyl; or lower alkyl or phenyl substituted hydroxyphenyl. Lower
      alkyl refers to alkyl groups having one to four carbon atoms. Suitable
      difunctional olefins include acrylic acid, methacrylic acid, allyl
      alcohol, acrolein, methacrolein, acrylyl chloride, acrylamide, allylamine,
      thioacrylic acid, allyl mercaptan, vinyl phenol, and the like.
PAR  The difunctional olefin reacts through the functional group other than the
      unsaturated group with an epoxy group in the polyepoxide in order to form
      the epoxy monomer. This reaction is illustrated with acrylic acid and a
      diepoxy resin:
      ##EQU1##
      where R merely represents the non-epoxy portion of the polyepoxide. Since
      the preparation of an epoxy containing polymer is the objective, it is
      preferable that the amount of the difunctional olefin relative to the
      epoxy resin be less than the amount that would react with every epoxy
      group in order that unreacted epoxy groups are available for subsequent
      reaction after the polymer is formed. Therefore, the ratio of mol
      equivalents of epoxy groups to difunctional olefin should preferably be
      greater than one. It is preferred that this ratio be at least about two to
      one in the reaction mixture used to make the epoxy monomer. This is simply
      accomplished by using an equimolar mixture of epoxy resin and difunctional
      olefin in which the epoxy resin has an epoxy equivalent value of at least
      about two.
PAR  The epoxy monomer can be conveniently prepared under conditions for reflux
      at a temperature between about 100.degree. and about 150.degree. C. and
      atmospheric pressure. A suitable solvent for the difunctional olefin and
      the epoxy resin, which is non-reactive in the reaction environment, is
      selected having a boiling point at the desired reflux temperature.
      Temperatures below about 100.degree. C. can be used at a lowered reaction
      rate and temperatures above about 150.degree. C. can be used provided that
      the materials are stable at the high temperature. The solvent can be
      toluene, xylene, chlorobenzene, tetrachloroethylene, bromoform,
      n-butylacetate, acetonitrile, dioxane, dimethyl ether and the like, which
      are illustrative of the classes of compounds that can serve as a solvent
      in the reaction.
PAR  A catalyst is preferably used for the desired reaction between the epoxy
      resin and the difunctional olefin. Suitable catalysts for this reaction
      are the alkyl and aromatic tertiary amines including trimethylamine,
      triethylamine, tripropylamine, tributylamine, benzyldimethylamine,
      benzyldiethylamine, pyridine, 2-picoline, 4-picoline, 2,6-lutidine, and
      the like. The reflux is carried out until the reaction is substantially
      complete. The epoxy monomer is next copolymerized with the substituted
      olefinic monomer.
PAR  The substituted olefinic monomer copolymerizes with the epoxy monomer by
      free radical polymerization at the olefinic double bonds in each material.
      The substituted olefinic monomers are suitable for copolymerization with
      the epoxy monomer to produce hydrophilic epoxy containing polymers without
      substantial reaction with the epoxy groups in the epoxy monomer. The
      preferred substituted olefinic monomers can be defined by the structural
      formula
EQU  CH.sub.2 =C(R.sub.1)--R.sub.4
PAL  where R.sub.1 is methyl or hydrogen and R.sub.4 is cyano, lower carboalkoxy
      having one to four carbon alkoxy, and the like and include acrylonitrile,
      methacrylonitrile, methyl acrylate, methyl methacrylate, and the like.
      Since the substituted olefinic monomer introduces the hydrophilic property
      into the polymer, the relative amount of this monomer can be varied to
      adjust this property. Suitable hydrophilic epoxy containing polymers are
      made when the epoxy monomer comprises about five to about 30 mol percent
      of the comonomer mixture.
PAR  Suitable free radical initiation can be used such as ionizing radiation,
      ultraviolet radiation and the like, but preferably chemical free radical
      initiators are used. The chemical free radical initiators together with
      accelerators or activators, if needed, are selected according to common
      practice by correlating the desired temperature of polymerization with the
      activation temperature of the initiators. Suitable chemical free radical
      initiators include benzoyl peroxide, lauroyl peroxide, methyl ethyl ketone
      peroxide, di(2-methylpentanoyl)peroxide, p-chlorobenzoyl peroxide,
      cyclohexanone peroxide, bis(1-hydroxycyclohexyl)peroxide, hydroxyheptyl
      peroxide, and the like, dicyclohexyl peroxydicarbonate, dibenzyl
      peroxydicarbonate, azobisisobutyronitrile, and the like. The
      polymerization reaction is carried out using a suitable, non-reactive
      solvent for the monomers generally at a temperature between about
      80.degree. C. and about 200.degree. C. Suitable solvents include the
      solvents specified for the preparation of the epoxy monomer. The same
      solvent can be conveniently used in each reaction. Following
      polymerization the polymer is dried of the solvent and formed into a fine
      powder.
PAR  The polymer product is a solid hydrophilic polymer which contains a
      substantial number of epoxy groups at the surface of the particles
      available for reaction with other compositions. In order to bind an enzyme
      to the water-insoluble epoxy containing polymer, the polymer is dispersed
      in a water solution of an enzyme. Generally the weight of the enzyme in
      solution is no greater than about one percent of the weight of the polymer
      support. In the upper end of this range, the enzyme is used in excess over
      that amount which can be bound. However, the enzyme does not need to be
      used in excess since only a sufficient amount of enzyme is used in the
      immobilization reaction to produce a product of useful activity. During
      the immobilization reaction, the enzyme comes into reactive contact with
      the polymer aided by the hydrophilic nature of the polymer. The binding
      reaction occurs through one or more of the large number of epoxy groups
      available for reaction on the surface of the polymer particles and through
      one or more epoxy reactive groups in the enzyme. Epoxy reactive groups are
      listed in Appendix 5-1 of the Lee and Neville book.
PAR  This binding reaction is preferably carried out at a low temperature, such
      as 0.degree. to 10.degree. C., to avoid undue denaturation of the enzyme
      and with gentle agitation to insure good contact of the enzyme with the
      polymer. This enzyme immobilization reaction is carried out for a long
      enough time to bind a useful amount of the enzyme on the polymer generally
      from about one to about eight hours. The enzyme-polymer product is then
      filtered and washed with buffered aqueous solution to remove non-bound
      enzyme, and is left moist to maintain the activity of enzyme. The
      immobilized enzyme is used as a catalyst in contact with an aqueous
      solution of the substance undergoing conversion. It possesses a
      substantial portion of its natural activity and it can be repeatedly
      recovered for reuse and can be used for long periods of time without
      substantial loss of activity.
PAR  The following examples are set out to illustrate the invention and to
      provide a better understanding of its details and advantages. An
      International Unit (I.U.) is defined as the amount of enzyme which
      converts one micromol of substrate per minute.
DETD
PAC  EXAMPLE 1
PAR  A 27 gram portion of methacrylonitrile and 250 ml. of benzene were placed
      in a 500 ml. resin kettle equipped with mechanical stirrer, condenser,
      nitrogen inlet and heating mantle. The conventional
      anti-oxidant-polymerization inhibitor had first been removed from the
      methacrylonitrile by passing it through a column of silica gel. To this
      solution were added 14.2 grams of glycidyl methacrylate and one gram of
      azobisisobutyronitrile. The solution was heated at reflux with stirring
      for 18 hours. The cloudy solution was then slowly poured into two liters
      of rapidly stirred hexane to produce a flocculent white solid. The solid
      product was filtered, washed with hexane, dried under vacuum and then
      ground to a powder. This epoxy containing product was determined to have
      an epoxy equivalent value of about 900 and was obtained in 32 percent (13
      grams) yield based on total reactants.
PAR  A one gram sample of the polymer was placed in a 30 ml. screw cap bottle
      along with 10.0 ml. of a glucose oxidase solution having an activity of
      100 I.U. The bottle and contents were shaken overnight at a temperature of
      about 0.degree. C. A colorimetric analysis of the polymer and solution
      demonstrated that the polymer had immobilized 0.037 mg. of glucose oxidase
      per gram of polymer and was determined to have an activity of 10 I.U.
PAC  EXAMPLE 2
PAR  A 27 gram (0.05 mol) portion of Epon 834 (a diglycidyl ether of bisphenol A
      having an epoxy equivalent value of 280 obtained from Shell Chemical
      Company) dissolved in 100 ml. of toluene, 8.2 grams (0.1 mol) of
      methacrylic acid and 1.0 ml. of triethylamine were placed in the resin
      kettle described in Example 1. The reaction mixture was refluxed with
      stirring under a nitrogen atmosphere as one ml. samples of the reaction
      mixture were periodically sampled and titrated with 0.1 N sodium hydroxide
      to analyze for methacrylic acid. When analysis indicated that about 95
      percent of the methacrylic acid had been consumed, 50 ml. of toluene were
      removed by distillation.
PAR  This was followed by the addition of 200 ml. of benzene and 27 grams (0.4
      mol) of methacrylonitrile (purified as described in Example 1) and one
      gram of azobisisobutyronitrile. The reaction mixture was stirred under
      reflux for five hours during which time the polymer product came out of
      solution. The polymer product was filtered, washed with benzene, ground
      and dried under vacuum yielding 61 percent based on total reactants (38
      grams) of a fluffy, white powdered polymer product having an epoxy
      equivalent value of 3,817.
PAR  A 0.5 gram portion of this polymer was shaken for four hours with 5.0 ml.
      of glucose oxidase solution having an activity of 105 I.U. Colorimetric
      analysis revealed that the polymer had immobilized 0.117 mg. of glucose
      oxidase per gram of polymer. This immobilized product had an activity of
      27 I.U.
PAC  EXAMPLE 3
PAR  The procedure of Example 2 was repeated except that 13.5 grams (0.2 mol) of
      methacrylonitrile was used in the polymerization. A fluffy, white polymer
      product was produced in 80 percent yield (39 grams) based on the total
      reactants. Its epoxy equivalent value was 4,950. A 0.5 gram portion of
      this polymer was shaken with 5.0 ml. of a glucose oxidase solution having
      an activity of 113 I.U. After four hours the polymer and solution were
      analyzed, colorimetrically establishing that the polymer had immobilized
      0.210 mg. of glucose oxidase per gram of polymer. The activity of the
      immobilized enzyme was 27 I.U.
PAC  EXAMPLE 4
PAR  A 35 gram (0.088 mol) portion of D.E.R. 736 resin (a Dow Chemical Company
      diglycidyl ether of propylene glycol having an epoxy equivalent value of
      200), 7.2 grams (0.1 mol) of acrylic acid, one ml. of triethylamine and
      100 ml. of toluene were placed in a three-neck flask. The mixture was
      refluxed with agitation under a nitrogen atmosphere until the free acid
      was consumed. The solution was transferred to a 250 ml. volumetric flask
      and sufficient benzene was added to bring the solution to 250 ml. The 42.2
      grams of epoxy monomer were found to have an epoxy equivalent value of
      505.
PAR  A 74 ml. portion (0.025 mol) of the epoxy monomer solution, 47.5 grams
      (0.475 mol) of methylmethacrylate, 200 ml. of benzene and one gram of
      azobisisobutyronitrile were placed in a 500 ml. resin kettle and stirred
      under reflux and a nitrogen atmosphere for five hours. The product was
      poured into two liters of rapidly stirred hexane and the resulting solid
      was powdered and dried under vacuum. The resulting fine white powder
      weighed 52.8 grams, a yield of 88 percent based on the total reactants,
      and had an epoxy equivalent value of 3,340.
PAR  One gram of this epoxy containing polymer was shaken overnight at 0.degree.
      C. with 10 ml. of a glucose oxidase solution having an activity of 150
      I.U. The polymer and solution were analyzed colorimetrically showing that
      the polymer had taken up 0.015 mg. glucose oxidase with an activity of 26
      I.U.
PAR  It is to be understood that the above disclosure is by way of specific
      example and that numerous modifications and variations are available to
      those of ordinary skill in the art without departing from the true spirit
      and scope of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A solid, hydrophilic epoxy containing polymer which is the reaction
      product of the free radical polymerization at the olefinic double bonds
      without substantial epoxy reaction of (a) about 70 to 95 mol percent of a
      substituted olefin monomer having the formula
EQU  CH.sub.2 =C(R.sub.1)--R.sub.4
PAL  in which R.sub.1 is hydrogen or methyl and R.sub.4 is cyano or lower
      carboalkoxy with (b) about five to about 30 mol percent of an epoxy
      monomer containing terminal unsaturation and one 1,2-epoxy group in which
      the epoxy monomer is the reaction product of (1) a diepoxide with (2) a
      difunctional olefin at a mol ratio of diepoxide to difunctional olefin of
      about one to one, said difunctional olefin having an unsaturated group and
      a second functional group and defined by the structural formula
EQU  CH.sub.2 =C(R.sub.1)--R.sub.2
PAL  in which R.sub.1 is hydrogen or methyl and R.sub.2 is carboxyl;
      hydroxymethyl; formyl; chlorocarbonyl, carbamyl; aminomethyl;
      mercaptocarbonyl; mercaptomethyl; lower alkyl or phenyl substituted
      hydroxyphenyl; or
EQU  --CH.sub.2 NHR.sub.3
PAL  where R.sub.3 is lower alkyl, hydroxyphenyl or lower alkyl substituted
      hydroxyphenyl, and said diepoxide having reacted with the difunctional
      olefin through an epoxy group of said diepoxide with the said second
      functional group of said difunctional olefin.
NUM  2.
PAR  2. An epoxy containing polymer in accordance with claim 1 in which the
      substituted olefin monomer is acrylonitrile or methacrylonitrile.
NUM  3.
PAR  3. An epoxy containing polymer in accordance with claim 1 in which the
      diepoxide is a diglycidyl ether of bisphenol A.
NUM  4.
PAR  4. An epoxy containing polymer in accordance with claim 1 in which R.sub.2
      is carboxyl, hydroxymethyl, formyl, chlorocarbonyl, carbamyl or
      aminomethyl.
NUM  5.
PAR  5. An epoxy containing polymer in accordance with claim 1 in which R.sub.2
      is carboxyl.
NUM  6.
PAR  6. The solid, hydrophilic epoxy containing polymer which is the reaction
      product of the free radical polymerization of about 70 to about 95 mol
      percent of acrylonitrile, methacrylonitrile, methyl methacrylate or methyl
      acrylate with about five to 30 mol percent of an epoxy containing monomer
      having terminal unsaturation which is the reaction product of about one
      mol of a diglycidyl ether of bisphenol A per mol of acrylic acid or
      methacrylic acid, said acrylic acid or methacrylic acid having reacted
      through the acid group with an epoxy group in the diglycidyl ether of
      bisphenol A.
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ABST
PAL  An elastomer-based heat sealable adhesive composition and method of making
      the same having an improved balance of physical and chemical properties
      including improved peel adhesion, tack, and creep resistant
      characteristics, together with the capability to selectively vary such
      characteristics. The composition is adapted for formation in situ on a
      substrate by the chemical formation of an elastomer base material in the
      presence of a compatible resin material. The elastomer material comprises
      the reactive product of a reactive component and a coreactive component
      with the reactive component, including a liquid diene telechelic polymer
      material and with the coreactive component including an organic coreactive
      material which is capable of reacting with the diene telechelic polymer
      material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a new class of and method for producing
      heat sealable adhesives. More particularly, this invention encompasses a
      method of producing a new class of heat sealable adhesive product by the
      in situ formation of a solid, elastomeric polymer derived from the
      reaction of a low-molecular weight, diene telechelic polymer having
      functional groups and a coreactive organic compound having groups
      coreactive with the polymer functional groups in the presence of
      particular types and quantities of compatible resins, which products have
      a spectrum of properties unattainable with heat sealable adhesives
      presently known and available to the art.
PAR  Generally, in the technology of heat sealable adhesives, the physical
      properties known in the art as tack, peel adhesion, and creep resistance
      are paramount in determining the suitability of any given heat sealable
      adhesive composition to provide the necessary application properties and
      in-service durability required of the heat sealable adhesive product.
PAR  Besides these physical property parameters, the chemical attributes of the
      heat sealable adhesive composition must also be considered in order to
      provide a heat sealable adhesive product having the requisite durability
      in the environment in which it is to be used. Thus, for example, the heat
      sealable adhesive must be formulated so as to exhibit resistance to
      adhesive-degrading environmental conditions such as elevated temperatures,
      sunlight, organic solvents, moisture, acids, and bases to which the heat
      sealable adhesive product will be exposed in service.
PAR  This application relates to and comprises a modification of the basic
      principles of in situ polymerization of liquid elastomers disclosed and
      claimed in the U.S. Pat. applications to Donald O. Kest, Ser. Nos. 144,293
      and 144,337 filed May 17, 1971, now U.S. Pat. Nos. 3,743,616 and
      3,743,617.
PAC  SUMMARY OF THE INVENTION
PAR  An elastomer-based, heat sealable adhesive composition having an improved
      balance of physical and chemical properties characteristics including
      improved peel adhesion, tack, and creep resistance characteristics
      together with the capability to selectively vary such characteristics. The
      composition being adapted for formation in situ on a substrate by the
      chemical formation of an elastomer base material in the presence of a
      resin material and comprising:
PA1  I. an elastomer base material which is adapted for chemical formation in
      situ on said substrate and which comprises the reaction product of:
PA2  A. a reactive component having reactive functionality and which includes a
      liquid diene telechelic polymer material.
PA2  B. a coreactive component having coreactive functionality capable of
      reacting with said reactive functionality and which includes an organic
      coreactant material capable of coreacting with said reactive functionality
      of said diene telechelic polymer material.
PA1  Ii. a resin material, said resin material being present, by weight, in
      relation to the elastomer material with ratio of 1:1 to 2:1.
PAR  It is the principal object of this invention to provide a new class of heat
      sealable adhesives that minimize or in some instances eliminate the
      limitations and deficiencies of presently used heat sealable adhesive
      compositions and a method for their production that obviates the
      disadvantages of manufacturing processes currently used to produce heat
      sealable adhesive products.
PAR  More specifically, it is an object of this invention to provide a method of
      producing heat sealable adhesive products that eliminate or greatly reduce
      the need for solvents and their attendant disadvantages including
      pollution of our environment, combustibility, toxicity and increased
      costs.
PAR  A further object of the invention is the provision of a process that, even
      when some solvents are employed, requires simpler and less expensive
      heating means, e.g., ovens, to achieve production speeds equal to those
      normal today for solvent-produced heat sealable adhesives, or conversely,
      if conventional heating means are used, permits the production of heat
      sealable adhesive products at faster speeds.
PAR  Another object is to provide a process of manufacturing heat sealable
      adhesive products that reduces the amount of scrap that is generated.
PAR  A still further particular object is the provision of heat sealable
      adhesive compositions, having wide latitude in their ability to provide an
      overall balance of physical and chemical properties characteristic of
      those obtained with both nonpolar and polar-type, heat sealable adhesives.
PAR  A further object of the present invention is to provide a heat sealable
      adhesive composition that can be readily adhered to a substrate by heat
      activation and which is essentially tack free (as cured) at ambient
      temperature.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In particular, the hydrocarbon-backbone polymer, hereinafter referred to as
      the diene telechelic polymer, that is utilized in the practice of this
      invention, is a liquid or quasi-liquid polymer. Preferably, the polymer is
      derived from the polymerization of butadiene. Isoprene, piperlyene,
      chloroprene or mixtures thereof, or copolymers derived from the random
      copolymerization of butadiene, isoprene, piperlyene, chloroprene or
      mixtures thereof may be employed with up to 33% by weight of a
      copolymerizable vinyl monomer (preferably free of active hydrogen groups
      capable of reacting with an isocyanate), which polymer has a terminal
      reactive functional group (hereinafter called functional groups), such as
      a terminal hydroxyl, mercaptan, amino, or carboxyl groups (hereinafter
      called active hydrogen groups), attached to one of the last three carbon
      atoms at the end of the polymer chains, and an average of at least about
      1.6 of such terminal functional groups, such as active hydrogen groups,
      per polymer molecule, such functional group is preferably hydroxyl. It is
      believed that elements such as chlorine, bromine or iodine, or the organic
      radicals, such as mercaptan, carboxyl, amino, epoxy, aziridino and
      aldehyde radicals may be employed which, because of their position on the
      polymer chain and/or their chemical nature can coreact with coreactive
      functional groups of an organic coreactant, as hereinafter defined, with
      which it is desired to react the diene telechelic polymer during the
      in-situ formation of the heat sealable adhesive to form an elastomer-like
      polymer. Depending on its method of synthesis, it is possible to obtain
      and use a diene telechelic polymer having a branched structure and thus
      more than two chains having such terminally located functional groups,
      such as active hydrogen groups. While diene telechelic polymers having as
      many as four functional groups, such as four active hydrogen groups, can
      be used, it is preferred to use polymers having no more than three per
      polymer molecule to give the desired viscoelastic flow properties.
PAR  Further, to provide heat sealable adhesives having the necessary elasticity
      and compatibility with resins, it is believed the polymer should have an
      average equivalent weight (molecular weight of the polymer divided by the
      number of functional groups, such as active hydrogen groups in the
      polymer) of at least about 500. For maximum compatibility and physical
      properties, polymers having an average equivalent weight of about 800 or
      more are preferred. The maximum equivalent weight of polymers that are
      capable of producing acceptable heat sealable adhesives, as a rule, will
      not exceed 3,000 and usually 2,000 to 2,500 is the normal upper limit.
      Bearing in mind the parameters of functionality and suitable equivalent
      weight, it can be seen that the molecular weight of the diene telomer can
      vary from a low as about 800 up to a useful maximum of about 12,000.
PAR  Generally, when maximum resistance to a solvent environment is desired,
      diene telechelic polymers having up to about 25% by weight of randomly
      copolymerized polar monomers such as acrylonitrile; methacrylonitrile or
      methacrylamide will be used. Heat sealable adhesives having improved
      sunlight resistance and heat resistance are obtained by using diene
      telomers containing up to about 33% by weight of randomly copolymerized
      acrylate esters such as methylmethacrylate and ethyl acrylate. Lower cost
      and/or modification of heat sealable adhesive properties can be obtained
      by using diene telechelic polymers containing up to about 33% by weight of
      randomly copolymerized vinyl aromatic monomers such as styrene, and methyl
      styrene and vinyl pyridine. As a general rule, however, maximum latitude
      with regard to formulating with different types of resins to produce a
      broad spectrum of heat sealable adhesives, as described hereinafter, is
      obtained when the diene telechelic polymer is derived from monomers
      consisting essentially of butadiene. It is believed that isoprene,
      piperlyene or mixtures thereof may be employed. Similarly, while
      satisfactory heat sealable adhesives may be made with diene telomers
      having various reactive functional groups, such as mercaptan, amino and
      carboxyl end groups, more flexibility in formulating heat sealable
      adhesives having the desired processing characteristics and physical
      properties may be obtained with diene telomers having hydroxyl end groups
      and consequently are preferred in the practice of this invention.
PAR  It is felt that diene telechelic polymers useful in this invention may
      contain, in addition to monomer and initiator, divalent radicals of
      low-molecular-weight coupling compounds which, in some instances,
      introduce into the diene telechelic polymer chain, groups containing O, S
      or N atoms such as carbonyl, ether, ester or amide groups. Where they are
      present, the minimum molecular weight of the diene polymer segment or
      diene-vinyl copolymer segment between the coupling compound radical
      preferably is about 500 or more to insure proper adhesive viscoelastic
      properties and resin compatibility in the heat sealable adhesives of this
      invention.
PAR  There can be employed in this invention, lower-molecular-weight, reactive,
      chain-extending or crosslinking compounds having a molecular weight
      usually of about 300 or less and 2 to 4 functional groups, such as
      hydroxyl.
PAR  The hydroxyl groups are preferred for maximum latitude in formulating the
      invention heat sealable adhesives reactive with the organic coreactant,
      such as an isocyanate, and generally for best results of the same type as
      are present in the diene telechelic polymer, so as to have about the same
      degree of reactivity with the organic coreactant. It is believed that the
      carboxyl, amino or mercaptan groups may be employed. The preferred
      compound is N, N-bis (2-hydroxypropyl) aniline. Typical of other extending
      or crosslinking compounds that may be used either alone or in combination
      are ethylene glycol, 1,4-butanediol, 1,4-cyclohexane glycol, trimethylol
      propane, pentaerythritol, adipic acid, succinic acid, terephthalic acid,
      ethanol amine, piperazine, hydrazine, propylene diamine, 4,4'-methylene
      bis (2-chloroaniline), 3,3'-dichloro benzidine, 4,4'-diamino-diphenyl
      methane and 2,4- and 2,6-toluene diamines. When desired, water may be used
      with an excess of a polyisocyanate to generate a polyamine in situ. The
      quantity of extenders or crosslinking compounds that may be used cannot be
      rigidly delineated because it depends not only on the structure, molecular
      weight and functionality of the extender or crosslinker but also on
      factors such as the equivalent weight and composition of the diene
      telechelic polymer and the reactive polyether and polyester, if used, as
      well as the type and quantity of organic coreactant, such as
      polyisocyanate, that is employed in producing the invention pressure
      sensitive adhesives. All of these factors are interdependent in
      determining whether the polymer produced will have the necessary
      visoelastic properties required of the heat sealable adhesives of this
      invention as more fully described hereinafter.
PAR  Organic coreactants, such as organic polyisocyanates, that may be used in
      forming the heat sealable adhesives of this invention include any organic
      radical having about two or more groups that are capable of coreacting
      with the functional groups present in the diene telechelic polymers and
      the functional groups present in the reactive polyether, polyester,
      extender or crosslinker when such ingredients are present to produce an
      elastomer-like product in the in-situ-formed heat sealable adhesive of
      this invention. Further, suitable organic coreactants must be capable of
      being dissolved or homogeneously dispersed in the diene telechelic polymer
      and other polymer forming ingredients used. The organic radical of the
      organic coreactant may be derived from a conventional organic compound
      having a molecular weight of from about 50 to 300 or may be derived from a
      polymer having molecular weights up to about 1,000 or even more and may
      consist only of carbon and hydrogen or may contain in addition other
      elements such as halogens, oxygen, nitrogen, sulphur and so forth either
      in the body of the radical or as constituents of groups substituted onto
      the body of the radical. The organic radical may be alkyl, aryl,
      cycloalkyl, alkaryl, aralkyl, and so forth. Illustrative of the coreactive
      groups attached to the organic radical of the organic reactant that may be
      used are bromine, chlorine, iodine, amino (primary, secondary or
      tertiary), epoxy, axiridinyl), isocyanate, aldehyde, hydroxyl, carboxyl
      and mercaptan. Typical organic coreactants that may be used are aromatic,
      aliphatic and cycloaliphatic isocyanates (as for example, 2, 4 toluene
      diisocyanate, 2,6-toluene diisocyanate, p-phenylene diisocyanate, 4',4'
      biphenylene diisocyanate, p,p' methylene diphenyl diisocyanate,
      polymethylene polyphenylisocyanage, triphenylmethane tri-isocyanate,
      hexamethylene diisocyanate and methylene dicyclohexyl-4,4'-diisocyanate.
      In the practice of the invention, sufficient organic coreactant, such as
      polyisocyanate, is used to provide a ratio of coreactant groups (such as
      isocyanate groups) to the total of the functional groups (such as active
      hydrogen groups) present in the diene telechelic polymer, and when used,
      the reactive polyester or polyether and extending or crosslinking compound
      of from about .8 to 1.40. Normally, ratios between about 0.95 and 1.20 are
      preferred for most heat sealable adhesive applications to provide an
      optimum balance of properties. A ratio of less than about 0.95 usually
      produces heat sealable adhesives that have poorer cohesive strength,
      poorer creep resistance, increased tendency to transfer from the substrate
      web to the adhered surface, and finally, increased sensitivity to
      environmental degradation. Conversely, when the ratio exceeds more than
      about 1.40, the invention heat sealable adhesives have, in many instances,
      been observed to exhibit poor tack and peel adhesion at low temperatures
      (e.g. 40.degree.F or less) and to be incapable of giving good adhesion to
      rough surfaces due, it is believed, to reduced visoelastic flow
      properties.
PAR  It has been discovered that acceptable heat sealable adhesives within the
      scope of this invention can only be produced when at least about 100 to
      200 parts of a resin or mixture of resins, having the particular
      characteristics hereinafter described, are employed per 100 parts of the
      polymer formed by the in-situ coreaction of the organic coreactant with
      the diene telechelic polymer and, when utilized, the reactive polyester,
      polyether, extender and cross-linking compound or a ratio of between about
      1:1 to 2:1.
PAR  To provide the heat sealable adhesives of this invention having an improved
      balance of tack, peel adhesion and creep resistance, it is necessary that
      virtually all of the resin or mixture of resin employed be soluble in the
      diene telechelic polymer or when reactive polyether or polyester are used
      in their admixture with the diene telechelic polymer to give solutions
      that are essentially haze-free after being conditioned 24 hours at
      25.degree.C. In making this solubility determination, the temperature of
      the diene telechelic polymer or its admixture with the reactive polyether
      or polyester can be raised, e.g., to 160.degree.-200.degree.F, to
      facilitate the solvation of the resins after which the temperature is
      lowered to 25.degree.C for the 24-hour period of conditioning.
      Additionally, to provide the necessary heat sealable adhesive properties,
      the resin or mixture of resins used should have a ball and ring softening
      point of between about 60.degree.C and 140.degree.C. A preferred resin for
      this purpose is a phenolic novalak resin. For example, AROFENE, a
      trademark produce of Ashland Chemicals has been employed. Representative
      of other resins which may be used are rosin, hydrogenated rosin,
      polymerized rosin, pentaerythritol ester of rosin, pentaerythritol ester
      of hydrogenated rosin, glycerol ester of hydrogenated rosin, glycerol
      ester of polymerized rosin, phenol-modified pentaerythritol ester of
      rosin, maleic anhydride-modified rosin and rosin derivatives, oil-soluble
      phenol-aldehyde resins, terpene phenolic resins, polymerized pinenes and
      polymerized C.sub.5 hydrocarbon resins. When it is desired to produce heat
      sealable adhesives having adhesion to polar surfaces, the invention heat
      sealable adhesives should be principally formulated with one or more
      resins having somewhat of a polar character such as rosin, the rosin
      derivative resins, and the phenol-containing resins. Conversely, when
      adhesion to nonpolar substrates is required, then the major portion of the
      resins may be one or more of the nonpolar types such as the polymerized
      pinenes and the polymerized hydrocarbon resins. Generally, it is observed
      that both the nonpolar and the somewhat polar resins are compatible to the
      desired extent in the diene telechelic homopolymers and in the diene
      telechelic copolymers made with only slightly polar vinyl monomers such as
      the vinyl aryls and the arcylate esters. While the upper limit of resin
      cannot be precisely delineated, in most adhesive formulations, not more
      than about 200  parts per 100 parts of the in-situ formed heat sealable
      adhesive polymer will be utilized.
PAR  In the process of this invention, a catalyst may be used to accelerate the
      in-situ formation of the heat sealable adhesive on the substrate web or
      the formation of an intermediate prepol, as discussed hereinafter. Usually
      about 0.5 to 1.0 parts, per 100 parts of the total elastomer precursor
      reactants, of a cataylst chosen to catalyze the particular coreaction
      being employed to form the invention heat sealable adhesive in situ (such
      as dibutyl tin dilurate, dibutyl tin diacetate stannous octoate,
      dimethyl-aniline for isocyanates) will provide the desired increase in the
      coreaction of the organic coreactant, such as a polyisocyanate, with the
      telechelic diene polymer and, if used, the reactive polyether or
      polyester, extender and cross-linking compound.
PAR  To facilitate the admixing of the heat sealable adhesive ingredients and
      its subsequent application to the substrate web, there may be used a minor
      quantity of an organic solvent capable of solvating all the heat sealable
      adhesive ingredients. Especially useful are such polar-like solvents as
      toluene, xylene, methyl isobutyl ketone, methyl ethyl ketone and butyl
      acetate. In some cases, it is possible to substitute for the polar-like
      solvents used up to about 50 percent by weight of a nonpolar solvent such
      as heptane, hexane, and napthalene. Besides reducing viscosity, the
      solvent is of further benefit in increasing the pot life of the admixed
      pressure sensitive adhesive ingredients, thus permitting more flexibility
      in factory processing operations.
PAR  An especially unique and valuable embodiment of this invention resides in
      the use of up to about 90 parts, per 100 parts of the in situ formed heat
      sealable adhesive elastomer of a diene elastomer, which is compatible
      therewith, in the pressure heat sealable composition to accelerate the
      solidification of the heat sealable adhesive after it has been applied to
      the substrate web. Particularly effective are the styrene-type segments
      terminally located.
PAR  Other diene elastomers that may be used are natural rubber, polyisoprene
      and polychloroprene (neoprene), random copolymers of styrene and butadiene
      having a mooney viscosity of about 35 to 90 (ML-4'-212.degree.F). When at
      least about 15 parts and preferably from about 25 to 60 parts of such
      diene elastomers are utilized, it is possible to wind up the substrate web
      into a roll, after the heat sealable adhesive has been cast on the web and
      the solvent essentially all removed, where the balance of the in-situ
      formation of the heat sealable adhesive elastomer can occur during storage
      on the roll at ambient temperatures without the adhesive layer flowing to
      give uneven adhesive thickness and hoop-stress lines caused by the ever
      present variation in wind-up torque. A further valuable contribution
      imparted by the presence of the diene elastomer in this embodiment of the
      invention heat sealable adhesive is that it markedly reduces the
      sensitivity of the composition to impurities present in the ingredients,
      such as water, which adversely affect the active functional
      group/coreactive group stoichiometry (such as active hydrogen group
      isocyanate stoichiometry), thereby permitting the day-in and day-out
      factory production of heat sealable adhesive products having uniform and
      consistent properties. When diene elastomers are used, the quantity of
      resins should be increased. In the case of the block-type diene elastomer,
      it is increased an amount such that the ratio of the resin to elastomer
      (i.e., the total of the diene elastomer and the in-situ-formed elastomer)
      is approximately the same as would be used in its absence to give the
      desired adhesive properties. When a diene elastomer homopolymer or random
      copolymer is used, sufficient additional resin is used so that the ratio
      of added resin to the diene elastomer is at least 0.6.
PAR  In addition to the above described ingredients, other adjuvent materials,
      commonly utilized in heat sealable adhesive compositions, may be employed
      in essenaitlly the same manner in the heat sealable adhesive of this
      invention, such as anti-degradents, UV-stabilizers, optical whiteners,
      color pigments and dyes, adhesion promoters, reinforcing pigments and
      filler pigments, to impart their special properties as is well-known to
      those skilled in the adhesive arts.
PAR  In the practice of the invention process, the ingredients of the heat
      sealable adhesive may be combined and admixed by any means that provides a
      final homogenous liquid admixture and further provides sufficient time to
      transport the liquid admixture from the admixing means to the casting
      means and its subsequent casting unto the substrate web before any
      appreciable thickening or solidification occurs. Bearing in mind these
      requirements, it is necessary in preparing the heat sealable adhesive
      products of this invention to first dissolve all solid ingredients that
      are soluble, such as resin, diene elastomer, anti-degradant, extender or
      cross-linking agent, and homogenously predisperse any solid ingredients
      such as color pigment, reinforcing pigment or filler pigment into part or
      all of the diene telechelic polymer and/or the reactive polyether,
      polyester or solvents if present. When a diene elastomer is employed, some
      or all of the solid insoluble ingredients may advantageously be
      predispersed in it on rubber mixing equipment such as a Banbury or rubber
      mill, prior to solvating it. After the presolvation and predispersion of
      the solid ingredients, any remaining liquid ingredients and the organic
      coreactant (such as an organic polyisocyanate) are added either
      incrementally or in one addition and homogenously dispersed. In some heat
      sealable adhesive compositions of this invention, a stoichiometric excess
      of the organic coreactant can be first added to and permitted to react
      with a part of the total diene telechelic polymer to form an organic
      coreactant prepol which minimizes any coreactant toxicity and facilitates
      handling, proportioning and subsequent admixing in factory processing
      operations and is consequently a preferred mode of practicing the
      invention process. When a stoichiometric excess of organic polyisocyanate
      is first added to and permitted to react with a part of the total diene
      telechelic polymer and/or reactive polyether or polyester, if present,
      then an isocyanate prepol is formed which minimizes isocyanatetoxicity and
      facilitates handling, proportioning and subsequent admixing in factory
      processing operations and is consequently a preferred mode of practicing
      the invention process. Alternatively, when these benefits are not
      required, then all of the ingredients after presolvation and predispersion
      of the solid ingredients may be admixed at one time employing the
      "one-shot" process to form the final heat sealable adhesive composition.
      As will be known to those skilled in the art, when extremely reactive
      extenders or cross-linking agents or "hot" catalysts are employed, they
      are desirably added last to ensure a satisfactory admixing of the other
      ingredients.
PAR  After all of the ingredients of the invention heat sealable adhesive
      composition have been homogenously admixed, the liquid admixture is
      applied to a substrate web which could be paper, plastic film, metal foil,
      by any conventional casting means that is capable of metering and applying
      the desired thickness uniformly across the web such as a wire-wound rod, a
      knife coater, a reverse roll coater and so forth. If solvents are present,
      the coated substrate web is then desirably heated to accelerate solvent
      removal and initiate the in-situ formation of the solid heat sealable
      adhesive by heating means such as a circulating hot air oven, infrared
      heaters or heated drums. The coated web is then wound up on a storage roll
      where the in-situ formation of the invention heat sealable adhesive occurs
      within a few hours at elevated storage temperature (e.g., 120.degree. to
      180.degree.F) or within one to seven days at ambient temperatures
      depending upon the reaction kinetics of the particular formulation being
      used. When solvent is not present, then heating prior to windup of the web
      is optional depending on the nature of the substrate web, the heat
      sealable adhesive formulation and the desired end product. For webs and
      formulations subject to considerable hoop stress variations in the roll,
      which can cause visable adhesive layer thickness variations, then the heat
      sealable adhesive layer should be partially set up or solidified by a
      prewind-up heating to an extent that will prevent any appreciable flow of
      the adhesive layer and the consequent introduction of hoop stress lines in
      the product during storage on the roll.
PAR  The finished coated web is essentially tack-free and may have a shelf-life
      of from 4 to 6 months. In use, the composition is heat activated at a
      temperature between about 225.degree.F to 300.degree.F to provide molten
      flow to wet the surface of the article to which it is to be applied. After
      heat activation, the composition is cooled down to below about
      200.degree.F to provide a thermoplastic, solid heat seal or bond with the
      surface to which it is applied.
PAR  Because, at most, only a minor quantity of the total elastomer in the heat
      sealable adhesive compositions of this invention is provided by a solid
      elastomer, viz. a maximum of 90 parts of the diene elastomer per 100 parts
      of the in-situ formed elastomer, and further because of the limited
      solvent may be employed, viz. about 45% or less solvent by weight of the
      liquid heat sealable adhesive composition being cast, it is possible to
      dry the liquid heat sealable adhesive composition, after casting on the
      substrate web when solvent is present, considerably faster than
      conventional heat sealable adhesives based entirely on a solid elastomer,
      free of voids and bubbles. As a consequence of this property, the heat
      sealable adhesives of this invention may be dried with shorter length
      heating means, or conversely, if conventional heating means are used, more
      rapidly.
PAR  In the following example, there is set forth various embodiments of the
      heat sealable adhesive and method of sealing the same of the invention,
      all parts by weight, as follows:
DETD
PAC  EXAMPLE I
PAR  The composition was prepared by homogenously admixing Part A comprising
      generally the diene telechelic polymer and the resin, with Part B, the
      organic coreactant. In such case, Part A was made by predissolving the
      resin in the diene telechelic polymer and then adding and homogenously
      dispersing the balance of the ingredients. Specifically, Part A was
      prepared by admixing 100 pounds of neoprene, 400 pounds of methyl ethyl
      ketone and 80 pounds of toluene and stirring the same (e.g. on Katy Mill)
      until dissolved. To this admixture was added 200 pounds of phenolic
      novalak resin (AROFENE 8318, TRADEMARK of Ashland Chemicals) by stirring
      until dissolved. Then 100 pounds of hydroxyl-terminated polybutadiene
      (Poly BD R-45HT), 2.35 pounds of N, N-bis (2 hydroxypropyl) aniline
      (ISONOL C-100, a TRADEMARK of Upjohn Company), 4 pounds of a resin
      antioxidant (WINGSTAYL, a TRADEMARK of Goodyear Chemicals Company) and 0.5
      pounds of dibutyl tin diacetate (catalyst) was stirred in for a period of
      15 minutes, all at ambient temperature. Part B, including 14.1 parts of
      polymethylene, polyphenyl isocyanate (ISONATE 901, a TRADEMARK of Upjohn
      Company) was added to Part A to activate the same to give the heat
      sealable composition for in-situ formation on a substrate. In this case,
      the ratio of A to B was 63 : 1, by weight.
PAC  EXAMPLE II
PAR  The organic polyisocyanate of Part B was prereacted with part of the
      telechelic polymer prior to mixing Parts A and B. Specifically, 100 pounds
      of methyl ethyl ketone and 200 pounds of phenolic novalak resin (AROPENE
      8318) was admixed by stirring until dissolved. Then 100 pounds of
      hydroxyl-terminated polybutadiene (Poly BDR-45 HT) was added by stirring
      for 5 minutes. To this admixture was then added 2.4 pounds of N, N-bis (2
      hydroxypropyl) aniline (ISONOL C-100) 2.0 pounds of antioxidant
      (WINGSTAYL) and 1.0 pound of dibutyl tin diacetate (catalyst) to give Part
      A.
PAR  Part B was prepared by admixing 27.0 pounds of toluene, 78.0 pounds of
      methyl ethyl ketone and 40.0 pounds of solution - polymerized random 52/48
      copolymer of butadiene/styrene (SOLPRENE 303, a TRADEMARK of Phillips
      Petroleum Company) by mixing on a Katy Mill overnight. This admixture was
      then prereacted with 17.0 pounds of polymethylene polyphenyl isocyanate
      (ISONATE 901) by stirring for 20 minutes to give Part B for admixture with
      Part A in a ratio of A to B of 2.5:1 by weight.
PAR  The pressure heat sealable composition of the present invention achieves
      its final properties of a viscoelastic, thermoplastic adhesive mass by the
      controlled chain extension, branching, and cross linking of certain
      reactive group terminated elastomers with curatives in the presence of a
      high concentration of compatible resins. By controlling chain extension,
      cross linking, branching, resin composition, resin concentration, other
      additives, and other features, the formulator has at his disposal
      sufficient sophisticated controls to enable him to tailor this system to
      many diversified applications that require special properties with respect
      to specific adhesion, peel, creep, tack and other functional
      characteristics.
PAR  From the foregoing description and examples, it can be seen that this
      invention provides the adhesive technologist with a unique new class of
      heat sealable adhesives that is essentially tack-free, as cured, at
      ambient temperature and which is capable of providing a spectrum of
      properties previously unattainable with the compositions known to the
      prior art. Particularly unique and valuable is the capability of the
      invention to provide heat sealable adhesives having a desirable balance of
      properties for a wide variety of applications that, depending on its
      formulation, adhere to either polar or non-polar surfaces, having low to
      high peel adhesion all with superior creep resistance, and exhibiting
      these properties over a wide temperature range and under a variety of
      potentially degrading environmental conditions.
PAR  Further, it has been demonstrated that the heat sealable adhesives of this
      invention permit the use of production processes that minimize and in some
      cases obviate the problems and disadvantages of prior processes. Even when
      solvent is used in the process of this invention, it has been shown that
      half or less of the quantity customarily employed will normally be
      required. Additionally, it has been shown that, because more than half of
      the film former in the invention, heat sealable adhesive are
      low-molecular-weight materials at the time of solvent removal, solvent
      evaporation rates can be many times faster thus minimizing the length and
      cost of solvent removable means and at the same time, because of the
      reduced length of the solvent removing means, dramatically reducing the
      production of off-spec products.
CLMS
STM  We claim:
NUM  1.
PAR  1. An elastomer-based, heat sealable adhesive composition which is
      essentially tack-free, as cured, and having an improved balance of
      physical and chemical properties characteristics including improved peel
      adhesion, tack and creep resistance characteristics together with the
      capability to selectively vary such characteristics adapted for formation
      in situ on a substrate by the chemical formation of an elastomer base
      material in the presence of a compatible resin material comprising,
PA1  I. an elastomer base material which is adapted for chemical formation in
      situ on said substrate and which comprises the reaction product of:
PA2  A. a reactive component having reactive functionality and which includes a
      liquid diene telechelic polymer material,
PA2  B. a coreactive component having coreactive functionality capable of
      reacting with said reactive functionality and which includes an organic
      coreactant material capable of coreacting with said reactive functionality
      of said diene telechelic polymer material, in the presence of
PA1  Ii. a compatible resin material, said resin material being present in the
      amount of at least about 100 to 200 parts by weight of resin material per
      100 parts by weight of elastomer material.
NUM  2.
PAR  2. An adhesive composition according to claim 1, wherein
PA1  said liquid diene telechelic polymer material has an average of at least
      1.6 terminal, reactive functional groups per polymer molecule, and
PA1  each of said terminal functional groups being attached to one of the last
      three carbon atoms at an end of the polymer molecule.
NUM  3.
PAR  3. An adhesive composition according to claim 1, wherein
PA1  said coreactant organic material has an average number of coreactive
      functional groups greater than one, and
PA1  said coreactive functional groups being reactive with the reactive
      functional groups of the diene telechelic polymer material so as to
      increase the average molecular weight and modify the molecular structure
      of the diene telechelic polymer material.
NUM  4.
PAR  4. An adhesive composition according to claim 3, wherein
PA1  the ratio of the coreactive functional groups to reactive functional groups
      is in the range from about 1 to about 1.40.
NUM  5.
PAR  5. An adhesive composition according to claim 1, wherein
PA1  said resin material is sufficiently compatible with said elastomer material
      so that said resin material is soluble in said reactive component at
      25.degree.C.
NUM  6.
PAR  6. An adhesive composition according to claim 1, wherein
PA1  said elastomer base material comprises the reactive product of:
PA2  A. an isocyanate-reactive component having an isocyanate-reactive
      functionality and which includes a liquid diene telechelic polymer
      material, and
PA2  B. a coreactive component having an isocyanate functionality including an
      organic polyisocyanate material capable of reacting with said
      isocyanate-reactive functional groups of said diene telechelic polymer
      material, and in the presence of said resin material.
NUM  7.
PAR  7. An adhesive composition according to claim 6, wherein
PA1  said liquid diene telechelic polymer material has an average of at least
      about 1.6 terminal, isocyanate-reactive functional groups per polymer
      molecule, and
PA1  each of said terminal functional groups being attached to one of the last
      three carbon atoms at an end of the polymer molecule.
NUM  8.
PAR  8. An adhesive composition according to claim 6, wherein
PA1  said polyisocyanate material has an average number of isocyanate functional
      groups greater than one, and
PA1  said isocyanate functional groups being reactive with the isocyanate
      functional groups being reactive with the isocyanate-reactive functional
      groups of the diene telechelic polymer material to increase the average
      molecular weight and modify the molecular structure of the diene
      telechelic polymer material.
NUM  9.
PAR  9. An elastomer-based, heat sealable adhesive composition which is
      essentially tack-free, as cured, and having an improved balance of
      physical and chemical properties characteristics including improved peel
      adhesion, tack and creep resistance characteristics together with the
      capability to selectively vary such characteristics adapted for formation
      in situ on a substrate by the chemical formation of an elastomer base
      material in the presence of a compatible resin material comprising,
PA1  I. an elastomer base material which is adapted for chemical formation in
      situ on said substrate and which comprises the reaction product of:
PA2  A. a reactive component having reactive functionality and which includes a
      liquid diene telechelic polymer material, said reactive component
      including a compatible diene elastomer material selected from the group
      comprising styrene terminally located, rubber, polyisoprene,
      polychloroprene, and random copolymers of styrene and butadiene.
PA2  B. a coreactive component having coreactive functionality capable of
      reacting with said reactive functionality and which includes an organic
      coreactant material capable of coreacting with said reactive functionality
      of said diene telechelic polymer material, in the presence of
PA1  Ii. a compatible resin material, said resin material being present in the
      amount of at least about 100 to 200 parts by weight of resin material per
      100 parts by weight of elastomer material.
NUM  10.
PAR  10. An adhesive composition according to claim 9, wherein
PA1  said random copolymers of styrene and butadiene have a Mooney viscosity of
      about 35 to 90.
NUM  11.
PAR  11. An adhesive composition according to claim 9, wherein
PA1  said diene elastomer material is present in the range between 15 parts to
      16 parts per 100 parts of said in situ formed heat sealable adhesive
      composition.
NUM  12.
PAR  12. An adhesive composition according to claim 9, wherein
PA1  said resin material has a ball and ring softening point of between about
      50.degree.C and 140.degree.C.
NUM  13.
PAR  13. An adhesive composition according to claim 1, wherein
PA1  said composition has a shelf-life from 4 to 6 months and is heat activated
      in use at a temperature between about 225.degree.F to 300.degree.F.
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ABST
PAL  Halogenated olefin copolymer rubber, particularly halogenated EPDM
      (prepared by heating the rubber in admixture with an N-haloamide [e.g.,
      1,3-dichloro-5,5-dimethyl hydantoin or N,N'-dichloro-p-toluene
      sulfonamide]) is blended with curatives (sulfur, accelerator) and a
      resorcinol-aldehyde condensation product in which the aldehyde has 2-4
      carbon atoms (e.g., acetaldehyde) to make a vulcanizable adhesive for
      nylon textile. Nylon fabric coated with the composition is useful for
      making air bags (passive restraints for automotive vehicles). The adhesive
      is also useful for making nylon-reinforced tires, hose, etc.
BSUM
PAR  This invention relates to an adhesive composition comprising a halogenated
      olefin copolymer rubber, and to a method of adhering such rubber to nylon
      textile, as well as to a laminate resulting from such method.
PAR  The addition of certain resorcinol donors along with certain methylene
      donors to vulcanizable rubber stocks to improve adhesion to textiles is
      known (e.g., U.S. Pat. No. 3,266,970, Paul, Aug. 16, 1966).
PAR  The halogenation of EPDM has been described (R. T. Morrissey, Rubber Chem.
      and Tech. 44, No. 4, 1025 [1971]). Additions of natural rubber and SBR to
      halogenated EPDM are said to enable these mixtures to be adhered to steel
      using a commercial rubber-to-metal adhesive (R. T. Morrissey, ibid.).
PAR  The use of a latex of halogenated or chlorosulfonated EPDM rubber
      containing resorcinol-formaldehyde resin as an adhesive for bonding
      textiles to olefin copolymer rubber has been disclosed (U.S. Pat. No.
      3,577,310, Torti et al., May 4, 1971). Further prior practices are
      represented by U.S. Pat. Nos. 3,367,827, Gallagher, Feb. 6, 1968,
      3,528,943, Goldberg et al,. Sept. 15, 1970, 3,632,671, Furukawa et al.,
      Jan. 4, 1972, and 3,657,046, Furukawa et al., Apr. 18, 1972.
PAR  Unfortunately, prior methods for adhering olefin copolymer rubber to nylon
      textile reinforcement have not proven to be entirely satisfactory. The
      invention is based on the discovery that a vulcanizable composition
      comprising halogenated olefin copolymer rubber, curatives and a
      resorcinol-alkyl aldehyde condensation product in which the aldehyde has
      from 2 to 4 carbon atoms, when laminated to nylon textile reinforcement
      and cured, provides a composite article in which the rubber adheres
      strongly to the nylon and has good physical properties.
PAR  The olefin copolymer rubber employed in the invention may be described as
      an essentially amorphous, random, elastomeric copolymer of two or more
      -alpha-monoolefins. with or without at least one copolymerizable polyene.
      Usually two monoolefins are used but three or more may be used. Ordinarily
      one of the alpha-monoolefins is ethylene while the other is preferably
      propylene. However, other alpha-monoolefins may be used including those of
      the formula CH.sub.2 =CHR where R is an alkyl radical having for example 1
      to 12 carbon atoms (e.g., butene-1, pentene-1, hexene-1,
      4-methylpentene-1, 5-methylhexene-1, 4-ethylhexene-1, etc.). Preferably
      the copolymer includes a small amount of at least one copolymerizable
      polyene to confer unsaturation and sulfur-vulcanizability on the
      copolymer. Although conjugated dienes such as butadiene or isoprene may be
      used for this purpose (British patent No. 983,437; Belgian patent No.
      736,717, Sumitomo Chemical Co., Jan. 29, 1970), in practice it is usual to
      employ a non-conjugated diene, including the open-chain non-conjugated
      diolefins such as 1,4-hexadiene (U.S. Pat. No. 2,933,480 Gresham et al.,
      Apr. 19, 1960) or a cyclic diene, especially a bridged ring cyclic diene,
      as in dicyclopentadiene (U.S. Pat. No. 3,211,709,  Adamek et cl., Oct. 12,
      1965), or an alkylidenenorbornene as in methylenenorbornene or
      ethylidenenorbornene (U.S. Pat. No. 3,151,173, Nyce, Sept. 29, 1964), as
      well as cyclooctadiene, methyltetrahydroindene, etc. (see also such U.S.
      Pat. Nos. as 3,093,620 and 3,093,621; also 3,538,192, col. 6, line 49 to
      col. 7, line 51). Mixtures of polyenes (e.g., dicyclopentadiene plus
      ethylidenenorbornene) may be used. The polyenes employed are not limited
      to those having only two double bonds, but include those having three or
      more double bonds. More than one olefin copolymer rubber may be used.
PAR  For purposes of the invention the olefin copolymer rubber is employed in
      halogenated (e.g., chlorinated, brominated) form. This may be provided in
      known manner, for example by halogenating the olefin copolymer rubber,
      using halogen itself or an organic halogenating agent, in accordance with
      procedures described in the R. T. Morrissey article referred to above, or
      in U.S. Pat. No. 3,454,462, Hawley, July 8, 1969, or any other suitable
      conventional procedure. Preferred halogenating agents are the N-haloamides
      (including the N-halosulfonamides). A highly preferred method of providing
      the halogenated olefin copolymer rubber is to mix the rubber, for example
      on an open mill or in a Banbury mixer, with from 0.05 to 15 parts,
      preferably 0.1 to 10 parts, per 100 parts by weight of rubber, of an
      N-haloamide. The mixture is subjected to an elevated temperature, for
      example of about 200.degree.-350.degree.F., preferably
      275.degree.-300.degree.F., usually for at least 1-5 minutes to effect the
      halogenation, and usually at the same time to blend in any desired fillers
      such as carbon black, silica, etc., extender oil, or other desired
      ingredients. After the halogenating step, the usual conventional curatives
      or vulcanizing ingredients may be blended in at a lower temperature in
      conventional amounts; for example, zinc oxide, sulfur or sulfur-yielding
      materials, accelerators of sulfur vulcanization, and the like may be
      added.
PAR  Among the N-haloamides useful for halogenating the olefin copolymer rubber,
      there may be mentioned by way of non-limiting example such chemicals as
      those of one of the following formulas I (the N-halomonoamide types), II
      (the N-halohydantoins), III (the N-halosuccinimide types), IV (the
      N-haloglycolurils), and V (trihaloisocyanuric acids):
      ##EQU1##
      wherein R.sup.1 is for example selected from the group consisting of such
      bodies as aliphatic radicals having from 1 to 18 carbon atoms, preferably
      1 to 8 carbon atoms (e.g., alkyl such as methyl, ethyl, hexyl, dodecyl,
      etc.), cycloaliphatic radicals having from 5 to 8 carbon atoms, preferably
      6 carbon atoms (e.g., a cycloalkyl radical such as cyclohexyl), or aralkyl
      radicals having from 7 to 10 carbon atoms, R.sup.2 is selected from such
      moieties as hydrogen (preferred), alkyl having from 1 to 10 carbon atoms
      (e.g., methyl, ethyl, decyl, etc.), cycloalkyl having for instance from 5
      to 8 carbon atoms (e.g., cyclopentyl, cyclooctyl, etc.), and X is a
      halogen atom, frequently chlorine, bromine, or iodine;
      ##EQU2##
      wherein R.sup.3 and R.sup.4 are the same or different and have for example
      the values previously assigned to R.sup.1 in formula I above, or may be
      joined together to form for example a closed ring structure of from 5 to 7
      carbon atoms (cyclohexyl, cyclopentyl, cycloheptyl), and X.sup.1 and
      X.sup.2 are the same or different and are preferably both halogen although
      one of them may be hydrogen if the other is halogen;
      ##EQU3##
      where R.sup.5 and R.sup.6 are the same or different and have for example
      the values previously assigned to R.sup.1 in formula I above, or may be
      joined together to form an alkyl substituted or non-substituted aliphatic
      ring structure of, e.g., from 2 to 6 carbon atoms (for instance R.sup.5
      and R.sup.6 may be alkylene of 1-4 carbon atoms [e.g., methylene]
      connected directly together or through a chain of 1 to 4 methylenes), or
      an alkyl substituted or non-substituted aromatic ring structure of, e.g.,
      from 6 to 10 carbon atoms, and X is as previously defined in formula I
      above;
      ##SPC1##
PAL  wherein R.sup.7 and R.sup.8 are the same or different and may have various
      values including hydrogen or those previously assigned to R.sup.1 in
      formula I above, and X.sup.3, X.sup.4, X.sup.5 and X.sup.6 are the same or
      different and are preferably all halogens, although they may also be
      hydrogen provided that at least one of them is halogen; and
      ##SPC2##
PAL  wherein X.sup.7, X.sup.8 and X.sup.9 are the same or different halogen.
PAR  By way of illustrative specific examples of the N-haloamides there may be
      mentioned such compounds as N-chloroacetamide, N-bromopropionamide,
      N-iodovaleramide, N-chlorocaproamide, N-chloro-N-cyclohexylacetamide,
      N-bromo-N-cyclopentylcaprylamide, N-iodo-N-cyclohexylcapramide, also
      N-chloro-cyclopentamide, N-chlorocyclohexamide, N-iodocyclooctamide,
      N-chloro-2-decahydronaphthamide, N-bromocyclohexactamide,
      N-chlorododecamide, N-bromotetradecamide, N-iodohexadecamide,
      N-chlorostearamide, N-bromostearamide, N-chlorobenzamide,
      5-methyl-N-chlorohydantoin, 5-ethyl-N-bromohydantoin,
      5-isopropyl-N-iodohydantoin, 5-hexyl-N-bromohydantoin,
      5-cyclohexyl-N-chlorohydantoin, 5,5-diisopropyl-N-bromohydantoin,
      5-methyl-5-isobutyl-N-iodohydantoin, 5-methyl-N,N-dichlorohydantoin,
      5-ethyl-N,N-dibromohydantoin, 5-propyl-N,N-diodohydantoin,
      5-isopropyl-N,N-dichlorohydantoin, 5-butyl-N,N-dichlorohydantoin,
      5-isobutyl-N,N-diidohydantoin, 5-pentyl-N,N-diodohydantoin,
      5-hexyl-N,N-dibromohydantoin, 5-octyl-N,N-diiodohydantoin,
      5-decyl-N,N-diiodohydantoin, 5-dodecyl-N,N-dibromohydantoin,
      5-hexadecyl-N,N-diiodohydantoin, 5-stearyl-N,N-dichlorohydantoin,
      5,5-dimethyl-N,N-dichlorohydantoin, 5,5-diethyl-N,N-dibromohydantoin,
      5,5-di-n-propyl-N,N-dichlorohydantoin,
      5,5-diisopropyl-N,N-dichlorohydantoin, 5,5-dibutyl-N,N-dibromohydantoin,
      5,5-dipentyl-N,N-diiodohydantoin, 5,5-dihexyl-N,N-dichlorohydantoin,
      5,5-diheptyl-N,N-dibromohydantoin, 5,5-dioctyl-N,N-diiodohydantoin,
      5,5-didecyl-N,N-dibromohydantoin, 5,5-dicyclopentyl-N,N-diiodohydantoin,
      5,5-dicyclohexyl-N,N-dichlorohydantoin,
      5,5-dicyclooctyl-N,N-diiodohydantoin,
      5-methyl-5-ethyl-N,N-dichlorohydantoin, 5-methyl-5
      -isopropyl-N,N-dibromohydantoin,
      5-methyl-5-isobutyl-N,N-dichlorohydantoin, 5-methyl-5-pentyl-N,N-diiodohyd
     antoin, 5-ethyl-5-propyl-N,N-dichlorohydantoin,
      5-ethyl-5-isopropyl-N,N-dichlorohydantoin,
      5-ethyl-5-isoamyl-N,N-dibromohydantoin,
      5-ethyl-5-isooctyl-N,N-diiodohydrantoin,
      5-propyl-5-butyl-N,N-dibromohydantoin,
      5-isopropyl-5-isobutyl-N,N-diiodohydantoin, also
      5-cyclopentyl-N,N-diiodohydantoin, 5-cyclohexyl-N,N-dichlorohydantoin,
      5-cyclooctyl-N,N-dibromohydantoin, 5,5-dicyclohexyl-N,N-dibromohydantoin,
      5-methyl-5-cyclohexyl-N,N-dichlorohydantoin,
      5-ethyl-5-cyclohexyl-N,N-dibromohydantoin,
      5-isopropyl-5-cyclohexyl-N,N-dichlorohydantoin,
      5-octyl-5-cyclohexyl-N,N-diiodohydantoin, also spiro
      [cyclohexane-1,5'-N,N-dichlorohydantoin], N-acetyl-N-chloroacetamide,
      N-acetyl-N-bromopropionamide, N-propionyl-N-chloropropionamide,
      N-bromosuccinamide, N-chloroglutarimide, N-bromoadipimide,
      N-chlorophthalimide, N-bromophthalimide, 1,3,4,6-tetrabromoglycoluril,
      1,3,4,6-tetrachloro-3a-methylglycoluril,
      1,6-dibromo-3a,6a-dimethylglycoluril,
      1,3,4,6-tetrabromo-3a-ethylglycoluril,
      1,6-diiodo-3a-methyl-6a-ethylglycoluril,
      1,3,4,6-tetrachloro-3a,6a-diisopropylglycoluril,
      1,3-dichloro-3a,6a-dibutylglycoluril,
      1,3,4,6-tetrabromo-3a,6a-dipentylglycoluril,
      1,3-diiodo-3a,6a-dihexylglycoluril,
      1,3,4,6-tetrachloro-3a,6a-dioctylglycoluril,
      1,3-diiodo-3a-decylglycoluril, 1,3,4,6-tetrabromo-3a,6a-didodecylglycoluri
     l, 1,3-diiodo-  3a,6-ditetradecylglycoluril,
      1,3,4,6-tetrachloro-3a,6a-distearylglycoluril,
      1,3,4,6-tetrachloro-3a-cyclopentylglycoluril,
      1,4-dibromo-3a-cyclohexylglycoluril,
      1,3,4,6-tetrachloro-3a,6a-dicyclohexylglycoluril,
      1,3,4,6-tetrachloro-3a-methyl-6a-cyclohexylglycoluril,
      1,3,4,6-tetrachloro-3a-stearyl-6a-cyclohexylglycoluril and others,
      tribromoisocyanuric acid, and the like.
PAR  The N-haloamide halogenating agents include also the N-halosulfonamides,
      such as those of the formula
EQU  Y[SO.sub.2 NX.sub.2 ].sub.n
PAL  where X is halogen (e.g., chlorine, bromine or iodine), Y is phenyl,
      naphthyl, biphenyl or
      ##SPC3##
PAL  where Z is oxygen, sulfur, or alkylene or alkylidene having from 1 to 3
      carbon atoms such as methylene, ethylene, propylene, isopropylene,
      ethylidene, propylidene and isopropylidene, and n has a value of 1 to 3.
      In the foregoing formula the Y group can be unsubstituted or can be
      substituted with alkyl (expecially lower, i.e., C.sub.1 to C.sub.8, alkyl)
      or aryl (especially phenyl) moieties. (See copending application Ser. No.
      207,647, filed Dec. 15, 1971, Stephen E. Cantor, for a disclosure of the
      use of such chemicals, where n is 2 or 3, as vulcanizing agents.)
      Representative N-halosulfonamides include those having the following
      formulas:
      ##SPC4##
      ##SPC5##
PAL  where X is halogen (e.g., chlorine, bromine or iodine), A may be zero
      (i.e., the biaryl group is biphenyl), oxygen (oxy-), sulfur (thio-) or
      methylene, and R represents hydrogen, alkyl (especially C.sub.1 to C.sub.8
      lower alkyl) or aryl (especially phenyl) moieties.
PAR  Examples are N,N-dichloro-p-toluene sulfonamide,
      N,N,N',N'-tetrachloro-oxybis (benzenesulfonamide),
      N,N,N',N'-tetrabromooxy-bis(benzenesulfonamide),
      N,N,N',N'-tetrachloro-1,3-benzenedisulfonamide, and
      N,N,N',N'-tetrachloro-4,4'-biphenyl disulfonamide.
PAR  In accordance with the invention, the vulcanizable adhesive composition
      based on halogenated olefin copolymer rubber also has incorporated
      therein, as a resorcinol donor (also referred to as a methylene acceptor),
      a resorcinol-alkyl aldehyde condensation product in which the aldehyde has
      from 2 to 4 carbon atoms as described in the Paul patent referred to
      above. The Paul patent discloses (col. 2, lines 20-28; col. 3, lines
      55-65) that the condensation product can be made by condensation, in
      alcoholic or aqueous medium in the presence of an acid catalyst at a
      temperature up to reflux temperature, of from one-half to one mole of the
      aldehyde per mole of resorcinol. Frequently from 0.2 to 10 parts,
      preferably 0.5 to 5 parts, of resorcinol-aldehyde condensate, per 100
      parts by weight of olefin copolymer rubber, is added to the vulcanizable
      adhesive composition.
PAR  The adhesive composition containing halogenated olefin copolymer rubber,
      curative (usually not more than 3% of sulfur, based on the weight of the
      rubber), and resorcinol donor (along with any other desired ingredients
      such as fillers, extender oil, etc.) is thereafter laminated to the nylon
      textile and cured under conventional vulcanizing conditions. The nylon
      textile (synthetic linear polyamide, whether aliphatic [e.g., type 66] or
      aromatic [e.g., aramide] ) may be in any suitable form, appropriate to the
      particular article being manufactured, for example a woven fabric in the
      case of air bags, a cord fabric in the case of pneumatic tires, or a
      braided fabric in the case of hose. The composition of the invention is
      preferably applied to the fabric by deposition from a cement, that is, a
      solution of the adhesive stock in an inert volatile organic solvent. The
      adhesive stock may also be applied in solid form, for example by
      calendering onto the fabric, or may be used in the form of a so-called tie
      gum.
DETD
PAR  The following example, in which all quantities are expressed by weight,
      will serve to illustrate the practice of the invention in more detail.
PAC  EXAMPLE I
PAR  A series of stocks are prepared by mixing 100 parts of an EPDM terpolymer
      rubber (61% ethylene, 35% propylene, 4% 5-ethylidene-2-norbornene, Mooney
      viscosity 60 ML-4-250.degree.F.), 80 parts of fast extrusion furnace
      carbon black, 20 parts of silica (precipitated hydrated amorphous silica,
      "Silene D" [trademark] ), 40 parts of extender oil (petroleum hydrocarbon
      oil of naphthenic type, "Tufflo 6204" [trademark] ), and 3.5 parts of
      various organic halogenating agents, as follows:
TBL               Halogenating agent:                                          

     A            1,3-dichloro-5,5-dimethyl hydantoin                          

     B            tetrachloroglycoluril                                        

     C            trichloroisocyanuric acid                                    

     D            N,N-dichloro-p-toluene sulfonamide                           

     E            N-bromosuccinimide                                           

     (F           none).                                                       

PAL  A control stock containing no halogenating agent is also prepared, for
      purposes of comparison. The foregoing ingredients are charged to a Banbury
      mixer, the ram is lowered, and the temperature is raised to
      273.degree.-300.degree.F. for 1-2 minutes of residence time to decompose
      the halogen donor and halogenate the EPDM as well as to mix the materials
      efficiently. The masterbatch of halogenated EPDM thus obtained is cooled,
      and to each stock there is added zinc oxide (5 parts) and other standard
      curatives (3 parts of benzothiazyl disulfide, 0.7 part of tetramethyl
      thiuram disulfide, 1.5 parts of zinc dibutyl dithiocarbamate) and sulfur
      (1.2 parts). On each stock, Mooney viscosity (ML-4-212.degree.F.) and
      scorch data (250.degree.F.) are determined according to ASTM method D1646,
      and rheometer data (320.degree.F., 1 minute preheat) are determined
      according to ASTM method D2084, with the results shown in Table I, wherein
      stocks A to E contain a halogenating agent as identified by the
      corresponding letter above, and stock F (which is outside the invention)
      is the control containing no halogenating agent. Table I also gives data
      on the physical properties of the stocks (unaged), press-cured for 30
      minutes at 320.degree.F.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Properties of Stocks Containing Various Halogenating Agents               

               Stock:                                                          

                    A    B                                                     

                           C    D    E    F                                    

     __________________________________________________________________________

     Mooney                                                                    

     Viscosity     103    126  117  104  115                                   

     Scorch        6'O"   12'30"                                               

                               16'30"                                          

                                    10'30"                                     

                                         11'45"                                

     Cure Rate     21'O"  12'30"                                               

                               11'30"                                          

                                    7'30"                                      

                                         11'0"                                 

     Rheometer                                                                 

     Time to                                                                   

     95% optimum   20'35" 21'3"                                                

                               25'  16'18"                                     

                                         15'5"                                 

     Time to                                                                   

     optimum       40'    44'  50'  50'  40'                                   

     Physical                                                                  

     Properties                                                                

     100% modulus,                                                             

     psi           830    720  715  645  705                                   

     Tensile strength,                                                         

     psi           2580   2540 2165 2215 2380                                  

     Elongation,                                                               

     %             325    310  325  380  305                                   

     Hardness,                                                                 

     Shore A       72     65   69   68   67                                    

     __________________________________________________________________________

PAR  Five adhesive cements of the invention are prepared by dissolving 100 grams
      of each stock A to E above, separately, in 350 gram portions of toluene,
      along with 1 gram of resorcinol-acetaldehyde resin (Example 1 of U.S. Pat.
      No. 3,266,970) dissolved in 25 grams of acetone. A control cement is
      similarly prepared from stock F. Adhesion to nylon is evaluated according
      to ASTM method D413. The adhesion test specimens are prepared by spreading
      the cements on one side of a strip of 5 oz. per square yard plain weave
      fabric made of nylon 66 yarn. The solvent is allowed to evaporate and the
      test strip is folded over onto itself (uncoated surface on the outside). A
      weight is placed on the sample to keep the cemented surfaces firmly in
      contact and the assembly is cured in air in an oven for 1 hour and for 2
      hours at 350.degree.F. after which the adhesion is measured at room
      temperature with the results given in Table II. The values given are
      180.degree. peel adhesion strengths, expressed in pounds per inch,
      obtained at a pull speed of 12 inches per minute. Table II shows the
      remarkable adhesion to nylon provided by cements A to E of the invention,
      in contrast to the control cement F.
TBL                Table I                                                     

     ______________________________________                                    

     Adhesion of EPDM Containing N-Haloamide                                   

     and Resorcinol-Acetaldehyde Resin to                                      

     Nylon Fabric                                                              

     Cement                                                                    

     Stock:                                                                    

           A       B       C     D     E      F                                

                                              (control)                        

     ______________________________________                                    

     Adhesion after air cure 1 hour at 350.degree.F.:                          

     10        16.4    16.5    5.6   8.4    1                                  

     Adhesion after air cure 2 hours at 350.degree.F.:                         

     10.8      19.6    21.0    8.4   8.0    1                                  

     180.degree. Peel Adhesion at RT-Pull 12 inches/min - PPI                  

     ______________________________________                                    

PAR  To make a coated nylon fabric suitable for manufacture of an air bag
      (passive passenger restraint for automotive vehicles), a plain weave
      greige nylon fabric, 5.7 ounces per square yard, made from 840 denier
      nylon 6 yarn, count 24 .times. 24, is coated on one side, by knife over
      roll coating, with the cement of the invention, which does not strike
      through. The solvent is evaporated by passing the coated fabric through a
      hot air circulating oven. The coating is then cured by passing through an
      oven heated to 350.degree.F. for one hour. The thickness of the applied
      coating is approximately 5 mils. When fabricated into an air bag, the
      resulting article is strong and durable and there is no tendency for the
      coating to separate from the fabric during storage or use.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adhesive composition, which adheres firmly to nylon fabric when
      vulcanized in contact therewith, comprising a mixture of
PA1  A. a reaction product of an elastomeric terpolymer consisting of ethylene,
      propylene and a copolymerizable non-conjugated diene with from 0.05 to 15
      parts, per 100 parts by weight of the said terpolymer, of an N-haloamide
      selected from the group consisting of N-halomonoamides of formula I,
      N-halohydantoins of formula II, N-halosuccinimides of formula III,
      N-haloglycolurils of formula IV and trihaloisocyanuric acids of formula V,
      as follows:
      ##EQU4##
      wherein R.sup.1 is selected from the group consisting of alkyl having 1 to
      8 carbon atoms and cycloalkyl having 5 to 8 carbon atoms, R.sup.2 is
      selected from the group consisting of hydrogen, alkyl having 1 to 10
      carbon atoms, aralkyl having 7 to 10 carbon atoms and cycloalkyl having 5
      to 8 carbon atoms, and X is selected from the group consisting of
      chlorine, bromine and iodine;
      ##EQU5##
      wherein R.sup.3 and R.sup.4 are the same or different and are as
      previously defined for R.sup.1 in formula I, and X.sup.1 and X.sup.2 are
      the same or different and are selected from the group consisting of
      hydrogen and halogen provided that at least one of them is halogen, said
      halogen being selected from the group consisting of chlorine, bromine and
      iodine;
      ##EQU6##
      wherein R.sup.5 and R.sup.6 are the same or different and are as
      previously defined for R.sup.1 in formula I, or may be alkylene having 1
      to 4 carbon atoms joined directly together or through a chain of up to 4
      methylene groups, and X is as previously defined for formula I;
      ##SPC6##
PAL  wherein R.sup.7 and R.sup.8 are the same or different and are hydrogen or
      as previously defined for R.sup.1 in formula I, and X.sup.3, X.sup.4,
      X.sup.5 and X.sup.6 are the same or different and are selected from the
      group consisting of hydrogen and halogen provided that at least one of
      them is halogen, said halogen being selected from the group consisting of
      chlorine, bromine and iodine; and
      ##SPC7##
PAL  wherein X.sup.7, X.sup.8 and X.sup.9 are the same or different and are
      halogen selected from the group consisting of chlorine, bromine and
      iodine,
PA1  with (B) from 0.2 to 10 parts, per 100 parts by weight of the said
      terpolymer, of a resorcinol-alkyl aldehyde condensation product wherein
      the aldehyde contains from 2 to 4 carbon atoms, said condensation product
      being made by condensation, in alcoholic or aqueous medium in the presence
      of an acid catalyst at a temperature up to reflux temperature, of from 1/2
      to 1 mole of said aldehyde per mole of resorcinol.
NUM  2.
PAR  2. An adhesive composition as in claim 1 in which the resorcinol-alkyl
      aldehyde condensation product is resorcinol-acetaldehyde resin.
NUM  3.
PAR  3. An adhesive composition as in claim 1, vulcanized with not more than 3%
      of sulfur, based on the weight of the said copolymer rubber.
NUM  4.
PAR  4. An adhesive composition which adheres firmly to nylon fabric when
      vulcanized in contact therewith comprising, in admixture,
PA1  a. an elastomeric terpolymer of ethylene, propylene, and a copolymerizable
      non-conjugated diene, said terpolymer being halogenated by heating in
      admixture with from 0.1 to 10 parts, per 100 parts by weight of the
      terpolymer, of an N-haloamide at a temperature of from 200.degree. to
      350.degree.F. for a period of from 1 to 5 minutes to effect halogenation
      of the terpolymer;
PA1  b. from 0.5 to 5 parts, per 100 parts by weight of the terpolymer, of a
      resorcinol-alkyl aldehyde condensation resin wherein the aldehyde contains
      from 2 to 4 carbon atoms, said condensation product being made by
      condensation, in alcoholic or aqueous medium in the presence of an acid
      catalyst at a temperature up to reflux temperature, of from 1/2 to 1 mole
      of said aldehyde per mole of resorcinol; and
PA1  c. not more than 3 parts of sulfur, per 100 parts by weight of the
      terpolymer, as a curative for the said terpolymer.
NUM  5.
PAR  5. An adhesive composition as in claim 4 wherein the said non-conjugated
      diene is 5-ethylidene-2-norbornene.
NUM  6.
PAR  6. An adhesive composition as in claim 4 wherein the said N-haloamide is
      selected from the group consisting of
PA1  1,3-dichloro-5,5-dimethyl hydantoin
PA1  tetrachloroglycoluril
PA1  trichloroisocyanuric acid
PA1  N,n-dichloro-p-toluene sulfonamide,
PAL  and
PA1  N-bromosuccinimide.
NUM  7.
PAR  7. An adhesive composition as in claim 4 in which the said resorcinol-alkyl
      aldehyde condensation resin is resorcinol-acetaldehyde resin.
NUM  8.
PAR  8. An adhesive cement comprising an adhesive composition as in claim 4
      dissolved in an inert volatile organic solvent.
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ABST
PAL  Acidic monomers are polymerized in aqueous solutions containing a free
      radical initiating catalyst and a methylol amide reagent or formaldehyde.
      The resulting acidic polymers have very high molecular weight as measured
      by the viscosities of dilute solutions of the acidic and neutralized
      polymers. The reaction solutions can be used to form tough, insoluble
      films, and the polymers can serve as effective thickening agents and
      floculating agents.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to high molecular weight polymers of acrylic acid
      and other water-soluble acidic monomers. Specifically, this invention
      relates to a process for making water soluble, acidic polymers and
      solutions of these polymers having very high viscosities. This invention
      constitutes a process whereby water-soluble acidic monomers can be
      converted to solutions of effective thickening agents or into tough
      insoluble films.
PAC  BACKGROUND AND PRIOR ART
PAR  The preparation of water-soluble, acidic polymers is generally carried out
      either by the modification of neutral polymers to introduce acidic groups
      onto the polymer chain or by solution polymerization of acidic monomers.
      Modifications of neutral polymers, for example, hydrolysis of
      polyacrylamide or carboxymethylation of cellulose, are generally difficult
      and costly processes, and often lead to the degradation of the polymer
      with resulting lowering of the molecular weights of the modified polymers.
      The solution phase polymerization of acidic monomers, such as acrylic
      acid, is an efficient and economical reaction, but generally results in
      polymers of only moderately high molecular weights, which are not
      effective thickeners or floculating agents.
PAR  The solution phase polymerization of acidic monomers is generally caried
      out by adding a free radical initiating catalyst to a solution of an
      appropriate concentration of the monomer. Since the acidic polymers are
      generally used in aqueous solutions, e.g., as floculating agents, the
      solvent in these polymerizations is usually water. The water solvent also
      helps to control the exothermic nature of the reaction. The initiating
      catalysts are chemicals or combinations of chemicals which generate free
      radicals during the course of the reaction. When normal precautions are
      taken, such as exclusion of air and the use of low catalyst to monomer
      ratios in these reactions, the resulting polymers have only moderately
      high molecular weights i.e., up to several hundred thousand.
PAR  When acidic polymers of very high molecular weights are desired for
      applications such as thickening agents and floculating agents, the usual
      practice is to modify very high molecular weight natural or synthetic
      polymers so as to form acidic groups along the already formed polymer
      chain. An example of such a practice is in the preparation of very high
      molecular weight polyacrylic acid, where acrylamide is polymerized to a
      molecular weight of several million and then subsequently hydrolyzed with
      acid or base to convert the amide groups to carboxylic acid groups. This
      practice is inefficient and costly and is only used because it is not
      possible to polymerize acrylic acid directly to such high molecular
      weights.
PAC  OBJECTS OF THE INVENTION
PAR  The primary object of this invention is to provide improved processes for
      preparing very high molecular weight, water-soluble acidic polymers.
      Another object of this invention is to provide modifications in the art of
      polymerizing acrylic acid and other water-soluble, acidic monomers which
      will permit the economical and facile preparations of very high molecular
      weight polymers directly from the monomers. Yet another object of this
      invention is to provide simplified and economical methods of producing
      highly effective thickening agents, floculating agents, and solutions of
      acidic polymers which can be converted into tough, resilient films which
      are resistant to solution in water and organic solvents.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered that the addition of methylolamide reagents or
      formaldehyde to reaction mixtures of aqueous solution phase, free-radical
      polymerizations of acidic monomers results in a large increase in the
      viscosity of the resulting polymer solutions, and thus in a large increase
      in the apparent molecular weight of the polymers produced by these
      reactions. This high viscosity is obtained only when the methylol reagent
      is present during the course of the polymerization reaction, since the
      addition of the methylol reagents to solutions of polymers from the same
      monomers, with or without added catalyst, produces no significant changes
      in the viscosity of these polymer solutions, even after long periods of
      standing. The high viscosity of solutions of the polymers formed in the
      presence of the methylol reagents must be a result of the high molecular
      weights of these polymers, since the difference in viscosity remains as
      solutions of the polymers formed in the presence and in the absence of the
      methylol reagents are diluted to low concentrations in order to make
      measurements of the viscosities of the polymer solutions. In addition,
      films made from solutions of the polymers formed in the presence of the
      methylol reagents are tougher and more resistant to solutions in water or
      aqueous alkali than are films made similarly from polymers of the same
      monomers formed in the absence of the methylol reagents, even if
      equivalent amounts of the methylol reagents are added to these polymer
      solutions before they are formed into films. This effect of the methylol
      reagents on the free radical polymerization reaction is unexpected and
      there is no ready explanation for the effect. Isolation of the products of
      the reaction shows that the polymerizations both in the presence and in
      the absence of the methylol reagents are 95 to 100% complete. Thus the
      higher viscosity of the solutions polymerized in the presence of the
      methylol reagents is not a result of a higher conversion of monomer
      catalyzed by the methylol reagent. In addition, dialysis of a solution of
      a polymer formed in the presence of a nitrogen containing methylol reagent
      shows that only 0.06% of nitrogen is contained in the high molecular
      weight polymer which does not pass through the dialysis membrane. Thus the
      methylol reagents do not increase the molecular weights of the polymers by
      grafting onto the polymer chains. Likewise, the methylol reagents do not
      form crosslinks between the polymer molecules, as seen by the fact that
      the polymer solutions behave as true solutions and not gels unless the
      methylol reagent itself gels under similar conditions of concentration and
      acidity in the absence of the polymer. The observations above indicate
      that the methylol reagents in some way alter the course of the free
      radical polymerization reaction in such a way as to increase the molecular
      weight of the resulting acidic polymers. On the other hand, methylol
      reagents or formaldehyde are not known to enter into free radical
      reactions or polymerization reactions in any way which would increase the
      molecular weight of the polymers, although there are many reactions which
      would be proposed whereby methylol reagents or formaldehyde would greatly
      decrease the molecular weight of the polymers of this invention.
PAR  The cause of the unexpected phenomenon of this invention is unknown, but it
      may be speculated that the methylol reagents and/or formaldehyde from the
      reagents in some way inhibit the termination step of the polymerization
      reaction, thus allowing the polymer chains to grow much larger during the
      course of the reaction.
PAR  Another possible, but implausible, explanation could be slowing of the
      initiation step of the free radical polymerization reaction, thus causing
      the polymer to be formed from only a small number of free radicals. This
      explanation is implausible because the rate of the polymerization is not
      greatly decreased by the addition of the methylol reagent, and large
      amounts of catalysts, both in the presence and the absence of methylol
      reagents, do not radically decrease the viscosity of the polymer solutions
      under those formed with smaller amounts of catalysts.
PAC  DESCRIPTION OF THE INVENTION
PAR  The practice of this invention consists of performing a free radical
      polymerization of an acidic monomer in an aqueous solution which also
      contains a methylol amide or formaldehyde. The water solvent in the
      reaction has two functions: to provide intimate contact among the reacting
      species and to provide a thermal mass to disperse the large amount of heat
      given off by the exothermic polymerization reaction.
PAR  In general, the polymerization process of this invention is carried out in
      accordance with the usual practices of solution polymerization reactions.
      Thus, it is preferred, but not necessary, to use deaerated water as a
      solvent for the reaction and to take normal precautions to exclude large
      amounts of air from the reaction. These precautions help to reduce the
      induction period of the reaction but are not necessary for the success of
      the reaction, since the amount of initiating catalyst used in the process
      of this invention is enough to insure success of the reaction despite the
      presence of atmospheric oxygen. In addition, it is not necessary to remove
      inhibitors from the monomer if enough initiating catalyst is used to
      overcome the inhibitor.
PAR  Other conditions in carrying out the reaction are not critical. The
      temperature at which the polymerization is performed is not critical but
      it is generally necessary to provide some means of controlling the
      temperature of the reaction when it is carried out in amounts greater than
      a few hundred grams of solution because of the exothermic nature of free
      radical polymerization reactions. Thus, when reactions of this invention
      are carried out on a moderate or large scale, provision must be made for
      removal of the heat of reaction in order to maintain the temperature in
      the preferred range of 20.degree.C to 100.degree.C. With small-scale
      reactions, of course, such temperature control is not necessary since heat
      dissipation from small volumes is efficient enough to maintain the
      temperature near the ambient room temperature.
PAR  It is also desirable, but not necessary to maintain stirring during the
      period of the polymerization reaction. Stirring is usually necessary in
      large-scale reactions as part of the heat dissipation mechanism and is
      desirable in large-scale or small-scale reactions to maintain homogeneity
      of the product by preventing excessive increases in viscosity of the
      solution in localized parts of the reaction vessel.
PAR  The order of addition of the reagents is important to the success of the
      polymerization reaction. In general, the acidic monomer is added first to
      a quantity of water, then the methylol amide reagent or formaldehyde and
      more water are added and finally the initiating catalyst or catalysts
      which have been dissolved in sufficient water to make up the final desired
      volume of the reaction solution. The acidic monomer is diluted with water
      before the methylol reagent is added in order to avoid possible
      condensation or decomposition reactions of the methylol reagent caused by
      mixture with a high concentration of acid. The initiating catalyst is
      added last, and causes the polymerization reaction to begin, either
      immediately or after an induction period of up to several hours. It is
      preferred that the initiating catalyst be added to the reaction mixture in
      water solution in order to obtain a homogeneous reaction solution, and
      avoid inhomogeneities consisting of very highly viscous portions and fluid
      portions containing unreacted materials. If the initiating catalyst
      consists of a combination of reagents, such as, for example, an oxidizing
      reagent and a reducing reagent, it is preferred that they be dissolved
      separately and added separately to the polymerization reaction solution.
PAR  The acidic monomers of this invention are water-soluble organic compounds
      containing an acidic group and an unsaturated group capable of undergoing
      a free radical polymerization reaction. The preferred acidic monomers of
      this invention are acrylic acid and methacrylic acid. Other monomers which
      can be used in the practice of this invention include vinyl acetic acid,
      allyl acetic acid, crotonic acid, citraconic acid, itaconic acid, fumaric
      acid, maleic acid, and the like carboxylic acids; vinyl sulfonic acid,
      vinyl hydrogen sulfate, allyl sulfonic acid, styrene sulfinic acid, and
      the like sulfonic or sulfuric acids; allyl phosphonic acid, vinyl hydrogen
      phosphate, and the like phosphonic acids; and combinations of these acidic
      monomers. In addition combinations of these acidic monomers with up to 50%
      of neutral, water soluble monomers may be used in the practice of this
      invention. Such neutral water soluble monomers include acrylamide,
      methacrylamide, methyl acrylate, methyl methacrylate, ethyl acrylate,
      allyl alcohol, hydroxyethyl methacrylate, vinyl pyrrolidinone,
      acrylonitrile, and the like. Since the novel effect of this invention is
      not observed in the polymerization of neutral monomers, the use of large
      ratios of neutral to acidic monomers results in only small improvements in
      the viscosity of the polymer solutions caused by the use of the
      methylolamide reagents of this invention.
PAR  The concentration of the monomer in the reaction solutions of this
      invention is not critical but can be from about 1% to about 50% of the
      weight of the total solution. The preferred range of concentrations is
      from about 4% to about 12%. Lower concentrations of the acidic monomers in
      the reaction solution give only moderately enhanced solution viscosities,
      so that there is no advantage in using the methylol amide reagents in the
      polymerization of dilute solutions of acidic monomers. On the other hand,
      when very concentrated solutions of the acidic monomers with the methylol
      reagents are polymerized, the reaction is highly exothermic and the
      resulting solutions have extremely high viscosities and are therefore
      difficult to dilute to useable concentrations.
PAR  The methylol reagents used in the practice of this invention are N-methylol
      amides having one or more hydroxymethyl groups attached to amide nitrogen
      atoms. Formaldehyde may also be used as the methylol reagent in the
      practice of this invention. These reagents are among those commonly used
      for crosslinking cellulosic textiles. The preferred reagents for this use
      are 1,3-bis(hydroxymethyl)-4,5-dihydroxy-2-imidazolidinone
      (dimethyloldihydroxyethyleneurea), formaldehyde, methyl
      N,N-bis(hydroxymethyl)carbamate (dimethylol methyl carbamate) and other
      methylol carbamate esters, 1,3-bis(hydroxymethyl)-5-ethyl-2-triazone
      (dimethylol ethyl triazone) and other dimethylol triazones, and
      1,3-bis(hydroxymethyl)-2-imidazolidinone (dimethylolethyleneurea). Other
      methylol amide reagents, such as methylolated melamines and
      urea-formaldehyde reagents, are not as suitable for the practice of this
      invention because the acidic reaction medium causes them to coagulate and
      results in a mixture of lumps of insoluble melamine-formaldehyde resin or
      urea-formaldehyde resin suspended in the viscous solution of the polymeric
      acid.
PAR  The concentrations of the methylol amide reagent (or formaldehyde) in the
      polymerization solution is not critical to the success of the reaction but
      does influence the viscosity of the polymer solutions produced by this
      invention. The preferred ratios of methylol reagent to acidic monomer are
      from 0.3 to 2.0, but other ratios can be used, depending on the
      concentration of the monomer and the desired properties of the polymer
      solution.
PAR  The initiating catalyst used in the practice of this invention may be any
      catalyst or combination of catalysts which generates free radicals in
      aqueous solutions and is used to initiate free radical polymerization
      reactions. The preferred concentration of the initiating catalyst (or each
      component of a combination catalyst) is 4%, based on the weight of the
      monomer. Higher catalyst to monomer ratios, up to 12% can be used, this
      causes a lower viscosity of the polymer solution because of the well-known
      fact that high catalyst to monomer ratios in polymerization reactions
      cause lower molecular weights in the resulting polymer. However, even when
      very high catalyst to monomer ratios are used, the novel effect of this
      invention still is seen if the viscosities of solutions polymerized in the
      presence and absence of methylol reagents are compared. Lower catalyst to
      monomer ratios may also be used, but this would cause longer induction
      periods for the reaction and/or necessitate exclusion of oxygen from the
      reaction and removal of inhibitors from the monomer and thus not take
      advantage of the novel aspect of this invention that such precautions are
      not necessary to obtain extremely high molecular weight acidic polymers.
      The preferred catalyst for the practice of this invention is a combination
      of potassium persulfate and potassium metabisulfite, added in the order
      listed.
PAR  Other initiating catalysts which can be used in the practice of this
      invention include water-soluble peroxy compounds. Examples of such
      compounds include potassium, sodium, and ammonium persulfates, hydrogen
      peroxide, sodium perborate, and tert-butyl hydroperoxide. These peroxy
      compounds may be used as the only catalyst in the practice of this
      invention, in which case it is generally necessary to conduct the reaction
      at an elevated temperature in order to cause the formation of free
      radicals. It is preferred practice of this invention to use a peroxy
      catalyst in combination with the reducing co-catalyst. Examples of
      reducing reagents which may be used in this application include potassium
      and sodium bisulfite, sodium thiosulfate, ferrous sulfate and other
      ferrous salts, glucose, potassium thiocyanate, ammonium hydroxide and
      various water-soluble primary, secondary, and tertiary amines. The
      reducing reagents are used in amounts approximately equivalent to that of
      the peroxy catalyst.
DETD
PAR  The following list of examples is presented to illustrate this invention
      and is not meant to limit its scope in any manner whatever. All
      concentrations are given as percentage by weight, and all viscosities are
      measured by the Gardner Method (ASTM Specification D154-28).
PAC  EXAMPLE 1
PAR  To a solution of 36 g of acrylic acid and 100 g of water was added 53 grams
      of a 45% solution of dimethyloldihydroxyethyleneurea, 15 grams of a 10%
      potassium metabisulfite solution, and sufficient water to make a total
      weight of 270 grams. The polymerization reaction was initiated by adding
      30 grams of a 5% solution of potassium persulfate to the above solution.
      After an induction period of 45 minutes, the temperature of the solution
      increased to 50.degree.C and the solution became very viscous. The
      concentrations of this solution were 12% in acrylic polymer, 8% in
      dimethyloldihydroxyethyleneurea, and 1% in sodium bisulfate. A portion of
      this solution was diluted with twice its volume of water to give a
      solution containing 4% of polyacrylic acid. The viscosity of this solution
      was 250 centipoises. A portion of the original polyacrylic acid solution
      was neutralized to pH 9 with sodium hydroxide and diluted with water to
      give a solution containing 2.6% of sodium salt of the polymer. This
      solution has a viscosity of 1860 centipoises.
PAC  EXAMPLE 2
PAR  A series of commercially available polyacrylic acids of known molecular
      weights was used to make a series of calibration solutions for the
      viscometric measurements. These solutions also contained the same
      concentrations of dimethyloldihydroxyethyleneurea and polymer as the
      solutions of Example 1. The calibration solutions were diluted and
      neutralized as in Example 1 and the viscosities were measured and used to
      construct calibration curves for the viscosity measurements. Use of this
      calibration chart showed that the polyacrylic acid of Example 1 had a
      molecular weight of approximately 16,000,000, substantially higher than
      that of any of the standards.
PAC  EXAMPLE 3
PAR  A portion of the 12% polymer solution of Example 1 was dialyzed against
      distilled water for 2 days, then lyophilized and analyzed for nitrogen.
      The nitrogen content of the isolated polymer was 0.06%. This example shows
      that the methylol reagent does not become incorporated into the polymer of
      Example 1 by covalent bonding, even though it influences the course of the
      polymerization and the properties of the product.
PAC  EXAMPLE 4
PAR  A portion of the original polymer solution of Example 1 was formed into a
      film and allowed to dry for 3 days in the open at room temperature. The
      resulting 0.013 inch film was clear and flexible, and did not change on
      further exposure to the atmosphere. This film could be stretched
      repeatedly to 400% of its original length, after which it recovered to its
      original dimension. This film resisted swelling and dissolution when
      immersed in water, toluene, chloroform, ethyl acetate, or acetone for
      periods of at least 3 days, but it did slowly swell, then dissolve in
      aqueous alkali after about one hour.
PAR  A portion of the 12% polymer solution of Example 1 was used to cast a 0.010
      inch film on a glass plate. The plate and film were dried and cured at
      160.degree.C for 15 minutes. When the plate was immersed in water the film
      came free as a tough, flexible, clear film which became somewhat brittle
      on drying. When this film was immersed in a 5% sodium hydroxide solution,
      the film remained intact, but highly swollen and weak, for at least 30
      minutes. A film similarly cast and cured from a solution of 12%
      polyacrylic acid dissolved immediately when it was immersed in water. A
      film similarly cast and cured from a solution of 12% polyacrylic acid to
      which 8% dimethyloldihydroxyethyleneurea had been added after the polymer
      was formed did not dissolve in water but came free as a weak and brittle
      film which dissolved immediately in 5% sodium hydroxide solution. This
      example shows that the polymer formed by the process of Example 1 can be
      formed into tough, solution-resistant films, while polyacrylic acid formed
      by conventional processes cannot form such films, even if
      dimethyloldihydroxyethyleneurea is added to the polymer before the film
      forming process.
PAC  EXAMPLE 5
PAR  The process of Example 1 was followed with the exception that the
      dimethyloldihydroxyethyleneurea was not added to the solution until after
      the polymerization reaction was complete. When a portion of this solution
      was diluted to a 4% polyacrylic acid content, it had a viscosity of 27
      centipoises. When another portion of this solution was neutralized and
      diluted to a 2.6% sodium polyacrylate content, it had a viscosity of 41
      centipoises. These viscosities correspond to a molecular weight of 90,000
      on the calibration chart of Example 2. This Example shows that the
      methylol reagent must be present during the polymerization reaction for
      the novel effect of this invention to occur.
PAC  EXAMPLE 6
PAR  The procedure of Example 1 was followed with the exception that only 12
      grams of acrylic acid was used instead of 36 grams as in Example 1. The
      resulting solution has a 4% concentration of polymer and a viscosity of 50
      centipoises. A portion of this solution was neutralized to pH 9 and
      diluted to 2.6% polymer concentration. This solution had a viscosity of
      153 centipoises. These vicosities correspond to a molecular weight of
      570,000 on the calibration chart of Example 2. This Example shows that the
      novel effect of this invention of increasing the molecular weight of the
      polymer by the use of the methylol reagent occurs even when low
      concentrations of monomer or high ratios of initiator to monomer are used.
PAC  EXAMPLE 7
PAR  The procedure of Example 1 was carried out with the exception that 57 grams
      of a 42% solution of dimethylolethyltriazone were used in place of the
      dimethyloldihydroxyethyleneurea solution. A portion of this solution was
      diluted to contain 4% of polymer. The viscosity of this solution was 129
      centipoises. Another portion of the solution was neutralized to pH 9 and
      diluted to contain 2.6% of polymer. The viscosity of this solution was
      1180 centipoises. These centipoises correspond to a molecular weight of
      6,200,000 on the calibration chart of Example 2.
PAC  EXAMPLE 8
PAR  The procedure of Example 1 was followed with the exception that 30 grams of
      an 80% solution of dimethylolmethylcarbamate was used in place of the
      dimethyloldihydroxyethyleneurea solution. A portion of the solution was
      diluted to contain 4% of polymer. The viscosity of this diluted solution
      was 500 centipoises. Another portion of the solution was neutralized to pH
      9 and diluted to contain 2.6% of polymer. The viscosity of this
      neutralized solution was 3384 centipoises. These viscosities correspond to
      9 molecular weight of 42,000,000 on the calibration chart of Example 2.
PAC  EXAMPLE 9
PAR  The procedure of Example 1 was followed with the exception that 32 grams of
      a 37% solution of formaldehyde was used in place of the
      dimethyloldihydroxyethyleneurea solution. The reaction solution thus
      contained 4% by weight of formaldehyde or 33% of formaldehyde based on the
      weight of the acrylic acid. After the reaction was complete, a portion of
      the solution was diluted to contain 4% of polymer.
PAR  The viscosity of this diluted solution was 1180 centipoises. Another
      portion of the reaction solution was neutralized to pH 9 and diluted to
      contain 2.6% of polymer. The viscosity of this neutralized solution was
      19,100 centipoises. These viscosities correspond to a molecular weight of
      370,000,000 on the calibration chart of Example 2. A portion of the
      original polymer solution of this Example was formed into a film and dried
      for 4 days in the open atmosphere. The resulting clear, tough film has
      properties similar to the film of Example 4. This Example and Examples 1,
      7 and 8 show the use of formaldehyde and various methylol amide reagents
      which do not coagulate on standing in acidic solutions. When other
      methylol amide reagents were used in the process of Example 1, a viscous
      solution containing particles of coagulated insoluble formaldehyde-amide
      polymers is obtained.
PAC  EXAMPLE 10
PAR  The procedure of Example 1 was followed with the exception that methacrylic
      acid was used in place of the acrylic acid. The solution became extremely
      viscous during the polymerization reaction. A portion of this solution was
      diluted (with extensive stirring) to contain 4% of polymer. The viscosity
      of this solution was 50 centipoises. A portion of this solution was
      neutralized to pH 9 and further diluted to contain 2.6% of polymer. The
      viscosity of this solution was 231 centipoises. These values correspond to
      a molecular weight of approximately 700,000 on the calibration chart for
      polyacrylic acids in Example 2.
PAR  This invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention as described hereinabove and defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for forming acidic polymers of high molecular weight
      comprising:
PA1  a. polymerizing a monomer system consisting essentially of at least 50% by
      weight of an acidic monomer selected from the group consisting of acrylic
      acid or methacrylic acid in a water solution containing a reagent selected
      from the group consisting of
PA2  dimethyloldihydroxyethyleneurea,
PA2  formaldehyde,
PA2  methyloltriazones, and
PA2  methylolcarbamates, the weight ratio of said reagent to acidic monomer
      being from 0.3 to 2.0,
PAL  using a free radical initiating system consisting of a persulfate oxidizing
      agent and a bisulfite reducing agent;
PA1  b. dialyzing the solution prepared in (a); and
PA1  c. drying the dialyzed solution.
NUM  2.
PAR  2. The product prepared by the process of claim 1.
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ABST
PAL  Adhesives for laminating saran film or saran coated surfaces to
      polypropylene or polyethylene films or surfaces are disclosed. The
      adhesives comprise solutions of a mixture of a terpene urethane resin with
      certain thermoplastic polyether polyurethanes.
PARN
PAR  This is a division of application Ser. No. 396,237, filed Sept. 11, 1973,
      now U.S. Pat No. 3,887,755.
BSUM
PAR  This invention relates to improved adhesives and laminates. More
      particularly the invention relates to improved adhesives that are
      especially suited for making laminates of saran films or saran coated
      films to treated polypropylene films. The adhesives are also suitable for
      laminating treated polypropylene surfaces to each other; also for
      laminating saran to saran, saran to treated polyethylene or to other saran
      films or surfaces, and to treated polyethylene to treated polyethylene.
      This invention also relates to methods of preparing the said laminates.
PAR  The packaging industry employs enormous quantities of film, foil and
      anglogous sheet-like structures for protecting foods from loss of
      moisture, from the oxidative effect of air or oxygen, from the deleterious
      effects of light, and for other reasons. Some of the most useful of these
      packaging films are laminates. Among the most useful laminates are those
      in which saran, or a saran coated substrate is laminated to a film or
      sheet of treated polyethylene or treated polypropylene, or laminates
      wherein treated polyethylene or treated polypropylene is laminated to
      another treated polyethylene or polypropylene surface. Saran is a generic
      name for a copolymer containing between about 25 and 95 weight percent
      polymerized vinylidene chloride with the remainder being any other
      monoethyleneically unsaturated monomeric material which is copolymerizable
      with vinylidene chloride. Treated polyethylene or polypropylene means
      polyethylene or polypropylene, foil, film, etc., which has been treated to
      provide a surface thereon which has better adhesion for inks, coatings and
      adhesives. Corona discharge treatment of the polyethylene or polypropylene
      surface is the method most frequently used; however other methods such as
      flame treatment and contacting the surface with chromic acid solution are
      reported in the prior art.
PAR  The prior art teaches the use of reactive urethane adhesives for laminating
      saran to saran, for laminating treated polyethylene to treated
      polyethylene and for laminating saran to treated polyethylene and
      polypropylene. Such prior art methods have the disadvantage that the
      adhesive comprises two components which have to be mixed immediately prior
      to application. Being reactive, the adhesive has a relatively short "pot
      life," i.e., the setting of the reactive adhesive becomes so advanced the
      viscosity build-up is so great that it becomes difficult to apply the
      adhesive to the substrate. A further disadvantage is that after
      application of the adhesive several hours are required for the ultimate
      bond to be formed by the curing or setting of the adhesive.
PAR  In accordance with the present invention the above enumerated disadvantages
      are overcome by employing an adhesive comprised of a mixture of
      thermoplastic water soluble polyurethane and a water insoluble
      thermoplastic terpene urethane as the adhesive for laminating saran
      surfaces to treated polyethylene or polypropylene surfaces, or saran
      surfaces to saran surfaces, or treated polyethylene or polypropylene
      surfaces to treated polyethylene and polypropylene surfaces.
PAR  The novel adhesives of the present invention have unique and unexpected
      properties. For instance, while it was previously known that certain water
      soluble thermoplastic polyurethanes, such as those used in the present
      invention, are excellent adhesives for laminating treated polyethylene to
      itself or to saran surfaces, such water soluble polyurethanes do not
      provide good adhesion of treated polypropylene to itself or to saran
      surfaces. It was, therefore, surprising and unexpected that blends of
      these water soluble polyurethanes with minor amounts of a water insoluble
      terpene polyurethane would provide an adhesive that would bond treated
      polypropylene to itself or to saran. The results are even more surprising
      in view of the fact that the terpene polyurethane alone is not a good
      adhesive for laminating treated polypropylene to itself or to saran
      surfaces. The novel adhesive composition is, therefore, an important
      feature of the invention.
PAR  Another important embodiment of the invention is a heat-sealable,
      essentially moisture-proof and grease-proof laminated film structure
      comprised of a layer or film of treated polyethylene or polypropylene
      laminated to a preformed substrate layer or sheet of saran or saran coated
      substrate such as saran coated cellophane, saran coated polyester, saran
      coated nylon, or saran coated polypropylene, wherein the laminating
      adhesive is a blend of (a) an essentially thermoplastic polyurethane
      prepared from polyurethane forming reactants, using conventional catalysts
      wherein at least one of the reactants contains a tertiary nitrogen atom
      which imparts sufficient basicity to the polymer to enable it to form
      water soluble salts with carboxylic acids and (b) a minor amount of a
      terpene polyurethane which is insoluble in water.
PAR  The thermoplastic water soluble polyurethane is a polyether polyurethane
      and is prepared from a polyalkylene glycol, a diisocyanate, and an
      N-phenyl or N-alkyl-dialkanolamine. Preferably a difunctional chain
      extender reactant will be included as a reactant, such as a glycol or an
      alkylene diamines. An alkylene diamine chain extender is preferred.
PAR  Although polypropylene glycol having a molecular weight of 400 to 4000 is
      preferred as the polyalkylene glycol component because of econimics and
      better properties, other polyalkylene glycols, especially polyethylene,
      can be used in preparing polyurethanes that are operable in the invention.
PAR  The diisocyanates useful in preparing the thermoplastic polyether urethanes
      used in the present invention are those conventionally used in preparing
      polyurethane resins and include, for instance, methylene diphenyl
      isocyanate, toluene diisocyanate, hexamethylene diisocyanate, isophorone
      diisocyanate and hydrogenated methylene diphenyl isocyanate. The aliphatic
      diisocyanates, such as hexamethylene diisocyanate, isophorone
      diisocyanate, and the hydrogenated aromatic diisocyanates, such as
      hydrogenated methylene diphenyl isocyanate, are preferred where light
      stability is important.
PAR  The N-alkyl dialkanol amine reactants useful in preparing the thermoplastic
      polyurethane comprise such reactants in which the alkyl group is a lower
      alkyl group, i.e., an alkyl group containing 1 to 6 carbon atoms and the
      alkanol groups contain 1 to 4 carbons. The alkyl group may be a straight
      chain alkyl group, a branched chain alkyl group or a cyclo-aliphitic
      hydrocarbon group. A preferred N-alkyl dialkanol amine is N-methyl
      diethanol amine which is preferred for economic reasons as well as for
      overall optimization of properties.
PAR  The preferred chain extender, when used, is an aliphatic diamine such as
      ethylene diamine, propylene diamine, butylene diamine and hexamethylene
      diamine or an alkanol amine such as ethanol amine. Ethylene diamine is
      especially preferred.
PAR  Polyether polyurethanes useful in the invention are prepared by reacting
      the desired N-phenyl or N-alkyl dialkanol amine and polyether diol with an
      excess of the desired diisocyanate, up to an NCO to OH ratio of 10:1
      excess of diisocyanate on a molar basis being used. The reaction
      preferably is carried out in a volatile inert water miscible organic
      solvent such as water miscible ketones, ethers and esters. Methyl ethyl
      ketone is especially preferred. The reaction is continued, by heating to
      the reflux temperature of the solvent if desired, until reaction is
      complete as indicated by a substantially constant isocyanate (NCO) assay.
      At this point the polyurethane may be capped, or terminated, by reacting
      the remaining isocyanate groups with a monofunctional lower alcohol, such
      as isopropanol, but in most cases the polyurethane polymer which still
      contains isocyanate groups is preferably chain extended with an alkylene
      diamine to obtain a preferred molecular size and the resulting chain
      extended polyurethane which still contains some unreacted isocyanate
      groups is capped with excess isocyanate reactant such as water miscible
      alcohol, hydroxycarboxylic acid, or water.
PAR  For polyether polyurethanes to be useful in the present invention, it is
      necessary that they contain 2.0% to 8.0% by weight, preferably 3 to 5% by
      weight, of nitrogen derived from isocyanate groups. In general the higher
      percentages of nitrogen produce harder polymers while the lower
      percentages of nitrogen produce softer polymers. Polymers containing 3 to
      5% by weight of isocyanate derived nitrogen and 0.75 to 1.5% by weight of
      tertiary amine derived nitrogen are preferred because they provide the
      most desirable combination of adhesive bond strength. Generally the
      reaction of the prepolymer containing isocyanate groups with the diamine
      chain extender is carried out at on the order of 25.degree.to 70.degree.C.
      The reaction is carried out stepwise to avoid variations in molecular
      weight from batch to batch. Ordinarily the desired degree of chain
      extension will be achieved when an isocyanate assay of about 0.005 to 0.20
      milliequivalents of NCO per gram of solution at 50% by weight solids is
      obtained. Isocyanate assay is determined on a small sample of the reaction
      mixture by reacting the isocyanate with excess dibutyl amine, back
      titrating the excess amine with acid and then calculating the
      milliequivalents of NCO after correcting for the amount of tertiary amine
      groups in the polymer.
PAR  The amount of N-phenyl dialkanol amine or N-lower alkyl dialkanol amine
      used in the polymer can be sufficient to produce a polymer containing on
      the order of 0.5 to 2.5% by weight, of tertiary nitrogen, or enough to
      make the polymer soluble in aqueous acidic solutions. Ordinarily salts of
      the polymer become soluble in water when the polymer contains at least
      about 0.5% by weight of tertiary nitrogen. The upper limit of tertiary
      nitrogen content is not critical for water solubility as the salt but for
      optimum properties for use in the present invention it is preferred that
      the upper limit of tertiary nitrogen content should not exceed about 2.5%
      by weight of the polymer.
PAR  When the polymer size that is desired has been obtained, preferably by
      chain extension as described herein above, and a polymer having an
      isocyanate assay on the order of 0.005 to 0.20, preferably 0.07 to 0.1,
      milliequivalents of NCO preferably 0.07 to 0.1, milliequivalents of NCO is
      obtained the polymer is capped, or terminated by reacting the remaining
      isocyanate groups with an excess of isocyanate reactant, preferably a
      water miscible alcohol, e.g., isopropanol, ethanol, water, lactic acid,
      etc. Any large excess of the water miscible alcohol solvent that is added
      as the isocyanate reactant to terminate or cap the polymer may also serve
      as a solvent for the polymer.
PAR  The prereacted, capped, thermoplastic polyether urethane is converted to a
      water soluble salt by reacting with the appropriate amount of an acid.
      Although acids in general, both organic acids and mineral acids, are
      effective to solubilize the polymer, the preferred acids to use are the
      substantially non-toxic organic carboxylic acids, especially acids that
      have been approved by the Food and Drug Administration for use in foods
      and food packaging. Lactic acid is such an acid and is very suitable for
      use in the present invention. Although the upper limit of the amount of
      acid to use is not particularly critical, it has been found that the lower
      limit is critical and that at least about 75% of the theoretical amount
      required to neutralize the polymer must be used to solubilize it.
      Increasing the amount of acid above the minimum required to solubilize the
      polymer tends to increase the viscosity of the solution and thus provides
      a convenient means of regulating the viscosity for application purposes.
PAR  An adhesive composition in accordance with the invention is prepared by
      mixing the solution of the salt of the polyurethane as described above
      with a solution of the desired amount of water-insoluble terpene
      polyurethane resin, i.e., 0.2 to 1 part by weight of terpene polyurethane
      resin, preferably 0.5 part, for each part by weight of water soluble
      polyurethane. Preferably the terpene polyurethane resin will be dissolved
      in a water miscible, volatile solvent such as a lower alcohol or ester.
      For convenience in handling, and economy in shipping, the adhesive
      composition preferably is prepared as a 30% solids solution, or higher.
      For application it may be diluted to the concentration and viscosity which
      is desired for the particular application.
PAR  The terpene-urethane resins, or terpene polyurethane resins, as used herein
      refers to resins made by reaction of terpene alcohols with
      polyisocyanates, especially diisocyanates. Such resins are available
      commercially and are described in the prior art. In the present invention
      we especially prefer a product that is described by the supplier as a
      terpene-urethane resin, soluble in aromatic and aliphatic hydrocarbons,
      esters and chlorinated hydrocarbons, having limited solubility in alcohols
      and ketones, having a color of 1 (Gardner Scale), a specific gravity of
      0.95 - 1.05 and a melting point of 95.degree.C .+-. 5.degree.C.
PAR  The following Examples in which the parts are by weight are given to
      further illustrate the invention:
DETD
PAC  EXAMPLE 1
PAR  A reaction mixture consisting of:
TBL                          Parts                                             

     Polypropylene glycol, M.W. of 1007,                                       

       Hydroxyl No. 108        483                                             

     N-Methyl diethanolamine   64.4                                            

     Toluene diisocyanate      195                                             

     Dibutyltin dilaurate (catalyst)                                           

                               0.35                                            

     Methyl ethyl ketone       743.0                                           

PAL  was heated at reflux until an NCO assay of between 0.13 and 0.16 was
      obtained. At this point the temperature was reduced to
      60.degree.-65.degree.C. and a calculated amount of ethylene diamine was
      added to lower the NCO assay value to 0.07 milliequivalents per gram. The
      calculation of the amount of ethylene diamine was made as follows:
PA1  Grams ethylene diamine required =   (milliequivalents of NCO per gram --
      0.07)  .times. batch weight in grams .times. Mol.  Weight of ethylene
      diamine/2000.
PAL  Reaction between the ethylene diamine and isocyanate prepolymer is rapid
      and is assumed to be complete within a few minutes after which time 1060
      parts of methyl ethyl ketone and 82.5 parts of lactic acid (88% technical
      grade) was added and the reaction mixture cooled to room temperature. The
      resulting chain extended polyether polyurethane resin solution contains
      30% solids by weight. An adhesive is prepared by dissolving a
      terpene-urethane in a diluted solution of the above chain extended
      polyether polyurethane as follows:
TBL                             Parts                                          

     30% Solution of polyether polyurethane                                    

                                500                                            

     Methyl ethyl ketone        175                                            

     Iso-terp 95 resin           75                                            

PAL  and then diluting the solution with 750 parts of methyl ethyl ketone. The
      resulting adhesive contains 15% by weight solids and is of suitable
      viscosity for application by gravure roll. It was applied to saran film or
      to saran coated cellophane, or treated polyethylene, or treated
      polypropylene surface at a rate of approximately 0.5 pounds/ream (3,000
      square feet); the solvent is evaporated, and the adhesive coated surface
      is then adhered to the desired surface such as treated polyethylene or
      polypropylene, or saran, by conventional laminating techniques to give
      packaging laminate films having ultimate bond strengths immediately at the
      end of the laminator. Immediate ultimate bond strengths on the order of
      350 to 600 grams are easily obtainable even when laminating a saran
      surface to a polypropylene surface.
PAR  Bond strengths as used in the present application are measured on an Amthor
      Tensile Tester, Type 272 (available from Amthor Testing Instrument Co.,
      45-53 Van Sinderen Avenue, Brooklyn, New York) and is the force, in grams,
      required to separate the laminate using a one-inch wide strip of laminate
      and a jaw separation rate of 12 inches per minute. Initial bond strength
      of at least 350 grams is required for a satisfactory laminate. If lower
      bond strengths are obtained, it indicates that all solvents were not
      removed from the adhesive film prior to lamination. In such cases, it is
      only necessary to adjust the drying ovens to ensure complete removal of
      solvents. Drying temperatures on the order of 100.degree. to 220.degree.
      are preferred.
PAC  EXAMPLE 2
PAR  A reaction mixture consisting of:
TBL                          Parts                                             

     Polypropylene glycol (as in Example 1)                                    

                               523                                             

     N-Methyl diethanolamine   81.5                                            

     Hydrogenated methylene diphenyl isocyanate                                

       (e.g. Hylene W)         356.5                                           

     Dibutyltin dilaurate (catalyst)                                           

                               .48                                             

     Methyl ethyl ketone       961                                             

PAL  was heated at reflux until a constant NCO assay of 0.141 was obtained. A
      calculated amount of ethylene diamine, sufficient to lower the NCO assay
      to 0.07 milliequivalents/gram of 50% solution, and then 105 parts of an
      88% lactic acid solution in water was added and the reaction mixture was
      stirred for 15 minutes. Then 1414 parts of isopropanol was added to form a
      clear solution of resin, 30% solids by weight, having a viscosity of
      250-700 centipoises at 25.degree.C. The polymer contains 3.95% by weight
      of N derived from isocyanate and 1% by weight of tertiary N. An adhesive
      composition is prepared by dissolving a terpene-urethane in a diluted
      solution of the chain extened polyether polyurethane as follows:
TBL                             Parts                                          

     30% Solution of polyether polyurethane                                    

                                500                                            

     Methyl ethyl ketone        175                                            

     Iso-terp 95 resin           75                                            

PAL  and then diluting the solution with 750 parts of a blend of equal parts by
      weight of methyl ethyl ketone and isopropanol. The resulting composition
      is used as an adhesive in a manner similar to Example 1 to form laminates
      having bond strengths of more than 350 grams.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adhesive composition consisting essentially of a volatile,
      water-miscible, organic solvent solution of a mixture of a minor amount of
      a terpene urethane resin which is the reaction product of a terpene
      alcohol with a polyisocyanate, and a major amount of a water soluble salt
      of a substantially linear thermoplastic polyurethane containing 0.5 to
      2.5% by weight of nitrogen derived from tertiary amine groups and from 2
      to 8% of nitrogen derived from isocyanate groups, said polyurethane being
      prepared by (a) reacting an excess of an isocyanate with a mixture of
      diols consisting of polyether diols having a molecular weight of from 425
      to 4,000 and tertiary amine diols selected from the group consisting of
      N-phenyl dialkanol amine and N-lower alkyl dialkanol amines to obtain a
      reaction product having free isocyanate groups greater than 0.1
      milliequivalents of NCO per gram of solution at 50% solids, (b) chain
      extending the reaction product with a chain extender selected from the
      group consisting of alkanol amines and alkylene diamines to obtain a chain
      extended polyurethane polymer containing from 0.07 to 0.01
      milliequivalents of NCO per gram of 50% solution, (c) reacting the free
      isocyanate groups with a material selected from the group consisting of
      water miscible alcohols, water miscible acids and water, an amount of a
      water miscible acid being added sufficient to form the acid salts of the
      tertiary amine groups present on the polyurethane.
NUM  2.
PAR  2. An adhesive as in claim 1 wherein the polyether diol is polypropylene
      glycol, the N-lower alkyl dialkanol amine is N-methyl diethanol amine and
      the acid is a non-toxic organic carboxylic acid.
NUM  3.
PAR  3. An adhesive as in claim 1 wherein the polyurethane is reacted with an
      excess of a water soluble alcohol and the acid is a non-toxic organic
      carboxylic acid.
NUM  4.
PAR  4. An adhesive as in claim 3 wherein the water soluble alcohol is
      isopropanol.
NUM  5.
PAR  5. An adhesive as in claim 1 wherein the percentage of isocyanate derived
      nitrogen of the polyether polyurethane is 3 to 5% by weight and the
      tertiary nitrogen is 0.75 to 1.5% by weight.
NUM  6.
PAR  6. An adhesive as in claim 5 wherein the polyether diol is propylene
      glycol, the N-lower alkyl dialkanol amine is N-methyl diethanol amine,
      chain extender is ethylene diamine, and the free isocyanate remaining
      after reaction with the chain extender is reacted with isopropanol.
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ABST
PAL  A resin produced by graft polymerizing at least one ethylenically
      unsaturated polymerizable compound on a mercapto group-containing alkyd
      resin, which is useful as an essential component in coating compositions
      such as paints.
BSUM
PAR  The present invention relates to a novel resin comprising a mercapto
      group-containing alkyd resin and at least one ethylenically unsaturated
      polymerizable compound graft polymerized thereon. It also relates to a
      coating composition containing the said resin as an essential component.
PAR  Hitherto, vinylated alkyd resins have been produced by various methods such
      as the graft polymerization of a vinylic monomer to an alkyd resin
      modified with an unsaturated oil or an unsaturated fatty acid, the graft
      polymerization of a vinylic monomer to an unsaturated polyester resin, and
      the like. These conventional methods for production of vinylated alkyd
      resins comprise the graft polymerization of a vinylic monomer to an
      unsaturated group of an alkyd resin. In such graft polymerization,
      however, the gel formation is apt to occur during the reaction when the
      content of the unsaturated group in the alkyd resin is large, so that
      there can be only employed alkyd resins with a relatively small content of
      the unsaturated group so as to avoid the gel formation. Consequently, the
      grafting rate is small, and the obtained resin has a poor compatibility
      with the ungrafted vinylic resin and alkyd resin. In combining such resins
      with other vinylic monomers, their kinds and amounts are restricted, and
      only a small number of them are practically utilizable. Thus, a sufficient
      exhibition of the excellent characteristics of both the vinylic resin and
      the alkyd resin has not been expected.
PAR  As the result of the extensive study, it has now been found that, by
      introducing a mercapto group into an alkyd resin and grafting an
      ethylenically unsaturated polymerizable compound on the mercapto group by
      chain transfer, there is produced a novel graft polymer which is provided
      with a variety of advantageous properties suitable for the use as a
      component in coating compositions such as paints.
PAR  Accordingly, a main object of the present invention is to provide a novel
      resin which can be advantageously used for paints to afford excellent
      properties such as smoothness, gloss, workability, dispersing ability to
      pigments, flexibility, adhesion, chemical resistance, impact resistance
      and the water resistance. Another object of this invention is to provide a
      coating composition containing the said resin as the main component. These
      and other objects of the invention will be apparent to those conversant
      with the art from the foregoing and subsequent descriptions.
PAR  According to the present invention, a resin is prepared by graft
      polymerization of a mercapto group-containing alkyd resin with at least
      one ethylenically unsaturated polymerizable compound.
PAR  The mercapto group-containing alkyd resin may be prepared by introducing a
      mercapto group into the molecule of an alkyd resin in the course of or
      after the preparation of the alkyd resin.
PAR  In one of the typical procedures for preparation of such mercapto
      group-containing alkyd resin, at least one polycarboxylic acid and at
      least one polyol are subjected to polycondensation in the optional
      presence of at least one modifier (e.g. aliphatic carboxylic acids, epoxy
      resins, phenolic resins) in a conventional manner but in the coexistence
      of at least one mercapto group-containing compound such as a polyol in
      which at least one hydroxyl group is replaced by a mercapto group (e.g.
      monothioethylene glycol, monothipropylene glycol, monothioglycerol,
      ethanedithiol, 1,4-butanedithio, 1,2-dithioglycerol, 1,3-dithioglycerol,
      1,3-dimercaptoacetone, trithioglycerol) or a mercaptocarboxylic acid (e.g.
      thioglycollic acid, mercaptopropionic acid, thiolactic acid, thiomalic
      acid, thiosalicylic acid). As in a conventional manner, the
      polycondensation may be effected usually in an inert atmosphere (e.g.
      carbon dioxide, nitrogen, xylene vapor), preferably in the presence of an
      acidic catalyst (e.g. p-toluene-sulfonic acid, phosphoric acid) or a basic
      catalyst (e.g. lead oxide, lithium naphthenate, calcium hydroxide). In
      another typical procedure, the alkyl resin prepared in a conventional
      manner may be reacted with a mercapto group-containing compound as
      mentioned above or a cyclic sulfide (e.g. ethylene sulfide, propylene
      sulfide, butylene sulfide, isobutylene sulfide). Among these procedures,
      presently preferred is the one using a mercaptocarboxylic acid,
      particularly thioglycollic acid, as the mercapto group-containing
      compound, because of its easy availability.
PAR  The content of the mercapto group in the mercapto group-containing alkyd
      resin should be in a range of from 1 .times. 10.sup..sup.-5 to 1 .times.
      10.sup..sup.-2 gram equivalent/g, preferably from 1 .times. 10.sup..sup.-4
      to 5 .times. 10.sup..sup.-3 gram equivalent/g. When the content is smaller
      than the lower limit, the obtained resin becomes poor in uniformity and
      transparency. On the other hand, when the content exceeds the upper limit,
      a low molecular weight polymer is produced and the properties of the
      coating film obtained therefrom are deteriorated.
PAR  As the ethylenically unsaturated polymerizable compound to be used, there
      may be exemplified (1) esters of acrylic acid and methacrylic acid with
      alkanols having 1 to 15 carbon atoms (e.g. ethyl acrylate, n-butyl
      acrylate, isobutyl acrylate, t-butyl acrylate, 2-ethylhexyl acrylate,
      dodecyl acrylate, methyl methacrylate, ethyl methacrylate, n-butyl
      methacrylate, isobutyl methacrylate, t-butyl methacrylate, 2-ethylhexyl
      methacrylate, lauryl methacrylate), (2) styrene and its derivatives (e.g.
      styrene, .alpha.-methylstyrene, vinyltoluene, p-t-butylstyrene), (3)
      acrylonitrile and methacrylonitrile, (4) ethylenically unsaturated
      glycidyl carboxylates (e.g. glycidyl acrylate, glycidyl methacrylate), (5)
      ethylenically unsaturated monomers having at least one hydroxyl group
      (e.g. 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate,
      1-methyl-2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate,
      2-hydroxypropyl methacrylate, 1-methyl-2-hydroxyethyl methacrylate,
      polypropylene glycol monomethacrylate, glycerol monomethacrylate,
      3-chloro-2-hydroxypropyl methacrylate), (6) ethylenically unsaturated
      carboxylic acids (e.g. acrylic acid, methacrylic acid, crotonic acid,
      itaconic acid, fumaric acid, maleic acid), (7) ethylenically unsaturated
      compounds having at least one blocked isocyanate group such as the
      addition product between a polyisocyanate compound (e.g. hexamethylene
      diisocyanate, tolylene diisocyanate, isophorone diisocyanate,
      polyisocyanate adduct) having at least one free isocyanate group and at
      least one isocyanate group blocked by a conventional blocking agent (e.g.
      phenols, lactams, active methylene compounds, alcohols, amines, oximes)
      and an ethylenically unsaturated compound having at least one hydroxyl
      group (e.g. 2-hydroxyethyl methacrylate, 2-hydroxyethyl acrylate,
      2-hydroxypropyl methacrylate, acrylic acid, methacrylic acid, itaconic
      acid, N-methylolacrylamide) and the addition product between an
      ethylenically unsaturated compound having at least one free isocyanate
      group and a blocking agent, (8) acrylamide and methacrylamide and their
      derivatives (e.g. N-methylolacrylamide, N-alkoxymethylacrylamide having an
      alkyl moiety of 1 to 14 carbon atoms, diacetone acrylamide,
      hydroxymethyldiacetone acrylamide, N-methylolmethacrylamide,
      N-alkoxymethylmethacrylamide having an alkyl moiety of 1 to 14 carbon
      atoms), etc.
PAR  The proportion of the mercapto group-containing alkyd resin and one or more
      ethylenically unsaturated polymerizable compounds to be graft polymerized
      thereon may be from 5 : 95 to 70 : 30 in weight ratio, preferably from 10
      : 90 to 60 : 40 in weight ratio.
PAR  The esters of acrylic acid and methacrylic acid with alkanols having 1 to
      15 carbon atoms may be, if used, usually in an amount of 30 to 100 % by
      weight on the basis of the total weight of the ethylenically unsaturated
      polymerizable compound(s). The use of such esters can provide the coating
      film formed by the resulting resin with good transparency, weathering
      durability, chemical resistance and the like.
PAR  The styrene and its derivatives may be used in an amount of not more than
      50 % by weight on the basis of the total weight of the ethylenically
      unsaturated polymerizable compound(s). They are advantageous in good
      copolymerizability with other monomers and can impart an excellent gloss
      to the coating film formed with the resulting resin. When, however, the
      amount exceeds about 50 % by weight, an unfavorable influence will be
      exerted upon the weathering durability of the film.
PAR  The amount of acrylonitrile and methacrylonitrile may be not more than 10 %
      by weight on the basis of the total weight of the ethylenically
      unsaturated polymerizable compound(s). They exert an excellent chain
      transfer effect to the mercapto group-containing alkyd resin so that the
      grafting rate can be improved and the resulting resin shows a good
      uniformity. But, when the amount is larger than 10 % by weight, the
      resultant resin is colored, or the film becomes yellowish at baking.
PAR  The amount of the ethylenically unsaturated glycidyl carboxylates may be 5
      to 40 % by weight on the basis of the total weight of the ethylenically
      unsaturated polymerizable compound(s). When it is less than about 5 % by
      weight, the degree of cross linkage becomes small so that the physical
      properties of the film (e.g. strength, solvent resistance, chemical
      resistance) are deteriorated. When it exceeds about 40 % by weight, the
      degree of cross linkage becomes so large that the film becomes fragile, or
      unreacted epoxy groups exert a bad influence upon the weathering
      durability. By the simultaneous use of the glycidyl compounds with an
      organic compound having two or more carboxyl groups, a self-curing coating
      composition can be obtained.
PAR  The ethylenically unsaturated monomers having at least one hydroxyl group
      may be used in an amount of not more than 25 % by weight on the basis of
      the total weight of the ethylenically unsaturated polymerizable
      compound(s). By their use, there is obtained a resin of good uniformity.
      It produces a good effect to the gloss and solvent resistnace of the film.
      The use may be necessitated, especially in case that a cross-linking agent
      such as an aminoplast resin, a polyisocyanate compound or a blocked
      isocyanate compound is incorporated. When the amount is larger than about
      25 % by weight, the water resistance of the film becomes lowered.
PAR  When the ethylenically unsaturated carboxylic acids are used in an amount
      of not more than 5 % by weight on the basis of the total weight of the
      ethylenically unsaturated polymerizable compound(s), there may be obtained
      a resin of thermoplastic property. On dispersing a filler such as a
      pigment into the resin or a solution of the resin, the presence of a
      carboxyl group in the resin is effective in maintaining a good dispersion
      state. When the amount exceeds about 5 % by weight, the film becomes
      insufficient in gloss, weathering durability and water resistance.
PAR  In case of the production of a resin of thermosetting property, the
      ethylenically unsaturated carboxylic acids may be employed in an amount of
      5 to 40 % by weight on the basis of the total weight of the ethylenically
      unsaturated polymerizable compound(s). In this case, the use of a
      crosslinking agent such as an epoxy compound or an epoxy resin having two
      or more epoxy groups is essential.
PAR  The amount of acrylamide and methacrylamide and their derivatives may be 5
      to 40 % by weight on the basis of the total weight of the ethylenically
      unsaturated polymerizable compound(s). In case of using acrylamide or
      methacrylamide, it is favorable to treat the produced resin with
      formaldehyde and, if necessary, further with an alcohol so as to convert a
      part or all of the acrylamide or methacrylamide moiety into the one where
      a methylol group or an alkylated methylol group is present. When the
      derivatives of acrylamide or methacrylamide are used, they may be cured by
      the self-condensation or reacted with the hydroxyl group or the carboxyl
      group in the alkyd resin to form a bridge structure.
PAR  The ethylenically unsaturated compounds having at least one blocked
      isocyanate group may be used in an amount of 5 to 40 % by weight on the
      basis of the total weight of the ethylenically unsaturated polymerizable
      compound(s).
PAR  When the preparation of a thermosetting resin is intended, the use of two
      or more of the ethylenically unsaturated glycidyl carboxylates, the
      ethylenically unsaturated monomers having at least one hydroxyl group, the
      ethylenically unsaturated carboxylic acids, acrylamide and methacrylamide
      and their derivatives and the ethylenically unsaturated compounds having
      at least one blocked isocyanate group in an amount of 5 to 40 % by weight
      on the basis of the total weight of the ethylenically unsaturated
      polymerizable compound(s) is favorable.
PAR  The polymerization of the mercapto group-containing alkyd resin with the
      ethylenically unsaturated polymerizable compound(s) may be effected in a
      per se conventional procedure. For instance, the polymerization may be
      carried out in the presence of a polymerization initiator such as an azo
      compound (e.g. azobisisobutyronitrile, azobismethylvaleronitrile) or a
      peroxide (e.g. lauroyl peroxide, stearoyl peroxide, benzoyl peroxide,
      di-t-butyl peroxide, di-t-cumyl peroxide, t-butyl peroxyisobutyrate,
      methylethyl ketone peroxide, ammonium persulfate, potassium persulfate),
      if necessary, in the coexistence of a chain transfer agent such as a
      mercaptan (e.g. lauroyl mercaptan, dodecyl mercaptan), a disulfide (e.g.
      diisopropylxanthogen disulfide) or a halide (e.g. carbon tetrachloride,
      chloroform) at 40.degree. to 160.degree.C for 2 to 15 hours.
PAR  The ethylenically unsaturated polymerizable compound(s) may be subjected to
      the reaction all at once or in portions in several times. In other words,
      the reaction may be carried out in a single step or multi steps. The
      ethylenically unsaturated polymerizable compound in the initial step may
      be same as or different from that in any subsequent step.
PAR  The reaction between the mercapto group-containing alkyd resin and the
      ethylenically unsaturated polymerizable compound(s) proceeds first to
      produce a graft polymer and, by the emulsifying effect of this graft
      polymer, the polymer as subsequently produced can be maintained in a
      homogeneous state. In order to attain a higher grafting rate at the
      initial stage of the reaction, the use of a peroxide as the polymerization
      initiator and of an ethylenically unsaturated polymerizable compound which
      is readily subjected to the chain transfer to the mercapto group is
      favorable. In the subsequent stage of the reaction, an azo compound which
      is not so readily subjected to the chain transfer may be used as a
      polymerization initiator, but a peroxide can be also used advantageously.
      When the ethylenically unsaturated polymerizable compounds are subjected
      to the reaction in portions, it is the most econominal and practical to
      divide them into two portions.
PAR  The reaction may be performed in any conventional made of polymerization,
      i.e. solution polymerization, suspension polymerization, bulk
      polymerization or emulsion polymerization. In most cases, the adoption of
      solution polymerization or suspension polymerization is preferred. The
      solution polymerization is carried out in a solvent or a mixture of
      solvents, and the resultant solution may be as such employed as a coating
      composition, or after elimination of the solvent, the residual product is
      used as a resin.
PAR  In case of the suspension polymerization, for instance, an aqueous solution
      of a suspension stabilizer (e.g. a natural high molecular compound or its
      derivative, a water soluble synthetic high molecular compound, a hardly
      soluble salt, an inorganic high molecular compound, a metal or metal oxide
      in powder form) and a small amount of an aqueous buffer solution of a
      stabilization promoter (e.g. a phosphate, a surface active agent) are
      added to a solution containing the said mercapto group-containing resin,
      the ethyenically unsaturated polymerizable compound and the polymerizable
      initiator, if necessary, with the chain transfer agent, and the resulting
      mixture is rapidly stirred whereby fine particles of the resin of 0.01 to
      2 mm in diameter are formed. The mixture is heated at about 40.degree. to
      95.degree.C for 2 to 7 hours with stirring to complete the reaction. The
      produce resin particles are collected by filtration and dried.
PAR  The accomplishment of the graft polymerization may be confirmed by
      detecting no mercapto group in the produced resin.
PAR  In the graft polymerization of this invention, the ethylenically
      unsaturated polymerizable compound(s) are grafted on the mercapto
      group-containing alkyd resin by chain transfer with a high grafting rate
      to give a resin. It is notable that the gel formation as frequently seen
      in the grafting of a polymerizable monomer on an alkyd resin having a
      copolymerizable unsaturation hardly occurs in the graft polymerization of
      the invention.
PAR  The thus produced resin comprises a graft polymer wherein the alkyd resin
      having the ethylenically unsaturated polymerizable compound(s) in a
      polymeric form grafted thereon as well as the ungrafted alkyd resin and
      the polymer of the ethylenically unsaturated polymerizable compound(s).
PAR  When the content of the mercapto group-containing alkyd resin component in
      the produced resin is below about 5 % by weight, the properties of the
      alkyd resin may not be reflected on the obtained resin or the resin may
      not exhibit the characteristics as the graft polymer. On the contrary,
      when the content exceeds about 70 % by weight, the properties of the
      acrylic polymer are not reflected and the mercapto group is apt to remain
      unreated to exert bad influences on the stability on storage or the
      weathering durability.
PAR  The resin of the invention possesses a good compatibility with other resins
      and additives such as cellulose derivatives, acrylic resins, alkyd resins,
      ester gums, maleic acid resins, phenol resins, epoxy resins, aminoplast
      resins, polyisocyanate compounds, blocked polyisocyanate compounds,
      organic compounds having two or more carboxyl groups and the like. By
      incorporating these resins, the resultant composition can afford a coating
      film more excellent in various properties such as appearance, gloss,
      thickness, processability, water resistance, alkali resistance, acid
      resistance, solvent resistance, stain resistance, weathering durability
      and strength with good workability on coating.
PAR  The incorporation of a cellulose derivative may be attempted in some cases.
      Among various cellulose derivatives, the most preferred is cellulose
      acetate butyrate which is excellent in gloss, color and gloss retention,
      weathering durability, heat stability and thermal fluidity. Particularly,
      the one having a viscosity of 0.1 to 6 seconds (ASTM D-817-65 (Formula A))
      is suitable for preparing a composition for paints, assuring a good
      workability on coating. The amount of the cellulose derivative to be added
      may be equal to or less than the weight of the resin of the invention.
      Other cellulose derivatives such as nitrocellulose may be also used.
PAR  When desired, acrylic resins or alkyd resins may be incorporated into the
      resin of the invention so as to obtain a composition utilizable for
      various purposes. The favorable amount to be incorporated is 150 parts by
      weight or less to 100 parts by weight of the resin.
PAR  By the incorporation of a cross-linking agent such as an aminoplast resin,
      a polyisocyanate compound, a blocked polyisocyanate compound or an organic
      compound having two or more carboxyl groups or its anhydride, the film can
      be more improved in appearance, gloss and other physical and chemical
      properties.
PAR  Examples of the organic compound having two or more carboxyl groups and its
      anhydride are polycarboxylic acids (e.g. adipic acid, sebacic acid,
      phthalic acid, trimellitic acid) and their anhydrides (e.g. phthalic
      anhydride, trimellitic anhydride), polyester resins obtained by
      condensation of polyols with excessive polycarboxylic acids, etc. The
      amount to be used may be 3 to 5 parts by weight to 100 parts by weight of
      the resin of the invention. It is preferred to adjust the equivalent ratio
      of epoxy groups and carboxyl groups to 0.8 to 1.2. The formed coating film
      may be usually dried at about 120.degree. to 220.degree.C.
PAR  The aminoplast resin mentioned above is the additive condensation product
      of urea, melamine or guanamines with an aldehyde (e.g. formaldehyde) or
      its etherification product with an alcohol. It may be used in an amount of
      5 to 40 parts by weight to 100 parts by weight of the resin. When the
      aminoplast resin is used, the drying of the coating film is preferably
      carried out at about 80.degree. to 200.degree.C.
PAR  The polyisocyanate compound includes a polyisocyanate adduct obtained by
      the addition of a diisocyanate (e.g. hexamethylenediisocyanate,
      tolylenediisocyanate) to a polyol of low molecular weight, a
      polyisocyanate having a biuret structure and a polyisocyanate having an
      allophanate structure. The amount to be used may be 5 to 50 parts by
      weight to 100 parts by weight of the resin. The coating film is favorably
      dried at a temperature from room temperature to about 80.degree.C.
PAR  The blocked polyisocyanate compound is the addition product of a
      diisocyanate or a polyisocyanate compound as mentioned above and a
      blocking agent (e.g. phenols, alcohols, lactams, active methylene
      compounds, amines, oximes). The amount to be used may be 5 to 60 parts by
      weight to 100 parts by weight of the resin. In case of the incorporation
      of the blocked polyisocyanate compound, it is preferred to employ a
      dissociation catalyst such as a base (e.g. triethylamine,
      N-methylmorpholine) or a metal compound (e.g. dibutyltin dilaurate,
      stannous chloride). The coating film is favorably dried at about
      120.degree. to 220.degree.C.
PAR  As the epoxy compound, there may be exemplified triglycidyl isocyanate, a
      vinylic resin obtained by the copolymerization of glycidyl acrylate or
      glycidyl methacrylate with any other polymerizable monoer, a condensate of
      bisphenol A with epichlorohydrin, a condensate of novolak with
      epichlorohydrin, a diepoxy compound containing a polyether chain
      structure, an alicyclic epoxy resin, etc. The amount to be used is desired
      to be 5 to 40 parts by weight to 100 parts by weight of the resin. If
      necessary, there may be added a catalyst for cross-linking such as a Lewis
      acid (e.g. boron trifluoride), a base (e.g. benzyldimethylamine,
      2-ethyl-5-methylimidazole, triethylene amine, N-methylmorpholine), a salt
      (e.g. boron trifluoride-monoethylamine complex salt, triethanolamine
      borate, stannous chloride), an organometallic compound (e.g. stannous
      octylate, tetrabutyl titanate, dibutyltin dilaurate) or the like. The
      coating film is favorably dried at about 140.degree. to 220.degree.C.
PAR  As stated above, the resin obtained by the present invention shows a good
      compatibility with many kinds of resins and, by their admixture, can
      acquire various excellent properties. Thus, it can be utilized for a
      variety of purposes and is especially suitable for paints.
PAR  On the practical use, the coating composition of the invention may be
      employed as solution or powder. In case of using as solution, the amount
      of the solvent may be usually from 40 to 80 % by weight on the basis of
      the total weight of the solution. Examples of the solvent are an aromatic
      hydrocarbon (e.g. toluene, xylene), a ketone (e.g. acetone, methyl ethyl
      ketone, methyl isobutyl ketone), an ester (e.g. butyl acetate, ethylene
      glycol acetate monoethyl ether) and an ether alcohol (e.g. ethylene glycol
      monoethyl ether, ethylene glycol monobutyl ether), an aliphatic
      hydrocarbon (e.g. heptane, octane) and an alcohol (e.g. ethyl alcohol,
      butyl alcohol).
PAR  When used as the main component of a thermoplastic or thermosetting
      composition for coating in powder form, the resin of the invention is
      desired to have a glass transition temperature of 5.degree. to
      100.degree.C. In case that the glass transition temperature is lower than
      5.degree.C, the maintenance of the powdery state is difficult at room
      temperature. On the other hand, when the glass transition temperature is
      higher than 100.degree.C, the thermal fluidity at baking becomes decreased
      and a smooth coating film cannot be obtained. Further, the weight average
      molecular weight of the resin is favored to be 5 .times. 10.sup.3 to 1
      .times. 10.sup.5. With the molecular weight smaller than 5 .times.
      10.sup.3, the obtained coating film is inferior in strength, solvent
      resistance, stain resistance and the like. With the molecular weight
      larger than 1 .times. 10.sup.5, on the contrary, the thermal fluidity is
      decreased, and a smooth coating film is not formed.
PAR  The coating composition of the invention may be colored with a pigment
      usually employed for coloring of organic coating compositions such as an
      organic pigment (e.g. phthalocyanine blue or green) or an inorganic
      pigment (e.g. carbon black, titanium dioxide, aluminum flake).
PAR  The coating composition of the invention may be also incorporated with
      other additives such as a wetting agent, a conditioning agent, a flow
      control agent, a promoter for cross-linking and an antioxidizing agent.
PAR  The application of the coating composition of the invention may be executed
      by a conventional method. That is, when employed as a solution, the
      composition is applied by brushing, roller coating, spraying with
      compressed air or with a petroleum solvent of low boiling point,
      electrostatic spraying, and when as powders, it is applied by
      electrostatical coating or fluidized bed coating.
PAR  The coating composition of the invention may be applied to a variety of
      materials such as wood, glass, metal, stone, plastics and cloth.
DETD
PAR  Practical and presently preferred embodiments of the present invention are
      illustratively shown in the following Examples wherein parts and
      percentages are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  In a reaction vessel equipped with a stirrer, a thermometer, a cooler and
      an inlet for nitrogen gas, there are charged phthalic anhydride (332
      parts), adipic acid (140 parts), trimethylolpropane (407 parts), neopentyl
      glycol (55 parts) and thioglycollic acid (150 parts). The contents are
      heated at 220.degree.C for about 6 hours while introducing nitrogen gas
      into the reaction vessel. The reaction product is admixed with a solvent
      mixture consisting of "Solvesso 100" (trade name; manufactured by Esso
      Standard Oil Co., Ltd.) and ethylene glycol monobutyl ether (7:3) (594
      parts) to give a resin solution, which contains 60.8% of non-volatile
      components and has an acid value of 50, a viscosity of Z.sub.1 (Gardner
      bubble viscosity) and a color number of 2 (Gardner color number). The
      content of the mercapto group in the resin is 3.69 .times. 10.sup.-.sup.4
      gram equivalent/g.
PAR  The thus obtained resin solution (83 parts) is admixed with methyl
      methacrylate (10 parts), styrene (8 parts), n-butyl acrylate (22 parts),
      2-hydroxyethyl methacrylate (6 parts), di-tert-butyl peroxide (1.5 parts)
      and the solvent mixture mentioned above (64 parts), and the mixture is
      heated at 135.degree.C for about 5 hours to give a resin solution
      containing 50.4 % of non-volatile components and having a viscosity of I,
      an acid number of 3.3 and a color number of 3. No mercapto group is
      detected in this resin solution. When the solution is evaporated to
      dryness, a uniform and transparent resin is obtained.
PAR  The above resin solution obtained by the graft polymerization (84 parts) is
      admixed with melamine-formaldehyde resin (trade name "Superbeckamine
      J-820" manufactured by Dainippon Ink Chemical Ind. Co., Ltd.) (36 parts),
      titanium white (trade name "Tipake R-820" manufactured by Ishihara Sangyo
      Kaisha, Ltd.) (27 parts) and Cyanine Blue (4 parts) to make an enamel,
      which is applied on a zinc plate treated with a phosphate by the aid of a
      bar coater No. 26 and baked at 180.degree.C for 90 seconds to form a film
      on the plate. The properties of the obtained film are shown in Table 1.
PAC  EXAMPLE 2
PAR  In the same reaction vessel as in Example 1, there are charged phthalic
      anhydride (385 parts), adipic acid (163 parts), trimethylolpropane (279
      parts), neopentyl glycol (197 part) and thioglycollic acid (50 parts), and
      the contents are heated at 220.degree.C for about 8 hours while
      introducing nitrogen gas therein. The reaction product is admixed with the
      solvent mixture mentioned in Example 1 (583 parts) to give a resin
      solution, which contains 59.6 % of non-volatile components and has a
      viscosity of XY to Y, an acid value of 17.9 and a color number of 2. The
      content of the mercapto group in the resin is 3.30 .times. 10.sup.-.sup.4
      gram equivalent/g.
PAR  The thus obtained resin solution (117 parts) is admixed with methyl
      methacrylate (3.5 parts), styrene (3 parts), n-butyl acrylate (13 parts),
      2-hydroxyethyl methacrylate (4 parts), acrylonitrile (4 parts), itaconic
      acid (2.5 parts), di-tert-butyl peroxide (1.5 parts) and the solvent
      mixture as above (51 parts), and the mixture is heated at 140.degree.C for
      about 5 hours to give a resin solution containing 51.5 % of non-volatile
      components and having a viscosity of H, an acid value of 8.1 and a color
      number of 3. No mercapto group is detected in this resin solution. When
      the solution is evaporated to dryness, a uniform and transparent resin is
      obtained.
PAR  The above resin solution obtained by the graft polymerization is admixed
      with the same materials as in Example 1 to make an enamel, which is
      applied on a zinc plate treated with a phosphate by the aid of a bar
      coater No. 26 and baked at 180.degree.C for 90 seconds to form a film on
      the plate. The properties of the obtained film are shown in Table 1.
PAC  EXAMPLE 3
PAR  In the same reaction vessel as in Example 1, there are charged phthalic
      anhydride (359 parts), adipic acid (152 parts), trimethylolpropane (354
      parts), neopentyl glycol (114 parts) and thioglycollic acid (100 parts),
      and the contents are heated at 220.degree.C for about 6 hours while
      introducing nitrogen gas therein. The reaction product is admixed with the
      solvent mixture mentioned in Example 1 (586 parts) to give a resin
      solution, which contains 59.9 % of non-volatile components and has a
      viscosity of Z.sub.1 to Z.sub.2, an acid value of 39.7 and a color number
      of 1. The content of the mercapto group in the resin is 1.19 .times.
      10.sup.-.sup.4 gram equivalent/g.
PAR  A mixture of the thus obtained resin solution (84.5 parts), methyl
      methacrylate (29 parts), styrene (4.5 parts), n-butyl acrylate (9 parts),
      2-hydroxyethyl methacrylate (7 parts), methacrylic acid (0.5 part),
      di-tert.-butyl peroxide (1.5 parts) and the solvent mixture as above (27
      parts) is heated at 135.degree.C for about 5 hours. The reaction product
      is admixed with the solvent mixture as above (40 parts) to give a resin
      solution containing 60.2 % of non-volatile components and having a
      viscosity of R to S, an acid value of 4.6 and a color number of 3. No
      mercapto group is detected in this resin solution. When the solution is
      evaporated to dryness, a uniform and transparent resin is obtained.
PAR  The above resin solution obtained by the graft polymerization (100 parts)
      is admixed with "Superbeckamine J-820" (30 parts) and "Tipake R-820" (50
      parts) to make an enamel, which is applied on an iron plate treated with a
      phosphate by spraying and baked at 120.degree.C for 30 minutes to form a
      film on the plate. The properties of the obtained film are shown in Table
      2.
PAC  EXAMPLE 4
PAR  In the same reaction vessel as in Example 1, there are charged phthalic
      anhydride (597 parts), trimethylolethane (190 parts), neopentylglycol (179
      parts) and monothioethylene glycol (80 parts), and the contents are heated
      at 200.degree.C for about 4.5 hours while introducing nitrogen gas
      therein. The reaction mixture is cooled to give a resin having an acid
      value of 52.3. The content of the mercapto group in the resin is 5 .times.
      10.sup.-.sup.5 gram equivalent/g.
PAR  The thus obtained resin (20 parts) is admixed with methyl methacrylate (30
      parts), styrene (26 parts), n-butyl acrylate (10 parts), 2-hydroxyethyl
      methacrylate (10 parts), acrylonitrile (4 parts), laurylmercaptan (1.5
      parts), di-tert-butyl peroxide (1.5 parts) and the solvent mixture as in
      Example 1 (101.5 parts), and the mixture is heated at 130.degree.C for
      about 6 hours to give a resin solution, which contains 51.7 % of
      non-volatile components and has a viscosity of V, an acid value of 14.2
      and a color number of 3. No mercapto group is detected in this resin
      solution. When the solution is evaporated to dryness, a uniform and
      transparent resin is obtained.
PAR  The above resin solution obtained by the graft polymerization is admixed
      with the same materials as in Example 3 to make an enamel, which is
      applied on an iron plate treated with a phosphate by spraying and baked at
      120.degree.C for 30 minutes to form a film on the plate. The properties of
      the obtained film are shown in Table 2.
PAC  EXAMPLE 5
PAR  In the same reaction vessel as in Example 1, there are charged palm oil
      (300 parts), trimethylolpropane (193 parts), pentaerythritol (121 parts)
      and calcium hydroxide (0.31 part), and the contents are heated at
      230.degree.C for 20 minutes while introducing nitrogen gas therein to
      execute the ester interchange. To the reaction mixture, phthalic anhydride
      (394 parts) and thioglycollic acid (50 parts) are added, and the resultant
      mixture is heated at 220.degree.C for about 7 hours. The reaction mixture
      is cooled to give a resin having an acid value of 34.2. The content of the
      mercapto group in the resin is 4.28 .times. 10.sup.-.sup.4 gram
      equivalent/g.
PAR  The thus obtained resin (40 parts) is admixed with methyl methacrylate (30
      parts), styrene (6 parts), n-butyl acrylate (10 parts), 2-hydroxyethyl
      methacrylate (10 parts), acrylonitrile (4 parts), di-tert-butyl peroxide
      (1.5 parts) and the solvent mixture as in Example 1 (101.5 parts), and the
      mixture is heated at 120.degree.C for about 7 hours to give a resin
      solution, which contains 49.1 % of non-volatile components and has a
      viscosity of UV to V, an acid value of 3.7 and a color number of 4. No
      mercapto group is detected in this resin solution. When the solution is
      evaporated to dryness, a uniform and transparent resin is obtained.
PAR  The above resin solution obtained by the graft polymerization (80 parts) is
      admixed with a nitrocellulose solution (1/2 second; non-volatile
      components, 20 %) (60 parts) and titanium white (trade name "Tipure R-900"
      manufactured by E. I. DuPont Co., Ltd.) (30 parts) to make an enamel,
      which is applied on an iron plate treated with a phosphate by spraying and
      dried at room temperature for 7 days to form a film on the plate. The
      properties of the obtained film are shown in Table 2.
PAC  EXAMPLE 6
PAR  In the same reaction vessel as in Example 1, there are charged phthalic
      anhydride (550 parts), trimethylolpropane (279 parts), neopentyl glycol
      (197 parts) and thioglycollic acid (50 parts), and the contents are heated
      at 220.degree.C for about 6 hours while introducing nitrogen gas therein.
      The reaction mixture is cooled to give a resin having an acid value of
      36.6. The content of the mercapto group in the resin is 2.40 .times.
      10.sup.-.sup.4 gram equivalent/g.
PAR  In a 1 liter volume column reaction vessel equipped with a stirrer, a
      thermometer, a cooler and an inlet for nitrogen, a 0.3 % aqueous solution
      of hydroxypropylmethylcellulose (600 parts) is charged, and a mixture of
      the above obtained resin (86 parts), methyl methacrylate (80 parts),
      n-butyl acrylate (20 parts), styrene (55 parts), glycidyl methacrylate (35
      parts), 2-hydroxyethyl methacrylate (10 parts), t-dodecyl mercaptan (4
      parts) and 2,2'-azobis-2,4-dimethylvaleronitrile (3 parts) is added
      thereto. The contents are stirred under nitrogen stream to make a
      dispersion. The temperature is elevated up to 70.degree.C over 10 minutes,
      and stirring is continued for 5 hours at the same temperature whereby a
      pearly graft product in solid state is obtained. The thus obtained resin
      is transparent and is not gelatinized, being completely dissolved in butyl
      acetate. No mercapto group is detected in the resin. The glass transition
      temperature of the resin is 43.degree.C, and its weight average molecular
      weight is 15100.
PAR  The above obtained resin (700 parts) is admixed uniformly with dodecyl
      dicarboxylic acid (62 parts), "Epikote-1004" (trade name; manufactured by
      Shell Chemical Co., Ltd.) (40 parts), "Sumimal-M-100" (trade name;
      melamine resin manufactured by Sumitomo Chemical Co., Ltd.) (15 parts),
      "Modaflow" (trade name; manufactured by Monsanto Co., Ltd.) (8 parts) and
      "Tipake R-820" (200 parts) by the aid of a supermixer, and the mixture is
      treated by an extruder at 110.degree.C. The product is crushed into fine
      powders by the use of a powdering machine ("Atomizer" manufactured by Fuji
      Ind. Co., Ltd.) and passed through a shieve of 150 mesh to give a powdery
      paint. The powdery paint is applied on an iron plate treated with a
      phosphate by the electrostatic coating and baked at 200.degree.C for 20
      minutes in a hot air furnace so as to form a film of about 80 .mu. in
      thickness on the plate. The properties of the obtained film are shown in
      Table 2.
PAC  EXAMPLE 7
PAR  A mixture of the mercapto group-containing alkyd resin obtained in Example
      6 (40 parts), methyl methacrylate (80 parts), styrene (20 parts), n-butyl
      acrylate (40 parts), 2-hydroxyethyl methacrylate (20 parts) and
      2,2'-azobis-2,4-dimethylvaleronitrile (4 parts) is treated in the same
      manner as in Example 6 to obtain a pearly resin, which is transparent and
      is not gelatinized, being completely dissolved in butyl acetate. No
      mercapto group is detected in the resin. The glass transition temperature
      of the resin is 40.degree.C, and its weight average molecular weight is
      35000.
PAR  As in Example 6, the above obtained resin (320 parts), cellulose acetate
      butyrate "EAB-531-1" (trade name; manufactured by Eastman Chemical
      Products, Inc.) (80 parts), "Tipake R-820" (250 parts) and "Modaflow" (5
      parts) are treated to obtain a paint, which is applied on an iron plate to
      form a film. The gloss of the obtained film is 90 at 60.degree., and the
      pencil hardness is F (Mitsubishi Uni). The film is excellent in thermal
      fluidity, smoothness and adherence, and is not influenced by the
      irradiation of ultraviolet ray (15 W .times. 30 cm (irradiation height)
      .times. 24 hours).
PAC  REFERENCE EXAMPLE 1
PAR  An alkyd resin solution is prepared in the same manner as in Example 1 but
      thioglycollic acid is not employed. The obtained solution contains 60.0 %
      of non-volatile components and has a viscosity of W to X, an acid value of
      6.25 and a color number of 1.
PAR  Then, the graft polymerization reaction is executed as in Example 2 to give
      a resin solution containing 50.5 % of non-volatile components and having a
      viscosity of Y, an acid value of 5.0 and a color number of 1. The resin is
      extremely turbid.
TBL                Table 1                                                     

     ______________________________________                                    

                     Example 1 Example 2                                       

     ______________________________________                                    

     Workability       Good        Good                                        

     Smoothness        Excellent   Excellent                                   

     Gloss (at 60.degree.)                                                     

                       78.3        75.5                                        

     Pencil hardness   3H          4H                                          

     Adherence (Cross cut,                                                     

     Erichsen, 6 mm extru-                                                     

                       100/100     87/100                                      

     sion)                                                                     

     Impact resistance                                                         

     (500 g .times. 1/2 inch)                                                  

                       above 50 cm 30 cm                                       

     ______________________________________                                    

TBL                Table 2                                                     

     ______________________________________                                    

            Example 3                                                          

                    Example 4 Example 5 Example 6                              

     ______________________________________                                    

     Spraying Very      Very      Very                                         

     workability                                                               

              good      good      good    Good                                 

     Smoothness                                                                

              Very                Very    Very                                 

              good      Good      good    good                                 

     Gloss    above                                                            

     (at 60.degree.)                                                           

              100       89        92      92                                   

     Pencil                                                                    

     hardness 4H        4H        H       2H                                   

     Adherence                                                                 

     (Cross cut,                                                               

              100/100   100/100   100/100 100/100                              

     Erichsen,                                                                 

     6 mm extru-                                                               

     sion)                                                                     

     Impact                                                                    

     resistance.sup.1)                                                         

              25cm      15cm      30cm    40cm                                 

     Water                                                                     

     resistance.sup.2)                                                         

              Good      Good      Good    Good                                 

     Gasoline                                                                  

     resistance.sup.3)                                                         

              3H        3H        F       2H                                   

     Acid                                 Very                                 

     resistance.sup.4)                                                         

              Good      Good      Good    good                                 

     Alkali   Very      Very              Very                                 

     resistance.sup.5)                                                         

              good      good      Good    good                                 

     ______________________________________                                    

      Note:                                                                    

      .sup.1) 500 g .times. 1/2 inch except Example 5 where is 300 g .times. 17

       inch;                                                                   

      .sup.2) 40.degree.C .times. 7 days except Example 5 where is 40.degree.C 

      .times. 3 days;                                                          

      .sup.3) determined 2 hours after dipping at 20.degree.C for 24 hours     

      except Example 5 where determination is made 2 hours after dipping at    

      20.degree.C for 30 minutes;                                              

      .sup.4) 0.1 N H.sub.2 SO.sub.4 aqueous solution, 20.degree.C .times. 24  

      hours;                                                                   

      .sup.5) 5 N NaOH aqueous solution, 20.degree.C .times. 4 hours.          

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a resin which comprises graft polymerizing one
      or more ethylenically unsaturated polymerizable compounds onto a mercapto
      group-containing alkyd resin in a weight ratio of 5:95 to 70:30 said
      mercapto groupcontaining alkyd resin having mercapto groups in an amount
      of 1 .times. 10.sup.-.sup.5 to 1 .times. 10.sup.-.sup.2 gram equivalent/g,
      and said ethylenically unsaturated polymerizable compound(s) being one or
      more members selected from the group consisting of esters of acrylic acid
      and methacrylic acid with alkanols having 1 to 15 carbon atoms, styrene,
      .alpha.-methylstyrene, vinyltoluene, p-t-butylstyrene, acrylonitrile,
      methacrylonitrile, ethylenically unsaturated glycidyl carboxylates,
      ethylenically unsaturated monomers having at least one hydroxyl group,
      ethylenically unsaturated carboxylic acids, ethylenically unsaturated
      compounds having at least one blocked isocyanate group, acrylamide,
      methacrylamide, N-methylolacrylamide,N-alkoxymethylacrylamide having an
      alkyl moiety of 1 to 14 carbon atoms, diacetone acrylamide,
      hydroxymethyldiacetone acrylamide, N-methlolmethacrylamide, and
      N-alkoxymethylmethacrylamide having an alkyl moiety of 1 to 14 carbon
      atoms.
NUM  2.
PAR  2. The process according to claim 1, wherein the graft polymerization is
      carried out in the presence of a polymerization initiator.
NUM  3.
PAR  3. The process according to claim 2, wherein the graft polymerization is
      carried out in the presence of a chain transfer agent.
NUM  4.
PAR  4. The process according to claim 1, wherein the graft polymerization is
      carried out in multi steps.
NUM  5.
PAR  5. The process according to claim 4, wherein the graft polymerization at
      the initial step is carried out in the presence of a peroxide.
NUM  6.
PAR  6. The process according to claim 1, wherein the mercapto group-containing
      alkyd resin is the one prepared by reacting a hydroxyl group-containing
      alkyd resin with a mercaptocarboxylic acid.
NUM  7.
PAR  7. The process according to claim 6, wherein the mercaptocarboxylic acid is
      thioglycollic acid.
NUM  8.
PAR  8. The process according to claim 1, wherein the mercapto group-containing
      alkyd resin is the one prepared by reacting at least one polycarboxylic
      acid with at least one polyol in the presence of at least one
      mercaptocarboxylic acid.
NUM  9.
PAR  9. The process according to claim 8, wherein the mercaptocarboxylic acid is
      thioglycollic acid.
NUM  10.
PAR  10. The resin prepared by the process according to claim 1.
NUM  11.
PAR  11. The resin according to claim 10, wherein the weight ratio of the
      mercapto group-containing alkyd resin and the ethylenically unsaturated
      polymerizable compound(s) is from 5 : 95 to 70 : 30.
NUM  12.
PAR  12. The resin according to claim 10, wherein the ethylenically unsaturated
      polymerizable compound(s) includes 30 to 100% by weight of one or more of
      esters of acrylic acid and methacrylic acid with alkanols having 1 to 15
      carbon atoms based on the total weight of the ethylenically unsaturated
      polymerizable compound(s).
NUM  13.
PAR  13. The resin according to claim 10, wherein the ethylenically unsaturated
      polymerizable compound(s) includes not more than 50% by weight of one or
      more of styrene, .alpha.-methylstyrene, vinytoluene, and p-t-butylstyrene
      based on the total weight of the ethylenically unsaturated polymerizable
      compound(s).
NUM  14.
PAR  14. The resin according to claim 10, wherein the ethylenically unsaturated
      polymerizable compound(s) includes not more than 10% by weight of at least
      one of acrylonitrile and methacrylonitrile based on the total weight of
      the ethylenically unsaturated polymerizable compound(s).
NUM  15.
PAR  15. The resin according to claim 10, wherein the ethylenically unsaturated
      polymerizable compound(s) includes 5 to 40% by weight of one or more of
      ethylenically unsaturated glycidyl carboxylates based on the total weight
      of the ethylenically unsaturated polymerizable compound(s).
NUM  16.
PAR  16. The resin according to claim 10, wherein the ethylenically unsaturated
      polymerizable compound(s) includes not more than 25% by weight of one or
      more of ethylenically unsaturated monomers having at least one hydroxyl
      group based on the total weight of the ethylenically unsaturated
      polymerizable compound(s).
NUM  17.
PAR  17. The resin according to claim 10, wherein the ethylenically unsaturated
      polymerizable compound(s) includes 5 to 40% by weight of one or more of
      ethylenically unsaturated carboxylic acids based on the total weight of
      the ethylenically unsaturated polymerizable compound(s).
NUM  18.
PAR  18. The resin according to claim 10, wherein the ethylenically unsaturated
      polymerizable compound(s) includes 5 to 40% by weight of one or more of
      acrylamide, methacrylamide, N-methylolacrylamide, N-alkoxymethylacrylamide
      having an alkyl moiety of 1 to 14 carbon atoms, diacetone acrylamide,
      hydroxymethyldiacetone acrylamide, N-methylolmethacrylamide, and
      N-alkoxymethylmethacrylamide having an alkyl moiety of 1 to 14 carbon
      atoms based on the total weight of the ethyleneically unsaturated
      polymerizable compound(s).
NUM  19.
PAR  19. The resin according to claim 10, wherein the ethylenically unsaturated
      polymerizable compound(s) includes 5 to 40% by weight of one or more of
      ethylenically unsaturated compounds having at least one blocked isocyanate
      group based on the total weight of the ethylenically unsaturated
      polymerizable compound(s).
NUM  20.
PAR  20. The resin according to claim 10, wherein the ethylenically unsaturated
      polymerizable compound(s) includes 5 to 40% by weight of two or more of
      ethylenically unsaturated glycidyl carboxylates, ethylenically unsaturated
      monomers having at least one hydroxyl group, ethylenically unsaturated
      carboxylic acids, acrylamide, methacrylamide, N-methylolacrylamide,
      N-alkoxymethylacrylamide having an alkyl moiety of 1 to 14 carbon atoms,
      diacetone acrylamide, hydroxymethyldiacetone acrylamide,
      N-methylolmethacrylamide, and N-alkoxymethylmethacrylamide having an alkyl
      moiety of 1 to 14 carbon atoms and ethylenically unsaturated compounds
      having at least one blocked isocyanate group.
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ABST
PAL  Compositions suitable for fabricating into a self-sealing film comprise (i)
      90-99.95 wt.% of a copolymer of ethylene and a vinyl (or hydrocarbyl
      substituted vinyl) ester of a C.sub.1 -C.sub.30 monocarboxylic acid, (ii)
      either 0.05 to 10 wt.% of a hydrocarbon resin, or 0.05 to 5 wt.% of
      polybutylene or polyisobutylene, or a combination of 0.05 to 10 wt.% of
      the hydrocarbon resin and 0.05 to 5 wt.% of polybutylene or
      polyisobutylene, provided the combined weight of the hydrocarbon resin and
      polybutylene or polyisobutylene is not more than 10 wt.% and (iii) 0.01 to
      3.0% by weight based on the combined weight of (i) and (ii) of a partial
      carboxylic acid ester of a polyol, e.g. sorbitan monolaurate.
BSUM
PAR  This invention relates to self-sealing packaging films.
PAR  Self-sealing packaging films are known and are used in shops for example,
      for wrapping and display of food in refrigerated display units.
PAR  Various materials have been used for such films, the most common being PVC
      and polyolefin. However these films suffer from various disadvantages and
      have not been completely satisfactory in use.
PAR  We have now discovered a composition which when made into film has good
      antifog, roll wind-off and plate out properties. According to this
      invention a composition suitable for fabricating into a self-sealing film
      comprises (i) 90-99.95 wt.% of a copolymer of ethylene and a vinyl (or
      hydrocarbyl substituted vinyl) ester of C.sub.1 -C.sub.30 monocarboxylic
      acid, (ii) either 0.05 to 10 wt.% of a hydrocarbon resin, or 0.05 to 5
      wt.% of polybutylene or polyisobutylene, or a combination of 0.05 to 10
      wt.% of the hydrocarbon resin and 0.05 to 5 wt.% of polybutylene or
      polyisobutylene, provided the combined weight of hydrocarbon resin and
      polybutylene or polyisobutylene is not more than 10 wt.%, and (iii) 0.01
      to 3.0% by weight based on the combined weight of (i) and (ii) of a
      partial carboxylic acid ester of a polyol.
PAR  Concerning the ethylene copolymer the carboxylic acid is preferably
      aliphatic, and saturated and preferably monocarboxylic. Thus one may use
      vinyl propionate, vinyl hexoate, vinyl octaoate, vinyl dodecanoate, vinyl
      behenate, or isopropenyl acetate. The particularly preferred ester is
      vinyl acetate. The resulting copolymer should preferably contain from
      85-97 wt.%, e.g. 91 to 95 wt.% of ethylene.
PAR  One method of preparing the copolymers involves feeding the monomers into a
      tubular reactor which has been previously purged with nitrogen. A small
      amount of oxygen, usually 0.005 to 0.05 wt.% based on the weight of
      ethylene is also introduced into the reactor. Alternatively a peroxide
      initiator, e.g. di-t-butyl peroxide, or a mixture of peroxide initiator
      and oxygen may be introduced into the reactor in place of oxygen alone. A
      solvent (e.g. benzene, water, saturated hydrocarbons, methanol) may also
      be employed in the reaction. The pressure is maintained between 60 and
      2700 atmospheres (900 and 40,000 p.s.i.g.), preferably between 135 and
      2000 atmospheres (2,000 and 30,000 p.s.i.g.). The temperature should be
      maintained between 40.degree.C and 300.degree.C, preferably between
      70.degree.C and 250.degree.C.
PAR  Another method of preparing the copolymers is via a batch process. Such a
      process requires a solvent for the reactants, the solvent being for
      example toluene or hexane. The preferred solvent however is benzene. The
      reaction initiator may be any peroxy compound, preferably di-t-butyl
      peroxide. The temperature of the polymerization reaction is dependent upon
      the particular peroxide initiator employed and should be high enough for
      sufficient decomposition of the initiator to occur. This temperature will
      usually be between 40.degree.C and 300.degree.C.
PAR  For the preferred initiator, i.e. di-tert-butyl peroxide, the most suitable
      temperature is between 130.degree.C and 160.degree.C. The pressure should
      be between 60 and 1000 atmospheres (900 and 15000 p.s.i.g.), and
      preferably being between 75 and 470 atmospheres (1100 and 7000 p.s.i.g.).
      The autoclave or similar equipment containing the solvent, initiator and
      vinyl or hydrocarbyl substituted vinyl ester is purged with nitrogen and
      then with ethylene before charging with a sufficient amount of ethylene to
      yield the desired pressure when heated to the reaction temperature. During
      the polymerization additional ethylene is added to maintain the pressure
      at the desired level. Further amounts of initiator and/or solvent, and/or
      vinyl and hydrocarbyl substituted vinyl ester may also be added during the
      reaction. On completion of the reaction free solvent and unreacted
      monomers are removed by stripping or some other suitable process yielding
      the desired polymer.
PAR  The ethylene copolymer should have a molecular weight corresponding to a
      melt index (as defined in IDOR292) of 0.2 to 20, preferably 1.5-3.0.
PAR  The hydrocarbon resin may be a polyterpene resin or a resin obtained by the
      polymerization of a cracked petroleum distillate fraction. The polymer is
      preferably hydrogenated to yield a very light coloured product.
PAR  Although various petroleum distillate fractions may be used the preferred
      feed-stocks are those having a relatively wide boiling range, e.g.
      20.degree.C to 280.degree.C.
PAR  Before polymerization takes place the cracked petroleum distillate fraction
      is preferably heat-soaked, e.g. at a temperature above 100.degree.C e.g.
      130.degree.C to 140.degree.C, for a period of less than one hour so as to
      dimerize the cyclic dienes. The heat-soaked feed is thereafter distilled
      and the desired fraction e.g. one boiling between 80.degree.C and
      180.degree.C, vacuum distilled to obtain the desired cut to be
      polymerized.
PAR  The preferred fractions are those which comprise compounds having one or
      more unsaturated rings in the molecule, such as cyclodienes, cycloalkenes,
      indenes etc., in particular the fractions boiling above 100.degree.C.
PAR  Polymerization preferably takes place without a catalyst, i.e. thermal
      polymerization at a preferred temperature of 240.degree.C to 320.degree.C,
      e.g. about 250.degree.C. The thermal polymerization is preferably carried
      out in an inert atmosphere, e.g. N.sub.2 at a pressure of 10-12
      atmospheres for 1 to 9 hours. If desired polymerization can take place
      using a Friedel-Crafts catalyst, such as AlCl.sub.3, BF.sub.3, SnCl.sub.4,
      TiCl.sub.4 at a temperature of -100.degree.C to +95.degree.C, e.g.
      0.degree.C to 55.degree.C.
PAR  When the polymer is subjected to hydrogenation, the polymer is first
      preferably dissolved in a saturated hydrocarbon solvent such as heptane,
      in a proportion of, for example, 20 to 60% by weight in relation to the
      polymer solution.
PAR  Suitable hydrogenation catalysts include nickel, reduced nickel,
      nickel-tungsten sulphide, molydenum sulphide, and a preferred catalyst is
      a pre-activated catalyst on a Kieselguhr support containing about 58% by
      weight of nickel, the specific area being about 140 m.sup.2 /g and the
      ratio:
      ##EQU1##
      being about 0.66. Suitable proportions of catalyst are from 5 to 20% by
      weight, e.g. 7 to 13% by weight, based on weight of resin.
PAR  Hydrogenation preferably takes place at 215.degree. to 270.degree.C e.g.
      about 215.degree.C at a pressure of 40 to 60 atmospheres, e.g. 45
      atmospheres, for a period up to 3 hours, e.g. about 2 hours.
PAR  After cooling the solution of polymer should be filtered to eliminate
      traces of catalyst and obtain a clear solution free from all impurities.
PAR  The solution is then distilled under nitrogen and thereafter steam
      distilled at a temperature not exceeding 260.degree.C.
PAR  The resin thus obtained usually has a Gardner colour of 1 to 3, a bromine
      number of 1 to 20 and a ball-ring softening point of about 100.degree.C.
PAR  A preferred resin derived from a petroleum distillate fraction is a
      hydrogenated polycyclopentadiene resin. Suitable hydrocarbon resins also
      include hydrogenated coumarone-indene resins.
PAR  Suitable polyisobutylenes (e.g. Vistanex) are highly paraffinic hydrocarbon
      polymeric compositions with long straight molecules having a terminal
      unsaturation only. They are relatively low molecular weight, very viscous,
      clear tacky and semi-solids.
PAR  The polyisobutylene which may be used is preferably of relatively low
      molecular weight, e.g. of Staudinger viscosity average molecular weight
      from 8,700 to 10,000 and a viscosity average MW (Flory) of 30,000 to
      50,000 e.g. about 35,000. The polyisobutylene may be a homopolymer or may
      contain small amounts of other copolymerised monomers such as styrene.
PAR  The preferred proportions of ethylene copolymer and hydrocarbon resin or
      polybutylene or polyisobutylene are 96 to 99 wt.% of ethylene copolymer
      and 1 to 4 wt.% of hydrocarbon resin, polybutylene or polyisobutylene and
      92 and 96 wt.% of ethylene copolymer and 3 to 6 wt.% of hydrocarbon resin
      plus 1 to 2 wt.% of polybutylene or polyisobutylene.
PAR  The partial carboxylic acid ester of a polyol is preferably derived from a
      (monobasic) fatty acid and preferably from a C.sub.10 -C.sub.24 carboxylic
      acid e.g. a C.sub.10 -C.sub.20 fatty acid. The carboxylic acid can be
      saturated or unsaturated. Examples of suitable acids are lauric, myristic,
      palmitic, stearic, behenic, oleic or erucic. Dicarboxylic acids such as
      adipic or pimelic acids could be used.
PAR  The polyol may have two hydroxyl groups per molecule, e.g. ethylene glycol,
      propylene glycol; three hydroxyl groups per molecule, e.g. glycerol or
      trimethylol propane or four hydroxyl groups per molecule, e.g.
      pentaerythritol. Further examples are sorbitol (6 hydroxyl groups),
      sorbitan (sorbital anhydride - 4 hydroxyl groups) and dipentaerythritol (6
      hydroxyl groups).
PAR  Since the ester must be a partial ester at least one of the hydroxyl groups
      must be un-esterified, and usually only one of the hydroxyl groups is
      esterified. Preferred esters are mono-esters of sorbitol or sorbitan, e.g.
      sorbitan monolaurate, sorbitan monostearate or sorbitan monopalmitate.
PAR  The preferred amount of carboxylic acid ester 0.2 to 1.0 wt.%, based on the
      combined weights of ethylene copolymer and hydrocarbon resin and/or
      polybutylene or polyisobutylene.
PAR  After mixing the constituents of the composition of the invention the
      desired stretch and seal film can be made either by tubular blowing or by
      chill roll casting. In the tubular blowing method the composition in the
      molten state is forced around a mandrel inside a die and extruded through
      the die opening as a tube. The tube whilst still in the melt state is
      expanded to a hollow cylinder of desired diameter by blowing with the air
      admitted through the centre of the mandrel. Alternatively the extruded
      tube can be cooled by a water bath system wherein the extruded tube is
      cooled by passing it through a water bath containing flowing water. The
      chill roll casting method results in a more tacky, more elastic film with
      better visual appearance. In the chill roll casting method the hot melt
      extruded through a die slot is cooled by the surface of two or more
      water-cooled chill rolls.
PAR  Films having thicknesses of between 10 and 100 microns are preferred. If
      desired the films can be coloured provided they remain transparent.
PAR  It has been found that the presence of a partial carboxylic acid ester of a
      polyol, in particular sorbitan monolaurate and sorbitan mono-palmitate,
      improves the following properties of the film.
PAC  1. Antifog:
PAR  a normal polyolefin film covering food or a moist product will become
      covered with a layer of opaque-fine droplets when placed in a refrigerator
      normally at a temperature of 3.degree.-8.degree.C. This is a great
      disadvantage to the use of such films for wrapping food as it prevents the
      buyer, e.g. in a supermarket, being able to see the food easily. It is
      also clearly an advantage in the home if the wrapped food can be seen
      clearly.
PAC  2. Roll wind-off:
PAR  during use or further processing operations, such as slitting and
      re-winding of large rolls, it is important that the film can be unwound
      easily from the roll. If the additive makes it more difficult to unwind
      the film this is a great disadvantage.
PAC  3. Plate out:
PAR  the additives normally used for antifogging should act on the surface of
      the film and are therefore normally chosen to be only partly compatible
      with the film substrate. There is usually partial migration of the
      additive to the surface of the film where they can be most effective, but
      if the layer which is formed is hazy, the appearance of the film is
      spoilt, and in the worst examples the film is quite unsuitable.
PAC  4. Tack:
PAR  some additives which result in improved anti-fog properties unfortunately
      spoil the tack or cling of the film, but others improve the tack.
DETD
PAC  EXAMPLE
PAR  A blend was prepared of:
PA1  96.2 wt.% of a copolymer of ethylene and vinyl acetate containing 95 wt.%
      of ethylene.
PA1  3 wt.% hydrogenated polycyclopentadiene resin, and
PA1  0.8 wt.% sorbitan monolaurate
PAR  The blend was extruded in a single screw extruder at 170.degree.C forming
      strands which were water cooled and then cut into pellets.
PAR  The pellets were used to blow films in air using the following conditions:
PA1  Extruder screw length = 24:1 length to diameter ratio
PA1  Extruder screw compression = ratio 3.5:1
PA1  Extruder barrel temperature profile = 170.degree./200.degree./230.degree.C
PA1  Die temperature = 220.degree.-225.degree.C
PA1  Blow up ratio = 2/1 or more
PA1  Thickness = 12-20 microns
PAR  Other blends were prepared and extruded by the same method using 0.8 wt.%
      of other partial esters. The results obtained were as follows:
TBL  Additive       Tack  Plate Out                                            

                                 Wind Off                                      

                                       Anti-fog                                

     __________________________________________________________________________

     Sorbitan monolaurate                                                      

                    Excellent                                                  

                          Good   Fair  Excellent                               

     Sorbitan monopalmitate                                                    

                    Good  Good   Good  Good                                    

     Polyethylene glycerol                                                     

                    Excellent                                                  

                          Very Poor                                            

                                 Very Poor                                     

                                       Very Poor                               

     mono ricinoleate                                                          

     Glycerol mono oleate                                                      

                    Excellent                                                  

                          Fair   Fair  Excellent                               

     Sorbitan mono oleate                                                      

                    Good  Good   Fair  Good                                    

     Glycerol monoricinoleate                                                  

                    Good  Good   Poor  Fair                                    

     Polyethylene monoricinoleate                                              

                    Fair  Good   Poor  Very Poor                               

     Octyl Phenoxy Ethanol                                                     

                    Poor  Poor   Good  Excellent                               

     Polyoxyethylene Sorbitan                                                  

                    Very Poor                                                  

                          Very Good                                            

                                 Very Good                                     

                                       Poor                                    

     Monostearate                                                              

     Polyoxyethylene Sorbitan                                                  

                    Very Poor                                                  

                          Good   Very Good                                     

                                       Very Poor                               

     Stearate                                                                  

     Polyoxyethylene Sorbitan                                                  

                    No Tack                                                    

                          Hazy   Excellent                                     

                                       Poor                                    

     Monolaurate          Incompatible                                         

     __________________________________________________________________________

PAR  As can be seen, films prepared with partial fatty acid esters of polyols
      give satisfactory results.
PAR  It has also been found possible to improve some of the partial fatty acid
      ester results by regulating the processing conditions. In fact the various
      additives have different moleclular weights and their migration properties
      usually depend on the temperature at which the compositions are extruded
      when making the films.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition suitable for fabricating into a self-sealing film
      comprising (i) 90-99.95 wt. % of a copolymer of ethylene and a vinyl (or
      hdyrocarbyl substituted vinyl) ester of a C.sub.1 -C.sub.30 monocarboxylic
      acid, (ii) either 0.05 to 10 wt. % of a hydrocarbon resin selected from
      the group consisting of a polyterpene and a polymerization product of a
      petroleum distillate fraction, or 0.05 to 5 wt. % of the hydrocarbon resin
      and 0.05 to 5 wt. % of polybutylene or polyisobutylene, provided the
      combined weight of the hydrocarbon resin and polybutylene or
      polyisobutylene is not more than 10 wt. % and (iii) 0.01 to 3.0% by weight
      based on the combined weight of (i) and (ii) of a partial carboxylic acid
      ester of a polyol wherein said ester is derived from a C.sub.10 -C.sub.24
      carboxylic acid and wherein said ester contains at least one unesterified
      hydroxyl group.
NUM  2.
PAR  2. A composition according to claim 1 wherein the vinyl ester from which
      the copolymer is derived is vinyl acetate.
NUM  3.
PAR  3. A composition according to claim 2 wherein the ethylene copolymer has a
      melt index (as defined in ISO.R292) of 1.5 to 3.0.
NUM  4.
PAR  4. A composition according to claim 3 wherein the cracked petroleum
      distillate fraction has been hydrogenated.
NUM  5.
PAR  5. A composition according to claim 4 wherein said fraction comprises
      compounds having one or more unsaturated rings in the molecule.
NUM  6.
PAR  6. A composition according to claim 1 wherein the hydrocarbon resin has a
      Gardner colour of 1 to 3, and a bromine number of 1 to 20.
NUM  7.
PAR  7. A composition according to claim 4 wherein the resin is hydrogenated
      polycyclopentadiene resin.
NUM  8.
PAR  8. A composition according to claim 1 wherein the polyisobutylene has a
      viscosity average MW (Flory) of 30,000 to 50,000.
NUM  9.
PAR  9. A composition according to claim 1 which comprises 96 to 99 wt.% of the
      ethylene copolymer and 1 to 4 wt.% of the hydrocarbon resin,
      polyisobutylene or polybutylene.
NUM  10.
PAR  10. A composition according to claim 1 which comprises 92 to 96 wt.% of
      ethylene copolymer and 3 to 6 wt.% of hydrocarbon resin plus 1 to 2 wt.%
      of polyisobutylene or polybutylene.
NUM  11.
PAR  11. A composition according to claim 9 wherein the ethylene copolymer
      contains from 85-97wt.% of ethylene.
NUM  12.
PAR  12. A composition according to claim 11 wherein the content of ethylene is
      91 to 95wt.%.
NUM  13.
PAR  13. A composition according to claim 1 wherein the partial carboxylic acid
      ester is derived from a (monobasic) fatty acid.
NUM  14.
PAR  14. A composition according to claim 13 wherein only one of the hydroxyl
      groups of the polyol from which the partial carboxylic acid ester is
      derived is esterified.
NUM  15.
PAR  15. A composition according to claim 13 wherein the carboxylic acid from
      which the ester is derived is saturated.
NUM  16.
PAR  16. A composition according to claim 9 wherein the ester is a saturated
      fatty acid ester of sorbitol.
NUM  17.
PAR  17. A composition according to claim 16 wherein the fatty acid is a
      C.sub.10 to C.sub.20 fatty acid.
NUM  18.
PAR  18. A composition according to claim 10 wherein the partial carboxylic acid
      ester is sorbitan monolaurate or sorbitan monopalmitate.
NUM  19.
PAR  19. A composition according to claim 16 wherein the amount of fatty acid
      ester is 0.2 to 1.0 wt.% based on the combined weights of ethylene
      copolymer and hydrocarbon resin and/or polybutylene or polyisobutylene.
NUM  20.
PAR  20. A film prepared from a composition according to claim 16.
NUM  21.
PAR  21. A film according to claim 20 which has a thickness of between 9 and 100
      microns.
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PAL  Electroconductive cationic resins prepared by the reaction of a
      1,4-dihaloalkene-2 compound and a di(tertiary amine). The resins are
      quaternary ammonium compounds. They may be prepared in aqueous medium.
      They may be blended with polyvinyl alcohol and the blends may be used to
      provide solvent resistant electroconductive coatings to sheet materials
      used in electrographic printing.
PARN
PAR  This application is a continuation in part of application Ser. No. 253,016,
      filed May 15, 1972 now U.S. Pat. No. 3,825,511 issued July 23, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a sheet material for use in the
      electrographic printing wherein the sheet material is prepared by
      treatment with a water-soluble conductive substance. More particularly, it
      relates to sheet materials with electroconductive water-soluble quaternary
      resin comprising at least one member of the group of polymers having
      recurring units of the general formula:
      ##EQU1##
      wherein: 1. X is a halogen selected from the group consisting of chlorine
      and bromine;
PA1  2. A is a divalent radical selected from the group consisting of
      1,4-butene-2-yl and 1,4-cyclopentene-2-yl radicals optionally substituted
      with chloro, methyl or ethyl radicals;
PA1  3. N is a nitrogen atom;
PA1  4. R is a divalent radical selected from the group consisting of phenylene,
      xylylene and saturated and unsaturated alkylene radicals of 2 to 6 carbon
      atoms optionally substituted with methyl and hydroxyl radicals;
PA1  5. Y is a radical selected from the group consisting of C.sub.1 to C.sub.4
      alkyl, C.sub.1 to C.sub.4 hydroxyalkyl, and when R is an ethylene radical,
      methylene so that the Y radicals form an ethylene bridge between the
      nitrogen atoms connected by R;
PA1  6. z is a radical selected from the group consisting of C.sub.1 to C.sub.4
      alkyl, C.sub.1 to C.sub.4 hydroxyalkyl, and when R is an ethylene radical,
      methylene so that the Z radicals form an ethylene bridge between the
      nitrogen atoms connected by R; and
PA1  7. The degree of polymerization of the resin is such that the resin has an
      intrinsic viscosity of at least 0.05 in 2 percent aqueous sodium chloride
      at 25.degree.C.
PAR  2. The Prior Art
PAR  Electrographic printing processes require composite sheet materials
      comprising an electrically insulating layer on an electrically conductive
      layer. The electrically conductive layer should possess a surface
      resistivity of no more than about 1 .times. 10.sup.10 to 1 .times.
      10.sup.8 ohms over a relative humidity range of about 25 to 80 percent in
      order to be useful. During the printing process, the sheet material is
      grounded by placing it on a grounded electrical conductor so that, in
      effect, the lower surface of the electrically insulating layer is grounded
      to the conductor on which the sheet material rests, through the
      electrically conductive layer. The requirement of good electrical
      conductivity in the conductive layer is a source of major difficulty in
      securing uniformly satisfactory performance with dielectric and
      photoconductive reproduction papers under different climatic conditions of
      humidity and temperature. Much effort has been expended to develop a
      conductive sheet material which will exhibit a high degree of
      electroconductivity under varying environmental conditions of temperature,
      relative humidity, sheet moisture, etc., as well as under the varying
      operating conditions which are encountered from one copying process and
      machine to the next.
PAR  Various means have been described for increasing the conductivity of sheet
      material which is used in dielectric and photoconductive printing
      processes. Such means, while representing valuable contributions to the
      art, have certain drawbacks which detract from their overall usefulness.
      These drawbacks include loss of conductivity under conditions of varying
      humidity, poor aging properties, poor hold-out against solvent based
      resins used to coat the sheet material, migration of the conductive
      material in the sheet, difficulty of preparation, undesirable odors, etc.
PAR  Polyvinyl alcohol provides a particularly effective treatment for solvent
      hold-out. Unfortunately, none of the presently available electroconductive
      resins is compatible with polyvinyl alcohol. Incompatibility is shown
      inter alia by a pronounced decrease in conductivity when the
      electroconductive resin is blended with the polyvinyl alcohol and applied
      to the sheet material.
PAR  A definite need exists for a water-soluble conductive material for treating
      sheet material used in dielectric and photoconductive printing processes
      which will maintain a high electroconductivity under widely varying
      conditions of temperature and humidity. A further need exists for an
      electroconductive material which will be compatible with polyvinyl alcohol
      and other paper-making additives. A further need exists for an easily
      prepared water-soluble electroconductive material which can be used to
      treat sheet material used in dielectric and photoconductive processes.
PAC  SUMMARY OF THE INVENTION
PAR  The above-mentioned needs in the prior art are fulfilled by the present
      invention which provides a new class of electroconductive resin for
      treatment of sheet material to be used in dielectric and photoconductive
      printing processes. The class of resins contain recurring units of the
      general formula:
      ##EQU2##
      wherein: 1. X is a halogen selected from the group consisting of chlorine
      and bromine;
PA1  2. A is a divalent radical selected from the group consisting of
      1,4-butene-2-yl and 1,4-cyclopentene-2-yl radicals optionally substituted
      with chloro, methyl or ethyl radicals;
PA1  3. N is a nitrogen atom;
PA1  4. R is a divalent radical selected from the group consisting of phenylene,
      xylene and saturated and unsaturated alkylene radicals of two to six
      carbon atoms optionally substituted with methyl and hydroxyl radicals;
PA1  5. Y is a radical selected from the group consisting of C.sub.1 to C.sub.4
      alkyl, C.sub.1 to C.sub.4 hydroxyalkyl, and when R is an ethylene radical,
      methylene so that the Y radicals form an ethylene bridge between the
      nitrogen atoms connected by R;
PA1  6. z is a radical selected from the group consisting of C.sub.1 to C.sub.4
      alkyl, C.sub.1 to C.sub.4 hydroxyalkyl, and when R is an ethylene radical,
      methylene so that the Z radicals form an ethylene bridge between the
      nitrogen atoms connected by R; and
PA1  7. The resin D.P. is such that the resin has an intrinsic viscosity of at
      least 0.05 in 2 percent aqueous sodium chloride at 25.degree.C.
PAL  The molecular weight of the resins is such that the intrinsic viscosity
      measured in two percent aqueous sodium chloride is at least 0.05.
PAR  The preparation of the resins is conveniently carried out in aqueous or
      organic solvent medium by a one-step reaction to yield the conductive
      resin without the concomitant formation of inorganic acid or inorganic
      salt. The reactants comprise a 1,4-dihaloalkene-2 compound and a
      di(tertiary amine). The di(tertiary amine) may be replaced in part with a
      poly(tertiary amine) to effect molecular weight buildup and chain
      branching of the resin.
PAR  The resins are applied as an aqueous or solvent solution or dispersion by
      conventional coating methods to the sheet material to give a weight ratio
      of resin to sheet material in the range of 1:1 to 1:100. The resins can be
      blended with polyvinyl alcohol and applied to the sheet material to obtain
      solvent hold out without substantial loss in conductivity.
PAC  THE PREFERRED EMBODIMENTS
PAR  The electroconductive resins used in the present invention are prepared by
      reaction of a 1,4-dihaloalkene-2 with a di(tertiary amine) to form a
      quaternary ammonium polymer.
PAR  The 1,4-dihaloalkene-2 can be a linear alkene of four to six carbons
      optionally with methyl or chloro substituents, or a cyclopentene
      optionally with methyl or chloro substituents. Examples of such
      1,4-dihaloalkenes include 1,4-dichlorobutene-2; 1,4-dibromobutene-2;
      1,2,4-trichlorobutene-2, 1,4-dibromo-2-chlorobutene-2;
      1,4-dichloro-2-methylbutene-2; 1,4-dibromo-2-methylbutene-2;
      1,4-dichloropentene-2; 1,4-dibromopentene-2; 1,4-dibromopentene-2;
      1,4-dichlorohexene-2; 1,4-dibromohexene-2; 1,4-dichlorocyclopentene-2 and
      1,4-dibromocyclopentene-2. These 1,4-dihaloalkene-2 compounds are
      conveniently prepared by the thermodynamically controlled addition of
      halogen to the corresponding alkadiene. Preferred 1,4-dihaloalkene-2
      compounds include 1,4-dichlorobutene-2; 1,4-dibromobutene-2;
      1,4-dichloropentene-2; 1,4-dichlorohexene-2 and
      1,4-dichlorocyclopentene-2. A particularly preferred 1,4-dihaloalkene-2 is
      1,4-dichlorobutene-2.
PAR  The di(tertiary amines) have the general formula:
      ##EQU3##
      wherein N represents nitrogen, R is a phenylene radical, a xylylene
      radical or a divalent saturated or unsaturated alkylene radical of 2 to 6
      carbon atoms optionally substituted with methyl or hydroxyl substituents.
      Y is an alkyl radical of 1 to 4 carbon atoms or a hydroxyalkyl radical of
      1 to 4 carbon atoms, or a methylene radical when R is an ethylene radical,
      so that the Y radicals form an ethylene bridge between the nitrogen atoms,
      and Z is an alkyl radical of 1 to 4 carbon atoms, or a hydroxyalkyl
      radical of 1 to 4 carbon atoms, or a methylene radical when R is an
      ethylene radical, so that the Z radicals form an ethylene bridge between
      the nitrogen atoms. Examples of such di(tertiary amines) include
      N,N,N',N'-tetramethyl-ethylenediamine, N,N'-dimethyl piperazine,
      triethylenediamine, N,N,N',N'-tetrakis(hydroxyethyl)ethylene-diamine,
      1,3-bis(dimethylamino)-2-hydroxypropane, and N,N,N',N'-tetramethyl
      p-xylylenediamine.
PAR  A convenient method of preparing di(tertiary amines) exists in the reaction
      of secondary amines with 1,4-dihaloalkene-2-compounds. Secondary amines of
      general formula R.sub.1 R.sub.2 NH are used, wherein R.sub.1 and R.sub.2
      are C.sub.1 to C.sub.4 alkyl and hydroxyalkyl radicals. The preferred
      secondary amines include dimethylamine, diethylamine, diethanolamine and
      piperidine. The reaction is exemplified by the following scheme:
EQU  2R.sub.1 R.sub.2 NH+ClCH.sub.2 -- CH = CH--CH.sub.2 Cl
      ##EQU4##
      The di(tertiary amine) thus produced is then reacted with excess
      1,4-dihaloalkene-2 compound to produce the quaternary ammonium resin.
PAR  When the reaction between 1,4-dihaloalkene-2 and di(tertiary amine) is
      carried out in aqueous medium, it is preferred to use a water-soluble
      di(tertiary amine) such as N,N,N',N'-tetramethyl ethylenediamine,
      N,N'-dimethylpiperazine, triethylenediamine or
      1,3-bis(dimethylamino)-2-hydroxypropane.
PAR  In the preparation of the quaternary ammonium polymers of the present
      invention, a quantity of di(tertiary amine) is dissolved or dispersed in a
      solvent and the substantially equimolar amount of 1,4-dihaloalkene-2  is
      added. Alternatively, a dispersion or solution of 1,4-dihaloalkene is
      prepared and the substantially equimolar amount of di(tertiary amine) is
      added. Substantially equimolar amounts of the reactants are amounts which
      upon reaction yield quaternary ammonium polymers which have an intrinsic
      viscosity of at least 0.05 in 2 percent aqueous sodium chloride at
      25.degree.C. The reaction is carried out at atmospheric pressure at a
      temperature between 25.degree. and 100.degree.C. or in a pressure vessel
      at temperatures above 100.degree.C. At the lower temperatures, the
      reaction tends to be sluggish. At the higher temperatures, excessive color
      forms in the reaction medium. Consequently, it is preferred to carry out
      the reaction at a temperature in the range of 35.degree. to 60.degree.C.
      so that a reasonable rate of reaction is obtained without excessive color
      formation.
PAR  Any liquid which is not appreciably reactive to the dihaloalkene or the
      di(tertiary amine) may be selected as the reaction medium. A dispersion or
      solution of quaternary ammonium polymer is formed by the reaction and the
      dispersion or solution may be applied to a base sheet to render it
      electroconductive. Alternatively, the quaternary ammonium polymer can be
      recovered by evaporation of the liquid reaction medium. It can then be
      dispersed or dissolved in water and applied to the base sheet. The
      preferred reaction medium is selected from the group consisting of water
      and the alkanols containing one to three carbon atoms, such as methyl
      alcohol, ethyl alcohol and propyl alcohol. Particularly preferred media
      include water and water-alkanol solutions containing up to 30 weight
      percent of a C.sub.1 to C.sub.3 alkanol, since they are relatively
      non-flammable, non-toxic and allow the electroconductive resin to be
      applied readily to cellulose sheet materials. When the reaction is carried
      out in such aqueous media, the di(tertiary amine) is dissolved or
      dispersed in a sufficient quantity of aqueous medium and the dihaloalkene
      which possesses low solubility in such aqueous media is added at a rate to
      maintain the reaction medium at the desired temperature. Vigorous
      agitation aids dispersion and increases the rate of reaction. Stirring is
      continued after the dihaloalkene has been added, until the reaction is
      substantially complete as gauged by the disappearance of the second phase
      or by the substantial consumption of the more volatile dihaloalkene-2.
      Usually, two to four hours at 35.degree. to 60.degree.C. is sufficient.
PAR  Surprisingly, although the 1,4-dihaloalkene-2 compounds are readily
      hydrolyzed by water to yield alkenediols, the hydrolysis reaction does not
      interfere appreciably with the reaction between the amine and
      1,4-dihaloalkene-2 since there is little impairment in molecular weight of
      the reaction product from aqueous medium compared with the reaction
      product from anhydrous alcohol medium. However, it is preferred to add the
      dihaloalkene to the aqueous solution of di(tertiary amine) rather than to
      add the di(tertiary amine) to an aqueous dispersion of dihaloalkene so
      that hydrolysis is minimized.
PAR  When reaction is carried out in alcohol solution, a one phase reaction
      medium is obtained. Stirring is used to disperse the reactants as they are
      added. The reaction rate, however, is much less dependent on stirring
      rate. The resin can be applied to a base sheet as an alcohol solution or
      it can be recovered by evaporation of the solvent. It can then be
      dissolved in water.
PAR  The quantities of reactants and solvent are selected to give a resin
      content in the final solution in the range of 10 to 90 percent. At low
      concentrations, the molecular weight of the polymer produced by this
      step-wise reaction tends to be low particularly when the reaction is
      carried out in water. At high concentrations, excessive viscosity impedes
      stirring and mixing. Hence, it is preferred to carry out the reaction
      initially at high concentration with addition of water during the reaction
      so that the resin content in the final solution is in the range of 30 to
      70 percent.
PAR  The di(tertiary amine) may be replaced in part or completely with a
      poly(tertiary amine) to yield products comprising resins ranging from
      those with a branched molecular structure to those with a highly
      crosslinked network structure. The di(tertiary amine) can contain from 0
      to 10 parts by weight of poly(tertiary amine) per 100 parts of di(tertiary
      amine) to yield a quaternary polymer upon reaction with 1,4-dihaloalkene-2
      which is not so tightly crosslinked that it cannot form coherent coatings
      when it is applied to a substrate. As used herein, the term "poly(tertiary
      amine)" means an amine containing more than 2 tertiary amine groups per
      molecule. Preferred poly(tertiary amines) include N-alkyl polyalkylene
      polyamines such as N,N,N',N",N"-pentamethyl diethylenetriamine and
      N,N,N',N",N"-pentamethyl dihexylenetriamine, hexamethylene-tetramine,
      2,4,6-tris(dimethylaminomethyl) phenol, poly (N-methyl ethylenimine) and
      poly(N-hydroxyethyl ethylenimine).
PAR  As set forth above, the intrinsic viscosity of the resin in a 2 percent
      aqueous solution of sodium choride is at least 0.05 and may be infinite
      when there is sufficient poly(tertiary amine) present in the di(tertiary
      amine) to form an insoluble gel. Such gels can be applied as dispersions
      to the substrate to form an electroconductive coating. However, it is
      preferred to apply the quaternary resins of the present invention as
      aqueous solutions of viscosity in the range of 30 to 1,000 cps. and
      suitable coating rheology is obtained with solutions in this viscosity
      range when the intrinsic viscosity of the quaternary resin is in the range
      of 0.1 to 1.0 in 2 percent aqueous sodium chloride.
PAR  In the application of the electroconductive resin to the sheet material,
      the resin can be incorporated on or with the sheet material by coatings,
      dipping, brushing, calendering or other conventional means. Preferably, an
      aqueous solution or dispersion of the resin is applied as a coating and
      thereafter the sheet material is dried in the usual way in an oven or on
      calender rolls. The term "sheet material" or "paper " includes cellulosic
      and synthetic fiber sheet material upon which images may be recorded.
PAR  The proportion of electroconductive polymer can be varied in amount from 1
      to 500 parts per 500 parts of sheet material depending on the basis weight
      of the sheet. Where the electroconductive resin is incorporated with the
      sheet material by coating, a coating weight up to 15 pounds per 3,000
      square feet of base sheet is employed. Preferably, the coating weight is
      between 0.5 and 3.5 pounds per 3,000 square feet since below 0.5 pounds,
      the conductivity is inadequate and above 3.5 pounds, little further
      increase in conductivity is observed. The amount of polymer to be
      incorporated with the sheet material can be varied by selection of a
      suitable molecular weight and concentration of the polymer in the aqueous
      solution. The polymer is preferably applied as a continuous surface
      coating for optimum conductivity. The molecular weight must be adequate
      for formation of a coherent film. Such coherence is associated with an
      intrinsic viscosity of at least 0.05 in 2 percent sodium chloride at
      25.degree.C.
PAR  In a preferred embodiment of the invention, the electroconductive resin is
      the adduct of 1,4-dichlorobutene-2 and triethylenediamine.
      Electroconductive sheet materials which incorporate this polymer adduct
      exhibit an exceptionally stable conductivity over a wide range of
      humidity. Adducts of 1,4-dichlorobutene-2 and blends of triethylenediamine
      and other di(tertiary amine) containing as little as 10 weight percent of
      triethylenediamine also show stability of conductivity over a wide range
      of humidity.
PAR  In another preferred embodiment of the invention, the electroconductive
      resin is the adduct of 1,4-dichlorobutene-2 and
      1,3-bis(dimethylamino)-2-hydroxypropane. In this case, the low cost of the
      di(tertiary amine) contributes to an economical conductive treatment of
      the sheet material.
PAR  In the preparation of electrographic printing papers such as dielectric
      papers or photoconductive papers, it is conventional to apply a topcoat of
      an organic solution or dispersion of an insulating resin to the
      electroconductive sheet material. The organic solution tends to sink into
      the electroconductive sheet material especially when the electroconductive
      resin is present as a light coating so that the dielectric or charge
      retention properties of the topcoat are impaired. In order to prevent
      this, it is conventional to formulate the electroconductive resin with a
      solvent hold-out resin so that the electroconductive sheet material
      becomes non-absorbent to the subsequently applied organic solution or
      dispersion, and also non-absorbent to the solvent of liquid toner systems.
      A preferred solvent hold-out resin is poly(vinyl alcohol). The
      electroconductive quaternary ammonium polymers used hitherto have been
      characterized by their incompatibility with poly(vinyl alcohol). The
      incompatibility is manifested by stringing and gelling when aqueous
      solutions of poly(vinyl alcohol) and quaternary ammonium polymer in
      sufficiently high concentration to provide adequate viscosity for coating
      applications are combined, or by phase separation of the combined
      solutions so that a non-uniform film is deposited when the sheet material
      is coated with a blend of poly(vinyl alcohol) and quaternary ammonium
      polymer and the electroconductive properties are substantially impaired.
      Surprisingly, the quaternary ammonium polymers of the present invention
      have been found to be exceptionally compatible with poly(vinyl alcohol).
      Blends of aqueous solutions of the polymers of the present invention and
      poly(vinyl alcohol) show no stringiness, gelling, or phase separation and
      the coatings of such blends applied to the sheet material provide adequate
      conductivity to the sheet for electrographic printing processes. Blends
      containing between 20 and 60 parts by weight of poly(vinyl alcohol) and
      between 40 and 80 parts by weight of poly(quaternary ammonium) resin are
      used for improved solvent hold out. The poly(vinyl alcohol) is the product
      of hydrolysis of poly(vinyl acetate) and may contain residual unhydrolyzed
      vinyl acetate units in the range of 1 weight percent to 40 weight percent.
      The weight average molecular weight of the poly(vinyl alcohol) may range
      from 2,000 to 500,000.
PAR  The following examples are set forth in illustration of this invention and
      should not be construed as limitations thereof. Unless otherwise
      indicated, all parts and percentages are given in terms of parts by
      weight. Add-on is the increase in weight of a ream of paper by addition of
      resin and adjuncts and is expressed as pounds per 3,000 square feet.
DETD
PAC  PART A - PREPARATION OF RESINS
PAC  EXAMPLE 1
PAC  Reaction Product of 1,3-Bis(dimethylamino)-2-hydroxypropane and
      1,4-Dichlorobutene-2
PAR  A reaction vessel, equipped with stirrer, reflux condenser, dropping funnel
      and thermometer is charged with 308 parts
      1,3-bis(dimethylamino-2-hydroxypropane and 594 parts water. To the stirred
      solution, 263 parts of 1,3-dichlorobutene-2 is added over a 90 minute
      period. The batch temperature is allowed to rise from 31.degree. to
      51.degree.C. during the addition.
PAR  Following the addition, the solution is warmed briefly to 76.degree.C.,
      then cooled to 25.degree.C. and diluted with 101 parts of water. The
      solution is allowed to stand for 16 hours. It is then filtered through a
      bed of activated charcoal to give a clear, very pale yellow solution
      containing 45.2 percent of resin. The viscosity is 300 cps. at
      25.degree.C. When the solution is cast and dried, a continuous film of
      resin is obtained.
PAR  The resin is recovered from the solution by evaporation of the solvent. A
      yellow resinous mass is obtained. The intrinsic viscosity measured at
      25.degree.C. in a 2 percent aqueous solution of sodium chloride is 0.095.
PAC  EXAMPLES 2 THROUGH 9
PAR  The procedure of Example 1 is used to produce a series of electroconductive
      resins. In each case, the 1,4-dihaloalkene-2 is reacted with the
      substantially equimolar amount of di(tertiary amine) at a temperature in
      the range of 30.degree. to 60.degree.C. The term "substantially equimolar"
      is used to indicate that slight departures from the exact equimolar
      proportions of reactants are permissible to compensate for minor amounts
      of impurities in the reactants, such departures being limited by the
      requirement that the intrinsic viscosity of the resin produced measured in
      2 percent sodium chloride solution at 25.degree.C. be at least 0.05.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     PREPARATION OF ELECTROCONDUCTIVE RESINS                                   

     Example                                                                   

          1,4-Dihaloalkene-2                                                   

                         Di(tertiary amine)                                    

                                       Solvent                                 

                                            Resin Solution                     

     __________________________________________________________________________

     2    1,4-dichlorobutene-2                                                 

                         triethylenediamine                                    

                                       H.sub.2 O                               

                                            clear, viscous                     

     3    1,4-dibromobutene-2                                                  

                         N,N,N',N'-tetramethyl                                 

                                       H.sub.2 O                               

                                            clear, viscous                     

                         ethylenediamine                                       

     4    1,4-dichlorocyclopentene-2                                           

                         N,N'-dimethylpiperazine                               

                                       H.sub.2 O                               

                                            clear, viscous                     

     5    1,4-dichloropentene-2                                                

                         N,N,N',N'-tetrakis                                    

                                       H.sub.2 O                               

                                            clear, viscous                     

                         (hydroxyethyl)                                        

                         ethylene diamine                                      

     6    1,4-dichlorobutene-2                                                 

                         1,3-bis(dimethyl-                                     

                                       MeOH clear, viscous                     

                         amino)                                                

                         2-hydroxypropane                                      

     7    1,4-dichloro-2-methyl-                                               

                         N,N,N',N'-tetramethyl                                 

                                       MeOH clear, viscous                     

          butene-2       hexylenediamine                                       

     8    1,4-dichlorohexene-2                                                 

                         N,N,N',N'-tetrabutyl                                  

                                       MeOH clear, viscous                     

                         ethylenediamine                                       

     9    1,4-dichlorobutene-2                                                 

                         N,N,N',N'-tetramethyl                                 

                                       PrOH clear, viscous                     

                         para-xylylene diamine                                 

     __________________________________________________________________________

PAC  EXAMPLE 10
PAR  This Example is set forth to show the effect of a trifunctional amine on
      the molecular weight of the resin produced by interaction of
      1,4-dichlorobutene-2 and 1,3-bis(dimethylamino)-2-hydroxypropane
      containing 2,4,6-tris(dimethylaminomethyl)-phenol.
PAR  139 Parts of 1,3-bis(dimethylamino)-2-hydroxypropane and 8.3 parts of
      2,4,6-tris(dimethylaminomethyl)-phenol are dissolved in 150 parts of
      water. 64 Parts of 1,4-dichlorobutene-2 are added at a constant rate over
      a period of 20 minutes. The temperature rises to 60.degree.C. Cooling is
      applied to the reaction and a further 63 parts of 1,4-dichlorobutene-2 are
      added at a constant rate over a period of 20 minutes with the temperature
      held below 45.degree.C. Stirring is continued for 45 minutes. An
      additional 160 parts of water is added. A clear, yellow solution is
      obtained. The solids content is 46.3 per cent. The viscosity is 2,740 cps
      at 25.degree.C.
PAC  EXAMPLE 11
PAR  This Example is set forth to show the preparation of an electroconductive
      resin by reaction of diethylamine and 1,4-dichlorobutene-2.
PAR  292 Parts of diethylamine are dissolved in 200 parts of ethanol and chilled
      in an ice bath. 125 Parts of 1,4-dichlorobutene-2 in 125 parts of ethanol
      are added dropwise with stirring. The ice bath is removed. As the solution
      warms to room temperature, a precipitate of diethylamine hydrochloride
      forms. Stirring is continued overnight, after which the reaction is
      filtered and the filtrate is concentrated by evaporation. Vacuum
      distillation of the crude product gives the desired Et.sub.2 NCH.sub.2
      CH=CHCH.sub.2 NEt.sub.2 (picrate m. 164-167; lit. m. equals
      154.degree.-155.degree.C.).
PAR  51 Parts of this amine are dissolved in ethanol and 32 parts of
      1,4-dichlorobutene-2 are added with stirring until a clear solution forms.
      Ethanol is removed and the residue is dissolved in water and filtered.
PAC  EXAMPLE 12
PAR  175 Parts of
      ##SPC1##
PAL  are prepared from piperidine and 1,4-dichlorobutene-2 by the same technique
      as in Example 11 above, and are dissolved in approximately 400 parts of
      benzene. 98.5 Parts of 1,4-dichlorobutene-2 are added dropwise. The
      benzene solution is maintained at 50.degree.C., whereupon a white
      precipitate forms. After 18 hours at 50.degree.C., the precipitate is
      filtered, washed with benzene, and dried. 210 Parts of a sticky white
      powder are obtained. The powder is dissolved in water.
PAC  PART B -- FORMULATION OF ELECTROCONDUCTIVE RESINS
PAC  EXAMPLE 13
PAR  This Example is set forth to demonstrate the formulation of a solvent
      hold-out composition containing electroconductive resin and poly(vinyl
      alcohol).
PAR  Ten parts of a poly(vinyl alcohol) characterized by a 4 per cent aqueous
      solution viscosity of 5 cps at 20.degree.C. and by a residual vinyl
      acetate content of 20 per cent are dissolved in 48 parts of water. A
      solution of 22.2 parts of a 45 per cent aqueous solution of an
      electroconductive resin reaction product of 1,4-dichlorobutene-2 and
      1,3-bis(dimethylamino)-2-hydroxypropane, of 300 cps viscosity at
      25.degree.C. is prepared. The solution of electroconductive resin is added
      to the poly(vinyl alcohol) solution with stirring. A clear stable solution
      containing 25 per cent solids is obtained. No phase separation occurs
      during a period of more than one month.
PAC  EXAMPLES 14 AND 15
PAR  Following the procedure of Example 13, aqueous dispersions of
      electroconductive resin and hold-out resin are prepared.
PAR  Example 14 is obtained by blending the electroconductive resin of Example 1
      with Gelva Emulsion TS-30, a polyvinyl acetate emulsion produced by
      Monsanto Company, of average particle size 0.5 micron containing polymer
      of number average molecular weight in the range of 40,000 to 80,000. The
      blend ratio is 1:1 at a solids content of 45 per cent.
PAR  Example 15 is obtained by blending the electroconductive resin of Example 2
      with Penford Gum 260, a hydroxyethyl ether derivative of corn starch of
      intermediate viscosity, produced by Penick and Ford Ltd. Inc. The blend
      ratio is 1:1 at a solids content of 25 per cent.
PAC  PART C - EVALUATION OF ELECTROCONDUCTIVE SHEET MATERIAL
PAC  EXAMPLE 16
PAR  A series of experiments is carried out to determine the surface resistivity
      of electroconductive papers.
PAR  In each of the series of experiments, a sheet of bleached sulfite base
      paper of basis weight 35 pounds per ream, sized on one side, is coated on
      the wire or felt side with a layer of an aqueous solution of
      electroconductive resin, the concentration of which is adjusted to give a
      viscosity in the range of 50 to 500 cps and an add-on in the range of 0.5
      to 3.0 pounds per 3,000 square feet. Coating is effected with the wire
      wound rod appropriate to the desired add-on. The coating is dried on a
      drum drier at 75.degree.C. for a period of 3 minutes. The coated paper is
      weighed to determine the add-on.
PAR  Test pieces are cut from the coated paper. They are conditioned in air for
      at least 24 hours at 25.degree.C. and the requisite relative humidity.
      They are tested for surface resistivity by a procedure substantially like
      that described in Standard Methods of Test for Insulation Resistance of
      Electrical Insulating Materials, ASTM designation D-257-66. A Keithley
      Model 6105 Resistivity Adapter coupled with a Cenco High Voltage DC Power
      supply providing a regulated DC voltage accurate to .+-. 1 per cent is
      used to determine the resistivity. The excitation voltage is 200 volts.
      Paper samples are conditioned at the required humidity level for at least
      24 hours before surface resistivities are determined. Duplicate
      determinations are made.
PAR  Solvent hold-out is determined by the tentative test procedure developed by
      Tappi CA1120 on paper conditioned at 50 per cent relative humidity and
      72.degree.F. for 24 hours. The two test solutions contain 4g. of Cyanamid
      Calco Oil Blue W dye per liter, respectively, of toluene and Isopar G, a
      saturated hydrocarbon solvent supplied by Humble Oil Co.
TBL                TABLE II                                                    

     ______________________________________                                    

     SURFACE RESISTIVITIES OF ELECTROCONDUCTIVE PAPERS                         

     Resin  Add-on, pounds                                                     

     Example                                                                   

            per 3,000 square                                                   

                           Surface Resistivity, ohms                           

     No.    feet           20% RH     50% RH                                   

     ______________________________________                                    

     1      0.60           1.5 .times. 10.sup.9                                

                                      --                                       

            1.36           3.8 .times. 10.sup.8                                

                                      --                                       

     2      1.35           1.6 .times. 10.sup.8                                

                                      --                                       

            1.52             --       1.2 .times. 10.sup.9                     

            1.97           2.1 .times. 10.sup.8                                

                                      2.1 .times. 10.sup.8                     

            2.60           2.0 .times. 10.sup.8                                

                                      2.0 .times. 10.sup.8                     

     10     2.22           7.4 .times. 10.sup.10                               

                                      --                                       

     11     1.27           2.2 .times. 10.sup.12                               

                                      2.6 .times. 10.sup.9                     

            1.79           1.9 .times. 10.sup.12                               

                                      2.7 .times. 10.sup.9                     

     12     1.96           4.3 .times. 10.sup.12                               

                                      7.1 .times. 10.sup.9                     

            2.30           2.4 .times. 10.sup.12                               

                                      5.1 .times. 10.sup.9                     

     13     1.71           2.0 .times. 10.sup.10                               

                                      1.5 .times. 10.sup.8                     

     14     2.58           7.5 .times. 10.sup.8                                

                                      1.4 .times. 10.sup.8                     

     15     1.52           1.2 .times. 10.sup.9                                

                                      --                                       

     ______________________________________                                    

PAL  Note the constancy of the surface resistivity over the relative humidity
      range of 20 to 50 per cent of paper coated with the electroconductive
      resin of Example 2 prepared by reaction of 1,4-dichlorobutene-2 and
      triethylenediamine. Note also the comparatively low values of surface
      resistivity of papers coated with blends of electroconductive resin and
      hold-out resin of Examples 13, 14 and 15.
PAC  EXAMPLE 17
PAR  A series of experiments is carried out to determine the effectiveness of
      the electroconductive coatings for hold-out organic solvent. The resins
      identified in Table III are applied to Weyerhauser size pressed paper
      stock with the wire wound rod appropriate to the desired add-on. A series
      of coatings containing the resins of Examples 1 and 2, and formulated
      resins of Examples 1 and 2 containing equal amounts by weight of binder
      resins selected from the group consisting of poly(vinyl alcohol),
      poly(vinyl acetate, and hydroxyethylated starch, are prepared. Solvent
      hold-out data expressed as per cent penetration into the coated papers by
      the standard Isopar G and toluene solutions of dye are given in Table III.
TBL                                    TABLE III                               

     __________________________________________________________________________

     SOLVENT HOLD-OUT OF ELECTROCONDUCTIVE COATINGS                            

                              Penetration, %                                   

     Coating on Weyerhauser                                                    

                    Add-on, lbs.                                               

                              Isopar G                                         

                                    Toluene                                    

     Size Pressed Paper Stock                                                  

                    per 3000 sq. ft.                                           

                              Solution                                         

                                    Solution                                   

     __________________________________________________________________________

     Resin Example 1                                                           

                    1.5       1     12                                         

                    1.7       0     7                                          

                    2.1       0     2                                          

     Resin Example 1, poly-                                                    

                    1.7       0     0                                          

     vinyl alcohol, 50:50                                                      

     Resin Example 1, poly-                                                    

                    2.3       12    8                                          

     vinyl acetate, 50:50                                                      

                    3.0       2     2                                          

     Resin Example 1, hydroxy-                                                 

                    2.3       2     6                                          

     ethylated starch, 50:50                                                   

     Resin Example 2                                                           

                    2.5       100   100                                        

     Resin Example 2, poly-                                                    

                    1.8       1     1                                          

     vinyl alcohol, 50:50                                                      

     __________________________________________________________________________

PAR  The poly(vinyl alcohol) of the coatings listed in Table III is Gelvatol
      20-30 poly(vinyl Ford of Monsanto Company. The poly(vinyl acetate) is
      Gelva TS-30 poly(vinyl acetate) emulsion of Monsanto Company. The
      hydroxyethylated starch is Penford Gum 280 of Penick and Fort Ltd.
PAR  The data show that the electroconductive resin of Example 1 is excellent in
      solvent hold-out by itself and when it is formulated with poly(vinyl
      alcohol). The hold-out is slightly impaired by poly(vinyl acetate) and
      hydroxyethylated starch. The electroconductive resin of Example 2 is much
      inferior in solvent hold-out compared with the resin of Example 1.
      However, when it is formulated with poly(vinyl alcohol), it is equal in
      performance to the resin of Example 1.
PAR  From the above examples, it is apparent that a class of electroconductive
      resins has been developed for the treatment of sheet materials to impart
      good electroconductive properties.
PAR  The materials of this invention can also be used with those materials
      commonly used in the paper making industry such as pigments, opacifiers,
      fillers, extruders, dyes, sizes, etc. In view of the foregoing, it should
      be obvious that many variations can be made in this invention without
      departing from its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A resin composition comprising from 20 to 60 parts by weight of a
      poly(vinyl alcohol) and from 40 to 80 parts by weight of a poly(quaternary
      ammonium) resin, wherein the poly(vinyl alcohol) contains in the range of
      1 to 40 weight percent of unhydrolyzed vinyl acetate units and has a
      weight average molecular weight in the range of 2000 to 500,000 and
      wherein the poly(quaternary ammonium) resin contains recurring units of:
      ##EQU5##
      wherein X is chlorine or bromine and A is a divalent radical selected from
      the group consisting of --CH.sub.2 --CH=CH--CH.sub.2 --,
      ##EQU6##
      and
      ##EQU7##
      and wherein the degree of polymerization is such that the resin has an
      intrinsic viscosity of at least 0.05 determined on a 2 percent aqueous
      sodium chloride solution at 25.degree.C.
NUM  2.
PAR  2. The resin composition of claim 1 wherein A is --CH.sub.2
      --CH=CH--CH.sub.2,
      ##EQU8##
      or
      ##EQU9##
NUM  3.
PAR  3. The resin composition of claim 1 wherein A is --CH.sub.2
      --CH=CH--CH.sub.2.
NUM  4.
PAR  4. The resin composition of claim 1 wherein the poly(quaternary ammonium)
      resin is the substantially equimolar reaction product of
      triethylenediamine and at least one 1,4-dihaloalkene-2 selected from the
      group consisting of 1,4-dibromo- and 1,4-dichloro substitution products of
      butene-2, pentene-2, hexene-2, 2-methylbutene-2, 2-chlorobutene-2 and
      cyclopentene-2.
NUM  5.
PAR  5. The resin composition of claim 1 wherein the 1,4-dihaloalkene-2 is
      1,4-dichlorobutene-2.
NUM  6.
PAR  6. The resin composition of claim 1 wherein the triethylenediamine contains
      10 parts by weight of poly(tertiary amine) selected from the group
      consisting of N,N,N',N",N"-pentamethyl diethylenetriamine,
      N,N,N',N",N"-pentamethyl dihexylenetriamine, hexamethylenetetramine,
      2,4,6-tris(dimethylaminomethyl)phenol, poly(N-methyl ethylenimine) and
      poly(N-hydroxyethyl ethylenimine) per 100 parts by weight of
      triethylenediamine.
NUM  7.
PAR  7. The resin composition of claim 1 wherein the intrinsic viscosity is in
      the range of 0.1 to 1.0.
NUM  8.
PAR  8. A resin composition comprising from 20 to 60 parts by weight of a
      poly(vinyl alcohol) and from 40 to 80 parts by weight of a poly(quaternary
      ammonium) resin, wherein the poly(vinyl alcohol) contains in the range of
      1 to 40 weight percent of unhydrolyzed vinyl acetate units and has a
      weight average molecular weight in the range of 2000 to 500,000 and
      wherein the poly (quaternary ammonium) resin contains recurring units of:
      ##EQU10##
      wherein X is chlorine or bromine and A is a divalent radical selected from
      the group consisting of --CH.sub.2 --CH=CH--CH.sub.2 --,
      ##EQU11##
      and
      ##EQU12##
      and wherein the degree of polymerization is such that the resin has an
      intrinsic viscosity of at least 0.05 determined on a 2 percent aqueous
      sodium chloride solution at 25.degree.C.
NUM  9.
PAR  9. The resin composition of claim 1 wherein A is --CH.sub.2
      --CH=CH--CH.sub.2,
      ##EQU13##
      or
      ##EQU14##
NUM  10.
PAR  10. The resin composition of claim 1 wherein A is --CH.sub.2
      --CH=CH--CH.sub.2 --.
NUM  11.
PAR  11. The resin composition of claim 1 wherein the poly (quaternary ammonium)
      resin is the substantially equimolar reaction product of
      1,3-bis(dimethylamino)-2-hydroxypropane and at least one
      1,4-dihaloalkene-2 selected from the group consisting of 1,4-dibromo- and
      1,4-dichloro substitution products of butene-2, pentene-2, hexene-2,
      2-methylbutene-2, 2-chlorobutene-2 and cyclopentene-2.
NUM  12.
PAR  12. The resin composition of claim 1 wherein the 1,4-dihaloalkene-2 is
      1,4-dichlorobutene-2.
NUM  13.
PAR  13. The resin composition of claim 1 wherein the
      1,3-bis(dimethylamino)-2-hydroxypropane contains 10 parts by weight of
      poly(tertiary amine) selected from the group consisting of
      N,N,N',N",N"-pentamethyl diethylenetriamine, N,N,N',N",N"-pentamethyl
      dihexylenetriamine, hexamethylenetetramine,
      2,4,6-tris(dimethylaminomethyl) phenol poly(N-methyl ethylenimine) and
      poly(N-hydroxyethyl ethylenimine) per 100 parts by weight of
      triethylenediamine.
NUM  14.
PAR  14. The resin composition of claim 1 wherein the intrinsic viscosity is in
      the range of 0.1 to 1.0.
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ABST
PAL  Polymeric bromine-containing phosphoramidate polyols are obtained by
      reacting bromine with spirocyclic phosphoramidites and thereafter reacting
      the brominated products with a polyol, in the presence of an acid
      acceptor. The novel viscous polymers thus produced react with
      polyisocyanates to produce polyurethanes. Polyurethanes so made are
      characterized by improved flame-retardant properties compared with
      conventional polyurethanes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of the invention is novel polymeric bromine-containing
      phosphoramidate polyols novel intermediates and methods for use in
      synthesizing such novel polyols and use thereof as co-reactive flame
      retardants in the preparation of polyurethanes.
PAR  2. Background of the Invention
PAR  Incorporation of phosphorus or halogen compounds to impart flame resistance
      to an organic resin is well known in the art. It is also well known in the
      art that incorporation of both phosphorus and halogen into the polymer
      produces a synergistic effect, and furthermore, that bromine compounds are
      more effective flame reducing agents than the corresponding chlorine
      analogs.
PAR  Numerous phosphorus and halogen compositions have been disclosed as flame
      retardants for organic resins. These are of two general types: additive
      and reactive flame retardants. The reactive type flame retardants are
      those which possess at least two reactive sites through which they are
      chemically bound to the polymer backbone. These are usually superior to
      the additive type flame retardants, for they will not leach out, evaporate
      or sublime out of the polymer substrate during processing or use, thus
      leaving the polymer surface unprotected and often badly degraded.
PAR  Simple phosphoramidates have been disclosed and claimed as flame
      retardants. Thus U.S Pat. No. 2,971,929 issued Feb. 14, 1961 in the name
      of Glade discloses monomers of the type:
      ##EQU1##
      as flame retardants for textile materials. Also, British Pat. Nos. 835,581
      and 585,582 disclose
      ##EQU2##
      type structures as useful flame retardants for textiles.
PAR  German Patent 1,163,018 discloses bis(2-chloroethoxy)-phosphoramide,
      ##EQU3##
      as a flame retardant for polyurethanes.
PAR  All of the above are simple monomeric molecules which are additive type
      materials. They, therefore, completely differ in substance and scope from
      the materials of this invention.
PAR  On the other hand, U.S. Pat. Nos. 3,256,249 and 3,335,129 issued in the
      name of Vogt et al on June 14, 1966 and Aug. 8, 1967, respectively,
      disclose certain phosphoramidate polyols as reactive flame retardants for
      polyurethane resins. These are prepared by treating polyols with
      amidophosphorochloridates according to the equations:
      ##EQU4##
      These phosphoramide polyols are derived from different starting materials
      and, therefore, are quite different chemically from the compositions of my
      invention. Just as important, these do not contain bromine atoms and
      therefore are inferior in activity to the compounds of the present
      invention.
PAR  U.S. Pat. Nos. 3,597,503 granted on Aug. 3, 1971 in the name of Wilson et
      al discloses monomeric cyclic phosphoroamidates which are made by reacting
      a diol with a phosphoryl trihalide to form a product, reacting this
      product with ammonia or a primary or secondary amine to form a second
      product, and subsequently reacting this second product with an aldehyde or
      an epoxide. The final products are said to be reactive flame retardants
      for polyurethanes. None of the products disclosed in this patent remotely
      resembles the polymeric bromide-containing phosphoroamidate polyols of the
      present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a new class of polymeric bromine-containing
      phosphoramidate polyols having the general formula III below, processes of
      preparing these polymeric materials, and their use as reactive flame
      retardants in the preparation of polyurethanes.
PAR  The polymeric bromine-containing phosphoramidate polyols of this invention
      are reactive type flame retardants, containing active hydroxyl groups
      capable of forming urethane type linkages with isocyanates and thus being
      chemically bound to the polyurethane resin or elastomer. They are prepared
      in accordance with the present invention by brominating a spirocyclic
      phosphoramidite, having the general formula I below, at low temperature,
      and causing addition of the resulting intermediate having the general
      formula II below to a diol in the presence of an acid acceptor (for the
      hydrobromic acid which is split off) such as a tertiary amine to form the
      novel phosphoramidate diol products having the general formula III.
PAR  The phosphoramidate polyols of this invention are prepared according to the
      following equations:
      ##EQU5##
PAR  The novel compositions of this invention have the general formulas II and
      III wherein R is a radical selected from a group consisting of radicals
      having the formulas:
      ##EQU6##
      wherein R.sub.2 and R.sub.3 can be the same or different and denote an
      alkyl radical having from 1 to 6 carbon atoms, or an aralkyl or an alkaryl
      radical, or substituted aralkyl or alkaryl radical, all of the latter
      having from 7 to 12 carbon atoms,
      ##EQU7##
      wherein m is zero or an integer of from one to three,
      ##EQU8##
      wherein x is zero or an integer of from one to five; wherein R.sub.1 is a
      radical selected from the following group:
PA1  e. alkylene radicals or halogen substituted alkylene radicals, both having
      from 2 to 10 carbon atoms,
PA1  f. alkenylene radicals having from 4 to 10 carbon atoms,
PA1  g. alkynylene radicals having from 4 to 10 carbon atoms, and
PA1  h. radicals having the formula
      ##EQU9##
      wherein R.sub.4 is selected from the group consisting of hydrogen and a
      methyl radical, and y can be zero or an integer of from one to twelve; and
      wherein n can be an integer of from one to five.
PAR  The present polymeric phosphoramidate polyols are used as correctants in
      polyurethane foam production. They are employed together with the
      conventional polyols used in polyurethane formulation in amounts
      sufficient to improve flame resistance of the polyurethane resin.
PAR  Any organic polyisocyanate can be advantageously employed. These include
      the conventional isocyanates as, for example, 80:20 mixture of 2,4- and
      2,6-toluene diisocyanate isomers, diphenylmethane 4,4'-diisocyanate,
      hexamethylene diisocyanate, polymeric diphenylmethane diisocyanate and the
      like.
PAR  The polyurethane foams are prepared with conventional reaction catalysts,
      blowing agents, and surfactants.
PAR  The foams thus produced have excellent physical properties and flame
      resistance. Most important, these polyurethane foams contain bromine and
      phosphorus atoms which are chemically bound to the polymer chain, thus
      providing a permanent flame resistance to the polymer.
PAR  Since there are no hydrogen atoms in a position alpha to bromine atoms in
      the polymeric phosphoramidate polyols of the present invention, the usual
      degradation of the polymer initiated by a facile HBr elimination cannot
      occur, hence the foams have good light and heat stability. Thus, a serious
      disadvantage encountered in practice with bromine-containing flame
      retardants has been overcome with the novel compositions of this invention
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The spirocyclic phosphoramidites of formula I above employed as starting
      materials are conveniently prepared from a common intermediate
      3,9-dichloro-2,4,8,10-tetraoxa-3,9-diphosphaspiro [5.5] undecane,
      intermediate (IV) below, which was first described by H. I. Lukas et al,
      J. Am Chem. Soc. 72, 5491 (1950).
PAR  The intermediate IV is allowed to react with an appropriate secondary amine
      yielding the spirocyclic phosphoramidite according to the equation:
      ##EQU10##
      Usually four moles of the amine per mole of spirocyclic
      bisphosphorochloriadate (IV) are employed. Alternatively, two moles of a
      secondary amine and two moles of a tertiary amine, used as an acid
      acceptor, can be employed to produce spirocyclic phosphoramidites of
      formula I above. The latter method was described in U.S. Pat. No.
      3,138,585 issued June 23, 1964 in the name of Ratz, which discloses the
      synthesis of 3,9-bis(1-aziridinyl)-2,4,8,10-tetraoxa-3,9-diphosphaspiro
      [5.5] undecane prepared from the intermediate IV and aziridine in presence
      of triethylamine as an acid acceptor.
PAR  A large variety of secondary amines can be employed advantageously in the
      synthesis of the spirocyclic phosphoramidites of formula I which are the
      starting materials for the production of the compositions of this
      invention. The type of secondary amines contemplated include alkyl, aryl,
      alkaryl and aralkyl amines. The two groups of a secondary amine can be the
      same or different. The alkyl groups can be straight chain or branched; the
      aryl groups can have substituents. Also included are cyclic secondary
      amines such as, for example, azetidine, pyrrolidine, piperidine,
      morpholine, and mono N-substituted piperazines. The preferred secondary
      amine is diethyl amine.
PAR  The spirocyclic phosphoramidites derived from primary amines and the
      intermediate IV are not useful in the production of the compositions of
      this invention because on treatment with bromine these primary
      phosphoramidites give intractable, amorphous, highly insoluble mixtures.
PAR  The primary amides of phosphorous acid esters can exist in two forms a and
      b which are in equilibrium [D. E. C. Cordridge, Topics in Phosphorus
      Chemistry, Vol. 6, p. 297, John Wiley & Sons (1969)].
      ##EQU11##
      Thus both forms, a and b, can evidently interact with bromine, giving rise
      to a mixture of products. On the other hand, secondary phosphoramidites
      (derived from secondary amines) can exist only in one form, due to the
      absence of a labile hydrogen on the nitrogen atoms. Thus, treatment of
      secondary phosphoramidites of formula I with bromine results in a smooth,
      high-yield conversion to the Arbuzov type rearrangement products having
      formula II.
PAR  Bromine in a solvent, preferably chloroform, is added at atmospheric
      pressure to the spirocyclic phosphoramidite of structure I dissolved in a
      suitable solvent, such as chloroform, to provide a high yield of the
      bromine-containing amidophosphorobrominate characterized by structure II.
      The molar ratio of bromine to phosphoramidite is almost invariably
      approximately 2:1.
PAR  The Arbuzov type rearrangement is a strongly exothermic reaction so that
      stepwise bromine addition and external cooling are required to maintain
      the temperature of the reaction mixture in the desired range of
      0.degree.C. to -30.degree.C. The amidophosphorobrominate intermediate II
      is substantially free of by-products and is thus conveniently prepared in
      situ for the subsequent step.
PAR  Stepwise addition of the intermediate II (prepared in situ) to an
      appropriate diol, in the presence of an acid acceptor such as a tertiary
      amine, leads to the phosphoroamidate diol of formula III. The reaction
      mixture is normally refluxed for a few hours to ensure complete
      conversion.
PAR  The amine salt by-product is then removed by filtration and extraction with
      water. The organic phase is concentrated under reduced pressure to remove
      unreacted amine and diol, if any is present, yielding the product as a pot
      residue.
PAR  A wide range of inert organic solvents can be used advantageously in this
      reaction. It is preferable, but not essential, to select a solvent in
      which all reactants are soluble, especially the more insoluble diols. For
      example, benzene can be employed with triethylene glycol; chloroform with
      dipropylene glycol and 1,3-butanediol; and acetonitrile with ethylene
      glycol which is insoluble in the above mentioned solvents.
PAR  The molar ratios employed can vary from 1.5 moles to several moles excess
      (for example as much as 5 moles) of the diol per mole of the amide of
      formula I. The preferred ratio is approximately 2:1. When a large excess
      of the diol is used, the unreacted portion of the diol must be removed by
      distillation, generally under reduced pressure.
PAR  A great variety of diols can be employed in the preparation of novel
      compositions of this invention. Preferred diols include ethylene,
      diethylene, triethylene, propylene, dipropylene, and tripropylene glycols.
      Other diols contemplated for the production of compounds of this invention
      include aliphatic diols containing from 3 to 10 carbon atoms. These can be
      linear or branched, bearing either all primary or all secondary OH groups
      or a mixture of primary and secondary OH groups. The above described diols
      can also contain unsaturation or halogen substituents. Examples of such
      diols include 1,2-propanediol, 1,2-butanediol, 1,3-butanediol,
      2-butenediol-1,4, 2-butynediol-1,4, 2,3-dibromo-1,4-butanediol,
      2,3-dichloro-1,4-butanediol, 2,3-dibromo-2-butenediol-1,4,
      3-bromo-1,2-propanediol, 3-chloro-1,2-propanediol,
      2,2-bis(bromomethyl)-1,3-propanediol, and
      2,2-bis(chloromethyl)-1,3-propanediol, and the like.
PAR  Depending on the phosphoramidite and the diol employed, the polymeric
      bromine-containing phosphorus acid ester diols obtained are either oils or
      viscous resins. These polymers are soluble in polyols normally employed in
      polyurethane production. They are soluble in most common organic solvents
      as well. This is in agreement with analytical data which indicate that a
      substantial portion of the polymer consists of low molecular weight
      species, e.g., where n is an integer of from one to five.
PAR  The solubility of the polyols of the invention renders them especially
      useful in polyurethane foam production by the well-known "one-shot" method
      where homogeneity and low viscosity of the polyol component are desirable
      features.
PAR  Examples 1 through 7 illustrate the general procedure for the preparation
      of phosphoramidate polyols of the present invention. In no way should
      these specific examples be interpreted as limiting the scope of the
      present invention.
PAR  Examples 8 and 9 illustrate the utility of these phosphoramidate polyols as
      flame retardants for polyurethane resins.
PAC  EXAMPLE 1
PAR  Bromine (282 g., 1.76 moles) in chloroform (300 ml.) was added dropwise
      with stirring to a solution of 3,9-bis(diethylamino)-
      2,4,8,10-tetraoxa-3,9-diphosphaspiro[5.5] undecane (295 g., 0.87 mole) in
      chloroform (500 ml.). During addition the temperature of the solution was
      kept at about -30.degree.C. by means of an acetone-dry ice bath. At the
      very end of addition the reaction solution acquired a permanent brownish
      color.
PAR  The resulting solution was then concentrated to about one-half volume under
      an aspirator pressure and added dropwise with stirring to the solution of
      dipropylene glycol (234 g., 1.75 moles) and triethylamine (180 g., 1.78
      moles), in chloroform (800 ml.). causing a slow temperature rise to
      45.degree.C. The resulting solution was kept under reflux for two hours.
      On cooling some amine salt precipitated out of solution.
PAR  The mixture was washed twice with 500 ml. of water, dried over anhydrous
      sodium sulfate and concentrated first under an aspirator pressure and
      finally under 0.1-0.3 mm. pressure at 100.degree.C. pot temperature.
PAR  The product (501.7 g.) was a brown oil neutral to moist litmus.
PAR  Analysis: OH Number 44.6, 9.86, 9.69% P; 25.66, 25.76% Br.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated except that dipropylene glycol was
      replaced by diethylene glycol. Also in this reaction 4 moles (an excess)
      of the diol were employed per mole of the phosphoramidite.
PAR  The product obtained was a brown oil neutral to moist litmus.
PAR  Analysis: OH Number 82.7; 10.45% P; 24.71% Br.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was repeated except that dipropylene glycol was
      replaced by triethylene glycol and the reaction solvent employed was
      benzene.
PAR  The product was a brown oil neutral to moist litmus.
PAR  Analysis: OH Number 73.5; 8.80, 8.86% P; 25.97, 26.01% Br.
PAC  EXAMPLE 4
PAR  Bromine (131 g., 0.82 mole) in chloroform (200 ml.) was added dropwise with
      stirring to a solution of
      3,9bis(diethylamino)-2,4,8,10-tetraoxa-3,9-diphosphaspiro[5.5] undecane
      (135 g., 0.40 mole) in chloroform (250 ml.). During addition the
      temperature of the reaction solution was kept at -10.degree. to
      -20.degree.C. by means of an acetone-dry ice bath. At the very end of
      addition the solution acquired a permanent brownish color.
PAR  The resulting solution was then concentrated to about 250 ml. and added
      dropwise with stirring to the solution of 1,,2-propanediol (61.0 g., 0.80
      mole) and triethylamine (81.0 g., 0.80 mole) in chloroform (400 ml.),
      causing a slow temperature rise to 40.degree.C. The resulting solution was
      kept under reflux for two hours, then washed two 300 ml. portions of water
      and concentrated first under an aspirator pressure and finally under
      0.1-0.3 mm. pressure at about 100.degree.C. pot temperature.
PAR  The product (200 g.) was a brown viscous oil neutral to moist litmus.
PAR  Analysis: OH Number 92.7; 10.63, 10.74% P; 27.91, 28.03% Br.
PAC  EXAMPLE 5
PAR  Bromine (260 g., 1.62 moles) in chloroform (300 ml.) was added dropwise
      with stirring to a solution of
      3,9-bis(diethylamino)-2,4,8,10-tetraoxa-3,9-diphosphaspiro[ 5.5] undecane
      (272.5 g., 0.81 mole). During addition the temperature of the solution was
      kept at -20.degree. to 30.degree.C. by means of an acetone-dry ice bath.
PAR  The resulting brownish solution was concentrated under an aspirator
      pressure, giving the Arbuzov rearrangement product as a light tan
      semi-crystalline waxy solid (517.8 g., 0.79 mole, 97% yield).
PAR  A portion of the product (266 g., 0.41 mole) was dissolved in anhydrous
      acetonitrile (250 ml.) and the resulting solution was then added dropwise
      with stirring to an excess of ethylene glycol (125 g., 2.0 moles) and
      triethylamine (90.0 g., 0.89 mole) in acetonitrile solution (400 ml.). A
      mild exotherm was observed and at the end of addition the temperature of
      the reaction solution reached about 50.degree.C.
PAR  The resulting solution was concentrated under an aspirator pressure. The
      residue was diluted with chloroform (500 ml.) and then washed with two 250
      ml. portions of water. The chloroform phase was dried over anhydrous
      sodium solfate and concentrated first under an aspirator pressure and
      finally under 0.5 mm. pressure at about 100.degree.C. pot temperature.
PAR  The product was a brown oil (184 g.) neutral to moist litmus.
PAR  Analysis: OH Number 91.3; 10.42% P: 34.70, 33.90% Br.
PAC  EXAMPLE 6
PAR  Bromine (123 g., 0.77 mole) in chloroform (200 ml.) was added dropwise with
      stirring to a solution of 3,9-bis(piperidino)-
      2,4,8,10-tetraoxa-3,9-diphosphaspiro[ 5.5] undecane (139-g., 0.38 mole) in
      chloroform (300 ml.). During addition the temperature of the solution was
      kept at about 0.degree.C. by means of an acetone-ice bath. At the very end
      of addition the reaction solution acquired a permanent brownish color.
PAR  The resulting solution was concentrated to about 250 ml. and added dropwise
      with stirring to a solution of 1,3-butanediol (69.4 g., 0.77 mole) and
      triethylamine (78.0 g., 0.79 mole) in chloroform (400 ml.), causing a slow
      temperature rise to 55.degree.C. The reaction solution was kept under
      reflux for two hours, then washed with water (2 .times. 300 ml.), dried
      over anhydrous sodium sulfate, and concentrated first under an aspirator
      pressure and finally under 0.1-0.3 mm. pressure of Hg at about
      100.degree.C pot temperature.
PAR  The resulting product was a brown viscous oil neutral to moist litmus.
PAR  Analysis: OH Number 99.7; 10.91% P; 27.8, 28.0% Br.
PAC  EXAMPLE 7
PAR  Bromine (152 g., 0.95 mole) in chloroform (200 ml.) was added dropwise with
      stirring to a solution of
      3,9-bis(N-methylanilino)-2,4,8,10-tetraoxa-3,9-diphosphaspiro[5.5]
      undecane (192 g., 0.47 mole) in chloroform (400 ml.). During addition the
      temperature of the solution was kept at -10.degree. to -20.degree.C. by
      means of an acetone-dry ice bath. At the very end of addition the reaction
      solution acquired a permanent brownish color.
PAR  The resulting solution was concentrated to about 250 ml. and added dropwise
      with stirring to a solution of 1,2-propanediol (68.5 g., 0.90 mole) and
      triethylamine (101 g., 1.0 mole) in chloroform (400 ml.), causing slow
      temperature rise to about 50.degree.C. The reaction solution was kept
      under reflux for two hours, then washed with water (2 .times. 300 ml.),
      dried over anhydrous sodium sulfate, and concentrated first under an
      aspirator pressure and finally under 0.1-0.3 mm. pressusre at about
      100.degree.C. pot temperature.
PAR  The resulting product was a brown oil neutral to moist litmus.
PAR  Analysis: OH Number 47.6; 9.61, 9.7% P; 23.42, 23.32% Br.
PAR  The following table indicates the structures of R and R.sub.1 in the
      products of examples 1 through 7:
TBL  Example                                                                   

     Number                                                                    

          R          R.sub.1 (Diol Residue)                                    

     __________________________________________________________________________

     1    Diethylamino                                                         

                   --CHCH.sub.2 --O--CH.sub.2 CH--                             

                   .vertline..vertline.                                        

                   CH.sub.3 CH.sub.3                                           

     2    "        --CHCH.sub.2 --O--CH.sub.2 --CH.sub.2 --                    

     3    "        --CH.sub.2 CH.sub.2 --O--CH.sub.2 CH.sub.2 --O--CH.sub.2    

                   --CH.sub.2 --                                               

                   H                                                           

                   .vertline.                                                  

     4    "        --CH.sub.2 C--                                              

                   .vertline.                                                  

                   CH.sub.3                                                    

     5    "        --CH.sub.2 CH.sub.2 --                                      

                   H                                                           

                   .vertline.                                                  

     6    Piperidino                                                           

                   --CH.sub.2 CH.sub.2 C--                                     

                   .vertline.                                                  

                   CH.sub.3                                                    

                   H                                                           

                   .vertline.                                                  

     7    N-methylanilino                                                      

                   --CH.sub.2 C--                                              

                   .vertline.                                                  

                   CH.sub.3                                                    

     __________________________________________________________________________

PAR  The phosphoramidate diols of the invention can be employed together with
      other known polyols as co-reactants with polyisocyanates, especially
      diisocyanates, in the production of polyurethanes, as is illustrated by
      Examples 8 and 9. Generally the phosphoramidate diols of the invention
      will have an average hydroxyl number of from 35 to 100, a phosphorus
      content of between 5 and 20% by weight, and a bromine content of from 10
      to 50% by weight.
PAC  EXAMPLE 8
PAR  This example illustrates the utility of the novel phosphoramidate polyols
      of this invention in the production of flame-retarded rigid type
      polyurethane foams.
PAR  A fluorocarbon blowing agent (45 g.) ("Freon F11" (trademark)) and a
      silicone surfactant (1.0 g.) (DC-193 (trademark)) were added to a solution
      of an alkanolamine based polyol ("Rubicol R-350-X" (trademark)) having an
      OH Number of 520, a sorbitol-based polyol (30 g.) ("Rubicol RS-700"
      (trademark)) having an OH Number of 492, and phosphoramidate polyol (15
      g.) having an OH Number of 91, prepared as described in Example 5.
PAR  The ingredients were thoroughly mixed and combined with diphenylmethane
      diisocyanate (108 g.). The reaction mixture had a 30-34 second cream time
      and a 1 minute and 15 second rise time.
PAR  The resultant rigid foam thus produced was rated as non-burning by the ASTM
      D-1692-59T flammability test. That is, after a 1-inch length of the sample
      was consumed, the flame source was withdrawn and the flame extinguished
      itself immediately.
PAR  Another foam was prepared as described above except that the
      phosphoramidate polycol of Example 5 was replaced with that prepared
      according to the procedure of Example 2. The foam had a 30-35 sec. cream
      time and a 1 min. 7 sec. rise time. It was also rated as non-burning by
      the ASTM D-1692-59T flammability test.
PAC  EXAMPLE 9
PAR  This example illustrates the utility of the novel compositions of this
      invention in the production of flame retarded flexible polyurethane foams.
PAR  Stannous octoate (0.3 g.) ("T-9"(trademark)catalyst), an amine type
      catalyst (0.29 g.)("Dabco 33-LV"(trademark)), a silicone type surfactant
      (4.0 g.) ("L-520"(trademark)), and water (3.5 g.) were combined with a
      solution consisting of a polyether polyol ("1446 Polyol" (trademark))
      having a molecular weight of about 3500 (77.4 g., OH Number 48.5) and the
      phosphoroamidate polyol (22.6 g.) prepared as described in Example 4,
      having an OH number of 92.7).
PAR  The resulting mixture was thoroughly mixed and combined with toluene
      diisocyanate (42.9 g., and 80:20 mixture of 2,4- and 2,6-isomers). The
      resulting foam was subjected to a 10-min. post cure cycle at 100.degree.C.
      A foam having fine open cells and excellent resilience was obtained.
PAR  The foam was rated as self-extinguishing according to the ASTM D-1692-59T
      Flammability test. The foam prepared without the phosphoramide polyol was
      rated as burning by the same test.
PAC  GENERAL
PAR  Since the chemical compounds of Formula II above are new and novel, claims
      to these compounds per se as well as to their use as intermediates for
      making the co-reactive chemicals of Formula III above.
CLMS
STM  I claim:
NUM  1.
PAR  1. A polymeric bromine-containing phosphoramidate polyol having the
      structure
      ##EQU12##
      wherein R is a radical having the formula --NR.sub.2 R.sub.3 wherein
      R.sub.2 and R.sub.3 can be the same or different and are alkyl radicals
      having from 1 to 6 carbon atoms, phenyl or aralkyl or alkaryl radicals
      having from seven to twelve carbons atoms; R.sub.1 is a diradical selected
      from --CH.sub.2 CH.sub.2 --, --CH(CH.sub.3)CH.sub.2 --,
      --CH(CH.sub.3)CH.sub.2 CH.sub.2 --, --CH.sub.2 CH=CHCH.sub.2 ----CH.sub.2
      C.tbd.CCH.sub.2 --, --CH(CH.sub.2 Br)CH.sub.2 --, --CH(CH.sub.2
      Cl)CH.sub.2 --, --CH.sub.2 C(CH.sub.2 Br).sub.2 CH.sub.2 --, --CH.sub.2
      C(CH.sub.2 Cl).sub.2 --, --CH.sub.2 CH.sub.2 --O--CH.sub.2 CH.sub.2 --,
      --CH.sub.2 CH.sub.2 --O--CH.sub.2 CH.sub.2 --O--CH.sub.2 CH.sub.2 -- and
      --CH(CH.sub.3)CH.sub.2 --O--CH.sub.2 CH(CH.sub.3)--; and n is an integer
      of from 1 to 5.
NUM  2.
PAR  2. The phosphoramidate polyol of claim 1 wherein R is selected from the
      group consisting of methylanilino and diethylamino, and R.sub.1 is
      selected from the group consisting of --CH.sub.2 CH.sub.2 --,
      --CH(CH.sub.3)CH.sub.2 --, --CH.sub.2 CH.sub.2 --O--CH.sub.2 CH.sub.2 --,
      --CH(CH.sub.3)CH.sub.2 --O--CH.sub.2 CH(CH.sub.3)-- and --CH.sub.2
      CH.sub.2 --O--CH.sub.2 CH.sub.2 --O--CH.sub.2 CH.sub.2 --.
NUM  3.
PAR  3. A polymeric bromine-containing phosphoramidate polyol having the
      structure:
      ##EQU13##
      wherein n is an integer of from 1 to 5.
NUM  4.
PAR  4. A polymeric bromine-containing phosphoramidate polyol having the
      structure:
      ##EQU14##
      wherein n is an integer of from 1 to 5.
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PAL  Novel thermoplastic polymers are provided by the interaction of
      bis(2-hydroxyethyl) terephthalate and a phosphonyl dihalide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The production of bis(hydroxyalkyl) esters of benzenedicarboxylic acids
      such as bis(2-hydroxyethyl) terephthalate has become of significant
      commercial importance in recent years because these diesters can be
      polymerized to form linear super polyesters. These polyesters such as
      polyethylene terephthalate are widely used in textiles, tire cord, and the
      like.
PAR  The present invention has developed from the investigation of new polymeric
      compositions derived from bis(2-hydroxyethyl) terephthalate which is now
      an inexpensive and readily available commercial product. It was deemed
      desirable to endeavor to introduce the excellent properties of
      bis(2-hydroxyethyl) terephthalate into polymeric compositions which would
      have unique properties and versatility in applications commonly served by
      polyester type thermoplastic resins.
PAR  Thus, it is an object of the present invention to provide novel polymers
      based on bis(2-hydroxyethyl) terephthalate.
PAR  It is another object of the present invention to provide polyester polymers
      which contain phosphorus.
PAR  It is still another object of the present invention to provide
      thermoplastic phosphonate polymers which are valuable as plasticizers for
      imparting flame retardancy to polyester plastics, or as additives for
      modifying the properties of resin compositions.
DETD
PAR  Other objects and advantages of the present invention will become apparent
      from the following description and examples.
PAC  DESCRIPTION OF THE INVENTION
PAR  One or more objects of the present invention are accomplished by a
      polymerization process which comprises reacting bis(2-hydroxyethyl)
      terephthalate with a phosphonyl dihalide having the formula:
      ##EQU1##
      wherein X is selected from chlorine, bromine and fluorine; and R is an
      organic radical containing between 1 and about 22 carbon atoms. The
      preferred phosphonyl dihalides are those wherein X is selected from
      chlorine and bromine; and R is selected from alkyl radicals containing
      between 1 and about 6 carbon atoms, and aryl radicals containing between 6
      and about 10 carbon atoms.
PAR  In a preferred embodiment of the present invention, there is provided novel
      phosphonate polymers which can be characterized by the structural formula:
      ##SPC1##
PAL  Wherein R is selected from alkyl radicals containing between 1 and about 6
      carbon atoms, and aryl radicals containing between 6 and about 10 carbon
      atoms; and n is an integer between 2 and about 10,000, and preferably
      between 5 and about 5,000. R can contain any chemical substituent (e.g.,
      halogen, alkenyl, alkoxyl and nitro group) which does not interfere with
      the reaction between bis(2-hydroxyethyl) terephthalate and phosphonyl
      dihalide.
PAR  Illustrative of the phosphonyl dihalide reactants which can be employed are
      methylphosphonyl dichloride; methylphosphonyl dibromide; methylphosphonyl
      difluoride; methylphosphonyl chloride bromide; ethylphosphonyl dichloride;
      ethylphosphonyl dibromide; isopropyl phosphonyl dichloride; isopropenyl
      phosphonyl dibromide; butylphosphonyl dichloride; isobutylphosphonyl
      dibromide; amylphosphonyl dichloride; chlorohexylphosphonyl dichloride;
      phenylphosphonyl dichloride; bromophenylphosphonyl dibromide;
      tolylphosphonyl dichloride; xylylphosphonyl dichloride; naphthylphosphonyl
      dichloride; and the like.
PAR  There are a variety of known methods for producing the bis(2-hydroxyethyl)
      terephthalate reactant of the invention process. Probably best known and
      most widely used methods for producing these esters of benzenedicarboxylic
      acids are those in which the acid is suspended in an inert liquid medium
      and then reacted with an alkylene oxide in the presence of a catalyst. For
      example, see U.S. Pat. No. 3,037,049, May 29, 1962 to Alexander A.
      Vaitekunas which discloses the use of such liquid reaction medium as
      aromatic hydrocarbons, ketones and dioxane and which also discloses the
      use of tertiary amine catalysts. Also, such patents as Belgian Pat. No.
      666,527, Belgian Pat. No. 660,257, British Pat. No. 999,242, British Pat.
      No. 1,029,669, German Pat. No. 1,157,623, French Pat. Nos. 1,415,134,
      1,430,842, 1,408,874 and Netherlands Pat. Nos. 6,413,334, 6,506,220 and
      6,508,415 disclose esterification processes wherein various reaction media
      such as hydrocarbons, halohydrocarbons, water, alcohols, nitriles and
      dimethylformamide-water are disclosed and wherein such catalysts as
      phosphines, arsines, quaternary ammonium compounds, stibines, amino acids,
      alkali sulfites, alkali chlorides and alkali nitrates are used as
      catalysts. More recent advances in methods for producing
      bis(2-hydroxyethyl) terephthalate are described in U.S. Pat. Nos.
      3,584,031; 3,644,484; and 3,597,471.
PAR  The syntheses of phosphonyl dihalides is in one method accomplished by
      aeration of a hydrocarbon or mixtures thereof in the presence of
      phosphorus trichloride:
EQU  RH + PCl.sub.3 + (O) -- RP(O)Cl.sub.2 + HCl
PAL  A review of synthesis methods is found in "Organophosphorus Compounds" by
      G. M. Kosolapoff (John Wiley & Sons, New York, 1950).
PAR  In producing the phosphonate polymers of the present invention, it is
      advantageous first to dissolve the bis(2-hydroxyethyl) terephthalate and
      phosphonyl dihalide reactants in an inert common solvent for the two
      reactants before adding one of the reactants to the other reactant.
      Suitable inert solvents for the two reactants are benzene, toluene,
      chloroform, dialkyl ethers of alkylene glycols, dioxane, tetrahydrofuran,
      hexane, dichlorobenzene, and the like.
PAR  The bis(2-hydroxyethyl) terephthalate and phosphonyl dihalide reactants are
      conveniently reacted in approximately equimolar quantities. A molar excess
      of either reactant can be employed if it has the effect of accelerating
      the polymerization reaction to completion.
PAR  The reaction temperature is not critical, and generally will range between
      about 0.degree.C. and 150.degree.C. It is preferred to mix the reactants
      at a temperature below 25.degree.C. and subsequently to conduct the
      reaction at a temperature between 50.degree. C. and 100.degree.C. Since
      mose of the reactions are exothermic, external cooling of the reaction
      vessel usually is necessary.
PAR  When the reactants combine, a hydrogen halide is produced as a reaction
      product. It is desirable to remove this by-product with a hydrogen halide
      remover to promote the reaction and to eliminate any side reactions which
      might be caused by the presence of the hydrogen halide. The hydrogen
      halide by-product can be removed by various known techniques. One
      technique is to pass an inert gas, such as nitrogen, through the reaction
      mixture. When this procedure for removing the hydrogen halide from the
      batch is used, the removal of the liberated hydrogen halide may be
      facilitated by carrying out the reaction at reduced pressure. Another
      method for removing the hydrogen halide which has been found useful in the
      practice of this invention is to chemically combine the hydrogen halide
      with a hydrogen halide acceptor, such as pyridine, triethyl amine,
      dimethyl aniline and the like. An amount of hydrogen halide acceptor just
      necessary to combine with the liberated hydrogen halide is sufficient. In
      practice, it generally is preferred to use a slight excess of the hydrogen
      halide acceptor to insure that there is a sufficient amount of the
      acceptor in the charge to combine with all of the hydrogen halide produced
      by the reaction.
PAR  The phosphonate polymer formed by the reaction of bis(2-hydroxyethyl)
      terephthalate and phosphonyl dihalide, depending on the molecular weight
      of the polymer will in some cases precipitate out as a solid during the
      course of the polymerization reaction. This polymeric solid can be freed
      of hydrogen halide acceptor salt if present by water washing of the
      polymeric solid. In the cases where the phosphonate polymer remains
      dissolved in the solvent medium, the hydrogen halide acceptor salt is
      removed by filtration or decantation. The solvent medium can be removed by
      distillation, and the polymer collected as a residue. Or, a non-solvent
      for the phosphonate polymer can be added to the solvent medium to
      precipitate the polymer product.
PAR  The phosphonate polymers of the present invention have high thermal
      stability, and are useful as flame resistant materials, and as additives
      for imparting flame retardancy to plastics, lubricants, hydraulic fluids,
      and the like. They are generally self-extinguishing when used in shaped
      articles. They may be used as additives to improve the flame retardancy of
      polyester fibers and other synthetic fibers, particularly for applications
      such as carpets and children's blankets.
PAR  The following examples are further illustrative of the present invention.
      The reactants and other specific ingredients are presented as being
      typical, and various modifications can be devised in view of the foregoing
      disclosure within the scope of the invention.
PAC  EXAMPLE 1
PAC  Preparation of Bis(2-hydroxyethyl) Terephthalate
PAR  A 3-liter stirred autoclave is charged with 600 grams of crude terephthalic
      acid (3.61 moles), 1600 ml. of 2-propyldioxolane reaction medium, 0.11
      mole of tetraethyl ammonium terephthalate catalyst and then purged with
      nitrogen. Liquid ethylene oxide (473 grams, 10.75 mole) is then pumped in
      and the reactor heated quickly to 155.degree.C. by passing steam through
      internal coils. After about 31/2  minutes, the reaction is terminated by
      pressuring the contents of the autoclave into a vessel where the ethylene
      oxide is flashed and then the unreacted terephthalic acid removed by
      filtration. Cooling of the filtrate to about 18.degree.C. gives about 742
      grams of crude bis(2-hydroxyethyl) terephthalate.
PAC  EXAMPLE 2
PAC  Preparation of Catalyst For Bis(2-hydroxyethyl) Terephthalate Synthesis
PAR  A catalyst is prepared from Montrek 600E by mixing 24 grams of the material
      with 19.5 grams of terephthalic acid as well as 30 ml. of water so that
      good mixing can be obtained. After stirring the mixture for about 1 hour,
      it is placed on a rotary film evaporator for the removal of the water and
      a thick solid is recovered which is the terephthalic acid salt of the
      hydroxyethylated polyethyleneimine. Montrek 600E is Dow Chemical Company's
      designation for a 40 percent aqueous solution of hydroxyethylated
      polyethyleneimine which is prepared by reacting polyethyleneimine having a
      molecular weight of about 40,000 to 60,000 with ethylene oxide.
PAC  EXAMPLE 3
PAC  Preparation of Bis(2-hydroxyethyl) Terephthalate
PAR  A 3-liter stirred autoclave is charged with 600 grams (3.6 moles) of fiber
      grade terephthalic acid, 1600 ml. chlorobenzene, 12.4 grams of the
      terephthalic acid salt of hydroxyethylated polyethyleneimine as prepared
      in Example 2, and then purged with nitrogen. Liquid ethylene oxide (8.6
      moles) is then pumped in and the reactor heated to 175.degree.C. by
      passing steam through internal coils. The temperature is maintained at
      175.degree.C. for about 30 minutes with the pressure varying during the
      period from about 215 p.s.i.g. at the beginning of the period to 80
      p.s.i.g. at the end of the period. After the thirty-minute period, the
      reaction is terminated by pressuring the contents of the autoclave into a
      vessel where ethylene oxide is flashed and then the unreacted terephthalic
      acid and other solids removed by filtration. Cooling of the filtrate to
      about 30.degree.C. yields about 760 grams of bis(2-hydroxyethyl)
      terephthalate (dry basis). Conversion of the terephthalic acid charged to
      the diester product is about 91 mole percent.
PAC  EXAMPLE 4
PAC  Preparation of Phosphonate Polymer
PAR  To a flask equipped with a stirrer and a nitrogen flushing system,
      bis(2-hydroxyethyl) terephthalate (2.1 moles), pyridine (4.2 moles) and
      150 ml. benzene are added. A solution of methylphosphonyl dichloride (2
      moles) in 200 ml. of benzene is then added to the flask over a period of
      20 minutes at a temperature below 25.degree.C. with stirring. The
      temperature during the addition is maintained with the aid of external
      cooling of an ice bath.
PAR  After the addition is completed, the reaction mixture is stirred at
      60.degree.C. for 2 hours, then the reaction mixture is cooled to
      25.degree.C., and the solid precipitate is collected by filtration. The
      solid precipitate is washed with benzene, acetone and then with water.
      After drying under vacuum, the phosphonate polymer is recovered as a fine
      powder.
PAC  EXAMPLE 5
PAC  Preparation of Phenylphosphonyl Dichloride
PAR  Phosphorus trichloride is added to a vessel containing benzene. A stirrer,
      thermometer, reflux condenser and a fritted air inlet tube are fitted. Air
      is swept through the vessel vigorously with constant stirring at a
      temperature of about 80.degree.C. The reaction is continued for three
      hours and a yield of phenylphosphonyl dichloride of about 75% of the
      theoretical based on phosphorus trichloride is obtained.
PAR  Aldrich Chemical Company supplies this chemical under the name
      phenylphosphonic dichloride.
PAC  EXAMPLE 6
PAC  Preparation of Phosphonate Polymer
PAR  Following the general procedure of Example 4, bis(2-hydroxyethyl)
      terephthalate (0.6 mole), pyridine (1.1 mole) and 50 ml. benzene are added
      to the reaction flask. A solution of phenylphosphonyl dichloride (0.5
      mole) in 100 ml. of benzene is then added to the flask, with external
      cooling of the reaction flask.
PAR  The reaction mixture is stirred at 75.degree.C. for 30 minutes, and then
      allowed to cool to room temperature. The pyridine hydrochloride salt is
      removed by filtration.
PAR  The benzene filtrate is diluted with an equal volume of acetone-ethanol
      (50/50) to precipitate the phosphonate polymer. After benzene, acetone and
      water washes, the phosphonate polymer is recovered as a soft waxy solid.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A class of phosphonate polymers characterized by the structural formula:
      ##SPC2##
PAL  wherein R is selected from alkyl and substituted alkyl radicals containing
      between 1 and about 6 carbon atoms, the substituents being selected from
      halogen, alkenyl, alkoxyl and nitro groups, and aryl and substituted aryl
      radicals containing between 6 and about 10 carbon atoms, the substituents
      being selected from halogen, alkoxyl and nitro groups; and n is an integer
      between 5 and about 5,000.
NUM  2.
PAR  2. A phosphonate polymer in accordance with claim 1 wherein R is a methyl
      radical.
NUM  3.
PAR  3. A phosphonate polymer in accordance with claim 1 wherein R is a phenyl
      radical.
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ABST
PAL  A power driven gas aerating carburetor for supplying the combustion
      chambers of an internal combustion engine with finely atomized air-fuel
      mixtures in controlled proportions under pressure for more thorough
      combustion of the air-fuel mixtures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to fuel aerating devices or apparatus which is
      utilized to supply the combustion chambers of an internal combustion
      engine with a volatile air-fuel mixture, and more particularly to a power
      driven device or gas aerator which is capable of providing an
      uninterrupted flow of finely atomized highly volatile air-fuel mixtures to
      the combustion chambers of the engine, under pressure and in direct
      proportion to the requirements of the engine.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Heretofore, the necessary supply of a volatile air-fuel mixture required
      for the operation of an internal combustion has been furnished in atomized
      form to the combustion chambers of the engine by conventional one, two or
      four barrel carburetor. These carburetors in conjunction with suitable
      automatic or manually operated control mechanism regulate the atomization
      and the amount of the air-fuel mixture required to operate the engine
      regardless of the load or speed requirements imposed on the engine.
PAR  Most of the fuel supply systems, including the conventional carburetors
      used for powering the engines of motor vehicles have been inefficient in
      their use of fuel and consequently results in air pollution due to
      incomplete combustion of the fuel within the engine. This occurs
      principally because the carburetor components fail to efficiently atomize
      the mixture of air and fuel for complete combustion in the cylinders of
      the engine.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, a need exists for a new and improved power driven gas aerator
      carburetor for the fuel supply system of an internal combustion engine
      which is capable of furnishing the combustion chambers of the engine with
      the required quantities of highly vaporized, volatile air-fuel mixtures
      regardless of the load or speed requirements imposed on the engine.
PAR  It is, therefore, one object of this invention to provide a new and
      improved gas aerator or air-fuel mixing device that may be utilized in
      conjunction with other standard components of a fuel supply system of an
      internal combustion engine which will furnish a variable supply of
      thoroughly mixed, finely atomized air and fuel having the characteristics
      necessary to support complete combustion of the fuel in the engine.
PAR  Another object of this invention is to provide an improved gas aerator or
      air-fuel mixing device which is simple in design and construction and
      comparatively inexpensive to fabricate and which is capable of supplying
      the cylinders or combustion chambers of an internal combustion engine with
      variable amounts of properly proportioned, pre-combined air and fuel
      mixtures, under pressure in accordance with the load and speed
      requirements of the engine.
PAR  A further object of this invention is to provide an improved power driven
      cylindrical gas aerator or air-fuel mixing device utilized for pre-mixing
      air and liquid fuel into a finely atomized gaseous mixture that is forced
      under pressure through cylindrical aerator with the assistance of a
      partial vacuum created in the air-horn of the intake manifold of an
      internal combustion engine.
PAR  Further objects and advantages of this invention will become apparent as
      the following description proceeds and the features of novelty which
      characterize the invention will be pointed out with particularity in the
      claims annexed to and forming a part of this specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention may be more readily described by reference to the
      accompanying drawing, in which:
PAR  FIG. 1 is a plan view of the gas aerator of this invention showing it in
      relationship to the other components of the fuel system of an internal
      combustion engine.
PAR  FIG. 2 is a fragmentary side elevational view, partly broken away and in
      section, of the gas aerator shown in FIG. 1 together with its associated
      components.
PAR  FIG. 3 is a fragmentary sectional plan view taken on line 3--3 of FIG. 2
      through the gas aerator illustrating the relationship of the internal
      parts of the same in respect to other components of the fuel system.
PAR  FIG. 4 is a perspective view of the internal drive shaft assembly with its
      several attached components completely removed from the gas aerator's
      cylindrical casing and detached from the flexible drive shaft shown in
      FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawing by characters of reference,
      FIGS. 1 and 2 illustrate one arrangement of the several components of a
      fuel aerating system for an internal combustion engine in which the gas
      aerator assembly 10 comprises a cylindrical housing or casing 11 having a
      finely finished bore 12 that is closed at one end and open at the other
      end. A small diameter air-horn 13 preferably integral with the aerator
      casing 11 and extending outwardly therefrom in perpendicular relationship
      thereto is provided for a secondary air supply and is connected at its
      intersection with casing 11 by an opening 15 which interconnects bore 12
      and the hollow interior of air-horn 13.
PAR  Closely adjacent the closed end of the aerator casing 11 and in parallel
      alignment with air-horn 13 is provided a larger air-horn 18. The hollow
      interior of air-horn 18 is interconnected with bore 12 of casing 11 by an
      opening 16 in casing 11 which is preferably elongated in shape and adapted
      to communicate with the inside bore 17 of air-horn 18 through a hollow
      connector piece 19 as shown in FIG. 1.
PAR  The large air-horn 18 is similar in most respects to the air-horns usually
      provided in convential carburetors employing a pair of rotatable disc like
      butterfly valves 20 and 22. Both of these valves are mounted to rotate
      independently in the cylindrical bore 17 of the air-horn and are spaced
      midway above and below the reduced diameter or venturi portion 17' of the
      air-horn. The upper butterfly valve 20, lever arm 20' and suitable linkage
      are adapted to be rotated by the usual automatic choke 21. The lower
      butterfly valve 22 is adapted to be rotated by a lever arm 22' pivotally
      connected to a throttle control rod 23. Rod 23 is interconnected by
      suitable linkage (not shown) to another control rod 24 and lever arm 25'.
      Lever arm 25' is adapted to rotate a small butterfly valve 25 notably
      mounted in bore 13' adjacent the open end of the small secondary air-horn
      13. Whenever the accelerator control rod 26 is activated, both the large
      throttle valve 22 and the small throttle valve 25 will be opened or closed
      simultaneously to provide the same degree of opening or closure in their
      respective housings.
PAR  The cylindrical bore 17 of the large air-horn 18 is open at both ends and
      communicates at its top end with the atmosphere through a suitale air
      cleaner 27 indicated in dash line in FIG. 1. The bottom end of the
      air-horn communicates with the intake manifold 28 of the engine through an
      opening 29 formed in the flat, top horizontal wall surface of the manifold
      and is rigidly attached in perpendicular and leak proof relationship
      thereto by an integrally formed flange 30 and a plurality of threaded
      studs 31. Air-horn 18 is also provided with an atomizing nozzle 32, the
      open end of which projects into the center of the bore 17. The other end
      of nozzle 32 is connected by tubing to an auxiliary fuel pump (not shown)
      which is operated by the accelerator to supply gas to the interior of the
      air-horn for engine starting purposes hereinafter explained.
PAR  One of studs 31 may be used too rigidly secure the base portion of a
      support bracket 33 in perpendicular relationship to the top flat surface
      of the extending flange 30 and the top flat surface of the intake manifold
      28. Thus, when the cylindrical casing 11 of the gas aerator assembly 10 is
      supported in the semicircular top portion of the support bracket 33, the
      central axis 14 of the aerator assembly will lie in a horizontal parallel
      plane to the flat top surface of the intake manifold 28. Air-horns 13 and
      18 and cylindrical casing 34 of a float assembly 35 are supported by the
      cylindricl walls of the aerator casing 11 as shown in FIGS. 1, 2 and 3 of
      the drawings.
PAR  The gas aerator assembly 10 further comprises a removable, rotatable
      aerator shaft assembly 36 that consists of a central shaft member 37
      having cylindrical aerator members 38 and 39 and fan or impeller member 40
      and 41 securely attached thereto in spaced relation with each other (as
      shown in FIGS. 3 and 4) by means of suitable keys and keyways or set
      screws so that they may be removed and replaced if necessary.
PAR  Shaft 37 extends rearwardly through the central bore of a comparatively
      thin cylindrical aerator member 42 which is securely fixed to the shaft in
      non-rotative relationship and into a clearance bore in the closed end of
      the cylindrical aerator casing 11 where it is journaled in a suitable
      bearing 43. The entire shaft assembly 36 is limited in its relative axial
      movement by one of a pair of thrust washers 44 that are removably attached
      to the shaft in any convenient manner.
PAR  The front end of shaft 37 is journaled in a suitable bearing 45 in a
      central counterbore of the cylindrical end closure member 46 of casing 11
      by means of set screws 47, and an O-ring 47' and through a central bore of
      a connector member 48 screwed into a threaded aperture in the outer face
      of the closure member 46. At this point it is connected to the square
      exposed end of an inner rotatable element 49' of a flexible shaft 49 by
      the insertion of element 49' in a square aperture 50 formed in the front
      end of the shaft where it is secured therein in driving relationship by a
      lock nut 51.
PAR  The other exposed square end of the flexible shaft 49 is secured in driven
      relationship to a suitably sized pulley wheel (not shown) that is secured
      in rotative relationship to the forward end of the engine and positioned
      to be driven by contact of the V-groove of pulley wheel with any desirable
      portion of the fan and alternator drive belt, so as to rotate the
      installed aerator shaft assembly 36 in a clockwise direction at various
      speeds.
PAR  The cylindrical aerator members 38 and 39 secured to the central shaft of
      the aerator assembly are similar in size and form each consisting of a
      cylindrical of a peripheral wall portion having a central counterbore
      extending about two-thirds its overall length in depth thus forming
      integral transverse end walls that are provided with a plurality of
      radially equally spaced bored 38' and 39'. These bore holes are spaced to
      communicate with bore 12 of casing 11 at one end and with the individual
      radial spaces formed by a plurality of angularly arranged fins or
      turbulators 38" and 39" that are secured in the counterbore portions of
      the cylindrical aerators. It should be noted that aerators 38 and 39 are
      positioned and secured on the central shaft member 37 with their bored
      holes and their radial fins or turbulators facing in opposite directions
      and the rear face of aerator 38 is provided with a suitable circular
      screen 52. The purpose of the aerator design and particular positioning on
      the central shaft will become evident as this description proceeds.
PAR  The gas aerator assembly 10 also includes the float assembly 35 comprising
      the usual float chamber 34' which is provided near its lower end with an
      integral transverse web or spider 53 that is open to both upper and lower
      portions of the float chamber. Spider 53 functions as a stop or rest
      member for the vertically movable float member 54 which is provided at its
      top end with a tapered metering stem 55 which is adapted to open or close
      the central vertical passage or bore 56 in a suitable cylindrical closure
      member 57 that is removably secured in sealed relationship at the top end
      of the float chamber 34' by a suitable O-ring and screws 58 and 59.
PAR  Attached to the top surface of closure member 57 by means of a suitable
      fitting 60 is the usual fuel supply line 61 that furnishes the fuel from a
      conventional fuel pump (not shown) to the float chamber 34' through the
      passage 56 in the closure member. A fitting 62 having a small central bore
      63 is removably secured in horizontal relationship to the lower portion of
      the cylindrical casing 34 so that its central bore communicates with the
      lower portion of the float chamber 34'. Fitting 62 is removably attached
      in leak proof relationship to the flat milled sides at the bottom end of
      the solid vertical circular fitting 64. Fitting 64 is provided with a
      small central bore 65 and is rigidly attached to the circular wall of
      air-horn 13 at which point another horizontal central bore 66 is drilled
      through the vertical fitting 64 and into the bore 13' of this air-horn so
      that the lower portion of float chamber 34', bore 63 in the fitting 62,
      bore 65 in fitting 64 and bore 66 which communicates with bore 13' of
      air-horn 13 are all direct communication with each other. The flow of fuel
      through these bores is adjustably controlled or stopped entirely by
      suitable upper and lower metering screws 67 and 68, respectively. A drain
      plug 69 is screwed into the bottom end of the vertical fitting 64, as
      shown in FIG. 2 of the drawings.
PAR  Bore 13' of air-horn 13 is provided with a small tubular member 70 having a
      plurality of small holes into the bore of which the squared end of the
      stem of the upper metering screw 67 extends and which serves as an
      atomizer for the fuel passing through the horizontal bore 66 into the
      same.
PAC  OPERATION AND FUNCTION
PAR  A fuel system for an internal combustion engine having the gas aerator of
      this invention incorporated as the principal component of the system is
      operated and functions in a manner similar to those systems which employ a
      conventional carburetor, with one extremely important exception or
      difference. At no time during the operation of the engine (except possibly
      at the initial starting) is unvaporized fuel allowed to enter the air-horn
      which feeds the combustible air-fuel mixture to the combustion chambers of
      the cylinders of the engine.
PAR  Initial starting of the engine is accomplished by the usual pumping of the
      accelerator or other control mechanism which causes liquid fuel to be
      forced from an auxiliary pump (not shown) in the form of a spray through
      the atomizing nozzle 32 into the interior bore 17 of the large air-horn
      18. At this point the fuel is picked up and further vaporized by the
      movement of air passing past the slightly opened choke butterfly valve 20
      and the open throttle butterfly valve 22 into the intake manifold 28 from
      which it is distributed to the combustion chambers of the cylinders where
      it is ignited in the usual manner.
PAR  After the initial starting of the engine is accomplished and its crank
      shaft and associated fan and alternator V belt rotated, the pulley wheel
      (not shown) previously described which is in contact with the V belt
      imparts a rotary motion to the inner rotatable element 49' of the flexible
      shaft 49. This action rotates central shaft member 37 to which it is
      attached and the other components of the aerator shaft assembly 36 secured
      thereto. This action results in the rotation of the aerator assembly 10 in
      bore 12 of the cylindrical casing 11 which is then utilized to feed a
      highly volatile, completely vaporized air-fuel mixture to the large
      air-horn 18, intake manifold 28, and the combustion chambers of the
      cylinders of the engine in controlled degrees according to the speed and
      load requirements of the engine.
PAR  In order to accomplish the desirable results described in the above
      paragraph, liquid fuel is supplied to float chamber 34' through the fuel
      line 61 by the action of the fuel pump (not shown) until float 54 moves a
      sufficient distance to allow its tapered metering stem to close passage 56
      in closure member 57. The intermittent opening and closing of passage 56
      caused by the raising and lowering of the float results in maintaining the
      proper level of liquid fuel in the float chamber. By virtue of its
      communication with the horizontal bore 63 in the fitting 62 and the
      vertical bore 65 in the fitting 64 (as indicated by the fuel level line 71
      in FIG. 2 of the drawing) the liquid fuel level is maintained in the
      vertical bore 65 of fitting 64 as long as the engine is operating.
PAR  When the throttle valve 22 in the large air-horn 18 and the small valve 25
      in the secondary air-horn 13 are opened simultaneously by the action of
      the accelerator, clean air is drawn through the air cleaner 27 into the
      bore 17 of the air-horn 18 and through a suitable air cleaner secured to
      the open end of the small secondary air-horn 13 into its bore 13' where it
      mixes with the spray of liquid fuel, drawn into and emerging from the
      plurality of small holes in the tubular member 70 secured in its bore.
      This causes a partially atomized air-fuel mixture to be drawn into the
      confines of bore 12 of the cylindrical casing 11 through the opening 15 by
      the suction or vacuum created by the revolving fan or impeller 40. The
      atomized air-fuel mixture will vary according to the speed requirements of
      the engine satisfied by the degree of opening of the respective throttle
      valves 22 and 25.
PAR  When the partially vaporized air-fuel mixture enters bore 12 of the aerator
      casing, it is caused to move therethrough under pressure in a whirling,
      spiral path entering and passing through the plurality of large bored
      holes 38' in the front face of the cylindrical aerator member 38. The
      air-fuel mixture then passes between the angular spaces formed by the fins
      or turbulators 38" and through screen 52 attached to the rear face thereof
      resulting in a further turbulence of the air-fuel mixture passing
      therethrough. A pressure differential also exists between the receiving
      and exiting ends of the aerator members and hence further mixing or
      atomizing of the flowing air-fuel mixture occurs as it moves along its
      spiral path.
PAR  After passing through the aerator member 38, the moving air-fuel mixture is
      forced to impinge on the angular fins or turbulators 39" of the aerator
      member 39. The rotary movement of aerator member 39 causes the flowing
      air-fuel mixture to pass through bored holes 39' in its rear face again
      resulting in a differential of pressure at both ends of the same and
      increases the speed of the flowing mixture as it passes therethrough
      resulting in still greater turbulence and thorough atomization of the
      same. As the air-fuel mixture continues its whirling, spiraling flow
      through bore 12 of the aerator casing 11 it is again picked up by the
      blades of the rear most fan or impeller 41 causing its speed of flow to be
      increased and impingement on the vanes 42' of the rotating aerator member
      42. Member 42 causes greater turbulence and still further atomization of
      the air-fuel mixture as it is drawn through the hollow connector piece 19
      into the bore 17 of the large air-born 18, past the open throttle valve
      22, through the opening 29 and into the intake manifold 28 from whence it
      is distributed to the combustion chambers of the cylinders of the engine
      under pressure as a thoroughly atomized highly volatile gas air mixture
      which is capable of supporting complete and non-polluting combustion or
      burning of the fuel.
PAR  It should be noted that the finely atomized air-fuel mixture passing into
      the combustion cylinder of the cylinders from the aerator assembly 10 is
      further enhanced in its burning qualities by additional oxygen bearing air
      that is drawn into the large air-horn 18 by the vacuum created by its
      venturi 17' which is located approximately at the point of entry of the
      air-fuel mixture from the aerator into air-horn and thence through the
      intake manifold into the combustion chambers of the cylinders where it is
      completely burned.
PAR  Although only one embodiment of the present invention has been illustrated
      and described, it will be apparent to those skilled in the art that
      various changes and modifications may be made therein without departing
      from the spirit of the invention or from the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel aerating carburetor for internal combustion engines comprising:
PA1  an elongated hollow cylindrical housing for rotatably receiving a driven
      shaft suitably journaled along its longitudinal axis,
PA1  a driven shaft rotatably journaled along the longitudinal axis of said
      housing,
PA1  at least one pair of aerating members mounted on said shaft for rotation
      therewith,
PA1  said aerating members being spacedly mounted on said shaft and each
      comprising a cylindrical casing having a plurality of spacedly arranged
      bores in one end thereof and a plurality of radial fins arranged in the
      other end thereof,
PA1  said fins of the first aerating member in the direction of air-fuel mixture
      through said housing being juxtapositioned to the bores in said second
      aerating member,
PA1  said radial fins receiving an air-fuel mixture on one side thereof and
      thoroughly mixing and atomizing said mixture as it passes therethrough,
PA1  an inlet port for receiving and mixture at one end of said housing and an
      outlet port at the other end of said housing,
PA1  said inlet port being connected to a first air-horn which furnishes an
      air-fuel mixture to said carburetor,
PA1  said outlet port being connected to a second air-horn of a second
      carburetor of an internal combustion engine for transmitting thereto said
      thoroughly mixed air-fuel mixture, and
PA1  means connected to said shaft for rotation thereof.
NUM  2.
PAR  2. The fuel aerating carburetor set forth in claim 1 in further combination
      with:
PA1  two fans mounted on said shaft for rotation therewith,
PA1  one of said fans being mounted on said shaft between said inlet port and
      said first aerating member and the other fan being mounted on said shaft
      between said outlet port and said second aerating member.
NUM  3.
PAR  3. A fuel atomizing system for internal combustion engines comprising:
PA1  a first carburetor,
PA1  a second fuel carburetor,
PA1  said second carburetor comprising,
PA1  an elongated hollow cylindrical housing for rotatably receiving a driven
      shaft suitably journaled along its longitudinal axis,
PA1  a driven shaft rotatably journaled along the longitudinal axis of said
      housing,
PA1  said shaft having at least a pair of aerating members mounted on said shaft
      for rotation therewith,
PA1  said aerating members being spacedly mounted on said shaft and each
      comprising a cylindrical casing having a plurality of spacedly arranged
      bores in one end thereof and a plurality of radial fins arranged in the
      other end thereof,
PA1  said fins of the first aerating member in the direction of air-fuel mixture
      through said housing being justapositioned to the bores in said second
      aerating member,
PA1  said radial fins receiving an air-fuel mixture on one side thereof and
      thoroughly mixing and atomizing said mixture as it passes therethrough,
PA1  an inlet port for receiving said mixture at one end of said housing and an
      outlet port at the other end of said housing,
PA1  said inlet port being connected to a first air-horn which furnishes an
      air-fuel mixture to said carburetor,
PA1  said outlet port being connected to a second air-horn of said first
      carburetor for transmitting thereto said thoroughly mixed air-fuel
      mixture, and
PA1  means connected to said shaft for rotation thereof,
PA1  a throttle valve in said first air-horn,
PA1  a throttle valve in said second air-horn, and
PA1  means for operating said throttle valves in unison.
NUM  4.
PAR  4. The fuel atomizing system set forth in claim 3 wherein:
PA1  said throttle valves are opened simultaneously the same amount in each air
      horn.
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ABST
PAL  Molded articles of carbon or graphite suitable as heat absorbing or
      friction elements in brakes for jet aircraft are made by coating
      devolatilized carbon particles with a phenolic resin, especially boronated
      phenolic resin, reducing the volatile content of the coated carbon to
      below a critical value, mixing these with a resin coated or uncoated
      powdered abrasive, molding under critical pressures and temperatures, and
      then post-curing the resin and carbonizing and optionally graphitizing the
      product according to a schedule whereby delamination is avoided.
BSUM
PAR  The present invention relates to molded carbon base or graphite base
      articles especially those which are components of brakes suitable for
      high-speed aircraft and to a method of making same. It particularly
      relates to brakes and brake components capable of absorbing excessive
      amounts of rapidly applied energy, as required in the rapid stopping of
      large, highly loaded aircraft.
PAR  Aeroplane brakes must be capable of stopping a fully loaded jet plane under
      conditions of so-called rejected take-off (RTO). Under such conditions, a
      plane that has been accelerated at take-off speed must be capable of being
      stopped by brakes alone within the remaining unused runaway. In the RTO
      test, the energy applied at the surface of the friction components is so
      great that warping and fusion of the metallic components may take place.
      Brakes having friction components made of steel and the usual copper-base
      friction materials may fail in a single RTO test. Although iron is a much
      better heat-sink than copper, neither iron nor copper have the
      energy-absorbing capabilities required to maintain temperature at an
      acceptable level for the materials. Carbon, even though it is in the form
      of graphite, on the other hand, has a much greater specific heat than even
      iron and is a good conductor. If carbon were used in place of the metal
      discs as the brake components, a far superior brake should be obtained.
      Unfortunately, in the past, carbon has been considered of insufficient
      strength and too readily combustible to serve as direct replacements for
      discs of iron. When carbon or graphite-base friction elements were used in
      the past, it had been considered necessary to utilize so-called button
      brake construction wherein carbon was disposed within the cavity of
      relatively small buttons or cups which were welded or otherwise fastened
      to the metal disc supports. The carbon or graphite material had
      insufficient strength and resistance to oxidation at elevated temperatures
      to be used as a disc or support element itself or even as the core
      material on which friction elements are carried.
PAR  It is an object of the present invention to provide molded articles of high
      strength by a process wherein the molded article is stripped at molding
      temperature and is cured, carbonized and graphitized free standing without
      support or slumping.
PAR  It is another object of the present invention to provide carbon or graphite
      material which has high strength and greatly increased ability to absorb
      energy or serve as a heat-sink, and which may be used in place of metal
      disc or support components normally used in airplane brakes.
PAR  It is a further object of the present invention to provide a method of
      making graphite-base molded articles wherein the materials are converted
      to graphite form in a relatively short time.
PAR  It is a further object of the present invention to provide a method of
      making graphite-base friction components with a desired controlled
      coefficient of friction that is suitable for use against other carbon or
      graphite components or against other frictional elements, and which may be
      bonded or integrally attached to a suitable highstrength carbon-graphite
      base core.
PAR  A further object of the present invention is to provide carbon or graphite
      brake components having portions of greater resistance to oxidation than
      those heretofore produced.
DRWD
PAR  Other objects of the present invention will be apparent from the following
      description of the invention as applied to aeroplane brakes which are
      illustrated by the accompanying drawing, in which:
PAR  FIG. 1 is a sectional view through a portion of a brake having relatively
      rotatable components embodying the present invention;
PAR  FIG. 2 is a plan view of one of the relatively rotatable friction
      components shown in FIG. 1 of a brake embodying the present invention;
PAR  FIG. 3 is a plan view of a cooperative, relatively rotatable friction
      component of a brake embodying the present invention;
PAR  FIG. 4 is a sectional view taken on the line 4--4 of FIG. 2;
PAR  FIG. 5 is a sectional view taken on the line 5--5 of FIG. 3;
PAR  FIG. 6 is a sectional view taken on the line 6--6 of FIG. 2;
PAR  FIG. 7 is a sectional view on the line 7--7 of FIG. 3;
PAR  FIG. 8 is a plan view of one of the several graphite friction elements
      which are carried by and attached to the face portions of the graphite
      base core of the components of FIGS. 2 and 3; and
PAR  FIG. 9 is an end view of the friction element of FIG. 8.
DETD
PAR  Referring more particularly to the drawing, in which like parts are
      designated by like numberals of reference throughout the several views,
      brakes utilizing the present invention may comprise a plurality of
      relatively rotatable disc-like components, each having a central opening
      to receive a suitable shaft 1. One of the alternate components 2 is
      carried by the rotatable housing 3 which is provided with inwardly
      projecting ribs or splines 4 that are received in the grooves 5 in the
      components 2 to carry the element 2 in nonrotatable relation with respect
      to the housing. The alternate elements 6 are carried on the nonrotatable
      shaft 1 in nonrotatable relation thereto. Elements 6 are provided with
      inwardly extending projections 7 which fit within the grooves 8 of the
      shaft 1 so that they fixedly rotate with the shaft 1. When axial pressure
      is applied in the direction of the arrow 9, pressing the elements 2 and 6
      strongly into contact with each other, friction developed at the
      contacting flat faces by the relative rotation of the elements absorbs
      energy of rotation from the shaft 1 and acts as a brake.
PAR  In the brakes with which the present invention is concerned, at least one
      and preferably both of the components 2 and 6 are composed essentially of
      an especially compounded carbon-base material, preferably in the form of a
      graphite. In the preferred form of the invention, the components 2 and 6
      comprise strong disc-like carbon cores 11 and 11a, respectively,
      preferably having most of the carbon in graphitic form and having suitably
      attached to both the side faces thereof, preferably in an integral manner,
      a plurality of friction elements 12. The friction elements 12 are also
      largely of carbon, preferably in graphitic form and are preferably of
      higher density than the cores. The friction elements may have bevelled or
      sloping side edges 13 and are narrower at their outer face than at the
      bottom portions, so that the end view thereof is trapezoidal. The cores 11
      and 11a may be molded and shaped against the preshaped and pregraphitized
      friction elements 12 disposed or positioned so that they are spaced as
      desired over the faces of the composite consisting of cores 11 or 11a and
      elements 12. The core material is plastic and the friction material is in
      graphitic nonplastic form. In the molding operation, portions of the core
      flow over the bevelled edges of the elements into the core 11 or 11a. If
      desired the cores may be formed first in final shape with cavities formed
      therein either by molding or machining. Any dense skin is removed and one
      or more friction elements cemented in said cavities to the core in a
      suitable manner with a carbona ceous type cement.
PAR  When a cement joint is produced, the cement should be carbonized or
      graphitized in suitable manner. After formation of the composite, the
      composite is preferably impregnated with a graphitizing liquid such as
      furfuryl alcohol, phenol-aldehyde resin, etc., and further graphitization
      accomplished. One or more additional impregnations and subsequent
      graphitizations may be used.
PAR  The particular ingredients making up the molded elements such as the core
      and friction elements of brakes are of exceptional importance in obtaining
      the strength, the heat absorption and frictional properties necessary. By
      properly selecting and combining the ingredients forming the core and
      friction elements, and properly treating the ingredients forming the core
      and friction elements, and properly treating the ingredients after mixing
      and compacting during the graphitization and shaping or molding process,
      non-warping brake components of exceptionally high strength coupled with
      excellent heat-sink ability may be obtained without requiring enclosure of
      the materials within cup-shaped metal cavities to provide the essential
      strength.
PAR  The combustion and rapid oxidation of the more exposed outer peripheral
      portions 20 of the disc 2 and the inner splined or attached portion 7 may
      be reduced by suitably incorporating oxidation inhibitors therein.
      Peripheral portions 20 and the inwardly projecting portions 7 may be vapor
      coated with a metal, such for example as copper, nickel, aluminum,
      tantalum, etc. Oxidation inhibitors such as organic borates, boronated
      phenols in the resin, zinc borate, zinc phosphate, manganese phosphate,
      zinc aluminum phosphate and antimony phosphates and oxides may be
      incorporated in the mixture or they may be suitably applied by
      impregnation when dissolved in suitable solvent.
PAR  The graphite-base components, including both the core 11 or 11a and the
      friction elements 12, in accordance with the present invention are
      prepared from a mixture comprising essentially a powdered carbon
      (preferably graphite) and a resin convertible to carbon and graphite to
      serve as a binder. The core material additionally contains carbon fibers
      (preferably in graphite form). The friction elements additionally comprise
      a powdered friction component or abrasive that is stable against melting
      and combining with carbon at graphitizing temperatures. It may also
      contain some carbon (including graphite) fibers to increase wear
      resistance. One of the preferred abrasives is a finely divided silicon
      carbide. Tungsten carbide is also desirable.
PAR  The powdered carbon may be a coke such as a powdered (95 .+-. 5 percent
      through 200-mesh screen), petroleum coke, calcined at 1,000.degree.C. +,
      as obtainable from Great Lakes Carbon Company, Niagra, N.Y., but a natural
      or artifical graphite is preferred. In the case of graphites, the average
      particle size should be less than 30 microns, and preferably less than 6
      microns. Graphites having a particle size such that, most will pass
      through a 200-mesh screen is found to be desirable and such has a particle
      size of about 30 microns or so. I have found, however, that the natural
      South West Graphite when properly used, provides strengths and densities
      above those obtainable with other graphites. Artificial graphite such as
      Union Carbide's Grade- 195 Powder, a cokebase graphite graphitized at
      2400.degree.C. to 2600.degree.C., is also highly desirable and provides
      less objectionable volatile matter or contaminates. The particle size of
      the 195-Powder is such that 81 percent is less than 30 microns in size.
      Pyrolytic graphite of less than 200-mesh particle size has also provided
      good resistance to abrasion. Coke powder is also useable but requires
      somewhat different treatment from graphite.
PAR  The carbon fibers greatly increase strength of the core material and also
      provides passageways for escape of gases during carbonizing and
      graphitizing steps. They should preferably be in graphite form. When the
      fibers are used in the friction elements they are preferably short fibers,
      say less than one-quarter inch or less. They are randomly disposed in the
      friction element. For the core material, longer graphite fibers are
      preferably used and they are preferably one-half inch or longer and in
      some measure oriented to take largest stress along their length. Thus,
      they are preferably in some measure oriented so that substantial portions
      are generally tangential to circles concentric with the periphery of the
      discs, or at least form a substantial angle with radii of said discs
      passing through the portions of the fibers.
PAR  The character of the binders used for coating and adhering together the
      carbon particles (whether or not in graphite or normal carbon form) is of
      utmost importance in the formation of the molded articles of the present
      invention. The pitches and tars usually used in making graphite articles
      heretofore are unsuitable. Resins of the phenolic type must be used. For
      brake components and friction elements that are subjected to high
      temperatures as in aircraft brakes subject to the severest conditions, it
      is found in accordance with the present invention that the boronated
      phenolic resins are outstanding. They provide much superior resistance to
      oxidation or destruction. For most of the somewhat less severe
      applications even in certain jet aircraft brakes, it is found that the
      condensation products of 2, 7 naphthylene diol, phenol and formaldehyde
      are generally satisfactory. Particularly desirable is the resol type
      condensation product of naphthylene diol, phenol and formaldehyde which is
      at least partially condensed in the presence of a weakly alkaline catalyst
      and containing a small amount such as 2 or 3 weight percent of
      hexamethylene-tetramine for curing. Such resin is sold in about a 60
      percent solution in methyl ethyl keytone (MEK) by Ironside Resincs, Inc.,
      of Columbus, Ohio under the trade name L-8 Resin.
PAR  When as hereinafter described the final condensation or curing of the
      resins on the coated particles takes place in an inert atmosphere such as
      nitrogen, a more ordinary and less expensive resol type condensation resin
      of phenol and formaldehyde may be used. Without additional oxidation
      inhibitors, composites prepared utilizing such resins alone have not
      withstood the severe conditions required for brake elements even though
      molded articles containing such resins have high strength and are
      satisfactory for most applications.
PAR  The compounding procedure is highly important also in producing the
      articles of our invention. The procedure that is especially adapted for
      production of the dense friction elements but also usable for cores is
      designed to reduce the volatiles as much as possible before molding or
      pressing. volatiles must be permitted to escape from the shaped material
      during curing, carbonization and graphitization. It has been found that
      the powdered and fibrous particles preferably should be first dried to
      constant weight at elevated temperatures, such as 350.degree.F., and then
      after cooling to about 200.degree. to 250.degree.F., they should be mixed
      with resin which is preferably preheated to about 200.degree.F. The mixing
      may be in a sigma blade mixer and may be continued at least until room
      temperature is reached. The material is devolatized until volatile content
      is less than 5 percent and preferably 1 or 2 percent at 180.degree.F. The
      devolatilization is as much as possible so that dense preforms may be
      removed at molding temperature without delaminating. The precoating may of
      course be accomplished by use of a solvent dispersion of resin, tumbling
      or grinding the mixture of particles therein, and oven-drying the
      particles under vacuum. Alternatively, an aqueous dispersion of resin may
      be used for coating the particles which are thereafter devolatilized to a
      similar extent. The devolatilization is expedited and uniformity obtained
      particularly if little or no solvent is used by pressing the resin mixture
      to thin sheet form, say 1/16 inch thickness and 20 inches breaking up and
      micropulverizing the hard sheet. The greater ease in providing compounding
      variations is had by separately agitating each type of particle and fiber
      in the desired amount of resin or resin solution, and removing the solvent
      or liquid below resin-curing temperature, i.e., below the exothermic
      temperature, in a vacuum oven or vacuum chamber. The amount of resin
      applied on some of the various components is frequently greater than the
      amount on others. The components may separately be coated, dried and
      mixed, or they may be coated in admixture with each other.
PAR  After mixing the desired coated components in accordance with our
      hereinafter described dry process, they may be homogenized as a dry powder
      by a suitable blender or micropulverizing apparatus. The micro-pulverizing
      procedure is particularly desirable in the preparation of the friction
      elements 12 which either have no fibers or make use of the shorter and
      randomly arranged graphite fibers. The particle size of the coated
      ingredients for the friction elements is preferably such that 100 percent
      passes through a 48-mesh screen and at least 80 percent passes through a
      100-mesh screen.
PAR  After the resin-coated ingredients are mixed, they are evacuated to 10 or
      15 m.m. of pressure at room temperature to remove absorbed volitiles. They
      are stored in a suitable desiccator until used. If a blend of ingredients
      is to be made, they are blended together and the mass is compressed in a
      suitable forming mold to form a preform. Both pressure used in making the
      preform and the hold time before release from the mold are highly critical
      and depends to some extent on the temperature of the material and whether
      the powder is graphite or coke. The molding temperature should preferably
      be room temperature or as low as that where a preform is obtained. A
      material like pyrolitic carbon, graphites both natural and artificial can
      be compacted or formed to shape at room temperature. Materials like coke
      on the other hand, will not form a compact at room temperature and molding
      temperatures of 200.degree.F. are required. The molding pressure used must
      be below that where an impervious skin is formed over the surface of the
      article at molding temperature and time. As the temperature of the
      material is raised above room temperature, the maximum pressure given
      compactable material must be reduced to prevent skin formation. In the
      case where South West Graphite is used, densification pressures usable
      generally run between 10 and 25 TSI (tons per square inch) and
      temperatures usable are generally between room temperature and
      250.degree.F. Room temperature is preferred. In the case where artificial
      or pyrolytic graphite is used, a higher densification pressure may be used
      without delamination at the same temperature. In practice, we have found
      it expedient to run a pressure curve at the temperature used and to
      determine the pressure where cracks occur during a post-curing and/or
      carbonizing operation. The maximum pressure below crack-forming pressure
      is most desirable to produce products of highest density and strength.
PAR  After the mold is brought to the pressure, the preform is preferably
      immediately released and placed in a postcuring oven where it is cured at
      a progressively increasing temperature designed to allow escape of gases,
      including H.sub.2 O generated by further condensation of the resin.
PAR  The temperature in the post-curing is usually increased stepwise to around
      450.degree.F., over about a 48 to 50-hour period. Temperatures where
      greatest production of gases occurs may be maintained for longer periods.
PAR  From the post-cure the articles are heated slowly in inert atmosphere
      preferably nitrogen over a period of several days stepwise to temperatures
      of about 1800.degree.F., where carbonization of carbonizable constituents
      is complete. A typical schedule for carbonization is zero to
      450.degree.F., as fast as possible, from 450.degree.F. to 1250.degree.F.
      at 15.degree. to 25.degree. per hour, and from 1250.degree.F. to
      1850.degree.F. at 100.degree. per hour, and then holding at 1800.degree.F.
      under N.sub.2 for 1 hour. Even after carbonization, the article is still
      somewhat hygroscopic and tends to absorb moisture from the air. After
      densification, exposure to humidity where absorption takes place is
      therefore undesirable. Any absorbed moisture must be removed before
      graphitization to prevent spalling of the material when subjected to
      raised heat cycling. However, as the density of carbonized product is
      increased, the tendency to absorb water is reduced.
PAR  From the carbonization the shaped article is subjected to graphitization at
      1800.degree.C. to 2300.degree.C. or 2500.degree.C. in a nitrogen
      atmosphere. In the graphitization, the article may be quite rapidly heated
      (200.degree.C. to 550.degree.C. in 1 hour; 550.degree.C. to 750.degree.C.
      in 4 hours; 750.degree.C. to about 1000.degree.C. in 1 hour; and
      1000.degree.C. to 2500.degree.C. in 2 hours.
PAR  The cores as aforesaid comprise a much larger percentage of the carbon
      (including graphite) fibers than is present in the friction elements that
      may be fastened to the core faces. The fibers may be even 100 percent of
      the non-resinous ingredients used for forming the core preform. Usually,
      however, we prefer to incorporate some carbon or graphite powder, with the
      fibers to increase density, while the friction elements or other molded
      articles with which this invention is primarily concerned, are all made by
      molding dry powders, the cores may be either by a wet process or by a dry
      process.
PAR  In the dry process, the fibers and any powders (graphite or carbon), are
      coated with the resin binder, such for example as the aforementioned L-8
      Resin and dried in the same way as the materials for the friction faces,
      or friction elements. When the resin-treated and dried materials are
      milled before being compressed into preformed shape, the subsequent
      procedure may be identical to that used for friction elements. The
      pressure used may be 8 to 25 TSI. The preform may be stripped from the
      mold as soon as it reaches molding temperature. In the case where the
      fibers are relatively long and are not milled after resin temperature, it
      is found desirable to mold at a temperature of about 350.degree.F. at 1 to
      6 TSI and maintain temperature for about one-half hour or so before
      stripping from the mold to develop adhesion of fibers to each other.
PAR  When the cores are made by wet process, the fibers preferably in
      conjunction with some carbon or graphite powder are wet with a solution of
      the resin and the mixed wet materials are air-dried in contact with
      previously carbonized and graphitized friction elements in preform shape
      within or without the mold, but preferably in the mold cavity. One or 11/2
       to 2 TSI pressure is applied to the fibers during subsequent curing of
      the composite. Solvent and volatile matter are desirably first removed by
      reduced pressure and then the residue is compressed and heated to a curing
      temperature. The non-resinous solids may be entirely carbon (including
      graphite) fibers, but to improve density as aforesaid, up to 25 or 30
      percent of graphite powder is desirable.
PAR  The friction elements may be combined with the core in several ways. The
      friction elements previously carried through the graphitization stage may
      be placed against the uncured but predried core material in a mold,
      whereupon the composite is subjected to resin-curing conditions and
      thereafter subjected to carbonization and graphitization procedure, as
      above described.
PAR  Alternatively, the core can be carbonized or preferably graphitized and the
      friction elements thereafter attached by a cementing operation in cavities
      molded in or machined in the core.
PAR  A suitable cement comprises carbon or graphite particles and a
      carbon-forming resin, such as furfuryl alcohol-oxalic acid mixture. Union
      Carbide's C-34 CEMENT is a desirable cement. Surfaces to be combined are
      best first sanded to remove any dense skin. The surfaces are then
      preferably coated and wiped clean with a catalyzed furfuryl alcohol (e.g.
      furfuryl alcohol having 5 percent phthalic anhydride or oxalic acid)
      coated with the cement and cemented surfaces placed in contact. The
      composite is then cured under some pressure in an oven, say 4 hours at
      100.degree.C., then 16 hours at 120.degree.C. to 130.degree.C.
PAR  After the densification, or preferably after the carbonization and
      graphitization, the shaped preforms may be saturated with a
      carbon-producing liquid, such as a catalyzed furfuryl alcohol, and again
      cured and carbonized to further densify the article as before. This
      subsequent treatment is especially desirable for the production of cores
      which gain more density and strength than do the higher density friction
      elements.
PAR  The fibers if present in friction elements are a relatively small
      proportion, generally less than 10 percent and preferably about 2 to 5
      percent. Some are often desirable to provide passageways for volatiles in
      the case where exceptionally fine graphite powders, such as South West
      Graphite, are used. More than 10 percent of the fibers tends to lower the
      density of the resultant product too drastically to provide the requisite
      heat-sink. This is especially the case unless the carbonized material is
      thereafter saturated (impregnated) with a high carbon-producing liquid and
      carbonizing steps repeated. Higher percentage of the fibers improve
      abrasion resistance.
PAR  The carbon or preferably graphite powders should make up at least 40
      percent or a preferably major portion of the ingredients used in forming
      the components in the friction elements. Preferably 50 to 70 percent is
      present. The binder resin should be sufficient to coat the particles and
      fibers used and generally should constitute at least 20 percent of the
      weight of the particulate and fibrous ingredients. The amount of binder
      should at least be sufficient to fill the interstices between the
      compressed inorganic solid ingredients; this usually comprises 30 to 40
      percent of the composition. Up to 45 percent of the composition may be in
      some cases be resinous binder.
PAR  The frictional components, such as high hardness or abrasive ingredients,
      need be used in only small proportion; as little as 0.5 or 1 percent gives
      noticeable improvement. Less than 5 percent of the weight of the total
      before carbonization usually provides adequate frictional effect.
      Generally 3 to 5 percent of the finely divided abrasive silicon carbide is
      about optimu, although up to 10 or 15 percent of frictional components may
      be present, particularly when more than one is used.
PAR  The following examples, in which parts are be weight, illustrate the
      present invention.
PAC  EXAMPLE I
PAC  Preparation of Coated Graphite
PAR  650 Grams of previously dried Southwest Graphite having a particle size of
      less than 6 microns are tumbled in a sigma blade mixer with a solution of
      700 grams of about 50 percent solution of a condensation product of
      phenol, naphthylenediol and formaldehyde in MEK obtained from the
      Ironsides Resins, Inc., of Columbus, Ohio under the tradename L-8 RESIN.
      After tumbling the graphite-resin mixture for 1/2 hour, the material is
      removed and placed in an oven, raised gradually from room temperature to
      200.degree.F. to evaporate the solvent and remove volatiles. About 1,000
      grams of coated graphite containing about 35 percent by weight of the L-8
      RESIN is obtained. After milling to a powder and vacuuming at room
      temperature, the material has a volatile content of 1 to 2 percent
      measured by loss of weight after heating at 325.degree.F. for 10 minutes.
PAC  EXAMPLE II
PAC  Preparation of Coated Abrasive Ingredient
PAR  735 Grams of silicon carbide, having a particle size such that 80 percent
      passes through a standard 600-mesh screen, are mixed in a sigma blade
      mixer with 1,000 grams of a solution of L-8 RESIN in methylethylketone
      containing 265 grams of the resin. After tumbling for 1/2 hour in a ball
      mill, the material is similarly placed in an oven and dried. The resultant
      material contains about 26.5 percent by weight of resin. The volatile
      content is about 1 to 2 percent.
PAC  EXAMPLE III
PAC  Preparation of Coated Fibers
PAR  60 Grams of chopped graphite fibers having an average length of 1/4 inch
      and a modulus of 50 are tumbled with 100 Grams of a 40 percent solution of
      L-8 RESIN in methylethylketone for 10 minutes in a sigma blade mixer. The
      resultant mixture is removed and dried to produce, after drying as in
      Example I, 100 Grams of coated graphite fibers containing about 40 percent
      of L-8 RESIN.
PAC  EXAMPLE IV
PAR  94.2 parts by weight of the coated graphite of Example I; 4.17 parts by
      weight of the coated silicon carbide of Example II, and 5.41 parts by
      weight of the coated graphite fibers of Example III are mixed together to
      provide a mixture consisting of about 59% of graphite, 34.69% of the L-8
      RESIN, 3.06% of silicon carbide, and 3.25% by weight of fibers. The
      mixture thus obtained is passed through a micro-pulverizer and pulverized
      so that 100% 100 percent through 100-mesh screen. The powdered material is
      then subjected to reduced pressure of below 17 m.m. or usually 10 to 15
      m.m. to remove absorbed water. The mixture thus obtained is placed in a
      suitable mold heated to 200.degree.F., and then shaped to produce a
      friction element 12, and pressed at a pressure of 12 tons per square inch.
      The shaped mixture removed from the mold is then post-cured by heating it
      under nitrogen 4 hours at 150.degree.F., followed successively by 4 hours
      at 200.degree.F., 16 hours at 250.degree.F., 4 hours at 300.degree.F., 4
      hours at 350.degree.F., 16 hours at 400.degree.F., and 4 hours at
      450.degree.F. The cured article thus produces is then carbonized in a
      carbonizing furnace by heating it under nitrogen from 200.degree.F. to
      450.degree.F., as rapidly as convenient, then progressively raising the
      temperature at the rate of 15.degree. to 25.degree. per hour to
      1250.degree.F., followed by raising the temperature at the rate of about
      100.degree.F. per hour to 1800.degree.F. where it is held for one hour.
PAR  In the above example, using 12 TSI, the density of the carbonized material
      is about 1.69 and has flexural strength of about 6450 PSI.
PAC  EXAMPLE V
PAR  The product of Example IV is transferred to a graphitizing furnace and
      heated under nitrogen at the rate of 200.degree. to 500.degree.C. per
      hour, up to 550.degree. to 750.degree.C. where that temperature is
      maintained for 4 hours. The temperature is then raised from 750.degree. to
      1000.degree.C. in 1 hour and then further increased from 1000.degree.C. to
      1800.degree.C. in 2 hours. It is maintained at a temperature between
      1800.degree.C. and 2400.degree.C. for a couple of hours to complete the
      graphitization. The graphitized product has a density of 1.67.
PAC  EXAMPLE VI
PAR  The coated graphite of Example I alone is passed through a micro-pulverizer
      and vacuumed as in Example IV molded at 10 TSI, at 200.degree.F. The
      product is then promptly removed without cooling the mold, post-cured and
      carbonized as in Example IV. The molded density is 1.66, carbonized
      density is 1.71 and flexural strength is 5500 PSI.
PAC  EXAMPLE VII
PAR  When the molding pressure used for forming the raw molded product in
      Example VI is varied between 4 and 20 tons, other conditions remaining,
      the properties as shown in the following Table I are obtained:
TBL                TABLE I -                                                   

     Molding     Molded      Carbonized  Flexural                              

     Pressure    Density     Density     Strength                              

     (TSI)                               (PSI)                                 

     ______________________________________                                    

      4          1.5         1.53        2,400                                 

     12          1.68        1.74        6,400                                 

     20          1.73        1.81        8,000                                 

     ______________________________________                                    

PAC  EXAMPLE VIII
PAR  When the material of Example VII is cold molded at room temperature other
      conditions remaining the same the properties shown in Table II are
      obtained.
TBL                TABLE II                                                    

     ______________________________________                                    

     Molding     Molded      Carbonized  Flexural                              

     Pressure    Density     Density     Strength                              

     (TSI)                               (PSI)                                 

     ______________________________________                                    

     10          1.6         1.6         4,000                                 

     25          1.72        1.75        6,800                                 

     40          1.74        1.81        8,200                                 

     ______________________________________                                    

PAC  EXAMPLE X
PAR  The graphite of Example I is coated with an equal weight of a 50 percent
      solution in MEK of a resol phenol-formaldehyde resin having a volatile
      content of about 10 percent and obtained under the trade-name "IIII NS
      RESIN", from said Ironsides Resins, Inc. The mixture is made as in Example
      I and after drying, grinding and pressing as in Example I, has a volatile
      content as determined by observing weight loss upon heating at
      325.degree.F. for 10 minutes of 0.5 to 1.5 percent.
PAR  The coated graphite is substituted for the coated graphite in Example VI,
      all conditions remaining the same except that all heating is necessarily
      under nitrogen. The post-curing of the molded product is obtained by
      heating it 4 hours at 150.degree.F., plus 24 hours at 200.degree.F., plus
      16 hours at 250.degree.F., plus 4 hours at 300.degree.F., plus 4 hours at
      350.degree.F., plus 16 hours at 400.degree.F., plus 24 hours at
      450.degree.F. The post-cured products are then carbonized according to the
      following schedule: Heat to 450.degree.F., as rapidly as convenient then
      raise temperature 15.degree. to 25.degree. per hour to 650.degree.F., then
      raise from 650.degree.F. to 1100.degree.F. at 10.degree.F. per hour, then
      raise from 1100.degree.F. to 1250.degree.F. at 15.degree. to 25.degree. F.
      per hour and then raise from 1250.degree.F. to  1800.degree.F. at
      100.degree.F. per hour. During the curing and carbonization steps, pieces
      are merely stacked between alternate graphite plates.
PAR  Properties of product of above Example X are shown in the following Table
      IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Molding  Molding   Density   Density Flexural                             

     Temperature                                                               

              Pressure  As        Carbonized                                   

                                          Strength                             

     Room     (TSI)     Molded            (PSI)                                

     ______________________________________                                    

            10      1.63      1.63      3,400                                  

            20      1.74      1.75      4,600                                  

            40      1.80      1.83      6,500                                  

     ______________________________________                                    

PAC  EXAMPLE XI
PAR  A product is made in Example X and molded at 20 TSI having dimensions of 6
      .times. 3.5 .times. 5/8 inch was graphitized under nitrogen according to
      the schedule of Example V. The density after graphitization is 1.81 and
      the flexural strength is 4,975 PSI.
PAR  The forgoing examples have dealt primarily with utilization of graphite
      powders in making molded articles, it is found that high grade articles,
      it is found that high grade articles may also be made from coke powder.
      Whereas graphite particles may be compacted cold to make a preform, coke
      particles were found not to form a cold compact and the resin coated coke
      particles are therefore hot molded at temperatures where the resin is
      thermoplastic, i.e., about 200.degree.F. Furthermore, it is found that in
      the case of coke, the hold time at molding temperature is not so critical.
      Skin formation has not occurred with a 5-minute hold time in the mold.
      Release from the mold is as in the case of graphite made at molding
      temperature so that reduced process cost is still obtained.
PAR  It is found that the following procedure is highly desirable in forming
      molded articles from non-graphitized carbon such as coke powder or a
      carbon which can not be compacted at room temperature.
PAR  A. The powderered carbon, which should preferably pass through a 100-mesh
      screen, is dried to constant weight at 350.degree.F.
PAR  B. The carbon after being allowed to cool to 200.degree.F., or
      250.degree.F. is mixed thoroughly with a thermosetting phenolformaldehyde
      condensation product preferably a resol type, in varnish or solution form.
      The solvent is preferably MEK or isopropyl alcohol and the solution is
      preferably preheated to about 200.degree.F. The mixture may be made in a
      suitable sigma blade mixer and continued until room temperature is used.
PAR  C. To give process uniformity, the mixture thus produced is pressed out
      into thin sheet or plate form. In the absence of solvent, these thin
      sheets are hard when cold.
PAR  D. The plates or sheets thus formed are then broken up and micro-pulverized
      in a suitable micro-pulverizer.
PAR  E. The micro-pulverized product is placed under a reduced pressure of 10 or
      15 millemeters or less of mercury to boil off any water formed and reduce
      absorbed gases. The volatile content should be less than 4 percent or
      preferably less than 3.5 percent.
PAR  F. The powdered product thus obtained is molded at a temperature where the
      resin binder is plastic, preferably about 200.degree.F., and released at
      mold temperature. The molding pressure should not appreciably exceed 20
      TSI and is preferably 8 to 14 TSI, but lower molding pressures of 11/2  or
      2 TSI may be used when the material is held in the mold a few minutes
      before it is released.
PAR  G. The molded piece is post-cured under nitrogen or other inert atmosphere
      according to the following preferred schedule:
PA1  1. Held at 150.degree.F. for 4 hours, then
PA1  2. Temperature held at 200.degree.F. for about 1 day, then
PA1  3. Held at 250.degree.F. for about 16 hours, then
PA1  4. Held at 300.degree.F. for 4 hours, then
PA1  5. Held at 400.degree.F. for 16 hours, then
PA1  6. Held at 450.degree.F. for 24 hours.
PAR  The thus post-cured molded article is then carbonized under nitrogen as
      follows:
PA1  A. pieces are stacked between carbon plates and heated to 450.degree.F. as
      rapidly as practical, then
PA1  B. the temperature is raised 15.degree. to 25.degree.F. per hour to
      650.degree.F., then
PA1  C. raised about 10.degree.F. per hour to 1100.degree.F., then
PA1  D. raised 15.degree. to 25.degree.F. per hour to 1250.degree.F., then
PA1  E. raised about 100.degree.F. per hour to 1800.degree.F.
PAR  The product is then cooled in the furnace under nitrogen to 450.degree.F.
PAR  The above process provides a solid high strength article without cooling
      the molds before the molded articles are stripped therefrom.
PAR  If in place of the ordinary resol phenolic varnish, the much more expensive
      L-8 RESIN before mentioned, or the borinated phenolic Resin solutions is
      used. The post-curing need not be carried out in a nitrogen or inert
      atmosphere that is found to be essential with the ordinary phenolic Resins
      to prevent an apparent increase in weight during the curing process.
PAR  If graphitizations is desired, the carbonized articles may be graphitized
      by stacking them between graphite plates in a suitable furnace and heating
      them under nitrogen as were the materials in Example V supra.
PAR  The following examples illustrate the preparation of molded articles from
      non-graphitized carbon (coke) powder.
PAR  One-hundred parts (Example 12) by weight of pure finely ground petroleum
      coke is dried to constant weight at 350.degree.F., cooled to
      250.degree.F., mixed in a sigma blade mixer with 133 parts by weight of a
      50 percent solution in MEK of a resol phenol-formaldehyde resin that was
      preheated to 200.degree.F. The mixing is conducted for 35 minutes. The
      mixture thus obtained is sheeted out to about 1/16 inch thickness and the
      substantially dry hard sheet thus obtained which appeared to have a
      volatile content of 1 percent is micro-pulverized so that 100 percent
      passes through a 100-mesh screen. The product thus obtained had a much
      increased volatile content and was subjected to a pressure of 10 m.m. of
      mercury at room temperature to reduce volatile content then molded in a
      mold at 200.degree.F. Some samples were immediately released from the hot
      mold and others were held 5 minutes at molding pressure. Variations in
      molding pressures and variations in volatile content prior to molding were
      made as shown in the following Table V.
PAR  The molded product was post-cured and carbonized under nitrogen in
      accordance with the foregoing schedule for molded products from carbon.
      The results were as shown in Table V.
TBL                TABLE V                                                     

     ______________________________________                                    

                         *                                                     

                         Molding  Maximum Density                              

     Pressing   %        Pressure Carbonized                                   

                                          Carbonized                           

     Method     Volatile (TSI)    Strength                                     

                                          Strength                             

     ______________________________________                                    

     Mold 200.degree.F.,                                                       

     5' Hold.   3.4       2       14,300  1.67                                 

     Mold 200.degree.F.,                                                       

     No Hold.   3.4      10       10,500  1.55                                 

     Mold 200.degree.F.,                                                       

     5' Hold.   2.0       4       8,300   1.57                                 

     **Mold 200.degree.F.,                                                     

     No Hold.   2.0      20       5,500   1.50                                 

     Mold 200.degree.F.,                                                       

     No Hold.   2.0      20       4,800   1.50                                 

     ______________________________________                                    

      *Pressure where maximum carbonized strength occurred.                    

      **Material heated 5 minutes at 150.degree.F., before molding.            

FNT  * Pressure where maximum carbonized strength occurred.
FNT  ** Material heated 5 minutes at 150.degree.F., before molding.
PAR  While the 2-ton pressure gave exceptional results at the 5 minute hold
      time, it was found that small variations of pressure /or temperature
      caused delaminations. Much less criticality was experienced when higher
      pressures and immediate release was used.
PAR  In the above examples, small amounts of the uncoated devoltalized carbon
      and/or graphite may be blended with the resin coated graphite particles
      before the material is molded. Pyroletic graphite may be used in place of
      or in part for the natural graphite.
PAR  Boronated phenol-aldehyde resins or borophenolic-formaldehyde resins or
      mixtures of such with other phenolic resins are advantageously used in
      place of the resins mentioned. This is especially true in the case of
      friction components because of their superior performance under the most
      severe conditions.
PAR  When the core material is to be produced the silicon carbide in the above
      axample may be eliminated. Longer fibers are also preferably used, and
      mixing may be accomplished in a suitable blender to maintain fiber length.
      Orientation of the fibers may be obtained by working the mass of powder in
      circular directions.
PAR  In the preparation of the composite friction components, a plurality of the
      friction elements with outer faces adhered to a suitable circular paper
      backing and having the friction elements arranged in a circular manner is
      placed against the flat mold surfaces with the paper against the metal
      thereof. The molding pressure is applied through the paper and the
      friction element to cause the core material to flow about the bevelled
      surfaces of the core. The composite is then treated to post-cure,
      carbonize and graphitize as before. If desired, the post-cured or
      carbonized friction elements may be molded on the core material before
      they are graphitized or carbonized and simultaneous graphitization or
      carbonization can occur. The core and friction elements are preferably
      impregnated after carbonization with furfuryl alcohol. The post-curing and
      carbonizing procedure is then repeated as before. The density of the core
      is usually between 1.3 and 1.45 or even up to 1.5.
PAR  In the compositions of the above examples there may be incorporated
      additional powdered ingredients, such as tungsten carbide, tantalum
      carbide, boron nitride, boron carbide, silica of various particle size,
      including sand, (silex), fumed silica, silica aerogels, silica xerogels,
      etc. Materials which are not fusible or reactive with the carbon at
      graphitizing temperatures are preferred. The number of additional
      ingredients having sufficiently high melting points is very limited,
      however.
PAR  It is also apparent that in accordance with the provisions of the Patent
      Statutes modifications of the invention may be made without changing the
      spirit thereof.
CLMS
STM  Having described our invention, we claim:
NUM  1.
PAR  1. A method of making a friction element suitable for receiving the rapidly
      dissipated energy produced in stopping jet aeroplanes, said method
      comprising (a) coating a finely powdered graphite, graphite fibers, and an
      abrasive powder that is stable at graphitizing temperatures with a
      heat-setting, resole phenol-aldehyde resin, said resin being heat-setting
      to the infusible, insoluble state, removing volatiles therefrom while in
      the powdery state and at a temperature maintained below resin-curing
      temperatures; (b) preparing an intimate mixture of 1 to 10 percent by
      weight of said fibers, 40 to 70 percent by weight of said graphite powder,
      1 to 10 percent by weight of said abrasive powder, and 20 to 45 percent by
      weight of said resin; (c) compressing said intimate mixture to form a
      preform at a pressure of 10 to 25 TSI but at a pressure below that which
      forms an impervious skin over the surface of said preform; (d) curing said
      preform to complete condensation of said resin binder while allowing
      vapors evolved to escape without rupturing said preform; (e) carbonizing
      said cured preform by slowly raising the temperature thereof to carbonize
      said resin while permitting gas or vapors formed to escape without rupture
      of said preform; and (f) graphitizing the carbonized preform by raising
      the temperature thereof at a controlled rate to between 1800.degree. C.
      and 2500.degree. C.
NUM  2.
PAR  2. The method according to claim 1 wherein said resin is a resol
      phenol-formaldehyde resin and said graphite has an average particle size
      less than 30 microns.
NUM  3.
PAR  3. The method of claim 1 wherein said graphite powder, graphite fibers, and
      said abrasive powder are separately coated with the resin.
NUM  4.
PAR  4. A method for making a brake component for cooperating with another
      component in absorbing energy, the steps which comprise separately making
      a friction elements according to the method of claim 1, preparing a core
      for carrying said elements by making a mixture comprising resin-coated
      graphite fibers, resincoated graphite powder having an average particle
      size of less than 30 microns, said resin being a resol phenol-formaldehyde
      resin, predrying and volatilizing said mixture until the volatile content
      is less than 5 percent at 180.degree.F., placing friction elements against
      each of two opposite flat circular mold faces, placing said mixture in
      contact with one face of each of said friction elements and shaping said
      mixture by applying pressure through said friction elements to form a
      disc-like composite preform having said friction elements attached and
      partly embedded in the opposite faces thereof, curing, carbonizing and
      graphitizing the resin in said preform to integrally bond said fibers,
      said graphite particles and said friction elements together.
NUM  5.
PAR  5. The method of claim 4 wherein the graphitized article is further
      impregnated with a liquid selected from the group consisting of furfuryl
      alcohol and phenol-formaldehyde resins and the impregnated article is
      again subjected to graphitizing.
NUM  6.
PAR  6. A method for making a brake component for cooperating with another
      component in absorbing energy, the steps which comprise separately making
      a friction elements according to the method of claim 1, preparing a core
      for carrying said elements by making a mixture comprising resin-coated
      graphite fibers and resin-coated graphite powder having an average
      particle size of less than 30 microns, said resin being a resol
      phenol-formaldehyde resin, predrying and volatilizing said mixture to a
      volatile content of less than 5 percent at 180.degree.F., forming said
      mixture into disc shape with said friction elements attached to each of
      the opposite circular faces thereof, curing, post curing, carbonizing, and
      graphitizing the resin in said disc-shaped mixture and integrally bonding
      said friction elements, said fibers and said particles together.
NUM  7.
PAR  7. The process of claim 6 wherein said mixture is molded into disc shape
      cured and carbonized separately from said friction elements; the molding
      pressure being below that where an impervious skin is formed over the
      surface of the article, and below that where cracks occur during the post
      curing and carbonizing operations; and attaching friction said elements to
      opposite faces of said core which comprises the steps of lightly sanding
      surfaces to be placed into contact to remove any dense surface skin,
      coating the sanded surfaces with a catalized furfuryl alcohol, placing the
      coated surface together and curing the composite under heat and pressure.
NUM  8.
PAR  8. The method of claim 6, wherein said mixture is molded to disc shape,
      cured and carbonized separately from said friction elements to form a core
      for carrying a plurality of friction elements at each of the flat faces
      thereof, said core having a plurality of depressions of shape and size of
      the friction elements in each of the opposite faces of the disc-like core,
      each depression being adapted to receive a separately formed friction
      element, said depressions having slopping side walls and being narrower in
      the plane of the outer flat surfaces of the core than at the bottom
      thereof, inserting and cementing a friction element in each of said
      depressions with a carbonizable cement and subsequently carbonizing the
      cement.
NUM  9.
PAR  9. A process for producing molded articles which consist principally of
      carbon and which have relatively high strength and resistance to
      decomposition by frictional heat, which comprises drying a finely divided
      carbon powder to constant weight at about 350.degree.F., coating the
      powder while at a temperature of 200.degree. to 250.degree.F. with a
      preheated resol-type phenol-formaldehyde resin, pulverizing the dry
      mixture thus obtained, volatilizing the coated powder to a volatile
      content of less than 4 percent, molding the powder at a pressure of at
      least 11/2  TSI and at a temperature and pressure and for a time below
      that where surface porosity is reduced to the point where delamination of
      the molded article occurs but at a temperature where a solid compact is
      obtained, stripping the product from the mold at substantially the mold
      temperature, heating the molded article at gradually increasing
      temperatures over a period of more than one day to about 450.degree.F., to
      insure complete condensation of the resin and then carbonizing the product
      in an inert atmosphere at gradually increasing temperatures to
      1800.degree.F., over a period of more than one day.
NUM  10.
PAR  10. The method of claim 8 where in the resin also contains a member
      selected from the group consisting of organic borates, boronated phenols,
      and zinc borates, whereby improved high temperature oxidation resistance
      is obtained.
NUM  11.
PAR  11. The method of claim 8 wherein the phenol-formaldehyde resin is a resol
      type condensation product comprising 2, 7 naphthylene diol, phenol and
      formaldehyde also containing a small amount of hexamethylene tetramine.
NUM  12.
PAR  12. The method of claim 8 wherein the carbon powder is a coke powder, the
      molding temperature is 150.degree. to 200.degree.F., and the molding
      pressure is 8 to 14 TSI.
NUM  13.
PAR  13. The method of claim 8 wherein the carbon powder is graphite and the
      resin is a thermosetting phenol-formaldehyde condensation product.
NUM  14.
PAR  14. The method of claim 12 wherein said molding is carried out at
      termperatures lower than 150.degree.F., and the mold is stripped promptly
      after pressure is reached whereby formation of a uniform compact occurs.
NUM  15.
PAR  15. The method of claim 13 wherein a small amount of an abrasive powder is
      incorporated with the finely divided coated graphite particles prior to
      molding.
NUM  16.
PAR  16. The method of claim 8 wherein the volatile content of the coated powder
      is not in excess of 3.5 percent.
NUM  17.
PAR  17. The method of claim 8 wherein the carbonized product thus produced is
      graphitized by heating it at temperatures that are incrementally increased
      over a period of several days to at least 2300.degree.C.
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PAL  An improved method for the manufacture of free-flow packing material
      particularly characterized by its ability to isolate packed items and to
      absorb the energy of potentially destructive shocks and impacts. The
      method produces individual units of the packing material which are
      structurally in the form of elongate flat "bows," wherein two self-adhered
      layers of foamed expanded plastic material form a central portion of the
      "bow" and curved outward extensions of these layers form two oppositely
      extending flat loops. The flat bow-shaped units are individually of a size
      and shape to provide a desired free-flowing characteristic, and are formed
      of a foamed expanded crushable plastic material which inherently possesses
      a shock absorbing characteristic. The method can be carried out,
      alternatively, by squeezing a single heat-softened tube to effect internal
      contact and adherence, or by bringing two adjacent heat-softened tubes
      into engagement to effect external contact and adherence, followed
      successively by cooling and slicing through the walls of the tube to form
      relatively shallow bow-shaped units. The resulting aligned flat loops and
      centrally adhered midsection of the bows cooperate to provide unusually
      shape stable packing units without detracting from the shock absorbing
      characteristics of a mass of such packing units.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of my copending application Ser. No.
      321,657, filed Jan. 8, 1973 now U.S. Pat. No. 3,855,053, which, in turn,
      is a continuation-in-part of application Ser. No. 221,974, filed Jan. 31,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates generally to methods and means for producing
      free-flow, loose-fill packaging materials, and more specifically to a
      method for producing a particular improved form of such packing materials.
PAR  The present invention improves on the methods and means for producing
      packaging materials, as disclosed in Graham and Stanley U.S. Pat. No.
      3,481,455, Makowski U.S. Pat. No. 3,632,705, and copending application
      Ser. No. 82,697, filed Oct. 21, 1970, by Arthur Graham, Alexander G.
      Makowski and Gunter G. Fuss (now abandoned).
PAC  SUMMARY OF INVENTION AND OBJECTS
PAR  Generally stated, the present invention is directed to an improved method
      for producing free-flow, interlocking, foamed expanded plastic packaging
      material wherein the individual units are formed from at least two layers
      of foamed expanded plastic material which are fused or adhered to one
      another at a central portion and which extend outwardly to provide
      oppositely extending flat ribbon-like loops. The loop portions are of
      substantially equal size and extend in opposite directions from the
      centrally adhered section to provide a final configuration which generally
      resembles a bow. The resultant bow configuration has been found to provide
      a unique resistance to shape degradation in the presence of dynamic and/or
      static loading which provides a multidirectional resistance to collapse
      and/or deformation in the presence of destructive or damaging external
      forces, such as shock, impact, continuous loading or vibration.
PAR  The present invention is particularly directed to a method and means for
      the continuous manufacture of free-flow, interlocking packing units of the
      type described. The method generally comprises the initial steps of
      heating an expandable plastic material to a plastic or heat softened
      stage, and continuously extruding the heat softened plastic material to
      form one or more elongated hollow tubes. According to one embodiment of
      the method, a single elongate, heat-softened tube is engaged in such
      fashion as to deform opposite sides of the tube inwardly to effect
      internal contact and adherence of the internal tube surfaces, followed
      successively by cooling and slicing through the walls of the elongate tube
      to form relatively shallow bow shaped units. In another embodiment of the
      method, two adjacent heat-softened tubes are engaged in such fashion as to
      bring the tubes together to effect external contact and adherence of the
      external tube surfaces, followed by cooling and slicing to form the bow
      shaped units. In either case, the slicing cut to form the units may be at
      right angles to the crimped tube (or adjacent tubes) to form right angle
      bows. Alternatively, the slicing cut may be at a shallow angle to the axis
      of the tube or tubes (i.e., 15.degree. to 45.degree.) for forming
      relatively shallow, angle cut bows. The severed bow-shaped units are heat
      expanded to effect a gradual enlargement of the bow configuration to
      achieve a desired expanded configuration (see FIGS. 1 and 8). As noted,
      the final expanded configuration of the bow-shaped units provides an
      unusual degree of shape stability to the units when used as a shock
      absorbing free-flowing mass of the units.
PAR  It is an object of the present invention therefore to provide a method for
      producing a free-flow, interlocking packing material in a particular
      desired form, such form providing enhanced shape stability to individual
      packing units while at the same time providing enhanced energy or shock
      absorbing characteristics to the individual units and to the material from
      which the packing units are formed.
PAR  Another object of the invention is to provide a method and means for the
      continuous manufacture of improved packing materials of the type
      described.
PAR  Another object of the invention is to provide a novel procedure for
      extruding, compressing, slicing and severing hollow foamed expanded
      plastic materials to continuously form improved packing units of the
      character described.
PAR  A particular object of the invention is to provide a novel procedure for
      forming foamed expanded units of the character described wherein the
      foamed structure is initially stretched while in a heat-softened tubular
      form, following which adjacent layers of the tubular material are adhered
      to one another and then cooled, sliced and severed so as to form
      individual packing units in a desired bow-shaped configuration.
PAR  Still another object of the invention is to provide a method and means for
      making foamed expanded packing unints of the character described which is
      readily adapted to machine-type production line techniques.
DRWD
PAR  Additional objects and advantages of the present invention will appear from
      the following description in which preferred embodiments have been set
      forth in detail in conjunction with the accompanying drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective of a quantity of packing material embodying
      the bow configuration produced by the method of the present invention.
PAR  FIG. 2 is a view in end elevation of a crimping method and apparatus useful
      in the method for producing the packing units as illustrated in FIG. 1.
PAR  FIG. 3 is a view in horizontal section along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a reduced schematic representation of a system of apparatus for
      carrying out the method of the present invention.
PAR  FIG. 5 is an enlarged view in side elevation of the crimping means useful
      in the apparatus of FIG. 4.
PAR  FIGS. 6A, B and C are enlarged detail views in top plan, section and side
      elevation of the slicing means of FIG. 4.
PAR  FIGS. 7A, B and C are enlarged view of a unit of packing material produced
      according to the method of the present invention, illustrating particular
      features thereof.
PAR  FIG. 8 is a view in perspective, similar to FIG. 1, of another embodiment
      of packing material embodying the bow configuration as produced by the
      method of the present invention.
PAR  FIG. 9 is a view in perspective of a crimping procedure and apparatus
      useful in carrying out the method for producing the packing units as
      illustrated in FIG. 8.
PAR  FIG. 10 is an enlarged view in section along the line 10--10 of FIG. 9.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates one embodiment of the improved packing material produced
      by the method of the present invention wherein the individual units of
      packing material are designated by reference numeral 10. As shown in this
      view, and in FIG. 7, each packing unit 10 is formed as an elongate
      relatively flat continuous ribbon of foamed expanded plastic material,
      wherein portions of the continuous ribbon are in contact and self-adhered
      to one another at a central portion 12 to form continuous oppositely
      extending flat loop portions 14. As particularly shown in FIG. 7, side
      portions or faces 16 on opposite sides of the unit are essentially flat or
      planar and are substantially parallel to one another. In a preferred
      embodiment, as particularly illustrated in FIGS. 1 and 7, the side faces
      16 are cut at a slight angle as respects the axes of the loops 14, as
      represented by the angle 18 in FIG. 7A. The resultant bow-shaped
      configuration of the packing units, as will be more fully explained
      hereinafter, provides each packing unit with a shape stability or
      resistance to shape degradation which renders the units particularly
      effective in a packing mass. Specifically, the loop portions 14 have an
      enhanced resistance to permanent deformation in directions perpendicular
      to the axes through the loops, as represented at 20 (see FIG. 7). In
      addition, in a mass of the packing units, the described bow-shape of the
      individual packing units 10 provides a unique multi-directional
      characteristic of shock absorption without collapse or permanent
      deformation, in the presence of vibration, impacts and other destructive
      forces normally encountered in shipping and handling of packaged items.
PAR  As best seen in FIGS. 1 and 7, the described construction of the packing
      units 10 insures a degree of controlled deformation or collapse in
      virtually any direction perpendicular to the axes 20 through the loops 14
      (see arrows 22, FIG. 7). In like fashion, the packing units 10 provide a
      high degree of shock absorption and resistance to collapse as respects
      static or dynamic loading in directions perpendicular to the planes of the
      faces 16 (see arrows 24, FIG. 7). In addition, as hereinafter explained,
      the loops 14 and the openings therein promote a relatively high degree of
      interlocking between adjacent packing units in the packing mass to thereby
      not only provide a relatively firm cushioning support but also an unusual
      degree of resistance to migration of a packed item through the packing
      mass. On the other hand, the self-contained bow configuration, comprising
      the centrally adhered portions 12 and loops 14, contributes to a desired
      "flowability" of the packing mass. This latter characteristic permits a
      packing mass to be poured into recesses and openings of oddly shaped items
      and within the confines of a shipping carton, to isolate the packed item
      from the sides of the carton. In commercial practice, pouring or filling
      operations of the type described can be performed rapidly and efficiently
      with automatic machinery, or by means of unskilled hand labor.
PAR  In accordance with the present invention, the individual packing units 10
      are formed of a foamed expanded plastic of sufficient internal strength to
      be essentially shape-retaining or self-sustaining during normal handling,
      but capable of crushing or permanent deformation in response to
      potentially damaging shocks, or continued vibration. In preferred
      embodiments, the foam is characterized by an essentially cellular
      structure (unicellular or interconnecting) having a volume of cells or
      void spaces ranging from about 25 percent to as much as 85 percent of the
      total volume of the units. When an appropriate resin is selected to make
      the expanded plastic foam, the described highly porous foam structure
      possesses both a desired initial stiffness and resilience and an essential
      characteristic of crushability provided by the void spaces within the
      expanded foam, which imparts a latent crushability or shock absorbing
      characteristic to interior portions of the plastic material itself. This
      characteristic of internal crushability supplements the special
      characteristics imparted to the packing units 10 by their unique structure
      or shape. Thus, as noted, the individual packing units 10 possess an
      unusual three dimensional resistance to collapse, or to deformation
      through crushing, except when subjected to potentially damaging forces or
      shocks.
PAR  Expanded plastic foams particularly suited to carrying out the method of
      the present invention include both thermoplastic and thermosetting
      resinous materials. Because they are more easily processed into the
      desired shapes, thermoplastic resins are generally to be preferred and
      include specifically the alkenyl, aromatic polymers as disclosed in U.S.
      Pat. No. 3,066,382, and the aliphatic olefin polymers as disclosed in U.S.
      Pat. No. 3,251,728. These thermoplastic materials (in either modified or
      unmodified form) are customarily employed in conjunction with suitable
      foaming and nucleating agents. Thermosetting resins adapted for use in the
      present invention include foamed polyester resins such as the polyurethane
      foams (i.e., derived from isocyanate resins) and specifically the more
      rigid polyurethane foams made from relatively highly branched resins.
      Blowing or foaming agents can be advantageously used with the
      thermosetting resins, as more specifically disclosed in the Makowski U.S.
      Pat. No. 3,632,705.
PAR  Regardless of the particular plastic material employed, it is essential in
      carrying out the present invention that the packing units, in their foamed
      expanded state, possess the desired cellular structure and the desired
      proportion of void spaces with respect to the total volume. Thus, the
      formulation of the plastic materials should be very carefully controlled
      to provide foamed expanded plastics of desired essential characteristics,
      for example: desired cell sizes (i.e., ranging from 0.001 to 0.1 inch), a
      desired proportion of void spaces to the total volume (i.e., ranging from
      at least 25 percent to no more than 85 percent), a desired foam density
      (i.e., ranging from about 0.3 to about 4.5 pounds per cubic foot), and
      other essential characteristics as hereinafter specified.
PAR  In one procedure adapted to the present invention, elongated plastic tubes
      are extruded through an extrusion device which effects an initial chemical
      expansion of an expandable thermoplastic extrusion mass. Such an extrusion
      device is schematically illustrated at 30 in FIGS. 4 and 5, wherein the
      extruder head is represented at 32. In general, the extrusion apparatus
      including the extruder head 32 is employed in conjunction with
      conventional auxiliary equipment including a hopper 34 and feed chamber 36
      which are adapted to cooperate with an extruder screw or other pressure
      device (not shown) which forces a liquid or heat-softened plastic mixture
      through an annular passage or extrusion outlet as a substantially hollow
      elongated plastic tube. One particularly satisfactory method and apparatus
      for producing elongated hollow plastic tubes in this fashion is
      specifically disclosed in the aforementioned Makowski U.S. Pat. No.
      3,632,705. As therein disclosed, elongate hollow tubes of foamed expanded
      plastic are continuously extruded from the extrusion apparatus, as
      represented by the elongate tube 38 in FIGS. 4 and 5. In the ambient
      atmosphere, the heat-softened plastic material quickly cools to a set
      stage, thereby facilitating frictional engagement of the tube 38 to pull
      it away from the extrusion apparatus (arrow 40). In a preferred operation
      of the apparatus, the tube 38 is pulled away from the extrusion apparatus
      at a rate appreciably faster than the heat-softened plastic material is
      extruded from the extrusion apparatus. The effect is to longitudinally
      stretch the heat-softened material to thereby longitudinally orient gas
      pockets and void spaces (cells) formed within the walls of the tube. Such
      longitudinal orientation of the cells provides an expansion capability to
      severed sections of the tube 38 so that upon subsequent heating of the
      thermoplastic material, the expansion is substantially greater in a radial
      direction than along the axes of the severed units.
PAR  As particularly illustrated in FIG. 4, the elongate tube 38 is frictionally
      engaged by endless belts or other friction devices 42 forming part of a
      pulling mechanism 44. A variable drive for the belts causes the extruded
      tube 38 to be continuously pulled from the extrusion apparatus at a rate
      ranging from 5 to 58 times the normal extrusion rate, to cause the
      described cell elongation. The pulling action of the belts also causes the
      tube 38 to be continuously pulled into the zone of operation of slicing
      and severing means, generally represented at 46.
PAR  FIGS. 4 and 5 also illustrate the operation of crimping wheels 48 and 50 at
      a crimping or squeezing device 52 to compress the hollow heat-softened
      extruded tube 38 at a central portion and thereby form the central
      self-adhered portion 12 of the packing units 10. The operation of the
      crimping device 52 to squeeze or pinch the tube 38 into the desired
      bow-shaped cross section is illustrated in detail in FIGS. 2 and 3. Thus,
      as particularly shown in FIGS. 2, the crimping wheels 48 and 50 are
      provided with cooperating exterior surfaces including recesses or grooves
      54 separated by an annular ridge 56. The crimping wheels are also provided
      with mating rim portions 58 which serve to confine the space between the
      opposing grooves 54 at a zone of compression or squeezing, represented in
      FIG. 2 at 60. Desirably the upper crimping wheel 48 is held in rotary
      alignment within the guide discs 62 of the lower crimping wheel 50 (see
      FIG. 3).
PAR  FIG. 5 illustrates the sequential operations of extruding a hollow
      heat-softened plastic tube 38 and pulling the same in the direction of
      arrow 40 through the wheels 48 and 50 of the crimping device 52. As shown
      in FIG. 5, the upper crimping wheel can be forced downward against the
      surface of the lower crimping wheel 50, within the confines of the guide
      disc 56, by any suitable means such as the weights 64. As illustrated in
      FIG. 5, the weights 64 are carried on a pivotally mounted lever or support
      arm 66 having a bifurcated end 68 to receive the crimping wheel 48. A
      suitable support mounting 70 can be conveniently provided to carry the
      mounting brackets 72 for the lower crimping wheel 50 as well as the
      upstanding bracket support 74 for the lever arm 66. It will be understood
      that the bracket mounting 74 provides a spaced opening for passage of the
      crimped flattened tube 38, generally represented in FIGS. 5 and 6 at 78.
PAR  Referring again to FIGS. 2 and 3, the crimping wheels 48 and 50 cooperate
      in mating fashion to apply squeezing forces from diametrically opposed
      sides of the heat-softened tube 38, and thereby to cause the inner
      surfaces of the upper and lower portions of the tube wall to engage one
      another and become self-adhered in a central pressure zone between the
      ridges 56 of the crimping wheels. For this operation to be successful, it
      is necessary that the tube 38 be somewhat cooled from the extrusion
      temperature so as to have a proper free standing consistency, but to be
      insufficiently cooled to prevent self-adherence in the central pressure
      area of the compression zone 60. In practice, it has been found that the
      crimping apparatus 52 should be positioned at a substantial distance from
      the extrusion head, say, three to five feet, but not so far as to provide
      complete solidification of the tube 38 sufficient to prevent
      self-adherence in the pressure zone. As a practical matter, at linear
      extrusion speeds of the order of 25 to 280 feet per minutes (as disclosed
      in said Makowski U.S. Pat. No. 3,632,705), it has been found that position
      of the crimping device at a distance of about three to eight feet from the
      extrusion head will normally be satisfactory, with an operational range
      within a distance of about two to ten feet from the extrusion head.
PAR  Following the crimping operation at 52, the flattened crimped tube 78 is
      pulled by the pulling device into the zone of cutting and slicing
      mechanism 46. During the interval of passage from the crimping device 52
      to the severing device 46, the tube 78 cools and solidifies sufficiently
      to permit slicing and severing of the individual units 84 of desired
      configuration, as particularly illustrated in FIG. 6. As shown in the
      separate views A, B, and C of this figure, the rotary slicing knife 80
      cooperates with a tube guide 82 to sever relatively shallow segments of
      the flattened crimped tube 78. The resulting severed units (identified at
      84 in FIG. 6) are employed in the production of packing units having the
      desired bow configuration.
PAR  Packing units of final desired expanded shape and configuration (see FIGS.
      1 and 7) are obtained by progressive expansion of the sliced and severed
      units 84 in the presence of heat. The desired progressive expansion occurs
      normally with the resins, nucleating and expanding agents customarily
      employed in carrying out the manufacturing procedures of the present
      invention. For example, it is possible to employ various foamable,
      thermoplastic polymers, including any of the resinous alkenyl aromatic
      polymers or aliphatic olefin polymers disclosed in U.S. Pat. Nos.
      3,066,382 or 3,251,728, or resins of similar characteristics. As noted,
      these resins are customarily employed in conjunction with volatile organic
      foaming or expanding agents which are uniformly distributed throughout the
      polymers. To achieve a desired foam structure characterized by an
      essentially cellular structure (unicellular or interconnecting) it is also
      desirable that the polymer incorporate or be intermixed with a suitable
      nucleating agent. Although the proportion of foaming and nucleating agents
      will vary somewhat with the particular resinous material employed, the
      proportions should be such that the plastic in a foamed expanded state
      will possess a desired cellular structure having a desired proportion of
      void spaces with respect to total volume. Specifically, the formulation of
      the thermoplastic materials should be very carefully controlled to provide
      foamed expanded plastics having desired essential characteristics after
      the initial extrusion and expansion, for example, cell sizes within the
      range from about 0.001 to 0.1 inch, void spaces ranging from at least 25
      percent to no more than 85 percent of the total extruded volume and an
      initial foam density within the range from about 1 to no more than 12
      pounds per cubic foot. When cooled to ambient temperatures, the extruded
      foam should also possess sufficient internal strength to retain the
      characteristics of a rigid foam during normal handling, but be capable of
      expansion upon being heated to achieve foam densities preferably below
      about 1 pound per cubic foot and within the range from about 0.3 to 1.5
      pounds per cubic foot.
PAR  As is hereinafter noted, the ability of the plastic foams processed in
      accordance with the present invention to achieve the desired foam
      structures and densities is dependent upon the ability of the foam
      structure to accommodate the longitudinal stretching and orientation of
      the cells within the foams during the initial or extrusion stage of
      formation of the foams.
PAR  Alkenyl aromatic polymers useful as the thermoplastic resins herein
      generally comprise, in chemically combined form, at least about 70 percent
      by weight of at least one alkenyl aromatic compound having the general
      formula:
      ##EQU1##
      wherein "Ar" represents an aromatic hydrocarbon of the benzene series, and
      "R" is hydrogen or the methyl radical. Examples of such alkenyl aromatic
      polymers are homopolymers of styrene, alphamethyl styrene, ortho-, meta-,
      and para-ethyl styrene, ar-ethylstyrene, and ar-chlorostyrene; the
      copolymers of two or more of such alkenyl aromatic compounds with one
      another; and copolymers of one or more of such alkenyl aromatic compounds
      with minor amounts of other readily polymerizable olefinic compounds such
      as divinylbenzene, methylmethacrylate, or acrylonitrile, etc.
PAR  With thermoplastic resins of the above type (e.g., foamable and expandable
      polystyrene), the usual practice is to incorporate a foaming agent as a
      uniform dispersion distributed throughout the resin. Typical foaming
      agents which may be employed for this purpose are known in the art, for
      example, as disclosed in U.S. Pat. Nos. 2,941,964; 2,983,692, and
      3,344,215 and also in H. R. Lasman, "Foaming Agents,"  Modern Plastics
      Encyclopedia 381 (1968-1969). Suitable foaming agents include low boiling
      aliphatic hydrocarbons such as pentane, hexane, heptane, and butanes; low
      boiling halohydrocarbons, e.g., fluorinated hydrocarbons sold under the
      trademark "Freon" by E. I. duPont deNemours, Wilmington, Dela., carbon
      tetrachloride, chloromethanes, -ethanes, -propanes and -butanes; low
      boiling petroleum ethers; inert gases such as carbon dioxide, and other
      gases hereinafter noted; and mixtures of the above. These foaming agents
      are incorporated within the thermoplastic polymer or resinous material.
PAR  Foam structures according to the present invention should have a
      thermoplastic cellular character capable of being heated and expanded to
      achieve a desired low foam density and in the cooled rigid state should
      possess a desired characteristic of crushability. To insure the obtaining
      of foam structures of desired characteristics, nucleating agents are
      preferably employed. In the case of the alkenyl aromatic polymers (e.g.,
      polystyrene) many conventional nucleating agents are known as disclosed,
      for example, in U.S. Pat. No. 3,344,215 and in Naturman, L.I., "How to
      Select Blowing Agents for Thermoplastics," Plastics Technology 43 (October
      1969). Such nucleating agents include combinations of an acid, suitable
      organic acids such as malonic, citric, phthalic, and fumaric acid, with
      carbon dioxide-liberating compounds such as sodium and potassium
      bicarbonate. Combinations such as sodium citrate and sodium bicarbonate
      are also suitable for use. Other suitable nucleating agents functioning
      like "boiling chips" include finely divided resin, barium sulfate
      lithopane, clay, talc, diatomaceous earth and pigments as disclosed in the
      Naturman article. Still further nucleating agents which may be used are
      combinations of nitrogen liberating compounds with finely divided solids
      as disclosed in U.S. Pat. No. 3,344,215. The aforementioned nucleating
      agents are incorporated with the extrusion material in a desired
      proportion, for example, by gravity feed into the hopper for the extrusion
      apparatus, or by tumbling with beads or pellets of solid polymer feed. The
      nucleating agents generally perform the function of insuring a uniform
      distribution of cells during the initial extrusion processing to produce a
      foamed plastic.
PAR  In general the foaming and nucleating agents are present in amounts
      sufficient to provide a cellular foam which will be rigid on cooling to
      the set stage but which will have a desired characteristic of
      crushability. In practice the proportion of these agents will vary
      somewhat with the particular resin employed. In the case of a polystyrene
      resin employing a dispersed pentane or dichlorodifluoromethane expanding
      agent, the expanding agent may range from about 5 to 15 percent by weight
      of the extrusion mixture. The proportion of citric acid and sodium
      bicarbonate as nucleating agents may range from 0.3 to about 2 percent of
      the extrusion mixture. A typical proportion is 0.4 percent citric acid and
      0.5 percent sodium bicarbonate for a total of 0.9 percent of the
      nucleating agent to the total extrusion mixture. Other agents may also be
      employed to obtain a uniform dispersion of these agents. For example, a
      small amount of a cooking oil may be used as a wetting agent to achieve a
      uniform coating of plastic pellets with sodium bicarbonate.
PAR  When aliphatic olefin polymers are used in making the free-flow packing
      units of the present invention, such polymers are normally solid polymers.
      Satisfactory polymers may be obtained by polymerizing at least one
      alpha-mono-olefinic aliphatic hydrocarbon containing from 2 to 8 carbon
      atoms, such as ethylene, propylene, butene-1, pentene-1, 3-methylbutene-1,
      4-methylpentene-1, 4-methylhexene-1, or 5-methylhexene-1, alone, with one
      another, or with various other polymerizable compounds. Foamed expanded
      polymers of ethylene or propylene alone are highly satisfactory and
      produce desired foam structures which are chemically inert. Polymerizable
      organic compounds which can be polymerized with ethylene or propylene
      include vinyl acetate, C.sub.1 -C.sub.4 alkyl acrylates such as ethyl
      acrylate, styrene, lower alkyl esters or methacrylic acid such as methyl
      methacrylate, tetrafluoroethylene and acrylonitrile.
PAR  The expanding or foaming agents employed with the aliphatic olefin polymers
      may be selected from a wide group of normally gaseous or volatile liquids.
      Indicated expanding and foaming agents include nitrogen, argon, neon,
      helium, acetylene, ammonia, butadiene, carbon dioxide, cyclopropane,
      dimethylamine, 2,2-dimethylpropane, ethane, ethylamine, ethylene,
      isobutane, isobutylene, monomethylamine, propane, pentane, propylene, and
      trimethylamine, certain of the halogen derivatives of methane and ethane,
      such as chlorodifluoromethane, dichlorodifluoromethane,
      dichlorofluoromethane, trichlorofluoromethane, difluorotetrachloroethane,
      1,1-difluoroethane, trichlorofluoromethane, and particularly
      1,1-dichlorotetrafluoroethane and 1, 2-dichlorotetrafluoroethane.
PAR  The dichlorotetrafluoroethanes have been found to be particularly effective
      as foaming agents for making foamed bodies from normally solid aliphatic
      olefin polymers when employed in accordance with the present invention in
      amounts to about 0.2 to 1.0 percent by weight of the aliphatic olefin
      polymers. Again the precise amount of expanding or foaming agent employed
      will depend in large measure on the particular aliphatic olefin polymer
      used in the extrusion process. In general, among the aliphatic olefin
      polymers, foamed expanded polyethylene and polypropylene resins based on
      initial resins of molecular weight 250 to 400,000 are to be preferred.
PAR  In accordance with the procedure particularly disclosed and described in
      the Makowski U.S. Pat. No. 3,632,705, the individual segments 84 sliced
      and severed by the device 46 fall onto a first set of conveyers where they
      are subjected to continued cooling and aging, during which gas pressures
      and temperatures within the cellular structure of the foam are equalized
      with that of the ambient atmosphere. In a typical operation, the severed
      units 84 are held for approximately four hours on belt conveyers (or in
      bins), following which they are passed to further conveyers which move
      through a first expansion unit, wherein they are subjected to the action
      of atmospheric steam at about 212.degree.F for a period of the order of
      about 60 seconds. The product issuing from this first expansion unit is
      then fed continuously to a second set of holding conveyers, and again
      subjected to aging or holding at atmospheric conditions for a period of
      approximately four hours (again to permit the outside air to penetrate the
      cells and to relieve the partial vacuum created by the cooling).
      Thereafter, the cooled equalized units are fed to a second stage expansion
      unit where they are again subjected to atmospheric steam at 212.degree.F
      for an additional 60 seconds. The twice expanded product is in the form
      generally represented by the packing units illustrated in FIGS. 1 and 7.
PAR  The expansion of the crimped severed units 84 produces packing units 10
      which have optimum characteristics for use as a free flow packing mass.
      Specifically, the bow-shape of the units 10 is such that a unique three
      dimensional shock absorptive characteristic is achieved. This shock
      absorptive characteristic, which has been previously described, is
      obtained by the ability of the end loops 14 to flatten under normal and
      continuing compressive forces to absorb either static or dynamic loading
      as achieved by packing and handling forces, impacts, vibration and like
      forces. These forces can be exerted in the direction of the arrows 22, in
      FIG. 7, or in the direction of the arrows 24, thus providing the three
      dimensional response to shocks and impacts.
PAR  FIG. 8 illustrates another embodiment of the improved material produced by
      the method of the invention wherein the characteristic bow configuration
      of the individual packing units is obtained by a slight modification of
      the processing. Thus, spaced apart extrusion heads 132 are employed to
      simultaneously force a heat softened plastic material through the
      extrusion orifices as separate, spaced apart substantially hollow plastic
      tubes 138 and 139. These tubes are pulled away from the extrusion
      apparatus in the manner previously described, by the friction members 142
      of the pulling mechanism 144. The effect is to longitudinally stretch the
      heat-softened material to thereby longitudinally orient the gas cells
      within the walls of the tubes, in the manner previously described. In this
      instance, however, the tubes are engaged by the horizontally aligned
      members of a crimping device 152, which serve to squeeze the separate
      tubes 138 and 139 together for self-adherence at the point or line of
      contact. Thus, as particularly shown in FIG. 10, the crimping means 152
      comprises spaced apart crimping wheels 150 which have cooperating recesses
      or grooves 154. These grooved surfaces serve to engage the outer surfaces
      of the heat-softened tubes 138 and 139 and to squeeze the tubes together
      to cause self-adherence at a central zone of contact represented at 155.
      For this operation, it is essential that the tubes 138 and 139 be somewhat
      cooled from extrusion temperature, so as to be self-supporting, but
      insufficiently cooled to prevent self-adherence in the central pressure
      area or compression zone 155. As a practical matter, it has been found
      satisfactory to have the crimping device 150 spaced at a distance of 3 to
      5 feet from the extrusion heads 132 to insure obtaining the desired bow
      configuration illustrated in FIG. 10. Thus, as in the previously described
      system, for linear extrusion speeds of the order of 25 to 280 feet per
      minutes, the crimping device 150 should be positioned about 3 to 8 feet
      from the extrusion heads 132, with operation ranges existing within a
      distance of about 2 to 10 feet from the extrusion heads.
PAR  Following the self-adherence of the tubes 138 and 139 into a single biaxial
      tube 179, the pulling device 144 causes such tube to be pulled into the
      zone of operation of the cutting and slicing mechanism 146, for severing
      operations as generally illustrated in the right hand portion of FIG. 9.
      During the interval of passage from the crimping device 152 to the
      severing device 146, the biaxial tube 179 cools and solidifies
      sufficiently to insure effective operation of the rotary slicing knife 181
      to obtain the bow shaped units generally represented at 183. The resulting
      severed units are ultimately employed in the production of expanded
      packing units having the desired bow configuration.
PAR  The severing device 181 illustrated in FIG. 9 effects severing cuts which
      are perpendicular to the parallel hollow axes of the biaxial tube 179. As
      a result the packing units 183 are formed with substantially parallel side
      portions which intersect planes tangential to the looped end portions of
      the units, at an angle of approximately 90.degree.. It will be
      appreciated, however, that the severing knife 181 can be angled as in the
      previously described embodiment to provide angled slicing cuts, for
      example, ranging from about 15.degree. to 45.degree. as respects the
      parallel axes of the tube 179. The resulting packing units have a slant
      configuration similar to that previously described and illustrated, for
      example, in FIGS. 1 and 7.
PAR  It is a feature of the processing as illustrated and described in
      conjunction with FIGS. 8 to 10, that bow-shaped packing units can be
      formed in either a partially expanded configuration (illustrated in FIG.
      9), or in a totally unexpanded configuration. To carry out the processing
      for the latter purpose, the tubes 138 and 139 are cooled immediately
      following extrusion, for example by a stream of chilled gas or liquid, as
      they emerge from the extrusion heads 132. By way of illustration, a stream
      of low temperature water or chilled air could be sprayed on the material
      emerging from the extrusion heads, to cause solidification approximately
      simultaneously with the fusing of the tubes in the zone 133. The immediate
      purpose of such operation is to achieve a minimum emergence expansion of
      the material adjacent the extrusion heads 132. The ultimate purpose is to
      provide an unexpanded material which occupies a minimum of space during
      shipment to the user, following which the user can expand the units to
      desired size in accordance with the general technique of steam expansion
      previously described. Since shipping costs are generally related to volume
      as well as weight, such processing can achieve substantial economies for
      the shipper.
PAR  In general, expansion of the crimped severed units 183 produces packing
      units 110 (see FIG. 9) which have desired optimum characteristics for use
      as a free-flowing packing mass. Thus, the characteristic bow shape of the
      units is effective to obtain the unique three-dimensional shock absorptive
      characteristic previously described in connection with the units 10. This
      shock absorptive characteristic is obtained by the ability of the end
      loops (represented at 114 in FIG. 8) to flatten under normal and
      continuing compressive forces, to absorb the static or dynamic loading
      achieved by impacts, vibration and like destructive forces. Such forces
      are generally represented by the arrows 117 and 119 in FIG. 8, and
      illustrate the three-dimensional response to shock and impacts made
      possible with the bow-shaped units.
PAR  It has been determined that the packing units produced by the method of the
      present invention, as represented either at 10 in FIG. 1 or at 110 in FIG.
      8, are characterized by a greater degree of resistance to permanent
      deformation of shape degradation than previously available packing units
      of similar character. Thus, it has been particularly determined that the
      bow configuration can be initially used in a packing mass, with little
      change in character, and thereafter re-used in subsequent packing
      operations and masses with no appreciable loss in essential protective
      characteristics. Of course, in the presence of extreme or destructive
      forces, the individual units (i.e., 10 or 110) will undergo substantial
      deformation of shape, within either the material of the central portion
      (12 or 155) of the end loops (14 or 114) to absorb the shock and prevent
      damage or destruction of the packed item. Consequently, in a mass of the
      packing units, the described characteristics provide a unique cumulative
      effect in protecting a packed item from damage or breakage which, however,
      does not detract from the free-flowing characteristic of the units during
      packing and unpacking. The bow configuration of the packing units
      consequently comes close to providing the ideal configuration for a
      packing unit, which is designed to be essentially shape-retaining yet
      crushable, and also free-flowing.
PAR  The packing units 10, or the packing units 110, also provide a series of
      outwardly facing loops, represented at 14 or 114, respectively, which
      particularly adapt the individual units to interlocking contacts with
      other like units in a packing mass. Accordingly, a mass of the packing
      units not only serves to immovably position a packed item within a
      shipping carton but also to achieve a maximum resistance to migration or
      movement of the packed item due to multiple impacts or vibration during
      shipment or handling operation. These characteristics, coupled with the
      described "flowability" of the units, provide a highly utilitarian
      material for a wide variety of packing operations.
PAR  From the foregoing, it will be evident that the present invention makes
      possible the production of highly effective, efficient packing materials
      particularly adapted to the packing of various fragile items and
      components such as electronic and optical equipment, lenses, radio tubes,
      glassware, art objects, etc., as well as various other items. The improved
      packing material has proved particularly effective in the packing of items
      of delicate nature, which can be rendered useless because of changed
      position, alignment or adjustment of the parts. Such changes may
      frequently occur in normal shipment due to constant vibration of the item
      against the wall of the container, without any visible breakage occurring.
      In particular, the multi-directional shock absorbing characteristics of
      the packing materials of the present invention provide an unusually high
      degree of energy absorption through permanent deformation in the presence
      of abnormal or potentially destructive forces or impacts, which serve to
      efficiently cushion and protect the packed item.
PAR  To those skilled in the art to which this invention relates, many
      variations in its application and in the specific procedures described
      therein will be readily apparent. For example, the successive angle cuts
      to slice and sever the units can easily be combined with more than one
      longitudinal slicing cut, to provide modified packing units having highly
      desired characteristics. While the products of such processing would
      differ from the preferred embodiment herein disclosed, they would still
      have useful properties for packing operations. The described and like
      variations in the processing are clearly within the scope of the present
      invention. It should be understood, therefore, that the disclosures herein
      are intended to be purely illustrative and not in any way limiting.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method for the continuous manufacture of free-flow interlocking
      foamed expanded plastic material, the steps of extruding expanded plastic
      material to form at least one elongate hollow tube, continuously engaging
      outer surfaces thereof while still in a heat-softened state due to the
      heat of extrusion to cause adjacent tube wall surfaces to engage and
      adhere to one another only in a central zone as respects the cross section
      thereof so as to provide a cross-sectional configuration wherein central
      portions of the tube walls are adhered to one another at said central zone
      and outer portions are in the form of contiguous open hollow loops
      extending outwardly from said central zone, cooling said adhered portions
      and successively slicing through the tube walls substantially laterally to
      the tube axis at intervals to sever shallow lengths of partially expanded
      plastic material having substantially the configuration of a shallow bow.
NUM  2.
PAR  2. A method as in claim 1 wherein a single elongate hollow extruded tube is
      engaged on diametrically opposite external surfaces to deform and cause
      inner surfaces thereof to engage and adhere to one another while still in
      said heat-softened state.
NUM  3.
PAR  3. A method as in claim 2 wherein a pair of elongate hollow heat-softened
      tubes are extruded adjacent one another, and said pair of tubes is engaged
      to cause adjacent external surfaces to engage and adhere to one another
      while still in said heat-softened state.
NUM  4.
PAR  4. A method as in claim 3 wherein said adhered heat-softened hollow tubes
      are cooled by quenching in a liquid medium of reduced temperature.
NUM  5.
PAR  5. A method for the continuous manufacture of free-flow interlocking foamed
      expanded plastic packing material, said method being characterized by the
      steps of extruding expanded plastic material in the form of an elongate
      hollow tube, continuously engaging diametrically opposite external
      surfaces of said tube and deforming said diametrically opposed surfaces
      inwardly to cause portions only of the inner surfaces of the tube wall to
      engage while still in a heat-softened state due to the heat of extrusion,
      whereby said portions of the inner surfaces of said inwardly depressed
      tube wall adhere to one another only in a central zone as respects to the
      cross section of said tube, and thereafter successively slicing through
      the wall of said tube including said adhered portions to continuously
      sever lengths of sliced tube, said slicing being substantially lateral to
      the tube axis and at intervals to effect severing of relatively shallow
      lengths of tube, and thereafter heating the severed lengths of tube to
      expand adhered tube portions in said central zone and unadhered tube
      portions laterally outward thereof to obtain open hollow expanded plastic
      foam units substantially in the configuration of a shallow bow.
NUM  6.
PAR  6. A method as in claim 5 wherein said heating and expanding of the severed
      lengths of said tube is carried out in stages with intermediate holding
      periods.
NUM  7.
PAR  7. A method as in claim 5 wherein said slicing through the walls of the
      tube is carried out at an angle of the order of 15.degree. to 45.degree.
      as respects the axis of the tube.
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ABST
PAL  Bundles of fibres are sealed into gaps by surrounding them at the gap with
      a pool of a sealing material, and longitudinally vibrating the bundle to
      work the sealing material between the fibres. The fibres may be hollow
      fibres used for reverse osmosis.
BSUM
PAR  This invention relates to sealing bundles of fibres into gaps.
PAR  The invention comprises a process for sealing a bundle of substantially
      parallel fibres into a gap in a holding member or between a plurality of
      holding members, which comprises applying a liquid sealing material as a
      pool through which the fibres pass and which contacts the said member of
      members and vibrating the bundle longitudinally to flex it at the position
      in which it passes through the pool to work sealing material between the
      fibres. The fibres pass through the pool in the sense that they do not end
      in the pool.
PAR  Preferably the sealing material is one which sets to form a solid with
      time, for example, an epoxy resin.
PAR  The fibres may be solid or hollow fibres; for example they may be hollow
      fibres of which the walls constitute semi-permeable membranes, which
      fibres are useful in osmotic pressure determinations or separations by
      reverse osmosis.
PAR  The gap is suitably a substantially circular hole. It may, however, be, for
      example a square, slit, or a gap of irregular shape.
PAR  The gap may lead from a recess in the member or members, which recess
      confines the pool of sealing material surrounding the fibres and
      contacting the member or members to its desired position. Alternatively
      the pool may be confined to the desired position by surrounding the fibres
      with a ring, for example, a plastic or metal ring between which and the
      fibres the sealing material is introduced. In this case the ring can be
      allowed to set in position if the sealing material is such as to set to
      form a solid.
PAR  The pool is preferably formed on the upper surface of the member or members
      as this permits the invention to be carried out in the simplest manner,
      the sealing material being held in position by gravity. However, it may be
      desired, if for example, the sealing material is of high viscosity or if a
      more thorough penetration of sealing material between the fibres in the
      gap is required, to hold the sealing material in position by centrifuging.
PAR  In order to force sealing material between fibres in the gap more
      effectively a differential pressure across the gap may be employed; for
      example the opening of the gap remote from the pool of sealing material
      may be subjected to a vacuum or the pool may be subjected to elevated
      pressure whilst the other side of the gap is at atmospheric pressure. A
      differential pressure may be applied during or after flexing the bundle of
      fibres.
PAR  If the assembly of a bundle of hollow fibres, of which the walls constitute
      semi-permeable membrances, and holding member or members is to be used for
      separations of the osmotic type (that is of the membrane permeation type)
      the fibres will be subjected to a greater pressure on one side of the gap
      than on the other, the fibres on one side being open. The open ends are
      preferably on the lower pressure side. It is preferred that the pool of
      sealing material be formed on the side which is subject to the greater
      pressure so that it will form an abutment against the member or members
      and thereby prevent the fibres from being forced through the gap. The
      fibres may be formed as loops of which both ends pass through the gap or
      may be sealed into a suitable vessel; the liquid to be treated in this
      case may pass through the fibres through both seals.
PAR  The frequency of vibrations is normally in the range 0.1 to 200 Hertz and
      preferably 3 to 30 Hertz.
PAR  The vibrations are preferably applied for at least 20 seconds and the
      number of vibrations is preferably at least 50.
PAR  The peak-to-peak amplitude of vibration divided by the length of the fibre
      bundle which is free to bulge between the point at which the vibration is
      applied and the gap is preferably in the range 11/2 to 0.1.
PAR  The viscosity of sealing materials is normally in the range 20 to 100,000
      centistokes, for example 50 to 2,000 centistokes.
DETD
PAR  One form of the invention will now be described with reference to the
      accompanying drawing, which shows a bundle 1, 16 mm. in diameter, of
      hollow fibres each of which is 50 microns in diameter having an internal
      diameter of 20 microns and made of nylon and constituting part of a loop
      which is to be sealed into a tube plate 2 shown in cross-section, of 100
      mm. external diameter formed with a central recess 3 35 mm. in diameter
      leading to a central aperture 4. A central recess 5 of 35 mm. diameter is
      also provided on its opposite side. Central aperture 4 is 16 mm. in
      diameter.
PAR  The tube plate 2 is provided with an `0` ring groove 9 and 4 holes for
      bolts which lie parallel to the axis of the tube plate (these are not
      shown). Liquid inlet port 7 passes through the tube plate 2 at a distance
      of 25 mm. above the aperture 4.
PAR  The bundle of fibres 1 is bound to within 18 mm. of the aperture 4 and an
      epoxy resin sealing compound is introduced to form a pool 8 18 mm. deep
      surrounding the bundle of fibres 1. The bundle of fibres 1 is
      longitudinally vibrated at a rate of 10 cycles per second and a
      peak-to-peak amplitude of 12 mm. for a period of 1 hour. Curing is
      complete after 24 hours.
PAR  The tube plate may now be secured to a pressure vessel and organic liquids
      may be separated by reverse osmosis through the fibres.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process of sealing a bundle of substantially parallel fibres into a
      gap defined by at least one holding member, said gap having a
      cross-sectional size and shape substantially the same as the
      cross-sectional size and shape of said bundle, said process comprising:
PA1  introducing the bundle of fibres into said gap, contacting a pool of
      curable liquid sealing material with the fibres at their position of entry
      into said gap, said pool lying outside said gap, said pool being confined
      adjacent said gap and working sealing material between the fibres in the
      gap by vibrating the bundle longitudinally and causing said fibers to flex
      in the pool intermediate a point at which vibration is applied and said
      gap and curing said sealing material.
NUM  2.
PAR  2. A process as claimed in claim 1 in which a sealing material which sets
      to form a solid with time is used.
NUM  3.
PAR  3. A process as claimed in claim 1 in which sealing material is forced
      between fibres in the gap by applying a differential pressure across the
      gap.
NUM  4.
PAR  4. A process as claimed in claim 1 in which the sealing material is held in
      position by centrifuging.
NUM  5.
PAR  5. A process as claimed in claim 1 in which the frequency of vibrations is
      in the range 0.1 to 200 Hertz.
NUM  6.
PAR  6. A process as claimed in claim 5 in which the peak-to-peak amplitude of
      vibration divided by the length of the fibre bundle which is free to bulge
      between the point at which the vibration is applied and the gap is in the
      range 1.5 : 0.1.
NUM  7.
PAR  7. A process as claimed in claim 1 in which the fibres are hollow fibres of
      which the walls constitute semi-permeable membranes.
NUM  8.
PAR  8. A process as claimed in claim 7 in which the gap leads from a recess in
      the member which recess confines the pool of sealing material to its
      desired position.
NUM  9.
PAR  9. A process as claimed in claim 7 in which the pool is confined to the
      desired position by surrounding the fibres with a ring between which and
      the fibres the sealing material is introduced.
NUM  10.
PAR  10. A process of sealing a bundle of substantially parallel fibres into a
      gap defined by at least one holding member, said gap having a
      cross-sectional size and shape substantially the same as the
      cross-sectional size and shape of said bundle, said process comprising
      introducing the bundle of fibres into the gap; providing a pool of liquid
      settable sealing material outside the gap at the location where the fibres
      enter the gap so that the fibres extend completely through the pool from a
      location beyond the surface of the pool and into the gap said pool being
      confined adjacent said gap; working the liquid sealing material between
      the fibres in the gap by vibrating the bundle longitudinally at a
      frequency in the range 0.1 to 200 Hertz to flex the bundle in the pool
      intermediate a point at which vibration is applied and said gap; and
      setting the sealing material which has been worked between the fibres in
      the gap.
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ABST
PAL  Process for dyeing substantially undrawn dry-spun filaments of
      acrylonitrile polymer which comprises extracting spinning solvent from
      moistened dry-spun filaments of acrylonitrile polymer to below 10% by
      weight of the filaments and at below 80.degree.C., dyeing the extracted
      filaments in a dye bath at below 80.degree.C. by initially contacting the
      filaments with the dye at nearly zero stretch, followed by stretching the
      filaments from 1.5.times. to 4.5.times. at between 60.degree. -
      80.degree.C. while still contacting the dye solution.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of my copending application Ser. No.
      310,955, filed Nov. 30, 1972, and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a process for dyeing dryspun tow of acrylonitrile
      polymer filaments, i.e., acrylic filaments. More particularly, the
      invention is directed to a process for dyeing such filaments in a
      continuous process during their manufacture from acrylonitrile polymer.
PAC  BACKGROUND OF THE INVENTION
PAR  Acrylic filaments have always been difficult to dye, and methods for dyeing
      them have generally included special dyeing techniques and dyes, even when
      copolymeric dye sites are incorporated in the acrylonitrile polymer of
      which the filaments are composed. These methods have ordinarily caused the
      dyeing of acrylic filaments to be carried out in steps separate from the
      spinning and drawing of the fibers.
PAR  The economic and technical advantage of spinning and dyeing as-spun acrylic
      filaments in a continuous sequence of operations are apparent, and methods
      for such have been developed for acrylic filaments that are wet-spun.
      These methods are described in, e.g., Cresswell U.S. Pat. No. 2,558,735,
      Moore U.S. Pat. No. 3,113,827, Wirth et al. U.S. Pat. No. 3,111,357, Briar
      et al. U.S. Pat. No. 3,296,341, and Knudsen U.S. Pat. No. 3,242,243.
      However, because of the inherent differences between wet- and dry-spinning
      procedures, the techniques that have been developed for dyeing wet-spun
      acrylic filaments are not well adaptable for use with dry-spun acrylic
      filaments. Thus, wet-spinning dyeing procedures generally require the
      formation of a gel of the filament which, of course, is not feasible in a
      continuous dry-spinning operation. Consequently, methods have been sought
      to dye dry-spun acrylic filaments continuously during the production of
      the filaments. This has been termed the "producer dyeing" of filaments.
PAR  In preparing such producer-dyed filaments, it had generally been believed
      that the presence of spinning solvent must be maintained in freshly spun
      dry-spun acrylic filaments in order to plasticize the fiber and thus aid
      in taking-up dye. Experience showed that the dye up-take of dry-spun
      acrylic filaments that had been extracted in hot water at
      90.degree.-100.degree.C. to remove the spinning solvent was far too slow
      to permit continuous spin-dye operations. Moreover, experience showed that
      dry-spun acrylic filaments extracted at 65.degree.C. to remove solvent did
      not dye well at a later time when subjected to a dye bath while being
      stretched.
PAR  Accordingly, attempts were made to dye the dry-spun filaments immediately
      after spinning and before extraction of the solvent. This procedure,
      however, leads to contamination of equipment used in later steps, as well
      as to contamination of spinning solvent that is later recovered and
      recycled, with dye, dye assistants and residual counter-ions originally
      associated with the dye.
PAR  The search for methods of dyeing dry-spun acrylonitrile polymer filaments
      continuously during the production of the filaments has continued; and it
      has now been discovered, surprisingly, that substantially undrawn dry-spun
      acrylic filaments from which the residual spinning solvent has not been
      removed can be subjected to extraction steps to remove spinning solvent
      and dyed in an operation continuous with spinning and drawing provided
      certain process conditions are met. Such conditions include control of
      temperature during extraction and dyeing (not over 80.degree.C.), control
      of the amount of liquid remaining on the filaments after extraction and
      dyeing, and drawing the filaments within certain prescribed limits,
      provided that substantially no draw is carried out when the filaments
      first contact the dye.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, this invention is a process for dyeing substantially undrawn
      filaments of dry-spun acrylonitrile polymer from which the spinning
      solvent has not been removed, which comprises the following steps:
PAR  1. passing a bundle of said filaments through an aqueous extraction bath
      having a temperature below about 80.degree.C. and at a rate of at least
      about 10 yards per minute, until the spinning solvent content of the
      filaments is below about 10% by weight of the filaments;
PAR  2. squeezing the bundle of filaments under pressure sufficiently heavy to
      remove most of the extraction bath liquid therefrom;
PAR  3. passing the bundle of filaments into contact with a liquid dye mixture
      at a temperature below about 80.degree.C. at nearly zero stretch;
PAR  4. drawing the filaments between about 1.5.times. and 4.5.times. at a
      temperature between about 60.degree. and 80.degree.C. while the filaments
      are still in contact with the liquid dye mixture; and
PAR  5. removing excessive liquid by squeezing the bundle of filaments under
      pressure sufficiently light to retain upon the filaments an amount of
      liquid substantially greater than the amount present prior to their
      contact with the liquid dye mixture, so that there is a net pick-up of
      liquid dye mixture on the filaments and they remain in contact with the
      liquid dye mixture.
PAR  In accordance with the invention, drawing step (4) may be carried out
      either before or after squeezing step (5). After allowing dyed and drawn
      filaments to set for at least about two seconds, the filaments can be
      contacted with an aqueous medium to rinse them of excess dye.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a schematic drawing of the apparatus used in the process of
      this invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The acrylonitrile polymer filaments are dry-spun filaments, formed by
      spinning a solution of acrylonitrile polymer in a solvent for the polymer,
      such as dimethylformamide, dimethylacetamide or dimethylsulfoxide. The
      solution is heated and extruded through spinnerets into a hot inert gas
      where most of the spinning solvent vaporizes. The filaments so spun
      normally contain from about 10 to 30% of the spinning solvent, based on
      the weight of the filaments, and usually 20% or more. After the filaments
      are spun they are collected into ropes or tows, which are then moistened;
      usually about 20 to 75% water is applied, based on the dry weight of the
      tow. If desired, an amount of water equal to or even slightly greater than
      the dry weight of the tow can be applied.
PAR  In the dyeing process of this invention, the residual spinning solvent is
      removed by aqueous extraction until the solvent content is below 10 and
      preferably below 4%. Ordinarily the aqueous extraction medium is water and
      the filaments are immersed in a series of extraction tanks until the
      solvent content is reduced to below the minimum required. A nominal draw
      of up to about 1.2.times. may be imposed on the filaments during this
      extraction step to take up the slack in the filaments and keep them taut;
      however, it is preferred that orientation of the filaments imposed by
      drawing be minimized prior to the dyeing step.
PAR  It is also important that the temperature during extraction as well as
      during the dyeing and the subsequent drawing steps be below 80.degree.C.,
      for if the temperature goes much over 80.degree.C., the imbibition and
      fixation of dye by the filaments is markedly reduced. In general,
      temperatures in all steps should not go much below about 60.degree.C.
      because the filaments become subject to breakage during handling below
      about that temperature.
PAR  It is preferred that the sequence of steps be carried out continuously. It
      is important that the filaments not be allowed to become dry or
      substantially dry after their spinning, or after their extraction, or
      after their drawing immediately subsequent to dyeing. To do so, apparently
      changes the filament morphology so as to hinder dye imbibition and
      fixation.
PAR  It is also important that the initial contact of dye on the filaments be
      made at nearly zero stretch. This zero stretch may be only momentary, for
      the filaments may then be drawn in the dye bath, or they can be passed out
      of the dye bath and drawn in air while still laden with dye solution. The
      temperature of the filaments during this drawing step should not fall
      below 60.degree.C. since breakage increases as the filaments are drawn at
      lower temperatures.
PAR  Finally, following the drawing step, the filaments should be permitted to
      remain wet with dye for a short time in order to set the dye. A time of
      about two seconds is sufficient, although 10 seconds or more may be
      preferred in some instances. To ensure medium shades, ten seconds can be
      used; while for deep shades, a lapse of 100 seconds or more may be used.
      After the dye is set, any excess dye may be rinsed off.
PAR  After the filaments have been rinsed with an aqueous medium, usually water
      at 90.degree.-95.degree.C., they may be drawn once more to enhance their
      physical properties; however, this second draw step is an optional one
      which depends on the properties desired and on the amount of draw in the
      first draw step. The rinse can be either a bath or a spray in which the
      filaments are contacted with the rinse medium to remove excess dye
      solution.
PAR  To aid in understanding the invention, reference is made to the figure in
      which reservoir tanks 1-9 in wash-draw apparatus 10 are provided with
      driven rolls 11-19 above the entrance to each tank and driven roll 20 at
      the exit of the apparatus, as well as idler rolls 21-29 within each tank.
      A bundle 30 of dry-spun filaments of acrylonitrile polymer containing
      residual spinning solvent is withdrawn from container 31 and passed
      through the wash-draw apparatus. The bundle is collected from the spinning
      machine and is not allowed to dry out. In practice, one may, if desired,
      feed the filaments directly from the spinning machine to the wash-draw
      apparatus. In tanks 1 and 2 the bundle is passed through a countercurrent
      flow of wash water 32 which is admitted through an inlet 33 into tank 2
      and withdrawn through an outlet 34 from tank 1. Excess water is removed
      with the aid of squeeze roll 13s and falls back into tank 2. The pressure
      in this squeezing step should be sufficient to squeeze the filaments
      fairly dry (i.e., so that they contain less than about 40% liquid, based
      on the weight of the filaments). The bundle is passed into tank 3
      containing dye bath 35 admitted through inlet 36. The bundle of filaments
      is passed through tank 3 and leaves it carrying liquid dye mixture. Excess
      dye mixture is removed with the aid of squeeze roll 14s as the bundle
      leaves tank 3, the excess dye mixture being allowed to flow back into tank
      3. The pressure in this squeezing step should be fairly light, so that the
      amount of liquid retained upon the filaments is substantially greater than
      the amount present prior to their contact with the liquid dye mixture
      (i.e., so that there is a net pickup of dye liquid). A level of about 55 -
      70% liquid on the filaments is usually appropriate. The moving bundle,
      wetted with the dye mixture, is next passed through two empty tanks 4 and
      5, in which a draw of 2.times. is imposed between idler roll 24 and driven
      roll 15. The filament bundle is next passed through the remaining four
      tanks 6, 7, 8, and 9, in which it is subjected to an aqueous rinse with
      water at about 90.degree.C. As the bundle of filaments leaves the
      wash-draw apparatus, a second draw may be imposed upon the filament
      bundle, if desired, between idler roll 29 and driven roll 20 to bring the
      total draw imposed in the wash-draw apparatus to that desired.
      Subsequently the dyed, drawn tow is subjected to a conventional drying
      step (not shown).
PAR  Although the foregoing description describes a procedure in which the dyed
      filaments are drawn in air after leaving dye tank 3, tank 4 may also be
      filled with dye mixture so that the filaments are drawn while still in the
      dye bath. In this case, a squeeze roll would also be used in conjunction
      with driven roll 15, and the draw would be imposed between idler roll 24
      in the dye bath and driven roll 15.
PAR  It will be appreciated that the number of tanks in the apparatus can be
      increased or decreased, and that the number of tanks devoted to each step
      can be changed, so long as the steps comprising the process of the
      invention are carried out as defined in the Summary of the Invention
      above. For instance, in the 9-tank apparatus shown in the figure, the
      first four tanks may be employed as extraction tanks with countercurrent
      flow of wash water; the fifth tank may be used to apply the dye mixture;
      the bundle may be drawn as it leaves the fifth tank and passed into an
      empty sixth tank so that the bundle will remain wet with dye mixture at
      least two seconds prior to rinsing; and the final three tanks may be used
      as rinse tanks. Additional tanks may be added, or the process steps may be
      split, using two groups of tanks to carry out the process.
PAR  The bundle of filaments may be a rope of acrylonitrile polymer filaments
      containing on the order of 1,000 filaments or more, or a tow formed by
      combining several such ropes and containing up to 500,000 or 1,000,000
      filaments or even more. Prior to entering the wash-draw apparatus, the
      bundle of filaments is preferably spread into a sheet of filaments.
PAR  The acrylonitrile polymers used to make the filaments employed in this
      invention are defined as long chain synthetic polymers composed of
      acrylonitrile units of the formula
      ##EQU1##
      in the polymer chain. As is well understood, the term includes the
      homopolymer of acrylonitrile (i.e., polyacrylonitrile) and copolymers of
      acrylonitrile and one or more suitable monoethylenically unsaturated
      monomers copolymerizable with acrylonitrile. Among the typical addition
      monomers exemplary of those which are copolymerizable with
      polyacrylonitrile are methyl acrylate, methyl methacrylate, vinyl acetate,
      styrene, methacrylamide, methacrylonitrile, vinyl chloride, vinyl bromide,
      vinylidene chloride, methyl vinyl ketone and the like as well as any of
      the available vinyl pyridines. The preferred comonomers include methyl
      acrylate, vinyl acetate, vinyl chloride, styrene and the vinyl pyridines.
      Sulfonate comonomers can also be employed, e.g., the sulfonated styrenes,
      vinyl sulfonate, allyl sulfonate, methallyl sulfonate and their
      alkali-metal or alkaline-earth-metal salts, and the like; it being
      necessary only that the compound chosen from this class be copolymerizable
      with acrylonitrile to the desired extent. The preferred sulfonate
      comonomers are the sulfonated styrenes.
PAR  The dyes useful in dyeing the filaments of acrylonitrile polymer must be
      soluble in a suitable solvent therefore, or at least dispersible in the
      solvent. Dyes having a particle size of not more than 100A are readily
      imbibed in an acrylonitrile polymer filament. The term "liquid dye
      mixture" is limited to those classes of mixtures. A suitable solvent for
      many dyes is a mixture of glycollic acid and water. The dyes may be
      selected from any of a wide number of dyestuff classes. Preferably, the
      dye chosen for the use is substantive to the acrylonitrile polymer
      substrate of the particular filaments which are being spun and drawn.
      Thus, basic dyes are particularly suited for use with acrylic fibers
      containing anionic sites; and acid dyes are suited for use with acrylic
      fibers containing basic sites. Many disperse dyestuffs are useful for
      acrylic fibers containing either acid or basic dye sites, as well as for
      filaments composed of acrylonitrile polymers containing neutral
      comonomers. The term "dyes" is intended to comprehend not only colored
      dyestuffs, but also optical brighteners and other materials which modify
      the visual appearance of luster of the filaments. Concentration of dye in
      the dye bath may range from about 0.1 to about 12% by weight, depending on
      the amount of dye on fiber desired.
PAR  The invention is further illustrated by the following examples; however,
      the invention is not intended to be limited thereby. All percents are by
      weight unless otherwise specified.
PAC  EXAMPLE I
PAR  Acrylonitrile polymer filaments are prepared by dry spinning a
      dimethylformamide solution of a terpolymer containing about 93.9%
      acrylonitrile, 6% methyl acrylate, and 0.1% sodium styrenesulfonate. The
      filaments, which contain about 25% dimethylformamide, are collected in the
      form of a rope containing about 40,000 individual filaments having an
      as-spun denier of about 10. The rope is fed at a speed of 26 yards per
      minute to a wash-draw apparatus of the kind shown in the Figure. In the
      first two tanks, the rope is passed through a flow of countercurrent water
      at 65.degree.C., extracting dimethylformamide from the spun rope to a
      residual level of about 6%. Excess water is squeezed off with a nip roll
      at the exit of the second tank under pressure sufficient to leave the rope
      fairly dry, and the rope is passed through a 2.6% solution of the dye
      having the Color Index identification of Basic Blue 77 in the third tank.
      Excess dye is squeezed off under light pressure at the exit of the third
      tank, so that there is a net pickup of dye liquid as the filaments pass
      through the third tank, and the rope is then passed directly across the
      empty fourth tank to the driven roll at the entrance of the fifth tank,
      with a draw ratio of 1.5.times. being imposed in the rope as the rope
      crosses the fourth tank. Additional draw is imposed in the rope as it
      passes through the empty fifth tank to give a total draw of 2.times.
      between the third tank and the exit of the fifth tank. The sixth tank is
      also empty. The rope is rinsed in the last three tanks in 95.degree.C.
      water flowing countercurrent to the motion of the rope and is drawn an
      additional 2.2.times. (total draw 4.4.times.) before leaving the wash-draw
      machine. At the speed employed, there is an interval of 12 seconds after
      the initial 1.5.times. draw is applied, before the rope enters the rinse
      bath in the seventh tank. The rope is uniformly dyed a deep sky blue
      color.
PAR  The above procedure is repeated, except that the rope is fed at a speed of
      17 yards per minute. In this run there is an interval of 18 seconds after
      the initial 1.5.times. draw is applied, before the rope enters the rinse
      bath. The rope is dyed a sky blue color.
PAC  EXAMPLE II
PAR  A rope of acrylonitrile polymer filaments prepared as in Example I is fed
      at a speed of 60 yards per minute to the wash-draw apparatus of the Figure
      where it is treated as described in Example I except that the sixth,
      seventh, eight, and ninth tanks are all used as rinse tanks. In these last
      four tanks the rope is passed through water at 95.degree.C. to provide an
      aqueous rinse, and as the rope leaves the ninth tank a final draw of
      2.2.times. is imposed in the rope. At the speed employed, there is an
      interval of 3 seconds after the initial 1.5.times. draw is applied, before
      the rope enters the rinse bath in the sixth tank. The dyed, drawn, and
      rinsed rope is then dried at a temperature of 130.degree.C. for an
      exposure time of 30 minutes. It is observed that the tow is uniformly dyed
      to a sky blue color.
PAC  EXAMPLE III
PAR  Acrylonitrile polymer filaments are prepared by dry spinning a
      dimethylformamide solution of a terpolymer containing about 93.8%
      acrylonitrile, 6% methyl acrylate, and about 0.2% sodium styrenesulfonate.
      The filaments, which contain about 20% dimethylformamide, are collected in
      the form of a rope which has a total denier of about 390,000 with
      individual filaments having an as-spun denier of about 11. The rope is
      spread to form a sheet about 3 inches wide and is fed at a speed of about
      40 yards per minute to a washdraw apparatus comprising a series of nine
      reservoir tanks equipped with driven rolls above the reservoirs and idler
      rolls within the reservoirs to guide the rope from the entrance to the
      exit of the wash-draw apparatus. In the first six tanks, the rope is
      passed through a flow of countercurrent water at 70.degree.-75.degree.C.
      while a stretch of 1.1 to 1.2.times. is applied to the filaments. The rope
      emerging from the sixth tank has a concentration of residual
      dimethylformamide of about 6%, while the concentration of the
      dimethylformamide in the countercurrent wash water rises from 1.5% in the
      sixth tank to 12% in the first tank. The seventh tank is skipped, being
      employed solely to collect water slung from the rope. The eighth and ninth
      tanks in the apparatus contain a solution of a red dye formulation at a
      concentration of 11 % and a temperature of 70.degree.-75.degree.C. The red
      dye formulation consists of the following amounts of dyes having the
      following Color Index identifications: 72.9% Basic Red 15, 26.0% Basic
      Yellow 29, and 1.1% Basic Blue 77. As the rope leaves the ninth tank, a
      draw of 2.3.times. is applied to the rope, after which it is deposited in
      a collection can. The rope collected in the can is found to have a
      concentration of 4% of the dye on the fiber.
PAR  The dyed rope collected in the can, after a lapse of at least one hour, is
      continuously withdrawn from the can and passed into a second wash-draw
      apparatus having the same construction as the first apparatus described in
      the paragraph above, and in the second apparatus the rope is continuously
      rinsed with a countercurrent flow of water at 95.degree.C. As the rope
      leaves the ninth tank in the wash-draw apparatus, an additional draw of
      2.0.times. is imposed. The rope is then crimped and deposited upon a tray,
      upon which it is dried at 130.degree.C. for an exposure time of 12
      minutes. It is observed that the rope is dyed a deep shade of red.
PAC  EXAMPLE IV
PAR  A tow of acrylonitrile polymer filaments is prepared by dry spinning a
      dimethylformamide solution of a terpolymer containing about 93.94%
      acrylonitrile, 6% methyl acrylate, and 0.06% sodium styrenesulfonate. The
      filaments, which contain about 22% dimethylformamide, are collected in the
      form of a rope containing about 12,000 individual filaments having an
      as-spun denier of about 12 dpf, and the rope is moistened with about 70%
      water, based on its dry weight. The rope, collected from the spinnerets on
      creels, is maintained in its moistened, as-spun condition at about
      20.degree.-28.degree.C. for about 24 hours, and is then fed at a speed of
      90 yards per minute to a wash-draw apparatus of the type shown in the
      figure except that it has 10 tanks.
PAR  In the first seven tanks, the rope is passed through a flow of
      countercurrent water at 75.degree.C. while a stretch of 1.2.times. is
      applied to draw the rope through the tanks. The rope emerging from the
      seventh tank contains about 3% dimethylformamide. As it leaves the tank,
      excess water is squeezed off under pressure sufficient to leave the rope
      fairly dry. The rope then enters tanks 8, 9, and 10 containing a solution
      of a red dye formulation at a concentration of 2.6% and a temperature of
      75.degree.C. The red dye formulation consists of the following amounts of
      dyes having the following Color Index identifications: 72.7% Basic Red 15,
      25.7% Basic Yellow 29, and 1.6% Basic Blue 77. The rope passes through the
      first dye bath without any draw and then is drawn slightly, about
      1.1.times., in the second bath and fully in the last tank for a total draw
      of 2.2.times. in the dye solution. As the rope leaves the last tank of dye
      in the apparatus, it is subjected to a light squeeze, removing excess dye
      solution, but resulting in a considerable net pickup of liquid on the
      filaments between the squeezing step after the extraction tanks and the
      squeezing step after the dye tanks. The dyed rope is collected and rinsed
      with 95.degree.C. water after 6 hours. Analysis of the fiber shows 1.4%
      dye in fiber. Analysis of rinse water shows that more than 99% of the dye
      applied is fixed.
PAC  EXAMPLE V
PAR  Acrylonitrile polymer filaments are prepared by dry spinning a
      dimethylformamide solution of a terpolymer containing about 93.84%
      acrylonitrile, 6.1% methyl acrylate, and 0.1% sodium styrene sulfonate.
      The filaments, which contain about 23% dimethylformamide, are collected in
      the form of a ribbon containing about 19,600 individual filaments having
      an as-spun denier of 19.2 dpf, and the ribbon is moistened with about 70%
      water, based on its dry weight. The ribbon, collected from the spinnerets
      in cans, is maintained in its moistened, as-spun condition at about
      20.degree. to 28.degree.C. for about 24 hours. Four such ribbons of
      filaments are then fed, side-by-side, to a wash-draw apparatus of the type
      shown in the figure, except that it has 10 tanks.
PAR  In the first seven tanks, the ribbons are passed through a flow of
      countercurrent water at 73.degree.C. while a stretch of 1.14.times. is
      applied to draw the ribbons through the tanks. The ribbons emerging from
      the seventh tank contain about 2% dimethylformamide. As the ribbons leave
      the seventh tank, they are first given a light squeeze by passing them
      between rubber-covered rolls and are then subjected to a heavy squeeze
      between steel rolls, reducing the level of liquid carried on the moving
      filaments to below about 40%. The ribbons then enter tanks 8, 9, and 10
      containing a solution of a navy blue dye formulation at a concentration of
      5.85% and a temperature of 73.degree.C. The navy blue dye formulation
      consists of a solution of dyes having the Color Index identifications of
      Basic Red 15 (10.13% by weight) and Basic Green 4 (23.27% by weight) in
      66.6% by weight of a 70%/30% mixture of glycollic acid and water. The
      ribbons pass through the first dye bath without any draw and then are
      drawn slightly, about 1.1.times., in the second bath and fully in the last
      tank for a total draw of 2.2.times. in the dye solution. The speed of the
      ribbons as they leave the last tank in the apparatus is 350 ypm. As the
      ribbons leave the last tank of dye in the apparatus, they are subjected to
      a light squeeze, reducing the level of liquid (water and other
      evaporatable liquids) carried out of the tank on the filaments to 62%,
      based on filament weight. The four dyed ribbons are collected together as
      a rope.
PAR  A sample of the rope about five feet in length is cut off as it leaves the
      apparatus and a 1 foot sample of this is rinsed immediately with 3000 ml.
      of 60.degree.C. water (fiber sample placed in rinse bath in less than 30
      seconds after leaving dye bath). Additional 1 foot samples are cut off and
      rinsed after being allowed to stand for measured intervals of time. The
      amount of dye in each sample of rope is determined by dissolving the
      filaments in dimethylformamide and measuring the dye concentration with
      the aid of a spectrophotometer, and from this value the percentage of dye
      on fiber is calculated. The amount of dye in each rinse bath is also
      determined with the aid of a spectrophotometer, and from this additional
      data the fixation of dye (percentage of dye not rinsed from the fiber
      based on the total amount of dye in the fiber and the liquid surrounding
      the fiber) is calculated. The results are shown in the table for various
      time periods before rinsing.
PAR  In two separate comparison runs outside the scope of the invention, the
      experiment is repeated. In one comparison run, the extraction baths and
      dye baths are maintained at 87.degree.C. In the other comparison run, the
      extraction baths and dye baths are maintained at 95.degree.C. The results
      of these runs are also shown in the table.
TBL                TABLE                                                       

     ______________________________________                                    

     Influence of Temperature Upon Dye Uptake                                  

     Temperature of                                                            

                Time                                                           

     Extraction and                                                            

                Before      Fixation   Dye on                                  

     Dye Baths  Rinsing     (%)        Fiber (%)                               

     ______________________________________                                    

     73.degree.C.                                                              

                &lt;30 sec.    53.1       1.30                                    

                15 min.     97.4       2.38                                    

                60 min.     97.6       2.39                                    

     87.degree.C.                                                              

                &lt;30 sec.    21.6       0.43                                    

                15 min.     44.7       0.89                                    

                60 min.     75.0       1.49                                    

     95.degree.C.                                                              

                &lt;30 sec.    9.3        0.18                                    

                15 min.     73.9       1.43                                    

                60 min.     86.1       1.67                                    

     ______________________________________                                    

PAR  As illustrated in the table, the fixation of dye is markedly higher when
      the process is carried out at 73.degree.C. than it is at 87.degree.C. or
      95.degree.C. It is necessary to hold the samples for a whole day without
      rinsing to achieve high fixation values in the samples prepared at the
      hihger extraction and fixation temperatures (the fixation values with a
      24-hour time before rinsing being 99.1%, 96.0%, and 97.1% for the
      73.degree.C., 87.degree.C., and 95.degree.C. samples, respectively). Even
      more important is the ability to reach deeper shades by carrying out the
      process of the invention, as shown by the higher values for dye on fiber.
      Even when the samples prepared at the higher extraction and fixation
      temperatures are held for a whole day without rinsing, the values for dye
      on fiber are less than 2% (the dye on fiber values with a 24-hour time
      before rinsing being 2.43%, 1.91%, and 1.93% for the 73.degree.C.,
      85.degree.C., and 95.degree.C. samples, respectively).
PAR  In a duplicate experiment carried out in accordance with the first two
      paragraphs of Example V, using extraction baths and dye baths at
      73.degree.C., results similar to those shown in the table are obtained.
      The dye fixation when the sample is rinsed in &lt;30 sec. is 61.2%, after 15
      min. 94.9%, and after 60 min. 98.1%; after a whole day, dye fixation is
      98.7%. The values for dye on fiber are 1.50% when rinsed in &lt;30 sec.,
      2.33% after 15 min., 2.40% after 60 min., and 2.43% after a whole day.
PAR  The foregoing detailed description has been given for clearness of
      understanding only and no unnecessary limitations are to be understood
      therefrom. The invention is not limited to the exact details shown and
      described for obvious modifications will occur to those skilled in the
      art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A continuous process for dyeing dry-spun acrylonitrile polymer filaments
      which are substantially undrawn and contain in excess of 10% spinning
      solvent, by weight of the filaments, which comprises the following steps:
PA1  1. passing a bundle of said filaments through an aqueous extraction bath
      having a temperature below about 80.degree.C., so that any imposed draw is
      nominal and at a rate of at least about 10 yards per minute, until the
      spinning solvent content of the filaments is below about 10% by weight of
      the filaments;
PA1  2. squeezing the bundle of filaments under pressure sufficiently heavy to
      remove most of the extraction bath liquid therefrom;
PA1  3. passing the bundle of filaments into contact with a liquid dye mixture
      at a temperature below about 80.degree.C. at nearly zero stretch;
PA1  4. drawing the filaments between about 1.5.times. and 4.5.times. at a
      temperature between about 60.degree. and 80.degree.C. while the filaments
      are still in contact with the liquid dye mixture; and
PA1  5. removing excessive liquid by squeezing the bundle of filaments under
      pressure sufficiently light to retain upon the filaments an amount of
      liquid substantially greater than the amount present prior to their
      contact with the liquid dye mixture, so that there is a net pick-up of
      liquid dye mixture on the filaments and they remain in contact with the
      liquid dye mixture.
NUM  2.
PAR  2. The process defined in claim 1, wherein the temperature in steps (1) and
      (3) is between about 60.degree.C. and 80.degree.C.
NUM  3.
PAR  3. The process defined in claim 1, wherein the liquid dye mixture of step
      (3) is an aqueous solution of a basic dye and the filaments are immersed
      in the solution.
NUM  4.
PAR  4. The process defined in claim 3, wherein drawing step (4) takes place
      while the filaments are immersed in the aqueous solution of basic dye.
NUM  5.
PAR  5. The process defined in claim 1, wherein the drawn filaments remain in
      contact with liquid dye mixture for at least two seconds and are then
      rinsed with an aqueous medium to remove excess liquid dye mixture.
NUM  6.
PAR  6. The process defined in claim 1, wherein the temperature in steps (1) and
      (3) is between about 60.degree.C. and 80.degree.C., any drawing of the
      filaments in step (1) is less than about 1.2.times., the liquid dye
      mixture of step (3) is an aqueous solution of a basic dye and the
      filaments are immersed in the solution, and drawing step (4) takes place
      while the filaments are immersed in the aqueous solution of basic dye.
NUM  7.
PAR  7. The process defined in claim 6, wherein the drawn filaments remain in
      contact with liquid dye mixture for at least ten seconds and are then
      rinsed with an aqueous medium to remove excess liquid dye mixture.
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ABST
PAL  Plastic is cleanly severed between closely adjacent inner sections of
      radially operable blow molds in a rotary molding machine during mold
      opening by means of a wiper blade on the trailing face of the inner
      section of one mold angularly projecting toward and having its rear edge
      engaging the forward face of the next succeeding inner mold section, each
      such inner section being spring mounted and arranged because of the
      mold-opening cam configuration, to spring outwardly such that the rear
      edge of the blade slides along the forward face of the succeeding mold to
      consistently shear the plastic between such edge and such forward face.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  U.S. Ser. No. 409,652, filed Oct. 25, 1973.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a blow molding method and more particularly to
      severing plastic between adjacent sections of a multi-station machine of
      the type operable in a vertical plane wherein the sections move radial to
      the axis during opening and closing.
PAR  In U.S. Pat. No. 3,785,761 and commonly assigned U.S. Pat. No. 409,652,
      filed Oct. 25, 1973, the inner sections of each of a plurality of closely
      adjacent blow molds are disclosed as resiliently mounted such that during
      traversal of an outwardly directed mold-opening cam portion by followers
      associated with the outer mold sections in the vicinity of 10 o'clock when
      looking at the rotary machine head-on, each inner mold section releases
      incrementally outwardly to cause plastic to break in the vicinity of the
      parting line of the next succeeding, still fully-closed mold. Such
      severing is advantageous because reliance for this on continuously sharp
      mold pinch lands is avoided, such lands tending to become dull after
      extended periods of use.
PAR  However, it has since been observed that when rotary molding machines of
      this general type are cycled at high rates, the glob of plastic in the
      tight area between closely adjacent mold sections (such closeness
      minimizing the amount of flash generated which requires reprocessing) is
      still quite pliable at the mold-opening portion of the cycle, due in large
      part to the fact such glob is not contacting any mold surface at all and
      thus is not being conductively cooled thereby. The result is that complete
      severance due to differential movement of adjacent molds is impeded, the
      material tending to only partially separate and to remain attached via
      strings on either side of the intended break point. As is also known, with
      this type of radial rotary molding machine the molded article is generally
      retained in the outer mold sections during mold opening by means of
      coaction between the plastic and a projection, such as an undercut, in the
      mold surface, thereby facilitating subsequent ejection from the machine at
      about the 12 o'clock position. With such incomplete severing as just
      described, any residual stringing of the material inhibits retaining the
      molded article in the outer section and frequently the strings prevent the
      undercut from functioning as intended, and instead of being in the outer
      section, the molded article is in the inner section at the point where it
      is to be ejected from the machine, which condition is not supportive of
      the accepted way of removing the molded products from the machine.
PAC  SUMMARY OF THE INVENTION
PAR  Now, however, method improvements have been developed for severing plastic
      between adjacent inner mold sections of radially operable molds in a
      vertically oriented rotary blow molding machine.
PAR  Accordingly, it is a principal object of this invention to provide an
      improved method for separating plastic between adjacent molds in such a
      rotary blow molding machine.
PAR  Another object of this invention is to provide a method employing
      improvements in machines of the aforementioned type which depend for
      plastic severance on the coaction between resiliently mounted inner mold
      sections and the outwardly directed contour of a mold-opening portion of
      an operating cam.
PAR  An additional object of this invention is to provide a method employing
      simple means as a self-contained portion of an inner mold assembly for
      consistently and cleanly severing plastic between adjacent molds in a
      machine of the aforementioned type which is not dependent on continued
      sharpness of pinch lands to cut through the plastic.
PAR  Other objects will in part be obvious and will in part appear hereinafter
      from the following disclosure and claims.
PAR  These and other objects are accomplished in a rotary machine for blow
      molding hollow articles from an extruding tube of thermoplastic material
      which includes a wheel arranged for rotation and having a plurality of
      arms, each carrying a partible mold comprising an inner section and an
      outer section radially movable along the arm, cam means generally
      surrounding the wheel including a mold-opening cam portion, means
      associated with each outer mold section for periodically engaging such
      moldopening portion during rotation of the wheel and spring means between
      the wheel axis and each inner mold section for urging each inner section
      incrementally outwardly as the means associated with each outer mold
      section traverses the mold-opening cam portion, by providing the
      improvement in said machine which comprises, in combination, a wiper blade
      on the back face of each inner mold section angularly projecting toward
      and abutting the front face of the next adjacent succeeding inner mold
      section to shear the plastic against said front face during such
      incremental outward movement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In describing the overall invention, reference will be made to the
      accompanying drawings wherein:
PAR  FIG. 1 is a schematic, elevational view, partly in section, showing
      apparatus embodying the present invention arranged between a pair of
      adjacent molds of a rotary molding machine;
PAR  FIG. 2 is a partial end view along 2--2 of FIG. 1; and
PAR  FIG. 3 is an enlarged detailed view of the immediate area between adjacent
      molds of FIG. 1 during plastic severance.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With respect to an environment in which the present invention is operative,
      reference is here made to U.S. Pat. No. 3,785,761, and more particularly
      to the following parts thereof incorporated herein by reference: col. 3 in
      its entirety, col. 4 through line 60 inclusive, and FIGS. 1-3. Numerals
      used in the present description referring to components described and
      illustrated in the incorporated parts of such patent are the same as used
      therein.
PAR  Referring now to the present drawings, there is shown in FIG. 1 a pair of
      adjacent inner mold sections 20a and 20b circumferentially spaced from
      each other as indicated at 141, a distance on the order of 1/8 to 3/4
      inch, in order to minimize the waste flash formed between adjacent molds.
      Each inner section 20 cooperates with an opposing outer section 24 to
      define one complete mold and each such section has a cavity portion 122a,
      122b, the surface of which together define the contour of the article
      being molded.
PAR  According to principles of the present invention, each inner section 20 of
      the multi-station assembly has wiper blade 124 secured via screws 126 to
      its rear or trailing face 128 at an acute angle to mold parting line 130.
      Blade 124 (FIG. 2) in installed position straddles longitudinal axis 131
      of cavity portion 122 by a few inches on either side and, except during
      severing as will be further described, never projects beyond such parting
      line 130 toward outer mold section 24, since this would interfere with
      concentrically locating the parison in the mold on issuing from the
      extruder head.
PAR  Though blade 124 may be made of a number of alternative materials
      including, for example, rubber, it is preferably formed of spring steel
      and is assembled to the position shown in FIGS. 1 and 2, such that its
      shearing edge 133 (FIG. 3) is loaded, i.e. put under compression, an
      amount on the order of 0.003 to 0.010 inch against forward face 129 of the
      next succeeding inner mold section, such engaged mold face in the
      illustrated embodiment being defined by inner mold section pinch blade
      132. This compressive mounting of blade 124 could also be accomplished
      using a coil spring, not shown, inserted, for example, between front face
      148 of blade 124 and the opposite trailing mold face 128 so as to urge
      blade 124 rearwardly against the forward face of the next succeeding mold
      section by the desired preset amount of force. Compressive loading of
      blade 124 against the face of the succeeding mold is important since with
      the type of incremental movement of each mold section 20 in a true radial
      direction with respect to the axis of the machine as a result of
      decompression of springs 26, a space will exist between the mold sections
      if the blade 124 is made an integral rigid part of the section to which it
      is attached and is not spring loaded against the face of the next
      succeeding section, and it is this space which will prevent the desired
      positive shearing action from occurring.
PAR  Immediately adjacent mold sections 20 in FIG. 1 are shown in compressed
      condition, i.e. prior to movement of the assembly of which outer section
      24 is a part thereof away from a section 20 as a result of cooperative
      rolling engagement between followers 50 and mold opening cam portion 52,
      or in other words, while follower 66 is in contact with mold-closed cam
      portion 70. In such loaded, compressed position, top face 134 and more
      particularly shearing edge 133 of blade 124 is below the parting line 130
      of the next succeeding section 20 preferably by an amount 135 equal to one
      half the extent of movement of a section 20 outwardly when springs 26 are
      released, e.g. on the order of 1/32 to 1/16 inch. If face 134 is set back
      too far in the direction of arrow 136 with respect to pinch lands 138 of
      the next mold section, shearing via blade 124 will not occur at all,
      whereas if it is positioned too far in the opposite direction,
      interference with centering of the parison in the mold during the
      mold-closing portion of the cycle will occur, as previously mentioned. It
      is conceivable, however, that the edge coplanar with 133 representing the
      other extremity of thickness of angularly mounted blade 124 could lie
      right on parting line 130 of the mold on which it is mounted. Thus, by
      setting the angle of projection of blade 124 at between about 10.degree.
      to 75.degree. to the parting line and holding the gap 141 between adjacent
      inner mold sections at about 1/8 to 3/4 inch, as screws 126 are threaded
      into inner mold section 120, compressive loading of wiper blade 124 in
      direction 140 will occur.
PAR  Pinch lands 142 (FIG. 3) in each opposing section are forward of blade 124
      at the rear of cavity portions 122a and 122b, and are preferably separated
      from each other when the mold is closed, i.e. dimension 144, on the order
      of 0.001 to 0.006 inch to avoid cutting through the plastic in this area
      during mold closing, such severing desirably occurring in a manner to be
      described via blade 124. This range for dimension 144 is important, since
      if it is excessive, difficulty will be encountered in breaking the tail
      portion of the article squeezed within cutouts 146a and 146b during mold
      closing away from the base of the molded article later on downstream of
      the machine.
PAR  In overall operation of machine 10 of the referenced patent in which the
      molds and parts in FIGS. 1-3 are installed, during traversal of the
      initial portion of the mold-opening part 52 of the cam by followers 50,
      outer mold assembly 22 because of the radially outwardly increasing shape
      of cam portion 52, is moving outwardly compared with the position of the
      next subsequent mold assembly, or in other words the subsequent mold
      assembly will be in the position of the first mold on the left side in
      FIG. 3 of the present drawings while the prior mold assembly will just be
      starting to separate along the parting line of the blow mold. The coil
      springs 26 of the first inner mold assembly 18, accordingly, will have
      expanded or decompressed in comparison with the compressed condition of
      the springs of the next subsequent still-closed mold assembly.
PAR  With reference to FIG. 1 of the present drawings, this incremental outward
      movement of inner mold section 20 and therefore of blade 124 causes
      shearing edge 133 of top face 134 to move upwardly along the surface of
      the pinch blade of the following inner mold section a total amount equal
      to the extent of compression of springs 26, to the position shown in
      outline at 150 in FIG. 1. If 135 in FIG. 1, i.e. the amount edge 133 is
      set below parting line 130 when the springs 26 of both adjacent sections
      are compressed, equals 1/2 the amount of travel when springs 26 are
      relaxed, edge 133 then will terminate its movement beyond parting line 130
      by an amount also equal to 1/2 the amount of total movement. Thus, when
      the succeeding section 20b springs fully outwardly prior to loading the
      mold with plastic for the next cycle, the relative positions of edge 133
      and parting line 130 will again be as illustrated in full lines in FIG. 1,
      and no interference with parison positioning in the inner mold sections
      will occur.
PAR  Referring to FIG. 3, with respect to the glob 151 of plastic within gap 141
      between the mold sections, such rather abrupt upward (or outward with
      respect to the wheel axis) movement beyond parting line 130 causes top
      face 134 of blade 124 to smash into the portion of glob 151 within dotted
      lines 153 in FIG. 3, and shear it away at parting line 130 from the
      plastic compressed between the pinch lands at the forward end of the next
      succeeding mold as edge 133 of the blade compressively scrapes across the
      forward face 129 of such next succeeding mold, thereby cleanly shearing
      the plastic in front of it during the initial stage of the mold-opening
      portion of the machine cycle.
PAR  After ejection of the article from the machine in the vicinity of the
      twelve o'clock position, tail section 154 is relatively easily broken away
      from the rest of the article at web 156 in downstream equipment. In the
      meantime, the empty mold continues to traverse a circular path around the
      machine and eventually closes again at about the one-thirty position on
      another parison portion to start another cycle, springs 26 going into
      compression to then cause the wiper blade to take the position illustrated
      in FIG. 1 with respect to the next succeeding mold during actual blowing
      of the article.
PAR  Various modifications and alterations will be readily suggested to persons
      skilled in the art. It is intended therefore, that the foregoing be
      considered as exemplary only and that the scope of the invention be
      ascertained from the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of blowing molding hollow articles from thermoplastic
      material by radially moving one mold section toward another mold section
      to capture successive lengths of a continuously extruding thermoplastic
      parison in adjacent blow molds circumferentially spaced from each other as
      said molds traverse a rotary path about a horizontal axis, holding said
      sections closed while expanding the parison lengths to form the articles
      with portions of said continuous parison between said circumferentially
      spaced molds connecting blown articles in adjacent molds and incrementally
      moving the inner section of each mold substantially perpendicular to the
      horizontal axis while the next adjacent mold is still closed to at least
      partially sever a parison portion intermediate the opening and
      still-closed mold, the improvement in said method whereby the reliability
      of completeness of severing of each parison portion is improved, which
      improvement comprises the step of:
PA1  advancing a blade on the back face of the inner section of the opening mold
      along the front face across the parting line of said still-closed mold to
      shear the thermoplastic material of said each parison portion between said
      face and blade as a result of said incremental movement.
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ABST
PAL  A process for preparing improved glass fiber reinforced thermoplastic
      compositions, the products produced thereby, and articles injection molded
      from the thermoplastic compositions. The process includes mixing and
      plastifying a powdered thermoplastic resin containing glass fibers in a
      screw extruder, milling the plastified resin-glass blend into a sheet on a
      hot roll mill, and dicing the sheet into pellets. The pellets are
      particularly suitable for use in forming articles by injection molding.
PARN
PAC  CROSS-REFERENCE
PAR  This application is a Continuation-in-Part of now abandoned application
      Ser. No. 444,099, filed Feb. 20, 1974, which is a continuation of
      application Ser. No. 7,128, filed Jan. 30, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Basic thermoplastics have several critical property disadvantages which
      limit their use in structural and engineering applications. These
      deficiencies include cold flow under load, high coefficient of thermal
      expansion, high temperature use limitations, and generally low strength
      properties. The use of reinforcing fibers to improve these deficiencies
      has been technically demonstrated in most thermoplastics. The composite
      materials have improved strength, temperature resistance, dimensional
      stability, and rigidity.
PAR  The ability of these materials to be fabricated by injection molding at
      rates equivalent to non-reinforced plastics coupled with improvements in
      critical engineering properties has not only placed these materials in a
      position to displace their non-reinforced counterparts in many
      applications, but also to compete for markets now held by thermosets,
      non-ferrous metals, and certain alloys.
PAR  The mechanism for effective reinforcement of thermoplastics by high
      strength fibers is based on the transfer and equal distribution of the
      applied stress from the resin to the high strength fiber reinforcement.
      Intimate contact of the resin and fiber, through chemical bonding or
      physical attraction, is essential. Secondarily, uniform distribution of
      the fiber into the resin matrix must be accomplished with minimum
      destruction of the fiber.
PAR  Glass fibers are generally used to reinforce thermoplastics because of
      their relatively low cost, availability, and high strength properties. The
      glass fibers are usually treated with coupling agents (silanes or chrome
      complexes) which are thought to form chemical bridges between resin and
      glass, binders to maintain strand integrity and protect the glass during
      handling, and in some cases anti-static agents.
PAR  While most properties of thermoplastics reinforced with glass fibers are
      improved, some properties, particularly impact strength and deflection
      temperature, are highly dependent on the chacteristics of the unreinforced
      thermoplastic involved. Improvements in tensile and flexural strengths,
      rigidity, and dimensional stability are directly proportional to
      fiberglass content.
PAC  THE INVENTION
PAR  It is an object of this invention to provide an improved process for the
      production of fiber reinforced thermoplastic resinous material suitable
      for injection molding.
PAR  These benefits and other advantages are achieved in a process for the
      production of a thermoplastic composition which includes feeding a
      filamentary reinforcing agent and an organic thermoplastic resin to a
      screw extruder, mixing and plastifying the resin and the agent in the
      extruder, extruding the mixture of resin and reinforcing agent, milling
      the mixture to a sheet on a roll mill, and dicing the sheet into pellets.
PAR  The compositions produced by the process of the present invention are
      characterized by improved tensile strength, rigidity, and deflection
      properties. They also have the ability to flow readily in injection molds
      having complex shapes and produce high strength structural shapes having
      relatively smooth surface finishes.
DETD
PAR  The various components of the apparatus used in performing the process and
      making the product of the present invention are illustrated in the
      drawing. The thermoplastic resin is deposited in hopper 1 and the glass
      fibers are deposited in hopper 2 by any conventional means. The
      thermoplastic resin and glass fibers are metered and allowed to free-fall
      from hoppers 1 and 2 into the extruder hopper 3. The stream of
      thermoplastic resin and glass fibers commingle while free-falling downward
      through hopper 3 into extruding mixer 4. Mixer 4 may be any conventional
      single screw or twin-screw extruder equipped with heating means to
      plastify the thermoplastic resin mix therein. The resin-glass fiber
      mixture is discharged from the extruder and conveyed by any conventional
      means to a hot two-roll mill 5 which mills the mixture of thermoplastic
      resin and glass fibers into a sheet. The sheet is cooled in cooling tank 6
      and is then transferred to dicer 7. Dicer 7 dices the sheet into small
      pellets which are ejected into container 8. The pellets may then be
      packaged for shipment or transferred directly to injection molding
      equipment for injection molding any desired article. The thermoplastic
      resin and the glass fibers may also be mixed together in a conventional
      mixer, such as a ribbon blender, prior to adding the mixture to the
      plastifying extruder. It is necessary that the extruder be equipped with
      heating means adequate to plastify the blend of thermoplastic resin. The
      extruder must be operated at a temperature sufficiently high enough to
      plastify the thermoplastic resin mixed therein. This temperature is
      dependent upon the specific type of thermoplastic resin being mixed and
      plastified in the extruder. The screw speed and extrusion rate vary with
      the type and size of the extruder being used, and with the type and
      relative proportions of glass and thermoplastic resin being used.
PAR  The preferred extruders are twin-screw extruders, i.e., extruders having
      two screws aligned parallel to each other in a common chamber. The most
      preferred extruder is the twin-screw extruder-mixer manufactured by the
      Farrel Company, a Division of U.S.M. Corporation, labeled the "Farrel
      Continuous Mixer". The Farrel twin-screw extruder-mixer has two helical
      threads on a portion of each screw shaft in addition to conventional screw
      threads. The helical threads increase the agitation of the mixture and
      result in a very uniform mixture. The extruder also contains heating means
      to plastify the resin being mixed.
PAR  The roll mill may be any conventional roll mill equipped with means for
      heating the rollers on the mill. The rollers must be sufficiently hot to
      soften the glass reinforced plastified resin composition extruded from
      extruder 4 so that the composition may be milled into sheets. The
      temperature of the rollers is dependent upon the specific type of
      thermoplastic resin being mixed and plastified in the extruder.
PAR  The cooling tank 6 may be any conventional tank adapted to contain a
      coolant fluid such as water. Means may be incorporated in or adjacent to
      the tank to cool the coolant fluid, such as cooling coils, a cooling
      tower, or the like. The temperature of the coolant must be sufficiently
      low to cool the sheet received from roll mill 5 to a solid, rigid state.
PAR  Dicer 7 may be any conventional dicer. The preferred dicer is adapted to
      produce a pellet in the general shape of a cube having edges between about
      1/8-inch to about 1/4-inch in length.
PAR  Any thermoplastic resinous material which is heat formable may be employed
      in the method of the present invention. Suitable thermoplastic resins
      include polymers and copolymers of the fluorocarbons, the alkenyl aromatic
      resins exemplified by polystyrene, styrene copolymers, blends and graft
      copolymers of styrene and rubber, and the like; the polyvinyl halides,
      polyvinylidene halides, and copolymers thereof, such as are generally
      known as sarans; super polyamides, such as Nylon 66 (a condensation
      product of hexamethylenediamine and adipic acid); polyolefins, such as
      polyethylene, polypropylene, and copolymers thereof; vinyl acetate and its
      derivatives; the acrylics; coumarone-indene resins; polyoxymethylenes; the
      vinyl ethers; the vinyl ketones; and copolymers and physical mixtures of
      the foregoing resins. A suitable copolymer of the foregoing resins is a
      copolymer of acrylonitrile-butadiene-styrene (ABS).
PAR  Exemplary of the fluorocarbon monomers which may be employed in practicing
      the embodiments of this invention are: fluoroethylene-hexafluoropropylene
      mixtures, trifluoroethylene, and chlorotrifluoroethylene.
PAR  The vinyl halide monomers which may be employed in the present invention
      are exemplified by: vinyl chloride, vinyl bromide, and vinyl fluoride. A
      particularly preferred embodiment of the present invention employs vinyl
      chloride as the principal monomer used to prepare the resin emulsion.
PAR  Exemplary of the vinylidene halide monomers which can be used in the
      present invention are: vinylidene fluoride, vinylidene chloride, and
      vinylidene bromide.
PAR  The styrene monomers (i.e., vinyl aromatic compounds) which may be employed
      in the preferred embodiments of this invention include amino styrene,
      4-benzyl styrene, 2-bromo styrene, 3-bromo styrene, 4-bromo styrene,
      2-bromo-trifluoromethyl styrene, 3-sec-butyl styrene, 3-tert-butyl
      styrene, 4-tert-butyl styrene, 3-carbomethoxy styrene, 3-carboxy styrene,
      2-chloro styrene, 3-chloro styrene, 4-chloro styrene, 4-cyano styrene,
      4-cyclohexyl styrene, 2,3-dichloro styrene, 2,4-dichloro styrene,
      3,5-dichloro styrene, 3,4-dimethoxy styrene, 2,4-dimethyl styrene,
      2,5-dimethyl styrene, 3,4-dimethyl styrene, 3,5-dimethyl styrene,
      4-N,N-dimethylamino styrene, 4-N,N-dimethylsulfonamide styrene, 4-ethyl
      styrene, 2-fluoro styrene, 3-fluoro styrene, 4-fluoro styrene,
      3-fluoro-4-trifluoromethyl styrene, 2-methoxy styrene, 3-methoxy styrene,
      4-methoxy styrene, 3-methyl styrene, 3-methyl-4-methoxy styrene,
      3-methyl-6-methoxy styrene, 4-methyl styrene,
      2-methyl-4-methoxy-5-isopropyl styrene, and the like.
PAR  Alpha-substituted styrene monomers such as the following may be used in
      lieu of the styrene monomers named hereinbefore; alpha-chloro styrene,
      alpha-cyano styrene, alpha-methyl styrene, alpha-methyl-4-bromo styrene,
      alpha-methyl-3-chloro styrene, alpha-methyl-4-ethoxy styrene,
      alpha-methyl-2-fluoro styrene, alpha-methyl-4-methoxy styrene,
      alpha-methyl methyl styrene, alpha-methyl pentachloro styrene,
      alpha-methyl tetrachloro styrene, alpha-methyl trichloro styrene,
      alpha-methyl-3-trifluoromethyl styrene, and the like.
PAR  Typical of the acrylics that may be used in the present invention are:
      methylmethacrylate, methylacrylate, ethylacrylate, acrylonitrile, and the
      like.
PAR  Exemplary of vinyl acetate and its derivatives are the vinyl acetals and
      vinyl alcohol. Particularly preferred among the vinyl acetals are: vinyl
      propional, vinyl butyral, vinyl pentanoal, vinyl hexanol, vinyl heptanoal,
      vinyl octanoal, vinyl nonanoal, vinyl decanoal, vinyl undecanoal, vinyl
      dodecanoal, and the like.
PAR  Representative of the vinyl ethers which may be used in the present
      invention are: vinyl methyl ether, vinyl ethyl ether, vinyl-N-propyl
      ether, vinyl isopropyl ether, vinyl butyl ether, vinyl-sec-butyl ether,
      vinyl isobutyl ether, vinyl-tert-butyl ether, vinyl-n-pentyl ether, vinyl
      isopentyl ether, vinyl-n-hexyl ether, vinyl isohexyl ether, vinyl-n-heptyl
      ether, vinyl isoheptyl ether, vinyl-n-octyl ether, vinyl isooctyl ether,
      vinyl-n-nonanoal ether, vinyl phenyl ether, vinyl-p-tolyl ether,
      vinyl-m-tolyl ether, vinyl-o-tolyl ether, vinyl benzyl ether,
      vinyl-p-nitrophenyl ether, vinyl-m-nitrophenyl ether, vinyl-o-nitrophenyl
      ether, vinyl cresol ether, vinyl isoamyl ether, and the like.
PAR  Exemplary of the polyvinyl ketones which may be used in the present
      invention are: vinyl methyl ketone, vinyl ethyl ketone, vinyl-n-propyl
      ketone, vinyl isopropyl ketone, vinyl butyl ketone, vinyl-n-butyl ketone,
      vinyl-sec-butyl ketone, vinyl-tert-butyl ketone, vinyl isobutyl ketone,
      vinyl-n-pentyl ketone, vinyl isopentyl ketone, vinyl-m-hexyl ketone,
      vinyl-n-heptyl ketone, vinyl-n-octyl ketone, vinyl-n-ononaoal ketone,
      vinyl-n-decyl ketone, vinyl benzyl ketone, vinyl phenyl ketone,
      vinyl-m-tolyl ketone, vinyl-o-tolyl ketone, vinyl-p-tolyl ketone, vinyl
      isoamyl ketone, vinyl naphthyl ketone, vinyl chloromethyl ketone, and the
      like.
PAR  A great variety of filamentary reinforcing agents may be used in the
      present invention including certain thermoplastic materials when utilized
      with other resinous materials which have a significantly lower heat
      forming temperature than does the reinforcing material. Other suitable
      reinforcing fibrous filaments include asbestos fibers, and the like.
      Particularly preferred however are glass fibers.
PAR  It is preferred that the glass fibers used in accordance with the present
      invention be given a coating using a coupling or bonding agent to assist
      joining of the polyvinyl chloride to the individual glass filaments. Any
      number of commercially available coupling agents may be utilized for
      treating the glass fibers employed in the compound of the present
      invention, particularly organosilane-type coupling agents. Examples of
      suitable silanes are found in U.S. Pat. Nos. 2,563,288; 2,563,589, and
      3,318,757. Werner complexes as disclosed in U.S. Pat. No. 2,552,910 may
      also be utilized as coupling agents. Many additional agents are listed in
      the paper entitled "The Influence of Reinforcements on Strength and
      Performance of Fiber Glass Reinforced Thermoplastics" by J. T. Inglehart
      et al., given at the 22nd meeting of Reinforced Plastics Division of the
      Society of Plastics Industry, Inc. (reprint available from Owens-Corning
      Fiberglass Corp., Technical Center, Grandville, Ohio).
PAR  It is preferred to utilize chopped multi-filament glass fiber strands
      having some twist therein. It is also preferred to use glass filaments
      provided with a sizing material which protects the individual filaments
      during handling and compounding as the glass fiber is worked into the
      thermoplastic resin. Chopped glass fibers having a strand length from
      1/8-inch to 2 inches may be used to prepare compounds of the present
      invention. Strands having a length between 1/8-inch and 1/2-inch are
      preferred. However, the most desirable length for use in the present
      compounds are chopped strands of about 1/4-inch length. The preferred
      glass fiber is Owens-Corning Fiber Glass 885-BB which comes in 1/4-inch
      lengths or Pittsburg Plate Glass Industries HR-3129, also in 1/4-inch
      glass lengths.
PAR  A preferred thermoplastic resin composition for use in the present
      invention is a resin composition comprising about 100 parts by weight of a
      vinyl chloride polymer, about 1 to about 15 parts by weight of a
      coumarone-indene resin, and about 5% to about 50% glass fibers by weight
      of resin composition. The most preferred composition comprises about 100
      parts by weight of polyvinyl chloride, from about 5 to 10 parts by weight
      of a coumarone-indene resin, and about 10% to 30% glass fibers by weight.
PAR  One particularly suitable homopolymer of vinyl chloride that can be used in
      the composition of the present invention is manufactured by Ethyl
      Corporation and designated SM-175. SM-175 is a homopolymer of vinyl
      chloride having a bulk density of about 0.53 and a relative viscosity of
      about 1.75 plus or minus 0.02, determined using one gram of resin per 100
      grams of cyclohexanol and measuring the viscosity at 25.degree.C. SM-175
      has a particle size distribution of about 5% between 250 and 177 microns,
      about 35 to 40% between 177 and 150 microns, about 40 to 45% between 150
      and 105 microns, about 10 to 15% between 105 and 74 microns, and about 10%
      below 74 microns in diameter.
PAR  The coumarone-indene resin used in the compound may be any one of the
      number of commercially available coumarone-indene resins. One of the
      preferred resins is Nevidene LX-509 available from Neville Chemical
      Company. The coumarone-indene resin preferred for use in the composition
      of the present invention has the structural formula:
      ##SPC1##
PAL  Other suitable commercially available coumarone-indene resins are those
      known as R-1 Nevindene, R-3 Nevindene, R-5 Nevindene and R-6 Nevindene
      available from Neville Chemical Company, Cumar W and Cumar V resins made
      by Allied Chemical Company and Picoumarone resins 410, 410-L, 410-H,
      410-HL, 410-EHL, 450-EH and 450-L made by Pennsylvania Industrial Chemical
      Company. Mixtures of any of the foregoing coumarone-indene resins may be
      used to prepare the polyvinyl chloride compounds of the present invention.
      It is preferred that such resins have a softening point (ring and ball
      test or ASTM-28-51T) of 100.degree.C or higher. Those resins having a
      softening point between 126.degree. and 155.degree.C are particularly
      preferred. The coumarone-indene resins can be used in the compound of the
      present invention in an amount of from about 1 to about 15 parts by weight
      per 100 parts of polyvinyl chloride resin used. A preferred weight of the
      coumarone-indene resins is from about 4 parts by weight to about 10 parts
      by weight with the most preferred being about 8 parts by weight.
      Additionally, pigments, fillers, stabilizers, inhibitors, lubricants, and
      extrusion aids may be incorporated in the polyvinyl chloride composition
      of the present invention. The invention is further illustrated by the
      following examples.
PAC  EXAMPLE I
PAR  A blend of the following ingredients was prepared, each of the ingredients
      being specified in parts by weight. 100 Parts of polyvinyl chloride resin
      powder (Ethyl Corp. SM-175), 5 parts of a stabilizer (McGregor 810 made by
      John R. McGregor Lead Co.), 1.5 parts of another stabilizer (DS-207
      manufactured by National Lead Company), 1 part of an additional stabilizer
      (Mark WS manufactured by Argus Chemical Co.), 5 parts of a calcium
      carbonate filler (Winnofil S manufactured by Imperial Chemical Industries
      America), 8 parts of an acrylic processing aid (K-120-N manufactured by
      Rohm and Haas, Inc.), 0.8 parts of a wax lubricant (PA-190 manufactured by
      American Hoesch Co.), and 8 parts of a coumarone-indene resin (LX-509
      manufactured by Neville Chemical Co.) were charged to a conventional mixer
      (ribbon blender) and mixed for 20 minutes at a temperature of about
      130.degree.F. The powder blend was then transferred to hopper 1 from which
      it was fed at a controlled rate of 2,800 pounds per hour to 4, a
      twin-screw extruder-mixer (Farrel Continuous Mixer manufactured by Farrel
      Company, Division of U.S.M. Corp.). 1/4-Inch chopped glass fiber strands
      were fed into hopper 2, which in turn feeds the fibers into hopper 3 at a
      rate of 700 pounds per hour. The discharging chopped glass fiber strands
      were merged into the discharge of the powder blend from hopper 1 as the
      mixture free-fell into the feed section of the twin-screw extruder 4. The
      powder blend and glass fibers were fluxed (plastified) and mixed quite
      thoroughly in the chamber of the extruder. The fluxed product was cut into
      3 .times. 6 .times. 6 inch bricks as it emerged from the continuous mixer
      discharge orifice. The bricks were dropped onto a conveyor and transferred
      to the nip of a 26 .times. 84 inch twin roll compound mill 5. The mill was
      steam heated and controlled to hold a temperature of 325.degree.F on the
      takeoff roll and 300.degree.F on the backup roll. The mill was run at a
      takeoff roll surface speed of 125 feet per minute. The high processing aid
      level (8 parts of K-120-N acrylic processing aid) was necessary to improve
      the tension of the material on the mill, because the presence of the glass
      fibers and the polyvinyl chloride caused loss of tack on the mill. The
      strips or sheets were taken from the mill as continuous belt 9 .times.
      5/32 inches. The sheet was drawn through a hot water bath of 150.degree.F
      and fed into a 14 inch dicer (Cumberland Engineering Co., Model No.
      10,284). The glass fiber reinforced composition diced into pellets easily
      over a relatively wide temperature range. The average size of the
      generally cube-shaped pellets was about 3.0 millimeters by about 3.5
      millimeters by about 3.0 millimeters.
PAR  The glass fibers in the pellets were found to be substantially randomly
      dispersed throughout the pellet. The glass fibers as originally introduced
      into the resin composition were gathered together into bundles; however,
      the glass fibers in the pellets were found to be separated each from the
      other. The glass fibers in the pellets ranged in length from about 0.1
      millimeters to about 1.2 millimeters. At least about 50% of the total
      number of the glass fibers in the pellet were between about 0.5 and about
      0.8 millimeters in length.
PAR  The pellets were injection molded into test samples which were found to
      have the following properties:
TBL  Property        Units       Testing Standard                              

     __________________________________________________________________________

     Specific Gravity                                                          

                     1.58        ASTM-D792                                     

     Mold Shrinkage in/in                                                      

                     0.001       ASTM-D955                                     

     Water Absorption % (24 hrs)                                               

                     0.010       ASTM-D570                                     

     Tensile Strength, psi                                                     

       73.degree.F   14,000      ASTM-D638                                     

      120.degree.F   11,000                                                    

      140.degree.F   9,000                                                     

     Tensile Elongation, %                                                     

                     Less than 5 ASTM-D638                                     

     Tensile Modulus, psi        ASTM-D638                                     

       72.degree.F   1,200,000                                                 

      120.degree.F   1,100,000                                                 

      140.degree.F   1,000,000                                                 

     Flexural Strength, psi                                                    

                     21,000      ASTM-D790                                     

     Flexural Modulus                                                          

                     1,000,000   ASTM-D790                                     

     Impact Strength, Izod                                                     

      Notched 1/4" .times. 1/2" bar                                            

                     0.8         ASTM-D256                                     

      Unnotched 1/4" .times. 1/2" bar                                          

                     8.0                                                       

     Heat Distortion Temperature                                               

      annealed                                                                 

       66 psi .degree.F                                                        

                     187         ASTM-D648                                     

      264 psi .degree.F                                                        

                     180                                                       

     Coef. of Linear                                                           

      Thermal expansion in/in/.degree.F                                        

                     1.2 .times. 10.sup.-.sup.5                                

                                 ASTM-D696                                     

     Flammability    Non-burning ASTM-D635                                     

     __________________________________________________________________________

PAC  EXAMPLE II
PAR  A blend of the following ingredients was prepared, each of the ingredients
      being specified in parts by weight. 100 Parts of polyvinyl chloride resin
      powder (Ethyl Corp. SM-175), 5 parts of a stabilizer (McGregor 810 made by
      John R. McGregor Lead Co.), 1.5 parts of a dibasic lead stearate
      stabilizer (DS-207 manufactured by National Lead Co.), 0.5 parts of an
      additional stabilizer (Mark WS manufactured by Argus Chemical Co.), 5
      parts of a calcium carbonate filler (Winnofil S manufactured by Imperial
      Chemical Industries America), 3 parts of an acrylic processing aid
      (K-120-N manufactured by Rohm and Haas, Inc.), 0.7 parts of a wax
      lubricant (PA-190 manufactured by American Hoesch Co.) and 8 parts of a
      coumarone-indene resin (LX-509 manufactured by Neville Chemical Co.), were
      charged to a conventional mixer and mixed until all components were
      thoroughly blended together. 25% By weight of 1/4-inch long glass fibers
      were added to the mixture. The glass-containing mixture was then
      transferred into a screw extruder. The mixture was mixed and plastified in
      the screw extruder. The fluxed (plastified) product was milled on a
      two-roll mill and diced into pellets. Samples of injection molded pellets
      had the following properties when tested according to the ASTM standards
      used in Example I:
TBL  Tensile strength, psi -- 73.degree.F                                      

                              15,000                                           

     Tensile elastic modulus, psi .times. 10.sup.3                             

                              1,400                                            

     Flexural strength, psi   22,200                                           

     Flexural modulus, psi .times. 10.sup.3                                    

                              1,150                                            

     Izod impact strength, ft.lb/in                                            

      notched 1/4" .times. 1/2" bar                                            

                              0.85                                             

     Heat distortion temperature                                               

       66 psi .degree.F       185.0                                            

      264 psi .degree.F       180.0                                            

PAC  EXAMPLE III
PAR  A blend of the following ingredients was prepared, each of the ingredients
      being specified in parts by weight. 100 Parts of a copolymer of styrene
      and acrylonitrile containing about 70% by weight styrene and about 30% by
      weight acrylonitrile (Tyril 867-21-7 manufactured by Dow Chemical Co.), 25
      parts of 1/4-inch long glass fibers, and 5 parts of a calcium carbonate
      filler (Winnofil-S manufactured by Imperial Chemical Industries, America).
      The blend was transferred to a twin-screw extruder-mixer (Farrel
      Continuous Mixer manufactured by Farrel Company, a division of U.S.M.
      Corp.). The blend was fluxed (plastified) in the twin-screw
      extruder-mixer. The fluxed product was milled on a two-roll mill and diced
      into pellets. Samples of injection molded pellets had the following
      properties when tested according to ASTM standards used in Example I:
TBL  Specific Gravity       1.21                                               

     Tensile, psi at 73.degree.F                                               

                            10,220                                             

     Tensile Modulus, psi at 73.degree.F                                       

                            887,000                                            

     Flex. Strength, psi    15,460                                             

     Flex. Modulus psi      776,000                                            

     Notched Izod, ft/lb/in .40                                                

     Heat Distortion Temperature                                               

     at 264 psi .degree.F   205                                                

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of a thermoplastic composition comprising:
PA1  a. feeding a stream of glass fibers and a separate stream of organic
      plastic resin to a common hopper, said hopper being adapted to allow said
      glass fibers and said resin to free-fall into a screw extruder;
PA1  b. mixing and heating said resin and said glass fibers in said extruder
      until said resin is plastified;
PA1  c. extruding said mixture of said resin and said fibers;
PA1  d. milling said mixture to a sheet on a roll mill having rollers heated
      sufficiently hot to soften said mixture;
PA1  e. cooling said sheet to a rigid state; and
PA1  f. dicing said sheet into pellets.
NUM  2.
PAR  2. The process of claim 1 wherein said extruder is a twin-screw extruder.
NUM  3.
PAR  3. The process of claim 1 wherein said resin includes 100 parts by weight
      of polyvinyl chloride and about 1 to about 15 parts by weight of a
      coumarone-indene resin having the structural formula:
      ##SPC2##
NUM  4.
PAR  4. The process of claim 1 wherein said resin includes a stabilizer, a
      lubricant, and a filler.
NUM  5.
PAR  5. The process of claim 1 wherein said extruder has two helical threads on
      a portion of each screw shaft.
NUM  6.
PAR  6. The process of claim 1 wherein said resin is polyvinyl chloride.
NUM  7.
PAR  7. The process of claim 1 wherein said glass fibers comprise about 5
      percent to about 50 percent by weight of said resin composition.
NUM  8.
PAR  8. A process for the production of a thermoplastic composition comprising:
PA1  a. feeding a filamentary reinforcing agent and an organic thermoplastic
      resin to a screw extruder having heating means;
PA1  b. mixing and heating said resin and said agent in said extruder until said
      resin is plastified;
PA1  c. extruding said mixture of said resin and said agent;
PA1  d. milling said mixture to a sheet on a roll mill having rollers heated
      sufficiently hot to soften said mixture;
PA1  e. cooling said sheet to a rigid state; and
PA1  f. dicing said sheet into pellets.
NUM  9.
PAR  9. The process of claim 8 wherein said resin is polyvinyl chloride.
NUM  10.
PAR  10. The process of claim 8 wherein said agent is glass fiber.
NUM  11.
PAR  11. The process of claim 8 wherein said resin includes 100 parts by weight
      of polyvinyl chloride and about 1 to about 15 parts by weight of a
      coumarone-indene resin.
NUM  12.
PAR  12. The process of claim 8 wherein said glass fibers comprise about 5to
      about 50% by weight of said pellets.
NUM  13.
PAR  13. The process of claim 8 wherein said extruder is a twin-screw extruder.
NUM  14.
PAR  14. The process of claim 8 wherein said resin includes a stabilizer.
NUM  15.
PAR  15. The process of claim 8 wherein said resin includes a lubricant.
NUM  16.
PAR  16. The process of claim 8 wherein said resin includes a filler.
NUM  17.
PAR  17. The process of claim 8 wherein said glass fibers in said pellets range
      in length from about 0.1 millimeters to about 1.2 millimeters, and at
      least about 50 percent of the total number of said glass fibers are
      between about 0.5 and about 0.8 millimeters in length.
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PAL  Shaped articles of polyvinyl alcohol are prepared by saponifying a liquid
      feed of polyvinyl ester as it cascades downwardly along the walls of a
      cylindrical reactor, and by taking-up from the reactor outlet the fibrous,
      shaped article of oriented, solid polyvinyl alcohol thus formed at a rate
      of at least 50 cm/minute. Advantageously, the thus formed shaped article
      is next divided into sliver, stretched and cut into fibers and,
      optionally, beaten, which fibers are useful in the manufacture of
      paper-like sheet materials.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a process for the shaping of filamentary
      structures of polyvinyl alcohol (hereinafter "PVA"), and, more especially,
      relates to a process for the shaping of filamentary structures of PVA
      useful in the manufacture of certain synthetic paper products.
PAR  2. Description of the Prior Art
PAR  The art is of course replete with various methods for the shaping of
      various filamentary and fibrous structures from both the natural and the
      synthetic resins. Such processes include both the normal wet, dry and melt
      spinning, as well as other methods such as fibrillating stretched film,
      monofilament extrusion, bi-constituent monofilament extrusion, and the
      like. For example, in Japanese Pat. No. 9651/1960 there is disclosed a
      process wherein a mixed melt of at least two normally solid and
      incompatible thermoplastic resins (e.g., polystyrene and polyethylene) are
      extruded through the slit in a film-forming die to form a film which is
      next stretched and then cut into a plurality of filaments which are
      rectangular in cross-section. The resultant filaments are subsequently
      further cut into fibers which are then beaten mechanically as in a normal
      papermaking operation to fibrillize the cut (to lengths of about 0.3 to
      2.5 cm) fibers. The resultant fibers and fibrillized fibers are each
      composed of the mixed resin composition, and are useful in the manufacture
      of the synthetic papers.
PAR  See also Japanese Pat. No. 5212/1964 wherein a mixed melt of like resins
      (e.g., powdered vinylidene chloride and low pressure polyethylene) is
      extruded as a monofilament, cooled and solidified, stretched, and beaten
      with a wooden hammer (without cutting the drawn filament), either as is or
      after being woven into a suitable fabric. Alternatively, the stretched
      fibers can be beaten after combing the same with an iron comb, crushed
      between conventional cylinders and then cracked into short fibers; or, in
      another embodiment, drawn and beaten by rubbing the fibers on the edge of
      a square, stainless steel bar.
PAR  The thus-obtained fibers have a length of several tens of millimeters and
      can also be fabricated into paper-like sheets, especially when screened in
      admixture with ordinary paper pulp. And in Japanese Pat. No. 6215/1966 a
      process is disclosed for extruding or spinning continuously a shaped
      filamentary structure of crystalline synthetic polymer comprising a
      three-dimensional integral plexus, by extruding a certain thermoplastic
      composition (e.g., a mixture of linear polyethylene and methylene
      chloride) through a suitable orifice under relatively high pressure and
      temperature into a zone of lower pressure.
PAR  However, these aforesaid methods of the prior art are not satisfactory for
      economical mass production because the resins employed are either highly
      incompatible with water or are relatively insoluble therein, and, in
      addition, in the performance of such methods complicated machinery and/or
      other highly sophisticated apparatus are required. Moreover, since the
      very hydrophilic cellulosics need not be employed in such processes, the
      synthetic papers fabricated from such thermoplastics do not necessarily
      exhibit those properties necessary in a desirable synthetic paper or
      similar sheetlike material.
PAR  It is of course well known that polyvinyl alcohol can be formed into fibers
      and filaments, but the most extensively used process to accomplish the
      above aims is quite complicated and involves the spinning of an aqueous
      solution of PVA, or solution of PVA in other suitable inert solvent. And
      such preparation of fibers and filaments of PVA depends essentially upon
      various physical changes that take place during the process.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, a primary object of the invention is to provide an improved
      method for the preparation of fibrous PVA.
PAR  Another object of the invention is to provide a method for the preparation
      of PVA fibers directly from a polyvinyl ester, e.g., polyvinyl acetate,
      without the necessity for employing conventional various spinning
      operations.
PAR  Still another object of this invention is to provide a process for the
      preparation of PVA fibers which has for its essence a chemical change
      taking place within the polymer molecule.
PAR  Yet another object of the invention is to provide a novel process for the
      preparation of PVA fibers which depends upon the saponification of a
      polyvinyl ester to the desired PVA.
PAR  Other objects of the invention will become more apparent from the
      description which follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a cross-sectional view of a reactor utilized in the
      saponification according to the invention;
PAR  FIG. 2 is a cross-sectional view of the reactor of FIG. 1 in combination
      with certain feed material treating means;
PAR  FIG. 3 is a cross-sectional view of the reactor of FIG. 1 in combination
      with certain saponified PVA treating means according to the invention;
PAR  FIG. 4 is a cross-sectional view and a plan view of the PVA rod as it exits
      the reactor of FIG. 1;
PAR  FIG. 5 is a cross-sectional view and a plan view of the PVA rod after it
      has been flattened by the rollers 1;
PAR  FIG. 6 is a cross-sectional view and a plan view of the flattened PVA rod
      after it has been divided into sliver by the divider 2; and
PAR  FIG. 7 is a cross-sectional view and a plan view of a stretched, cut and
      beaten, fibrillized PVA fiber according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  From Japanese Pat. No. 15014/1960 it is known that polyvinyl ester, e.g.,
      polyvinyl acetate can be saponified to polyvinyl alcohol in a hollow,
      cylindrical reactor. However, the fibrous PVA cannot be simply obtained by
      merely supplying a mixture of the ester and an alkali catalyst to the
      upper portion or inlet end of a hollow cylinder under suitable conditions
      of saponification, and thence simply saponifying, precipitating within the
      cylinder, and taking-up the coagulated PVA from the reactor outlet.
PAR  It has now been discovered that a rod or bar of PVA can be made fibrous and
      oriented in the direction of take-up by adjusting the rate of such take-up
      from the cylindrical reactor outlet at the bottom end of the reactor, to a
      value of at least 50 cm/min., and that fibrous PVA can easily be prepared
      by stretching this PVA bar while it is still "wet" and with simultaneous
      drying thereof, and subsequently beating the drawn filamentary structure.
PAR  Although the mechanism of the saponification of the ester to the alcohol
      within the hollow, cylindrical reactor is not clear, it is thought that a
      solution of PVA and suitable alcohol, in admixture with an alkali
      catalyst, promotes saponification as the reaction mixture descends or
      cascades downwardly through the reactor; gelatinization occurs upon the
      reaction mixture reaching a certain degree of saponification whereby the
      PVA is precipitated. Thus, there appears to be a phase inversion of from
      liquid phase to solid phase at this point.
PAR  It is also thought that the reason why fibrous PVA can be obtained by
      simple adjustment of the rate of take-up to 50 cm/min. is that the PVA is
      more highly oriented at the point of coagulation. This is documented by
      the facts that the fineness, strength, and molecular orientation as
      determined by X-ray analysis, are greatly improved upon increasing the
      take-up speed of the PVA.
PAR  Also according to this invention, the saponifiable polyvinyl ester is
      supplied to the upper, inlet end of the reactor in alcoholic solution, and
      the concentration of the polyvinyl ester in the alcoholic solution thereof
      is preferably greater than about 20% by weight; most preferably this
      concentration is in the range of from about 20 to about 40% by weight.
      When the concentration of the ester is less than 20% by weight, the PVA
      which precipitates is oriented to a certain degree but is nonetheless
      unsatisfactory as an end product and certain disadvantages are encountered
      in preparing the apparatus for producing such an unsatisfactory product.
      On the other hand, when the concentration of the ester exceeds 40% by
      weight, severe problems will be encountered within the apparatus because
      of the high viscosity of the reaction mixture and the resultant PVA
      precipitate moreover loses its orientation and a highly fragile product
      will result. The degree of polymerization of the polyvinyl ester charged
      to the reactor is most advantageously in the range of from about 1,000 to
      3,000 in view of the excellent fiber-forming properties of such a polymer.
      It has similarly been determined that when the reaction temperature
      exceeds about 55.degree.C., bubbles appear during the reaction and are
      accordingly incorporated into the PVA precipitate which then becomes
      undesirably fragile. A preferred temperature range within the apparatus is
      between about 35.degree. to 55.degree.C. The mole ratio of the catalyst
      used for the saponification reaction (e.g., a typical alkali catalyst) to
      the polyvinyl ester charged is between about 0.01 and 0.10, depending upon
      the concentration of the ester in solution and the temperature for
      saponification. The catalyst is used in the form of an alcoholic solution
      comprising about 50 to 200 grams of catalyst per one liter of alcohol.
      Further according to the invention, the resultant PVA precipitate is
      taken-up while adjusting the rate of take-up from the saponification
      reactor outlet. Suitable reaction apparatus comprises a saponification
      reactor disposed directly below a mixer wherein the feed materials are
      mixed (see the figures of drawing). The inner walls of the hollow cylinder
      are preferably smooth and are most advantageously fabricated from a
      substance which is neither adhesive to the polyvinyl ester nor the
      products produced during the course of the saponification reaction. As
      heretofore mentioned, the rate of take-up is not less than 50 cm/min., and
      preferably is between about 50 and 1,500 cm/min., albeit this rate is
      somewhat dependent upon the reaction rate, the amount of feed materials
      supplied and the length of the hollow, cylindrical reactor. When the rate
      of take-up is below 50 cm/min., none of the desired PVA in fibrous form is
      obtained. When the rate of take-up is more rapid, certain physical
      properties of the precipitate such as orientation are improved, but the
      state of precipitation is unstable, whereby it is necessary to carefully
      dimension the reactor and monitor the conditions for the saponification
      reaction. Thus, the diameter of the hollow, cylindrical reactor has been
      determined to preferably fall within the range of 10 to 300 mm, with a
      length of between 4,000 and 30,000 mm.
PAR  Saponification of the polyvinyl ester in the alcoholic solution according
      to the invention is conducted continuously in the cylindrical reactor
      wherein the feed materials comprising the catalyst solution are first
      mixed in a suitable blending apparatus. In another embodiment of the
      invention, it has, moreover, also been found that the desired fibrous PVA
      is obtained if there is additionally employed as feed an alcoholic
      solution of partially saponified polyvinyl ester, having a molar percent
      of degree of saponification of between 10 and 45, as an accelerator for
      the fibrillization of the PVA, and in an amount between 20 and 75% by
      weight based on the solution of the polyvinyl ester which comprises the
      basic component of the feed. The reaction product is still taken-up at a
      speed of at least 50 cm/min. from the reactor outlet.
PAR  While the reason for the accelerated fibrillization to an enhanced degree
      when using the partially saponified polyvinyl ester has not been
      established, it is considered that in the reaction medium the existence of
      the two types of polymers having different degrees of reaction, in
      solution, may afford the enhanced results, very much similar to the
      coexistence of various polymers.
PAR  In the saponification of the polyvinyl ester in methanol, especially
      polyvinyl acetate in methanol, and though the solution is a clear paste in
      the range 0 to 45 molar percent degree of saponification, same coagulates
      to a gel when the concentration is greater than about 45 to 50 molar
      percent.
PAR  The degree of saponification of the partially saponified polyvinyl ester
      accelerator in the alcohol ranges between 10 and 45 molar percent,
      preferably between about 15 and 40 molar percent. When this degree of
      saponification is less than 15 molar percent and especially when it is
      less than 10 molar percent, it is exceedingly difficult to enhance
      fibrillization. Contrariwise, when the degree of saponification exceeds 40
      molar percent, especially if it exceeds 45 molar percent, the original
      reaction medium becomes unstable. The partially saponified polyvinyl ester
      in alcoholic solution can be conveniently prepared by the partial
      hydrolysis of the polyvinyl ester at a lower temperature, utilizing a
      lesser amount of catalyst, and then neutralizing same with an amount of
      acetic acid under sufficient stirring when the desired degree of
      saponification has been attained.
PAR  The proportion in the reaction mix of the partially saponified polyvinyl
      ester, in alcoholic solution, to that of the polyvinyl ester is in the
      range of from about 20 to about 75 weight percent, preferably between
      about 25 and 70% by weight. It is difficult to obtain a fibrillized
      fibrous material according to the invention when this proportion is less
      than 25 weight percent, especially if it is less than 20% by weight and
      greater than 70% by weight, more especially if it is greater than 75% by
      weight.
PAR  With respect to the reaction temperature, when same is greater than about
      55.degree.C. bubbling occurs in the reaction mixture and the bubbles
      remain in the reaction product and in the ultimate fibrous PVA.
      Thus-obtained PVA is accordingly brittle. Preferably, then, the reaction
      is conducted at temperatures between about 35.degree.C. and 55.degree.C.
      depending somewhat upon the specific apparatus utilized. Further
      concerning the various processing parameters, the molar ratio of the
      catalyst, advantageously an alkali catalyst, too depends upon the
      concentration of the polyvinyl ester; and, upon ultimate stretching of the
      PVA intermediate, it has been found necessary that such stretching must
      first be performed under wet conditions.
PAR  More specifically, the PVA bar which exits the saponification reactor is
      still wet to a certain degree, subsequent to the saponification, by reason
      of drainage (containing volatile components, methanol and/or methyl
      acetate), but it is still necessary to further wet the fibrous PVA to the
      extent of at least 25% by weight of volatiles while concomitantly
      stretching and drying the same in air. In this case the solvent can be
      recovered at any point in time. Thus, the PVA bar is wet with either a
      non- or poor solvent for the PVA to a certain prescribed wet state prior
      to the stretching operation. To accomplish this goal, a small amount of
      water or appropriate aqueous vapor may be added to the fibrous PVA, e.g.,
      by the spraying thereof or by partial pressure (humidity).
PAR  In the wet-stretching step heretofore described, the degree of
      saponification increases even further due to the effect of the methanol
      vapors and the high temperatures, whereby an almost completely saponified
      product is obtained. Resistance to water is even more improved during the
      stretching operation.
PAR  In this initial stretching operation, the relative difficulty of this step
      is greatly influenced by how much the fiber is wet at the time of
      stretching. When the volatiles content is small, the stretching becomes
      difficult.
PAR  The temperature required for the stretching operation is in the range of
      50.degree. to 200.degree.C. In this case, the content of volatiles in the
      PVA is necessarily above 25%, preferably between 25 and 85%. When this
      content falls below 25%, the precipitated PVA is fibrous but really too
      fragile to be effectively stretched and it is easily cut.
PAR  Contrariwise, when the stretching is effected at a temperature below
      50.degree.C. the effect thereof is deleterious and the stretching cannot
      be advantageously performed. When the temperature is above 200.degree.C.
      for the stretching, the product dries too fast and the volatiles content
      rapidly decreases below 25% before the stretching operation is even
      completed, whereby cutting and rupturing or otherwise severing of the
      product readily occurs.
PAR  The rate of amount of wet-stretching is easily determined vis-a-vis the
      volatiles content therebefore, taking into consideration the temperature
      parameter, and the product is advantageously wet-stretched at least two
      times, preferably 3 to 10 fold.
PAR  The wet-stretched shaped filamentary structure is next treated at high
      temperatures followed by dry-stretching of same in order to increase the
      strength thereof by reasons of its then improved degree of orientation and
      crystallinity of the PVA. In the dry-stretching at elevated temperatures,
      the fibrous PVA is found to contain less than about 10% by weight
      volatiles, preferably less than about 5%. Said dry-stretching is conducted
      at temperatures in the range of from 100.degree. to 220.degree.C.,
      preferably from 150.degree. to 210.degree.C. And since the fibrous PVA,
      subsequent to the saponification, contains an amount of sodium acetate, it
      is preferred that the postsaponified, fibrous PVA, after either the wet-
      or dry-stretching thereof, be washed with an acidic, aqueous solution
      (e.g., an aqueous solution of sulfuric acid) to leach away the sodium
      acetate content of the fibrous PVA. According to the invention fibrous PVA
      can be obtained displaying at least 0.5 g/denier, particularly from 0.7 to
      3.5 g/denier of stretch strength, and being about 1 to 50 denier (from 10
      to 500 microns).
PAR  The stretched, shaped filamentary structures according to the invention are
      cut into any suitable length, advantageously 1 to 50 mm and preferably 2
      to 20 mm, and are beaten with a conventional beating apparatus to provide
      fine, fibrillized fibers similar to the conventional wood pulp fibers and
      these can be used either alone or in combination with other synthetics or
      with the natural wooden pulps to prepare synthetic or semi-synthetic
      paper-like sheets on a conventional papermaking machine. The papers
      obtained according to this invention are of high quality type.
PAR  In one embodiment of this invention, as illustrated by the figures of
      drawing, an alcoholic solution of a polyvinyl ester, e.g., a methanolic
      solution of polyvinyl acetate, is fed to the reactor 11 at inlet 8 and the
      saponification catalyst is introduced at the point 9, both into the mixer
      10. This mixture is then blended uniformly and cascades into the
      saponification reactor 11 which is disposed below the mixer 10. After the
      saponification step has been completed a rod or bar 13 of PVA exits the
      reactor outlet with the take-up being controlled by the rollers 1
      downstream of the reactor outlet, with the rate of take-up being
      controlled to at least 50 cm/min. The saponification reactor 11 is
      jacketed, jacket shown as 12. The rod 13 of fibrous PVA which exits the
      reactor 11 is passed through a divider 2 wherein the said rod or bar is
      divided into a plurality of slivers each about 6 mm square. About 15 of
      such slivers are provided, with each bundle comprising about 40 to 50
      filaments per sliver (see FIG. 6). Next, the filamentary PVA 7 is conveyed
      to the stretching apparatus 4 wherein it is stretched while being passed
      over the guide rollers 3 and is taken-up by the rollers 6. The PVA does
      not stick to the rollers 3.
PAR  As the stretching in the apparatus 4 is first effected in the wet state,
      such apparatus is provided with those jackets 5 for temperature regulation
      and sufficient attachment for providing and recovering the liquid which is
      impinged upon the filamentary material 7. The take-up speed of the rollers
      6 is of course correlated with the speed of the take-up rollers 1 and is
      adopted to be easily changed. Generally, the take-up or draw rollers 6
      comprise 2 to 4 rolls so that no slippage occurs during the drawing
      operation and the surfaces thereof are tailored for a non-slip operation.
PAR  Also according to the invention, the unsaponified feed stock which is in
      admixture and coexists with the saponified solids in the early stages of
      the saponification gradually is saponified in the reactor 11, and becomes
      fibrous and is oriented as it cascades through the said reactor,
      ultimately being taken up as a single bar 13 of PVA at the reactor outlet
      whereat the saponification is essentially complete.
PAR  The PVA bar thus produced and drained after saponification is continuously
      taken-up by the rollers 1, as shown, although means other than the said
      rollers 1 can be employed. In any event, the stay time in the reactor is
      regulated by changing the rate of take-up whereby fibrous PVA having
      varying degrees of orientation can be obtained. And since the feed
      solutions or continuous solid phase descend through the reactor along the
      inner walls thereof, it is desirable that said walls be of a plain and
      smooth substance having an affinity for the reaction materials, such as
      polyethylene, polypropylene, polyvinyl chloride or Teflon to inhibit
      sticking of the various products of reaction and feed materials thereto.
PAR  While the hollow reactor utilized in this invention is advantageously
      cylindrical in shape, it of course can take other shapes such as
      ellipsoidal, fluted, irregular, or the like, especially any of the
      aforesaid cross-sections which would provide an increased surface area of
      reaction. The reactor is most preferably longitudinal in the direction of
      its major axis.
PAR  The most preferred polyvinyl ester which can be utilized as the feed stock
      in the present invention is polyvinyl acetate, albeit other esters too can
      be employed. Exemplary of the alcoholic reaction medium are the lower
      aliphatic alcohols, for example, methanol. Exemplary saponification
      catalysts are the alkali metal hydroxides, e.g., sodium hydroxide.
PAR  In order to further illustrate the present invention and the advantages
      thereof, the following specific examples are given, it being understood
      that same are intended merely as illustrative and in no wise limitative.
PAC  EXAMPLE 1
PAR  Fibrous PVA as illustrated in FIG. 6 was obtained by using the apparatus
      shown in FIG. 3 under the following conditions:
PAL  Saponification Step:
PAR  Polypropylene pipe, inner diameter, 27 mm; length of the pipe, 4,000 mm;
      temperature of the jacket, 50.degree.C., concentration of polyvinyl
      acetate in methanolic solution of polyvinyl acetate, 22.5% (water content,
      0.1% in solution); degree of polymerization, 1,780; solution of the
      caustic soda catalyst, in methanol; concentration of the caustic soda in
      the alkaline methanolic solution, 100 g/l (methanol); alkali mol ratio to
      polyvinyl acetate, 0.045; amount of methanolic solution of polyvinyl
      acetate feed, 30 l/hr;rate of take-up from reactor outlet, 100 cm/minute.
PAR  PVA bar obtained under the aforesaid conditions of saponification having
      the configuration of FIG. 4, was flattened into the configuration of FIG.
      5 by the rollers 1, was divided into 15 slivers in the divider 2, each
      sliver comprising about 40 to 50 filaments and being about 6 mm square,
      and was then stretched in the apparatus 4 under the following conditions:
PAL  Wet-Stretching Conditions:
PAR  Initial volatile portion (methanol) of the fibrous PVA, 63%; temperature
      within stretching apparatus 4, 97.degree.C; drafting magnitude, 6.6 fold;
      drafting velocity, 3 cm/minute.
PAL  Dry-Stretching Conditions:
PAR  Volatiles (methanol) in the fibrous PVA is 5% by weight; temperature for
      dry stretch, 160.degree.C; total drafting magnitude, 8.6 fold; drafting
      velocity, 3.5 cm/minute; strength of resultant fibrous substance, 1.4
      g/denier; fineness, 65 micron; saponification degree 99.5 mol %.
PAC  EXAMPLE 2
PAR  Fibrous PVA (FIG. 6) was obtained by repeating Example 1 except that the
      following conditions were employed:
PAL  Saponification Step:
PAR  Concentration of polyvinyl acetate in the methanolic solution of polyvinyl
      acetate, 27.4%; mole ratio of alkali to polyvinyl acetate, 0.055; feed
      amount of the methanolic solution of polyvinyl acetate, 40  l/hour;
      velocity of take-up, 122 cm/minute.
PAL  Wet-Stretching Conditions:
PAR  Initial volatile portion (methanol) of fibrous PVA, 71%; inner temperature
      within stretching apparatus, 135.degree.C; drafting magnitude, 6.0 fold;
      drafting velocity, 4 cm/minute.
PAL  Dry-Stretching Conditions:
PAR  Volatiles (methanol) of the fibrous PVA is 5% by weight; temperature for
      dry-stretching, 160.degree.C; total drafting magnitude, 14 fold; drafting
      velocity, 5 cm/minute; strength of resultant fibrous substance, 2.5
      g/denier; fineness, 45 micron; saponification degree, 99.5 mol %.
PAC  EXAMPLE 3
PAR  Fibrous PVA (FIG. 6) was obtained under the following conditions utilizing
      the apparatus shown in FIG. 3:
PAL  Saponification Step:
PAR  Diameter of the polypropylene pipe, 42 mm; length of pipe, 11.000 mm;
      temperature of the jacket, 50.degree.C; concentration of polyvinyl acetate
      in the methanolic solution of polyvinyl acetate, 25.8%; concentration of
      caustic soda in the alkaline methanolic solution, 70 g/l (methanol); mole
      ratio of the alkali to polyvinyl acetate, 0.04; feed amount of the
      methanolic solution of polyvinyl acetate, 180 l/minute; velocity of
      take-up, 240 cm/minute.
PAL  Wet-Stretching Conditions:
PAR  Initial volatile portion (methanol) of the fibrous PVA, 48%; temperature
      within stretching apparatus 4, 70.degree.C; drafting magnitude, 6.0 fold.
PAL  Dry-Stretching Conditions:
PAR  Volatiles (methanol) of the fibrous PVA is 4% by weight; temperature within
      stretching apparatus, 200.degree.C; total drafting magnitude, 12.0 fold.
PAR  The obtained fibrous substance had the following physical properties:
      strength, 3.1 g/denier; fineness, 52 micron; degree of saponification,
      99.9 mol %; water resistance, 100.degree.C.
PAC  EXAMPLE 4
PAR  At the commencement of the process, the lower end of a pipe reactor 11
      shown in FIG. 1 was closed until the separation of saponified product
      began, and then, upon opening the outlet, the saponified product in
      rod-like shape corresponding to the internal dimensions of the pipe 11 was
      extruded. This rod was nipped between two rollers 1 which were set just
      beneath the reactor outlet, and was continuously taken-up. The feed to the
      reactor was continuous and the speed of the rollers was adjusted so as to
      correspond to the feed input.
PAR  The conditions were as follows:
PAR  Inner diameter and length of the pipe (reactor) 11 were 27 mm and 4000 mm
      respectively, pipe fabricated from polypropylene, and jacket 12
      temperature was 50.degree.C. The content of polyvinyl acetate in a
      methanolic solution (content of water in the solution: 0.1%) was 22.5
      weight percent, where the degree of polymerization of the polymer was
      1780. The alkali solution used as a catalyst for saponification was
      composed of methanol and caustic soda, the concentration of caustic soda
      was 100 g/l (methanol), the molar ratio of alkali was 0.05. Feed rate of
      the methanolic solution of the polyvinyl acetate was 30 liters per hour
      and the take-up speed of the rollers was 100 cm per minute.
PAR  The product thus obtained was fibrous and highly oriented. After stretching
      and following thermal treatment, a yarn-like substance, with a strength of
      1.6 g/denier and a diameter of 52 micron, was obtained. The degree of
      saponification of the fibrous substance (FIG. 6) was 99.7 molar percent.
PAC  EXAMPLE 5
PAR  The saponification process was carried out as in Example 4. Conditions were
      as follows: 42 Inner diameter and length of the pipe 11 were 42 mm and
      1,000 mm, respectively, pipe constructed of polypropylene, and jacket 12
      temperature was 50.degree.C. The concentration of polyvinyl acetate in
      methanolic solution was 25.2 weight percent (the water content in the
      solution was 0.1%). The degree of polymerization of the polymer was 810.
      The alkali solution fed was composed of methanol and caustic soda, the
      concentration of caustic soda was 93 g/l (methanol), and molar ratio of
      alkali was 0.050. Feed rate of the methanolic solution of polyvinyl
      acetate was 210 liters per hour and take-up speed of rollers was 280 cm
      per minute.
PAR  The product thus obtained was fibrous and more oriented than that of the
      Example 4. After stretching and following thermal treatment, the fibrous
      substance displayed a strength of 3.1 g/denier; fiber diameter was 25
      micron, and degree of saponification was 99.6 molar percent.
PAC  COMPARATIVE EXAMPLE
PAR  The saponification process of Example 4 was repeated. Conditions utilized
      were:
PAR  Inner diameter and length of the pipe 11 were 45 mm and 3,000 mm
      respectively, pipe constructed of polypropylene, and jacket 12 temperature
      was 45.degree.C. The concentration of polyvinyl acetate in methanolic
      solution was 29 weight percent. The alkali solution, composed of methanol
      and caustic soda, the concentration of caustic soda was 84 g/l (methanol)
      was used in a molar ratio of 0.03. Feed rate of the methanolic solution
      was 30 liters per hour and take-up speed of rollers was 33.2 cm per
      minute.
PAR  The product thus obtained was too dense for practical uses and was scarcely
      oriented. The degree of saponification of the separated PVA was 99.7 molar
      percent.
PAC  EXAMPLE 6
PAR  The saponification reaction was carried out as in Example 4. Conditions
      were as follows:
PAR  A stainless steel pipe 11, 30 mm in inner diameter and 4,000 mm in length,
      provided with an inner film of polypropylene, 0.05 mm thickness, was used
      as a reactor and the jacket 12 temperature was 50.degree.C. The
      concentration of polyvinyl acetate in methanolic solution was 27.0 weight
      percent. The alkali solution was composed of methanol and caustic soda,
      the concentration of caustic soda was 15.8 g/l (methanol), and molar ratio
      of alkali was 0.035. Feed rate of the methanol solution of polyvinyl
      acetate was 50 liters per hour and take-up speed of rollers was 122 cm per
      minute.
PAR  The strength of the fibrous PVA thus obtained was 1.88 g/denier, and the
      diameter thereof was 48 micron and the degree of saponification thereof
      was 99.8 mol %.
PAC  EXAMPLE 7
PAR  Employing the apparatus shown in FIG. 2, a fibrous PVA was obtained under
      the following conditions:
PAL  Conditions for preparation of paste of partially saponified polyvinyl
      acetate methanolic solution as an accelerator for fiberization of PVA:
PAR  A polyvinyl acetate methanolic solution was added from inlet 20 to mixer 15
      wherein, the content of polyvinyl acetate in the methanolic solution of
      polyvinyl acetate was 30 weight percent (water content in the solution was
      0.07 weight percent), the caustic alkali solution contained 10 g of NaOH
      per liter of methanol and was added from inlet 17 to the mixer 15, the
      reaction temperature was 27.degree.C, and the molar ratio of caustic
      alkali to polyvinyl acetate was 0.004.
PAR  The alkali solution was mixed with a paste of polyvinyl acetate in mixer 15
      having an agitator 16, and held at the given temperatute until a
      saponification reaction was carried out for forty minutes after addition
      of the caustic soda, and then stopped by adding acetic acid from inlet 18
      to mixer 15 in an amount equivalent to the caustic soda used. The degree
      of saponification of the obtained paste of polyvinyl acetate was 35 molar
      percent.
PAL  Conditions for saponification:
PAR  A methanolic solution of polyvinyl acetate (degree of polymerization,
      1,780; concentration of polyvinyl acetate in solution, 27.5 weight %;
      water content in the solution, 0.1 weight %) was fed at a rate of 30
      liters per hour, together with a methanolic solution of caustic soda
      (concentration, 15 g/l; molar ratio of alkali, 0.035) and the paste of the
      above prepared partially saponified vinyl acetate in the methanolic
      solution, in the same amounts by weight as the solution of polyvinyl
      acetate, via inlets 8, 9 and 19 and were mixed together in a mixer 10, and
      then introduced to a reactor 11 (inner diameter of pipe, 27 mm; fabricated
      from polypropylene; length of pipe, 4,000 mm; temperature of jacket 12,
      50.degree.C) and the reaction product was taken-up at the reactor outlet
      at a speed of 90.5 cm/min. The degree of saponification was 99.6 mol %.
PAR  The product thus obtained of the separated PVA was highly oriented and
      fibrous. After stretching and thermal treatment, a yarn-like sliver
      comprised of the filaments of FIG. 6, which had a strength of 2.5 g/denier
      and which was 34 microns in diameter, was obtained.
PAC  EXAMPLE 8
PAR  A methanolic solution of polyvinyl acetate (degree of polymerization of
      polyvinyl acetate, 1,820; concentration, 27.8 weight %; water content in
      the solution, 0.1 %) was fed at a rate of 320 liters per hour, together
      with caustic soda in methanolic solution for the saponification
      (concentration of caustic soda, 24 g/l; molar ratio of alkali, 0.07) and a
      paste of partially saponified polyvinyl acetate in the methanolic solution
      (obtained as in the Example 7) in the same amounts (by weight) as the
      methanolic solution of polyvinyl acetate, to the mixer 10. The mixture was
      introduced to a reactor 11 (inner diameter of pipe, 42 mm; pipe fabricated
      from propylene; length of pipe, 11,000 mm; temperature of jacket 12,
      50.degree.C) from its inlet end, and the product was taken-up at a speed
      of 430 cm/min. The degree of saponification was 99.9 molar percent.
PAR  The product thus obtained of separated PVA was more highly oriented and
      fiberized than that of the Example 1. After stretching and thermal
      treatment, a yarnlike sliver comprised of the filaments of FIG. 6, which
      was 3.0 g/denier in strength and 21 microns in diameter, was obtained.
PAR  The resultant products of the aforesaid Examples 1 to 8 can all be cut to
      any suitable length, e.g., fiber or staple fiber length, and can be formed
      into paper-like sheet materials utilizing conventional papermaking
      techniques. These cut fibers can also be beaten in a beater typically used
      in the papermaking industry to fibrillize same to the configuration
      illustrated in FIG. 7. The fibrillized fibers too can be formed into
      paper-like sheet materials utilizing conventional papermaking techniques.
      In the manufacture of the paper-like sheet materials, the fibers and
      fibrillized fibers can either be screened alone or in combination with
      other synthetic or natural paper pulps.
PAR  While the invention has been described and illustrated with reference to
      certain preferred embodiments thereof, those skilled in the art will
      appreciate that various modifications, changes, omissions and
      substitutions can be made without departing from the spirit of the
      invention. It is intended, therefore, that the invention be limited only
      by the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of shaped articles of polyvinyl alcohol,
      comprising saponifying a liquid feed of a polyvinyl ester as same
      downwardly cascades through a horizontal hollow cylindrical reactor, and
      thence taking-up from the reactor outlet the fibrous, shaped article of
      oriented, solid polyvinyl alcohol thus formed at a rate of from 50 to
      1,500 cm/minute in the form of a continuous bar, wetting said bar with a
      non- or poor solvent for polyvinyl alcohol until same contains at least
      25% by weight of volatile components and wet-stretching said bar at a
      temperature of from 50.degree. to 200.degree.C. whereby said bar is
      transformed into fibrous polyvinyl alcohol.
NUM  2.
PAR  2. The process as defined by claim 1, wherein the liquid feed of polyvinyl
      ester comprises an alcoholic solution of polyvinyl acetate and a
      saponification catalyst.
NUM  3.
PAR  3. The process as defined by claim 2, wherein the alcoholic solution is a
      methanolic solution and the catalyst is an alkali catalyst.
NUM  4.
PAR  4. The process as defined by claim 3, wherein the concentration of
      polyvinyl acetate in the methanolic solution is greater than about 20% by
      weight.
NUM  5.
PAR  5. The process as defined by claim 4, wherein the concentration is between
      about 20 and 40% by weight.
NUM  6.
PAR  6. The process as defined by claim 4, wherein the degree of polymerization
      of the polyvinyl acetate ranges between about 1,000 and 3,000.
NUM  7.
PAR  7. The process as defined by claim 4, wherein the saponification is
      effected at a temperature in the range of between about 35.degree. and
      55.degree.C.
NUM  8.
PAR  8. The process as defined by claim 4, wherein the mole ratio of catalyst to
      polyvinyl acetate ranges from between about 0.01 and 0.10.
NUM  9.
PAR  9. The process as defined by claim 4, wherein the catalyst is present in an
      amount of between about 50 and 200 grams per liter of methanol.
NUM  10.
PAR  10. The process as defined by claim 4, wherein the reactor has an internal
      diameter of between about 10 and 300 mm, and a length of between about
      4,000 and 30,000 mm.
NUM  11.
PAR  11. The process as defined by claim 4, wherein the feed further comprises
      an alcoholic solution of partially saponified polyvinyl ester having a
      molar percent of degree of saponification of between about 10 and 45.
NUM  12.
PAR  12. The process as defined by claim 11, wherein the partially saponified
      polyvinyl ester is present in an amount from between about 20 and 75% by
      weight of the unsaponified polyvinyl acetate feed solution.
NUM  13.
PAR  13. The process as defined by claim 4, further comprising dividing the
      shaped article of oriented, solid polyvinyl alcohol into sliver.
NUM  14.
PAR  14. The process as defined by claim 13, further comprising stretching the
      filaments which comprise the sliver.
NUM  15.
PAR  15. The process as defined by claim 14, wherein the filaments are both wet-
      and dry-stretched.
NUM  16.
PAR  16. The process as defined by claim 15, wherein the filaments contain at
      least 25% volatiles during the wet-stretching.
NUM  17.
PAR  17. The process as defined by claim 16, wherein the wet-stretching is
      effected at a temperature in the range of between about 50.degree. and
      200.degree.C., and the filaments are drawn at least twofold.
NUM  18.
PAR  18. The process as defined by claim 17, wherein the filaments are wet to a
      volatiles content of between about 25 and 85% by weight, and the
      wet-stretching is from three- to tenfold.
NUM  19.
PAR  19. The process as defined by claim 18, wherein the filaments are further
      dried and stretched at a temperature in the range of between about
      100.degree. and 220.degree.C.
NUM  20.
PAR  20. The process as defined by claim 19, wherein the volatiles content of
      the filaments during dry-stretching is less than 10% by weight.
NUM  21.
PAR  21. The process as defined by claim 20, further comprising washing the
      filaments with an aqueous, acidic solution.
NUM  22.
PAR  22. The process as defined by claim 20, wherein the resultant, stretched
      filaments are cut into fibers.
NUM  23.
PAR  23. The process as defined by claim 22, wherein the cut fibers are between
      about 1 and 50 mm in length.
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ABST
PAL  A packaging tray provided with a bottom, side walls, and an outwardly
      directed flange surrounding the periphery of the side walls of the tray,
      consists of outer and inner layers of a moldable and stretchable synthetic
      plastic material, and intermediate layers of liquid-absorbing material
      with no or but insignificant stretchability. At the molding of the tray,
      the side walls thereof are formed by stretching of the plastic material
      and in a softening operation, an adhesive bond is realized between the
      outer and inner layers in the stretched tray side walls which thus present
      an at least partially ruptured intermediate layer.
PARN
PAR  This is a divisional of application Ser. No. 241,574, filed Apr. 6, 1972
      now U.S. Pat. No. 3,834,606 issued Sept. 10, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of making a packaging tray which
      consists of outer and inner layers of initially flat blanks of a synthetic
      plastic material which is moldable when softened and thus stretchable, and
      intermediate layers of liquid-absorbing material having no or but
      insignificant stretchability, or in other words substantially
      non-stretchable said packaging tray having a bottom, side walls formed by
      stretching of the plastic material, and an outwardly directed flange
      extending around the rim of the tray.
PAC  PRIOR ART
PAR  In the manufacture of a prior art tray of this kind, webs of material
      representing the outer, inner and intermediate layers are brought
      together, while moving in the longitudinal direction, in a heating zone
      for softening the webs of plastic material disposed on opposite sides of
      the web of absorbing material, the webs are then molded into the shape of
      a tray and connected together, and finally the finished trays are
      separated from the webs.
PAR  When the tray is molded from the webs of material representing flat blanks
      for the trays, particularly the plastic material in the side walls is
      stretched and the intermediate layer of absorbing material cannot take
      part in such stretching. Therefore, the absorbing material will be
      retracted in a very irregular manner from the flange extending around the
      rim of the tray. The material will break in the flange and the side walls
      at indeterminate points which vary from one tray to the other. The result
      is a very weak and often non-existent connection between the outer and
      inner layers because the intermediate layer, by taking an indeterminate
      position in the flange and the side walls, prevents these layers from
      being regularly interconnected by welding. In the prior art tray, it has
      therefore been suggested to connect the outer and inner layers together by
      means of spot welds or continuous welds in the flange of the tray at the
      rim thereof. Because of the intermediate layer portions often prevailing
      in the flange, there will be formed a highly varied connection and in too
      many cases there will be no connection at all. Moreover, the connection
      presupposes that additional measures are taken, such as welding.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention eliminates the disadvantages outlined in the
      foregoing by softening the outer and inner layers of the tray and
      realizing an adhesive bond between said layers in the stretched tray side
      walls which will thus have an at least partially ruptured intermediate
      layer. The side walls have substantially larger surfaces of contact
      between the layers than does the flange, for which reason the probability
      of an adhesive bond between the outer and inner layers in the side walls
      will be greater than in the flange. Moreover, the softening operation
      makes the layers tacky, which considerably facilitates the realization of
      the bond. The particular welding operation for establishing said bond is
      thus entirely eliminated. A reliable bond between the layers is ensured by
      forming the outer and inner layers of the side walls with interengaging
      folds which extend in the longitudinal direction of the side walls, and by
      the specific method of making the packaging tray.
PAR  The invention will be more fully described hereinbelow with reference to
      the accompanying drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a perspective view and partial section of a packaging tray;
PAR  FIG. 2 is a section on line II--II in FIG. 1; and
PAR  FIGS. 3-5 illustrate the method of making the tray.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The tray illustrated in the drawings comprises an outer cover layer 1 and
      an inner cover layer 2 of originally flat blanks made from plastic
      material which is moldable by softening and thus stretchable. The tray
      further comprises an intermediate layer 3 of liquid absorbing material
      which has no or but insignificant stretchability. In other words, the
      intermediate layer is of a substantially non-stretchable liquid absorbing
      material. The tray has a bottom 4, side walls 5 formed by stretching of
      the plastic material in the originally flat blank, and an outwardly
      directed flange 6 which extends around the rim or periphery of the tray.
      The inner layer 2 at the bottom of the tray is formed with holes 7. The
      bottom 4 of the tray has raised portions 8 which at least partially extend
      up into the side walls 5. For the interconnection of the outer and inner
      layers 1 and 2, there is brought about an adhesive bond 9 between said
      layers 1, 2 in the side walls 5 by softening said outer and inner layers,
      and the intermediate layer 3 in the side walls 5 at least partially
      ruptured when the plastic material is stretched in said side walls 5. In
      order to ensure a strong adhesive bond 9 between the layers 1, 2 in the
      side walls 5 under any circumstances, the side walls are formed with
      interengaging folds 10 which extend in the longitudinal direction of said
      side walls.
PAR  For the manufacture of the tray, webs of materials (not shown) representing
      the outer, inner and intermediate layers 1-3 are brought together, while
      moving in the longitudinal direction, in a heating zone to soften the webs
      of plastic material. The webs are then molded into the form of the tray
      and interconnected, after which the finished tray is separated from the
      webs. For practicing the method according to the invention, use is made of
      a combined press tool for the molding of the tray, which tool comprises,
      as will be seen from FIGS. 3-5, a punch 11 having an inner punch portion
      12, an outer punch portion 13, and a die 14. The brought-together webs, or
      a flat blank 15 representing said webs, is introduced between the punch 11
      and the die 14 in the initial position of the punch 11 in which it is
      raised from the die 14 (FIG. 3). The webs or the blank 15 comprising the
      three layers 1-3 are compressed and retained or in other words clamped in
      the area of the flange 6 by means of the punch outer portion 13 which is
      thus caused to move towards the die 14 before the inner punch portion 12
      is operated. Then the inner punch portion 12 is moved towards the blank 15
      while the outer punch portion 13 is held engaged with the blank 15, the
      bottom 4 and side walls 5 of the blank 15 being deep-drawn (FIG. 5). The
      deep drawing is performed in such a way that not all of the layers 1-3 in
      the bottom 4 of the tray are subjected to any appreciable deformation,
      while the plastic layers 1-3 in the side walls 5 are considerably
      deformed. This deformation implies that the layers 1, 2 are stretched
      while the intermediate layer 3 ruptures. The facing surfaces of the
      plastic layers 1, 2 in the side walls which have been exposed by the
      rupture of the intermediate layer 3 and are tacky because of the softening
      operation are compressed between the inner punch portion 12 and the die 14
      and are securely bonded. Since all layers 1-3 are compressed between the
      outer punch portion 13 and the die 14 in the area of the flange 6 to be
      made, the intermediate layer 3 is retained in this area and will rupture
      only in the region of the side walls 5. The intermediate layer 3 in the
      bottom 4 of the tray will thus remain substantially unaffected. In order
      always to ensure a reliable bond between the outer and inner layers 1, 2,
      folds 10 are formed in both the outer and the inner layers with the aid of
      stepped sections 16, 17 on the inner punch portion 12 and the die 14,
      respectively. The folds 10 formed will engage with each other and will
      present surfaces extending in plane-parallel or largely plane-parallel
      relationship to the bottom of the tray, and the entire pressure of the
      inner punch portion 12 can assert itself on the die 14, whereby a reliable
      adhesive bond 9 is achieved between the layers 1, 2.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A method of making a packaging tray of a multilayered wall material
      including an intermediate layer of a substantially non-stretchable
      liquid-absorbing material and, on each side of said intermediate layer,
      one cover layer of a synthetic plastic material which is moldable and
      stretchable when heat softened, said tray having a bottom, side walls and
      a flange extending outwardly from said side walls around the periphery of
      the tray, said method comprising the steps of forming the inside cover
      layer with perforations, heating the multilayered wall material to soften
      the cover layers of synthetic plastic material, clamping the wall material
      in the area of the flange to be produced, deep-drawing the non-clamped
      parts of the heated wall material inwardly of said clamped flange forming
      wall material area for forming the bottom and side walls of the tray with
      the bottom not being subject to appreciable stretching and the cover
      layers being compressed and bonded due to their tacky condition, forming
      in the tray side walls during said deep-drawing an offset extending around
      the tray and being substantially plane parallel with the bottom of the
      tray and, during said deep-drawing and offset-forming steps, stretching
      the wall material in the offset area of the tray to an extent sufficient
      to at least partially rupture the intermediate wall layer and to bring
      together the cover layers and heat seal said layers to each other.
NUM  2.
PAR  2. A method of making a packaging tray having a multi-layered wall
      including an intermediate layer of a substantially non-stretchable
      liquid-absorbing material and, on each side of said intermediate layer,
      one cover layer of a synthetic plastic material which is moldable and
      stretchable when heat softened, said tray having a bottom, side walls and
      a flange extending outwardly from said side walls around the periphery of
      the tray, said method comprising the steps of forming the inside cover
      layer with perforations, bringing together webs for forming the cover and
      intermediate layers of the multi-layered wall, moving said webs into a
      heating zone, heating said webs in the heating zone for softening said
      cover webs of plastic material, clamping said heated webs in the area of
      the flange to be made, deep-drawing the non-clamped parts of the heated
      webs inwardly of said clamped flange-forming web area for forming the tray
      bottom and side walls, with the bottom not being subjected to appreciable
      stretching and the cover layers being compressed and bonded due to their
      tacky condition, forming in the tray side walls during said deep-drawing
      an offset extending around the tray and being substantially plane parallel
      with the bottom of the tray and, during said deep-drawing and
      offset-forming steps, stretching the webs in the offset area of the tray
      side walls to an extent sufficient to at least partially rupture the
      intermediate web layer and to bring together the cover web layers and heat
      seal such layers to each other, and separating the finished tray from the
      remaining parts of the webs.
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ABST
PAL  In melt spinning, in order to permit high rates of spinning without
      deterioration in yarn quality, the area in which the filaments enter the
      quench bath is partially surrounded by baffle means and at at least two
      symmetrical locations about the periphery of that area wetting agent is
      introduced into the area.
BSUM
PAR  This invention relates to melt spinning. More particularly, the invention
      relates to improvements in the apparatus for and method of melt spinning
      to permit higher rates of production without deterioration, and even
      improvement, of yarn quality.
PAR  In melt spinning, when a plurality of molten filament streams is extruded
      through a spinneret into a quench bath, problems relating to interaction
      between the filaments and the aqueous quench liquid occur, particularly as
      production rates are increased. Turbulence in or vortexing of the quench
      liquid can create irregularities in the filaments and even bring the
      filaments into contact with each other while they are tacky and thereby
      cause the occurrence of filament damage and loss of production time. In
      attempts to alleviate such problems, it has not been uncommon to surround
      with baffle means the area of the quench liquid at which the filaments
      enter the quench bath. The baffles may be foraminous to permit controlled
      circulation of quench liquid between the enclosed zone and the surrounding
      remainder of the bath. It is also known to incorporate wetting agents into
      the quench liquid as an additional attempt to minimize such interaction
      between the quench liquid and the filaments as would tend to damage the
      filaments and cause loss of production time. Wetting agent lowers the
      surface tension of the water whereupon the water contained between
      adjacent filaments is less likely to pull the filaments together. Pulling
      together of the filaments at this stage is harmful because the filaments
      are still tacky and will tend to adhere to each other when brought into
      contact. Wetting agent also reduces the friction between the surface of
      the filaments and the quench liquid. In the absence of adequate
      distribution of wetting agent, at higher levels of production, turbulence
      is created at the interface of the filament surfaces and the quench
      liquid, resulting in the acquisition by the filaments of undesired bumpy
      surfaces because the filaments are still deformable at this stage.
PAR  U.S. Pat. No. 3,696,184 discloses for a melt spinning quench bath a
      composite baffle constituted of three concentric, foraminous, hollow
      cylinders. This baffle was, indeed, an improvement over prior art baffles
      for this purpose. However, as production rates were increased, it was
      found that a baffle which entirely surrounded the area at which the
      filaments entered the quench liquid, including the aforementioned baffle,
      could contribute to vortexing while reducing random turbulence. Vortexing,
      like random turbulence, tends to bring the still tacky filaments into
      contact with each other and, accordingly, is undesirable.
PAR  Consideration of this situation led to the conclusion that the filaments
      were creating a downwardly directed columnar flow of quench liquid and the
      baffles, though foraminous, were sufficiently impeding the flow of liquid
      at the surface of the bath toward the zone at which a downward flow of a
      column of liquid was created that vortexing was produced.
PAR  As production rates were increased, proper distribution of wetting agent
      also became more difficult. The practice was to introduce the wetting
      agent, through a single feed tube, at the surface of the quench liquid in
      the area in which the filaments entered the quench liquid. As the
      incidence of the fusing of adjacent filaments at higher production rates
      increased, the concept developed that, perhaps, inadequate distribution of
      the wetting agent was a contributing factor.
PAR  According to the present invention, the incidence of fusion of filaments
      during the melt spinning has been greatly reduced by means of two
      measures. According to one aspect of the invention, baffle means are
      provided which only partially surround the area at the surface of the
      quench liquid at which the molten filaments enter the quench liquid.
      According to another aspect of the present invention, wetting agent is
      conducted to the aforementioned area at at least two points at least
      approximately at the periphery of the area and at least approximately
      symmetrically located about the area. Vortexing is essentially eliminated
      while general, random turbulence is still minimized and the wetting agent
      is uniformly distributed among the filaments. The solution to these
      problems is simple to state, but was not simple to attain because first it
      was necessary to comprehend the phenomena contributing to the problem of
      filaments adhering together.
DRWD
PAR  The invention shall now further be described by reference to the embodiment
      illustrated in the drawings, in which:
PAR  FIG. 1 is a plan view, partly in section, of the general melt spinning
      apparatus;
PAR  FIG. 2 is a view taken on section line 2--2 of FIG. 1, showing, in
      particular, the arrangement of the feeding of the wetting agent into the
      area surrounded by the baffle; and
PAR  FIG. 3 is a detail taken on section line 3--3 of FIG. 1, showing the
      semicircular configuration of the baffle, the feed of the wetting agent
      and the feed of the quench liquid.
DETD
PAR  Polypropylene pellets and color concentrate pellets, for coloring the yarn
      to the desired color, are introduced into the hopper 10 of an extruder 11.
      In the extruder 11, the pellets are converted into a molten, homogeneous
      mass. The molten mass is conducted from the extruder 11 through conduits
      12 and 13, at a rate regulated by a metering pump 14, to a spinning head
      15. The spinning head 15 contains the conventional filter packs for
      filtering out any incidental particulate matter and, superimposed in the
      flow path of the molten plastic immediately downstream from the filter
      packs, a spinneret. The spinneret faces the surface of the aqueous quench
      liquid L, which is contained in a bath or tank 16. To the bottom of the
      tank 16 is fed water through conduit 17 provided with a solenoid operated
      valve 18, which is actuated by a thermostat 18a located in the tank 16
      below the liquid level in the tank. The thermostat 18a is set to close the
      solenoid circuit when the bath temperature decreases to a temperature
      below a predetermined temperature. The tank 16 is provided with a weir 19
      over which the quench liquid L flows into a compartment 20, the bottom of
      which communicates with a drain 21. When the valve 18 is actuated, the
      water supply is shut off or slowed down until the quench liquid
      temperature is increased to the predetermined temperature plus a few
      tenths of a degree F. Because the water fed through conduit 17 is unheated
      tap water and because the filaments are at a considerably higher
      temperature and, therefore, heat the aqueous quench liquid L, the
      aforementioned scheme regulates the temperature of the aqueous quench
      liquid L.
PAR  The extruded filaments 22, initially in the form of molten streams, enter
      the quench liquid L wherein solidification to solid filaments takes place.
      The actual distance between the face of the spinneret and the quench
      liquid is on the order of an inch or less, and it will, therefore, be
      appreciated that the drawings are intended to be schematic since the
      general technology for melt spinning is known and the present invention
      does not relate to such general technology. Partially surrounding the area
      at which the filaments enter the quench liquid L is a semicircular baffle
      40 (FIGS. 1 and 3). The baffle is not shown in detail here because it is,
      in fact, one-half of the circular baffle illustrated in detail in U.S.
      Pat. No. 3,696,194. Toward the bottom of the tank 16, the filaments are
      conducted around a guide bar 30. The filaments are withdrawn from the tank
      16 by means of a pair of driven nip rollers 23, 24. Therefrom, the
      filaments are led to a winding machine where they are taken up as a yarn
      package 23. The yarn package 23 is then transferred to a drawing unit (not
      illustrated) on which the filaments are drawn and thereby oriented.
PAR  In FIG. 1, for simplicity of illustration, the filaments 22 are denoted by
      a single line. Moreover, in FIG. 1, because of the limitations of space,
      the introduction of the wetting agent is not illustrated. However, these
      matters are attended to in FIG. 2. Here, filaments 22 are shown in
      plurality entering the surface of the quench liquid L. Conduits 50 and 60
      each communicate with a common reservoir (not illustrated) of wetting
      agent, in this case an aqueous solution of an alkylolamide, and each
      conduit is provided with a metering pump (not illustrated) for metering
      the wetting agent through each conduit at the same rate. The conduits have
      respective outlet openings 50a and 60a at the surface of the liquid and
      just within the inner periphery of the baffle 40. The openings 50a and 60a
      are angularly displaced from each other by 180.degree.. It will be
      understood that in the case of the three layer baffle construction of the
      aforementioned patent, the openings of the respective conduits are just
      within the innermost layer of the baffle.
PAR  FIG. 3 illustrates another detail which is not shown in FIG. 1, in
      particular, how the quench liquid is distributed once it has been
      introduced into the tank through the conduit 17. In fact, as seen in FIG.
      3, the conduit 17 communicates with two branch conduits 70 and 80 at the
      vicinity of the bottom of the tank and equidistantly spaced from the axis
      from the baffle 40 and symmetrically oriented relative to the baffle 40.
      The branch conduits 70 and 80 each have oppositely directed openings
      through which the aqueous quench liquid issues. In FIG. 3, this is
      illustrated by arrows extending from the branch conduits 70 and 80. As
      part of the effort to minimize turbulence, symmetry is important.
PAR  Turning now to even more specific information, the following data pertain
      to the use of polypropylene. The molten polypropylene is fed by the
      metering pump 14 to the spinneret 15 at the rate of 183 lbs. per hr.,
      representing an increase of about 30% from a rate production of 150 lbs.
      per hr. before the present invention. The spinneret is provided with
      seventy-two orifices. The efficiency of the operation, that is, the
      percentage of the time that the line is not shut down because of
      difficulties with the filaments, was increased from 90% to about 94-95%
      and the percentage of the yarn which could be classified as first quality
      was increased from 85% to about 89-90%. Such differences are, in practical
      terms of production econimics, very significant and very difficult to
      attain.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for the melt spinning of a plurality of thermoplastic
      filaments, the apparatus comprising a vessel for containing a quench
      liquid and a spinneret arranged above the level to which the vessel is to
      be filled with the quench liquid so that molten filaments extruded through
      the spinneret enter the quench liquid wherein the filaments are
      solidified, the improvement comprising baffle means partially surrounding
      an area at the surface of the quench liquid at which the molten filaments
      enter the quench liquid said baffle means surrounding said area
      sufficiently to essentially eliminate vortexing and minimize random
      turbulence, and means for conducting a wetting agent to said area, said
      means comprising conduits having outlets at least approximately at the
      periphery of said area, the outlets being at least two in number and being
      at least approximately symmetrically located about said area.
NUM  2.
PAR  2. In an apparatus according to claim 1, in the improvement in which the
      baffle means is at least approximately semicircular in a plane parallel to
      the surface of the quench liquid.
NUM  3.
PAR  3. In an apparatus according to claim 2, in the improvement in which the
      number of said outlets is two and said outlets are angularly displaced
      from each other by about 180.degree..
NUM  4.
PAR  4. In a method for the melt spinning of a plurality of thermoplastic
      filaments, the method comprising extruding molten filaments through a
      spinneret into a quench liquid located in a vessel below the spinneret
      wherein the filaments are solidified, the improvement comprising partially
      surrounding with baffle means an area at the surface of the quench liquid
      at which the molten filaments enter the quench liquid, said partial
      surrounding being sufficient to essentially eliminate vortexing and
      minimize random turbulence, and conducting a wetting agent to said area
      through conduits having outlets at at least two points at least
      approximately at the periphery of said area and at least approximately
      symmetrically located about said area.
NUM  5.
PAR  5. In a method according to claim 4, in the improvement in which an at
      least approximately semicircular portion of the periphery of the area is
      occupied by the baffle means.
NUM  6.
PAR  6. In a method according to claim 5, in the improvement in which the
      wetting agent is conducted to two points at least approximately at the
      periphery of said area and said two points are angularly displaced from
      each other by about 180.degree..
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ABST
PAL  Method for making substantially void-free fibers having improved abrasion
      resistance wherein a spinning dope is formed by dissolving a dry
      acrylonitrile-containing polymer in a solvent/water mixture to form a spin
      dope which is wet spun at a temperature within the range of about
      40.degree.C to about 75.degree.C. More specifically, the dope will contain
      from about 20 to about 28 weight percent of the polymer dissolved in a
      solvent containing about 1 to 8 weight percent water, based on the weight
      of the dope, with the solvent and water being mixed prior to contact with
      the polymer. The presence of water in the solvent brings about an
      improvement of the filamentary gel structure which results in fibers
      having enhanced durability and abrasion resistance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for making acrylonitrile-containing
      fibers which have a substantially void-free structure and excellent fiber
      durability characteristics.
PAR  Polymers of acrylonitrile, such as polyacrylonitrile and copolymers of
      acrylonitrile, with minor proportions of ethylenically unsaturated
      copolymerizable compounds, such as vinyl acetate, styrene, vinylidene
      chloride, vinyl bromide, and the like are known to be excellent
      fiber-forming materials. Various polymers comprising acrylonitrile and
      other ethylenically unsaturated monomers can be spun into synthetic fibers
      having enhanced physical properties. When wet or dry spun the filaments so
      produced have excellent tensile properties, desirable elongation, and
      superior stability under a wide range of physical and chemical conditions.
PAR  The conventional technique for preparing filaments from
      acrylonitrile-containing polymers, which have been previously filtered and
      dried from an aqueous medium, involves the dissociation of these polymers
      in a suitable organic solvent such as dimethylformamide,
      dimethylacetamide, or dimethylsulfoxide and thereafter extruding the
      solution so prepared through an orifice into an aqueous medium which
      removes the solvent and coagulates the polymer in a continuous form. It is
      generally known that from the very beginning of filament formation in
      conventional wet spinning there is a very thin outer layer formed during
      coagulation which has a marked susceptibility to rupture, even upon
      careful withdrawal from a coagulating bath, with the result that numerous
      voids are often produced in the fiber. The presence of such voids has a
      direct bearing on the durability of the fiber, the durability decreasing
      as the voids increase. Certain techniques have been employed to improve
      the fiber characteristics, expecially durability properties, of
      acrylonitrile-containing polymers with varying degrees of success.
      Generally, such processing techniques involve incorporation of various
      monomers into the polymer structure and special treatment during
      processing of the filaments. This invention produces fibers having
      excellent abrasion resistance characteristics through the use of a
      straight-forward and inexpensive process.
PAR  One of the objects of this invention is to provide a method for making
      acrylonitrile-containing fibers having improved durability.
PAR  Another object of this invention is to provide a method for making
      substantially void-free acrylonitrile-containing fibers.
PAR  Still another object of this invention is to provide a process for making
      an acrylonitrile-containing fiber having improved abrasion resistance.
PAR  Other objects and advantages of this invention will be apparent from the
      following description.
PAR  In accordance with this invention an acrylonitrile-containing filament
      having an essentially void-free structure is made by forming a spinning
      dope by dissolving (A) about 20 to 28 weight percent of a dry polymer
      containing about 35 to about 98 weight percent acrylonitrile and 65 to 2
      weight percent of at least one other mono-olefinic monomer copolymerizable
      therewith in (B) a mixture of about 64 to 79 weight percent of a solvent
      for the polymer and about 1 to 8 weight percent water, based on the dope,
      and extruding the dope, at a temperature within the range of about
      40.degree. C to about 75.degree. C, into a coagulant bath comprising an
      aqueous solution of from about 50 to about 65 weight percent of said
      solvent at a coagulation temperature of from about 30.degree. C to
      65.degree. C. It is important that the solvent and the water be mixed
      prior to contact with the polymer.
PAR  Polymers of acrylonitrile are usually produced by aqueous dispersion
      processes. Generally, the polymers produced are readily filtered from the
      reaction medium and are usually washed prior to drying. As there are
      certain spinning problems associated with the presence of water in
      solutions or dopes of acrylonitrile polymer it has been generally
      considered advisable to remove essentially all water from the polymer. It
      is known that if water is directly added to a spinning dope comprising
      acrylonitrile and a conventional solvent, gelation may occur, making the
      dope very difficult to spin and producing filaments of poor quality.
PAR  It has been unexpectedly found that the abrasion resistance characteristics
      of acrylonitrile-containing fibers can be greatly enhanced by the
      introduction of from about 1 to about 8 percent water into conventional
      solvents for acrylonitrile polymers, prior to bringing the solvent and dry
      polymer together. Amounts below about 1 percent water do not show any of
      the advantages herein described, while amounts of water above about 8
      percent often cause premature gelation and increased dope viscosity.
PAR  For example, Canadian patent 690,360 to Pease teaches that water in
      acrylonitrile polymers reduces solubility of the polymers and tends to
      cause gelation of the polymer. Pease overcomes the problem by washing the
      wet polymer with an aqueous solution containing from about 75 percent to
      90 percent of a solvent for the polymer and then filtering the polymer to
      reduce its water content. About 25 percent to 65 percent of pure solvent
      is then added to the solvent-wet filter cake prior to spinning.
PAR  In accordance with this invention small amounts of water mixed with
      conventional solvents such as dimethylformamide, dimethylacetamide, and
      dimethylsulfoxide can be successfully employed for dissolving dry
      acrylonitrile-containing polymers for wet spinning. The presence of water
      in the solvent brings about an improvement of the filamentary gel
      structure during wet spinning which results in fibers of enhanced
      durability and abrasion resistance.
PAR  It will be appreciated that the present invention make possible the
      production of acrylonitrile polymer filaments that have optimum durability
      properties through the use of a convenient and inexpensive process which
      requires no equipment modifications. Also, filaments produced in
      accordance with this invention are eminently suitable for use in making
      durable carpets and various textile articles exhibiting excellent
      resistance to abrasion, without sacrifice of other essential filamentary
      properties.
PAR  Dry polymers of acrylonitrile and copolymers thereof are generally
      available in granular or pellet form. The moisture content of these dry
      polymers is usually below 1.0 weight percent, with the most common
      moisture content being below 0.5 percent. A spinning dope from these
      polymers can be readily formed in accordance with this invention by
      dissolving the polymer in a conventional solvent mixed with from 1 to 8
      percent water, based on the weight of dope, and heating the
      polymer-aqueous-solvent mixture to about 40.degree. C to 75.degree. C,
      with stirring, until the polymer is completely dissolved. It is important
      that the temperature not be excessive in order to avoid any undesirable
      coloration of the polymer. In most wet processing it is preferred to
      prepare spinning dopes containing from about 20 to about 28 weight percent
      of an acrylonitrile-containing polymer. A most preferred spinning dope is
      one containing from about 23 to about 27 weight percent of said polymers.
PAR  The introduction of water into the solvent may be readily accomplished by
      metering water into the solvent and mixing thoroughly. The solvent
      containing the water may thereafter be mixed with the polymer to form the
      spinning dope. The mixing of the solvent and water prior to contact with
      the polymer appears to reduce the likelihood of gelation and gives
      superior control of the amount of water used.
PAR  By maintaining the specified concentration of water in the spinning dope
      prior to extrusion, followed by other conditions to be described
      hereinafter, the filaments formed will have markedly enhanced properties.
      It is believed that void formations are attributable to the interplay of
      diffusion forces at the surface of the fiber during spin bath coagulation
      wherein there is an inward diffusion of coagulating bath liquid into the
      filament and at the same moment an outward movement of solvent from the
      filament. This void formation may be substantially minimized by what is
      apparently a reduction in the differential of diffusion forces through
      employment of small amounts of water in the spinning dope.
PAR  The coagulating bath which is used contains a mixture of a solvent and a
      non-solvent, such as water, for the acrylonitrile polymer. The solvent
      used in the coagulating bath is preferably the same as the one used in
      preparing the polymer solution; however, such need not be the case. The
      solvent employed is preferably dimethylacetamide, dimethylformamide or
      dimethylsulfoxide.
PAR  The exchange of solvent from the gel structure occurs when the filaments
      are passed through a bath preferably of from about 40 to 65 weight percent
      solvent with the remaining percentage being water, while maintaining the
      bath temperature in the range of 30.degree. C to 65.degree. C, and
      preferably between 50.degree. C and 60.degree. C.
PAR  Since the dope viscosity of the acrylonitrile-containing polymer varies
      directly with its temperature, employment of a high spinning dope
      temperature has the result that low extrusion pressures are required.
      However, in order to spin an acrylonitrile polymer dope by the
      conventional wet spinning method, it is necessary to avoid elevated bath
      temperatures, since such temperatures substantially reduce the solvent
      extraction efficiency. Generally, a temperature for the dope in the range
      of between 40.degree. C to 75.degree. C is most desirable in accordance
      with this invention.
PAR  Following passage through the coagulating bath, the filaments are washed
      substantially free of solvent. This may be accomplished by spraying water
      on the filament travelling around driven rolls or passing the filaments
      through a cascade containing boiling water. Other washing methods can be
      employed. The washing can be carried out prior to applying any orientation
      stretch to the filament if desired.
PAR  It has been found that there is generally a lower amount of residual
      solvent present in filaments treated in accordance with this invention
      than in conventional procedures where there is no water in the spinning
      dope. Using identical compositions and procedures the dimethylacetamide
      content of conventional filaments generally is about 0.3 weight percent.
      In filaments made in accordance with this invention the residual solvent
      content has been found to be lowered even further to between about 0.20
      weight percent to about 0.05 weight percent.
PAR  The polymeric materials which may be employed in the practice of the
      present invention are polyacrylonitrile, copolymers, including binary and
      ternary polymers containing at least 35 percent by weight of acrylonitrile
      in the polymer molecule, or a blend comprising polyacrylonitrile or
      copolymers comprising acrylonitrile with from 2 to 50 percent of another
      polymeric material, the blend having an overall polymerized acrylonitrile
      content of at least 35 percent by weight. Although the preferred polymers
      employed in the instant invention are those containing about 80 percent
      acrylonitrile, generally recognized as the fiber-forming acrylonitrile
      polymers, it will be understood that the invention is applicable to
      polymers containing between about 35 to about 97 weight percent
      acrylonitrile.
PAR  For example, the polymer may be a copolymer of from 80 to 98 weight percent
      acrylonitrile and from 2 to 20 weight percent of another monomer
      containing the &gt;C = C&lt; linkage and copolymerizable with acrylonitrile.
      Suitable mono-olefinic monomers include acrylic, alpha-chloroacrylic and
      methacrylic acids; the acrylates, such as methyl acrylate, ethyl acrylate,
      methylmethacrylate, ethylmethacrylate, butylmethacrylate, methoxymethyl
      methacrylate, beta-chloroethyl methacrylate, and the corresponding esters
      of acrylic and alpha-chloroacrylic acids; vinyl chloroide, vinyl fluoride,
      vinyl bromide, vinylidene chloride, 1-chloro-1 bromoethylene;
      methacrylonitrile; acrylamide and methacrylamide; alpha-chloroacrylamide,
      or monoalkyl substitution products thereof; methyl vinyl ketone; vinyl
      carboxylates, such as vinyl acetate, vinyl chloroacetate, vinyl
      propionate, and vinyl stearate; N-vinylimides, such as N-vinylphthalimide
      and N-vinylsuccinimide; methylene malonic esters; N-vinylcarbazole; vinyl
      furane; alkyl vinyl esters; styrene, vinyl naphthalene; vinyl-substituted
      tertiary heterocyclic amines, such as the vinylpyridines and
      alkyl-substituted vinylpyridines, for example, 2-vinylpyridine,
      4-vinylpyridine, 2-methyl-5-vinylpyridine, etc.; 1-vinylimidazole and
      alkyl-substituted 1-vinylimidazoles, such as 2-, 4-, or
      5-methyl-1-vinylimidazole and other &gt;C = C&lt; containing polymerizable
      materials.
PAR  The polymer may be a ternary interpolymer, for example, products obtained
      by the interpolymerization of acrylonitrile and two or more of any of the
      monomers, other than acrylonitrile, enumerated above. More specifically,
      and preferably, the ternary polymers comprise acrylonitrile, vinyl
      acetate, and vinyl bromide. The ternary polymers preferably contain from
      80 to 97 percent of acrylonitrile, from 1 to 10 percent of vinyl acetate
      or styrene, and from 1 to 18 percent of another monomer, such as
      vinylidene chloride or vinyl bromide.
PAR  The polymer may also be a blend of polyacrylonitrile or of a binary
      interpolymer of from 80 to 99 percent acrylonitrile and from 1 to 20
      percent of at least one other &gt;C = C&lt; containing substance with from 2 to
      50 percent of the weight of the blend of a copolymer of from 10 to 70
      percent of acrylonitrile and from 30 to 90 percent of at least one other
      &gt;C = C&lt; containing polymerizable monomer.
PAR  The polymer materials of this invention may readily have incorporated
      therein various acidic and basic monomers to increase their dyeability
      with various dyes; for example, sodium paramethacrylamidobenzenesulfonate,
      sodium styrenesulfonate, sodium methallylsulfonate, fumaric acid, itaconic
      acid, and various .beta.-alkyl and .alpha.,.beta.-dialkyl
      allyloxybenzenesulfonic acids and sulfonate salts thereof, such as sodium
      para-methallyloxy benzenesulfonate; various tertiary amino alkyl ester
      monomers, such as dimethylaminoethyl methacrylate and various quaternary
      ammonium monomers, such as 2-methacryloyltrimethyl ammonium methylsulfate
      and various N-heterocyclic monomers, such as N-allylnicotinamide and the
      like. Generally, such monomers may be employed in amounts of from about
      0.1 to about 10 percent, based on the polymer weight.
DETD
PAC  EXAMPLE 1
PAR  A spinning dope was prepared by dissolving a sufficient amount of a polymer
      in N,N-dimethylacetamide containing about 4 percent water to give a 25
      percent solids dope, the polymer comprising 70 weight percent
      acrylonitrile (AN), 20 weight percent vinylidene chloride (VCl.sub.2), 10
      weight percent vinyl bromide (VBr), 1.5 weight percent styrene (S), and
      1.5 weight percent itaconic acid (IA). The dope was heated to about
      40.degree. C while being mixed until a clear liquid resulted. The
      resulting dope was thereafter cooled to a temperature of about 30.degree.
      C, filtered, and extruded at about 12 ml/min. through a spinnerette (100
      holes/5 mil.) submerged in a coagulation bath composed of 55 parts
      dimethylacetamide and 45 parts water maintained at a temperature of about
      40.degree. C. The filaments so formed were withdrawn from the coagulation
      bath after a travel therein of about 18 inches and then directed over a
      first godet at 19.8 feet per minute and then through a boiling water bath
      toward and over a second godet at about 84.2 feet per minute. Thereafter,
      the filaments were dried by passing them over rotating drying rolls
      maintained at a temperature of about 125.degree. C. The denier of the
      resulting fibers, elongation, and tenacity is as shown in Table I, Sample
      IB. Microscopic examination of randomly selected filaments obtained from
      the first godet show an essentially void-free structure. By way of
      comparison a control sample was prepared, Sample IA, this sample differing
      from Sample IB only in that no water was added to the solvent. Refer to
      Sample IA in the table.
PAC  EXAMPLE 2
PAR  A spinning dope composition, Sample IIB, was prepared identical to that
      with Sample IB of Example 1 with the exception that the spinning was done
      at 30.degree. C. Fiber properties are shown in Table I, Sample IIB.
      Randomly selected fibers revealed under the microscope an essentially
      void-free structure.
PAR  Example 1 was repeated using a spin bath temperature of 30.degree. C with
      no water in the solvent. The sample where water was used in the spinning
      dope had a substantially void-free structure while the sample prepared
      from the dope containing no water had a porous structure. Refer to Sample
      IIA in the table.
PAC  EXAMPLE 3
PAR  Fibers were prepared from a spinning dope having a composition of
      AN/VCl.sub.2 (60/40) under the conditions of Example 1 with the exception
      that the dope was held at about 60.degree. C for about 30 minutes prior to
      being extruded. The fiber properties are shown in Table I, Sample IIIB,
      and can be compared to fibers prepared in the same way but from dopes
      having no water added to the solvent (Sample IIIA, Table I). The resulting
      solvent content of Sample IIIA was 2.25 percent and the solvent content of
      Sample IIIB was 2.14 percent. Sample IIIB showed a void-free structure as
      compared with Sample IIIA.
PAC  EXAMPLE 4
PAR  A spinning dope was prepared having the same composition as Sample IB,
      Example 1, except that the solvent used was dimethylsulfoxide containing
      about 4 percent water. The dope was held at 60.degree. C for about 30
      minutes prior to being extruded, and the coagulation bath was made up of
      55 weight percent dimethylsulfoxide and 45 weight percent water. The fiber
      properties are shown in Table I, Sample IVB, and can be compared to a
      fiber having no water added to the solvent and spun under identical
      conditions, Sample IVA. The resulting solvent content of Sample IVA was
      0.42 percent and the solvent content of Sample IVB was 0.19 percent.
      Sample IVB had a void-free structure as compared with Sample IVA.
PAC  EXAMPLE 5
PAR  An aqueous solvent was prepared by mixing 14,500 grams of dimethylacetamide
      with 500 grams of water. About 5,000 grams of a copolymer of 93 weight
      percent acrylonitrile and 7 weight percent vinyl acetate was then slurried
      into the aqueous solvent with constant mixing. The aqueous solvent-polymer
      mixture was slowly heated to 70.degree. C over a period of 30 minutes and
      held at that temperature for about 30 minutes to dissolve the polymer. The
      spinning dope was filtered and passed through a 2,220 hole spinnerette
      (0.003 inch hole diameter) and coagulated in a bath made up of 55 percent
      dimethylacetamide and 45 percent water at about 65.degree. C. The spinning
      dope passed through the spinnerette at a rate of about 80 ml/min. The
      filaments produced were washed and then given a 5.5X draw in boiling
      water. The filaments were thereafter crimped, annealed by subjecting them
      to 30 psig steam, and cut to about 2 inch staple for fabric preparation.
PAR  By way of comparison, a control spinning dope was identically prepared
      containing a copolymer of 93 weight percent acrylonitrile and 7 weight
      percent vinyl acetate dissolved in a solvent containing no water. The dope
      was spun, crimped, annealed and cut into staple fiber.
PAR  The fiber properties of these two fibers are shown in Table I. The fibers
      spun having an aqueous solvent, Sample VB, show an essentially void-free
      structure when viewed under the microscope as compared with fibers
      produced from solvent having no added water, Sample VA.
PAR  A flat upholstery fabric was prepared from fibers of Sample VA and VB and
      subjected to a Martindale Wear Tester which employed standard wool fabric
      as an abradant. The fabric of Sample VB gave an average end point of 10.4
      .times. 10.sup.4 revolutions as compared to Sample VB, giving an average
      end point of 23 .times. 10.sup.3 revolutions.
PAC  EXAMPLE 6
PAR  A spinning dope was prepared containing 25 percent solids concentration of
      a polymer made up of 87.9 weight percent acrylonitrile, 7.1 weight percent
      vinyl acetate and 5 weight percent vinyl bromide, dissolved in a mixture
      of 72.4 weight percent dimethylacetamide and 2.6 weight percent water. The
      spinning dope was filtered and passed through a 500 hole spinnerette
      (0.005 inch hole diameter) and coagulated in a dimethylacetamide-water
      bath (55/45) at 60.degree. C. The filaments, Sample VIB, were subjected to
      a 6X stretch in boiling water, crimped, annealed at about 35 psig of steam
      and cut to about 4 inch staple for carpet preparation. Sample VIA,
      containing about 87.9 weight percent acrylonitrile, 7.1 weight percent
      vinyl acetate, and 5 weight percent vinyl bromide was dissolved in
      dimethylacetamide having no water added thereto. The dope was filtered and
      spun and the filaments produced were stretched, crimped, annealed as
      before. The fibers produced had a substantial number of voids throughout
      the fiber structure.
PAR  The fiber properties for Sample VIA and VIB are shown in Table I. A carpet
      was durability tested employing a Simstair tester. Sample VIA reached the
      end point after an average of 3.2 .times. 10.sup.3 impacts, and the fabric
      woven from the Sample VIB fibers reached its end point after 17.6 .times.
      10.sup.3 impacts.
PAR  The Sinstair (Simulated Stair) tester is employed to measure wear and
      imparts an impact to a bent carpet fabric. A description of the Simstair
      tester is given in U.S. Pat. No. 3,323,349. In general, the wear produced
      by the tester is quite similar to observed stair wear, there being noticed
      at first on a test sample an initial flattening of the fiber followed by a
      breaking thereof, and finally actual attrition of the fibers. The end
      point for the Simstair tester is determined as a number of cycles at which
      point 80 percent of the total fibers are broken along the line of heaviest
      wear.
TBL                                    TABLE I                                 
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                                       Spin                                    

          Polymer          % H.sub.2 O in                                      

                                  Spin Bath  Filament                          

                                                   Elon-                       

     Sample                                                                    

          Composition                                                          

                     Solvent                                                   

                           Solvent                                             

                                  Bath Temp. Denier                            

                                                   gation                      

                                                         Tenacity              

                                                                Voids          

     __________________________________________________________________________

     IA   AN/VCl.sub.2 /VBr/S/IA                                               

                     DMAc  0      DMAc 40.degree. C                            

                                             10.54 19.6% 2.37                  

                                                                Yes            

          19/1.5/1.5              H.sub.2 O                                    

     IB   "          "     4      "    "     11.06 19.0% 2.67                  

                                                                Nod            

     IIA  "          "     0      DMAc 30.degree. C                            

                                             10.30 15.0% 2.50                  

                                                                Yes            

                                  H.sub.2 O                                    

     IIB  "          "     4      "    "     10.32 14.3% 2.34                  

                                                                Nod            

     IIIA An/VCl.sub.2                                                         

                     "     0      "    38.degree. C                            

                                             10.6  15.0% 2.13                  

                                                                Yes            

          60/40                                                                

     IIIB "          "     4      "    "     10.15 14.9% 2.52                  

                                                                Nod            

     IVA  "          DMSO  0      DMSO "     11.32 15.6% 2.76                  

                                                                Yes            

                                  H.sub.2 O                                    

     IVB  "          "     4      "    "     10.75 16.5% 2.94                  

                                                                Nod            

     VA   AN/VA      DMAc  0      DMAc 65.degree. C                            

                                             13.2  47%   2.5                   

                                                                Yes            

                                  H.sub.2 O                                    

     VB   "          "     2.5    "    "     13.3  48%   2.7                   

                                                                Nod            

     VIA  AN/VAVBr   "     0      "    60.degree. C                            

                                             13.8  68%   2.5                   

                                                                Yes            

          87.9/7.1/5                                                           

     VIB  "          "     2.6    "    "     15.6  58%   2.3                   

                                                                Nod            

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for wet spinning abrasion-resistant acrylonitrile-containing
      filaments having essentially void-free structures, comprising forming a
      spinning dope by dissolving (A) from about 20 to about 28 weight percent
      of a dry polymeric material containing about 35 to about 98 weight percent
      acrylonitrile and 65 to 2 weight percent of at least one other
      mono-olefinic monomer copolymerized with said acrylonitrile in (B) a
      mixture of about 1 to 8 weight percent water and about 62 to about 79
      weight percent of a solvent selected from the group consisting of
      dimethylacetamide, dimethylformamide and dimethylsulfoxide, the weights
      being based on the weight of the dope, and extruding the dope at a
      temperature within the range of 40.degree. C to 75.degree. C into an
      aqueous solution of about 40 to 64 weight percent of said solvent at a
      coagulation temperature of from about 30.degree. C to about 65.degree. C.
NUM  2.
PAR  2. A process as recited in claim 1 wherein the water in the spinning dope
      is from about 3 to 6 percent by weight of the dope.
NUM  3.
PAR  3. A process as recited in claim 1 wherein the coagulation temperature is
      between about 50.degree. C to 60.degree. C.
NUM  4.
PAR  4. A process for wet spinning an abrasion-resistant
      acrylonitrile-containing filament having essentially a void-free structure
      comprising forming a spinning dope by dissolving (A) from about 23 to 27
      weight percent of a dry polymeric material containing about 35 to about 90
      weight percent of at least one other mono-olefinic monomer copolymerized
      with said acrylonitrile in (B) a mixture of from about 62 to 79 weight
      percent of a solvent selected from the group consisting of
      dimethylformamide, dimethylacetamide and dimethylsulfoxide, and from about
      1 to 8 weight percent water, the weights being based on the dope, and
      extruding the dope at a temperature within the range of 40.degree. C to
      60.degree. C into an aqueous solution of between about 40 to 65 weight
      percent of said solvent at a coagulation temperature of between 50.degree.
      C and 60.degree. C.
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ABST
PAL  A molded material comprising CaCO.sub.3 and/or MgCO.sub.3 is made and used
      as a reaction bed through which carbonated water is run to make mineral
      water.
BSUM
PAR  This invention generally relates to artificial mineral water and
      particularly to a reaction bed material for use in the production of
      artificial mineral water and to a method for manufacturing the material.
PAR  Various methods for artificially producing mineral water have been recently
      developed. Such methods include those simply adding to service water a
      water-soluble salt such as acid calcium phosphate
      (CaH(PO.sub.4).sub.2.H.sub.2 O), magnesium sulfate (MgSO.sub.4.7H.sub.2
      O), sodium chloride (NaCl), calcium chloride (CaCl.sub.2.2H.sub.2 O),
      magnesium chloride (MgCl.sub.2.6H.sub.2 O), or sodium bicarbonate
      (NaHCO.sub.3). Such methods are useful for producing a large amount of
      mineral water at one time, but are not suitable for intermittently
      supplying only a small amount of mineral water whenever required.
      Moreover, the mineral water obtained from such methods is permanently hard
      containing anions such as SO.sub.4 .sup.-.sup.-, Cl.sup.-, and/or PO.sub.4
      .sup.-.sup.-, which are considered to be harmful to the human body in
      excessive amounts. Accordingly, when the water-soluble salts are added to
      source water in a great amount, such addition results in an increase in
      the stoichiometrical amount of the undesirable anions. Moreover, natural
      mineral water generally contains calcium bicarbonate and/or magnesium
      bicarbonate as its main components, thus being different in composition
      from prior-art artificial mineral water.
PAR  It is an object of the present invention to provide a novel reaction bed
      material for use in the production of artificial mineral water.
PAR  It is a further object of the present invention to provide a reactionn bed
      material which comprises a water-insoluble metal carbonate or carbonates.
PAR  It is a still further object of the present invention to provide a reaction
      bed material which is capable of producing mineral water continuously or
      intermittently in a desired amount with use of service water,
      ion-exchanged water or distilled water.
PAR  It is another object of the present invention to provide a reaction bed
      material which is capable of producing mineral water having a composition
      similar to that of natural mineral water.
PAR  It is another object of the present invention to provide a reaction bed
      material which can be suitably used for the production of mineral water on
      either a large or a small scale.
PAR  It is another object of the present invention to provide a reaction bed
      material which is inexpensive and which can be easily produced, the
      mechanical strength of which can be changed as desired by controlling
      drying temperatures in the manufacturing process thereof.
PAR  It is another object of the invention to provide a method for the
      production of the reaction bed material of the nature as mentioned above.
PAR  The above objects are attained by a reaction bed material which comprises
      40 .ltoreq.CaCO.sub.3 .ltoreq.100 mole %, and which may further comprises
      0 &lt;MgCO.sub.3 .ltoreq.60 mole %. Furthermore, a carbonate or carbonates of
      manganese, iron, and/or zinc, or a hypogene rock which contains
      water-insoluble but acid-soluble compounds of Mn, Fe, Zn, K and/or Na may
      be added in an amount from more than 0 to less than 10 mole %. The
      reaction bed material can be obtained by mixing powdered metal carbonate
      or carbonates with water, granulating and molding the mixture in a
      suitable form, and drying the formed material to obtain the ultimate
      water-insoluble reaction bed material. In order to improve bonding
      properties of the carbonate powder to be granulated, a suitable
      water-soluble bonding material may be added to the mixture by
      preliminarily dissolving it in water, including starch, carboxymethyl
      cellulose, polyvinyl alcohol or gelatin. The molded material may be formed
      into granules or particles in one step, or may be first formed into cakes
      or blocks and then, before or after drying, broken into particles.
DRWD
PAR  These and other objects and advantages of the present invention will become
      apparent from the following description takein in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a block diagram illustrating sequential steps of producing a
      reaction bed material of the present invention; and
PAR  FIG. 2 is a block diagram similar to FIG. 1 but illustrating more
      sequential steps.
DETD
PAR  Referring now to FIG. 1, powder of a water-insoluble mineral compound or
      compounds is subjected to dry-mixing for several minutes in a mixer such
      as a kneader. To the dry-mixed compound a suitable amount of water is
      added for wet-mixing with or without a bonding material. Then, the mixture
      is formed into suitable granular shapes under pressure by means of a
      molding machine. Alternatively, as shown in FIG. 2, the mixture may be
      first formed into cake-like blocks by means of a pre-molding machine and
      then formed into granules by crushing/granulating means. The thus obtained
      granules or particles are subjected to a drying treatment to obtain the
      ultimate reaction bed material. In this connection, where the molding
      material is first formed into blocks, drying may be effected before the
      crushing step. Water used for bonding the powder of carbonate compounds
      should be sterilized clean water and used in an amount of 13 - 45% by
      weight in the powder when water alone is used for bonding purposes. A
      water-soluble bonding material which is used together with water,
      carboxymethyl cellulose, starch, gelatin, or polyvinyl alcohol which are
      recognized as acceptable food additives should be used in an amount of 0.5
      - 10% by weight in water, which in turn amounts to 20 - 50% by weight in
      the powder. In both cases, drying is carried out at a temperature of
      0.degree. to 890.degree.C, preferably at a higher temperature with a lower
      bonding material content. Where the bonding material is employed along
      with water, the resultant reaction bed material has desirable surface
      properties with great mechanical strength. When the bonding material is
      incorporated into water in an amount less than 0.5% by weight, the
      reaction bed material obtained shows no substantial increase in mechanical
      strength as compared with that obtained with water alone. On the other
      hand, if the bonding material is used in an amount greater than 10% by
      weight, there arise problems in that wet-mixing becomes difficult, that
      the surface areas of the reaction bed material are reduced, and in that
      the taste of the obtained mineral water is spoiled. Accordingly, the
      amount of the water-soluble bonding material is preferably held within a
      range of 0.5 to 10% by weight in water.
PAR  As mentioned hereinbefore, the smaller the amount of the binder, the higher
      should the drying temperature be. The molded material which contains a
      suitably large amount of a binder may be dried or treated at room
      temperature or even in a freezing state, to give a sufficient mechanical
      strength thereto.
PAR  The reaction bed material of the present invention, for example, is used in
      the following manner when producing artificial mineral water. Source water
      from which impurities and solid foreign matter, if any, have been removed
      is mixed with carbon dioxide under pressure to obtain carbonated water.
      Then, the carbonated water is passed through a layer of the reaction bed
      material to produce mineral water. The reaction bed material of the
      present invention may be in the form of granules or crushed particles. The
      advantages accruing from such form of the reaction bed material are
      summarized as follows:
PAR  1. By usimg a granular or crushed reaction bed material, it is unnecessary
      to pre-coat it on the surface of a filter cloth as is the case when a
      powdery material is used. Moreover, a constant amount of the mineral
      component can easily be dissolved when granular or crushed material is
      used.
PAR  2. With a powdered carbonate, a filter cloth is apt to clog causing
      filtration stoppages, whereas, the granular carbonate is completely free
      from such problems.
PAR  3. The use of granular carbonate permits easy formation of bicarbonate only
      in a short time with the use of carbonated water.
PAR  4. There is hardly a difference in the specific surface area between
      powdery carbonate and granular carbonate when determined in accordance
      with a B. E. T. method. That is, the specific surface area of powdery
      carbonate is 32 m.sup.2 /g, and that of granular carbonate of the present
      invention 30 m.sup.2 /g.
PAR  5. The use of granular carbonate permits the total acidity of the
      artificial mineral water to be reduced and the resultant mineral water has
      a suitable pH value (higher than 6). Moreover, the artificial mineral
      water of the invention is temporarily hard water.
PAR  In general, natural mineral water contains Ca(HCO.sub.3).sub.2 and/or
      Mg(HCO.sub.3).sub.2 as its main components. The metal carbonate being an
      important raw material for artificially producing mineral water, will be
      discussed hereinafter.
PAR  The metal carbonate raw material is mainly composed of CaCO.sub.3 and
      MgCO.sub.3. Furthermore, MnCO.sub.3, FeCO.sub.3 and ZnCO.sub.3 may be
      added to the just mentioned carbonate raw material. In this connection,
      carbonates containing Mn, Fe and/or Zn should be added in amounts within a
      certain range. However, Mn, Fe and/or Zn are not necessarily mixed with
      the main raw materials as carbonates, and thus hypogene rocks which
      contain water-insoluble but acid-soluble Mn, Fe, Zn, K, and Na compounds
      may be used.
PAR  When calcium carbonate is used in an amount from 40, inclusive, to less
      than 100 mole %, the molded filter material has sufficient mechanical
      strength. The raw material which contains calcium carbonate within the
      range defined above can be hardened at temperatures between room
      temperature and 850.degree.C. If treated at temperatures above
      850.degree.C, the mechanical strength of the resultant filter material
      increases. However, if the raw material contains calcium carbonate in an
      amount less than 40 mole % to increase the percentage of other carbonates
      which easily yield to transformation, it becomes difficult to treat the
      molded material at high temperatures. Therefore, calcium carbonate should
      be present in the starting raw material in an amount of 40 mole % or more.
PAR  It is desirable to use magnesium carbonate in amounts of more than 0 and
      less than 60 mole % to ensure mechanical strength and good molding
      characteristics of the reaction bed material. That is, when mainly
      CaCO.sub.3 is used as a raw or starting carbonate material, heat is
      generated during the molding step under pressure resulting in difficulty
      to obtain extremely small-size granules or particles. However, if
      MgCO.sub.3 is added to CaCO.sub.3 in a suitable amount, the granules or
      particles may be reduced in size. That is, a particle size of 3 mm .phi.
      is obtained by mixing 90 - 95 mole % of CaCO.sub.3 with 5 - 10 mole % of
      MgCO.sub.3 ; 1 mm .phi. by mixing 60 - 70 mole % of CaCO.sub.3 with 30 -
      40 mole % of MgCO.sub.3 ; and 0.5 mm .phi. by mixing 40 - 50 mole % of
      CaCO.sub.3 with 50 - 60 mole % of MgCO.sub.3. By using MgCO.sub.3 in a
      suitable amount, the molding can be easily carried out with reduced heat
      generation and without causing hardening of the material being molded in
      the course of the molding process. Accordingly, the use of a suitable
      amount of MgCO.sub.3 permits a continuous and uninterrupted molding
      operation. Moreover, when MgCO.sub.3 is used together with CaCO.sub.3,
      hardening of the molded material can be carried out at temperatures from
      room temperature to 500.degree.C. The mechanical strength of the
      MgCO.sub.3 -containing reaction bed material is as high as that of
      CaCO.sub.3 alone, even when hardening is carried out at such low
      tempertures.
PAR  If MgCO.sub.3 is incorporated in amounts greater than 60 mole %,
      disadvantageously long hardening times are required, resulting in high
      production costs, although the moldings have an improved mechanical
      strength.
PAR  The following Examples will illustrate the invention in detail.
PAC  EXAMPLE I
PAR  Preparation of a reaction bed having a granular size of 3 mm .phi.:
PAR  5,000 g of CaCO.sub.3 was placed in a kneader for agitation in a dry state
      for 5 min. 2,200 g of water was added to the material, which was then
      transferred to another kneader for wet-mixing for 10 min. The mixture was
      then molded and dried to obtain pellets having a diameter of 3 mm at a
      yield of 95% by weight of the starting material.
PAC  EXAMPLE II
PAR  5,000 g of CaCO.sub.3 was placed in a kneader for drymixing for 5 min.
      2,100 g of a binder mixture consisting of 98% by weight of water and the
      balance of carboxymethyl cellulose was added to the dry-mixed starting
      material which had been transferred into another kneader. The mixture was
      thoroughly agitated in the kneader for 10 min. Then, the mixture was
      molded and dried to obtain pellets having a diameter of 3 mm, at a yield
      of 97% by weight of the starting material.
PAR  The pellets of Examples I and II did not break when immersed in water for a
      long period of time. Moreover, when the pellets were used as a reaction
      bed material supported by a filter cloth, artificial mineral water was
      readily obtained simply by passing carbonated water therethrough, without
      causing clogging of the filter cloth.
PAC  EXAMPLE III
PAR  5,000 g of a starting material was placed in a kneader for dry-mixing for 5
      min. The dry-mixed starting material was transferred to another kneader
      with 2,600 g of water added for wet-mixing for 10 min. Then, the mixture
      was molded under pressure to obtain a wet molding of a suitable shape.
      Then, a part of the water-containing molding was broken into granules
      which were dried to obtain dry granules at a yield of 85% by weight of the
      starting material. The other part of the wet molding was first dried and
      the dried molding was subjected to crushing by means of a crusher and
      irregularly sized granules were obtained at a yield of 75% by weight of
      the starting material.
PAR  While only certain details of the present invention, including its
      principles and resultant effects, have been described in the foregoing, it
      should be understood that the present invention is not limited to the
      particular details described since modifications and variations may be
      made to the reaction bed material of the invention by those skilled in the
      art without departing from the scope of the invention as defined in the
      appended claims. Accordingly, the appended claims are intended to cover
      all such equivalent variations and modifications as fall within the scope
      of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a molded bed material for use in the production of
      artifical mineral water comprising the steps of: mixing a mineral source
      powder comprising 40 to 100 mole % of magnesium carbonate with an aqueous
      solution of a bonding material permissible as a food additive selected
      from the group consisting of carboxymethyl cellulose, starch, gelatin and
      polyvinyl alcohol in an amount of 20 to 50% by weight of said powder, the
      concentration of said solution being from 0.5 to 10% by weight; kneading
      the resulting wet mixture; molding the kneaded mixture under pressure into
      pellets; and drying said pellets at a temperature between room temperature
      and 850.degree.C.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein said carbonate source powder
      further comprises a material selected from the group consisting of
      MnCO.sub.3, FeCO.sub.3, ZnCO.sub.3, and the mixture thereof in an amount
      up to 10 mole %.
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ABST
PAL  Rhenium is recovered in a substantially pure form from a hydrochloric acid
      solution thereof contaminated with molybdenum and iron by adding sulfuric
      acid to establish a sulfate/chloride anion ratio of at least 20:1 and
      mixing the solution with a liquid trialkyl phosphate to extract rhenium in
      the phosphate phase. The trialkyl phosphate phase is seaprated and washed
      with sulfuric acid to remove any residual iron and molybdenum and
      thereafter with hydrochloric acid to remove entrained sulfuric acid.
      Rhenium is recovered by back extracting with nitric acid.
BSUM
PAR  The present invention relates to the recovery of rhenium from a spent
      catalyst comprising rhenium in combination with a platinum group metal
      component on an alumina support or carrier material.
PAR  A variety of commercially important hydrocarbon conversion processes
      involving cyclization, dehydrocyclization, isomerization, aromatization,
      hydrogenation, dehydrogenation, etc., of hydrocarbons has heretofore been
      effectively catalyzed at varied conditions by catalysts consisting
      essentially of a platinum group metal composited with a refractory
      inorganic oxide carrier material. More recently, a rhenium component has
      been included in the catalyst to form a two component catalyst of improved
      activity, selectivity and/or stability with respect to one or more of the
      hydrocarbon conversion reactions.
PAR  The catalyst so employed invariably becomes deactivated and regeneration is
      required if the catalyst is to perform its intended function in an
      economical manner. Deactivation may result from any one of a number of
      conditions peculiar to a particular hydrocarbon conversion process.
      Usually, deactivation results from an excessive deposition of carbonaceous
      matter whereby the hydrocarbon being processed is denied access to the
      active sites of the catalyst composite, and from the poisoning influence
      of certain metal impurities deposited on the catalyst from the hydrocarbon
      feed stock. While the catalyst may be regenerated with the removal of
      carbonaceous matter by air oxidation, each such regeneration produces a
      catalyst somewhat less stable than its predecessor, largely because of the
      accumulation of the metal impurities. Eventually, regeneration is no
      longer economically feasible and the spent catalyst must be replaced with
      a fresh catalyst. The high cost of rhenium and of the platinum group
      metals, coupled with limited availability, precludes a disposition of the
      spent catalyst without effecting recovery of substantially all of the
      rhenium and platinum group metals. This is so although each of the rhenium
      and platinum group metals may comprise as little as 0.1 wt. % of the total
      catalyst composite.
PAR  Although the description of the method of this invention is presented with
      reference to the more commonly encountered platinum-containing catalyst,
      it is understood that the method can be advantageously applied to recover
      rhenium from other platinum group metal-containing catalysts, for example
      those containing rhenium in combination with palladium, iridium, osmium,
      rhodium, ruthenium, and the like. Further, the spent catalysts herein
      contemplated are generally alumina-based catalysts and the subsequent
      description of the invention is directed thereto. However, it is again
      understood that rhenium can be similarly recovered from spent catalysts
      comprising other refractory inorganic oxide carrier materials including
      silica, zirconia, thoria, boria, alumina-silica, alumina-zirconia,
      alumina-boria, and the like. It is common practice to recover the platinum
      group metal component by initially treating the spent catalyst with
      sulfuric acid whereby the alumina support or carrier material is digested
      leaving a platinum group metal-containing residue and an alum or aluminum
      sulfate solution. Preferably, although not necessarily, the spent catalyst
      is burned free of carbonaceous matter prior to the acid treatment. When,
      as is most often the case, the platinum group metal is platinum, it is
      generally preferred to recover the platinum as chloroplatinic acid to
      facilitate handling, storage, and subsequent reuse in the manufacture of
      fresh catalyst. Thus, the platinum is recovered from the carbon-free
      residue on treating the residue with aqua regia. The resulting mixture is
      subjected to filtration and the filtrate boiled down to remove solvent and
      yield a chloroplatinic acid concentrate. When, as herein contemplated, the
      catalyst further contains a rhenium component, substantially all of the
      rhenium is found in a soluble form in the alum solution. U.S. Pat. No.
      3,672,874 describes an efficient and economical method of recovering
      rhenium from the alum solution, the rhenium being extracted from the alum
      solution utilizing an ion exchange resin. The adsorbed rhenium is then
      recovered from the exchange resin by elution, typically with hydrochloric
      acid. While the method is useful to recover substantially all of the
      rhenium, the resulting hydrochloric acid is invariably contaminated with
      metal impurities, principally molybdenum and iron, which inhibit the reuse
      of the rhenium in the manufacture of fresh catalyst.
PAR  It is therefore an object of this invention to present a novel process for
      the recovery of rhenium from an iron and molybdenum containing
      hydrochloric acid solution thereof, and in one of its broad aspects, the
      present invention embodies a process which comprises adding sufficient
      sulfuric acid to the solution to establish a sulfate-chloride anion ratio
      therein of at least about 20:1; admixing the resulting solution with a
      normally liquid, substantially water insoluble trialkyl phosphate and
      recovering the rhenium in the trialkyl phosphate phase of the mixture;
      separating and washing the trialkyl phosphate phase with sulfuric acid for
      the removal of any residual iron and molybdenum contained therein, and
      thereafter with hydrochloric acid for the removal of residual sulfuric
      acid; separating the washed trialkyl phosphate and back extracting the
      same with from about 6 to about 11 normal nitric acid, and recovering the
      rhenium therein as a nitric acid solution of perrhenic acid.
PAR  Other objects and embodiments of this invention will become apparent in the
      following detailed specification.
PAR  In accordance with the process of the present invention, sufficient
      sulfuric acid is added to the rhenium-containing hydrochloric acid
      solution to establish a sulfate/chloride anion ratio therein of at least
      about 20:1. It is a preferred practice to lower the hydrochloric acid
      concentration of the solution to less than about 0.5 molar prior to
      dilution with the sulfuric acid. Substantially all of the hydrochloric
      acid is separable by simple distillation. Preferably, sufficient sulfuric
      acid is added to the solution to establish a sulfate/chloride anion ratio
      of from about 20:1 to about 30:1 or more with ratios in the higher range
      being increasingly more conducive to the separation of rhenium free of
      iron and molybdenum. About a 1 molar sulfuric acid solution is suitably
      employed.
PAR  Tributyl phosphate, commonly employed in the solvent extraction of metal
      ions, is a preferred normally liquid trialkyl phosphate for use herein.
      Other suitable trialkyl phosphates comprise alkyl groups of up to about 6
      carbon atoms, for example, triethyl phosphate, tripropyl phosphate,
      triisopropyl phosphate, triisobutyl phosphate, tripentyl phosphate,
      tri(1-methylbutyl) phosphate, tri(2-methylbutyl) phosphate,
      tri(3-methylbutyl) phosphate, tri-n-hexyl phosphate, tri(1-methylpentyl)
      phosphate, tri(2-methylpentyl) phosphate, tri(3-methylpentyl) phosphate,
      tri(4-methylpentyl) phosphate, and the like. One volume of the sulfuric
      acid solution is effectively extracted with from about 1/8 to about 1/4
      volume of the selected trialkyl phosphate.
PAR  The trialkyl phosphate extract will contain substantially all of the
      rhenium and at least traces of the molybdenum and iron contaminants.
      Therefore, prior to back extracting or stripping rhenium from the trialkyl
      phosphate extract, the extract is washed with sulfuric acid -- suitably
      about 1 to about 2 molar sulfuric acid -- for the separation of residual
      molybdenum and iron contained therein. The sulfuric acid wash is followed
      by a hydrochloric acid wash -- suitably from about 4 to about 8 molar
      hydrochloric acid -- for the removal of any entrained sulfuric acid.
PAR  Back extraction or stripping of the rhenium from the trialkyl phosphate
      extract is accomplished with about 11 normal nitric acid or less, and the
      rhenium is recovered as perrhenic acid in nitric acid solution. The
      efficient separation and recovery of rhenium from the trialkyl phosphate
      extract utilizing in excess of 11 normal nitric acid is precluded in view
      of the increased solubility of the trialkyl phosphates, particularly the
      preferred tributyl phosphate, at the higher nitric acid concentrations.
      Preferably, the trialkyl phosphate extract is back extracted or stripped
      of rhenium with from about 6 to about 11 normal nitric acid. Nitric acid
      is readily distilled from the perrhenic acid, the latter being a
      particularly useful form of rhenium for use in the manufacture of fresh
      catalyst.
PAR  Solvent extraction in accordance with the process of this invention can be
      effected in a batch type of operation although a continuous type of
      operation is preferable. It is contemplated that in normal operations the
      liquid solutions would be contacted under extraction conditions in any one
      of a number of contacting devices known to the art. Contacting devices
      which can be utilized in a continuous operation include the rotating disc
      contactor, and also countercurrent extractor columns containing spaced
      trays or plates, or inert packings such as beryl saddles, to promote
      intimate contact of the reactant streams.
PAR  The following example is presented in illustration of the process of this
      invention and is not intended as an undue limitation on the generally
      broad scope of the invention as set out in the appended claims.
DETD
PAC  EXAMPLE
PAR  An acidic solution 2 molar in HCl and 3 molar in H.sub.2 SO.sub.4, and
      containing 8 grams of rhenium, 1 gram of molybdenum, .3 grams of iron and
      .3 grams of aluminum, is diluted to about 1250 milliliters with 1 molar
      H.sub.2 SO.sub.4, and the diluted solution extracted once with about 350
      milliliters of tributyl phosphate. The tributyl phosphate extract is
      washed twice with 150 milliliter portions of 2 molar H.sub.2 SO.sub.4 to
      remove residual iron and molybdenum, and then twice with about 50
      milliliters of 4 molar HCl to remove entrained H.sub.2 SO.sub.4. The
      washed tributyl phosphate extract is thereafter stripped or back extracted
      3 times with 11 normal HNO.sub.3 to remove 99+% of the rhenium as
      perrhenic acid in nitric acid solution.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for the recovery of rhenium from an iron and
      molybdenum-containing hydrochloric acid solution thereof, which comprises:
PA1  a. adding sufficient acid to the solution to establish a sulfate/chloride
      anion ratio therein of at least about 20:1;
PA1  b. admixing the resulting solution with a normally liquid, substantially
      water insoluble trialkyl phosphate and recovering the rhenium in the
      trialkyl phosphate phase of the mixture;
PA1  c. separating and washing the trialkyl phosphate phase with sulfuric acid
      for the removal of any residual iron and molybdenum contained therein, and
      thereafter with hydrochloric acid for the removal of entrained sulfuric
      acid;
PA1  d. separating the washed trialkyl phosphate and back extracting the same
      with from about 6 to about 11 normal nitric acid, and recovering the
      rhenium therein as a nitric acid solution of perrhenic acid.
NUM  2.
PAR  2. The process of claim 1 further characterized in that said trialkyl
      phosphate is tributyl phosphate.
NUM  3.
PAR  3. The process of claim 1 further characterized with respect to step (a) in
      that the hydrochloric acid concentration of said solution is first reduced
      to less than about 0.5 molar.
NUM  4.
PAR  4. The process of claim 1 further characterized with respect to step (b) in
      that said solution is admixed with from about 1/8 to about 1/2 its volume
      of said trialkyl phosphate.
NUM  5.
PAR  5. The process of claim 1 further characterized with respect to step (a) in
      that sufficient sulfuric acid is added to said solution to establish a
      sulfate/chloride anion ratio of from about 20:1 to about 30:1 or more.
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ABST
PAL  A method for purifying technical grade molybdenum oxide derived from the
      roasting of molybdenite concentrates by which the molybdenum oxide feed
      material is admixed with sulfuric acid and pugged to form a plurality of
      reaction pellets which are heated to an elevated temperature to effect a
      baking and subsequent roasting thereof and a reaction between the metal
      contaminants and the sulfuric acid to produce aqueous soluble sulfate
      compounds. The resultant roasted pelletized oxide is ground and leached to
      remove the contaminating metal sulfates, whereafter the leached pellets
      are contacted with an aqueous ammoniacal solution for converting the
      molybdenum oxide constituent therein to ammonium molybdate dissolved in
      the solution, which is separated from the insoluble residue, which is
      discarded to waste and the solution is crystallized to recover the
      ammonium molybdate product which, in turn, may be calcined to produce a
      high purity molybdenum oxide product.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Molybdenum is principally found in the earth's crust in the form of
      molybdenite (MoS.sub.2) ditributed as very fine veinlets in quartz which
      is present in an ore body comprised predominantly of altered and highly
      silicified granite. The concentration of the molybdenite in such ore
      bodies is relatively low, that is, in amounts of about 0.1% by weight, and
      more usually, about 0.5% by weight. The molybdenite is present in the form
      of relatively soft, hexagonal, black flaky crystals which are extracted
      from the ore body and concentrated by any one of a variety of known
      beneficiation processes so as to increase the molybdenum disulfide content
      to a level of usually greater than about 80% by weight of the concentrate.
      The resultant concentrate is subjected to an oxidation step, which usually
      is performed by a roasting operation in the presence of air, whereby the
      molybdenum disulfide is converted to molybdenum oxide which is of a
      commercial or technical grade containing various impurities including
      metallic contaminants present in the original ore body.
PAR  It is desirable or necessary in some instances to provide a molybdenum
      trioxide product or molybdate compounds which are relatively free of such
      metallic contaminants providing a high purity material for use in the
      preparation of molybdenum compounds, catalysts, chemical reagents or the
      like, wherein the presence of contaminants, such as compounds of
      potassium, manganese, lead, tin, calcium, magnesium, silicon, iron, copper
      and aluminum, is detrimental. The production of high purity molybdenum
      oxide has heretofore been achieved by various chemical and physical
      refining techniques, of which the sublimation of the technical oxide at an
      elevated temperature such as about 1000.degree.C or higher and recovering
      the sublimed molybdenum trioxide of a purity usually of about 99% or
      greater is perhaps the most common method. Unfortunately, the sublimation
      process is inefficient, producing a purified molybdenum trioxide in
      relatively low yields, necessitating a recycling and further processing of
      the residue to recover the residual molybdenum values therein, which still
      further detracts from the economics of the purification process.
PAR  Various chemical purification techniques, including multiple-stage leaching
      with various reagents, have heretofore been used or proposed for use which
      also have been unsatisfactory for one or more reasons. For example,
      selective leaching processes have been employed to which the technical
      oxide is subjected in a manner to selectively extract the major amounts of
      some of the contaminating constituents therein. A disadvantage of such
      plural leaching processes is the ineffectiveness of any one solution to
      remove substantially all of the deleterious naturally-occurring
      contaminating constituents in one step, necessitating a relatively tedious
      and time consuming plural leaching process which is not only costly and
      time consuming, but also results in a progressive reduction in the yield
      of the purified molybdenum product derived from the impure feed material.
PAR  The process of the present invention overcomes many of the problems and
      disadvantages associated with methods heretofore used or proposed for use
      enabling the production of relatively high purity ammonium dimolybdate
      and/or molybdenum trioxide in comparatively high yields and which utilizes
      processing conditions and equipment which are commercially efficient and
      economical.
PAC  SUMMARY OF THE INVENTION
PAR  The benefits and advantages of the present invention are achieved by a
      method in which an impure technical or commercial grade molybdenum oxide,
      such as derived from the air roasting of a molybdenite concentrate, is
      admixed with a controlled quantity of sulfuric acid, such as by pugging,
      and thereafter is heated to an elevated temperature to effect a reaction
      between the acid constituent and the contaminating metal constituents, and
      particularly the potassium constituent thereof. The heating of the
      pelletized feed material is preferably accomplished in two stages,
      including a baking stage in which the feed is heated to about
      350.degree.C, followed thereafter by an air roasting stage in which the
      feed is heated to a temperature of about 400.degree.C to about
      600.degree.C. The resultant roasted and reacted material is ground to a
      particle size preferably less than about 100 mesh to facilitate a hot
      water leaching thereof and an extraction of the aqueous soluble metallic
      sulfate compounds formed. The leached feed material is extracted from the
      leach solution and thereafter is subjected to an ammoniacal leaching step
      by which the molybdenum constituent is converted to a soluble ammonium
      molybdate compound in the ammoniacal solution, which is separated from the
      insoluble residue and is crystallized to form a high purity ammonium
      dimolybdate product, or alternatively, is further calcined to produce a
      high purity molybdenum trioxide product.
PAR  It is also contemplated that any of the molybdenum values dissolved during
      the hot leaching of the roasted pelletized feed stock can be recovered by
      treatment with lime to produce a calcium molybdate product which is
      recovered and recycled to the molybdenite air roaster.
PAR  Further advantages and benefits of the present invention will become
      apparent upon a reading of the description of the preferred embodiments
      taken in conjunction with the accompanying drawing and the typical
      examples provided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing comprises a schematic flow diagram of the steps of the
      purification process comprising the present invention in accordance with
      the preferred embodiments thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The proportions and concentrations of the various feed materials and
      products, and the quantities of chemical reagents employed, are described
      in the specification and in the subjoined claims in terms of percentages
      by weight, unless clearly indicated to the contrary.
PAR  The purification process of the present invention commences with the
      provision of a commercial or technical grade oxide containing
      objectionable quantities of contaminating metals, of which potassium
      comprises a particularly objectionable constituent. The analysis of a
      technical grade roasted concentrate of molybdenum oxide derived from the
      roasting of a molybdenite concentrate at 600.degree.C with excess air is
      as follows: 59.05% molybdenum; 2,500 ppm potassium, 380 ppm copper, 530
      ppm magnesium and 600 ppm aluminum. The foregoing technical molybdenum
      oxide is typical of those derived from the air roasting of molybdenite
      concentrates derived from the oil flotation extraction of molybdenite from
      ore deposits in Climax, Colorado. The technical oxide can also be derived
      from alternative sources, although the most common source is from the
      beneficiation of molybdenite ore to form a concentrate which thereafter is
      roasted in a multiple-hearth furnace, such as a Herreshoff, McDougall,
      Wedge, Nichols, etc.
PAR  In accordance with conventional molybdenite beneficiation processes, the
      molybdenite containing ore is subjected to a grinding operation in which
      it is reduced to particles of an average size less than about 200 mesh,
      and the resultant pulverized ore is thereafter subjected to an oil
      flotation extraction operation utilizing hydrocarbon oil and pine oil in
      combination with various wetting agents, whereby the particles comprised
      predominantly of molybdenum disulfide are retained in the flotation froth,
      while the gangue materials comprised predominantly of silica remain in the
      tailings portion of the pulp. Normally, the flotation beneficiation
      process employs a series of successive flotation extraction operations
      including intervening grinding operations, whereby the residual gangue in
      the concentrate is reduced to a level usually less than about 10%, and
      preferably less than about 8% of the molybdenite concentrate.
PAR  The concentrate thus obtained is subjected to an air roasting in any one of
      the aforementioned commercially used multiple-hearth furnaces which
      comprise a plurality of annularshaped hearths disposed in vertically
      spaced relationship on which the molybdenite concentrate is progressively
      oxidized on moving downwardly in a cascading fashion from the uppermost
      hearth to the lowermost hearth while being exposed to a countercurrent
      flow of hot flue gases. The air roasting of the molybdenite concentrate to
      produce a technical molybdenum trioxide product comprises the first step
      of the flow diagram as shown in the drawing.
PAR  The roasted technical oxide is preferably ground to an average particle
      size of less than 100 mesh which can be accomplished with the feed
      material in a dry state or in a wet state. In the latter case, the grining
      media and mill is preferably completely lined or comprised of a nonferrous
      abrasion resistant material, such as rubber or ceramic, to avoid the
      formation of molybdenum blue which occurs during wet grinding of
      molybdenum trioxide in the presence of iron. Ordinarily, the molybdenite
      concentrate transferred to the roaster is of a particle size less than 100
      mesh and usually less than 200 mesh. The grinding step following the
      roasting step is preferred in order to break up an agglomerates that may
      have formed and also to assure that all of the particles are less than 100
      mesh. While the particle size of the roasted concentrate is not
      particularly critical, particles of an average size less than 100 mesh are
      preferred because of the large surface area of the feed material,
      facilitating a uniform mixture and contact thereof with the sulfuric acid
      reagent.
PAR  Following the grinding step, the technical oxide feed material, as shown in
      the flow diagram, is transferred to pugging equipment in which the
      material is pugged in the presence of a dilute sulfuric acid solution
      forming a thick paste which may conveniently be extruded into pellets or
      briquettes of sufficient green strength to enable handling and transfer
      thereof to the next baking operation. The quantity of sulfuric acid
      employed is dictated by the quantity of impurities present in the
      technical oxide feed material and the degree of purification desired.
      While on a stoichiometric basis, sulfuric acid can be employed in a
      stoichiometric ratio of about 1:1 based on the quantity of metallic
      impurities present, it is usually preferred to employ an excess of
      sulfuric acid in stoichiometric ratios such as up to about 5:1 to assure
      substantially complete reaction thereof with the contaminating metals. The
      specific concentration of the sulfuric acid solution used is controlled so
      as to provide for a uniform distribution of the sulfuric acid reagent and
      to provide sufficient water to produce a wetted mass suitable for mixing
      in the equipment employed, such as a pugging mill, which subsequently can
      be briquetted or pelletized into masses for facilitating its handling
      through the baking and roasting operations. Dilute sulfuric acid solutions
      containing from about 10% to about 25% acid are satisfactory in most
      instances.
PAR  The size of the pellets or briquettes produced is not critical and can vary
      depending on the type of equipment employed for the handling, baking and
      roasting operations in order to optimize efficiency. The shape or
      configuration of the pellets also is not critical and will vary depending
      upon the particular equipment employed to effect a pelletizing thereof.
      The porosity of the pelletized feed stock can vary from a relatively dense
      mass to one of a somewhat porous structure depending upon the specific
      particle size and packing characteristics of the molybdenum oxide feed
      material as well as the quantity of water present in the reaction mixture.
PAR  In any event, the resultant pelletized feed material incorporating the
      sulfuric acid reagent is transferred to a heated chamber to effect a
      gradual heating thereof to a temperature ranging from about 150.degree.C
      to about 250.degree.C, and typically, about 250.degree.C, so as to effect
      a baking of the pellets, producing substantially dry, hard, high-strength
      porous bodies which are resistant to breakage and attrition upon
      subsequent handling. The baked pelletized feed stock thereafter is
      subjected to a roasting step, as shown in the flow diagram, in which they
      are heated to a higher temperature which is greater than about
      300.degree.C, and preferably ranges from about 400.degree.C to about
      600.degree.C, at which the reaction between the sulfuric acid reagent and
      contaminating metals progresses at a commercially practical rate. The
      roasting step is carried out for a period of time usually ranging from
      about 0.5 hour to about 1.5 hours, and preferably from about one to about
      1.5 hours, which assures that the reaction is substantially complete,
      whereafter the roasted pelletized material is subjected to a grinding
      operation to increase its surface area to facilitate the subsequent hot
      water leaching of the contaminating metal sulfate compounds formed. The
      grinding is preferably performed on a dry basis, in which the pellets are
      crushed and ground to an average particle size of less than about 100
      mesh.
PAR  The pulverized reacted material, as indicated in the flow diagram, is
      thereafter leached with hot water in a manner to effect an extraction of
      substantially all of the aqueous soluble contaminating metal sulfates
      therefrom. This is conveniently achieved by forming a slurry of the ground
      roasted material in hot water at a temperature ranging from about
      50.degree.C to about 85.degree.C having a solids concentration that can
      range from about 10% up to as high as 50%, but below that at which an
      excessive viscosity of the slurry occurs, detracting from its mixing and
      pumping characteristics. Preferably, the hot leaching is carried out
      employing about 20% to about 30% solids on a batchwise basis and in the
      presence of agitation to prevent stratification of the slurry.
PAR  At the completion of the hot aqueous leaching step, which may range from as
      little as one hour to as high as about three hours, and more usually about
      two hours, the slurry is transferred to a filter, such as filter A of the
      flow diagram, in which the filtrate and filter cake are separated. The
      filtrate containing the dissolved contaminating metal sulfates and a small
      proportion of dissolved molybdenum is transferred to a precipitating tank
      in which lime is added in the presence of agitation so as to effect the
      formation of an aqueous insoluble calcium molybdate compound. The
      precipitate is transferred to the filter C and the solid constituent
      thereof, comprising predominantly calcium molybdate, is separated and
      recycled back to the original molybdenite concentrate roaster while the
      filtrate containing the dissolving contaminating metal salts is discarded
      to a waste treatment system. The filter cake derived from the filter A in
      accordance with the flow diagram comprising molybdenum oxide in
      combination with other insoluble impurities such as silica, for example,
      is transferred to an alkali leaching tank to which an ammoniacal leach
      solution is added, effecting a progressive dissolving and extraction of
      the molybdenum constituents therein and a conversion thereof to ammonium
      molybdate. The ammoniacal leach solution includes ammonium hydroxide,
      which may range in concentration from about 10 to about 20%, and
      preferably is controlled to 10% above the stoichiometric requirement. The
      ammoniacal leaching step can be performed at ambient temperature. The
      leaching is carried out until substantially all of the molybdate values
      are converted to the soluble ammonium salt, whereafter the slurry is
      transferred to filter B and the cake comprising the solid residue
      comprised predominantly of silica is discarded to waste and the ammoniacal
      solution containing the dissolved ammonium salt is transferred to a
      crystallizer or evaporator to produce ammonium dimolybdate.
PAR  The ammonium dimolybdate can be recovered as a high purity product or,
      alternatively, can be further processed by transfer to a calciner to
      effect a decomposition thereof with subsequent recovery of a high purity
      molybdenum trioxide product. Calcination of the ammonium dimolybdate can
      be carried out at temperatures ranging from about 400.degree.C to about
      600.degree.C, and preferably about 550.degree.C, for time periods ranging
      from about one hour to about three hours. The ammonia liberated in the
      calcination step is transferred back to the ammoniacal leaching tank for
      reuse.
PAR  In order to further illustrate the process of the present invention, the
      following examples are provided. It will be understood that the examples
      are provided for illustrative purposes and are not intended to be limiting
      of the scope of the invention as hereinabove described and as set forth in
      the subjoined claims.
PAC  EXAMPLE 1
PAR  A technical molybdenum oxide feed material containing from 72% to 88%
      MoO.sub.3, 0.25% to 0.5% potassium, 0.2% to 0.4% iron, 0.02% to 0.04%
      lead, 0.03% to 0.06% copper and 0.01% to 0.02% sodium is subjected to a
      grinding operation to provide a molybdenum oxide feed material of an
      average particle size of less than about 100 mesh. The resultant ground
      feed material is mixed with an aqueous solution of sulfuric acid
      containing 20% acid in an amount of 100 pounds of acid solution per ton of
      solid feed material. The resultant mixture is pugged in a pugging mill and
      is extruded in the form of cylindrical pellets of a diamter of about
      1/4-inch and a length of 3/8-inch, which are transferred to an oven and
      baked at a temperature of about 250.degree.C for a period of 1.5 hours.
      The resultant baked pellets are thereafter transferred to a roaster in
      which they are heated in the presence of excess air to a temperature of
      500.degree.C for a period of 1.5 hours. The resultant roasted pellets are
      ground in a ball mill or other type apparatus (wet or dry) to an average
      particle size of less than about 100 mesh and the resultant powder, if dry
      ground, is mixed with hot water at a temperature of 85.degree.C to form a
      slurry containing 20% solids. If wet ground, the water content is adjusted
      to provide a solids content of about 20% and the slurry thereafter is
      heated to a temperature of about 85.degree.C. The hot water leaching is
      continued for a period of 1.5 hours under continuous agitation, whereafter
      the slurry is transferred to a filter and the cake recovered with the
      filtrate passing to a precipitation tank to which lime is added in the
      presence of agitation, whereafter a settling is allowed to occur. The
      settled precipitate is transferred to a filter and the cake recovered,
      which is analyzed and found to be predominantly calcium molybdate.
PAR  The filter cake derived from the filtration of the hot water leached feed
      material is thereafter leached with an ammoniacal solution containing
      about 15% ammonium hydroxide, which is employed in an amount to provide
      about 10% excess of ammonium hydroxide above that stoichiometrically
      required to react with the molybdenum oxide present at ambient temperature
      and at a solids content of about 20% for a period of four hours. The
      resultant leached material is thereafter transferred to a filter and the
      filter cake, comprising predominantly silica and other insoluble silicious
      gangue materials, is discarded to waste; while the filtrate, comprising an
      ammoniacal solution containing ammonium molybdate, is transferred to a
      crystallizer. Crystals of ammonium dimolybdate product are recovered,
      evidencing a yield based on the original technical oxide feed material of
      about 99.8%. A portion of the purified ammonium dimolybdate product is
      subjected to a further calcination treatment at a temperature of
      600.degree.C for a period of 2 hours to produce a high purity molybdenum
      trioxide product. The purified molybdenum trioxide product on analysis
      contained the following residual metallic impurities: potassium, less than
      100 ppm; iron, less than 10 ppm; lead, less than 10 ppm; copper, 10 ppm;
      and sodium, 5 ppm.
PAR  While it will be apparent that the preferred embodiments of the invention
      disclosed are well calculated to fulfill the objects above stated, it will
      be appreciated that the invention is susceptible to modification,
      variation and change without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for purifying molybdenum trioxide which comprises the steps of
      providing an impure particulated molybdenum trioxide feed material of a
      particle size less than about 100 mesh, mixing feed material with sulfuric
      acid in an amount sufficient to provide a stoichiometric excess of
      sulfuric acid relative to the metallic impurities present in said feed
      material to form a reaction mixture, agglomerating said reaction mixture
      into pellets, heating said pellets to a temperature up to about
      250.degree.C for a period of time sufficient to effect a baking thereof,
      heating the baked said pellets to an elevated temperature of from
      400.degree.C up to about 600.degree.C in air to effect a roasting thereof
      and to cause a reaction to occur between the metallic impurities in said
      feed material and the sulfuric acid to form aqueous soluble sulfate
      compounds, pulverizing the roasted said pellets into a powder of an
      average particle size less than about 100 mesh, leaching the said powder
      with hot water at a temperature above about 50.degree.C to extract the
      sulfate compounds therefrom, separating the leached said powder from the
      resultant hot water leaching solution, contacting the leached said poweder
      with an aqueous ammoniacal leach solution to extract the molybdenum
      trioxide constituent therein forming a solution containing ammonium
      molybdate and an insoluble residue, separating said solution containing
      ammonium molybdate from said residue and recovering the ammonium
      dimolybdate constituent from said solution.
NUM  2.
PAR  2. The method as defined in claim 1, including the further step of treating
      the separated said hot water leaching solution with lime and precipitating
      the dissolved molybdenum values therein as an aqueous insoluble calcium
      molybdate compound and recovering said calcium molybdate compound and
      recycling it to a molybdenite roaster.
NUM  3.
PAR  3. The method as defined in claim 1, in which the step of recovering the
      ammonium dimolybdate constituent from said aqueous ammoniacal leach
      solution is performed by crystallization.
NUM  4.
PAR  4. the method as defined in claim 1, in which the the step of separating
      the ammonium dimolybdate from said aqueous ammoniacal leach solution is
      performed by crystallization and including the further step of calcining
      the crystallized separated ammonium molybdate to a high purity molybdenum
      trioxide product.
NUM  5.
PAR  5. The method as defined in claim 1, in which the concentration of the
      sulfuric acid reagent is controlled relative to the quantity of metallic
      impurities in said feed material to provide a stoichiometric ratio of
      sulfuric acid in excess of 1:1 up to 5:1.
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ABST
PAL  A method of separating cobalt (II) and nickel (II) by extraction with an
      organic extraction solution from an aqueous solution containing these
      metal ions is disclosed, in which a water soluble magnesium compound is
      added to the aqueous solution prior to the extraction and after the
      extraction the extraction agent is regenerated to recover the cobalt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of separating cobalt (II) and
      nickel (II) by extraction from water solutions containing these metallic
      ions.
PAR  So far, the number of methods for technological separation of cobalt and
      nickel by extraction is very limited. The best known methods are based on
      the ability of cobalt to form chloride complexes, whereby the cobalt can
      be extracted selectively from a strong chloride solution by means of
      anion-exchange type extraction reagents, such as amines. Since nickel does
      not form corresponding chloride complexes, the separation of cobalt and
      nickel is very sharp, but there is a disadvantage in the corrosion
      problems caused by strong chloride solutions and the change of environment
      required in most cases, i.e., from a sulphate solution into a chloride
      solution.
PAR  Another group of extraction processes is based on the use of ammonia
      complexes (e.g. U.S. Pat. Nos. 3,276,863; 3,380,801; and 3,438,768 and
      Finnish Patent Application No. 203/71. In some of these processes, the
      cobalt has been oxidized into a trivalent form, while in others the
      separation is carried out while both the metals are bivalent.
PAR  On the other hand, very little is known about the separation of cobalt and
      nickel from acid solutions. U.S. Pat. No. 3,336,133 describes the use of
      acid thio-sulphates for the extraction of nickel from cobalt-bearing
      solutions, and Finnish Patent Application No. 1892/72 introduces an
      extraction process using an extraction agent mixture. U.S. Pat. No.
      3,399,055 introduces a process for extracting cobalt from a nickel-bearing
      solution by means of an organic phosphoric acid.
PAR  The object of the present invention is to provide an improved separation of
      cobalt and nickel from each other from water solutions which contain both
      cobalt and nickel. The process according to the invention does not set any
      special requirement for the quality of the anion in the solution, but the
      extraction can take place from, for example, sulphate, nitrate, or
      carbonate solutions.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is based on the observation that the presence of magnesium
      decisively improves the separation of cobalt and nickel, for example, when
      using an organic phosphoric acid within the pH range 4-7 as the extraction
      agent. This improvement in the separation is due to the fact that within
      this pH range the extraction properties of magnesium are between those of
      cobalt and nickel and thereby its presence causes a weakening of nickel
      extraction. Likewise, the presence of magnesium in the extraction
      facilitates the washing stage because, after nickel, magnesium is removed
      from the organic phase and, this being the case, the wash can be well
      carried out with a weak acid solution. The wash can also be carried out
      with either a cobalt or magnesium solution. The recovery of cobalt from
      the organic phase can be carried out by using generally known methods,
      e.g., by treating it with a mineral acid solution, preferably 1-3 N.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An extraction according to the invention is preferably carried out by the
      process according to my co-authored, commonly assigned U.S. patent
      application Ser. No. 362,731, but other extraction processes can also be
      used. It is essential, however, that the pH is kept within 4-7, preferably
      within 5-6, during the extraction, whereby the best possible extraction is
      obtained. It is also advantageous to carry out the washing stage, if it
      takes place with a cobalt or magnesium solution, within this pH range.
PAR  The extraction agent used in the process according to the formula
      ##EQU1##
      in which R.sub.1 and R.sub.2 are alkyl, aryl, or alkyl-aryl radicals, or
      one of them may be hydrogen. This extraction agent has been dissolved in
      an organic solvent; usually hydrocarbons or hydrocarbon mixtures,
      especially light petroleum, are used for this purpose. This organic
      solution can also contain additives, such as alcohols or tributhyl
      phosphate, which improve the properties of this solution. The extraction
      agent content of the solution is usually 5-30 percent by volume.
PAR  The water solution to which the extraction according to the invention is
      applied contains Co 0.1-50 g/l and Ni 0.1-100 g/l, and Mg at least 5 g/l.
      Prior to an extraction according to the present invention, all metals
      which are extracted at a lower pH than cobalt must be removed from the
      water solution. Such metals are above all iron, zinc, and copper. The
      removal of these metals can be carried out either by extracting them
      separately or by some other generally known method.
PAR  The extraction agent content of the extraction solution and the ratio
      between the volumes of the organic material and the aqueous solution in it
      are determined on the basis of the composition of the aqueous solution.
      The extraction temperature is 20.degree.-80.degree.C, preferably
      50.degree.-60.degree.C.
DETD
PAR  The invention is described below in more detail with reference to the
      following examples:
PAC  EXAMPLE 1
PAR  A series of batch trials was carried out to study the effect of the
      magnesium content on the separation of cobalt and nickel. The initial
      solution contained Co 10 g/l, Ni 9 g/l, and Na 11 g/l, plus Mg 0-17 g/l.
      The extraction was performed with a 20-percent (by vol.)
      di-(2-ethyl-hexyl)phosphoric acid (abbreviation HDEHP), the volume ratio
      V.sub.org /V.sub.aq being 1:1 and the contact period 10 minutes. The
      temperature was room temperature. During the extraction the pH was
      adjusted to the desired value by adding ammonia water. After the
      extraction the phases were allowed to separate and the metal contents of
      each phase were analyzed. The results, given in Table 1, clearly indicate
      the decisive importance of the magnesium addition for the improvement of
      the cobalt and nickel separation, which can be seen as a strong decrease
      of the extraction percentage of nickel (E.sub.Ni). Expressed in terms of
      the separation coefficient S.sub.Co,Ni, the separation at its best reached
      the value 56.
      ##EQU2##
TBL                                    Table 1                                 

     __________________________________________________________________________

     Mg g/l                                                                    

         0       3.5     8.5      17.0                                         

     pH  E.sub.Co                                                              

             E.sub.Ni                                                          

                 E.sub.Co                                                      

                     E.sub.Ni                                                  

                         E.sub.Co                                              

                             E.sub.Ni                                          

                                  E.sub.Co                                     

                                      E.sub.Ni                                 

         %   %   %   %   %   %    %   %                                        

     __________________________________________________________________________

     3.0 21.8                                                                  

              8.5                                                              

                  9.0                                                          

                      2.5                                                      

                          6.0                                                  

                             1.9   5.2                                         

                                      1.9                                      

     4.0 40.4                                                                  

             21.2                                                              

                 35.1                                                          

                     11.8                                                      

                         25.5                                                  

                             5.1  24.3                                         

                                      3.6                                      

     4.5 53.7                                                                  

             34.9                                                              

                 48.9                                                          

                     20.7                                                      

                         39.8                                                  

                             5.9  33.1                                         

                                      3.2                                      

     5.0 62.3                                                                  

             46.4                                                              

                 62.3                                                          

                     26.8                                                      

                         57.1                                                  

                             3.9  45.2                                         

                                      1.8                                      

     5.5 64.8                                                                  

             53.0                                                              

                 62.6                                                          

                     35.7                                                      

                         59.7                                                  

                             4.5  45.4                                         

                                      1.5                                      

     6.0 67.0                                                                  

             56.6                                                              

                 70.2                                                          

                     33.7                                                      

                         60.5                                                  

                             4.6  46.1                                         

                                      2.9                                      

     6.5                 62.2                                                  

                             8.7  45.9                                         

                                      4.5                                      

     7.0                 63.6                                                  

                             12.2 47.0                                         

                                      7.6                                      

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  Washing trials were performed with two batches of organic phase, one of
      them containing Co 6.7 g/l, Ni 0.16 g/l, and Mg 3.9 g/l, and the other, Co
      6.3 g/l, Ni 0.28 g/l, and Mg 3.6 g/l. The washing solution used was a weak
      sulphuric acid solution, magnesium sulphate solution, cobalt sulphate
      solution, or the original extraction solution, which contained Co 12 g/l,
      Ni 9 g/l, and Mg 9 g/l. All these solutions proved usable within certain
      concentration ranges. Too strong solutions do not prevent the separation
      of cobalt and nickel but cause too great a cobalt circulation between the
      extraction and regeneration stages. The results of the washing trials are
      given in Tables 2-4, which indicate that the sulphuric acid content of the
      washing solution should preferably be within 5-15 g/l. With magnesium
      sulphate solution, a magnesium concentration of about mg 10 g/l is
      suitable. Likewise, when using cobalt sulphate solution, a concentration
      of 10 g/l is suitable, when the pH of the washing solution is
      approximately the same as the pH used in the extraction. Too low a pH
      causes unnecessary regeneration of cobalt.
TBL                Table 2                                                     

     ______________________________________                                    

     Use of sulphuric acid solution as washing solution                        

     H.sub.2 SO.sub.4                                                          

              V.sub.org                                                        

                     Co/Ni ratio in org. phase                                 

                                        Co.sup.x)                              

     g/l      V.sub.aq                                                         

                     before wash after wash                                    

                                          %                                    

     ______________________________________                                    

     5        1      22.5        119      89                                   

     10       1      22.5        105      71                                   

     15       1      22.5        104      40                                   

     20       1      22.5         74       7                                   

     20       1      42          114      12                                   

     ______________________________________                                    

              [Co].sub.org                                                     

     .sup.x) Co =         at the washing stage                                 

              [Co].sub.tot                                                     

TBL                Table 3                                                     

     ______________________________________                                    

     Use of magnesium sulphate solution as washing solution                    

     MgSO.sub.4 V.sub.org                                                      

                       Co/Ni ratio in org. phase                               

                                          Co                                   

     g Mg/l pH      V.sub.aq                                                   

                           before wash                                         

                                     after wash                                

                                              %                                

     ______________________________________                                    

     10     4.5     1      42        450      55                               

     10     5.5     1      42        475      67                               

     10     5.5     2      22.5      145      84                               

     10     5.5     3      22.5      150      89                               

     20     5.5     1      42        290      35                               

     ______________________________________                                    

TBL                Table 4                                                     

     ______________________________________                                    

     Use of cobalt sulphate solution as washing solution                       

     CoSO.sub.4 V.sub.org                                                      

                       Co/Ni ratio in org. phase                               

                                          Co                                   

     g Co/l pH      V.sub.aq                                                   

                           before wash                                         

                                     after wash                                

                                              %                                

     ______________________________________                                    

     10     4.5     1      42        1710     67                               

     10     5.5     1      42        1660     66                               

     10     5.5     2      22.5       420     83                               

     10     5.5     3      22.5       240     90                               

     15     5.5     1      42        1080     56                               

     12.sup.x)                                                                 

            5.5     1      42         980     44                               

     ______________________________________                                    

      .sup.x) washing solution used was feed solution of extraction, Co 12 g/l,

      Ni 9 g/l, Mg 9 g/l                                                       

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of separating cobalt (II) and nickel (II) by extraction,
      whereby an aqueous solution containing ions of these metals is mixed with
      an extraction agent containing an organic phosphoric acid and the pH
      during the extraction is kept within the range 4-7, after extraction the
      phases are separated from each other, and the extraction agent is
      regenerated to recover the cobalt, wherein at least 5 g/l of a
      water-soluble magnesium compound is added to the solution before the
      extraction.
NUM  2.
PAR  2. A method according to claim 1, wherein, before the extraction agent is
      regenerated, it is washed with an aqueous solution which contains about
      5-50 g/l Mg to wash away nickel which has been extracted along with the
      extraction agent.
NUM  3.
PAR  3. A method according to claim 2 characterized in that the wash is carried
      out at pH 4.5-6.
NUM  4.
PAR  4. A method according to claim 1, wherein the temperature is kept within
      the range 20.degree.-80.degree.C.
NUM  5.
PAR  5. A method according to claim 1 wherein the amount of water-soluble
      magnesium compound added is 10-20 g/l.
NUM  6.
PAR  6. A method according to claim 1 wherein the water-soluble magnesium
      compound is magnesium sulphate, magnesium nitrate, or magnesium carbonate.
NUM  7.
PAR  7. A method according to claim 1 wherein the temperature is kept within the
      range 50.degree.-60.degree.C.
NUM  8.
PAR  8. A method according to claim 1 wherein the organic phosphoric acid has
      the formula
      ##EQU3##
      wherein R.sub.1 and R.sub.2 are selected from the group consisting of
      hydrogen, alkyl, aryl and alkyl-aryl and wherein not more than one of
      R.sub.1 and R.sub.2 is hydrogen.
NUM  9.
PAR  9. A method according to claim 1 wherein the organic phosphoric acid is
      di-(2-ethyl-hexyl) phosphoric acid.
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ABST
PAL  The invention relates to an absorption desorption composition and process
      employing said composition for selectively removing acidic gases,
      particularly carbon dioxide (CO.sub.2) and hydrogen sulphide (H.sub.2 S)
      from gaseous mixtures, said composition comprising an aqueous solution
      containing a major proportion of alkali metal salts, potassium carbonate
      and potassium borate, a minor proportion of a catalytic activator, and a
      corrosion inhibitor when required, with provision for maintaining the
      inhibitor in an effective condition and in condition to perform its
      corrosion reducing function; the process characterized by two stages of
      absorption and desorption connected in a circulating system for the fluids
      being processed with suitable temperature and pressure controls, whereby
      an increased amount of the contaminating gases are removed and corrosive
      and side reaction difficulties reduced to a minimum.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation of Ser. No. 398,066, filed Sept. 17,
      1973, which is a continuation of Ser. No. 22,505, filed Mar. 25, 1970, now
      abandoned, which is a continuation-in-part of Ser. No. 523,926, filed Feb.
      1, 1966, and now abandoned. This application is also a
      continuation-in-part of a series of closely related applications
      consisting of Ser. No. 432,334, filed Feb. 12, 1965, now abandoned, which
      is a continuation-in-part of Ser. No. 291,532, filed June 28, 1963, now
      abandoned, which is a continuation-in-part of Ser. No. 231,963, filed Oct.
      22, 1962, now abandoned, which in turn is a continuation-in-part of Ser.
      No. 209,221, filed July 11, 1962, and now abandoned.
BSUM
PAR  It has been known to treat gas mixtures with aqueous solutions of potassium
      carbonate for the separation of acid gases, CO.sub.2 and H.sub.2 S, in the
      purification of natural gas and hydrogen used for making ammonia. A
      solution containing 15 to 40% potassium carbonate is contacted with the
      mixed gas in an absorber tower equipped with bubble trays or packing where
      the acid gases are absorbed in the solution. The solution then enters a
      regenerator tower, in which the acid gases are removed from the solution
      by steam stripping. The regenerated solution is continuously recycled to
      the absorber. Normally in present conventional methods the absorption is
      performed under pressure using a hot solution, with little or no cooling
      after regeneration.
PAR  The hot potassium carbonate process above described does not require
      solution heat exchangers and coolers used with the familiar amine
      scrubbing process. However, in commercial practice, objections have been
      found to hot carbonate scrubbing. Carbon dioxide is absorbed and desorbed
      very slowly. This limits both plant capacity and purity of the scrubbed
      gas. In scrubbing natural gas containing both CO.sub.2 and H.sub.2 S, the
      degree of removal of H.sub.2 S is normally unsatisfactory for pipeline
      requirements and a subsequent purification system is needed. Regeneration
      of the solution is incomplete and potassium sulphide accumulates in the
      circulating solution. It is common practice to follow a hot potassium bulk
      removal system with amine scrubbing for better purification.
PAR  Some inorganic additives, such as arsenious anhydride (As.sub.2 O.sub.3)
      and selenious and tellurous acid, proposed as solution activators, are not
      favored and are objectionable because of toxicity and undesirable side
      reactions. A number of organic additives proposed, such as protides and
      amino acids, have proven to be unstable under the process conditions.
PAR  Conventional amine systems frequently suffer from corrosion in removing
      high concentrations of CO.sub.2 under pressure. When saturated with
      CO.sub.2 at high partial pressures, the usual 10-30% ethanolamine
      solutions undergo degrading side reactions with CO.sub.2, thereby losing
      capacity to absorb acidic gases, and resulting in corrosive products,
      which are only removed from the system in a purification kettle where the
      volatile ethanolamine is recovered by distillation. The use of sodium
      vanadate, which has been proposed as a corrosion inhibitor for amine
      systems, is impractical because of its nonvolatility, since it is soon
      removed from the system during purification.
PAR  The towers and pipelines for such processing are generally constructed of
      carbon steel and an effective corrosion inhibition is necessary for a
      practical process. Potassium dichromate of 0.3% concentration has been
      found to inhibit corrosion in hot potassium carbonate systems, but it has
      the serious disadvantage of forming solids which deposit in the towers and
      on heat exchanger tubes, which require cleaning of the equipment,
      therefore, it is not a satisfactory inhibitor.
PAR  In early laboratory corrosion tests in which a relatively small iron
      surface area was contacted by a relatively large volume of hot potassium
      carbonate solution, the addition of 0.1 to 0.3% sodium metavanadate was
      found to inhibit corrosion without formation of solids. Likewise the
      equivalent amount of vanadium pentoxide V.sub.2 O.sub.5 dissolved in
      potassium carbonate to give potassium metavanadate was also effective.
      However, in a commercial hot carbonate system used for removing CO.sub.2
      from hydrogen gas, I found that the addition of 0.2 to 0.3% potassium
      metavanadate was not effective. The metavanadate disappeared from the
      solution and rapid corrosion of steel equipment occurred. It was thus
      determined that the same inhibitor did not perform the same in plant
      operation as it did in the laboratory.
PAR  An object of this invention is to provide stable, nonpoisonous catalysts
      and catalyzed potassium salt solutions for the absorption and desorption
      of acid gases.
PAR  Another object is to provide a method requiring fewer steps for purifying
      gas mixtures containing acid gases.
PAR  A further object is to provide a scrubbing method for gas purification
      wherein undesirable side reactions are negligible.
PAR  Still another object is to provide a solution from which absorbed hydrogen
      sulphide may be substantially completely regenerated.
PAR  An object pertaining to inhibiting corrosion is to maintain effective
      corrosion inhibition by contacting the solution with an oxidizing
      material.
PAR  Other and further objects of the invention, together with features of
      novelty appurtenant thereto, will appear in the course of the following
      description.
PAC  DESCRIPTION OF THE INVENTION
PAR  I have found that the rate of absorption of CO.sub.2 in aqueous solutions
      of potassium carbonate, borate, phosphate and arsenite or mixtures
      thereof, is catalyzed by amines and amine-boron compounds.
PAR  Amines and their borates tested and found to be catalysts include ethylene
      polyamines and alkanolamines, such as ethanolamines and reaction products
      of ethylene oxide and ethylene polyamines. Examples are ethylenediamine,
      diethylenetriamine, triethylenetetramine, tetraethylenepentamine,
      monoethanolamine, diethanolamine, triethanolamine, dihydroxyethyl
      ethylenediamine, trihydroxyethyl ethylenediamine, trihydroxyethyl
      diethylenetriamine, etc. When negligible vapor pressure is desired in a
      hot absorption system, polyhydroxyethylamines, such as the last five
      amines named above, are preferred. I may regenerate solutions, catalyzed
      by these amines, by means of open steam or gas stripping instead of
      reboiling. I have also found that other aliphatic amines function as
      catalysts for potassium carbonate or borate solutions, but selection of a
      suitable catalyst is governed somewhat by its corrosive properties.
PAR  I have found that CO.sub.2 absorbs at the same slow rate in potassium
      borate as in potassium carbonate. Therefore, I was surprised to find a
      very strong catalytic effect on carbonate solutions resulting from the
      addition of one or more of the reaction products of an alkanolamine and
      boric acid or potassium borate. The chemical structure of the reaction
      product is uncertain. Boric acid may react with hydroxy groups to give an
      ester, or with amino groups to give an amine borate, or both reactions may
      occur. Herein, these products are called "amine borates."
PAR  Solutions of amines and amine borates are known alkaline absorbents for
      CO.sub.2. However, my experiments showed that small amounts of amines and
      amine borates are more effective as catalysts in potassium solutions. With
      an amine borate supplying only 10-15% of the total alkalinity of my
      catalyzed potassium carbonate or borate solution, CO.sub.2 is absorbed
      rapidly, not only at the start but through the entire range of capacity
      until the solution becomes saturated with CO.sub.2. Also, throughout
      regeneration, desorption is rapid.
PAR  Although other potassium salts or weak acids may be used, potassium
      carbonate, potassium borate and their mixtures are preferred as the
      primary alkaline component of my catalyzed solutions. Catalyzed solutions
      of sodium salts are not the equivalent to potassium in CO.sub.2 absorption
      rate nor capacity.
PAR  It is known that, upon absorption, CO.sub.2 reacts with water and converts
      potassium carbonate to potassium bicarbonate in accordance with the
      following reactions:
EQU  CO.sub.2 + H.sub.2 O = H.sub.2 CO.sub.3
EQU  H.sub.2 CO.sub.3 + K.sub.2 CO.sub.3 =2KHCO.sub.3
PAL  The rate limiting step is the hydration of CO.sub.2 and the catalyst
      facilitates this reaction. An amine borate used alone has some capacity to
      absorb CO.sub.2. However, tests with catalyzed potassium solution have
      proved that the absorption is not preferential; instead the absorption is
      catalyzed throughout the entire conversion range of potassium carbonate.
      Thus the mechanism appears to be transfer catalysis on the part of
      CO.sub.2 or water or both.
PAR  The preferred composition of my catalyzed solution is dependent upon the
      composition of the gas to be treated, the gas purity desired, and the
      temperature and pressure of absorption. The solubility of potassium
      bicarbonate and/or borate places a practical limit on the maximum
      potassium solution strength. In general, I start with at least 10% by
      weight of potassium carbonate, metaborate or hydroxide, (or mixture), in
      aqueous solution, and I prefer to use between 15 and 40% of the potassium
      compound. Because of the variation of equivalent weight of amines, it is
      convenient to speak in terms of atomic ratios of amino nitrogen, potassium
      and boron. On this basis, I prefer to use potassium to amine ratios within
      the range of 100:1 and 2:1, although I may use higher or lower ratios,
      such as 1:1, in which case 50% of the total alkalinity is supplied by the
      potassium and 50% by the amine. When CO.sub.2 is the only acid gas to be
      absorbed, I prefer to use boron to amine ratios of about 1:1 to 2:1,
      although higher or lower ratios may be used. When H.sub.2 S is to be
      removed, I prefer to use a boron to potassium ratio between 0.4:1 and
      1.4:1 and a boron to amine ratio between 1:1 and 3:1. I find thereby great
      improvement in the elimination of H.sub.2 S from the regenerated solution
      and from the treated gas.
PAR  In order to determine the catalytic effect of the compositions of my
      invention, the reaction kinetics of CO.sub.2 absorption were measured with
      various solutions under identical conditions of atmospheric pressure and
      temperatures of 56.degree. and 80.degree. C. according to the tables which
      follow. Amine borates contribute to the alkalinity as well as potassium,
      and the total alkalinity was held constant at about 2.5 normal for the
      runs in Table 1 and about 4.5 normal for the runs in Tables 2 and 3. At
      each value for total alkalinity, the relative CO.sub.2 absorption rates
      are shown with respect to plain potassium carbonate. Since 15% K.sub.2
      CO.sub.3 absorbed at a faster rate than 25% K.sub.2 CO.sub.3, (each
      without additives), the relative CO.sub.2 absorption rates of Table 1 are
      not directly comparable with those of Tables 2 and 3. In order to
      distinguish readily between runs of different total alkalinity, in the
      atomic B:K:N ratios, potassium (or sodium) was arbitrarily assigned a
      value of 6 for 2.5 normal solutions and 10 for 4.5 normal solutions.
PAR  The data of Table 1 shows that my catalyzed solutions of preferred
      compositions absorb CO.sub.2 more rapidly than solution of any component
      alone. Compared with dilute solutions, I found that solutions of higher
      concentration, having less water, absorb CO.sub.2 more slowly. Therefore
      they respond more dramatically to catalysts, as shown by a comparison of
      Table 2 with Table 1.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Runs with 2.5 normal total alkalinity                                     

                                 Relative CO.sub.2                             

     B:K:N Ratio   Amine Reacted Absorption Rate                               

     ______________________________________                                    

     0:6:0 (15% K.sub.2 CO.sub.3)                                              

                   None          1.0                                           

     6:6:0 (KBO.sub.2)                                                         

                   None          1.2                                           

     0:6:0 (K.sub.3 PO.sub.4)                                                  

                   None          0.9                                           

     6:0:6 (DEA Meta                                                           

                   DEA           2.8                                           

      borate)                                                                  

     0.5:6:0.25    DEA           2.4                                           

     1:6:0.5       DEA           3.2                                           

     2:6:1         DEA           4.1                                           

     1:6:1         DEA           3.8                                           

     3:6:3         DEA           4.0                                           

     6:6:3         DEA           3.3                                           

     3:6:1         DEA           3.5                                           

     2:6:1         MEA           3.5                                           

     2:6:1         TEA           1.9                                           

     1:6:1         EDA           2.8                                           

     2:6:1         TETA-EO       4.4                                           

     2:6:1 (Starting                                                           

                   DEA           1.8                                           

      with K.sub.3 PO.sub.4)                                                   

     B: Na:N Ratio                                                             

     1:6:1 (Starting                                                           

                   DEA           2.2                                           

      with Na.sub.2 CO.sub.3)                                                  

     ______________________________________                                    

      Note:                                                                    

      DEA is diethanolamine, MEA is monoethanolamine, TEA is triethanolamine,  

      EDA is ethylenediamine, and TETA-EO is the reaction product of           

      triethylenetetramine and ethylene oxide.                                 

TBL                TABLE 2                                                     

     ______________________________________                                    

     Runs with 4.5 normal total alkalinity:                                    

                                 Relative CO.sub.2                             

     B:K:N Ratio   Amine Reacted Absorption Rate                               

     ______________________________________                                    

     0:10:0 (25 % K.sub.2 CO.sub.3)                                            

                   None          1.0                                           

     1:10:1        DEA           4.3                                           

     2:10:2        DEA           6.9                                           

     ______________________________________                                    

TBL                                    TABLE 3                                 

     __________________________________________________________________________

     Runs starting with 4.5 normal solution from an operating hot carbonate    

     plant. (Solution was cloudy and contained dissolved and suspended foreign 

     material.)                                                                

                             Relative CO.sub.2 Absorption                      

     B:K:N Ratio     Amine Reacted                                             

                             Rate (compared with                               

                             25% K.sub.2 CO.sub.3 in Table 2)                  

     __________________________________________________________________________

     0:10:0 (25% K.sub.2 CO.sub.3 solution)                                    

                     None    0.7                                               

     1:10:1          DEA     3.1                                               

     2:10:2          DEA     4.9                                               

     4:10:2          DEA     4.5                                               

     __________________________________________________________________________

PAR  My catalysts permit the use of solutions of higher strength and acid gas
      capacity than solutions commonly employed in hot carbonate systems. This,
      and more complete regeneration, results in a substantial reduction in
      solution circulation rate, increased capacity of an existing plant or
      smaller equipment for a new plant, reduction in heat for regeneration, and
      improved gas purification. In many cases, the improved purification
      eliminates the need for a second scrubbing system, such as the familiar
      monoethanolamine scrubbing following hot carbonate scrubbing.
PAR  My catalyzed solutions are characterized by the low heat of absorption of a
      potassium carbonate solution and the high activity of an amine solution
      without the familiar disadvantages of concentrated amine solutions, which
      suffer from side reactions and corrosiveness and require continual
      purification by distillation. By exhaustive experimental testing I have
      found that, in removing CO.sub.2 from a gas containing no H.sub.2 S,
      corrosion of carbon steel by my catalyzed solutions can be inhibited by
      1000-5000 PPM, or more or less (as V.sub.2 O.sub.5 equivalent), of an
      alkali metal vanadate or peroxyvanadate, with insignificant losses of
      inhibitor when treated with an oxidizing agent as hereinafter described.
      My preferred catalyzed solutions include a small amount of potassium
      vanadate or peroxyvanadate except when the gas being scrubbed contains
      H.sub.2 S. Also I have found it possible to dissolve 1.04-5.0% of the
      vanadium inhibitor, expressed as V.sub.2 O.sub.5 equivalent, in a
      concentrated (50-80%) amine borate solution, a viscous concentrate which
      may be conveniently shipped and added to a potassium salt solution to
      activate the solution and simultaneously to protect the equipment from
      corrosion. Potassium dichromate, which is commonly used in hot potassium
      carbonate systems, is not compatible with my catalyst because of an
      oxidation reduction reaction which destroys both the inhibitor and the
      amine compound.
PAR  Furthermore my catalysts may be used to improve upon or to replace other
      potassium solution catalysts, such as arsenic trioxide, which is highly
      poisonous. When I added 140 grams of arsenic trioxide per liter of 1.5
      normal K.sub.2 CO.sub.3 solution it was converted to potassium
      ortho-arsenite. The relative CO.sub.2 absorption rate at 80.degree. C. was
      found to be 3.6 times as fast as the original potassium carbonate
      solution. Comparison with Table 2 shows my catalyzed solutions are more
      active than this. After adding my diethanolamine borate catalyst to the
      arsenite solution to obtain a B:K:N ratio of 1.2: 10: 1.2, I found that
      the relative CO.sub.2 absorption rate had increased to 5.2, which was a
      45% improvement. As a result of these tests, I anticipate the use of amine
      borate catalysts to improve the purification of gases with arsenite
      solutions and eventually the replacement of arsenic trioxide as an
      additive to potassium salt scrubbing solutions.
PAR  While my catalyzed solutions improve the degree of purification of the
      scrubbed gas in systems having a single stage of absorption and
      regeneration, for those instances where better purification is required,
      such as 0.03-0.5% CO.sub.2 or 0-4 PPM H.sub.2 s by volume, I use a single
      solution in a two-stage system.
DRWD
PAR  FIG. 1 is a flow diagram of a preferred embodiment of a method for
      purifying gases available hot, such as manufactured hydrogen or ammonia
      synthesis gas and similar gases containing 15 to 35% CO.sub.2.
PAR  FIG. 2 is a chart showing the effect upon the percentage of CO.sub.2 in a
      scrubbed gas by increasing amounts of catalyst in a potassium carbonate
      solution when employing a method according to FIG. 1.
DETD
PAR  Referring to the drawings, the scrubbing system shown in FIG. 1 includes an
      absorber 1 and regenerator 2. In absorber 1 are two absorption zones 3 and
      4, equipped with packing or bubble trays; and two regeneration zones 5 and
      6, also equipped with packing or bubble trays in regenerator 2.
PAR  Converted gas containing CO.sub.2 usually available from a shift converter
      of an ammonia plant at elevated temperature and pressure and mixed with
      steam is charged through line 7 to reboiler 8 wherein process waste heat
      is recovered by condensing most of the steam and boiling the solution
      being regenerated. Alternatively the reboiler 8 may be heated by low
      pressure steam. From the reboiler the gas-steam-condensate mixture passes
      through line 9 to separator 10 from which condensate is discharged through
      pipe 11 and the gas steam mixture through line 12. Usually the gas-steam
      mixture is discharged at temperatures between 240.degree. and
      280.degree.F. but these temperatures vary according to existing
      conditions. Stream 12 enters absorber directly as shown or, if desired to
      recover more waste heat, it may be cooled further by heat exchange, not
      shown, before entering the absorber.
PAR  The converted gas passes upward through the absorber first contacting in
      zone 3 a relatively large amount of semi-lean catalyzed potassium salt
      solution, above mentioned, which enters the absorber at an intermediate
      point through line 13, substantially at the temperature of regeneration.
      In zone 3 most of the CO.sub.2 is absorbed by the solution so gas leaving
      zone 3 under normal operations contains between 0.3 and 2% CO.sub.2. In
      zone 4 the gas contacts a relatively small amount of lean catalyzed
      potassium salt solution, entering the top of the absorber through pipe 14,
      which removes the remaining CO.sub.2 to the desired level, usually between
      0.03 and 0.3% CO.sub.2. The purified gas leaves the absorber through pipe
      15.
PAR  The lean solution, having absorbed some CO.sub.2 in zone 4, mixes with the
      semilean solution introduced through pipe 13 passing down through zone 3
      and absorbing more CO.sub.2 to become a rich solution, which is withdrawn
      from absorber 1 through line 16 regulated by level control valve 17. The
      rich solution is directed through line 16 to regenerator 2 where it passes
      downwardly through regeneration zone 6 countercurrent to a rising current
      of steam which causes desorption of much of the CO.sub.2 resulting in a
      semilean solution which collects on chimney tray 18 located at an
      intermediate point of the regenerator. A portion of this solution is
      withdrawn through line 19 to be recirculated by pump 20 and pipe 13 to an
      intermediate point of the absorber 1. A small part of the semilean
      solution overflows through holes in the chimney tray to flow downwardly
      through regeneration zone 5. In zone 5 the solution is contacted with a
      relatively large amount of steam passing upwardly in the zone which
      thoroughly regenerates the solution to a lean condition. The lean solution
      collecting in the bottom of the regenerator circulates through reboiler 8
      and is drawn off through pipe 21 to be recirculated by pump 22 through
      line 14 to the top of absorber 1. Depending upon the degree of
      purification and the temperature desired for the purified gas, the lean
      solution may be cooled by interposing heat exchanger 23 in line 14 or it
      may be returned to the absorber at the temperature of regeneration. If the
      purified gas is to be cooled to ambient temperature, I usually prefer to
      split the lean solution leaving pump 22 into two streams, one stream being
      cooled to ambient temperature and sent to the top of the absorber as
      shown, and an uncooled stream, not shown, which is sent to an intermediate
      point of absorption zone 4. In this fashion, the lower part of zone 4 is
      kept hotter, considerably increasing the rate of absorption in the zone.
PAR  The initial charge of catalyzed potassium salt solution and such make-up as
      is necessary to the system compensating for losses is introduced through
      line 24.
PAR  A mixture of steam and CO.sub.2 leaves the top of the regenerator 2 through
      line 25 through which it is directed to condenser 26 where the steam is
      condensed and condensate collected in sump 27. This condensate is returned
      through pipe 28 and pump 29 to the reboiler 8 or other suitable point in
      the system. Excess condensate is removed through line 30. The recovered
      CO.sub.2 is withdrawn from condenser 26 through line 31 and may be
      compressed for processing into urea or dry ice, in which case it is
      preferable to hold 5 to 10 pounds per square inch back pressure on the
      regenerator to reduce the power required for compression.
PAR  The method depicted by the flow diagram of FIG. 1 is commonly referred to
      as a two-stage system having reference to the two absorption zones and the
      two regeneration zones. Such two-stage systems have been used with
      ordinary potassium carbonate solution without a catalyst and with the
      total solution being split into 1/3 lean solution and 2/3 semilean
      solution. It has been discovered that, when catalyzed solutions are used,
      the CO.sub.2 content of the gas leaving zone 3 is much reduced and the
      lean solution introduced into the top of zone 4 may be much less than 20%
      of the total, preferably within a range of 4 to 20% and the semilean
      solution within a range of 80 to 96% of the total solution circulated.
      Also it has been found that recirculating a relatively small stream of
      solution to regeneration zone 5 (rather than the 1/3 proportion used in
      the prior art) results in a much more thoroughly regenerated lean
      solution, capable of better purification of the gas in the absorber zone
      4. The varying of the proportions of lean and semilean solutions to
      achieve novel proportions directed to the zones of both the absorber and
      regenerator of a two-stage system regardless of the activated or catalyzed
      solutions employed constitutes an important concept of the instant
      invention.
PAR  In the event that the incoming gas to be purified in line 7 or 12 is at
      ambient temperature, as in the case of sour natural gas, the reboiler 8
      may be heated by steam or direct firing. Such cold gas may be preheated
      before entering the absorber by heat exchange (not shown) with hot lean
      solution, returned through lines 21 and 14, thereby partially cooling the
      lean solution and reducing the cooling load on cooler 23. Also I may
      divide the incoming cold gas into two streams and heat exchange one stream
      of gas with the hot lean solution returned through lines 21 and 14, as
      described, and the other stream of gas with the semilean solution recycled
      through line 13. As a result of these alterations, the rich solution
      leaving the absorber is hotter and requires less heat for regeneration.
PAR  The scrubbing method is not limited with respect to absorption and
      regeneration temperatures and pressures except by practical considerations
      of available materials of construction and their corrosion resisting
      properties.
PAC  EXAMPLES
PAR  FIG. 2 shows the result of adding increasing amounts of an amine borate
      catalyst to an aqueous potassium carbonate solution employed in an ammonia
      plant scrubbing system such as that shown in FIG. 1 except that the
      reboiler was heated by steam and the gas was at ambient temperature
      entering the absorber. Feed gas with 17% CO.sub.2 entered at 21
      Kg/cm.sup.2 (kilograms per square centimeter) gauge pressure. During the
      plant tests the total alkalinity of the semilean solution was 3-4 normal
      (gram equivalents per liter). The lean solution circulation rate was 6 to
      8% and the semilean solution 92 to 94% of the total solution circulation.
      The catalyst was a concentrated diethanolamine borate solution having an
      alkalinity of 5 normal so that after the final addition, at 12% by volume,
      the catalyst represented only 15% of the total alkalinity of the solution.
      Before adding the catalyst, while using 6,700 Kg/hour of steam, the gas
      rate was raised to 9,600 M.sup.3 /hour and the CO.sub.2 content of the
      scrubbed gas rose to 1.3% which overloaded the copper liquor scrubbing
      system which followed. When the laboratory sounded an alarm of bad gas the
      first portion of catalyst was added and CO.sub.2 content dropped promptly
      to half as much. The steam was then reduced to 6,100 Kg/hour and the gas
      rate adjusted to 10,000 M.sup.3 /hour for further additions of catalyst.
      As shown by FIG. 2, with 9.5% catalyst the CO.sub.2 content of the
      purified gas dropped to 0.06%. After the final addition of catalyst 0.06%
      CO.sub.2 was obtained even with a gas rate of 11,000 M.sup.3 /hour and,
      when the steam was increased to 7,200 Kg/hour, the CO.sub.2 content
      dropped as low as  0.02%.
PAR  A two-stage plant using a hot potassium carbonate solution to scrub sour
      natural gas containing approximately 2% H.sub.2 S and 7% CO.sub.2 produced
      a scrubbed gas containing over 3 grains of H.sub.2 S per 100 cubic feet
      (48 PPM) which exceeded the sales gas specification. The lean solution
      contained 750 grains of H.sub.2 S per gallon, an excessive amount. When
      diethanolamine borate having 2:1 ratio of boron to nitrogen was added to
      the solution to obtain a 1:1 ratio of boron to potassium, the grains of
      H.sub.2 S per gallon of lean solution dropped to less than 200 and the
      scrubbed gas became sweet, having 0.25 grains of H.sub.2 S per 100 cubic
      feet. After a heat exchanger was connected to preheat the sour feed gas
      before entering the absorber by heat exchange with the hot lean solution
      leaving the generator, sweet gas was still obtained with 12% less heat
      being used to regenerate the solution.
PAR  The chemical and thermal stability of the amine borate catalyst was proved
      by tests of long duration in a scrubbing system of another ammonia plant.
      During the first week after adding catalyst, tests were run under
      prescribed conditions. During the next 4 months only nominal losses of the
      catalyst occurred and these losses were found to be in proportion to the
      potassium carbonate losses. After 7 months of operation under different
      conditions it was convenient to check the performance of the system under
      original prescribed conditions. A duplication of the original results
      proved that there was no significant detrimental change of the solution
      properties and that the catalyst had remained active. In the meantime it
      was not necessary to purify the solution in any way.
PAC  Corrosion Inhibition
PAR  With respect to maintaining effective corrosion inhibition when removing
      CO.sub.2 from a gas containing neither oxygen nor H.sub.2 S it has been
      found possible to accomplish this result satisfactorily by contacting a
      vanadate inhibited solution with a small amount of oxygen or an
      oxygen-containing gas, such as air, or by use of the oxidizing
      compositions hereinafter described. When purifying a gas containing
      H.sub.2 S, neither vanadate nor oxygen should be used since undesirable
      side reactions would occur. However, H.sub.2 S itself dissolved in
      solution serves to inhibit corrosion of steel surfaces.
PAR  In a series of laboratory corrosion tests under uniform conditions,
      CO.sub.2 containing no oxygen nor H.sub.2 S was bubbled through hot
      solutions of potassium carbonate and of potassium borate in contact with a
      relatively large iron surface area and the solution was then analyzed for
      iron content as a measure of the relative corrosion rate. In the tests of
      Tables 4 and 5 in all cases an aqueous solution was used containing 25%
      K.sub.2 CO.sub.3 and 0.2% KVO.sub.3. In some cases, as shown by Table 4, a
      small amount of an oxidizing agent was added or air was bubbled through
      the solution. The results are summarized in Table 4.
TBL                                    TABLE 4                                 

     __________________________________________________________________________

     Corrosion tests with 25% K.sub.2 CO.sub.3 and 0.2% KVO.sub.3 in water     

     TEST No.                                                                  

             1   2   3   4     5     6                                         

     __________________________________________________________________________

     Oxidizing                                                                 

             None                                                              

                 .2% .02%                                                      

                         .03%  Air   Air                                       

      Agent      H.sub.2 O.sub.2                                               

                     H.sub.2 O.sub.2                                           

                         K.sub.2 Cr.sub.2 O.sub.7                              

     Air bub-                                                                  

             None                                                              

                 None                                                          

                     None                                                      

                         None  40 min.                                         

                                     12 Hrs.                                   

      bling time                                                               

     Iron content,                                                             

             563 1.7 8.7 10.8  140   20.7                                      

      mg/liter                                                                 

     __________________________________________________________________________

PAR  In Test 1 of Table 4 it was found that the vanadate had disappeared, having
      become reduced to a lower state of oxidation, and rapid corrosion of the
      iron occurred as shown by the high concentration of iron in solution.
      Tests 2 and 3 of Table 4 showed that potassium peroxyvanadate, which was
      formed by reaction of the vanadate with hydrogen peroxide, provided
      excellent corrosion inhibition even when present in small amounts. In Test
      3, Table 4, the amount of hydrogen peroxide was enough to give about 0.08%
      potassium peroxyvanadate. In Test 4, Table 4, a very small amount of
      another oxidizing agent, potassium dichromate, was used. The concentration
      of dichromate was only one tenth of the usual concentration employed when
      dichromate alone is used as an inhibitor.
PAR  Tests 5 and 6, Table 4, show that where adequate contact with air, which
      contains 20.9% oxygen, is added in amounts sufficient to avoid the
      reduction of the vanadate, good corrosion inhibition can be obtained.
PAR  Another series of laboratory corrosion tests were made under similar
      conditions and with similar compositions except that 10% diethanolamine
      borate was also present in the potassium carbonate solution. The results,
      given in Table 5, show a similar beneficial effect of the oxidizing agents
      on the vanadate in preventing corrosion, even in the presence of an
      ethanolamine.
TBL                TABLE 5                                                     

     ______________________________________                                    

     Corrosion tests with 25% K.sub.2 CO.sub.3. 10% diethanolamine borate      

     and 0.2% KVO.sub.3 in water.                                              

     TEST NO.     7        8           9                                       

     ______________________________________                                    

     Oxidizing agent                                                           

                  None     .04% H.sub.2 O.sub.2                                

                                       .03% K.sub.2 Cr.sub.2 O.sub.7           

     Iron content 119      16.9        17.1                                    

     ______________________________________                                    

PAR  In another series of corrosion tests under similar conditions except a more
      active iron surface was used which made the tests more sensitive, mixtures
      of potassium carbonate solution with monoethanolamine (MEA) and with
      diethanolamine (DEA) including potassium metavanadate were tested and also
      solutions of potassium metaborate without vanadate. All solutions were 4.5
      normal in potassium, which is equivalent to 25% K.sub.2 CO.sub.3. Carbon
      dioxide was bubbled through the hot solutions both without and with
      simultaneous air bubbling. As shown in Table 6, in all cases, contact with
      air proved to be beneficial in inhibiting corrosion even without the
      presence of vanadate and even in the presence of ethanolamines.
TBL                TABLE 6                                                     

     ______________________________________                                    

     TEST No. 10        11        12      13                                   

     ______________________________________                                    

     Potassium                                                                 

              Carbonate Carbonate Carbonate                                    

                                          Carbonate                            

      salt                                                                     

     KVO.sub.3                                                                 

              0.5%      0.5%      0.5%    0.5%                                 

     Amine    6% MEA    6% MEA    10% DEA 10% DEA                              

     Air bubbling                                                              

              No        Yes       No      Yes                                  

     Iron content,                                                             

              960       74        1056     296                                 

      mg/liter                                                                 

     TEST No. 14        15        16      17                                   

     Potassium                                                                 

              Metaborate                                                       

                        Metaborate                                             

                                  Metaborate                                   

                                          Metaborate                           

      salt                                                                     

     KVO.sub.3                                                                 

              None      None      None    None                                 

     Amine    None      None      10% DEA 10% DEA                              

     Air bubbling                                                              

              No        Yes       No      Yes                                  

     Iron content                                                              

              89         9        87      53                                   

      mg/liter                                                                 

     ______________________________________                                    

PAR  These laboratory tests indicated that slight oxidation of iron at the
      surface of steel equipment is essential to the formation and maintenance
      of a corrosion inhibiting film in system removing CO.sub.2 from a gas
      having no oxygen nor hydrogen sulphide.
PAR  It is to be understood that smaller or larger amounts of the metal salt
      inhibitors may be used. Depending on the severity of the corrosive
      conditions, usually between 0.05 and 2% of sodium, potassium or ammonium
      metavanadate or peroxyvanadate is used. Also the vanadate may be formed by
      dissolving the equivalent amount of vanadium pentoxide V.sub.2 O.sub.5 in
      an alkaline solution.
PAR  The oxidizing agent may be added separately, either continuously or
      intermittently, but when added intermittently a more careful check must be
      kept on corrosion and the rate of reduction of vanadate. Also, since the
      vanadate acts as a carrier for oxygen, the oxidizing agent may be added at
      any suitable point in the circulating system. For reasons of convenience
      and safety, I prefer to inject an oxygen containing gas, such as air, into
      the pipeline carrying the rich solution to the top of the regenerator
      tower (line 16 of FIG. 1) or into the line carrying the stripping steam
      entering the bottom of the regenerator tower (the line leaving the
      reboiler 8 of FIG. 1). However, air may be injected at some other point in
      the system or a portion of the circulating solution may be contacted with
      air and returned to the system. If a solution of hydrogen peroxide is
      used, it is preferably diluted by mixing with the reflux condensate being
      returned to the system.
PAC  EXAMPLE
PAR  During the initial operation of a hot potassium carbonate system removing
      CO.sub.2 from an oxygen-free gas mixture in an actual commercial ammonia
      plant, the iron content of the solution was determined frequently as an
      indication of any corrosion. At the start the solution contained about 22%
      K.sub.2 CO.sub.3 and 0.2-0.3% KVO.sub.3 potassium metavanadate. During the
      first five days in operation, without the addition of air, the iron
      content increased rapidly to 200 milligrams per liter. Also it was found
      that 53% of the original vanadate had become reduced to a lower state of
      oxidation. The plant was shut down and repairs were made at points of
      corrosion in the pipelines. During this time the solution was filtered to
      remove the iron compound which had precipitated when the solution had
      cooled. Upon resuming operations air at the rate of 8 cubic feet per
      minute was injected near ground level into the rich solution line going to
      the top of the regenerator tower. During the next 10 days, the iron
      content of the solution remained essentially constant at between 50 and 60
      milligrams per liter, thus indicating that the corrosion had been
      arrested. Also only 11% of the original vanadate was reduced and 89% was
      present as vanadate. At this time 48,000 cubic feet per minute of hydrogen
      plus nitrogen was being purified. On the basis of the purified gas, the
      oxygen contained in the injected air amounted to 35 parts per million by
      volume.
PAR  In order to keep the solution in an optimum condition wherein the vanadium
      salt is properly oxidized rather than deteriorated to a reduced condition,
      sufficient air or other oxidizing material is added to maintain the
      inhibitor in an effective condition. The amount of air necessary will vary
      with plant conditions, including temperature of solution, amount of steel
      surface contacted by the solution, and the point of air injection which
      will determine the time and pressure of contact.
PAR  From the foregoing it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth, together with
      other advantages which are obvious and which are inherent thereto.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth is to be interpreted as illustrative and not in a limiting sense.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. In an absorption-desorption process for removing carbon dioxide from a
      gaseous mixture containing essentially no hydrogen sulfide and oxygen,
      wherein the gaseous mixture is contacted with an aqueous alkali metal
      borate absorption solution, the latter thereafter being regenerated by
      removing at least a portion of the absorbed carbon dioxide and thence
      recycled for further absorptive contact, the improvement which comprises
      introducing an oxidizing agent for contact with said solution in
      sufficient quantities to retard corrosion of ferrous surfaces in contact
      with the solution.
NUM  2.
PAR  2. The improvement of claim 1 wherein said solution is hot.
NUM  3.
PAR  3. The improvement of claim 2 wherein said solution is hot aqueous
      potassium metaborate absorption solution.
NUM  4.
PAR  4. The improvement of claim 1 wherein said oxidizing agent comprises air
      contacted with said solution.
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ABST
PAL  A process wherein hydrogen sulfide present in a gas mixture comprising
      hydrogen sulfide and carbon dioxide is preferentially removed from the gas
      stream into an aqueous solution where the hydrogen sulfide is oxidized.
      The aqueous solution has dissolved therein bicarbonate ions, transition
      metal ions, and oxygen.
PARN
PAR  This is a Continuation-in-Part of application, Ser. No. 263,911, filed June
      19, 1972, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is concerned with the removal of hydrogen sulfide from a
      mixture of gases.
PAR  In many industrial processes and in the oil production industry, concern
      over pollution has compelled the more complete removal of harmful and/or
      offensive components from effluent gas streams before release into the
      atmosphere. Also, many chemical processes demand gas streams of specific
      composition.
PAR  The problem is to separate gases from each other efficiently and
      economically and to dispose of any unwanted gas efficiently and
      economically.
PAR  A gas which is of particular concern as a pollutant is hydrogen sulfide.
      Hydrogen sulfide and other sulfur compounds are both offensive and
      harmful. Hydrogen sulfide, for example, can cause corrosion problems and
      is also toxic in concentrated amounts. Even in considerably less than
      toxic concentrations, hydrogen sulfide has an offensive odor.
PAR  The removal of hydrogen sulfide is complicated by the fact that it often
      occurs as a component in a mixture of gases. One frequently occurring gas
      mixture contains hydrogen sulfide and carbon dioxide along with perhaps
      other gases. Carbon dioxide is usually tolerated and not considered as a
      pollutant. Thus, it may be released into the atmosphere. There are many
      processes which will remove both hydrogen sulfide and carbon dioxide from
      gas streams and a few which may be made to preferentially remove hydrogen
      sulfide. Some of these processes use, in combination or alone,
      monoethanolamine and diethanolamine. Others use propylene carbonate, a
      combination of an alkali metal carbonate and an alkali metal arsenate, and
      others use a mixture of tetrahydrothiophene-1, 1-dioxide and
      alkanolamines. It is also known in the art to use an aqueous basic
      solution to remove both carbon dioxide and hydrogen sulfide since both
      gases increase in solubility in aqueous solutions as the pH of the
      solution rises.
PAR  Details of several prior art processes for treating mixtures of hydrogen
      sulfide and other gases are disclosed in the literature. See for example,
      "The Oil and Gas Journal", Aug. 14, 1967, p. 131; "The Oil and Gas
      Journal", June 3, 1968, p. 90; and "Chemical Engineering", May 15, 1972,
      p. 66.
PAR  These prior art processes have disadvantages such as requiring addition of
      fresh reagents as the active ingredients are used up in the process or
      regeneration of these active ingredients. Also, the pH of some systems is
      required to be maintained at a predetermined level requiring constant
      surveillance and manipulation. Also, many prior art processes do not
      adequately provide for disposal of the hydrogen sulfide after it is in
      solution.
PAR  Processes which provide for catalytic oxidation of hydrogen sulfide
      dissolved in an aqueous medium are disclosed in U.S. pat. No. 3,576,738
      and applications Ser. No. 199,780 filed Nov. 17, 1971; Ser. No. 199,777
      filed Nov. 17, 1971; and Ser. No. 199,779 filed Nov. 17, 1971. However,
      these processes are not directed to separating hydrogen sulfide from a
      mixture of gases but are concerned only with hydrogen sulfide already
      present in an aqueous solution.
PAR  The present invention overcomes many problems of the prior art by providing
      a process whereby hydrogen sulfide is at once preferentially absorbed from
      a gaseous mixture comprising hydrogen sulfide and carbon dioxide into an
      aqueous solution and then the hydrogen sulfide is catalytically oxidized
      to elemental sulfur while in solution.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a process wherein hydrogen sulfide present in a gas
      mixture comprising hydrogen sulfide and carbon dioxide is preferentially
      removed from the gas stream and converted to elemental sulfur. The process
      comprises treating the gas mixture with an aqueous solution consisting of
      dissolved bicarbonate ions, ions of a transition metal or metals, and
      dissolved oxygen. The aqueous solution may also contain inert salts. The
      bicarbonate ions should be present in sufficient concentration to
      establish an equilibrium imbalance to prevent substantial dissolution of
      carbon dioxide. Wagner's U.S. Pat. No. 1,918,153 indicates that the
      reaction
EQU  NaHS + CO.sub.2 + H.sub.2 O .revreaction. NaHCO.sub.3 + H.sub.2 S
PAL  proceeds from left to right due to the fact that carbonic acid gas is a
      slightly stronger acid than hydrogen sulfide. I have found that contrary
      to the allegation of Wagner the above reactions will proceed from right to
      left under conditions which maintain a high level of concentration of
      bicarbonate ions in the aqueous medium at atmospheric pressure. Required
      bicarbonate concentrations are presented hereinafter. Next, the dissolved
      hydrogen sulfide is catalytically oxidized to elemental sulfur by
      dissolved transition metal ions and dissolved oxygen.
PAR  In one typical embodiment of this invention the gas mixture comprising
      hydrogen sulfide and carbon dioxide is treated with one solution
      containing dissolved bicarbonate ions, dissolved transition metal ions and
      dissolved oxygen. Since the catalytic reaction of hydrogen sulfide to
      sulfur takes place rapidly, the dissolution of hydrogen sulfide precedes
      the catalytic reaction by only a very short time. In another typical
      embodiment of this invention the dissolution of the hydrogen sulfide takes
      place first and the aqueous solution containing the dissolved gas is
      transferred to another facility where the catalytic oxidation of hydrogen
      sulfide to sulfur takes place.
PAC  The Dissolution of Hydrogen Sulfide
PAR  The process of this invention is particularly applicable to the situation
      where hydrogen sulfide and carbon dioxide are in a gas mixture and it is
      desired to be rid of the hydrogen sulfide while the carbon dioxide may be
      allowed to escape.
PAR  The process of this invention is of particular advantage where the
      concentration of carbon dioxide is relatively high with respect to the
      concentration of hydrogen sulfide. This is so because in conventional
      basic systems the carbon dioxide is adsorbed in proportion to its
      concentration and reduces the pH of the system to the point that hydrogen
      sulfide is no longer absorbed necessitating the addition of more basic
      material to the aqueous solution. The process of the present invention
      prevents major fluctuations in the pH of the aqueous solution by the
      presence of bicarbonate ions in the aqueous medium. While there is no
      intention to limit the success of the present invention to a specific
      mechanism the following is believed to be explanatory of the operative
      chemical action of the dissolution step in the present invention.
PAR  When carbon dioxide dissolves in water the following equilibrium reaction
      takes place:
EQU  CO.sub.2 + H.sub.2 O .revreaction. H.sub.2 CO.sub.3 .revreaction. H.sup.+ +
      HCO.sub.3.sup.-
PAL  If excess bicarbonate ion is present in the aqueous solution, as in this
      invention, the equilibrium solubility of carbonic acid (H.sub.2 CO.sub.3)
      decreases and, consequently, the carbon dioxide is reduced in solubility
      and the pH of the solution remains stable.
PAR  The solubility in water of hydrogen sulfide is governed by the following
      equilibrium:
EQU  H.sub.2 S .revreaction. H.sup.+ + HS.sup.-
PAL  The equilibrium solubility of hydrogen sulfide decreases as the pH of the
      solution decreases. Since the presence of the bicarbonate ion, in effect,
      keeps the pH high and prevents carbon dioxide from dissolving, the
      hydrogen sulfide is preferentially absorbed into the aqueous solution.
      That is, a greater percentage of hydrogen sulfide than carbon dioxide is
      dissolved.
PAR  The dissolution step of the invention entails contacting the gas containing
      hydrogen sulfide and carbon dioxide with a bicarbonate rich aqueous
      solution. The contact may be carried out in any conventional gas liquid
      contactor. For example, the aqueous solution may be sprayed over the gas
      mixture or a packed tower may be used. The gas may also be bubbled through
      a vessel containing the aqueous solution of bicarbonate ions. The
      particular manner of contacting the aqueous solution of bicarbonate ions
      and the hydrogen sulfide-carbon dioxide containing gas is left to the
      choice of one skilled in the art. Therefore, any conventional manner of
      contacting found convenient and efficient is suitable for the operation of
      this invention. It is within the capability of one skilled in the art to
      choose a method efficient enough to remove the required amount of hydrogen
      sulfide from a given stream of gas input.
PAR  The bicarbonate ions in the aqueous solution may be derived from any one or
      a mixture of water soluble salts of bicarbonate anions such as ammonium
      bicarbonate, sodium bicarbonate, potassium bicarbonate, magnesium
      bicarbonate, calcium bicarbonate and transition metal salts of the
      bicarbonate anions to name only a few. Sodium and potassium bicarbonate
      salts are preferred because they are very soluble in water and are
      extremely stable and do not tend to form mineral scale on the surface of
      the gas-liquid contactor and associated equipment.
PAR  If a bicarbonate salt as above is used, the bicarbonate ions are present
      immediately upon dissolution of the salt in the water and, therefore, the
      selectivity of the solution for hydrogen sulfide will be established from
      the beginning of carbon dioxide-hydrogen sulfide contact.
PAR  Alternatively, in another embodiment of this invention water soluble
      carbonate salts of various cations may be used in the process of this
      invention. In this embodiment the water soluble carbonate salts are
      dissolved in an aqueous medium and are contacted with a source of carbon
      dioxide to convert the carbonate ions to bicarbonate ions according to the
      following reaction:
EQU  CO.sub.3 .sup.=  + CO.sub.2 + H.sub.2 O .revreaction. 2HCO.sub.3.sup.-
PAL  The resulting solution of bicarbonate ions will then selectively absorb
      hydrogen sulfide.
PAR  The carbon dioxide to convert the carbonate ion to bicarbonate ion may be
      in pure form in which case a short preconditioning step comprising
      conversion of carbonate to bicarbonate ions will precede the process of
      separating hydrogen sulfide from a mixture of hydrogen sulfide and carbon
      dioxide. However, since the conversion of carbonate to bicarbonate ions is
      very rapid the gas mixture of hydrogen sulfide and carbon dioxide may be
      used as a source of carbon dioxide. Thus eliminating the need for
      pretreatment with a pure carbon dioxide source.
PAR  In yet another embodiment of this invention water soluble acid phosphate
      salts of ammonia, alkali metals and alkaline earth metals may be used. For
      example, ammonium orthophosphate (di- and tribasic), sodium phosphate (di-
      and tribasic), potassium phosphate (di- and tribasic), calcium phosphate
      (di- and tribasic), magnesium phosphate (di- and tribasic) and barium
      phosphate (di- and tribasic) are suitable.
PAR  When these phosphate salts are used, carbon dioxide is absorbed in the
      solution for a time forming bicarbonate ions. The process may proceed as
      follows for a typical salt:
EQU  Na.sub.2 HPO.sub.4 .revreaction. 2Na.sup.+ + HPO.sub.4.sup.=
EQU  HPO.sub.4.sup.=  + H.sub.2 O .revreaction. H.sub.2 PO.sub.4.sup.- + OH.sup.
     -
EQU  OH.sup.- + CO.sub.2 .revreaction. HCO.sub.3.sup.-
PAR  Thus, the bicarbonate ion is formed which will inhibit further carbon
      dioxide dissolution.
PAR  Other sources of bicarbonate ions may occur to those skilled in the art
      without departing from the scope of this invention.
PAR  Inert or neutral salts, that is salts which do not impart an acidic or
      basic character to an aqueous solution may also be present along with the
      bicarbonate salts in the aqueous solution of my invention. However, salts
      which do impart a basic or acidic character to an aqueous solution such as
      carbonate salts are not acceptable in the aqueous solution of my invention
      except in trace amounts which have minuscule effect on the solution.
PAR  The concentration of bicarbonate forming salt required must be large enough
      to establish an equilibrium imbalance which will prevent carbon dioxide
      from dissolving in the aqueous solution in substantial amounts. The higher
      the concentration of bicarbonate ions, the more readily hydrogen sulfide
      will be dissolved. The maximum concentration of bicarbonate ions is
      dictated by practical considerations such as the maximum solubility of the
      particular bicarbonate salt, the most desirable concentration of hydrogen
      sulfide in the aqueous solution from the liquid-gas contactor, the desired
      liquid circulation rate through the liquid-gas contactor and desired
      scrubbing efficiency. Bicarbonate ion containing solutions having from
      0.01 g-moles/l to 0.25 g-moles/l of solubilized bicarbonate or equivalent
      amount of other bicarbonate salts are preferred.
PAR  The dissolution step of the process of this invention may be operated at
      ambient conditions of temperature and pressure. Severe conditions are not
      necessary for the successful operation of this invention.
PAC  The Catalytic Oxidation of Hydrogen Sulfide
PAR  Once dissolved, the hydrogen sulfide is free to react with dissolved oxygen
      to form elemental sulfur in the second broad step of this invention. As
      pointed out earlier, both the dissolution of hydrogen sulfide and the
      oxidation of hydrogen sulfide may take place in the same facility, such as
      a liquid filled vessel. In this case, the dissolution and oxidation of
      hydrogen sulfide will be occurring simultaneously as the process proceeds.
      In another possible case mentioned, the hydrogen sulfide dissolution step
      takes place in a facility separate from the oxidation step. In either case
      the oxidation step must take place in an aqueous solution containing in
      addition to the hydrogen sulfide, dissolved transition metal ions as
      catalyst and dissolved oxygen.
PAR  The preferred catalyst for the reaction is a soluble transition metal
      catalyst, more specifically an ion of a transition metal is preferred. The
      usual form of such a catalyst is a salt. Soluble salts of nickel, cobalt,
      manganese, copper and iron, for example, are suitable for the operation of
      my invention.
PAR  The amount of catalyst to be used must be large enough to impart catalytic
      activity and promote the reaction between hydrogen sulfide and oxygen.
      Amounts as low as 1 part by weight of catalyst per 2000 parts of hydrogen
      sulfide to be treated may be used. Any amount up to the limit of
      solubility of the catalyst in the aqueous solution may be used. As a
      practical matter amounts much above 1 part of catalyst per 20 parts of
      hydrogen sulfide may not appreciably improve catalytic activity. It is
      preferred to use from about 1 part of catalyst to 50 parts of hydrogen
      sulfide to about 1 part of catalyst to about 200 parts of hydrogen
      sulfide.
PAR  The water must contain dissolved oxygen in an amount at least sufficient to
      stoichiometrically convert all of the dissolved hydrogen sulfide to
      elemental sulfur. An excess may be required to insure more complete
      reaction. The oxygen may be dissolved in the aqueous solution in any
      convenient manner. For example, the oxygen may be bubbled through the
      aqueous solution or the solution may be aerated by dividing it into a fine
      mist or spray and passing it through a source of oxygen. Any number of
      ways to dissolve oxygen in an aqueous medium are available and the method
      used is not critical to the process of this invention.
PAR  The source of oxygen may be any convenient source including, but not
      limited to, pure oxygen and air.
PAR  The process of my invention may be carried out at ambient conditions of
      temperature and pressure, if desired. Severe conditions are not required
      for the process of this invention. As a result, the invention may be
      practiced in inexpensive equipment.
PAR  The contact time between the hydrogen sulfide/carbon dioxide gas and the
      aqueous solution must be adequate for equilibrium to be obtained so that a
      maximum amount of hydrogen sulfide will be dissolved. In general, with
      adequate mixing, more than twenty seconds are seldom needed to reach
      equilibrium and equilibrium is often reached in a second or less. The
      necessary contact time is largely dependent on many other variables such
      as bubble size and mixing efficiency. The greater the efficiency the
      shorter the contact time may be. These are engineering details to be
      included in the design of each unit.
DETD
PAC  EXPERIMENTAL
PAC  Example 1
PAR  This example illustrates the ability of an unaerated aqueous solution of
      bicarbonate ions to selectively remove hydrogen sulfide from a mixture of
      hydrogen sulfide and carbon dioxide.
PAR  An aqueous solution was passed through the top of the contactor and out the
      bottom. A two component gas consisting of 96.33% carbon dioxide and 3.67%
      hydrogen sulfide was bubbled into the bottom of the contactor in a counter
      current manner to the flow of the aqueous solution.
PAR  Two runs were made. In the first run the aqueous solution contained no
      bicarbonate. In the second run the aqueous solution contained sodium
      bicarbonate. The contact time of the gas and liquid was about 3 seconds in
      both runs.
PAR  The results indicate that the addition of bicarbonate ion increased the
      ability of the aqueous solution to dissolve hydrogen sulfide in preference
      to carbon dioxide.
TBL  ______________________________________                                    

     Composition of gas                                                        

                 Composition of gas                                            

     before treatment                                                          

                 after treatment                                               

                                       Content of aqueous                      

                                       solution contacting                     

                                       3.6% H.sub.2 S and                      

     Run  %H.sub.2 S                                                           

                 %CO.sub.2                                                     

                         %H.sub.2 S                                            

                                %CO.sub.2                                      

                                       96.33% CO.sub.2                         

     ______________________________________                                    

          3.67   96.33   1.8    98.2     --                                    

     2    3.67   96.33   0.76   99.24  Sodium bicarbonate                      

     ______________________________________                                    

PAC  Example 2
PAR  A contactor comprising a vertical glass tube filled with glass beads was
      used as follows:
PAR  An aqueous solution was passed through the top of the contactor and
      proceeded through the contactor and out the bottom. A gas comprising 95.5%
      carbon dioxide and 4.5% hydrogen sulfide was bubbled into the bottom of
      the contactor in a counter current manner to the flow of the aqueous
      solution.
PAR  Five runs were made. In the first the aqueous solution was aerated
      containing only oxygen. In the second and third runs the aqueous solution
      contained oxygen and sodium bicarbonate. In the fourth run the aqueous
      solution contained oxygen and nickel chloride catalyst. In the fifth run
      the aqueous solution contained oxygen, a nickel chloride catalyst and
      sodium bicarbonate. The contact time between the sour gas and aqueous
      solution was approximately 2 seconds.
PAR  As is evident, the ability of the aqueous solutions to remove hydrogen
      sulfide increased from runs one to five.
TBL  ______________________________________                                    

          H.sub.2 S H.sub.2 S Content of aqueous                               

          of gas    of gas    solution contacting 95.5%                        

          before    after     carbon dioxide, 4.5% hydrogen                    

     Run  treatment treatment sulfide gas                                      

     ______________________________________                                    

     1      4.5       2.92    oxygen                                           

     2      4.5       2.05    oxygen, sodium bicarbonate                       

     3      4.5       2.02    oxygen, sodium bicarbonate                       

     4      4.5       1.70    oxygen, nickel chloride                          

     5      4.5       0.27    oxygen, nickel chloride,                         

                              sodium bicarbonate                               

     ______________________________________                                    

PAC  Example 3
PAL  Field Data
PAR  A process for oxidizing gaseous hydrogen sulfide with an aqueous solution
      and air was operated on a pilot scale at a gas point. In this process, an
      aqueous solution containing bicarbonate ion alkalinity (HCO.sub.3.sup.-)
      was used to absorb hydrogen sulfide from acid gas. The absorbed hydrogen
      sulfide was oxidized to elemental sulfur. A nickel catalyst was used to
      promote the hydrogen sulfide-oxygen reaction. The absorption solution was
      prepared by adding soda ash (Na.sub.2 CO.sub.3) to fresh water and
      bubbling gaseous carbon dioxide (from acid gas) through the solution until
      all of the soda ash was converted to sodium bicarbonate.
PAL  The Pilot Unit
PAR  Acid gas from amine regeneration was passed into a 2.4 m (8 ft.) diameter
      by 8.5 m (28 ft.) tall absorption-reaction vessel which was fabricated
      from a heater treater from which the fire tubes and spreader plate has
      been removed. The acid gas was bubbled into the solution contained within
      the vessel through 2.54 cm (1 in.) pipe perforated with eight, 7.9 mm
      (5/16 in.) holes. Air from a blower was passed through an orifice plate
      flowmeter and into the reaction vessel through 2.54 cm (1 in.) pipe
      perforated with thirteen, 7.9 mm (5/16 in.) holes. Valves and a pressure
      regulator were used to control the air and acid gas flow rates; 5.08 cm (2
      in.) pipe was used as acid gas and air flowlines.
PAR  The solution flowed from the absorption-reaction vessel to a 3.0 m (10 ft)
      diameter by 4.6 m (15 ft) tall settling vessel. Piping and valving were
      arranged so that the solution could be drained from the bottom, or 3.2 m
      (10.5 ft), 4.4 m (14.5 ft), 5.6 m (18.5 ft) or 6.8 m (22.5 ft) levels.
      Solution from the settling vessel was recycled to the reaction vessel by a
      positive displacement pump. Sludge from the settling vessel was drained
      into 0.21 m.sup.3 (55 gal) drums.
PAR  A nickel chloride (catalyst) solution was added directly to the
      absorption-reaction vessel pump.
PAL  Test Procedure
PAR  Approximately 40 m.sup.3 (250 bbls) of fresh water, 227 kg (500 lbs) of
      soda ash and 0.45 kg (1 lb) of catalyst (nickel chloride hexahydrate) were
      added to the test unit. The catalyst solution for the chemical metering
      pump was prepared by adding 0.03 kg/m.sup.3 (0.25 lb/gal) of nickel
      chloride hexahydrate to fresh water. The circulation pump was started and
      drain valves were adjusted so that the depth of solution in the reaction
      vessel was 5.6 m (18.5 ft). Acid gas, air and catalyst flows to the
      absorption-reaction vessel were then started.
PAR  Laboratory test data indicated that solid sulfur and spent catalyst need
      not be purged from the solution more than once per day; consequently,
      attempts were made to run the solution circulation pump so that the daily
      solution circulation rate was equal to the volume contained in the
      reaction vessel, 25.4 m.sup.3 (160 bbls), when the solution depth was 5.6
      m (18.5 ft). In practice, the pump would not operate at such a low
      circulation rate. In all tests prior to May 19, the circulation rate was
      2.0-2.6 m.sup.3 /h (300-400 bbls/day); after May 19, the circulation pump
      was run only 30 min/day and, during pumping periods, solution from the
      reaction vessel was drained through the bottom valve.
PAR  Solution samples, from the absorption-reaction vessel, were taken once or
      twice daily to determine free carbon dioxide, bicarbonate ion alkalinity
      (Analysis of Oil Field Water, API RP45, Second Edition, Methods 3.5 and
      2.2) and pH. The vent gas was analyzed once or twice daily using the Unico
      Hazardous Gas Detector; the acid gas was analyzed for hydrogen sulfide
      content by the Tutweiler method.
PAL  Test Results
PAR  The acid gas was sampled on three occasions and found to contain 0.041
      (4.1% v/v), 0.046 (4.6% v/v) and 0.042 m.sup.3 /m.sup.3 (4.2% v/v)
      hydrogen sulfide. The pH of the solution ranged from 6.4 to 7.7 and
      increased with the bicarbonate ion alkalinity. The free carbon dioxide
      concentration varied from 0.156 to 0.360 kg/m.sup.3 (156-360 mg/l). The
      hydrogen sulfide content in the vent gas and the bicarbonate ion
      alkalinity in the solution under test conditions are reported in Tables I
      and II.
PAL  Discussion of Test Results
PAR  In all subsequent calculations and discussions, acid gas from the gas
      treating plant was assumed to contain 0.043 m.sup.3 /m.sup.3 (4.3%)
      hydrogen sulfide. This value was derived by averaging the values obtained
      in the three acid gas analyses.
PAR  The gas vented from the absorption-reaction vessel was a mixture of
      sweetened acid and air. Therefore, to calculate the percentage hydrogen
      sulfide removed from the acid gas by using the vent gas and acid gas
      hydrogen sulfide concentrations, allowance was made for dilution of gas
      with air. The equation used in the calculations was as follows (Tables I
      and II):
      ##EQU1##
PAR  Laboratory test data showed that the primary hydrogen sulfide oxidation
      product is sulfur, but thiosulfate ions and acid (H.sup.+) were also
      formed by the following secondary reaction:
EQU  2H.sub.2 S + 20.sub.2 .fwdarw. 2H.sup.+ + S.sub.2 O.sub.3.sup.2 .sup.- +
      H.sub.2 O
PAL  Acid neutralized bicarbonate ion alkalinity according to the following
      reaction:
EQU  H.sup.+ + HCO.sub.3.sup.-  .fwdarw. H.sub.2 O + CO.sub.2
PAL  Supplementary soda ash was added to the solution which was rapidly
      converted to bicarbonate to replace neutralized bicarbonate ion
      alkalinity.
PAR  The soda ash consumption rates in the hourly tests varied from 0 to 0.072
      kg/m.sup.3 (0 to 4.5 lbs/MSCF). The latter rate was observed in the first
      test only and the high rate was probably due, in part, to alkalinity
      losses by calcium and magnesium carbonate precipitation due to the
      hardness of the water used.
PAR  Tests 1-13 from May 2 to May 8 showed that 0.96-0.98 kg/kg (96-98%)
      hydrogen sulfide was removed when (1) the air/acid gas flow rate ratio was
      one, (2) the acid gas treating rate was 76 m.sup.3 /h (45 ft.sup.3 /min),
      and (3) the solution depth was 5.6 m (18.5 ft). Decreasing the air/acid
      gas flow rate ratio from 3 to 1 increased the percentage hydrogen sulfide
      removed.
PAR  Tests 13-18 demonstrated that when the air/acid gas ratio was about one and
      the acid gas treating rate was 70 to 75 m.sup.3 /h (41-44 ft.sup.3 /min),
      the percentage hydrogen sulfide removed decreased with solution depth.
      Tests from May 15 to May 18 demonstrated that the percentage hydrogen
      sulfide decreased only slightly with solution depth provided that the air
      rate per surface area of solution, 12-14 m.sup.3 /h/m.sup.2 (0.6-0.7
      ft.sup.3 /min/ft.sup.2), and acid gas rate per volume of solution, 1.7-1.9
      m.sup.3 /h/m.sup.3 (0.18-0.19 ft.sup.3 /min/bbl), remained constant.
PAR  When the acid gas to air flow rate ratio was about one, the percentage
      hydrogen sulfide removed decreased only slightly as the flow rate
      increased (Table II).
TBL                                    TABLE I                                 

     __________________________________________________________________________

     PILOT TEST RESULTS (U.S. CUSTOMARY) -                                     

                     ACID                    H.sub.2 S IN                      

                                                  BICARBO-                     

               AIR   GAS   CATALYST                                            

                                 SOLUTION                                      

                                       SOLUTION                                

                                             VENT NATE ION                     

                                                         H.sub.2 S             

               RATE  RATE  RATE  DEPTH TEMP  GAS  ALKALINITY                   

                                                         REMOVED               

     TEST  TIME                                                                

               (Ft.sup.3 /min)                                                 

                     (Ft.sup.3 /min)                                           

                           (Lbs/day)                                           

                                 (Ft)  (.degree.F)                             

                                             (ppm)                             

                                                  (mg/l) %                     

     __________________________________________________________________________

     (1) 5-2                                                                   

           2200                                                                

               77    27    1     18.5  80    400  4,050  96                    

     (2) 5-3                                                                   

           0730                                                                

               77    27    1     18.5  77    1,100                             

                                                  3,470  90                    

     (3) 5-3                                                                   

           2000                                                                

               74    40    1     18.5  84    800  4,310  95                    

     (4) 5-4                                                                   

           0830                                                                

               74    40    2     18.5  80         3,650                        

     (5) 5-4                                                                   

           1930                                                                

               68    44    1.3   18.5  90    500  3,100  97                    

     (6) 5-5                                                                   

           0830                                                                

               54    45    1.5   18.5  88    2,700                             

                                                  2,220  86                    

     (7) 5-5                                                                   

           1830                                                                

               55    45    1.3   18.5  90    500  5,310  97                    

     (8) 5-6                                                                   

           0830                                                                

               55    44    1.3   18.5  84    1,100                             

                                                  4,050  94                    

     (9)  5-6                                                                  

           1830                                                                

               55    45    2.0   18.5  88    400  3,630  98                    

     (10)5-7                                                                   

           0730                                                                

               52    45    2.0   18.5  83    900  3,260  96                    

     (11)5-7                                                                   

           1700                                                                

               41    45    2.0   18.5  91    500  2,900  98                    

     (12)5-8                                                                   

           0830                                                                

               42    44    1.5   18.5  90    400  2,410  98                    

     (13)5-8                                                                   

           1830                                                                

               40    42    2.0   14.5  93    850  2,210  96                    

     (14)5-9                                                                   

           0900                                                                

               40    42    2.0   14.5  91    7,000                             

                                                  2,930  68                    

     (15)5-9                                                                   

           1530                                                                

               39    41    2.0   10.5  98    9,000                             

                                                  2,660  59                    

     (16)5-10                                                                  

           0900                                                                

               39    41    2.0   10.5  91    14,000                            

                                                  2,340  37                    

     (17)5-10                                                                  

           1415                                                                

               40    42    2.0   14.5  91    5,000                             

                                                  2,300  77                    

     (18)5-11                                                                  

           0515                                                                

               40    42    2.0   14.5  93    7,500                             

                                                  1,870  66                    

     (19)5-15                                                                  

           0800                                                                

               26    31    3.3   18.5  78    150  6,700  99.4                  

     (20)5-15                                                                  

           1930                                                                

               31    31    2.0   18.5  75    85   6,750  99.6                  

     (21)5-16                                                                  

           0730                                                                

               32    26    3.5   18.5  73    45   6,690  99.8                  

     (22)5-17                                                                  

           1330                                                                

               30    24    0.5   14.5  82    250  6,420  98.7                  

     (23)5-17                                                                  

           1900                                                                

               30    25    1.0   14.5  86    230  6,150  98.8                  

     (24)5-18                                                                  

           0800                                                                

               36    17    1.0   10.5  82    500  5,860  96.4                  

     (25)5-18                                                                  

           2000                                                                

               20    21    1.0   18.5  100   120  5,730  99.5                  

     (26)5-19                                                                  

           0800                                                                

               18    18    1.0   18.5  90    100  5,920  99.5                  

     (27)5-19                                                                  

           1930                                                                

               31    31    1.0   18.5  100   100  5,310  99.5                  

     (28)5-20                                                                  

           0730                                                                

               34    31    1.0   18.5  95    230  5,130  98.9                  

     (29)5-20                                                                  

           1845                                                                

               32    31    0.4   18.5  102   260  4,830  98.8                  

     (30)5-21                                                                  

           0610                                                                

               28    31    0.8   18.5  93    500  4,470  97.8                  

     (31)5-21                                                                  

           1830                                                                

               41    37    0.8   15.5  105   300  4,030  98.5                  

     (32)5-22                                                                  

           1820                                                                

               29    27    0.5   18    --    20   4,770  99.9                  

     (33)5-23                                                                  

           1810                                                                

               30    30    0.7   18    --    160  7,120  99.3                  

     (34)5-24                                                                  

           2035                                                                

               30    30    0.7   18    --    3    6,520  99.9                  

     (35)5-25                                                                  

           1935                                                                

               30    30    0.8   18    --    14   5,880  99.9                  

     (36)5-26                                                                  

           1730                                                                

               30    30    0.8   18    --    68   5,520  99.8                  

     (37)5-27                                                                  

           1715                                                                

               30    30    0.8   18    --    120  4,790  99.4                  

     (38)5-28                                                                  

           1715                                                                

               30    30    0.8   18    --    110  3,970  99.5                  

     __________________________________________________________________________

TBL                TABLE II                                                    

     ______________________________________                                    

     Hydrogen Sulfide Removal as a Function of Acid Gas Rates                  

     No. of                                                                    

           Ave. Air Rates                                                      

                        Ave. Acid Gas Rates                                    

                                        % H.sub.2 S                            

     Tests m.sup.3 /hr                                                         

                   Ft.sup. 3 /min                                              

                            m.sup.3 /hr                                        

                                    Ft.sup.3 /min                              

                                            Removed                            

     ______________________________________                                    

     2     71      42       76      45      98                                 

     14    51      30       51      30      99.4                               

     2     32      19       34      20      99.5                               

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preferentially removing hdyrogen sulfide from a gas
      mixture comprising hydrogen sulfide and carbon dioxide and converting the
      hydrogen sulfide to elemental sulfur comprising
PA1  treating said gas mixture at atmospheric pressure with an aqueous solution
      consisting of inert salts, dissolved bicarbonate ions in sufficient
      concentration to establish an equilibrium imbalance to prevent substantial
      dissolution of carbon dioxide, a catalytic quantity of ions of a
      transition metal and dissolved oxygen in an amount sufficient to
      stoichiometrically convert all of the hydrogen sulfide to elemental
      sulfur.
NUM  2.
PAR  2. A process as in claim 1 wherein the bicarbonate ions result from the
      dissolution of a soluble alkali metal bicarbonate and the transition metal
      ions result from the dissolution of nickel chloride.
NUM  3.
PAR  3. A process as in claim 1 wherein the bicarbonate ions result from the
      dissolution of from about 1 to about 20 gram moles per liter of a soluble
      alkali metal bicarbonate and the transition metal ions result from the
      dissolution of from about one part by weight of a soluble transition metal
      salt per 50 parts by weight of hydrogen sulfide to about 1 part by weight
      of a soluble transition metal salt to about 200 parts by weight of
      hydrogen sulfide.
NUM  4.
PAR  4. A process as in claim 3 wherein the soluble alkali metal bicarbonate is
      sodium bicarbonate and the soluble transition metal salt is nickel
      chloride.
NUM  5.
PAR  5. A process as in claim 1 wherein the bicarbonate ions result from the
      reaction of carbonate ions and carbon dioxide in an aqueous medium.
NUM  6.
PAR  6. A process for converting hydrogen sulfide to elemental sulfur wherein
      the hydrogen sulfide is originally present in a gas mixture consisting of
      hydrogen sulfide and carbon dioxide said process comprising
PA1  treating the gas mixture comprising hydrogen sulfide and carbon dioxide at
      atmospheric pressure with an aqueous solution consisting of inert salts,
      dissolved bicarbonate ions in sufficient concentration to establish an
      equilibrium imbalance to prevent substantial dissolution of carbon
      dioxide, a catalytic quantity of ions of a transition metal and dissolved
      oxygen.
NUM  7.
PAR  7. A process for preferentially removing hydrogen sulfide from a gas
      mixture comprising hydrogen sulfide and carbon dioxide and converting the
      hydrogen sulfide to elemental sulfur comprising
PA1  treating the gas mixture at atmospheric pressure with an aqueous solution
      consisting of inert salts, dissolved bicarbonate ions in sufficient
      concentration to establish an equilibrium imbalance to prevent substantial
      dissolution of carbon dioxide and
PA1  treating the said aqueous solution containing hydrogen sulfide with oxygen
      and a catalytic quantity of transition metal ions dissolved in an aqueous
      medium to convert the hydrogen sulfide to elemental sulfur.
NUM  8.
PAR  8. A process for preferentially removing hydrogen sulfide from a gas
      mixture consisting of hydrogen sulfide and carbon dioxide and converting
      the hydrogen sulfide to elemental sulfur comprising
PA1  treating said gas mixture at atmospheric pressure with an aqueous solution
      consisting of inert salts, dissolved bicarbonate ions in sufficient
      concentration to establish an equilibrium imbalance to prevent substantial
      dissolution of carbon dioxide, a catalytic quantity of ions of a
      transition metal and dissolved oxygen.
NUM  9.
PAR  9. A process for preferentially removing hydrogen sulfide from a gas
      mixture comprising hydrogen sulfide and carbon dioxide and converting the
      hydrogen sulfide to elemental sulfur comprising
PA1  treating said gas mixture at atmospheric pressure with an aqueous solution
      consisting of dissolved bicarbonate ions in sufficient concentration to
      establish an equilibrium imbalance to prevent substantial dissolution of
      carbon dioxide, a catalytic quantity of ions of a transition metal and
      dissolved oxygen in an amount sufficient to stoichiometrically convert all
      of the hydrogen sulfide to elemental sulfur.
NUM  10.
PAR  10. A process as in claim 9 wherein the bicarbonate ions result from the
      dissolution of a soluble alkali metal bicarbonate and the transition metal
      ions result from the dissolution of nickel chloride.
NUM  11.
PAR  11. A process as in claim 9 wherein the bicarbonate ions result from the
      dissolution of about 1 to about 20 gram moles per liter of a soluble
      alkali metal bicarbonate and the transition metal ions result from the
      dissolution of from about 1 part by wieght of a soluble transition metal
      salt per 50 parts by weight of hydrogen sulfide to about 1 part by weight
      of a soluble transition metal salt to about 200 parts by weight of
      hydrogen sulfide.
NUM  12.
PAR  12. A process as in claim 11 wherein the soluble alkali metal bicarbonate
      is sodium bicarbonate and the soluble transition metal salt is nickel
      chloride.
NUM  13.
PAR  13. A process as in claim 9 wherein the bicarbonate ions result from the
      reaction of carbonate ions and carbon dioxide in an aqueous medium.
NUM  14.
PAR  14. A process for converting hydrogen sulfide to elemental sulfur wherein
      the hydrogen sulfide is originally present in a gas mixture consisting of
      hydrogen sulfide and carbon dioxide said process comprising
PA1  treating the gas mixture comprising hydrogen sulfide and carbon dioxide at
      atmospheric pressure with an aqueous solution consisting of dissolved
      bicarbonate ions in sufficient concentration to establish an equilibrium
      imbalance to prevent substantial dissolution of carbon dioxide, a
      catalytic quantity of ions of a transition metal and dissolved oxygen.
NUM  15.
PAR  15. A process for preferentially removing hydrogen sulfide from a gas
      mixture comprising hydrogen sulfide and carbon dioxide and converting the
      hydrogen sulfide to elemental sulfur comprising
PA1  treating the gas mixture at atmospheric pressure with an aqueous solution
      consisting of dissolved bicarbonate ions in sufficient concentration to
      establish an equilibrium imbalance to prevent substantial dissolution of
      carbon dioxide to preferentially dissolve the hydrogen sulfide and
      treating the said aqueous solution containing hydrogen sulfide with oxygen
      in a catalytic quantity of transition metal ions dissolved in an aqueous
      medium to convert the hydrogen sulfide to elemental sulfur.
NUM  16.
PAR  16. A process for preferentially removing hydrogen sulfide from a gas
      mixture consisting of hydrogen sulfide and carbon dioxide and converting
      the hydrogen sulfide to elemental sulfur comprising
PA1  treating said gas mixture at atmospheric pressure with an aqueous solution
      consisting of dissolved bicarbonate ions in sufficient concentration to
      establish an equilibrium imbalance to prevent substantial dissolution of
      carbon dioxide, a catalytic quantity of ions of a transition metal and
      dissolved oxygen.
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ABST
PAL  Hydrogen sulfide-containing waste gases whose complete treatment is
      indispensable from the viewpoint of environmental pollution problem, are
      purified in two steps consisting of a first step in which the gases are
      absorbed in an aqueous solution of sodium hydroxide or/and sodium sulfide,
      and a second step in which sulfuric acid and sulfur dioxide gas are
      simultaneously introduced into the resulting solution after absorption to
      deposit sulfur. Further, for recovery of the resulting sulfur, a
      particular apparatus is provided.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to a process for removing hydrogen sulfide from an
      industrial waste gas containing hydrogen sulfide and purifying said gas.
      Further this invention relates to a process for recovering sulfur with a
      good efficiency from waste gases containing hydrogen sulfide and waste
      gases containing sulfur dioxide gas.
PAR  The environmental problem of air-contamination and occurrence of bad smell
      due to industrial waste gases containing hydrogen sulfide such as
      desulfurization gas in petroleum refining, coke oven gas, gas released at
      the time of evaporating the black liquor of kraft pulp manufacture, waste
      gas at excrement-treating place, waste gas evolved at the time of the
      production of viscose rayon, and cellophane, etc., has recently become
      more serious. Thus, a number of processes for removing hydrogen sulfide
      from industrial waste gases have heretofore been proposed such as
      absorption processes in which hydrogen sulfide is absorbed by aqueous
      solutions of sodium hydroxide, potassium triphosphate, etc. or
      ethanolamines, wet-type oxidation processes, e.g. Thylox process, Fumaks
      process, Takahax process, etc. in which hydrogen sulfide-containing gas is
      introduced into an aqueous solution of sodium carbonate in the presence of
      an oxidation catalyst, activated carbon processes in which hydrogen
      sulfide is adsorbed onto active carbon in the presence of oxidation
      catalyst, etc.
PAR  However, when the former two processes are employed among the first
      absorption processes, the resulting waste water cannot be discharged as it
      is, due to the strong alkalinity of sodium sulfide, sodium hydrosulfide or
      potassium hydrosulfide formed by the absorption. When this waste water is
      neutralized with acid, hydrogen sulfide is generated again. Thus, it
      becomes necessary to employ at the same time Claus process by which the
      resulting hydrogen sulfide is oxidized into sulfur in the presence of
      oxidation catalyst. However, this Claus process has drawbacks in that its
      conversion is low and moreover considerable amounts of unreacted hydrogen
      sulfide and formed sulfur dioxide gas contained in the tail gas are
      discharged. Further, the latter process has the drawback that
      monoethanolamine is not suitable as absorbent due to its volatility while
      diethanolamine and triethanolamine are not practical due to their slower
      absorption velocity.
PAR  The second wet-type oxidation process has not only a drawback that a highly
      dangerous catalyst such as arsenic, picric acid, etc. must be used, but
      also a fatal drawback in that the process is almost ineffective for the
      hydrogen sulfide-containing waste gas rich in air (oxygen) in the
      production of viscose rayon, due to its reaction mechanism.
PAR  Further the third activated carbon process necessitates regeneration of
      activated charcoal by extracting and separating sulfur deposited on
      activated carbon by absorption. This requires a large amount of solvent
      such as carbon disulfide, and further the handling of a large amount of
      carbon disulfide produced a great danger of ignition and explosion which
      requires a great deal of restriction such as the location of equipment and
      the control of operation.
PAR  The object of the present invention is to provide a process for purifying
      hydrogen sulfide-containing gases in which the above-mentioned drawbacks
      of the conventional art have been overcome. The particular object of the
      present invention is to provide a process for purifying a waste gas having
      a lower content of hydrogen sulfide but a higher content of air (oxygen),
      which is produced in the production of viscose rayon filament. Further,
      according to the present invention, it is possible to recover sulfur from
      said waste gas and at the same time to purify sulfur dioxide-containing
      waste gas.
PAR  The present invention resides in a process for purifying hydrogen
      sulfide-containing gases consisting of a first step in which a hydrogen
      sulfide-containing gas is absorbed in an aqueous solution of sodium
      hydroxide or/and an aqueous solution of sodium sulfide, and a second step
      in which sulfuric acid and sulfur dioxide are at the same time introduced
      into the resulting solution after absorption to deposit sulfur.
PAR  In the first step in which a hydrogen sulfide-containing gas is absorbed in
      an aqueous solution of sodium hydroxide or/and an aqueous solution of
      sodium sulfide as mentioned above, the following reactions proceed:
PAR  In case where the gas is absorbed in an aqueous solution of sodium
      hydroxide,
EQU  H.sub.2 S + 2NaOH .fwdarw. Na.sub.2 S + 2H.sub.2 O,
PAL  and as further reaction
EQU  H.sub.2 S + Na.sub.2 S .fwdarw. 2NaHS
PAL  and/or
EQU  H.sub.2 S + NaOH .fwdarw. NaHS + H.sub.2 O
PAR  In case where the gas is absorbed in an aqueous solution of sodium sulfide,
EQU  H.sub.2 S + Na.sub.2 S .fwdarw. 2NaHS
PAR  In the second step in which sulfuric acid and sulfur dioxide gas are
      introduced at the same time into the aqueous solution after absorption,
      the following reaction is carried out:
EQU  2NaHS + H.sub.2 SO.sub.4 + SO.sub.2 .fwdarw. Na.sub.2 SO.sub.4 + 2H.sub.2 O
      + 3S
PAR  In the first step, since it is necessary to form sodium hydrosulfide, an
      aqueous solution of sodium hydroxide or/and sodium sulfide is used.
      Further in this step, since the step is an inorganic reaction between an
      acidic gas and an aqueous solution of alkali, the reaction proceeds almost
      quantitatively. Thus, it is possible to remove hydrogen sulfide almost
      completely even from a waste gas containing hydrogen sulfide in a very low
      concentration. For example, this step is particularly effective for the
      purification of waste gas containing hydrogen sulfide usually in the order
      of about 20 ppm in which a greater portion of remaining part is air, and
      further carbon disulfide gas and carbon dioxide gas are contained, in the
      production of viscose rayon filament. This step is also effective for the
      treatment of waste gas containing methane, hydrogen, etc. in addition to
      hydrogen sulfide in the treatment of excrement, desulfurization gas
      containing various kinds of hydrocarbons in addition to hydrogen sulfide
      in petroleum refining, or the like. Although it is hard to establish a
      particular limitation to the concentration range of hydrogen sulfide, the
      step is usually applicable to waste gases having a hydrogen sulfide
      content of about several ppm to 100 %. The absorption efficiency (removal
      efficiency of hydrogen sulfide) reaches 90% or higher in all cases.
PAR  Further, there is no particularly distinct limitation as to the
      concentration range of an aqueous solution of sodium hydroxide or/and
      sodium sulfide, as absorbent. Such a concentration range as about 0.02-9
      mols of sodium hydroxide or/and sodium sulfide per 1 liter of said aqueous
      solution can be used and a range of 0.5-7 mols is particularly preferable.
PAR  In order to carry out the recovery of sulfur in the subsequent second step
      with good efficiency, it is advantageous to make the sodium hydrosulfide
      concentration of the solution resulting from the first step considerably
      higher, and it is preferable to arrange the concentration of the solution
      containing sodium hydroxide or sodium sulfide or the both in the range of
      1-5 mols.
PAR  In addition, when sodium hydroxide is used as absorbent, the absorption of
      hydrogen sulfide-containing gases proceeds mainly in two steps as shown in
      the above equations, that is, sodium sulfide is first formed and then
      sodium hydrosulfide is attained. Accordingly, in order to elevate the
      efficiency of the use of sodium hydroxide, it is preferable to bring the
      conversion of sodium hydroxide into sodium hydrosulfide to as high a value
      as posible, i.e. close to 100%. Thus it is preferable to arrange reaction
      conditions in such a way that sodium hydroxide may be reacted with
      hydrogen sulfide in equimolecular relation.
PAR  The linear velocity at which hydrogen sulfide-containing gas is introduced
      into said aqueous solution is optional. 0.3-4 m/sec is particularly
      preferable. For example, about 0.1-7 m/sec can be preferably employed.
      Further, as for the liquid-gas ratio at this time, about 1/100 - 1/5000 by
      volume can be preferably employed. 1/500 - 1/3000 is particularly
      preferable. As for the absorption temperature, a particular temperature is
      not necessary. A range of 5.degree.- 70.degree.C is preferable.
PAR  For the practice of the first step, there is no need of use of any special
      equipment. For example, there can be employed a very conventional vertical
      type absorbing column in which an absorbing solution is sprayed from the
      top part and allowed to fall downward, and a waste gas is introduced from
      the lower part to produce a counter-current flow; a horizontal type
      absorption apparatus in which an absorbing solution falls like rain from
      the top and waste gas is introduced from the lateral direction to give a
      crosswise current flow; a bubble cap tower; a cyclon scrubber; etc.
PAR  The liquid which contains absorbed gas and formed sodium hydrosulfide is
      subjected to the second step in which sulfuric acid and sulfur dioxide gas
      are simultaneously introduced to this liquid which has finished
      absorption. The reaction carried out in this second step is an inorganic
      chemical reaction as shown in the above-mentioned equation, which is
      completed almost instaneously. However, if it is broken up into parts in
      detail according to the elapse of time, the principal component of said
      aqueous solution i.e. sodium hydrosulfide is at first decomposed with
      sulfuric acid to form hydrogen sulfide. However, since the reaction system
      is in liquid phase, hydrogen sulfide is dissociated to produce SH.sup.-
      ion (H.sub.2 S .revreaction. SH.sup.- + H.sup.+). This SH.sup.- attacks
      sulfur dioxide gas which is being charged, to form a labile addition
      product, which is immediately attacked by another SH.sup.- ion and
      decomposed into sulfur and water. This is a presumption of the mechanism
      of this reaction. Accordingly, it is a necessary condition of the present
      invention to carry out the second step reaction in liguid phase in view of
      the necessity for dissociating the hydrogen sulfide formed by decomposing
      sodium hydrosulfide with sulfuric acid, immediately into ions.
PAR  As a result, the second step of the present invention permits the treatment
      of sodium hydrosulfide more easily and with higher yield so as to be
      incomparable with conventional Claus processes which are carried out at a
      higher temperature, under a higher pressure and in the presence of a
      special catalyst for the gas phase radical reaction between hydrogen
      sulfide gas and sulfur dioxide gas.
PAR  In addition, since the second step of the present invention is, as
      mentioned above, carried out in liquid phase and moreover since the formed
      hydrogen sulfide is immediately dissociated into ions, there is no problem
      of hydrogen sulfide being released in the air. Thus, it can safely be said
      that this process of this invention is superior as compared with the Claus
      process.
PAR  Further it is to be noted that the above-mentioned effect is brought about
      by simultaneously introducing sulfuric acid and sulfur dioxide gas, and
      time lag in the introduction of the two materials is not preferable,
      because it does not enable attainment of the present invention.
PAR  In the second step, the absorbing solution which has finished the first
      step may be used as it is. There is no need of special concentration or
      dilution.
PAR  With regard to the concentration of sulfuric acid to be added, there is no
      need of special limitation. A concentration in the range of 1-300 g/l is
      preferable, but according to experimental results, it has been found that
      the concentration in the range of 4-150 g/l is particularly satisfactory.
PAR  When the recovery of sulfur is intended, the use of a relatively higher
      concentration of 100-150 g/l among the above mentioned range is desirable.
PAR  There is no need of any special limitation in the concentration of sulfur
      dioxide gas to be introduced. It is usually in the range of 0.15-100 vol.%
      and preferably in the range of 10-100%.
PAR  When generation of sulfur dioxide gas is intended by using the sulfur
      recovered from this step, it is preferable to select a concentration range
      of 10-15% by vol. in order to be conveniently used as a feed.
PAR  As for the proportion of sulfuric acid and sulfur dioxide gas, there is no
      need of a special limitation so long as they are nearly equivalent to the
      sodium hydrosulfide in the absorbing solution. This is due to the
      following reason: When sulfur dioxide gas is fed in an amount greater than
      the equivalent amount to the sodium hydrosulfide, the excessive sulfur
      dioxide gas is discharged in the unreacted state. Hence it is sufficient
      if it is driven off by aeration and returned to the first step to be
      absorbed again in the absorbent. To the contrary, when sulfur dioxide is
      fed in an amount less than the equivalent amount to the sodium
      hydrosulfide, it is possible to subject the reaction mixture discharged
      from the second step to aeration to drive off hydrogen sulfide gas and to
      return it to the first step.
PAR  As for the temperature of the second step, 5.degree.-70.degree.C is useful
      and 10.degree.-50.degree.C is preferable. However, in order to obtain
      sulfur with a better efficiency and to increase its particle size,
      30.degree.-50.degree.C is most suitable.
PAR  As for the PH, the range of 1-6 is useful and the range of 1-5 is
      preferable but for the purpose of better separation of sulfur, the range
      of 1-3 is most suitable.
PAR  As for the reaction time of the second step, since the reaction is
      instantaneously completed, a time of 3 minutes or longer will usually be
      sufficient and the range of 30 to 90 minutes is preferable, but for the
      purpose for increasing the particle size of sulfur to make easier
      separation thereof, it is preferable to select the reaction time in the
      range of 30 to 90 minutes.
PAR  In the practice of the second step process there is no use of a special
      arrangement. For example an extremely simple reaction apparatus consisting
      of a cylindrical vessel equipped with an inlet for feeding reaction
      liquid, an inlet for feeding gas and a discharging outlet is useful.
PAR  However, if the recovery of sulfur is intended an apparatus hereinafter
      described, will be used advantageously.
DRWD
PAR  The method and the apparatus of the present invention will be more fully
      understood by referring to the accompanying drawings in which FIG. 1 shows
      a flow sheet of the method of the present invention. FIG. 2 is a schematic
      vertical sectional view of a reactor showing a rod with floats, overflow
      pipes and gas-blowing pipes by partly breaking away its wall; FIG. 3 is a
      schematic plan of a gas-blowing pipe viewed from line III--III of FIG. 2;
      FIG. 4 is a schematic sectional view of a gas-blowing pipe taken along
      line IV--IV of FIG. 5; and FIG. 5 is an enlarged schematic plan of a
      gas-blowing pipe viewed from line V--V of FIG. 2.
DETD
PAR  Referring now to FIG. 2, there is shown reactor 2 preferably used in the
      method of the present invention. In this reactor, there are provided inlet
      for feeding sulfuric acid 21, inlet for feeding absorption liquid from the
      first step 22, inlet for feeding SO.sub.2 gas and outlet for discharging
      gas 24, and further cylindrical overflow pipe 25 extending vertically from
      the inlet 251 for overflow liquid (situated approximately in the center of
      the liquid surface), through the bottom wall of the reactor to the outlet
      252 situated outside the bottom wall and gas-feeding pipes 4 having a
      number of gas-blowing holes 41.
PAR  Said vertical overflow pipe is provided with a long rod 3 loosely inserted
      throughout its whole length, having at least one branch rod 31 which
      extends horizontally at the end thereof appearing on the liquid surface
      and said branch carries at least one float 33. It is preferable that said
      branch loosely penetrates a central hole 32 of spheric float 33 made of
      light material but other connecting method of the branch with a float is
      also possible. These mechanism consisting of central rod, branch rods and
      floats is effective for preventing sulfur particles from depositing on the
      periphery of the inner wall of the reaction apparatus just above the
      liquid surface.
PAR  The above-mentioned gas-blowing hole 41 of the gas-feeding pipe 4 has a
      swing element 5 which does not wholly close the hole but is not detachable
      from the hole. Said swing element consists of portion 51 normally existing
      outside said blowing pipe 4, portion 53 normally existing inside said
      gas-blowing pipe and stem portion 52 normally inserted in hole 41 and
      connecting said two portions; said stem portion is freely movable in the
      hole, performing a swinging motion in accordance with the passage of gas
      through said hole and prevents the growth of deposited sulfur mass. It is
      preferable to make the shape of hole 41 in elongated form so as to permit
      the swing element in it to move freely. It is possible to extend the stem
      portion (as indicated by 54) toward the backside of the portion normally
      existing inside said gas-blowing pipe 4 so as to connect to a common rod
      55 situated in the center of said gas-blowing pipe 4. In such an
      apparatus, it is possible to move the common rod 55 from the outside
      manually or automatically. It is also possible to use other kinds of swing
      element e.g. it is effective to pass a ring through two gas-bubbling
      holes.
PAR  As above-described in detail, it is a necessary condition for the present
      invention to carry out the first step in which a hydrogen
      sulfide-containing waste gas is absorbed in an aqueous solution of sodium
      hydroxide and/or sodium sulfide and then to carry out the second step in
      which sulfuric acid and sulfur dioxide gas are simultaneously introduced
      in said aqueous solution after the absorption, to deposit sufur. If either
      one of the two steps is carried out alone, the object of the present
      invention cannot be attained.
PAR  As above-described, the present invention is applicable to extremely wide
      range of industrial waste gases containing hydrogen sulfide. Particularly
      the present invention provides the most suitable method for treating a
      waste gas at the time of spinning in the production of viscose rayon
      filaments, which has a lower content of hydrogen sulfide but a higher
      content of air (oxygen) and has heretofore been regarded as having no
      suitable treating method therefor. Moreover it is not necessary that
      sodium hydroxide, sodium sulfide, sulfuric acid and sulfur dioxide gas
      used are pure materials. Even spent materials which have been used
      previously in industry are useful. For example, in case of the production
      of viscose rayon, a spent solution of sodium hydroxide used in steeping
      pulp and a spent aqueous solution of sodium sulfide used for desulfuring
      spun filaments, can be used as absorbent. Spent sulfuric acid used in
      spinning can be used in the second step. It is possible to use a waste gas
      from a thermal power plant, as sulfur dioxide gas. The sulfur dioxide gas
      such as those obtained in Wellman-Lord process or the like in which, for
      example, said waste gas is once absorbed in an aqueous solution of sodium
      sulfite and then it is stripped off, may be useful, but it is preferable
      to use a high concentration sulfur dioxide gas newly generated by burning
      the sulfur obtained in the method of the present invention because it
      increases yield further. Accordingly, if the present invention is applied
      to a viscose rayon manufacturing plant, it purifies not only the hydrogen
      sulfide in a waste gas but also it has a notable advantage in that the
      purification of spent aqueous solution of sodium sulfide which can be a
      source of pollution of waste water and the purification of exhaust smoke
      containing sulfur dioxide gas from a thermal power plant can be
      simultaneously carried out. It can be said that the method of the present
      invention is extremely advantageous method.
PAR  From the waste water in the method of the present invention, it is possible
      to easily recover elemental sulfur, if necessary after aeration, and by
      subjecting to a known solid-liquid separation method e.g. sedimentation,
      filteration, etc. followed by water-washing, drying and if necessary
      further by melting. On the other hand, the waste water, after separated
      from sulfur, contains by-produced sodium sulfate and an excessive amount
      of sulfuric acid. It can be thrown away into a stream after neutralization
      with an alkaline substance.
PAR  Further the method of the present invention can be carried out in either of
      both manners i.e. in continuous manner or batchwise.
PAC  EXAMPLE 1
PAR  The first step described herein before was at first carried out. As shown
      in FIG. 1, by using a horizontal type spray scrubbing apparatus 1, an
      aqueous solution of sodium sulfide having a concentration of 120 g/L fed
      at a rate of 18.4 L per hour from liquid-feeding pipe 14 in the form of
      spray through spraying nozzle 15 into the inside of the apparatus; said
      horizontal type spray scrubbing apparatus having a square cross-section of
      1.35 m sides and a length of 7 m, and equipped with gas-feeding pipe 11
      and liquid-discharging pipe 12 at one end, gas-discharging pipe 13 and
      liquid-feeding pipe 14 at the other end and spraying nozzles 15 connected
      to said liquid-feeding pipe 14 in the inside thereof. On the other hand,
      air containing 30 ppm of hydrogen sulfide was introduced from gas-feeding
      pipe 11 into said apparatus at a rate of 280 Nm.sup.3 per minute and a
      linear velocity of 4.5 m/sec. to contact said air with the sprayed
      absorbing solution. Further the absorbing solution contacted with the gas
      and collected on the bottom of the apparatus, was circulated by
      circulating pump 16 installed outside the system at a rate of 200 L/min
      and sprayed repeatedly together with new absorbing solution. Further the
      reaction was carried out at ambient temperature. As a result, the waste
      gas from gas-discharging pipe 13 was composed almost of air and the
      content of hydrogen sulfide was reduced to 2-3 ppm. On the other hand, the
      absorbing solution having absorbed hydrogen sulfide (hereinafter referred
      to merely as absorbing solution) discharged from liquid-discharging pipe
      12 was observed, whereby it was found that the discharged amount was 19.0
      L/hour, and the liquid contained 117 g/L of sodium hydrosulfide, 10 g/L of
      sodium sulfide, 4 g/L of sodium sulfate and 13 g/L of sodium bicarbonate.
PAR  Next, the second step described herein before was carried out. Said
      absorbing solution was fed, as it was, into a cylindrical type reaction
      apparatus 2 from the bottom; said apparatus having an inner diameter of 20
      cm and a height of 1 m, and equipped with feeding pipes 21, 22 and 23
      absorbing solution, sulfuric acid and sulfur dioxide gas, respectively, at
      the bottom, and gas-discharging pipe 24 and liquid-discharging pipe 25
      enabling to overflow the liquid, at the top.
PAR  Further, from the bottom were fed 62 g/L of sulfuric acid at a rate of 49.6
      L/hour and air containing sulfur dioxide in a concentration of 9% at a
      rate of 5.6 N m.sup.3 /hour. This step was carried out also at ambient
      temperature. As a result, waste water having a concentration of sodium
      sulfate of 66 g/L, a concentration of sulfuric acid of 5 g/L and
      containing sulfur was discharged by overflowing at a rate of 68 L/hour.
      This discharged liquid was filtered with an Oliver filter and after
      continuous operation for 10 hours, 19.4 kg of sulfur as simple substance
      based upon the weight after drying was obtained. The purity of the sulfur
      was 99.6%. In addition, from gas-discharging pipe 24 at the top of said
      reaction apparatus was discharged air containing steam. This air contained
      only hydrogen sulfide and sulfur dioxide in amounts of 1.0 ppm and 0.5
      ppm, respectively.
PAC  EXAMPLE 2
PAR  The first step was at first carried out as in Example 1. By using a spray
      type scrubbing apparatus of the same type as in Example 1 except that its
      cross-section was 60 cm square and its length was 4 m, 150 g/L of aqueous
      solution of sodium hydroxide was fed through a liquid-feeding inlet at a
      rate of 86.7 L/hour under spraying, and at the same time, air containing
      15000 ppm of hydrogen sulfide was introduced through a gas-feeding inlet
      into said apparatus at a rate of 400 N m.sup.3 /Hr. and at a linear
      velocity of 0.3 m/second. As the reaction temperature, ambient temperature
      was used. As a result, hydrogen sulfide in the waste gas from the
      gas-discharging outlet was reduced to 750 ppm and its percentage removal
      was 95%. On the other hand, from the liquid-discharging outlet, absorbing
      solution after absorption having a sodium hydrosulfide concentration of
      125.6 g/L, a sodium sulfide concentration of 20.4 g/L, a sodium sulfate
      concentration of 26.8 g/L and a sodium carbonate concentration of 20.3
      g/L, respectively, was discharged at a rate of 87 L/hour.
PAR  Next, the second step was carried out as in Example 1. The above-mentioned
      discharged liquid was fed, as it was, into a reaction apparatus from the
      bottom thereof in a manner similar to Example 1, said reaction apparatus
      being of the same type as in Example 1 except that the inner diameter was
      50 cm. Further, from the bottom, sulfuric acid having a concentration of
      70 g/L was fed at a rate of 230 L/hour and air containing sulfur dioxide
      gas in a concentration of 9% was fed at a rate of 29.2 Nm.sup.3 /hour,
      into said apparatus. As the reaction temperature, ambient temperature was
      used. As a result, a discharging liquid containing 73 g/L of sodium
      sulfate, 5.6 g/L of sulfuric acid and sulfur was discharged as overflow at
      a rate of 316.7 L/hour. This discharged liquid was passed through a
      settling vessel to precipitate sulfur, whereby 97.5 kg based upon the
      dried weight was obtained after continuous operation for 10 hours. Result
      of analysis showed that this sulfur had 99.0% purity. Further, air
      containing steam was discharged from a gas-discharging outlet at the top
      of the apparatus, and it was found that the waste gas contained only 10
      ppm of hydrogen sulfide and 5 ppm of sulfur dioxide.
PAC  EXAMPLE 3
PAR  Spray type scrubber of the same type as in Example 2 was employed. A mixed
      solution as an absorbing solution, of sodium hydroxide and sodium sulfide
      whose concentrations were 86 and 54 g/L, respectively, was fed through a
      liquid-feeding pipe into the scrubber at a rate of 100 L/Hr. The solution
      was sprayed through spraying nozzles. On the other hand, air containing
      15,000 ppm of hydrogen sulfide was introduced through a gas-feeding pipe
      into the scrubber at a rate of 400 Nm.sup.3 /hr and at a linear velocity
      of 0.3 m/sec to contact the sprayed absorbing solution.
PAR  The absorbing solution collected on the bottom of the scrubber after
      flowing down in contact with the gas, was circulated by a circulation pump
      outside the system at a rate of 100 L/min so that the solution might be
      repeatedly sprayed together with a fresh absorbing solution.
PAR  The reaction was carried out at ambient temperature. As a result, the
      content of hydrogen sulfide in the discharged gas through a
      gas-discharging pipe was reduced to 750 ppm, while the absorbing solution
      having absorbed hydrogen sulfide and discharged through a
      liquid-discharging pipe amounted to 108 L/hr and contained 134 g/L of
      sodium hydrosulfide, 20 g/L of sodium sulfide, 15 g/L of sodium carbonate,
      etc.
PAR  This absorbing solution was fed, as it was, into a reaction apparatus of
      the same type as in Example 2, and further 74 g/L of sulfuric acid
      solution and air containing sulfur dioxide gas in 10% concentration were
      fed at rates of 252 L/hr and 33.0 N m.sup.3 /hr, respectively, and
      reaction was carried out at ambient temperature.
PAR  As a result, a spent solution containing 68 g/L of sodium sulfate, 5 g/L of
      sulfuric acid and sulfure was discharged through a liquid-discharging pipe
      at a rate of 360 L/hr under overflow. This discharged solution was
      filtered through an Oliver filter. After continuous operation for 10
      hours, 128 kg of simple substance of sulfur having a purity of 97.5% was
      obtained, while air containing steam was discharged through a
      gas-discharging pipe, which air contained only 10 ppm of hydrogen sulfide
      and 4 ppm of sulfur dioxide gas.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for purifying hydrogen sulfide-containing gas which comprises a
      first step of absorbing a hydrogen sulfide-containing gas in an aqueous
      solution of sodium hydroxide and/or sodium sulfide to obtain a solution
      containing sodium hydrosulfide, and a second step of introducing sulfuric
      acid and sulfur dioxide gas simultaneously into said aqueous solution
      after absorption while maintaining a reaction temperature of
      5.degree.-70.degree.C and a pH of 1-6 to form sodium sulfate and to
      deposit sulfur.
NUM  2.
PAR  2. A method according to claim 1 wherein said hydrogen sulfide-containing
      gas is a waste gas which is generated at the time of the production of
      viscose rayon or cellophane.
NUM  3.
PAR  3. A method according to claim 1 wherein the concentration of said aqueous
      solution of sodium hydroxide and/or sodium sulfide to be used in the first
      step is 0.02-9 mols of sodium hydroxide and/or sodium sulfide per 1 L of
      said aqueous solution.
NUM  4.
PAR  4. A method according to claim 1 wherein the linear velocity for
      introducing hydrogen sulfide-containing waste gas into said aqueous
      solution is 0.1-7 m/sec.
NUM  5.
PAR  5. A method according to claim 1 wherein the liquid: gas ratio in the first
      step is 1/100-1/5000 by volume.
NUM  6.
PAR  6. A method according to claim 1 wherein the concentration of sulfuric acid
      to be used in the second step is 1-300 g/L, and the concentration of
      sulfur dioxide gas to be introduced in the second step is 0.15-100 % by
      volume.
NUM  7.
PAR  7. A method according to claim 1 wherein the concentration of the aqueous
      solution of sodium hydroxide or/and sodium sulfide is 1-5 mols of sodium
      hydroxide or/and sodium sulfide per 1 L of said aqueous solution; the
      concentration of sulfuric acid is 100-150 g/L; and in the second step, the
      reaction temperature is 30.degree.-50.degree.C, the reaction time is 30-90
      minutes and the pH is 1-3.
NUM  8.
PAR  8. The method of claim 1 which includes the further step of burning said
      deposited sulfur to form sulfur dioxide and returning said sulfur dioxide
      to the second step of the process.
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ABST
PAL  A method of removing a nitrogen oxide from an exhaust containing the same
      which comprises preparing an absorbent solution by adding divalent copper
      ions alone or a mixture of the divalent copper ions and divalent manganese
      ions to an acid aqueous solution containing sulfites or acid sulfites of
      ammonium, alkaline metals, or alkaline earth metals or a mixture of two or
      more of these compounds; and introducing the plant exhaust into the
      absorbent solution to carry out reaction between the sulfite radical of
      the absorbent solution and the nitrogen oxides contained in the exhaust to
      reduce the nitrogen oxides to nitrogen gas.
BSUM
PAR  This invention relates to a method of removing nitrogen oxides such as NO
      or NO.sub.2 contained in exhaust discharged from, for example, chemical
      plants or burning apparatuses so as to render the exhaust harmless.
PAR  As used herein, the term "nitrogen oxides" is defined to mean NO, NO.sub.2
      and mixtures thereof. These nitrogen oxides are released in the form
      contained in exhaust from various chemical plants such as boiler firing
      furnaces, sintering plants of iron works, sulfuric acid plants using
      nitric acid, nitric acid plants and powder plants. Removal of the nitrogen
      oxides from the exhaust to make it harmless to plant and animal life has
      been considered an important problem awaiting an immediate solution from
      the standpoint of maintaining environmental safety.
PAR  To date, therefore, a large number of processes have been proposed for
      elimination of nitrogen oxides from plant exhaust. The known dry processes
      include, for example, the type which carries out the catalytic reduction
      of nitrogen oxides by gas phase reaction using various reducing agents and
      the type which effects the adsorption of nitrogen oxides to activated
      carbon.
PAR  Some wet processes already published consist in absorbing nitrogen oxides
      in an alkaline aqueous solution containing, for example, NH.sub.4 .sup.+,
      Na.sup.+, K.sup.+, Ca.sup.+.sup.+ or Mg.sup.+.sup.+.
PAR  Further, known from old is a process of absorbing the nitrogen oxides of
      plant exhaust in an acid aqueous solution containing urea to render the
      exhaust harmless by reducing the nitrogen oxides to nitrogen gas. Also
      generally known is a process of absorbing nitrogen oxides for reducing in
      an aqueous solution containing sulfites or acid sulfites of alkaline
      metals or alkaline earth metals or a mixture of two or more of these
      compounds. However, the prior art processes of eliminating nitrogen oxides
      have many drawbacks and present difficulties in practical application.
PAR  Namely, the dry process which uses a catalyst or activated carbon requires
      the dust of plant exhaust and catalyst-inhibiting material to be removed
      in advance and further the temperature, pressure and composition of the
      exhaust to be fully examined. The dry process is accompanied with so much
      complicated operation as to be of little practical use. Moreover, this dry
      process of adsorbing nitrogen oxides by activated carbon raises a problem
      with treatment of nitrogen oxides when desorbed from the activated carbon,
      and often fails to be a resolution.
PAR  On the other hand, the wet process, specifically the type which absorbs
      nitrogen oxides in an alkaline aqueous solution absorbs only a small
      amount of particularly NO of the nitrogen oxides. Since NO occupies a
      considerable percentage of general combustion exhaust, the wet process
      eliminates nitrogen oxides as a whole only at a low rate.
PAR  The process of absorbing nitrogen oxides in an acid aqueous solution of
      urea requires that the ratio of NO to NO.sub.2 in plant exhaust be smaller
      than 1. Since, however, it is extremely difficult to maintain the NO to
      NO.sub.2 ratio at said level, the process is of little practical use.
PAR  The process of conducting plant exhaust into an aqueous solution of
      sulfites or acid sulfites of alkaline metals or alkaline earth metals or a
      mixture of both types of sulfites and eliminating nitrogen oxides by
      reaction with the sulfite radical of the solution has the drawback that NO
      is removed at a low rate. Since NO.sub.2 accounts for about 10% of
      nitrogen oxides in combustion exhaust and NO about 90% thereof, this
      process fails to be put to industrial application, unless NO is converted
      into NO.sub.2, though the process has the advantage of converting nitrogen
      oxides into harmless nitrogen gas by reaction with the sulfite radial
      obtained by desulfurization of plant exhaust.
PAR  It is accordingly an object of this invention to provide a method of
      removing nitrogen oxides from plant exhaust, particularly the NO component
      at a high rate.
PAR  Another object of the invention is to provide a method of simultaneously
      removing both nitrogen oxides and sulfur oxides such as SO.sub.2 and
      SO.sub.3 from plant exhaust.
PAR  According to an aspect of the invention there is provided a method of
      eliminating a nitrogen oxide from an exhaust containing the same which
      comprises preparing an absorbent solution by adding divalent copper ions
      alone or a mixture of the divalent copper ions and divalent manganese ions
      to an acid aqueous solution containing at least one compound selected from
      the group consisting of sulfites and acid sulfites of ammonium, alkaline
      metals and alkaline earth metals; and introducing exhaust into the
      absorbent solution to react the nitrogen oxides of the exhaust with the
      sulfite radical of the solution, thereby reducing the nitrogen oxides into
      nitrogen gas.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in connection with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a line diagram showing the effect of absorbent solutions
      containing various catalytic additives on the elimination of NO;
PAR  FIG. 2 is a line diagram showing the relationship of NO concentration in an
      exhaust and the effect of various absorbent solutions on the removal of
      NO; and
PAR  FIG. 3 is a line diagram showing the effect of the amounts and combinations
      of catalytic additives contained in absorbent solutions on the elimination
      of NO.
DETD
PAR  The divalent copper ions used in the method of this invention have been
      proved to act as a catalyst for reducing nitrogen oxides of an exhaust to
      nitrogen gas by promoting reaction between the nitrogen oxides and sulfite
      radical of an absorbent solution. On the other hand, divalent manganese
      ions serve as a supplementary catalyst and have been found to stabilize
      the catalytic effect of added divalent copper ions and more efficiently
      eliminate nitrogen oxides.
PAR  This invention will be more fully understood from the laboratory and plant
      scale tests which follow.
PAC  Laboratory Test 1
PAR  Tests were made under the following conditions of the effect of ammonium
      salts of eliminating NO alone and a mixture of NO and NO.sub.2 purposely
      introduced into nitrogen gas using ammonium sulfite and acid ammonium
      sulfite, but without a catalyst.
PAR  The absorbent solution used in the tests consisted of an aqueous solution
      in which (NH.sub.4).sub.2 SO.sub.3 and NH.sub.4 HSO.sub.3 were dissolved
      in an equal amount at an overall concentration of 30%. The solution had
      its pH value controlled to 6.2 by introducing SO.sub.2 thereinto. Nitrogen
      gas containing 550 ppm of NO or a mixture of 500 ppm of NO and 500 ppm of
      NO.sub.2 was conducted at the rate of 250 ml/min. only at the first stage
      of an atomizer type absorption tester through 500 ml of the absorbent
      solution at 50.degree.C, thereby determining the capacity of said solution
      to absorb NO and NO.sub.2. In this case, no catalyst was used, as
      described above. The results are presented in Table 1 below which shows
      that NO.sub.2 of the test gas was absorbed at a high rate, whereas NO was
      removed at a low rate.
TBL                Table 1                                                     

     ______________________________________                                    

     Nitrogen oxides                                                           

                  Percentage removal                                           

                                Percentage removal                             

     in the test gas                                                           

                  of NO (%)     of NO + NO.sub.2 (%)                           

     ______________________________________                                    

     NO(550 ppm)  23            23(NO alone)                                   

     NO(500 ppm)                                                               

     NO.sub.2 (500 ppm)                                                        

                  27            47                                             

     ______________________________________                                    

PAR  Reaction between nitrogen oxides of plant exhaust and the sulfite radical
      of the absorbent solution may be expressed by the following reaction
      formulas:
EQU  2NO.sub.2 + 4SO.sub.3 .sup.-.sup.- = N.sub.2 + SO.sub.4 .sup.-.sup.-(1)
EQU  2no + 2so.sub.3 .sup.-.sup.- = n.sub.2 + 2so.sub.4.sup.-.sup.-(2)
PAR  in the above-mentioned Laboratory Test 1, it was found that the reaction of
      the formula (2) did not proceed completely. The reason is supposed to be
      that NO had a low solubility or the reaction of the formula (2) was
      carried out at a slow rate. It was therefore confirmed that the efficient
      elimination of NO was important for the prominent removal of nitrogen
      oxides as a whole.
PAC  Laboratory Test 2
PAR  It may be considered advisable to increase the solubility of NO in an
      absorbent solution in order to promote the speed of the reaction of the
      above-mentioned formula (2). Since, however, it was difficult to elevate
      said solubility, various additives were added to the absorbent solution to
      accelerate the reaction of the formula (2), and tests were made to
      determine the catalytic effect of said additives.
PAR  In this test, there were provided the same kind of atomizer type absorption
      tester and absorbent solution as in Laboratory Test 1. However, absorption
      of nitrogen oxides was effected through the two stages of the tester. In
      Laboratory Test 2, the undermentioned nine kinds S.sub.1 to S.sub.9 of
      absorbent solution were used. S.sub.9 was the same kind of absorbent
      solution as used in Laboratory Test 1. S.sub.1 to S.sub.8 were the
      solutions to which the following catalytic materials were added
      respectively.
PA1  S.sub.1 = a solution prepared by adding 0.1 percent by weight of sodium
      naphthaquinone sulfonate to the absorbent solution used in Laboratory Test
      1
PA1  S.sub.2 = a solution prepared by adding 0.1 percent by weight of
      hydroquinone to said absorbent solution
PA1  S.sub.3 = a solution prepared by adding 0.1 percent by weight of
      hydroxylamine to said absorbent solution
PA1  S.sub.4 = a solution prepared by adding Ni.sup.+.sup.+ in the form of
      sulfate to said absorbent solution in an amount of 0.1 percent by weight
      as Ni
PA1  S.sub.5 = a solution prepared by adding Cu.sup.+.sup.+ in the form of
      sulfate to said absorbent solution in an amount of 0.1 percent by weight
      as Cu
PA1  S.sub.6 = a solution prepared by adding Co.sup.+.sup.+ in the form of
      sulfate to said absorbent solution in an amount of 0.1 percent by weight
      as Co
PA1  S.sub.7 = a solution prepared by adding Mn.sup.+.sup.+ in the form of
      sulfate to said absorbent solution in an amount of 0.1 percent by weight
      as Mn
PA1  S.sub.8 = a solution prepared by adding Fe.sup.+.sup.+ in the form of
      sulfite to said absorbent solution in an amount of 0.1 percent by weight
      as Fe
PAR  Nitrogen gas containing 221 ppm of NO was caused to be absorbed in the
      above-mentioned nine absorbent solutions. The results of Laboratory Test 2
      are presented in FIG. 1 in which the nine absorbent solutions are plotted
      on the abscissa and their capacity to remove NO on the ordinate. A
      standard deviation .sigma. was determined from the co-ordinate system
      according to stochastics, and deviations 3.sigma. in the percentage
      removal of NO were calculated from said standard deviation. As apparent
      from FIG. 1, S.sub.5 containing Cu.sup.+.sup.+ presented a NO-removing
      capacity of 55.3% far higher than the 3.sigma. line, a value substantially
      twice the NO-removing capacity (27.3%) of S.sub.9 which was free from any
      additive, providing that C.sup.+.sup.+ displayed a prominent catalytic
      effect. In FIG. 1, x = 31.1 indicates an average value.
PAC  Laboratory Test 3
PAR  Since Cu.sup.+.sup.+ was thus shown to have an excellent catalytic activity
      to remove NO, a search was made for a supplementary catalyst for
      Cu.sup.+.sup.+. As a result, Mn.sup.+.sup.+ was found to have such a
      capacity. Therefore, tests were made on the effect of varying amounts of
      Mn.sup.+.sup.+ added. Two test gases respectively containing 220 ppm and
      550 ppm of NO were prepared by diluting NO with N.sub.2 in the same manner
      as in Laboratory Test 1. Tests were made on the NO-removing capacity of an
      absorbent solution free from any catalyst and another kind of absorbent
      solution to which Cu.sup.+.sup.+ alone or a mixture of Cu.sup.+.sup.+ and
      Mn.sup.+.sup.+ was added as a catalyst, the results being set forth in
      Table 2 below. Throughout Table 2 and the later described FIG. 2, the
      character A.sub.1 designates N.sub.2 gas containing 220 ppm of NO and
      A.sub.2 indicates N.sub.2 gas containing 550 ppm of NO. B.sub.1 shows the
      same absorbent solution used in Laboratory Test 1, B.sub.2 an absorbent
      solution to which 0.1 percent by weight of Cu.sup.+.sup.+ was added to
      B.sub.1, B.sub.3 an absorbent solution to which 0.1 percent by weight of
      Cu.sup.+.sup.+ and 0.05 percent by weight of Mn.sup.+.sup.+ were added to
      B.sub.1, and B.sub.4 an absorbent solution to which 0.1 percent by weight
      of Cu.sup.+.sup.+ and 0.1 percent by weight of Mn.sup.+.sup.+ were added
      to B.sub.1.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Catalyst                                                                  

           B.sub.1 (without   Cu.sup.+.sup.+0.1%                               

                                        Cu.sup.+.sup.+0.1%                     

                            B.sub.3   B.sub.4                                  

     No ppm                                                                    

             catalyst)                                                         

                     B.sub.2 (Cu.sup.+.sup.+0.1%)                              

                              Mn.sup.+.sup.+0.05%                              

                                        Mn.sup.+.sup.+0.1%                     

     __________________________________________________________________________

     A.sub.1 (220)                                                             

           (-- , -- , 23)                                                      

                    (-- , -- , 59)                                             

                            (48, 46, 72)                                       

                                      (43, 49, 71)                             

           (-- , -- , 27)                                                      

                    (-- , -- , 55)                                             

                            (50, 38, 69)                                       

                                      (41, 51, 71)                             

     A.sub.2 (550)                                                             

           (23, 18, 36)                                                        

                    (46, 32, 64)                                               

                            (54, 49, 76)                                       

                                      (47, 52, 75)                             

           (27, 16, 39)                                                        

                    (55, 31, 69)                                               

                            (55, 39, 73)                                       

                                      (56, 54, 80)                             

     __________________________________________________________________________

      Notes:                                                                   

      (1) Tests were made at random.                                           

      (2) (-- , -- , --) denote the percentage NO removal at the first and     

      second stages and the overall NO removal as counted from the left. Date  

      analysis was made of a total amount of removal.                          

PAR  The NO removal at each stage of Table 2 was computed as follows:
TBL  NO removal at first stage =                                               

               NO ppm removed at first state                                   

                                .times. 100                                    

               original NO ppm in test gas                                     

     NO removal at second stage =                                              

               NO ppm removed at second stage                                  

                                 .times. 100                                   

               Free NO ppm from first stage                                    

               still contained in test gas                                     

     Overall NO removal =                                                      

               Total NO ppm removed at                                         

               first and second stages                                         

                              .times. 100                                      

               NO ppm contained in                                             

               entire test gas                                                 

PAR  Analysis of variance was made of the values of Table 2, the results being
      presented in Table 3 below. In this Table 3, the character A denotes NO
      ppm, B four kinds (B.sub.1 to B.sub.4) of absorbent solution, e errors,
      and T a total of variations.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Factors                                                                   

          Sum of squares                                                       

                  .PHI.(degree of freedom)                                     

                              V(variance)                                      

                                     Fo                                        

     __________________________________________________________________________

     A    264.1   1           264.1  38.8**                                    

     B    4755.7  3           1585.2 233.1**                                   

     A .times. B                                                               

          40.6    3           13.5   1.98                                      

     e    54.5    8           6.8    --                                        

     T    5114.9  15          --     --                                        

     __________________________________________________________________________

      Note:                                                                    

      In Laboratory Test 3, varying amounts of Mn.sup.+.sup.+ were used. Under 

      the conditions of said test, manganese had a solubility of 0.006%, so tha

      the excess undissolved amount of manganese indicated a suspended state in

      the form of hydroxide.                                                   

      A mark ** is given in the column Fo of Table 3 above. This shows, as is  

      well known, that determination of F (F-test) proved the factors A and B t

      have a 1% level of significance and were really significant.             

PAR  As seen from Table 3 and FIG. 2 prepared by presenting the test results of
      Table 3 in lines, addition of Cu.sup.+.sup.+ enabled a larger amount of NO
      to be removed than when said ion was not used and application of a mixture
      of Cu.sup.+.sup.+ and Mn.sup.+.sup.+ attained a far more prominent removal
      of NO. Further, the elimination of NO was realized at a higher rate in the
      test gas A.sub.2  containing a large amount of NO than in the test gas
      A.sub.1.
PAC  Laboratory Test 4
PAR  Tests were made of the varying amounts of Cu.sup.+.sup.+ and Mn.sup.+.sup.+
      added to prove their catalytic activity in the elimination of NO. The
      tests were carried out by causing NO to be removed through the two stages
      of the absorption tester as in Laboratory Test 3, where Cu.sup.+.sup.+
      alone was used in varying amounts and also where a mixture of
      Cu.sup.+.sup.+ and Mn.sup.+.sup.+ was added in such an amount that the
      addition of Mn.sup.+.sup.+ was fixed at 0.01 percent by weight based on
      the absorbent solution, whereas the addition of Cu.sup.+.sup.+ was
      changed, the results being set forth in FIG. 3. As apparent from FIG. 3,
      addition of 0.03 percent by weight of Cu.sup.+.sup.+ alone attained a
      substantially maximum removal of NO. Namely, any further addition of
      Cu.sup.+.sup.+ kept the rate of NO removal almost unchanged, so that
      application of more than 0.1 percent by weight of said additive was found
      wasteful. In the case where a mixture of Cu.sup.+.sup.+ and Mn.sup.+.sup.+
      was used, addition of more than 0.01 percent by weight of Cu.sup.+.sup.+,
      with the amount of Mn.sup.+.sup.+ fixed at 0.01 percent by weight,
      displayed a prominent capacity to eliminate NO.
PAR  It was confirmed that addition of Cu.sup.+.sup.+ alone or a mixture of
      Cu.sup.+.sup.+ and Mn.sup.+.sup.+ as a catalyst to an aqueous solution
      containing sulfites and acid sulfites of ammonium enabled the NO content
      of plant exhaust to be removed in the form reduced to N.sub.2.
PAC  Laboratory Test 5
PAR  Since the foregoing laboratory tests showed that the presence of the
      catalytic additives of Cu.sup.+.sup.+ or a mixture of Cu.sup.+.sup.+ and
      Mn.sup.+.sup.+ in an aqueous solution containing sulfites and acid
      sulfites of ammonium effectively eliminated NO, tests were also made in
      the same manner as in Laboratory Test 2 for the NO-removing capacity of an
      aqueous solution containing sulfites and acid sulfites of alkaline metals
      or alkaline earth metals to which said Cu.sup.+.sup.+ or a mixture of
      Cu.sup.+.sup.+ and Mn.sup.+.sup.+ was added, using test gas containing 200
      ppm of NO, the results being indicated in Table 4 below.
TBL                Table 4                                                     

     ______________________________________                                    

                 Concentration in ppm of free NO                               

                 in the test gas after the original                            

                 NO content therein was partly                                 

                 absorbed in an absorbent solution                             

                 (values in parenthesis denote -the rate of NO removal)        

     Composition of                                                            

     absorbent solution                                                        

                   First stage                                                 

                              Second stage                                     

                                          Total                                

     ______________________________________                                    

     (*1) Na.sub.2 SO.sub.3                                                    

                   172        145         145                                  

     (pH4)         (14%)      (16%)       (23%)                                

       NaHSO.sub.3                                                             

     0.05% of Cu.sup.+.sup.+ and                                               

     0.01% of Mn.sup.+.sup.+ added                                             

                   127        57           57                                  

     to the above solu-                                                        

                   (37%)      (55%)       (72%)                                

     tion                                                                      

     (*2) CaSO.sub.3                                                           

                   159        131         131                                  

     (pH4)         (21%)      (18%)       (35%)                                

       Ca(HSO.sub.3).sub.2                                                     

     0.05% of Cu.sup.+.sup.+ and                                               

     0.01% of Mn.sup.+.sup.+ added                                             

                    92         46          46                                  

     to the above solu-                                                        

                   (54%)      (50%)       (77%)                                

     tion                                                                      

     (*3) MgSO.sub.3                                                           

                   163        137         137                                  

     (pH4)         (19%)      (16%)       (32%)                                

       Mg(HSO.sub.3).sub.2                                                     

     0.05% of Cu.sup.+.sup.+ and                                               

     0.01% of Mn.sup.+.sup.+ added                                             

                   105         53          53                                  

     to the above solu-                                                        

                   (48%)      (49%)       (74%)                                

     tion                                                                      

     ______________________________________                                    

      Note:                                                                    

      (*1) SO.sub.2 was introduced into a 5% aqueous solution consisting of    

      NaSO.sub.3 and NaHSO.sub.3 to control the pH of said solution to 4.      

      (*2) SO.sub.2 was introduced into a slurry consisting of 2% CaSO.sub.3 an

      2% CaSO.sub.4 to control the pH of said slurry to 4.                     

      (*3) SO.sub.2 was conducted into a slurry consisting of 2% MgSO.sub.3 and

      2% MgSO.sub.4 to control the pH of said slurry to 4.                     

PAR  The rate of NO removal shown in Table 4 above was computed by the following
      method. Description is only given of the column of *1.
EQU  200 ppm - 172 ppm = 28 ppm
      ##EQU1##
EQU  200 ppm - 145 ppm = 55 ppm
PAR  The same method of calculation is applicable to the after columns.
PAR  It was proved that when mixed with Cu.sup.+.sup.+ or a mixture of
      Cu.sup.+.sup.+ and Mn.sup.+.sup.+, an aqueous solution containing the
      sulfites or acid sulfites of alkaline metals or alkaline earth metals
      displaced as prominent an effect of eliminating NO as the same aqueous
      solution of ammonium. The same results were obtained with an aqueous
      solution of sulfites or acid sulfites of potassium, when the solution
      contained Cu.sup.+.sup.+ or a mixture of Cu.sup.+.sup.+ and
      Mn.sup.+.sup.+.
PAR  The reason why the pH value of the absorbent solutions was decreased as
      described in Notes 2 and 3 to Table 4 above is that it was necessary to
      convert CaSO.sub.3 and MgSO.sub.3 to a form capable of reacting with
      nitrogen oxides, and that unless the pH value remained on the acid side,
      Cu.sup.+.sup.+ and Mn.sup.+.sup.+ would be precipitated.
PAC  Plant Scale Application
PAR  Nitrogen oxides contained in exhaust from the sintering plant of iron works
      were removed by the method of this invention. In this test an atomizer
      type absorber was used. Exhaust from the sintering plant was conducted
      through an electric Cottrell dust collector to be stripped of dust. Said
      exhaust was passed at the rate of 200 ml/min. through 500 ml of the
      nitrogen oxide-absorbing solution of this invention maintained at
      50.degree.C to determine the absorbing capacity of said solution.
PAR  Exhaust from the sintering plant contained 7.0% by volume of CO.sub.2,
      11.0% by volume of O.sub.2, 0.5% by volume of CO, 81.5% by volume of
      N.sub.2, 180 ppm of nitrogen oxides, 450 ppm of SO.sub.2 and some amounts
      of water and dust.
PAR  The nitrogen oxide-absorbing solution used in the above-mentioned test was
      prepared by first providing an aqueous solution in which (NH.sub.4).sub.2
      SO.sub.3 and NH.sub.4 HSO.sub.3 were dissolved in a total amount of 30
      percent by weight, introducing SO.sub.2 gas into said aqueous solution to
      control its pH to 6.2 and further adding catalysts Cu.sup.+.sup.+ and
      Mn.sup.+.sup.+ respectively in an amount of 0.01 percent by weight based
      on said solution. There was also used another type of nitrogen
      oxide-absorbing solution which did not contain said catalysts. The results
      of the plant scale tests are presented in Table 5 below.
TBL                Table 5                                                     

     ______________________________________                                    

                              Cu.sup.+.sup.+ and Mn.sup.+.sup.+                

                              added                                            

                              in 0.01%                                         

                  Without catalyst                                             

                              respectively                                     

     ______________________________________                                    

     Content of nitrogen                                                       

     oxides in original                                                        

                    (180 ppm)     (180 ppm)                                    

     plant exhaust                                                             

     Content of nitrogen                                                       

     oxides in the exhaust                                                     

                    120 ppm        40 ppm                                      

     passed through the                                                        

     absorbent solution                                                        

     Rate of removing                                                          

     nitrogen oxides                                                           

                     33%           78%                                         

     ______________________________________                                    

PAR  Table 5 above clearly shows the prominent effect of divalent copper ions
      and divalent manganese ions added to the absorbent solution.
PAR  For the object of this invention, the catalyst Cu.sup.+.sup.+ should
      preferably be added to an acid aqueous solution containing at least one
      compound selected from the group consisting of sulfites and acid sulfites
      of ammonium, alkaline metals and alkaline earth metals in an amount of
      0.03 to 0.1 percent by weight as metallic copper. On the other hand a
      mixture of Cu.sup.+.sup.+ and Mn.sup.+.sup.+ used as a catalyst should
      preferably be added to the above-mentioned aqueous solution in such an
      amount that where addition of Mn.sup.+.sup.+ is fixed at 0.01 percent by
      weight as metallic manganese, Cu.sup.+.sup.+ accounts for 0.01 to 0.1
      percent by weight.
PAR  Exhaust from chemical plants generally contains as large an amount of NO as
      more than 90%. Where nitrogen oxides are removed by being absorbed in the
      prior art absorbent solution containing sulfites or acid sulfites of
      alkaline metals or alkaline earth metals or a mixture of these compounds,
      NO is eliminated only at a low rate as previously described. For the more
      efficient removal of nitrogen oxides, therefore, the prior art process
      requires NO to be converted into NO.sub.2 readily absorbable in the
      absorbent solution and thereafter said NO.sub.2 to be removed according to
      the aforesaid reaction formula (1). In contrast, the method of this
      invention attains a high rate of removing NO, and can effect said removal
      directly according to the previously mentioned reaction formula (2). As
      apparent from comparison between both reaction formulas (1) and (2),
      consumption of SO.sub.3 .sup.-.sup.- in the formula (2) is half that of
      the formula (1). Therefore, the method of this invention reduces
      requirements of SO.sub.3 .sup.-.sup.- more effectively than has been
      possible in the past. Further, the method of the invention enables plant
      exhaust containing both nitrogen oxides and SOy (y is an integer of 2 or
      3) to be treated in a single apparatus, offering the economic advantage of
      utilizing the sulfite radical recovered by desulfurization of an exhaust
      in reaction with nitrogen oxides.
PAR  Where nitrogen oxides and SOy are to be removed simultaneously from an
      exhaust by a single tower system using the absorbent solution of this
      invention containing sulfites or acid sulfites of ammonium, then it is
      advised to control the pH of the absorbent solution to 5.8 to 6.5. Where
      said simultaneous elimination of nitrogen oxides and SOy is to be effected
      by a two-tower system, then the absorbent solution of the first tower
      which is initially brought into contact with plant exhaust should
      preferably have a pH value of less than 6 and the absorbent of the second
      tower a pH value of less than 6.5.
PAR  Where the above-mentioned simultaneous elimination of nitrogen oxides and
      SOy from an exhaust using the absorbent solution of this invention
      containing sulfites or acid sulfites of sodium, potassium, calcium or
      magnesium is to be effected, then Cu.sup.+.sup.+ and Mn.sup.+.sup.+ used
      as catalysts are sometimes undesirably changed into insoluble hydroxides
      in the pH range adapted for removal of SO.sub.2. Where, however, a
      two-tower system is applied to avoid such drawback, thereby reducing the
      pH of the absorbent solution of the first tower to a level of less than 6
      by the SO.sub.2 content of an exhaust, then salts of copper and/or
      manganese added as catalysts can be rendered soluble, and moreover
      CaSO.sub.3 and MgSO.sub.3 can be respectively converted into soluble
      Ca(HSO.sub.3).sub.2 and Mg(HSO.sub.3).sub.2 capable of reacting with
      nitrogen oxides.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of removing a nitrogen oxide from an exhaust gas containing a
      nitrogen oxide, which comprises: contacting said gas with an acidic
      aqueous solution consisting essentially of
PA1  i. a salt selected from the group consisting of ammonium sulfite, ammonium
      acid sulfite, an alkali metal sulfite, an alkali metal acid sulfite, an
      alkaline earth metal sulfite, an alkaline earth metal acid sulfite, and a
      mixture of two or more thereof,
PA1  ii. at least one copper compound forming divalent copper ions therein, the
      amount of said copper compound in said solution being such that divalent
      copper ions are produced in an amount of from 0.01 to 0.1 percent by
      weight in said solution, and
PA1  iii. at least one manganese compound forming divalent manganese ions
      therein, the amount of said manganese compound being such that divalent
      manganese ions are produced in an amount of from 0.01 to 0.1 percent by
      weight in said solution,
PAL  to reduce said nitrogen oxide to nitrogen gas.
NUM  2.
PAR  2. The method of claim 1, wherein the amount of the copper compound is such
      that divalent copper ions are produced in an amount of from 0.03 to 0.1
      percent by weight in said solution.
NUM  3.
PAR  3. The method of claim 1, wherein the nitrogen oxide is nitrogen monoxide.
NUM  4.
PAR  4. The method of claim 1, wherein the nitrogen oxide is nitrogen dioxide.
NUM  5.
PAR  5. A method of removing a nitrogen oxide and a sulfur oxide from an exhaust
      gas containing the same, which comprises:
PA1  contacting said gas with an acidic aqueous solution having a pH of from 5.8
      to 6.5 and consisting essentially of
PA2  i. a salt selected from the group consisting of ammonium sulfite, ammonium
      acid sulfite, an alkali metal sulfite, an alkali metal acid sulfite, an
      alkaline earth metal sulfite, an alkaline earth metal acid sulfite, and a
      mixture of two or more thereof,
PA2  ii. at least one copper compound forming divalent copper ions therein, the
      amount of said copper compound in said solution being such that divalent
      copper ions are produced in an amount of from 0.01 to 0.1 percent by
      weight in said solution, and
PA2  iii. at least one manganese compound forming divalent manganese ions
      therein, the amount of said manganese compound being such that divalent
      manganese ions are produced in an amount of from 0.01 to 0.1 percent by
      weight in said solution,
PAL  to reduce said nitrogen oxide to nitrogen gas.
NUM  6.
PAR  6. The method of claim 5, wherein the amount of the copper compound is such
      that divalent copper ions are produced in an amount of from 0.03 to 0.1
      percent by weight in said solution.
NUM  7.
PAR  7. The method of claim 5, wherein the nitrogen oxide is nitrogen monoxide.
NUM  8.
PAR  8. The method of claim 7, wherein said gas is contacted with a first said
      acidic aqueous solution having a pH of less than 6, and is then contacted
      with a second said acidic aqueous solution having a pH of less than 6.5.
NUM  9.
PAR  9. The method of claim 5, wherein the nitrogen oxide is nitrogen dioxide.
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      Property Cust.], Serial No. 393,258.
ABST
PAL  A continuous cyclic process and apparatus for removing sulfur dioxide (and
      if present, sulfur trioxide) from gases produced in the combustion of
      fossil fuels or in chemical and metallurgical processes by means of an
      aqueous absorption solution including potassium carbonate to absorb said
      oxides out of said gases whereby potassium carbonate is converted into
      potassium sulfite (sulfate). A two component, two stage molten process is
      employed to recover potassium carbonate for reuse in the absorption step
      and to liberate hydrogen sulfide which may be converted to elemental
      sulfur by well known methods.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  This invention relates to the elimination of air pollution due to sulfur
      dioxide in industrial gases emitted into the atmosphere. Sulfur dioxide is
      scrubbed out of these gases by means of a reactive solution including
      potassium carbonate; sulfur is then recovered from the solution as
      hydrogen sulfide in a process which also recovers the reactive solution.
      The hydrogen sulfide product derived in the process may then be fed to a
      conventional oxidation process for the production of elemental sulfur.
PAR  2. Brief Description of the Prior Art
PAR  Sulfur is one of the most widely distributed of the elements. It occurs as
      a sulfide or as a sulfate in ores of metals; it is combined with organic
      and inorganic elements in fossil fuels. Hence in the extraction of metals
      from ores or in the combustion of fuels sulfur dioxide is often one of the
      products of the process and appears in the waste gases normally vented to
      the atmosphere. Although the amount of sulfur dioxide released into the
      atmosphere by any one source is relatively small the total quantity from
      all sources is large. For example, the total sulfur dioxide in the
      combustion products from electric power generating plants in the United
      States is over 20 million tons annually, substantially enough to supply
      all of the sulfur needed to satisfy the sulfuric acid market. Because
      power plant stacks are usually near densely populated areas, the effect of
      sulfur dioxide emissions on people and materials is within ready
      observation by a large segment of the population, and the result is a
      strong demand to abate sulfur dioxide pollution.
PAR  The widespread interest in the solution of this problem is clear when one
      considers the large number of processes which have been or are in various
      stages of development for the sole purpose of eliminating this air
      pollutant. Work on some of these was started even before the public clamor
      for action. The fact that not a single totally satisfactory method has
      been developed yet is a good indication of the difficulties which must be
      overcome to solve the problem.
PAR  Over 30 different processes have been proposed or are in various stages of
      development or use. These may be grouped into a few categories and may be
      classified generally as employing a wet or dry process.
PAR  Wet processes have had most of the attention, partly because at least a
      part of the technology needed was already available. These include
      scrubbing the gases with a lime, limestone, or dolomite slurry and
      discarding the spent slurry. A variation of this throw-away process is to
      scrub the gases with an alkali absorbent solution, and to regenerate the
      alkali by reaction with lime. The spent lime is discarded.
PAR  Other wet processes employ sodium or ammonium-based absorbent solutions.
      The ammonium-based solutions are not recoverable. One sodium-based plant
      is in limited commercial operation and delivers sulfur dioxide. Others are
      in various stages of development and will produce sulfuric acid or
      elemental sulfur.
PAR  Processes still in early stages of development include a formate process
      using a potassium salt, a citrate process, and a process using an
      undisclosed organic solvent.
PAR  Dry processes are generally in early development stages and include the use
      of activated carbon, or molten salts as the active sulfur dioxide removal
      agent. (See A. V. Slack, "Removing SO.sub.2 from Stack Gases"
      Environmental Science and Technology. 7 No. 2. 100-119 (1973) for a good
      summary of present status.)
PAR  Up to the present time, limestone or dolomite suspensions in water are the
      most widely used or in advanced pilot stages. There are about 25
      full-sized plant installations and 25 pilot installations. The first
      application of this type operation was made in England about 40 years ago.
      Many of the design factors developed then appear to be substantiated in
      today's applications. The advantages of the process are that it has had
      commercial operation and that the raw material is relatively cheap. The
      disadvantages are that the spent absorbent cannot be recovered but must be
      discarded, that no saleable product is made to recover at least part of
      the cost of SO.sub.2 removal, and that, if it should be the only process
      used, the disposal of the spent chemical which itself may be a polluter
      could pose serious problems. Some work is being done to develop a method
      for recovering the absorbent for reuse in the process. This development,
      if successful, would eliminate the disposal problem and would make the
      process more attractive. Many operating problems, such as plugging in the
      absorber, are still encountered, however. Apparently the process has been
      installed to satisfy pollution abatement requirements primarily because it
      was the only available one which had been in commercial use previously.
PAR  The other wet processes are of limited interest at this time, because of
      cost or because much development work is still required or because the
      sulfur product of the process may have a limited market.
PAR  The ammonium and sodium-based absorbents, which employ regeneration by
      reacting spent solution with lime, avoid some of the absorption problems
      present in lime slurry scrubbing, but in recovering the reactive
      absorbent, calcium sulfite is produced just as in the slurry system and is
      confronted with the same supply and disposal problems.
PAR  Systems using ammonia solutions without regeneration have three important
      problems. Up to the present, a satisfactory way has not been found to
      prevent ammonia gas from passing into the atmosphere. In the second place
      ammonia cannot at present be readily recovered and recycled so the cost of
      ammonia becomes a significant charge against the operation. Finally the
      present product of the operation is an ammonium compound, such as ammonium
      sulfate, which has a limited market as a fertilizer.
PAR  Systems using sodium-based solutions without regeneration have the same
      features as the ammonia process except there is no problem due to fumes.
      The present product is sodium sulfite or bisulfite, which can be used in
      pulp mills, but this is a limited market and cannot be counted upon to
      take more than a little of the total possible production.
PAR  Sodium-based solutions with recovery and recycle are of interest because
      they have been extensively investigated since the early thirties. This
      process uses a sulfite/bisulfite cycle whereby the sulfur dioxide absorbed
      in the scrubber to form the bisulfite compound is released as a
      concentrated SO.sub.2 gas in sulfite recovery step. Sulfur dioxide can
      subsequently be converted to sulfuric acid or to elemental sulfur. The
      production of elemental sulfur is an important advantage because the
      sulfur originally present in the waste gas as sulfur dioxide is now in a
      non-polluting, non-corrosive state having greatest convenience in storage,
      transport, and use. One important economic factor is the cost of the heat
      required in the recovery step, and the cost of reducing sulfur dioxide to
      elemental sulfur. Technologically, processes for recovering sulfur from
      sulfur dioxide are not as well developed as those producing sulfur from
      hydrogen sulfide.
PAR  At one time the use of potassium sulfite instead of sodium sulfite was
      advocated because of its greater solubility in water than sodium sulfite
      and the cost of evaporating water in the recovery step would have been
      considerably less than for the sodium salt. In the development of the
      process, two unforeseen but important difficulties were encountered. In
      the absorber, potassium metabisulfite was formed in addition to potassium
      bisulfite when sulfur dioxide in the gas reacted with potassium sulfite in
      the solution. The metabisulfite which is the least soluble of the three
      compounds crystallized out of solution and plugged the tower. In addition
      to this problem, a much larger amount of potassium sulfate than predicted
      was produced in the recovery step. A market for this product was dubious
      and the cost of replacing potassium too high for the process and the use
      of potassium as an absorption medium was abandoned.
PAR  All of the wet processes in use or being developed have their advantages
      and disadvantages. None of them stands out clearly as the probable
      candidate for long-term applications.
PAR  Among the dry processes, limestone injection into the combustion chamber
      has been tried but is now abandoned because of operating difficulties and
      because it has failed to remove SO.sub.2 quantitatively. The activated
      carbon and the molten salt processes are still in early development
      stages.
PAR  Among the other processes mentioned only the molten salt process needs to
      be discussed because certain aspects of the process of this invention are
      somewhat similar. In the molten salt process, an eutectic mixture of
      lithium, potassium, and sodium carbonates in the molten state is sprayed
      into the hot waste gases where it reacts with sulfur dioxide to convert
      the metal carbonate into the metal sulfite. The carbonate is regenerated
      in a two-step process which releases a concentrated stream of hydrogen
      sulfide. Proven economical processes are available for converting hydrogen
      sulfide into elemental sulfur. The molten salt process, which is now in a
      pilot plant stage, is interesting because sulfur may be produced in its
      advantageous elemental form and because the active chemicals can be
      recovered and reused, thus eliminating the disposal problem.
PAR  There is, however, an important disadvantage arising from the fact that the
      flue gas must be contacted hot. Except for possibly a very few
      installations, the fly ash removal facilities of existing power plant
      steam generators are the last elements that the flue gas traverses in its
      passage from combustion chamber to stack. The gas temperature in this zone
      may be in the range of 250.degree.F. to 300.degree.F., a temperature which
      is well below the melting point of the eutectic. The molten salts cannot
      be sprayed into the flue gas ahead of the dust removal facilities where
      higher temperatures prevail, however, because the ash they would pick up
      would cause problems. Hence this process requires the removal of dust from
      hot gases. The use of hot electrical precipitators is possible but they
      have not yet been thoroughly proven in power plant service, and
      furthermore, are more expensive than electrical precipitators located at
      the cold end of the gas passage. Nevertheless, the process could be
      designed into new installations.
PAR  In many, if not in most of existing installations, its use would probably
      be difficult if not prohibitive, for three reasons. In the first place,
      the installation of the process would probably require the substitution of
      hot electrical precipitators in place of existing cold precipitators, an
      obviously expensive undertaking; in the second place, the setting of the
      existing plant usually does not have room or provision for making the kind
      of changes needed to install the hot electric precipitator and spray
      chamber. Finally, it is obvious that the unit being altered would be out
      of service during the construction period. The resultant loss in
      generating capacity during such period would be not only costly but also
      inconvenient in these times of energy shortages.
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PAR  3. Objectives of this Invention
PAR  Some important objectives of this invention are:
PAR  a. to combine the advantages of wet scrubbing with the advantages of molten
      salt chemicals recovery, in order to eliminate some of the handicaps in
      current processes,
PAR  b. to provide a cyclic process employing a reactive aqueous absorption
      solution which effectively removes oxides of sulfur from gases,
      regenerates the absorption solution for reuse in the gas cleaning stage,
      and delivers a sulfur compound readily convertible into elemental sulfur,
PAR  c. to provide for economical recovery of the absorption solution,
PAR  d. to avoid plugging the absorption stage and other components of the
      process due to deposition of insoluble components which otherwise may be
      formed in the absorption step of the process,
PAR  e. to minimize the loss of absorption medium due to the formation of sulfur
      compounds not readily decomposed in the regeneration step for recovery of
      the original absorption medium,
PAR  f. to avoid polluting the atmosphere by the absorption medium,
PAR  g. to provide an absorption medium inherently capable of quantitatively
      removing oxides of sulfur from the gases, and/or
PAR  h. to minimize interference with plant operation when the process is
      installed in existing installations.
PAR  These and other objectives will become apparent in the following
      description of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  The gases to be desulfurized are passes through a vapor-liquid contactor
      where the oxides of sulfur are dissolved in an aqueous solution including
      potassium carbonate to derive a solution which includes potassium sulfite
      and carbonate.
PAR  The recovery of potassium carbonate and the sulfur values is accomplished
      in a two-state molten process wherein the two princpal components of the
      smelt are potassium carbonate and lithium carbonate and may include up to
      five percent of a metal sulfide reduction catalyst which is stable but
      insoluble in water for example, cuprous sulfide, ferrous sulfide, stannous
      sulfide and zinc sulfide.
PAR  The solution from the absorber is combined with granular lithium carbonate
      and the insoluble metal sulfide reduction catalyst if desired wherein the
      solids are held in suspension in the solution in the form of a slurry. The
      water is evaporated from the slurry and the solid residue is melted,
      preferably by preheating the slurry in a fired heating zone and then
      evaporating the water out of the slurry in a direct contact second heating
      zone heated by means of a recirculating stream of hot smelt. Although the
      sulfur compounds in the smelt may be reduced to the sulfide by means of
      hydrogen, carbon monoxide, carbon, or by a mixture of these reducing
      agents, the use of hydrogen alone is preferred.
PAR  The smelt is contacted with hydrogen at an elevated pressure and
      temperature in a countercurrent operation in a plurality of stages in
      order to reduce oxidized sulfur compounds to sulfides. Some of the sulfide
      product may be returned to the reducer while the rest is transferred to a
      second reactor where the sulfides are converted into carbonates by
      contacting them at a lower pressure and temperature with a mixture of
      carbon dioxide and water vapor, releasing hydrogen sulfide in the process.
      The temperature in the reactors is controlled by the temperature of the
      entering feed streams and, when necessary, by injecting water.
PAR  Some of the carbonate product from the second reactor is recycled to the
      second heating zone, the rest of the smelt is cooled and mixed with enough
      hot water to give a concentrated solution of potassium carbonate, either
      directly out of the carbonator or after the smelt has been contacted with
      air in a third reaction zone. The solution is returned to the absorber
      while the insoluble lithium carbonate and metal sulfide reduction catalyst
      are recycled to the recovery step.
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PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing is a simplified flow plan of the process. It will be discussed
      in detail in connection with the preferred embodiments of the invention.
PAC  PREFERRED EMBODIMENT
PAR  The absorber (not shown in the drawing) is operated with a concentrated
      solution of salts including potassium carbonate. The potassium salt is
      used instead of sodium because it is much more soluble than sodium and
      there is a significant saving in the heat needed to evaporate the water in
      the recovery section of the process. The recovery process avoids the
      formation of salts of low solubility in the absorber and of potassium
      sulfate in the recovery section, both of which occurrences were severe
      handicaps in earlier attempts to use potassium salts. In fact the recovery
      process of this invention is capable of recovering potassium carbonate
      from the sulfate. Thus unlike earlier processes employing potassium salts,
      chemical losses will be only those due to mechanical losses and will
      therefore be minimal.
PAR  Furthermore, the use of potassium carbonate in the absorption stage instead
      of potassium sulfite used in earlier processes makes possible quantitative
      removal of sulfur dioxide, if desired, because the partial pressure of
      sulfur dioxide over a carbonate solution is nil unlike a sulfite/bisulfite
      solution where there is a positive sulfur dioxide partial pressure over
      the solution. Thus in the latter case complete removal of sulfur dioxide
      is practically as well as theoretically impossible.
PAR  The aqueous solution of potassium carbonate and potassium sulfite from the
      absorber (not shown in the drawing) flowing in line 1 is divided into two
      parts. A portion is returned to the absorber through line 2 while the
      remainder is introduced into the recovery section through line 3. The
      solution flowing in line 3 and lithium carbonate granules plus an
      insoluble metal sulfide reduction catalyst discharged from separator 101
      in line 4 are combined in receiver 102 which is the feed preparation tank
      for the recovery section. Because lithium carbonate is only slightly
      soluble, the mixture in tank 102 is substantially a slurry of lithium
      carbonate and catalyst practicles suspended in the solution from the
      absorber.
PAR  The slurry flows out of tank 102 through line 6 to pump 103 which delivers
      it through line 7, a first heating zone (heater 104), line 8 and spray
      nozzles 9 into a second heating zone (evaporator-melter 105), where the
      water in the feed is evaporated and the dried solids are melted by heat
      exchange with the hot recycled smelt spray in the unencumbered upper
      chamber followed by flow over baffles in the lower chamber. The melted
      solids flow into accumulator 106 which may be constructed integrally with
      the evaporator-melter (but shown as a separate item solely for clarity).
      Heating means are provided for tank 106 to keep the temperature there
      always the melting point of the smelt.
PAR  Smelt is pumped out of tank 106 by pump 107 through line 10. A portion of
      the smelt is diverted into line 11 through a third heating zone (heater
      108), line 12 and spray nozzles 13 into evaporator-melter 105. There the
      hot smelt spray exchanges heat with the slurry spray out of sprays 9
      whereby the water in the feed is evaporated and the solids are melted.
PAR  Another portion of the smelt flowing in line 10 is diverted into line 14
      and passed through heat exchanger 109, line 15, a fourth heating zone
      (heater 110), and line 16 into a first reaction zone, reducer 111. Reducer
      111 includes a plurality of vapor-liquid contacting means to optimize the
      conditions for the reduction reaction. For this purpose, hydrogen is
      introduced into the bottom of said reducer through line 17 and therein
      flows upward countercurrent to the downflowing smelt. Gaseous products of
      the reaction plus unreacted hydrogen flow out of reducer 111 through line
      18, heat exchanger 112, line 19, heat exchanger 113 and line 20 into
      separator 114. Said exchangers cool the gases and condense most of the
      water vapor product of the reduction reaction. The condensate is withdrawn
      from separator 114 through line 63 and may be used in preparing the
      recycle absorption solution or it may be discarded according to the
      demands of the prevailing conditions.
PAR  Unreacted hydrogen leaves separator 114 through line 21 and is joined with
      fresh hydrogen entering through line 22. The combined stream then flows
      into gas compressor 115 which delivers it through line 23, heat exchanger
      112, and line 17 into reducer 111 is already described.
PAR  The reduced smelt leaves said reducer through line 24, and then flows
      through heat exchanger 109 and line 25 into the top of a second reaction
      zone, carbonator 116, where it flows downward countercurrent to a stream
      of carbon dioxide and water vapor and by reacting with the gas stream in a
      plurality of stages the sulfide compounds are converted into carbonates.
      Carbon dioxide enters the system through line 26 and is preheated in heat
      exchanger 117. Leaving said exchanger through line 27 it is joined by
      steam entering through line 28. The gas mixture then flows into carbonator
      116 through main line 29 and a plurality of laterals 30, 31, 32 and 33. If
      needed, for temperature control, condensate may also be introduced into
      carbonator 116 through line 34 and laterals 30, 31, 32 and 33.
PAR  Gaseous reaction products leave carbonator 116 through line 35 and flow
      into cooler-condenser 117. Uncondensable gases and condensate flow to
      separator 118 through line 36 where the two phases are separated. The gas
      phase, being primarily a mixture of carbon dioxide and hydrogen sulfide is
      sent through line 37 to further processing such as an oxidation unit to
      produce elemental sulfur. Water collected in separator 118, if found to be
      contaminated with hydrogen sulfide, is sent to stripper 119 through line
      39. There hydrogen sulfide is stripped out by countercurrent contact with
      live steam introduced into said stripper through line 40. Some of the
      stripped condensate out of said stripper may be sent to carbonator 116
      through line 34 as already described, the remainder of the condensate
      flowing in line 34 may be discarded or used in preparing absorption
      solution. If however, the condensate is free of hydrogen sulfide, it may
      flow through line 38, by-passing said stripper and be employed as already
      described in the case of the stripped condensate.
PAR  The carbonate smelt produced in carbonator 116 is discharged through line
      41. A part of the smelt is diverted through line 42 to surge tank 120 and
      is transferred from there by pump 121 and line 43 to evaporator-melter
      105. The remainder of the smelt flows through line 44 to receiver 122.
      Condensate and fresh water are introduced through line 45 to prepare the
      absorption solution. The solution containing suspended insoluble lithium
      carbonate leaves receiver 122 and flows through line 46 to pump 123. The
      discharge from the pump, flowing through line 47 may be divided into two
      parts. One part may be recycled to receiver 122 through line 48, the other
      continues to separator 101 through line 49.
PAR  The solution leaves said separator through line 50 and combines with
      absorber recycle solution flowing in line 2 and the combined stream then
      flows to the absorber (not shown) through line 51. The lithium carbonate
      granules (and catalyst), separated from the solution by separator 101 are
      recycled to the recovery section through line 4 as already described.
PAR  In case carbonator 116 does not completely convert the sulfides to
      carbonates, atmospheric pollution could occur from decomposition of the
      sulfides in the absorber. To provide against such occurrence, a third
      reaction zone, oxidizer 124 may be included. In this case the smelt from
      the carbonator would flow through line 52 into said oxidizer where it
      would be contacted with air introduced into said oxidizer through line 53,
      and the sulfides would be converted to oxygenated sulfur compounds. The
      gas from oxidizer 124, if free of pollutants, may be discharged into the
      atmosphere; however, to be safe these gases may be released into the
      combustion chamber of the nearest furnace. The smelt, including the oxygen
      compounds, flows out of oxidizer 124 through line 55, and line 44 into
      receiver 122 as before. The concentration of the oxygenated compounds is
      small and they do no harm to the process whether carried back to the
      absorption tower or recycled through the recovery section where they would
      be decomposed along with the other oxygenated sulfur compounds.
PAR  Steam generated in evaporator-melter 105 leaves through line 56.
      Alternatively instead of withdrawing steam out of the top as shown on the
      flow plan, the steam generated in evaporator-melter may flow downward with
      the salts and be separated from the smelt at the bottom of the second
      heating zone. A portion of the steam is diverted through lines 28 and 40
      as already described. The remainder, the largest portion, flows through
      line 57, heat exchanger 117, line 58 into the steam generator 118, where
      by indirect heat exchange with boiler feed water, it is condensed and
      clean live steam is produced from the boiler feed water. The condensate is
      withdrawn through line 59 and is returned to process or discarded. The
      generated steam is piped to plant steam supply through line 60. Boiler
      feed water for this purpose is brought in through line 61, preheated in
      heat exchanger 113, and is then introduced into steam generator 118
      through line 62.
PAC  EXAMPLE OF THE INVENTION
PAR  The example of the invention which follows is based upon a power plant
      SO.sub.2 removal system which treats 1.5 million pounds of flue gas per
      hour (312,000 SCFM, .degree.C., 760 mm Hg) containing 0.19 volume percent
      sulfur dioxide (1900 ppm).
PAR  The potassium carbonate/sulfite solution from the absorber is fed to the
      recovery unit through line 3 at a rate of 35,460 pounds per hour and
      contains 0.38% Li.sub.2 CO.sub.3, 3.7 % K.sub.2 CO.sub.3, 42.28% K.sub.2
      SO.sub.3, and 53.6% water by weight. It flows into tank 102 where it is
      mixed with granular Li.sub.2 CO.sub.3 introduced at a rate of 7595 pounds
      per hour to give a potassium-to-lithium atomic ratio of one in the
      mixture. Associated with the lithium carbonate granules are 400 pounds per
      hour of ferrous sulfide reduction catalyst. Thus the resulting slurry has
      approximately 18.4 weight percent solids.
PAR  The slurry discharged from pump 103 is at a pressure of about 400 pounds
      per square inch gauge in order to prevent vaporization of water in heater
      104 and line 8 ahead of evaporator-melter 105. It is obvious, however,
      that the pump discharge pressure must take into account all pressure drops
      between the pump and the evaporator-melter 105, and the pressure in 105,
      which could be as much as or more than 100 pounds per square inch greater
      than the pressure used in this example. No difficulties are expected if
      some vaporization should occur there because a large number of nucleation
      sites are provided for crystal growth by the lithium carbonate in the
      slurry, but by preventing vaporization in these regions, further insurance
      against trouble is provided. The temperature at the outlet of heater 104
      is about 420.degree.F. and the corresponding vapor pressure of pure water
      is about 300 pounds per square inch gauge. The actual vapor pressure is
      somewhat less due to the presence of salts in solution.
PAR  The preheated slurry is sprayed into evaporator-melter 105 which is
      maintained at a pressure of 300 to 350 pounds per square inch gauge,
      preferably at about 300 pounds per square inch. In order to provide the
      heat necessary to evaporate the water and to melt the dried solids,
      137,000 pounds per hour of smelt at about 1020.degree.F. are heated to
      about 1380.degree.F. in heater 108 and then sprayed into the top of
      evaporator-melter 105. There, by the transfer of heat by radiation,
      convection and conduction from the smelt spray to the slurry spray, water
      is rapidly vaporized, and solids are melted and heated to about
      1020.degree. F., and the smelt is collected in tank 106.
PAR  Tank 106 is the smelt reservoir for the whole system and is the low point
      for the system so that upon shut-down all of the units may be drained into
      this accumulator. In addition to insulation, the tank is provided with
      heating means to keep the contents above the melting point.
PAR  It is known that under the influence of heat potassium sulfite is
      disproportionated according to the equation
EQU  4K.sub.2 SO.sub.3 = 3K.sub.2 SO.sub.4 + K.sub.2 S          (1)
PAL  to provide a solvent for these compounds which amount to 15,000 pounds per
      hour the eutectic mixture of lithium and potassium carbonates is
      recirculated through the recovery system. It is brought into tank 106
      through line 43 at a rate of about 44,000 pounds per hour, but obviously
      recirculation rate may be adjusted to the needs of local conditions.
      Recirculated carbonate smelt plus the sulfate/sulfide smelt derived
      according to equation (1) is pumped by pump 107 through lines 10 and 14,
      heat exchanger 109 and heater 110 into reducer 111 at a temperature of
      about 1380.degree.F. (750.degree.C) and a pressure of about 300 pounds per
      square inch gauge. In the reducer, the potassium sulfate in the smelt is
      reduced to potassium sulfide by reaction with hydrogen according to the
      equation
EQU  K.sub.2 SO.sub.4 + 4H.sub.2 = K.sub.2 S + 4H.sub.2 O       (2)
PAL  it is known that either hydrogen, carbon monoxide, or mixtures of the two,
      and carbon are suitable for this reduction process, and that hydrogen is
      the more reactive gas. For these reasons and to avoid pollution and
      poisoning problems associated with the use of carbon monoxide and carbon,
      hydrogen is the preferred reducing agent. It is also known that the
      reaction rate increases with both temperature and pressure. Both
      temperature and pressure should be as high as possible to enhance reaction
      rates but not so high as to bring about unwanted side reactions. A
      temperature of about 1380.degree.F. (about 750.degree.C) or within the
      range of about 700.degree.C to about 800.degree.C (1292.degree.F to
      1472.degree.F). and a pressure of about 300 pounds per square inch gauge
      are conditions which satisfy these criteria and are practicable with
      available materials of construction. The use of high pressures is
      essential to increase the solubility of hydrogen in the smelt in order to
      improve the rate of reaction, and thereby reduce equipment size and cost.
      Furthermore, a countercurrent operation is preferred to obtain economical
      usage of hydrogen. Thus reducer 111 is a staged vapor-liquid contactor
      containing a plurality of contact zones in which smelt and hydrogen flow
      in generally countercurrent contact from stage to stage under conditions
      of maximum practical hydrogen partial pressure. In order to further
      maximize reaction rate and so reduce residence time and equipment size,
      the vapor-liquid contacting zones are designed to maximize vapor-liquid
      interfacial areas and to promote high turbulence in the liquid phase so as
      to provide a continuous supply of fresh liquid at the interface.
PAR  Furthermore, it is known that the sulfide product is a catalyst for the
      reaction. Therefore means may be included (not shown on the flow plan) for
      recirculating product from the bottom of the reducer to the top. One
      simple way to do this is to use the kinetic energy in the feed to jet a
      part of the bottom product back to the top together with the feed.
      Additionally or alternatively a few percent of a water-insoluble metal
      sulfide reduction catalyst may be included in the smelt as already stated.
      Such catalyst would simply recirculate through the recovery section just
      as lithium carbonate does and therefore is the preferred manner of
      providing a catalyst for the reduction step. The amount of this type of
      catalyst would range between one and five percent of the smelt, the
      preferred amount being about two to three percent.
PAR  The product leaving from the top of the reducer is a mixture of hydrogen
      and water vapor which passes in series through heat exchanger 112 and is
      cooled by incoming hydrogen and through heat exchanger 113 where it is
      cooled by boiler feed water and substantially all of the water vapor is
      condensed. Water is separated from the hydrogen gas in receiver 114 and
      returned to process or discarded. Hydrogen is combined with fresh hydrogen
      and returned to the bottom of the reducer by compressor 115. The excess
      hydrogen may range between 0.5 and 3 times the theoretical demand
      indicated by equation 2. The exact amount depends upon economic
      evaluations for each particular case. Because the heat of reaction is
      relatively low, and because equilibrium relationships are not strongly
      affected by temperature, temperature control within the reducer is
      satisfactorily effected by controlling the temperatures of the streams
      introduced in the reducer, but water may be injected if necessary to avoid
      excessively high temperatures.
PAR  The potassium sulfide in the smelt is then converted into potassium
      carbonate in carbonator 116, which is maintained at about 550.degree.C.,
      by the reaction
EQU  K.sub.2 S + H.sub.2 O + CO.sub.2 = K.sub.2 CO.sub.3 + H.sub.2 S (3)
PAL  the equilibrium constant for this reaction decreases rapidly with rising
      temperature and therefore the temperature at which this reaction can be
      conducted is limited by the melting point of the mixture of lithium and
      potassium carbonates on the one hand and the maximum temperature favorable
      to the equilibrium, on the other. The melting point of a mixture of
      potassium and lithium carbonates containing between 42 and 62 mole percent
      lithium carbonate (which corresponds to a mole ratio of lithium carbonate
      to potassium carbonates (or simply lithium to potassium) between 42/58 and
      62/38) varies irregularly with temperature between the limits of
      508.degree. and 490.degree. centigrade. A 50 percent mixture melts at
      505.degree. centigrade. The lowest operating temperature must be above the
      melting point temperature of the mixture having the lowest melting
      temperature, which, in this case, is one containing 62 mole percent
      lithium carbonate and which melts at 490.degree. centigrade. The highest
      operable temperature, which is set by the value of the equilibrium
      constant, is less definitely known but is about  600.degree. centigrade.
      These considerations lead to a preferred temperature range of 525.degree.
      to 575.degree. centigrade, and based upon present knowledge, a temperature
      of 550.degree. centigrade appears to be a reasonable compromise of all
      factors.
PAR  Unlike the reducer, operation of the carbonator under pressure is not
      practical because high partial pressures of carbon dioxide are known to
      cause unwanted side reactions. Furthermore, a carbon dioxide partial
      pressure not greater than one half atmosphere has been found best and is
      used here. Hence the total pressure here is only slightly more than
      atmospheric, and the required carbon dioxide partial pressure is
      controlled by controlling the steam to carbon dioxide proportions.
PAR  The hot reduced smelt from reducer 111 is cooled to 580.degree. centigrade
      by heat exchange with the reducer feed in heat exchanger 109. It is
      further cooled by a spray of water when it enters near the top of
      carbonator 116. Carbonator 116, like reducer 111, is a vapor-liquid
      contactor having a plurality of contacting stages through which smelt and
      gases pass and interact in a generally counterflow mode. Mixtures of
      carbon dioxide and water vapor as well as sprays of water are introduced
      at various levels in carbonator to keep the temperature within the limits
      specified above.
PAR  The gaseous reaction products comprising primarily carbon dioxide, water
      vapor and hydrogen sulfide flow out of the top of the carbonator through
      water cooled cooler-condenser 117 and into receiver 118 where water and
      gas are separated. The gas, essentially a humid mixture of carbon dioxide
      and hydrogen sulfide is transferred to a sulfur recovery unit or other
      use. The water is returned to process or discarded. A small stripper 119
      is included to strip out any hydrogen sulfide that may be present in the
      condensate to avoid contamination or pollution when reusing or disposing
      the condensate. Steam for stripping is a part of the steam generated in
      evaporator-melter 105. Low pressure plant steam may be used alternatively.
      Gas and vapors from the stripper are conducted to condenser 117 together
      with the main body of vapors flowing in line 35.
PAR  The reduction reaction may be difficult to complete and some unconverted
      potassium sulfide may remain in the product. If this were sent to the
      absorber the sulfide could be decomposed there releasing hydrogen sulfide
      which would eventually pass into the atmosphere. To avoid such happening
      an oxidizer 124 may be included, where, by contacting the smelt with air,
      the sulfide is converted into the oxide or into a relatively stable
      oxidized sulfur compound which will not lead to air pollution when
      included in the chemicals used in the absorber solution.
PAR  The recovered potassium and lithium carbonates, carbonates, from either the
      carbonator 116 or oxidizer 124 are cooled and combined with boiling water
      in dissolver 122. Here, to separate these two salts, advantage is taken of
      the fact that potassium carbonate is highly soluble in water whereas
      lithium carbonate is only slightly soluble; the concentrated aqueous
      solution of the former is returned to the absorber while undissolved
      lithium carbonate is returned to the recovery section. The separation is
      carried out hot to take advantage of the fact that lithium carbonate
      solubility decreases with increasing temperature and thus to obtain an
      even sharper separation of the two carbonates. If a heavy metal sulfide is
      used as a catalyst in the reducer, this will remain with the lithium
      carbonate and be recycled to the recovery section because such sulfides
      also are not soluble in water.
PAR  As already described some of the steam generated in evaporator-melter 105
      is used in the recovery section. A major part of the steam could be made
      available for general plant use but because of the possibility of
      contaminants being present, using it to generate clean steam is preferred.
      This is done by condensing this steam in heat exchanger 118 and generating
      steam at 250 pounds per square inch gauge pressure from boiler feed water.
      In this manner approximately 20,000 pounds of steam are generated hourly;
      the heat recovered in this manner is about 40% of the fuel fired in the
      recovery process.
PAR  Preferred embodiments and alternatives of the invention have been shown and
      described. It is understood, however, that these are merely illustrative
      and that changes may be made without departing from the scope or the
      broader aspects of the invention as claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for removing sulfur dioxide from gases which includes;
PA1  a. contacting said gases and absorbing sulfur dioxide therefrom with an
      aqueous solution containing potassium carbonate to derive a solution which
      includes potassium sulfite as well as potassium carbonate and withdrawing
      said derived solution,
PA1  b. returning to step (a) a portion of said derived solution from step (a),
PA1  c. introducing lithium carbonate granules into another portion of said
      derived solution from step (a) to form with said solution a slurry mixture
      wherein the molar ratio of lithium to potassium is between 42/58 and
      62/38,
PA1  d. passing said mixture through a first heating zone under pressure and
      dispersing it into a second heating zone under pressure where water is
      evaporated and solids are melted, producing a smelt,
PA1  e. superheating a portion of said smelt by passing it through a third
      heating zone, dispersing said superheating smelt into the said second
      heating zone where it supplies the heat needed to evaporate water and to
      melt the solids of the incoming mixture,
PA1  f. passing another portion of said smelt through a fourth heating zone and
      then into a first reaction zone wherein, by contact with hydrogen, the
      oxygenated sulfur compounds in the smelt are reduced to sulfides,
PA1  g. transferring the sulfide containing smelt to a second reaction zone
      wherein, by contact with a mixture of carbon dioxide gas and water vapor,
      said sulfides react with said gases to produce a smelt including potassium
      carbonate and lithium carbonate and a gas including hydrogen sulfide,
PA1  h. transferring a portion of said smelt from step (g) to the second heating
      zone,
PA1  aqueous mixing another portion of the said smelt from step (g) with water
      at elevated temperature to produce an anqueous solution of potassium
      carbonate and a residue of lithium carbonate, separating said lithium
      carbonate from said solution of potassium carbonate transferring said
      lithium carbonate to step (c), and transferring said aqueous solution of
      potassium carbonate to step (a).
NUM  2.
PAR  2. The process of claim 1 wherein the potassium carbonate content of the
      aqueous solution contacting the sulfur dioxide bearing gas is everywhere
      in excess of the quantity theoretically needed to react with all of the
      sulfur dioxide to be removed from said gases according to the reaction
EQU  SO.sub.2 + K.sub.2 CO.sub.3 = K.sub.2 SO.sub.3 + CO.sub.2
PAL  said excess of potassium carbonate being at least sufficient to prevent the
      formation of potassium metabisulfite.
NUM  3.
PAR  3. The process of claim 1, wherein the pressure on the suspension at the
      outlet of the first heating zone is at least 25 pounds per square inch
      higher than the pressure in the second heating zone.
NUM  4.
PAR  4. The process of claim 1, wherein the temperature of the smelt leaving the
      second heating zone is higher than 530.degree. centigrade and the
      temperature of the smelt leaving the third heating zone is higher than
      600.degree. centigrade.
NUM  5.
PAR  5. The process of claim 1, wherein the temperature in the first reaction
      zone is between 700.degree. centigrade and 800.degree. centigrade.
NUM  6.
PAR  6. The process of claim 1, wherein the pressure in the second reaction zone
      is maintained in the range of zero to 15 pounds per square inch gauge and
      the temperature is maintained between 525.degree. centigrade and
      575.degree. centigrade by introducing water at a plurality of locations in
      the amount and in the state required to control the reaction temperature.
NUM  7.
PAR  7. The process of claim 1, wherein that part of the smelt required for
      reuse in the sulfur dioxide absorption zone is passed through a third
      reaction zone in contact with air.
NUM  8.
PAR  8. The process of claim 1, wherein that part of the smelt required for
      reuse in the sulfur dioxide absorption zone is mixed with a minimum amount
      of water at elevated temperature and produce a saturated solution thereof.
NUM  9.
PAR  9. The process of claim 1, wherein the slurry mixture of step (c) includes
      one to five percent of a metal sulfide reduction catalyst selected from
      the group consisting of cuprous sulfide, ferrous sulfide, stannous
      sulfide, and zinc sulfide.
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ABST
PAL  A method is shown for removing sulfur dioxide from a hot flue gas by
      absorption of the sulfur dioxide in an aqueous solution or slurry
      containing no more than 40 wt.% of an alkali metal carbonate or
      bicarbonate, preferably sodium carbonate and/or sodium bicarbonate using a
      spray-dryer scrubber to produce a dry mixture of sodium sulfite, sodium
      sulfate, and sodium carbonate and/or bicarbonate. Such a mixture is
      directly suitable as a feed to a regeneration stage.
PAL  It is particularly preferred to regenerate the absorbent and recover
      commercial sulfur values in a closed-cycle process by next treating the
      solid absorption product in a molten salt reduction step with a reducing
      agent, preferably a carbonaceous material, to reduce the sodium sulfite
      and sulfate to sodium sulfide. Concurrently, a source of oxygen is fed to
      the reducer to generate sufficient heat therein for the reduction step by
      a combustion reaction. In the subsequent aqueous reformation step, the
      resulting sodium sulfide-carbonate melt from the reduction step is
      dissolved in water and reacted with carbon dioxide or a carbon
      dioxide-yielding material to form hydrogen sulfide as a recoverable
      product for further processing and regenerate the sodium
      carbonate-bicarbonate absorbent.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 206,382
      filed Dec. 9, 1971, and since abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for the removal of sulfur compounds
      from waste gases. It particularly relates to a closed-cycle process for
      removing sulfur oxides from a power plant flue gas wherein a first stage
      of aqueous or solid absorption is followed by a two-stage regeneration
      process comprising the sequential steps of molten salt reduction and
      aqueous reformation. At the same time, hydrogen sulfide is formed and
      recovered as a source of sulfur values. In its preferred aspects, the
      sulfur dioxide content of a hot flue gas is removed by absorption in an
      aqueous sodium carbonate-bicarbonate solution or slurry using a
      spray-dryer scrubber to form a solid absorption product.
PAR  Sulfur oxides, principally as sulfur dioxide, are present in the waste
      gases discharged from many metal refining and chemical plants and in the
      flue gases from power plants generating electricity by the combustion of
      fossil fuels. The control of air pollution resulting from the discharge of
      sulfur oxides into the atmosphere has become increasingly urgent. An
      additional incentive for the removal of sulfur oxides from waste gases is
      the recovery of sulfur values otherwise lost by discharge to the
      atmosphere. However, particularly with respect to the flue gases from
      power plants, which based on the combustion of an average coal may contain
      as much as 3,000 p.p.m. sulfur dioxide and 30 p.p.m. sulfur trioxide by
      volume, the large volumes of these flue gases relative to the quantity of
      sulfur which they contain make removal or recovery of the sulfur compounds
      from these gases expensive. Also, while the possible by-products, such as
      elemental sulfur and sulfuric acid, that may be ultimately obtained from
      the recoverable sulfur values have virtually unlimited markets as basic
      raw materials, they sell for relatively low figures. Consequently,
      low-cost recovery processes are required.
PAR  Many processes have been proposed and investigated for the desulfurization
      of flue gases. Several dry processes have been proposed in which sulfur
      dioxide is removed either by chemical reaction with a solid absorbent or
      by adsorption on its surface followed by oxidation of the adsorbed sulfur
      dioxide. In one such process, shown in U.S. Pat. No. 2,718,453, finely
      powdered calcium carbonate is blown into the combustion gas to form
      calcium sulfate or calcium sulfite. In general, a reaction between a solid
      and gas is relatively slow and inefficient, being limited by the available
      surface area of the solid. Also, certain of the resultant products do not
      readily lend themselves to regeneration of the starting material or
      recovery of the removed sulfur values.
PAR  In the molten carbonate process shown in U.S. Pat. Nos. 3,438,722,
      3,438,727, and 3,438,728, sulfur oxide impurities are removed from a hot
      combustion gas by contacting it at a temperature of at least 350.degree.C
      with a molten salt mixture containing alkali metal carbonates as the
      active absorbent. The spent absorbent is then regenerated chemically and
      recirculated. The adaptation of such a process to many older existing
      power-plant utility installations often presents certain economic
      disadvantages because of the requirements for modifying the boiler systems
      of these utility plants in order to obtain the flue gas to be treated at
      the required elevated temperature for the molten salt absorption rather
      than at its generally much lower exit temperature from the boiler.
PAR  Wet absorption processes are suitable for treating these lower temperature
      flue gases. In typical wet absorption processes, the flue gas is washed
      with an aqueous alkaline solution or slurry. Thus the use of an aqueous
      slurry of calcium hydroxide or calcium carbonate has been investigated in
      several British power plants. Also, aqueous sodium sulfite or ammonia
      solutions have been utilized as washing fluids.
PAR  In the wet absorption process shown in U.S. Pat. No. 3,533,748, a waste gas
      stream containing sulfur oxides is scrubbed with an aqueous solution of a
      soluble alkali such as sodium carbonate or sodium hydroxide to form
      sulfite and sulfate in solution. The resulting solution is then cooled to
      precipitate solid alkali metal sulfite and sulfate salts, which are
      separated from the solution and further processed.
PAR  While these wet absorption processes have some advantages, they all suffer
      from the common drawback of the flue gas being cooled substantially and
      becoming saturated with water vapor in the absorption tower. This cooling
      of the gas decreases the overall efficiency of the process because of the
      additional power requirements for dispersal of the flue gas to the
      atmosphere. Further, the associated condensation and precipitation of
      evaporated water containing contaminants in the surrounding environment,
      and the general formation of plumes at the point of emission from the
      power-plant stack, create substantial problems. Also, difficulties arise
      where economic and efficient recovery of the dissolved absorbent and
      sulfur values from aqueous solution is attempted. In many such processes,
      the recovery of elemental sulfur, a preferred product, is not economical.
PAR  In U.S. Pat. No. 3,305,307 is shown a process for the manufacture of solid
      alkali metal sulfite with negligible formation of alkali metal sulfate. A
      finely dispersed concentrated aqueous solution of an alkali metal compound
      such as sodium or potassium carbonate, hydroxide, or bicarbonate is passed
      into a substantially dry gas containing an equivalent or greater amount of
      sulfur dioxide, the dry gas being maintained at a temperature such that
      solid alkali metal sulfite is formed. To obtain the pure alkali metal
      sulfite by such a process, an excess reactant amount of SO.sub.2 compared
      with the alkali metal compound is required. Also, to avoid the formation
      of alkali metal sulfate, the gas containing the SO.sub.2 reactant must be
      relatively free of sulfur trioxide and oxidation-promoting substances such
      as nitrogen oxides and metal oxides, the latter being found as fly ash. In
      addition, a relatively low temperature of reaction is generally required,
      higher temperatures promoting formation of sulfate.
PAR  With respect to the proposed reduction and reformation steps herein, the
      reduction of sodium sulfate with carbon is generally known, particularly
      in connection with pulping operations. Illustrative are U.S. Pat. Nos.
      1,130,317, 1,609,615, and 3,248,169. Gasification and combustion of
      carbonaceous materials are shown in U.S. Pat. Nos. 3,533,739 and
      3,567,412. U.S. Pat. Nos. 2,344,104 and 2,838,374 also deal with the
      reduction of sulfites and sulfates. The aqueous reformation step has been
      generally shown in the art in connection with neutral sulfite semichemical
      pulping and Kraft processes. Illustrative are U.S. Pat. Nos. 2,163,554,
      2,611,682 and 3,496,550.
PAR  The present process differs from known processes in providing an improved
      aqueous absorption process as well as a novel combination of the
      sequential steps of solid or aqueous absorption, molten salt reduction,
      and aqueous reformation to provide a closed-cycle process particularly
      advantageous for treating lower temperature flue gases containing sulfur
      oxides and for recovering the sulfur values present while regenerating the
      absorbent.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a unique wet absorption
      process for removing sulfur oxides from waste gas streams, including power
      plant flue gas, which contain sulfur oxides, nitrogen oxides, and fly ash.
      Such a process avoids the disadvantageous features hitherto characterizing
      wet absorption processes. It is a further object to integrate this wet
      absorption process into a novel closed-cycle process wherein the absorbent
      is regenerated and commercial sulfur values are readily recovered from the
      formed hydrogen sulfide to provide an economic process of commercial
      interest, particularly suitable for use with older electric utility
      plants. This closed-cycle process affords the further advantage of being
      able to utilize known solid or aqueous absorption processes for the first
      stage of absorption, and of being able to recover sulfur values from the
      absorption product whether in the form of alkali metal sulfate or sulfite.
PAR  In accordance with the broad aspects of the present invention, a
      closed-cycle process for removing sulfur oxides from waste gases comprises
      the combination of sequential steps of (1) solid or aqueous absorption
      using alkali metal bicarbonate and/or carbonate to form alkali metal
      sulfite and sulfate, (2) reduction of alkali metal sulfite and sulfate in
      the molten state with a reducing agent, preferably a carbonaceous
      material, to form alkali metal sulfide while utilizing oxygen for internal
      heat generation for the reduction reaction, and (3) dissolution of the
      alkali metal sulfide in water and aqueous reformation of the alkali metal
      sulfide to regenerate the alkali metal carbonate or bicarbonate and form
      hydrogen sulfide from which commercial sulfur values are obtainable.
PAR  It is a preferred feature of the present invention to provide an improved
      wet absorption process for removing more than 90% of the sulfur oxides
      present, a dry reaction product being obtained, by treating the
      sulfur-containing waste gas, suitably a power-plant flue gas, with an
      aqueous scrubbing medium consisting of a solution or slurry containing no
      more than 40 wt.% of alkali metal carbonate and/or bicarbonate. This
      solution or slurry may be at any suitable temperature below its boiling
      point. Where sodium carbonate is used as absorbent, a range of 2 to 40
      wt.% of sodium carbonate in the aqueous scrubbing medium is suitable. It
      is particularly preferred to use a relatively dilute aqueous solution of
      sodium carbonate. When sodium bicarbonate is used as absorbent, a range of
      2 to 20 wt.% sodium bicarbonate in the aqueous scrubbing medium is
      suitable. The concentration of the preferred scrubbing medium depends on
      the amount of SO.sub.2 in the waste gas to be contacted and also on the
      temperature of the gas. To maximize absorbent utilization and SO.sub.2
      removal efficiency, the solution should be as dilute as possible
      consistent with obtaining a dry product. Thus to remove 90% of the 400
      p.p.m. of SO.sub.2 present in a flue gas at a temperature of 150.degree.C,
      a preferred aqueous sodium carbonate concentration between 3 and 4 wt.% is
      utilized. At a given temperature, for equivalent removal of higher
      SO.sub.2 concentrations present in the waste gas, higher concentrations of
      aqueous Na.sub.2 CO.sub.3 are required. Thus for treatment of a
      power-plant flue gas at a temperature of 150.degree.C containing 4,000
      p.p.m. sulfur oxides, a 40 wt.% aqueous slurry of sodium carbonate is
      utilized.
PAR  To achieve at least 90% removal of SO.sub.2 from the waste gas in a single
      pass, the sodium carbonate and/or bicarbonate should be in stoichiometric
      excess, preferably from about 1.1:1 to 1.5:1. While stoichometric ratios
      up to about 5:1 are suitable and will remove substantially all of the
      sulfur oxides in a single contacting step, the absorption product will
      contain an excess amount of sodium carbonate, thereby increasing recycle
      requirements.
PAR  In order to obtain the formed reaction products of this preferred
      absorption process as a dry flowable powder, the sulfur oxide-containing
      hot waste gas contacted by the preferred hot aqueous absorbent must be at
      an initial critical minimum temperature of 90.degree.C, suitably to
      800.degree.C for treatment of a smelter off-gas, and preferably between
      150.degree. and 230.degree.C. The flue gas from the boiler of older
      power-plant utility installations is conveniently available within such a
      preferred temperature range. Where the waste gas is at a higher
      temperature than 230.degree.C, such as the waste gases from various
      chemical processing plants, such higher temperature waste gases are
      readily purified and may serve as a source of recoverable heat.
PAR  The following exemplary reactions occur in the absorption step:
EQU  Na.sub.2 CO.sub.3 + SO.sub.2 .fwdarw. Na.sub.2 SO.sub.3 + CO.sub.2
EQU  Na.sub.2 CO.sub.3 + SO.sub.3 .fwdarw. Na.sub.2 SO.sub.4 + CO.sub.2
EQU  2NaHCO.sub.3 + SO.sub.2 .fwdarw. Na.sub.2 SO.sub.3 + H.sub.2 O + CO.sub.2
EQU  2NaHCO.sub.3 + SO.sub.3 .fwdarw. Na.sub.2 SO.sub.4 + H.sub.2 O + CO.sub.2
EQU  2Na.sub.2 SO.sub.3 + O.sub.2 .fwdarw. 2Na.sub.2 SO.sub.4
PAR  Using a spray-dryer absorption tower, reaction between the sulfur oxides in
      the flue gas and the sodium carbonate-sodium bicarbonate solution or
      slurry is extremely rapid. Thus for a 20-ft. absorption tower with a gas
      velocity of about 25 ft. per second, the resulting residence time of less
      than a second is sufficient for removal of at least 90% of the sulfur
      oxides present. At the same time, substantially all the water present is
      converted to water vapor at well above the dew point of the gas. Most
      effective contact has been found by spraying the concentrated solution or
      slurry in cocurrent contact with the flue gas, although countercurrent
      contacting or mixed contacting may also be utilized. During the course of
      the reaction, the sulfur dioxide is rapidly absorbed by the sodium
      bicarbonate-carbonate solution or slurry and converted to sodium sulfite
      and sodium sulfate. About 10 to 70 wt.% of the formed sodium sulfite is
      ordinarily oxidized to sodium sulfate. The resultant reaction product is
      obtained as a dry flowable powder consisting of a mixture of sodium
      sulfite, sodium sulfate, and sodium carbonate and/or sodium bicarbonate.
      This resultant product is present in the treated flue gas in a
      concentration between 0.05 and 10 wt.% solids. It is readily and
      conveniently removed from the flue gas by using a gas-solid separator such
      as a cyclone, electrostatic precipitator, or baghouse filter. The
      desulfurized flue gas, to which the scrubbing step adds about 2 to 10
      vol.% water vapor, is discharged to the atmosphere through the power plant
      exhaust stack.
PAR  Where a sulfur oxide-containing flue gas obtained from a power plant
      burning a fossil fuel is being treated, fly ash in amounts up to 10 wt.%
      of the flue gas is generally present. It is preferred for economical
      utilization of the present process, particularly for recovery of sulfur
      values and regeneration of the absorbent as part of the recycle process,
      that at least 90% and preferably 99% of the fly ash be removed from the
      flue gas prior to contacting the flue gas with the aqueous absorbent.
PAR  The foregoing preferred absorption process is particularly effective in
      removing sulfur dioxide from flue gas to form a dry solid which need not
      require further processing. However, for most applications, it is
      considered critical from an economic point of view that the sulfur values
      be recovered and the absorbent be reformed for reuse in the process. While
      the recovered dry powder from the absorption reaction may be processed at
      a separate chemical plant, it is particularly preferred to integrate the
      absorption process as part of a closed-cycle process at the same plant
      site. By combining the dry-powder-producing aqueous absorption step with a
      molten salt reduction step followed by an aqueous reformation or
      regeneration step, a closed-cycle process of enhanced commercial utility
      is provided.
PAR  The solid product removed from the scrubber is sent to a two-stage
      regenerator. The first stage of the regenerator consists of a reducer
      where the solid product is treated in the molten state with a reducing
      agent, preferably with a carbonaceous material such as petroleum coke, to
      reduce the sodium sulfite and sulfate to sodium sulfide. The sodium
      carbonate present acts as a solvent for the melt enabling the attainment
      of the molten state at temperatures as low as 650.degree.C. At the same
      time, a limited amount of oxygen is added to the reducer to provide for
      internal heat generation by reaction with the carbonaceous material. For
      the second stage regeneration, the resulting sodium sulfide-carbonate melt
      is dissolved in water and reacted with carbon dioxide or a carbon
      dioxide-yielding material to form hydrogen sulfide and regenerate the
      sodium carbonate-bicarbonate absorbent. Sodium bicarbonate is illustrative
      of a carbon dioxide-yielding material which effectively provides carbon
      dioxide in aqueous solution and can therefore react with the sodium
      sulfide.
PAR  While the principal chemical reactions that occur in the process are all
      well known in exemplary form, their practical application in the air
      pollution field has presented various drawbacks which have heretofore
      hindered their effective commercial utilization. The present closed-cycle
      process uniquely combines aqueous or solid absorption to obtain a solid
      product, reaction of the solid product with a reducing agent such as a
      carbonaceous mterial in the presence of oxygen to provide a molten
      product, and aqueous reformation of the water-dissolved melt to obtain
      hydrogen sulfide as a recoverable product and regenerate the absorbent for
      recycle in the process. Such a recycle process, compared for example with
      that shown in U.S. Pat. Nos. 3,438,727 and 3,438,728, is of particular
      interest and utility in removing air pollutants from the flue gases of
      older utility plants by utilizing existing equipment with minimal
      modification.
PAR  Known aqueous absorption processes may also be utilized for the absorption
      step in which a waste gas stream containing sulfur dioxide is scrubbed
      with an aqueous scrubbing solution containing a dissolved alkali whereby
      sulfur dioxide is absorbed from the waste gas stream into the aqueous
      solution and forms alkali metal sulfate and sulfite. The solution then
      requires further processing by evaporation or cooling to recover solid
      alkali metal sulfite or sulfate. Where required, alkali metal carbonate
      may be added to the solution or to the recovered solids for subsequent
      treatment in the regeneration stage.
PAR  Also, a solid absorption process may be utilized for the absorption step.
      Air-borne finely powdered sodium bicarbonate is blown into a sulfur
      oxide-containing flue gas to form a desired solid powder of sodium
      sulfate, sodium sulfite and sodium carbonate. However, for effective
      removal of the sulfur oxides, a relatively long contact time of the
      reactants is required. For most applications, the required contact times
      for effective removal are generally not available.
PAR  In the particularly preferred absorption process of the present invention,
      sodium sulfite and sulfate formed in the aqueous scrubbing step are
      recovered from the scrubber as a dry flowable powder and not in aqueous
      solution. Sodium carbonate is present with the recovered sodium sulfite
      and sulfate as a suitable feedstock to the reducer.
PAR  It is considered critical for effective and economical reduction of the
      absorption reaction product that a critical minimal amount of 20 wt.%
      sulfite-sulfate be present in the feed to the reducer, but not in excess
      of 85 wt.%, i.e., at least 15 wt.% of sodium carbonate, or a sodium
      carbonate-yielding material such as sodium bicarbonate, must be present.
      The presence of at least 15 wt.% sodium carbonate lowers the melting point
      of the mixture to desired temperatures of about 900.degree.C or lower.
      When less amounts of sodium carbonate are present, substantially higher
      temperatures are required in the reducer to maintain the molten state, and
      this is economically undesirable. In its particularly preferred aspect,
      the absorption product fed to the reducer consists of a dry flowable
      powder containing 20-40 wt.% sodium carbonate with the remainder being
      essentially a mixture of sodium sulfite and sodium sulfate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The sole FIGURE of the drawing shows a schematic flow diagram illustrating
      a preferred embodiment of the closed-cycle process of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the broadest aspects of a preferred embodiment of this invention, any
      hot waste gas having a sulfur oxide content may be effectively contacted
      with an aqueous scrubbing medium consisting of a solution or slurry of an
      alkali metal bicarbonate and/or an alkali metal carbonate, preferably
      sodium bicarbonate or carbonate, to obtain the reaction product as a dry
      flowable powder which may be discarded or further processed. Because the
      purified waste or combustion gas has a low water vapor content, it is
      readily emitted to the atmosphere at a temperature above its dew point.
      Thus where purification of the combustion gas by elimination of its sulfur
      oxide content is the essential desideratum, the present process is of
      particular utility in this regard whether or not this preferred absorption
      step is followed by a regeneration step wherein the absorbent is
      regenerated and sulfur values are recovered.
PAR  However, most requirements for an effective and economic process for the
      elimination of air pollution caused by the emission of sulfur oxides
      present in waste gases into the atmosphere call for recovery of the
      removed sulfur content of the gas and regeneration of the absorbent to its
      original state for recycle in the process. Thus, in its particularly
      preferred commerical aspects, the process further includes a closed cycle
      utilizing a two-stage regeneration wherein the formed sodium sulfite and
      sulfate are reduced with a carbonaceous material in the presence of an
      oxygen source for heat generation to form a melt of sodium sulfide and
      sodium carbonate. The melt is dissolved in water and reacted with carbon
      dioxide to form hydrogen sulfide gas and regenerate the sodium
      carbonate-bicarbonate absorbent.
PAR  It is considered critical in practicing the sequential combination of steps
      which constitute the closed-cycle process of this invention that following
      the initial absorption step, the feedstock to the reducer be a solid which
      contains a minimal amount of 15 wt.% sodium carbonate in order to maintain
      feasible melt temperatures in the reducer. While this solid feedstock may
      be derived from any of various aqueous or solid absorption processes, it
      is particularly preferred that the unique aqueous scrubbing step of this
      invention directly producing a dry feedstock be utilized to prepare the
      feed to the reducer. The molten salt reduction product from the reducer is
      then dissolved in water and reacted in an aqueous reformation step. The
      present process will therefore be particularly illustrated in its
      preferred embodiment of an integrated closed-cycle process using an
      initial spray-drying scrubbing step for the removal of sulfur oxides from
      hot combustion gases obtained by the burning of sulfur-containing fossil
      fuels, particularly in electric generating plants.
PAC  Absorption
PAR  Referring to the drawing, a flue gas obtained from the combustion of a
      sulfur-containing fossil fuel and at a temperature of about 180.degree.C
      is admitted by way of a conduit 1 to an electrostatic precipitator 2. For
      a typical 1,000 Mwe coalfired electric utility plant utilizing a coal
      containing 3 wt.% sulfur and 10 wt.% ash, about 2 million standard cu.
      ft./min. flue gas with an SO.sub.2 content of about 0.2 vol.% is
      generated. Such a waste gas stream will also contain a minor portion of
      sulfur trioxide and about 80 to 100% of the initially present coal ash in
      the form of finely divided entrained fly ash. At least 90 wt.% and
      preferably more than 99 wt.% of the fly ash is removed in precipitator 2
      prior to feeding the exiting flue gas from the precipitator by way of a
      conduit 3 to an absorber tower 4. The aqueous scrubbing medium is
      contained in a storage vessel 5 and preferably consists of a 20 wt.%
      solution of sodium bicarbonate-sodium carbonate. This is passed by way of
      a conduit 6 to a spray distributor 7 where the sodium
      carbonate-bicarbonate in aqueous solution in stoichiometric excess
      compared with the SO.sub.2 removed contacts the flue gas in a cocurrent
      flow.
PAR  Absorber tower 4 serves essentially as a combined spray-dryer and scrubber,
      providing effective contact and minimal pressure drop in the scrubber.
      Preferably a directdispersion type stray dryer is used operating on the
      principle of atomizing a fluid feed to form a spray of droplets which mix
      with the hot gases. The sensible heat of the flue gas is used to evaporate
      the liquid and produce a dispersed dry product. Atomization to create the
      spray or dispersion of droplets is known and may be accomplished by use of
      centrifugal pressure nozzles, centrifugal disc atomizers, pneumatic
      atomizers, or impingement atomizers.
PAR  The treated flue gas containing the resultant dry product consisting
      essentially of sodium sulfite, sodium sulfate, and sodium carbonate is
      passed from absorber 4 by way of a conduit 8 to a cyclone separator unit
      9. Because a low ratio of absorbent liquid to flue gas results in
      efficient reaction, the purified flue gas picks up only a small amount of
      moisture. The gas is readily removed from cyclone 9 by way of a conduit 10
      and discharged to the atmosphere through a stack 11 without occurrence of
      plume formation. At the same time, the readily flowable dry powder formed
      is removed from cyclone 9 by way of a conduit 12.
PAR  The preferred composition of the resultant powder fed to the reducer
      consists of about 70 wt.% sodium sulfitesulfate and about 30 wt.% sodium
      carbonate. Minimal amounts of sodium bicarbonate and water may also be
      present without interfering with the subsequent reduction reaction.
      Depending on the SO.sub.2 content of the flue gas being treated, the
      resultant absorption product is optionally recycled from a hopper 13 to
      absorption tower 4 by way of a side-stream conduit 14, vessel 5, and
      conduit 6.
PAC  Reduction
PAR  When the desired composition of the mixture of sodium sulfite-sulfate and
      sodium carbonate has been obtained, this dry powder mixture is removed
      from cyclone 9 by way of conduit 12 to hopper 13 of a screw conveyor 16.
      The dry solid power is then injected by way of a conduit 17 into a
      combustion or oxidation zone 18 of a two-chamber reducer 19. A controlled
      amount of an oxygen-containing gas, e.g., air, is injected by way of a
      conduit 20 into combustion zone 18 at below the melt level in the reducer
      to generate sufficient heat to maintain the salt in a molten state. By
      controlling the amount of oxygen added to the oxidation zone, the
      oxidation reaction can be controlled so as to provide only sufficient heat
      to sustain the reduction reaction in the molten state. In order to control
      the reaction occurring in oxidation zone 18 as well as to form a certain
      amount of sodium sulfide in this zone, it is preferred to admix carbon
      with the absorption product by way of a conduit 21 prior to injection of
      the absorption product into reducer 19.
PAR  The following intermediate reaction is believed to occur in oxidation zone
      18 of the reducer:
EQU  Na.sub.2 S + 2O.sub.2 .fwdarw. Na.sub.2 SO.sub.4
PAL  This reaction is a highly exothermic one and provides in situ heat
      generation.
PAR  The carbonate-sulfite-sulfate melt flows from oxidation zone 18 to
      reduction zone 22 of the reducer where a carbonaceous material converts
      the sodium sulfate and any remaining sodium sulfite to sulfide. The molten
      sodium carbonate-sodium sulfide is recirculated internally to oxidation
      zone 18 where sufficient heat is being generated in situ for effecting the
      reduction reaction in zone 22.
PAR  The following over-all exemplary reduction reactions occur in the reducer,
      principally in reduction zone 22:
EQU  Na.sub.2 SO.sub.4 (s) + 2C(s) .fwdarw. Na.sub.2 S(s) + 2CO.sub.2 (g)
EQU  Na.sub.2 SO.sub.3 (s) + 3/2C(s) .fwdarw. Na.sub.2 S(s) + 3/2CO.sub.2 (g)
PAR  Both of these reactions are highly endothermic and require a supply of heat
      for their maintenance. By performing these reactions in a molten salt
      state, reactivity is substantially enhanced for both the reduction of
      sulfate as well as any sulfite present to form sulfide. The sodium
      carbonate present in the melt lowers the melting point of the mixture so
      that the mixture is maintained in the liquid phase at feasible
      temperatures. The reduction reaction is performed at a temperature between
      750.degree. C and 1100.degree.C, preferably between 850.degree. and
      950.degree.C. Residence times between 5 minutes and 1 hour are suitable
      for effecting reduction.
PAR  Since sodium sulfite can be oxidized to sodium sulfate, and since it is
      also known to disproportionate to sulfate and sulfide at temperatures
      above 500.degree.C according to the following equation:
EQU  4Na.sub.2 SO.sub.3 .fwdarw. Na.sub.2 S + 3Na.sub.2 SO.sub.4,
PAL  ordinarily the principal species undergoing reduction in reducer 19 is
      sulfate.
PAR  Essentially any carbonaceous material providing a source of active carbon
      may be added below or at the melt level by way of a conduit 23 to
      reduction zone 22 of reducer 19. Also, other reducing materials not
      ordinarily considered as a source of active carbon such as natural gas,
      methane, and carbon monoxide may be utilized. In general the material
      utilized in the reducer to reduce the sulfate and sulfite will include
      reducing agents that have low ash contents and that are relatively
      inexpensive. Such reductants include coke, asphalts, tars, pitches,
      hydrogen, natural gas, methane, carbon monoxide, petroleum residues,
      residual fuel oils and the like. The use of fluidized petroleum coke is
      preferable. Many of these substances ordinarily are heavily contaminated
      with sulfur-containing materials and are of little or no economic utility.
      In the present process such materials may be ideally utilized in the
      reducer, the sulfur contaminants presently actually constituting an asset
      with respect to later sulfur recovery.
PAR  Oxygen may be added in any form which is reactive with the sulfide to form
      the sulfate. In general air is a preferred form of oxygen for economic
      reasons.
PAR  In addition to feeding oxygen and the carbonaceous material to the reducer,
      it may be further desirable to include a catalyst to promote the reduction
      reaction. Iron has been found to be such a catalyst. Thus an amount of
      iron ranging from about 0.5 to about 7 wt.% of the melt may be used. The
      iron may be added in an elemental form or in the form of compounds
      containing iron such as, for example, iron sulfide or iron sulfate.
PAR  Where a carbonaceous material providing reactive carbon is used as the
      reductant, it is preferably added in solid or liquid form. Depending in
      part upon the particular reductant selected, the reaction parameters
      (including relative proportions of feedstock and reductant material,
      temperature, pressure and, solid-liquid, liquid-liquid, or gas-liquid
      contact conditions) are selected so as to favor the principal reduction
      reactions and minimize the effects of competing side reactions. However,
      reaction conditions are selected to optimize the formation of sulfide
      while at the same time obtaining maximum advantage of the exothermic
      sulfate formation reaction. Also, since it is desired to remove sulfide
      and not sulfate from the reducer, the addition of the oxygen source is
      carefully controlled, and excess carbon is utilized. It is preferred to
      use about 1.5 times the stoichiometrically required amount of carbon to
      effect complete reduction. The excess carbon indirectly provides the
      required amount of heat.
PAR  In operating reducer 19, it is also feasible to feed the absorption product
      from conduit 17 directly to reduction zone 22 along with the carbonaceous
      material from conduit 23. Essentially the same reduction and oxidation
      reactions occur in the reducer as above described. By directly feeding the
      absorption product admixed with carbon to zone 22, sulfite is directly
      reduced to sulfide with minimal disproportionation to sulfate and sulfide.
      In general, the reduction of sulfite occurs at a more rapid rate than the
      reduction of sulfate. However, the heat requirements for melting the
      mixture and maintaining it in the molten state in zone 22 are increased.
PAR  Carbon dioxide is evolved from reduction zone 22 of reducer 19 by way of a
      conduit 24 for subsequent use in the reformation step. Since air is
      principally used as the source of oxygen fed to oxidation zone 18, the
      remaining hot nitrogen gas is evolved from reducer 19 by way of a conduit
      25 where it is admixed with the fly ash-free flue gas entering absorber 4
      by way of conduit 3. Thereby the heat content of the nitrogen gas is
      utilized for maintaining high flue gas temperatures. Also, any sulfur
      compounds present in the nitrogen gas stream are thereby removed in the
      scrubber.
PAC  Reformation
PAR  An aqueous process is utilized for the reformation step of the two-stage
      regeneration. A portion of the molten sodium carbonate-sodium sulfide
      mixture is drained from reducer 19 by way of a conduit 26 and gravity-fed
      to a dissolver tank 27. There the melt is contacted with water admitted to
      the dissolver tank by way of a conduit 28 to form a highly concentrated,
      essentially saturated aqueous solution of sodium carbonate-sodium sulfide.
      This solution may also be characterized as consisting of sodium
      carbonate-sodium hydroxide-sodium bisulfide. The hot aqueous solution is
      removed from dissolver tank 27 by way of a conduit 29 and a pump 30 and
      fed to a rotary filter 31 for removal of any residual fly ash or unreacted
      carbonaceous material. The fly ash-free aqueous saturated solution is then
      fed from filter 31 by way of a conduit 32 to a spray unit 33 of a
      regenerator or reformer tower 34.
PAR  The hot CO.sub.2 gas removed from reducer unit 19 by way of conduit 24 is
      cooled by passage through a cooler 35 and then fed by way of a conduit 36
      to reformer 34. The over-all reaction in the reformer unit is represented
      by the following exemplary reaction:
EQU  Na.sub.2 S + H.sub.2 O + CO.sub.2 .fwdarw. Na.sub.2 CO.sub.3 + H.sub.2 S
PAL  The hydrogen sulfide gas formed is vacuum-flashed from the system by way of
      a conduit 37 to a hydrogen sulfide storage tank 38. The sulfur values may
      be readily recovered from the hydrogen sulfide as elemental sulfur in a
      conventional Claus plant or as H.sub.2 SO.sub.4. The bottoms from reformer
      34 consisting principally of a sodium carbonate-sodium bicarbonate slurry
      are removed by way of a conduit 39 and a pump 40 to a filter 41. The
      filter cake from filter 41 is slurried with water or with a portion of the
      filtrate from filter 41 and fed by way of a conduit 42 to storage tank 5
      for reuse in the process. The remaining filtrate from filter 41 is fed by
      way of a conduit 43 to dissolver vessel 27. This filtrate consists of a
      solution containing Na.sub.2 CO.sub.3, NaHCO.sub.3, and unreacted NaHS.
      Alternatively, if filtration is not required, the bottoms from reformer 34
      may be transferred directly to storage tank 5 for reuse in the absorber.
PAR  An alternative method of aqueous reformation for converting the sodium
      sulfide to sodium carbonate and hydrogen sulfide involves utilization of
      NaHCO.sub.3 as a carbon dioxideyielding material. The over-all aqueous
      reaction may be represented as follows:
EQU  Na.sub.2 S + 2Na.sub.2 CO.sub.3 .fwdarw.  2Na.sub.2 CO.sub.3 + H.sub.2 S
PAR  The following examples illustrate the practice of the invention but are not
      intended to unduly limit its generally broad scope.
PAC  EXAMPLE 1
PAC  Absorption of SO.sub.2 by Aqueous Sodium Bicarbonate Slurries
PAR  A simulated flue gas was brought to a temperature of about 150.degree.C.
      Sulfur dioxide was bled into the gas stream until a concentration of
      approximately 4500 p.p.m. was obtained in the flue gas. An aqueous sodium
      bicarbonate slurry containing 50 wt.% of absorbent at a temperature of
      about 80.degree.C was sprayed countercurrently to the flue gas flow at a
      rate providing about 2.5 times stoichiometric requirements. At residence
      times of two seconds and velocities of 3.7 ft./sec., more than 97% of the
      SO.sub.2 present was removed.
PAC  EXAMPLE 2
PAC  Absorption of SO.sub.2 by Aqueous Sodium Carbonate and Bicarbonate Slurries
PAR  Several series of runs were performed to evaluate requirements for the
      absorption of SO.sub.2 by concentrated aqueous solutions and slurries of
      sodium bicarbonate and sodium carbonate. The SO.sub.2 content of the gas
      mixture, the gas flow rates, the reaction temperatures, and the
      stoichiometric ratios of absorbent to SO.sub.2 were varied. In all runs,
      the final product was obtained as a free-flowing powder consisting of a
      mixture of sodium sulfite, sodium sulfate, and sodium carbonate.
PAR  Efficient gas-slurry contact was accomplished in the absorption chamber,
      effectively a direct dispersion type spray dryer, by atomizing the slurry
      with a centrifugal sharp edge rotating at 21,000 r.p.m. Alternatively, in
      some runs the slurry was atomized with a two-fluid nozzle located near the
      center of the chamber. An SO.sub.2 -containing waste gas was prepared by
      adding desired amounts of SO.sub.2 to an air stream which was then used as
      a source of oxygen for firing a natural gas furnace. The resultant waste
      gas contained the furnace combustion products and was used as the inlet
      gas stream fed to the absorption chamber. The SO.sub.2 content of the
      inlet gas to the absorption chamber was varied from 400 to 2250 p.p.m. The
      inlet gas was at a temperature between 120 and 180.degree.C, most of the
      runs being performed at the higher temperature. Gas flow rates of 970 and
      1800 scfm were used, the residence time in the chamber being sufficient to
      vaporize the water and form a powder which was entrained and carried along
      by the gas. This powder was separated from the gas in a cyclone collector.
      The concentration of the absorbent in the aqueous solutions and slurries
      used varied from 44.5 to 65 wt.% at temperatures varying from about
      30.degree. to 80.degree.C. By varying the absorbent feed rate,
      stoichiometric ratios of absorbent to SO.sub.2 ranging from 2.5 to 10 were
      obtained.
PAR  Material balances were determined based on wet chemical analyses and gas
      chromatographic analyses together with continuous monitoring of the
      off-gas. Analysis of the data obtained showed SO.sub.2 removal
      efficiencies of at least 90% for the following stoichiometric ratios of
      absorbent to SO.sub.2 at the indicated SO.sub.2 concentrations:
PA1  1. NaHCO.sub.3 ratio of 2.7 or Na.sub.2 CO.sub.3 ratio of 2.2 at 2,000
      p.p.m. SO.sub.2.
PA1  2. naHCO.sub.3 ratio of 3.4 or Na.sub.2 CO.sub.3 ratio of 2.9 at 1,000
      p.p.m. SO.sub.2.
PAL  Based on evaluation of the solid-product analytical data, treating
      dissolved Na.sub.2 CO.sub.3 as the prime reactant, a 90% SO.sub.2 removal
      efficiency is obtainable with Na.sub.2 CO.sub.3 ratios as low as 1.2 at
      2,000 p.p.m. SO.sub.2, 1.6 at 1,000 p.p.m. SO.sub.2, and 2.0 at 500 p.p.m.
      SO.sub.2.
PAC  EXAMPLE 3
PAC  Absorption of SO.sub.2 from Flue Gas Using a Modified Spray Dryer
PAR  A modified spray dryer of the direct dispersion type with an attached
      cyclone was installed adjacent to the flue gas duct of an operating
      coal-fired power plant. A blower was used to pull the flue gas at a
      temperature of 110.degree.-175.degree.C through the spray dryer at the
      rate of 1000 to 1400 SCFM. The SO.sub.2 concentration in the flue gas was
      normally in the 200-300 p.p.m. range, and additional SO.sub.2 was
      therefore added in some tests so that a range from 200 to 1500 p.p.m. was
      covered.
PAR  About 100 tests were run, the bulk of which utilized Na.sub.2 CO.sub.3
      solutions ranging from 3 to 32 wt.% as the SO.sub.2 absorbent. The
      absorbent solutions were made by dissolving industrial grade soda ash in
      water. Industrial grade NaHCO.sub.3 was also tested, and the final ten
      tests utilized an untreated trona-rich ore which has Na.sub.2
      CO.sub.3.NaHCO.sub.3. 2H.sub.2 O as its major constituent. All absorbents
      tested reacted rapidly and efficiently with the SO.sub.2 in the flue gas,
      a dry product being recovered.
PAR  Analysis of the test data indicated that absorbent utilization was best
      when using the lowest possible concentration of absorbent in the solution.
      This optimized absorbent concentration also depended on flue gas
      temperature and SO.sub.2 concentration, the temperature determining the
      amount of water that could be evaporated while still collecting a dry
      product, and the SO.sub.2 concentration determining the amount of
      absorbent material needed for any given level of SO.sub.2 removal. The use
      of dilute solutions was in contrast to normal spray dryer operation where
      concentrated solutions or slurries are usually processed in order to
      minimize water removal requirements and maximize product throughput.
PAR  Based on the results of the tests, the following illustrations for
      optimized operation conditions were derived.
PAR  1. Removal of 90% of the 500 p.p.m. SO.sub.2 in a 150.degree.C flue gas
      using 3.0 lb of a 4.9 wt.% Na.sub.2 CO.sub.3 solution per 1000 standard
      cubic feet (SCF) of gas.
PAR  2. Removal of 95% of the 1000 p.p.m. SO.sub.2 in a 180.degree.C flue gas
      using 4.2 lb of a 7.6 wt.% Na.sub.2 CO.sub.3 solution per 1000 SCF of gas.
PAR  3. Removal of 95% of the 1500 p.p.m. SO.sub.2 in a 210.degree.C flue gas
      using 5.4 lb of a 8.9 wt.% Na.sub.2 CO.sub.3 solution per 1000 SCF of gas.
PAR  The above three derived illustrations are based on demonstrated absorbent
      utilization of 0.5 lb SO.sub.2 removed per 1b Na.sub.2 CO.sub.3 added.
      This corresponds to stoichiometric ratios of Na.sub.2 CO.sub.3 to SO.sub.2
      in the flue gas of 1.16 for 95% SO.sub.2 removal and 1.10 for 90% SO.sub.2
      removal. It was found that Na.sub.2 CO.sub.3 utilization was essentially
      independent of SO.sub.2 concentration, since absorbent dilution was used
      to compensate for efficiency losses otherwise observed at the lower
      SO.sub.2 concentrations.
PAC  EXAMPLE 4
PAC  Reduction of Sodium Sulfite with Charcoal
PAR  One hundred grams of sodium sulfite and 20 grams of finely powdered
      charcoal were mixed together and placed in an alumina crucible. This was
      inserted inside of a metal tube which was then capped. The closed tube
      contained valved conduits for admission of reactant gases and removal of
      formed gaseous and liquid products.
PAR  After a temperature of 800.degree.C was reached, an argon purge gas which
      had been passed over the surface of the melt was turned off, and air was
      passed through the melt. A rapid increase in temperature to 950.degree.C
      indicated an exothermic combustion within the system. The freezing point
      of the melt was 855.degree.C. Analyses of the melt showed it contained 48
      wt.% sodium sulfide.
PAC  EXAMPLE 5
PAC  Reduction of Sodium Sulfite with Fluidized Coke
PAR  a. One hundred grams of sodium sulfite and 50 grams of fluidized coke were
      mixed together and placed in an alumina crucible. This was inserted inside
      of a metal tube similar to that used in Example 3, and the tube was then
      capped. Nitrogen was used as the purge gas. After a steady-state
      temperature of the melt of about 775.degree.C was attained, the nitrogen
      was turned off and air was bubbled through the melt. Combustion occurred,
      the temperature within the vessel rising rapidly to 1075.degree.C. Melt
      samples were removed and analyzed for sulfate and sulfide. The results
      obtained show that reduction is rapid even in the presence of air, and
      that sufficient heat to melt the salt can be generated internally by
      combusting carbon in the melt.
PAR  b. One hundred grams of sodium sulfite was mixed with 40 grams of fluidized
      coke and poured into an alumina container within a quartz outer container.
      Ten grams of fluidized coke was placed on top of the melt-coke mixture in
      the alumina container. The quartz container was then capped and a nitrogen
      purge was started through the mixture. The temperature was increased to
      800.degree.C, and air was then bubbled through the melt. A rapid increase
      in temperature to 862.degree.C occurred. Analysis of the melt showed
      approximately equal amounts of sodium sulfate and sodium sulfide, with
      about 4% of sodium sulfite being present.
PAC  EXAMPLE 6
PAC  Reduction of Sodium Sulfite with Fluidized Coke in Sodium Carbonate Matrix
PAR  a. Fifty grams of sodium carbonate, 50 grams of sodium sulfite, and 40
      grams of fluidized coke were mixed together and placed in an alumina
      vessel which was then inserted in a metal vessel. An additional 10 grams
      of fluidized coke was poured on top of the carbonate-sulfite-coke mixture.
      The temperature of the vessel was gradually increased to 960.degree.C in
      order to observe both the endothermic and exothermic reactions. When the
      temperature of the system reached 800.degree.C, an air purge was started.
      The temperature rose rapidly to 870.degree.C. Observation and analysis of
      the melt showed that when carbonate is present with the sulfate and coke,
      the mixture melts at much lower temperatures, about 50.degree. to
      100.degree.C lower, than without carbonate and remains molten, thereby
      permitting reduction to occur at lower temperatures. Approximately 80% of
      the sodium sulfate present was reduced in about 7 minutes at temperatures
      of about 800.degree.C.
PAR  b. In another run using the same quantities of sodium carbonate, sodium
      sulfite, and fluidized coke as above, the mixture melted at 760.degree.C.
      At a temperature of about 875.degree.C air was bubbled through the melt
      which was maintained about 900.degree.C for 2 hours. Analysis of the melt
      showed substantial reduction of sodium sulfate to sodium sulfide occurred
      at temperatures of 900.degree.C.
PAR  c. Fifty grams of sodium sulfite, 50 grams of sodium carbonate, and 50
      grams of fluidized coke were mixed together and treated as in the two
      foregoing examples. The temperture was raised, the salt melting at
      755.degree.C. When a temperature of 875.degree.C was attained, air was
      started through the melt and maintained for 20 minutes. The melt was
      maintained at 905.degree.C with a nitrogen purge for 30 minutes. Analysis
      of the melt samples showed that sodium sulfate is nearly completely
      reduced to sodium sulfide in a carbonate flux at 905.degree.C in 30
      minutes. When oxygen is excluded from the melt, reduction is essentially
      complete.
PAR  d. Ten grams of fluidized coke, 41.5 grams of sodium sulfite, and 8.5 grams
      of sodium carbonate were mixed together and placed in an alumina container
      left open to the air. The amount of coke was about 50% in excess of
      stoichiometric requirements. After 10 minutes, a temperature of
      675.degree.C was reached in the melt, the salt being molten at this
      temperature. Analysis of the results showed that the amount of sodium
      carbonate initially present in the mixture is critical in that while
      melting may be observed initially at relatively low tempertures, as the
      reaction proceeds the melting point of the resulting mixture increases.
      Thus sufficient carbonate should be initially present to maintain the
      mixture in a molten state at 850.degree.C.
PAR  Intermediate analysis of the melt showed that no sulfite was present, the
      melt containing only carbonate, sulfate, and sulfide, 74% of the sulfur
      being present as sulfide. The final analysis showed that 90% of the sulfur
      was present as sulfide. This confirmed that sulfate as well as sulfite
      underwent reduction to sulfide.
PAR  e. Ten grams of fluidized coke, 41.5 grams of sodium sulfide, and 8.5 grams
      of sodium carbonate were mixed together and placed in an open alumina
      container. The heating curve showed a break in temperature between
      600.degree. and 735.degree.C. Samples of the melt were taken at several
      intervals as the temperature was gradually raised to 900.degree.C. The
      results showed that carbonate acts as a solubilizing agent, and that
      carbonate melts containing larger amounts of sulfide and smaller amounts
      of sulfate have a lower melting point than carbonate melts containing less
      sulfide and more sulfate.
PAR  f. Twenty grams of sodium sulfite, 4 grams of sodium carbonate, and 5 grams
      of fluidized coke were mixed and poured into an open alumina tube. The
      tube was then placed in a furnace set at 900.degree.C and the system was
      heated. Based on thermal analysis, reaction occurred between 650.degree.C
      and 725.degree.C. As the temperature reached 860.degree.C, the molten salt
      solidified, but melted again as the temperature was increased. Melt
      analysis showed 75.5 wt.% sodium sulfide, 0.6 wt.% sodium sulfite, 7.7
      wt.% sodium sulfate, and 16.3 wt.% sodium carbonate. A negligible amount
      of fluidized coke remained in the melt.
PAC  EXAMPLE 7
PAC  Sodium Carbonate Reformation
PAR  a. In a small-scale run, 5 grams of anhydrous Na.sub.2 S (dried at
      140.degree.C in a vacuum oven) was dissolved in 300 ml. water. A CO.sub.2
      purge at 100 ml./min. was introduced to the solution through a fine
      sintered-glass frit, and the solution was brought to boiling. After
      boiling off about 100 ml. of the solution, H.sub.2 S was no longer
      detected in the off-gas. A sample of the solution was taken and evaporated
      to dryness. The resulting white crystals were dried at 140.degree.C and
      titrated with normalized HCl to a methyl orange end point. An amount of
      93% Na.sub.2 CO.sub.3 was found in this aliquot. The remaining solution
      was evaporated to dryness and heated to 250.degree.C to convert any
      NaHCO.sub.3 to Na.sub.2 CO.sub.3. An amount of 96% Na.sub.2 CO.sub.3 was
      found titrimetrically. In both solution aliquots, no H.sub.2 S was
      detected.
PAR  b. Pure carbon dioxide and carbon dioxide-helium mixtures were bubbled
      through aqueous solutions of sodium sulfide. The effluent was monitored by
      a gas chromatograph to determine the carbon dioxide to hydrogen sulfide
      ratio.
PAR  It was noted that the hydrogen sulfide content of the effluent was a
      function of the degree of contact between the CO.sub.2 and Na.sub.2 S, the
      reaction temperature, and teh sodium sulfide concentration of the aqueous
      solution. Hydrogen sulfide concentrations of up to 40 vol.% were obtained
      in the effluent, which constitutes a desirable feed material for
      conversion to elemental sulfur in a Claus plant.
PAC  EXAMPLE 8
PAC  Regeneration of Absorbent
PAR  A dry absorption product collected in a baghouse filter was obtained from
      the reaction of an air-borne finely powdered sodium bicarbonate absorbent
      with the sulfur oxides present in a power plant flue gas obtained by
      burning a high sulfur fuel (1.7% S). About 60% of the SO.sub.2 present was
      removed. Chemical analysis of the absorption product showed that it
      contained 49% Na.sub.2 SO.sub.4, 38% Na.sub.2 CO.sub.3, 1% NaHCO.sub.3,
      0.8% ash and 0.7% combustible.
PAR  About 10 kg of the absorption product was added to a stainless steel
      reduction vessel. After the material became molten and attained a
      temperature of about 820.degree.C, 2 kg of fluidized coke was added to the
      melt to effect the reduction. The melt and coke were mixed in an open
      vessel exposed to the air and allowed to react for 20-30 min. During
      mixing, the temperature rose rapidly to 1000.degree.C. After the reduction
      period, the reduced melt was poured through a screen into a quench and
      dissolution tank containing water. The material from the quench and
      dissolution tank was transferred into a regeneration vessel, heated to
      100.degree.-110.degree.C and pressurized to 10-12 psig with CO.sub.2. At a
      flow rate of 6-10 cu.ft/hr, CO.sub.2 was bubbled through the solution for
      12-14 hours. Following the carbonation step the material was flashed into
      a 20-in. vacuum over a 20-30 min. period to separate the sulfur as H.sub.2
      S from the bicarbonate. The recovered bottoms consisted mostly of sodium
      bicarbonate, a chemical analysis of the air-dried product showing 11%
      Na.sub.2 SO.sub. 4, 3% Na.sub.2 CO.sub.3, 2% coke and 83% NaHCO.sub.3. The
      recovered product was ground to size and recycled for reuse in absorbing
      SO.sub.2.
PAR  The present process is easily retrofitable to older utility power plants,
      being particularly advantageous for such power plant applications where
      the temperature of the flue gas to be treated is below 350.degree.C. Thus
      aqueous alkaline scrubbing solutions may be used in the initial absorption
      step to scrub the sulfur dioxide-containing flue gas and form sulfite and
      sulfate in solution. The solution then requires further processing to
      recover the sulfite and sulfate as a dry powder.
PAR  However, the particularly preferred aqueous scrubbing step of the present
      invention uniquely employs a spray-drying concept to recover the reaction
      products directly as dry powders. In this preferred process, the exiting
      flue gas is unsaturated with respect to water, thus eliminating the need
      for stack gas reheat. By use of a closed cycle using the preferred
      absorption step, the absorbent is readily regenerated; elemental sulfur or
      sulfuric acid derived from the hydrogen sulfide is the only by-product, no
      water-soluble wastes being produced. This results in a significant
      reduction in tonnage of materials to be removed from the plant site
      compared with throw-away systems. Also, the flue gas undergoes only a
      slight drop in pressure and is only moderately cooled during the removal
      of the sulfur oxides. Thus a significant advantage over other typical wet
      processes is achieved.
PAR  It is also considered feasible for the absorption step to contact the
      sulfur dioxide-containing flue gas with a stoichiometric excess of dry
      finely divided sodium bicarbonate to directly form a dry powder of
      suitable composition as a feed to the reducing stage of the two-stage
      regenerator. However, such a dry contact process is disadvantageous
      compared with the preferred aqueous scrubbing absorption step because of
      the long residence times required in the absorber for the dry contact
      process to obtain commercially significant removal of the sulfur oxides.
      Also, during the final regeneration stage, drying of the regenerated
      absorbent would be required for recycle in such a process.
PAR  The present process has been illustrated with respect to the removal of
      SO.sub.2 gas. However, the presence in the flue gas of SO.sub.3, which is
      ordinarily but a minor fraction of the sulfur oxide content, is readily
      integrated into the operation of the process. Thus, any SO.sub.3 gas
      initially present is converted to sodium sulfate. Since sulfite present in
      an oxidizing atmosphere is also converted to sulfate, the same treatment
      for both sulfite and sulfate during the regeneration step is used. In
      other regenerative aqueous processes, the presence of sulfate often causes
      difficulty in regeneration efficiency.
PAR  While use of the sodium salts as absorbents is generally preferred for
      economic reasons, for certain applications other alkali metal salts may be
      used. Thus potassium carbonate and/or bicarbonate offer certain advantages
      because of their greater solubility in hot aqueous solutions. However, a
      higher efficiency of recovery is then required during the regeneration
      stages.
PAR  It will of course be realized that many variations in reaction conditions
      may be used in the practice of this invention, within the limits of the
      critical parameters set forth, depending upon the particular sulfur oxide
      content and temperature of the flue gas to be desulfurized, as well as the
      hydrocarbon or fossil fuel serving as the source of combustion gas. The
      term "hydrocarbon or fossil fuel" broadly includes carbonaceous fuels such
      as coal, oil-shade, petroleum products, natural gas, and associated waste
      products such as acid sludges and tars.
PAR  While certain exemplary reactions have been described for the absorption,
      reduction, and reformation steps, it has been found that the actual
      mechanism of reaction occuring in these steps is a highly complex one and
      several competing reactions may occur simultaneously. Thus if the
      preferred absorption step is conducted in a highly oxidizing atmosphere
      and at relatively elevated temperatures, the dry powder formed will
      consist essentially of only sodium carbonate and sodium sulfate, any
      sulfite formed having been converted to sulfate. Also, the amount of
      sodium carbonate recovered will depend upon its stoichiometric excess
      originally present in the preferred aqueous scrubbing medium. Therefore,
      to optimize these several steps, there will preferably be the usual
      provision for recycle of various unreacted or partially reacted mixture
      components. Further, even where the desired reactions do not go to
      completion, unreacted or undesired products produced by competing or
      undesired side reactions may be recycled in the process without
      substantial interference with the basic absorption, reduction and
      reformation steps. Thus, while the examples illustrating this invention
      have been described with respect to specific concentrations, times,
      temperatures, and other reaction conditions, and what is now considered to
      represent its best embodiment has been illustrated and described, the
      invention may be otherwise practiced within the scope of the teaching set
      forth, as will be readily apparent to those skilled in this art.
      Accordingly, this invention is not to be limited by the illustrative and
      specific embodiments thereof, but its scope should be determined in
      accordance with the claims thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A closed-cycle process capable of removing in a single spray-drying step
      at least 90% of a sulfur oxide impurity from a hot waste gas comprising
      the steps of:
PA1  contacting the hot sulfur oxide-containing waste gas at a temperature of at
      least 90.degree.C in a single spray-drying step with an aqueous scrubbing
      medium containing between 2 and 40 wt.% of an absorbent selected from the
      group consisting of alkali metal carbonate, alkali metal bicarbonate, and
      mixtures of alkali metal carbonate and bicarbonate to form alkali metal
      sufate and sulfite,
PA1  recovering the resultant reaction product as a flowable, dry powder mixture
      not requiring further drying, said mixture containing from 20 to 85 wt.%
      alkali metal sulfite and sulfate and from 15 to 80 wt.% alkali metal
      carbonate and bicarbonate,
PA1  reacting said mixture in the molten state with a carbonaceous reducing
      agent under reducing conditions to convert sulfite and sulfate to sulfide
      while supplying a controlled amount of a source of gaseous oxygen to the
      reaction to provide internal heat generation to melt the mixture and
      maintain it in the molten state.
PA1  recovering a molten reaction product of alkali metal sulfide and carbonate,
PA1  dissolving this reaction product in water to form an aqueous solution, and
PA1  reacting said aqueous solution with a carbon dioxide-yielding material to
      form hydrogen sulfide gas as a recoverable product and regenerate alkali
      metal bicarbonate and carbonate for recirculation in the process.
NUM  2.
PAR  2. The process of claim 1 wherein said hot waste gas is at a temperature
      between 150.degree. and 230.degree.C and is spray-contacted by the aqueous
      scrubbing medium containing between 2 and 40 wt.% sodium carbonate or
      between 2 and 20 wt.% sodium bicarbonate, or a mixture thereof.
NUM  3.
PAR  3. The process of claim 1 wherein said hot waste gas is a flue gas produced
      by burning a sulfur-containing fuel and which contains fuel ash, and at
      least 90% of said ash is removed from the waste gas prior to contacting it
      with the scrubbing medium.
NUM  4.
PAR  4. The process of claim 1 wherein in the reduction reaction said reducing
      agent is a carbonaceous material selected from carbon black, charcoal, and
      coke, and the source of oxygen is air.
NUM  5.
PAR  5. The process of claim 4 wherein carbon dioxide is produced in the
      reduction reaction and provides said carbon dioxide-yielding material for
      reaction with said aqueous solution.
NUM  6.
PAR  6. The process of claim 2 wherein said aqueous scrubbing medium contains 2
      to 40 wt.% sodium carbonate.
NUM  7.
PAR  7. The process of claim 2 wherein said aqueous scrubbing medium contains 2
      to 20 wt.% sodium bicarbonate.
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ABST
PAL  The present invention is directed to a method of controlling the
      condensation of sulfur trioxide in flue gases to thereby inhibit the
      corrosion of metallic parts because of the sulfuric acid inherently
      formed. Basically, the method provides for the addition of particulate
      ammonium carbonates to the flue gas at a place where it is experiencing
      turbulence, and where its temperature is below 950.degree. F. and
      preferably in the range of 250.degree. F. to 450.degree. F.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is well-known to boiler operators, sulfur containing fuels, whether it
      be coal or oil, do present problems not only from a pollutional point of
      view, i.e., acid smut, but also cause problems with respect to the useful
      life of metallic equipment and parts which are in contact with the flue
      gases containing the sulfur biproducts of combustion.
PAR  Upon combustion, the sulfur in the fuel is converted to sulfur dioxide and
      sulfur trioxide. When sulfur trioxide reaches its dew temperature, it
      reacts with the moisture in the flue gas to produce the very corrosive
      sulfuric acid. The gases themselves are troublesome as air pollutants,
      while the acid formed is damaging from corrosion aspects.
PAR  As can be appreciated, the greater the sulfur content of the fuel, the more
      the effects are disastrous. This is particularly the case in industrial
      and utility operations where low grade oils are used for combustion
      purposes.
PAR  Although many additives have been utilized for the purpose of conditioning
      flue gases, few additives have found overall success. The reason for the
      relatively little success in this area of application is felt to be the
      peculiarities found in the different combustion systems and boiler
      designs. The gas dynamics and the loads produced, sometimes make chemical
      treatments for the most part impractical, therefore, requiring a
      combination of mechanical and chemical treatment.
PAR  It was to this problem that the present inventor addressed himself, i.e.,
      the problem of reducing acid smut and acid corrosion of metal parts
      utilizing a minimum of mechanical and chemical treatment.
PAR  The basic area to which the present invention is directed is often referred
      to in the industry as the "cold-end" of a boiler operation. This area is
      generalized as being the path in the boiler system that the combustion
      gases follow after the gases have, in fact, performed their service of
      heating water, producing steam and/or superheating steam.
PAR  In the larger boiler systems, the last stages through which the hot
      combustion gases flow include the economizer, the air heater, the
      collection equipment or the electrostatic precipitator, and then the stack
      through which the gas is discharged.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  The present inventor discovered that if ammonium carbonates were added to
      the combustion gases in particulate or powder form at a stage where the
      gas was undergoing great turbulence in the cold-end, the particulate
      carbonates would, in fact, be carried along with the gas. However, it was
      determined that when the turbulence of the gas subsided, which occurs
      later in its path, the carbonate particles deposit on the surfaces of the
      metallic structures which comprise the equipment found in the cold-end.
PAR  It is believed that because the carbonates are alkaline and release
      ammonia, that which occurs is a reaction with the sulfur trioxide.
PAR  Because of the foregoing properties, an environment is produced which
      permits a reaction for the formation of the relatively harmless ammonium
      sulfate. Moreover, the dew point temperature for the sulfur trioxide is
      lowered substantially, thereby collectively yielding less deposition of
      sulfuric acid and correspondingly less corrosion of the metal parts. In
      addition, acid smut pollution would also be reduced.
PAR  In order to assure that effective results were attainable, it was
      ascertained that the carbonates should preferably be added or fed to the
      combustion gases up-stream of the air heater, and in a turbulent area. The
      carbonates may be fed utilizing a vibrating gravimetric feeder to assure
      that discrete particles of the ammonium compounds are fed. The size of the
      particle of the ammonium carbonates may be 360 microns with the preferred
      being 260 microns or less to insure the proper activity. The amount of the
      carbonates added is a function of the sulfur content of the fuel, and more
      specifically, the SO.sub.3 (sulfur trioxide) produced upon combustion.
      Since a reaction is believed to occur, the fuel rates are based upon mole
      ratios to assure accuracy. Basically, it has been found that feed rates
      based upon ammonia generation of 0.01 to 0.5 moles of ammonia per mole of
      sulfur trioxide generated has been found to be most satisfactory, or on a
      pound basis, a feed rate of 0.01 to 0.8 of ammonium carbonate per pound of
      SO.sub.3 generated could be utilized.
PAR  In referring to ammonium carbonate compounds, it is specifically intended
      to include not only ammonium carbonate but also ammonium bicarbonate and
      compounds which might be precursors of these compounds and which lead to
      ammonia formation in the cold-end.
PAR  In order to assess the efficacy of the discovery, removable deposition
      probes were inserted in the cold-end area of a utility boiler system where
      they were contacted with the sulfur trioxide containing flue gases.
PAR  Using this method, the amount of sulfuric acid deposited on the probes at
      particular temperatures experienced within the cold-end could be
      determined, for example, by titration of the condensed acid with a
      standardized sodium hydroxide.
PAR  Three separate runs were conducted without the use of ammonium carbonate.
      These runs were then followed with four separate sets of runs wherein the
      ammonium carbonate was added. The ammonium carbonate utilized had a
      particle size of 160* microns. The results were as follows.
FNT  * Average micron size since particles measured from 105 to 180 microns.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Tabulation of H.sub.2 SO.sub.4 deposition vs. temperature / Blank runs    

     (without treatment)                                                       

     Run 1        Run 2        Run 3                                           

     Temp. .degree.F                                                           

           Wt. H.sub.2 SO.sub.4 *                                              

                  Temp. .degree.F                                              

                        Wt. H.sub.2 SO.sub.4 *                                 

                               Temp. .degree.F                                 

                                     Wt. H.sub.2 SO.sub.4 *                    

     __________________________________________________________________________

     401   0.90   370   0.40   420   0.41                                      

     391   0.85   366   0.29   416   0.30                                      

     390   0.58   352   0.45   416   0.43                                      

     373   0.81   345   0.65   405   0.43                                      

     352   1.35   334   0.63   399   0.30                                      

     350   1.35   316   0.85   400   0.41                                      

     323   2.33   302   0.99   387   0.27                                      

                               377   0.41                                      

     321   2.15   289   1.80   361   0.44                                      

                               342   0.44                                      

     315   2.33   272   2.04   321   1.10                                      

     301   2.15   270   2.22   330   1.40                                      

     285   2.92   212   2.51   254   2.00                                      

     __________________________________________________________________________

      *g. H.sub.2 SO.sub.4 deposited on equal areas, per minute of exposure,   

      .times.10.sup.4                                                          

TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Tabulation of H.sub.2 SO.sub.4 deposition vs. temperature                 

     39 lb/hr (feed rate of ammonium carbonate product**)                      

     Run 4           Run 5                                                     

     (started currently with feed)                                             

                     (started 45 minutes after start of feed)                  

     Temp. .degree.F                                                           

              Wt. H.sub.2 SO.sub.4 *                                           

                        Temp. .degree.F                                        

                                 Wt. H.sub.2 SO.sub.4 *                        

     __________________________________________________________________________

     386      0.23      365      0.36                                          

     381      0.43      362      0.32                                          

     377      0.47      361      0.23                                          

     366      0.47      350      0.27                                          

     358      0.65      348      0.36                                          

     345      0.60      345      0.27                                          

     333      0.55      342      0.42                                          

     321      1.30      325      0.38                                          

     314      1.70      307      0.43                                          

     309      1.60      288      0.55                                          

     247      1.70      268      0.49                                          

                        200      0.27                                          

     __________________________________________________________________________

     Run 6    27 lb/hr (feed rate of ammonium carbonate product**)             

              started 45 minutes after feed started. -Run 7 13 lb/hr (feed     

              rate of ammonium carbonate product**)                            

              started 45 minutes after feed started.                           

     Run 6           Run 7                                                     

     Temp. .degree.F                                                           

              Wt. H.sub.2 SO.sub.4 *                                           

                     Temp. .degree.F                                           

                                 Wt. H.sub.2 SO.sub.4 *                        

     __________________________________________________________________________

     306      0.11   328         0.44                                          

     301      0.34   321         0.44                                          

     300      0.23   305         0.54                                          

     288      0.55   298         0.55                                          

     280      0.38   271         0.70                                          

     283      0.36   260         1.00                                          

     255      0.44   240         1.00                                          

     242      0.60   223         1.10                                          

     240      0.44   200         1.20                                          

     198      0.68   210         1.30                                          

     145      0.72   150         1.10                                          

     __________________________________________________________________________

     Feed Rate  4 lb/hr (runs made 45 minutes after feed started.)             

     Run 8           Run 9                                                     

     Temp. .degree.F                                                           

              Wt. H.sub.2 SO.sub.4                                             

                     Temp. .degree.F                                           

                                 Wt. H.sub.2 SO.sub.4                          

     __________________________________________________________________________

     357      0.54   285         0.63                                          

                     282         0.68                                          

     352      0.42   257         0.68                                          

     348      0.34   261         0.79                                          

     333      0.47   257         0.79                                          

     315      0.42   234         0.90                                          

     275      0.49   225         0.90                                          

     290      0.60   210         0.79                                          

     253      0.70   193         0.68                                          

                     181         0.79                                          

     245      0.90   170         0.70                                          

     195      0.90   140         0.92                                          

     __________________________________________________________________________

       *g. H.sub.2 SO.sub.4 deposited on equal areas, per minute of exposure,  

      .times. 10.sup.4                                                         

      ** Product comprise 50% by weight ammonium bicarbonate (particle size: 16

      microns) and 50% by weight silica (improves flow of product)             

PAR  It was conclusively illustrated by the studies that the addition of
      ammonium carbonate to the flue gas successfully effected the amount of
      sulfuric acid deposited on the probes. Since corrosion rates are a direct
      function of the sulfuric acid deposited, it follows that corrosion had
      been inhibited to an acceptable degree.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A method of reducing the amount of sulfur trioxide condensation on, and
      therefore the amount of sulfuric acid corrosion of, metal parts in contact
      with flue gases derived from the combustion of sulfur containing fuels
      which flue gases flow along a path at the cold-end of the combustion
      system from a first point of turbulence to a second point at which the
      turbulence subsides, said method comprising:
PA1  a. adding to the flue gases at the cold-end of the combustion system and at
      the point of turbulence a particulate ammonium carbonate compound, and
PA1  b. permitting the particulate carbonate compound to flow with the flue
      gases at least from the point of turbulence to the second point such that
      the particles deposit on the surfaces of the metal parts, wherein the
      carbonate compound is added to the flue gases in an amount from about 0.01
      to 0.8 pound of the carbonate compound per pound of sulfur trioxide
      generated and wherein the carbonate compound has a particle size of 360
      microns or less.
NUM  2.
PAR  2. A method according to claim 1 wherein the ammonium carbonate compound
      has a particle size of 260 microns or less.
NUM  3.
PAR  3. A method according to claim 2 wherein the temperature of the flue gas at
      the time of addition is from about 550.degree. to 250.degree. F.
NUM  4.
PAR  4. A method according to claim 3 wherein the carbonate compound is ammonium
      carbonate.
NUM  5.
PAR  5. A method according to claim 3 wherein the carbonate compound is ammonium
      bicarbonate.
NUM  6.
PAR  6. A method according to claim 1 wherein the carbonate compound is added
      where the flue gases are below 950.degree.F.
NUM  7.
PAR  7. A method according to claim 6, wherein the ammonium carbonate compound
      has a particle size of 260 microns or less.
NUM  8.
PAR  8. A method according to claim 6 wherein the temperature of the flue gas at
      the time of addition is from about 550.degree. to 250.degree. F.
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ABST
PAL  This invention comprises a method for the separation of one component or
      more from a vapor or gas mixture which involves the step of reacting the
      component to form a complex or thermally decomposible molecule by reaction
      with a compound adsorbed or otherwise deposited on a solid carrier.
      Typical of the gas components that can be so removed, and recovered if
      desired are carbon dioxide, oxygen, nitrogen oxide, carbon monoxide,
      sulfur dioxide, silicon tetrafluoride, hydrogen sulfide, aromatic
      hydrocarbons, mercaptans, HCN, HF, HCL, BF.sub.3 and HBr. Compounds which
      are adsorbed on the solid carrier for reaction with these various
      components include various carbonates, such as K, Na, Li, Ca, Cd, Ba;
      various sulfites, such as K, Na, Li, Cd and Ag; fluorides, glyoximes,
      ferrous and cupric salts, cuprous amine complexes, dioxane, urea,
      phosphates, chlorinated aromatics, organic nitriles, benzaldehyde,
      quinols, etc. The reactive compound is deposited on the solid carrier in a
      molecular film having a thickness of 1/2 to 5 molecules, which molecular
      layer has particular effectiveness for the purpose of this invention as
      described herein. The reaction is conducted at temperatures safely below
      the temperature at which the respective thermally-decomposible molecule is
      decomposed, and the original compound is subsequently regenerated and the
      gas component recovered by heating this product molecule above its
      decomposition temperature.
PARN
PAR  This application is a division of application Ser. No. 156,952 filed June
      25, 1971 now U.S. Pat. No. 3,859,417, which in turn is a continuation of
      application Ser. No. 860,665 filed Sept. 24, 1969 and now abandoned, which
      in turn is a continuation-in-part of copending application Ser. No.
      667,801, filed Sept. 14, 1967, now abandoned which in turn is a
      continuation-in-part of application Ser. No. 363,403, filed Apr. 29, 1964,
      now abandoned.
BSUM
PAR  This invention relates to a method for separation of one or more components
      from a vapor mixture. More specifically, it relates to a vapor phase
      separation of one or more desired components from a mixture by means of
      selective reaction of said component or components. Still more
      specifically, it relates to a chromatographic separation of said
      components by selective chemical reaction of said component with a
      chemical compound deposited on a solid carrier.
PAR  Separation of a component from a mixture containing the same is generally
      achieved in chromatographic separations on the basis of variations in
      physical properties such as volatility, polarity, molecular size, steric
      phenomena, etc. Where separations are conducted by absorption into the
      liquid phase, the rate of separation is controlled by the diffusion rate
      of the component or of a reagent through the liquid phase. The separation
      method of this invention has the advantage over liquid phase separation
      methods in that the rate of separation is not controlled or hindered by
      the necessity of having either component or reagent diffused through a
      liquid.
PAR  While some vapor phase chromatographic separations by adsorption or
      absorption have been applied to analytical techniques, these techniques
      have required very high dilution in order to achieve separation. The high
      dilution is necessary for effective stratification of the solute inasmuch
      as the separation factors are reflective only of variations in physical
      properties which are the determinative factors in separation by adsorption
      or absorption. Therefore, such methods of separation are not applicable
      industrially where such dilutions are prohibitive to economical
      processing.
PAR  The process of this invention has the selectivity of separation dependent
      on chemical reaction which effects a much higher degree of efficiency of
      removal and a much more pure recovery of the desired component. In
      contrast, vapor recovery or separation by an adsorption or absorption
      system does not have the sharp selectivity of a chemical reaction and
      consequently cannot effect as high a degree of removal and cannot remove
      the desired component without also absorbing or adsorbing substantial
      amounts of undesired components. Moreover, the rate of removal by
      absorption accompanied by chemical reaction is extremely slow resulting
      from the necessity of reagent diffusion through the liquid phase.
      Consequently, the desired component is not recovered in either as
      efficient or as fast or as pure a manner by adsorption or absorption as
      compared with the present process.
PAR  The separation process of this invention can be effected without dilution,
      and with more rapid separation than in any other known separation process.
      Moreover, the process has the advantage that the separated solute is
      recoverable in essentially pure form.
PAR  The selective chromatographic separation process of this invention is based
      on the reaction of a solute gas with a reagent capable of forming an
      easily decomposible compound or complex, hereinafter sometimes generically
      referred to as "complex" (either an adsorbed liquid or a normally solid
      compound adsorbed in a liquid state) which has been deposited on a solid
      material having high surface characteristics. The formed complex is
      thermally reversible and the complexed-solute gas is recovered from the
      complex in essentially pure form by effecting a temperature rise in the
      system.
PAR  While certain of the chemical reactions used in the separations of this
      invention have been effected in the liquid phase by absorption or reaction
      after the component has been diffused through the liquid, the particular
      vapor phase separation of this invention has not previously been effected.
      The process of this invention has an advantage over liquid absorption or
      molecular sieve methods in the unique selectivity of the removal or
      separation process and the very high rate or speed of removal. In
      addition, much greater use of the reactive component is achieved than in
      conventional absorption processes. While the particular reagent or
      complex-former deposited on the surface carrier will vary according to the
      component to be separated from the vapor mixture, this reagent or
      component is selected as capable of reacting only with the single solute
      or group of solutes desired to be removed from the gas or vapor stream.
PAR  The adsorbed complex-forming compound is used to a maximum efficiency since
      it is spread on the surface of the carrier. Preferably it is in a
      monomolecular or bimolecular layer. Statistical layer thickness can range
      from 1/2 to 5 moles deep on the surface of the carrier. In addition to
      this thinness of the compound layer speeding up the reaction since there
      is no need for diffusion before reaction proceeds, this thinness of layer
      gives maximum free energy from the surface of the carrier and maximizes
      the surface of the complex-former.
PAR  In the practice of this invention, dilution of the inlet gas stream is
      unnecessary since the process is capable of effecting removal from a wide
      range of concentrations. Furthermore, diffusion in the gas phase is very
      rapid and turbulence is unnecessary to effect diffusion. Since the rate of
      reaction of the vapor component with the deposited compound on the
      substrate surface is rapid and the rate of diffusion is likewise rapid,
      the overall separating reaction is rapid, resulting in a situation where
      the wave front tends to be vertical, thereby permitting full use of the
      deposited reagent or complexforming material. For example, the rate of
      transfer, represented by K.sub.G a, which is pound-mols/cu.ft. .times. hr.
      .times. atmospheres, has been measured to be in the range of 100-600
      according to the practice of this invention, whereas the comparable
      absorption process indicates the K.sub.G a to range between 0.5 and 4.
PAR  The process of this invention can be operated with the reagent-supporting
      particles in a fixed bed, moving bed or fluidized system. The various
      conditions and means for effecting contact of the vapor with the deposited
      reagent are those normally used for gas-solid particle contacting systems.
PAR  Typical compounds or reagents capable of forming complexes or thermally
      decomposible molecules include the following: glyoximes, such as dimethyl
      glyoxime, etc.; various sulfites, such as potassium, sodium, lithium,
      cadmium and silver sulfites; various carbonates, such as potassium,
      sodium, lithium, calcium, cadmium, and barium carbonates; various ferrous,
      cupric and manganous salts, such as ferrous nitrate, ferrous sulfate,
      ferrous chloride, cupric nitrate, cupric chloride, cupric sulfate,
      manfanous nitrate, etc.; cuprous amine complexes, such as cuprous ammonium
      chloride, cuprous ammonium nitrate, cuprous ammonium bromide, etc.;
      various phenolic compounds, such as phenol, hydroquinone, naphthol,
      pyrgallol, orcinol, phloroglucinol, 3-Quinol-M, dioxane, urea,
      tripotassium phosphate, quinones, such as o-naphthoquinone,
      tetrachloro-o-benzyl quinone, phosphine oxides, such as trimethyl
      phosphine oxide, triethyl phosphine oxide, tripropyl phosphine oxide,
      etc.; aldehydes, such as benzaldehyde, naphthaldehyde, etc.; organic
      nitriles such as acetonitrile, propionitrile, butyronitrile,
      acrylonitrile, benzonitrile, etc.; nicotinic acid, etc.
PAR  Typical solute gases or vapors that can be recovered and preferred
      complexing compounds used for a particular vapor are as follows:
TBL  Oxygen           Nicotinic acid, dimethyl                                 

                      glyoxime.                                                

     Carbon Dioxide   K.sub.2 CO.sub.3, Na.sub.2 CO.sub.3, Li.sub.2 CO.sub.3,  

                      CaCO.sub.3, CdCO.sub.3, and BaCO.sub.3.                  

     Nitrogen Oxides  Ferrous and cupric salts,                                

                      such as ferrous nitrate,                                 

                      ferrous sulfate, ferrous                                 

                      chloride, etc., cupric ni-                               

                      trate, cupric chloride,                                  

                      cupric sulfate, manganese                                

                      nitrate, etc.                                            

     Carbon Monoxide  Cuprous amine complexes.                                 

     Silicon Tetrafluoride                                                     

                      Dioxane, KF and NaF.                                     

     Hydrogen Sulfide Hydroquinone, .beta.-Quinol, - 3-Quinol-M, etc.          

     Aromatic Hydrocarbons                                                     

     (Benzene, Toluene,                                                        

                      Urea.                                                    

     Xylene)                                                                   

     Mercaptans (Methyl,                                                       

     Propyl and Ethyl)                                                         

                      Tripotassium phosphate.                                  

     Sulfur Dioxide   Sulfites, such as K.sub.2 SO.sub.3,                      

                      Na.sub.2 SO.sub.3, Li.sub.2 SO.sub.3, CdSO.sub.3 and     

                      - Ag.sub.2 SO.sub.3 ; phenols such as                    

                      phenol, naphthol, hydro-                                 

                      quinone, pyrgallol, etc.;                                

                      quinones, such as o-naph-                                

                      thoquino, tetrachloro-o-                                 

                      benzoquinone, etc.                                       

     Hydrogen Fluoride                                                         

                      Dioxane, KF and NaF.                                     

     Hydrogen Chloride                                                         

                      Chlorinated diphenyl, hy- - droquinone, .beta.-quinol,   

                      etc.                                                     

     Boron Trifluoride                                                         

                      Benzaldehyde, organic ni-                                

                      triles, such as acetonitrile,                            

                      propionitrile, butyronitrile,                            

                      acrylonitrile, benzonitrile,                             

                      etc.                                                     

     Hydrogen Bromide Orcinol, phloroglucinol,                                 

                      .beta.-quinol, etc.                                      

     Hydrogen Cyanide Chlorinated aromatic hydro-                              

                      carbons, such as chlorinated                             

                      diphenyl, etc.; boron tri-                               

                      bromide, 3-quinol-M, etc.                                

PAR  The complex-formers or complexing reagents which are deposited on the
      support material can be described generically as compounds capable of
      forming a loosely bonded molecule which is thermally decomposible. Such
      compounds have an element therein having a free electron in an outer orbit
      or mobile electrons in an inner orbit. Such a compound is
      tetrachloro-orthobenzoquinone. The attraction of the ring electrons by the
      chlorine atoms results in coordinate complexes being developed with
      SO.sub.2. This resultant complex is thermally decomposible. Others may
      form acid salts with the solute (with or without water vapor) that are
      thermally unstable.
PAR  Various sulfites and carbonates form bisulfites and bicarbonates which are
      easily decomposed thereby regenerating the reacted gas component, by
      heating the reaction product to an appropriate temperature. For example,
      sulfur dioxide is easily and effectively reacted at temperatures in the
      range of 110.degree. F. to 170.degree. F. with K.sub.2 SO.sub.3, Na.sub.2
      SO.sub.3, Li.sub.2 SO.sub.3, CdSO.sub.3 and Ag.sub.2 SO.sub.3. The
      reaction is promoted by the presence of water vapor in the feed gas and
      the bisulfite is decomposed to regenerate the sulfite and the SO.sub.2 by
      heating to a temperature in the range of 250.degree. F. to 400.degree. F.
      Those reactions are represented schematically as follows:
EQU  Na.sub.2 SO.sub.3 + SO.sub.2 + H.sub.2 O .fwdarw. 2 NaHSO.sub.3
EQU  2 NaHSO.sub.3 .fwdarw. Na.sub.2 SO.sub.3 + SO.sub.2 + H.sub.2 O
PAR  Likewise carbon dioxide is easily reacted at temperatures of
      90.degree.-180.degree. F. with molecular layers of K.sub.2 CO.sub.3,
      Na.sub.2 CO.sub.3, Li.sub.2 CO.sub.3, CaCO.sub.3, CdCO.sub.3 and
      BaCO.sub.3 to give the corresponding bicarbonates. The bicarbonates can
      subsequently be decomposed to regenerate the starting carbonate and to
      recover the carbon dioxide by heating at 200.degree.-350.degree. F. These
      reactions are schematically represented as follows:
EQU  Na.sub.2 CO.sub.3 + CO.sub.2 + H.sub.2 O .fwdarw. 2 NaHCO.sub.3
EQU  2 NaHCO.sub.3 .fwdarw. Na.sub.2 CO.sub.3 + CO.sub.2 + H.sub.2 O
PAR  It is possible by the process of this invention to make selective
      separations and recovery of various gas components from a particular gas
      mixture. For example, it is possible to pass the particular gas mixture
      through a series of absorptive beds, each bed containing a particular
      compound suitable for removing a particular component from the gas
      mixture. Subsequently each bed can be heated to the appropriate
      decomposition temperature for removing the particular gas component
      reacted in that bed. It is also possible where there are differences in
      the respective decomposition temperatures for various reaction products of
      different components of a gas mixture to have the appropriate compounds
      deposited on the same or different carriers in the same bed, and after the
      gas mixture has been passed through the bed for reaction of the various
      components of the gas, the gas component given off by the lowest
      decomposition temperature is first removed. Then the gas component
      regenerated by the next higher decomposition temperature is thereafter
      removed, etc.
PAR  For the purpose of this application, the "breakthrough" point is generally
      regarded as that point at which the effluent from the reaction cycle
      starts to have more than 10 parts per million of the desired component.
      While the system is operating satisfactorily for the removal of the
      desired components from the gas stream the effluent generally has less
      than 10 parts per million. When the effluent reaches a content of 10 parts
      per million of the desired component, this means that the system has
      reached the saturation point for this component and very shortly the
      effluent will rise very sharply in its content of this component.
DETD
PAR  FIG. 1 represents schematically a system using a fixed bed of substrate
      having the solid reagent deposited thereon. At the top, inlet lines 1 and
      2 are shown with inlet 1 for the stream of carrier gas A containing solute
      gas B. At this gas stream passes through the bed in Chamber 3 solute gas B
      reacts with the deposited component on the substrate to form the complex
      which retains component B in the bed and allows carrier gas A to flow out
      the exit line 4 at the bottom of the chamber. During the recovery cycle,
      this gas stream line 1 and the corresponding outlet are shut off and the
      stream or other condensible gas C, or a non-condensible carrier or a purge
      of the pure solute gas is fed through inlet line 2 into the fixed bed
      thereby heating the complex to the decomposition point and releasing
      component B so that it flows out exit line 5. In the case of recovery with
      the steam or condensible carrier gas C, separation by cooling to condense
      the stream or other condensible may be used and thereby allow recovery of
      the gas component B. Condensation of the solute with purge solute gas may
      also be used, or the stripped solute gas and non-condensible carrier may
      be recycled.
PAR  Regeneration may also be accomplished by indirect heating of the bed and
      exhausting the pure solute B by vacuum pumping, or a combination of both
      methods may be used.
PAR  In the moving bed or fluidized bed system arrangement shown in FIG. 2, the
      carrier gas A containing solute gas B is fed through inlet line 1 into
      chamber 6 containing the solid substrate on which the reactive component
      is deposited. As the solute gas component B reacts with the reagent and
      becomes complexed therewith, carrier gas A flows though the exit line 4 at
      the right of chamber 6. The moving bed or fluidized bed passing from
      chamber 6 through the connecting line 7 into chamber 8 carries with it
      component B in the complexed form. In chamber 8 steam or other heated
      condensible carrier gas C is admitted by inlet line 2 into contact with
      the complex or the system is heated indirectly with or without combination
      of carrier gas flow. Upon reaching the decomposition temperature the
      complex releases gas component B which thereafter flows out the exit 5 at
      the right of the chamber in a gas stream containing B and C or it is
      evacuated. Gas component or solute B is recovered by cooling the gas
      stream to condense the carrier gas C. The moving or fluidized regenerated
      substrate passing out exit line 9 from chamber 8 is then recycled to
      chamber 6 where it is put into contact again with the carrier gas A
      containing solute gas B and then the cycle is repeated.
PAR  The reference above to the solid materials having high surface
      characteristics means that the actual length and area are much greater
      than the length and area of the solid particles. Generally the actual
      surface area is at least 500, preferably at least 1,000 times the
      superficial area. Many materials of these surface characteristics are
      available, such as finely divided alumina, activated carbon, diatomaceous
      earth, baked clay, granulated brick, silica gel, "Teflon"
      (polyfluorethylene), sodium chloride, "Celite," talc, zeolites, etc.
PAR  The fact that the extended surface is a function of the discontinuities in
      the surface structure is illustrated as follows:
      ##EQU1##
      The superficial length may be the same, but the actual length and,
      therefore, surface are quite different.
PAR  Taking one gram of alumina at 100-120 mesh fraction with an average linear
      dimension of 0.13 mm per particle, the bulk density of alumina is 1 gm/cc,
      but the density of the solid alumina is 4 gm/cc. Therefore one gram of
      solid occupies a true volume (no air space) of 0.25 cc.
PA1  The volume of 1 particle is 2.16 .times. 10.sup..sup.-6 cm.sup.3
PA1  Number of particles/gram is 0.25/2.18 .times. 10.sup..sup.-6 = 1.146
      .times. 10.sup.5
PA1  Area per particle is 1.01 .times. 10.sup..sup.-3 cm.sup.2
PA1  Total superficial area per gram of particles is
      ##EQU2##
PAR  The extended surface material has a true area of 1,000 to 1,000,000 times
      the superficial area.
PAR  Reference to molecular depth means the statistical average. Since it is
      very unlikely that there will be equal and even deposition, the molecular
      depth is given as the statistical average. Therefore we can have
      depositions representing fractions of molecules. The molecular depth is
      based on the number of molecules times their statistical area divided by
      the extended surface available.
PAR  Activated alumina has an area in the range of 100-300 m.sup.2 /gm. A
      typical alumina is indicated in Straus, Industrial Gas Cleaning, Table
      3.7, p. 108, Pergamon Press (1966) where an activated alumina is shown
      with a surface area of 175 m.sup.2 /gm, a pore volume of 0.39 cm.sup.3 /gm
      and a mean pore diameter of 90 A.
PAR  On the basis that 1 cm.sup.3 of alumina has a bulk density of approximately
      1.2. gm/cc, the mass is 1.2 gm and the area of the extended surface is 210
      m.sup.2. With a 10 A molecule of CaCO.sub.3 the maximum area of coverage
      of a surface is based on a square 10 A on each of the sides. The area is
      therefore the product of the dimensions of 2 sides. Since 1 A = 1 .times.
      10.sup..sup.-10 m, the maximum area per molecule is 10.sup..sup.-10
      .times. 10.sup..sup.-10 or 10.sup..sup.-20 m.sup.2. Therefore a 1 cm cube
      of alumina that has an area of 210 m.sup.2 can contain on the basis of 1
      molecular thickness, 2.1 .times. 10.sup.22 molecules of CaCO.sub.3. This
      is equivalent to
      ##EQU3##
      mols of 3.5 gms. of CaCO.sub.3.
PAR  Inasmuch as the pore size distribution limits the availability of effective
      surface adsorption of CaCO.sub.3 to those pores having diameters in the
      range of 100 A and greater, and inasmuch as those sites often represent
      only 1% to 10% of the available area, then the weight of CaCO.sub.3 for a
      one molecular thickness represents a weight of CaCO.sub.3 ranging from
      0.035 to 0.35 gms. This range for the one molecule thick unit for this
      specific activated alumina represents a range of 2.9 to 29 gms. per 100
      gms. of carrier. It has been our experience in a range of carriers that
      the 2 to 25 parts per 100 parts of carrier can provide the desired
      thickness range of 0.5 to 5 molecules.
PAR  The statements related to the thickness of the layers in molecules is
      reflective of a statistical average based on the surface area, pore size
      distribution of the surface area, thus limiting the deposition zone, and
      the substrate molecular size. Thus it is possible to establish
      statistically even fractional depth deposition.
PAR  When deposition depths exceed this range then activity diminishes to the
      level of conventional absorption. The fact that in this range the mass
      transfer coefficient increases 100-1,000 fold over that of conventional
      absorption processes using the same materials is indicative of the
      critical range for this unanticipated effect.
PAR  For example, in a study of the use of amines via mono to termolecular
      depths, in concentrated depositions on a carrier such as in the Haensel
      U.S. Pat. No. 2,818,323 and in liquid phase contacts, the mass transfer
      coefficients at 10% depletion of the reagent are:
TBL                            K.sub.G a                                       

     ______________________________________                                    

     Mono to Termolecular Deposition                                           

                                 400-600                                       

     Gross Deposition (Haensel)   5-15                                         

     Liquid Phase                 3-10                                         

     ______________________________________                                    

PAR  However, the use of amine is undesirable in this process from an economic
      viewpoint inasmuch as it tends to evaporate during the regeneration
      period.
PAR  With respect to the Al U.S. Pat. No. 1,831,731 which shows the deposition
      of alkali carbonate on low surface pumice having an area in the range of 4
      m.sup.2 /gm, even though the concentration is at the higher limit
      established in the present application, the deposition thickness will be
      much greater than established in applicant's limits. Therefore, the rate
      of absorption will be significantly lower. This is the critical difference
      in the processes - the present process is rapid, the others are slow.
PAR  The invention is best illustrated by the following examples. It is not
      intended that these examples limit in any way the scope of the invention
      or the manner in which it can be practiced. Unless otherwise specified,
      parts and percentages are given in parts by weight and percentages by
      weight respectively.
PAC  EXAMPLE I
PAR  A substrate is prepared by dissolving 10 parts of K.sub.2 SO.sub.3
      (generally in the form of K.sub.2 SO.sub.3.2H.sub.2 O) in 50 parts of
      water. Then 100 parts of 8-14 mesh alumina is added with stirring. Because
      of the absorption of the water by the alumina the product is in the form
      of dry particles with the K.sub.2 SO.sub.3 deposited in a molecular layer
      on the surface of the alumina. This chromatographic material is placed in
      a column equipped with a feed gas inlet at one end and a gas outlet at the
      opposite end. A flue gas (or simulated flue gas) at a temperature of
      110.degree. F. and containing 3,500 ppm of SO.sub.2 is passed through this
      bed at a rate of 1 foot per second (calculated on the basis of standard
      temperature and pressure). The SO.sub.2 content of the exit gas is
      measured periodically, and when the concentration of the exit gas reaches
      2 ppm, the gas flow is terminated and the bed regenerated by heating at
      250.degree.-400.degree. F. until no more SO.sub.2 is given off. It is
      found that in these particular tests the breakthrough becomes evident at
      about 19 minutes and that the ultimate capacity of the bed is 0.95 mols
      SO.sub.2 /Mol K.sub.2 SO.sub.3. In repeating the above procedure with
      various gases containing different amounts of SO.sub.2, it is found that
      the process operates very efficiently with gases containing 500-20,000 ppm
      of SO.sub.2.
PAR  The foregoing procedure is repeated with excellent results by replacing the
      K.sub.2 SO.sub.3 with equivalent amounts of Na.sub.2 SO.sub.3, Li.sub.2
      SO.sub.3, CdSO.sub.3 and Ag.sub.2 SO.sub.3 respectively. Variations of the
      foregoing procedures show that the desirable concentration of substrate is
      2-20 parts per 100 parts of solid carrier and that the absorptive capacity
      is 0.6-1 mols of SO.sub.2 per mol of substrate. Moreover, repetition of
      these procedures with different solid carriers also shows that activated
      carbon, diatomaceous earth and baked clay can likewise be used
      satisfactorily.
PAC  EXAMPLE II
PAR  The procedure of Example I is repeated using in place of the K.sub.2
      SO.sub.3 an equivalent amount of the following carbonates respectively:
      K.sub.2 CO.sub.3, Na.sub.2 CO.sub.3, CaCO.sub.3, CdCO.sub.3 and
      BaCO.sub.3, and using an absorption temperature of 90.degree.-180.degree.
      F. and a regeneration or decomposition temperature of
      200.degree.-350.degree. F. It is found that a desirable concentration of
      substrate is 2-25 parts per 100 parts of solid carrier, and that the
      absorptive capacity is 0.5-1 mol of CO.sub.2 per mole of substrate. Upon
      repetition of the foregoing procedure with different supporting solids, it
      is found that activated carbon, diatomaceous earth and baked clay can also
      be used satisfactorily.
PAC  EXAMPLE III
PAR  A substrate comprising 8-14 mesh alumina is prepared by depositing thereon
      an amount of tetrachloro-ortho-benzoquinone equal to 4% of the support
      weight. The deposition is achieved by adsorption of a solution of the
      tetrachloro-ortho-benzoquinone in benzene by the alumina.
PAR  A stream of flue gas containing 3000 ppm of sulfur dioxide is passed
      through a bed (1 foot long) of the material at a rate of 1.2 feet per
      second. The system temperature is maintained between 120.degree. F. and
      130.degree. F.
PAR  At the time of break-through the capacity of the bed is 3.5 mols sulfur
      dioxide per mole of tetrachloro-o-benzoquinone. Regeneration of the sulfur
      dioxide is achieved by purging the system with sulfur dioxide at
      240.degree. F. The residual free volume SO.sub.2 is removed by a plug flow
      air purge into the raw gas feed for the next cycle.
PAC  EXAMPLE IV
PAR  The procedure of Example III is repeated using 15% by weight ferrous
      nitrate deposited on activated carbon from a water solution, an absorption
      temperature of 25.degree. C., a gas flow period of 17 minutes, and a
      regeneration temperature of 60.degree. C. Nitric oxide is effectively
      removed from an air stream containing 0.5% nitric oxide with an effluent
      stream of 1 ppm. The procedure of this example is likewise effective when
      the active component is ferrous sulfate. Similar results are obtained when
      gas streams are used containing various percentages of other nitrogen
      oxides such as nitrogen dioxide and nitrogen tetroxide.
PAC  EXAMPLE V
PAR  The procedure of Example IV is repeated effectively for the removal of
      carbon monoxide from a gas stream comprising approximately 1% carbon
      monoxide in nitrogen and carbon dioxide. The reaction component in this
      case is cuprous ammonium chloride on diatomaceous earth. Similar results
      are obtained when cuprous ammonium bromide is substituted as the active
      reagent deposited on the support.
PAC  EXAMPLE VI
PAR  Silicon tetrafluoride is effectively recovered from air containing 30-100
      mg/cu.ft. of this material by using the procedure of Example IV, but
      substituting dioxane as the deposited component on the activated carbon.
PAC  EXAMPLE VII
PAR  By repeating the procedure of Example VI, hydrogen sulfide is effectively
      recovered from an air stream containing 0.3-3% of H.sub.2 S. Similar
      results are obtained when hydroquinone is used in place of the active
      component used in Example IV.
PAC  EXAMPLE VIII
PAR  Hydrogen fluoride is recovered effectively from a gas stream containing
      5,000 ppm of HF by using the procedure of Example III with sodium fluoride
      deposited as the reagent on activated carbon.
PAC  EXAMPLE IX
PAR  Ethyl mercaptan is recovered from a gas stream containing 0.1-0.4% of the
      mercaptan in air by using the procedure of Example IV with tripotassium
      phosphate as the reagent deposited on the support. When vapor streams are
      used containing propyl mercaptan, methyl mercaptan and butyl mercaptan,
      respectively, similar effective results are obtained.
PAC  EXAMPLE X
PAR  Hydrogen cyanide is recovered from an air stream containing 5% hydrogen
      cyanide using the procedure of Example IV except that tetrachlorodiphenyl
      is the complex-former deposited on the chromosorb, the absorption
      temperature is about 90.degree. F. (32.degree. C.), and the desorption
      temperature is about 150.degree. F. (65.degree. C.). The exhaust gas has
      less than one part per million of HCN therein.
PAR  As indicated above the thermally decomposible bisulfites and bicarbonates
      are reconverted to the sulfites and carbonates respectively by heating in
      the range of 250.degree.-400.degree. F. for the bisulfites and in the
      range of 200.degree.-350.degree. F. for the bicarbonates. The sulfur
      dioxide and the carbon dioxide respectively are regenerated by such
      heating.
PAR  It is generally satisfactory for desorption purposes with true complexes to
      raise the temperature at least 20.degree. C., preferably
      30.degree.-60.degree. C. above the maximum temperature at which absorption
      occurs. As a general rule, absorption is effected in the range of
      40.degree. C. to 200.degree. C., preferably 20.degree.-80.degree. C. with
      the desorption temperature being increased at least 20.degree. C.,
      preferably at least 30.degree.-100.degree. C. over the maximum absorption
      temperature.
PAR  In place of the various supporting means used in the above examples,
      various other supporting materials can be used on which to deposit the
      reagent or complex forming component. These include: granulated brick,
      alumina, activated carbon, silica gel, "Teflon," sodium chloride,
      "Celite," talc, zeolites, diatomaceous earths, etc. For example,
      satisfactory results are obtained when the procedure of Example IV is
      repeated using the foregoing materials respectively in place of activated
      carbon.
PAR  Likewise, other regenerating or recovery gases can be used in place of the
      steam. These can vary according to the particular system and
      advantageously are easily condensible vapors which are not reactive with
      the solute gas component. Indirect heating can also be used in combination
      with the regenerating gases with resultant smaller quantities of elution
      gas required or indirect heating can be used in combination with a vacuum
      placed on the system for recovery of pure solute gas.
PAR  One of the surprising aspects of this invention is the fact that even
      though the deposited or adsorbed complexforming reagent is believed to be
      in the liquid state, there is no liquid film or liquid phase resistance or
      delay in diffusion or reaction of the gas component with the reagent. This
      is reflected in the high value obtained for K.sub.G a and indicates that
      the reagent is deposited in a mono-molecular or bimolecular film.
PAR  While certain features of this invention have been described in detail with
      respect to the various embodiments thereof, it will, of course, be
      apparent that other modifications can be made within the spirit and scope
      of this invention and it is not intended to limit the invention to the
      exact details shown above except insofar as they are defined in the
      following claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A process for the vapor phase chromatographic separation of sulfur
      dioxide from a gas stream comprising the steps of:
PA1  a. passing said gas stream into contact with a substantially dry absorbent,
      high surface area solid support material having deposited thereon a
      compound capable of reacting chemically with sulfur dioxide to form a
      thermally decomposible molecule and thereby removing sulfur dioxide from
      the gas stream, said compound being selected from the group consisting of
      phenols and quinones; and,
PA1  b. recovering said gas stream substantially free of sulfur dioxide by
      removing it from contact with the support material and the thermally
      decomposible molecule deposited thereon
PA1  c. regenerating said compound for reuse by raising the temperature of said
      support material and the thermally decomposible molecule deposited thereon
      to a temperature above the decomposition temperature of said molecule
      until substantially all of the sulfur dioxide is driven off and recovered.
NUM  2.
PAR  2. The process of claim 1 wherein the temperature of the gas stream is
      about 120.degree.-130.degree.F.
NUM  3.
PAR  3. The process of claim 1 wherein the temperature is raised to about
      240.degree.F for regneration.
NUM  4.
PAR  4. The process of claim 1 wherein said support material has an extended
      surface area in the range of 100-300 m.sup.2 /gm. and said compound is
      deposited thereon in the amount of about 2 to 25 parts per 100 parts of
      support material.
NUM  5.
PAR  5. The process of claim 1 wherein said compound is deposited on said
      absorbent solid support material by the steps of:
PA1  a. dissolving the compound in an organic solvent to form a solution; and,
PA1  b. gradually stirring into said solution the absorbent solid support
      material until substantially all of said solution has been absorbed.
NUM  6.
PAR  6. The process of claim 5 wherein said solution comprises
      tetrachloro-orthobenzoquinone in benzene and said absorbent solid support
      material comprises 8-14 mesh alumina.
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ABST
PAL  Finely divided sodium tripolyphosphate (STPP) particles are sprayed with a
      solution of sodium orthophosphate to prepare an agglomerated feed material
      which is then calcined at 300.degree. to 600.degree.C to produce granular
      STPP of medium range bulk density.
BSUM
PAR  The present invention relates to a method of preparing granular sodium
      tripolyphosphate (STPP) having a controlled bulk density. More
      particularly, this invention relates to a method for treating finely
      divided STPP particles by an agglomeration technique which, after
      calcining, results in granules having a bulk density within a desired
      range of 0.50 to 0.80 grams per cubic centimeter (g./cc.), and improved
      particle strength or a low degree of frangibility.
PAR  Sodium tripolyphosphate (STPP) is commonly prepared by first reacting
      phosphoric acid and an alkali compound such as sodium hydroxide or sodium
      carbonate in an aqueous solution such that the mole ratio of sodium to
      phosphorus is about 1.67:1. This reaction results in a formation of an
      aqueous mixture of monosodium orthophosphate and disodium orthophosphate
      in a mole ratio of about 1:2. This mixture is then heated at about
      300.degree.C. and STPP is formed therefrom. The reaction proceeds as
      follows: NaH.sub.2 PO.sub.4 + 2Na.sub.2 HPO.sub.4 .fwdarw. Na.sub.5
      P.sub.3 O.sub.10 + 2H.sub.2 O.
PAR  The resulting STPP is a crystalline anhydrous product capable of having two
      physical forms. Form I is produced at temperatures of from about
      450.degree.C to 600.degree.C. and Form II at temperatures below about
      450.degree.C.
PAR  The heating of the orthophosphate feed solution is conventionally carried
      in either a spray dryer or a rotary kiln. Spray dried products generally
      have a bulk density of about 0.45 to 0.65 g./cc. Bulk density is the
      weight of STPP which freely flows into a container of given volume. A
      convenient method for measuring bulk density is the Solvay Process Method
      302A described in the Solvay Technical and Engineering Service Bulletin
      No. 9 (page 33) issued in 1944.
PAR  When STPP is prepared in a rotary kiln, the resulting granular product
      generally has a relatively high bulk density, that is, in the order of
      about 0.90 to 1.00 g./cc. Thus, the conventional preparative techniques do
      not allow for the production of granular STPP in appreciable amounts
      having a bulk density in the medium range, that is, about 0.55 to 0.75
      g./cc. Materials in this range are particularly desirable for the
      preparation of dry mixed detergent formulations. The present invention
      provides a process for the agglomeration of finely divided STPP particles
      in order to form an agglomerated feed which, upon calcining, has a bulk
      density within the desired range.
PAR  Techniques for preparing STPP of various bulk density characteristics are
      disclosed, for example, in U.S. Pat. Nos. 3,030,180 issued Apr. 17, 1962
      to Bigot; 3,233,967 issued Feb. 8, 1966 to Shen; 3,684,436 issued Aug. 15,
      1972 to Dear et al. and 3,761,573 issued Sept. 25, 1973 to Hinz et al. The
      latter mentioned Hinz et al. patent does disclose a technique whereby an
      alkali metal orthophosphate solution is sprayed onto granulated alkali
      metal tripolyphosphate particles, however, the technique is directed
      toward the production of high density STPP.
PAR  In accordance with the present invention, there is provided a process for
      preparing granular STPP having a controlled medium range of bulk density
      which comprises spraying onto rotating finely divided STPP particles
      having a size distribution of at least 50% by weight -100 mesh, the
      balance comprising 0-25% -50 + 100 mesh and 0- 25% +50 mesh, an aqueous
      spray solution of sodium orthophosphate having an Na to P molar ratio of
      1.67 to 1 and having a concentration of from about 20 to 65% by weight
      dissolved phosphate solids until the total amount of dissolved solids
      sprayed is between about 8 and 15% by weight based on the total weight of
      STPP to be produced, to form an agglomerated product, and calcining the
      agglomerated product at a temperature of from 300.degree. to 600.degree.C.
      to produce granular STPP having a bulk density of about 0.50 to 0.80
      g./cc. and a particle size distribution of -20 + 100 mesh (U.S. Standard).
PAR  The process of the present invention may be used in connection with rotary
      dried or sprayed dry finely divided STPP particles and either Form I
      (Phase I) or Form II (Phase II) STPP product or mixtures thereof within
      the desired bulk density range may be produced depending upon the
      temperature and extent of calcination.
PAR  The STPP feed material which is subjected to agglomeration and calcining in
      accordance with the present invention is finely divided STPP which
      contains substantial proportions of -100 mesh (U.S. Standard) particles.
      The feed material should contain at least 50% by weight -100 mesh, 0 to
      25% by weight -50 +100 mesh and 0 to 25% of particles having the size
      greater than 50 mesh. Preferably, the finely divided feed material will
      contain at least about 80% of -100 mesh particles, better still 90 to 100%
      -100 mesh particles. Screen undersize particles from a conventional STPP
      spray drying process comprise a particularly suitable starting material.
      Feed material having these particles size distributions will be sufficient
      to produce significant yields of a granular product which, after
      calcination and screening, has a particle size -20 +100 mesh.
PAR  Agglomeration is carried out by first providing a suitable rotary kiln
      agglomerator or dryer apparatus and setting the finely divided STPP
      particles into rotary motion and spraying the particles with a hot aqueous
      solution of sodium orthophosphate. This solution is maintained at a
      temperature of from about 60.degree. to 120.degree., preferably about
      90.degree. to 110.degree.C. The orthophosphate solution will have a Na to
      P molar ratio of 1.67 to 1 which is stoichiometrically required to produce
      sodium tripolyphosphate upon calcination.
PAR  A preferred embodiment resides in carrying out the spray agglomeration in a
      rotary calciner which is maintained at calcination temperatures, that is,
      about 300.degree. to 600.degree.C. In this preferred technique calcination
      of the agglomerated feed material takes place immediately and there is no
      need for any intermediate drying steps. In this preferred embodiment, the
      agglomeration and calcination is essentially a one step continuous
      process.
PAR  A particularly preferred embodiment resides in maintaining the calciner at
      a temperature of between about 410.degree. and 460.degree.C, as measured
      by the exit gas temperature, in order to produce finished STPP granules
      which contain about 15 to 45% by weight Phase I STPP.
PAR  It has been found that the concentration of the orthophosphate spray
      solution should be at least about 20% by weight in order to prepare an
      agglomerated feed which upon calcination will have a bulk density within
      the desired range. Concentrations between about 20 to 65% by weight
      orthophosphate solids are generally suitable with the preferred range
      being about 30 to 60% by weight. When the process of the present invention
      is carried out in its preferred form, that is, by spraying the
      orthophosphate solution onto finely divided STPP particles in a rotary
      calciner which is being maintained at calcining temperatures, it is
      preferred that the orthophosphate spray solution have a concentration of
      about 45 to 60% and that about 9 to 12% of dissolved solids be sprayed.
      This spray solution is preferably maintained at a temperature of about
      90.degree.C to 110.degree.C at the point of introduction into the rotary
      calciner.
PAR  The total amount of solution solids added during the spray agglomeration
      has been found to be the significant factor in controlling final bulk
      density. Regardless of concentration, the total amount of spray solids
      added should be between about 8 and 15% by weight of orthophosphate solids
      (about 7.3 to 13.8%, expressed as equivalent weight of STPP) based upon
      the weight of the total STPP produced. Preferably, at least 9% by weight
      of solids will be employed.
PAR  The final product will have a medium range bulk density generally from
      about 0.50 to 0.80 g./cc. Preferably the final product will have a bulk
      density between about 0.55 g./cc. and 0.75 g./cc. Products having a bulk
      density of 0.70 g./cc. .+-. 0.05 g./cc., better still, .+-. 0.02 g./cc.,
      are considered most desirable.
PAR  The granular STPP product in accordance with the present invention is also
      characterized as having an improved particle strength as measured by a
      relatively low degree of frangibility. Frangibility as described and
      reported herein is measured according to a test described in U.S. Pat. No.
      3,337,468 issued to Metcalf et al. on Aug. 20, 1967. According to this
      test, 100 g. of +100 mesh material is placed on a U.S. Standard 100 mesh
      screen with three pure gum rubber balls 1 3/8 inch in diameter and shaken
      15 minutes with a Ro-Tap sieve shaker. Percent frangibility is a measure
      of the quantity of particles which pass through a 100 mesh screen. For
      medium density 0.50 to 0.80 g./cc. particles, a frangibility value below
      about 25% by weight is generally required for commercial use.
PAR  The finished agglomerated and calcined particles are screened and separated
      so as to isolate granules having a particle size -20 +100 mesh, oversized
      particles are regranulated and combined into the -20 +100 mesh yield. A
      total granular yield of at least about 65% by weight -20 +100 mesh
      particles within the desired bulk density range is generally obtained.
      Granular yields in the order of 80 to 90% have also been obtained.
PAR  The invention is further illustrated by the following examples which are
      not to be considered as limitative of its scope.
DETD
PAC  EXAMPLE 1
PAR  Finely divided Phase II STPP (a low temperature crystalline modification)
      was prepared by a conventional rotary calciner process. Phosphoric acid,
      soda ash and water were reacted in sufficient quantity to give a sodium
      phosphate solution having a molar ratio of Na to P of 1.67/1 and density
      of 55.degree. Baume at 100.degree.C. On the finished STPP content basis,
      this orthophosphate solution has a concentration of about 53% by weight.
      The solution was evaporated to dryness and the product further calcined to
      about 400.degree.C in a rotary calciner. The hot product from the calciner
      was cooled, crushed and milled into essentially -100 mesh (U.S. Standard)
      powder. About 10,000 g. of the -100 mesh Phase II product transferred into
      an 18 .times. 18 inch horizontal drum-agglomerator, equipped with small
      lift flights. The drum was rotated at 15 rpm. The powder was agglomerated
      by spraying onto it an orthophosphate solution having an Na/P molar ratio
      of 1.67/1 which was maintained at a temperature of 90.degree.C. The
      orthophosphate spray solution had a concentration of 32.7% by weight, or
      30% by weight in terms of equivalent weight of STPP. The total amount of
      solution sprayed was 34.4% by weight based on the weight of total STPP
      produced. The total amount of solids sprayed amounted to 14.3% by weight
      of orthophosphate based on the total weight of STPP produced. The spraying
      was done with an air atomized spray nozzle. At the end of the test, the
      sprayed product was kept in the rotary drum-agglomerator and calcined at a
      temperature of about 350.degree.C to convert it into anhydrous Phase II
      STPP. The calcining was done with internal heat supplied by a 1.5 inch
      diameter burner. The hot product was removed from the calciner, cooled in
      stainless steel trays and screened to separate the -20 +100 mesh granular
      fraction. The +20 mesh "oversized" fraction was crushed in a laboratory
      granular mill and the -20 +100 mesh portion was included in the total
      granular yield. Yield was 80% by weight, based on the total equivalent
      weight of STPP processed from both spray solution and feed particles of
      -20+100 mesh granules having a bulk density of 0.65 g./cc. and a
      frangibility of 22% by weight.
PAC  EXAMPLE 2
PAR  Example 1 was repeated except that a spray solution concentration of 38.2%
      by weight orthophosphate solids was employed. The quantity of solution
      sprayed was 29.9% and the quantity of solids sprayed was 13.8%. Granular
      yield was 90% by weight of -20+100 mesh granules having a bulk density of
      0.70 g./cc. and a frangibility of 11%.
PAC  EXAMPLE 3
PAR  Finely divided STPP feed material was prepared as described in EXAMPLE 1
      except that Phase I was prepared by heating the product to between
      480.degree. and 530.degree. in the rotary calciner before being cooled,
      crushed and milled into essentially -100 mesh particles. As in Example 1
      about 10,000 grams of the essentially -100 mesh powder was agglomerated
      using a spray solution having the concentration of 32.7% by weight
      orthophosphate solids. The total amount of solution sprayed was 31% and
      the total quantity of solids sprayed was 12.3% by weight of orthophosphate
      solids based on STPP. The agglomerated products were further calcined,
      screened and separated as in Example 1. Granular yield was 65% of -20+100
      mesh granules having a bulk density of 0.55 grams/cc. and a frangibility
      of 22%.
PAC  EXAMPLE 4
PAR  Example 3 was repeated except there was employed a spray solution having a
      concentration of 38.2%, the total amount of solution sprayed amounted to
      31.8% and the total amount of solids sprayed amounted to 14.8%. Granular
      yield was 85% of -20+100 mesh granules having a bulk density of 0.66
      g./cc. and a frangibility of 7%.
PAC  EXAMPLE 5
PAR  Another finely divided Phase I STPP feed was obtained by using screen
      undersize from a conventional rotary dryer process. The rotary dryer
      process was the same as described in Example 1, but the hot STPP discharge
      from the rotary calciner was cooled, crushed and then screened to separate
      the -20+100 mesh high density granular fraction. After removing the
      oversize and granular fractions, the screen undersized product of this
      operation contained 7% by weight of -20+80 mesh, 8% -80+100 mesh, and 85%
      -100 mesh particles. Two 10,000 gram portions of this finely divided feed
      were agglomerated using the same rotary drum-agglomerator as in Example 1.
      In the first run, the spray solution concentration was 27.2% by weight
      orthophosphate solids, the amount of solution sprayed was 30.0% based on
      STPP and the quantity of solids sprayed was 10.4% by weight. Agglomerate
      product was calcined, cooled and screened as in Example 1. In the first
      run, the granular yield was 80% of -20+100 mesh granules having a bulk
      density of 0.73 g./cc. and a frangibility of 6%. In the second run, the
      solution concentration was the same but the quantity of solution sprayed
      was 37.2%, the total amount of solids sprayed was 13.1%. The granular
      yield in the second run was 90% of -20+100 mesh particles having a bulk
      density of 0.71 g./cc. and a frangibility value of 3%.
PAC  EXAMPLE 6
PAR  Another finely divided Phase I STPP was obtained by using screen undersize
      particles from a commercial spray drying process. The screen undersize
      feed material contained about 40% by weight -50+100 mesh and 60% -100 mesh
      particles. This screen undersize was fed continuously into an internally
      heated 30 feet long and 6.5 feet diameter rotary calciner. Heating was
      effected with a natural gas flame at the inlet of the calciner. The
      calciner had an exit gas temperature of about 425.degree.C. Agglomeration
      was carried out by spraying onto the rotating STPP particles, a
      orthophosphate feed solution containing 57.8% by weight dissolved solids
      (53% by weight expressed as equivalent weight of STPP). The quantity of
      solution sprayed was 21% by weight and the total amount of solids sprayed
      was 11.7% by weight (10.7% by weight expressed as equivalent weight of
      anhydrous STPP). After calcining the product was screened and separated
      and as in Example 1 to isolate -20+100 mesh granules. Granular yield was
      65% by weight of product having a bulk density of 0.71 g./cc. and a
      frangibility value of 3%. The product contained about 25% by weight Phase
      I STPP.
PAC  EXAMPLE 7
PAR  Example 6 was repeated except that the feed material had a particle size
      distribution of 20% by weight +50 mesh 30% by weight -50+100 mesh and 50%
      by weight -100 mesh. Granular yield was 57% by weight and bulk density was
      0.68 g./cc.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preparing granular sodium tripolyphosphate of medium density
      which comprises spraying onto rotating finely divided sodium
      tripolyphosphate particles having a size distribution of at least 50% by
      weight -100 mesh, 0 to 25% by weight -50+100 mesh and 0 to 25% by weight
      +50 mesh, an aqueous spray solution of sodium orthophosphate having a
      concentration of from about 20 to 65% by weight until the total amount of
      dissolved solids sprayed is between 8 and 15% by weight based on the total
      weight of sodium tripolyphosphate to be produced, to form an agglomerated
      product and calcining the agglomerated product at a temperature of
      300.degree. to 600.degree.C to produce granular sodium tripolyphosphate
      having a bulk density between about 0.50 and 0.80 grams per cubic
      centimeter and a particle size of -20+100 mesh.
NUM  2.
PAR  2. The method of claim 1 wherein the finely divided sodium tripolyphosphate
      particles contain at least 80% by weight -100 mesh particles.
NUM  3.
PAR  3. The method of claim 1 wherein the total amount of solids sprayed is at
      least about 9% by weight.
NUM  4.
PAR  4. The method of claim 1 wherein the granular sodium tripolyphosphate
      produced has a bulk density between 0.55 and 0.75 grams per cubic
      centimeter.
NUM  5.
PAR  5. The method of claim 1 wherein the process is carried out in a rotary
      calciner maintained at calcination temperatures of about 300.degree. to
      600.degree.C.
NUM  6.
PAR  6. The method of claim 5 wherein the spray solution has a concentration of
      between about 45 and 60% by weight.
NUM  7.
PAR  7. The method of claim 5 wherein the total amount of solids sprayed is
      between about 9 and 12% by weight.
NUM  8.
PAR  8. The method of claim 5 wherein the bulk density of the sodium
      tripolyphosphate granules produced is between about 0.55 and 0.75 grams
      per cubic centimeter.
NUM  9.
PAR  9. The method of claim 5 wherein the finely divided sodium tripolyphosphate
      feed particles are composed of screen undersized particles from a spray
      dryer.
NUM  10.
PAR  10. The method of claim 5 wherein the calciner is maintained at a
      temperature between 410.degree. to 460.degree.C. and the final product
      contains between about 15 and 45% by weight Phase I sodium
      tripolyphosphate.
NUM  11.
PAR  11. The method of claim 5 wherein the aqueous spray solution of sodium
      orthophosphate is introduced at a temperature between about 90.degree. and
      110.degree.C.
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PAL  An improved process for preparing wet process phosphoric acid by calcining
      a phosphate source at a temperature in the range of 1600.degree. -
      2200.degree.F. The phosphate source may be wet or dry mined phosphate
      matrix, phosphate slimes, phosphate pebble or other phosphate source.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Presently, phosphate rock is mined by stripping the overburden from the
      underlying phosphate bearing matrix, slurrying the matrix, consisting of a
      mixture of clay, sand and phosphate pebble, with water and pumping the
      slurry from the mine site to a beneficiation plant where the matrix is
      washed, scrubbed and beneficiated to produce an upgraded pebble, phosphate
      rock concentrates, a slimes slurry and sand tailings. The slimes slurry
      consists mainly of clays, sand and very fine particles of phosphate rock.
      Generally, about 0.75 to 1 part by weight of slimes slurry is produced per
      part by weight of upgraded pebble and rock concentrate. In present
      practice, the simes, a dilute aqueous suspension of about 2 to 5 weight
      percent solids containing about 30 to 40 weight percent of the phosphate
      matrix, are disposed of by pumping into settling ponds built over
      previously mined areas. Over a period of time, the entrained solids slowly
      settle.
PAR  As presently practiced, slimes disposal procedures have many clearly
      defined and long recognized deficiencies. Among them is the need for large
      land areas set aside for slimes ponds. For example, a plant producing 2
      million tons of phosphate rock per year will, over a period of 15 years,
      require approximately 4,500 acres of land for slimes ponds. And because of
      the slow settling rate of the entrained solids, such land is unusable for
      decades. Further, since the volume of the hydrated slimes and overburden
      is approximately 1.5 times greater than the volume of the mine pits,
      unsightly retaining dams often 35 feet high are necessary around the
      perimeter of each disposal area. The possibility of dam breakage always
      exists with resulting river, lake and stream pollution. Also of great
      importance is the use and retention of large quantities of water.
PAR  Another important deficiency in the percent procedures is the poor recovery
      of phosphate values from the matrix since the 30 to 40% of the phosphate
      values retained in the slimes are never recovered.
PAR  The recognition of these deficiencies has led experimenters to propose
      various alternatives over the years. Flotation techniques for ultra-fine
      particles to separate clays and phosphate values have been unsuccessful in
      terms of both cost and recovery.
PAR  Acid leaching of slimes has not been practical due to extreme difficulty in
      filtering the clays and other gangue materials from the slurries and the
      relatively low concentration of phosphate in the filtrate. Further, since
      the clays and other gangue in both matrix and slimes contain relatively
      high levels of acid-soluble iron, aluminum and magnesium compounds
      compared to beneficiated rock, acid leaching of such materials results in
      phosphoric acid of inferior quality.
PAR  Other methods of slimes disposal have been proposed, including using the
      slimes as aggregates for highway construction or as bricks for home
      construction or thickening the slimes to provide for improved water
      conservation and more rapid land reclamation. These methods have not
      proved practical.
PAR  One other method has been proposed to remove the slimes disposal problem;
      the use of dry unbeneficiated matrix. Previous attempts in this area have
      failed because of process difficulties and the poor quality of the
      phosphoric acid produced. These problems arise from the fact that the
      presence of a significant amount of clay results in poor filtration and
      from the further fact that the high iron and aluminum content of the clays
      affects calcium sulfate crystal size and form and product purity.
PAR  Thus, there presently exists a need for a slimes disposal process which
      will accomplish practicably the following design objectives: (1) recovery
      of presently discarded phosphate values; (2) elimination of the pond
      system for slimes disposal; (3) conservation of process water; and (4)
      provision of potentially closed loop operation of the phosphate mining and
      phosphoric acid production facility.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered a process which meets the foregoing design objectives.
      Simply stated, our process consists of pre-conditioning a phosphate
      source, prior to digestion, by calcination at a temperature in the range
      of 1600.degree.- 2200.degree.F, preferably 1750.degree. - 2000.degree.F.
      This pre-conditioning allows the use of dry, as-mined matrix in the
      digestion process and obviates the necessity of a beneficiation step. This
      in turn means that no slimes are produced, no slurry water is necessary,
      mined land can be reclaimed immediately, and presently discarded phosphate
      values are recovered. Not only will our process provide for immediate land
      reclamation and water conservation in the future, but it can also be used
      to recover the phosphate values from previously discarded slimes, thus
      clearing previously used land for productive use.
PAR  We have discovered that as yet unidentified reactions take place in the
      temperature range of 1600.degree. - 2200.degree.F which result in a
      phosphate source which, when digested with a mineral acid, yields an
      easily filterable slurry and in which a sizeable portion of the iron,
      aluminum and magnesium impurities in the phosphate source are rendered
      insoluble.
PAC  DETAILED DESCRIPTION
PAR  The phosphate source is preferably phosphate rock matrix, beneficiated
      phosphate rock or phosphate slims. Phosphate rock matrix is the dry or
      damp mixture of phosphate pebble, clay and sand as recovered from a
      phosphate mine. Before being fed to our process, it is ground and sized.
      Beneficiated phosphate rock is phosphate rock matrix that has been
      slurried with water and beneficiated by a complex but conventional
      procedure involving wet screening, hydroseparation and flotation. Three
      size fractions are usually produced: (1) a plus 16-mesh pebble rock; (2) a
      -16 + 48 mesh intermediate fraction and (3) a -48 + 150 mesh flotation
      concentrate. That portion of the product from the beneficiation plant that
      is -150 mesh is designated slimes and is usually disposed of in slimes
      ponds. These slimes contain an estimated 1/3 of the phosphate in the
      matrix.
PAR  In the preferred dry embodiment of our process, the as-mined phosphate rock
      matrix is not slurried, as in the conventional wet process, but rather is
      conveyed dry to a sizing station where it is sized before being fed to the
      calciner. If the sizing operation requires fine grinding, the matrix is
      first dried. The size of the matrix entering the calciner may vary within
      wide limits, larger particles of course needing more time in the calciner,
      but generally we have found that best results are obtained when about 70
      to 80% of the matrix passes through a 200 mesh screen. If the matrix has
      this size range, no further grinding is necessary after calcining. The
      calcined matrix is transported, preferably by a fluidized transport
      system, to the digestion step.
PAR  An alternative embodiment of our invention employs beneficiated phosphate
      rock and calcined slimes. Just as in prior processes the mined matrix is
      slurried with water, beneficiated, and sized. The slimes from the
      beneficiation step are dewatered to a solids content of at least about
      40%, preferably about 50% and calcined at a temperature in the range of
      1600.degree. - 2200.degree.F, preferably 1750.degree. - 2000.degree.F. The
      calcined slimes are combined with the size beneficiated pebble streams
      prior to being fed to the digestion step. Even better results may be
      obtained by combining the dewatered slimes with the beneficiated pebble
      and calcining the mixture.
PAR  In a third embodiment of our invention, dewatered slimes from previously
      existing slimes ponds are the sole phosphate source, or are combined with
      beneficiated phosphate rock.
PAR  Regardless of the type of phosphate source used, after suitable
      conventional preparation, some or all of the material is fed to a calciner
      where it is heated to a temperature in the rannge of 1600.degree. -
      2200.degree.F, preferably 1750.degree. - 2000.degree.F. Conventional
      calcination procedures are employed.
PAR  After calcination, the rock, if not previously ground, is ground to about
      70% passing a 200 mesh screen before digestion with a mineral acid. The
      mineral acid may be phosphoric, sulfuric, nitric, or hydrochloric.
DRWD
PAR  Our invention is further explained but not limited by reference to FIGS. 1,
      2 and 3.
PAR  FIG. 1 shows the conventional process for the mining preparation and
      digestion of phosphate rock pebble. The overburden 1 from a phosphate mine
      3 is removed by dragline 2 to expose the phosphate containing layer. A
      stream of water L-11 is pumped into the mine to form a slurry with the
      phosphate matrix. The slurry of phosphate matrix and water is pumped along
      line L-1 to the beneficiation plant 4. Lines L-2, L-3 and L-4 are the
      coarse, medium and fine pebble fractions from the beneficiation plant 4
      which are fed to storage bins 5, 6 and 7. A slimes slurry L-9 is pumped to
      slimes pond 12. A phosphate concentrate is conveyed into phosphate
      concentrate storage 14. The pebble from the storage bins 5, 6 and 7 is fed
      to grinder 8. It is then conveyed to the phosphoric acid digestion plant 9
      where it is digested with sulfuric acid L-23. The slurry from the
      phosphoric acid digestion is pumped through L-6 to filter 10. The
      phosphoric acid product exits the filter 10 through L-7. The calcium
      sulfate cake from the filter is pumped through line L-8 to the filter cake
      discard pond 11.
PAR  FIG. 2 depicts the matrix embodiment of our invention. Dragline 2 removes
      the overburden 1 from phosphate mine 3 thereby exposing the phosphate
      matrix. The dry phosphate matrix is conveyed along conveyor 18 to the
      matrix sizing plant 15. The sized matrix flows through L-13 to the
      calciner 16. Exiting from the bottom of the calciner 16 the matrix is
      carried by conveyor L-14 to grinder 8, then by L-15 to the phosphate acid
      digestion plant 9 where it is digested with sulfuric acid L-23. The
      resulting slurry is pumped through L-16 to filter 10 and product
      phosphoric acid is removed through L-25. The filter cake is conveyed by
      L-17 onto conveyor 18 and then back to the phosphate mine 3.
PAR  FIG. 3 depicts another embodiment of our invention. Water from the slimes
      dewatering plant 16 is pumped through line L-20 to phosphate mine 3 where
      dragline 2 has previously removed the overburden 1 thus exposing the
      phosphate matrix. The phosphate matrix, slurried with water, is pumped
      along line L-1 to the washer and flotation plant 4. A slimes slurry leaves
      the washer and flotation plant 4 through line L-9 and after dewatering at
      16 is conveyed through L-21 to calciner 17. The calcined slimes are then
      conveyed by line L-22 to the phosphoric acid digestion step. A phosphate
      concentrate is also recovered from the washer and flotation plant 4. It is
      conveyed to phosphate concentrate storage 14 and is then conveyed through
      line L-24 to the grinder 8. Sized pebble is also recovered from washer and
      flotation plant 4. Lines L-2, L-3 and L-4 contain coarse, medium and fine
      pebble respectively and lead to storage bins 5, 6 and 7. The pebble flows
      to the grinder 8 and then through line L-5 to the phosphoric acid
      digestion step 9. The resultant phosphoric acid calcium sulfate slurry is
      pumped through L-18 to the filter 10 and the product phosphoric acid
      withdrawn through line L-26. The calcium sulfate cake is pumped through
      line L-19 to filter cake disposal pond 11.
PAR  Our invention is further illustrated by the following non-limiting examples
     .
DETD
PAC  EXAMPLE 1
PAR  Four 100-gram portions of air dried phosphate slimes recovered from a
      dilute slimes slurry were calcined for 1 hour at the followng
      temperatures:
TBL  Sample           Calcination Temperature                                  

     ______________________________________                                    

     A                not calcined                                             

     B                1200                                                     

     C                1600                                                     

     D                1800                                                     

     ______________________________________                                    

PAR  The quantity of phosphoric acid necessary to convert all the phosphate in
      the slimes to monocalcium orthophosphate according to the following
      equation was calculated and a threefold excess was added (224 g. of 62.5%
      c.p. H.sub.3 PO.sub.4).
EQU  [Ca.sub.3 (PO.sub.4).sub.2 ].sub.3 CaF.sub.2 + 14H.sub.3 PO.sub.4 .fwdarw.
      10Ca (H.sub.2 PO.sub.4).sub.2 + 2HF
PAR  Each sample was digested in the H.sub.3 PO.sub.4 for 1/2 hour at
      140.degree.F. Sufficient water was then added to provide an 18 - 20%
      solids slurry. The residue from the digestions was removed by filtration
      and the filtration rates of each determined with the following results.
TBL  __________________________________________________________________________

                                                Filtration                     

                    Table I                     Rate,                          

                    Analysis, %         P.sub.2 O.sub.5                        

                                                gal./hr.                       

     Sample         P.sub.2 O.sub.5                                            

                         Fe.sub.2 O.sub.3                                      

                              Al.sub.2 O.sub.3                                 

                                   MgO  Solubilized,%                          

                                                ft..sup.2                      

     __________________________________________________________________________

     Feed Slimes (dried)                                                       

                    16.04                                                      

                         4.78 13.65                                            

                                   2.27 --      --                             

     Feed Slimes (calcined)                                                    

                    16.76                                                      

                         5.54 15.01                                            

                                   2.61 --      --                             

     Feed Slimes (at 30% P.sub.2 O.sub.5).sup.1                                

                    30.0 10.4 27.8 4.8  --      --                             

     Filtrate A (uncalcined)                                                   

                    30.0 10.9 12.8 --   79.6    0.31                           

     Filtrate B (1200.degree.F)                                                

                    30.0 4.2  12.7 --   97.6    27.4                           

     Filtrate C (1600.degree.F)                                                

                    30.0 1.4  8.8  --   92.1    29.6                           

     Filtrate D (1800.degree.F)                                                

                    30.0 1.0  3.8  2.9  93.9    168                            

     __________________________________________________________________________

      .sup.1 All results expressed on the same P.sub.2 O.sub.5 basis for       

      comparison purposes.                                                     

PAR  The above results show the increasing rejection of iron and aluminum with
      increasing calcining temperatures. In the case of 1800.degree.F
      calcination, 87% of the Al.sub.2 O.sub.3 and 90.8% of the Fe.sub.2 O.sub.3
      have been rejected with 93.9% recovery of the phosphate values. The
      remarkable increase in filtration rate for 1800.degree.F calcination is a
      most unexpected result. MgO rejection is 44%.
PAC  EXAMPLE 2
PAR  A 100-gram portion of sample D of Example 1, after calcination, was
      digested for 1/2 hour at 140.degree.F in a mixture of 300% excess of c.p.
      H.sub.3 PO.sub.4 as in Example 1 and 1% excess of H.sub.2 SO.sub.4 over
      that required to precipitate all the calcium in the slimes as gypsum. The
      following analysis of the filtrate was obtained.
TBL                                    Table II                                

     __________________________________________________________________________

     Analysis,%        P.sub.2 O.sub.5                                         

                               Filtration Rate,                                

     P.sub.2 O.sub.5                                                           

         Fe.sub.2 O.sub.3                                                      

              Al.sub.2 O.sub.3                                                 

                   MgO Solubilized, %                                          

                               gal./hr./ft..sup.2                              

     __________________________________________________________________________

     30.0                                                                      

         0.77 4.4  2.7 100     300                                             

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  Two 100-gram portions of as-mined phosphate matrix were dried, crushed, and
      uniformly mixed. One portion was calcined at 1800.degree.F for 1 hour.
      Each portion was digested with 300% excess c.p. phosphoric acid with
      sufficient sulfuric acid present to maintain 2.5% excess over that
      required to precipitate all the calcium contained in the BPL value in the
      matrix as calcium sulfate (gypsum). Both digestions were made at
      160.degree.F for 30 minutes with a 20% solids slurry. The slurries were
      filtered, filtration rates determined, and analysis obtained on the
      filtrates as follows:
TBL                                    Table III                               

     __________________________________________________________________________

                                              Filtration                       

                   Analysis, %        P.sub.2 O.sub.5                          

                                              Rate, gal./                      

     Sample        P.sub.2 O.sub.5                                             

                        Fe.sub.2 O.sub.3                                       

                             Al.sub.2 O.sub.3                                  

                                  MgO Solubilized,%                            

                                              hr./ft..sup.2                    

     __________________________________________________________________________

     Matrix (dried)                                                            

                   19.29                                                       

                        2.09 2.60 0.41                                         

                                      --      --                               

     Matrix (1800.degree.F)                                                    

                   19.92                                                       

                        2.31 2.83 0.45                                         

                                      --      --                               

     Matrix (at 30% P.sub.2 O.sub.5)                                           

                   30.0 3.25 4.04 0.64                                         

                                      --      --                               

     Filtrate A (uncalcined)                                                   

                   30.0 3.32 3.92 0.55                                         

                                      87.6    80.8                             

     Filtrate B (1800.degree.F)                                                

                   30.0 1.91 1.74 0.26                                         

                                      95.3    390                              

     __________________________________________________________________________

PAR  The above results show the effect of 1800.degree.F calcining on "as is"
      mined matrix when the calcined matrix is digested with sulfuric acid to
      produce wet-process phosphoric acid.
PAR  For comparison purposes, two "typical" wet-process phosphoric acid analyses
      are given below.
TBL                Table IV                                                    

     ______________________________________                                    

                Analysis,%                                                     

                Acid A      Acid B                                             

     ______________________________________                                    

     P.sub.2 O.sub.5                                                           

                  30.0          30.0                                           

     Fe.sub.2 O.sub.3                                                          

                  0.78          1.22                                           

     Al.sub.2 O.sub.3                                                          

                  1.56          1.10                                           

     MgO          0.22          0.34                                           

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  This example illustrates that by practicing the calcining step of our
      invention on beneficiated phosphate rock, a more easily filtered digestion
      slurry is produced and a higher quality phosphoric product can be
      recovered.
PAR  Two 100-gram portions of ground phosphate pebble were dried, and one
      portion calcined at 1800.degree.F for 1 hour. Each portion was digested
      with a mixture of phosphoric acid at 270% excess and sulfuric acid such
      that an excess of 2.5% H.sub.2 SO.sub.4 was maintained over that required
      to precipitate all the calcium contained in the BPL value of the pebble as
      calcium sulfate (gypsum). Gypsum slurry filtration rate and filtrate
      analysis were determined with the following results:
TBL                                    Table V                                 

     __________________________________________________________________________

                                              Filtration                       

                   Analysis,%         P.sub.2 O.sub.5                          

                                              Rate, gal./                      

     Sample        P.sub.2 O.sub.5                                             

                        Fe.sub.2 O.sub.3                                       

                             Al.sub.2 O.sub.3                                  

                                  MgO Solubilized,%                            

                                              hr./ft..sup.2                    

     __________________________________________________________________________

     Pebble (dried)                                                            

                   29.51                                                       

                        1.95 1.20 0.35                                         

                                      --      --                               

     Pebble (at 30% P.sub.2 O.sub.5)                                           

                   30.0 1.98 1.22 0.36                                         

                                      --      --                               

     Filtrate A (uncalcined)                                                   

                   30.0 2.05 1.17 0.29                                         

                                      97      111                              

     Filtrate B (1800.degree.F)                                                

                   30.0 1.34 0.76 0.27                                         

                                      95      207                              

     __________________________________________________________________________

PAR  Again, calcining to 1800.degree.F reduces the iron, aluminum, and magnesium
      leached, and improved by a factor of two the filtration rate, without a
      significant reduction in phosphate recovery.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for producing phosphoric acid wherein phosphate rock is
      mined, beneficiated, the beneficiated product separated into a slimes
      stream, one or more pebble streams, and a concentrate stream, the slimes
      stream discarded, and the pebble streams digested with mineral acid and
      filtered to remove impurities, the improvement comprising dewatering the
      slimes stream to a sollds content of at least 40 percent by weight,
      calcining the dewatered slimes at a temperature in the range of
      1600.degree. to 2200.degree.F, combining the calcined slimes with the
      beneficiated pebble prior to digesting with a mineral acid and filtering
      the resultant slurry to remove solid matter.
NUM  2.
PAR  2. The process of claim 1 wherein the dewatered slimes have a solids
      content of about 50 percent by weight and the calcination temperature is
      in the range of 1750.degree. to 2000.degree.F.
NUM  3.
PAR  3. The process of claim 1 wherein the dewatered slimes are added to the
      beneficiated pebble prior to calcination and the mixture calcined at a
      temperature in the range of 1600.degree. to 2200.degree.F.
NUM  4.
PAR  4. The process of claim 3 wherein the calcination temperature is in the
      range of 1750.degree. to 2000.degree.F.
NUM  5.
PAR  5. A process for the preparation of phosphoric acid from phosphate slimes
      comprising dewatering the slimes to a minimum solids content of 40 percent
      by weight, calcining the dewatered slimes at a temperature in the range of
      1600.degree. to 2200.degree.F digesting the calcined slimes in a mineral
      acid, and filtering to remove solid matter from the product phosphoric
      acid.
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ABST
PAL  A process for preparing cathodochromic materials whereby coloration
      properties of the materials are enhanced by a low-temperature
      re-crystallization process. Crystalline powders formed using either
      hydrothermal or sintering growth techniques are hydrothermally
      re-crystallized at a temperature sufficiently high and for a time
      sufficiently long to effect re-crystallization. The temperature range for
      hydrothermal re-crystallization is 60.degree.C to 300.degree.C and the
      re-crystallization growth time is at least the order of 12 hours and, more
      typically, the order of three days. There is shown a cathode ray tube
      employing said materials.
GOVT
PAR  The invention described herein was made in the course of or under a grant
      from the National Science Foundation, an agency of the United States
      Government.
BSUM
PAR  The present invention relates to methods of preparing cathodochromic
      sodalite and to cathode ray tube using the same.
PAR  Attention is called to the following related applications being filed
      herewith and hereby incorporated herein by reference: "Cathode Ray Tube
      Having an Image Screen Material that Is Both Cathodochromic and
      Fluorescent and the Material for the Screen," Ser. No. 456,961, filed
      April 1, 1974. (Todd et al.); "Method of and Apparatus for Exciting
      Luminescence in a Cathode Ray Tube Having an Image Screen Composed of a
      Material that Is Both Cathodochromic and Cathodoluminescent," Ser. No.
      457,112, filed April 1, 1974 (Todd); and "Cathode Ray Tube Employing
      Faceplate-Deposited Cathodochromic Material and Electron Beam Erase," Ser.
      No. 456,111, filed April 1, 1974 (Todd). Attention is called also to the
      doctoral thesis of Lee T. Todd, Jr. at M.I.T., a copy of which accompanies
      herewith, which thesis is hereby incorporated herein by reference; the
      work upon which the thesis is based being done by the inventor Todd, Jr.,
      under the supervision of the inventor Linz and with the collaboration and
      consultation, as to some aspects thereof, with the inventor Farrell. The
      thesis contains an exhaustive list of references to prior work as well as
      detailed theoretical analysis, neither of which is repeated here. The
      following U.S. Pat. Nos. are made of record: 3,705,323 (Shidlovsky);
      3,598,750 (Phillips); 2,752,521 (Ivey); 2,761,846 (Medved); 3,706,845
      (Heyman et al.); 3,148,281 (Fyler).
PAR  Cathodochromic materials have the property of changing color when excited
      by an electron beam beyond some threshold. The coloration can be erased by
      thereafter heating the material to about 200.degree.C. These properties
      have led to the use of cathodochromic sodalite as a screen material for
      cathode ray tube (CRT) display devices. Such devices have the properties
      of high resolution, high contrast in bright ambient light, gray scale, and
      very long inherent memory.
PAR  A principal object of the present invention is to provide cathodochromic
      sodalite having greatly increased contrast ratio (e.g., 40:1) than has
      heretofore been available.
PAR  A further object is to provide a material by a process which eliminates the
      need for high-temperature, high-pressure, hydrothermal reaction.
PAR  These and still further objects are discussed hereinafter and are
      particularly delineated in the appended claims.
PAR  The objects are attained by a process for preparing cathodochromic sodalite
      consisting essentially of sodalite of the formula Na.sub.6 Al.sub.6
      Si.sub.6 O.sub.24 .2(1-z)NaX, wherein z is the fraction of NaX vacancies
      formed, for example, by hydrogen annealing, as later discussed, and X is
      taken from the group consisting of chlorine, bromine, iodine, OH and
      mixtures thereof, in which there is first formed a crystalline two-phase
      powder, basic nosean being the second phase. There are several available
      ways to produce the powder, but hydrothermal techniques appear to be best.
      Thereafter the powder is subjected to low-temperature re-crystallization
      whereby increased sensitivity is realized in the finished product. In the
      process, essentially stoichiometric quantities of sodium hydroxide, sodium
      halide, aluminum oxide and silicon dioxide are mixed to form a charge;
      water and further sodium hydroxide are added to the charge to form a
      mixture having an excess of sodium hydroxide; and the mixture is reacted
      hydrothermally at a temperature between 300.degree.C and 500.degree.C for
      at least the order of 12 hours with an internal pressure of about 2000
      psi. The lower or dissolving zone of the mixture is kept at least
      10.degree.C higher in temperature than the upper or growth zone of the
      mixture; the resulting product of reaction is cooled to room temperature;
      it appears as a slurry containing crystalline powder in a concentrated
      sodium hydroxide solution. The sodium hydroxide solution is removed from
      the product to provide a crystalline powder. The powder is next
      hydrothermally transformed at a temperature sufficiently high and a growth
      period sufficiently long to effect re-crystallization, the resulting
      powder is then annealed in hydrogen at between 550.degree.C and
      950.degree.C for fifteen minutes to an hour to sensitize the powder for
      electron-beam coloration.
DRWD
PAR  The invention is hereinafter discussed with reference to the accompanying
      drawing in which:
PAR  FIG. 1 is a side section view of a cathodochromic cathode ray tube with a
      sodalite image screen;
PAR  FIG. 2A is a reproduction of the X-ray powder pattern of the two-phase
      crystalline powder, consisting of a mixture of sodalite and basic nosean,
      which results from the initial hydrothermal reaction herein discussed;
PAR  FIG. 2B is a reproduction, like FIG. 2A, of the X-ray powder pattern of a
      powder produced by the low temperature re-crystallization of the two-phase
      powder whose powder pattern is shown in FIG. 2A;
PAR  FIG. 3A is a scanning electron microscope picture of a two-phase
      crystalline powder, consisting of a mixture of sodalite and basic nosean,
      which results from the initial hydrothermal reaction (mag. x2000);
PAR  FIG. 3B is a scanning electron microscope picture of a powder produced by
      the low-temperature re-crystallization of the two-phase powder shown in
      FIG. 3A (mag. x4750);
PAR  FIG. 4 is a graph of contrast ratio versus exposure characteristics for two
      materials, like those shown in FIGS. 3A and 3B (and having the X-ray
      pattern of FIGS. 2A and 2B) before and after the low temperature
      re-crystallization process herein described;
PAR  FIG. 5 is a graph of contrast ratio versus exposure characteristics as a
      function of hydrogen annealing temperature for a powder produced by the
      low temperature re-crystallization process herein described;
PAR  FIG. 6A is a scanning electron microscope picture of a sodalite powder
      grown by the sintering process herein described; and
PAR  FIG. 6B is a scanning electron microscope picture of a powder produced by
      the low-temperature re-crystallization of the powder shown in FIG. 6A.
DETD
PAR  The name sodalite is used very broadly to refer to both a specific
      material, Na.sub.6 Al.sub.6 Si.sub.6 O.sub.24 .2NaX and also to a family
      of materials each with the same crystal structure but different chemical
      compositions. Most sodalite, as grown, is not cathodochromic. Several
      methods are used to sensitize the material; however annealing in a
      reducing atmosphere, usually hydrogen, is most common (such annealing
      creates vacancies so that the last part of the above formula becomes
      2(1-z)NaX, wherein 0&lt;z&lt;1 and represents NaX vacancies). Typical annealing
      treatments are conducted between 750.degree. and 900.degree.C for 15
      minutes to an hour. Also, usually, the sodalite is produced in the form of
      a crystalline powder by a single growth technique, either hydrothermally
      or by sintering. It has been found for present purposes that coloration
      sensitivity can be enhanced by a two-step crystallization technique
      wherein sodalite powders are formed, rich in basic nosean, and the powders
      containing nosean are completely converted to sodalite by a
      low-temperature hydrothermal re-crystallization treatment to give a
      resulting powder that, after annealing, has a degree of crystallization
      and a coloration sensitivity far exceeding those obtained by either the
      sintering method or the hydrothermal method alone. In the description of
      the present process that follows, the first, nosean-containing,
      crystalline powders are discussed in connection with a hydrothermal growth
      technique, but, in the examples, sintering is included and the powders do
      not necessarily contain nosean.
PAR  The present process, as noted, is employed to prepare high-sensitivity,
      cathodochromic sodalite. The fundamental powders are formed by first
      mixing essentially stoichiometric quantities of sodium hydroxide, sodium
      halide, aluminum oxide and silicon dioxide to form a charge. The charge is
      placed in a hydrothermal pressure vessel (that has a silver lining to
      prevent corrosion) and water and further sodium hydroxide are added to
      provide a mixture having an excess of sodium hydroxide. The sodium
      hydroxide concentration is at least ten molar. Heat is applied to the
      vessel to effect a hydrothermal reaction of the mixture at a temperature
      between 300.degree.C and 500.degree.C for at least the order of 12 hours
      and preferably at 360.degree.C for 24 hours. The lower or dissolving zone
      of the mixture is kept at least 10.degree.C higher in temperature than the
      upper or growth zone of the mixture. The hydrothermally reacted mixture is
      then cooled to room temperature. At this juncture, the product of the
      hydrothermal reaction is a slurry containing crystalline powder in a
      concentrated sodium hydroxide solution. The crystalline powder is
      separated from the sodium hydroxide solution and is hydrothermally
      transformed at a temperature sufficiently high and a growth period
      sufficiently long to effect re-crystallization. Typically, the second
      hydrothermal treatment takes place at a temperature between 60.degree.C
      and 300.degree.C, more or less, and for a growth time of at least 12 hours
      and as much as 3 days. A re-crystallization temperature of about
      130.degree.C has been found to be very good. The powder can be
      re-crystallized in a concentrated sodium hydroxide solution; the sodium
      hydroxide increases the solubility of the sodalite and nosean and in the
      sintered material hereinafter discussed, sodium hydroxide dissolves all
      components.
PAR  The sodalite powders prepared by the process described above are not
      cathodochromic but must be annealed in a reducing atmosphere, usually
      hydrogen, before they can be colored by an electron beam. This process
      creates lattice vacancies which are necessary for color center formation,
      in this case F centers, and, thus, coloration. In the case of bromine
      sodalite, the vacancies are created by the loss of NaBr from the material
      during the anneal. Coloration sensitivity and maximum contrast ratio
      (contrast ratio, CR, is defined as the ratio of uncolored reflectance to
      colored reflectance) depend strongly on the annealing treatment. The
      coloration sensitivity initially increases with increasing annealing
      temperature, at constant annealing time, due to the formation of
      additional lattice vacancies. However, above a certain temperature, the
      sensitivity decreases with increasing annealing temperature due to the
      breakdown of the sodalite structure, caused by the removal of large
      amounts of NaBr in the case of bromine sodalite. This collapse results in
      the formation of a second phase, nepheline, in which F centers do not
      occur, thus reducing the coloration sensitivity.
PAR  The contrast ratio versus exposure measurements noted later were made with
      a brightness spot meter having a spectral response closely matched to the
      human eye and no additional interference filters were employed.
PAR  Examples are given later of processes for producing cathodochromic powders
      by the present teaching. There follows first, however, a brief description
      of a cathode ray tube employing the cathodochromic powders on the image
      screen.
PAR  The cathode ray tube is shown at 101 in FIG. 1 comprising a glass envelope
      1 having a faceplate 3 upon the inner surface of which there is deposited
      a cathodochromic image screen 2 consisting essentially of sodalite of the
      formation Na.sub.6 Al.sub.6 Si.sub.6 O.sub.24 .2(1-z)NaX, wherein z is the
      fraction of NaX vacancies and X is taken from the group consisting of
      chlorine, bromine, iodine, OH and mixtures thereof, the sodalite having
      been prepared by a process that comprises a high temperature reaction
      followed by a low-temperature hydrothermal reaction as more particularly
      described in the Examples. The cathode ray tube 101 includes, further, an
      electron gun 5, an anode 6 on the inner surface of the image screen 2
      (Focusing and deflection means are not shown). The anode 6, which can be a
      thin aluminum coating, for example, is electrically connected back to the
      electron gun by the conductive layer labeled 6' which extends along the
      side walls designated 4 of the tube 1.
PAC  EXAMPLE 1
PAR  4.12 grams NaBr, 6.12 grams Al.sub.2 O.sub.3, 7.20 grams SiO.sub.2, are
      thoroughly mixed and placed in a silver lined hydrothermal pressure vessel
      with an internal capacity of approximately 130 ml. Ninety milliliters of a
      solution of H.sub.2 O and 40.0 grams NaOH are then added to the charge
      within the vessel and the vessel is sealed. The lower portion of the
      vessel is maintained at 362.degree.C and the upper portion at 329.degree.C
      for about 27 hours and the vessel is then allowed to cool to room
      temperature. The product is a slurry of crystalline powder in a
      concentrated NaOH solution. The NaOH is removed by washing the powder
      repeatedly with distilled water. Next, the powder is dried for one hour in
      an oven at about 130.degree.C and then crushed to a fine particle size. At
      this point, the X-ray powder pattern, FIG. 2A, consists of diffraction
      peaks representing two crystalline phases -- sodalite and basic nosean.
PAR  The above powder is then re-crystallized by a low-temperature
      re-crystallization process. 12.34 grams of the powder are placed in a
      teflon-lined acid digestion vessel with an internal capacity of 200 ml.
      One-hundred and twenty milliliters of a solution of H.sub.2 O and 48.0
      grams NaOH are added to the charge in the vessel and the vessel sealed.
      The base of the vessel is maintained at 130.degree.C for 90 hours and then
      cooled to room temperature. The product is again a slurry of crystalline
      powder in a concentrated NaOH solution and is processed as described
      above. An X-ray powder pattern of the product, FIG. 2B, shows complete
      conversion of the initial two-phase powder to single-phase sodalite.
PAR  FIG. 3A is a representative scanning electron microscope (SEM) picture of
      the original two-phase powder. Scanning of the sample reveals no large
      crystallized particles but only microcrystalline aggregates. In contrast,
      FIG. 3B is an SEM picture of the resulting powder after low-temperature
      re-crystallization. The degree of crystallization in the latter picture is
      even better than that obtained by a high-temperature, high-pressure,
      hydrothermal growth process in which single-phase sodalite is created.
PAR  The important consequences of the low-temperature re-crystallization
      process is an increase in the material's coloration sensitivity. FIG. 4
      shows a contrast ratio versus exposure characteristic for the powders
      whose X-ray powder pattern are shown in FIGS. 2A and 2B. The increase in
      sensitivity caused by the low-temperature re-crystallization results from
      the conversion of the lower sensitivity phases, mainly nosean and
      nepheline, to the highly sensitive sodalite phase. The coloration
      sensitivity of the material depends strongly on the hydrogen-annealing
      treatment. The optimum treatment for this material is annealing at
      700.degree.C for 15 minutes, as shown in FIG. 5.
PAC  EXAMPLE 2
PAR  2.75 grams NaBr, 6.12 grams Al.sub.2 O.sub.3, 7.20 grams SiO.sub.2, are
      thoroughly mixed and placed in a silver lined hydrothermal pressure vessel
      with an internal capacity of approximately 130 ml. An 87 ml solution of
      H.sub.2 O and 40 grams of NaOH is then added to the charge within the
      vessel and the vessel sealed. The lower portion of the vessel is
      maintained at 360.degree.C and the upper temperature at 340.degree.C for a
      period of about 22 hours at which time the vessel is cooled to room
      temperature. At this point, the powder is processed as in Example 1 and an
      X-ray powder pattern similar to that shown in FIG. 2A is obtained.
PAR  This powder is then re-crystallized by a low-temperature re-crystallization
      process. 3.14 grams of the powder are placed in a teflon-lined acid
      digestion vessel with an internal capacity of 28 ml. An 18 ml solution of
      H.sub.2 O and 7.20 grams NaOH are added to the charge in the vessel and
      the vessel sealed. The base of the vessel is maintained at 130.degree.C
      for 90 hours and then cooled to room temperature. The resultant product is
      processed as in Example 1 and the X-ray powder pattern is similar to that
      shown in FIG. 2B indicating that complete conversion to sodalite has been
      obtained.
PAR  Finally, the powder is annealed in hydrogen in order to permit coloration
      by an electron beam.
PAC  EXAMPLE 3
PAR  Sodalite is also produced by a combination of sintering and low-temperature
      crystallization. The initial step involves thoroughly mixing 4.80 grams
      NaOH, 6.12 grams Al.sub.2 O.sub.3, 7.20 grams SiO.sub.2, 4.10 grams NaBr
      and sintering the resulting mixture for 2 hours at 860.degree.C. The
      resulting product, in the form of a hard calcined mass, is next ball
      milled for several hours to reduce it to a fine-grain powder. X-ray powder
      patterns of the material at this stage indicate significant sodalite
      crystallization but also the presence of additional unwanted phases. Also,
      an SEM picture of the sintered material, FIG. 6A, shows no well
      crystallized particles but only microcrystalline aggregates.
PAR  The sintered powder is next low-temperature reacted. 3.14 grams of powder
      are placed in a teflon-lined acid digestion vessel with an internal
      capacity of 28 ml. An 18 ml solution of 7.20 grams NaOH and H.sub.2 O are
      added to the charge in the vessel and the vessel sealed. The base of the
      vessel is maintained at 130.degree.C for about 90 hours and then cooled to
      room temperature. The resultant product is a slurry of crystalline powder
      in a concentrated NaOH solution. The powder is then processed as in
      Example 1. The X-ray powder pattern of the material shows almost complete
      conversion of the initial powder to sodalite.
PAR  Finally, the powder is annealed in hydrogen in order to permit coloration
      by an electron beam.
PAR  Modifications of the invention herein disclosed will occur to persons
      skilled in the art and all such modifications are deemed to be within the
      spirit and scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing cathodochromic sodalite consisting essentially
      of sodalite of the formula Na.sub.6 Al.sub.6 Si.sub.6 O.sub.24 . 2(1-z)
      NaX, wherein z is the fraction of NaX vacancies and X is taken from the
      group consisting of chlorine, bromine, iodine, OH and mixtures thereof,
      that comprises: mixing essentially stoichiometric quantities of sodium
      hydroxide, sodium halide, aluminum oxide and silicon dioxide to form a
      charge; placing the charge in a hydrothermal pressure vessel having a
      lower or dissolving zone and an upper or growth zone; adding to the charge
      water and further sodium hydroxide to provide an excess of sodium
      hydroxide in the charge; applying heat to the vessel and maintaining the
      temperature of the charge therein between 300.degree.C and 500.degree.C,
      the lower or dissolving zone of the vessel being at least 10.degree.C
      higher in temperature than the upper or growth zone of the vessel, the
      300.degree.C to 500.degree.C temperature being maintained for at least the
      order to 20 hours; cooling the vessel to room temperature and removing
      from the vessel the material which is in a crystallized powder form in a
      concentrated sodium hydroxide solution and contains a sodalite phase and
      unwanted phases; hydrothermally re-crystallizing the powder in a
      hydrothermal vessel at a temperature of at least 80.degree.C for the order
      of 3 days to convert the unwanted phases to the sodalite phase and provide
      a resulting powder that is high in sodalite; and annealing the resulting
      powder in hydrogen between 550.degree.C and 950.degree.C for 15 minutes to
      an hour.
NUM  2.
PAR  2. A process for preparing cathodochromic sodalite consisting essentially
      of sodalite of the formula Na.sub.6 Al.sub.6 Si.sub.6 O.sub.24 . 2(1-z)
      NaX, wherein z is the fraction of NaX vacancies and X is taken from the
      group consisting of chlorine, bromine, iodine, OH and mixtures thereof,
      that comprises: mixing essentially stoichiometric quantities of sodium
      hydroxide, sodium halide, aluminum oxide and silicon dioxide to form a
      charge; adding water and further sodium hydroxide to the charge to form a
      mixture having an excess of sodium hydroxide; reacting the mixture
      hydrothermally at a temperature between 300.degree.C and 500.degree.C for
      at least the order of twelve hours, the lower or dissolving zone of the
      mixture being at least 10.degree.C higher in temperature than the upper or
      growth zone of the mixture; cooling to room temperature the product of the
      reaction which appears as a slurry containing crystalline powder in a
      concentrated sodium hydroxide solution; removing the sodium hydroxide
      solution from the product to provide a crystalline powder containing
      sodalite crystals and other component crystals; hydrothermally
      transforming the crystalline powder at a temperature sufficiently high and
      a growth period sufficiently long to effect re-crystallization of at least
      some of said other component crystals to sodalite crystals; and annealing
      the resulting powder in hydrogen between 550.degree.C and 950.degree.C for
      at least 15 minutes.
NUM  3.
PAR  3. A process as claimed in claim 2 in which the powder is re-crystallized
      in concentrated sodium hydroxide solution.
NUM  4.
PAR  4. A process as claimed in claim 2 in which the sodium hydroxide
      concentration in the first-named hydrothermal treatment is at least 10
      molar.
NUM  5.
PAR  5. A process as claimed in claim 2 in which the temperature to effect
      hydrothermal re-crystallization is in the range of 60.degree.C to
      300.degree.C, more or less.
NUM  6.
PAR  6. A process as claimed in claim 5 in which the hydrothermal
      re-crystallization growth time is at least the order of twelve hours.
NUM  7.
PAR  7. A process as claimed in claim 6 in which the hydrothermal
      re-crystallization growth time is about 3 days.
NUM  8.
PAR  8. A process as claimed in claim 5 in which the temperature to effect
      hydrothermal re-crystallization is about 130.degree.C.
NUM  9.
PAR  9. A process for preparing cathodochromic sodalite consisting essentially
      of sodalite of the formula Na.sub.6 Al.sub.6 Si.sub.6 O.sub.24 . 2(1-z)
      NaX, wherein z is the fraction of NaX vacancies and X taken from the group
      consisting of chlorine, bromine, iodine, OH and mixtures thereof, that
      comprises: mixing quantities of sodium hydroxide, sodium halide, aluminum
      oxide and silicon dioxide to form a charge; comminuting the charge;
      sintering the commimuted charge to form a crystalline material containing
      a sodalite phase and at least one unwanted phase; comminuting the sintered
      product to form a powder; hydrothermally transforming the powder at a
      temperature sufficiently high and a growth period sufficiently long to
      effect re-crystallization of at least some of said at least one unwanted
      phase to increase the sodalite phase in the powder; and annealing the
      resulting powder in hydrogen between 550.degree.C and 950.degree.C for at
      least 15 minutes to an hour.
NUM  10.
PAR  10. A process as claimed in claim 9 in which the quantities of sodium
      hydroxide, sodium halide, aluminum oxide and silicon dioxide are
      essentially stoichiometric.
NUM  11.
PAR  11. A process as claimed in claim 9 in which the powder is re-crystallized
      in a concentrated sodium hydroxide solution.
NUM  12.
PAR  12. A process as claimed in claim 9 in which the sintering temperature is
      about 750.degree.C and the sintering time is at least 8 hours and which
      includes the further step of raising the temperature to about
      1000.degree.C for at least 1 hour.
NUM  13.
PAR  13. A process as claimed in claim 9 in which the temperature to effect
      hydrothermal re-crystallization is in the range of 60.degree.C to
      300.degree.C, more or less.
NUM  14.
PAR  14. A process as claimed in claim 13 in which the hydrothermal
      re-crystallization growth time is at least the order of 12 hours.
NUM  15.
PAR  15. A process as claimed in claim 13 in which the hydrothermal
      re-crystallization growth time is about 3 days.
NUM  16.
PAR  16. A process as claimed in claim 13 in which the temperature to effect
      hydrothermal re-crystallization is about 130.degree.C.
NUM  17.
PAR  17. A process for preparing cathodochromic sodalite, that comprises,
      forming a crystalline powder having a plurality of phases and containing
      substantial amounts of a sodalite phase consisting essentially of sodalite
      of the formula, Na.sub.6 Al.sub.6 Si.sub.6 O.sub.24.2NaX, wherein X is
      taken from the group consisting of chlorine, bromine, iodine, OH and
      mixtures thereof, and at least one unwanted phase, hydrothermally
      transforming the crystalline powder at a temperature sufficiently high and
      a growth period sufficiently long to effect re-crystallization thereof,
      whereby at least some of said at least one unwanted phase is
      re-crystallized to the sodalite phase, and sensitizing the re-crystallized
      material to render it cathodochromic.
NUM  18.
PAR  18. A process as claimed in claim 17 in which said temperature is in the
      range from about 60.degree.C to 300.degree.C, and in which said period is
      at least 12 hours.
NUM  19.
PAR  19. A process as claimed in claim 18 in which the re-crystallized material
      is annealed in hydrogen between 550.degree.C and 750.degree.C for at least
      15 minutes to sensitize the same.
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ABST
PAL  An improved process for producing ammonium nitrite in high yield which
      comprises contacting a gaseous stream containing nitric oxide and oxygen
      with an aqueous solution containing a basically reacting ammonium compound
      in the presence of free carbon dioxide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  This invention relates to the production of ammonium nitrite and more
      particularly to an improved process for producing ammonium nitrite by
      contacting an aqueous solution containing a basically reacting ammonium
      compound with a gaseous stream containing nitric oxide and oxygen in the
      presence of free carbon dioxide.
PAR  2. Description of the prior art
PAR  Ammonium nitrite is produced commercially by contacting an aqueous solution
      containing a basically reacting ammonium compound with gaseous nitric
      oxide and oxygen. This process, which is as described in U.S. Pat. No.
      2,805,122 and 2,805,123 (issued to Bostian et al. in 1957), involves
      physical absorption of the gaseous nitric oxide and oxygen by the aqueous
      solution, together with a multiplicity of gas phase and liquid phase
      reactions. Such a process results in substantial yield loss due to the
      formation of undesirable ammonium nitrate, nitrogen and ammonia
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an aqueous solution containing a
      basically reacting ammonium compound is contacted with a gaseous stream
      containing nitric oxide and oxygen in a reaction zone into which free
      carbon dioxide is introduced, whereby yields of ammonium nitrite
      significantly higher than those obtained by prior art methods are
      produced.
PAR  The introduction of free carbon dioxide into the reaction zone of the
      process of the present invention reduces the formation of ammonium
      nitrate, nitrogen and ammonia and provides higher yields of ammonium
      nitrite, up to at least about 10 percent or more, than attained by prior
      art methods. Such yield improvement reflects a significant cost advantage
      due to the large tonnages of ammonium nitrite which are used annually by
      industry, for example, in the production of hydroxylamine compounds.
      Hydroxylamine compounds are used in large quantities for the manufacture
      of caprolactam via an intermediate, cyclohexanone oxime.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawing is a diagrammatic flowsheet illustrating the
      preferred embodiment of the present invention to be described hereinafter.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  When in accordance with the process of the present invention a gaseous
      stream containing nitric oxide and oxygen is contacted with an aqueous
      solution containing a basically reacting ammonium compound, the reaction
      of nitric oxide, oxygen and the ammonium compound to form ammonium nitrite
      is believed to occur by a series of step-wise reactions. The overall
      reaction to form ammonium nitrite may be illustrated by the following
      equation in which ammonium bicarbonate is employed as the basically
      reacting ammonium compound:
EQU  4N0 + 0.sub.2 + 4NH.sub.4 HC0.sub.3 4NH.sub.4 N0.sub.2 + 4C0.sub.2 +
      2H.sub.2 0                                                1
PAR  Gaseous streams which may be used for the practice of this invention can be
      obtained by catalytic combustion of ammonia-air mixtures, by electric arc
      combustion of air, by thermal fixation of the nitrogen in the air, or as
      by-product gas from other chemical processes. Gaseous streams containing
      nitric oxide produced by catalytic combution of ammonia-air mixtures are
      preferred because they are ordinarily the most economical for the most
      efficient practice of this invention. In particular, gaseous streams
      derived from combustion of ammonia-air mixtures having from about 6 to 9
      volume percent ammonia are especially preferred for their economy and
      efficiency in the process of the present invention. Such gases contain at
      the oxidizer exit approximately 6 to 10 volume percent nitric oxide on an
      anhydrous and ammonia free basis, together with approximately 8 to 12
      volume percent oxygen and 60 to 80 volume percent nitrogen.
PAR  When a gaseous stream containing nitric oxide is employed which does not
      also contain oxygen, oxygen from an oxygen containing gas, conveniently
      air, may be introduced into the gaseous stream.
PAR  It has been unexpectedly found that higher yields of ammonium nitrite and
      significant reduction in formation of ammonium nitrate, nitrogen and
      ammonia are obtained by the introduction of free carbon dioxide into the
      reaction zone. While various means may be used to introduce free carbon
      dioxide into the reaction zone of the process of the present invention,
      such as by incorporating the carbon dioxide in the gaseous stream which
      contains the nitric oxide and oxygen, the process in its preferred form
      involves injecting the carbon dioxide, either incrementally or
      continuously, directly into the reaction zone. The free carbon dioxide is
      generally introduced into the reaction zone in an amount corresponding to
      a concentration of from about 1 to 40, and preferably from about 15 to 30
      volume percent carbon dioxide in the gaseous stream containing the nitric
      oxide. Use of concentrations of carbon dioxide less than about 1 volume
      percent does not result in substantially higher ammonium nitrite yields,
      and use of concentrations of carbon dioxide greater than about 40 volume
      percent tends to become uneconomical.
PAR  The term "basically reacting ammonium compound" as used herein is intended
      to include one or more members of the group consisting of ammonium
      carbonate, ammonium bicarbonate and ammonium hydroxide. The basically
      reacting ammonium compound employed in the process of the present
      invention may be conveniently incorporated in the aqueous solution prior
      to the introduction of this solution into the reaction zone for ammonium
      nitrite production.
PAR  While the selected basically reacting ammonium compound may be employed in
      the aqueous solution in various concentrations, when ammonium bicarbonate
      is used as the basically reacting ammonium compound, the concentration of
      the compound in the aqueous solution is generally from about 1-21 weight
      percent, and is preferably from about 4-20 weight percent. When ammonium
      carbonate is employed as the basically reacting ammonium compound, the
      concentration of the compound in the aqueous solution is generally from
      about 1 to 30 weight percent, and preferably from about 4 to 20 weight
      percent. More than about 21 weight percent ammonium bicarbonate or more
      than about 30 weight percent ammonium carbonate is not possible under
      normal operating conditions due to the limit of solubility of these
      compounds in water. Where ammonium hydroxide is employed as the basically
      reacting ammonium compound, the concentration of ammonium hydroxide in the
      aqueous solution is generally from about 1 to 28 weight percent, and
      preferably from about 4 to 16 weight percent.
PAR  The aqueous solution in the process of the present invention should be
      maintained at a pH of at least about 6.75, thereby avoiding significant
      decomposition of the ammonium nitrite product which occurs when the
      aqueous solution has a pH below about 6.75. In its preferred form, the
      process employs an aqueous solution that has a pH of between about 6.75
      and 7.0.
PAR  When the aqueous solution which contains the basically reacting ammonium
      compound is characterized by a C0.sub.3.sup..sup.= /NH.sub.4 .sup.+  ratio
      of less than about 0.5, highest yields of ammonium nitrite are obtained
      when a temperature of between about -5.degree. and 35.degree.C., and
      preferably between about -5.degree. and 5.degree.C., is employed. When
      this ratio is greater than about 0.5, a temperature between about
      0.degree. to 10.degree.C., and preferably between about 0.degree. and
      5.degree.C., is employed to obtain highest ammonium nitrite yields. The
      pressure employed in the process of the present invention is not critical
      and typically varies between about 0.5 and 1.5 atmospheres.
PAR  The process of the present invention may be carried out in either a batch
      or a continuous manner. This invention may be illustrated by reference to
      the accompanying drawing wherein the process is carried out in a
      continuous manner. A gaseous stream such as produced by ammonia oxidation
      containing nitric oxide and oxygen is passed via line 10 into absorption
      chamber 11 at a point in the lower portion thereof below packing 12, e.g.,
      3/8 inch Berl Saddle packing, supported on perforate plate 13. Free
      gaseous carbon dioxide is introduced via line 15 into chamber 11 below
      perforate plate 13. The gaseous stream and free gaseous carbon dioxide
      pass upwardly therethrough in countercurrent contact with an aqueous
      solution containing a basically reacting ammonium compound e.g., a mixture
      of ammonium carbonate and ammonium bicarbonate. The aqueous solution is
      introduced to the upper portion of chamber 11 via line 14 and flows
      downwardly over the surface of packing 12. A portion of the aqueous
      solution enriched in ammonium nitrite is withdrawn as recycle stream from
      chamber 11 via line 18, and is passed by pump 19 through cooling apparatus
      22 wherein the recycle stream is cooled to the desired temperature, e.g.,
      5.degree.C. The recycle stream passing from cooling apparatus 22 is
      recycled via line 18 to line 14. A procuct stream comprising aqueous
      solution enriched in ammonium nitrite and containing residual basically
      reacting ammonium compounds is withdrawn from chamber 11 via line 20.
      Waste gas from chamber 11 is discharged via line 17.
PAR  When a batch process is employed, it is desirable that a portion of the
      aqueous solution in the absorption chamber be continuously withdrawn and
      recycled to the chamber, thereby effecting a more complete contacting of
      the basically reacting ammonium compound with the gaseous nitric oxide.
PAR  Any standard cooling apparatus may be used to cool the recycle stream,
      e.g., a shell and tube heat exchanger or a cooling coil. Further, the pump
      employed to cause the recycle stream to flow through line 18 may be any of
      the various standard pumps employed with similar fluids.
PAR  In a continuous process, such as employed in Examples 1 and 2 below, the
      term "yield of ammonium nitrite" as used herein is calculated by the
      following equation: Yield of ammonium nitrite = [moles per hour NH.sub.4
      N0.sub.2 removed with product stream from the tower] .div. [(moles per
      hour N0 sparged to the tower) + (moles per hour NH.sub.4 .sup.+ in the
      form of NH.sub.4 HC0.sub.3, (NH.sub.4).sub.2 CO.sub.3 and NH.sub.4 0H fed
      to the tower)-(moles per hour NH.sub.4 .sup.+ in the form of NH.sub.4
      N0.sub.2,NH.sub.4 N0.sub.3 (NH.sub.4).sub.2 C0.sub.3, NH.sub.4 HC0.sub.3
      and NH.sub.4 0H removed with product stream from the tower)].
PAR  In a batch process, such as is employed in Examples 3 4 and 5 below, the
      term "yield of ammonium nitrite" as used herein is calculated by the
      following equation: Yield of ammonium nitrite = [moles NH.sub.4 N0.sub.2
      in reaction mixture] .div. [(moles N0 sparged to the tower) + (moles
      NH.sub.4 .sup.+ in the form of NH.sub.4 HC0.sub.3, (NH.sub.4).sub.2
      C0.sub.3 and NH.sub.4 0H in aqueous solution charged to the tower) -
      (moles NH.sub.4.sup.+ in the form of NH.sub.4 N0.sub.2, NH.sub.4
      HC0.sub.3, (NH.sub.4).sub.2 C0.sub.3 and NH.sub.4 0H in reaction
      mixture)]. In the above equation the reaction mixture is the aqueous
      solution enriched in ammonium nitrite which is contained in the tower at
      the point in time during the process at which the yield is to be
      determined. Such a determination, of course, may be conveniently made
      either at the conclusion of the process or during the process by
      withdrawing an aliquot from the reaction mixture for analysis.
PAR  The present invention may be further illustrated by reference to the
      following examples:
PAC  EXAMPLE 1
PAR  A packed tower as shown in the accompanying drawing and consisting of a
      3-inch ID pyrex tube, packed to a height of 56 inches with 3/8 inch Berl
      Saddle packing, was continuously fed at a temperature of 16.degree.C. and
      at atmospheric pressure with an aqueous solution containing 16 weight
      percent NH.sub.4 HC0.sub.3 at a flow rate of about 36 moles of solution
      per hour, thereby introducing 1.50 moles per hour of NH.sub.4.sup.+ in the
      form of NH.sub.4 HC0.sub.3 to the tower. The solution in the tower was
      continuously and countercurrently sparged with 0.95 mole per hour of
      nitric oxide contained in a gaseous stream having the volume percent
      composition: 9% N0, 43% N.sub.2, and 48% air. A portion of the aqueous
      solution enriched in ammonium nitrite was continuously recycled to the
      aqueous solution feed. A product stream was continuously withdrawn from
      the tower at a flow rate of about 36 moles of solution per hour, thereby
      withdrawing 0.78 mole per hour ammonium nitrite and 1.39 moles per hour of
      NH.sub.4.sup.+  in the form of ammonium nitrite and residual NH.sub.4
      HC0.sub.3. The percent yield of ammonium nitrite was calculated to be
      about 73 percent.
PAR  In a second run, the above tower was continuously fed with an aqueous
      solution of the above composition at a flow rate of about 36 moles of
      solution per hour, thereby introducing 1.48 moles per hour of
      NH.sub.4.sup.+  in the form of NH.sub.4 HC0.sub.3 to the tower. The
      solution in the tower was continuously and countercurrently sparged under
      the above temperature and pressure conditions with 0.95 mole per hour of
      nitric oxide contained in a gaseous stream having the volume percent
      composition: 6% N0, 32% N.sub.2, 35% air and 27% carbon dioxide. A portion
      of the aqueous solution enriched in ammonium nitrite was continuously
      recycled to the aqueous solution feed. A product stream was continuously
      withdrawn from the tower at a flow rate of about 36 moles of solution per
      hour, thereby withdrawing 0.82 mole per hour ammonium nitrite and 1.40
      moles per hour NH.sub.4.sup.+  in the form of ammonium nitrite and
      residual NH.sub.4 HC0.sub.3. The percent yield of ammonium nitrite in the
      product stream was calculated to be about 79%. Thus about a 6% higher
      yield of ammonium nitrite was effected by the introduction of free carbon
      dioxide gas into the reaction zone.
PAC  EXAMPLE 2
PAR  A packed tower, as employed in Example 1, was continuously fed at a
      temperature of 15.degree.C. and at atmospheric pressure with an aqueous
      solution containing 4 weight percent (NH.sub.4).sub.2 C0.sub.3 and 7
      weight percent NH.sub.4 HC0.sub.3 at a flow rate of 883 grams per hour,
      thereby introducing 1.52 moles per hour of NH.sub.4.sup.+  in the form of
      NH.sub.4 NC0.sub.3 and (NH.sub.4).sub.2 C0.sub.3 to the tower. The
      solution in the tower was continuously and countercurrently sparged with
      0.95 mole per hour nitric oxide contained in a gaseous stream having the
      volume percent composition: 9% N0, 43% N.sub.2 and 48% air. A portion of
      the aqueous solution enriched in ammonium nitrite was continuously
      recycled to the aqueous solution feed. A product stream was continuously
      withdrawn from the tower at a flow rate of 883 grams per hour, thereby
      withdrawing 0.76 mole per hour ammonium nitrite and 1.38 moles per hour
      NH.sub.4.sup.+  in the form of ammonium nitrite and residual basically
      reacting ammonium compound. The percent yield of ammonium nitrite was
      calculated to be about 70 percent.
PAR  In a second run, the above tower was continuously fed with an aqueous
      solution of the above composition at a flow rate of 812 grams per hour,
      thereby introducing 1.39 moles per hour of NH.sub.4.sup.+  in the form of
      (NH.sub.4).sub.2 C0.sub.3 and NH.sub.4 HCO.sub.3 to the tower. The
      solution was continuously and countercurrently sparged under the above
      temperature and pressure conditions with 0.95 mole per hour of nitric
      oxide contained in a gaseous stream having the volume percent composition:
      6% N0, 32% N.sub.2, 35% air and 27% carbon dioxide. A portion of the
      aqueous solution enriched in ammonium nitrite was continuously recycled to
      the aqueous solution feed. A product stream was continuously withdrawn
      from the tower at a flow rate of 812 grams per hour, thereby withdrawing
      0.745 mole per hour ammonium nitrite and 1.32 moles per hour
      NH.sub.4.sup.+  in the form of ammonium nitrite and residual
      (NH.sub.4).sub.2 C0.sub.3 and NH.sub.4 HC0.sub.3. The percent yield of
      ammonium nitrite was calculated to be about 77%. Thus, about 7 percent
      higher yield of ammonium nitrite was effected by the introduction of free
      carbon dioxide gas to the reaction zone.
PAC  EXAMPLE 3
PAR  In a batch operation, a packed tower, as employed in Example 1, was charged
      with 1 liter of an aqueous solution containing 14 weight percent of
      NH.sub.4 HC0.sub.3, i.e., 1.994 moles of NH.sub.4.sup.+. The solution in
      the tower was countercurrently sparged for a period of 90 minutes at a
      temperature of 16.degree.C. and at atmospheric pressure with 0.95 mole per
      hour of nitric oxide contained in a gaseous stream having the volume
      percent composition: 9% N0, 43% N.sub.2 and 48% air. At the conclusion of
      the 90 minute period, the reaction mixture, was found to contain 1.171
      moles ammonium nitrite and 1.825 moles NH.sub.4.sup.+  in the form of
      ammonium nitrite and residual NH.sub.4 HC0.sub.3. The percent yield of
      ammonium nitrite was calculated to be about 74 percent.
PAR  In a second run, the packed tower was again charged with 1 liter of an
      aqueous solution of the above composition. The solution was
      countercurrently sparged for a 90 minute period at a temperature of
      16.degree.C. and at atmospheric pressure with 0.95 mole per hour of nitric
      oxide contained in a gaseous stream having a volume percent composition:
      6% N0, 32% N.sub.2, 35% air and 27% C0.sub.2. At the conclusion of the 90
      minute period, the reaction mixture was found to contain 1.231 moles
      ammonium nitrite and 1.91 moles NH.sub.4.sup.+  in the form of ammonium
      nitrite and residual NH.sub.4 HC0.sub.3. The percent yield of ammonium
      nitrite was calculated to be about 82%. Thus, about a 8 percent higher
      yield of ammonium nitrite was effected by the introduction of free carbon
      dioxide into the reaction zone.
PAC  EXAMPLE 4
PAR  In a batch operation, a packed tower, as employed in Example 1, was charged
      with 1 liter of an aqueous solution containing 4 weight percent
      (NH.sub.4).sub.2 C0.sub.3 and 7 weight percent NH.sub.4 HC0.sub.3, i.e.,
      3.53 moles of NH.sub.4.sup.+. The solution in the tower was
      countercurrently sparged for a 90 minute period at a temperature of
      5.degree.C. and at atmospheric pressure with 0.95 mole per hour of nitric
      oxide contained in a gaseous stream and having the volume percent
      composition: 9% N0, 43% N.sub.2 and 48% air. At the conclusion of the 90
      minute period, the reaction mixture was found to contain 1.242 moles of
      ammonium nitrite and 3.21 moles of NH.sub.4.sup.+  in the form of ammonium
      nitrite and residual (NH.sub.4).sub.2 C0.sub.3 and NH.sub.4 C0.sub.3. The
      percent yield of ammonium nitrite was calculated to be about 71 percent.
PAR  In a second run, the packed tower was again charged with 1 liter of an
      aqueous solution of the above composition. The solution in the tower was
      countercurrently sparged for a 90 minute period at a temperature of
      5.degree.C. and at atmospheric pressure with 0.95 moles per hour of nitric
      oxide contained in a gaseous stream having the volume percent composition:
      6% N0, 32% N.sub.2, 35% air and 27% C0. At the conclusion of the 90 minute
      period, the reaction mixture was found to contain 1.24 moles of ammonium
      nitrite and 3.415 moles of NH.sub.4.sup.+  in the form of ammonium nitrite
      and residual (NH.sub.4).sub.2 C0.sub.3 and NH.sub.4 HC0.sub.3. The percent
      yield of ammonium nitrite was calculated to be about 81 percent. Thus,
      about a 10 percent higher yield of ammonium nitrite was effected by the
      introduction of free carbon dioxide into the reaction zone.
PAC  EXAMPLE 5
PAR  A packed tower as employed in Example 1 was charged with an aqueous
      solution containing ammonium carbonate and ammonium bicarbonate in an
      amount such that 3.69 moles of NH.sub.4.sup.+  and 2.51 moles of
      C0.sub.2.sup.= were present in the solution in the form of ammonium
      carbonate and ammonium bicarbonate. The solution in the tower was
      countercurrently sparged for a period of 76.5 minutes at a temperature of
      15.degree.C. and at atmospheric pressure with 1.9 moles per hour of nitric
      oxide contained in a gaseous stream having the volume percent composition:
      9% N0, 42% N.sub.2 and 48% air. At the conclusion of the 76.5 minute
      period, the reaction mixture was found to contain 1.973 moles ammonium
      nitrite and 3.23 moles of NH.sub.4.sup.+  present in the form of ammonium
      nitrite and residual NH.sub.4 HC0.sub.3 and (NH.sub.4).sub.2 C0.sub.3. The
      percent yield of ammonium nitrite was calculated to be about 68.5 percent.
PAR  Further runs were made employing the above batch process with varying
      concentrations of free carbon dioxide incorporated in the gaseous stream.
      After each run, the composition of the reaction mixture was determined.
      The date obtained from these runs are shown in the table below wherein the
      percent yield of ammonium nitrite with the various concentrations of free
      carbon dioxide are set forth:
TBL                TABLE                                                       

     ______________________________________                                    

     Free Carbon Dioxide                                                       

     Percent By Volume        Percent Yield Of                                 

     Of Gaseous Stream        Ammonium Nitrite                                 

     ______________________________________                                    

     3.94                     72.1                                             

     5.7                      75.1                                             

     7.88                     75.6                                             

     12.94                    75.8                                             

     24.5                     78.6                                             

     ______________________________________                                    

PAR  Various modifications will be apparent to one skilled in the art and it is
      not intended that this invention be limited to the details in the specific
      examples presented by way of illustration. Accordingly, the scope of the
      invention is limited only by the appended claims.
CLMS
STM  I claim
NUM  1.
PAR  1. In a process for producing ammonium nitrite by contacting in a reaction
      zone a gaseous stream comprising at least, in part, nitric oxide and
      molecular oxygen-containing gas with an aqueous solution having a pH of at
      least about 6.75 and containing a basically reacting ammonium compound,
      the improvement which comprises introducing into said reaction zone free
      carbon dioxide in an amount of from about 15 to 30 volume percent carbon
      dioxide of said gaseous stream.
NUM  2.
PAR  2. The process as defined in claim 1 wherein said basically reacting
      ammonium compound is a member selected from the group consisting of
      ammonium carbonate, ammonium bicarbonate, ammonium hydroxide and mixtures
      thereof.
NUM  3.
PAR  3. The process as defined in claim 1 wherein said free carbon dioxide is
      injected directly into said reaction zone.
NUM  4.
PAR  4. The process as defined in claim 1 wherein said free carbon dioxide is
      incorporated in said gaseous stream.
NUM  5.
PAR  5. The process as defined in claim 1 wherein said basically reacting
      ammonium compound is ammonium bicarbonate.
NUM  6.
PAR  6. The process as defined in claim 1 wherein said basically reacting
      ammonium compound is ammonium carbonate.
NUM  7.
PAR  7. The process as defined in claim 1 wherein said basically reacting
      ammonium compound is ammonium hydroxide.
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ABST
PAL  Fine grain metal carbide powders are conveniently prepared from the
      corresponding metal oxide by heating in an atmosphere of methane in
      hydrogen. Sintered articles having a density approaching the theoretical
      density of the metal carbide itself can be fabricated from the powders by
      cold pressing, hot pressing or other techniques.
BSUM
PAR  This invention relates in general to a process for the preparation of fine
      grain, metal carbide powders. In one aspect, this invention is directed to
      a process for the preparation of fine grain carbide powders of metals such
      as tantalum, titanium tungsten, mixtures of tungsten and cobalt, and the
      like. In a further aspect this invention is directed to high strength
      and/or high surface area, sintered, metal carbide articles.
PAR  The prior art has disclosed various method for producing metal carbide,
      structures, such as fibers, yarns, fabrics and the like. For example, one
      method is disclosed by B. H. Hamling in U.S. Pat. No. 3,403,008. This
      method consists of impregnating a preformed organic polymeric material,
      such as rayon, with a solution of a metal compound. Thereafter, the
      impregnated material is heated to evolve volatile decomposition products,
      leaving a carbonaceous relic containing the metal in finely dispersed
      form. Finally, the relic is further heated to 1,000.degree. to
      2,000.degree.C. in a non-oxidizing atmosphere to form the metal carbide.
      The resulting metal carbide has a shape similar to that of the starting
      rayon material.
PAR  In U.S. Pat. No. 3,246,950 which issued to B.A. Gruber silicon carbide
      fibers of up to one inch in length are produced by the reaction of silicon
      monoxide and carbon monoxide in the vapor phase. Zirconium carbide fibers
      have also been produced by a process, as set forth in U.S. Pat. No.
      3,385,669 to R. A. Clifton, et al, which comprises reacting fibers of
      zirconium oxide with carbon in an inert environment at an elevated
      temperature of about 1700.degree.C.
PAR  U.S. Pat. No. 3,269,802 and 3,374,102 which issued to E. Wainer et al are
      directed respectively to the preparation of carbide structures and
      cross-linked carbon products containing metal carbides. The first patent
      converts a carbonized material such as a filament or shaped product into a
      metal carbide by heating in an atmosphere containing as a vapor the halide
      or carbonyl of the carbide forming metal. The second patent improves the
      strength and flexibility of the metal carbides of the first Wainer et al
      patent by converting only up to 25 mol per cent of the carbonized product
      to carbide.
PAR  All of the above mentioned patents are directed to metal carbide or
      metal-carbide-containing structures or articles, such as fibers, textiles
      and shaped articles. None of these prior art patents teaches the
      preparation of fine grain metal carbide powders which are sinterable into
      metal carbide articles having a density approaching the theoretical
      density of the metal carbide itself.
PAR  Accordingly, one or more of the following objects will be achieved by the
      practice of this invention. It is an object of this invention to provide a
      process for the preparation of fine grain, metal carbide powders. Another
      object of this invention is to provide fine grain carbide powders of
      metals such as tantalum, tungsten, titanium, and the like. A further
      object is to provide carbide powders of tungsten and cobalt. A still
      further object of this invention is to provide fine grain metal carbide
      powders which are sinterable into metal carbide articles. Another object
      is to provide sintered metal carbide articles having densities approaching
      that of the metal carbide itself. These and other objects will, readily
      become apparent to those skilled in the art in the light of the teachings
      herein set forth.
PAR  In its broad aspect this invention is directed to a process for the
      preparation of fine grain metal carbide powders and sintered articles. The
      metal carbide powders are prepared by a process which comprises the steps
      of:
PAR  a. impregnating a carbohydrate material with a compound of a metal;
PAR  b. igniting the impregnated material product of step (a) to produce fragile
      agglomerates of sub-micron size metal oxide particles;
PAR  c. comminuting the metal oxide product of step (b) to produce finely
      divided metal oxide powder having a mean particle size below one micron;
      and
PAR  d. heating said metal oxide powder in an atmosphere of methane and hydrogen
      to convert said metal oxide powder to metal carbide powder.
PAR  The metal carbide powders prepared by the process of this invention are
      characterized by an exceptionally fine grain, i.e. averaging less than 1
      micron in size, which renders them ideally suitable for low temperature
      sintereing. In most instances, sintered articles can be prepared which
      have a density close to the theoretical density of the metal carbide.
PAR  It has been observed that for the most part commercially available metal
      carbides do not undergo sintering as easily and at the relatively low
      temperatures employed in the present invention. In contrast the metal
      carbides prepared by the process of this invention, sinter especially to
      the theoretical density of the metal carbide at relatively low
      temperatures.
PAR  The present invention is based upon the discovery that ultra-fine metal
      oxide powders can be prepared by a relatively uncomplicated and
      inexpensive method, wherein the powders that are produced by this method
      can be converted to the metal carbide and sintered essentially to their
      theoretical densities at relatively low temperatures, that is,
      temperatures significantly lower than those employed in the prior art. As
      indicated above, the method of the invention comprises contacting a metal
      compound with a carbohydrate material, igniting the material to decompose
      and remove the carbohydrate material and to insure conversion of
      substantially all of the metal compound to fragile agglomerates of its
      metal oxide, followed by comminution of the thus formed agglomerates to
      give the uniform, ultra-fine powders of this invention. Thereafter the
      metal oxide is converted to the carbide, and if desired sintered into
      useful articles.
PAR  One of the advantages of this method is that the particles prepared by this
      dispersive precursor method, and which make up the agglomerate, are
      already of the proper size and uniformity. Thus, since the powders
      produced by this method have an extremely small and uniform particle size,
      they can be sintered to form useful high strength pressed bodies at
      relatively low sintering temperatures.
PAR  The metal compounds employed in the preparation of the metal oxides are
      compounds of one or more metals whose ashes will remain as agglomerates
      during the ignition step, as opposed to densifyng into solid coherent,
      large particles which would then require fracturing during comminution
      rather than disruption of the aggregates as employed in the instant
      invention. Examples of metals whose compounds can be employed, either
      singly or in mixtures thereof, include tungsten, titanium, tantalum,
      molybdenum, zirconium, hafnium, thorium, and mixtures thereof.
PAR  In practice, the metal compounds that are in the impregnation step are
      preferably water-soluble compounds such as halides, oxyhalides, nitrates,
      sulfates, oxylates, and the like. Specific illustrative water-soluble
      metal compounds include zirconyl chloride, zirconium acetate, zirconium
      citrate, tantalum oxalate, thorium chloride, titanium chloride, hafnium
      oxychloride, metal acetates, and the like.
PAR  A preferred method of impregnation is to immerse the carbohydrate material
      in an aqueous solution of the metal compound(s). After immersion the
      loaded material is removed from the solution and the excess liquid is
      removed by centrifugation, squeezing, blotting, or the like.
      Centrifugation is a preferred method for removal of the excess liquid.
      With liquid precursor compositions, e.g. solutions containing soluble
      carbohydrates, the preferred method is to dehydrate and char the mixture
      by heating at 80.degree. to 100.degree.C.
PAR  In the impregnation step, relatively inexpensive forms of carbohydrate
      material can be used for this aspect of the invention. For instance,
      essentially solid materials such as paper, wood pulp, rayon and cotton
      linters are useful, inexpensive materials than can be used for the
      impregnation, as well as the other types of materials. The material can be
      employed in a wide variety of forms. For example, they can be present as
      fibers or spun from a viscous solution into a fibrous form. They can also
      be extruded into filaments or be present as powders.
PAR  Alternatively, a salt solution of the oxide or oxides of interest can be
      mixed with starch or a solution of a soluble carbohydrate material such as
      sugars, i.e., glucose or sucrose, or hydrolyzed starch. Hence the term
      "contacting" as employed in the first step of the process for making the
      metal oxide powders is intended to encompass both impregnation of solid
      materials and dissolution in liquid materials so form intimate mixtures of
      the two.
PAR  The second step in the production of the finely divided metal oxide is the
      ignition of the carbohydrate material containing the metal compound
      impregnated therein. The ignition can be carried out simply by rapidly
      heating the loaded material in air to a temperature sufficient to ignite
      the carbohydrate material.
PAR  In many cases, the term "ignition" implies cumbustion accompanied by flame,
      However, flame is not necessarily present in all cases of ignition as
      desired in the present invention. The important factor is to effect
      decomposition and removal of the carbohydrate material by a method which
      produces fragile agglomerates of very small particles of metal compound(s)
      which are present in the carbohydrates interstices. Thus, the ignition
      step employed herein has as its object the opposite effect from the
      heating step employed in the process of the Hamling Pat. No. 3,385,915. In
      said process, it is desired to maintain the structural integrity of the
      polymeric precursor in order to produce an object having the same
      configuration as the polymer.
PAR  If ignition were employed in the process of the Hamling Patent, the
      resulting product would not inherently be a fragile agglomerate. As
      indicated at column 7 lines 37 et seq. of that patent if the organic
      material ignites instead of carbonizes, the melting point of intermediate
      metal compounds might be exceeded or excessive crystallization and grain
      growth may occur. Thus, during the ignition step of this invention,
      temperature preferably should not exceed the temperature at which
      sintering to uniform relatively nonfragile agglomerates occurs. This
      temperature varies from one metal oxide to another, but will normally be
      from about 900.degree. to about 1300.degree.C. For zirconia, for example,
      it is desired not to exceed about 1000.degree.C to about 1100.degree.C.
PAR  After ignition, the metal oxide (which can be referred to at this point as
      an "ash") is comminuted to break up the fragile agglomerates to form the
      ultrafine powder of the invention. The comminution can be effected by any
      convenient method which is suitable for this purpose.
PAR  By the term "comminution", "disruption" or "pulverizing" as used throughout
      the specification and appended claims is meant the separation of the
      individual particles which form the agglomerate without the need for
      further subdivision or fracturing of the particles. Hence any method which
      can achieve this end can be employed. However, from a practical viewpoint
      it has been found that wet ball milling accomplishes this best.
PAR  The metal oxide powders obtained by the comminution step and which are
      employed in the preparation of the metal carbide powders of this invention
      are those having a mean particle size below one micron. These
      finely-divided metal oxide powders are ideally suited for conversion into
      the fine grain metal carbides.
PAR  As previously indicated, the metal oxide material to be converted to the
      corresponding carbide must be ultra-fine grained in order for the
      conversion into the carbide and subsequent sintered article to take place
      at low temperatures. Thus, it is essential that the metal oxide itself be
      a fine grain powder of average particle size of less than about 1 to 2
      micron in order that the resulting carbide obtained after sintering also
      maintains a fine grain size of the same magnitude. Carbide formation as
      described in the prior art usually involves high temperature reaction,
      such as 1500.degree.-2500.degree.C for a long period of time. This is
      especially true for the high melting carbides such as tantalum and
      niobium. Carbides, such as tungsten and molybdenum, may be formed at low
      temperatures, but extended reaction times are usually required.
PAR  However, in the process of the present invention, it has been found that
      conversion to the carbide can be achieved at considerably lower
      temperatures of from about 800.degree.C to about 1200.degree.C and periods
      of time of from about 1 to about 5 hours have been found suitable for
      conversion to the carbide. The exact temperatures employed will, of
      course, vary within this range for the individual metal oxide.
PAR  In order to insure that the metal oxide is the desired ultra-fine grain
      size, it has been found that a convenient way to monitor the activity of
      the starting metal oxides powder is the BET N.sub.2 adsorption specific
      surface area. When the equivalent spherical diameter (as calculated from
      the specific surface area by known methods) is less than 1000A, and more
      preferably less than 500 A the reaction of the oxides to the carbide is
      reasonably rapid and complete and can be effected at relatively low
      temperatures.
PAR  As indicated, conversion of the metal oxide to the metal carbide is
      effected by heating the metal oxide powder in an atmosphere of methane and
      hydrogen. In practice, it has been found that an atmosphere of hydrogen
      containing from about 0.1 to about 10 volume per cent methane is effective
      for converting the metal oxide to the carbide. Concentrations above and
      below this amount can also be employed but are less preferred. A
      particularly preferred mixture is one containing from about 0.2 to about 5
      volume per cent methane in hydrogen.
PAR  The sintered metal carbide objects of the invention can be prepared by
      conventional sintering techniques, except that the temperatures that can
      be employed are significantly lower than those heretofore employed for
      sintering metal carbide powders. The metal carbide sintered bodies can be
      hot pressed, or they can be cold pressed followed by heating to sintering
      temperature.
PAR  In another aspect, this invention is directed to the preparation of metal
      carbide mixtures, for example cobalt-tungsten carbides and nickel-tungsten
      carbides. In these cases the fine grain mixed oxide prepared by the
      precursor technique is carburized in a mixture of H.sub.2 and hydrocarbon
      at a temperature and hydrocarbon partial pressure such that one component
      forms a hard carbide, while the other component is reduced to finely
      divided metal. Subsequent hot pressing or cold pressing followed by
      sintering at elevated temperatures of this material using known techniques
      leads to dense bodies of tungsten carbide with a cobalt binder. These
      materials have utility for hard facing, flame spraying powders, and the
      like. Variations in the process lead to powders having different
      properties, and consequently useful for specific applications.
PAR  One aspect of this invention is a powder of cobalt-tungsten carbide when
      the cobalt content can vary from 0-30%, in which the aggregate size is
      allowed to increase to the maximum attainable by this precursor process.
      Such powders are useful in plasma spray application where the desired
      powder size is 325 mesh (U.S. Standard sieve size). In this case a soluble
      cobalt salt and soluble tungsten salt are mixed in a common solvent to
      give the desired ratio of Co to W in the final product. A sugar solution
      (such as corn syrup) or soluble starch in a volume proportion of 1/4 to 1
      to 4 to 1 (corn syrup to salt solution) is added to the mixed salt
      solution. The amount of corn syrup is not critical but most frequently a
      1:1 volume ratio is used. The thoroughly mixed solution is heated to drive
      off excess water and char the corn syrup. This process is continued until
      the whole mass is a rigidized char. The char is then broken up into a
      powder of 16-20 mesh and air oxidized in a forced air furnace to convert
      the mixture to a mixed oxide. In the case of the cobalt tungsten mixed
      oxide, x-ray diffraction indicates the oxidized product to be Co WO.sub.4
      plus a small amount of free WO.sub.3 and Co oxide. The material is then
      powdered by micromilling for a short time and loaded into a furnace
      through which a stream of CH.sub.4 --H.sub.2 is introduced. In practice,
      this is generally done in a rotating Al.sub.2 O.sub.3 tube inside a
      furnace, so that the powder does not cake or plug the tube. A heat
      treatment at 900.degree. to 1100.degree.C in an atmosphere consisting of
      0.3 to 5% CH.sub.4 in H.sub.2 converted the mixed oxide (BET S = 5 m.sup.2
      /g) to an intimate mixture of Co-WC. Surface area measurements on the
      final product were in the range 0.1 to 5 m.sup.2 /g. Densities of the
      powder, determined using a pyknometer in methanol ranged from 12.8 to 14.3
      g/cc.
PAR  These Co/WC materials in powder form can be used to prepare dense bodies of
      Co/WC composites by hot pressing, or by cold pressing followed by high
      temperature sintering.
PAR  A more active form of the above range of composition, e.g., Co/WC, can be
      made by subjecting the powder as obtained from the air oxidation step
      described in the preceding paragraphs, to a ball milling step in water or
      nonaqueous solvent, with ZrO.sub.2 beads for several days. The suspended
      solids are charged with "Darvan-C", centrifuged under such conditions that
      particles 0.5.mu. and smaller remain suspended, and all larger particles
      precipitate. The suspended mixed oxide is poured off the precipitate,
      discharged by addition of a small amount of acetic acid, washed with
      water, acetone and dried. The BET surface area of the mixed oxide ranges
      from 10-20 m.sup.2 /g.
PAR  This material can be carbided in 0.5 to 5% CH.sub.4 in H.sub.2 mixtures to
      give Co/WC at temperatures ranging from 800.degree.-1200.degree.C. The
      preferred temperature is approximately 1000.degree.C, for times varying
      from 1 to 5 hours, depending on the reaction apparatus and degree of
      mixing of the solid and gas, to avoid gas channeling due to solid caking.
      The Co/WC powder product showed densities ranging from 13 to 14.3g/cc and
      specific surface areas ranging from 1.33 m.sup.2 /g and higher. This
      material could be hot pressed to near theoretical density, or cold pressed
      followed by sintering at high temperature.
PAR  As previously indicated the metal carbide powders prepared by the process
      of this invention are useful for a wide variety of applications. In
      addition to plasma spray applications the metal carbide powders are useful
      in applications where strength, stiffness and hardness are desired. For
      example, the metal carbide powders can be used in the preparation of tool
      bits. The present invention permits the formation of dense bodies at
      fabrication temperature much lower than obtained using conventional
      ceramic technology. Not only is no binder needed, but the temperature
      required is much lower and the times shorter to achieve high density
      bodies than in the current state-of-the-art. This results in economic
      advantage in the production of such materials. Other potential uses
      include the use of carbides in metal that wet the carbide to yield
      composites that have desirable abrasion or wear resistance properties.
DETD
PAR  The following examples are illustrative:
PAC  EXAMPLE I
PAC  Preparation of a Sintered Tantalum Carbide Article
PAR  A Ta.sub.2 O.sub.5 powder, made by the precursor process by low temperature
      air oxidation of a charred tantalum oxalate-corn syrup solution, ball
      milling, and centrifugal sizing gave an active powder with the following
      properties: Surface area (by N.sub.2 BET) 73.8 m.sup.2 /g corresponding to
      an equivalent spherical particle diameter of 89 A, pyknometric density
      5.87 g/cc (theoretical 9.05 g/cc). This powder was heated in a rotary
      furnace through which was passed a gas mixture of 5% CH.sub.4 in H.sub.2
      (flow rate: 3l/min H.sub.2) at 1050.degree.C for 41/2 hours. The resultant
      TaC powder has a density of 10.2 g/cc and specific surface area of 5.1
      m.sup.2 /g. This material was ground with a mortar and perstle sieved
      through 325 mesh and cold pressed at 15 Tons/in.sup.2 to give a pellet
      with a green density of 4.54 g/cc (31.5% of theo.). No binder was needed.
      The green pellet was heated in H.sub.2 for  6 minutes at 1900.degree.C to
      give a metallic sintered TaC body having a density of 9.1 g/cc.
PAC  EXAMPLE 2
PAC  Preparation of Tantalum Carbide Powder
PAR  A sample of Ta.sub.2 O.sub.5, prepared by the precursor process, but not
      attending to the many details in procedure that promote the preparation of
      an ultrafine grain microstructure, had a specific surface area of 6
      m.sup.2 /g. This powder was heated in 5% CH.sub.4 /H.sub.2 for 35 hours at
      1007.degree.C at a H.sub.2 flow rate of 1.38 l/min. The resultant powder
      when analyzed chemically showed the presence of a high free carbon content
      (10.02%). X-ray diffraction of the sample showed the presence of well
      crystallized TaC. Attempts were made to remove the excess carbon by
      prolonged heating in H.sub.2 at temperatures between 800.degree. and
      1300.degree.C, but very little carbon was removed.
PAC  EXAMPLE 3
PAC  Preparation of Tantalum Carbide Powder
PAR  A Ta.sub.2 O.sub.5 powder prepared by the precursor technique had a
      specific surface area of 45.2 m.sup.2 /g. This material was heated in a
      quartz rotary furnace in an atmosphere of 5% CH.sub.4 in H.sub.2 (H.sub.2
      flow rate 3 l/min) at T = 1018-1070.degree.C for 51/3 hours. The resultant
      black material was shown by x-ray to be pure TaC. The powder had a
      pyknometric density of 11.0 g/cc (in methanol) and a specific surface area
      of 9.3 m.sup.2 /g, which corresponds rough to particles of 400-500A as
      spheres.
PAC  EXAMPLE 4
PAC  Effect of Temperature on Conversion to the Carbide
PAR  A sample of ultra fine grained Ta.sub.2 O.sub.5, having a specific surface
      area of 59.6 m.sup.2 /g was heated in 5% CH.sub.4 /H.sub.2 at a H.sub.2
      flow rate of 3 l/min for 2 hours at a temperatue of 1050-1180.degree.C in
      a rotary furnace. Analysis of the product by x-ray diffraction showed
      crystalline TaC and Ta.sub.2 O.sub.5.
PAR  The sample was reheated in CH.sub.4 /H.sub.2 at 1175.degree.C for an
      additional 41/2 hours in the same atmosphere composition and flow
      conditions, but the material did not undergo further conversion to TaC as
      shown by x-ray. An additional heat treatment for 7 hours under the same
      conditions at 1180.degree.C again showed no further conversion of
      unreacted Ta.sub.2 O.sub.5 to TaC. The x-ray of the powder product showed
      that the initially broad lines of the Ta.sub.2 O.sub.5 had become very
      sharp and narrow, indicating grain growth of the Ta.sub.2 O.sub.5 phase,
      with the resultant loss reactivity. Thus, once the material becomes highly
      crystalline, further treatment will not give additional conversion. Hence,
      the efficacy of conversion to TaC is better when lower temperatures are
      employed for longer periods of time rather than the higher temperature,
      i.e., 1180.degree.C for shorter times.
PAC  EXAMPLE 5
PAC  Preparation of a Cobalt-Tungsten Carbide Sintered Article by Cold Pressing
PAR  A cobalt-tungsten salt solution was prepared by mixing 250 ml of ammonium
      metatungstate (e.g. = 2.82, 1.45g WO.sub.3 /ml) with 219g CoCl. 6H.sub.2
      O, 25 ml concentrated HCl, 50 ml water, and 250 ml corn syrup. The
      components were thoroughly mixed and heated to gradually evaporate water
      and decompose the entire mass into a cellular friable char to a final
      temperature of 200.degree.C. The char was broken up to 16-20 mesh and
      ignited in air at 800.degree.C for 45 minutes. X-ray diffraction of the
      resulting powder showed a strong pattern of CoWO.sub.4. The surface area
      was 0.39 m.sup.2 /g.
PAR  The mixed oxide (93.2 g) was converted to the carbide by heating the powder
      in an Al.sub.2 O.sub.3 tube rotating in a furnace in a gas stream
      consisting gas was changed to pure H.sub.2 when the temperature decreased
      below 900.degree.C. The resultant carbide (76.1g) was sieved through U.S.
      standard screens to give 26.0g (34.2%) 400 mesh and 50.1g (65.8%) 325 mesh
      powder. X-ray diffraction of the powder showed very crystalline WC with
      weak cubic Co lines. The cell constant for the Co was 3.545A (reported
      3.434A).
PAR  A portion of the Co/WC powder was cold pressed at 13.5 Tons/in.sup.2 into a
      bar with a green density of 4.4g/cc. This bar was heated in H.sub.2 to
      1400.degree.C and held at 1400.degree.C for 30 minutes. During this heat
      treatment the bar became very metallic and shrunk in length approximately
      25%. The geometrical density was 13.8 g/cc (97% theoretical).
PAC  EXAMPLE 6
PAC  Preparation of a Cobalt-Tungsten Carbide Sintered Article by Hot Pressing
PAR  A CoWO.sub.4 -WO.sub.3 powder, prepared as described in the preceding
      example was subjected to an additional ball milling treatment for 6 days
      in water using zirconia beads. The slurry was suspended by adding "Darvan
      C" (5 drops/0.5), centrifuging at 1200rpm and retaining "fines" in the
      supernatant. After separation, the fines were precipitated by de-charging
      the suspended material with acetic acid. The material was washed with
      water and acetone, dried and powdered using a microblender. The CoWO.sub.4
      starting material used for conversion to the carbide had a surface area of
      15.2 m.sup.2 /g and a density of 10.93 g/cc. The carbide prepared by
      heating in CH.sub.4 /H.sub.2 stream at 812.degree.-916.degree.C for 3 hrs
      had a pyknometric powder density of 14.5 g/cc. X-ray indicated a very
      strong pattern of WC with a very weak cubic Co pattern. Chemical analysis
      gave 12.67% Co, 80.02% W, 4.88% carbide, 1.50% free carbon, indicating the
      composition WC.sub.0.93 .0.5 Co.
PAR  A bar of 400 mesh Co.WC powder, 1 .times. 1/4 was hot pressed at a
      temperature of 1298.degree.-1398.degree.C at a ram pressure of 1200 lbs
      (2.4 Tons /in.sup.2) in a graphite die in vacuum. The resulting Co/WC
      press had a geometrical density of 13.6 g/cc (95% theoretical) and a
      modulus rupture of 280,000 psi when tested in 3-point loading in a Tinius
      Olsen testing machine, at room temperature.
PAC  EXAMPLE 7
PAC  Preparation of a Cobalt-Tungsten Sintered Article by Cold Pressing
PAR  Co/WC powder prepared by heating the oxide in CH.sub.4 /H.sub.2 as
      described in example 6, was cold pressed into a 11/2 inch .times. 1/4 inch
      at 13.5 Tons/in.sup.2 to give a bar with a green density of 4.4 g/cc. The
      sample was then heated in a carbon susceptor using an induction furnace at
      1400.degree.C for 30 min, followed by rapid cooling. The bar was then
      squared off, polished and measured. The geometrical density was 13.81
      g/cc, 96.5% of theoretical.
PAC  EXAMPLE 8
PAC  Preparation of Cobalt Tungsten Carbide
PAR  The impregnating solution was prepared by combining 3l of 1.84 s.g.
      ammonium metatungstate (AMT) solution (775g W/l) with 506 g CoCl.sub.2
      .6H.sub.2 O. The cobalt salt was dissolved by stirring the solution. To
      this solution was added 728g paper pulp and impregnated for 7 days. The
      loaded paper pulp was centrifuged to rid it of excess solution at 3000 rpm
      in paper towels for 10 minutes, followed by air drying for 24 hours. The
      dried material was placed in trays and oxidized in a forced air furnace at
      400.degree.C to give a greenish blue oxide with a specific surface area
      1.33m.sup.2 /g.
PAR  The oxide material was placed in an alumina boat and then the boat placed
      in a tube furnace through which H.sub.2 was passing at a flow rate of 3.0
      l/min. The temperature was increased to 705.degree.C and CH.sub.4 was
      added so as to give a 5 v/o CH.sub.4 mixture in H.sub.2. The temperature
      was raised to 1050.degree.C and held at 1030-1050.degree.C for 4 hours.
      The powder was given a 40 minute post treatment in pure H.sub.2 at
      1030.degree.C and then the system was cooled to room temperature.
PAR  The cobalt/tungsten carbide sample powder was divided into 2 portions - top
      and bottom for chemical analysis to determine the homogeneity of the
      preparation. The analytical data are as follows:
PAR  Top: W 88.30, carbide 5.81, free carbon 0.00, oxygen 0.075%
PAR  Bottom: W 88.12, carbide 5.87, free carbon 0.00, oxygen 0.066%.
PAR  Although the invention has been illustrated by the preceding examples it is
      not to be construed as being limited to the materials employed therein,
      but rather, the invention relates to the generic area as hereinbefore
      disclosed. Various modification and embodiments can be made without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing finely divided metal carbide powders which
      comprises the steps of
PA1  a. impregnating a carbohydrate material with a compound of a metal, said
      metal being selected from the group consisting of tungsten, titanium,
      tantalum, molybdenum, zirconium, hafnium, thorium, or mixtures thereof;
PA1  b. igniting the impregnated material product of step (a) at a temperature
      which does not exceed the temperature at which sintering occurs, to
      produce fragile agglomerates of sub-micron size metal oxide particles;
PA1  c. comminuting the metal oxide product of step (b) to produce finely
      divided metal oxide powder having a mean particle size below micron; and
PA1  d. heating said metal oxide powder in an atmosphere of methane and hydrogen
      to convert said metal oxide powder to metal carbide powder.
NUM  2.
PAR  2. The process of claim 1 wherein said carbohydrate material is cellulosic.
NUM  3.
PAR  3. The process of claim 1 wherein said cellulosic material is rayon.
NUM  4.
PAR  4. The process of claim 1 wherein said carbohydrate material is a soluble
      carbohydrate materials is a soluble carbohydrate.
NUM  5.
PAR  5. The process of claim 4 wherein said soluble carbohydrate is a sugar.
NUM  6.
PAR  6. The process of claim 4 wherein said soluble carbohydrate is a starch.
NUM  7.
PAR  7. The process of claim 1 wherein said metal is a mixture of tungsten and
      cobalt.
NUM  8.
PAR  8. The process of claim 1 wherein said metal is a mixture of tungsten and
      nickel.
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ABST
PAL  Carbon disulfide is made by contacting hydrocarbons with sulfur vapor and
      sulfur dioxide at temperatures between 500.degree. - 1000.degree.C. for
      0.3 - 10 seconds in the absence of a catalyst. The total sulfur introduced
      as sulfur vapor and sulfur dioxide is between 2.1 and 3.5 atoms per
      hydrocarbon carbon atom.
PARN
PAR  This is a continuation of application Ser. No. 251,980, filed May 10, 1972,
      now abandoned.
BSUM
PAR  The present invention relates to a process for manufacturing carbon
      bisulfide by the reaction between hydrocarbons, sulfur vapor and sulfur
      dioxide.
PAR  It is known that carbon bisulfide, which originally was made by the
      reaction between sulfur and solid carbon, is now prepared according to
      processes consisting fundamentally of reacting sulfur vapor with aliphatic
      saturated or unsaturated hydrocarbons. These processes lead generally to
      satisfactory yields of carbon bisulfide, but they have the disadvantage
      that simultaneously hydrogen sulfide is formed as a by-product, by the
      combination of sulfur with the hydrogen contained in the hydrocarbons.
      This results in an increased and useless consumption of sulfur which must
      be later recovered from the hydrogen sulfide.
PAR  Moreover, the action of sulfur dioxide on hydrocarbons has been the object
      of several studies. It is known, for example, that this action may
      constitute a dehydrogenation method. When the hydrocarbon used is methane,
      it has been noted that several reactions may occur, according to the
      conditions of molar ratio and temperature which lead to the preferential
      formation of either hydrogen sulfide, or sulfur, or carbon oxysulfide, in
      addition to carbon monoxide or carbon dioxide and water or hydrogen. In
      some cases it has also been possible to obtain carbon disulfide from these
      two reagents. From a theoretical point of view, a method based on this
      reaction would appear to be interesting as it occurs, without the
      formation of hydrogen sulfide, according to the equation:
EQU  4 SO.sub.2 + 3 CH.sub.4 2 CS.sub.2 + CO.sub.2 + 6 H.sub.2 O (1)
PAR  As a matter of fact, however, in most cases the selectivity in carbon
      bisulfide is not very satisfactory; the reaction according to equation
      (1), which is achieved only in the presence of a catalyst, is very
      difficult to control as it must compete with the other reactions
      mentioned. in the absence of catalysts, carbon bisulfide is not obtained
      at all or only in very small quantities. Moreover, the reaction according
      to equation(1 ) requires the handling and heating of very large gas
      volumes since two molecules of sulfur dioxide are necessary for giving the
      sulfur necessary to the formation of a carbon bisulfide molecule; finally,
      sulfur dioxide reduction gives rise to an useless consumption of
      hydrocarbon by its combination with the oxygen contained in SO.sub.2 to
      give carbon dioxide.
PAR  A novel process has now been discovered which solves the precited
      disadvantages and gives good yields in carbon bisulfide, while utilizing a
      reduced quantity of sulfur, in comparison with the known processes,
      without any excessive hydrocarbon consumption, or requiring the handling
      of large gas volumes.
PAR  In its most general form, the process according to the present invention
      consists essentially of contacting at least one hydrocarbon with sulfur
      vapor and sulfur dioxide at temperatures of between 500.degree. and
      1,000.degree.C. for 0.3 to 10 seconds in the absence of a catalyst.
PAR  It is quite surprising that, under such conditions, a satisfactory
      selectivity in carbon bisulfide would be obtained since, as it has been
      seen, the prior art teaches that, when sulfur dioxide takes part in
      reactions with an hydrocarbon, practically no carbon bisulfide is formed
      in the absence of a catalyst.
PAR  In the present specification the word hydrocarbon means any hydrocarbon
      compound or feed, which is gaseous or liquid under the normal conditions
      of temperature and pressure, including especially olefins and diolefines
      such as ethylene, propylene, butenes, butadienes, isoprene, pentadienes,
      etc., used alone or mixed, in the pure state or in the form of technical
      products, cyclic hydrocarbons, or complex mixtures of hydrocarbons having
      various structures, principally paraffinic, aromatic and naphthenic, which
      constitute the so-called light fuels which are obtained by distillation of
      crude petroleum or the so-called heavy fuels which are liquid residues of
      the crude petroleum distillation, said residues being sometimes admixed
      with crude petroleum distillates. The sulphur which may be contained in
      the heavy fuels is not deleterious since, on the contrary, it enters into
      the reaction giving carbon bisulfide.
PAR  The total quantities of sulfur and sulfur dioxide with respect to the
      hydrocarbon and the respective quantities of sulfur and sulfur dioxide
      which are introduced for the achievement of the process according to the
      invention may vary in large limits. In the course of this specification,
      the words "total sulfur" mean the sum of sulfur used as vapor and as
      sulfur dioxide. Fundamentally, it is preferred that the total sulfur be at
      least equal to the stoichiometric quantity which is necessary for the
      conversion of the hydrocarbon into carbon bisulfide, that is it represents
      at least 2 sulfur atoms for each carbon atom of the hydrocarbon. However,
      it has been noted that it is generally advantageous to operate with an
      excess of total sulfur and to use, for example, from 2.1 to 3.5 atoms of
      total sulfur for each carbon atom.
PAR  The relative proportions of sulfur vapor and sulfur dioxide are not
      especially critical factors and may correspond, in a general way, to a
      molar ratio of S/SO.sub.2 of between 0.2 and 5.However, it has been found
      that the process gave better results on the whole when the sulfur dioxide
      was present in a quantity at least sufficient for the oxygen it provides
      may form water with all of the hydrogen atoms present in the hydrocarbon
      used. For the calculation of this minimal quantity of sulfur dioxide, it
      is possible to use the following equation(2) which represents
      theoretically the reaction mechanism:
      ##EQU1##
PAR  This means that the number of sulfur dioxide moles introduced is preferably
      at least equal to one fourth the number of hydrogen atoms present in the
      hydrocarbon entering into the reaction. If, according to the most
      advantageous form of the invention, it is operated with an excess of total
      sulfur, this may be brought about either by sulfur vapor, or by sulfur
      dioxide, or simultaneously by both reagents. However, it is preferred, in
      most cases, that this excess be furnished by the sulfur vapor.
PAR  When a complex mixture of hydrocarbons is used as the hydrocarbon source as
      is the case with light and heavy fuels, the relative proportions of
      sulfur, sulfur dioxide and hydrocarbon may be established as indicated
      above, starting with the carbon content of the hydrocarbon source and from
      an empirical formula which reproduces the mean number of hydrogen atoms
      for each carbon atom of the hydrocarbon source.
PAR  The process according to the invention is conducted at a temperature of
      between 500.degree. and 1000.degree.C., more especially 600.degree. to
      900.degree.C. with residence times which, in a general way, may vary
      between 0.3 and 10 seconds, but preferably between 1 and 5 seconds.
PAR  Besides there is some correlation between those two parameters : so; on the
      whole, the higher the temperature, the shorter is the residence time. On
      the other hand, for each particular case, the temperature to be adopted
      within the scope of the invention, depends on other factors, especially
      the nature of the hydrocarbon used and the relative proportions of the
      reagents. For example, the reaction with olefines occurs very easily using
      the lower range of temperatures within the scope of the invention. Further
      the temperature may also depend upon the carbon content of a hydrocarbon,
      within a given class of said compounds. Besides, the presence of an excess
      of total sulfur, especially as sulfur vapor permits the choice of a
      temperature among the lowest values for a given hydrocarbon; in other
      words, at the same temperature an excess of sulfur favors the reaction.
PAR  The process according to the invention is not perceptibly modified by
      pressure conditions. It may be conducted perfectly well under a pressure
      which is greater than normal, but it is achieved as well under atmospheric
      pressure, which constitutes one of its advantages.
PAR  In practice, it is possible to inject separately into a reaction chamber
      maintained at the required temperature, the hydrocarbon and the sulfur
      dioxide preheated or not, and the sulfur which has been already brought at
      least to its minimal temperature of vaporization, that is about
      450.degree.C. However, it is preferred that the sulfur be at a higher
      temperature before entering the reactor which may be that of the reaction.
      It is also possible to introduce sulfur dioxide mixed with the hydrocarbon
      or sulfur while the third reagent is introduced separately. Injection of
      the sulfur dioxide and sulfur vapor as a premixture, constitutes a
      convenient way of practicing the invention. Indeed it is possible to
      introduce into a combustion apparatus preceding the reaction chamber,
      liquid sulfur in a quantity corresponding to the total sulfur necessary
      for reaction and to burn a part of it for producing sulfur dioxide;
      simultaneously the combustion heat allows for vaporization of the
      complement of free sulfur. Adjusting the quantity of air or oxygen to be
      used for the combustion, it is possible to control easily the rate of
      burnt sulfur and consequently the mixture composition, as well as the
      final temperature thereof. When the hydrocarbon is a liquid, it is
      according to each case, vaporized before entering in contact with the
      other reagents, or sprayed into the reaction chamber.
PAR  At the reactor outlet the reaction effluent contains a major proportion of
      carbon bisulfide, unchanged sulfur or sulfur dioxide, particularly when
      these reagents were used in excess, water and generally low quantities of
      by-products such as carbon monoxide, carbon dioxide, and possibly
      hydrocarbons resulting from the cracking of the hydrocarbon initially
      used. There is also generally observed the presence of a certain quantity
      of hydrogen sulfide. In order to separate carbon bisulfide from this
      effluent, excess of sulfur is first condensed if necessary, the gaseous
      effluent is cooled in a classical way, down to about 120.degree.-
      150.degree.C., then the remaining mixture is passed into an absorption
      liquid such as an alkaline solution, in order to remove the acid
      constituents, finally the carbon bisulfide and water are condensed and are
      easily separated by decantation. The noncondensed and unabsorbed gases may
      be recycled to the reaction. According to another possibility, after the
      possible condensation of excess sulfur, wholly or partly, the reaction
      effluent is treated in therefor water to regenerate sulfur from the
      hydrogen sulfide and sulfur dioxide present. The reaction between H.sub.2
      S and SO.sub.2 in an aqueous medium may be achieved in any manner
      especially according to the processes described by the applicants in their
      U.S. applications No. 159,735 filed July 6, 1971 and No. 165,037 filed
      July 23, 1971. If either of the two reagents is not found in a sufficient
      quantity in the gaseous effluent adjustment to the desired value is made
      by feeding with fresh reagent. According to the first of the two precited
      applications, regenerated sulfur is present in solution in the condensed
      carbon bisulfide. The carbon bisulfide is distilled and sulfur is
      recovered at the foot of the column. According to the second application,
      regenerated sulfur is in a solid state and the carbon bisulfide is
      gaseous. Then, the latter is condensed.
DETD
PAR  The following examples, given in a non-limitative way, illustrate the
      object of the present invention.
PAC  EXAMPLE 1
PAR  In a tubular reactor surrounded by an oven and followed by a sulfur
      condenser, an absorber filled with a NaOH solution and a condenser for
      carbon bisulfide and water, there was introduced on the one hand a mixture
      of sulfur and sulfur dioxide brought to the reaction temperature and on
      the other hand nonpreheated ethylene. The respective proportions of
      reagents were varied as well as the reaction temperatures and residence
      times. At the reactor outlet, the excess sulfur was condensed, then the
      gaseous effluent was passed through the absorber in which acid
      constituents were removed and finally went into the condenser in which
      carbon bisulfide and water were separated. The remaining gaseous phase was
      recovered. Analyses were made chemically and by chromatography in vapor
      phase. Operative conditions of each test and the results obtained are
      given in Table 1 hereinafter.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     No. of                                                                    

          No. of Patio                                                         

                      Temp-                                                    

                           Resi-                                               

                               Ethyl-                                          

                                    CS.sub.2 /                                 

                                         Molar                                 

     S atoms/                                                                  

          SO.sub.2 moles/                                                      

                 S/C  erature                                                  

                           dence                                               

                               ene  carbon                                     

                                         ratio                                 

     mole of                                                                   

          mole of     .degree.C.                                               

                           time                                                

                               conver-                                         

                                    contain-                                   

                                         CS.sub.2 /H.sub.2 S                   

     ethylene                                                                  

          ethylene         (sec.)                                              

                               sion %                                          

                                    ing  formed                                

     (S as       S as               com-                                       

     sulfur      total              pounds                                     

     vapor)      sulfur             formed                                     

                                    %                                          

     __________________________________________________________________________

     4.4  1      2.7  600  3.8 89   90.8 2.3                                   

     5.24 1      3.12 650  3.2 99.8 86.7 3                                     

     4.24 1      2.62 650  3.6 98.2 85.8 3.2                                   

     4.4  1      2.7  700  3.4 98.6 85.9 4                                     

     __________________________________________________________________________

PAR  These tests emphasize the advantages of the process; indeed, a good
      conversion of hydrocarbon and a satisfactory selectivity in carbon
      bisulfide are obtained. Moreover, it is seen that hydrogen sulfide
      formation is strongly reduced by comparison with the classical processes
      using only sulfur, in which the ratio CS.sub.S /H.sub.2 S would be in this
      case, 1.
PAC  EXAMPLE 2
PAR  The tests of Example 1 were repeated but using this time propylene instead
      of ethylene. The results obtained are given in Table 2 hereinafter:
TBL                TABLE 2                                                     

     ______________________________________                                    

     No. of S                                                                  

             No. of    Ratio   Temp. Resi- CS.sub.2 /carbon                    

     atoms/mole                                                                

             SO.sub.2  S/C     .degree.C.                                      

                                     dence contain-                            

     of propy-                                                                 

             moles/mole              time  ing com-                            

     lene (S as                                                                

             of propy- S as          (sec.)                                    

                                           pounds                              

     sulfur  lene      total               formed %.                           

     vapor)            sulfur                                                  

     ______________________________________                                    

     5.7     1.5       2.4     650   4     85                                  

     5.7     1.5       2.4     700   4     83                                  

     5.7     1.5       2.4     800   4     80                                  

     5.7     1.5       2.4     800   2     83                                  

     6.6     1.5       2.7     700   4     91                                  

     ______________________________________                                    

PAR  From the above tests in which certain of the reaction parameters were
      varied and in which propylene conversion was practically quantitative, it
      appears that it is better to reduce residence time when increasing
      temperature and that for a given temperature, an increase of sulfur excess
      favors the reaction.
PAC  EXAMPLE 3
PAR  The hydrocarbon source used was this time a light fuel consisting of a
      crude petroleum distillate containing 65 w. % compounds boiling under
      270.degree.C and having a viscosity of 9.5 centistokes at 20.degree.C. Its
      empirical formula was CH.sub. 1.9.
PAR  In a device of the same type as described in example 1 there was introduced
      a mixture of sulfur and sulfur dioxide brought to the reaction temperature
      and the light fuel previously heated to 250.degree.C. The fuel
      vaporization came to completion as soon as said fuel entered the reactor.
PAR  The ratio total sulfur/carbon was 3.5; the number of SO.sub.2 moles for
      each carbon atom was 0.80. The temperature was 800.degree.C and the
      residence time 1.6 seconds.
PAR  The fuel conversion rate was practically quantitative and the carbon
      bisulfide yield was 65 %. The molar ratio CS.sub.2 /H.sub.2 S formed was
      12.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for manufacturing carbon disulfide comprising
PA1  contacting and reacting a hydrocarbon selected from the group consisting of
      olefins, diolefins, cyclic hydrocarbons, light fuels and heavy fuels with
      both sulfur vapor and sulfur dioxide at temperatures between about
      500.degree.- 1000.degree.C. for a period of 0.3 to 10 seconds in the
      absence of a catalyst,
PA1  the total sulfur introduced as sulfur vapor and sulfur dioxide being at
      least equal to the stoichiometric quantity necessary for the conversion of
      the hydrocarbon into carbon disulfide and
PA1  the number of moles of sulfur dioxide introduced being at least equal to
      one fourth of the number of hydrocarbon hydrogen atoms.
NUM  2.
PAR  2. A process according to claim 1 wherein the total sulfur introduced as
      sulfur vapor and sulfur dioxide is between 2.1 and 3.5 atoms per
      hydrocarbon carbon atom.
NUM  3.
PAR  3. A process according to claim 2 wherein the period of contact is 1 to 5
      seconds.
NUM  4.
PAR  4. Process according to claim 1 wherein the sulfur vapor and sulfur dioxide
      are introduced as a pre-mixture.
NUM  5.
PAR  5. Process according to claim 1 wherein the gaseous reaction effluent is
      treated in water to regenerate sulfur from the hydrogen sulfide and sulfur
      dioxide present in said gaseous reaction effluent, adjusting the quantity
      of either of the two reagents hydrogen sulfide or sulfur dioxide to the
      desired value by feeding fresh reagent, and recovering carbon bisulfide
      and sulfur generated by the reaction of said reagents.
NUM  6.
PAR  6. A process according to claim 1 wherein the gaseous reaction effluent is
      treated to condense excess sulfur, then the remaining effluent is passed
      into an absorption liquid to remove acid constituents, and carbon
      bisulfide and water are condensed with recovery of the carbon bisulfide.
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ABST
PAL  Kish graphite can be separated from fume in kish graphite-fume mixtures and
      can be recovered as a clean usable product by screening the kish
      graphite-fume mixtures to separate the mixtures into a screen overflow and
      screen underflow. The screen overflow is mixed with a solution of a
      washing agent and a surface active agent. The mixture is stirred to
      thoroughly "wet" the surfaces of the kish graphite. The mixture is
      filtered. The kish graphite is recovered as a filter cake. The effluent
      which consists of the washing agent, the surface active agent and fume, is
      passed to waste. The kish graphite retains its integrity through the
      separation, recovery, and cleaning steps.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part application of my original application Ser.
      No. 271,443 filed July 13, 1972 entitled "Method for Separating and
      Recovering Kish Graphite from Mixtures of Kish Graphite and Fume", now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to a method for separating kish graphite from
      fume in kish graphite-fume mixtures and recovering the kish graphite as a
      clean usable product.
PAR  Kish graphite is defined as single crystals of flake graphite which
      precipitate from super saturated solutions of carbon in iron as the molten
      iron cools during tapping, pouring, teeming or other operations during
      production of iron and steel. Kish graphite is formed, for example, when
      iron which is tapped from a blast furnace cools while flowing in a network
      of runners on a cast house floor to submarine ladles. Kish graphite also
      forms when iron is transferred from submarine ladles to a holding mixer or
      ladle in reladling stations where the iron is stored prior to its use as a
      charge material for steel producing furnaces. The kish graphite forms on
      or floats to the surface of the molten iron and is emitted from the hot
      surface in the form of fine particles. Kish graphite is very light in
      weight, hence the kish graphite is carried into the atmosphere by heat
      convection from the surface of the molten iron.
PAR  Another product of the aforementioned operations is "fume". Fume is
      released from the molten metal at the same time as the kish graphite. Fume
      consists of relatively fine particles of iron oxides, silica, alumina,
      zinc oxide, manganese oxides, lime, magnesia and the like. Since kish
      graphite and fume are released from the molten metal at the same time,
      mixtures of kish graphite and fume are formed. The formation of large
      quantities of kish graphite-fume mixtures causes serious storage and
      disposal problems in steel plants. It is recognized that both kish
      graphite and fume are valuable commodities in themselves. Kish graphite
      can be used in the production of carbon electrodes, carbon electrical
      brushes, graphite crucibles and the like. However, the kish graphite must
      be relatively pure, that is, free from contaminating materials. Fume can
      be used as charge material to metallurgical furnaces, such as blast
      furnaces, wherein the iron oxides can be reduced to metallic iron. The
      fume must be balled, that is, formed into roughly spheroidal-like
      particles of a desired size or sintered prior to use in the metallurgical
      furnaces. The presence of large quantities of kish graphite in the
      mixtures makes kish graphite-fume mixtures unsuitable for balling. There
      is, therefore, a need for a method of separating kish graphite from fume
      in kish graphite-fume mixtures and recovering kish graphite which is
      substantially free from fume and which kish graphite retains its original
      size. Prior art methods to separate kish graphite from fume, include one
      method described in U.S. Pat. No. 1,239,992 issued Sept. 11, 1917 to
      Frederick W. Weissmann in which graphitic carbon is separated from iron
      and iron oxides and silica. In order to rid the graphite flakes of iron
      and silica, the mixture is reduced to powder and graphitic carbon
      separated from the iron and silica by levitation. The comminuted graphitic
      carbon is chemically refined by boiling with sulfuric and nitric acids or
      hydrochloric and hydrofluoric acids. While a clean kish graphite may be
      obtained by this method, the kish graphite loses its original size and
      shape during comminution.
PAR  It is therefore the object of this invention to provide a method for
      separating, cleaning and recovering kish graphite from mixtures containing
      kish graphite and fume.
PAR  It is another object of this invention to provide a method for separating
      kish graphite from fume in kish graphite-fume mixtures and recovering
      cleaned kish graphite wherein the kish graphite is washed in a solution of
      a washing agent and a non-ionic or cationic surface active agent and the
      kish graphite is separated and recovered as filter cake by filtering the
      mixture of kish graphite, washing agent and surface active agent.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, the method of the invention includes screening mixtures of kish
      graphite and fume on a 50 mesh size screen to separate kish graphite as a
      screen overflow from fume as a screen underflow. The screen overflow is
      mixed with a washing agent containing a surface active agent. The mixture
      of kish graphite and washing agent and surface active agent is agitated to
      "wet" the surfaces of the kish graphite. The mixture is filtered on a 50
      mesh screen. Clean kish graphite is recovered as a filter cake and the
      solution of washing agent and surface active agent containing fume is
      discarded as an effluent.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a reproduction of a photomicrograph of kish graphite in a screen
      overflow after a kish graphite-fume mixture has been screened, taken at a
      magnificatin in 200 diameters on a scanning electron microscope.
PAR  FIG. 2 is a reproduction of a photomicrograph of an area identified as A in
      FIG. 1, taken at a magnification of 2000 diameters.
PAR  FIG. 3 is a reproduction of a photomicrograph of the kish graphite shown in
      FIG. 1, after treatment by the method of the invention, taken at a
      magnification of 200 diameters.
PAR  FIG. 4 is a reproduction of a photomicrograph of an area identified as B in
      FIG. 3, taken at a magnification of 2000 diameters.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Kish graphite can be separated from fume in kish graphite-fume mixtures
      which are collected in steel plants and the like. The kish graphite can be
      treated and recovered as a clean usuable product. Kish graphite, which has
      previously been defined as single crystals of flake graphite, is
      relatively coarse in size. Most of the kish graphite is +100 mesh sieve
      size and is between 0.5-5mm. wide and 5-t0 microns in thickness. Fume on
      the other hand, is relatively fine in size, about -400 mesh sieve size,
      and generally less than 5 microns. Kish graphite is generally hexagonal in
      shape and "growth-steps" are visible on the crystals. Fume is generally
      globular in shape.
PAR  A rough separation of kish graphite from fume in kish graphite and fume
      mixtures can be made by screening on a 50 mesh sieve. The screen overflow,
      that is, particles which are +50 mesh size, contains substantially all the
      kish graphite and the screen underflow, that is, particles which are -50
      mesh size, contains substantially all the fume.
PAR  Turning now to the Figures, FIG. 1 is a reproduction of a photomicrograph
      of kish graphite found in the screen overflow, taken at a magnification of
      200 diameters on a scanning electron microscrope. It can be seen that kish
      graphite is generally hexagonal in shape and exhibits growth steps C on
      the surfaces of the kish graphite. Numerous, relatively fine globular-like
      particles of fume D adhere to the surfaces of the kish graphite
      particularly in the growth-steps C. Turning now to FIG. 2, which is a
      reproduction of a photomicrograph of the area A of the kish graphite of
      FIG. 1 taken at a magnification of 2000 diameters on a scanning electron
      microscope, the fume D can be seen to be entrapped in the growth-steps C
      of the kish graphite. The entrapped fume is difficult to remove from the
      surfaces of the kish graphite.
PAR  Of course, some fume will be contained in the screen overflow and some kish
      graphite will be contained in the screen underflow. The amount in each
      case will be minimal. Substantially all the fume in the screen overflow
      adheres to the surface of the kish graphite. The fume can become entrapped
      in the angular growth steps formed on the surfaces of the kish graphite.
      The fume contaminates the kish graphite and makes the kish graphite
      undesirable for many applications, such as for example, forming carbon
      electrodes, graphite crucibles and the like. It is desirable to remove the
      fume from surfaces of the kish graphite while maintaining the integrity,
      that is, the original size and crystallinity of the kish graphite to
      produce a clean usable product. The fume adhering to the flat surfaces of
      the kish graphite is relatively easily removed, but the fume trapped in
      the growth-steps is not easily removed. I have found that a portion of the
      fume can be removed from the surfaces of the kish graphite while
      maintaining the integrity of the kish graphite, by immersing the kish
      graphite in a washing agent, such as water, or water solutions of
      hydrochloric acid, waste hydrochloric acid pickle liquor and the like.
PAR  The screen overflow is charged into a vessel containing one of the above
      mentioned washing agents. The mixture so formed is agitated or stirred for
      a time to thoroughly "wet" the surfaces of the kish graphite. It is
      difficult to "wet" the surfaces of the kish graphite with a washing agent,
      such as water, and water solutions of hydrochloric acid, waste
      hydrochloric acid pickle liquor and the like and mixtures thereof. As a
      result, only partial cleaning of the kish graphite is accomplished if only
      these agents are used. After washing, the mixture is filtered to separate
      the kish graphite and washing agent and fume. The kish graphite is
      recovered as a filter cake and the washing agent and fume are passed to
      waste as the effluent. It has been found that agitation of the mixture of
      kish graphite and washing agent for as little as 15 minutes can achieve
      some results in removing fume from the surfaces of the kish graphite, but
      it is preferred to agitate the mixture between about 30 minutes to about
      one hour for best results. Any time longer than one hour does not enhance
      the removal of the fume. The mixture is filtered on a filter press using
      50 mesh size screens to thereby interrupt the flow of kish grpahite
      through the filter press but to allow the fume and washing agent to pass
      through the filter press. Substantially all the kish graphite which is +50
      mesh size is recovered as filter cake. The results of washing kish
      graphite in several washing agents is shown in Table I:
TBL                                    Table I                                 

     __________________________________________________________________________

     Effect of Washing a Screened Mixture of Kish Graphite                     

     and Fume in a Washing Agent                                               

                 Chemical Analysis of Mixture in Percent                       

                 C*  Fe (as Fe                                                 

                            SiO.sub.2                                          

                                S    P    Ca    Mn                             

                     Oxides)              (as CaO)                             

                                                (as MnO)                       

     __________________________________________________________________________

     Typical as Collected                                                      

                 11.2                                                          

                     60.4   1.06                                               

                                0.057                                          

                                     0.048                                     

                                          0.40  0.50                           

     As Screened                                                               

      (+50 mesh) 46.6                                                          

                     34.2   2.04                                               

                                --   --   0.4   --                             

     Water       49.8                                                          

                     --     --  --   --   --    --                             

     50% HCL     66.0                                                          

                     --     --  --   --   --    --                             

     Waste HCL Pickle                                                          

      Liquor     49.1                                                          

                     --     --  --   --   --    --                             

     __________________________________________________________________________

      *Note that in all cases the carbon content of as-screened +50 mesh kish  

      graphite has increased, indicating each of the washing agents is effectiv

      in removing some fume from the surfaces of the kish graphite.            

PAR  The above listed washing agents are effective in removing a portion of the
      fume adhering to the surfaces of the kish graphite as evidenced by the
      increase in carbon content. The integrity, that is, the original size and
      crystallinity of the kish graphite as-received and screened, is maintained
      through the separation, cleaning and recovering steps. However, the kish
      graphite is still "dirty" and cannot be used in many applications, such as
      manufacture of carbon electrodes. I have found that a substantial portion,
      if not all, of the fume adhering to the surfaces of the kish graphite and
      trapped in the growth steps of the kish graphite, can be removed by adding
      a desired amount of a surface active agent to the washing agents listed
      above, prior to agitation of the mixture of kish graphite and the washing
      agent. The addition of a surface active agent does not affect the
      integrity of the kish graphite and the cleaned kish graphite is
      essentially the same in size as the as-received kish graphite before
      screening. The surface active agents which can be used to increase the
      "wetting" characteristics of the washing agent are soluble in water and
      have a carbon chain of between C.sub.10 and C.sub.18 with a carbon chain
      of about C.sub.11 to C.sub.15 preferred. Increasing the "wetting"
      characteristics of the washing agent increases the efficiency of removing
      fume from all the surfaces of the kish graphite. The surface active agents
      which can be used can be non-ionic, cationic or anionic.
PAR  Anionic surfactants are compounds which contain hydrophilic and lipophilic
      groups in their molecular structure and which ionize in an aqueous medium
      to give anions containing the lipophilic group. Typically these compounds
      are alkali metal, ammonium or organic amine salts of fatty acids, organic
      sulfonates, or phosphate or sulfate esters. Anionic type surface active
      agents, for example, sodium lauryl sulphate, and potassium oleate and the
      like react with metallic impurities in the fume and must be added in
      excess of impurities present before they contribute to the washing
      efficiency. The large amount of interfering fume constituents present make
      it impractical to use anionic wetting agents without the addition of water
      softening agents.
PAR  Cationic surface active agents such as Quaternary ammonium compounds, for
      example, cetyl trimethyl ammonium bromide sold by Fairfield Labs under the
      tradename "Cetab" and the like, are not adversely affected by fume and do
      effectively increase the washing characteristics of the washing agent.
PAR  The non-ionic type of surface active agent was found to be most effective
      of all and greatly improved the washing characteristics of the washing
      agent.
PAR  The non-ionic types of surface active agents useful in the method of the
      invention are Alkanolamides which have a carbon chain of about C.sub.10 to
      about C.sub.18 and are produced by condensing diethanolamine with a fatty
      acid, such as lauric, myristic, capric, myristoleic, palmitoleic, oleic
      and coconut acids in a mol ratio of 2:1 or decylic acid in a mol ratio of
      1:1. A method for the production of this type of surface active agent is
      described in U.S. Pat. No. 2,538,929 issued January 23, 1951 to George
      Zinzalian and entitled "Polyalkanolamine condensed with Fatty Acid
      Mixture". It is preferred to use the alkanolamides made by the
      condensation of diethanolamine with lauric acid or coconut acids in a
      ratio of 2 mols of diethanolamine to one mol of lauric acid or coconut
      acids. Examples of this class of non-ionic compounds, which were found to
      greatly improve washing efficiency are Polycomplex A-11, produced by Ocean
      Wide Industries, Inc., and Infrasan-C, produced by Reilly-Whitman, Inc.
PAR  Alkanolamides which are water dispersible but are not water soluble do not
      increase the "wetting" characteristics of water and hence do not increase
      the efficiency of the washing agent in removing fume from the surfaces of
      the kish graphite.
PAR  Another important class of non-ionic surfactants is formed by the addition
      of ethylene oxide to hydrophobes such as fatty acids, long chain alcohols,
      mercaptans and alkyl phenols. An example of a polyoxyethylene glycol ether
      of a linear alcohol which also has given good results in the method of the
      invention is Tergitol 15-S-9. Other suitable members of this series are
      Tergitol 15-S-7, Tergitol 15-S-12 and Tergitol 15-S-15. This series of
      surfactants has a carbon chain length between 11 and 15. The final
      suffixes 7, 9, 12, 15 in each case identify the number of moles of
      ethylene oxide reacted with the linear alcohol.
PAR  As noted previously, the addition of a surface active agent to the washing
      agent increases the efficiency of the washing agent in removing fume from
      kish graphite. An anionic surfactant does achieve some results of the
      invention; however, the improvement in removing the fume is so slight that
      it is not economically feasible to use an anionic surfactant. Cationic and
      non-ionic surfactants, on the other hand, significantly improve the
      wetting characteristics of the washing agent. The amount of surface active
      agent added to the washing agent can range from 20 parts per million to
      about 50,000 parts per million, depending upon the washing agent and the
      surface active agent added thereto. Larger amounts of the surface active
      agent than noted above can be used but since the improvement in efficiency
      of the washing agent is negligible, it is not economically feasible to use
      larger amounts.
PAR  A wide variety of surface active agents which are soluble in the washing
      agents can be employed to obtain the results of the invention. Since there
      are so many surface active agents which can be employed in the invention,
      it would be voluminous to list them all. Therefore, only the general types
      of surface active agents which can be used are presented above and
      preferred types will be illustrated in specific examples.
PAR  This aspect of the invention resides in the use of a suitable surface
      active agent per se and individual compositions are important only so far
      as their properties affect this function. From the description herein, one
      skilled in the art will know or deduce the surface active agent suitable
      for use in the meethod of the invention. Some surface active agents are,
      however, preferred, as will appear from the appended claims.
PAR  A simple test to evaluate the surface active agents which are useful in the
      invention is as follows: a screened sample containing kish graphite and
      adhering fume is placed in a beaker containing water as the washing agent.
      After stirring the mixture, the kish graphite is allowed to settle or
      float. Generally a substantial portion of the kish graphite is not
      "wetted" by the water and remains floating on the surface of the water
      despite its greater density with respect to water and the heavy fume
      adhering to its surface. A few drops, about 5000 parts per million, of a
      surface active agent are added to the mixture. An observation is made as
      to whether most of the particles of kish graphite, with fume adhering
      thereto, (which particles were floating before the addition of the surface
      active agent) sink as a result of the addition of the surface active agent
      to the water. If most of the kish graphite with fume adhering to its
      surfaces sinks in the water as a result of the addition of a surface
      active agent, then that surface active agent is considered likely to be
      satisfactory to be used in the method of the invention. This qualitative
      test was confirmed by actual cleaning experiments using different surface
      active agents as described in the following examples:
PAC  EXAMPLE NO. 1
PAR  A sample containing kish graphite and fume was collected in a baghouse at a
      reladling station between iron containing submarines and basic oxygen
      furnaces, the sample was screened on a 50 mesh sieve. The sample had a
      carbon content of 11.2% before screening. The screen overflow, +50 mesh
      size fraction had the following chemical analysis:
TBL         Carbon         46.6%                                               

            Iron Oxide as Iron                                                 

                           34.2%                                               

            Silica         2.4%                                                

            Lime           0.4%                                                

PAL  The screen overflow was divided into five equal portions of 25 grams each.
      Each portion was throughly mixed with one of the following washing agents:
PA1  1. water
PA1  2. water and 5% polycomplex A-11 (non-ionic)
PA1  3. water and 5% Tergitol 15-S-9 (non-ionic)
PA1  4. water and 5% Cetab (cationic)
PA1  5. water and 5% potassium oleate (anionic)
PAL  The mixtures so formed were heated to a temperature of 175.degree. F. and
      were stirred four times at intervals of 10 minutes. The mixtures were
      screened on a 50 mesh sieve to separate and recover the kish graphite as a
      filter cake. The washing agent and fume were passed to waste. The filter
      cake so collected was washed with distilled water and dried. The carbon
      content of the kish graphite was as follows:
TBL  Test No.              Carbon                                              

     ______________________________________                                    

     Sample 1              49.8%                                               

     Sample 2              61.1%                                               

     Sample 3              55.3%                                               

     Sample 4              58.0%                                               

     Sample 5              52.3%                                               

     ______________________________________                                    

PAL  From the above, it is evident that a series of surface active agents when
      added to water improve the "wetting" characteristics of the water and
      thereby the efficiency of the water in removing fume from the surfaces of
      kish graphite. The non-ionic and cationic surface active agents are
      superior to the anionic surface active agents in improving the cleaning
      efficiency of water.
PAC  EXAMPLE NO. 2
PAR  A mixture of kish graphite and fume having a carbon content of 11.2% was
      screened on a 50 mesh sieve. The screen overflow, +50 fraction, had a
      chemical analysis as follows:
TBL         Carbon         46.6%                                               

            Iron Oxide as Iron                                                 

                           34.2%                                               

            Silica         2.4%                                                

            Lime           0.4%                                                

PAL  The screen overflow was divided into five equal portions of 400 grams each.
      Each portion was mixed with 2000 cc of the following washing agents:
PA1  1. water
PA1  2. water + 5% Infrasan-C (non-ionic)
PA1  3. water + 5% Tergitol 15-S-9 (non-ionic)
PA1  4. water + 5% Cetab (cationic)
PA1  5. water + 5% sodium oleate (anionic)
PAL  The mixtures were heated to 155.degree.0F. The mixtures were stirred with a
      mechanical agitator at 3600 revolutions per minute for 20 minutes. The
      mixtures were then filtered through a 50 mesh sieve to separate the kish
      graphite from the washing agents and fume. The kish graphite was rinsed
      eight times in water with stirring. The kish graphite was then dried. The
      carbon content of the dried kish graphite follows:
TBL  Test No.              Carbon                                              

     ______________________________________                                    

     1                     84.3%                                               

     2                     88.0%                                               

     3                     88.8%                                               

     4                     86.3%                                               

     5                     84.2%                                               

     ______________________________________                                    

PAL  It is evident that using several washing steps and intensified stirring
      removes more fume than one washing. It is also evident that the addition
      of a small portion of a surface active agent improves the efficiency of
      water as a washing agent. The non-ionic and cationic surface active agents
      are superior to the anionic surface active agents.
PAC  EXAMPLE NO. 3
PAR  A mixture of kish graphite and fume having a carbon content of 11.2% was
      screened on a 50 mesh sieve. The screen overflow, +50 mesh sieve fraction
      was divided into two equal portions of 150 grams. One portion was mixed
      with 800 cc of water and the other portion was mixed with 760 cc of water
      and 40 cc of Polycomplex A-11 a non-ionic surface active agent of the
      alkanolamide-type. The mixtures were heated to 175.degree. F. and stirred
      for 45 minutes. The mixtures were filtered on a 50 mesh sieve. The filter
      cakes, which consisted of kish graphite, were washed with 5000 cc of water
      and dried at 230.degree. F. for 3 hours. The washing and drying steps were
      repeated four times. The results of the tests are listed below:
TBL               Chemical Analysis                                            

                  %      %           %                                         

                         Iron Oxide                                            

                  Carbon As Iron     SiO.sub.2                                 

     ______________________________________                                    

     Screen overflow as                                                        

      screened      46.6     34.2        2.4                                   

     1st wash-water 83.9                                                       

     2nd wash-water 84.0                                                       

     3rd wash-water 85.4                                                       

     4th wash-water 86.3     8.2         1.6                                   

     1st wash-water +                                                          

      polycomplex A-11                                                         

                    84.6                                                       

     2nd wash-water +                                                          

      polycomplex A-11                                                         

                    84.6                                                       

     3rd wash-water +                                                          

      polycomplex A-11                                                         

                    88.9                                                       

     4th wash-water +                                                          

      polycomplex A-11                                                         

                    89.8     5.8         1.2                                   

     ______________________________________                                    

PAR  It is obvious that water can be used to separate kish graphite from fume,
      and repeated washings improve the purity of the kish graphite. It is also
      evident that the addition of a surface active agent to the water improves
      the ability of the water to clean the kish graphite.
PAC  EXAMPLE NO. 4
PAR  The experiment of Example No. 1 was repeated using hydrochloric acid as a
      washing agent. Two surface active agents, polycomplex A-11 and Tergitol
      P-28, were added to the HCl to form washing agents. The results of the
      washing tests follow:
TBL  Solution          Carbon Content of Kish                                  

     ______________________________________                                    

     50% HCl in water  66.0%                                                   

     50% HCl in water and                                                      

      5% Polycomplex A-11                                                      

                       69.0%                                                   

     50% HCl in water and                                                      

      5% Tergitol P-28 67.0%                                                   

     ______________________________________                                    

PAL  As noted previously, the 50% HCl in water solution cleaned the kish
      graphite. However, additions of a surface active agent did enhance the
      ability of the washing agent to remove fume from kish graphite.
PAC  EXAMPLE NO. 5
PAR  A mixture of kish graphite and fume from the bag house of a basic oxygen
      furnace reladling station was screened to obtain a screen overflow, +50
      mesh fraction, a -50, +70 mesh fraction and a -70 mesh fraction. Four
      portions of the screen overflow, +50 fraction were tested by mixing one
      portion with 800 cc of a washing agent -- 50% HCl-50% H.sub.2 O to which
      2.2 cc of the surface active agent Polycomplex A-11 was added. The
      particles of kish graphite floated in the 50% HCl-50% H.sub.2 O solution
      but sank in the solution when 2.2 cc of Polycomplex A-11 were added. The
      mixture was agitated while being heated to 175.degree. F. and held for 45
      minutes. The mixture was filtered on a 50 mesh sieve. The filter cake,
      which consisted primarily of kish graphite, was washed with water and was
      dried at 230.degree. F. for three hours. The filter cake was washed from
      one to four times with 50% HCl-50% water- 0.25% Polycomplex A-11 solution.
      The results of the tests follow:
TBL                    Chemical Analysis                                       

                       C   Fe   SiO.sub.2                                      

                                    S    P   Ca  Mn                            

                       (%) (%)  (%) (%)  (%) (%) (%)                           

     __________________________________________________________________________

     As collected mixture                                                      

                       11.2                                                    

                           62.1                                                

     Screened on a 50 mesh sieve size                                          

                       46.6                                                    

                           34.2 2.4 0.9  .03 .33 .07                           

     After 1st wash in solution                                                

                       93.5                                                    

                           1.2  3.4 .03  .01 .07 .011                          

     After 2nd wash in solution                                                

                       95.6                                                    

                           .44  2.9 .03  .01 .07 .008                          

     After 3rd wash in solution                                                

                       96.2                                                    

                           .65  2.6 .03  .01 .06 .012                          

     After 4th wash in solution                                                

                       97.4                                                    

                           .15  2.1 .04  .01 .05 .007                          

     __________________________________________________________________________

PAR  It can be seen that the kish graphite can be purified to about 97% to 98%
      carbon by repeated washings with an HCl-H.sub.2 O solution to which a
      surface active agent has been added.
PAR  FIG. 3 is a reproduction of a photomicrograph of kish graphite taken at a
      magnification of 200 diameters on a scanning electron microscope after
      being cleaned as described in Example No. 5 above. There are only a few
      small particles of fume D' which remain on the surface of the kish
      graphite after cleaning.
PAR  FIG. 4 is a reproduction of a photomicrograph of the small area B, in FIG.
      3, taken at a magnification of 2000 diameters on a scanning electron
      microscope, showing a particle of fume D' adhering to the kish graphite in
      a growth step C' of the kish graphite.
PAC  EXAMPLE NO. 6
PAR  A mixture of kish graphite and fume was screened on a 50 mesh sieve to
      obtain a screen overflow, +50 mesh fraction, and a screen underflow -50
      mesh fraction. The screen overflow had the following chemical analysis:
TBL         Carbon         46.6%                                               

            Iron Oxide as Iron                                                 

                           34.2%                                               

            Silica         2.4%                                                

            Lime           0.4%                                                

PAL  The screen overflow was divided into two equal portions. One portion was
      mixed with waste hydrochloric acid pickle liquor. The other portion was
      mixed with a waste hydrochloric acid +5% Polycomplex A-11 solution. The
      mixtures were heated to about 175.degree. F. for 45 minutes and were
      stirred at 10-minute intervals. The mixtures were filtered on a 50 mesh
      sieve. The filter cakes, substantially all particles of kish graphite,
      were washed with water and were dried. The carbon content of the kish
      graphite was as follows:
TBL  Washing Solution      Carbon (%)                                          

     ______________________________________                                    

     Waste hydrochloric acid                                                   

      pickle liquor        49.1                                                

     Waste hydrochloric acid                                                   

      pickle liquor +5% Poly-                                                  

      complex A-11         51.7                                                

     ______________________________________                                    

PAR  This example demonstrates that the ability of waste hydrochloric acid
      pickle liquor to clean kish graphite is improved by addition of a
      non-ionic surface active agent.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved method for separating kish graphite from kish graphite and
      fume mixtures and recovering the kish graphite as a clean product
      comprising:
PA1  a. screening the kish graphite and fume mixture to obtain a screen overflow
      consisting essentially of kish graphite with fume adhering to the surfaces
      thereof and a screen underflow consisting essentially of fume, said screen
      underflow being passed to waste,
PA1  b. mixing the screen overflow with at least one washing agent taken from
      the group consisting of water, hydrochloric acid and waste hydrochloric
      acid pickle liquor,
PA1  c. adding a quantity of at least one surface active agent taken from the
      group consisting of a water soluble non-ionic compound and a water soluble
      cationic compound, where said water soluble non-ionic compound is the
      condensation product of the reaction between two mols of diethanolamine
      and one mol of at least one fatty acid taken from the group consisting of
      lauric acid, myristic acid, myristoleic acid, palmitoleic acid, oleic acid
      and coconut acids and a compound formed by the addition of ethylene oxide
      to a linear alcohol having a carbon chain length of about C.sub.11 to
      about C.sub.15 and said water soluble cationic compound is a quaternary
      ammonium salt, to the mix of step (b),
PA1  d. agitating the mixture formed in step (c) for a time to substantially
      completely wet the surfaces of the kish graphite,
PA1  e. filtering the agitated mixture of step (d) to separate the kish graphite
      from the fume washing agent and surface active agent, said kish graphite
      being collected as a filter cake and the fume, washing agent and surface
      active agent as an effluent which is passed to waste,
PA1  f. washing and drying the kish graphite recovered in step (e) as filter
      cake.
NUM  2.
PAR  2. The method of claim 1 wherein the washing agent of step (b) is water.
NUM  3.
PAR  3. The method of claim 1 wherein the washing agent of step (b) is
      hydrochloric acid.
NUM  4.
PAR  4. The method of claim 1 wherein the washing agent of step (b) is waste
      hydrochloric acid pickle liquor.
NUM  5.
PAR  5. The method of claim 1 wherein the washing agent of step (b) is a 50%-50%
      mixture of hydrochloric acid and water.
NUM  6.
PAR  6. The method of claim 2 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a non-ionic compound which is a
      condensation product of the reaction between two mols of diethanolamine
      with one mol of lauric acid.
NUM  7.
PAR  7. The method of claim 2 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a condensation product of the reaction
      between two mols of diethanolamine with one mol of coconut acid.
NUM  8.
PAR  8. The method of claim 2 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a non-ionic compound formed by the
      addition of ethylene oxide to a linear alcohol having a carbon chain
      length of about C.sub.11 to about C.sub.15.
NUM  9.
PAR  9. The method of claim 2 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a quaternary ammonium salt.
NUM  10.
PAR  10. The method of claim 3 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a condensation product of the reaction
      between two mols of diethanolamine and one mol of lauric acid.
NUM  11.
PAR  11. The method of claim 3 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a condensation product of the reaction
      between two mols of diethanolamine and one mol of coconut acid.
NUM  12.
PAR  12. The method of claim 3 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a non-ionic compound formed by the
      addition of ethylene oxide to a linear alcohol having a carbon chain
      length of about C.sub.11 to about C.sub.15.
NUM  13.
PAR  13. The method of claim 3 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a quaternary ammonium salt.
NUM  14.
PAR  14. The method of claim 4 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a quaternary ammonium salt.
NUM  15.
PAR  15. The method of claim 4 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a condensation product of the reaction
      between two mols of diethanolamine and one mol of lauric acid.
NUM  16.
PAR  16. The method of claim 4 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a condensation product of the reaction
      between two mols of diethanolamine and one mol of coconut acid.
NUM  17.
PAR  17. The method of claim 4 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a non-ionic compound formed by the
      addition of ethylene oxide to a linear alcohol having a carbon chain
      length of about C.sub.11 to about C.sub.15.
NUM  18.
PAR  18. The method of claim 5 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a condensation product of the reaction
      between two mols of diethanolamine and one mol of lauric acid.
NUM  19.
PAR  19. The method of claim 5 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a condensation product of the reaction
      between two mols of diethanolamine acid and one mol of coconut acid.
NUM  20.
PAR  20. The method of claim 5 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a non-ionic compound formed by the
      addition of ethylene oxide to a linear alcohol having a carbon chain
      length of about C.sub.11 to about C.sub.15.
NUM  21.
PAR  21. The method of claim 5 wherein the surface active agent added to the
      mixture of step (b) in step (c) is a quaternary ammonium salt.
NUM  22.
PAR  22. An improved method for separating kish graphite from fume in kish
      graphite-fume mixtures, wherein said kish graphite-fume mixtures are
      separated by screening on a 50 size screen to form a screen overflow
      consisting essentially of kish graphite and fume adhering to the surfaces
      of said kish graphite, and a screen underflow consisting essentially of
      fume and said screen overflow is mixed with at least one washing agent
      taken from the group consisting of water, hydrochloric acid, waste
      hydrochloric acid pickle liquor and mixtures thereof, the improvement
      comprising:
PA1  a. adding about 20 parts per million to 50,000 parts per million of at
      least one surface active agent taken from the group consisting of a water
      soluble non-ionic compound which is a condensation product of the reaction
      between two mols of diethanolamine and one mol of at least one fatty acid
      taken from the group consisting of lauric acid, myristic acid,
      myristicoleic acid, palmitoleic acid, and coconut acids, a compound formed
      by the addition of ethylene oxide to a linear alcohol having a carbon
      chain of C.sub.11 to C.sub.15 and a quaternary ammonium salt to the
      mixture of the screen overflow and washing agent,
PA1  b. agitating the mixtures formed in step (a) for a time at a temperature to
      completely wet the surfaces of kish graphite,
PA1  c. filtering the mixture of step (b) on a 50 mesh screen to separate the
      kish graphite as a filter cake from the fume and washing agent and surface
      active agent as an effluent, said effluent being passed to waste, and
PA1  d. washing and drying the kish graphite.
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PAL  A new process or method has been developed whereby the purity of metal
      halides, prepared by conventional methods, can be significantly upgraded.
      The process, which includes a scrubbing of metal halides with a
      halide-source species in the vapor phase, has been shown to be effective
      not only in reducing the concentration of oxyanion impurities and volatile
      cation halide impurities, but effective in reducing hydroxyl ion
      (OH.sup.-) contaminations as well.
PAL  Metal halides purified by this method are particularly useful as starting
      materials for growing optically pure metal halide crystals.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract with the Air Force Weapons Laboratory.
PARN
PAR  This application is a continuation of application Ser. No. 416,899, filed
      Nov. 19, 1973, now abandoned.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  An invention directed to the synthesis of metal halides having extremely
      low hydroxyl ion contamination levels was disclosed in U.S. Pat.
      application No. 275,130 filed July 26, 1972 by R. C. Pastor et al.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  This invention is concerned with methods for the purification of inorganic
      salts in general and more particularly with the purification of metal
      halides.
PAR  2. Description of the Prior Art.
PAR  Metal halides are well-known in the art. However, comparatively recent
      developments in the field of laser technology has resulted in a demand for
      metal halides that are extremely pure. While powdered KCl 99.999% pure in
      the metal ion is easily available, the anion purity may not be any better
      than 99.9% pure.
PAR  Metal halide crystals grown from state-of-the-art purified starting
      materials contain trace cation and anion contaminants which when subject
      to high energy laser applications, cause undesirable optical absorption
      and structural failures. Anion purity is a prime concern for high-power IR
      window material, because anions, particularly polyatomic ones like
      OH.sup.- , contribute significantly to IR absorption through the
      fundamentals and combinations of their vibrational motions. The usual
      metal ion impurities mostly affect transmission in the visible or
      ultraviolet. Bivalent metal ion doping has been employed to increase the
      crystal's mechanical strength. However, this process exacts a tradeoff in
      the IR transmission, possibly due to the ability of bivalent cation
      impurities to stabilize the hydroxide ion (OH.sup.- ) and cation vacancies
      in alkali metal halides. Also, because of the extremely limited solubility
      of such dopants in the pure solid, the achievement of bulk homogeneity
      over a large piece presents a severe constraint.
PAR  The patent literature (J. O. Hay, U.S. Pat. No. 2,640,755) discloses an
      alkali metal halide purification method based on the addition of halide
      reactants to the metal halide desired to be purified in solution to form
      compounds with the impurities which can be precipitated from the solution
      and effectively separated from the target compound. This process is a
      multistep one and limited in effectivity in that it only tends to remove
      metal ion impurities.
PAR  My invention is considerably more efficient in terms of steps required to
      complete the process and in terms of the relative purity of the resultant
      product. It is possible, by utilizing my invention, to proceed from the
      purification of metal halide powders to the growth of optically pure metal
      halide crystals in succession with no intervening handling of the
      material.
PAC  SUMMARY OF THE INVENTION
PAR  I have discovered that crystalline halide powder, .ltoreq. 1mm across, can
      be scrubbed through the interior not only from OH.sup.- , but also from
      the lower halide members (e.g., in chloride, Br.sup.-  and I.sup.- ),
      other oxyanion impurities and volatile cation halide impurities by
      treatment with halide-source vapors and casting the purified material in
      the form of an ingot which reduces the specific surface of the material.
      This process yields ultra pure halides which can serve as a convenient
      charge for ultra pure crystal growth required for the fabrication of
      optical components such as prism and windows for high-power lasers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a schematic diagram of an apparatus for purification and
      casting of metal halide powder.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Metal halide crystals exhibit promise as effective materials for the
      fabrication of windows for laser applications. Studies conducted to date
      indicate that the usefulness of these materials is limited by the effects
      of trace contaminants within the crystals which either absorb energy
      and/or cause structural failures. Inasmuch as the relationship between
      ultra pure metal halide crystals and the purity of the starting materials
      from which the crystals are grown is obvious, the elimination of
      impurities in metal halide powders prior to their use in crystal growth
      applications is an obvious prerequisite for the preparation of highly
      transparent materials. Anion purity is a prime concern for high-power IR
      window material, because anions, particularly polyatomic ones like
      OH.sup.- , contribute significantly to IR absorption through the
      fundamentals and combinations of their vibrational motions. The usual
      metal ion impurities mostly affect transmission in the visible or
      ultraviolet.
PAR  When the impurities (cation or anion) are closely similar in properties to
      their host species, purification is especially difficult. In halides
      (X.sup.- ) free of other halides, the anion impurities which are most
      difficult to cope with are the pseudo-halides, e.g., H.sup.- , OH.sup.- ,
      NH.sup.- .sub.2, CN.sup.- , etc. Such impurities have their free-halogen
      (X.sub.2) analogues for the sources of the ions, e.g., H.sub.2, (OH).sub.2
      or hydrogen peroxide, (NH.sub.2).sub.2 or hydrazine, (CN).sub.2 or
      cyanogen, etc., as well as the halogen-hydride (HX) analogues, e.g.,
      H.sub.2, HOH or H.sub.2 O, HNH.sub.2 or NH.sub.3, or HCN, etc. Many of
      these pseudo-halides are eliminated in the chemical processing of the
      condensed phase (c) by providing the free halogen (X.sub.2) in the vapor
      phase (g). The actual details of the reaction mechanisms are not known in
      most cases, but are obviously important in designing purification
      procedures. The nature of the ionic or atomic reactant (for example,
      atomic C1, ionic Cl.sup.- , or molecular C1.sub.2) helps determine if the
      reactant must diffuse into the bulk crystal and react there with the
      psuedo-halide, with the reaction product diffusing out, or if, on the
      other hand, the pseudo-halide impurity must diffuse to the surface to
      react with the halogen species. The relative importance of these
      alternative paths changes with the choice of halide crystal, the dominant
      impurities, the halogen source, and temperature; thus a wide range of
      variables is available for optimizing the purification procedure.
PAR  I have found that metal halide powders can be scrubbed by a reactive
      atmosphere processing (RAP) technique which tends to effectively reduce
      the concentrations of cation and anion contaminants that is superior to
      conventional recrystallization from solution methods which tend to expose
      the purified product to moisture.
PAR  Due to the ubiquitous nature of H.sub.2 O, my RAP technique is aimed at the
      exclusion of OH.sup.- . The mole fraction of OH.sup.-   in the condensed
      phase, C, is proportional to the ratio of the concentration (pressure) of
      the two competing sources in the gas phase,
      ##EQU1##
      where K is the proportionality constant. If C is to be as small as
      possible, the powder purification process and the crystal growth procedure
      must provide the condition
EQU  K &lt;&lt; 1 ,                                                   (2)
PAL  and the process parameter should be very small:
      ##EQU2##
      Constraint (2) depends on the chemistry of the material (MX) and the
      steady-state operation of RAP crystal growth; constraint (3) depends only
      on the latter.
PAR  The basic equation for the competition is,
EQU  X.sup.- (c) + H.sub.2 O(g) .revreaction. OH.sup.- (c) + HX(g) (4)
PAL  and therefore, in practical situations we will have
EQU  K .gtoreq. K.sub.4,                                        (5)
PAL  the equilibrium constant of Eq. (4). The equality holds in the limit that
      the process is at equilibrium and not necessarily during crystal growth, a
      steady-state operation. Since one is dealing with metal halides where
      K.sub.4 &lt;&lt; 1, optimization of the RAP procedure consists of a search for
      fast reaction paths which yield, to a close approximation, the equality in
      Eq. (5) for the steady-state crystal growth operation. This concept can be
      demonstrated by examining the actions of HX, X.sub.2, and COX.sub.2
      (carbonyl halide).
PAR  The RAP procedure using HX is described by Eq. (4). To obtain an analogous
      equation for X.sub.2, two reaction paths have to be added.
EQU  X.sub.2 (g) + OH.sup.- (c) .revreaction. X.sup.- (c) + HX(g) + 1/2 O.sub.2
      (g),                                                      (6)
PAL  and
EQU  X.sub.2 (g) + H.sub.2 O(g) .revreaction. 2HX(g) + 1/2 O.sub.2 (g). (7)
PAL  Hence,
      ##EQU3##
      where the subscripts of the equilibrium constants identify the equations.
      Similarly, with COX.sub.2,
EQU  COX.sub.2 (g) + OH.sup.- (c) .revreaction. CO.sub.2 (g) + HX(g) + X.sup.-
      (c),                                                      (9)
PAL  and
EQU  COX.sub.2 (g) + H.sub.2 O(g) .revreaction. CO.sub.2 (g) + 2HX(g). (10)
PAL  Consequently,
      ##EQU4##
      These three choices of reactive atmosphere involve different paths, i.e.,
      different sequence of energy barriers. Therefore, they would differ in the
      steady-state approximation to the equality condition in Eq. (5). In
      addition, it should be noted that both X.sub.2 and COX.sub.2 produce HX
      and can, therefore, lead to the reaction path represented by Eq. (4).
      Since the production of HX is at the expense of H.sub.2 O (a molar
      conversion of one H.sub.2 O to two HX), these two RAP procedures provide a
      throttle on the processing parameter, P.sub.H.sbsb.2O /P.sub.HX, as
      required by constraint (3). In the case of HX, a very rigid requirement on
      the dewpoint of the gas must be met and one is limited by the H.sub.2 O
      outgassed by the apparatus.
PAR  For the RAP procedure based on the free halogen (X.sub.2), the effective
      throttling of the process parameter, P.sub.H.sbsb.2O /P.sub.HX, by Eq.
      (7), is limited to F.sub.2 and Cl.sub.2. In the case of chlorine, the
      equilibrium constant in Eq. (7) reaches a value of unity at 600.degree.C.
      This means that chlorine is the stronger oxidant above this temperature
      and oxygen at the lower temperatures. At the extreme, X.sub.2 = I.sub.2,
      free iodine is displaced by oxygen from HI(g) at room temperature.
PAR  The reaction which is most useful to eliminate OH.sup.-  is the following
      electron-transfer process:
EQU  X + OH.sup.-  .revreaction. X.sup.-  + OH                  (12)
PAL  The free energy change (unit: kcal mole.sup..sup.-1) for the forward
      displacement is favorable for all X: X = F, -42.7; X = Cl, -48.0; X = Br,
      -41.7; and X = I, -36.0. Because of this result, the optimization of RAP
      hinges on the steady-state concentration of X which can be achieved by the
      procedure chosen. Consequently, it is necessary to reexamine the use of
      X.sub.2 and HX, but this time as sources of X by thermal dissociation at
      temperatures not much above the melting point of the metal halide.
PAR  The dissociation energy (unit: kcal mole.sup..sup.-1) of X.sub.2 shows that
      thermal dissociation of X.sub.2 is an impractical path for achieving a
      high concentration of X: F.sub.2, 38.0; Cl.sub.2, 57.9; Br.sub.2, 46.1;
      and I.sub.2, 26.1. In fact, these results show that competing sink for X
      will be,
EQU  X + X .fwdarw. X.sub.2                                     (13)
PAR  In the case of HX, the dissociation energy (.DELTA.E), and the degree of
      thermal association (.alpha.) at 1 atm are given in Table 1.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Thermal Dissociation of Halogen Hydrides                                  

     2HX .revreaction. H.sub.2 + X.sub.2                                       

     2(1-.alpha.) .revreaction. .alpha. + .alpha.                              

     ______________________________________                                    

             .DELTA.E,                                                         

     HX (g)  kcal mole.sup.-.sup.1                                             

                          .alpha. at 300.degree.C                              

                                      .alpha. at 1000.degree.C                 

     ______________________________________                                    

     HF (g)  128.4        --          --                                       

     HCl (g) 44.1         3 .times. 10.sup..sup.-9                             

                                      1.4 .times. 10.sup..sup.-4               

     HBr (g) 24.9         3 .times. 10.sup..sup.-5                             

                                      5.  .times. 10.sup..sup.-3               

     HI (g)  2.3          0.19        0.33                                     

     ______________________________________                                    

PAL  It would seem that HI(g) is a good candidate. That is true if the
      dissociation is unimolecular,
EQU  HX .fwdarw. H + X ,                                        (14)
PAL  with the chain reaction sustained by the cycle,
EQU  H + HX .fwdarw. H.sub.2 + X
EQU  X + HX .fwdarw. X.sub.2 + H                                (15)
PAL  and terminated by the reverse of Eq. (14), by Eq. (13), or by
EQU  H + H .fwdarw. H.sub.2 .                                   (16)
PAL  Unfortunately HI thermally dissociates bimolecularly,
EQU  2HI .fwdarw. H.sub.2 + I.sub.2 ,                           (17)
PAL  with an activation energy of 44.0 kcal mole.sup..sup.-1 ; the unimolecular
      decomposition shown by Eq. (14) requires a photodissociation path with an
      h.nu..gtoreq. 69.0 kcal mole.sup..sup.-1 (.about. 3 ev).
PAR  Various schemes can be suggested by which a sizable steady-state
      concentration of X may be achieved, e.g., molecular beam (collision
      methods), electrical discharge, photodissociation, etc. However, these
      schemes render the one-step RAP growth awkward, if not impractical.
      Besides, they make use of corrosive sources which present corrosion
      problems from the inlet through the outlet channels of the apparatus.
PAR  For simplicity, the thermal-dissociation approach is favored because it can
      be easily accommodated by the degree of freedom in the processing
      temperature (t), 25.degree.C .ltoreq. t .ltoreq. 1000.degree.C. Naturally,
      halogen sources must be employed which are easier to dissociate. Such
      sources are normally inert. Since X and X.sub.2 are generated only at the
      required site, corrosion problems are mostly on the exit side of the
      apparatus.
PAR  In practice, the metal halide powder is placed into a reaction chamber of
      the type shown in the FIGURE and the apparatus is evacuated. Heat is
      applied to raise the temperature of the powder to a temperature of from
      300.degree.C up to the melting point of the material. The halide-source
      species in the vapor is then passed through the reaction chamber whereby
      the scrubbing action is accomplished. After scrubbing for several hours
      the temperature of the reactor is sequentially lowered whereby the molten
      material is allowed to solidify, in the presence of the scrubbing source,
      into an ingot of reduced specific surface area.
PAR  In the schematic diagram of the apparatus shown in the FIGURE, helium is
      employed as a carrier gas for the halidesource (eg. CCl.sub.4 in the case
      of chlorides) vapor (1) contained in a pyrex bubbler (2) because it is
      capable of attaining a very low dewpoint and, therefore, its use avoids
      the complication of hydrolysis in the reaction chamber (3). The reaction
      chamber is made of quartz, heated by a resistance furnace (4) or any other
      satisfactory mode of heating, and contains inlet (5) and outlet (6)
      tubings for the gas. Within the reaction chamber is a cylindrical cradle
      (8) which serves as a mold for the molten powder (9) during the scrubbing
      process. Other materials for the reaction chamber may be employed.
      However, our studies have shown that complications may be avoided by
      constructing the reaction chamber and casing cradle (8) out of quartz. The
      apparatus shown contains three-way teflon stopcocks (7) which facilitate
      the evacuation of the system and control the flow of reactants.
PAC  EXAMPLE I
PAR  The purification of KCl powder provides a convenient demonstration of the
      application of my invention. KCl powder, placed in a quartz reaction
      chamber of the type shown in the FIGURE, is heated to its melting point
      and exposed to CCl.sub.4 vapors. Impurity cleanup was demonstrated
      directly by employing detectable concentration levels of the impurities.
      The results are shown in the following table.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Impurity Cleanup in Molten KCl Under CCl.sub.4                            

              Exposure Time of Melt to CCl.sub.4                               

              0 Hour*  5 Hours    20 Hours                                     

     Impurity   Weight Percentage                                              

     ______________________________________                                    

     Mg         0.0050     0.0016     0.0014                                   

     Pb         0.22       0.039      0.041                                    

     Ni         0.032      0.020      0.035                                    

     Fe         0.023      0.0010     ND &lt; 0.001                               

     ______________________________________                                    

      *Averaged over the ingot obtained from melting under He and freezing the 

      melt rapidly.                                                            

PAR  The vapor pressure of molten KCl is .about.1 mm. An approximate measure of
      the order of the relative fugacity of the dopants is the temperature of
      the pure form at its vapor pressure of 1 mm: FeCl.sub.3, 194.degree.C;
      PbCl.sub.2, 547.degree.C; NiCl.sub.2, 671.degree.C; and MgCl.sub.2,
      778.degree.C. To correlate the order to the relative cleanup achieved in
      molten KCl, the evaporation flux of the solvent needs to be determined.
PAR  Consider first that, for a given impurity, a conservation relation holds,
      ##EQU5##
      where x.sub.i is the initial concentration in the melt (weight M), x.sub.s
      is the concentration in the sublimate (weight m), and x.sub.f is the final
      concentration averaged over the residue (weight M-m). In terms of
      measurable parameters,
      ##EQU6##
      where f is the evaporation flux (g cm.sup..sup.-2 hr.sup..sup.-1) at
      constant temperature (T .gtoreq. T.sub.mp), t is the soak duration (hr),
      and .sigma. is the specific evaporation surface of the melt (cm.sup.2
      g.sup..sup.-1). For the process to be practical, the first constraint is
      ##EQU7##
      i.e., the evaporation loss of the host material should be low.
PAR  Two runs were carried out with KCl in a quartz boat held at 840.degree.C,
      at a gas (He + CCl.sub.4) flow rate of 2.5 .times. 10.sup.3 cm.sup.3
      hr.sup..sup.-1 and a mole ratio of He:CCl.sub.4 = 7. The results are as
      follows (a = evaporation surface):
PAR  Run 1: M=7.36 g, a=10.3 cm.sup.2, t=5.0 hr, m=0.169 g
PAR  Run 2: M=7.72 g, a=11.2 cm.sup.2, t=20.0 hr, m=0.560 g
PAL  The value of m was obtained by the difference in weight before and after
      soak. The average of the two runs yields .sigma. = 1.43 .+-. 0.04 cm.sup.2
      g.sup..sup.-1 and f = (2.9 .+-. 0.6) .times. 10.sup..sup.-3 g
      cm.sup..sup.-2 hr.sup..sup.-1. For these values of f and .sigma., an
      overnight scrub (t = 15 hr) is a practical processing time because m/M =
      0.062 according to eq. (19), which meets the constraint shown in
      inequality (20).
PAR  The second constraint is seen in eq. (1) in terms of x.sub.s /x.sub.i, the
      relative volatility factor.* Impurities with
      ##EQU8##
      would have been stripped out of the melt at t &lt; 15 hr. Only those with
      would still be detectable in the residue (i.e., x.sub.f measurable). For
      the given case, M/m = 16. A relative volatility factor of 10 would strip
      out only 60% of the impurity (i.e., x.sub.f .sup.-/x.sub.i = 0.40).
FNT  * In ideal-solution behavior where the host (solvent) follows Raoult's law,
      P.sub.1 = (1 - x.sub.i) P.sub.1 .degree. , and consequently, the impurity
      (solute) obeys Henry's law, P.sub.2 = x.sub.i P.sub.2 .degree.. It can be
      shown that x.sub.2 /x.sub.i .apprxeq.P.sub.2 .degree./P.sub.1 .degree.
      when (x.sub.i, x.sub.s) &lt;&lt;1.
PAR  For the impurity cleanup work reported in Table 2 .sigma. = 0.5 cm.sup.2
      g.sup..sup.-1. From the value of f, it follows that m/M = 0.0073 at t = 5
      hr, satisfying constraint (18). Using the 5 and 0 hour values to calculate
      x.sub.f /x.sub.i, where x.sub.f is the final concentration averaged over
      the residue, the x.sub.s m/x.sub.i M value for each impurity in decreasing
      order of volatility from the melt is as follows: Fe.sup.3.sup.+, 1.0;
      Pb.sup.2.sup.+, 0.8; Mg.sup.2.sup.+, 0.7; and Ni.sup.2.sup.+, 0.4. The
      actual volatility order shows that NiCl.sub.2 has a relatively low
      fugacity in the melt (KCl).
PAR  In a zone refining experiment, designed to directly measure the effect of
      RAP scrubbing, M = 450 g and a = 170cm.sup.2 ; therefore, .sigma. = 0.38
      cm.sup.2 g.sup..sup.-1. The molten zone had a residence time of 0.4 hr.
      With three passes, t = 1.2 hr. It follows from eq. (19) that M/m = 760. It
      is seen that Si has x.sub.s /x.sub.i .gtoreq. 750 and satisfies eq. (4);
      i.e., (x.sub.s /x.sub.i) .sup.. (m/M) .gtoreq. 1. To this class belongs
      the volatile chlorides of B, Al, Fe, Cr, Bi and Ti. The latter group,
      taken collectively, is characterized by x.sub.s /x.sub.i &gt; 200. The others
      belong to the class characterized by eq. (22), i.e., (x.sub.s /x.sub.i)
      .sup.. (m/M) &lt; 1. Because of leaching of the vitreous carbon boat Ca, Mg
      and Cu account for x.sub.s /x.sub.i = 30, while the rest amount to x.sub.s
      /x.sub.i &gt; 8. Using the impurity-class content of the original powder as
      the weighting factor, the average for three zone passes under RAP is
      x.sub.s /x.sub.i &gt; 100. The purification effected is even better if we
      include the effect of segregation in the condensed phase. The results of
      these calculations lead us to believe that RAP purification is capable of
      converting KCl from 99.9% to 99.99% purity in both metal ion and anion
      species.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for upgrading the purity of alkali metal chlorides, bromides,
      and iodides for use as laser crystal starting materials by removing cation
      and anion impurities comprising the steps of placing the metal halide in a
      reaction chamber, heating said halide to its molten state, exposing said
      metal halide to halide-source species in the vapor phase which yields by
      dissociation a nascent halogen corresponding to the metal halide being
      treated from 5 to 20 hours and allowing the purified material to cool to
      its solidification temperature in the presence of said nascent halogen.
NUM  2.
PAR  2. The method of claim 1 wherein the metal halide is a chloride and wherein
      the halide source species is carbon tetrachloride.
NUM  3.
PAR  3. The method of claim 1 wherein the metal halide is a bromide and wherein
      the halide source species is CBr.sub.4 or CHBr.sub.3.
NUM  4.
PAR  4. The method of claim 1 wherein the metal halide is an iodide and wherein
      the halide source species is I.sub.2 or CHI.sub.3.
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ABST
PAL  An improved process for producing alkali metal chromates and dichromates
      wherein ferrochrome alloy containing at least 1% carbon by weight is
      reacted with a molten mixture of an alkali metal nitrate and an alkali
      metal carbonate at a temperature of at least 350.degree.C. The ferrochrome
      alloy can be prepared by smelting chromite ore in the presence of carbon.
BSUM
PAR  This invention relates to the production of metal chromates and
      dichromates, and more particularly to a process for the production of
      alkali metal chromates and dichromates.
PAR  Commercial processes now in use for the production of chromates and
      dichromates, and particularly sodium chromate and dichromate, date back to
      1880 to the well known soda ash process. In this process, chromite, an ore
      containing about 44 to 50% by weight Cr.sub.2 O.sub.3 with the balance
      being composed of FeO, Al.sub.2 O.sub.3, SiO.sub.2, MgO and trace amounts
      of vanadium, is roasted in the presence of sodium carbonate and lime at
      very high temperatures, of the order of 1100.degree.C., in large kilns,
      some of which have a diameter of 7 to 9 feet and a length of 60 to 180
      feet.
PAR  Thereafter, the roasted mix is leached with water to form a slurry
      containing sodium chromate and a large quantity of solids including
      compounds of iron, aluminum, silicon, magnesium, vanadium as well as
      chromium. The solids are separated from the chromate-containing solution,
      and roasted again in order to utilize the residual chromium content of the
      solids, either by recycling the solids to the kiln or by feeding the
      solids to a subsequent kiln.
PAR  Because chromite ore contains only about 44 to 50% by weight chromium
      oxide, the soda ash process is described above involves the handling and
      purchase of vast quantities of material on a commercial scale because no
      means have heretofore been devised to separate gangue material at an early
      stage of the process. As is apparent to those skilled in the art, the
      requirement of processing such large quantities of solids necessitates the
      use of equipment having large capacities and otherwise serves to increase
      material handling, labor and chemical processing difficulties.
PAR  It is accordingly an object of the present invention to provide a new and
      improved process for producing chromates and dichromates which overcome
      the foregoing disadvantages.
PAR  It is a more specific object of the present invention to provide a new and
      improved process for producing chromates and dichromates in which a
      minimum quantity of materials is processed in an economical manner to
      produce chromates and dichromates of high quality at high yields.
DRWD
PAR  These and other objects and advantages of the invention will appear
      hereinafter, and, for purposes of illustration, but not of limitation, an
      embodiment of the invention is shown in the accompanying drawings in
      which:
PAR  FIG. 1 is a flow diagram illustrating a process for producing chromates;
      and
PAR  FIG. 2 is a flow diagram for a process for converting chromates to
      dichromates.
DETD
PAR  The concepts of the present invention reside in a completely new approach
      to the production of alkali metal chromates and dichromates wherein use is
      made of a chromium-containing starting material in which nearly all of the
      gangue material, including metal oxides such as silica magnesia and
      alumina have been removed to significantly decrease the quantities which
      must be processed. The invention will be described with reference to the
      production of sodium chromate and sodium dichromate; however, it is to be
      understood that the concepts of the invention are equally applicable to
      the production of other alkali metal chromates and dichromates, including,
      for example, the chromates and dichromates of lithium, potassium, etc.
PAR  In accordance with the practice of the present invention, it was been found
      that alkali metal chromates can be prepared by reacting a ferrochrome
      alloy containing relatively large amounts of carbon with a molten mixture
      of an alkali metal nitrate and an alkali metal carbonate. Without limiting
      the invention as to theory, it is believed that the reaction occurs in
      accordance with the following equation:
EQU  38 NaNO.sub.3 + 18 Cr + 6 Fe + 6C .fwdarw. 18 Na.sub.2 CrO.sub.4 + 18
      N.sub.2 O + 3 Fe.sub.2 O.sub.3 + Na.sub.2 O + 6CO.sub.2 + 2NO
PAR  As is apparent from the foregoing equation, it is essential to the practice
      of the invention that the ferrochrome contain at least 1.0% by weight
      carbon, and preferably an amount within the range of 1-10% by weight
      carbon. The reaction of a ferrochrome containing less than 1.0% carbon is
      quite slow, and for that reason, commercially unacceptable.
PAR  Alloys containing greater than 10% by weight carbon can be used, but
      require higher reaction temperatures. Best results are usually achieved
      when the ferrochrome starting material contains 60-70% by weight chromium
      and 4-8% by weight carbon with the balance being iron (usually about
      15-35%) and trace amounts of aluminum in the form of alumina, silicon in
      the form of silica and vanadium.
PAR  As indicated above, the ferrochrome is reacted with a molten mixture of
      sodium nitrate and sodium carbonate. The reaction is preferably carried
      out at a temperature greater than 350.degree.C. to insure that the
      chromium contained in the ferrochrome is oxidized to Cr.sup.+.sup.6. It
      has been found that temperatures below 350.degree.C. result in a
      significant quantity of Cr.sup.+.sup.3, thereby adversely affecting the
      chromate yield. Best results are usually obtained when the temperature of
      the molten bath is within the range of 350.degree. to 900.degree.C., and
      preferably 400.degree. to 700.degree.C., during the reaction.
PAR  Since most alkali metal nitrates, and particularly Na NO.sub.3 and
      KNO.sub.3, decompose at temperatures around 380.degree.C., it is believed
      that the alkali metal carbonate in the molten bath serves at least in part
      to stabilize the nitrate at the temperatures employed in the reaction.
      Thus, the bath should contain at least 2% by weight of the carbonate, and
      preferably 2-50% by weight. Best results are usually obtained when the
      carbonate content of the molten bath is within the range of 7-15% based
      upon the total weight of the bath.
PAR  The quantity of ferrochrome added to the bath is not critical and can be
      varied within fairly wide ranges. In general, the ferrochrome should be
      added to the bath in an amount to provide a molar ratio of alkali metal
      nitrate to chromium in the ferrochrome of less than 4:1, and preferably
      within the range of 1.5:1 to 2.5:1. The time for reaction can be varied
      within wide ranges, with the exact reaction time depending upon the
      temperature of the molten bath and the rate of addition of the
      ferrochrome. Reaction times within the range of 0.1 to 10 hours are
      generally sufficient.
PAR  The reaction is initially quite exothermic, with the rapid evolution of
      reaction gaseous causing considerable foaming in the molten bath. However,
      the reaction then appears to go through an endothermic phase and ends as
      an exothermic reaction. However, the endothermic phase can be avoided, if
      desired, by controlling the rate at which the ferrochrome, which is
      preferably in finely divided form, is added to the bath, such as by adding
      a fresh quantity of ferrochrome as the reaction tends to subside before
      going into the endothermic phase.
PAR  In accordance with one embodiment of the process of the invention, the
      ferrochrome is added in one or more increments as the reaction proceeds.
      For this purpose, it is frequently desirable to add between one-third and
      one-tenth of the total amount of ferrochrome added in three or more
      increments, with each addition being made as the evolution of reaction
      gases begin to subside. Additions of ferrochrome in this manner facilitate
      a relatively smooth and uniform reaction.
PAR  In accordance with another method for adding finely divided ferrochrome to
      the molten bath, it has been found that the finely divided ferrochrome can
      be continuously fed to the bath by spraying a stream of ferrochrome
      particles suspended in an oxygen-containing gas, such as air, onto the
      surface of the bath. This method of supplying ferrochrome to the bath is
      particularly advantageous in that it facilitates the continuous addition
      of ferrochrome without excessive foaming and provides a source of oxygen
      in the reaction vessel which is believed to at least in part minimize the
      formation of Cr.sup.+.sup.3 in the bath.
PAR  Regardless of which of the above methods is used to supply ferrochrome to
      the molten bath is used, it has been found that generally no agitation of
      the contents of the bath is required, although the bath may be agitated if
      desired. In most cases, the evolution of reaction gas causes sufficient
      foaming to insure relatively thorough mixing of the contents of the bath.
PAR  A wide variety of reaction vessels or furnace linings can be used in
      accordance with the practice of the invention, including those formed of
      cast iron, chromized steel, mullite, which is preferred for industrial
      scale furnaces, and the like. When using a closed reaction vessel, it is
      frequently desirable to supply the vessel with an oxygen-containing gas,
      such as air, to minimize Cr.sup.+.sup.3 formation as described above, and
      to facilitate exhaustion of reaction gases, including nitrous oxide,
      nitric oxide and carbon dioxide. A fairly rapid rate of exhaustion of
      these gases is desirable to further aid in temperature control of the
      reaction.
PAR  After the reaction of the ferrochrome is complete, the bath contains
      primarily sodium chromate and ferric oxide. The chromate content of the
      bath can be removed by leaching with water, either with or without cooling
      of the bath prior to the leaching operation. When dichromate is the
      desired product the chromate can be converted to the dichromate with the
      use of sulfuric acid. This is common practice in the soda ash process.
PAR  In accordance with the preferred practice of the present invention, the
      ferrochrome alloy for use in the chromate process as described above is
      formed by smelting chromite ore in the presence of carbon. In this way,
      use can be made of the relatively inexpensive chromite ore as the starting
      material for use in the preparation of chromates and dichromates.
PAR  The smelting of the chromite ore in the presence of carbon serves to
      separate most of the usual components of chromite, including alumina,
      silica and magnesia to reduce the bulk of the material to be processed and
      provide a convenient source of the ferrochrome. According to this concept
      of the invention, use can be made of any of the chemical and metallurgical
      grades of chromite ore, which typically have one of the following
      compositions. The metallurgical grade, however, is preferred.
TBL                TABLE I                                                     

     ______________________________________                                    

     Chemical Grade                                                            

     ______________________________________                                    

     Cr.sub.2 O.sub.3       44.3%                                              

     Total iron as Fe       19.2                                               

     SiO.sub.2               3.5                                               

     Al.sub.2 O.sub.3       14.2                                               

     MgO                    10.1                                               

     CaO                     0.4                                               

     Vanadium as V           0.2                                               

     ______________________________________                                    

TBL                TABLE II                                                    

     ______________________________________                                    

     Metallurigcal                                                             

     Grade                                                                     

     ______________________________________                                    

            Cr.sub.2 O.sub.3                                                   

                           51.0%                                               

            FeO            11.6                                                

            SiO.sub.2       6.5                                                

            Al.sub.2 O.sub.3                                                   

                           15.6                                                

            MgO            11.3                                                

            CaO             0.4                                                

            V               0.2                                                

     ______________________________________                                    

PAR  Smelting of chromite with carbon to make high carbon ferro chromium is
      performed in three phase arc furnaces with open tops, the electrodes being
      submerged about 3 to 6 feet under the charge. Lump ore is always used and
      the recovery of chromium is about 90-95%. Sufficient carbon should be used
      to provide a carbon content of about 1-10% by weight in the final product.
      The chemistry involved in the reduction is represented by the following
      equations:
EQU  Cr.sub.2 O.sub.3 + 3 C .fwdarw. 2 Cr + 3 CO
EQU  Fe O + C .fwdarw. Fe--CO
PAR  After smelting, the ferrochrome is separated from the slag, including the
      alumina, magnesia and silica contained in the raw ore, crushed to finely
      divided form and is ready for use in the preparation of chromate.
PAR  Referring now to FIG. 1, which illustrates a typical flow diagram of a
      process embodying the concepts of the invention, a chromite ore of the
      type described is fed to a smelting furnace 10, which is of the electric
      arc type, in which the chromite ore is smelted in the presence of carbon
      to purify and concentrate the chromium present in the ore in the form of a
      ferrochrome alloy containing at least 1% by weight carbon. The temperature
      of the smelting furnace can be maintained within the desired range by
      controlling the current and voltage supplied to the electrodes. Also fed
      to the furnace 10 is a charge of carbon, such as coke or the like. The
      amount of carbon fed to the furnace will depend upon the composition of
      the chromite ore and the desired carbon level in the ferrochrome.
PAR  The effluent from arc furnace 10 is fed to a separator 14 by line 12 from
      which the impurities in the chromite ore including alumina, silica,
      magnesia, etc. are separated as slag and removed through line 16. The
      carbon-containing ferrochrome alloy is allowed to solidify and is then fed
      through line 18 to a crusher 20 in which it is pulverized to finely
      divided form, preferably to sizes within the range of 40 to 200 mesh. The
      ferrochrome particles having the desired particle sizes pass through a
      screen 22 and are fed to reaction vessel 26 by line 24. If desired, larger
      particles which are retained on screen 22 can be recycled to crusher 20;
      smaller particles and finer can be separated in a conventional manner and
      recycled to the separator 20 to be remelted.
PAR  The reaction vessel 26 exemplified in FIG. 1 is a closed furnace which can
      be tilted to pour the molten bath through a trough 28. Tilt furnace 26 is
      preferably provided with a spray nozzle (not shown in the drawing) for
      feeding the finely divided ferrochrome to the surface of the bath.
      Alternatively, the reactor is optionally provided with an inlet 30 through
      which an oxygen-containing gas can be introduced to the reactor to aid in
      exhausting the gases evolved during the reaction through exhaust 32 and to
      prevent or minimize the formation of chromium in the +3 oxidation state.
      Furnace 26 is also provided with conventional heating means.
PAR  After the reaction between the ferrochrome and the molten bath is
      completed, the bath can be poured out of furnace 26 through trough 28 onto
      a conveyor 34 from which it is conveyed, either with or without cooling
      and solidification, to a leach tank 36 equipped with an agitator 38 in
      which the chromate contained in the furnace effluent is leached with water
      supplied to tank 36 through line 40.
PAR  The quantity of water added to the cake from furnace 26 is not critical and
      should be an amount sufficient to dissolve substantially all of the alkali
      metal chromate contained in the cake. Best results are usually obtained
      when sufficient water is added to form a solution containing between
      10-60% by weight of the chromate. Due to the presence of Na.sub.2 O in the
      furnace cake, the Na.sub.2 O is also leached from the cake into the
      aqueous solution to provide a leach solution having a pH usually within
      the range of 11.5 to 13.5.
PAR  While not illustrated in the drawing, it is frequently desirable to acidify
      the chromate leach slurry with, for example, sulfuric acid in order to
      precipitate any vanadium contained in the leach solution. It has been
      found that adjustment of the pH of the slurry to about 9 will result in
      the precipitation of vanadium from the leach solution to thereby provide a
      final product having a significantly lower vanadium content than products
      produced in the soda ash process of the prior art.
PAR  After acidification to precipitate vanadium compounds, the leach slurry is
      filtered in a filter 42 to separate ferric oxide solids from the
      chromate-containing solution which passes from filter through line 43.
PAR  If desired, the nitric oxide contained in the reaction gases vented through
      line 32 from reaction vessel 26 can be reclaimed by absorption in aqueous
      sodium hydroxide in absorption tower 44. The aqueous solution of sodium
      nitrate formed in absorption column 44 is then fed to a crystallizer 46 in
      which water is removed and the sodium nitrate fed to reaction vessel along
      with fresh sodium nitrate through line 48 and fresh sodium carbonate
      through line 50 to replenish the contents of the molten bath.
PAR  When it is desired to produce a dichromate, the chromate solution which is
      discharged through line 43 from filter 42 is fed to a conversion tank 52
      (FIG. 2) where it is reacted with sulfuric acid supplied to tank 52
      through line 54. The quantity of sulfuric acid added to conversion tank 52
      is not critical and can be varied within wide ranges, depending upon the
      concentration of chromate in the solution. Best results are usually
      achieved when stoichiometric amounts of acid are used in accordance with
      the following equation:
EQU  2 Na.sub.2 CrO.sub.4 + H.sub.2 SO.sub.4 .fwdarw. Na.sub.2 Cr.sub.2 O.sub.7
      + Na.sub.2 SO.sub.4 + H.sub.2 O
PAR  The solution of alkali metal dichromate and alkali metal sulfate withdrawn
      from tank 52 through line 56 can be separated in a conventional manner. In
      the process illustrated in FIG. 2, the separation of the dichromate and
      the sulfate can be conveniently effected by a triple effect evaporator
      system comprising evaporators 58, 60 and 62. The chromatesulfate solution
      is fed to the first evaporator 56 in which the aqueous solution is first
      concentrated, with the concentrated solution being withdrawn through line
      64 and fed to the second evaporator 60 in which the solution is further
      concentrated. The sulfate is less soluble in the concentrated solution
      discharged from evaporator 60 through line 66 and can be separated from
      the dichromate solution by means of a centrifuge 68. The sulfate is
      withdrawn from centrifuge 68 and dried in a drier 70.
PAR  The liquid effluent from centrifuge 68 containing the dichromate is fed by
      line 72 to the third evaporator 62 in which the dichromate solution is
      further concentrated to form a slurry, the solids of which are removed by
      centrifuge 74 and dried in drier 76. The liquid from centrifuge 74 can be,
      if desired, recycled to the second evaporator 60 to remove the sulfate and
      dichromate therefrom.
PAR  However, it will be understood by those skilled in the art that a variety
      of other methods can be used in accordance with the practice of the
      invention to effect the separation of the dichromate from the sulfate in
      lieu of the method described above.
PAR  While the process has been described with reference to a continuous
      process, it will be understood by those skilled in the art that the
      process of the present invention can also be carried out on a
      semi-continuous or batch-wise basis.
PAR  Having illustrated the basic concepts of the invention, reference is now
      made to the following examples which are provided by way of illustration,
      and not by way of limitation, of the practice of the invention.
PAC  EXAMPLE 1
PAR  This example illustrates the reaction of a high carbon ferrochrome alloy
      with a molten mixture of sodium nitrate.
PAR  The ferrochrome used in this example is a ferrochrome marketed by Union
      Carbide and has the following composition:
TBL  Chromium            65.76% by wt.                                         

     Carbon               5.56% by wt.                                         

     Silicon              1.50% by wt.                                         

     Iron                27.18% by wt.                                         

     Impurities                                                                

     (Vanadium)           traces                                               

PAR  An open cast iron crucible is charged with 808 g. of sodium nitrate and 90
      g. of sodium carbonate, and is then heated to a temperature of about
      350.degree.C. at which the carbonatenitrate mixture is in the molten
      state.
PAR  Thereafter, 150 g. of the ferrochrome alloy powder (40 to 200 mesh) is
      added, and the temperature of the molten mixture rises to about
      450.degree.C. At this point an additional 100 g. of the powdered alloy is
      added and the temperature of the bath continues to rise, accompanied by
      vigorous foaming as a result of the evolution of N.sub.2 O, NO and
      CO.sub.2 gases. The temperature rises to about 520.degree.C. and the
      reaction appears to slow down so an additional 100 g. of the powdered
      alloy, and the evolution of reaction gases again increases.
PAR  Then, the crucible is heated to 650.degree.C. until the gas evolution
      subsides, and the crucible is further heated to 700.degree.C. until gas
      evolution ceases. The total reaction time is about 2 hours.
PAR  The bath is allowed to cool, and is admixed with water, and the undissolved
      residue, largely Fe.sub.2 O.sub.3, is filtered off. The resulting solution
      has a pH of about 12.7.
PAR  The solution is slightly acidified with sulfuric acid to a pH of about 9 to
      precipitate the vanadium in oxidized form. The leach solution is then
      crystallized to provide sodium sulfate and sodium chromate. Acidification
      of the leach solution to a pH below 6.5 with sulfuric acid will provide
      sodium dichromate and sodium sulfate, which can be separated in a
      conventional manner to provide sodium dichromate containing .001% by
      weight or less vanadium, .002% by weight or less sodium sulfate and having
      a purity of 95 to 97% by weight. Conversion of the ferrochrome to sodium
      chromate is 93%.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is repeated except that the bath contains 90% by
      weight potassium nitrate and 10% by weight potassium carbonate. Comparable
      results are obtained.
PAC  EXAMPLE 3
PAR  This example illustrates the use of chromite ore in preparing sodium
      chromate and sodium dichromate in accordance with the concept of this
      invention.
PAR  Chromite ore having a composition about the same as that shown in Table II
      is fed to a three phase electric arc furnace of the type described.
PAR  The molten ferrochrome alloy is discharged from the furnace, separated from
      the slag and allowed to solidify. Thereafter, the alloy, containing 5% by
      weight carbon, is crushed to provide finely divided ferrochrome particles
      having mesh sizes of 40 to 200. The finely divided ferrochrome particles
      are continuously sprayed onto the surface of a molten bath containing 90%
      by weight sodium nitrate and 10% by weight sodium carbonate maintained at
      a temperature of about 400.degree.C. in a gas-fired furnace.
PAR  The ferrochrome is continuously sprayed onto the surface of the bath over a
      four hour period, during which the temperature of the bath increases to
      about 750.degree.C. The total amount of ferrochrome added represents a
      molar ratio of nitrate to chromium of 2.1:1.
PAR  The molten bath is poured out of the furnace and is allowed to cool and
      solidify. Upon cooling, it has the appearance of a porous yellow mass. The
      solid cake is then crushed, and mixed with water to form a slurry of
      sodium chromate and ferric oxide which is separated by filtration. The
      resulting chromate solution contains about 50% sodium chromate by weight,
      and has a pH of about 12.5. The conversion of chromium to chromate is
      about 97%.
PAR  The pH of the solution is lowered to about 9 by the addition of sulfuric
      acid and vanadium hydroxide precipitates from the solution. Thereafter,
      additional sulfuric acid is added in about stoichiometric amounts to
      convert the chromate solution to a mixture of sodium dichromate and sodium
      sulfate. The sulfate is separated from the dichromate in the manner
      described.
PAC  EXAMPLE 4
PAR  Ferrochrome prepared in the manner described in Example 3 and having a
      carbon content of about 5% by weight is added to a bath comprising 90% by
      weight sodium nitrate and 10% by weight sodium carbonate and maintained at
      a temperature of 390.degree.C. in a gas-fired furnace. Addition of the
      ferrochrome is made in about four increments in which each increment is
      added after the evolution of gases resulting from the preceding addition
      has subsided. Thus, each increment is added at one-half hour intervals
      over the course of a 21/2 hour reaction period. The amount of ferrochrome
      added during the course of the reaction is an amount sufficient to provide
      a molar ratio of nitrate contained in the bath to chromite contained in
      the ferrochrome of about 2.2:1.
PAR  During the evolution of reaction gases, air is continuously pumped into the
      reaction vessel in order to aid in the removal of the reaction gases and
      to minimize the formation of chromium in the +3 oxidation state.
PAR  The molten bath is poured out of the furnace after the evolution of
      reaction gases has subsided after the addition of the last increment of
      ferrochrome and then is allowed to cool and solidify. Thereafter, the
      solid cake is crushed and mixed with water to form a slurry of sodium
      chromate and ferric oxide. Ferric oxide is filtered out to leave a sodium
      chromate solution containing about 51% sodium chromate by weight, and
      having a pH of about 12.4. Conversion of chromite contained in the
      ferrochrome added is about 95%.
PAR  The resulting solution containing the sodium chromate can be further
      treated, if desired, to convert the chromate contained therein to sodium
      dichromate as described in Example 3.
PAR  It will be apparent from the foregoing that I have provided a new and
      improved process for producing alkali metal chromate and dichromate in
      which use can be made of a starting metal which is more concentrated in
      chromium than chromium previously used in the prior art, such as in the
      soda ash process. The ferrochrome alloy used in accordance with the
      practice of the present invention can conveniently be prepared by smelting
      chromite ore in the presence of carbon to provide a ferrochrome having the
      desired carbon level and in which most of the gangue material contributing
      to large material handling problems in the prior art is removed prior to
      reaction of the ferrochrome in producing the chromate and/or dichromate.
PAR  It will be understood that various changes and modifications can be made in
      the details of formulation, procedure and equipment without departing from
      the spirit of the invention, especially as defined in the following claims
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for producing alkali metal chromates comprising slowly adding
      a finely divided ferrochrome alloy containing 1% to 10% by weight carbon
      wherein the ferrochrome alloy is suspended in an oxygen-containing gas and
      sprayed onto the surface of a molten mixture comprising an alkali metal
      nitrate and an alkali metal carbonate wherein the alkali metal carbonate
      constitutes between 2-15% by weight of the mixture at a temperature of
      350.degree.C to 900.degree.C, and separating the alkali metal chromate
      produced.
NUM  2.
PAR  2. A process as defined in claim 1 wherein said alkali metal is sodium.
NUM  3.
PAR  3. A process as defined in claim 1 wherein said ferrochrome contains 4 to
      8% carbon by weight.
NUM  4.
PAR  4. A process as defined in claim 1 wherein the reaction is carried out at a
      temperature within the range of 400.degree. to 700.degree.C.
NUM  5.
PAR  5. A process as defined in claim 1 wherein the molar ratio of the alkali
      metal nitrate in the mixture to chromium contained in the ferrochrome is
      within the range of 1.5:1 to 2.5:1.
NUM  6.
PAR  6. A process as defined in claim 1 wherein the ferrochrome contains at
      least 60% chromium.
NUM  7.
PAR  7. A process as defined in claim 1 wherein the ferrochrome contains 60-70%
      chromium.
NUM  8.
PAR  8. A process as defined in claim 1 wherein the ferrochrome contains 15-35%
      iron.
NUM  9.
PAR  9. A process as defined in claim 1 wherein the reaction is carried out for
      a period of from .1 to 10 hours.
NUM  10.
PAR  10. A process as defined in claim 1 wherein the ferrochrome has mesh sizes
      within the range of 40-200 mesh.
NUM  11.
PAR  11. A process as defined in claim 1 wherein said oxygen-containing gas is
      air.
NUM  12.
PAR  12. A process as defined in claim 1 which includes the step of leaching the
      chromate contained in the mixture with water.
NUM  13.
PAR  13. A process as defined in claim 1 wherein the reaction evolves oxides of
      nitrogen.
NUM  14.
PAR  14. A process as defined in claim 13 which includes the step of absorbing
      the nitric oxide evolved in aqueous alkali metal hydroxide to regenerate
      an alkali metal nitrate.
NUM  15.
PAR  15. A process as defined in claim 14 which includes the step of feeding the
      regenerated alkali metal, nitrate to the molten mixture.
NUM  16.
PAR  16. A process as defined in claim 1 which includes the step of forming the
      ferrochrome by smelting chromite ore in the presence of carbon.
NUM  17.
PAR  17. A process as defined in claim 1 which includes the step of separating
      the chromate from the mixture and reacting the chromate with sulfuric acid
      to form the corresponding dichromate.
NUM  18.
PAR  18. A process for producing alkali metal chromates comprising adding
      between one-third and one-tenth of the total amount of a finely divided
      ferrochrome alloy containing 1% to 10% by weight carbon in at least three
      increments to a molten mixture comprising an alkali metal nitrate and an
      alkali metal carbonate wherein the alkali metal carbonate constitutes
      between 2-15% by weight of the mixture at a temperature of 350.degree.C to
      900.degree.C and separating the alkali metal chromate produced.
NUM  19.
PAR  19. A process as defined in claim 18 wherein each increment is added after
      the evolution of gases begins to subside.
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ABST
PAL  A method of obtaining hydrogen from water in a multi-stage circulatory
      process avoids the need to use solid inorganic salts as auxiliary products
      by using only gases and liquids in the reaction stages. Carbon monoxide is
      reacted catalytically with steam producing carbon dioxide and hydrogen;
      the carbon dioxide is reacted with steam and sulphur dioxide to give
      sulphuric acid and carbon monoxide; the sulphuric acid is split into
      sulphur trioxide and steam; the sulphur trioxide is dissociated into
      oxygen and sulphur dixoide. The CO and SO.sub.2 are fed back into the
      process, and hydrogen and oxygen obtained as end products.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method of obtaining hydrogen from water in a
      multi-stage circulatory process.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In view of the increased need for the generation of energy, in recent years
      methods for obtaining hydrogen have been proposed in which hydrogen is
      obtained from water in multi-stage circulatory processes involving
      conversion and decomposition with inorganic metallic salts, for example
      iron and copper compounds. Because of the use of such auxiliary materials
      in the carrying out of the circulatory process all these known processes
      suffer from the serious disadvantage that in carrying them out each part
      by weight of hydrogen which is obtained requires a very large amount by
      weight of the inorganic metallic salt to be kept in circulation.
PAC  SUMMARY OF THE INVENTION
PAR  This disadvantage can be avoided in a simple way if chemical conversion
      processes are used in which only gases and liquids take part and which do
      not involve the use of any inorganic salts. Such a process forms the basis
      of the present invention.
PAR  Accordingly, in accordance with the present invention, there is provided a
      method of obtaining hydrogen from water in a multi-stage circulatory
      process, in which carbon monoxide is reacted catalytically with steam to
      produce carbon dioxide and hydrogen; the carbon dioxide is reacted with
      water and sulphur dioxide at increased temperature and pressure to produce
      sulphuric acid and carbon monoxide; the sulphuric acid through an
      intermediate stage of conversion to sulphur trioxide is dissociated into
      sulphur dioxide, oxygen and steam by heat treatment; the carbon monoxide
      and sulphur dioxide which are obtained are fed back in the circulatory
      process into the appropriate reaction stages; and the hydrogen and the
      oxygen are obtained as end products.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The catalytic reaction of carbon monoxide with steam, the so-called
      converter process, is already carried out on a large scale. The process is
      carried out for example at a temperature of 300.degree. to 500.degree.C
      under normal pressure or under increased pressure and in the presence of
      for example iron catalysts. The separation of the carbon dioxide from the
      converter gas has likewise already been carried out on a large scale, for
      example with the aid of a water washing plant or by washing with organic
      solvents, the washing agent generally being reused after a regeneration
      step. The reaction of the obtained carbon dioxide with water and sulphur
      dioxide is preferably carried out at increased pressure, for example 20 to
      750 atmospheres, and more particularly 100 to 600 atmospheres, as well as
      at increased temperature for example 100.degree. to 650.degree.C or
      higher, possibly in the presence of catalysts. The carbon monoxide which
      results therefrom can be separated off for example by condensation of the
      sulphuric acid, the sulphuric acid then being able to be concentrated in
      known manner by evaporation, for example under reduced pressure.
      Subsequently, the sulphuric acid is dissociated into sulphur trioxide and
      steam by heating at high temperature, for example 450.degree.C. In a
      further method step the sulphur trioxide is dissociated into sulphur
      dioxide and oxygen, for example by heating at a temperature of about
      800.degree.C or higher. It is possible to carry out this dissociation in
      the presence of catalysts, for example catalysts containing noble metals.
      The resulting gas mixture is then rapidly cooled to a temperature of less
      than about 300.degree.C. The sulphur dioxide is subsequently obtained in
      known manner at about 20.degree.C, for example by condensation. The
      remaining oxygen is removed from the process. The carbon monoxide which is
      obtained during the course of the process is fed back into the converter
      stage in the circulatory process and the sulphur dioxide is likewise fed
      back into the carbon dioxide conversion stage. Since only gases and
      liquids are involved in the conversion stages, the weight of auxiliary
      materials circulating per unit weight of extracted hydrogen is kept much
      lower than is the case if one uses solid inorganic salts, as well as being
      considerably cheaper. The heat used in the process, particularly for the
      dissociation of sulphur trioxide into sulphur dioxide and oxygen, can with
      advantage be the heated coolant from a high-temperature nuclear reactor
      for example.
PAR  The multi-stage circulatory process of the present invention is shown
      schematically by way of example in the accompanying drawing. In the
      process stage I (converter stage) steam and carbon monoxide are
      transformed catalytically to carbon dioxide and hydrogen. This gas mixture
      is fed into a regenerative washer II in which by washing with water and
      regeneration of the wash waters by pressure reduction there occurs a
      separation of the carbon dioxide from the hydrogen. The hydrogen is
      removed as an end product from the process, and the carbon dioxide is fed
      to stage III where the conversion with sulphur dioxide in aqueous solution
      at increased pressure and high temperature to sulphuric acid and carbon
      monoxide takes place. The carbon monoxide is set free by expansion, i.e.,
      pressure reduction, of the gaseous mixture and is fed back into stage I.
      The sulphuric acid is concentrated in stage IV, primarily by evaporation
      techniques, and then is split into sulphuric trioxide and steam at
      increased temperature, the latter being returned to stage III.
      Subsequently, in stage V the sulphur trioxide is split into sulphur
      dioxide and oxygen by heating. Through quenching of the gas mixture and
      subsequent pressure condensation of the sulphur dioxide at low temperature
      the oxygen is separated and can be removed from the process. The sulphur
      dioxide is returned in the circulatory process to stage III.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of obtaining hydrogen from steam in a multi-stage circulatory
      process, in which in a first reaction stage carbon monoxide is reacted
      catalytically with steam at a temperature of 300.degree. to 500.degree.C
      to produce carbon dioxide and hydrogen; and in a second reaction stage the
      carbon dioxide is reacted with water and sulphur dioxide at a temperature
      of 100.degree. to 650.degree.C and at a pressure of 20 to 750 atmospheres
      to produce sulfuric acid and carbon monoxide; the sulfuric acid through an
      intermediate stage of conversion to sulfur trioxide is dissociated into
      sulphur dioxide, oxygen and steam by heat treatment; the carbon monoxide
      which has been obtained is recycled back into the first reaction stage,
      and the sulphur dioxide which has been obtained is recycled back into the
      second reaction stage; and the hydrogen and oxygen obtained as end
      products are separately recovered.
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ABST
PAL  This patent relates to a method for the generation of hydrogen,
      particularly for fuel cells, as well as apparatus for practicing the
      method. According to the invention, particles of magnesium are reacted
      with water in the presence of at least one cobalt oxide and at least one
      water-soluble chloride. Aluminum may advantageously be included with the
      magnesium. This abstract is neither intended to define the invention
      covered by this application, which, of course, is measured by the claims,
      nor is it intended to be limiting as to the scope of the invention in
      anyway.
BSUM
PAR  This invention relates to a method for the generation of hydrogen,
      particularly for fuel cells, through reaction of metals with water, as
      well as apparatus for practicing the method.
PAR  In fuel cells, current is generated by an electrochemical reaction between
      a fuel and an oxidant. A particularly high level of technical development
      has been reached by hydrogen/oxygen fuel cells, i.e., systems in which
      hydrogen is used as the fuel and oxygen or air as the oxidant. The
      anodically consumed hydrogen may be supplied from various sources: pure
      hydrogen from pressure bottles or cryogenic tanks; hydrogen generated
      through catalytic decomposition of hydrocarbon-containing compounds
      (reforming) as well as hydrogen generated by the decomposition of
      hydrazine or amonia; or hydrogen generated through the decomposition of
      hydrides or boranates with water or the reaction of metals with water.
PAR  Hydrogen generated by the reaction of metals with water is being considered
      particularly for hydrogen/oxygen fuel cells for unattended operation [see
      "Chemie-Ingenieur-Technik," Vol. 41, pp. 146 to 154 (1969)]. For reasons
      of reactivity and economy, magnesium, zinc and aluminum are the metals
      primarily considered. Such metals, however, react with water to produce
      hydrogen only to a negligible extent. This is because of the well-known
      fact that the metal hydroxide formed in the initial reaction with water
      forms a protective layer on the surface of the metal, which prevents
      further reaction with water, and thus the generation of hydrogen
      terminates immediately after the start. In order that such metals may be
      used for the generation of hydrogen to a greater extent, they are
      activated by amalgamating (formation of a metal-mercury alloy);
      amalgamated magnesium or aluminum, for instance, reacts vigorously with
      water even at room temperature, generating hydrogen. Alternatively, acids
      or bases (such as hydrochloric acid or potassium hydroxide) are used
      instead of water for the decomposition of the metals; this results in the
      continuous generation of hydrogen, because in the acid medium (in the case
      of Mg, Zn and Al) or in the alkaline medium (in the case of Zn and Al),
      the above-mentioned protective layer of hydroxide cannot develop.
PAR  The two possibilities mentioned, i.e., amalgamation or the use of acids or
      bases, however, are accompanied by various disadvantages. The consumption
      of mercury or of considerable quantities of alkaline or acid solution
      results in an increase in the cost of the hydrogen to be produced.
      Furthermore, the use of mercury may be particularly objectionable in view
      of its toxicity. The use of acid or alkaline solutions is disadvantageous
      from a process-technology point of view.
PAR  It is an object of the invention to provide a simplified and improved
      method for the generation of hydrogen through reaction of metals with
      water, particularly for the generation of hydrogen for fuel cells, which
      avoids the difficulties and disadvantages occurring with the methods
      employed heretofore.
PAR  It is a further object to provide novel apparatus for practicing the
      process.
DRWD
PAR  These and other objects will become apparent to those skilled in the art
      during the following description, including reference to the drawings, in
      which:
PAR  FIG. 1 presents data regarding the effect on the rate and amount of
      hydrogen generated at various concentrations of cobalt oxide;
PAR  FIG. 2 similarly presents data regarding the effect of various
      concentrations of a water-soluble chloride;
PAR  FIG. 3 similarly presents data regarding the effect of various ratios of
      aluminum to magnesium; and
PAR  FIG. 4 illustrates schematically one embodiment of apparatus for practicing
      the process.
DETD
PAR  Broadly stated, the process for generating hydrogen comprises reacting with
      water particles of magnesium metal or a combination of magnesium and
      aluminum metal, such particles being admixed with particles of an oxide of
      cobalt, and the reaction which generates the hydrogen occurring in the
      presence of a water-soluble chloride.
PAR  In a more specific embodiment, the process comprises generating hydrogen by
      introducing into sea water a previously comminuted admixture of cobalt
      oxide, preferably tricobalt tetraoxide (Co.sub.3 O.sub.4), and metallic
      magnesium and aluminum in a weight ratio in the range of between about 7:1
      and 2:6, advantageously in the ratio between about 5:3 and 3:5. The amount
      of cobalt oxide comprises in the range of between about 0.5 and about 5
      weight percent of the metal, advantageously about 0.5-1 weight percent. As
      an alternative to employing sea water, fresh water may be employed and a
      water-soluble chloride, advantageously sodium chloride, is admixed with
      the above-mentioned mixture of cobalt oxide and metal.
PAR  In the method according to the invention, any or a mixture of cobaltous
      oxide (CoO), cobaltic oxide (Co.sub.2 O.sub.3) and tricobalt tetraoxide
      (Co.sub.3 O.sub.4) may be employed. Particularly good results are obtained
      with Co.sub.2 O.sub.3 and Co.sub.3 O.sub.4, and especially with Co.sub.3
      O.sub.4.
PAR  Magnesium reacts with water, for instance, in the presence of Co.sub.3
      O.sub.4 and a water-soluble chloride with rapid, almost violent,
      generation of hydrogen.
PAR  The water-soluble chloride is preferably sodium chloride; other suitable
      chlorides are, for instance, potassium chloride and magnesium chloride.
PAR  In one embodiment of the invention, the cobalt oxide and water-soluble
      chloride are admixed with magnesium in granular form and the mixture is
      placed in water. In another embodiment, the chloride may be first
      dissolved in the water, and a magnesium-cobalt oxide admixture then
      introduced into this aqueous solution. Sea water may be advantageously
      employed as the aqueous chloride solution in this embodiment. Sea water
      contains about 3.5% of salts, predominantly in the form of chlorides; the
      sodium chloride content is about 2.7% by weight. The use of sea water is
      particularly advantageous in marine applications of fuel cells, for
      instance, in submerged craft as well as for the power supply of underwater
      stations, or for use in unattended fuel cells in buoys.
PAR  According to a particularly preferred embodiment of the invention, aluminum
      may be added to the magnesium, either as particles of aluminum, or
      particles of an alloy of magnesium and aluminum. Magnesium and aluminum
      are preferably employed in a weight ratio in the range of between about
      7:1 and about 2:6. Particularly good results can be obtained if a Mg:Al
      weight ratio in the range of about 5:3 to about 3:5 is employed. Aluminum
      per se has an advantage over magnesium because it develops a larger amount
      of hydrogen per unit of weight; 1 mol of Al (27 g) yields theoretically
      33.6 liters of hydrogen, whereas 1 mol of magnesium (24 g) yields only
      22.4 liters, under standard temperature and pressure conditions.
PAR  The metal should be in small particle form, preferably granular or
      powdered, but may be in the shape of chips, turnings, or other irregularly
      shaped forms.
PAR  As noted above, the amount of cobalt oxide employed may be in the range of
      between about 0.5 and about 5% by weight of the total metal, magnesium and
      aluminum, advantageously about 0.5-1%. Employing a larger amount of cobalt
      oxide produces no substantial improvement.
PAR  The amount of chloride used is preferably in the range between 5 and 200%
      by weight of the total metal. Employing greater amounts of chloride
      produces no commensurate improvement, particularly with respect to the
      speed of the reaction and the quantity of hydrogen developed.
PAR  The metal may advantageously be mixed with a filler, in order to prevent an
      agglomeration of the metal particles, and thereby to ensure complete and
      rapid hydrolysis of the metal. Inorganic salts, for instance, may be
      employed as fillers. If a mixture of metal, cobalt oxide and chloride is
      employed, which is reacted with water for the purpose of generating
      hydrogen, the chloride may also serve as the filler.
PAR  FIGS. 1, 2 and 3 illustrate the effect on the rate and amount of hydrogen
      developed of various concentrations of cobalt oxide, chloride and
      aluminum, all relative to the amount of magnesium or combined magnesium
      and aluminum. The data were obtained from experiments conducted in a
      closed reaction vessel at room temperature. In each instance, the amount
      in liters of gaseous hydrogen produced is plotted on the ordinate, and, on
      the abscissa, the time in minutes from the start of the reaction.
PAR  The curves of FIG. 1 were obtained employing 8 grams of a magnesium
      reacting with an aqueous solution of 1 gram of sodium chloride in 0.5
      liter of water. Curves 20, 21 and 22 are based upon employing,
      respectively, 0.05, 0.3 and 0.15 grams of tricobalt tetraoxide (Co.sub.3
      O.sub.4), corresponding to 0.62, 3.75, and 1.87 weight percent of such
      tetraoxide based upon the amount of magnesium. Curve 20 illustrates that
      only a small amount of cobalt oxide is necessary to assure the generation
      of hydrogen. In the absence of the cobalt oxide, the generation of
      hydrogen is negligible; after thirty minutes of contact with the magnesium
      and the aqueous solution, only about 0.1 liter of hydrogen had been
      generated; in the presence of cobalt oxide, about 2.5 to 3 liters per
      minute of hydrogen is generated at the beginning of the reaction under the
      conditions and in the amounts described above. The amount of hydrogen
      generated was measured with a gas meter; the hydrogen pressure was about
      11 N/cm.sup.2. The yield of hydrogen was about 60 to 65% under the
      conditions described.
PAR  FIG. 2 illustrates the effect of the concentration of the chloride on the
      rate and amount of hydrogen generated. The data for FIG. 2 were obtained
      employing a mixture of 8 grams of magnesium and 0.3 grams of tricobalt
      tetraoxide (Co.sub.3 O.sub.4), which was added to 0.5 liter of an aqueous
      sodium chloride solution. The data for curves 30, 31, 32 and 33 were
      obtained employing, respectively, 0.5, 1, 2 and 14 grams of sodium
      chloride, which amounts correspond to 6.25, 12.5, 25 and 175 weight
      percent of the magnesium employed. The curves of FIG. 2 illustrate that
      the rate of reaction as well as the yield of hydrogen generated increase
      with increasing chloride concentration. For a sodium chloride
      concentration of about 2.8% by weight of the water (curve 33), i.e., at
      about the same concentration as exists in sea water, the hydrogen yield is
      about 70% of the maximum theoretical yield. The initial rate of hydrogen
      generation was about 4.7 liters per minute. In the absence of chloride in
      the water or admixed with the magnesium metal, the amount of hydrogen
      generated is negligible, being about only 0.15 liter after thirty minutes
      of contact between the magnesium and the water.
PAR  The yield of hydrogen generated and the speed of the reaction may be
      further increased by admixing aluminum with the magnesium. FIG. 3
      illustrates these effects at varying magnesium: aluminum ratios. In each
      experiment, a total of 8 grams of metal was employed, admixed with 0.3
      grams of tricobalt tetraoxide. These ingredients were added to a solution
      of 14 grams of sodium chloride dissolved in 0.5 liter of water. The data
      for curve 40 were obtained employing pure magnesium without any aluminum.
      The data for curves 41, 42 and 43 were obtained employing mixtures having
      magnesium: aluminum weight ratios of about 5:3, 4:4 and 3:5, respectively,
      which is to say, mixtures in which the aluminum comprised 37.5, 50 and
      62.5% by weight of the total metal. The addition of aluminum substantially
      increases the yield of hydrogen. Where the magnesium:aluminum weight ratio
      is 1:1, as in curve 42, the hydrogen yield is approximately 86% of
      theoretical in contrast to approximately 70% when magnesium alone is
      employed, as in curve 40. When mixture with a magnesium:aluminium weight
      ratio of 1:1 is employed, the rate of hydrogen generation is about 6.5
      liters per minute at the start of the reaction. The use of aluminum
      admixed to magnesium has the additional advantage that a greater amount of
      hydrogen can be obtained per gram of metal employed. It should be noted
      that pure aluminum which is not admixed or alloyed with magnesium does not
      appreciably react with water even if cobalt oxide and a water-soluble
      chloride are present as herein described.
PAR  The yield of hydrogen generated can be further increased if the reaction is
      carried out at an elevated temperature. Thus, the hydrogen yield
      increases, for instance, from about 50% at room temperature to about 90%
      of theoretical when the temperature of the aqueous sodium chloride
      solution is about 80.degree.C and the metal employed has a
      magnesium:aluminum weight ratio of about 1:7.
PAR  The precise chemical explanation of the phenomena underlying the discovery
      are not fully understood, but the following explanation is tentatively
      offered. The effect of cobalt oxide and chloride on the metal may each be
      of a different nature. The chloride ions probably have a catalytic effect
      such that they attack and perforate the metal hydroxide layer or coating
      which initially forms, or, alternatively, such ions prevent the
      development of such metal hydroxide layer, and under either alternative
      permit access of the water molecules to the surface of the metal. The
      catalytic action of the cobalt oxides may be explainable by the formation
      of localized electrochemical cells. The cobalt, which is more
      electropositive than magnesium or aluminum, is precipitated as metal on
      the surface of the magnesium granule or particle and, due to its lesser
      excess hydrogen voltage, favors the generation of hydrogen. Substantiation
      for this hypothesis resides in the fact that particularly good activation
      of the magnesium or combined magnesium aluminum metal is achieved when the
      cobalt oxide is intimately admixed with the metal, as, for instance, by
      grinding together a physical mixture of the cobalt oxide and metal. The
      addition of a cobalt salt to an existing mixture of magnesium or magnesium
      and aluminum particles in an aqueous solution of a water-soluble chloride
      is without effect, in the sense that hydrogen is not generated. As noted
      above, however, the water-soluble chloride may be added either to the
      metal cobalt oxide mixture or first separately dissolved in the water.
PAR  Broadly stated, apparatus adapted for generating hydrogen by the reaction
      of water and a metal which is suitable for practicing the invention
      comprises a reaction zone adapted to contain water or an aqueous solution;
      an outlet from such reaction zone adapted to permit the withdrawal
      therefrom of gaseous hydrogen; storage means adapted to contain a supply
      of small particles of metal admixed with comminuted cobalt oxide; and
      transfer means adapted to transfer such metal particles from the supply
      means into the reaction zone.
PAR  The reaction zone may advantageously comprise a cylindrical, essentially
      vertical tube open at its lower end and closed at its upper end. The
      storage means may be located near the upper end of such a tube and be
      connected thereto by means of a conduit or passageway in which is disposed
      conveyor means comprising a screw conveyor which is adapted to transport
      the particles of metal from the storage means into the tube comprising the
      reaction zone. Also, the apparatus may comprise pressure sensing means
      adapted to sense the pressure in the reaction zone or in the hydrogen
      outlet line, and control means adapted to actuate the transfer means,
      e.g., the conveyor means, in response to the sensing by the pressure
      sensing means of a pressure in the reaction zone below a predetermined
      minimum pressure. The pressure sensing means may suitably be a contact
      manometer, and the control means may comprise suitable electrical
      circuitry connected to a motor which drives the conveyor means referred to
      above.
PAR  Employing a vertical tube having an open bottom end as referred to above is
      particularly advantageous for marine use when sea water is employed as the
      aqueous chloride solution. In this embodiment, the sludge from the
      reaction, essentially hydroxides of magnesium or aluminum, is
      automatically removed from the reaction zone by descending into the sea
      under the force of gravity. Additionally, no particular apparatus need be
      provided for replenishing the aqueous chloride solution, or for including
      a water-soluble chloride in the mixture of cobalt oxide and metal
      particles, inasmuch as sea water will enter into the reaction zone, thus
      furnishing an inexhaustible supply of an aqueous chloride solution.
PAR  FIG. 4 depicts in schematic fashion an advantageous embodiment of the
      apparatus. Reaction zone 51 comprises vertical tube 52 having an open
      bottom end 52a. Tubing 53 is connected to reaction zone 51 near the upper
      end thereof and serves as a means to withdraw the product hydrogen from
      the zone.
PAR  Storage means 54 is located above the upper end of tube 52 and comprises
      supply container 55 which is connected to the upper end of tube 52 by
      means of passageway or conduit 56. Supply container 55 is adapted to
      receive a physical mixture of comminuted cobalt oxide and particles of
      magnesium or magnesium and aluminum, or alloys thereof.
PAR  The transfer means adapted to transfer the mixture from the supply means
      into the reaction zone 51 comprises a screw conveyor 57 located in
      passageway 56 and is driven by motor 58. Pressure sensing means 59
      comprises a contact manometer 60 which is pneumatically connected by means
      of line 61 to hydrogen outlet tubing 53. The control means comprises in
      part an electrical circuit 62 having a battery 63. Circuit 62 electrically
      connects contact manometer 60 and motor 58. Contact manometer 60 and
      circuit 62 are designed in a manner whereby the circuit is closed, thereby
      actuating motor 58, in response to the sensing by manometer 60 of a
      hydrogen pressure less than a pre-determined minimum, and to open the
      circuit when the hydrogen pressure sensed by the manometer exceeds a
      pre-determined maximum pressure, thus stopping motor 58 and thereby
      terminating introduction of the cobalt oxide-metal mixture into the
      reaction zone 51.
PAR  When employing the apparatus, a mixture of cobalt oxide and metal particles
      is placed in supply container 55. Reaction zone 51 is partially filled
      with sea water by immersing it into the sea. When manometer 60 senses a
      pressure less than a pre-determined minimum pressure, circuit 62 is
      closed, actuating motor 58, which results in transferring the cobalt
      oxide-metal mixture into the reaction zone. When such mixture falls on to
      the surface of the water, a violent reaction occurs, generating hydrogen.
      Due to the small bubbles of hydrogen which are produced at the surface of
      the metal particles and some of which adhere thereto, the metal particles
      are temporarily suspended at the surface of the solution, and thereafter
      sink slowly. As the reaction between the metal and the solution continues,
      the metal is converted to its hydroxide, a flocculent sludge.
PAR  When an open-bottom tube is employed as the reaction vessel, as in FIG. 1,
      two factors influence the desirable length of the tube. First, the tube
      should be sufficiently long that the hydrogen generation reaction
      involving any specific particle of metal be completed by the time such
      particle sinks past the open end of the tube. The minimum linear vertical
      distance which must be provided to assure complete reaction of the
      individual metal particles depends upon the size of the particle, larger
      particles requiring a longer minimum distance, and may be readily
      determined for any specific combination of metals, and their particle
      sizes, by routine experimentation. The desired length of tube 52 must also
      take into account the maximum hydrogen pressure which may occur, since any
      pressure within the upper portion of tube 52 which is above atmospheric
      pressure will depress the upper surface of the liquid in tube 52 to a
      level below the surface of the surrounding sea. Because of the flammable
      and explosive characteristics of hydrogen-air mixtures, as well as from
      the standpoint of economy, it is important that no hydrogen be permitted
      to escape from the reaction zone by means of bubbling out from open and
      52a.
PAR  As an alternative to locating supply container 55 directly above the
      reaction zone, it could be located laterally, and in this alternative
      passageway 56 would be horizontal or slightly inclined to the horizontal.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A process for generating gaseous hydrogen comprising reacting with
      water, small particles of magnesium metal or of a combination of magnesium
      and aluminum metal in a weight ratio of magnesium to aluminum of between
      7:1 to 2:6, said particles being admixed with an oxide of cobalt selected
      from the group consisting of tricobalt tetraoxide (Co.sub.3 O.sub.4) and
      dicobalt trioxide (Co.sub.2 O.sub.3), said reaction occuring in the
      presence of a water soluble chloride selected from the group consisting of
      alkali metal chlorides and magnesium chloride, wherein the amount of
      cobalt oxide is from about 0.5 to 5.0% by weight of total metal and the
      amount of water-soluble chloride is from about 5% to 200% by weight of
      total metal.
NUM  2.
PAR  2. The process of claim 1 wherein said combination of magnesium and
      aluminum metal is in the form of an alloy.
NUM  3.
PAR  3. The process according to claim 1, wherein particles of aluminum are
      admixed with particles of magnesium.
NUM  4.
PAR  4. The process according to claim 1, wherein said Mg: Al weight ratio is in
      the range of between about 5:3 and about 3:5.
NUM  5.
PAR  5. The method according to claim 1, wherein said oxide is tricobalt
      tetraoxide (Co.sub.3 O.sub.4).
NUM  6.
PAR  6. The process according to claim 1, wherein said water-soluble chloride is
      sodium chloride.
NUM  7.
PAR  7. The process according to claim 1, wherein said water-soluble chloride is
      dissolved in said water before the particles of magnesium metal or
      combination of magnesium and aluminum metal are reacted with the water.
NUM  8.
PAR  8. The process according to claim 7, wherein sea water is employed.
NUM  9.
PAR  9. The process according to claim 1, wherein fillers are added to said
      particles of metal in order to prevent agglomeration of the metal
      particles.
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PAL  Method and composition for the diagnosis of equine infectious anemia virus
      infection in animals involving the use of an immunodiffusion reaction
      plate, wherein separate wells in the reaction plate contains an antigen
      associated with the virus, an antiserum to the virus and the serum of the
      suspect animal. A positive response is indicated by a precipitin line of
      identity between the antigen well, antiserum well and the suspect serum
      well. Also disclosed is a novel antigen composition and a method for
      obtaining the same which is particularly suited in a diagnostic test for
      equine infectious anemia in animals.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 132,073, filed Apr. 7, 1971 now abandoned.
PAR  The present invention relates to a novel antigen preparation produced as a
      result of an infection with the virus, a method of obtaining the same, and
      an improved test for diagnosing equine infectious anemia with improved
      accuracy, rapidity and simplicity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Equine infectious anemia (EIA), commonly known as "swamp fever," is a
      disease which primarily affects horses and ponies. The disease is world
      wide in distribution and has been extensively investigated for many years
      to elucidate the morphological and physicochemical properties of the
      virus, to develop a satifactory diagnostic test for the virus, to find a
      possible vaccine and to study the epideminology and spread of the
      infection.
PAR  One of the major problems associated with equine infectious anemia is that
      until recently little or no antibody response could be detected. Recently,
      researchers have described complement-fixing and neutralizing-antibody
      responses to this virus, as well as a procedure for purification and
      concentration of the virus, (Nakajima et al., Arch. Gesamte Virusforsch
      28: 348 - 360 (1969).
PAR  Despite the advances made in connection with describing some of the
      characteristics of the virus, a development of a satisfactory diagnostic
      test for EIA has defied the efforts of many of the prior art workers.
      Practically all conceivable tests and technics have been attempted at one
      time or another, and until only very recently, no satisfactory means of
      assaying the virus or antibody has been available. The use of
      horse-leukocyte cultures in conjunction with the complement-fixation to
      assay the virus and antibody has been described (Kobayashi et al., Nat.
      Inst. Anim. Health Quart. 7: 8 - 20 (1967) and Kono et al., Nat. Inst.
      Anim. Health Quart. 7: 138 - 144 (1967) and the results appear to explain
      many of the unique features of the disease; however, the procedure has not
      been confirmed by other prior art workers.
PAR  As it is well known by prior art workers studying EIA, acute and chronic
      cases of EIA can often be recognized by the clinical symptoms exhibited.
      However, clinically recovered carriers without the aid of a good
      diagnostic test may escape the suspicion of even the most astute observer.
      For example, it has been described that chronically infected horses have
      been observed experimentally to appear healthy for many years and yet
      persistently maintain virulent EIA virus in their blood stream. As a
      result of the dilemma of being unable to ascertain whether an animal is
      chronically infected with EIA, disease control officials have been in the
      predicament of trying to prevent the spread of EIA. Thus, the detection of
      a carrier horse has required the use of the animal inoculation test which
      usually takes about 90 days and costs about $500.00.
PAR  The immunodiffusion reaction technique has been a useful diagnostic and
      analytical tool for several known diseases. The immunodiffusion reaction
      involves conducting a reaction between an antigen and an antibody. This
      reaction is generally effected in a semisolid media such as agar. Both
      reactants are initially soluble in the medium or carrier, i.e., they
      diffuse or permeate through the matrix material, but the reaction product
      (or complex) is insoluble therein and may be observed visually or
      photographically. A more detailed discussion regarding the immunodiffusion
      reaction may be found in "Immunodiffusion", by A. J. Crowle, Academic
      Press, New York, the disclosure of which is incorporated herein by
      reference.
PAR  The success of employing the immunodiffusion reaction technique as a
      diagnostic test is often dependent upon a relatively pure antigen, which
      is not substantially tied up or contaminated with antibodies to the
      antigen. Also, the presence of other contaminating materials will hamper
      the success of this technique. The titer of the antigen, therefore, must
      be relatively high in the immunodiffusion reaction technique in order to
      form a precipitin line of identity with the antiserum. Likewise, the titer
      of the antiserum must be sufficient so that the antigen and antiserum will
      form a precipitate. Until recently, antigen for EIA having a high enough
      titer to form a precipitin line with antiserum has not been available,
      and, accordingly the use of the immunodiffusion reaction has not been
      considered by the prior art workers an available tool in diagnosing EIA.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an accurate,
      inexpensive diagnostic test for presistent chronic virus infections.
PAR  It is another object of the present invention to provide an accurate,
      inexpensive diagnostic test for equine infectious anemia (EIA).
PAR  It is still another object of the present invention to determine prior
      exposure to equine infectious anemia virus and susceptibility to the
      virus.
PAR  It is still a further object of the present invention to prepare a novel
      equine infectious anemia antigen preparation in a form which is suitable
      for use in an immunodiffusion reaction.
PAR  These and other objects are obtained by conducting an antigen-antibody
      reaction by immunodiffusion wherein the antigen is obtained from an organ
      extract of an animal acutely infected with equine infectious anemia or
      concentrated leukocyte culture infected with equine infectious anemia
      virus.
PAR  The invention will appear more clearly from the following detailed
      description when taken in connection with the accompanying drawings, by
      way of example, a preferred embodiment of the inventive idea.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates an immunodiffusion reaction on a test plate of agar with
      six wells, wherein two wells contain reference antiserum to EIA (AS) and
      four wells contain test serum(TS.sup.-) from an animal not infected with
      EIA virus, all of which surround a central well containing EIA antigen
      (A).
PAR  FIG. 2 illustrates the test plate of FIG. 1 except that the test serum
      (TS.sup.+) is from an animal infected with EIA virus.
PAR  FIG. 3 illustrates still another test plate of FIG. 1 except that only one
      of the outer wells contain test serum from an animal infected with EIA
      virus, while the remaining three test serum wells (TS.sup.-) contain serum
      from an animal not infected with EIA virus.
PAR  FIG. 4 illustrates an immunodiffusion reaction on a test plate of agar with
      six wells, wherein three wells contain reference antiserum to EIA virus
      (AS) and the three remaining outer wells contain test serum from an animal
      infected with EIA virus, all of which surround a central well containing
      EIA antigen (A).
PAR  FIG. 5 illustrates the test plate of FIG. 4 wherein the test serum
      (TS.sup.+) is from an animal infected with EIA virus, but having a low
      level of antibody.
PAR  FIG. 6 illustrates an immunodiffusion reaction on a test plate which
      contains a uniform amount of antiserum to EIA virus in the agar test
      plate. The plate illustrated has two wells, one containing EIA antigen
      (A), either alone or with test serum from an animal not infected with EIA
      virus and the remaining well (A plus TS.sup.+) contains EIA antigen and
      test serum from an animal infected with EIA virus. A halo is formed around
      the first well (A) but either does not form around the second well (A -
      TS.sup.+) or is reduced in size.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The immunodiffusion test for EIA used in accordance with the practice of
      the present invention detects the precipitating antibody specific for the
      disease of EIA. The test is conducted by cutting wells in a layer of agar
      in a petri dish. Preferably, six wells 7 mm in diameter are spaced 3 mm
      apart around a central reservoir of the same diameter containing the EIA
      antigen. A reference serum that reacts with the EIA antigen to form a
      distinct precipitin line is placed in two opposite peripheral wells. The
      four remaining wells contain the suspect serums. Such an arrangement
      facilitates an accurate determination of lines of identity, i.e., the
      coalescence of the suspect precipitin line with the control line.
PAC  PREPARATION OF ANTIGEN
PAR  The antigen to be used in the practice of the present invention may be
      extracted from the spleen or other organs of an animal, such as a horse or
      pony, which is acutely infected with equine infectious anemia. The antigen
      may also be obtained from infected tissue culture such as horse leukocyte
      culture and concentrated for use in the immunodiffusion test. The
      preparation of the purified concentrate is described by Nakajima et al.,
      Arch. Gesamte Virusforsche, 28, 348 - 360 (1969), the disclosure of which
      is incorporated herein by reference.
PAR  Preferably, the antigen is obtained from an organ of an animal which has
      exhibited an immediate and severe febrile reaction following inoculation
      with a virulent virus of any of the several virulent isolates of EIA
      virus. The antigen is extracted from an organ of the animal after the
      animal has become febrile, i.e., about 9 - 11 days after inoculation with
      virulent EIA virus. Antigens obtained in this manner have a remarkably
      high sensitivity in the agar-gel-immunodiffusion reaction, i.e., a
      reaction occurs between the antigen and the serum of a diseased suspect
      animal.
PAR  The novel EIA antigen preparation of the present invention which have a
      high antigen concentration are preferably produced by inoculating an
      animal, preferably a pony or a horse, intravenously with from about 1 to
      about 300 ml. of serum infected with EIA virus. The larger volumes of
      infective serum, i.e., from 10 to 100 ml. sometimes produce shorter
      incubation periods. It has been found that a subinoculation of acute stage
      blood in an amount of about 300 ml. has helped to shorten the incubation
      period and cause a more severe illness.
PAR  The virus contained in the serum employed to inoculate the animal should be
      of sufficient titered virulence to cause a quick or rapid and severe
      febrile reaction in the animal in which one harvests the antigen, i.e., a
      fever of about 4.degree. to 6.degree. above normal. It has been found that
      serum containing titers of virulent virus of about 10.sup.6 to about
      10.sup.7 animal infectious doses per ml. will produce the desired quick or
      rapid and severe febrile reaction.
PAR  In the event the inoculum strain isolate serum does not have titers of
      10.sup.6 or 10.sup.7 animal infectious doses per ml., the titer can be
      increased by known techniques. For example, the weakly infected serum may
      be injected into another animal first, to infect the animal and allow the
      infectivity to increase. Usually the desired titers can be achieved by
      taking the serum from the animal about nine days after inoculation with
      the original weakly infectious serum having a low titer. Of course, other
      known methods of raising the titer may also be employed, such as
      harvesting the virus in tissue culture medium and concentrating.
PAR  The serum containing the EIA virus used as the inoculum can be obtained
      from any strains having the virulent EIA disease. Illustrative strains
      include the Wyoming strain, the German strain, the Goshun strain, the P337
      strain, the Texas strain, the New York State strain, the New Jersey
      strain, etc.
PAR  It has been found that infected spleen extracts have a very high
      concentration of antigen, therefore, it is a preferred embodiment of the
      present invention to use the extract of spleen from the acutely infected
      animal as the source of antigen.
PAR  Ideally, the antigen is collected from the organ sterily, stored and frozen
      at minus 20.degree.C. and thawed and frozen several times before using.
      Aging the infected and antigen containing organ in the freezer also
      appears to aid in the release of the antigen. Of course, other known
      extraction methods for releasing the antigen from the tissue of the organ
      may be employed, such as using ultrasonic sound, homogenization,
      acetone-ether extraction, etc.
PAR  If the antigens become diluted beyond 1:2 to about 1:4, their effectiveness
      generally is lost, however, it is possible to concentrate the antigen by
      precipitation with half-saturated ammonium sulfate and reconstitution in a
      smaller volume.
PAR  It is believed that the dilution factors described above frequently occur
      because the infected organs (especially the spleen) become engorged with
      large volumes of blood during and shortly after the animal becomes febrile
      from the EIA virus infection. Owing to the large volume of blood present,
      the recoverable antigen from the cells of the infected organ is diluted.
PAR  Rather than concentrating the antigen as described above, it has now been
      found that an EIA antigen preparation having a higher titer than
      previously obtained by the foregoing methods can be obtained by removing a
      substantial portion of the blood in the infected organ of the animal prior
      to extraction of the EIA antigen from the organ cells containing the
      antigen.
PAR  According to this embodiment of the present invention, the blood may be
      removed from the organ by any one of the several techniques known in the
      art.
PAR  For example, the organ, e.g., spleen, may be physically treated such as by
      squeezing or pressing to eliminate the blood prior to extraction.
PAR  Another technique comprises subjecting the organ cells containing EIA
      antigen to trypsination followed by centrifugation of the substantially
      plasma free cells.
PAR  A preferred technique for removing blood from the organs is to inoculate
      the diseased animal with a vasoconstrictor drug or a drug which causes the
      animal to release vasoconstrictors just prior to euthansia of the animal.
      This technique is preferably accomplished by inoculating the animal with
      an excess over the normal therapeutic dosage of the drug to obtain a quick
      response. A response is generally indicated by an increase in pulse and
      profuse sweating by the animal shortly after incoulation with the drug
      (usually within a few minutes after inoculation depending on the drug,
      etc.). When the animal has responded to the drug inoculation it is
      immediately sacrificed by shooting in the head and bled from the neck
      vessels. After the animal has been bled, the desired organ is taken from
      the animal by sterile techniques and frozen at minus 20.degree.C. until
      used. By using the vasoconstrictor drugs or drugs which cause a release of
      vasoconstrictors in vivo, resulting in a constriction of the blood
      vessels, a large amount of the blood stored in the organs of the animal is
      temporarily displaced. Thus, by killing the animal and thereafter bleeding
      it shortly after the drug has taken affect, one may obtain an infected
      organ devoid of a substantial amount of the blood previously encountered
      in the infected organ. This technique, therefore, permits the subsequent
      extraction of the antigen preparation having a high titer without being
      diluted with a large quantity of blood. Also, the possibility of losing
      potent antigens during the process of removing blood from the infected
      organ extract is minimized by this technique.
PAR  Among the preferred vasoconstrictors suitable in the practice of the
      present invention include the compounds,
      3,4-dihydroxy-.alpha.-[(methylamino)methyl]benzylalcohol, otherwise known
      as epinephrine, succinyl choline, and many other known compounds which
      will cause a shrinkage or constriction of the blood vessels in the
      infected organs of the infected animal.
PAR  It will be understood by those skilled in the art that the time of
      harvesting the EIA antigen in the animal after inoculation with the
      virulent EIA virus will vary depending on the health of the animal, the
      strength of the inoculum and many other factors. Generally speaking, the
      antigen will be at a high enough titer for use in the diagnostic test of
      the present invention a few days after the animal shows a severe febrile
      reaction from the EIA virus inoculation. Of course, if the animal is given
      a drug to reduce the fever, it is not necessary that a severe febrile
      reaction occur, and, accordingly, the antigen can be harvested up to the
      second week after the inoculation and still have a very high titer
      adequate for use in the diagnostic test of the present invention.
PAR  As it is well known in the art, the presence of antigen in the infected
      organ bring about the production of antibodies to the antigen. These
      antibodies, when present in large quantities will have a dilitory effect
      on the usefulness of the antigen in the diagnostic test of the present
      invention. Therefore, it is important that the infected organ be taken
      from the animal before a large amount of the antibodies are formed.
      Methods for determining the presence of these antibodies are known in the
      art, and the animal can be tested periodically during the inoculation
      period to ascertain their presence.
PAR  In the event the animal becomes moribund during the second week after
      inoculation with the virulent EIA virus, the organ should be taken from
      the animal as soon thereafter as possible. However, some healthy animals
      may not become moribund until about the third week after inoculation which
      is generally sufficient time for a large amount of antibodies to form.
      Therefore, it is most desirable to take the infected organ from the animal
      before these antibodies form in great quantities which is generally a
      short time after the animal has reached a peracute condition. In other
      words, the infected organ should be taken from the animal within a week
      after the animal has shown a fast and severe illness. With most horses and
      ponies, the ideal antigen formation without the presence of a substantial
      amount of antibodies occurs about 7 to 12 days after inoculation.
PAC  PREPARATION OF ANTISERUM
PAR  A positive reference antiserum can be chosen from an animal surviving EIA
      infection. Long term carriers often have been found to have satisfactory
      serums. The serums should give only one dense, distinct precipitin line
      when tested with the EIA antigen and the line should form approximately
      mid-way between the serum and antigen wells, with no tendency to broaden
      or fade with time. In the event the precipitin line is not mid-way between
      the antigen well and the antiserum well, the antiserum can be diluted or
      concentrated to achieve the desired concentration so that the precipitin
      line is equal distance between the antigen well and the antiserum well.
      The precipitin line should be shown to be specific by EIA horse
      infectivity test or by forming a line of identity with an antigen and an
      antiserum which has been shown to be specific for EIA by animal
      inoculation test. Serum with excess antibody in relation to antigen
      concentration tend to form a broad band rather than distinct line which is
      essential for accurate determination of line identity. It is much easier
      to see the suspect line coalesce with the reference line if the latter is
      a dense, narrow line. Discrete precipitin lines can be obtained with
      higher titer serums, but they must be diluted. Serums that give a
      non-specific cloudy ring around the well should be avoided. Thus, it is
      essential that the antiserum preparation be selected from a horse
      surviving EIA infection and one which gives only one dense precipitin line
      at a specific for EIA.
PAC  PREPARATION OF IMMUNODIFFUSION TEST PLATE
PAR  The immunodiffusion reactions for the present invention are preferably
      carried out in a 100 mm (outside diameter) plastic petri dish having
      therein a layer of agar in a procedure similar to that described in
      Coggins et al. Am. J. Vet. Res. 27, 485 - 488 (1966) for African Swine
      Fever. In order to prevent occasional seepage of serum underneath the
      agar, a base layer of 5 ml. of 2% Noble's special agar in a borate buffer
      can be used. When the base layer becomes hard a top layer of 12 - 15 ml.
      of 1% Noble's special agar in the same buffer can be added. The borate
      buffer is prepared by mixing 2 gm. of NaOH and 9 gm. of H.sub.3 BO.sub.3
      in a liter of distilled water. This buffer mixture should have a pH of
      about 8.6. Perservatives or sodium chloride need not be used. Since
      autoclave temperatures tend to cause some discoloration in the agar, the
      agar can be dissolved and melted by boiling. The agar can then be allowed
      to harden in the petri dishes at room temperatures with the lids partly
      open to allow moist air to escape. If excess water remains in the plate,
      it can cause dilution of the antigen. Best results are found with fresh
      plates, since the agar may become cloudy with age which may interfere with
      the interpretation of the test.
PAR  Of course, other materials known to those skilled in the art may be used in
      place of the preferred agar materials described above without departing
      from the scope of the invention.
PAR  A template with seven circular cutters can be used to cut six wells, 7 mm
      in diameter and spaced equidistance 3 mm apart, around a central reservoir
      of the same diameter. Four of the patterns are cut in each petri plate.
      Alternatively, a cork borer can be used to cut the wells as outlined on a
      paper underneath the petri dish or underneath a template. The cutters are
      preferably only allowed to cut through the 1% agar and the agar in the
      wells can be removed with a short pipette attached to a suction pump
      leaving the 2% agar base layer intact.
PAR  The immunodiffusion reactions are preferably conducted by placing the
      antigen material (infectious splenic pulp or extract of such from horses
      infected with equine infectious anemai virus or concentrated leukocyte
      culture infected with EIA virus) in the central reservoir with special
      care in avoiding the formation of air pockets in the bottom of the well or
      over-filling the well. A positive reference serum can be placed in two
      wells on the periphery directly opposite each other and the four remaining
      wells were filled with suspect serum samples. For beginners the use of
      positive reference serum in three wells (i.e., every other outer well, as
      shown in FIG. 4) is suggested for greater ease in reading the test.
PAR  Referring to FIG. 1 in the drawings there is illustrated a test plate of
      agar 10 with 2 wells 12 containing reference antiserum (AS), four wells 14
      containing test serum (TS.sup.-) from an animal not infected with EIA
      virus surrounding a central well 16 containing EIA antigen (A). The
      reference antiserum and antigen are from sources as from hereinabove
      described. Precipitin lines 18 illustrate the reaction product between the
      reference antiserum and antigen. The precipitin line is about equidistance
      between the antigen well and the antiserum wells and has a slight
      curvature toward reference antiserum well 12. The absence of precipitin
      lines between the test serum wells and the antigen well indicates that the
      serum is from an animal not infected with EIA virus.
PAR  FIG. 2 illustrates a test plate as described above with reference to FIG.
      1, except that wells 14 contain test serum from an animal infected with
      EIA virus. Equidistance between the antigen well (A) and test serum
      (TS.sup.+) wells there is formed a precipitin line of identity 20 which
      coalesce with the precipitin line 18 between the antiserum (AS) wells and
      the antigen at points 22. The schematic illustration in FIG. 2 is
      indicative that the test serum (TS.sup.+) is from an animal infected with
      EIA virus. In other words, the coalesced precipitin lines schematically
      shown in the drawing is the "precipitin line of identity" between the
      antigen well, the antiserum wells and the suspect wells. In some cases
      other lines appear because of the presence of other antigens in the
      antigen preparation in well (A) which react with antibodies in the test
      serum wells. However, these lines will not coalesce with the reference
      antiserum line at point 22.
PAR  FIG. 3 illustrates another immunodiffusion reaction in a test plate similar
      to FIG. 1 except that only one of the outer wells 14 contain test serum
      from an animal infected with EIA virus, while the remaining test serum
      wells (TS.sup.-) 14 contain test serums from an animal not infected with
      EIA virus.
PAR  It can be seen from the illustration in FIG. 3 that a straight precipitin
      line 18 forms equidistance between the antigen well and the antiserum
      wells and a precipitin line 20 forms between the antigen well 16 and the
      test serum well 14. It can also be seen that lines 18 and 20 coalesce at
      point 22 to indicate that the serum from test serum (TS.sup.+) is from an
      animal infected with EIA virus whereas the serum from the remaining wells
      are from animals not infected with EIA virus. FIG. 3 further illustrates
      the flexibility of the diagnostic method of the present invention. In
      other words, it is possible that four separate horses can be tested on one
      immunodiffusion reaction test pattern while only using one sample of
      antigen and two samples of antiserum. Using four test patterns on a test
      petri plate, 16 horses can be tested.
PAR  FIG. 4 illustrates an immunodiffusion reaction on a test plate of agar
      containing six separate wells which surround a central well containing
      antigen preparation for EIA virus. The test plate in FIG. 4 is similar to
      FIGS. 1, 2 and 3 except that the antiserum and test serum wells are
      arranged differently and there are equal number of antiserum and test
      serum wells arranged alternatively. As it can be seen from the schematic
      illustration in FIG. 4, a precipitin line forms equidistance between each
      of the reference antiserum wells and the antigen well as well as
      precipitin lines equidistance between the test serum wells and the antigen
      well. Thus, the antibodies in the antiserum well migrate out in a circular
      pattern toward the antigen well and form a precipitin line 26. The test
      serum in the reaction illustrated in FIG. 4 is from an animal infected
      with EIA virus and therefore contains antibodies for EIA virus. This
      material also migrates in a circular pattern towards the antigen well to
      form a precipitin line 24, equidistance between the test serum wells and
      the antigen well. The illustration also reveals the coalescence between
      precipitin lines 24 and 26 at points 28, which is clearly indicative that
      the serum in wells 14 is from an animal infected with EIA virus. This
      reagent arrangement facilitates easy reading of weakly positive reactions
      as are shown in FIG. 5.
PAR  FIG. 5 illustrates a test plate as described in FIG. 4 except that the test
      serum 14 is from an animal infected with EIA virus having low level of
      antibody in its serum. It can be seen that strong precipitin lines 26 form
      between the reference antiserum wells 12 and the antigen well 16. However,
      precipitin lines 30 only begin to form, but do not form a complete line
      between (TS.sup.+) well 14 and (A) well 16. As mentioned for FIG. 1, page
      14, the reference control line has a slight curvature toward the reference
      serum. This curvature is helpful in detecting weak reactions which cause
      the reference line to turn in the opposite direction as in FIG. 5. Such
      reactions indicate the animal is infected with EIA virus.
PAR  FIG. 6 illustrates an immunodiffusion reaction on a test plate of agar 32,
      preferably on a slide rather than in a petri dish. This test plate of agar
      contains a uniform amount of antiserum to EIA virus. Well 34 contains EIA
      antigen preparation (A) and well 36 contains the same EIA antigen
      preparation previously mixed and incubated at 37.degree.C. for 1 hour with
      an equal quantity of test serum from an animal infected with EIA virus.
      Since the antibodies in the serum from the infected animal immediately
      react with the antigen in well 36, no precipitin line or halo forms in the
      agar test plate. However, the absence of antibodies in well 34, permits
      the antigen preparation to migrate out of well 34 through the agar gel
      until the concentration of the antiserum and antigen are equal, wherein
      they form a precipitin halo 38. Well 34 may contain serum from an animal
      not infected with EIA virus mixed with the antigen preparation. If the
      animal does not contain antibodies to EIA virus, the antigen preparation
      migrates to form a precipitin line 38 as illustrated.
PAR  The agar gel employed in the tst plate described in FIG. 6 of the drawings
      can be formulated according to known immunodiffusion techniques, i.e.,
      thoroughly mixing the antiserum in the agar and buffer. Preferably, a one
      percent Noble special agar in borate buffer is employed. For best results,
      the antiserum is diluted to a concentration which will give a weak
      reaction in the immunodiffusion reaction described in FIG. 1 of the
      drawings. Suitable dilutions for high titer antiserum for incorporation
      into the agar should be about 1 to 32 or more. Low titered antiserum are
      unsuitable because they cloud the agar. Of course, the use of a high titer
      antigen will permit the use of higher concentrations of antiserum.
PAR  As a modification of the technique described in FIG. 6, one may
      homogeneously mix a specified amount of antigen preparation in the
      gel-forming material, i.e., agar. According to this procedure the test
      serum is placed in either well 34 or 36, if there are two wells. However,
      by using this technique one well could suffice. If the animal is infected
      with EIA virus the antibodies in its test serum forms a precipitin circle
      38 in the agar gel whereas serum from an animal not infected with EIA
      virus does not form any precipitin circle owing to the absence of
      antibodies specific to EIA virus. The use of this technique is
      particularly useful with the purified antigen extracts which are
      substantially free of any non-EIA antigens.
PAR  As a further modification of the foregoing technique of dissolving antigen
      preparation in the gel-forming material, it is possible to perform
      semi-quantitive analysis of EIA virus antibodies present in the serum of
      horses infected with EIA virus. According to this modification differing
      concentrations of antigen preparation are thoroughly mixed in a plurality
      of test plates. By comparing the immunological reaction with standarized
      antibodies to EIA, one may determine the relative concentration of EIA
      antobody, and possible infection of EIA virus in the animal at various
      stages of the sickness.
PAR  The following examples serve to more fully describe the manner of making
      and using the above-described invention as well as to set forth the best
      modes contemplated for carrying out various aspects of the invention. It
      is understood that these examples in no way serve to limit the true scope
      of this invention, but rather are presented for illustrative purposes
      only.
PAC  EXAMPLE 1
PAR  A susceptible pony was inoculated with the Wyoming isolate (described by
      Stein et al., Amer. Jour. Vet. Res.,  3;183 (1942) of equine infectious
      anemia virus that had been cultivated in horse-leukocyte-tissue culture
      for 9 days. The animal became febrile at 5 days after inoculation (peak
      temperature 106.degree.F.) and moribund at 10 days, at which time it was
      sacrificed. The spleen was frozen, thawed, minced finely, to be packed
      into agar wells.
PAR  Immunodiffusion reactions were carried out in 85 mm plastic plates
      containing 23 ml. of 1.5% Noble's special agar in a borate buffer (pH 8.6)
      and 1:1,000 merthiolate. Serum was used undiluted or serially diluted
      twofold. The splenic pulp teased from the connective tissue was packed in
      the central reservoir with the reference serum placed in two wells on the
      periphery directly opposite each other and the four remaining wells were
      filled with suspect serum samples. The plates were placed at room
      temperature (20.degree.C.) and observed daily. Precipitin lines generally
      became visible after 24 hours but were more distinct at 48 to 72 hours.
      The plates were photographed unstained after 4 to 6 days.
PAR  Spleen from the pony reacted in the agar-gel-immunodiffusion test to form a
      precipitin line with serum collected from a pony that had survived
      repeated challenges with the Wyoming virus. The preinoculation serum gave
      no precipitin reaction.
PAR  To establish the validity of the foregoing observation and the specificity
      of the novel antigen, the following tests were made. Serum from the pony
      that survived inoculation with the Wyoming isolate was set up against
      spleens from two normal horses and one normal pony as well as against
      spleens taken from five additional ponies that showed clinical signs of
      equine infectious anemia within the 1 st week following artificial
      infection with the Wyoming stock virus. These spleens were collected 3 to
      5 days after signs of EIA appeared. Precipitin reactions were seen with
      all five infected, but were not present with normal spleens. Spleen
      collected from a pony inoculated with a New York field isolate of equine
      infectious anemia virus which also gave a precipitin reaction with the
      Wyoming isolate antiserum indicated that a common antigen was possessed by
      the various isolates of equine infectious anemia virus. This fact was
      confirmed in adsorption tests in which infected spleen (Wyoming isolate)
      but not normal spleen removed the specific antibody after incubation for 1
      hour at 37.degree.C. from the Wyoming isolate antiserum as well as from
      serum of a pony that had survived infection with a Texas isolate of equine
      infectious anemia virus. Serum from guinea pigs hyperimmunized against
      equine abortion virus did not react against the EIA antigen.
PAR  Specificity of the antibody was determined by the following tests. Serums
      from 20 normal ponies contained no detectable antibody when tested in the
      agar-gel-immunodiffusion test nor did the preinoculation serums of a group
      of eight ponies. A majority of these serums contained neutralizing
      antibody against equine abortion virus. Following infection with EIA
      virus, the eight ponies developed antibody specific for EIA. An EIA
      hyperimmune serum used as a control to determine the line of identity in
      the immunodiffusion test did not form a precipitin line with equine
      abortion virus. Antibody was found in the serum of one field case; a horse
      with symptoms of recurring fever, anemia, loss of weight, and edema. A
      diagnosis of EIA in this case was confirmed by the inoculation of a
      susceptible pony with blood of the suspect horse. A line of identity
      formed in immunodiffusion reactions with serums collected from six ponies
      following infection with Wyoming isolate, one horse and one pony infected
      with the Texas isolate, and three ponies infected with three field
      isolates of EIA virus from New York State. Antibody appeared as early as
      18 days after inoculation in one pony and was commonly found after 1
      month. Stronger precipitin reactions were seen in later serum samples,
      especially from animals receiving repeated challenges of EIA virus. One
      pony has retained its antibody for two years after it last received an
      inoculation of EIA virus, wherein the pony was originally infected more
      than 31/2  years ago.
PAR  In preliminary studies on extraction and fractionation, the EIA antigen was
      recovered from spleen by saline extraction followed by precipitation with
      half-saturated ammonium sulfate and dialysis against phosphate buffered
      saline, but some of the antigen was lost in the procedure. Antibody was
      recovered in the precipitate from serum treated with half-saturated
      ammonium sulfate and in the gamma-globulin fraction of antiserum
      fractionated by diethylaminoethyl cellulose column chromatography. A
      saline extract of infected spleen reacted with survivor serums to fix
      complement up to a titer of 1:40 in a complement-fixation test.
      Preinoculation serums from the same animals and saline extracts of normal
      horse spleen gave no complement-fixation reaction. Accordingly, results of
      the complement-fixation test have correlated well with results obtained in
      the immunodiffusion test.
PAR  Based upon the observations from the foregoing tests, it appears important
      to select animals that react severly within the 1st week after infection
      for preparation of the novel antigen of the present invention and to
      harvest the spleen after 3 to 5 days of high temperature. Antigens
      prepared from spleens taken later in the infection were found to be weak,
      perhaps because there is sufficient antibody already produced to mask the
      antigen. A strongly reacting antigen and antiserum included in each test
      have been helpful to ascertain the line of identity. Otherwise fuzzy lines
      and boundaries of cloudiness around the serum wells sometimes confuse
      accurate reading of the reaction patterns. Adsorption of serums with
      normal spleen has helped to sharpen the specific precipitin lines in some
      cases. It has also been important to provide a proper equivalent ratio of
      reactants; a condition which appears to be especially important with horse
      serum antibody. Thus, in some cases it has been necessary to make
      dilutions (1:2 to 1:4) of the antiserum to get clear, distinct precipitin
      lines, especially against the weaker antigen preparations. Freezing and
      thawing of the spleen aided in obtaining stronger reactions, probably as a
      result of rupturing the cells and releasing of the antigen.
PAR  The immunodiffusion reaction has been shown to be an accurate and reliable
      test for the detection of EIA infection in the horse except for animals in
      the early stages of infection and foals of infected dams. Since the test
      measures antibody produced as a result of EIA infection, horses in the
      first two to three weeks of infection and before antibody is produced will
      test negatively. Such animals should be bled again in a week or two. In
      order to make a diagnosis in a young foal it is necessary to determine the
      antibody status of the dam. If the mare is negative then her positive
      reaction foal can be declared infected. If the mare has EIA antibody then
      the foal may or may not be infected. Only a gradual decline and eventual
      loss of the antibody over a period of several months will indicate absence
      of infection. A few foals have maintained their maternal antibody for 4
      and 5 months.
PAC  EXAMPLE II
PAR  The EIA antigen in this test was prepared by inoculating a pony with 1 ml.
      of serum containing virulent Wyoming isolate of EIA virus (titer
      approximately 10.sup.7 pony infectious doses per ml.). The pony became
      febrile at 7 days post inoculation and had a high temperature of
      106.degree.F. at 10 days post inoculation. Spleen was harvested from this
      animal at 11 days post inoculation and frozen and thawed several times
      before it was used. Serum collected from pony several months after
      infection with Wyoming EIA virus was used as the positive reference
      antiserum. This serum, when tested against EIA spleen antigen, produced
      one sharp, dense precipitin line that was specific for EIA. The
      immunodiffusion reactions were incubated at room temperature in a moist
      inverted beaker and observed daily over a strong narrow beam of light for
      precipitin bands. Visible lines were commonly seen at 25 hours but weak
      reactions became more distinct by 48 hours. Serums containing high titers
      of antibody (1:32 and 1:64) produced broad, diffuse precipitin bands
      situated near the antigen well. More distinct lines formed when diluted.
      Such serums were detected by the abrupt ending of the reference line
      halfway across its normal position and were confirmed as positive by
      making two-fold dilutions of the suspect serum. Low titered antiserums,
      which as were found in animals shortly after initial infection and in
      foals receiving maternal antibody, or at terminal dilutions of high
      titered antiserums, did not always form complete lines but sometimes
      caused only a slight deflection of the reference line toward the test
      serum well. These weak reactions were confirmed by setting them up in
      duplicate and using a positive reference serum on each side of the suspect
      well. Increasingly higher levels of antibody caused the precipitin line to
      form more centrally between the serum and antigen wells and, in general,
      were clearly observable at 24 hours.
PAR  Ponies of varying ages and weights from the surrounding areas of Ithaca,
      New York were used as experimental test animals. They were housed in
      individual isolation units. In the beginning ponies were tested for the
      presence of EIA virus by the cross-transfusion of whole blood among a
      group of three ponies and observed for a period of 60 days. When it became
      evident that the immunodiffusion test was a reliable indicator for
      determining prior exposure to EIA virus, each pony was then required to be
      serologically negative for at least one month prior to their being used in
      experiments. Body temperatures of the experimental ponies were recorded
      twice daily and packed cell volume, white blood cell and platelet counts,
      and differential white blood cell counts were performed on the blood of
      each animal 6 days a week. Serum was collected once a week and stored at
      minus 20.degree.C.
PAR  A bank of pre- and postinoculation EIA serums had been accumulated at
      Cornell University from experimental EIA studies conducted over the
      preceeding years. An early project was to test these serums for
      correlation between the inoculation of EIA virus and subsequent antibody
      production. As it can be seen from Table 1, serums from a total of 188
      ponies taken upon arrival were tested for EIA antibody and all were
      negative. This finding was in agreement with the failure of any of the
      cross-transfused ponies to show signs of EIA. Of the 111 ponies inoculated
      with EIA virus or blood collected from suspected field cases of EIA which
      produced typical symptoms in the pony, all developed EIA antibody about 1
      month after inoculation. None of the 77 control animals inoculated with
      blood from normal horses or other agents such as piroplasmosis and equine
      abortion virus, developed EIA antibody. Two ponies which received blood
      from field cases which were suggestive of EIA developed EIA antibody but
      no clinical symptoms of the disease. Subinoculation of their blood into
      two additional ponies resulted in clinical EIA as well as EIA antibody
      production. In no case did EIA antibody disappear from an animal once it
      was formed. One clinically recovered pony has been normal for over 3 years
      and yet has retained its EIA antibody as well as EIA virus.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Detection of EIA Antibody in Experimental Ponies                          

     Serum               No. pos. / examined                                   

     ______________________________________                                    

     Preinoculation      0/188                                                 

     Post-EIA Infection  111/111                                               

     Controls*           0/77                                                  

     ______________________________________                                    

      *Uninoculated or inoculated with an agent other than EIA.                

PAC  EXAMPLE III
PAR  Antiserums prepared against both type of equine piroplasmosis,.sup.a equine
      arteritis virus,.sup.b equine abortion virus (Herpes I),.sup.c and African
      Horse Sickness (types I and II).sup.d have given no cross-reactions with
      the EIA antigens. In addition EIA antiserum did not cross-react with
      equine abortion virus precipitin antigen. Antigens prepared from ponies
      infected with EIA viruses from Wyoming, New York and New Jersey isolates
      reacted similarly in the immunodiffusion test.
FNT  .sup.a Obtained from Dr. A. A. Holbrook, U.S.D.A., Beltsville, Md.
FNT  .sup.b Obtained from Dr. W. H. McCollum, University of Kentucky, Lexington,
      Ky.
FNT  .sup.c Obtained from Dr. L. E. Carmichael, Cornell University, Ithaca, N.Y.
FNT  .sup.d Obtained from Dr. J. J. Callis, PIADL, Greenport, N.Y.
PAR  The development of EIA antibody in infected ponies was examined. The data
      in Table II shows that 65% of the ponies produced specific antibody by 3
      weeks post inoculation and that 88% had developed antibody by 4 weeks.
      Antibody responses were detected in all ponies by 45 days post
      inoculation. The seven ponies with late antibody responses also had
      delayed clinical responses. The earliest antibody was detected 14 days
      after inoculation.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Development of EIA Antibody in Experimentally Infected Ponies             

     Weeks    No. Ponies positive                                              

                          Cumulative number                                    

                                    percent of                                 

     Postinoculation                                                           

              for first time                                                   

                          ponies positive                                      

                                    total                                      

     __________________________________________________________________________

     2         1          1         2                                          

     3        36          37        65                                         

     4        13          50        88                                         

     5         3          53        93                                         

     over 5    4*         57        100                                        

     __________________________________________________________________________

      *The longest time before antibody was detected was 45 days in one pony.  

PAC  EXAMPLE III
PAR  A sequential analysis formula was followed to test the hypothesis that the
      presence of EIA antibody in a horse also indicated the presence of EIA
      virus. Such a condition seemed likely because previous experimental
      studies have demonstrated the long term persistence of EIA virus in the
      horse. Several hundred horses from the states of New York, Virginia, New
      Jersey, Pennsylvania, and Delaware were screened for EIA antibody. These
      horses represented acute, chronic, and inapparent cases of EIA. Whole
      blood collected in heparin from 85 serologically positive horses was
      inoculated individually into test ponies. The results of the test are
      shown in Table III. Similarly blood from 78 negative horses was inoculated
      into ponies. Ten ml. of blood was inoculated intravenously except in a few
      cases in which a volume of 300 ml. was injected. Response of the pony was
      measured by increase in body temperature (2.degree. being considered a
      fever), a drop in packed cell volume, a decrease in platelet counts,
      development of EIA antibody, and histological lesions of EIA (mononuclear
      infiltration of liver, spleen, splenic lymph node, and heart) as necropsy.
      A clinical diagnosis of EIA was made in 83 ponies and 84 ponies developed
      EIA antibody indicating actual infection with EIA virus. In five cases the
      experimental ponies did not react to the first inoculation of blood and
      four of the five suspect horses were subsequently rebled. The fifth horse
      could not be resampled because it had been destroyed in the meantime. In
      all of these cases the original blood sample had been forwarded to the
      laboratory through the mail in an ice package and arrived in what appeared
      to be good condition. In resampling, however, care was taken to hand carry
      the blood to the laboratory in ice as quickly as possible (usually within
      4 - 6  hours) and to inject it into a test pony immediately. In the four
      cases retested in this manner 10 ml. of blood was inoculated again into
      the original pony and a larger amount (300 ml.) was injected intravenously
      into a second pony. In the four cases all experimental ponies then
      produced EIA antibody and all but one developed clinical signs of EIA.
      Subinoculation of this subclinical case of EIA seems to indicate that this
      virus is a mild strain of EIA virus. Elevations of 1.degree. - 2.degree.
      Fahrenheit of temperature were noted after two passages in ponies and EIA
      antibody has been produced in each case. Thus, if one eliminates the
      single failure for the probable reason of inactivation of virus in
      transit, then virus was demonstrated in 84 out of 84 serologically
      positive horses. The results of the test are shown in Table III, below.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Correlation of Immunodiffusion Test and Pony Infectivity Test             

     Pony Infectivity Test (No. Positive)                                      

     EIA antibody                                                              

     status of    Drop                                                         

                      Drop in                                                  

                            EIA       EIA infected/                            

     donors   Fever                                                            

                  PCV platelets                                                

                            antibody                                           

                                 Lesions                                       

                                      total studied                            

     __________________________________________________________________________

     Positive (85)                                                             

              83  80  64    84   78*  84/85**                                  

     Negative (78)                                                             

               2   2   2     1   2    1/78+                                    

     __________________________________________________________________________

       *Only 78 animals were examined histologically.                          

      **The single horse in which infective EIA virus was not demonstrated was 

      destroyed before it could be retested and it is assumed that the EIA viru

      was inactive in transit to the laboratory.                               

       +This single failure was due to a horse in the incubation stage of EIA  

      infection.                                                               

PAC  EXAMPLE IV
PAR  Blood from 78 serologically negative horses was inoculated into ponies. Two
      of the inoculated ponies developed clinical symptoms indistinguishable
      from EIA but only one developed EIA antibody. In the clinically ill pony
      which remained serologically negative for EIA a diagnosis of equine
      piroplasmosis was made by complement fixation test and blood smears. The
      donor horse also remained serologically negative for EIA. The other
      serologically negative donor horse, whose blood infected a pony, became
      clinically ill with symptoms of EIA 10 days after blood was collected.
      Thus, it was suspected that this horse was in the incubative stage of EIA
      when first tested and it was expected that the test pony would become
      infected with EIA. A retest of this horse 2 weeks later revealed EIA
      antibody and EIA virus was again demonstrated in its blood by pony
      inoculation. Thus, if this one horse is eliminated from tabulation on the
      grounds of being in the incubation stage of EIA then no EIA virus was
      demonstrated in any of the 77 negative horses tested and it is concluded
      that there have been no failures with the immunodiffusion test for EIA as
      an indicator of EIA infection.
PAR  The statistical procedure followed in this study required that if a minimum
      of 58 horses, tested in sequence, were serologically negative in the
      immunodiffusion test and were, in fact, free of EIA virus as demonstrated
      by animal inoculation test and that if a minimum of 58 serologically
      positive horses were infected and still carrying EIA virus then the
      hypothesis that the immunodiffusion test is at least 95% accurate can be
      accepted with 95% confidence. The exact level of accuracy of a technique,
      such as the immunodiffusion test for antibody, could only be measured by
      testing an infinite number of horses; consequently, some uncertainty must
      always exist as to whether the technique actually satisfies the specific
      minimum requirement of 95% accuracy. A 5% level of uncertainty has been
      adopted in most scientific fields.
PAR  Since the horses tested did not represent a random sample from the existing
      and future horse population, there is always the possibility of
      encountering distinctive groups of animals, perhaps infected with another
      microorganism that shares antigen with EIA or a specific strain of EIA
      that does not have a common antigen with our test antigen, in which case
      the antibody test will fail. This possibility can be guarded against by
      maintaining periodic checks on the immunodiffusion test by horse
      infectivity tests after it has been put into practice. Then, too, the test
      will be no better than the technical competence of the operators and the
      accuracy of the interpretations of the line of identity. All new antigens
      and reference antiserums must be tested against a reference EIA precipitin
      line which has been shown to be specific for EIA.
PAR  In addition to being useful as a diagnostic test and as a means of
      determining susceptibility of test ponies to EIA virus, the EIA
      immunodiffusion test is a valuable tool for the study of the incidence of
      EIA in horses.
PAC  EXAMPLE V
PAR  Several susceptible horses were inoculated intravenously with 10 ml. of
      virulent high-titer EIA virus (Wyoming isolate). The horses became febrile
      within 7 days and had temperatures of at least 105.degree.F. Nine days
      after inoculation with the virulent EIA virus, the horses were injected
      intravenously with 10 ml. of a 1:1000 solution of epinephrine. Three
      minutes after being injected with the epinephrine, the horses were
      sweating and showed signs of being affected by the vasoconstrictor drug.
      Upon noticing the horses reacting to the vasoconstrictor drug, (3 minutes
      after injection with epinephrine), the horses were sacrificed by shooting
      in the head and they were immediately bled from the neck vessels. The
      spleens of each of the horses were harvested by sterile techniques and
      frozen at minus 20.degree.C. until used.
PAR  For use in the immunodiffusion test in accordance with the practice of the
      present invention, the spleens were thawed and frozen twice. The pulp of
      the spleens was scraped from the stroma and used undiluted or extracted as
      follows:
PAR  The recovery of the antigen from remaining pulp of the spleens was
      extracted in the following manner. For each 10 gm. of splenic pulp, 30 ml.
      of borate buffer at pH 8.6 (9 gm. of H.sub.3 BO.sub.3 and 2 gm. NaOH in a
      liter of distilled water) was added and the mixture was homogenized at
      23,000 r.p.m. for 3 minutes. Homogenizing flask was held in ice both
      during extraction operation. The suspension was then frozen, thawed, and
      centrifuged at 2,000 g. for 20 minutes. The supernatent which contained
      the EIA antigen was collected, dispensed in 10 ml. vials and lyophilized.
      The antigen was stored at 20.degree.C. (room temperature) and was
      reconstituted with 10 ml. of sterile distilled water just prior to use.
      The stroma contained no antigen and was disgarded.
PAR  The antigen preparation from non-extracted, fresh-frozen spleen pulp, when
      used in the agar-gel-immunodiffusion test plate as shown in FIG. 2 formed
      two precipitin lines in the test for antigen activity. Heating the antigen
      at 37.degree.C. for 2 hours destroyed the antigen responsible for the weak
      second line. The stronger EIA antigen was not affected by this treatment
      and formed a single well-defined line in the test.
PAR  By employing the method outlined above, which produces a highly potent
      antigen for EIA, it was calculated that spleen from one infected horse
      will provide sufficient antigen to test at least 50,000 horses.
      Accordingly, this technique allows efficient production of antigen
      preparations for widespread use in diagnosing equine infectious anemia
      virus in animals throughout the world.
PAR  While in the foregoing description, the embodiments of the present
      invention have been set forth, it will be understood by those skilled in
      the art that considerable variation may be made in such detail without
      departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for obtaining an antigen preparation of equine infectious
      anemia virus useful in the diagnosis of said virus infection in animals,
      said antigen preparation being specific in its reaction with equine
      infectious anemia virus antibody, which method comprises
PA1  a. inoculating an equine with a virus of equine infectious anemia having
      sufficient virulence to render said equine severely febrile rapidly after
      being inoculated with said virus;
PA1  b. removing the equine infectious anemia virus infected spleen from said
      equine shortly after said animal becomes febrile, but before the antigen
      in said spleen becomes substantially tied up or contaminated with
      antibodies to the antigen,
PA1  c. forming a spleenic tissue pulp, causing release of an equine infectious
      anemia virus antigen from the spleenic pulp, thereby providing an extract
      comprising said antigen preparation.
NUM  2.
PAR  2. The method of claim 1 where the antigen extracted from the spleenic pulp
      is subsequently concentrated.
NUM  3.
PAR  3. The method of claim 1 where the equine is inoculated with the Wyoming
      strain of equine infectious anemia virus.
NUM  4.
PAR  4. The method of claim 1 where the organ is taken from said equine from
      about 9 to about 11 days following inoculation with a virus of equine
      infectious anemia.
NUM  5.
PAR  5. The antigen preparation prepared by the method of claim 1.
NUM  6.
PAR  6. The method of claim 1 where prior to obtaining said antigen extract a
      substantial portion of the blood in the spleen is removed.
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ABST
PAL  This invention is concerned with a non-stinging wound dressing. This wound
      dressing is characterized by plastics dissolved in a solvent system of
      stinging and non-stinging solvent, the combination of which provides a
      non-stinging solvent system with sufficient polarity to dissolve the
      plastic. This wound dressing is preferrably applied to wounds as an
      aerosol spray dressing containing bacteriostatic agents.
BSUM
PAR  The present invention is concerned with a clean, convenient, economical and
      effective wound dressing for small wounds, abrasions, burns, and varicose
      and decubitus ulcers. Conventional gauze bandages and plasters do not
      protect wounds from infection and water, and must be changed often. Thus,
      these conventional wound coverings often interfere with healing, inhibit
      normal bathing of the area around the wound, and are uneconomical in terms
      of staff time required for changing. Wound dressings of plastics in
      solvents avoid many of the problems associated with conventional dressings
      in that they protect a wound against infection, permit visual inspection
      of wound healing, allow the patient to maintain normal bathing habits, and
      are simple to apply. Despite obvious advantages these products are not
      widely used because of the enormous stinging pain associated with their
      application to unanesthetized raw surfaces (British Medical Journal, 2,
      July 3, (1954) at page 18.)
PAR  It is an object of this invention to prepare a non-stinging wound spray of
      plastics in a solvent system.
PAR  By applying solvents to open wounds produced by sandpaper on the lower arm
      of 10 subjects it has unexpectedly been discovered that saturated
      hydrocarbons and chlorofluoro-substituted hydrocarbons are non-stinging
      solvents. Thus straight or branched chain hydrocarbons containing 5-8
      carbon atoms, saturated cyclic hydrocarbons containing 5-8 carbon atoms,
      and chlorofluoro-substituted saturated hydrocarbons containing 1-2 carbon
      atoms are non-stinging solvents. Preferred non-stinging solvents are
      cyclopentane, cyclohexane, cycloheptane, cyclooctane, n-pentane, n-hexane,
      n-heptane, n-octane, fluorotrichloromethane,
      sym-tetrachlorodifluoroethane, trifluorotrichloroethane,
      difluorodichloromethane, difluorochloromethane, and
      sym-dichlorotetrafluoroethane. The most preferred non-stinging solvent is
      sym-tetrachlorodifluoroethane.
PAR  Common polar solvents such as low molecular weight alcohols, ketones, and
      esters are determined to be stinging solvents by the above test. Alcohols
      containing 1-6 carbon atoms, ketones containing 3-7 carbon atoms, and
      esters of acids containing 1-4 carbon atoms and alcohols having 1-6
      carbons are useful solvents for practicing this invention. Methanol,
      ethanol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, isobutyl
      alcohol, secondary butyl alcohol, ethylene glycol, acetone, methyl ethyl
      ketone, ethyl acetate, methylamyl acetate, isopropyl acetate, ethyl
      lactate, chloroform, and trichloroethylene are suitable but not exclusive
      examples of a stinging polar solvent.
PAR  It is often necessary to mix polar stinging solvents with non-stinging
      solvents to obtain a solvent system with capacity to dissolve a sufficient
      amount of plastic. It has most surprisingly been found that mixtures of
      stinging and non-stinging solvents do not themselves have stinging
      effects. Thus, solvent systems having about 50% stinging solvent and 50%
      non-stinging solvent do not produce a painful stinging effect when applied
      to a wound. To be optimally effective it is desirable that the stinging
      solvent evaporates at a faster rate than the non-stinging solvent;
      otherwise the concentration of stinging solvent on the wound would exceed
      the effective concentration as evaporation occurred. Table I lists boiling
      points of some stinging and non-stinging solvents. These boiling points
      serve as a guide for relative rates of evaporation.
TBL                TABLE I                                                     

     ______________________________________                                    

     Stinging Solvents                                                         

                      Non-Stinging Solvents                                    

     ______________________________________                                    

     methanol   65        pentane       36                                     

     ethanol    78        hexane        64                                     

     acetone    47        heptane       98                                     

     ethyl acetate                                                             

                77        octane        125                                    

     methyl ethyl         cyclopentane  49                                     

      ketone    79        cyclohexane   81                                     

     chloroform 61        sym-tetrachloro=                                     

     trichloro=            fluoroethane 92                                     

      ethylene  87        1,1,2-trichloro-                                     

                           1,2,2,-tri=                                         

                           fluoroethane 47                                     

                          1,1,1,2-tetra=                                       

                           chloro-2,2-di=                                      

                           fluoroethane  91.5                                  

     ______________________________________                                    

PAR  Sym-tetrachlorodifluoroethane is a preferred non-stinging solvent since it
      evaporates more slowly than most common polar solvents such as ethyl
      acetate, ethanol, acetone, methanol, and methyl ethyl ketone and has good
      plastics solvent properties. Table II illustrates the threshold mixture of
      sym-tetrachlorodifluoroethane and ethanol, acetone, methanol, and methyl
      ethyl ketone above which pain is not observed upon applying to a wound.
TBL                TABLE II                                                    

     ______________________________________                                    

     Mixture of solvents                                                       

                     Mixing relation                                           

                                  Stinging pain                                

     ______________________________________                                    

     Sym-tetrachlorodifluoro-                                                  

                     60/40        No                                           

     ethane/Ethyl acetate                                                      

                     55/45        No                                           

                     50/50        No                                           

                     45/55         Yes                                         

                     40/60         Yes                                         

     Sym-tetrachlorodifluoro-                                                  

                     60/40        No                                           

     ethane/Ethanol  55/45        No                                           

                     50/50        No                                           

                     45/55         Yes                                         

                     40/60         Yes                                         

     Sym-tetrachlorodifluoro-                                                  

                     60/40        No                                           

     ethane/Acetone  55/45        No                                           

                     50/50        No                                           

                     45/55         Yes                                         

                     40/60         Yes                                         

     Sym-tetrachlorodifluoro-                                                  

                     60/40        No                                           

     ethane/Methanol 55/45        No                                           

                     50/50        No                                           

                     45/55         Yes                                         

                     40/60         Yes                                         

     Sym-tetrachlorodifluoro-                                                  

                     60/40        No                                           

     ethane/Methyl ethyl ketone                                                

                     55/45        No                                           

                     50/50        No                                           

                     45/55         Yes                                         

                     40/60         Yes                                         

     ______________________________________                                    

PAL  The solvent systems in Table II are particularly advantageous in that they
      have a high capacity to dissolve a variety of plastic material suitable
      for wound dressing. Those skilled in the art will recognize that a mixture
      of several non-stinging solvents or a mixture of several non-stinging and
      a stinging solvent or several stinging solvents will provide a suitable
      solvent system. Thus an effective amount of non-stinging solvent is that
      amount of non-stinging solvent or combination of non-stinging solvents
      which either alone or in combination with stinging solvent does not cause
      stinging.
PAR  Polymers and copolymers prepared from lower alkyl acrylates and
      methacrylates having 1 to 3 carbon atoms in the alkyl group such as methyl
      acrylate, ethyl acrylate, isopropyl acrylate, methyl methacrylate, ethyl
      methacrylate, propyl methacrylate, methoxyethyl acrylate, ethoxyethyl
      acrylate, methoxyethyl methacrylate, ethoxyethyl methacrylate, acrylamide,
      methacrylamide, n-alkyl substituted acrylamides and methacrylamides such
      as N-methyl, ethyl, propyl acrylamides and methacrylamides, N-vinyl
      pyrrolidone, hydroxy-(lower alkyl) acrylates and methacrylates form
      suitable but not exclusive plastic material useful in practicing this
      invention.
PAR  N-butyl methacrylate, isobutyl methacrylate, 2-ethoxyethyl methacrylate and
      methyl methacrylate form preferable plastics.
PAR  Preferred embodiments of plastics in a solvent system, said solvent system
      containing an effective amount of a non-stinging solvent, are as follows:
TBL  Sym-tetrachlorodifluoroethane                                             

                             25 g.                                             

     Ethyl acetate           25 g.                                             

     2-Ethoxyethyl methacrylate/methyl                                         

      methacrylate (90/10 copolymer)                                           

                             50 g.                                             

     Sym-tetrachlorodifluoroethane                                             

                             25 g.                                             

     Acetone                 25 g.                                             

     n-Butyl/isobutyl methacrylate                                             

      (50/50 copolymer)      50 g.                                             

     Sym-tetrachlorodifluoroethane                                             

                             25 g.                                             

     Ethyl acetate           20 g.                                             

     Ethanol                  5 g.                                             

     n-Butyl/methyl methacrylate                                               

      (80/20 copolymer)      30 g.                                             

PAR  Furthermore, medicinally active ingredients such as germicides, fungicides,
      antibiotics, steroids, local anesthetics or the like may be utilized by
      having the medicinally active ingredient suspended or entrapped in the
      polymer, or if desired, dissolved in the liquid phase of the system.
      Examples of such medicinally active ingredients include
      2,4,4'-trichloro-2'-hydroxydiphenyl ether, benzocaine, xylocaine, aspirin,
      sodium omadine (a derivative of 1-hydroxypyridine-2-thione),
      hexachlorophene, bacitracin, cortisone, trimethyl benzyl ammonium
      chloride, cetyl pyridinium chloride, penicillin, Aureomycin
      (chlorotetracycline), chloromycetin (chloramphenicol), merthiolate,
      sulfanilamide, sulfathiaozole, sulfaguanidine, sulfapyridine, salicylic
      acid, Griseofulvin, undecylenic acid, zinc undecylenate, tetracycline,
      Terracycin (hydroxytetracycline), dienestrol, ethynyl estradiol, diethyl
      stilbesterol, estradiol, methyltestosterone, progesterone, ascorbic acid.
      Thus this system of plastic material in a non-stinging solvent is an
      effective means for topically administering drugs.
PAR  The wound dressing of this invention of plastics in a solvent system may be
      applied by brushing, dabbing, by squeeze bottles or by aerosol spray.
      Aerosol spray is the preferred method of application, since it provides a
      thin, tough and transparent film. The invention can be used to form
      spray-on bandages not only for human wounds but also is useful in the
      field of veterinary medicine for wounds on the skins of animals such as
      dogs, cats, sheep, cattle (e.g. to protect cows having mastitis on their
      teats), goats, pigs and horses and zoological animals such as lions,
      tigers, deer, zebra, etc. The film can be applied in a matter of seconds;
      there is no stinging upon application; healing of the wound can be
      observed; the patient may bath normally, and the film is easily removed
      after several days. Thus, this invention embodies effective methods of
      dressing wounds.
PAR  Aerosols require that the solvent, plastic and medicinal, if any, be placed
      in a pressurized container with propellant gases. Suitable propellants
      include those well known in the art. There can be used compressed gases
      such as carbon dioxide, nitrous oxide, nitrogen, liquified volatile
      hydrocarbons such as propane, n-butane, isobutane and 2-methylbutane,
      methylene chloride, vinyl chloride, fluorinated compounds including
      perhalogenated compounds and fluorinated hydrocarbons such as
      dichlorodifluoromethane, 1,1,2-trichloro-1,2,2-trifluoroethane,
      trichlorofluoromethane, 1,2-dichlorotetrafluoroethane,
      octofluorocyclobutane, chlorodifluoromethane, 1,1-difluoroethane, vinyl
      fluoride, vinylidene fluoride, 1-chloro-1,1-difluoroethane. The propellant
      should contain a substantial amount of volatile material boiling at not
      over 20.degree.C., but there can also be present a significant amount of
      less volatile material boiling up to 50.degree.C. Therefore non-stinging
      aerosol spray wound dressing of propellant gases and plastic material in a
      solvent system wherein the solvent system has an effective amount of
      non-stinging solvent, such as sym-tetrachlorodifluoroethane at least 50%
      when used alone and stinging polar solvent selected from the group
      comprising alcohols containing 1-6 carbon atoms, ketones containing 1-4
      carbon atoms, and esters of acids containing 1-4 carbon atoms and alcohols
      containing 1-6 carbon atoms or mixtures of the aforementioned polar
      solvents.
PAR  A preferred formulation of a non-stinging aerosol spray wound dressing is:
PA1  0.01% Amylacetate
PA1  0.47% Ethyl acetate
PA1  3.24% 2-Ethoxyethylmethacrylate
PA1  0.01% Methylmethacrylate
PA1  7.22% Sym-tetrachlorodifluoroethane
PA1  26.00% 1,1,2-trichloro-1,2,2-trifluoroethane
PA1  29.00% Trifluorochloromethane
PA1  24.00% Difluorochloromethane
PA1  .003% 2,4,4-Trichloro-2'-hydroxydiphenyl ether.
DETD
PAC  EXAMPLE 1
PAR  A non-stinging wound dressing particularly suited for dabbing or brushing
      on a wound is prepared by dissolving 50 parts of a 90/10 copolymer of
      2-ethoxyethyl methacrylate/methyl methacrylate in a solvent system of 25
      parts ethyl acetate and 25 parts sym-tetrachlorodifluoroethane.
PAC  EXAMPLE 2
PAR  A non-stinging wound dressing particularly suited for dabbing or brushing
      on a wound is prepared by dissolving 50 parts of a 50/50 copolymer of
      n-butyl/isobutyl methacrylate in 25 parts sym-tetrachlorodifluoroethane
      and 25 parts acetone.
PAC  EXAMPLE 3
PAR  A non-stinging wound dressing particularly suited for dabbing or brushing
      on a wound is prepared by dissolving 50 parts of a 80/20 copolymer of
      n-butyl/methyl methacrylate in 25 parts sym-tetrachlorodifluoroethane, 20
      parts ethyl acetate, and 5 parts ethanol.
PAC  EXAMPLE 4
PAR  An aerosol spray container is charged with 200 g. of a formulation which
      contains
PA1  0.01% amylacetate
PA1  0.47% ethylacetate
PA1  3.24% 2-ethoxyethylmethacrylate
PA1  0.01% methylmethacrylate
PA1  7.22% sym-tetrachlorodifluoroethane
PA1  26.00% 1,1,2-trichloro-1,2,2-trifluoroethane
PA1  39.00% trifluorochloromethane
PA1  24.00% difluorochloromethane
PAR  0.003% 2,4,4'-trichloro-2'-hydroxydiphenyl ether This formulation provides
      about 250 spray-on plastic bandages.
PAC  EXAMPLE 5
PAR  As in Example 4, an aerosol spray formulation without
      2,4,4'-trichloro-2'-hydroxydiphenyl ether.
PAC  EXAMPLE 6
PAR  As in Example 1, a non-stinging wound dressing further containing .001 part
      of 2,4,4'-trichloro-2'-hydroxydiphenyl ether.
PAC  EXAMPLE 7
PAR  As in Example 4, an aerosol spray formulation containing 0.003% benzocaine
      instead of 2,4,4'-trichloro-2'-hydroxydiphenyl ether.
PAC  EXAMPLE 8
PAR  As in Example 4, an aerosol spray formulation containing 0.003% xylocain
      instead of 2,4,4'-trichloro-2'-hydroxydiphenyl ether.
PAC  EXAMPLE 9
PAR  As in Example 4, an aerosol spray formulation containing 0.003% bacitracin
      instead of 2,4,4'-trichloro-2'-hydroxydiphenyl ether.
PAC  EXAMPLE 10
PAR  As in Example 4, an aerosol spray formulation containing 0.003% cortisone
      instead of 2,4,4'-trichloro-2'-hydroxydiphenyl ether.
PAC  EXAMPLE 11
PAR  As in Example 4, an aerosol spray formulation containing 0.003%
      chloromphenicol instead of 2,4,4'-trichloro-2'-hydroxydiphenyl ether.
PAC  EXAMPLE 12
PAR  As in Example 4, an aerosol spray formulation containing 0.003%
      sulfonilamide instead of 2,4,4'-trichloro-2'-hydroxydiphenyl ether.
PAC  EXAMPLE 13
PAR  As in Example 4, an aerosol spray formulation containing 0.003%
      Griseofulvin instead of 2,4,4'-trichloro-2'-hydroxydiphenyl ether.
PAC  EXAMPLE 14
PAR  As in Example 4, an aerosol spray formulation containing 0.003% zinc
      undecylenate instead of 2,4,4'-trichloro-2'-hydroxydiphenyl ether.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an aerosol wound dressing of the type having in an aerosol spray
      container pressurized with dichlorodifluoromethane,
      1,1,2-trichloro-1,2,2-trifluoroethane, or trichlorofluoromethane which
      contains a film forming plastic material selected from the group
      consisting of N-butyl methacrylate, isobutyl methacrylate, 2-ethoxyethyl
      methacrylate, methyl methacrylate, 2-ethoxyethyl methacrylate/methyl
      methacrylate(90/10 copolymer), N-butyl methacrylate/isobutyl
      methacrylate(50/50 copolymer), or N-butyl methacrylate/methyl
      methacrylate(80/20 copolymer) in a solvent system, the improvement which
      comprises a solvent system having sym-tetrachlorodifluoroethane alone or
      at least 50% sym-tetrachlorodifluoroethane in combination with methanol,
      ethanol, acetone, methyl ethyl ketone, ethyl acetate, or amyl acetate;
      said improvement rendering the aerosol wound dressing non-stinging.
NUM  2.
PAR  2. As in claim 1, a non-stinging aerosol spray wound dressing comprising:
PA1  0.1% amylacetate
PA1  0.47% ethylacetate
PA1  3.24% 2-ethoxyethylmethacrylate
PA1  0.01% methylmethacrylate
PA1  7.22% sym-tetrachlorodifluoroethane
PA1  26.00% 1,1,2-trichloro-1,2,2-trifluoroethane
PA1  39.00% trifluorochloromethane
PA1  24.00% difluorochloromethane
PAL  in an aerosol spray container.
NUM  3.
PAR  3. As in claim 1, a non-stinging aerosol spray wound dressing further
      comprising .003% 2,4,4'-trichloro-2'-hydroxydiphenyl ether.
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ABST
PAL  This invention relates to new and improved oral preparations and
      particularly to preparations having the effect of inhibiting dental caries
      in the mouth. This invention has identified a number of compounds which
      are effective as antimicrobial agents against cariogenic streptococci and
      which would be effective for use in oral preparations as a means to reduce
      dental caries.
BSUM
PAR  The underlying causes of dental caries are multifaceted. One aspect is the
      microbiological one. In order for caries to develop, infection by
      microorganisms has to occur.
PAR  During recent years it has been found that the organisms most often
      associated with the formation of multisurface caries are certain salivary
      streptococci belonging to the strep mutans group. These multi-surface
      caries are particularly prevalent in children and young adults; the
      socalled rampant caries belong to this type. The cariogenic organisms
      appear to have the special capability of developing a high molecular
      weight, water-insoluble type of dextran from sucrose. This dextran is
      believed to be a major constituent of the dental plaque normally
      associated with dental caries.
PAR  Various means have been contemplated for controlling the amount of plaque
      in the mouth. The use of certain enzymes such as Pancreatin is disclosed
      in U.S. Pat. No. 3,235,460 as effective to inhibit the formation of dental
      plaque. Commonly-assigned U.S. Pat. application Serial No. 124,465 filed
      Mar. 15, 1971 discloses several surface active agents which are also
      effective to inhibit or reduce the formation of dental plaque.
PAR  It has also been proposed to employ direct bactericidal action on the
      cariogenic microorganisms to assist in the reduction or prevention of
      dental caries. U.S. Pat. Nos. 2,921,886 and 3,450,812 respectively
      disclose alkyl morpholine compounds and nitrogen based compounds having an
      empirical formula of C.sub.38 H.sub.61 NO.sub.14 as antimicrobials which
      are effective as anticaries agents.
PAR  This invention has identified a number of compounds which have been found
      to be antimicrobial against cariogenic streptococci. These compounds have
      the apparent ability to either inhibit the growth of or destroy selected
      cariogenic streptococci.
PAR  Coupled with the problem of identifying antimicrobial compounds effective
      in reducing dental caries is the necessity of finding a means whereby the
      effective substance may be permitted to act in the mouth. The problemm is
      rendered even more complex by the necessity that the substance possess
      certain requisite supplementary characteristics such as satisfactory
      properties from the viewpoint of oral toxicity, acute chronic toxicity,
      non-sensitization, non-irritation of mucous membranes, etc.
PAR  An important feature of this invention is the use of compounds which have
      low toxicity and which may be readily incorporated into a variety of oral
      preparations.
PAR  Broadly, the present invention relates to an oral preparation for the
      inhibition of dental caries having as an active ingredient a compound
      which has been newly found to be antimicrobial against cariogenic
      streptococci. These preparations can take the form of toothpastes, tooth
      powders and mouth washes, or the like, but since it is highly desirable to
      have the active ingredient present in the mouth for extended periods, the
      preparations may also be in the form of chewing gum or of a lozenge or
      drop which can be slowly dissolved in the mouth.
PAR  The compounds of this invention which have been found to be highly
      effective as antimicrobials against cariogenic streptococci are sodium
      tripolyphosphate, sodium hexameta-phosphate, disodium salt of
      9-o-carboxyphenyl-6-hydroxy-2, 4, 5, 7-tetraiodo-3-isoxanthone (FD&C Red
      No. 3), sodium-palmitoyl-L-lysine-L-lysine ethyl ester dihydrochloride,
      sodium-palmitoyl-L-lysine-L-lysine amide dihydrochloride, hop extract
      resins (e.g. lupulone and humulone).
PAR  Compounds which have shown some activity as antimicrobials against
      cariogenic streptococci but which are not considered part of this
      invention are calcium dihydrogenphosphate, sodium phosphate, sodium
      trimetaphosphate and L-lysine-n-doceyl ester dihydrochloride.
PAR  It is also possible to incorporate various adjuvant materials into the oral
      preparations of this invention. The oral preparation may contain such
      materials in suitable amounts provided they are compatible with the
      antimicrobial compounds and the essential properties of the oral
      preparation.
PAR  Added ingredients in the oral preparations may also seek to reduce the
      incidence of dental caries such as the incorporation of enzymes or other
      materials which are effective to inhibit the production of dental plaque.
PAR  Such materials as sweeteners, flavoring oils, coloring or whitening agents,
      preservatives, alcohols and the like may be readily incorporated into the
      oral preparations of this invention. Dentifrice formulations should also
      contain as a major proportion of the solid ingredients water-insoluble
      abrasives or polishing agents such as calcium carbonate, tricalcium
      phosphate, bentonite, etc.
PAR  In the preparation of tooth powders it is usually sufficient to
      mechanically blend the various solid ingredients, including effective
      amounts of the antimicrobial compound and abrasives, into a homogeneous
      powder.
PAR  Mouth washes or rinses prepared in accordance with this invention will
      usually comprise an effective amount of the antimicrobial compound
      dissolved in a suitably flavored liquid vehicle such as an aqueous
      alcoholic vehicle.
PAR  The lozenges or troches contemplated by this invention are prepared by
      mixing particles of the antimicrobial compound with mucilage and natural
      or artificial sweeteners and flavoring agents. Gelatin and water is also
      an effective base for these candy-like products. Chewing gum can be
      prepared by the substitution of a standard gum base for the mucilage.
      Suitable bulking agents or fillers may be added to any of these edible
      products.
PAR  The oral preparations of this invention may be prepared in accordance with
      the skill and practice of the prior art. The distinguishing feature of
      this invention is the inclusion of an effective amount of selected
      antimicrobial compounds to reduce the incidence of dental caries. These
      antimicrobial compounds may be incorporated into the oral preparation
      either as a substitute for or in addition to other anti-caries agents
      which have previously been discovered and employed by the prior art.
PAR  The antimicrobial compounds or combination of compounds of this invention
      should be present in the oral preparations in an amount sufficient to
      produce an effective concentration of the compounds in the mouth. Normally
      this involves the formation of oral preparations which contain the
      antimicrobial compound at about 0.002% to 5% by weight; although, it will
      be readily appreciated by those skilled in the art that the phosphate and
      FD & C Red No. 3 antimicrobials of this invention will normally be used at
      the high end of this use range, say 0.3% to 5%, while the dipeptide and
      the hop extract resin antimicrobials of this invention will normally be
      used at the low end of the use range, say 0.002% to 0.3%.
PAR  The compounds of this invention were shown to be antimicrobial against
      cariogenic streptococcus by their effect on known cariogenic streptococci.
      The compounds were tested at various concentrations in a thioglycollate
      broth medium inoculated with a known amount of cariogenic organisms and
      were quantitatively compared with control cultures which did not contain
      the antimicrobial compound. Additional cultures containing equivalent
      amounts of compounds found to be less effective as antimicrobial against
      cariogenic streptococci were also investigated; however, these compounds
      are not considered as part of this invention.
PAR  Selected cultures were qualitatively evaluated by comparing the amount of
      dextran produced during three days of growth. According to the procedure
      for this test the cariogenic organisms were placed in glass tubes
      containing Streptococcus Salivarius-Mitis agar (Difco) together with 5%
      sucrose, a pinch of calcium carbonate and the antimicrobial compound
      (except control). After 72 hours the insoluble material containing both
      organisms and dextran was separated by centrifugation and dissolved in
      cold 1N potassium hydroxide. This solution is then refrigerated for two
      hours and centrifuged to remove the organisms. The clarified solution is
      then mixed with sufficient ethanol to bring the alcohol content to 70% by
      weight and placed in a refrigerator overnight, during which time the
      dextran precipitates. The precipitated material is separated and the
      amount of carbohydrate (dextran) is visually compared.
PAR  The results are summarized in the Tables below.
TBL                                    Table 1                                 

     __________________________________________________________________________

     pH adjusted to 7.2 before inoculation                                     

                            period: 24 hours                                   

     inoculum: 5.times.10.sup.4 (FA-1 organisms/ml.)                           

                            temperature: 37.degree.C                           

     compound       concentration                                              

                            final count                                        

                    (weight %)                                                 

                            (FA-1 organisms/ml.)                               

     __________________________________________________________________________

     control                1.2 .times. 10.sup.9                               

     sodium phosphate                                                          

                    1.0     6 .times. 10.sup.7                                 

     Na.sub.3 PO.sub.4                                                         

     calcium dihydrogenphosphate                                               

                    1.0     2 .times. 10.sup.6                                 

     Ca(H.sub.2 PO.sub.4).sub.2.H.sub.2)O                                      

     sodium tripolyphosphate                                                   

                    1.0     3 .times. 10.sup.3                                 

     Na.sub.5 P.sub.3 O.sub.10                                                 

     sodium hexametaphosphate                                                  

                    1.0     &lt;1                                                 

     Na(PO.sub.3).sub.6                                                        

     __________________________________________________________________________

TBL                Table 2                                                     

     ______________________________________                                    

     pH adjusted to 7.0 before inoculation                                     

                            temperature: 37.degree.C                           

     inoculum: 1.times.10.sup.4 (FA-1 organisms/ml.)                           

                            period: 24 hours                                   

     compound         concentration                                            

                                  final count                                  

                      (weight %)  (organisms/ml)                               

     ______________________________________                                    

     control                      &gt;3 .times. 10.sup.9                          

     sodium hexametaphosphate                                                  

                      1           15                                           

     "                0.3         9 .times. 10.sup.7                           

     "                0.1         &gt;3 .times. 10.sup.9                          

     sodium tripolyphosphate                                                   

                      1           32                                           

     "                0.3         3 .times. 10.sup.8                           

     "                0.1         2.6 .times. 10.sup.9                         

     calcium dihydrogenphosphate                                               

                      1           4 .times. 10.sup.3                           

     "                0.3         7 .times. 10.sup.7                           

     "                0.1         2 .times. 10.sup.9                           

     ______________________________________                                    

TBL                Table 3                                                     

     ______________________________________                                    

     pH adjusted to 7.0 before inoculation                                     

                            period: 3 days                                     

     inoculum: FA-1         temperature: 37.degree.C                           

     compound          concentration                                           

                                    dextran                                    

                       (weight %)                                              

     ______________________________________                                    

     control                        +++                                        

     sodium tripolyphosphate                                                   

                       1.0          0                                          

     "                 0.1          ++                                         

     calcium dihydrogenphosphate                                               

                       1.0          0                                          

     "                 0.1          ++                                         

     sodium hexametaphosphate                                                  

                       1.0          +                                          

     "                 0.1          ++++                                       

     sodium phosphate  1.0          ++                                         

     "                 0.1          ++                                         

     ______________________________________                                    

TBL                Table 4                                                     

     ______________________________________                                    

     pH adjusted to 7.0 before inoculation                                     

                            period: 24 hours                                   

     inoculum: 2.times.10.sup.4 (SL-1 organisms/ml)                            

                            temperature: 37.degree.C                           

     compound         concentration                                            

                                  final count                                  

                      (weight%)   (organisms/ml)                               

     ______________________________________                                    

     control                      5 .times. 10.sup.8                           

     sodium tripolyphosphate                                                   

                      1.0         3 .times. 10.sup.2                           

     control                      3 .times. 10.sup.5                           

     sodium dihydrogenphosphate                                                

                      1.0         0                                            

     sodium hexametaphosphate                                                  

                      1.0         0                                            

     "                0.3         1 .times. 10.sup.4                           

     ______________________________________                                    

TBL                Table 5                                                     

     ______________________________________                                    

     inoculum: 2.1.times.10.sup.3 (FA-1 organisms/ml)                          

                          period: 24 hours                                     

                          temperature: 37.degree.C                             

     compound    concentration final count                                     

                 (weight %)    (organisms/ml)                                  

     ______________________________________                                    

     control                   6 .times. 10.sup.8                              

     FDC Red No. 3                                                             

                 1             &lt;10.sup.6                                       

     FDC Red No. 3                                                             

                 0.1           1 .times. 10.sup.6                              

     FDC Red No. 3                                                             

                 0.01          2.7 .times. 10.sup.8                            

     ______________________________________                                    

TBL                Table 6                                                     

     ______________________________________                                    

     inoculum: 3.2.times.10.sup.3 (FA-1 organisms/ml)                          

                          period: 48 hours                                     

                          temperature: 37.degree.C                             

     compound        concentration                                             

                                 final count                                   

                     (weight %)  (organisms/ml)                                

     ______________________________________                                    

     control                      2 .times. 10.sup.8                           

     Na-palmitoyl-L-lysine-L-                                                  

                     0.001       &lt;10.sup.4                                     

     lysine-ethyl ester dihydro-                                               

     chloride                                                                  

     Na-palmitoyl-L-lysine-L-                                                  

                     0.001       &lt;10.sup.4                                     

     lysine amide dihydro-                                                     

     chloride                                                                  

     L-lysine-n-doceyl ester                                                   

                     0.1         &lt;10.sup.6                                     

     dihydrochloride                                                           

     L-lysine-n-doceyl ester                                                   

                     0.01        1.7 .times. 10.sup.5                          

     dihydrochloride                                                           

     ______________________________________                                    

TBL                Table 7                                                     

     ______________________________________                                    

     inoculum: 1.times.10.sup.5 (FA-1 organisms/ml)                            

                          period: 72 hours                                     

                          temperature: 37.degree. C                            

     compound     concentration                                                

                              dex-    final count                              

                  (weight %)  tran    (organisms/ml)                           

     ______________________________________                                    

     control                  +++     5 .times. 10.sup.8                       

     hop extract  0.01        0       9 .times. 10.sup.2                       

     (S.S.Steiner Inc.)                                                        

     "            0.005       +       8 .times. 10.sup.4                       

     "            0.001       ++      1 .times. 10.sup.5                       

     "            0.0005      ++      3 .times. 10.sup.6                       

     ______________________________________                                    

TBL                Table 8                                                     

     ______________________________________                                    

     inoculum: 5.times.10.sup.7 (FA-1 organisms/ml)                            

                          period: 24 hours                                     

                          temperature: 37.degree.C                             

     compound    concentration final count                                     

                 (weight %)    (organisms/ml)                                  

     ______________________________________                                    

     control                   3 .times. 10.sup.8                              

     FDC Red No. 3                                                             

                 1             &lt;1                                              

     FDC Red No. 3                                                             

                 0.3           &lt;1                                              

     ______________________________________                                    

DETD
PAC  EXAMPLE
PAR  A chewing gum is prepared having the following composition:
TBL                       grams                                                

     Sucrose                1239                                               

     Chicle Gum Base        413                                                

     Corn Syrup 43.degree. Baume                                               

                            314                                                

     Glycerol               15                                                 

     Flavor, Spearmint      15                                                 

     Hop Extract (S.S. Steiner Inc.)                                           

                            5.3                                                

PAR  The ingredients are mixed by softening the gum base for ten minutes at
      150.degree.F in a one gallon mixer. The glycerol and corn syrup were added
      to the base and mixed for five minutes. The sugar and active ingredient
      were then added and mixing continued for another five minutes. The mixture
      was then cooled and the flavor was added and mixed for two minutes. The
      mixture was then formed into sheets and scored into sticks.
PAR  The precise mechanism by which the various compounds of this invention
      either inhibit or destroy the growth of cariogenic streptococci is not
      precisely known; however, this does not preclude the use of this invention
      or of variations or modifications thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for reducing the incidence of dental caries comprising placing
      in the mouth an oral preparation containing from 0.002% to 0.3% by weight
      of an antimicrobial compound selected from the group consisting of
      sodium-palmitoyl-L-lysine-L-lysine ethyl ester,
      sodium-palmitoyl-L-lysine-L-lysine amide dihydrochloride and combinations
      thereof, said preparation capable of producing an effective concentration
      of the compound in the mouth to be antimicrobial against cariogenic
      streptococci.
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ABST
PAL  A dentifrice which contains a non-cariongenic humectant sweetener. The
      dentifrice contains non-cariogenic xylitol which has the sweetening
      strength of sucrose and which also serves as a humectant.
PARN
PAR  This is a continuation-in-part of my copending application, Ser. No.
      317,696, filed on Dec. 22, 1972 now abandoned, the benefit of which filing
      date is claimed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved dentifrice. In particular it relates
      to a dentifrice containing a non-cariogenic sweetener which also acts as a
      humectant and in some instances as the sole humectant and sweetening
      component.
PAR  The various sweeteners that have been used in dentifrice must be used with
      a humectant to give a satisfactory product. Xylitol, a pentitol, has the
      sweetening strength of sucrose, is non-cariogenic, and has humectant
      properties sufficient to prevent orifice plugging of an uncapped tube of
      toothpaste.
PAR  The importance of the non-cariogenic property in a dentifrice sweetener is
      obvious. The combination of sweetening and humectant properties in a
      single compound improves the product and simplifies formulation by making
      it possible to reduce or even eliminate the content of the standard
      dentifrice humectants.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a non-cariogenic dentifrice
      sweetener which also acts as a humectant.
PAR  It is another object of this invention to provide a non-cariogenic
      dentifrice sweetener which may be used in place of part or all of the
      standard dentifrice humectants and in certain instances, as a full
      replacement for all the sweetening agents.
PAR  It is still another object of this invention to provide a non-cariogenic
      dentifrice for use in oral hygiene. Other objects will be apparent from a
      consideration of the specification which follows.
PAR  The essential ingredients of my improved dentifrice are an abrasive, water,
      detergent, and xylitol. If desired, the dentifrice may also contain
      additional ingredients, such as gums, fluorine containing compounds,
      flavors, etc.
PAR  Suitable abrasives include, for example, dicalcium phosphate, tricalcium
      phosphate, insoluble sodium metaphosphate, aluminum hydroxide, magnesium
      carbonate, calcium carbonate, calcium pyrophosphate, calcium sulfate,
      silica, sodium aluminum silicate, polymethacrylate, bentonite, etc., or
      mixtures of these materials.
PAR  The detergent may be an organic anionic, nonionic, ampholytic or cationic
      surface-active agent, preferably one which imparts detersive and foaming
      properties.
PAR  Suitable detergents are water-soluble salts of higher fatty acid
      monosulfates, such as the sodium salts of the mono-sulfated monoglyceride
      of hydrogenated coconut oil fatty acids, higher alkyl sulfates, such as
      sodium dodecyl benzene sulfonate, higher alkyl sulfoacetates, higher fatty
      acid esters of 1, 2 dihydroxy propane sulfonates, and the substantially
      saturated higher aliphatic acyl amides of lower aliphatic amine carboxylic
      acid compounds, such as those having 12 to 16 carbon atoms in the fatty
      acid, alkyl or acyl radicals, and the like. Examples of the last-mentioned
      amides are N-lauroyl sarcosine, and the sodium, potassium and ethanolamine
      salts of N-lauroyl, N-myristoyl or N-palmitoyl sarcosinates, all
      substantially free of soap or similar higher fatty acid material.
PAR  Other suitable detergents include nonionic agents, such as condensates or
      sorbitan monostearate with approximately 60 moles of ethylene oxide,
      condensates of propylene glycol ("Pluronics") and cationic surface-active
      germicides and antibacterial compounds such as
      di-isobutylphenoxyethoxyethyl ammonium chloride, tertiary amines having
      one fatty alkyl group of from 12 to 18 carbon atoms and two (poly)
      oxyethylene groups attached to the nitrogen (typically containing a total
      of from about two to fifty ethenoxy groups per molecule) and salts thereof
      with acids, and compounds of the structure:
      ##EQU1##
      where R is a fatty alkyl group containing from about 12 to 18 carbon
      atoms, and x, y and z total 3 or higher, as well as salts thereof with
      mineral or organic acids.
PAR  Suitable gums or gelling agents include the natural and synthetic gums and
      gumlike materials, such as Irish moss, gum tragacanth, sodium
      carboxymethyl cellulose (CMC), polyvinylpyrrolidone, starch, and inorganic
      thickeners such as "Cabosil" fumed silicon dioxide, "Laponite" (hydrous
      magnesium silicate clay), Syloid 244 (aerogel silica), and other organic
      and inorganic materials.
PAR  The fluorine-containing compound may be sodium fluoride, stannous fluoride,
      potassium fluoride, potassium stannous fluoride (SnF.sub.2, KF), sodium
      hexafluorostannate, stannous chlorofluoride, sodium fluorozirconate, and
      sodium monofluorophosphate.
PAR  The flavoring material may be a flavoring oil, such as oils of spearmint,
      peppermint, wintergreen, clove, sage, eucalyptus, marjoram, cinnamon and
      lemon. Where a non-bitter flavor such as orange, sodium methyl salicylate
      or anise licorise is employed, xylitol may serve as the sole sweetener in
      addition to being the humectant. Still other materials may be incorporated
      in the dentifrice for various purposes. Examples of these materials are
      coloring or whitening agents, preservatives, silicones, chlorophyll
      compounds, ammoniated materials such as urea, diammoniumphosphate, and
      mixtures thereof, antibacterial agents, etc.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A dentifrice containing my novel humectant-sweetener may have a composition
      within the limits set forth below.
TBL  ______________________________________                                    

     Abrasive                   10-75%                                         

     Water                      10-40%                                         

     Humectant, e.g., glycerine,                                               

     sorbitol                   0-50%                                          

     Detergent                  0.5-5%                                         

     Flavor                     0.1-5%                                         

     Fluoride ion               0.05-2%                                        

     Sweetening agents          0-2%                                           

     Binding agents (gums and inorganic                                        

     gelling agents)            up to 10%                                      

     Xylitol                    5-60%                                          

     ______________________________________                                    

PAR  The preferred xylitol content of the dentifrice is from about 10% to about
      25% To avoid a bitter taste (or aftertaste) the amount of water present
      should be no more than that required to give at least a 10 or 15% solution
      of xylitol. The amount of standard humectant used will depend on the
      xylitol content. If a dentifrice contains at least about 15-20% xylitol it
      is not necessary to use an additional humectant because orifice plugging
      will not occur when the toothpaste tube is left uncapped overnight.
      Preferably about 0.2% of a standard sweetening agent will be used. The
      exact amount of this ingredient will depend mainly on the taste desired.
      The amounts of the other ingredients may be varied as desired.
DETD
PAR  The following specific examples are further illustrative of the nature of
      the present invention but it is to be understood that the invention is not
      limited thereto. The amounts and proportions in the examples are by weight
      unless otherwise indicated.
TBL  ______________________________________                                    

     Example 1                                                                 

     ______________________________________                                    

     Xylitol                   5.00%                                           

     Carboxymethyl cellulose   1.10                                            

     Glycerine                 9.99                                            

     Sorbitol                  11.90                                           

     Sodium benzoate           0.50                                            

     Water                     24.00                                           

     Na.sub.2 PO.sub.3 F       0.76                                            

     TiO.sub.2                 0.40                                            

     Insoluble sodium metaphosphate                                            

                               36.85                                           

     Hydrated alumina          5.00                                            

     Anhydrous dicalcium phosphate                                             

                               1.00                                            

     Sodium lauryl sarcosinate 2.00                                            

     Flavor                    1.50                                            

     TOTAL                     100.00%                                         

     ______________________________________                                    

PAR  When the teeth are brushed with this dental cream a pleasant taste develops
      and remains in the oral cavity during brushing and for a short time
      thereafter.
TBL  ______________________________________                                    

     Example II                                                                

     ______________________________________                                    

     Xylitol                   10.00%                                          

     Carboxymethyl cellulose   0.90                                            

     Glycerine                 9.99                                            

     Sorbitol                  7.00                                            

     Sodium benzoate           0.50                                            

     Water                     19.60                                           

     Na.sub.2 PO.sub.3 F       0.76                                            

     TiO.sub.2                 0.40                                            

     Insoluble sodium metaphosphate                                            

                               41.85                                           

     Hydrated alumina          1.00                                            

     Anhydrous dicalcium phosphate                                             

                               5.00                                            

     Sodium lauryl sarcosinate 2.00                                            

     Flavor                    1.00                                            

     TOTAL                     100.00%                                         

     ______________________________________                                    

PAR  When the teeth are brushed with this composition, the results are generally
      the same as those obtained with the composition of Example I.
TBL  ______________________________________                                    

     Example III                                                               

     ______________________________________                                    

     Xylitol                   10.00%                                          

     Carboxymethyl cellulose   1.10                                            

     Glycerine                 22.00                                           

     Sodium benzoate           0.50                                            

     Water                     24.59                                           

     Na.sub.2 PO.sub.3 F       0.76                                            

     CaCO.sub.3                37.25                                           

     Hydrated alumina          1.00                                            

     Sodium lauryl sulfate     1.50                                            

     Flavor                    1.30                                            

     TOTAL                     100.00%                                         

     ______________________________________                                    

PAR  Despite certain differences in the ingredients when the teeth are brushed
      with this composition the results are generally the same as those obtained
      with the compositions of Examples I and II.
TBL  ______________________________________                                    

     Example IV                                                                

     ______________________________________                                    

     Xylitol                   25.00%                                          

     Carboxymethyl cellulose   0.90                                            

     Glycerine                 1.71                                            

     Sodium benzoate           0.50                                            

     Water                     19.88                                           

     Na.sub.2 PO.sub.3 F       0.76                                            

     TiO.sub.2                 0.40                                            

     Insoluble sodium metaphosphate                                            

                               41.85                                           

     Hydrated alumina          1.00                                            

     Anhydrous dicalcium phosphate                                             

                               5.00                                            

     Sodium lauryl sarcosinate 2.00                                            

     Flavor                    1.00                                            

     TOTAL                     100.00%                                         

     ______________________________________                                    

PAR  When the teeth are brushed with this composition, the results are generally
      the same as those obtained when the compositions of the previous examples
      are used. In addition, no orifice plugging occurs when the tube is left
      uncapped overnight.
TBL  ______________________________________                                    

     Example V                                                                 

     ______________________________________                                    

     Xylitol                   50.00%                                          

     Carboxymethyl cellulose   1.00                                            

     Sodium benzoate           0.50                                            

     Water                     20.50                                           

     Sodium aluminum silicate  25.00                                           

     Sodium lauryl sulfate     2.00                                            

     Flavor                    1.00                                            

     TOTAL                     100.00%                                         

     ______________________________________                                    

PAR  Again, despite the differences in the ingredients the results obtained when
      this composition is used are generally the same as those obtained with the
      compositions of the previous examples.
PAR  It will be apparent to those skilled in the art that various modifications
      may be made to the specific compositions described and equivalents
      substituted therefor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dental cream requiring a humectant, said humectant consisting
      essentially of at least about 15% by weight of xylitol, effective, as sole
      humectant, to prevent orifice plugging when said cream is left uncapped
      overnight.
NUM  2.
PAR  2. The composition claimed in claim 1 wherein the xylitol content is from
      about 15 to about 60% by weight.
NUM  3.
PAR  3. The composition claimed in claim 1 wherein the xylitol content is from
      about 15 to about 25% by weight.
NUM  4.
PAR  4. The composition claimed in claim 1 wherein there is present abrasive
      material and detergent.
NUM  5.
PAR  5. The composition claimed in claim 2 wherein there is present abrasive
      material and detergent.
NUM  6.
PAR  6. The composition claimed in claim 3 wherein there is present an
      additional sweetening agent and a flavor material.
NUM  7.
PAR  7. The composition claimed in claim 1 wherein said xylitol is the sole
      sweetening agent.
NUM  8.
PAR  8. The composition claimed in claim 7 additionally containing a non-bitter
      flavor.
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ABST
PAL  N-haloamines also containing a hydroxy group, a sulfonic acid group, and
      N-acyl group or a carboxylic acid group are useful in treating teeth to
      remove caries, dissolve or remove plaque, to help in the prevention of
      calculus formation and in the brightening of teeth. The compounds can be
      used in solution or in carrier form as a paste.
BSUM
PAR  The present invention relates to the treatment of teeth in dentistry and to
      the cleaning of teeth both in dentistry and in personal hygiene.
PAR  An object of the invention is to provide a method of treating teeth in
      dentistry for the removal of plaque and caries, and prevention of the
      building up of calculus.
PAR  Another object is to provide a method of treating teeth in dentistry which
      removes only plaque and caries, whilst leaving the remainder of the tooth
      unaffected.
PAR  Yet another object is to provide a method of treating teeth in dentistry by
      removing plaque and caries, thus reducing the needs of mechanical removal
      by drills, burrs and hand tools to a minimum or eliminating them
      completely.
PAR  A still further object is to provide a method of treating teeth in
      dentistry which, even if accidentally prolonged beyond an optimum period,
      will remove only plaque and caries and leave the remainder of the tooth,
      e.g., dentine or enamel, entirely unaffected.
PAR  A still further object is to provide a method of treating teeth in
      dentistry, for removal of plaque and caries, which is completely painless
      to the patient, in that it avoids vibration resulting from use of power
      operated tools, and pressure on sensitive portions of a tooth by
      hand-manipulated tools.
PAR  The brightening of teeth is a persistent goal of modern dentistry. By their
      nature, teeth are easily stained, and difficult to clean effectively, and
      it is accordingly necessary for efficient cleaning agents to be used.
PAR  Known cleaning agents, whilst being effective to clean teeth, also tend to
      corrode metal parts of dental appliances and fitments. For example,
      aqueous sodium hypochlorite has been used hitherto as a tooth brightener,
      but is not currently used because of its corrosive and therefore
      destructuve effects.
PAR  It is therefore an additional object of this invention to provide a tooth
      brightening agent which is effective in cleaning the teeth but is not
      corrosive to metal parts.
PAR  Another object is to provide an agent for regular use in personal hygiene,
      say on an everyday basis, for removing stains from the teeth, and/or
      preventing the build-up of stains, thereby brightening the teeth.
PAR  Yet another object is to provide a cleaning agent, for brightening the
      teeth, which can be manufactured and sold in tablet form for use in water,
      as a mouth-wash.
PAR  A further object is to provide a cleaning agent, for brightening the teeth,
      which can be produced by mixing of two solutions, at the time of use, for
      use as a mouth-wash.
PAR  It has now been found that the above mentioned objects can be attained by
      treating teeth to remove caries, dissolve (or otherwise remove plaque),
      prevent calculus formation and brighten teeth can be accomplished by
      bringing the teeth into contact with an N-haloamine also containing a
      hydroxy group, a sulfonic acid group, an N-acyl group or a carboxylic acid
      group. The halogen has an atomic weight of 35 to 127. Unless otherwise
      indicated in the present specification and claims the term "N-halo" means
      "N-monohalo."
PAR  The N-halo compounds of the present invention are normally employed in
      aqueous solution but they can be employed in thicker compositions such as
      toothpastes.
PAR  Many of the N-Halo compounds are unstable and they are conveniently
      prepared by reacting an alkali metal or alkaline earth metal hypohalite,
      preferably hypochlorite, with the amino compounds.
PAR  Suitable hypohalites are of the formula MOX and/or M.sup.2 X (OX) and/or
      M.sup.2 (OX).sub.2, where M is Li, Na, K, Rb, or Cs, and wherein M.sup.2
      is Ca, Sr, or Ba, and where X is Cl, Br and/or I.
PAR  Examples of suitable hypohalites include sodium hypochlorite, potassium
      hypobromite, sodium hypoiodite, potassium hypoiodite, potassium
      hypobromite, rubidium hypochlorite cesium hypochlorite, calcium
      hypobromite, strontium hypochlorite and barium hypochlorite.
PAR  For reacting with the hypohalite to form the N-halo compounds of the
      invention there can be used either inorganic compounds such as sulfamic
      acid or organic compounds containing 2 to 11 carbon atoms, e.g. glycine,
      sarcosine, alphaaminoisbutyric acid, taurine, 2-aminoethanol,
      N-acetylglycine, alanine, beta-alanine, serine, phenyl alanine, norvaline,
      leucine, isoleucine, proline, hydroxyproline, omega aminoundecanoic acid,
      aspartic acid, glutamic acid, asparagine, valine, tyrosine, threonine,
      cysteine, cystine, methionine, glutamine, tryptophane, histidine,
      arginine, lysine, alpha-aminobutyric acid, gamma-amino-butyric acid,
      alpha, epsilon diamino pimelic acid, ornithine, hydroxyl lysine,
      anthranilic acid, p-aminobenzoic acid, sulfanilic acid, orthanilic acid,
      phenyl sulfamic acid, aminopropanesulfonic acid, metanilic acid,
      octadecaynl glycine, 2-aminopropanol, diethanolamine ethylenediamine
      tetraacetic acid (EDTA) nitrilotriacetic acid, taurine and
      aminomethanesulfonic acid; polypeptides, e.g. glycylglycine,
      glycylglycylglycine etc., also can be used.
PAR  Examples of N-halo compound include N-chloroglycine N-halosulfamic acid,
      N-halosarcosine, N-halo alpha aminoisobutyric acid, N-haloasparagine,
      N-halotryptophane, N-halolysine, N-halo alpha-aminobutyric acid, N-halo
      orthanilic acid, N-halo nitrilotriacetic acid, N-haloglycylglycine,
      N-haloglycylglycylglycine, N-halometanilic acid, N-halo-N-octadecanyl
      glycine, N-Bromoglycine, N-iodoglycine, N-chlorosarcosine,
      N-bromosarcosine, N-iodosarcosine, N-chloro alpha amino isobutyric acid,
      N-chlorotaurine N-bromotaurine, N-iodotaurine,
      N-chloroaminomethanesulfonic acid N-chloroethanolamine, N-chloro-N-acetyl
      glycine, N-bromoethanolamine, N-iodoethano-lamine, N-iodo-N-acetyl
      glycine, N-bromo N-acetyl glycine, N-chloroalanine, N-chloro beta alanine,
      N-bromo beta alanine, N-chloroserine, N-bromoserine, N-iodoserine,
      N-chloro-N-phenylalanine, N-chloroisoleucine, N-chloro-norvaline,
      N-chloroleucine, N-bromoleucine, N-iodoleucine, N-chloroproline,
      N-bromoproline, N-iodoproline, N-chloro hydroxyproline, N-chloro omega
      aminoundecanoic acid, N-chloroaspartic acid, N-bromoaspartic acid,
      N-chloroglutamic acid, N-iodoglutamic acid, N-chlorovaline,
      N-chlorotyrosine, N-bromo-tyrosine, N-iodotyrosine, N-chlorothreonine,
      N-chlorocysteine, N-chlorocystine, N-chloromethionine, N-chlorohistidine,
      N-chloroarginine, N-chloroglutamine, N-bromoglutamine, N-chlorolysine,
      N-chloro gamma aminobutyric acid, N-chloro alpha, epsilon diaminopimelic
      acid, N-chloroornithine, N-chloro hydroxy lysine, N-chloroanthranilic
      acid, N-chloro p-aminobenzoic acid, N-chlorosulfanilic acid, N-chloro
      phenylsulfamic acid, N-chloro aminopropanesulfonic acid,
      N-chloro-propanolamine, N-chloro-diethanolamine, N-chloro ethylene diamine
      tetraacetic acid (in this compound the nitrogen atom apparently functions
      as a quaternary nitrogen).
PAR  Preferably there are employed N-halo amino carboxylic acids, e.g.
      aminoalkanoic acids free of divalent sulfur or free of a heterocyclic ring
      since when the divalent sulfur atom or the heterocyclic ring is present
      the N-halo compound has a very short half life.
PAR  The N-bromo and N-iodo compounds are the most effective but they have
      shorter half lifes than the N-chloro compounds and hence the N-chloro
      compounds are usually employed. Preferably the N-halo amino group is
      directly attached to an aliphatic carbon atom. Compounds which have an
      unpleasant odor preferably are not employed.
PAR  In Goldman et al application Ser. No. 197,966 filed Nov. 11, 1971 and now
      abandoned there is disclosed the treatment of teeth to remove caries,
      dissolve plaque and prevent the development or buildup of calculus by the
      use of sodium, potassium or calcium hypochlorite at a pH of 9 to 11.5.
      Goldman et al disclose there can be used non toxic buffering agents and
      states that a preferred buffering agent is a mixture of glycine, sodium
      chloride and sodium hydroxide and specifically shows a mixture of an 0.5%
      solution of sodium hypochlorite, 1% glycine hydrochloride and sufficient
      sodium hydroxide to bring the pH to about 10.0. He also discloses adding a
      mixture of 1 ml of flavor, 98 ml of a buffer solution 0.05 molar in
      glycine, 0.05 mole in sodium hydroxide and 0.05 molar in sodium chloride
      and 1 ml of 5% NaOCL to 500 ml of water and making the product up to 1000
      ml with water. While Goldman et al did not realize it they were making
      N-chloroglycine in situ by this procedure and it was the N-chloro glycine
      which was the active agent in their process. Applicant makes no claim to
      what is disclosed in said Goldman et al application (The entire disclosure
      of which is hereby incorporated by reference) but to make the disclosure
      complete will set forth examples including N-chloroglycine.
PAR  Sodium hypochlorite and the other hypochlorites are irritating to the
      mucous lining of the mouth. Hence it is desirably not present in the final
      solution.
PAR  The parent nitrogen containing compound is preferably used in excess, e.g.,
      the molar ratio of the parent nitrogen containing compound to available
      X.sup.+ (from the hypochlorite) should be 1:1 or greater, and preferably
      in the range of 2:1 to 15:1, most preferably 7:1. A mixture of nirtogen
      containing compounds can be used.
PAR  The available active X.sup.+ concentration should preferably lie between
      0.01% and 6%, and more preferably 0.05% and 1%.
PAR  The solutions should be used at a pH in the range of pH 8 to 12 and more
      preferably in the range of pH 10.5 to 11.5 inclusive, most preferably 11
      to 11.5.
PAR  To maintain the preferred pH range it is desirable, because hydrogen ions
      are generated during the decomposition of an N-halo compound in aqueous
      solution to add a buffer system to the solution for dental or brightener
      treatment. Such buffer should be compatible with the N-halo compound, i.e.
      it should not have any deleterious effect thereon and it should be
      non-toxic. Borates and phosphates are examples of compatible salts for the
      formation of buffer systems, e.g., Na.sub.2 B.sub.4 O.sub.7 can be used as
      the buffer since it can hold the pH above 10 even though in other systems
      it usually buffers at a lower pH.
PAR  Of course mixtures of N-halo compounds can be employed.
PAR  The stability of N-halo compounds in water solutions is limited, and is
      generally increased with a decrease of pH. The stability of an N-halo
      compound can conveniently be specified in terms of its "half-life", that
      is to say the time required for decomposition of one-half of the N-halo
      compound present in solution. An illustrative range of half-life values
      for solutions for use to remove or dissolve plaque or as tooth brightners
      is, for example, within the range of 3 minutes to 60 minutes, and
      advantageously 10 to 20 minutes; For caries removal longer half lives are
      desirable. For example, the half-life of N-chloro compounnds can be
      adjusted using a buffer of the type set forth above to maintain the proper
      pH.
PAR  The method of the present invention needs the solution only to be brought
      adequately into contact with the teeth for a short period to enable the
      plaque to be removed or to brighten teeth.
PAR  The removal may be accelerated by feeding the solution onto the affected
      tooth as a stream, and an erosive effect may be obtained during the course
      of the removal of the plaque and carious material. The erosive effect may
      itself be hastened by providing a pulsating stream which weakens the
      deposits of plaque and caries by alternate application of force followed
      by relaxation, resulting in mechanical fatiguing of the deposits. Also,
      the use of hand tool scraping helps in removing caries.
PAR  By addition of a suitable carrier, e.g., a thickening agent, such as
      SiO.sub.2, to form a paste, the solution may be more readily applied with
      an applicator such as a toothbrush or the like. Such a paste can be
      applied one or more times a day to the teeth.
PAR  Where a solution is employed it is also possible to dissolve one or more
      solid materials, for example in water or aqueous solution.
PAR  The teeth are then brightened or plaque removal by simply taking a portion
      of the resulting solution into the mouth as a mouth wash.
PAR  In any of the materials are provided in tablet form, it is advantageous to
      add means for causing effervescence to increase the rate of dissolution of
      the tablet material(s). By way of example, equal amount of adipic acid and
      sodium bicarbonate in a tablet cause effervescence upon dissolution.
PAR  Tablets in accordance with the invention may also include other materials,
      e.g., fillers, so long as they are compatible.
PAR  Repeated use of these solutions over a prolonged period, say 4 weeks, can
      be used to bring up to a desired standard of brightness and to prevent
      build up of plaque. Thereafter, continued daily use of the mouth wash
      maintains the condition of the teeth.
PAR  Unless otherwise indicated all parts and percentages are by weight.
PAR  In carrying out the method of the present invention, the following
      solutions are illustrative of those which have been found effective:
      Solutions used (Data are given in moles per liter of the water solution.)
TBL  __________________________________________________________________________

                                 Buffer                                        

     NaOCl  NaOH NaCl Amino Compound                                           

                                 Salt  pH*                                     

     __________________________________________________________________________

     A 0.008                                                                   

            0.0539                                                             

                 0.050                                                         

                      0.05 glycine                                             

                                 Na.sub.2 HPO.sub.4                            

                                       11.59                                   

                                 0.0025                                        

     B 0.008                                                                   

            0.0640                                                             

                 0.050                                                         

                      0.05 glycine                                             

                                 Na.sub.2 B.sub.4 O.sub.7                      

                                       10.77                                   

                                 0.00125                                       

     C 0.008                                                                   

            0.0210                                                             

                 0.050                                                         

                      0.05 glycine                                             

                                 Na.sub.2 B.sub.4 O.sub.7                      

                                       9.65                                    

                                 0.00125                                       

     D 0.008                                                                   

            0.0537                                                             

                 0.050                                                         

                      0.05 sulfamic acid                                       

                                 None  11.49                                   

                                 None                                          

     E 0.008                                                                   

            0.0520                                                             

                 0.052                                                         

                      0.05 sulfamic acid                                       

                                 None  10.75                                   

                                 None                                          

     F 0.008                                                                   

            0.0548                                                             

                 0.050                                                         

                      0.05 taurine                                             

                                 None  11.86                                   

                                 None                                          

     __________________________________________________________________________

      *The pH value of all solutions tested remained constant within 0.2 pH    

      units for at least one hour.   In the above table as can be seen the pH  

      range was 9.65 to 11.59.
DETD
PAC  EXAMPLE I
PAR  The following is a first example of preparation of a decayed tooth for
      filling:
PAR  Solutions A through F were applied as a liquid stream at a temperature of
      35.degree.-45.degree.C, and preferably at body temperature circa
      37.degree.C, on a carious area of a decayed tooth. The solution was
      applied either at a steady pressure in the range of 10 to 100 psi., or as
      a pulsating jet stream where the pressure is varied from 0 to 10 psi. or
      from 0 to 40 psi., or from 0 to 80 psi., or from 0 to 100 psi., during one
      cycle at a frequency of 100 to 1500 cycles per minute through a hypodermic
      needle of 20 to 23 gauge. However, the pressure in either case can be
      increased to 200 psi.
PAR  Each tooth was substantially cleaned and ready to fill within 1 to 7
      minutes, depending on the size of the cavity and its location. Judged by
      qualitative eye observation, the removal of caries is more effective on
      living unextracted teeth than on extracted teeth. A pulsating jet stream
      was found to be more efficient than a non-pulsating stream, even though
      more of the cleansing solution was used in the non-pulsating jet stream.
PAR  The following is a table showing the results obtained, using the solutions
      "A" to "F" on extracted teeth.
TBL  __________________________________________________________________________

     Caries Removal                                                            

     Solution                                                                  

          Temp.                                                                

              Needle                                                           

                  Frequency                                                    

                        Pressure                                               

                             Volume                                            

                                 Time for                                      

          (.degree.C)                                                          

              Gauge                                                            

                  (c/min)                                                      

                        (psi)                                                  

                             (ml)                                              

                                 Complete                                      

                                 Removal(min)                                  

     __________________________________________________________________________

     A    37  20  850   0-10 430 3.5                                           

     A    37  20  650   0-40 380 4.5                                           

     A    36  20  700   0-40 500 4.5                                           

     A    37  20  200   0-100                                                  

                             470 6.0                                           

     A    37  23  --*   40*  1150                                              

                                 11                                            

     B    38  20  100   0-80 480 4.5                                           

     C    37  20  1100  0-40 460 5.0                                           

     D    39  20  750   0-40 420 5.5                                           

     A    38  23  1500  0-100                                                  

                             510 7.0                                           

     A    45  20  550   0-40 570 3.5                                           

     A    35  20  800   0-80 490 1.0                                           

     E    37  20  650   0-40 480 4.5                                           

     F    38  20  800   0-80 590 6.0                                           

     __________________________________________________________________________

      *Constant non-pulsating jet stream.                                      

PAR  A major advantage of this method of treatment, as compared to the
      established drilling procedure, is that even if the treatment is greatly
      prolonged (i.e., continued long after all the carious material is
      removed), no removal of or damage to healthy tooth tissue -- dentine or
      enamel -- results. This is, however, not the case if mechanical drilling
      is accidentally prolonged.
PAC  EXAMPLE II
PAR  The following is a second example of preparation of a decayed tooth for
      filling:
PAR  An active solution was generated by mixing equal volumes of a 0.1% sodium
      hypochlorite solution with a 0.1 Molar solution of EDTA. The pH of the
      EDTA solution was adjusted to 10.5 before mixing. The final solution was
      used at a temperature of 36.degree.C. This solution was applied in the
      form of a pulsating jet stream of which the pressure varied from 0 - 80
      psi. during one cycle at a frequency of 700 cycles per minute through a 20
      gauge needle. The tooth was essentially clean and ready to fill within 5
      minutes.
PAC  EXAMPLE III
PAR  The following is an example of carrying out the method of this invention
      utilizing the solution as a mouth wash:
PAR  An active solution was prepared by mixing equal volumes of 0.2% sodium
      hypochlorite solution and 0.3 Molar EDTA solution at room temperature. A
      20 ml. portion was taken and used for rinsing the patient's oral cavity.
      The solution was used for approximately one minute. The above procedure
      was repeated one time for a total rinsing time of two minutes.
PAC  EXAMPLE I
PAR  A solution for use as a mouth wash, plaque removal and tooth brightener was
      prepared by mixing equal volumes of aqueous hypohalite and aqueous
      nitrogen containing compound (or compounds) solution. The initial pH value
      of the nitrogen containing compound solution was adjusted as necessary
      using sodium hydroxide. A 20 ml portion of the resulting solution was
      taken and used to rinse the oral cavity as a mouth wash for approximately
      one minute. Repeated daily use brightened the subject's teeth, and
      maintained a desirable level of brightness and removed plaque. The
      quantities of all incredients and conditions are specified in Table 1, in
      which the hypohalite (OX.sup.-) concentration is in percentages and all
      other concentratons are in Moles/l.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Hypohalite   Nitrogen Containing                                          

     Solution     Compound Solution                                            

     ______________________________________                                    

                Components     Initial pH                                      

     NaOCl    0.1     Glycine      0.1   11.1                                  

                      NaCl         0.1                                         

     KOBr     0.1     Taurine      0.1   11.2                                  

                      KCl          0.1                                         

     CaCl (OCl)                                                                

              0.16    Urea         0.1   10.9                                  

                      NaCl         0.1                                         

     NaOCl    0.1     Sulfamic     0.06  11.1                                  

                      Acid                                                     

                      Glycine      0.06                                        

     NaOCl    0.1     Ethylenediamine-                                         

                      tetraacetic Acid                                         

                                   0.1   11.0                                  

     NaOI     0.1     Glycine      0.16  11.0                                  

                      NaI          0.1                                         

     NaOCl    0.1     Glycine      0.1   11.2                                  

                      NaCl         0.1                                         

                      Na.sub.2 HPO.sub.4                                       

                                   0.01                                        

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  The same method as given in Example 1 was followed except that the solution
      was prepared by the addition of a solid tablet of Ca(OCl).sub.2 (0.005
      moles) and a tablet of glycine (0.05 moles) and NaHCO.sub.3 (0.05 moles)
      per 1 liter of final aqueous solution.
PAC  EXAMPLE 3
PAR  The method of Example 1 was followed, with the addition that each of the
      solutions were thickened using SiO.sub.2 and then equal volumes of the
      resulting pastes were mixed and applied with a brush.
PAC  EXAMPLE 4
PAR  The method of Example 1 was used with the exception that the hypohalite was
      added as a solid (Ca(OCl).sub.2, 0.004 moles/l.) to a solution of glycine
      (0.05 M), NaCl (0.05 M) adjusted to a pH of 11.2.
PAC  EXAMPLE 5
PAR  The method of Example 1 was used, but the solution was formed by adding
      solid N-chlorosarcosine (0.008 moles/l) to an aqueous solution of
      sarcosine (0.042 M), NaCl (0.05 M) and NaOH (0.05 M).
PAC  EXAMPLE 6
PAR  The method of Example 1 was used but with the exception that a previously
      formed solution of a stable N-halo compound was added to a solution with
      another nitrogen containing compound. All data are to be found in Table 2.
      All quantities are in moles/l of each initial solution.
TBL                TABLE 2                                                     

     ______________________________________                                    

                  Nitrogen Containing                                          

                  Compound Solution                                            

     Halo Compound  Components     Initial pH                                  

     ______________________________________                                    

     N-chlorotaurine                                                           

                0.01    Glycine    0.1   11.3                                  

                        NaCl       0.1                                         

     ______________________________________                                    

PAR  When the amino compound has an asymmetric carbon atom there can be used
      either the DL, the D or the L form. Unless otherwise indicated the racemic
      form was employed.
PAR  Illustrative of aqueous compositions containing N-halo compounds formed in
      situ and useful in the present invention are those set forth in the
      following example. The half life times are for the N-halo compound and are
      in minutes except when h indicates hours or d indicates days. All amounts
      are in moles per liter.
PAC  EXAMPLE 6
TBL  Exp.                                                                      

         Nitrogen Compound,                                                    

                      Amt. NaOH NaCl NaOCl                                     

                                          50%                                  

                           Amt. Amt. Amt. Decomposed                           

     __________________________________________________________________________

     1   Glycine      0.05 0.05 0.05 0.0078                                    

                                          53.8                                 

     2   Glycine      0.0444                                                   

                           0.0444                                              

                                0.0615                                         

                                     0.0069                                    

                                          52.3                                 

     3   Glycine      0.1  0.1  0.115                                          

                                     0.156                                     

                                          20.0                                 

     4   Glycine      0.05 0.05 0.065                                          

                                     0.0078                                    

                                          44.2                                 

     5   Glycine      0.025                                                    

                           0.025                                               

                                0.040                                          

                                     0.0039                                    

                                          110.2                                

     6   Glycine      0.0125                                                   

                           0.0125                                              

                                0.0279                                         

                                     0.0020                                    

                                          212.0                                

     7   Glycine      0.005                                                    

                           0.05 0.05 0.0078                                    

                                          6.3                                  

     8   Ethanolamine 0.05 0.05 0.05 0.0078                                    

                                          472.0                                

     9   Taurine      0.05 0.05 0.05 0.0078                                    

                                          128.4 h                              

     10  N-acetyl glycine                                                      

                      0.05 0.05 0.05 0.0078                                    

                                          885.0                                

     11  Sarcosine    0.05 0.05 0.05 0.0078                                    

                                          108.0                                

     12  Sulfamic acid                                                         

                      0.05 0.05 0.05 0.0078                                    

                                          21 d                                 

                                          (for 25%                             

                                          decomposition)                       

     13  L(+)Glutamic acid                                                     

                      0.05 0.05 0.05 0.0081                                    

                                          25.3                                 

     14  L(+)Glutamic acid                                                     

                      0.05 0.10 0.05 0.0081                                    

                                          42.8                                 

     15  DL - Aspartic acid                                                    

                      0.05 0.10 0.05 0.0081                                    

                                          32.8                                 

     16  L+ Lysine    0.05 0.05 0.05 0.0081                                    

                                          107.0                                

     17  L- Leucine   0.05 0.05 0.05 0.0081                                    

                                          58.9                                 

     18  EDTA         0.05 0.10 0.05 0.0080                                    

                                          13.0                                 

     19  DL Threonine 0.05 0.05 0.05 0.0080                                    

                                          34.9                                 

     20  L (-) Cystine                                                         

                      0.05 0.1  0.05 0.0080                                    

                                          2.4                                  

     21  DL-Serine    0.05 0.05 0.05 0.0080                                    

                                          51.9                                 

     22  L (+) Cystine                                                         

                      0.05 0.05 0.05 0.008                                     

                                          completely                           

                                          decomposed in                        

                                          less than 1                          

                                          min.                                 

     23  L-Valine     0.05 0.05 0.05 0.008                                     

                                          75.2                                 

     24  4-hydroxyproline                                                      

                      0.05 0.05 0.05 0.008                                     

                                          3.0                                  

     25  DL-Methionine                                                         

                      0.05 0.0501                                              

                                0.05 0.008                                     

                                          1.3                                  

     26  L (-) Proline                                                         

                      0.05 0.05 0.05 0.008                                     

                                          1.8                                  

     27  DL - Alanine 0.05 0.05 0.05 0.008                                     

                                          54.2                                 

     28  L (+) Arginine                                                        

                      0.05 0.0657                                              

                                0.05 0.008                                     

                                          48.0                                 

     29  L - Histidine                                                         

                      0.05 0.0528                                              

                                0.05 0.008                                     

                                          39.8                                 

     30  L - Isoleucine                                                        

                      0.05 0.0509                                              

                                0.05 0.008                                     

                                          76.5                                 

     31  DL - Phenylalanine                                                    

                      0.05 0.054                                               

                                0.05 0.008                                     

                                          37.9                                 

     32  L - Asparagine                                                        

                      0.05 0.0535                                              

                                0.05 0.008                                     

                                          13.8                                 

     33  L (+) Glutamine                                                       

                      0.05 0.0537                                              

                                0.05 0.008                                     

                                          28.0                                 

     34  DL Ornithine 0.05 0.089                                               

                                0.011                                          

                                     0.008                                     

                                          38.9                                 

         hydrochloride                                                         

     35  Aniline - 2 -                                                         

                      0.05 0.05 0.05 0.008                                     

                                          5.0                                  

         sulfonic acid                                                         

     36  Sulfanilic acid                                                       

                      0.05 0.05 0.05 0.008                                     

                                          1.1                                  

     37  Metanilic acid                                                        

                      0.05 none 0.05 0.008                                     

                                          1.25                                 

     38* Glycine      0.05 0.05 0.05 0.0079                                    

                                          91.4                                 

     39* Glycine      0.05 0.025                                               

                                0.025                                          

                                     0.0038                                    

                                          36.2                                 

     40  N-octadecanylglycine                                                  

                      0.05 0.05 0.05 0.008                                     

                                          **                                   

     41  Aminomethanesulfonic                                                  

         acid         0.05 0.05 0.05 0.008                                     

     42  N-glycylclycine                                                       

                      0.05 0.05 0.05 0.008                                     

                                          ***                                  

     43  N,N.sup.1 -glyclyglycylglycine                                        

                      0.05 0.05 0.05 0.008                                     

                                          Less than                            

                                          Min.                                 

     __________________________________________________________________________

      *In Experiment 38 in place of the sodium compounds there were used the   

      corresponding lithium compounds (LiOH, LiCl and Li OCl) and in Experiment

      39 in place of the sodium compounds there were used the corresponding    

      calcium compounds (Ca (OH).sub.2, Ca Cl.sub.2 and Ca (OCl).sub.2).       

       **Titration impossible -- emulsion developed                            

      ***Titration impossible -- color developed                               

PAC  EXAMPLE 7
TBL  Toothpaste Formulation                                                    

     ______________________________________                                    

     Glycerine                 47 parts                                        

     Water                   7.3                                               

     Saccharin (sodium salt) 0.04                                              

     Precipitated chalk      20.8                                              

     Magnesium Carbonate     13.3                                              

     Magnesium hydroxide     4.2                                               

     Soap (powdered, neutral, white)                                           

                             0.85                                              

     Gum tragacanth powder   0.76                                              

     N-chlorosarcosine       5                                                 

     Toothpowder Formulation                                                   

     ______________________________________                                    

     Sodium chloride           44 parts                                        

     Sodium bicarbonate      24                                                

     Calcium carbonate       21.5                                              

     Tricalcium phosphate    5                                                 

     Potassium chloride      3.5                                               

     Magnesium sulfate       1.75                                              

     N-chlorosulfamic acid   5                                                 

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method useful in treating living unextracted teeth in the oral cavity
      to remove caries, to dissolve or remove plaque, to help in the prevention
      of calculus formation, or to remove stains thereby to brighten teeth,
      while leaving the dentine and enamel of healthy tooth tissue entirely
      unaffected consisting essentially of the step of contacting said teeth in
      the oral cavity with an effective amount of an N-halo compound which is a
      member of the group consisting of N-bromoglycine, N-iodoglycine,
      N-halosulfamic acid, N-halosarcosine, N-halo alpha-aminoisobutyric acid,
      N-halotaurine, N-halo-2-aminoethanol, N-halo-acetylglycine, N-haloalanine,
      N-halo betaalanine, N-haloserine, N-halo phenyl alanine, N-halo norvaline,
      N-haloleucine, N-halo isoleucine, N-haloproline, N-halo hydroxyproline,
      N-halo omega aminoundecanoic acid, N-haloaspartic acid, N-haloglutamic
      acid, N-haloasparagine, N-halovaline, N-halotyrosine, N-halothreonine,
      N-halocysteine, N-halocystine, N-halomethionine, N-haloglutamine,
      N-halotryptophane, N-halohistidine, N-haloarginine, N-halolysine, N-halo
      alpha-aminobutyric acid, N-halo gamma-aminobutyric acid, N-halo alpha,
      epsilon diamino pimelic acid, N-halo ornithine, N-halo hydroxyl lysine,
      N-haloanthranilic acid, N-halo p-aminobenzoic acid, N-halosulfanilic acid,
      N-halo orthanilic acid, N-halo phenyl sulfamic acid,
      N-haloaminopropanesulfonic acid, N-halo 2-aminopropanol, N-halo
      diethanolamine, N-halo ethylenediamine tetraacetic acid, N-halo
      nitrilotriacetic acid, N-halotaurine, N-halo aminomethane-sulfonic, N-halo
      glycylglycine, N-halo glycylglycylglycine, N-halo metanilic acid and
      N-halo-N-octodecanyl glycine, said halogen having an atomic weight of 35
      to 127.
NUM  2.
PAR  2. A method according to claim 1 wherein the solution has a pH of 8 to 12.
NUM  3.
PAR  3. A method according to claim 2 wherein there is also present the free
      glycine, sulfamic acid or organic nitrogen compound in an amount of 1 to
      14 moles per mole of N-halo compound.
NUM  4.
PAR  4. A method according to claim 3 wherein the pH is 10.5 to 11.5.
NUM  5.
PAR  5. A method according to claim 2 wherein the N-halo compound is selected
      from the group consisting of N-bromoglycine, N-iodoglycine, N-halosulfamic
      acid, N-halo 2-aminoethanol, N-halosarcosine, N-halotaurine,
      N-haloaminomethanesulfonic acid N-halo-N-acetyl glycine, N-halo
      octadecanyl glycine, N-halo alpha aminoisobutyric acid and N-halo
      ethylenediamine tetraacetic acid.
NUM  6.
PAR  6. A method according to claim 5 wherein the N-halo compound is
      N-bromoglycine or N-iodoglycine.
NUM  7.
PAR  7. A method according to claim 5 wherein the N-halo compound is
      N-halosulfamic acid.
NUM  8.
PAR  8. A method according to claim 7 wherein the N-halosulfamic acid is
      N-chlorosulfamic acid.
NUM  9.
PAR  9. A method according to claim 5 wherein the N-halo compound is
      N-halosarcosine.
NUM  10.
PAR  10. A method according to claim 9 wherein the N-halosarcosine is
      N-chlorosarcosine.
NUM  11.
PAR  11. A method according to claim 5 wherein the N-halo compound is
      N-halotaurine.
NUM  12.
PAR  12. A method according to claim 11 wherein the N-halotaurine is
      N-chlorotaurine.
NUM  13.
PAR  13. A method according to claim 2 comprising applying the solution to the
      oral cavity as a mouth wash.
NUM  14.
PAR  14. A method according to claim 2 wherein the solution is applied to the
      tooth as a jet stream.
NUM  15.
PAR  15. A method according to claim 2 wherein a thickening agent is present in
      amount sufficient to form a paste and the pasty solution is applied to
      teeth by a brush.
NUM  16.
PAR  16. A method according to claim 5 wherein the N-halo compound is N-halo
      alpha aminoisobutyric acid.
NUM  17.
PAR  17. A method according to claim 1 wherein the teeth are treated to remove
      plaque.
NUM  18.
PAR  18. A method according to claim 1 wherein the teeth are treated to remove
      caries.
NUM  19.
PAR  19. A method according to claim 1 wherein there is no tendency to corrode
      metal parts of dental appliances.
NUM  20.
PAR  20. A method according to claim 1 wherein the N-halo compound is N-halo
      alpha aminobutyric acid.
NUM  21.
PAR  21. A method according to claim 20 wherein the teeth are treated to remove
      caries.
NUM  22.
PAR  22. A method according to claim 1 wherein the N-halo compound is N-halo
      sarcosine, N-halo alpha-aminoisobutyric acid, N-halo alamine, N-halo beta
      alamine, N-halo omega aminoundecanoic acid, N-haloaspartic acid,
      N-haloglutamic acid, N-halovaline, N-halolysine, N-halo alpha-aminobutyric
      acid, N-halo alpha, episolon diamino pimelic acid, N-halo gamma
      aminobutyric acid, and N-halo ornithine.
NUM  23.
PAR  23. A method according to claim 1 wherein the N-halo compound is N-halo
      N-acetylglycine.
NUM  24.
PAR  24. A method according to claim 1 wherein the N-halo compound is free of
      divalent sulfur linkages and free of heterocyclic groups.
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ABST
PAL  There is disclosed a dentifrice containing as sweetener approximately by
      weight 0.01 to 10.0% of an alkali or alkaline earth metal salt or free
      base of 3,4-dihydro-1,2,3-oxathiazin-4-one, as well as dental creams,
      mouth rinses and chewable tablets derived therefrom.
BSUM
PAR  This invention relates to a novel dentifrice preparation, more
      particularly, to a dentifrice having therein a new stable sweetener. It
      has repeatedly been stated that taste and flavor are perhaps the most
      important single aspect with respect to the consumer acceptance of a
      dentifrice formulation. The selection of acceptable sweetener and
      flavoring ingredients is therefor of paramount importance in the
      formulation of the dentifrice. It has oftentimes been stated that the
      foregoing is both an art as well as a science. It is an art in the sence
      that it requires the blending of the various components with the
      sweetening agents such that the final composition contains a pleasing
      taste as well as in providing for a composition in which the sweetener is
      stable. It is the foregoing that has presented particular difficulties in
      incorporating sweetening agents in a dentifrice inasmuch as the former
      must be compatible with the latter and remain essentially unchanged over
      the shelf life of the product.
PAR  At the present time, there are a relatively few sweeteners which are both
      currently available for use in dentifrice as well as generally acceptable
      for use therein. One of the better known sweeteners is saccharine,
      however, its use may present some difficulties and oftentimes, when used
      as the sole sweetener, leaves a bitter taste. Other more exotic sweeteners
      though available, are generally not acceptable for use in the dentifrices
      due to their stability problems vis-a-vis the various components in the
      dentifrice. Some of those sweeteners which do not have stability problems
      have the drawback that they are not suitable for use as a primary
      sweetener due to the unacceptable timelag prior to the on set of their
      sweetness and/or their associated side tastes. Inasmuch as dentifrices
      generally contain a detergent like material, the sweetener employed
      therein must have the quality of a rapid onset of sweetness so as to mask
      the generally bitter flavor associated with detergent-like ingredients.
      The use of low intensity sweeteners is, therefore, not practical for use
      in most dentifrice formulations. Merely increasing the amount of low
      intensity sweetener so as to overcome the foregoing deficiencies does not
      prove very helpful inasmuch as a dentifrice generally contains large
      amounts of humectants, polishing agents, water and the like and therefore
      from a volume point of view, it is not practical.
PAR  A further consideration in formulating a dentifrice relates to the fact
      that the polishing agents employed therein are generally absorbent
      materials and therefore there may be a selective absorption onto the
      polishing agent of the sweetener with accompanying change in physical form
      of the toothpaste, chemical changes and resultant overall flavor.
PAR  It is accordingly an object of this invention to provide for a novel
      dentifrice containing a new sweetening agent, which sweetening agent is
      operative to function as a prime sweetener therein.
PAR  It is another object of the invention to avoid one or more drawbacks of the
      prior art.
PAR  Broadly speaking, the invention includes the provision of a dentifrice
      containing approximately by weight 0.01 to 10.0% of an alkali or alkaline
      earth metal salts or free base of 3,4-dihydro-1,2,3-oxathiazin-4-one,
      particularly, the potassium, calcium and sodium salts thereof.
PAR  The precursor material from which the metal salt is derived is prepared by
      reacting a ketone of the general formula R.sub.1 --CH.sub.2 --CO--R.sub.2
      wherein R represents an alkyl radical with 1 to 10 carbon atoms or an
      aromatic hydrocarbon radical with up to 10 carbon atoms and R.sub.2
      represents an alkyl group with 1 to 11 carbon atoms or an aromatic
      hydrocarbon radical with up to 10 carbon atoms, R.sub.1 and R.sub.2 may be
      straight or branched chain. R.sub.1 and R.sub.2 can be bonded to an
      isocyclic radical or to a ring substituted by additional hydrocarbon
      radicals, wherein R.sub.1 and R.sub.2 together contain a maximum of 14
      carbon atoms; said ketone is thereafter reacted with a fluorosulphonyl
      isocyanate, the resulting keto carboxyl amide -N-fluoride is thereafter
      treated with an alkali base at a pH of about 5 to 12 to form the
      oxathiazin salt which is thereafter isolated. Various other methods for
      the preparation of the foregoing salt may also be employed such as those
      taught in German Pat. No. P 2 001 017.7 printed on July 22, 1971. The free
      base may be easily prepared therefrom in accordance with procedures known
      in the art.
PAR  The salt or base referred to above may be admixed with the components of
      the dentifrice in any suitable order. Ordinarily, the amount of the
      sweetener may vary from about 0.01 to about 10.0%, by weight, preferably
      about 0.01 to about 5% based upon the total weight of the dentifrice.
PAR  The sweetener may be admixed with another sweetener if desired, though the
      latter is not necessary. An example of the foregoing might be the
      combination with saccharine, such as for example, to reduce the bitter
      taste associated with the latter. The sweetener may also be admixed with
      suitable flavoring oils where desired, in accordance with known
      procedures. The sweetener is generally incorporated with the dentifrice at
      room temperature, though temperatures of 140.degree. to 160.degree.F or
      higher are permissible.
PAR  The dentifrice formulation of the invention includes liquids and solids
      that are proportioned to form a creamymass of desired consistency which is
      extrudable from an aerosol container or a collapsible tube (for example
      aluminum or lead). In general, the liquids in the dental cream will
      comprise chiefly water, glycerine, aqueous solutions of sorbitol,
      propylene glycol, polyethylene glycol 400, etc., including suitable
      mixtures thereof. It is advantageous usually to use a mixture of both
      water and a humectant or binder such as glycerine or sorbitol. The total
      liquid content will generally be about 20 to 75 percent by weight of the
      formulation. It is preferred to use also a gelling agent in dental creams
      and gels such as the natural and synthetic gums and gum-like materials,
      for example, Irish moss, gum tragacanth, methyl cellulose,
      polyvinylpyrrolidone, hydrophilic colloidal carboxyvinyl polymers, such as
      those sold under the trademark Carbopol 934 and 940 and synthetic
      silicated clays such as those sold under the trademark Laponite CP and
      Laponite SP. These grades of Laponite have the formula
EQU  [Si.sub.8 Mg.sub.5.1 Li.sub.0.6 H.sub.7.6 O.sub.24 ].sup.0.6 Na
      .sup.+.sub.0.6
PAL  The solid portion of the vehicle is usually present in an amount of up to
      about 10 percent preferably about 0.2 to 5 percent by weight of the
      formulation.
PAR  In the preparation of tooth powders, it is usually sufficient to admix
      mechanically, e.g., by milling, the various solid ingredients, in
      appropriate quantities and particle sizes.
PAR  In chewable dental tablets the solids and liquids are proportioned
      similarly to the amounts in dental creams and the flavor is blended with
      the solids and liquids, a waxy matrix such as polyethylene glycol having a
      molecular weight of about 6,000 by weight, generally in amount of about
      4-20 percent by weight, in order to facilitate a tablet of desired size
      and shape.
PAR  In other oral preparations, such as mouthwashes and the like, the carrier
      is an aqueous vehicle which may comprise about 20-99 percent by weight of
      the preparation. Typically, the vehicle also includes about 5-30 percent
      by weight of a nontoxic alcohol, such as ethanol. Preferred mouthwashes
      generally will comprise approximately by weight (a) 65 to 85% water, (b) 5
      to 25% non-toxic alcohol and (c) 0.5 to 3% surface-active agent; more
      preferably about 68 to 78% water and up to about 15% of at least one
      material selected from the group consisting of glycerine, sorbitol and
      propylene glycol and wherein said alcohol is denatured ethanol. Optimally,
      there will be present about 10 to 20% ethanol, 8 to 12% glycerine and
      about 0.01 to 1.0% of said salt or free base.
PAR  The dental cream formulations will generally also include a dentally
      acceptable, substantially water insoluble, polishing agent of the type
      commonly employed in dental creams. Representative polishing agents
      include, for example, dicalcium phosphate, tricalcium phosphate, insoluble
      sodium metaphosphate, aluminum hydroxide, including hydrated alumina,
      colloidal silica, magnesium carbonate, calcium carbonate, calcium
      pyrophosphate, bentonite, etc., including suitable mixtures thereof. When
      employed, it is preferred to use the water insoluble phosphate salts as
      the polishing agent and more particularly insoluble sodium metaphosphate
      and/or a calcium phosphate such as dicalcium phosphate dihydrate in dental
      creams. When visually clear gels are employed, a polishing agent of
      colloidal silica, such as those sold under the trademark Syloid as Syloid
      72 and Syloid 74 or under the trademark Santocel as Santocel 100 and
      synthetic alkali metal aluminosilicate complexes may be particularly
      useful, since they have refractive indices close to the refractive indices
      of gelling agent-liquid (generally including humectants such as glycerine
      and sorbitol) systems commonly used in dentifrices. When employed, the
      total polishing agent content is generally in amounts from about 15 to 75
      percent by weight in a dental cream. In a visually clear gel the total
      amount of polishing agent is generally from about 5 to 50 percent by
      weight.
PAR  Organic surface-active agents are used in the compositions of the present
      invention to assist in achieving thorough and complete dispersion of the
      instant compositions throughout the oral cavity and render the instant
      compositions more cosmetically acceptable. The organic surface-active
      material may be anionic, nonionic, ampholytic, or cationic in nature, and
      it is preferred to employ as the surface-active agent a detersive material
      which imparts to the composition detersive and foaming properties.
      Suitable such detergents are water-soluble salts of higher fatty acid
      monoglyceride monosulfates, such as the sodium salt of the monosulfated
      monoglyceride of hydrogenated coconut oil fatty acids, higher alkyl
      sulfates, such as sodium lauryl sulfate, alkyl aryl sulfonates, such as
      sodium dodecyl benzene sulfonate, higher alkyl sulfoacetates, higher fatty
      acid ester of 1,2-dihydroxy propane sulfonates, olefin sulfonates and the
      substantially saturated higher aliphatic acyl amides of lower aliphatic
      amino carboxylic acid compounds, such as those having 12 to 16 carbon
      atoms in the fatty acid, or acyl radicals, and the like. Examples of the
      last mentioned amides are N-lauroyl sarcosine, and the sodium, potassium
      and ethanolamine salts of N-lauroyl, N-myristoyl, or N-palmitoyl sarcosine
      which should be substantially free from soap or similar higher fatty acid
      material which tends to substantially reduce the effect of these
      compounds. The use of these sarcosinate compounds in the dentifrice
      compositions of the present invention is particularly advantageous since
      these materials exhibit a prolonged and marked effect in the inhibition of
      acid formation in the oral cavity due to carbohydrate breakdown in
      addition to exerting some reduction in the solubility of tooth enamel in
      acid solutions.
PAR  Other particularly suitable surface active materials include nonionic
      agents such as condensates of sorbitan monostearate with approximately 60
      moles of ethylene oxide, condensates of ethylene oxide with propylene
      oxide, condensates of propylene glycol ("Pluronics"), and amphoteric
      agents such as quaternized imidazole derivatives which are available under
      the trademark "Miranol" such as Miranol C.sub.2 M.
PAR  Other suitable nonionic detergents are the condensation products of an
      .alpha.-olefin oxide containing 10 and 20 carbon atoms, a polyhydric
      alcohol containing 2 to 10 carbons and 2 to 6 hydroxyl groups and either
      ethylene oxide or a heteric mixture of ethylene oxide and propylene oxide.
      The resultant detergents are heteric polymers having a molecular weight in
      the range of 400 to about 1600 and containing 40% to 80% by weight of
      ethylene oxide, with an .alpha.-olefin oxide to polyhydric alcohol mole
      ratio in the range of about 1:1 to 1:3. These detergents are manufactured
      using well-known polymerization techniques under conditions of high
      temperature and high pressure. The olefin oxide and polyhydric alcohol
      usually are added to the reactor prior to the addition of ethylene oxide.
      These nonionic detergents may be mixed with similar nonionic detergents as
      well as other type nonionic detergents described herein.
PAR  It is preferred to use from about 0.05 to 5% by weight of the foregoing
      surface-active materials in the instant oral preparations.
PAR  Various other materials may be incorporated in the dentifrice formulations
      of this invention. Examples thereof are coloring or whitening agents or
      dyestuffs, preservatives, silicones, chlorophyll compounds, ammoniated
      materials such as urea, diammonium phosphate and mixtures thereof, and
      other constituents. These adjuvants are incorporated in the instant
      compositions in amounts which do not substantially adversely affect the
      properties and characteristics desired and are selected and used in proper
      amount depending upon the particular type of preparation involved.
PAR  The compositions of the present invention may also contain a
      fluorine-containing compound having a beneficial effect on the care and
      hygiene of the oral cavity, e.g., diminution of enamel solubility in acid
      and protection of the teeth against decay. Examples thereof include sodium
      fluoride, stannous fluoride, potassium fluoride, potassium stannous
      fluoride (SnF.sub.2 KF), potassium fluorozirconate, sodium
      hexafluorostannate, stannous chlorofluoride, and sodium
      monofluorophosphate. These materials which dissociate or release
      fluorine-containing ions, suitably may be present in an effective but
      non-toxic amount usually within the range of about 0.1 to 1% by weight,
      based on the water soluble fluorine content thereof. Sodium fluoride,
      stannous fluoride, and sodium monofluorophosphate are particularly
      preferred, as well as mixtures thereof.
PAR  Antibacterial agents may also be employed in the oral preparation of the
      instant invention to provide a total content of such agents of up to about
      5% by weight, preferably 0.01 to 5.0%, most preferably about 0.05 to 1.0%.
      Typical antibacterial agents include:
PA1  N.sup.1 -(4-chlorobenzyl)-N.sup.5 -(2,4-dichlorobenzyl) biguanide;
PA1  p-chlorophenyl biguanide;
PA1  4-chlorobenzhydryl biguanide;
PA1  4-chlorobenzhydrylguanylurea;
PA1  N-3-lauroxpropyl-N.sup.5 -p-chlorobenzylbiguanide;
PA1  1-(lauryldimethylammonium)-8-(p-chlorobenzyldimethylammonium) octane
      dichloride;
PA1  5,6-dichloro-2-guanidinobenzimidazole;
PA1  N.sup.1 -p-chlorophenyl-N.sup.5 -laurylbiguanide;
PA1  1,6-di-p-chlorophenyl biguanidohexane;
PA1  1,6-bis(2-ethylhexyl biguanido) hexane;
PA1  5-amino-1,3-bis(2-ethylhexyl)-5-methylhexahydropyrimidine;
PAL  and their non toxic acid addition salts.
PAR  Synthetic finely divided pyrogenic silica such as those sold under the
      trademark Cab-O-Sil M-5, Syloid 244, Syloid 266 and Aerosil D-200 may also
      be employed in amounts of about 1-5% by weight to promote thickening or
      gelling and to improve clarity of the dentifrice.
PAR  The taste of the new compositions may be modified by employing suitable
      flavoring or sweetening materials. Examples of suitable flavoring
      constituents include the flavoring oils, e.g., oil of spearmint,
      peppermint, wintergreen, sassafras, clove, sage, eucalyptus, marjoram,
      cinnamon, lemon and orange as well as sodium methylsalicylate. Suitable
      additional sweetening agents include sucrose, lactose, maltose, sorbitol,
      sodium cyclamate and perillartine as well as saccharine where desired.
      Suitably, flavor and sweetening agents may together comprise from about
      0.01 to 5% or more of the compositions of the instant invention.
      Additionally, the new dental formulations can be provided with the unusual
      biting flavor of chloroform. Accordingly, instead of or in addition to the
      foregoing flavoring or additional sweetening materials, the new
      formulation can include up to about 5%, preferably between .1 and 5%, by
      weight of chloroform and chloroform flavoring.
PAR  It is desirable to adjust the pH of the dental cream formulations to the
      range of about 3 to 10 using such acids as citric, acetic,
      chloropropionic, malonic, formic, fumaric, methoxyacetic, and propionic of
      salts thereof. Lower pH's than 3 are generally undesirable for oral use.
      When stannous ions are present, the pH is preferably lower than about 5.
      The preferred pH range is 3.5 to about 5.0 when stannous ions are present
      and about 4.5 to about 7.0 in the absence of stannous ion.
DETD
PAR  The following specific examples are further illustrative of the nature of
      the present invention but it is understood that the invention is not
      limited thereto. Dental cream formulations are prepared in the usual
      manner, except as indicated, and all amounts and proportions are by weight
      except as otherwise indicated.
PAC  EXAMPLE 1 - DENTAL CREAM
TBL                           %                                                

     ______________________________________                                    

     Glycerine                  9.474                                          

     Sorbitol                   17.000                                         

     Carboxymethylcellulose (Na salt)                                          

                                1.100                                          

     Na Benzoate                0.500                                          

     Potassium 3,4-dihydro-                                                    

     1,2,3-oxathiazin-4-one     0.600                                          

     Water                      18.341                                         

     Na.sub.2 PO.sub.3 F        0.760                                          

     TiO.sub.2                  0.400                                          

     Insoluble Na Metaphosphate 41.850                                         

     Anhydrous dicalcium phosphate                                             

                                5.000                                          

     Alumina - Hydrated         1.000                                          

     35% Solution of Sodium N-lauroyl sarcosinate                              

                                2.000                                          

     Na Lauryl sulfate          0.975                                          

     Flavor                     1.000                                          

                                100.00                                         

     ______________________________________                                    

PAC  EXAMPLE 2 - DENTAL CREAM
TBL                         Parts                                              

     ______________________________________                                    

     Antimicrobial agent      0.1                                              

     Sodium benzoate          0.15                                             

     Calcium 3,4-dihydro-                                                      

     1,2,3-oxathiazin-4-one   0.20                                             

     Sodium lauryl sulfate    1.5                                              

     Insoluble sodium metaphosphate                                            

                              40.6                                             

     Dicalcium phosphate dihydrate                                             

                              5.0                                              

     Titanium dioxide         0.4                                              

     Stannous fluoride        0.4                                              

     Gum tragacanth           1.4                                              

     Oil of wintergreen       1.0                                              

     Color                    0.03                                             

     Water                    22.12                                            

     Glycerine (99.3%)        27.10                                            

     ______________________________________                                    

PAR  This composition is used by brushing the teeth therewith at least once
      daily.
PAR  In the above dental cream, the sodium lauryl sulfate may be replaced by
      sodium-N-lauroylsarcosinate, and the free base of the antimicrobial agent
      may be replaced by the hydrochloride salt thereof.
PAC  EXAMPLE 3 -DENTAL CREAM
TBL                          Parts                                             

     ______________________________________                                    

     Antimicrobial agent       0.1                                             

     Sodium 3,4-dihydro-                                                       

     1,2,3-oxathiazin-4-one    0.2                                             

     Sodium benzoate           0.5                                             

     Tetrasodium pyrophosphate 0.25                                            

     Dicalcium phosphate dihydrate                                             

                               36.75                                           

     Calcium carbonate         5.0                                             

     Sodium carboxymethylcellulose                                             

                               0.75                                            

     Olefin sulfonate (C.sub.14.sub.-16 olefin-                                

                               2.0                                             

      Na salt)                                                                 

     Glycerine (99.3%)         23.95                                           

     Oils of peppermint and spearmint, 1:1                                     

                               0.8                                             

     Water                     19.7                                            

     ______________________________________                                    

PAC  EXAMPLE 4 - TRANSPARENT CREAM
TBL                         Parts                                              

     ______________________________________                                    

     Glycerine                25.00                                            

     Sodium carboxymethylcellulose                                             

                              0.70                                             

     Calcium 3,4-dihydro-                                                      

     1,2,3 oxathiazin-4-one   0.17                                             

     Sodium benzoate          0.50                                             

     Sorbitol (70%)           44.83                                            

     Water                    3.00                                             

     Sodium aluminum silicate 16.00                                            

     Syloid 244               5.00                                             

     Flavor                   1.00                                             

     Sodium lauryl sulfate    2.00                                             

     ______________________________________                                    

PAC  EXAMPLE 5 - CHLOROFORM CONTAINING CREAM
TBL  Components               Parts                                            

     ______________________________________                                    

     Glycerine                22.00                                            

     Carboxymethyl cellulose (Na salt)                                         

                              0.80                                             

     Tetrasodium pyrophosphate                                                 

                              0.25                                             

     Sodium benzoate          0.50                                             

     Na-3,4-dihydro 1,2,3-oxathiazin-4-one                                     

                              0.50                                             

     H.sub.2 O                20.95                                            

     Dicalcium phosphate..sub.2 H.sub.2 O                                      

                              46.00                                            

     Calcium carbonate        5.00                                             

     Flavor oil               1.00                                             

     Chloroform               1.00                                             

     Na Lauryl sulfate        2.00                                             

                              100.00                                           

     ______________________________________                                    

PAC  EXAMPLE 6 - CLEAR CREAM
PAR  The following visually clear dental cream is prepared:
TBL  Components:              Parts                                            

     ______________________________________                                    

     Sorbitol (70%)           75.0                                             

     Glycerine                25.0                                             

     Laponite SP              2.0                                              

     Sodium N-lauroyl sarcosinate                                              

                              2.0                                              

     Calcium 3,4-dihydro-                                                      

      1,2,3-oxathiazin-4-one  0.1                                              

     Aerosil D200             3.0                                              

     Sodium aluminumsilicate  16.0                                             

     Flavor                   1.0                                              

     Color                    1.0                                              

     Water                    20.0                                             

     ______________________________________                                    

PAR  The sodium aluminumsilicate employed is a complex having a refractive index
      of 1.46, a moisture content of about 6 percent, an average particulate
      size of about 35 microns and a sieve loose bulk density of about 0.07
      g./cc.
PAC  EXAMPLE 7 - MOUTH RINSE
TBL                          Parts                                             

     ______________________________________                                    

     Antimicrobial agent       0.1                                             

     Sorbitan monostearate polyoxyethylene                                     

      condensate containing about 60 moles                                     

      of ethylene oxide        0.6                                             

     Potassium 3,4-dihydro-                                                    

     1,2,3-oxathiazin-4-one    0.035                                           

     Alcohol                   14.78                                           

     Water                     83.87                                           

     Color                     0.04                                            

     Oil of lemon              0.50                                            

     ______________________________________                                    

PAR  This composition is used by rinsing of the oral cavity with about 10 cc.
      thereof once or more often daily.
PAC  EXAMPLE 8 - CHEWABLE TABLET FOR BRUSHING
TBL                          Parts                                             

     ______________________________________                                    

     Insoluble sodium metaphosphate                                            

                               32.59                                           

     Dicalcium phosphate dihydrate                                             

                               4.03                                            

     Poly(ethylene glycol) having a                                            

      molecular weight of about 6000                                           

                               5.00                                            

     Calcium 3,4-dihydro-                                                      

     1,2,3-oxathiazin-4-one    0.25                                            

     Sodium carboxymethylcellulose                                             

                               1.25                                            

     Sodium lauryl sulfate     2.25                                            

     Starch                    3.0                                             

     Mannitol                  47.3                                            

     Talc                      0.5                                             

     Magnesium stearate        1.25                                            

     Flavor, color, etc.       2.48                                            

     Antimicrobial agent       0.1                                             

     ______________________________________                                    

PAR  The tablet is employed as a dentifrice by introducing into the mouth a
      tablet thereof having a weight of about 0.5 grams, crushing it between the
      teeth, and then brushing the teeth in the usual fashion with saliva acting
      as a fluid vehicle, for the brushed tablet particles.
PAR  Although the foregoing specific examples include preferred and typical
      formulations, they should not be taken as limitations on the invention.
      Accordingly, reference should be made to the following claims in
      determining the full scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A dentifrice having a vehicle with a pH adjusted to about 3 to about 10
      and including a surface-active agent with an otherwise potentially bitter
      after taste and containing as sole or prime high intensity bitter taste
      masking sweetener approximately by weight 0.01 to 10.0% of a member
      selected from the group consisting of the alkali metal salts, alkaline
      earth metal salts and free bases of 3,4-dihydro-1,2,3-oxathiazin-4-one.
NUM  2.
PAR  2. A dentifrice as defined in claim 1 wherein said salt is the potassium or
      calcium salt.
NUM  3.
PAR  3. A dentifrice as defined in claim 1 additionally containing 0.1 to 12.0%
      of a member selected from the group consisting of flavoring oils,
      sweetening agents and mixtures thereof, one of which may otherwise have a
      potentially bitter after taste.
NUM  4.
PAR  4. A dentifrice as defined in claim 1 further containing an aqueous vehicle
      for said member.
NUM  5.
PAR  5. A dentifrice as defined in claim 1 wherein said vehicle is aqueous.
NUM  6.
PAR  6. The composition of claim 4 wherein said aqueous vehicle contains about 5
      to 30% of a non-toxic alcohol.
NUM  7.
PAR  7. A dentifrice as defined in claim 3 wherein said vehicle includes a
      water-insoluble dental polishing agent.
NUM  8.
PAR  8. A dentifrice as defined in claim 1 further containing a fluorine
      compound having a beneficial effect on the care and hygiene of the oral
      cavity in an effective but non-toxic amount.
NUM  9.
PAR  9. A dentifrice as defined in claim 8 wherein said fluorine containing
      compound is selected from the group consisting of sodium fluoride,
      stannous fluoride, potassium fluoride, potassium stannous fluoride, sodium
      hexafluorostannate, stannous chlorofluoride, sodium fluorozirconate and
      sodium monofluorophosphate.
NUM  10.
PAR  10. A dentifrice as defined in claim 1 further containing an effective
      amount of an anti-bacterial agent.
NUM  11.
PAR  11. A dentifrice as defined in claim 7 wherein said polishing agnet is
      about 15-95 percent by weight of the vehicle.
NUM  12.
PAR  12. A dentifrice as defined in claim 1 additionally containing a non bitter
      aftertasting surface-active agent.
NUM  13.
PAR  13. A dentifrice as defined in claim 12 wherein said surface-active agent
      is selected from the group consisting of water-soluble sulfates of
      compounds having long chain alkyl radicals.
NUM  14.
PAR  14. A dentifrice as defined in claim 12 wherein said surface-active agent
      is an olefin sulfonate.
NUM  15.
PAR  15. A dentifrice as defined in claim 1 in the form of a toothpaste.
NUM  16.
PAR  16. A dentifrice as defined in claim 1 in the form of a tooth powder.
NUM  17.
PAR  17. A dentifrice as defined in claim 1 in the form of a chewable tablet.
NUM  18.
PAR  18. An aqueous mouthwash containing as an essential ingredient said salt or
      free base as defined in claim 1.
NUM  19.
PAR  19. A mouthwash as defined in claim 18 containing approximately by weight
      (a) 65 to 85% water, (b) 5 to 25% non-toxic alcohol and (c) 0.5 to 3%
      surface-active agent.
NUM  20.
PAR  20. A mouthwash as defined in claim 18 containing about 68 to 78% water and
      up to about 15% of at least one material selected from the group
      consisting of glycerine, sorbitol and propylene glycol and wherein said
      alcohol is denatured ethanol.
NUM  21.
PAR  21. A mouthwash as defined in claim 20 containing about 10 to 20% ethanol,
      8 and 12% glycerine and about 0.01 to 1.0% of said salt.
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ABST
PAL  An antimicrobial composition comprising as active ingredients
      dodecyl-di-(aminoethyl)-glycine and chlorohexidine or salts thereof.
BSUM
PAR  The present invention relates to a new antimicrobial composition which can
      be used with advantage, for example, in the practice of odontology.
PAR  Dodecyl-di-(aminoethyl)-glycine (hereinafter referred to as DAG), is
      referred to as amphoteric electrolytes, normally known as ampholyte soap.
      These substances, which are thus both anionic and cationic, combine the
      bactericidal properties of the cationic substances with the surface active
      and soil dissolving properties of the anionic substances. Contrary
      thereto, for example, to the invert soaps, the ampholyte soaps together
      with protein result only in negligible precipitations or none at all. It
      is known that in weak concentrations and over short periods of exposure
      DAG is effective against gram positive and gram negative bacteria as well
      as against fungus. There is, however, no record of the effect of the
      compound on oral microflora and the possibility of using it in the
      practice of odontology.
PAR  It is also known that chlorohexidine is effective against gram positive and
      gram negative bacteria as well as against fungus. Chlorohexidine, which is
      a base, can be used in the form of salts, such as digluconate (easily
      soluble in water), diacetate (less soluble in water than digluconate),
      dichloride (soluble in water to only 0.06 %) or monofluorophosphate.
PAR  Surprisingly, it has now been found according to the present invention,
      that DAG in combination with chlorohexidine or salts thereof produces an
      antimicrobial composition or inhibitor which has a synergistic effect on
      the organisms and materials mentioned above.
PAR  The antimicrobial composition according to the present invention is
      conveniently characterised in that it contains as the active components
      dodecyldi-(aminoethyl)-glycine and chlorohexidine or salts of these.
PAR  The invention is not limited to any specific proportions of the two
      components since it has been found that even slight amounts of one of the
      components in proportion to the quantity of the other components with
      corresponding quantities of active substance produces a synergistic effect
      in comparison to the effects of the individual components. The proportions
      and the total quantity of active substance are selected with respect to
      the mutual toxicity of the two components, the intended application,
      effect and form of application.
PAR  The following are details relative to a number of tests performed by using
      DAG and chlorohexidine digluconate, 1,1'-hexamethylene
      bis-[5-(p-chlorophenyl)biguanide]-digluconate, separately and with
      compositions according to this invention, i.e. containing DAG and
      chlorohexidine digluconate. Equal parts (by weight) of the two components
      were used in the combined compositions unless otherwise stated.
PAR  In the tests pure cultivated cultures of the microorganisms Streptococcus
      faecalis and Escherichia coli were used as well as homogenized dental
      plaque material in various environments such as phosphate buffer and
      sterile saliva. The technical method for cultivation, isolation,
      collecting and preparing the homogeneous suspensions of the microorganisms
      was performed in the conventional manner. Dental plaque was taken from one
      person in direct connection with performing the tests, the plaque being
      collected in the morning before any precautions towards oral hygiene had
      been taken. Fresh saliva was collected from a number of donors and
      radiation-sterilized with Cobalt 60 (Radona Irradiation, Skarhamn, Sweden)
      in sealed glass tubes, the radiation dose being 3.2 M rad.
PAR  The tests were carried out at 37.degree. C after preparatory inhibition
      tests at 20.degree. and 37.degree. C showed no difference in the degree of
      inactivation.
PAR  Water solutions with various concentrations of the three different types of
      inhibitors were prepared from a basic solution of
      dodecyldi-(aminoethyl)-glycine (TH. Goldschmidt, A.G., Chemische Fabriken,
      Essen, West-Germany) and from chlorohexidine digluconate (ICI, Great
      Britain).
PAR  The tests were carried out in the following manner:
PAR  1 ml of the homogenized bacteria suspensions or the homogenized test
      material was mixed with 1 ml inhibitor solution in 8 ml sterile phosphate
      buffer or 8 ml sterilized saliva. After expiration of the exposure time a
      suitable amount of the mixture was membrane filtered and washed with
      sterile water to remove the inhibitor from the filter (Millipore, MF. HA
      0.45 millimikron). In order to calculate the number of reproducible cells,
      incubation was carried out at 37.degree. C for 24 - 48 hours with the
      membrane filter placed on blood agar plates (5 % horse blood). The number
      of washes required to eliminate the inhibitor was determined by separate
      experiments with the strongest concentration of the inhibitors used and
      with a bacteria suspension of known density.
PAR  The results of the tests carried out are given in the following tables
      which show the number of surviving organisms expressed in logarithmic
      numbers after 4 minutes inhibitor exposure. A indicates
      dodecyl-di-(aminoethyl)-glycine (DAG), B chlorohexidine digluconate and C
      the combination of these two substances. "Control" means no inhibitor in
      the solutions.
PAR  Table 1 shows the results of tests using washed bacteria suspensions of
      Escherichia coli in phosphate buffer having a pH value of 7.0.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Inhibitor                                                                 

             Amount of active substance, mg/ml                                 

                                    Control                                    

     0.001        0.01     0.1      1.0                                        

     ______________________________________                                    

     A       2 . 10.sup.6                                                      

                      2 . 10.sup.6                                             

                                1 . 10.sup.2                                   

                                      0     2 . 10.sup.6                       

     B       2 . 10.sup.4                                                      

                      2 . 10.sup.2                                             

                               0      0     2 . 10.sup.6                       

     C       6 . 10.sup.5                                                      

                      2. 10.sup.0                                              

                               0      0     2. 10.sup.6                        

     ______________________________________                                    

PAR  From the above it is clear that 0.001 and 0.01 mg/ml of inhibitor A (DAG)
      did not affect the original number of bacteria in the suspentions
      (2.10.sup.6). With inhibitor B (chlorohexidine salt) in corresponding
      concentrations a reduction of bacteria was obtained which, shown
      graphically, indicates an exponential course. With inhibitor mixture C
      (DAG + chlorohexidine salt) only slight inactivation was shown with the
      0.001 mg/m concentration, but the bactericidal effect at 0.01 mg/ml and
      stronger concentrations was greater than that obtained when using DAG or
      chlorohexidine alone.
PAR  Table 2 shows the results of corresponding test with bacteria suspensions
      of Streptococcus faecalis.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Inhibitor                                                                 

             Amount of active substance, mg/ml                                 

                                    Control                                    

     0.001        0.01     0.1      1.0                                        

     ______________________________________                                    

     A       2 . 10.sup.6                                                      

                      2 . 10.sup.6                                             

                               3 . 10.sup.2                                    

                                      0     2 . 10.sup.6                       

     B       1 . 10.sup.5                                                      

                      5 . 10.sup.2                                             

                               7 . 10.sup.0                                    

                                      0     2 . 10.sup.6                       

     C       2 . 10.sup.6                                                      

                      8 . 10.sup.1                                             

                               0      0     2 . 10.sup.6                       

     ______________________________________                                    

PAL  In these corresponding tests with Streptococcus faecalis, as is clear from
      Table 2, differences in inactivation ability were found to be similar to
      those obtained in the tests according to Table 1.
PAR  In agreement with this example, comparative tests were carried out with the
      various inhibitors on bacteria suspensions of Streptococcus faecalis in
      sterile saliva having a pH value of 7.3. The results are shown in Table 3.
TBL                TABLE 3                                                     

     ______________________________________                                    

     Inhibitor                                                                 

             Amount of active substance, mg/ml                                 

                                    Control                                    

     0.001        0.01     0.1      1.0                                        

     ______________________________________                                    

     A       1 . 10.sup.7                                                      

                      1 . 10.sup.7                                             

                               1 . 10.sup.7                                    

                                      1 . 10.sup.4                             

                                             1. 10.sup.7                       

     B       1 . 10.sup.7                                                      

                      7 . 10.sup.6                                             

                               5 . 10.sup.3                                    

                                      9 . 10 .sup.2                            

                                             1 . 10.sup.7                      

     C       1 . 10.sup.7                                                      

                      5 . 10.sup.6                                             

                               7 . 10.sup.2                                    

                                      1 . 10.sup.0                             

                                             1 . 10.sup.7                      

     ______________________________________                                    

PAR  The results show that higher concentrations of the inhibitors were required
      in saliva in order to achieve the same level of bacteria reduction as in
      the phosphate buffer. The relationship between the effect of the various
      inhibitors was, however, the same as in the preceding tests.
PAR  Additional tests were carried out to investigate the effect of the various
      inhibitors on homogenized dental plaque in phosphate buffer with a pH
      value of 7.0. The plaque material was subjected to aerobic cultivation and
      anaerobic cultivation. The results obtained are shown in Table 4 (aerobic
      cultivation) and table 5 (anaerobic cultivation).
TBL                TABLE 4                                                     

     ______________________________________                                    

     Inhibitor                                                                 

             Amount of active substance, mg/ml                                 

                                     Control                                   

     0.001        0.01     0.1      1.0                                        

     ______________________________________                                    

     A       1 . 10.sup.7                                                      

                      7 . 10.sup.6                                             

                               1 . 10.sup.6                                    

                                      3 . 10.sup.2                             

                                             1 . 10.sup.7                      

     B       1 . 10.sup.7                                                      

                      1 . 10.sup.6                                             

                               5 . 10.sup.4                                    

                                      7 . 10.sup.2                             

                                             1 . 10.sup.7                      

     C       1 . 10.sup.7                                                      

                      1 . 10.sup.5                                             

                               1 . 10.sup.3                                    

                                      1 . 10.sup.1                             

                                             1 . 10.sup.7                      

     ______________________________________                                    

TBL                TABLE 5                                                     

     ______________________________________                                    

     Inhibitor                                                                 

             Amount of active substance, mg/ml                                 

                                     Control                                   

     0.001        0.01     0.1      1.0                                        

     ______________________________________                                    

     A       7 . 10.sup.7                                                      

                      9 . 10.sup.6                                             

                               2 . 10.sup.6                                    

                                      2 . 10.sup.2                             

                                             7 . 10.sup.7                      

     B       7 . 10.sup.7                                                      

                      7 . 10.sup.6                                             

                               8 . 10.sup.4                                    

                                      3 . 10.sup.3                             

                                             7 . 10.sup.7                      

     C       7 . 10.sup.7                                                      

                      7 . 10.sup.5                                             

                               6 . 10.sup.4                                    

                                      1 . 10.sup.0                             

                                             7 . 10.sup.7                      

     ______________________________________                                    

PAR  From the above values it is clear that the mutual relationship between the
      inactivation ability of the various preparations on plaque was the same as
      in the previously recorded tests using pure cultures. Thus, inhibitor A
      (DAG) gave the lowest effect and inhibitor C, i.e. the combination of DAG
      and chlorohexidine salt the highest effect with comparable concentrations
      of the inhibitors.
PAR  Corresponding tests using homogenized dental plaque suspended in saliva
      showed that higher concentrations of the inhibitors were needed to achieve
      corresponding results to those obtained with phosphate buffer. However,
      the mutual relationship between the antimicrobial ability of the three
      preparations remained unchanged.
PAR  The increased degree of inactivation caused by the combination composition
      (C) in comparison with DAG (A) and chlorohexidine (B) in corresponding
      concentrations is attributed to a synergistic effect of the components
      being present in the combination.
PAR  In order to investigate whether NaF had any influence on the effect of the
      inhibitors when used on pure cultivated bacteria or mixed microflora in
      dental plaque material, supplementary tests were carried out with
      additions of sodium fluoride (NaF) to the combination inhibitor consisting
      of DAG mixed with chlorohexidine digluconate. Separate experiments have
      shown that NaF in itself does not have any bactericidal properties or
      effects on the microorganisms examined.
PAR  Table 6 thus shows the results obtained from tests carried out with the
      combination inhibitor C, i.e. containing equal parts by weight of DAG and
      chlorohexidine digluconate. An addition of 30 g NaF per ml inhibitor
      solution was used in the second part of the experiment, which was
      performed in an aqueous milieu, as well as in the third part of the
      experiment, which was performed in a saliva milieu. The test organism used
      was Streptococcus faecalis. As before, Table 6 indicates the number of
      surviving organisms after 4 minutes exposure to the inhibitor.
TBL                TABLE 6                                                     

     ______________________________________                                    

     Inhibitor Amount of active substance, mg/ml                               

                                      Control                                  

             0.001  0.01     0.1      1.0                                      

     ______________________________________                                    

     C         2 . 10.sup.7                                                    

                        8 . 10.sup.2                                           

                                 0      0     2 . 10.sup.7                     

     C + NaF in                                                                

               2 . 10.sup.7                                                    

                        3 . 10.sup.3                                           

                                 0      0     2 . 10.sup.7                     

     aqueous milieu                                                            

     C + NaF in                                                                

               2 . 10.sup.7                                                    

                        2 . 10.sup.7                                           

                                 5 . 10.sup.6                                  

                                        0     2 . 10.sup.7                     

     saliva milieu                                                             

     ______________________________________                                    

PAR  Two more tests were carried out with inhibitor solutions containing
      fluoride. These solutions are designated D and contained per unit volume
      10 mg DAG, 1 mg chlorohexidine digluconate and 30 mg NaF. In one test the
      test organism was Streptococcus faecalis whereas in the other test dental
      plaque was used as test material.
PAR  The results of these two tests are shown in Tables 7 and 8 in the order
      mentioned, the tables indicating the number of living organisms remaining
      after 4 minutes exposure to the inhibitor.
TBL                TABLE 7                                                     

     ______________________________________                                    

     Inhibitor                                                                 

             Amount of active substance, mg/ml                                 

                                     Control                                   

     0.001              0.01                                                   

     ______________________________________                                    

     D       3 . 10.sup.5   0              5 . 10.sup.6                        

     ______________________________________                                    

TBL                TABLE 8                                                     

     ______________________________________                                    

     Inhibitor                                                                 

             Amount of active substance, mg/ml                                 

                                    Control                                    

     0.001         0.01      0.1                                               

     ______________________________________                                    

     D       4 . 10.sup.6                                                      

                       6 . 10.sup.3                                            

                                 0        5 . 10.sup.6                         

     ______________________________________                                    

PAR  It is clear from the results of these three series of tests (Tables 6 to 8)
      in comparison to previous tests, that 30 mg NaF per ml inhibitor solution
      did not affect the degree of inactivation of the inhibitors according to
      the present invention, but the same result was obtained as in the tests
      carried out without the addition of NaF. This was true both for pure
      cultivated bacteria and for dental plaque material which was suspended
      either in a phosphate buffer or in saliva.
PAR  In additional tests the bactericidal effect of the combination preparation
      of Streptococcus faecalis was investigated using varying proportions of
      the two combined components and at the same time a comparison was made
      with the individual inhibitors. Four inhibitor solutions E, F. G. H were
      tested with different concentrations of active substance. In relative
      numbers and in the order mentioned, these solutions contained 1.0 part DAG
      (E), 0.1 part chlorohexidine digluconate + 0.9 parts DAG (F), 1.0 part
      chlorohexidine digluconate (G), and 0.9 parts chlorohexidine digluconate +
      0.1 part DAG (H).
PAR  The number of living organisms remaining after 4 minutes exposure to the
      inhibitors is stated in the following Table 9.
TBL                TABLE 9                                                     

     ______________________________________                                    

     Inhibitor                                                                 

             Amount of active substance, mg/ml                                 

                                   Control                                     

     0.001         0.01      0.1                                               

     ______________________________________                                    

     E       1 . 10.sup.7                                                      

                       1 . 10.sup.7                                            

                                 3 . 10.sup.4                                  

                                         1 . 10.sup.7                          

     F (comb)                                                                  

             7 . 10.sup.6                                                      

                       2 . 10.sup.6                                            

                                 8 . 10.sup.3                                  

                                         1 . 10.sup.7                          

     G       5 . 10.sup.6                                                      

                       5 . 10.sup.5                                            

                                 7 . 10.sup.1                                  

                                         1 . 10.sup.7                          

     H (comb)                                                                  

             2 . 10.sup.6                                                      

                       3 . 10.sup.5                                            

                                 2 . 10.sup.1                                  

                                         1 . 10.sup.7                          

     ______________________________________                                    

PAR  It is clear from the above results that there was a synergistic effect with
      both the combination preparations F and H. Thus, a slight addition of
      chlorohexidine digluconate to a larger amount of DAG (inhibitor F) gave an
      increased bactericidal effect in comparison with a corresponding active
      substance amount of DAG (inhibitor E) at all the concentrations used and
      conversely, a slight addition of DAG to a larger amount of chlorohexidine
      digluconate (inhibitor H) gave an increased bactericidal effect in
      comparison with chlorhexidine digluconate (inhibitor G) in corresponding
      amounts of active substance.
PAR  On the basis of the tests carried out which show the anti-microbial effect
      of chlorohexidine digluconate and DAG at various concentrations and the
      synergistic effect upon combining these two substances, as well as that
      additions of NaF do not affect the inactivation ability of the combination
      preparation, the following example is given as a solution suitable for use
      on tooth tissue in order to achieve an optimal antimicrobial effect in
      combination with a maximum of fluorine protection so as to prevent or
      reduce the occurrence of caries. The combination preparation is extremely
      surface active and soil dissolving, which is of considerable importance,
      for example when washing out tooth cavities or treating contaminated
      objects. Histological investigations as to the effect the combination
      preparation has on the dentine and the tooth pulp show that the
      preparation does not produce any apparent damages to healthy tissue when
      applied locally.
TBL  ______________________________________                                    

     Example                                                                   

     ______________________________________                                    

     Chlorohexidine digluconate                                                

                           0.1 g                                               

     Dodecyl-di-(aminoethyl)-glycine                                           

                           1.0 g                                               

     NaF                   3.0 g                                               

     H.sub.2 O, ad.        100 ml                                              

     ______________________________________                                    

PAR  This antiseptic solution has a pH value of 7.3, around which value its
      maximum bactericidal effect also exists.
PAR  The microbicidal composition according to the present invention may be used
      in a multitude of different applications and forms. Apart from the above
      solution, it may be in the form of another antiseptic as for example in
      sucking or chewing tablets or a salve with or without the addition of a
      suitable fluorine compound. The composition may also be included in other
      types of oral or dentifrice preparations, such as toothpastes and tooth
      creams, or be mixed with conventional agents such as abrasives, polishing
      agents, detergents, foam-forming agents, flavors, fluorine compounds,
      etc., to provide such dentifrices. The composition may be used as such or
      with suitable additives as an agent for disinfecting surgical areas, tooth
      root channels, surgical instruments, odontological material, dental
      technical pieces of work and the like.
PAR  The fluorine compounds mentioned above in various contexts, which are used
      to prevent caries, may consist of any suitable compound containing
      fluorine which is conventionally used in oral preparations or dentifrices
      and which has a beneficial effect on the care and hygiene of the oral
      cavity, for example for reducing the solubility of the tooth enamel in
      acid and protecting the teeth against caries. In addition to the sodium
      fluoride mentioned above, potassium fluoride, stannous fluoride, sodium
      stannous fluoride, sodium monofluorophosphate, etc., may be used for this
      purpose.
PAR  The invention is not limited to the use of chlorohexidine or chlorohexidine
      digluconate and DAG in the combination, but any other suitable salts of
      chlorohexidine and any suitable salts of DAG having a microbicidal effect
      can be utulized.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An oral antibacterial composition of a pH of 7 to about 7.3 comprising
      as an essential active ingredient an antibacterially effective combination
      of (a) dodecyl-di-(aminoethyl)-glycine and (b) chlorohexidine or a salt
      thereof selected from the group consisting of the digluconate, the
      diacetate, the dichloride and the monofluorophosphate, in a suitable
      carrier.
NUM  2.
PAR  2. Antibacterial composition according to claim 1, wherein the composition
      also contains a fluorine compound which has a beneficial effect on the
      care and hygiene of the oral cavity.
NUM  3.
PAR  3. Antimicrobial composition according to claim 2, wherein the composition
      is in the form of a water solution containing about 0.1 g chlorohexidine
      digluconate, about 1.0 g dodecyl-di-(aminoethyl)-glycine and about 3.0 g
      sodium fluoride.
NUM  4.
PAR  4. An antibacterial composition according to claim 3 having a pH of about
      7.3.
NUM  5.
PAR  5. An antibacterial composition according to claim 1 containing about 0.9
      parts (a) to about 0.1 parts (b).
NUM  6.
PAR  6. An antibacterial composition according to claim 1 containing about 0.1
      parts (a) to about 0.9 parts (b).
NUM  7.
PAR  7. A method of treating the oral cavity comprising applying thereto an
      antibacterial effective amount of the composition as defined in claim 1.
NUM  8.
PAR  8. The composition according to claim 1 wherein the carrier is a
      dentifrice.
NUM  9.
PAR  9. The composition as defined in claim 8 additionally comprising a
      detergent material and an effective amount of a compatible flavor.
NUM  10.
PAR  10. The composition of claim 1 in the form of a chewable detal tablet.
NUM  11.
PAR  11. The composition of claim 1 in the form of a mouthrinse.
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ABST
PAL  A food composition is disclosed which contains an amino acid phosphate,
      namely, an alkali metal amino acid phosphate or an alkaline earth metal
      amino acid phosphate. The amino acid phosphate serves as a cariostatic
      agent and as an agent for nutritional fortification.
BSUM
PAR  The present invention relates to a food composition and more particularly
      to a food product including a cariostatic agent and nurtitional
      fortification.
PAR  In the past various types of cariostatic compositions have been proposed.
      For example, materials such as stannous fluoride, calcium carbonate and
      sodium hydrogen phosphate have been proposed for reducing dental caries.
      Cariostatic agents may be applied topically to the teeth, included in
      dentifrice compositions, or included in foods. The present invention
      relates to an amino acid phosphate which is particularly suitable for use
      in food products. The present cariostatic composition is not toxic and in
      fact is nutritious providing amino acid fortification of the food product.
      Moreover, the present cariostatic composition is highly compatible with
      food products and does not adversely affect the taste of the food to which
      it is added.
PAR  The cariostatic composition used in the present invention may be prepared
      by reacting an amino acid in the free base form with phosphoric acid to
      form an amino acid phosphate. The amino acid phosphate may be then reacted
      with a base or basic salt of an alkali metal or an alkaline earth metal to
      form an alkaline amino acid phosphate. In some instances the cariostatic
      agent may be prepared by reacting the free base amino acid directly with
      an alkali metal phosphate or an alkaline earth metal phosphate. The term
      "alkaline amino acid phosphate" as used herein includes alkali metal amino
      acid phosphates, alkaline earth metal amino acid phosphates and their
      diphosphates.
PAR  Any amino acid may be used in preparing the cariostatic composition of the
      present invention providing the amino acid will react to form the alkaline
      amino acid phosphate. However, the amino acid is preferably an essential
      amino acid for purposes of nutrition. The amino acids used to prepare the
      cariostatic composition typically include lysine, ornithine, arginine,
      tryptophan, phenyl alanine, leucine, isoleucine, threonine, methionine,
      valine, hydroxyproline and glycine. The preferred amino acid is L-lysine.
      The amino acid is preferably in the free base form when used to prepare
      the cariostatic composition. Certain of the free base amino acids,
      typically L-lysine, are unstable and therefore may be produced from the
      hydrochloride immediately prior to use in producing the cariostatic
      composition. The free base amino acid may be prepared by passing a water
      solution of the amino acid hydrochloride through a resin column in the
      OH.sup.- ionic form. Other amino acids may be obtained commercially in the
      free base form. The free base amino acid may be reacted with a phosphoric
      acid such as orthophosphoric acid in a molar weight ratio of from 1:1 to
      1:2 to produce the amino acid phosphate. For nutritional purposes the 1:1
      ratio (i.e. monophosphate) is preferred whereas, for cariostatic purposes,
      the 1:2 (i.e. diphosphate) ratio is preferred. The amino acid phosphate as
      a water solution may be reacted with the alkali metal compound or the
      alkaline earth metal compound. These compounds may be a base or basic
      salt. In other words the alkali metal compound may be an oxide or a
      hydroxide of sodium or potassium. The alkali metal compound may be a basic
      salt such as a carbonate or bicarbonate of sodium or potassium. The
      alkaline earth metal compound may be an oxide, hydroxide, carbonate or
      bicarbonate such as of calcium or magnesium. The alkali metal compound or
      alkaline earth metal compound may be added to the amino acid phosphate
      solution in the form of a dry product such as pellets or flakes or in the
      form of an aqueous solution.
PAR  The amino acid phosphate, in the case of basic amino acids, may be reacted
      with the alkali metal compound or alkaline earth metal compound in a ratio
      of one mole of amino acid phosphate to between one and two equivalent
      weights of the alkali metal compound or alkaline earth metal compound. In
      the case of the phosphates of neutral amino acids the ratio may be one
      mole of amino acid phosphate to one equivalent weight of alkali metal
      compound or alkaline earth metal compound.
PAR  The alkaline amino acid phosphate solution may be applied as is to the food
      composition or may be concentrated by precipitation and/or evaporation.
      The alkaline amino acid phosphate may be precipitated at room temperature
      with a water-miscible organic solvent such as methanol, ethanol, acetone
      or mixtures of such solvents. The precipitate may be washed with the
      water-miscible solvent and dried. The alkaline amino acid phosphate
      solution, alternatively, may be concentrated by evaporation, such as
      vacuum drying, to a concentration of about 40 to 50% solids.
PAR  The food composition of the present invention may be any cereal or sugar
      containing food product such as bread, breakfast cereal (either
      presweetened or unsweetened), various baked goods (i.e. cakes, pies,
      cookies and the like), casseroles (i.e. noodles and the like), candy,
      chewing gum and soft drinks. For cariostatic purposes the alkaline amino
      acid phosphate will generally be present in an amount of at least 0.05%
      phosphorous based on the total weight of the food product. For economic
      reasons the alkaline amino acid phosphate will rarely be present in an
      amount greater than 0.2% phosphorous based on the total weight of the food
      product and the preferred level is 0.1%. For nutritional purposes, i.e.
      amino acid fortification of protein containing food products, the alkaline
      amino acid phosphate is prepared from the desired essential amino acid and
      is present in a range of 0.5% to 3.0%, preferably 1% to 2% based on the
      total weight of the protein present. The alkaline amino acid phosphate may
      be combined with the food product in any of various ways such as spraying
      a solution onto the surface of the food product, mixing a dry form with
      the dry finished food product, or mixing with the other ingredients prior
      to baking.
DETD
PAR  The following examples are for purposes of illustrating the present
      invention and are not intended to be limiting.
PAC  EXAMPLE I
PAR  An alkaline amino acid phosphate was prepared for use in the present
      invention by passing a 10% (by weight) solution of L-lysine hydrochloride
      through a resin column to produce free base lysine. The resin column was
      20 inches in height and was an IR-410 (Amberlite) in the OH.sup.- ionic
      form. The solution was passed through the column at the rate of 2 to 3
      milliliters per square centimeter of column per minute. The free base
      lysine was eluted with water. One molar part of the free base lysine was
      added to a flask containing one molar part of orthophosphoric acid. The
      term "part" as used herein will mean "part by weight" unless otherwise
      indicated. One molar part of orthophosphoric acid was added to the aqueous
      solution of lysine phosphate thereby producing lysine diphosphate. One
      molar part of sodium hydroxide pellets was added to the lysine
      diphosphate. Then one molar part of potassium hydroxide pellets was added
      to the solution with thorough mixing. The resulting solution was
      evaporated to approximately 45% solids in a vacuum using a rotary
      evaporator. The concentrated solution of sodium potassium lysine
      diphosphate was found to be stable at room temperature.
PAC  EXAMPLE II
PAR  An alkaline amino acid phosphate (potassium lysine phosphate), suitable for
      use in the present invention, was prepared by passing a 10% (by weight)
      L-lysine hydrochloride solution in an amount of 455 grams through the
      resin column as described in Example I. The resulting free base lysine was
      added to 3470 ml. of an aqueous solution containing 345 g. of KH.sub.2
      PO.sub.4. One half of the resulting solution was evaporated to about 700
      ml. and then 750 ml. of methanol were added. The mixture was cooled to
      5.degree.C. and the potassium lysine phosphate precipitated. The
      precipitate was collected by filtration and air dried.
PAC  EXAMPLE III
PAR  An alkaline amino acid phosphate (potassium lysine diphosphate) was
      prepared from the remaining solution of Example II by adding to such
      solution 85 milliliters of an 85% H.sub.3 PO.sub.4 solution. The resulting
      solution was evaporated to 750 milliliters and 750 milliliters of methanol
      were added. The mixture was cooled to 5.degree.C. and the potassuim lysine
      diphosphate precipitated. The precipitate was collected by filtration.
PAC  EXAMPLE IV
PAR  Sodium lysine diphosphate was prepared by passing 300 millimoles of
      L-lysine hydrochloride through a resin column to produce free base lysine.
      The resin used was Rexyn AGI in the OH.sup.- form. To the free base
      L-lysine was added 300 millimoles of sodium dihydrogen phosphate. Then 300
      millimoles of orthophosphoric acid were added with thorough stirring. The
      resulting solution was evaporated in a vacuum until a milky appearance was
      acquired and then cooled to 5.degree.C. The material was filtered and a
      tacky crystalline material was obtained and air dried. The material was
      identified as Na Lysine H.sub.5 (PO.sub.4).sub.2.
PAC  EXAMPLE V
PAR  An alkaline amino acid phosphate, K LysH.sub.5 (PO.sub.4).sub.2.LysH.sub.6
      (PO.sub.4).sub.2, was prepared by adding 2.5 moles of free base lysine to
      2.5 moles of H.sub.3 PO.sub.4. Then 2.5 moles of H.sub.3 PO.sub.4 were
      added. The resulting solution was divided into two equal portions A and B.
      To Portion A was added 0.625 equivalent weights of K.sub.2 CO.sub.3. The
      resulting solution was found to contain K LysH.sub.5
      (PO.sub.4).sub.2.LysH.sub.6 (PO.sub.4).sub.2.
PAC  EXAMPLE VI
PAR  An alkaline amino acid phosphate, K LysH.sub.4 (PO.sub.4).sub.2, was
      prepared from Portion B by the addition of 2.5 equivalent weights of
      K.sub.2 CO.sub.3 with thorough mixing.
PAC  EXAMPLE VII
PAR  An unsweetened breakfast cereal was prepared according to the present
      invention. A 40% aqueous solution of the sodium lysine diphosphate of
      Example IV was applied to the cornflakes in an enrober by spraying.
      Sufficient solution was applied to provide the flakes with an added
      phosphorous content of 0.08% by weight. The flavor of the corn flakes was
      not impaired.
PAC  EXAMPLE VIII
PAR  A sweetened breakfast ceral was prepared according to the present
      invention. A syrup was prepared including 436 grams sucrose, 91 grams corn
      syrup, 9 grams salt and 50 grams water. The syrup was heated to boiling
      and 1.24 grams of sodium lysine diphosphate was added and thoroughly mixed
      into the hot syrup. Appreciable browning occurred when the lysine
      phosphate was added to the hot syrup resulting in an attractive color and
      a good caramel flavor. The syrup was immediately poured onto 670 grams of
      corn flakes in a batch type enrober. The coated flakes were dried at
      170.degree.F. for about 30 minutes. The final moisture content was 4%.
PAC  EXAMPLE IX
PAR  White bread was prepared according to the present invention. A dry mixture
      was prepared including 84 parts flour, 0.25 part sodium lysine
      diphosphate, 5.2 parts sugar, 1.6 parts salt and 6.8 parts vegetable
      shortening. ABout 60 parts of warm water were combined with 1.8 parts
      fresh yeast and 0.4 part yeast food. The yeast suspension was added to the
      dry ingredients to form a dough. The dough was kneaded until developed.
      The dough was then held at 90.degree.F. for 75 minutes for proofing. The
      dough was punched down and held at 90.degree.F. for 25 minutes for
      proofing. The dough was cut into 600 gram units and formed into loaves.
      The formed loaves were held at 90.degree.F. for 35 minutes for proofing
      and then baked at 420.degree.F. for one hour. Control bread was
      identically prepared except that sodium lysine diphosphate was not added.
      In both instances the bread was sliced, dried at 150.degree.F. and ground
      to pass through a No. 70 wire screen. Rat Group A (ten Cotton rats) was
      fed a diet including 1 part ground bread containing sodium lysine
      diphosphate and 2 parts standard cariogenic dietary material. The standard
      cariogenic dietary material included 32 parts oat groats, 32 parts whole
      milk powder and 2 parts liver powder. Rat Group B (10 Cotton rats) was fed
      a diet including 1 part ground control bread and 2 parts of the standard
      cariogenic dietary material. Both groups were fed for 28 days. Group A was
      found to have fewer caries than Group B. The caries considered were sulcal
      caries or in other words pit and fissure caries as measured on the first
      and second molars. The first molars in Group A received an average score
      of 6.6 per rat tooth and those in Group B received an average score of
      8.9, basis number of caries. The first molars in Group A received an
      average score of 13.7 and those in Group B received an average score of
      18.5, basis severity of caries. The second molars in Group A received an
      average score of 6.8 and those in Group B received an average score of
      7.8, basis number of caries. The second molars in Group A received an
      average score of 14.5 and those in Group B received an average score of
      16.3, basis severity of caries. Thus the results show a reduction in both
      number and severity of caries using the present food composition. The
      alkaline amino acid phosphate, when used in a diet for cariostatic
      purposes, is present in a cariostatic effective amount.
PAC  EXAMPLE X
PAR  Cream type fillings were prepared according to the present invention
      including approximately 27 to 30% fat, 15 to 20% protein concentrate and
      45 to 50% confectioner's sugar. Various vitamins, minerals, flavor and
      coloring were added. Three grams of the sodium lysine diphosphate were
      added to 200 grams of the cream type filling. The sodium lysine
      diphosphate produced no noticeable effect on the physical properties or
      flavor of the filling. The filling was suitable for use with cookies or
      cakes.
PAC  EXAMPLE XI
PAR  The food composition was tested as a dietary supplement for lysine
      fortification on rats. The diet consisted of 12 parts wheat gluten, 69
      parts corn starch and 8 parts vegetable shortening. Rat Group A was a
      control group and received the diet without added lysine. Rat GRoup B
      received the diet supplemented with 1% equivalent lysine based on weight
      of gluten. The lysine used with Group B was lysine hydrochloride. Rat
      Group C received the diet supplemented with NaK lysine diphosphate in the
      same lysine equivalent level as Group B. The effect of the supplement was
      determined as PER (Protein Efficiency Ratio). The PER was as follows:
TBL  Group        Added Lysine      PER                                        

     ______________________________________                                    

     A           No                 0.63                                       

     B           Lysine hydrochloride                                          

                                    0.91                                       

     C           NaK lysine diphosphate                                        

                                    1.98                                       

     ______________________________________                                    

PAL  The alkaline amino acid phosphate when used for amino acid fortification is
      present in a nutritionally effective amount.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A cariogenic food product fortified nutritionally with a cariostatic
      effective amount of a member selected from the group consisting of an
      alkali metal lysine phosphate, an alkaline earth metal lysine phosphate
      and their diphosphates.
NUM  2.
PAR  2. The food product of claim 1 wherein the amino acid phosphate is a member
      of the group consisting of sodium and potassium lysine phosphate.
NUM  3.
PAR  3. The food product of claim 1 wherein said food product is candy.
NUM  4.
PAR  4. The food product of claim 1 wherein said food product is chewing gum.
NUM  5.
PAR  5. The food product of claim 1 wherein said food product is a soft drink.
NUM  6.
PAR  6. The food product of claim 1 wherein said food product is a presweetened
      breakfast cereal, said cereal being sweetened by coating with a syrup and
      wherein said lysine phosphate or diphosphate is included in said syrup.
NUM  7.
PAR  7. A cariogenic food product fortified nutritionally with a cariostatic
      effective amount of a member selected from the group consisting of an
      alkali metal lysine diphosphate said cariogenic food product being
      selected from the group consisting of cereals and sugars, said diphosphate
      being present in an amount of from 0.05 to 0.2% phosphorus based on the
      total weight of the food product, said diphosphate being used as a
      cariostatic agent.
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ABST
PAL  A stable antiperspirant liquid composition which is particularly suitable
      for use as an antiperspirant roll-on comprising an aluminum astringent
      material, a small but effective amount of a quaternary ammonium salt and
      fumed silica in an aqueous medium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a stable antiperspirant liquid composition
      which is particularly suitable for use as an antiperspirant roll-on
      comprising an aluminum astringent material, a small but effective amount
      of a quaternary ammonium salt and dispersible fumed silica in an aqueous
      medium.
PAR  Antiperspirant liquids which are packaged in roll-on containers are known
      in the art. Such packaged antiperspirants include a suitable roll-on
      applicator above the liquid level which is rotatably mounted in the
      container discharge orifice whereby the antiperspirant liquid discharged
      onto the applicator may be selectively applied to the desired area.
PAR  In general, these prior antiperspirant liquids have exhibited reduced
      levels of activity after prolonged storage, particularly at elevated
      temperatures. The reduction in activity of such compositions has been
      attributed to a phase separation or constituent layering which occurs
      therein after prolonged storage, particularly at elevated temperatures.
PAR  Accordingly, there is an existent need for a stable antiperspirant liquid
      composition with a substantially uniform level of activity throughout the
      useful life thereof, even when stored for prolonged periods of time at
      elevated temperatures.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, it has now been found
      that there may be prepared a stable antiperspirant liquid composition with
      a substantially uniform level of activity throughout the useful life
      thereof comprising an aluminum astringent material, a small but effective
      amount of a quaternary ammonium salt and fumed silica in an aqueous
      medium. The composition possesses a number of desirable properties,
      particularly with respect to roll-on characteristics.
PAR  Accordingly, it is an object of this invention to provide a novel
      composition which exhibits effective antiperspirant characteristics.
PAR  Another object of the invention is to provide an antiperspirant lotion
      composition which is stable throughout the useful life thereof.
PAR  A further object of the invention is to provide an antiperspirant lotion
      composition which is active throughout the useful life thereof.
PAR  Yet another object of the invention is to provide an antiperspirant lotion
      composition which is particularly suitable for use in a roll-on
      applicator.
PAR  Another object of the invention is to provide an antiperspirant lotion
      composition which is stabilized by inclusion therein of a small but
      effective amount of a quaternary ammonium salt and a select amount of
      fumed silica.
PAR  Still other objects and advantages of the invention will, in part, be
      obvious and will, in part, be apparent from the specification.
PAR  The invention accordingly comprises a composition possessing the
      characteristics, properties, and the relation of constituents which will
      be exemplified in the composition hereinafter described, and the scope of
      the invention will be indicated in the claims.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The stable antiperspirant liquid of the invention is preferably formulated
      within proportions such that the form thereof is a lotion which is
      particularly suited for use in a roll-on applicator. The antiperspirant
      lotion comprises an aluminum astringent material, a small but effective
      amount of a quatarnary ammonium salt and a select amount of water
      dispersible fumed silica in an aqueous medium. The lotion is substantially
      uniform and homogeneous in the container therefor. The presence of a
      select amount of fumed silica and a small but effective amount of a
      quaternary ammonium salt in the liquid medium stabilizes the composition
      and upon application thereof to a select area, there is applied a
      substantially uniform coating.
PAR  The aluminum astringent material employed in the antiperspirant lotion
      composition preferably includes a major proportion of aluminum
      chlorohydrate and a minor proportion of a highly ionizable aluminum salt
      soluble in an aqueous solvent medium. A particularly preferred embodiment
      includes a minor amount of aluminum chlorohydroxy allantoinate, viz. from
      about 0.27 to about 0.75% by weight thereof.
PAR  The aluminum chlorohydrate is a known water-soluble antiperspirant
      ingredient and is employed in complete form. In general, the commercial
      aluminum chlorohydrate has an approximate atomic ratio of aluminum to
      chlorine of 2:1 and an empirical formula of Al.sub.2 (OH).sub.5 Cl in
      aqueous solution. It may be employed in granular or solution form. The
      term aluminum chlorhydrate includes herein other equivalent aluminum
      chlorhydroxy complexes and their salts. Such other materials include
      aluminum chlorhydroxy ethylate complex, sodium aluminum chlorhydroxy
      lactate, and the like. The proportion of aluminum chlorhydrate in the
      final composition is variable but, in general, it should be from about 12
      to about 20% by weight dissolved in the solvent medium.
PAR  Suitable highly ionizable aluminum salts employed in minor proportion in
      the aluminum astringent material include, particularly, the aluminum salts
      of mineral acids, for instance, aluminum chloride and other halides,
      aluminum sulfate, and the like. Other aluminum salts are aluminum
      sulfamate, aluminum phosphate and aluminum phenolsulfamate. A small but
      effective amount of these salts, and preferably from about 1 to about 3%
      by weight of aluminum chloride, dissolved in the solvent medium, enhance
      the antiperspirant activity of the aluminum chlorohydrate.
PAR  The solvent medium is water and preferably deionized water to avoid
      introducing trace amounts of reactants into the lotion composition. The
      amount of water in the final composition is variable and as suffices is
      generally added to the make-up and up to about 65% by weight may be
      employed.
PAR  A buffering material, such as an amide compound, for example, urea, ethyl
      carbamate or acetamide is employed. Alternatively, an amino carboxy acid,
      such as glycine or alanine, or the like, may be employed for its known
      effects. Preferably, the buffering material comprises an admixture of urea
      and glycine and the admixture thereof is added to the lotion composition
      in sufficient amounts to bring the pH thereof to between about 3.20 to
      3.50. Optimum results are obtained by adding from about 3 to about 15% by
      weight of urea and from about 2 to about 8% by weight of glycine.
PAR  The composition comprising the aluminum astringent material, buffering
      material and water is a homogeneous, single phase liquid product. Upon
      application from the container, it has been noted that the applied coating
      is tacky, tends to rewet and dries only after prolonged exposure to the
      ambience. Moreover, the antiperspirant activity of the composition tends
      to decrease after prolonged storage.
PAR  It has been found that the incorporation of a small but effective amount of
      a quaternary ammonium salt and a select amount of water dispersible fumed
      silica results in a lotion wherein the applied lotion is characterized by
      decreased tack, decreased rewetting and prompt drying. There is no
      apparent decrease in the antiperspirant activity of the lotion composition
      even after prolonged storage. Furthermore, there is insured maximum
      stability of the composition until the contents of the container are
      exhausted.
PAR  The fumed silica is water dispersible, preferably having a particle size of
      between about 0.007 and 0.050 microns, a density of 4.0 - 5.0 lbs./cu. ft.
      and a surface area of between about 50 and 400 m.sup.2 /gm. One
      particularly suitable fumed silica material is CAB-O-SIL "MS-7" (tradename
      of Cabot Corporation) which is a fumed silica produced by the hydrolysis
      of silicon tetrachloride at 1100.degree.C. The fumed silica material
      should be used in the antiperspirant lotion in quantities of the order of
      up to 15% by weight and preferably from about 5 to 12% by weight on the
      composition is employed. It may be incorporated in the composition by any
      suitable method such as by slow addition to the liquid with agitation of
      the aqueous mixture so as to form a substantially homogeneous dispersion.
PAR  It is a critical parameter of compositions within the scope of the
      invention that the concentration of fumed silica therein be at least 5% by
      weight. Less than 5% by weight thereof renders the composition unstable.
      More than 12.5% by weight of fumed silica provides a composition that is
      too viscous for roll-on application. Optimal results are obtained when the
      concentration of fumed silica is between about 0 to 11% by weight.
PAR  The quaternary ammonium salt should be employed in the composition in
      extremely small quantities of the order of up to about 1% by weight and
      preferably from about 0.1 to 0.8% by weight on the composition. At
      concentrations of the quaternary ammonium salt which are less than 0.1%,
      the composition is unstable. Therefore, it is critical that at least 0.1%
      thereof be employed therein. When more than 1% by weight of the quaternary
      ammonium salt is employed, the composition is too viscous for roll-on
      application.
PAR  While various suitable water soluble quaternary ammonium salts may be
      employed in the composition, a particularly preferred group are the octyl
      aryloxy ethoxy ethyl dimethyl benzyl ammonium chlorides wherein the
      aryloxy group is phenoxy or cresoxy. The preferred component of this group
      is diisobutyl phenoxy ethoxy ethyl dimethyl benzyl ammonium chloride
      monohydrates with the formula:
      ##SPC1##
PAR  It has been found that the stability and the viscosity of the composition
      are functionally related to the relative amounts of the quaternary
      ammonium salt and fumed silica present therein. While the mechanism is
      unknown, it is believed that the quaternary ammonium salt and fumed silica
      form a complex which stabilizes the composition and provides the desired
      viscosity. When either the quaternary ammonium salt or fumed silica is
      omitted, the composition is unstable and nonviscous. In particular, it
      appears that the effect of the quaternary ammonium salt on stability and
      viscosity of the composition is surprisingly disproportionate to the
      amount thereof employed in the composition as particularly shown in
      Example II set forth below. It is also found that at a fixed concentration
      of the quaternary ammonium salt, a small increase in the fumed silica
      concentration has a surprising effect upon the viscosity of the
      composition, as particularly shown in Example III set forth below.
PAR  The viscosity of the composition is variable but, in general, it should be
      from about 500 to about 2,225 cps., and preferably 700 to 1100 cps. at
      ambient temperature. The antiperspirant lotions having a viscosity of 700
      to 1100 cps. are particularly preferred. These particularly preferred
      antiperspirant lotions are further characterized by a specific gravity of
      about 1.100 to about 1.400 at ambient temperature and a volatiles content
      of about 58.5% + 1.0%.
PAR  Various adjuvant materials may be incorporated in the composition in
      suitable amounts. There is preferably employed a known preservative
      material, such as sorbic acid. While any of the conventional preservatives
      may be employed, the preservative selected must function on the acidic
      side. The amount of preservative added to the composition is variable but,
      in general, it should be from about 0.1 to about 0.4% by weight. Minor
      amounts of other materials such as perfume, deodorants, antiseptic,
      germicidal or bacteriostatic substances, may be added also if desired.
DETD
PAR  The following formulations are illustrative of the nature of the present
      invention and it is to be understood that the invention is not limited
      thereto. All percentages are by weight unless otherwise indicated.
TBL                EXAMPLE I                                                   

     ______________________________________                                    

     Ingredient                  Percent                                       

     ______________________________________                                    

     Aluminum Chlorhydrate (50% aqueous solution)                              

                                 33.00                                         

     Aluminum Chloride (50% aqueous solution)                                  

                                 4.00                                          

     Diisobutyl phenoxy ethoxy ethyl dimethyl                                  

     benzyl ammonium chloride monohydrate                                      

                                 0.60                                          

     (50% aqueous solution)                                                    

     Urea                        8.00                                          

     Glycine                     4.00                                          

     Aluminum Chlorhydroxy Allantoinate                                        

                                 0.50                                          

     Sorbic acid                 0.40                                          

     Fumed Silica                10.50                                         

     Deionized Water             Balance                                       

     ______________________________________                                    

PAR  The aluminum chlorohydrate in the form of an aqueous solution, the aluminum
      chloride in the form of an aqueous solution, the quaternary ammonium salt
      and the water are added with stirring to form a homogeneous liquid. The
      urea, glycine, aluminum chlorohydroxy allantoinate and sorbic acid are
      added thereto with stirring and the temperature of the admixture is raised
      to about 50.degree. to about 55.degree.C with constant agitation. At a
      temperature of about 50.degree.C, the fumed silica is slowly added to the
      admixture with constant stirring to form a fine dispersion and the
      temperature thereof is maintained at about 50.degree. to about
      55.degree.C. The final product is then added to a polyethylene squeeze
      bottle provided with a roll-on applicator in the outlet orifice thereof
      which may be closed with a bottle cap. Upon squeezing of the plastic
      bottle or suitably orienting the plastic bottle for underarm usage, this
      composition as applied from the roll-on applicator produces a uniform
      antiperspirant coating.
TBL  EXAMPLE II                                                                

     __________________________________________________________________________

                                Percent:                                       

     Ingredient                 Sample 1                                       

                                     Sample 2                                  

                                            Sample 3                           

     __________________________________________________________________________

     Aluminum Chlorhydrate (50% aqueous solution)                              

                                33.00                                          

                                     33.00  33.00                              

     Aluminum Chloride (50% aqueous solution)                                  

                                4.00 4.00   4.00                               

     Diisobutyl phenoxy ethoxy ethyl dimethyl                                  

     benzyl ammonium chloride monohydrate                                      

                                --   0.60   1.00                               

     (50% aqueous solution)                                                    

     Urea                       8.00 8.00   8.00                               

     Glycine                    4.00 4.00   4.00                               

     Aluminum Chlorhydroxy Allantoinate                                        

                                0.50 0.50   0.50                               

     Sorbic Acid                0.40 0.40   0.40                               

     Fumed Silica               10.50                                          

                                     10.50  10.50                              

     Deionized Water            39.60                                          

                                     39.00  38.60                              

     Viscosity:                                                                

           Brookfield Viscometer, LVT Model                                    

                                0 cps.                                         

                                     1,025 cps.                                

                                            3,160 cps.                         

           Spindle No. 3 at 30 rpm. for 1 minute-                              

           48 hours after manufacturing                                        

     Stability:                                                                

           Overnight at 50.degree.C                                            

                                Unstable                                       

                                     Stable Stable                             

           Room temperature     Unstable                                       

                                     Stable Stable                             

     __________________________________________________________________________

PAR  The above formulations were prepared as in Example I and resulted in
      products having the stability and viscosity characteristics set forth in
      Samples 1-3. The fumed silica concentration was constant and the
      quaternary ammonium salt concentration was varied. Sample I contained no
      quaternary ammonium salt and was characterized as unstable having a
      viscosity of 0 cps. In Sample 3, the amount of quaternary ammonium salt
      employed was 1.00% by weight and while the composition was stable, it was
      characterized by a viscosity of 3,160 cps. Sample 2 was formulated in the
      manner set forth in Example I and the resulting product was suitably
      stable and viscous. The comparative samples show the surprising effect of
      the quaternary ammonium salt on the properties of the composition.
TBL  EXAMPLE III                                                               

     __________________________________________________________________________

                                Percent:                                       

     Ingredient                 Sample 1                                       

                                     Sample 2                                  

                                            Sample 3                           

                                                   Sample 4                    

     __________________________________________________________________________

     Aluminum Chlorhydrate (50% aqueous solution)                              

                                33.00                                          

                                     33.00  33.00  33.00                       

     Aluminum Chloride (50% aqueous solution)                                  

                                4.00 4.00   4.00   4.00                        

     Diisobutyl phenoxy ethoxy ethyl dimethyl                                  

     benzyl ammonium chloride monohydrate                                      

                                0.60 0.60   0.60   0.60                        

     (50% aqueous solution)                                                    

     Urea                       8.00 8.00   8.00   8.00                        

     Glycine                    4.00 4.00   4.00   4.00                        

     Aluminum Chlorhydroxy Allantoinate                                        

                                0.50 0.50   0.50   0.50                        

     Sorbic Acid                0.40 0.40   0.40   0.40                        

     Fumed Silica               2.50 5.00   10.50  12.50                       

     Deionized Water            47.00                                          

                                     44.50  39.00  37.00                       

     Viscosity:                                                                

           Brookfield Viscometer, LVT Model                                    

                                50 cps.                                        

                                     500 cps.                                  

                                            1,025 cps.                         

                                                   2,225 cps.                  

           Spindle No. 3 at 30 rpm. for 1 minute -                             

           48 hours after manufacturing                                        

     Stability:                                                                

           Overnight at 50.degree.C                                            

                                Unstable                                       

                                     Stable Stable Stable                      

           Room Temperature     Unstable                                       

                                     Stable Stable Stable                      

     __________________________________________________________________________

PAR  The above formulations were prepared as in Example I and resulted in
      products having the illustrated characteristics. In all the samples, the
      amount of quaternary ammonium salt was held constant while the
      concentration of fumed silica was varied from 2.5 to 12.50% by weight.
      Sample 1 which contained 2.50% by weight of fumed silica was unstable and
      had a viscosity of 50 cps. At the other end of the spectrum, sample 4
      contained 12.50% by weight of fumed silica and was stable, but that
      formulation was characterized by a viscosity of 2,225 cps. Samples 3 and 4
      were compared and it was observed that the increase of 2.00% by weight of
      fumed silica in sample 4 resulted in a more than twofold increase in the
      viscosity. That increase is surprising in view of comparisons that may be
      made among samples 1-3.
PAR  Although the present invention has been described with reference to
      particular embodiments and examples, it will be apparent to those skilled
      in the art that variations and modifications of this invention can be made
      and that equivalents can be substituted therefor without departing from
      the principles and true spirit of the invention.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stable antiperspirant lotion composition which is particularly
      suitable for use in a roll-on applicator comprising from about 12 to about
      20% by weight of aluminum chlorhydrate, from about 1 to about 3% by weight
      of aluminum chloride, from about 5 about 12% by weight of fumed silica,
      from about 0.1 to about 1% by weight of a quaternary ammonium salt
      selected from the group consisting of octyl phenoxy ethoxy ethyl dimethyl
      benzyl ammonium chloride and octyl cresoxy ethoxy ethyl dimethyl benzyl
      ammonium chloride, a buffer material in an amount sufficient to adjust the
      pH of said composition to between about 3.20 and 3.50 and the remainder of
      the composition being water, said lotion composition being characterized
      by a viscosity of from about 500 to about 2,225 cps at ambient
      temperature.
NUM  2.
PAR  2. The lotion composition of claim 1 wherein said composition is
      characterized by a viscosity of about 700 to 1100 cps at ambient
      temperature, said lotion composition including a volatiles content of
      about 58.5% .+-. 1.0%.
NUM  3.
PAR  3. The antiperspirant lotion composition of claim 1 including from about
      0.27 to about 0.75% by weight of aluminum chlorhydroxy allantoinate.
NUM  4.
PAR  4. The antiperspirant lotion composition of claim 1 wherein said buffering
      material comprises from about 3 to about 15% by weight of urea and from
      about 2 to about 8% by weight of glycine.
NUM  5.
PAR  5. The antiperspirant lotion composition of claim 1 said fumed silica
      having a particle size of between about 0.007 and 0.050 microns, a density
      of 4.0 to about 5.0 lbs./cm. ft. and a surface area of between about 50
      and 400 cm.sup.2 /gm.
NUM  6.
PAR  6. The antiperspirant lotion composition of claim 1 wherein said quaternary
      ammonium salt is diisobutyl phenoxy ethoxy ethyl dimethyl benzyl ammonium
      chloride monohydrate, said lotion composition including from about 0.1 to
      0.8% by weight thereof.
NUM  7.
PAR  7. The antiperspirant lotion composition of claim 1 including from about
      0.1 to about 0.4% by weight of an acid active preservative.
NUM  8.
PAR  8. The antiperspirant lotion composition of claim 7 wherein said
      preservative is sorbic acid.
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ABST
PAL  The present invention relates to a shampoo composition having dissolved
      therein a hair grooming agent, which agent becomes insoluble upon dilution
      with water during shampooing, depositing on the hair to impart desirable
      properties to the hair, such as body, set, sheen and ease of combing. More
      particularly the present invention discloses a shampoo composition
      comprising a surfactant system, a solvant system, a hair grooming agent,
      soluble in the solvent and/or solvent surfactant/systems and insoluble in
      water, and, in preferred embodiments, a hair lubricant which may be
      dissolved or dispersed in the surfactant-solvent system or form part of a
      distinct phase in a multi-phase composition.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 205,314,
      filed Dec. 6, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Foaming shampoos having dissolved or dispersed therein water-insoluble hair
      grooming agents.
PAR  2. Description of the Prior Art
PAR  Addition of hair conditioning agents such as polyglycols, fatty acid esters
      of glycols, waxes, protein and lanolin derivatives to single phase shampoo
      compositions to improve manageability and counteract the loss of natural
      oils caused by synthetic detergents are well known. These products are,
      however, only marginally satisfactory because they do not retain
      sufficient amounts of the agent on the hair after the shampooing rinse
      cycle to provide palpable results.
PAR  Products for this purpose are also available for application to the hair
      subsequent to shampooing, such as hair rinses, sets and sprays. These
      products often contain polymeric substances which form a film on the hair
      upon drying, thereby holding the hair in a desired preformed
      configuration, i.e., impart body and wave retention. To date, it has not
      been possible to satisfactorily incorporate these substances into a
      commercially acceptable water base shampoo formulation. For the most part,
      this is again because the substances, if soluble enough to be included in
      a homogenous shampoo composition are not attracted to the hair fiber in
      sufficient degree to prevent removal during the rinse cycle. In the
      instances (U.S. Pat. Nos. 2,756,178, 3,313,734 and 3,400,198) where
      lanolin and polymeric materials, e.g., polyethyleneimine, quaternized
      vinyl imidiazole and quaternized diethylaminoethyl methacrylate, etc.,
      were found were incorporated into particular shampoo systems, the hair
      grooming agent was either water soluble and tended to both dull the hair
      and adversely affect the feel of the hair or deposition on the hair was a
      random event depending on large quantities of the hair grooming agent in
      the shampoo composition and inefficient rinsing by the user to obtain any
      substantive effect.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has found a method of incorporating water insoluble
      resinous and waxy materials into an aqueous base shampoo composition which
      will be retained on the hair after rinsing, so that, in addition to normal
      cleansing action, desirable grooming benefits can be imparted to the hair
      such as body, set holding, sheen and ease of combing. In its most basic
      form, the shampoo composition of the present invention comprises: (1) a
      surfactant system, which may be soap and/or a synthetic detergent; (2) a
      solvent system; and, (3) a water-insoluble hair grooming agent which is
      substantially soluble in the solvent and/or a combination of the
      solvent/surfactant; the hair grooming agent being made soluble in the
      water base shampoo composition by the solvent and/or solvent/surfactant
      and becoming insoluble in the shampoo composition and depositing onto the
      hair by addition of water during the shampooing and shampooing rinse cycle
      according to a dilution-deposition type mechanism. In the preferred form,
      the shampoo composition further comprises a hair lubricant which may be
      soluble, dispersible or insoluble in the solvent and/or solvent/surfactant
      to provide ease of combing and anti-stat properties to the hair after use.
PAR  The solvent system, which may be capable of dissolving the surfactant and,
      either alone or in conjunction with the surfactant is capable of
      substantially dissolving the hair grooming agent, should contain at least
      about 10 percent, based on the weight of the solvent system, of at least
      one water miscible substantially polar organic solvent. Additionally, the
      solvent system may also contain up to about 40 percent of the weight of
      the polar organic solvent, of a non-polar solvent to enhance solubility of
      the grooming agent in the system.
PAR  The hair grooming agent, most preferably, imparts body or set holdability
      to the hair, although agents which condition or instill sheen are
      similarly preferred. The grooming agent may be in the form of a resin, a
      wax, a liquid or combinations thereof; the requirements of the agent being
      that they are made substantially soluble in an aqueous base shampoo
      composition by the solvent and/or solvent/surfactant system; are
      substantially insoluble in the amounts of water normally used in the
      shampooing and rinse operations; are essentially non-deleterious to the
      detergency of the surfactant system; and they impart a desirable
      beneficial quality to the hair when used in this manner. It is believed
      that during the dilution with water which occurs in the shampooing and
      rinse cycles of the shampoo operation, the hair grooming agent forms a
      discrete particle dispersion, resulting in a partitioning of the grooming
      agents from the diluted shampoo composition to the hair shaft. This
      dispersion-deposition mechanism permits the wet insoluble grooming agent
      to become affixed to the hair without subsequent removal during
      continuation of the rinse cycle.
PAR  The hair lubricant, for the preferred form of the present invention may be
      soluble, dispersable or insoluble in the composition, i.e., form a
      separate phase of a multi-phase system. When soluble or dispersable in the
      composition, the lubricant should be present from about 1 to about 15
      weight percent, based on the weight of the total composition; when
      insoluble, forming a separate phase, it is preferred to increase the upper
      limit to about 25 weight percent with a desired range being from about 5
      to about 20 weight percent.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The shampoo compositions of the present invention are intended to provide
      detergency while simultaneously imparting one or more desirable grooming
      effects to the hair such as body, set holding, sheen, softness,
      conditioning and ease of combing. In its most basic form the invention
      herein comprises a surfactant system, a solvent system, and a dissolved or
      dispersed water-insoluble hair grooming agent. In its preferred form the
      composition further contains a combing agent to impart conditioning,
      anti-stat, ease of combing and the like.
PAR  The surfactant system comprises one or more water-soluble surface-active
      agents, i.e., an anionic, nonionic, or amphoteric surfactant, or a mixture
      thereof, which produces acceptable foam or whose foam is supplemented by a
      suds improver. Preferred anionic detergents are sulfonated and sulfated
      anionic detergents and in particular the sodium, magnesium, ammonium,
      mono- di- and triethanolamine salts of sulfated fatty alcohols as well as
      these salts of the sulfonated alkylaryl compounds, all of which have a
      total of from 12 to 21 carbon atoms. Typical anionic detergents include
      sodium lauryl sulfate, sodium oleyl succinate, ammonium lauryl
      sulfosuccinate, sodium lauryl ether sulfate, ammonium lauryl sulfate,
      monoethanaolamine lauryl sulfate, triethanolamine lauryl sulfate, sodium
      dodecylbenzene sulfonate, triethanolamine dodecylbenzene sulfonate and
      sodium N-lauroyl sarcosinate. Other anionic detergents include soaps such
      as triethanolamine laurate-myristate and triethanolamine oleate.
PAR  Nonionic detergents include fatty acid alkanolamides and the alkylene oxide
      (ethylene oxide and propylene oxide) condensates of a hydrophobic base
      such as a long chain fatty alcohol or an alkylphenol. Typical of the fatty
      acid alkanolamides are those having a total of from 10 to 21 carbon atoms,
      such as lauric diethanolamide, coconut oil monoethanolamide and lauric
      isopropanolamide. The alkylene oxide condensates of long chain fatty
      alcohols include C.sub.10 to C.sub.21 fatty alcohols condensed with 3 to
      20 moles of ethylene oxide, such as the ethylene oxide condensates of
      lauryl alcohol, myristyl alcohol and palmityl alcohol. The alkylene oxide
      condensates of alkylphenols include the alkylphenols having a C.sub.8 to
      C.sub.15 alkyl group condensed with 3 to 20 moles of ethylene oxide, such
      as the octylphenol-8 mole ethylene oxide condensate, the nonyl phenol-10
      mole ethylene oxide condensate and the dodecyl phenol-10 mole ethylene
      oxide condensate.
PAR  Amphoteric or ampholytic detergents include
      N-lauryl-N'-carboxymethyl-N'-(2-hydroxyethyl) ethylenediamine,
      coco-beta-alanine, and the Miranol compounds described in U.S. Pat. Nos.
      2,528,378 and 2,781,354.
PAR  Other examples, well known to the art, may be found in the literature such
      as "Surface Active Agents" by Schwartz and Perry and "Surface Active
      Agents and Detergents" by Schwartz, Perry and Berch, both Interscience
      Publishers, New York, New York, the disclosures of which are incorporated
      herein.
PAR  The most preferred detergents are the anionics such as the lauryl sulfates,
      particularly monoethanolamine, triethanolamine and ammonium lauryl
      sulfates. Sodium lauryl sulfate and sodium lauryl ether sulfate are also
      very suitable for use in the compositions of the invention. Preferably the
      surfactant system is present in an amount of from about 5 to about 60
      percent, more preferably from about 7 to about 40 percent and most
      preferably from about 10 to about 30 percent by weight of the composition.
      Compositions containing lower amounts of surfactant than this do not clean
      the hair well and also give low foam volumes, while those containing
      greater amounts effect too great a dispersibility of the resin for
      deposition on the hair and introduce problems of eye irritancy.
PAR  Optionally, the detergent system may also contain, from about 0.2 to about
      15 weight percent, based on the weight of the total composition, of one or
      more lather boosters and/or stabilizers, to increase sudsing power and
      foam stability. Examples of these would include coco amide, lauric
      diethanolamide, lauric isopropanolamide, coconut monoethanol amide,
      betaines, sulfobetaines, coco, dimethyl amide oxide, coco bis
      2-hydroxyethyl amide oxide, the most preferred of these lather adjuvants
      are lauric diethanolamide, lauric isopropanol amide, coco amide, and coco
      bis 2-hydroxyethyl amine oxide.
PAR  The solvent system, which may dissolve the surfactant and either alone or
      in conjunction with the surfactant, will be capable of substantially
      dissolving the grooming agent so that the grooming agent-solvent will form
      a single phase system in the aqueous base shampoo, should contain at least
      about 10 weight percent preferably, from about 14 to about 70 percent,
      based on the weight of the solvent system, of at least one water miscible,
      substantially polar organic solvent. The solvent system should be present
      in the composition from about 10 to about 90 weight percent, based on the
      weight of the total composition, preferably 12-80 weight percent and most
      preferably 18-50 weight percent. Examples of polar solvents suitable
      either alone or in combination with other solvents for purposes of the
      present invention include monohydric alcohols having from 2 to 12 carbon
      atoms such as ethyl alcohol, n-propanol, isopropanol and higher fatty
      alcohols such as lauryl alcohol, dihydric alcohols such as dipropylene
      glycol, and polyethylene glycols (MW 400), triols such as glycerol and
      ethers such as monoethyl ether of ethylene glycol and monoethyl ether of
      diethylene glycols. The most preferred polar solvents are ethyl alcohol,
      n-propanol, and isopropanol.
PAR  The solvent system may, to enhance retention of the hair grooming agent in
      solution, additionally contain up to about 40 weight percent, based on the
      polar organic solvent, of a non-polar solvent. Examples of non-polar
      solvents suitable for purposes of the invention would include
      hydrocarbons, i.e., mineral spirits, chlorinated hydrocarbons such as
      methylene chloride and fluorinated hydrocarbons such as
      trichlorotrifluorethane.
PAR  The term "hair grooming agent" as used herein is intended to describe a
      material which upon use according to the manner of the present invention
      imparts a desirable benefit or quality to the hair and is either resinous,
      waxy or a liquid, or a mixture thereof, is substantially soluble, as
      herein defined, in the solvent and/or solvent/surfactant systems of the
      present invention and is substantially insoluble, as herein defined, in
      water. Particular benefits sought to be imparted to the hair would include
      body (i.e., a feeling of thickness, substance or weight), set holding,
      wave retention and conditioning, etc.; selection of the grooming agent
      will depend upon the particular benefit or combination of benefits sought
      to be imparted to the hair.
PAR  The term "substantially soluble" as used herein to describe a required
      property of the hair grooming agent will be completely dissolved in 100
      grams of ethyl alcohol. The term "substantially insoluble" as used herein
      to define a property of the hair grooming agent relative to water means
      that in the absence of the solvent and/or solvent/surfactant less than 10
      grams of the hair grooming agent will be dissolved in 100 grams of water.
PAR  Thus, the hair grooming agent must impart a desirable benefit or quality to
      the hair when used according to the present invention, must be
      substantially soluble in the solvent and/or solvent/surfactant systems,
      must be rendered substantially soluble in a water base shampoo by the
      solvent and/or solvent/surfactant systems, must be substantially
      insoluble, precipitating from solution upon addition of the relatively
      large amounts of water normally used in the shampoo and rinse operations,
      and, be essentially non-deleterious to the detersive action of the
      surfactant system. Hereinafter, the term solvent/surfactant will be used
      to denote the group solvent and solvent/surfactant. That is, the hair
      grooming agent is substantially soluble in the solvent-surfactant implies
      that the hair grooming agent is substantially soluble in the solvents per
      se, and/or substantially soluble in a combination of the solvents and
      surfactants. The grooming agent or combination of agents should be present
      in amount from about 1.0 to about 60 weight percent, based on the weight
      of the total composition, preferably from about 4 to about 40 weight
      percent and most preferably from about 4 to about 20 weight percent. At
      levels of less than about 1.0 weight percent an insufficient quantity of
      grooming agent is retained on the hair after rinse resulting in loss of
      the desired benefit; at levels of greater than about 60 weight percent the
      grooming agent tends to interfere with the detersive action of the
      surfactant system and to give rise to objectionable properties such as
      tackiness, poor combing and flaking, etc.
PAR  Resinous materials, in general, tend to impart bodying or set holding to
      the hair. Suitable resins for purposes of the present invention would
      include wood rosins and the C.sub.1 to C.sub.6 esters thereof, the wood
      rosins and esters preferably having a softening point of between about
      96.degree.C to about 125.degree.C and a Gardner-Holt viscosity of between
      about 20 and 40. Preferred embodiments of these rosins and their C.sub.1
      to C.sub.6 esters are polymerized and dimerized rosins (softening point
      98.degree.-106.degree.C acid number 140 minimum), hydrogenated rosin
      (softening point 69.degree.-80.degree.C, acid number 158 minimum) and
      hydrogenated methyl ester of rosin (boiling point 350.degree.-380.degree.C
      preferably 360.degree.-364.degree.C, acid number 7 minimum). Other
      suitable resins are sucrose acetate isobutyrate, polyvinyl ethyl ether
      resin having a molecular weight of from about 10,000-750,000, alkyd resins
      having a preferred molecular weight of from about 10,000-50,000,
      polyketone resins having a preferred average molecular weight of from
      about  500-1,000, most preferably 600-800, vinyl acetate resins having an
      average molecular weight of from about 8,000-15,000, acrylic resins having
      an average molecular weight of from about 10,000-150,000 and the like and
      mixtures thereof.
PAR  Waxy materials tend to impart bodying and conditioning effects to the hair.
      Suitable waxy materials would include, but are not limited to, cocoamide
      (preferably having a melting point of 80.degree.-90.degree.C), ethoxylated
      lanolin containing about 5 to about 25 moles of ethylene oxide, stearyl
      amide (preferably having a melting point of 95.degree.-110.degree.C),
      ethoxylated higher fatty alcohols, preferably C.sub.14 -C.sub.30 having 2
      to 4 moles of ethylene oxide, and the like. Liquid grooming agents such as
      lanolin alcohols (preferably having a viscosity of 10-30 cps. at
      20.degree.C), cetylated castor oil (preferably having a saponification
      value of about 144-150), mineral oil fractions having a Saybolt viscosity
      of about 50 to about 360 sec., and the like tend to impart conditioning
      and ease of combing effects to the hair.
PAR  Preferred hair grooming agents are the above defined wood rosins, sucrose
      acetate isobutyrate and polyketone used alone or in combinations such as
      wood rosins -- polyketone and sucrose acetate isobutyrate -- polyketone at
      ratios from about 1:9 to about 9:1, most preferably 1:5 to 5:1.
      Combinations of hair grooming are desired because of the balance of
      desired benefits they provide.
PAR  In its preferred form the shampoo compositions according to the present
      invention further include from about 1 to about 25 weight percent,
      preferably from about 3 to about 12 weight percent based on the weight of
      the total composition; of a hair lubricant to provide conditioning and
      ease of combing after use. The hair lubricant may be soluble or dispersed
      in the surfactant/solvent or, optionally, may be insoluble, forming a
      separate phase of a multi-phase system. Examples of soluble or dispersible
      lubricants which should be present from about 1 to 15 weight percent,
      would include, but are not limited to esters such as, isopropyl myristate
      and adipates, glycol polysiloxanes and relatively low levels of dissolved
      mineral oil, and mixtures thereof.
PAR  When the shampoo composition is constituted with an insoluble lubricant as
      a multi-phase system, of the type disclosed in U.S. Pat. No. 3,533,955,
      the disclosure of which is incorporated herein by reference, the
      composition may include from about 5 to about 25 percent, preferably about
      5 to about 20 percent of one or more water-immiscible oily materials such
      as light mineral oils, preferably those having a Saybolt viscosities of
      65-75 cps. at 100.degree.F and a specific gravity of 0.835 at 60.degree.F;
      fixed oils or animal and vegetable oils such as linseed oil, castor oil,
      olive oil, safflower oil, almond oil, peanut oil, coconut oil and
      fractions and sesame oil; and lanolin compounds such as the well known
      lanolin esters and lanolin alcohols. In this embodiment, it is necessary
      to further include in the shampoo composition from about 9 to about 28
      weight percent, based on the weight of the total composition, of one or
      more emulsion destabilizers, examples of which would include the
      monohydric alcohols having from 1 to 7  carbon atoms, the monoalkyl ethers
      of an aliphatic dihydric alcohol having from 3 to 6 carbon atoms and the
      dialkyl ketones having a total of from 3 to 5 carbon atoms. These may
      simultaneously serve as the polar organic solvent component of the
      compositions of the present invention.
PAR  Optionally, the shampoo composition may further contain from about 0.1 to
      about 10 weight percent of a hydrophilic thickener to prevent localized
      deposition of the hair grooming agent, i.e., promote even distribution
      throughout the hair. Examples of suitable materials are hydroxypropyl
      cellulose, proteins, gelatin, methyl cellulose, pyrogenic silicas and
      polyoxyethylene.
PAR  The shampoo composition may, of course, also include, if desired such
      further adjuvants as perfumes or essential oils, dyes, silicones and the
      like to enhance and improve the commercial acceptability of the product.
      The remainder of the composition usually comprises water.
DETD
PAR  The following tables illustrate, without limiting, shampoo compositions
      prepared according to the present invention. The polyketone used in the
      examples has a molecular weight between about 600 to about 800 and a
      softening point in the range of from about 200 to about 220.degree.F. The
      polyvinylacetate in the examples has an average molecular weight of about
      12,800, a Ford Number viscosity of 4, measured at 25.degree.C and a
      specific gravity of 1.18. The polyethyl ether resin used in the examples
      has a specific gravity of 0.973 at 20.degree.C/20.degree.C and a reduced
      viscosity at 20.degree.C of 0.3+.01.
PAC  EXAMPLES
TBL                                    TABLE I                                 

     __________________________________________________________________________

                     Percent by weight                                         

                     Example No.                                               

                     1     2     3     4                                       

     __________________________________________________________________________

     triethanolamine lauryl sulfate                                            

                     18.4  18.4  18.4  18.4                                    

     hydrogenated rosin                                                        

                     10.0  5.0   --    --                                      

     polymerized rosin                                                         

                     --    --    10.0  8.0                                     

     ethyl alcohol   50.0  30.0  --    --                                      

     isopropyl alcohol                                                         

                     --    --    40.0  40.0                                    

     perfume         0.5   0.5   0.5   0.5                                     

     water           21.1  46.1  31.1  33.1                                    

     total           100.0 100.0 100.0 100.0                                   

     __________________________________________________________________________

TBL                                    TABLE II                                

     __________________________________________________________________________

                     Percent by weight                                         

                     Example No.                                               

                     5     6     7     8     9     10                          

     __________________________________________________________________________

     triethanolamine lauryl sulfate                                            

                      18.4 18.4  18.4  18.4  18.4  18.4                        

     polymerized rosin                                                         

                     --    --    10.0  10.0  10.0  10.0                        

     hydrogenated rosin                                                        

                     10.0  5.0   --    --    --    --                          

     ethyl alcohol   37.5  12.0  18.0  18.0  18.0  18.0                        

     mineral oil     7.0   5.0   10.0  10.0  10.0  4.0                         

     lauric isopropanolamide                                                   

                     --    2.0   --    --    --    2.0                         

     coconut mono-ethanolamide                                                 

                     --    --    --    10.0  --    --                          

     cocoamide       --    --    --    --    3.0   --                          

     perfume         0.5   0.5   0.5   0.5   0.5   0.5                         

     water           26.6  57.1  42.1  33.1  40.1  47.1                        

     total           100.0 100.0 100.0 100.0 100.0 100.0                       

     __________________________________________________________________________

TBL                                    TABLE III                               

     __________________________________________________________________________

                     Percent by weight                                         

                     Example No.                                               

                     11    12    13    14    15                                

     __________________________________________________________________________

     triethanolamine lauryl sulfate                                            

                     18.4  --    18.4  18.4  --                                

     sodium lauryl sulfate                                                     

                     --    12.8  --    --    12.8                              

     polyketone      7.5   7.5   7.0   7.0   6.5                               

     polyvinyl ethyl ether resin                                               

                     2.5   2.5   --    --    --                                

     sucrose acetate isobutyrate                                               

                     --    --    3.0   3.0   3.5                               

     ethyl alcohol   40.0  40.0  40.0  30.0  40.0                              

     bis-2-hydroxyethyl cocoamine                                              

                     --    0.6   --    --    0.6                               

      oxide                                                                    

     cocoamide       2.0   2.1   2.0   2.0   2.1                               

     perfume         0.5   0.5   0.5   0.5   0.5                               

     water           29.1  34.0  29.1  39.1  34.0                              

     total           100.0 100.0 100.0 100.0 100.0                             

     __________________________________________________________________________

TBL                                    TABLE IV                                

     __________________________________________________________________________

                     Percent by weight                                         

                     Example No.                                               

                     16    17    18    19    20    21    22                    

     __________________________________________________________________________

     triethanolamine lauryl sulfate                                            

                     --    18.4  18.4  --    --    18.4  18.4                  

     sodium lauryl sulfate                                                     

                     11.90 --    --    12.40 12.8  --    --                    

     hydrogenated rosin                                                        

                     --    --    --    --    --    --    5.0                   

     polyketone      6.05  6.5   6.5   7.80  6.5   6.5   --                    

     sucrose acetate isobutyrate                                               

                     1.85  3.5   3.5   3.40  3.5   3.5   2.5                   

     polyvinylacetate                                                          

                     --    --    --    --    --    --    2.5                   

     ethyl alcohol   40.0  40.0  40.0  40.0  40.0  40.0  40.0                  

     isopropylmyristate                                                        

                     --    --    --    --    2.0   --    --                    

     polyethylene glycol 6000                                                  

     distearate (lubricant)                                                    

                     --    --    1.0   --    --    --    --                    

     beeswax         --    1.0   --    --    --    --    --                    

     hydroxy-propyl cellulose                                                  

                     --    --    --    --    --    0.5   0.2                   

     mineral oil     7.00  --    --    3.00  --    --    --                    

     cocoamide       1.95  2.0   2.0   1.95  2.1   2.0   2.00                  

     bis-2-hydroxyethyl                                                        

                     0.55  --    --    5.82  0.6   --    --                    

     cocoamine oxide                                                           

     perfume         0.45  0.5   0.5   0.48  0.5   0.5   0.5                   

     water           30.25 28.1  28.1  25.14 32.0  28.6  28.85                 

     total           100.00                                                    

                           100.0 100.0 100.0 100.0 100.0 100.0                 

     __________________________________________________________________________

TBL                TABLE V                                                     

     ______________________________________                                    

                        Percent by weight                                      

                        Example No.                                            

                        23       24                                            

     ______________________________________                                    

     triethanolamine lauryl sulfate                                            

                           18.4      18.4                                      

     hydrogenated rosin   5.0        20.0                                      

     ethyl alcohol        40.0       40.0                                      

     perfume              0.5        0.5                                       

     water                36.1       36.1                                      

     total                100.0      100.0                                     

     ______________________________________                                    

TBL                TABLE VI                                                    

     ______________________________________                                    

                        Percent by weight                                      

                        Example No.25                                          

     ______________________________________                                    

     Sodium lauryl sulfate                                                     

                          42.60                                                

      (30.00 active)                                                           

     polyketone           8.00                                                 

     sucrose acetate isobutyrate                                               

                          2.00                                                 

     cocoamide            2.03                                                 

     bis 2 hydroxyethyl cocoamine                                              

                          1.68                                                 

      oxide (40% active)                                                       

     nydroxypropyl cellulose                                                   

                          1.00                                                 

     ethyl alcohol        41.50                                                

     perfume              0.50                                                 

     color                0.15                                                 

     water                0.54                                                 

                          100.00                                               

     ______________________________________                                    

TBL                TABLE VII                                                   

     ______________________________________                                    

                        Percent by weight                                      

                        Example No.26                                          

     ______________________________________                                    

     sodium lauryl sulfate                                                     

                          42.60                                                

     polyketone           15.00                                                

     sucrose acetate isobutyrate                                               

                          5.00                                                 

     cocoamide            2.03                                                 

     bis 2 hydroxyethyl cocoamine                                              

                          1.68                                                 

      oxide (40% active)                                                       

     hydroxypropyl cellulose                                                   

                          1.00                                                 

     ethyl alcohol        32.04                                                

     perfume              0.50                                                 

     color                0.15                                                 

                          100.00                                               

     ______________________________________                                    

TBL                TABLE VIII                                                  

     ______________________________________                                    

                        Percent by weight                                      

                        Example No.27                                          

     ______________________________________                                    

     triethanolamine lauryl sulfate                                            

                          18.4                                                 

     monoethyl ether of ethylene                                               

                          50.0                                                 

      glycol                                                                   

     polymerized rosin    10.0                                                 

     perfume              0.5                                                  

     water                21.1                                                 

                          100.0                                                

     ______________________________________                                    

TBL                TABLE IX                                                    

     ______________________________________                                    

                        Percent by weight                                      

                        Example No.28                                          

     ______________________________________                                    

     triethanolamine lauryl sulfate                                            

                          18.4                                                 

     isopropyl alcohol    50.0                                                 

     hydrogenated rosin   10.0                                                 

     perfume              0.5                                                  

     water                21.1                                                 

                          100.0                                                

     ______________________________________                                    

TBL                TABLE X                                                     

     ______________________________________                                    

                        Percent by weight                                      

                        Example No.29                                          

     ______________________________________                                    

     triethanolamine lauryl sulfate                                            

                          20.0                                                 

     dimethyl ketone      40.0                                                 

     polymerized rosin    10.0                                                 

     water                30.0                                                 

                          100.0                                                

     ______________________________________                                    

TBL                TABLE XI                                                    

     ______________________________________                                    

                        Percent by weight                                      

                        Example No.30                                          

     ______________________________________                                    

     triethanolamine lauryl sulfate                                            

                          20.0                                                 

     sucrose acetate isobutyrate                                               

                          10.0                                                 

     ethyl alcohol        40.0                                                 

     water                30.0                                                 

                          100.0                                                

     ______________________________________                                    

TBL                TABLE XII                                                   

     ______________________________________                                    

                        Percent by weight                                      

                        Example No.31                                          

     ______________________________________                                    

     sucrose acetate isobutyrate                                               

                          60.0                                                 

     triethanolamine lauryl sulfate                                            

                          20.0                                                 

     ethyl alcohol        20.0                                                 

                          100.0                                                

     ______________________________________                                    

TBL                TABLE XIII                                                  

     ______________________________________                                    

                        Percent by weight                                      

                        Example No.32                                          

     ______________________________________                                    

     polymerized rosin    60.0                                                 

     ethyl alcohol        20.0                                                 

     triethanolamine lauryl sulfate                                            

                          20.0                                                 

                          100.0                                                

     ______________________________________                                    

TBL                TABLE XIV                                                   

     ______________________________________                                    

                        Percent by weight                                      

                        Example No.33                                          

     ______________________________________                                    

     polymerized rosin    50.0                                                 

     ethyl alcohol        20.0                                                 

     triethanolamine lauryl sulfate                                            

                          20.0                                                 

     mineral oil          10.0                                                 

                          100.0                                                

     ______________________________________                                    

PAL  Each of the above formulations imparted acceptable and beneficial
      properties to the hair.
PAR  As this invention may be embodied in several forms without departing from
      the spirit or essential character thereof, the present embodiments are
      illustrative and not restrictive. The scope of the invention is to be
      defined by the appended claims rather than by the description preceding
      them and all embodiments which fall within the meaning and range of
      equivalency of the claims are, therefore, intended to be embraced by those
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A foaming shampoo composition comprising (a) at least about 5 weight
      percent, based on the weight of the total composition of a surfactant
      system selected from the group consisting of anionic, nonionic and
      ampholytic detergent compounds, and mixtures thereof;
PA1  b. from about 10 to about 90 weight percent, based on the weight of the
      total composition of a solvent system, the solvent system containing at
      least 10 weight percent thereof of a water miscible polar organic solvent;
      and,
PA1  c. from about 1.0 to about 60 weight percent based on the weight of the
      total composition of a hair grooming agent selected from the group
      consisting of polymerized wood rosin, dimerized wood rosin, hydrogenated
      wood rosin, C.sub.1 to C.sub.6 esters of these rosins, sucrose acetate
      isobutyrate, polyvinyl ethyl ethers having a molecular weight of from
      about 10,000 to 750,000 alkyds having a molecular weight of from about
      10,000 to about 50,000, polyketones having an average molecular weight of
      from about 500 to 1,000, vinylacetate, acrylic resins having an average
      molecular weight of from about 10,000 to 150,000, cocoamide having a
      melting point of 80.degree. to 90.degree.C, steryl amide, ethoxylated
      higher fatty alcohols, and mixtures thereof, the grooming agent being
      substantially soluble or dispersible in the solvent-surfactant systems so
      as to form a single phase with the solvent-surfactant system and
      substantially insoluble in water so that the agent will become insoluble
      and deposit onto the hair of the user upon dilution with water during
      shampooing; the relative amounts of the surfactant system, the solvent
      system and the hair grooming agent being adjusted within said ranges to
      give a foaming shampoo composition.
NUM  2.
PAR  2. A foaming shampoo composition comprising (a) at least about 5 weight
      percent, based on the weight of the total composition of a surfactant
      system selected from the group consisting of anionic, nonionic, and
      ampholytic detergent compounds, and mixtures thereof;
PA1  b. from about 10 to about 90 weight percent, based on the weight of the
      total composition of a solvent system, the solvent system containing at
      least 10 weight percent thereof of a water miscible polar organic solvent;
      and,
PA1  c. from about 1.0 to about 60 weight percent based on the weight of the
      total composition of a hair grooming agent selected from the group
      consisting of polymerized wood rosin, dimerized wood rosin, hydrogenated
      wood rosin, C.sub.1 to C.sub.6 esters of these rosins, sucrose acetate
      isobutyrate, polyvinyl ethyl ethers having a molecular weight of from
      about 10,000 to 750,000, alkyds having a molecular weight of from about
      10,000 to 50,000, polyketones having an average molecular weight of from
      about 500 to 1,000, vinylacetate, acrylic resins having an average
      molecular weight of from about 10,000 to 150,000 and minutes thereof, the
      grooming agent being substantially soluble or dispersible in the
      solvent-surfactant system so as to form a single phase with the
      solvent-surfactant system and substantially insoluble in water so that the
      agent will become insoluble and deposit onto the hair of the user upon
      dilution with water during shampooing; the relative amounts of the
      surfactant system, the solvent system and the hair grooming agent being
      adjusted within said ranges to give a foaming shampoo composition.
NUM  3.
PAR  3. A shampoo composition as defined in claim 2 wherein the composition
      contains from about 5 to about 60 weight percent based on the total weight
      of the composition of the surfactant system.
NUM  4.
PAR  4. A foaming shampoo composition comprising (a) at least about 5 weight
      percent, based on the weight of the total composition of a surfactant
      system selected from the group consisting of anionic, nonionic, and
      ampholytic detergent compounds, and mixtures thereof;
PA1  b. from about 10 to about 90 weight percent, based on the weight of the
      total composition of a solvent system, the solvent system containing at
      least 10 weight percent thereof of a water miscible polar organic solvent;
      and,
PA1  c. from about 1.0 to about 60 weight percent based on the weight of the
      total composition of a hair grooming agent selected from the group
      consisting of cocoamide having a melting point of 80 to 90.degree.C,
      steryl amide, ethoxylated higher fatty alcohols, and mixtures thereof, the
      grooming agent being substantially soluble or dispersible in the
      solvent-surfactant systems so as to form a single phase with the
      solvent-surfactant system and substantially insoluble in water so that the
      agent will become insoluble and deposit onto the hair of the user upon
      dilution with water during shampooing; the relative amounts of the
      surfactant system, the solvent system and the hair grooming agent being
      adjusted within said ranges to give a foaming shampoo composition.
NUM  5.
PAR  5. A shampoo composition as defined in claim 4 wherein the composition
      further contains from about 1 to about 25 weight percent based on the
      weight of the total composition of a lubricant for hair.
NUM  6.
PAR  6. A shampoo composition as defined in claim 5 wherein the lubricant is
      soluble or dispersed in the solvent-surfactant systems and is present from
      about 1 to about 15 weight percent.
NUM  7.
PAR  7. A shampoo composition as defined in claim 5 wherein the lubricant is
      insoluble in the solvent-surfactant systems and is present from about 5 to
      about 25 weight percent.
NUM  8.
PAR  8. A shampoo composition as defined in claim 5 wherein the lubricant is
      selected from the group consisting of isopropyl myristate, isopropyl
      adipate, glycol polysiloxane, mineral oil and mixtures thereof.
NUM  9.
PAR  9. A shampoo composition as defined in claim 5 wherein the lubricant is
      present from about 5 to about 20 weight percent and is selected from the
      group consisting of vegetable oils, mineral oils, animal oils, lanolin
      compounds and mixtures thereof.
NUM  10.
PAR  10. A shampoo composition as defined in claim 4 wherein the composition
      contains at least about 4 weight percent, based on the weight of the total
      composition of the hair groom agent.
NUM  11.
PAR  11. A shampoo composition as defined in claim 4 wherein the solvent system
      further contains up to about 40 weight percent, based on the weight of the
      polar organic solvent of a non-polar solvent.
NUM  12.
PAR  12. A shampoo composition as defined in claim 4 wherein the polar solvent
      is selected from the group consisting of monohydric alcohols, dihydric
      alcohols, triols, polyethylene glycols having a molecular weight less than
      about 400, higher fatty alcohols and mixtures thereof.
NUM  13.
PAR  13. A shampoo composition as defined in claim 12 wherein said grooming
      agent is comprised of a mixture of sucrose acetate isobutyrate and
      polyketone at a ratio of from about 9:1 to 1:9.
NUM  14.
PAR  14. A shampoo composition as defined in claim 12 wherein said grooming
      agent is comprised of mixtures of polyketone with at least one component
      selected from the group consisting of dimerized wood rosin, hydrogenated
      wood rosin, polymerized wood rosin and mixtures thereof, the ratio of
      polyketone to said other component being about 1:9 to 9:1.
NUM  15.
PAR  15. A shampoo composition as defined in claim 12 wherein said composition
      further contains from about 5 to about 20 weight percent of at least one
      water imiscible lubricant for hair selected from the group consisting of
      light mineral oils, fixed oils, lanolin compounds and mixtures thereof.
NUM  16.
PAR  16. A shampoo composition as defined in claim 12 wherein said composition
      further contains from about 9 to about 28 weight percent of at least one
      emulsion destabilizer selected from the group consisting of monohydric
      alcohols having from 1 to 7 carbon atoms, dihydric alcohols having from 2
      to 7 carbon atoms, monoalkyl ethers of aliphatic dihydric alcohols having
      from 3 to 6 carbon atoms, dialkyl ketones having from 3 to 5 carbon atoms
      and mixtures thereof.
NUM  17.
PAR  17. A shampoo composition as defined in claim 12 wherein said composition
      further contains from about 1 to about 15 weight percent of at least one
      material selected from the group consisting of isopropyl myristate,
      isopropyl adipate, glycol polysiloxanes and mixtures thereof.
NUM  18.
PAR  18. A shampoo composition as defined in claim 12 further comprising from
      about 0.1 to about 10 weight percent of a hydrophilic thickener.
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ABST
PAL  A composition for hair and scalp care and grooming comprised of white
      petroleum jelly, beeswax, coconut oil, olive oil, castor oil, oil of
      sassafras, and oil of cinnamon. The oil ingredients are mixed into
      petroleum jelly and beeswax that have been liquified by heating, and the
      entire mixture is cooled to form a uniform, congealed hair and scalp
      cosmetic preparation.
BSUM
PAR  This invention relates in general to new compositions of matter, and in
      particular, to a mixture of substances useful in hair grooming and in the
      alleviation of dry hair and dry scalp problems.
PAR  Many commercially available cosmetics aid various hair care procedures and
      special problems, and the particularly desirable ones add sheen, luster,
      and body to the hair without leaving a waxy or greasy coating. A good hair
      cosmetic should impart oil moisture to the hair to prevent splitting and
      breaking ends that occur if the hair becomes very dry. A good hair
      cosmetic should also prevent atmospheric water vapor absorption, which
      usually releases the hair style setting.
PAR  Hair dressings that aid in suppressing the unattractive appearance of
      dandruff in the hair are widely known and used, and although dandruff is a
      natural occurrence on the scalp --that may be increased by skin and scalp
      conditions warranting medical treatment, hair care cosmetics are usually
      intended for widespread, individual consumer usage and the inclusion of
      controlled drug or chemical ingredients requiring medical prescriptions
      for consumer purchase is undesirable.
PAR  It is, therefore, a principal object of this invention to provide an
      improved hair dressing composition useful in normal hair grooming.
PAR  Another object is to provide a hair dressing composition that will retard
      the loss of hair moisture normally encountered during pressing, drying,
      and combing procedures.
PAR  A further object is to provide a dressing composition to soften hard,
      abused hair.
PAR  Another object is to provide a hair dressing composition useful in
      retarding dandruff's appearing in, and falling from, the hair.
PAR  The preferred embodiment, useful in accomplishing the above objects of this
      invention, is mixed from the following formula of ingredients:
TBL  Ingredient   Common Measure                                               

                               Per Cent by Volume                              

     ______________________________________                                    

     White Petroleum Jelly                                                     

                  9 lbs.       86.808                                          

     Beeswax (bleached)                                                        

                  4 oz. (av.)  2.192                                           

     Olive Oil    16 oz. (fl.) 7.011                                           

     Castor Oil   6 oz. (fl.)  2.631                                           

     Coconut Oil  3 oz. (fl.)  1.316                                           

     Sassaphras Oil                                                            

                  1/3 tsp.     .024                                            

     Cinnamon Oil 1/4 tsp.     .018                                            

     ______________________________________                                    

PAR  The composition is prepared by first heating the beeswax in a stainless
      steel container at low heat (200.degree. - 220.degree.F) until the beeswax
      liquifies. With the heat maintained within the same temperature range of
      200.degree. - 220.degree.F, the petroleum jelly is added and gently
      agitated until it liquifies and blends with the beeswax. All of the
      remaining ingredients of the foregoing formula may then be added, and
      gentle agitation is continued until all ingredients are well blended. The
      container is then removed from the heat and the mixture is poured into
      distribution containers to cool (to less than 100.degree.F) and congeal
      into a homogeneous mixture having a soft, smooth consistency slightly more
      viscous than petroleum jelly. The mixture maintains this consistency
      throughout the range of usual household ambient temperatures, with no
      separation or stratification of ingredients. Variations in the formula not
      amounting to more or less than fifteen percent of one or more of the
      ingredients do not materially affect the consistency of the hair dressing
      preparation. Greater variations may result in a consistency too hard, or
      too soft, for optimum consumer use--as well as affecting the homogeneous
      stability of the mixture.
PAR  Each ingredient serves a specific purpose that may be adversely affected by
      variation greater than the prescribed amount, plus or minus 15 percent of
      one or more ingredients. White petroleum jelly is the base material of the
      preparation, acting as a carrier for the other ingredients, as well as
      imparting softening moisture to the hair. As the base carrier material,
      the amount of petroleum jelly controls the relative concentration of the
      active ingredients. Beeswax, also a base material, thickens and adds body
      to the petroleum jelly base and facilitates hair style control and
      maintenance because of the viscosity it imparts to the mixture. The
      petroleum jelly, beeswax and, to a lesser extent, the oil ingredients act
      to protect hair from atmospheric moisture adsorption--a common cause of
      uncontrollable hair. Olive oil and coconut oil are used in the formulation
      of the invention for their emollient effects on the hair and scalp. Olive
      oil also promotes healing of minor scalp irritations and abrasions. A soft
      gloss, often considered the outward indication of healthy, natural hair,
      is produced by the use of castor oil in the preparation. Oil of sassaphras
      is an astingent that stimulates the scalp and the hair roots and
      follicles. Oil of cinnamon is used as a preferred perfuming agent, but
      other perfuming agents may be substituted to obtain fragrance variations.
PAR  The composition of the invention is normally used by applying a small
      amount to the hair and scalp preparatory to setting, pressing, or
      dressing. Hair stylings and set curls are retained by the effects of the
      composition, in a manner that gives the hair a naturally resilient texture
      and appearance, rather than the rigidly set-in-place appearance,
      especially after combing. Individual hair strands are surrounded with a
      softening, oily moisture that complements the natural secretions of the
      hair follicles which contribute to soft and controllable hair. The beeswax
      of the mixture has a slight stiffening effect sufficient to materially aid
      in holding set curls and stylings without suppressing the natural
      resiliency of the hair, with the added benefit that the mixture prevents
      adsorption of atmospheric water vapor on the hair, which causes a release
      of set curls and stylings.
PAR  Because of the oily nature of the mixture, loose dandruff particles are
      held in close proximity to the scalp, preventing the unsightly appearance
      of dandruff particles in the hair or on clothing. The suspended dandruff
      particles are washed away with the mixture of the invention, in regular
      shampooing.
PAR  Whereas the invention is herein described with respect to a preferred
      embodiment, it should be realized that various changes may be made without
      departing from the essential contributions to the art made by the
      teachings hereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A uniform hair and scalp care cosmetic mixture, comprised of volumetric
      proportional ingredients, with any one ingredient not exceeding a 15
      percent volumetric variation from the specific ingredients, and
      percentages of total mixture volume thereof defined by and proportional to
      86.808 percent white petroleum jelly, 2.129 percent beeswax, 7.011 percent
      olive oil, 2.631 percent castor oil, 1.316 percent coconut oil, 0.024
      percent oil of sassaphras, and 0.018 percent perfuming agent; said mixture
      having a consistency slightly more viscous than petroleum jelly.
NUM  2.
PAR  2. The cosmetic mixture of claim 1, wherein said perfuming agent is oil of
      cinnamon.
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PAL  A molded article exhibiting sustained release gas action to combat insects,
      without incurring odor build-up, comprising the product of curing a
      composition comprising 0,0-dimethyl-0-(2,2-dichlorovinyl)phosphate, an
      ethylenically unsaturated polyester, a vinyl monomer copolymerizable with
      the polyester, at least one solid or liquid filler, and an ethylenically
      unsaturated compound of the formula
      ##EQU1##
      in which X is --OR or --OH, Y is --H and Z is --COOR, or
PA1  X is --OH, Y is --COOR and Z is --H, or
PA1  X is --O-- or &gt;N-R, Y is &gt;CO and Z is --H, in which case X and Y are bonded
      together to form an anhydride or imide ring, and
PA1  R is an aliphatic radical with up to 12 carbon atoms. Desirably curing is
      effected in the presence of a peroxide of the formula
      ##EQU2##
      in which A and B each is alkyl, aryl, aralkyl, alkoxy or aryloxy of 6 to
      12 carbon atoms.
BSUM
PAR  The present invention relates to compositions comprising
      0,0-dimethyl-0-(2,2-dichlorovinyl)phosphate (DDVP), an ethylenically
      unsaturated polyester, a vinyl monomer copolymerizable with the polyester,
      a solid filler and/or a liquid filler, and an additional ethylenically
      unsaturated compound; to a method of producing, from such compositions,
      moldings that have an insecticidal depot (sustained release) gas action;
      and to a method of combating insects using such moldings.
PAR  U.S. Patent Specification No. 3,608,062 discloses moldings containing DDVP,
      such as slabs, balls, strips, tablets, bars and hollow bodies, having a
      long-lasting insecticidal depot gas action, and based on cured products,
      containing solid and/or liquid fillers, of unsaturated polyesters and
      vinyl monomers copolymerizable therewith. To manufacture these moldings, a
      mixture, capable of flow, of the components mention is cured with the aid
      of radical-forming initiators, optionally in combination with suitable
      accelerators, according to processes which are in themselves known.
PAR  The action of these moldings as a depot gas insecticide is based on the
      constant release of the volatile active compound to the surrounding
      atmosphere. In this way an active-compound concentration which is
      insecticidally effective but non-toxic to man can be produced in a closed
      room for a period of about 12 to 16 weeks. The losses in active compound
      which occur as a result of saponification of the active compound and/or as
      a result of fresh air being admitted to the room are compensated by
      further active compound being supplied from the molding.
PAR  However, it is a noticeable disadvantage when using these prior-art
      moldings containing DDVP that, especially during the first days of use, an
      objectionable odor is diffused so that during this time the air in the
      room must be changed more frequently than usual. When doing this, the
      concentration of active compound falls below the optimum insecticidal
      dose, that is to say the insecticidal action of the moldings is
      transiently imparied.
PAR  The present invention provides a curable composition comprising
      0,0-dimethyl-0-(2,2-dichlorovinyl)-phosphate (DDVP), an ethylenically
      unsaturated polyester, a vinyl monomer copolymerizable with the polyester,
      a solid filler and/or a liquid filler, and an ethylenically unsaturated
      compound of the general formula
      ##EQU3##
      in which 1. X is --OR or --OH, Y is --H, and Z is --COOR, or
PA1  2. X is --OH, Y is --COOR, and Z is--H, or
PA1  3. X is --O-- or &gt;N--R, Y is &gt;CO, and Z is--H, in which case X and Y are
      bonded together to form an anhydride or imide ring, and
PA1  R is an aliphatic radical with up to 12 carbon atoms.
PAR  The compositions of this invention may be cured to form materials which
      exhibit an insecticidal depot gas action but which have only a low odor.
PAR  The present invention also provides a process for the production of a
      molding having an insecticidal depot gas action, which process comprises
      curing a composition as described with a peroxide of the general formula
      ##EQU4##
      in which A and B each is alkyl, aryl, aralkyl, alkoxy or aryloxy of 6 or
      12 carbon atoms.
PAR  The curing can optionally be effected in the presence of an accelerator
      and/or under irradiation with high energy rays. A preferred peroxide
      compound (II) is benzoyl peroxide.
PAR  In the foregoing formulae (I) and (II) R is preferably alkyl such as
      dodecyl, cyclohexyl and even lower alkyl such as methyl. Preferred
      radicals A and B of the peroxides include benzoyl, halo-benzoyl, straight
      chain higher alkanoyl, cyclohexanoyl and oxy-carboalkoxy radicals.
PAR  The present invention also provides a method of combating insects in a
      confined space, which method comprises placing in the confined space a
      material or molding formed by curing a composition of this invention,
      whereby vaporized DDVP can diffuse throughout the confined space.
PAR  It is surprising that the compositions of this invention yield, on curing,
      moldings that have an insecticidal depot gas action but that do not suffer
      from the disadvantage of the above-mentioned prior-art moldings, namely a
      pronounced odor. The presence of the additional ethylenically unsaturated
      compounds (I) in the moldings according to the invention does not impair
      the release of active compound to the surrounding atmosphere.
PAR  Unsaturated polyesters which may be used in this invention are polyesters
      based on .alpha., .beta.-ethylenically unsaturated dicarboxylic acids and
      polyhydric alcohols such as are described, for example, in DAS (German
      Published Specification) 1,151,932 and DOS (German Published
      Specification) 1,694,240. They can contain customary inhibitors, for
      example hydroquinone, toluhydroquinone and 2,5-di-tert.-butylquinone. The
      weight ratio of active compound to the mixture of unsaturated polyester
      and vinyl monomers is about 1:4 to 2:1, preabout 1:3 to 1:1.
PAR  The unsaturated polyesters can be manufactured in a known manner by
      polycondensation of polyhydric alcohols, especially alkylene glycols, such
      as glycol, 1,2-propanediol, 1,3-butanediol and
      2,2-dimethyl-1,3-propanediol, or polyglycols, such as diethylene glycol or
      triethylene glycol, dipropylene glycol or tripropylene glycol, with
      .alpha., .beta.-ethylenically unsaturated dicarboxylic acids or their
      anhydrides, such as fumaric acid or maleic acid or anhydride, optionally
      with the addition of aliphatic, cycloaliphatic or aromatic dicarboxylic
      acids or their anhydrides, such as phthalic acid or anhydride, isophthalic
      acid, succinic acid, adipic acid or sebacic acid.
PAR  Vinyl monomers which may be used in this invention are compounds possessing
      the grouping CH.sub.2 =C&lt;, preferably vinylaromatic compounds, such as
      styrene or vinyltoluene. However, it is also possible to use vinyl
      compounds such as vinyl esters of lower alkanoic acids such as vinyl
      acetate and vinyl propionate, and vinyl benzoate, and also acrylic and
      methacrylic acid esters, especially lower alkyl esters such as butyl
      acrylate, methyl methacrylate, or acrylonitrile. The ratio of the
      unsaturated polyesters to the vinyl monomers can be from about 40:60 to
      90:10 percent by weight.
PAR  Examples of the additional ethylenically unsaturated compounds (I) are
      maleic anhydride, maleic acid monoalkyl esters, such as maleic acid
      monododecyl ester, maleic acid monocyclohexyl ester and maleic acid
      monomethyl ester, fumaric acid monoalkyl esters and dialkyl esters, such
      as the monomethyl and dimethyl, monopropyl and dipropyl, monocyclohexyl
      and dicyclohexyl, and monododecyl and didodecyl esters of fumaric acid, or
      N-alkylmaleimides, such as N-dodecylmaleimide, N-cyclohexylmaleimide and
      N-butylmaleimide; maleic anhydride is preferred. They display their action
      at between about 0.1 and 10 percent by weight, preferably between about
      0.5 and 5 percent by weight, relative to the mixture of unsaturated
      polyesters, vinyl monomers, DDVP, fillers and additional ethylenically
      unsaturated compounds (I).
PAR  Suitable fillers are inert solid fillers, such as fibers or fabrics of
      glass, sisal, hemp, nettle, coir, flax and other vegetable products or
      synthetic fibers, and also mineral fillers, such as titanium dioxide, ion
      oxides, kaolin and quartz. Suitable liquid fillers are those possessing a
      carrier action, such as phthalic acid esters, especially dioctyl
      phthalate, chlorinated paraffin, and alkylsufonic acid aryl esters, such
      as C.sub.10.sub.-18 -alkylsulfonic acid phenyl esters. It is particularly
      advantageous to use the solid and liquid fillers in combination with one
      another. The proportion of the fillers in the moldings is about 10 to 50
      percent by weight.
PAR  Suitable peroxides are, for example, benzoyl peroxide, 2,4-dichlorobenzoyl
      peroxide, lauroyl peroxide, nonanoyl peroxide, isononanoyl peroxide,
      decanoyl peroxide or bis-(4-tert.-butylcyclohexyl) peroxydicarbonate,
      .alpha.-ethylhexyl percarbonate, bis-(.alpha.-ethylhexyl)
      peroxydicarbonate, bis(cyclohexyl) peroxydicarbonate and p-chlorobenzoyl
      peroxide.
PAR  Possible accelerators are dialkylarylamines, for example N-dimethylaniline,
      N-(bishydroxyethyl)-aniline, N-(bis-hydroxypropyl)-aniline or
      N,N-methylethylaniline.
PAR  Curing may be effected according to processes which are in themselves
      known, optionally with external application of heat, at temperatures
      between about 40.degree. and 120.degree.C, and optionally under the action
      of high-energy rays, for example electron beams, ultra-violet rays,
      infra-red rays or laser beams. Curing can of course take place without
      such measures and even without the peroxide, although it will necessarily
      be much more slow.
PAR  In the Examples 1-4 which follow, a homogeneous mixture (premix) was in
      each case produced from 440 parts by weight of an unsaturated polyester
      (produced by polycondensation of 205.8 parts by weight of maleic
      anhydride, 725.2 parts by weight of phthalic anhydride, 546.4 parts by
      weight of 1,2-propanediol and 0.265 part by weight of hydroquinone, and
      having an acid number of 42), 240 parts by weight of styrene, 293 parts by
      weight of DDVP and 280 parts by weight of dioctyl phthalate.
PAR  The parts mentioned in the examples which follow denote parts by weight,
      unless stated otherwise.
DETD
PAC  EXAMPLE 1
PAR  53 parts of maleic anhydride were mixed into the abovementioned premix.
      After adding 26 parts of benzoyl peroxide in dimethyl phthalate
      plasticizer (50% strength) and 4 parts of a 10% strength solution of
      dimethylaniline in toluene, a 5 mm thick cast slab having a glass fiber
      content of about 30 percent by weight was produced by heating the mixture
      to 80.degree. -  100.degree.C for 30 minutes in a closed mold into which a
      glass fiber mat (600 g/m.sup.2) had been placed as a reinforcement. The
      slab was subsequently cut into moldings of size 10 .times. 20 cm.
PAC  EXAMPLE 2 (COMPARISON EXAMPLE)
PAR  A cast slab was produced according to Example 1 from the above-mentioned
      premix after addition of 26 parts of benzoyl peroxide in the phthalate
      plasticizer (50% strength) and 4 parts of a 10% strength solution of
      dimethylaniline in toluene, and the slab was subsequently cut into
      moldings of size 10 .times. 20 cm.
PAC  EXAMPLE 3 (COMPARISON EXAMPLE)
PAR  53 parts of maleic anhydride were mixed into the abovementioned premix.
      After adding 25 parts of a 40% strength solution of methyl ethyl ketone
      peroxide in dimethyl phthalate and 9 parts of a cobalt octoate solution in
      dioctyl phthalate (1 percent by weight of cobalt), a cast slab was
      manufactured according to Example 1 and was subsequently cut into moldings
      of size 10 .times. 20 cm.
PAC  EXAMPLE 4 (COMPARISON EXAMPLE)
PAR  A cast slab was produced according to Example 1 from the above-mentioned
      premix, after addition of 25 parts of a 40% strength solution of methyl
      ethyl ketone peroxide in dimethyl phthalate and 9 parts of a cobalt
      octoate solution (1 percent by weight of cobalt) in dioctyl phthalate, and
      the slab was subsequently cut into moldings of size 10 .times. 20 cm.
PAR  The intrinsic odor of the four different moldings was assessed
      organoleptically by 17 persons as follows:
TBL  Moldings         Odour during the first                                   

                      days of use                                              

     ______________________________________                                    

     Example 1        slight, barely perceptible                               

     Example 2                                                                 

     (comparison example)                                                      

                      objectionable, distinct                                  

                      odor of styrene                                          

     Example 3                                                                 

     (comparison example)                                                      

                      unpleasant, noticeable                                   

     Example 4                                                                 

     (comparison example)                                                      

                      penetrating, pungent                                     

     ______________________________________                                    

PAR  For Examples 5 and 6 which follow, a 65% strength solution of an
      unsaturated polyester in styrene (which was produced by polycondensation
      of 517 parts of maleic anhydride, 1.805 parts of phthalic anhydride, 1.044
      parts of 1,2-propanediol and 605 parts of dipropylene glycol) was used,
      the solution being stabilized with 0.271 part of hydroquinone.
PAC  EXAMPLE 5
PAR  A homogeneous mixture was produced from 182.5 parts of the above-mentioned
      polyester solution, 100 parts of DDVP, 62.5 parts of alkylsulfonic acid
      ester, 7.35 parts of maleic anhydride and 11.1 parts of benzoyl peroxide
      (50% strength in the phthalate plasticizer). Using 136.5 parts of a glass
      fiber mat (600 g/m.sup.2) a cast slab, the odor of which after cooling was
      barely perceptible, was produced therefrom according to Example 1. The
      slab was cut into moldings of size 8 .times. 25 cm.
PAC  EXAMPLE 6 (COMPARISON EXAMPLE)
PAR  A homogeneous mixture was produced from 174.9 parts of the above-mentioned
      polyester solution, 100 parts of DDVP, 60 parts of alkylsulfonic acid
      ester, 10 parts of methyl ethyl ketone peroxide (50% strength in dimethyl
      phthalate) and 5 parts of cobalt naphthenate solution (1% by weight of
      cobalt). A cast slab, the odor of which, after cooling, was penetratingly
      pungent, was produced therefrom, according to Example 1, using 150 parts
      of a glass fiber mat (600 g/m.sup.2). The slab was cut into moldings of
      size 8 .times. 25 cm.
PAC  BIOLOGICAL COMPARISON EXPERIMENT
PAR  One molding according to Example 5 and one molding according to Example 6
      were suspended from the ceiling in the same manner in respective,
      equal-sized rooms of 40 m.sup.3 capacity. Directly after the moldings had
      been suspended, and after 1, 2, 7, 21, 28, 35, 42, 56 and 70 days, 200
      flies of the variety Musca domestica were exposed in each of the rooms and
      1, 2 and 3 hours after exposure of the test insects, the percentage of
      flies which had suffered knockdown was determined.
PAR  As is shown by the results in the table which follows, the two moldings had
      an insecticidal action of equal duration. However, whereas the molding
      according to Example 6 diffused an unpleasant odor in the room a few days
      after being suspended, such an odor did not emanate from the molding
      according to Example 5.
TBL                                    Table                                   

     __________________________________________________________________________

     Molding   Period of action on the                                         

                            % knock-down after suspending the                  

     according flies, in hours:                                                

                            moldings for (days):                               

     to                                                                        

                            1   2   7   14  21  35  42  56  70                 

     __________________________________________________________________________

     Example 5 1            5   90  80  90  90  80  80  50  40                 

     (according to the                                                         

     invention)                                                                

               2            95  100 100 100 100 100 100 90  75                 

               3            100                         100 100                

     Example 6 1            5   90  80  90  90  80  75  50  35                 

     (known)   2            90  100 100 100 100 100 100 95  70                 

               3            100                         100 100                

     __________________________________________________________________________

PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of diminishing the initially objectionable odor of an
      insecticidal composition comprising
      0,0-dimethyl-0-(2,2-dichlorovinyl)-phosphate, an ethylenically unsaturated
      polyester, a vinyl monomer copolymerizable with the polyester, and at
      least one solid or liquid filler, comprising incorporating in the
      composition prior to curing about 0.1 to 10% by weight of the composition
      of an ethylenically unsaturated compound of the formula
      ##EQU5##
      in which X is --OR or --OH, Y is --H and Z is --COOR, or
PA1  X is --OH, Y is --COOR and Z is --H, or
PA1  X is --O-- or &lt;N--R, Y is &lt;CO and Z is --H, in which case X and Y are
      bonded together to form an anhydride or imide ring, and
PA1  R is an aliphatic radical with up to 12 carbon atoms.
NUM  2.
PAR  2. The method according to claim 1, in which the ratio of the ethylenically
      unsaturated polyester to the vinyl monomer is about 40:60 to 90:10 by
      weight.
NUM  3.
PAR  3. The method according to claim 1, in which the ratio of
      0,0-dimethyl-0-(2,2-dichlorovinyl)phosphate to the total mixture of
      ethylenically unsaturated polyester and vinyl monomer is about 1:4 to 2:1
      by weight.
NUM  4.
PAR  4. The method according to claim 1, in which the total amount of filler
      constitutes about 10 to 50 percent by weight.
NUM  5.
PAR  5. The method according to claim 1, in which the ethylenically unsaturated
      polyester is the polycondensation product of a polyhydric alcohol and an
      .alpha., .beta.-ethylenically unsaturated dicarboxylic acid or its
      anhydride optionally admixed with an aliphatic, cycloaliphatic or aromatic
      dicarboxylic acid or its anhydride, the copolymerizable vinyl monomer is a
      vinyl-aromatic compound, the ratio of 0,0-dimethyl-0-(2,2-dichlorovinyl)
      phosphate to the total mixture of ethylenically unsaturated polyester and
      vinyl monomer is about 1:3 to 1:1 by weight, and the unsaturated compound
      constitutes about 0.5 to 5 percent by weight of the mixture.
NUM  6.
PAR  6. The method according to claim 1, wherein there is also incorporated in
      the composition a peroxide of the formula
      ##EQU6##
      in which A and B each is alkyl, aryl, aralkyl, alkoxy or aryloxy of 6 to
      12 carbon atoms.
NUM  7.
PAR  7. The method according to claim 6, wherein a curing accelerator is also
      incorporated in the composition.
NUM  8.
PAR  8. The method according to claim 7, in which the accelerator is a
      dialkylarylamine.
NUM  9.
PAR  9. The method according to claim 6, in which styrene is the copolymerizable
      vinyl monomer, maleic anhydride is the unsaturated compound and benzoyl
      peroxide is the peroxide.
NUM  10.
PAR  10. The method according to claim 2, in which the ratio of
      0,0-dimethyl-0-(2,2-dichlorovinyl)phosphate to the total mixture of
      ethylenically unsaturated polyester and vinyl monomer is about 1:4 to 2:1
      by weight, and the total amount of filler constitutes about 10 to 50
      percent by weight.
PATN
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ABST
PAL  This invention relates to a non-leaking suppository base.
BSUM
PAR  A suppository base that will not leak from the body orifice into which it
      is inserted is of significant value in administration and application of
      medicinals, cosmetics and other like ingredients. This invention is
      concerned with the preparation of such a base by incorporating therein,
      substances having thixotropic properties. Suppositories, although a widely
      used means for delivery of medication, have several glaring faults which
      detract from their usefulness. When suppositories melt or dissolve in the
      body fluids upon insertion into the body orifice, the formed liquid
      oftentimes flows from the body orifice. Furthermore, this leakage may
      occure before the substance intended to be administered has sufficient
      time to produce the desired effect. This leakage is undesirable as an
      esthetic and as a therapeutic consideration, for beside the spoilage of
      garments, the leakage carries with it the intended substance to be
      delivered into the orifice.
PAR  It has been found that addition of a substance to a suppository base which
      will produce a thixotropic effect in the base upon melting, or upon
      dissolving in the body fluids will eliminate or reduce this undesirable
      characteristic of leakage in these suppositories.
PAR  A suppository which is designed to melt in the body or dissolve in body
      fluids, when the proper thixotropicity producing material is added, will
      continue to melt or dissolve at body temperature and spread until it forms
      a thin film. When the force required to spread the film of medication is
      equivalent to the yield value of the thixotropic suppository base,
      spreading will stop. The yield value of a thixotropic substance is that
      force below which the substance will not flow. The proper thixotropic
      substance will not significantly affect the melting point or dissolution
      of the other compounds.
PAR  This suppository base which will not leak from the body orifice, is capable
      of being molded due to the presence of its wax and wax-like components.
      The major proportion of the base consists of ingredients that are polymers
      of ethylene oxide, more commonly referred to as "polyethylene glycols".
      Using such substances, one can tailor the base to meet any particular need
      with regard to melting point, dissolution rate, or precompensation of the
      melting point lowering effect of active ingredients which might be added.
      These polymers are also selected because of their miscibility with aqueous
      secretions of the mucus membranes which will assist in the prevention of
      leakage.
PAR  The human body having a temperature of 37.degree.C. prescribes the
      selection of polyethylene glycols which will permit the suppository base
      to melt or readily dissolve at about that temperature. Combinations of two
      or more polyethylene glycols which will impart the ability of the base to
      melt or dissolve at 37.degree.C. may be used. The polyethylene glycols or
      polymers of ethylene oxide referred to herein are represented by the
      general formula HOCH.sub.2 (CH.sub.2 OCH.sub.2).sub.n CH.sub.2 OH.
PAR  In the practice of this invention it has been found that a combination of
      Polyethylene Glycol 300 whose average molecular weight is 285 to 315 and
      Polyethylene Glycol 1000 whose average molecular weight is not less than
      950 and not more than 1050 to be particularly efficacious as the major
      components of the base.
PAR  The thixotropic substances which have been selected for incorporation in
      the polyethylene glycol base are marketed under the trademarks CAB-O-SIL
      and CARBOPOL 940. CAB-O-SIL is marketed by Godfrey L. Cabot, Inc. of
      Boston, Massachusetts and may be described as an amorphus silica of high
      purity obtained from the gaseous phase, with a particle size of about 15
      mu. and a surface area of 175-200 m.sub.2 /g. CARBOPOL 940 is a product of
      B. F. Goodrich Chemical Company and may be described as an extremely high
      molecular weight carboxyvinyl polymer resin having the generic designation
      of "carboxypolymethylene."
PAR  The addition of such thixotropic substances will prevent the free flow of
      the liquid which results from the dissolution and melting of the
      suppository base.
PAR  In order to illustrate this new non-leaking suppository base, the following
      specific formulations embodying this invention are provided:
DETD
PAC  EXAMPLE I
TBL                       Parts By Weight                                      

     ______________________________________                                    

     Polyethylene Gylcol 1000                                                  

                            91.43                                              

     Polyethylene Glycol 300                                                   

                            2.97                                               

     Polyoxyethylene Palmitate                                                 

                            0.50                                               

     Methyl Paraben         0.10                                               

     Cab-O-Sil              5.00                                               

     ______________________________________                                    

PAR  At a temperature range of 50.degree. - 55.degree.C. the polyethylene glycol
      1000 and polyoxyethylene palmitate are melted together. The polyoxethylene
      palmitate is a palmitic ester of ethylene oxide containing approximately
      20 oxyethylene units. To this mixture is added the polyethylene glycol 300
      and methyl paraben under conditions of constant stirring until a
      homogeneous liquid is obtained. The "CAB-O-SIL" is slowly added and
      constantly stirred until thoroughly incorporated in the mixture.
PAR  The mixture is poured into suitable molds and allowed to harden.
PAC  EXAMPLE II
TBL                       Parts by Weight                                      

     ______________________________________                                    

     Polyethylene Glycol 1000                                                  

                            94.93                                              

     Polyethylene Glycol 300                                                   

                            2.97                                               

     Polyoxyethylene Palmitate                                                 

                            0.50                                               

     Methyl Paraben         0.10                                               

     Carbopol 940           1.50                                               

     ______________________________________                                    

PAR  At a temperature range of 50.degree. - 55.degree.C. the polyethylene glycol
      1000 and polyoxyethylene palmitate are melted together. The polyethylene
      glycol 300 and methyl paraben are added to the melted mixture and stirred.
      The "CARBOPOL 940" is added slowly under conditions of constant stirring.
      The mixture is poured into suitable molds and allowed to harden.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A suppository base consisting of from 91 to 95 parts of a polyethylene
      glycol having an average molecular weight of about 1000; three parts of a
      polyethylene glycol having an average molecular weight of 300; one-half
      part of polyoxyethylene palmitate containing about 20 oxyethylene units;
      and from one and one-half to five and one half parts of a member selected
      from the group consisting of amorphous silica and carboxyvinyl polymer
      resin.
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ABST
PAL  The method of lubricating or softening the skin comprising the application
      of cosmetic preparations such as ointments, salves, creams, lotions, bar
      soaps, and the like, that contain a durable dry lubricant, comprising
      perfluorocarbon resins, said lubricant being inert to human and animal
      skin tissue, nonagglomerative, and sized to fit smoothly within the crease
      lines of human and animal skin tissue.
PARN
PAR  This application is a continuation-in-part of co-pending Serial No.
      230,487, filed February 2, 1972, now abandoned.
BSUM
PAR  The present invention relates to the manufacture of cosmetic preparations,
      and more particularly to the preparation of cosmetic ointments, salves,
      creams, lotions and the like that contain artificial and durable dry
      lubricants that are inert to the human and animal skin tissue,
      nonagglomerative, and sized to fit smoothly within the crease lines of
      human and animal skin tissue.
PAR  This invention further relates to the preparation of cosmetic compositions
      employing as a base, or base adjuvant, micron size dry lubricants that
      have higher emolliency and smoother characteristics than those hitherto
      available.
PAR  There has been great demand for a durable satisfactory base for use in the
      manufacture of cosmetic preparations accpetable for use on the skin.
      Heretofore, the most commonly used bases for this purpose have been
      lanolin, mink oil, petrolatum and the like. However, extensive uses of
      these substances as bases, or constituents of bases of ointments, salves
      and creams have shown that they are not satisfactory because of the marked
      tendency of these materials to leave greasy, sticky and sometimes odorous
      oil on the skin. Furthermore, they are not durable. In this respect,
      lanolin has not been entirely satisfactory because of its effect on those
      having allergic reactions thereto. Petrolatum has not been found
      satisfactory in the cosmetics because it is relatively incompatible with
      aqueous materials which are generally incorporated in or used with
      cosmetic preparations. Furthermore, petrolatum is not readily absorbed by
      the skin and hence is not particularly efficient in distributing a
      medicament which may be contained in the ointment, salve or lotion
      throughout the affected area on the skin.
PAR  It is the principal object of the present invention to provide a base, or
      base adjuvant, for the manufacture of cosmetics of the type mentioned
      above which combines a high degree of skin protection with emolliency, is
      exceptionally stable and is substantially greaseless and is durable.
PAR  Other objects of the present invention will be apparent from the following
      specification and claims.
PAR  In accordance with the present invention, it has now been found that
      cosmetic preparations such as cold creams, vanishing creams, rouge,
      lipsticks, protective creams, etc., containing a durable inert, dry
      lubricant, in a proportion of about 1% to about 50% by weight, combines a
      high degree of skin protection with emolliency, are exceptionally stable,
      are substantially greaseless, and are very durable. As a result,
      ointments, salves, creams and the like, which are prepared from bases
      containing such lubricant have skin softening and coating characteristics
      which are substantially greater than those imparted by other animal or
      vegetable oils and fats. They are also, suprisingly, more stable to
      atmospheric conditions than compositions prepared from more conventional
      bases, are substantially odorless, and do not become rancid.
PAR  As indicated above, a base oil or adjuvant in cosmetic preparations should
      be stable at atmospheric conditions, free of greasy or sticky effects,
      non-toxic and inert to the body skin and not susceptible to rancidity. A
      micron size dry powered lubricant, and particularly a resinous
      perfluorocarbon, having a particle size of about 0.01 to about 30 microns,
      and preferably a particle size of about 0.01 to about 0.5 microns, has
      been found to possess these characteristics to a substantially higher
      degree than the animal or vegetable fats and oil hitherto used for this
      purpose.
PAR  Perfluorocarbon resins within the scope of this invention include the
      homopolymer of tetrafluoroethylene, the homopolymer of
      hexafluoropropylene, and the copolymer of tetrafluoroethylene and
      hexafluoropropylene having the formula (CF.sub.2 CF.sub.2 -CF.sub.2
      CFCF.sub.3).sub.n.
PAR  These perfluorocarbon resins have a molecular weight of between about
      1,000,000 to about 10,000,000, a viscosity greater than 10.sup.10 poises
      at 380.degree.C, a specific gravity of about 2.18-2.24, and a melting
      point of over 600.degree.F.
PAR  These resins will not lump or agglomerate either in solutions or on the
      skin, are generally inert to the actions of body chemistry, whereby they
      will neither react to body temperature nor break down due to the moisture
      of the body.
PAR  Chlorotrifluoroethylene resins have also been found to be advantageously
      used in making the dry lubricant type of cosmetics.
PAR  In order to compare the surface tension of products within the scope of the
      present invention with lubricants customarily used in cosmetics, a
      formulation was prepared wherein 3% of the homopolymer of
      tetrafluoroethylene, having a particle size of 4-18 microns, was suspended
      in a thickening agent of carboxypolymethylene with which it was mixed at
      room temperature. The surface tension of the resultant gel was then
      compared with the following selected vegetable and animal oils, using a
      DuNuby Tensiometer at 26.degree.C, with the following results:
TBL  Petrolatum             Semi-solid                                         

     Lard                   Semi-solid                                         

     Lanolin                Semi-solid                                         

     Corn Oil               36.8                                               

     Neatfoot Oil           35.9                                               

     Mink Oil               34.1                                               

     Sweet Almond Oil       33.8                                               

     Gelled homopolymer of                                                     

     tetrafluoroethylene    27.5                                               

PAR  The above data show that the perfluorocarbon resin has a lower surface
      tension than that of the animal oils and fats customarily employed in
      cosmetics.
PAR  Skin texture, feel, tone and touch were tested by placing an amount of
      gelled cosmetic preparation containing an effective amount of the
      perfluorocarbon resin and a similar preparation containing an equal amount
      of lanolin on separate skin areas. The preparation containing the resin
      was absorbed almost immediately leaving behind a soft texture, and the
      skin was smooth to the touch. After 35 minutes, the lanolin that was
      placed on the skin was sticky, greasy, and spotty.
PAR  The following examples are illustrative of compositions containing
      effective amounts of powdered resin. In each example the particle size of
      the resin is about 0.05 to 0.5 micron. Although various of these examples
      include other lubricants such as lanolin, petrolatum or oil, much less of
      these other lubricants are used than would otherwise be necessary. From
      these examples it will be evident to those skilled in the art that a large
      number of cosmetic preparations could be prepared in a similar manner.
DETD
PAC  EXAMPLE 1
TBL  Protective Cream:                                                         

     Components              Parts by Weight                                   

     ______________________________________                                    

     Stearic acid            8.0                                               

     Petrolatum              6.0                                               

     Glycerin                3.0                                               

     Glyceryl monostearate   6.0                                               

     Triethanolamine         1.5                                               

     Water                   56.0                                              

     Lanolin (anhydrous)     7.5                                               

     Talc                    8.0                                               

     Copolymer of tetrafluoroethylene                                          

     and hexafluoropropylene 2.0                                               

     Perfume qs                                                                

                             100%                                              

     ______________________________________                                    

PAR  Mix ingredients and warm to 85.degree. to 95.degree.C. When dissolved, stir
      until almost cool. Add perfume and stir well, or pass through homogenizer.
      The selected resins may be varied from 1% to 15% without materially
      affecting the consistency.
PAC  EXAMPLE 2
TBL  Hand Lotion:                                                              

     Components              Parts by Weight                                   

     ______________________________________                                    

     Propylene glycol        2.0                                               

     Petrolatum              3.0                                               

     Stearic acid            6.0                                               

     Triethanolamine         1.0                                               

     Glycerin                2.0                                               

     Homopolymer of hexafluoropropylene                                        

                             2.0                                               

     Water                   83.0                                              

     Perfume, qs                                                               

                             100%                                              

     ______________________________________                                    

PAR  Mix and warm all ingredients to 75.degree. to 85.degree.C. Stir the melted
      mixture until cool. Add the perfume if desired. The selected resins may be
      varied from 0.5% to 12% in this preparation without affecting the
      consistency.
PAC  EXAMPLE 3
TBL  Cold Cream:                                                               

     Components              Parts by Weight                                   

     ______________________________________                                    

     Propylene glycol monostearate                                             

                             4.0                                               

     Lanolin (anhydrous)     6.0                                               

     Mineral Oil             26.0                                              

     Triethanolamine         1.5                                               

     Homopolymer of tetrafluoroethylene                                        

                             4.5                                               

     Water                   58.0                                              

     Perfume, qs                                                               

                             100%                                              

     ______________________________________                                    

PAR  Warm all ingredients except the perfume in a stainless container at
      75.degree.C. Remove from heat and stir until mixture is almost at room
      temperature. Incorporate perfume and stir until cool. The selected resins
      may be varied from 0.5% to 17% by replacing an equal quantity of mineral
      oil.
PAC  EXAMPLE 4
TBL  Lipstick:                                                                 

     Components              Parts by Weight                                   

     ______________________________________                                    

     Beeswax                 38.0                                              

     Vegetable Oil           32.0                                              

     Cocoa Butter            16.0                                              

     Lanolin (anhydrous)     5.0                                               

     Homopolymer of tetrafluoroethylene                                        

                             4.0                                               

     Mineral Oil             5.0                                               

     Perfume, qs                                                               

                             100%                                              

     ______________________________________                                    

PAR  The selected resins content may be varied from 1% to 11%. To this base may
      be added the usual coloring agents. The material may be put through a
      colloid or roller mill and shaped into the ordinary lipstick form. Also
      the above preparation may contain perfume and if desired, antioxidants and
      preservative, such as methyl and propyl Parasept, nordihydroguaiaretic
      acid, and the like in the amounts of 0.01% to 15.0%.
PAC  EXAMPLE 5
TBL  Ointment:                                                                 

     Components              Parts by Weight                                   

     ______________________________________                                    

     Water                   75.0                                              

     Carboxypolymethylene    .8                                                

     Sodium Hydroxide (10% solution)                                           

                             3.2                                               

     Homopolymer of hexafluoropropylene                                        

                             16.0                                              

                             100%                                              

     ______________________________________                                    

PAR  Carefully disperse the Carboxypolymethylene in the water. After dispersion
      is complete add the sodium hydroxide with slow speed agitation to prevent
      excessive inclusion of air. Add the perfluorocarbon resin in the same
      manner. Mix to homogeneity. A sample prepared in this fashion has a
      viscosity of 60,000cps (Brookfield, 20rpm) and a pH of 7.1
PAC  EXAMPLE 6
TBL  Brushless Shaving Cream:                                                  

            Components       Parts by Weight                                   

     ______________________________________                                    

     Part A:  Mineral Oil        95.7                                          

              Lanolin            4.2                                           

              Stearic acid       143.0                                         

     Part B:  Water              669.0                                         

              Carboxypolymethylene                                             

                                 5.0                                           

              Homopolymer of tetrafluoro-                                      

                                 50.0                                          

              ethylene                                                         

              Triethanolamine    33.8                                          

              Perfume, qs                                                      

     ______________________________________                                    

PAR  Form B by carefully dispersing the carboxypolymethylene in the water then
      adding the triethanolamine. Heat both A. and B. to 75.degree.C and add A.
      & B. with vigorous agitation. Mix this uniformily and then cool it rapidly
      to 30.degree.C. Add perfume when the temperature is about 50.degree.C.
      This cream has a pH of 7.0 and a viscosity of 35,000cps (Brookfield,
      20rpm). This cream works well in giving a closer, smoother more
      comfortable shave.
PAC  EXAMPLE 7
TBL  Cleansing Cream:                                                          

               Components    Parts by Weight                                   

     ______________________________________                                    

     Part A:     Beeswax         80.0                                          

                 Light Mineral Oil                                             

                                 490.0                                         

                 Paraffin        70.0                                          

                 Cetyl Alcohol   10                                            

                 Triethanolamine 10                                            

     Part B:     Water           300.00                                        

                 Chlorotrifluoroethyl-                                         

                                 38                                            

                 ene resin                                                     

                 Carboxypolymethylene                                          

                                 2                                             

                 Perfume, qs                                                   

     ______________________________________                                    

PAR  Prepare B by completely dispersing the Carboxypolymethylene in the water
      and then blending in the Chlorotrifluoroethylene resin. Heat both A. and
      B. to 80.degree.C. and add A. to B. with vigorous agitation. Once the mix
      has been blended to uniformity, cool it rapidly to 30.degree.C. Perfume as
      desired when the blend reaches 50.degree.C. A cleansing cream prepared as
      above has a pH of 8.1 and a viscosity of about 40,000cps (Brookfield,
      20rpm). An exact viscosity determination of the system was difficult
      because of the thixotropic character of the composition.
PAC  EXAMPLE 8
TBL  Insect Repellent Gel:                                                     

     Components              Parts by Weight                                   

     ______________________________________                                    

     Metadelphene            600                                               

     Ethanol (SD-40)         100                                               

     Carboxypolymethylene    10                                                

     Homopolymer of tetrafluoroethylene                                        

                             25                                                

     Triethanolamine         8                                                 

     ______________________________________                                    

PAR  Disperse the carboxypolymethylene in the metadelphene. Add the
      triethanolamine. Add the perfluorocarbon resin. Slowly add the ethanol
      with mild agitation. The whole mass will slowly gel.
PAC  EXAMPLE 9
TBL  Deodorant:                                                                

     Components              Parts by Weight                                   

     ______________________________________                                    

     Water                   90.0                                              

     Carboxypolymethylene    1                                                 

     Homopolymer of tetrafluoroethylene                                        

                             5.0                                               

     Sodium Hydroxide (10% solution)                                           

                             1                                                 

     Lanolin (anhydrous)     3                                                 

     ______________________________________                                    

PAR  Disperse the carboxypolymethylene in the water and thoroughly mix. Add the
      resin and sodium hydroxide. Slowly mix until a cream is formed.
PAC  EXAMPLE 10
PAR  A container one quarter full of the homopolymer of tetrafluoroethylene is
      added to perfume oil. There if further added a flourine related compound
      (ClF.sub.3). The container is now closed and the temperature is elevated
      to 50.degree.C for about 7 days. The perfume oil is thereby pressured into
      the perfluorocarbon resin. Cosmetics made in this manner have a longer
      lasting perfume odor than is found in ordinary cosmetics.
PAR  Other preparations that may be made to include perfluorocarbon resins or
      chlorotrifluoroethylene resins are soaps, vanishing creams, medicated
      creams, skin oils, medicated ointments and salves. For example, in making
      bar soap, the resin is added to the soap solution, in the percentage
      desired, prior to coagulation.
PAR  It will be evident from the above that creams, cosmetic ointments and
      salves prepared in accordance with the present invention have properties
      which make them far more suitable than similar products containing
      conventional ingredients. The term "cosmetic preparations" employed herein
      is intended to include ointment, salves, creams, rouges, liniments,
      lotions, brilliantines, bar soaps, and other cosmetic preparations, of the
      type herein disclosed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of lubricating or softening the skin which comprises applying
      to the skin a composition comprising water, carboxypolymethylene and about
      1 to about 50% by weight of a lubricating agent selected from the group
      consisting of chlorotrifluoroethylene resin, the homopolymer of
      tetrafluoroethylene, the homopolymer of hexafluoropropylene, and the
      copolymer of tetrafluoroethylene and hexafluoropropylene having the
      formula (CF.sub.2 CF.sub.2 -CF.sub.2 CFCF.sub.3).sub.n where n is an
      integer corresponding to the number of repeating units in the
      copolymerized chain, said lubricating agent having a particle size of
      between about 0.01 to about 30 microns and said composition having a pH of
      about 7-8.1.
NUM  2.
PAR  2. The method of claim 1 wherein the particle size of said lubricating
      agent is between about 0.01 and about 0.5 microns.
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ABST
PAL  Granules are prepared by subjecting a crystalline sugar, a basis, adjuvants
      and a binder-containing solution to a mixing apparatus, followed by
      crushing and drying by conventional techniques. The resultant products are
      characterized by having a uniform granular size, good disintegrating
      properties, relatively great apparent density and abrasion resistance. The
      basis comprises at least one member selected from the group of penicillin,
      tetracycline, movobiocin, kanamycin, paromomycin and midecamycin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for preparing granules having a uniform
      granule size, good disintegrating properties, relatively great apparent
      density and abrasion resistance by subjecting a crystalline sugar, a
      basis, adjuvants and a binder-containing solution to a mixing apparatus,
      whereby the crystalline sugar is coated with the basis and adjuvants to
      form granules of a uniform particle size.
PAR  2. Prior Art
PAR  In general, granule or particle products have been heretofore prepared by
      powdering raw materials such as a basis and some suitable adjuvants,
      mixing the powdered material with a corrigent such as powdered sugar under
      wetting conditions, and granulating the mixture by means of an
      extruder-type or crushing type granulator.
PAR  The just-mentioned prior-art method is, however, defective in that: (1) The
      yield of the granule product becomes low due to substantial loss of the
      powdered material in the binding stage and, if a binder is used in a
      larger amount so as to raise the yield, the ultimate granular product will
      be deteriorated in disintegratability and solubility; (2) It is difficult
      to produce granules of uniform size and relatively great apparent density,
      and the commercial value of the products is lowered due to undesirably
      wide distribution of granule sizes and inconveniences in handling; and (3)
      A great number of production steps and manual operations are required,
      causing frequent operational troubles.
PAR  In order to overcome these defects, many improved methods have been
      proposed by introducing new apparatus of different types, including the
      method using a fluidized bed granulation apparatus and the method of
      coating core material with a sprayed suspension with use of a coating
      apparatus. However, the last-metioned coating method has a vital
      disadvantage that it requires a solvent in such a large amount that may
      spoil the working conditions with increased possibility of risky
      accidents, such as fire, explosion and the like, and also may give rise to
      environmental pollution. In addition, an enormous cost is required for
      installation of the facilities for collecting the solvent in order to
      prevent environmental pollution. Moreover, the spraying method has also
      the disadvantage that it is difficult to coat the core material completely
      with a powdery material. This results in reduction in yield and
      undesirably requires provision of a fine powder-collecting apparatus.
      Furthermore, the coated material is easily excoriated from the ultimate
      product even by slight friction, such as, for example, that occurred by
      sieving, due to insufficient binding between the core material and the
      coat, thus spoiling the commercial value of the product.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present inventors conducted a research on the method for the
      preparation of granular medicinal agents, which can overcome the
      prior-art's disadvantages and by which granules having a uniform particle
      size can be produced. As a result, the present inventors have accomplished
      a novel method which can solve the problems inherent to the prior-art
      methods as mentioned above. The method of the present invention can be put
      into practice by means of a conventional mixing apparatus with use of a
      binder-containing solution in an amount 10 times smaller than that needed
      by the spraying method. The yield of the ultimate product is almost 100%
      since the starting powdery materials are hardly lost during the production
      process. Furthermore, strong binding of the crystalline sugar to the basis
      and the adjuvants can be attained, without allowing easy separation of the
      basis and adjuvants from the sugar cores by slight friction.
PAR  The method of the present invention comprises mixing crystalline sugar, a
      basis and adjuvants in the presence of a binder-containing solution in a
      suitable mixing apparatus.
PAR  The method of the present invention is particularly suitable for the
      preparation of a granule using sugar, particularly crystalline sugar, as
      the core material and a basis with or without other adjuvants as the
      coating material. In general, sucrose is used as the crystalline sugar,
      but any other sugar that is water-soluble and forms crystals of excellent
      physical and mechanical strengths, such as glucose, fructose, lactose or
      the like may also be employed.
PAR  The granule or particle size of the crystalline sugar may be varied within
      a wide range depending upon the particular requirements of the ultimate
      product, but is preferably within the range of 177.mu. (passing a sieve of
      No. 80 prescribed in the Eighth Pharmacopoeia of Japan) to 500.mu.
      (passing a No. 32 sieve) in consideration of the appearance of the
      ultimate product and the prevention of the adhesion of fine crystalline
      sugar particles to wall surface of the vessel due to static electricity.
      The crystalline sugar is added in an amount greater than 70%, preferably
      about 75 - 90%, so as to produce an ultimate product of good appearance at
      a high yield.
PAR  The basis which coats the crystalline sugar may be of any type which allows
      combination with the sugar without difficulty, for example, a penicillin
      such as penicillin V, ampicillin, phenethicillin, propicillin, cloxacillin
      or cycloxacillin, another antibiotic such as tetracycline, novobiocin,
      kanamycin, paromomycin, medecamycin, kitasamycin, spiramycin,
      triacetylorleandomycin or the like, a cold remedy, an antipyretics, an
      analygesics, an antitussive, an expectorant, a vitamin complex or the
      like. The coating powder materials are generally used in an amount less
      than 30%, preferably about 25 - 10%.
PAR  Furthermore, adjuvants such as stabilizers, corrigents, flavoring agents or
      the like which are generally employed in the preparation of pharmaceutical
      compositions may be coated to the core material along with the basis.
PAR  The process for coating the core material with the basis either alone or in
      combination with adjuvants is carried out in a suitable mixing apparatus
      while adding thereto a binder solution. The solvent should not be of the
      nature that can dissolve or decompose the basis, crystalline sugar and
      other adjuvants and preferably boils at as low as 35.degree. -
      70.degree.C. Examples of the solvent include chloroform, dichloromethane,
      methanol and the like. The binder should be soluble in the organic solvent
      and should not affect the stability of the other constituents of the
      granule to be prepared. Examples of the binder are hydroxypropylcellulose
      (HPC), polyvinylpyrrolidone (PVP), methylcellulose and the like, and the
      amount of the binder is preferably within the range of 0.1 - 3.0%.
PAR  An important feature of the present invention is that the coating is
      carried out in a mixing apparatus but not by a known coating system. The
      mixing means is not restricted to a special type so long as it has no
      crushing function; examples of the feasible mixers including a sigma-blade
      type mixer such as dough mixer, kneader or mass mixer, etc.,
      vertical-shaft type mixer such as Glen powder mixer, Banno mixer or Hobart
      mixer, etc., ribbon-blade type mixer such as ribbon mixer, etc., Henschell
      mixer and the like. Particularly, the dough mixer is superior in mixing
      and coating efficiency.
PAR  It is due to the use of a mixer that makes it possible to provide
      satisfactory coatings of the basis on the surface of the crystalline
      sugar.
PAR  In the mixer, the crystalline sugar which has been uniformly granulated to
      a size substantially corresponding to the size of the ultimate granule or
      particle product is sufficiently mixed with a powdered basis and a
      stabilizer or some other required adjuvants. Then, a binder solution is
      added to the resultant mixture for mixing under wetting or moistening
      conditions. The resultant semi-dried mixture in the form of lump is
      reduced into granules or particles of the desired size by means of a
      crushing granulator (rotating knife-blade type) under such a gentle
      condition that will not pulverize the sugar crystals per se into pieces,
      followed by drying to obtain a granule or particle product.
PAR  There are no particular requirements on the combination order of the
      starting materials, but it is preferable that a half of the crystalline
      sugar is first charged into the mixer, followed by the basis, adjuvants
      and another half of the crystalline sugar, so as to raise the mixing
      efficiency by preventing adhesion of the basis to the corners of a
      non-circular mixer such as dough mixer or to the joints of the agitator
      blades.
PAR  As has been clear from the above, the use of crystalline sugar as a core
      material leads to easy production of a granular material or product having
      a uniform granule size in a mixer. The granular product of the present
      invention has the following advantages:
PAR  i. Ready availability of a granular product of uniform and desired size
      owing to the use of a core material having a preset granule size
      corresponding to the product;
PAR  ii. Excellent disintegratability and solubility when used as a dry syrup;
PAR  iii. Relatively great apparent density, that is, small in volume per dose,
      this enable one to handle it advantageously;
PAR  iv. The coating basis coats firmly onto the crystalline sugar and can not
      be easily excoriated therefrom, as with the granules which are prepared by
      a conventional method, owing to slight friction caused, for example, when
      passed through a sieve.
PAR  The present invention will be particularly illustrated in the following
      examples, which are shown by way of illustration only.
PAC  EXAMPLE 1
PAR  44.3 Kg of crystalline sucrose having a particle size range of 150 - 400
      .mu. was introduced into a dough mixer, Jushin Tekkosho Model WN-170SU, to
      which were further added with sufficient agitation 5.0 Kg of penicillin V
      and a finely powdered mixture consisting of 200 g of saccharin sodium, 200
      g of sodium chloride and 150 g of peach flavor. While mixing for 20
      minutes, 7.0 liters of the dichloromethane solution which contains 0.15 Kg
      of hydroxypropylcellulose was added dropwise to the resultant mixture for
      wetting. The wetted mixture were crushed by means of a speed mill, Showa
      Engineering KK, Model D-50, and dried under vacuum to obtain a granular
      product. The yield was 98.5% when calculated according to the following
      equation:
      ##EQU1##
PAC  EXAMPLE 2
PAR  Example 1 was repeated using a universal mixer, Haagen & Rinau Model
      RU-200. The yield was 97%.
PAC  EXAMPLE 3
PAR  Example 1 was repeated on 1/50 scale using a ribbon mixer, Fuji Denki Kogyo
      Model 5DM-r. The yield was 96.0%.
PAC  EXAMPLE 4
PAR  Example 1 was repeated on 1/50 scale using a Banno mixer, Shinagawa
      Kogyosho Model 5DM-r. The yield was 96.0%.
PAC  EXAMPLE 5
PAR  700 g of crystalline sucrose having a particle range of 400 - 850.mu. was
      introduced into a kneader, Fuji Powder Model KDHJ-10, to which were
      further added under sufficient mixing 67 g of tetracycline, 33 g of
      novobiocin calcium and a finely powdered mixture composed of 100 g of
      sodium metaphosphate, 3 g of saccharin sodium, 8 g of banana flavor and 69
      g of corn starch. And then, while mixing for 10 minutes, 150 ml of the
      chloroform solution containing 20 g of polyvinylpyrrolidone was added
      dropwise to the mixture for wetting. The resultant mixture was crushed by
      means of a speed mill, followed by vacuum drying to obtain a granular
      product. The yield was 96.0%.
PAC  EXAMPLE 6
PAR  Example 5 was repeated except that 100 g of crystalline sucrose was
      replaced by the same amount of corn starch. The yield was 86%.
PAC  EXAMPLE 7
PAR  Example 5 was repeated except that 200 g of crystalline sucrose was
      replaced by the same amount of corn starch. The yield was 70.0%.
PAC  EXAMPLE 8
PAR  880 g of crystalline sucrose having a particle size range of 300 - 700.mu.
      was place in a kneader, Fuji Powder Model KDHJ-10, to which were added 25
      g of penicillin V and a finely powdered mixture consisting of 4 g of
      saccharin sodium, 4 g of sodium chloride, 3 g of peach flavor and 82 g of
      corn starch under sufficient mixing condition. And then, while mixing for
      10 minutes, 150 ml of 1:1 mixture of absolute methanol and dichloromethane
      containing 2 g of methylcellulose was added dropwise to the mixture for
      wetting. The resultant wetted mixture was crushed by means of a speed mill
      and vacuum-dried to yield a granule product. The yield was 99.0%.
PAC  EXAMPLE 9
PAR  Example 8 was repeated using a Banno mixer, Shinagawa Kogyosho Model 5DM-r.
      The yield was 97.5%.
PAC  EXAMPLE 10
PAR  Example 8 was repeated using a Henschell mixer, Henschell Model FM 10/L.
      The yield was 95.0%.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for the preparation of granular product of uniform particle
      size, good disintegrating properties, relatively great apparent density
      and abrasion resistance, which comprises the steps of: (a) mixing a
      crystalline sugar and a finely powdered basis having a particle size of
      from about 177.mu. to about 500.mu. in a mixing apparatus in the presence
      of about 15% by weight based on the total combined weight of said sugar
      and said basis of a solution containing from about 0.1 to 3.0% by weight
      of binder based on the same total combined weight, said basis comprising
      at least one member selected from the group consisting of penicillin,
      tetracycline, novobiocin, kanamycin, paromomycin and midecamycin; (b)
      crushing the resultant wetted mixture of sugar, basis and binder solution
      in the form of lumps; and (c) removing the remaining solvent from the said
      solution of the binder, and recovering the granular product therefrom.
NUM  2.
PAR  2. Process according to claim 1, wherein the ratio by weight of said
      crystalline sugar to said basis and, if any, adjuvants is 70 - 90 : 30 -
      10, and preferably, 75 - 90 : 25 - 10.
NUM  3.
PAR  3. Process according to claim 1, wherein said crystalline sugar comprises
      at least one member selected from the group consisting of sucrose,
      fructose, glucose and lactose.
NUM  4.
PAR  4. Process according to claim 1, wherein said binder comprises at least one
      member selected from the group consising of hydroxypropylcellulose,
      polyvinylpyrrolidone and methylcellulose.
NUM  5.
PAR  5. Process according to claim 1, wherein said basis also includes at least
      one member selected from the group consisting of stabilizers, corrigents
      and flavoring agents.
NUM  6.
PAR  6. Process according to claim 1, wherein said mixing is carried out in a
      sigma-blade type mixer, a ribbon-blade type mixer, a vertical-shaft type
      mixer, or a Henschell mixer.
NUM  7.
PAR  7. Process according to claim 6, wherein said mixing is carried out with a
      sigma-blade type mixer which is a dough mixer, a kneader, or a mass mixer.
NUM  8.
PAR  8. Process according to claim 6, wherein said mixing is carried out with a
      vertical-shaft type mixer which is a Glen powder mixer, a Hobart mixer, or
      a Banno mixer.
NUM  9.
PAR  9. Process according to claim 6, wherein said mixing is carried out with a
      ribbon-blade type mixer which is a ribbon mixer.
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ABST
PAL  Long chain alkenes are produced by electrolysing an organic solution
      containing a mixture of short chain carboxylic acid and a larger chain
      carboxylic acid, one of which is unsaturated. Many of the products so
      formed are useful as insect attractants.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to synthesis of long chain alkenes, and alkenes
      which can be so produced.
PAC  BRIEF DESCRIPTION OF THE PRIOR ART
PAR  Known methods of preparing alkenes include the Wittig reaction, wherein a
      carbonyl compound is reacted with an organophosphorus compound, thus:
      ##EQU1##
      where Ph is phenyl, and R, R' and R" are alkyl, aryl or hydrogen. As with
      other methods for making internal alkenes, a mixture of cis and trans
      geometrical isomers is formed, which is difficult to separate, and the
      process is expensive.
PAC  SUMMARY OF THE INVENTION
PAR  This invention produces long chain, internal alkenes by electrolysing a
      solution of two or more carboxylic acids, one of which has unsaturation.
      If a pure geometrical isomer of internally unsaturated acid is used, the
      same geometrical isomer of inernal alkene is produced. Internal alkenes,
      many of which are novel, with valuable properties are thus produced.
PAR  This synthesis is similar to the Kolbe electrolytic synthesis, in which a
      carboxylic acid is electrolysed, eliminating carbon dioxide at the cell
      anode, thus:
EQU  R--CH.sub.2 --COOH .sup.electrolysis 2CO.sub.2 + R--CH.sub.2 --CH.sub.2 --R
PAL  The process of the invention however uses mixtures of acid starting
      materials, and proceeds in a manner not predictable from the prior
      teachings of Kolbe synthesis. From acids of formulae R.COOH and R'.COOH
      one would expect Kolbe synthesis to yield a mixture of coupled products
      R--R, R'--R' and R'R. The stronger the acid, R--COOH, the more coupled
      produce R--R should be formed. However in practice the yield of
      cross-coupled product R'--R is greater predicted, and at least one other
      product, which can be represented at R'H, i.e. an elimination product, is
      also formed to an appreciable extent. These factors can have significant
      practical advantages.
PAR  The long chain internal alkenes which can be produced have from 8-40 carbon
      atoms, preferably from 9 to 25 carbon atoms. They are preferably made from
      a short chain saturated acid (acetic acid, propionic acid, butyric acid,
      pentanoic acid, heptanoic acid, etc.), and a longer chain (C.sub.7
      -C.sub.23) unsaturated acid, which acids can be synthetic but are in many
      cases naturally occurring. Examples of useful naturally occurring acids
      are decylenic acid (C.sub.10), dodecylenic (C.sub.12), tetradecylenic
      (C.sub.14), palmitoleic (C.sub.16), oleic (C.sub.18), gadolenic
      (C.sub.20), cetoleic (C.sub.22), erucic (C.sub.22) and nervonic
      (C.sub.24). These all have one unsaturation and cis configuration. Elaidic
       pg,3 acid, the trans isomer of oleic, is also useful.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  It is preferred to use an excess (2-10 fold, preferably 4-5 fold) of short
      chain acid, despite the fact that short chain acids have larger
      dissociation constants, i.e. are stronger, since this appears to favour
      the formation of cross-coupled product, without promoting undesirable side
      reactions. It is also preferred to carry out the electrolysis in an
      organic solvent capable of maintaining carboxylate ions in solution and
      thus becoming conducting, such as methyl alcohol, ethyl alcohol,
      cellosolves, ethylene glycol dimethyl ether, pyridine, etc.; a
      non-conductive solvent such as petroleum ether, cyclohexane, hexane, and
      other non-aromatic hydrocarbon liquids can also be present in admixture
      with the conducting solvent. Catalytic amounts of a base such as sodium
      methoxide are also preferably present, to improve the recoverable yield of
      desired products. The reaction medium is generally acidic, which condition
      appears to favour formation of cross-coupled product. The preferred
      slightly acidic conditions are maintained as the electrolysis proceeds by
      the metal ions derived from the catalyst, e.g. sodium methoxide, causing
      further acid dissociation. During electrolysis, the metal cations, e.g.
      Na+ are discharged on the cathode, and the metal Na so formed reacts with
      the reaction medium to produce further sodium methoxide, which then causes
      further acid dissociation to give carboxylate ions, or reacts with the
      acids to form carboxylate ions directly. The desired coupled and
      elimination products are formed from the carboxylate ions. This controlled
      ionization procedure in electrolytic reactions, controlled by a base
      catalyst, is known as the "salt deficit method." Instead of sodium
      methoxide, one can use other alkali and alkaline earth metal compounds
      which produce carboxylate ions soluble in the chosen reaction medium.
      Sodium, potassium and lithium compounds are preferred.
PAR  The cathode used in the process can be of substantially any inert material,
      preferably a metal such as platinum, nickel, palladium, stainless steel or
      the like. The anode is preferably metal, especially platinum.
PAR  The long chain alkenes have many uses, both per se and as intermediates for
      producing other industrially important products. They are all more or less
      viscous liquids, miscible with other organic oils to form lubricants. They
      are generally colorless and non-staining and can be used as solvents for
      waxes and organic greases. They are useful as intermediates for making
      perfumes. Cleavage of the alkene at the double bond, to form two aldehydic
      molecules, is achieved by reacting the alkene with ozone, followed by
      reduction with zinc. When the product has unsaturation at the 9-position,
      one product thereof is nonyl aldehyde which is a commercially important
      perfume and intermediate for other perfumes. The other product of this
      reaction is also an aldehyde, and substantially all aldehydes in the range
      C.sub.9 -C.sub.20 are useful as ingredients for perfumes.
PAR  Many long chain alkenes of this invention show activity as pheromones, e.g.
      as insect attractants. For example, the compound cis-9-tricosene is the
      sex attractant of the common house fly (Musca domestica) and can readily
      be obtained by electrolysing a mixture of the naturally occurring fatty
      acid erucic acid, and propionic acid, or by electrolysing a mixture of
      oleic and heptanoic acids. Pheromonic activity has been demonstrated also
      for the compounds listed in Table 1 hereof, which follows. The cross
      coupled product from stearic acid and vinylacetic acid (example 19) is
      1-eicosene which is a natural component of human skin lipids and is a
      repellent to Yellow Fever mosquitoes.
PAR  The synthesis of cis-9-tricosene from erucic acid according to this
      invention is an especially preferred embodiment. The elimination product
      is cis-9-uncosene (cis-9-heneicosene), which has a synergistic effect upon
      cis-9-tricosene as a sex attractant for the house fly. Such synergism is
      demonstrated by the increased activity of such mixture over that of the
      cis-9-tricosene alone as isolated from house flies. The synergism is
      exhibited by mixtures of cis-9-tricosene and cis-9-uncosene in proportions
      obtained directly from the process of the invention, i.e. from about 60-80
      percent by weight cis-9-tricosene and from about 40-20 percent by weight
      cis-9-uncosene. Thus by this process one obtains a synergistic insect
      attractant mixture in a one-step synthesis. Cis-9-heneicosene can also be
      produced as the major product from oleic and valeric acids by the process
      of the invention.
PAR  The products of the invention, being internally unsaturated, can be readily
      converted to other products by addition reaction. They can be oxidized to
      long chain epoxides, which have activity as pheromones. They provide
      backbones for graft copolymerization to form high polymers.
PAR  The products can have functional groups and substituents, formed from
      substituted starting products. These include lower alkyl, lower
      cycloalkyl, lower aryl, hydroxy, halogen, lower alkoxy, lower cycloalkoxy,
      aryloxy and lower acryloxy. The invention is not limited to
      mono-unsaturated starting materials and products, but applies to
      polyunsaturated carboxylic acids, for example linoleic acid, linolenic and
      eleostearic acids. Epoxides formed from such polyunsaturates are useful
      for making epoxy resins.
PAR  The invention is described in the following examples.
PAC  EXAMPLE 1
PAR  A solution containing erucic acid (10.18 g), propionic acid (10.5 g) and
      sodium metal (0.1 g) in methyl alcohol (150 ml) and petroleum ether (100
      mls) was electrolysed (2-3 amps current) between platinum electrodes at
      20.degree.-25.degree.C until the reaction mixture became slightly
      alkaline. This took about five hours. The reaction mixture was evaporated
      eliminating the butane formed, and the residue distilled in high vacuum to
      give a product b.sub.0.05 145.degree.-160.degree., the NMR spectrum of
      which was consistent with the structure of cis-9-tricosene. Gas
      chromatographic analysis indicated that the product contained
      approximately 10-30 percent of another component which was later
      characterised as cis-9-heneicosene. The yield of the product (6.24 g)
      calculated as cis-9-tricosene was 64.6 percent. The weight ratio of
      cis-9-tricosene to cis-9-heneicosene in the product was about 7:3.
PAC  EXAMPLES 2-20
PAR  Following the procedure of Example 1, using the same solvents, catalysts
      and electrodes in substantially the same quantities, different alkene
      products was formed from various acids combinations, as shown in Table 1.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Exam-                                                                     

         Short Chain Acid                                                      

                       Long Cross Coupled Product                              

                                           Boiling   Refrac-                   

                                                          Yield                

                                                               Elimi-          

     ple               Chain               Point     tive (%)  nation          

                       Acid                (0.05 mm. Hg.)                      

                                                     Index     Product         

                                                     n.sub.D.sup.25 .degree.   

                                                               (%)             

     __________________________________________________________________________

     2   Acetic        Erucic                                                  

                            cis-9-docosene 120-130.degree.                     

                                                     1.4502                    

                                                          40-45                

                                                               10-15           

     3   Butyric       Erucic                                                  

                            cis-9-tetracosene                                  

                                           136-146.degree.                     

                                                     1.4516                    

                                                          50-55                

                                                                5-10           

     4   iso Butyric   Erucic                                                  

                            2-methyl-cis-14-tricosene                          

                                           142-150.degree.                     

                                                     1.4510                    

                                                          60-65                

                                                               45-50           

     5   Valeric       Erucic                                                  

                            cis-9-pentacosene                                  

                                           142-166.degree.                     

                                                     1.4533                    

                                                          65-70                

                                                               10-15           

     6   iso Valeric   Erucic                                                  

                            2-methyl-cis-15-tetraco-                           

                                           135-145.degree.                     

                                                     1.4521                    

                                                          50-58                

                                                               25-30           

                            sene                                               

     7   Acetic        Oleic                                                   

                            cis-9-octadecene                                   

                                           102-112.degree.                     

                                                     1.4454                    

                                                          35-40                

                                                               15-20           

     8   Propionic     Oleic                                                   

                            cis-9-nonadecene                                   

                                           120-130.degree.                     

                                                     1.4472                    

                                                          55-60                

                                                               25-30           

     9   Butyric       Oleic                                                   

                            cis-9-eicosene 112-116.degree.                     

                                                     1.4454                    

                                                          65-70                

                                                               10-15           

     10  Valeric       Oleic                                                   

                            cis-9-heneicosene                                  

                                           122-132.degree.                     

                                                     1.4491                    

                                                          70-75                

                                                               10-15           

     11  iso Valeric   Oleic                                                   

                            2-methyl-cis-11-eicosene                           

                                           116-126.degree.                     

                                                     1.4476                    

                                                          65-70                

                                                                8-12           

     12  Heptanoic     Oleic                                                   

                            cis-9-tricosene                                    

                                           130-132.degree.                     

                                                     1.4541                    

                                                          70-75                

                                                                5- 8           

     13  3-Chloropropionic                                                     

                       Oleic                                                   

                            1-chloro-cis-10-nonadec-                           

                                           115-130.degree.                     

                                                     1.4595                    

                                                          75-80                

                                                               20-30           

                            ene                                                

     14  Levulinic     Oleic                                                   

                            cis-12-heneicosene-2-one                           

                                           125-135.degree.                     

                                                     1.4614                    

                                                          50-55                

                                                               15-20           

     15  3-Acetoxy propionic                                                   

                       Oleic                                                   

                            1-acetoxy-cis-10-nona-                             

                                           124-140.degree.                     

                                                     1.4525                    

                                                          45-50                

                                                                5- 8           

                            decene                                             

     16  Succinic half methyl ester                                            

                       Oleic                                                   

                            methyl-cis-11-eicoseneo-                           

                                           130-150.degree.                     

                                                     1.4540                    

                                                          45-50                

                                                                8-10           

                            ate                                                

     17  Acetic        Elaidic                                                 

                            trans-9-octadecene                                 

                                           [m. pt. 65-68.degree.]              

                                                     --   70-75                

                                                                8-12           

     18  Propionic     Elaidic                                                 

                            trans-9-nonadecene                                 

                                           125-135.degree.                     

                                                     1.4453                    

                                                          40-45                

                                                               25-30           

     19  Vinyl Acetic  Stearic                                                 

                            1-eicosene     [m. pt. 53-54.degree.]              

                                                     --   60-65                

                                                               --              

     20  Propionic     Linoleic                                                

                            6,9-nonadecadiene                                  

                                           117-119.degree.                     

                                                     1.4587                    

                                                          50-55                

                                                               15-20           

     __________________________________________________________________________

PAC  EXAMPLE 21
PAC  Insect Activity Tests
PAR  Products produced according to the invention were tested for activity
      towards the common house fly.
PAR  Bioassay of relative attractancy was determined in a laboratory
      olfactometer which consisted of a rectangular Plexiglass cage (15 .times.
      50 cm) to which humidified outside air was delivered at a rate of about
      300 ml/min: the air was passed through two trap-ports in the front face of
      the cage and exhausted by suction at the rear. Each port was a horizontal
      glass cylinder (15.times.3 cm) centered 9 cm apart and 3 cm below the top
      of the cage. The distal end of each port was connected to air-flow meters
      by a narrow glass sample tube (6.times.0.5 cm) containing cotton plugs.
      Test compounds were injected as 10 or 15 .mu.1 dosages into the sample
      tube plug of the test port; the other port was used exclusively as control
      with 0.5 ml of a 5 percent sucrose in milk solution. Proximally, the ports
      were connected to the cage by glass connecting tubes (6.times.1.3 cm) with
      3 cm of each tube projecting freely past the neoprene bungs in each port
      (this prevented, to a large extent, responding flies from returning to the
      cage).
PAR  Forty to fifty virgin male flies, 4-5 days old, were used in each replicate
      with 2-4 replicates for each experimental compound. Each group of flies
      was used for only 2 or 3 tests with an intervening 2-4 hour recovery
      period, during which food (5 percent sucrose in milk) was supplied.
PAR  Three relatively distinct categories of behavioural response were
      recognized: a general excitement displayed as increased locomotory
      (running and flight) and cleaning activities; a strong sense of
      orientation towards the source of the attractant; and mating behaviour,
      where individuals made determined and repeated attempts to copulate with
      one another. These categories were arbitrarily quantified and recorded in
      Table II such as one (+) sign indicates observed response by about 25
      percent of the individuals under test.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Exam-                                                                     

         Compound  Amount                                                      

                       Flies.sup.(a)                                           

                             Control                                           

                                  Behavioural                                  

     ple cis-9-Alkene                                                          

                   (.mu.l)                                                     

                       Attracted  Response.sup.(b)                             

     No.               to Test-   Excitement (i)                               

                       Compound   Mating   (ii)                                

                                  Orientation (iii)                            

                                  (i) (ii)                                     

                                         (iii)                                 

     __________________________________________________________________________

     1   Mixture (3:7)                                                         

                   15  48    5    ++++                                         

                                     ++++                                      

                                        -                                      

         of C.sub.21 H.sub.42 :                                                

                   10  68    3    +++                                          

                                     +++                                       

                                        +                                      

         C.sub.23 H.sub.46                                                     

     2   Docosene, 10  48    4    ++ +  +                                      

         C.sub.22 H.sub.44                                                     

     3   Tetracosene,                                                          

                   10  55    3    +++                                          

                                     -  +                                      

         C.sub.24 H.sub.48                                                     

     5   Pentacosene,                                                          

                   10  12    3    +  +- +                                      

         C.sub.25 H.sub.50                                                     

     8   Nonadecene,                                                           

                   10  23    12   +- -                                         

         C.sub.19 H.sub.38                                                     

     9   Eicosene, 10  22    10   +- -  -                                      

         C.sub.20 H.sub.40                                                     

      10 Heneicosene,                                                          

                   10  57    9    +  +  +++                                    

         C.sub.21 H.sub.42                                                     

      12 Tricosene,                                                            

                   15  26    4    +++                                          

                                     +++                                       

                                        -                                      

         C.sub.23 H.sub.46                                                     

                   10  42    18   ++ +  +                                      

         "Muscalure"                                                           

                   15  26    4    +++                                          

                                     +++                                       

                                        -                                      

         22-Methyl-cis-                                                        

         9-tricosene,                                                          

                   10  22    8    +  +- +                                      

         C.sub.24 H.sub.48                                                     

         20-Methyl-cis-                                                        

         9-eicosene,                                                           

                   10  20    4    +- +- -                                      

         C.sub.21 H.sub.42                                                     

         cis-9-10-epoxy-                                                       

                   10  56    4    ++ ++ ++                                     

         docosane,                                                             

         C.sub.22 H.sub.440                                                    

     __________________________________________________________________________

      .sup.(a) in 30 minutes.                                                  

      .sup.(b) + response by 25% individuals; -, no response.                  

PAR  The compound of Example 12 is identical with that which can be obtained
      from virgin female flies. The compound "Muscalure" is the product of the
      Wittig reaction and contains 15% trans-9-tricosene and 85% cis-9-tricosene
     .
CLMS
STM  What we claim as our invention is:
NUM  1.
PAR  1. A pheromonal composition comprising an effective amount of a mixture of
      cis-9-tricosene and cis-9-heneicosene, the relative amounts thereof being
      about 70 parts by weight cis-9-tricosene and about 30 parts by weight
      cis-9-heneicosene.
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PAL  A method and therapeutic compositions for inducing interferon formation in
      vivo. To a host is administered an interferon inducer of the formula:
      ##SPC1##
PAL  Wherein X is a member selected from the group consisting of bromo and iodo
      and Y is a member selected from the group consisting of methyl and ethyl
      when X is bromo; or Y is a member selected from the group consisting of
      methyl, ethyl, n-propyl, benzyl and chloro when X is iodo.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Interferon is the name given to certain protein molecules which appear in
      the blood or organs of animals, or in the medium of tissue cultures when
      such are exposed to an interferon inducer. Interferons are helpful in
      preventing or mitigating viral diseases. In seeking effective ways to
      induce interferon formation, numerous investigations have been directed to
      agents and methods to induce interferon formation. Such agents, which lead
      to the appearance of interferon in the blood or organs of animals, or in
      the medium of tissue cultures are designated as interferon inducers.
PAR  During the past decade a large number of agents have been tested as
      interferon inducers. Numerous interferon inducers have been reported
      including various live or killed viruses, endotoxin, phytohaemagglutinin
      (PHA), bacteria, trachoma, mycoplasmas, protozoa, rickettsiae, nucleic
      acids, synthetic polymers, mitogens, polysaccharides, antibiotics and
      tilorone hydrochloride, see Finter, Interferons and Interferon Inducers
      (1973).
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to new therapeutic compositions and to methods for
      using same for inducing interferon formation. According to the present
      invention, an active ingredient is administered to humans or interferon
      producing animals at doses effective for inducing interferon formation.
      The active ingredients of this invention consist of compounds having the
      formula:
      ##SPC2##
PAL  Wherein X is a member selected from the group consisting of bromo and iodo
      and Y is a member selected from the group consisting of methyl and ethyl
      when X is bromo; or Y is a member selected from the group consisting of
      methyl ethyl, n-propyl, benzyl and chloro when X is iodo; or the
      pharmacologically acceptable acid addition salts thereof.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to new pharmaceutical compositions and a method for
      inducing interferon formation in vivo. More particularly, this invention
      relates to pharmaceutical compositions having interferon inducing
      properties and the method of using said compositions.
PAR  The present invention comprises the compositions and the method of inducing
      interferon formation by administration of a compound selected from the
      group consisting of compounds having the formula
      ##SPC3##
PAL  Wherein X is a member selected from the group consisting of bromo and iodo
      and Y is a member selected from the group consisting of methyl and ethyl
      when X is bromo; or Y is a member selected from the group consisting of
      methyl, ethyl, n-propyl, benzyl and chloro when X is iodo; or the
      pharmacologically acceptable acid addition salts thereof; in association
      with a pharmaceutical carrier.
PAR  Suitable pharmacologically acceptable acid addition salts include the
      hydrochloride, sulfate, phosphate, nitrate, citrate, acetate, lactate,
      succinate and the like. These salts can be used in the same manner as the
      base compounds.
PAR  According to the present invention, the induction of interferon formation
      in vivo is achieved by administering the compounds of this invention as
      described above, hereinafter referred to as active ingredients, to a
      suitable host. By `host` is meant interferon producing animals, i.e.,
      intact viable animals which are capable of interferon production. The host
      may be warm-blooded animals such as mammals, e.g., mice, rats, rabbits,
      bovine, pigs, hamsters, dogs, cats; guinea pigs, horses, goats, sheep,
      monkeys, man; and birds, e.g., chickens, ducks, turkeys, pigeons,
      parakeets, and canaries. The mode of administration can be parenterally
      such as subcutaneously, intramuscularly, intradermally, intraperitoneally,
      intravenously or locally, preferably on a mucous membrane such as
      intranasally, pharyngolaryngeally, bronchially, broncholially,
      intravaginally, rectally or ocularly. The mode of administration can also
      be by implantation. Alternatively or concurrently, administration can be
      by the oral route, a preferred mode of administration for an interferon
      inducer. Practically, it is advantageous to administer the active
      ingredient to the host orally, intranasally, subcutaneously or
      intramuscularly.
PAR  The induction of interferon by administration of an active ingredient is
      demonstrated by established interferon assay methods such as
      plaque-reduction, see Finter, Interferons and Interferon Inducers, (1973).
      The interferon induced by the administration of an active ingredient can
      also be demonstrated by the protection of the host animals as well as
      tissue cultures against virus challenge.
PAR  The induction of interferon formation by the administration of an active
      ingredient of this invention has been demonstrated using established
      interferon plaquereduction assay procedures as described above. For
      example, the induction of interferon formation by the administration of
      2-amino-5-bromo-6-methyl-4-pyrimidinol has been demonstrated in mice and
      rats using said established interferon plaque-reduction assay procedures.
      However, in limited testing, 2-amino-5-bromo-6-methyl-4-pyrimidinol has
      not induced measurable interferon levels in rabbits, dogs and monkeys with
      the route and at the dose levels administered. Nevertheless, it is
      anticipated that when FDA approval is obtained to test the active
      ingredients in man, that the results in man will follow the positive
      results shown in mice. Further, it is anticipated that proper dosage
      regimens of 2-amino-5-bromo-6-methyl-4-pyrimidinol in other warm-blooded
      animals will yield positive interferon induction results.
PAR  The dosage administered will be dependent upon the level of interferon
      desired, the type of animal involved, its age, health, weight, kind of
      concurrent treatment, if any, and frequency of treatment. Illustratively,
      dosage levels of the administered active ingredients can be: intravenous,
      0.1 to about 50 mg./kg.; intraperitoneal, 0.1 to about 250 mg./kg.;
      subcutaneous, 0.1 to about 250 mg./kg.; intramuscular, 0.1 to about 250
      mg./kg.; orally, 0.5 to about 500 mg./kg., and preferably about 5 to 250
      mg./kg.; intranasal instillation, 0.1 to about 50 mg./kg.; and aerosol,
      0.1 to about 50 mg./kg. of animal (body) weight.
PAR  Expressed in terms of concentration, an active ingredient can be present in
      the compositions of the present invention for localized use about the
      cutis, intranasally, pharyngolaryngeally, bronchially, broncholially,
      intravaginally, rectally, or ocularly in a concentration of from about 0.1
      to about 25% w/w of the composition; preferably about 1 to about 5% w/w of
      the composition; and for parenteral use in a concentration of from about
      0.5 to about 50% w/v of the composition and preferably from about 1 to
      about 10% w/v.
PAR  The compositions of the present invention are preferably presented for
      administration to humans and animals in unit dosage forms, such as
      tablets, capsules, pills, powders, granules, suppositories, sterile
      parenteral solutions or suspensions, sterile non-parenteral solutions or
      suspensions, and oral solutions or suspensions and the like, containing
      suitable quantities of an active ingredient.
PAR  For oral administration either solid or fluid unit dosage forms can be
      prepared.
PAR  Powders are prepared quite simply by comminuting the active ingredient to a
      suitably fine size and mixing with a similarly comminuted diluent. The
      diluent can be an edible carbohydrate material such as lactose or starch.
      Advantageously, a sweetening agent or sugar is present as well as a
      flavoring oil.
PAR  Capsules are produced by preparing a powder mixture as hereinbefore
      described and filling into formed gelatin sheaths. Advantageously, as an
      adjuvant to the filling operation, a lubricant such as talc, magnesium
      stearate, calcium stearate and the like is added to the powder mixture
      before the filling operation.
PAR  Soft gelatin capsules are prepared by machine encapsulation of a slurry of
      active ingredients with an acceptable vegetable oil, light liquid
      petrolatum or other inert oil.
PAR  Tablets are made by preparing a powder mixture, granulating or slugging,
      adding a lubricant and pressing into tablets. The powder mixture is
      prepared by mixing an active ingredient, suitably comminuted, with a
      diluent or base such as starch, lactose, kaolin, dicalcium phosphate and
      the like. The powder mixture can be granulated by wetting with a binder
      such as corn syrup, gelatin solution, methylcellulose solution or acacia
      mucilage and forcing through a screen. As an alternative to granulating,
      the powder mixture can be slugged, i.e., run through the tablet machine
      and the resulting imperfectly formed tablets broken into pieces (slugs).
      The slugs can be lubricated to prevent sticking to the tablet-forming dies
      by means of the addition of stearic acid, a stearic salt, talc or mineral
      oil. The lubricated mixture is then compressed into tablets.
PAR  Advantageously the tablet can be provided with a protective coating
      consisting of a sealing coat or enteric coat of shellac, a coating of
      sugar and methyl-cellulose and a polish coating of carnauba wax.
PAR  Fluid unit dosage forms for oral administration such as syrups, elixirs and
      suspensions can be prepared wherein each teaspoonful of composition
      contains a predetermined amount of active ingredient for administration.
      The water-soluble forms can be dissolved in an aqueous vehicle together
      with sugar, flavoring agents and preservatives to form a syrup. An elixir
      is prepared by using a hydroalcoholic vehicle with suitable sweeteners
      together with a flavoring agent. Suspensions can be prepared of the
      insoluble forms with a suitable vehicle with the aid of a suspending agent
      such as acacia, tragacanth, methylcellulose and the like.
PAR  For parenteral administration, fluid unit dosage forms are prepared
      utilizing an active ingredient and a sterile vehicle, water being
      preferred. The active ingredient, depending on the form and concentration
      used, can be either suspended or dissolved in the vehicle. In preparing
      solutions the water-soluble active ingredient can be dissolved in water
      for injection and filter sterilized before filling into a suitable vial or
      ampul and sealing. Advantageously, adjuvants such as a local anesthetic,
      preservative and buffering agents can be dissolved in the vehicle.
      Parenteral suspensions are prepared in substantially the same manner
      except that an active ingredient is suspended in the vehicle instead of
      being dissolved and sterilization cannot be accomplished by filtration.
      The active ingredient can be sterilized by exposure to ethylene oxide
      before suspending in the sterile vehicle. Advantageously, a surfactant or
      wetting agent is included in the composition to facilitate uniform
      distribution of the active ingredient.
PAR  In addition to oral and parenteral administration, the rectal route can be
      utilized. An active ingredient can be administered by means of a
      suppository. A vehicle which has a melting point at about body temperature
      or one that is readily soluble can be utilized. For example, cocoa butter
      and various polyethylene glycols (Carbowaxes) can serve as the vehicle.
PAR  For intranasal instillation, fluid unit dosage forms are prepared utilizing
      an active ingredient and a suitable pharmaceutical vehicle, water being
      preferred.
PAR  The active ingredients can also be admixed in animal feed. The active
      ingredients can conveniently be prepared in the form of a food premix. The
      food premix can comprise an active ingredient in admixture with an edible
      pharmaceutical diluent such as starch, oatmeal, flour, calcium carbonate,
      talc, dried fish meal and the like non-toxic, orally acceptable
      pharmaceutical diluents. The prepared premix is then conveniently added to
      the regular feed.
PAR  For use as aerosols the active ingredients can be packaged in a pressurized
      aerosol container together with a gaseous or liquefied propellant, for
      example, dichlorodifluoromethane, carbon dioxide, nitrogen, propane, and
      the like, with the usual adjuvants such as co-solvents and wetting agents,
      as may be necessary or desirable.
PAR  The term "unit dosage form" as used in the specification and claims refers
      to physically discrete units suitable as unitary dosages for human and
      animal subjects, each unit containing a predetermined quantity of active
      material calculated to produce the desired therapeutic effect in
      association with the required pharmaceutical diluent, carrier or vehicle.
      The specifications for the novel unit dosage forms of this invention are
      dictated by and are directly dependent on (a) the unique characteristics
      of the active material and the particular therapeutic effect to be
      achieved, and (b) the limitation inherent in the art of compounding such
      an active material for therapeutic use in humans, as disclosed in this
      specification, these being features of the present invention. Examples of
      suitable unit dosage forms in accord with this invention are tablets,
      capsules, troches, suppositories, powder packets, wafers, cachets,
      teaspoonfuls, tablespoonfuls, dropperfuls, ampuls, vials, segregated
      multiples of any of the foregoing, and other forms as herein described.
PAR  The active ingredients to be employed as interferon inducers can be easily
      prepared with the employment of raw materials which themselves are
      available in the art and can be made by established procedures. The
      following preparations are illustrative of the preparation of the active
      ingredients of the present invention, but are not intended to be limiting.
PAC  PREPARATION 1
PAR  2-Amino-5-bromo-6-methyl-4-pyrimidinol can be prepared according to the
      method of Hull et al., J. Chem. Soc. 41, 46 (1947) and the method of
      Nishiwaki et al., Bull Chem. Soc. Jap. 33, 26 (1960).
PAC  PREPARATION 2
PAC  2-Amino-5-bromo-6-ethyl-4-pyrimidinol
PAC  A. By bromination of 6-ethyl-isocytosine with N-bromosuccinimide
PAR  To a faintly warm solution of 1.112 g. (8.0 millimoles) of
      6-ethyl-isocytosine in 16 ml. of glacial acetic acid is added 1.424 g.
      (8.0 millimoles) of N-bromosuccinimide. The reaction flask is closed with
      a drying tube, and the mixture heated briefly on a steam bath, with
      occational swirling, until solution is complete. The solution is heated on
      a steam bath for one hour, then allowed to cool spontaneously. The cooled
      solution is seeded with crystals from an earlier run and kept at ambient
      temperature for several days. The resulting crystals are collected, washed
      first with cool glacial acetic acid then with anhydrous ether. The
      material is dried, first in air then in vacuo at 76.degree.C. for several
      hours. The crude material 960 mg. is crystallized from about 20 ml. of 50%
      aqueous acetic acid, using decolorizing charcoal. The product is
      collected, washed successively with cold 50% aqueous acetic acid, cold 95%
      ethanol and anhydrous ether. The pure material, after brief air-drying, is
      dried in vacuo at ca. 80.degree.C. There is thus obtained 660 mg. of
      2-amino-5-bromo-6-ethyl-4-pyrimidinol which melts at 225.degree. to
      225.5.degree. centigrade, has .lambda.max.sup.0.1N NaOH 230.5 nm.
      (.epsilon.8,200); 283 nm. (.epsilon.7,200) and the infrared absorption
      below.
PAR  NH/OH, 3380, 3320, 3130, 2720; C=O/C=N/C=C, 1675, 1640, 1610, 1565;
      C--O/C--N other, 1340, 1310, 1215, 1060, 1005 cm.sup..sup.-1.
PAR  Analysis Calcd. for: C.sub.6 H.sub.8 BrN.sub.3 O: C, 33.05; H, 3.71; Br,
      36.65; N, 19.27. Found: C, 32.98; H, 3.63; Br, 36.75; N, 18.81.
PAC  B. By bromination of 6-ethyl-isocytosine with bromine in acetic acid
PAR  With magnetic stirring, a mixture of 6.0 g. (43.2 millimoles) of
      6-ethyl-isocytosine in 50 ml. of glacial acetic acid is warmed slightly to
      effect solution. To the warm, stirred solution is added 2.25 ml. (6.6 g.;
      41.3 millimoles) of bromine. An exothermic reaction occurs immediately and
      a yellow solid precipitates. The reaction mixture is allowed to cool to
      room temperature spontaneously. After three hours, the yellow solid is
      collected and washed, first with glacial acetic acid, then with anhydrous
      ether and dried in air. The crude solid is dissolved in 150 ml. of boiling
      water. The resulting colorless solution is allowed to cool to ca.
      25.degree.C. spontaneously, then stored at 5.degree.C. overnight. The
      crystalline material is collected, washed thoroughly with water, then cold
      95% ethanol and finally with dry ether. Yield of first crop material, 3.86
      g. The combined filtrate from this material is evaporated to a volume of
      about 25 ml. in vacuo. The resulting solid is collected, washed with
      acetone and dried. Yield, of second-crop material, 1.80  g. The filtrate
      from the second crop material is concentrated to a volume of approximately
      25 ml. and the concentrate neutralized with concentrated ammonium
      hydroxide. The resulting precipitate is collected, washed with water, then
      with acetone and dried to afford 2.0 g. of third crop material. The three
      crops of solid are shown by thin layer chromatography to be identical.
      Crystallization of the combined crops [7.66 g. (85.2%)] from 150 ml. of
      50% aqueous acetic acid gives 6.23 g. (81.3% recovery) of
      2-amino-5-bromo-6-ethyl-4-pyrimidinol.
PAC  PREPARATION 3
PAC  2-Amino-5-iodo-6-methyl-4-pyrimidinol
PAR  With protection from external moisture throughout, 250.3 mg. (2.0
      millimoles) of finely powdered 6-methyl-isocytosine is dissolved in 4 ml.
      of hot glacial acetic acid. While still hot, 450 mg. (2.0 millimoles) of
      N-iodosuccinimide is added to the solution and the whole is heated on a
      steam bath for five minutes with occasional swirling. The reaction mixture
      is removed from the steam bath and allowed to stand at ambient
      temperature. After three and one-half hours, water is added, the
      crystalline cake is crushed, the solid collected, washed with water, then
      acetone and dried in air. The crude material [335 mg.] is crystallized
      from approximately 10 ml. of glacial acetic acid. After being kept at room
      temperature overnight, the pure compound is collected, washed with its
      mother liquor, then with anhydrous ether repeatedly and dried in vacuo at
      ca. 90.degree.C. There is thus obtained 220 mg. of
      2-amino-5-iodo-6-methyl-4-pyrimidinol which melts at 211.5.degree. to
      212.5.degree.C. with previous darkening and sintering, has .lambda.
      max.sup.0.1N NaOH 236 nm. (.epsilon.9,900); 284 nm. (.epsilon.10,900) and
      the infrared absorption below.
PAR  NH/OH, 3480, 3380, 3300, 3120; C=O/C=C/C=N/Other, 1675.sub.sh, 1645.sub.sh,
      1630.sub.sh, 1590, 1560.sub.sh ; C--O/C-N/Other, 830, 765, 675
      cm.sup..sup.-1.
PAR  Analysis Calcd. for: C.sub.5 H.sub.6 lNO.sub.3 : C, 23.92; H, 2.41;
      1,50.55; N, 16.74. Found: C, 24.22; H, 2.38; 1,50.67; N, 15.86.
PAC  PREPARATION 4
PAC  2-Amino-5-iodo-6-ethyl-4-pyrimidinol
PAR  To a slightly warm solution of 556 mg. (4.0 millimoles) of
      6-ethyl-isocytosine in 8 ml. of glacial acetic acid is added 900 mg. (4.0
      millimoles) of N-iodosuccinimide. The reaction flask is fitted with a
      drying tube, the mixture heated on a steam bath for three minutes with
      intermittent swirling to complete solution, and heating is continued for
      an additional 65 minutes. The solution is allowed to cool spontaneously,
      whereupon crystallization begins within less than thirty minutes. The
      mixture is kept at about 25.degree.C. for 72 hours. The pale yellow
      crystals are collected, washed with cool glacial acetic acid followed by
      anhydrous ether. The material is dried in air for a short time, then in
      vacuo at 76.degree.C. Yield, 770 mg. Crystallization of the crude material
      from ca. 50 ml. of 95% ethanol, using decolorizing charcoal affords 540
      mg. of 2-amino-5-iodo-6-ethyl-4-pyrimidinol which melts at 199.degree. to
      200.degree.C., has .lambda.max.sup.0.1N NaOH 236 nm. (.epsilon.9,950); 285
      nm. (.epsilon.6,950) and the infrared absorption below.
PAR  NH/OH, 3440, 3400, 3340, 3200, 3080, .about.2950; C=O/C=C/C=N/NH
      deformation, 1640, 1605, 1560, 1515; C--N/C--O/Other, 1305, 1215, 1136,
      1000, 775 cm.sup..sup.-1.
PAR  Analysis Calcd. for: C.sub.6 H.sub.8 lN.sub.3 O: C, 27.19; H, 3.04; l,
      47.88; N, 15.86. Found: C, 27.16; H, 3.01; l, 47.48; N, 15.89.
PAC  PREPARATION 5
PAC  2-Amino-5-iodo-6-n-propyl-4-pyrimidinol
PAR  A suspension of 149.1 mg. (0.973 millimole) of 6-n-propyl-isocytosine in 3
      ml. of dimethylformamide (DMF) is warmed slightly and the resulting
      solution cooled to ca. 25.degree.C. To the cooled solution is added 226.6
      mg. (1.008 millimoles) of N-iodosuccinimide, and the mixture is swirled
      until solution is complete. The reaction mixture is kept at ambient
      temperature, with exclusion of external moisture for ca. 18 hours. The
      precipitated crystals are collected, washed well with acetone and
      air-dried. Yield, 75 mg. The combined filtrate is evaporated in vacuo and
      the residual yelloworange solid is azeotroped under reduced pressure twice
      with absolute ethanol. The dry residual solid is triturated thoroughly
      with acetone, the insoluble fraction collected, washed with acetone and
      dried in air. Yield, of second crop material, 144 mg. The combined crops
      are dissolved in about 12 ml. of hot absolute ethanol, the solution
      concentrated to a volume of ca. 4 ml. and kept at room temperature
      overnight. The crystals are collected, washed with absolute ethanol and
      dried. Recrystallization of this material (122 mg.) from absolute ethanol
      affords 92 mg. of 2-amino-5-iodo-6-n-propyl-4-pyrimidinol which melts at
      233.degree. to 234.degree.C. with previous darkening, has
      .epsilon.max.sup.0.1N NaOH 236 nm. (.epsilon.10,000); 286 nm.
      (.epsilon.6,850) and the infrared absorption below.
PAR  NH/OH, 3450, 3390, 3340, 3200,.about.2850; C=O/C=C/C=N/Other, 1640, 1600,
      1560, 1545, 1520; C--O/C--N/Other, 1210, 1140, 1000, 900 cm.sup..sup.-1.
PAR  Analysis Calcd. for: C.sub.7 H.sub.10 lN.sub.3 O: C, 30.12; H, 3.61; N,
      15.06* Found: C, 30.30; H, 3.34; N, 14.99
FNT  * The iodine value found for this compound was higher than acceptable
      limits
PAC  PREPARATION 6
PAC  2-Amino-5-iodo-6-benzyl-4-pyrimidinol
PAR  Six milliliters of dimethylformamide (DMF) are added to 394.4 mg. (1.965
      millimoles) of 6-benzylisocytosine. The suspension is heated until
      solution is complete. 458.2 mg. (2.04 millimoles) of 4-iodo-succinimide is
      added, the last traces being rinsed into the reaction mixture with a small
      volume of DMF. With protection from external moisture, the reaction
      mixture is allowed to stand at ambient temperature overnight. Addition of
      10 ml. of water to the reaction mixture precipitates a solid. The latter
      is collected, washed with water followed by acetone, then anhydrous ether
      and airdried. The crude material [465.7 mg. (72.3%); m.p. ca.
      217.degree.C. (dec.)] is dissolved in hot DMF, the solution filtered and
      the filtrate diluted slowly with water to distinct turbidity.
      Crystallization starts immediately when the solution begins to cool. The
      mixture is kept at room temperature for about two hours. The crystals are
      collected, washed successively with water, absolute ethanol, and anhydrous
      ether and dried in vacuo at ca. 25.degree.C. overnight. There is thus
      obtained 432 mg. of 2-amino-5-iodo-6 -benzyl-4-pyrimidinol which melts at
      216.degree. to 217.degree.C. with previous softening and darkening, has
      .lambda.max.sup.0.1N NaOh 238 nm. (.epsilon. 10,850); 269 n.m. sl.sh.
      (.epsilon. 4,400); 278 n.m. sl. sh. (.epsilon. 5,950); 289 n.m. (.epsilon.
      7,000) and the infrared absorption below.
PAR  NH/OH, 3440.sub.w., 3340, 3140, 2730; C=O/C=N/C=C/NH, 1635, 1660, 1560,
      1495; C--N/C--O/other, 1350, 1335, 1220, 1190, 1015; Mono CH/other; 775,
      745, 695 cm.sup..sup.-1.
PAR  Analysis Calcd. for: C.sub.11 H.sub.10 lN.sub.3 O. C, 40.40; H, 3.08; l,
      38.81; N, 12.85. Found: C, 40.43; H, 2.98; l, 38.84; N, 12.43.
PAC  PREPARATION 7
PAC  2-Amino-5-iodo-6-chloro-4-pyrimidinol
PAR  To 1.45 grams (10.0 millimoles) of 6-chloro-isocytosine is added 15 ml. of
      dimethylformamide (DMF) and 2.27 grams (10.08 millimoles) of
      N-iodosuccinimide. With protection from external moisture, the mixture is
      heated on a steam bath for one-hour hour. The resulting brownish red
      solution is allowed to stand overnight at room temperature with continued
      exclusion of moisture. The solution is evaporated under reduced pressure
      and the residual solid azeotroped once with ethanol in vacuo. The
      resulting solid is triturated with glacial acetic acid. The insoluble
      solid is collected, washed with a small volume of glacial acetic acid,
      then with acetone. The solid is re-triturated with glacial acetic acid,
      collected, washed with acetone and air-dried. Yield, 1.50 g. Evaporation
      of the combined filtrate in vacuo, trituration of the residue with water,
      then acetone gives, after collecting and drying, 970 mg. of second-crop
      material. The first-crop material is crystallized twice from glacial
      acetic acid to give 540 mg. of 2-amino-5-iodo-6-chloro-4-pyrimidinol which
      decomposes at &gt;270.degree., has .lambda.max.sup.0.1N NaOh 236 nm.
      (.epsilon.9,150); 285 nm. (.epsilon.6,200) and the infrared absorption
      below.
PAR  NH/CH, 3380, 3300, 3190, 3130; O=O/C=C/C=N/NH deformation, 1670.sub.v.s.,
      1580, 1540; C--N/Other, 1320, 1215, 1010; Other, 910, 755 cm.sup..sup.-1.
PAR  Analysis Calcd. for: C.sub.4 H.sub.3 CllN.sub.3 O: C, 17.73; H, 1.11; Cl,
      13.08; l, 46.83; N, 15.51. Found: C, 18.51; H, 2.24; Cl, 13.38; l, 46.50;
      N, 14.70.
PAR  The following examples are illustrative of the best mode contemplated by
      the inventors for carrying out their invention and are not to be construed
      as limiting.
PAC  EXAMPLE 1
PAC  Hard-Gelatin Capsules
PAR  One thousand two-piece hard gelatin capsules for oral use, each capsule
      containing 100 mg. of 2-amino-5-bromo-6-methyl-4-pyrimidinol, are prepared
      from the following types and amounts of ingredients:
TBL  2-Amino-5-bromo-6-methyl-4-                                               

     pyrimidinol, micronized                                                   

                           100     Gm.                                         

     Lactose               100     Gm.                                         

     Corn starch           20      Gm.                                         

     Talc                  20      Gm.                                         

     Magnesium stearate    2       Gm.                                         

PAR  The 2-amino-5-bromo-6-methyl-4-pyrimidinol, finely divided by means of an
      air micronizer, is added to the other finely powdered ingredients, mixed
      thoroughly and then encapsulated in the usual manner.
PAR  The foregoing capsules are useful for inducing interferon formation by the
      oral administration of one or two capsules one to four times a day.
PAR  Using the procedure above, capsules are similarly prepared containing
      2-amino-5-bromo-6-methyl-4-pyrimidinol in 50, 250 and 500 mg. amounts by
      substituting 50 Gm., 250 Gm. and 500 Gm. of
      2-amino-5-bromo-6-methyl-4-pyrimidinol for the 100 Gm. used above.
PAC  EXAMPLE 2
PAC  Soft Gelatin Capsules
PAR  One-piece soft gelatin capsules for oral use, each containing 250 mg. of
      2-amino-5-bromo-6-methyl-4-pyrimidinol (finely divided by means of an air
      micronizer), are prepared by first suspending the compound in 0.5 ml. of
      corn oil to render the material capsulatable and then capsulating in the
      above manner.
PAR  The foregoing capsules are useful for inducing interferon formation by the
      oral administration of one or two capsules one to four times a day.
PAC  EXAMPLE 3
PAC  Tablets
PAR  One thousand tablets, each containing 500 mg. of
      2-amino-5-bromo-6-methyl-4-pyrimidinol, are prepared from the following
      types and amounts of ingredients:
TBL  2-Amino-5-bromo-6-methyl-4-                                               

     pyrimidinol           500     Gm.                                         

     Lactose               75      Gm.                                         

     Corn starch           50      Gm.                                         

     Magnesium stearate    4       Gm.                                         

     Light liquid petrolatum                                                   

                           5       Gm.                                         

PAR  The 2-amino-5-bromo-6-methyl-4-pyrimidinol, finely divided by means of an
      air micronizer, is added to the other ingredients and then thoroughly
      mixed and slugged. The slugs are broken down by forcing through a Number
      Sixteen screen. The resulting granules are then compressed into tablets,
      each tablet containing 500 mg. of 2-amino-5-bromo-6-methyl-4-pyrimidinol.
PAR  The foregoing tablets are useful for inducing interferon formation by the
      oral administration of one or two tablets one to four times a day.
PAR  Using the procedure above, tablets are similarly prepared containing
      2-amino-5-bromo-6-methyl-4-pyrimidinol in 250 mg. and 100 mg. amounts by
      substituting 250 Gm. and 100 Gm. of 2-amino-5-bromo-6-methyl-4-pyrimidinol
      for the 500 Gm. used above.
PAC  EXAMPLE 4
PAC  Oral Suspension
PAR  One thousand ml. of an aqueous suspension for oral use, containing in each
      teaspoonful (5 ml.) dose, 500 mg. of
      2-amino-5-bromo-6-methyl-4-pyrimidinol, is prepared from the following
      types and amounts of ingredients:
TBL  2-Amino-5-bromo-6-methyl-4-                                               

     pyrimidinol, micronized                                                   

                            100     Gm.                                        

     Citric acid            2       Gm.                                        

     Benzoic acid           1       Gm.                                        

     Sucrose                700     Gm.                                        

     Tragacanth             5       Gm.                                        

     Lemon oil              2       Gm.                                        

     Deionized water, q.s. 1000 ml.                                            

PAR  The citric acid, benzoic acid, sucrose, tragacanth and lemon oil are
      dispersed in sufficient water to make 850 ml. of solution. The
      2-amino-5-bromo-6-methyl-4-pyrimidinol, finely divided by means of an air
      micronizer, is stirred into the syrup until uniformly distributed.
      Sufficient water is added to make 1000 ml.
PAR  The composition so prepared is useful for inducing interferon formation at
      a dose of 1 tablespoonful (15 ml.) three times a day.
PAC  EXAMPLE 5
PAR  A sterile aqueous suspension for parenteral injection, containing in 1 ml.
      300 mg. of 2-amino-5-bromo-6-methyl-4-pyrimidinol, is prepared from the
      following types and amounts of ingredients:
TBL  2-Amino-5-bromo-6-methyl-4-                                               

     pyrimidinol, micronized                                                   

                            300       Gm.                                      

     Polysorbate 80         5         Gm.                                      

     Methylparaben          2.5       Gm.                                      

     Propylparaben          0.17      Gm.                                      

     Water for injection, q.s. 1000 ml.                                        

PAR  All the ingredients, except the 2-amino-5-bromo-6-methyl-4-pyrimidinol, are
      dissolved in the water and the solution sterilized by filtration. To the
      sterile solution is added the sterilized
      2-amino-5-bromo-6-methyl-4-pyrimidinol, finely divided by means of an air
      micronizer, and the final suspension is filled into sterile vials and the
      vials sealed.
PAC  EXAMPLE 6
PAC  Suppository, Rectal
PAR  One thousand suppositories, each weighing 2.5 Gm. and containing 150 mg. of
      2-amino-5-bromo-6-methyl-4-pyrimidinol are prepared from the following
      types and amounts of ingredients:
TBL  2-Amino-5-bromo-6-methyl-4-                                               

     pyrimidinol, micronized                                                   

                           150       Gm.                                       

     Polysorbate 80        5         Gm.                                       

     Methylparaben         2.5       Gm.                                       

     Propylparaben         0.17      Gm.                                       

     Deionized water, q.s. 1000 ml.                                            

PAR  The 2-amino-5-bromo-6-methyl-4-pyrimidinol is finely divided by means of an
      air micronizer and added to the propylene glycol and the mixture passed
      through a colloid mill until uniformly dispersed. The polyethylene glycol
      4000 is melted and the propylene glycol dispersion added slowly with
      stirring. The suspension is poured into unchilled molds at 40.degree.C.
      The composition is allowed to cool and solidify and then removed from the
      mold and each suppository foil wrapped.
PAR  The foregoing suppositories are inserted rectally for inducing interferon
      formation.
PAC  EXAMPLE 7
PAC  Intranasal Suspension
PAR  One thousand ml. of a sterile aqueous suspension for intranasal
      instillation, containing in each ml. 150 mg. of
      2-amino-5-bromo-6-methyl-4-pyrimidinol, is prepared from the following
      types and amounts of ingredients:
TBL  2-Amino-5-bromo-6-methyl-4-                                               

     pyrimidonal, micronized                                                   

                           150      Gm.                                        

     Propylene glycol      150      Gm.                                        

     Polyethylene glycol, 4000 q.s.                                            

                           2,500    Gm.                                        

PAR  All the ingredients, except the 2-amino-5-bromo-6-methyl-4-pyrimidinol, are
      dissolved in the water and the solution sterilized by filtration. To the
      sterile solution is added the sterilized
      2-amino-5-bromo-6-methyl-4-pyrimidinol, finely divided by means of an air
      micronizer, and the final suspension is aseptically filled into sterile
      containers.
PAR  The composition so prepared is useful for inducing interferon formation by
      the intranasal instillation of 0.2 to 0.5 ml. given one to four times per
      day.
PAC  EXAMPLE 8
PAC  Animal Feed
PAR  One thousand grams of feed premix is prepared from the following types and
      amounts of ingredients:
TBL  2-Amino-5-bromo-6-methyl-                                                 

     4-pyrimidinol         20      Gm.                                         

     Soybean meal          400     Gm.                                         

     Fish meal             400     Gm.                                         

     Wheat germ oil        50      Gm.                                         

     Sorghum molasses      130     Gm.                                         

PAR  The ingredients are mixed together and pressed into pellets.
PAR  The premix can be fed to laboratory animals directly, i.e., rats and mice,
      for induction of interferon formation.
PAR  For larger animals the premix can be added to the animal's regular feed in
      an amount calculated to give the desired dose of
      2-amino-5-bromo-6-methyl-4-pyrimidinol. For example, one part of premix is
      added to 2.5 parts of a cat's regular feed to provide the desired dose of
      200 mg./kg./day for a cat of 2.5 kg.
PAR  An active ingredient can also be present, as shown in Examples 9-12, in the
      undiluted pure form for use locally about the cutis, intranasally,
      pharyngolaryngeally, bronchially, bronchially, or orally.
PAC  EXAMPLE 9
PAC  Powder
PAR  Five hundred grams of 2-amino-5-bromo-6-methyl-4-pyrimidinol in bulk form
      is finely divided by means of an air micronizer. The micronized powder is
      placed in a shaker-type container.
PAR  The foregoing composition is useful for inducing interferon formation at
      localized sites by applying the powder one to four times per day.
PAC  EXAMPLE 10
PAC  Oral Powder
PAR  One thousand grams of 2-amino-5-bromo-6-methyl-4-pyrimidinol in bulk form
      is finely divided by means of an air micronizer. The micronized powder is
      divided into individual doses of 250 mg. and packaged.
PAR  The foregoing powders are useful for inducing interferon formation by the
      oral administration of one or two powders suspended in a glass of water,
      one to four times per day.
PAC  EXAMPLE 11
PAC  Insufflation
PAR  One thousand grams of 2-amino-5-bromo-6-methyl-4-pyrimidinol in bulk form
      is finely divided by means of an air micronizer.
PAR  The foregoing composition is useful for inducing interferon formation by
      the inhalation of 30 to 75 mg. one to four times per day.
PAC  EXAMPLE 12
PAC  Hard Gelatin Capsules
PAR  One thousand two-piece hard gelatin capsules for oral use, each capsule
      containing 100 mg. of 2-amino-5-bromo-6-methyl-4-pyrimidinol, are prepared
      from 100  grams of 2-amino-5-bromo-6-methyl-4-pyrimidinol.
PAR  The 2-amino-5-bromo-6-methyl-4-pyrimidinol is finely divided by means of an
      air micronizer and encapsulated in the usual manner.
PAR  The foregoing capsules are useful for inducing interferon formation by the
      oral administration of one or two capsules one to four times a day.
PAR  Using the procedure above, capsules are similarly prepared containing
      2-amino-5-bromo-6-methyl-4-pyrimidinol in 50, 250 and 500 mg. amounts by
      substituting 50 Gm., 250 Gm. and 500 Gm. of
      2-amino-5-bromo-6-methyl-4-pyrimidinol for the 100 Gm. used above.
PAC  EXAMPLE 13
PAR  Following the procedure of the preceding Examples 1 through 12, inclusive,
      compositions are prepared substituting equivalent amounts of the
      pharmaceutically acceptable acid addition salts of
      2-amino-5-bromo-6-methyl-4-pyrimidinol for the free base of the examples.
PAC  EXAMPLE 14
PAR  Following the procedure of the preceding Examples 1 through 12, inclusive,
      compositions are prepared substituting equivalent amounts of
      2-amino-5-bromo-6-ethyl-4-pyrimidinol,
      2-amino-5-iodo-6-methyl-4-pyrimidinol,
      2-amino-5-iodo-6-ethyl-4-pyrimidinol,
      2-amino-5-iodo-6-n-propyl-4-pyrimidinol,
      2-amino-5-iodo-6-benzyl-4-pyrimidinol,
      2-amino-5-iodo-6-chloro-4-pyrimidinol or the pharmaceutically acceptable
      acid addition salts of each of the foregoing compounds for
      2-amino-5-bromo-6-methyl-4-pyrimidinol of each of the examples to provide
      similar therapeutic properties.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for inducing interferon formation in humans or interferon
      producing animals which comprises administering to said human or animal an
      amount effective to induce interferon formation in said human or animal of
      a compound selected from the group consisting of compounds having the
      formula:
      ##SPC4##
PAL  wherein X is a member selected from the group consisting of bromo and iodo
      and Y is a member selected from the group consisting of methyl and ethyl
      when X is bromo; or Y is a member selected from the group consisting of
      methyl, ethyl, n-propyl, benzyl and chloro when X is iodo; or the
      pharmacologically acceptable acid addition salts thereof.
NUM  2.
PAR  2. A method for inducing interferon formation according to claim 1, wherein
      the compound is administered to the human or interferon producing animal
      in unit dosage form, from about 0.1 to about 500 milligrams per kilogram
      body weight of the human or animal.
NUM  3.
PAR  3. A method for inducing interferon formation according to claim 2, wherein
      the compound is 2-amino-5-bromo-6-methyl-4-pyrimidinol or the
      pharmacologically acceptable acid addition salts thereof.
NUM  4.
PAR  4. A method for inducing interferon formation according to claim 2, wherein
      the compound is 2-amino-5-bromo-6-ethyl-4-pyrimidinol or the
      pharmacologically acceptable acid addition salts thereof.
NUM  5.
PAR  5. A method for inducing interferon formation according to claim 2, wherein
      the compound is 2-amino-5-iodo-6-methyl-4-pyrimidinol or the
      pharmacologically acceptable acid addition salts thereof.
NUM  6.
PAR  6. A method for inducing interferon formation according to claim 2, wherein
      the compound is 2-amino-5-iodo-6-ethyl-4-pyrimidinol or the
      pharmacologically acceptable acid addition salts thereof.
NUM  7.
PAR  7. A method for inducing interferon formation according to claim 2, wherein
      the compound is 2-amino-5-iodo-6-n-propyl-4-pyrimidinol or the
      pharmacologically acceptable acid addition salts thereof.
NUM  8.
PAR  8. A method for inducing interferon formation according to claim 2, wherein
      the compound is 2-amino-5-iodo-6-benzyl-4-pyrimidinol or the
      pharmacologically acceptable acid addition salts thereof.
NUM  9.
PAR  9. A method for inducing interferon formation according to claim 2, wherein
      the compound is 2-amino-5-iodo-6-chloro-4-pyrimidinol or the
      pharmacologically acceptable acid addition salts thereof.
NUM  10.
PAR  10. A pharmaceutical composition comprising, in unit dosage form, from
      about 25 to about 5000 milligrams of a member selected from the group
      consisting of
PA1  2-amino-5-bromo-6-methyl-4-pyrimidinol,
PA1  2-amino-5-bromo-6-ethyl-4-pyrimidinol,
PA1  2-amino-5-iodo-6-methyl-4-pyrimidinol,
PA1  2-amino-5-iodo-6-ethyl-4-pyrimidinol,
PA1  2-amino-5-iodo-6-n-propyl-4-pyrimidinol,
PA1  2-amino-5-iodo-6-benzyl-4-pyrimidinol, and
PA1  2-amino-5-iodo-6-chloro-4-pyrimidinol, or the pharmacologically acceptable
      acid addition salts thereof as an essential active ingredient,
PAL  in association with a sweetened flavored pharmaceutical carrier.
NUM  11.
PAR  11. A pharmaceutical composition comprising, in unit dosage form, from
      about 0.5 percent to about 98 percent of a member selected from the group
      consisting of
PA1  2-amino-5-bromo-6-methyl-4-pyrimidinol,
PA1  2-amino-5-bromo-6-ethyl-4-pyrimidinol,
PA1  2-amino-5-iodo-6-methyl-4-pyrimidinol,
PA1  2-amino-5-iodo-6-ethyl-4-pyrimidinol,
PA1  2-amino-5-iodo-6-n-propyl-4-pyrimidinol,
PA1  2-amino-5-iodo-6-benzyl-4-pyrimidinol, and
PA1  2-amino-5-iodo-6-chloro-4-pyrimidinol, or the pharmacologically acceptable
      acid addition salts thereof as an essential active ingredient,
PAL  in association with a sweetened flavored pharmaceutical carrier.
NUM  12.
PAR  12. A sterile pharmaceutical composition for parenteral administration
      comprising from about 0.5 percent to about 50 percent, w/v, of a member
      selected from the group consisting of
PA1  2-amino-5-bromo-6-methyl-4-pyrimidinol,
PA1  2-amino-5-bromo-6-ethyl-4-pyrimidinol,
PA1  2-amino-5-iodo-6-methyl-4-pyrimidinol,
PA1  2-amino-5-iodo-6-ethyl-4-pyrimidinol,
PA1  2-amino-5-iodo-6-n-propyl-4-pyrimidinol,
PA1  2-amino-5-iodo-6-benzyl-4-pyrimidinol, and
PA1  2-amino-5-iodo-6-chloro-4-pyrimidinol, or the pharmacologically acceptable
      acid addition salts thereof as an essential active ingredient,
PAL  in association with a sterile vehicle.
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ABST
PAL  An anti-inflammatory composition comprises an anti-inflammatorily effective
      amount of a reaction product of a blood with a protease.
BSUM
PAR  This invention relates to a novel and useful anti-inflammatory composition
      and a process for producing an anti-inflammatory substance.
PAR  Various anti-inflammatory substances have heretofore been used, for
      example, such as steroids like cortisone, dexamethasone; nonsteroids like
      anthranilic acid derivatives, solicylates, indomethacin, benzydamine; gold
      sols; and proteases. Because of considerable side effects, however, it has
      been difficult to use these conventional substances in doses sufficient to
      produce satisfactory anti-inflammatory activities. For instance, the
      present inventors conducted inhibition tests on edema caused by
      carrageenin using various proteases through intraperitoneal
      administration, the most usual method of administration employed at
      present, whereby it was found that although each of the proteases produced
      an appreciable inhibitive effect on edema, an increased dosage for
      improved effect caused bleeding in the abdominal cavity or ascites. This
      indicates that each protease has to be administered within a permissible
      range of dosage to prevent side effects. Such tendency was found with
      respect to various proteases. Examples of the proteases are trypsin,
      chymotrypsin and the like from animal sources; bromelin, papain and the
      like from vegetable sources; and those obtained from microorganisms such
      as Streptomyces griseus, Bacillus subtilis, Aspergillus melleus,
      Aspergillus niger and other bacteria of Genus Serratia and Genus Bacillus.
PAR  Accordingly, an object of this invention is to provide an anti-inflammatory
      substance capable of producing excellent anti-inflammatory activities and
      substantially free of side effects.
PAR  Another object of this invention is to provide an anti-inflammatory
      substance capable of giving high anti-inflammatory activities in a small
      dose and free of side effects such as bleeding and ascites even when
      administered at a high concentration.
PAR  Another object of this invention is to provide an excellent
      anti-inflammatory composition containing the above-mentioned
      anti-inflammatory substance as an effective component thereof.
PAR  Still another object of this invention is to provide a process for
      producing an anti-inflammatory substance from proteases, said
      anti-inflammatory substance exhibiting higher anti-inflammatory activities
      free from any harmful effect as compared with proteases having the
      foregoing drawbacks.
DETD
PAR  These and other objects and advantages of the invention will be apparent
      from the following description.
PAR  The anti-inflammatory composition of the invention comprises an
      anti-inflammatorily effective amount of a reaction product of blood with a
      protease and an adjuvant.
PAR  Throughout the specification and claims the word "blood" means not only
      blood itself but also substances obtained from blood per se, such as blood
      plasma, blood serum, etc.
PAR  The researches by the present inventors have indicated that a substance
      obtained by the reaction of blood with protease (the substance being
      hereinafter referred to as a "modified blood substance") gives very high
      anti-inflammatory effects in a small dose substantially free of harmful
      effect and produces hardly any harmful effects even when administered in
      high doses.
PAR  These effects which have never been achieved with proteases are assured
      only through the modification of blood by the enzymatic action of
      protease. Indeed, this will be apparent from Table 1 below showing
      inhibition effects on edema of the modified blood substance according to
      this invention in comparison with those of various proteases. The modified
      blood substance tested was obtained in the same manner as in the appended
      Example 1 by reacting a cow serum with a protease obtained according to
      the method of U.S. Ser. No. 868,613 from Bacillus sp 0 - 20 (Deposited at
      Fermentation Research Institute of Agency of Industrial Science and
      Technology, Japan, since Feb. 20, 1969, with Deposition number of FERM-P
      270, product of Otsuka Kagaku Yakuhin Kabushiki Kaisha, Osaka, Japan) and
      removing unreacted protease from the resulting reaction product.
PAC  Test method for 50 percent inhibition on edema
PAR  Various anti-inflammatory agents shown in Table 1 below were respectively
      dissolved or dispersed in physiological saline and intraperitoneally
      administered to one group of six rats weighing 150 to 160 g. In 30 minutes
      0.05 ml of 1 wt.% carrageenin dissolved in physiological saline was
      subscutaneously injected in the sole of rear foot of each rat. Increase of
      volume of the rear foot was measured in 3 hours thereafter to determine
      inhibitive effect on edema. 50 percent inhibition is shown in terms of
      doses (.gamma./kg) required therefor. In this test physiological saline
      was used as a control.
PAC  Doses Required for 50 percent Inhibition of Edema
TBL                Table 1                                                     

     ______________________________________                                    

     Anti-inflammatory agents tested                                           

                             ED.sub.50 .gamma./kg                              

     ______________________________________                                    

     Modified blood substance of Ex. 1                                         

                               50                                              

     Protease produced from Bacillus                                           

     sp 0 - 20                1,000                                            

     Bromelain               10,000                                            

     Indomethacin             2,300                                            

     Mefenamic acid           9,100                                            

     Flufenamic acid         10,500                                            

     Phenylbutazone          24,000                                            

     Phenacetin              60,000                                            

     Aspirin                 73,000                                            

     Cinchophene             92,000                                            

     ______________________________________                                    

PAR  It will be seen from Table 1 that the modified blood substance of this
      invention produces excellent anti-inflammatory activities at much smaller
      dose than various proteases compared. It is to be noted that 50 percent
      inhibition on edema by the protease obtained from Bacillus sp 0 - 20 can
      be achieved by the modified blood substance prepared therefrom in an
      amount as small as 1/20 the amount of the former.
PAR  Moreover, the substance of this invention is free from side effects,
      entirely harmless at such low concentration and gives hardly any side
      effects when administered at high doses. In fact, when for instance
      intraperitoneally given to a rat at a high dose of 500,000 .gamma./kg, the
      modified blood substance obtained in Example 1 did not produce any side
      effects such as intraperitoneal bleeding or ascites.
PAR  Furthermore, the modified blood substance of this invention which exhibits
      the foregoing outstanding anti-inflammatory activities has hypotensive
      action and depressive action on the central nervous system. Thus by
      utilizing such pharmacological actions, it is possible to obtain such
      effects as heretofore unavailable with the conventional anti-inflammatory
      enzymatic agents.
PAR  The modified blood substance of this invention is a substance obtained by
      modification of blood with a protease and is soluble in water but
      insoluble in methanol. It is a liquid to solid substance containing
      peptide, amino acid and sugar.
PAR  The modified blood substance of the invention is substantially different
      from blood in view of that the former displays a high order of
      anti-inflammatory effect whereas the latter exhibits no such effects.
      Further, the modified blood substance of the invention exhibits no
      enzymatic activity, thus substantially different from protease.
PAR  The blood to be used as a starting material of this invention includes
      blood per se, blood plasma, blood serum and various substances obtained
      from blood per se of mammals such as man, rabbit, rat, cow, horse, birds
      such as hen, duck and a wide variety of animals, of which particularly
      preferable are blood per se and blood serum of mammals. Because of easy
      availability, blood per se and blood serum of cow and horse are most
      preferable.
PAR  The protease for modifying the blood includes various proteases obtained
      from animals, vegetables and microorganisms. Examples are those of animal
      sources such as trypsin, pepsin, chymotrypsin, pancreatin, etc.; those of
      vegetable sources such as bromelin, papain, etc.; those of microorganisms
      such as filamentous fungus, basidiomycetes, bacterium, ray fungus, etc.
      Proteases obtained from filamentous fungus are, for example, those from
      Aspergillus melleus, Aspergillus oryzae, Penicillium notatum, Rhizopus
      chinensis, Mucor racemosus, etc. Proteases from basidiomycetes are those
      from Trametes sanguinea, Llodella subpileata, etc. Proteases from
      bacterium are those from Bacillus subtilis, Pseudomonas myxogenes, etc.
      Proteases from ray fungus are those from Streptomyces griseus,
      Streptomyces fradiase, etc. Among these proteases, chymotrypsin, bromelin
      and proteases from Bacillus subtilis and Aspergillus melleus are
      preferred. Further in place of protease per se, also employable are
      substances prepared by chemically modifying proteases in known manner. For
      this purpose, protease is chemically modified by reacting a high molecular
      weight substance such as polymers of amino acid and polysaccharides with
      protease by diazotization, peptidation, dehydrogen halide reaction, etc.,
      by reacting such a high molecular weight substance having ion-exchange
      group with protease, or by cross linking .epsilon.-amino group of lysine
      of enzyme or .alpha.-amino group at the end of N atom thereof or phenol
      group of tyrosine or enzyme or SH of systein thereof with such a high
      molecular weight substance having at least two functional groups. As
      examples of specific polymers which are suitable for use in the invention
      are those disclosed in the present applicants' copending application, Ser.
      No. 244,255 now abandoned, filed on even date herewith, and claiming
      priority of Japanese Pat. application No. 24005/71, filed Apr. 14, 1971.
      Methods for the chemical modification of proteases have been described in
      "Nature" 210, No. 23, by Rolf Axen and Jerker Porath, in "The Journal of
      Biological Chemistry" 237, No. 6, P. 1832-1838 (1962) in Japanese Pat.
      Publication No. 27492/1964, in U.S. Pat. No. 3,167,485, and in
      "Seventeenth Collection of Lectures at Enzyme Chemistry Symposium," P. 21
      (1965) by Toru Takami and Toshio Ando. This symposium was staged at
      Tokushima University, Japan on May 2nd to 5th, 1965.
PAR  In accordance with the invention the modification of blood by protease is
      usually conducted at room temperature or at a moderately elevated
      temperature, preferably at 20.degree. to 60.degree.C. Generally pH of the
      reaction system depends on the type of blood and protease used, but most
      preferably it is at neutral. The amount of protease relative to blood
      which may also be dependent on the kind of protease and blood is
      preferably 200 to 2,000 .gamma. per ml of the blood. The reaction is
      generally completed within 0.5 to 5 hrs. to give a modified blood
      substance.
PAR  The resulting modified blood substance is separated for recovery from
      unreacted protease and unreacted blood, if any, for example, by using an
      organic solvent, molecular sieve, ion exchange resin, centrifuge, counter
      current distribution method, electrophoresis method or other known
      methods. These methods may be used singly or in combination. It is not
      necessary to remove unreacted protease from the reaction mixture if it is
      in a small amount. Further, instead of separation, the unreacted protease
      may be inactivated by physical or chemical means as by heating. In some
      cases, the unreacted blood need not be removed from the resulting product.
PAR  The modified blood substance of this invention is in the form of liquid to
      solid and is made into various forms in usual method for administration as
      an anti-inflammatory agent. For example, it may be dissolved in
      physiological saline to provide the same in the form of a solution, or it
      may be made into tablets, granules or powder in usual method. In the
      preparation of tablets and granules, as adjuvants are preferably employed
      (a) lactose, starch and similar excipients; (b) methyl cellulose and like
      glossing agents; and (c) talc and like binding agents. In the preparation
      of powder, lactose, starch, talc, etc., can be used as adjuvants.
      Alternatively, it may be prepared as an ointment in the conventional
      method. In ointments, acacia, glycerin, etc., may be used as adjuvants.
      Depending upon the form of preparation, it may be administered
      intraperitoneally, orally or applied locally.
PAR  For a better understanding of this invention, examples are given below.
PAC  EXAMPLE 1
PAR  To 10 liters of blood serum of cow was added 1 g of protease obtained
      according to the method of U.S. Ser. No. 868,613 from bacteria of Bacillus
      sp 0 - 20. The protease used in this Example has a proteolytic activity of
      4,000,000 PU/g. The proteolytic activity shows enzymetic activity of the
      protease producing nonprotein substance showing folin colour corresponding
      to 1 .gamma. of tyrosine in one minute as one unit of enzymatic activity.
      The mixture was heated at 45.degree.C for 4 hours in a constant
      temperature water bath. Acetone was added to the reaction mixture to 70
      wt.% and the resulting mixture was centrifuged at 3,000 r.p.m. for 10
      minutes to separate off the enzyme, protein, etc., which were removed in
      the form of precipitate. Acetone was added to the supernatant to 90 wt.%
      and the mixture was left to stand for 1 day. The resulting precipitate was
      recovered by centrifuging at 3,000 r.p.m. over a period of 30 minutes and
      dried in a vacuum. The recovered product was dissolved in water and
      subjected to gel filtration with "Sephadex G-15" (Trade mark, dextran of
      Pharmacia Fine Chemicals, Sweden) to remove inorganic substances and lower
      molecular weight substances. The edema inhibitive portion of the product,
      as ascertained by testing on edema in the heel of rat was freeze-dried,
      and further washed with methanol thoroughly to completely remove a
      methanol soluble material. By removing methanol from the methanol
      insoluble portion, 25 mg of a modified blood substance was obtained in
      solid state. The composition of this substance is as follows:
TBL  Composition          Content                                              

     ______________________________________                                    

     Amino acid *1                                                             

     (calculated as leucine)                                                   

                          14 wt. %                                             

     Amino acid *2                                                             

     (calculated as leucine)                                                   

                          70 wt. %                                             

     Sugar                                                                     

     (calculated as glucose)                                                   

                          12 wt. %                                             

     ______________________________________                                    

      Note:                                                                    

      *1 Amount of amino acid determined by ninhydrin reaction of the substance

      *2 Amount of amino acid determined by ninhydrin reaction of the substance

      hydrolyzed with 6N HCl at 110.degree.C for 36 hours.                     

PAR  The composition of principal amino acid is:
TBL  Amino acids        Content                                                

     ______________________________________                                    

     Aspartic acid      7 wt.%                                                 

     Glutamic acid      8 wt.%                                                 

     Glycine            3 wt.%                                                 

     ______________________________________                                    

PAR  The substance was dissolved in physiological saline in a concentration of 8
      .gamma./ml and intraperitoneally administered to rats weighing 150 to 160
      g. In 30 minutes 0.05 ml of 1 wt.% carrageenin dissolved in physiological
      saline was subscutaneously injected in the sole of rear foot of each rat.
      Increase of volume of the rear foot was measured 3 hours thereafter to
      determine inhibitive effect on edema. Thus it was found that a dose of 8
      .gamma./150 g (body weight of rat) achieved 60 percent inhibition on
      edema. No intraperitoneal bleeding and ascites took place.
PAR  For comparison, the protease used in this example was intraperitoneally
      administered to rats in the same manner as above. In 3 hours after
      administration, only 5 percent of inhibition on edema was attained at a
      dose of 8 .gamma./150 g. A dose of 170 .gamma./150 g resulted in 60
      percent inhibition on edema, with marked intraperitoneal bleeding.
PAC  EXAMPLE 2
PAR  To 5 ml of blood serum of rat was added 2 mg of protease (proteolytic
      activity of 4,000,000[PU]/g, determined in the same manner as in Example
      1) obtained from Bacillus sp 0 - 20 as in Example 1 and the mixture was
      shaken for 1 hour in a constant temperature water bath at 37.degree.C. The
      product thus obtained was heated at 60.degree.C for 2 hours to completely
      inactivate the enzyme, whereby a modified blood substance of this
      invention was obtained in a crude state. The substance contained peptide,
      amino acid and sugar and was soluble in water.
PAR  The modified blood substance was dissolved in physiological saline in a
      concentration of 400 .gamma./ml and then intraperitoneally given to rats
      weighing 150 to 200 g at a dose of 1 ml/200 g (body weight of rat) to
      examine its inhibitive effect on edema produced by subcutaneous injection
      of carrageenin in the heel of rear foot of the rat. In 3 hours after
      administration, 65 percent inhibition on edema was achieved at a dose of
      400 .gamma./200 g as determined by measuring the volume of the rear foot.
      There was no sign of intraperitoneal bleeding. In contrast, no inhibitive
      effect on edema was achieved when a serum which had not been modified with
      protease was administered in the same manner as above. The starting
      protease on edema was measured in the same manner as above. Thus it was
      found that intraperitoneal bleeding was observed at a dose of 400
      .gamma./200 g, while 64 percent inhibitive effect was attained.
PAC  EXAMPLE 3
PAR  5 mg of bromelin was reacted with 5 ml of human serum at 35.degree.C for
      1.5 hours, and the reaction mixture was then cooled to 3.degree.C. Cold
      acetone of 3.degree.C was then added to the mixture to a concentration of
      60 wt.%, this being followed by freeze-centrifuging to remove bromelin.
      The product thus obtained exhibited no proteolytic activities. Removal of
      acetone from the product under a reduced pressure resulted in 2.5 mg of
      crude modified blood substance which was consistent and light yellowish
      and contained peptide, amino acid and sugar. The substance was soluble in
      water.
PAR  The modified blood substance was then dissolved in physiological saline in
      a concentration of 0.5 mg/ml, which was intraperitoneally given to a rat
      at a rate of 1 ml/200 g (body weight of rat) to examine its inhibitive
      effect on edema produced by subcutaneous injection of dextran in the heel
      of rear foot of the rat. In 3 hours, 70 percent inhibition on edema was
      achieved. There was no sign of intraperitoneal bleeding. In contrast, no
      inhibitive effect on edema was attained when a blood serum which had not
      been reacted with protease was given in the same manner as above.
      Inhibitive effect of the starting bromelin on edema was tested in the same
      manner as above. Thus 55 percent inhibition was attained with marked
      intraperitoneal ascites.
PAC  EXAMPLE 4
PAR  With 1000 ml of cow blood containing sodium citrate added thereto as an
      anti-coagulating agent was reacted 1 g of protease (trademark "Nagase,"
      product of Nagase Sangyo Co., Ltd., Osaka, Japan) obtained from Bacillus
      subtilis at 37.degree.C for 2 hours. Acetone was added at 10.degree.C to
      the blood thus treated to a concentration of 60 wt.%, and the resulting
      mixture was freeze-centrifuged to remove blood sediment, enzyme, etc. The
      supernatant obtained was found free of enzymatic activities. Cold acetone
      was further added to the supernatant to a concentration of 80 wt.%, and
      the precipitate was recovered by freeze-centrifuging, which was found to
      contain peptide, amino acid and sugar and to be soluble in water.
PAR  The whole amount of the modified blood substance thus obtained was
      dissolved in 10 ml physiological saline and the resulting solution was
      further diluted with physiological saline to 5 times, 10 times and 100
      times the original amount. The original solution and diluted solutions
      were intraperitoneally given to rats at a rate of 1 ml/200 g (body weight
      of rat) to examine the inhibitive effect on edema produced by subcutaneous
      injection of carrageenin in the heel of rear foot of each rat. The
      inhibition achieved in 3 hours after administration was; 80 percent with
      the original solution, 62 percent with five times dilution; 53 percent
      with 10 times dilution, and 51 percent with 100 times dilution. No adverse
      effects such as intraperitoneal bleeding and ascites were found. In
      contrast, no inhibitive effect was found when blood which had not been
      modified with protease was given in the same manner as above. Further
      Nagase (Trade mark, the same as above) was likewise given to determine
      inhibitive effect on edema. 40 percent inhibition was attained at a dose
      of 1 mg/200 g (body weight of rat) and increase of dose to 1.2 mg/200 g
      (body weight of rat) gave 51 percent inhibition, causing marked
      intraperitoneal bleeding.
PAC  EXAMPLE 5
PAR  "Semialkali protease", (Trade mark, product of Seikagaku Kogyo Co., Ltd.,
      Tokyo, Japan) obtained from aspergillus melleus was reacted with 1 liter
      of cow serum under the condition of 500 [PU]*/ml (serum) at 30.degree.C
      for 1 hour. Acetone was then added to the serum thus treated to 70 wt.%
      and the mixture was centrifuged at 3,000 r.p.m. for 20 minutes, followed
      by removal of resulting sediment and further addition of acetone to 95 wt.
      %. The mixture thus prepared was left to stand for a day and centrifuged
      at 3,000 r.p.m. for 30 minutes. The modified blood substance was then
      recovered and vacuum-dried to obtain 2.9 g of brown powder, which was
      found free of proteolytic activities. The substance contained peptide,
      amino acid and sugar and was soluble in water but insoluble in methanol.
FNT  *: The amount of trichloroacetic acid soluble substance corresponding to 1
      .gamma./min of tyrosine produced at 30.degree.C.
PAR  The resultant substance was dissolved in physiological saline and
      inhibitive effect of the substance on rats was tested in the same manner
      as in Example 1. 54 percent inhibition was achieved at a dose of 290
      mg/kg. There was no sign of intraperitoneal bleeding and ascites.
PAC  EXAMPLE 6
PAR  Protease (proteolytic acitivity of 4,000,000 [PU]/g, determined in the same
      manner as in Example 1) obtained from Bacillus sp 0 - 20 as in Example 1
      was succinoylated and the enzyme was adsorbed to DEAF-Sephadex (Trade
      mark, diethylaminoethyl dextran of Pharmacia Fine Chemicals, Sweden) to
      prepare a water-insoluble enzyme in the following manner.
PAR  5 mg of protease was dissolved in 4.5 ml of 0.1 molar concentration borate
      buffer (containing 0.01 M of CaCl.sub.2) at pH 8.0 and 1 mg of succinyl
      anhydride dissolved in 0.5 ml of dioxan were added to the resulting
      solution to effect reaction for 30 minutes with stirring. The reaction
      mixture was dialyzed with 0.005 M of CaCl.sub.2 for a day and the dialyzed
      substance was adsorbed to DEAF-Sephadex (Trade mark, the same as above)
      which had been buffered with 0.01 molar concentration borate buffer
      (containing 0.05 M of CaCl.sub.2) at pH 8.0 and filled in a column after
      freeze-drying, 200 mg of water-insoluble enzyme was obtained.
PAR  The starting protease (protease-1) and the resultant water-insoluble
      protease (protease-2) were compared with respect to proteolytic activity
      and esterolytic activity as follows. The esterolytic activity is expressed
      in terms of a value when each protease was used in an amount required for
      exhibiting a proteolytic activity of 100.
TBL  ______________________________________                                    

     Protease    Proteolytic  Esterolytic                                      

                 activity *1) activity *2)                                     

                 (casein)     (acethyl-tyrosine                                

                              ethyl ester)                                     

     ______________________________________                                    

     Protease -1 100          100                                              

     Protease -2 100          1,500                                            

     ______________________________________                                    

      *1) Casein-Folin method.                                                 

      *2) Hesterin method.                                                     

PAR  Protease-1 and protease-2 were respectively added to 5 ml of blood serum of
      rabbit such that the activity on acetyl-tyrosine ethyl ester was 500 m
      M/min as determined by Hesterin method, and reaction was conducted at
      37.degree.C for 50 minutes. Anti-infalmmatory substance was separated from
      the reaction mixture in the following manner.
PAR  The serum modified with protease-1 was filtered by using a membrane filter
      ("Diafilter G-05T," Trade mark, product of Nihon Shinku Gijutsu Co., Ltd.,
      Tokyo, Japan). 5 ml of water was added to the unfiltered liquid for
      dilution and the diluted liquid was further filtered, whereby 8 ml of
      filtrate was obtained. The filtrate was concentrated under reduced
      pressure to obtain 5 ml of a liquid containing an anti-inflammatory
      substance. (The liquid was free of activity on acetyl-tyrosine ethyl ester
      and is hereinafter referred to as sample-I).
PAR  The blood serum modified with protease-2 was centrifuged at 3,000 r.p.m.
      for 10 minutes to remove enzyme, whereby 4.5 ml of supernatant was
      obtained which was diluted with water to prepare a liquid containing an
      anti-inflammatory substance. (The liquid exhibited no activity on
      acetyl-tyrosine ethyl ester and is hereinafter referred to as sample-II).
PAR  Each of the modified blood serums thus prepared contained peptide, amino
      acid and sugar and was soluble in water.
PAR  On the other hand, 5 ml of rabbit blood serum was left to stand at
      37.degree.C for 50 minutes to prepare sample-III for comparison.
PAR  Anti-inflammatory effect of these samples was tested. The samples I, II and
      III were intraperitoneally given to Wister rats, male, weighing about 150
      g at a rate of 5 ml/kg (body weight of rat) respectively. In 30 minutes,
      0.05 ml of 1% carrageenin was subcutaneously injected in the sole of rear
      foot of each rat. Increase of volume of the rear foot was measured in 3
      hours thereafter. Physiological saline was given in the same manner as
      above as a control. Inhibition achieved on edema was 62 percent with
      sample-I and 64 percent with sample-II and no inhibitive effect was
      achieved with sample-III and with control.
PAC  EXAMPLE 7
PAR  With 5 ml of blood serum of hen was reacted 100 mg of an insoluble protease
      (i.e. insoluble chymotrypsin obtained by insolubilizing chymotrypsin by
      azide method using carboxy-methyl cellulose as will be described later) at
      35.degree.C for 50 minutes. The insoluble protease was then removed by
      filtration to obtain 4.8 ml of filtrate which was free of enzymatic
      activity. The filtrate contained peptide, amino acid and sugar and was
      soluble in water but insoluble in methanol.
PAR  The filtrate was intraperitoneally given to a rat at a rate of 1 ml/200 g
      (body weight of rat) to examine its inhibitive effect on edema produced by
      subcutaneous injection of carrageenin in the heel of rear foot of the rat.
      In 3 hours after administration, 68 percent inhibition on edema was
      achieved, without any intraperitoneal bleeding. In contrast, no edema
      inhibitive effect was seen with administration of blood serum of hen which
      had not been reacted with insoluble protease.
PAR  The insoluble protease mentioned above was prepared in the following
      manner. Hydrazine was added to methanol solution of carboxymethyl
      cellulose to prepare a hydrazide of carboxymethyl cellulose, which was
      reacted with sodium nitrite in a dilute hydrochloric acid solution. The
      reaction product was then reacted with chymotrypsin at a pH of 8.7 and
      5.degree.C with stirring, whereby insoluble chymotrypsin was obtained. The
      reactive yield of the product was 20 percent in terms of proteolytic
      activity on casein.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An anti-inflammatory composition which comprises an anti-inflammatorily
      effective amount of a reaction product of blood serum of cow with a
      protease obtained from Bacillus sp 0-20, deposit number FERM 270, and an
      adjuvant, said reaction product being obtained by reacting the serum with
      the protease at 20 to 60.degree.C for about 0.5 - 5 hours and separating
      the resultant product from the reaction mixture, and in which said
      protease is used in an amount ranging from 200 to 2,000.gamma. per ml of
      the blood serum.
NUM  2.
PAR  2. An anti-inflammatory composition which comprises an anti-inflammatorily
      effective amount of a reaction product of blood serum of rat with a
      protease obtained from Bacillus sp 0-20, deposit number FERM 270, and an
      adjuvant, said reaction product being obtained by reacting the serum with
      the protease at 20.degree. to 60.degree.C for about 0.5 to 5 hours and
      inactivating the enzyme by heating the resultant reaction mixture, and in
      which said protease is used in an amount ranging from 200 to 2000.gamma.
      per ml of the blood serum.
NUM  3.
PAR  3. An anti-inflammatory composition which comprises an anti-inflammatorily
      effective amount of a reaction product of human serum with bromelin and an
      adjuvant, said reaction product being obtained by reacting the serum with
      the bromelin at 20.degree. to 60.degree.C for about 0.5 to 5 hours and
      separating the resultant product from the reaction mixture, and in which
      said bromelin is used in an amount ranging from 200 to 2000.gamma. per ml
      of the blood serum.
NUM  4.
PAR  4. An anti-inflammatory composition which comprises an anti-inflammatorily
      effective amount of reaction product of cow blood containing sodium
      citrate with a protease obtained from Bacillus subtilis and an adjuvant,
      said reaction product being obtained by reacting the blood with the
      protease at 20.degree. to 60.degree.C for about 0.5 to 5 hours and
      separating the resultant product from the reaction mixture, and in which
      said protease is used in an amount ranging from 200 to 2000.gamma. per ml
      of the blood.
NUM  5.
PAR  5. An anti-inflammatory composition which comprises an anti-inflammatorily
      effective amount of a reaction product of cow serum with a protease
      obtained from Aspergillus melleus and adjuvant, said reaction product
      being obtained by reacting the serum with the protease at 20.degree. to
      60.degree.C for about 0.5 to 5 hours and separating the resultant product
      from the reaction mixture, and in which said protease is used in an amount
      ranging from 200 to 2000.gamma. per ml of the blood serum.
NUM  6.
PAR  6. An anti-inflammatory composition which comprises an anti-inflammatorily
      effective amount of a reaction product of blood serum of rabbit with a
      protease obtained from Bacillus sp 0-20, deposit number FERM 270, and an
      adjuvant, said reaction product being obtained by reacting the serum with
      the protease at 20.degree. to 60.degree.C for about 0.5 to 5 hours and
      separating the resultant product from the reaction mixture, and in which
      said protease is used in an amount ranging from 200 to 2000.gamma. per ml
      of the blood serum.
NUM  7.
PAR  7. An anti-inflammatory composition which comprises an anti-inflammatorily
      effective amount of a reaction product of blood serum of rabbit with a
      protease obtained from Bacillus sp 0-20, deposit number FERM 270, and
      insolubilized by succinoylation and an adjuvant, said reaction product
      being obtained by reacting the serum with the water-insoluble protease at
      20.degree. to 60.degree.C for about 0.5 to 5 hours and separating the
      resultant product from the reaction mixture, and in which said protease is
      used in an amount ranging from 200 to 2000.gamma. per ml of the blood
      serum.
NUM  8.
PAR  8. An anti-inflammatory composition which comprises an anti-inflammatorily
      effective amount of a reaction product of blood serum of hen with
      insoluble chymotripsin and an adjuvant, said reaction product being
      obtained by reacting the serum with the insoluble chymotripsin at
      20.degree. to 60.degree.C for about 0.5 to 5 hours and separating the
      resultant product from the reaction mixture, and in which said protease is
      used in an amount ranging from 200 to 2000.gamma. per ml of the blood
      serum.
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ABST
PAL  Metabolite A-27106 sodium salt is obtained by reaction of monensin and
      glucose with an enzyme system produced by submerged aerobic culture of S.
      candidus NRRL 5449. Metabolite A-27106 and salts thereof are anticoccidial
      agents and also increase feed-utilization efficiency in ruminants.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of my copending application Ser. No.
      328,586, filed Feb. 1, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The agent of this invention protects poultry from coccidiosis and benefits
      ruminants.
PAR  Coccidiosis is a well-known protozoan disease resulting from infection by
      one or more species of Eimeria or Isospora (for a summary, see Lund and
      Farr in "Diseases of Poultry" 5th ed., Biester and Schwarte, Eds., Iowa
      State University Press, Ames, Ia., pp 1056-1096). In view of the great
      economic losses from coccidiosis, the search for better anticoccidial
      agents continues.
PAR  Because ruminants are animals of economic importance, increasing ruminant
      feed-utilization efficiency is very desirable. The mechanism for
      utilization of the major nutritive portion (carbohydrates) of ruminant
      feed is well known. Microorganisms in the rumen of the animal ferment
      carbohydrates to produce monosaccharides and then degrade these
      monosaccharides to pyruvate compounds. Pyruvates are metabolized by
      microbiological processes to form acetates, butyrates or propionates,
      collectively known as volatile fatty acids (VFA). For a more detailed
      discussion, see Leng in "Physiology of Digestion and Metabolism in the
      Ruminant,"  Phillipson et al., Ed., Oriel Press, pp 408-410.
PAR  The relative efficiency of utilization of the VFA's is discussed by
      McCullough, Feedstuffs, June 19, 1971, page 19; Eskeland et al.,
      Feedstuffs An. Sci. 33, 282 (1971); and Church et al., "Digestive
      Physiology and Nutrition of Ruminants," Vol. 2, 1971, pp 622 and 625.
      Although acetates and butyrates are utilized, propionates are utilized
      with relatively better efficiency. Furthermore, when too little propionate
      is available, animals may develop ketosis. A beneficial drug, therefore,
      encourages animals to produce propionates from carbohydrates, thereby
      increasing carbohydrate-utilization efficiency and also reducing the
      incidence of ketosis.
PAR  2. The Prior Art
PAR  Monensin, from which metabolite A-27106 can be prepared, was disclosed in
      U.S. Pat. No. 3,501,568 as factor A of antibiotic A3823 complex. Monensin
      is also an anticoccidial agent.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is related to novel compositions of matter, metabolite
      A-27106 and salts thereof, and to the process for the production thereof
      from monensin by an enzyme or enzymes (hereinafter referred to as an
      enzyme system) produced by the growth of a novel strain of Streptomyces
      candidus in a glucose-rich medium.
PAR  In accordance with the preparative procedures usually employed, metabolite
      A-27106 is isolated from fermentation broth as the crystalline sodium
      salt, using well-known methods, preferably by extraction with organic
      solvent and purification via chromatography. Metabolite A-27106 (the free
      acid) and the ammonium and other alkali-metal salts thereof are prepared
      by standard chemical procedures from the sodium salt.
PAR  Metabolite A-27106 and salts thereof are useful anticoccidial agents.
      Moreover, these compounds benefit ruminants by increasing feed-utilization
      efficiency and decreasing the incidence of ketosis.
PAR  The invention also relates to a method of protecting poultry which
      comprises administering a coccidiosis-inhibiting dose of metabolite
      A-27106 or a salt thereof to a bird susceptible to coccidiosis. The
      invention additionally relates to a feed adapted to carry said dose.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The infrared absorption spectrum in chloroform of metabolite A-27106 sodium
      salt is presented in the accompanying drawing.
DETD
PAC  DETAILED DESCRIPTION
PAR  The free-acid form of the biologically active agent of this invention is
      arbitrarily designated as metabolite A-27106. The sodium, lithium,
      potassium, rubidium, cesium and ammonium salts of metabolite A-27106 are
      also biologically active and are part of this invention. For the sake of
      brevity, the term "A-27106 compound" is used generally in the
      specification and refers to either the free acid or one of the specified
      salts.
PAR  A starting material in the preparation of metabolite A-27106 is monensin,
      the sodium salt of which has the formula
      ##SPC1##
PAR  Monensin in its sodium form is obtained from Streptomyces cinnamonensis as
      described in U.S. Pat. No. 3,501,568. For convenience, the term monensin
      is used throughout this specification. As will be recognized by those
      skilled in the art, however, the term monensin can refer to monensin in
      either the free acid or salt form. The common form of monensin is, in
      general, the sodium salt.
PAR  Metabolite A-27106 is produced from either monensin or the mycelial culture
      in which monensin is produced, in the presence of glucose, by an enzyme
      system produced by a new strain of Streptomyces candidus. A culture of
      this new strain has been deposited, without restriction as to
      availability, with the permanent culture collection of the Northern
      Utilization Research and Development Division, Agricultural Research
      Service, United States Department of Agriculture, 1815 North University
      St., Peoria, Ill. 61604, where it was assigned the accession number NRRL
      5449.
PAR  Because of the uncertainty of taxonomic studies with the Streptomyces group
      of organisms, there is always an element of doubt associated with the
      classification of a newly discovered organism. In the most important
      characteristics, however, organism NRRL 5449 which converts monensin into
      metabolite A-27106 appears to resemble most nearly Streptomyces candidus
      (Krassilnikov) Waksman 1953. The type culture is described by S. A.
      Waksman in "The Actinomycetes," Vol. II, Williams and Wilkins, Baltimore,
      1961, p. 187. The type organism is also on deposit at the Institute of
      Microbiology of Rutgers University, New Brunswick, N.J., under the
      accession number IMRU 3416. The present organism is considered a novel
      strain of the described organism. Although S. candidus NRRL 5449 and the
      known strain resemble one another in general mycelial morphology and color
      and in spore appearance, sufficient differences exist between them to
      require that the organism described in the present invention be
      characterized as a new strain. For example, the published organism does
      not coagulate milk and liquifies gelatin slowly, whereas the new strain
      forms curd after 14 days and does not liquefy gelatin in 21 days. Most
      importantly, a specimen culture propagated from strain IMRU 3416 did not
      convert monensin to metabolite A-27106.
PAR  The organism which converts monensin into metabolite A-27106 was isolated
      from a soil sample collected on Mount Ararat, Turkey, by suspending
      portions of the soil in sterile distilled water and streaking the
      suspension on nutrient agar. The seeded agar plates were incubated at
      25.degree.-35.degree.C. until visible colonies were observed. At the end
      of the incubation period, colonies of selected organisms were transferred
      by means of a sterile platinum loop to agar slants. One of the slants was
      then incubated to provide suitable quantities of inoculum of organism NRRL
      5449.
PAR  Taxonomic studies of S. candidus NRRL 5449 were made using methods
      recommended for the International Cooperative Project for Description and
      Deposition of Streptomycetes in accordance with procedures described by
      Shirling and Gottlieb, "Methods for Characterization of Streptomyces
      Species," International Bulletin of Systematic Bacteriology 16, 313-340
      (1966), together with other supplementary tests. The prefix "ICP" refers
      to media described by Shirling and Gottlieb. The remaining media are
      described by Waksman, cited. Color names were assigned according to Kelly
      and Judd in "The ISCC-NBS Method of Designating Colors and Dictionary
      Dictionary of Color Names," U.S. Department of Commerce circular 533,
      1955. Figures in parenthesis refer to the Tresner and Backus color series,
      "System of Color Wheels for Streptomyces Taxonomy," Appl. Microbiol. 11,
      335 (1963). Color tab designations are underlined, and Maerz and Paul
      ("Dictionary of Color," McGraw-Hill N.Y., 1950) color blocks are enclosed
      in brackets.
PAC  Microscopic Morphology
PAR  Streptomycete NRRL 5449 is characterized by straight to wavy sporophores
      and oval to slightly cylindrical spores, averaging 1.16.mu. .times.
      0.57.mu., in chains of from 10 to 50. Spores are smooth as observed by
      electron microscopy. Aerial mycelia are usually white. At 26.degree.C.
      only vegetative growth occurs, and at 45.degree.C. no growth occurs.
      Maximum growth and sporulation occur at 30.degree. to 37.degree.C.
PAC  Cultural Characteristics
PAR  In accordance with standard practice, the growth of microorganism NRRL 5449
      was studied on a variety of media that are accepted in the study of the
      Actinomycetes. Cultural procedures were uniform and standard. The media
      employed and the cultural characteristics observed are set forth below:
PA1  Icp 1 fair growth; pale yellow reverse [11C1]; no aerial mycelia or spores;
      no soluble pigment.
PA1  Icp 2 abundant growth; reverse light yellow [10J3]; abundant aerial mycelia
      and spores; (W) white a; no soluble pigment.
PA1  Icp 3 good growth; reverse pale yellow green [10C1]; good aerial mycelia
      and spores; (W) white a; no soluble pigment.
PA1  Icp 4 good to abundant growth; reverse moderate yellow [10H4]; good to
      abundant aerial mycelia and spores; (W) white a; brown soluble pigment.
PA1  Icp 5 abundant growth; reverse moderate orange yellow [10I6]; abundant
      aerial mycelia and spores; (Y) pale yellow 2db; slight brown soluble
      pigment.
PA1  Icp 7 good growth; reverse pale yellow green [10B1]; good aerial mycelia
      and spores; (W) white a; no soluble pigment.
PA1  Glycerol-Glycine Abundant growth; medium brown reverse [11J4]; abundant
      sporulation and aerial mycelia; (W) white a and (Y) pale yellow 2db;
      slight light brown soluble pigment.
PA1  Emerson's Abundant growth; grayish yellow reverse [12H3]; no aerial mycelia
      or spores; no soluble pigment.
PA1  Bennett's Good growth; light yellow reverse [11I2]; scant aerial mycelia
      and spores; (W) white a; no soluble pigment.
PA1  Czapek's Abundant growth; moderate orange yellow [11J7]; abundant aerial
      mycelia and spores; (W) white a; no soluble pigment.
PA1  Glucose-Asparagine Fair to good growth; pale yellow green reverse [10B1];
      no aerial mycelia or spores; no soluble pigment.
PA1  Calcium malate Abundant growth; reverse grayish yellow [11E4]; abundant
      aerial mycelia and spores; (Y) pale yellow 2ba; slight brown soluble
      pigment.
PA1  Nutrient Agar Good growth; reverse pale yellow green [10C1]; no aerial
      mycelia or spores; no soluble pigment.
PAR  The organism was studied for selected physiological properties in
      accordance with standard procedures. The properties observed and
      characteristics found were as follows:
TBL  Property Observed    Characteristic                                       

     ______________________________________                                    

     Action on skim milk                                                       

                       clearing; curd after 14 days                            

     Nitrate reduction positive                                                

     Melanin production                                                        

      Tryptone yeast                                                           

      extract broth    slight                                                  

      Tyrosine agar    none                                                    

     Gelatin           none at 21 days                                         

     liquefaction                                                              

     Temperature       26.degree.C.--vegetative growth only                    

     requirements      30-37.degree.C.--good vegetative                        

                        growth; good aerial                                    

                        mycelia and spores                                     

                       43-55.degree.C.--no growth                              

     ______________________________________                                    

PAR  The results of carbon utilization tests carried out with organism NRRL 5449
      are set forth below. The symbols used to indicate growth response are:
TBL   + =  Utilization -- good growth                                          

     [+] =  Probable utilization -- poor to fair growth                        

     [-] =  Questionable utilization -- little or no                           

     growth                                                                    

      - =  No utilization -- no growth.                                        

     Carbon source           Response                                          

     ______________________________________                                    

     raffinose               +                                                 

     D-fructose              [+1                                               

     cellobiose              [+1                                               

     L-arabinose             [+1                                               

     D-mannitol              [+1                                               

     rhamnose                [+1                                               

     cellulose               -                                                 

     dextrose                [+] to [-]                                        

     D-xylose                [+1                                               

     inositol                +                                                 

     -C (no carbohydrate)    [-] to [+]                                        

     ______________________________________                                    

PAC  Requirements for Optimum Growth
PAR  The culture medium employed to grow S. candidus NRRL 5449 can be any one of
      a number of media. However, for economy in production, optimal yield, and
      ease of product isolation, certain culture media are preferred. Thus, for
      example, among the preferred sources of carbohydrate in large-scale
      fermentation are invert sugar or corn syrup, although glucose, fructose,
      maltose, starch, inositol, and the like can also be employed. When
      monensin is to be converted to metabolite A-27106 in fermentation culture
      at the time S. candidus NRRL 5449 is grown, the medium must contain a
      source of glucose to achieve efficient conversion. When S. candidus NRRL
      5449 is grown to produce its enzyme system for later use in converting
      monensin to metabolite A-27106, the presence of glucose during
      fermentation is optional. Preferred sources of nitrogen are peptones,
      soybean meal, amino acid mixtures and the like. Among the nutrient
      inorganic salts which can be incorporated in the culture media are the
      customary soluble salts capable of yielding iron, sodium potassium,
      ammonium, calcium, phosphate, chloride, carbonate, and like ions.
PAR  Essential trace elements necessary for the growth and development of the
      organism should also be included in the culture medium. Such trace
      elements commonly occur as impurities in other constituents of the medium
      in amounts sufficient to meet the growth requirements of the organism.
PAR  The initial pH of the culture medium can be varied. Prior to inoculation
      with the organism, however, it is desirable to adjust the pH of the
      culture medium to between about pH 5.7 and about pH 7.5, depending upon
      the particular medium employed. As is the case with other Actinomycetes,
      the medium gradually becomes more alkaline as the fermentation proceeds
      and may rise from an initial pH of about pH 5.9 to about pH 6.9 or higher
      during the growth period of the organism. The final pH is controlled, at
      least in part, by the initial pH of the medium, the buffers present in the
      medium, and the duration of time the organism is permitted to grow.
      Although pH can be adjusted by addition of either acid or base, good
      results have been achieved with no adjustment of pH.
PAR  In common with other Streptomyces species, organism NRRL 5449 requires
      aerobic growth conditions. Small-volume propagation is conveniently
      carried out on agar slants or plates, in shake flasks or in bottles. For
      large-scale production, submerged aerobic culture in large tanks is
      preferred.
PAR  The fermentation medium in a sterile tank can be inoculated with a
      sporulated suspension to initiate fermentation. However, since inoculation
      with a sporulated suspension involves a growth lag, a vegetative inoculum
      is preferable. The vegetative inoculum is prepared by inoculating a small
      volume of culture medium with the spore form or mycelial fragments of the
      organism to obtain a fresh, actively growing culture of the organism. The
      vegetative inoculum is then transferred to a larger tank. The medium used
      for the growth of the vegetative inoculum can be the same as that used for
      large-scale production, but other media can be employed.
PAR  The organism S. candidus NRRL 5449 will grow over a temperature range
      between about 26.degree.C. to about 40.degree.C. Maximum growth and
      sporulation, however, occur between about 32.degree.C. and about
      37.degree.C.
PAR  As is customary in aerobic submerged culture processes, sterile air is
      blown through the culture medium during fermentation. For efficient growth
      of the organism and production of metabolite A-27106, the volume of air
      employed in tank production of the substance should be above about 0.1
      volume of air per volume of culture medium per minute. Optimal yields are
      obtained when the volume of air used is at least one-third to one-half
      volume of air per volume of culture medium per minute.
PAR  The fermentation time needed to convert monensin to metabolite A-27106
      varies. The presence of an adequate supply of glucose is essential for the
      conversion of monensin to metabolite A-27106. In general, when glucose is
      present in adequate amounts and monensin is present in about 0.1 to 1.0
      grams per liter of medium, conversion of monensin to metabolite A-27106 is
      essentially complete by about 36 to 72 hours. Optimal conversion occurs
      when monensin is present in a range of from 0.5 to 0.7 grams per liter of
      medium. An adequate amount of glucose is above 2 percent of medium by
      weight. A preferred amount of glucose is from about 2.0 to about 2.5
      percent of medium by weight. A glucose-sensing test paper may be used to
      check concentration levels. When glucose content drops below about two
      percent, glucose should be added to maintain concentration at optimum
      levels.
PAR  When the separated S. candidus enzyme system is used to effect conversion
      of monensin to metabolite A-27106, it is not essential that the enzyme
      preparation be highly purified. For example, filtered fermentation broth
      can be lyophilized and stored for at least as long as two weeks before
      reconstituting with an aqueous buffer, using approximately one-sixth the
      volume of original broth. Efficient conversion is achieved after about 72
      hours when 2.5 g. of such a lyophilized preparation is reconstituted in
      the presence of 25 mg. of monensin.
PAR  The active enzyme system is present in both the filtered broth and the
      cells. An enzyme system of greater purity can be obtained from the
      separated fermentation cells. These cells may be frozen and stored for
      periods at least as long as three months. The thawed cells can be then
      reconstituted by suspending them in a buffer solution. The buffer
      suspension is further purified by sonication and centrifugation. The
      purified cell debris thus separated is resuspended in buffer and is
      dialyzed. Using this method, 200 g. of cells from the fermentation medium
      give purified dialyzate sufficient to convert glucose and 25 mg. of
      monensin to metabolite A-27106.
PAC  Detection and Assay
PAR  Conversion progress can be monitored by thin-layer chromatography (tlc). On
      silica gel (F-254, E-N Laboratories, Inc., Elmsford, N.Y.) in
      benzene-methanol (7:3), the Rf value for monensin is 0.62, whereas the Rf
      value for metabolite A-27106 sodium salt is 0.49. A vanillin spray reagent
      can be used for detection. This reagent is prepared by adding fuming
      sulfuric acid (2 ml.) to a solution of vanillin (3 g.) in absolute ethanol
      (100 ml.).
PAC  Isolation
PAR  Metabolite A-27106 is present in both the culture broth and in the mycelia.
      Accordingly, techniques employed in the isolation of the metabolite are
      designed to permit maximum recovery of the product from either or both
      sources. Thus, for example, the fermentation medium is filtered, and both
      the filtrate and the mycelial cake are extracted with suitable solvents to
      obtain metabolite A-27106 as the sodium salt. The product is recovered
      from the extracting solvents by ordinary methods commonly employed in the
      art.
PAR  Alternatively, the culture solids, including medium constituents and
      mycelia, can be used without extraction or separation, but preferably with
      removal of water from the mycelia and culture medium, as a source of
      metabolite A-27106 sodium salt. For example, the culture medium can be
      dried by lyophilization and mixed into feed. Also, the solids can be
      converted without total removal of water to a thin slurry which is
      suitable for addition to wet mash and similar feeds.
PAR  No single extraction/isolation procedure is mandatory. In one satisfactory
      manner, the finished culture medium is filtered, using a filter aid. The
      filter cake is extracted with a polar solvent such as methanol. The
      methanol extract is concentrated and then added to the original aqueous
      filtrate. This combined solution is extracted twice with half volumes of
      chloroform. The chloroform extracts are evaporated under vacuum to give a
      dark amber oil.
PAR  This oil is decolorized over an activated-charcoal column, using chloroform
      and about 20 g. of activated charcoal per gram of oil. The elute is again
      concentrated under vacuum to give a pale yellow to colorless oil. This
      oil, dissolved in a minimal amount of chloroform, is chromatographed on a
      silica-gel column, using ethyl acetate as a solvent. Elution is monitored
      by thin-layer chromatography. Impurities are eluted with ethyl acetate.
      Elution with ethyl acetate-methanol mixtures affords metabolite A-27106
      sodium salt.
PAC  Characteristics of A-27106
PAR  Metabolite A-27106 sodium salt is a white crystalline solid, melting with
      bubbling at about 170.degree.-175.degree.C. Metabolite A-27106 sodium salt
      appears to form a hydrate or other solvate very readily. When A-27106
      sodium salt is hydrated or solvated, its melting point varies, generally
      melting a few degrees below the indicated value.
PAR  Elemental analysis of metabolite A-27106 sodium salt gave the following
      percentage composition: carbon, 58.78; hydrogen, 8.51; oxygen, 27.85; and
      sodium, 3.63. These values correlate with empirical formula C.sub.42
      H.sub.71 O.sub.16 Na which has a theoretical percentage composition of
      carbon, 59.00; hydrogen, 8.37; oxygen, 29.94; and sodium, 2.42.
PAR  Metabolite A-27106 sodium salt exhibits practically no ultraviolet
      absorption above about 235.mu..
PAR  The infrared absorption spectrum of metabolite A-27106 sodium salt in
      chloroform is shown in FIG. 1 of the accompanying drawing. The
      distinguishable absorption maxima of the spectrum are as follows: 3.1,
      3.36, 6.39, 6.82, 7.1, 7.25, 7.9 (shoulder), 8.1, 8.3, 8.67, 8.8
      (shoulder), 9.04, 9.22, 9.51, 9.66, 10.03, 10.26, 10.66, 11.23, 11.47,
      11.83, and 12.15.
PAR  The mass spectrum of metabolite A-27106 sodium salt shows a molecular-ion
      peak and other characteristic peaks as listed below:
TBL  m/e                                                                       

     ______________________________________                                    

     Calcd.     Observed     Fragment                                          

     ______________________________________                                    

     854.46230  854.44630    C.sub.42 H.sub.71 O.sub.16 Na                     

                             (M.sup.+)                                         

     836.45229  836.44129    C.sub.42 H.sub.69 O.sub.15 Na                     

                             (M.sup.+-H.sub.2 O)                               

     779.45490  779.44690    C.sub.40 H.sub.68 O.sub.13 Na                     

                             (M.sup.+-[CH.sub.3 O. +CO.sub.2 ])                

     761.44540  761.44740    C.sub.40 H.sub.66 O.sub.12 Na                     

                             (M.sup.+-[CH.sub.3 O. +CO.sub.2 +H.sub.2 O])      

     ______________________________________                                    

PAL  These findings confirm the assigned empirical formula and a molecular
      weight of 854 for metabolite A-27106 sodium salt.
PAR  In general, metabolite A-27106 sodium salt is readily soluble in highly
      polar solvents, is insoluble in nonpolar solvents, and varies in
      solubility in solvents of intermediate polarity. Illustratively, A-27106
      sodium salt is soluble in lower aliphatic alcohols, is partially soluble
      in phenol, diethyl ether and acetone, and is relatively insoluble in
      liquid lower alkanes.
PAR  The acid form of metabolite A-27106 is a white amorphous solid, having a
      molecular weight of about 832. Electrometric titration of metabolite
      A-27106 (free acid) in water at an initial pH of 8 revealed the presence
      of a titratable group with a pKa value of 7.2.
PAR  The monosodium salt is, in general, the natural form of metabolite A-27106.
      From the sodium salt, the free acid is easily produced; from the free
      acid, the ammonium and other alkali-metal salts are prepared. The various
      metallic salts behave somewhat like alkali-metal carboxylates and somewhat
      like chelates.
PAR  In preparing another form, metabolite A-27106 sodium salt is dissolved in
      an aqueous solvent, such as methanol-water; an acid such as, for example,
      hydrochloric acid is added to lower the pH to 5 or below. The methanol is
      removed under vacuum, and the resulting aqueous acid product is extracted
      with chloroform. The chloroform extract is dried and evaporated to give
      metabolite A-27106, the free acid.
PAR  The free-acid form of metabolite A-27106 can be further modified by
      titrating it with an aqueous alkali-metal hydroxide or aqueous ammonia to
      obtain the corresponding lithium, potassium, rubidium, cesium or ammonium
      forms. Metabolite A-27106 and the ammonium and alkali-metal salts thereof
      are all biologically active.
PAR  The exact structure of metabolite A-27106 is not known. It is known that,
      in the conversion of monensin to metabolite A-27106, glucose is necessary
      and is consumed, even in the absence of metabolizing S. candidus cells.
      The molecular weight of A-27106 corresponds to that of a glucosyl
      monensin.
PAR  Other than the highly hindered tertiary hydroxyl on the E ring, there would
      be five hydroxyl sites on a glucosyl monensin, any or all of which should
      be susceptible of reaction to form a simple ester such as an acetate. The
      presence of all five such reactive sites has been demonstrated in
      esterification experiments.
PAR  Based on the physical characteristics hereinabove recited, the following
      structure can be proposed for metabolite A-27106 sodium salt:
      ##SPC2##
PAL  Since the structure is only postulated, it is to be understood that the
      structure presented above represents merely a working hypothesis.
PAR  Metabolite A-27106 is less toxic than monensin. In tests when metabolite
      A-27106 sodium salt was administered intraperitoneally to groups of six
      mice each:
PA0  at 50 mg./kg. one out of six died;
PA0  at 100 mg./kg. three out of six died.
PAL  In similar tests, when monensin sodium salt was administered
      intraperitoneally to groups of six mice each:
PA0  at 10 mg./kg. one out of six died;
PA0  at 20 mg./kg. three out of six died.
PAR  For the prevention or treatment of coccidiosis in poultry, a non-toxic,
      anticoccidial amount of an A-27106 compound is administered to birds,
      preferably orally on a daily basis. Although a variety of factors must be
      considered in determining an appropriate concentration of an A-27106
      compound, the rate of administration will be generally in the range of
      0.005 to 0.05 percent by weight of unmedicated feed, and preferably in the
      range of 0.01 to 0.04 percent. An A-27106 compound can be supplied in many
      ways, but it is most conveniently supplied with a
      physiologically-acceptable carrier, preferably the feed ingested by the
      birds.
PAR  A-27106 compounds also improve feed utilization in ruminants which have a
      developed rumen function. Young ruminants, basically those still unweaned,
      function as monogastric animals. As young ruminants begin to eat solid
      food, the rumen function begins to develop, and the microbiological
      population of the rumen begins to increase. After the animal has eaten
      solid feed for a time, its rumen function reaches full development and
      continues to operate throughout the animal's life. Some economically
      important ruminant animals are cattle, sheep and goats.
PAR  An A-27106 compound is typically effective in increasing the efficiency of
      feed-utilization when administered to ruminants orally at rates of from
      about 0.05 mg./kg./day to about 2.5 mg./kg./day. Most beneficial results
      are achieved at rates of from about 0.1 mg./kg./day to about 1.5
      mg./kg./day. A preferred method of administration of an A-27106 compound
      is by mixing it with the animals' feed; however, it can be administered in
      other ways, for example, tablets, drenches, boluses, or capsules.
      Formulation of these various dosage forms can be accomplished by methods
      well known in the veterinary pharmaceutical art. Each individual dosage
      unit should contain a quantity of an A-27106 compound directly related to
      the proper daily dose for the animal to be treated.
PAR  In order to more fully illustrate the methods and procedures of the present
      invention, the following examples are provided.
PAC  EXAMPLE 1
PAC  Preparation of A-27106 from Monensin by S. candidus
PAR  S. candidus NRRL 5449 was grown on an agar slant prepared from Bennett's
      medium to give a well-defined colony. The colony was removed and made up
      as a slurry with sterile deionized water (10 ml.).
PAR  This slurry was divided among four 500-ml. shake flasks, each containing
      100 ml. of vegetative medium of the following composition:
TBL  Ingredient             Amount                                             

     ______________________________________                                    

     Corn distillers' solubles*                                                

                            25.      g.                                        

     Lactose                10.      g.                                        

     Maltose                10.      g.                                        

     FeSO.sub.4.7H.sub.2 O  0.01     g.                                        

     MgSO.sub.4.7H.sub.2 O  2.       g.                                        

     KH.sub.2 PO.sub.4      2.       g.                                        

     CaCO.sub.3             2.       g.                                        

     Deionized water        q.s. 1.1 liter                                     

     ______________________________________                                    

      *Nadrisol, National Distiller's Products Company                         

PAR  The four inoculated flasks were incubated at 30.degree.C. on a rotary
      shaker at 250 r.p.m. for 24 hours. This vegetative medium (10-ml.
      portions) was used to inoculate each of 15 shake flasks (500 ml.)
      containing 100 ml. of sterilized fermentation medium of the following
      composition:
TBL  Ingredient             Amount                                             

     ______________________________________                                    

     Beef extract            5 g.                                              

     Casein pancreatic       5 g.                                              

     hydrolysate peptone                                                       

     NaCl                    5 g.                                              

     Glycerol               15 g.                                              

     CaCO.sub.3              2 g.                                              

     Deionized water        q.s. 1 liter                                       

     ______________________________________                                    

PAL  The medium had a pH of 7.2 which was not adjusted. The inoculated medium
      was incubated for 72 hours as described above.
PAR  In a 40-liter fermentor a production medium of the following composition
      was prepared:
TBL  Ingredient            Amount                                              

     ______________________________________                                    

     Polysiloxane oil       5 g.                                               

     antifoam agent                                                            

     Glycerol              375 g.                                              

     Dextrose              625 g.                                              

     Casein pancreatic     125 g.                                              

     hydrolysate peptone                                                       

     Beef extract          125 g.                                              

     NaCl                  125 g.                                              

     CaCO.sub.3             50 g.                                              

     Deionized water       q.s. 24 liters                                      

     ______________________________________                                    

PAR  The initial pH of the medium was 7.0. The medium was then sterilized by
      autoclaving at 120.degree.C. for 30 minutes at 15-20 pounds per square
      inch pressure. After sterilization, the pH of the medium was 7.6.
PAR  Purified monensin (25 g.) dissolved in ethanol (200 ml.) was added to the
      sterilized medium, and the second-stage vegetative inoculum (700 ml.)
      prepared as described above was introduced.
PAR  The fermentation medium was aerated with sterile air at a rate of 0.5
      volume of air per volume of medium per minute (v./v./m.) and was stirred
      with conventional agitators at 420 r.p.m. The inoculated medium was
      incubated at 30.degree.C. for about 114 hours.
PAR  The course of the fermentation was followed by thin-layer chromatography on
      silica gel as described hereinabove. Early in the fermentation only
      monensin was present. Gradually a second spot indicated the presence of
      metabolite A-27106 sodium salt; and finally, only the spot for metabolite
      A-27106 sodium salt was present.
PAC  EXAMPLE 2
PAC  Isolation and Purification of A-27106 Sodium Salt
PAR  The fermentation broth, prepared as described in Example 1, was filtered,
      using a filter aid. The mycelial cake was extracted with methanol (about 5
      l.) at room temperature. The methanol extract was filtered; the filtrate
      was concentrated under vacuum, removing the methanol and leaving an
      aqueous concentrate.
PAR  This aqueous concentrate was combined with the original broth filtrate. The
      combined solution (about 22 l.) was extracted twice with half-volumes of
      chloroform. The chloroform extracts were combined and concentrated under
      vacuum to about 400 ml. of a dark amber oil.
PAR  This oil, dissolved in chloroform, was decolorized over a 10-kg. carbon
      (Pittsburg "12 .times. 40") column, eluting with chloroform (about 5 l.).
      The chloroform eluate was evaporated under vacuum to give about 500 ml. of
      a colorless to pale-yellow oil.
PAR  The decolorized oil, in a minimal amount of chloroform, was then
      chromatographed over a 25-kg. column of silica gel (Grace, grade 62) in
      ethyl acetate. Elution was monitored by thin-layer chromatography as
      described earlier. After impurities were removed with ethyl acetate, the
      product was eluted from the column with ethyl acetate-methanol (19:1). The
      fractions containing the product were combined and evaporated to dryness
      under vacuum to give an amorphous, almost white product. The product was
      washed with hexane and dried to give about 12.84 g. of metabolite A-27106
      sodium salt (one-spot material by tlc).
PAC  EXAMPLE 3
PAC  Production of A-27106 by S. cinnamonensis and S. candidus.
PAR  Another method of producing metabolite A-27106 in fermentor culture is
      illustrated by the following procedure:
PAR  Streptomyces cinnamonensis ATCC 15413 was conventionally grown (see U.S.
      Pat. 3,501,568) in 55 ml. of medium in a 250-ml. shake flask, incubating
      for 47 hours to obtain a vegetative inoculum. This vegetative inoculum was
      added to 220 ml. of medium in a one-liter shake flask and was incubated
      for 21 hours to supply inoculum for seeding the fermentor.
PAR  The inoculum thus prepared was used to seed a 40-1. fermentor containing a
      heat-sterilized medium of the following composition:
TBL  Ingredient             Amount                                             

     ______________________________________                                    

     Glucose                750.0 g.                                           

     Soybean meal           625.0 g.                                           

     Soybean oil            500.0 g.                                           

     Methyl oleate          500.0 g.                                           

     Polysiloxane oil antifoam                                                 

                             5.0 g.                                            

     Potassium chloride      2.5 g.                                            

     Dipotassium hydrogen                                                      

     phosphate               2.5 g.                                            

     Manganous chloride                                                        

     tetrahydrate            15.0 g.                                           

     Hydrated ferric sulfate                                                   

                             7.5 g.                                            

     Calcium carbonate       25.0 g.                                           

     Deionized water        q.s. 24 liters                                     

     ______________________________________                                    

PAR  The resulting medium had a pH of 5.5 which was adjusted to pH 8.0 by
      addition of 10 N potassium hydroxide (15 ml.). The inoculated medium was
      incubated at 32.degree.C. for 234 hours.
PAR  After 42 hours, aeration was increased from 0.5 to 1.1 v./v./m., and
      agitation was increased from 500 to 700 r.p.m. Monensin production was
      essentially complete after 210 hours, as determined by thin-layer bioassay
      with Bacillus subtilis ATCC 6633 as the detection organism.
PAR  After 234 hours, the fermentor contents were pasteurized to inactivate S.
      cinnamonensis. The following nutrients were then added to the fermentor:
TBL  Ingredient             Amount                                             

     ______________________________________                                    

     Dextrose               750       g.                                       

     Soybean meal           625       g.                                       

     Manganous chloride                                                        

     tetrahydrate           15        g.                                       

     Calcium carbonate      12.5      g.                                       

     Ferric sulfate hexahydrate                                                

                            7.5       g.                                       

     Potassium chloride     2.5       g.                                       

     Dipotassium hydrogen                                                      

     phosphate              2.5       g.                                       

     Methyl oleate          250       ml.                                      

     Soybean oil            250       ml.                                      

     Deionized water        q.s. 24 liters                                     

     ______________________________________                                    

PAR  The pH was adjusted to 8.0 with 215 ml. of 5 N NaOH, and the medium was
      sterilized. The medium was then inoculated with a rapidly growing
      vegetative culture of Streptomyces candidus NRRL 5449 and was incubated
      for 137 hours at 30.degree.C. The fermentation was aerated with sterile
      air at a rate of 0.5 v./v./m. The fermentation medium was stirred with
      conventional agitators first at 120 r.p.m., increasing after 16 hours to
      420 r.p.m. and after 40 hours to 500 r.p.m. Dextrose (400 g.) was added at
      each of hours 44, 66.5, 89, 97, 113, and 127. Calcium carbonate (175 g.)
      was added at each of hours 72 and 99.
PAR  Thin-layer chromatography as described hereinabove was used to monitor the
      fermentation. After 137 hours production of metabolite A-27106 was
      essentially complete. Work-up and purification of A-27106 sodium salt
      followed the procedures described in Example 2.
PAC  EXAMPLE 4
PAC  Production of A-27106 by a Particulate S. candidus Enzyme System
PAR  S. candidus NRRL 5449 was grown as described in Example 1, on a 100-liter
      scale. The cells were separated from the fermentation medium by vacuum
      filtration and were divided into 200-g. aliquots which were stored by
      freezing. Two of these aliquots were thawed at room temperature and were
      suspended in 0.05 M phosphate buffer (pH 5.8) to a final volume of 600 ml.
      This cell suspension was sonicated for 30 minutes, and the sonicate was
      centrifuged at 10,000 rpm for 30 minutes. The resulting cell debris was
      suspended in 100 ml. of the above-mentioned buffer; this suspension was
      dialyzed for 18 hours with 5 l. of chilled, above-mentioned buffer. To 50
      ml. of the particulate dialyzed enzyme were added D-glucose (120 mg.) and
      monensin (25 mg.) in ethanol (2 ml.). The reaction mixture was stirred for
      72 hours at 30.degree.C. and then was filtered; the filtrate was extracted
      with chloroform (100 ml.). This chloroform extract, concentrated under
      vacuum, was chromatographed on a silica gel column (10 g.). Elution with
      ethyl acetate gave only a trace of monensin. Elution with ethyl
      acetate-methanol (19:1) gave 17 mg. of metabolite A-27106 sodium salt,
      identical to that obtained in Example 2.
PAC  EXAMPLE 5
PAC  Control of Coccidiosis with A-27106
PAR  A group of 75 one-week-old, healthy, incubator and battery-reared,
      cross-bred male chicks, of a heavy broiler type was used. The birds were
      divided into five groups of 15 birds having three replicates of five-bird
      subgroups each. Each subgroup was reared out of contact with the other
      subgroups. A first group was held as an untreated healthy control under
      favorable conditions. A second group was treated as the first group, but
      was inoculated with coccidiosis by oral administration of a dose
      containing 10.sup.5 sporulated oocysts of Eimeria tenella. The third,
      fourth and fifth groups were treated as the second group except that, 24
      hours before the said inoculation, their feed was modified by addition of
      metabolite A-27106 sodium salt in concentrations of 100, 150, and 200
      parts per million (ppm), respectively.
PAR  Seven days after inoculation, the birds were weighed, sacrificed and
      examined for evidence of coccidial lesions. Coccidial involvement was
      expressed on an arbitrary scale of zero to four. Lesion scores indicate
      the number of birds at each level. Zero indicates no evidence of
      coccidiosis. One designates the least coccidial involvement that can be
      seen. Two indicates moderate involvement with little or no hemorrhage and
      no severe tissue damage. Three indicates hemorrhage, swelling of the
      caeca, and extensive tissue involvement. Four indicates hemorrhage, a
      caecal core of clotted blood and debrided epithelial cells. Birds scoring
      four or less usually recover if not further infected with coccidia.
PAR  Using the above-described procedures, the following results were observed:
TBL                           Lesion Scores                                    

               A-27106                                                         

     Group                                                                     

         Inoculated                                                            

               Sodium Salt                                                     

                       Avg. Wt.                                                

     of  with  (ppm) in                                                        

                       Gain/Bird                                               

     Birds                                                                     

         E. tenella                                                            

               the diet                                                        

                       in Grams                                                

                              0  1 2 3 4                                       

     __________________________________________________________________________

     1   no    0       162    15 0 0 0  0                                      

     2   yes   0        67    0  0 0 0 15                                      

     3   yes   100     157    4  1 0 3  7                                      

     4   yes   150     150    3  3 1 1  7                                      

     5   yes   200     166    5  0 0 0 10                                      

     __________________________________________________________________________

PAR  In the medicated birds with high lesion scores, fecal blood was scanty or
      absent, and the birds appeared to be in good condition. Their good weight
      gain was regarded as more meaningful than the lesion scores.
PAR  Since studies indicate that an A-27106 compound usually kills E. tenella as
      it first attempts to establish itself in the host cell, a prophylactic
      regimen of treatment is preferable.
PAR  In other studies metabolite A-27106 sodium salt was found to be more
      palatable to birds and also less toxic than was monensin.
PAR  Numerous other studies were carried out with metabolite A-27106 sodium
      salt, both alone and in combination with monensin. These studies showed
      that although A-27106 gave no greater weight gains at 0.04 percent than at
      0.01 percent, the higher rate resulted in fewer caecal lesions. There was
      no evidence of toxicity at the higher rate.
PAR  Within the general efficacy range, monensin and metabolite A-27106 sodium
      salt combined in the diet show at least an additive result in efficacy,
      but not in toxicity. Toxicity of the combination is lower than that of
      monensin alone at a rate equal to the combined rates.
PAC  EXAMPLE 6
PAC  A-27106-Modified Chick Ration for Coccidiosis Control
PAR  A balanced, high-energy ration adapted to feed chicks for rapid weight gain
      is prepared by the following recipe:
TBL  Ingredient             %        lbs.                                      

     ______________________________________                                    

     Ground yellow corn     50       1,000                                     

     Soybean meal, solvent extracted                                           

     dehulled, finely ground, 50                                               

     percent protein        31.08    621.6                                     

     Animal fat (beef tallow)                                                  

                            6.5      130                                       

     Dried fish meal, with                                                     

     solubles (60% protein) 5.0      100                                       

     Distillers' solubles from corn                                            

                            4.0      80                                        

     Dicalcium phosphate, feed grade                                           

                            1.8      36                                        

     Calcium carbonate      0.8      16                                        

     Vitamin premix         0.5      10                                        

      (representing vitamins A,D,E,K,                                          

      and B.sub.12, choline, niacin, panto-                                    

      thenic acid, riboflavin, biotin,                                         

      with glucose bulking agent)                                              

     Trace mineral premix   0.2      4                                         

      (representing MnSO.sub.4, ZnO,                                           

      KI, FeSO.sub.4, CaCO.sub.3)                                              

     2-Amino-4-hydroxybutyric acid                                             

     (Hydroxy analog of methionine)                                            

                            0.1      2                                         

     Metabolite A-27106 sodium salt                                            

                            0.02     0.4                                       

     ______________________________________                                    

PAR  These substances are mixed in accordance with standard feed-mixing
      techniques. Chicks fed such a ration, with water ad libitum, are protected
      from exposure to coccidiosis; weight gains are comparable to those of
      coccidiosis-free chicks fed a similar, unmedicated diet.
PAC  EXAMPLE 7
PAC  Feed-Utilization Efficiency Improved by A-27106
PAR  Rumen fluid is obtained from a steer with a surgically-installed fistula
      opening into the rumen. The steer is maintained on a high-grain ration,
      the composition of which follows:
TBL  69.95%          coarse ground corn                                        

     10 %            ground corncobs                                           

     8 %             soybean meal (50% protein)                                

     5 %             alfalfa meal                                              

     5 %             molasses                                                  

     0.6 %           urea                                                      

     0.5 %           dicalcium phosphate                                       

     0.5 %           calcium carbonate                                         

     0.3 %           salt                                                      

     0.07%           vitamin A and D.sub.2 premix*                             

     0.05%           vitamin E premix**                                        

     0.03%           trace mineral premix***                                   

       *Containing per pound: 2,000,000 I.U. of vitamin A; 227,200 I.U. of     

      vitamin D.sub.2 and 385.7 g. of soybean feed with 1% oil added           

       **Corn distillers dried grains with solubles containing 20,000 I.U. of  

      d-alpha tocopheryl acetate per pound                                     

      ***Containing manganous oxide, potassium iodide, cobalt carbonate, copper

      oxide and zinc sulfate                                                   

PAR  A sample of rumen fluid is strained through four layers of cheesecloth, and
      the filtrate is collected. The particulate matter retained by the
      cheesecloth is resuspended in enough physiological buffer to return it to
      the original volume of the rumen fluid, and this suspension is strained
      again. The buffer used has the following composition:
TBL  g./liter              Ingredient                                          

     ______________________________________                                    

     0.316                 Na.sub.2 HPO.sub.4                                  

     0.152                 KH.sub.2 PO.sub.4                                   

     2.260                 NaHCO.sub.3                                         

     0.375                  KCl                                                

     0.375                  NaCl                                               

     0.112                  MgSO.sub.4                                         

     0.050                 CaCl.sub.2. 2H.sub.2 O                              

     0.008                 FeSO.sub.4. 7H.sub.2 O                              

     0.004                 MnSO.sub.4. H.sub.2 O                               

     0.004                 ZnSO.sub.4. 7H.sub.2 O                              

     0.002                 CuSO.sub.4. 5H.sub.2 O                              

     0.001                 CoCl.sub.2. 6H.sub.2 O                              

     ______________________________________                                    

PAL  as described by Cheng et al., in J. Dairy Sci. 38, 1225-1230, (1955).
PAR  The two filtrates are combined and allowed to stand until particulate
      matter separates to the top. The clear layer is separated, diluted with
      the same buffer (1:1) and then adjusted to pH 7.0.
PAR  The diluted rumen fluid (10 ml.) is placed in a 25-ml. flask with 40 mg. of
      the above-described feed, an additional 5 mg. of soybean protein, and the
      compound to be tested. Four replicate flasks are used per treatment. Two
      sets of four control flasks each are also employed. A zero-time control
      and an incubated 16-hour control are used. All test flasks are incubated
      for 16 hours at 38.degree.C. After incubation the pH is measured, and 25
      percent metaphosphoric acid (2 ml.) is added to each flask. The samples
      are allowed to settle, and the supernatant is analyzed by gas
      chromatography for propionate, acetate, and butyrate compounds. Active
      compounds significantly increase propionate production over that of
      controls.
PAR  Test-compound results are statistically compared with the control results.
      The table below shows the ratio of volatile-fatty-acid concentrations in
      A-27106 (sodium salt)-treated flasks to concentrations in control flasks.
TBL  ______________________________________                                    

     mcg. A-27106/ml.                                                          

     diluted rumen                                                             

     fluid        Propionate  Butyrate  Total VFA                              

     ______________________________________                                    

     5            2.15        0.73      1.03                                   

     1            1.42        0.96      0.98                                   

     0.2          1.02        0.91      1.07                                   

     ______________________________________                                    

PAC  EXAMPLE 8
PAC  A-27106-Improved Beef-Cattle Ration
PAR  A balanced high-grain beef-cattle ration is prepared as follows:
TBL                                  Pounds                                    

     Ingredient         Percent      Per Ton                                   

     ______________________________________                                    

     Finely ground corn 67.8         1356                                      

     Ground corn cob    10           200                                       

     Dehydrated alfalfa meal,                                                  

     17 percent protein 5            100                                       

     Dehulled soybean meal,                                                    

     solvent extracted,                                                        

     50 percent protein 9.9956       199.912                                   

     Cane molasses      5            100                                       

     Urea               0.6          12                                        

     A-27106 Sodium Salt                                                       

                        0.0044       .088                                      

     Dicalcium phosphate,                                                      

     feed grade         0.5          10                                        

     Calcium carbonate  0.5          10                                        

     Sodium chloride    0.3          6                                         

     Trace mineral premix                                                      

                        0.03         0.6                                       

     Vitamin A and D.sub.2 premix*                                             

                        0.07         1.4                                       

     Vitamin E premix** 0.05         1.0                                       

     Calcium propionate 0.15         3.0                                       

     ______________________________________                                    

      *Containing per pound: 2,000,000 I.U. of vitamin A; 227,200 I.U. of      

      vitamin D.sub.2 and 385.7 g. of soybean feed with 1% oil added           

      **Corn distillers dried grains with solubles containing 20,000 I.U. of   

      d-alpha tocopheryl acetate per pound                                     

PAR  The mixed feed was compressed into pellets. At an average daily ingestion
      rate of 15 pounds of feed per animal, this feed supplies approximately 300
      mg. of A-27106 per animal per day.
PAC  EXAMPLE 9
PAC  Preparation of Metabolite A-27106 Free Acid
PAR  Metabolite A-27106 (100 mg.), prepared in the sodium form by procedures
      described in Examples 1 and 2, was dissolved in 100 ml. of methanol-water
      (1:1). The resulting solution was titrated to pH 3 by dropwise addition of
      1 N HCl. Methanol was then removed under vacuum.
PAR  The resulting solution was extracted twice with chloroform (100 ml. each).
      The chloroform extract was dried (MgSO.sub.4) and evaporated under vacuum
      to give 85 mg. of the acid form of metabolite A-27106.
PAC  EXAMPLE 10
PAC  Cesium Salt of Metabolite A-27106
PAR  Metabolite A-27106 free acid (97.3 mg.), prepared as described in Example
      9, was dissolved in 100 ml. of methanol-water (1:1). The resulting
      solution was titrated to pH 7.1 by dropwise addition of 1 N cesium
      hydroxide. methanol was removed under vacuum. This solution was extracted
      twice with equal volumes of chloroform. The chloroform extract was dried
      (MgSO.sub.4) and evaporated under vacuum to obtain a white amorphous
      solid. Elemental analysis showed the presence of about 13 percent metal.
PAC  EXAMPLE 11
PAC  Lithium Salt of Metabolite A-27106
PAR  The procedures of Example 10 were repeated, using lithium hydroxide instead
      of cesium hydroxide. The lithium salt of A-27106 is a white solid
      exhibiting some organization tending toward crystallinity, but lacking a
      well-organized X-ray diffraction pattern.
PAC  EXAMPLE 12
PAC  Ammonium Salt of Metabolite A-27106
PAR  The procedures of Example 10, using ammonium hydroxide instead of cesium
      hydroxide, are employed to produce the ammonium salt of metabolite
      A-27106. This product has the general properties and utilities of the
      other forms.
CLMS
STM  We claim:
NUM  1.
PAR  1. Metabolite A-27106, or the sodium, lithium, potassium, rubidium cesium
      or ammonium salt thereof, which metabolite is a white solid having a
      molecular weight of about 832 and a titratable group with a pKa value of
      7.2; and the sodium salt of which is a white crystalline solid, relatively
      soluble in lower alkanol, but generally insoluble in lower alkane and
      which has:
PA1  a. a molecular weight of 854, as determined by mass spectrometry;
PA1  b. an approximate elemental composition of 58.78% carbon, 8.51% hydrogen,
      27.85% oxygen, and 3.63% sodium;
PA1  c. an empirical formula of C.sub.42 H.sub.71 O.sub.16 Na;
PA1  d. an infrared absorption spectrum in chloroform as shown in the
      accompanying drawing;
PA1  e. a mass spectrum which shows a molecular-ion peak at m/e 854.44630 and
      characteristic peaks at m/e 836.44129, 779.44690, 761.44740; and
PA1  f. an Rf value of 0.49 on silica-gel thin-layer chromatography in
      benzene-methanol (7:3).
NUM  2.
PAR  2. The method of producing the sodium salt of metabolite A-27106 of claim 1
      which comprises converting about 0.1 to 1.0 grams per liter of monensin to
      the sodium salt of metabolite A-27106 with the enzyme system of
      Streptomyces candidus NRRL 5449 in an aqueous culture medium in the
      presence of an effective amount of glucose until a sufficient amount of
      metabolite A-27106 is imparted to said medium.
NUM  3.
PAR  3. The method of claim 2 which includes the additional step of recovering
      said sodium salt of metabolite A-27106.
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ABST
PAL  The present invention relates to keto and ketoxime derivatives of the novel
      antibiotic substance, acid S, produced by the microorganism Polyangium
      cellulosum var. fulvum (ATCC N0. 25532) and to processes for their
      preparation. The novel keto and ketoxime derivatives of acid S of this
      invention are useful antifungal agents.
BSUM
PAR  The present invention relates to novel ketones and ketoximes derived from
      acid S, a potent antibiotic produced by fermentation of the microorganism
      Polyangium cellulosum var. fulvum (ATCC No. 25532) in a suitable culture
      medium. Specifically, the present invention relates to ketoacid S methyl
      ester, ketoacid S methyl ester oxime and ketoacid S oxime having molecular
      formulas C.sub.26 H.sub.38 O.sub.2 (OH)(CO)CO.sub.2 CH.sub.3, C.sub.26
      H.sub.38 O.sub.2 (OH)(CNOH)CO.sub.2 CH.sub.3 and C.sub.26 H.sub.38 O.sub.2
      (OH)(CNOH)CO.sub.2 H, respectively. The present invention also
      specifically relates to ketodiol S and ketodiol S oxime having molecular
      formulas C.sub.26 H.sub.38 O.sub.2 (OH)(CO)CH.sub.2 OH and C.sub.26
      H.sub.38 O.sub.2 (OH)(CNOH)CH.sub.2 OH, respectively. The monoacetate of
      ketoacid S methyl ester having molecular formula C.sub.26 H.sub.38 O.sub.2
      (OCOCH.sub.3)(CO)CO.sub.2 CH.sub.3 is also included within the scope of
      this invention.
PAR  The present invention also relates to processes for the production of the
      aforementioned keto and ketoxime derivatives of acid S and to therapeutic
      compositions containing the compounds of this invention. These
      compositions are particularly useful for the dermatophytic and systemic
      treatment of fungal disease.
PAR  U.S. Pat. No. 3,651,216, issued Mar. 21, 1972 and U.S. Pat. No. 3,804,948,
      issued Apr. 16, 1974, describes the microbiological production of
      antibiotics designated A, B and C and acids S and F. These potent
      antifungals are elaborated when the microorganism Polyangium cellulosum
      var. fulvum (ATCC No. 25532) is fermented in a suitable culture medium.
      The aforementioned patent application also describes the chemical
      preparation of the methyl esters of acids S and F. Like the corresponding
      acids, the methyl esters of acids S and F exhibit antifungal activity.
PAR  The synthesis of a series of triols, including triol S, from acid S and the
      corresponding methyl ester by reductive modification of the acid or ester
      groups of acid S and acid S methyl ester is disclosed in copending U.S.
      Pat. application No. (our 2100.1035), filed concurrently herewith. These
      triols are extremely potent antifungals, inhibiting the growth of fungi
      such as H. capsulatum, I. mentagrophytes and M. fulvum at minimal
      inhibitory concentrations of the order of 0.78 micrograms/milliliter in
      the serial 2-fold tube dilution evaluation procedures outlined in U.S.
      Pat. No. 3,651,216.
PAR  Acid S, acid S methyl ester and triol S are characterized by the presence
      of two secondary hydroxyl groups. It has now been found that selective
      oxidation of one of the secondary hydroxyl groups to a keto function gives
      rise to a series of keto derivatives of acid S which are also extremely
      potent antifungal agents. These compounds and the corresponding ketoximes
      inhibit the growth of various fungi at very low minimal inhibitory
      concentrations, and like the triols of acid S of copending Patent
      Application No. (our 2100.1035), filed concurrently herewith, are more
      effective against a variety of fungi than existing antifungal compounds.
PAR  The novel keto and ketoxime derivatives of acid S of this invention are
      prepared according to the processes shown schematically below:
      ##EQU1##
PAR  The preparation of acid S methyl ester by esterification of acid S,
      produced when Polyanguim cellulosum var. fulvum is fermented in an
      appropriate culture medium, is described in U.S. Pat. No. 3,804,948.
PAR  According to the present invention, ketoacid S methyl ester is prepared by
      selective oxidation of one of the two secondary hydroxyl groups of acid S
      methyl ester. For example, the above selective oxidation is effected when
      acid S methyl ester is treated with silver carbonate-on-celite in a
      suitable solvent, such as toluene.
PAR  To obtain ketoacid S methyl ester oxime, ketoacid S methyl ester is treated
      with hydroxylamine hydrochloride in the presence of an acid-acceptor, such
      as sodium acetate. Ketoacid S methyl ester oxime is hydrolized under basic
      conditions, preferably 5% aqueous sodium hydroxide, to afford the
      corresponding acid, ketoacid S oxime.
PAR  To secure ketodiol S, triol S is oxidized with silver carbonate-on-celite
      in a suitable solvent, such as toluene. The corresponding oxime, ketodiol
      S oxime, is prepared by treatment of ketodiol S with hydroxylamine and
      sodium acetate as the preferred acid-acceptor.
PAR  Ketoacid S methyl ester is characterized by conversion to ketoacid S methyl
      ester monoacetate. Typically, ketoacid S methyl ester is acetylated by
      treatment with acetic anhydride in the presence of a tertiary amine,
      preferably pyridine, as the acid-acceptor.
PAR  The compounds of the present invention are characterized by infrared
      spectroscopy, mass spectrometry and diagnostic thin-layer chromatography.
PAR  The infrared spectra of the keto and ketoxime derivatives of acid S of this
      invention are determined as thin films with an infrared absorption
      spectrometer equipped with a diffraction grating. In addition to providing
      spectral evidence confirming the transformations outlined above, the
      infrared spectra of the compounds of this invention represent a definitive
      physical characteristic useful for the identification of said compounds.
PAR  The mass spectra of the ketones and ketoximes of this invention are
      measured on a double-focusing high resolution mass spectrometer employing
      a heated direct insertion probe. Like the aforementioned infrared spectra,
      the mass spectra of the above ketones and ketoximes provide a definitive
      physical property useful for identification of these compounds.
PAR  The compounds of this invention are examined on thin-layers of silica gel,
      85:10:5 ethyl acetate:2-propanol:water being used as the solvent system
      and iodine as the visualization agent. The aforementioned derivatives of
      acid S appear as one well-defined spot.
PAR  The monoacetate of ketoacid S methyl ester is characterized by infrared
      spectroscopy and thin-layer chromatography utilizing the aforementioned
      techniques. Ketoacid S methyl ester monoacetate is also characterized by
      nuclear magnetic resonance spectroscopy. The 220 MHz spectrum determined
      as a chloroform solution with a Varion HA-220 instrument shows a 3-proton
      singlet at 2.15 ppm assignable to the acetate methyl group and resonance
      signals associated with the remaining protons of the compound.
PAR  The keto and ketoxime derivatives of acid S of this invention and ketoacid
      S methyl ester monoacetate are potent antifungals inhibiting the the
      growth of fungi such as H. capsulatum, and M. fulvum at minimum inhibitory
      concentrations of 10.sup.-.sup.1 micrograms/milliliters in the serial
      2-fold tube dilution assay described in U.S. Pat. No. 3,651,216.
PAR  The compounds of this invention can be formulated with inert excipients
      into various dosage forms for oral, parenteral and topical administration
      by methods well-known to those skilled in the pharmacist's art. Tablets,
      capsules, powders, solutions, suspensions, ointments, gels and creams are
      included among these dosage forms. For topical administration, the
      compounds of this invention may be blended with a vehicle such as white
      petroleum, the weight of the active ingredients being from about 0.1 to
      50% of the total weight.
PAR  The antifungal ketones, ketoximes and ketoester monoacetates of this
      invention can be administered orally, parenterally or topically to various
      mammals, such as dogs, cats and guinea pigs, afflicted with fungal
      disease. The typical dose is about 0.01 to 100 mg/kg of body weight of the
      animal.
DETD
PAC  EXAMPLE 1
PAC  Ketodiol S
PAR  Silver carbonate on celite (2 g) was added to a solution of triol S (144
      mg) in toluene (50 ml). The reaction mixture was refluxed under nitrogen
      with vigorous stirring for 1 hour. During this time a further 2 g of
      silver carbonate on celite was added in 1 g portions. The inorganic solids
      were filtered off and washed with ethyl acetate. The filtrate and washings
      were evaporated under reduced pressure to give a brown oil. Purification
      by preparative thin-layer chromatography gave a yellow oil (80 mg, 55%).
      Diagnostic thin-layer chromatography indicated a pure homogeneous product.
PAR  Infrared Spectrum .nu. .sub.max 3450, 1720, 1670, 1450, 1380, 1270, 1120,
      1070 and 980 cm.sup.-.sup.1.
PAC  EXAMPLE 2
PAC  Ketodiol S Oxime
PAR  A solution of ketodiol S (5 mg), hydroxylamine hydrochloride (1 mg) and
      sodium acetate (1 mg) in absolute ethanol (7 ml) and water (1 ml) was
      refluxed for 2 hours under nitrogen. The solvents were removed under
      reduced pressure and the product isolated by preparative thin-layer
      chromatography to give a white amorphous solid (3 mg).
PAR  Infrared Spectrum .nu. .sub.max 3300, 1460, 1120, 1040 and 980
      cm.sup.-.sup.1.
PAR  Mass Spectrum m/e (relative intensity) 473 (17), 456 (70), 193 (80) and 165
      (100).
PAC  EXAMPLE 3
PAC  Ketoacid S Methyl Ester
PAR  Silver carbonate on celite (2 g) was added to a solution of acid S methyl
      ester (200 mg) in toluene (100 ml). The reaction mixture was refluxed
      under nitrogen with vigorous stirring. Further portions of silver
      carbonate on celite (total amount added 5 g) were added until thin-layer
      chromatography indicated the absence of starting material in the reaction
      mixture. The reaction was worked up as described for ketodiol S.
      Purification by preparative thin-layer chromatography gave a pure
      homogeneous product as a pale yellow oil (95 mg, 48%).
PAR  Infrared Spectrum .nu. .sub.max 3350, 1740, 1730, 1670, 1450, 1210, 1120
      and 980 cm.sup.-.sup.1.
PAR  Mass Spectrum m/e (relative intensity) 486 (20), 468 (22), 457 (21), 391
      (42), 373 (20), 275 (35), 193 (60) and 165 (100).
PAC  EXAMPLE 4
PAC  Ketoacid S Methyl Ester Oxime
PAR  A solution of ketoacid S methyl ester (40 mg), hydroxylamine hydrochloride
      (8 mg) and sodium acetate (8 mg) in absolute ethanol (15 ml) and water (4
      ml) was refluxed for 30 minutes under nitgrogen. The solvents were removed
      under reduced pressure to give a brown oil. Purification by preparative
      thin-layer chromatography gave a pure homogeneous product as a colorless
      oil (29 mg, 73%).
PAR  Infrared Spectrum .nu. .sub.max 3350, 1740, 1670, 1440, 1270, 1210, 1110,
      1030 and 980 cm.sup.-.sup.1.
PAR  Mass Spectrum m/e (relative intensity) 501 (9), 484 (29), 193 (100) and 165
      (71).
PAC  EXAMPLE 5
PAC  Ketoacid S Oxime
PAR  A solution of 5% aqueous sodium hydroxide (6 ml) was added to a solution of
      ketoacid methyl ester oxime (18 mg) in methanol (2 ml). The solution was
      stirred and refluxed for 30 minutes under nitrogen. The methanol was
      removed under reduced pressure. The aqueous residue was acidified and
      extracted with CHCl.sub.3. The extracts were dried over MgSO.sub.4 and
      evaporated to give a white amorphous solid (10 mg, 57%). Thin-layer
      chromatography indicated a pure homogeneous product.
PAR  Infrared Spectrum .nu. .sub.max 3300, 1720, 1670, 1120, 1070 and 980
      cm.sup.-.sup.1.
PAC  EXAMPLE 6
PAC  Ketoacid S Methyl Ester Monoacetate
PAR  Acetic anhydride (1 ml) was added to a solution of ketoacid S methyl ester
      (40 mg) in pyridine (3 ml). The solution was allowed to stand at room
      temperature overnight. The reaction mixture was cooled and methanol was
      added to decompose the excess acetic anhydride. The solvents were removed
      under reduced pressure to give a yellow oil. Purification by preparative
      thin-layer chromatography gave a pure homogeneous product as a pale yellow
      oil (31 mg).
PAR  Infrared Spectrum .nu. .sub.max 1740, 1450, 1380, 1240, 1080 and 980
      cm.sup.-.sup.1.
PAR  Nuclear Magnetic Resonance Spectrum (CDCl.sub.3) .delta. 0.7 to 2.0
      (multiplet, 22 protons), 2.15 (singlet, 3H), 2.54 (doublet, 1H), 2.57
      (quartet, 1H), 2.65 (doublet, 1H), 2.77 (quartet, 1H), 3.05 (multiplit,
      1H), 3.70 (singlet, 3H), 3.70 to 4.20 (multiplit, 4H), 4.94 (doublet, 1H),
      5.07 (quartet, 1H), 5.26 (doublet, 1H), 5.42 (multiplet, 2H), 5.47
      (quartet, 1H) and 5.57 (doublet, 1H).
PAR  H = proton
CLMS
STM  We claim:
NUM  1.
PAR  1. An antifungal substance, ketodiol S, prepared by treating triol S (1
      equivalent) with silver carbonate-on-celite (60 equivalents) in refluxing
      toluene (500 equivalents) for 1 hour and having the following
      characteristics:
PA1  a. Infrared Spectrum .nu. .sub.max 3450, 1720, 1670, 1450, 1380, 1270,
      1120, 1070 and 980 cm.sup.-.sup.1 ;
PA1  b. Molecular Formula C.sub.28 H.sub.42 O.sub.5 ; molecular weight 458.
NUM  2.
PAR  2. An antifungal substance, ketodiol S oxime, prepared by treating ketodiol
      S (1 equivalent) with hydroxylamine hydrochloride (1 equivalent) and
      sodium acetate (1 equivalent) and water (10 equivalents in ethanol (100
      equivalents) refluxing for 2 hours and having the following
      characteristics:
PA1  a. Infrared Spectrum .nu..sub.max 3300, 1460, 1120, 1040 and 980
      cm.sup.-.sup.1 ;
PA1  b. Mass Spectrum m/e (relative intensity) 473 (17), 456 (70) 193 (80) and
      165 (100);
PA1  c. Molecular Formula C.sub.28 H.sub.43 NO.sub.5 ; molecular weight 473.
NUM  3.
PAR  3. An antifungal substance, ketoacid S methyl ester, prepared by treating
      acid S methyl ester (1 equivalent) with silver carbonate-on-celite (60
      equivalents) in refluxing toluene (500 equivalents) until thin-layer
      chromatography indicated all starting material consumed, and having the
      following characteristics:
PA1  a. Infrared Spectrum .nu..sub.max 3350, 1740, 1730, 1670, 1450, 1210, 1120
      and 980 cm.sup.-.sup.1 ;
PA1  b. Mass Spectrum m/e (relative intensity) 486 (20), 486 (22), 457 (21), 391
      (42), 373 (20), 275 (35), 193 (60) and 165 (100);
PA1  c. Molecular Formula C.sub.29 H.sub.42 O.sub.6 ; molecular weight 480.
NUM  4.
PAR  4. An antifungal substance, ketoacid S methyl ester oxime, prepared by
      treating ketoacid S methyl ester (1 equivalent) with hydroxylamine (1
      equivalent) and sodium acetate (1 equivalent) in ethanol (100 equivalents)
      and water (30 equivalents) refluxing for 30 minutes, and having the
      following characteristics:
PA1  a. Infrared Spectrum .nu. .sub.max 3350, 1740, 1670, 1440, 1270, 1210,
      1110, 1030 and 980 cm.sup.-.sup.1 ;
PA1  b. Mass Spectrum m/e (relative intensity) 501 (9), 484 (29), 193 (100) and
      165 (71);
PA1  c. Molecular Formula C.sub.29 H.sub.43 NO.sub.6 ; molecular weight 501.
NUM  5.
PAR  5. An antifungal substance, ketoacid S oxime, prepared by treating ketoacid
      S methyl ester oxime (1 equivalent) with 5% aqueous sodium hydroxide
      solution at 60.degree. for 30 minutes and having the following
      characteristics:
PA1  a. Infrared Spectrum .nu. .sub.max 3300, 1720, 1670, 1120, 1070 and 980
      cm.sup.-.sup.1 ;
PA1  b. Molecular Formula C.sub.28 H.sub.41 NO.sub.6 ; molecular weight 487.
NUM  6.
PAR  6. An antifungal substance, ketoacid S methyl ester monoacetate, prepared
      by treating ketoacid S methyl ester (1 equivalent) with acetic anhydride
      (100 equivalents) and pyridine (200 equivalents) at room temperature for
      16 hours, and having the following characteristics:
PA1  a. Infrared Spectrum .nu. .sub.max 1740, 1450, 1380, 1240, 1080 and 980
      cm.sup.-.sup.1 ;
PA1  b. Nuclear Magnetic Resonance Spectrum .delta. 0.7 to 2.0 (multiplet, 22
      protons), 2.15 (singlet, 3H), 2.54 (doublet, 1H), 2.57 (quartet, 1H), 2.65
      (doublet, 1H), 2.77 (quartet, 1H), 3.05 (multiplit, 1H), 3.70 (singlet,
      3H), 3.70 to 4.20 (multiplit, 4H), 4.94 (doublet, 1H), 5.07 (quartet, 1H),
      5.26 (doublet, 1H), 5.42 (multiplet, 2H), 5.47 (quartet, 1H) and 5.57
      (doublet, 1H).
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ABST
PAL  The present invention relates to triols derived from antibiotic substance,
      designated acid S, produced by Polyangium cellulosum var. fulvum (ATCC No.
      25532), to the acetates thereof and to processes for the production of the
      triols and corresponding acetates. These triols and acetates are potent
      antifungal agents inhibiting the growth of a variety of fungi, including
      H. capsulatum, T. mentagrophytes and M. fulvum.
BSUM
PAR  The present invention relates to novel triols obtained from the antibiotic
      substance known as acid S. Specifically, the present invention relates to
      triols having molecular formulas R.sub.1 CHR.sub.2 OH, R.sub.1 CR.sub.2
      R.sub.3 OH and R.sub.1 CH.sub.2 OH wherein R.sub.1 is C.sub.27 H.sub.39
      O.sub.2 (OH).sub.2 and R.sub.2 and R.sub.3 are lower alkyl, e.g., methyl
      or phenyl.
PAR  The present invention includes within its scope the acetates of the
      aforementioned triols. Specifically, the present invention relates to
      triol acetates having molecular formulas R.sub.4 CHR.sub.2 OCOCH.sub.3,
      R.sub.4 CR.sub.2 R.sub.3 OH and R.sub.4 CH.sub.2 OCOCH.sub.3 wherein
      R.sub.4 is C.sub.27 H.sub.39 O.sub.2 (OCOCH.sub.3).sub.2 and R.sub.2 and
      R.sub.3 are lower alkyl, e.g., methyl or phenyl.
PAR  The instant invention also relates to processes for the preparation of the
      aforementioned triols and triol acetates and to pharmaceutical
      compositions exhibiting antifungal activity.
PAR  U.S. Pat. No. 3,651,216, issued Mar. 21, 1972, discloses antibiotics,
      designated A, B and C, formed when Polyangium cellulosum var. fulvum (ATCC
      No. 25532) is fermented in a suitable culture medium. These antibiotics
      inhibit the growth of fungi and exhibit fungicidal properties.
PAR  U.S. Pat. No. 3,804,948, which issued Apr. 16, 1974, describes the
      chromatographic separation of the antibiotics obtained by the fermentation
      process disclosed in the aforementioned patent into four chemically
      distinct antifungal substances, denoted acids F and S and components B and
      C. Acids F and S and the corresponding methyl esters are also effective
      antifungals, about 70-90% of the antibiotic activity of the total
      fermentation product residing in the major components, acids F and S.
      These isomeric carboxylic acids, acids F and S, were further characterized
      by physical techniques, such as infrared spectroscopy, polarimetry and
      thin-layer chromatography, and their molecular formulas were determined by
      high resolution mass spectrometry.
PAR  It has now been found that the triols and triol acetates of the present
      invention inhibit the growth of a variety of fungi in the serial 2-fold
      dilution test described in U.S. Pat. No. 3,651,216.
PAR  The novel triols of the present invention are prepared from acid S by the
      processes depicted schematically below:
      ##EQU1##
PAR  In the above formulas R.sub.1 is C.sub.27 H.sub.39 O.sub.2 (OH).sub.2 and
      R.sub.2 and R.sub.3 are lower alkyl or phenyl.
PAR  Referring to Scheme 1, triol S, compound 6, is prepared by reducing acid S,
      compound 1. Typically, acid S is reduced with a metal hydride, such as
      lithium aluminum hydride in a boiling ethereal solvent, such as
      tetrahydrofuran. Triol S is also prepared by reduction of acid S methyl
      ester, compound 2, with a metal hydride in a boiling ethereal solvent
      under essentially the same conditions. The preparation of acid S methyl
      ester is described in U.S. Pat. No. 3,804,948.
PAR  Triol 4 is obtained by reducing ketodiol 3 with a complex metal hydride,
      such as sodium borohydride and an alcohol, such as methanol. For example,
      1-methyltriol S, compound 4 wherein R.sub.2 is methyl, and 1-phenyltriol
      S, compound 4 wherein R.sub.2 is phenyl, are formed when
      1-methyl-1-ketodiol S, compound 3  wherein R.sub.2 is methyl, and
      1-phenyl-1-ketodiol S, compound 3 wherein R.sub.2 is phenyl, are treated
      with sodium borohydride in methanol.
PAR  Triol 5 is prepared by condensing ketodiol 3 with an appropriate Grignard
      reagent in an ethereal solvent. For example, 1,1-dimethyltriol S, compound
      5 wherein R.sub.2 and R.sub.3 are methyl, is formed when
      1-methyl-1-ketodiol S is condensed with methylmagnesium bromide in
      anhydrous diethyl ether. Similarly, 1,1-diphenyltriol S, compound 5
      wherein R.sub.2 and R.sub.3 are phenyl, is obtained when
      1-phenyl-1-ketodiol S is treated with phenylmagnesium bromide in diethyl
      ether.
PAR  The starting material, ketodiol 3, for the synthesis of triols 4 and 5 is
      prepared by condensation of acid S with an alkyllithium in an ethereal
      solvent. For example, 1-methyl-1-ketodiol S, compound 3 wherein R.sub.2 is
      methyl, is formed when acid S is condensed with methyllithium in anhydrous
      diethyl ether, and 1-phenyl-1-ketodiol S, compound 3 wherein R.sub.2 is
      phenyl, is obtained when acid S is treated with phenyllithium in diethyl
      ether.
PAR  The aforementioned triols, 1,1-dimethyltriol S and 1,1-diphenyltriol S, are
      also formed when acid S methyl ester, compound 2, is condensed with an
      excess of Grignard reagents, such as, methylmagnesium bromide or
      phenylmagnesium bromide in an ethereal solvent, such as, anhydrous diethyl
      ether.
PAR  The triols of the present invention are recovered from the respective
      reaction media by methods well-known to those skilled in the art.
PAR  The triols of this invention are characterized by infrared spectroscopy and
      mass spectrometry.
PAR  Representative infrared spectra of triols 4, 5 and 6 are illustrated in
      FIGS. 1, 2 and 3. In general, the spectra are determined as thin films
      with an infrared absorption spectrometer equipped with a diffraction
      grating. The spectra are transparent in the carbonyl stretching region
      (1690 - 1750 cm.sup..sup.-1) and exhibit absorption bands in the hydroxyl
      stretching region (3400 - 3200 cm.sup..sup.-1), associated with the
      original hydroxyl groups and the hydroxyl group generated by
      transformation of the carbonyl group of 1,2 or 3. The infrared spectra of
      acid 1, ester 2 and ketone 3, precursors of triols 4, 5 and 6, exhibit
      intense absorption bonds in the 1690 - 1750 cm.sup..sup.-1 region, the
      carbonyl stretching region.
PAR  In addition to providing spectral evidence for the conversion of the
      carbonyl group of acid, ester and ketone, 1, 2 and 3, respectively, to the
      additional hydroxyl group of triols 4, 5 and 6, the infrared spectra of
      triols 4, 5 and 6, represent a characteristic physical property useful for
      the identification of these compounds.
PAR  The mass spectra of triols 4, 5 and 6 of this invention are measured on a
      double-focusing high-resolution mass spectrometer utilizing a heated
      direct insertion probe. The molecular composition of the parent peaks are
      determined by employing perfluorotributylamine (mass spectral grade,
      available from PCR, Inc., Gainsville, Fla.) as the internal standard and
      peak matching techniques well-known to those skilled in the art. The
      application of these mass spectral techniques, permits not only the
      determination of the molecular composition of the parent ion and
      confirmation of the postulated transformations, but, like the
      aforementioned infrared measurements, provides a definitive physical
      property, characteristic of the triols 4, 5 and 6, and useful for
      identification purposes.
PAR  For example, a comparison of the molecular composition of the parent ion of
      acid S with that of its lithium aluminum hydride reduction product, triol
      S shows a loss of 14 mass units, a change in mass units compatible with
      the change to be expected for the conversion of a carboxylic acid group to
      a hydroxymethylene function, and an examination of the mass spectrum of
      the latter having at least 10 high intensity peaks reveals its adequacy as
      a definitive physical property for identification purposes.
PAR  In addition to infrared and mass spectral analysis, the triols of this
      invention, compounds 4, 5 and 6, were examined on thin layers of silica
      gel using 85:10:5 ethyl acetate: 2-propanol:water as the solvent system
      and iodine as the visualization agent. Each alcohol appeared as one
      well-defined spot under these conditions.
PAR  The triols of this invention, triols 4, 5 and 6, are characterized
      chemically by acetylation as shown schematically below:
      ##EQU2##
      In the above formulas, R.sub.1 is C.sub.27 H.sub.39 O.sub.2 (OH).sub.2,
      R.sub.2 and R.sub.3 are as defined, and R.sub.4 is C.sub.27 H.sub.39
      O.sub.2 (OCOCH.sub.3).sub.2.
PAR  For example, triol S triacetate (9) is obtained when triol S is treated
      with acetic anhydride in the presence of a tertiary amine such as
      pyridine, as the acid acceptor, at room temperature for about 16 hours.
      Similarly, triol triacetate 7 and triol diacetate 8 are formed with triols
      4 and 5 and are treated with acetic anhydride under the same conditions.
PAR  Like the aforementioned triols of this invention, the corresponding triol
      triacetates 7 and 9 and triol diacetate 8 are characterized by infrared
      spectroscopy and mass spectrometry, and analyzed by thin-layer
      chromatography. The infrared spectra of the triol triacetates and triol
      diacetates of this invention exhibit intense absorption bands in the 1750
      cm.sup..sup.-1 region, assignable to the acetate carbonyl stretching
      frequency, and the mass spectra show molecular ions at m/e values which
      tally with those calculated for the replacement of three protons by three
      acetyl groups in the triacetates and two protons by two acetyl groups in
      the diacetates. The infrared and mass spectra of the triol triacetates and
      triol diacetates are determined utilizing the instrumentation and
      techniques applied to the determination of the mass and infrared spectra
      of the corresponding triols. The thin-layer chromatograms of triol
      triacetates 7 and 9 and triol diacetates 8 are determined by the method
      used for the chromatographic analysis of the corresponding triols, and
      present one well-defined spot, indicating homogeneity of the acetylation
      products.
PAR  Triol S triacetate (6), for example, showed an infrared absorption band at
      1745 cm.sup..sup.-1, a molecular ion at m/e 586 and a definitive spot on a
      thin-layer of silica gel. Representative infrared spectra are shown in
      FIGS. 4 and 5.
PAR  In addition to infrared and mass spectral and chromatographic analysis, the
      triol triacetates 7 and 9 and triol diacetates 6 are characterized by
      nuclear magnetic resonance spectroscopy. The 220 MHz proton magnetic
      resonance spectrum of triol S triacetate (6) in deuterochloroform, for
      instance, shows three 3-proton singlets between 1.99 and 2.05 ppm,
      assignable to three distinct acetate methyl groups, as well as, multiplets
      associated with the remaining protons of the compound.
PAR  The in vitro antifungal activity of triols 4, 5 and 6, triol triacetates 7
      and 9, and triol diacetate 8, was determined by the procedure described in
      U.S. Pat. No. 3,651,216. The above mentioned triols, and triol triacetates
      and triol diacetates derived from acid S exhibit antifungal activity
      against a variety of fungi including H. capsulatum, and M. fulvum. The
      aforementioned triols, triol triacetates and triol diacetates were also
      evaluated by the tube dilution technique according to the method described
      in U.S. Pat. No. 3,651,216. The minimum inhibitory concentrations of the
      antifungal triols, triol triacetates and triol diacetates of this
      invention fall within the range of 50 micrograms/milliliter in this in
      vitro tube dilution technique.
PAR  The compounds of this invention, the aforementioned triols, triol
      triacetates and triols diacetates, are useful for the treatment of
      dermatophytic and systemic fungal disease.
PAR  The triols, triol triacetates and triol diacetates of this invention can be
      formulated with inert excipients into various dosage forms for oral,
      parenteral and topical administration. Among the dosage forms are tablets,
      capsules, powders, solutions, suspensions, ointments, gels and creams. For
      topical administration, the triols, triol triacetates and triol diacetates
      of this invention may be blended with a vehicle such as white petrolatum
      the weight of the active ingredients being from about 0.1 to 50%. The
      requisite formulation techniques are well-known to those skilled in the
      pharmacist's art.
PAR  The antifungal triols, triol triacetates and triol diacetates of this
      invention can be administered orally, parenterally or topically to various
      mammalian hosts, such as dogs, cats and guinea pigs suffering from fungal
      infections. The typical dose is about 0.01 to 100 mg/kg of body weight of
      the animal.
PAR  The following examples are not limiting. They are illustrative of the
      compounds of this invention and methods for preparing same. In the proton
      magnetic resonance spectra of the example and claim, the symbol H
      signifies proton.
DETD
PAC  EXAMPLE 1
PAC  Triol S
PAR  Lithium aluminum hydride (100 mg) was added to a solution of acid S (100
      mg) in tetrahydrofuran (20 ml). The reaction mixture was refluxed with
      stirring under nitrogen for three hours. The mixture was cooled in an
      ice-bath, and a few drops of water were added to decompose the excess
      lithium aluminum hydride followed by about 50 mg of magnesium sulfate. The
      inorganic solids were filtered off and washed thoroughly with CHCl.sub.3.
      The filtrate and washings were evaporated to give a colorless oil (75 mg).
      Thin layer chromatography indicated a pure homogeneous product.
PAR  Infrared Spectrum .nu..sub.max 3300, 1440, 1350, 1050, 1010 and 950
      cm.sup..sup.-1.
PAR  Mass Spectrum observed molecular ion 460.3223; calculated for C.sub.28
      H.sub.44 O.sub.5 460.3189; m/e (relative intensity) 460 (6), 442 (5), 431
      (52), 365 (6), 347 (26), 329 (10), 195 (75), 193 (100), 167 (off scale)
      and 165 (off scale).
PAC  EXAMPLE 2
PAC  Triol S Triacetate
PAR  Triol S was acetylated with acetic anhydride and pyridine according to the
      method outlined in Synthetic Organic Chemistry by R. B. Wagner and H. D.
      Zook, John Wiley & Sons, Inc., New York, N.Y., 1953, p. 482, to give triol
      S triacetate as a colorless oil. Thin layer chromatography indicated a
      pure homogeneous compound.
PAR  Infrared Spectrum .nu..sub.max 2950, 2900, 2850, 1740, 1660, 1440, 1370,
      1240, 1060 and 960 cm.sup..sup.-1.
PAR  Mass Spectrum m/e (relative intensity) 586 (10), 557 (50), 491 (20), 431
      (6), 371 (20), and 193 (100).
PAR  Nuclear Magnetic Resonance Spectrum (CDCl.sub.3) 0.9 to 1.9 (aliphatic
      methyl, methylene and methine protons), 1.99 (singlet, 3H), 2.03 (singlet,
      3H), 2.05 (singlet, 3H), 3.05 (multiplet, 1H), 3.56 (multiplet, 1H), 3.65
      (quartet, 1H), 3.84 (quartet, 1H), 4.08 (broad singlet, 1H), 4.15
      (multiplet, 2H), 4.75 (triplet, 1H), 4.98 (multiplet, 1H), 5.06 (quartet,
      1H), 5.25 (doublet, 1H), 5.34 (multiplet, 2H), 5.46 (quartet, 1H), and
      5.57 (doublet, 1H), ppm.
PAC  EXAMPLE 3
PAC  1,1-Dimethyltriol S.
PAR  A solution of acid S methyl ester (48.8 mg) and a large excess of
      methylmagnesium bromide (10 equivalents) in anhydrous ether was refluxed
      under nitrogen for 4 hours. The reaction mixture was cooled and poured
      onto ice and ammonium chloride. The resulting mixture was extracted with
      ether. The extracts were dried over MgSO.sub.4 and evaporated to give a
      colorless oil (47 mg). Preparative thin layer chromatography was used for
      further purification to give a colorless oil (36 mg). Thin layer
      chromatography indicated a pure homogeneous product.
PAR  Infrared Spectrum .nu..sub.max 3350, 2950, 1440, 1370, 1150, 1060, 960 and
      750 cm.sup..sup.-1.
PAR  Mass Spectrum observed molecular ion 488.3605; calculated for C.sub.30
      H.sub.48 O.sub.5 488.3509; m/e (relative intensity) 488 (20), 470 (19),
      459 (40), 452 (25), 493 (12), 475 (16), 293 (60), 193 (100) and 165 (100).
PAC  EXAMPLE 4
PAC  1,1-Dimethyltriol S Diacetate
PAR  1,1-Dimethyltriol S was acetylated with acetic anhydride and pyridine
      according to the method of the reference of example 2 to give
      1,1-dimethyltriol S diacetate as a colorless oil. Thin layer
      chromatography indicated a pure homogeneous compound.
PAR  Infrared Spectrum .nu..sub.max 3300, 2980, 1750, 1450, 1380, 1250, 1060,
      980 and 760 cm.sup..sup.-1.
PAR  Mass Spectrum m/e (relative intensity) 572 (11), 554 (5), 543 (44), 525
      (3.5), 512 (6), 497 (3), 485 (2), 472 (6), 459 (10), 453 (8), 399 (7), 357
      (9), 339 (8), 299 (14), 287 (9), 279 (10), 254 (17), 193 (100) and 165
      (100).
PAC  EXAMPLE 5
PAC  1,1-Diphenyltriol S
PAR  A solution of acid S methyl ester (48.8 mg) and a large excess of
      phenylmagnesium bromide (10 equivalents) in anhydrous ether was refluxed
      under nitrogen for 4 hours. The reaction mixture was cooled, and poured
      onto ice and ammonium chloride. The aqueous solution was extracted with
      ether. The extracts were dried over MgSO.sub.4 and evaporated to give a
      semi-crystalline oil which contained biphenyl. The mixture was extracted
      with petroleum ether to remove the biphenyl. Preparative t.l.c. gave a
      pure product as a colorless oil (30 mg).
PAR  Infrared Spectrum .nu..sub.max 3350, 2900, 1440, 1050, 950 and 740
      cm.sup..sup.-1.
PAR  Mass Spectrum observed molecular ion 612.10307; calculated for C.sub.40
      H.sub.52 O.sub.5 612.09978; m/e (relative intensity) 612 (0.8), 594 (2),
      576 (1.5), 572 (2.7), 543 (6), 207 (12), 197 (24), 180 (100) and 165 (55).
PAC  EXAMPLE 6
PAC  1-Methyltriol S
PAR  Sodium borohydride (10 mg) was added to a solution of 1-methyl-1-ketodiol S
      (47.2 mg) in methanol (5 ml) at room temperature. The reaction mixture was
      stirred under nitrogen at room temperature for four hours. The methanol
      was removed under reduced pressure to give a white solid. The solid was
      dissolved in water and extracted with ether. The extracts were dried over
      MgSO.sub.4 and evaporated to give a colorless oil. Preparative thin-layer
      chromatography gave the product as a colorless oil (28 mg). Diagnostic
      thin-layer chromatography indicates a mixture of diastereomers.
PAR  Infrared Spectrum .nu..sub.max 3300, 2950, 1450, 1380, 1070, 970, 840, 860
      and 760 cm.sup..sup.-1.
PAR  Mass Spectrum observed molecular ion 474.0485; calculated for C.sub.29
      H.sub.46 O.sub.5 474.0528; m/e (relative intensity) 474 (18), 456 (10),
      445 (14), 379 (10), 279 (61), and 193 (100).
PAC  EXAMPLE 7
PAC  1-Phenyltriol S
PAR  Sodium borohydride (10 mg) was added to a solution of 1-phenyl-1-ketodiol S
      (10 mg) in methanol (5 ml) at room temperature. The reaction mixture was
      stirred under nitrogen at room temperature for four hours. The methanol
      was removed under reduced pressure to give a solid residue. The residue
      was dissolved in water and extracted with ether. The extracts were dried
      over MgSO.sub.4 and evaporated to give a semi-crystalline oil (7 mg).
      Thin-layer chromatography indicates a mixture of diastereomers.
PAR  Infrared Spectrum .nu..sub.max 3300, 2940, 1450, 1070 and 710
      cm.sup..sup.-1.
PAR  Mass Spectrum observed molecular ion 536.0693; calculated for C.sub.34
      H.sub.48 O.sub.5 536.0690; m/e (relative intensity) 536 (8), 518 (7.5),
      507 (7), 474 (3.6), 445 (3.6), 423 (3.6), 347 (14), 341 (28) and 193
      (100).
PAC  EXAMPLE 8
PAC  1-Phenyl-1-ketodiol S
PAR  A solution of acid S (100 mg) and phenyllithium (160 mg) in anhydrous ether
      (6 ml) was stirred under nitrogen at room temperature for four hours. The
      reaction mixture was poured into ice-water and extracted with ether. The
      extracts were dried over MgSO.sub.4 and evaporated to give a yellow oil.
      The product was purified using preparative t.l.c. to give a yellow oil (20
      mg).
PAR  Infrared Spectrum .nu..sub.max 3350, 1680, 1600, 1580, 1460, 1380, 1220,
      1070 and 980 cm.sup..sup.-1.
PAR  Mass Spectrum observed molecular ion 534.04145; calculated for C.sub.34
      H.sub.46 O.sub.5 534.05283; m/e (relative intensity) 534 (5), 516 (8), 505
      (7), 498 (3), 487 (2), 439 (6), 421 (6), 348 (9), 347 (14), 323 (11), 287
      (40), 235 (16), 193 (100) and 146 (off scale).
PAC  EXAMPLE 9
PAC  1-Methyl-1-ketodiol S
PAR  A solution of acid S (200 mg) and methyllithium (110 mg) in ether (20 ml)
      was stirred under nitrogen for 4 hours. The reaction mixture was poured
      onto ice-water and extracted with ether. The extracts were dried over
      MgSO.sub.4 and evaporated to give a yellow oil (93 mg).
PAR  Infrared Spectrum .nu..sub.max 3350, 1710, 1660, 1450, 1370, 1070 and 970
      cm.sup..sup.-1.
PAR  Mass Spectrum observed molecular ion 472.03950; calculated for C.sub.29
      H.sub.44 O.sub.5 472.03718; m/e (relative intensity) 472 (2), 454 (1.5),
      443 (2.3), 377 (2), 359 (1), 277 (3), 259 (2), 243 (2) and 193 (100).
CLMS
STM  We claim:
NUM  1.
PAR  1. An antifungal substance, triol S, prepared by treating acid S (1
      equivalent) with lithium aluminum hydride (10 equivalents) in the presence
      of boiling tetrahydrofuran (200 equivalents) for 3 hours and having the
      following physical properties:
PA1  a. Mass spectrum m/e (relative intensity) 460(6), 442 (5), 431 (52), 365
      (6), 347 (26), 329 (10), 195 (75). 193 (100), 167 (off scale) and 165 (off
      scale); molecular ion observed: 460.3223; calculated for C.sub.28 H.sub.44
      O.sub.5 : 460,3189;
PA1  b. Infrared Spectrum .nu..sub.max 3300, 1440, 1350, 1050, 1010 and 950
      cm.sup..sup.-1.
NUM  2.
PAR  2. An antifungal substance, triol S triacetate, prepared by treating triol
      S (1 equivalent) with acetic anhydride (100 equivalents) and pyridine (200
      equivalents) at room temperature for 16 hours, and having the following
      physical properties:
PA1  a. Mass spectrum m/e (relative intensity) 586 (10), 557 (50), 491 (20), 431
      (6), 371 (20), and 193 (100);
PA1  b. Proton magnetic resonance spectrum .delta.0.9 to 1.9 (aliphatic methyl,
      methylene and methine protons), 1.99 (s, 3H, CH.sub.3 CO), 2.03 (s, 3H,
      CH.sub.3 CO), 2.05 (s, 3H, CH.sub.3 CO), 3.05 (m, 1H, bis allylic), 3.56
      (m, 1H, H--C--O--C), 3.65 (q, 1H, H--C--O--C), 3.84 (q. 1H, H--C--O--C),
      4.08 (broad S, 1H, H--C--O--C), 4.15 (m, 2H, --CH.sub.2 --OAc), 4.75 (t,
      1H, --CH--OAc), 4.98 (m, 1H, --CH--OAc), 5.06 (q, 1H, vinyl), 5.25 (d, 1H,
      vinyl), 5.34 (m, 2H, vinyl), 5.46 (q, 1H, vinyl) and 5.57 (d, 1H, vinyl)
      ppm;
PA1  c. Infrared spectrum .nu..sub.max 2950, 2900, 2850, 1740, 1660, 1440, 1370,
      1240, 1060 and 960 cm.sup..sup.-1 ;
PA1  d. Molecular formula C.sub.34 H.sub.50 O.sub.8 ; molecular weight 586.
NUM  3.
PAR  3. An antifungal substance, 1,1-dimethyltriol S, prepared by treating acid
      S methyl ester (1 equivalent) with methylmagnesium bromide (10
      equivalents) in boiling anhydrous diethylether (200 equivalents) for 4
      hours, and having the following physical properties:
PA1  a. Mass spectrum m/e (relative intensity) 488 (20), 470 (19), 459 (40), 452
      (25), 493 (12), 475 (16), 293 (60), 193 (100) and 165 (100); molecular ion
      observed: 488.3605; calculated for C.sub.30 H.sub.48 O.sub.3 : 488.3509;
PA1  b. Infrared spectrum .nu..sub.max 3350, 2950, 1440, 1370, 1150, 1060, 960
      and 750 cm.sup..sup.-1.
NUM  4.
PAR  4. An antifungal substance, 1,1-dimethyltriol S diacetate, prepared by
      treating, 1,1-dimethyltriol S (1 equivalent) with acetic anhydride (100
      equivalents) and pyridine (200 equivalents) for 16 hours at room
      temperature and having the following physical properties:
PA1  a. Mass spectrum m/e (relative intensity) 572 (11), 554 (5), 543 (44), 525
      (3.5), 512 (6), 497 (3), 485 (2), 472 (6), 459 (10), 453 (8), 399 (7), 357
      (9), 339 (8), 299 (14), 287 (9), 279 (10), 254 (17), 193 (100) and 165
      (100);
PA1  b. Infrared spectrum .nu..sub.max 3300, 2980, 1750, 1450, 1380, 1250, 1060,
      980 and 760 cm.sup..sup.-1 ;
PA1  c. Molecular formula C.sub.34 H.sub.52 O.sub.7 ; molecular weight 572.
NUM  5.
PAR  5. An antifungal substance, 1,1-diphenyltriol S, prepared by treating acid
      S methyl ester (1 equivalent) with phenylmagnesium bromide (10
      equivalents) in boiling diethyl ether (200 equivalents) for 4 hours and
      having the following physical properties:
PA1  a. Mass spectrum m/e (relative intensity) 612 (0.8), 594 (2), 576 (1.5),
      572 (2.7), 543 (6), 207 (12), 197 (24), 180 (100) and 165 (55); molecular
      ion observed: 612.10307; calculated for C.sub.40 H.sub.52 O.sub.5 :
      612.09978;
PA1  b. Infrared spectrum .nu..sub.max 3350, 2900, 1440, 1050, 950 and 740
      cm.sup..sup.-1.
NUM  6.
PAR  6. An antifungal substance, 1-methyltriol S, prepared by treating
      1-methyl-1-ketodiol S (1 equivalent) with sodium borohydride (10
      equivalents) in methanol (200 equivalents) at room temperature for 4
      hours, and having the following physical properties:
PA1  a. Mass spectrum m/e (relative intensity) 474 (18), 456 (10), 445 (14), 379
      (10), 279 (61), and 193 (100); molecular ion observed 474.0485; calculated
      for C.sub.40 H.sub.52 O.sub.5 ; 612.09978;
PA1  b. Infrared spectrum .nu..sub.max 3300, 2950, 1450, 1380, 1070, 970, 840,
      860 and 760 cm.sup..sup.-1.
NUM  7.
PAR  7. An antifungal substance, 1-phenyltriol S, prepared by treating
      1-phenyl-1-ketodiol S (1 equivalent) with sodium borohydride (10
      equivalents) in methanol (200 equivalents) at room temperature for 4
      hours, and having the following physical properties:
PA1  a. Mass spectrum m/e (relative intensity) 536 (8), 518 (7.5), 507 (7), 474
      (3.6), 445 (3.6), 423 (3.6), 547 (14), 351 (28) and 193 (100); molecular
      ion observed 536.0693; calculated for C.sub.34 H.sub.48 O.sub.5 :
      536.0690;
PA1  b. Infrared spectrum .nu..sub.max 3300, 2940, 1450, 1070 and 710
      cm.sup..sup.-1.
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ABST
PAL  Disclosed is a skin moisturizing composition capable of providing a
      super-moisturizing effect over extended periods of time. The composition
      comprises a water-in-oil emulsion containing an amount of a di-alkali
      metal salt of N-acetyl glutamic acid which is effective to provide a
      super-moisturizing effect when applied to the skin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to skin moisturization, and more
      specifically, to a composition having a super-moisturing effect on the
      skin.
PAR  Physiologically, the skin is composed of an external integument called the
      stratum corneum, an underlying basal layer and the dermis. This entire
      skin organ functions as a primary moisture reservoir for the body.
PAR  The stratum corneum, which varies in thickness from approximately 15
      microns on the face and the backs of the hands to 500 microns on the soles
      of the feet and the palms of the hands, plays a significant role in
      controlling the level of moisture in the skin. It is composed of
      keratinized cells, a natural moisturizing factor and lipids. All of these
      function together as a protective coating, as well as a moisture barrier
      to retain moisture within the skin.
PAR  In the basal area, which lies below the stratum corneum, the cells of the
      skin undergo change from normal cell structure to the keratinized layer of
      the corneum. During this change, protein breakdown products are formed,
      among which are pyrroledone carboxylic acids, which function as natural
      moisturizing compounds. Below the basal layer, lies the normal dermis of
      the skin, which holds and transports water to the area.
PAR  Water is extremely important to the proper physical condition and
      appearance of skin. Dry and chapped skin is largely the result of an
      insufficient level of moisture in the stratum corneum. Soft, pliable,
      healthy skin cannot be maintained in the absence of the proper level of
      moisture in the stratum corneum.
PAR  The level of moisture in the skin is dependent upon a number of factors.
      Among these are the water binding potential of the stratum corneum, the
      rate at which water is supplied to the internal layers of the stratum
      corneum, and the rate at which water is lost from the external surface of
      the skin. With these factors in mind, investigators have, for a number of
      years, been actively searching for ways to maintain proper levels of
      moisture in the skin.
PAR  Because emulsions contain two media, water and oil, thought to be important
      in skin moisturization, they have been widely used in formulating
      moisturizing compositions. Oil-in-water emulsions have received the most
      attention principally because until recently they were much better
      understood than water-in-oil emulsions. Thus, they were generally easier
      to prepare and gave better stability. In order to increase their
      moisturizing effectiveness, many workers have added humectants to these
      emulsions.
PAR  Desirably, a humectant for use in moisturizing cosmetic preparations should
      have the ability to super-moisturize the skin over extended periods of
      time. While the ability to prevent drying of the preparation itself may be
      important for aesthetic ressons as they may relate to consumer acceptance,
      the presence of this property in a preparation does not establish the
      effectiveness of the preparation as a skin moisturizer. The essential
      feature is whether or not the skin is moisturized. A beneficial side
      effect may be that the preparation itself does not dry out.
PAR  Typical of the humectants used in early work are glycerin, the polyethylene
      glycols, and gums. These humectants will decrease the rate of water loss
      from the vehicle itself and prevent crust formation in oil-in-water
      emulsions. However, it is reported that these compounds neither decrease
      the rate of water loss from, nor increase the water content of, the
      stratum corneum. (Shelmire Jr., J. B.; Archives Of Dermatology; 82:24-31;
      1960). Shelmire asserts, in fact, that while the vehicles containing these
      humectant substances will themselves dry out less rapidly, they actually
      result in the formation of a less efficient water-retaining film than
      those preparations excluding them.
PAR  Thus, the early workers, believing that humectants were important,
      apparently overlooked an important fact--how the humectant affected the
      moisture level of the skin.
PAR  A later worker (Laden, U.S. Pat. No. 3,235,457) discloses certain
      humectants which are said to maintain a soft, smooth feeling in the skin.
      Among the compounds disclosed by Laden are the sodium, potassium and
      ammonium salts of 2-pyrrolidone-5-carboxylic acid,
      1-methyl-2-pyrrolidone-5-carboxylic acid,
      2-pyrrolidone-4-methyl-5-carboxylic acid, N-acetyl glycine, L-acetamido
      butyric acid, and N-acetyl alanine. Laden discloses that for cosmetic
      preparations, it is possible to employ the free carboxylic acids because
      the free acid will react with sodium ions naturally present on the skin or
      in perspiration to form the sodium salt while in place on the skin. These
      compounds are, however, quite costly; and, suitable alternatives and even
      more effective compounds would be desired.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a moisturizing cosmetic
      composition which will provide a super-moisturizing effect when applied to
      the skin.
PAR  It is a further object of the present invention to provide a moisturizing
      cosmetic composition which will provide a super-moisturizing effect over
      extended periods of time when applied to the skin.
PAR  These and other objects are accomplished according to the present invention
      which provides a moisturizing cosmetic composition comprising a
      water-in-oil emulsion and an amount of a di-alkali metal salt of
      N-acetylglutamic acid which is effective to provide a super-moisturizing
      effect when the composition is applied to the skin.
DETD
PAC  DETAILED DESCRIPTION
PAR  The present invention is based upon the discovery that the di-alkali metal
      salts of N-acetylglutamic acid, when employed in water-in-oil emulsions,
      provide a super-moisturing effect on skin. This narrowly defined group of
      salts of this specific amino acid derivative are particularly effective,
      when applied to the skin in water-in-oil emulsions, in increasing the
      moisture level of the skin not only initially, but further, over extended
      periods of time. It is presently believed that the unique ability of these
      compounds to bind water is due to their electronic configuration when
      ionized.
PAR  The N-acetylglutamic acid is commercially available, and can be purchased
      in the requisite purity for cosmetic use. Caution should be taken,
      however, to assure suitable purity. If further purification is required,
      this can be accomplished in known manner. Alternatively, the
      N-acetylglutamic acid can be prepared immediately prior to use. For
      example, it can be prepared by acetylating glutamic acid in aqueous
      solution with acetic anhydride. The resulting N-acetylglutamic acid, in
      the form of white crystals is then purified in known manner.
PAR  Any of the di-alkali metal salts of N-acetylglutamic acid which are
      suitable for cosmetic use can be employed according to the present
      invention. The sodium and potassium salts, especially the potassium salts,
      are preferred. These salts can be easily prepared by neutralizing the acid
      with any suitable base containing the appropriate alkali metal cations.
      For example, the disodium salt can be prepared by neutralizing
      N-acetyl-L-glutamic acid with a slight excess of sodium hydroxide, and the
      dipotassium salt with a slight excess of potassium hydroxide.
PAR  These salts are employed in the cosmetic composition in any amount which is
      effective to super-moisturize the skin. Typically, these di-alkali metal
      salts will be employed in amounts greater than about 1% by weight of the
      emulsion. Preferably, they are employed in an amount of from about 2% to
      about 5%, and more preferably, from about 2.5% to about 3.5% by weight of
      the emulsion. It would, of course, be possible to employ a combination of
      these salts in a combined amount effective to super-moisturize the skin.
PAR  In addition to the di-alkali metal salts of N-acetylglutamic acid, the
      moisturizing cosmetic composition according to the present invention
      essentially includes a water-in-oil emulsion. The use of the water-in-oil
      emulsion is believed necessary to obtain a significant moisturizing
      effect. This emulsion should contain a ratio of water-to-oil of from
      between about 1:20 to about 20:1. Preferably the water-to-oil ratio will
      be within the range of from about 1:2 to about 3:1, and more preferably
      from about 1:1 to about 2:1. The selection of the exact water-in-oil ratio
      and the emulsifier system employed will depend upon the type of product
      desired, e.g. whether it is to be a lotion or a cream and what the
      viscosity and feel should be. An added advantage of the present invention
      is that the water-in-oil emulsions prepared in accordance with the
      teachings herein are less viscous, greasy, or oily in feel than otherwise
      and are, therefore, more suitable for cosmetic use.
PAR  It is usually necessary to employ at least one emulsifier capable, alone or
      in combination with other emulsifiers, of producing a shelf-stable
      water-in-oil emulsion. Typical of the emulsifiers which can be employed
      are beeswax/borax, lime water/stearic acid, sorbitan trioleate, sorbitan
      sesquioliate, oleth-2, and cholesterol absorption base. A preferred
      emulsifier system comprises beeswax/borax and lime water/stearic acid at a
      level of about 4% by weight of the emulsion. These and the other
      emulsifiers can be employed at any level effective to form a suitably
      stable emulsion. The exact levels are easily determined by knowledge
      within the skill of the art.
PAR  The oil phase of the emulsion will typically comprise known oils acceptable
      for cosmetic use, among which are the animal, vegetable, and mineral oils.
      With these, also in the oil phase, a number of other compounds can be
      employed to modify the texture, feel, rub-in, after-feel, viscosity, and
      other physical attributes of the product. For example, waxes can be added
      to increase texture, and lanolin emulsifiers can be added to modify
      product texture and skin feel. Further, such materials as lanolin alcohols
      can be added for their known special textural and tactile effects on the
      skin.
PAR  The water phase of the emulsion contains the water and the water soluble
      components of the composition. Preferably, the water is employed as
      saturated lime water and calcium chloride is added to assure satisfactory
      stability to the water-in-oil emulsion. Also present in the water phase
      may be water soluble or dispersible materials which can be added for the
      purpose of adjusting the physical properties of the emulsion during
      processing or in final form.
PAR  In preparing the emulsion, the oil and the water phases are both prepared
      separately and then combined with vigorous agitation to effect
      emulsification. The oil phase can be prepared in known manner, such as
      melting and blending the ingredients to form a uniform phase. The water
      phase is also prepared in known manner, such as simply mixing until all of
      the soluble materials are dissolved. The oil and water phases are admixed
      and blended in the liquid state. Thus, for example, the oil phase may be
      at a higher temperature than the water phase. Vigorous mixing in a device
      such as a Lightnin mixer will provide adequate agitation for
      emulsification. The product should be cooled after preparation.
      Fragrances, such as in the form of Perfume oil, can be added after
      emulsification, if desired, to prevent volatilization. The
      N-acetyl-L-glutamic acid can be added to the oil phase and then
      neutralized with the alkalin in the water phase when mixed or preferably
      it can be dissolved as the di-alkali metal salt prior to emulsification.
PAR  The following examples are presented for the sole purpose of further
      illustrating and explaining the present invention and are not to be taken
      as limiting in any sense. Unless otherwise specified, all parts and
      percentages are by weight.
PAC  EXAMPLE I
PAR  Two moisturizing cosmetic lotion bases were prepared having the
      compositions shown in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

            Ingredients     Parts By Wt. In Samples                            

                            A      B                                           

     __________________________________________________________________________

            Oil Phase                                                          

     Amerchol L-101 lanolin alcohols extract                                   

                            1.8    1.8                                         

     Oleinate 288 glycerol trioleate                                           

                            0.9    0.9                                         

     Stearic acid           1.5    1.5                                         

     White perfecta petrolatum                                                 

                            5.0    5.0                                         

     Cosmetic fluid No. 687 petroleum distillate                               

                            15.3   15.3                                        

     Arlacel No. 83 sorbitan sesquioleate                                      

                            2.7    2.7                                         

     Standamul G 2-octa dodecanol                                              

                            1.5    1.5                                         

     Peach kernel oil       0.5    0.5                                         

     Standamul 1414E myristyl ethoxy myristate                                 

                            3.4    3.4                                         

     Bees' wax              2.0    2.0                                         

     Ceraphyl 230 diisopropyl adipate                                          

                            1.8    1.8                                         

     Ceraphyl 375 isostearyl neopentonate                                      

                            7.0    7.0                                         

     Ceraphyl 368 2-ethyl hexyl palimitate                                     

                            9.0    9.0                                         

     __________________________________________________________________________

           Water Phase                                                         

     N-acetyl-L-glutamic acid                                                  

                            3.0    0                                           

     Lime water (Sat'd)     45.5   45.5                                        

     Ca Cl.sub.2            0.17   0.17                                        

     Distilled water        1.7    1.7                                         

     KOH                    2.07   2.07                                        

     Sodium borate (borax)  0.07   0.07                                        

     Methyl Paraben methyl parahydroxy benzoate                                

                            0.1    0.1                                         

     Propyl Paraben propyl parahydroxy benzoate                                

                            0.01   0.01                                        

     __________________________________________________________________________

PAR  Included in the water phase of separate 100 gram portions of base
      formulation A was the indicated amount of N-acetyl-L-glutamic acid and
      sufficient KOH to form the dipotassium salt thereof.
PAR  The moisturizing cosmetic lotion bases of the above formulations were
      prepared as follows:
PAR  1. A suitable quantity of saturated lime water was prepared by dissolving 3
      grams of calcium hydroxide in each 1,000 grams of distilled water. The
      resulting suspension was stirred for a few minutes and allowed to cool to
      and stand at 10.degree.C for a minimum time of 24 hours. At the end of the
      cooling period, the mixture was filtered and the filtrate returned to the
      refrigerator where stored until used.
PAR  2. All of the oil phase ingredients were weighed into a suitable jacketed
      kettle, fitted with a tilt-away, counter-roating scraper-agitator. The
      scraper-agitator was tilted up and out of the way and a low rpm Lightnin
      stirrer fitted with an 8 inch - 4 blade-satellite ring propeller was
      installed. The resulting oil phase mixture was covered and heated to
      90.degree.C.
PAR  3. The water phase was prepared by weighing lime water (saturated, filtered
      and at 10.degree.C) into a jacketed kettle fitted with a Lightnin stirrer.
      All water phase ingredients were then added and the Lightnin stirer was
      started to give a rapid vortexless turnover. Stirring was continued while
      maintaining a 10.degree.C temperature until the solution became almost
      clear after a short period of time.
PAR  4. The water phase was then added to the oil phase in the following manner:
      With the oil phase at 90.degree.C, the Lightnin agitator was started and a
      good vortex obtained. Addition of the 10.degree.C water phase was started
      at this time. The water was poured at moderate speed until all of the lime
      water was added. At this juncture, the crude emulsion started to thicken
      quite drastically; the Lightnin agitator was removed and the
      counter-roating scraper was lowered. The scraper was operated at
      sufficient rpm to maintain efficient product turnover.
PAR  5. After 10 to 15 minutes scraper operation, cooling the moisturizing base
      with tap water through the jacket of the kettle was begun. Cooling was
      continued to a termperature of from about 22.degree.C to 25.degree.C.
PAR  These moisturizing cosmetic bases were then prepared as lotions using
      tritiated water and tested for the moisturizing effectiveness of the
      lotions, employing the following procedure:
PAR  a. A 5.0 gram aliquot of each formulation was accurately weighed into a
      tared beaker.
PAR  b. The beaker containing the aliquot was placed in an 80.degree.C water
      bath for 2-3 minutes.
PAR  c. a 0.5 gram aliquot of tritiated water (specific activity; 1
      millicurie/gram) was weighed into the formulation. The mixture was hand
      stirred to room temperature. These samples were tested on rabbits and were
      prepared on the day prior to initial application to the rabbit skin sites.
      Aliquots (0.1 ml) were counted on the last day of use in the rabbit skin
      studies. The measured radioactivity content of 0.1 ml of the formulations
      was approximately 3 .times. 106 counts/minute.
PAR  d. The abdominal fur of the test rabbits was removed with electric clippers
      approximately 18 hours prior to application of the test formulations.
PAR  e. On the morning of the test, each test animal was restrained on a
      rabbit-board and the experimental skin sites were examined to determine
      the acceptability of the shaving and the absence of skin abrasions.
PAR  f. Circular (2.5 cm diameter) spots were then drawn on the shaved abdominal
      area of each rabbit.
PAR  g. One-tenth milliliter of each formulation was placed in the center of the
      designated spot and massaged gently into the skin for one minute. Each
      aliquot of assigned formulation was placed on the designated skin site
      using this procedure.
PAR  h. Restraint of the animal was maintained for four hours to permit
      penetration of the formulation at which time each treated skin site was
      rinsed with water and patted dry.
PAR  i. The rabbits were sacrificed and the abdominal skin was removed, placed
      on a cardboard and put in a dry-ice freezer for 10 minutes. Using a sharp
      cork-bore (1/2 inch I.D.), skin sections were cut from the center of the
      treated skin sites, placed in pre-marked vials and returned to the dry-ice
      freezer.
PAR  j. Frozen sections (50 microns in thickness) were obtained using a freezing
      microtome. The epidermis was brought to the blade last to avoid
      contamination of the underlying sections with any surface residue to
      radioactivity. Each section was collected on a thin filter-paper segment.
PAR  k. Two skin sections were dropped into each scintillation vial, to which 15
      milliters of a methanal/dioxane counting solution were added. The vials
      were then chilled for 10 minutes and counted for 1 minute.
PAR   l. Tritium counts are made in this manner at intervals of 2 hours and 4
      hours. Results are expressed as corrected counts per minute for each 100
      microns of skin thickness (0-100, 100-200, 200-300, 300-400 and 400-500).
      For each formulation, averages are obtained from four different skin
      sites, one site from each of 4 rabbits.
PAR  NOTE: Rabbits are known to differ in their response to the same treatment,
      and since one rabbit can only receive four treatments, when there are more
      than four treatments, a statistical design that allows for this is
      employed. The design used here is known as a Balanced Incomplete Block and
      provides for adjusting the observed treatment averages for differences in
      rabbits. The procedure is outlined on Pages 68-72 of Volume III of the
      Design Of Experiments Course written by Dr. J. Stuart Hunter and published
      in 1968 by Westinghouse Learning Press.
PAR  The results are summarized in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

                   COUNTS                                                      

     SAMPLE          2 HOURS    4 HOURS                                        

     ______________________________________                                    

     A                9761       9604                                          

     B                5520       6037                                          

     ______________________________________                                    

PAC  EXAMPLE II
PAR  A moisturizing cosmetic lotion base was prepared having the composition set
      forth in Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

     Ingredient                 Wt.%                                           

     ______________________________________                                    

         Oil Phase                                                             

     Carnation mineral oil      19.4                                           

     White perfecta petrolatum  5.0                                            

     Amerchol L-101 lanolin alcohols extract                                   

                                5.0                                            

     OHlan hydroxylated lanolin 3.0                                            

     Arlacel 83 sorbitan sesquioleate                                          

                                3.0                                            

     Oleinate 288 glycerol trioleate                                           

                                3.0                                            

     Ceraphyl 140 decyl oleate  3.0                                            

     Sweet almond oil           2.0                                            

     Stearic acid               1.5                                            

     Amerlate P isopropyl lanolate                                             

                                1.0                                            

     Ceraphyl 424 myristyl myristate                                           

                                0.1                                            

        Water Phase                                                            

     Lime water (saturated)     50.0                                           

     Ca Cl.sub.2                0.48                                           

     Distilled water            QS                                             

                                100.0%                                         

     ______________________________________                                    

PAR  To the oil phase of separate 100 gram portions of this base formulation was
      added 3 grams of N-acetyl-L-glutamic acid, and to the water phase
PA1  a. 1.03 grams of KOH to prepare the monopotassium salt of the
      N-acetyl-L-glutamic acid; and
PA1  b. 2.06 grams of KOH to prepare the dipotassium salt of the
      N-acetyl-L-glutamic acid.
PAR  Two cosmetic lotion compositions of the above formulation containing the
PA1  (a) monopotassium salt of N-acetyl-L-glutamic acid; and
PA1  (b) the dipotassium N-acetyl-L-glutamic acid were prepared as according to
      the procedure Example I except that:
PA1  (a) the N-acetyl-L-glutamic acid was added with slow stirring to the oil
      phase which had been preheated to 80.degree.C; and
PA1  (b) the oil phase was stirred slowly to 42.degree.C and the water phase at
      10.degree. was slowly added with stirring; and
PA1  (c) the emulsion was stirred for five minutes at room temperature and for
      ten minutes in an ice water bath.
PAR  Both of these samples were tested for moisturization in the manner outlined
      in Example I, but this time tritium counts were made at intervals of 1/2
      hour, 1 hour, 2 hours, 4 hours, and 8 hours. The results are summarized in
      Table IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

     SAMPLE  COUNTS                                                            

     1/2 hr.      1 hr.    2 hrs.   4 hrs. 8 hrs.                              

     ______________________________________                                    

     Mono-                                                                     

     Potassium                                                                 

             23516    21243     5254   474    154                              

     Salt                                                                      

     Di-                                                                       

     Potassium                                                                 

             29498    24087    23652  21749  9974                              

     Salt                                                                      

     ______________________________________                                    

PAR  While the above examples and explanation are presented for the purpose of
      describing the invention, many modifications and variations thereof will
      become apparent to those skilled in the art upon reading the above
      disclosure. It is intended that all such modifications and variations be
      included within the scope of the invention which is defined by the scope
      of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A moisturizing cosmetic composition which comprises a stable
      water-in-oil emulsion and an amount of a di-sodium or di-potassium salt of
      N-acetylglutamic acid which is effective to provide a super-moisturizing
      effect when applied to the skin.
NUM  2.
PAR  2. A moisturizing cosmetic composition according to claim 1 wherein the
      alkali metal is potassium.
NUM  3.
PAR  3. A moisturizing cosmetic composition according to claim 1 which further
      comprises as an emulsifier lime water and stearic acid.
NUM  4.
PAR  4. A moisturizing cosmetic composition according to claim 1 wherein the
      dipotassium salt of N-acetylglutamic acid is present in an amount of
      greater than 1 percent by weight of the composition.
NUM  5.
PAR  5. A moisturizing cosmetic composition according to claim 4 wherein the
      dipotassium salt of N-acetylglutamic acid is present in an amount of from
      about 2% to about 5% by weight of the composition.
NUM  6.
PAR  6. A moisturizing cosmetic composition according to claim 5 wherein the
      water is present in the emulsion at a water-to-oil ratio of from about 1:2
      to about 3:1.
NUM  7.
PAR  7. A moisturizing cosmetic composition according to claim 6 which further
      includes as an emulsifier lime water and stearic acid.
NUM  8.
PAR  8. A moisturizing cosmetic composition according to claim 7 wherein the
      dipotassium salt of N-acetylglutamic acid is present in an amount of from
      about 2.5% to about 3.5% by weight of the composition.
NUM  9.
PAR  9. A moisturizing cosmetic composition according to claim 8 wherein the
      water is present in the emulsion at a water-to-oil ratio of from about 1:1
      to about 2:1, and which further comprises as an emulsifier for the
      combination of beeswax and borax.
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LREP
FRM  Wenderoth, Lind & Ponack
ABST
PAL  An improved method of treating schizophrenia and allied conditions such as
      childhood schizophrenia and autism using thyrotropin releasing hormone,
      L-pyroglutamyl-L-histidyl-L-proline amide, or its congeners as a treating
      agent.
BSUM
PAR  The present invention relates to an improved method of treating
      schizophrenia.
PAR  There are a number of clinically effecitve psychopharmaceutical substances
      used in the treatment of schizophrenia, mainly phenothiazines,
      butyrophenones, and thioxanthenes. The major drawback to these medications
      is their partial effectiveness. These medications are generally directed
      towards relied of various "target symptoms," resulting in a general
      beneficial modification of behavior. However, the fundamental pathological
      personality characteristics of the disease are generally left unchanged.
      Acute and chronic toxic phenomena are also commonly recorded with these
      medications. Acute toxic phenomena may refer to many physical systems:
      skin rashes, hepatic and renal dysfunction, blood dyscrasias, and
      extrapramidal nervous system signs and symptoms have all been documented
      as complicating these treatments. Chronic administration of these drugs as
      is often required in schizophrenia, may result in irreversible toxic
      effects to the skin, the eyes, the cardiovascular system, and the central
      nervous system. Other modalities of treatment less frequently used now
      than formerly are insulin comatherapy and electroschock treatment. The
      disadvantages of these therapies are of a similar nature to that of the
      use of psychopharmacological substances. These treatment modalities mainly
      modify the clinical symptom picture without modifying the basic
      personality pathology. Inherent in these therapies are certain severe
      complications which may result in severe physical damage or perhaps death
      of the subject. Both of these treatments have a substantial mortality
      rate.
PAR  Therefore, there exists a need for an improved method of treatment of
      schizophrenia. The present invention provides this method.
PAR  A neurosecretory product known as "thyrotropin releasing hormone"
      hereinafter referred to as TRH, is an extremely useful drug and laboratory
      substance. TRH was previously isolated by multi-step fractionation of
      hypothalamic extracts. This complex isolation yielded the valuable but
      expensive product. It has now been established that
      L-pyroglutamyl-L-histidyl-L-proline amide, a synthetic product,
      hereinafter referred to as (pyro) glu-his-pro(NH.sub.2) exhibits the same
      chemical and hormonal properties as the porcine TRH (Folkers et al.,
      Biochem. and Biophys. Research Comm. 39; No. 1: 110-113, 1970). See also
      U.S. Pat. No. 3,737,549. The scientific community now has reached the
      conclusion that native TRH is chemically
      L-pyroglutamyl-L-histidyl-L-proline amide.
PAR  We have now found that when 100-1000 mcg. TRH or (pyro)
      glu-his-pro(NH.sub.2) is administered to schizophrenics that remarkably
      beneficial changes occur in these subjects in the spheres of thought,
      affect and behavior.
PAR  The subjects to be treated with this substance are diagnostically
      well-defined cases of schizophrenia presenting with classical
      schizophrenic symptomatology: autistic thinking, thought retardation,
      thought blocking, hallucinations, delusions, flattened affect, and
      socially withdrawn behavior. Within one to three hours after intravenous
      administration of TRH or (pyro) glu-his-pro(NH.sub.2), 100-1000 mcg.
      improvement in all areas of psychopathology occurs. The thought processes
      become more lucid and realistic with an increase in spontaneity of verbal
      expression. The subjects themselves remark about the sudden clarity of
      their thinking. Hallucinatory phenomena disappear and the subjects speak
      with insight about their previously disturbed perceptions. Concomitant
      changes in affect occur. There is an elevation in mood with a remarkable
      spontaneity in emotional expression. The subjects show a newly acquired
      emotional warmth. These beneficial effects continue for a period of
      several days before gradual regression with a recurrence of schizophrenic
      symptomatology. However, in no cases to date has the regression been
      complete.
PAR  The improvement in intensity of symptomatology and the "normalization" of
      personality characteristics make TRH or (pyro) glu-his-pro(NH.sub.2)
      particularly useful agents in the treatment of schizophrenia.
PAR  The active ingredients useful in the practice of this invention can be
      formulated into various pharmaceutical dosage forms such as tablets,
      capsules, pills, sterile aqueous or nonaqueous solutions for parenteral
      injection administration, and the like, for immediate or sustained
      release, by combining one or more of the active compounds with suitable
      pharmaceutically acceptable carrier or diluents according to methods, well
      known in the art. Such dosage forms may additionally include excipients,
      binders, fillers, flavoring and sweetening agents and other
      therapeutically inert ingredients necessary in the formulation of the
      desired pharmaceutical preparation.
PAR  The following examples are illustrative of suitable dosage formulations
      useful in the practice of this invention.
PAC  EXAMPLE 1
PAR  Tablets containing 400 mcg. TRH and having the following composition are
      prepared according to methods well known in the art.
TBL  ______________________________________                                    

     TRH                 mcg.   400                                            

     Starch              mg.    20                                             

     Colloidal silica    mg.    4                                              

     Magnesium stearate  mg.    1                                              

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  Ampoules for intravenous use are prepared containing 200 mcg. of (pyro)
      glu-his-pro(NH.sub.2) in 1 ml. of sterile physiologic saline.
PAR  For purposes of the present invention there may be used not only TRH or
      (pyro) glu-his-pro(NH.sub.2) in the treatment of schizophrenia but also
      the use of congeners and derivatives thereof is contemplated, and such
      materials are deemed to be the equivalents of the parent materials. It has
      been shown that certain congeners of TRH, like the parent substance,
      antagonize the actions of pentobarbital in mice.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the treatment of a patient suffering from schizophrenia
      which comprises the administration to the said patient of a
      therapeutically effective amount of TRH or
      L-pyroglutamyl-L-histidyl-L-proline amide.
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PAL  The angiotensin II inhibition by saralasin is prolonged by its subcutaneous
      administration in the form of a gel.
BSUM
PAR  This invention is concerned with pharmaceutical formulation. More
      particularly it is concerned with the preparation of a gel form of the
      potent hypotensive agent saralasin.
PAR  Saralasin (1-sar-8-L-ala-angiotensin II) is known to inhibit the powerful
      hypertensive agent angiotensin II upon intravenous infusion to rats and
      dogs. Unfortunately, its antihypertensive effect is of relatively short
      duration necessitating continuous infusion, a cumbersome and undesirable
      therapy tolerated nonetheless because of saralasin's highly potent and
      specific inhibition of angiotensin II associated with the hypertensive
      state.
PAR  It has been found that the hypotensive effect of saralasin can be
      potentiated and prolonged by its subcutaneous administration in gel form
      to animals. The vehicle currently preferred consists of a 15% gelatin
      solution prepared by dissolving gelatin in sterile physiological saline.
      Saralasin composed in such a vehicle so that a one milliter portion
      administered in that or an equally divided amount provides a dose of 5
      mg/kg subcutaneously to rats rendered hypertensive through the infusion of
      angiotensin II in the amount of 2.5 ug/kg/min negates the hypertensive
      effect of angiotensin II at least twice as long as saralasin similarly
      administered in physiological saline. For example, at one hundred twenty
      minutes following the administration of the drug saralasin the percentage
      of predrug blood pressure is about 69% in the case of the gel form and
      about 98% in the case of saline form while at two hundred forty minutes
      post dosing the percentage is about 80% in the case of the gel and 100% in
      the case of saline. At sixty minutes post dosing the percentage is about
      64% in the case of the gel and about 80% in the case of saline.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of prolonging the antihypertensive effect of saralasin to
      angiotensin II in animals which consists in administering subcutaneously
      to angiotensin II hypertensive animals a composition consisting of
      saralasin in a 15% gelatin gel in an amount to deliver a dose of saralasin
      of about 5 mg/kg.
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PAL  A particular compound, namely 5-Thio-D-glucose and use thereof is disclosed
      herein for parasite control. 5-Thio-D-glucose is administered to
      effectively deny an energy supply to cells in which parasites are living
      to thus deny an energy supply to the parasites for eliminating the
      parasite.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to compound use for parasite control and, more
      particularly, relates to use of 5-Thio-D-glucose for parasite control.
PAC  BACKGROUND OF THE INVENTION
PAR  The area of medicine, and particularly that field of human medicine devoted
      to individual and public health, has long sought a non-toxic compound that
      could be administered for effective parasite control.
PAR  As is known, there are three general types of parasites, namely,
      intracellular, those that occur in tissues, and those that live in the
      blood stream. Malaria is a principal example of a type of parasite that
      lives in the blood stream but it should be noted that malaria can also
      live in cells.
PAR  Intracellular protozoa have been observed to enter host cells in subtle
      ways, escape the cells digestive processes, and instead have the cell
      nourishing the parasite, as reported by Professor William Trager in an
      article entitled "Some Aspects of Intracellular Parasitism" appearing in
      Science, Volume 183, pages 269-273, Jan. 25, 1974.
PAR  As observed by Professor Trager, the environmental requirements and
      nutritional needs of an intracellular parasite are sufficed only by intact
      living host cells with the types of intracellular organisms varying over a
      great range. With respect to particular parasites, it has been observed
      that some intracellular protozoa appear to enter a host cell by the host
      cell engulfing the parasite by a phagocytic process, and included in this
      category are the hemoflagellates of the genus Leishmania, for example,
      which are responsible for a variety of diseases.
PAR  The Leishmanial parasites, while entering a host cell without evident
      activity of the parasite, nevertheless interacts with the cell in a
      biochemical manner with the cell forming a membrane about the parasite
      that nourishes the parasite rather than destroying it.
PAR  Other intracellular parasites, for example the Toxoplasma gondii, enter
      host cells by their own activity rather than that of the host cell. This
      parasite must have a living host cell and can grow and multiply only
      intracellularly with, again, the host cell being made to nourish the
      parasite.
PAR  Still other intracellular parasites, namely the Microsporida, do not have a
      membrane formed therearound, but instead form resistent spores with a
      tubule that extends from the spore and is attached to a host cell so as to
      be directly in contact with the cytoplasm. Thus, it is not always
      necessary that the host cell have a membrane around the parasite, as shown
      again, by example, by erythrocytic malaria, the sporoplasm of Nosema, or
      the erythrocytic parasite Babesia.
PAR  In any event, however, erythrocytic parasites feed by endocytosis and it
      has been speculated that this may be the general method of feeding by
      protozoa parasitic in other kinds of cells. By endocytosis feeding, the
      host cell, of course, at least helps in nourishing the parasite. With
      respect to the erythrocytic stages of malaria, it is known that the
      malaria parasite developing within an intact host has relatively few
      nutritional requirements that must be satisfied from outside the host cell
      since the host cell provides glucose, a few amino acids, fatty acids and a
      few vitamins. In fact, the host cell sometimes must modify at least one
      vitamin before it can be utilized by the parasite. This is true of the
      malaria parasite P. lophurae which cannot synthesize its own coenzyme A
      from pantothenic acid and depends upon modification by the host cell.
      Therefore, the intercellular parasite often finds the host cell to be a
      true and hospitable host, and the parasite not only exploits the nutrients
      already available in the cell, but induces the cell to actively assist in
      nutrition of the parasite.
PAR  Since at least some parasites depend upon host cells for nourishment, it is
      apparent that if the source of the energy to the cell utilized by the
      parasite can be effectively cut off, then the parasite can be destroyed.
PAR  A few years ago, this inventor invented a novel sulfur-containing compound
      and method for the preparation of the same and U.S. Pat. No. 3,243,425 was
      issued to me on Mar. 29, 1966, the invention being assigned to Purdue
      Research Foundation. The sulfur compounds of that invention are based upon
      the replacement of an oxygen atom in a sugar molecule by a sulfur atom,
      and, more particularly, are based upon the replacement of the ring oxygen
      of the sugar by the sulfur atom and oxidized forms of the sulfur atom and
      thus may be described as thiosugars.
PAR  While the compounds described in my U.S. Pat. No. 3,243,425 were recognized
      to be of both chemical and biochemical interest as sugar analogs, the main
      recognized use of the compounds was primarily in the preparation of resins
      by reaction with a diiocyanate or other polyisocyanates, with usefullness
      as radiation absorbers and as chain terminators in free radical
      polymerizations being mentioned. More recently, I have found that
      5-Thio-D-glucose is also useful as a tumor cell growth restricting
      compound and as a weight control compound. Patent applications directed to
      such compound uses have been made the subject matter of U.S. patent
      applications filed by me on Feb. 14, 1974 and given Ser. Nos. 442,448 and
      442,447, respectively. It has remained until now, however, to find and
      develop usefulness for 5-Thio-D-glucose for parasite control.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a particular compound use for parasite control.
      5-Thio-D-glucose has been found to be useful for parasite control by
      effectively terminating the energy supply to the parasites to thus destroy
      or aid in destruction of such parasites.
PAR  It is therefore an object of this invention to provide a novel compound use
      for parasite control.
PAR  It is another object of this invention to provide a novel use of
      5-Thio-D-glucose for parasite control.
PAR  It is yet another object of this invention to provide compound use for
      parasite control by effectively precluding an energy supply to the
      parasite.
PAR  It is still another object of this invention to provide administration of
      5-Thio-D-glucose to thereby achieve parasite control.
PAR  It is yet another object of this invention to provide a method for parasite
      control by administering 5-Thio-D-glucose.
PAR  With these and other objects in view which will become apparent to one
      skilled in the art as the description proceeds, this invention resides in
      the novel composition use thereof substantially as hereinafter described
      and more particularly defined by the appended claims, it being understood
      that such changes in the precise embodiment and use of the herein
      disclosed invention are meant to be included as come within the scope of
      the claims.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  As a result of research, a compound has been found that is useful in
      parasite control, and this compound is 5-Thio-D-glucose. This compound may
      be administered to humans and/or animals to preclude an energy supply to
      the parasites and thus aid in destruction of the same.
PAR  The structural formula for 5-Thio-D-glucose is as follows:
      ##SPC1##
PAR  5-Thio-D-glucose is the nearest analog of D-glucose (see U.S. Pat. No.
      3,243,425). It may be looked upon structurally as D-glucose in which the
      ring oxygen atom has been replaced by a sulfur atom. The sugar analog is
      the nearest analog of D-glucose ever prepared and this analog has nearly
      the same chemical and physical characteristics as real D-glucose.
PAR  While the sugar analog is somewhat sweeter than real D-glucose, it has been
      found to be non-toxic with an LD.sub.50 (i.e. a lethal dose as measured by
      a 50% kill of test animals) of 14,000mg of compound per kg of animal body
      weight when administered to rats in a single dose. Thus, 5-Thio-D-glucose
      is suitable for administering to animals and/or humans.
PAR  As is known, 5-Thio-D-glucose has the characteristic of inhibiting the
      transport of real D-glucose across a cell membrane and thus denies
      carbohydrates to cells and by restricting this energy source causes normal
      cells to transfer their energy source to fats or proteins. Rapidly
      developing cells requiring high energy are thus restricted in growth and
      in multiplication.
PAR  Using this characteristic of 5-Thio-D-glucose and the fact that many
      parasites depend upon a host cell for nourishment, it is believed that
      many parasites in man and/or animals could be likewise restricted in their
      source of energy if 5-Thio-D-glucose were supplied to the media
      surrounding them. Thus, it is my concept and belief that the use of
      5-Thio-D-glucose is useful in cutting off the energy, or carbohydrate,
      supply to at least certain parasites rendering them susceptible to
      destruction as a consequence of a lack of energy supplied to the parasite
      or at least making such a parasite susceptible to normal attack by the
      inherent body protective mechanisms and/or antiparasitic drugs that could
      be administered in conjunction with 5-Thio-D-glucose to thus destroy the
      parasite. For example, it is expected that certain parasites living in the
      blood stream through the years have mutated and adapted themselves to live
      almost entirely on D-glucose as an energy source. Thus, cutting off this
      source of supply could lead to destruction of these organisms.
PAR  Past experiments have shown by analogy that intercellular parasites would
      be particularly vulnerable and susceptible to the effects of
      5-Thio-D-glucose. As brought out hereinabove, many parasites of the
      intracellular type depend upon the host cell for nourishment. By providing
      5-Thio-D-glucose in the media surrounding the cell, real D-glucose would
      be denied penetration into the cell where the parasite is living and this
      would greatly restrict the energy supply to the cell and consequently to
      the parasite. By thus cutting off the energy supply to the parasite, the
      normal host cell response could eliminate the parasite by phagocytosis or
      by other known means. Intracellular parasites are described in Professor
      Trager's article as set forth hereinabove. It is expected that coccidiosis
      would, for example, be especially susceptible to destruction by supplying
      5-Thio-D-glucose to the cell in which the parasite is living.
PAR  In view of the foregoing, it is felt that use of the compound
      5-Thio-D-glucose as a novel compound use is effective for parasite control
      and more particularly to destruction of parasites by restricting the
      energy source to thereby deny energy to the parasite.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for parasite control which consists essentially of
      administering to a recipient in which parasites are living at least an
      effective amount of 5-Thio-D-glucose over a period of time to at least
      control said parasites.
NUM  2.
PAR  2. The method of claim 1 wherein said 5-Thio-D-glucose restricts the energy
      source to a parasite to thus aid in destruction of the same.
NUM  3.
PAR  3. The method of claim 2 wherein said 5-Thio-D-glucose restricts the energy
      supply to a host cell of said recipient having a parasite living therein
      to thereby reduce the energy supplied to such a parasite.
NUM  4.
PAR  4. The method of claim 3 wherein said 5-Thio-D-glucose is introduced to the
      media surrounding the parasite to thereby cut off the carbohydrate supply
      thereto.
NUM  5.
PAR  5. The method of claim 3 wherein said 5-Thio-D-glucose is administered for
      destruction of intercellular parasites.
NUM  6.
PAR  6. The method of claim 1 wherein said 5-Thio-D-glucose is administered in
      conjunction with anti-parasitic drugs to destroy parasites.
NUM  7.
PAR  7. The method of claim 1 wherein said 5-Thio-D-glucose prevents penetration
      of real D-glucose into cells where parasites are living to thereby reduce
      the energy supplied to the cell and thus aid in destruction of the
      parasite receiving nourishment from said cell.
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LREP
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ABST
PAL  Pharmaceutical dosage unit compositions containing as an active ingredient
      a compound of the formula
      ##SPC1##
PAL  Wherein R.sub.1 is alkyl of 2 to 12 carbon atoms, halo-(alkyl of 1 to 4
      carbon atoms), aryl-(alkyl of 1 to 4 carbon atoms), cycloalkyl-(alkyl of 1
      to 4 carbon atoms) or cycloalkyl of 3 to 8 carbon atoms; and a method of
      using the same as cardiotonics.
PARN
PAR  This is a division of copending application Ser. No. 215,666, filed Jan. 5,
      1972, now U.S. Pat. No. 3,804,825 issued Apr. 16, 1974.
BSUM
PAR  This invention relates to novel pharmaceutical compositions containing as
      an active ingredient a carboxylic acyl derivative of digoxin, as well as
      to a method using the same as cardiotonics.
PAR  More particularly, the present invention relates to novel cardiotonic
      pharmaceutical dosage unit compositions containing as an active ingredient
      a carboxylic acyl derivative of digoxin represented by the formula
      ##SPC2##
PAL  Wherein R.sub.1 is alkyl of 2 to 12 carbon atoms, halo-(alkyl of 1 to 4
      carbon atoms), aryl-(alkyl of 1 to 4 carbon atoms), cycloalkyl-(alkyl of 1
      to 4 carbon atoms) or cycloalkyl of 3 to 8 carbon atoms, and
PAL  R.sub.2 is
      ##SPC3##
PAR  The compounds embraced by formula I may be prepared by the following
      methods:
PAC  METHOD A
PAR  By subjecting a glycoside of the formula
      ##SPC4##
PAL  Wherein R.sub.2 has the same meanings as in formula I, to an ester exchange
      reaction with an ortho-ester of the formula
EQU  R.sub.1 -- C(OR.sub.3).sub.3                               (III)
PAL  wherein R.sub.1 has the same meanings as in formula I and R.sub.3 is lower
      alkyl, to form a cyclic ortho-ester of the formula
      ##SPC5##
PAL  Wherein R.sub.1, R.sub.2 and R.sub.3 have the meanings defined above, and
      subjecting the cyclic ortho-ester to a stereoselective partial hydrolysis
      reaction.
PAC  METHOD B
PAR  By reacting a glycoside of the formula II with an acylating agent of the
      formula
EQU  R.sub.1 -- CO -- X                                         (V)
PAL  wherein R.sub.1 has the same meaning as in formula I and X is halogen, acyl
      or another anionically easily removable radical, and separating the
      desired monoacylated digitoxin derivative from the resulting mixture of
      isomeric monoacylated and polyacylated digitoxin derivatives pursuant to
      conventional methods.
PAR  The preparation of the cyclic ortho-ester of the formula IV by method A is
      carried out in the presence of an acid catalyst and, if desired, in the
      presence of an inert organic solvent, such as tetrahydrofuran, dioxane,
      chloroform or methylene chloride. Suitable acid catalysts are inorganic or
      strong organic acids, such as hydrohalic acids, sulfuric acid,
      p-toluenesulfonic acid, methanesulfonic acid or trichloroacetic acid;
      Lewis acids, such as potassium bisulfate, zinc chloride,
      borontrifluoride-etherate or copper sulfate; or acid ion-exchangers, such
      as Amberlite IR 120 or Dowex 50.
PAR  The ester exchange reaction may be performed at a temperature between
      0.degree.C and the reflux temperature of the reaction mixture, but
      preferably at about room temperature.
PAR  The subsequent partial hydrolysis of the intermediate cyclic ortho-ester of
      the formula IV is carried out in the presence of an aqueous acid; if the
      intermediate ortho-ester has previously been isolated, it is redissolved
      in an inert organic solvent, such as ethyl acetate, prior to being
      subjected to partial hydrolysis.
PAR  We have found that it is particularly advantageous to admix the reaction
      mixture resulting from the ester exchange reaction with the aqueous acic
      and to perform the partial hydrolysis in situ therein. Any desired aqueous
      acid solution having a pH of 4 or less may be used. The hydrolysis
      reaction proceeds in stereo-selective fashion, that is, as a rule, the
      hydrolysis product consists uniformly of the derivative with an esterified
      OH-group in the 3'-position to the exclusion of all other theoretically
      possible derivatives.
PAR  The acylation of the free hydroxyl group in the C.sup.3 -position by method
      B may be effected according to any conventional acylation process,
      provided the stability of the starting compound of the formula II permits
      it. For example, it may be effected with a reactive derivative of the
      desired acid, such as an acyl halide, an acid anhydride or a mixed
      anhydride of an acid and a carbonic acid monoester, at room temperature in
      the presence of an inert solvent and an acid-binding agent. Suitable
      acid-binding agents are inorganic or tertiary organic bases; the latter,
      such as pyridine, may simultaneously serve as the solvent medium if they
      are provided in sufficient excess.
PAR  The reaction product obtained pursuant to method B consists predominantly
      of a mixture of .alpha.- and .beta.-acyldigoxin; it may be separated into
      its individual components and purified by conventional methods, such as by
      column chromatography, Craig-distribution chromatography and/or fractional
      crystallization. In order to increase the yield of the desired
      .alpha.-form, the undesired .beta.-form may be isomerized in an inert
      solvent in the presence of an acid catalyst, preferably an acid adsorbent,
      such as active aluminum oxide.
PAR  The starting compound of the formula II is digoxin, which is a known
      compound [see The Merck Index, 8th Ed., page 365 (1968)].
PAR  The following examples illustrate the preparation of various compounds of
      the formula I.
DETD
PAC  EXAMPLE 1
PAC  .alpha.-Propionyl-digoxin by method B
PAR  3.22 gm of digoxin were dissolved in 75 ml of absolute pyridine, 0.6 ml of
      propionic acid anhydride (1.1 molar excess) was added to the solution, and
      the mixture was allowed to stand overnight at room temperature.
      Thereafter, the reaction mixture was poured into from 10 to 15 times its
      volume of water, the aqueous mixture was vacuum-filtered, and the filter
      cake was washed with water.
PAR  By extraction of the filtrate with chloroform, about 23% of non-acylated
      digoxin starting material was recovered.
PAR  The filter cake contained, in addition to residual amounts of digoxin,
      mainly the desired .alpha.-propionyl-digoxin, as well as
      .beta.-propionyl-digoxin and a mixture of various higher acylated
      products. The glycoside mixture was worked up by repeated column
      chromatography on silicagel (grain size 0.05-0.2 mm), using as the elution
      agent chloroform to which increasing amounts (1-10%) of methanol were
      added.
PAR  The progress of the separation was followed on silicagel plates, using a
      chloroform-methanol mixture (90:10) as the flow agent and a chloroformic
      20% antimony trichloride solution as the revealing dye.
PAR  958 Mgm (27% of theory) of .alpha.-propionyl-digoxin, m.p.
      175.degree.-177.degree.C after recrystallization from
      chloroform/methanol/ether (15:3:70), of the formula
      ##SPC6##
PAL  were obtained, and 916 mgm of digoxin were recovered.
PAC  EXAMPLE 2
PAC  .alpha.-Propionyl-digoxin by method A
PAR  A mixture consisting of 2 gm of digoxin, 100 ml of absolute
      tetrahydrofuran, 1 ml of ortho-propionic acid triethyl ester and 50 mgm of
      p-toluenesulfonic acid was stirred for 90 minutes at room temperature.
      Thereafter, in order to partially hydrolize the cyclic ortho-ester formed
      thereby, 50 mgm of p-toluenesulfonic acid and 2 ml of water were added to
      the reaction mixture. After completion of the acid hydrolysis, the
      reaction solution was neutralized by addition of triethylamine and then
      evaporated to dryness in vacuo on a water bath at 50.degree.C. The residue
      was digested with water, the aqueous mixture was vacuum-filtered, and the
      filter cake was recrystallized from methanol/chloroform/ether (1:1:5),
      yielding 1.95 gm (about 91% of theory) of .alpha.-propionyl-digoxin having
      a melting point of 175.degree.-179.degree.C.
PAC  EXAMPLE 3
PAC  .alpha.-Butyryl-digoxin by method A
PAR  A mixture consisting of 2 gm of digoxin, 100 ml of absolute
      tetrahydrofuran, 1 ml of ortho-butyric acid triethyl ester and 50 mgm of
      p-toluenesulfonic acid was stirred for 90 minutes at room temperature.
      Thereafter, the reaction solution was neutralized with triethylamine, then
      evaporated to dryness in vacuo on a water bath at 50.degree.C, and the
      residue was taken up in chloroform, and the resulting solution was briefly
      shaken with 20 ml of 0.1 N hydrochloric acid. The organic phase was
      separated, washed twice with water, dried over anhydrous sodium sulfate
      and evaporated to dryness in vacuo. The residue was recrystallized from
      chloroform/ether (1:5), yielding 1.90 gm (about 87% of theory) of
      .alpha.-butyryl-digoxin having a melting point of
      186.degree.-189.degree.C.
PAC  EXAMPLE 4
PAR  Using a procedure analogous to that described in Example 1, 72% of theory
      of .alpha.-(chloro-acetyl)-digoxin, m.p. 190.degree.-191.degree.C, were
      obtained from ortho-chloroacetic acid triethyl ester and digoxin.
PAC  EXAMPLE 5
PAR  Using a procedure analogous to that described in Example 1, 88% of theory
      of .alpha.-(.gamma.'-chloro-butyryl)-digoxin, m.p.
      176.degree.-179.degree.C, were obtained from ortho-.gamma.-chloro-butyric
      acid triethyl ester and digoxin.
PAC  EXAMPLE 6
PAR  Using a procedure analogous to that described in Example 1, 88% of theory
      of .alpha.-(cyclopropyl-carbonyl)-digoxin, m.p. 157.degree.-160.degree.C,
      were obtained from ortho-cyclopropanecarboxylic acid triethyl ester and
      digoxin.
PAC  EXAMPLE 7
PAR  Using a procedure analogous to that described in Example 1, 82% of theory
      of .alpha.-(cyclopentyl-carbonyl)-digoxin, m.p. 171.degree.-173.degree.C,
      were obtained from ortho-cyclopentanecarboxylic acid triethyl ester and
      digoxin.
PAC  EXAMPLE 8
PAR  Using a procedure analogous to that described in Example 1, 85% of theory
      of .alpha.-(cyclohexyl-carbonyl)-digoxin, m.p. 204.degree.-206.degree.C,
      were obtained from ortho-cyclohexanecarboxylic acid triethyl ester and
      digoxin.
PAC  EXAMPLE 9
PAR  Using a procedure analogous to that described in Example 1, 87% of theory
      of .alpha.-(cyclooctyl-carbonyl)-digoxin, m.p. 157.degree.-158.degree.C,
      were obtained from ortho-cyclooctanecarboxylic acid triethyl ester and
      digoxin.
PAC  EXAMPLE 10
PAR  Using a procedure analogous to that described in Example 1, 77 % of theory
      of .alpha.-(cyclopentyl-acetyl)-digoxin, m.p. 202.degree.C, were obtained
      from ortho-cyclopentylacetic acid triethyl ester and digoxin.
PAC  EXAMPLE 11
PAR  Using a procedure analogous to that described in Example 1, 83% of theory
      of .alpha.-(cyclohexyl-acetyl)-digoxin, m.p. 183.degree.-186.degree.C,
      were obtained from ortho-cyclohexylacetic acid triethyl ester and digoxin.
PAC  EXAMPLE 12
PAR  Using a procedure analogous to that described in Example 1, 87% of theory
      of .alpha.-(phenyl-acetyl)-digoxin, m.p. 145.degree.-155.degree.C, were
      obtained from ortho-phenylacetic acid triethyl ester and digoxin.
PAC  EXAMPLE 13
PAR  Using a procedure analogous to that described in Example 1, 93% of theory
      of .alpha.-(.beta.'-phenyl-propionyl)-digoxin, m.p.
      197.degree.-199.degree.C, were obtained from ortho-.beta.-phenylpropionic
      acid triethyl ester and digoxin.
PAC  EXAMPLE 14
PAR  Using a procedure analogous to that described in Example 1, 85% of theory
      of .alpha.-(.gamma.'-phenyl-butyryl)-digoxin, m.p.
      163.degree.-169.degree.C, were obtained from ortho-.gamma.-phenylbutyric
      acid triethyl ester and digoxin.
PAC  EXAMPLE 15
PAR  Using a procedure analogous to that described in Example 1, 73% of theory
      of .alpha.-lauroyl-digoxin, m.p. 190.degree.-191.degree.C, were obtained
      from ortho-lauric acid trimethyl ester and digoxin.
PAR  The compounds embraced by formula I above have useful pharmacodynamic
      properties. More particularly, they exhibit cardiotonic and especially
      positive inotropic activities in the isolated ventricle of the guinea pig
      heart as well as in the heart-lung preparation, and are therefore useful
      for the treatment of cardiac insufficiency in warmblooded animals. The
      cardiotonic activity of the compounds of the formula I is superior to and
      their toxicities significantly less than that of g-strophanthidin.
PAR  For pharmaceutical purposes the compounds of the formula I are administered
      to warm-blooded animals perorally, parenterally or rectally as active
      ingredients in customary dosage unit compositions, that is, compositions
      in dosage unit form consisting essentially of an inert pharmaceutical
      carrier and one effective dosage unit of the active ingredient, such as
      tablets, coated pills, capsules, wafers, powders, solutions, suspensions,
      emulsions, syrups, suppositories and the like. One effective cardiotonic
      dosage unit of the compounds embraced by formula I is from 0.00083 to
      0.084 mgm/kg body weight, preferably from 0.002 to 0.034 mgm/kg body
      weight.
PAR  The following examples illustrate a few pharmaceutical dosage unit
      compositions comprising a compound of the formula I as an active
      ingredient and represent the best modes contemplated of putting the
      invention into practical use. The parts are parts by weight unless
      otherwise specified.
PAC  EXAMPLE 16
PAC  Tablets
PAR  The tablet composition is compounded from the following ingredients:
TBL  .alpha.-(Chloro-acetyl)-digoxin                                           

                            0.25      parts                                    

     Lactose                85.75     "                                        

     Potato starch          30.0      "                                        

     Gelatin                3.0       "                                        

     Magnesium stearate     1.0       "                                        

     Total                  120.0     parts                                    

PAC  PREPARATION
PAR  The glycoside is intensively milled with ten times its weight of lactose,
      the milled mixture is admixed with the remaining amount of the lactose and
      the potato starch, the resulting mixture is moistened with an aqueous 10%
      solution of the gelatin, the moist mass is forced through a 1.5 mm-mesh
      screen, and the resulting granulate is dried at 40.degree.C. The dry
      granulate is again passed through a 1 mm-mesh screen, admixed with the
      magnesium stearate, and the composition is compressed into 120 mgm-tablets
      in a conventional tablet making machine. Each tablet contains 0.25 mgm of
      the glycoside and is an oral dosage unit composition with effective
      cardiotonic action.
PAC  EXAMPLE 17
PAC  Coated pills
PAR  The pill core composition is compounded from the following ingredients:
TBL  .alpha.-Propionyl-digoxin                                                 

                             0.25    parts                                     

     Lactose                 32.25   "                                         

     Corn starch             15.00   "                                         

     Polyvinylpyrrolidone    2.00    "                                         

     Magnesium stearate      0.50    "                                         

     Total                   50.0    parts                                     

PAC  PREPARATION
PAR  The glycoside is intensively milled with ten times its weight of lactose,
      the milled mixture is admixed with the remainder of the lactose and the
      corn starch, the mixture is moistened with an aqueous 15% solution of the
      polyvinylpyrrolidone, the moist mass is forced through a 1 mm-mesh screen,
      and the resulting granulate is dried at 40.degree.C and again passed
      through the screen. The dry granulate is admixed with the magnesium
      stearate, and the resulting composition is compressed into 50 mgm-pill
      cores which are subsequently coated in conventional manner with a thin
      shell consisting essentially of a mixture of sugar and talcum and finally
      polished with beeswax. Each coated pill contains 0.25 mgm of the glycoside
      and is an oral dosage unit composition with effective cardiotonic action.
PAC  EXAMPLE 18
PAC  Drop solution
PAR  The solution is compounded from the following ingredients:
TBL  .alpha.-(.gamma.'-Chloro-butyryl)-digoxin                                 

                           0.0125     parts                                    

     Saccharin sodium      0.3        "                                        

     Sorbic acid           0.1        "                                        

     Ethanol               30.0       "                                        

     Flavoring             1.0        "                                        

     Distilled water  q.s.ad                                                   

                           100.0      "                                        

PAC  PREPARATION
PAR  The glycoside and the flavoring are dissolved in the ethanol, and the
      sorbic acid and the saccharin sodium are dissolved in the distilled water.
      The two solutions are uniformly admixed with each other, and the mixed
      solution is filtered until free from suspended matter. 1 ml of the
      filtrate contains 0.125 mgm of the glycoside and is an oral dosage unit
      composition with effective cardiotonic action.
PAC  EXAMPLE 19
PAC  Hypodermic solution
PAR  The solution is compounded from the following ingredients:
TBL  .alpha.-(.gamma.'-Phenyl-butyryl)-digoxin                                 

                          0.25       parts                                     

     Polyethyleneglycol 600                                                    

                          700.0      "                                         

     Tartaric acid        150.0      "                                         

     Distilled water q.s.ad                                                    

                          3000.0     "                                         

                                     by vol.                                   

PAC  PREPARATION
PAR  The tartaric acid, the polyethyleneglycol and the glycoside are
      successively dissolved in a sufficient amount of distilled water, and the
      resulting solution is diluted with distilled water to the indicated volume
      and then filtered until free from suspended matter. The filtrate is filled
      into white 3 ml-ampules in an atmosphere of nitrogen, which are then
      sterilized for 20 minutes at 120.degree.C and sealed. Each ampule contains
      0.25 mgm of the glycoside, and the contents thereof are an injectable
      dosage unit composition with effective cardiotonic action.
PAC  EXAMPLE 20
PAC  Suppositories
PAR  The suppository composition is compounded from the following ingredients:
TBL  .alpha.-(Phenyl-acetyl)-digoxin                                           

                           0.25       parts                                    

     Lactose               4.75       "                                        

     Suppository base (e.g. cocoa butter)                                      

                           1695.0     "                                        

     Total                 1700.0     parts                                    

PAC  PREPARATION
PAR  The glycoside and the lactose are admixed, and the mixture is milled. The
      milled mixture is uniformly stirred with the aid of an immersion
      homogenizer into the suppository base, which had previously been melted
      and cooleld to 40.degree.C. The resulting composition is cooled to
      37.degree.C, and 1700 mgm-portions thereof are poured into cooled
      suppository molds and allowed to harden therein. Each suppository contains
      0.25 mgm of the glycoside and is a rectal dosage unit composition with
      effective cardiotonic action.
PAR  Analogous results are obtained when any one of the other acylated digoxins
      embraced by formula I is substituted for the particular acylated digoxin
      in Examples 16 through 20. Likewise, the amount of active ingredient in
      these illustrative examples may be varied to achieve the dosage unit range
      set forth above, and the amounts and nature of the inert pharmaceutical
      carrier ingredients may be varied to meet particular requirements.
PAR  While the present invention has been illustrated with the aid of certain
      specific embodiments thereof, it will be readily apparent to others
      skilled in the art that the invention is not limited to these particular
      embodiments, and that various changes and modifications may be made
      without departing from the spirit of the invention or the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pharmaceutical dosage unit composition for increasing the strength of
      the heart muscle contraction in a warm-blooded animal, consisting
      essentially of an inert pharmaceutical carrier and an effective amount of
      a compound of the formula
      ##SPC7##
PAL  wherein R.sub.1 is alkyl of 2 to 12 carbon atoms, chloro-(alkyl of 1 to 4
      carbon atoms), phenyl-(alkyl of 1 to 4 carbon atoms), cycloalkyl of 5 to 6
      carbon atoms(alkyl of 1 to 4 carbon atoms) or cycloalkyl of 3 to 8 carbon
      atoms.
NUM  2.
PAR  2. A composition of claim 1, wherein R.sub.1 is alkyl of 2 to 12 carbon
      atoms, chloro-(alkyl of 1 to 3 carbon atoms), phenyl-(alkyl of 1 to 3
      carbon atoms), (cycloalkyl of 5 to 6 carbon atoms)-methyl or cycloalkyl of
      3 to 8 carbon atoms.
NUM  3.
PAR  3. A composition of claim 2, wherein said compound is
      .alpha.-(chloro-acetyl)-digoxin.
NUM  4.
PAR  4. A composition of claim 2, wherein said compound is
      .alpha.-propionyl-digoxin.
NUM  5.
PAR  5. A composition of claim 2, wherein said compound is
      .alpha.-butyryl-digoxin.
NUM  6.
PAR  6. A composition of claim 2, wherein said compound is
      .alpha.-(.gamma.'-chloro-butyryl)-digoxin.
NUM  7.
PAR  7. A composition of claim 2, wherein said compound is
      .alpha.-(.gamma.'-phenyl-butyryl)-digoxin.
NUM  8.
PAR  8. A composition of claim 2, wherein said compound is
      .alpha.-(phenyl-acetyl)-digoxin.
NUM  9.
PAR  9. A composition of claim 2, wherein said compound is
      .alpha.-(cyclopentyl-acetyl)-digoxin.
NUM  10.
PAR  10. A composition of claim 2, wherein said compound is
      .alpha.-lauroyl-digoxin.
NUM  11.
PAR  11. A composition of claim 2, wherein said compound is
      .alpha.-(cyclohexyl-carbonyl)-digoxin.
NUM  12.
PAR  12. The method of increasing the strength of the heart muscle contraction
      in a warm-blooded animal in need of the same, which comprises
      administering to said animal an effective amount of a compound of the
      formula
      ##SPC8##
PAL  wherein R.sub.1 is alkyl of 2 to 12 carbon atoms, chloro-(alkyl of 1 to 4
      carbon atoms), phenyl-(alkyl of 1 to 4 carbon atoms), cycloalkyl of 5 to 6
      carbon atoms-(alkyl of 1 to 4 carbon atoms) or cycloalkyl of 3 to 8 carbon
      atoms.
NUM  13.
PAR  13. The method of claim 12, wherein R.sub.1 is alkyl of 2 to 12 carbon
      atoms, chloro-(alkyl of 1 to 3 carbon atoms), phenyl-(alkyl of 1 to 3
      carbon atoms), (cycloalkyl of 5 to 6 carbon atoms)-methyl or cycloalkyl of
      3 to 8 carbon atoms.
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ABST
PAL  Silver-heparin-allantoin complex and process for making same is disclosed.
      The silver-heparin-allantoin complex is prepared by a novel process in
      either powder or solution form. The silver-heparin-allantoin complex
      provides a non-thrombogenic, self-sterilizing compound for application to
      polymeric devices such as prosthetic values, small diameter arterial
      grafts and the like to avoid thrombus formation and infection of polymeric
      devices.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A wide variety of materials have been developed and studied in the search
      for synthetic replacements for vital internal body parts. Specific study
      has been focused on prosthetic implant devices used in vascular and
      cardiac surgery where there is a present need to replace defective or
      diseased valves and arteries. From this research will come further
      developments of synthetic replacement devices for other vital body parts.
PAR  While flexible, life-like polymeric materials are the most promising for
      certain internal organs, there are serious problems stemming from the
      reaction of blood on the polymeric surfaces. This may cause the rupture of
      red cells and the escape of hemoglobin into the plasma, a condition known
      as hemolysis, or initiate complex biochemical reactions that lead to
      thrombosis or clotting.
PAR  All polymeric devices, even the so-called non-thrombogenic polymers such as
      silicone rubber, cause blood clotting in a short period of time.
      Polytetrafluoroethylene, tetrafluoroethylene, and other polymeric
      substances are similarly deficient. Whether the polymeric devices are
      implanted into the body as heart valves, aortas or blood vessels are used
      as tubing in heart-lung or kidney machines, the blood from the body comes
      into direct contact with polymers.
PAR  It was not until plastic surfaces were treated with heparin, a sulfated
      mucopolysaccharide found in human lung tissue, blood vessel walls, the
      liver and small amounts of blood, that the resulting plastics became
      non-thrombogenic. Several techniques have been developed for chemically
      binding heparin to surfaces of prosthetic devices. The result has been
      that heparin-coated polymeric materials effectively retard blood clotting,
      as shown from both in vitro and in vivo studies, and promise increased use
      of polymeric devices for use with the body, whether directly implanted or
      as part of life-generating machine systems.
PAR  Equally as serious as the problem of thrombus formation on the prosthetic
      material is the problem of infection of the prosthetic implant. Prosthetic
      heart valves and tubular graft materials have displayed vegetative
      overgrowth caused by bacteria and fungi. These organisms are likely to
      cover the skirt and strut of the ball and cage type valves as well as the
      entire surface of the tubular grafts. Infection of the prosthetic implant
      can lead to disastrous complications including remedial surgery to replace
      the infected prosthetic implant. What has been needed; therefore, is a
      non-thrombogenic and anti-microbial composition for application to
      polymeric devices for use with the body.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of the present invention is to treat polymeric devices
      to be used in contact with the human body with a protective antimicrobial
      and thromboresistant coating.
PAR  A further object of the present invention is to develop a stable
      anti-microbial and non-thrombogenic composition which can be chemically or
      electrostatically bound to polymeric devices.
PAR  Still another object of the present invention is to provide a method of
      preparing a composition which serves the foregoing objects.
PAR  It has been discovered that when ammonium heparinate is appropriately
      treated with a compound such as silver allantoinate or physiological salt
      derivatives of same, complexes are readily formed which may be isolated in
      the form of white crystalline powders or utilized in solution form. In
      either case, the anti-coagulant properties of heparin and the
      anti-microbial properties of silver can be usefully employed for polymeric
      devices used in contact with the body.
PAC  DESCRIPTION OF THE INVENTION
PAR  The silver-heparin-allantoin complex, also referred to herein as
      silver-heparin-allantoinate, is prepared as more fully set forth below by
      reacting ammonium heparinate with ammonium allantoinate and silver
      allantoin. The resulting complex consists of silver-heparin-allantoinate.
      The complex combines the anti-microbial properties of silver with the
      anti-coagulant properties of heparin and the amphoteric complexing ability
      of allantoin to form a lasting coating or impregnation of polymeric
      devices used with the body.
PAR  Silver is employed for its anti-microbial characteristics which inhibit the
      growth of bacteria and prevent bacteria invasion. It has been known for
      several centuries that various forms of silver, including the pure metal,
      certain of its derivatives and colloidal suspensions have antiseptic or
      germicidal characteristics. The bactericidal power of metallic silver has
      what has been termed oligodynamic activity to describe the lethal
      properties of any metal exhibiting anti-microbial properties in small
      concentrations. In addition to the antiseptic characteristics of metallic
      silver, it is also non-toxic.
PAR  Silver has also been used in the form of various salts for bactericidal
      purposes. Some of the silver salts include silver nitrate, silver citrate,
      silver lactate, silver picrate, silver chloride, silver proteinate and
      many others. The practical value of such silver salts has been restricted
      due to the irritating, astringent, caustic and sometimes toxic ion
      complexed with silver such as the toxicity of the nitrate ion in silver
      nitrate. There are other known disadvantages of such silver salts
      including the loss of efficiency of the silver due to reaction of the
      silver ions with and absorption into body tissues, body fluids and
      dressings.
PAR  From U.S. Pat. No. 2,336,131, it is known that silver allantoinate avoids
      the irritating and erosive effects of silver nitrate and offers the
      healing qualities of allantoin. Allantoin is a nitrogenous crystalline
      substance that has known healing and debriding qualities. What is not
      generally known about silver allantoin is that ionic silver is made
      available by a slow, progressive release process. This results since
      allantoin is an amphoteric substance (contains positive and negative
      charges to form salts and complexes) which readily combines with silver to
      slowly release free silver ions and provides a highly effective
      antimicrobial action. In my patent application Ser. No. 167,737, filed
      July 23, 1971 now U.S. Pat. No. 3,830,824, I have disclosed that a
      physiological organic acid silver allantoinate is preferable because it
      incorporates acids occurring or taking part in normal metabolic processes
      which avoid chemical reactions that might be harmful or irritating.
PAR  I have also disclosed in Ser. No. 153,820 filed June 16, 1971 now U.S. Pat.
      No. 3,856,805, that is silver-zinc-allantoinate complex may be formed to
      provide a stable compound with anti-bacterial and anti-fungal properties,
      while in Ser. No. 165,753 filed July 23, 1971 now U.S. Pat. No. 3,830,908,
      I have disclosed an anti-microbial composition utilizing a physiologically
      compatible organic acid silver salt allantoin complex and a zinc
      sulf-hydroxy allantoinate which also provides anti-bacterial and
      anti-fungal qualities. The zinc sulf-hydroxy allantoinate complex is
      disclosed in Ser. No. 165,736 filed July 23, 1971, now U.S. Pat. No.
      3,830,825
PAR  The heparin derivative of the silver-haparin-allantoin complex is designed
      to react with functional groups on the polymeric surfaces, i.e. with
      reactive amine (--NH) groups. As has been discussed above, heparin-coated
      polymeric materials effectively retard blood clotting of prosthetic
      implants to make them non-thrombogenic.
PAR  To reduce the infection problem of prosthetic implants and to promote
      healing of adjacent tissues, it was discovered that a stable
      silver-heparin-allantoin complex could be formed which would also have
      free valences to form co-valent bonds with active groups on polymeric
      materials. The relative insolubility of the silver-allantoin derivatives
      in the complex of the present invention required the use of a suitable
      solvent. Among the alkalis tested, ammonium hydroxide worked quite well,
      although it is conceivable that other alkaline solubulizers may be
      suitable for the preparation of the silver-heparin-allantoin complex in
      solution for purposes of surface coating or impregnation on polymeric
      materials.
PAR  It has thus been discovered that when ammonium heparinate is appropriately
      treated with a compound such as silver allantoinate or physiological salt
      derivatives of same, complexes are readily formed in either powder or
      solution form to produce the anti-coagulant properties of heparin with the
      anti-microbial properties of silver and the amphoteric complexing ability
      of allantoin for surface coating or impregnation of polymeric devises to
      be used with the human body.
PAR  The silver-heparin-allantoin complex is prepared by the process set forth
      in the following example:
DETD
PAC  EXAMPLE NO. 1
PAR  The following primary solutions must first be prepared in order to prepare
      a solution of the silver-heparin-allantoin complex:
PAR  1. Ammonium heparinate is distilled water: Commercially available powder is
      dissolved in distilled water using 2 grams per 100 ml of distilled water.
      This approximates 200,000 units of heparin per 100 ml of solution.
PAR  2. Ammonium Allantoinate: 40 grams of allantoin, C.P. are dissolved in 1000
      ml of distilled water containing 35 ml of ammonium hydroxide, 58%.
PAR  3. Silver Allantoin (preferably silver-citro-allantoinate): 13 grams of
      silver allantoin are dissolved in 100 ml of solution 2. This results in
      silver concentration approximating 4% ionic silver and complexed silver.
PAR  These solutions are quite stable if individually stored (preferably in
      cool, dark places). If it is desired to vary the eventual silver and
      heparin content of the "treatment" solution described below, the
      concentrations of the ingredients of the above solutions may be altered,
      as may be desired.
PAR  An example of a "treatment" solution to immerse polymeric devices for
      coating or impregnation is as follows (to be mixed in the order listed):
TBL                          Or                                                

     Solution 1 (Ammonium hepari-                                              

                        100 parts  100 parts                                   

     nate) -                                                                   

     Solution 3 (Silver solution)-                                             

                        100 parts  100 parts                                   

     Solution 2 (Ammonium allan-                                               

                        100 parts  295 parts                                   

     toinate) -                                                                

     Hydrogen peroxide, 3% -                                                   

                         5 parts    5 parts                                    

     Freshly distilled water -                                                 

                        195 parts  --                                          

PAR  The resulting solution has a PH (hydrogen ion concentration) of 9 and
      contains approximately 0.8% silver, 2.8% allantoin and 40,000 units of
      heparin per 100 ml.
PAR  Precipitation of the silver-heparin-allantoin complex is easily attained by
      removal of free ammonia and cooling. The precipitate consists of a white,
      crystalline powder which may be re-dissolved in dilute alkali, such as
      ammonia, or which may be isolated and handled in dry form for whatever
      uses contemplated.
PAR  In order to coat or impregnate polymeric materials, it has been found that
      the best results are achieved if the polymeric materials are treated first
      by immersion into a mixture of acetone:methanol, 50:50 V/V, for
      approximately 15 minutes to establish a more reactive surface free from
      organic contamination. This is followed by rinsing with distilled water
      and complete immersion into the "treatment" solution. Maximal coating or
      impregnation of polymeric materials has experimentally been determined by
      a minimum immersion of 60 minutes at a temperature of 37.degree.C. Longer
      immersion times permits deeper penetration of the silver-heparin-allantoin
      complex which is usually not needed and is wasteful.
PAR  The treated polymeric material is then rinsed with distilled water and air
      dried, or first air dried, rinsed with distilled water and again air
      dried. It should be stored protected from direct sunlight, preferably at
      room temperature, and it can be gas-sterilized before use.
PAR  Silver-citro-allantoinate is preferred in preparing the
      silver-heparin-allantoin complex because of the anti-coagulant properties
      of the salts of citric acid, i.e. sodium citrate. The use of hydrogen
      peroxide in the treatment solution prevents limited reduction of the ionic
      silver by prophylactically inhibiting reduction and the resultant
      discoloration. It also prolongs shelf life of the powder or solution.
      Hydrogen peroxide, benzoyl peroxide or other suitable oxidants would also
      be effective in other silver salt compounds.
PAR  The anti-microbial and anti-thrombogenic properties of polymeric materials
      thus coated or impregnated have been tested, both in vitro and in vivo.
      Commercially available Dacron knitted and velour 12 mm diameter polyester
      protheses were treated with a variety of chemical solutions and gas
      sterilized. Untreated portions from the same prosthesis served as
      controls. Bacterial growth of 4 organisms in the presence of the
      prostheses was tested. Thromboresistance studies consisted of superior
      vena cava replacement in 63 dogs and angiography in all survivors at 4-8
      weeks and 27 at 6-8 mos. Eleven dogs had 50,000 Staph Aureus injected at
      the graft site 6 weeks postoperatively and the prostheses recovered 7 days
      later. All dogs were autopsied and the changes in anatomic and mid-lumenal
      diameters, thickness and characteristics of the inner and outer capsules
      and graft stiffness were recorded. The results show that of the five
      chemical processes used, the two silver-heparin-allantoin treatments
      yielded the highest patency rate (21/23 or 91%) vs. controls (10/15 or
      67%) for nonvelour grafts. The velour prosthesis had a low patency rate
      (33%) regardless of chemical treatment. No bacterial growth was found with
      Silver-heparin-allantoin complex treated prosthesis vs. florid growth in
      the control prosthesis cultures. After bacteremia, the control grafts
      yielded greater than 7,000 fold more bacteria than the
      silver-heparin-allantoin complex treated grafts. These grafts had the
      greatest compliance and thinnest outer and inner capsules 6-8 mos. after
      implantation. It was concluded from the tests that
      silver-heparin-allantoin complex treatment of commercial Dacron vascular
      prostheses results in: (1) a bacteriostatic surface which is active at
      least 7 weeks after graft implantation, (2) improved thromboresistance,
      and (3) favorable modification of the long term tissue response to the
      prostheses.
PAR  From the foregoing, it will now be apparent that the present invention
      discloses a non-thrombogenic and anti-microbial composition for treatment
      of polymeric devices and a method of preparing same.
CLMS
STM  I claim:
NUM  1.
PAR  1. A non-thrombogenic and anti-microbial complex for application to body
      contact polymeric devices consisting essentially of
      silver-heparin-allantoinate.
NUM  2.
PAR  2. The composition of claim 1 in which the silver-heparin-allantionate is
      present in solution in an amount of 60 ml per 100 ml of solution.
NUM  3.
PAR  3. The composition of claim 2 in which silver is present in the amount by
      weight of 0.8%, allantoinate is present in the amount of 2.8%, and there
      are approximately 40,000 units of heparin in each 100 ml of solution.
PATN
WKU  039326284
SRC  5
APN  3700054
APT  1
ART  125
APD  19730614
TTL  Extracts from active tree saps
ISD  19760113
NCL  14
ECL  1
EXP  Goldberg; Jerome D.
INVT
NAM  Hudson; Monie S.
CTY  San Jose
CNT  CR
ASSG
NAM  The United States of America as represented by the Department of Health,
      Education and Welfare
CTY  Washington
STA  DC
COD  06
RLAP
COD  72
APN  837861
APD  19690630
PSC  03
RLAP
COD  75
APN  241409
APD  19720405
CLAS
OCL  424195
EDF  2
ICL  A61K 3578
FSC  424
FSS  195
OREF
PAL  hocking, A Dictionary of Terms in Pharmacognosy,  Charles C. Thomas,
      Springfield, Illinois, pp. 185, 186-198 (1960).
PAL  Abbott et al., Cancer Research, Vol. 26, Part 2, Apr. 1960, No. 4, pp.
      391-402 and 534.
ABST
PAL  Extracts obtained from boiling displaced tree sap to dryness have
      significant anti-P388 mouse leukemia activity in mice.
PARN
PAR  This application is a continuation in part of Monie S. Hudson Ser. No.
      837,861, filed June 30, 1969, for "Novel Composition and Method of Making
      the Same," now abandoned, and a continuation in part of Ser. No. 241,409,
      filed Apr. 5, 1972, for "Extracts from Active Tree Saps," also by Hudson,
      now pending.
BSUM
PAR  The present invention relates to novel organic compositions derived from
      natural products, or specifically tree saps. The general subject of
      natural products and compounds is of current scientific interest (e.g.,
      confer CEN, Feb. 28, 1972, page 58, re Maytansine and Dr. S. M. Kupchan of
      the University of Virginia). More particularly, this invention relates to
      dried extracts of specified tree saps which are further reconstituted in
      organic or aqueous media and have been utilized as antileukemia agents
      against mice afflicted with P388 mouse leukemia. It has been further found
      that only 5-10% of several hundred tree saps tested are active against
      P388 leukemia in mice.
PAR  Basically, then, this invention contemplates within its scope, novel
      compositions which are comprised of an effective dosage of a solid extract
      obtained from reducing liquid sap of plant life to a solid.
PAR  The sap of trees is particularly preferred for use in this invention for
      many reasons. For example, the extracts obtained from tree sap have been
      found to have very high anti-cancer characteristics. Furthermore, there
      enters in the practical consideration that only a very small amount of
      solid extract can be obtained from large volumes of liquid sap. Due to
      recent developments in the timber treating industry, wood or tree sap is
      now available at relatively low cost in large quantities. Still further is
      the practical consideration that trees are widely available while other
      plant life would probably have to be specially farmed over such a vast
      expanse of land to obtain sufficient sap so as to make their use
      impractical.
PAR  Furthermore, the investigation as here of the activity of dried tree saps
      appears to be a novel approach. For example, in a 1966 two-part
      publication emanating from the Cancer Chemotherapy National Service Center
      (C.C.N.S.C.-NIH) as follows:
PA1  Abbott et al., CR 26, Part 2, pages 391-398, 401, 402, and 534 (1966)
PA1  Abbott et al., CR 26, Part 2, pages 34, 41, 44, 45, and 151 (1966)
PAL  There are enumerated criteria for testing plants, bark, leaves, seeds,
      twigs, etc., particularly at page 401 above the similar codification at
      page 44. The investigation into the so-called "reconstituted" extracts of
      previously dried saps as in the present invention was a development and a
      scientific investigation subsequent to this 1966 protocol.
PAR  Examples of various types of trees from which sap may be extracted include:
TBL                TABLE I                                                     

     ______________________________________                                    

     Kind of Tree     Botanical Name                                           

     ______________________________________                                    

     Ailanthus      Ailanthus Altissma                                         

     Alder, smooth  Alnus Rugosa                                               

     Ash, Red       Fraxinus Pennsylvanica                                     

     Ash, Green     Fraxinus Pennsylvanica, var. Lan-                          

                    ceolata                                                    

     Ash, Prickly   Xanthoxylon Clava-Herculis                                 

     Aspen, Trembling                                                          

                    Populus Tremuloides                                        

     Basswood, white                                                           

                    Tilia Heterophylla                                         

     Beech, American                                                           

                    Fagus Grandifolia                                          

     Blue Beech     Carpinus Carolininiana                                     

     Birch, Black   Betula Lenta                                               

     Birch, River   Betula Nigra                                               

     Birch, White   Betula Papyrifera                                          

     Birch, Yellow  Betula Lutea                                               

     Box elder      Acer Negundo                                               

     Buckeye, yellow                                                           

                    Aesculus Octandra                                          

     Butternut      Juglans Cinerea                                            

     Catalpa, southern                                                         

                    Catalpa Bignonoides                                        

     Cedar, eastern red                                                        

                    Juniperus Virginiana                                       

     Cedar, northern white                                                     

                    Thuja Occidentalis                                         

     Cherry, black  Prunus Serotina                                            

     Cherry, pin    Prunus Pennsylvanica                                       

     Chestnut, American                                                        

                    Castanea Dentate                                           

     Chinaberry     Melia Azedarach                                            

     Cottonwood, eastern                                                       

                    Populus deltoides                                          

     Crabapple, flowering                                                      

                    Malus Baccata                                              

     Crabapple, southern                                                       

                    Malus Angustifolia                                         

     Crepe Myrtle   Lagerstroemia Indica                                       

     Cucumber tree  Magnolia Acuminata                                         

     Cypress, bald  Taxodium Distichum                                         

     Cypress, Arizona                                                          

                    Cupressus Arizonica                                        

     Dogwood        Cornus Florida                                             

     Elm, American  Ulmus Americana                                            

     Elm, Slippery  Ulmus Fulva                                                

     Elm, Winged    Ulmus Alata                                                

     Fir, fraser Balsam                                                        

                    Abies Fraseri                                              

     Gum, black     Nyssa Sylvatica                                            

     Gum, sweet     Liquidamber Stryaciflua                                    

     Gum, Swamp Tupelo                                                         

                    Nyssa Biflora                                              

     Gum, Water     Nyssa Aquatica                                             

     Hackberry      Celtis Occidentalis                                        

     Hawthorne      Crataegus, SSP                                             

     Hemlock, Eastern                                                          

                    Tsuga Caroliniana                                          

     Hemlock, Carolina                                                         

                    Tsuga Caroliniana                                          

     Hickory, Mockernut                                                        

                    Carya Tomentosa                                            

     Hemlock, Pignut                                                           

                    Carya Olabra                                               

     Hemlock, Shagbark                                                         

                    Carya Ovata                                                

     Hop Hornbeam   Ostrya Virginiana                                          

     Holly, American                                                           

                    Ilex Opaca                                                 

     Holly, Mountain                                                           

                    Ilex Monticola                                             

     Laurel, Mountain                                                          

                    Kalmia Latifolia                                           

     Locust, Black  Robinia Pseudoacacia                                       

     Locust, Honey  Gleditsia Tricanthos                                       

     Magnolia, Fraser                                                          

                    Magnolia Fraseri                                           

     Magnolia, Southern                                                        

                    Magnolia Grandiflora                                       

     Magnolia, Sweetbay                                                        

                    Magnolia Virginiana                                        

     Maple, Mountain                                                           

                    Acer, Pennsylvanicum                                       

     Maple, Red     Acer, Rubra                                                

     Maple, Striped Acer, Spicatum                                             

     Maple, Sugar   Acer, Saccharum                                            

     Mountain Ash   Sorbus Americana                                           

     Mulberry, Red  Morus Rubra                                                

     Myrtle, Wax    Myrica Cerifera                                            

     Myrtle, Saltwater                                                         

                    Myrica Heterophylla                                        

     Oak, Blackjack Quercus Marilandica                                        

     Oak, Cherrybark                                                           

                    Quercus Falcata                                            

     Oak, Chestnut  Quercus Montana                                            

     Oak, Live      Quercus Virginiana                                         

     Oak, Eastern Red                                                          

                    Quercus Rubra                                              

     Oak, Scarlet   Quercus Coccinea                                           

     Oak, Water     Quercus Nigra                                              

     Oak, White     Quercus Alba                                               

     Oak, Willow    Quercus Phellos                                            

     Paulownia, Royal                                                          

                    Paulownia Tomentosa                                        

     Persia, Redbay Persea Borbonia                                            

     Persimmon      Diospyros Virginiana                                       

     Pine, Jack     Pinus Banksiana                                            

     Pine, Loblolly Pinus Paeda                                                

     Pine, Longleaf Pinus Palustris                                            

     Pine, Pond     Pinus var. Serotina                                        

     Pine, Shortleaf                                                           

                    Pinus Echinata                                             

     Pine, Spruce   Pinus Glabra                                               

     Pine, Slash    Pinus Caribea                                              

     Pine, Tablemountain                                                       

                    Pinus Pungens                                              

     Pine, Virginia Pinus Virginiana                                           

     Pine, White    Pinus Strobus                                              

     Plum, Chickasaw                                                           

                    Prunus Angustifolia                                        

     Poplar, Yellow Liriodendron Tulopifera                                    

     Poplar, Carolina                                                          

                    Populus Canadensia var. Eugenia                            

     Privet         Ligustrum Vulgare                                          

     Redbud         Cercis Canadensis                                          

     Rhododendron, Rosebay                                                     

                    Rhodendendron Maximum                                      

     Sassafrass     Sassafras Varifolium                                       

     Serviceberry, Downy                                                       

                    Amelanchier Canadensis                                     

     Silverbell     Halesia Carolina, var. Monticola                           

     Sourwood       Oxydendron Arboreum                                        

     Spruce, Black  Picea Mariana                                              

     Spruce, Red    Picea Rubens                                               

     Spruce, White  Picea Glauca                                               

     Sumac, Shining Rhus Copallina                                             

     Sumac, Smooth  Rhus Glabra                                                

     Sumac, Staghorn                                                           

                    Rhus Typhina                                               

     Sycamore       Platanus Occidentalis                                      

     Ti-Ti          Cliftonia Monophylla                                       

     Walnut, Black  Juglans Nigra                                              

     Willow, Black  Salix Nigra                                                

     Willow, Coastalplain                                                      

                    Salix Longipes                                             

     Willow, Weeping                                                           

                    Salix Babalonica                                           

     Witchhazel     Hamamelis Virginiana                                       

     ______________________________________                                    

TBL  B 665330       Prunus virginiana var. demissa                             

     B 665339       Leucothoe catesbaei                                        

     B 665426       Genipa americana                                           

     B 665483       Chrysophyllum brenesii                                     

     B 669806       Sambucus racemosa var. arborescens                         

PAR  In comparative activity this preferred group, together with B 669684
      Chiococca alba, showed significant superiority in animal data screening.
PAR  As to this third group of tree saps, a slight change in protocol was made
      in the mice testing described in Example 6 post in that the current tests
      for determining T/C for lymphocytic leukemia P388 is described in Protocol
      1.200 of Cancer Chemotherapy Reports, Part 3, Volume 3, No, 2, September,
      1972, page 9, and as amended through Change No. 6 of May 1, 1973. In this
      mice testing protocol for this latter test, a natural product must have
      two different samples that produce a T/C .gtoreq.125% in multi-dose
      assays. The plant saps tested under the revised protocol are also listed
      and set out in Table II.
PAR  The sap from the plant life used in the invention may be obtained by any
      conventional method such as by crushing, bleeding, and the like. In those
      instances where tree sap is to be obtained, any one of a variety of
      methods for extracting the sap therefrom may be used.
PAR  Among the conventional techniques currently used for extracting sap from
      trees are the known bleeding (tapping) methods used by the maple syrup
      industry and a technique primarily concerned with preserving wood (logs)
      known as the Boucherie process after its founder.
PAR  Since for the input to the present invention tree sap
TBL                                    TABLE II                                

     __________________________________________________________________________

     Screening Results of Plant Saps Active in Leukemia P388                   

     Highest T/C                                                               

     NSC No.                                                                   

           Name            Locality                                            

                                  Code 15.sup.1, T/C dose                      

                                             B001/2 dose                       

                                                     B002/3 dose               

     __________________________________________________________________________

     330   Prunus virginiana var. demissa                                      

                           Calif. 131   25   161 16.sup.2                      

                                                     145 120.sup.3             

     339   Leucothoe catesbaei                                                 

                           N.C.   150   50.sup.4                               

                                             150 35  140 50.sup.5              

     426   Genipa americana                                                    

                           Costa Rica                                          

                                  150   200.sup.1                              

                                             175 200.sup. 1                    

                                                     160 100                   

     483   Chrysophyllum brenesii                                              

                           Costa Rica                                          

                                  144.degree.                                  

                                        50   147 25  150 25                    

     806   Sambucus racemosa                                                   

           var. arborescens                                                    

                           Wash.  133; 137                                     

                                        75   150 165.sup.5                     

                                                     150 400.sup.2             

     __________________________________________________________________________

      .sup.1 Active also at 100.                                               

      .sup.2 Active also at 11.                                                

      .sup.3 Active also at 50.                                                

      .sup.4 Active also at 12.5                                               

      .sup.5 Active also at 35                                                 

PAL  in quantity is necessary, preferred methods of obtaining the sap usually
      proceed from felled timber where liquids under pressure force the sap from
      the tree. The basic "Boucherie" process, described in U.S. Pat. Nos.
      111,784 Smith and 2,271,212 Tenger, was designed to replace the sap by a
      wood preservative but is best utilized for the present invention by using
      a non-contaminating liquid such as water or acetone.
PAR  Recently, improvements in the "Boucherie" process have appeared in patents
      and in a journal article as follows:
PA1  3,427,186 Hudson
PA1  3,443,881 Hudson
PA1  Hudson et al., FPJ 19, 25, No. 5, May 1969.
PAR  The improved techniques of 3,443,881 above, which use the end cap technique
      of "Boucherie" modified by removing at least one disc cut from the butt
      end intermediate in the process and the application of sequential liquid
      pressure treatment, are incorporated by reference in this application.
      This process is also known as the PRESCAP process and a preferred
      modification for the present invention is set out below.
PAR  As adapted for use in this invention, the PRESCAP technique preferably uses
      instead of a wood preservation as the first and/or second liquid, a
      harmless liquid of the same type used in the "Boucherie" process as
      adapted for use in this invention. Each liquid, such as water, acetone, or
      the like, may be the same or a different liquid for the two separate
      steps.
PAR  For example, one end (e.g., 6 to 10 inches) of a log from which sap is to
      be extracted, is debarked, placed and sealed in the above-described cap in
      a manner as described in the cited application. The first liquid, such as
      water, is then forced into the capped end of the log.
PAR  The time of treatment depends upon the liquid pressure used. For example, a
      liquid pressure of 200 psi applied for about 21/2 minutes is very
      effective.
PAR  In those instances where disc removal is desirable, treatment with the
      first liquid is then stopped and the log is removed from the cap
      whereinafter a thin disc of wood (e.g., between 1/8 - 1 inch in thickness)
      is removed from the treated end of the log. The log is again resealed in
      the cap and a second treating liquid, e.g., water, acetone, or the like,
      is forced through the log to displace sap from the opposite end thereof.
      The sap is then collected and treated as hereinafter described.
PAR  In a particularly preferred technique of collecting sap, optimum effects
      may be achieved by first extracting sap with acetone and then entirely
      re-extract the same log using water. In this respect, the entire procedure
      as described above is run using water as first and second liquid. In so
      doing, it is found that the acetone treatment will substantially increase
      the water extractive yield.
PAR  It is understood, of course, that extraction of sap is continued until the
      liquid issuing from the collecting end of the log no longer contains a
      practical amount of sap. Such a point is easily determined by the skilled
      artisan using conventional techniques.
PAR  An additional preferred process is set out in U.S. Pat. No. 3,427,186
      Hudson, supra, which process is also known as the SLURRY-SEAL process
      where a slurry of solid particles is utilized to blanket and form a seal
      over a length of wood for subsequent impregnation or liquid pressure
      treatment. The specific techniques utilized as taught in 3,427,186 are
      also incorporated by reference here.
PAR  After obtaining the raw sap product by use of the above-described
      techniques, the extract of this invention may be obtained therefrom. Most
      conveniently, the extract is obtained by boiling the collected sap to
      dryness using known apparatus such as large pyroceram boiling kettles or
      the like. In this respect, it has been found that for optimum results the
      sap should be collected and the crude extract obtained therefrom as soon
      after the tree is cut as possible. This is because biological processes
      set in rapidly after a tree is cut, to change chemistry of the wood and
      the compounds therein. Generally speaking, the sap should be collected and
      the extract obtained within about 30, and preferably 15, days from the
      time the trees are initially cut. Such a time period, of course, is only
      general, since optimum results vary as the type of tree, time of the year,
      etc., is varied.
PAR  Large quantities of raw sap are usually required to obtain a usable amount
      of the extract of this invention. The actual amount of sap needed will, of
      course, vary with the type of wood and the time of the year. As alluded to
      hereinbefore, optimum yields are usually obtained from many trees just
      prior to their production of new growth (e.g., just prior to budding in
      the spring or late winter). In Northern America, such times usually occur
      about January through March, and even December has been found to be an
      excellent month.
PAR  Exemplary of the yields to be expected, in late March, 4 gallons of sap
      collected from each of Black gum, Sweet gum, Sourwood, Dogwood, and Black
      cherry trees yielded a dry solid extract as contemplated by this invention
      of from about 30 to 50 grams. The same amount of sap from these species
      collected in late May yielded only 1 or 2 grams of extract. Such low
      yields continued until about one month after leaf fall in October and
      November whereinafter, starting with December the yields returned to the
      30 to 50 gram yield level.
PAR  For evergreens, it is noted, this marked seasonal difference does not
      appear, since yields remain substantially constant all year long. Examples
      of such evergreens include pine, cedar, and firs. Other species which
      exhibit constant yields similar to evergreens include southern magnolia,
      holly, persea, and the like.
PAR  As can be seen from the above, even though some yields are referred to as
      "high," they are, indeed, relatively low with respect to many commercial
      chemical processes. It is, therefore, apparent why the use of fast sap
      collecting techniques are most desirable.
PAR  As alluded to hereinabove, the solid extract, once obtained, may be used in
      its "raw form" or as a reconstituted extract prepared from the dried or
      "raw"sap. For this reason, this invention contemplates within its scope a
      novel compound comprised of an effective amount of plant life sap extract
      as described.
DRWD
PAC  EXAMPLE 1
PAR  Each of the preferred extracts prepared and noted in Table II were
      recovered from trees by the Prescap Process extracts were tested for their
      anticancer effect using the Standard Leukemia Test as reported in Cancer
      Chemotherapy Reports, No. 25, Dept. of Health, Education, and Welfare,
      December 1962, pp. 1-66. The disclosure of this report is incorporated
      herein by reference. Basically, the procedure used is as follows:
PAR  Healthy mice, about 3 months old, and weighing about 20 grams (0.7 ounces)
      were injected with a virulent strain of mouse leukemia designated P-388.
      For each test of an extract, 12 mice were used. Six of the mice were left
      untreated after contracting leukemia (i.e., after being injected with
      P388), while the remaining six mice were injected intraperitoneally once
      daily for 10 days using the indicated dosage of extract dissolved in
      water.
PAR  Survival time of each of the 12 mice was then recorded. The survival time
      of the untreated or control mice was designated as C, while the survival
      time of treated mice was designated as T.
PAR  The protocol for determining activity is as follows. The extract is given a
      preliminary approval of Code 11 or Code 13, where a T.sub.1 /C.sub.1 value
      of 125 or better indicating 125% longevity of the treated animal over the
      control. If satisfactory activity is obtained directly, a Code 11 rating
      is achieved. If, however, the dosage must be modified for toxicity reasons
      to obtain the necessary activity, then a Code 13 rating is given the
      extract or compound. Where a second test indicates such a T.sub.2 /C.sub.2
      value where the product T.sub.1 /C.sub.1 .times. T.sub.2 /C.sub.2 - 156,
      the extract is given a Code 15 rating having passed the biological animal
      (mouse) screen and in the protocol or hierarchy of the C.C.N.S.C. is now a
      candidate for confirmatory tests. In the above formula, the values for T
      and C indicate mean treatment/control time for the mouse.
PAR  The results below indicate that each of the tree sap extracts possessed
      activity at least at the level of Code 15 as read from Screening Data
      Summary, C.C.N.S.C. (No. 14 of December 1970), which is incorporated by
      reference to this invention.
PAR  Once a Code 15 rating is achieved, additional toxicity testings varying the
      dosage on the same sample (BOO1) and on a separate sample (BOO2) are
      performed to confirm activity.
PAR  Of the more recently obtained varieties processed and tested by standard
      biological tests, the following exhibited activity of comparatively lower
      dosage ranging in T/C dosage from 75-5 mg/kg per diem and, the BOO1 dosage
      was depressed with activity at 3.3 mg/kg per diem:
PAR  B 669684 Chiococca alba
PAR  The following table (Table III) illustrates the results of this testing
      which was conducted by the Cancer Chemotherapy National Service Center for
      Natural Products, National Cancer Institute, of Bethesda, Maryland.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Screening Results of Plant Saps Active in Leukemia P388                   

     Highest T/C                                                               

     NSC No. Name  Locality                                                    

                        Code 15,T/C                                            

                                dose                                           

                                   B001/2                                      

                                        dose                                   

                                            B002/3                             

                                                 dose                          

     __________________________________________________________________________

     B 669684                                                                  

           Chiococca alba                                                      

                   Fla. 140;127 5  150  7.5.sup.1                              

                                            130  7.5.sup.2                     

     __________________________________________________________________________

      .sup.1 Active also at 3.3                                                

      .sup.2 Active also at 5                                                  

CLMS
STM  The embodiments of this invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of treating P388 leukemia in mice which consists in injecting
      into said mice an effective amount for treating P388 leukemia of a tree
      sap which has been produced by extracting with water and subsequently
      dried and which tree is selected from the group consisting of:
PA1  Prunus virginiana var. demissa
PA1  Leucothoe catesbaei
PA1  Genipa americana
PA1  Chrysophyllum brenesii
PA1  Sambucus racemosa var. arborescens and
PA1  Chiococca alba
NUM  2.
PAR  2. The method according to claim 1 wherein the tree sap is Prunus
      virginiana var. demissa.
NUM  3.
PAR  3. The method according to claim 1 wherein the tree sap is Leucothoe
      catesbaei.
NUM  4.
PAR  4. The method according to claim 1 wherein the tree sap is Genipa
      americana.
NUM  5.
PAR  5. The method according to claim 1 wherein the tree sap is Chrysophyllum
      brenesii.
NUM  6.
PAR  6. The method according to claim 1 wherein the tree sap is Sambucus
      racemosa var. arborescens.
NUM  7.
PAR  7. The method according to claim 1 wherein the tree sap is Chiococca alba.
NUM  8.
PAR  8. A composition for the treatment of P388 mouse leukemia which comprises a
      pharmaceutically acceptable carrier and an effective amount to treat P388
      mouse leukemia of a tree sap which has been produced by extracting with
      water under 200 psi and subsequent drying and wherein the tree is selected
      from the group consisting of Prunus virginiana var. demissa, Leucothoe
      catesbaei, Genipa americana, Chrysophyllum brenesii, Sambucus racemosa
      var. arborescens, and Chiococca alba.
NUM  9.
PAR  9. The tree sap according to claim 8 wherein the sap is Prunus virginiana
      var. demissa.
NUM  10.
PAR  10. The tree sap according to claim 8 wherein the sap is Leucothoe
      catesbaei.
NUM  11.
PAR  11. The tree sap according to claim 8 wherein the sap is Genipa americana.
NUM  12.
PAR  12. The tree sap according to claim 8 wherein the sap is Chrysophyllum
      brenesii.
NUM  13.
PAR  13. The tree sap according to claim 8 wherein the sap is Sambucus racemosa
      var. arborescens.
NUM  14.
PAR  14. The tree sap according to claim 8 wherein the sap is Chiococca alba.
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PAL  Triazolylorganophosphorous derivatives of the formula
      ##SPC1##
PAL  Wherein X represents fluorine, chlorine or bromine, Z represents oxygen or
      sulphur, R.sub.1 represents alkyl, cycloalkyl, unsubstituted or
      substituted aryl or aralkyl, R.sub.2 represents alkoxy, alkylthio, amino,
      mono- or dialkylamino and R.sub.3 represents alkyl, alkoxy, alkylthio,
      phenyl, phenoxy, amino, mono- or dialkylamino, a process for their
      manufacture and their use in pest control.
PARN
PAR  This is a division of application Ser. No. 310,530, filed on Nov. 29, 1972,
      now U.S. Pat. No. 3,867,396.
BSUM
PAR  The present invention relates to triazolylorganophosphourus derivatives, a
      process for their manufacture and their use in pest control.
PAR  The compounds have the formula
      ##SPC2##
PAL  Wherein X represents fluorine, chlorine or bromine, Z represents oxygen or
      sulphur, R.sub.1 represents alkyl, cycloalkyl, unsubstituted or
      substituted aryl or aralkyl, R.sub.2 represents alkoxy, alkylthio, amino,
      mono- or dialkylamino and R.sub.3 represents alkyl, alkoxy, alkylthio,
      phenyl, phenoxy, amino, mono- or dialkylamino.
PAR  The alkyl, alkoxy and alkylthio groups represented by R.sub.1 to R.sub.3
      contain in the chain 1 to 19, preferably 1 to 6, carbon atoms and may be
      straight-chain or branched, unsubstituted or optionally substituted by
      halogen atoms, such as fluorine, chlorine, bromine and/or iodine.
PAR  Examples of such groups include methyl, methoxy, methylthio, ethyl, ethoxy,
      ethylthio, 2-chloroethyl, propyl, 3,3,3-trichloropropyl, propoxy,
      propylthio, isopropyl, N-, 1-, sec. and tert.butyl, 4-chloro-(n)-butyl,
      n-pentyl, n-dodecyl, (n)-nonadecyl.
PAR  The cycloalkyl groups represented by R.sub.1 contain 3 to 8, but preferably
      5 to 6, ring carbon atoms. Examples of such groups are cyclopentyl and
      cyclohexyl.
PAR  The aralkyl radical represented by R.sub.1 is preferably a benzyl,
      phenethyl or diphenylmethyl group or is a group of the formula
      ##SPC3##
PAL  And the aryl radical is a carboxylic, aromatic ring in particular the
      phenyl ring.
PAR  The aralkyl, in particular the benzyl and aryl, especially phenyl, groups
      may be unsubstituted or substituted.
PAR  Possible substitutents at these groups are preferably fluorine, chlorine
      and/or bromine, alkyl and haloalkyl each with 1 to 6 carbon atoms, in
      particular --CF.sub.3, alkoxy, alkylsulphinyl, and alkylsulphonyl, each
      with 1 to 6 carbon atoms, and/or nitro groups.
PAR  Preferred compounds on account of their action are those of the formula I,
      wherein X represents chlorine or bromine, Z represents oxygen or sulphur,
      R.sub.1 represents alkyl with 1 to 19 carbon atoms, cyclopentyl, phenyl or
      benzyl which is unsubstituted or mono- or polysubstituted by fluorine,
      chlorine, bromine, methyl, trifluoromethyl, methoxy, methylthio, ethoxy
      and/or nitro, phenethyl, diphenylmethyl or
      ##SPC4##
PAL  R.sub.2 represents methoxy, ethoxy, propoxy, 2-chloroethoxy, propylthio,
      methylamino, dimethylamino or isopropylamino, and R.sub.3 represents
      methyl, ethyl, methoxy, methylthio, ethoxy, ethylthio, propxy,
      2-chloroethoxy, propylthio, phenyl, phenoxy, amino, methylamino or
      dimethylamino.
PAR  Particular repreferred compounds, however, are those of the formula I,
      wherein X represents chlorine, Z represents sulphur, R.sub.1 represents
      alkyl with 1 to 6 carbon atoms, cyclopentyl, phenyl,
      3-trifluoromethylphenyl, benzyl, diphenylmethyl or
      ##SPC5##
PAL  R.sub.2 represents methoxy, ethoxy or propoxy, and R.sub.3 represents
      methyl, ethyl, methoxy, ethoxy, propylthio, amino, methylamino and
      dimethylamino.
PAR  The compounds according to the invention of the formula 1 a I can be
      manufactured by methoxy which are known per se.
      ##SPC6##
PAR  In the formulae II to VIII, the symbols R.sub.1 to R, X and Z, have the
      meanings given for the formula I, Hal represents fluorine, chlorine,
      bromine, or iodine, but in particular chlorine or bromine, R.sub.3 '
      represents alkoxy, ethylthio or phenoxy, and Me represents a momovalent
      metal, preferably an alkali metal, in particular sodium or potassium.
PAR  In the formulae II to VIII, the symbols R.sub.1 to R, X and Z have the
      meanings given for the formula I, Hal represents fluorine, chlorine,
      bromine or iodine, but in particular chlorine or bromine, R.sub.3 '
      represents alkoxy, ethylthio or phenoxy, and Me represents a monovalent
      metal, preferably an alkali metal, in particular sodium or potassium.
PAR  The following bases, for example, are suitable as acid binding agents,
      tertiary amines, such as triethylamine, dimethylaniline, pyridine,
      inorganic bases, such as hydroxides and carbonates of alkali and alkaline
      earth metals, preferably sodium and potassium hydroxide.
PAR  The reaction may be carried out preferably in solvents or diluents which
      are inert towards the reactants or in an excess of a tertiary amine, e.g.
      pyridine. Suitable inert solvents or diluents are, for example, the
      following: aromatic hydrocarbons, such as benzene, toluene, benzines,
      halogenated hydrocarbons, chlorobenzene, polychlorobenzenes, bromobenzene,
      chlorinated alkanes with 1 to 3 carbon atoms, ethers, such as dioxan,
      tetrahydrofuran; esters, such as ethyl acetate; ketones, such as methyl
      ethyl ketone, diethyl ketone, nitriles etc.
PAR  The starting materials of the formulae III to IV are new and can be
      manufactured, for example, by halogenation or transhalogenation of
      3-hydroxy-triazole derivatives which are unsubstituted in the 5-position,
      or esters thereof.
PAR  The compounds of the formula I display a broad biocidal activity and are
      therefore suitable for combating various plant and animal pests.
PAR  In particular, the compounds of the formula I possess insecticidal and
      acaricidal properties and may be used against all development stages, e.g.
      eggs, larvae, pupae, nymphs and adults, of insects and representatives of
      the order Acarina, for example against insects of the families:
TBL  Tattigonidae         Tenebrionidae                                        

     Gryllidae            Chrysomelidae                                        

     Gryllotalpidae       Bruchidae                                            

     Blattidae            Tineidae                                             

     Reduviidae           Noctuidae                                            

     Phyrrhocoriae        Lymatriidae                                          

     Cimicidae            Pyralidae                                            

     Delphacidae          Culicidae                                            

     Aphididae            Tipulidae                                            

     Diaspididae          Stomoxydae                                           

     Pseudococcidae       Trypetidae                                           

     Scarabacidae         Muscidae                                             

     Dermestidae          Calliphoridae and                                    

     Coccinellidae        Pulicidae                                            

PAR  Acarida of the families:
PAR  Ixodidae
PAR  Argasidae
PAR  Tetranychidae and
PAR  Dermanyssidae.
PAR  The insecticidal and/or acaricidal action can be substantially broadened
      and adapted to suit the particular circumstances by the addition of other
      insecticides and/or acaricides.
PAR  Suitable additives include, for example, the following active substances:
PA0  Bis- O,O-diethylphosphoric acid anhydride (TEPP)
PA0  Dimethyl-(2,2,2-trichloro-1-hydroxyethyl)-phosphonate (TRICHLORFON)
PA0  1,2-dibromo-2,2-dichloroethyldimethylphosphate (NALED)
PA0  2,2-dichlorovinyldimethylphosphate (DICHLORVOS)
PA0  2-methoxycarbamyl-1-methylvinyldimethylphosphate (MEVINPHOS)
PA0  Dimethyl-1-methyl-2-(methylcarbamoyl)-vinylphosphate cis (MONOCROTOPHOS)
PA0  3-(dimethoxyphosphinyloxy)-N,N-dimethyl-cis-crotonamide (DICROTOPHOS)
PA0  2-chloro-2-diethylcarbamoyl-1-methylvinyldimethylphosphate (PHOSPHAMIDON)
PA0  O,o-diethyl-O(or S)-2-(ethylthio)-ethylthiophosphate (DEMETON)
PA0  S-ethylthioethyl-O,O-dimethyl-dithiophosphate (THIOMETON)
PA0  O,o-diethyl-S-ethylmercaptomethyldithiophosphate (PHORATE)
PA0  O,o-diethyl-S-2-ethylthio)ethyldithiophosphate (DISULFOTON)
PA0  O,o-dimethyl-S-2-(ethylsulphinyl)ethylthiophosphate (OXYDEMETON METHYL)
PA0  O,o-dimethyl-S-(1,2-dicarbethoxyethyldithiophosphate (MALATHION)
PA0  O,o,o,o-tetraethyl-S,S'-methylene-bis-dithiophosphate (ETHION)
PA0  O-ethyl-S,S-dipropyldithiophosphate
PA0  O,o-dimethyl-S-(N-methyl-N-formylcarbamoylmethyl)-dithiophosphate
      (FORMOTHION)
PA0  O,o-dimethyl-S-(N-methylcarbamoylmethyl)dithiophosphate (DIMETHOATE)
PA0  O,o-dimethyl-O-p-nitrophenylthiophosphate (PARATHION-METHYL)
PA0  O,o-diethyl-O-p-nitrophenylthiophosphate (PARATHION)
PA0  O-ethyl-O-p-nitrophenylphenylthiophosphate (EPN)
PA0  O,o-dimethyl-O-(4-nitro-m-tolyl)thiophosphate (FENITROTHION)
PA0  O,o-dimethyl-O-2,4-5-trichlorophenylthiophosphate (RONNEL)
PA0  O-ethyl-O,2,4,5-trichlorophenylethylthiophosphate (TRICHLORONATE)
PA0  O,o-dimethyl-O-2,5-dichloro-4-bromophenylthiophosphate (BROMOPHOS)
PA0  O,o-dimethyl-O-(2,5-dichloro-4-jodphenyl)-thiophosphate (JODOFENPHOS)
PA0  4-tert. butyl-2-chlorophenyl-N-methyl-O-methylamidophosphate (CRUFOMATE)
PA0  O,o-dimethyl-O-(3-methyl-4-methylmercaptophenyl)thiophosphate (FENTHION)
PA0  Isopropylamino-O-ethyl-O-(4-methylmercapto-3-methylphenyl)-phosphate
PA0  O,o-diethyl-O-p-(methylsulphinyl)phenyl-thiophosphate (FENSULFOTHION)
PA0  O-p-(dimethylsulphamido)phenyl-O,O-dimethylthiophosphate (FAMPHUR)
PA0  O,o,o', 0'-tetramethyl-0,0'-thiodi-p-phenylenethiophosphate
      O-ethyl-S-phenyl-ethyldithiophosphate
PA0  O-ethyl-S-phenyl-ethyldithiophosphate
PA0  O,o-dimethyl-O-(.alpha.-methylbenzyl-3-hydroxycrotonyl)phosphate
PA0  2-chloro-1-(2,4-dichlorophenyl)vinyl-dicthylphosphate (CHLORFENVINPHOS)
PA0  1-chloro-1-(2,4,5-trichlorophenyl)vinyl-dimethylphosphate
PA0  O-[2-chloro-1-(2,5-dichlorophenyl)]vinyl-O,O-diethylthiophosphate
PA0  Phenylglyoxylonitriloxim-O,O-diethylthiophosphate (PHOXIM)
PA0  O,o-diethyl-O-(3-chloro-4-methyl-2-oxo-2-H-1-benzopyran-7-yl)thiophosphate
      (COUMAPHOS)
PA0  2,3-p-dioxandithiol-S,S-bis(O,O-diethyldithiophosphate) (DIOXATHION)
PA0  5-[(6-chloro-2-oxo-3-benzoxazolinyl)methyl]O,O-diethyldithiophsophate
      (PHOSALONE)
PA0  2-(diethoxyphosphinylimino)-1,3-dithiolane
PA0  O,o-dimethyl-S-[2-methoxy-1,3,4-thiadiazol
      -5-(4H)-onyl-(4)-methyl]dithiophosphate
PA0  O,o-dimethyl-S-phtha(imidomethyl-dithiophosphate (IMIDAN)
PA0  O,o-diethyl-O-(3,5,6-trichloro-2-pyridyl)thiophosphate
PA0  O,O-diethyl-O 2-pyrazinylthiophosphate (THIONAZIN)
PA0  O,o-diethyl-O-(2-isopropyl-4-methyl-6-pyrimidyl)thiophosphate (DIAZINON)
PA0  O,o-diethyl-O-(2-chinoxalyl)thiophosphate
PA0  O,o-dimethyl-S-(4-oxo-1,2,3-benzotriazin-3(4H)-ylmethyl)dithiophosphate
      (AZINPHOSMETHYL)
PA0  O,o-diethyl-S-(4-oxo-1,2,3-benzotriazin-3(4H)-ylmethyl)dithiophosphate
      (AZINPHOSETHYL)
PA0  S-[(4,6-diamino-s-triazin-2-yl)methyl]-O,O-dimethyldithiophosphate
      (MENAZON)
PA0  O,o-dimethyl-O-(3-chloro-4-nitrophenyl)thiophosphate (CHLORTHION)
PA0  O,o-dimethyl-O(or S)-2-(ethylthioethyl)thiophosphate (DEMETONS-METHYL)
PA0  2-(o,o-dimethyl-phosphoryl-thiomethyl)-5-methoxy-pyron-4-3,4-dichlorobenzyl
     -triphenylphosphoniumchloride
PA0  O,o-diethyl-S-(2,5-dichlorophenylthiomethyl)dithiophosphate (PHENKAPTON)
PA0  O,o-diethyl-O-(4-methyl-cumarinyl-7-)-thiophosphate (POTASAN)
PA0  5-amino-bis(dimethylamido)phosphinyl-3-phenyl-1-1,2,4-triazole (TRIAMIPHOS)
PA0  N-methyl-5-(O,O-dimethylthiolphosphoryl)-3-thiavaleramide (VAMIDOTHION)
PA0  O,o-diethyl-O-[2-diemthylamino-4-methylpyrimidyl-(6)]-thiophosphate
      (DIOCTHYL)
PA0  O,o-dimethyl-S-(methylcarbamoylmethyl)-thiophosphate (OMETHOATE)
PA0  o-ethyl-O-(8-quinolinyl)-phenylthiophosphonate (OXINOTHIOPHOS)
PA0  O-methyl-S-methyl-amidothiophosphate (MONITOR)
PA0  O-methyl-O-(2,5-dichloro-4-bromophenyl)-benzothiophosphate (PHOSVEL)
PA0  O,o,o,o-tetrapropyldithiophosphate
PA0  3-(dimethoxyphosphinyloxy)-N-methyl-N-methoxy-cis-crotonamide
PA0  O,o-dimethyl-S-(N-ethylcarbamoylmethyl)dithiophosphate (ETHOATE-METHYL)
PA0  O,o-diethyl-S-(N-isopropylcarbamoylmethyl)-dithiophosphate (PROTHOATE)
PA0  S-n-(1-cyano-1-methylethyl)carbamoylmethyldiethylthiolphosphate
      (CYANTHOATE)
PA0  S-(2-acetamidoethyl)-O,O-dimethyldithiophosphate Hexamethylphosphoric acid
      triamide (HEMPA)
PA0  O,o-dimethyl-O-(2-chloro-4-nitrophenyl)thiophosphate (DICAPTHON)
PA0  O,o-dimethyl-O-p-cyanophenyl thiophosphate (CYANOX)
PA0  O-ethyl-O-p-cyanophenylthiophosphonate
PA0  O,o-diethyl-O-2,4 -dichlorophenylthiophosphate (DICHLORFENTHION)
PA0   o,2,4-dichlorophenyl-O-methylisopropylamidothiophosphate
PA0  O,o-diethyl-O-2,5-dichloro- 4-bromophenylthiophosphate (BROMOPHOS-ETHYL)
PA0  Dimethyl-p-(methylthio)phenylphosphate
PA0  O,o-dimethyl-O-p-sulfamidophenylthiophosphate
PA0  O-[p-(p-chlorophenyl)azophenyl]O,O-dimethylthiophosphate (AZOTHOATE)
PA0  O-ethyl-S-4-chlorophenyl-ethyldithiophosphate
PA0  O-isobutyl-S-p-chlorophenyl-ethyldithiophosphate
PA0  O,o-dimethyl-S-p-chlorophenylthiophosphate
PA0  O,o-dimethyl-S-(p-chlorophenylthiomethyl)dithiophosphate
PA0  O,o-diethyl-p-chlorophenylmercaptomethyl-dithiophosphate (CARBOPHENOTHION)
PA0  O,o-diethyl-S-p-chlorophenylthiomethyl-thiophosphate
PA0  O,o-dimethyl-S-(carbethoxy-phenylmethyl)dithiophosphate (PHENTHOATE)
PA0  O,o-diethyl-S-(carbofluorethoxy-phenylmethyl)-dithiophosphate
PA0  O,o-dimethyl-S-carboisopropoxy-phenylmethyl)-dithiophosphate
PA0  O,o-diethyl-7-hydroxy-3,4-tetramethylene-coumarinyl-thiophosphate
      (COUMITHOATE)2-methoxy-4-H-1,3,2-benzodioxaphosphorin-2-sulphide
PA0  O,o-diethyl-O-(5-phenyl-3-isooxazolyl)thiophosphate
PA0  2-(diethoxyphosphinylimino)-4-methyl-1,3-dithiolane
PA0  Tris-(2-methyl-1-aziridinyl)-phosphine oxide (METEPA)
PA0  S-(2-chloro-1-phthalimidoethyl)-O,O-diethyldithiophosphate
PA0  N-hydroxynapthalimido-diethylphosphate
PA0  Dimethyl-3,5,6-trichloro-2-pyridylphosphate
PA0  O,o-dimethyl-O-(3,5,6-trichloro-2pyridyl)thiophosphate
PA0  S-2-(ethylsulphonyl)ethyl dimethylthiolphosphate (DIOXYDEMETON-S-METHYL)
PA0  Diethyl-S-2-(ethylsulphinyl)ethyl dithiophosphate (OXIDISULFOTON)
PA0  Bis-O,O-diethylthiophosphoric acid anhydride (SULFOTEP)
PA0  Dimethyl-1,3-di(carbomethoxy)-1-propen-2-yl-phosphate
PA0  Dimethyl-(2,2,2-trichloro-1-butyroyloxyethyl)phosphate (BUTONATE)
PA0  O,o-dimethyl-O-(2,2-dichloro-1-methoxy-vinyl)phosphate
PA0  Bis-(dimethylamido)fluorphosphate (DIMEFOX)
PA0  3,4-dichlorobenzyl-triphenylphosphiumchloride
PA0  Dimethyl-N-methoxymethylcarbamoylmethyl-dithiophosphate (FORMOCARBAM)
PA0  O,o-diethyl-O-(2,2-dichloro-1-chloroethoxyvinyl)phosphate
PA0  O,o-dimethyl-O-(2,2-dichloro-1-chloroethoxyvinyl)phosphate
PA0  O-ethyl-S,S-diphenyldithiolphosphate
PA0  O-ethyl-S-benzyl-phenyldithiophosphonate
PA0  O,o-diethyl-S-benzyl-thiolphosphate
PA0  O,o-dimethyl-S-(4-chlorophenylthiomethyl)dithiophosphate
      (METHYLCARBOPHENOTHION)
PA0  O,o-dimethyl-S-(ethylthiomethyl)dithiophosphate
PA0  Diisopropylaminofluorophosphate (MIPAFOX)
PA0  O,o-dimethyl-S-(morpholinylcarbamoylmethyl)dithiophosphate (MORPHOTHION)
PA0  Bismethylamido-phenylphosphate
PA0  O,o-dimethyl-S-(benzene sulphonyl)dithiophosphate
PA0  O,o-dimethyl-(S and O)-ethylsulphinylethylthiophosphate
PA0  O,o-diethyl-O- 4-nitrophenylphosphate
PA0  Triethoxy-isopropoxy-bis(thiophosphinyl)disulphide
PA0  2-methoxy-4H-1,3,2, benzodioxaphosphorin-2-oxide
PA0  Octamethylpyrophosphoramide (SCHRADAN)
PA0  Bis (dimethoxythiophospphinylsulphido)-phenylmethane
PA0  N,n,n', n'-tetramethyldiamidofluorophosphate (DIMEFOX)
PA0  O-phenyl-O-p-nitrophenyl-methanthiophosphonate (COLEP)
PA0  O-methyl-O-(2-chloro-4-tert.butyl-phenyl)-N-methylamidothiophosphate
      (MARLFNE)
PA0  O-ethyl-O-(2,4-dichlorophenyl)-phenylthiophosphonate
PA0  O,o-diethyl-O-(4-methylmercapto-3,5-dimethylphenyl)-thiophosphate
PA0  4,4'-bis-(O,O-dimethylthiophosphoryloxy)-diphenyl disulphide
PA0  O,o-di-(.beta.-chloroethyl)-O-(3-chloro-4-methyl -coumarinyl-7)-phosphate
PA0  S-(1-phthalimidoethyl)-O,O-diethyldithiophosphate
PA0  O,o-dimethyl-O-(3-chloro-4-diethylsulphamylphenyl)-thiophosphate
PA0  O-methyl-O-(2-carbispropoxyphenyl)-amidothiophosphate
PA0  5-(O,O-dimethylphosphoryl)-6-chloro-bicyclo(3.2.0)-heptadiene(1,5)
PA0  O-methyl-O-(2-i-propoxycarbonyl-1-methylvinyl)-ethylamido-thiophosphate.
PAC  Nitrophenols and derivatives
PA0  4,6-dinitro-6-methylphenol, Na-salt [Dinitrocresol]
PA0  dinitrobutylphenol-(2,2',2"-triethanolamine salt
PA0  2-cyclohexyl-4,6-dinitrophenyl [Dinex]
PA0  2-(1-methylheptyl)-4,6-dinitrophenyl-crotonate [Dinocap]
PA0  2-sec.-butyl-4,6-dinitrophenyl-3-methyl-butenoate [Binapacryl]
PA0  2-sec.-butyl-4,6-dinitrophenyl-cyclopropionate
PA0  2-sec.-butyl-4,6-dinitrophenylisopropylcarbonate [Dinobuton]
PAC  Miscellaneous
PA0  pyrethin I
PA0  pyrethin II
PA0  3-allyl-2-methyl-4-oxo-2-cyclopentan-1-yl-chrysanthemumate (Allethrin)
PA0  6-chloriperonyl-chrysanthemumate (Barthrin)
PA0  2,4-dimethylbenzyl-chrysanthemumate (Dimethrin)
PA0  2,3,4,5-tetrahydrophthalimidomethylchrysanthemumate
PA0  4-chlorobenzyl-4-chlorophenylsulphide [Chlorobensid]
PA0  6-methyl-2-oxol, 3-dithiolo-[4,5-b]-qunioxaline (Quinomethionate)
PA0  (I)-3-(2-furfuryl)-2-methyl-4-oxocyclopent-2-enyl(I-(cis+trans)-chrysanthem
     um-monocarboxylate [Furethrin]
PA0  2-pivaloyl-indane-1,3-dione [Pindon]
PA0  N'-(4-chloro-2-methylphenyl)-N,N-dimethylformamidine [Chlorophenamidin]
PA0  4-chlorobenzyl-4-fluorophenyl-sulphide [Fluorobenside]
PA0  5,6-dichloro-1-phenoxycarbanyl-2-trifluoromethyl-benzimidazole [Fenozaflor]
PA0  p-chlorophenyl-p-chlorobenzenesulphonate [Ovex]
PA0  p-chlorophenyl-benzenesulphonate [Fenson]
PA0  p-chlorophenyl-2,4,5-trichlorophenylsulphone [Tetradifon]
PA0  p-chlorophenyl-2,4,5-trichlorophenylsulphide [Tetrasul]
PA0  p-chlorobenzyl-p-chlorophenylsulphide [Chlorobenside]
PA0  2-thio-1,3-dithiolo-(,5-6)-quinoxaline -qunioxaline [Thiochinox]
PA0  prop-2-ynyl-(4-t-butylphenoxy)cyclohexylsulphite [Propargil].
PAC  Formamidines
PA0  1-dimethyl-2-(2'-methyl-4'-chlorophenyl)-formamidine (CHLORPHENAMIDIN)
PA0  1-methyl-2-(2'-methyl-4'-chlorophenyl)-formamidine
PA0  1-methyl-2-(2'-methyl-4'-bromophenyl)-formamidine
PA0  1-methyl-2-(2', 4'-dimethylphenyl)-formamidine
PA0  1-n-butyl-1-methyl-2-(2'-methyl-4'-chlorophenyl)-formamidine
PA0  1-methyl-1-(2'-methyl-4'-chloroaniline-methylene)-formamidine
PA0  2-(2"-methyl-4"-chlorophenyl)-formamidine
PA0  1-n-butyl-2-(2'-methyl-4'-chlorophenyl-imino)-pyrolidine.
PAC  Urea
PA0  N-2-methyl-4-chlorophenyl-N', N'-dimethyl-thiourea.
PAC  Carbamate
PA0  1-naphthyl-N-methylcarbamate (CARBARYL)
PA0  2-butinyl-4-chlorophenylcarbamate
PA0  4-dimethylamino-3,5-xylyl-N-methylcarbamate
PA0  4-dimethylamino-3-tolyl-N-methylcarbamate (AMINOCARB)
PA0  4-methylthio-3,5-xylyl-N-methylcarbamate (METHIOCARB)
PA0  3,4,5-trimethylphenyl-N-methylcarbamate
PA0  2-chlorophenyl-N-methylcarbamate (CPMC)
PA0  5-chloro-6-oxo-2-norborane-carbonitrile-O-)methylcarbamoyl)-oxime
PA0  1-(dimethylcarbamoyl)-5-methyl-3-pyrazolyl-N,N-dimethylcarbamate
      (DIMETILAN)
PA0  2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate (CARBOFURAN)
PA0  2-methyl-2-methylthio-propionaldehyde-O-(methylcarbamoyl)-oxime (ALDICARB)
PA0  8-chinaldyl-N-methylcarbamate and their salts
PA0  methyl 2-isopropyl-4-(methylcarbamoyloxy)carbanilate
PA0  m-(1-ethylpropyl)phenyl-N-methylcarbamate
PA0  3,5-di-tert.butyl-N-methylcarbamate
PA0  m-(1-methylbutyl)phenyl-N-methylcarbamate
PA0  2-isopropylphenyl-N-methylcarbamate
PA0  2-sec.butylphenyl-N-methylcarbamate
PA0  m-tolyl-N-methylcarbamate
PA0  2,3-xylyl-N-methylcarbamate
PA0  3-isopropylphenyl-N-methylcarbamate
PA0  3-tert.butylphenyl-N-methylcarbamate
PA0  3-sec.butylphenyl-N-methylcarbamate
PA0  3-isopropyl-5-methylphenyl-N-methylcarbamate (PROMECARB)
PA0  3,5-diisopropylphenyl-N-methylcarbamate
PA0  2-chloro-5-isopropylphenyl-N-methylcarbamate
      2-chloro-4,5-dimethylphenyl-N-methylcarbamate
PA0  2-(1,3-dioxolan-2-yl)phenyl-N-methylcarbamate (DIOXACARB)
PA0  2-(4,5-dimethyl-1,3-dioxolan-2-yl)phenyl-N-methylcarbamate
PA0  2-(1,3-dioxolan-2-yl)phenyl-N,N-dimethylcarbamate
PA0  2-(1,3-dithiolan-2-yl)-N,N-dimethylcarbamate
PA0  2-(1,3-dithiolan-2-yl)phenyl-N,N-dimethylcarbamate
PA0  2-isopropoxyphenyl-N-methylcarbamate (APROCARB)
PA0  2-(2-propinyloxy)phenyl-N-methylcarbamate
PA0  3-(2-propinyloxy)phenyl-N-methylcarbamate
PA0  2-dimethylaminophenyl-N-methylcarbamate
PA0  2-diallylaminophenyl-N-methylcarbamate
PA0  4-diallylamino-3,5-xylyl-N-methylcarbamate (ALLYXICARB)
PA0  4-benzothienyl-N-methylcarbamate
PA0  2,3-dihydro-2-methyl-7-benzofuranyl-N-methylcarbamate
PA0  3-methyl-1-phenylpyrazol-5-yl-N,N-dimethylcarbamate
PA0  1-isopropyl-3-methylpyrazol-5-yl-N,N-dimethylcarbamate (ISOLAN)
PA0  2-dimethylamino-5,6-dimethylpyrimidin-4-yl-N,N-dimethyl-carbamate
PA0  3-methyl-4-dimethylaminomethyleneiminophenyl-N-methylcarbamate
PA0  3,4-dimethylphenyl-N-methylcarbamate
PA0  2-cyclopentylphenyl-N-methylcarbamate
PA0  3-dimethylamino-methyleneiminophenyl-N-methylcarbamate(FORMETANATE) and
      their salts
PA0  1-methylthio-ethylimino-N-methylcarbamate (METHOMYL)
PA0  2-methylcarbamoyloximino-1,3-dithiolane
PA0  5-methyl-2-methylcarbamoyloximino-1,3-oxythiolane
PA0  2-(1-methoxy-2-propoxy)phenyl-N-methylcarbamate
PA0  2-(1-butin-3-yl-oxy)phenyl-N-methylcarbamate
PA0  1-dimethylcarbamyl-1-methylthio-0-methylcarbamyl-formoxime
PA0  1-(2'-cyanoethylthio)-0-methylcarbamyl-acetaldoxime
PA0  1-methylthio-0-carbamyl-acetaldoxime
PA0  0-(3-sec.butylphenyl)-N-phenylthio-N-methylcarbamate
PA0  2,5-dimethyl-1,3-dithioland-2-(0-methylcarbamyl)-aldoxime)
PA0  0-2-diphenyl-N-methylcarbamate
PA0  2-(N-methylcarbamyl-oximino)-3-chloro-bicyclo[2.2.1]heptane
PA0  2-(N-methylcarbamyl-oximino)-bicyclo[2.2.1]heptane
PA0  3-isopropylphenyl-N-methyl-N-chloroacetyl-carbamate
PA0  3-isopropylphenyl-N-methyl-N-methylthiomethyl-carbamate
PA0  0-(2,2-dimethyl-4-chloro-2,3-dihydro-7-benzofuranyl)-N-methylcarbamate
PA0  0-(2,2,4-trimethyl-2,3-dihydro-7-benzofuranyl)-N-methylcarbamate
PA0  0-naphthyl-N-methyl-N-acetyl-carbamate
PA0  0-5,6,7,8-tetrahydronaphthyl-N-methyl-carbamate
PA0  3-isopropyl-4-methylthio-phenyl-N-methylcarbamate
PA0  3,5-dimethyl-4-methoxy-phenyl-N-methylcarbamate
PA0  3-methoxymethoxy-phenyl-N-methylcarbamate
PA0  3-allyloxyphenyl-N-methylcarbamate
PA0  2-propargyloxymethoxy-phenyl-N-methyl-carbamate
PA0  2-allyloxyphenyl-N-methyl-carbamate
PA0  4-methoxycarbonylamino-3-isopropylphenyl-N-methyl-carbamate
PA0  3,5-dimethyl-4-methoxycarbonylamino-phenyl-N-methyl-carbamate
PA0  2-.gamma.-methylthiopropylphenyl-N-methyl-carbamate
PA0  3-(.alpha.-methoxymethyl-2-propenyl)-phenyl-N-methyl-carbamate
PA0  2-chloro-5-tert.-butyl-phenyl-N-methyl-carbamate
PA0  4-(methyl-propargylamino)-3,5-xylyl-N-methyl-carbamate
PA0  4-(methyl-.gamma.-chloroallylamino)-3,5-xylyl-N-methyl-carbamate
PA0  4-(methyl-.beta.-chloroallylamino)-3,5-xylyl-N-methyl-carbamate
PA0  1-(.beta.-ethoxycarbonalethyl)-3-methyl-5-pyrazolyl-N,N-dimethylcarbamate
PA0  3-methyl-4-(dimethylamino-methylmercapto-methyleneimino)phenyl-N-methylcarb
     amate
PA0  1,3-bis(carbamoylthio)-2-(N,N-dimethylamino)-propanehydrochloride
PA0  5,5-dimethylhydroresorcinoldimethylcarbamate
PA0  2-[ethyl-propargylamino]-phenyl-N-methylcarbamate
PA0  2-[methyl-propargylamino]-phenyl-N-methylcarbamate
PA0  2-[dipropargylamino]-phenyl-N-methylcarbamate
PA0  4-[dipropargylamino]-3-tolyl-N-methylcarbamate
PA0  4-[dipropargylamino]-3,5-xylyl-N-methylcarbamate
PA0  2-[allyl-isopropylamino]-phenyl-N-methylcarbamate
PA0  3-[allyl-isopropylamino]-phenyl-N-methylcarbamate
PAC  Chlorinated Hydrocarbons
PA0  .gamma.-hexachlorocyclohexane [GAMMEXANE; LINDAN; .gamma.HCH]
PA0  1,2,4,5,6,7,8,8-octachloro-3.alpha.,4,7,7.alpha.'tetrahydro-4,7-methylenind
     ane [CHLORDAN]
PA0  1,4,5,6,7,8,8-heptachloro,3.alpha.,4,7,7.alpha.-tetrahydro-4,7-methyleninda
     ne [HEPTACHLOR]
PA0  1,2,3,4,10,10-hexachloro-1,4,4.alpha.,5,8,8.alpha.-hexahydro-endo-1,4-exo-5
     ,8-dimethanonaphthalene [ALDRIN]
PA0  1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4.alpha.,5,6,7,8,8.alpha.-oxtahydro-
     exo-1,4-endo-5,8-dimethanonaphthalene [DIFLORIN]
PA0  1,2,3,4,10,10-hexachloro-5,7-epoxy-1,4,4.alpha.,5,6,7,8,8.alpha.-octyhydro-
     endo-endo-5,8-dimethanonaphthalene [ENDRIN]
PAR  the active substances of the formula I are also suitable for combating
      representatives of the division Thallophyta, e.g. viruses, bacteria and
      fungi. They thus possess fungicidal properties against phytophathogenic
      fungi on various cultivated plants, such as cereals, maize, rice,
      vegetables, ornamental plants, fruit trees, vines, farm products, etc.
PAR  With the new active substances it is possible to control or destroy fungi
      occurring on fruit, blossom, leaves, stems, tubers and roots, and from
      which parts of plants which grow later then also remain free. The active
      substances of the formula I are active in particular against
      phytopahtogenic fungi belonging to the following classes: Oomycetes,
      Zygomycetes, Ascomycetes, Basidiomycetes, Denteromycetes.
PAR  In addition, the new active substances can also be used for treating seeds,
      fruit, tubers etc., and the protecting them from fungus infections, for
      example from smut fungi of all kinds, such as Ustilaginales, e.g.
      Ustilago, Tilletia, Urocystis, Turbicinia and Phoma types.
PAR  In addition to the above cited acaricides and insecticides, it is also
      possible to admix the active substances of the formula I with, for
      example, bactericides, fungistatic agents, baceteriostatic agents,
      nematocides and/or e.g. the following fungicides, in order to broaden the
      activity spectrum:
PA0  dodecylquanidine acetate (DODINE)
PA0  pentachloronitrobenzene (QUINTOZENE)
PA0  pentachlorophenol (PCP)
PA0  2-(1-methyl-n-propyl)-4,6-dinitrophenyl-2-methyl-crotonate (BINAPACRYL)
PA0  2-(1-methyl-n-heptyl)-4,6-dinitrophenylcrotonate (DINOCAP)
PA0  2,6-dichloro-4-nitroaniline (DICHLORAN)
PA0  2,3,5,6-tetrachloro-benzoquinone (1,4) (CHLORANIL)
PA0  2,3-dichloro-naphthoquinone (1,4) (DICHLONE)
PA0  N-(trichloromethylthio) phthalimide (FOLPET)
PA0  N-(trichloromethylthio) cyclohex-4-en-1,2-dicarboximide (CAPTAN)
PA0  N-(1,1,2,2-tetrachloroethylthio)cyclohex-4-en-1,2-dicarboximide (CAPTAFOL)
PA0  N-methansulfonal-N-trichloromethylthio-chloroaniline
PA0  N'-dichlorofluoromethylthio-N,N-dimethyl-N'-phenylsulfamide (DICHLOFLUANID)
PA0  O -ethyl-S-benzyl-phenyldithiophosphate
PA0  O,o -diethyl-S-benzyl-thiolphosphate
PA0  disodium-ethylene-1,2-bis-dithiocarbamate (NABAM)
PA0  zinc-ethylene-1,2-bis-dithiocarbamate (ZINEB)
PA0  manganese-ethylene-1,2-bis-dithiocarbamate (polymeric) (MANEB)
PA0  tetramethylthiuramdisulfide (THIRAM)
PA0  1-oxy-3-acetyl-6-methyl-cyclohexene-(5)dione-(2,4) (DEHYDROACETIC ACID)
PA0  8-hydroxyquinoline (8-QUINOLINOL)
PA0  2-dimethylamino-6-methyl-5-n-butyl-4-hydroxy-pyrimidine
PA0  methyl-N-benzimidazole-2-yl-N-(butylcarbamoyl)carbamate (BENOMYL)
PA0  2-ethylamino-6-methyl-5n-butyl-4-hydroxypyrimidine
PA0  2,3-dicyano-1,4-dithia-anthraquinone (DITHIANON)
PA0  2-(4-thiazolyl)-benzimidazole
PA0  3,5-dimethyltetrahydro-1,3,5-thiadiazine-2-thione (DAZOMET)
PA0  2,3-dihydro-5-carboxanilido-6-methyl-1,4-oxathine
PA0  pentachlorobenzyl alcohol.
PAR  Furthermore, the compounds of the formula I are suitable for combating
      plant pathogenic nematodes.
PAR  The compounds of the formula I may be used as pure active substance or
      together with suitable carriers and/or additives. Suitable carriers and
      additives can be solid or liquid and correspond to the substances
      conventionally used in formulation technique such, for example, as
      solvents dispersants, wetting agents, adhesives, thickeners, binders
      and/or fertilisers.
PAR  For application, the compounds of the formula I may be processed to dusts,
      emulsion concentrates, granules, dispersions, sprays, to solutions, or
      suspensions in the conventional formulation which is commonly employed in
      application technology. Mention may also be made of "cattle dips" and
      "spray races", in which aqueous preparations are used.
PAR  The agents according to the invention are manufactured in known manner by
      intimately mixing and/or grinding active substances of the formula I with
      the suitable carriers, optionally with the addition of dispersants or
      solvents which are inert towards the active substances. The active
      substances may take and be used in the following forms:
PAL  Solid forms:
PA1  Dusts, tracking agents, granules, coated granules,
PA1  impregnated granules and homogeneous granules.
PAL  Liquid forms:
PA1  a. active substances which are dispersible in water: wettable powders,
      pasts, emulsions;
PA1  b. solutions.
PAR  To manufacture solid forms (dusts, tracking agents), the active substances
      are mixed with solid carriers. Suitable carriers are, for example: kaolin,
      talcum, bolus, loess, chalk, limestone, ground limestone, attaclay,
      dolomite, diatomaceous earth, precipitated silica, alkaline earth
      silicates, sodium and potassium aluminium silicates (feldspar and mica),
      calcium and magnesium sulphates, magnesium oxide, ground synthetic
      materials, fertilisers, for example ammonium sulphate, ammonium phosphate,
      ammonium nitrate, urea, ground vegetable products, such as corn meal, bark
      dust, sawdust, nutshell meal, cellulose powder, residues of plant
      extractions, activated charcoal etc. These substances can either be used
      alone or in admixture with one another.
PAR  Granules can be very easily manufactured by dissolving an active substance
      of the formula I in an organic solvent and applying the resulting solution
      to a granulated material, for example attapulgite, SIO.sub.2,
      granicalcium, bentonite etc. and then evaporating the solvent.
PAR  Polymer granules can also be manufactured by mixing the active substances
      of the formula I with polymerisable compounds (urea/formaldehyde;
      dicyandiamide/formaldehyde; melamine/formaldehyde or others), whereupon a
      mild polymerisation is carried out that does not affect the active
      substances and in the process of which the granulation is carried out
      during the gel formation. It is more advantageous to impregnate finished,
      porous polymer granules (urea/formaldehyde, polyacrylonitrile, polyester
      or others) which have a specific surface area and a favourable
      predeterminable adsorption/desorption ratio, with the active substances,
      for example in the form of their solutions (in a low boiling solvent) and
      to remove the solvent. Polymer granules of this kind in the form of
      microgranules having a bulk density of 300 g/liter to 600 g/liter can also
      be manufactured with the aid of atomisers. The dusting can be carried out
      from aircraft over extensive areas of cultures of useful plants.
PAR  It is also possible to obtain granules by compacting the carrier with the
      active substance and carriers and subsequently comminuting the product.
PAR  To these mixtures can also be added additives which stabilize the active
      substance and/or non-ionic, anionic and cationic surface active
      substances, which, for example, improve the adhesion of the active
      ingredients on plants or parts of plants (adhesives and agglutinants)
      and/or ensure a better wettability (wetting agents) and dispersibility
      (dispersing agents). Examples of suitable adhesives are the following:
      olein/chalk mixture, cellulose derivates (methyl cellulose, carboxymethyl
      cellulose), hydroxyethyl glycol ethers of monoalkyl and dialkyl phenols
      having 5 to 15 ethylene oxide radicals per molecule and 8 to 9 carbon
      atoms in the alkyl radical, lignin sulphonic acids, their alkali metal and
      alkaline earth metal salts, polyethylene glycol ethers (carbowaxes), fatty
      alcohol polyethylene glycol ethers having 5 to 20 ethylene oxide radicals
      per molecule and 8 to 18 carbon atoms in the fatty alcohol moiety,
      condensation products of ethylene oxide/propylene oxide, polyvinyl
      pyrrolidones, polyvinyl alcohols, condensation products of urea and
      formaldehyde, and also latex products.
PAR  The water-dispersible concentrates of the active substance, i.e. wettable
      powders, pastes and emulsifiable concentrates, are agents which can be
      diluted with water to any concentration desired. They consist of active
      substance, carrier, optionally additives which stabilize the active
      substance, surface-active substance and anti-foam agents and, optionally,
      solvents.
PAR  Wettable powders and pastes are obtained by mixing and grinding the active
      substances with dispersing agents and pulverulent carriers in suitable
      apparatus until homogeneity is attained. Suitable carriers are, for
      example, those mentioned for the solid forms of application. In some cases
      it is advantageous to use mixtures of different carriers. As dispersing
      agents there can be used, for example, condensation products of sulfonated
      naphthalene and sulfonated naphthalene derivatives with formaldehyde,
      condensation products of naphthalene or naphthalene sulfonic acids with
      phenol and formaldehyde, as well as alkali, ammonium and alkaline earth
      metal salts of lignin sulfonic acid, in addition, alkylaryl sulfonates,
      alkali and alkaline earth metal salts of dibutyl naphthalene sulfonic
      acid, fatty alcohol sulfates such as salts of sulfated hexadecanols,
      heptadecanols, octadecanols, and salts of sulfated fatty alcohol glycol
      ethers, the sodium salt of oleoyl ethionate, the sodium salt of oleoyl
      methyl tauride, ditertiary acetylene glycols, dialkyl dilauryl ammonium
      chloride and fatty acid alkali and alkaline earth metal salts.
PAR  Suitable anti-foam agents are silicones.
PAR  The active substances are mixed, ground, sieved and strained with the
      additives cited hereinabove in such a manner that, in wettable powders,
      the solid particle size of from 0.02 to 0.04 and in pastes, of 0.03 is not
      exceeded. To produce emulsifiable concentrates and pastes, dispersing
      agents such as those cited above, organic solvents and water are used.
      Examples of suitable solvents are: alcohols, benzene, xylene, toluene,
      dimethyl sulfoxide, and mineral oil fractions boiling between 120.degree.
      and 350.degree.C. The solvents must be practically odourless, not
      phytotoxic, inert to the active substances.
PAR  Furthermore, the agents according to the invention can be applied in the
      form of solutions. For this purpose the active substance or several active
      substances of the general formula I are dissolved in suitable organic
      solvents, mixtures of solvents or in water. Aliphatic and aromatic
      hydrocarbons, chlorinated derivatives thereof, alkyl naphthalenes, and
      mineral oils singly or in admixture with each other, can be used as
      organic solvents.
PAR  The content of active substance in the above described agents is between
      0.1% to 95%, in which connection it should be mentioned that, in the case
      of application from aircraft or some other suitable means of application,
      it is possible to use concentrations of up to 99.5% or even pure active
      substance.
PAR  The active substances of the formula I can, for example, be formulated as
      follows:
PAR  Dusts
PAR  The following substances are used to manufacture (a) a 5% and (b) a 2%
      dust:
PA1  a. 5 parts of active substance
PA1   95 parts of talcum
PA1  2 parts of active substance
PA1   1 part of highly disperse silica
PA1   97 parts of talcum.
PAL  The active substances are mixed with the carriers and ground.
PAR  Granules
PAR  The following substances are used to produce 5% granules:
PA1  5 parts of active substance,
PA1   0.25 parts of epichlorohydrin,
PA1  0.25 parts of cetyl polyglycol ether,
PA1  3.50 parts of polyethylene glycol,
PA1  91 parts of kaolin (particle size 0.3 - 0.8 mm).
PAR  The active substance is mixed with epichlorohydrin and dissolved with 6
      parts of acetone; the polyethylene glycol and cetyl polyglycol ether are
      then added. The thus obtained solution is sprayed on to kaolin, and the
      acetone subsequently evaporated in vacuo.
PAR  Wettable powder:
PAR  The following constituents are used for the preparation of (a) a 40%, (b)
      and (c) a 25 %, and (d) a 10% wettable powder:
PA1  a. 40 parts of active substance,
PA1   5 parts of sodium lignin sulphonate,
PA1   1 part of sodium dibutyl-naphthalene sulphonate,
PA1   54 parts of silica acid.
PA1  b. 25 parts of active substance,
PA1   4.5 parts of calcium lignin sulphonate
PA1   1.9 parts of Champagne chalk/hydroxyethyl cellulose  mixture (1:1),
PA1   1.5 parts of sodium dibutyl naphthalene sulphonate,
PA1   19.5 parts of silica acid,
PA1   19.5 parts of Champagne chalk,
PA1   28.1 parts of kaolin.
PA1  c. 25 parts of active substance,
PA1   2.5 parts of isooctylphenoxy-polyoxyethylene-ethanol,
PA1   2.7 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA1   8.3 parts of sodium aluminium silicate,
PA1   16.5 parts of kieselguhr,
PA1   46 parts of kaolin.
PA1  d. 10 parts of active substance,
PAR   3 parts of a mixture of the sodium salts of saturated fatty alcohol
      sulphates,
PA1   5 parts of naphthalenesulphonic acid/formaldehyde condensate,
PA1   82 parts of kaolin.
PAR  The active substances are intimately mixed, in suitable mixers, with the
      additives, the mixture being then ground in the appropriate mills and
      rollers. Wettable powder are obtained which can be diluted with water to
      give suspensions of any desired concentration.
PAR  Emulsifiable concentrates:
PAR  The following substances are used to produce (a) a 10% and (b) a 25%
      emulsifiable concentrate:
PA1  a. 10 parts of active substance,
PA1   3.4 parts of epoxidised vegetable oil,
PA1  13.4 parts of a combination emulsifier consisting of fatty alcohol
      polyglycol ether and alkylarylsulphonate calcium salt,
PA1   40 parts of dimethylformamide,
PA1   43.2 parts of xylene.
PA1  b. 25 parts of active substance,
PA1   2.5 parts of epoxidised vegetable oil,
PA1   10 parts of an alkylarylsulphonate/fatty alcoholpolyglycol ether mixture
PA1   5 parts of dimethylformamide,
PA1   57.5 parts of xylene.
PAR  From these concentrates it is possible to produce, by dilution with water,
      emulsions of any desired concentration.
PAR  Spray:
PAR  The following constituents are used to prepare a 5% spray:
PA1   5 parts of active substance,
PA1   1 part of epichlorohydrin,
PA1   94 parts of benzine (boiling limits 160.degree. - 190.degree.C).
DETD
PAC  EXAMPLE 1
PAC  Manufacture of the Starting Material
PAR  a. 1-isopropyl-5-chloro-3-hydroxy-1,2,4-triazole
PAR  127 g of 1-isopropyl-3-hydroxy-1,2,4-triazole and 276 ml of triethylamine
      are dissolved in 1200 ml of absolute alcohol. The solution turns cloudy
      yellow. While cooling (26.degree. to 30.degree.C), 106.5 g of chlorine
      (dried by concentrated sulphuric acid) are passed in within 30 minutes. In
      the process, the yellow solution initially becomes clear. Subsequently
      triethylamine hydrochloride precipitates as crystalline product, which is
      filtered off after stirring for 1 further hour. The filtrate is
      concentrated to dryness in a rotary evaporator. The brown residue is
      dissolved in 1 liter of water and 1 liter of ether. The mixture is
      extracted and separated in a separating funnel. The aqueous phase is
      extracted three times with 500 ml of ether on each occasion. The combined
      ether phases are dried over sodium sulphate, the drying agent is filtered
      off and the filtrate is concentrated to dryness. The light brown residue
      is dissolved in 500 ml of carbon tetrachloride containing activated
      charcoal, whereupon the mother liquor is concentrated to 1/3 of its volume
      and then cooled. The active substance crystallises out and is dried in
      vacuo for 15 hours at 60.degree.C/15 mm Hg. Yield: 96.3 g (60 % of
      theory); m.p. : 103.degree.-105.degree.C.
PAR  b. 1-phenyl-5-chloro-3-hydroxy-1,2,4-triazole
PAR  32.2 g of 1-phenyl-3-hydroxy-1,2,4-triazole and 40.5 g of triethylamine are
      dissolved in 300 ml of absolute alcohol. While cooling, 21.3 g of chlorine
      are passed in (20.degree. to 30.degree.C). Triethylamino hydrochloride is
      filtered off and the filtrate is concentrated in a rotary evaporator. The
      residue is treated with 300 ml of water and extracted 4 times with 200 ml
      of ether each time. The combined ethereal extracts are dried over sodium
      sulphate. The drying agent is filtered off and the filtrate concentrated.
      The solid residue is recrystallised from 70 ml of acetonitrile. Yield:
      11.4 g (29.2 % of theory); m.p. 147.degree.-149.degree.C.
PAR  c. 1-phenyl-5-chloro-3-hydroxy-1,2,4-triazole
PAR  32.2 g of 1-phenyl-3-hydroxy-1,2,4-triazole and 40.5 g of triethylamine in
      300 ml of dimethyl formamide. While cooling with ice, 21.3 g of chlorine
      gas are passed in at 20.degree. to 30.degree.C. Subsequently the resulting
      triethylamine hydrochloride is filtered off and the solvent is distilled
      off in vacuo. The residue is taken up in 300 ml of water and extracted 4
      times with 200 ml of ether. The combined ethereal extracts are dried over
      sodium sulphate and, after the solvent has been filtered off, concentrated
      in vacuo. The residue is recrystallised from acetonitrile. Yield: 15.0 g
      (38.4 % of theory); m.p. 146.degree.-147.degree.C.
PAR  d. 1-ethyl-5-chloro-3-hydroxy-1,2,4-triazole
PAR  71.5 g of chlorine is passed into a solution of 75.5 g of
      1-ethyl-3-hydroxy-1,2,4-triazole and 185 ml of triethylamine in 800 ml of
      absolute ethanol. The exothermic reaction is kept at 20.degree. to
      30.degree.C while cooling. Triethylamine hydrochloride is precipitated.
      The batch is further stirred for 2 hours after the chlorine has been
      passed in. Triethylamine hydrochloride is filtered off and the filtrate
      concentrated. The residue is dissolved in 500 ml of ether and 500 ml of
      water. The phases are separated and the aqueous phase is extracted 3 times
      with 300 ml of ether each time. The ethereal extracts are dried over
      sodium sulphate. The drying agent is filtered off and the filtrate
      concentrated. The residue is recrystallised from a mixture of 400 ml of
      xylene and 250 ml of ligroin and dried in vacuo. Yield: 28.7 g (29 % of
      theory); m.p. 108.degree.-110.degree.C.
PAR  e. 1-isobutyl-5-chloro-3-hydroxy-1,2,4-triazole
PAR  241 g of 1-isobutyl-3-hydroxy-1,2,4-triazole and 475 ml of triethylamine
      are dissolved in 2100 ml of absolute ethanol, and 182 g of chlorine are
      passed in while cooling at 20.degree.-30.degree.C. The solution is stirred
      for 1 1/4 hours at room temperature, after which the triethylamine
      hydrochloride is filtered off. The filtrate is concentrated in a rotary
      evaporator, the residue dissolved in 1000 ml of ether and 1000 ml of water
      are added. The phases are separated and the aqueous phase is extracted 3
      times with 300 ml of ether each time. The ether phase is dried and
      concentrated. The residue is recrystallised from ligroin/xylene. Yield:
      104.7 g (34 % of theory); m.p. 84.degree.-86.degree.C.
PAR  The following compounds are manufactured in analogous manner:
PA0  1-methyl-3-hydroxy-3-chloro-1,2,4-triazole
PA0  1-n-propyl-3-hydroxy-5-chloro-1,2,4-triazole; m.p. 26.degree.-30.degree.C
PA0  1-n-butyl-3-hydroxy-5-chloro-1,2,4-triazole; m.p. 41.degree.-45.degree.C
PA0  1-sec.-butyl-3-hydroxy-5-chloro-1,2,4-triazole; m.p. 77.degree.-79.degree.C
PA0  1-n-pentyl-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-sec.-pentyl-3-hydroxy-5-chloro-1,2,4-triazole; m.p.
      25.degree.-35.degree.C
PA0  1-n-hexyl-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(2',2',2'-trimethyl-propyl-3-hydroxy-5-chloro-1,2,4-triazole; m.p.
      154.degree.-160.degree.C
PA0  cyclopentyl-5-chloro-1,2,4-triazole m.p. 128-130.degree.C
      cyclophenyl-5-chloro-1,2,4-triazole
PA0  1-(1'-methyl-decyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(1'-n-nonyl-decyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-penyl-3-hydroxy-5-chloro-1,2,4-triazole; m.p. 139.degree.-141.degree.C
PA0  1-(n-phenylethyl)-3-hydroxy-5-chloro-1,2,4-triazole; m.p.
      112.degree.-114.degree.C
PA0  1-(diphenylmethyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(2'-chlorophenyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(3'-chlorophenyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(4'-chlorophenyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(2',5'-dichlorophenyl)-5-hydroxy-5-chloro-1,2,4-triazole; m.p.
      153-158.degree.C
PA0  1-(3',5'-dichlorophenyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(3',4'-dichlorophenyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(2,4'-dichlorophenyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(2',4',5'-trichlorophenyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(4'-bromo phenyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(4'-fluorophenyl)-3-hydroxy-5-chloro-1,2,4-briazole
PA0  1-(2',3',4',5',6'-pentafluorophenyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(3'-tolyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(4'-tolyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(3'-chloro-4'-tolyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(3'-trifluoromethyl-phenyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(4'-methylmercapto-phenyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(4'-methanesulphinyl-phenyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(4'-methanesulphonyl-phenyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(4'-ethoxyphenyl)-3-hydroxy-5-chloro-1,2,4-triazole
PA0  1-(3'-nitrophenyl)-3-hydroxy-5-chloro-1,2,4-triazole.
PAR  f. 1-isopropyl-5-bromo-3-hydroxy-1.2.4-triazole
PAR  63.9 g of 1-isopropyl-1,2,4-triazolyl-(3)-benzoate with a melting point of
      55.degree.-57.degree.C (manufactured from
      1-isopropyl-3-hydroxy-1,2,4-triazole and benzoyl chloride), 53.4 g of
      N-bromosuccinamide and 0.2 g of azoisobutyronitrile in 550 ml of carbon
      tetrachloride are heated together for 48 hours to reflux. After the
      reaction mixture has been cooled to 0.degree.C, the precipitate which has
      formed is filtered off with suction and heated to 75.degree.C in 600 ml of
      water. The undissolved portion is filtered off and dried in vacuo, to give
      40 g of 1-isopropyl-5-bromo-1,2,4-triazolyl-(3)-benzoate in the form of
      crystals melting at 125.degree.-130.degree.C.
PAR  361 g of this intermediate product are treated with 1950 ml of 2n NaOH and
      the mixture is heated to 60.degree.C. The solution is cooled to
      20.degree.C, filtered clear with activated charcoal over Hyflo, and the
      filtrate is acidified with 390 ml of concentrated hydrochloric acid in
      2000 ml of water. White crystals of
      1-isopropyl-3-bromo-5-hydroxy-1,2,4-triazole (m.p.
      155.degree.-157.degree.C) are obtained.
PAR  g. 1-isopropyl-5-fluoro-3-hydroxy-1,2,4-triazole
PAR  16.2 g of 1-isopropyl-5-chloro-3-hydroxy-1,2,4-triazole, 29 g of dry
      potassium fluoride and 150 ml of sulpholane are heated together for 16
      hours to 160.degree.-200.degree.C. The solvent is evaporated in a high
      vacuum and the residue then treated with 10 % acetic acid and extracted
      with ethyl acetate. The ethyl acetate is evaporated off and the residueal
      solid is recrystallised from water, in the process of which
      1-isopropyl-5-fluoro-3-hydroxy-1,2,4-triazole is obtained in the form of
      white crystals with a melting point of 80.degree.-95.degree.C. The product
      can be recrystallised from an organic solvent in order to purify it
      further.
PAC  Manufacture of the new phosphorus compounds
PAR  a. 0,0-diethyl-0-[1-isopropyl-5-chloro-1,2,4-triazolyl-(3)]-thiophosphate
PAR  22.5 g of 1-isopropyl-5-chloro-3-hydroxy-1,2,4-triazole and 19.3 g of
      potassium carbonate in 500 ml of methyl ethyl ketone are heated for 2 1/2
      hours to reflux and the mixture is then cooled to room temperature. In the
      course of 15 minutes 26.3 g of diethylthiophosphoric chloride are added
      dropwise and the solution is heated for 3 hours to reflux. It is cooled
      and the salts are filtered off with the aid of Hyflo and washed with
      methyl ethyl ketone. The clear filtrate is evaporated in vacuo. The
      residue is purified by chromatography over a short silica gel column with
      2 % methanol in chloroform as eluant. The solvent is afterwards distilled
      off and the compound of the formula
      ##SPC7##
PAL  n.sub.D.sup.20 : 1,4867 is obtained.
PAR  b. 0,0-diethyl-0-[1-phenyl-5-chloro-1,2,4-triazolyl-(3)]-thiophosphate
PAR  11.4 g of 1-phenyl-5-chloro-3-hydroxy-1,2,4-triazole and 8.0 g of potassium
      carbonate in 250 ml of methyl ethyl ketone are heated for 2 hours under
      reflux and the mixture is subsequently cooled to room temperature. 10.8 g
      of diethylthiophosphoric chloride are added dropwise and the solution is
      heated again for 1 1/2 hours under reflux. It is then stirred overnight at
      room temperature. The salts are filtered off using Hyflo and the clear
      filtrate is evaporated in vacuo, to give the compound of the formula
      ##SPC8##
PAL  n.sub.D.sup.20 : 1,5449.
PAR  c.
      0-ethyl-0-[1-isopropyl-5-chloro-1,2,4-triazolyl-(3)]-methylaminothiophosph
     oric acid ester
PAR  32.2 g of 1-isopropyl-5-chloro-3-hydroxy-1,2,4-triazole and 27.6 g of
      potassium carbonate were heated under reflux for 2 hours in 400 ml of
      methyl ethyl ketone. The resulting slurry was cooled to room temperature
      and 34.7 g of O-ethyl-S-methylaminodithiophosphoric chloride in 100 ml of
      methyl ethyl ketone were added dropwise. The batch was heated to reflux
      once more for 2 hours and subsequently stirred over night at room
      temperature. The salts were filtered off using Hyflo and the solvent
      distilled off from the filtrate in vacuo. The residue was purified by
      chromatography over a short silica gel column with chloroform as eluant,
      giving the compound of the formula
      ##SPC9##
PAL  n.sub.D.sup.20 : 1,5130.
PAR  d. 0,0-dimethyl-0-[1-isopropyl-5-chloro-1,2,4-triazolyl-(3)]-thiophosphate
PAR  33 g of 1-isopropyl-5-chloro-3-hydroxy-1,2,4-triazole and 27 g of potassium
      carbonate are heated under reflux for 2 hours in 400 ml of methyl ethyl
      ketone. The solution is cooled to room temperature and 32 g of
      dimethylthiophosphoric chloride are added dropwise. The batch is
      subsequently stirred for 5 hours at 60.degree.C and stirring is continued
      overnight at room temperature. The salts are filtered off and the filtrate
      is concentrated in vacuo. The oily residue is purified by chromatography
      over a short silica gel column with chloroform as eluant, to give the
      compound of the formula
      ##SPC10##
PAL  n.sub.D.sup.20 : 1,4970.
PAR  e. 0,0-dimethyl-0-[ 1-isopropyl-5-chloro-1,2,4-triazolyl-(3)]-phosphate
PAR  32.2 g of 1-isopropyl-3-chloro-5-hydroxy-1,2,4-triazole and 27.6 g of
      potassium carbonate are heated under reflux for 2 hours in 400 ml of
      methyl ethyl ketone and the mixture is subsequently cooled to room
      temperature. 28.9 g of dimethylphosphoric chloride in 100 ml of methyl
      ethyl ketone are added dropwise and the solution is heated again under
      reflux for 2 hours. The batch is then stirred overnight at room
      temperature. The salts are then filtered off using Hyflo and the filtrate
      is concentrated in vacuo. The oily, dark residue is purified by
      chromatography over a short silica gel column with chloroform/1 %
      methanol, to give the compound of the formula
      ##SPC11##
PAL  n.sub.D.sup.20 : 1,4650.
PAR  The following compounds are also manufactured in analogous manner:
      ##SPC12##
      ##EQU1##
PAC  EXAMPLE 2
PAC  A. Insecticidal ingest poison action
PAR  Tobacco and potato plants were sprayed with a 0.05% aqueous emulsion
      (obtained from a 10% emulsifiable concentrate).
PAR  After the coating had dried, the tobacco plants were populated with
      Egyptian cotton lead worms (Spodoptera littoralis) and the potato plants
      with Colorado potato bettle larvae (Leptinotarsa decemlineata). The test
      was carried out at 24.degree.C and 60 % relative humidity. In the above
      test, the compounds according to Example 1 displayed ingest poison action
      against Spodoptera littoralis and Leptinotarsa decemlineata.
PAC  B. Systemic insecticidal action
PAR  To determine the systemic action, rooted bean plants (Vicia fabae) were put
      into a 0.01% aqueous active substance solution (obtained from a 10%
      emulsifiable concentrate). After 24 hours, aphids (Aphis fabae) were
      placed on the parts of the plant above the soil. The aphids were protected
      from contact and gas action by means of a special device. The test was
      carried out at 24.degree.C and 70% relative humidity. In the above tests
      the compounds according to Example I displayed good insecticidal ingest
      poison action and systemic insecticidal action.
PAC  EXAMPLE 3
PAC  Action against Chilo suppressalis
PAR  Six rice plants at a time of the variety Caloro were transplanted into
      plastic pots (diameter at the top = 17 cm) and reared to a height of about
      60 cm. Infestation with Chilo suppressalis larvae (L.sub.1 : 3-4 mm long)
      took place 2 days after the active substance had been applied in granule
      form to the paddy water (rate of application: 8 kg of active substance per
      hectare). Evaluation of the insecticidal action took place 10 days after
      application of the granules.
PAR  The compounds according to Example I were active in the above test against
      Chilo suppressalis.
PAC  EXAMPLE 4
PAC  Action against Aulacophera femoralis, Pachmoda and Chortophila larvae
PAR  Sterilised compost earth was homogeneously mixed with a wettable powder
      containing 25% of active substance so that there resulted a rate of
      application of 8 kg of active substance per hectare.
PAR  Young zucchetti plants (Cucumis pepo) were put into plastic pots with the
      treated soil (3 plants per pot; diameter of pot = 7 cm). Each pot was
      infected immediately afterwards with 5 Aulacophora femoralis and Pachmoda
      or Chortophila larvae. The control was carried out 4, 8, 16 and 32 days
      after depositing the larvae.
PAR  At 80-100% kill after the first control, a fresh infestation with 5 larvae
      each was carried out in the same soil sample with 3 new zucchetti plants.
      If the activity was less than 80%, the remaining larvae remained in the
      soil sample until the control immediately following. If an active
      substance at a rate of application of 8 kg/ha still effected a 100% kill,
      a further control with 4 and 2 kg of active substance per hectare was
      carried out.
PAR  In the above test, the compounds according to Example I displayed action
      against Aulacophora fermoralis, Pachmoda and Chortophila larvae.
PAC  EXAMPLE 5
PAC  Action against ticks
PAR  A. Rhicephalus bursa
PAR  Five adult ticks and 50 tick larvae were counted into a glass tube and
      immersed for 1 to 2 minutes in 2 ml of an aqueous emulsion from an
      emulsion series each containing 100, 10, 1 and 0.1 ppm of test substance.
      The tube was then sealed with a standardised cotton wool plug and placed
      on its head, so that the active substance emulsion could be adsorbed by
      the cotton wool.
PAR  In the case of the adults evaluation took place after 2 weeks, and in that
      of the larvae after 2 days. Each test was repeated twice.
PAR  B. Boophilus microplus (larvae)
PAR  Tests were carried out in each case with 20 OP-sensitive larvae using an
      analogous dilution series as in the case of test A. (The resistence refers
      to the tolerability of Diazinon).
PAR  The compounds according to Example 1 acted in the above test against adults
      and larvae of Rhipicephalus bursa and sensitive and OP-resistent larvae of
      Boophilus microplus.
PAC  EXAMPLE 6
PAC  Acaracidal action
PAR  Phaseolus vulgaris (dwarf beans) have an infested piece of leaf from a mass
      culture of Tetranychus urticae placed on them 12 hours before the test for
      the acaricidal action. The mobile stages which have migrated are sprayed
      with the emulsified test preparations from a chromatography atomiser so
      that the spray broth does not run off. The number of living and dead
      larvae, adults and eggs are evaluated after 2 to 7 days under a
      stereoscopic microscope and the result expressed in percentages. During
      the "interim", the treated plants are kept in greenhouse compartments at
      25.degree.C.
PAR  The compounds according to Example I are active in the above test against
      eggs, larvae and adults of Tetranychus urticae.
PAC  EXAMPLE 7
PAC  Action against soil nematodes
PAR  To test the action against soil nematodes, the active substance (in the
      concentration indicated in each case is applied to and intimately mixed
      with soil infected with root gall nematodes (Meloidgyne avenaria).
      Immediately afterwards, tomato cuttings are planted in the thus prepared
      soil in a series of tests and after a waiting time of 8 days tomato seeds
      are sown in another test series.
PAR  In order to assess the nematocidal action, the galls present on the roots
      are counted 28 days after planting and sowing respectively. The compounds
      according to Example I display good action against Meloidgyne avenaria.
CLMS
STM  We claim:
NUM  1.
PAR  1. An insecticidal, acaricidal and nematocidal composition comprising an
      insecticidally, acaricidally and nematocidally effective amount of a
      compound of the formula
      ##SPC13##
PAL  wherein X represents fluorine, chlorine or bromine; Z represents oxygen or
      sulphur; R.sub.1 represents C.sub.1 -C.sub.19 alkyl, C.sub.3 -C.sub.8
      cycloalkyl, or phenyl, benzyl, phenylethyl, diphenylmethyl or
      ##SPC14##
PAL  optionally substituted by halogen, nitro, alkyl, haloalkyl, alkoxy,
      alkylsulphinyl or alkylsulphonyl, the alkyl groups of which each have 1-6
      carbon atoms; R.sub.2 represents C.sub.1 -C.sub.19 alkoxy, C.sub.1
      -C.sub.19 alkylthio, amino, mono- or di(C.sub.1 -C.sub.19)alkylamino; and
      R.sub.3 represents C.sub.1 -C.sub.19 alkyl, C.sub.1 -C.sub.19 alkoxy,
      C.sub.1 -C.sub.19 alkylthio, phenyl, phenoxy, amino, mono- or di(C.sub.1
NUM  2.
PAR  2. The composition of claim 1, wherein in said compound X represents
      chlorine or bromine; Z represents oxygen or sulphur, R.sub.1 represents
      alkyl having 1 to 19 carbon atoms, cyclopentyl, phenylethyl,
      diphenylmethyl or
      ##SPC15##
PAL  and phenyl or benzyl which is unsubstituted or substituted by fluorine,
      chlorine, bromine, methyl, trifluoromethyl, methoxy, methylthio, ethoxy or
      nitro; R.sub.2 represents methoxy, ethoxy, propoxy, 2-chloroethoxy,
      propylthio, methylamino, dimethylamino or isopropylamino; and R.sub.3
      represents methyl, ethyl, methoxy, methylthio, ethoxy, ethylthio, propoxy,
      2-chloroethyl, propylthio, phenyl, phenoxy, amino, methylamino or
NUM  3.
PAR  3. The composition of claim 2, wherein in said compound X represents
      chlorine, Z represents sulphur, R.sub.1 represents alkyl, with 1 to 6
      carbon atoms, cyclopentyl, phenyl, 3-trifluoromethylphenyl, benzyl,
      diphenylmethyl or
      ##SPC16##
PAL   R.sub.2 represents methoxy, ethoxy or propoxy, R.sub.3 represents methyl,
      ethyl, methoxy, ethoxy, propylthio, amino, methylamino and dimethylamino.
NUM  4.
PAR  4. The composition of claim 3, wherein said compound is
      0,0-diethyl-0-[1-isopropyl-5-chloro-1,2,4-triazolyl-(3)]-thiophosphate.
NUM  5.
PAR  5. The composition of claim 3, wherein said compound is
NUM  6.
PAR  6. The composition of claim 3, wherein said compound is
      0-ethyl-S-propyl-0-[1-isopropyl-5-chloro-1,2,4-triazolyl-(3)]-dithiophosph
NUM  7.
PAR  7. The composition of claim 3, wherein said compound is
      0-ethyl-S-propyl-0-[1-benzyl-5-chloro-1,2,4-triazolyl-(3)]dithiophosphate.
NUM  8.
PAR  8. A method for combatting insects, acaricides or nematodes which comprises
      applying thereto an insecticidally, acaricidally, or nematocidally
NUM  9.
PAR  9. A method for combatting insects, acaricides or nematodes which comprises
      applying thereto an insecticidally, acaricidally or nematocidally
NUM  10.
PAR  10. A method for combatting insects, acaricides or nematodes which
      comprises applying thereto an insecticidally, acaricidally or
      nematocidally effective amount of the compound of claim 3.
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PAL  Triazolylphosphorus compounds of the formula
      ##EQU1##
       wherein R.sub.1 represents hydrogen, alkyl, cycloalkyl, phenyl, benzyl or
      phenethyl,
PA1  R.sub.2 represents alkylthio, alkylsulphinyl, alkylsulphonyl, phenthio,
      phenylsulphinyl, phenylsulphonyl, benzylthio, benzylsulphinyl or
      benzylsulphonyl,
PA1  R.sub.3 represents alkyl, alkoxy, alkylthio or phenyl,
PA1  R.sub.4 represents alkyl, and
PA1  X represents oxygen or sulphur,
PAL  Processes for their production and their use for pest control.
PARN
PAR  This is a division of application Serial No. 310,728, filed November 30,
      1972, now U.S. Patent No. 3,867,398.
BSUM
PAR  The present application relates to triazolylphosphorus compounds and to
      processes for their production, as well as to their use for pest control.
PAR  The triazolylphosphorus compounds correspond to the formula
      ##EQU2##
      wherein R.sub.1 represents hydrogen, alkyl, cycloalkyl, phenyl, benzyl or
      phenethyl,
PA1  R.sub.2 represents alkylthio, alkylsulphinyl, alkylsulphonyl, phenthio,
      phenylsulphinyl, phenylsulphonyl, benzylthio, benzylsulphinyl or
      benzylsulphonyl,
PA1  R.sub.3 represents alkyl, alkoxy, alkylthio or phenyl,
PA1  R.sub.4 represents alkyl, and
PA1  X represents oxygen or sulphur.
PAR  By the terms alkyl, alkoxy, alkylthio, alkylsulphinyl or alkylsulphonyl
      radical is meant in each case a straight-chain or branched radical having
      1 to 12, preferably 1 to 6, carbon atoms, the said radical being
      unsubstituted or substituted by halogen, such as fluorine, chlorine,
      bromine and/or iodine, particularly fluorine or chlorine. Examples of such
      radicals are inter alia: methyl, methoxy, methylthio, methylsulphinyl,
      methylsulphonyl, ethyl, ethoxy, ethylthio, ethylsulphinyl, ethylsulphonyl,
      2,2,2-trichloroethyloxy, 2,2,2-trifluorethyloxy, propyl, propoxy, n- and
      sec.-propylthio, propylsulphinyl, propylsulphonyl, n-butyl, n-butoxy,
      n-butylthio, i-, sec.-, tert.-butyl, n-pentyl, n-pentoxy, n-pentylthio.
PAR  The cycloalkyl radicals denoted by R.sub.1 contain 3 to 8 ring carbon
      atoms. Preferred cycloalkyl radicals are cyclopropyl, cyclopentyl or
      cyclohexyl.
PAR  The phenyl, benzyl and phenethyl groups denoted by R.sub.1 can be
      unsubstituted on the rings, or substituted, for example, by methoxy,
      halogen atoms such as fluorine, chlorine, bromine and/or iodine,
      preferably chlorine, and/or C.sub.1 -C.sub.5 -alkyl.
PAR  Of special importance because of their effectiveness are compounds of
      formula I wherein
PA1  R.sub.1 represents hydrogen, C.sub.1 -C.sub.6 -alkyl, cyclopentyl,
      cyclohexyl, benzyl, phenethyl, phenyl, 3-chlorophenyl, 3-methylphenyl,
      3-methyl-4-chlorophenyl, 2-methyl-4-chlorophenyl, 4-isopropylphenyl,
      3-chloro-4-methoxyphenyl or 3,4-dichlorophenyl,
PA1  R.sub.2 represents C.sub.1 -C.sub.5 -alkylthio, C.sub.1 -C.sub.5
      -alkylsulphinyl, C.sub.1 -C.sub.5 -alkylsulphonyl, phenthio,
      phenylsulphinyl, phenylsulphonyl or benzylthio, benzylsulphinyl,
      benzylsulphonyl,
PA1  R.sub.3 represents methyl, ethyl, methoxy, ethoxy, C.sub.1 -C.sub.5
      -alkylthio or phenyl,
PA1  R.sub.4 represents methyl, ethyl or propyl, and
PA1  X represents oxygen or sulphur.
PAR  The compounds can be produced by methods known per se, e.g. by the reaction
      of
PA1  a. a hydroxy-triazole of the formula
      ##EQU3##
      in the presence of an acid-binding agent, with a compound of the formula
      ##EQU4##
      or of b. a hydroxy-triazole of the formula
      ##EQU5##
      with a compound of the formula
      ##EQU6##
      wherein R.sub.1 to R.sub.4 and X have the meanings given for formula I,
      Hal stands for a halogen atom, particularly for chlorine or bromine, and
      Me stands for a monovalent metal, especially an alkali metal.
PAR  Suitable acid-binding agents are, for example, the following bases:
      tertiary amines such as triethylamine, dimethylaniline, pyridine,
      inorganic bases such as hydroxides and carbonates of alkali and
      alkaline-earth metals, preferably sodium and potassium carbonate.
PAR  The reactions are preferably carried out in solvents or diluents which are
      inert to the reactants. The following, for example, are suitable for this
      purpose: aromatic, hydrocarbons such as benzene, toluene, ligroins,
      halogenated hydrocarbons, chlorobenzene, polychlorobenzenes, bromobenzene,
      chlorinated alkanes having 1 to 3 carbon atoms; ethers such as dioxane,
      tetrahydrofuran; esters such as ethyl acetate; ketones such as acetone,
      methyl ethyl ketone, diethyl ketone, nitriles, e.g. acetonitrile, etc..
PAR  The starting materials of formulae II and IV are in some cases known
      compounds that can be produced, e.g. by a method analogous to that
      described in Chem. Ber. 56 B, 2276-83 (1923).
PAR  These compounds can be produced also by reaction of a
      5-halogeno-3-hydroxy-1,2,4-triazole derivative with metal salts of
      mercaptans or thiophenols.
PAR  Finally, a number of these compounds can moreover be obtained by the
      reaction of 5-mercapto-3-hydroxy-1,2,4-triazole with an alkylating agent,
      such as, e.g. alkylhalide or a dialkylsulphate, in the presence of a base.
PAR  The compounds of formula I have a broad biocidal action, and can be used
      for the control of diverse plant and animal pests. The said compounds are
      suitable, in particular, for the control of insects of the families:
      Acrididae, Blattidae, Gryllidae, Gryllotalpidae, Tettigoniidae, Cimicidae,
      Phyrrhocoridae, Reduviidae, Aphididae, Delphacidae, Diaspididae,
      Pseudococcidae, Chrysomelidae, Coccinellidae, Bruchidae, Scarabaeidae,
      Dermestidae, Tenebrionidae, Curculionidae, Tineidae, Noctuidae,
      Lymantriidae, Pyralidae, Galleriidae, Culicidae, Tipulidae, Stomoxydae,
      Muscidae, Calliphoridae, Trypetidae, Pulicidae, as well as acarids of the
      families: Ixodidae, Argasidae, Tetranychidae, Dermanyssidae.
PAR  The insecticidal and/or acaricidal action can be substantially broadened
      and adapted to suit the particular circumstances by the addition of other
      insecticides and/or acaricides.
PAR  Suitable additives include, for example, the following active substances:
PAL  Organic phosphorus compounds
PA1  Bis-0,0-diethylphosphoric acid anhydride (TEPP)
PA1  Dimethyl-(2,2,2-trichloro-1-hydroxyethyl)-phosphonate (TRICHLORFON)
PA1  1,2-dibromo-2,2-dichloroethyldimethylphosphate (NALED)
PA1  2,2-dichlorovinyldimethylphosphate (DICHLORVOS)
PA1  2-methoxycarbamyl-1-methylvinyldimethylphosphate (MEVINPHOS)
PA1  Dimethyl-1-methyl-2-(methylcarbamoyl)-vinylphosphate cis (MONOCROTOPHOS)
PA1  3-(dimethoxyphosphinyloxy)-N,N-dimethyl-cis-crotonamide (DICROTOPHOS)
PA1  2-chloro-2-diethylcarbamoyl-1-methylvinyldimethylphosphate (PHOSPHAMIDON)
PA1  0,0-diethyl-0(or S)-2-(ethylthio)-ethylthiophosphate (DEMETON)
PA1  S-ethylthioethyl-0,0-dimethyl-dithiophosphate (THIOMETON)
PA1  0,0-diethyl-S-ethylmercaptomethyldithiophosphate (PHORATE)
PA1  0,0-diethyl-S-2-ethylthio)ethyldithiophosphate (DISULFOTON)
PA1  0,0-dimethyl-S-2-(ethylsulphinyl)ethylthiophosphate (OXYDEMETON METHYL)
PA1  0,0-dimethyl-S-(1,2-dicarbethoxyethyldithiophosphate (MALATHION)
PA1  0,0,0,0-tetraethyl-S,S'-methylene-bis-dithiophosphate (ETHION)
PA1  0-ethyl-S,S-dipropyldithiophosphate
PA1  0,0-dimethyl-S-(N-methyl-N-formylcarbamoylmethyl)-dithiophosphate
      (FORMOTHION)
PA1  0,0-dimethyl-S-(N-methylcarbamoylmethyl)dithiophosphate (DIMETHOATE)
PA1  0,0-dimethyl-0-p-nitrophenylthiophosphate (PARATHION-METHYL)
PA1  0,0-diethyl-0-p-nitrophenylthiophosphate (PARATHION)
PA1  0-ethyl-0-p-nitrophenylphenylthiophosphate (EPN)
PA1  0,0-dimethyl-0-(4-nitro-m-tolyl)thiophosphate (FENITROTHION)
PA1  0,0-dimethyl-0-2,4,5-trichlorophenylthiophosphate (RONNEL)
PA1  0-ethyl-0,2,4,5-trichlorophenylethylthiophosphate (TRICHLORONATE)
PA1  0,0-dimethyl-0-2,5-dichloro-4-bromophenylthiophosphate (BROMOPHOS)
PA1  0,0-dimethyl-0-(2,5-dichloro-4-jodphenyl)-thiophosphate (JODOFENPHOS)
PA1  4-tert. butyl-2-chlorophenyl-N-methyl-0-methylamidophosphate (CRUFOMATE)
PA1  0,0-dimethyl-0-(3-methyl-4-methylmercaptophenyl)thiophosphate (FENTHION)
PA1  Isopropylamino-O-ethyl-0-(4-methylmercapto-3-methylphenyl)-phosphate
PA1  0,0-diethyl-0-p-(methylsulphinyl)phenyl-thiophosphate (FENSULFOTHION)
PA1  0-p-(dimethylsulphamido)phenyl-0,0-dimethylthiophosphate (FAMPHUR)
PA1  0,0,0',0'-tetramethyl-0,0'-thiodi-p-phenylenethiophosphate
PA1  0-ethyl-S-phenyl-ethyldithiophosphate
PA1  0,0-dimethyl-0-(.alpha.-methylbenzyl-3-hydroxycrotonyl)phosphate
PA1  2-chloro-1-(2,4-dichlorophenyl)vinyl-diethylphosphate (CHLORFENVINPHOS)
PA1  1-chloro-1-(2,4,5-trichlorophenyl)vinyl-dimethylphosphate
PA1  0-[2-chloro-1 (2,5-dichlorophenyl)]vinyl-0,0-diethylthiophosphate
PA1  Phenylglyoxylonitriloxim-0,0-diethylthiophosphate (PHOXIM)
PA1  0,0-diethyl-0-(3-chloro-4-methyl-2-oxo-2-H-1-benzopyran
      -7-yl)-thiophosphate (COUMAPHOS)
PA1  2,3-p-dioxandithiol-S,S-bis(0,0-diethyldithiophosphate) (DIOXATHION)
PA1  5-[(6-chloro-2-oxo-3-benzoxazolinyl)methyl]0,0-diethyldithio-phosphate
      (PHOSALONE)
PA1  2-(diethoxyphosphinylimino)-1,3-dithiolane
PA1  0,0-dimethyl-S-[2-methoxy-1,3,4-thiadiazol-
      5-(4H)-onyl-(4)-methyl]dithiophosphate
PA1  0,0-dimethyl-S-phthalimidomethyl-dithiophosphate (IMIDAN)
PA1  0,0-diethyl-0-(3,5,6-trichloro-2-pyridyl)thiophosphate
PA1  0,0-diethyl-0-2-pyrazinylthiophosphate (THIONAZIN)
PA1  0,0-diethyl-0-(2 -isopropyl-4-methyl-6-pyrimidyl)thiophosphate (DIAZINON)
PA1  0,0-diethyl-0-(2-chinoxalyl)thiophosphate
PA1  0,0-dimethyl-S-(4-oxo-1,2,3-benzotriazin-3(4H)-ylmethyl)-dithiophosphate
      (AZINPHOSMETHYL)
PA1  0,0-diethyl-S-(4-oxo-1,2,3-benzotriazin-3(4H)-ylmethyl)-dithiophosphate
      (AZINPHOSETHYL)
PA1  S-[(4,6-diamino-s-triazin-2-yl)methyl]-0,0-dimethyldithiophosphate
      (MENAZON)
PA1  0,0-dimethyl-0-(3-chloro-4-nitrophenyl)thiophosphate (CHLORTHION)
PA1  0,0-dimethyl-0( or S)-2-(ethylthioethyl)thiophosphate (DEMETON-S-METHYL)
PA1  2-(0,0-dimethyl-phosphoryl-thiomethyl)-5-methoxy-pyron-4-3,4-dichlorobenzyl
     -triphenylphosphoniumchloride
PA1  0,0-diethyl-S-(2,5-dichlorophenylthiomethyl)dithiophosphate (PHENKAPTON)
PA1  0,0-diethyl-0-(4-methyl-cumarinyl-7-)-thiophosphate (POTASAN)
PA1  5-amino-bis(dimethylamido)phosphinyl-3-phenyl-1,2,4-triazole (TRIAMIPHOS)
PA1  N-methyl-5-(0,0-dimethylthiolphosphoryl)-3-thiavaleramide (VAMIDOTHION)
PA1  0,0-diethyl-0-[2-diemthylamino-4-methylpyrimidyl-(6)]-thiophosphate
      (DIOCTHYL)
PA1  0,0-dimethyl-S-(methylcarbamoylmethyl)-thiophosphate (OMETHOATE)
PA1  0-ethyl-0-(8-quinolinyl)-phenylthiophosphonate (OXINOTHIOPHOS)
PA1  0-methyl-S-methyl-amidothiophosphate (MONITOR)
PA1  0-methyl-0-(2,5-dichloro-4-bromophenyl)-benzothiophosphate (PHOSVEL)
PA1  0,0,0,0-tetrapropyldithiophosphate
PA1  3-(dimethoxyphosphinyloxy)-N-methyl-cis-crotonamide
PA1  0,0-dimethyl (N-ethylcarbamoylmethyl,dithiophosphate (ETHOATE-METHYL)
PA1  0,0-diethyl-S-(N-isopropylcarbamoylmethyl)-dithiophosphate (PROTHOATE)
PA1  S-n-(1-cyano-1-methylethyl)carbamoylmethyldiethylthiolphosphate
      (CYANTHOATE)
PA1  S-(2-acetamidoethyl)-0,0-dimethyldithiophosphate
PA1  Hexamethylphosphoric acid triamide (HEMPA)
PA1  0,0-dimethyl-0-(2-chloro-4-nitrophenyl)thiophosphate (DICAPTHON)
PA1  0,0-dimethyl-0-p-cyanophenyl thiophosphate (CYANOX)
PA1  0-ethyl-0-p-cyanophenylthiophosphonate
PA1  0,0-diethyl-0-2,4-dichlorophenylthiophosphate (DICHLORFENTHION)
PA1  0,2,4-dichlorophenyl-0-methylisopropylamidothiophosphate
PA1  0,0-diethyl-0-2,5-dichloro-4-bromophenylthiophosphate (BROMOPHOS-ETHYL)
PA1  Dimethyl-p-(methylthio)phenylphosphate
PA1  0,0-dimethyl-0-p-sulfamidophenylthiophosphate
PA1  0-[p-(p-chlorophenyl)azophenyl]0,0-dimethylthiophosphate (AZOTHOATE)
PA1  0-ethyl-S-4-chlorophenyl-ethyldithiophosphate
PA1  0-isobutyl-S-p-chlorophenyl-ethyldithiophosphate
PA1  0,0-dimethyl-S-p-chlorophenylthiophosphate
PA1  0,0-dimethyl-S-(p-chlorophenylthiomethyl)dithiophosphate
PA1  0,0-diethyl-p-chlorophenylmercaptomethyl-dithiophosphate (CARBOPHENOTHION)
PA1  0,0-diethyl-S-p-chlorophenylthiomethyl-thiophosphate
PA1  0,0-dimethyl-S-(carbethoxy-phenylmethyl)dithiophosphate (PHENTHOATE)
PA1  0,0-diethyl-S-(carbofluorethoxy-phenylmethyl)-dithiophosphate
      0,0-dimethyl-S-carboisopropoxy-phenylmethyl)-dithiophosphate
PA1  0,0-diethyl-7-hydroxy-3,4-tetramethylene-coumarinyl-thiophosphate
      (COUMITHOATE)
PA1  2-methoxy-4-H-1,3,2-benzodioxaphosphorin-2-sulphide
PA1  0,0-diethyl-0-(5-phenyl-3-isooxazolyl)thiophosphate
PA1  2-(diethoxyphosphinylimino)-4-methyl-1,3-dithiolane
PA1  Tris-(2-methyl-1-aziridinyl)-phosphine oxide (METEPA)
PA1  S-(2-chloro-1-phthalimidoethyl)-0,0-diethyldithiophosphate
PA1  N-hydroxynaphthalimido-diethylphosphate
PA1  Dimethyl-3,5,6-trichloro-2-pyridylphosphate
PA1  0,0-dimethyl-0-(3,5,6-trichloro-2-pyridyl)thiophosphate
PA1  S-2-(ethylsulphonyl)ethyl dimethylthiolphosphate (DIOXYDEME-TON-S-METHYL)
PA1  Diethyl-S-2-(ethylsulphinyl)ethyl dithiophosphate (OXIDISULFONTON)
PA1  Bis-0,0-diethylthiophosphoric acid anhydride (SULFOTEP)
PA1  Dimethyl-1,3-di(carbomethoxy)-1-propen- 2-yl-phosphate
PA1  Dimethyl-(2,2,2-trichloro-1-butyroyloxyethyl)phosphate (BUTONATE)
PA1  0,0-dimethyl-0-(2,2-dichloro-1-methoxy-vinyl)phosphate
PA1  Bis-(dimethylamido)fluorphophate (DIMEFOX)
PA1  3,4-dichlorobenzyl-triphenylphosphoniumchloride
PA1  -Dimethyl-N-methoxymethylcarbamoylmethyl-dithiophosphate (FORMOCARBAM)
PA1  0,0-diethyl-0-(2,2-dichloro-1-chloroethoxyvinyl)phosphate
PA1  0,0-dimethyl-0-(2,2-dichloro-1-chloroethoxyvinyl)phosphate
PA1  0-ethyl-S,S-diphenyldithiolphosphate
PA1  0-ethyl-S-benzyl-phenyldithiophosphonate
PA1  0,0-diethyl-S-benzyl-thiophosphate
PA1  0,0-dimethyl-S-(4-chlorophenylthiomethyl)dithiophosphate
      (METHYLCARBOPHENOTHION)
PA1  0,0-dimethyl-S-(ethylthiomethyl)dithiophosphate
PA1  Diisopropylaminofluorophosphate (MIPAFOX)
PA1  0,0-dimethyl-S-(morpholinylcarbamoylmethyl)dithiophosphate (MORPHOTHION)
PA1  Bismethylamido-phenylphosphate
PA1  0,0-dimethyl-S-(benzene sulphonyl)dithiophosphate
PA1  0,0-dimethyl-(S and O)-ethylsulphinylethylthiophosphate
PA1  0,0-diethyl-0-4-nitrophenylphosphate
PA1  Triethoxy-isopropoxy-bis(thiophosphinyl)disulphide
PA1  2-methoxy-(1,3,2, benzodioxaphosphate)-2-oxide
PA1  Octamethylpyrophosphoramide (SCHRADAN)
PA1  Bis (dimethoxythiophospphinylsulphido)-phenylmethane
PA1  N,n,n',n'-tetramethyldiamidofluorophosphate (DIMEFOX)
PA1  0-phenyl-0-p-nitrophenyl-methanthiophosphonate (COLEP)
PA1  0-methyl-0-(2-chloro-4-tert.butyl-phenyl)-N-methylamidothiophosphate
      (NARLENE)
PA1  0-ethyl-0-(2,4-dichlorophenyl)-phenylthiophosphonate
PA1  0,0-diethyl-0-(4-methylmercapto-3,5-dimethylphenyl)-thiophosphate
PA1  4,4'-bis-(0,0-dimethylthiophosphoryloxy)-diphenyl disulphide
PA1  0,0-di-(.beta.-chloroethyl)-0-(3-chloro-4-methyl-coumarinyl-7)-phosphate
PA1  S-(1-phthalimidoethyl)-0,0-diethyldithiophosphate
PA1  0,0-dimethyl-0-(3-chloro-4-diethylsulphamylphenyl)-thiophsophate
PA1  0-methyl-0-(2-carbisopropoxyphenyl)-amidothiophosphate
PA1  5-(0,0-dimethylphosphoryl)-6-chloro-bicyclo(3.2.0)-heptadiene (1,5)
PA1  0-methyl-0-(2-i-propoxycarbonyl-1-methylvinyl)-ethylamido-thiophosphate
PAL  Nitrophenols and derivatives
PA1  4,6-dinitro-6-methylphenol, Na-salt [Dinitrocresol]
PA1  dinitrobutylphenol-(2,2',2"-triethanolamine salt
PA1  2-cyclohexyl-4,6-dinitrophenyl [Dinex]
PA1  2-(1-methylheptyl)-4,6-dinitrophenyl-crotonate [Dinocap]
PA1  2-sec.-butyl-4,6-dinitrophenyl-3-methyl-butenoate [Binapacryl]
PA1  2-sec.-butyl-4,6-dinitrophenyl-cyclopropionate
PA1  2-sec.-butyl-4,6-dinitrophenylisopropylcarbonate [Dinobuton]
PAL  Miscellaneous
PA1  pyrethin I
PA1  pyrethin II
PA1  3-allyl-2-methyl-4-oxo-2-cyclopentan-1-yl-chrysanthemumate (Allethrin)
PA1  6-chloriperonyl-chrysanthemumate (Barthrin)
PA1  2,4-dimethylbenzyl-chrysanthemumate (Dimethrin)
PA1  2,3,4,5-tetrahydrophthalimidomethylchrysanthemumate
PA1  4-chlorobenzyl-4-chlorophenylsulphide [Chlorobensid]
PA1  6-methyl-2-oxol, 3-dithiolo-[4,5-b]-quinoxaline (Quinomethionate)
PA1  (I)-3-(2-furfuryl)-2-methyl-4-oxocyclopent-2-enyl(I)-(cis+trans)chrysanthem
     um-monocarboxylate [Furethrin]
PA1  2-pivaloyl-indane-1,3-dione [Pindon]
PA1  N'-(4-chloro-2-methylphenyl)-N,N-dimethylformamidine [Chlorophenamidin)
PA1  4-chlorobenzyl-4-fluorophenyl-sulphide [Fluorobenside]
PA1  5,6-dichloro-1-phenoxycarbanyl-2-trifluoromethyl-benzimidazole [Fenozaflor]
PA1  p-chlorophenyl-p-chlorobenzenesulphonate [Ovex]
PA1  p-chlorophenyl-benzenesulphonate [Fenson]
PA1  p-chlorophenyl-2,4,5-trichlorophenylsulphone [Tetradifon]
PA1  p-chlorophenyl-2,4,5-trichlorophenylsulphide [Tetrasul]
PA1  p-chlorobenzyl-p-chlorophenylsulphide [Chlorobenside]
PA1  2-thio-1,3-dithiolo-(,5-6)-quinoxaline [Thiochinox]
PA1  prop-2-ynyl-(4-t-butylphenoxy)-cyclohexylsulphite [Propargil].
PAL  Formamidines
PA1  1-dimethyl-2-(2'-methyl-4'-chlorophenyl)-formamidine (CHLORPHENAMIDIN)
PA1  1-methyl-2-(2'-methyl-4'-chlorophenyl)-formamidine
PA1  1-methyl-2-(2'-methyl-4'-bromophenyl)-formamidine
PA1  1-methyl-2-(2',4'-dimethylphenyl)-formamidine.
PA1  1-n-butyl-1-methyl-2-(2'-methyl-4'-chlorophenyl)-formamidine
PA1  1-methyl-1-(2'-methyl-4'-chloroaniline-methylene)-formamidine
PA1  2-(2"-methyl-4"-chlorophenyl)-formamidine
PA1  1-n-butyl-2-(2'-methyl-4'-chlorophenyl-imino)-pyrolidine.
PAL  Urea
PA1  N-2-methyl-4-chlorophenyl-N',N'-dimethyl-thiourea.
PAL  Carbamate
PA1  1-naphthyl-N-methylcarbamate (CARBARYL)
PA1  2-butinyl-4-chlorophenylcarbamate
PA1  4-dimethylamino-3,5-xylyl-N-methylcarbamate
PA1  4-dimethylamino-3-tolyl-N-methylcarbamate (AMINOCARB)
PA1  4-methylthio-3,5-xylyl-N-methylcarbamate (METHIOCARB)
PA1  3,4,5-trimethylphenyl-N-methylcarbamate
PA1  2-chlorophenyl-N-methylcarbamate (CPMC)
PA1  5-chloro-6-oxo-2-norborane-carbonitrile-0-)methylcarbamoyl)-oxime
PA1  1-(dimethylcarbamoyl)-5-methyl-3-pyrazolyl-N,N-dimethylcarbamate
      (DIMETILAN)
PA1  2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate (CARBOFURAN)
PA1  2-methyl-2-methylthio-propionaldehyde-0-(methylcarbamoyl)-oxime (ALDICARB)
PA1  8-chinaldyl-N-methylcarbamate and their salts
PA1  methyl 2-isopropyl-4-(methylcarbamoyloxy)carbanilate
PA1  m-(1-ethylpropyl)phenyl-N-methylcarbamate
PA1  3,5-di-tert.butyl-N-methylcarbamate
PA1  m-(1-methylbutyl)phenyl-N-methylcarbamate
PA1  2-isopropylphenyl-N-methylcarbamate
PA1  2-sec.butylphenyl-N-methylcarbamate
PA1  m-tolyl-N-methylcarbamate
PA1  2,3-xylyl-N-methylcarbamate
PA1  3-isopropylphenyl-N-methylcarbamate
PA1  3-tert.butylphenyl-N-methylcarbamate
PA1  3-sec.butylphenyl-N-methylcarbamate
PA1  3-isopropyl-5-methylphenyl-N-methylcarbamate (PROMECARB)
PA1  3,5-diisopropylphenyl-N-methylcarbamate
PA1  2-chloro-isopropylphenyl-N-methylcarbamate
PA1  2-chloro-4,5-dimethylphenyl-N-methylcarbamate
PA1  2-(1,3-dioxolan-2-yl)phenyl-N-methylcarbamate (DIOXACARB)
PA1  2-(4,5-dimethyl-1,3-dioxolan-2-yl)phenyl-N-methylcarbamate
PA1  2-(1,3-dioxolan-2-yl)phenyl-N,N-dimethylcarbamate
PA1  2-(1,3-dithiolan-2-Yl)-N,N-dimethylcarbamate -yl)-N,N-dimethylcarbamate
PA1  2-(1,3-dithiolan-2-yl)phenyl-N,N-dimethylcarbamate
PA1  2-isopropoxyphenyl-N-methylcarbamate (APROCARB)
PA1  2-(2-propinyloxy)phenyl-N-methylcarbamate
PA1  3-(2-propinyloxy)phenyl-N-methylcarbamate
PA1  2-dimethylaminophenyl-N-methylcarbamate
PA1  2-diallylaminophenyl-N-methylcarbamate
PA1  4-diallylamino-3,5-xylyl-N-methylcarbamate (ALLYXICARB)
PA1  4-benzothienyl-N-methylcarbamate
PA1  2,3-dihydro-2-methyl-7-benzofuranyl-N-methylcarbamate
PA1  3-methyl-1-phenylpyrazol-5-yl-N,N-dimethylcarbamate
PA1  1-isopropyl-3-methylpyrazol-5-yl-N,N-dimethylcarbamate (ISOLAN)
PA1  2-dimethylamino-5,6-dimethylpyrimidin-4-yl-N,N-dimethyl-carbamate
PA1  3-methyl-4-dimethylaminomethyleneiminophenyl-N-methylcarbamate
PA1  3-dimethylamino-methyleneiminophenyl-N-methylcarbamate (FORMETANATE) and
      their salts
PA1  1-methylthio-ethylimino-N-methylcarbamate (METHOMYL)
PA1  2-methylcarbamoyloximino-1,3-dithiolane
PA1  5-methyl-2-methylcarbamoyloximino-1,3-oxythiolane
PA1  2-(1-methoxy-2-propoxy)phenyl-N-methylcarbamate
PA1  2-(1-butin-3-yl-oxy)phenyl-N-methylcarbamate
PA1  1-dimethyl-1-methylthio-0-methylcarbamyl-formoxime
PA1  1-(2'-cyanoethylthio)-0-methylcarbamyl-acetaldoxime
PA1  1-methylthio-0-carbamyl-acetaldoxime
PA1  0-(3-sec.butylphenyl)-N-phenylthio-N-methylcarbamate
PA1  2,5-dimethyl-1,3-dithioland-2-(0-methylcarbamyl)-aldoxime)
PA1  0-2-diphenyl-N-methylcarbamate
PA1  2-(N-methylcarbamyl-oximino)-3-chloro-bicyclo[2.2.1]heptane
PA1  2-(N-methylcarbamyl-oximino)-bicyclo[2.2.1]heptane
PA1  3-isopropylphenyl-N-methyl-N-chloroacetyl-carbamate
PA1  3-isopropylphenyl-N-methyl-N-methylthiomethyl-carbamate
PA1  0-(2,2-dimethyl-4-chloro-2,3-dihydro-7-benzofuranyl)-N-methylcarbamate
PA1  0-(2,2,4-trimethyl-2,3-dihydro-7-benzofuranyl)-N-methylcarbamate
PA1  0-naphthyl-N-methyl-N-acetyl-carbamate
PA1  0-5,6,7,8-tetrahydronaphthyl-N-methyl-carbamate
PA1  3-isopropyl-4-methylthio-phenyl-N-methylcarbamate
PA1  3,5-dimethyl-4-methoxy-phenyl-N-methylcarbamate
PA1  3-methoxymethoxy-phenyl-N-methylcarbamate
PA1  3-allyloxyphenyl-N-methylcarbamate
PA1  2-propargyloxymethoxy-phenyl-N-methyl-carbamate
PA1  2-allyloxyphenyl-N-methyl-carbamate
PA1  4-methoxycarbonylamino-3-isopropylphenyl-N-methyl-carbamate
PA1  3,5-dimethyl-4-methoxycarbonylamino-phenyl-N-methyl-carbamate
PA1  2-.gamma.-methylthiopropylphenyl-N-methyl-carbamate
PA1  3-(.alpha.-methoxymethyl-2-propenyl)-phenyl-N-methyl-carbamate
PA1  2-chloro-5-tert.-butyl-phenyl-N-methyl-carbamate
PA1  4-(methyl-propargylamino)-3,5-xylyl-N-methyl-carbamate
PA1  4-(methyl-.gamma.-chloroallylamino)-3,5-xylyl-N-methyl-carbamate
PA1  4-(methyl-.beta.-chloroallylamino)-3,5-xylyl-N-methyl-carbamate
PA1  1-(.beta.-ethoxycarbonalethyl)-3-methyl-5-pyrazolyl-N,N-dimethylcarbamate
PA1  3-methyl-4-(dimethylamino-methylmercapto-methyleneimino)phenyl-N-methylcarb
     amate
PA1  1,3-bis(carbamoylthio)-2-(N,N-dimethylamino)-propanehydrochloride
PA1  5,5-dimethylhydroresorcinoldimethylcarbamate
PA1  2-[ethyl-propargylamino]-phenyl-N-methylcarbamate
PA1  2-[methyl-propargylamino]-phenyl-N-methylcarbamate
PA1  2-[dipropargylamino]-phenyl-N-methylcarbamate
PA1  4-[dipropargylamino]-3-tolyl-N-methylcarbamate
PA1  4-[dipropargylamino]-3,5-xylyl-N-methylcarbamate
PA1  2-[allyl-isopropylamino]-phenyl-N-methylcarbamate
PA1  3-[allyl-isopropylamino]-phenyl-N-methylcarbamate
PAL  Chlorinated Hydrocarbons
PA1  .gamma.-hexachlorocyclohexane [GAMMEXANE; LINDAN: .gamma. HCH]
PA1  1,2,4,5,6,7,8,8-octachloro-3.alpha.,4,7,7.alpha.'tetrahydro-4,7-methylenind
     ane [CHLORDAN]
PA1  1,4,5,6,7,8,8-heptachloro,3.alpha.,4,7,7.alpha.-tetrahydro-4,7-methyleninda
     ne [HEPTACHLOR]
PA1  1,2,3,4,10,10-hexachloro-1,4,4.alpha.,5,8,8.alpha.-hexahydro-endo-1,4-exo-5
     ,8-dimethanonaphthalene [ALDRIN]
PA1  1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4.alpha.,5,6,7,8,8.alpha.-oxtahydro-
     exo-1,4-endo-5,8-dimethanonaphthalene [DIFLORIN]
PA1  1,2,3,4,10,10-hexachloro5,7-epxoy-1,4,4.alpha.,5,6,7,8,8.alpha.-octyhydro-e
     ndo-endo-5,8-dimethanonapthalene [ENDRIN]
PAR  In addition to possessing the above mentioned properties, the compounds of
      formula I are moreover effective against members of the division
      Thallophyta. Some of these compounds thus have a bactericidal action. They
      are, however, particularly effective against fungi, especially against the
      phytopathogenic fungi belonging to the following classes: Oomycetes,
      Zygomycetes, Ascomycetes, Basidiomycetes, Denteromycetes. The compounds of
      formula I also have a fungitoxic action in the case of fungi which attack
      the plants from the soil. Furthermore, the new active substances are
      suitable for the treatment of seed, fruit, tubers, etc., for protection
      against fungus infections. The compounds of formula I are suitable too for
      the control of phytopathological nematodes.
PAR  The compounds of formula I can be used on their own or together with
      suitable carriers and/or additives. Suitable carriers and additives may be
      solid or liquid, and correspond to the substances common in formulation
      practice, such as, e.g. natural and regenerated substances, solvents,
      dispersing agents, wetting agents, adhesives, thickeners, binders and/or
      fertilisers.
PAR  For application, the compounds of formula I can be processed into the form
      of dusts, emulsion concentrates, granulates, dispersions, sprays, or
      solutions, the formulation of these preparations being effected in a
      manner commonly known in practice. Also to be mentioned are cattle dips
      and spray races, in which aqueous preparations are used.
PAR  The agents according to the invention are produced in a manner known per se
      by the intimate mixing and/or grinding of active substances of formula I
      with the suitable carriers, optionally with the addition of dispersing
      agents or solvents which are inert to the active substances. The active
      substances can be obtained and used in the following preparation forms:
PA1  solid preparations: dusts, scattering agents, granulates, coated
      granulates, impregnated granulates and homogeneous granulates;
PAL  liquid preparations:
PA1  a. water dispersible active substance concentrates: wettable powders,
      pastes, emulsions;
PA1  b. solutions.
PAR  The solid preparations (dusts, scattering agents) are produced by the
      mixing of the active substances with solid carriers. Suitable carriers
      are, e.g. kaolin, talcum, bole, loess, chalk, limestone, ground limestone,
      attapulgite, dolomite, diatomaceous earth, precipitated silicic acid,
      alkaline-earth silicates, sodium and potassium aluminium silicates
      (feldspar and mica), calcium and magnesium sulphates, magnesium oxide,
      ground synthetic materials, fertilisers such as ammonium sulphate,
      ammonium phosphate, ammonium nitrate, urea, ground vegetable products such
      as bran, dark dust, sawdust, ground nutshells, cellulose powder, residues
      of plant extractions, active charcoal, etc., alone or in admixture with
      each other.
PAR  Granulates can be very easily prepared by a process in which an active
      substance of formula I is dissolved in an organic solvent, the thus
      obtained solution applied to a granulated mineral, e.g. attapulgite,
      SiO.sub.2, granicalcium, bentonite, etc., and the organic solvent then
      evaporated off.
PAR  It is possible also to produce polymer granulates; in this case the active
      substances of formula I are mixed with polymerisable compounds
      (urea/formaldehyde; dicyandiamide/formaldehyde; melamine/formaldehyde, or
      others); polymerisation is then carefully carried out in a manner which
      leaves the active substances unaffected, and granulation performed
      actually during the gel forming process. It is more favourable, however,
      to impregnate finished porous polymer granules (urea/formaldehyde,
      polyacrylonitrile, polyester and others), having a specific surface area
      and a favourable predeterminable adsorption/desorption ratio, with the
      active substances, e.g. in the form of their solutions (in a low-boiling
      solvent), and to then remove the solvent. Polymer granulates of this kind
      can be also sprayed in the form of microgranulates, having bulk weights of
      preferably 300 g/liter to 600 g/liter, with the aid of spray apparatus.
      Spraying can be carried out over extensive areas of useful plant crops by
      the use of aeoplanes.
PAR  Granulates can also be obtained by the compacting of the carrier material
      with the active substances and additives, and a subsequent reducing
      operation.
PAR  Moreover, it is possible to add to these mixtures additives stabilising the
      active substance and/or nonionic, anion-active and cation-active
      substances which improve, e.g. the adhesiveness of the active substances
      on plants and parts of plants (adhesives and agglutinants), and/or ensure
      a better wettability (wetting agents) as well as dispersibility
      (dispersing agents).
PAR  The following substances are, for example, suitable: olein/lime mixture,
      cellulose derivatives (methyl cellulose, carboxymethyl cellulose),
      hydroxyethylene glycol ethers of monoalkyl and dialkyl phenols having 5 to
      15 ethylene oxide radicals per molecule and 8 to 9 carbon atoms in the
      alkyl radical, ligninsulphonic acid, the alkali metal and alkaline-earth
      metal salts thereof, polyethylene glycol ethers (carbowaxes), fatty
      alcohol polyglycol ethers having 5 to 20 ethylene oxide radicals per
      molecule and 8 to 18 carbon atoms in the fatty alcohol moiety,
      condensation products of ethylene oxide, propylene oxide,
      polyvinylpyrrolidones, polyvinyl alcohols, condensation products of urea
      and formaldehyde, as well as latex products.
PAR  Water-dispersible concentrates of active substances, i.e. wettable powders,
      pastes and emulsion concentrates, are agents which can be diluted with
      water to obtain any desired concentration. They consist of active
      substance, carrier, optionally additives which stabilise the active
      substance, surface-active substances, and anti-foam agents and,
      optionally, solvents.
PAR  The wettable powders and pastes are obtained by the mixing and grinding of
      the active substances with dispersing agents and pulverulent carriers, in
      suitable devices, until homogeneity is obtained. Suitable carriers are,
      e.g. those previously mentioned in the case of solid preparations. It is
      advantageous in some cases to use mixtures of different carriers. As
      dispersing agents it is possible to use, e.g.: condensation products of
      sulphonated naphthalene and sulphonated naphthalene derivatives with
      formaldehyde, condensation products of naphthalene or of
      naphthalenesulphonic acids with phenol and formaldehyde, as well as
      alkali, ammonium alkaline-earth metal salts of ligninsulphonic acid, also
      alkylarylsulphonates, alkali metal salts and alkaline-earth metal salts of
      dibutyl naphthalenesulphonic acid, fatty alcohol sulphates such as salts
      of sulphated hexadecanols, heptadecanols, octadecanols, and salts of
      sulphated fatty alcohol glycol ethers, the sodium salt of oleyl methyl
      tauride, ditertiary ethylene glycols, dialkyl dilauryl ammonium chloride,
      and fatty acid alkali-metal and alkaline-earth metal salts.
PAR  Suitable anti-foam agents are, e.g. silicones.
PAR  The active substances are so mixed, ground, sieved and strained with the
      above mentioned additives that the solid constituent in the case of
      wettable powders has a particle size not exceeding 0.02 to 0.04 mm, and in
      the case of pastes not exceeding 0.03 mm. For the preparation of emulsion
      concentrates and pastes, dispersing agents are used such as those
      mentioned in the preceding paragraphs, organic solvents and water.
      Suitable solvents are, e.g. alcohols, benzene, xylene, toluene,
      dimethylsulphoxide, and mineral oil fractions boiling in the range of
      120.degree. to 350.degree.C. The solvents must be practically odourless,
      nonphytotoxic, and inert to the active substances.
PAR  Furthermore, the agents according to the invention can be used in the form
      of solutions. For this purpose, the active substance, or several active
      substances, of the general formula I is dissolved in suitable organic
      solvents, solvent mixtures, or water. As organic solvents it is possible
      to use aliphatic and aromatic hydrocarbons, their chlorinated derivatives,
      alkylnaphthalenes, mineral oils on their own or in admixture with each
      other.
PAR  The content of active substance in the above described agents is between
      0.1 and 95%; it is to be mentioned in this connection that in the case of
      application of the  agents from an aeroplane, or by means of some other
      suitable application devices, concentrations of up to 99.5% can be used,
      or even the pure active substance.
PAR  The active substances of formula I can be prepared, e.g. as follows:
PAL  Dusts:
PAR  The following substances are used for the preparation of a) 5% dust, and b)
      a 2% dust:
PA1  a. 5 parts of active substance
PA2  95 parts of talcum.
PA1  b. 2 parts of active substance
PA2  1 part of highly dispersed silicic acid
PA2  97 parts of talcum.
PAR  The active substances are mixed and ground with the carriers.
PAR  The following substances are used to produce a 5% granulate:
PA1  5 parts of active substance,
PA1  0.25 parts of epichlorhydrin,
PA1  0.25 parts of cetyl polyglycol ether,
PA1  3.50 parts of polyethylene glycol,
PA1  91 parts of kaolin (particle size 0.3 - 0.8 mm).
PAR  The active substance is mixed with epichlorhydrin and dissolved with 6
      parts of acetone; The polyethylene glycol and cetyl polyglycol ether are
      then added. The thus obtained solution is sprayed on to kaolin, and the
      acetone subsequently evaporated in vacuo.
PAL  Wettable powder:
PAR  The following constituents are used for the preparation of a) a 40%, b) and
      c) a 25%, and d) a 10% wettable powder:
PA1  a. 40 parts of active substance,
PA2  5 parts of sodium lignin sulphonate,
PA2  1 part of sodium dibutyl-naphthalene sulphonate,
PA2  54 parts of silicic acid.
PA1  b. 25 parts of active substance,
PA2  4.5 parts of calcium lignin sulphonate
PA2  1.9 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA2  1.5 parts of sodium dibutyl naphthalene sulphonate,
PA2  19.5 parts of silicic acid,
PA2  19.5 parts of Champagne chalk,
PA2  28.1 part of kaolin.
PA2  25 parts of active substance,
PA2  2.5 parts of isooctylphenoxy-polyoxyethylene-ethanol,
PA2  1.7 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA2  8.3 parts of sodium aluminium silicate,
PA2  16.5 parts of kieselguhr,
PA2  46 parts of kaolin.
PA1  d. 10 parts active substance,
PA2  3 parts of a mixture of the sodium salts of saturated fatty alcohol
      sulphates,
PA2  5 parts of napthalenesulphonic acid/formaldehyde condensate,
PA2  82 parts of kaolin.
PAR  The active substances are intimately mixed, in suitable mixers, with the
      additives, the mixture being then ground in the appropriate mills and
      rollers. Wettable powders are obtained which can be diluted with water to
      give suspensions of any desired concentration.
PAL  Emulsifiable concentrates:
PAR  The following substances are used to produce a) a 10% and b) a 25%
      emulsifiable concentrate:
PA1  a. 10 parts of active substance,
PA2  3.4 parts of epoxidised vegetable oil,
PA2  13.4 parts of a combination emulsifier consisting of fatty alcohol
      polyglycol ether and alkylarylsulphonate calcium salt,
PA2  40 parts of dimethylformamide,
PA2  43.2 parts of xylene.
PA1  b. 25 parts of active substance,
PA2  2.5 parts of epoxidised vegetable oil,
PA2  10 parts of an alkylarylsulphonate/fatty alcoholpolyglycol ether mixture
PA2  5 parts of dimethylformamide,
PA2  57.5 parts of xylene.
PAR  From these concentrates it is possible to produce, by dilution with water,
      emulsions of any desired concentration.
PAL  Spray:
PAR  The following constituents are used to prepare a 5% spray:
PA1  5 parts of active substance,
PA1  1 part of epichlorhydrin,
PA1  94 parts of ligroin (boiling limits 160.degree.-190.degree.C).
DETD
PAC  EXAMPLE 1
PAR  Preparation of the starting materials
PAR  a. 1-Isopropyl-5-methylmercapto-3-hydroxy-1,2,4-triazole
PAR  An amount of 19.6 g of methylmercaptan is added at -5.degree.C, with
      stirring, to 200 ml of 5N aqueous sodium hydroxide solution. An addition
      is then made of 33 g of 1-isopropyl-5-chloro-3-hydroxy-1,2,4-triazole, and
      the mixture heated for 2 hours at 100.degree.C. After cooling to
      20.degree.C, the solution is acidified by the addition of potassium
      hydrogen sulphate, and extracted with ethyl acetate. The ethyl acetate
      extract is dried over anhydrous magnesium sulphate; it is then
      concentrated in a water-jet vacuum, and the residue crystallised from a
      little methanol at -70.degree.C. The obtained product is
      1-isopropyl-5-methylmercapto-3-hydroxy-1,2,4-triazole with a melting point
      of 90.degree.-92.degree.C.
PAR  The same compounds can be produced also as follows:
PAR  A mixture of 15.9 g of 1-isopropyl-5-mercapto-3-hydroxy-1,2,4-triazole,
      11.1 g of triethylamine and 15.6 g of methyliodide in 100 ml of methanol
      is maintained for 4 hours at 40.degree.C. The reaction mixture is
      concentrated to dryness in a water-jet vacuum; the residue is then taken
      up in 100 ml of water, and extracted twice with 200 ml of ethyl acetate
      each time. The organic phase is separated and concentrated by evaporation.
      There remains an amount of 16.5 g of crude
      1-isopropyl-5-methylmercapto-1,2,4-triazole, which has, after
      recrystallisation from ether, a melting point of 90.degree.-92.degree.C.
PAR  b. 1-Phenyl-5-methylmercapto-3-hydroxy-1,2,4-triazole
PAR  An amount of 23.2 g of 1-phenyl-5-mercapto-1,2,4-triazole, M.P.
      220.degree.C, is placed into 50 ml of acetone, 50 ml of water and 10 ml of
      methyliodide. An addition is then made in portions, within 15 minutes, of
      21 g of sodium carbonate, and, after completion of the addition, stirring
      continued for 1 hour at 30.degree.C. The acetone is evaporated off, and
      the solution acidified with dilute hydrochloric acid. The precipitated
      product is filtered off, and recrystallised from 250 ml of ethanol to
      obtain 1-phenyl-5-methylmercapto-3-hydroxy-1,2,4-triazole in the form of
      white crystals having a melting point of 176.degree.-177.degree.C.
PAR  c. 1-Phenyl-5-methylsulphinyl-3-hydroxy-1,2,4-triazole
PAR  An amount of 41.4 g of 1-phenyl-5-methylmercapto-3-hydroxy-1,2,4-triazole
      is suspended at 50.degree.C in 400 ml of ethyl acetate. An addition is
      then made dropwise, within 15 minutes, of 60 ml of a 60% solution of
      peroxyacetic acid in glacial acetic acid at 45.degree.-50.degree.C. After
      completion of the addition, the solution is stirred for 2 hours at
      50.degree.C, and the cooled to 20.degree.C. The precipitated product is
      filtered off, washed with water, and dried in vacuo. The resulting product
      is 1-phenyl-5-methylsulphinyl-3-hydroxy-1,2,4-triazole in the form of
      white crystals, M.P. 180.degree.-182.degree.C.
PAR  d. 1-Phenyl-5-methylsulphonyl-3-hydroxy-1,2,4-triazole
PAR  An amount of 16.5 g of 1-phenyl-5-methylmercapto-3-hydroxy-1,2,4-triazole
      is suspended at 80.degree.C in 200 ml of ethyl acetate; an addition is
      then made, in portions, of 30 ml of a solution of 60% peroxyacetic acid in
      glacial acetic acid. The solution, which has become clear after a certain
      time, is refluxed for 4 hours. After cooling to 10.degree.C, the
      precipitated crystals are filtered off, washed with water and dried to
      thus obtain 1-phenyl-5-methylsulphonyl-3-hydroxy-1,2,4-triazole in the
      form of white crystals having a melting point of 173.degree.-175.degree.C.
PAR  e. 1-Isopropyl-5-phenyl-mercapto-3-hydroxy-1,2,4-triazole
PAR  Amounts respectively of 22 g of thiophenol, 16 g of sodium hydroxide and
      32.3 g of 1-isopropyl-5-chloro-3-hydroxy-1,2,4-trizole in 40 ml of water
      are refluxed for three hours. The solution is thereupon cooled to
      20.degree.C, and acidified with hydrochloric acid to obtain a pH-value of
      5. The precipitated oil is taken up in ethyl acetate. The solvent is
      evaporated off and the residue recrystallised from acetonitrile. The thus
      obtained product is 1-isopropyl-5-phenylmercapto-3-hydroxy-1,2,4-triazole
      in the form of colourless crystals having a melting point of
      124.degree.-126.degree.C.
PAC  EXAMPLE 2
PAL  Preparation of the new phosphorus compounds
PAR  a.
      0,0-Diethyl-0-[1-isopropyl-5-methylmercapto-1,2,4-triazolyl-(3)]-thiophosp
     hate
PAR  Amounts respectively of 9.0 g of
      1-isopropyl-5-methylmercapto-3-hydroxy-1,2,4-triazole, M.P.
      90.degree.-92.degree.C, and 7.0 g of potassium carbonate in 250 ml of
      methyl ethyl ketone are refluxed for one hour. An addition is subsequently
      made dropwise at 50.degree.C of 9.5 g of 0,0-diethyl-thiophosphoric acid
      chloride, and the mixture refluxed for two hours. After the precipitated
      salts have been filtered off and the solvent evaporated off in vacuo,
      there is obtained the compound of the formula
      ##EQU7##
      in the form of a pale yellow oil.
PAR  b.
      0,0-diethyl-0-[1-methyl-5-isopropylmercapto-1,2,4-triazolyl-(3)]-thiophosp
     hate
PAR  Amounts of 8.9 g of 1-methyl-5-isopropylmercapto-3-hydroxy-1,2,4-triazole,
      M.P. 132.degree.-135.degree.C, and 7.0 g of potassium carbonate are
      refluxed in 300 ml of methyl ethyl ketone for two hours. The solution is
      cooled to room temperature and 9.8 g of 0,0-diethyl-thiophosphoric acid
      chloride then added. Refluxing is continued for one hour, and the solution
      afterwards stirred at room temperature. The precipitated salts are
      filtered off through Hyflo, and the solvent removed in vacuo from the
      clear filtrate; the residue remaining is the compound of the formula
      ##EQU8##
PAR  n.sub.D.sup.20 = 1,5085
PAR  c.
      0-Ethyl-0-[1-phenyl-5-methylmercapto-1,2,4-triazolyl-(3)]-ethyl-thiophosph
     onic acid ester
PAR  Amounts of 20.7 g of 1-phenyl-5-methylmercapto-3-hydroxy-1,2,4-triazole,
      M.P. 176.degree.-177.degree.C, and 13.8 g of potassium carbonate in 500 ml
      of methyl ethyl ketone are refluxed for two hours. The solution is cooled
      to room temperature and an addition then made dropwise of 17.3 g of
      0-ethyl-ethylthiophosphonic acid chloride; the mixture is subsequently
      refluxed for 2 hours. The precipitated salts are filtered off through
      Hyflo, and the filtrate concentrated in vacuo. The residue consists of the
      compound of the formula
      ##SPC1##
PAR  n.sub.D.sup.20 = 1,5699
PAL  in the form of pale yellow oil.
PAR  d.
      0,0-Dimethyl-0-[1-isopropyl-5-isopropylmercapto-1,2,4-triazolyl-(3)]-thiop
     hosphate
PAR  A mixture of 20.1 g of
      1-isopropyl-5-isopropylmercapto-3-hydroxy-1,2,4-triazole, M.P.
      130.degree.-131.degree.C, and 13.8 g of potassium carbonate in 500 ml of
      methyl ethyl ketone is refluxed for 2 hours, and then cooled to room
      temperature; an addition is subsequently made dropwise of 16.0 g of
      0,0-dimethylthiophosphoric acid chloride, and the mixture afterwards
      stirred for 6 hours at 50.degree.C and for 18 hours at 25.degree.C. The
      precipitated salts are thereupon filtered off, and the solvent evaporated
      off in vacuo. After drying at 30.degree.C/0.01 mm Hg, there is obtained
      the compound of the formula
      ##EQU9##
PAR  n.sub.D.sup.20 = 1,5082
PAL  in the form of pale yellow oil.
PAR  e.
      0,0-Diethyl-0-[1-phenyl-5-methylmercapto-1,2,4-triazolyl-(3)]-thiophosphat
     e
PAR  A mixture consisting of 17.8 g of
      1-phenyl-5-methyl-mercapto-3-hydroxy-1,2,4-triazole, 16.2 g of
      0,0-diethylthiophosphoric acid chloride and 8.7 g of triethylamine in 200
      ml of acetone is refluxed for 6 hours. The precipitated salts are
      separated, and the solvent evaporated off in vacuo. The residue is taken
      up in 250 ml of ethyl acetate, and washed with dilute hydrochloric acid
      and water. The solvent is evaporated off to thus obtain the compound of
      the formula
      ##SPC2##
PAL  n.sub.D.sup.20 = 1,5625
PAL  in the form of pale yellow oil.
PAR  f. 0,0-Diethyl-0-[5-isopropyl-mercapto-1,2,4-triazolyl-(3)]-thiophosphate
PAR  A mixture consisting of 19.1 g of
      5-isopropylmercapto-3-hydroxy-1,2,4-triazole, M.P.
      139.degree.-141.degree.C, and 18.2 g of potassium carbonate in 250 ml of
      acetonitrile is refluxed for half an hour. An addition is then made
      dropwise within 10 minutes of 22.6 g of 0,0-diethyl-thiophosphoric acid
      chloride at a temperature of 50.degree.-55.degree.C, and stirring
      subsequently carried out for 10 hours at 60.degree.-65.degree.C. After
      cooling to 20.degree.C, the precipitated salts are filtered off. The
      solvent is evaporated off in vacuo, the crude product chromatographed
      through silica gel, and the compound of the formula
      ##EQU10##
PAR  n.sub.D.sup.20 = 1,5159
PAL  obtained as pale yellow oil.
PAR  g.
      0,0-Diethyl-0-[1-phenyl-5-methylsulphinyl-1,2,4-triazolyl-(3)-thiophosphat
     e )]-thiophosphate
PAR  18.0 g of 1-phenyl-5-methylsulphinyl-3-hydroxyl-1,2,4-triazole, M.P.
      175.degree.C, and 11.1 g of potassium carbonate in 500 ml of acetonitrile
      are refluxed for 2 hours, and then cooled to 40.degree.C. An addition is
      made dropwise of 15.2 g of 0,0-diethyl-thiophosphoric acid chloride, and
      the mixture again refluxed for 2 hours. The undissolved salts are filtered
      off and the solvent then evaporated off in vacuo to obtain the compound of
      the formula
      ##SPC3##
PAR  n.sub.D.sup..degree. = 1,551
PAL  in the form of pale yellow oil.
PAR  h.
      O,O-Diethyl-O-[1-phenyl-5-methylsulphonyl-1,2,4-triazolyl-(3)]-thiophospha
     te
PAR  An amount of 5.0 g of 1-phenyl-5-methylsulphonyl-3-hydroxy-1,2,4-triazole,
      M.P. 173.degree.-175.degree.C, together with 2.7 g of sodium carbonate is
      refluxed for 11/2 1/2 hours. An addition is made at 35.degree.C of 4.0 g
      of O,O-diethylthiophosphoric acid chloride. After 2 hours' refluxing, the
      precipitated salts are separated through Hyflo, and concentration in vacuo
      performed. There is thus obtained as residue the compound of the formula
      ##SPC4##
PAL  n.sub.D.sup.20 = 1,5380
PAL  in the form of yellow oil.
PAR  The following compounds are obtained in an analogous manner:
      ##EQU11##
PAC  EXAMPLE 3
PAR  A. Insecticidal stomach poison action
PAR  Tobacco and potato plants were sprayed with a 0.05% aqueous active
      substance emulsion (obtained from a 10% emulsifiable concentrate).
PAR  After the drying of the coating, Egyptian cotton leaf worms (Spodoptera
      litoralis) were placed on the tobacco plants, and Colorada beetle larvae
      (Leptinotarsa decemlineata) on the potato plants. The test was carried out
      at 24.degree.C. with 60% relative humidity.
PAR  The compounds according to Example 2 exhibited in the above test stomach
      poison action against Spodoptera litoralis and Leptinotarsa decemlineata.
PAR  B. Systemic insecticidal action
PAR  In order to determine the systemic action, rooted bean plants (Vicia faba)
      were placed into a 0.01% aqueous active substance solution (obtained from
      a 10% emulsifiable concentrate). After a period of 24 hours, been aphids
      (Aphis fabae) were placed on to the parts of the plants above the soil.
      The insects were protected by a special device from the effect of contact
      and of gas. The test was carried out at 24.degree.C with 70% relative
      humidity.
PAR  In the above tests, the compounds according to Example 2 exhibited stomach
      poison action and systemic insecticidal action.
PAC  EXAMPLE 4
PAR  Action against Chilo suppressalis
PAR  Rice plants of the type Caloro were planted, 6 plants per pot, in plastic
      pots have a top diameter of 17 cm, and grown to a height of ca. 60 cm.
      Infestation with Chilo suppressalis  larvae (L.sub.1 ; 3-4 mm long) was
      carried out 2 days after application of the active substance in granule
      form (amount applied 8 kg of active substance per hectare) to the paddy
      water. The evaluation of the insecticidal action was made 10 days after
      application of the granules.
PAR  The compounds according to Example 2 were effective against Chilo
      suppressalis in the above test.
PAC  EXAMPLE 5
PAR  Sterilised compost soil was homogeneously mixed with a wettable powder
      containing 25% of active substance, so that an applied amount of 8 kg of
      active substance per hectare resulted.
PAR  Young zucchetti plants (Cucumis pepo) were potted with the treated soil in
      plastic pots (three plants per pot of 7 cm diameter). The said pots were
      infestesd immediately afterwards with 5 Aulacophora femoralis larvae, 5
      Pachmoda larvae and 5 Chortophila larvae, respectively. The assessment of
      the results was made 4, 8, 16 and 32 days after infestation with the
      larvae.
PAR  In the case of 80-100% destruction on the first assessment, a repeated
      infestation was carried out, 5 larvae being placed into the same sample of
      soil with 3 new zucchetti plants. Where the action was less than 80%, the
      remaining larvae were left in the test soil until the next control
      assessment. If a substance with an applied amount of 8 kg per hectare
      effected a 100% destruction, then subsequent tests were made with 4 and 2
      kg of active substance per hectare, respectively.
PAR  The compounds according to Example 2 were effective in the above test
      against Aulacophora femoralis larvae, Pachmoda larvae and Chlortophila
      larvae.
PAC  EXAMPLE 6
PAR  Action against ticks
PAR  A. Rhipicephalus bursa
PAR  In each case, 5 adult ticks were placed into one small glass test tube and
      50 tick larvae into another; the test tubes were then immersed for 1 to 2
      minutes in 2 ml of an aqueous emulsion from a dilution series of 100, 10,
      1 and 0.1 ppm of test substance. The tubes were then sealed with a
      standardised cotton plug, and inverted so that the active substance
      emulsion could be absorbed by the cotton wool.
PAR  An evaluation in the case of the adults was made after 2 weeks, and in the
      case of the larvae after 2 days. There were two repeats for each test.
PAR  The compounds according to Example 2 were effective in the above test
      against adults and larvae of Rhipicephalus bursa.
PAR  B. Boophilus microplus (larvae)
PAR  With a dilution series analogous to that in Test A, tests were carried out
      with 20 sensitive larvae and OP-resistant larvae, respectively (the
      resistance is with respect to diazinon compatibility).
PAR  The compounds according to Example 2 were effective in these tests against
      adults and larvae of Rhipicephalus bursa and against sensitive and
      OP-resistant larvae, respectively, of Boophilus microplus.
PAC  EXAMPLE 7
PAR  Acaricidal action
PAR  Phaseolus vulgaris (bush beans) were infested, 12 hours before the test for
      acaracidal action, with an infested piece of leaf from a mass culture of
      Tetranychus urticae. The transferred mobile stages were sprayed with the
      emulsified test preparations from a chromatography-sprayer in a manner
      ensuring no running off of the spray liquor. An assessment was made after
      2 to 7 days, by examination under a binocular, of the living and of the
      dead larvae, adults and eggs, and the results expressed in percentages.
      The treated plants were kept during the "holding time" in greenhouse
      compartments at 25.degree.C.
PAR  The compounds according to Example 2 were effective in the above test
      against adults, larvae and eggs of Tetranychus urticae.
PAC  EXAMPLE 8
PAR  Action against soil nematodes
PAR  In order to test the action against soil nematodes the active substances
      were added, in the concentration stated in each case, to soil infested
      with root-gall-nematodes (Meloidogyne arenaria), and the whole intimately
      mixed. In the one test series, tomato seedlings were planted immediately
      aferwards in the thus prepared soil, and in the other test series tomatoes
      were planted after a waiting time of 8 days.
PAR  For an assessment of the nematicidal action, the galls present on the roots
      were counted 28 days after the planting and sowing, respectively.
PAR  The active substances according to Example 2 exhibited in this test a good
      action against Meloidogyne arenaria.
CLMS
STM  We claim:
NUM  1.
PAR  1. An insecticidal, acaricidal and nematocidal composition comprising an
      insecticidally, acaricidally and nematocidally effective amount of a
      compound of the formula
      ##EQU12##
      wherein R.sub.1 represents hydrogen, C.sub.1 -C.sub.12 alkyl, C.sub.3
      -C.sub.8 cycloalkyl, phenyl, phenyl substituted by methoxy, halogen or
      C.sub.1 -C.sub.5 alkyl, benzyl or phenylethyl,
PA1  R.sub.2 represents C.sub.1 -C.sub.12 alkylthio, C.sub.1 -C.sub.12
      alkylsulphinyl, C.sub.1 -C.sub.12 alkylsulphonyl, phenylthio,
      phenylsulphinyl, phenylsulphonyl,  benzylthio, benzylsulphinyl or
      benzylsulphonyl,
PA1  R.sub.3 represents C.sub.1 -C.sub.12 alkyl, C.sub.1 -C.sub.12 alkoxy,
      C.sub.1 -C.sub.12 alkylthio or phenyl,
PA1  R.sub.4 represents C.sub.1 -C.sub.12 alkyl, and
PA1  X represents oxygen or sulphur; together with a suitable carrier therefor.
NUM  2.
PAR  2. The composition of claim 1, wherein in said compound
PA1  R.sub.1 represents hydrogen, C.sub.1 -C.sub.6 -alkyl, cyclopentyl,
      cyclohexyl, benzyl, phenylethyl, phenyl, 3-chlorophenyl, 3-methylphenyl,
      3-methyl-4-chlorophenyl, 2-methyl-4-chlorophenyl, 4-isopropylphenyl,
      3-chloro-4-methoxyphenyl or 3,4-dichlorophenyl,
PA1  R.sub.2 represents C.sub.1 -C.sub.5 -alkylthio, C.sub.1 -C.sub.5
      -alkylsulphinyl, C.sub.1 -C.sub.5 -alkylsulphonyl, phenylethyl,
      phenylsulphinyl, phenylsulphonyl or benzylthio, benzylsulphinyl,
      benzylsulphonyl,
PA1  R.sub.3 represents methyl, ethyl, methoxy, ethoxy, C.sub.1 -C.sub.5
      -alkylthio or phenyl,
PA1  R.sub.4 represents methyl, ethyl or propyl, and
PA1  X represents oxygen or sulphur.
NUM  3.
PAR  3. The composition of claim 2, wherein said compound is 0,0-Diethyl-b
      0-[1-isopropyl-5-methylmercapto-1,2,4-triazolyl (3)]-thiophosphate.
NUM  4.
PAR  4. The composition of claim 2, wherein said compound is
      0,0-Diethyl-0-[1-methyl-5-isopropylmercapto-1,2,4-triazolyl
      (3)]-thiophosphate.
NUM  5.
PAR  5. The composition of claim 2, wherein said compound is
      0,0-Diethyl-0-[1-methyl-5-methylmercapto-1,2,4-triazolyl(3)]-thiophosphate
     .
NUM  6.
PAR  6. The composition of claim 2, wherein said compound is
      0-Ethyl-S-Propyl-0-[1-isopropyl-5-methylmercapto-1,2,4-triazolyl(3)]-dithi
     ophosphate.
NUM  7.
PAR  7. The composition of claim 2, wherein said compound is
      0-Ethyl-S-propyl-0-[1-phenyl-5-methylmercapto-1,2,4-triazolyl
      (3)]-dithiophosphate.
NUM  8.
PAR  8. The composition of claim 2, wherein said compound is
      0-Ethyl-S-propyl-0-[1-methyl-5-isopropylmercapto-1,2,4-triazolyl(3)]-dithi
     ophosphate.
NUM  9.
PAR  9. A method for combatting insects, acaricides or nematodes which comprises
      applying thereto an insecticidally, acaricidally or nematocidally
      effective amount of a compound of the formula of claim 1.
NUM  10.
PAR  10. A method for combatting insects, acaricides or nematodes which
      comprises applying thereto an insecticidally, acaricidally or
      nematocidally effective amount of the compound of claim 2.
NUM  11.
PAR  11. The composition of claim 2, wherein said compound is
      0,0-diethyl-0-[1-ethyl-5-methylmercapto-1,2,4-triazolyl(3)]-thiophosphate.
NUM  12.
PAR  12. A method for combatting insects, acaricides or nematodes which
      comprises applying thereto an insecticidally acaricidally or nematocidally
      effective amount of the compound of claim 11.
PATN
WKU  039326314
SRC  5
APN  4513681
APT  1
ART  125
APD  19740314
TTL  Certain organophosphorus compounds used to control insects
ISD  19760113
NCL  8
ECL  1
EXP  Schenkman; Leonard
INVT
NAM  Cotterrell; Graham Paul
CTY  Wokingham
CNT  EN
ASSG
NAM  Imperial Chemical Industries Limited
CTY  London
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730329
APN  15159/73
CLAS
OCL  424200
XCL  260251P
XCL  2602565R
EDF  2
ICL  A01N  936
FSC  424
FSS  200
FSC  260
FSS  256.5 R;251 P
UREF
PNO  3287453
ISD  19661100
NAM  McHattie
OCL  260256.5R
UREF
PNO  3651224
ISD  19720300
NAM  Sharpe et al.
OCL  424200
UREF
PNO  3657247
ISD  19720400
NAM  Freeman et al.
XCL  424200
UREF
PNO  3808333
ISD  19740400
NAM  Milzner
OCL  260256.5R
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  Pesticidal compositions containing compounds of the formula:
      ##SPC1##
PAL  Wherein X is oxygen or sulphur; X is alkoxy containing one to four carbon
      atoms, alkylamino containing one to four carbon atoms, or dialkylamino
      containing one to four carbon atoms in each alkyl moiety; Z is alkoxy
      containing one to four carbon atoms; R.sup.1 is alkyl containing one to
      four carbon atoms, phenyl which may optionally be substituted with
      halogen, alkylamino containing one to four carbon atoms, dialkylamino
      containing one to four carbon atoms in each alkyl moiety, or N-carboxylic
      acyl alkylamino containing one to four carbon atoms in the carboxylic acyl
      moiety, and one to four carbon atoms in the alkyl moiety, and R.sup.2 is
      alkoxy containing one to four carbon atoms, alkylamino containing one to
      four carbon atoms, dialkylamino containing one to four carbon atoms in
      each alkyl moiety, or alkenylamino containing three to five carbon atoms
      used to control plant insect pests are disclosed.
BSUM
PAR  This invention relates to novel organophosphorus compounds, processes for
      preparing them, compositions comprising them and methods of combating
      pests using them.
PAR  Accordingly the present invention provides compounds of formula:
      ##SPC2##
PAL  Wherein X is oxygen or sulphur; Y is alkoxy containing from one to four
      carbon atoms, alkylamino containing from one to four carbon atoms, or
      dialkylamino containing from one to four carbon atoms in each alkyl
      moiety; Z is alkoxy containing from one to four carbon atoms; R.sup.1 is
      alkyl containing from one to four carbon atoms, phenyl which may
      optionally be substituted with halogen, alkylamino containing from one to
      four carbon atoms, dialkylamino containing from one to four carbon atoms
      in each alkyl moiety, or N-carboxylic acyl alkylamino containing from one
      to four carbon atoms in the carboxylic acyl moiety and from one to four
      carbon atoms in the alkyl moiety; and R.sup.2 is alkoxy containing from
      one to four carbon atoms, amino, alkylamino containing from one to four
      carbon atoms, dialkylamino containing from one to four carbon atoms in
      each alkyl moiety, or alkenyl amino containing from three to five carbon
      atoms.
PAR  Preferred compounds according to the present invention are those wherein X
      is oxygen or sulphur; Y and Z are alkoxy containing from one to four
      carbon atoms; R.sup.1 is alkyl containing from one to four carbon atoms or
      dialkylamino containing from one to four carbon atoms in each alkyl
      moiety; and R.sup.2 is alkoxy containing from one to four carbon atoms.
PAR  Specific compounds according to the invention include those set out in
      Table 1 below. All the compounds conform to the formula:
      ##SPC3##
PAL  And the meanings of X, Y, Z, R.sup.1 and R.sup.2 are set out in the Table,
      together with a physical characteristic, for each compound.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Compound                                                                  

           X  Y    Z    R.sup.1                                                

                               R.sup.2                                         

                                    Physical                                   

     No.                            characteristic                             

     __________________________________________________________________________

      1    S OCH.sub.3                                                         

                  OCH.sub.3                                                    

                      CH.sub.3                                                 

                            OC.sub.2 H.sub.5                                   

                                    viscous oil                                

      2    S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                      CH.sub.3                                                 

                            OC.sub.2 H.sub.5                                   

                                    n.sub.D.sup.14 1.4950                      

      3    S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                      4-Cl--C.sub.6 H.sub.5                                    

                            OC.sub.2 H.sub.5                                   

                                    m.p. 63.degree.C                           

      4    S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                      CH(CH.sub.3).sub.2                                       

                            OC.sub.2 H.sub.5                                   

                                    viscous oil                                

      5    S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                      N(C.sub.2 H.sub.5).sub.2                                 

                            OCH.sub.3                                          

                                    n.sub.D.sup.23 1.5165                      

      6    S OCH.sub.3                                                         

                  OCH.sub.3                                                    

                      N(C.sub.2 H.sub.5).sub.2                                 

                            OC.sub.2 H.sub.5                                   

                                    n.sub.D.sup.20 1.5225                      

      7    O OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                      N(C.sub.2 H.sub.5).sub.2                                 

                            OC.sub.2 H.sub.5                                   

                                    n.sub.D.sup.25 1.4952                      

      8    S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                      NHC.sub.2 H.sub.5                                        

                            OC.sub.2 H.sub.5                                   

                                    n.sub.D.sup.24 1.5170                      

      9    S OCH.sub.3                                                         

                  OCH.sub.3                                                    

                      NHC.sub.2 H.sub.5                                        

                            OC.sub.2 H.sub.5                                   

                                    n.sub.D.sup.24 1.5290                      

     10    O N(CH.sub.3).sub.2                                                 

                  OC.sub.2 H.sub.5                                             

                      N(C.sub.2 H.sub.5).sub.2                                 

                            OC.sub.2 H.sub.5                                   

                                    n.sub.D.sup.21.5 1.4878                    

     11    S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                      N(C.sub.2 H.sub.5).sub.2                                 

                            OC.sub.2 H.sub.5                                   

                                    n.sub.D.sup.22.5 1.5097 -12 O NHCH.sub.3 OC

                                    H.sub.3 N(C.sub.2 H.sub.5).sub.2 OC.sub.2  

                                    H.sub.5 viscous oil                        

     13    S OCH.sub.3                                                         

                  OCH.sub.3                                                    

                      NC.sub.2 H.sub.5                                         

                            OC.sub.2 H.sub.5                                   

                                    n.sub.D.sup.27.5 1.5180                    

                      .vertline.                                               

                      COCH.sub.3                                               

     14    S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                      NC.sub.2 H.sub.5                                         

                            OC.sub.2 H.sub.5                                   

                                    viscous oil                                

                      .vertline.                                               

                      COCH.sub.3                                               

     15    S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                      N(C.sub.2 H.sub.5).sub.2                                 

                            NH.sub.2                                           

                                    m.p. 76.degree.C                           

     16    S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                      N(C.sub.2 H.sub.5).sub.2                                 

                            NHCH.sub.2 CH=CH.sub.2                             

                                    n.sub.D.sup.17 1.5317                      

     17    S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                      N(C.sub.2 H.sub.5).sub.2                                 

                            NHC.sub.4 H.sub. 9 (n)                             

                                    n.sub.D.sup.17 1.5233                      

     18    S OC.sub.2 H.sub.5                                                  

                  OC.sub.2 H.sub.5                                             

                      NHC.sub.2 H.sub.5                                        

                            NHC.sub.4 H.sub.9 (n)                              

                                    m.p. 70.degree.C                           

     19    O N(CH.sub.3).sub.2                                                 

                  OC.sub.2 H.sub.5                                             

                      N(C.sub.2 H.sub.5).sub.2                                 

                            NHC.sub.2 H.sub.5                                  

                                    n.sub.D.sup.17 1.5135                      

     20    O OCH.sub.3                                                         

                  OCH.sub.3                                                    

                      N(C.sub.2 H.sub.5).sub.2                                 

                            NHC.sub.2 H.sub.5                                  

                                    m.p. 76.degree.C                           

     __________________________________________________________________________

PAR  All the compounds listed hereinabove in Table I were identified as
      possessing the structural formulae assigned to them by nuclear magnetic
      resonance and infra-red spectroscopy, and gave satisfactory elemental
      microanalysis.
PAR  The invention compounds may be prepared by treating a hydroxy pyrimidine of
      formula:
      ##SPC4##
PAL  or an alkali metal salt thereof, with a compound of formula:
      ##EQU1##
      wherein Q is halogen and X, Y, Z, R.sup.1 and R.sup.2 have any of the
      meanings given hereinabove. The treatment is preferably carried out in a
      solvent or diluent, and optionally in the presence of a base. Q is
      preferably chlorine or bromine, and when an alkali metal salt of the
      hydroxy pyrimidine is used it is preferably the sodium salt. When carried
      out in the presence of a base a preferred base is an alkali metal
      carbonate, for example potassium carbonate. Suitable solvents include
      esters such as ethyl acetate and ketones such as acetone, methyl isobutyl
      ketone or cyclohexanone. When an alkali metal salt of the hydroxy
      pyrimidine is employed it may be suspended in a diluent such as, for
      example, toluene. The reactions may be carried out at temperatures within
      the range 0.degree.C to 150.degree.C, and preferably within the range
      15.degree.C to 100.degree.C. The compounds of the invention are generally
      viscous liquids or low melting solids.
PAR  The hydroxy pyrimidines of formula:
      ##SPC5##
PAL  wherein R.sup.1 and R.sup.2 have any of the meanings given hereinabove, and
      which are utilised as intermediates in the preparation of the invention
      compounds, may be prepared by esterification or amidification of the
      corresponding pyrimidine acetic acid derivatives of formula:
      ##SPC6##
PAL  the preparation of which is described in our co-pending British Patent
      application No. 964/73. These esterification and amidification processes
      are carried out in the conventional manner, and examples of such processes
      are given hereinbelow to illustrate the preparation of the intermediates.
      Table 2 lists the specific hydroxy pyrimidine intermediates which have
      been used in the preparation of the invention compounds set out in Table
      1. In Table 2 the values of R.sup.1 and R.sup.2 for each intermediate,
      together with its melting point are given.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Intermediate                       Melting                                

     No           R.sup.1     R.sup.2   point .degree.C                        

     ______________________________________                                    

     A          CH.sub.3   OC.sub.2 H.sub.5                                    

                                        127                                    

     B          4--Cl--C.sub.6 H.sub.5                                         

                           OC.sub.2 H.sub.5                                    

                                        170                                    

     C          CH(CH.sub.3).sub.2                                             

                           OC.sub.2 H.sub.5                                    

                                        107                                    

     D          N(C.sub.2 H.sub.5).sub.2                                       

                           OCH.sub.3    113                                    

     E          N(C.sub.2 H.sub.5).sub.2                                       

                           OC.sub.2 H.sub.5                                    

                                        101                                    

     F          NHC.sub.2 H.sub.5                                              

                           OC.sub.2 H.sub.5                                    

                                        109                                    

     G          NC.sub.2 H.sub.5                                               

                           OC.sub.2 H.sub.5                                    

                                         75                                    

                .vertline.                                                     

                COCH.sub.3                                                     

     H          N(C.sub.2 H.sub.5).sub.2                                       

                           NH.sub.2     229                                    

     I          N(C.sub.2 H.sub.5).sub.2                                       

                           NHCH.sub.2 CH=CH.sub.2                              

                                        194                                    

     J          N(C.sub.2 H.sub.5).sub.2                                       

                           NHC.sub.4 H.sub.9 (n)                               

                                        189                                    

     K          NHC.sub.2 H.sub.5                                              

                           NHC.sub.4 H.sub.9 (n)                               

                                        191                                    

     L          N(C.sub.2 H.sub.5).sub.2                                       

                           NHC.sub.2 H.sub.5                                   

                                        210                                    

     ______________________________________                                    

PAR  The invention compounds exhibit pesticidal, and particularly insecticidal,
      properties, and may be utilised to combat insect pests of plants, stored
      products, and the like. They may be particularly usefully employed in
      agriculture and horticulture when formulated into compositions with
      various agriculturally and horticulturally acceptable diluent or carrier
      materials.
PAR  In a further aspect therefore the present invention provides pesticidal
      compositions comprising as an active ingredient a compound of formula:
      ##SPC7##
PAL  wherein X, Y, Z, R.sup.1 and R.sup.2 have any of the meanings as
      hereinbefore defined, together with a diluent.
PAR  The compositions may be in the form of dusting powders wherein the active
      ingredient is mixed with a solid diluent or carrier, for example, kaolin,
      bentonite, kieselguhr, or talc, or they may be in the form of granules,
      wherein the active ingredient is absorbed on a porous granular material,
      for example, pumice.
PAR  Alternatively the compositions may be in the form of liquid preparations to
      be used as dips or sprays, which are generally aqueous dispersions or
      emulsions of the active ingredients in the presence of one or more known
      wetting agents, dispersing agents or emulsifying agents. These
      compositions are prepared by dissolving the active ingredient in a
      suitable solvent, for example, a ketonic solvent such as diacetone
      alcohol, and adding the mixture so obtained to water which may contain one
      or more known wetting, dispersing or emulsifying agents.
PAR  The compositions which are to be used in the form of aqueous dispersions or
      emulsions are generally supplied in the form of a concentrate containing a
      high proportion of the active ingredient or ingredients, the said
      concentrate to be diluted with water before use. These concentrates are
      often required to withstand storage for prolonged periods and after such
      storage, to be capable of dilution with water in order to form aqueous
      preparations which remain homogeneous for a sufficient time to enable them
      to be applied by conventional spray equipment. The concentrates may
      contain 10-85% by weight of the active ingredient or ingredients. When
      diluted to form aqueous preparations, such preparations may contain
      varying amounts of the active ingredient depending upon the purpose for
      which they are to be used.
PAR  For agricultural or horticultural purposes, an aqueous preparation
      containing between 0.0001% and 0.1% by weight of the active ingredient or
      ingredients may be used.
PAR  The compositions of the present invention may, if desired, also comprise in
      addition to a compound of the present invention, at least one other
      biologically-active ingredient, for example an insecticide, or a
      fungicide.
PAR  In use the compositions are applied to the pests, to the locus of the
      pests, to the habitat of the pests, or to growing plants liable to
      infestation by the pests, by any of the known means of applying pesticidal
      compositions for example, by dusting or spraying.
PAR  The compounds of the invention and compositions comprising them are very
      toxic to wide varieties of insect and other invertebrate pests, including,
      for example, the following:
PA1  Tetranychus telarius (red spider mite)
PA1  Aphis fabae, (aphids)
PA1  Megoura viceae (aphids)
PA1  Aedes aegypti (mosquitos)
PA1  Dysdercus fasciatus (capsids)
PA1  Musca domestica (houseflies)
PA1  Blatella germanica (cockroaches)
PA1  Pieris brassicae (white butterfly, larvae)
PA1  Plutella maculipennis (diamond back moth, larvae)
PA1  Phaedon cochleariae (mustard beetle)
PA1  Calandra granaria (grain beetle)
PA1  Tribolium confusum (flour beetle)
PA1  Cydia pomonella (coding moth)
PA1  Leptinotarsa decemlineata (colorado beetle)
PA1  Agriolimax reticulatus (slugs)
DETD
PAR  The invention is illustrated by the following Examples.
PAC  EXAMPLE 1
PAR  This Example illustrates the preparation of
      2-diethylamino-4-ethoxycarbonylmethyl-6-hydroxypyrimidine (Intermediate E,
      Table 2), useful as an intermediate in the preparation of compounds of the
      invention.
PAR  Dry absolute ethanol (250 ml) was saturated with dry hydrogen chloride gas
      at 20.degree.C and to the solution was added at 15.degree.C
      2-dimethylamino-6-hydroxy-pyrimidin-6-yl acetic acid (40.5 g) with
      stirring. The mixture was stirred for 16 hours at the ambient temperature
      (ca 22.degree.-24.degree.C) and the volatile fraction evaporated under
      reduced pressure to leave an oil which crystallised on standing. This was
      dissolved in water, and the solution neutralised with aqueous 2N sodium
      hydroxide solution. The precipitate which formed was collected by
      filtration, washed with water and recrystallised from aqueous ethanol to
      yield 2-diethylamino-4-ethoxycarbonylmethyl-6-hydroxypyrimidine, m.p.
      98.degree.-100.degree.C.
PAC  EXAMPLE 2
PAR  By procedures similar to that illustrated in Example 1, the following
      intermediate hydroxy pyrimidines were prepared as follows:
PAR  2-Methyl-4-ethoxycarbonylmethyl-6-hydroxypyrimidine (Intermediate A, Table
      2) from 2-methyl-6-hydroxy-pyrimidin-4-yl acetic acid and ethanol;
PAR  2(4-chlorophenyl)-4-ethoxycarbonylmethyl-6-hydroxypyrimidine (Intermediate
      B, Table 2) from 2(4-chlorophenyl)-6-hydroxypyrimidin-4-yl acetic acid and
      ethanol;
PAR  2-isopropyl-4-ethoxycarbonylmethyl-6-hydroxypyrimidine (Intermediate C,
      Table 2) from 2-isopropyl-6-hydroxypyrimidin-4-yl acetic acid and ethanol;
PAR  2-diethylamino-4-methoxycarbonylmethyl-6-hydroxypyrimidine (Intermediate D,
      Table 2) from 2-diethylamino-6-hydroxypyrimidin-4-yl acetic acid and
      methanol; and
PAR  2-ethylamino-4-ethoxycarbonylmethyl-6-hydroxypyrimidine (Intermediate F,
      Table 2) from 2-ethylamino-6-hydroxypyrimidin-4-yl acetic acid and
      ethanol.
PAR  2-N-Ethylacetamido-4-ethoxycarbonylmethyl-6-hydroxypyrimidine (Intermediate
      G, Table 2) was prepared as follows:
PAR  A mixture of 2-ethylamino-4-ethoxycarbonylmethyl-6-hydroxypyrimidine
      (Intermediate F, Table 2) and an excess of acetic anhydride was warmed to
      80.degree.-100.degree.C for 15 minutes and then poured into iced water.
      The precipitate was collected by filtration, washed with water and
      recrystallised from ethanol to yield
      2-N-ethylacetamido-4-ethoxycarbonylmethyl-6-hydroxypyrimidine.
PAC  EXAMPLE 3
PAR  This Example illustrates the preparation of
      2-diethyl-amino-4-N-ethylcarbamoylmethyl-6-hydroxypyrimidine (Intermediate
      L, Table 2).
PAR  A mixture of 2-diethylamino-4-ethoxycarbonylmethyl-6-hydroxypyrimidine
      (Intermediate E, 15.0 g), industrial methylated spirit (20 ml) and aqueous
      ethylamine solution (70% w/v, 40 ml) was kept at the ambient temperature
      for 20 hours, after which the volatile portion was evaporated under
      reduced pressure. The residual solid was recrystallised from industrial
      methylated spirit to yield
      2-diethylamino-4-N-ethylcarbamoylmethyl-6-hydroxypyrimidine, melting point
      210.degree.C.
PAC  EXAMPLE 4
PAR  By a procedure similar to that illustrated in Example 3 above, but
      utilizing the appropriate amine in place of aqueous ethylamine, the
      following compounds were also prepared:
PAR  2-Diethylamino-4-carbamoylmethyl-6-hydroxypyrimidine (Intermediate H, Table
      2) from Intermediate E and ammonia (s.g. 0.880);
PAR  2-diethylamino-4-N-allylcarbamoylmethyl-6-hydroxypyrimidine (Intermediate
      I, Table 2) from Intermediate E and allylamine;
PAR  2-diethylamino-4-N-n-butylcarbamoylmethyl-6-hydroxypyrimidine (Intermediate
      J, Table 2) from Intermediate E and n-butylamine; and
PAR  2-ethylamino-4-N-n-butylcarbamoylmethyl-6-hydroxypyrimidine (Intermediate
      K, Table 2) from 2-ethylamino-4-ethoxycarbonylmethyl-6-hydroxypyrimidine
      (Intermediate F) and n-butylamine.
PAC  EXAMPLE 5
PAR  This Example illustrates the preparation of 0,0-dimethyl
      0-2-diethylamino-4-ethoxy-carbonylmethylpyrimidin-6-yl phosphorothionate
      (Compound No. 6 Table 1).
PAR  A mixture of anhydrous potassium carbonate (2.84 g)
      2-diethylamino-4-ethoxycarbonylmethyl-6-hydroxypyrimidine (2.6 g),
      dimethylphosphorochloridothionate (1.8 g) in dry acetone (50 ml) was
      stirred at the ambient temperature for 24 hours, after which the solid was
      removed by filtration and the filtrate evaporated under reduced pressure.
      The residual oil was dissolved in methylene chloride, and the solution
      washed with 2% w/v aqueous sodium hydroxide solution (2 .times. 20 ml) and
      with brine (2 .times. 20 ml), dried over anhydrous sodium sulphate and
      evaporated to give a residual oil. This was purified by preparative
      thin-layer chromatography (Silicagel F254; eluent: acetone/hexane (1:5) to
      yield 0,0-dimethyl 0-2-diethylamino-4-ethoxycarbonylmethylpyrimidin-6-yl
      phosphorothionate as a pale yellow oil, n.sub.D.sup.20 1.5225, which gave
      satisfactory elemental and n.m.r. analysis.
PAR  C.sub.14 H.sub.24 N.sub.3 O.sub.5 SP requires C, 44.85; H, 6.4; N, 11.1%.
      found C, 44.7; H, 6.4; N, 11.3%.
PAC  EXAMPLE 6
PAR  This Example illustrates the preparation of N-dimethyl-0-ethyl
      0-2-diethylamino-4-ethoxy-carbonylmethylpyrimidin-6-yl phosphoramidate
      (Compound No. 10, Table 1)
PAR  To a solution of sodium (0.364 g) in dry ethanol (30 ml) was added
      2-diethylamino-4-ethoxycarbonylmethyl-6-hydroxypyrimidine (4.0 g) and the
      resultant solution was stirred for 60 minutes. The solvent was then
      removed by evaporation under reduced pressure, the final traces of solvent
      being removed by azeotropic distillation with dry toluene. The residual
      solid was powdered and suspended in dry toluene (40 ml) and
      N-dimethyl-0-ethylphosphorochloridate (2.7 g) added to the stirred
      suspension. Stirring was continued for 16 hours at the ambient
      temperature, followed by a period of 6 hours at 60.degree.C. The mixture
      was then cooled to the ambient temperature, washed with a solution of
      sodium hydroxide in brine (2% w/v; 3 .times. 10 ml), and with brine (2
      .times. 15 ml). The toluene solution was then dried over anhydrous
      magnesium sulphate, and the solvent evaporated under reduced pressure.
      Final traces of solvent were volatilised by warming the residual oil at
      40.degree.C at a pressure of 0.7 mm.Hg., to yield N-dimethyl-0-ethyl
      0-2-diethylamino-4-ethoxycarbonylmethylpyrimidin-6-yl phosphoramidate,
      n.sub.D.sup.21.5 1.4878.
PAR  C.sub.16 H.sub.29 N.sub.4 O.sub.5 P requires C, 49.5; H, 7.5; N, 14.4%
      found C, 49.9; H, 7.5; N, 14.2%
PAC  EXAMPLE 7
PAR  This Example illustrates the preparation of 0,0-dimethyl
      0-2-N-ethylacetamido-4-ethoxycarbonylmethylpyrimidin-6-yl
      phosphorothionate (Compound No. 13, Table 1).
PAR  A mixture of 2-N-ethylacetamido-4-ethoxycarbonylmethyl-6-hydroxypyrimidine
      (4.0 g), anhydrous potassium carbonate (4.33 g),
      0,0-dimethylphosphorochloridothionate (2.65 g) and dry acetone (50 ml) was
      stirred at the ambient temperature for 20 hours. The insoluble residue was
      separated by filtration and the filtrate evaporated under reduced pressure
      to yield a residual oil. This was dissolved in methylene chloride (80 ml)
      and washed with dilute aqueous sodium hydroxide solution (2% w/v; 2
      .times. 15 ml) and with water (2 .times. 20 ml). After drying the
      methylene chloride solution over anhydrous sodium sulphate, the solvent
      was removed by evaporation under reduced pressure. The residual oil was
      freed from the last traces of solvent by warming to 35.degree.-40.degree.C
      at 0.5 mm Hg. to yield 0,0-dimethyl
      0-2-N-ethylacetamido-4-ethoxycarbonylmethylpyrimidin-6-yl
      phosphorothionate, n.sub.D.sup.27.5 1.5180.
PAR  C.sub.14 H.sub.22 N.sub.3 O.sub.6 SP requires C, 43.0; H, 5.6%. found C,
      43.0; H, 5.9%.
PAC  EXAMPLE 8
PAR  This Example illustrates the preparation of 0,0-dimethyl
      0-2-diethylamino-4-N-ethylcarbamoylmethylpyrimidin-6-yl phosphate
      (Compound No. 20, Table 1). A mixture of
      2-diethylamino-5-N-ethylcarbamoylmethyl-6-hydroxypyrimidine (2.0 g),
      anhydrous potassium carbonate (2.2 g), dimethylphosphorochloridate (1.4 g)
      and dry acetone (60 ml) was stirred at the ambient temperature for 72
      hours. After filtration to remove the insoluble residue the filtrate was
      added to methylene chloride (80 ml), washed with water (2 .times. 15 ml)
      and with brine (2 .times. 15 ml) and dried over anhydrous magnesium
      sulphate. The solvent was removed by evaporation under reduced pressure
      and the residual solid recrystallised from ether to yield 0,0-dimethyl
      0-2-diethylamino-4-N-ethylcarbamoylmethylpyrimidin-6-yl phosphate, melting
      point 76.degree.C.
PAR  C.sub.14 H.sub.25 N.sub.4 O.sub.5 P requires C, 46.55; H, 6.9; N, 15.5%
      found C, 46.8; H, 6.9; N, 15.6%
PAC  EXAMPLE 9
PAR  This Example illustrates the preparation of 0,0-diethyl
      0-2-ethylamino-4-N-n-butylcarbamoylmethylpyrimidin-6-yl phosphorothionate
      (Compound No. 18 Table 1).
PAR  A mixture of 2-ethylamino-4-N-n-butylcarbamoylmethyl-6-hydroxypyrimidine
      (2.0 g), anhydrous potassium carbonate (2.2 g),
      diethylphosphorochloridothionate (1.6 g) and dry acetone (50 ml) was
      stirred at the ambient temperature for 48 hours. After removal of the
      insoluble residue by filtration the filtrate was evaporated under reduced
      pressure, and the residual solid recrystallised from a mixture of diethyl
      ether and petroleum ether (boiling range 40.degree. to 60.degree.C) to
      yield 0,0-diethyl 0-2-ethylamino-4-N-n-butylcarbamoylmethylpyrimidin-6-yl
      phosphorothionate, melting point 70.degree.C.
PAR  C.sub.18 H.sub.34 N.sub.4 O.sub.4 SP requires C, 47.5; H, 7.2; N, 13.85%
      found C, 47.2; H, 7.4; N, 13.7%
PAC  EXAMPLE 10
PAR  The procedure of Example 8 was used to prepare other compounds according to
      the invention from the appropriate intermediates as follows:
PAR  0,0-Dimethyl 0-2-methyl-4-ethoxycarbonylmethylpyrimidin-6-yl
      phosphorothionate (Compound No. 1, Table 1) from
      2-methyl-4-ethoxy-carbonylmethyl-6-hydroxypyrimidine and
      dimethyl-phosphorochloridothionate;
PAR  0,0-diethyl 0-2-methyl-4-ethoxycarbonylmethylpyrimidin-6-yl
      phosphorothionate (Compound No. 2, Table 1) from
      2-methyl-4-ethoxycarbonylmethyl-6-hydroxypyrimidine and
      diethylphosphorochloridothionate;
PAR  0,0-diethyl 0-2(4-chlorophenyl)-4-ethoxycarbonylmethylpyrimidin-6-yl
      phosphorothionate (Compound No. 3, Table 1) from
      2(4-chlorophenyl)-4-ethoxycarbonylmethyl-6-hydroxypyrimidine and
      diethylphosphorochloridothionate,
PAR  0,0-diethyl 0-2-isopropyl-4-ethoxycarbonylmethyl-pyrimidin-6-yl
      phosphorothionate (Compound No. 4, Table 1) from
      2-isopropyl-4-ethoxycarbonylmethyl-6-hydroxypyrimidine and
      diethylphosphorochloridothionate;
PAR  0,0-diethyl 0-2-diethylamino-4-methoxycarbonylmethylpyrimidin-6-yl
      phosphorothionate (Compound No. 5, Table 1) from
      2-diethylamino-4-methoxycarbonylmethyl-6-hydroxypyrimidine and
      diethylphosphorochloridothionate;
PAR  0,0-diethyl 0-2-diethylamino-4-ethoxycarbonylmethylpyrimidin-6-yl phosphate
      (Compound No. 7, Table 1) from
      2-diethylamino-4-ethoxycarbonylmethyl-6-hydroxypyrimidine and
      diethylphosphorochloridate;
PAR  0,0-diethyl 0-2-ethylamino-4-ethoxycarbonylmethylpyrimidin-6-yl
      phosphorothionate (Compound No. 8, Table 1) from
      2-ethylamino-4-ethoxycarbonylmethyl-6-hydroxypyrimidine and
      diethylphosphorochloridothionate;
PAR  0,0-dimethyl 0-2-ethylamino-4-ethoxycarbonylmethylpyrimidin-6-yl
      phosphorothionate (Compound No. 9, Table 1) from
      2-ethylamino-4-ethoxycarbonylmethyl-6-hydroxypyrimidine and
      dimethylphosphorochloridothionate;
PAR  0,0-diethyl 0-2-diethylamino-4-ethoxycarbonylmethyl-pyrimidin-6-yl
      phosphorothionate (Compound No. 11, Table 1) from
      2-diethylamino-4-ethoxycarbonylmethyl-6-hydroxypyrimidine and
      diethylphosphorochloridothionate;
PAR  N-methyl-0-methyl 0-2-diethylamino-4-ethoxycarbonylmethhylpyrimidin-6-yl
      phosphoramidate (Compound No. 12, Table 1) from
      2-diethylamino-4-ethoxycarbonylmethyl-6-hydroxypyrimidine and
      N-methyl-0-methylphosphoramidochloridate;
PAR  0,0-diethyl 0-2-N-ethylacetamido-4-ethoxycarbonylmethylpyrimidin-6-yl
      phosphorothionate (Compound No. 14 Table 1), from
      2-N-ethylacetamido-4-ethoxycarbonylmethyl-6-hydroxypyrimidine and
      diethylphosphorochloridothionate;
PAR  0,0-diethyl 0-2-diethylamino-4-carbamoylmethylpyrimidin-6-yl
      phosphorothionate (Compound No. 15, Table 1) from
      2-diethylamino-4-carbamoylmethyl-6-hydroxypyrimidine and
      diethylphosphorochloridothionate;
PAR  0,0-diethyl 0-2-diethylamino-4-N-allylcarbamoylmethylpyrimidin-6-yl
      phosphorothionate (Compound No. 16, Table 1) from
      2-diethylamino-4-N-allylcarbamoylmethyl-6-hydroxypyrimidine and
      diethylphosphorochloridothionate;
PAR  0,0-diethyl 0-2-diethylamino-4-N-n-butylcarbamoyl-methyl pyrimidin-6-yl
      phosphorothionate (Compound No. 17, Table 1) from
      2-diethylamino-4-N-n-butylcarbamoylmethyl-6-hydroxypyrimidine and
      diethylphosphorochloridothionate; and
PAR  N-dimethyl-0-ethyl 0-2-diethylamino-4-N-ethylcarbamoylmethylpyrimidin-6-yl
      phosphoramidate (Compound No. 19, Table 1) from
      2-diethylamino-4-N-ethylcarbamoyl-methyl-6-hydroxypyrimidine and
      N-dimethyl-0-ethyl-phosphoramidochloridate.
PAC  EXAMPLE 11
PAR  5 parts by weight of 0,0-dimethyl
      0-2-diethylamino-4-ethoxycarbonylmethylpyrimidin-6-yl phosphorothionate
      (Compound No. 6, Table 1) were thoroughly mixed in a suitable mixer with
      95 parts by weight of talc. There was thus obtained a dusting powder.
PAC  EXAMPLE 12
PAR  10 Parts by weight of
      0,0-diethyl-0-2-isopropyl-4-ethoxycarbonylmethylpyrimidin-6-yl
      phosphorothionate (Compound No. 4, Table 1), 10 parts of an ethylene
      oxide-octylphenol condensate ("Lissapol" NX; "Lissapol" is a Trade Mark)
      and 80 parts by weight of diacetone alcohol were thoroughly mixed. There
      was thus obtained a concentrate which, in mixing with water, gave an
      aqueous dispersion suitable for application as a spray in the control of
      insect pests.
PAC  EXAMPLE 13
PAR  A granular composition was prepared by dissolving the active ingredient in
      a solvent, spraying the solution obtained on to the granules of pumice and
      allowing the solvent to evaporate.
TBL  ______________________________________                                    

                                 % wt                                          

     ______________________________________                                    

     O,O-diethyl O-2-diethylamino-4-methoxy-                                   

     carbonylmethylpyrimidin-6-yl   5                                          

     (Compound No. 5, Table 1)                                                 

     Pumice granules               95                                          

                                   100%                                        

     ______________________________________                                    

PAC  EXAMPLE 14
PAR  An aqueous dispersion formulation was prepared by mixing and grinding the
      ingredients recited below in the proportions stated.
TBL  ______________________________________                                    

                                 % wt                                          

     ______________________________________                                    

     O,O-Dimethyl O-2-diethylamino-4-ethoxy-                                   

     carbonylmethylpyrimidin-6-yl phosphoro-                                   

     thionate (Compound No. 6, Table 1)                                        

                                   40                                          

     Calcium lignosulphonate       10                                          

     Water                         50                                          

                                   100%                                        

     ______________________________________                                    

PAC  EXAMPLE 15
PAR  Compositions comprising other compounds of Table 1 may be prepared by the
      methods set out in Examples 11 to 14 above.
PAC  EXAMPLE 16
PAR  The activity of a number of the compounds was tested against a variety of
      insect and other invertebrate pests. The compounds were used in the form
      of a liquid preparation containing 0.1% by weight of the compound except
      in the tests with Aedes aegypti where the preparation contained 0.01% by
      weight of the compound. The preparations were made by dissolving each of
      the compounds in a mixture of solvents consisting of 4 parts by volume of
      acetone and 1 part by volume of diacetone alcohol. The solutions were then
      diluted with water containing 0.01% by weight of a wetting agent sold
      under the trade name "LISSAPOL" NX until the liquid preparations contained
      the required concentration of the compound. "Lissapol" is a Trade Mark.
PAR  The test procedure adopted with regard to each pest was basically the same
      and comprised supporting a number of the pests on a medium which was
      usually a host plant or a foodstuff on which the pests feed, and treating
      either or both the pests and the medium with the preparations.
PAR  The mortality of the pests was then assessed at periods usually varying
      from one to three days after the treatment.
PAR  The results of the tests are given below in Tables 3 and 4. In these tables
      the first column indicates the name of the pest species. Each of the
      subsequent columns indicates the host plant or medium on which it was
      supported, the number of days which were allowed to elapse after the
      treatment before assessing the mortality of the pests, and the results
      obtained for each of the compounds, numbered as in Table 1 above. The
      assessment is expressed in integers which range from 0 - 3.
PA1  0 represents less than 30% kill
PA1  1 represents 30-49% kill
PA1  2 represents 50-90% kill
PA1  3 represents over 90% kill
PAL  A dash (-) in Tables 3 and 4 indicates that no test was carried out.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     Pest Species                                                              

                 Support                                                       

                        No.                                                    

                           Compound No. (Table 1)                              

                 medium of                                                     

                        days                                                   

                           1 2 3 4 5 6 7 8   9  10 11 12 13 14                 

     __________________________________________________________________________

     Tetranychus telarius                                                      

     (adults)    French bean                                                   

                        3  3 3 3 3 3 3 3 3 3 3  3  0  3  3                     

     Tetranychus telarius                                                      

     (eggs)      French bean                                                   

                        3  0 0 0 3 0 3 3 1 3 0  2  3  0  0                     

     Aphis fabae Broad bean                                                    

                        2  3 3 0 3 3 3 3 3 3 3  3  3  3  3                     

     Megoura viceae                                                            

                 Broad bean                                                    

                        2  3 3 0 3 3 3 3 3 3 3  3  3  3  3                     

     Dysdercus fasciatus                                                       

                 Grain  2  --                                                  

                             --                                                

                               --                                              

                                 --                                            

                                   --                                          

                                     --                                        

                                       3 3 0 0  0  3  3  0                     

     Aedes aegypti (larvae)                                                    

                 Water  1  3 3 3 3 3 3 3 3 3 0  3  3  3  3                     

     Aedes aegypti (adults)                                                    

                 Plywood                                                       

                        1  3 0 0 0 0 0 0 1 0 0  0  0  2  3                     

     Musca domestica                                                           

     (contact test)                                                            

                 Milk/sugar                                                    

                        3  3 3 3 3 3 3 3 3 3 1  3  3  3  3                     

     Musca domestica                                                           

     (residual test)                                                           

                 Plywood                                                       

                        3  2 2 3 3 0 1 0 1 0 0  0  0  0  2                     

     Blatella germanica                                                        

                 --     1  2 3 0 3 0 0 3 3 2 0  0  0  0  0                     

     Pieris brassicae                                                          

     (larvae)    Cabbage                                                       

                        2  3 3 3 3 3 3 3 3 3 3  3  3  2  3                     

     Plutella maculipennis                                                     

     (larvae)    Mustard                                                       

                        2  2 2 0 3 0 0 0 1 3 0  0  2  3  0                     

     Phaedon cochleariae                                                       

                 Mustard                                                       

                        2  2 3 3 3 3 3 3 3 3 0  3  1  0  3                     

     Calandra granaria                                                         

                 Grain  2  3 2 1 2 3 3 3 3 3 3  3  3  3  3                     

     Tribolium confusum                                                        

                 Grain  2  3 3 0 3 3 0 2 3 3 3  3  3  3  3                     

     Meloidogyne incognita                                                     

                 Tomato 14 0 3 0 0 --                                          

                                     --                                        

                                       0 2 2 0  0  0  0  3                     

                 (roots)                                                       

     __________________________________________________________________________

TBL                                    TABLE 4                                 

     __________________________________________________________________________

     Pest Species                                                              

                Support                                                        

                       No.                                                     

                          Compound No. (Table 1)                               

                medium of                                                      

                       days                                                    

                          15 16 17 18 19 20                                    

     __________________________________________________________________________

     Tetranychus telarius                                                      

                French bean                                                    

                       3  3  3  3  2  1  3                                     

     (adults)                                                                  

     Aphis fabae                                                               

                Broad bean                                                     

                       2  3  3  0  0  0  3                                     

     Megoura viceae                                                            

                Broad bean                                                     

                       2  3  3  2  3  0  3                                     

     Aedes aegypti                                                             

     (larvae)   Water  1  3  3  3  3  0  3                                     

     Musca domestica                                                           

     (contact test)                                                            

                Milk/water                                                     

                       3  0  0  3  2  3  2                                     

     Pieris brassicae                                                          

     (larvae)   Cabbage                                                        

                       2  3  3  3  3  0  3                                     

     __________________________________________________________________________

PAR  Compound Nos. 2 and 6 of Table I were also treated for molluscicidal
      activity and were found to be toxic to grey field slugs (Agriolimax
      reticulatus).
PAR  In the foregoing Tables "contact test" indicates that both the pests and
      the medium were treated and "residual test" indicates that the medium was
      treated before infestation with the pests.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composition, for combating insect pests of plants, which comprises an
      insecticidally effective amount of a compound of the formula:
      ##SPC8##
PAL  wherein X is oxygen or sulphur; Y is alkoxy containing from one to four
      carbon atoms, alkylamino containing from one to four carbon atoms, or
      dialkylamino containing from one to four carbon atoms in each alkyl
      moiety; Z is alkoxy containing from one to four carbon atoms; R.sup.1 is
      alkyl containing from one to four carbon atoms, chlorophenyl, alkylamino
      containing from one to four carbon atoms, dialkylamino containing from one
      to four carbon atoms in each alkyl moiety, or N-carboxylic acyl alkylamino
      containing from one to four carbon atoms in the carboxylic acyl moiety and
      from one to four carbon atoms in the alkyl moiety; and R.sup.2 is alkoxy
      containing from one to four carbon atoms, amino, alkylamino containing
      from one to four carbon atoms, dialkylamino containing from one to four
      carbon atoms in each alkyl moiety, or alkenyl amino containing three to
      five carbon atoms, together with an agriculturally and horticulturally
      acceptable diluent.
NUM  2.
PAR  2. A composition according to claim 1 where the compound is 0,0-dimethyl
      0-2-diethylamino-4-ethoxycarbonylmethylpyrimidin-6-yl phosphorothionate.
NUM  3.
PAR  3. A composition according to claim 1 where the compound is one wherein X
      is oxygen or sulphur; Y and Z are alkoxy containing from one to four
      carbon atoms; R.sup.1 is alkyl containing from one to four carbon atoms or
      dialkylamino containing from one to four carbon atoms in each alkyl
      moiety; and R.sup.2 is alkoxy containing from one to four carbon atoms.
NUM  4.
PAR  4. A composition according to claim 1 where the compound is one wherein X
      is oxygen or sulphur; Y and Z are both methoxy or ethoxy; R.sup.1 is
      diethylamino; and R.sup.2 is methoxy or ethoxy.
NUM  5.
PAR  5. A method of combating insect pests on plants which comprises applying to
      the said plants an insecticidally effective amount of a compound of the
      formula:
      ##SPC9##
PAL  wherein X is oxygen or sulphur; Y is alkoxy containing from one to four
      carbon atoms, alkylamino containing from one to four carbon atoms, or
      dialkylamino containing from one to four carbon atoms in each alkyl
      moiety; Z is alkoxy containing from one to four carbon atoms; R.sup.1 is
      alkyl containing from one to four carbon atoms, chlorophenyl, alkylamino
      containing from one to four carbon atoms, dialkylamino containing from one
      to four carbon atoms in each alkyl moiety, or N-carboxylic acyl alkylamino
      containing from one to four carbon atoms in the carboxylic acid moiety and
      from one to four carbon atoms in the alkyl moiety; and R.sup.2 is alkoxy
      containing from one to four carbon atoms, amino, alkylamino containing
      from one to four carbon atoms, dialkylamino containing from one to four
      carbon atoms in each alkyl moiety, or alkenyl amino containing three to
      five carbon atoms.
NUM  6.
PAR  6. The method of claim 5 wherein the compound is one wherein X is oxygen or
      sulphur; Y and Z are alkoxy containing from one to four carbon atoms;
      R.sup.1 is alkyl containing from one to four carbon atoms or dialkylamino
      containing from one to four carbon atoms in each alkyl moiety; and R.sup.2
      is alkoxy containing from one to four carbon atoms.
NUM  7.
PAR  7. The method of claim 5 wherein the compound is one wherein X is oxygen or
      sulphur; Y and Z are both methoxy or ethoxy; R.sup.1 is diethylamino; and
      R.sup.2 is methoxy or ethoxy.
NUM  8.
PAR  8. A method of combating insect pests on plants which comprises applying to
      the said plants an insecticidally effective amount of 0,0-dimethyl
      0-2-diethylamino-4-ethoxycarbonylmethylpyrimidin-6-yl phosphorothionate.
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ABST
PAL  New and valuable pesticide on the basis of an active ingredient from the
      group of organophosphorus compounds or chlorinated hydrocarbons, and
      additionally containing a thiol carbamate.
BSUM
PAR  It is well known to control animal pests with chemical active ingredients,
      the aim being to prevent damage to crops, to protect stores or materials,
      to destroy disease vectors and so on.
PAR  In many cases, however, certain pest strains have developed increased or
      total resistance to conventional active ingredients. These resistant
      strains are particularly well-known in the case of insects, mites and
      ticks, and are a serious problem.
PAR  There is therefore a considerable interest in finding substances capable of
      partially or completely breaking down an acquired resistance. These
      substances themselves do not have to have insecticidal or acaricidal
      properties.
PAR  We have now found that pesticides based on organophosphorus compounds or
      chlorinated hydrocarbons and which additionally contain a thiol carbamate
      of the formula
      ##EQU1##
      where X denotes alkyl (methyl, ethyl, isopropyl, n-propyl, n-butyl,
      isobutyl), alkoxy (methoxy, ethoxy, n-propoxy, isopropoxy), halogen
      (fluoro, chloro, bromo, iodo), n denotes one of the integers 0, 1 and 2, m
      denotes one of the integers 0 and 1, R denotes one of the radicals
      --CH.sub.2 --, --C.sub.2 H.sub.4 --,
      ##EQU2##
      and --C.sub.3 H.sub.6 --, and R' and R" are identical or different and
      each denotes alkyl (methyl, ethyl, isopropyl, n-propyl, n-butyl,
      sec-butyl, isobutyl, tert-butyl, n-pentyl, isopentyl), cycloalkyl
      (cyclopentyl, cyclohexyl, cycloheptyl, 3-methylcyclohexyl,
      4-methylcyclohexyl), alkenyl (allyl, butynyl, methallyl), and alkynyl
      (propargyl, butynyl, isobutynyl), or R' and R", together with the nitrogen
      atom whose substituents they are, denote a saturated heterocyclic ring
      (tetramethylenimine, pentamethylenimine, hexamethylenimine,
      heptamethylenimine radical) which may be substituted by one or more alkyl
      radicals (one to three methyl, ethyl, propyl or isopropyl groups) are
      effective against pests belonging to strains resistant to organophosphorus
      compounds and chlorinated hydrocarbons.
PAR  Examples of such pests are Tribolium confusum, Tribolium castaneum,
      Blattella germanica, Periplaneta americana, Musca domestica, Aedes
      aegypti, Anopheles maculipennis, and Boophilus microplus.
PAR  The pesticides according to the invention may contain the active
      ingredients and thiol carbamates in widely varying ratios, e.g., a weight
      ratio of from 10:1 to 1:10 (active ingredient: thio carbamate). The
      preferred weight ratio is 1:1.
PAR  The pesticides according to the invention are employed in conventional
      manner, e.g., spraying, atomizing or dusting. It is essential that the
      pesticide comes into contact with the pest. Examples of organophosphorus
      compounds and chlorinated hydrocarbons are as follows:
PA1  Bis-0,0-diethylphosphoric anhydride
PA1  Dimethyl-(2,2,2-trichloro-1-hydroxyethyl)-phosphonate
PA1  1,2-dibromo-2,2-dichloroethyldimethyl phosphate
PA1  2,2-dichlorovinyldimethyl phosphate
PA1  2-methoxycarbamyl-1-methylvinyldimethyl phosphate
PA1  dimethyl-1-methyl-2-(methylcarbamoyl)-vinyl phosphate cis
PA1  3-(dimethoxyphosphynyloxy)-N,N-dimethyl-cis-crotonamide
PA1  2-chloro-2-diethylcarbamoyl-1-methylvinyldimethyl phosphate
PA1  0,0-diethyl-0(or S)-2-(ethylthio)-ethyl thiophosphate
PA1  S-ethylthioethyl-0,0-dimethyl dithiophosphate
PA1  0,0-diethyl-S-ethylmercaptomethyl dithiophosphate
PA1  0,0-diethyl-S-2-(ethylthio)-ethyl dithiophosphate
PA1  0,0-dimethyl-S-2-(ethylsulfynyl)-ethyl thiophosphate
PA1  0,0-dimethyl-S-(1,2-dicarbethoxy)-ethyl dithiophosphate
PA1  0,0,0,0-tetraethyl-S,S'-methylene bis-dithiophosphate
PA1  0-ethyl-S,S-dipropyl dithiophosphate
PA1  0,0-dimethyl-S-(N-methyl-N-formylcarbamoylmethyl)-dithiophosphate
PA1  0,0-dimethyl-S-(N-methylcarbamoylmethyl)-dithiophosphate
PA1  0,0-dimethyl-0-p-nitrophenyl thiophosphate
PA1  0,0-diethyl-0-p-nitrophenyl thiophosphate
PA1  0-ethyl-0-p-nitrophenylphenyl thiophosphonate
PA1  0,0-dimethyl-0-(4-nitro-m-tolyl)-thiophosphate
PA1  0,0-dimethyl-0-2,4,5-trichlorophenyl thiophosphate
PA1  0-ethyl-1,2,4,5-trichlorophenylethyl thiophosphonate
PA1  0,0-dimethyl-0,2,5-dichloro-4-bromophenyl thiophosphate
PA1  0,0-dimethyl-0-(2,5-dichloro-4-iodophenyl)-thiophosphate
PA1  4-tert-butyl-2-chlorophenyl-N-methyl-0-methylamido phosphate
PA1  0,0-dimethyl-0-(3-methyl-4-methylmercaptophenyl)-thiophosphate
PA1  isopropylamino-0-ethyl-0-(4-methylmercapto-3-methylphenyl)-phosphate
PA1  0,0-diethyl-0-p-(methylsulfynyl)-phenyl thiophosphate
PA1  0-p-(dimethylsulfamido)-phenyl-0,0-dimethyl thiophosphate
PA1  0,0,0',0'-tetramethyl-0,0'-thiodi-p-phenylene thiophosphate
PA1  0-ethyl-S-phenylethyl dithiophosphonate
PA1  0,0-dimethyl-0-(.alpha.-methylbenzyl-3-hydroxycrotonyl)-phosphate
PA1  2-chloro-1-(2,4-dichlorophenyl)-vinyl-diethylphosphate
      2-chloro-1-(2,4,5-trichlorophenyl)-vinyl dimethyl phosphate
PA1  0-[2-chloro-1-(2,5-dichlorophenyl)-vinyl]-0,0-diethyl thiophosphate
PA1  phenylglyoxylonitrile oxime-0,0-diethyl thiophosphate
PA1  0,0-diethyl-0-(3-chloro-4-methyl-2-oxo-2-H-1-benzopyran-7-yl thiophosphate
PA1  2,3-p-dioxanedithiol-S,S-bis-(0,0-diethyl dithiophosphate)
PA1  5-[(6-chloro-2-oxo-3-benzoxazolynyl)-methyl]-0,0-diethyl dithiophosphate
PA1  2-(diethoxyphosphynylimino)-1,3-dithiolane
PA1  0,0-dimethyl-S-(2-methoxy-1,3,4-thiadiazol-5-(4H)-onyl-(4)
      methyl)-dithiophosphate
PA1  0,0-dimethyl-S-phthalimidomethyl dithiophosphate
PA1  0,0-diethyl-0-(3,5,6-trichloro-2-pyridyl)-thiophosphate
PA1  0,0-diethyl-0-2-pyrazinyl thiophosphate
PA1  0,0-diethyl-0-(2-isopropyl-4-methyl)-6-pyrimidyl)-thiophosphate
PA1  0,0-diethyl-0-(2-quinoxalyl)-thiophosphate
PA1  0,0-dimethyl-S-(4-oxo-1,2,3-benzotriazin-3-(4H)-ylmethyl)-dithiophosphate
PA1  0,0-diethyl-S-(4-oxo-1,2,3-benzotriazin-3-(4H-ylmethyl)-dithiophosphate
PA1  0,0-dimethyl-0-(3-chloro-4-nitrophenyl)-thiophosphate
PA1  0,0-dimethyl-0 (or S)-2-(ethylthioethyl)-thiophosphate
PA1  2-(0,0-dimethylphosphorylthiomethyl)-5-methoxypyrone-3,4-dichlorobenzyltrip
     henylphosphonium chloride
PA1  0,0-diethyl-S-(2,5-dichlorophenylthiomethyl)-dithiophosphate
PA1  0,0-diethyl-0-(4-methylcoumarinyl-7)-thiophosphate
PA1  5-amino-bis-(dimethylamido)-phosphinyl-3-phenyl-1,2,4-triazole
PA1  N-methyl-5-(0,0-dimethylthiophosphoryl)-3-thiavaleramide
PA1  0,0-diethyl-0-(2-dimethylamino-4-methylpyrimidyl-(6)-thiophosphate
PA1  0,0-dimethyl-S-(methylcarbamoylmethyl)-thiophosphate
PA1  0-ethyl-0-(8-quinolinyl)-phenyl thiophosphonate
PA1  0-methyl-S-methylamido thiophosphate
PA1  0-methyl-0-(2,5-dichloro-4-bromophenyl)-benzothiophosphonate
PA1  0,0,0,0-tetrapropyl dithiopyrophosphate
PA1  3-(dimethoxyphosphinyloxy)-N-methyl-N-methoxy-cis-crotonamide
PA1  0,0-dimethyl-S-(N-ethylcarbamoylmethyl)-dithiophosphate
PA1  0,0-diethyl-S-(N-isopropylcarbamoylmethyl)-dithiophosphate
PA1  S-n-(1-cyano-1-methylethyl)-carbamoylmethyldiethylthiolphosphate
PA1  S-(2-acetamidoethyl)-0,0-dimethyl dithiophosphate hexamethylphosphoric
      triamide
PA1  0,0-dimethyl-0-(2-chloro-4-nitrophenyl)-thiophosphate
PA1  0,0-dimethyl-0-p-cyanophenyl thiophosphate
PA1  0-ethyl-0-p-cyanophenyl thiophosphonate
PA1  0,0-diethyl-0,2,4-dichlorophenyl thiophosphate
PA1  0,2,4-dichlorophenyl-0-methylisopropylamido thiophosphate
PA1  0,0-diethyl-0,2,5-dichloro-4-bromophenyl thiophosphate
PA1  dimethyl-p-(methylthio)-phenylphosphate
PA1  0,0-dimethyl-0.p-sulfamidophenyl thiophosphate
PA1  0-[p-(p-chlorophenyl)-azophenyl]-0,0-dimethyl thiophosphate
PA1  0-ethyl-S-4-chlorophenylethyl dithiophosphonate
PA1  0-isobutyl-S-p-chlorophenylethyl dithiophosphonate
PA1  0,0-dimethyl-S-p-chlorophenyl thiophosphate
PA1  0,0-dimethyl-S-(p-chlorophenylthiomethyl)-dithiophosphate
PA1  0,0-diethyl-p-chlorophenylmercaptomethyl dithiophosphate
PA1  0,0-diethyl-S-p-chlorophenylthiomethyl thiophosphate
PA1  0,0-dimethyl-S-(carbethoxyphenylmethyl)-dithiophosphate
PA1  0,0-diethyl-S-(carbofluorethoxyphenylmethyl)-dithiophosphate
PA1  0,0-dimethyl-S-(carboisopropoxyphenylmethyl)-dithiophosphate
PA1  0,0-diethyl-7-hydroxy-3,4-tetramethylenecoumarinyl thiophosphate
PA1  2-methoxy-4-H-1,3,2-benzodioxyphosphorine-2-sulfide
PA1  0,0-diethyl-0-(5-phenyl-3-isooxazolyl)-thiophosphate
PA1  2-(diethoxyphosphinylimino)-4-methyl-1,3-dithiolane
PA1  tris-(2-methyl-1-azirinyl)-phosphine oxide
PA1  S-(2-chloro-1-phthalimidoethyl)-0,0-diethyl dithiophosphate
PA1  N-hydroxynaphthalimido diethylphosphate
PA1  dimethyl-3,5,6-trichloro-2-pyridylphosphate
PA1  0,0-dimethyl-0-(3,5,6-trichloro-2-pyridyl)-thiophosphate
PA1  S-2-(ethylsulfonyl)-ethyldimethyl thiophosphate
PA1  diethyl-S-2-(ethylsulfinyl)-ethyl dithiophosphate
PA1  bis-0,0-diethylthiophosphoric anhydride
PA1  dimethyl-1,3-di-(carbomethoxy)-1-propen-2-yl phosphate
PA1  dimethyl-(2,2,2-trichloro-1-butyrolyoxyethyl)-phosphonate
PA1  0,0-dimethyl-0-(2,2-dichloro-1-methoxyvinyl)-phosphate
PA1  bis-(dimethylamido)-fluorophosphate
PA1  3,4-dichlorobenzyltriphenylphosphonium chloride
PA1  dimethyl-N-methoxymethylcarbamoylmethyl dithiophosphate
PA1  0,0-diethyl-0-(2,2-dichloro-1-chlorethoxyvinyl)-phosphate
PA1  0,0-dimethyl-0-(2,2-dichloro-1-chlorethoxyvinyl)-phosphate
PA1  0-ethyl-S,S-diphenyl dithiophosphate
PA1  0-ethyl-S-benzylphenyl dithiophosphonate
PA1  0,0-diethyl-S-benzyl thiolphosphate
PA1  0,0-dimethyl-S-(4-chlorophenylthiomethyl)-dithiophosphate
PA1  0,0-dimethyl-S-(ethylthiomethyl)-dithiophosphate
PA1  diisopropylaminofluorophosphate
PA1  0,0-dimethyl-S-(morpholinylcarbamoylmethyl)dithiophosphate
PA1  bis-methylamidophenyl phosphate
PA1  0,0-dimethyl-S-(benzenesulfonyl)-dithiophosphate
PA1  0,0-dimethyl-(S and O)-ethylsulfinylethyl thiophosphate
PA1  0,0-diethyl-0-4-nitrophenylphosphate
PA1  triethoxyisopropoxy-bis-(thiophosphinyl)-disulfide
PA1  2-methoxy-4H-1,3,2-benzodioxaphosphorine-2-oxide
PA1  octamethylpyrophosphoramide
PA1  bis-(dimethoxythiophosphinylsulfido)-phenylmethane
PA1  N,n-tetramethyldiamidofluorophosphate
PA1  0-phenyl-0-p-nitrophenylmethane thiophosphonate
PA1  0-methyl-0-(2-chloro-4-tert-butylphenyl)-N-methylamido thiophosphate
PA1  0-ethyl-0-(2,4-dichlorophenyl)-phenyl thiophosphate
PA1  0,0-diethyl-0-(4-methylmercapto-3,5-dimethylphenyl)-thiophosphate
PA1  4,4'-bis-(0,0-dimethylthiophosphoryloxy)-diphenyl disulfide
PA1  0,0-di-(.beta.-chloroethyl)-0-(3-chloro-4-methylcoumarinyl-7)-phosphate
PA1  S-(1-phthalimidoethyl)-0,0-diethyl dithiophosphate
PA1  0,0-dimethyl-0-(3-chloro-4-diethylsulfamylphenyl)-thiophosphate
PA1  0-methyl-0-(2-carbisopropoxyphenyl)-amido thiophosphate
PA1  5-(0,0-dimethylphosphoryl)-6-chlorobicyclo-(3,2,0)-heptadiene-(1,5)
PA1  0-methyl-0-(2-isopropoxycarbonyl-1-methylvinyl)-ethylamido thiophosphate
PA1  dichlorodiphenyltrichloroethane
PA1  1,1-di-p-chlorophenyl-2,2-dichloroethane
PA1  1,1-di-(p-methoxyphenyl)-2,2,2-trichloroethane
PA1  1,1-di-(p-ethylphenyl)-2,2-dichloroethane
PA1  1,1-di-(p-chlorophenyl)-2,2,2-trichloroethanol
PA1  1,1-di-(p-chlorophenyl)-ethanol
PA1  ethyl-4,4'-dichlorobenzilate
PA1  isopropyl-4,4'-dichlorobenzilate
PA1  .gamma.-Hexachlorocyclohexane
PA1  1,4,5,6,7,8,8-heptachloro-3a-4,7,71-tetrahydro-4,7-(endo)-methanoindene
PA1  1,2,4,5,6,7,8,8-octachloro-3a, 4,7,7,a-tetrahydro-4,7(endo)-methanoindane
PA1  1,2,3,4,10,10-hexachloro-1,4,4a, 5,8,8a-hexahydro-1,4-(endo,
      exo)-5,8-dimethanonaphthalene
PA1  1,2,3,4,10,10-hexachloro-6,7-epoxy-1,3,4a,5,6,7,8,8a-octahydro-1,4-endo,
      exo)-5,8-dimethanonaphthalene
PA1  1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-(endo,
      endo)-5,8-dimethanonaphthalene
PA1  1,3,4,5,6,7,8,8-octachloro-3a,4,7a-tetrahydro-4,7-methanophthalane,
      6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-
PA1  6,9-methano-2,4,3-benzodioxathiopine-3-oxide
PA1  decachlorooctahydro-1,3,4-methano-2-H-cyclobuta-(c,d)-pentalen-2-one
PA1  decachloro-bis-(2,4-cyclopentadien-1-yl)
PA1  1,2-dibromo-3-chloropropane
PAR  Examples of thiol carbamates are:
      ##EQU3##
PAR  The following processes may be employed for the manufacture of the thiol
      carbamates:
      ##EQU4##
      X, N, R, R' and R" having the above meanings.
PAR  The thiol carbamates mentioned above were all prepared by the method
      designated a) above. The following example demonstrates ghe procedure
      employed.
DETD
PAC  EXAMPLE 1
PAC  N-methyl-N-isobutynyl-S-benzylthiol carbamate
PAR  373 parts (by weight) of benzylthiol chlorocarbonic ester is placed,
      together with 800 parts of benzene, in a round flask. At room temperature
      (20.degree.C) -- if necessary, with ice cooling -- a solution of 332 parts
      of N-methyl-N-isobutylamine in 300 parts of benzene is dripped into this
      solution. The reaction solution is then heated for 2 hours under reflux.
      The solution is subsequently cooled to room temperature and the amine
      hydrochloride precipitate filtered off. The filtrate is washed with 400
      parts of water and dried with sodium sulfate. The desired product is
      obtained from the filtrate as a pale yellow oil by distillation under a
      high vacuum.
PAR  Boiling point (0.1 mm): 128.degree. to 130.degree.C.
PAR  The agents according to the invention may for instance be used as
      emulsions, spray powders, dusts or solutions. The ratio of the components
      to each other is adapted to the prevailing conditions and may vary within
      wide limits.
PAR  To provide as broad a spectrum of insecticidal effectiveness as possible, a
      further active ingredient selected from the list below may be added as
      third component to the mixture of thiol carbamate and active ingredient
      (organophosphorus compound or chlorinated hydrocarbon). The ratio of thiol
      carbamate to organophosphorus compound or chlorinated hydrocarbon to third
      component may for example be from 1:0.1 to 10:0.5 to 5, preferably from
      1:1:1 to 1:1:5, parts by weight.
PAC  Carbamic acid derivatives
PA0  1-naphthyl-N-methylcarbamate
PA0  2-butynyl-3-chlorophenylcarbamate
PA0  4-dimethylamino-3-tolyl-N-methylcarbamate
PA0  4-methylthio-3,5-xylyl-N-methylcarbamate
PA0  2-chlorophenyl-N-methylcarbamate
PA0  1-(dimethylcarbamoyl)-5-methyl-3-pyrazolyl-N,N-dimethylcarbamate
PA0  2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate
PA0  2-methyl-2-methylthiopropionaldehyde-0-(methylcarbamoyl)-oxime
PA0  8-quinaldyl-N-methylcarbamate and its salts
PA0  3-isopropyl-5-methylphenyl-N-methylcarbamate
PA0  2-(1,3-dioxolan-2-yl)-phenyl-N-methylcarbamate
PA0  2-(4,5-dimethyl-1,3-dioxolan-2-yl)-phenyl-N-methylcarbamate
PA0  2-(1,3-dithiolan-2-yl)-phenyl-N-methylcarbamate
PA0  2-(1,3-dithiolan-2-yl)-phenyl-N,N-dimethylcarbamate
PA0  2-isopropoxyphenyl-N-methylcarbamate
PA0  4-diallylamino-3,5-xylyl-N-methylcarbamate
PA0  1-isopropyl-3-methylpyrazol-5-yl-N,N-dimethylcarbamate
PA0  1-methylthioethylimino-N-methylcarbamate
PA0  2-(propargylethylamino)-phenyl-N-methylcarbamate
PA0  2-(propargylmethylamino)-phenyl-N-methylcarbamate
PA0  2-(dipropargylamino)-phenyl-N-methylcarbamate
PA0  3-methyl-4-(dipropargylamino)-phenyl-N-methylcarbamate
PA0  3,5-dimethyl-4-(dipropargylamino)-phenyl-N-methylcarbamate
PA0  2-(allylisopropylamino)-phenyl-N-methylcarbamate.
PAC  Nitrophenols and derivatives
PA0  4,6-dinitro-6-methylphenol, sodium salt
PA0  dinitrobutylphenol (2,2',2"-triethanolamine salt)
PA0  2-cyclohexyl-4,6-dinitrophenol
PA0  2-(1-methylheptyl)-4,6-dinitrophenyl crotonate
PA0  2-sec-butyl-4,6-dinitrophenyl-3-methyl butenoate
PA0  2-sec-butyl-4,6-dinitrophenyl cyclopropionate
PA0  2-sec-butyl-4,6-dinitrophenyl isopropyl carbonate
PAC  Miscellaneous
PA0  pyrethrin I
PA0  pyrethrin II
PA0  3-allyl-2-methyl-4-oxo-2-cyclopenten-1-yl chrysanthemumate
PA0  6-chloripernoyl chrysanthemumate
PA0  2,4-dimethylbenzyl chrysanthemumate
PA0  2,3,4,5-tetrahydrophthalimidomethyl chrysanthemumate
PA0  4-chlorobenzyl-4-chlorophenyl sulfide
PA0  6-methyl-2-oxo-1,3-dithiolo-[4,5-b]-quinoxaline
PA0  (1)-3-(2-furfuryl)-2-methyl-4-oxocyclopent-2-enyl-(1)-(cis +
      trans)-chrysanthemum monocarboxylate
PA0  2-pivaloyl-indane-1,3-dione
PA0  N'-(4-chloro-2-methylphenyl)-N,N-dimethylformamidine
PA0  4-chlorobenzyl-4-fluorophenyl sulfide
PA0  5,6-dichloro-1-phenoxycarbanyl-2-trifluoromethyl benzimidazole
PA0  p-chlorophenyl-p-chlorobenzene sulfonate
PA0  p-chlorophenyl benzene sulfonate
PA0  p-chlorophenyl-2,4,5-trichlorophenyl sulfone
PA0  p-chlorophenyl-2,4,5-trichlorophenyl sulfide
PA0  p-chlorobenzyl-p-chlorophenyl sulfide
PA0  2-thio-1,3-dithiolo-(5,6)-quinoxaline
PA0  prop-2-ynyl-(4-t-butylphenoxy)-cyclohexyl sulfite.
PAR  The following examples demonstrate the action of some of the agents
      according to the invention. The thiol carbamates are numbered as in the
      table above.
PAC  EXAMPLE 2
PAR  Bran bugs (Tribolium confusum) which have developed a high degree of
      resistance to 0,0-dimethyl-S-(1,2-dicarbethoxy)-ethyl dithiophosphate (I)
      are placed on circular filter papers (7 cm in diameter) which have been
      treated with acetonic solutions of the active ingredients. The kill rate
      is determined after 24 hours.
TBL  ______________________________________                                    

     Active ingredient                                                         

                   Amount of active                                            

                                Effectiveness                                  

                   ingredient in                                               

                   mg/filter paper                                             

     ______________________________________                                    

     I             5            ineffective                                    

     I+2           0.25 + 0.25  100% mortality                                 

     I+9           0.25 + 0.25  100% mortality                                 

     I+3           0.25 + 0.25  100% mortality                                 

     I+8           0.25 + 0.25  100% mortality                                 

     2             5            ineffective                                    

     9             5            ineffective                                    

     3             5            ineffective                                    

     8             5            ineffective                                    

     I+13          0.5  + 0.5   100% mortality                                 

     13            5            ineffective                                    

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  Animals from a strain of the croton bug (Blattella germanica) having marked
      resistance to insecticides from the group of organophosphorus compounds
      are treated as follows:
PAR  The insides of 1 liter glass beakers are wetted with acetonic solutions of
      the active ingredients. After the solvent has evaporated, 10 adult bugs
      are placed in each beaker. The action is determined after 48 hours.
TBL  ______________________________________                                    

     Active ingredient                                                         

                   Amount of active                                            

                                Effectiveness                                  

                   ingredient                                                  

                   mg/breaker                                                  

     ______________________________________                                    

     I             0.4           30% mortality                                 

     I+2           0.02 + 0.02  100% mortality                                 

     I+9            0.1 + 0.1   100% mortality                                 

     I+3            0.1 + 0.1   100% mortality                                 

     I+8           0.04 + 0.04  100% mortality                                 

     2             0.4          ineffective                                    

     9             0.4          ineffective                                    

     3             0.4          ineffective                                    

     8             0.4          ineffective                                    

     I+13          0.01 + 0.01   90% mortality                                 

     13            0.4          ineffective                                    

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. An insecticide composition comprising an insecticidally effective amount
      of a mixture (a) 0,0-dimethyl-S-(1,2-dicarbethoxy)-ethyl dithiophosphate
      and (b) a member selected from the group consisting of
      ##EQU5##
      in a weight ratio of 1:1.
NUM  2.
PAR  2. An insecticide composition comprising an insecticidally effective amount
      of a mixture (a) 0,0-dimethyl-S-(1,2-dicarbethoxy)-ethyl dithiophosphate
      and (b) S-ethylphenyl-N-diethyl thiolcarbamate in a weight ratio of 1:1.
NUM  3.
PAR  3. A process for killing insects which comprises contacting the insects
      with an insecticidally effective amount of a mixture of (a)
      0-0-dimethyl-S-(1,2-dicorbethoxy)-ethyl dithiophosphate and (b) a member
      selected from the group consisting of
      ##EQU6##
      in a weight ratio of 1:1.
NUM  4.
PAR  4. A process for killing insects which comprises contacting the insects
      with an insecticidally effective amount of a mixture of (a)
      0,0-dimethyl-S-(1, 2-dicarbethoxy)-ethyl dithiophosphate and (b)
      S-ethylphenyl-N-diethyl thiocarbamate in a weight ratio of 1:1.
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PAL  Certain o-triazenobenzamides are useful as anti-aggression agents. Certain
      methods of perparation are novel.
PARN
     This is a division of application Ser. No. 311,878, filed Dec. 4, 1972.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to, and incorporates by reference, the contents
      of application Ser. No. 282,311, of Ariyan, filed Aug. 21, 1972.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The neurochemistry of aggression has recently attracted much attention,
      since it has been recognized that aggressive behavior in animals and man
      can be produced by alterations in ordered brain function. In man,
      aggressive behavior is very often associated with almost every type of
      mental disease. Thus, aggression is a major side effect of most mental
      disorders.
PAR  This invention relates to a broad class of novel o-triazenobenzamides which
      are useful as psychotherapeutic agents, particularly as anti-aggression
      agents. Thus, certain of these o-triazenobenzamides have been found to be
      highly selective for the abolition of aggressive behavior at doses which
      cause little or no signs or symptoms of central nervous system depression
      or toxicity.
PAR  It is well accepted in neuropharmacology that there is no clear distinction
      between sedative-hypnotics and minor tranquilizers. Virtually all known
      minor tranquilizers which are effective in reducing anxiety also produce
      drowsiness, ataxia (inability to coordinate muscular movements), and sleep
      when given in larger doses. Virtually all sedative-hypnotic drugs in small
      doses are "anxiolytic" (causing apprehension or anxiety). Sedative
      hypnotics such as alcohol and short-acting barbiturates tend to produce
      behavioral excitation prior to promoting drowsiness and sleep. The
      sedative-hypnotics and minor tranquilizers produce discrete, predictable
      changes of behavior that can be applied to therapeutic advantage in
      neurotics. Aside from their ability to promote sleep, their major
      behavioral action of therapeutic advantage is their ability to slightly
      reduce the level of arousal-excitability, overcome passive avoidance
      (social withdrawal, suppressed or submissive behavior), slightly diminish
      aggressive hostility, and increase the response to environmental stimuli.
      The effect, for example, of a "psychomimetic" drug (inducing
      psychosis-like symptoms) on animal behavior, such as LSD in rats and cats,
      has been said to increase excitement and aggression.
PAR  Currently, aggressive behavior in mental disease patients is usually
      controlled by such major tranquilizers as chlorpromazine. This approach to
      the problem of controlling mental disorders is not entirely satisfactory
      since patients under the influence of this type of medication are overly
      depressed and have difficulty in satisfactorily returning to society and
      in functioning normally. Chlorpromazine is a strong central nervous system
      depressant, both in normal and schizophrenic patients. It has been the
      drug of choice for the treatment of so-called "back ward" schizophrenics,
      and is now used in out-patient therapy in cases of simple schizophrenia.
      The compound has many side effects, the most serious being that it causes
      depression at the same time that it alleviates the schizophrenic symptoms.
      It also is disadvantageous in that it is extremely toxic and has been
      known to cause liver damage and blood disorders.
PAR  The abolition of aggressive behavior in schizophrenics without
      neurotoxicity as characterized by depression would be a most desirable
      feature for a new drug in the therapy of mental disease. The
      o-triazenobenzamide compounds of the present invention have been found to
      selectively block aggressive behavior but without causing significant
      depression.
PAR  Accordingly, in one aspect, the invention is a broad class of novel
      o-triazenobenzamides. In another aspect, the invention is a method of
      treating aggressive behavior using these compounds. In yet another aspect,
      the invention is directed to psychotherapeutic pharmaceutical compositions
      comprising the novel o-triazenobenzamides. In a still further aspect, the
      invention is directed to methods of preparing the novel
      o-triazenobenzamides.
PAR  2. Description of the Prior Art
PAR  Triazene derivatives, including triazenobenzamide derivatives are, of
      course, known.
PAR  For example, Shealy et al, J. Pharm. Sci., 60, 1426 (1971) disclose
      2-(3,3-dialkyl-1-triazeno)-benzamides (II) as anti-cancer agents which are
      related to their 5-(3,3-dimethyl-1-triazeno)-imidazole-4-carboxamide
      (III), a known anti-cancer compound. Lin et al, J. Med. Chem., 15, 201
      (1972) also disclose 2-(3,3-dimethyl-1-triazeno)-benzamide as an
      anti-cancer agent. The triazeno group in the position ortho to the
      carboxamide on the benzene ring of these compounds shows a similarity to
      the novel o-triazenobenzamides of the present invention.
      ##SPC1##
PAR  These disclosures are the only previous examples of o-triazenobenzamides.
      Ordinarily, when anthranilamide (IV) is diazotized with sodium nitrite in
      dilute aqueous hydrochloric acid, the intermediate
      o-carbamoylbenzenediazonium chloride (V) cyclizes to
      1,2,3-benzotriazin-4(3H)-one, (VI), a known compound, the use of which is
      described in Ser. No. 282,311 of Ariyan mentioned above.
      ##SPC2##
PAR  Shealy, however, succeeded in preparing and isolating the
      o-carbamoylbenzenediazonium tetrafluoroborate (VA) in place of the
      chloride, and this enabled them to couple the indicated diazonium compound
      with a number of dialkylamines to obtain their compounds (II):
      ##SPC3##
PAR  It is also known from Schulze, Ann., 251, 163 (1888) that when
      3-aminobenzamide is diazotized under acid deficient conditions,
      3,3'-diazoaminodibenzamide, an isomer of one of the present compounds, is
      produced. Derivatives of 3,3'-diazoaminodibenzamide have been reported by
      Julia et al, Bull. Soc. Chim. Fr., 376 (1968).
PAR  No reference, however, has reported the preparation of any
      o-phenyltriazenobenzamides.
PAR  Several examples of heterocyclic rings coupled to either an identical ring
      or to a benzene ring are well known, e.g., Mohr, Ber., 31, 3495 (1898) and
      Stark et al, Ber., 46, 2702 (1913); however, no reference has reported the
      preparation of any heterocyclic o-triazenobenzamides.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a broad class of novel compounds having
      psychotherapeutic activity in controlling aggressive behavior. These
      compounds are o-triazenobenzamides of the formula:
      ##SPC4##
PAL  wherein R is
      ##SPC5##
PAL  in which A and B are hydrogen and C is chloro, methyl, nitro, methoxy,
      ethoxy, carbamoyl or carboxymethyl; or
PA1  A is hydrogen, B is chloro and C is methyl or methoxy; or
PA1  A is hydrogen and B and C are both methyl; or
PA1  A is hydrogen or methyl, B is nitro and C is methoxy;
      ##SPC6##
PAL  in which D is hydrogen or methyl and E is hydrogen or
      ##EQU1##
      wherein F is hydrogen and G is phenyl, halophenyl or trimethylphenyl or
      benzyl; or F and G together with the nitrogen atom to which they are
      bonded, form a morpholine ring; or
PAR  (3) pyridyl, halopyridyl, methoxypyridyl, quinolyl, anthraquinolyl or
      N-ethylcarbazolyl;
PA1  R.sup.i is hydrogen or methyl and R.sup.II is hydrogen, lower alkyl, phenyl
      or the sulfate of a dimethylamino lower alkyl group.
PAR  The novel compounds of the formula (A) actually exist in two tautomeric
      forms, which, for explanatory purposes are given below as formulae (Ia)
      and (Ib):
      ##SPC7##
PAR  The tautomer (Ia), wherein R is, for example, phenyl is called
      2-(3-phenyl-1-triazeno-benzamide, while tautomer (Ib) is called
      2-(3-phenyl-2-triazeno)-benzamide. These tautomers are readily
      interconvertible, and any particular triazene may be either of the two
      tautomers or a mixture of both. For all unsymmetrically substituted
      triazenes this application will, therefore, use the nomenclature
      2-(3-phenyl-1(or 2)-triazeno)-benzamide (R=phenyl) to describe the novel
      compounds.
PAR  The present invention also provides a method of controlling aggressive
      behavior in an animal subject without causing the central nervous system
      depression which is a typical side effect of drugs heretofore used to
      treat aggressive behavior. This is achieved by administering to an animal
      subject a therapeutically effective amount of at least one of the
      o-triazenobenzamides of the formula (A).
PAR  Generally, the amount of such o-triazenobenzamide that will be administered
      will be from about 0.1 to 250 mg/kg/day of body weight, preferably, from
      about 1 to 25 mg/kg/day. In humans, the amount will be from about 0.1 to 4
      mg/kg/day.
PAR  The invention further provides new pharmaceutical compositions comprising
      at least one of the above specified o-triazenobenzamides of the formula
      (A).
PAR  Such pharmaceutical compositions comprise, in combination, a
      therapeutically effective amount of such an o-triazenobenzamide and a
      pharmaceutically acceptable carrier and/or diluent therefor.
PAR  For example, in the case of a tablet, the composition will comprise, in
      addition to the active ingredient, fillers, binders, and/or diluents such
      as lactose, methylcellulose, talc, gum tragacanth, gum acacia, agar,
      polyvinylpyrrolidone, stearic acid and corn starch. In the case of a
      liquid suspension for oral administration, the composition will comprise,
      in addition to the active ingredients, a filler such as sodium
      carboxymethylcellulose and/or a syrup, e.g., a glycerine based syrup. In
      the case of a parenteral solution or suspension, the composition will
      comprise the active ingredient and a suitable liquid solvent or dispersant
      such as a saline solution.
PAR  The above compounds of the formula (A) are prepared by novel methods and
      thus, the invention also provides methods for the preparation of the
      compounds of the invention.
PAR  According to the invention, compounds of the formula (A) are prepared by
      diazotizing an amine of the formula:
EQU  R--NH.sub.2
PAL  wherein R is as described above, to form an intermediate diazonium salt of
      the formula:
EQU  R--N.sub.2 .sup.+ X.sup.-
PAL  wherein X.sup.- is an anion such as chloride or hydrogen sulfate. The
      diazonium salt is then coupled with an anthranilamide of the formula:
      ##SPC8##
PAL  wherein R.sup.I and R.sup.II are as defined above, to yield a compound of
      the formula:
      ##SPC9##
PAR  In some cases, it will be expedient to diazotize the anthranilamide in
      ethanolic fluoroboric acid rather than the amine and then couple the
      diazotized anthranilamide with the amine.
PAR  Various methods, some of which are novel, are employed in such
      diazotizations as follows:
PAC  Method A:
PAR  The amine is diazotized in dilute aqueous hydrochloric acid at about
      0.degree.C by the dropwise addition of aqueous sodium nitrite. The
      solution of the diazonium chloride is then neutralized with sodium acetate
      (pH4 - 5) followed immediately by the addition of the anthranilamide to
      the vigorously stirred solution. This method is applicable to anilines
      including nitroanilines, to heterocycles with a fused benzene ring
      substituted with the amino group, and to several heterocyclic amines
      forming stable aqueous diazonium chlorides.
PAC  Method B:
PAR  The amine is diazotized in glacial acetic acid or a 50% v/v mixture of
      propionic acid and acetic acid containing 10% concentrated sulfuric acid
      at 5.degree.- 10.degree.C by portionwise addition of dry, solid sodium
      nitrite. The solution of the diazonium salt is filtered into a vigorously
      stirred suspension of the anthranilamide in aqueous sodium acetate
      solution. This modification to the method is applicable to most
      heterocyclic amines with the exception of those aminothiazoles of the
      formula (A) wherein G is phenyl, halophenyl or trimethylphenyl.
PAC  Method C:
PAR  The amine is diazotized in glacial acetic acid or a 50% v/v mixture of
      propionic acid and acetic acid containing 5 - 10% sulfuric acid at
      5.degree.- 20.degree.C by the dropwise addition of isoamyl nitrite. The
      diazonium salt is then treated as described in Method B. This modification
      of the method is applicable to heterocyclic amines including those for
      which Method B is not suitable.
PAC  Method D:
PAR  For the self coupling of anthranilamide, diazotization is performed at
      about 0.degree.C, in tetrahydrofuran containing a catalytic amount of
      trichloroacetic acid, by the addition of isoamyl nitrite.
PAC  Method E:
PAR  In those cases where the amine is difficult to diazotize or forms an
      unreactive diazonium salt, the diazonium tetrafluoroborate derived from
      the anthranilamide is coupled with the amine in ethanol at room
      temperature.
PAR  Preparative examples representative of each of these methods will be given
      below.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The compounds of the present invention are prepared according to the
      methods described above by diazotizing an aromatic or heterocyclic amine
      and coupling the diazonium salt with an anthranilamide, or in some cases,
      by diazotizing an anthranilamide and coupling the diazonium salt with an
      aromatic or heterocyclic amine.
PAR  There will now follow working examples showing the preparation of some of
      the compounds according to the invention using one or more of the
      above-described modifications of the method of the invention.
DETD
PAC  EXAMPLE 1 (Method D):
PAC  Preparation of 2,2'-diazoaminobenzamide
PAR  To 13.6 gm (0.10 mole) of anthranilamide dissolved in 100 ml. of
      tetrahydrofuran, a catalytic amount (0.1 - 0.2 gm.) of trichloroacetic
      acid was added. The solution was stirred in an ice-bath while 22 ml. (0.16
      mole) of isoamyl nitrite were slowly added. The reaction was then
      transferred to a water bath at room temperature. After 1 hour, a yellow
      product precipitated. This product was filtered off, washed with ethanol
      and then ether, and air dried. Yield: 8.5 gm. (60% of theoretical). The
      solid was recrystallized from dimethylformamide and washed with ethanol
      and ether. m.p. 217.degree.- 218.degree.C. (dec.).
PAC  EXAMPLE 2 (Method B):
PAC  Preparation of 2-[3-(2-thiazolyl)-2(or 1)-triazeno]-benzamide
PAR  to 10.0 gm. (0.10 mole) of 2-aminothiazole dissolved in 100 ml. of glacial
      acetic acid to which 10 ml. of concentrated sulfuric acid had been added,
      6.9 gm. (0.10 mole) of dry solid sodium nitrite were added portionwise,
      while the solution was stirred in an ice bath. The reaction mixture was
      filtered into a stirred suspension of 13.6 gm. (0.10 mole) anthranilamide
      in an aqueous solution of 21 gm. of sodium acetate in 100 ml. water. The
      yellow-brown precipitate was filtered off, washed with ethanol, dissolved
      in hot ethanol, charcoaled with Norit A, filtered, and permitted to
      crystallize on cooling. Yield: 12.0 gm. (50% of theoretical). The yellow
      solid was recrystallized from ethanol.
PAC  (Method C):
PAR  Alternatively, 15 ml. of isoamyl nitrite (0.11 mole) were added instead of
      sodium nitrite. The product obtained was somewhat less black in crude
      yield, and the overall yield was also 12 gm. m.p. 181.degree.-
      182.degree.C. (dec.).
PAC  EXAMPLE 3 (Method A):
PAC  Preparation of 2-[3-(3-chloro-4-methylphenyl)-1(or 2)-triazeno]-benzamide
PAR  To 14.15 gm. (0.10 mole) of 3-chloro-4-methylaniline dispersed in 100 ml.
      of 3N hydrochloric acid, 7.0 gm. (0.10 mole) of sodium nitrite in 25 ml.
      of water were added dropwise, while the solution was stirred at about
      0.degree.C in an ice bath. The reaction mixture was then neutralized to pH
      4 - 5 with 21 gm. of sodium acetate, and 13.6 gm. (0.10 mole) of
      anthranilamide were quickly stirred into the solution. The yellow
      precipitate was filtered off, and washed with a minimal amount of ethanol,
      then ether and petroleum ether. The solid was recrystallized from ethanol
      to give 18 gm. of yellow crystals. Yield 62%. m.p. 185.degree.-
      186.5.degree.C. (dec.).
PAC  EXAMPLE 4 (Method A):
PAC  Preparation of 2-[3-(9-ethyl-3-carbazolyl)-2(or 1)-triazeno]-benzamide
PAR  To 10.5 gm. (0.05 mole) of finely divided 3-amino-9-ethylcarbazole
      dispersed in 50 ml. of 3N hydrochloric acid at about 0.degree.C, 3.5 gm.
      (0.05 mole) of sodium nitrite in 15 ml. of water were added dropwise. The
      reaction mixture was filtered into a stirred suspension of 6.8 gm. (0.05
      mole) of anthranilamide in an aqueous solution of 10.5 gm. of sodium
      acetate in 50 ml. of water. The solution was immediately filtered and let
      stand until precipitation had occurred. The precipitate was filtered off
      and washed with a minimal amount of ethanol, and then ether. The obtained
      yellow solid (2 gm.; 11% yield) was recrystallized from ethanol. m.p.
      192.5.degree.- 193.degree.C. (dec.).
PAC  EXAMPLE 5 (Method B):
PAC  Preparation of 2-[3-(4-methyl-5-morpholinocarbonyl-2-thiazolyl)-2(or
      1)-triazeno]-benzamide
PAR  To 5.0 gm. (0.022 mole) of 2-amino-4-methyl-5-morpholinocarbonyl thiazole
      dissolved in 20 ml. of glacial acetic acid to which 2ml. concentrated
      sulfuric acid had been added, 1.5 gm. (0.022 mole) of dry solid sodium
      nitrite were added portionwise, while the solution was stirred in an ice
      bath. The reaction mixture was poured into a stirred suspension of 3.0 gm.
      (0.022 mole) of anthranilamide in an aqueous solution of 8.4 gm. of sodium
      acetate in 100 ml. of water. The precipitate was filtered off, washed with
      ethanol and ether, and recrystallized from ethanol and petroleum ether to
      obtain 1 gm. (12% Yield) of a product having a m.p. of 187.5.degree.-
      188.degree.C. (dec.)
PAC  EXAMPLE 6 (Method C):
PAC  Preparation of 2-[3-(4-methyl-5-(N-benzyl-carbamoyl)-2-thiazolyl)-2(or
      1)-triazeno]-benzamide
PAR  To 50 gm. (0.20 mole) of 2-amino-4-methyl-5-(N-benzylcarbamoyl)-thiazole
      dissolved in 200 ml. 50% v/v propionic acidglacial acetic acid and 20 ml.
      concentrated sulfuric acid, stirred in an ice bath, 30 ml. of isoamyl
      nitrite were added. The reaction mixture was poured into a stirred
      suspension of 27.2 gm. (0.20 mole) anthranilamide in an aqueous solution
      of 84 gm. sodium acetate in 1 liter of water. The orange precipitate was
      filtered off and washed with ethanol and then ether. The solid was
      purified by dissolution in dimethylformamide warmed to about 100.degree.C,
      charcoaling with Norit A, and reprecipitation with ethanol to give 24 gm.
      (32% yield) of a deep yellow-gold product. m.p. 204.degree. -
      204.5.degree.C. (dec.).
PAC  EXAMPLE 7 (Method C):
PAC  Preparation of
      N-(3-dimethylaminopropyl)-2-[3-(4-methyl-5-(N-benzylcarbamoyl)-2-thiazolyl
     )-2(or 1)-triazeno]-benzamide (2:1) sulfate salt
PAR  To 50 gm. (0.20 mole) of 2-amino-4-methyl-5-(N-benzylcarbamoyl)thiazole
      dissolved in 200 ml. of 50% v/v propionic acid-glacial acetic acid and 20
      ml. concentrated sulfuric acid, stirred in an ice bath, 30 ml. of isoamyl
      nitrite were added. The reaction mixture was poured into a stirred
      suspension of 44 gm. (0.20 mole) of
      o-amino-N-(3-dimethylaminopropyl)-benzamide in an aqueous solution of 84
      gm. sodium acetate in ice water. The finely-divided red precipitate was
      filtered through Celite, washed with cold water and air dried. The solid
      was dissolved in lukewarm dimethylformamide, diluted with an equal volume
      of acetonitrile and then with sufficient benzene to cause precipitation.
      The purification is repeated to afford 14 gm. (13% yield) of an orange
      solid. m.p. 145.degree.-147.degree.C. The solid isolated by this procedure
      is the (2:1) sulfate salt.
PAC  EXAMPLE 8 (Method E):
PAC  Preparation of 2-[3-p-tolyl-1(or 2)-triazeno]-benzamide
PAR  To 1.36 gm. anthranilamide (0.01 mole) dissolved in 50 ml. ethanol
      containing 5.4 gm. 58% fluoroboric acid, and stirred in an acetone-ice
      bath (about -5.degree.C), 1.5 ml. of isoamyl nitrite were added all at
      once. After 1/2 hour, the o-carbamoylbenzenediazonium tetrafluoroborate
      suspension was diluted with 200 ml. cold anhydrous ether. After 1/2 hour
      more, the diazonium salt (2.25 gm; 95% yield) was filtered and dried in a
      desiccator. dec. 131.degree. - 133.degree.C. (lit. 114.degree. -
      115.degree.C.).
PAR  To 1.07 gm. of p-toluidine (0.01 mole) dissolved in 20 ml. ethanol, about
      1.0 gm. of the above diazonium salt (0.004 mole) was added. The solution
      immediately turned orange and the product precipitated within a couple of
      minutes. The precipitate was filtered off, washed with ether and
      recrystallized foom ethanol to obtain 1.25 gm. (98% yield) of a product
      having a m.p. of 187.degree. - 188.degree.C. (dec.).
PAR  Other examples of the preparation of compounds of the formula (A) are given
      in Table I as follows:
TBL                                    TABLE I                                 

     __________________________________________________________________________

     EXAMPLE                                     (dec.)                        

                                                       Method                  

                                                              IFM* %           

     NO.   R                    R.sup.I                                        

                                   R.sup.II     m.p. .degree.C.                

                                                       Preparation             

                                                              protected        

     __________________________________________________________________________

     1                          H  H            217-218.degree.                

                                                       D      100%             

     2                          H  H            181-182                        

                                                       B, C   80               

     3                          H  H            185-186.5                      

                                                       A      100              

     4                          H  H            192.5-193                      

                                                       A      100              

     5                          H  H            187.5-188                      

                                                       B      100              

     6                          H  H            204-204.5.degree.              

                                                       B, C   100%             

     7                          H  --(CH.sub.2).sub.3 NMe.sub.2 1/2 H.sub.2    

                                   SO.sub.4     145-7  C       100.sup.(a)     

     8                          H  H            187-188                        

                                                       A, E   100              

     9                          H  H            190-190.5                      

                                                       C      60               

     10                         H  H            186-188                        

                                                       A      80               

     11                         H  H            179-180                        

                                                       A      40               

     12                         H  H            211-213                        

                                                       A      100              

     13                         H  H            176-178                        

                                                       A      100%             

     14                         H  H            179-180                        

                                                       A      80               

     15                         H  H            206-208                        

                                                       A      100              

     16                         H  H            189.5-190                      

                                                       A      60               

     17                         H  H            191-191.5                      

                                                       C      60               

     18                         H  H            194-195                        

                                                       C      60               

     19                         H  H            191-192                        

                                                       A, B   80               

     20                         H  H            216-217.degree.                

                                                       A       40%             

     21                         H  H            187-188                        

                                                       A      40               

     22                         H  H            186-187                        

                                                       A      100              

     23                         H  H            235-236                        

                                                       A      40               

     24                         H  H            175-176                        

                                                       E      100              

     25                         H  H            179-180                        

                                                       E      60               

     26                         H  Me           154-156                        

                                                       A      100              

     27                         H  Me           153-154                        

                                                       A      80               

     28                         H  n--Bu        110-111.degree.                

                                                       A       60%             

     29                         H  Me           170-172                        

                                                       C      100              

     30                         H  Et           181-182                        

                                                       C        60.sup.(b)     

     31                         Me Me           190-191                        

                                                       C      60               

     32                         H  Ph           158-60 A      60               

     33                         H  H            215-216                        

                                                       A      100              

     34                         H  H            211-212.degree.                

                                                       A      100%             

     35                         H  H            184-184.5                      

                                                       A      80               

     36                         H  H            185-187                        

                                                       A      40               

     37                         H  H            185-186                        

                                                       A      60               

     38                         H  H            179-180                        

                                                       A      40               

     39                         H  H            195-196                        

                                                       A        40%            

     40                         H  H            168-169                        

                                                       A      40               

     __________________________________________________________________________

      In TABLE I:                                                              

      Me = CH.sub.3 ; Et = C.sub.2 H.sub.5 ; n--Bu = C.sub.4 H.sub.9 ; and Ph =

      C.sub.6 H.sub.5                                                          

      *IFM - Isolated fighting mouse test at a dose of 30 mg/kg                

      intraperitoneally; those compounds which protected at least 40% of the   

      mice in this test were considered to be active.                          

      .sup.(a) 60 mg/kg intraperitoneally                                      

      .sup.(b) per os                                                          

PAR  The most outstanding property of the triazenobenzamides of the formula (A),
      according to the present invention, is their highly selective abolition of
      aggressive behavior in doses which cause little or no signs or symptoms of
      central nervous system depression or toxicity.
PAR  Two models of aggression are used in the primary screening for
      neuroleptics, (1) isolation-induced fighting in mice (IFM), and (2)
      aggression induced in rats by destruction of the septal area (septal rat).
      Compounds are first submitted, however, to the neuropharmacological
      profile, a standard procedure (see, e.g., Samuel Irwin, Science, 136, 123
      [1962]) employed in screening a compound to determine its usefulness as a
      central nervous system active compound. Those agents which cause
      depression over a wide dose range are then submitted to the first
      anti-aggression screen, the isolation-induced fighting mouse assay. As
      indicated in Table I, above, compounds which protect at least 40% of the
      mice in this test are considered to be active as anti-aggression agents.
PAR  Since they possess outstanding anti-aggressive activity in doses which
      cause little or no signs of central nervous system depression, the
      compounds of the present invention differ from known psychoactive agents,
      all of which cause marked depression in experimental animals. Thus, they
      inhibit the aggressive behavior of septal rats and inhibit
      isolation-induced fighting behavior in mice in doses much below those
      required to produce central nervous system depression or other signs of
      neurotoxicity.
PAR  The compounds of formula (A) of the present invention each have a
      neuropharmacological profile (see Samuel Irwin, Science, 136, 123 [1962])
      in mice which resembles those of the major tranquilizers such as
      chlorpromazine. These compounds differ from chlorpromazine, however, in
      that each is a much weaker depressant of motor activity in the mouse.
PAR  For instance, considering the compound of Example 6,
      2-[3-(4-methyl-5-(N-benzylcarbamoyl)-2(or
      1)-thiazolyl)-2-triazeno]-benzamide, as shown by the data hereinafter,
      this compound was found to be highly selective in abolishing aggressive
      behavior when administered in doses which caused little or no signs of
      central nervous system depression or toxicity. It was found to possess
      some of the activities of a major tranquilizer such as chlorpromazine yet
      it also had one of the properties of a minor tranquilizer such as
      chlordiazepoxide. It was not a potent inhibitor of spontaneous motor
      activity in rats, nor did it produce neurotoxicity in mice or rats to the
      extent that chlorpromazine or chlordiazepoxide does. It was outstanding in
      inhibiting septal rat aggression and fighting mouse behavior.
PAR  In the latter assay the above compound was more potent that chlorpromazine
      or chlordiazepoxide and when one correlates the dose necessary to block
      aggression with that which induced neurotoxicity, it is more than two
      thousand times more selective in blocking aggression than chlropromazine
      and one thousand times more selective than chlordiazepoxide. With respect
      to inhibition of aggressive behavior in the septal rat, it is two hundred
      and twenty-two times more selective than chlorpromazine. Although this
      compound was effective in blocking fighting behavior in the
      electroshock-induced fighting mouse assay, chlorpromazine and
      chlordiazepoxide were almost twenty times more potent. It is still more
      selective than either of the latter agents, since the NTD.sub.50
      /ED.sub.50 ratio for the compound was 13.3 whereas with chlorpromazine or
      chlordiazepoxide their ratios were less than one. This is the only test in
      which this compound resembled chlordiazepoxide in its activity. Like
      chlorpromazine, this compound is virtually devoid of anti-convulsant
      activity. It differs from chlorpromazine, however, in that it does not
      protect against amphetamine aggregation-induced lethality. The compound
      differs significantly from chlordiazepoxide with respect to the
      hypothalamus, since in cats it was found that the compound had no effect
      on the threshold for hypothalamicinduced rage; whereas, chlordiazepoxide
      is specific in inhibiting this response. The compound is devoid of
      anti-depressant activity since it failed to (1) potentiate
      dihydroxyphenylalanine-induced fighting behavior in mice, and (2)
      antagonize tetrabenazine-induced ptosis.
PAR  The compound of Example 6 was studied in the neuropharmacological profile,
      which, as indicated above, is a standardized multi-dimensional observation
      technique used on mice to grade symptomatology and acute toxicity relative
      to dosage.
PAR  Loss of spontaneous motor activity accompanied by mild depression were the
      only symptoms observed at the 300 mg/kg dose level. A reduction in
      spontaneous motor activity was the only symptom observed at the 100 mg/kg
      dose level, whereas no dominant signs or symptoms were observed at the 30
      mg/kg level. No deaths occurred at any of the dose levels. No hypothermia
      was observed. The results of the neuropharmacological profile indicate
      that this compound is a very weak central nervous system depressant.
PAR  From the IFM data in Table I, it is apparent that each of the above tested
      o-triazenobenzamides showed, at doses which caused little or no signs of
      CNS depression or toxicity, selective abolition of aggressive behavior.
PAR  2-[3-(4-methyl-5-(N-benzylcarbamoyl)-2(or
      1)-thiazolyl)-2-triazeno]-benzamide, the compound of Example 6, was
      subjected to additional evaluation tests as described below.
PAC  Spontaneous Locomotor Activity
PAR  The compound of Example 6 and chlorpromazine, a commonly used major
      tranquilizer, were each subjected to the spontaneous locomotor activity
      test, in which six mice per dose were placed in individual photocell
      activity cages 30 minutes after i.p. (intraperitoneal) administration of
      the drug, for a 30 minute activity count. Table II shows the results
      obtained by comparing drug treated groups with control activity, SD.sub.50
      being that dose which causes a 50% reduction from control activity.
TBL                TABLE II                                                    

     ______________________________________                                    

     Spontaneous Locomotor Activity                                            

     ______________________________________                                    

                     I.P. SD.sub.50 (mg/kg)                                    

                     Rats                                                      

     ______________________________________                                    

     Compound of Example 6                                                     

                       .about.500                                              

     Chlorpromazine    1.7                                                     

     ______________________________________                                    

PAR  The compound of Example 6 thus has a much weaker depressant action in rats
      in comparison with chlorpromazine.
PAC  Neurotoxicity
PAR  In the neurotoxicity test, the value (NTD.sub.50) is defined as the dose
      necessary to cause 50% of mice or rats trained to walk a rotating wooden
      rod (5 rpm) to fall at the time of peak effect, and is a measure of drug
      effects on motor function or central nervous system toxicity. The results
      set forth in Table III were obtained when the compound of Example 6 was
      tested against chlorpromazine and chlordiazepoxide.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Neurotoxicity                                                             

                    NTD.sub.50                                                 

                  (mg/kg)    95% Confidence Limits                             

     __________________________________________________________________________

     I.P.                 Mice                                                 

     Compound of Example 6                                                     

                  &gt;1280                                                        

     Chlorpromazine                                                            

                  0.7        (0.4 - 1.1)                                       

     Chlordiazepoxide                                                          

                  13.8       (7.1 - 27.0)                                      

     I.P.                 Rats                                                 

     Compound of Example 6                                                     

                  .about.500                                                   

     Chlorpromazine                                                            

                  5.3        (3.1 - 9.1)                                       

     Chlordiazepoxide                                                          

                  4.3        (2.6 - 7.1)                                       

     __________________________________________________________________________

PAR  Again, the compound of Example 6 was considerably less potent than
      chlorpromazine or chlordiazepoxide. In addition, the compound of Example 6
      appeared to be more toxic in rats than in mice.
PAC  Anti-Agressive Activity
PAR  The compound of Example 6 was compared with chlorpromazine and
      chlordiazepoxide for its anti-aggressive activity. Three models of
      experimentally-induced aggression in rodents were studied (R. D. Sofia,
      Life Science, 8: 705, 1969). The results of these experiments are
      summarized in Table IV.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Anti-Aggressive Activity                                                  

     ED.sub.50 (95% Confidence Limits) (mg/kg) i.p. Administration             

     Agent        ED.sub.50       NTD.sub.50                                   

                                      ED.sub.50                                

     __________________________________________________________________________

                       Isolated Mouse Aggression                               

     Compound of Example 6                                                     

                  1.8   (.62 - 5.22)                                           

                                  710                                          

     Chlorpromazine                                                            

                  2.8  (2.0 - 3.9)                                             

                                  0.3                                          

     Chlordiazepoxide                                                          

                  20.5 (11.3 - 37.5)                                           

                                  0.7                                          

                       Electroshock-Induced Fighting in                        

                       Mice                                                    

     Compound of Example 6                                                     

                  96.0 (43.6 - 211)                                            

                                  13.3                                         

     Chlorpromazine                                                            

                  5.5  (3.1 - 9.9)                                             

                                  0.1                                          

     Chlordiazepoxide                                                          

                  4.2  (2.3 - 7.7)                                             

                                  3.3                                          

                       Septal Rat Aggression                                   

     Compound of Example 6                                                     

                  .about.4.5      111.0                                        

     Chlorpromazine                                                            

                  10.7  (4.5 - 25.7)                                           

                                  0.5                                          

     Chlordiazepoxide                                                          

                  25.8 (14.0 - 47.5)                                           

                                  0.6                                          

     __________________________________________________________________________

PAR  From these data it can be seen that the compound of Example 6 was active in
      antagonizing the three models of agressive behavior. It was outstanding in
      its ability to block aggressive behavior in the isolated mouse. It was
      more potent than chlorpromazine or chlordiazepoxide in this assay and when
      one correlates the dose necessary to block aggression with that which
      induces neutrotoxicity, it is greater than two thousand times more
      selective in blocking aggression than chlorpromazine and one thousand
      times more selective than chlordiazepoxide. With respect to inhibition of
      aggressive behavior in the septal rat, it is 222 times more selective than
      chlorpromazine and 185 times more selective than chlordiazepoxide.
      Although the compound of Example 6 was effective in blocking fighting
      behavior in the electroshock-induced fighting mouse assay, chlorpromazine
      and chlordiazepoxide were almost 20 times more potent. It is still more
      selective than either of the latter agents, since the NTD.sub.50
      /ED.sub.50 ratio for the compound of Example 6 was 13.3 whereas with
      chlorpromazine and chlordiazepoxide their ratios were less than one.
PAC  Anti-Convulsant Activity
PAR  Anti-convulsant activity was tested according to the following procedures.
PAC  1. Maximal Electroshock Seizures (MES.sub.50)
PAR  Groups of ten mice each were injected i.p. with a vehicle and the compound
      of Example 6 and placed in individual Plexiglas squares. Thirty minutes
      after i.p. injection, each mouse was administered an electric shock
      transcorneally at 50mA intensity, 0.2 seconds duration (Swinyard, et al,
      J. Pharmacol. Exptl. Ther., 106: 319, 1952). The criterion for activity is
      protection against tonic extension of the hind limbs. The dose necessary
      to protect 50% of the mice (MES.sub.50) was determined. The following
      results were obtained.
TBL                TABLE V                                                     

     ______________________________________                                    

     Maximal Electroshock Seizures                                             

     Agent          I.P.        MES.sub.50 mg/kg                               

     ______________________________________                                    

     Compound of Example 6                                                     

                    Inactive    (200 mg/kg)                                    

     Chlorpromazine Inactive     (25 mg/kg)                                    

     Chlordiazepoxide                                                          

                    14.3        (8.4 - 24.3)                                   

     ______________________________________                                    

PAR  The compound of Example 6, like chlorpromazine, did not protect against
      maximal electroshock seizures even at high doses, although
      chlordiazepoxide was effective in this test.
PAC  2. Pentylenetetrazol Seizures (MET.sub.50)
PAR  In this test (modification of the method introduced by Everett and Richard,
      J. Pharmacol. Exptl. Ther., 81: 402, 1944), groups of ten mice each are
      pretreated i.p. with vehicle and various doses of the compound of Example
      6 and placed in Plexiglas squares. Thirty minutes later, all mice are
      injected subcutaneously (s.c.) with pentylenetetrazol at 125 mg/kg and
      observed immediately thereafter for convulsions and death for a period of
      1 hour. The dose necessary to protect 50% of the mice (MET.sub.50) for
      both parameters was determined and reported in Table VI.
TBL                TABLE VI                                                    

     ______________________________________                                    

     Pentylenetetrazol Seizures                                                

     Agent           I.P. MET.sub.50 mg/kg                                     

     ______________________________________                                    

     Compound of Example 6                                                     

                     Inactive (200 mg/kg)                                      

     Chlorpromazine  Inactive (100 mg/kg)                                      

     Chlordiazepoxide                                                          

                     7.1      (5.6-90) convulsions                             

                     2.6      (2.2-3.1) death                                  

     ______________________________________                                    

PAR  Neither the compound of Example 6 nor chlorpromazine exhibited
      anti-pentylenetetrazol activity, although chlordiazepoxide was effective.
PAC  d-Amphetamine Aggregation
PAR  Protection from d-amphetamine aggregation-induced lethality is usually
      afforded by alpha-adrenergic-blocking agents such as chlorpromazine,
      phenoxybenzamine, etc. Percent protection was determined and an ED.sub.50
      value was calculated. The results are summarized in Table VII.
TBL                TABLE VII                                                   

     ______________________________________                                    

     d-Amphetamine Aggregation                                                 

     Agent             ED.sub.50 mg/kg                                         

     ______________________________________                                    

     Compound of Example 6                                                     

                       Inactive (200 mg/kg)                                    

     Chlorpromazine    1.2      (0.8 - 1.8)                                    

     Chlordiazepoxide  Inactive  (50 mg/kg)                                    

     ______________________________________                                    

PAR  The compound of Example 6 and chlordiazepoxide were inactive in this
      procedure. Chlorpromazine was very active, probably due in part to the
      alpha-adrenergic blocking activity of this compound.
PAC  Drug Interaction Studies
PAR  The compound of Example 6, chlorpromazine and chlordiazepoxide were
      compared in the following drug interaction studies.
PAC  1. Dihydroxyphenylalanine (d2-DOPA) Fighting Test
PAR  It is well known that when monoamine oxidase inhibitors are administered
      prior to the administration of d1-DOPA, which is a noradrenaline
      precursor, convulsions or excitation occur. In this study, the MAO
      inhibitor pargyline (80 mg/kg) was given 1, 2 and 4 hours prior to
      administering 200 mg/kg of d1-DOPA. Results of this experiment are
      manifested by excitation, salivation, jumping, and fighting. When the
      compound of Example 6 (100 mg/kg), chlorpromazine (5 mg/kg) and
      chlordiazepoxide (15 mg/kg) were administered instead of pargyline, these
      symptoms were not observed. Thus, in this procedure, none of the agents
      tested appears to be a MAO inhibitor.
PAC  2. Antagonism of Tetrabenazine-induced Ptosis
PAR  Groups of mice were given 32 mg/kg of tetrabenazine intraperitoneally 30
      minutes after an injection of the compound of Example 6 (200 mg/kg). The
      degree of ptosis (eyelid drooping or closure) was then determined exactly
      30 minutes after tetrabenazine administration. The compound of Example 6
      did not reverse tetrabenazine-induced ptosis, as do the anti-depressants
      desipramine or amitriptyline.
PAC  Toxicity
PAR  Table VIII gives the results of 5 day lethality studies following single
      injections of drug. All values presented represent tests conducted when
      animals were housed 10 per cage. The compound of Example 6 was compared
      with chlorpromazine and chlordiazepoxide. In these and all the preceding
      calculations, the method of Litchfield and Wilcoxon (J. Pharmacol. Exptl.
      Ther., 96: 99, 1949) was used to estimate effective (ED.sub.50) or lethal
      (LD.sub.50) dose.
TBL                TABLE VIII                                                  

     ______________________________________                                    

     LD.sub.50 (95% Confidence Limits) mg/kg                                   

               Mice            Rats                                            

     Agent       I. P.      P. O.      I. P.                                   

     ______________________________________                                    

     Compound of Ex. 6                                                         

                 &gt;1280      &gt;800       &gt;1400                                   

     Chlorpromazine                                                            

                 136        280        138                                     

                 (106-174)  (187-418)  (133-141)                               

     Chlordiazepoxide                                                          

                 400        810        265                                     

                 (265-604)  (688-958)  (224-313)                               

     ______________________________________                                    

PAR  These data show that the compound of Example 6 is much less toxic than
      chlorpromazine or chlordiazepoxide when administered i.p. or orally to
      mice and rats.
PAR  In addition to the above tests conducted on the compound of Example 6, the
      compounds of Examples 3 and 7 (each of which protected 100% of the test
      animals in the IFM test) were subjected to additional testing. The test
      data are given below.
TBL  __________________________________________________________________________

     Neurotoxicity Rotorod Determination                                       

     Compound     Dose   Animal                                                

                             Route                                             

                                  % Successful                                 

     __________________________________________________________________________

     Compound of Example 3                                                     

                   30 mg/kg                                                    

                         rat P. O.                                             

                                  100 %                                        

     Compound of Example 7                                                     

                   80 mg/kg                                                    

                         rat P. O.                                             

                                  100 %                                        

     Compound of Example 7                                                     

                  100 mg/kg                                                    

                         mouse                                                 

                             I. P.                                             

                                  100 %                                        

     Compound of Example 7                                                     

                  100 mg/kg                                                    

                         mouse                                                 

                             P. O.                                             

                                  100 %                                        

     __________________________________________________________________________

PAR  These data indicate that the compounds of Examples 3 and 7 do not cause
      depression and have NTD.sub.50 values greater than 100.
PAR  In the isolated fighting mouse aggression test, the compounds of Examples
      2, 3, 5, 10, 33, 34 and 35 were found to have the following ED.sub.50
      values (i.p. administration):
TBL  Compound of Example No.                                                   

                      ED.sub.50 (IFM) mg/kg)                                   

     ______________________________________                                    

     2                9.4       (6.27-14.1)                                    

     3                9.1        (6.89-12.56)                                  

     5                6.7       (5.23-8.40)                                    

     10               6.0       (4.34-8.30)                                    

     33               14.0      (7.86-24.9)                                    

     34               14.5       (8.3-25.8)                                    

     35               5.2        (1.8-15.1)                                    

     ______________________________________                                    

PAR  In the septal rat aggression test, the compound of Example 7 was found to
      give 100% protection at both 6.25 mg/kg and 12.5 mg/kg i.p., indicating an
      ED.sub.50 of less than 6.25 mg/kg.
PAC  Evoked Hypothalamic Rage Response - Cats
PAR  The effect of the compound of Example 6 on the hissing response elicited by
      hypothalamic stimulation in cats was studied in an effort to determine if
      it had properties similar to that of chlordiazepoxide and other
      anti-anxiety-like agents. Chlordiazepoxide has been shown by Baxter, Life
      Sciences, 3: 531, 1964, to increase the threshold of the hypothalamus to
      electrical stimulation. Cats with chronically implanted electrodes,
      stereotaxically placed in the perifornical region of the hypothalamus,
      were used in this study. Stimulation was accomplished in the
      unanesthetized, freely moving animal, and the threshold for the hissing
      response was determined with the following stimulus parameters: square
      wave stimulation of 150 Hz with a duration of 0.5 msec and voltage ranging
      from 5.4 to 30. The compound of Example 6 was administered orally in
      capsule form. Following administration, the stimulation threshold for the
      hiss response was determined at 1, 2, 4, 6 and 24 hours. If an effect was
      observed, the stimulation was carried out daily until the thresholds
      returned to control values. The compound of Example 6 was administered
      orally at a dose of 25 mg/kg for three days. The compound of Example 6 had
      no effect on hypothalamic stimulation. The rage response was not changed
      in intensity or character and the delay from stimulus to response was not
      changed. A few measurements were made in an effort to establish if this
      compound decreased the threshold for the rage response, but this effect
      was not observed during the experiments. It can be concluded that the
      compound of Example 6 has no effect on hypothalamic excitability in cats
      and in this respect differs markedly from chlordiazepoxide.
PAR  The compounds of the present invention, either alone or in the form of a
      pharmaceutical composition, may be administered to an animal subject in
      any of a number of forms and via any of several routes. Thus, the
      compounds or compositions thereof may be orally administered in the form
      of tablets, pills, or capsules, or in the form of a solution or liquid
      suspension. They may also be administered in the form of a parenteral
      suspension or solution. The compounds or compositions thereof may also be
      administered rectally, in the form of a suppository.
PAR  When orally administering the compounds of compositions, use can be made of
      a tablet, pill or capsule consisting entirely of one of the desired
      compounds, although ordinarily a composition comprising an effective
      amount of the compound and varying amounts of one or more physiologically
      inert materials such as carriers, vehicles, binders and the like will be
      used. Additionally, the compounds may be orally administered in the form
      of a suspension thereof in a suitable vehicle such as a syrup.
PAR  When parenterally administering the compounds or compositions, use may be
      made of a parenteral solution or suspension of the compounds in a suitable
      solvent or suspension medium.
PAR  The compounds and compositions of the present invention may also be
      administered rectally in the form of a suppository comprising an effective
      amount of the desired compound and a suitable vehicle such as petroleum
      jelly.
PAR  The following examples are specific formulations of compositions according
      to the invention:
PAC  EXAMPLE 41:
PAR  Tablets may be prepared by the compression of a wet granulation containing
      the following:
TBL  Ingredients               In each                                         

     ______________________________________                                    

     2-[3-(4-methyl-5-(N-benzylcarbamoyl)-2-                                   

     thiazolyl)-2(or 1)-triazeno]-benzamide                                    

                               25 mg.                                          

     Polyvinylpyrrolidone      6 mg.                                           

     Lactose                   25 mg.                                          

     Alcohol, 3A, 200 proof    1 ml.                                           

     Stearic Acid              3 mg.                                           

     Talc                      4 mg.                                           

     Corn Starch               15 mg.                                          

     Dosage: 1 tablet 3 times a day.                                           

     ______________________________________                                    

PAC  EXAMPLE 42:
PAR  A liquid suspension for oral administration may be prepared in the
      following formulation:
TBL  Ingredients             In each 5 cc.                                     

     ______________________________________                                    

     2-[3-(4-methyl-5-(N-benzylcarbamoyl)-2-                                   

     thiazolyl)-2(or 1)-triazeno]-benzamide                                    

                             25 mg.                                            

     Sodium carboxymethylcellulose                                             

                             5 mg.                                             

     Syrup USP               5 cc.                                             

     Dosage: 1 teaspoonful (5 cc.) every 3 to 4 hours.                         

     ______________________________________                                    

PAC  EXAMPLE 43:
PAR  Dry filled capsules (DFC) consisting of two sections of hard gelatin may be
      prepared from the following formulation:
TBL  Ingredients               In each                                         

     ______________________________________                                    

     2-[3-(4-methyl-5-(N-benzylcarbamoyl)-2-                                   

     thiazolyl)-2(or 1)-triazeno]-benzamide                                    

                               25 mg.                                          

     Lactose USP               q.s.                                            

     Dosage: 1 capsule 3 times a day.                                          

     ______________________________________                                    

PAC  EXAMPLE 44:
PAR  A parenteral suspension for intra-muscular administration may be prepared
      in the following formulation:
TBL  Ingredients                 In each                                       

     ______________________________________                                    

     2-[3-(4-methyl-5-(N-benzylcarbamoyl)-2-                                   

     thiazolyl)-2(or 1)-triazeno]-benzamide                                    

                                 10 mg.                                        

     Isotonic solution (0.85% saline)                                          

                                 5 cc.                                         

     Surfactant (a 1% solution of polysorbate 80 USP)                          

                                 1 cc.                                         

     Dosage: Inject 1 cc. when needed.                                         

     ______________________________________                                    

PAC  EXAMPLE 45:
PAR  A suppository capsule may be formulated as below:
TBL  Ingredients               In each                                         

     ______________________________________                                    

     2-[3-(4-methyl-5-(N-benzylcarbamoyl)-2-                                   

     thiazolyl)-2(or 1)-triazeno]-benzamide                                    

                               25 mg.                                          

     Cocoa butter              q.s.                                            

     Dosage: 1 suppository every 3 to 4 hours.                                 

     ______________________________________                                    

PAR  Variations can, of course, be made without departing from the spirit and
      scope of the invention.
CLMS
STM  Having thus described our invention, what we desire to secure by Letters
      Patent and hereby claim is:
NUM  1.
PAR  1. A method of preventing and/or inhibiting aggressive behavior in an
      animal subject, said method comprising administering to an animal subject
      a therapeutically effective amount of a compound of the formula:
      ##SPC10##
PAL  wherein R is
      ##SPC11##
PAL  in which D is hydrogen or methyl and E is hydrogen or
      ##EQU2##
      wherein F is hydrogen and G is phenyl, halophenyl, trimethylphenyl or
      benzyl; or F and G together with the nitrogen atom to which they are
      bonded, form a morpholine ring;
PA1  R.sup.i is hydrogen or methyl and R.sup.II is hydrogen, lower alkyl, phenyl
      or the sulfate of a dimethylamino lower alkyl group.
NUM  2.
PAR  2. The method of claim 1, wherein R is:
      ##SPC12##
PAL  and R.sup.I and R.sup.II are both hydrogen.
NUM  3.
PAR  3. The method of claim 1, wherein R is
      ##SPC13##
PAL  and R.sup.I and R.sup.II are both hydrogen.
NUM  4.
PAR  4. The method of claim 1, wherein R is
      ##SPC14##
PAL  R.sup.i is hydrogen and R.sup.II is --(CH.sub.2).sub.3 --N(CH.sub.3).sub.2.
      1/2 H.sub.2 SO.sub.4.
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ABST
PAL  A pharmaceutical composition consisting essentially of from about 25% to
      about 55% by weight of at least one oil-soluble vitamin in water together
      with from about 50% to about 85% of the total composition as a dispersing
      agent a mixture of polyoxyethylene sorbitan monooleate and an ester
      selected from polyethylene glycol 400 monooleate, decaglycerol dioleate,
      and decaglycerol tetraoleate.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of application Ser. No. 374,488 filed
      June 28, 1973 now abandoned which is a continuation in part of application
      Ser. No. 119,362 filed February 26, 1971 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to certain novel vitamin compositions and more
      particularly, to non-aqueous, stable, readily water-dispersible vitamin
      compositions which contain more than one dispersing agent therein. The
      vitamins of this invention are oil-soluble vitamins such as vitamin A,
      vitamin D.sub.2, vitamin E, or combinations thereof.
PAR  In general, the pharmaceutical art has long been concerned with the problem
      of finding a suitable way to render lipoid-soluble vitamins dispersible in
      aqueous media. For instance, although vitamin A palmitate of commerce is
      soluble in most common organic solvents and readily miscible in all
      proportions with ordinary mineral and vegetable oils, it is insoluble in
      water, thereby necessitating the use of an emulsifier or dispersing agent
      in this connection, i.e., when aqueous systems are desired. Since then, it
      has been found possible by other workers in the field to prepare clear
      aqueous dispersion of said vitamin in concentrations of up to about
      100,000 U.S.P. units per gram by using polyoxyethylene derivatives of
      certain high molecular weight fatty acid esters such as the sorbitan fatty
      acid ester derivatives, for example, which act as dispersing agents for
      this purpose. Although this represented a great advance in the art at the
      time, the relatively long period required in order to effect said
      dispersion still remained a problem, which, in turn, necessitated special
      handling, etc. (e.g., the use of elevated temperatures, and the like).
PAR  It is, therefore, a primary object of the present invention to provide a
      non-aqueous, but yet rapidly water-dispersible vitamin composition of high
      potency which will, at the same time, remain stable under normal or
      ordinary conditions of use. Other objects and advantages of the present
      invention will be apparent to those skilled in the art from the
      description which follows herein.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the foregoing objects have now
      all been achieved by the discovery that up to 55% by weight of at least
      one oil soluble vitamin in water can be rapidly dispersed when mixed with
      from about 35% to about 85%, by weight of the total composition, of a
      dispersing agent consisting essentially of a mixture of polyoxyethylene
      sorbitan monooleate and an ester selected from polyethylene glycol 400
      monooleate, decaglycerol dioleate, and decaglycerol tetraoleate. The
      vitamin composition is especially preferred which contains from 25 to 50%
      of at least one oil soluble vitamin selected from vitamin A, vitamin
      D.sub.2, vitamin D.sub.3, vitamin E, or combinations thereof. The ratio of
      said polyoxyethylene sorbitan monooleate to said ester may be from about
      1:3 to about 3:1 by weight, and a ratio of from about 1:2 to about 2:1 is
      especially preferred. A composition also containing an antibiotic,
      especially oxytetracycline or neomycin, is also preferred.
PAR  The advantages afforded by the compositions of the invention are manifold:
      for instance, (a) they are rapidly dispersed in water, as aforesaid, in a
      matter of seconds to give clear, stable solutions of vitamins of high
      potency; (b) the component ingredients are all safe and effective for
      human use and (c) the compositions themselves find further application in
      the form of soft gelatin capsules, multivitaminaceous aqueous dispersions
      and/or other liquid vitamin preparations, such as syrups, elixirs, and the
      like, in combination with the watersoluble vitamins.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In connection with a more detailed consideration of this invention, the
      oil-soluble vitamin component of the present compositions may be vitamin
      A, vitamin D.sub.2, vitamin D.sub.3, vitamin E, or combinations thereof.
      Vitamin A higher fatty acid esters are a particularly appropriate form of
      vitamin A, such as esters having at least eight carbon atoms in the acyl
      moiety of the ester grouping. Preferred esters for these purposes include
      pure vitamin A palmitate, vitamin A corn oil fatty acid esters and vitamin
      A coconut oil fatty acid esters. As previously indicated, the vitamin
      component is generally present in said compositions at a concentration
      level of up to about 55% by weight of the total. A preferred range in this
      respect would be from between about 15% and about 50% by weight of the
      total, for example, and an especially preferred range is from 25 to 50%.
      Needless to say, there is no real lower limit to the minimum concentration
      of oil-soluble vitamins that can be incorporated into these compositions,
      but it should be noted that concentrations above 15% represent the area in
      which the prior art has failed to provide satisfactory compositions. Where
      antibiotic is also incorporated in the composition, the difficulties have
      been even greater.
PAR  As an oil-soluble vitamin, alone or in combination with vitamin A or other
      oil-soluble vitamins in the present compositions, there may be used
      vitamin D.sub.2 and/or D.sub.3 preferably in the crystalline form or as
      high potency resin concentrate. Preferably the vitamin D.sub.2 or D.sub.3
      resin concentrate is above 4,000,000 units per gram. The vitamin is
      generally present in a multi-vitamin composition at a concentration of 1%
      to 30% by weight depending on the potency of the vitamin concentrate.
PAR  The source of vitamin E activity may be a synthetic concentrate or a
      processed high potency natural tocopherol concentrate. The vitamin E
      content is generally present in a multi-vitamin composition at a
      concentration level of 10% to 55% by weight.
PAR  The polyoxyethylene derivative of the sorbitan monoester of this
      combination is desirably a polyethylene oxide derivative of such sorbitan
      fatty acid esters as sorbitan monopalmitate, sorbitan monooleate, sorbitan
      monostearate, etc. These compounds are all available commercially under
      various trademark names (e.g., the "Tween" trademark name of the Atlas
      Powder Company). Polyoxyethylene (20) sorbitan monooleate (Tween 80),
      which has twenty oxyethylene units per molecule, is especially preferred.
      The component so described can be present in said vitamin compositions at
      concentration levels ranging as high as 50% by weight of the total, and
      within the aforestated weight ratio range of about 1:3 to about 3:1, with
      respect to the ester component.
PAR  The third principal component of these compositions, viz., the polyethylene
      glycol 400 monooleate, decaglycerol dioleate, or decaglycerol tetraoleate,
      is generally present to the extent that it is no more than 50% by weight
      of the total vitamin composition and at such a level that it falls within
      the above indicated weight ratio range. It is the last named component of
      the mixture that actually renders the present compositions far more
      water-dispersible than those containing the aforementioned polyoxyethylene
      sorbitan monooleate alone as the sole dispersing agents for this purpose.
PAR  In accordance with the process employed for preparing these compositions,
      the oil soluble vitamin is blended with the polyethylene glycol 400
      monooleate or other ester as specified above, followed by the addition of
      polyoxyethylene sorbitan monooleate. This preparation is mixed
      mechanically until it is homogeneous. This formulation is then added to
      ice water and mixed until it is well dispersed; the time required being
      usually less than one minute.
PAR  Alternatively the oil soluble vitamin may be blended together with corn oil
      or other mineral or vegetable oil, followed by the addition of the ester
      and finally by the addition of polyoxyethylene sorbitan monooleate. This
      preparation is also readily dispersed in water. Care must be taken during
      the course of these operations to ensure that aeration of the mixture does
      not occur as this will tend to have a deleterious effect upon the vitamin
      component caused by oxidative degradation of the same. Upon completion of
      this step, conventional sweetening and flavoring agents, as well as
      preservatives like methyl and propyl paraben, antioxidants such as
      ethoxyquin, feed supplements such as molasses, urea and phosphoric acid,
      or antibiotics such as oxytetracycline or neomycin can be added to the
      mixture at this point to afford the desired product in finished dosage
      form.
PAR  The compositions prepared according to the present invention have all been
      found to be stable (as regards potency) for periods of up to 2 weeks at
      temperatures ranging as high as 56.degree.C., as well as for periods of up
      to 26 weeks when tested at room temperature. Furthermore, stability
      testing in aqueous dispersion shows the present compositions to be at
      least as stable as those obtained with the commercial combinations of the
      prior art which contain only the polysorbate component alone as the sole
      dispersing agent in each case. On the other hand, the use of such agents
      as glycerin, propylene glycol and ethyl acetate in place of the
      polyethylene glycol component of the present compositions tends to cause
      unsatisfactory results as these compositions were all found to be inferior
      by reason of immiscibility, poor vitamin stability, or unsatisfactory
      dispersion characteristics.
DETD
PAR  The following examples are illustrative in nature and are not to be
      construed as limiting the invention, the scope of which is defined by the
      appended claims.
PAC  EXAMPLE I
PAR  A stable, readily ice-water dispersible multivitamin A, D.sub.2 and E oil
      soluble composition was prepared by blending together:
TBL  VO 4276-181                                                               

     Vitamin A Palmitate    560.5     grams                                    

     Vitamin D.sub.2 resin concentrate 25 MU/gr.                               

                            9.44      grams                                    

     Vitamin E Acetate 92% concentrate                                         

                            455.      grams                                    

     Ethoxyquin (antioxidant)                                                  

                            120.      grams                                    

     Polyoxyethylene sorbitan monooleate                                       

                            300.      grams                                    

     Polyethylene glycol 400 monooleate                                        

                            550.      grams                                    

PAL  This was accomplished by blending the oil soluble vitamins with
      polyethylene glycol 400 monooleate followed by the addition of
      polyoxyethylene sorbitan monooleate. The final preparation was mixed with
      an ordinary low-powered motor stirrer until homogeneous. One gram of this
      preparation containing 400,000 units/gram of Vitamin A, 100,000 units/gram
      Vitamin D.sub.2, and 200 units/gram Vitamin E was added to four liters of
      ice water and gently stirred with a small magnetic stirring bar. The
      formulation was quickly dispersed in less than one minute where a similar
      purchased formulation required many hours to disperse.
PAR  A particularly useful composition of this invention illustrating a
      preferred embodiment of same is one consisting essentially of up to 28%
      (509,600 units/gram) Vitamin A palmitate, up to 2% Vitamin D.sub.2
      concentrate (500,000 units/gram), and up to 20% Vitamin E acetate (200 l.
      units/gram), blended with 30% polyethylene glycol 400 monooleate, 18%
      polyoxyethylene sorbitan monooleate, and stabilized against oxidation and
      polymerization with 2% Ethoxyquin. (1,2
      dihydro-6-ethoxy-2,2,4-trimethylquinoline). In cases where a lower potency
      product is required, the missing weight may be substituted with a low
      viscosity vegetable oil or preferably with a glycerol or propylene glycol
      ester of low molecular weight fatty ester with 8-14 carbon atoms.
PAC  EXAMPLE II
PAR  Another example of this useful composition was prepared by blending
      together:
TBL  VO 4276-226                                                               

     Vitamin A Palmitate concentrate                                           

                            18.3     grams                                     

     1.02MU/gram                                                               

     Vitamin D.sub.2        0.13     grams                                     

     40 MU/gram crystalline Calciferol                                         

     Vitamin E Acetate concentrate                                             

                            19.6     grams                                     

     94.2% activity                                                            

     Corn oil               8.21     grams                                     

     Polyoxyethylene sorbitan monooleate                                       

                            20.      grams                                     

     Polyethylene glycol 400 monoleate                                         

                            32.      grams                                     

     Ethoxyquin             1.76     grams                                     

PAL  This was accomplished by blending together the oil soluble vitamins with
      polyethylene glycol 400 monooleate followed by the addition of
      polyoxyethylene sorbitan monooleate. The final preparation was mixed by an
      ordinary low powered laboratory motor stirrer until homogeneous. The
      formulation was fluid at 0.degree.C., and readily dispersible into ice
      water within several minutes of slow stirring.
PAC  EXAMPLE III
PAR  Another example of this useful composition was prepared by blending
      together:
TBL  VO 4276-211B                                                              

     Vit. A. Palmitate pure 400       grams                                    

     1.74 Mu/gram                                                              

     Vit. D.sub.3 resin concentrate                                            

                            51.0      grams                                    

     27.4 MU/gram                                                              

     Vit. E Acetate concentrate                                                

                            82.0      grams                                    

     94.2% activity                                                            

     Ethoxyquin antioxidant 20.       grams                                    

     Corn oil               477.0     grams                                    

     Polyethylene glycol monooleate                                            

                            660.      grams                                    

     Polyoxyethylene sorbitan monooleate                                       

                            340.      grams                                    

PAL  This was accomplished by blending together corn oil with the oil soluble
      vitamins followed by the addition of polyethylene glycol 400 monooleate,
      and finally with the addition of Polyoxyethylene sorbitan monooleate. One
      pound of this formulation contained 249,000,000 units of Vitamin A
      palmitate, 269,000,000 units of vitamin D.sub.3, 16,700 units of Vitamin E
      Acetate and 0.16 oz. of Ethoxyquin as an antioxidant. One gram of this
      formulation was dispersed into 10 ml. of tap water and aged in a loosely
      stoppered 250 ml. flask for 10 days at 56.degree.C. The Vitamin A
      Palmitate had a retention of 72% indicating a high degree of stability in
      aqueous dispersions at room temperature for an extended period of time.
      This procedure was repeated using molasses, urea, and phosphoric acid
      liquid feed supplement with equivalent results.
PAC  EXAMPLE IV
PAR  Another example of this useful composition was prepared by blending
      together:
TBL  VO 4276-210                                                               

     Vit. A Acetate Concentrate                                                

                            219       grams                                    

     1.598 MU/gram                                                             

     Vit. D.sub.3 resin concentrate                                            

                            25.5      grams                                    

     27.4 MU/gram                                                              

     Vit. E Acetate concentrate                                                

                            41.       grams                                    

     94.2% activity                                                            

     Ethoxyquin             33.       grams                                    

     Corn oil               150       grams                                    

     Polyethylene glycol 400 monooleate                                        

                            281.5     grams                                    

     Polyoxyethylene sorbitan monooleate                                       

                            250.      grams                                    

PAL  This was accomplished by blending together corn oil with oil soluble
      vitamins followed by the addition of polyethylene glycol 400 monooleate
      and finally with the addition of polyoxyethylene sorbitan monooleate and
      Ethoxyquin. One pound of this formulation contained 149,000,000 units of
      Vitamin A Acetate, 269,000,000 units of Vit. D.sub.3, and 16,700 units of
      Vitamin E. One gram of this formulation was dispersed in 10 ml. of tap
      water and aged in a loosely stoppered 250 ml. flask for 10 days at
      56.degree.C. The Vitamin A Acetate had a retention of 81% indicating a
      high degree of stability in aqueous dispersion at room temperature for an
      extended period of time.
PAC  EXAMPLE V
PAR  Another example of this useful composition was prepared by blending
      together:
TBL  Vitamin E Acetate        300     grams                                    

     100% activity                                                             

     Neobee M-20 propylene glycol esters                                       

                              200     grams                                    

     of C.sub.8 to C.sub.14 fatty acids (Drew Chem. Co.)                       

     Ethoxyquin               10      grams                                    

     Polyethylene glycol 400 monooleate                                        

                              300     grams                                    

     Polyoxyethylene sorbitan monooleate                                       

                              190     grams                                    

PAL  This was accomplished by blending together tocopherol acetate with a
      modified vegetable oil (Neobee M-20) followed by the addition of
      polyethylene glycol 400 monooleate and finally with the addition of
      polyoxyethylene sorbitan monooleate and Ethoxyquin. The final preparation
      was mixed by an ordinary low powered laboratory motor stirrer until
      homogeneous. One pound of the final preparation mixed with molasses, urea,
      and phosphoric acid liquid feed supplement was sufficient to supplement
      the Vitamin E requirement for approximately 1,500 full grown cattle.
PAC  EXAMPLE VI
PAR  Another example of this useful composition was prepared by blending
      together:
TBL  VO 4276-184                                                               

     Vitamin A Concentrate  275.1     grams                                    

     1.16 MU/gram                                                              

     Ethoxyquin             18        grams                                    

     Polyethylene glycol 400 monooleate                                        

                            60.9      grams                                    

     Polyoxyethylene sorbitan monooleate                                       

                            146       grams                                    

PAL  This was accomplished by blending together Vitamin A Acetate concentrate
      and ethoxyquin with polyethylene glycol 400 monooleate followed by the
      addition of polyoxyethylene sorbitan monooleate. One gram of this
      formulation containing 600,000 units of Vitamin A was dispersed into 10
      ml. of tap water and aged in a loosely stoppered 250 ml. flask at
      56.degree.C. for 10 days. The Vitamin A acetate had a retention of 73%
      indicating a high degree of aqueous stability. One gram of this
      formulation was dispersed into 10 ml. of molasses, urea, and phosphoric
      acid liquid feed supplement and aged for 10 days in a loosely stoppered
      250 ml. flask at 56.degree.C. The Vitamin A Acetate had a retention of 82%
      indicating a high degree of aqueous stability at room temperature for an
      extended period of time.
PAC  EXAMPLE VII
PAR  Another example of this useful composition was prepared by blending
      together:
TBL  VO 4276-184                                                               

     Vit. A. Acetate Concentrate                                               

                            275.1     grams                                    

     1.16 MU/gram                                                              

     Ethoxyquin             18.       grams                                    

     Polyethylene glycol 400 monooleate                                        

                            60.9      grams                                    

     Polyoxyethylene sorbitan monooleate                                       

                            146.      grams                                    

PAL  This was accomplished by blending together Vitamin A Acetate concentrate
      and ethoxyquin with polyethylene glycol 400 monooleate followed by the
      addition of polyoxyethylene sorbitan monooleate. One gram of this
      formulation containing 600,000 units of Vitamin A was dispersed into 10
      ml. of tap water and aged in a loosely stoppered 250 ml. flask at
      56.degree.C. for 10 days. The Vitamin A acetate had a retention of 73%
      indicating a high degree of aqueous stability. One gram of this
      formulation was dispersed into 10 ml. of molasses, urea, and phosphoric
      acid liquid feed supplement and aged for 10 days in a loosely stoppered
      250 ml. flask at 56.degree.C. The Vitamin A Acetate had a retention of 82%
      indicating a high degree of aqueous stability at room temperature for an
      extended period of time.
PAC  EXAMPLE VIII
PAR  Another example of this useful composition was prepared by blending
      together:
TBL  VO 4276-209x                                                              

     Vit. A Palmitate pure  200       grams                                    

     1.75 MU/gram                                                              

     Vit. D.sub.3 resin concentrate                                            

                            25.5      grams                                    

     27.4 MU/gram                                                              

     Vit. E Acetate concentrate                                                

                            41.       grams                                    

     94.2% activity                                                            

     Ethoxyquin antioxidant 33.       grams                                    

     Neobee M-20 propylene glycol esters of                                    

     C.sub.8 to C.sub.14 fatty acids (Drew Chem. Co.)                          

                            200.5     grams                                    

     Decaglycerol tetra oleate                                                 

                            330.      grams                                    

     Polyoxyethylene sorbitan monooleate                                       

                            170.      grams                                    

PAL  This was accomplished by blending together the oil soluble vitamins with
      Neobee M-20 followed by the addition of Ethoxyquin and decaglycerol
      tetraoleate, and finally with the addition of polyoxyethylene sorbitan
      monooleate. One pound of the final formulation contained 150,000,000 units
      of Vitamin A, 269,000,000 units of Vitamin D.sub.3 and 16,700 units of
      Vitamin E. One pound of the final formulation when mixed with molasses,
      urea and phosphoric acid liquid feed supplement was sufficient to
      supplement the Vitamin A and D daily requirement for more than 1,500
      full-grown cattle.
PAC  EXAMPLE IX
PAR  A stable, readily ice-water dispersible multivitamin A, D.sub.2 and E,
      neomycin-oxytetracycline, non-aqueous formulation was prepared by blending
      together:
TBL  VO 4276-200D                                                              

     Calf Starter Formulation:                                                 

     Oxytetracycline crude concentrate                                         

                              436     grams                                    

     550 units/mg. activity                                                    

     Neomycin sulfate         369     grams                                    

     Vit. A Acetate conc. 2.0 MU/gr.                                           

                              530     grams                                    

     Ethoxyquin               50      grams                                    

     Vit. E Acetate 92.4% activity                                             

                              57      grams                                    

     Polyethylene glycol 400 monooleate                                        

                              2770    grams                                    

     Polyoxyethylene sorbitan monooleate                                       

                              1500    grams                                    

     Polyethylene glycol 400 (to adjust                                        

     potency) approx.         5000    grams                                    

PAL  This was accomplished by blending together micronized oxytetracycline crude
      concentrate and neomycin sulfate with the oil soluble vitamins and
      ethoxyquin followed with the addition of polyethylene glycol 400
      monooleate, followed with the addition of polyoxyethylene sorbitan
      monooleate, and the final formulation was adjusted to standard weight with
      polyethylene glycol 400. The final preparation was mixed with an ordinary
      low powered laboratory motor stirrer until homogeneous. Eleven and one
      half grams of approximately 1/2 teaspoon of the final formulations
      contains 500,000 units of Vitamin A, 50,000 units of Vitamin D.sub.2 50
      units of Vitamin E, 220 mg. of terramycin, and 220 mg. of neomycin base,
      or one therapeutic dose. A half teaspoon of the formulation readily
      dispersed into 1 gallon of calf drinking water or milk. Vitamin A and the
      antibiotics had a retention of 95+% after 6 months at room temperature.
PAC  EXAMPLE X
PAR  A stable readily ice water dispersible multivitamin A, D.sub.2 and E oil
      soluble composition which has valuable cold flow properties was prepared
      by blending together:
TBL  Vitamin A Concentrate 1.78M/gr.                                           

                             23.7     grams                                    

     Vitamin D.sub.2 resin concentrate 25M/gr.                                 

                             0.9      grams                                    

     Vitamin E Acetate Concentrate 93% purity                                  

                             11.3     grams                                    

     Ethoxyquin              4        grams                                    

     Polyoxyethylene sorbitan monooleate                                       

                             20       grams                                    

     Vegetable oil M-20      20       grams                                    

     Polyethylene glycol 400 monooleate                                        

                             15.1     grams                                    

     Ethanol                 5.0      grams                                    

PAL  This was accomplished by blending the oil soluble vitamins with vegetable
      oil and polyethylene glycol 400 monooleate followed by the addition of
      polyoxyethylene sorbitan monooleate, Ethoxyquin, and normal propanol. The
      final preparation was mixed with an ordinary low powered laboratory motor
      stirrer until homogeneous. The formulation was chilled to 0.degree.F. for
      several hours. One teaspoon of the formulation was poured into a 3 gallon
      pail of ice water with moderate stirring for 1 minute. The formulation was
      quickly dispersed. Comparable results are obtained if an identical amount
      of normal propanol is substituted for the ethanol of this formulation.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A pharmaceutical composition for aqueous dispersion to give clear,
      stable solutions of vitamins consisting essentially of from about 25% to
      about 55%, by weight of the total composition, of oil-soluble vitamin A,
      vitamin D.sub.2, vitamin D.sub.3, vitamin E, or combinations thereof
      together with from about 35% to about 85%, by weight of the total
      composition, of a dispersing agent consisting essentially of
      polyoxyethylene sorbitan monooleate having about 20 oxyethylene units per
      molecule plus an ester selected from polyethylene glycol 400 monooleate,
      decaglycerol dioleate, and decaglycerol tetraoleate, the ratio of said
      sorbitan monooleate to said ester being from about 3:1 to about 1:3.
NUM  2.
PAR  2. The composition of claim 1 wherein the ratio of said polyoxyethylene
      sorbitan monooleate to said ester is from about 2:1 to about 1:2.
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ABST
PAL  This invention relates to a method of fertility control by use of novel
      cyclic progestogen-interrupted estrogen oral contraceptive regimens.
      Considering the first day of menstrual flow as day one of a 28 day
      medication administration cycle, a combined formulation of estrogen and
      progestogen substances is administered on the 3rd, 4th, 5th or 6th day of
      the cycle and every second or third day thereafter through, and including,
      the 23rd, 24th, 25th, 26th, 27th or 28th day of the cycle, and a
      formulation having only a progestogen substance as the active component is
      administered on the 4th, 5th, 6th, or 7th day of the cycle and every day
      thereafter on which a combination formulation is not administered,
      through, and including, the 22nd, 23rd, 24th, 25th, 26th, 27th or 28th day
      of the cycle.
PAL  In a particular regimen, a combination of estrogen and progestogen is
      administered starting with the 5th day of the cycle and continuing every
      other day through the 25th day of the cycle, and starting with the 6th day
      of the cycle and continuing every other day through the 24th day of the
      cycle only progestogen is administered. The remaining seven days are
      dosage-free or the regimen is completed by use of placebos or other
      nonhormonal supplements.
PAL  Dispensing packages for holding unit dosage forms for oral ingestion of one
      unit dosage form daily in the appropriate sequence during a single cycle
      of medication administration are also described.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part application of application Ser.
      No. (247012) filed Apr. 24, 1972, entitled "Novel Oral Contraceptive
      Regimens and Packaged Unit Dosage Forms Thereof", and assigned to the
      assignee of the present invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of fertility control in the human
      female by adherence to a novel oral contraceptive regimen. The regimen
      includes the administration of a combination of an estrogen and a
      progestogen during certain days of the reproductive cycle, and the
      administration of only the progestogen on certain of the other days of the
      cycle.
PAR  Research and development in the area of human contraception or fertility
      control has heretofore concentrated almost exclusively on preventative
      methods, whether in the form of chemical or physical diversions of or
      barriers to sperm transport, e.g., vaginal creams and foams, condoms,
      diaphragms, and intrauterine devices, or in the form of chemically based
      oral contraceptive. The former methods have been largely supplanted by the
      use of oral contraceptives which have proven to be extremely effective in
      the prevention of conception. This effectiveness, however, necessarily
      requires the administration of the oral contraceptive tablets over
      approximately 21 days of each reproductive cycle. During the remaining 7
      days of the 28 day cycle, no hormone-containing tablets are given and it
      is during this period, if the reproductive cycle is accurately regulated,
      that normal menstrual flow takes place.
PAR  The most common form of oral contraception is based upon the daily
      administration of a combination of estrogen and progestogen substances for
      about 21 successive days, starting generally on the 5th day of the
      menstrual cycle. After the 21 day period, there follows a 7 day period
      during which neither the estrogen or progestogen substances are taken. If
      the reproductive cycle of the female has been properly regulated, the
      normal and characteristic menstrual flow is supposed to, and generally
      does, occur within the 7 day period.
PAR  A second method which has been developed is the "sequential" system wherein
      from the 5th through about the 19th day of the cycle only an estrogen is
      given. A different tablet containing both estrogen and progestogen
      substances is given for the 5 days from the 20th to the 24th day of the
      cycle. This regimen more closely approximates the time-related secretion
      by the female body of its own reproductive cycle-controlling hormones. As
      with the combined treatment, there are no hormonal substances given during
      the 7 days following the 24th day. If the reproductive cycle has been
      properly regulated, the normal menstrual flow will, and generally does,
      occur within the 7 day period.
PAR  Although oral contraceptives have proven to be extremely effective in
      controlling fertility, the administration of oral contraceptive
      formulations, like other potent drugs, has some side effects. Since the
      oral contraceptives maintain a pseudopregnancy condition, the most
      commonly occuring side effects are similar to the common symptoms observed
      during pregnancy. Such side effects may be attributable to the potent
      estrogenic and progestogenic agents administered during the course of the
      regimen. Accordingly, it is of continuing interest to those in this field
      to develop new oral contraceptive regimens which control fertility, yet do
      so with lower dosages of estrogen and/or progestogen agents, minimized
      side effects, or do so in an improved manner.
PAR  Thus, Coutinho and deSouza, J. Reprod. Fert.16,137-139, (1968) suggest the
      administration of a combined tablet containing estrogen and progestogen
      every other day starting on the 5th day of the menstrual cycle and ending
      on the 23rd day of the cycle. On intervening days between the 5th and the
      23rd days of the cycle, no tablets or placebos are administered. Although
      it was concluded that the contraceptive effectiveness of such a regimen is
      unaltered by extending the interval of administration to alternate days
      (as opposed to administration on 21 consecutive days), the reported data
      also shows that this was achieved with some sacrifice in cycle regulation
      and duration of menstrual flow. Specifically, regulation of the
      reproductive cycle to give menstrual flow upon termination of medication
      (i.e., so called "withdrawal bleeding") was only effective in slightly
      over 50% of the cycles recorded. This loss of cycle regulation can, in
      turn, expose the patient to the possibility of conception during an
      "unprotected" period (i.e., where no active medication is being taken)
      which does not coincide with actual menstrual flow. Additionally, the
      complete absence of menstrual flow (i.e. amenorrhoea) increased
      significantly as did those instances where the duration of menstrual flow
      was undesirably long (i.e., greater than 8 days).
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The method of controlling fertility, according to the present invention,
      comprises administering to the human female during certain days of the
      reproductive cycle a combination of estrogen and progestogen, and
      administering during certain other days of the reproductive cycle only a
      progestogen. This is considered an "interrupted treatment," as
      distinguished from the "combined" and "sequential" treatments described
      above.
PAR  In the broadest aspects, the present invention relates to methods for
      controlling fertility in women wherein the first day of menstrual flow
      prior to the initiation of the administration of oral contraceptive
      medication is considered as day 1 of a medication administration cycle. On
      the 3rd, 4th, 5th, or 6th day of the cycle and every second or third day
      thereafter through, and including, the 23rd, 24th, 25th, 26th, 27th, or
      28th day of the cycle, there is administered a combination formulation
      having both esterogen and progestogen substances. On the 4th, 5th, 6th or
      7th day of the cycle and every day thereafter on which a combination
      formulation is not administered, through, and including, the 22nd, 23rd,
      24th, 25th, 26th, 27th, or 28th day of the cycle, a formulation having
      only a progestogen substance as the active component is administered. On
      the remaining days of the cycle, active medication may be given in
      alternating or interrupted form, if desired. Generally, however, the
      remaining days are dosage-free or the regimen is completed by use of
      placebos or non-hormonal supplements. If the reproductive cycle of the
      female has been regulated by such a regimen, menstrual flow (i.e.,
      "withdrawal bleeding") will, and usually does, occur shortly after
      discontinuance of the administration of active medication.
PAR  According to a particular regimen, the first day of menstrual flow is
      considered to be the first day of the initial medication administration
      cycle. On the 5th day and every other day through, and including, the 25th
      day of the cycle, there is administered a combined formulation having both
      estrogen and progestogen substances. On the 6th day of the cycle and every
      other day through, and including, the 24th day of the cycle, there is
      administered a formulation having only a progestogen as the active
      component. For the remaining 7 days of the 28 day cycle (i.e., days 26-28
      and days 1-4) no estrogenic or progestogenic substances are taken.
      Optionally, during this 7 day period, plecebos with or without
      non-hormonal supplements can be administered to provide a continuous
      program of oral contraception administration over successive cycles. If
      the reproductive cycle of the female has been regulated by the
      above-described regimen, menstrual flow will, and usually does, occur
      shortly after the 25th day (i.e., after discontinuance of the
      administration of the estrogenic/progestogenic substances).
PAR  The progestogen component of the oral contraceptive regimen is generally
      administered daily in an amount from about 0.03 mg. to about 10.0 mg.,
      generally from about 0.3 mg. to about 1.0 mg., throughout period of
      therapy. The actual amount of progestogen utilized in a daily unit dosage
      form will depend upon the particular progestogen utilized and its relative
      potency or activity. For example, a smaller quantity of a more potent
      progestogen will be required to achieve the same results as a larger
      quantity of a less potent progestogen. The presently preferred progestogen
      is norethindrone (ie, 17.alpha.-ethynyl-17.beta.-hydroxy-estr-
      4-en-3-one), as described in U.S. Pat. No. 2,744,122. Other progestogens
      include chlormadinone-acetate
      (6-chloro-17-hydroxy-pregna-4,6-diene-3,20-dione acetate), norethynodrel
      (17.alpha.-ethynyl-17-hydroxy-estr-5(10)-en-3-one), norgestrel
      (13.beta.-ethyl-17.alpha.-ethynyl-17.beta.-hydroxy-gon-4-en-3-one),
      medroxy-progesterone acetate
      (17.alpha.-acetoxy-6.alpha.-methyl-pregn-4-ene-3,20-dione), megestrol
      acetate (17.alpha.-acetoxy-6-methyl-pregna-4,6-diene-3,20-dione),
      lynestrenol (17.alpha.-ethynyl-17.beta.-hydroxy-estr-4-ene), quingestrone
      (3-cyclopentyloxy-pregna-3, 5-diene-20-one), norethindrone acetate
      (17.beta.-acetoxy-17.alpha.-ethynyl-estr-4-en-3-one), ethynodiol acetate
      (3.beta.,17.beta.-diacetoxy-17.alpha.-ethynyl-estr-4-ene), dimethisterone
      [17.beta.-hydroxy-6.alpha.-methyl-17-(1-propynyl)-androst-4-en-3-one],
      other orally active progestogens, and the like.
PAR  On those days that the estrogen component of the oral contraceptive regimen
      is administered it is administered in an amount from about 0.01 mg. to
      about 2.0 mg., generally from about 0.03 mg. to about 0.1 mg. As with the
      progestogen substance, the actual amount of estrogen substance utilized in
      a unit dosage form will depend upon the particular estrogen utilized and
      its relative potency or activity. Estrogen administration is preferably in
      a combined unit dosage form along with the progestogen; however, the
      estrogen can be administered in separate unit dosage form if so desired.
      The presently preferred estrogen is ethinyl estradiol (ie,
      17.alpha.-ethynyl-3,17.beta.-dihydroxy-estra-1,3,5(10)-triene). Other
      estrogens include mestranol
      (17.alpha.-ethynyl-17.beta.-hydroxy-3-methoxy-estra-1,3,5(10)-triene).
      estradiol (3,17.beta.-dihydroxy-estra-1,3,5(10)-triene), estriol(
      3,16.alpha.,17.beta.-trihydroxy-estra-1,3,5(10)-triene), estrone
      (3-hydroxy-estra-1,3,5(10)-triene-17-one), diethylstilbestrol,
      quinestradiol
      (3-cyclopentyloxy-16.alpha.,17.beta.-dihydroxy-estra-1,3,5-(10)-triene,
      and other orally active estrogens, and the like.
PAR  Each of the estrogenic and progestogenic substances utilized in this
      regimen performs the same function or functions that it would if given,
      for example, in accordance with the "combined" treatment referred to
      above. However, it has been found that oral contraceptives, administered
      according to the regimen herein described, control fertility although
      administered at a substantially reduced dosage level (as compared, for
      example, to oral contraceptive unit dosage forms presently commercially
      marketed by the assignee of the present invention) while retaining
      satisfactory control over reproductive cycle length and duration of
      menstrual flow.
PAR  The process of the present invention is conventionally practiced by
      administration of the oral contraceptive formulations during a 28 day
      cycle, as described above. The formulations are prepared from the
      estrogenic and progestogenic agents to provide the combined
      estrogen/progestogen formulation and individual progestogen formulation,
      both as described above. The active component or components is, or are, as
      the case may be, in admixture with a pharmaceutically acceptable non-toxic
      carrier. Thus, the formulations can be appropriately compounded in any
      pharmaceutically acceptable non-toxic form and packaged in any manner
      suitable for proper delivery and use. For example, the formulations can
      take the form of tablets, capsules, and/or pills containing in addition to
      the active component or components, a number of inert materials including
      diluents, binders, lubricants, and/or other additives designed to improve
      its physical characteristics. See Remington's Pharamaceutical Sciences,
      Mack Publishing Company, Easton, Penn., 14th Edition, 1970, especially
      Chapter 87. As used herein, "unit dosage form" refers to any suitable
      manner, such as the use of tablets, capsules, and/or pills, etc., by which
      the formulations of the present invention, including, optionally,
      placebos, are made available to the user thereof for daily ingestion
      according to the regimen herein described.
PAR  Dispensing packages according to this invention, and particularly useful
      herein, include those which accommodate the required formulation
      representing daily unit dosage forms in a contiguous, sequential
      arrangement which, if properly used according to the instructions packaged
      therewith, cause the proper formulation to be taken at the appropriate
      time during the reproductive cycle. For example, such a dispensing package
      may comprise individual blister pods for the storage in each of a single
      unit dosage form. At the appropriate time during the reproductive cycle,
      the unit dosage form is manually dispensed therefrom through a frangible
      retaining layer. Storage of other unit dosage forms is not affected by
      such dispensing. Appropriate notations can be placed on the dispensing
      package, if desired, to guide or instruct the user thereof in the proper
      use of the oral contraceptive herein described. For example, day of the
      week, day of the cycle, miscellaneous instructions, etc., may be provided,
      if so desired.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The following specific description is given to enable those skilled in this
      art to more clearly understand and practice the present invention. It
      should not be considered as a limitation upon the scope of the invention
      but merely as being illustrative and representative thereof.
PAC  EXAMPLE I
PAR  5,000 pink tablets having the following composition are prepared:
TBL  norethindrone      0.5       mg.                                          

     ethynyl estradiol  0.06      mg.                                          

     lactose (USP)      55.2      mg.                                          

     corn starch        19.2      mg.                                          

     polyvinylpyrrolidone                                                      

                        4.8       mg.                                          

     magnesium stearate 0.24      mg.                                          

     F D & C red No. 2 dye                                                     

                        0.007     mg.                                          

PAR  In the following procedure, appropriate quantities of each component are
      utilized to give the desired number of tablets, each tablet having the
      composition listed above.
PAR  The norethindrone and ethynyl estradiol are disolved in ethanol which is
      heated slightly. The dye is dissolved in water and both solutions are
      mixed. The lactose, corn starch, and polyvinylpyrrolidone are mixed and
      passed through a No.40 mesh screen. The mixed solution of norethindrone
      and ethynyl estradiol is added to the powder mixture of lactose, corn
      starch, and polyvinylpyrrolidone, and grandulated through a No.12 mesh
      screen. This mixture is dried at 40.degree.-45.degree.C and then passed
      through a No.20 mesh screen. The magnesium stearate is passed through a
      No. 60 mesh screen, added to the grandulated powder and mixed for three
      minutes. The tablets are prepared from this granulated power by
      compressing portions thereof using a 6mm. diameter flat face beveled edge
      punch.
PAC  EXAMPLE II
PAR  5,000 uncolored tablets having the following composition are prepared:
TBL  norethindrone      0.5      mg.                                           

     lactose (USP)      55.26    mg.                                           

     corn starch        19.20    mg.                                           

     polyvinylpyrrolidone                                                      

                        4.8      mg.                                           

     magnesium stearate 0.24     mg.                                           

PAR  The method of preparing the tablets of this Example is the same as is given
      above in Example I, except the ethynyl estradiol and F D and C red No.2
      dye are omitted.
PAR  In the preceding formulations, the polyvinylpyrrolidone can vary between
      4-6%, by weight, of the total weight of the tablet, the corn starch can
      vary between 19-25%, by weight, of the total weight of the tablet, the
      magnesium stearate can vary between 0.2-0.5%, by weight, of the total
      weight of the tablet, the coloring dye can be added as required, and the
      lactose is added in sufficient amount to bring individual tablets to their
      desired weight. Generally the lactose represents about 50-75%, by weight,
      of the total tablet weight.
PAR  Placebo tablets can be prepared from polyvinylpyrrolidone, corn starch,
      magnesium stearate, an appropriate coloring dye, and lactose in amounts,
      for example, as specified in the preceding paragraph.
PAR  Eleven tablets having the composition as shown in Example I, 10 tablets
      having the composition as shown in Example II, and 7 placebos are placed
      in a dispensing package. Considering the first day of menstrual flow as
      day one, placebos are placed in the first four individual storage pods.
      The eleven tablets corresponding to the composition of Example I are
      placed, one each, in the storage pods corresponding to the fifth day and
      every other day thereafter through, and including, the 25th day. The 10
      tablets corresponding to the composition of Example II are placed, one
      each, in the storage pods corresponding to the 6th day and every other day
      thereafter through, and including, the 24th day. The remaining 3 placebos
      are placed, one each, in the 3 remaining individual storage pods
      corresponding to days 26-28. Appropriate notations are made on the
      dispensing package instructing the user thereof to take the first placebo
      tablet on the first day of menstrual flow. The dispensing package also
      includes additional instructions directing the user thereof to take the
      remaining tablets, at one tablet per day, in the specified sequence during
      the remaining days of the 28 day cycle.
PAR  In an alternate dispensing package, the 7 placebo tablets are omitted.
      Appropriate instructions are placed on the dispensing package directing
      the user thereof to consider the 1st day of menstrual flow as the day 1 of
      the cycle, to commence the taking of the tablets in the sequence as shown
      on day 5 of the cycle, and to continue taking such tablets at one tablet
      per day until all of the tablets have been ingested. The dispensing
      package also includes additional instructions directing the user thereof
      to wait 7 days prior to starting the next regimen with a new dispensing
      package of tablets.
PAR  In either case, using either the 21 or 28 tablet-containing dispensing
      package, the administration of active medication will begin for each
      succeeding cycle on the same day of the week as administration of active
      medication began during the first cycle. For as long as the patient is
      maintained on this regimen by the physician this 28 day cycle will be
      adhered to, regardless of whether menstrual flow has taken place or not
      during the "unprotected" period.
PAC  EXAMPLE III
PAR  Eighty-one women with proven fertility and exposed to occurrence of
      pregnancy, but who are not using any other means of contraceptive or
      fertility control, are administered the oral contraceptives of the present
      invention according to the regimen described in Examples I and II above.
PAR  The results obtained in this clinical study are tabulated below in Table I.
      As used in Table I, "menstrual flow interval" refers to the number of days
      from the first day of menstrual flow for one cycle until the first day of
      menstrual flow for the next succeeding cycle; the "duration of menstrual
      flow" means the actual number of days of menstrual flow. Three patients
      involved in the clinical studies tabulated in Table I were on the program
      for too short a period of time to obtain meaningful data with regard to
      the interval of menstrual flow. Thus, only 78 patients are listed under
      that category in Table I. However, one such patient did have a bleeding
      episode during the time on the program and, thus, is included in the data
      tabulated in Table I under duration of menstrual flow.
TBL                TABLE I                                                     

     ______________________________________                                    

                    PATIENTS CYCLES                                            

     MENSTRUAL FLOW INTERVAL                                                   

                      No.    %       No.   %                                   

     (DAYS)                                                                    

     ______________________________________                                    

     &lt;25              14     17.9    98    18.2                                

     25-32            49     62.9    375   69.9                                

     &gt;32              13     16.7    52    9.7                                 

     &gt;60               2      2.6    12    2.2                                 

                      78             537                                       

     DURATION OF MENSTRUAL FLOW                                                

     (DAYS)                                                                    

     &lt; 3              12     15.2    74    12.2                                

     3-8              67     84.8    531   87.3                                

     &gt; 8              --     --       3    0.5                                 

                      79             608                                       

     ______________________________________                                    

PAR  No pregnancies occurred; accordingly, this represents a pregnancy rate of
      0.0 per 100 women years. As used herein, "pregnancy rate" is the number of
      pregnancies .times. 1,200 divided by the product of the number of patients
      observed .times. the months of exposure.
PAR  With regard to Table I above, the menstrual flow interval represented by
      25-32 days is commonly referred to as "withdrawal bleeding". That is, it
      refers to the occurrence of menstrual flow shortly after the
      administration of active medication is terminated (i.e., during the
      "unprotected" period during which the placebos are taken or no tablets are
      taken). As can be seen from the data presented in Table I, in a
      substantial majority (ie, approximately 70%) of the cycles tabulated to
      date, withdrawal bleeding has occurred as desired. In addition, the
      incidence of amenorrheic cycles (as categorized by a menstrual flow
      interval greater than 60 days) is relatively modest and, in any event, is
      a substantial improvement over the results reported by Coutinho et al,
      supra. With regard to duration of menstrual flow, the duration of a
      substantial majority (ie, approximately 87%) of menstrual flow episodes
      recorded fall within the desired 3-8 day range. Thus, these results
      reflect that the regimen described herein is effective in preventing
      conception, controlling the duration of flow, and regulating the length of
      the reproductive cycle, as evidence by the high incidence of "withdrawal
      bleeding" where the time of actual menstrual flow is desirably
      synchronized with the "unprotected" period. As indicated above, this is
      achieved with a substantial reduction in the amount of active components
      administered to the patient.
PAC  EXAMPLES IV and V
PAR  The compositions of Examples I and II are repeated except 0.5 mg. of
      norethindrone acetate is substituted for the 0.5 mg. norethindrone in each
      instance.
PAC  EXAMPLES VI and VII
PAR  The compositions of Examples I and II are repeated except 6.0 mg. of
      dimethisterone is substituted for the 0.5 mg. norethindrone in each
      instance.
PAC  EXAMPLES VIII and IX
PAR  The compositions of Examples I and II are repeated except 0.5 mg. of
      norethynodrel is substituted for the 0.5 mg. norethindrone in each
      instance.
PAC  EXAMPLES X and XI
PAR  The compositions of Examples I and II are repeated except 0.5 mg. of
      ethynodiol acetate is substituted for the 0.5 mg. norethindrone in each
      instance.
PAC  EXAMPLES XII and XIII
PAR  The compositions of Examples I and II are repeated except 0.25 mg. of
      norgestrel is substituted for the 0.5 mg. norethindrone in each instance.
PAC  EXAMPLES XIV and XV
PAR  The compositions of Examples I and II are repeated except 5.0 mg. of
      medoxyprogesterone acetate is substituted for the 0.5 mg. norethindrone in
      each instance.
PAC  EXAMPLES XVI and XVII
PAR  The compositions of Examples I and II are repeated except 0.5 mg. of
      chlormadione acetate is substituted for the 0.5 mg. norethindrone in each
      instance.
PAR  The present invention has been particularly described above with reference
      to not only an effective regimen, but one that conforms to an accepted
      mode of administration of oral contraceptives to a large number of women
      of varying backgrounds, intelligence, inclinations, etc. That is, the
      regimen has been based upon a medication administration cycle requiring 21
      days on medication and 7 days off medication, whereby in each succeeding
      cycle the administration of active medication begins on the same day of
      the week as in the first or preceding cycle. However, from a theoretical
      point of view without regard to the convenience of use aspect, the present
      invention can be modified in certain particulars which are considered to
      be within the broad concepts of this invention.
PAR  For example, a combined formulation having both estrogen and progestogen
      substances can be administered on the 3rd day of the medication
      administration cycle and a progestogen formulation administered on the 4th
      day of the cycle. This is followed by the 21 days of medication
      administration as described above, whereby active medication is
      administered on 23 days of a 28 day cycle.
PAR  Alternatively, administration of the interrupted regimen can be as given
      above with the exception that no medication is given on the 25th day. In
      this aspect of the invention, administration of active medication ends on
      the 24th day with the administration only of the progestogen substance.
PAR  In a further aspect of the invention, once again considering the first day
      of menstrual flow prior to the initiation of administration of medication
      as day one, the administration of active medication can begin on the 3rd,
      4th, 5th, or 6th day of the cycle with the administration of a combined
      estrogen and progestogen formulation. The combined formulation, however,
      is only administered every third day. On intervening days, only a
      progestogen substance is administered.
PAR  Thus, in the broadest aspects of the invention, combined estrogen and
      progestogen formulations are administered on the 3rd, 4th, 5th, or 6th,
      day of the cycle and every second or third day thereafter through, and
      including, the 23rd, 24th, 25th, 26th, 27th, or 28th day of the cycle. On
      the 4th, 5th, 6th, or 7th day of the cycle and every day thereafter on
      which a combination formulation is not administered, through, and
      including, the 22nd, 23rd, 24th, 25th, 26th, 27th, 28th day of the cycle,
      formulation having only a progestogen substance as the active component is
      administered. On the remaining days of the cycle, the regimen may be
      completed by additional active medication or placebos, etc., as indicated
      above. Generally, however, active medication will be given for only a
      period of 20-23 days.
PAR  Dispensing packages accommodating the novel oral contrceptive regimen of
      this invention, with or without placebos, are also considered a part of
      the present invention. As indicated above, such packages include
      instructions directing the user thereof to take a single unit dosage form
      daily in the desired sequence, whereby the proper formulation is ingested
      on the proper day during the medication administration cycle. Suitable
      packages include those shown by Applezweig U.S. Pat. No. 3,409,721, and
      those oral contraceptive packages presently marketed by the assignee of
      the present invention. A further package has one row of combined
      estrogen/progestogen unit dosage forms, and a second row of unit dosage
      forms having only progestogen as the active component. One unit dosage
      form is taken from one row and the next unit dosage form is taken from the
      other row, and so on, alternating back and forth. Placebos may be added at
      the beginning and/or end of each row, if so desired.
PAR  While the present invention has been described with reference to specific
      embodiments thereof, it should be understood by those skilled in this art
      that various changes may be made and equivalents may be substituted
      without departing from the true spirit and scope of the invention. In
      addition, many modifications may be made to adapt a particular situation,
      material or composition of matter, process, process step or steps, or
      then-present objective to the spirit of this invention without departing
      from its essential teachings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cyclic progestogen-interrupted estrogen method of controlling
      fertility in a fertile woman wherein the first day of menstrual flow is
      considered as day 1 of a 28 day cycle, said method comprising orally
      administering to said woman beginning on one of the 3rd to 6th days of
      said cycle and every second or third day thereafter a combination oral
      dosage unit formulation having about 0.01 mg. to about 2.0 mg. of an
      estrogen and about 0.03 mg. to about 10.0 mg. of a progestogen, and orally
      administering to said woman beginning on one of the 4th to 7th days of
      said cycle and every day thereafter on which a combination formulation is
      not administered an oral dosage unit formulation having only a progestogen
      in an amount of about 0.03 mg. to about 10.0 mg. as the active
      contraceptive component, said formulations being administered for a period
      of 20 to 23 consecutive days during said 28 day cycle, said amounts of
      said estrogen and progestogen being effective to control the fertility of
      said woman.
NUM  2.
PAR  2. The method of claim 1 further including administering placebos on those
      days of said cycle on which a progestogen substance is not administered,
      said placebos containing neither estrogen nor progestogen substances.
NUM  3.
PAR  3. The method of claim 1 further including repeating said 28 day cycle of
      medication administration at least one further time, the first day of the
      next succeeding cycle following directly after the 28th day of the
      preceding cycle.
NUM  4.
PAR  4. The method of claim 1 wherein said combination of estrogen and
      progestogen substances is administered every third day.
NUM  5.
PAR  5. The method of claim 1 wherein said progestogen is selected from the
      group consisting of norethindrone, norethindrone acetate, chlormadione
      acetate, norethynodrel, norgestrel, medroxyprogesterone acetate, megestrol
      acetate, lynestrenol, quingestrone, ethynodiol acetate, and
      dimethisterone.
NUM  6.
PAR  6. The method of claim 1 wherein said combination formulation contains
      about 0.03 mg. to about 0.1 mg. of said estrogen substance and about 0.3
      mg. to about 1.0 mg. of said progestogen substance, and said formulation
      having only a progestogen substance as the active component contains about
      0.3 mg. to about 1.0 mg. of said progestogen substance.
NUM  7.
PAR  7. The method of claim 1 wherein said combination of estrogen and
      progestogen substances is administered every second day.
NUM  8.
PAR  8. The method of claim 7 wherein said estrogen is
      17.alpha.-ethynyl-3,17.beta.-dihydroxy-estra-1,3,5(10)-triene.
NUM  9.
PAR  9. The method of claim 7 wherein said progestogen is
      17.alpha.-ethynyl-3,17.beta.-hydroxy-estr-4-en-3-one.
NUM  10.
PAR  10. The method of claim 7 wherein said combination formulation comprises
      about 0.5 mg. 17.alpha.-ethynyl-17.beta.-hydroxy-estr-4-en-3-one and about
      0.06 mg. 17.alpha.-ethynyl-3,17.beta.-dihydroxy-estra-1,3,5(10)-triene,
      and said formulation having only a progestogen substance as the active
      component contains about 0.5 mg.
      17.alpha.-ethynyl-17.beta.-hydroxy-estr-4-en-3-one.
NUM  11.
PAR  11. A cyclic progestogen-interrupted estrogen method of controlling
      fertility in a fertile woman wherein the first day of menstrual flow is
      considered as day 1 of a 28 day cycle, said method comprising orally
      administering to said woman on the 5th day of said cycle and every other
      day through, and including, the 25th day of said cycle a combination oral
      unit dosage formulation having about 0.01 mg. to about 2.0 mg. of an
      estrogen and about 0.03 mg. to about 10.0 mg. of a progestogen, and orally
      administering to said woman on the 6th day and every other day through,
      and including, the 24th day of said cycle a formulation having only a
      progestogen in an amount of about 0.03 mg. to about 10.0 mg. as the active
      contraceptive component, said amounts of said estrogen and progestogen
      being effective to control the fertility of said woman.
NUM  12.
PAR  12. The method of claim 11 further including administering placebos on the
      7 consecutive days following the 25th day of said cycle, said placebos
      containing neither estrogen nor progestogen substances.
NUM  13.
PAR  13. The method of claim 11 wherein no estrogenic or progestogenic
      medication is administered during days 1-4 and 26-28 of said cycle; said
      method further including repeating said 28 day cycle of medication
      administration at least one further time, the first day of the next
      succeeding cycle following directly after the 28th day of the preceding
      cycle.
NUM  14.
PAR  14. The method of claim 11 wherein said progestogen is
      17.alpha.-ethynyl-17.beta.-hydroxy-estr-4-en-3-one.
NUM  15.
PAR  15. The method of claim 11 wherein said estrogen is
      17.alpha.-ethynyl-3,17.beta.-dihydroxy-estra-1,3,5(10)-triene.
NUM  16.
PAR  16. The method of claim 11 wherein about 0.06 mg. of
      17.alpha.-ethynyl-3,17.beta.-dihydroxy-estra-1,3,5(10)-triene is
      administered as said estrogen.
NUM  17.
PAR  17. The method of claim 11 wherein said combination formulation comprises a
      combination of 17.alpha.-ethynyl-17.beta.-hydroxy estr-4-en-3-one and
      17.alpha.-ethynyl-17.beta.-dihydroxy-estra-1,3,5(10)-triene.
NUM  18.
PAR  18. The method of claim 11 wherein said combination formulation comprises
      about 0.5 mg. 17.alpha.-ethynyl-17.beta.hydroxy-estr-4-en-3-one and about
      0.06 mg. 17.alpha.-ethynyl-3,17.beta.dihydroxy-estra-1,3,5(10)-triene, and
      said formulation having only a progestogen substance as the active
      component contains about 0.5 mg.
      17.alpha.-ethynyl-17.beta.-hydroxy-estr-4-en-3-one.
NUM  19.
PAR  19. The method of claim 11 wherein about 0.5 mg.
      17.alpha.-ethynyl-17.beta.-hydroxy-estr-4-en-3-one is administered every
      other day from the sixth day of said cycle through, and including, the
      24th day of said cycle.
NUM  20.
PAR  20. The method of claim 11 wherein said progestogen is selected from the
      group consisting of norethindrone, norethindrone acetate, chlormadione
      acetate, norethynodrel, norgestrel, medroxyprogesterone acetate, megestrol
      acetate, lynestrenol, quingestrone, ethynodiol acetate, and
      dimethisterone.
NUM  21.
PAR  21. The method of claim 11 wherein said combination formulation contains
      about 0.03 mg. to about 0.1 mg. of said estrogen substance and about 0.3
      mg. to about 1.0 mg. of said progestogen substance, and said formulation
      having only a progestogen substance as the active component contains about
      0.3 mg. to about 1.0 mg. of said progestogen substance.
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ABST
PAL  Compounds of the formulae:
      ##SPC1##
PAL  And
      ##SPC2##
PAL  And the salts thereof with pharmaceutically acceptable cations wherein
      R.sup.1 is 3-trifluoromethyl, chloro, bromo or fluoro; n and m are each
      two or three; X is oxygen or sulphur; R.sup.2 and R.sup.3, when taken
      separately, are each hydrogen or alkyl having 1 to 4 carbon atoms; R.sup.2
      and R.sup.3, when taken together, are alkylene having 2 to 4 carbon atoms;
      Y is methylene or a single bond; R.sup.4 and R.sup.5, when taken
      separately, are each hydrogen, hydroxy or alkoxy having 1 to 4 carbon
      atoms, and R.sup.4 and R.sup.5, when taken together, are oxo or alkylene
      dioxy having 2 to 4 carbon atoms, each oxygen atom in R.sup.4 and R.sup.5,
      when taken separately, and in R.sup.4 and R.sup.5, when taken together,
      being separated from the nitrogen atom of the heterocyclic ring by two or
      more carbon atoms, said compounds being cerebral vasodilators.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 386,854 filed Aug.
      9, 1973, now U.S. Pat. No. 3,867,390.
BSUM
PAR  This invention relates to cyclic N-substituted derivatives of 1,4-benzene
      disulphonamide which have cerebral vasodilator activity and are therefore
      useful for treating conditions attributable to a restriction of blood flow
      to the brain. Such conditions include atherosclerosis, occlusion of blood
      vessels in the brain, stroke and other cerebrovascular diseases.
      Particularly useful compounds according to this aspect of the invention
      are those which have a selective effect on the cerebral vasculature, with
      a comparatively small effect on blood vessels in other tissues such as
      peripheral tissue and the kidneys, and so do not cause a serious fall in
      blood pressure or increase in diuresis.
PAR  The aforesaid derivatives include compounds of the formula
      ##SPC3##
PAL  Those of the formula
      ##SPC4##
PAL  And the salts thereof with pharmaceutically acceptable cations wherein
      R.sup.1 is 3-trifluoromethyl, chloro, bromo or fluoro; n and m are each
      two or three; X is oxygen or sulphur; R.sup.2 and R.sup.3, when taken
      separately, are each hydrogen or alkyl having 1 to 4 carbon atoms; R.sup.2
      and R.sup.3, when taken together, are alkylene having 2 to 4 carbon atoms;
      Y is methylene or a single bond; R.sup.4 and R.sup.5, when taken
      separately, are each hydrogen, hydroxy or alkoxy having 1 to 4 carbon
      atoms and R.sup.4 and R.sup.5, when taken together, are oxo or alkylene
      dioxy having 2 to 4 carbon atoms, each oxygen atom in R.sup.4 and R.sup.5,
      when taken separately, and in R.sup.4 and R.sup.5, when taken together,
      being separated from the nitrogen atom of the heterocyclic ring by two or
      more carbon atoms.
PAR  Certain of the aforesaid compounds are old in the art as shown in U.S. Pat.
      No. 3,165,550. Those of the aforesaid compounds of the present invention
      which are unobvious include compounds of formula (I) and formula (II) and
      the salts thereof with pharmaceutically acceptable cations wherein R.sup.1
      is 3-trifluoromethyl, chloro, bromo or fluoro; n and m are each 2 or 3; X
      is oxygen; R.sup.2 and R.sup.3, when taken separately, are each alkyl
      having 1 to 4 carbon atoms; R.sup.2 and R.sup.3, when taken together, are
      alkylene having 2 to 4 carbon atoms; Y is methylene, R.sup.4, when taken
      separately, is hydroxy or alkoxy having 1 to 4 carbon atoms; R.sup.5, when
      taken separately, is hydrogen, hydroxy or alkoxy having 1 to 4 carbon
      atoms and R.sup.4 and R.sup.5, when taken together, are oxo or alkylene
      dioxy having 2 to 4 carbon atoms, each oxygen atom in R.sup.4 and R.sup.5,
      when taken separately, and in R.sup.4 and R.sup.5 , when taken together,
      being separated from the nitrogen atom of the heterocyclic ring by two or
      more carbon atoms.
PAR  Preferred compounds of the invention having cerebral vasodilator activity
      are those of formula (I) in which X is an oxygen atom. Another preferred
      group are those compounds of formula (II) in which Y is a methylene group
      and R.sup.4 and R.sup.5 together represent an oxo group or an alkylene
      dioxy group having 1 to 4 carbon atoms, each of these being attached to
      the methylene group, i.e., to Y. Another preferred group of compounds are
      those of formula (II) wherein Y is methylene, R.sup.4 is hydroxy or alkoxy
      having 1 to 4 carbon atoms and R.sup.5 is hydrogen. Of those preferred
      compounds of formula (I) in which X is an oxygen atom, particularly
      preferred are those in which R.sup.2 and R.sup.3 are each alkyl having 1
      to 4 carbon atoms. Of those preferred compounds in which Y is a methylene
      group or an oxygen atom, particularly preferred are those in which n and m
      are each 2, i.e., the heterocyclic ring is a 4-piperidone ring or a
      dialkyl or alkylene ketal thereof, or a morpholine ring.
PAR  Also particularly preferred for their cerebral vasodilator activity are
      compounds of the invention having one or more of the preferred structural
      characteristics just mentioned wherein R.sup.1 is 2-chloro, 2-bromo or
      3-trifluoromethyl.
PAR  The compounds of this invention, other than those in which R.sup.4 and
      R.sup.5 together are an oxo group, may be prepared from
      4-sulphamoyl-benzene sulphonyl chlorides of the formula:
      ##SPC5##
PAL  by reaction with a cyclic amine of the formula:
      ##EQU1##
      or with a cyclic amine of the formula:
      ##EQU2##
      in a suitable solvent, e.g., acetone or dichloromethane. Preferably, the
      reaction is carried out in the presence of an excess of the amine reactant
      or in the presence of an equivalent amount of an organic tertiary amine to
      remove the hydrochloric acid formed in the reaction. The reaction is
      completed in from 1 to 24 hours at 20.degree.C. or may be carried out at
      elevated temperatures, i.e., 30.degree. to 100.degree.C. for periods of
      from 1 to 8 hours. The product may be isolated by simply adding the
      reaction mixture to normal aqueous hydrochloric acid solution, filtering,
      washing and recrystallizing from a suitable solvent.
PAR  Compounds of the invention in which R.sup.1 consists of chloro, bromo,
      fluoro or trifluoromethyl, in positions meta to the unsubstituted
      sulphamoyl group, may also be prepared from the appropriately substituted
      4-nitrobenzene sulphonyl chloride by reaction first with the cyclic amine
      of formula (IV) or (V) to form a compound of the formula:
      ##EQU3##
      or of the formula:
      ##EQU4##
      wherein R.sup.1 is a chlorine, bromine or fluorine atom or a
      trifluoromethyl group and R.sup.4 and R.sup.5, together, are not an oxo
      group, and the compound of formula (VIII) or (IX) is then reduced to the
      corresponding amino compound and the latter is converted to the
      corresponding sulphamoyl compound by diazotization, treatment with sulphur
      dioxide in the presence of a cupric salt and then with ammonia.
PAR  Finally compounds in which R.sup.4 and R.sup.5 together are an oxo group
      are prepared from the corresponding dialkyl or alkylene ketals, i.e.,
      compounds of formula (II) in which R.sup.4 and R.sup.5 are two alkoxy
      groups or an alkylene dioxy group attached to a single carbon atom, by
      methods well known in the art, e.g., by treatment with concentrated
      hydrochloric acid in aqueous dimethylformamide.
PAR  The salts of the present invention include those based on any
      pharmaceutically acceptable cation. The preferred pharmaceutically
      acceptable cations are those of the alkali metals, particularly sodium and
      potassium. Said salts are easily obtained in accordance with conventional
      methods. For example, the selected compound of formula (I) or formula (II)
      is dissolved in an aqueous or alcoholic solution of an alkali metal
      hydroxide such as sodium or potassium hydroxide and the resulting solution
      is simply concentrated.
PAR  In accordance with the treatment method of the present invention, the
      herein described compounds can be administered to an affected subject via
      the oral or parenteral route. Generally, there is a significant effect in
      increasing cerebral blood flow in cats, dogs and baboons at dose levels of
      from 2.5 to 25 mg/kg intravenously or from 10 to 50 mg/kg orally when
      administered three times a day, the effect being cumulative. Although the
      physician will determine the precise dosage for a human patient, it
      generally will range from 0.5 to 100 mg/kg for intravenous administration
      and from 2 to 200 mg/kg for oral administration, each dosage form being
      administered four times a day.
PAR  The compounds of the invention may be administered alone, but will
      generally be administered in admixture with a pharmaceutical carrier
      selected with regard to the intended route of administration and standard
      pharmaceutical practice.
PAR  For administration orally in the form of tablets or capsules, it has been
      found advantageous to dissolve or disperse the compound in finely divided
      form (e.g., 30 microns or less in dimensions) in a matrix of a high
      molecular weight solid polyethylene glycol, e.g. a polyethylene glycol of
      average molecular weight 6,000 to 7,500 such as "Carbowax" 6,000. A
      non-ionic wetting agent as dispersion aid, e.g. a polyoxyethylene
      mono-stearate of average molecular weight about 1,000 such as "Myrj" 52,
      is preferably also included. For this type of formulation, the compound
      together with the dispersion aid may be dissolved in the molten
      polyethylene glycol and cooled, or alternatively may be mixed as an
      aqueous dispersion with the polyethylene glycol to form a paste and dried,
      and then, together with other excipients if desired, either granulated
      prior to compression into tablets or filled directly into capsules, by
      techniques well known in the art.
PAR  Alternatively, tablets may be formed in which a major part of the excipient
      is composed of a material which, when compressed, has a slower rate of
      dissolution than that normally achieved by standard tableting practice.
      Such materials include sugars and edible aminoacids such as glycine. The
      compound (in finely divided form) is preferably first mixed with the said
      material and then granulated with a comparatively small amount of the high
      molecular weight polyethylene glycol and a dispersion aid, before forming
      into tablets in the usual way.
PAR  For parenteral administration, the compounds, being acidic, are best used
      in the form of sterile aqueous solutions of their alkali metal (e.g.,
      sodium) salts and such solutions may contain other solutes (e.g., sodium
      chloride) to ensure the stability of the solutions and their compatibility
      with body fluids, e.g. blood, when the compound is to be administered
      intravenously, intramuscularly or subcutaneously. The alkali metal salt
      solution may conveniently be formed by dissolving the compound (and any
      other solute required) in the sterile water and adjusting the pH to a
      value in the range from 10.5 to 12.0 with the appropriate alkali metal
      hydroxide.
DETD
PAR  The following examples illustrate preparation of the cerebral vasodilators
      of this invention.
PAC  EXAMPLE I
PAC  2-Chloro-4-(4-methoxypiperidinosulphonyl)benzene sulphonamide
PAR  Triethylamine (4.2 ml) and 4-methoxypiperidine (3.15 g) were added to a
      solution of 3-chloro-4-sulphamoyl-benzene sulphonyl chloride (8.7 g) in
      acetone (100 ml). The mixture was stirred at room temperature for 1 hour
      and then poured into 50 ml of N-hydrochloric acid. The resulting product
      was removed by filtration, washed with water and recrystallized from
      isopropanol to give the desired compound (8.4 g), m.p.
      165.degree.-167.degree.C.
PAR  Analysis: Found: C, 39.16; H, 4.91; N, 7.53%. Calculated for C.sub.12
      H.sub.17 ClN.sub.2 O.sub.5 S.sub.2 : C, 39.06; H, 4.64; N, 7.59%.
PAC  EXAMPLE II to XXII
PAR  The compounds shown in Table I were prepared by the method of Example I,
      using the appropriate cyclic amine and substituted 4-sulphamoyl-benzene
      sulphonyl chloride as starting material. The R.sup.1 -substituted
      4-sulphamoyl-benzene sulphonyl chloride starting materials for these
      Examples, as well as for Example I, are either known compounds, disclosed
      in U.S. Pat. No. 3,165,550, or are readily prepared by the methods
      described therein, from the corresponding R.sup.1 -substituted
      4-aminobenzene sulphonamides.
PAR  The compounds of Table I are represented by the formula:
      ##SPC6##
TBL                                    TABLE I                                 

     __________________________________________________________________________

                               Analysis %                                      

     Example                                                                   

           R.sup.1                                                             

             N-heterocycle                                                     

                          m.p..degree. C.                                      

                               (theoretical in brackets)                       

                               C    H  N                                       

     __________________________________________________________________________

     II   3-Cl            122-123                                              

                               39.08                                           

                                    4.81                                       

                                       7.96                                    

                               (39.06                                          

                                    4.64                                       

                                       7.59)                                   

     III  2-Cl            230-234                                              

                               37.50                                           

                                    4.26                                       

                                       8.12                                    

                               (37.23                                          

                                    4.26                                       

                                       7.90)                                   

     IV   2-Cl            175-177                                              

                               40.93                                           

                                    5.09                                       

                                       7.84                                    

                               (40.84                                          

                                    4.86                                       

                                       7.94)                                   

     V    2-Cl                                                                 

             --NO         187-188                                              

                               35.48                                           

                                    3.84                                       

                                       8.58                                    

                               (35.25                                          

                                    3.82                                       

                                       8.22)                                   

     VI   2-Cl            151-152                                              

                               39.19                                           

                                    4.76                                       

                                       7.84                                    

                               (39.06                                          

                                    4.64                                       

                                       7.59)                                   

     VIII 2-Cl            198-199                                              

                               38.95                                           

                                    4.62                                       

                                       7.96                                    

                               (39.09                                          

                                    4.64                                       

                                       7.59)                                   

     IX   3-Cl                                                                 

             --NO         95-98                                                

                               34.97                                           

                                    4.15                                       

                                       8.38                                    

                               (35.25                                          

                                    3.82                                       

                                       8.22)                                   

     X    2-F             199-200                                              

                               41.00                                           

                                    4.87                                       

                                       7.80                                    

                               (40.90                                          

                                    4.86                                       

                                       7.95)                                   

     XI   2-Cl            172  39.52                                           

                                    4.31                                       

                                       7.15                                    

                               (39.34                                          

                                    4.31                                       

                                       7.06)                                   

             O                                                                 

     XIII 2-Cl                                                                 

             --N          130-132                                              

                               37.42                                           

                                    4.43                                       

                                       8.33                                    

                               (37.23                                          

                                    4.26                                       

                                       7.90)                                   

     XIV  2-F             176-178                                              

                               41.02                                           

                                    4.93                                       

                                       7.95                                    

                               (40.89                                          

                                    4.86                                       

                                       7.95)                                   

     XV   2-Cl            193-195                                              

                               39.4 4.3                                        

                                       8.8                                     

                               (40.0                                           

                                    4.45                                       

                                       8.3 )                                   

     XVI  2-Br            161-163                                              

                               34.86                                           

                                    4.14                                       

                                       6.71                                    

                               (34.93                                          

                                    4.15                                       

                                       6.79)                                   

     XVII 2-Cl                                                                 

             --NS         179-180                                              

                               33.74                                           

                                    3.73                                       

                                       7.54                                    

                               (33.67                                          

                                    3.64                                       

                                       7.85)                                   

     XVIII                                                                     

          2-Cl            159-162                                              

                               37.58                                           

                                    4.31                                       

                                       7.82                                    

                               (37.23                                          

                                    4.26                                       

                                       7.89)                                   

     XIX  2-Cl            169-173                                              

                               39.37                                           

                                    4.69                                       

                                       7.40                                    

                               (39.07                                          

                                    4.65                                       

                                       7.59)                                   

     XX   2-Cl            123-125                                              

                               42.78                                           

                                    5.51                                       

                                       6.85                                    

                               (42.36                                          

                                    5.33                                       

                                       7.06)                                   

     XXI  2-Cl            176-178                                              

                               39.09                                           

                                    4.14                                       

                                       7.71                                    

                               (39.29                                          

                                    4.09                                       

                                       7.64)                                   

     XXII 2-Br            200-202                                              

                               34.91                                           

                                    4.10                                       

                                       7.07                                    

                               (34.94                                          

                                    4.15                                       

                                       6.79)                                   

     XII  2-Cl            198-200                                              

                               43.01                                           

                                    5.24                                       

                                       7.34                                    

                               (42.58                                          

                                    4.85                                       

                                       7.10)                                   

     VII  2-Br            215-216                                              

                               38.35                                           

                                    4.36                                       

                                       6.32                                    

                               (38.26                                          

                                    4.36                                       

                                       6.38)                                   

     __________________________________________________________________________

PAC  EXAMPLE XXIII
PAC  2-Chloro-4-(4-oxopiperidinosulphonyl)-benzene sulphonamide
PAR  A solution of the product of Example XI (1.2 g) in 30% aqueous
      dimethylformamide (50 ml) and concentrated hydrochloric acid (1.5 ml) was
      stirred under reflux for 1 hour. The mixture was evaporated to small
      volume and the resulting precipitate was filtered off and recrystallized
      from an acetonehexane mixture to give the desired product (500 mg), m.p.
      195.degree.-196.degree.C.
PAR  Analysis: Found: C, 37.33; H, 3.82; N, 7.96%. Calculated for C.sub.11
      H.sub.13 ClN.sub.2 O.sub.5 S.sub.2 : C, 37.50; H, 3.69; N, 7.62%.
PAC  EXAMPLE XXIV
PAC  3-Trifluoromethyl-4-(4-methoxypiperidinosulphonyl)-benzene sulphonamide
PAR  A. Triethylamine (1.0 g) and 4-methoxypiperidine (1.15 g) were added to a
      solution of 4-nitro-2-trifluoromethylbenzene sulphonyl chloride (2.89 g)
      in methylene chloride (40 ml). The mixture was stirred at 25.degree.C. for
      2 hours and then evaporated to dryness in vacuo. The residual oil was
      triturated with 1:1 aqueous isopropanol and the resulting solid was
      recrystallized from isopropanol to give
      1-(4-methoxypiperidinosulphonyl)-4-nitro-2-trifluoromethyl-benzene, m.p.
      141.degree.-143.degree.C.
PAR  B. The product of (A) (13.5 g) was dissolved in methanol (200 ml) and
      hydrogenated at 50 p.s.i. and 50.degree.C. in the presence of 5%
      palladium-on-charcoal (1.0 g) to yield
      4-(4-methoxypiperidinosulphonyl)-3-trifluoromethyl-aniline (8.9 g), m.p.
      145.degree.-147.degree.C., recrystallized from isopropanol.
PAR  C. A solution of the diazonium chloride of the product of (B), prepared by
      the addition of a solution of sodium nitrite (1.73 g) in water (15 ml) to
      the product of (B) (8.4 g) in concentrated hydrochloric acid (60 ml), was
      added at 25.degree.C. to a suspension of cupric chloride dihydrate (2.2 g)
      in acetic acid (80 ml) previously saturated with sulphur dioxide. The
      mixture was stirred for 1 hour and the resulting precipitate was filtered,
      washed with water, dried and recrystallized from an acetone-hexane mixture
      to give 4-(4-methoxypiperidinosulphonyl)-3-trifluoromethyl-benzene
      sulphonyl chloride (5 g), m.p. 117.degree.-119.degree.C.
PAR  D. The product of (C) (4.5 g) was added to concentrated ammonium hydroxide
      (80 ml) and the mixture was heated at 60.degree.C for 1 hour. The
      resulting solution was cooled, treated with excess 2N hydrochloric acid
      and the precipitate thus obtained was filtered, washed with water, dried
      and recrystallized from isopropanol to give the required product (2.3 g),
      m.p. 136.degree.-137.degree.C.
PAR  Analysis:  Found: C, 38.74; H, 4.22; N, 6.62% Calculated for C.sub.13
      H.sub.17 F.sub.3 N.sub.2 O.sub.5 S.sub.2 : C, 38.81; H, 4.26; N, 6.97%
PAR  The activity of compounds of the invention as cerebral vasodilators is
      determined by the following method. Cats are anaesthetised with chloralose
      (80 mg/kg, intravenously) after induction with halothane, nitrous
      oxide/oxygen (3:1 v/v). The animals are allowed to breathe normal room air
      and the rate and depth of respiration, heart rate and femoral arterial
      pressure are recorded. Electromagnetic flow probes are placed around the
      ipsilateral vertebral artery. Zero flow is established by momentarily
      occluding the arteries in order to calibrate the flow probes. The test
      compound (dissolved in N/10 sodium hydroxide in isotonic saline with
      warming and mixing and then back titration to pH 10 with dilute
      hydrochloric acid) is given at 10 or 25 mg/kg via a femoral vein and
      readings are taken at intervals for up to 2 hours. Control observations
      after administration of the saline vehicle alone are also made. The
      criterion for selecting the preferred compounds is on the basis of
      increases in ipsilateral vertebral arterial flow at 10 mg/kg which are
      sustained over a period of 30 minutes as shown in Table II. Blood flow is
      assessed by measuring the peak (systolic) pulsatile flow and the mean
      pulsatile flow. The products of Examples VIII, XXII, III and V have been
      found to give significant increases in peak and mean pulsatile flow at 10
      mg/kg. The product of Example VIII is outstanding at that dosage. Table II
      hereinafter summarizes results obtained with representative cerebral
      vasodilators of the present invention in accordance with this method.
PAR  The effect of compounds of the invention on blood pressure and diuresis is
      determined in dogs by standard methods. Several compounds have been found
      to be particularly advantageous in having very little hypotensive or
      diuretic activity, including the products of Examples I and XXII.
TBL                TABLE II                                                    

     ______________________________________                                    

                 Activity Data.sup.(1)                                         

     Compound of                                                               

              Dose                                                             

     Example  (mg/kg)  IVF:%    t      Side Effects                            

     ______________________________________                                    

     I        10       42       40-50  --                                      

     II       10       10        5-10  --                                      

              25        (200)   20-30  fasciculation                           

                                       at 20 min.                              

     V        10       40       30-60  --                                      

     VIII     10       82        60-120                                        

                                       --                                      

     X        25       40       40-60  --                                      

     XI       10       13       5-8    --                                      

     XXII     10       30       40-50  --                                      

              25       33       20-30  --                                      

     XXIV     10       20        5-10  --                                      

              25       70       20-40  --                                      

     III      10       34       40-60  --                                      

     ______________________________________                                    

      .sup.(1) mean maximum increase in blood flow (%) and duration of action i

      minutes (t). IVF = ipsilateral vertebral artial flow.                    

PAC  EXAMPLE XXV
PAC  Tablet formulation
TBL                        mg/tablet                                           

     ______________________________________                                    

     Active ingredient .sup.(1)                                                

                             100.0                                             

     glycine                 320.7                                             

     PEG 6000 .sup.(2)       40.0                                              

     Myrj 52 .sup.(3)        20.0                                              

     magnesium stearate      4.9                                               

     gelatin                 2.4                                               

                             488.0                                             

     ______________________________________                                    

      .sup.(1) mean particle diameter (from surface area/g) less than 16       

      microns.                                                                 

      .sup.(2) polyoxyethylene glycol of mean molecular weight 6000.           

      .sup.(3) a foodstuffs quality surfactant: polyoxyethylene stearate.      

PAR  The active compound and glycine are granulated with an aqueous solution of
      the PEG 6000, Myrj 52 and gelatin, prior to adding the magnesium stearate
      and tableting in the usual way.
PAC  EXAMPLE XXVI
PAC  Capsule formulation
TBL                        mg/capsule                                          

     ______________________________________                                    

     Active ingredient .sup.(1)                                                

                             100.0                                             

     PEG 6000 .sup.(2)       280.0                                             

     Myrj 52 .sup.(3)        20.0                                              

                             400.0                                             

     ______________________________________                                    

      .sup.(1) mean particle diameter less than 3 microns.                     

      .sup.(2) and .sup.(3) as in Example XXV                                  

PAR  The active compound is ball-milled in water to achieve the small particle
      size, mixed with the PEG 6000 and Myrj 52 as a paste and then dried at
      40.degree.C. to form a powder which is then filled into capsules in the
      usual way.
PAC  EXAMPLE XXVII
PAC  Parenteral formulation
TBL                 mg/ml                                                      

     ______________________________________                                    

     Active ingredient                                                         

                      7.5                                                      

     sodium chloride  7.9                                                      

     sodium hydroxide (sufficient in pH adjustment)                            

     water            (sufficient to make up volume)                           

     ______________________________________                                    

PAR  The active ingredient and sodium chloride are dissolved in sterile,
      pyrogen-free and carbon dioxide-free water under nitrogen, the pH is
      adjusted to 11.75 with 10% aqueous sodium hydroxide and the volume made up
      with similar water. The solution is then filled into 5 or 10 ml. ampoules
      through a filter and autoclaved at 115.degree.C. for 30 minutes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for increasing cerebral blood flow in a subject which
      comprises administering to said subject a cerebral blood flow increasing
      amount of a compound selected from the group consisting of
      ##SPC7##
PAL  and their salts with pharmaceutically acceptable cations wherein R.sup.1 is
      3-trifluoromethyl, chloro, bromo or fluoro; n and m are each two or three;
      Y is methylene or a single bond and R.sup.4 and R.sup.5 taken together are
      alkylene dioxy having 2 to 4 carbon atoms, each oxygen atom in said
      alkylene dioxy being separated from the nitrogen atom of the heterocyclic
      ring by two or more carbon atoms.
NUM  2.
PAR  2. The process of claim 1 wherein m and n are each 2.
NUM  3.
PAR  3. The process of claim 2 wherein R.sup.1 is chloro.
NUM  4.
PAR  4. The process of claim 1 wherein R.sup.1 is 2-chloro, m and n are each 2
      and said alkylene dioxy is ethylene dioxy.
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ABST
PAL  Compositions and methods for inducing polyphagia in immature meat producing
      animals comprise administering orally or by injection an effective but
      nontoxic subpharmacodynamic quantity of a 1,4-benzodiazepinone active
      ingredient whose structure is characterized by an 1-alkyl-sulfonylalkyl
      moiety. Preferred active ingredients are
      1-(ethylsulfonylethyl)-5-(o-halophenyl)-7-halo-1,3-dihydro-2H-1,4-benzodia
     zepin-2-ones.
BSUM
PAR  This invention relates to new methods and compositions for inducing
      polyphagia or increased feed intake in immature meat producing animals,
      such as pigs, cattle and sheep, especially in healthy feeder sheep and
      cattle. The active ingredients of this invention are a series of
      1,4-benzodiazepinones substituted by an alkylsulfonylalkyl moiety at
      position 1. More specifically this method comprises the internal
      administration to the growing animal preferably orally admixed in the feed
      but alternatively by injection, as by implant, of a quantity of the
      1,4-benzodiazepinone active ingredient which is nontoxic or is not overtly
      pharmacodynamic but which is sufficient to induce the desired polyphagia
      in the subject animal. The compositions of this invention are veterinary
      feed or injectable preparations containing the stated quantities of the
      1-alkylsulfonylalkyl-1,4-benzodiazepinone ingredients dispersed uniformly
      throughout the carrier.
PAR  Polyphagia implies an inducement of the animal to eat past its point of
      satiety thereby increasing the weight of the animal more quickly than
      normal. This enables the feed lot operator to turn over his pens or lots
      more quickly. Polyphagia is distinct from more standard means of
      increasing the feed efficiency of meat-producing animals which involve
      more efficient use of the animal feed but no increase in the amount
      ingested by the animal. A full discussion of polyphagia and the methods
      used for demonstrating polyphagia is contained in Baile et al., Phys.
      Rev., 54, 160-214 (1974).
PAR  Certain 1,4-benzodiazepines lacking the novel 1-moiety have been described
      to have utility as standard feed additives, German Pat. No. 2,233,117 and
      U.S. Pat. No. 3,248,223.
PAR  The chemicals which are the active ingredients of this invention are
      members of a narrow class of compounds which have been disclosed among a
      larger generic class in the art. U.K. Pat. No. 1,309,948 describes these
      individual chemical ingredients and their use as sedatives, muscle
      relaxants, hypnotics and anticonvulsants. This reference describes the
      compounds as therapeutic agents of course implying use in human therapy.
      Also related compounds are described in U.K. Pat. No. 1,306,451 with
      essentially the same disclosure of field of utility. In neither of these
      patents in the prior art are there described application of the
      ingredients to the animal or veterinary field in any way, and certainly
      not to the feed lot application described here.
PAR  The structures of the preferred
      1-alkylsulfonylalkyl-1,4-benzodiazepin-2-ones of this invention are
      illustrated by the following general formula:
      ##SPC1##
PAL  In which:
PA1  R is hydrogen, nitro, trifluoromethyl or halo such as iodo, bromo, chloro
      or fluoro but preferably trifluoromethyl or halo;
PA1  R.sub.1 is lower alkyl of 1-4 carbon atoms but preferably ethyl;
PA1  R.sub.2 is phenyl, pyridyl, halophenyl, trifluoromethylphenyl or
      nitrophenyl but preferably 2-pyridyl, o-chlorophenyl, o-bromophenyl,
      o-fluorophenyl or o-trifluoromethylphenyl; and
PA1  n is an integer of from 2-4, preferably 2.
PAR  The most advantageous compounds are those in which R is halo and R.sub.2 is
      o-halophenyl with n = 2 and R.sub.1 is ethyl. Advantageous ingredients are
      1-(ethylsulfonylethyl)-5-(o-halophenyl)-7-chloro-2H-1,4-benzodiazepin-2-on
     es and their stable, nontoxic acid addition salts. The term "halo" implies
      any of the four elements listed in increasing order of preference; iodo,
      bromo, fluoro or chloro. The stable acid addition salts of the active
      ingredients are obtained with acceptable organic and inorganic acids, such
      as hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid,
      nitric acid, acetic acid, maleic acid, fumaric acid, tartaric acid,
      succinic acid, citric acid, camphorsulfonic acid, ethanesulfonic acid,
      ascorbic acid or lactic acid.
PAR  The unique portion of the structure of the active ingredients is the
      alkylsulfonylalkyl moiety at position 1. The compounds having an ethylene
      group between the sulfonyl group and the nucleus are preferred over their
      methylene homologs of the prior art since they are somewhat more
      economical to prepare. Of course, the cost of the chemical ingredient is a
      very important item when the main utility of the invention involves
      savings in the production of meat.
PAR  Also, the compounds having a terminal ethyl group have unexpectedly been
      found to have a separation of polyphagic from ataractic or sedative
      properties. By contrast the compounds having a terminal methyl group at
      position 1 have been found to be very active sedatives. The ethyl
      compounds are able to be used for polyphagia over a much wider range of
      doses without interference by the sedative action of the active
      ingredients than can the corresponding methyl congeners. This spread in
      activity makes the compounds easier to use. Of course sedative or
      ataractic effects work against the desired polyphagia induced by the
      methods and compositions of this invention. The upper limits of the dose
      ranges disclosed herein are most often dictated by excess overt
      pharmacodynamic activity, such as a sedative effect. Therefore the most
      preferred moiety at position 1 in the chemical structure of the active
      ingredients is the ethylsulfonylethyl moiety.
PAR  The active compounds, such as those of Formula I, can be administered to
      the immature meat producing animals internally, i.e., either
      intramuscularly or subcutaneously in the form of sterile veterinary
      solutions or suspensions for injection or preferably as veterinary pellet
      implants. More advantageously the compounds are dispersed throughout
      conventional ruminant animal feed compositions. The feed compositions are
      then fed to the immature meat producing animals according to methods
      well-known to the agricultural art. The animals become satiated but
      continue to feed, thereby increasing weight gain. The amount of the active
      ingredient in the composition will be a quantity of the
      1-alkylsulfonylalkyl-1,4-benzodiazepin-2-one sufficient to induce
      polyphagia in the satiated immature meat producing animal but not be
      overtly toxic or pharmacodynamic in the animal subject as noted above. The
      animal is preferably a ruminant, such as sheep or cattle and most usually
      is a healthy, immature, growing or fattening animal.
PAR  The animal feeds most generally used in conjunction with the method of this
      invention are either various grain mixtures and/or roughage feeds such as
      chopped hay commonly fed to growing animals such as pigs, cattle or sheep.
      The amount of additive used to supplement such feeds will be in a quantity
      sufficient to increase feed intake and/or improve the feed efficiency of
      the animal but not to have a toxic or noxious effect, which amount is
      selected from the broad range of from about 10 mg. to 100 g. per ton of
      feed, preferably from about 500 mg. to about 20 g. per ton. An average
      feeder sheep will ingest about 3-4 lbs. of feed daily; an average feeder
      steer, about 20-25 lbs.
PAR  The dose range per sheep daily is a nontoxic but active quantity of active
      ingredient chosen from the range of from about 20 .mu.g. to 200 mg.,
      preferably about 1 mg. to 40 mg. The dose range for cattle daily is chosen
      from about 100 .mu.g. to 2 g., preferably about 10 mg. to 1 g. The pig
      dose range is intermediate. The overall broad range of dosage for meat
      producing animals is within approximately 10 .mu.g. to 2.5 g. per day,
      preferably from about 1 mg. to 1 g. per animal per day. For the more
      active compounds of the class disclosed a preferred range for sheep and
      cattle is from about 3-150 mg. per animal. The amount of active ingredient
      used therefore will depend on the weight of the animal, the absolute
      polyphagic activity of the chemical and the separation of polyphagia from
      sedation possible with the chemical. Some measure for overfeeding must be
      present in practicing this invention.
PAR  Generally the methods of this invention using parenteral administration
      comprise injecting by i.v. or i.m. but preferably by implant a polyphagic
      but nontoxic amount of the active ingredient such as the daily dosage
      quantities mentioned. Administration may be usually at most once a day but
      may be varied as polyphagia is desired. Usually the treatment may take
      place every several days, weeks or even months. The implant forms of the
      invention might be used only one to three or four times in the growing
      time of the animal. They might be administered in the ear or
      intramuscularly in the hind quarter of the animal.
PAR  For commercial use, the active ingredients when used in the feed can be
      readily used as premix formulations in which the chemical is distributed
      uniformly throughout a measured quantity of a standard animal feed
      carrier. This premix or concentrate is then mixed with a normal diet for
      the animal desired. Examples of such carriers are soybean meal, corn oil,
      ground corn, barley, wheat, mineral mixtures such as vermiculite,
      diatomaceous earth, corn gluten meal, corn distillers solubles or
      soyflour. The active ingredient will be in amounts to satisfy the criteria
      set forth above for whole feed. The active ingredient will usually be
      present in from about 1-75% by weight of the premix composition. Other
      forms of feed products are pasture blocks, such as salt or molasses
      blocks, top dressing preparations or the like.
PAR  The animal feed compositions themselves may also contain: roughages such as
      cellulose, hay, straw, silages, corn stalks, cotton seed hulls, oats,
      barley and cereal brans; natural oils such as animal fats, fish oils,
      safflower oil, peanut oil, and cottonseed oil; antioxidants, minerals,
      vitamins, antibiotics, anthelmintics; and other appropriate medicaments.
PAR  Examples of typical prepared animal feed is as follows:
TBL  EXAMPLE 1                                                                 

     Ingredients          Weight per cent                                      

     ______________________________________                                    

     Mixed hay            40.0                                                 

     Ground yellow corn   45.0                                                 

     Soybean oil meal     7.0                                                  

     Cane molasses        7.0                                                  

     Dicalcium phosphate  0.5                                                  

     Trace mineral salts   .5                                                  

     Vitamin A            300 I.U./lb.                                         

     Vitamin D            150 I.U./lb.                                         

     1-Ethylsulfonylethyl-                                                     

     5-(o-fluorophenyl)-7-                                                     

     chloro-1,3-dihydro-2H-                                                    

     1,4-benzodiazepin-2-one                                                   

                          2 mg./lb.                                            

     ______________________________________                                    

PAR  The method of this invention using feed compositions comprises allowing the
      growing animal to graze or be fed ad libitum on the supplemented rations
      or to be fed on a regular schedule.
TBL  ______________________________________                                    

     EXAMPLE 2                                                                 

     Ingredients          Weight per cent                                      

     ______________________________________                                    

     1-Ethylsulfonlyethyl-                                                     

     5-(o-chlorophenyl)-7-                                                     

     chloro-1,3-dihydro-2H-                                                    

     1,4-benzodiazepin-2-one                                                   

                          500 mg./lb.                                          

     Calcium sulfate, dihydrate                                                

                          20 mg.                                               

     Gelatin              4 mg.                                                

     Magnesium stearate   1 mg.                                                

     Talc                 2 mg.                                                

     ______________________________________                                    

PAR  The active compound and calcium sulfate, dihydrate are mixed and passed
      through a No. 40 standard mesh screen. The screened mixture is then
      granulated with hot 15% gelatin solution, screened through a No. 10 mesh
      screen and dried overnight at 120.degree. F. The granules are again
      screened through a No. 40 mesh screen and mixed with the magnesium
      stearate and talc. The granules are compressed into implants using a 1/8
      inch flat face punch and die. One implant is administered intramuscularly.
      Other standard methods of preparing and using implants are described in
      U.S. Pat. No. 3,428,729 and the references therein as well as in J. Animal
      Science, 27, 1772 (1968) or J. Biomed. Mater. Res., 1, 433 (1967).
PAR  Other species of the active ingredients of this invention which may be used
      as described above and which are prepared using methods referred to above
      are:
PA1  1-(.beta.-methylsulfonylethyl)-5-phenyl-7-trifluoromethyl-1,3-dihydro-2H-1,
     4-benzodiazepin-2-one,
PA1  1-(.beta.-methylsulfonylethyl)-5-phenyl-7-bromo-1,3-dihydro-2H-1,4-benzodia
     zepin-2-one,
PA1  1-(.beta.-methylsulfonylethyl)-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-
     one,
PA1  1-(.beta.-methylsulfonylethyl-5-(2'-pyridyl)-7-chloro-1,3-dihydro-2H-1,4-be
     nzodiazepin-2-one,
PA1  1-(.beta.-methylsulfonylethyl)-5-(o-fluorophenyl)-7-chloro-1,3-dihydro-2H-1
     ,4-benzodiazepin-2-one,
PA1  1-(.beta.-methylsulfonylethyl)-5-(2'-pyridyl)-7-bromo-1,3-dihydro-2H-1,4-be
     nzodiazepin-2-one,
PA1  1-(.beta.-methylsulfonylethyl)-5-(o-chlorophenyl)-7-chloro-1,3-dihydro-2H-1
     ,4-benzodiazepin-2-one,
PA1  1-(.beta.-methylsulfonylethyl)-5-(o-chlorophenyl)-7-nitro-1,3-dihydro-2H-1,
     4-benzodiazepin-2-one,
PA1  1-(.beta.-methylsulfonylethyl)-5-(o-trifluoromethylphenyl)-7-chloro-1,3-dih
     ydro-2H-1,4-benzodiazepin-2-one,
PA1  1-(.beta.-ethylsulfonylethyl)-5-phenyl-7-chloro-1,3-dihydro-2H-1,4-benzodia
     zepin-2-one,
PA1  1-(.beta.-ethylsulfonylethyl)-5-phenyl-7-trifluoromethyl-1,3-dihydro-2H-1,4
     -benzodiazepin-2-one,
PA1  1-(.beta.-ethylsulfonylethyl)-5-phenyl-7-bromo-1,3-dihydro-2H-1,4-benzodiaz
     epin-2-one,
PA1  1-(.beta.-ethylsulfonylethyl)-5-(2'-pyridyl)-7-bromo-1,3-dihydro-2H-1,4-ben
     zodiazepin-2-one,
PA1  1-(.beta.-ethylsulfonylethyl)-5-(o-tolyl)-7-chloro-1,3-dihydro-2H-1,4-benzo
     diazepin-2-one,
PA1  1-(.beta.-ethylsulfonylethyl)-5-(o-chlorophenyl)-7-nitro-1,3-dihydro-2H-1,4
     -benzodiazepin-2-one,
PA1  1-(.beta.-propylsulfonylethyl)-5-phenyl-7-chloro-1,3-dihydro-2H-1,4-benzodi
     azepin-2-one,
PA1  1-(.beta.-propylsulfonylethyl)-5-phenyl-7-nitro-1,3-dihydro-2H-1,4-benzodia
     zepin-2-one,
PA1  1-(.beta.-isopropylsulfonylethyl)-5-(o-chlorophenyl)-7-chloro-1,3-dihydro-2
     H-1,4-benzodiazepin-2-one,
PA1  1-(.beta.-isopropylsulfonylethyl)-5-(o-tolyl)-7-chloro-1,3-dihydro-2H-1,4-b
     enzodiazepin-2-one,
PA1  1-(.beta.-isopropylsulfonylethyl)-5-(o-chlorophenyl)-7-nitro-1,3-dihydro-2H
     -1,4-benzodiazepin-2-one,
PA1  1-(.gamma.-methylsulfonylpropyl)-5-phenyl-7-chloro-1,3-dihydro-2H-1,4-benzo
     diazepin-2-one,
PA1  1-(.gamma.-methylsulfonylpropyl)-5-phenyl-7-nitro-1,3-dihydro-2H-1,4-benzod
     iazepin-2-one,
PA1  1-(.gamma.-methylsulfonylpropyl)-5-(o-fluorophenyl)-7-chloro-1,3-dihydro-2H
     -1,4-benzodiazepin-2-one,
PA1  1-(.gamma.-methylsulfonylpropyl)-5-(o-chlorophenyl)-7-chloro-1,3-dihydro-2H
     -1,4-benzodiazepin-2-one,
PA1  1-(.gamma.-ethylsulfonylpropyl)-5-phenyl-7-chloro-1,3-dihydro-2H-1,4-benzod
     iazepin-2-one,
PA1  1-(.gamma.-ethylsulfonylpropyl)-5-phenyl-7-nitro-1,3-dihydro-2H-1,4-benzodi
     azepin-2-one,
PA1  1-(.gamma.-ethylsulfonylpropyl)-5-phenyl-7-trifluoromethyl-1,3-dihydro-2H-1
     ,4-benzodiazepin-2-one,
PA1  1-(.gamma.-ethylsulfonylpropyl)-5-phenyl-7-bromo-1,3-dihydro-2H-1,4-benzodi
     azepin-2-one,
PA1  1-(.gamma.-ethylsulfonylpropyl)-5-(2'-pyridyl)-7-chloro-1,3-dihydro-2H-1,4-
     benzodiazepin-2-one,
PA1  1-(.gamma.-ethylsulfonylpropyl)-5-(o-fluorophenyl)-7-chloro-1,3-dihydro-2H-
     1,4-benzodiazepin-2-one,
PA1  1-(.gamma.-ethylsulfonylpropyl)-5-(2'-pyridyl)-7-bromo-1,3-dihydro-2H-1,4-b
     enzodiazepin-2-one,
PA1  1-(.gamma.-ethylsulfonylpropyl)-5-(o-chlorophenyl)-7-chloro-1,3-dihydro-2H-
     1,4-benzodiazepin-2-one,
PA1  1-(.gamma.-ethylsulfonylpropyl)-5-(o-trifluoromethylphenyl)-7-chloro-1,3-di
     hydro-2H-1,4-benzodiazepin-2-one,
PA1  1-(.beta.-ethylsulfonylethyl)-5-(o,o'-difluorophenyl)-7-chloro-1,3-dihydro-
     2H-1,4-benzodiazepin-2-one,
PA1  1-(.beta.-ethylsulfonylethyl)-5-(o,o'-dichlorophenyl)-7-chloro-1,3-dihydro-
     2H-1,4-benzodiazepin-2-one,
PA1  1-(.beta.-ethylsulfonylethyl)-5-(o-fluoro-o'-chlorophenyl)-7-chloro-1,3-dih
     ydro-2H-1,4-benzodiazepin-2-one,
PA1  1-(.beta.-isopropylsulfonylethyl)-5-(o,o'-dichlorophenyl)-7-chloro-1,3-dihy
     dro-2H-1,4-benzodiazepin-2-one,
PA1  1-(.beta.-methylsulfonylethyl)-5-phenyl-7-chloro-1,3-dihydro-2H-1,4-benzodi
     azepin-2-one.
PAR  Other ingredients are prepared by similar methods. Representative active
      ingredients were given by injections to sheep or cattle in the following
      procedures:
PAC  EFFECTS ON FEED INTAKE OF CHEMICALS INJECTED INTRAVENOUSLY INTO SHEEP
PAR  Groups of sheep, fed ad lib, were given fresh feed one hour before
      injection (this resulted in eating and assured that the sheep were
      satiated at injection time). Feed was weighed after 30 and 120 min. Feed
      intakes were compared to an average control intake following injection of
      carrier.
TBL                TABLE I                                                     

     ______________________________________                                    

     Dose     No.      Intake    %                                             

     (mg./sheep)                                                               

              Animals  (g+SEM)   Increase.sup.1                                

     ______________________________________                                    

     7-Chloro-1,3-dihydro-1-methylsulfonylethyl-5-phenyl-2H-                   

     1,4-benzodiazepin-2-one                                                   

     0        30        76.+-.9                                                

     4        8         88.+-.23 105                                           

     8        8        118.+-.14 157                                           

     16       7        222.+-.54 313                                           

     32       8        167.+-.32 223                                           

     7-Chloro-1,3-dihydro-1-ethylsulfonylethyl-5-phenyl-2H-                    

     1,4-benzodiazepin-2-one                                                   

     0        31        73.+-.8.3                                              

     8        8         55.+-.14  79                                           

     16       7        248.+-.39 331                                           

     32       8        284.+-.35 394                                           

     7-Chloro-1,3-dihydro-1-n-propylsulfonylethyl-5-phenyl-2H-                 

     1,4-benzodiazepin-2-one                                                   

     0        30        72.+-.6.8                                              

     8        8        131.+-.24 182                                           

     16       8        113.+-.16 159                                           

     32       8         61.+-.9.9                                              

                                  85                                           

     7-Chloro-1,3-dihydro-5-(o-fluorophenyl)-1-methylsulfonyl-                 

     ethyl-2H-1,4-benzodiazepin-2-one                                          

     0        30        75.+-.10                                               

     1        8         70.+-.21 100                                           

     2        8        123.+-.15 164                                           

     4        8        199.+-.36 237                                           

     8        8         78.+-.25 111                                           

     16       8        404.+-.38 539                                           

     32.sup.2 8        423.+-.79 564                                           

     7-Chloro-1,3-dihydro-1-ethylsulfonylethyl-5-                              

     (o-fluorophenyl)-2H-1,4-benzodiazepin-2-one                               

     0        30        89.+-.12  0                                            

     1        14         87.+-.19                                              

                                  -1                                           

     2        8        192.+-.40 106                                           

     4        8        223.+-.27 140                                           

     16       15       313.+-.72 244                                           

     32       8        132.+-.56 144                                           

     64       8        121.+-.12  44                                           

     ______________________________________                                    

      .sup.1 0 dose is an average of all values used during testing. % increase

      figure is compared to specific control value used for dose.              

      .sup.2 Sheep were slightly ataxic and several were bloated.              

PAC  EFFECTS ON FEED INTAKE OF CHEMICALS INJECTED INTRAVENOUSLY INTO CATTLE
PAR  Groups of cattle, fed ad lib, were given fresh feed 1 hour before injection
      (this resulted in eating and assured that the cattle were satiated at
      injection time). Feed was weighed after 60 min. Feed intakes were compared
      to intake following injection of carrier.
TBL                TABLE II                                                    

     ______________________________________                                    

     Dose     No.      Intake    %                                             

     (mg./steer)                                                               

              Animals  (kg+SEM)  Increase.sup.1                                

     ______________________________________                                    

     7-Chloro-1,3-dihydro-1-ethylsulfonylethyl-5-(o-fluoro-                    

     phenyl)-2H-1,4-benzodiazepin-2-one                                        

      0       8        .18.+-..08                                              

                                  0                                            

      5       8        .37.+-..10                                              

                                 106                                           

     10       7        .36.+-..10                                              

                                 100                                           

     20       8        .48.+-..11                                              

                                 167                                           

     40       8        .79.+-..17                                              

                                 339                                           

     ______________________________________                                    

      .sup.1 0 dose is an average of all values used during testing. % increase

      figure is compared to this average.                                      

PAC  EFFECT ON FEED INTAKE OF CHEMICALS ADMINISTERED IN FEED
PAR  Eight sheep were fed a basal ration for two days. They were then fed for
      two days the basal ration in which chemical had been mixed. Intake of feed
      with drug added was compared to intake of feed with no drug added.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Feed Intake                                                               

              Pretreatment                                                     

                     Treatment                                                 

     Dose     2-Day Av.                                                        

                     First Day 2-Day Average                                   

     (mg./kg                                                                   

         No.  Intake Intake                                                    

                           %   Intake                                          

                                     %                                         

     feed)                                                                     

         Animals                                                               

              (g+SEM)                                                          

                     (g+SEM)                                                   

                           Incr.                                               

                               (g+SEM)                                         

                                     Incr.                                     

     __________________________________________________________________________

     7-Chloro-1,3-dihydro-1-ethylsulfonylethyl-5-(o-fluoro-                    

     phenyl)-2H-1,4-benzodiazepin-2-one                                        

     2   6    1394.+-.93                                                       

                     1427.+-.108                                               

                            2.3                                                

                                1435.+-.107                                    

                                     2.9                                       

     4   8    1456.+-.45                                                       

                     1602.+-.53                                                

                           10.0                                                

                               1568.+-.52                                      

                                     7.6                                       

     8   8    1491.+-.77                                                       

                     1734.+-.68                                                

                           16.2                                                

                               1637.+-.68                                      

                                     9.7                                       

     16  8    1436.+-.77                                                       

                     1629.+-.101                                               

                           13.3                                                

                               1550.+-.89                                      

                                     7.9                                       

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. The method of inducing increased feed efficiency or feed intake in
      immature meat producing animals comprising administering to said animals
      internally in a feed composition or as an implant an effective but
      nontoxic quantity of a compound or one of its pharmaceutically acceptable
      non-toxic acid addition salts of the compound having the formula:
      ##SPC2##
PAL  in which:
PA1  R is hydrogen, nitro, trifluoromethyl or halo;
PA1  R.sub.1 is lower alkyl of 1-4 carbon atoms;
PA1  R.sub.2 is phenyl, 2-pyridyl, o-halophenyl, o-trifluoromethylphenyl or
      o-nitrophenyl; and
PA1  n is an integer of from 2-4.
NUM  2.
PAR  2. The method of claim 1 in which R is halo or trifluoromethyl, R.sub.1 is
      ethyl, R.sub.2 is o-halophenyl or o-trifluoromethylphenyl and n is 2.
NUM  3.
PAR  3. The method of claim 1 in which R is chloro, R.sub.1 is ethyl, R.sub.2 is
      o-halophenyl and n is 2.
NUM  4.
PAR  4. The method of claim 1 in which R is chloro, R.sub.1 is ethyl, R.sub.2 is
      o-chlorophenyl and n is 2.
NUM  5.
PAR  5. The method of claim 1 in which R is chloro, R.sub.1 is ethyl, R.sub.2 is
      o-fluorophenyl and n is 2.
NUM  6.
PAR  6. The method of claim 1 in which the daily oral dose per animal is chosen
      from the range of about 1 mg. to 1 g. of the compound.
NUM  7.
PAR  7. The method of claim 2 in which the daily oral dose per animal is chosen
      from the range of about 1 mg. to 1 g. of the compound.
NUM  8.
PAR  8. The method of claim 4 in which the daily oral dose per animal
      administered in a feed composition is chosen from the range of about 3-150
      mg.
NUM  9.
PAR  9. The method of claim 5 in which the daily dose per animal administered in
      a feed composition is chosen from the range of about 3-150 mg. per sheep
      or cattle.
NUM  10.
PAR  10. A feed composition for meat producing animals having the ability to
      increase the feed intake or feed efficiency of immature meat producing
      animals comprising a veterinary feed carrier and as an active ingredient
      dispersed in said carrier in a quantity sufficient to induce said activity
      in said animals but not toxic and not overtly pharmacodynamic to said
      animals a compound of the formula:
      ##SPC3##
PAL  in which:
PA1  R is hydrogen, nitro, trifluoromethyl or halo;
PA1  R.sub.1 is lower alkyl of 1-4 carbon atoms;
PA1  R.sub.2 is phenyl, 2-pyridyl, o-halophenyl, o-trifluoromethylphenyl or
      o-nitrophenyl; and
PA1  n is an integer of from 2-4.
NUM  11.
PAR  11. The composition of claim 10 in which the compound is
      7-halo-1,3-dihydro-5-(o-halophenyl)-1-ethylsulfonylethyl-2H-1,4-benzodiaze
     pin-2-one within the range of about 3-150 mg. per animal.
NUM  12.
PAR  12. The composition of claim 11 in which the halos are chloro or fluoro.
NUM  13.
PAR  13. The composition of claim 11 in which the halo is chloro and the animal
      is sheep or cattle.
NUM  14.
PAR  14. The composition of claim 11 in which the compound is
      7-chloro-1,3-dihydro-5-(o-fluorophenyl)-1-ethylsulfonylethyl-2H-1,4-benzod
     iazepin-2-one and the animal is sheep or cattle.
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ABST
PAL  Derivatives of L-hydroxyproline and their use in the treatment of
      inflammation and wound healing.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application U.S.
      Ser. No. 243,397, filed Apr. 12, 1972, now U.S. Pat. No. 3,891,765 which
      is a continuation-in-part of application U.S. Ser. No. 81,499, filed Oct.
      16, 1970, now abandoned, which in turn is a continuation-in-part of
      application U.S. Ser. No. 756,410, filed Aug. 30, 1968, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Diseases affecting the connective tissues of the body have been the subject
      of a great deal of investigation for the past two decades. The essential
      amino acid L-hydroxyproline is an important constituent of proteins,
      particularly those proteins comprising the connective tissues. The ready
      availability of this amino acid or of derivatives thereof, which can be
      biologically converted to L-hydroxyproline, provides the basis for
      adjunctive therapy in diseases which affect the replacement or
      regeneration of such connective tissue.
PAR  Derivatives of L-hydroxyproline used in accordance with the present
      invention have been found to be particularly useful in the treatment of
      diseases affecting the connective tissues where such tissues are abundant,
      as for example, in the articulations or connective tissues of the joints.
      More particularly, these derivatives are useful in the treatment of
      various degenerative diseases of the joints such as osteoarthritis. In
      comparison to drugs now in use for the treatment of rheumatic or arthritic
      diseases, all of which are toxic and moderately active, treatment with the
      L-hydroxyproline derivatives in accordance with the present invention is
      characterized by a biological mode of action and also by a nearly complete
      absence of toxicity and side effects.
PAR  Additionally, the derivatives described herein are useful in accelerating
      protein synthesis in the healing of granulating wounds, such as those of
      surgical origin. At present only a very few drugs are active on
      cicatrization, those mostly used being placental extracts such as the
      extract of Centella Asicetica (Madecassol, Laroche Navarron), and
      acetylamino 6-hexanoic acid (Plastenan, Choay).
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a method of treating inflammation in mammals
      which comprises the oral administration to said mammal of a
      therapeutically effective amount of an L-hydroxyproline derivative having
      the formula
      ##SPC1##
PAL  Wherein R.sub.1 is selected from the group consisting of hydrogen, the
      hydrochloride salts thereof and the acetyl radical; R.sub.2 is hydrogen or
      the acetyl radical; and R.sub.3 is selected from the group consisting of
      hydroxyl, the non-toxic salts thereof, NH.sub.2 and the radical
      ##SPC2##
PAR  In addition this invention relates to a method of accelerating or promoting
      the healing of wounds in mammals which comprises the oral administration
      of said L-hydroxyproline derivatives.
PAR  The preferred compounds used in carrying out the methods of this invention
      are N-acetyl-L-hydroxyproline and its non-toxic salts, the preferred salt
      being N-acetyl-L-hydroxyproline zinc salt (2:1).
PAR  This invention also relates to compounds and pharmaceutical compositions
      which are useful in carrying out the aforementioned methods of treatment.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  All of the derivatives described above are simple functional, non-toxic and
      biologically acceptable derivatives of L-hydroxyproline. Thus, the cyclic
      .alpha.-amino nitrogen may be present in the form of either a free,
      cyclized secondary amine, as where the symbol R.sub.1 is hydrogen, or as a
      simple acetamide, as for example where the symbol R.sub.1 is the acetyl
      radical. Where these derivatives exist as a free secondary amine (R.sub.1
      is hydrogen), the hydrochloride salts thereof are also intended to be
      within the scope of this invention.
PAR  The symbol R.sub.2 represents either hydrogen or the acetyl radical. When
      R.sub.2 is hydrogen the free alcohol is, of course, present.
PAR  The carboxylic acid function is also subject to minor modifications without
      appreciably altering the biological usefulness of these derivatives. Thus,
      the simple amides are obtained where the symbol R.sub.3 represents the
      NH.sub.2 radical.
PAR  The secondary amide obtained by the reaction of 2-amino-benzoic acid or
      anthranilic acid is defined where the symbol R.sub.3 represents the
      radical
      ##SPC3##
PAL  Where R.sub.3 represents hydrogen, the parent amino acid is, of course,
      defined. Also included within the scope of the present invention are the
      non-toxic carboxylic acid salts. Illustrative of these non-toxic salts are
      the sodium, potassium, magnesium, calcium, barium, copper, aluminum or
      silicon salts. Of these non-toxic salts the zinc salt is preferred because
      of its known astringent properties and its ability to promote wound
      healing.
PAR  Illustrative specific base compounds encompassed by the general formula
      illustrated above include the compounds N-acetyl-L-hydroxyproline,
      N,O-diacetyl-L-hydroxyproline, O-acetyl-L-hydroxyproline,
      .alpha.-hydroxyprolinamide, N-acetyl-L-prolinamide and
      N,O-diacetyl-L-prolinamide or N-acetyl-.alpha.-hydroxyprolylanthranilic
      acid.
PAC  Mode of Preparation
PAR  The L-hydroxyproline derivatives are prepared by acetylation of the
      nitrogen of an L-hydroxyproline having the formula,
      ##SPC4##
PAL  by reaction with acetic anhydride at elevated temperatures, including
      reflux temperatures, in an acetic acid medium. Additionally or
      alternatively, acetylation of the oxygen atom in position 4 can be
      achieved by the reaction with acetyl chloride at a lower temperature in an
      acetic and hydrochloride acid medium.
PAR  L-hydroxyproline or its previously obtained acetylated derivatives are
      amidified by reaction in the cold, first with ethanol in an anhydrous
      hydrochloride acid medium, followed by reaction with methanol ammonia.
PAR  Salts of the acetylated derivatives of L-hydroxyproline are obtained by
      reaction of the corresponding acetylated L-hydroxyproline compound in
      solution with an oxide or hydroxide of the following metals: Na, K, Mg,
      Ca, Ba, Cu, Zn, Al or Si.
PAR  The diacetylated derivatives of L-hydroxyproline are reacted in the cold
      with methyl anthranilate and the resulting methyl
      (N,O-diacetyl)-L-hydroxyprolylanthranilate can be hydrolyzed in the cold
      to yield (N-acetyl) L-hydroxyprolylanthranilic acid.
PAR  Detailed procedures are described as follows:
PA1  1. Acetylation
PA2  a. N-acetylation; R.sub.1 = COCH.sub.3
PAR  Sixteen and seven tenths grams (0.127 mole) of L-hydroxyproline are
      dissolved in 400 ml. of pure boiling acetic acid. Under rapid boiling and
      agitation conditions, a mixture of 13.7 ml (0.145 mole) of rectified
      acetic anhydride and 250 ml of pure acetic acid is added during 25
      minutes. Without discontinuing the stirring, the flask content is cooled
      by simply causing a fresh air circulation externally of the flask until
      the mixture temperature is reduced to about 35.degree.C. The acetic acid
      is removed by using a rotary evaporator without exceeding 35.degree.C.
      under a vacuum of about 15 mm. Hg. After one hour, 30 ml of anhydrous
      toluene are added, then 10 ml of anhydrous ketone, the mix is homogenized
      and concentrated again as above for 30 minutes. Then 25 ml of ketone are
      added again, and subsequently 20 ml of toluene, the product being
      concentrated again; little by little the solution is converted into an
      amber colored crystallized paste. Finally, 30 ml of ketone are added to
      the residue, and stirring is carried out until the oily fraction wrapping
      the crystals is dissolved. The product is then cooled in an ice chamber,
      centrifugated and washed with anhydrous ketone, and eventually dried.
      Yield: 62%; m.p. (Kofler bench): 130.degree.C. After recrystallization in
      ketone, crystals are obtained, m.p. = 132.degree.C, which constitute the
      following compound (m.w. = molecular weight and m.p. = melting point):
      ##SPC5##
PAL  referred to as Co61 N-acetyl L-hydroxyproline; m.w. = 173.17; m.p. =
      132.degree.C. This is a white powder, soluble in water and very soluble in
      alcohol, insoluble in ether and chloroform, soluble in methanol.
PA1  b. O-acetylation; R.sub.2 = COCH.sub.3
PAR  Two hundred seventy one milligrams (1.56 moles) of N-acetyl
      L-hydroxyproline are dissolved in 0.5 ml of pure crystallizable acetic
      acid under magnetic stirring. Subsequently, 0.2 ml of 1.1 N aqueous HCl
      are added, then, while cooling to O.degree.C. (ice + water), 2.12 ml (22.4
      mole) of pure acetyl chloride are added. The resulting solution is
      concentrated in vacuo by using a water-jet pump and at 20.degree.C., 2 ml
      of pure anhydrous toluene are added; the mix is then homogenized and
      concentrated at a maximum temperature of 25.degree.C. The toluene
      carry-down operation is repeated by using first, 2 ml and then 1 ml of
      this solvent, without allowing the temperature to exceed 35.degree.C. The
      resulting oil is dissolved in 1 ml of pure anhydrous ketone and
      concentrated at a maximum temperature of 20.degree.C.; the complete mass
      crystallizes into fine needles a short time thereafter. The last traces of
      acetic acid are expelled until a constant weight is obtained in a drying
      apparatus lined with KOH. Yield = 97.5%.
PAR  The compound thus obtained has the following composition:
      ##SPC6##
PAL  (Referred to as PC 67.5) (N,O-diacetyl) L-hydroxyproline; m.p. =
      135.degree.C.
PAR  By applying the same method it is possible to use L-hydroxyproline in lieu
      of N-acetyl hydroxyproline and thus obtain the following compound:
      ##SPC7##
PAL  (Referred to as Co62 ), O-acetyl L-hydroxyproline hydrochloride; m.w. =
      207.607; m.p. = 180.degree.C. White crystals are obtained which are
      soluble in water, very moderately soluble in absolute alcohol, insoluble
      in isopropyl alcohol.
PA1  2. Amidification
PA2  a. From L-hydroxyproline
PAR  Fifty grams (0.38 mole) of L-hydroxyproline are weighed and put into 1.5
      liters of ethanol. In this suspension, gaseous dry hydrochloric acid is
      caused to flow through this suspension until the hydroxyproline is
      dissolved completely, while keeping the temperature at about 10.degree.C.
      The solution is then evaporated to the dry state, and subsequently carried
      down once or twice by using ketone. The resulting product is crystallized
      by using ketone and methanol, and then centrifuged and dried. Thus, 68.3 g
      (0.35 mole) of crystallized, dry product, having a m.p. = 145.degree.C.,
      are obtained, which consists of hydroxyproline ethylester hydrochloride.
      The 68.3 g are dissolved in one liter of a 4N methanol ammonia suspension
      (4 moles). The mix is allowed to rest at room temperature during 5 to 6
      days, then evaporated in the dry state. The product is then crystallized
      in methanol, centrifuged and dried.
PAR  Thus, 46 g (.276 mole) of L-hydroxyprolinamide hydrochloride are produced
      as follows:
      ##SPC8##
PAL  (Referred to as PC 66.1) m.p. = 215.degree.C.
PA2  b. From N-acetyl L-hydroxyproline:
PAR  1. In a 3-liter Erlenmeyer flask provided with a pipe dipping to the flat
      bottom for introducing the gas, and also with a vertical agitator, a
      thermometer and a calcium chloride tube for venting to the free
      atmosphere, 1 liter of ethanol and 100 g. (0.578 mole) of
      N-acetyl-4-hydroxy-L-proline are introduced, and gaseous hydrochloric acid
      is caused to flow through the solution thus obtained and kept at
      10.degree.C., until it is saturated.
PAR  After allowing to rest during 48 hours, the ethanol is evaporated in vacuo.
PAR  The product is centrifuged and filtered.
PAR  Thus, 100 g (.5 mole) of the following ester are obtained:
      ##SPC9##
PAL  Ethyl N-acetyl-4-hydroxy-L-prolinate; m.p. = 106.degree. to 108.degree.C.
PAR  2. One hundred grams (0.5 mole) of ethyl N-acetyl-4-hydroxy-L-prolinate are
      mixed with 700 c.c. of 7N methanol ammonia in a thick glass bottle. The
      bottle is sealed and allowed to rest at room temperature during 8 days.
PAR  Then the content is filtered and subsequently evaporated in vacuo, the
      addition of ketone to the residue yielding the crystalline amide.
PAR  The acetyl-hydroxyamide is crystallized by using a mixture of 50% methanol
      and 50% ketone.
PAR  After centrifuging and drying, 50 g (0.29 mole) of
      N-acetyl-L-hydroxyprolinamide are obtained (yield = 58%):
      ##SPC10##
PAL  (Referred to as PC 68.5) N-acetyl L-hydroxyprolinamide m.p. = 161.degree.
      to 163.degree.C.
PAR  The same procedure is applied starting with (N,O-diacetyl) L-hydroxyproline
      to obtain (N,O-diacetyl)-L-hydroxyprolinamide.
PAR  3. Salts of acetylated derivatives
PAR  The acetylated derivatives obtained as per procedure 1 can be converted to
      the corresponding salts by conventional methods, that is, by reacting the
      metal oxide or hydroxide with the acetylated derivative in solution form;
      Cu (OH)2 is used in the case of copper, ZnO in the case of zinc, Al(OH)3
      in the case of aluminum, etc.
PAC  EXAMPLE
PAR  N-acetyl-L-hydroxyproline, 34.6 gms (0.2 mole) is dissolved in
      approximately 500 ml of water and heated to effect solution. Finely
      divided zinc oxide, 8.1 gms (0.1 mole), is slowly added with stirring.
      Stirring is continued for 1 hour and the solution permitted to cool. The
      N-acetyl-L-hydroxyproline zinc salt (2:1) is recovered having the formula:
      ##SPC11##
PAL  (Referred to as PC 68.2) m.p. = 120.degree.C. In addition to zinc, this is
      applicable to sodium, potassium, calcium, barium, aluminum, silicon,
      magnesium and copper.
PAR  4. Preparation of (N-acetyl) L-hydroxyprolylanthranilic acid
PAR  From PC 67.5 [(N,O-diacetyl)-L-hydroxyproline] obtained by carrying out
      method 1 (b) hereinabove, (N-acetyl) L-hydroxyprolylanthranilic acid,
      referred to as PC 68.1, can be prepared as follows:
PAR  Methyl (N,O-diacetyl) L-hydroxyprolylanthranilate (PC 67.9).
PAR  Twenty-two and one hundred fifty-six thousandths grams (0.103 mole) of
      N,O-diacetyl L-hydroxyproline (PC 67.5), m.p. = 132.5 .degree.C., are
      dissolved in 554 ml of tetrahydrofurane (THF). Thirty-one grams (0.205
      mole) of methyl anthranilate are then added, and after the dissolution
      thereof (during about 30 min.) 42.5 g (0.205 mole) of
      N,N'-dicyclohexylcarbodiimide are added all at once under magnetic
      stirring and cooling to 0.degree.C.
PAR  After storage during 20 to 24 hours in a refrigerator, with intermittent
      short manual agitation, the resulting dicyclohexylurea (83% of the
      theoretical amount, m.p. = 234.degree.C.) is centrifuged, washed with 150
      ml of THF, and the filtrate is eventually concentrated in vacuo at
      20.degree.-25.degree.C. (max.) until a constant weight is obtained (about
      10 hours).
PAR  The resulting oil and crystal mixture is heated under reflux conditions
      with 670 ml of anhydrous petroleum ether (b.p. 40.degree. to
      65.degree.C.); the product is allowed to cool to room temperature,
      decanted, washed with 170 ml of the same solvent, and decanted again.
PAR  The same operation is repeated by using 500 ml of petroleum ether for the
      reflux step and 80 ml for the washing step.
PAR  A third treatment conducted with 330 and 40 ml of the same solvent
      respectively (a centrifugation) is substituted however for the
      decantation) yields, after drying in vacuo, 28 to 29 g (80% of theoretical
      amount) of raw product (duration of the three treatments =0 8 hours):
      ##SPC12##
PAL  (PC 67.9); m.p. = 110.degree. to 114.degree.C.
PAC  (N-acetyl) L-hydroxyprolylanthranilic acid (PC 68.1)
PAR  After allowing a 19.735-gram (0.0567 mole) suspension of methyl
      (N,O-diacetyl) L-hydroxyprolylanthranilate (PC 67.9) in a mixture
      consisting of 518 ml of H.sub.2 O and 27.4 ml of NaOH (4.15 N) (.1134
      equivalent) to remain in contact at 0.degree.C. during 70 hours, of which
      4 hours is under stirring, the resulting homogeneous solution is passed
      during 20 min. over 72 ml of ion-exchange resins IR-120 (H.sup.+)
      "Amberlite" of the analytic type (height to diameter ratio = 8), the pH
      value of the eluated substance being about 4.
PAR  The resins are washed with 100 ml of H.sub.2 O.
PAR  The eluate and wash water are concentrated by using 2 to 3 successive jets
      at 28.degree.C. (max.) in a rotary evaporator in vacuo, followed by
      centrifugation and drying in vacuo.
PAR  Thus, 15.1 g of raw products (91% of the theoretical amount) having a very
      satisfactory degree of purity are obtained:
      ##SPC13##
PAL  (PC 68.1); m.p. = 209.degree.C.
PAR  The compounds described herein exhibit valuable pharmacological properties.
      More particularly, these L-hydroxyproline derivatives possess both
      anti-inflammatory as well as wound healing properties with respect to the
      connective tissues as determined by the following standard, conventional
      tests used for evaluating anti-inflammatory activity and cicatrization or
      wound healing ability.
PAC  TURPENTINE MICRO-ABCESS TEST
PAR  White male rats weighing about 150-60 grams are used as the test animal.
      After carefully shaving the skin and disinfecting it with alcohol, the
      test animals receive a 0.2 ml subcutaneous injection of rectified
      turpentine oil in the upper-inner portion of the lumbar region. This
      injection is made following a moderate anesthesia with ether. The animals
      are then treated two hours subsequent to their recovery from the action of
      the anesthetic drug, treatment being continued during a period of from 5
      to 10 days.
PAR  The test compounds are all administered by the oral route. Following
      treatment the animals are sacrificed by decapitation. The granulomas which
      form are removed, carefully dissected, dried between two sheets of filter
      paper and weighed. Each granuloma is divided into two fractions, one of
      which is used for histological examination and the other for a biochemical
      determination. The left suprarenal gland is removed and examined in order
      to determine any possible corticotropic effects of the products
      administered. Each derivative is administered in three doses: 8, 32 and
      128 milligrams per kilogram. The results are compared with those obtained
      from the non-treated or control group as well as those obtained with a
      group of test animals treated with indomethacine, a known
      anti-inflammatory agent.
PAR  The weight of the granulomas obtained from the groups of animals treated
      with the test compounds are reduced in comparison to the granulomas
      obtained from the reference or control group of animals. In addition,
      these granulomas weighed as much or less than the granulomas obtained from
      the group of animals which were treated with indomethacine. The water
      content is unaltered, as well as the rate of desoxyribonucleic acid. The
      ribonucleic acid rate was increased significantly. The histochemical study
      confirmed the results of the biochemical study, namely, the quantity of
      collagen is significantly reduced in comparison to the control group, and
      the number of fibroblasts is increased.
PAR  The conclusion of the biochemical study is that the compounds involved
      exert a powerful anti-inflammatory action in mammals which is not
      necessarily proportional to a system of doses. The term "mammal" refers to
      warm-blooded higher vertebrates such as mice, rats, guinea pigs, rabbits,
      ferrets, dogs, cats, horses, cows, and primates, including humans.
PAC  CICATRIZATION
PAR  White male rats weighing about 150-160 grams are again used as the test
      animal. After carefully shaving the skin and disinfecting it with alcohol,
      the animals are moderately anesthetized with ether. A wound having
      strictly the same length and depth is made in all of the animals. One
      group of animals is taken as a control or reference group, while the other
      animals are treated with the various test compounds. In each group of
      animals, lots are determined at random for sacrificing the animals at the
      third, sixth, ninth and twelfth day, the remainder of the animals being
      sacrificed on the fifteenth day. All of the substances are administered
      orally at a dose of 8, 32 and 128 milligrams per kilogram. After
      sacrificing the animals, the wounds are removed in order to study the
      tensile strength of the cicatrice and for their histological examination.
PAR  The following results are obtained. Cicatrization time of the experimental
      wounds of the test animals treated with the L-hydroxyproline derivatives
      was about half the time required for similar wound healing in the control
      group of animals. Examination of the wound sites indicated wound healings
      which were definitely sharper and which were rapidly being filled by the
      budding of healthy connective tissue. The cicatrices obtained from the
      test animals were clean, firm, and both macroscopically and
      microscopically normal in appearance. Most surprisingly, the hair was
      beginning to grow again over the cicatrice, a fact not observed in any of
      the reference animals. Favorable results were obtained with even the
      smallest dose and were not necessarily proportional to a system of doses
      for any of the test compounds being examined.
PAR  The conclusion is that the L-hydroxyproline derivatives of the present
      invention exert a trophic action on the connective tissues, which is
      useful in the cicatrization of accidental or surgical wounds.
PAR  The zinc salts of the free carboxylic acid derivative, and particularly the
      N-acetyl-L-hydroxyproline zinc salt (2:1), are of value in accelerating
      the healing of granulating wounds. Zinc is known to act as an astringent
      and cause the shrinkage of edematous tissues. It is also an integral part
      of a number of enzymes which are important in protein and carbohydrate
      synthesis in metabolism. Pories et. al., Lancet 1, 121 (1967), have shown
      that the oral administration of zinc sulfate promotes the healing of
      granulating wounds caused by surgical excision of pilonidalsinus tracts.
      Thus, the combined therapeutic effect of the L-hydroxyproline derivatives
      on the one hand, and the known therapeutic effect of zinc on the other
      hand, renders the zinc salts for these compounds of particular value in
      the present invention.
PAR  When an equivalent dosage of zinc sulfate is concomitantly administered
      with N-acetyl-L-hydroxyproline, patients frequently experience a mild
      transient gastric discomfort and/or nausea. Attempts to avoid or minimize
      such occurrences have been made by the administration of the active
      ingredients with meals. Although reducing the incidence of nausea, the
      effectiveness of these agents in accelerating wound healing is thereby
      also diminished. Administration of the active ingredients in the form of
      their N-acetyl-L-hydroxyproline zinc salt (2:1), permits the oral
      administration of zinc without the concomitant nausea generally associated
      therewith, and thereby still retain the desired maximum efficacy of the
      therapeutic agent employed.
PAR  When used for their wound healing effects, the compounds of the present
      invention are administered and used in the same manner and in the same
      dosage ranges as if they were being used to treat inflammation. The
      treatment of inflammation in accordance with this invention is
      accomplished by administering an effective amount of a L-hydroxyproline
      derivative, particularly the preferred compound N-acetyl-L-hydroxyproline
      or its non-toxic salts, in a pharmaceutically acceptable carrier.
      Preferably, the pharmaceutical carrier is in the form of a tablet or
      capsule.
PAR  The non-toxic pharmaceutical carrier may be either solid or liquid.
      Illustrative of solid carriers are lactose, corn starch, gelatin, talc,
      stearic acid, magnesium stearate, sucrose, agar, pectin and acacia.
      Illustrative of liquid carriers are peanut oil, olive oil, sesame oil,
      saline solution and water. Additionally, the carrier or diluent may
      include a time delay material such as glyceryl monostearate or glyceryl
      distearate with or without a wax.
PAR  Several pharmaceutical dosage unit forms of the therapeutically useful
      compositions can be used. For example, if a solid carrier is used, the
      compositions may take the form of tablets, capsules, powders, troches or
      lozenges, prepared by standard pharmaceutical techniques. If a liquid
      carrier is used the preparation may be in the form of a soft gelatin
      capsule, a syrup or a liquid suspension. Additionally, ointments, pomades
      or gels can be utilized for topical administration. Parenteral dosage unit
      forms which are useful for subcutaneous, intramuscular or intravenous
      administration may also be advantageously employed. To enhance their
      stability the composition can be frozen after filling into a vial and the
      water removed under vacuum. The dry lyophilized powder is then sealed in
      the vial and an accompanying vial of water for injection is supplied to
      reconstitute the powder immediately prior to use.
PAR  The active compounds and compositions of this invention are present in an
      amount sufficient to treat inflammation. Advantageously, the active
      ingredients are administered daily in amounts ranging from about 8 to 128
      milligrams per kilogram. In humans, the preferred compounds administered
      in an amount of from about 4 milligrams to 12 milligrams per kilogram of
      body weight per day. For an average human weighing 75 kilograms a
      therapeutically effective amount comprises from about 300 to 900
      milligrams of active ingredient administered daily. It should be
      understood, however, that although preferred dosage ranges are given, the
      dosage level for a given patient depends upon the activity of the specific
      compound employed. Additionally many other factors which modify the
      actions of drugs must be taken into account by those skilled in the
      therapeutic use of medicinal agents, as for example, age, body weight,
      sex, diet, time of administration, route of administration, rate of
      excretion, drug combination, reaction sensitivities and severity of the
      disease.
PAR  The compounds of this invention are preferably administered in oral dosage
      form in dosages which contain from 50 to 200 milligrams per dose. The
      compounds of choice, and in particular the compounds
      N-acetyl-L-hydroxyproline zinc salt (2:1), are most preferably
      administered three to eight times daily in tablet form, each tablet
      containing 100 milligrams of active substance. Examples of such oral
      dosage units include the following:
PA1  a. N-acetyl-L-hydroxyprolinamide: 100 mg, excipients, q.s. for 1 tablet;
PA1  b. N-acetyl-L-hydroxyproline: 100 mg, excipients, q.s. for 1 tablet;
PA1  c. N-acetyl-L-hydroxyproline zinc salt (2:1): 100 mg, excipients, q.s. for
      1 tablet.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for promoting the healing of wounds in mammals which comprises
      the oral administration to said mammal of a therapeutically effective
      amount of an L-hydroxyproline derivative selected from the group
      consisting of N-acetyl-L-hydroxyproline, N,O-diacetyl-L-hydroxyproline,
      O-acetyl-L-hydroxyproline L-hydroxyprolinamide, ethyl
      N-acetyl-4-hydroxy-L-prolinate, N-acetyl-L-hydroxyprolinamide,
      N-acetyl-L-hydroxy-prolylanthranilic acid and the hydrochloride or
      non-toxic, pharmaceutically acceptable alkali metal, alkaline earth,
      copper, aluminum, silicon and zinc salts thereof.
NUM  2.
PAR  2. A method according to claim 1 in which the mammals are human and the
      L-hydroxyproline derivative is N-acetyl-L-hydroxyproline or a non-toxic
      salt thereof.
NUM  3.
PAR  3. A method according to claim 2 in which the non-toxic salt is zinc.
NUM  4.
PAR  4. An oral composition in tablet or capsule form suitable for promoting the
      healing of wounds in mammals comprising from 100 mg. to 200 mg. of an
      L-hydroxyproline derivative selected from the group consisting of
      N-acetyl-L-hydroxyproline, N,O-diacetyl-L-hydroxyproline,
      O-acetyl-L-hydroxyproline, L-hydroxyprolinamide, ethyl
      N-acetyl-4-hydroxy-L-prolinate, N-acetyl-L-hydroxyprolinamide,
      N-acetyl-L-hydroxyprolylanthranilic acid and the hydrochloride or
      non-toxic, pharmaceutically acceptable alkali metal, alkaline earth,
      copper, aluminum, silicon and zinc salts thereof, and a pharmaceutical
      carrier.
NUM  5.
PAR  5. A composition according to claim 4 in which the L-hydroxyproline
      derivative is N-acetyl-L-hydroxyproline or a non-toxic salt thereof.
NUM  6.
PAR  6. A composition according to claim 5 in which the non-toxic salt is zinc.
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ABST
PAL  Compounds of the formulae:
      ##SPC1##
PAL  And the salts thereof with pharmaceutically acceptable cations wherein
      R.sup.1 is 3-trifluoromethyl, chloro, bromo or fluoro; n and m are each
      two or three; X is oxygen or sulphur; R.sup.2 and R.sup.3, when taken
      separately, are each hydrogen or alkyl having 1 to 4 carbon atoms; R.sup.2
      and R.sup.3, when taken together, are alkylene having 2 to 4 carbon atoms;
      Y is methylene or a single bond; R.sup.4 and R.sup.5, when taken
      separately, are each hydrogen, hydroxy or alkoxy having 1 to 4 carbon
      atoms, and R.sup.4 and R.sup.5, when taken together, are oxo or alkylene
      dioxy having 2 to 4 carbon atoms, each oxygen atom in R.sup.4 and R.sup.5,
      when taken separately, and in R.sup.4 and R.sup.5, when taken together,
      being separated from the nitrogen atom of the heterocyclic ring by two or
      more carbon atoms, said compounds being cerebral vasodilators.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 386,854 filed Aug.
      9, 1973.
BSUM
PAR  This invention relates to cyclic N-substituted derivatives of 1,4-benzene
      disulphonamide which have cerebral vasodilator activity and are therefore
      useful for treating conditions attributable to a restriction of blood flow
      to the brain. Such conditions include atherosclerosis, occlusion of blood
      vessels in the brain, stroke and other cerebrovascular diseases.
      Particularly useful compounds according to this aspect of the invention
      are those which have a selective effect on the cerebral vasculature, with
      a comparatively small effect on blood vessels in other tissues such as
      peripheral tissue and the kidneys, and so do not cause a serious fall in
      blood pressure or increase in diuresis.
PAR  The aforesaid derivatives include compounds of the formula
      ##SPC2##
PAL  Those of the formula
      ##SPC3##
PAL  And the salts thereof with pharmaceutically acceptable cations wherein
      R.sup.1 is 3-trifluoromethyl, chloro, bromo or fluoro; n and m are each
      two or three; X is oxygen or sulphur; R.sup.2 and R.sup.3, when taken
      separately, are each hydrogen or alkyl having 1 to 4 carbon atoms; R.sup.2
      and R.sup.3, when taken together, are alkylene having 2 to 4 carbon atoms;
      Y is methylene or a single bond; R.sup.4 and R.sup.5, when taken
      separately, are each hydrogen, hydroxy or alkoxy having 1 to 4 carbon
      atoms and R.sup.4 and R.sup.5, when taken together, are oxo or alkylene
      dioxy having 2 to 4 carbon atoms, each oxygen atom in R.sup.4 and R.sup.5,
      when taken separately, and in R.sup.4 and R.sup.5, when taken together,
      being separated from the nitrogen atom of the heterocyclic ring by two or
      more carbon atoms.
PAR  Certain of the aforesaid compounds are old in the art as shown in U.S. Pat.
      No. 3,165,550. Those of the aforesaid compounds of the present invention
      which are unobvious include compounds of formula (I) and formula (II) and
      the salts thereof with pharmaceutically acceptable cations wherein R.sup.1
      is 3-trifluoromethyl, chloro, bromo or fluoro; n and m are each 2 or 3; X
      is oxygen; R.sup.2 and R.sup.3, when taken separately, are each alkyl
      having 1 to 4 carbon atoms; R.sup.2 and R.sup.3, when taken together, are
      alkylene having 2 to 4 carbon atoms; Y is methylene; R.sup.4, when taken
      separately, is hydroxy or alkoxy having 1 to 4 carbon atoms; R.sup.5, when
      taken separately, is hydrogen, hydroxy or alkoxy having 1 to 4 carbon
      atoms and R.sup.4 and R.sup.5, when taken together, are oxo or alkylene
      dioxy having 2 to 4 carbon atoms, each oxygen atom in R.sup.4 and R.sup.5
      , when taken separately, and in R.sup.4 and R.sup.5, when taken together,
      being separated from the nitrogen atom of the heterocyclic ring by two or
      more carbon atoms.
PAR  Preferred compounds of the invention having cerebral vasodilator activity
      are those of formula (I) in which X is an oxygen atom. Another preferred
      group are those compounds of formula (II) in which Y is a methylene group
      and R.sup.4 and R.sup.5 together represent an oxo group or an alkylene
      dioxy group having 1 to 4 carbon atoms, each of these being attached to
      the methylene group, i.e., to Y. Another preferred group of compounds are
      those of formula (II) wherein Y is methylene, R.sup.4 is hydroxy or alkoxy
      having 1 to 4 carbon atoms and R.sup.5 is hydrogen. Of those preferred
      compounds of formula (I) in which X is an oxygen atom, particularly
      preferred are those in which R.sup.2 and R.sup.3 are each alkyl having 1
      to 4 carbon atoms. Of those preferred compounds in which Y is a methylene
      group or an oxygen atom, particularly preferred are those in which n and m
      are each 2, i.e., the heterocyclic ring is a 4-piperidone ring or a
      dialkyl or alkylene ketal thereof, or a morpholine ring.
PAR  Also particularly preferred for their cerebral vasodilator activity are
      compounds of the invention having one or more of the preferred structural
      characteristics just mentioned wherein R.sup.1 is 2-chloro, 2-bromo or
      3-trifluoromethyl.
PAR  The compounds of this invention, other than those in which R.sup.4 and
      R.sup.5 together are an oxo group, may be prepared from
      4-sulphamoyl-benzene sulphonyl chlorides of the formula:
      ##SPC4##
PAL  by reaction with a cyclic amine of the formula:
      ##EQU1##
      or with a cyclic amine of the formula:
      ##EQU2##
      in a suitable solvent, e.g., acetone or dichloromethane. Preferably, the
      reaction is carried out in the presence of an excess of the amine reactant
      or in the presence of an equivalent amount of an organic tertiary amine to
      remove the hydrochloric acid formed in the reaction. The reaction is
      completed in from 1 to 24 hours at 20.degree.C. or may be carried out at
      elevated temperatures, i.e., 30 to 100.degree.C. for periods of from 1 to
      8 hours. The product may be isolated by simply adding the reaction mixture
      to normal aqueous hydrochloric acid solution, filtering, washing and
      recrystallizing from a suitable solvent.
PAR  Compounds of the invention in which R.sup.1 consists of chloro, bromo,
      fluoro or trifluoromethyl, in positions meta to the unsubstituted
      sulphamoyl group, may also be prepared from the appropriately substituted
      4-nitrobenzene sulphonyl chloride by reaction first with the cyclic amine
      of formula (IV) or (V) to form a compound of the formula:
      ##SPC5##
PAL  or of the formula:
      ##SPC6##
PAL  wherein R.sup.1 is a chlorine, bromine or fluorine atom or a
      trifluoromethyl group and R.sup.4 and R.sup.5, together, are not an oxo
      group, and the compound of formula (VIII) or (IX) is then reduced to the
      corresponding amino compound and the latter is converted to the
      corresponding sulphamoyl compound by diazotization, treatment with sulphur
      dioxide in the presence of a cupric salt and then with ammonia.
PAR  Finally compounds in which R.sup.4 and R.sup.5 together are an oxo group
      are prepared from the corresponding dialkyl or alkylene ketals, i.e.,
      compounds of formula (II) in which R.sup.4 and R.sup.5 are two alkoxy
      groups or an alkylene dioxy group attached to a single carbon atom, by
      methods well known in the art, e.g., by treatment with concentrated
      hydrochloric acid in aqueous dimethylformamide.
PAR  The salts of the present invention include those based on any
      pharmaceutically acceptable cation. The preferred pharmaceutically
      acceptable cations are those of the alkali metals, particularly sodium and
      potassium. Said salts are easily obtained in accordance with conventional
      methods. For example, the selected compound of formula (I) or formula (II)
      is dissolved in an aqueous or alcoholic solution of an alkali metal
      hydroxide such as sodium or potassium hydroxide and the resulting solution
      is simply concentrated.
PAR  In accordance with the treatment method of the present invention the herein
      described compounds can be administered to an affected subject via the
      oral or parenteral route. Generally, there is a significant effect in
      increasing cerebral blood flow in cats, dogs and baboons at dose levels of
      from 2.5 to 25 mg/kg intravenously or from 10 to 50 mg/kg orally when
      administered three times a day, the effect being cumulative. Although the
      physician will determine the precise dosage for a human patient, it
      generally will range from 0.5 to 100 mg/kg for intravenous administration
      and from 2 to 200 mg/kg for oral administration, each dosage form being
      administered four times a day.
PAR  The compounds of the invention may be administered alone, but will
      generally be administered in admixture with a pharmaceutical carrier
      selected with regard to the intended route of administration and standard
      pharmaceutical practice.
PAR  For administration orally in the form of tablets, or capsules, it has been
      found advantageous to dissolve or disperse the compound in finely divided
      form (e.g. 30 microns or less in dimensions) in a matrix of a high
      molecular weight solid polyethylene glycol, e.g. a polyethylene glycol of
      average molecular weight 6,000 to 7,500 such as "Carbowax" 6,000. A
      non-ionic wetting agent as dispersion aid, e.g. a polyoxyethylene
      mono-stearate of average molecular weight about 1,000 such as "Myrj" 52,
      is preferably also included. For this type of formulation, the compound
      together with the dispersion aid may be dissolved in the molten
      polyethylene glycol and cooled, or alternatively may be mixed as an
      aqueous dispersion with the polyethylene glycol to form a paste and dried,
      and then, together with other excipients if desired, either granulated
      prior to compression into tablets or filled directly into capsules, by
      techniques well known in the art.
PAR  Alternatively, tablets may be formed in which a major part of the excipient
      is composed of a material which, when compressed, has a slower rate of
      dissolution than that normally achieved by standard tableting practice.
      Such materials include sugars and edible aminoacids such as glycine. The
      compound (in finely divided form) is preferably first mixed with the said
      material and then granulated with a comparatively small amount of the high
      molecular weight polyethylene glycol and a dispersion aid, before forming
      into tablets in the usual way.
PAR  For parenteral administration, the compounds, being acidic, are best used
      in the form of sterile aqueous solutions of their alkali metal (e.g.
      sodium) salts aand such solutions may contain other solutes (e.g. sodium
      chloride) to ensure the stability of the solutions and their compatibility
      with body fluids, e.g. blood, when the compound is to be administered
      intravenously, intramuscularly or subcutaneously. The alkali metal salt
      solution may conveniently be formed by dissolving the compound (and any
      other solute required) in the sterile water and adjusting the pH to a
      value in the range from 10.5 to 12.0 with the appropriate alkali metal
      hydroxide.
PAR  The following examples illustrate preparation of the cerebral vasodilators
      of this invention.
DETD
PAC  EXAMPLE I
PAC  2-Chloro-4-(4-methoxypiperidinosulphonyl)benzene sulphonamide
PAR  Triethylamine (4.2 ml) and 4-methoxypiperidine (3.15 g) were added to a
      solution of 3-chloro-4-sulphamoyl-benzene sulphonyl chloride (8.7 g) in
      acetone (100 ml). The mixture was stirred at room temperature for 1 hour
      and then poured into 50 ml of N-hydrochloric acid. The resulting product
      was removed by filtration, washed with water and recrystallized from
      isopropanol to give the desired compound (8.4 g), m.p.
      165.degree.-167.degree.C.
PAR  Analysis:
PAR  Found: C, 39.16; H, 4.91; N, 7.53%.
PAR  Calculated for C.sub.12 H.sub.17 ClN.sub.2 O.sub.5 S.sub.2 : C, 39.06; H,
      4.64; N, 7.59%.
PAC  EXAMPLES II to XXII
PAR  The compounds shown in Table I were prepared by the method of Example I,
      using the appropriate cyclic amine and substituted 4-sulphamoyl-benzene
      sulphonyl chloride as starting material. The R.sup.1 -substituted
      4-sulphamoyl-benzene sulphonyl chloride starting materials for these
      Example, as well as for Example I, are either known compounds, disclosed
      in U.S. Pat. No. 3,165,550, or are readily prepared by the methods
      described therein, from the corresponding R.sup.1 -substituted
      4-aminobenzene sulphonamides.
PAR  The compounds of Table I are represented by the formula:
      ##SPC7##
TBL                                    TABLE I                                 

     __________________________________________________________________________

                                    Analysis %                                 

                                    (theoretical in brackets)                  

     Example R.sup.1                                                           

                 N-heterocycle                                                 

                              m.p..degree.C.                                   

                                    C     H   N                                

     __________________________________________________________________________

     II      3-Cl             122-123                                          

                                    39.08 4.81                                 

                                              7.96                             

                                    (39.06                                     

                                          4.64                                 

                                              7.59)                            

     III     2-Cl             230-234                                          

                                    37.50 4.26                                 

                                              8.12                             

                                    (37.23                                     

                                          4.26                                 

                                              7.90)                            

     IV      2-Cl             175-177                                          

                                    40.93 5.09                                 

                                              7.84                             

                                    (40.84                                     

                                          4.86                                 

                                              7.94)                            

     V       2-Cl             187-188                                          

                                    35.48 3.84                                 

                                              8.58                             

                                    (35.25                                     

                                          3.82                                 

                                              8.22)                            

     VI      2-Cl             151-152                                          

                                    39.19 4.76                                 

                                              7.84                             

                                    (39.06                                     

                                          4.64                                 

                                              7.59)                            

     VIII    2-Cl             198-199                                          

                                    38.95 4.62                                 

                                              7.96                             

                                    (39.09                                     

                                          4.64                                 

                                              7.59)                            

     IX      3-Cl             95-98 34.97 4.15                                 

                                              8.38                             

                                    (35.25                                     

                                          3.82                                 

                                              8.22)                            

     X       2-F              199-200                                          

                                    41.00 4.87                                 

                                              7.80                             

                                    (40.90                                     

                                          4.86                                 

                                              7.95)                            

     XI      2-Cl             172   39.52 4.31                                 

                                              7.15                             

                                    (39.34                                     

                                          4.31                                 

                                              7.06)                            

     XIII    2-Cl             130-132                                          

                                    37.42 4.43                                 

                                              8.33                             

                                    (37.23                                     

                                          4.26                                 

                                              7.90)                            

     XIV     2-F              176-178                                          

                                    41.02 4.93                                 

                                              7.95                             

                                    (40.89                                     

                                          4.86                                 

                                              7.95)                            

     XV      2-Cl             193-195                                          

                                    39.4  4.3 8.8                              

                                    (40.0 4.45                                 

                                              8.3)                             

     XVI     2-Br             161-163                                          

                                    34.86 4.14                                 

                                              6.71                             

                                    (34.93                                     

                                          4.15                                 

                                              6.79)                            

     XVIII   2-Cl             179-180                                          

                                    33.74 3.73                                 

                                              7.54                             

                                    (33.67                                     

                                          3.64                                 

                                              7.85)                            

     XVIII   2-Cl                                                              

                 159-162      37.58 4.31  7.82                                 

                                    (37.23                                     

                                          4.26                                 

                                              7.89)                            

     XIX     2-Cl             169-173                                          

                                    39.37 4.69                                 

                                              7.40                             

                                    (39.07                                     

                                          4.65                                 

                                              7.59)                            

     XX      2-Cl             123-125                                          

                                    42.78 5.51                                 

                                              6.85                             

                                    (42.36                                     

                                          5.33                                 

                                              7.06)                            

     XXI     2-Cl             176-178                                          

                                    39.09 4.14                                 

                                              7.71                             

                                    (39.29                                     

                                          4.09                                 

                                              7.64)                            

     XXII    2-Br             200-202                                          

                                    34.91 4.10                                 

                                              7.07                             

                                    (34.94                                     

                                          4.15                                 

                                              6.79)                            

     XII     2-Cl             198-200                                          

                                    43.01 5.24                                 

                                              7.34                             

                                    (42.58                                     

                                          4.85                                 

                                              7.10)                            

     VII     2-Br             215-216                                          

                                    38.35 4.36                                 

                                              6.32                             

                                    (38.26                                     

                                          4.36                                 

                                              6.38)                            

     __________________________________________________________________________

PAC  EXAMPLE XXIII
PAC  2-Chloro-4-(4-oxopiperidinosulphonyl)-benzene sulphonamide
PAR  A solution of the product of Example XI (1.2 g) in 30% aqueous
      dimethylformamide (50 ml) and concentrated hydrochloric acid (1.5 ml) was
      stirred under reflux for 1 hour. The mixture was evaporated to small
      volume and the resulting precipitate was filtered off and recrystallized
      from an acetonehexane mixture to give the desired product (500 mg), m.p.
      195.degree.-196.degree.C.
PAR  Analysis:
PAR  Found: C, 37.33; H, 3.82; N, 7.96%.
PAR  Calculated for C.sub.11 H.sub.13 ClN.sub.2 O.sub.5 S.sub.2 : C, 37.50; H,
      3.69; N, 7.62%.
PAC  EXAMPLE XXIV
PAC  3-Trifluoromethyl-4-(4-methoxypiperidinosulphonyl)-benzene sulphonamide
PAR  A. Triethylamine (1.0 g) and 4-methoxypiperidine (1.15 g) were added to a
      solution of 4-nitro-2-trifluoromethylbenzene sulphonyl chloride (2.89 g)
      in methylene chloride (40 ml). The mixture was stirred at 25.degree.C. for
      2 hours and then evaporated to dryness in vacuo. The residual oil was
      triturated with 1:1 aqueous isopropanol and the resulting solid was
      recrystallized from isopropanol to give
      1-(4-methoxypiperidinosulphonyl)-4-nitro-2-trifluoromethyl-benzene, m.p.
      141.degree.-143.degree.C.
PAR  B. The product of (A) (13.5 g) as dissolved in methanol (200 ml) and
      hydrogenated at 50 p.s.i. and 50.degree.C. in the presence of 5%
      palladium-on-charcoal (1.0 g) to yield
      4-(4-methoxypiperidinosulphonyl)-3-trifluoromethyl-aniline (8.9 g), m.p.
      145.degree.-147.degree.C., recrystallized from isopropanol.
PAR  C. A solution of the diazonium chloride of the product of (B), prepared by
      the addition of a solution of sodium nitrite (1.73 g) in water (15 ml) to
      the product of (B) (8.4 g) in concentrated hydrochloric acid (60 ml), was
      added at 25.degree.C. to a suspension of cupric chloride dihydrate (2.2 g)
      in acetic acid (80 ml) previously saturated with sulphur dioxide. The
      mixture was stirred for 1 hour and the resulting precipitate was filtered,
      washed with water, dried and recrystallized from an acetone-hexane mixture
      to give 4-(4-methoxypiperidinosulphonyl)-3-trifluoromethyl-benzene
      sulphonyl chloride (5 g), m.p. 117.degree.-119.degree.C.
PAR  D. The product of (C) (4.5 g) was added to concentrated ammonium hydroxide
      (80 ml) and the mixture was heated at 60.degree.C for 1 hour. The
      resulting solution was cooled, treated with excess 2N hydrochloric acid
      and the precipitate thus obtained was filtered, washed with water, dried
      and recrystallized from isopropanol to give the required product (2.3 g),
      m.p. 136.degree.-137.degree.C.
PAR  Analysis:
PAR  Found: C, 38.74; H, 4.22; N, 6.62%.
PAR  Calculated for C.sub.13 H.sub.17 F.sub.3 N.sub.2 O.sub.5 S.sub.2 : C,
      38.81; H, 4.26; N, 6.97%.
PAR  The activity of compounds of the invention as cerebral vasodilators is
      determined by the following method. Cats are anaesthetised with chloralose
      (80 mg/kg, intravenously) after induction with halothane, nitrous
      oxide/oxygen (3:1 v/v). The animals are allowed to breathe normal room air
      and the rate and depth of respiration, heart rate and femoral arterial
      pressure are recorded. Electromagnetic flow probes are placed around the
      ipsilateral vertebral artery. Zero flow is established by momentarily
      occluding the arteries in order to calibrate the flow probes. The test
      compound (dissolved in N/10 sodium hydroxide in isotonic saline with
      warming and mixing and then back titration to pH 10 with dilute
      hydrochloric acid) is given at 10 or 25 mg/kg via a femoral vein and
      readings are taken at intervals for up to 2 hours. Control observations
      after administration of the saline vehicle alone are also made. The
      criterion for selecting the preferred compounds is on the basis of
      increases in ipsilateral vertebral arterial flow at 10 mg/kg which are
      sustained over a period of 30 minutes as shown in Table II. Blood flow is
      assessed by measuring the peak (systolic) pulsatile flow and the mean
      pulsatile flow. The products of Examples VIII, XXII, III and V have been
      found to give significant increases in peak and mean pulsatile flow at 10
      mg/kg. The product of Example VIII is outstanding at that dosage. Table II
      hereinafter summarizes results obtained with representative cerebral
      vasodilators of the present invention in accordance with this method.
PAR  The effect of compounds of the invention on blood pressure and diuresis is
      determined in dogs by standard methods. Several compounds have been found
      to be particularly advantageous in having very little hypotensive or
      diuretic activity, including the products of Examples I and XXII.
TBL                TABLE II                                                    

     ______________________________________                                    

                 Activity Data.sup.(1)                                         

     Compound of                                                               

              Dose                                                             

     Example  (mg/kg)  IVF:%   t     Side Effects                              

     ______________________________________                                    

     I        10       42      40-50 --                                        

     II       10       10       5-10 --                                        

              25       (200)   20-30 fasciculation                             

                                     at 20 min.                                

     V        10       40      30-60 --                                        

     VIII     10       82      60-120                                          

                                     --                                        

     X        25       40      40-60 --                                        

     XI       10       13      5-8   --                                        

     XXII     10       30      40-50 --                                        

              25       33      20-30 --                                        

     XXIV     10       20       5-10 --                                        

              25       70      20-40 --                                        

     III      10       34      40-60 --                                        

     ______________________________________                                    

      .sup.(1) mean maximum increase in blood flow (%) and duration of action i

      minutes (t). IVF = ipsilateral vertebral artial flow.                    

PAC  EXAMPLE XXV
TBL  Tablet formulation                                                        

                     mg/tablet                                                 

     ______________________________________                                    

     Active ingredient.sup.(1)                                                 

                       100.0                                                   

     glycine           320.7                                                   

     PEG 6000.sup.(2)  40.0                                                    

     Myrj 52.sup.(3)   20.0                                                    

     magnesium stearate                                                        

                       4.9                                                     

     gelatin           2.4                                                     

                       488.0                                                   

     ______________________________________                                    

      .sup.(1) mean particle diameter (from surface area/g) less than 16       

      microns.                                                                 

      .sup.(2) polyoxyethylene glycol of mean molecular weight 6000.           

      .sup.(3) a foodstuffs quality surfactant: polyoxyethylene stearate.      

PAR  The active compound and glycine are granulated with an aqueous solution of
      the PEG 6000, Myrj 52 and gelatin, prior to adding the magnesium stearate
      and tableting in the usual way.
PAC  EXAMPLE XXVI
TBL  Capsule formulation                                                       

                     mg/capsule                                                

     ______________________________________                                    

     Active ingredient.sup.(1)                                                 

                       100.0                                                   

     PEG 6000.sup.(2)  280.0                                                   

     Myrj 52.sup.(3)   20.0                                                    

                       400.0                                                   

     ______________________________________                                    

      .sup.(1) mean particle diameter less than 3 microns.                     

      .sup.(2) and (3) as in Example XXV                                       

PAR  The active compound is ball-milled in water to achieve the small particle
      size, mixed with the PEG 6000 and Myrj 52 as a paste and then dried at
      40.degree.C. to form a powder which is then filled into capsules in the
      usual way.
PAC  EXAMPLE XXVII
TBL  Parenteral formulation                                                    

                  mg/ml                                                        

     ______________________________________                                    

     Active ingredient                                                         

                    7.5                                                        

     sodium chloride                                                           

                    7.9                                                        

     sodium hydroxide                                                          

                    (sufficient in pH adjustment)                              

     water          (sufficient to make up volume)                             

     ______________________________________                                    

PAR  The active ingredient and sodium chloride are dissolved in sterile,
      pyrogen-free and carbon dioxide-free water under nitrogen, the pH is
      adjusted to 11.75 with 10% aqueous sodium hydroxide and the volume made up
      with similar water. The solution is then filled into 5 or 10 ml. ampoules
      through a filter and autoclaved at 115.degree.C. for 30 minutes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for increasing cerebral blood flow in a subject which
      comprises administering to said subject a cerebral blood flow increasing
      amount of a compound selected from the group consisting of:
      ##SPC8##
PAL  and their salts with pharmaceutically acceptable cations wherein R.sup.1
      and 3-trifluoromethyl, chloro, bromo or fluoro; n and m are each two or
      three; X is oxygen or sulfur; R.sup.2 and R.sup.3, when taken separately,
      are each hydrogen or alkyl having 1 to 4 carbon atoms and R.sup.2 and
      R.sup.3, when taken together, are alkylene having 2 to 4 carbon atoms.
NUM  2.
PAR  2. The process of claim 1 wherein X is oxygen.
NUM  3.
PAR  3. The process of claim 2 wherein each of R.sup.2 and R.sup.3 is alkyl
      having 1 to 4 carbon atoms.
NUM  4.
PAR  4. The process of claim 3 wherein R.sup.1 is chloro.
NUM  5.
PAR  5. The process of claim 1 wherein R.sup.1 is 2-chloro, m and n are each 2,
      X is oxygen, R.sup.2 is 2-methyl and R.sup.3 is 6-methyl.
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ABST
PAL  Compounds of the formulae:
      ##SPC1##
PAL  And the salts thereof with pharmaceutically acceptable cations wherein n
      and m are each two or three; X is oxygen or sulphur; R.sup.2 and R.sup.3,
      when taken separately, are each hydrogen or alkyl having 1 to 4 carbon
      atoms; R.sup.2 and R.sup.3, when taken together, are alkylene having 2 to
      4 carbon atoms; Y is methylene or a single bond; R.sup.4 and R.sup.5, when
      taken separately, are each hydrogen, hydroxy or alkoxy having 1 to 5
      carbon atoms, and R.sup.4 and R.sup.5, when taken together, are oxo or
      alkylene dioxy having 2 to 4 carbon atoms, each oxygen atom in R.sup.4 and
      R.sup.5, when taken separately, and in R.sup.4 and R.sup.5, when taken
      together, being separated from the nitrogen atom of the heterocyclic ring
      by two or more carbon atoms, said compounds being cerebral vasodilators.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 386,853 filed Aug.
      9, 1973.
PAR  This invention relates to cyclic N-substituted derivatives of 1,4-benzene
      disulphonamide which have cerebral vasodilator activity and are therefore
      useful for treating conditions attributable to a restriction of blood flow
      to the brain. Such conditions include atherosclerosis, occlusion of blood
      vessels in the brain, stroke and other cerebrovascular diseases.
      Particularly useful compounds according to this aspect of the invention
      are those which have a selective effect on the cerebral vasculature, with
      a comparatively small effect on blood vessels in other tissues such as
      peripheral tissue and the kidneys, and so do not cause a serious fall in
      blood pressure or increase in diuresis.
PAR  The aforesaid derivatives include compounds of the formula
      ##SPC2##
PAL  Those of the formula
      ##SPC3##
PAL  And the salts thereof with pharmaceutically acceptable cations wherein n
      and m are each two or three; X is oxygen or sulphur; R.sup.2 and R.sup.3,
      when taken separately, are each hydrogen or alkyl having 1 to 4 carbon
      atoms; R.sup.2 and R.sup.3, when taken together, are alkylene having 2 to
      4 carbon atoms; Y is methylene or a single bond; R.sup.4 and R.sup.5, when
      taken separately, are each hydrogen, hydroxy or alkoxy having 1 to 5
      carbon atoms and R.sup.4 and R.sup.5, when taken together, are oxo or
      alkylene dioxy having 2 to 4 carbon atoms, each oxygen atom in R.sup.4 and
      R.sup.5 , when taken separately, and in R.sup.4 and R.sup.5, when taken
      together, being separated from the nitrogen atom of the heterocyclic ring
      by two or more carbon atoms.
PAR  Certain of the aforesaid compounds are old in the art as shown in U.S. Pat.
      No. 3,165,550. Those of the aforesaid compounds of the present invention
      which are unobvious include compounds of formula (I) and formula (II) and
      the salts thereof with pharmaceutically acceptable cations wherein n and M
      are each 2 or 3; X is oxygen or sulphur; R.sup.2 and R.sup.3 , when taken
      separately, are each alkyl having 1 to 4 carbon atoms; R.sup.2 and R.sup.3
      , when taken together, are alkylene having 2 to 4 carbon atoms; Y is
      methylene or a single bond; R.sup.4, when taken separately, is hydroxy or
      alkoxy having 1 to 5 carbon atoms; R.sup.5 , when taken separately, is
      hydrogen, hydroxy or alkoxy having 1 to 5 carbon atoms and R.sup.4 and
      R.sup.5, when taken together, are oxo or alkylene dioxy having 2 to 4
      carbon atoms, each oxygen atom in R.sup.4 and R.sup.5, when taken
      separately, and in R.sup.4 and R.sup.5 , when taken together, being
      separated from the nitrogen atom of the heterocyclic ring by two or more
      carbon atoms.
PAR  Preferred compounds of the invention having cerebral vasodilator activity
      are those of formula (I) in which X is an oxygen atom. Another preferred
      group are those compounds of Formula (II) in which Y is a methylene group
      and R.sup.4 and R.sup.5 together represent an oxo group or an alkylene
      dioxy group having 1 to 4 carbon atoms, each of these being attached to
      the methylene group, i.e. to Y. Another preferred group of compounds are
      those of formula (II) wherein Y is methylene, R.sup.5 is hydroxy or alkoxy
      having 1 to 5 carbon atoms and R.sup.4 is hydrogen. Of those preferred
      compounds of formula (I) in which X is an oxygen atom, particularly
      preferred are those in which R.sup.2 and R.sup.3 are each alkyl having 1
      to 4 carbon atoms. Of those preferred compounds in which Y is a methylene
      group, particularly preferred are those in which n and m are each 2, i.e.,
      the heterocyclic ring is a 4-methoxypiperidene ring; a 4-hydroxypiperidene
      ring; a 4-piperidone ring or a dialkyl or alkylene ketal thereof.
PAR  The compounds of this invention, other than those in which R.sup.4 and
      R.sup.5 together are an oxo group, may be prepared from
      4-sulphamoyl-benzene sulphonyl chlorides of the formula:
      ##SPC4##
PAL  by reaction with a cyclic amine of the formula:
      ##SPC5##
PAL  or with a cyclic amine of the formula:
      ##SPC6##
PAL  in a suitable solvent, e.g., acetone or dichloromethane. Preferably, the
      reaction is carried out in the presence of an excess of the amine reactant
      or in the presence of an equivalent amount of an organiz tertiary amine to
      remove the hydrochloric acid formed in the reaction. The reaction is
      completed in from 1 to 24 hours at 20.degree.C. or may be carried out at
      elevated temperatures, i.e., 30 to 100.degree.C. for periods of from 1 to
      8 hours. The product may be isolated by simply adding the reaction mixture
      to normal aqueous hydrochloric acid solution, filtering, washing and
      recrystallizing from a suitable solvent.
PAR  The compounds of this invention may also be prepared from 4-nitrobenzene
      sulphonyl chloride by reaction first with the cyclic amine of formula (IV)
      or (V) to form a compound of the formula:
      ##SPC7##
PAL  or of the formula:
      ##SPC8##
PAL  wherein R.sup.4 and R.sup.5, together, are not an oxo group, and the
      compound of formula (VI) or (VII) is then reduced to the corresponding
      amino compound and the latter converted to the corresponding sulphamoyl
      compound by diazotization, treatment with sulphur dioxide in the presence
      of a cupric salt and then with ammonia.
PAR  Finally compounds in which R.sup.4 and R.sup.5 together are an oxo group
      are prepared from the corresponding dialkyl or alkylene ketals, i.e.,
      compounds of formula (II) in which R.sup.4 and R.sup.5 are two alkoxy
      groups or an alkylene dioxy group attached to a single carbon atom, by
      methods well known in the art, e.g., by treatment with concentrated
      hydrochloric acid in aqueous dimethylformamide.
PAR  The salts of the present invention include those based on any
      pharmaceutically acceptable cation. The preferred pharmaceutically
      acceptable cations are those of the alkali metals, particularly sodium and
      potassium. Said salts are easily obtained in accordance with conventional
      methods. For example, the selected compound of formula (I) or formula (II)
      is dissolved in an aqueous or alcoholic solution of an alkali metal
      hydroxide such as sodium or potassium hydroxide and the resulting solution
      is simply concentrated.
PAR  In accordance with the treatment method of the present invention, the
      herein described compounds can be administered to an affected subject via
      the oral or parenteral route. Generally, there is a significant effect in
      increasing cerebral blood flow in cats, dogs and baboons at dose levels of
      from 2.5 to 25 mg/kg intravenously or from 10 to 50 mg/kg orally when
      administered three times a day, the effect being cumulative. Although the
      physician will determine the precise dosage for a human patient, it
      generally will range from 0.5 to 100 mg/kg for intravenous administration
      and from 2 to 200 mg/kg for oral administration, each dosage form being
      administered four times a day.
PAR  The compounds of the invention may be administered alone, but will
      generally be administered in admixture with a pharmaceutical carrier
      selected with regard to the intended route of administration and standard
      pharmaceutical practice.
PAR  For administration orally in the form of tablets or capsules, it has been
      found advantageous to dissolve or disperse the compound in finely divided
      form (e.g. 30 microns or less in dimensions) in a matrix of a high
      molecular weight solid polyethylene glycol, e.g. a polyethylene glycol of
      average molecular weight 6,000 to 7,500 such as "Carbowax" 6,000. A
      non-ionic wetting agent as dispersion aid, e.g. a polyoxyethylene
      mono-stearate of average molecular weight about 1,000 such as "Myrj" 52,
      is preferably also included. For this type of formulation, the compound
      together with the dispersion aid may be dissolved in the molten
      polyethylene glycol and cooled, or alternatively may be mixed as an
      aqueous dispersion with the polyethylene glycol to form a paste and dried,
      and then, together with other excipients if desired, either granulated
      prior to compression into tablets or filled directly into capsules, by
      techniques well known in the art.
PAR  Alternatively, tablets may be formed in which a major part of the excipient
      is composed of a material which, when compressed, has a slower rate of
      dissolution than that normally achieved by standard tableting practice.
      Such materials include sugars and edible aminoacids such as glycine. The
      compound (in finely divided form) is preferably first mixed with the said
      material and then granulated with a comparatively small amount of the high
      molecular weight polyethylene glycol and a dispersion aid, before forming
      into tablets in the usual way.
PAR  For parenteral administration, the compounds, being acidic, are best used
      in the form of sterile aqueous solutions of their alkali metal (e.g.
      sodium) salts and such solutions may contain other solutes (e.g. sodium
      chloride) to ensure the stability of the solutions and their compatibility
      with body fluids, e.g. blood, when the compound is to be administered
      intravenously, intramuscularly or subcutaneously. The alkali metal salt
      solution may conveniently be formed by dissolving the compound (and any
      other solute required) in the sterile water and adjusting the pH to a
      value in the range from 10.5 to 12.0 with the appropriate alkali metal
      hydroxide.
PAR  The following examples illustrate preparation of the cerebral vasodilators
      of this invention.
DETD
PAC  EXAMPLE I
PAC  4-(4-Methoxypiperidinosulfonyl) benzene sulfonamide
PAR  To a solution of 25.6 g. (0.1 mole) of 4-sulphamoylbenzene sulphonyl
      chloride in 250 ml. of acetone at room temperature was added portionwise
      38 g. (0.3 mole) of 4-methoxypiperidine. The temperature rose to
      50.degree.C. After stirring for one hour the solution was poured into 500
      ml. of 1N hydrochloric acid. The product crystallized and the mixture was
      stirred for 30 min., filtered and washed well with water. After air
      drying, a recrystallization from acetone (150 ml.)-hexane (250 ml.)
      yielded 22 g. (69% yield) of product, m.p. 187.5.degree.-189.5.degree.C.
PAR  The aforesaid chloride starting material was prepared by adding to a slurry
      of 172 g. (1 mole) of sulfanilamide in 300 ml. of water at room
      temperature with stirring, 180 ml. (2.1 mole) of concentrated aqueous
      hydrochloric acid. The resulting slurry was chilled to 0.degree.C in an
      acetone-dry ice bath, and then a solution of 72 g. (1.004 moles) of sodium
      nitrite, dissolved in 125 ml. water, was added from a dropping funnel at
      such a rate that the temperature never went above 5.degree.C. The addition
      required about one half hour during which time the solid material
      dissolved to form (A). Liquid SO.sub.2, from an inverted SO.sub.2
      cylinder, was added to 850 ml. of glacial acetic acid, which was cooled in
      ice, until the weight increased by about 250 g. The solution was placed in
      a 4 l. beaker, 68 g. (0.4 mole) of cupric chloride dihydrate in water was
      added, and the mixture cooled to 5.degree.C. The diazonium salt solution
      (A) was then added with stirring, without ice cooling, as rapidly as
      foaming would allow. Stirring was continued for 10 min. after the addition
      was complete. The temperature of the reaction mixture rose to 30.degree.C.
      Two liters of water and ice were added and the mixture stirred. The
      product crystallized and stirring was continued for another 15 minutes.
      The product was filtered and washed well with cold water. After air
      drying, a recrystallization from 350 ml. of ethyl acetate and 700 ml. of
      hexane yielded 69 g. (27% yield) of product, m.p.
      153.degree.-154.5.degree.C.
PAC  EXAMPLES II to XV
PAR  The compounds shown in Table I were prepared by the method of Example I,
      using the appropriate cyclic amine and 4-sulphamoyl-benzene sulphonyl
      chloride as starting materials.
PAR  The compounds of Table I are represented by the formula:
      ##SPC9##
TBL                                    TABLE I                                 

     __________________________________________________________________________

                                    Analysis                                   

     Example                                                                   

          N-hetereocycle     m.p. .degree.C.                                   

                                    Theoretical in brackets                    

     __________________________________________________________________________

                                    %C    %H  %N                               

     II                      218-20 46.36 5.73                                 

                                              8.35                             

                                    (46.66                                     

                                          5.59                                 

                                              7.78)                            

     III                     144-5  43.20 5.60                                 

                                              8.47                             

                                    (43.11                                     

                                          5.43                                 

                                              8.38)                            

     IV                      176-79 44.82 5.79                                 

                                              8.04                             

                                    (44.83                                     

                                          5.80                                 

                                              7.79)                            

     V                       177-78 49.13 6.74                                 

                                              7.31                             

                                    (49.22                                     

                                          6.71                                 

                                              7.18)                            

     VI                      217    42.97 4.91                                 

                                              7.72                             

                                    (43.11                                     

                                          4.97                                 

                                              7.73)                            

     VII                     173-74 45.07 5.64                                 

                                              8.73                             

                                    (45.28                                     

                                          5.70                                 

                                              8.80)                            

     VIII                    214-216                                           

                                    46.84 6.01                                 

                                              8.27                             

                                    (47.00                                     

                                          6.07                                 

                                              8.43)                            

     IX                      193    43.16 5.47                                 

                                              8.09                             

                                    (43.11                                     

                                          5.43                                 

                                              8.38)                            

     X                       172-174                                           

                                    40.87 5.10                                 

                                              8.95                             

                                    (41.24                                     

                                          5.04                                 

                                              8.75)                            

     XI                      220-221                                           

                                    43.43 5.26                                 

                                              9.16                             

                                    (43.40                                     

                                          5.30                                 

                                              9.21)                            

     XII                     179-180                                           

                                    41.41 5.15                                 

                                              8.16                             

                                    (41.14                                     

                                          5.18                                 

                                              8.00)                            

     XIII                    192-193                                           

                                    39.47 4.67                                 

                                              9.09                             

                                    (39.22                                     

                                          4.61                                 

                                              9.15)                            

     XIV                     194-195.5                                         

                                    37.81 4.38                                 

                                              8.45                             

                                    (37.27                                     

                                          4.38                                 

                                              8.69)                            

     XV                      228-230                                           

                                    41.00 4.95                                 

                                              8.73                             

                                    (41.25                                     

                                          5.04                                 

                                              8.75)                            

     __________________________________________________________________________

PAC  EXAMPLE XVI
PAC  4-(4-Oxopiperidinosulphonyl)-benzene sulphonamide
PAR  A solution of the product of Example VII (1.2 g.) in 30% aquenous
      dimethylformamide (50 ml.) and concentrated hydrochloric acid (1.5 m.) is
      stirred under reflux for 1 hour. The mixture is evaporated to small volume
      and the resulting precipitate is filtered off and recrystallized from an
      acetone-hexane mixture to give the desired product (.95 g.), m.p.
      194.degree.-195.degree.C.
PAR  Analysis: Found C, 42.64; H, 4.67; N, 8.54%.
PAR  Calculated for C.sub.11 H.sub.14 N.sub.2 O.sub.5 S.sub.2 : C, 41.50; H,
      4.40; N, 8.80%.
PAR  The activity of compounds of the invention as cerebral vasodilators is
      determined by the following method. Cats are anaesthetised with chloralose
      (80mg/kg, intravenously) after induction with halothane, nitrous
      oxide-oxygen (3:1 v/v). The animals are allowed to breathe normal room air
      and the rate and depth of respiration, heart rate and femoral arterial
      pressure are recorded. Electromagnetic flow probes are placed around the
      ipsilateral vertebral artery. Zero flow is established by momentarily
      occluding the arteries in order to calibrate the flow probes. The test
      compound (dissolved in N/10 sodium hydroxide in isotonic saline with
      warming and mixing and then back titration to pH 1 with dilute
      hydrochloric acid) is given at 10 or 25 mg/kg via a femoral vein and
      readings are taken at intervals for up to 2 hours. Control observations
      after administration of the saline vehicle alone are also made. The
      criterion for selecting the preferred compounds is on the basis of
      increases in ipsilateral vertebral arterial flow at 10 mg/kg which are
      sustained over a period of 30 minutes as shown in Table II. Blood flow is
      assessed by measuring the peak (systolic) pulsative flow and the mean
      pulsatile flow.
PAR  The products of Examples I, IX and XV have been found to give significant
      increases in peak and mean pulsatile flow at 10 mg/kg. Table II
      hereinafter summarizes results obtained with representative cerebral
      vasodilators of the present invention in accordance with this method.
TBL                TABLE II                                                    

     ______________________________________                                    

                Activity Data.sup.(1)                                          

     Compound of  Dose                                                         

     Example      (mg/kg)     IVF:%       t                                    

     ______________________________________                                    

     I            10          40          30-60                                

                  25          36          30-60                                

     III          25          11          5-15                                 

     IX           10          20          5-10                                 

                  25          60          &gt;40                                  

     X            10          16          5-6                                  

                  25          14          10                                   

     XIII         10          6           10                                   

                  25          19          40-50                                

     XV           10          20          5-10                                 

                  25          80          70-80                                

     ______________________________________                                    

      .sup.(1) mean maximum increase in blood flow (%) and duration of action i

      minutes (t). IVF ipsilateral vertebral arterial flow.                    

TBL  EXAMPLE XVII                                                              

     Tablet formulation                                                        

                           mg/tablet                                           

     ______________________________________                                    

     Active ingredient.sup.(1)                                                 

                             100.0                                             

     glycine                 320.7                                             

     PEG 6000.sup.(2)        40.0                                              

     Myrj 52                 20.0                                              

     magnesium stearate      4.9                                               

     gelatin                 2.4                                               

                             488.0                                             

     ______________________________________                                    

      .sup.(1) mean particle diameter (from surface area/g) less than 16       

      microns.                                                                 

      .sup.(2) polyoxyethylene glycol of mean molecular weight 6000.           

      .sup.(3) a foodstuffs quality surfactant: polyoxyethylene stearate.      

PAR  The active compound and glycine are granulated with an aqueous solution of
      the PEG 6000, Myrj 52 and gelatin, prior to adding the magnesium stearate
      and tableting in the usual way.
TBL  ______________________________________                                    

     EXAMPLE XVIII                                                             

     Capsule formulation                                                       

                           mg/capsule                                          

     ______________________________________                                    

     Active ingredient.sup.(1)                                                 

                             100.0                                             

     PEG 6000.sup.(2)        280.0                                             

     Myrj 52                 20.0                                              

                             400.0                                             

     ______________________________________                                    

      .sup.(1) mean particle diameter less than 3 microns.                     

      .sup.(2) and .sup.(3) as in Example XVII.                                

PAR  The active compound is ball-milled in water to achieve the small particle
      size, mixed with the PEG 6000 and Myrj 52 as a paste and then dried at
      40.degree.C. to form a powder which is then filled into capsules in the
      usual way.
TBL  ______________________________________                                    

     EXAMPLE XIX                                                               

     Parenteral formulation                                                    

                   mg/ml                                                       

     ______________________________________                                    

     Active ingredient                                                         

                     7.5                                                       

     sodium chloride 7.9                                                       

     sodium hydroxide                                                          

                     (sufficient in pH adjustment)                             

     water           (sufficient to make up volume)                            

     ______________________________________                                    

PAR  The active ingredient and sodium chloride are dissolved in sterile,
      pyrogen-free and carbon dioxide-free water under hydroxide and the volume
      made up with similar water. The solution is then filled into 5 or 10 ml.
      ampoules through a filter and autoclaved at 115.degree.C. for 30 minutes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for increasing cerebral blood blow in a subject which
      comprises admistering to said subject a cerebral blood flow increasing
      amount of a compound selected from the group consisting of
      ##SPC10##
PAL  and their salts with pharmaceutically acceptable cations wherein n and m
      are each two or three; X is oxygen or sulfur; R.sup.2 and R.sup.3, when
      taken separately, are each hydrogen or alkyl having 1 to 4 carbon atoms
      and R.sup.2 and R.sup.3, when taken together, are alkylene having 2 to 4
      carbon atoms.
NUM  2.
PAR  2. The process of claim 1 wherein X is oxygen.
NUM  3.
PAR  3. The process of claim 2 wherein each of R.sup.2 and R.sup.3 is alkyl
      having 1 to 4 carbon atoms.
NUM  4.
PAR  4. The process of claim 1 wherein m and n are each 2, X is oxygen, R.sup.2
      is 3-methyl and R.sup.3 is 5-methyl.
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PAL  Pharmaceutical compositions and methods of inhibiting gastric acid
      secretion by administering N-aminomethyl heterocyclic thioacetamide
      compounds.
PARN
PAR  This application is a continuation-in-part of Ser. No. 266,181, filed June
      26, 1972, now U.S. Pat. No. 3,873,536 which is a continuation-in-part of
      Ser. No. 220,418, filed Jan. 24, 1972 now abandoned.
BSUM
PAR  This invention relates to new N-aminomethyl heterocyclic thioacetamide
      compounds having pharmacodynamic activity. In particular, these compounds
      inhibit gastric acid secretion.
PAR  The compounds of this invention are represented by the following formula:
PAC  FORMULA I
      ##EQU1##
      in which: R.sub.1 is 2-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 2-pyrazinyl,
      2-pyrrolyl, 2-quinolyl, 2-thiazolyl or 4-thiazolyl;
PA1  R.sub.2 is hydrogen, lower alkyl, lower alkenyl or -(CH.sub.2).sub.n
      -phenyl;
PA1  R.sub.3 is di-lower alkylamino, N-lower alkyl-N-phenylamino, pyrrolidino,
      piperidino, morpholino or N-lower alkylpiperazino and
PA1  n is 0 or 1.
PAR  This invention also includes pharmaceutically acceptable acid addition
      salts of the compounds of Formula I.
PAR  The pharmacologically active compounds of this invention have the basic
      structure of Formula I. However, it is apparent to one skilled in the art
      that well known nuclear substituents such as lower alkyl, lower alkoxy or
      halogen may be incorporated on the heterocyclic rings of R.sub.1 and the
      phenyl rings. These substituted compounds are used as are the parent
      compounds.
PAR  Preferred compounds of this invention are represented by Formula I above in
      which R.sub.2 is hydrogen or lower alkyl and R.sub.3 is di-lower
      alkylamino, pyrrolidino, piperidino or morpholino.
PAR  Advantageous compounds of this invention are represented by Formula I in
      which R.sub.1 is 2-pyridyl, R.sub.2 is lower alkyl and R.sub.3 is
      diethylamino, pyrrolidino or morpholino.
PAR  Most preferably, in the compounds of Formula I, R.sub.1 is 2-pyridyl.
PAR  Particularly advantageous compounds of this invention are represented by
      Formula I in which R.sub.1 is 2-pyridyl, R.sub.2 is methyl, ethyl or
      isopropyl and R.sub.3 is diethylamino, pyrrolidino or morpholino. Included
      in this group are 3-methyl-N-morpholinomethyl-2-(2-pyridyl)thiobutanamide,
      N-morpholinomethyl-2-(2-pyridyl)thiopropanamide,
      3-methyl-N-pyrrolidinomethyl-2-(2-pyridyl)thiobutanamide and
      N-diethylaminomethyl-3-methyl-2-(2-pyridyl)thiobutanamide.
PAR  The compounds of this invention produce inhibition of gastric acid
      secretion. This activity is demonstrated by administration to pylorus
      ligated rats at doses of about 10 to about 50 mg./kg. orally. Also, this
      activity is demonstrated by administration to chronic gastric fistula rats
      (Brodie et al., Amer. J. Physiol. 202:812-814, 1962) at doses of about 50
      mg./kg. orally. In these procedures, compounds which produce an increase
      in gastric pH or a decrease in the volume of gastric juice or both are
      considered active.
PAR  These compounds show antiulcer activity in the restraint-stress method in
      which on oral administration to rats these compounds inhibit the
      development of experimental ulcers.
PAR  The compounds of this invention are prepared as follows:
      ##EQU2##
      The terms R.sub.1 -R.sub.3 are as defined above.
PAR  According to the above procedure, a heterocyclic thioacetamide is reacted
      with formaldehyde and an amine. The reaction is preferably carried out in
      an organic solvent, such as a lower alkanol, for example methanol. The
      reaction is carried out, for example, at about -40.degree.C. to about
      90.degree.C., preferably at the lower temperatures when R.sub.2 is
      hydrogen.
PAR  The heterocyclic thioacetamide starting materials are known to the art or
      are prepared, for example, by reacting the corresponding substituted
      acetonitrile (R.sub.1 R.sub.2 CH--CN) with hydrogen sulfide in the
      presence of base such as an amine or by reacting with ammonium
      polysulfide. The substituted acetonitriles may be prepared from
      substituted ketones or carboxaldehydes (R.sub.1 R.sub.2 C=O) by reducing
      to the corresponding alcohol using a reducing agent such as sodium
      borohydride, then treating the alcohol with a chlorinating agent such as
      thionyl chloride and treating the resulting chloride with an alkali metal
      cyanide such as sodium or potassium cyanide.
PAR  The pharmaceutically acceptable acid addition salts of the compounds of
      Formula I are formed with organic and inorganic acids by methods known to
      the art. For example, the base is reacted with an organic or inorganic
      acid in aqueous miscible solvent, such as acetone or ethanol, with
      isolation of the salt by concentration and cooling or in aqueous
      immiscible solvent, such as ethyl ether or chloroform, with the desired
      salt separating directly. Exemplary of the salts which are included in
      this invention are maleate, fumarate, succinate, oxalate, benzoate,
      methanesulfonate, ethanedisulfonate, benzenesulfonate, acetate,
      propionate, tartrate, citrate, hydrochloride, hydrobromide, sulfate,
      sulfamate, phosphate and nitrate salts.
PAR  The compounds of this invention are administered internally either
      parenterally, rectally or, preferably, orally in an amount to produce the
      desired biological activity.
PAR  Preferably, the compounds are administered in conventional dosage forms
      prepared by combining an appropriate dose of the compound with standard
      pharmaceutical carriers.
PAR  Pharmaceutical compositions having gastric acid secretion inhibitory
      activity, in dosage unit form, comrising a pharmaceutical carrier and a
      gastric acid secretion inhibiting amount of a compound of Formula I or a
      pharmaceutically acceptable acid addition salt thereof are objects of this
      invention.
PAR  The pharmaceutical carrier may be for example a solid or a liquid.
      Exemplary of solid carriers are lactose, magnesium stearate, terra alba,
      sucrose, talc, stearic acid, gelatin, agar, pectin, acacia or cocoa
      butter. The amount of solid carrier will vary widely but preferably will
      be from about 25 mg. to about 1 gm. Exemplary of liquid carriers are
      syrup, peanut oil, olive oil, sesame oil, propylene glycol, polyethylene
      glycol (mol. wt. 200-400) and water. The carrier or diluent may include a
      time delay material well known to the art such as, for example, glyceryl
      monostearate or glyceryl distearate alone or with a wax.
PAR  A wide variety of pharmaceutical forms can be employed, for example the
      preparation may take the form of tablets, capsules, powders,
      suppositories, troches, lozenges, syrups, emulsions, sterile injectable
      liquids or liquid suspensions or solutions.
PAR  The pharmaceutical compositions are prepared by conventional techniques
      involving procedures such as mixing, granulating and compressing or
      dissolving the ingredients as appropriate to the desired preparation.
PAR  The methods of inhibiting gastric acid secretion in accordance with this
      invention comprise administering internally to an animal an effective
      amount of a compound of Formula I or a pharmaceutically acceptable acid
      addition salt thereof. The active ingredients will preferably be
      administered in dosage unit form as described above.
PAR  The compounds of this invention will be administered in a daily dosage
      regimen of from about 10 mg. to about 2 g., preferably from about 25 mg.
      to about 1 g. Advantageously, equal doses will be administered one to four
      times per day. Dosage units will contain from about 10 mg. to about 500
      mg., preferably from about 25 mg. to about 250 mg., of the active
      ingredient.
PAR  When administration is carried out as described above, gastric acid
      secretion is inhibited.
PAR  One skilled in the art will recognize that in determining the amounts of
      the active ingredients in the claimed compositions and used in the claimed
      methods, the activity of the chemical ingredient as well as the size of
      the host animal must be considered.
PAR  The terms "lower alkyl" and "lower alkoxy" where used herein denote groups
      having 1-6, preferably 1-4, carbon atoms; "lower alkenyl" denotes groups
      having 2-6, preferably 2-4, carbon atoms and "halogen" denotes chloro,
      bromo or fluoro.
PAR  The following examples are not limiting but are illustrative of the
      compounds of this invention and processes for their preparation.
DETD
PAC  EXAMPLE 1
PAR  To a solution of 1.0 g. of 3-methyl-2-(2-pyridyl)-thiobutanamide in 20 ml.
      of methanol is added, at one time, 0.45 g. of morpholine and 0.42 ml. of a
      37% formalin solution. The reaction is stirred for 15 hours at
      25.degree.C., then refluxed on a steam bath for 20 minutes. The solvents
      are evaporated in vacuo and the residue is distilled to give
      3-methyl-N-morpholinomethyl-2-(2-pyridyl)thiobutanamide, b.p.
      110.degree.-112.degree.C. (0.005 mm.).
PAC  EXAMPLE 2
PAR  2-Phenyl-2-(2-pyridyl)thioacetamide (1.14 g.) is suspended in 20 ml. of
      methanol. To the suspension is added 0.49 ml. of morpholine and 0.45 ml.
      of formalin. The mixture is heated on a steam bath until all of the
      materials are dissolved. The solution is then cooled and hexane is added.
      Concentrating to dryness and recrystallizing the residue from isopropanol
      gives N-morpholinomethyl-2-phenyl-2-(2-pyridyl)thioacetamide, m.p.
      128.degree.-130.degree.C.
PAC  EXAMPLE 3
PAR  By the procedure of Example 1, using the following thioamides in place of
      3-methyl-2-(2-pyridyl)-thiobutanamide:
PA1  2-(2-pyridyl)thiobutanamide
PA1  2-(2-pyridyl)thiopentanamide
PA1  2-(2-pyridyl)thiohexanamide
PA1  2-(2-pyridyl)thiooctanamide
PAL  the products are, respectively:
PA1  N-morpholinomethyl-2-(2-pyridyl)thiobutanamide
PA1  N-morpholinomethyl-2-(2-pyridyl)thiopentanamide
PA1  N-morpholinomethyl-2-(2-pyridyl)thiohexanamide
PA1  N-morpholinomethyl-2-(2-pyridyl)thiooctanamide.
PAC  EXAMPLE 4
PAR  Using 2-(2-pyridyl)-4-thiopentenamide in place of
      3-methyl-2-(2-pyridyl)thiobutanamide in the procedure of Example 1, the
      product is N-morpholinomethyl-2-(2-pyridyl)-4-thiopentenamide.
PAC  EXAMPLE 5
PAR  To a solution of 2.0 g. (0.013 m.) of 2-(2-pyridyl)-thioacetamide in 30 ml.
      of methanol at -40.degree.C. is added 1.15 g. (0.013 m.) of morpholine in
      6 ml. of methanol and 1.05 ml. of a 37% formalin solution (0.013 m.) in 6
      ml. of methanol. The solution is allowed to warm up to -20.degree.C. and
      kept at this temperature for 48 hours.
PAR  The solution is concentrated in vacuo and the residue is deposited on
      silica gel and chromatographed on a 20 .times. 1.5 inches dry column,
      using ethyl acetate as the eluant. The product fraction is evaporated and
      the residue is distilled in vacuo to give
      N-morpholinomethyl-2-(2-pyridyl)-thioacetamide.
PAC  EXAMPLE 6
PAR  By the procedure of Example 5, using the following thioamides in place of
      2-(2-pyridyl)thioacetamide:
PA1  2-(2-pyrazinyl)thioacetamide
PA1  2-(2-quinolyl)thioacetamide
PA1  2-(2-pyrrolyl)thioacetamide
PA1  2-(6-methyl-2-pyridyl)thioacetamide
PA1  2-(5-methyl-2-pyridyl)thioacetamide
PA1  2-(4-methyl-2-pyridyl)thioacetamide
PA1  2-(3-methyl-2-pyridyl)thioacetamide
PA1  2-(5-ethyl-2-pyridyl)thioacetamide
PA1  2-(4-methoxy-2-pyridyl)thioacetamide
PA1  2-(4-ethoxy-2-pyridyl)thioacetamide
PAL  the products are, respectively:
PA1  N-morpholinomethyl-2-(2-pyrazinyl)thioacetamide
PA1  N-morpholinomethyl-2-(2-quinolyl)thioacetamide
PA1  N-morpholinomethyl-2-(2-pyrrolyl)thioacetamide
PA1  2-(6-methyl-2-pyridyl)-N-morpholinomethyl-thioacetamide
PA1  2-(5-methyl-2-pyridyl)-N-morpholinomethyl-thioacetamide
PA1  2-(4-methyl-2-pyridyl)-N-morpholinomethyl-thioacetamide
PA1  2-(3-methyl-2-pyridyl)-N-morpholinomethyl-thioacetamide
PA1  2-(5-ethyl-2-pyridyl)-N-morpholinomethyl-thioacetamide
PA1  2-(4-methoxy-2-pyridyl)-N-morpholinomethyl-thioacetamide
PA1  2-(4-ethoxy-2-pyridyl)-N-morpholinomethyl-thioacetamide.
PAC  EXAMPLE 7
PAR  By the procedure of Example 1, using the following thioamides in place of
      3-methyl-2-(2-pyridyl)thiobutanamide:
PA1  2-(2-pyrazinyl)thiobutanamide
PA1  2-phenyl-2-(2-pyrazinyl)thioacetamide
PA1  2-(4-chlorophenyl)-2-(2-pyrimidyl)thioacetamide
PA1  2-phenyl-2-(2-thiazolyl)thioacetamide
PA1  2-(4,6-dimethyl-2-pyrimidyl)thioacetamide
PAL  the products are, respectively:
PA1  N-morpholinomethyl-2-(2-pyrazinyl)thiobutanamide
PA1  N-morpholinomethyl-2-phenyl-2-(2-pyrazinyl)thioacetamide
PA1  2-(4-chlorophenyl)-N-morpholinomethyl-2-(2-pyrimidyl)-thioacetamide
PA1  N-morpholinomethyl-2-phenyl-2-(2-thiazolyl)thioacetamide
PA1  2-(4,6-dimethyl-2-pyrimidyl)-N-morpholinomethyl-thioacetamide.
PAC  EXAMPLE 8
PAR  By the procedure of Example 2, using in place of
      2-phenyl-2-(2-pyridyl)thioacetamide the following 2-substituted
      phenyl-2-(2-pyridyl)thioacetamides:
PA1  2-(4-chlorophenyl)-2-(2-pyridyl)thioacetamide
PA1  2-(2-fluorophenyl)-2-(2-pyridyl)thioacetamide
PA1  2-(3-methylphenyl)-2-(2-pyridyl)thioacetamide
PA1  2-(4-methoxyphenyl)-2-(2-pyridyl)thioacetamide
PAL  the products are, respectively:
PA1  2-(4-chlorophenyl)-N-morpholinomethyl-2-(2-pyridyl)thioacetamide
PA1  2-(2-fluorophenyl)-N-morpholinomethyl-2-(2-pyridyl)thioacetamide
PA1  2-(3-methylphenyl)-N-morpholinomethyl-2-(2-pyridyl)thioacetamide
PA1  2-(4-methoxyphenyl)-N-morpholinomethyl-2-(2-pyridyl)-thioacetamide.
PAC  EXAMPLE 9
PAR  Methyl 4-thiazolyl ketone (12.7 g.) is added to 3.8 g. of sodium
      borohydride in 100 ml. of isopropanol and the mixture is heated at reflux
      for four hours. Dilute hydrochloric acid (100 ml.) is added and the
      mixture is evaporated to dryness. The residue is dissolved in a small
      volume of water and the aqueous solution is made basic with 5% aqueous
      sodium bicarbonate solution, then evaporated to dryness. The residue is
      extracted with ether and the ether is removed from the extract in vacuo to
      give .alpha.-(4-thiazolyl)-ethanol.
PAR  A mixture of 8.4 g. of .alpha.-(4-thiazolyl)ethanol and 25 ml. of thionyl
      chloride is heated for four hours on a steam bath, then concentrated in
      vacuo. The residue is dissolved in water and basified with 5% aqueous
      sodium carbonate solution. Extracting with ether, then drying and
      concentrating the extracts gives 4-(.alpha.-chloroethyl)thiazole.
PAR  A solution of 7.8 g. of 4-(.alpha.-chloroethyl)thiazole is added dropwise
      to a suspension of 5.2 g. of sodium cyanide in 100 ml. of
      dimethylsulfoxide. The mixture is heated at 50.degree.C. for two hours,
      then diluted with 150 ml. of a 5% aqueous sodium carbonate solution and
      extracted with ether. The extract is dried and concentrated to give
      .alpha.-(4-thiazolyl)-propionitrile.
PAR  To 12.4 g. of .alpha.-(4-thiazolyl)propionitrile in 13 ml. of pyridine is
      added 5 ml. of triethylamine. Hydrogen sulfide is bubbled into the mixture
      for two hours. The mixture is heated in a sealed tube at 100.degree.C. for
      15 hours, then cooled and concentrated to dryness. The residue is
      extracted with chloroform and the extract is concentrated to dryness. The
      residue is recrystallized from chloroform-hexane to give
      2-(4-thiazolyl)thiopropanamide.
PAR  Using 2-(4-thiazolyl)thiopropanamide in place of
      3-methyl-2-(2-pyridyl)thiobutanamide in the procedure of Example 1, the
      product is N-morpholinomethyl-2-(4-thiazolyl)-thiopropanamide.
PAC  EXAMPLE 10
PAR  To a solution of 22.2 g. of methyl magnesium chloride in ether is added
      10.5 g. of 4-pyrimidinecarbonitrile in tetrahydrofuran. The resulting
      mixture is heated at reflux for 24 hours, then poured onto ice. To the
      mixture is added 75 ml. of 25% sulfuric acid. The solution is then made
      basic with 10% aqueous sodium carbonate solution and extracted with ether.
      The extracts are dried and concentrated to give methyl 4-pyrimidyl ketone.
PAR  By the procedure of Example 9, using methyl 4-pyrimidyl ketone in place of
      methyl 4-thiazolyl ketone, 2-(4-pyrimidyl)thiopropanamide is obtained.
PAR  Using 2-(4-pyrimidyl)thiopropanamide in place of
      3-methyl-2-(2-pyridyl)thiobutanamide in the procedure of Example 1, the
      product is N-morpholinomethyl-2-(4-pyrimidyl)-thiopropanamide.
PAC  EXAMPLE 11
PAR  By the procedure of Example 10, using 2-(4-chloropyridine)carbonitrile as
      the starting material, 2-(4-chloro-2-pyridyl)thiopropanamide is obtained.
PAR  Using 2-(4-chloro-2-pyridyl)thiopropanamide in place of
      3-methyl-2-(2-pyridyl)thiobutanamide in the procedure of Example 1, the
      product is N-morpholinomethyl-2-(4-chloro-2-pyridyl)thiopropanamide.
PAC  EXAMPLE 12
PAR  A solution of 11.8 g. of 2-pyridylacetonitrile in 30 ml. of
      dimethylsulfoxide is added to a suspension of 2.4 g. of sodium hydride in
      50 ml. of dimethylsulfoxide with stirring. The mixture is heated on a
      steam bath for 2 hours, then cooled to room temperature.
      2-Methyl-2-pentenyl-1-chloride (11.8 g.) is added dropwise with stirring.
      The mixture is heated on the steam bath, with stirring, for 10 hours, then
      most of the solvent is removed in vacuo. Water is added to the residue,
      then 200 ml. of ether is added. The ethereal solution is separated from
      the aqueous layer and rinsed several times with water, then dried,
      concentrated and distilled to give
      4-methyl-2-(2-pyridyl)-4-heptenenitrile.
PAR  Treating the above prepared nitrile with hydrogen sulfide by the procedure
      described in Example 9 gives 4-methyl-2-(2-pyridyl)-4-thioheptenamide.
PAR  Using 4-methyl-2-(2-pyridyl)-4-thioheptenamide in place of
      3-methyl-2-(2-pyridyl)thiobutanamide in the procedure of Example 1 gives
      4-methyl-N-morpholinomethyl-2-(2-pyridyl)-4-thioheptenamide.
PAC  EXAMPLE 13
PAR  By the procedures described in Example 9,
      .alpha.-(6-methyl-2-pyridyl)-2-propenol is treated with thionyl chloride,
      the resulting 2-(1-chloro-2-propenyl)-6-methylpyridine is reacted with
      sodium cyanide and the 2-(6-methyl-2-pyridyl)-3-butenenitrile is treated
      with hydrogen sulfide to give 2-(6-methyl-2-pyridyl)-3-thiobutenamide.
PAR  Reacting 2-(6-methyl-2-pyridyl)-3-thiobutenamide with morpholine and
      formalin by the procedure of Example 1 gives
      N-morpholinomethyl-2-(6-methyl-2-pyridyl)-3-thiobutenamide.
PAC  EXAMPLE 14
PAR  A solution of 1.66 g. (0.01 mole) of 2-(2-pyridyl)-thiopropanamide in 20
      ml. of methanol is treated with 1.1 g. (0.015 mole) of morpholine and then
      with 0.45 g. (0.015 mole) of formaldehyde. The mixture is kept for 48
      hours at 25.degree.C., then concentrated in vacuo at 25.degree.C. The
      residue is dissolved in a minimum of ethanol and treated with a 5%
      solution of oxalic acid in ethanol. Ether is added and the precipitate is
      filtered off and recrystallized from ethanol to give
      N-morpholinomethyl-2-(2-pyridyl)thiopropanamide oxalate.
PAR  The oxalate salt is suspended in water and basified with 5% aqueous sodium
      carbonate solution, then extracted with chloroform. The solvent is
      evaporated from the extracts and the residue is triturated with hexane.
      The solid is recrystallized from ether to give
      N-morpholinomethyl-2-(2-pyridyl)thiopropanamide, m.p.
      69.degree.-71.degree.C.
PAC  EXAMPLE 15
PAR  A solution of 1.0 g. (0.005 mole) of 3-methyl-2-(2-pyridyl)thiobutanamide
      in 20 ml. of methanol is treated with 0.65 g. (0.0075 mole) of piperidine
      and then with 0.23 g. of formaldehyde. The mixture is kept for 72 hours at
      25.degree.C., then concentrated in vacuo at 25.degree.C. The residue is
      suspended in water and then extracted into chloroform. The chloroform is
      evaporated from the extracts and the residue is dissolved in hexane and
      cooled to -60.degree.C. on a dry ice bath. Upon warming to 25.degree.C.,
      the hexane solution was decanted from insoluble oil and then evaporated in
      vacuo. The residue is vacuum dried at 0.005 mm. and 25.degree.C. to give
      3-methyl-N-piperidinomethyl-2-(2-pyridyl)thiobutanamide.
PAC  EXAMPLE 16
PAR  A solution of 1.0 g. (0.005 mole) of 3-methyl-2-(2-pyridyl)thiobutanamide
      in 20 cc. of methanol is treated with 0.54 g. (0.0075 mole) of pyrrolidine
      and then with 0.23 g. (0.0075 mole) of formaldehyde. The mixture is kept
      at 25.degree.C. for 72 hours, then worked up as in Example 15 to give,
      after vacuum drying at 0.005 mm. and 25.degree.C.,
      3-methyl-N-pyrrolidinomethyl-2-(2-pyridyl)thiobutanamide.
PAC  EXAMPLE 17
PAR  A solution of 1.94 g. (0.01 mole) of 3-methyl-2-(2-pyridyl)thiobutanamide
      in 40 ml. of methanol is treated with 1.1 g. (0.015 mole) of diethylamine
      and 0.45 g. of formaldehyde. The mixture is kept for 48 hours at
      25.degree.C., then at 0.degree.C. for 48 hours. The solvent is evaporated
      and the residue is dissolved in chloroform and washed with water. The
      solution is dried and the solvent is evaporated off. The residue is vacuum
      dried at 0.005 mm. and 25.degree.C. for 6 hours to give
      N-diethylaminomethyl-3-methyl-2-(2-pyridyl)-thiobutanamide.
PAC  EXAMPLE 18
PAR  By the procedure of Example 17, using in place of diethylamine, the
      following di-lower alkylamines:
PA1  dimethylamine
PA1  dipropylamine
PA1  dibutylamine
PAL  the products are, respectively:
PA1  N-dimethylaminomethyl-3-methyl-2-(2-pyridyl)thiobutanamide
PA1  N-dipropylaminomethyl-3-methyl-2-(2-pyridyl)thiobutanamide
PA1  N-dibutylaminomethyl-3-methyl-2-(2-pyridyl)thiobutanamide.
PAC  EXAMPLE 19
PAR  By the procedure of Example 15, using in place of
      3-methyl-2-(2-pyridyl)thiobutanamide the following thioamides:
PA1  2-(2-pyridyl)thiopropanamide
PA1  2-(2-pyrazinyl)thiobutanamide
PA1  2-(2-pyridyl)-4-thiopentenamide
PAL  the products are, respectively:
PA1  N-pyrrolidinomethyl-2-(2-pyridyl)thiopropanamide
PA1  N-pyrrolidinomethyl-2-(2-pyrazinyl)thiobutanamide
PA1  N-pyrrolidinomethyl-2-(2-pyridyl)-4-thiopentenamide.
PAC  EXAMPLE 20
PAR  By the procedure of Example 5, using pyrrolidine in place of morpholine,
      the product is N-pyrrolidinomethyl-2-(2-pyridyl)thioacetamide.
PAR  Similarly, using the following amines:
PA1  piperidine
PA1  diethylamine
PA1  1-methylpiperazine
PAL  the products are, respectively:
PA1  N-piperidinomethyl-2-(2-pyridyl)thioacetamide
PA1  N-diethylaminomethyl-2-(2-pyridyl)thioacetamide
PA1  N-(4-methylpiperazinomethyl)-2-(2-pyridyl)thioacetamide.
PAC  EXAMPLE 21
PAR  By the procedure of Example 5, using pyrrolidine in place of morpholine and
      the following thioamides in place of 2-(2-pyridyl)thioacetamide:
PA1  2-(2-pyrazinyl)thioacetamide
PA1  2-(2-quinolyl)thioacetamide
PA1  2-(2-pyrrolyl)thioacetamide
PA1  2-(4,6-dimethyl-2-pyrimidyl)thioacetamide
PA1  2-(4-thiazolyl)thiopropanamide
PAL  the products are, respectively:
PA1  N-pyrrolidinomethyl-2-(2-pyrazinyl)thioacetamide
PA1  N-pyrrolidinomethyl-2-(2-quinolyl)thioacetamide
PA1  N-pyrrolidinomethyl-2-(2-pyrrolyl)thioacetamide
PA1  N-pyrrolidinomethyl-2-(4,6-dimethyl-2-pyrimidyl)-thioacetamide
PA1  N-pyrrolidinomethyl-2-(4-thiazolyl)thiopropanamide.
PAC  EXAMPLE 22
PAR  By the procedure of Example 14, 2-benzyl-2-(2-pyridyl)thioacetamide is
      reacted with morpholine and formaldehyde to give
      2-benzyl-N-morpholinomethyl-2-(2-pyridyl)-thioacetamide.
PAR  By the same procedure, using diethylamine in place of morpholine, the
      product is 2-benzyl-N-diethylaminomethyl-2-(2-pyridyl)-thioacetamide.
PAR  Similarly, using pyrrolidine in place of morpholine, the product is
      2-benzyl-N-pyrrolidinomethyl-2-(2-pyridyl)-thioacetamide.
PAC  EXAMPLE 23
PAR  3-Methyl-N-morpholinomethyl-2-(2-pyridyl)thiobutanamide (500 mg.) in
      ethanol is treated with ethereal hydrogen chloride to give, after
      filtering, 3-methyl-N-morpholinomethyl-2-(2-pyridyl)thiobutanamide
      hydrochloride.
PAR  By the same procedure, using ethereal hydrogen bromide, the hydrobromide
      salt is prepared.
PAC  EXAMPLE 24
PAR  3-Methyl-N-pyrrolidinomethyl-2-(2-pyridyl)thiobutanamide is treated with an
      equimolar amount of maleic acid in ethanol to give
      3-methyl-N-pyrrolidinomethyl-2-(2-pyridyl)thiobutanamide maleate.
PAC  EXAMPLE 25
PAR  A solution of 1.94 g. (0.01 mole) of 3-methyl-2-(2-pyridyl)thiobutanamide
      in 40 ml. of methanol is treated with 1.6 g. (0.015 mole) of
      N-methylaniline and 1.22 ml. of 37% formalin solution. The reaction is
      kept at 25.degree.C. for 12 hours, then refluxed for 4 hours. The solvents
      are evaporated in vacuo and the residue is triturated with ethyl acetate
      and cooled, then filtered. The filtrate is evaporated in vacuo and the
      resulting oil is triturated with cold ether to give
      3-methyl-N-(N-methyl-N-phenylaminomethyl)-2-(2-pyridyl)thiobutanamide,
      which after recrystallization from ether melts at 95.degree.-97.degree.C.
PAR  By the same procedure using N-ethylaniline in place of N-methylaniline, the
      product is
      3-methyl-N-(N-ethyl-N-phenylaminomethyl)-2-(2-pyridyl)thiobutanamide.
PAR  Similarly, using the appropriate N-lower alkylanilines,
      3-methyl-N-(N-propyl-N-phenylaminomethyl)-2-(2-pyridyl)thiobutanamide and
      3-methyl-N-(N-butyl-N-phenylaminomethyl)-2-(2-pyridyl)thiobutanamide are
      prepared.
PAC  EXAMPLE 26
TBL  Ingredients              Amounts                                          

     ______________________________________                                    

     3-Methyl-N-morpholinomethyl-                                              

      2-(2-pyridyl)thiobutanamide                                              

                              100 mg.                                          

     Lactose                   75 mg.                                          

     Magnesium stearate        5 mg.                                           

     ______________________________________                                    

PAR  The ingredients are mixed and filled into a hard gelatin capsule.
PAC  EXAMPLE 27
TBL  Ingredients               Amounts                                         

     ______________________________________                                    

     N-morpholinomethyl-2-(2-pyridyl)-                                         

      thiopropanamide          75 mg.                                          

     Calcium sulfate dihydrate 100 mg.                                         

     Sucrose                   25 mg.                                          

     Starch                    15 mg.                                          

     Talc                      5 mg.                                           

     Stearic acid              3 mg.                                           

     ______________________________________                                    

PAR  The sucrose, calcium sulfate dihydrate and
      N-morpholino-2-(2-pyridyl)thiopropanamide are thoroughly mixed and
      granulated with 10% gelatin solution. The wet granules are screened, dried
      and then mixed with the starch, talc and stearic acid, screened and
      compressed into a tablet.
PAR  The compositions prepared as in Examples 26 and 27 are administered orally
      to a subject having excessive gastric acid secretion within the dose
      ranges given hereabove.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pharmaceutical composition having gastric acid secretion inhibitory
      activity, in dosage unit form, comprising a pharmaceutical carrier and a
      gastric acid secretion inhibiting amount of a thioacetamide compound of
      the formula:
      ##EQU3##
      in which: R.sub.1 is 2-pyridyl; [
PA1  R.sub.2 is hydrogen, lower alkyl, lower alkenyl or --(CH.sub.2).sub.n
      -phenyl;
PA1  R.sub.3 is di-lower alkylamino, N-lower alkyl-N-phenylamino, pyrrolidino,
      piperidino or morpholino and
PA1  n is 0 or 1 or a pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. The pharmaceutical composition of claim 1 in which R.sub.2 is lower
      alkyl and R.sub.3 is morpholino.
NUM  3.
PAR  3. The pharmaceutical composition of claim 1 in which the thioacetamide
      compound is 3-methyl-N-morpholinomethyl-2-(2-pyridyl)thiobutanamide.
NUM  4.
PAR  4. The pharmaceutical composition of claim 1 in which the thioacetamide
      compound is N-morpholinomethyl-2-(2-pyridyl)thiopropanamide.
NUM  5.
PAR  5. The pharmaceutical composition of claim 1 in which the thioacetamide
      compound is 3-methyl-N-pyrrolidinomethyl-2-(2-pyridyl)thiobutanamide.
NUM  6.
PAR  6. The pharmaceutical composition of claim 1 in which the thioacetamide
      compound is N-diethylaminomethyl-3-methyl-2-(2-pyridyl)thiobutanamide.
NUM  7.
PAR  7. A method of inhibiting gastric acid secretion in a subject having
      excessive gastric acid secretion which comprises administering to said
      subject an effective gastric acid inhibiting amount of a thioacetamide
      compound of the formula:
      ##EQU4##
      in which: R.sub.1 is 2-pyridyl;
PA1  R.sub.2 is hydrogen, lower alkyl, lower alkenyl or --(CH.sub.2).sub.n
      -phenyl;
PA1  R.sub.3 is di-lower alkylamino, N-lower alkyl-N-phenylamino, pyrrolidino,
      piperidino or morpholino and
PA1  n is 0 or 1
PAL  or a pharmaceutically acceptable acid addition salt thereof.
NUM  8.
PAR  8. The method of claim 7 in which R.sub.2 is lower alkyl and R.sub.3 is
      morpholino.
NUM  9.
PAR  9. The method of claim 7 in which the thioacetamide compound is
      3-methyl-N-morpholinomethyl-2-(2-pyridyl)thiobutanamide.
NUM  10.
PAR  10. The method of claim 7 in which the thioacetamide compound is
      N-morpholino-2-(2-pyridyl)thiopropanamide.
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ABST
PAL  Biocidal pharmaceutical compositions containing as an active ingredient a
      compound of the formula
      ##SPC1##
PAL  Wherein
PA1  R is free amino; lower aliphatic acylamino optionally mono- or
      di-chloro-substituted on the acyl moiety; (straight or branched monoalkyl
      of 1 to 5 carbon atoms)-amino; di(alkyl of 1 to 4 carbon atoms)amino,
      where the alkyl moieties may be identical to or different from each other;
      mono- or di-hydroxy (straight or branched alkyl of 1 to 5 carbon atoms)
      amino, where the amino nitrogen may have an alkyl of 1 to 4 carbon atoms
      substituent attached thereto; di-[hydroxy (straight or branched alkyl of 1
      to 3 carbon atoms)]amino; alkoxy of 1 to 2 carbon atoms (alkyl of 1 to 3
      carbon atoms)amino; free amino (alkyl of 1 to 3 carbon atoms)amino;
      N-acetyl-(alkylene of 1 to 3 carbon atoms)-diamino; piperidino; or
      hydroxy-piperidino; and
PA1  R.sub.1 and R.sub.2, which may be identical to or different from each
      other, are each hydrogen, methyl or ethyl
PAL  Or a non-toxic, pharmacologically acceptable acid addition salt thereof,
      and methods of using the same as bactericides, fungicides and
      trichomonacides.
PARN
PAR  This is a division of copending application Ser. No. 241,414, filed Apr. 5,
      1972, now U.S. Pat. No. 3,830,813.
BSUM
PAR  This invention relates to novel biocidal pharmaceutical compositions
      containing a 2-(5'-nitro-2'-furyl)-thieno[2,3-d] pyrimidine or a non-toxic
      acid addition salt thereof, as well as to methods of using the same as
      bactericides, fungicides and trichomonacides.
PAR  More particularly, the present invention relates to novel biocidal
      pharmaceutical compositions containing as an active ingredient a
      2-(5'-nitro-2'-furyl)-thieno[2,3-d] primidine of the formula
      ##SPC2##
PAL  Wherein
PAR  R is free amino; lower aliphatic acylamino optionally mono- or
      di-chloro-substituted on the acyl moiety; (straight or branched monoalkyl
      of 1 to 5 carbon atoms)-amino; di(alkyl of 1 to 4 carbon atoms) amino,
      where the alkyl moieties may be identical to or different from each other;
      mono- or di-hydroxy (straight or branched alkyl of 1 to 5 carbon atoms)
      amino, where the amino nitrogen may have an alkyl of 1 to 4 carbon atoms
      substituent attached thereto; di-[hydroxy (straight or branched alkyl of 1
      to 3 carbon atoms)] amino; alkoxy of 1 to 2 carbon atoms (alkyl of 1 to 3
      carbon atoms) amino; free amino (alkyl of 1 to 3 carbon atoms) amino;
      N-acetyl-(alkylene of 1 to 3 carbon atoms)-diamino; piperidino; or
      hydroxy-piperidino; and
PAR  R.sub.1 and R.sub.2, which may be identical to or different from each
      other, are each hydrogen, methyl or ethyl;
PAL  Or non-toxic, pharmacologically acceptable acid addition salt thereof.
PAR  The compounds embraced by formula I may be prepared by the following
      methods:
PAC  METHOD A
PAR  For the preparation of a compound of the formula I wherein R has the
      meanings defined in formula I except mono- or di-chloro-substituted lower
      aliphatic acylamino, by reacting a
      2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine of the formula
      ##SPC3##
PAL  Wherein
PAR  R.sub.1 and R.sub.2 have the same meanings as in formula I, and
PAR  Z is halogen or free or substituted mercapto, with an amine of the formula
EQU  R' -- H                                                    (III)
PAL  wherein R' has the same meanings as R in formula I except mono-or
      di-chloro-substituted lower aliphatic acylamino.
PAR  The reaction is preferably performed in an inert organic solvent or
      suspension medium at a temperature between 20.degree. and 150.degree.C.,
      and in those instances where Z in formula II is halogen the presence of a
      hydrogen halide-binding agent is required.
PAR  The hydrogen halide-binding agent may be an equimolar amount of an
      inorganic or tertiary organic base or a molar excess of the amine of the
      formula III.
PAR  The reaction is most advantageously performed in a polar organic solvent
      medium, such as an alkanol, dimethylformamide, dimethylsulfoxide,
      1-methyl-2-pyrrolidinone or hexamethylphosphoric acid triamide.
PAR  If it is desired to prepare by this method a compound of the formula I
      wherein R is free amino(alkyl of 1 to 3 carbon atoms)amino, it is more
      advantageous to react a compound of the formula II with an amine of the
      formula III in which R' is N-acyl-(alkylene of 1 to 3 carbon
      atoms)-diamine and subsequently split off the N-acyl substituent of the
      reaction product by acid hydrolysis.
PAC  METHOD B
PAR  By reacting a 2-(2'-furyl)-thieno[2,3-d]pyrimidine of the formula
      ##SPC4##
PAL  wherein R, R.sub.1 and R.sub.2 have the same meanings as in formula I, with
      a nitrating agent, such as nitric acid, a mixture of nitric acid and
      sulfuric acid, or a mixture of nitric acid and acetanhydride.
PAR  In those instances where the substituent R of the starting compound of the
      formula IV comprises one or more free hydroxyl or amino groups, these
      groups are provided by conventional methods with suitable protective
      substituents, such as acyl, prior to the reaction with the nitrating
      agent. After completion of the nitration reaction the protective
      substituents may be split off again by conventional methods, such as by
      acid hydrolysis.
PAR  The nitration reaction generally requires reaction temperatures of
      0.degree. to 30.degree.C, and in some instances it is advantageously
      performed in an inert solvent or diluent.
PAC  METHOD C
PAR  By reacting a 2-(5'-bromo-2'-furyl)-thieno[2,3-d] pyrimidine of the formula
      ##SPC5##
PAL  wherein R, R.sub.1 and R.sub.2 have the same meanings as in formula I, with
      a salt of nitrous acid in the presence of a polar solvent and at a
      temperature between 0.degree. and 120.degree.C.
PAR  Examples of preferred salts of nitrous acid are alkali metal or alkaline
      earth metal nitrites.
PAR  Examples of suitable polar solvents are aliphatic organic acids, such as
      glacial acetic acid, dimethylformamide or dimethylsulfoxide.
PAC  METHOD D
PAR  By reacting a 2-(5'-carboxy-2'-furyl)-thieno[ 2,3-d]pyrimidine of the
      formula
      ##SPC6##
PAL  wherein R, R.sub.1 and R.sub.2 have the same meanings as in formula I, with
      nitric acid or a salt of nitric acid in the presence of a strong mineral
      acid, such as concentrated sulfuric acid, at a temperature between
      -20.degree. and +50.degree.C., preferably from 0.degree. to +20.degree.C.
PAR  The mineral acid is advantageously provided in an amount such that it
      simultaneously serves as the solvent medium for the reaction.
PAR  Examples of suitable salts of nitric acid are alkali metal or alkaline
      earth metal nitrates.
PAR  In those instances where substituent R in formula VI comprises free amino
      or hydroxyl groups, these are provided in conventional manner with
      protective substituents, such as acyl, prior to the nitration reaction;
      after completion of the reaction the protective groups may, if desired, by
      split off again by conventional methods, such as by acid hydrolysis.
PAC  METHOD E
PAR  For the preparation of a compound of the formula I wherein R is acylamino
      or mono- or di-chloro-substituted acylamino, by acylating a
      2-(5'-nitro-2'-furyl)-4-aminothieno[2,3-d]pyrimidine of the formula
      ##SPC7##
PAL  wherein R.sub.1 and R.sub.2 have the same meanings as in formula I, with a
      conventional acylating agent, such as an acid halide or an acid anhydride,
      at a temperature up to the boiling point of the particular acylating agent
      which is employed.
PAR  The starting compounds required for methods A to E are either known
      compounds or may be prepared by known methods.
PAR  Thus, the starting compounds of the formula II wherein Z is halogen may be
      prepared by reacting a 5-nitrofuran-2-iminocarboxylic acid ester [see W.
      R. Sherman et al, J. Med. Chem. 8, 25 (1965)] with a
      2-aminothiophene-3-carboxylic acid ester [see K. Gewald, Chem. Ber. 98,
      3571 (1965); and ibid, 99, 94 (1966)], followed by halogenation of the
      intermediately formed
      2-(5'-nitro-2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine with a
      conventional halogenating agent, such as a phosphorus oxyhalide,
      phosphorus pentahalide or thionyl halide.
PAR  The compounds of the formula II wherein Z is free or substituted mercapto
      may, for example, be prepared by reacting a corresponding
      4-halo-substituted thieno[2,3-d]pyrimidine with thiourea, followed by
      optional alkylation of resulting 4-mercapto compound with an alkyl halide.
PAR  The starting compounds of the formula IV may be prepared by reacting a
      furan-2-imino-carboxylic acid ester [see A. Pinner, Chem. Ber. 25, 1416
      (1892)] with a 2-aminothiophene-3-carboxylic acid ester to form the
      corresponding 2-(2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine, halogenating
      the latter with a conventional halogenating agent, such as a phosphorus
      oxyhalide, and reacting the intermediately formed corresponding
      2-(2'-furyl)-4-halo-thieno[2,3-d]pyrimidine with an amine of the formula R
      -- H, where R has the meanings defined in connection with formula I.
PAR  The starting compounds of the formula V may, for instance, be obtained by
      treating a corresponding 2-(2'-furyl)-4-halo-thieno[2,3-d]pyrimidine with
      a stoichiometric amount of bromine, and reacting the resulting
      2-(5'-bromo-2'-furyl)-4-halo-thieno[2,3-d]pyrimidine with an amine of the
      formula R -- H, where R has the same meanings as in formula I. The
      bromination reaction is preferably performed in an organic solvent medium
      and in the presence of a hydrogen halide-binding agent at a temperature
      between 0.degree. and 30.degree.C. Suitable organic solvent media are
      inert solvents, such as 1,2-dichloroethane, as well as polar solvents,
      such as glacial acetic acid. An example of a suitable hydrogen
      halide-binding agent is anhydrous sodium acetate. The subsequent reaction
      with the amine R -- H is performed at elevated temperatures, and the amine
      is preferably provided in sufficient excess over the stoichiometrically
      required amount to serve simultaneously as the hydrogen halide-binding
      agent and the solvent medium for the reaction.
PAR  The starting compounds of the formula VI may be prepared by reacting a
      5-carbalkoxy-furan-2-iminocarboxylic acid ester with a
      2-amino-thiophene-3-carboxylic acid ester, halogenating the intermediate
      thus obtained with a halogenating agent, such as a phosphorus oxyhalide,
      reacting the halogenation product with an amine of the formula R -- H,
      where R has the same meanings as in formula I, and hydrolizing the
      reaction product in the presence of an acid, such as hydrochloric acid.
PAR  Finally, the starting compounds of the formula VII are obtained by reacting
      a compound of the formula II with ammonia.
PAR  The end products of the formula I obtained by methods A through E are
      organic bases and therefore form acid addition salts with inorganic or
      organic acids. Examples of non-toxic, pharmacologically acceptable acid
      addition salts are those formed with hydrochloric acid, hydrobromic acid,
      sulfuric acid, tartaric acid, adipic acid, maleic acid, citric acid,
      8-chlorotheophylline or the like.
PAR  The following examples further illustrate the present invention and will
      enable others skilled in the art to understand it more completely. It
      should be understood, however, that the invention is not limited solely to
      the particular examples given below:
DETD
PAC  PREPARATION OF STARTING COMPOUNDS
PAC  EXAMPLE A
PAC  2-(5'-Nitro-2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine
PAR  A mixture consisting of 18.4 gm (0.1 mol) of
      5-nitro-furan-2-iminocarboxylic acid methyl ester, 15.7 gm (0.1 mol) of
      2-amino-thiophene-3-carboxylic acid methyl ester and 50 ml of xylene was
      heated to reflux temperature. After about two hours crystals began to
      separate out of the clear solution, and after a reaction period of 20
      hours the reaction mixture was cooled, the precipitate formed thereby was
      collected by vacuum filtration, and the filter cake was washed with ether
      and recrystallized from dimethylformamide, yielding 10.4 gm (40% of
      theory) of 2-(5'-nitro-2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine, m. p.
      &gt;300.degree.C.
PAR  Analysis: C.sub.10 H.sub.5 N.sub.3 O.sub.4 S; mol. wt. 263.24: Calculated
      (percent): C, 45.62; H, 1.92; N, 15.97. Found (percent): C, 45.68; H,
      1.97; N, 15.88.
PAR  In analogous manner the following compounds were prepared:
PAR  a. 5-Methyl-2-(5'-nitro-2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine, m. p.
      &gt;300.degree.C. (from dimethylformamide), from
      5-nitro-furan-2-iminocarboxylic acid ether ester and
      2-amino-4-methyl-thiophene-3-carboxylic acid methyl ester.
PAR  b. 6-Methyl-2-(5'-nitro-2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine, m. p.
      &gt;300.degree.C. (from dimethylformamide), from
      2-amino-5-methyl-thiophene-3-carboxylic acid methyl ester and
      5-nitro-furan-2-iminocarboxylic acid ethyl ester.
PAR  c. 6-Ethyl-2-(5'-nitro-2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine, m. p.
      271.degree.-273.degree.C. (decomp.; from dimethylformamide), from
      5-nitro-furan-2-iminocarboxylic acid ethyl ester and
      5-ethyl-2-amino-thiophene-3-carboxylic acid methyl ester.
PAR  d. 5,6-Dimethyl-2-(5'-nitro-2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine, m.
      p. &gt;300.degree.C. (from dimethylformamide), from
      5-nitro-furan-2-iminocarboxylic acid ethyl ester and
      2-amino-4,5-dimethyl-thiophene-3-carboxylic acid methyl ester.
PAC  EXAMPLE B
PAC  4-Chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
PAR  A mixture consisting of 26.3 gm (0.1 mol) of
      2-(5'-nitro-2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine and 150 ml of
      phosphorus oxychloride was refluxed for two hours while stirring.
      Thereafter, the excess, unreacted phosphorus oxychloride was distilled off
      in vacuo, and the residue was decomposed with water. The crystalline
      substance formed thereby was collected by vacuum filtration, dried and
      recrystallized from dimethylformamide, yielding 26.5 gm (94% of theory) of
      4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      245.degree.-247.degree.C.
PAR  Analysis: C.sub.10 H.sub.4 Cl N.sub.3 O.sub.3 S; mol. wt. 281.69:
      Calculated (percent): C, 42.64; H, 5.01; Cl, 12.49. Found (percent): C,
      42.76; H, 5.10; Cl, 12.42.
PAR  In analogous manner, the following
      4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidines of the formula II
      were prepared:
PAR  a. 4-Chloro-5-methyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      220.degree.-222.degree.C. (from dioxane), from
      5-methyl-2-(5'-nitro-2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine and
      phosphorus oxychloride.
PAR  b. 4-Chloro-6-methyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      194.degree.-196.degree.C. (from ethanol), from
      6-methyl-2-(5'-nitro-2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine and
      phosphorus oxychloride.
PAR  c. 6-Ethyl-4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      108.degree.-109.degree.C. (from ethanol), from
      6-ethyl-2-(5'-nitro-2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine and
      phosphorus oxychloride.
PAR  d. 4-Chloro-5,6-dimethyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine m.
      p. 230.degree.-232.degree.C. (from dioxane), from
      5,6-dimethyl-2-(5'-nitro-2'-furyl)-4-hydroxy-thieno[ 2,3-d]pyrimidine and
      phosphorus oxychloride.
PAC  EXAMPLE C
PAC  4-Mercapto-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
PAR  A refluxing solution of 2.8 gm (0.01 mol) of
      4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine in 50 ml of
      dimethylformamide was admixed with 9.5 gm (0.125 mol) of thiourea, and the
      mixture was allowed to reflux for one minute more. Thereafter, the
      reaction solution was cooled to room temperature, allowed to stand at room
      temperature for five minutes, and was then poured into 1 liter of ice
      water. The crystalline precipitate formed thereby was collected by vacuum
      filtration, dried and recrystallized from methyl ethyl ketone/ethyl
      acetate, yielding 1.4 gm (50% of theory) of
      4-mercapto-2-(5'-nitro-2'-furyl)-thieno[ 2,3-d]pyrimidine, m. p.
      192.degree.-193.degree.C. (decomp.).
PAR  Analysis: C.sub.10 H.sub.5 N.sub.3 O.sub.3 S.sub.2 ; mol. wt. 279.30:
      Calculated (percent): C, 43.00; H, 1.81; N, 15.05. Found (percent): C,
      43.20; H, 1.85; N, 15.30.
PAC  EXAMPLE D
PAC  4-Methylmercapto-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
PAR  A solution of 1.4 gm (0.005 mol) of the end product of Example C in 50 ml
      of dimethylsulfoxide was admixed at room temperature, and while stirring,
      first with 0.85 gm (0.006 mol) of methyl iodide and then gradually with
      0.42 gm (0.006 mol) of potassium methylate, and the resulting mixture was
      stirred at room temperature for 30 minutes more. Thereafter, the reaction
      mixture was poured into 0.75 liter of ice water, and the crystalline
      precipitate formed thereby was collected by vacuum filtration and
      recrystallized from dimethylformamide, yielding 0.8 gm (55% of theory) of
      4-methylmercapto-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      264.degree.-265.degree.C.
PAR  Analysis: C.sub.11 H.sub.7 N.sub.3 O.sub.3 S.sub.2 ; mol. wt. 293.33:
      Calculated (percent): C, 45.05; H, 2.41; N, 14.33. Found (percent): C,
      45.00; H, 2.45; N, 14.45.
PAC  EXAMPLE E
PAC  2-(2'-Furyl)-4-hydroxy-thieno[2,3-d]pyrimidine
PAR  36.8 gm (0.2 mol) of ethyl furan-2-iminocarboxylate and 33.0 gm (0.21 mol)
      of methyl 2-amino-thiophene-3-carboxylate were dissolved in 150 ml of
      xylene, and the solution was heated at 140.degree.C. for 50 hours.
      Thereafter, the reaction solution was allowed to cool, and the crystalline
      precipitate formed thereby was collected by vacuum filtration and
      recrystallized from dioxane in the presence of activated charcoal. 18.2 gm
      (42% of theory) of 2-(2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine, m. p.
      242.degree.-243.degree.C., were obtained.
PAR  Analysis: C.sub.10 H.sub.6 N.sub.2 O.sub.2 S; mol. wt. 218.24: Calculated
      (percent): C, 55.00; H, 2.77; N, 12.84. Found (percent): C, 55.10; H,
      2.81; N, 12.64.
PAC  EXAMPLE F
PAC  4-Chloro-2-(2'-furyl)-thieno[2,3-d]pyrimidine
PAR  A mixture consisting of 21.8 gm (0.1 mol) of
      2-(2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine and 75 ml of phosphorus
      oxychloride was refluxed for one hour, whereby everything went into
      solution. Thereafter, the excess, unreacted phosphorus oxychloride was
      distilled off in vacuo, and the residue was poured into ice water. The
      crystalline precipitate formed thereby was collected by vacuum filtration,
      washed with water and recrystallized from ethanol, yielding 17.1 gm (72%
      of theory) of 4-chloro-2-(2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      133.degree.134.degree.C.
PAR  Analysis: C.sub.10 H.sub.5 Cl N.sub.2 O S; mol. wt. 236.70: Calculated
      (percent): C, 50.75; H, 2.13; N, 11.82. Found (percent): C, 50.63; H,
      2.19; N, 11.71.
PAC  EXAMPLE G
PAC  4-Dibutylamino-2-(2'-furyl)-thieno[2,3-d]pyrimidine
PAR  A solution of 4.7 gm (0.02 mol) of
      4-chloro-2-(2'-furyl)-thieno[2,3-d]pyrimidine and 20 ml of dibutylamine in
      75 ml of ethanol was refluxed for 15 minutes and then poured into water.
      The aqueous mixture was extracted with methylene chloride, the organic
      extract was washed with water, dried over sodium sulfate and evaporated in
      vacuo, and the residue was recrystallized from petroleum ether, yielding
      4.3 gm (65% of theory) of
      4-dibutylamino-2-(2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      69.degree.-70.degree.C.
PAR  Analysis: C.sub.18 H.sub.23 N.sub.3 O S; mol. wt. 329.47: Calculated
      (percent): C, 65.61; H, 7.04; N, 12.75. Found (percent): C, 65.70; H,
      7.11; N, 12.73.
PAC  EXAMPLE H
PAC  2-(5'-Bromo-2'-furyl)-4-chloro-thieno[2,3-d]pyrimidine
PAR  A small amount of hydroquinone and sulfur were added to a solution of 2.4
      gm (0.01 mol) of 4-chloro-2-(2'-furyl)-thieno[2,3-d]pyrimidine in 100 ml
      of dichloroethane, and then a solution of 8.0 gm (0.01 mol) of bromine in
      20 ml of dichloroethane was added dropwise over a period of 30 minutes to
      the mixture at room temperature, and the resulting mixture was allowed to
      stand for two hours at room temperature. Thereafter, the reaction mixture
      was poured into water, the organic phase was separated, and the aqueous
      phase was extracted once with dichloroethane. The extract solution was
      combined with the organic phase, the mixed solution was washed once with
      an aqueous sodium thiosulfate solution and once with water, evaporated in
      vacuo, and the residue was recrystallized from ethyl acetate, yielding 1.9
      gm (60% of theory) of
      2-(5'-bromo-2'-furyl)-4-chloro-thieno[2,3-d]pyrimidine, m. p.
      194.degree.-195 C.
PAR  Analysis: C.sub.10 H.sub.4 BrClN.sub.2 O S; mol. wt. 313.60: Calculated
      (percent): C, 38.30; H, 1.29; N, 8.93. Found (percent): C, 38.44; H, 1.41;
      N, 8.72.
PAC  EXAMPLE I
PAC  2-(5'-Bromo-2'-furyl)-4-(.beta.-hydroxyethyl-amino)-thieno[2,3-d]pyrimidine
PAR  A mixture consisting of 1.6 gm (0.005 mol) of
      2-(5'-bromo-2'-furyl)-4-chloro-thieno[2,3-d]pyrimidine, 5 ml of
      2-amino-ethanol-1 and 20 ml of ethanol was heated at 60.degree.C. for 15
      minutes. Thereafter, the resulting solution was poured over ice, and the
      precipitate formed thereby was collected by vacuum filtration, washed with
      water and recrystallized from methyl ethyl ketone, yielding 1.2 gm (72% of
      theory) of
      2-(5'-bromo-2'-furyl)-4-(.beta.-hydroxyethyl-amino)-thieno[2,3-d]pyrimidin
     e, m. p. 219.degree.-220.degree.C.
PAR  Analysis: C.sub.12 H.sub.10 BrN.sub.3 O.sub.2 S; mol. wt. 340.22:
      Calculated (percent): C, 42.37; H, 2.96; N, 12.35. Found (percent): C,
      42.50; H, 3.06; N, 12.40.
PAC  EXAMPLE J
PAC  2-(5'-Carbomethoxy-2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine
PAR  1.8 gm (0.01 mol) of methyl 5-carbomethoxy-furan-2-iminocarboxylate (m. p.
      82.degree.-83.degree.C.; prepared from
      5-carbomethoxy-furan-2-carbonitrile, methanol and hydrochloric acid) and
      1.7 gm (0.11 mol) of methyl 2-amino-thiophene-3-carboxylate were
      intimately admixed with each other, and the mixture was heated at
      140.degree.C. for 4 hours in a round-bottom flask. After some time a
      crystalline substance began to separate out of the clear molten mass, and
      at the end of the heating time the contents of the flask had completely
      solidified. The solid product was triturated with ethanol, and the
      insoluble matter was collected by vacuum filtration and recrystallized
      from dimethylformamide, yielding 1.4 gm (51% of theory) of
      2-(5'-carbomethoxy-2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine, m. p.
      243.degree.-245.degree.C.
PAR  Analysis: C.sub.12 H.sub.8 N.sub.2 O.sub.4 S; mol. wt. 276.28: Calculated
      (percent): C, 48.90; H, 2.38; N, 1.29. Found (percent): C, 48.79; H, 2.47;
      N, 16.38.
PAC  EXAMPLE K
PAC  2-(5'-Carbomethoxy-2'-furyl)-4-chloro-thieno[2,3-d]pyrimidine
PAR  A mixture consisting of 2.8 gm (0.01 mol) of
      2-(5'-carbomethoxy-2'-furyl)-4-hydroxy-thieno[2,3-d]pyrimidine and 20 ml
      of phosphorus oxychloride was refluxed for 90 minutes, whereby a solution
      was formed. Thereafter, the excess, unreacted phosphorus oxychloride was
      distilled off in vacuo, and the residue was poured into ice water. The
      crystalline precipitate formed thereby was collected by vacuum filtration,
      dried and recrystallized from a mixture of dimethylformamide and ethanol,
      yielding 2.6 gm (89% of theory) of
      2-(5'-carbomethoxy-2'-furyl)-4-chloro-thieno[2,3-d]pyrimidine, m. p.
      185.degree.-187.degree.C.
PAR  Analysis: C.sub.12 H.sub.7 ClN.sub.2 O.sub.3 S; mol. wt. 294.73: Calculated
      (percent): C, 48.90; H, 2.38; Cl, 12.03. Found (percent): C, 48.71; H,
      2.45; Cl, 12.19.
PAC  EXAMPLE L
PAC  2-(5'-Carboxy-2'-furyl)-4-dimethylamino-thieno[2,3-d]pyrimidine
PAR  A mixture consisting of 1.45 gm (0.005 mol) of
      2-(5'-carboxymethyl-2'-furyl)-4-chloro-thieno[2,3-d]pyrimidine and 10 ml
      of dimethylamine was heated at 80.degree.C. for one hour in a closed
      pressure vessel. Thereafter, the excess, unreacted dimethylamine was
      purged from the vessel, the residual
      4-dimethylamino-2-(5'-carboxydimethylamido-2'-furyl)-thieno[2,3-d]pyrimidi
     ne was admixed with 10 ml of concentrated hydrochloric acid, and the
      mixture was refluxed for two hours. Thereafter, the reaction mixture was
      cooled and then admixed with an equal volume of water, and the precipitate
      formed thereby was collected by vacuum filtration, washed with a small
      amount of water and recrystallized from methanol, yielding 0.7 gm (48% of
      theory) of
      2-(5'-carboxy-2'-furyl)-4-dimethylamino-thieno[2,3-d]pyrimidine, m. p.
      222.degree.-224.degree.C. (decomp.).
PAR  Analysis: C.sub.13 H.sub.11 N.sub.3 O.sub.3 S; mol. wt. 289.32. Calculated
      (percent): C, 53.97; H, 3.83; N, 14.52. Found (percent): C, 54.12; H,
      3.91; N, 14.44.
PAC  Preparation of end products of the formula I
PAC  EXAMPLE 1
PAC  4-(.beta.-Hydroxyethyl-amino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
      by method A
PAR  A solution of 0.61 gm (0.01 mol) of 2-aminoethanol-1 in 5 ml of
      dimethylsulfoxide was added dropwise to a suspension of 1.4 gm (0.005 mol)
      of 4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine in 20 ml of
      dimethylsulfoxide at 80.degree.C., accompanied by stirring, and the
      resulting mixture was allowed to stand at that temperature for 30 minutes,
      whereby a solution was formed. Thereafter, the solution was cooled and
      then poured into water, and the precipitate formed thereby was collected
      by vacuum filtration, washed with water and recrystallized from a mixture
      of ethyl acetate and petroleum ether, yielding 1.2 gm (78% of theory) of
      the compound of formula
      ##SPC8##
PAL  having a melting point of 205.degree.-206.degree.C.
PAR  Analysis: C.sub.12 H.sub.10 N.sub.4 O.sub.4 S; mol. wt. 306.31: Calculated
      (percent): C, 47.05; H, 3.29; N, 18.29. Found (percent): C, 47.20; H,
      3.35; N, 18.17.
PAC  EXAMPLE 2
PAR  Using a procedure analogous to that described in Example 1,
      4-amino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      &gt;300.degree.C. (recrystallized from dimethylformamide), of the formula
      ##SPC9##
PAL  was prepared from 4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
      and ammonia.
PAC  EXAMPLE 3
PAR  Using a procedure analogous to that described in Example 1,
      4-methylamino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      263.degree.-264.degree.C. (recrystallized from dioxane/ethanol), of the
      formula
      ##SPC10##
      was prepared from 4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
      and methylamine.
PAC  EXAMPLE 4
PAR  Using a procedure analogous to that described in Example 1,
      4-ethylamino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      223.degree.C. (recrystallized from ethanol), was prepared from
      4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and ethylamine.
PAC  EXAMPLE 5
PAR  Using a procedure analogous to that described in Example 1,
      4-isopropylamino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      196.degree.-198.degree.C. (recrystallized from ethanol), was prepared from
      4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and isopropylamine.
PAC  EXAMPLE 6
PAR  Using a procedure analogous to that described in Example 1,
      4-n-pentylamino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      130.degree.C. (recrystallized from ethanol), was prepared from
      4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and n-pentylamine.
PAC  EXAMPLE 7
PAR  Using a procedure analogous to that described in Example 1,
      4-dimethylamino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      226.degree.-229.degree.C. (recrystallized from ethanol/dioxane), of the
      formula
      ##SPC11##
      was prepared from 4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
      and dimethylamine.
PAC  EXAMPLE 8
PAR  Using a procedure analogous to that described in Example 1,
      4-(di-n-butylamino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      102.degree.-103.degree.C. (recrystallized from ethanol), was prepared from
      4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      di-n-butylamine.
PAC  EXAMPLE 9
PAR  Using a procedure analogous to that described in Example 1,
      4-(.omega.-hydroxypentyl-amino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimid
     ine, m. p. 154.degree.-155.degree.C. (recrystallized from ethanol), was
      prepared from 4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      5-amino-pentanol-1.
PAC  EXAMPLE 10
PAR  Using a procedure analogous to that described in Example 1,
      4-(.beta.-hydroxypropyl-amino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidi
     ne, m. p. 177.degree.-178.degree.C. (recrystallized from ethanol), of the
      formula
      ##SPC12##
PAL  was prepared from 4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
      and 1-amino-propanol-2.
PAC  EXAMPLE 11
PAR  Using a procedure analogous to that described in Example 1,
      4-[(.beta.-hydroxy-.alpha.-methyl-ethyl)-amino]-2-(5'-nitro-2'-furyl)-thie
     no[2,3-d]pyrimidine, m. p. 244.degree.-245.degree.C. (recrystallized from
      ethanol), of the formula
      ##SPC13##
PAL  was prepared from 4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
      and 2-hydroxy-1-methyl-ethylamine.
PAC  EXAMPLE 12
PAR  Using a procedure analogous to that described in Example 1,
      4-(.beta.,.gamma.-dihydroxypropyl-amino)-2-(5'-nitro-2'-furyl)-thieno[2,3-
     d]pyrimidine, m. p. 222.degree.-223.degree.C. (recrystallized from
      ethanol), of the formula
      ##SPC14##
PAL  was prepared from 4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
      and 1-amino-2,3-propanediol.
PAC  EXAMPLE 13
PAR  Using a procedure analogous to that described in Example 1,
      4-(.beta.-methoxyethyl-amino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidin
     e, m. p. 170.degree.-171.degree.C. (recrystallized from ethanol), of the
      formula
      ##SPC15##
PAL  was prepared from 4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
      and .beta.-methoxyethyl-amine.
PAC  EXAMPLE 14
PAR  Using a procedure analogous to that described in Example 1,
      4-(.beta.-ethoxyethyl-amino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
     , m. p. 131.degree.-133.degree.C. (recrystallized from ethanol), was
      prepared from 4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      .beta.-ethoxyethyl-amine.
PAC  EXAMPLE 15
PAR  Using a procedure analogous to that described in Example 1,
      4-(.gamma.-methoxypropyl-amino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimid
     ine, m. p. 151.degree.-152.degree.C. (recrystallized from ethanol), was
      prepared from 4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      3-methoxypropyl-amine.
PAC  EXAMPLE 16
PAR  Using a procedure analogous to that described in Example 1,
      4-[N-(.beta.-hydroxyethyl)-methylamino])-2-(5'-nitro-2'-furyl)-thieno[2,3-
     d]pyrimidine, m. p. 161.degree.-162.degree.C. (recrystallized from
      ethanol), of the formula
      ##SPC16##
PAL  was prepared from 4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
      and 2-methylamino-ethanol.
PAC  EXAMPLE 17
PAR  Using a procedure analogous to that described in Example 1,
      4-[N(.beta.-hydroxyethyl)-n-butylamino]-2-(5'-nitro-2'-furyl)-thieno[2,3-d
     ]pyrimidine, m. p. 132.degree.-133.degree.C. (recrystallized from ethanol),
      was prepared from 4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
      and 2-(n-butylamino)-ethanol.
PAC  EXAMPLE 18
PAR  Using a procedure analogous to that described in Example 1,
      4-[N-(.gamma.-hydroxypropyl)-methylamino]-2-(5'-nitro-2'-furyl)-thieno[2,3
     -d]pyrimidine, m. p. 113.degree.-115.degree.C. (recrystallized from
      ethanol), was prepared from
      4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      3-methylamino-propanol.
PAC  EXAMPLE 19
PAR  using a procedure analogous to that described in Example 1,
      4-[N,N-bis-(62-hydroxyethyl)-amino]-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyr
     imidine, m. p. 198.degree.-199.degree.C. (recrystallized from ethanol), of
      the formula
      ##SPC17##
PAL  was prepared from 4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
      and bis-(.beta.-hydroxyethyl)-amine.
PAC  EXAMPLE 20
PAR  Using a procedure analogous to that described in Example 1,
      4-[N,N-bis-(.beta.-hydroxypropyl)-amino]-2-(5'-nitro-2'-furyl)-thieno[2,3-
     d]pyrimidine, m. p. 215.degree.-218.degree.C. (recrystallized from
      ethanol), was prepared from
      4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      bis-(.beta.-hydroxypropyl)-amine.
PAC  EXAMPLE 21
PAR  Using a procedure analogous to that described in Example 1,
      4-(3"-hydroxy-piperidino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine,
      m. p. 178-179.degree.C. (recrystallized from ethanol), of the formula
      ##SPC18##
PAL  was prepared from 4-chloro-2-(5'-nitro-2'-furyl)-thieno [2,3-d]pyrimidine
      and 3-hydroxy-piperidine.
PAC  EXAMPLE 22
PAR  Using a procedure analogous to that described in Example 1,
      4-(4"-hydroxy-piperidino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine,
      m. p. 230-232.degree.C. (recrystallized from ethanol), was prepared from
      4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      4-hydroxy-piperidine.
PAC  EXAMPLE 23
PAR  Using a procedure analogous to that described in Example 1,
      4-(methylamino)-5-methyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m.
      p. 192.degree.-193.degree.C. (recrystallized from methyl ethyl ketone), of
      the formula
      ##SPC19##
PAL  was prepared from
      4-chloro-5-methyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      methylamine.
PAC  EXAMPLE 24
PAR  Using a procedure analogous to that described in Example 1,
      4-(.beta.-hydroxyethyl-amino)-5-methyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]
     pyrimidine, m. p. 211.degree.-212.degree.C. (recrystallized from methyl
      ethyl ketone), was prepared from
      4-chloro-5-methyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      2-amino-ethanol.
PAC  EXAMPLE 25
PAR  Using a procedure analogus to that described in Example 1,
      4-(.beta.-hydroxyethyl-amino)-6-methyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]
     pyrimidine, m. p. 170.degree.C. (recrystallized from ethanol), of the
      formula
      ##SPC20##
PAL  was prepared from
      4-chloro-6-methyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      2-amino-ethanol.
PAC  EXAMPLE 26
PAR  Using a procedure analogous to that described in Example 1,
      4-(.beta.-hydroxypropyl-amino)-6-methyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d
     ]pyrimidine, m. p. 215.degree.-216.degree.C. (recrystallized from methyl
      ethyl ketone), was prepared from
      4-chloro-6-methyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      1-amino-propanol-2.
PAC  EXAMPLE 27
PAR  Using a procedure analogous to that described in Example 1,
      4-methylamino-6-ethyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      179.degree.-180.degree.C. (recrystallized from ethanol), was prepared from
      4-chloro-6-ethyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      methylamine.
PAC  EXAMPLE 28
PAR  Using a procedure analogous to that described in Example 1,
      4-(.beta.-hydroxyethyl-amino)-6-ethyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]p
     yrimidine, m. p. 194.degree.-195.degree.C. (recrystallized from ethanol),
      was prepared from
      4-chloro-6-ethyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      2-amino-ethanol.
PAC  EXAMPLE 29
PAR  Using a procedure analogous to that described in Example 1,
      4-(.beta.-hydroxyethyl-amino)-5,6-dimethyl-2-(5'-nitro-2'-furyl)-thieno[2,
     3-d]pyrimidine, m. p. 201.degree.-202.degree.C. (recrystallized from
      dioxane), of the formula
      ##SPC21##
PAL  was prepared from
      4-chloro-5,6-dimethyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      2-amino-ethanol.
PAC  EXAMPLE 30
PAC  4-[(.beta.-acetylamino-ethyl)-amino]2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyri
     midine by method A
PAR  A solution of 1.0 gm (0.01 mol) of N-acetyl-ethylenediamine in 5 ml of
      dimethylsulfoxide was added dropwise to a suspension of 1.4 gm (0.005 mol)
      of 4-chloro-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine in 20 ml of
      dimethylsulfoxide at 70.degree.C., accompanied by stirring, and the
      resulting mixture was maintained at that temperature for one hour, whereby
      a solution was formed. Thereafter, the solution was cooled and then poured
      into water, and the precipitate formed thereby was collected by vacuum
      filtration, washed with water and recrystallized from ethanol, yielding
      0.97 gm (56% of theory) of the compound of the formula
      ##SPC22##
PAL  having a melting point of 257.degree.C.
PAR  Analysis: C.sub.14 H.sub.13 H.sub.5 O.sub.4 S; mol. wt. 347.36: Calculated
      (percent): C, 48.41; H, 3.78; N, 20.16 Found (percent): C, 48.50; H, 3.90;
      N, 20.27
PAC  EXAMPLE 31
PAR  Using a procedure analogous to that described in Example 30,
      4-[(.beta.-acetylamino-ethyl)-amino]-5-methyl-2-(5'-nitro-2'-furyl)-thieno
     [2,3-d]pyrimidine, m. p. 235.degree.-236.degree.C. (from
      dimethylformamide), was prepared from
      4-chloro-5-methyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      N-acetyl-ethylenediamine.
PAC  EXAMPLE 32
PAR  Using a procedure analogous to that described in Example 30,
      4-[.beta.-acetylamino-ethyl)-amino]-6-methyl-2-(5'-nitro-2'-furyl)-thieno[
     2,3-d]pyrimidine, m. p. 257.degree.-258.degree.C. (from dimethylformamide),
      was prepared from
      4-chloro-6-methyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      N-acetyl-ethylenediamine.
PAC  EXAMPLE 33
PAR  Using a procedure analogous to that described in Example 30,
      4-[(.beta.-acetylamino-ethyl)-amino]-5,6-dimethyl-2-(5'-nitro-2'-furyl)-th
     ieno[2,3-d]pyrimidine, m. p. 256.degree.-258.degree.C. (from
      dimethylformamide), was prepared from
      4-chloro-5,6-dimethyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      N-acetyl-ethylenediamine.
PAC  EXAMPLE 34
PAC  4-(.beta.-Aminoethyl-amino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
      hydrochloride by method A
PAR  A mixture consisting of 3.5 gm (0.01 mol) of
      4-[.beta.-acetylamino-ethyl)-amino]-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyr
     imidine and 25 ml of concentrated hydrochloric acid was heated for ten
      hours on a boiling water bath. Thereafter, the resulting reaction solution
      was evaporated to dryness, and the residue was recrystallized from aqueous
      ethanol, yielding 1.8 gm of the compound of the formula
      ##SPC23##
PAL  having a melting point of 283.degree.-285.degree.C.
PAR  Analysis: C.sub.12 H.sub.11 N.sub.5 O.sub.3 S .sup.. HCl; mol. wt. 341.79:
      Calculated (percent): C, 42.16; H, 3.54; Cl, 10.38 Found (percent): C,
      42.20; H, 3.56; Cl, 10.24
PAC  EXAMPLE 35
PAR  Using a procedure analogous to that described in Example 34,
      4-(.beta.-aminoethyl-amino)-5-methyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]py
     rimidine hydrochloride, m. p. &gt;290.degree.C. (from aqueous ethanol), was
      prepared from
      4-[(.beta.-acetylamino-ethyl)-amino]-5-methyl-2-(5'-nitro-2'-furyl)-thieno
     [2,3-d]pyrimidine and concentrated hydrochloric acid.
PAC  EXAMPLE 36
PAR  Using a procedure analogous to that described in Example 34,
      4-(.beta.-aminoethyl-amino)-6-methyl-2-(5'-nitro-2'-furyl)-thieno[2,3-d]py
     rimidine hydrochloride, m. p. 300.degree.-302.degree.C. (from aqueous
      ethanol), was prepared from
      4-[(.beta.-acetylamino-ethyl)-amino]-6-methyl-2-(5'-nitro-2'-furyl)-thieno
     [2,3-d]pyrimidine and concentrated hydrochloric acid.
PAC  EXAMPLE 37
PAR  Using a procedure analogous to that described in Example 34,
      4-(.beta.-aminoethyl-amino)-5,6-dimethyl-2-(5'-nitro-2'-furyl)-thieno[2,3-
     d]pyrimidine hydrochloride, m. p. &gt;300.degree.C. (from aqueous ethanol),
      was prepared from
      4-[(.beta.-acetylamino-ethyl)-amino]-5,6-dimethyl-2-(5'-nitro-2'-furyl)-th
     ieno[2,3-d]pyrimidine and concentrated hydrochloric acid.
PAC  EXAMPLE 38
PAC  4-Dibutylamino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine by method A
PAR  A mixture consisting of 1.45 gm (0.005 mol) of
      4-methylmercapto-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and 20 ml
      of dibutylamine was refluxed for 3 hours. Thereafter, the excess,
      unreacted dibutylamine was distilled off in vacuo, and the residue was
      purified by column chromatography on silicagel (particle size 0.2 - 0.5
      mm), using a mixture of benzene and acetone (9:1) as the flow agent. 0.4
      gm (21% of theory) of the compound of the formula
      ##SPC24##
PAL  having a melting point of 102.degree.-103.degree.C. was obtained.
PAR  Analysis: C.sub.18 H.sub.22 N.sub.4 O.sub.3 S; mol. wt. 374.47: Calculated
      (percent): C, 57.73; H, 5.92; N, 14.06 Found (percent): C, 57.70; H, 6.00;
      N, 15.00
PAC  EXAMPLE 39
PAC  4-[(.beta.-Acetoxy-ethyl)-amino]-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimid
     ine by method B
PAR  0.2 ml of concentrated nitric acid was added to a solution of 3.0 gm (0.01
      mol) of
      4-[(.beta.-acetoxy-ethyl)-amino]-2-(2'-furyl)-thieno[2,3-d]pyrimidine (m.
      p. 143.degree.-145.degree.C., recrystallized from ethyl acetate/hexane) in
      30 ml of acetic acid anhydride at room temperature, the mixture was cooled
      to -15.degree.C., and then 10 ml of concentrated sulfuric acid were added
      dropwise. The reaction mixture was allowed to stand for 15 minutes and was
      then poured over ice. The resulting aqueous mixture was neutralized (pH 6)
      with concentrated ammonia while cooling, and the precipitate formed
      thereby was collected by vacuum filtration and purified by column
      chromatography on silicagel (particle size 0.2 - 0.5 mm), using a mixture
      of benzene and acetone (8:2) as the flow agent. 0.73 gm (21% of theory) of
      the compound of the formula
      ##SPC25##
PAL  having a melting point of 182.degree.-183.degree.C. was obtained.
PAR  Analysis: C.sub.14 H.sub.12 N.sub.4 O.sub.5 ; mol. wt. 348.34: Calculated
      (percent): C, 48.28; H, 3.48; N, 16.09. Found (percent): C, 48.40; H,
      3.55; N, 15.98.
PAC  EXAMPLE 40
PAR  Using a procedure analogous to that described in Example 39,
      4-(.beta.-acetoxy-propyl)-amino]-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimi
     dine, m. p. 148.degree.-150.degree.C., of the formula
      ##SPC26##
PAL  was prepared from 4-[ (.beta.
      -acetoxy-propyl)-amino]-2-(2'-furyl)-thieno[2,3-d]pyrimidine and nitric
      acid.
PAC  EXAMPLE 41
PAR  Using a procedure analogous to that described in Example 39,
      4-[N-(.beta.-acetoxy-ethyl)-methylamino]-2-(5'-nitro-2'-furyl)-thieno[2,3-
     d]pyrimidine, m. p. 134.degree.-135.degree.C., of the formula
      ##SPC27##
PAL  was prepared from
      4-[N-(.beta.-acetoxy-ethyl)-methylamino]-2-(2'-furyl)-thieno[2,3-d]pyrimid
     ine and nitric acid.
PAC  EXAMPLE 42
PAR  Using a procedure analogous to that described in Example 39,
      4-acetamino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      278.degree.-280.degree.C., of the formula
      ##SPC28##
PAL  was prepared from 4-acetamino-2-(2'-furyl)-thieno[2,3-d]pyrimidine and
      nitric acid.
PAC  EXAMPLE 43
PAC  2-(5'-Nitro-2'-furyl)-4-propionylamino-thieno[2,3-d]pyrimidine by method E
PAR  A suspension of 2.6 gm (0.01 mol) of
      4-amino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine in 20 ml of
      propionyl chloride was refluxed for 3-1/2 hours, accompanied by vigorous
      stirring. Thereafter, the reaction mixture was cooled, and the solid
      component was collected by vacuum filtration, washed with methylene
      chloride and with water, dried and recrystallized from tetrahydrofuran,
      yielding 1.9 gm (60% of theory) of the compound of the formula
      ##SPC29##
PAL  having a melting point of 215.degree.-217.degree.C.
PAR  Analysis: C.sub.13 H.sub.10 N.sub.4 O.sub.4 S; mol. wt. 318.32: Calculated
      (percent): C, 49.05; H, 3.18; N, 17.60 Found (percent): C, 49.21; H, 3.27;
      N, 17.44
PAC  EXAMPLE 44
PAR  Using a procedure analogous to that described in Example 43,
      4-chloroacetamino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      263.degree.C. (from methyl ethyl ketone), of the formula
      ##SPC30##
PAL  was prepared from 4-amino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      chloroacetyl chloride.
PAC  EXAMPLE 45
PAR  Using a procedure analogous to that described in Example 43,
      4-dichloroacetamino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine, m. p.
      245.degree.-246.degree.C. (from methyl ethyl ketone), of the formula
      ##SPC31##
PAL  was prepared from 4-amino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine and
      dichloroacetyl chloride.
PAR  The compounds embraced by formula I above and their non-toxic,
      pharmacologically acceptable acid addition salts, have useful
      pharmacodynamic properties. More particularly, they exhibit bactericidal,
      fungicidal and trichomonacidal activities. As bactericides they are
      effective against grampositive as well as gramnegative bacteria, and as
      trichomonacides they are especially effective against trichomonas
      vaginalis.
PAR  The antibacterial activity was ascertained by the agar-diffusion test and
      by the series dilution test in close analogy to the test method described
      by P. Klein in "Bakteriologische Grundlagen der Chemotherapeutischen
      Laboratoriumspraxis," Springer-Verlag, Stuttgart, Germany (1957), pages
      53-76 and 87-109.
PAR  The following compounds, for example, were found to be particularly good
      antibacterial agents against Staphylococcus aureus SG 511 and
      Streptococcus Aronson even at concentrations of as low as less than 5
      .gamma./ml, and against E. Coli even at concentrations as low as less than
      25 .gamma./ml:
PAR  4-Methylamino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine,
PAR  4-Ethylamino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine,
PAR  4-Isopropylamino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine,
PAR  4-(.beta.
      -Hydroxyethyl-amino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine,
PAR  4-(.beta.,.gamma.-Dihydroxypropyl-amino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d
     ]pyrimidine,
PAR  4-(.beta.-Methoxyethyl-amino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
     , and
      4-(.beta.-Aminoethyl-amino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine.
PAR  The following compounds exhibit particularly powerful trichomonacidal
      action against Trichomonas vaginalis, even at concentrations of as low as
      less than 0.1 .gamma. /ml:
PAR  4 -(.beta.-Hydroxyethyl-amino)- 2-(
     5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine,
PAR  4 -(Bis[ .beta.-hydroxyethyl]-amino)-2-(5'-nitro-2'-furyl)-thieno
      [2,3-d]pyrimidine,
PAR  4-(N-[.beta.-Hydroxyethyl]-methylamino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]
     pyrimidine,
PAR  4-(Bis-[.beta.-Hydroxypropyl]-amino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyr
     imidine, and
PAR  4-(.beta.-Methoxyethyl-amino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine
     .
PAR  For pharmaceutical purposes the compounds of the formula I or their
      non-toxic acid addition salts are administered to warm-blooded animals
      topically or perorally as active ingredients in customary dosage unit
      compositions, that is, compositions in dosage unit form consisting
      essentially of an inert pharmaceutical carrier and one effective dosage
      unit of the active ingredient, such as tablets, coated pills, capsules,
      wafers, powders, solutions, suspensions, emulsions, syrups, suppositories
      and the like. One effective oral dosage unit of the compounds according to
      the present invention is from 0.166 to 3.33 mgm/kg body weight, preferably
      0.83 to 1.67 mgm/kg body weight.
PAR  The following examples illustrate a few pharmaceutical compositions
      comprising a compound of the present invention as an active ingredient and
      represent the best modes contemplated of putting the invention into
      practical use. The parts are parts by weight unless otherwise specified.
PAC  EXAMPLE 46
PAC  Tablets
PAR  The tablet composition is compounded from the following ingredients:
TBL  4-Methylamino-2-(5'-nitro-2'-                                             

      furyl)-thieno[2,3-d]pyrimidine                                           

                             100.0    parts                                    

     Lactose                 63.0     "                                        

     Potato starch           50.0     "                                        

     Polyvinylpyrrolidone    5.0      "                                        

     Magnesium stearate      2.0      "                                        

     Total                   220.0    parts                                    

PAR  Preparation:
PAR  The thienopyrimidine compound is intimately admixed with the lactose and
      the potato starch, the mixture is moistened with an aqueous 10% solution
      of the polyvinylpyrrolidone, the moist mass is forced through a 1.5
      mm-mesh screen, and the resulting granulate is dried at 45.degree.C. and
      again passed through the screen. The dry granulate is admixed with the
      magnesium stearate, and the composition is compressed into 220 mgm-tablets
      in a conventional tablet making machine. Each tablet contains 100 mgm of
      the thienopyrimidine compound and is an oral dosage unit composition with
      effective antibacterial action.
PAC  EXAMPLE 47
PAC  Coated Pills
PAR  The pill core composition is compounded from the following ingredients:
TBL  4-Methylamino-2-(%'-nitro-2'-                                             

      furyl)-thieno[2,3-d]pyrimidine                                           

                             50.0     parts                                    

     Lactose                 30.0     "                                        

     Corn starch             30.0     "                                        

     Gelatin                 3.0      "                                        

     Cellulose, microcrystalline                                               

                             6.0      "                                        

     Magnesium stearate      1.0      "                                        

     Total                   120.0    parts                                    

PAR  Preparation:
PAR  The thienopyrimidine compound is intimately admixed with the lactose and
      the corn starch, the mixture is moistened with an aqueous 12% solution of
      the gelatin, the moist mass is forced through a 1.5 mm-mesh screen, and
      the resulting granulate is dried at 45.degree.C. and again passed through
      a 1.0 mm-mesh screen. The dry granulate is admixed with the cellulose and
      the magnesium stearate, and the composition is compressed into 120
      mgm-pill cores, which are subsequently coated in conventional manner with
      a thin shell consisting essentially of a mixture of talcum and sugar and
      finally polished with beeswax. Each coated pill contains 50 mgm of the
      thienopyrimidine compound and is an oral dosage unit composition with
      effective antibacterial action.
PAC  EXAMPLE 48
PAC  Vaginal Tablets
PAR  The tablet composition is compounded from the following ingredients:
TBL  4-(.beta.-Methoxyethyl-amino)-2-                                          

      (5'-nitro-2'-furyl)-thieno                                               

      [2,3-d]pyrimidine      100.0    parts                                    

     Sorbitol                885.0    "                                        

     Carboxymethyl cellulose,                                                  

     high viscosity          10.0     "                                        

     Magnesium stearate      5.0      "                                        

     Total                   1000.0   parts                                    

PAR  Preparation:
PAR  The thienopyrimidine compound is intimately admixed with the sorbitol and
      the carboxymethyl cellulose, the mixture is moistened with aqueous 50%
      ethanol (150 gm per 1000 tablets), the moist mass is forced through a 2
      mm-mesh screen, the resulting granulate is dried at 45.degree.C. and again
      passed through the screen, the dry granulate is admixed with the magnesium
      stearate, and the composition is compressed in conventional manner into
      1000 mgm-vaginal tablets. Each tablet contains 100 mgm of the
      thienopyrimidine compound and is a dosage unit composition with effective
      trichomonacidal action against Trichomonas vaginalis.
PAC  EXAMPLE 49
PAC  Tincture
PAR  The tincture is compounded from the following ingredients:
TBL  4-(.beta.-Aminoethyl-amino)-2-                                            

      (5'-nitro-2'-furyl)-thieno                                               

      [2,3-d]pyrimidine      1.0      parts                                    

     Polyethyleneglycol 400  99.0     "                                        

     Total                   100.0    parts                                    

PAR  Preparation:
PAR  The thienopyrimidine compound is dissolved in the polyethyleneglycol by
      warming, and the solution is cooled and filtered. The filtrate contains 1%
      by weight of the thienopyrimidine compound and is a topical composition
      with effective antibacterial action.
PAC  EXAMPLE 50
PAC  Lotion
PAR  The lotion is compounded from the following ingredients:
TBL  4-Ethylamino-2-(5'-nitro-2'-furyl-                                        

      thieno[2,3-d]pyrimidine                                                  

                             1.0      parts                                    

     Sorbitan monopalmitate (Span 40)                                          

                             1.0      "                                        

     Long-chain, high-molecular-weight                                         

      polyglycolether, water-soluble                                           

     (Cremophor O)           2.0      "                                        

     Cetyl stearyl alcohol (Lanette O)                                         

                             2.0      "                                        

     Spermaceti              1.0      "                                        

     Decyl oleate            5.0      "                                        

     Paraffin oil            1.0      "                                        

     Distilled water         87.0     "                                        

     Total                   100.0    parts                                    

PAR  Preparation:
PAR  The inert ingredients of the dispersed phase are admixed, and the mixture
      is melted, heated to 70.degree.C. and then emulsified into the distilled
      water at the same temperature. The aqueous emulsion is cooled to
      40.degree.C., the finely milled thienopyrimidine compound is suspended
      therein with the aid of an immersion homogenizer, and the suspension is
      cooled to room temperature. The resulting lotion contains 1% by weight of
      the thienopyrimidine compound and is a topical composition with effective
      antibacterial action.
PAC  EXAMPLE 51
PAC  Coated pills with combination of active ingredients
PAR  The pill core composition is compounded from the following ingredients:
TBL  4-(.beta.-Hydroxyethyl-amino)-2-                                          

      (5'-nitro-2'-furyl)-thieno                                               

      [2,3-d]pyrimidine      50.0     parts                                    

     Papaverine              25.0     "                                        

     Corn starch             32.0     "                                        

     Gelatin                 3.0      "                                        

     Cellulose, microcrystalline                                               

                             9.0      "                                        

     Magnesium stearate      1.0      "                                        

     Total                   120.0    parts                                    

PAL  The pills are compounded and manufactured in the same way as in Example 47.
      Each coated pill contains 50 mgm of the thienopyrimidine compound and 25
      mgm of papaverine and is an oral dosage unit composition with effective
      antibacterial and smooth muscle relaxing actions.
PAC  EXAMPLE 52
PAC  Gelatin Capsules
PAR  The capsule filler composition is compounded from the following
      ingredients:
TBL  4-[Bis-(.beta.-hydroxy-ethyl)-amino]-                                     

      2-(5'-nitro-2'furyl)-thieno                                              

      [2,3-d]pyrimidine      150.0    parts                                    

     Lactose                 100.0    "                                        

     Talcum                  50.0     "                                        

     Total                   300.0    parts                                    

PAR  Preparation:
PAR  The ingredients are intimately admixed with each other, the mixture is
      passed through a 1.0 mm-mesh screen, and 300 mgm-portions of the resulting
      composition are filled into gelatin capsules of suitable size. Each
      capsule contains 150 mgm of the thienopyrimidine compound and is an oral
      dosage unit composition with effective antibacterial and trichomonacidal
      action.
PAR  Analogous results are obtained when any one of the other thienopyrimidines
      embraced by formula I or a nontoxic acid addition salt thereof is
      substituted for the particular thienopyrimidine in Examples 46 through 52.
      Likewise, the amount of active ingredient in these illustrative examples
      may be varied to achieve the dosage unit range or concentration set forth
      above, and the amounts and nature of the inert pharmaceutical carrier
      ingredients may be varied to meet particular requirements.
PAR  While the present invention has been illustrated with the aid of certain
      specific embodiments thereof, it will be readily apparent to others
      skilled in the art that the invention is not limited to these particular
      embodiments, and that various changes and modifications may be made
      without departing from the spirit of the invention or the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A biocidal pharmaceutical dosage unit composition consisting essentially
      of an inert pharmaceutical carrier and an effective bactericidal,
      fungicidal or trichomonacidal amount of a compound of the formula
      ##SPC32##
PAL  wherein
PA1  R is amino; (alkanoyl of 2 to 3 carbon atoms)amino; chloroacetyl-amino;
      dichloroacetyl-amino; mono(alkyl of 1 to 5 carbon atoms)-amino; di(alkyl
      of 1 to 4 carbon atoms)-amino; mono(hydroxyalkyl of 1 to 5 carbon
      atoms)-amino; di(hydroxyalkyl of 2 to 3 carbon atoms)-amino; N-(alkyl of 1
      to 4 carbon atoms)-hydroxyethylamino; dihydroxypropyl-amino; (alkoxy of 1
      to 2 carbon atoms)-(alkylene of 2 to 3 carbon atoms)-amino;
      aminoethyl-amino; acetaminoethyl-amino; acetoxy-(alkylene of 2 to 3 carbon
      atoms)-amino; N-acetoxyethyl-methylamino; or hydroxy-piperidino; and
PA1  R.sub.1 and R.sub.2 are each hydrogen, methyl or ethyl,
PAL  or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  2.
PAR  2. The composition of claim 1, where said compound is
      4-methylamino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine or a
      non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  3.
PAR  3. The composition of claim 1, where said compound is
      4-ethylamino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine or a non-toxic,
      pharmacologically acceptable acid addition salt thereof.
NUM  4.
PAR  4. The composition of claim 1, where said compound is
      4-isopropylamino-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidine or a
      non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  5.
PAR  5. The composition of claim 1, where said compound is
      4-(.beta.-hydroxyethyl-amino)-2-(5'-nitro-2'-furyl)-thieno
      [2,3-d]pyrimidine or a non-toxic, pharmacologically acceptable acid
      addition salt thereof.
NUM  6.
PAR  6. The composition of claim 1, where said compound is 4-(.beta.,
      .gamma.-dihydroxypropyl-amino)-2-(5'-nitro-2'-furyl)-thieno[2,3-d]pyrimidi
     ne or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  7.
PAR  7. The composition of claim 1, where said compound is
      4-(.beta.-methoxyethyl-amino)-2-(5'-nitro-2'-furyl)-thieno
      [2,3-d]pyrimidine or a non-toxic, pharmacologically acceptable acid
      addition salt thereof.
NUM  8.
PAR  8. The composition of claim 1, where said compound is
      4-(.beta.-aminoethyl-amino)-2-(5'-nitro-2'-furyl)-thieno [2,3-d]pyrimidine
      or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  9.
PAR  9. The composition of claim 1, where said compound is
      4-[bis-(.beta.-hydroxyethyl)-amino]-2-(5'-nitro-2'-furyl)-thieno[
      2,3-d]pyrimidine or a non-toxic, pharmacologically acceptable acid
      addition salt thereof.
NUM  10.
PAR  10. The composition of claim 1, where said compound is
      4-[N-(.beta.-hydroxyethyl)-methyl-amino]-2-(5'-nitro-2'-furyl)-thieno[
      2,3-d]pyrimidine or a non-toxic, pharmacologically acceptable acid
      addition salt thereof.
NUM  11.
PAR  11. The composition of claim 1, where said compound is
      4-[bis-(.beta.-hydroxypropyl)-amino]-2-(5'-nitro-2'-furyl)-thieno[
      2,3-d]pyrimidine or a non-toxic, pharmacologically acceptable acid
      addition salt thereof.
NUM  12.
PAR  12. A method of killing microorganisms selected from the group consisting
      of bacteria, fungi and trichomonads, which comprises contacting said
      microorganisms with an effective bactericidal, fungicidal or
      trichomonacidal amount of a compound of the formula
      ##SPC33##
PAL  wherein
PA1  R is amino; (alkanoyl of 2 to 3 carbon atoms)-amino; chloroacetyl-amino;
      dichloroacetyl-amino; mono(alkyl of 1 to 5 carbon atoms)-amino; di(alkyl
      of 1 to 4 carbon atoms)-amino; mono(hydroxyalkyl of 1 to 5 carbon
      atoms)-amino; di(hydroxyalkyl of 2 to 3 carbon atoms)-amino; N-(alkyl of 1
      to 4 carbon atoms)-hydroxyethylamino; dihydroxypropyl-amino; (alkoxy of 1
      to 2 carbon atoms)-(alkylene of 2 to 3 carbon atoms)-amino;
      aminoethyl-amino; acetaminoethyl-amino; acetoxy(alkylene of 2 to 3 carbon
      atoms)-amino; N-acetoxy-ethyl-methylamino; or hydroxy-piperidino; and
PA1  R.sub.1 and R.sub.2 are each hydrogen, methyl or ethyl, or a non-toxic,
      pharmacologically acceptable acid addition salt thereof.
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ABST
PAL  Phenanthridines and phenanthridinones of the formulae
      ##SPC1##
PAL  And the pharmaceutically-acceptable acid addition salts thereof wherein X
      is chloro, bromo, hydroxy, alkoxy having from 1 to 6 carbon atoms, amino,
      monoalkylamino, dialkylamino wherein each of the alkyl groups has from 1
      to 6 carbon atoms, and benzylamino; R is hydrogen, alkyl having from 1 to
      6 carbon atoms, --A--NR.sub.1 R.sub.2 wherein each of R.sub.1 and R.sub.2
      is alkyl having from 1 to 6 carbon atoms and A is a divalent alkylene
      radical having from 2 to 6 carbon atoms; and each of Y and Z is hydrogen,
      and .omega.-dialkylaminoalkoxy wherein the alkyl and alkoxy groups have
      from 1 to 6 carbon atoms, and from 2 to 6 carbon atoms, respectively; with
      the proviso that when R is hydrogen or alkyl, each of Y and Z is
      dialkylaminoalkoxy; useful as antiviral agents and/or interferon inducers
      and methods for their preparation.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of U.S. application Ser. No. 431,255, filed
      Jan. 7, 1974, now U.S. Pat. No. 3,838,134, issued Sept. 24, 1974, which in
      turn is a divisional of U.S. application Ser. No. 240,830, filed Apr. 3,
      1972 now U.S. Pat. No. 3,838,131, issued Sept. 24, 1974.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to novel phenanthridines and phenanthridinones, to
      methods for their production, and to their use as intermediates and/or
      antiviral agents and as agents for stimulating interferon production of
      animals. More particularly, it relates to the control of virus infections
      in animals and to the induction of interferon in animals by oral
      parenteral, intranasal or topical adminstration of a mono- or
      bis-substituted[ .omega.-(di-lower alkyl)aminoalkoxy]phenanthridine or
      phenanthridinone.
PAR  2. Description of the Prior Art
PAR  The cells of vertebrates produce, in response to virus infection, a
      substance which enables cells to resist the multiplication of a variety of
      viruses. The viral-resisting or viral-interfering substances are referred
      to as "interferons." They are a heterogeneous group of antiviral proteins
      which vary quite widely in their molecular weights. Although such proteins
      may differ in their physico-chemical properties, they all exhibit the same
      biological properties; namely, they inhibit a wide range of unrelated
      viruses, have no toxic or other deleterious effects on the cells and are
      species-specific (Lockart, Frontiers of Biology, Vol.2, "Interferons,"
      edited by Fintner, W. B. Saunder Company, Philadelphia, 1966, pp. 19-20).
PAR  The discovery of interferon by Isaacs and Lindenmann in 1957 (Proc. Roy.
      Soc. B., 147, 258-267) gave rise to great optimism that an economic
      preparation of exogeneous interferon might be developed for routine
      clinical use against viral infections. However, despite great expenditures
      of effort and money, no safe, effective economical source has yet been
      developed. An alternate approach to producing interferon has, therefore,
      been pursued. This approach comprises admistering to the animal to be
      protected, or treated, a non-viral substance which stimulates--or
      induces--production of interferon in the cells. The interferon produced in
      this fashion is referred to as "endogenous" interferon.
PAR  The discovery of antiviral compounds is far more complicated and difficult
      than is the discovery of antibacterial and antifungal agents. This is due,
      in part, to the close structural similarity of viruses and the structures
      of certain essential cellular components, such as ribonucleic and
      deoxyribonucelic acids, and to the difficulty of establishing suitable
      tests for evaluating antiviral agents. However, despite these
      difficulties, numerous non-viral substances have been found capable of
      stimulating or inducing interferon formation in animals. Included among
      such substances are bacteria, parasites, bacterial endotoxins, pyran
      copolymers, helenine, phytohemagglutinin, polyacrylic compounds, nucleic
      acids and polynucleotides. Use of these inducers is, however, objected to
      for one or more reasons, e.g., toxicity, antigenicity, infectiousness, and
      their routine clinical use appears remote (Zhdanov et al., Internat'l.
      Virol. I. 1st Int. Congr. Virol. Helsinki 1968, S. Karger, New York, pp.
      100-1, 1969).
PAR  More recently 2,7-bis[2-(diethylamino)ethoxy]fluoren-9-one dyhydrochloride,
      a purely synthetic material of relatively low molecular weight, has been
      reported to be an oral inducer of interferon in mice (Abstracts Federation
       Proceedings, Vol. 29, No. 2, page 635, 1970; Abstracts 2189 and 2190).
PAR  A variety of "antiviral agents" are described in the literature. These have
      been summarized by Osdene in "Topics in Medicinal Chemistry," edited by
      Rabinowitz and Meyerson, Interscience Publishers, New York, 1968, pages
      141-176. For the purpose of his review, Osdene has made use of Herrmann's
      definition of "antiviral agent" (Herrmann et al., Proc. Soc. Exptl. Biol.
      Med. 103, 635, 1960); namely, an agent "which can produce either a
      protective or therapeutic effect to clear detectable advantage of the
      virus-infected host, or any material that can significantly enhance
      antibody formation, improve antibody activity, improve non-specific
      resitance, speed convalescence or depress symptoms." This definition is of
      such breadth as to cover both prophylactic and therapeutic agents. It
      includes substances such as interferon, and a host of synthetic materials,
      such as 1-adamantanamine, pyrimidines, biguanides, guanidine, pteridines,
      to mention a few. It is noted that such synthetic materials are antiviral
      agents. They are not interferon inducers but operate by a totally
      different mechanism. Interferon inducers may, of course, be referred to as
      antiviral agents. The converse, however, is not necessarily true.
PAR  Virus infections which attack animals, including man, are normally
      contagious afflictions which may spread so rapidly that they can reach
      explosive, epidemic proportions in relatively short periods of time. In
      the past, many of these epidemics have resulted in large numbers of deaths
      and have been responsible to huge economic losses. Obviously, a method of
      reducing the incidence of these viral infections, such as the method of
      this invention, would be a valuable addition to the armamentarium of
      medical technology.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that certain phenanthridines and phenanthridinones
      are effective antiviral agents in vertebrate animals when administered
      orally, parenterally, intranasally or topically to the animals. Further,
      many of these compounds are effective inducers of endogenous interferon in
      animals when administered to the animals via the above mentioned routes.
      The novel antiviral agents of this invention have the formulae
      ##SPC2##
PAL  wherein X is selected from the group consisting of chloro, bromo, hydroxy,
      alkoxy containing from 1 to 6 carbon atoms, amino, monoaklylamino,
      dialkylamino wherein each of the alkyl groups contains from 1 to 6 carbon
      atoms, and benzylamino;
PAR  R is selected from the group consisting of hydrogen, alkyl containing from
      1 to 6 carbon atoms, --A--NR.sub.1 R.sub.2 wherein each of R.sub.1 and
      R.sub.2 is alkyl containing from 1 to 6 carbon atoms and A is a divalent
      alkylene radical containing from 2 to 6 carbon atoms;
PAR  each of Y and Z is selected from the group consisting of hydrogen, and
      .omega.-dialkylaminoalkoxy wherein the alkyl and alkoxy groups contains
      from 1 to 6 carbon atoms, and from 2 to 6 carbon atoms, respectively;
PAR  with the proviso that when R is hydrogen or alkyl, each of Y and Z is
      .omega.-dialkylaminoalkoxy.
PAR  Also included within the purview of this invention are compounds of formula
      II wherein R is hydrogen. Such compounds serve as intermediates for
      compounds of formula II wherein R is alkyl or --A--NR.sub.1 R.sub.2 and
      for compounds of formula I wherein X is other than hydroxy, as described
      and exemplified below.
PAR  It is recognized, of course, that compounds of formula I wherein X is
      hydroxy exist in tautomeric equilibrium with compounds of formula II
      wherein R is hydrogen. The numbering system used in the above formulae is
      that of Chemical Abstracts.
PAR  Of the lower alkoxy, lower alkyl and carbo(lower alkyl) groups, those
      having up to six carbon atoms in the alkoxy and alkyl groups are preferred
      since the starting materials are more readily available than are those
      containing a greater number of carbon atoms.
PAR  Also included in this invention are the pharmaceutically-acceptable acid
      addition salts of the compounds described herein. The term
      "pharmaceutically-acceptable" acid addition salts is intended to include
      salts formed with inorganic and orgaic acids. Representative of such salts
      are the water-soluble and water-insoluble salts, such as the
      hydrochloride, hydrobromide, phosphate, nitrate, sulfate, acetate,
      hexafluorophosphate, citrate, gluconate benzonate, propionate, butyrate,
      sulfosaliculate, maleate, laurate, malate, fumarate, succinate, oxalate,
      tartrate, amsonate (4,4-diaminostilbene-2,2'-disulfonate), pamoate
      (1,1-methylene-bis-2-hydroxy-3-naphthoate), stearate,
      3-hydroxy-2-naphthoate, p-toluenesulfonate, picrate, lactate and suramin
      salt.
PAR  The compounds described herein exhibit, by virtue of their ability to
      induce production of endogenous interferon in animals, broad-spectrum
      activity against a variety in vivo when administered orally, parenterally,
      (subcutaneously, intramuscularly, intraperitoneally, intranasally (e.g.,
      by inhalation or spray) or topically. This usefulness is primarily one of
      prophylactic rather than of therapeutic control of virus infections. They
      do not produce interferon in tissue culture, but only in vivo and can,
      therefore, be considered as stimulators of host defense mechanisms.
PAR  Further, these compounds stimulate the animal body to produce interferon
      when administered along and/or in combination with an otherwise inactive,
      single-stranded ribonucleic acid, such as highly polymerized ribonucleic
      acid from yeast, yeast nucleic acid (calbiochem 55712, Calbiochem, Los
      Angeles, California). Those compounds wihch induce interferon when
      administered along are given at considerably lower doses when given in
      combination with the single-stranded ribonucleic acid. Unique as inducers
      of interferon when used alone are compounds of formula II wherein one of Y
      and Z is hydrogen and the other is .omega.-di(lower alkyl)aminoalkoxy and
      R is .omega.-di(lower alkyl)aminoalkyl; that is, --A--NR.sub.1 R.sub.2,
      wherein each of alkyl and alkoxy contain from 2 to 4 carbon atoms; and
      those of formulae I and II wherein each of Y and Z is .omega.-di(lower
      alkyl)aminoalkoxy wherein the alkyl and alkoxy moieties contain from 2 to
      4 carbon atoms.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The novel compounds of this invention can be prepared by several methods,
      such as those described by Walls in Heterocyclic Chemistry 4, Ch. 4
      (1952), John Wiley & Sons, Inc. N.Y. and by Keene et al., in Advances in
      Heterocyclic Chemistry 13, 317-369 (1971), Academic Press, N.Y.
PAR  An especially useful method comprises ring expansion of an appropriate
      Y,Z-substituted fluoren-9-one by the Schmidt or Beckmann reactions. The
      Schmidt reaction involves the reaction of a fluoren-9-one with hydrazoic
      acid in the presence of a strong mineral acid. In the usual procedure, a
      solution of hydrazoic acid in benzene and chloroform or, alternatively and
      preferably, an aqueous solution of sodium azide, is gradually added to a
      stirred solution of the fluoren-9-one in concentrated sulfuric acid at a
      temperature of from about 0.degree. to about 25.degree. C. Aqueous sodium
      azide is favored over hydrozoic acid for reasons of convenience, ease of
      handling and reduced hazards. The reaction is generally run at 0.degree.
      to 10.degree. C. during addition of the sodium aside or hydrazoic zcid,
      and then at about room temperature until evolution of nitrogen ceases. The
      exothermic nature of the reaction necessitates, in most instances, the use
      of a cooling bath coupled with further temperature control by regulating
      the rate of addition of the hydrazoic acid or sodium azide solutions.
      Higher or lower temperatures can be, and are used, if the particular
      fluoren-9-one reacts sluggishly or if it reacts so rapidly as to render
      temperature control difficult.
PAR  Concentrated sulfuric acid is used as solvent and catalyst. It is favored
      over other, e.g., hydrochloric acid, polyphosphoric acid, phosphorous
      trichloride or pentachloride sulfonic acids and phosphoric, acids because
      of the improved yields of phenanthridinones it affords. The ratio of the
      sulfuric acid to hydrozoic acid or sodium azide is not critical. However,
      the sulfuric acis is used in excess. When hydrazoic acid itself is
      employed as reactant, from about 2 to about 10 ml. of sulfuric acid used
      per gram of fluoren-9-one reactant. When aqueous sodium azide is the
      hydrazoic acid source from about 2 to about 20 ml. of sulfuric acid are
      used per gram of fluoren-9-one reactant.
PAR  The order of addition of reactants appears to have little, if any, effect
      on the overall reaction. In addition to the above procedure, a mixture of
      the fluoren-9-one compound and hydrazoic acid (or sodium azide) is added
      to concentrated sulfuric acid or concentrated acid-benzene (or
      chloroform). In still another procedure, the concentrated sulfuric acid is
      added gradually to a mixture of the fluoren-9-one and hydrazoic acid in
      benzene (or chloroform). These two procedures are sometimes used when
      hydrazoic acid rather than sodium azide is employed as reactant.
PAR  The molar ratio of hydrazoic acid or of sodium hydrazide to fluoren-9-one
      reactant is likewise not critical, but should, of course, be at least 1:1.
      In practice, a molar ratio of from about 1.2:1.0 to about 3.0:1.0 has been
      found especially useful and productive of satisfactory yields of desired
      product.
PAR  The reaction is run until evolution of gas ceases. In the laboratory it has
      been convenient to stir the reaction mixture for several hours, e.g., 5 to
      7 hours, in an ice bath following addition of the hydrazoic acid or sodium
      azide solution to the fluoren-9-one, followed by stirring overnight at
      room temperature.
PAR  The products are isolated by pouring the reaction mixture over a large
      volume of wet ice, adjusting the pH of the resulting solution to about 8.0
      to 9.0 with aqueous sodium hydroxide and extracting the basic solution
      with diethyl ether. Removal of the ether provides the product which is
      purified by conventional methods, such as recrystallization from a
      suitable solvent.
PAR  The Beckmann rearrangement reaction is of value in the preparation of
      3,8-disubstituted-6(5H)-phenanthridinones in which the substituents are
      identical. The reaction involves rearrangement of the appropriate
      2,7-disubstituted fluoren-9-one oxime in polyphosphoric acid at an
      elevated temperature. The general procedure comprises heating the
      fluoren-9-one oxime in 40-50 times its weight of polyphosphoric acid at
      from about 180.degree. C. to about 225.degree. C. for periods of 0.1 to
      0.5 hour. The mixture is then cooled, triturated in water, and the product
      separated by filtration and purified by conventional methods, e.g.,
      recrystallization from a suitable solvent.
PAR  The necessary oxime reactants are prepared in the conventional manner by
      treating the appropriate fluoren-9-one with two equivalents of
      hydroxylamine hydrochloride in refluxing 70% ethanol. Alternatively, and
      preferably, they are prepared by treating a solution of the fluoren-9-one
      in dimethylsulfoxide with a 10% excess of hydroxylamine hydrochloride
      dissolved in the minimum volume of water. The reaction mixture is heated
      on a steam bath for 10 minutes, or longer is necessary, and then cooled
      and poured into water. The oxime is isolated and recrystallized from a
      suitable solvent such as ethanol or ethanol-water.
PAR  Of these two reactions, the Schmidt reaction is preferred since it is of
      wider applicability than is the Beckmann rearrangement which requires
      preparation of the intermediate fluoren-9-one oxime and is of practical
      preparative value only for those phenanthridinones wherein the Y and Z
      substituents are identical.
PAR  Compounds of this invention of formulae I and II can also be prepared from
      phenanthridines and phenanthridinones according to known procedures.
      Compounds wherein Y and/or Z is di(lower alkylamino)alkoxy can be prepared
      by alkylating the precursor hydroxy phenanthridine or hydroxy
      phenanthridinone the appropriate chloro (or bromo) dialkylamine compound
      in a reaction-inert solvent (N,N-dimethylformamide, tetrahydrofuran,
      dioxan at a temperature of from about 0.degree. C to about 30.degree. C.
      in the presence of sodium hydride or other suitable base, e.g., sodium or
      potassium hydroxide, amide, methoxide or ethoxide. The sodium or potassium
      salt can be preformed rather than formed in situ, as is described in U.S.
      Pat. No. 2,732,373.
PAR  The phenanthridinone compounds of formula II wherein R is hydrogen serve as
      intermediates for the preparation of compounds of formula II wherein R is
      alkyl or --A--NR.sub.1 R.sub.2, and for compounds of formula I wherein X
      is other than hydroxy as previously noted. The appropriate
      phenanthridinone compounds is heated at an elevated temperature, that is,
      from about 150.degree. C. to about 200.degree. C. with two to five times
      its weight of a phosphoryl halide, such as phosphorous oxychloride, in the
      presence or absence of phosphorous pentachloride for from 1 to 6 hours.
      The 6-chlorophenanthridine thus produced is isolated from the reaction
      mixture by crystallization and decolorization using a suitable solvent
      such as benzene, toluene, xylene, chloroform or carbon tetrachloride.
PAR  The 6-chloro (or bromo) phenanthridine is then converted by appropriate
      procedures of formula I compounds wherein X is lower alkoxy, amino or
      substituted amino. The 6-halo atom is replaced with lower alkoxy by
      treatment with the appropriate sodium alkoxide generally in a refluxing
      solution of the alcohol corresponding to the lower alkoxide. Replacement
      of the 6-halo to by amino or substituted is accomplished by treating the
      6-halo compound with an excess of ammonia or the appropriate amine at an
      elevated temperature, e.g., 100.degree.-175.degree. C., under pressure;
      that is, in a steel bomb or other suitable pressure vessel. The reaction
      can also be carried out at atmospheric pressure by refluxing the 6-halo
      compound and an excess of the appropriate amine in a suitable solvent,
      such as ethanol, n-propanol, n-butanol, benzene, hexane, dioxane, for up
      to 48 hours. The products are recovered by known methods. This procedure
      is especially valuable for compounds wherein X is benzylamino.
PAR  Compounds of formula II wherein R is other than hydrogen are prepared by
      nucleophilic reaction of the anionic form of the appropriate formula II
      compound (R=H) with the appropriate halo reactant (halo-R). Sodium hydride
      serves as an excellent base for generating the reactive anion. The
      reaction is conducted in N,N-dimethylformamide or other suitable solvent
      at from about 20.degree. C. to about 40.degree. C. for from four to about
      twenty hours. The products are recovered by known procedures.
PAR  Alternatively, compounds wherein R is methyl are readily prepared by using
      excess dimethylsulfate as methyating agent in N,N-dimethylformamide or
      other suitable solvent in the presence of potassium carbonate at a
      temperature of from about 50.degree. C. to the reflux temperature of the
      reaction mixture.
PAR  Acid addition salts of the compounds described herein are prepared by
      conventional procedures, as by mixing the compound in a suitable solvent
      with at least an equimolar amount of the required acid and recovering the
      salt by evaporation, or by precipitation by addition of a non-solvent for
      the salt. Hydrochloride salts are readily prepared by passing dry hydrogen
      chloride through a solution of the amine compound in an organic solvent
      such as ether.
PAR  The antiviral activity of the above described compounds is determined by
      the following procedures. In the first procedure, the test compound is
      administered to mice by the oral or intraperitoneal route eighteen to
      twenty-four hours prior to challenging the mice with a lethal dose of
      encephalomyocarditis virus and determining the survival rate 10 days after
      the challenge. The procedure in which the drug is given eighteen to
      twenty-four hours before, and at a distinctly different site from virus
      injection, is designed to eliminate local effects between the drug and
      virus, and select only compound which produce a systemic interferon
      response.
PAR  The second general procedure discriminates between compounds which exhibit
      antiviral activity in the first procedure for their ability to produce an
      antiviral state in mice as indicated by their ability to stimulate
      circulating interferon after oral or parenteral administration. In both
      procedures, the test compounds are administered alone and in combination
      with from about 2 to about 20 times by weight of an otherwise inactive
      (noninducer of interferon and non-antiviral), single-stranded,
      highly-polymerized ribonucleic acid from yeast, yeast nucleic acid.
PAR  Oral, parenteral, topical and intranasal administration of the
      above-described compounds to an animal, including man, before exposure of
      the animal to an infectious virus provide rapid resitance to the virus.
      The resistance engendered is non-specific and is effective against a great
      number of viruses. Such administration is effective when given as much as
      seven days prior to exposure to the virus. Preferably, however,
      administration should take place from about three days to about one day
      before exposure to the virus, although this will vary somewhat with the
      particular animal species and the particular infectious virus.
PAR  When administered orally, the compounds are used at a level of from about 5
      mg./kg. to about 300 mg./kg. and, preferably, at a level of from about 10
      mg./kg. to 200 mg./kg.
PAR  When administered parenterally, the compounds of this invention are used at
      a level of from about 1 mg./kg. of body weight to about 250 mg./kg. of
      body weight. The favored range is from about 5mg./kg. to about 100 mg./kg.
      of body weight, and the preferred range from about 5 mg./kg. to about 50
      mg./kg. of body weight. The dosage, of course, is dependent upon the
      animal being treated and the particular compound involved, and is to be
      determined by the individual responsible for its adminsitration.
      Generally, small doses will be administered initially with gradual
      increase in dosage until the optimal dosage level is determined for the
      particular subject under treatment.
PAR  Intraperitoneal injection are the preferred method of parenteral injection
      for several reasons: simplicity, convenience and the compounds appear less
      toxic. Vehicles suitable for parenteral injection may be either aqueous,
      such as water, isotonic saline, isotonic dextrose, Ringer's solution; or
      non-aqueous, such as fatty oils of vegetable origin (cottonseed, peanut
      oil, corn, sesame), and other non-aqueous vehicles which will not
      interfere with the efficacy of the preparation and are non-toxic in the
      volume or proportion used (glycerol, ethanol, propylene, glycol,
      sorbitol). Additionally, compositions suitable for extemporaneous
      preparation of solutions prior to administration may advantageously be
      made. Such compositions may include liquid diluents; for example,
      propylene glycol, diethyl carbonate, glycerol, sorbitol.
PAR  When the compounds of this invention are administered, they are most easily
      and economically used in a dispersed form in an acceptable carrier. When
      it is said that the compound is dispersed, it means that the particles may
      be molecular in size and held in true solution in a suitable solvent or
      that the particles may be colloidal in size and dispersed through a liquid
      phase in the form of a suspension or an emulsion. The term "dispersed"
      also means that the particles may be mixed with and spread throughout a
      solid carrier so that the mixture is in the form of a powder or dust. This
      term is also meant to encompass mixtures which are suitable for use as
      sprays, including solutions, suspensions or emulsions of the agents of
      this invention.
PAR  In practicing the intranasal route of administration of this invention any
      practical method can be used to contact the inducer with the respiratory
      tract of the animal. Effective methods include administration of the
      inducer by intranasal or nasopharyngeal drops and by inhalation as
      delivered by a nebulizer or an aerosol. Such methods of administration are
      of practical importance because they provide an easy, safe and efficient
      method of practicing this invention. For intranasal administration of the
      inducer, usually in an acceptable carrier, a concentration of inducer
      between 1.0 mg/ml. and 100 mg./ml. is satisfactory. Concentrations in the
      range of about 30 to 50 mg./ml. allow administration of a convenient
      volume of material.
PAR  For topical application, the inducers are most conveniently used in an
      acceptable carrier to permit ease and control of application and better
      absorption. Here also concentrations in the range of from about 1.0
      mg./ml. to about 250 mg/ml. are satisfactory. In general, in the above two
      methods of administration a dose within the range of about 1.0 mg./kg. to
      about 250 mg./kg. of body weight and, preferably, from about 5.0 mg./kg.
      to about 50 mg./kg. of body weight will be administered.
PAR  The compounds employed in this invention may be employed alone; i.e.,
      without other medicinals, as mixtures of more than one of the herein
      described compounds or in combination with other medicinal agents, such as
      analgesics, anesthetics, antiseptics, decongestants, antibiotics,
      vaccines, buffering agents and inorganic salts, to afford desirable
      pharmacological properties. Further, they may be administered parenterally
      in combination with hyaluronidase to avoid or, at least; to minimize local
      irritation and to increase the rate of absorption of the compound.
      Hyaluronidase levels of at least about 150  (U.S.P) units are efffective
      in this respect although higher or lower levels can, of course, be used.
PAR  Those compounds or materials of this invention which are water-insoluble,
      including those which are of low and/or difficult solubility in water, are
      for optimum results administered in formulations, e.g., suspensions,
      emulsions, which permit formation of particle sizes of less than about 20
      .mu.. The particle sizes of the formulations influence their biological
      activity apparently through better absorption of the active materials. In
      formulating these materials, various surface active agents and protective
      colloids are used. Suitable surface active agents and the partial esters
      of common fatty acids, such as lauric, oleic, stearic, with hexitol
      anhydrides derived from sorbitol, and the polyoxyethylene derivatives of
      such ester products. Such products are sold under the trademarks "Spans"
      and "Tweens," respectively, and are available from the Atlas Powder Co.,
      Wilmington, Delaware. Cellulose ethers, especially cellulose methyl ether
      (Methocel, available from the Dow Chemical Co., Midland, Michigan) are
      highly efficient as protective colloids for use in emulsions containing
      the materials of this invention.
PAR  The water-soluble compounds described herein are administered for optimum
      results in aqueous solution.
PAR  The production of interferon by the administration of compounds described
      herein is demonstrated by the protection of animals, generally mice as the
      initial test animal, against viral infections. Encephalomyocarditis virus
      is a convenient test organism. The challenge virus is prepared by
      inoculating mice for at least five passages with neurotropic strain of
      encephalomyocarditis virus (infected mouse brain). A 10% suspension of
      infected brain tissues is prepared from infected mice and stored at
      -70.degree. C. until needed (Takano et al., J. Bact. 90, 1542, 1965). It
      is titrated to a dose which will case death in five to seven days after
      challenge to unprotected animals. It is given subcutaneously into the neck
      scruff. The appropriate dose in contained in 0.1 ml. In general, the dose
      administered to the animals is from 10 to 25 times the LD.sub.50 (the dose
      which causes the death of 50 percent of the animals).
PAR  For determination of antiviral activity, mice are adminstered the test
      compound orally at levels of 200 mg./kg. and 40 mg./kg. of body weight 18
      to 20 hours prior to virus challenge and the number of survivors
      determined ten days after challenge.
PAR  Alternatively, the mice are parenterally (intraperitoneally) injected with
      the test compound at levels of 5 or 10 mg./kg. and 50 mg./kg. of body
      weight eighteen to twenty hours prior to virus challenge and the number of
      survivors determined ten days after challenge. Interferon production is
      monitored following administration of the test compound according to the
      procedure described by Wheelock, Proc. Soc. Exptl. Biol. Med. 124, 855-85
      (1967).
PAR  Once interferon induction by a given compound is observed, the compound is
      administered to the test animal at various time intervals prior to
      challenge, e.g., 6, 36, 48 and 72 hours; and by other parenteral routes,
      e.g., intramuscular and subcutaneous.
PAR  Interferon induction is determined using female albino Swiss mice
      (Charles-River) as the test animal. Mice weighing 20 to 25 grams are
      housed in groups of five and are given food and water ad libitum. The test
      compound is evaluated at 200 mg./kg. and 40 mg./kg. of body weight, and
      given in a single oral dose eighteen to twenty hours prior to bleeding.
      The mice are bled under ether anestesia from teh bracheal artery, the
      blood collected in heparinized pipettes and tubes, and the pooled plasma
      from the five mice prepared by contrifugation of the blood for thirty
      minutes at 2,000 rpm. Dilutions of the plasma are pipetted into plastic
      tubes containing sheet of L-929 mouse fibroblasts (available from Flow
      Laboratories, Rockville, Maryland). These latter are twenty-four hour
      cultures in L-15 media containing 10% fetal calf serum and antibiotics
      (available from Grand Island Biological Company, Grand Island, New York).
      The cultures are grown from initial plantings of 1 ml. of 100,000
      cells/ml. After twenty-four hours of incubation with the plasma, the
      cultures are washed with media and challanged with 0.2 ml. of a dilution
      of vesicular stomatitis virus titrated to produce a complete destruction
      of the cell sheets in 24 to 48 hours. The cultures are in contact with the
      virus dilution in protein-free media for one hour to allow the virus to
      adsorb to the cells, and then the tubes receive 1 ml. of complete media.
      After 25 to 48 hours of incubation at 37.degree. C., the tubes are scored
      by cytopathogenic effect of the virus and compared with standard
      interferon samples. Interferon units are recorded as the reciprocal of the
      plasma concentration which affords 50% protection to the cell sheets.
PAR  The antiviral activity of
      3,8-bis[(.beta.-diethylamino)ethoxy]-6(5H)-phenanthridinone is determined
      using female albino Swiss mice (Charles-River) as the test animal. Mice
      weighing from 20 to 25 grams are housed in groups of five, and are given
      food and water ad libitum. The test compound in phosphate buffered saline
      is evaluated at two dose levels (40 mg./kg. and 200 mg./kg. of body
      weight) and given orally in a single dose 18 to 20 hours prior to virus
      challenge. On the following day (18 to 20 hours post injection), the mice
      are challenged subcutaneously with an 0.2 ml. injection of
      encephalomyocarditis virus at a dilution titrated to give a five- to
      six-day death endpoint in unprotected animals. Survival data is recorded
      for the subsequent ten days and the ten day survival is used as an index
      of efficiency. Validity of each test is established by the inclusion of
      unprotected groups and groups receiving
      2,7-bis-[2-diethylamino)ethoxy]fluoren-9-one, 200 and 40 mg./kg. for
      positive control.
PAR  Alternatively, the compounds are evaluated by intraperitoneal
      administration in the above tests for interferon induction and antiviral
      activity at dose levels of 5 mg./kg. and 50 mg./kg. of body weight. The
      test compound is administered in a single dose of 0.5 ml. A representative
      formulation containing
      5-[(.beta.-diethylamino)ethyl]-9-[(.beta.-diethylamino)ethoxy]-6(5H)-phena
     nthridinone as test compound is exemplified.
PAR  A mixture of the inducer (100 mg.) and polysorbate 80 (Tween 80; 0.1 ml.)
      is heated in a boiling water bath. The test compound is completely
      miscible with the polysorbate 80. To this mixture is then added with
      vigorous vortexing 2.5 ml. of the following composition, previously warmed
      to about 55.degree. C:
TBL  Methocel-15 (Dow Chemical Co.)                                            

                           0.50 g.                                             

     Tween 80              1.00 g.                                             

     CMC-70*               10.00 g.                                            

     Sodium chloride       9.00 g.                                             

     Distilled water       984.80 g.                                           

      *Sodium carboxymethyl cellulose available from Hercules Powder Co.,      

      Wilmington, Delaware.                                                    

PAR  Then 7.28 ml. of a 0.14M sodium chloride-0.01M sodium phosphate solution of
      pH 7.0 warmed at 55.degree. C. is added with continued vigorous vortexing.
      The formulation thus produced contains 10 mg. of inducer per ml. of
      suspension.
PAR  The hydrochloride salt of
      3,8-bis[(.beta.-diethylamino)ethoxy]-6(5H)-phenanthridinone is readily
      formulated by vigorous vortexing of the salt in hot 0.14M sodium
      chloride-0.01M sodium phosphate of pH 7.0.
PAR  In this manner, 3,8-bis[(.beta.-diethylamino)ehtoxy]-6(5H)-phenanthridinone
      when administered orally to mice at 200 and 40 mg./kg. of body weight, was
      found to achieve 72% and 28% survival rates, respectively.
      3,8-bis[(.beta.-diisopropylamino-ethoxy]-6(5H)-phenanthridinone produced
      survival rates of 43% and 14%, respectively, at the same dosage levels.
      The N-substituted compounds of formula II:
      3-[(.beta.-diethylamino)ethoxy]-5-[(.beta.-diethylamino)ethyl]-6(5H)-phena
     nethridinone and
      5-[(.beta.-diethylamino)ethyl]-8-[(.beta.-diethylamino)-ethoxy]-6(5H)-phen
     anthridinone gave survival rates at 200 mg./kg. levels of 86% and 43%,
      respectively; and at 40 mg./kg. levels, each achieved 14% survival.
PAR  The known antiviral agent, 2,7-bis[2-(diethylamino)ethoxy]fluoren-9-one
      dihydrochloride, when tested in this manner gave survival rates averaging
      93% at 200 mg./kg. and 49% at 40 mg./kg. of body weight.
PAR  The water-soluble compounds of the invention are conveniently administered
      in phosphate buffered saline. The water-insoluble compounds are
      administered in formulations of the type described above or in various
      other formulations as previously noted. Dimethylsulfoxide serves as a
      suitable vehicle for water-insoluble compounds. a representative
      formulation for such compounds comprises 25 to 100 mg. of the chosen drug,
      dimethylsulfoxide (1 ml.), polysorbate 80 (1 ml. ) and 8 ml. of a
      composition comprising:
TBL  Methocel-15        0.50 g./l.                                             

     Polysorbate 80     1.00 g./l.                                             

     CMC-70             10.00 g./l.                                            

     Sodium chloride    9.00 g./l.                                             

     Methyl p-hydroxybenzoate                                                  

                        1.80 g./l.                                             

     Propyl p-hydroxbenzoate                                                   

                        0.20 g./l.                                             

     Distilled water    984.00 g./l.                                           

PAR  In some instances, as where clumping of the drug particles occurs,
      sonication is employed to provide a homogeneous system.
PAC  EXAMPLE I
PAC  3,8-Bis[(.beta.-Diethylamino)ethoxy]-6(5H)-Phenanthridinone
PAR  A. via Schmidt Reaction
PAR  Sodium azide (1.19 g., 18.3 mM) was added with stirring over a half-hour
      period to a solution of 2,7-bis[(.beta.-diethylamino)ethoxy]fluoren-9-one
      (5.0 g., 12.2 mM) in concentrated sulfuric acid (30 ml.). The reaction
      mixture was then stirred at room temperature until nitrogen was no longer
      evolved. The reaction mixture was then poured over wet ice (300 ml.) and
      the pH of the resulting solution adjusted to 8.5-9.0 with 20% aqueous
      sodium hydroxide. The basic solution was extracted with diethyl ether (2
      .times. 300 ml.) and then with chloroform (2 .times. 300 ml.). The
      combined extracts were dried (MgSO.sub.4) and then evaporated under
      reduced pressure to give 3.37 g. of crude product. The crude product was
      recrystallized in isopropanol. Yield = 1.19 g., M.P.
      150.degree.-152.5.degree. C.
PAR  A second crop of product (0.380 g.) was obtained by concentrating the
      isopropanol filtrate remaining after removal of the main crop.
PAR  Analysis: Calc'd. for C.sub.25 H.sub.35 N.sub.3 O.sub.3 : C, 70.56; H,
      8.29; N, 9.87%. Found: C, 70.57; H, 7.91; N, 9.87%.
PAR  B. Via Beckmann Rearrangement
PAR  To a stirred mixture of phosphorous pentoxide (2 g.) and polyphosphoric
      acid (10 g.) at 50.degree. C. was added the oxime of
      2,7-bis[(.beta.diethylamino)ethoxy]fluoren-9-one (213 mg., 1 mM). The
      temperature was raised to 100.degree. C-120.degree. C. within 10 minutes
      and stirring and heating continued for 4 hours. The mixture was then
      poured into water (50 ml.) The aqueous solution was made alkaline with
      concentrated sodium hydroxide solution to pH 11 and then extracted with
      ether until the extract was colorless (10 .times. 75 ml.). The combined
      ether extracts were dried (Na.sub.2 SO.sub.4) and evaporated to give 65
      mg. of crude product. It was purified by recrystallization from
      isopropanol. The product was identical to that of Method A.
PAR  In like manner, the following compounds were prepared from the appropriate
      fluoren-9-one oxime
      ##SPC3##
TBL  Position         Y = Z                                                    

     ______________________________________                                    

     3,8              OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                     

     3,8              O(CH.sub.2).sub.3 N(n--C.sub.4 H.sub.9).sub.2            

     3,8              O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2               

     3,8              OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2          

     3,9              OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2              

     ______________________________________                                    

PAC  EXAMPLE II
PAC  3,8-Bis[(.gamma.-dimethylamino)propoxy]-6(5H)-Phenanthridinone
PAR  Following the procedure of Example I but using
      2,7-bis[(.gamma.-dimethylamino)propoxy]fluoren-9-one (6.1 g., 16 mM) in
      place of 2,7-bis[(.beta.-diethylamino)ethoxy]fluoren-9-one; sodium azide
      (1.56 g., 24 mM), water (32 ml.) and concentrated sulfuric acid (25 ml.),
      3,8-bis[(.gamma.-dimethylamino)propxy]-6(5H)-phenanthridinone (525 mg.)
      was produced; M.P. 193.degree.-195.degree. C.
PAR  Analysis: Calcd. for C.sub.23 H.sub.31 N.sub.3 O.sub.3 : C, 69.49; H, 7.86;
      N, 10.57%. Found: C, 68.39; H, 7.69; N, 10.36%.
PAC  EXAMPLE III
PAC  3,8-Bis[(.beta.-diisopropylamino)ethoxy]-6(5H)-Phenanthridinone
PAR  Sodium azide (2.1 g., 32.3 mM),
      2,7-bis[(.beta.-diisopropylamino)-ethoxy]fluoren-9-one (10 g., 21.5 mM)
      and concentrated sulfuric acid (50 ml. were reacted according to the
      procedure of Example I. The product was extracted from the basic solution
      with ether rather than with ether followed by chloroform. The ether
      extract was dried and evaporated to give, after recrystallization of the
      crude product from isopropanol, 2,7-g. of product. M.P. 154.degree.
      C.-156.degree. C.
PAR  Analysis: Calcd. for C.sub.29 H.sub.43 N.sub.3 O.sub.3 : C, 72.31; H, 9.00;
      N, 8.72%. Found: C, 72.28; H, 8.95; N, 8.62%.
PAC  EXAMPLE IV
PAR  Repetition of the procedure of Example I but using the appropriate
      bis[dialkylamino)alkoxy]fluoren-9-one in place of
      2,7-bis[(.beta.-diethylamino)alkoxy]fluoren-9-one affords the following
      compounds:
      ##SPC4##
TBL  Position       Y = Z                                                      

     ______________________________________                                    

     3,8            --OCH.sub.2 CH.sub.2 N(n--C.sub.4 H.sub.9).sub.2           

     3,8            --O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                      

     3,8            --O(CH.sub.2).sub.3 N(C.sub.2 H.sub.5).sub.2               

     3,8            --O(CH.sub.2).sub.3 N(n--C.sub.4 H.sub.9).sub.2            

     3,8            --OCH.sub.2 CH.sub.2 N(CH.sub.3)(C.sub.2 H.sub.5)          

     3,8            --OCH.sub.2 CH.sub.2 N(CH.sub.3)(n--C.sub.4 H.sub.9)       

     3,8            --OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2         

     3,8            --OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2          

     3,8            --OCH.sub.2 CH.sub.2 N(n--C.sub.3 H.sub.7).sub.2           

     3,8            --O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2               

     3,10           --OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2              

     3,9            --OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2              

     2,9            --OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2              

     ______________________________________                                    

PAC  EXAMPLE V
PA1  3-[.beta.-diethylamino(ethoxy]6(5H)-Phenanthridinone and
PA1  8-[(.beta.-Diethylamino)ethoxy]-6(5H)-Phenanthridinone
PAR  Sodium azide (1.97 g., 30.5 mM) was added portionwise over a half-hour
      period to a stirred solution of
      2-[(.beta.-diethylamino)ethoxy]fluoren-9-one (6.0 g., 20.3 mM) in
      concentrated sulfuric acid (30 ml.) at 0.degree. C.-5.degree. C. The
      mixture was then allowed to warm to room temperature and stirring
      continued until nitrogen was no longer evolved. The mixture was cautiously
      poured over wet ice (500 ml.) and the resulting solution made basic (pH
      8.5) with 20% aqueous sodium hydroxide. The insoluble yellow precipitate
      which formed was filtered off. The basic filtrate was extracted with ether
      until the extracts were colorless. The combined extracts were filtered,
      dried (MgSO.sub.4) and then evaporated to give 4.38 g. of residue. The
      yellow precipitate was taken up in chloroform, the solution dried
      (MgSO.sub.4) and evaporated to give 2.7 g. of product. The combined solids
      are dissolved in ethyl acetate and chromatographed on silica. The column
      is eluted with ethyl acetate and then with ethyl acetate containing
      increasing amounts of triethylamine. Fractions of eluate were collected
      and analyzed by thin layer chromatography in the system 5%
      triethylamine-ethyl acetate. Those fractions showing spots not
      attributable to the reactants were combined and evaporated to dryness. In
      this manner, the fraction eluted by ethyl acetate containing 5-15% of
      triethylamine gave the
      8-[(.beta.-diethylamino)ethoxy]-6(5H)-phenanthridinone (2.40 g.) which was
      recrystallized from ethyl acetate. M.P. 173.degree. C.-178.degree. C.
PAR  The fractions eluted with ethyl acetate containing 20% triethylamine gave
      upon evaporation 3-[(.beta.-diethylamino)ethoxy]-6(5H)-phenanthridinone
      (820 mg.). It was purified by recrystallization from isopropanol. M.P.
      150.degree. C.-155.degree. C.
PAC  EXAMPLE VI
PAR  The procedure of Example V is followed but using the appropriate
      2-[(.beta.-dialkylamino)alkoxy]fluoren-9-one in place of
      2-[(.beta.-diethylamino)-ethoxy]fluoren-9-one to produce the compounds
      below:
      ##SPC5##
TBL  Y                       Z                                                 

     ______________________________________                                    

     9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                            

                        H                                                      

     H                  2--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2         

     10--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                           

                        H                                                      

     H                  1--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2         

     8--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                                   

                        H                                                      

     H                  3--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                

     9--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                                   

                        H                                                      

     H                  2--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                

     10--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                                  

                        H                                                      

     H                  1--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                

     8--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                                    

                        H                                                      

     H                  3--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                 

     9--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                                    

                        H                                                      

     H                  2--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                 

     10--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                                   

                        H                                                      

     H                  1--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                 

     8--O(CH.sub.2).sub.2 N(CH.sub.3)(C.sub.2 H.sub.5)                         

                        H                                                      

     H                  3--O(CH.sub.2).sub.2 N(CH.sub.3)(C.sub.2 H.sub. 5)     

     8--O(CH.sub.2).sub.2 N(i--C.sub.3 H.sub.7).sub.2                          

                        H                                                      

     H                  3--O(CH.sub.2).sub.2 N(i--C.sub.3 H.sub.7).sub.2       

     8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2                             

                        H                                                      

     H                  3--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2          

     8--O(CH.sub.2).sub.2 N(n--C.sub.6 H.sub.13).sub.2                         

                        H                                                      

     H                  3--O(CH.sub.2).sub.2 N(n--C.sub.6 H.sub.13).sub.2      

     9--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2                       

                        H                                                      

     H                  2--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2    

     7--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                            

                        H                                                      

     H                  4--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2         

     ______________________________________                                    

PAC  EXAMPLE VII
PAC  3,8-Bis[(.beta.-Diethylamino)ethoxy]-6-Chloro-Phenanthridine
PAR  A mixture of phosphorous oxychloride (80 ml.), phosphorous pentachloride
      (200 mg., 0.96 mM) and
      3,8-bis[(.beta.-diethylamino)ethoxy]-6(5H)-phenanthridinone (2.0 g., 4.7
      mM) was heated at reflux for 3 hours. The phosphorous oxychloride was
      stripped off under reduced pressure and the reside gradually added to
      chilled concentrated ammonium hydroxide (100 ml.) with stirring. The
      resulting mixture was extracted with diethyl ether (5 .times. 100 ml.) and
      the combined extract washed with water (100 ml.), dried (MgSO.sub.4),
      filtered and evaporated to give 1.63 g. (78%) of product.
PAR  Analysis: Calcd. for C.sub.25 H.sub.34 ClN.sub.3 O.sub.2 : C, 67.63; H,
      7.72; N, 9.46;, Cl, 7.98%. Found: C, 66.63; H, 7.58; N, 9.11; Cl, 8.04%.
PAC  EXAMPLE VIII
PAC  3,8-Bis[(.beta.-Diisopropylamino(ethoxy]-6-Chloro-Phenanthridine
PAR  Phosphorous pentachloride (173 mg., 0.83 mM), phosphorous oxychloride (80
      ml.) and 3,8-bis[(.beta.-diisopropylamino(ethoxy]-6(5H)-phenanthridinone
      (2.0 g., 4.15 mM) were reacted according to the procedure of Example VII
      to give 1.66 g. of the title product; M.P. 88.degree. C.-91.degree. C.
PAR  Analysis: Calcd. for C.sub.29 H.sub.42 ClN.sub.3 O.sub.2 : C, 69.64; H,
      8.47; N, 8.40%. Found: C, 68,93; H, 8.29; N, 8.17%.
PAC  EXAMPLE IX
PAR  Repetition of the procedure of Example VII, but using the appropriate bis-
      and mono-[(.beta.-dialkylamino)alkoxy]-6(5H)-phenanthridinone reactants of
      Examples II, IV - VI affords the following compounds:
      ##SPC6##
PA1  --O--A--NR.sub.1 R.sub.2
PA1  3,8-och.sub.2 ch.sub.2 n(ch.sub.3).sub.2
PA1  3,8-och.sub.2 ch.sub.2 n(n-C.sub.4 H.sub.9).sub.2
PA1  3,8-o(ch.sub.2).sub.3 n(ch.sub.3).sub.2
PA1  3,8-o(ch.sub.2).sub.3 n(c.sub.2 h.sub.5).sub.2
PA1  3,8-o(ch.sub.2).sub.3 n(n-C.sub.4 H.sub.9).sub.2
PA1  3,8-och.sub.2 ch.sub.2 n(ch.sub.3)(c.sub.2 h.sub.5)
PA1  3,8-och.sub.2 ch.sub.2 n(ch.sub.3)(n-C.sub.4 H.sub.9)
PAR  3,8-OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2
PA1  3,8-och.sub.2 ch.sub.2 n(n-C.sub.6 H.sub.13).sub.2
PA1  3,8-och.sub.2 ch.sub.2 n(n-C.sub.3 H.sub.7).sub.2
PA1  3,8-o(ch.sub.2).sub.6 n(c.sub.2 h.sub.5).sub.2
PA1  3,10-och.sub.2 ch.sub.2 n(c.sub.2 h.sub.5).sub.2
PA1  3,9-och.sub.2 ch.sub.2 n(c.sub.2 h.sub.5).sub.2
PA1  2,9-och.sub.2 ch.sub.2 n(c.sub.2 h.sub.5).sub.2
PAC  example x
PAC  3,8-bis[(.beta.-Diethylamino)ethoxy]-6-Diethylaminophenanthridine
PAR  A mixture of 3,8-bis[(.beta.-diethylamino)ethoxy]-6-chlorophenanthridine
      (350 mg., 0.79 mM), ethanol (4 ml.) and diethylamine (4 ml.) was heated at
      150.degree. C. in a steel bomb for 16 hours and then cooled to room
      temperature. The reaction mixture was removed from the bomb which was then
      washed with ethanol (2 .times. 2 ml.). The combined reaction mixture and
      washings were evaporated to dryness and the residue partitioned between
      water and ether. The ether layer was separated, dried (MgSO.sub.4) and
      evaporated under reduced pressure to give 310 mg. of crude product. It was
      filtered through a silica pad which was then washed with ether (200 ml.)
      containing 3% thiethylamine and the combined filtrate and wash solution
      evaporated under reduce pressure. Yield = 260 mg.
PAR  Analysis: Calcd. for C.sub.29 H.sub.44 N.sub.4 O.sub.2 : C, 72.46; H, 9.23;
      N, 11.66%. Found: C, 71.77; H, 8.95; N, 11.66%.
PAC  EXAMPLE XI
PAC  3,8-Bis[(.beta.-Diisopropylamino)ethoxy]-6-Diethylaminophenanthridine
PAR  A mixture of 3,8-bis[(.beta.-diisopropylamino)ethoxy-9
      -6-chlorophenanthridine (780 mg., 1.56 mM), ethanol (8 ml.) and
      diethylamine (8 ml.) was reacted according to the procedure of Example X
      to give 785 mg. of the title product. The product as obtained by
      evaporation of the ether solution resulting from the water-ether partition
      was of sufficient purity that the filtration step of Example X was
      unnecessary.
PAR  Analysis: Calcd. for C.sub.33 H.sub.52 N.sub.4 O.sub.2 : C, 73,84; H, 9.76;
      N, 10.44%. Found: C, 73.58; H, 9.41; N, 9.63%.
PAC  EXAMPLE XII
PAC  3,8-Bis[(.beta.-Diisopropylamino)ethoxy]-6-Benzylaminophenanthridine
PAR  A mixture of benzylamine (10 ml.),
      3,8-bis[(.beta.-diisopropylamino)-ethoxy]-6-chlorophehnanthridine (780
      mg., 1.56 mM) and ethanol) 20 ml.) was refluxed for 2 days. The reaction
      mixture was then evaporated under reduced pressure and the residue
      partitioned between ether and water. The ether phase was separated, washed
      with water, and dried (MgSO.sub.4). Removal of the ether under reduced
      pressure gave 930 mg. of product.
PAR  Analysis: Calcd. for: C.sub.36 H.sub.50 N.sub.4 O.sub.2 : C, 75.75; H,
      8.83; N, 9.82%. Found: C, 74.67; H, 8,34; N, 9.47%.
PAC  EXAMPLE XIII
PAC  3,8-Bis[(.beta.-Diethylamino)ethoxy]-6-Benzylaminophenanthridine
PAR  Benzylamine (10 ml.), ethanol (20 ml.) and
      3,8-bis[(.beta.-diethylamino)-ethoxy]-6-chlorophenanthridine (350 mg.,
      0.79 mM) were reacted according to thre procedure of Example XII to give
      380 mg. of product.
PAR  Analysis: Calcd. for: C.sub.32 H.sub.42 N.sub.4 O.sub.2 : C, 74.67; H.
      8.22; N, 10.85%. Found: C, 71.55; H, 7.82; N, 9.66%.
PAC  EXAMPLE XIV
PAR  Following the procedure of Example X and, when X is benzylamino, the
      procedure of Example XII, the compound listed below are produced from
      ammonia or the appropriate amines and the products of Examples VII - IX.
      ##SPC7##
TBL  X         O--A--NR.sub.1 R.sub.2                                          

                             X        --O--A--NR.sub.1 R.sub.2                 

     __________________________________________________________________________

     N(CH.sub.3).sub.2                                                         

             3,8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                  

                          NH(C.sub.7 H.sub.7)                                  

                                    3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3)(C.sub.2

                                     H.sub.5).sub.2                            

     N(i--C.sub.3 H.sub.7).sub.2                                               

             3,8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                  

                          N(C.sub.2 H.sub.5).sub.2                             

                                    3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3)(C.sub.2

                                     H.sub.5).sub.2                            

     N(n--C.sub.6 H.sub.13).sub.2                                              

             3,8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                  

                          NH(C.sub.7 H.sub.7)                                  

                                    3,8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).s

                                    ub.2                                       

     N(CH.sub.3).sub.2                                                         

             3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                         

                          N(C.sub.2 H.sub.5).sub.2                             

                                    3,8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).s

                                    ub.2                                       

     N(CH.sub.3)(C.sub.2 H.sub.5)                                              

             3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                         

                          NH.sub.2  3,8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).s

                                    ub.2                                       

     N(n--C.sub.4 H.sub.9).sub.2                                               

             3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                         

                          NH.sub.2  3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.6       

                                    H.sub.13).sub.2                            

     N(C.sub.2 H.sub.5).sub.2                                                  

             3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.4 H.sub.9).sub.2               

                          NH(C.sub.7 H.sub.7)                                  

                                    3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.6       

                                    H.sub.13).sub.2                            

     NH(C.sub.7 H.sub.7)                                                       

             3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.4 H.sub.9).sub.2               

                          N(n--C.sub.3 H.sub.7).sub.2                          

                                    3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.6       

                                    H.sub.13).sub.2                            

     NH.sub.2                                                                  

             3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.4 H.sub.9).sub.2               

                          N(CH.sub.3)(n--C.sub.6 H.sub.13)                     

                                    3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.6       

                                    H.sub.13).sub.2                            

     NH.sub.2                                                                  

             3,8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                  

                          NHC.sub.7 H.sub.7                                    

                                    3,10--OCH.sub.2 CH.sub.2 N(C.sub.2         

                                    H.sub.5).sub.2                             

     NH(CH.sub.3)                                                              

             3,8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                  

                          N(C.sub.2 H.sub.5).sub.2                             

                                    3,10--OCH.sub.2 CH.sub.2 N(C.sub.2         

                                    H.sub.5).sub.2                             

     NH(n--C.sub.3 H.sub.7)                                                    

             3,8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                  

                          NH.sub. 2 3,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).

                                    sub.2                                      

     N(C.sub.2 H.sub.5).sub.2                                                  

             3,8--O(CH.sub.2).sub.3 N(C.sub.2 H.sub.5).sub.2                   

                          NH(C.sub.7 H.sub.7)                                  

                                    3,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).

                                    sub.2                                      

     NH.sub.2                                                                  

             3,8--O(CH.sub.2).sub.3 N(C.sub.2 H.sub.5).sub.2                   

                          N(CH.sub.3).sub.2                                    

                                    3,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).

                                    sub.2                                      

     NHC.sub.2 H.sub.5                                                         

             3,8--O(CH.sub.2).sub.3 N(C.sub.2 H.sub.5).sub.2                   

                          N(C.sub.2 H.sub.5).sub.2                             

                                    2,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).

                                    sub.2                                      

     NH(n--C.sub.6 H.sub.13)                                                   

             3,8--O(CH.sub.2).sub.3 N(C.sub.2 H.sub.5).sub.2                   

                          NH(C.sub.7 H.sub.7)                                  

                                    2,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).

                                    sub.2                                      

     N(C.sub.2 H.sub.5).sub.2                                                  

             3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.3 H.sub.7).sub.2               

                          NH.sub.2  2,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).

                                    sub.2                                      

     __________________________________________________________________________

PAC  EXAMPLE XV
PAC  3,8-Bis[(.beta.-Diethylamino)ethoxy]-6-Methoxyphenanthridine
PAR  A mixture of 3,8-bis[(.beta.-diethylamino)ethoxy]-6-chlorophenanthridine
      (50 mg., 0.1125 mM), methanol (3 ml.) and sodium methoxide (12.2 mg.,
      0.225 mM) was refluxed for one hour at the end of which time additional
      sodium methoxide (20 mg.) was added. The mixture was refluxed for an
      additional 23 hours and then evaporated to dryness. The residue was
      partitioned between water and ether, the ether phase separated, dried
      (MgSO.sub.4) and evaporated under reduced pressure to give 40 mg. of
      product.
PAR  Analysis: Calc. for C.sub.26 H.sub.37 N.sub.3 1/2H.sub.2 O: C, 69,61; H,
      8.76; N, 9.37%. Found: C, 69,58; H, 8.01; N, 9.20%.
PAC  EXAMPLE XVI
PAC  6-Alkoxy Substituted Phenanthridines
PAR  Repetition of the procedure of Example XV but using the appropriate sodium
      alkoxide and the appropriate 6-chloro (or bromo) substituted
      phenanthridines of Examples VII-IX and, as solvent, the alcohol
      corresponding to the akloxide, the following compounds are produced.
      ##SPC8##
TBL  X'      --O--A--NR.sub.1 R.sub.2                                          

                          X'      --O--A--NR.sub.1 R.sub.2                     

     __________________________________________________________________________

     n--C.sub.3 H.sub.7                                                        

           3,8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                    

                         i--C.sub.3 H.sub.7                                    

                               3,8--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).

                               sub.2                                           

     n--C.sub.6 H.sub.13                                                       

           3,8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                    

                         CH.sub.3                                              

                               3,10--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.

                               2                                               

     C.sub.2 H.sub.5                                                           

           3,8--OCH.sub.2 CH.sub.2 N(i--C.sub.3 H.sub.7).sub.2                 

                         n--C.sub.4 H.sub.9                                    

                               3,10--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.

                               2                                               

     i--C.sub.3 H.sub.7                                                        

           3,8--OCH.sub.2 CH.sub.2 N(i--C.sub.3 H.sub.7).sub.2                 

                         C.sub.2 H.sub.5                                       

                               3,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2

                               S                                               

     CH.sub.3                                                                  

           3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                           

                         n--C.sub.6 H.sub.13                                   

                               3,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2

                               T                                               

     n--C.sub.4 H.sub.9                                                        

           3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                           

                         CH.sub.3                                              

                               2,9--OCH.sub.2 CH.sub. 2 N(C.sub.2 H.sub.5).sub.

                               2                                               

     C.sub.2 H.sub.5                                                           

           3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.4 H.sub.9).sub.2                 

                         i--C.sub.3 H.sub.7                                    

                               2,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2

                               1                                               

     CH.sub.3                                                                  

           3,8--O(CH.sub.2).sub.3 N(C.sub.2 H.sub.5).sub.2                     

                         CH.sub.3                                              

                               3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3)(n--C.sub.4  

                               H.sub.9)                                        

     CH.sub.3                                                                  

           3,8--O(CH.sub.2).sub.3 N(n--C.sub.4 H.sub.9).sub.2                  

                         CH.sub.3                                              

                               3,8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2 

                               3                                               

     n--C.sub.4 H.sub.9                                                        

           3,8--O(CH.sub.2).sub.3 N(n--C.sub.4 H.sub.9).sub.2                  

                         n--C.sub.6 H.sub.13                                   

                               3,8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2 

                               N                                               

     C.sub.2 H.sub.5                                                           

           3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3)(C.sub.2 H.sub.5)                

                         CH.sub.3                                              

                               3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).s

                               ub.2                                            

     __________________________________________________________________________

PAC  EXAMPLE XVII
PAC  3,8-Bis[(.beta.-Diethylamino)ethoxy]-5Methyl-6(5H)Phenanthridinone
PAR  To oil-free sodium hydride (86 mg. of 56%, 2 mM) in N,N-dimethylformamide
      (20 ml.) was added 3,8-bis[(.beta.
      -diethylamino)ethoxy]-6(5H)phenanthridinone (425.6 mg., 1.0 mM). The
      mixture was stirred for one-half hour at room temperature and then a
      solution of methyl iodide (142 mg., 1.0 mM) in N,N-dimethylformamide (5
      ml.) added dropwise over a period of 15 minutes. Stirring was continued
      overnight and then methyl iodide (14 mg.) added. The mixture was stirred
      an additional three hours and then poured into water (50 ml.). The product
      was extracted with ether (75 ml.) and the ethereal extract washed with 1N
      sodium hydroxide (50 ml.), followed by a water (50 ml.) wash. It was dried
      (MgSO.sub.4) and evaporated in vacuo to give 355 mg. of product: M.P.
      58.degree. C.-61.degree. C.
PAR  Analysis: Calcd. for: C.sub.26 H.sub.37 N.sub.3 O.sub.3 : C, 71.04; H,
      8.48; N, 9.56%. Found: C, 70.79; H, 8.38; N, 9.38%.
PAC  EXAMPLE XVIII
PAC  3,8-Bis[(.beta.-diethylamino)ethoxy]-5-Benzyl-6(5H)Phenanthridinone
PAR  3,8-bis[(.beta.-diethylamino)ethoxy]-6(5H)phenanthridinone (425.6 mg., 1.0
      mM) was added to a suspension of oil-free sodium hydride (86 mg. of 56%;
      2.0 mM) in N,N-dimethylformamide (20 ml.) and the mixture stirred at room
      temperature for one-half hour. Benzyl chloride (126.6 mg., 1.0 mM) was
      added over a 15 minute period. The mixture was stirred for 24 hours and
      then worked up according to the method of Example XVII to give the product
      (480 mg.): M.P. 64.degree. C.-67.degree. C.
PAR  Analysis: Calcd. for C.sub.32 H.sub.41 N.sub.3 O.sub.3 : C, 74.53; H, 8.01;
      N, 8.15%. Found: C, 74.18; H, 7.99; N, 7.74%.
PAC  EXAMPLE XIX
PAR  The following compounds are prepared from benzyl chloride and appropriate
      alkyl halides and from appropriate phenanthridinone reactants of Examples
      I - VI by the procedurce of Examples XVII and XVIII.
      ##SPC9##
TBL  R          Y = Z       R       Y = Z                                      

     __________________________________________________________________________

     n--C.sub.2 H.sub.5                                                        

           3,8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                    

                          n--C.sub.3 H.sub.7                                   

                                3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).

                                sub.2                                          

     n--C.sub.4 H.sub.9                                                        

           3,8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                    

                          CH.sub.3                                             

                                3,8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2

                                O                                              

     n--C.sub.6 H.sub.13                                                       

           3,8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                    

                          n--C.sub.4 H.sub.9                                   

                                3,8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2

                                N                                              

     CH.sub.3                                                                  

           3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                           

                          n--C.sub.6 H.sub.13                                  

                                3,8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2

                                O                                              

     i--C.sub.3 H.sub.7                                                        

           3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                           

                          CH.sub.3                                             

                                3,10--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub

                                .2                                             

     C.sub.2 H.sub.5                                                           

           3,8--OCH.sub.2 CH.sub.2 N(i--C.sub.3 H.sub.7).sub.2                 

                          n--C.sub.4 H.sub.9                                   

                                3,10--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub

                                .2                                             

     n--C.sub.4 H.sub.9                                                        

           3,8--OCH.sub.2 CH.sub.2 N(i--C.sub.3 H.sub.7).sub.2                 

                          C.sub.2 H.sub.5                                      

                                3,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.

                                2                                              

     CH.sub.3                                                                  

           3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.3 H.sub.7).sub.2                 

                          CH.sub.3                                             

                                2,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.

                                2                                              

     C.sub.2 H.sub.5                                                           

           3,8--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                            

                          n--C.sub.4 H.sub.9                                   

                                2,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.

                                2                                              

     n--C.sub.5 H.sub.11                                                       

           3,8--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                            

                          C.sub.7 H.sub.7                                      

                                2,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.

                                2                                              

     CH.sub.3                                                                  

           3,8--O(CH.sub.2).sub.3 N(n--C.sub.4 H.sub.9).sub.2                  

                          CH.sub.3                                             

                                3,8--O(CH.sub.2).sub.3 N(C.sub.2 H.sub.5).sub.2

                                s                                              

     n--C.sub.3 H.sub.7                                                        

           3,8--O(CH.sub.2).sub.3 N(n--C.sub.4 H.sub.9).sub.2                  

                          C.sub.7 H.sub.7                                      

                                3,8--O(CH.sub.2).sub.3 N(C.sub.2 H.sub.5).sub.2

                                N                                              

     C.sub.2 H.sub.5                                                           

           3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3)(C.sub.2 H.sub.5)                

                          C.sub.7 H.sub.7                                      

                                3,8--OCH.sub.2 CH.sub. 2 N(C.sub.2 H.sub.5).sub

                                .2                                             

     C.sub.2 H.sub.5                                                           

           3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3)(n--C.sub.4 H.sub.9)             

                          C.sub.7 H.sub.7                                      

                                3,8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2

                                i                                              

     CH.sub.3                                                                  

           3,8--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2               

                          C.sub.7 H.sub.7                                      

                                3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).

                                sub.2                                          

     n--C.sub.6 H.sub.13                                                       

           3,8--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2               

                          C.sub.7 H.sub.7                                      

                                3,8--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3)

                                .sub.2                                         

     CH.sub.3                                                                  

           3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2                

                          C.sub.7 H.sub.7                                      

                                3,10--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub

                                .2                                             

     n--C.sub.6 H.sub.13                                                       

           3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2                

                          C.sub.7 H.sub.7                                      

                                3,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.

                                2                                              

     __________________________________________________________________________

PAR  Compounds having the above formula wherein one of Y or Z is hydrogen
      prepared by this process are listed below.
TBL  R       Z (Y = H)     R       Y (Z = H)                                   

     __________________________________________________________________________

     CH.sub.3                                                                  

           8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                      

                         CH.sub.3                                              

                               3--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2  

     n--C.sub.4 H.sub.9                                                        

           8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                      

                         n--C.sub.3 H.sub.7                                    

                               3--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2  

     C.sub.7 H.sub.7                                                           

           8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                      

                         n--C.sub.6 H.sub.13                                   

                               3--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2  

     C.sub.2 H.sub.5                                                           

           9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                      

                         C.sub.7 H.sub.7                                       

                               3--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2  

     i--C.sub.3 H.sub.7                                                        

           9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                      

                         C.sub.2 H.sub.5                                       

                               2--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2  

     C.sub.7 H.sub.7                                                           

           9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                      

                         C.sub.7 H.sub.7                                       

                               2--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2  

     CH.sub.3                                                                  

           10--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                     

                         CH.sub.3                                              

                               1--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2  

     n--C.sub. 5 H.sub.11                                                      

           10--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                     

                         n--C.sub.4 H.sub.9                                    

                               1--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2  

     C.sub.7 H.sub.7                                                           

           10--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                     

                         C.sub.7 H.sub.7                                       

                               1--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2  

     C.sub.2 H.sub.5                                                           

           8--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                             

                         C.sub.2 H.sub.5                                       

                               3--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2         

     n--C.sub.4 H.sub.9                                                        

           8--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                             

                         n--C.sub.6 H.sub.13                                   

                               3--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2         

     C.sub.7 H.sub.7                                                           

           8--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                             

                         C.sub.7 H.sub.7                                       

                               3--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2         

     CH.sub.3                                                                  

           9--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                             

                         C.sub.2 H.sub.5                                       

                               2--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2         

     n--C.sub.3 H.sub.7                                                        

           9--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                             

                         C.sub.7 H.sub.7                                       

                               2--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2         

     CH.sub.3                                                                  

           10--OCH.sub.2 CH.sub.2 N(CH.sub.3 ).sub.2                           

                         CH.sub.3                                              

                               1--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2         

     C.sub.7 H.sub.7                                                           

           10--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                            

                         n--C.sub.4 H.sub.9                                    

                               1--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2         

     CH.sub.3                                                                  

           8--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                              

                         CH.sub.3                                              

                               3--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2          

     i--C.sub.3 H.sub.7                                                        

           8--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                              

                         i--C.sub.3 H.sub.7                                    

                               3--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2          

     C.sub.7 H.sub.7                                                           

           8--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                              

                         C.sub.7 H.sub.7                                       

                               3--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2          

     CH.sub.3                                                                  

           9--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                              

                         C.sub.2 H.sub.5                                       

                               2--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2          

     n--C.sub.3 H.sub.7                                                        

           10--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                             

                         CH.sub.3                                              

                               1--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2          

     CH.sub.3                                                                  

           8--OCH.sub.2 CH.sub.2 N(CH.sub.3)(C.sub.2 H.sub.5)                  

                         CH.sub.3                                              

                               3--OCH.sub.2 CH.sub.2 N(CH.sub.3)(C.sub.2       

                               H.sub.5)                                        

     C.sub.7 H.sub.7                                                           

           8--OCH.sub.2 CH.sub.2 N(CH.sub.3)(C.sub.2 H.sub.5)                  

                         n--C.sub.3 H.sub.7                                    

                               3--OCH.sub.2 CH.sub.2 N(CH.sub.3)(C.sub.2       

                               H.sub.5)                                        

     n--C.sub.6 H.sub.13                                                       

           8--OCH.sub.2 CH.sub.2 N(CH.sub.3)(C.sub.2 H.sub.5)                  

                         n--C.sub.5 H.sub.11                                   

                               3--OCH.sub.2 CH.sub.2 N(CH.sub.3)(C.sub.2       

                               H.sub.5)                                        

     CH.sub.3                                                                  

           8--O(CH.sub.2).sub.3 N(i--C.sub.3 H.sub.7).sub.2                    

                         CH.sub.3                                              

                               3--O(CH.sub.2).sub.3 N(i--C.sub.3 H.sub.7).sub.2

                               N                                               

     C.sub.7 H.sub.7                                                           

           8--O(CH.sub.2).sub.3 N(i--C.sub.3 H.sub.7).sub.2                    

                         C.sub.7 H.sub.7                                       

                               3--O(CH.sub.2).sub.3 N(i--C.sub.3 H.sub.7).sub.2

                               O                                               

     CH.sub.3                                                                  

           8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2                       

                         CH.sub.3                                              

                               3--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2   

     n--C.sub.4 H.sub.9                                                        

           8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2                       

                         C.sub.2 H.sub.5                                       

                               3--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2   

     C.sub.7 H.sub.7                                                           

           8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2                       

                         n--C.sub.6 H.sub.13                                   

                               3--O(CH.sub.2 ).sub.6 N(C.sub.2 H.sub.5).sub.2  

     CH.sub.3                                                                  

           8--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2                  

                         C.sub.7 H.sub.7                                       

                               3--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2   

     n--C.sub.6 H.sub.13                                                       

           8--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2                  

                         C.sub.7 H.sub.7                                       

                               3--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub

                               .2                                              

     C.sub.7 H.sub.7                                                           

           8--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2                  

                         CH.sub.3                                              

                               3--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub

                               .2                                              

     CH.sub.3                                                                  

           9--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2                 

                         n--C.sub.5 H.sub.11                                   

                               3--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub

                               .2                                              

     n--C.sub.3 H.sub.7                                                        

           9--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2                 

                         C.sub.2 H.sub.5                                       

                               2--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).su

                               b.2                                             

     n--C.sub.5 H.sub.11                                                       

           9--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2                 

                         n--C.sub.6 H.sub.13                                   

                               2--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).su

                               b.2                                             

     C.sub.7 H.sub.7                                                           

           9--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2                 

                         C.sub.7 H.sub.7                                       

                               2--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).su

                               b.2                                             

     CH.sub.3                                                                  

           7--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                      

                         C.sub.7 H.sub.7                                       

                               4--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2  

     n--C.sub.4 H.sub.9                                                        

           7--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                      

                         CH.sub.3                                              

                               4--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2  

     n--C.sub.6 H.sub.13                                                       

           7--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                      

                         n--C.sub.3 H.sub.7                                    

                               4--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2  

     C.sub.7 H.sub.7                                                           

           7--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                      

                         n--C.sub.6 H.sub.13                                   

                               4--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2  

     __________________________________________________________________________

PAC  EXAMPLE XX
PAC  3,8-Bis[(.beta.-Diisopropylamino(ethoxy]-5(.beta.-Diethylaminoethyl)-6(5H)P
     henanthridinone
PAR  Oil-free sodium hydride (53.5 mq. of 56%, 1.25 nM); N,N-dimethylformamide
      (5 mil.), 92.5 mg., 0.685 mM) and
      3,8-bis[(.beta.-diisopropylamino)ethoxy]-6(5H)phenanthridinone (300 mg.,
      0.625 mM) were reacted according to the procedure of Example XVII to give
      300 mg. of the title product.
PAR  Analysis: Calcd. for C.sub.35 H.sub.56 N.sub.4 O.sub.3 : C, 72.37; H, 9.72;
      N. 9.65%. Found: C, 72.16; H, 9.43; N, 9.52%.
PAC  EXAMPLE XXI
PAC  5-[(.beta.-Diethylamino)ethyl]-8-[(.beta.-diethylamino)ethoxy]-6(5H)Phenant
     hridinone
PAR  A mixture of oil-free sodium hydride (86 mg. of 56%, 2 mM),
      N,N-dimethylformamide (5 ml.),
      8-[(.beta.-diethylamino(ethoxy]-6(5H)phenantridinone (310.4 mg., 1 mM) and
      .beta.-diethylaminoethylchloride was reacted according to the procedure of
      Example XVII to give 380 mg. of the title product.
PAR  Analysis: Calcd. for C.sub.25 H.sub.35 N.sub.3 O.sub.2 : C, 73.31; H, 8.61
      N, 10.20%. Found: C, 72,86; H, 8.38; N, 10.02%.
PAC  EXAMPLE XXII
PAC  3-[(.beta.-Diethylamino)ethoxy]-5-[(.beta.-diethylamino)ethyl]-6(5H)Phenant
     hridinone
PAR  Oil-free sodium hydride (86 mg. of 56%; 2 mM); N,N-dimethylformamide (5
      ml.), 3-[(.beta.-diethylamino)ethoxy]-6(5H)phenanthridinone (230 mg.,
      0.742 mM) and .beta.-diethylamino chloride (110 mg., 0.82 mM) were reacted
      according to the procedure of Example XVII to produce 250 mg. of the title
      product as an oil.
PAR  Analysis: Calcd. for C.sub.25 H.sub.35 N.sub.3 O.sub.2 : C, 73.31; H, 8.61;
      N, 10.26%. Found : C, 71.72; H, 8.46; N, 9.64%.
PAC  EXAMPLE XXIII
PAR  Repetition of the procedure of Examples XX-XXII but using the appropriate
      phenanthridinones of Examples I-VI and the appropriate .omega.-dialkyl
      aminoalkyl chloride reactants affords the following compounds:
      ##SPC10##
TBL  R                     Y = Z                                               

     ______________________________________                                    

     CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                                

                      3,8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2         

     (CH.sub.2).sub.3 N(CH.sub.3).sub.2                                        

                      3,8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2         

     (CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2                                 

                      3,8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2         

     CH(C.sub.2 H.sub.5)(CH.sub.2).sub.3 N(C.sub.2 H.sub.5).sub.2              

                      3,8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2         

     CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                                       

                      3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                

     (CH.sub.2).sub.4 N(i--C.sub.3 H.sub.7).sub.2                              

                      3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                

     CH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2                            

                      3,8--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                 

     (CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2                                 

                      3,8--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                 

     CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                                       

                      3,8--OCH.sub.2 CH.sub.2 N(CH.sub.3)(C.sub.2 H.sub.5)     

     CH.sub.2 CH.sub.2 N(C.sub.2 H.sub. 5).sub.2                               

                      3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.4 H.sub.9).sub.2      

     (CH.sub.2).sub.4 N(C.sub.2 H.sub.5).sub.2                                 

                      3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.4 H.sub.9).sub.2      

     CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                                       

                      3,8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2          

     CH(C.sub.4 H.sub.9)CH.sub.2 N(n--C.sub.4 H.sub.9).sub.2                   

                      3,8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2          

     CH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2                            

                      3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2     

     CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2                                    

                      3,8--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2    

     (CH.sub.2).sub.4 N(C.sub.2 H.sub.5).sub.2                                 

                      3,8--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2    

     CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub. 2                               

                      3,10--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2        

     (CH.sub.2).sub.4 N(i--C.sub.3 H.sub.7).sub.2                              

                      3,10--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2        

     CH(C.sub.4 H.sub.9)CH.sub.2 N(n--C.sub.4 H.sub.9).sub.2                   

                      3,10--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2        

     (CH.sub.2).sub.3 N(CH.sub.3).sub.2                                        

                      3,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2         

     CH.sub.2 CH.sub.2 N(n--C.sub.4 H.sub.9).sub.2                             

                      3,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2         

     CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                                       

                      2,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2         

     (CH.sub.2).sub.4 N(C.sub.2 H.sub.5).sub.2                                 

                      2,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2         

     CH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2                            

                      2,9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2         

     CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                                

                      3,8--O(CH.sub.2).sub.3 N(n--C.sub.4 H.sub.9).sub.2       

     (CH.sub.2).sub.6 N(CH.sub.3).sub.2                                        

                      3,8--O(CH.sub.2).sub.3 N(n--C.sub.4 H.sub.9).sub.2       

     CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                                

                      3,8--OCH.sub.2 CH.sub.2 N(i--C.sub.3 H.sub.7).sub.2      

     (CH.sub.2).sub.6 N(CH.sub.3).sub.2                                        

                      3,8--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2     

     ______________________________________                                    

PAR  Compounds having the above formula wherein one of Y or Z is hydrogen
      prepared by this process are listed below.
TBL  ______________________________________                                    

     R                   Z (Y = H)                                             

     ______________________________________                                    

     CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                                

                      8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2           

     (CH.sub.2).sub.4 N(C.sub.2 H.sub.5).sub.2                                 

                      8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2           

     (CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2                                 

                      8--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2           

     CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                                       

                      9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2           

     (CH.sub.2).sub.4 N(C.sub.2 H.sub.5).sub.2                                 

                      9--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2           

     CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                                       

                      10--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2          

     (CH.sub.2).sub.4 N(i--C.sub.3 H.sub.7).sub.2                              

                      8--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                  

     (CH.sub.2).sub.4 N(CH.sub.3).sub.2                                        

                      9--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                  

     CH(C.sub.2 H.sub.5)(CH.sub.2).sub.3 N(C.sub.2 H.sub.5).sub.2              

                      10--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                 

     CH.sub.2 CH.sub.2 N(n-- C.sub.6 H.sub.13).sub.2                           

                      8--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                   

     CH(C.sub.4 H.sub.9)CH.sub.2 N(n--C.sub.4 H.sub.9).sub.2                   

                      8--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                   

     CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                                

                      9--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                   

     (CH.sub.2).sub.3 N(CH.sub.3).sub.2                                        

                      8--O(CH.sub.2).sub.2 N(CH.sub.3)(C.sub.2 H.sub.5)        

     (CH.sub.2).sub.6 N(CH.sub.3).sub.2                                        

                      8--O(CH.sub.2).sub.2 N(CH.sub.3)(C.sub.2 H.sub.5)        

     (CH.sub.2).sub.4 N(C.sub.2 H.sub.5).sub.2                                 

                      8--OCH.sub.2 CH.sub.2 N(i--C.sub.3 H.sub.7).sub.2        

     CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                                

                      8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2            

     (CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2                                 

                      8--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2            

     CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                                       

                      8--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2       

     (CH.sub.2).sub.3 N(C.sub.2 H.sub.5).sub.2                                 

                      8--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13 ).sub.2      

     (CH.sub.2).sub.3 N(C.sub.2 H.sub.5).sub.2                                 

                      9--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2      

     CH.sub.2 CH(CH.sub.3)N(CH.sub.3).sub.2                                    

                      9--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2      

     CH(C.sub.4 H.sub.9)CH.sub.2 N(n--C.sub.4 H.sub.9).sub.2                   

                      7--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2           

     CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                                

                      7--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2           

     CH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2                            

                      7--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2           

     R                   Y (Z = H)                                             

     CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                                

                      3--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2           

     (CH.sub.2).sub.4 N(C.sub.2 H.sub.5).sub.2                                 

                      3--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2           

     (CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2                                 

                      3--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2           

     CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                                       

                      2--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub. 2          

     (CH.sub.2).sub.4 N(C.sub.2 H.sub.5).sub.2                                 

                      2--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2           

     CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                                       

                      1--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2           

     (CH.sub.2).sub.3 N(CH.sub.3).sub.2                                        

                      3--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                  

     (CH.sub.2).sub.6 N(CH.sub.3).sub.2                                        

                      2--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                  

     CH(C.sub.2 H.sub.5)(CH.sub.2).sub.3 N(C.sub.2 H.sub.5).sub.2              

                      1--OCH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                  

     CH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2                            

                      3--O(CH.sub.2).sub.5 N(CH.sub.3).sub.2                   

     CH(C.sub.4 H.sub.9)CH.sub.2 N(n--C.sub.4 H.sub.9).sub.2                   

                      3--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                   

     CH.sub.2 CH(CH.sub.3)N(CH.sub.3).sub.2                                    

                      3--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                   

     (CH.sub.2).sub.4 N(i--C.sub.3 H.sub.7).sub.2                              

                      2--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                   

     CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                                       

                      1--O(CH.sub.2).sub.3 N(CH.sub.3).sub.2                   

     CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                                

                      3--OCH.sub.2 CH.sub.2 N(CH.sub.3)(C.sub.2 H.sub.5)       

     CH.sub.2 CH.sub.2 N(CH.sub.3).sub.2                                       

                      3--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2            

     (CH.sub.2).sub.4 N(C.sub.2 H.sub.5).sub.2                                 

                      3--O(CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2            

     (CH.sub.2).sub.3 N(C.sub.2 H.sub.5).sub.2                                 

                      3--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2       

     CH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2                            

                      3--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2       

     (CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2                                 

                      3--OCH.sub.2 CH.sub.2 N(n--C.sub.6 H.sub.13).sub.2       

     CH.sub.2 CH(CH.sub.3)N(CH.sub.3).sub.2                                    

                      2--OCH.sub.2 CH(CH.sub.3)CH.sub.2 N(CH.sub.3).sub.2      

     CH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2                                

                      4--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2           

     (CH.sub.2).sub.4 N(C.sub.2 H.sub.5).sub.2                                 

                      4--OCH.sub.2 CH.sub.2 N(C.sub.2 H.sub.5).sub.2           

     (CH.sub.2).sub.6 N(C.sub.2 H.sub.5).sub.2                                 

                      4--OCH.sub.2 CH.sub.2 N(C.sub. 2 H.sub.5).sub.2          

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the induction of endogeneous interferon in vertebrate
      animals which comprises orally, parenterally, intranasally or topically
      administering to the animals a composition containing as the essential
      active ingredient an effective amount of a compound selected from the
      group consisting of those having the formulae
      ##SPC11##
PAL  and the pharmaceutically-acceptable acid addition salts thereof wherein X
      is selected from the group consisting of chloro, bromo, hydroxy, alkoxy
      containing from 1 to 6 carbon atoms, amino, monoalkylamino, dialkylamino
      wherein each of the alkyl groups contains from 1 to 6 carbon atoms, and
      benzylamino;
PA1  R is selected from the group consisting of hydrogen, alkyl containing from
      1 to 6 carbon atoms, --A--NR.sub.1 R.sub.2 wherein each of R.sub.1 and
      R.sub.2 is alkyl containing from 1 to 6 carbon atoms and A is a divalent
      alkylene radical containing from 2 to 6 carbon atoms; and
PA1  each of Y and Z is selected from the group consisting of hydrogen, and
      .omega.-dialkylaminoalkoxy wherein the alkyl and alkoxy groups contain
      from 1 to 6 carbon atoms, respectively;
PA1  with the proviso that when R is hydrogen or alkyl, each of Y and Z is
      .omega.-dialkylaminoalkoxy.
NUM  2.
PAR  2. A process according to claim 1 wherein the compound is of formula I.
NUM  3.
PAR  3. A process according to claim 1 wherein the compound is of formula II.
NUM  4.
PAR  4. A process according to claim 3 wherein the compound is
      3,8-bis[(.beta.-diethylamino)ethoxy]-6(5H)-phenanthridinone, a compound of
      formula II wherein each of Y and Z is [(.beta.-diethylamino)ethoxy]-; and
      R is hydrogen.
NUM  5.
PAR  5. A process according to claim 3 wherein the compound is
      3-[(.beta.-diethylamino)ethoxy]-5-[(.beta.-diethylamino)ethyl]-6(5H)-phena
     nthridinone, a compound of formula II wherein Y is hydrogen; R is
      [(.beta.-diethylamino)-ethyl]-; and Z is [(.beta.-diethylamino)ethoxy]-.
NUM  6.
PAR  6. A process according to claim 3 wherein the compound is
      5-(.beta.-diethylamino)ethyl]-8-[(.beta.-diethylamino)ethoxy]-6(5H)-phenan
     thridinone, a compound of formula II wherein Z is hydrogen; R is
      [(.beta.-diethylamino)ethyl]-; and Y is [(.beta.-diethylamino)ethoxy]-.
NUM  7.
PAR  7. A pharmaceutical composition active as an antiviral agent comprising a
      pharmaceutical diluent and an effective amount of a compound selected from
      the group consisting of those having the formulae
      ##SPC12##
PAL  wherein X is selected from the group consisting of chloro, bromo, hydroxy,
      alkoxy containing from 1 to 6 carbon atoms, amino, monoalkylamino,
      dialkylamino wherein each of the alkyl groups contains from 1 to 6 carbon
      atoms, and benzylamino;
PA1  R is selected from the group consisting of hydrogen, alkyl containing from
      1 to 6 carbon atoms, --A--NR.sub.1 R.sub.2 wherein each of R.sub.1 and
      R.sub.2 is alkyl containing from 1 to 6 carbon atoms and A is a divalent
      alkylene radical containing from 2 to 6 carbon atoms;
PA1  each of Y and Z is selected from the group consisting of hydrogen, and
      .omega.-dialkylaminoalkoxy wherein the alkyl and alkoxy groups contains
      from 1 to 6 carbon atoms, and from 2 to 6 carbon atoms, respectively
PA1  with the proviso that when R is hydrogen or alkyl, each of Y and Z is
      .omega.-dialkylaminoalkoxy.
NUM  8.
PAR  8. A composition according to claim 7 wherein the compound is of formula I.
NUM  9.
PAR  9. A composition according to claim 7 wherein the compound is of formula
      II.
NUM  10.
PAR  10. A composition according to claim 9 wherein the compound is
      3,8-bis[(.beta.-diethylamino)ethoxy]-6(5H)-phenanthridinone, a compound of
      formula II wherein each of Y and Z is [(.beta.-diethylamino)ethoxy]-; and
      R is hydrogen.
NUM  11.
PAR  11. A composition according to claim 9 wherein the compound is
      3-[(.beta.-diethylamino)ethoxy]-5-[.beta.-diethylaminolethyl]
      -6(5H)-phenanthridinone, a compound of formula II wherein Y is hydrogen; Z
      is [(.beta.-diethylamino)ethoxy]-, and R is [(.beta.-diethylamino)ethyl-.
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PAL  Heterocyclic compounds which are inhibitors of histamine activity, in
      particular, inhibitors of H-2 histamine receptors. A specific compound of
      this invention is
      2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-4-pyrimidone.
BSUM
PAR  This invention relates to pharmacologically active compounds and
      pharmaceutical compositions and methods of inhibiting H-2 histamine
      receptors with these compounds. The compounds of the invention can exist
      as the addition salts but, for convenience, reference will be made
      throughout this specification to the parent compounds.
PAR  It has long been postulated that many of the physiologically active
      substances within the animal body, in the course of their activity,
      combine with certain specific sites known as receptors. Histamine is a
      compound which is believed to act in such a way but, since the actions of
      histamine fall into more than one type, it is believed that there is more
      than one type of histamine receptor. The type of action of histamine which
      is blocked by drugs commonly called "antihistamines" (of which mepyramine
      is a typical example) is believed to involve a receptor which has been
      designed as H-1. A further group of substances has recently been described
      by Black et. at. (Nature 1972, 236, 385) which are distinguished by the
      fact that they act at histamine receptors other than the H-1 receptor and
      these other receptors have been designated as H-2 receptors. This latter
      group of substances, to certain of which the present invention relates,
      are thus of utility in inhibiting certain actions of histamine which are
      not inhibited by the above mentioned "antihistamines". The substances of
      this invention may also be of utility as inhibitors of certain actions of
      gastrin.
PAR  Black et al., cited above, page 390, column 2, state the following:
      "Mepyramine has been defined as an H.sub.1 -receptor antagonist.sup.1 and
      burimamide has now been defined as an H.sub.2 -receptor antagonist. Used
      alone, burimamide can antagonize these responses to histamine, such as
      stimulation of acid gastric secretion, which cannot be blocked by
      mepyramine; histamine apparently activates H.sub.2 -receptors to produce
      these effects." Thus, from the Black et al. paper, H-2 histamine receptors
      are those histamine receptors which are not inhibited by mepyramine but
      are inhibited by burimamide.
PAR  Throughout the present specification, by the term "lower alkyl" we mean an
      alkyl group containing from 1 to 4 carbon atoms.
PAR  The compounds with which the present invention is concerned may be
      represented by the following general formula;
      ##SPC1##
PAL  Wherein A taken together with the nitrogen and carbon atoms shown forms a
      pyrimidine, imidazoline, quinazoline, pyridine, benzothiadiazine,
      1,2,4-thiadiazine, thiazoline, 1,2,4-triazine or quinoline ring, said ring
      having a keto, thione or sulfone group and optionally substituted by one
      or two lower alkyl, phenyl or benzyl groups; R is a grouping of the
      structure shown in Formula II;
EQU  Het--CH.sub.2 Z(CH.sub.2).sub.n --
PAC  FORMULA II
PAL  wherein Het is a nitrogen containing heterocyclic ring such as imidazole,
      pyridine, thiazole, isothiazole or thiadiazole which ring is optionally
      substituted by lower alkyl preferably methyl, amino, hydroxy or halogen; Z
      is sulphur or a methylene group; and n is 2 or 3, or a pharmaceutically
      acceptable acid addition salt thereof.
PAR  It will be understood that, since the ring structures formed are
      potentially tautomeric systems, the Formula I shown is only one of several
      possible representations.
PAR  Particularly important classes of compounds which fall within the scope of
      Formula I are the compounds of the following Formulae III to VI:
      ##SPC2##
PAL  Wherein R has the same significance as in Formula I, X is oxygen or
      sulphur; Y.sub.1 and Y.sub.2, which may be the same or different, are
      hydrogen, lower alkyl, phenyl or benzyl or Y.sub.1 and Y.sub.2 together
      with the adjacent carbon atoms may form a phenyl ring; and Y.sub.3 and
      Y.sub.4 which may be the same or different, are hydrogen, lower alkyl,
      phenyl or benzyl.
PAR  Particularly useful compounds of formulae I and III to VI are those wherein
      Het is imidazole, optionally substituted by methyl. It is also preferred
      that n should be 2.
PAR  Specific compounds of this invention having advantageous utility are:
      2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-4-pyrimidone,
PA1  2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-5-ethyl-6-methyl-4-pyrimi
     done,
PA1  2-[2-(4-methyl-5-imidazolylmethylthio)etheylamino]-5-benzyl-6-methyl-4-pyri
     midone,
PA1  2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-(1H)-pyrid-4-one, and
PA1  3-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-5,6-dihydro-1,2,4-thiadia
     zine-1,1-dioxide.
PAR  The compounds of the present invention may be produced by the reaction of a
      compound of Formula VII or of Formula VIII:
      ##SPC3##
PAL  wherein A has the same significance as in Formula I, B is a chain of three
      or four atoms which are either all carbon atoms or which comprise a
      sulphur and/or one or two nitrogen atoms which chain also comprises a
      protected keto or thione grouping, and Q is a reactive grouping such as
      halogen, methanesulphonyl, thiol or alkylthio such as methylthio with an
      amino compound of formula R.sup.1 NH.sub.2 wherein R.sup.1 may have the
      same significance as R in Formula I or may be a group such that the
      product from its reaction with the compound of Formula VII or VIII may be
      converted by one or more reactions to a compound of Formula I.
PAR  As stated above, the compounds represented by Formula I have been found to
      have pharmacological activity in the animal body as antagonists to certain
      actions of histamine which are not blocked by "antihistamines" such as
      mepyramine. For example, they have been found to inhibit selectively the
      histamine-stimulated secretion of gastric acid from the prefused stomachs
      of rats anaesthetised with urethane at doses of from 2 to 256 micromoles
      per kilogram intravenously. Similarly, the action of these compounds may
      be demonstrated by their antagonism to the effects of histamine on other
      tissues which, according to the above-mentioned paper of Black et. al.,
      are H-2 receptors. Examples of such tissues are perfused isolated
      guinea-pig heart, isolated guinea-pig right atrium and isolated rat
      uterus. The compounds of the invention have also been found to inhibit the
      secretion of gastric acid stimulated by pentagastrin or by food.
PAR  The level of activity found for the compounds of the present invention is
      illustrated by the effective dose range in the anaesthetised rat, as
      mentioned above of from 2 to 256 micromoles per kilogram, given
      intravenously. Many of the compounds of the present invention produce a
      50% inhibition in this test at a dose of from 5 to 20 micromoles per
      kilogram.
PAR  For therapeutic use, the pharmacologically active compounds of the present
      invention will normally be administered as a pharmaceutical composition
      comprising as the or an essential active ingredient at least one such
      compound in the basic form or in the form of an addition salt with a
      pharmaceutically acceptable acid and in association with a pharmaceutical
      carrier therefor.
PAR  Such addition salts include those with hydrochloric, hydrobromic,
      hydriodic, sulphuric and maleic acids and may conveniently be formed from
      the corresponding base by treatment of the latter with a dilute solution
      of the appropriate acid followed by recrystallisation from a suitable
      solvent such as aqueous ethanol.
PAR  Pharmaceutical compositions comprising a pharmaceutical carrier and a
      compound of formula I or a pharmaceutically acceptable acid addition salt
      thereof and methods of inhibiting H-2 histamine receptors which comprise
      administering a compound of formula I or a pharmaceutically acceptable
      acid addition salt thereof are also objects of this invention.
PAR  The pharmaceutical carrier employed may be, for example, either a solid or
      liquid. Exemplary of solid carriers are lactose, terra alba, sucrose,
      talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and
      the like. Exemplary of liquid carriers are syrup, peanut oil, olive oil,
      water and the like.
PAR  A wide variety of pharmaceutical forms can be employed. Thus, if a solid
      carrier is used, the preparation can be tableted, placed in a hard gelatin
      capsule in powder or pellet form, or in the form of a troche or lozenge.
      The amount of solid carrier will vary widely but preferably will be from
      about 25 mg to about 1 gm. If a liquid carrier is used, the preparation
      may be in the form of a syrup, emulsion, soft gelatin capsule, sterile
      injectable liquid such as an ampoule, or an aqueous or nonaqueous liquid
      suspension.
PAR  The pharmaceutical compositions are prepared by conventional techniques
      involving procedures such as mixing, granulating and compressing or
      dissolving the ingredients as appropriate to the desired preparation.
PAR  The active ingredient will be present in the composition in an effective
      amount to inhibit histamine activity. The route of administration may be
      orally or parenterally.
PAR  Preferably, each dosage unit will contain the active ingredient in an
      amount of from about 50 mg to about 250 mg most preferably from about 100
      mg to about 200 mg.
PAR  The active ingredient will preferably be administered in equal doses one to
      three times per day. The daily dosage regimen will preferably be from
      about 150 mg to about 750 mg most preferably from about 300 mg to about
      600 mg.
PAR  Other pharmacologically active compounds may in certain cases be included
      in the composition. Advantageously the composition will be made up in a
      dosage unit form appropriate to the desired mode of administration, for
      example as a tablet, capsule or injectable solution.
DETD
PAR  The invention is illustrated but in no way limited by the following
      examples:
PAC  EXAMPLE 1
PAC  2-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]-4-pyrimidone
      dihydrochloride
PAR  An intimate mixture of 4(5)-(2-aminoethyl)thiomethyl-5(4)-methylimidazole
      (2.6 g) and 2-methylthio-4-pyrimidone (1.4 g) was heated to 150.degree.
      over a period of 30 minutes, and then at 150.degree.-160.degree. for 2
      hours. After cooling, the reaction mixture was triturated under water to
      give the crude base, which was filtered off and dissolved in 5N
      hydrochloric acid. Evaporation to dryness followed by recrystallisation of
      the residue from aqueous ethanol gave
      2-[2-(4-methyl-5-imidazolylmethylthio)-ethylamino]-4-pyrimidone
      dihydrochloride (2.1 g), m.p. 246.degree.-248.degree..
PAR  (Found: C, 39.25; H, 5.2; N, 20.4; S, 9.6; Cl, 20.5; C.sub.11 H.sub.17
      Cl.sub.2 N.sub.5 OS requires: C, 39.1; H, 5.1; N, 20.7; S, 9.5; Cl, 20.95)
PAR  Recrystallization of the initial crude base from ethanol/water gave the
      pure base, m.p. 219.degree.-221.degree..
PAC  EXAMPLE 2
PAC  2-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]-6-methyl-4-pyrimidone
      dihydrochloride
PAR  Reaction of 4(5)-[(2-aminoethyl)thiomethyl]-5(4)-methylimidazole (4.5 g.)
      with 6-methyl-2-methylthio-4-pyrimidone (2.7 g.) by the method described
      in Example 1 gave
      2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-6-methyl-4-pyrimidone
      dihydrochloride, m.p. 247.degree.-250.degree. (ex ethanol).
PAR  (Found: C, 41.1; H, 5.7; N, 19.8; S, 8.9; Cl, 19.8; C.sub.12 H.sub.19
      Cl.sub.2 N.sub.5 OS requires: C, 40.9; H, 5.4; N, 19.9; S, 9.1; Cl, 20.1).
PAC  EXAMPLE 3
PAC  2-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]-5,6-dimethyl-4-pyrimidone
      dihydrochloride
PAR  Reaction of 4(5)-(2-aminoethyl)thiomethyl-5(4)-methylimidazole (4.1 g.)
      with 5,6-dimethyl-2-methylthio-4-pyrimidone (2.6 g.) by the method
      described in Example 1 gave
      2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-5,6-dimethyl-4-pyrimidon
     e dihydrochloride, m.p. 235.degree.-237.degree. (ex methanol).
PAR  (Found: C, 42.8; H, 6.0; N, 18.7; S, 8.6; Cl, 18.8; C.sub.13 H.sub.21
      Cl.sub.2 N.sub.5 OS requires: C, 42.6; H, 5.8; N, 19.1; S, 8.75; Cl,
      19.5).
PAC  EXAMPLE 4
PAC  2-[4-(4-Imidazolyl)butylamino]-4-pyrimidone dihydrochloride
PAR  Reaction of 4(5)-(4-aminobutyl)imidazole (2.1 g.) with
      2-methylthio-4-pyrimidone (1.4 g.) by the method described in Example 1
      gave 2-[4-(4-imidazolyl)butylamino]-4-pyrimidone dihydrochloride, m.p.
      215.degree.-222.degree. (ex ethanol).
PAR  (Found: C, 43.15; H, 5.6; N, 22.5; Cl, 22.8; C.sub.11 H.sub.17 Cl.sub.2
      N.sub.5 O requires: C, 43.15; H, 5.6; N, 22.9; Cl, 23.2).
PAC  EXAMPLE 5
PAC  4-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]-2-thiopyrimidone
      dihydrochloride
PAR  A solution of 4(5)-[(2-aminoethyl)thiomethyl]-5(4)-methylimidazole (7.4 g.)
      and 2,4-dimercaptopyrimidine (4.1 g.) in water (150 ml.) was heated under
      reflux for 12 hours. After cooling the precipitated oil was separated by
      decantation, washed with water (3 .times. 50 ml.), and dissolved in 2N
      hydrochloric acid. The solution was evaporated to dryness and the residue
      recrystallised from ethanol to give
      4-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-2-thiopyrimidone
      dihydrochloride, m.p. 254.degree.-257.degree..
PAR  (Found: C, 37.2; H, 4.9; N, 19.7; S, 18.0; C.sub.11 H.sub.17 Cl.sub.2
      N.sub.5 S.sub.2 requires: C, 37.3; H, 4.8; N, 19.8; S, 18.1).
PAC  EXAMPLE 6
PAC  4-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]-2-pyrimidone
PAR  A solution of
      4-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-2-thiopyrimidone
      dihydrochloride (1.0 g.) and chloracetic acid (0.35 g.) in water (5 ml.)
      was heated on a steam bath for 40 min. Concentrated hydrochloric acid (8
      ml.) was then added, the solution heated under reflux for 2 hours, and
      then evaporated to dryness. The residual oil was dissolved in water (5
      ml.) basified with ammonium hydroxide and the precipitate washed with hot
      water to give
      4-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-2-pyrimidone, m.p.
      249.degree.-251.degree..
PAR  (Found: C, 49.5; H, 5.6; N, 26.3; S, 18.0; C.sub.11 H.sub.15 N.sub.5 OS
      requires: C, 49.8; H, 5.7; N, 26.4; S, 18.1).
PAC  EXAMPLE 7
PAC  2-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]-2-imidazoline-4-one
      dihydrochloride
PAR  A solution of 4(5)-(2-aminoethyl)thiomethyl-5-(4)-methylimidazole (3.4 g.)
      and 2-methylthio-2-imidazolin-4-one hydroiodide (2.6 g.) in dry ethanol
      (20 ml.) was left to stand at room temperature for 4 days. The crude
      product was filtered off, dissolved in dilute hydrochloric acid and the
      solution basified with aqueous potassium carbonate solution to give
      2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-2-imidazolin-4-one, m.p.
      224.degree.-5.degree. (decomp.). The dihydrochloride, m.p.
      226.degree.-228.degree. (decomp.) was obtained by dissolving the base in
      dilute hydrochloric acid, evaporating to dryness and recrystallizing the
      residue from aqueous ethanol.
PAR  (Found: C, 31.1; H, 5.4; N, 21.45; S, 9.7; Cl, 21.6; C.sub.10 N.sub.17
      Cl.sub.2 N.sub.5 OS requires: C, 36.8; H, 5.25; N, 21.5; S, 9.8; Cl,
      21.7).
PAC  EXAMPLE 8
PAC  2-[2-(4-Methyl)-5-imidazolylmethylthio)ethylamino]-4-(1H)-quinazolinone
PAR  Reaction of an intimate mixture of
      4(5)-(2-aminoethyl)thiomethyl-5(4)-methylimidazole (2.6 g.) with
      2-methylthio-4(1H)-quinazolinone (1.9 g.) at 120.degree. for 41/2 hours
      gave the crude base (2.7 g.) which was acidified with hydrochloric acid as
      described in Example 1, to give, on recrystallisation from ethanol/ether,
      2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-4(1H)-quinazolinone
      dihyrochloride, m.p. 249.degree.-252.degree..
PAR  (Found: C, 45.8; H, 4.9; N, 17.8; S, 8.1; C.sub.15 H.sub.14 Cl.sub.2
      N.sub.5 OS requires C, 46.4; H, 4.9; N, 18.0; S, 8.3;).
PAC  EXAMPLE 9
PAC  2-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]-6-n-propyl-4-pyrimidone
PAR  Reaction of 4(5)-(2-aminoethyl)thiomethyl-5(4)-methylimidazole (5 g.) with
      6-n-propyl-2-methylthio-4-pyrimidone (5 g.) by the method described in
      Example 1 gave a hygroscopic dihydrochloride of
      2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-6-n-propyl-4-pyrimidone,
      m.p. 125.degree.-130.degree. (crystallised from butanol/ether).
PAR  (Found: C, 44.3; H, 6.2; N, 18.3; S, 8.2; Cl, 18.7; C.sub.14 H.sub.23
      Cl.sub.2 N.sub.5 OS requires C, 44.2; H, 6.1; N, 18.4; S, 8.4; Cl, 18.6).
PAC  EXAMPLE 10
PAC  2-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]5-ethyl-6-methyl-4-pyrimid
     one dihydrochloride
PAR  Reaction of 4(5)-(2-aminoethyl)thiomethyl-5(4)methylimidazole (2.0 g.) with
      5-ethyl-6-methyl-2-methylthio-4-pyrimidone (1.46 g.) by the method
      described in Example 1 gave
      2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-5-ethyl-6-methyl-4-pyrim
     idone dihydrochloride m.p. 203.degree.-7.degree. (crystallised from
      isobutanol).
PAR  (Found: C, 43.6; H, 6.1; N, 17.9; S, 8.0; Cl, 18.5; C.sub.14 H.sub.23
      Cl.sub.2 N.sub.5 O.sub.6 requires: C, 44.2; H, 6.1; N, 18.5; S, 8.4; Cl,
      18.6).
PAC  EXAMPLE 11
PAC  2-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]-5-methyl-2-imidazolin-4-o
     ne
PAR  A solution of 5-methyl-2-thiohydantoin (15 g.) and methyl iodide (16.3 g.)
      in dry ethanol (130 ml.) was heated under reflux for 11/2 hours, and then
      allowed to stand at 0.degree. overnight. The crystalline product was
      filtered and washed with ether to give
      2-methylthio-5-methyl-2-imidazolin-4-one hydroiodide (17.8 g.), m.p.
      170.degree.-173.degree..
PAR  A solution of this hydroiodide (2.7 g.),
      4(5)-(2-aminoethyl)thiomethyl-5(4)-methylimidazole (2.5 g.) and
      triethylamine (1 g.) in dry ethanol (20 ml.) was left to stand at room
      temperature for 10 days. The resulting crude product (1.6 g., m.p.
      218.degree.) was dissolved in hydrochloric acid and the solution basified
      with saturated aqueous potassium carbonate solution to give hydrated
      2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-5-methylimidazolin-4-one
     , m.p. 216.degree.-220.degree..
PAR  (Found: C, 48.5; H, 6.4; N, 25.4; S, 11.9; C.sub.11 H.sub.17 N.sub.5 OS
      1/3H.sub.2 O requires: C, 48.3; H, 6.5; N, 25.6; S, 11.7).
PAC  EXAMPLE 12
PAC  5,5-Dimethyl-2-[2-(4-methyl-5-imidazolylmethylthio)-ethylamino]-2-imidazoli
     n-4-one
PAR  5,5-Dimethyl-2-thiohydantoin (14.4 g.) was converted to
      2-methylthio-5,5-dimethyl-2-imidazolin-4-one hydroiodide (17.4 g., m.p.
      187.degree.-189.degree.) according to the method described in Example 11.
      A solution of this hydroiodide (5.7 g.) and
      4(5)-(2-aminoethyl)thiomethyl-5(4)-methylimidazole (6.85 g.) in dry
      ethanol (45 ml.) was left to stand at room temperature for 4 days. The
      reaction mixture was evaporated to dryness and the residue recrystallized
      from water to give
      5,5-dimethyl-2-[2-(4-methyl-5-imidazolyl)methylthio)ethylamino]-2-imidazol
     in-4-one (3.1 g.) m.p. 232.degree.-237.degree.. Further recrystallisation
      from water gave an analytical sample, m.p. 235.degree.-7.degree..
PAR  (Found: C, 50.9; H, 6.9; N, 24.8; S, 11.4; C.sub.12 H.sub.19 N.sub.5 OS
      requires: C, 51.2; H, 6.8; N, 24.9; S, 11.4).
PAC  EXAMPLE 13
PAC  5-Benzyl-2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-2-imidazolin-4-o
     ne
PAR  5-Benzyl-2-thiohydantoin was converted to
      2-methylthio-5-benzyl-2-imidazolin-4-one hydroiodide (m.p.
      192.degree.-194.degree.) according to the method described in Example 11.
PAR  A solution of this hydroiodide (2.5 g.),
      4(5)-(2-aminoethyl)-thiomethyl-5(4)-methylimidazole (1.9 g.) and
      triethylamine (0.74 g.) in dry ethanol (15 ml.) was left to stand at room
      temperature for 4 days. The reaction mixture was evaporated to dryness,
      the residue dissolved in isopropanol (25 ml.) and the resulting solution
      poured into ether (200 ml.) to give
      5-benzyl-2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-2-imidazolin-4-
     one (1.23 g.) m.p. 104.degree.-7.degree..
PAC  EXAMPLE 14
PAC  2-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]pyrimid-4-thione
      dihydrochloride
PAR  A mixture of 2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-4-pyrimidone
      (5 g.) and phosphorus pentasulphide (4 g.) in pyridine (150 ml.) was
      heated under reflux, with stirring, for 2 hours. The reaction mixture was
      evaporated to dryness, boiled with water for 30 minutes and again
      evaporated to dryness. The residue was dissolved in dilute ammonium
      hydroxide, the solution washed with chloroform and the aqueous layer
      evaporated to dryness. Concentrated hydrochloric acid was added to the
      residue to give a pale yellow solid, which was dissolved in warm water,
      filtered, and the filtrate acidified with concentrated hydrochloric acid
      to give 2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]pyrimid-4-thione
      dihydrochloride, m.p. 245.degree.-247.degree..
PAR  (Found: C, 37.0; H, 4.9; N, 19.55; S, 17.7; C.sub.11 H.sub.17 Cl.sub.2
      N.sub.5 S.sub.2 requires: C, 37.3; H, 4.8; N, 19.8; S, 18.1.).
PAC  EXAMPLE 15
PAC  2-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]-(1H)-pyrid-6-one
PAR  A mixture of 4(5)-(2-aminoethyl)thiomethyl-5(4)-methylimidazole (20 g.) and
      2-bromo-6-ethoxy-pyridine (11.9 g.) was heated with stirring at
      160.degree. for 4 hours. After cooling, the reaction mixture was dissolved
      in 20% aqueous hydrobromic acid and the solution extracted with ether to
      recover unchanged 2-bromo-6-ethoxypyridine. The aqueous layer was basified
      with potassium carbonate, extracted with chloroform and the combined
      extract washed with water and dried (MgSO.sub.4). After removal of the
      chloroform the residue was chromatographed on silica gel, eluting with
      first ethyl acetate to remove impurities and then ethyl
      acetate/methanol/chloroform (4:1:2) to elute the required product.
      Evaporation of the eluate gave
      2-ethoxy-6-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]pyridine as an
      oil, which on treatment with a solution of picric acid in ethanol gave the
      dipicrate, m.p. 172.degree..
PAR  A solution of this ethoxypyridine (3.4 g. of base) in 5N hydrochloric acid
      (100 ml) was heated under reflux for 21/2 hours. The reaction mixture was
      evaporated to dryness, the residue dissolved in a minimum amount of water,
      the solution basified with aqueous potassium carbonate, washed once with
      chloroform, and allowed to stand at 0.degree. overnight. Crystals of
      2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-(1H)-pyrid-6-one were
      collected and recrystallized from water to give the pure product, m.p.
      85.degree..
PAR  (Found: C, 54.25; H, 6.0; N, 20.9; S, 11.9; C.sub.12 H.sub.16 N.sub.4 OS
      requires: C, 54.5; H, 6.1; N, 21.2; S, 12.1).
PAC  EXAMPLE 16
PAC  2-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]-(1H)-pyrid-4-one
PAR  A mixture of 4(5)-(2-aminoethyl)thiomethyl-5(4)-methylimidazole (7.6 g.)
      and 2-bromo-4-pyridone (3.8 g.) was heated with stirring at 160.degree.
      for 3 hours. After cooling, the reaction mixture was chromatographed on
      silica gel, eluting with first ethyl acetate isopropanol (5:1) to remove
      unreacted 2-bromo-4-pyridene and then isopropanol/ethanol (5:1) to remove
      the product. After evaporation of the combined eluates the residue was
      purified further by ion-exchange chromatography using IRA 400 (OH form)
      resin and eluting first with water to remove unchanged amine and then IN
      hydrochloric acid to remove the product. Evaporation of the acid fractions
      and recrystallization of the residue from isopropanol/ethyl acetate gave
      2-[2(4-methyl-5-imidazolylmethylthio)ethylamino]-(1H)-pyrid-4-one, m.p.
      208.degree.-210.degree..
PAC  EXAMPLE 17
PAC  3-[2-((4-Methyl-5-imidazolylmethylthio)ethyl)amino]-1,2,4-benzothiadiazine-
     1,1-dioxide
PAR  A mixture of 3-methylmercapto-1,2,4-benzothiadiazine-1,1-dioxide (5.58 g.)
      and 4-methyl-5-((2-aminoethyl)thiomethyl)imidazole (4.20 g.) was heated at
      140.degree.-150.degree. for 2 hours and then cooled. Following dissolution
      in ethanol, and cooling the crude product was obtained as a solid (5.67
      g.) which was recrystallized from water and then methanol to give
      3-[2-((4-methyl-5-imidazolylmethylthio)ethyl)amino]-1,2,4-benzothiadiazine
     -1,1-dioxide (4.30 g.), m.p. 194.5.degree.-196.degree..
PAR  (Found: C, 48.0; H, 5.0; N, 19.8; S, 18.2; C.sub.14 H.sub.17 N.sub.5
      O.sub.2 S.sub.2 requires: C, 47.8; H, 4.9; N, 19.9; S, 18.3).
PAC  EXAMPLE 18
PAC  3-[2-((4-Methyl-5-imidazolyl)methylthio)ethylamino]-5,6-dihydro-1,2,4-thiad
     iazine-1,1-dioxide
PAR  A mixture of 4-methyl-5-((2-aminoethyl)thiomethyl)imidazole (4.0 g.) and
      3-methylthio-5,6-dihydro-1,2,4-thiadiazine-1,1-dioxide (4.2 g.) was heated
      in an oil bath at 140.degree. for 4 hours. The product was chromatographed
      on a column of silica gel with ethyl acetate-ethanol (3:2) as eluant and
      finally recrystallised from ethanol-ether to give
      3-[2-((4-methyl-5-imidazolyl)methylthio)ethylamino]-5,6-dihydro-1,2,4-thia
     diazine-1,1-dioxide (2.2 g.) m.p. 146.degree.-147.degree..
PAR  (Found: C, 39.6; H, 6.0; N, 22.9; C.sub.10 H.sub.17 N.sub.5 O.sub.2 S.sub.2
      requires: C, 39.6; H, 5.7; N, 23.1).
PAC  EXAMPLE 19
PAC  4-[2-((4-Methyl-5-imidazolylmethylthio)ethylamino]thiazoline-2-one
PAR  A solution of 4-methyl-5-[(2-aminoethyl)thiomethyl]imidazole (1.71 g.) and
      thiazolidine-2-one-4-thione (1.33 g.) in methanol (30 ml.) was heated
      under reflux for 1 hours. Concentration, followed by successive
      recyrstallization of the residue from methanol, ethanol and aqueous
      ethanol afforded
      4-[2-(4-methyl-5-imidazolyl)methylthio)ethylamino]thiazoline-2-one (1.0
      g.) m.p. 195.degree.-197.degree..
PAR  (Found: C, 44.2; H, 5.1; N, 20.5; S, 23.6; C.sub.10 H.sub.14 N.sub.4 O
      S.sub.2 requires: C 44.4; H, 5.2; N, 20.7; S, 23.7).
PAC  EXAMPLE 20
PAC  3-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]-6-methyl-1,2,4-triazin-2H
     -5-one.
PAR  An intimate mixture of 3-methylthio-6-methyl-1,2,4-triazin-2H-5-one (7.64
      gms) and 5-(2-aminoethyl)thiomethyl-4-methylimidazole (8.75 gms) was
      heated slowly to 160.degree.C and maintained at this temperature for one
      hour. After cooling the resulting solid was dissolved in 2N.HCl (100 ml),
      filtered and the filtrate basified with aqueous K.sub.2 CO.sub.3 solution.
      The resulting precipitate was collected, washed with water, dried and
      extracted in a Soxhlet extractor with methanol for 16 hours. The methanol
      solution was cooled giving yellow-buff crystals. Recrystallization from
      dimethylsulphoxide gave
      3-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-6-methyl-1,2,4-triazin-2
     H-5-one. (7.8 gms.), m.p. 264.degree.-266.degree.C (Dec).
PAR  (Found: C, 46.8; H, 5.7; N, 29.9; S, 12.0; C.sub.11 H.sub.16 N.sub.6 OS
      requires: C, 47.1; H, 5.7; N, 30.0; S, 11.44).
PAC  EXAMPLE 21
PAC  3-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]-1,2,4-triazin-2H-5-one
PAR  An intimate mixture of 5-(2-aminoethyl)thiomethyl-4-methyl imidazole (8.6
      gms) and 3-methylthio triazin-2H-5-one (6.68 gms) was slowly heated to
      120.degree.C and kept at this temperature for 4 hours. After cooling the
      resulting solid was recrystallized twice from n-propanol and twice with
      water to give
      3-[2-(5-methyl-4-imidazolylmethylthio)-ethylamino]-1,2,4-triazin-2H-5-one,
      m.p. 238.degree.-238.5.degree.C.
PAR  (Found: C, 45.1; H, 5.55; N, 31.5; S, 11.9; C.sub.10 H.sub.14 N.sub.6 OS
      requires: C, 45.1; H, 5.3; N, 31.6; S, 12.0).
PAC  EXAMPLE 22
PAC  2-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino[-5-benzyl-6-methyl-4-pyrim
     idone
PAR  5-Benzyl-6-methylthiouracil (6.0 gms) and sodium hydroxide (1.06 gms) were
      dissolved in water (30 mls). The solution was cooled and ethanol (60 mls)
      and methyl iodide (3.67 gms) added with stirring. The mixture was heated
      at 60.degree.C for 1/2 hour, cooled and the resulting solid collected and
      water-washed. A second crop of solid was obtained by acidification of the
      filtrate to pH=4 with acetic acid. Recrystallisation from ethanol produced
      5-benzyl-6-methyl-2-methylthio-4-pyrimidone (5.53 gms) m.p. =
      220.degree.-221.5.degree.C.
PAR  An intimate mixture of 5-(2-aminoethyl)thiomethyl-4-methylimidazole (1.28
      gms) and 5-benzyl-6-methyl-2-methylthio-4-pyrimidone (1.84 gms) was heated
      at 150.degree.-160.degree.C (oil-bath temperature) for 41/2 hours. The
      mixture was cooled, washed with water and recrystallised from isopropanol
      to give
      2-[-2-(4-methyl-5-imidazolylmethylthio)ethylamino]-5-benzyl-6-methyl-4-pyr
     imidone (1.82 gms) m.p. = 140.degree.-141.5.degree.C.
PAR  (Found: C, 61.7; H, 6.6; N, 18.5; S, 8.20; C.sub.19 H.sub.23 N.sub.5 OS
      requires: C, 61.8; H, 6.3; N, 18.95; S, 8.68).
PAC  EXAMPLE 23
PAC  2-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]-4-quinolone
PAR  2-Chloro-4-ethoxyquinoline (3.72 gms) and
      5-(2-aminoethyl)thiomethyl-4-methylimidazole (3.1 g.) were heated together
      at 150.degree.-160.degree.C (oil-bath temperature) for 3 hours. The
      residue, on colling, was washed with water and dried. Purification was
      effected by column chromatography (silica gel column, ethyl acetate-5%
      methanol eluant) and crystallisation from acetone to give
      2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-4-ethoxyquinoline (1.86
      gms) m.p. 152.5.degree.-153.5.degree.C.
PAR  (Found: C, 62.3; H, 6.5; N, 16.1; S, 9.1; C.sub.18 H.sub.22 N.sub.4 OS
      requires: C, 63.1; H, 6.5; N, 16.4; S, 9.4).
PAR  2-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]-4-ethoxyquinoline (1.69
      gms) and concentrated HCl (30 mls) were refluxed together for 17 hours.
      The solution was evaporated to dryness, the residue dissolved in water and
      basified with potassium carbonate. The precipitated oil was separated by
      decantation, washed with water and crystallized from isopropanol-water to
      give 2[-2-(4-methyl-5-imidazolylmethylthio)ethylamino]-4-quinolone. m.p.
      121.degree.-124.degree.C.
PAR  (Found: C, 60.1; H, 5.7; N, 17.1; S, 9.9; C.sub.16 H.sub.18 N.sub.4 OS
      requires; C, 61.1; H, 5.8; N, 17.8; S, 10.2).
PAC  EXAMPLE 24
PAC  4-[4-(4-Imidazolyl)butylamino]-2-thiopyrimidone
PAR  Reaction of 4(5)-(4-aminobutyl)imidazole (2.8 g.) with
      2,4-dimercaptopyrimidine (1.44 g.) by the method described in Example 5
      gave 4-[4-(4-imidazolyl)butylamino]-2-thiopyrimidone, m.p.
      209.degree.-211.degree. (ex n-propanol).
PAR  (Found: C, 51.4; H, 6.3; N, 27.0; S, 13.0; C.sub.11 H.sub.15 N.sub.5 S. 0.4
      H.sub.2 O requires: C, 51.6; H, 6.3; N, 27.35; S, 12.5).
PAC  EXAMPLE 25
PAR  Reaction of 2-methylthio-4-pyrimidone by the procedure of Example 1 with
      the following compounds:
PA1  4-[(2-aminoethyl)thiomethyl]imidazole
PA1  4-(2-aminoethyl)thiomethyl-5-bromoimidazole
PA1  4-[(3-aminopropylthiomethyl]imidazole
PA1  2-(2-aminoethyl)thiomethyl-3-bromopyridine
PA1  2-(2-aminoethyl)thiomethyl-3-hydroxypyridine
PA1  2-(2-aminoethyl)thiomethyl-3-methylpyridine
PA1  2-(2-aminoethyl)thiomethyl-3-aminopyridine
PA1  2-[(2-aminoethyl)thiomethyl]thiazole
PA1  2-(4-aminobutyl)thiazole
PA1  3-[(2-aminoethyl)thiomethyl]isothiazole
PA1  3-(2-aminoethyl)thiomethyl-4-bromoisothiazole
PA1  2-amino-5-(2-aminoethyl)thiomethyl-1,3,4-thiadiazole
PA1  4-(5-aminopentyl)imidazole yields the following products:
PA2  2-[2-(4-imidazolylmethylthio)ethylamino]-4-pyrimidone
PA2  2-[2-(4-bromo-5-imidazolylmethylthio)ethylamino]-4-pyrimidone
PA2  2-[3-(4-imidazolylmethylthio)propylamino]-4-pyrimidone
PA2  2-[2-(3-bromo-2-pyridylmethylthio)ethylamino]-4-pyrimidone
PA2  2-[2-(3-hydroxy-2-pyridylmethylthio)ethylamino]-4-pyrimidone
PA2  2-[2-(3-methyl-2-pyridylmethylthio)ethylamino]-4-pyrimidone
PA2  2-[2-(3-amino-2-pyridylmethylthio)ethylamino]-4-pyrimidone
PA2  2-[2-(2-thiazolylmethylthio)ethylamino]-4-pyrimidone
PA2  2-[4-(2-thiazolyl)butylamino]-4-pyrimidone
PA2  2-[2-(3-isothiazolylmethylthio)ethylamino]-4-pyrimidone
PA2  2-[2-(4-bromo-3-isothiazolylmethylthio)ethylamino]-4-pyrimidone
PA2  2-[2-(2-amino-5-(1,3,4-thiadiazolyl)methylthio)ethylamino]-4-pyrimidone
PA2  2-[5-(4-imidazolyl)pentylamino]-4-pyrimidone
PAC  EXAMPLE 26
PAC  2-[2-(4-Methyl-5-imidazolylmethylthio)ethylamino]-5-phenyl-6-methyl-4-pyrim
     idone
PAR  When 5-phenyl-6-methylthiouracil is used as the starting material in the
      procedures of Examples 22 the title compound, m.p.
      215.5.degree.-217.5.degree.C, is produced.
PAC  EXAMPLE 27
TBL  Ingredients                 Amounts                                       

     ______________________________________                                    

     2-[2-(4-methyl-5-imidazolylmethylthio)-                                   

     ethylamino]-4-pyrimidone    150 mg                                        

     Sucrose                     75 mg                                         

     Starch                      25 mg                                         

     Talc                        5 mg                                          

     Stearic Acid                2 mg                                          

     ______________________________________                                    

PAL  The ingredients are screened, mixed and filled into a hard gelatin capsule.
PAC  EXAMPLE 28
TBL  Ingredients                 Amounts                                       

     ______________________________________                                    

     2-[2-(4-Methyl-5-imidazolylmethylthio)-                                   

     ethylamino]-5-benzyl-6-methyl-4-pyrimidone                                

                                 200 mg                                        

     Lactose                     100 mg                                        

     ______________________________________                                    

PAL  The ingredients are screened, mixed and filled into a hard gelatin capsule
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A pharmaceutical composition to inhibit H-2 histamine receptors, said
      H-2 histamine receptors being those histamine receptors which are not
      inhibited by mepyramine but are inhibited by burimamide, comprising a
      pharmaceutical carrier and in an effective amount to inhibit said
      receptors a heterocyclic compound of the formula:
      ##SPC4##
PAL  wherein A taken together with the nitrogen and carbon atoms shown forms a
      pyridine ring, said ring having a keto or thione group and optionally
      substituted by one or two lower alkyl, phenyl or benzyl groups; R is a
      grouping of the formula:
EQU  Het--CH.sub.2 Z(CH.sub.2).sub.n --
PAL  wherein Het is an imidazole ring, said ring being optionally substituted by
      lower alkyl, amino, hydroxy or halogen; Z is sulphur or a methylene group
      and n is 2 or 3 or a pharmaceutically acceptable acid addition salt
      thereof.
NUM  2.
PAR  2. A pharmaceutical composition of claim 1 in which the heterocyclic
      compound is of the formula:
      ##SPC5##
PAL  wherein R has the same significance as in claim 1; X is oxygen or sulphur
      and Y.sub.1 and Y.sub.2, which may be the same or different, are hydrogen,
      lower alkyl, phenyl or benzyl.
NUM  3.
PAR  3. A pharmaceutical composition of claim 1 in which the heterocyclic
      compound is
      2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-(1H)-pyrid-4-one.
NUM  4.
PAR  4. A method of inhibiting H-2 histamine receptors, said H-2 histamine
      receptors being those histamine receptors which are not inhibited by
      mepyramine but are inhibited by burimamide, which comprises administering
      to an animal in need of inhibition of said receptors in an effective
      amount to inhibit said receptors a heterocyclic compound of the formula:
      ##SPC6##
PAL  wherein A taken together with the nitrogen and carbon atoms shown forms a
      pyridine ring, said ring having a keto or thione group and optionally
      substituted by one or two lower alkyl, phenyl or benzyl groups; R is a
      grouping of the formula:
EQU  Het--CH.sub.2 Z(CH.sub.2).sub.n --
PAL  wherein Het is an imidazole ring, said ring being optionally substituted by
      lower alkyl, amino, hydroxy or halogen; Z is sulphur or a methylene group
      and n is 2 or 3 or a pharmaceutically acceptable acid addition salt
      thereof.
NUM  5.
PAR  5. A method of claim 4 wherein the heterocyclic compound is of the formula
      ##SPC7##
PAL  wherein R has the same significance as in claim 4; X is oxygen or sulphur
      and Y.sub.1 and Y.sub.2, which may be the same or different, are hydrogen,
      lower alkyl, phenyl or benzyl.
NUM  6.
PAR  6. A method of claim 4 in which the heterocyclic compound is
      2-[2-(4-methyl-5-imidazolylmethylthio)ethylamino]-(1H)-pyrid-4-one.
NUM  7.
PAR  7. A method of inhibiting gastric acid secretion which comprises
      administering internally to an animal in need of inhibition of gastric
      acid secretion in an effective amount to inhibit gastric acid secretion a
      heterocyclic compound of the formula:
      ##SPC8##
PAL  wherein A taken together with the nitrogen and carbon atoms shown forms a
      pyridine ring, said ring having a keto or thione group and optionally
      substituted by one or two lower alkyl, phenyl or benzyl groups; R is a
      grouping of the formula:
EQU  Het--CH.sub.2 Z(CH.sub.2).sub.n --
PAL  wherein Het is an imidazole ring, said ring being optionally substituted by
      lower alkyl, amino, hydroxy or halogen; Z is sulphur or a methylene group
      and n is 2 or 3 or a pharmaceutically acceptable acid addition salt
      thereof.
PATN
WKU  039326454
SRC  5
APN  3989828
APT  1
ART  125
APD  19730920
TTL  Pharmaceutical compositions containing unsymmetrical esters of
      1,4-dihydropyridine 3,5-dicarboxylic acid
ISD  19760113
NCL  28
ECL  1
EXP  Turner; V. D.
INVT
NAM  Meyer; Horst
CTY  Wuppertal-Elberfeld
CNT  DT
INVT
NAM  Bossert; Friedrich
CTY  Wuppertal-Elberfeld
CNT  DT
INVT
NAM  Vater; Wulf
CTY  Opladen
CNT  DT
INVT
NAM  Stoepel; Kurt
CTY  Wuppertal-Vohwinkel
CNT  DT
ASSG
NAM  Farbenfabriken Bayer AG
CNT  DT
COD  03
PRIR
CNT  DT
APD  19710410
APN  2117571
RLAP
COD  74
APN  242239
APD  19720407
PSC  01
PNO  3799934
CLAS
OCL  424266
XCL  424226
XCL  424251
XCL  424258
XCL  424263
EDF  2
ICL  A61K 31455
FSC  424
FSS  263;266;251;258
UREF
PNO  3470297
ISD  19690900
NAM  Bossert et al.
OCL  424263
ABST
PAL  Pharmaceutical compositions containing unsymmetrical esters of
      1,4-dihydropyridine 3,5-dicarboxylic acids as the active ingredient and
      methods of using same. The said ingredients are unsymmetrical
      1,4-dihydropyridine 3,5-dicarboxylates which are substituted at position-4
      of the dihydropyridine nucleus by phenyl which contains at least one
      nitro, cyano, azido, alkylthio, or alkylsulphonyl substituent. The
      compositions have a cardiovascular activity which makes them useful for
      effecting coronary vascular dilation and, also, they have utility in the
      treatment of hypertension.
PARN
PAR  This is a division of application Ser. No. 242,239 filed Apr. 7, 1972, now
      U.S. Pat. No. 3,799,934 dated Mar. 26, 1974.
BSUM
PAR  The present invention relates to unsymmetrical esters of
      1,4-dihydropyridine-dicarboxylic acids, to processes for their production
      and to their use coronary and antihypertensive agents.
PAR  Although a variety of esters of
      4-substituted-1,4-dihydropyridine-3,5-dicarboxylic acids are known [see
      for example Knoevenagel, Ber. 31, 743 (1898) and U.S. Pats. Nos.
      3,325,505; 3,441,648; 3,485,847; 3,488,359 and 3,511,847], all of these
      have been symmetrical with respect to the ester groups in the 3- and
      5-positions. Indeed up to the present, the preparative methods available
      to the art for such esters were limited to the preparation of symmetrical
      esters.
PAR  The present invention is directed at compounds of the formula:
      ##SPC1##
PAL  Wherein
PA1  R is mono-, di- or trisubstituted phenyl in which the substituents are
      selected from the group consisting of nitro, cyano, azido, --S(O).sub.n
      -lower alkyl in which n has a value of 0, 1 or 2, lower alkyl, lower
      alkoxy or halogeno, at least one of said substituents being nitro, cyano,
      azido or --S(O).sub.n -lower alkyl; or an unsubstituted or substituted
      ring system selected from the group consisting of naphthyl, quinolyl,
      isoquinolyl, pyridyl, pyrimidyl, thenyl, furyl, or pyrryl, in which when
      substituted the substituent is lower alkyl or lower alkoxy;
PA1  Each of R.sup.1 and R.sup.3, independent of the other, is hydrogen or lower
      alkyl;
PA1  R.sup.2 is lower alkyl, lower alkenyl, lower alkynyl, or lower alkoxy(lower
      alkyl);
PA1  R.sup.4 is lower alkyl, lower alkenyl, lower alkynyl, or lower alkoxy(lower
      alkyl), R.sup.4 being different from R.sup.2,
PAL  or a pharmaceutically acceptable acid addition salt thereof.
PAR  The term alkyl denotes a univalent saturated branched or straight
      hydrocarbon chain containing from 1 to 18 carbon atoms. Representative of
      such alkyl groups are thus methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec.butyl, tert.butyl, pentyl, isopentyl, neopentyl,
      tert.pentyl, hexyl, isohexyl, heptyl, octyl, nonyl, decyl, undecyl,
      dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl,
      octadecyl, and the like.
PAR  The term lower alkyl denotes a univalent saturated branched or straight
      hydrocarbon chain containing from 1 to 6 carbon atoms. Representative of
      such lower alkyl groups are thus methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec.butyl, tert.butyl, pentyl, isopentyl, neopentyl,
      tert.pentyl, hexyl, and the like.
PAR  The term lower alkenyl denotes a univalent branched or straight hydrocarbon
      chain containing from 2 to 6 carbon atoms and nonterminal ethylenic
      unsaturation as, for example, vinyl, allyl, isopropenyl, 2-butenyl,
      3-methyl-2-butenyl, 2-pentenyl, 3-pentenyl, 2-hexenyl, 4-hexenyl, and the
      like.
PAR  The term lower alkynyl denotes a univalent branched or straight hydrocarbon
      chain containing from 2 to 6 carbon atoms and nonterminal acetylenic
      unsaturation as, for example, ethynyl, 2-propynyl, 4-pentynyl, and the
      like.
PAR  As indicated, the present invention also pertains to the physiologically
      acceptable non-toxic acid addition salts of these basic compounds. Such
      salts include those derived from organic and inorganic acids such as,
      without limitation, hydrochloric acid, hydrobromic acid, phosphoric acid,
      sulfuric acid, methane sulphonic acid, acetic acid, tartaric acid, lactic
      acid, succinic acid, citric acid, malic acid, maleic acid, sorbic acid,
      aconitic acid, salicylic acid, phthalic acid, embonic acid, enanthic acid,
      and the like.
PAR  The compounds of the present invention can exist as optical isomers and
      both the racemates of these isomers and the individual isomers themselves
      are within the scope of the present invention. The racemates can be
      separated into their individual isomers through the well known technique
      and forming diastereoisomeric salts with optically active acids.
PAR  As discussed in greater detail below, the compounds of the present
      invention are valuable cardiovascular agents possessing in particular
      coronary vascular dilation properties together with antihypertensive
      properties.
PAR  These compounds are prepared through treatment of an
      ylidene-.beta.-ketocarboxylic acid of the formula:
      ##EQU1##
      with either (a.) an enaminocarboxylic acid ester of the formula:
      ##EQU2##
      or (b.) a .beta.-ketocarboxylic acid ester of the formula:
EQU  Y--COCH.sub.2 COOW
PAL  and ammonia. In the foregoing formulas, X corresponds to one of R.sup.1 and
      R.sup.3 and Y corresponds to the other of R.sup.1 and R.sup.3 while Z
      corresponds to one of R.sup.2 and R.sup.4 and W corresponds to the other
      of R.sup.2 and R.sup.4.
PAR  The foregoing processes can be diagrammatically depicted as follows:
      ##EQU3##
PAR  The process of the invention are generally carried out utilizing water or
      any inert organic solvent as diluent. Preferred organic solvents for this
      purpose include alcohols, such as methanol, ethanol and propanol, ethers
      such as dioxane, diethylether or tetrahydrofuran. Highly polar solvents
      such as glacial acetic acid, pyridine, dimethylformamide dimethylsulfoxide
      and acetonitrile can also be employed. The reaction temperatures can be
      varied over a substantial range but in general, the reaction is carried
      out at from about 20.degree. to about 200.degree.C. Conveniently the
      reaction is conducted at the boiling point of the solvent. Either normal
      pressure or elevated pressure can be employed, normal pressure being more
      convenient. With the exception of ammonia which is generally used in
      excess, the reactants are employed in approximately stoichiometric
      amounts.
PAR  The requisite starting materials are either known to the art or can be
      readily prepared through conventional synthetic methods. As representative
      starting materials can be mentioned
PA0  a. Ylidene-.beta.-ketocarboxylic acids
PA0  2'-nitrobenzylideneacetoacetic acid methyl ester,
      2'-nitrobenzylideneacetoacetic acid methyl ester,
PA0  3'-nitrobenzylideneacetoacetic acid methyl ester,
PA0  3'-nitrobenzylideneacetoacetic acid ethyl ester,
PA0  3'-nitrobenzylideneacetoacetic acid isopropyl ester,
PA0  2'-cyanobenzylideneacetoacetic acid methyl ester,
PA0  2'-cyanobenzylideneacetoacetic acid ethyl ester,
PA0  2-cyanobenzylideneacetoacetic acid propyl ester,
PA0  2'-cyanobenzylideneacetoacetic acid allyl ester,
PA0  4'-nitrobenzylideneacetoacetic acid methyl ester,
PA0  3'-cyanobenzylideneacetoacetic acid ethyl ester,
PA0  3'-cyanobenzylideneacetoacetic acid propargyl ester,
PA0  4'-cyanobenzylideneacetoacetic acid ethyl ester,
PA0  3'-nitro-4'-chlorobenzylideneacetoacetic acid t-butyl ester,
PA0  3'-nitro-4'-chlorobenzylideneacetoacetic acid isopropyl ester,
PA0  3'-nitro-6'-chlorobenzylideneacetoacetic acid cyclohexyl ester,
PA0  3'-nitro-6'-chlorobenzylideneacetoacetic acid ethyl ester,
PA0  3-nitro-4'-methoxybenzylideneaceteacetic acid methyl ester,
PA0  2'-nitro-4'-methoxybenzylideneacetoacetic acid methyl ester,
PA0  2'-cyano-4'-methylbenzylideneacetoacetic acid ethyl ester,
PA0  2'-azidobenzylideneacetoacetic acid methyl ester,
PA0  2'-azidobenzylideneacetoacetic acid ethyl ester,
PA0  3'-azidobenzylideneacetoacetic acid propargyl ester,
PA0  4'-azidobenzylideneacetoacetic acid methyl ester,
PA0  4'-methylmercaptobenzylideneacetoacetic acid ethyl ester,
PA0  2'-methylmercaptobenzylideneacetoacetic acid ethyl ester,
PA0  2'-sulphinylmethylbenzylideneacetoacetic acid methyl ester,
PA0  2'-sulphonylmethylbenzylideneacetoacetic acid isopropyl ester,
PA0  4'-sulphonylmethylbenzylideneacetoacetic acid ethyl ester,
PA0  (1'-naphthylidene)-acetoacetic acid methyl ester,
PA0  (1'-naphthylidene)acetoacetic acid ethyl ester,
PA0  (2'-naphthylidene)acetoacetic acid ethyl ester,
PA0  2'-ethoxy-(1'-naphthylidene)acetoacetic acid methyl ester,
PA0  2'-methoxy-(1'-naphthylidine) acetoacetic acid ethyl ester,
PA0  5'-bromo-(1'-naphthylidene)acetoacetic acid methyl ester,
PA0  (2'-quinolyl)-methylideneacetoacetic acid ethyl ester,
PA0  (3'-quinolyl)methylideneacetoacetic acid methyl ester,
PA0  (4'-quinolyl)-methylideneacetoacetic acid ethyl ester,
PA0  (8'-quinolyl)methylideneacetoacetic acid ethyl ester,
PA0  (1'-isoquinolyl)methylideneacetoacetic acid methyl ester,
PA0  (3'-isoquinolyl)methylideneacetoacetic acid methyl ester,
PA0  .alpha.-pyridylmethylideneacetoacetic acid methyl ester,
PA0  .alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA0  .alpha.-pyridylmethylideneacetoacetic acid allyl ester,
PA0  .alpha.-pyridylmethylideneacetoacetic acid propargyl ester,
PA0  .alpha.-pyridylmethylideneacetoacetic acid cyclohexyl ester,
PA0  .alpha.-pyridylmethylideneacetoacetic acid .alpha.-methoxyethyl ester,
PA0  .alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA0  .gamma.-pyridylmethylideneacetoacetic acid methyl ester,
PA0  6'-methyl-.alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA0  4',6'-dimethoxy-(5'-pyrimidyl)-methylideneacetoacetic acid ethyl ester,
PA0  (2'-thenyl)-methylideneacetoacetic acid ethyl ester,
PA0  (2'-furyl)-methylideneacetoacetic acid allyl ester,
PA0  (2'-pyrryl)-methyliden-acetoacetic acid methyl ester,
PA0  3'-nitro-.alpha.-benzylidenepropionylacetic acid ethyl ester and
PA0  .alpha.-pyridylmethylidenepropionylacetic acid methyl ester.
PA0  b. .beta.-Ketocarboxylic acid esters
PA0  Formylacetic acid ethyl ester,
PA0  acetoacetic acid methyl ester,
PA0  acetoacetic acid ethyl ester,
PA0  acetoacetic acid propyl ester,
PA0  acetoacetic acid isopropyl ester,
PA0  acetoacetic acid butyl ester,
PA0  acetoacetic acid t-butyl ester,
PA0  acetoacetic acid (.alpha.- or .beta.-)-methoxyethyl ester,
PA0  acetoacetic acid (.beta.- or .beta.-)-ethoxyethyl ester,
PA0  acetoacetic acid (.alpha.- or .beta.-)-propoxyethyl ester,
PA0  acetoacetic acid (.alpha.- or .beta.-)-hydroxyethyl ester,
PA0  acetoacetic acid allyl ester,
PA0  acetoacetic acid propargyl ester,
PA0  acetoacetic acid cyclohexyl ester,
PA0  propionylacetic acid methyl ester,
PA0  propionylacetic acid ethyl ester,
PA0  propionylacetic acid isopropyl ester and
PA0  butyrylacetic acid ethyl ester.
PA0  c. Enaminocarboxylic acid esters
PA0  .beta.-Aminocrotonic acid methyl ester,
PA0  .beta.-Aminocrotonic acid ethyl ester,
PA0  .beta.-aminocrotonic acid isopropyl ester,
PA0  .beta.-aminocrotonic acid propyl ester,
PA0  .beta.-aminocrotonic acid allyl ester,
PA0  .beta.-aminocrotonic acid butyl ester,
PA0  .beta.-aminocrotonic acid .beta.-methoxyethyl ester,
PA0  .beta.-aminocrotonic acid .beta.-ethoxyethyl ester,
PA0  .beta.-aminocrotonic acid .beta.-propoxyethyl ester,
PA0  .beta.-aminocrotonic acid t-butyl ester,
PA0  .beta.-aminocrotonic acid cyclohexyl ester and
PA0  .beta.-amino-.beta.-ethylacrylic acid ethyl ester.
PAR  Typical compounds of the present invention include:
PA0  2,6-Dimethyl-4-(2'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-isopropyl ester.
PA0  2,6-Dimethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-isopropyl ester.
PA0  2,6-Dimethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-methyl ester.
PA0  2,6-Dimethyl-4-(2'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-methyl ester.
PA0  2,6-Dimethyl-4-(2'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-.beta.-methoxyethyl ester.
PA0  2,6-Dimethyl-4-(2'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-propyl ester -5-isopropyl ester.
PA0  2,6-Dimethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-allyl ester-5-isopropyl ester.
PA0  2,6-Dimethyl-4-(2'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-propargyl ester.
PA0  2,6-Dimethyl-4-(3'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-methyl ester.
PA0  2,6-Dimethyl-4-(3'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-isopropyl ester.
PA0  2-Methyl-6-ethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl ester-5-ethyl ester.
PA0  2-Methyl-6-isopropyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxyli
     c acid 3-ethyl ester-5-isopropyl ester.
PA0  2,6-Dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-.beta.-methoxyethyl ester.
PA0  2,6-Dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-.beta.-propoxyethyl ester.
PA0  2,6-Dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-isopropyl ester.
PA0  2,6-Dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-propargyl ester.
PA0  2,6-Dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-isopropyl ester.
PA0  2,6-Dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-allyl ester.
PA0  2,6-Dimethyl-4-(3'-nitro-6'-chlorophenyl)-1,4-di-hydro-pyridine-3,5-dicarbo
     xylic acid 3-methyl ester-5-isopropyl ester.
PAR  As previously stated, the compounds of this invention are valuable
      cardiovascular agents. In particular, the compounds upon administration
      cause a distinct and long-lasting dilation of the coronary vessels with a
      simultaneous nitrite-like reduction on the workload of the heart. At the
      same time, an anti-fibrillation effect and spasmolytic activity can be
      observed, the latter often manifesting itself not only in the smooth
      vascular muscle but also in the smooth muscle of the stomach, intestinal
      tract, urogenital tract and respiratory system. The compounds also exhibit
      hypotensive properties in the normo- and hypertonic animal.
PAR  The dose administered must of course be carefully adjusted to the age,
      weight and condition of the individual being treated, as well as the route
      of administration, dosage form andd regimen, and the result desired. A
      satisfactory result can, in certain instances, be obtained at a dose as
      low as 0.0005 mg/kg i.v. and 0.01 mg/kg p.o. The upper limit of the dosage
      range is about 10 mg/kg i.v. and 100 mg/kg p.o. Preferred ranges are from
      about 0.001 to about 1 mg/kg i.v. and from about 0.1 to about 10 mg/kg
      p.o.
PAR  In general it has proved advantageous to administer the dose divided among
      several administrations in order to achieve effective results. At times it
      is of course necessary to depart from these amounts, and in particular to
      do so as a function of the body weight of the test animal, the route of
      administration, the animal and its individual behavior towards the
      medicine, the type of its formulation, and/or the time or interval of
      administration. In some cases less than the minimum amount will suffice
      while in others, the upper limit must be exceeded.
PAR  The compounds of the present invention are administered parenterally or
      orally in any of the usual pharmaceutical forms. These include solid and
      liquid oral unit dosage forms such as tablets, capsules, powders,
      suspensions, solutions, syrups and the like, including sustained release
      preparations, and fluid injectable forms such as sterile solutions and
      suspensions. The term unit dosage form as used in this specification and
      the claims refer to physically discrete units to be administered in single
      or multiple dosage to animals, each unit containing a predetermined
      quantity of active material in association with the required diluent,
      carrier or vehicle. The quantity of active material is that calculated to
      produce the desired therapeutic effect upon administration of one or more
      of such units.
PAR  Powders are prepared by comminuting the compound to a suitable fine size
      and mixing with a similarly comminuted diluent pharmaceutical carrier such
      as an edible carbohydrate material as for example, starch. Sweetening,
      flavoring, preservative, dispersing and coloring agents can also be
      present.
PAR  Capsules are made by preparing a powder mixture as discribed above and
      filling formed gelatin sheaths. A lubricant such as talc, magnesium
      stearate and calcium stearate can be added to the powder mixture as an
      adjuvant before the filling operation; a glidant such as colloidal silica
      may be added to improve flow properties; a disintegrating or solubilizing
      agent may be added to improve the availability of the medicament when the
      capsule is ingested.
PAR  Tablets are made by preparing a powder mixture, granulating or slugging,
      adding a lubricant and disintegrant and pressing into tablets. A powder
      mixture is prepared by mixing the compound, suitably comminuted, with a
      diluent or base such as starch, sucrose, kaolin, dicalcium phosphate and
      the like. The powder mixture can be granulated by wetting with a binder
      such as syrup, starch paste, acacia mucilage or solutions of cellulosic or
      polymeric materials and forcing through a screen. As an alternative to
      granulating, the powder mixture can be run through the tablet machine and
      the resulting imperfectly formed slugs broken into granules. The granules
      can be lubricated to prevent sticking to the tablet forming dies by means
      of the addition of stearic acid, a stearate salt, talc or mineral oil. The
      lubricated mixture is then compressed into tablets. The medicaments can
      also be combined with free flowing inert carriers and compressed into
      tablets directly without going through the granulating or slugging steps.
      A protective coating consisting of a sealing coat of shellac, a coating of
      sugar or polymeric material and a polish coating of wax can be provided.
      Dyestuffs can be added to these coatings to distinguish different unit
      dosages.
PAR  Oral fluids such as syrups and elixirs can be prepared in unit dosage form
      so that a given quantity, e.g., a teaspoonful, contains a predetermined
      amount of the compound. Syrups can be prepared by dissolving the compound
      in a suitably flavored aqueous sucrose solution while elixirs are prepared
      through the use of a non-toxic alcoholic vehicle. Suspensions can be
      formulated by dispersing the compound in a non-toxic vehicle in which it
      is insoluble.
PAR  Fluid unit dosage forms for parenteral administration can be prepared by
      suspending or dissolving a measured amount of the compound in a non-toxic
      liquid vehicle suitable for injection such as an aqueous or oleaginous
      medium and sterilizing the suspension or solution. Alternatively a
      measured amount of the compound is placed in a vial and the vial and its
      contents are sterilized and sealed. An accompanying vial or vehicle can be
      provided for mixing prior to administration.
PAR  The pharmaceutical compositions of the invention can also contain other
      non-toxic adjuvants and modifiers such as dyes, buffering agents,
      preservatives, surfactants, emulsifiers, such as nonionic and anionic
      emulsifiers as, for example, polyoxyethylene-fatty acid esters,
      polyoxyethylene-fatty alcohol ethers, alkylsulphonates and
      arylsulphonates, or dispersing agents as, for example, lignin, sulfite
      waste lyes, methylcellulose, starch and polyvinyl pyrrolidone, perfumes,
      flavoring agents, preservatives and biocides.
PAR  Pharmaceutical compositions adapted for oral administration employ such
      ingredients as diluents and carriers, excipients and lubricants, as
      glucose, lactose, sucrose, corn and potato starch, sodium carboxymethyl
      cellulose, ethyl cellulose, cellulose acetate, powdered gum tragacanth,
      gelatin, alginic acid, agar, stearic acid, sodium, calcium and magnesium
      stearates, sodium lauryl sulfate, polyvinylpyrrolidone, sodium citrate,
      calcium carbonate, and dicalcium phosphate.
PAR  Pharmaceutical compositions adapted for parenteral injection employ such
      diluents and carriers as water and water-miscible organic solvents, in
      particular sesame oil, groundnut oil, aqueous propylene glycol, and
      N,N'-demethylformamide. Examples of pharmaceutical compositions of the
      invention adapted for parenteral administration include stirile isotonic
      saline aqueous solutions of the active ingredient, which can be buffered
      with a pharmaceutically acceptable buffer and are preferably pyrogen free.
PAR  The pharmacological properties of these compounds are conveniently observed
      in well-known animal models which parallel the desired clinical response.
      Similarly toxicity is low, as measured for example in the conventional
      LD.sub.50 determination. This can be seen in the following table:
TBL           Toxicity (Mouse)                                                 

                             Blood pressure                                    

     Compound of                                                               

              DL.sub.50 mg/kg                                                  

                             effect (hypertensive                              

     Example: p.o.           rat) mg/kg p.o.                                   

     ______________________________________                                    

     1        3000           from     0.3                                      

     2        800            from     1.0                                      

     3        2000           from     1.0                                      

     4        630            from     3.1                                      

     5        3000           from     0.03                                     

     6        2000           from     10.0                                     

     7        800            from     3.1                                      

     8        3000           from     1.0                                      

     9        1000           from     3.1                                      

     10       3000           from     1.0                                      

     11       800            from     3.1                                      

     12       3000           from     1.0                                      

     13       2000           from     3.1                                      

     14       200            from     0.3                                      

     15       200            from     0.3                                      

     16       3000                                                             

     17       3000           from     1.0                                      

     18       3000           from     3.1                                      

     19       3000           from     1.0                                      

     20       3000           from     1.0                                      

     21       2000           from     1.0                                      

     22       200            from     1.0                                      

     24                      from     0.3                                      

     25       800            from     3.1                                      

     26       1000           from     1.0                                      

     27       3000                                                             

     28       3000           from     31.5                                     

     29       3000           from     10.0                                     

     30       2000           from     31.5                                     

     31       1000           from     10.0                                     

     32       3000           from     31.5                                     

     33       2000           from     10.0                                     

     34       3000           from     10.0                                     

     35       3000           from     10.0                                     

     36       3000           from     1.0                                      

     38       630            from     31.5                                     

     39       2000           from     1.0                                      

     41       3000                                                             

     42       320            from     1.0                                      

     43       3000           from     3.1                                      

     45       800            from     100                                      

     46       3000           from     10.0                                     

     47       3000           from     100                                      

     50       1000           from     0.3                                      

     51       2000           from     1.0                                      

     ______________________________________                                    

PAR  The low dosages at which favorable hypotensive response is observed is also
      seen in the dosages at which a coronary effect is observed, as can be seen
      from the following tabulation:
TBL  Compound of                                                               

               Dose        Compound of  Dose                                   

     Example No.                                                               

               mg/kg i.v.  Example No.  mg/kg i.v.                             

     ______________________________________                                    

     1         0.001       28           0.05                                   

     2         0.001       29           0.1                                    

     3         0.005       30           0.1                                    

     4         0.001       31           0.05                                   

     5         0.001       32           0.1                                    

     6         0.005       33           0.2                                    

     7         0.01        34           0.05                                   

     8         0.005       35           0.01                                   

     9         0.01        36           0.2                                    

     10        0.005       38           0.2                                    

     11        0.005       39           0.2                                    

     12        0.01        40           0.05                                   

     13        0.001       41           3                                      

     14        0.0005      42           0.005                                  

     15        0.003       43           0.001                                  

     16        0.1         44           2                                      

     17        0.02        45           0.1                                    

     18        0.01        46           0.1                                    

     19        0.01        47           0.5                                    

     20        0.01        48           0.01                                   

     21        0.005       49           0.1                                    

     22        0.005       50           0.01                                   

     24        0.005       51           0.5                                    

     25        0.005       52           0.01                                   

     26        0.005       53           0.005                                  

     27        3                                                               

     ______________________________________                                    

DETD
PAR  The following examples will serve to further typify the nature of this
      invention without being a limitation on the scope thereof, the scope being
      defined solely by the appended claims.
PAC  EXAMPLE 1
PAR  Boiling a solution of 13.4 g of 3'-nitrobenzylideneacetoacetic acid ethyl
      ester and 5.8 g of .beta.-amino-crotonic acid methyl ester in 50 ml of
      ethanol for 10 hours yielded
      2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-ethyl ester of melting point 158.degree.C (from ethanol).
      Yield 67% of theory.
PAC  EXAMPLE 2
PAR  Heating a solution of 12.7 g of 3'-nitro-benzylideneacetoacetic acid methyl
      ester and 7.2 g of .beta.-amino-crotonic acid propyl ester in 50 ml of
      methanol for 8 hours yielded
      2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-isopropyl ester of melting point 147.degree.C (from
      ethanol). Yield 70% of theory.
PAC  EXAMPLE 3
PAR  Boiling a solution of 14.0 g of 3'-nitrobenzylideneacetoacetic acid allyl
      ester and 5.8 g of .beta.-aminocrotonic acid methyl ester in 50 ml of
      ethanol for 8 hours yielded
      2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihyrdopyridine-3,5-dicarboxylic acid
      3-methyl ester-5-allyl ester of melting point 110.degree.C (from ethyl
      acetate/petroleum ether). Yield 63% of theory.
PAC  EXAMPLE 4
PAR  Boiling a solution of 12.7 g of 3'-nitrobenzylideneacetoacetic acid methyl
      ester, 7.0 g of acetoacetic acid propargyl ester and 6 ml of concentrated
      ammonia in 50 ml of ethanol for 8 hours yielded
      2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-propargyl ester of melting point 111.degree. -
      113.degree.C (from petroleum ether/ethyl acetate). Yield 70% of theory.
PAC  EXAMPLE 5
PAR  Heating a solution of 13.4 g of 3'-nitrobenzylideneacetoacetic acid ethyl
      ester and 7.2 g of .beta.-amino-crotonic acid isopropyl ester in 50 ml of
      isopropanol for 10 hours yielded
      2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine- 3,5-dicarboxylic acid
      3-ethyl ester-5-isopropyl ester of melting point 148.degree.C (from
      ethanol). Yield 60% of theory.
PAC  EXAMPLE 6
PAR  Heating a solution of 13.4 g of 3-nitrobenzylideneacetoacetic acid ethyl
      ester, 9.2 g of acetoacetic acid .beta.-propoxyethyl ester and 6 ml of
      concentrated ammonia in 50 ml of ethanol for 10 hours yielded
      2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-.beta.-propoxyethyl ester of melting point 75.degree.C
      (from petroleum ether/ethyl acetate). Yield 46% of theory.
PAC  EXAMPLE 7
PAR  Heating a solution of 14.9 g of 3'-nitrobenzylideneacetoacetic acid
      .beta.-methoxyethyl ester and 6.5 g of .beta.-aminocrotonic acid ethyl
      ester in 50 ml of methanol for 10 hours yielded
      2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-.beta.-methoxyethyl ester of melting point 108.degree.C
      (from ethanol/water). Yield 51% of theory.
PAC  EXAMPLE 8
PAR  Boiling a solution of 13.4 g of 3'-nitrobenzylideneacetoacetic acid ethyl
      ester, 7.1 g of acetoacetic acid allyl ester and 6 ml of concentrated
      ammonia in 50 ml of ethanol for 10 hours yielded
      2,6-dimethyl-4-(3'-nitrophenyl)1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-allyl ester of melting point 125.degree. - 126.degree.C
      (from ethyl acetate/petroleum ether). Yield 55% of theory.
PAC  EXAMPLE 9
PAR  Boiling a solution of 13.4 g of 3'-nitrobenzylideneacetoacetic acid ethyl
      ester, 7.0 g of acetoacetic acid propargyl ester and 6.0 ml of
      concentrated ammonia in 50 ml of ethanol for 8 hours yielded
      2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-propargyl ester of melting point 132.degree. -
      133.degree.C (from ethanol). Yield 54% of theory.
PAC  EXAMPLE 10
PAR  Boiling a solution of 13.4 g of 3'-nitrobenzylideneacetoacetic acid ethyl
      ester and 9.2 g of .beta.-amino-crotonic acid cyclohexyl ester in 50 ml of
      methanol for 8 hours yielded
      2,6-dimethyl-4-(3'-nitrophenyl)1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-cyclohexyl ester of melting point 135.degree.C (from
      ethanol/water). Yield 44% of theory.
PAC  EXAMPLE 11
PAR  Heating a solution of 14.2 g of 3'-nitrobenzylideneacetoacetic acid
      isopropyl ester and 7.1 g of .beta.-aminocrotonic acid allyl ester in 50
      ml of ethanol for 10 hours yielded
      2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-isopropyl ester-5-allyl ester of melting point 96.degree. - 97.degree.C
      (from ethanol/water). Yield 58% of theory.
PAC  EXAMPLE 12
PAR  Boiling a solution of 14.1 g of 3'-nitrobenzylideneacetoacetic acid
      isopropyl ester, 7.0 g of acetoacetic acid propargyl ester and 6 ml of
      concentrated ammonia in 50 ml of ethanol for 10 hours yielded
      2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-isopropyl ester-5-propargyl ester of melting point 143.5.degree.C (from
      ethyl acetate/petroleum ether). Yield 59% of theory.
PAC  EXAMPLE 13
PAR  Boiling a solution of 14.1 g of 3'-nitrobenzylideneacetoacetic acid
      isopropyl ester, 7.2 g of acetoacetic acid propyl ester and 6 ml of
      concentrated ammonia in 50 ml of ethanol for 8 hours yielded
      2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-isopropyl esther-5-propyl ester of melting point 109.degree. -
      110.degree.C (from ethanol/water). Yield 54% of theory.
PAC  EXAMPLE 14
PAR  Boiling a solution of 12.7 g of 2'-nitrobenzylideneacetoacetic acid methyl
      ester and 7.1 g of .beta.-amino-crotonic acid isopropyl ester in 50 ml of
      methanol for 10 hours yielded
      2,6-dimethyl-4-(2'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-isopropyl ester of melting point 174.degree.C (from
      ethanol). Yield 48% of theory.
PAC  EXAMPLE 15
PAR  Heating a solution of 12.7 g of 2'-nitrobenzylideneacetoacetic acid methyl
      ester, 7.2 g of acetoacetic acid propyl ester and 6 ml of concentrated
      ammonia in 50 ml of ethanol for 8 hours yielded
      2,6-dimethyl-4-(2'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-propyl ester of melting point 127.degree. - 128.degree.C
      (from isopropanol). Yield 54% of theory.
PAC  EXAMPLE 16
PAR  Boiling a solution of 13.4 g of 4'-nitrobenzylideneacetoacetic acid ethyl
      ester and 5.8 g of .beta.-amino-crotonic acid methyl ester in 50 ml of
      ethanol for 8 hours yielded
      2,6-dimethyl-4-(4'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-ethyl ester of melting point 150.degree.C (from ethanol).
      Yield 85% of theory.
PAC  EXAMPLE 17
PAR  Boiling a solution of 15.2 g of 3'-nitro-6'-chlorobenzylideneacetoacetic
      acid ethyl ester and 5.8 g of .beta.-amino-crotonic acid methyl ester in
      50 ml of methanol for 10 hours yielded
      2,6-dimethyl-4-(3'-nitro-6'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarbox
     ylic acid 3-methyl ester-5-ethyl ester of melting point 163.degree. -
      164.degree.C (from ethanol/water). Yield 40% of theory.
PAC  EXAMPLE 18
PAR  Heating a solution of 15.2 g of 3'-nitro-6'-chlorobenzylideneacetoacetic
      acid ethyl ester and 7.2 g of .beta.-amino-crotonic acid isopropyl ester
      in 50 ml of methanol for 8 hours yielded
      2,6-dimethyl-4-(3'-nitro-6'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarbox
     ylic acid 3-ethyl ester-5-isopropyl ester of melting point 152.degree.C
      (from petroleum ether/ethyl acetate). Yield 41% of theory.
PAC  EXAMPLE 19
PAR  Heating a solution of 14.5 g of 3'-nitro-6'-chlorobenzylideneacetoacetic
      acid methyl ester and 7.2 g of .beta.-amino-crotonic acid isopropyl ester
      in 50 ml of methanol for 10 hours yielded
      2,6-dimethyl-4-(3'-nitro-6'-chlorophenyl)1,4-dihydropyridine-3,5-dicarboxy
     lic acid 3-methyl ester-5-isopropyl ester of melting point 163.degree.C.
      Yield 54% of theory.
PAC  EXAMPLE 20
PAR  Boiling a solution of 13.4 g of 3'-nitrobenzylideneacetoacetic acid ethyl
      ester, 7.2 g of acetoacetic acid ethyl ester, 7.2 g of acetoacetic acid
      propyl ester and 6 ml of concentrated ammonia in 50 ml of ethanol for 8
      hours yielded
      2,6-dimethyl-4-(3'-nitrophenyl-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-propyl ester of melting point 131.degree. - 133.degree.C
      (from petroleum ether/ethyl acetate). Yield 49% of theory.
PAC  EXAMPLE 21
PAR  Boiling a solution of 12.2 g of 2'-cyanobenzylideneacetoacetic acid ethyl
      ester and 5.8 g of .beta.-amino-crotonic acid methyl ester in 50 ml of
      ethanol for 10 hours yielded
      2,6-dimethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-ethyl ester of melting point 178.degree.C (from ethanol).
      Yield 65% of theory.
PAC  EXAMPLE 22
PAR  Heating a solution of 12.2 g of 2'-cyanobenzylideneacetoacetic acid ethyl
      ester and 7.2 g of .beta.-amino-crotonic acid isopropyl ester in 50 ml of
      ethanol for 8 hours yielded
      2,6-dimethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-isopropyl ester of melting point 152.degree.C (from
      ethanol). Yield 49% of theory.
PAC  EXAMPLE 23
PAR  Boiling a solution of 12.2 g of 2'-cyanobenzylideneacetoacetic acid ethyl
      ester, 7.1 g of acetoacetic acid allyl ester and 6 ml of concentrated
      ammonia in 50 ml of ethanol for 10 hours yielded
      2,6-dimethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-allyl ester of melting point 148.degree.C (from ethyl
      acetate/petroleum ether). Yield 24% of theory.
PAC  EXAMPLE 24
PAR  Boiling a solution of 12.9 of 2'-cyanobenzylideneacetoacetic acid propyl
      ester and 5.8 g of .beta.-amino-crotonic acid methyl ester in 50 ml of
      methanol for 8 hours yielded
      2,6-dimethyl-(2'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-propyl ester of melting point 188.degree.C (from
      ethanol). Yield 51% of theory.
PAC  EXAMPLE 25
PAR  Heating a solution of 11.5 g of 3'-cyanobenzylideneacetoacetic acid methyl
      ester, 6.5 g of acetoacetic acid ethyl ester and 6 ml of concentrated
      ammonia in 50 ml of ethanol for 8 hours yielded
      2,6-dimethyl-4-(3'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-ethyl ester of melting point 150.degree.C (from ethanol).
      Yield 68% of theory.
PAC  EXAMPLE 26
PAR  Boiling a solution of 12.2 g of 3'-cyanobenzylideneacetoacetic acid ethyl
      ester and 7.1 g of .beta.-amino-crotonic acid isopropyl ester in 50 ml of
      ethanol for 8 hours yielded
      2,6-dimethyl-4-(3'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-isopropyl ester of melting point 133.degree. -
      134.degree.C (from petroleum ether/ethyl acetate). Yield 55% of theory.
PAC  EXAMPLE 27
PAR  Heating a solution of 12.5 g of 4'-methylmercaptobenzylideneacetoacetic
      acid methyl ester, 6.5 g of acetoacetic acid ethyl ester and 6 ml of
      concentrated ammonia in 50 ml of ethanol for 10 hours yielded
      2,6-dimethyl-4-(4'-methylmercaptophenyl)-1,4-dihydropyridine-3,5-dicarboxy
     lic acid 3-methyl ester-5-ethyl ester of melting point 163.degree.C (from
      ethanol). Yield 60% of theory.
PAC  EXAMPLE 28
PAR  Boiling a solution of 10.5 g of 2'-thenylmethylideneacetoacetic acid methyl
      ester and 6.5 g of .beta.-amino-crotonic acid ethyl ester in 50 ml of
      ethanol for 10 hours yielded
      2,6-dimethyl-4-(2'-thenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-ethyl ester of melting point 142.degree.C (from
      methanol). Yield 45% of theory.
PAC  EXAMPLE 29
PAR  Heating a solution of 10.5 g of 2'-thenylmethylideneacetoacetic acid methyl
      ester and 7.2 g of .beta.-aminocrotonic acid isopropyl ester in 50 ml of
      methanol for 8 hours yielded
      2,5-dimethyl-4-(2'-thenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-isopropyl ester of melting point 121.degree. -
      122.degree.C (from ethanol). Yield 41% of theory.
PAC  EXAMPLE 30
PAR  Boiling a solution of 10.9 g of .alpha.-pyridylmethylideneacetoacetic acid
      ethyl ester and 5.8 g of .beta.-aminocrotonic acid methyl ester in 50 ml
      of ethanol for 10 hours yielded
      2,6-dimethyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-ethyl ester of melting point 199.degree. - 200.degree.C
      (from ethanol). Yield 63% of theory.
PAC  EXAMPLE 31
PAR  Heating a solution of 10.2 g of .alpha.-pyridylmethylideneacetoacetic acid
      methyl ester and 7.2 g of .beta.-aminocrotonic acid isoprophyl ester in 50
      ml of ethanol for 10 hours yielded
      2,6-dimethyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-isopropyl ester of melting point 188.degree.C (from
      ethanol). Yield 40% of theory.
PAC  EXAMPLE 32
PAR  Boiling a solution of 11.6 g of .alpha.-pyridylmethylideneacetoacetic acid
      isopropyl ester, 7.2 g of acetoacetic acid propyl ester and 6 ml of
      concentrated ammonia in 50 ml of ethanol for 8 hours yielded
      2,6-dimethyl-4-(.beta.-pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-propyl ester-5-isopropyl ester of melting point 153.degree. -
      154.degree.C (from ethyl acetate/petroleum ether). Yield 45% of theory.
PAC  EXAMPLE 33
PAR  Heating a solution of 10.2 g of .alpha.-pyridylmethylideneacetoacetic acid
      methyl ester and 7.0 g of .beta.-aminocrotonic acid propargyl ester in 50
      ml of ethanol for 10  hours yielded
      2,6-dimethyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-propargyl ester of melting point 194.degree. -
      195.degree.C (from ethanol). Yield 42% of theory.
PAC  EXAMPLE 34
PAR  Heating a solution of 13.4 g of .alpha.-naphthylideneacetoacetic acid ethyl
      ester and 7.2 g of .beta.-amino-crotonic acid isopropyl ester in 50 ml of
      ethanol for 10 hours yielded
      2,6-dimethyl-4-(.alpha.-naphthyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester-5-isopropyl ester of melting point 167.degree.C. Yield
      38% of theory.
PAC  EXAMPLE 35
PAR  Boiling a solution of 13.4 g of .alpha.-naphthylideneacetoacetic acid ethyl
      ester and 5.8 g of .beta.-amino-crotonic acid methyl ester in 50 ml of
      methanol for 8 hours yielded
      2,6-dimethyl-4-(.alpha.-naphthyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester-5-methyl ester of melting point 196.degree. -
      197.degree.C (from ethanol). Yield 45% of theory.
PAC  EXAMPLE 36
PAR  Heating a solution of 12.7 g of 4'-quinolylmethylideneacetoacetic acid
      methyl ester and 6.5 g of .beta.-aminocrotonic acid ethyl ester in 50 ml
      of methanol for 8 hours yielded
      2,6-dimethyl-4-(4'-quinolyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-ethyl ester of melting point 208.degree.C (from ethanol).
      Yield 74% of theory.
PAC  EXAMPLE 37
PAR  Boiling a solution of 9.7 g of 2'-pyrrylmethylideneacetoacetic acid methyl
      ester, 6.5 g of acetoacetic acid ethyl ester and 6 ml of concentrated
      ammonia in 50 ml of ethanol for 10 hours yielded
      2,6-dimethyl-4-(2'-pyrryl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-ethyl ester of melting point 239.degree.C (from diethyl
      ether). Yield 36% of theory.
PAC  EXAMPLE 38
PAR  Heating a solution of 10.2 g of .beta.-pyridylmethylideneacetoacetic acid
      methyl ester and 6.5 g of .beta.-aminocrotonic acid ethyl ester in 50 ml
      of ethanol for 8 hours yielded
      2,6-dimethyl-4-(.beta.-pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-ethyl ester of melting point 191.degree. - 192.degree.C
      (from ethanol). Yield 59% of theory.
PAC  EXAMPLE 39
PAR  Boiling a solution of 11.6 g of .beta.-pyridylmethylideneacetoacetic acid
      isopropyl ester and 5.8 g of .beta.-aminocrotonic acid methyl ester in 50
      ml of ethanol for 10 hours yielded
      2,5-dimethyl-4-(.beta.-pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-isopropyl ester of melting point 164.degree. -
      165.degree.C (from methanol). Yield 52% of theory.
PAC  EXAMPLE 40
PAR  By a solution of 12.8 g of quinolyl-8-methylidene acetoacetic acid methyl
      ester and 7.2 g amino-crotonic acid isopropyl ester in 80 ml ethanol under
      reflux for 5 hours,
      2,6-dimethyl-4-(8'-quinolyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester 5-isopropyl ester of melting point 178.degree. -
      179.degree.C was obtained (alcohol). Yield 69% of theory.
PAC  EXAMPLE 41
PAR  After 8 hours' heating of a solution of 12.8 grams
      isoquinolyl-3-methylamine acetoacetic acid methyl ester and 6.5 g
      amino-crotonic acid ethyl ester in 100 ml ethanol,
      2,6-dimethyl-4-(3'-isoquinolyl)-3,5-dicarboxylic acid 3-methyl ester
      5-ethyl ester of melting point 206.degree.C (ethanol) were obtained. Yield
      73% of theory.
PAC  EXAMPLE 42
PAR  By 10 hours' heating of a solution of 12.2 g 3'-cyanobenzylamine
      acetoacetic acid ethyl ester and 7.0 g amino-crotonic acid propargyl ester
      in 80 ml isopropanol,
      2,6-dimethyl-4-(3'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid-3-methyl ester 5-propargyl ester of melting point 144.degree. -
      145.degree.C (acetic ester/petroleum ether) were obtained. Yield 63% of
      theory.
PAC  EXAMPLE 43
PAR  After 8 hours' boiling of a solution of 3.8 grams of
      3'-nitro-benzylideneacetoacetic acid isopropyl ester, 8 grams of
      acetoacetic acid .beta.-methoxyethyl ester and 6 ml conc. ammonia in 80 ml
      ethanol under reflux, 2,6-dimethyl-4-(3'-nitro-phenyl)-1,4-dihydropyridine
      3-.beta.-methoxyethyl ester 5-isopropyl ester of melting point
      125.degree.C (petroleum ether/acetic esther) was obtained. Yield 49% of
      theory.
PAC  EXAMPLE 44
PAR  After 7 hours' boiling of a solution of 3.5 g .beta.-naphthylidene
      acetoacetic acid ethyl ester and 5.8 g aminocrotonic acid methyl ester in
      80 ml ethanol,
      2,6-dimethyl-4-(.beta.-naphthyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester 5-ethyl ester of melting point 140.degree. - 142.degree.C
      (ethanol) was obtained. Yield 47% of theory.
PAC  EXAMPLE 45
PAR  By 8 hours' heating of a solution of 9.7 g 2'-furfurylidene acetoacetic
      acid methyl ester, 7.1 acetoacetic acid allyl ester and 6 ml conc. ammonia
      in 100 ml ethanol, 2,6-dimethyl-4-(2'-furyl)-1,4-dihydropyridine
      3,5-dicarboxylic acid 3-methyl ester 5-allyl ester of melting point
      134.degree. - 135.degree.C (ethanol) was obtained. Yield 59% of theory.
PAC  EXAMPLE 46
PAR  By 10 hours' heating of a solution of 14.0 g 4,6-dimethoxypyrimidine
      5-methylideneacetoacetic acid ethyl ester and 5.8 g amino-crotonic acid
      methyl ester in 100 ml ethanol,
      2,6-dimethyl-4-(4',6'-dimethoxypyrimidyl-5')-1,4-dihydropyridine-3,5-dicar
     boxylic acid 3-methyl ester 5-ethyl ester of melting point 245.degree.C
      (ethanol/water) was obtained. Yield 68% of theory.
PAC  EXAMPLE 47
PAR  By 8 hours' boiling of a solution of 9.7 g 2'-furfurylidene acetoacetic
      acid methyl ester and 6.5 g aminocrotonic acid ethyl ester in 80 ml
      ethanol, 2,6-dimethyl-4-(2'-furyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl ester 5-ethyl ester of melting point 154.degree. -
      155.degree.C (acetic ester) was obtained. Yield 66% of theory.
PAC  EXAMPLE 48
PAR  After 10 hours' heating of a solution of 12.2 g 2'-cyanobenzylidene
      acetoacetic acid ethyl ester, 7.2 g acetoacetic n-propyl ester and 6 ml
      conc. ammonia in 80 ml ethanol under reflux,
      2,6-dimethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester 5-n-propyl ester of melting point 156.degree.C (diethyl
      ether) was obtained. Yield 47% of theory.
PAC  EXAMPLE 49
PAR  After 6 hours' heating of a solution of 12.8 g isoquinolyl-1-methylidene
      acetoacetic acid methyl ester and 7.2 g amino-crotonic acid isopropyl
      ester in 80 ml ethanol,
      2,6-dimethyl-4-(1'-isoquinolyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester 5-isopropyl ester of melting point 204.degree.C (ethanol)
      was obtained. Yield 78% of theory.
PAC  EXAMPLE 50
PAR  After 8 hours' boiling of a solution of 12.5 g
      3'-nitrobenzylidene-acetoacetic acid methyl ester and 7.2 g
      .beta.-ethyl-.beta.-aminoacrylic acid ethyl ester in 70 ml ethanol,
      2-methyl-6-ethyl-4-(3'-nitrophenyl) 1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl ester 5-ethyl ester of melting point 123.degree.C (acetic
      ester/petroleum) was obtained. Yield 71% of theory.
PAC  EXAMPLE 51
PAR  By 8 hours' heating of a solution of 11.7 g
      6'-methyl-pyridyl-2-methylidene-acetoacetic acid ethyl ester and 5.8 g
      amino-crotonic acid methyl ester in 80 ml ethanol,
      2,6-dimethyl-4-(6'-methylpyridyl-2')-1,4-dihydropyridine 3,5-dicarboxylic
      acid-3-methyl ester 5-ethyl ester of melting point 162.degree.C (ethanol)
      was obtained. Yield 62% of theory.
PAC  EXAMPLE 52
PAR  By 9 hours' heating of a solution of 12.5 g 3'-nitrobenzylidene acetoacetic
      acid methyl ester, 8.0 g acetoacetic acid .beta.-methoxyethyl ester and 6
      ml conc. ammonia in 80 ml ethanol,
      2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine 3,5-dicarboxylic acid
      3-.beta.-methoxyethyl ester 5-methyl ester of melting point 204.degree.C
      (acetic ester/petroleum ether) was obtained. Yield 50% of theory.
PAC  EXAMPLE 53
PAR  After 8 hours' heating of a solution of 13.2 g 2'-nitrobenzylidene
      acetoacetic acid ethyl ester and 5.8 g amino-crotonic acid methyl ester in
      60 ml ethanol,
      2,6-dimethyl-4-(2'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester 5-ethyl ester of melting point 117.degree.C (acetic
      ester/petroleum ether) was obtained. Yield 58% of theory.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pharmaceutical composition useful for effecting coronary vascular
      dilation and for treating hypertension which comprises a coronary vascular
      dilating effective amount or an antihypertensive amount of a compound of
      the formula:
      ##SPC2##
PAL  wherein
PA1  R is mono or disubstituted phenyl in which the substituents are selected
      from the group consisting of nitro, cyano, azido, --S(O).sub.n -lower
      alkyl in which n has a value of 0, 1 or 2, lower alkyl, lower alkoxy and
      halogeno, at least one of said substituents being nitro, cyano, azido or
      --S(O).sub.n -lower alkyl; or a member selected from the group consisting
      of naphthyl, pyridyl, methylpyridyl, thenyl, furyl, and pyrryl;
PA1  each of R.sup.1 and R.sup.3, independent of the other, is hydrogen or lower
      alkyl;
PA1  R.sup.2 is lower alkyl, lower alkenyl, lower alkynyl, or lower alkoxy(lower
      alkyl);
PA1  R.sup.4 is lower alkyl, lower alkenyl, lower alkynyl, or lower alkoxy(lower
      alkyl), R.sup.4 being different from R.sup.2,
PAL  or a pharmaceutically acceptable acid addition salt thereof, in combination
      with a pharmaceutically acceptable non-toxic inert carrier.
NUM  2.
PAR  2. A pharmaceutical composition according to claim 1 wherein each of
      R.sup.1 and R.sup.3 is lower alkyl and R.sup.2 is lower alkyl.
NUM  3.
PAR  3. A pharmaceutical composition according to claim 1 wherein R.sup.1 and
      R.sup.3 are each methyl, R.sup.2 is methyl, ethyl, propyl or isopropyl and
      R.sup.4 is different from R.sup.2 and is methyl, ethyl, propyl, isopropyl,
      allyl, propargyl, propoxyethyl, methoxyethyl or cyclohexyl.
NUM  4.
PAR  4. A pharmaceutical composition according to claim 3 wherein R is phenyl
      substituted by cyano, nitro or methylmercapto and further unsubstituted or
      substituted by chloro.
NUM  5.
PAR  5. A pharmaceutical composition according to claim 3 wherein R is pyridyl,
      pyrryl, furyl, or pyrimidyl.
NUM  6.
PAR  6. A pharmaceutical composition according to claim 3 wherein R is naphthyl,
      quinolyl or isoquinolyl.
NUM  7.
PAR  7. A pharmaceutical composition according to claim 1 in oral administration
      form.
NUM  8.
PAR  8. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl ester-5-isopropyl ester.
NUM  9.
PAR  9. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl ester-5-ethyl ester.
NUM  10.
PAR  10. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl ester-5-isopropyl ester.
NUM  11.
PAR  11. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine
      3-.beta.-methoxyethyl ester-5-isopropyl ester.
NUM  12.
PAR  12. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(4'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl ester-5-ethyl ester.
NUM  13.
PAR  13. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl ester-5-isopropyl ester.
NUM  14.
PAR  14. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl ester-5-propargyl ester.
NUM  15.
PAR  15. A method of effecting coronary vascular dilation in humans and animals
      which comprises administering to such human or animal an amount of a
      compound of the formula:
      ##SPC3##
PAL  wherein
PA1  R is mono or disubstituted phenyl in which the substituents are selected
      from the group consisting of nitro, cyano, azido, --S(O).sub.n -lower
      alkyl in which n has a value of 0, 1 or 2, lower alkyl, lower alkoxy and
      halogeno, at least one of said substituents being nitro, cyano, azido or
      --S(O).sub.n -lower alkyl; or a member selected from the group consisting
      of naphthyl, pyridyl, methylpyridyl, thenyl, furyl, and pyrryl;
PA1  each of R.sup.1 and R.sup.3, independent of the other, is hydrogen or lower
      alkyl;
PA1  R.sup.2 is lower alkyl, lower alkenyl, lower alkynyl, or lower alkoxy(lower
      alkyl);
PA1  R.sup.4 is lower alkyl, lower alkenyl, lower alkynyl, or lower alkoxy(lower
      alkyl), R.sup.4 being different from R.sup.2,
PAL  or a pharmaceutically acceptable acid addition salt thereof, sufficient to
      effect coronary vascular dilation.
NUM  16.
PAR  16. A method according to claim 15 wherein each of R.sup.1 and R.sup.3 is
      lower alkyl and R.sup.2 is lower alkyl.
NUM  17.
PAR  17. A method according to claim 15 wherein R.sup.1 and R.sup.3 are each
      methyl, R.sup.2 is methyl, ethyl, propyl or isopropyl and R.sup.4 is
      different from R.sup.2 and is methyl, ethyl, propyl, isopropyl, allyl,
      propargyl, propoxyethyl, methoxyethyl or cyclohexyl.
NUM  18.
PAR  18. A method according to claim 15 wherein R is phenyl substituted by
      cyano, nitro or methylmercapto and further unsubstituted or substituted by
      chloro.
NUM  19.
PAR  19. A method according to claim 15 wherein R is pyridyl, pyrryl or furyl.
NUM  20.
PAR  20. A method according to claim 15 wherein R is naphthyl.
NUM  21.
PAR  21. A method according to claim 15 wherein the administration is oral.
NUM  22.
PAR  22. The method according to claim 15 wherein the compound is
      2,6-dimethyl-4-(2'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-isopropyl ester.
NUM  23.
PAR  23. The method according to claim 15 wherein the compound is
      2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-ethyl ester.
NUM  24.
PAR  24. The method according to claim 15 wherein the compound is
      2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-isopropyl ester.
NUM  25.
PAR  25. The method according to claim 15 wherein the compound is
      2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine 3-.beta.-methoxyethyl
      ester-5-isopropyl ester.
NUM  26.
PAR  26. The method according to claim 15 wherein the compound is
      2,6-dimethyl-4-(4'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-ethyl ester.
NUM  27.
PAR  27. The method according to claim 15 wherein the compound is
      2,6-dimethyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-isopropyl ester.
NUM  28.
PAR  28. The method according to claim 15 wherein the compound is
      2,6-dimethyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-propargyl ester.
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ABST
PAL  Pharmaceutical compositions containing unsymmetrical esters of
      1,4-dihydropyridine 3,5-dicarboxylate as the active ingredient and methods
      of using same. The said ingredients are unsymmetrical esters of
      1,4-dihydropyridine 3,5-dicarboxylic acid which are substituted at
      position-4 of the dihydropyridine ring by phenyl or a substituted phenyl
      moiety. The compositions have cardiovascular activity which makes them
      useful for effecting coronary vascular dilation and in the treatment of
      hypertension.
PARN
PAR  This is a division of application Ser. No. 242,238 filed Apr. 7, 1972 now
      U.S. Pat. No. 3,799,936 dated Mar. 26, 1974.
BSUM
PAR  The present invention relates to unsymmetrical esters of
      1,4-dihydropyridine-dicarboxylic acids, to processes for their production
      and to their use as coronary and antihypertensive agents.
PAR  Although a variety of esters of
      4-substituted-1,4-dihydropyridine-3,5-dicarboxylic acids are known [see
      for example Knoevenagel, Ber. 31, 743 (1898) and U.S. Pat. Nos. 3,325,505;
      3,441,648; 3,485,847; 3,488,359 and 3,511,847], all of these have been
      symmetrical with respect to the ester groups in the 3- and 5-positions.
      Indeed up to the present, the preparative methods available to the art for
      such esters were limited to the preparation of symmetrical esters.
PAR  The present invention is directed at compounds of the formula:
      ##SPC1##
PAL  Wherein
PA1  R is phenyl, unsubstituted or substituted by up to three substituents
      selected from the group consisting of lower alkyl, lower alkoxy, halogeno,
      trifluoromethyl or carbo(lower alkoxy);
PA1  R.sup.1 and R.sup.3, independent of the other, is hydrogen or lower alkyl;
PA1  R.sup.2 is a member selected from the group consisting of lower alkyl,
      lower alkenyl, lower alkynyl, or lower alkoxy(lower alkyl);
PA1  R.sup.4 is a member different from R.sup.2 selected from the group
      consisting of lower alkenyl, lower alkynyl or lower alkoxy(lower alkyl),
PAL  Or a pharmaceutically acceptable acid addition salt thereof.
PAR  The term alkyl denotes a univalent saturated branched or straight
      hydrocarbon chain containing from 1 to 18 carbon atoms. Representative of
      such alkyl groups are thus methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec.butyl, tert.butyl, pentyl, isopentyl, neopentyl,
      tert.pentyl, hexyl, isohexyl, heptyl, octyl, nonyl, decyl, undecyl,
      dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl,
      octadecyl, and the like.
PAR  The term lower alkyl denotes a univalent saturated branched or straight
      hydrocarbon chain containing from 1 to 6 carbon atoms. Representative of
      such lower alkyl groups are thus methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec.butyl, tert.butyl, pentyl, isopentyl, neopentyl,
      tert.pentyl, hexyl, and the like.
PAR  The term lower alkenyl denotes a univalent branched or straight hydrocarbon
      chain containing from 2 to 6 carbon atoms and nonterminal ethylenic
      unsaturation as, for example, vinyl, allyl, isopropenyl, 2-butenyl,
      3-methyl-2-butenyl, 2-pentenyl, 3-pentenyl, 2-hexanyl, 4-hexenyl, and the
      like.
PAR  The term lower alkynyl denotes a univalent branched or straight hydrocarbon
      chain containing from 2 to 6 carbon atoms and nonterminal acetylenic
      unsaturation as, for example, ethynyl, 2-propynyl, 4-pentynyl, and the
      like.
PAR  As indicated, the present invention also pertains to the physiologically
      acceptable non-toxic acid addition salts of these basic compounds. Such
      salts include those derived from organic and inorganic acids such as,
      without limitation, hydrochloric acid, hydrobromic acid, phosphoric acid,
      sulfuric acid, methane sulphonic acid, acetic acid, tartaric acid, lactic
      acid, succinic acid, citric acid, malic acid, maleic acid, sorbic acid,
      aconitic acid, salicylic acid, phthalic acid, embonic acid, enanthic acid,
      and the like.
PAR  The compounds of the present invention can exist as optical isomers and
      both the racemates of these isomers and the individual isomers themselves
      are within the scope of the present invention. The racemates can be
      separated into their individual isomers through the well known technique
      and forming diastereoisomeric salts with optically active acids.
PAR  As discussed in greater detail below, the compounds of the present
      invention are valuable cardiovascular agents possessing in particular
      coronary vascular dilation properties together with antihypertensive
      properties.
PAR  These compounds are prepared through treatment of an
      ylidene-.beta.-ketocarboxylic acid of the formula:
      ##EQU1##
      with either (a) an enaminocarboxylic acid ester of the formula:
      ##EQU2##
      or (b) a .beta.-ketocarboxylic acid ester of the formula:
EQU  Y--COCH.sub.2 COOW
PAL  and ammonia. In the foregoing formulas, X corresponds to one of R.sup.1 and
      R.sup.3 and Y corresponds to the other of R.sup.1 and R.sup.3 while Z
      corresponds to one of R.sup.2 and R.sup.4 and W corresponds to the other
      of R.sup.2 and R.sup.4.
PAR  The foregoing processes can be diagrammatically depicted as follows:
      ##EQU3##
PAR  The process of the invention are generally carried out utilizing water or
      any inert organic solvent as diluent. Preferred organic solvents for this
      purpose include alcohols, such as methanol, ethanol and propanol, ethers
      such as dioxane, diethylether or tetrahydrofuran. Highly polar solvents
      such as glacial acetic acid, pyridine, dimethylformamide,
      dimethylsulfoxide and acetonitrile can also be employed. The reaction
      temperatures can be varied over a substantial range but in general, the
      reaction is carried out at from about 20.degree. to about 200.degree.C.
      Conveniently the reaction is conducted at the boiling point of the
      solvent. Either normal pressure or elevated pressure can be employed,
      normal pressure being more convenient. With the exception of ammonia which
      is generally used in excess, the reactants are employed in approximately
      stoichiometric amounts.
PAR  The requisite starting materials are either known to the art or can be
      readily prepared through conventional synthetic methods. As representative
      starting materials can be mentioned
PA0  a. Ylidene-.beta.-ketocarboxylic acids
PAR  2', 3'- or 4'-Methoxybenzylideneacetoacetic acid ethyl ester,
PAR  2', 3'- or 4'-methoxybenzylideneacetoacetic acid methyl ester,
PAR  2'-methoxybenzylideneacetoacetic acid allyl ester,
PAR  2'-methoxybenzylideneacetoacetic acid propargyl ester,
PAR  2'-methoxybenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PAR  2'-isopropoxybenzylideneacetoacetic acid ethyl ester,
PAR  3'-butoxybenzylideneacetoacetic acid methyl ester,
PAR  3', 4', 5'-trimethoxybenzylideneacetoacetic acid ethyl ester,
PAR  2'-methyl-.beta.-benzylidenepropionylacetic acid methyl ester,
PAR  2', 3' or 4'-methylbenzylideneacetoacetic acid ethyl ester,
PAR  2'-methylbenzylideneacetoacetic acid .beta.-ethoxyethyl ester,
PAR  2'-methylbenzylideneacetoacetic acid .beta.-propoxyethyl ester,
PAR  3', 4'-dimethoxy-5'-bromobenzylideneacetoacetic acid ethyl ester,
PAR  2', 3' or 4'-chloro/bromo/fluorobenzylideneacetoacetic acid ethyl ester,
PAR  2'-fluorobenzylideneacetoacetic acid methyl ester,
PAR  3'-chlorobenzylideneacetoacetic acid ethyl ester,
PAR  2'-chlorobenzylideneacetoacetic acid allyl ester,
PAR  2'-chloro-.alpha.-benzylidenepropionylacetic acid ethyl ester,
PAR  2', 3'- or 4'-trifluoromethylbenzylideneacetoacetic acid ethyl ester,
PAR  2'-trifluoromethylbenzylideneacetoacetic acid propyl ester,
PAR  2'-trifluoromethylbenzylideneacetoacetic acid isopropyl ester,
PAR  2'-trifluoromethyl-.alpha.-benzylidenepropionylacetic acid ethyl ester,
PAR  2'-trifluoromethylbenzylideneacetoacetic acid propargyl ester,
PAR  3'-trifluoromethylbenzylideneacetic acid methyl ester,
PAR  2'-carboethoxybenzylideneacetoacetic acid ethyl ester,
PAR  3'-carboxymethylbenzylideneacetoacetic acid ethyl ester,
PAR  4'-carboxyisopropylbenzylidenacetoacetic acid isopropyl ester, and
PAR  4'-carboxymethylbenzylideneacetoacetic acid allyl ester.
PA0  b. .beta.-Ketocarboxylic acid esters
PA0  Formylacetic acid ethyl ester,
PA0  acetoacetic acid methyl ester,
PA0  acetoacetic acid ethyl ester,
PA0  acetoacetic acid propyl ester,
PA0  acetoacetic acid isopropyl ester,
PA0  acetoacetic acid butyl ester,
PA0  acetoacetic acid t-butyl ester,
PA0  acetoacetic acid (.alpha.- or .beta.-)-methoxyethyl ester,
PA0  acetoacetic acid (.alpha.- or .beta.-)- ethoxyethyl ester,
PA0  acetoacetic acid (.alpha.- or .beta.-)-propoxyethyl ester,
PA0  acetoacetic acid (.alpha.- or .beta.-)-hydroxyethyl ester,
PA0  acetoacetic acid allyl ester,
PA0  acetoacetic acid propargyl ester,
PA0  acetoacetic acid cyclohexyl ester,
PA0  propionylacetic acid methyl ester,
PA0  propionylacetic acid ethyl ester,
PA0  propionylacetic acid isopropyl ester and
PA0  butyrylacetic acid ethyl ester.
PA0  c. Enaminocarboxylic acid esters
PA0  .beta.-Aminocrotonic acid methyl ester,
PA0  .beta.-aminocrotonic acid ethyl ester,
PA0  .beta.-aminocrotonic acid isopropyl ester,
PA0  .beta.-aminocrotonic acid propyl ester,
PA0  .beta.-aminocrotonic acid allyl ester,
PA0  .beta.-aminocrotonic acid butyl ester,
PA0  .beta.-aminocrotonic acid .beta.-methoxyethyl ester,
PA0  .beta.-aminocrotonic acid .beta.-ethoxyethyl ester,
PA0  .beta.-aminocrotonic acid .beta.-propoxyethyl ester,
PA0  .beta.-aminocrotonic acid t-butyl ester,
PA0  .beta.-aminocrotonic acid cyclohexyl ester and
PA0  .beta.-amino-.beta.-ethylacrylic acid ethyl ester.
PAR  Typical compounds of the present invention include:
PAR  2,6-Dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarboxy
     lic acid 3-methyl ester 5-allyl ester.
PAR  2,6-Dimethyl-4(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarboxyl
     ic acid 3-ethyl ester 5-.beta.-methoxyethyl ester.
PAR  2,6-Dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarboxy
     lic acid 3-ethyl ester 5-propargyl ester.
PAR  2-Methyl-6-ethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicar
     boxylic acid 3-.beta.-propoxyethyl ester 5-methyl ester.
PAR  2-Methyl-6-isopropyl-4-(2'-fluorophenyl)-1,4-dihydropyridine-3,5-dicarboxyl
     ic acid 3-methyl ester 5-allyl ester.
PAR  2,6-Dimethyl-4-(2'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-isopropyl ester 5-propargyl ester.
PAR  2,6-Dimethyl-4-(2'-ethoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-allyl ester 5-propargyl ester.
PAR  2,6-Dimethyl-4-(3'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarboxy
     lic acid 3-propargyl ester 5-.beta.-methoxyethyl ester.
PAR  2,6-Dimethyl-4-(3'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarboxy
     lic acid 3-ethyl ester 5-allyl ester.
PAR  2,6-Dimethyl-4-(3'-trifluromethylphenyl)-1,4-dihydropyridine-3,5-dicarboxyl
     ic acid 3-methyl ester 5-propargyl ester.
PAR  2,6-Dimethyl-4-(3'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarboxy
     lic acid 3-ethyl ester 5-.beta.-ethoxyethyl ester.
PAR  2,6-Dimethyl-4-(3'-carboethoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-propargyl ester.
PAR  As previously stated, the compounds of this invention are valuable
      cardiovascular agents. In particular, the compounds upon administration
      cause a distinct and long-lasting dilation of the coronary vessels with a
      simultaneous nitrite-like reduction on the workload of the heart. At the
      same time, an anti-fibrillation effect and spasmolytic activity can be
      observed, the latter often manifesting itself not only in the smooth
      vascular muscle but also in the smooth muscle of the stomach, intestinal
      tract, urogenital tract and respiratory system. The compounds also exhibit
      hypotensive properties in the normo- and hypertonic animal.
PAR  The dose administered must of course be carefully adjusted to the age,
      weight and condition of the individual being treated, as well as the route
      of administration, dosage form and regimen, and the result desired. A
      satisfactory result can, in certain instances, be obtained at a dose as
      low as 0.0005 mg/kg i.v. and 0.01 mg/kg p.o. The upper limit of the dosage
      range is about 10 mg/kg i.v. and 100 mg/kg p.o. Preferred ranges are from
      about 0.001 to about 1 mg/kg i.v. and from about 0.1 to about 10 mg/kg
      p.o.
PAR  In general it has proved advantageous to administer the dose divided among
      several administrations in order to achieve effective results. At times it
      is of course necessary to depart from these amounts, and in particular to
      do so as a function of the body weight of the test animal, the route of
      administration, the animal and its individual behavior towards the
      medicine, the type of its formulation, and/or the time or interval of
      administration. In some cases less than the minimum amount will suffice
      while in others, the upper limit must be exceeded.
PAR  The compounds of the present invention are administered parenterally or
      orally in any of the usual pharmaceutical forms. These include solid and
      liquid oral unit dosage forms such as tablets, capsules, powders,
      suspensions, solutions, syrups and the like, including sustained release
      preparations, and fluid injectable forms such as sterile solutions and
      suspensions. The term unit dosage form as used in this specification and
      the claims refer to physically discrete units to be administered in single
      or multiple dosage to animals, each unit containing a predetermined
      quantity of active material in association with the required diluent,
      carrier or vehicle. The quantity of active material is that calculated to
      produce the desired therapeutic effect upon administration of one or more
      of such units.
PAR  Powders are prepared by comminuting the compound to a suitable fine size
      and mixing with a similarly comminuted diluent pharmaceutical carrier such
      as an edible carbohydrate material as for example, starch. Sweetening,
      flavoring, preservative, dispersing and coloring agents can also be
      present.
PAR  Capsules are made by preparing a powder mixture as described above and
      filling formed gelatin sheaths. A lubricant such as talc, magnesium
      stearate and calcium stearate can be added to the powder mixture as an
      adjuvant before the filling operation; a glidant such as colloidal silica
      may be added to improve flow properties; a disintegrating or solubilizing
      agent may be added to improve the availability of the medicament when the
      capsule is ingested.
PAR  Tablets are made by preparing a powder mixture, granulating or slugging,
      adding a lubricant and disintegrant and pressing into tablets. A powder
      mixture is prepared by mixing the compound, suitably comminuted, with a
      diluent or base such as starch, sucrose, kaolin, dicalcium phosphate and
      the like. The powder mixture can be granulated by wetting with a binder
      such as syrup, starch paste, acacia mucilage or solutions of cellulosic or
      polymeric materials and forcing through a screen. As an alternative to
      granulating, the powder mixture can be run through the tablet machine and
      the resulting imperfectly formed slugs broken into granules. The granules
      can be lubricated to prevent sticking to the tablet forming dies by means
      of the addition of stearic acid, a stearate salt, talc or mineral oil. The
      lubricated mixture is then compressed into tablets. The medicaments can
      also be combined with free flowing inert carriers and compressed into
      tablets directly without going through the granulating or slugging steps.
      A protective coating consisting of a sealing coat of shellac, a coating of
      sugar or polymeric material and a polish coating of wax can be provided.
      Dyestuffs can be added to these coatings to distinguish different unit
      dosages.
PAR  Oral fluids such as syrups and elixirs can be prepared in unit dosage form
      so that a given quantity, e.g., a teaspoonful, contains a predetermined
      amount of the compound. Syrups can be prepared by dissolving the compound
      in a suitably flavored aqueous sucrose solution while elixirs are prepared
      through the use of a non-toxic alcoholic vehicle. Suspensions can be
      formulated by dispersing the compound in a non-toxic vehicle in which it
      is insoluble.
PAR  Fluid unit dosage forms for parenteral administration can be prepared by
      suspending or dissolving a measured amount of the compound in a non-toxic
      liquid vehicle suitable for injection such as an aqueous or oleaginuous
      medium and sterilizing the suspension or solution. Alternatively a
      measured amount of the compound is placed in a vial and the vial and its
      contents are sterilized and sealed. An accompanying vial or vehicle can be
      proved for mixing prior to administration.
PAR  The pharmaceutical compositions of the invention can also contain other
      non-toxic adjuvants and modifiers such as dyes, buffering agents,
      preservatives, surfactants, emulsifiers, such as nonionic and anionic
      emulsifiers as, for example, polyoxyethylene-fatty acid esters,
      polyoxyethylene-fatty alcohol ethers, alkylsulphonates and
      arylsulphonates, or dispersing agents as, for example, lignin, sulfite
      waste lyes, methylcellulose, starch and polyvinyl pyrrolidone, perfumes,
      flavoring agents, preservatives and biocides.
PAR  Pharmaceutical compositions adapted for oral administration employ such
      ingredients as diluents and carriers, excipients and lubricants, as
      glucose, lactose, sucrose, corn and potato starch, sodium carboxymethyl
      cellulose, ethyl cellulose, cellulose acetate, powdered gum tragacanth,
      gelatin, alginic acid, agar, stearic acid, sodium, calcium and magnesium
      stearates, sodium lauryl sulfate, polyvinylpyrrolidone, sodium citrate,
      calcium carbonate, and dicalcium phosphate.
PAR  Pharmaceutical compositions adapted for parenteral injection employ such
      diluents and carriers as water and water-miscible organic solvents, in
      particular sesame oil, groundnut oil, aqueous propylene glycol, and
      N,N'-dimethylformamide. Examples of pharmaceutical compositions of the
      invention adapted for parenteral administration include sterile isotonic
      saline aqueous solutions of the active ingredient, which can be buffered
      with a pharmaceutically acceptable buffer and are preferably pyrogen free.
PAR  The pharmacological properties of these compounds are conveniently observed
      in well-known animal models which parallel the desired clinical response.
      Similarly toxicity is low, as measured for example in the conventional
      LD.sub.50 determination. This can be seen in the following table:
TBL  Compound of Toxicity (Mouse) Blood pressure                               

     Example     LD.sub.50 mg/kg  effect on                                    

                 p.o.             hypertensive                                 

                                  rat                                          

                                  mg/kg p.o.                                   

     ______________________________________                                    

     1           &gt;3000            from 10.0                                    

     2           800              from 10.0                                    

     3           800              from 3.1                                     

     4           200              from 1.0                                     

     5           630              from 3.1                                     

     6           200              from 0.3                                     

     7           &gt;3000            from 31.5                                    

     8           630              from 1.0                                     

     9           3000                                                          

     10          &gt;3000                                                         

     11          &gt;3000            from 10.0                                    

     12          100              from 0.3                                     

     13           2000            from 1.0                                     

     14           1000            from 3.1                                     

     15          &gt;3000            from 3.1                                     

     16          200              from 10.0                                    

     17          &gt;3000            from 10.0                                    

     18           3000            from 10.0                                    

     19           3000                                                         

     ______________________________________                                    

PAR  The low dosages at which favorable hypotensive response is observed is also
      seen in the dosages at which a coronary effect is observed, as can be seen
      from the following tabulation:
TBL                          Dose                                              

     Compound of Example No. mg/kg i.v.                                        

     ______________________________________                                    

     1                       0.05                                              

     2                       0.01                                              

     3                       0.01                                              

     4                       0.005                                             

     5                       0.001                                             

     6                       0.005                                             

     7                       0.05                                              

     8                       0.01                                              

     10                      5                                                 

     11                      0.05                                              

     12                      0.003                                             

     13                      0.05                                              

     14                      0.01                                              

     15                      0.05                                              

     16                      0.05                                              

     17                      0.01                                              

     18                      0.05                                              

     19                      2 to 5                                            

     20                      2 to 5                                            

     ______________________________________                                    

DETD
PAR  The following examples will serve to further typify the nature of this
      invention without being a limitation on the scope thereof, the scope being
      defined solely by the appended claims.
PAC  EXAMPLE 1
PAR  Boiling a solution of 11.6 g of 2'-methylbenzylideneacetoacetic acid ethyl
      ester and 7.1 g of .beta.-aminocrotonic acid allyl ester in 50 ml of
      ethanol for 10 hours yielded
      2,6-dimethyl-4-(2'-methylphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-allyl ester of melting point 105.degree. (from petroleum
      ether/ethyl acetate). Yield 46% of theory.
PAC  EXAMPLE 2
PAR  Heating a solution of 11.6 g of 2'-methylbenzylideneacetoacetic acid ethyl
      ester, 7.0 g of acetoacetic acid propargyl ester and 6 ml of concentrated
      ammonia in 50 ml of methanol for 8 hours yielded
      2,6-dimethyl-4-(2'-methylphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-propargyl ester of melting point 129.degree. (from
      ethanol/H.sub.2 O). Yield 54% of theory.
PAC  EXAMPLE 3
PAR  Heating 11.1 g of 2'-fluorobenzylideneacetoacetic acid methyl ester, 7.1 g
      of acetoacetic acid allyl ester and 6 ml of concentrated ammonia in 50 ml
      of methanol for 8 hours yielded
      2,6-dimethyl-4-(2'-fluorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-allyl ester of melting point 130.degree. (from ethanol).
      Yield 61% of theory.
PAC  EXAMPLE 4
PAR  Boiling a solution of 14.3 g of 2'-trifluoromethylbenzylideneacetoacetic
      acid ethyl ester and 7.0 g of .beta.-amino-crotonic acid propargyl ester
      in 50 ml of ethanol for 10 hours yielded
      2,6-dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarbox
     ylic acid 3-ethyl ester-5-propargyl ester of melting point 130.degree.
      (from methanol). Yield 49% of theory.
PAC  EXAMPLE 5
PAR  Heating a solution of 14.9 of 2'-trifluoromethylbenzylideneacetoacetic acid
      allyl ester and 6.5 g of .beta.-amino-crotonic acid ethyl ester in 50 ml
      of ethanol for 8 hours yeilded 2,6
      -dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarboxyli
     c acid 3-ethyl ester-5-allyl ester of melting point 128.degree. (from
      petroleum ether/ethyl acetate). Yield 57% of theory.
PAC  EXAMPLE 6
PAR  Heating a solution of 13.6 g of 2'-trifluoromethylbenzylideneacetoacetic
      acid methyl ester, 7.0 g of acetoacetic acid propargyl ester and 6 ml of
      concentrated ammonia in 60 ml of isopropanol for 10 hours yielded
      2,6-dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarbox
     ylic acid 3-methyl ester-5-propargyl ester of melting point 115.degree.
      (from ethanol). Yield 49% of theory.
PAC  EXAMPLE 7
PAR  Boiling a solution of 12.4 g of 2'-methoxybenzylideneacetoacetic acid ethyl
      ester, 9.2 g of acetoacetic acid .beta.-propoxyethyl ester and 6 ml of
      concentrated ammonia in 50 ml of ethanol for 8 hours yielded
      2,6-dimethyl-4-(2'-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester-5-.beta.-propoxyethyl ester  of melting point
      130.degree. (from petroleum ether/ethyl acetate). Yield 41% of theory.
PAC  EXAMPLE 8
PAR  Heating a solution of 13.3 g of 2'-chlorobenzylideneacetoacetic acid allyl
      ester and 6.5 g of .beta.-aminocrotonic acid ethyl ester in 50 ml of
      ethanol for 8 hours yielded
      2,6-dimethyl-4-(2'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-allyl ester of melting point 115.degree. (from petroleum
      ether/ethyl acetate). Yield 40% of theory.
PAC  EXAMPLE 9
PAR  Boiling a solution of 15.4 g of 2', 3', 4'-trimethoxybenzylideneacetoacetic
      acid ethyl ester, 7.1 g of acetoacetic acid allyl ester and 6 ml of
      concentrated ammonia in 40 ml of ethanol for 10 hours yielded
      2,6-dimethyl-4-(2', 3',
      4'-trimethoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid 3-ethyl
      ester-5-allyl ester of melting point 134.degree.-135.degree. (from
      ethanol). Yield 58% of theory.
PAC  EXAMPLE 10
PAR  Heating a solution of 17.2 g of 3',
      4'-dimethoxy-5'-bromobenzylideneacetoacetic acid methyl ester and 7.1 g of
      .beta.-amino-crotonic acid allyl ester in 50 ml of ethanol for 10 hours
      yielded 2,6-dimethyl-4-(3',
      4'-dimethoxy-5-bromophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-allyl ester of melting point 123.degree.-124.degree.
      (from ethanol/water). Yield 62% of theory.
PAC  EXAMPLE 11
PAR  After 10 hours' boiling of a solution of 11.7 g
      2'-methoxybenzylideneacetoacetic acid methyl ester, 7.0 g acetoacetic acid
      propargyl ester and 6 ml conc. ammonia in 80 ml ethanol under reflux,
      2,6-dimethyl-4-(2'-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-propargyl ester 5-methyl ester of melting point
      193.degree.-194.degree.C (acetic ester/petroleum ether) was obtained.
      Yield 49% of theory.
PAC  EXAMPLE 12
PAR  By 8 hours' heating of a solution of 3.6 g
      2'-trifluoromethylbenzylideneacetoacetic acid methyl ester and 7.0 g
      .beta.-amino-crotonic acid propargyl ester in 80 ml ethanol,
      2,6-dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine
      3,5-dicarboxylic acid 3-propargyl ester 5-methyl ester of melting point
      111.degree.C was obtained (petroleum ether/acetic ester). Yield 63% of
      theory.
PAC  EXAMPLE 13
PAR  After 8 hours' boiling of a solution of 14.3 g
      2'-trifluoromethylbenzylideneacetoacetic acid ethyl ester, 6.5 g
      acetoacetic acid propargyl ester and 6 ml conc. ammonia in 80 ml ethanol,
      2,6-dimethyl-4-(2'-trifluoromethylphenyl)-
      1,4-dihydropyridine-3,5-dicarboxylic acid 3-propargyl ester 5-ethyl ester
      of freezing point 104.degree.C (acetic ester/petroleum ether) was
      obtained. Yield 54% of theory.
PAC  EXAMPLE 14
PAR  By 8 hours' heating of a solution of 12.6 g 2'-chlorobenzylidene
      acetoacetic acid ethyl ester, 8.0 g acetoacetic acid-.beta.-methoxyethyl
      ester and 6 ml ammonia in 80 ml ethanol under reflux,
      2,6-dimethyl-4-(2'-chlorophenyl)-1,4-dihydropyridine 3,5-dicarboxylic acid
      3-.beta.-methoxyethyl ester 5-ethyl ester of melting point
      107.degree.-108.degree.C (acetic ester/petroleum ether) was obtained.
      Yield 54% of theory.
PAC  EXAMPLE 15
PAR  By 8 hours' boiling of a solution of 15.0 g
      3'-trifluoromethylbenzylideneacetoacetic acid isopropylester and 7.1 g
      amino-crotonic acid allyl ester in 80 ml ethanol,
      2,6-dimethyl-4-(3'-trifluoromethyl
      phenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid 3-isopropyl ester
      5-allyl ester of melting point 99.degree.-100.degree.C (acetic
      ester/petroleum ether) was obtained. Yield 52% of theory.
PAC  EXAMPLE 16
PAR  After 8 hours' boiling of a solution of 11.1 g
      2'-fluorobenzylideneacetoacetic acid methyl ester, 7.0 g acetoacetic acid
      propargyl ester and 6 ml conc. ammonia in 100 ml ethanol,
      2,6-dimethyl-4-(2'-fluorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-propargyl ester 5-methyl ester of melting point 142.degree.C (ethanol)
      was obtained. Yield 67% of theory.
PAC  EXAMPLE 17
PAR  After 8 hours' heating of a solution of 12.6 g 3'-chlorobenzylidene
      acetoacetic acid ethyl ester, 7.1 g acetoacetic acid allyl ester and 6 ml
      conc. ammonia in 80 ml ethanol under reflux,
      2,6-dimethyl-4-(3'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-allyl ester 5-ethyl ester of melting point 112.degree.C (acetic
      ester/petroleum ether) was obtained. Yield 50% of theory.
PAC  EXAMPLE 18
PAR  After 10 hours' boiling of a solution of 12.4 g 2'-methoxybenzylidene
      acetoacetic acid ethyl ester, 7.0 g acetoacetic acid ethyl ester, 7.0 g
      acetoacetic acid propargyl ester and 6 ml conc. ammonia in 60 ml
      propan-2-ol,
      2,6-dimethyl-4-(2'-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-propargyl ester 5-ethyl ester of melting point
      113.degree.-114.degree.C (acetic ester/petroleum ether) was obtained.
      Yield 47% of theory.
PAC  EXAMPLE 19
PAR  After 8 hours' heating of a solution of 15.0 g 4'-carboxyethylbenzylidene
      acetoacetic acid propargyl ester and 6.5 g amino-crotonic acid ethyl ester
      in 50 ml ethanol,
      2,6-dimethyl-4-(4'-carboxyethylphenyl)-1,4-dihydropyridine-3,5-dicarboxyli
     c acid 3-propargyl ester 5-ethyl ester of melting point 110.degree.C
      (ethanol) was obtained. Yield 55% of theory.
PAC  EXAMPLE 20
PAR  After 6 hours' heating of a solution of 14.7 g 2,4,5-trimethoxybenzylidene
      acetoacetic acid methyl ester, 7.1 g acetoacetic acid allyl ester and 6 ml
      conc. ammonia in 100 ml ethanol, 2,6-dimethyl-4-(2', 4',
      5'-trimethoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid 3-allyl
      ester 5-methyl ester of melting point 98.degree.C (acetic ester/petroleum
      ether) was obtained. Yield 53% of theory.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pharmaceutical composition useful for effecting coronary vascular
      dilation and for treating hypertension in humans and animals which
      comprises a coronary vascular dilating amount or an antihypertensive
      amount of a compound of the formula:
      ##SPC2##
PAL   wherein
PA1  R is phenyl, unsubstituted or substituted by a substituent selected from
      the group consisting of lower alkyl, lower alkoxy, halogeno,
      trifluoromethyl and carbo(lower alkoxy) or by up to three lower alkoxy or
      halogeno substituents;
PA1  R.sup.1 and R.sup.3, independent of the other, is hydrogen, methyl, ethyl
      or propyl;
PA1  R.sup.2 is a member selected from the group consisting of lower alkyl,
      allyl, butenyl, propargyl, butynyl and lower alkoxy(lower alkyl);
PA1  R.sup.4 is a member different from R.sup.2 and is selected from the group
      consisting of allyl, butenyl, propargyl, butynyl and lower alkoxy(lower
      alkyl),
PAL  or a pharmaceutically acceptable acid addition salt thereof, in combination
      with a pharmaceutically acceptable non-toxic inert carrier.
NUM  2.
PAR  2. A pharmaceutical composition according to claim 1 wherein each of
      R.sup.1 and R.sup.3 is lower alkyl, R.sup.2 is lower alkyl and R.sup.4 is
      lower alkenyl, lower alkynyl, or lower alkoxy (lower alkyl).
NUM  3.
PAR  3. A pharmaceutical composition according to claim 2 wherein R.sup.1 and
      R.sup.3 are each methyl, R.sup.2 is methyl, ethyl, propyl or isopropyl,
      R.sup.4 is allyl, propargyl, methoxyethyl or propoxyethyl and R is phenyl
      substituted by methyl, methoxy, fluoro, chloro, trifluoromethyl or
      carbo(lower alkoxy).
NUM  4.
PAR  4. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2'-methylphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester-5-allyl ester.
NUM  5.
PAR  5. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2'-methylphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester-5-propargyl ester.
NUM  6.
PAR  6. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2'-fluorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl ester-5-allyl ester.
NUM  7.
PAR  7. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicar
     boxylic acid 3-ethyl ester-5-propargyl ester.
NUM  8.
PAR  8. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicar
     boxylic acid 3-ethyl ester-5-allyl ester.
NUM  9.
PAR  9. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicar
     boxylic acid 3-methyl ester-5-propargyl ester.
NUM  10.
PAR  10. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2'-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester-5-.beta.-propoxyethyl ester.
NUM  11.
PAR  11. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester-5-allyl ester.
NUM  12.
PAR  12. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2,', 3',
      4'-trimethoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid 3-ethyl
      ester-5-allyl ester.
NUM  13.
PAR  13. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(3',
      4'-dimethoxy-5-bromophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-allyl ester.
NUM  14.
PAR  14. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2'-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-propargyl ester 5-methyl ester.
NUM  15.
PAR  15. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine
      3,5-dicarboxylic acid 3-propargyl ester 5-methyl ester.
NUM  16.
PAR  16. A pharmaceutical composition according to claim 1 wherein the compound
      is
      2,6-dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarbox
     ylic acid 3-propargyl ester 5-ethyl ester.
NUM  17.
PAR  17. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2'-chlorophenyl)-1,4-dihydropyridine 3,5-dicarboxylic
      acid 3-.beta.-methoxyethyl ester 5-ethyl ester.
NUM  18.
PAR  18. A pharmaceutical composition according to claim 1 wherein the compound
      is
      2,6-dimethyl-4-(3'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarbox
     ylic acid 3-isopropyl ester 5-allyl ester.
NUM  19.
PAR  19. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2'-fluorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-propargyl ester 5-methyl ester.
NUM  20.
PAR  20. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(3'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-allyl ester 5-ethyl ester.
NUM  21.
PAR  21. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2'-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-propargyl ester 5-ethyl ester.
NUM  22.
PAR  22. A pharmaceutical composition according to claim 1 wherein the compound
      is
      2,6-dimethyl-4-(4'-carboxyethylphenyl)-1,4-dihydropyridine-3,5-dicarboxyli
     c acid 3-propargyl ester 5-ethyl ester.
NUM  23.
PAR  23. A pharmaceutical composition according to claim 1 wherein the compound
      is 2,6-dimethyl-4-(2', 4',
      5'-trimethoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid 3-allyl
      ester 5-methyl ester.
NUM  24.
PAR  24. A method of effecting coronary vascular dilation and treating
      hypertension in humans and animals which comprises administering to such
      human or animal a coronary vascular dilating amount or an
      anti-hypertensive amount of a compound of the formula:
      ##SPC3##
PAL  wherein
PA1  R is phenyl, unsubstituted or substituted by a substituent selected from
      the group consisting of lower alkyl, lower alkoxy, halogeno,
      trifluoromethyl and carbo(lower alkoxy) or by up to three lower alkoxy or
      halogeno substituents;
PA1  R.sup.1 and R.sup.3, independent of the other, is hydrogen, methyl, ethyl
      or propyl;
PA1  R.sup.2 is a member selected from the group consisting of lower alkyl,
      allyl, butenyl, propargyl, butynyl and lower alkoxy(lower alkyl);
PA1  R.sup.4 is a member different from R.sup.2 and is selected from the group
      consisting of allyl, butenyl, propargyl, butynyl and lower alkoxy(lower
      alkyl),
PAL  or a pharmaceutically acceptable acid addition salt thereof.
NUM  25.
PAR  25. A method according to claim 24 wherein R.sup.2 is lower alkyl and
      R.sup.4 is allyl, propargyl or lower alkoxy(lower alkyl).
NUM  26.
PAR  26. A method according to claim 24 wherein R.sup.1 and R.sup.3 are each
      methyl, R.sup.2 is methyl, ethyl, propyl or isopropyl, R.sup.4 is allyl,
      propargyl, methoxyethyl or propoxyethyl and R is phenyl substituted by
      methyl, methoxy, fluoro, chloro, trifluoromethyl or carbo(lower alkoxy).
NUM  27.
PAR  27. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2'-methylphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-allyl ester.
NUM  28.
PAR  28. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2'-methylphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-propargyl ester.
NUM  29.
PAR  29. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2'-fluorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-allyl ester.
NUM  30.
PAR  30. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarbox
     ylic acid 3-ethyl ester-5-propargyl ester.
NUM  31.
PAR  31. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarbox
     ylic acid 3-ethyl ester-5-allyl ester.
NUM  32.
PAR  32. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarbox
     ylic acid 3-methyl ester-5-propargyl ester.
NUM  33.
PAR  33. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2'-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester-5-.beta.-propoxyethyl ester.
NUM  34.
PAR  34. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester-5-allyl ester.
NUM  35.
PAR  35. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2', 3',
      4'-trimethoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid 3-ethyl
      ester-5-allyl ester.
NUM  36.
PAR  36. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(3',
      4'-dimethoxy-5-bromophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl ester-5-allyl ester.
NUM  37.
PAR  37. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2'-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-propargyl ester 5-methyl ester.
NUM  38.
PAR  38. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine
      3,5-dicarboxylic acid 3-propargyl ester 5-methyl ester.
NUM  39.
PAR  39. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarbox
     ylic acid 3-propargyl ester 5-ethyl ester.
NUM  40.
PAR  40. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-.beta.-methoxyethyl ester 5-ethyl ester.
NUM  41.
PAR  41. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(3'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarbox
     ylic acid 3-isopropyl ester 5-allyl ester.
NUM  42.
PAR  42. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2'-fluorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-propargyl ester 5-methyl ester.
NUM  43.
PAR  43. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(3'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-allyl ester 5-ethyl ester.
NUM  44.
PAR  44. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2'-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-propargyl ester 5-ethyl ester.
NUM  45.
PAR  45. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(4'-carboxyethylphenyl)-1,4-dihydropyridine-3,5-dicarboxyli
     c acid 3-propargyl ester 5-ethyl ester.
NUM  46.
PAR  46. A method according to claim 24 wherein the compound is
      2,6-dimethyl-4-(2' , 4',
      5'-trimethoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid 3-allyl
      ester 5-methyl ester.
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ABST
PAL  Compounds of the formulae:
      ##SPC1##
PAL  And the salts thereof with pharmaceutically acceptable cations wherein n
      and m are each two or three; X is oxygen or sulphur; R.sup.2 and R.sup.3,
      when taken separately, are each hydrogen or alkyl having 1 to 4 carbon
      atoms; R.sup.2 and R.sup.3, when taken together, are alkylene having 2 to
      4 carbon atoms; Y is methylene or a single bond; R.sup.4 and R.sup.5, when
      taken separately, are each hydrogen, hydroxy or alkoxy having 1 to 5
      carbon atoms, and R.sup.4 and R.sup.5, when taken together, are oxo or
      alkylene dioxy having 2 to 4 carbon atoms, each oxygen atom in R.sup.4 and
      R.sup.5, when taken separately, and in R.sup.4 and R.sup.5, when taken
      together, being separated from the nitrogen atom of the heterocyclic ring
      by two or more carbon atoms, said compounds being cerebral vasodilators.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 386,853 filed Aug.
      9, 1973 now U.S. Pat. 3,867,391.
BSUM
PAR  This invention relates to cyclic N-substituted derivatives of 1,4-benzene
      disulphonamide which have cerebral vasodilator activity and are therefore
      useful for treating conditions attributable to a restriction of blood flow
      to the brain. Such conditions include atherosclerosis, occlusion of blood
      vessels in the brain, stroke and other cerebrovascular diseases.
      Particularly useful compounds according to this aspect of the invention
      are those which have a selective effect on the cerebral vasculature, with
      a comparatively small effect on blood vessels in other tissues such as
      peripheral tissue and the kidneys, and so do not cause a serious fall in
      blood pressure or increase in diuresis.
PAR  The aforesaid derivatives include compounds of the formula
      ##SPC2##
PAL  And the salts thereof with pharmaceutically acceptable cations wherein n
      and m are each two or three; X is oxygen or sulphur; R.sup.2 and R.sup.3,
      when taken separately, are each hydrogen or alkyl having 1 to 4 carbon
      atoms; R.sup.2 and R.sup.3, when taken together, are alkylene having 2 to
      4 carbon atoms; Y is methylene or a single bond R.sup.4 and R.sup.5, when
      taken separately, are each hydrogen, hydroxy or alkoxy having 1 to 5
      carbon atoms and R.sup.4 and R.sup.5, when taken together, are oxo or
      alkylene dioxy having 2 to 4 carbon atoms, each oxygen atom in R.sup.4 and
      R.sup.5, when taken separately, and in R.sup.4 and R.sup.5, when taken
      together, being separated from the nitrogen atom of the heterocyclic ring
      by two or more carbon atoms.
PAR  Certain of the aforesaid compounds are old in the art as shown in U.S. Pat.
      No. 3,165,550. Those of the aforesaid compounds of the present invention
      which are unobvious include compounds of formula (I) and formula (II) and
      the salts thereof with pharmaceutically acceptable cations wherein n and M
      are each 2 or 3; X is oxygen or sulphur; R.sup.2 and R.sup.3, when taken
      separately, are each alkyl having 1 to 4 carbon atoms; R.sup.2 and
      R.sup.3, when taken together, are alkylene having 2 to 4 carbon atoms; Y
      is methylene or a single bond; R.sup.4, when taken separately, is hydroxy
      or alkoxy having 1 to 5 carbon atoms; R.sup.5, when taken separately, is
      hydrogen, hydroxy or alkoxy having 1 to 5 carbon atoms and R.sup.4 and
      R.sup.5, when taken together, are oxo or alkylene dioxy having 2 to 4
      carbon atoms, each oxygen atom in R.sup.4 and R.sup.5, when taken
      separately, and in R.sup.4 and R.sup.5, when taken together, being
      separated from the nitrogen atom of the heterocyclic ring by two or more
      carbon atoms.
PAR  Preferred compounds of the invention having cerebral vasodilator activity
      are those of formula (I) in which X is an oxygen atom. Another preferred
      group are those compounds of Formula (II) in which Y is a methylene group
      and R.sup.4 and R.sup.5 together represent an oxo group or an alkylene
      dioxy group having 1 to 4 carbon atoms, each of these being attached to
      the methylene group, i.e. to Y. Another preferred group of compounds are
      those of formula (II) wherein Y is methylene, R.sup.5 is hydroxy or alkoxy
      having 1 to 5 carbon atoms and R.sup.4 is hydrogen. Of those preferred
      compounds of formula (I) in which X is an oxygen atom, particularly
      preferred are those in which R.sup.2 and R.sup.3 are each alkyl having 1
      to 4 carbon atoms. Of those preferred compounds in which Y is a methylene
      group, particularly preferred are those in which n and m are each 2, i.e.,
      the heterocyclic ring is a 4-methoxypiperidene ring; a 4-hydroxypiperidene
      ring; a 4-piperidone ring or a dialkyl or alkylene ketal thereof.
PAR  The compounds of this invention, other than those in which R.sup.4 and
      R.sup.5 together are an oxo group, may be prepared from
      4-sulphamoyl-benzene sulphonyl chlorides of the formula:
      ##SPC3##
PAL  by reaction with a cyclic amine of the formula:
      ##SPC4##
PAL  or with a cyclic amine of the formula:
      ##SPC5##
PAL  in a suitable solvent, e.g., acetone or dichloromethane. Preferably, the
      reaction is carried out in the presence of an excess of the amine reactant
      or in the presense of an equivalent amount of an organiz tertiary amine to
      remove the hydrochloric acid formed in the reaction. The reaction is
      completed in from 1 to 24 hours at 20.degree.C. or may be carried out at
      elevated temperatures, i.e., 30.degree. to 100.degree.C. for periods of
      from 1 to 8 hours. The product may be isolated by simply adding the
      reaction mixture to normal aqueous hydrochloric acid solution, filtering,
      washing and recrystallizing from a suitable solvent.
PAR  The compounds of this invention may also be prepared from 4-nitrobenzene
      sulphonyl chloride by reaction first with the cyclic amine of formula (IV)
      or (V) to form a compound of the formula:
      ##SPC6##
PAL  wherein R.sup.4 and R.sup.5, together, are not an oxo group, and the
      compound of formula (VI) or (VII) is then reduced to the corresponding
      amino compound and the latter converted to the corresponding sulphamoyl
      compound by diazotization, treatment with sulphur dioxide in the presence
      of a cupric salt and then with ammonia.
PAR  Finally compounds in which R.sup.4 and R.sup.5 together are an oxo group
      are prepared from the corresponding dialkyl or alkylene ketals, i.e.,
      compounds of formula (II) in which R.sup.4 and R.sup.5 are two alkoxy
      groups or an alkylene dioxy group attached to a single carbon atom, by
      methods well known in the art, e.g., by treatment with concentrated
      hydrochloric acid in aqueous dimethylformamide.
PAR  The salts of the present invention include those based on any
      pharmaceutically acceptable cation. The preferred pharmaceutically
      acceptable cations are those of the alkali metals, particularly sodium and
      potassium. Said salts are easily obtained in accordance with conventional
      methods. For example, the selected compound of formula (I) or formula (II)
      is dissolved in an aqueous or alcoholic solution of an alkali metal
      hydroxide such as sodium or potassium hydroxide and the resulting solution
      is simply concentrated.
PAR  In accordance with the treatment method of the present invention, the
      herein described compounds can be administered to an affected subject via
      the oral or parenteral route. Generally, there is a significant effect in
      increasing cerebral blood flow in cats, dogs and baboons at dose levels of
      from 2.5 to 25 mg/kg intravenously or from 10 to 50 mg/kg orally when
      administered three times a day, the effect being cumulative. Although the
      physician will determine the precise dosage for a human patient, it
      generally will range from 0.5 to 100 mg/kg for intravenous administration
      and from 2 to 200 mg/kg for oral administration, each dosage form being
      administered four times a day.
PAR  The compounds of the invention may be administered alone, but will
      generally be administered in admixture with a pharmaceutical carrier
      selected with regard to the intended route of administration and standard
      pharmaceutical practice.
PAR  For administration orally in the form of tablets or capsules, it has been
      found advantageous to dissolve or disperse the compound in finely divided
      form (e.g. 30 microns or less in dimensions) in a matrix of a high
      molecular weight solid polyethylene glycol, e.g. a polyethylene glycol of
      average molecular weight 6,000 to 7,500 such as "Carbowax" 6,000. A
      non-ionic wetting agent as dispersion aid, e.g. a polyoxyethylene
      mono-stearate of average molecular weight about 1,000 such as "Myrj" 52,
      is preferably also included. For this type of formulation, the compound
      together with the dispersion aid may be dissolved in the molten
      polyethylene glycol and cooled, or alternatively may be mixed as an
      aqueous dispersion with the polyethylene glycol to form a paste and dried,
      and then, together with other excipients if desired, either granulated
      prior to compression into tablets or filled directly into capsules, by
      techniques well known in the art.
PAR  Alternatively, tablets may be formed in which a major part of the excipient
      is composed of a material which, when compressed, has a slower rate of
      dissolution than that normally achieved by standard tableting practice.
      Such materials include sugars and edible aminoacids such as glycine. The
      compound (in finely divided form) is preferably first mixed with the said
      material and then granulated with a comparatively small amount of the high
      molecular weight polyethylene glycol and a dispersion aid, before forming
      into tablets in the usual way.
PAR  For parenteral administration, the compounds, being acidic, are best used
      in the form of sterile aqueous solutions of their alkali metal (e.g.
      sodium) salts and such solutions may contain other solutes (e.g. sodium
      chloride) to ensure the stability of the solutions and their compatibility
      with body fluids, e.g. blood, when the compound is to be administered
      intravenously, intramuscularly or subcutaneously. The alkali metal salt
      solution may conveniently be formed by dissolving the compound (and any
      other solute required) in the sterile water and adjusting the pH to a
      value in the range from 10.5 to 12.0 with the appropriate alkali metal
      hydroxide.
PAR  The following examples illustrate preparation of the cerebral vasodilators
      of this invention.
DETD
PAC  EXAMPLE I
PAC  4-(4-Methoxypiperidinosulfonyl) benzene sulfonamide
PAR  To a solution of 25.6 g. (0.1 mole) of 4-sulphamoylbenzene sulphonyl
      chloride in 250 ml. of acetone at room temperature was added portionwise
      38 g. (0.3 mole) of 4-methoxypiperidine.  The temperature rose to
      50.degree.C. After stirring for one hour the solution was poured into 500
      ml. of 1N hydrochloric acid. The product crystallized and the mixture was
      stirred for 30 min., filtered and washed well with water. After air
      drying, a recrystallization from acetone (150 ml.)-hexane (250 ml.)
      yielded 22 g. (69% yield) of product, m.p. 187.5.degree.-189.5.degree.C.
PAR  The aforesaid chloride starting material was prepared by adding to a slurry
      of 172 g. (1 mole) of sulfanilamide in 300 ml. of water at room
      temperature with stirring, 180 ml. (2.1 mole) of concentrated aqueous
      hydrochloric acid. The resulting slurry was chilled to 0.degree.C in an
      acetone-dry ice bath, and then a solution of 72 g. (1.004 moles) of sodium
      nitrite, dissolved in 125 ml. water, was added from a dropping funnel at
      such a rate that the temperature never went above 5.degree.C. The addition
      required about one half hour during which time the solid material
      dissolved to form (A). Liquid SO.sub.2, from an inverted SO.sub.2
      cylinder, was added to 850 ml. of glacial acetic acid, which was cooled in
      ice, until the weight increased by about 250 g. The solution was placed in
      a 4 l. beaker, 68 g. (0.4 mole) of cupric chloride dihydrate in water was
      added, and the mixture cooled to 5.degree.C. The diazonium salt solution
      (A) was then added with stirring, without ice cooling, as rapidly as
      foaming would allow. Stirring was continued for 10 min. after the addition
      was complete. The temperature of the reaction mixture rose to 30.degree.C.
      Two liters of water and ice were added and the mixture stirred. The
      product crystallized and stirring was continued for another 15 minutes.
      The product was filtered and washed well with cold water. After air
      drying, a recrystallization from 350 ml. of ethyl acetate and 700 ml. of
      hexane yielded 69 g. (27% yield) of product, m.p.
      153.degree.-154.5.degree.C.
PAC  EXAMPLES II to XV
PAR  The compounds shown in Table I were prepared by the method of Example I,
      using the appropriate cyclic amine and 4-sulphamoyl-benzene sulphonyl
      chloride as starting materials.
PAR  The compounds of Table I are represented by the formula:
      ##SPC7##
TBL                                    TABLE I                                 

     __________________________________________________________________________

                                     Analysis                                  

     Example                                                                   

            N-hetereocycle    m.p..degree.C.                                   

                                     Theoretical in brackets                   

                                     %C   %H   %N                              

     __________________________________________________________________________

     II                       218-20  46.36                                    

                                          5.73                                 

                                              8.35                             

                                     (46.66                                    

                                          5.59                                 

                                              7.78)                            

     III                      144-5   43.20                                    

                                          5.60                                 

                                              8.47                             

                                     (43.11                                    

                                          5.43                                 

                                              8.38)                            

     IV                       176-79  44.82                                    

                                          5.79                                 

                                              8.04                             

                                     (44.83                                    

                                          5.80                                 

                                              7.79)                            

     V                        177-78  49.13                                    

                                          6.74                                 

                                              7.31                             

                                     (49.22                                    

                                          6.71                                 

                                              7.18)                            

     VI                       217     42.97                                    

                                          4.91                                 

                                              7.72                             

                                     (43.11                                    

                                          4.97                                 

                                              7.73)                            

     VII                      173-74  45.07                                    

                                          5.64                                 

                                              8.73                             

                                     (45.28                                    

                                          5.70                                 

                                              8.80)                            

     VIII                     214-216                                          

                                     46.84                                     

                                          6.01                                 

                                              8.27                             

                                     (47.00                                    

                                          6.07                                 

                                              8.43)                            

     IX                       193     43.16                                    

                                          5.47                                 

                                              8.09                             

                                     (43.11                                    

                                          5.43                                 

                                              8.38)                            

     X                        172-174                                          

                                      40.87                                    

                                          5.10                                 

                                              8.95                             

                                     (41.24                                    

                                          5.04                                 

                                              8.75)                            

     XI                       220-221                                          

                                      43.43                                    

                                          5.26                                 

                                              9.16                             

                                     (43.40                                    

                                          5.30                                 

                                              9.21)                            

     XII                      179-180                                          

                                      41.41                                    

                                          5.15                                 

                                              8.16                             

                                     (41.14                                    

                                          5.18                                 

                                              8.00)                            

     XIII                     192-193                                          

                                      39.47                                    

                                          4.67                                 

                                              9.09                             

                                     (39.22                                    

                                          4.61                                 

                                              9.15)                            

     XIV                      194-195.5                                        

                                      37.81                                    

                                          4.38                                 

                                              8.45                             

                                     (37.27                                    

                                          4.38                                 

                                              8.69)                            

     XV                       228-230                                          

                                      41.00                                    

                                          4.95                                 

                                              8.73                             

                                     (41.25                                    

                                          5.04                                 

                                              8.75)                            

     __________________________________________________________________________

PAC  EXAMPLE XVI
PAC  4-(4-Oxopiperidinosulphonyl)-benzene sulphonamide
PAR  A solution of the product of Example VII (1.2 g.) in 30% aquenous
      dimethylformamide (50 ml.) and concentrated hydrochloric acid (1.5 m.) is
      stirred under reflux for 1 hour. The mixture is evaporated to small volume
      and the resulting precipitate is filtered off and recrystallized from an
      acetone-hexane mixture to give the desired product (.95 g.), m.p.
      194.degree.-195.degree.C.
PAR  Analysis: Found C, 41.64; H, 4.67; N, 8.54%. Calculated for C.sub.11
      H.sub.14 N.sub.2 O.sub.5 S.sub.2 : C, 41.50; H, 4.40; N, 8.80%.
PAR  The activity of compounds of the invention as cerebral vasodilators is
      determined by the following method. Cats are anaesthetised with chloralose
      (80mg/kg, intravenously) after induction with halothane, nitrous
      oxide-oxygen (3:1 v/v). The animals are allowed to breathe normal room air
      and the rate and depth of respiration, heart rate and femoral arterial
      pressure are recorded. Electromagnetic flow probes are placed around the
      ipsilateral vertebral artery. Zero flow is established by momentarily
      occluding the arteries in order to calibrate the flow probes. The test
      compound (dissolved in N/10 sodium hydroxide in isotonic saline with
      warming and mixing and then back titration to pH 10 with dilute
      hydrochloric acid) is given at 10 or 25 mg/kg via a femoral vein and
      readings are taken at intervals for up to 2 hours. Control observations
      after administration of the saline vehicle alone are also made. The
      criterion for selecting the preferred compounds is on the basis of
      increases in ipsilateral vertebral arterial flow at 10 mg/kg which are
      sustained over a period of 30 minutes as shown in Table II. Blood flow is
      assessed by measuring the peak (systolic) pulsative flow and the mean
      pulsatile flow.
PAR  The products of Examples I, IX and XV have been found to give significant
      increases in peak and mean pulsatile flow at 10 mg/kg. Table II
      hereinafter summarizes results obtained with representative cerebral
      vasodilators of the present invention in accordance with this method.
TBL                TABLE II                                                    

     ______________________________________                                    

                    Activity Data.sup.(1)                                      

     Compound of  Dose                                                         

      Example     (mg/kg)    IVF:%    t                                        

     ______________________________________                                    

     I            10         40       30-60                                    

                  25         36       30-60                                    

     III          25         11       5-15                                     

     IX           10         20       5-10                                     

                  25         60       &gt;40                                      

     X            10         16       5-6                                      

                  25         14       10                                       

     XIII         10          6       10                                       

                  25         19       40-50                                    

     XV           10         20       5-10                                     

                  25         80       70-80                                    

     ______________________________________                                    

      .sup.(1) mean maximum increase in blood flow (%) and duration of action i

      minutes (t). IVF ipsilateral vertebral arterial flow.                    

PAC  EXAMPLE XVII
TBL  Tablet formulation                                                        

     ______________________________________                                    

                            mg/tablet                                          

     Active ingredient.sup.(1)                                                 

                            100.0                                              

     glycine                320.7                                              

     PEG 6000.sup.(2)       40.0                                               

     Myrj 52                20.0                                               

     magnesium stearate     4.9                                                

     gelatin                2.4                                                

                            488.0                                              

     ______________________________________                                    

      .sup.(1) mean particle diameter (from surface area/g) less than 16       

      microns.                                                                 

      .sup.(2) polyoxyethylene glycol of mean molecular weight 6000.           

      .sup.(3) a foodstuffs quality surfactant: polyoxyethylene stearate.      

PAR  The active compound and glycine are granulated with an aqueous solution of
      the PEG 6000, Myrj 52 and gelatin, prior to adding the magnesium stearate
      and tableting in the usual way.
PAC  EXAMPLE XVIII
TBL  Capsule formulation                                                       

     ______________________________________                                    

                            mg/capsule                                         

     Active ingredient.sup.(1)                                                 

                            100.0                                              

     PEG 6000.sup.(2)       280.0                                              

     Myrj 52                20.0                                               

                            400.0                                              

     ______________________________________                                    

      .sup.(1) mean particle diameter less than 3 microns.                     

      .sup.(2) and .sup.(3) as in Example XVII.                                

PAR  The active compound is ball-milled in water to achieve the small particle
      size, mixed with the PEG 6000 and Myrj 52 as a paste and then dried at
      40.degree.C. to form a powder which is then filled into capsules in the
      usual way.
PAC  EXAMPLE XIX
TBL  Parenteral formulation                                                    

     ______________________________________                                    

                              mg/ml                                            

     Active ingredient        7.5                                              

     sodium chloride          7.9                                              

     sodium hydroxide                                                          

                  (sufficient in pH adjustment)                                

     water        (sufficient to make up volume)                               

     ______________________________________                                    

PAR  The active ingredient and sodium chloride are dissolved in sterile,
      pyrogen-free and carbon dioxide-free water under hydroxide and the volume
      made up with similar water. The solution is then filled into 5 or 10 ml.
      ampoules through a filter and autoclaved at 115.degree.C. for 30 minutes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for increasing cerebral blood flow in a subject which
      comprises administering to said subject a cerebral blood flow increasing
      amount of a compound selected from the group consisting of
      ##SPC8##
PAL  and their salts with pharmaceutically acceptable cations wherein n and m
      are each two or three; Y is methylene or a single bond; R.sup.4 and
      R.sup.5, when taken separately, are each hydrogen, hydroxy or alkoxy
      having 1 to 5 carbon atoms and R.sup.4 and R.sup.5, when taken together,
      are oxo, any oxygen atom in R.sup.4 and R.sup.5, when taken separately,
      and the oxygen atom in R.sup.4 and R.sup.5, when taken together, being
      separated from the nitrogen atom of the heterocyclic ring by two or more
      carbon atoms.
NUM  2.
PAR  2. The process of claim 1 wherein Y is methylene.
NUM  3.
PAR  3. The process of claim 2 wherein R.sup.4 and R.sup.5 together represent an
      oxo group attached to said methylene group.
NUM  4.
PAR  4. The process of claim 3 wherein m and n are each 2.
NUM  5.
PAR  5. The process of claim 1 wherein R.sup.4 is alkoxy having 1 to 5 carbon
      atoms and R.sup.5 is hydrogen.
NUM  6.
PAR  6. The process of claim 5 wherein m and n are each 2.
NUM  7.
PAR  7. The process of claim 1 wherein m and n are each 2, Y is methylene,
      R.sup.4 is 4-methoxy and R.sup.5 is hydrogen.
NUM  8.
PAR  8. The process of claim 1 wherein m and n are each 2, Y is methylene,
      R.sup.4 is 4-hydroxy and R.sup.5 is hydrogen.
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PAL  Compounds of the formulae:
      ##SPC1##
PAL  And the salts thereof with pharmaceutically acceptable cations wherein n
      and m are each two or three; X is oxygen or sulphur; R.sup.2 and R.sup.3,
      when taken separately, are each hydrogen or alkyl having 1 to 4 carbon
      atoms; R.sup.2 and R.sup.3, when taken together, are alkylene having 2 to
      4 carbon atoms; Y is methylene or a single bond; R.sup.4 and R.sup.5, when
      taken separately, are each hydrogen, hydroxy or alkoxy having 1 to 5
      carbon atoms, and R.sup.4 and R.sup.5, when taken together, are oxo or
      alkylene dioxy having 2 to 4 carbon atoms, each oxygen atom in R.sup.4 and
      R.sup.5, when taken separately, and in R.sup.4 and R.sup.5, when taken
      together, being separated from the nitrogen atom of the heterocyclic ring
      by two or more carbon atoms, said compounds being cerebral vasodilators.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 386,853 filed Aug.
      9, 1973 now U.S. Pat. No. 3,867,391.
BSUM
PAR  This invention relates to cyclic N-substituted derivatives of 1,4-benzene
      disulphonamide which have cerebral vasodilator activity and are therefore
      useful for treating conditions attributable to a restriction of blood flow
      to the brain. Such conditions include atherosclerosis, occlusion of blood
      vessels in the brain, stroke and other cerebrovascular diseases.
      Particularly useful compounds according to this aspect of the invention
      are those which have a selective effect on the cerebral vasculature, with
      a comparatively small effect on blood vessels in other tissues such as
      peripheral tissue and the kidneys, and so do not cause a serious fall in
      blood pressure or increase in diuresis.
PAR  The aforesaid derivatives include compounds of the formula
      ##SPC2##
PAL  And the salts thereof with pharmaceutically acceptable cations wherein n
      and m are each two or three; X is oxygen or sulphur; R.sup.2 and R.sup.3,
      when taken separately, are each hydrogen or alkyl having 1 to 4 carbon
      atoms; R.sup.2 and R.sup.3, when taken together, are alkylene having 2 to
      4 carbon atoms; Y is methylene or a single bond, R.sup.4 and R.sup.5, when
      taken separately, are each hydrogen, hydroxy or alkoxy having 1 to 5
      carbon atoms and R.sup.4 and R.sup.5, when taken together, are oxo or
      alkylene dioxy having 2 to 4 carbon atoms, each oxygen atom in R.sup.4 and
      R.sup.5, when taken separately, and in R.sup.4 and R.sup.5, when taken
      together, being separated from the nitrogen atom of the heterocyclic ring
      by two or more carbon atoms.
PAR  Certain of the aforesaid compounds are old in the art as shown in U.S. Pat.
      No. 3,165,550. Those of the aforesaid compounds of the present invention
      which are unobvious include compounds of formula (I) and formula (II) and
      the salts thereof with pharmaceutically acceptable cations wherein n and M
      are each 2 or 3; X is oxygen or sulphur; R.sup.2 and R.sup.3, when taken
      separately, are each alkyl having 1 to 4 carbon atoms; R.sup.2 and
      R.sup.3, when taken together, are alkylene having 2 to 4 carbon atoms; Y
      is methylene or a single bond; R.sup.4, when taken separately, is hydroxy
      or alkoxy having 1 to 5 carbon atoms; R.sup.5, when taken separately, is
      hydrogen, hydroxy or alkoxy having 1 to 5 carbon atoms and R.sup.4 and
      R.sup.5, when taken together, are oxo or alkylene dioxy having 2 to 4
      carbon atoms, each oxygen atom in R.sup.4 and R.sup.5, when taken
      separately, and in R.sup.4 and R.sup.5, when taken together, being
      separated from the nitrogen atom of the heterocyclic ring by two or more
      carbon atoms.
PAR  Preferred compounds of the invention having cerebral vasodilator activity
      are those of formula (I) in which X is an oxygen atom. Another preferred
      group are those compounds of
PAR  Formula (II) in which Y is a methylene group and R.sup.4 and R.sup.5
      together represent an oxo group or an alkylene dioxy group having 1 to 4
      carbon atoms, each of these being attached to the methylene group, i.e. to
      Y. Another preferred group of compounds are those of formula (II) wherein
      Y is methylene, R.sup.5 is hydroxy or alkoxy having 1 to 5 carbon atoms
      and R.sup.4 is hydrogen. Of those preferred compounds of formula (I) in
      which X is an oxygen atom, particularly preferred are those in which
      R.sup.2 and R.sup.3 are each alkyl having 1 to 4 carbon atoms. Of those
      preferred compounds in which Y is a methylene group, particularly
      preferred are those in which n and m are each 2, i.e., the heterocyclic
      ring is a 4-methoxypiperidene ring; a 4-hydroxypiperidene ring; a
      4-piperidone ring or a dialkyl or alkylene ketal thereof.
PAR  The compounds of this invention, other than those in which R.sup.4 and
      R.sup.5 together are an oxo group, may be prepared from
      4-sulphamoyl-benzene sulphonyl chlorides of the formula:
      ##SPC3##
PAL  by reaction with a cyclic amine of the formula:
      ##EQU1##
      or with a cyclic amine of the formula:
      ##EQU2##
      in a suitable solvent, e.g., acetone or dichloromethane. Preferably, the
      reaction is carried out in the presence of an excess of the amine reactant
      or in the presense of an equivalent amount of an organiz tertiary amine to
      remove the hydrochloric acid formed in the reaction. The reaction is
      completed in from 1 to 24 hours at 20.degree.C. or may be carried out at
      elevated temperatures, i.e., 30.degree. to 100.degree.C. for periods of
      from 1 to 8 hours. The product may be isolated by simply adding the
      reaction mixture to normal aqueous hydrochloric acid solution, filtering,
      washing and recrystallizing from a suitable solvent.
PAR  The compounds of this invention may also be prepared from 4-nitrobenzene
      sulphonyl chloride by reaction first with the cyclic amine of formula (IV)
      or (V) to form a compound of the formula:
      ##SPC4##
PAL  wherein R.sup.4 and R.sup.5, together, are not an oxo group, and the
      compound of formula (VI) or (VII) is then reduced to the corresponding
      amino compound and the latter converted to the corresponding sulphamoyl
      compound by diazotization, treatment with sulphur dioxide in the presence
      of a cupric salt and then with ammonia.
PAR  Finally compounds in which R.sup.4 and R.sup.5 together are an oxo group
      are prepared from the corresponding dialkyl or alkylene ketals, i.e.,
      compounds of formula (II) in which R.sup.4 and R.sup.5 are two alkoxy
      groups or an alkylene dioxy group attached to a single carbon atom, by
      methods well known in the art, e.g., by treatment with concentrated
      hydrochloric acid in aqueous dimethylformamide.
PAR  The salts of the present invention include those based on any
      pharmaceutically acceptable cation. The preferred pharmaceutically
      acceptable cations are those of the alkali metals, particularly sodium and
      potassium. Said salts are easily obtained in accordance with conventional
      methods. For example, the selected compound of formula (I) or formula (II)
      is dissolved in an aqueous or alcoholic solution of an alkali metal
      hydroxide such as sodium or potassium hydroxide and the resulting solution
      is simply concentrated.
PAR  In accordance with the treatment method of the present invention, the
      herein described compounds can be administered to an affected subject via
      the oral or parenteral route. Generally, there is a significant effect in
      increasing cerebral blood flow in cats, dogs and baboons at dose levels of
      from 2.5 to 25 mg/kg intravenously or from 10 to 50 mg/kg orally when
      administered three times a day, the effect being cumulative. Although the
      physician will determine the precise dosage for a human patient, it
      generally will range from 0.5 to 100 mg/kg for intravenous administration
      and from 2 to 200 mg/kg for oral administration, each dosage form being
      administered four times a day.
PAR  The compounds of the invention may be administered alone, but will
      generally be administered in admixture with a pharmaceutical carrier
      selected with regard to the intended route of administration and standard
      pharmaceutical practice.
PAR  For administration orally in the form of tablets or capsules, it has been
      found advantageous to dissolve or disperse the compound in finely divided
      form (e.g. 30 microns or less in dimensions) in a matrix of a high
      molecular weight solid polyethylene glycol, e.g. a polyethylene glycol of
      average molecular weight 6,000 to 7,500 such as "Carbowax" 6,000. A
      non-ionic wetting agent as dispersion aid, e.g. a polyoxyethylene
      mono-stearate of average molecular weight about 1,000 such as "Myrj" 52,
      is preferably also included. For this type of formulation, the compound
      together with the dispersion aid may be dissolved in the molten
      polyethylene glycol and cooled, or alternatively may be mixed as an
      aqueous dispersion with the polyethylene glycol to form a paste and dried,
      and then, together with other excipients if desired, either granulated
      prior to compression into tablets or filled directly into capsules, by
      techniques well known in the art.
PAR  Alternatively, tablets may be formed in which a major part of the excipient
      is composed of a material which, when compressed, has a slower rate of
      dissolution than that normally achieved by standard tableting practice.
      Such materials include sugars and edible aminoacids such as glycine. The
      compound (in finely divided form) is preferably first mixed with the said
      material and then granulated with a comparatively small amount of the high
      molecular weight polyethylene glycol and a dispersion aid, before forming
      into tablets in the usual way.
PAR  For parenteral administration, the compounds, being acidic, are best used
      in the form of sterile aqueous solutions of their alkali metal (e.g.
      sodium) salts and such solutions may contain other solutes (e.g. sodium
      chloride) to ensure the stability of the solutions and their compatibility
      with body fluids, e.g. blood, when the compound is to be administered
      intravenously, intramuscularly or subcutaneously. The alkali metal salt
      solution may conveniently be formed by dissolving the compound (and any
      other solute required) in the sterile water and adjusting the pH to a
      value in the range from 10.5 to 12.0 with the appropriate alkali metal
      hydroxide.
DETD
PAR  The following examples illustrate preparation of the cerebral vasodilators
      of this invention.
PAC  EXAMPLE I
PAC  4-(4-Methoxypiperidinosulfonyl) benzene sulfonamide
PAR  To a solution of 25.6 g. (0.1 mole) of 4-sulphamoylbenzene sulphonyl
      chloride in 250 ml. of acetone at room temperature was added portionwise
      38 g. (0.3 mole) of 4-methoxypiperidine. The temperature rose to
      50.degree.C. After stirring for 1 hour the solution was poured into 500
      ml. of 1N hydrochloric acid. The product crystallized and the mixture was
      stirred for 30 min., filtered and washed well with water. After air
      drying, a recrystallization from acetone (150 ml.)-hexane (250 ml.)
      yielded 22 g. (69% yield) of product, m.p. 187.5.degree.-189.5.degree.C.
PAR  The aforesaid chloride starting material was prepared by adding to a slurry
      of 172 g. (1 mole) of sulfanilamide in 300 ml. of water at room
      temperature with stirring, 180 ml. (2.1 mole) of concentrated aqueous
      hydrochloric acid. The resulting slurry was chilled to 0.degree.C in an
      acetone-dry ice bath, and then a solution of 72 g. (1.004 moles) of sodium
      nitrite, dissolved in 125 ml. water, was added from a dropping funnel at
      such a rate that the temperature never went above 5.degree.C. The addition
      required about one half hour during which time the solid material
      dissolved to form (A). Liquid SO.sub.2, from an inverted SO.sub.2
      cylinder, was added to 850 ml. of glacial acetic acid, which was cooled in
      ice, until the weight increased by about 250 g. The solution was placed in
      a 4 l. beaker, 68 g. (0.4 mole) of cupric chloride dihydrate in water was
      added, and the mixture cooled to 5.degree.C. The diazonium salt solution
      (A) was then added with stirring, without ice cooling, as rapidly as
      foaming would allow. Stirring was continued for 10 min. after the addition
      was complete. The temperature of the reaction mixture rose to 30.degree.C.
      Two liters of water and ice were added and the mixture stirred. The
      product crystallized and stirring was continued for another 15 minutes.
      The product was filtered and washed well with cold water. After air
      drying, a recrystallization from 350 ml. of ethyl acetate and 700 ml. of
      hexane yielded 69 g. (27% yield) of product, m.p.
      153.degree.-154.5.degree.C.
PAC  EXAMPLES II TO XV
PAR  The compounds shown in Table I were prepared by the method of Example I,
      using the appropriate cyclic amine and 4-sulphamoyl-benzene sulphonyl
      chloride as starting materials.
PAR  The compounds of Table I are represented by the formula:
      ##SPC5##
      ##EQU3##
PAC  EXAMPLE XVI
PAC  4-(4-Oxopiperidinosulphonyl)-benzene sulphonamide
PAR  A solution of the product of Example VII (1.2 g.) in 30% aquenous
      dimethylformamide (50 ml.) and concentrated hydrochloric acid (1.5 m.) is
      stirred under reflux for 1 hour. The mixture is evaporated to small volume
      and the resulting precipitate is filtered off and recrystallized from an
      acetone-hexane mixture to give the desired product (0.95 g.), m.p.
      194.degree.-195.degree.C.
PAL  Analysis:
PAL  Found C, 41.64; H, 4.67; N, 8.54%.
PAL  Calculated for C.sub.11 H.sub.14 N.sub.2 O.sub.5 S.sub.2 : C, 41.50; H,
      4.40; N, 8.80%.
PAR  The activity of compounds of the invention as cerebral vasodilators is
      determined by the following method. Cats are anaesthetised with chloralose
      (80mg/kg, intravenously) after induction with halothane, nitrous
      oxide-oxygen (3:1 v/v). The animals are allowed to breathe normal room air
      and the rate and depth of respiration, heart rate and femoral arterial
      pressure are recorded. Electromagnetic flow probes are placed around the
      ipsilateral vertebral artery. Zero flow is established by momentarily
      occluding the arteries in order to calibrate the flow probes. The test
      compound (dissolved in N/10 sodium hydroxide in isotonic saline with
      warming and mixing and then back titration to pH 10 with dilute
      hydrochloric acid) is given at 10 or 25 mg/kg via a femoral vein and
      readings are taken at intervals for up to 2 hours. Control observations
      after administration of the saline vehicle alone are also made. The
      criterion for selecting the preferred compounds is on the basis of
      increases in ipsilateral vertebral arterial flow at 10 mg/kg which are
      sustained over a period of 30 minutes as shown in Table II. Blood flow is
      assessed by measuring the peak (systolic) pulsative flow and the mean
      pulsatile flow.
PAR  The products of Examples I, IX and XV have been found to give significant
      increases in peak and mean pulsatile flow at 10 mg/kg. Table II
      hereinafter summarizes results obtained with representative cerebral
      vasodilators of the present invention in accordance with this method.
TBL                TABLE II                                                    

     ______________________________________                                    

                Activity Data.sup.(1)                                          

     Compound of  Dose                                                         

     Example      (mg/kg)     IVF:%       t                                    

     ______________________________________                                    

     I            10          40          30-60                                

                  25          36          30-60                                

     III          25          11           5-15                                

     IX           10          20           5-10                                

                  25          60           &gt;40                                 

     X            10          16          5-6                                  

                  25          14           10                                  

     XIII         10           6           10                                  

                  25          19          40-50                                

     XV           10          20           5-10                                

                  25          80          70-80                                

     ______________________________________                                    

      .sup.(1) mean maximum increase in blood flow (%) and duration of action i

      minutes (t). IVF ipsilateral vertebral arterial flow.                    

TBL  ______________________________________                                    

     EXAMPLE XVII                                                              

     Tablet formulation                                                        

                           mg/tablet                                           

     ______________________________________                                    

     Active ingredient .sup.(1)                                                

                             100.0                                             

     glycine                 320.7                                             

     PEG 6000 .sup.(2)       40.0                                              

     Myrj 52                 20.0                                              

     magnesium stearate      4.9                                               

     gelatin                 2.4                                               

                             488.0                                             

     ______________________________________                                    

      .sup.(1) mean particle diameter (from surface area/g) less than 16       

      microns.                                                                 

      .sup.(2) polyoxyethylene glycol of mean molecular weight 6000.           

      .sup.(3) a foodstuffs quality surfactant: polyoxyethylene stearate.      

PAR  The active compound and glycine are granulated with an aqueous solution of
      the PEG 6000, Myrj 52 and gelatin, prior to adding the magnesium stearate
      and tableting in the usual way.
TBL  ______________________________________                                    

     EXAMPLE XVIII                                                             

     Capsule formulation                                                       

                           mg/capsule                                          

     ______________________________________                                    

     Active ingredient .sup.(1)                                                

                             100.0                                             

     PEG 6000 .sup.(2)       280.0                                             

     Myrj 52                 20.0                                              

                             400.0                                             

     ______________________________________                                    

      .sup.(1) mean particle diameter less than 3 microns.                     

      .sup..sup.(3) and (3) as in Example XVII.                                

PAR  The active compound is ball-milled in water to achieve the small particle
      size, mixed with the PEG 6000 and Myrj 52 as a paste and then dried at
      40.degree.C. to form a powder which is then filled into capsules in the
      usual way.
TBL  ______________________________________                                    

     EXAMPLE XIX                                                               

     Parenteral formulation                                                    

                    mg/ml                                                      

     ______________________________________                                    

     Active ingredient                                                         

                      7.5                                                      

     sodium chloride  7.9                                                      

     sodium hydroxide (sufficient in pH adjustment)                            

     water            (sufficient to make up volume)                           

     ______________________________________                                    

PAR  The active ingredients and sodium chloride are dissolved in sterile,
      pyrogen-free and carbon dioxide-free water under hydroxide and the volume
      made up with similar water. The solution is then filled into 5 or 10 ml.
      ampoules through a filter and autoclaved at 115.degree.C. for 30 minutes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for increasing cerebral blood flow in a subject which
      comprises administering to said subject a cerebral blood flow increasing
      amount of a compound selected from the group consisting of
      ##SPC6##
PAL  and their salts with pharmaceutically acceptable cations wherein n and m
      are each two or three; Y is methylene or a single bond and R.sup.4 and
      R.sup.5, taken together, are alkylene dioxy having 2 to 4 carbon atoms,
      each oxygen atom in said alkylene dioxy being separated from the nitrogen
      atom of the heterocyclic ring by two or more carbon atoms.
NUM  2.
PAR  2. The process of claim 1 wherein Y is methylene.
NUM  3.
PAR  3. The process of claim 2 wherein m and n are each 2.
NUM  4.
PAR  4. The process of claim 3 wherein said alkylene dioxy is ethylene dioxy.
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PAL  Compounds of the formulae:
      ##SPC1##
PAL  And the salts thereof with pharmaceutically acceptable cations wherein
      R.sup.1 is 3-trifluoromethyl, chloro, bromo or fluoro; n and m are each
      two or three; X is oxygen or sulphur; R.sup.2 and R.sup.3, when taken
      separately, are each hydrogen or alkyl having 1 to 4 carbon atoms; R.sup.2
      and R.sup.3, when taken together, are alkylene having 2 to 4 carbon atoms;
      Y is methylene or a single bond; R.sup.4 and R.sup.5, when taken
      separately, are each hydrogen, hydroxy or alkoxy having 1 to 4 carbon
      atoms, and R.sup.4 and R.sup.5, when taken together, are oxo or alkylene
      dioxy having 2 to 4 carbon atoms, each oxygen atom in R.sup.4 and R.sup.5,
      when taken separately, and in R.sup.4 and R.sup.5, when taken together,
      being separated from the nitrogen atom of the heterocyclic ring by two or
      more carbon atoms, said compounds being cerebral vasodilators.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 386,854 filed Aug.
      9, 1973 now U.S. Pat. No. 3,867,390.
BSUM
PAR  This invention relates to cyclic N-substituted derivatives of 1,4-benzene
      disulphonamide which have cerebral vasodilator activity and are therefore
      useful for treating conditions attributable to a restriction of blood flow
      to the brain. Such conditions include atherosclerosis, occulsion of blood
      vessels in the brain, stroke and other cerebrovascular diseases.
      Particularly useful compounds according to this aspect of the invention
      are those which have a selective effect on the cerebral vasculature, with
      a comparatively small effect on blood vessels in other tissues such as
      peripheral tissue and the kidneys, and so do not cause a serious fall in
      blood pressure or increase in diuresis.
PAR  The aforesaid derivatives include compounds of the formula
      ##SPC2##
PAL  And the salts thereof with pharmaceutically acceptable cations wherein
      R.sup.1 is 3-trifluoromethyl, chloro, bromo or fluoro; n and m are each
      two or three; X is oxygen or sulphur; R.sup.2 and R.sup.3, when taken
      separately, are each hydrogen or alkyl having 1 to 4 carbon atoms; R.sup.2
      and R.sup.3, when taken together, are alkylene having 2 to 4 carbon atoms;
      Y is methylene or a single bond; R.sup.4 and R.sup.5, when taken
      separately, are each hydrogen, hydroxy or alkoxy having 1 to 4 carbon
      atoms and R.sup.4 and R.sup.5, when taken together, are oxo or alkylene
      dioxy having 2 to 4 carbon atoms, each oxygen atom in R.sup.4 and R.sup.5,
      when taken separately, and in R.sup.4 and R.sup.5, when taken together,
      being separated from the nitrogen atom of the heterocyclic ring by two or
      more carbon atoms.
PAR  Certain of the aforesaid compounds are old in the art as shown in U.S. Pat.
      No. 3,165,550. Those of the aforesaid compounds of the present invention
      which are unobvious include compounds of formula (I) and formula (II) and
      the salts thereof with pharmaceutically acceptable cations wherein R.sup.1
      is 3-trifluoromethyl, chloro, bromo or fluoro; n and m are each 2 or 3; X
      is oxygen; R.sup.2 and R.sup.3, when taken separately, are each alkyl
      having 1 to 4 carbon atoms; R.sup.2 and R.sup.3, when taken together, are
      alkylene having 2 to 4 carbon atoms; Y is methylene; R.sup.4, when taken
      separately, is hydroxy or alkoxy having 1 to 4 carbon atoms; R.sup.5, when
      taken separately, is hydrogen, hydroxy or alkoxy having 1 to 4 carbon
      atoms and R.sup.4 and R.sup.5, when taken together, are oxo or alkylene
      dioxy having 2 to 4 carbon atoms, each oxygen atom in R.sup.4 and R.sup.5
      , when taken separately, and in R.sup.4 and R.sup.5, when taken together,
      being separated from the nitrogen atom of the heterocyclic ring by two or
      more carbon atoms.
PAR  Preferred compounds of the invention having cerebral vasodilator activity
      are those of formula (I) in which X is an oxygen atom. Another preferred
      group are those compounds of formula (II) in which Y is a methylene group
      and R.sup.4 and R.sup.5 together represent an oxo group or an alkylene
      dioxy group having 1 to 4 carbon atoms, each of these being attached to
      the methylene group, i.e., to Y. Another preferred group of compounds are
      those of formula (II) wherein Y is methylene, R.sup.4 is hydroxy or alkoxy
      having 1 to 4 carbon atoms and R.sup.5 is hydrogen. Of those preferred
      compounds of formula (I) in which X is an oxygen atom, particularly
      preferred are those in which R.sup.2 and R.sup.3 are each alkyl having 1
      to 4 carbon atoms. Of those preferred compounds in which Y is a methylene
      group or an oxygen atom, particularly preferred are those in which n and m
      are each 2, i.e., the heterocyclic ring is a 4-piperidone ring or a
      dialkyl or alkylene ketal thereof, or a morpholine ring.
PAR  Also particularly preferred for their cerebral vasodilator activity are
      compounds of the invention having one or more of the preferred structural
      characteristics just mentioned wherein R.sup.1 is 2-chloro, 2-bromo or
      3-trifluoromethyl.
PAR  The compounds of this invention, other than those in which R.sup.4 and
      R.sup.5 together are an oxo group, may be prepared from
      4-sulphamoyl-benzene sulphonyl chlorides of the formula:
      ##SPC3##
PAL  by reaction with a cyclic amine of the formula:
      ##SPC4##
PAL  or with a cyclic amine of the formula:
      ##SPC5##
PAL  in a suitable solvent, e.g., acetone or dichloromethane. Preferably, the
      reaction is carried out in the presence of an excess of the amine reactant
      or in the presence of an equivalent amount of an organic tertiary amine to
      remove the hydrochloric acid formed in the reaction. The reaction is
      completed in from 1 to 24 hours at 20.degree.C. or may be carrried out at
      elevated temperatures, i.e., 30.degree. to 100.degree.C. for periods of
      from 1 to 8 hours. The product may be isolated by simply adding the
      reaction mixture to normal aqueous hydrochloric acid solution, filtering,
      washing and recrystallizing from a suitable solvent.
PAR  Compounds of the invention in which R.sup.1 consists of chloro, bromo,
      fluoro or trifluoromethyl, in positions meta to the unsubstituted
      sulphamoyl group, may also be prepared from the appropriately substituted
      4-nitrobenzene sulphonyl chloride by reaction first with the cyclic amine
      of formula (IV) or (V) to form a compound of the formula:
      ##SPC6##
PAL  wherein R.sup.1 is a chlorine, bromine or fluorine atom or a
      trifluoromethyl group and R.sup.4 and R.sup.5, together, are not an oxo
      group, and the compound of formula (VIII) or (IX) is then reduced to the
      corresponding amino compound and the latter is converted to the
      corresponding sulphamoyl compound by diazotization, treatment with sulphur
      dioxide in the presence of a cupric salt and then with ammonia.
PAR  Finally compounds in which R.sup.4 and R.sup.5 together are an oxo group
      are prepared from the corresponding dialkyl or alkylene ketals, i.e.,
      compounds of formula (II) in which R.sup.4 and R.sup.5 are two alkoxy
      groups or an alkylene dioxy group attached to a single carbon atom, by
      methods well known in the art, e.g., by treatment with concentrated
      hydrochloric acid in aqueous dimethylformamide.
PAR  The salts of the present invention include those based on any
      pharmaceutically acceptable cation. The preferred pharmaceutically
      acceptable cations are those of the alkali metals, particularly sodium and
      potassium. Said salts are easily obtained in accordance with conventional
      methods. For example, the selected compound of formula (I) or formula (II)
      is dissolved in an aqueous or alcoholic solution of an alkali metal
      hydroxide such as sodium or potassium hydroxide and the resulting solution
      is simply concentrated.
PAR  In accordance with the treatment method of the present invention, the
      herein described compounds can be administered to an effected subject via
      the oral or parenteral route. Generally, there is a significant effect in
      increasing cerebral blood flow in cats, dogs and baboons at dose levels of
      from 2.5 to 25 mg/kg intravenously or from 10 to 50 mg/kg orally when
      administered three times a day, the effect being cumulative. Although the
      physician will determine the precise dosage for a human patient, it
      generally will range from 0.5 to 100 mg/kg for intravenous administration
      and from 2 to 200 mg/kg for oral administration, each dosage form being
      administered four times a day.
PAR  The compounds of the invention may be administered alone, but will
      generally be administered in admixture with a pharmaceuctical carrier
      selected with regard to the intended route of administration and standard
      pharmaceutical practice.
PAR  For administration orally in the form of tablets or capsules, it has been
      found advantageous to dissolve or disperse the compound in finely divided
      form (e.g. 30 microns or less in dimensions) in a matrix of a high
      molecular weight solid polyethylene glycol, e.g. a polyethylene glycol of
      average molecular weight 6,000 to 7,500 such as "Carbowax" 6,000. A
      non-ionic wetting agent as dispersion aid, e.g. a polyoxyethylene
      mono-stearate of average molecular weight about 1,000 such as "Myrj" 52,
      is preferably also included. For this type of formulation, the compound
      together with the dispersion aid may be dissolved in the molten
      polyethylene glycol and cooled, or alternatively may be mixed as an
      aqueous dispersion with the polyethylene glycol to form a paste and dried,
      and then, together with other excipients if desired, either granulated
      prior to compression into tablets or filled directly into capsules, by
      techniques well known in the art.
PAR  Alternatively, tablets may be formed in which a major part of the excipient
      is composed of a material which, when compressed, has a slower rate of
      dissolution that that normally achieved by standard tableting practice.
      Such materials include sugars and edible aminoacids such as glycine. The
      compound (in finely divided form) is preferably first mixed with the said
      material and then granulated with a comparatively small amount of the high
      molecular weight polyethylene glycol and a dispersion aid, before forming
      into tablets in the usual way.
PAR  For parenteral administration, the compounds, being acidic, are best used
      in the form of sterile aqueous solutions of their alkali metal (e.g.
      sodium) salts and such solutions may contain other solutes (e.g. sodium
      chloride) to ensure the stability of the solutions and their compatibility
      with body fluids, e.g. blood, when the compound is to be administered
      intravenously, intramuscularly or subcutaneously. The alkali metal salt
      solution may conveniently be formed by dissolving the compound (and any
      other solute required) in the sterile water and adjusting the pH to a
      value in the range from 10.5 to 12.0 with the appropriate alkali metal
      hydroxide.
PAR  The following examples illustrate preparation of the cerebral vasodilators
      of this invention.
DETD
PAC  EXAMPLE I
PAC  2-Chloro-4-(4-methoxypiperidinosulphonyl)benzene sulphonamide
PAR  Triethylamine (4.2 ml) and 4-methoxypiperidine (3.15 g) were added to a
      solution of 3-chloro-4-sulphamoyl-benzene sulphonyl chloride (8.7 g) in
      acetone (100 ml). The mixture was stirred at room temperature for 1 hour
      and then poured into 50 ml of N-hydrochloric acid. The resulting product
      was removed by filtration, washed with water and recrystallized from
      isopropanol to give the desired compound (8.4 g), m.p.
      165.degree.-167.degree.C.
TBL  __________________________________________________________________________

     Analysis:                                                                 

     Found:           C, 39.16;                                                

                             H, 4.91;                                          

                                   N, 7.53%                                    

     Calculated for C.sub.12 H.sub.17 ClN.sub.2 O.sub.5 S.sub.2 :              

                      C, 39.06;                                                

                             H, 4.64;                                          

                                   N, 7.59%                                    

     __________________________________________________________________________

PAC  EXAMPLES II to XXII
PAR  The compounds shown in Table I were prepared by the method of Example I,
      using the appropriate cyclic amine and substituted 4-sulphamoyl-benzene
      sulphonyl chloride as starting material. The R.sup.1 -substituted
      4-sulphamoyl-benzene sulphonyl chloride starting materials for these
      Examples, as well as for Example I, are either known compounds, disclosed
      in U.S. Pat. No. 3,165,550, or are readily prepared by the methods
      described therein, from the corresponding R.sup.1 -substituted
      4-aminobenzene sulphonamides.
PAR  The compounds of Table I are represented by the formula:
      ##SPC7##
TBL                                    TABLE I                                 

     __________________________________________________________________________

                                Analysis %                                     

                                (theoretical in brackets)                      

     Example                                                                   

          R.sup.1                                                              

              N-heterocycle                                                    

                          m.p..degree. C.                                      

                                C     H   N                                    

     __________________________________________________________________________

     II   3-Cl            122-123                                              

                                39.08 4.81                                     

                                          7.96                                 

                                (39.06                                         

                                      4.64                                     

                                          7.59)                                

     III  2-Cl            230-234                                              

                                37.50 4.26                                     

                                          8.12                                 

                                (37.23                                         

                                      4.26                                     

                                          7.90)                                

     IV   2-Cl            175-177                                              

                                40.93 5.09                                     

                                          7.84                                 

                                (40.84                                         

                                      4.86                                     

                                          7.94)                                

     V    2-Cl            187-188                                              

                                35.48 3.84                                     

                                          8.58                                 

                                (35.25                                         

                                      3.82                                     

                                          8.22)                                

     VI   2-Cl            151-152                                              

                                39.19 4.76                                     

                                          7.84                                 

                                (39.06                                         

                                      4.64                                     

                                          7.59)                                

     VIII 2-Cl            198-199                                              

                                38.95 4.62                                     

                                          7.96                                 

                                (39.09                                         

                                      4.64                                     

                                          7.59)                                

     IX   3-Cl            95-98 34.97 4.15                                     

                                          8.38                                 

                                (35.25                                         

                                      3.82                                     

                                          8.22)                                

     X    2-F             199-200                                              

                                41.00 4.87                                     

                                          7.80                                 

                                (40.90                                         

                                      4.86                                     

                                          7.95)                                

     XI   2-Cl            172   39.52 4.31                                     

                                          7.15                                 

                                (39.34                                         

                                      4.31                                     

                                          7.06)                                

     XIII 2-Cl            130-132                                              

                                37.42 4.43                                     

                                          8.33                                 

                                (37.23                                         

                                      4.26                                     

                                          7.90)                                

     XIV  2-F             176-178                                              

                                41.02 4.93                                     

                                          7.95                                 

                                (40.89                                         

                                      4.86                                     

                                          7.95)                                

     XV   2-Cl            193-195                                              

                                39.4  4.3 8.8                                  

                                (40.0 4.45                                     

                                          8.3)                                 

     XVI  2-Br            161-163                                              

                                34.86 4.14                                     

                                          6.71                                 

                                (34.93                                         

                                      4.15                                     

                                          6.79)                                

     XVII 2-Cl            179-180                                              

                                33.74 3.73                                     

                                          7.54                                 

                                (33.67                                         

                                      3.64                                     

                                          7.85)                                

     XVIII                                                                     

          2-Cl            159-162                                              

                                37.58 4.31                                     

                                          7.82                                 

                                (37.23                                         

                                      4.26                                     

                                          7.89)                                

     XIX  2-Cl            169-173                                              

                                39.37 4.69                                     

                                          7.40                                 

                                (39.07                                         

                                      4.65                                     

                                          7.59)                                

     XX   2-Cl            123-125                                              

                                42.78 5.51                                     

                                          6.85                                 

                                (42.36                                         

                                      5.33                                     

                                          7.06)                                

     XXI  2-Cl            176-178                                              

                                39.09 4.14                                     

                                          7.71                                 

                                (39.29                                         

                                      4.09                                     

                                          7.64)                                

     XXII 2-Br            200-202                                              

                                34.91 4.10                                     

                                          7.07                                 

                                (34.94                                         

                                      4.15                                     

                                          6.79)                                

     XII  2-Cl            198-200                                              

                                43.01 5.24                                     

                                          7.34                                 

                                (42.58                                         

                                      4.85                                     

                                          7.10)                                

     VII  2-Br            215-216                                              

                                38.35 4.36                                     

                                          6.32                                 

                                (38.26                                         

                                      4.36                                     

                                          6.38)                                

     __________________________________________________________________________

PAC  EXAMPLE XXIII
PAC  2-Chloro-4-(4-oxopiperdinosulphonyl)-benzene sulphonamide
PAR  A solution of the product of Example XI (1.2 g) in 30% aqueous
      dimethylformamide (50 ml) and concentrated hydrochloric acid (1.5 ml) was
      stirred under reflux for 1 hour. The mixture was evaporated to small
      volume and the resulting precipitate was filtered off and recrystallized
      from an acetonehexane mixture to give the desired product (500 mg), m.p.
      195.degree.-196.degree.C.
TBL  __________________________________________________________________________

     Analysis:                                                                 

     Found:           C, 37.33;                                                

                             H, 3.82;                                          

                                   N, 7.96%                                    

     Calculated for C.sub.11 H.sub.13 ClN.sub.2 O.sub.5 S.sub.2 :              

                      C, 37.50;                                                

                             H, 3.69;                                          

                                   N, 7.62%                                    

     __________________________________________________________________________

PAC  EXAMPLE XXIV
PAC  3-Trifluoromethyl-4-(4-methoxypiperidinosulphonyl)-benzene sulphonamide
PAR  A. Triethylamine (1.0 g) and 4-methoxypiperidine (1.15 g) were added to a
      solution of 4-nitro-2-trifluoromethylbenzene sulphonyl chloride (2.89 g)
      in methylene chloride (40 ml). The mixture was stirred at 25.degree.C. for
      2 hours and then evaporated to dryness in vacuo. The residual oil was
      triturated with 1:1 aqueous isopropanol and the resulting solid was
      recrystallized from isopropanol to give
      1-(4-methoxypiperidinosulphonyl)-4-nitro-2-trifluoromethyl-benzene, m.p.
      141.degree.-143.degree.C.
PAR  B. The product of (A) (13.5 g) was dissolved in methanol (200 ml) and
      hydrogenated at 50 p.s.i. and 50.degree.C. in the presence of 5%
      palladium-on-charcoal (1.0 g) to yield
      4-(4-methoxypiperidine-sulphonyl)-3-trifluoromethyl-aniline (8.9 g), m.p.
      145.degree.-147.degree.C., recrystallized from isopropanol.
PAR  C. A solution of the diazonium chloride of the product of (B), prepared by
      the addition of a solution of sodium nitrite (1.73 g) in water (15 ml) to
      the product of (B) (8.4 g) in concentrated hydrochloric acid (60 ml), was
      added at 25.degree.C. to a suspension of cupric chloride dihydrate (2.2 g)
      in acetic acid (80 ml) previously saturated with sulphur dioxide. The
      mixture was stirred for 1 hour and the resulting precipitate was filtered,
      washed with water, dried and recrystallized from an acetone-hexane mixture
      to give 4-(4-methoxypiperdino-sulphonyl)-3-trifluoromethyl-benzene
      sulphonyl chloride (5 g), m.p. 117.degree.-119.degree.C.
PAR  D. The product of (C) (4.5 g) was added to concentrated ammonium hydroxide
      (80 ml) and the mixture was heated at 60.degree.C for 1 hour. The
      resulting solution was cooled, treated with excess 2N hydrochloric acid
      and the precipitate thus obtained was filtered, washed with water, dried
      and recrystallized from isopropanol to give the required product (2.3 g),
      m.p. 136.degree.-137.degree.C.
TBL  __________________________________________________________________________

     Analysis:                                                                 

     Found:           C, 38.74;                                                

                             H, 4.22;                                          

                                   N, 6.62%                                    

     Calculated for C.sub.13 H.sub.17 F.sub.3 N.sub.2 O.sub.5 S.sub.2 :        

                      C, 38.81;                                                

                             H, 4.26;                                          

                                   N, 6.97%                                    

     __________________________________________________________________________

PAR  The activity of compounds of the invention as cerebral vasodilators is
      determined by the following method. Cats are anaesthetised with chloralose
      (80 mg/kg, intravenously) after induction with halothane, nitrous
      oxide/oxygen (3:1 v/v). The animals are allowed to breathe normal room air
      and the rate and depth of respiration, heart rate and femoral arterial
      pressure are recorded. Electromagnetic flow probes are placed around the
      ipsilateral vertebral artery. Zero flow is established by momentarily
      occluding the arteries in order to calibrate the flow probes. The test
      compound (dissolved in N/10 sodium hydroxide in isotonic saline with
      warming and mixing and then back titration to pH 10 with dilute
      hydrochloric acid) is given at 10 or 25 mg/kg via a femoral vein and
      readings are taken at intervals for up to 2 hours. Control observations
      after administration of the saline vehicle alone are also made. The
      criterion for selecting the preferred compounds is on the basis of
      increases in ipsilateral vertebral arterial flow at 10 mg/kg which are
      sustained over a period of 30 minutes as shown in Table II. Blood flow is
      assessed by measuring the peak (systolic) pulsatile flow and the mean
      pulsatile flow. The products of Examples VIII, XXII, III and V have been
      found to give significant increases in peak and mean pulsatile flow at 10
      mg/kg. The product of Example VIII is outstanding at that dosage. Table II
      hereinafter summarizes results obtained with representative cerebral
      vasodilators of the present invention in accordance with this method.
PAR  The effect of compounds of the invention on blood pressure and diuresis is
      determined in dogs by standard methods. Several compounds have been found
      to be particularly advantageous in having very little hypotensive or
      diuretic activity, including the products of Examples I and XXII.
TBL                TABLE II                                                    

     ______________________________________                                    

                  Activity Data.sup.(1)                                        

     Compound of                                                               

               Dose                                                            

     Example   (mg/kg)  IVF:%    t       Side Effects                          

     ______________________________________                                    

     I         10       42       40-50   --                                    

     II        10       10        5-10   --                                    

               25        (200)   20-30   fasciculation                         

                                         at 20 min.                            

     V         10       40       30-60   --                                    

     VIII      10       82        60-120 --                                    

     X         25       40       40-60   --                                    

     XI        10       13       5-8     --                                    

     XXII      10       30       40-50   --                                    

               25       33       20-30   --                                    

     XXIV      10       20        5-10   --                                    

               25       70       20-40   --                                    

     III       10       34       40-60   --                                    

     ______________________________________                                    

      .sup.(1) mean maximum increase in blood flow (%) and duration of action i

      minutes (t). IVF = ipsilateral vertebral artial flow.                    

TBL                Tablet formulation                                          

     ______________________________________                                    

                        mg/tablet                                              

     Active ingredient.sup.(1)                                                 

                          100.0                                                

     glycine              320.7                                                

     PEG 6000.sup.(2)     40.0                                                 

     Myrj 52.sup.(3)      20.0                                                 

     magnesium stearate   4.9                                                  

     gelatin              2.4                                                  

                          488.0                                                

     ______________________________________                                    

      .sup.(1) mean particle diameter (from surface area/g) less than 16       

      microns.                                                                 

      .sup.(2) polyoxyethylene glycol of mean molecular weight 6000.           

      .sup.(3) a foodstuffs quality surfactant: polyoxyethylene stearate.      

PAR  The active compound and glycine are granulated with an aqueous solution of
      the PEG 6000, Myrj 52 and gelatin, prior to adding the magnesium stearate
      and tableting in the usual way.
PAC  EXAMPLE XXVI
TBL                Capsule formulation                                         

     ______________________________________                                    

                        mg/capsule                                             

     Active ingredient.sup.(1)                                                 

                          100.0                                                

     PEG 6000.sup.(2)     280.0                                                

     Myrj 52.sup.(3)      20.0                                                 

                          400.0                                                

     ______________________________________                                    

      .sup.(1) mean particle diameter less than 3 microns.                     

      .sup.(2) and                                                             

      .sup.(3) as in Example XXV                                               

PAR  The active compound is ball-milled in water to achieve the small particle
      size, mixed with the PEG 6000 and Myrj 52 as a paste and then dried at
      40.degree.C. to form a powder which is then filled into capsules in the
      usual way.
PAC  EXAMPLE XXVII
TBL                Parenteral formulation                                      

     ______________________________________                                    

                mg/ml                                                          

     ______________________________________                                    

     Active ingredient                                                         

                  7.5                                                          

     sodium chloride                                                           

                  7.9                                                          

     sodium hydroxide                                                          

                  (sufficient in pH adjustment)                                

     water        (sufficient to make up volume)                               

     ______________________________________                                    

PAR  The active ingredient and sodium chloride are dissolved in sterile,
      pyrogen-free and carbon dioxide-free water under nitrogen, the pH is
      adjusted to 11.75 with 10% aqueous sodium hydroxide and the volume made up
      with similar water. The solution is the filled into 5 or 10 ml. ampoules
      through a filter and autoclaved at 115.degree.C. for 30 minutes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for increasing cerebral blood flow in a subject which
      comprises administering to said subject a cerebral blood flow increasing
      amount of a compound selected from the group consisting of
      ##SPC8##
PAL  and their salts with pharmaceutically acceptable cations wherein R.sup.1 is
      3-trifluoromethyl, chloro, bromo or fluoro; n and m are each two or three;
      Y is methylene or a single bond; R.sup.4 and R.sup.5, when taken
      separately, are each hydrogen, hydroxy or alkoxy having 1 to 4 caron atoms
      and R.sup.4 and R.sup.5, when taken together, are oxo, any oxygen atom in
      R.sup.4 and R.sup.5, when taken separately, and the oxygen atom in R.sup.4
      and R.sup.5, when taken together, being separated from the nitrogen atom
      of the heterocyclic ring by two or more carbon atoms.
NUM  2.
PAR  2. The process of claim 1 wherein Y is methylene.
NUM  3.
PAR  3. The process of claim 2 wherein R.sup.4 and R.sup.5 together represent an
      oxo group attached to said methylene group.
NUM  4.
PAR  4. The process of claim 3 wherein m and n are each 2.
NUM  5.
PAR  5. The process of claim 4 wherein R.sup.1 is chloro.
NUM  6.
PAR  6. The process of claim 2 wherein R.sup.4 is alkoxy having 1 to 4 carbon
      atoms and R.sup.5 is hydrogen.
NUM  7.
PAR  7. The process of claim 6 wherein m and n are each 2.
NUM  8.
PAR  8. The process of claim 6 wherein R.sup.1 is chloro.
NUM  9.
PAR  9. The process of claim 6 wherein R.sup.1 is trifluoromethyl.
NUM  10.
PAR  10. The process of claim 1 wherein R.sup.1 is 2-chloro, m and n are each 2,
      Y is methylene, R.sup.4 is 4-methoxy and R.sup.5 is hydrogen.
NUM  11.
PAR  11. The process of claim 1 wherein R.sup.1 is 3-chloro, m and n are each 2,
      Y is methylene, R.sup.4 is 4-methoxy and R.sup.5 is hydrogen.
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ABST
PAL  Certain 3-substituted octahydropyridoindolobenzazepines and their addition
      salts with pharmaceutically acceptable acids produce a marked central
      nervous system depressant activity in warm-blooded animals. These
      compounds are stereoisomers of prior art 3-substituted
      octahydropyridoindolobenzazepines which have a central nervous system
      antidepressant activity.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 325,352,
      filed Jan. 22, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel octahydropyridoindolobenzazepines, which
      are useful as central nervous system depressants.
PAR  Certain octahydropyridoindolobenzazepines are known from U.S. Pats.
      3,373,153; 3,373,154; 3,373,168; and 3,457,271, all assigned to
      Hoffmann-La Roche, Inc. Those compounds can be represented according to
      the above-mentioned patents by the following formula (1):
      ##SPC1##
PAL  Wherein R' is a straight chain or branched alkyl having 1-7 carbon atoms.
PAR  The compounds of Formula (1) are said in Pat. Nos. 3,373,168 and 3,457,271
      to have antidepressant activity and to be useful antidepressant agents.
      These compounds are prepared according to the above two patents by
      reduction of the corresponding hexahydro compounds either with sodium in a
      mixture of tetrahydrofuran and liquid ammonia or with zinc in hydrochloric
      acid. The former method is preferred by the patentees since it gives
      higher yields.
PAR  None of the above patents nor any other reference known to applicant
      suggests that octahydropyridoindolobenzazepines such as those of the
      Hoffmann-La Roche patents may have central nervous system depressant
      properties.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that certain novel
      octahydropyridoindolobenzazepines and their addition salts with
      pharmaceutically acceptable organic or inorganic acids are useful central
      nervous system (hereafter, CNS) depressant agents. These novel compounds
      will be represented according to the IUPAC 1957 Rules as follows:
      ##SPC2##
PAR  In the above Formula (2), R stands for benzyl; benzyl ring-substituted with
      methyl, methoxy or chloro; phenethyl; 3-phenylpropyl; 3-phenylpropyl ring
      substituted with chloro, bromo or methoxy; furfuryl; 2-thenyl; C.sub.1
      -C.sub.5 alkyl; cyclopropyl; C.sub.4 -C.sub.8 cycloalkylmethyl;
      (methylcyclopropyl)methyl; exo-7-norcarylmethyl;
      (4-methylbicyclo[2.2.2]oct-1-yl)methyl; (bicyclo[2.2.1]hept-2-yl)methyl;
      1-adamantylmethyl or 2-adamantylmethyl.
PAR  The E and D rings in FIG. (2) form the benzazepine portion of the molecule;
      rings B and C form the indolo portion; and ring A forms the pyrido
      portion. It is believed that the compounds of the present invention have
      the trans-configuration of the 4a and 14a hydrogens, and that the prior
      art compounds disclosed in the above-cited patents have the
      cis-configuration of those hydrogen atoms.
PAR  The compounds of the present invention also have analgesic activity in
      warm-blooded animals.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The compounds of the present invention are prepared by the reduction of the
      corresponding hexahydro compounds (3) with boron hydride in
      tetrahydrofuran. This reaction is illustrated by the following equation:
      ##SPC3##
PAL  Where R is benzyl; benzyl ring-substituted with methyl, methoxy or chloro;
      phenethyl; 3-phenylpropyl; 3-phenylpropyl ring substituted with chloro,
      bromo or methoxy; furfuryl; 2-thenyl; C.sub.1 -C.sub.5 alkyl; cyclopropyl;
      C.sub.4 -C.sub.8 cycloalkylmethyl; (methylcyclopropyl)methyl;
      exo-7-norcarylmethyl; (4-methylbicyclo[2.2.2]oct-1-yl)methyl;
      (bicyclo[2.2.1]hept-2-yl)methyl; 1-adamantylmethyl or 2-adamantylmethyl.
PAR  The preparation of most compounds of this invention can also start with the
      corresponding 3-acyl compounds, provided an excess boron hydride is used
      to reduce the amide carbonyl to a methylene and the 4a - 14a double bond
      to a single bond. This reaction is shown below:
      ##SPC4##
PAL  where R.sub.1 --CH.sub.2 -- corresponds to R as previously defined
      excluding cyclopropyl. R.sub.1 thus can be, for example, hydrogen, methyl,
      ethyl, propyl, isopropyl, cyclopropyl, cyclopentyl, exo-7-norcaryl, or
      phenyl.
PAR  According to the 1957 IUPAC Rules, representative compounds within the
      scope of Formula (2) (disregarding their steric configuration) will be
      named as follows:
PA1  When R = methyl: 1,2,3,4,4a,
      8.9.14a-octahydro-3-methylpyrido[4',3':2,3]indolo[1,7-ab][1]benzazepine;
PA1  when R = ethyl: 3-ethyl-1,2,3,4,4a,
      8,9,14a-octahydropyrido[4',3':2,3]indolo[1,7-ab][1]benzazepine;
PA1  when R = cyclopropylmethyl:
      3-(cyclopropylmethyl)-1,2,3,4,4a,8,9,14a-octahydropyrido[4',3':2,3]indolo[
     1,7-ab][1]benzazepine;
PA1  when R = isobutyl:
      1,2,3,4,4a,8,9,14a-octahydro-3-isobutylpyrido[4',3':2,3]indolo[1,7-ab][1]b
     enzazepine;
PA1  when R = benzyl: 3-benzyl-1,2,3,4,4a,
      8,9,14a-octahydropyrido[4',3':2,3]indolo[1,7-ab][1]benzazepine; and
PA1  when R = exo-7-norcarylmethyl:
      trans-1,2,3,4,4a,8,9,14a-Octahydro-3-(exo-7-norcarylmethyl)pyrido[4',3':2,
     3]indolo[1,7-ab][1]benzazepine
PAR  The starting materials for the preparation of the compounds of the present
      invention, the corresponding hexahydropyridoindolobenzazepines can be
      made, for example, by the method disclosed in the above-cited Hoffman-La
      Roche U.S. patents; namely, by N-nitrosating iminodibenzyl, reducing the
      product to N-aminoiminodibenzyl, condensation with an appropriately
      substituted 4-piperidinone, and cyclization with an acid. The methyl- and
      ethyl-substituted hexahydropyridoindolobenzazepines are prior art
      compounds; several other 3-substituted hexahydropyridoindolobenzazepines
      are described in U.S. Pat. 3,764,684 of Michael Finizio, issued Oct. 9,
      1973 on Ser. No. 170,990, filed Aug. 11, 1971.
PAR  The reduction of the hexahydro precursors to the octahydro compounds is
      best carried out with a four- to five-fold excess of boron
      hydride/tetrahydrofuran complex at a temperature as low as 0.degree.C or
      as high as the reflux temperature of tetrahydrofuran. The reducing power
      of the boron hydride/tetrahydrofuran reagent may be further enhanced by
      dilution with a higher-boiling ether, for example, diglyme, which allows
      the reaction to be conducted at a higher temperature, usually not over
      100.degree.-110.degree.C. The reaction mixture is then acidified with
      about 4-10 molar hydrochloric acid, heated to 100.degree.C., allowed to
      cool, and neutralized with caustic. The product can be recovered in any
      suitable manner, including extraction, evaporation followed by extraction,
      conversion to an addition salt, etc.
PAR  The carbonyl compounds useful in the process of this invention, represented
      by the above Formula (4), can be made from the 3-unsubstituted compound by
      reaction with an appropriate acylating agent, which may be represented by
      the following Formula (5)
      ##EQU1##
      wherein X is a halogen, a C.sub.1 -C.sub.4 alkoxy group,
      ##EQU2##
      or
      ##EQU3##
      R' being the same as R.sub.1 or a C.sub.1 -C.sub.4 alkyl, and R" being a
      C.sub.1 -C.sub.4 alkyl.
PAR  The acylating agent thus is an acid halide, an ester, a simple anhydride,
      or a mixed anhydride. Alternatively, the compounds of the present
      invention can be made by condensation of N-aminoiminodibenzyl with
      appropriate 1-acyl-4-piperidone.
PAR  The most outstanding characteristic of the compounds of the present
      invention is their CNS depressant activity, which is totally unexpected
      from the disclosures of U.S. Pat. Nos. 3,373,168 and 3,457,271. While it
      is believed that this activity is related to the steric configuration of
      the compounds of the present invention, applicant does not wish to be
      bound by this theory. Nevertheless, the proposed structure of the
      compounds of the present invention is based on the following
      considerations:
PAR  a. reduction of a hexahydro compound (3) with boron hydride in
      tetrahydrofuran increases the molecular weight by 2, as found by mass
      spectroscopy -- this means that two hydrogens have been added;
PAR  b. ultraviolet spectroscopy shows that the diphenylamine chromophore,
      constituted by rings C and E, and the nitrogen in position 14, is intact
      after the reduction -- this means that the aromatic rings C and E have
      been preserved;
PAR  c. reductive cleavage of the C.sub.8 -C.sub.9 bond, involving benzylic
      carbon atoms, is ruled out by both ultraviolet and nuclear magnetic
      resonance spectroscopy;
PAR  d. the only possibility left is the saturation of the C.sub.4a -C.sub.14a
      double bond;
PAR  e. nuclear magnetic resonance spectroscopy of the prior art octahydro
      compounds suggests that they have the cis configuration.
PAR  The formation by the process of this invention of
      octahydroindolobenzazepines in which rings B and C constitute an indoline
      moiety is not only novel but also totally unexpected, especially in view
      of the results of a recent study of the reaction of indoles with diborane,
      Monti et al., Tetrahedron 27, 3331 (1971).
PAR  For the purpose of this specification and claims, the compounds of the
      present invention will be referred to as the trans- compounds to
      distinguish them from the compounds having the configuration of those
      described in U.S. Patents 3,373,168 and 3,457,271. This designation is
      used, however, with the understanding that if it is ultimately shown that
      either this isomer assignment is incorrect or an altogether different
      isomerism exists, the term "trans" as used herein still will designate the
      compounds having the configuration of the compounds specifically disclosed
      herein. The steric configuration of the compounds of the present invention
      can thus be characterized as that identical with one resulting when the
      C.sub.4a -C.sub.14a double bond is reduced with the boron
      hydride/tetrahydrofuran complex.
DETD
PAR  The preparation of the compounds of the present invention is illustrated by
      the following examples, wherein all parts, proportions, and percentages
      are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAC  trans-1,2,3,4,4a,8,9,14a-Octahydro-3-methylpyrido[4',3':2,3]indolo[1,7-ab][
     1]benzazepine
PAR  A solution of 4.76 g. of
      1,2,3,4,8,9-hexahydro-3-methylpyrido[4',3':2,3]indolo[1,7-ab][1]benzazepin
     e (which can be made according to the teachings of U.S. Pat. No. 3,457,271,
      Column 4, lines 27-54) in 50 ml. of tetrahydrofuran was added dropwise to
      a stirred 1N-solution of boron hydride in tetrahydrofuran (42 ml.) under a
      nitrogen blanket. After the addition was complete, the mixture was
      refluxed under nitrogen for five hours, then cooled in ice and quenched
      with 20 ml. of 6N hydrochloric acid. The mixture was distilled, the
      removed liquid being from time to time replaced by addition of dioxane.
      The mixture was again refluxed at 91.degree.C. for one hour with
      additional 6N hydrochloric acid, then cooled to 70.degree.C., made basic
      with sodium hydroxide, and evaporated in vacuum. The semisolid residue was
      treated with water and chloroform, and the chloroform layer was further
      worked up to yield 1.50 g. of a solid product, m.p.
      128.degree.-131.degree.C. The mother liquors yielded an additional amount
      of material, m.p. 129.5.degree.-130.5.degree.C. Crystallization from ether
      raised the melting point to 132.degree.-134.degree.C.; UV spectrum:
      .lambda..sub.max.sup.CH.sbsp.3OH 279.5 m.mu. (log.epsilon. 4.13).
PAR  Reduction of
      1,2,3,4,8,9,-hexahydro-3-methylpyrido[4',3':2,3]indolo[1,7-ab][1]benzazepi
     ne with sodium in liquid ammonia gave the prior art cis-octahydro compound,
      m.p. 120.degree.-122.degree.C; .lambda..sub.max.sup.CH.sbsp.3OH 287 m.mu.
      (log .epsilon. 4.08).
PAR  The
      trans-1,2,3,4,4a,8,9,14a-octahydro-3-methylpyrido[4',3':2,3]indolo[1,7-ab]
     [1]benzazepine of the present invention can also be made by the following
      alternative route involving the reductive clevage of the
      3-methoxymethylhexahydro compound as shown below.
PAR  A. A mixture of 2.74 g (0.01 mole) of
      1,2,3,4,8,9-hexahydropyrido[4',3':2,3]indolo[1,7-ab][1]benzazepine,
      prepared as shown in section A of Example 2, and 75 ml of dry benzene was
      heated to boiling until solution occurred. Triethylamine (10.5 ml, 0.075
      mole) was added to the warm solution, followed by dropwise addition of 2.0
      ml (0.026 mole) of chloromethyl methyl ether. The resulting mixture was
      refluxed for 15 minutes, cooled to room temperature, and filtered. The
      filtrate gave on evaporation 3.05 g of a yellow oil, which was found by
      infrared spectroscopy to contain no free =NH groups.
PAR  B. The product of the preceding step (3.0 g, 0.01 mole) in 50 ml. of
      freshly purified tetrahydrofuran was added dropwise with stirring, under a
      nitrogen blanket, to 75 ml. of a 1M solution of boron hydride in
      tetrahydrofuran. The resulting mixture was refluxed under nitrogen for 26
      hours; then it was cooled in ice and carefully decomposed with 50 ml of
      5.5N hydrochloric acid. About 30 ml. of the liquid was removed by
      distillation, and 50 ml. of glacial acetic acid was added to redissolve
      the precipitate formed. The solution was refluxed for one hour, cooled to
      55.degree.-60.degree.C., and made alkaline with 50% caustic. The product
      was recovered by extraction with ether, evaporation of the solvent, and
      column chromatography in benzene solution on basic alumina I. The pure
      product melted at 136.degree.-138.degree.C., and was identical with the
      material prepared by the first method described in Example 1.
PAC  EXAMPLE 2
PAC  trans-3-(Cyclopropylmethyl)-1,2,3,4,4a,8,9,14a-octahydropyrido[4',3':2,3]in
     dolo[1,7-ab][1]benzazepine
PAR  A. A mixture of 24.6 g of N-aminoiminodibenzyl
      (5-amino-10,11-dihydro-5H-dibenz[b,f]azepine) and 14.8 g. of 4-piperidone
      hydrochloride in 250 ml. ethanol was heated on a steam bath for 15 minutes
      and cooled; a solution of 20 g. of concentrated sulfuric acid in 250 ml.
      ethanol was added. The resulting mixture was reheated on the steam bath
      for additional 40 minutes; the solution which formed was cooled, basified
      with ammonia, and diluted with 1.1 of water. The crude, semisolid material
      which separated was taken up in ether, and the aqueous mother liquors were
      extracted with additional portions of ether. The combined etheral extracts
      were concentrated to 500 ml. and treated, under an atmosphere of nitrogen
      and with vigorous stirring, with 50 ml. of 5N hydrochloric acid. The
      resulting precipitate was filtered off, washed with ether and 1N
      hydrochloric acid, and dried in vacuo at 100.degree. to yield
      1,2,3,4,8,9-hexahydropyrido[4',3':2,3]indolo[1,7-ab][1]benzazepine
      hydrochloride, m.p. 309.degree., a salt only very slightly soluble in
      water. Dissolving the above salt in aqueous acetic acid, basifying with
      ammonia, filtering off the crude product and recrystallizing it from
      benzene regenerated the free 1,2,3,4,8,9-hexahydropyrido[4',3'
      :2,3]indolo[1,7-ab][1]benzazepine.
PAR  B. To a solution of 16.4 g of
      1,2,3,4,8,9-hexahydropyrido[4',3':2,3]indolo[1,7-ab][1]benzazepine in 500
      ml. of dichloromethane, 7.3 g. of cyclopropanecarbonyl chloride was added,
      followed by dropwise addition of 10 ml. of triethylamine. A mildly
      exothermic reaction took place, after which stirring of the mixture was
      continued at room temperature overnight. The mixture was then washed with
      1N hydrochloric acid and water and dried over anhydrous sodium carbonate.
      On evaporation to dryness, crude
      3-(cyclopropylcarbonyl)-1,2,3,4,8,9-hexahydropyrido[4',3':2,3]indolo[1,7-a
     b][1]benzazepine (Formula 4; R' = cyclopropyl) was obtained as a glassy
      product. Recrystallization from ethanol yielded the pure material, m.p.
      154.degree.-156.degree.C.
PAR  A solution of 8.6 g of the above compound in 120 ml. of tetrahydrofuran was
      added dropwise to a suspension of 2.3 g of lithium aluminum hydride in 180
      ml. of tetrahydrofuran. On completion of the addition, the mixture was
      first refluxed for four hours, then allowed to stir at room temperature
      overnight and finally decomposed in the usual manner. After filtering off
      the inorganic salts, the filtrate was dried over anhydrous sodium
      carbonate and evaporated in vacuo; the residue was dissolved in a 1:1
      mixture of ethyl acetate-benzene and chromatographed on a 14 .times. 2.2
      cm. column of basic alumina, activity I. The eluate was taken down to
      dryness; the residual oil dissolved in absolute alcohol, saturated with
      ethanolic hydrogen chloride, and once again evaporated to dryness. Upon
      crystallization of the residue from acetone,
      trans-3-(cyclopropylmethyl)-1,2,3,4,8,9-hexahydropyrido[4',3':2,3]indolo[1
     ,7-ab][1]benzazepine hydrochloride (Formula 3, R = cyclopropylmethyl), m.p.
      267.degree., was obtained.
PAR  C. A solution of 9.25 g. of the free base of the above hexahydro compound
      in 75 ml. of tetrahydrofuran was reduced with 100 ml. of a 1M solution of
      boron hydride in tetrahydrofuran according to the method of Example 1. The
      title compound weighed 4.43 g. and had a melting point
      152.5.degree.-155.degree.C.; U.V. spectrum
      .lambda..sub.max.sup.CH.sbsp.3OH 281 m.mu. (log .epsilon. 4.10). The
      hydrochloride salt melted at 273.degree.-276.degree.C.
PAR  Reduction of
      3-(cyclopropylmethyl)-1,2,3,4,8,9-hexahydropyrido[4',3':2,3]indolo[1,7-ab]
     [1]benzazepine with sodium in liquid ammonia gave the cis-product which
      formed a hydrochloride m.p. 241.degree.-243.degree.C., U.V. spectrum:
      .lambda..sub.max.sup.CH.sbsp.3OH 285 m.mu. (log .epsilon. 4.10).
PAR  The above two octahydro compounds were found to have different R.sub.f
      values in a thin layer chromatography system employing
      chloroform-butanol-28% aqueous ammonia in volume ratios 95:10:5,
      respectively, as solvent.
PAC  EXAMPLE 3
PAC  trans-3-(Cyclopropylmethyl)-1,2,3,4,4a,8,9,14a-octahydropyrido[4',3':2,3]in
     dolo[1,7-ab][1] benzazepine (by a one-step reduction)
PAR  A solution of 100 g. of
      3-(cyclopropylcarbonyl)-1,2,3,4,8,9-hexahydropyrido[4',3'
      :2,3]indolo[1,7-ab][1] benzazepine in 500 ml. of tetrahydrofuran was added
      during a period of about 30 minutes to about 946 ml. (1 U.S. quart) of a
      1M solution of boron hydride in tetrahydrofuran. The resulting solution
      was allowed to stand for 72 hours; then, a solution of 50 ml. of
      concentrated hydrochloric acid in 100 ml. of water was added, and the
      mixture was distilled until the pot temperature reached 100.degree.C. The
      remaining material was cooled and diluted with 200 ml. of water and 75 ml.
      of 50% sodium hydroxide. The product was extracted with methylene chloride
      and was recovered as a crystalline material after treatment with acetone
      of the methylene chloride distillation residue. Yield 60.3 g., m.p.
      146.degree.-151.degree.C. After recrystallization from methanol-chloroform
      9:1 by volume, the melting point increased to 153.degree.-155.degree.C.
PAR  A sample of the above material was converted to the mesylate
      (methanesulfonate) salt, m.p. 227.degree.-232.degree.C.
PAC  EXAMPLE 4
PAC  trans-3-Ethyl-1,2,3,4,4a,8,9,14a-octahydropyrido[4',3':2,3]indolo[1,7-ab]
      [1]benzazepine
PAR  To a mixture of 9.0 g. of N-nitrosoiminodibenzyl, 12.4 g. of
      1-acetyl-4-piperidone and 13.0 g. zinc dust in 75 ml. absolute ethanol
      there was added dropwise 24 ml. of glacial acetic acid with constant
      stirring and occasional cooling to keep the reaction temperature at
      20.degree.-25.degree.C. After six hours, the unchanged zinc was filtered
      off and the mother liquor evaporated to near dryness. After extracting the
      residue with benzene, the extract was washed with saturated sodium
      chloride solution, dried over magnesium sulfate, and the solvent stripped
      off. The yellowish-brown residue was dissolved in 50 ml. ethanol, treated
      with a solution of 8 ml. concentrated sulfuric acid in 50 ml. ethanol, and
      heated on a steam bath for about ten minutes. On pouring into cold water,
      a gum separated, from which the aqueous layer was decanted. After
      dissolving the gum in ethyl acetate, the solution was washed with
      saturated sodium chloride solution and dried over sodium sulfate.
      Evaporation of the solvent gave a yellowish-white solid, which on
      crystallization from acetone yielded
      3-acetyl-1,2,3,4,8,9-hexahydropyrido[4',3':2,3]
      indolo[1,7-ab][1]benzazepine as a white solid, m.p.
      193.degree.-196.degree.C.
PAR  The above 3-acetyl compound was reduced with boron hydride in
      tetrahydrofuran according to the procedure of Example 3. The title
      compound was isolated, in a 36% yield, as its hydrochloride salt, m.p.
      258.degree.-260.degree.C. (dec.); U.V.: .lambda..sub.max.sup.CH.sbsp.3OH
      276 m.mu. (log.epsilon. 4.11).
PAR  Alternatively, the above compound can be made by reduction of the 3-acetyl
      compound under more drastic conditions, as follows:
PAR  A warm solution of the 3-acetyl compound (11.53 g., 0.0365 mole) in 300 ml.
      of diglyme is rapidly added dropwise to a mixture of 250 ml. of diglyme
      and 150 ml. of 1-molar boron hydride in tetrahydrofuran. The stirred
      mixture is then heated under nitrogen at 100.degree.C. for twenty hours.
      The mixture is cooled to 20.degree.C., decomposed with 75 ml. of 10N
      hydrochloric acid, and refluxed at 90.degree.C. for one hour. It is cooled
      to 60.degree.C., made alkaline with 100 ml. of 50% caustic, concentrated
      in vacuum, and extracted with chloroform. The chloroform extract yields a
      67% yield of the 3-ethyl product.
PAC  EXAMPLE 5
PAC  trans-1,2,3,4,4a,8,9,14a-Octahydro-3-isobutylpyrido[
      4',3':2,3]indolo[1,7-ab][1]benzazepine
PAR  1,2,3,4,8,9-Hexahydro-3-isobutyrylpyrido[4',3':2,3]
      indolo[1,7-ab][1]benzazepine, m.p. 122.degree.-124.degree., was made by a
      reaction of 1,2,3,4,8,9-hexahydropyrido[4',3':2,3]indolo[
      1,7-ab][1]benzazepine with isobutyryl chloride. This amide was reduced
      with boron hydride-tetrahydrofuran in diglyme in the manner described
      above as the alternate method of reducing the 3-acetyl compound to the
      3-ethyl compound of Example 4.
PAR  The title compound was isolated as its hydrochloride addition salt, m.p.
      286.degree.-289.degree.C. (dec.).
PAC  EXAMPLE 6
PAC  trans-3-Benzyl-1,2,3,4,4a,8,9,14a-octahydropyrido[
      4',3':2,3]indolo[1,7-ab][1]benzazepine
PAR  Condensation of N-nitrosoiminodibenzyl with 1-benzyl-4-piperidone under
      conditions described in Example 4 for condensation with
      1-acetyl-4-piperidinone gave
      3-benzyl-1,2,3,4,8,9-hexahydropyrido[4',3':2,3]indolo[1,7-ab][1]
      benzazepine (hydrochloride, m.p. 200.degree.C.). Reduction of the free
      base with boron hydride-tetrahydrofuran in diglyme under the conditions of
      the alternate method described in Example 4 for the reduction of the
      3-acetyl compound gave an 84% yield of the title compound, which was
      isolated as its hydrochloride salt, m.p. 210.degree.-212.degree.C. (dec.).
      The free base was obtained by treating the hydrochloride salt in methanol
      solution with anhydrous ammonia. The free base melted at
      146.degree.-148.degree.C.; U.V.: .lambda..sub.max.sup.CH.sbsp.3OH 279
      m.mu. (log.epsilon. 4.13).
PAC  EXAMPLE 7
PAC  trans-1,2,3,4,4a,8,9,14a-Octahydro-3-(exo-7-norcarylmethyl)pyrido[4',3':2,3
     ] indolo[1,7-ab][1]benzazepine
PAR  A solution of 7.05 g (0.0178 mole) of
      1,2,3,4,8,9,-hexahydro-3-[(exo-7-norcaryl)carbonyl]pyrido[4',3':2,3]indolo
     [1,7-ab][1]benzazepine, which was made from
      1,2,3,4,8,9-hexahydropyrido[4',3':2,3]indolo[1,7-ab][1]benzazepine and
      (exo-7-norcaryl)carbonyl chloride, in 100 ml of diglyme was added dropwise
      in a nitrogen atmosphere to a stirred mixture of 100 ml of 1M boron
      hydride in tetrahydrofuran and 400 ml of diglyme. The mixture was heated
      at 110.degree.C for twenty-three hours and cooled to about 20.degree.C.
      Hydrochloric acid, 75 ml of 10N HCl, was added; the mixture was refluxed
      at 100.degree.C for one hour, cooled to about 60.degree.C, and made basic
      with 100 ml of 50% NaOH.
PAR  The product was isolated and purified by several extraction and
      recrystallization steps. Its m.p. was 186.degree.-187.degree.C.
PAR  Additional representative compounds of Formula (2) which can be made by the
      above-described process are listed below:
PA0  1. trans-3-cyclohexylmethyl-1,2,3,4,4a,8,9,14a-octahydropyrido[
      4',3':2,3]indolo[1,7-ab][1]benzazepine hydrochloride, m.p. 180.degree.C.
      (dec.)
PA0  2. trans-3-cyclopentylmethyl1,2,3,4,4a,8,9,14a-octahydropyrido[
      4',3':2,3]indolo[1,7-ab][1]benzazepine hydrochloride, m.p. 263.degree.C.
      (dec.)
PA0  3. trans-3-cyclopropyl-1,2,3,4,4a,8,9,14a-octahydropyrido[
      4',3':2,3]indolo[1,7-ab][1]benzazepine hydrochloride
PA0  4.
      trans-3-(1-adamantylmethyl)-1,2,3,4,4a,8,9,14a-octahydropyrido[4',3':2,3]i
     ndolo[1,7-ab][1]benzazepine hydrochloride
PA0  5.
      trans-3-(2-adamantylmethyl)-1,2,3,4,4a,8,9,14a-octahydropyrido[4',3':2,3]i
     ndolo[1,7-ab][1]benzazepine hydrochloride
PA0  6.
      trans-3-(cis-2,3-dimethylcyclopropyl)methyl-1,2,3,4,4a,8,9,14a-octahydropy
     rido[4',3':2,3]indolo[ 1,7-ab][1]benzazepine hydrochloride
PA0  7.
      trans-1,2,3,4,4a,8,9,14a-octahydro-3-(4-methylbicyclo[2.2.2]oct-1-yl)methy
     lpyrido[4',3':2,3]indolo[ 1,7-ab][1]benzazepine hydrochloride
PA0  8. trans-1,2,3,4,4a,8,9,14a-octahydro-3-[(1 -methyl
      pyrido[4',3':2,3]indolo[1,7-ab][1]benzazepine hydrochloride
PA0  9.
      trans-3-[(bicylo[[2.2.1]hept-2-yl)methyl]-1,2,3,4,4a,8,9,14a-octahydropyri
     do[4',3';2,3]indolo[1,7-ab][1]benzazepine hydrochloride
PA0  10. trans-3-furfuryl-1,2,3,4,4a,8,9,14a-octahydropyrido[
      4',3':2,3]indolo[1,7-ab][1]benzazepine hydrochloride
PA0  11.
      trans-3-(4-chlorobenzyl)-1,2,3,4,4a,8,9,14a-octahydropyrido[4',3':2,3]indo
     lo[1,7-ab][1]benzazepine hydrochloride
PA0  12.
      trans-3-(2-methoxybenzyl)-1,2,3,4,4a,8,9,14a-octahydropyrido[4',3':2,3]ind
     olo[1,7-ab][1]benzazepine hydrochloride
PA0  13.
      trans-3-[3-(2-chlorophenyl)propyl]-1,2,3,4,4a,8,9,14a-octahydropyrido[4',3
     ':2,3]indolo[1,7-ab][1]benzazepine hydrochloride
PA0  14.
      trans-3-[3-(4-bromophenyl)propyl]-1,2,3,4,4a,8,9,14a-octahydropyrido[4',3'
     :2,3]indolo[1,7-ab][1]benzazepine hydrochloride
PA0  15. trans-1,2,3,4,4a,8,9,14a-octahydro-3-[3-(3
      -methoxyphenyl)propyl]pyrido[4',3':2,3]indolo[1,7-ab][1]benzazepine
      hydrochloride
PA0  16.
      trans-3-cycloheptylmethyl-1,2,3,4,4a,8,9,14a-octahydropyrido[4',3':2,3]ind
     olo[1,7-ab][1]benzazepine hydrochloride
PA0  17.
      trans-1,2,3,4,4a,8,9,14a-octahydro-3-phenethylpyrido[4',3+:2,3]indolo[1,7-
     ab][1]benzazepine, m.p, 270.degree.C. (dec.)
PA0  18. trans-1,2,3,4,4a,8,9,14a-octahydro-3-(3-phenylvpropyl)pyrido[
      4',3':2,3]indolo[1,7-ab][1]benzazepine
PA0  19. trans-1,2,3,4,4a,8,9,14a-octahydro-3-(2-thenyl)pyrido[
      4',3':2,3]indolo[1,7-ab][1]benzazepine
PA0  20. trans-1,2,3,4,4a,8,9,14a-octahydro-3-pentylpyrido[
      4',3':2,3]indolo[1,7-ab][1]benzezepine
PA0  21. trans-1,2,3,4,4a,8,9,14a-octahydro-3-neopentylpyrido[
      4',3':2,3]indolo[1,7-ab][1]benzazepine
PA0  22. trans-1,2,3,4,4a,8,9,14a-octahydro-3-[(2
      -methylcyclopropyl)methyl]pyrido[4',3':2,3]indolo[1,7-ab][1]benzazepine
      hydrochloride
PAR  The compounds of the present invention can be administered to warm-blooded
      animals as CNS depressants analgesics either in the form of free bases or
      of their addition salts with pharmaceutically acceptable organic or
      inorganic acids. The salts often are more water-soluble than the free
      bases and thus are more suitable in preparations in which solubility is
      important, for example, in injectable solutions. Representative
      pharmaceutically acceptable acids which can be used to form
      1,2,3,4,4a,8,9,14a-octahydro-3-(substituted)pyrido[4',3':2,3]indolo[1,7-ab
     ][1]benzazepine derivative salts of the present invention are:
      hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, nitric, maleic,
      fumaric, benzoic, ascorbic, citric, pamoic, succinic, methanesulfonic;
      ethanedisulfonic, acetic, oxalic, propionic, tartaric, salicylic,
      gluconic, lactic, malic, mandelic, cinnamic, citraconic, aspartic,
      stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic, and
      toluenesulfonic acids.
PAR  It is an important characteristic of the compounds of the present invention
      that they not only have a different steric configuration from that of the
      3-substituted prior art octahydro compounds but also have distinct
      biological activities which distinguish these new compounds from both the
      prior art octahydro compounds and the corresponding hexahydro compounds.
      The CNS activity of the compounds of the present invention can be
      evaluated by one or more of the following tests:
PAL  Primary Rodent Screens
PAL  Decreased Locomotor Activity (L.M.A.)
PAR  Results given in:
PA1  mg/kg po/mouse
PA1  mg/kg po/rat
PAR  This reaction sign is measured subjectively by observing how an animal
      behaves when it is removed from an observation cage and placed on a table
      top. Untreated animals will immediatedly begin active exploration of their
      environment. Animals that have received a depressant compound will show a
      gradually decreasing responsiveness to a new environment. The degree of
      stimulation by the observer needed to produce active locomotion is rated
      on an arbitrary scale. This ranges from a score of -1 where only a slight
      touch of the animal's body is required to a -4 where the animal is
      unresponsive or minimally responsive to the application of a pain stimulus
      (pressure at the base of the tail). The minimal effective dose (MED) is
      the lowest oral dose producting an obvious decrease of locomotor activity
      (with a score of at least -1). Groups of 3 mice are given decreasing oral
      doses at 0.5 log intervals (300, 100, 30. . .etc.) until no behavioral
      effects are evident.  Decrease of locomotor activity is indicative of
      general central nervous system depressant activity.
PAL  Ptosis
PAR  Results given in:
PA1  mg/kg po/mouse
PA1  mg/kg po/rat
PAR  Degree of eyelid closure is used as a measure of central nervous system
      depression. An animal is removed from its observation cage and allowed to
      remain outside the cage for 30 seconds. At the end of this time a rating
      of degree of eyelid closure is made on an arbitrary scale. Passive ptosis,
      i.e., eye closure that can be temporarily reversed by handling, is
      generally indicative of sedative activity for a psychotropic compound.
      (Active ptosis, i.e., eyelid closure that remains unchanged with handling
      is generally suggestive of .alpha.-adrenergic blocking activity. It is a
      relatively rarely seen phenomenon.) Only passive ptosis was observed for
      these compounds, the MED for which is reported.
PAL  Catalepsy
PAR  Results given in:
PA1  mg/kg po/mouse
PA1  mg/kg po/rat
PAR  The ability of an animal to remain in an abnormal position is used as
      another indication of central nervous system depressant activity. A test
      animal is removed from its observation cage and positioned so that its
      hind legs are on the table top and its front legs rest on the side of the
      observation cage. If an animal maintains this position for at least 10
      seconds, it is considered to be showing cataleptic behavior.
PAL  Secondary Evaluation Tests
PAL  Tetrabenazine Antagonism (T.B.Z.A.)
PAR  Results given in:
PA1  mg/kg po/mouse
PA1  mg/kg po/rat
PAR  The tetrabenazine (TBZ) antagonism test is used to test for potential
      antidepressant-like activity in rodents. One hour after oral
      administration of a test compound, a 40 mg/kg dose of TBZ is given
      subcutaneously. Thirty minutes after TBZ administration, the mice are
      placed in the center of a circle; the diameter of the circle is twice the
      body length of the mouse or rat. After 30 seconds, a reading is made of
      the degree of ptosis and whether the animal has moved out of the circle.
      Animals that have received only TBZ will show marked ptosis and
      immobility. Tricyclic antidepressants of the imipramine type will
      antagonize the ptosis but not the immobility. Antidepressants of the
      amphetamine or monoamine oxidase inhibitory type will antagonize both the
      ptosis and immobility induced by TBZ. The ED.sub.50 is the dose producing
      antagonism of TBZ-induced ptosis, but not of TBZ-induced immobility, in
      50% of the animals.
PAL  Rat Conflict (Approach-Avoidance) Test (Conflict)
PAR  Results given in: mg/kg po/rat
PAR  Food deprived rats are trained to pass from one compartment to an adjacent
      one to obtain food. The training consists of 3 exposures to the test
      situation on day one of the experiment. The rats are given limited (1-2
      hr) free access to food in their home cages on day one and are then food
      deprived for at least 18 hours. On day two of the experiment, the rats are
      given a control exposure to the test situation followed by a second
      exposure after one-half to 1 hour in which they are shocked after crossing
      and eating. Groups of 6-8 rats are then dosed orally with solvent or test
      compound and then re-exposed to the test situation after 1 or 2 hours.
PAR   Compounds showing minor tranquilizer (anxiolytic) activity in man such as
      diazepam and meprobamate produce an apparent decreased fear in the test
      animals so that they cross to obtain food despite having received a shock
      earlier. This effect is dose-related (and the MED is the minimum dose at
      which this effect is obtained); rats dosed with solvent only consistently
      show a high level of fear as evidenced by decreased mobility and absence
      of feeding when placed in the test situation after receiving a shock.
PAL  Mouse and Rat Conditioned Avoidance Response (C.A.R.):
PAR  Results given in:
PA1  mg/kg po/mouse
PA1  mg/kg po/rat
PAR  Mice and rats are trained to jump out of a pit onto a ledge to avoid shock
      when presented with a light and sound conditioned stimulus. The animals
      are tested 1, 2, and 4 hours after administration of the test compound.
      Three to four dose levels and groups of 4-8 animals/dose are used. The
      ED.sub.50 is the dose producing a block of the C.A.R. in 50% of the
      animals. Blocking of the C.A.R. at non-toxic doses appears to correlate
      with major tranquilizer activity in man.
PAL  Dog Conditioned Avoidance Response (C.A.R.):
PAR  Results given in: mg/kg po/dog
PAR  Dogs are trained to raise a forelimb when presented with a conditioned
      stimulus (light) in order to avoid an electric shock. Blocks of 10 trials
      are given to groups of 4 dogs during a pretreatment period and at 1, 2,
      and 4 hours after oral administration of the test compound. The ED.sub.50
      values are calculated as the dose causing 50% of the animals to show 5 or
      more incorrect responses. Blocking of the C.A.R. at non-toxic doses
      appears to correlate with major tranquilizer activity in man.
PAL  Rhesus Monkey Taming Effects (Taming):
PAR  Results given in: mg/kg po/monkey
PAR  Compounds are administered orally to groups of 6 rhesus monkeys. The
      behavior of the animals is then evaluated by observational means. Taming
      effects are determined by the ability of the observer to approach and
      touch the monkey. Compounds with major tranquilizer activity in man can
      produce a state of passive tameness in the rhesus monkey wherein it can be
      touched without provoking any of the threatening or aggressive behavior
      seen in the normal animal. The MED is the minimal oral dose at which some
      taming effect can be observed.
PAR  The compounds of the present invention have been compared in the above
      tests with the corresponding hexahydropyridoindolobenzazepines as well as
      with the prior art 3-methyl and 3-ethyl octahydro compounds. For better
      identification, the prior art compounds are designated "octahydro cis",
      while the present compounds are designated "octahydro trans". The results
      are presented in the following Tables I and II:
TBL                                    TABLE I                                 

     __________________________________________________________________________

     3-R-1,2,3,4,8,9-HEXAHYDRO- and 1,2,3,4,4a,8,9,14a-OCTAHYDRO-              

     PYRIDO[4',3':2,3]INDOLO[1,7-ab][1]BENZAZEPINES                            

     Primary Rodent Screens                                                    

     R             Series L.M.A.                                               

                               L.M.A.                                          

                                    Ptosis                                     

                                         Ptosis                                

                                             Catalepsy                         

                                                   Catalepsy                   

                          (mouse)                                              

                               (rat)                                           

                                    (mouse)                                    

                                         (rat)                                 

                                             (mouse)                           

                                                   (rat)                       

                          MED  MED  MED  MED MED   MED                         

     __________________________________________________________________________

     methyl      hexahydro                                                     

                          10   30   30   30   300   100                        

                 octahydro cis                                                 

                          30   30   &gt;300 &gt;300                                  

                                             &gt;300  &gt;300                        

                1 octahydro trans                                              

                           3   1    10   10  10      3                         

     ethyl       hexanhydro                                                    

                          30   30   30   &gt;300                                  

                                             &gt;300  &gt;300                        

                4 octahydro trans                                              

                           1   1    10   10  30     10                         

     (cyclopropylmethyl)                                                       

                 hexahydro                                                     

                          10   10   30   30  30     30                         

                2 octahydro trans                                              

                           3   1    10    3   3      3                         

     isobutyl    hexahydro                                                     

                           .about.60                                           

                               *     .about.60                                 

                                          *   .about.60                        

                                                     *                         

                 octahydro trans                                               

                           2   4     8    5   2       6                        

     benzyl      hexahydro                                                     

                          .about.200                                           

                               &gt;300 &gt;300 &gt;300                                  

                                             &gt;300  &gt;300                        

                 octahydro trans                                               

                           2   65   13   150 49    &gt;300                        

     norcarylmethyl                                                            

                 hexahydro                                                     

                          10   1    10   10  &gt;300  &gt;300                        

                 octahydro                                                     

                           3   3     3    3   3     300                        

     __________________________________________________________________________

      * not available                                                          

TBL                                    TABLE II                                

     __________________________________________________________________________

     3-R-1,2,3,4,8,9-HEXAHYDRO- and 1,2,3,4,4a,8,9,14a-OCTAHYDRO-              

     PYRIDO[4',3':2,3]INDOLO[1,7-ab][1]BENZAZEPINES                            

     Secondary Evaluation Tests                                                

     R             Series T.B.Z.A.                                             

                                T.B.Z.A.                                       

                                      Conflict                                 

                                           C.A.R.                              

                                                C.A.R.                         

                                                     C.A.R.                    

                                                          Taming               

                          (mouse)                                              

                                (rat) (rat)                                    

                                           (mouse)                             

                                                (rat)                          

                                                     (dog)                     

                                                          (monkey)             

                          ED.sub.50                                            

                                ED.sub.50                                      

                                      MED  ED.sub.50                           

                                                ED.sub.50                      

                                                     ED.sub.50                 

                                                          MED                  

     __________________________________________________________________________

     methyl      hexahydro                                                     

                          &gt;100  &gt;100   20   20   30  &gt;30   10                  

                 octahydro cis                                                 

                           15     7.4 &gt;40  &gt;40  &gt;40  &gt;30  &gt;20                  

                1 octahydro trans                                              

                          &gt;100  &gt;100  &gt;40  .about.10                           

                                                .about.10                      

                                                     .about.10                 

                                                           1                   

     ethyl       hexahydro                                                     

                          &gt;100  &gt;100   20  &gt;40  &gt;40  &gt;30  &gt;20                  

                4 octahydro trans                                              

                          &gt;100  &gt;100  &gt;40  .about.10                           

                                                .about.10                      

                                                     .about. 6                 

                                                           1                   

     (cyclopropylmethyl)                                                       

                 hexahydro                                                     

                          &gt;100  &gt;100   10  20   40   &gt;30   3                   

                2 octahydro trans                                              

                          &gt;100  &gt;100  &gt;40   0.7  0.7  3    1                   

     __________________________________________________________________________

PAR  It can be seen from the above experimental data that none of the hexahydro
      compounds tested nor the single cis-octahydro compound tested had a
      dose-related effect on conditioned responding (C.A.R.) in the dog at oral
      doses up to 30 mg/kg, while all three trans-octahydro compounds had such
      an effect at doses of 10 mg/kg or lower. The CNS depressant activity of
      the trans-series was substantially greater than that of the cis-series or
      of the hexahydro compounds in the great majority of cases, as can be seen
      from all primary rodent screen results and from the C.A.R. and taming
      secondary tests.
PAR  The antidepressant activity of the cis-octahydro compounds, disclosed in
      the U.S. Pat. Nos. 3,373,168 and 3,457,271 patents, was not found in
      either the trans-series or the hexahydro series, as can be seen in the
      T.B.Z.A. tests in mice and rats. The anxiolytic activity of the hexahydro
      compounds, disclosed in the copending application Ser. No. 170,990 of
      Michael Finizio, was not found in either the cis- or the trans-octahydro
      compounds in the diagnostic rat conflict test.
PAR  This characteristic CNS activity pattern of the trans-compounds of the
      present invention is completely unexpected from prior art since it differs
      both qualitatively and quantitively from the CNS activity profile of the
      prior art cis-compounds.
PAR  The analgesic activity of the compounds of the present invention is
      conveniently determined in a phenylquinone writhing test, as described
      below:
PAL  Phenylquinone Writhing (P.Q.W.):
PAR  results given in: mg/kg po/mouse
PAR  Groups of at least 10 mice are given phenyl-p-benzoquinone 2.5 mg/kg
      intraperitoneally 30 minutes after oral administration of graded doses of
      the test substance. Two or more dose levels are used for each compound.
      For scoring purposes, a "writhe" is defined as stetching, twisting of a
      hindleg inward, or contraction of the abdomen. The total number of writhes
      for each animal, treated and control animals side-by-side, are counted
      over a 30-minute time interval. An ED.sub.50, calculated on basis of the
      percentage of animals at each dose level which showed 50% or less of the
      average number of writhes of the control animals, is reported for each
      compound submitted to this screening test. The PQW test is widely used as
      an indicator of potential analgesic activity in man, especially for
      non-narcotic substances.
PAR  The results obtained with the compounds of this invention are presented in
      the Table below, in which codeine and aspirin are used as the standard
      analgesics for comparison.
TBL  ______________________________________                                    

     Phenylquinone Writhing Screen                                             

     trans-3,R,1,2,3,4,4a,8,9,14a-OCTAHYDRO-                                   

     PYRIDO[4',3':2,3]INDOLO[1,7-ab][1]BENZAZEPINES                            

             R          P.Q.W.                                                 

                        (mouse)                                                

                        ED.sub.50                                              

     ______________________________________                                    

     methyl             1.9                                                    

     ethyl              0.40                                                   

     (cyclopropylmethyl)                                                       

                        2.3                                                    

     isobutyl           1.75                                                   

     benzyl             28                                                     

     (exo-7-norcarylmethyl)                                                    

                        14                                                     

     phenethyl          4.7                                                    

     cyclopentylmethyl  2.0                                                    

     cyclohexylmethyl   13                                                     

     Standard Compounds                                                        

     codeine            19                                                     

     aspirin            94                                                     

     ______________________________________                                    

PAR  The free amines of formula 2 and some of their pharmaceutically acceptable
      inorganic or organic acid addition salts are substantially insoluble in
      water. As CNS depressants, they are best administered orally at a level of
      about 0.1 to about 10 milligrams per kilogram of body weight of the
      animal. Some addition salts of the compounds having formula 2 are more
      water-soluble and can be administered by subcutaneous or intramuscular
      injection. The dosage employed in such cases generally would be within the
      range of about 0.02 to about 5 milligrams per kilogram of body weight.
PAR  As analgesics, the compounds of this invention are administered orally at a
      level of about 0.1-10 mg/kg or parenterally at the rate of about 0.05-5
      mg/kg of body weight.
PAR  The compounds of the present invention can be formulated into compositions
      comprising a compound of formula 2 or a pharmaceutically acceptable acid
      addition salt thereof together with a pharmaceutically acceptable carrier.
      The carrier may be either a solid or liquid, and the compositions can be
      in form of tablets, liquid-filled capsules, dry filled capsules, aqueous
      solutions, non-aqueous solutions, suppositories, syrups, suspensions, and
      the like. The compositions can, and in many cases do contain suitable
      preservatives, coloring and flavoring agents. Some examples of the
      carriers which can be used in the preparation of the products of the
      invention are gelatin capsules, sugars such as lactose and sucrose,
      starches, dextrans and cellulosics, such as methyl cellulose and cellulose
      acetate phthalate, gelatin; talc; stearic acid salts; vegetable oils such
      as peanut oil, cottonseed oil, sesame oil, olive oil, corn oil and oil of
      theobroma; liquid petrolatum; polyethylene glycol; glycerine; sorbitol;
      propylene glycol; ethanol; agar; water and isotonic saline.
PAR  In preparing the compositions of the invention for pharmaceutical uses, the
      conventional practices and precautions are used. The composition intended
      for parenteral administration must be sterile, and this can be
      accomplished either by using sterile ingredients and carrying out the
      production under aseptic conditions, or by sterilizing the final
      composition by one of the usual procedures such as autoclaving under
      appropriate temperature and pressure conditions. Customary care should be
      exercised that no imcompatible conditions exist between the active
      components and the diluent preservative or flavoring agent or in the
      conditions employed in preparation of the compositions.
PAR  The compositions of the invention can be introduced into warm-blooded
      animals by the oral, rectal or parenteral route. This can be done by
      swallowing, in the case of liquid or solid preparations; by suppositories;
      or by injecting the liquid preparations intravenously, intramuscularly,
      intraperitoneally, or subcutaneously.
PAR  The compounds of this invention are administered to warm-blooded animals to
      produce the desired pharmacologic response. Dosage forms are prepared at
      various strengths depending on the potency of the compound and the desired
      effect. It is possible, for example, to estimate the probable human dose
      for analgesia by comparing the animal analgetic dose for the compound of
      this invention to the dose of a standard drug in the same animal system.
      Thus, the compound of Example 1 is shown to have analgesic activity
      compared to codeine phosphate.
TBL  ______________________________________                                    

                                     Dosage                                    

                          Usual      Form                                      

               Analgesic ED.sub.50                                             

                         Human Dose  Strength                                  

     ______________________________________                                    

     Codeine phosphate                                                         

                 19 mg/kg    15-300 mg/day                                     

                                         15-60 mg                              

     Compound of 1.9 mg/kg   1.5-30 mg/day                                     

                                         1.5-6 mg                              

      Example 1                                                                

     ______________________________________                                    

PAL  Since the compound of Example 1 is about 10X more potent than codeine
      phosphate its human dose is estimated to be 1.5-30 mg/day (1/10 the
      codeine dose). Dosage forms of the compound will ordinarily contain 1.5 to
      6 mg of the active ingredient, however lower or higher strengths may be
      required depending on the age and condition of the patient being treated,
      the severity of the pain and the frequency of treatment required.
PAR  In a similar manner, by comparing the effects of a standard drug like
      chlorpromazine in the same animal systems as the compounds of this
      invention, the strengths of dosage forms for human use may be determined.
TBL  ______________________________________                                    

                                           Dosage                              

                   Cata-*          Usual Hu-                                   

                                           Form                                

             LMA*  lepsy   Ptosis* man Dose                                    

                                           Strength                            

     ______________________________________                                    

     Chlorpromazine                                                            

               5       6       6     10-1000 10-                               

                                      mg/day  200 mg                           

     Compound of                                                               

               4       6       5     10-1000 10-                               

     Example 5                        mg/day  200 mg                           

     ______________________________________                                    

      *ED.sub.50?                                                              

PAL  Since the compound of Example 5 is similar in potency to chlorpromazine in
      animal tests, the human dose range is estimated to be similar to that
      recommended for chlorpromazine. The human dose range for other compounds
      of the invention can be estimated in the same way.
PAR  Typical formulations of the type listed above which may be used for the
      administration of these compounds are:
TBL  Example A                                                                 

             Ingredients     mg./tablet                                        

     ______________________________________                                    

     3-(benzyl)-1,2,3,4,4a,8,9,14a-octa                                        

                              15 mg.                                           

     hydropyrido[4',3':2,3]indolo[1,7-ab]                                      

     [1]benzazepine                                                            

     lactose, USP            183 mg.                                           

     ______________________________________                                    

PAR  All of the above ingredients are passed through a suitable sieve, blended
      for 20 minutes, and compressed directly into tablets of 200 mg. on a
      suitable tablet press using a 11/32" punch and die.
TBL  ______________________________________                                    

     Example B                                                                 

               Ingredients      mg./tablet                                     

     ______________________________________                                    

     1,2,3,4,4a,8,9,14a-octahydro-3-methylpyrido                               

     [4',3':2,3]indolo[1,7-ab][1]                                              

     benzazepine hydrochloride   50 mg.                                        

     lactose, USP               215 mg.                                        

     methylcellulose, USP        15 mg.                                        

     talc, USP                   6 mg.                                         

     starch, USP                 10 mg.                                        

     magnesium stearate, USP     4 mg.                                         

     color (if desired)         q.s.                                           

     ______________________________________                                    

PAR  The lactose and active ingredient are wet granulated with a solution of
      methylcellulose in a blender until a satisfactory mass is achieved. The
      mass is dried and classified through an appropriate sieve. The remaining
      ingredients are passed through an 80 mesh sieve and blended with the dried
      granulated material. The blend is then compressed into tablets on a
      suitable tablet press at a weight of 300 mg. using a 3/8 inch punch and
      die.
TBL  ______________________________________                                    

     Example C                                                                 

             Ingredients     mg./capsule                                       

     ______________________________________                                    

     3-ethyl-1,2,3,4,4a,8,9,14a-octahydro                                      

     pyrido[4',3':2,3]indolo[1,7-ab][1]                                        

     benzazepine              25 mg.                                           

     lactose, USP            100 mg.                                           

     magnesium stearate, USP  1 mg.                                            

     colloidal silicon dioxide, N.F.                                           

                              2 mg.                                            

     ______________________________________                                    

PAR  The combined ingredients are blended and passed through a 40 mesh sieve,
      and the mixture is encapsulated into a two-piece hard gelatin no. 3
      capsule on a suitable encapsulating machine at a net weight of 128 mg.
TBL  ______________________________________                                    

     Example D                                                                 

             Ingredients       gram/liter                                      

     ______________________________________                                    

     3-(cyclopropylmethyl)-1,2,3,4,4a,8,9,14a-octahydro                        

     pyrido[4',3':2,3]indolo[1,7-ab][1]                                        

     benzazepine methanesulfonate                                              

                                3 g.                                           

     granulated sugar          600 g.                                          

     sodium benzoate            1 g.                                           

     flavor                    q.s.                                            

     color                     q.s.                                            

     deionized water           q.s.                                            

     ______________________________________                                    

PAR  All of the above ingredients are dissolved in water and made up to a volume
      of one liter.
TBL  ______________________________________                                    

     Example E                                                                 

             Ingredients      gram/liter                                       

     ______________________________________                                    

     3-(cyclopropylmethyl)-1,2,3,4,4a,8,9,14a-octa                             

     hydropyrido[4',3':2,3]indolo[1,7-ab][1]                                   

     benzazepine methanesulfonate                                              

                              10 g.                                            

     propylparaben, USP       0.2 g.                                           

     methylparaben, USP       1.8 g.                                           

     Water for Injection      q.s to 1 liter                                   

     ______________________________________                                    

PAR  Dissolve the parabens in about 800 ml. of Water for Injection at
      80.degree.. Cool to room temperature, add the active ingredient, and stir
      to dissolve. If the solution is aseptically prepared, sterile filtration
      through a millipore filter or other suitable retentive filter is
      desirable. Terminal sterilization by autoclaving may also be employed to
      render the product sterile.
PAR  For the purpose of the present invention, the expression "consisting
      essentially" appearing in the composition claims means that, in addition
      to the ingredients specifically recited in the claims, other ingredients
      also can be present, provided they do not adversely affect the operability
      of the compositions for their intended use.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tranquilizer composition consisting essentially of a pharmaceutically
      acceptable carrier and an effective amount of a compound of the following
      formula:
      ##SPC5##
PAL  wherein
PA1  R is benzyl; benzyl ring-substituted with methyl, methoxy, or chloro;
      phenethyl; 3-phenylpropyl; 3-phenylpropyl ring-substituted with chloro,
      bromo, or methoxy; furfuryl; 2-thenyl; C.sub.1 -C.sub.5 alkyl;
      cyclopropyl; C.sub.4 -C.sub.8 cycloalkylmethyl; (methycyclopropyl)methyl;
      exo-7-norcarylmethyl; (4-methylbicyclo[2.2.2]oct-1-yl)methyl;
      (bicyclo[2.2.1]hept-2-yl)methyl; 1-adamantylmethyl or 2-adamantylmethyl;
PAL  and the hydrogens in the 4a and 14a positions are in trans relationship to
      each other; or a pharmaceutically acceptable addition salts of these free
      amines.
NUM  2.
PAR  2. A method of producing a tranquilizer effect in a warm-blooded animal,
      said method comprising administering to said animal an effective amount of
      a compound selected from the group consisting of:
PA1  A. a free amine having the following formula
      ##SPC6##
PA1  wherein
PA1  R is benzyl; benzyl ring-substituted with methyl, methoxy, or chloro;
      phenethyl; 3-phenylpropyl; 3-phenylpropyl ring substituted with chloro,
      bromo, or methoxy; furfuryl; 2-thenyl; C.sub.1 -C.sub.5 alkyl;
      cyclopropyl; C.sub.4 -C.sub.8 cycloalkylmethyl; (methylcyclopropyl)methyl;
      exo-7-norcarylmethyl; (4-methylbicyclo[2.2.2]oct-1-yl)methyl;
      (bicyclo[2.2.1]hept-2-yl)methyl; 1-adamantylmethyl or 2-adamantylmethyl;
PA1  and the hydrogens in the 4a and 14a positions are in trans relationship to
      each other; and
PA1  B. an addition salts of a free amine of A, above, with a pharmaceutically
      acceptable acid.
NUM  3.
PAR  3. The method of claim 2 wherein the active compound is administered orally
      at a level of about 0.1-10 milligrams per kilogram of body weight of the
      animal.
NUM  4.
PAR  4. The method of claim 2 wherein the active compound is a water-soluble
      salt of paragraph B of claim 2, and it is administered to the warm-blooded
      animal by a subcutaneous or intramuscular injection at a rate of about
      0.02-5 milligrams per kilogram of body weight of the animal.
PATN
WKU  039326519
SRC  5
APN  3819639
APT  1
ART  125
APD  19730723
TTL  Method of inducing infertility in male animals and inhibiting the growth
      of the prostate
ISD  19760113
NCL  7
ECL  1
EXP  Friedman; Stanley J.
NDR  1
NFG  2
INVT
NAM  Settepani; Joseph A.
CTY  Somerville
STA  NJ
ASSG
NAM  Ortho Pharmaceutical Corporation
CTY  Raritan
STA  NJ
COD  02
RLAP
COD  72
APN  137426
APD  19710426
PSC  03
CLAS
OCL  424270
XCL  424248
XCL  424250
XCL  424267
XCL  424274
EDF  2
ICL  A61K 3140
ICL  A61K 31425
ICL  A61K 31445
ICL  A61K 31495
ICL  A61K 31535
FSC  424
FSS  270;274
UREF
PNO  3166564
ISD  19650100
NAM  Diveley
OCL   71 73
OREF
PAL  Chemical Abstracts 78: 24473t (1973).
LREP
FR2  Lambert; Benjamin F.
ABST
PAL  3,5-bis(substituted amino)-1,2,4-dithiazolium salts, 3-substituted
      amino-5-substituted imino-1,2,4-dithiazolidine salts and dithiobiuret
      intermediates are administered to male animals to inhibit fertility and to
      inhibit the growth of, or reduce the size of, the prostate gland and the
      seminal vesicle.
PARN
PAR  This is a continuation-in-part-of co-pending application Ser. No. 137,426,
      filed Apr. 26, 1971, now abandoned.
BSUM
PAR  The possibility of chemically inducing infertility in male animals has
      intrigued investigators for a number of years and many have worked toward
      the discovery of an antispermatogenetic agent. Such a compound would, by
      definition, interfere with one or more phases of the complex series of
      cellular events which constitute the process of spermatogenesis. While
      some such compounds have been found which are active in man, clinical
      usefulness of these compounds is limited by the delay in the onset of
      sterility, the delay in the return of fertility once medication is
      terminated, and a narrow margin of safety.
PAR  One approach to the problem has been to attempt to synthesize potent,
      non-hormonal antigonadotrophic agents having a localized effect on the
      germinal epithelium to induce sterility as a consequence of androgen
      deprivation. Such compounds would also cause marked atrophy of the Leydig
      cells, the prostate gland, and the seminal vesicles. Depopulation of
      spermatids from the seminiferous epithelium would also be a normal
      consequence of the androgen deprivation.
PAR  It has now been discovered that 3,5-bis(substituted
      amino)-1,2,4-dithiazolium salts and 3-substituted amino-5-substituted
      imino-1,2,4-dithiazolidine salts are potent antigonadotrophic agents when
      administered in effective non-toxic doses to male animals.
PAR  The compounds which are the subject of the method of the present invention
      fall within the general formula:
      ##EQU1##
      wherein X represents an anion of an acid having an ionization constant of
      at least 1 .times. 10.sup.-.sup.7, R.sub.1, R.sub.2 and R.sub.3 are
      selected from alkyl having one to 36 carbon atoms such as, for example,
      methyl, ethyl, dodecyl, cyclohexyl, methylstearyl, stearyl and the like;
      aryl having six to 10 carbon atoms such as, for example, phenyl, tolyl,
      tolylphenyl, napthyl, and the like; alkyl aryl having seven to 12 carbon
      atoms such as, for example, methylphenyl, butyltolyl, cyclohexylphenyl and
      the like; R.sub.4 is hydrogen, alkyl having one to 36 carbon atoms, aryl
      having six to 10 carbon atoms, and alkyl aryl having seven to 12 carbon
      atoms, and
      ##EQU2##
      may be hydrazono or a heterocyclic group such as a piperidino, morpholino,
      pyrrolidino, piperazino or a hydrazono group.
PAR  The acids which form stable salts with the compounds employed in the method
      of the present invention may be organic or inorganic acids. Suitable acids
      are those which have an ionization constant of at least 1 .times.
      10.sup.-.sup.7 and preferably at least 1 .times. 10.sup.-.sup.6 and
      include hydrochloric acid, hydrobromic acid, hydrofluoric acid, hydriodic
      acid, sulfuric acid, nitric acid, thiocyanic acid, phosphoric acid,
      sulfurous acid, fatty acids, particularly acetic acids, chlorinated fatty
      acids, particularly mono-, di-, and trichloroacetic acids, oxalic acid,
      tartaric acid, dinitrophenol, trinitrophenols, particularly picric acid,
      benzoic acid, toluic acid and napthoic acid.
PAR  Preferred among the above compounds are those compounds wherein R.sub.1,
      R.sub.2, R.sub.3 and R.sub.4 are alkyl, and
      ##EQU3##
      morpholino and piperidino and X is chloro or nitro.
PAR  It has also been found that the dithiobiuret compounds, which are
      isolatable intermediates in the preparation of the dithiazolium compounds,
      are also active antigonadotrophic agents. It is hypothesized that either
      these compounds undergo cyclization to active dithiazolium salts in vivo
      or the dithiazolium salts undergo degradation in vivo to the corresponding
      dithiobiuret compound. The active dithiobiuret compounds are represented
      by the formula:
      ##EQU4##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are as defined above.
PAR  The compounds utilized in the method of this invention are, for the most
      part, disclosed and claimed in U.S. Pat. No. 3,166,564 which issued to
      Diveley. These compounds are disclosed in the Diveley patent as being
      useful as defoliants. The compounds used in the method of this invention
      are thus prepared in the manner described in U.S. Pat. No. 3,166,564. The
      general procedure for the preparation of the compounds is illustrated
      below.
DETD
PAC  PREPARATION A
PAC  3,5-bis(dimethylamino)-1,2,4-dithiazolium chloride
PAR  A vessel provided with a cooling jacket, thermometer, condenser, and inlet
      tube is charged with 2,300 parts of acetone and 270 parts of potassium
      thiocyanate and stirred until homogeneous. Then 334 parts of dimethyl
      thiocarbamylchloride is added and the mixture stirred and heated at about
      55.degree.C. for 10 minutes. The mixture becomes yellow and potassium
      chloride separates out of solution. The mixture  is cooled and filtered
      (suction), and the salt cake is washed with acetone. The filtrate
      (including washings) is charged back into the same vessel. Then 121.5
      parts of dimethylamine is passed in at a rate of 1 to 1.5 parts per minute
      with stirring and cooling to keep the temperature below 30.degree.C. After
      stirring for an additional half hour, the mixture is aspirated for 5
      minutes to remove excess amine. Following removal of the amine, 173 parts
      of chlorine are introduced into the solution at a rate of 1 to 2 parts per
      minute while stirring and cooling to keep the temperature below
      30.degree.C. The mixture becomes orange-colored and a solid begins to
      separate almost immediately. The mixture then becomes yellow as the
      reaction progresses and the solid becomes voluminous. After the chlorine
      addition is complete, the solid product is filtered (suction), washed with
      acetone twice and dried in the air overnight. The dried product amounts to
      500 parts of 3,5-bis(dimethylamino)-1,2,4-dithiazolium chloride,
      representing a conversion of about 82% based on the acid chloride and a
      yield of about 92% based on the chlorine used, in the average run. The
      products are usually light tan or very light yellow in color. The product
      is further purified by making a concentrated aqueous solution (1/2 part
      water, 1 part product), warming slightly, filtering, and reprecipitating
      the product from the filtrate with acetone. The purified product is white
      and melts at 267.degree.-270.degree.C. (dec.).
PAR  The dithiazolidine and the hydrazono compounds are prepared in the same
      manner as the dithiazolium compounds by using a primary amine and a
      substituted hydrazine respectively in place of the secondary amine.
PAR  An example of the utility of the above-noted compounds may be illustrated
      by mating studies carried out with 3,5-bis(dimethyl
      amino)-1,2,4-dithiazolium chloride. In testing the compounds, an
      experimental group of male animals such as rats, rabbits, or mice, for
      example, are fed a basic diet containing the compound to be tested. For
      the purpose of illustration, adult male rats will be employed as the test
      animal.
PAC  EXAMPLE 1
PAR  Adult male rats of a Wistar derived strain are housed five to a cage in
      air-conditioned animal quarters and maintained on laboratory chow and tap
      water ad libitum. The compound is dissolved in propylene glycol and
      administered once daily intragastrically for 14 consecutive days. An equal
      number of controls receive only the propylene glycol. At the end of the
      treatment, eash male is cohabited with a proestrus female. Each morning
      the vaginal washings are taken and examined for the presence of sperm. The
      males are sacrificed and the reproductive organs examined. Nine days
      post-mating, the females are autopsied and examined for implantations.
      Males failing to mate, judged by the absence of sperm in vaginal washings,
      are re-cohabited with proestrus females until mating does occur. While a
      reduction in libido as well as fertility is noted at high doses, the
      antifertility effects even at those doses cannot be attributed wholly to
      the loss of libido since sperm are found in the vaginal smear of the mated
      females in which pregnancy does not develop.
PAR  A careful examination of the organs of the sacrificed male rats indicates
      that treatment with as little as 0.1 mgs. per kg. (approximately 25
      micrograms per rat per day) of the compound cause marked atrophy of the
      Leydig cells, the prostate gland, and the seminal vesicles. Depopulation
      of spermatids from the seminiferous epithelium is also observed. At this
      dosage level, loss of libido is not significant. Of the four male rats
      successfully mated, two mates are found to be pregnant, thus indicating
      that there is also local action on the spermatozoids resident in the
      epididymis. It is also found that when the above-noted compound and
      testosterone propionate are simultaneously administered, there is a
      neutralized response on the male accessory organs thus indicating that the
      effect of the compound is not due to the peripheral antagonism to
      testicular steroid hormones. Thus, it is hypothesized that interference
      with the action of pituitary gonadotrophin or the formation or secretion
      of gonadotrophin is the way in which this compound asserts its effects.
      The local effect on the spermatozoids resident in the epididymis is more
      pronounced at slightly higher doses as is illustrated by the fact that
      upon treatment with 0.5 mgs. per kg., of the rats successfully mated, none
      of the females is found to be pregnant at this dosage level. The effect on
      libido is still minor.
PAR  Because of the potency of the compounds involved, the amount of a given
      compound to be employed will depend upon the particular species being
      treated. It has been found, for example, that doses of greater than 1.0
      mg. per kg. per day in the rat should be avoided.
PAR  The specific dose and regimen utilized will depend on the species and the
      specific compound chosen. An effective dose for a particular species and
      compound can be readily determined by routine clinical and laboratory
      screen.
PAR  The effect of the administration of the compounds of this invention on the
      prostate and the seminal vesicle can be seen in FIG. 1 and FIG. 2 which
      illustrate the size of those organs of the rats treated as described
      above.
PAR  Using the procedure illustrated in Example 1 above, the following results
      were obtained:
TBL  EX             COMPOUND          DOSAGE                                   

     ______________________________________                                    

     2    3-dimethylamino-5-morpholino-1,2,                                    

                                 20 mg/kg--4/5                                 

          4-dithiazolium chloride                                              

                                 of males mated.                               

                                 None of fe-                                   

                                 males had im-                                 

                                 planted                                       

                                 embryos.                                      

     3    3-dimethylamino-5-methylimino-                                       

                                 10 mg/kg -- 3/5                               

          1,2,4-dithiazolidine hydrochloride                                   

                                 of males mated.                               

                                 0/3 females had                               

                                 implanted                                     

                                 embryos.                                      

     4    3-dimethylamino-5-piperidino-1,2,4-                                  

                                 10 mg/kg -- 5/5                               

          imino dithiazolium chloride                                          

                                 mated; 1/5                                    

                                 females had                                   

                                 implanted                                     

                                 embryos.                                      

     5    3-morpholino-5-isopropylimino-1,2                                    

                                 20 mg/kg -- 4/5                               

          4-dithiazolidine hydrochloride                                       

                                 of males mated,                               

                                 0/4 females had                               

                                 implanted                                     

                                 embryos.                                      

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. A method of inhibiting fertility in male animals and of reducing the
      size of the prostate and the seminal vesicle in male animals which
      comprises orally administering to a male animal an effective non-toxic
      amount of a compound of the formula:
      ##EQU5##
      wherein X represents an anion of an acid having an ionization constant of
      at least 1 .times. 10.sup.-.sup.7, R.sub.1, R.sub.2 and R.sub.3 are alkyl
      having one to 36 carbon atoms, aryl having six to 10 carbon atoms, or
      alkyl aryl having seven to 12 carbon atoms, R.sub.4 is hydrogen, alkyl
      having one to 36 carbon atoms, aryl having six to 10 carbon atoms or alkyl
      aryl having seven to 12 carbon atoms, and
      ##EQU6##
      are each pyrrolidino.
NUM  2.
PAR  2. The method of claim 1 wherein the acid is hydrochloric acid.
NUM  3.
PAR  3. The method of claim 1 wherein the acid is nitric acid.
NUM  4.
PAR  4. The method of claim 1 wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are
      alkyl.
NUM  5.
PAR  5. The method of claim 1 wherein
      ##EQU7##
      are each pyrrolidino.
NUM  6.
PAR  6. The method of claim 4 wherein the compound is
      3,5-bis(dimethylamino)-1,2,4-dithiazolium chloride.
NUM  7.
PAR  7. The method of claim 1 wherein the compound is
      3-dimethylamino-5-methylimino-1,2,4-dithiazolidine hydrochloride.
PATN
WKU  039326527
SRC  5
APN  5537819
APT  1
ART  125
APD  19750227
TTL  Antidepressant compositions
ISD  19760113
NCL  10
ECL  1
EXP  Friedman; Stanley J.
INVT
NAM  Haefely; Willy
CTY  Reinach
CNT  CH
ASSG
NAM  Hoffmann-La Roche Inc.
CTY  Nutley
STA  NJ
COD  02
PRIR
CNT  CH
APD  19720630
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ABST
PAL  Pharmaceutical compositions active in the therapeutic treatment of
      depression and insomnia and containing a synergistic mixture of
      L-5-hydroxy-tryptophan or a pharmaceutically acceptable salt thereof and
      N.sup.1 -(D,L-seryl)-N.sup.2 -(2,3,4-trihydroxybenzyl)-hydrazine or a
      pharmaceutically acceptable salt thereof are disclosed.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of U.S. Pat. application Ser.
      No. 371,441 filed June 19, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  L-5-hydroxy-tryptophan is a known compound possessing utility in the
      symptomatic treatment of neurotic and psychotic disturbances wherein the
      depressive syndrome is manifest. The compound has also been found to
      possess sedative activity and is therefore also useful in relieving
      insomnia. L-5-hydroxy-tryptophan however, to be effective in alleviating
      the symptoms of mental depression must be administered in high dosages,
      i.e., up to 3 grams or more daily. Such high dosages of
      L-5-hydroxy-tryptophan have given rise to various undesirable side effects
      such as, for example, high blood pressure and gastrointestinal complaints
      which can become sufficiently serious so as to force discontinuance of the
      medication. It is therefore readily apparent that it would be advantageous
      to provide a means whereby the dosage of L-5-hydroxy-tryptophan required
      to achieve the desired therapeutic effect could be materially reduced.
      Such a reduction in dose would also reduce the undesirable side effects
      often associated with present dosage levels. Such means are provided in
      accordance with the present invention by the discovery of synergistic
      compositions whereby the desired therapeutic effect of
      L-5-hydroxy-tryptophan can be obtained with a materially reduced dosage.
      Further, the compositions of the present invention facilitate the
      therapeutic utilisation of L-5-hydroxy-tryptophan while substantially
      eliminating the undesirable side effects associated therewith.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Therapeutically active antidepressant compositions comprising
      L-5-hydroxytryptophan or a pharmaceutically acceptable salt thereof and
      N.sup.1 -(D,L-seryl)-N.sup.2 -(2,3,4-trihydroxybenzyl)-hydrazine or a
      pharmaceutically acceptable salt thereof.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The therapeutic compositions of the present invention comprise, as the
      active ingredient, a combination of L-5-hydroxy-tryptophan or a
      pharmaceutically acceptable salt thereof and N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine or a pharmaceutically acceptable salt
      thereof, and a pharmaceutically acceptable, therapeutically inert carrier
      therefor. More specifically, the active ingredient of the compositions of
      the invention comprises from about one part to about two parts by weight
      L-5-hydroxy-tryptophan or the equivalent amount of a pharmaceutically
      acceptable salt thereof and from about one part to about five parts by
      weight N.sup.1 -(D,L-seryl)-N.sup.2 -(2,3,4-trihydroxybenzyl)-hydrazine or
      the equivalent amount of a pharmaceutically acceptable salt thereof.
PAR  As used herein, the expression "pharmaceutically acceptable salt" indicates
      salts with pharmaceutically acceptable acids or bases. In the case of
      L-5-hydroxy-tryptophan such salts may be salts formed with
      pharmaceutically acceptable bases, particularly strong bases such as, for
      example, sodium potassium or ammonium hydroxide as well as conventional
      salts formed with pharmaceutically acceptable organic and inorganic acids.
      Examples of suitable inorganic acids include hydrochloric acid,
      hydrobromic acid, phosphoric acid and the like and organic acids include,
      for example, maleic acid, oxalic acid, tartaric acid and the like.
      Suitable salts of the N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine are acid addition salts formed with
      pharmaceutically acceptable organic or inorganic acids. Examples of
      suitable salts formed with inorganic acids include those formed with
      hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
      phosphoric acid and the like. Suitable salts with organic acids include
      those formed with acetic acid, benzoic acid, lactic acid, malic acid,
      maleic acid, salicyclic acid and the like. Of these, the preferred acid
      addition salt is the hydrochloride.
PAR  The compositions of the present invention are prepared simply by admixing
      L-5-hydroxy-tryptophan or a pharmaceutically acceptable salt thereof and
      N.sup.1 -(D,L-seryl)-N.sup.2 -(2,3,4-trihydroxybenzyl)-hydrazine or a
      pharmaceutically acceptable salt thereof. This mixture is ultimately
      embodied into a suitable enteral or parenteral dosage form. For example,
      the compositions can be compressed by conventional methods into tablets or
      filled into hard shell capsules. Further, the composition may also be
      enterally administered in the form of suppositories, solutions, syrups,
      suspensions and the like. In addition, the composition of the invention
      can be formulated into suitable dosage forms for parenteral administration
      which are prepared by methods well known in the art.
PAR  In addition to the active ingredient which comprises the combination of
      L-5-hydroxy-tryptophan and N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine or their pharmaceutically acceptable
      salt, the compositions of this invention can contain as optional
      ingredients any of the various adjuvants which are ordinarily utilized in
      the production of pharmaceutical preparations. Thus, for example, in
      formulating dosage forms for oral administration, one may use as optional
      ingredients: fillers such as coprecipitated aluminum hydroxide-calcium
      carbonate, calcium phosphate dibasic, mannitol, lactose and the like;
      disintegrating agents such as maize starch, cellulose and the like;
      pharmaceutical tabletting lubricants such as talc, calcium stearate,
      magnesium stearate or the like; and acidifying agents which act to
      stabilize the preparations such as edible organic acids, for example,
      citric acid, tartaric acid and the like. Further, in forming liquid dosage
      forms of the compositions of the invention one may utilize conventional
      pharmaceutical adjuvants and carriers materials recognized as being
      conventional for preparation of such dosage forms such as, for example,
      water, sugar solutions, vegetable oils such as arachis oil and the like.
      The preparations of the invention may also contain other optional
      ingredients which are conventional in the art of pharmaceutical
      compounding such as suspending agents, sweeteners, preservatives,
      stabilizers, flavoring agents and the like. Such preparations may also be
      admitted to pharmaceutical expedients such as, for example, sterilization
      and the like.
PAR  The novel therapeutic compositions provided by the present invention are
      particularly advantageous in that, in addition to their antidepressive
      activity, they are effective in relieving severe insomnia. This
      combination of activities is particularly advantageous in the treatment of
      the depression syndrome since the normalizing of the sleep pattern to a
      substantial degree contributes toward improving the state of mind of the
      patient so that the therapeutic antidepressant activity of the preparation
      is maximized.
PAR  In accordance with a preferred embodiment of the present invention, dosage
      units containing L-5-hydroxy-tryptophan and N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine are administered enterally, i.e.
      orally and rectally. Such dosage units contain from about 25 mg. to about
      250 mg. of L-5-hydroxy-tryptophan or the equivalent amount of a
      pharmaceutically acceptable salt thereof and from about 25 mg. to about
      250 mg. of N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine or the equivalent amount of a
      pharmaceutically acceptable acid addition salt thereof. Generally, a daily
      dosage of a composition of the invention comprises from about 25 mg. to
      about 1,000 mg., preferably from about 50 mg. to about 750 mg.
      L-5-hydroxy-tryptophan and from about 100 mg. to about 500 mg. preferably
      from about 200 mg. of about 400 mg. of N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine or the equivalent amounts of their
      pharmaceutical salts. This dosage is expediently divided equally over the
      course of the day, usually in three doses. Such doses and schedules
      therefor are determined by the clinician according to the individual
      therapeutic situation. While it is preferred in accordance with the
      present invention to administer L-5-hydroxy-tryptophan and N.sup.1
      -(D,L-seryl)-N.sup.2 -(2,3,4-trihydroxybenzyl)-hydrazine in one dosage
      form thereby simplifying the effective control of the medication, it is
      possible to administer the two therapeutic agents separately in individual
      dosage forms without detracting from the therapeutic effect of the
      combination.
PAR  Patients suffering from depression are known to have an insufficient level
      of serotonin in the brain. Therefore, the following experiment which
      measures brain serotonin level demonstrates the antidepressant activity of
      the composition of the present invention. Three groups of rats were
      treated as follows: one group (the controls) received no medication, the
      second group received 225 mg/kg DL-5-hydroxy-tryptophan equivalent to
      about 112.5 mg/kg L-5-hydroxy-tryptophan i.p., the third group received 50
      mg/kg N.sup.1 -(D,L-seryl)-N.sup.2 -(2,3,4-trihydroxybenzyl)hydrazine and
      the fourth group received 50 mg/kg N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine i.p. followed after 30 minutes by 225
      mg/kg DL-5-hydroxy-tryptophan i.p. The test animals with controls were
      decapitated two hours after injection of the DL-5-hydroxy-tryptophan and
      the serotonin content of the brain in .mu.g/g of tissue was measured
      spectofluorimetrically. Additional groups of animals receiving varying
      dosages of L-5-hydroxy-tryptophan and N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine individually and in combination
      separated by a 30 minute interval were treated as above. The results of
      these experiments are reported in Table I wherein L-5-hydroxy-tryptophan
      is designated as Compound A and N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine is designated as Compound B.
TBL                Table I                                                     

     ______________________________________                                    

                                 Devi-                                         

     Medication mg/kg            ation                                         

     Cmpd.   Cmpd.   Ratio                 from                                

     A       B       A:B         .mu.g Serotonin                               

                                           Control                             

     ______________________________________                                    

                     Control I   0.368.+-.0.03                                 

     approx.                                                                   

     112.5                       0.890.+-.0.04                                 

                                           +0.522                              

             50                  0.350.+-.0.01                                 

                                           -0.018                              

     approx.         approx.                                                   

     112.5   50      2:1         1.110.+-.0.06                                 

                                           +0.742                              

     50                          0.595.+-.0.017                                

                                           +0.227                              

             66                  0.342.+-.0.006                                

                                           -0.026                              

     50      66      approx.     0.865.+-.0.006                                

                                           +0.497                              

                     1:1                                                       

                      Control II*                                              

                                 0.417.+-.0.006                                

     20                          0.468.+-.0.011                                

                                           +0.051                              

     20       100    1:5         0.558.+-.0.007                                

                                           +0.09                               

     100                         1.175.+-.0.038                                

                                           +0.758                              

     100     50      2:1         1.558.+-.0.067                                

                                           +1.141                              

     ______________________________________                                    

       *the results following were compared against a second set of controls   

PAR  The results of the above experiments clearly illustrate the substantial
      increase in brain serotonin content resulting from the administration of
      L-5-hydroxy-tryptophan as well as the substantial increase in the activity
      thereof by the concurrent administration of N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine.
PAR  The ability of N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine to prevent the occurrence of an
      undesirable increase in blood pressure following the administration of
      L-5-hydroxy-tryptophan is demonstrated by the following test on dogs
      narcotized with choralose. In this test, L-5-hydroxy-tryptophan was
      administered, followed by N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine, followed by a second administration
      of L-5-hydroxy-tryptophan. During the test, readings were taken as
      follows: pressure in the A. pulmonalis; pressure in the systemic arterial
      circulation; and heart frequency. The procedure as well as the data
      collected are set forth in Table II. Dog No. 1 weighed 11 kg. and Dog No.
      2 weighed 7 kg.
TBL                                    Table II                                

     __________________________________________________________________________

                   pressure in A.                                              

                                 pressure in arterial                          

                                               heart frequency                 

     Sequential    pulmonalis, mm Hg                                           

                                 circulation, mm Hg                            

                                               per minute                      

     Procedure     Dog No. 1                                                   

                          Dog No. 2                                            

                                 Dog No. 1                                     

                                        Dog No. 2                              

                                               Dog No. 1                       

                                                      Dog No.                  

     __________________________________________________________________________

                                                      2                        

     Before start of                                                           

     infusion      23/5   25/5   140/90 140/100                                

                                               120    120                      

     Infusion of L-5-hydroxy-                                                  

     tryptophan, 4 mg/min                                                      

     during 15 minutes                                                         

                   30/8   32/5   170/110                                       

                                        160/110                                

                                               140    130                      

     45 Minutes after end                                                      

     of infusion   20/5   27/5   145/90 160/110                                

                                               120    120                      

     Infusion of N.sup.1 -(D,L-                                                

     seryl)-N.sup.2 -(2,3,4-tri-                                               

     hydroxybenzyl)-hydra-                                                     

     zine (100 mg/kg in                                                        

     15 minutes)   25/5   40/5   160/110                                       

                                        210/135                                

                                               110    120                      

     15 Minutes after end                                                      

     of infusion   25/5   30/5   160/100                                       

                                        180/120                                

                                               110    115                      

     Infusion of L-5-hy-                                                       

     droxy-tryptophan                                                          

     (4 mg/min during 22                                                       

     minutes)      24/4   26/5   140/100                                       

                                        170/120                                

                                               110    115                      

     __________________________________________________________________________

PAR  The results given in the table establish that the presence of N.sup.1
      -(D,L-seryl)-N.sup.2 -(2,3,4-trihydroxybenzyl)-hydrazine prevents the
      blood pressure increase, particularly in the A. pulmonalis which occurs
      after the infusion of L-5-hydroxy-tryptophan. It is therefore apparent
      that N.sup.1 -(D,L-seryl)-N.sup.2 -(2,3,4-trihydroxy-benzyl)-hydrazine can
      prevent this serious side effect of L-5-hydroxy-tryptophan. Throughout the
      foregoing experiment, the heart frequency of each dog remained practically
      uninfluenced.
PAR  The following experiment was conducted to demonstrate the fact that the
      compositions of the present invention are non-toxic. Each member of a
      group of 8 male and 8 female rats was treated five times weekly over a
      period of 13 weeks with a single daily dose of 200 mg/kg
      L-5-hydroxy-tryptophan and 100 mg./kg. N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine. In comparison with control rats
      receiving no medication, no charge was noted in the general condition or
      weight development of the experimental animals. Hematological and
      histological investigations of the experimental animals also showed no
      differences from the control rats receiving no medication.
PAR  The following examples further illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  A homogeneous mixture was formed from 125 parts by weight of N.sup.1
      -(D,L-seryl)-N.sup.2 -(2,3,4-trihydroxybenzyl)-hydrazine hydrochloride, 50
      parts by weight of L-5-hydroxytryptophan, 5 parts by weight citric acid
      and 255 parts by weight microcrystalline cellulose. The resulting powder
      mixture was wet granulated with 60 parts by weight maize starch as a 10%
      by weight aqueous solution. The resulting granulation was sieved, combined
      with 5 parts by weight magnesium stearate, homogenized and pressed into
      tablets each of which weighed 500 mg. Each tablet had the following
      composition:
TBL  Ingredient            Amount                                              

     ______________________________________                                    

     N.sup.1 -(D,L-seryl)-N.sup.2 -(2,3,4-tri-                                 

     hydroxybenzyl)-hydrazine                                                  

     hydrochloride         125     mg.                                         

     L-5-hydroxy-tryptophan                                                    

                           50      mg.                                         

     Citric Acid           5       mg.                                         

     Microcrystalline Cellulose                                                

                           255     mg.                                         

     Maize Starch          60      mg.                                         

     Magnesium Stearate    5       mg.                                         

     Total                 500     mg.                                         

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  Tablets having the following composition were prepared in accordance with
      the manner described in Example 1:
TBL  Ingredient            Amount                                              

     ______________________________________                                    

     N.sup.1 -(D,L-seryl)-N.sup.2 -(2,3,4-tri-                                 

     hydroxybenzyl)-hydrazine                                                  

     hydrochloride         100     mg.                                         

     L-5-hydroxy-tryptophan                                                    

                           100     mg.                                         

     Citric Acid           5       mg.                                         

     Microcrystalline Cellulose                                                

                           230     mg.                                         

     Maize Starch          60      mg.                                         

     Magnesium Stearate    5       mg.                                         

     Total                 500     mg.                                         

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  A total of 142.5 parts by weight N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine hydrochloride, 50 parts by weight
      L-5-hydroxytryptophan and 102.5 parts by weight mannitol were
      homogeneously blended and sieved. The resulting powder mixture was wet
      granulated with 250 parts by weight of a 2% by weight solution of
      polyvinylpyrrolidone in methyl chloride. The resulting granulation was
      sieved, combined with 1.5 parts by weight magnesium stearate and 18.5
      parts by weight talc and homogeneously blended. The mixture was then
      filled into number O capsules, each capsule containing the following
      composition:
TBL  Ingredient             Amount                                             

     ______________________________________                                    

     N.sup.1 -(D,L-seryl)-N.sup.2 -(2,3,4-trihydroxy-                          

     benzyl)-hydrazine hydrochloride                                           

                            142.5     mg.                                      

     L-5-hydroxy-tryptophan 50        mg.                                      

     Mannitol               102.5     mg.                                      

     Polyvinylpyrrolidone   5         mg.                                      

     Magnesium Stearate     1.5       mg.                                      

     Talc                   18.5      mg.                                      

     Total                  325       mg.                                      

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. A therapeutic composition for the treatment of depression and insomnia
      comprising a therapeutically inert, pharmaceutically acceptable carrier
      material, and as an active ingredient from about one part to about four
      parts by weight L-5-hydroxy-tryptophan or the equivalent amount of a
      pharmaceutically acceptable salt thereof and from one part to about five
      parts by weight N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine or the equivalent amount of a
      pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. The composition of claim 1 wherein said active ingredient comprises
      about four parts by weight L-5-hydroxy-tryptophan or the equivalent amount
      of a pharmaceutically acceptable salt thereof and about one part by weight
      of N.sup.1 -(D,L-seryl)-N.sup.2 -(2,3,4-trihydroxybenzyl)-hydrazine or the
      equivalent amount of a pharmaceutically acceptable acid addition salt
      thereof.
NUM  3.
PAR  3. The composition of claim 1 wherein said active ingredient comprises
      about two parts by weight L-5-hydroxy-tryptophan or the equivalent amount
      of a pharmaceutically acceptable salt thereof and about one part by weight
      of N.sup.1 -(D,L-seryl)-N.sup.2 -(2,3,4-trihydroxybenzyl)-hydrazine or the
      equivalent amount of a pharmaceutically acceptable acid addition salt
      thereof.
NUM  4.
PAR  4. The composition of claim 1 wherein said active ingredient comprises
      about one part by weight of L-5-hydroxy-tryptophan or the equivalent
      amount of a pharmaceutically salt thereof for each part by weight of
      N.sup.1 -(D,L-seryl)-N.sup.2 -(2,3,4-trihydroxybenzyl)-hydrazine or the
      equivalent amount of a pharmaceutically acceptable acid addition salt
      thereof.
NUM  5.
PAR  5. The composition of claim 1 in unit dosage form suitable for enteral
      administration each such unit dosage form containing from about 25 mg. to
      about 250 mg. of L-5-hydroxy-tryptophan or an equivalent amount of a
      pharmaceutically acceptable salt thereof and from about 25 mg. to about
      250 mg. of N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine or the equivalent amount of a
      pharmaceutically acceptable acid addition salt thereof.
NUM  6.
PAR  6. A method for the treatment of depression and insomnia which comprises
      administering to a patient in need of such treatment an effective amount
      of the composition of claim 1.
NUM  7.
PAR  7. A method for the treatment of depression and insomnia which comprises
      administering to a patient in need of such treatment an effective amount
      of the composition of claim 2.
NUM  8.
PAR  8. A method for the treatment of depression and insomnia which comprises
      administering to a patient in need of such treatment an effective amount
      of the composition of claim 3.
NUM  9.
PAR  9. The method of claim 6 wherein the daily dosage of said composition
      administered to said patient comprises from about 25 mg. to about 1,000
      mg. of L-5-hydroxy-tryptophan or the equivalent amount of a
      pharmaceutically acceptable salt thereof, and from about 100 mg. to about
      500 mg. of N.sup.1 -(D,L-seryl)-N.sup.2
      -(2,3,4-trihydroxybenzyl)-hydrazine or an equivalent amount of a
      pharmaceutically acceptable acid addition salt thereof.
NUM  10.
PAR  10. The method of claim 6 wherein the daily dosage of said composition
      administered to said patient comprises from about 50 mg. to about 750 mg.
      of L-5-hydroxy-tryptophan or an equivalent amount of a pharmaceutically
      acceptable salt thereof, and from about 200 mg. to about 400 mg. of
      N.sup.1 -(D,L-seryl)-N.sup.2 -(2,3,4-trihydroxybenzyl)-hydrazine or an
      equivalent amount of a pharmaceutically acceptable acid addition salt
      thereof.
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ABST
PAL  There is disclosed a method for topically administering griseofulvin to a
      human or animal in a manner such that a high degree of epidermal,
      especially stratum corneum, retention of griseofulvin is attained by
      contacting the skin of a human or animal with an effective amount of a
      therapeutic composition containing griseofulvin and 2-pyrrolidone or an
      N-lower alkyl-2-pyrrolidone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to compositions and a method for topically
      administering griseofulvin to humans and animals. More particularly, the
      present invention relates to compositions and a method whereby
      griseofulvin is effectively administered topically to humans and animals
      and is retained by the epidermis and especially the stratum corneum in
      therapeutically effective amounts.
PAR  2. Background of the Prior Art
PAR  Griseofulvin is known as the treatment of choice for fungus infections of
      the skin and nails. Heretofore, the manner of delivery of griseofulvin has
      been oral. However, it has long been known that oral treatment is not
      perferred because of side effects resulting from saturation of the entire
      body with griseofulvin and the fact that only the outer layers of affected
      skin need to be treated. Therefore, because fungal infections are
      generally infections of the skin and nails, it would be advantageous to
      utilize griseofulvin topically. However, despite a long-felt need for a
      topical griseofulvin, griseofulvin has been used orally to treat topical
      fungus conditions because there was not heretofore known any formulation
      which could be safely delivered topically which would cause sufficient
      retention of griseofulvin in the skin to be useful therapeutically.
PAR  Vehicles such as USP cold cream, ethanol and various ointments, oils,
      solvents, and emulsions have been used to apply various chemically active
      ingredients locally. However, none of these are useful to cause continuous
      presence of therapeutically effective amounts of griseofulvin to be
      retained in the epidermis and especially the stratum corneum layers of the
      skin.
PAC  SUMMARY OF THE INVENTION
PAR  It has now unexpectedly been discovered that griseofulvin may be
      effectively administered topically through the use of compositions herein
      described.
PAR  The invention described herein generally relates to a method for topically
      administering griseofulvin to humans or animals and for retaining a
      therapeutically effective amount of griseofulvin in the epidermis. The
      invention also relates to compositions for use in the method.
PAR  The method specifically involves contacting human or animal skin or nails
      with an effective amount of a composition comprising griseofulvin together
      with 2-pyrrolidone or with an N-lower alkyl-2-pyrrolidone.
PAR  It has been found in experiments, both in vitro and in vivo, that through
      the use of the composition herein described, therapeutically effective
      amounts of griseofulvin are retained in the skin and/or nails.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The amount of griseofulvin to be used in the present composition is that
      amount of griseofulvin which is effective therapeutically in the
      threatment of fungus diseases of the type in which griseofulvin is known
      to be useful, that is, an amount sufficient to temporarily alleviate the
      signs and symptoms of fungus diseases which are known to be treatable with
      griseofulvin. Typical therapeutic amounts are somewhat dependent on the
      particular fungus and its location, but these amounts generally range from
      about 0.1 to about 10% and preferably about 0.5 to about 5% by weight.
PAR  Griseofulvin may be dissolved in a vehicle of this invention and topically
      applied to affected areas of the skin in any convenient form, e.g. cream,
      lotion, spray, solution, etc.
PAR  2-Pyrrolidone and N-lower alkyl-2-pyrrolidones are available commercially
      and are made by a number of methods known to those of skill in the art as
      exemplified by U.S. Pat. Nos. 2,555,353 and 2,267,757. N-lower
      alkyl-2-pyrrolidones include the straight and branched chain lower alkyl
      groups having 1-4 carbon atoms. N-methyl-2-pyrrolidone is preferred.
PAR  The amount of 2-pyrrolidone or N-lower alkyl-2-pyrrolidone which may be
      used in the present invention ranges from about 5 to about 99.9 percent
      and preferably 10-50 percent by weight of the composition.
PAR  An effective amount of the composition, as the term is used herein, refers
      to that amount of composition which is effective thereapeutically in the
      treatment of fungus diseases. The composition is generally applied about
      1-3 times daily in conventional amounts, that is, amounts sufficient to
      cover the affected areas. The treatment is continued until or sometime
      after all of the manifestations of the fungus infections have disappeared.
PAR  Ingredients which may be used in the formulations include conventional
      formulating ingredients, such as, for example, Freons, ethyl alcohol,
      isopropyl alcohol, acetone, fragrances, gel-producing materials, mineral
      oil, vegetable oils, PVP, water, stearyl alcohol, steric acid, spermaceti,
      sorbitan monooleate, Polysorbate 80, Tween 60, sorbital solutions,
      methylcellulose, etc.
PAR  The griseofulvin so applied is carried into and through the stratum
      corneum, and is retained in the epidermis and stratum corneum in the
      therapeutically effective amounts and thereby successfully treats
      fungus-caused skin problems. Griseofulvin, thus applied, as will be
      demonstrated hereinafter, is retained by the epidermis in far higher
      concentrations than was heretofore known and resists being removed by
      washing for substantial time periods whereby a successful therapeutic
      method of treatment is effected.
DETD
PAR  Following are specific examples which demonstrate the effectiveness of
      various forms of this invention.
PAC  EXAMPLE 1
PAR  EXAMPLE 1 indicates the radius of inhibition of griseofulvin when applied
      in the compositions of this invention as compared with when it is applied
      in conventional vehicles. The radius of inhibition indicates the radius of
      a spot on a culture in which complete inhibition of the growth of the
      indicated organisms is obtained when a piece of skin treated with the
      griseofulvin is placed on the culture. The radius of inhibition indicates
      the amount of material diffusing out of the skin and into the surrounding
      culture, and is directly proportional to the amount of griseofulvin
      retained in the skin following treatment. T. mentagrophytes is inhibited
      when treated with the indicated formulations. The data obtained are set
      forth in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     Radius of Inhibition of Griseofulvin                                      

                         Human Hairless                                        

                         Skin  Mouse Skin                                      

     ______________________________________                                    

     1% Griseofulvin in                                                        

     1)   N-methyl-2-pyrrolidone                                               

                               6 mm    9 mm                                    

     2)   N-methyl-2-pyrrolidone 50%                                           

                               6       8                                       

          Acetone 50%                                                          

     3)   USP cold cream       0       0                                       

     4)   Ethyl alcohol        0       0                                       

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  Tests were made to determine whether the compositions of this invention
      caused therapeutically effective amounts of griseofulvin to be retained in
      human stratum corneum. A number of tests were run wherein 1% griseofulvin
      in the indicated vehicle was applied to skin areas on the upper arms of
      human subjects for 15 minutes and then washed with a standard soap and
      water solution and then rinsed in tap water. Samples of the stratum
      corneum were taken before the treatment and at the various hours indicated
      in Table II to measure the growth of T. mentagrophytes on those specimens.
      The growth of T. mentagrophytes was scored on a 0-3 basis with 0 being
      equivalent to no growth. Table II indicates the accumulated totals for six
      subjects having two samples each.
TBL                TABLE II                                                    

     ______________________________________                                    

     Stratum Corneum Retention of Griseofulvin                                 

                    Hours                                                      

     1% Griseofulvin in                                                        

                      0       8       24    48                                 

     ______________________________________                                    

     N-methyl-2-pyrrolidone                                                    

                      23       6       7     9                                 

     USP cold cream   25      23      27    25                                 

     95% ethanol      22      21      23    22                                 

     Acetone          24      23      23    24                                 

     Ointment base    26      23      27    22                                 

     ______________________________________                                    

PAR  It is clear from TABLE II that griseofulvin applied in the form of
      conventional topical compositions is not retained by the epidermis, while
      griseofulvin applied in the form of the composition of this invention is
      retained by the skin in therapeutically effective amounts.
PAC  EXAMPLE 3
PAR  The retention of griseofulvin was also measured by applying compositions
      containing radioactive griseofulvin in vitro to specimens of human leg
      skin. Specimens were treated so that areas 3 cm.sup.2 in diameter were
      covered with 0.01 cc of the indicated compositions; and after 15 minutes
      the specimens were washed with soap and water in a standard manner, after
      which the radioactivity was detected by a gas-flow skin counter which
      measures C.sup.14 in the stratum corneum of the epidermis. After washing,
      the amount of radioactive carbon remaining was measured. The data
      collected are presented in TABLE III.
TBL                TABLE III                                                   

     ______________________________________                                    

     Percent Retention of Griseofulvin                                         

     in Stratum Corneum after Washing                                          

     0.1% C.sup.14 Griseofulvin                                                

                           Post-washing                                        

     ______________________________________                                    

     in N-methyl-2-pyrrolidone                                                 

                           12.2%                                               

     in ethyl alcohol      0.0%                                                

     in USP cold cream     0.8%                                                

     ______________________________________                                    

PAR  This example indicates that none or only insubstantial amounts of
      griseofulvin are retained by the epidermis using conventional topical
      composition, while substantial quantities of griseofulvin are retained by
      the skin using the composition of this invention.
PAC  EXAMPLE 4
PAR  EXAMPLE 3 was repeated, except the study used 1% griseofulvin rather than
      0.1% and the study was carried out for 72 hours. Table IV below tabulates
      the results of the study.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Percent Retention of 1% Griseofulvin                                      

     in Stratum Corneum after Washing                                          

                                      24    72                                 

     1% C.sup.14 Griseofulvin                                                  

                   Immediate 8 hours  hours hours                              

     ______________________________________                                    

     in N-methyl-2-                                                            

                   18.5%     14.2%    7.1%  4.1%                               

     pyrrolidone                                                               

     USP cold cream                                                            

                   1.3%      0.2%     0.0%  0.0%                               

     Ethyl alcohol 0.9%      0.3%     0.0%  0.0%                               

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  The following solution formulations were prepared.
TBL  ______________________________________                                    

                   SOLUTIONS                                                   

                   A       B         C                                         

     ______________________________________                                    

     Griseofulvin     1%        1%        1%                                   

     N-methyl-2-pyrrolidone                                                    

                     10%       46.6%     90%                                   

     Isopropyl myristate                                                       

                      5%        5%        5%                                   

     Fragrance        0.1%      0.1%      0.1%                                 

     Adjuvant solvent q.s.ad                                                   

                     ethanol   isopropyl acetone                               

                               alcohol                                         

     ______________________________________                                    

PAR  Formulation B was tested on human subjects with fungus infections on the
      feet or hands. The subjects indicated that the formulation stopped the
      itching and cleared the fungus with daily application over a period of 2-4
      weeks.
PAC  EXAMPLE 6
PAR  An aerosol form of formulation B of EXAMPLE 5 is prepared by preparing the
      following mixture:
TBL  formulation B    25%                                                      

     Freon.sup.1      75%                                                      

      .sup.1 Freon is 75/25 Freon 114/12.                                      

PAC  EXAMPLE 7
PAR  The following gel formulations were prepared:
TBL                        Gel                                                 

                           A     B                                             

     ______________________________________                                    

     Griseofulvin             1%      1%                                       

     N-methyl-2-pyrrolidone  96%     20%                                       

     Carbopol 934             1%     --                                        

     Carbopol 940            --      0.75%                                     

     Ethanol                 --      50%                                       

     Ethoxyl 16R             --       2%                                       

     Diethanolamine          --      0.5%                                      

     di-2(ethylhexyl)amine   2%      --                                        

     water q.s.ad                                                              

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  The following cream formulations were prepared:
TBL               Creams                                                       

                  A     B        C        D                                    

     ______________________________________                                    

     Griseofulvin    1%      1%       1%     1%                                

     N-methyl-2-pyrrolidone                                                    

                    25%     20%      34%    42%                                

     Stearyl alcohol                                                           

                    12%     --       --     10%                                

     Stearic acid   --      19%      18%     6%                                

     Synthetic spermaceti                                                      

                    7.5%    --        2%     4%                                

     Sorbitan monooleate                                                       

                    1.0%    --       --     --                                 

     Polysorbate 80 5.5%    --       --     --                                 

     Tween 60       --       3.5%     3.5%   3.5%                              

     Arlacel 60     --       1.5%     3.5%   1.5%                              

     Sorbitol solution                                                         

                    5.5%    19.4%    14.0%  10.5%                              

     Mineral oil    --       2.0%    --     --                                 

     Methocel 90 HG-100                                                        

                    --       0.2%     0.2%   0.2%                              

     Fragrances     0.2%    --       --     --                                 

     Sodium citrate 0.5%    --       --     --                                 

     Water q.s.ad                                                              

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  Examples 1-4 are repeated, except the following compounds are used instead
      of N-methyl-2-pyrrolidone: 2-pyrrolidone, N-ethyl-2-pyrrolidone,
      N-propyl-2-pyrrolidone and N-isobutyl-2-pyrrolidone. Comparable results
      are obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composition useful in the topical treatment of fungal infections of
      the skin and nails comprising about 0.1 to about 10 percent by weight of
      griseofulvin together with about 5 to about 99.9 percent by weight of a
      compound selected from the group consisting of 2-pyrrolidone and an
      N-lower alkyl-2-pyrrolidone.
NUM  2.
PAR  2. The composition of claim 1 wherein the N-lower alkyl substitutent has
      1-4 carbon atoms.
NUM  3.
PAR  3. A composition useful in the topical treatment of fungal infections of
      the skin and nails comprising about 0.1 to about 10 percent by weight of
      griseofulvin together with about 5 to about 99.9 percent by weight of
      N-methyl-2-pyrrolidone.
NUM  4.
PAR  4. A method for effectively administering a therapeutic amount of
      griseofulvin topically to humans or animals comprising contacting human or
      animal skin or nails with an effective amount of a therapeutic composition
      containing about 0.1 to about 10 percent by weight of griseofulvin
      together with about 5 to about 99.9 percent by weight of a compound
      selected from the group consisting of 2-pyrrolidone and an N-lower
      alkyl-2-pyrrolidone.
NUM  5.
PAR  5. The method of claim 4 wherein the N-lower alkyl substituent has 1-4
      carbon atoms.
NUM  6.
PAR  6. The method of claim 4 wherein the compound is N-methyl-2-pyrrolidone.
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ABST
PAL  The present invention relates to processes and compositions for inhibiting
      or preventing the growth of microorganisms in aqueous systems and
      formulations, by the addition thereto of dialkyl bromonitromalonates.
PARN
PAR  This application is a continuation of application Ser. No. 209,988 filed
      Dec. 20, 1971, now abandoned.
BSUM
PAR  CDESCRIPTION OF THE PRIOR ART
PAR  The control of microbial growth in aqueous systems and products is a
      formidable problem. It is a matter of record that the water systems in a
      large variety of industries are susceptible to the formation of slime due
      to these microorganisms resulting in expensive delays and equipment
      repairs. It is also well known that very many industrial and consumer
      products and formulations that contain water can be damaged or completely
      destroyed by the growth of bacteria, fungi, and algae. Examples of such
      systems and compositions are industrial cooling water, water used in pulp
      and paper manufacture ("white water"), flood water used in secondary oil
      recovery, cosmetic products (lotions, emulsions, etc.), liquid soaps and
      detergents, textile emulsions, cutting oils, polymer emulsions, latex
      paints, adhesives, emulsion waxes and rolling mill lubricants.
PAR  Many useful preservatives have been proposed for these systems and
      products, but very often have proved to be unsatisfactory due to rapid
      loss of activity, inactivation by components of the system,
      incompatibility, toxicity, etc.
PAR  For example, the presence of oil or nonionic surfactants in these systems
      will inactivate a large number of biocides. In many instances, known
      antimicrobial agents are effective only against certain groups of
      microorganisms and will fail to protect systems that are contaminated with
      other types of microflora. For example, many biocides are active against
      gram-positive bacteria and fungi but show feeble or no activity against
      gramnegative organisms such as the Pseudomonas species that are ubiquitous
      spoilage organisms. The increasing demands of higher environmental health
      and pollution control standards have also imposed significant limitations
      on the use of many known antimicrobial agents such as mercurials and
      chlorinated phenols.
PAR  Cutting oil emulsions are widely used in the high speed metal cutting
      industries for their cooling, lubricating and anticorrosive properties.
      These systems are very susceptible to bacterial decomposition producing
      obnoxious odors and potential hazards unless adequately protected by the
      addition of an effective preservative.
PAR  A cutting oil emulsion consists of 1% to 20% of an emulsifiable cutting oil
      in water. Emulsifiable cutting oils are composed of petroleum oils mixed
      with emulsifying agents; usually a soap of petroleum sulfonate, fatty
      acid, tall oil, or resin.
PAR  Detailed descriptions of these systems their microbiological problems and
      difficulties in their preservation can be found in: Bennet, E. O., Soap
      Chem. Specialties, 32, 46 (1956), and Fabian, F. W. and Pivnick, H.,
      Applied Microbiology, 1, 201 (1953).
PAR  Cosmetic products formulated with water are very susceptible to the growth
      of microorganisms. Complete descriptions and formulations of cosmetic
      products are well known to those skilled in the art and are found in
      Sagarin, E., Cosmetic-Science and Technology, Interscience Publishers,
      Inc., New York (1957).
PAR  Microbial contamination of cosmetics represent not only a spoilage problems
      but also a public health menace to the consumer. Problems encountered in
      the preservation of these materials are described by Dunnigan, A. P., Drug
      and Cosmetic Industries, 102, 43, (1968).
PAR  Microbial growth in papermill water systems presents a major problem to
      that industry. The application of effective antimicrobials to these
      systems, often called white water systems, is necessary to avoid the
      problems and economic losses due to the microorganisms. Papermill water
      systems normally contain up to 15% of cellulosic fiber material and
      present favorable conditions for microbial growth. A detailed description
      of these systems is presented in U.S. Pat. No. 3,397,144.
PAR  Cooling towers are widely used in industry for cooling and recirculating
      large quantities of water used in heat exchange operations. The problems
      of microbial growth in these systems causing slime formations which
      markedly impair the efficiency is well known and is described in Betz
      Handbook of Industrial Water Conditioning, Betz Laboratories, Inc.,
      Philadelphia, Pa.
PAR  The growth of microorganisms, especially the anaerobe, Desulfovibrio
      desulfuricans, in flood waters used in secondary oil recovery presents
      serious problems to the petroleum industry. These problems are discussed
      in Meyers and Slabgi, "The Microbiological Quality of Injection Water used
      in Alberta Oil Fields", Producers Monthly, 12, May (1962). The addition of
      antimicrobial compounds which are active at very low concentrations
      provides a satisfactory solution to this problem. A recommended procedure
      for determining the effectiveness of a chemical in this application is to
      test the activity of the chemical against selected bacteria. (See API
      Recommended Practice for Biological Analysis of Subsurface Injection
      Water, American Petroleum Industries, New York).
PAR  Emulsion paints, often termed latex or water based paints are subject to
      microbial deterioration during storage. An adequate description of these
      paints is found in the Rohm and Haas Company's brochure "Rhoplex Acrylic
      Emulsions for Outdoor Paints", 11th Annual Progress Report. The in-can
      spoilage of emulsion paints is most frequently attributed to the growth of
      gram negative bacteria which can produce noxious odors, gas formation,
      discoloration, and complete destruction of the emulsion.
PAR  The problems resulting from microbial contamination of rolling mill oils
      and emulsions were reviewed by E. C. Hill in Metals and Materials, p.
      294-297, September, 1967.
PAR  Lubricants or "spin finishes", that are applied to synthetic and natural
      fibers to facilitate processing are composed of various organic
      ingredients diluted with water. These lubricants are susceptible to
      microbial attack leading to the formation of noxious odors, discoloration
      and emulsion breakdown.
PAR  Polymer emulsions generally provide an excellent environment for the growth
      of microorganisms. These emulsions are used for the preparation of a
      variety of products including paints, paper coatings, floor coatings, and
      printing inks. Polymer emulsions are aqueous emulsions of thermoplastics
      usually containing about 50% solids. In addition to the polymers such as
      styrene-butadiene, acrylics, polyvinyl acetate, and polyvinyl copolymers,
      these emulsions also may contain surfactants, release agents, lubricants
      and plasticizers.
PAR  Adhesives, particularly starch base adhesives, usually do not contain
      preservatives, however, these unpreserved adhesives are sensitive to
      microbial degradation and spoilage.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered a class of antimicrobial compounds that, when added to
      the aqueous systems and compositions described above, effectively prevent
      the growth of damaging bacteria, fungi, and algae. Furthermore, it was
      found that this group of compounds is much more effective against the
      spoilage organisms than known antimicrobial agents and thus will protect
      these systems at much lower concentrations than the known agents.
PAR  The antimicrobial agents of this invention are esters of bromonitromalonic
      acid and may be represented by the following structural formula:
      ##EQU1##
      wherein R is a member selected from the group consisting of straight or
      branched chain alkyl having up to 4 carbon atoms.
PAR  Although some of the active compounds of this invention are not novel
      compounds, their potent antimicrobial properties and their utility as
      effective antimicrobial preservatives in various aqueous systems and
      compositions has not been disclosed or rendered obvious in the literature.
PAR  The active compounds of this invention were prepared by nitrating and then
      brominating the corresponding malonic acid esters. Optionally, some of the
      higher molecular weight esters may be prepared by transesterification of
      dimethyl or diethyl bromonitromalonate with the higher alcohols. The
      general method of preparation is illustrated by the following reaction
      scheme.
      ##EQU2##
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The compounds are active both in acid and basic media and are not
      inactivated by the presence of nonionic surfactants or large quantities of
      fats, oils, resins, etc.
PAR  The compounds may be added to the aqueous systems or formulations undiluted
      or dissolved in organic solvents such as alcohols, acetone,
      dimethylformamide, benzene, p-dioxane, carbon tetrachloride and various
      other industrual solvents. Incorporation of the compounds may be made at
      any step during the preparation of the formulated products. For example,
      in the case of oil in water systems or formulations, the chemicals may be
      initially added to the oil phase prior to formulation of the final product
      or by adding them to the completed system or formulation.
PAR  The compounds may be added to the aqueous systems and formulations alone or
      in combination with other biocides and/or functional compounds such as
      antioxidants, anticorrosive agents, surfactants, etc.
PAR  The active compounds of this invention, in general, are effective against a
      broad spectrum of microorganisms which attack aqueous systems and
      formulations. Examples of some of these microorganisms are:
PAC  Gram Positive Bacteria
PA0  Staphylococcus aureus
PA0  Staphylococcus epidermidis
PA0  Bacillus subtilis
PAC  Gram Negative Bacteria
PA0  Escherichia coli
PA0  Pseudomonas aeruginosa
PA0  Proteus vulgaris
PA0  Pesudomonas fluoroescens
PA0  Aerobacter aerogenes
PA0  Salmonella typhosa
PA0  Salmonella cholerasuis
PAC  Yeasts
PA0  Candida albicans
PAC  Molds
PA0  Penicillium piscarium
PA0  Aspergillus niger
PA0  Aspergillus oryzae
PA0  Aureobasidium pullulans
PAR  Small quantities of our compounds are sufficient to prevent microbial
      growth in the aqueous systems and formulations. Concentrations as low as
      0.0001% to 0.1% by weight have given effective results. The use of greater
      quantities, while feasible, is recommended only for unusual applications.
      Concentrations of between 0.005% and 0.05% are preferred.
PAR  The compounds of the present invention may be utilized as preservatives for
      cutting oil emulsions. Solutions of the active compounds in a suitable
      solvent such as dimethylformamide or ethanol, having a strength of between
      about 5 to about 10% by weight, prepared, and added to the cutting oil in
      order to give a concentration of between about 100 to about 30 parts of
      cutting oil per part of active compound.
PAR  The compounds of our invention are found to be very effective preservatives
      for cosmetic compositions and are especially advantageous in formulations
      containing nonionic surfactants that are known to nullify the
      antimicrobial properties of a great many known preservatives. The
      compounds may be added to the finished cosmetic product directly or
      dissolved in suitable solvents such as alcohol, acetone,
      dimethylformamide, etc. Alternately the compounds may be dissolved in the
      oils or other raw materials used in the formula and then formulated into
      the final product.
PAR  The compounds may also be used to protect the so-called white water systems
      utilized in paper manufacture from the formation of slimes and the like
      which are known to affect these systems. Concentrations of the order of
      from about 30 to about 250 mcg of active compounds per ml. of white water
      are effective.
PAR  Concentrations of between 25 to 50 mcg of active compounds per ml. of water
      are effective in decreasing the aerobic bacterial count from water used in
      cooling tower water systems.
PAR  Flood waters used in the secondary recovery of oil in oil wells are
      particularly susceptible to attack by D. desulfuricans. Protection against
      this microorganism may be obtained utilizing between about 50 to about 100
      mcg of active compound per ml. of flood water. Water base emulsion paints,
      such as acrylic emulsion house paint may be protected against microbial
      spoiling by the addition thereto from about 60 to about 125 mcg of the
      active compound per ml. of paint.
PAR  Similarly, rolling mill oils and emulsiions without water base, may be
      protected against microbial degradation by the addition thereto of
      alkanolic, preferably ethanolic solutions of the active compounds to yield
      a concentration from about 30 to about 60 mcg/ml. of emulsions.
PAR  The textile lubricants such as spin finishes may also be protected by the
      addition of ethanolic solutions of the active compound of the present
      invention. The protected composition contains between about 20 to about
      125 mcg of the active compound per ml. of the lubricant.
PAR  Adhesives, particularly starch base adhesives, may be protected by adding
      thereto from about 20 to about 250 mcg of the active compounds per ml. of
      adhesive.
PAR  The compounds of the present invention may be prepared by methods well
      known in the art. In the preferred procedure which may be used for the
      preparation of all of the compounds of the present invention, but which is
      preferably used for the synthesis of diethyl or dimethyl
      bromonitromalonate, the dialkylmalonate is treated with concentrated
      nitric acid at ambient temperatures. The mixture is maintained at this
      temperature from about 1 to about 4 hours, quenched by pouring into ice
      water, and extracted with a suitable water immiscible solvent such as
      benzene, toluene, or the like. The organic extract is then washed to
      neutrality with a mild base suitably sodium bicarbonate and worked up in
      the usual manner. Upon removal of the solvent, the residue is distilled
      under reduced pressure to yield the desired dialkylnitromalonate.
PAR  To a solution of the dialkylnitromalonate in a lower alkanol, suitably the
      alkanol corresponding to the alkyl group, is added a solution of an alkali
      metal alkylate, suitably the sodium alkylate of the alkanol used. There is
      added to this solution a slight excess of bromine, and the reaction
      mixture quenched by the addition of saturated aqueous sodium chloride. The
      aqueous mixture is extracted with a water immiscible solvent, suitably
      ether, which is then worked up in the usual manner to yield a residue
      which, upon distillation of the reduced pressure, yields the desired
      dialkyl bromonitromalonate.
PAR  If desired, higher dialkyl bromonitromalonates may be prepared by
      transesterification of dimethyl or diethyl bromonitromalonate with higher
      alkanols in the usual manner.
DETD
PAC  EXAMPLE I
PAR  Concentrated nitric acid (184 ml.) was added slowly to 80 g. of diethyl
      malonate at 15.degree.-20.degree. and agitated an additional 3 hours at
      this temperature range. The nitrated ester was poured into one liter of
      ice water and then extracted twice with 200 ml. portions of toluene. the
      toluene extract was washed neutral with aqueous sodium bicarbonate and
      water, dried over magnesium sulfate, and filtered. Following the removal
      of the toluene on a rotary evaporator, the residue was vacuum distilled
      and the diethyl nitromalonate boiling at 97.degree.-99.degree. at 1.7 mm.
      Hg was collected.
PAR  A solution of 1.2 g. sodium in 75 ml. of absolute ethanol was slowly added
      with agitation to 10.3 g. of the above diethyl nitromalonate in 75 ml. of
      absolute ethanol at 0.degree.C. To this solution was slowly added 8.0 g.
      Br.sub.2 with agitation followed by the addition of 200 ml. of a saturated
      aqueous solution of sodium chloride. The aqueous mixture was extracted
      three times with 200 ml. portions of ether, the combined ether extracts
      dried over magnesium sulfate, and then filtered. The ether was removed on
      a rotary evaporator and the residue distilled, collecting the diethyl
      bromonitromalonate (I) boiling at 143.degree.-145.degree.C at 15 mm. Hg.
PAR  In a similar manner, starting with the corresponding malonic acid ester,
      were prepared:
PA0  Dimethyl bromonitromalonate (II), b.p. 128.degree.-129.degree.C at 10 mm.
      Hg.
PA0  Di-n-butyl bromonitromalonate (III), b.p. 120.degree.C at 0.1 mm. Hg.
PA0  Di-n-propyl bromonitromalonate (IV), b.p. 82.5.degree.C at 0.01 mm. Hg.
PAC  EXAMPLE II
PAR  The following tests demonstrate the effectiveness of our compounds as
      preservatives for cutting oil emulsions. A 6% solution, by weight, of the
      compounds were prepared and serially diluted in ethanol to give a range of
      concentrations. Two cutting oil emulsions were prepared; the first was
      made by diluting one part of Kutwell 30 cutting oil with 100 parts of
      distilled water and the second by diluting one part of Kutwell 30 with 30
      parts of distilled water. Kutwell 30 (manufactured by Humble Oil and
      Refining Co.) is an emulsifiable sulfonated lubricant cooling solution
      used in the turning, cutting and grinding of metals. Peptone (Difco) was
      added to give a 0.1% concentration in each emulsion and the emulsions were
      sterilized. Aliquots (0.1 ml.) of the serial dilution series were then
      added to 12 ml. of the cooled cutting oil emulsions. The samples were
      inoculated with one drop (0.05 ml.) of a 24 hour nutrient broth culture of
      Pseudomonas aeruginosa and incubated at 28.degree.C on a gyratory shaker
      for a 4-week period. The presence of viable organisms was determined at
      weekly intervals and the emulsions reinoculated. Thus, each preparation
      had been inoculated four times by the beginning of the fourth week. Viable
      organisms were detected by streaking one 4 mm. loopful (0.01 ml.) of
      emulsion onto the surface of trypticase glucose extract agar (Baltimore
      Biological Laboratories, Baltimore, Maryland) containing 0.005% triphenyl
      tetrazolium chloride and letheen antidote.
PAC  TABLE I
PAR  The minimum concentration of compound required for complete inhibition of
      Ps. aeruginosa in emulsion (.mu.g/ml.) is presented in the table below.
TBL  __________________________________________________________________________

     Week 1         Week 2  Week 3    Week 4                                   

     Compound                                                                  

     No.   1:100                                                               

                1:30                                                           

                    1:100                                                      

                        1:30                                                   

                            1:100                                              

                                 1:30 1:100                                    

                                           1:30                                

     __________________________________________________________________________

     I     15.6 15.6                                                           

                    15.6                                                       

                        15.6                                                   

                            31.25                                              

                                 31.25                                         

                                      31.25                                    

                                           31.25                               

     II    15.6 15.6                                                           

                    15.6                                                       

                        15.6                                                   

                            15.6 15.6 15.6 15.6                                

     III   250  &gt;500                                                           

                    250 500 250  500  250  500                                 

     IV    125  250 125 250 125  250  125  250                                 

     __________________________________________________________________________

PAC  EXAMPLE III
PAR  The effectiveness of our compounds in cosmetic compositions was
      demonstrated by the following tests. Serial dilutions of the compounds in
      dimethylformamide were added to prepared, sterile, cosmetic lotions of the
      following compositions:
TBL  Formula A            (Parts by Weight)                                    

     ______________________________________                                    

     Stearic acid         1.4                                                  

     Mineral oil          2.3                                                  

     Arlacel 60 (sorbitan monostearate)                                        

                          0.7                                                  

     Tween 60 (polyoxyethylene sorbitan                                        

                          1.6                                                  

     monostearate)                                                             

     Water                94.0                                                 

     Formula B            (parts by weight)                                    

     Tetrahydrosqualene   5.2                                                  

     Alcolec 4135         1.6                                                  

     Polyethyleneglycol 400                                                    

                          2.1                                                  

     monostearate                                                              

     Cetyl Alcohol        1.1                                                  

     Water                90.0                                                 

     Formula C            (parts by weight)                                    

     Stearic acid         3.0                                                  

     Tween 60             2.9                                                  

     Amerchol L-101       6.0                                                  

     Modulan              2.0                                                  

     Span 60              2.1                                                  

     Water                84.0                                                 

     Formula D            (parts by weight)                                    

     Mineral oil          30.0                                                 

     Cetyl alcohol        1.0                                                  

     Amerchol L-101       5.0                                                  

     Arlacel 165          4.0                                                  

     Solulan 98           2.0                                                  

     Glycerol             4.0                                                  

     Water                54.0                                                 

     ______________________________________                                    

PAR  The finished formulations were fortified with a 0.1% each, peptone (Difco),
      yeast extract (Difco), and malt extract (Difco), nutrients that insure the
      rapid development of the test organisms. Each of the products, containing
      varying levels of the compounds were divided in two and one inoculated
      with a spore suspension of A.niger, the other with a 24 hour nutrient
      broth culture of Ps.aeruginosa. These organisms are frequently found as
      contaminants in cosmetic products. The samples were incubated for a 4 week
      period with weekly examinations for the growth of the organisms. At weekly
      intervals the samples were also reinoculated with the test organisms.
      Presence of fungal growth was determined macroscopically while bacterial
      contamination was determined by the method described in Example II.
      Results of these tests showing the minimum inhibitory concentration
      through the 4 week incubation period were as follows:
TBL  __________________________________________________________________________

     Minimum Inhibitory Concentration (mcg/ml.)                                

     Formula A    Formula B                                                    

                          Formula C                                            

                                  Formula D                                    

     Compound                                                                  

     No.  Ps.a.                                                                

              A.n.                                                             

                  Ps.a.                                                        

                      A.n.                                                     

                          Ps.a.                                                

                              A.n.                                             

                                  Ps.a.                                        

                                      A.n.                                     

     __________________________________________________________________________

     I    &lt;30 &lt;30 60  500 &lt;30 &lt;30 &lt;30 &lt;30                                      

     II   &lt;30 &lt;30 &lt;30 &lt;30 &lt;30 &lt;30 &lt;30 &lt;30                                      

     __________________________________________________________________________

PAC  EXAMPLE IV
PAR  To demonstrate the activity of compounds of this invention is a simulated
      white water system, a slimicide test suggested in "Microbiology of Pulp
      and Paper, TAPPI Monograph Series, No. 15", was used. The compounds were
      dissolved in dimethylformamide and constant volumes of suitable dilution
      levels were added to flasks containing 24 ml. of the following substrate:
PA0  8.4 g. Whatman No. 2 powdered cellulose
PA0  2.6 g. Sodium nitrate
PA0  1.0 g. Calcium sulfate
PA0  6.5 g. Maltose
PA0  1.0 g. Nutrient Broth, Difco
PA0  10.0 ml. 2% Mersize RM 70R (Monsanto)
PA0  2.5 ml. 2% Alum
PA0  900 ml. distilled water
PAR  Using pure culture technique, the flasks were inoculated with 1 drop of an
      18-24 hour Nutrient Broth culture of bacteria and an aqueous conidia
      suspension of fungi grown on Potato Dextrose Agar. The flasks were
      agitated continuously on a gyratory shaker at 28.degree.C. The presence of
      bacterial growth was determined after 7-day incubation by streaking onto
      Dextrose Tryptone Extract Agar plates with Letheen. Fungal growth was
      detected visually after 7 days incubation. Control flasks included in
      these tests showed heavy growth of the organisms during this incubation
      period. The results listed below are the minimum concentration of the
      compound that completely inhibited growth.
TBL  ______________________________________                                    

                Inhibitory Conc. (mcg./ml.)                                    

     Organism     I        II       III    IV                                  

     ______________________________________                                    

     Ps. aeruginosa                                                            

                  62       31       250    125                                 

     A. aerogenes 62       31       125     62                                 

     A. niger     62       31       125    125                                 

     P. piscarium 62       31       125    125                                 

     ______________________________________                                    

PAR  The compounds of our invention may be incorporated into these systems
      directly or dissolved in various organic solvents, alone or formulated
      with other biocides and/or additives used in paper mill systems.
PAC  EXAMPLE V
PAR  The compounds of our invention effectively inhibit the growth of
      microorganisms in cooling water as shown by the following tests. A sample
      of cooling tower water was taken from an installation which had been in
      operation in a chemical plant for several years. The installation
      consisted of a two-cell induced draft double flow tower and accessory
      equipment designed to cool 2,400 gallons per minute from 95.degree.F to
      85.degree.F. It was composed of redwood structural members with plastic
      fill and had a capacity of about 10,000 gallons. The water sample was
      divided into several 150 ml. aliquots and dimethylformamide solutions of
      the compounds added to give various concentrations by weight of the water.
      Dimethylformamide alone was added to one of the samples and served as a
      control. The total aerobic bacterial count of the samples was determined
      immediately and after 24 hours incubation on a gyratory shaker by standard
      plating methods, results are listed in the table below:
TBL  Counts per milliliter                                                     

     Compound I          Compound II                                           

     Conc./                                                                    

     mcg/ml.)                                                                  

            0 hrs.    24 hrs.    0 hrs.   24 hrs.                              

     ______________________________________                                    

      0     53 .times. 10.sup.4                                                

                      143 .times. 10.sup.4                                     

                                 53 .times. 10.sup.4                           

                                          143 .times. 10.sup.4                 

     25     79 .times. 10.sup.4                                                

                      0          52 .times. 10.sup.4                           

                                          0                                    

     50     52 .times. 10.sup.4                                                

                      0          101 .times. 10.sup.4                          

                                          0                                    

     ______________________________________                                    

PAC  EXAMPLE VI
PAR  The activity of our compounds was tested against D. desulfuricans under
      anaerobic conditions using Difco Sulfate API broth. The compounds were
      added to the media as dilutions of solutions in dimethylformamide and the
      media was incubated at 27.degree.C for 30 days. At the end of the period
      the media was visually examined for microbial growth. The activity of the
      compounds tabulated below attests to their usefulness as biocides in this
      application. The chemical can be added to flood water systems formulated
      in the various aliphatic and aromatic solvents perviously described in
      this application.
TBL  ______________________________________                                    

                 Minimum Inhibitory Concentration                              

     Chemical    (mcg/ml.)                                                     

     ______________________________________                                    

     I           50                                                            

     II          50                                                            

     III         100                                                           

     IV          50                                                            

     ______________________________________                                    

PAC  EXAMPLE VII
PAR  The compounds of our invention are effective preservatives for emulsion
      paints as demonstrated by the following tests. The test paint was an
      acrylic emulsion interior paint, containing no preservatives. The paint
      composition was as follows:
TBL  Water            20.7 g.                                                  

     Daxad 30         0.8                                                      

     Triton X-100     0.2                                                      

     Clearate WD      10.4                                                     

     Ti-Pure R-901    25.0                                                     

     Lorite           30.0                                                     

     Duramite         10.0                                                     

     Wallastone P4    5.0                                                      

     2% QP 15000 Sol. 12.7                                                     

     Ethylene Glycol  2.0                                                      

     Everflex BG      27.0                                                     

     Texanol          1.8                                                      

PAR  Various concentration levels of the compounds in ethanol were added to the
      paint, and these samples were inoculated with a microbially spoiled paint
      containing large numbers of actively growing Pseudomonas aeruginosa. The
      survival of the bacteria in the samples was determined by swab streaking
      the paints onto dextrose trypticase extract agar, initially and after 24
      hours, 1, 2, and 4 weeks incubation at ambient temperatures. Results are
      listed in the table below.
TBL  ______________________________________                                    

            Minimum Inhibitory Concentration                                   

     Compound                                                                  

            (mcg/ml.                                                           

     No.    24 hrs.   1 week    2 weeks 4 weeks                                

     ______________________________________                                    

     I      &lt;62.5     &lt;62.5     &lt;62.5   &lt;62.5                                  

     II     &lt;62.5     &lt;62.5     &lt;62.5   62.5-125                               

     ______________________________________                                    

PAC  EXAMPLE VIII
PAR  The utility of our compounds as biocides in rolling mill oils and emulsions
      was demonstrated by the following tests. A rolling mill emulsion was
      prepared by diluting a commercially available emulsified rolling mill
      concentrate, Prisol 44 (Mobile Oil Co.) 1 to 20 with water. The emulsion
      was fortified with 0.1% peptone and small quantities of aluminum and steel
      shavings added to simulate use conditions. Various concentrations of our
      compounds were added to the emulsions as aliquots of ethanol solutions and
      the samples inoculated with a mixture of gram negative microorganisms of a
      contaminated emulsion obtained from a rolling mill plant. The samples were
      incubated on a rotary shaker, examined weekly for the presence of
      microorganisms as previously described, and then reinoculated. Results of
      these tests after a 4 week incubation period were as follows:
TBL                 Minimum Inhibitory Concentration                           

     Compound       (mcg/ml.)                                                  

     No.                                                                       

     ______________________________________                                    

     I              62.5                                                       

     II             &lt;31                                                        

     ______________________________________                                    

PAC  EXAMPLE IX
PAR  The effectiveness of our compounds in preventing microbial growth in "spin
      finishes" was shown in tests on Nopco 1296 (Nopco Chemical Co.), a textile
      lubricant concentrate. This lubricant was diluted 1 to 4 with water and
      various concentrations of our compounds were added as solutions in
      ethanol. These emulsions were inoculated with a nutrient broth culture of
      microorganisms from a contaminated "spin finish" obtained from a textile
      plant. The samples were incubated on a gyratory shaker, examined weekly
      for microbial growth, and then reinoculated. Results of these tests after
      a 4 week period were as follows:
TBL  Compound       Minimum Inhibitory Concentration                           

     No.            (mcg/ml.)                                                  

     ______________________________________                                    

     I              125                                                        

     II             &lt;31                                                        

     ______________________________________                                    

PAC  EXAMPLE X
PAR  The utility of our compounds in protecting polymer emulsions from microbial
      deterioration was shown by the following tests in an acrylic emulsion.
      Varying levels of the compounds were added as ethanol solutions to samples
      of "Rhoplex B-15" acrylic emulsion (Rohm and Haas Co.). The samples were
      inoculated with a viable broth culture of Pseudomonas aeruginosa and
      incubated in closed container at 28.degree.C for a 4 week period. The
      presence of surviving bacteria were determined at weekly intervals using
      plating techniques described in previous examples and the samples were
      reinoculated weekly. Results of these tests showing the minimum
      concentration of the compounds required to prevent survival of the
      bacteria throughout the test period are listed below.
TBL  ______________________________________                                    

     Compound       Minimum Effective Concentration                            

     No.            (mcg/ml.)                                                  

     ______________________________________                                    

     I              62.5                                                       

     II             31.3                                                       

     ______________________________________                                    

PAC  EXAMPLE XI
PAR  Deterioration of adhesives, particularly starch base adhesives, not
      containing preservatives is commonly encountered in practice. Efficacy as
      a starch base adhesive was demonstrated by inoculation of a 6% solution of
      corn starch, partially hydrolyzed by holding at 100.degree.C. for 5
      minutes. In order to insure good growth of the test organisms, the starch
      base was fortified with nutrients to contain 0.1% each of Malt Extract
      (Difco) and Peptone (Difco).
PAR  Various concentrations of the compounds were added to the adhesive as
      serial dilutions of a dimethylformamide solution. Replicate samples were
      prepared for each concentration level and inoculated by pure culture
      technique with Pseudomonas aeruginosa, Aspergillus niger, and Pencillium
      piscarium. The samples were incubated at 28.degree.C for a 4 week period
      and examined for microbial growth. Presence of Ps. aeruginosa was
      determined by previously described plating techniques and A. niger and P.
      piscarium growth was detected macroscopically. Results of these tests are
      recorded below.
TBL  ______________________________________                                    

                4 Week Incubation                                              

     Compound                                                                  

            Conc.                                                              

     No.    (mcg/ml.) Ps.aeruginosa                                            

                                  A.niger                                      

                                         P.piscarium                           

     ______________________________________                                    

     I      250       -           -      -                                     

     I      125       -           -      -                                     

     I      62.5      -           -      -                                     

     I      31.3      +           +      -                                     

     I      15.6      +           +      +                                     

     II     250       -           -      -                                     

     II     125       -           -      -                                     

     II     62.5      -           -      -                                     

     II     31.3      -           +      -                                     

     II     15.6      +           +      -                                     

     ______________________________________                                    

      - = No growth                                                            

      + = Growth                                                               

CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preventing or eliminating the growth of bacteria and fungi
      in an aqueous composition subject to spoilage thereby, which comprises
      incorporating in said composition an effective amount of a compound of the
      formula
      ##EQU3##
      where in R is a straight chain alkyl group having from 1 to 4 carbon
      atoms.
NUM  2.
PAR  2. A method according to claim 1 wherein there is utilized from between
      0.0001% to 0.1% by weight of said compound.
NUM  3.
PAR  3. A method according to claim 2 which comprises adding from about 20 to
      about 125 mcg of said compound to each 1 ml. of the aqueous system.
NUM  4.
PAR  4. The method of claim 1 wherein the aqueous composition is process water
      used in pulp and paper manufacture.
NUM  5.
PAR  5. The method of claim 1 wherein the aqueous composition is industrial
      cooling water.
NUM  6.
PAR  6. The method of claim 1 wherein the aqueous composition is secondary oil
      recovery flood water.
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ABST
PAL  A disinfecting concentrate includes a mixture of n-alkylated benzalkonium
      halides, preferably, n-alkylated benzyl ammonium chlorides or benzalkonium
      chlorides, each having from 8 to 18 carbon atoms in their respective alkyl
      portions, preferably 12 to 18 carbon atoms, and mixtures thereof. The
      concentrate further includes a preservative and water. Use solutions
      prepared from the concentrate contain minor amounts thereof in order to be
      efficacious.
PARN
PAR  This is a continuation of copending application Ser. No. 289,089, filed
      Sept. 14, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to disinfecting compositions. More
      particularly, the present invention pertains to disinfecting concentrates
      and use solutions thereof. Even more particularly, the present invention
      relates to disinfecting concentrates and use solutions thereof based on
      n-alkylated benzyl ammonium halides or benzalkonium halides.
PAR  2. Prior Art
PAR  There has been developed over the years a plurality of disinfectant
      compositions prepared from concentrates thereof. Generally speaking,
      though, these compositions are restricted in their field of use, i.e.
      agricultural environments, industrial environments, household or domestic
      usage and the like.
PAR  The present invention, on the other hand, provides a disinfectant
      concentrate which can be utilized in plurality of environment based on use
      solutions thereof.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a detergent concentrate has for
      its active ingredient a composition which consists essentially of (1) a
      mixture of three n-alkylated benzyl ammonium halides, each of which has
      from 8 to 18 carbon atoms or mixtures thereof in its alkyl portion, and
      (2) a preservative which also functions as a chelating agent.
PAR  The active ingredient is then blended with emollients, surfactants,
      hydrotropes, and the like to prepare the final concentrate.
PAR  From the final concentrate a use solution is prepared with water, the
      concentrate being efficacious over a normal use range of from about 100 to
      1500 ppm, based on one million parts of use solution.
PAR  The use solutions hereof can be effectively employed as household
      disinfectants; marine disinfectants, swimming pool sanitizers, surgical
      scrubs and skin cleansers for the treatment of dicubitous ulcers, and the
      like.
DETD
PAR  For a more complete understanding of the present invention, reference is
      made to the following detailed descriptions and examples thereof.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the present invention a disinfectant concentrate
      consists essentially of:
PAR  1. FROM ABOUT 99 TO 99.9 PERCENT BY WEIGHT OF INERT INGREDIENTS, SUCH AS,
      WATER, EMOLLIENTS, SURFACE ACTIVE AGENTS (SURFACTANTS) HYDROTROPES AND THE
      LIKE, AND
PAR  2. FROM ABOUT 0.1 TO 1 PERCENT BY WEIGHT OF ACTIVE INGREDIENT, BASED ON THE
      TOTAL WEIGHT OF THE COMPOSITION.
PAR  Preferably, the concentrate consists essentially of from about 99.5 to 99.9
      percent by weight of inert ingredients and from about 0.1 to 0.5 percent
      of active ingredient.
PAR  The active ingredient contemplated for use herein consists essentially of a
      mixture of:
PAR  A. A CHELATING AGENT AND
PAR  B. A MIXTURE OF N-ALKYLATED BENZYL ALKYL AMMONIUM HALIDES OR N-ALKYLATED
      BENZYL ALKYL AMMONIUM HALIDES OR N-ALKYL BENZALKONIUM HALIDES.
PAR  The chelating agent deployed herein is, preferably, either ethylenediamine
      tetraacetic acid or the alkali metal salts thereof such as disodium
      ethylene diamine tetraacetic acid. Other useful compounds include the
      sugar acids or alkali metal salts thereof, such as, gluconic acid, lactic
      acid, citric acid, sodium or potassium gluconate, lactate, citrate and the
      like.
PAR  As noted, though, either ethylenediamine tetraacetic acid or the disodium
      salt thereof is the preferred chelating agent.
PAR  The n-alkyl benzalkonium halides contemplated for use herein correspond to
      the general formula:
      ##SPC1##
PAL  wherein R is hydrogen or lower alkyl having from 1 to 2 carbon atoms,
      R.sub.1 is lower alkyl having from about 1 to 4 carbon atoms, R.sub.2 and
      R.sub.3 are each, individually, lower alkyl having from 1 to 2 carbon
      atoms, preferably, 1 carbon atom, R.sub.4 is n-alkyl having from 8 to 18
      carbon atoms or mixtures thereof, an X is halogen. Preferably, in the
      practice of the present invention R is hydrogen or lower alkyl having up
      to two carbon atoms, R.sub.1 is alkyl having from 1 to 2 carbons, R.sub.2
      and R.sub.3 are, each, alkyl having one carbon atom, R.sub.4 is n-alkyl
      having from about 10 to 18 carbon atoms and mixtures thereof, and X is
      chlorine.
PAR  As is known to those skilled in the art, these compounds, which are
      quaternary ammonium halides, are generally prepared by the reaction of an
      alkyl halide with a tertiary amine, e.g. a benzyldialkylamine or a
      ethylbenzyldialkylamine. The tertiary amino compounds are, generally,
      prepared by the reaction of either ethylbenzyl chloride or benzylchloride
      with ammonia to form a secondary benzylamine or ethylbenzylamine. This
      secondary amine is then reacted with an alkyl chloride, e.g.
      methylchloride, to form the tertiary amine, and as contemplated herein,
      either dimethylbenzylamine or dimethylethylbenzylamine. All these
      reactions are on a molar basis.
PAR  In preparing the present benzalkonium compounds, the starting material is
      usually an N, N-dialkybenzylamine which is a commercially available
      product.
PAR  The preferred compounds, the quaternary ammonium chlorides are also,
      usually, commercially available products.
PAR  It has been found in the practice of the present invention that a mixture
      of three particular quaternary ammonium chlorides is extremely
      efficacious. The first two such compounds can be designated as:
      ##SPC2##
PAL  wherein R is hydrogen and R.sub.5 is n-alkyl having from 12 to 18 carbon
      atoms and mixtures thereof. These compounds are prepared by the above
      defined procedure, using a commercially available mixture of n-alkyl
      chlorides, having a distribution of C.sub.12 -- 0 to 10 percent; C.sub.13
      -- 0 to 10 percent; C.sub.14 -- 0 to 90 percent; C.sub.15 -- 0 to 90
      percent; C.sub.16 -- 0 to 50 percent; C.sub.17 -- 0 to 10 percent;
      C.sub.18 -- 0 to 10 percent, which are reacted with dialkylbenzylamine.
      The resulting quaternary compounds are commercially available compounds,
      and are sold under varying tradenames.
PAR  It is apparent that each one of the compounds, is in and of itself a
      mixture of quaternary ammonium chlorides, due to the distribution of
      n-alkyl groups in the alkyl chloride used to prepare it. Within the broad
      classification, two preferred products are found. The first preferred
      compound is prepared from an alkyl chloride having the following weight
      distribution: C.sub.12 about 5 percent; C.sub.14 about 60 percent;
      C.sub.16 about 30 percent; and C.sub.18 about 5 percent; the second
      preferred compound has an n-alkyl weight distribution of C.sub.12 about 50
      percent; C.sub.14 about 30 percent; C.sub.16 about 15 percent; and
      C.sub.18 about 5 percent.
PAR  The third quaternary ammonium chloride used in the present composition
      corresponds to the formula:
      ##SPC3##
PAL  wherein R.sub.6 is n-alkyl having from about 12 to 14 carbon atoms and
      mixtures thereof. As above, these compounds are prepared by reacting the
      dialkylethylbenzylamine with a molar quantity of n-alkyl chloride, wherein
      the alkyl portion thereof comprises a mixture of n-alkyl groups having a
      general weight distribution of C.sub.12 -- 0 to 90 percent; C.sub.13 -- 0
      to 50 percent; C.sub.14 -- 0 to 50 percent; and, preferably, having weight
      distribution of C.sub.12 -- 65 to 75 percent, and C.sub.14 -- 25 to 35
      percent. Also, as above, this benzalkonium chloride is a commercially
      available product.
PAR  In formulating the present active ingredient a weight ratio of quaternary
      ammonium chlorides of about 2:1:2 is employed. The active ingredient
      contains from about 50 to 75 percent, by weight, of the mixture of
      quaternary ammonium chlorides and from about 25  to 50 percent by weight
      of chelating agent. Preferably, the active ingredient contains from about
      50 to 60 percent by weight of the mixture of quaternary ammonium chlorides
      and from about 40 to 50 percent by weight of chelating agent.
PAR  In preparing the disinfectant concentrate, as noted, above, the active
      ingredient is mixed, under ambient conditions, with the inert ingredients
      such as surfactants, emollients, corrosion inhibitors and the like.
PAR  The useful surfactants can be either nonionic, cationic, anionic,
      amphoteric, as well as mixtures thereof. Preferred surfactants are the
      amphoteric and anionic surfactants as well as mixtures thereof. Suitable
      amphoteric surfactants are those which co-act as emulsifiers, such as, the
      alkylated amino propionic acid derivatives, such as, the neutralized
      alkali metal salts thereof. Exemplifying such compounds are the sodium
      salt of N-coco-B-amino propionate, N-lauryl-, N-myristyl- and the like, as
      well as the dialkali metal salts of the alkylated amino propionic acid
      derivates, such as, disodium - N-tallow-B-amino dipropionate.
PAR  Useful anionic surfactants are those which, also, function as corrosion
      inhibitors. Suitable anionic surfactants are the alkanolamines, such as,
      ethanolamine, diethanolamine, triethanolamine and the like.
PAR  The surfactants are generally deployed in a respective weight ratio of
      amphoteric to anionic surfactant of from about 50:1 to 100:1, with the
      total surfactant concentration in the concentrate or composition ranging
      from about 4 to 6 percent by weight, based on the total weight of the
      composition.
PAR  An emollient, such as, glycerine is, also, preferably, included within the
      final concentrate to prevent skin irritation to the user. The emollient is
      normally deployed in an amount ranging from about 3 to 5 percent based on
      the total weight of the composition.
PAR  The balance of the composition is water.
PAR  To prepare a use solution from the above-defined composition, the
      concentrate is mixed with water, under ambient conditions, to a minimum
      dilution of concentrate of at least 100 ppm of concentrate per one million
      parts of use solution. Generally, the concentrate will be present in the
      use solution in an amount ranging from about 100 to 2000 ppm thereof, and
      preferably 250 to 1500 ppm of concentrate per one million parts of use
      solution.
PAR  The present use solution has been found to be effective in killing off both
      gram-negative and Gram-positive bacterium and fungi such as, pseudomonas
      aeruginosa, trichophyton interdigitale strain 640, staphylococcus aureus,
      salmonella choleraesius, escherichia coli and other similar microbial
      contaminants. Thus, the present use solutions are effective disinfectants
      in hospitals, clinics, nursing homes, for cleaning dietary utensils, in
      industrial food processing plants and institutions, as an algae growth in
      swimming pools, as a surgical scrub and skin cleanser, and the like.
PAR  For a more complete understanding of the present invention reference is
      made to the following examples which are to be construed as exemplifying
      rather than limitative of the present invention. In the examples all parts
      are by weight absent indication to the contrary.
PAC  EXAMPLE I
PAR  Into a suitable vessel equipped with stirring means was added the
      following:
TBL  INGREDIENT               AMOUNT, pbw                                      

     ______________________________________                                    

     QUATERNARY AMMONIUM CHLORIDE A.sup.(1)                                    

                              0.050                                            

     QUATERNARY AMMONIUM CHLORIDE B.sup.(2)                                    

                              0.025                                            

     QUATERNARY AMMONIUM CHLORIDE C.sup.(3)                                    

                              0.050                                            

     CHELATING AGENT.sup.(4)  0.090                                            

                              0.215                                            

     ______________________________________                                    

PAR  These ingredients were then mixed to form a homogeneous mixture of active
      ingredients.
PAR  This active ingredient was then blended with the following inert
      ingredients.
TBL  ______________________________________                                    

     INGREDIENT               AMOUNT, pbw                                      

     ______________________________________                                    

     AMPHOTERIC SURFACTANT.sup.(5)                                             

                              4.780                                            

     GLYCERINE, as an emollient                                                

                              4.070                                            

     ANIONIC SURFACTANT.sup.(6)                                                

                              0.148                                            

     CHELATING AGENT.sup.(7)  0.108                                            

     WATER                    90.779                                           

                              99.785                                           

     ______________________________________                                    

PAR  The resulting product was a disinfecting composition in accordance with the
      present invention.
PA0  1. an n-Alkyl (C.sub.12 5%, C.sub.14 60%, C.sub.16 30%, C.sub.18 5%)
      dimethyl benzyl ammonium chloride;
PA0  2. an n-Alkyl (C.sub.12 50%, C.sub.14 30%, C.sub.16 17%, C.sub.18 3%)
      dimethyl benzyl ammonium chloride;
PA0  3. an n-Alkyl (C.sub.12 68%, C.sub.14 32%) dimethyl ethylbenzyl ammonium
      chloride;
PA0  4. the disodium salt of ethylene diamine tetraacetic acid;
PA0  5. sodium salt of N-coco-B-aminopropionate
PA0  6. triethanolamine
PA0  7. same as (4)
PAC  EXAMPLE II
PAR  The product of Example I was mixed with water containing 500 parts per
      million AOAC synthetic hard water to prepare a use solution thereof. The
      use solution, which contained 200 ppm of the mixture of alkylated
      benzalkonium chlorides, was then tested for effectiveness against
      staphylococcus aureus ATCC No. 6538.
PAR  The test method employed was a modification of the Official Methods of
      Analysis of the AOAC, Eleventh Edition, Chapter 4, paragraphs 4.023-4.032,
      using platings of 10.sup..sup.-3, 10.sup..sup.-4 and 10.sup..sup.-5
      dilution of the culture and a five-minute exposure period.
PAR  In addition to the product of Example I, similar tests were conducted using
      a sample of the product of Example I which was approximately one year old,
      and a sample which was heated to about 90.degree.F.
PAR  After five minutes each sample demonstrated greater than 99.999 percent
      kill off of the inoculum, thus, evidencing the efficacy of the instant
      product.
CLMS
STM  I claim:
NUM  1.
PAR  1. A surgical skin scrub of the type adapted for topical application to a
      user's skin consisting essentially of:
PA1  a. from about 99.0 to 99.9 percent by weight of inert ingredients, and
PA1  b. from about 0.1 to 1.0 percent by weight of an active ingredient
      consisting essentially of:
PA2  1. from about 25 to 50 percent by weight of a chelating agent selected from
      the group consisting of ethylene diamine tetraacetic acid, disodium
      ethylene diamine tetraacetic acid, gluconic acid, lactic acid, citric
      acid, sodium gluconate, sodium lactate, sodium citrate, potassium
      gluconate, potassium lactate and potassium citrate, and
PA2  2. from about 50 to 75% by weight of a mixture of three n-alkyl
      benzalkonium chlorides, the first and second of which are of the formula:
      ##SPC4##
PAL  wherein R is hydrogen, R.sub.5 is n-alkyl having from 12 to 18 carbon atoms
      or mixtures thereof, the first benzalkonium chloride having an R.sub.5
      distribution of C.sub.12 about 5 percent; C.sub.14 about 60 percent;
      C.sub.16 about 30 percent and C.sub.18 about 5 percent; the second
      benzalkonium chloride having an R.sub.5 distribution of C.sub.12 about 50
      percent; C.sub.14 about 30 percent; C.sub.16 about 15 percent and C.sub.18
      about 5 percent; and the third benzalkonium chloride is of the formula:
      ##SPC5##
PAL  wherein R.sub.6 is n-alkyl having a distribution of C.sub.12 from 65 to 75
      percent and C.sub.14 from 25 to 35 percent, and wherein the benzalkonium
      chlorides are present in a respective weight ratio of about 2:1:2.
NUM  2.
PAR  2. The skin scrub concentrate of claim 1 wherein the inert ingredients
      includes from about 4 to 6%, by weight, of a surfactant mixture consisting
      essentially of an amphoteric and anionic surfactant present in a
      respective weight ratio of from about 50:1 to 100:1.
NUM  3.
PAR  3. The skin scrub concentrate of claim 2 wherein the amphoteric surfactant
      is an alkali metal salt of an alkylated amino propionate and the anionic
      surfactant is an alkanolamine.
NUM  4.
PAR  4. A surgical skin scrub consisting essentially of:
PA1  an aqueous solution of the concentrate of claim 1, the aqueous solution
      containing from about 100 to 2000 parts per million, by weight, of the
      concentrate per million parts by weight of the scrub.
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ABST
PAL  Polymeric materials having at least one exposed surface rendered as a
      release means for platelet aggregation inhibiting agent by serving as a
      reservoir for release of aggregation inhibiting prostaglandin. The
      polymeric surface can also be both platelet aggregation agent releasing
      and non-thrombogenic agent releasing by having together on the polymeric
      surface an aggregation inhibiting prostaglandin and an anti-coagulant
      which are easily released from the surface when in close contact with the
      blood, plasma or platelets.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our copending U.S. Pat.
      application Ser. No. 71,255, filed on Sept. 10, 1970, now abandoned which
      application is assigned to the same assignee of this application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an article of manufacture comprising polymeric
      materials having on its surface and coated therewith a platelet
      anti-aggregation compound alone, or in combination with other
      anti-aggregation agents and anti-thrombogenic substances, that are easily
      released therefrom. More particularly, the invention pertains to polymers
      having a platelet anti-aggregation prostaglandin incorporated into and
      coated onto the polymer surfaces and to polymeric materials having a
      prostaglandin and other anti-aggregation and anti-thrombogenic materials
      incorporated and coated onto the polymer surface as a means for adding
      these to passing, contacting biological media.
PAR  The rapid advances in polymer research with its genesis of polymeric
      materials has been accompanied with an accelerated use of the polymeric
      materials for medical engineering, for medical drug delivery devices, and
      medical applications for the management of health. These uses of polymeric
      materials for medical engineering include cardiac pacemakers, heart valve
      prosthesis, artificial kidneys, and heart-lung machines. The use of
      polymeric materials for the management of health include blood and
      platelet collecting systems, transfusions, the preparation of blood
      components for use in blood loss and the like. The use of polymeric
      materials as drug delivery devices include the use of these materials as
      solution diffusion materials for the release of a drug from a drug
      reservoir. Yet, in all these uses, the art has heretobefore encountered
      serious problems that defeated the desired aim. For example, even though
      there are a wide number of available polymers, such as homopolymers,
      copolymers, terpolymers, cross-linked polymers, thermoplastic and
      thermosetting polymers, and the like, the adverse effects produced by
      these polymeric substances has posed very serious obstacles to the
      successful employment of these polymers for the above mentioned purpose.
      These problems included the initiation of blood coagulation and the
      aggregation of platelets. This coagulation or thrombogenic property of
      polymers and the aggregation or clumping of platelets by polymers, has led
      the prior art, especially when it used the polymers for the manufacture of
      medical devices, to attempts to avoid the unfavorable disposition of these
      polymers. These attempts often focused on the surface electrical charge of
      a polymer and efforts were made to correlate the polymeric charge with the
      naturally occurring potential on the polymer interface but the
      correlations were seemingly unsuccessful. Other efforts in the art were
      predicated on the regulation of the flowing blood through polymeric
      systems to control excessive turbulence which may lead to blood
      coagulation and platelet aggregation and on the chemical alteration of the
      polymeric surface by coating the polymer with an anti-coagulant to prevent
      thrombic formations. It is self apparent that these latter two efforts
      have not met with acceptable success because of the difficulties
      associated with controlling the flow of liquids through conduits, the lack
      of a smooth internal surface, the difficulties in coating the porous
      lattice of a predetermined polymer and the like. Also, while the prior art
      has attempted to render the polymeric material non-thrombogenic, it has
      not seriously attempted to render the polymeric material either platelet
      aggregation inhibiting alone or both simultaneously aggregation inhibiting
      and non-thrombogenic. Other thoughts pertaining to anti-thrombogenic
      effects for medical devices involved the use of polyelectrolyte complex
      polymers having excess polycation as retardants; however, these thoughts
      have not offered a practical answer to the immediate problem of the
      present invention as presented hereinafter.
PAR  In all of the just described attempts and uses, the prior art sought to
      permanently bond or unite the active agent to a polymer. This too had its
      shortcomings, for in many instances it is both highly desirable and needed
      to quickly add the agent to blood or platelets. For example, in the
      processing of platelets starting with the collection of blood, it is now
      necessary to add platelet protecting agents to blood after it arrives in a
      collection bag. That is, during the processing, the platelets flowed
      unprotected through the collection apparatus. It is well known that
      platelets are very sensitive and rendered non-viable during such
      unprotected processing. Additionally, the prior art never conceived or
      attempted to produce any articles of manufacture that easily released an
      active agent to a platelet media. That is, the prior art never made an
      article of manufacture where an active platelet protecting agent is
      imbibed and surface coated onto a polymer for easy release of the agent on
      mere contact to the flow of a passing liquid. It will be appreciated by
      those versed in the art to which the invention pertains that a critical
      need exists for an article that easily releases an active agent to protect
      platelets for retaining their properties for use in health and disease.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is a primary purpose of this invention to provide an
      article of manufacture that easily releases a platelet protecting agent on
      contact by a platelet.
PAR  Yet another object of the invention is to provide a biologically acceptable
      synthetic polymer having incorporated into its surface and coated thereon
      a platelet aggregation inhibiting prostaglandin that is easily released to
      blood, plasma and platelets.
PAR  Still another purpose of the invention is to provide a synthetic non-ionic
      polymeric surface member having releasably, intimatly deposited thereon
      but chemically and ionically unbonded thereto, a platelet inhibiting
      prostaglandin adapted to be loosed from said surface member in response to
      the flow of liquids.
PAR  Still a further object of the invention is to provide a polymeric surface
      having imbibed and coated thereon, but covalently unbonded thereto, a
      platelet protecting prostaglandin that is easily released to a contact
      passing media needing said prostaglandin.
PAR  Yet still a further purpose of the invention is to incorporate
      anti-aggregation agents into polymeric surfaces to act as a reservoir of
      the agents that are releasable in contact with blood to provide an
      anti-aggregation agent to the blood.
PAR  It is a further object of the instant invention to provide a polymeric
      substance which has both a platelet aggregation inhibiting agent and a
      non-thrombogenic agent that is instantaneously released to a contacting
      medium needing such agents.
PAR  Still a further purpose of the invention is to provide a simple and
      efficient means for treating polymeric material whereby the material is
      rendered anti-aggregation or jointly anti-aggregation and non-thrombogenic
      for instant transfer to a passing agent receptor.
PAR  It is additionally an immediate object of this invention to make available
      to the art a homogenous polymeric material that possesses platelet
      aggregation inhibiting agents thereon wherein the agent is a prostaglandin
      in its unchanged physicochemical form.
PAR  Yet still a further object of the invention is to imbibe certain
      anti-aggregation agents into polymeric surfaces employed for release in
      prosthetic and transfusion purposes.
PAR  Yet still a further object of the invention is to provide predetermined
      shaped articles having non-thrombogenic and anti-aggregation surfaces of
      releasable non-thrombogenic and anti-aggregation agents that are released
      without intervening physical and chemical methods.
PAR  Other objects, features and advantages of the invention will become
      apparent to those versed in the art from the following description,
      examples and the appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  This invention concerns an article of manufacture comprised of a synthetic,
      polymer surface rendered instant releasable to essential platelet
      aggregation inhibiting prostaglandins by treating the polymer surface such
      that the prostaglandin is released on contact to a contacting agent. The
      polymer surface can also be rendered releasable for aggregation inhibiting
      agents, by intimately contacting the polymer surface with a composition of
      matter comprising an aggregation inhibiting prostaglandin and if
      preferred, at least one or more additional platelet aggregation inhibiting
      agents that are released in response to the flow of liquid. The invention
      also concerns polymer surfaces that act as a reservoir for both
      non-thrombogenic and anti-aggregation agents that are discharged from the
      polymeric reservoir by contacting the polymeric surface. The polymeric
      treated surfaces also act as a reservoir for an aggregation inhibiting
      prostaglandin alone, or with a composition containing a prostaglandin and
      an anti-coagulant, that is made available to the blood, platelets and the
      like when they come into contact with a treated polymeric surface.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The above objects, features and advantages of the invention are
      unexpectedly achieved as a result of the discovery that polymers can be
      rendered releasable to platelet aggregation inhibiting agents, especially
      prostaglandins, by intimately contacting the polymeric surface with a
      prostaglandin that essentially inhibits platelet aggregation or clumping
      on its release from the polymer surface. The expressions "aggregation
      inhibiting" and "anti-aggregation" are used herein as equivalents to mean
      essentially the prevention or inhibition of clumping or aggregation of the
      platelets. From henceforth in this specification only the expression
      "aggregation inhibiting" will be used in the disclosure. The polymeric
      surface can be rendered releasable to aggregation inhibiting
      prostaglandins by employing the prostaglandin alone, or in homogenous
      combination with other aggregation inhibiting releasable agents. Also, the
      invention contemplates that the polymeric surface can be rendered
      simultaneously releasable to both aggregation inhibiting agents and
      anti-thrombogenic agents by treating the polymeric surface with an
      aggregation inhibiting prostaglandin and an anti-thrombogenic agent which
      retain their physical and chemical integrity and are release unmodified
      and unchanged to a contacting passing liquid or the like.
PAR  The polymeric materials suitable for the purpose of the present invention,
      that is, as a releasable carrier, are the polymeric materials
      physiologically acceptable for contacting tissues, blood and organs and
      the materials generally exhibit properties such as non-toxicity,
      flexibility, non-irritability, chemical stability, ease of fabrication
      into articles such as implants, valves, joints and the like. More
      importantly, the polymeric materials are those that can be imbibed and
      coated on the surface with a prostaglandin that is loosed or released from
      the surface in response to the flow of a liquid. Exemplary of polymeric
      materials include polyolefins such as polyethylene and polypropylene,
      polyvinylchloride, polytetrafluoroethylene, polychlorotrifluoroethylene,
      polymethylmethacrylate, polyacrylonitrile, polyethylene terephthalate,
      butadiene-vinylpyridine copolymer, polyamides, nylon and the like. These
      commercially available polymers can be obtained in a variety of shapes and
      forms such as bags, pouches, tubing, sheets, rods, blocks, powder and the
      like from which the desired predetermined part can be made or used for the
      intended purpose.
PAR  The primary platelet aggregation inhibiting agent employed according to the
      spirit of this invention for imbibing and coating onto polymeric exposed
      surfaces are the naturally occurring and synthesized prostaglandin
      compounds possessing platelet aggregation inhibiting properties. The
      prostaglandins possessing this biological property include the
      structurally active analogues, homologues and steriosomers. These
      compounds are characterized as having a carbon skeleton that is a
      derivative of prostanoic acid, the parent non-nitrogenous C.sub.20 acid of
      the biologically active prostaglandins. The formula of prostanoic acid and
      the numbering system are as depicted in FIG. 1.
      ##SPC1##
PAR  Thus, in view of this structure, prostaglandins are usually considered as
      unsaturated C.sub.20 fatty acids with five of the carbon atoms forming a
      cyclopentane ring which can be construed as a nucleus to which two side
      chains are attached in the vicinal position. The stereochemistry of the
      chain substituents on the 5-membered ring has been designated as alpha
      (.alpha.) or beta (.beta.); and the .alpha.-substituents are oriented on
      the same side of the ring as the carboxy side chain attached to the C-8
      atom and the .beta.-substituents are oriented in the opposite sense as the
      alkyl C-13 to C-20 side chain. In the above formula, and in other formulas
      used herein, a dotted line represents a valency bond in the
      .alpha.-configuration, a solid line a valency bond in the
      .beta.-configuration, and a wavy bond indicates either .alpha. or .beta.
      configuration. For further classification, the prostaglandins are
      described as E, F, A and B respectively, depending on the substituents and
      valency of the 5-membered ring. The E-type prostaglandins, FIG. 2 and its
      diastereomers, have an 11-hydroxy (OH) and a 9-keto (C=O) group in the
      5-membered ring.
      ##SPC2##
PAR  In the F-type prostaglandins, represented by FIG. 3, the 9-keto is reduced
      to a hydroxyl group.
      ##SPC3##
PAR  The F-type prostaglandins also include the diastereomers of the depicted
      structure. The nucleus of the A-type prostaglandins, FIG. 4 and its
      diastereomers, retains the 9-keto group but it has a double bond at the
      10:11 position of the nucleus, thusly.
      ##SPC4##
PAR  The nucleus of the B-type prostaglandins retains the characteristic 9-keto
      group with the further identifying feature of a 8:12 double bond as set
      forth in FIG. 5
      ##SPC5##
PAR  Among the naturally occurring prostaglandin compounds, two side chains
      designated as R.sub.1 and R.sub.2 have been described in the literature.
      One side chain, the chain identified as R.sub.1, contains a terminal
      carboxylic acid group (COOH) and it may also contain a double bond, while
      the other side chain, R.sub.2, contains a hydroxyl functional group
      together with one or more double bonds. These side chains are present in
      the prostaglandins in three combinations and are designated at 1, 2 and 3
      respectively, so that the prostaglandins are designated as E.sub.1,
      E.sub.2, E.sub.3, F.sub.1, F.sub.2, etc. All the primary prostaglandins
      contain a 13:14 trans oriented double bond. If the valencies of the
      C.sub.13 and C.sub.14 atoms are satisfied with a hydrogen or the like, the
      prostaglandin nomenclature omits the trans description in naming the
      structure of the prostaglandin. The E.sub.1 and F.sub.1 compounds contain
      only this one double bond; while the E.sub.2 and F.sub.2 molecules have an
      additional 5:6 double bond. The following box diagram further elucidates
      the chemical structure of the prostaglandin side chains.
TBL  __________________________________________________________________________

     Prostaglandins                                                            

                   R.sub.1     R.sub.2                                         

     __________________________________________________________________________

     E.sub.1, F.sub.1, A.sub.1, B.sub.1                                        

              --(CH.sub.2).sub.6 COOH                                          

                          --CH:CHCH(OH)(CH.sub.2).sub.4 CH.sub.3               

     E.sub.2, F.sub.2, A.sub.2, B.sub.2                                        

              --CH.sub.2 CH:CH(CH.sub.2).sub.3 COOH                            

                          --CH:CHCH(OH)(CH.sub.2).sub.4 CH.sub.3               

     E.sub.3, F.sub.3, A.sub.3, B.sub.3                                        

              --CH.sub.2 CH:CH(CH.sub.2).sub.3 COOH                            

                          --CH:CHCH(OH)CH.sub.2 CH:CHCH.sub.2 CH.sub.3         

     __________________________________________________________________________

PAR  The prostaglandins based upon the above described chemical structure that
      are operable according to the mode and the manner of the present invention
      are the physiologically acceptable platelet aggregation inhibiting E-type
      prostaglandins and the E-type-like prostaglandin-like compounds that can
      be represented by the following formula designated as FIG. 6, and the
      diastereomers thereof represented by the formulas designated as FIG. 7 and
      FIG. 8:
      ##SPC6##
PAL  and wherein in formulas of FIGS. 6, 7 and 8, R.sub.3 is hydrogen or a lower
      alkyl group of 1 to 8 carbon atoms inclusive; R.sub.4 is a member selected
      from the group consisting of hydrogen, lower alkyl and the acyl group of a
      hydrocarbon carboxylic acid of 2 to 18 carbon atoms, R.sub.5 is a hydroxyl
      group, n is a positive whole integer of 3 to 5 inclusive, and OR.sub.4 and
      R.sub.5 may have an .alpha. or .beta. configuration, the broken line
      indicating .alpha. configuration, the solid line .beta. configuration, and
      a wavy line either an .alpha. or .beta.. Exemplary of lower alkyl groups
      suitable for the purpose of the invention are the straight or branched
      chain hydrocarbon group containing 1 to 8 carbon atoms inclusive such as
      methyl, ethyl, propyl, isopropyl, n-butyl, tertbutyl, pentyl, neopentyl,
      n-hexyl, isohexyl, n-octyl and the like. Representative of acyl moities
      are formyl acetyl, propionyl, butyryl, valeryl, caproyl, octanoyl,
      lauroyl, palmitoyl, stearoyl, oleoyl and the like.
PAR  The pharmaceutically acceptable, non-toxic salts of the prostaglandins can
      also be used including the non-toxic alkali metal and alkaline earth metal
      bases such as sodium, potassium, calcium, lithium and copper, and
      magnesium hydroxides and carbonates and the ammonium salts and substituted
      ammonium salts, for example, the non-toxic salts of trialkylamines such as
      triethylamine, trimethylamine, triisopropylamine, procaine, epinephrine,
      dibenzylamine, triethanolamine, N-benzyl-betaphenylethylamine,
      ethyldimethylamine, benzylamine, N-(lower) alkylpiperdine,
      N-ethylpiperidine, 2-methylpiperidine, and other acceptable amines. The
      presently preferred structure for aggregation inhibiting effects as set
      forth above is of the prostaglandin E-type configuration. The aggregation
      inhibiting properties for the prostaglandins are believed due to the
      presence of the C=O group of the carboxyl group or the C=O of the
      esterified carboxyl group, the presence of the hydroxyl group at the C-15
      position of the R.sub.2 side chain and the keto group at the C-9 position
      of the cyclopentane nucleus.
PAR  The active prostaglandins used according to the spirit of the invention may
      be successfully employed alone, in combination with one or more
      prostaglandins or in homogeneous, intimate compositions comprising at
      least one prostaglandin and other known physiologically acceptable
      platelet aggregation inhibiting agents. For example, the prostaglandin
      E.sub.1 as set forth in FIG. 9 and having the following structure,
      ##SPC7##
PAL  can be used alone or it can be used mixed in composition with its lower
      alkyl ester as shown in FIG. 10,
      ##SPC8##
PAL  or it can be used in combination with its homologues, for example, FIG. 11,
      ##SPC9##
PAL  or with mixtures thereof as taught by the above formulae. The active
      prostaglandins can also be intimately compounded with other
      physiologically acceptable aggregation inhibiting agents into a
      homogeneous composition of matter for the purpose of this invention. Other
      compounds that act as platelet aggregation inhibiting agents are
      acetylsalicylic acid, methyl benzoyl ecgonine, cetyl-pyridinium bromide,
      toluidine blue, purine riboside, 2-oxy-6-amino purine riboside, agmatine
      cysteine and the like.
PAR  The aggregation inhibiting agents can be applied to the prepared receptive
      polymeric surface for incorporation therein and coating thereon in any
      amounts. Usually, a solution containing 1 to 20 percent by weight is
      brought into immediate contact with the polymer surface to produce the
      desired effects. Generally, about 0.1 microgram to 200 micrograms of
      biologically active platelet aggregation inhibiting agent for each
      centimeter square of exposed polymer surface is acceptable for achieving
      the desired release results; however, larger concentrations can be
      employed if so desired.
PAR  The prostaglandins can also be mixed into a composition with
      anti-thrombogenic materials and applied to polymeric surfaces to
      simultaneously render the polymeric surface releasable to both
      anti-thrombogenic and aggregation inhibiting agents. Suitable
      anti-thrombogenic agents include sulfated polysaccharides such as heparin,
      coumarin type compounds such as dicoumarol, indandions like warfarin,
      ethylenedeamine tetra-acetic acid and the like. The amount of
      anti-thrombogenic agent employed for release will also be about 1 to 20
      weight percent and it will usually be admixed with the anti-aggregation
      agent in a common carrier. Usually, about 0.1 microgram to 200 micrograms
      of biologically acceptable anti-thrombogenic material is incorporated into
      each centimeter square of polymer surface for producing the intended
      releasable results. The above anti-thrombogenic material and aggregation
      inhibiting materials may be applied to receptive polymeric surfaces
      wherein the polymeric surfaces are rendered receptive by the surface
      organic treatment process and the plasticizer process. Both of these
      processes produce a surface that releases the agent imbibed and coated
      thereon. The two procedures are described immediately below. In the
      releasable organic process, the first step is to intimately contact the
      polymer's surface with a commercially available organic solvent or carrier
      for the active agent for a predetermined exposure time to effectively
      permit the active agent, such as the prostaglandin to coat the surface of
      the polymer and also to imbibe into the polymer surface and into the
      polymeric body just beneath the outer exposed polymer surface. The
      releasable plasticizer process generally involves the first process step
      of heating the polymer in a vehicle containing plasticizer and the active
      agent or heating the polymer in a liquid plasticizer containing the active
      agent to effectively permit the plasticizer containing the active agent to
      be lightly imbibed and to distribute itself into the surface of the
      polymer.
PAR  The anti-aggregation agent can be applied using these two processes singly
      or in combination with anti-thrombogenic agents by art known techniques,
      either manually or mechanically performed, such as spatula spreading,
      roller coating, cold dip, squeeze, brush, hot dip, doctor blade, soaking,
      continual rinse, or by any other like means. Finally, any excess solvent
      or plasticizer is removed by evaporation at room temperature, vacuum
      stripping, by drying in a gaseous stream of an inert atmosphere such as
      nitrogen, argon or the like. In the above fabrication techniques, the
      active agent is generally contacted or applied to the polymeric surface
      for about 10 minutes to about 1440 minutes for effectively imparting
      releasability of the platelet anti-aggregation agent to the polymeric
      surface, singly, or coupled with a releasable non-toxic anti-thrombogenic
      agent.
PAR  Exemplary of plasticizers suitable for employment for the present purpose
      are the commercially available plasticizers such as diethyl adipate,
      di-isobutyl adipate, di-n-hexyl adipate, di-isoctyl adipate, di-n-hexyl
      azelate, di-2-ethylhexylazelate, ethylene glycol dibenzoate, acetyl
      tri-n-butyl citrate, epoxidized soy bean oil, glycerol monoacetate,
      diethylene glycol dipelargonate, propylene glycol dilaurate, isooctyl
      palmitate, triphenyl phosphate and the like.
PAR  Representative of solvent vehicles acceptable for the purpose of the
      present invention include the solvents such as tetrahydrofuran,
      chloroform, acetone, methylene chloride, ethylene chloride, dioxane,
      isobutyl ketone, methyl isobutyl ketone, dimethylether, diethylether,
      alkanols such as methanol, butanol, n-amyl alcohol, 2-ethylhexyl alcohol,
      ethylene glycol, ethanol, isopropanol, hexanol, butanol, pentanol and
      solvents such as benzene, carbon tetrachloride, cycloalkanes such as
      cyclopentane, 1,2-dimethylcyclopentane, cyclooctane, isopropylcyclohexane,
      cyclohexane, methylcyclohexane, alkanes such as 3-methylpentane, n-hexane,
      h-heptane, lower fatty acid esters like amyl acetate, ethylacetate and the
      like. The solvent used must be able to release the agent to the polymer
      while simultaneously maintaining the physical and chemical integrity of
      the prostaglandin. Those solvents that have adverse effects on
      prostaglandins are not suitable for the purpose of this invention.
PAR  The following examples will further serve to illustrate the invention and
      these examples are not to be construed as limiting as other embodiments
      will become apparent to those versed in the art from a reading of the
      present disclosure and the accompanying claims.
PAC  EXAMPLE 1
PAR  A 15 centimeter section of commercially available polyethylene catheter
      tubing with an approximate internal diameter of 5 millimeters and an
      outside diameter of about 15 millimeters is first immersed in a bath of 2
      molar ethyl acetate freshly prepared, for about 7 to 8 minutes to remove
      any unwanted foreign matter from the polyethylene surface. Next, the
      tubing is removed from the bath and it is rinsed with distilled water.
      Then, the tubing is reimmersed in a freshly prepared 10% ethylacetate
      solution of 11.alpha.,15.alpha.-dihydroxy-9-oxo-13-trans-prostenoic acid
      and it is permitted to soak therein for 7 to 9 hours. This process with
      the prostenoic acid renders the polymeric surface platelet aggregation
      inhibiting agent releasable for the intended purpose.
PAC  EXAMPLE 2
PAR  A solution of 350 mg of 11.alpha.,15(S)-dihydroxy-9-oxo-13-transprostenoic
      acid in 100 ml of dry acetone is prepared and maintained at room
      temperature in a 500 ml round bottom flask. Next, a section of medical
      grade plasticized poly(vinyl chloride) tubing about 40 cm long and having
      an internal diameter of 0.5 cm and an outside diameter of 1 cm is immersed
      in the acetone and allowed to remain in contact with the solution for 15
      minutes. The tubing is then removed and it is allowed to air-dry for 24
      hours at room temperature to remove the solvent from the surface and from
      the body of the tubing. Next, the tubing is conditioned in a circulating
      nitrogen oven at 45.degree.C to 50.degree.C for 72 hours to remove the
      last traces of solvent. The tubing now has an exterior layer of
      11.alpha.,15(S)-dihydroxy-9-oxo-13-trans-prostenoic acid as a result of
      its having been imbibed into the outer surface layers of the tubing, for
      instant release in response to the flow of liquid therethrough.
PAC  EXAMPLE 3
PAR  A solution of 150 mg of
      11.alpha.,15(S)-dihydroxy-9-oxo-13-trans-8-iso-prostenoic in 50 ml of
      dioctyl adipate is freshly prepared and warmed to about 50.degree.C. Next,
      a section of medical grade plasticized poly(vinyl chloride) tubing is
      immersed into the adipate solution and the tubing is allowed to remain
      immersed for 12 hours. After 12 hours immersion, the tubing is removed and
      allowed to condition in a mixed nitrogen-air environment at 50.degree.C
      for 48 hours. The dioctyl adipate which has been imbibed will distribute
      itself uniformly through the plasticized medical grade poly(vinyl
      chloride) tubing while the prostenoic acid imbibed along with the dioctyl
      adipate, will tend to remain concentrated in the surface layers of the
      tubing to serve as a reservoir for future release of the prostaglandin.
PAC  EXAMPLE 4
PAR  To 500 ml of reagent grade chloroform at 45.degree.C is added 150 mg of
      11.alpha.,15(S)-dihydroxy-9-oxo-13-trans-prostenoic acid, prostaglandin
      PGE.sub.1, with stirring to effect complete solution. Next, 50 grams of a
      copolymer of 57 parts by weight of propylene and 43 parts by weight of
      vinyl propionate is added and stirring is maintained continuously to
      effect solution. This solution is now used as a dip coating to deposite
      prostaglandinrich layers of propylene/vinyl propionate copolymer on
      variously shaped medical objects which are composed of copolymers of
      propylene and vinyl propionate whose composition may include a range of
      compositions containing from about 40 per cent to 48 per cent vinyl
      propionate. After dipping the shaped forms of propylene/vinyl propionate
      copolymers in the above-described solutions, the objects are then dried
      free of solvent chloroform by drying in a circulating air oven at
      50.degree.C for 16 hours. Additional dip coats may be applied by repeating
      the above operation.
PAC  EXAMPLE 5
PAR  The procedure as set forth in Example 4 is repeated in this example and all
      processing conditions are as described with the prostenoic acid,
      11.alpha.,15(S)-dihydroxy-9-oxo-13-trans-.omega.-homo-prostenoic,
      prostaglandin .omega.-homo-PGE.sub.1, substituted for the prostenoic acid
      of Example 4. The prostaglandins of this example are adapted to be loosed
      from the surface member in response to the flow of liquids.
PAC  EXAMPLE 6
PAR  A prostaglandin solution of 50 mg of
      11.alpha.,15(S)-dihydroxy-9-oxo-13-trans-prostenoic acid in 100 ml of
      reagent grade ethyl acetate is prepared at 25.degree.C with stirring. An
      artificial heart valve poppet constructed from nylon is allowed to steep
      in this solution for 4 hours at room temperature. After removal from the
      prostaglandin solution, the heart valve poppet is allowed to dry free of
      ethyl acetate by exposure for 4 days at 60.degree.C in a vacuum oven at a
      pressure of 5 mm of mercury. The heart valve poppet will then have a
      deposited residue of prostaglandin in the first 0.040 inch of the exposed
      surface. The prostaglandin is released on contact with blood to protect
      the platelets.
PAC  EXAMPLE 7
PAR  A square section of polypropylene of about 50 cm by 50 cm by 0.5 cm is
      solvent coated in a methanol solution containing 10% of
      3-(.alpha.-acetonybenzyl)-4-hydroxycoumarin and 10% of 11.alpha.,
      15.alpha.-dihydroxy-9-oxo-13-trans-prostenoic acid for 18 to 24 hours, at
      room temperature. Next, the excess solvent is stripped off and the
      polymeric surface is dried in a nitrogen environment. The prostaglandin is
      deposited onto and in the outer surfaces of the polymer and it acts as a
      surface reservoir of the prostaglandins that are released or loosed from
      the reservoir to the flow of blood, platelets or a contacting biological
      surface in need of platelet protecting agents. The article made possible
      the preservation of viable platelets for use in the management of health
      and disease.
PAR  Active agents were bonded to polymer by procedures available to the art
      such as the graphite process, the haloalkylation process, the radiation
      process, the ionic resin process and the like, which processes are not
      suitable for the purpose of this invention. That is, these processes
      firmly fixed their agent to the polymer and preclude any releasability
      therefrom. For example, in prior art U.S. Pat. No. 3,598,858, there is
      disclosed adsorption of prostaglandins onto a resin. The adsorption onto
      the resin is effected by ionizing the prostaglandin acid. The ionic form
      of the prostaglandin interacts strongly with the positively charged sites
      on the resin and it is ionically bonded to the resin. To remove the ionic
      form of the prostaglandin it is necessary to adjust the pH to remove the
      prostaglandin from the resin, as they cannot be removed by contact. In
      U.S. Pat. No. 3,453,194 there is disclosed non-thrombogenic heparin
      covalently bonded to silicone. The covalent bond is essentially
      nonrupturable and it is non-releasable to the agent. This patent also
      grafts heparin to silicone by the use of a high energy accelerator to form
      a free radical which essentially covalently bonded heparin to the polymer.
      The products formed are non-releasable and the structure of the bonded
      compound is altered through the formation of these bonds.
PAR  In French Pat. No. 1,459,646 there is employed either a cationic or anionic
      surface active agent to form either a cationic or an anionic complex to
      permanently bond the protective compound through the complex to the
      polymer. This procedure cannot give the claimed results. In British
      Medical Journal, pages 468 to 472, published May 1967, the author
      disclosed the use of prostaglandins to prevent platelet glass
      adhesiveness. This reference too leads away from the present invention, as
      glass is impermeable and cannot be used for imbibing and coating with the
      prostaglandin. That is, glass is dense and hard as there is no molecular
      movement which structural features preclude imbibing and coating. In the
      glass adhesiveness the presence of prostaglandins serves to prevent
      platelet-to-glass contact, and glass cannot be used as a drug carrier
      release rate reservoir for prostaglandins. In German Pat. No. 1,943,492
      there is disclosed diffusion of prostaglandins from within vulcanized
      polysiloxane. Diffusional release for the system is slow and it is not
      adapted for instant surface release. In U.S. Pat. No. 3,549,409 there is
      disclosed non-thrombogenic plastic produced by a metal ion bondality to
      permeanently fix heparin to polymers. This process requires the use of
      polyvalent metals to bond highly negatively charged heparin, and ammonium
      hydroxide which may be harmful to the prostaglandins. In U.S. Pat. No.
      3,616,935 anti-thrombogenic surfaces are prepared by bonding the material
      through polyalkylenimine. This usually involves functional groups to form
      a non-releasable product. Accordingly, it can be seen from the above
      presentation, the prior art does not lend itself as a means for arriving
      at the present invention.
PAR  Having thus described the invention and various embodiments thereof that
      contribute to the art a novel and unobvious article of manufacture
      containing releasable prostaglandins that inhibit platelet aggregation and
      is useful for collecting, storing and transfusing platelets, for
      fabricating prosthetic parts, for laboratory platelet studies and the
      like, it is to be understood that the disclosure is not to be construed as
      limiting, as these embodiments and other variations will be obvious to
      those versed in the art from a reading of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A novel article of manufacture wherein said article consists essentially
      of a biologically acceptable synthetic polymer having imbibed into its
      outermost surface and coated thereon a platelet aggregation inhibiting
      amount of prostaglandin that is easily released when contacted with blood,
      plasma and platelets and wherein the prostaglandin is a compound selected
      from those of the formulae:
      ##SPC10##
PAL  wherein R.sub.3 is a member selected from the group consisting of hydrogen
      and lower alkyl, R.sub.4 is a member selected from the group consisting of
      hydrogen, lower alkyl and an acyl group of 2 to 18 carbons, R.sub.5 is
      hydroxy, n is a whole integer of 3 to 5 inclusive, and the diastereomers
      thereof.
NUM  2.
PAR  2. An article of manufacture according to claim 1 wherein the prostaglandin
      is 11.alpha.,15(S)-dihydroxy-9-oxo-13-trans-prostenoic acid.
NUM  3.
PAR  3. An article of manufacture according to claim 1 wherein the prostaglandin
      is 11.alpha.,15(S)-dihydroxy-9-oxo-13-trans-8-isoprostenoic acid.
NUM  4.
PAR  4. An article of manufacture according to claim 1 wherein the prostaglandin
      is 11.alpha.,15(S)-dihydroxy-9-oxo-13-trans-.omega.-homoprostenoic acid.
NUM  5.
PAR  5. An article of manufacture according to claim 1 wherein the biologically
      acceptable synthetic polymer is shaped, silica-free and non-ionic, and
      wherein the prostaglandin is releasably, intimately physically deposited
      thereon, but chemically and ionically unbonded thereto, thus defining a
      prostaglandin reservoir responsive to the flow of liquid thereover.
NUM  6.
PAR  6. An article of manufacture consisting essentially of a biologically
      acceptable synthetic polymer and wherein the polymer has at least one
      blood contacting surface rendered releasable to a non-thrombogenic agent
      and an anti-aggregation agent by having releasably incorporated into the
      polymeric surface and releasably coated thereon a coagulation inhibiting
      amount of a anti-thrombogenic agent and a platelet aggregation inhibiting
      amount of an anti-aggregation agent wherein the anti-thrombogenic agent is
      a member selected from the group consisting of heparin, coumarin,
      dicumarol and warfarin and wherein the anti-aggregation agent is a
      prostaglandin compound selected from those of the formulae:
      ##SPC11##
PAL  wherein R.sub.3 is a member selected from the group consisting of hydrogen
      and lower alkyl, R.sub.4 is a member selected from the group consisting of
      hydrogen, lower alkyl and an acyl group of 2 to 18 carbons, R.sub.5 is
      hydroxy, n is a whole integer of 3 to 5 inclusive, and the diastereomers
      thereof.
NUM  7.
PAR  7. An article of manufacture according to claim 6 wherein the
      anti-aggregation agent is
      11.alpha.,15(S)-dihydroxy-9-oxo-13-trans-prostenoic acid.
NUM  8.
PAR  8. An article of manufacture according to claim 6 wherein the
      anti-aggregation agent is
      11.alpha.,15(S)-dihydroxy-9-oxo-13-trans-8-iso-prostenoic acid.
NUM  9.
PAR  9. An article of manufacture according to claim 6 wherein the
      anti-aggregation agent is
      11.alpha.15(S)-dihydroxy-9-oxo-13-trans-.omega.-homo-prostenoic acid.
NUM  10.
PAR  10. An article of manufacture according to claim 6 wherein the
      anti-thrombogenic agent is heparin.
NUM  11.
PAR  11. A process for essentially protecting blood, plasma and platelets
      against the platelet aggregation effects of a plastic surface when the
      blood, plasma and platelets are in contact with the plastic surface and
      also for simultaneously adding a platelet aggregation inhibiting agent to
      blood, plasma and platelets when in contact with the plastic surface,
      wherein the process consists essentially of rendering the plastic surface
      free from said effects by first coating the plastic surface with at least
      one anti-aggregation prostaglandin wherein the prostaglandin is a compound
      selected from those of the formulae:
      ##SPC12##
PAL  wherein R.sub.3 is a member selected from the group consisting of hydrogen
      and lower alkyl, R.sub.4 is a member selected from the group consisting of
      hydrogen, lower alkyl and an acyl group of 2 to 18 carbons, R.sub.5 is a
      hydroxy, n is a whole integer of 3 to 5 inclusive, and the diastereomers
      thereof, said prostaglandin being released from the coated surface in a
      platelet aggregation inhibiting amount to protect said blood, plasma and
      platelets against said platelet aggregation effects of the polymer upon
      contact therewith, while simultaneously adding the prostaglandin to the
      blood, plasma and platelets.
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ABST
PAL  A method for transferring a chelating agent across a cellular membrane by
      encapsulating the charged chelating agent within liposomes and carrying
      the liposome-encapsulated chelating agent to the cellular membrane where
      the liposomes containing the chelating agent will be taken up by the
      cells, thereby transferring the chelating agent across the cellular
      membrane. A chelating agent can be introduced into the interior of a cell
      of a living organism wherein the liposomes will be decomposed, releasing
      the chelating agent to the interior of the cell. The released chelating
      agent will complex intracellularly deposited toxic heavy metals,
      permitting the more soluble metal complex to transfer across the cellular
      membrane from the cell and subsequently be removed from the living
      organism.
GOVT
PAC  CONTRACTUAL ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the UNITED STATES ATOMIC ENERGY COMMISSION.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heavy metal poisoning is a serious medical problem which has received even
      more emphasis in recent years since toxic heavy metals such as lead and
      mercury may very easily enter the body as a consequence of accidents or
      environmental pollution. Of even more concern are radioactive toxic heavy
      metals which pose an additional problem due to their radioactivity. The
      ionizing radiations of the radioactive metals are of even greater concern
      than their chemical toxicity because of the risk of tumor induction from
      the radioactive ionization. Toxic heavy metals are known to concentrate in
      various organs of the body. Plutonium, for example, usually deposits in
      the liver, it being known that as much as 30 to 60% of an administered
      amount of plutonium will deposit in the liver. The toxic heavy metal,
      plutonium in this example, remains in the organ and is only very slowly
      removed, thereby increasing the potential for tumors.
PAR  In the past, the polyaminopolycarboxylic acid, ethylene-diaminetetraacetic
      acid (EDTA) has been used as a chelating agent for removing toxic metals
      from animal tissue. More recently, a related polyaminopolycarboxylic acid,
      diethylenetriaminepentaacetic acid (DTPA) has been shown to have a greater
      ability to remove various heavy metals. The use of chelating agents for
      the removal of toxic heavy metals is based on their ability to form
      stable, nonionic, soluble and readily excretable complexes with the metal
      molecules in the tissues. They have proven valuable because they, in
      themselves, have a very low toxicity, are able to form soluble, excretable
      metal chelates within a body, and resist degradation by cell metabolites.
      However, a serious limitation for the use of chelating agents is that they
      exist as hydrated anions in the blood plasma. These anions are unable to
      penetrate cellular membranes. Therefore, only extracellularly deposited
      toxic metals can be complexed by the chelating agents and removed from the
      body, whereas intracellularly deposited metals are not complexed by the
      chelating agent and therefore are not readily removed. Attempts have been
      made in the past to increase the penetration of chelating agents through
      cellular membranes such as by the esterification of
      polyaminopolycarboxylic acids, but these efforts have met with limited
      success because of the insolubility and toxicity of the esterified
      compounds.
PAR  It is an object of the present invention to provide a method for
      transferring a chelating agent across a cellular membrane.
PAR  Another object of the present invention is to provide a means for
      introducing a chelating agent into the interior of a cell.
PAR  It is another object of the present invention to provide a method for
      introducing a chelating agent into the interior of a cell of a living
      organism by introducing the chelating agent to the organism and carrying
      it to the cell in the blood stream.
PAR  Another object of the present invention is to provide a method for the
      removal of intracellularly deposited toxic heavy metals.
PAR  Still another object of the present invention is to provide a therapy
      method for toxic heavy metal poisoning whereby both intracellularly
      deposited toxic heavy metals as well as extracellularly deposited toxic
      heavy metals can be removed from the body.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a method for transferring a chelating agent
      across a cellular membrane by encapsulating the charged chelating agent
      within liposomes and carrying the liposome encapsulated chelating agent to
      the cellular membrane where the liposomes containing the chelating agent
      will be taken up by the cell, thereby transferring the chelating agent
      across the cellular membrane. The encapsulation of the chelating agent
      within liposomes permits the introduction of the chelating agent to the
      interior of the cell wherein the liposomes decompose and release the
      chelating agent to the interior of the cell. The encapsulated chelating
      agent can be introduced to the interior of a cell of a living organism by
      injecting a saline suspension of the liposome encapsulated chelating agent
      into the blood system of the living organism whereby the chelating agent
      will be carried to the cell within the blood system. The encapsulation of
      the chelating agent within liposomes permits removal of intracellularly
      deposited toxic heavy metals since the liposome encapsulated chelating
      agent will be passed through the cell wall into the interior of the body
      cell where the liposome will be biologically degraded by enzymes thereby
      releasing the chelating agent to the interior of the cell which permits
      complexing of the toxic heavy metal. The complexed toxic heavy metal can
      then pass through the cell wall into the blood stream and be removed from
      the body by normal body processes. The method can be adapted to a therapy
      method for toxic heavy metal poisoning wherein some of the toxic heavy
      metals will be deposited within the cells and cannot be removed by other
      known therapy methods. A suspension of the liposome encapsulated chelating
      agent is formed in a saline containing nonencapsulated chelating agent and
      the combined suspension is introduced into the blood stream by intravenous
      injection. This permits complexing of intracellularly deposited toxic
      heavy metals as well as complexing of free toxic heavy metals and removal
      of the so-complexed toxic heavy metals from the body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following description of the invention and with reference
      to the drawings in which:
PAR  FIG. 1 graphically illustrates the amount of .sup. 239 Pu remaining in the
      liver after intervals of time following various treatments.
PAR  FIG. 2 graphically illustrates the cumulative amount of .sup. 239 Pu
      excreted over increasing periods of time following various treatments.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, a chelating agent is encapsulated
      within liposomes to enable transfer of the chelating agent across a
      cellular membrane. Since toxic heavy metals are known to deposit
      intracellularly as well as extracellularly, a method for transferring the
      toxic heavy metal from the interior of the cell is necessary to insure
      complete removal of toxic heavy metals from the body. While chelating
      agents are known to be useful in removing extracellularly deposited toxic
      heavy metals, chelating agents have not heretofore been demonstrated to be
      efficient in removing intracellularly deposited toxic heavy metals. It is
      believed that the large negative charge on the chelating ion prevents
      transfer of the chelating agent across the cellular membrane to the
      interior of the cell and, therefore, the chelating agent has no effect on
      intracellularly deposited toxic heavy metals.
PAR  One of the reasons toxic heavy metal poisoning, in particular, radioactive
      toxic heavy metals, are of such concern is the fact that these metals
      concentrate selectively in vital organs, such as the liver and spleen. It
      has been found that the metal, such as colloidal plutonium in the liver,
      is associated mainly, if not solely, with lysosomes. The lysosomes are the
      usual location for matters foreign to the organism ingested by cells
      including the heavy metals. Liposomes injected into the body also will be
      directed to and later found in the lysosomes. The term "liposomes" as used
      herein refers to artificial spherules formed by thin layers of
      phospholipid in the presence of any electrolyte. Phospholipids when placed
      in an electrolytic solution form concentric bimolecular lipid layers
      separated by the entrapped aqueous compartments. It can be seen then that
      the liposomes are composed of concentric bimolecular layers of lipid
      alternating with aqueous layers.
PAR  It has been found that polyaminopolyccarboxylic acid chelating agents, EDTA
      and DTPA in particular, can be encapsulated in liposomes. A lipid mixture
      is dried to form a thin film on the walls of a flask. A solution of the
      electrolyte is introduced into the flask and the thin film of lipid is
      wetted with the solution. The contents of the flask are then shaken,
      whereby small spherules will be formed. The small spherules are composed
      of lipid layers separated by entrapped aqueous layers, and are herein
      referred to as liposomes. The liposomes thus formed will have encapsulated
      layers of the electrolyte, in the present instances the electrolyte being
      a chelating agent.
PAR  As an example, liposomes were prepared from a 3 to 1 mixture of
      phosphatidylcholine, egg lecithin, and cholesterol dissolved in
      chloroform. In the present instance, 4.5 mg egg lecithin and 1.5 mg
      cholesterol were used. This mixture was dried in a round-bottom flask in a
      rotary evaporator. The flask was then placed in a 37.degree.C. water bath
      and one ml of a 25% trisodium calcium DTPA solution was slowly added to
      the flask with immediate and constant stirring with a magnetic stirrer.
      The resultant suspension of liposomes containing DTPA was centrifuged at
      2000 revolutions per minute for 5 minutes. The supernatant was carefully
      pipetted off and the liposome pellet was resuspended in normal saline. The
      same centrifugation and resuspension procedure was repeated five times to
      insure the complete removal of nonencapsulated DTPA solution. The
      liposomes were finally resuspended in saline solution.
PAR  The formation of the liposomes was found to be affected by the purity of
      the phosphatidylcholine used and by the concentration of the electrolyte.
      Under ideal conditions, the liposomes were small, usually less than 10
      microns, and usually spherical and well separated from each other. When
      liposomes were prepared with partially degraded phosphatidylcholine, fewer
      liposomes were formed, and clusters of liposomes instead of single,
      separate liposomes were observed. However, when the phosphatidylcholine
      was purified, as by thin layer chromatography, within a week before use,
      spherical, single, well-separated liposomes were consistently obtained.
      When the concentration of EDTA was higher than 10 percent, fewer liposomes
      were formed. Consequently, it is preferred that EDTA liposomes be prepared
      with highly purified, fresh phosphatidylcholine and EDTA solutions at
      concentrations between 5 and 10 percent. When partially degraded or impure
      phosphatidylcholine was used to make liposomes containing DTPA, some of
      these liposomes were as large as 80 microns in diameter, and large
      clusters of liposomes were observed. Successful liposome formation can be
      achieved with a 25% trisodium calcium DTPA.
PAR  The encapsulation of chelating agents by the liposomes, i.e. within the
      artificial lipid spherules, was verified by use of radioactive tagged
      chelating agents. Using the above-described preparation technique, .sup.45
      Ca-DTPA and .sup.14 C-EDTA were used in place of the usual electrolyte.
      Following extensive washing of the liposomes produced in accordance with
      the technique, the labeled chelating agents were found within the
      liposomes.
PAR  The uptake and retention by the body and cells of the liposome encapsulated
      chelating agent was studied by use of the radio-labelled chelating agents
      prepared in accordance with the technique described above. Distribution of
      injected .sup.14 C-EDTA liposomes was studied in mice and compared with
      that of free .sup.14 C-EDTA to determine the delivery of the chelating
      agent to the various organs and retention of the so-introduced chelating
      agent over a period of time. The results of these studies are indicated in
      Table I and Table II below.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     DISTRIBUTION AND RETENTION OF .sup.14 C-EDTA ENCAPSULATED IN LIPOSOMES    

     Time                                                                      

     after                                                  Total in           

     injection                                                                 

            Brain   Blood   Kidneys Liver   Spleen  Lungs   tissues            

     __________________________________________________________________________

                                                            shown              

     5  min 0.616.+-.0.223                                                     

                    27.642.+-.2.722                                            

                            1.954.+-.0.271                                     

                                    24.602.+-.5.577                            

                                            3.179.+-.0.133                     

                                                    37.851.+-.2.836            

                                                            95.843.+-.1.065    

     15 min 0.343.+-.0.026                                                     

                    8.450.+-.2.167                                             

                            1.288.+-.0.083                                     

                                    38.667.+-.3.508                            

                                            8.188.+-.1.478                     

                                                    25.674.+-.2.658            

                                                            82.611.+-.1.063    

     1  hour                                                                   

            0.283.+-.0.034                                                     

                    2.418.+-.0.619                                             

                            0.630.+-.0.059                                     

                                    37.353.+-.4.722                            

                                            18.030.+-.2.505                    

                                                    13.601.+-.3.482            

                                                            72.316.+-.4.600    

     6  hours                                                                  

            0.257.+-.0.039                                                     

                    1.001.+-.0.240                                             

                            0.446.+-.0.019                                     

                                    40.981.+-.1.833                            

                                            11.454.+-.1.233                    

                                                    9.862.+-.0.566             

                                                            64.002.+-.1.500    

     12 hours                                                                  

            0.163.+-.0.023                                                     

                    0.468.+-.0.059                                             

                            0.443.+-.0.032                                     

                                    38.845.+-.4.746                            

                                            6.709.+-.0.965                     

                                                    7.636.+-.0.562             

                                                            54.263.+-.4.155    

     18 hours                                                                  

            0.185.+-.0.016                                                     

                    0.915.+-.0.104                                             

                            0.428.+-.0.038                                     

                                    26.169.+-.4.701                            

                                            9.275.+-.2.100                     

                                                    8.374.+-.0.453             

                                                            45.347.+-.2.333    

     1  day 0.237.+-.0.021                                                     

                    0.544.+-.0.065                                             

                            0.363.+-.0.021                                     

                                    24.137.+-.2.263                            

                                            11.305.+-.0.806                    

                                                    7.127.+-.0.530             

                                                            43.712.+-.1.275    

     2  days                                                                   

            0.124.+-.0.018                                                     

                    0.757.+-.0.210                                             

                            0.348.+-.0.028                                     

                                    20.946.+-.1.235                            

                                            6.791.+-.1.280                     

                                                    4.670.+-.0.529             

                                                            33.636.+-.2.117    

     3  days                                                                   

            0.107.+-.0.006                                                     

                    0.803.+-.0.025                                             

                            0.305.+-.0.036                                     

                                     9.387.+-.0.749                            

                                            7.003.+-.0.452                     

                                                    3.601.+-.0.748             

                                                            21.206.+-.0.433    

     7  days                                                                   

            0.052.+-.0.007                                                     

                    0.463.+-.0.152                                             

                            0.162.+-.0.019                                     

                                     3.794.+-.1.173                            

                                            1.315.+-.0.128                     

                                                    0.291.+-.0.102             

                                                             6.078.+-.1.182    

     17 days                                                                   

            0.030.+-.0.006                                                     

                    0.330.+-.0.042                                             

                            0.060.+-.0.007                                     

                                     0.731.+-.0.365                            

                                            0.142.+-.0.039                     

                                                    0.066.+-.0.022             

                                                             1.359.+-.0.429    

     __________________________________________________________________________

TBL                                    TABLE II                                

     __________________________________________________________________________

     DISTRIBUTION AND RETENTION OF NONENCAPSULATED .sup.14 C-EDTA              

     Time                                                                      

     after                                                  Total in           

     injection                                                                 

            Brain   Blood   Kidneys Liver   Spleen  Lungs   tissues            

     __________________________________________________________________________

                                                            shown              

     5  min 0.157.+-.0.018                                                     

                    13.218.+-.0.515                                            

                            7.134.+-.0.826                                     

                                    1.802.+-.0.101                             

                                            0.215.+-.0.012                     

                                                    0.663.+-.0.054             

                                                            23.189.+-.1.299    

     15 min 0.090.+-.0.020                                                     

                    5.024.+-.0.673                                             

                            2.681.+-.0.176                                     

                                    0.972.+-.0.041                             

                                            0.103.+-.0.001                     

                                                    0.337.+-.0.024             

                                                            9.208.+-.0.880     

     1  hour                                                                   

            0.055.+-.0.006                                                     

                    0.917.+-.0.153                                             

                            0.355.+-.0.028                                     

                                    0.394.+-.0.012                             

                                            0.033.+-.0.007                     

                                                    0.041.+-.0.003             

                                                            1.795.+-.0.151     

     6  hours                                                                  

            0.043.+-.0.003                                                     

                    0.560.+-.0.160                                             

                            0.165.+-.0.019                                     

                                    0.316.+-.0.045                             

                                            0.036.+-.0.007                     

                                                    0.031.+-.0.008             

                                                            1.151.+-.0.206     

     1  day 0.034.+-.0.003                                                     

                    0.602.+-.0.144                                             

                            0.077.+-.0.005                                     

                                    0.326.+-.0.039                             

                                            0.042.+-.0.004                     

                                                    0.041.+-.0.010             

                                                            0.971.+-.0.202     

     3  days                                                                   

            0.034.+-.0.003                                                     

                    0.040.+-.0.010                                             

                            0.061.+-.0.003                                     

                                    0.222.+-.0.016                             

                                            0.028.+-.0.003                     

                                                    0.028.+-.0.003             

                                                            0.374.+-.0.023     

     __________________________________________________________________________

      Table I shows distribution and retention in mouse tissues of .sup.14
      C-EDTA encapsulated in liposomes at various times following intravenous
      injection. For the liposome-encapsulated .sup.14 C-EDTA study, a total of
      44 female CF No. 1 (Carworth Farms) mice, 93 days of age and with a mean
      weight of 27.0 grams, were used. Each mouse received a single injection,
      via a tail vein, of .sup.14 C-EDTA liposomes (about 90,000 cpm, in a
      volume of 0.40 ml). Groups of mice were sacrificed from 5 minutes to 17
      days after injection by an intravenous injection of an anesthetic dose of
      sodium pentobarbital, followed by exsanguination. Samples of blood and
      various tissues were removed for .sup.14 C-radioactivity determinations.
      The values in the blood column reflect activity in the estimated blood
      volume, 2 cm.sup.3, as calculated from two 100-microliter samples from
      each mouse. Values are mean percent of injected .sup.14 C-radioactivity
      .+-. the standard error of the mean. Each group contains 4 mice, except
      those at 5 and 15  minutes (3 mice each ) and at 12 hours (5 mice). The
      liposomes were made from phosphatidylcholine and cholesterol in a 3 to 1
      ratio. The liposomes were filtered once through a 1.2 .mu.m Millipore
      filter.
PAR  Table II shows distribution and retention in mouse tissues of
      nonencapsulated .sup.14 C-EDTA at various times following intravenous
      injection. For the nonencapsulated .sup.14 C-EDTA study, a total of 24
      mice, of the same age and weight as those used for .sup.14 C-EDTA
      liposomes, were given an injection of a 5% .sup.14 C-labeled CaNa.sub.2
      EDTA solution (pH 7.4). The activity and volume injected and the route of
      injection were as described above. Groups of 4 mice each were sacrificed
      from 5 minutes to 3 days after injection as above. The values shown are,
      as in Table I, for mean percent of injected .sup.14 C-radioactivity from 4
      mice .+-. the standard error of the mean.
PAR  It can be seen from Table II that free .sup.14 C-EDTA was swept from the
      body quite rapidly, whereas from Table I it can be seen that the liposome
      encapsulated EDTA remained in the body for a substantial period of time,
      This is indicative of the fact that the liposome encapsulated EDTA was
      taken up by the cells. A substantial amount of the liposomes deposited in
      the liver, the liver containing about 41 percent of the total injected
      liposome at 6 hours after injection. The labeled chelating agent
      subsequently transferred out of the liver, at 3 days there being less than
      10 percent remaining, and at 17 days less than 1 percent.
PAR  Since injected liposomes in the liver have been found to be primarily
      associated with lysosomes, intracellular organelles responsible for the
      storage and digestion of incorporated foreign materials, and since
      colloidal plutonium is also specifically localized in liver lysosomes, the
      encapsulation of chelating agent provides a means for removing the
      intracellularly deposited plutonium. In accordance with the present
      techniques, a chelating agent, in this case DTPA being used in view of the
      greater complexing ability of the DTPA with plutonium, was encapsulated in
      liposomes, and the liposome encapsulated DTPA suspended in a saline
      solution for injection. The suspension can be introduced to the body
      through intravenous injection, whereby the liposomes will deposit in
      various organs and, in particular, will be directed toward the liver. The
      liposomes can transfer across cellular membranes in the liver, thereby
      gaining access to the interior of the cells. Once in the cells, the
      lysosomal enzymes will break down the liposomes, releasing the DTPA
      chelating agent to the interior of the cell. The chelating agent will
      complex toxic heavy metal, plutonium, and the complexed heavy metal, its
      ionic charge much lower in comparison with either the toxic metal or the
      chelating ion itself, can diffuse back across the cell membrane out of the
      cell. After transferring across the membrane from the cell, the complexed
      ion will be removed from the body by normal body processes.
PAR  Experiments were conducted on mice showing the removal of toxic heavy
      metals from the body by treatment with liposome encapsulated DTPA.
PAR  In experiment 1, 25 female CF No. 1 (Carworth Farms) mice, 60 days of age
      with a mean weight of 25.7 grams, were given a single intravenous
      injection of a midrange polymeric plutonium preparation which was 24
      percent unfiltrable. Each mouse received 0.4 .mu.curie of .sup.239 Pu per
      kilogram of body weight. Separate groups of five mice were treated twice
      at 3 and 6 days after administration of the plutonium with one of the
      following: (1) saline solution, (2) nonencapsulated DTPA. (3) liposome
      encapsulated DTPA, or (4) both encapsulated and nonencapsulated DTPA. The
      mice were sacrificed at day 10 after plutonium injection, i.e. day 4 after
      the second therapy.
PAR  In experiment 2, 70 female B6CF.sub.1 mice were used, since CF No. 1 mice
      were not available at that time. These mice were 82 days of age with a
      mean weight of 20.4 grams and were given a single intravenous injection of
      a midrange polymeric plutonium preparation which was 35 percent
      unfiltrable. Each mouse received 0.9 .mu.curie of .sup.239 Pu per
      kilogram. Separate groups of 4 or 5 mice were given the four different
      treatments used in experiment 1, but only once, at 3 days after injection
      of plutonium. Groups of 4 or 5 mice were sacrificed at the following
      intervals after the single treatment: 6 hours, 1 day, 3 days, and 7 days
      (i.e. 3 1/4, 4, 6, and 10 days after administration of plutonium). An
      additional group of 5 mice received liposome encapsulated DTPA twice, at
      both 3 and 6 days after plutonium administration, and were sacrificed at
      day 10.
PAR  Conventional nonencapsulated DTPA was given by intraperitoneal injection
      for convenience. It has been established that intraperitoneal and
      intravenous injections of DTPA give identical results in plutonium
      therapy. A dose of 100 mg of DTPA per kilogram of body weight was given at
      each injection in both experiments 1 and 2. The liposome encapsulated DTPA
      was injected intravenously at a dose of 2 mg of DTPA per mouse (about 80
      mg/kg in experiment 1 and 100 mg/kg in experiment 2). It was injected
      within 3 hours of its preparation in experiment 1 and within 1 to 2 days
      in experiment 2. Tissues from the individual mice and (in experiment 2
      only ) the separated urine and feces from pairs of mice were ashed and
      assayed for .sup.239 Pu content.
PAR  The diameters of liposomes from separate preparations, roughly determined
      by dark-field photomicrography, were found to vary between 1 and 10
      microns. When mixed in vitro with mouse blood, the liposomes were
      unchanged morphologically and did not aggregate for at least 2 hours.
PAR  The liposome encapsulated DTPA given alone consistently reduced the level
      of plutonium in the liver below that achieved by conventional
      nonencapsulated DTPA therapy. This is indicated from the results as shown
      in the graph of FIG. 1. FIG. 1 shows the percent of injected .sup.239 Pu
      in liver of mice after various treatments: a) saline solution, b)
      conventional nonencapsulated DTPA, c) liposome encapsulated DTPA, d) both
      encapsulated and nonencapsulated DTPA. In experiment 1, each treatment was
      given at 3 days and again at 6 days after injection of plutonium. In
      experiment 2, treatment was given at 3 days only. As can be seen, liposome
      encapsulated DTPA not only removed the essentially extracellular fraction
      of plutonium which can be removed by conventional DTPA, but it also
      removed an additional intracellular fraction. In experiment 1 at 10 days
      after plutonium administration, two injections of liposome encapsulated
      DTPA removed 37 percent of the intracellular plutonium while the combined
      therapy removed 45 percent. In experiment 2, removal of intracellular
      plutonium at 6 and 24 hours after a single injection of liposome
      encapsulated DTPA was not significant; but at 3 and 7 days after therapy,
      about 20 percent was removed. There was no additional removal of
      intracellular plutonium in the group of 5 mice given two injections of
      liposome encapsulated DTPA. Therefore, the greater removal of
      intracellular plutonium observed in experiment 1 was probably not due to
      the second injection of liposome encapsulated DTPA. Analysis of urine and
      feces in experiment 2, the results of which are graphically illustrated in
      FIG. 2 which shows the cumulative .sup.239 Pu excretion in the urine and
      feces of mice given various treatments a single time 3 days after
      plutonium injection, showed that the mice treated with liposome
      encapsulated DTPA had a significantly higher urinary excretion of
      plutonium than the mice receiving conventional DTPA therapy. The magnitude
      of this increase indicates that liposome encapsulated DTPA removed
      additional plutonium from tissues other than the liver. This additional
      urinary plutonium appears to be from the skeleton. The plotonium burden in
      the skeleton (calculated as the content of both femurs multiplied by a
      factor of 13 ) of mice receiving liposome encapsulated DTPA was lower by
      about 5 percent of the injected dose of plutonium compared to that of mice
      receiving conventional DTPA therapy.
PAR  Since plutonium in the liver is found intracellularly in lysosomes, and
      injected liposomes are also associated with lysosomes of liver cells, the
      results indicate that liposome encapsulated DTPA has removed part of the
      intracellular plutonium from the liver. The greater removal of plutonium
      from the liver by liposome encapsulated DTPA in experiment 1 than in
      experiment 2 is probably due to a higher intracellular deposition of
      plutonium. The mice in experiment 1 apparently received a more colloidal
      preparation of plutonium than those in experiment 2 as judged by the
      greater amount in the liver. Colloidal plutonium seems to be deposited
      intracellularly in the liver to a greater extent than noncolloidal
      plutonium. These results demonstrate that a chelating agent encapsulated
      within liposomes removes an additional fraction of plutonium from the
      liver that is not removed by conventional DTPA therapy.
PAR  Other similar experiments were conducted with .sup.198 Au, the results of
      which showed increased excretion of the .sup.198 Au with liposome
      encapsulated DTPA as compared with excretion by free DTPA or saline. It is
      further believed that other toxic heavy metals, such as mercury, lead,
      yttrium and cerium, which can be complexed by chelating agents will
      similarly be removed by liposome encapsulated chelating agents.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of transferring a polyaminopolycarboxylic acid chelating agent
      across a cellular membrane comprising: encapsulating said
      polyaminopolycarboxylic acid chelating agent within liposomes; and
      carrying said liposome encapsulated chelating agent to said cellular
      membrane, whereby said liposome encapsulated chelating agent will transfer
      across said cellular membrane.
NUM  2.
PAR  2. A method of introducing a polyaminopolycarboxylic acid chelating agent
      into the interior of a cell in accordance with the method of claim 1
      wherein said cellular membrane is the membrane wall of said cell and said
      encapsulated chelating agent passes through the membrane wall of said cell
      into the interior of said cell, wherein said liposomes will be decomposed,
      thereby releasing said polyaminopolycarboxylic acid chelating agent to the
      interior of said cell.
NUM  3.
PAR  3. The method in accordance with claim 2 wherein said cell is a cell of a
      living organism and said encapsulated chelating agent is carried to said
      cell by injecting a saline suspension of said liposome encapsulated
      chelating agent into the blood stream of said living organism whereby said
      encapsulated chelating agent is carried to the cell within the blood.
NUM  4.
PAR  4. A method for the removal of intracellularly deposited toxic heavy metals
      comprising:
PA1  encapsulating a polyaminopolycarboxylic acid chelating agent within
      liposomes;
PA1  introducing said liposome encapsulated chelating agent into the blood
      system by intravenous injection; whereby
PA1  said liposome encapsulated chelating agent is carried to said body cells
      within said blood system;
PA1  said liposome encapsulated chelating agent is passed through the cell wall
      into the interior of said body cell;
PA1  said polyaminopolycarboxylic acid chelating agent is released to the
      interior of said cell by the biological degradation of said liposome by
      lysosomal enzymes, said released chelating agent complexing said
      intracellularly deposited toxic metal;
PA1  said complexed toxic metal is passed through the cell wall into said blood
      stream; and
PA1  said complexed toxic metal is removed from said blood stream and the body
      by normal body processes.
NUM  5.
PAR  5. The method in accordance with claim 4 wherein said liposomes are
      prepared from a mixture of lecithin and cholesterol.
NUM  6.
PAR  6. The method in accordance with claim 4 wherein said
      polyaminopolycarboxylic acid chelating agent is chosen from the group
      consisting of EDTA and DTPA.
NUM  7.
PAR  7. The method in accordance with claim 6 wherein said toxic heavy metals
      are selected from the group consisting of plutonium, gold, mercury, and
      lead.
NUM  8.
PAR  8. A method in accordance with claim 6 wherein encapsulated DTPA is
      prepared from a solution of trisodium calcium DTPA.
NUM  9.
PAR  9. A therapy method for toxic heavy metal poisoning comprising:
      encapsulating a polyaminopolycarboxylic acid chelating agent within
      liposomes; forming a saline solution containing nonencapsulated
      polyaminopolycarboxylic acid chelating agent and a suspension of the
      liposome encapsulated chelating agent; introducing said saline suspension
      into the blood stream by intravenous injection; whereby said chelating
      agent will complex said free toxic heavy metals and said encapsulated
      chelating agent will enter body cells and combine with intracellularly
      deposited toxic heavy metals and whereby said complexed toxic heavy metals
      will be passed from the body by normal body processes.
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PAL  N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea of the formula
      ##SPC1##
PAL  Having a long-lasting and strong hypoglycemic action in the treatment of
      diabetes mellitus and a process for its manufacture.
PARN
PAR  This is a division of application Ser. No. 10,659 filed Feb. 11, 1970, now
      Pat. No. 3,754,030.
BSUM
PAR  The present invention relates to
      N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyc
     lopentylurea of the formula
      ##SPC2##
PAL  Which in the free form or in the form of its salts has blood sugar lowering
      properties and is distinguished by a strong and long-lasting hypoglycemic
      action.
PAR  The present invention furthermore relates to processes for preparing this
      benzenesulfonyl-urea, wherein
PA0  A. a benzensulfonyl-isocyanate, a benzenesulfonyl-carbamic acid ester, a
      benzenesulfonyl-thiolcarbamic acid ester, a benzenesulfonyl-urea, a
      benzenesulfonyl-semicarbazide or a benzenesulfonyl-semicarbazone which is
      substituted in para-position by the group
      ##SPC3##
PA0  Is reacted with cyclopentyl-amine or a salt thereof, or
      4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonamide of the
      formula
      ##SPC4##
PA0  Or a salt thereof is reacted with a cyclopentyl-isocyanate, carbamic acid
      ester, thiolcarbamic acid ester, carbamic acid halide or urea,
PA0  B. a correspondingly substituted benzenesulfonyl-isourea ether,
      benzenesulfonyl-isothiourea ether, benzenesulfonylisourea ester,
      benzenesulfonyl-parabanic acid or benzenesulfonyl-haloformic acid amidine
      is hydrolized, or a compound of the formula
      ##SPC5##
PA0  Or a parabanic acid derivative thereof or a compound of the formula
      ##SPC6##
PA0  Wherein U stands for oxygen-lower-alkyl, sulfur-lower-alkyl or halogen
      (preferably chlorine), is saponified or water is added in a
      correspondingly substituted carbodiimide,
PA0  C. in a correspondingly substituted benzenesulfonyl-thioures or
      thiobenzamido-alkyl-benzene-sulfonyl-urea, the sulfur atom is replaced by
      an oxygen atom;
PA0  D. a correspondingly substituted benzenesulfinyl-urea or
      benzene-sulfenyl-urea is oxidized,
PA0  E. the group
      ##SPC7##
PA0  Is introduced by acylation in one or more steps into
      N-[4-(.beta.-aminoethyl)-benzenesulfonyl]-N'-cyclopentyl-urea of the
      formula
      ##SPC8##
PAL  Or
PA0  F. a correspondingly substituted benzenesulfonyl halide is reacted with
      cyclopentyl-urea or an alkali metal salt thereof or a correspondingly
      substituted benzenesulfinic acid halide or, in the presence of an acid
      condensation agent, even a correspondingly substituted benzenesulfinic
      acid or an alkali metal salt thereof is reacted with
      N-cyclopentyl-N'-hydroxy-urea,
PAL  And, if desired, the reaction product obtained is treated with an alkaline
      agent for salt formation.
PAR  The aforesaid benzenesulfonyl-carbamic acid esters or
      benzene-sulfonyl-thiolcarbamic acid esters may contain in the alcoholic
      component an alkyl group or an aryl group or even a heterocyclic radical.
      Since this radical is split off during the reaction, its chemical
      constitution has no influence on the nature of the final product and may,
      therefore, be varied within wide limits. The same applies to the
      cyclopentyl-amine-substituted carbamic acid esters and the corresponding
      thiolcarbamic acid esters.
PAR  As carbamic acid halide, the chloride is preferably used. The
      benzenesulfonyl-ureas used as starting materials in the process of the
      present invention may be unsubstituted at the side of the urea molecule
      opposite to the sulfonyl group or may be mono- or, especially,
      di-substituted. Since these substituents are split off during the reaction
      with the amines, their nature can be varied within wide limits. In
      addition to benzenesulfonyl-ureas which carry alkyl, aryl, acyl or
      heterocyclic substituents, there may also be used
      benzenesulfonylcarbamoyl-imidazoles and similar compounds or
      bis-(benzenesulfonyl)-ureas which may carry at one of the nitrogen atoms a
      further substituent, for example a methyl group. For example, such
      bis-(benzene-sulfonyl)-ureas or also N-benzene-sulfonyl-N'-acyl-ureas may
      be treated with cyclopentylamine and the salts obtained may be heated to
      elevated temperatures, especially to a temperature above 100.degree.C.
PAR  Furthermore, it is possible to start from cyclopentyl-urea or from a
      cyclopentyl-urea which is mono- or, especially, disubstituted at the free
      nitrogen atom, and to react it with
      ##SPC9##
PAL  As such starting materials, there may be used for example
      N-cyclopentyl-urea, the corresponding N'-acetyl, N'-nitro, N'-cyclopentyl,
      N',N'-diphenyl- (in which case the two phenyl radicals may also be
      substituted or be linked with each other either directly or also by means
      of a bridge member such, for example, as --CH.sub.2 --, --NH--, --O-- or
      --S--), N'-methyl-N'-phenyl, N',N'-dicyclohexyl-ureas as well as
      cyclopentyl-carbamoyl-imidazoles, -pyrazoles or -triazoles.
PAR  The hydrolysis of the benzenesulfonyl-parabanic acids,
      benzenesulfonyl-isourea ethers, benzenesulfonyl-isothiourea ethers,
      benzenesulfonyl-isourea esters or benzenesulfonylhaloformic acid amidines
      mentioned as starting substances is suitably carried out in an alkaline
      medium. Isourea ethers and isourea esters may also be hydrolized
      successfully in an acid medium.
PAR  The replacement of the sulfur atom in the correspondingly substituted
      benzenesulfonyl-thioureas by an oxygen atom can be effected in known
      manner, for example, with the aid of oxides or salts of heavy metals or
      with the use of oxidizing agents such, for example, as hydrogen peroxide,
      sodium peroxide, nitrous acid or permanganates.
PAR  The thioureas may also be desulfurized by treatment with phosgene or
      phosphorus pentachloride. The chloroformic acid amidines or chloroformic
      acid carbodiimides obtained as intermediates may be converted into the
      benzenesulfonyl-ureas by suitable measures such, for example, as by
      saponification or addition of water.
PAR  The acylation of the
      N-[4-(.beta.-aminoethyl)-benzenesulfonyl]-N-cyclopentyl-urea may be
      carried out either in one step, for example by the reaction of
      correspondingly substituted benzoic acid halides, or it may be effected in
      several steps. As an example of the numerous possibilities of a stepwise
      acylation, there may be mentioned the reaction of
      aminoethyl-benzenesulfonyl-ureas with 2-methoxy-benzoyl chloride and the
      subsequent introduction of a chlorine atom into the benzene nucleus of the
      benzamido group.
PAR  The oxidation of the benzenesulfinyl-ureas or benzenesulfenyl-ureas may be
      carried out with the aid of known oxidizing agents, for example potassium
      permanganate.
PAR  As regards the reaction conditions, the methods of carrying out the process
      of the invention may, in general, be varied within wide limits and may be
      adapted to each individual case. For example, the reactions may be carried
      out in the presence or in the aabsence of solvents, at room temperature or
      at an elevated temperature.
PAR  Depending on the nature of the starting substances, one or other of the
      aforesaid methods may, in some cases, provide a desired individual
      benzenesulfonyl-urea only in a small yield or may be inappropriate for its
      synthesis. In such comparatively rare cases, the expert will have no
      difficulty in synthesizing the desired product according to one of the
      other methods of the process described.
PAR  The starting materials are prepared by methods that are generally known.
      For example, substituted benzenesulfonamides used as starting substances
      may be obtained by the reaction of the corresponding benzene compounds
      with chlorosulfonic acid and subsequently with ammonia or by acylation of
      p-aminoethyl-benzenesulfonamide with corresponding acid chlorides. The
      benzenesulfonyl-urethanes or benzenesulfonyl-ureas used as starting
      materials may be prepared, for example, from the corresponding
      benzenesulfonamides and haloformic acid alkyl esters or potassium cyanate
      (KOCN). Benzenesulfinyl-ureas or benzenesulfenyl-ureas may be obtained by
      the condensation of the corresponding sulfinyl chlorides or sulfenyl
      chlorides with ureas.
PAR  The hypoglycemic action of the afore-described benzenesulfonyl-urea can be
      ascertained by administering it in the form of the sodium salt in a dose
      of 10 mg/kg of body weight to normally fed rabbits and determining the
      blood sugar level according to the known method of Hagedorn-jensen or by
      means of an auto-analyzer for a prolonged period of time.
PAR  Thus, it has been found that
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea (I) causes the lowering of the blood sugar level as indicated
      in the following Table.
PAR  For comparison, the lowering of the blood sugar level produced by the known
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     ohexyl-urea (II) is also indicated in this Table.
PAC  Table
PAL  Lowering of the blood sugar level in rabbits, in per cents after oral
      administration 10 mg/kg
TBL          after        hours                                                

             1   3      6      24   48   72   96   120                         

     ______________________________________                                    

     Compound I                                                                

               18    39     36   45   50   41   27   0                         

     Compound II                                                               

               --    19     --   23   28   13   0    --                        

     ______________________________________                                    

PAR  The benzenesulfonyl-urea of the present invention is preferably used for
      the manufacture of pharmaceutical preparations suitable for oral
      administration and for the lowering of the blood sugar level in the
      treatment of diabetes mellitus, for which purpose it may be used as such
      or in the form of its physiologically tolerable salts or in the presence
      of substances which cause salt formation. For the formation of salts,
      there may be used, for example, alkaline agents such as alkali metal- or
      alkaline earth metal hydroxides, carbonates or bicarbonates these are
      commonly used in the pharmaceutical industry to form physiologically
      tolerable salts.
PAR  The present invention therefore also provides pharmaceutical preparations
      that have hypoglycemic action and are suitable for oral administration in
      the treatment of diabetes mellitus, which preparations have preferably the
      form of tablets and contain as the active ingredient the
      benzenesulfonyl-urea of the invention or a salt thereof in admixture or
      conjunction with pharmaceutically suitable carriers such as talc, starch,
      lactose, tragacanth or magnesium stearate.
PAR  Such a pharmaceutical preparation, for example a tablet or a powder,
      containinng the benzenesulfonyl-ureaa of the invention or a
      physiologically tolerable salt thereof as the active substance, with or
      without one or more of the aforementioned carriers, is advantageously
      brought into a suitable dosage unit form. The dose chosen should comply
      with the activity of the benzenesulfonyl-urea used and with the desired
      effect. Advantageously, the dosage per unit amounts to about 0.5 to 100
      mg, preferably 2 to 10 mg, but considerably higher or lower dosage units
      may also be used, which, where required are divided or multiplied prior to
      their administration.
DETD
PAR  The following Examples serve to illustrate some variants of the process,
      which may be used for the synthesis of the benzenesulfonyl-ureas of the
      invention.
PAC  EXAMPLE 1
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyclo
     pentyl-urea
PAR  2.45 g of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-phenylu
     rethane (obtained from
      4-[.beta.-(2-methoxy-5-chlorobenzamido)-ethyl]-benzenesulfonamide and
      chloroformic acid phenyl ester) were refluxed for 2 hours with 0.43 g of
      cyclopentyl-amine in 30 ml of dioxane. After dilution with water and
      acidification with dilute hydrochloric acid a precipitate was obtained
      which was treated with 0.5 %-ammonia. The aqueous alkaline solution was
      acidified and the precipitate obtained was recrystallized from methanol.
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea, melting point 184.degree. - 185.degree.C, was obtained.
PAC  EXAMPLE 2
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyclo
     pentyl-urea
PAR  4.26 g of
      N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-methyl
     urethane were heated for one and a half hour with 1.5 g of
      cyclopentyl-amine acetate in 100 ml of dioxane, using a descending
      condenser.
PAR  After addition of water and recrystallization of the product obtained from
      methanol
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea, melting point 184.degree. - 185.degree.C, was obtained in a
      very good yield.
PAC  EXAMPLE 3
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea
PAR  A mixture of 10.3 g of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-urea
      (m.p. 171.degree. - 173.degree.C), 300 ml of toluene, 30 ml of
      glycolmonomethyl ether, 1.65 g of glacial acetic acid and 2.4 g of
      cyclopentyl-amine was refluxed for 5 hours. Subsequently, the mixture was
      concentrated in vacuo and the residue was treated with alcohol.
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea obtained as a raw product was separated by
      suction-filtration and recrystallized from methanol. Melting point
      184.degree. - 185.degree.C.
PAC  EXAMPLE 4
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl] -N'-cyc
     lopentyl-urea
PAR  4.9 g of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-phen
     yl-urea (m.p. 193.degree. - 195.degree.C), 100 ml of dioxane and 0.85 g of
      cyclopentyl-amine were refluxed for 1 hour.
PAR  The clear solution was subsequently concentrated in vacuo and the residue
      obtained was treated with about 0.5 %-ammonia. After clarification of the
      solution by filtration it was acidified. The precipitate of
      N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyc
     lopentyl-urea obtained was isolated by suction-filtration and dried. After
      recrystallization from methanol a product was obtained having the melting
      point of 184.degree. - 185.degree.C.
PAC  EXAMPLE 5
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea
PAR  2.3 g of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-acet
     yl-urea (m.p. 208.degree.C with decomposition) and 0.43 g of
      cyclopentyl-amine were carefully mixed. Upon heating, the
      cyclopentyl-amine salt of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-acet
     yl-urea was formed. The salt was heated in an Erlenmeyer flask for 45
      minutes to 150.degree.C in an oil bath. After several minutes the salt
      melted to form a clear melt.
PAR  The melt was cooled, treated with aqueous 0.5 %-ammonia while heating on
      the steam bath, then filtered and the filtrate was acidified. The
      precipitated crystals were separated by suction-filtration and taken up
      once more in 0.5 %-ammonia.
PAR  Upon acidification of the filtrate, a crystalline precipitate of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea was obtained, separated by suction-filtration and dried. After
      recrystallization from methanol the substance was found to melt at
      183.degree. - 184.degree.C.
PAC  EXAMPLE 6
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea
PAR  6.5 g of sodium salt of
      4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonamide were
      refluxed for 3 hours with 3.9 g of diphenylcarbamic acid chloride in 60 ml
      of toluene. The crude
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N',N'-d
     iphenyl-urea obtained was suction-filtered, suspended in dioxane and, after
      addition of 1 g of acetic acid and 1.6 g of cyclopentyl-amine, the
      substance was refluxed for 11/2  hours. After acidification with dilute
      hydrochloric acid the precipitate was separated by suction-filtration and
      treated with 0.5 %-ammonia. The aqueous alkaline solution was acidified
      and the crystals were re-crystallized from methanol.
      N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea was obtained having a melting point of 182.degree. -
      184.degree.C.
PAC  EXAMPLE 7
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea
PAR  0.95 g of
      N,N'-bis-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&lt;-ethyl)-benzenesulfonyl]-
     urea (m.p. 183.degree. - 185.degree.C) were suspended in 30 ml of dioxane.
      0.107 g of cyclopentyl-amine were added and the whole was refluxed for 1
      hour. After concentration of the clear solution obtained the residue was
      treated with 0.5 %-aqueous ammonia, the
      4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonamide formed
      was separated by filtration and acidified. A crystalline precipitate of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea was obtained, isolated by suction-filtration, dried and
      recrystallized from methanol. Melting point 182.degree. - 184.degree.C.
PAC  EXAMPLE 8
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea
PAR  4.95 g of
      4-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-1,1-pe
     ntamethylene-semicarbazide, melting point 165.degree. - 167.degree.C, 50 ml
      of dioxane and 0.85 g of cyclopentyl-amine were refluxed for 45 minutes.
      The solution obtained was concentrated in vacuo and the residue was taken
      up in about 0.5 %-aqueous ammonia. The solution was filtered and the
      filtrate was acidified. A crystalline precipitate of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea was obtained, separated by suction filtration and
      dried. After recrystallization from methanol the substance was found to
      melt at 183.degree. - 185.degree.C.
PAC  EXAMPLE 9
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea
PAR  1.8 g of
      4-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-cycloo
     ctanone-semicarbazone, 50 ml of dioxane and 0.29 g of cyclopentyl-amine
      were refluxed for 1 hour. The clear solution was concentrated in vacuo and
      the residue obtained was treated with about 0.5 %-aqueous ammonia. After
      filtration the filtrate was acidified. A crystalline precipitate of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea was obtained, separated by suction-filtration, dried and
      recrystallized from methanol. The melting point of the substance was
      182.degree. - 184.degree.C.
PAC  EXAMPLE 10
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea
PAR  7.5 g of 4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzene-sulfonamide
      and 5.6 g. of ground potassium carbonate were suspended in 150 ml of
      acetone and refluxed for 3 hours. Subsequently, 2.3 g of
      cyclopentyl-isocyanate (prepared by reaction of
      cyclopentylamine-hydrochloride with phosgene, boiling point 55.degree.C
      under a pressure of 35 mm mercury) were added thereto and the whole was
      heated for another 5 hours. The precipitate formed was separated by
      suction-filtration, suspended in water and acidified with dilute
      hydrochloric acid. After suction-filtration,
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzene-sulfonyl]-N'-cyc
     lopentyl-urea was obtained which after recrystallization from methanol was
      found to melt at 184.degree.  - 185.degree.C.
PAC  EXAMPLE 11
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea
PAR  3.9 g of sodium salt of 4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;
      -ethyl)-benzenesulfonamide and 4.1 g of N-cyclopentyl-carbamic acid phenyl
      ester (prepared from chloroformic acid phenyl ester and cyclopentyl-amine)
      were dissolved in 100 ml of dimethylformamide. The solution was heated to
      110.degree.C for 45 minutes, then allowed to cool and poured in about 0.5
      %-aqueous ammonia. The undissolved substance was separated by filtration
      and the filtrate was acidified. The crystallized precipitate of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea which had precipitated was separated by suction-filtration,
      washed and dried. After recrystallization from methanol the substance was
      found to melt at 182.degree. - 184.degree.C.
PAC  EXAMPLE 12
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea
PAR  3.9 g of sodium salt of 4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;
      -ethyl)-benzenesulfonamide and 3.84 g of cyclopentyl-urea (m.p.
      196.degree. - 197.degree.C) were well mixed in a mortar and heated to
      200.degree.C for 10 minutes in an Erlenmeyer flask on a pre-heated oil
      bath. After cooling, the melt was heated with about 0.5 %-ammonia on a
      steam bath. The solution was filtered and the filtrate was acidified. The
      precipitate obtained was suction-filtered and taken up once more in 0.5
      %-ammonia. After another acidification of the filtrate the precipitate
      obtained was isolated by suction-filtration, dried and re-crystallized
      from methanol.
PAR  The
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea obtained was found to melt at 182.degree. - 184.degree.C.
PAC  EXAMPLE 13
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl-benzenesulfonyl]
      -N'-cyclopentyl-urea
PAR  3.9 g of sodium salt of
      4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzene-sulfonamide and 3.4
      g of N-acetyl-N'-cyclopentyl-urea (m.p. 97.degree. - 98.degree.C, prepared
      from cyclopentyl-urea and acetoanhydride) were heated to 110.degree.C for
      2 hours in 100 ml of dimethylformamide. The solution obtained was
      concentrated under reduced pressure to two-thirds of its volume and then
      water and hydrochloric acid were added thereto. The solution was
      suction-filtered and the residue was treated with 0.5 %-aqueous ammonia.
      After filtration the filtrate was acidified and the precipitate obtained
      was isolated by suction-filtration, washed and dried. After
      recrystallization from methanol,
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea was obtained having a melting point of 183.degree. -
      185.degree.C.
PAC  EXAMPLE 14
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea
PAR  3.9 g of sodium salt of
      4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonamide, 5.6 g
      of N,N-diphenyl-N'-cyclopentyl-urea (m.p. 137.degree. - 138.degree.C,
      prepared from diphenyl carbamic acid chloride and cyclopentyl-amine) and
      100 ml of dimethylformamide were heated to 110.degree.C for 45 minutes.
      (After several minutes a clear solution had formed). The solution was
      cooled, poured into water and then 0.5 %-ammonia was added thereto. After
      filtration the filtrate was acidified, the precipitate obtained was
      separated by suction-filtration and introduced once more into 0.5
      %-ammonia. After filtration and acidification of the filtrate a
      crystalline precipitate of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzene-sulfonyl]-N'-cyc
     lopentyl-urea was obtained which, after drying and recrystallization from
      methanol, was found to melt at 183.degree. - 185.degree.C.
PAC  EXAMPLE 15
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea
PAR  2 g of sodium salt of
      4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonamide and 2.2
      g of N,N'-dicyclopentyl-urea (m.p. 248.degree. - 249.degree.C, prepared
      from cyclopentyl-isocyanate and cyclopentyl-amine) were well mixed in a
      mortar. The mixture was heated to 220.degree.C for 10 minutes in an
      Erlenmeyer flask on a pre-heated oil bath. After cooling, the sintered
      reaction cake was treated with 0.5 %-ammonia. After filtration, the
      filtrate was acidified and a precipitate was obtained which was separated
      by suction-filtration and dissolved once more in 0.5 %-ammonia. After
      filtration, the filtrate was acidified. The precipitate of crude
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamide&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea that had separated was isolated by suction-filtration and
      dried. By treatment with methanol an at first smeary and then crystalline
      substance was obtained, which after suction-filtration, was once more
      recrystallized from methanol. The melting point of
      N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-N'-cyc
     lopentyl-urea obtained was 182.degree. - 184.degree.C.
PAC  EXAMPLE 16
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea
PAC  a. Potassium salt of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-iminodi
     thio-carbonic acid.
PAR  74 g of 4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonamide
      were dissolved in 350 ml of dimethylformamide. 23 g of carbon disulfide
      and subsequently a solution of 34 g of potassium hydroxide in 50 ml of
      water were added thereto dropwise, while stirring. Stirring was continued
      for 3 hours at room temperature and the clear solution obtained was poured
      into 4 l of ethanol. The potassium salt of
      N-[4-(.beta.-&lt;2-methoxy-5-chlor-benzamido&gt;-ethyl)-benzenesulfonyl]-iminodi
     thio-carbonic acid which had precipitated was isolated by
      suction-filtration, washed with alcohol and dried. Yield 60 g.
PAC  b.
      N-[4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfonyl]-iminod
     ithio-carbonic acid dimethyl ester.
PAR  36 g of the potassium salt obtained according to (a) were dissolved in 60
      ml of 1-normal sodium hydroxide solution. While shaking, 12.6 g of
      dimethyl sulfate were added to the clear solution, whereupon the
      temperature of the solution rose. After standing for 30 minutes, the
      solution was decanted to separate a semisolid smeary precipitate. After
      washing with water, the smeary precipitate crystallized. The crystalline
      substance was recrystallized from dilute methanol, whereby 30 g of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl-benzenesulfonyl]-iminodit
     hio-carbonic acid dimethyl ester, which was found to melt at 94.degree. -
      96.degree.C, were obtained.
PAC  c.
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-isothio-urea methyl ether.
PAR  4.73 g of the ester obtained according to b) were dissolved in 100 ml of
      dioxane. 0.85 g of cyclopentyl-amine was added thereto and the whole was
      heated on the steam bath for 11/2  hours. After pouring into water and
      acidification with hydrochloric acid, the isothio-urea-methyl ether
      indicated above was obtained as a smeary substance.
PAC  d.
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea.
PAR  The smeary substance obtained according to (c) was dissolved in dioxane, a
      2-normal sodium hydroxide solution was added thereto and the solution was
      heated for 1 hour on the steam bath. After pouring into water and
      acidification with acetic acid,
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea was obtained as a crystallized precipitate. The substance was
      found to melt, after recrystallization from methanol, at 183.degree.  -
      185.degree.C.
PAC  EXAMPLE 17
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea
PAR  a. 4.9 g of cyclopentyl-parabanic acid (m.p. 111.degree. - 112.degree.C)
      and 2.5 g of triethylamine were dissolved in 200 ml of benzene and 8.9 g
      of 4-(.beta.-&lt;2-methoxy-5-chloro-benzamido&gt;-ethyl)-benzenesulfochloride
      (m.p. 102.degree. - 103.degree.C) were added thereto. The mixture was
      refluxed for 3 hours and the triethylamine hydrochloride formed was
      separated while hot by suction-filtration. Petroleum ether was added to
      the cooled filtrate and the crystals which precipitated after a short time
      were separated by suction-filtration. After the crystals had been
      recrystallized two times from a mixture of methanol and dimethylformamide,
      the pure
      1-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-3-cyclo
     pentyl-parabanic acid, melting point 181.degree. - 183.degree.C, was
      obtained.
PAR  b. 0.5 g of the substance obtained according to a) was heated with 5 ml of
      dioxane and 10 ml of 1-normal sodium hydroxide solution for 45 minutes on
      the steam bath. Water was then added thereto, the mixture was acidified
      and the precipitate obtained was recrystallized from methanol. The melting
      point of the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea so obtained was 183.degree. - 185.degree.C.
PAC  EXAMPLE 18
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzensulfonyl]
      -N'-cyclopentyl-urea
PAR  a. 3 g of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-thiourea (prepared from
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-phen
     yl-urea and cyclopentyl-amine, m.p. 150.degree. - 152.degree.C) were
      suspended in 50 ml of 2-normal sodium hydroxide solution. Subsequently 10
      ml of 35 %-hydrogen peroxide were added thereto and the whole was heated
      for 30 minutes on the steam bath, acidified with dilute hydrochloric acid,
      the crystalline precipitate was separated by suction-filtration and
      recrystallized from methanol. The isolated
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea was found to melt, after recrystallization from methanol, at
      183.degree. - 185.degree.C.
PAR  The same compound was obtained when the thiourea mentioned above was
      desulfurized by treating it with mercury-(II) oxide in the presence of a
      sodium hydroxide solution. For this purpose 0.5 g of the thiourea was
      dissolved in 10 ml of dioxane and 10 ml of a 2-normal sodium hydroxide
      solution. 0.22 g. of mercury oxide was added thereto and the whole was
      stirred for 4 hours at 40.degree.C. The mercury-(II) sulfide, which had
      formed, was removed by suction-filtration, the filtrate was acidified and
      the precipitate of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea obtained was separated by suction-filtration and
      recrystallized from methanol. Melting point 183.degree. - 185.degree.C.
PAR  b. 0.5 g of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-thiourea was dissolved in 50 ml of methanol. 0.22 g of mercury-(II)
      oxide and a small amount of K.sub.2 CO.sub.3 were added thereto while
      stirring and the whole was heated to 50.degree. - 55.degree.C for 3 hours
      while stirring was continued. After removal by filtration of the
      mercury-(II) sulfide formed, the solution was concentrated whereupon the
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-isourea methyl ether was obtained as a viscous resin. A sample of
      the above-mentioned isourea ether was covered with concentrated
      hydrochloric acid in a test tube and, while stirring, heated for several
      minutes on the steam bath. The crystalline product, constituting
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea was recrystallized from methanol. M.p. 181.degree. -
      183.degree.C.
PAC  EXAMPLE 19
PAC  N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]
      -N'-cyclopentyl-urea
PAR  3.1 g of N-[4-(.beta.-aminoethyl)-benzenesulfonyl]-N'-cyclopentyl-urea
      (prepared by saponification of
      N-[4-(.beta.-acetaminoethyl)-benzenesulfonyl]-N'-cyclopentyl-urea with
      sodium hydroxide solution) were suspended in 25 ml of chloroform. After
      addition of 1.6 g of pyridine, 2.1 g of 2-methoxy-5-chlorobenzoic acid
      chloride were introduced and, while stirring, the whole was heated to
      40.degree.C for 6 hours. The solution that had formed was concentrated in
      vacuo and the smeary residue was extracted with 1 %-ammonia. After
      acidification of the alkaline solution and recrystallization from
      methanol, N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfony
     l]-N'-cyclopentyl-urea, melting point 183.degree. - 185.degree.C, was
      obtained.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for the lowering of the blood sugar level in a diabetic patient
      which comprises administering to the patient an effective amount for
      lowering blood sugar of
      N-[4-(.beta.-&lt;2-methoxy-5-chlorobenzamido&gt;-ethyl)-benzenesulfonyl]-N'-cycl
     opentyl-urea of the formula
      ##SPC10##
PAL  and a salt thereof of a pharmaceutically acceptable base.
NUM  2.
PAR  2. Pharmaceutical preparation having hypoglycemic activity which comprises
      an effective amount for lowering blood sugar level of the compound
      identified in claim 1 and a pharmaceutically suitable carrier therefore.
PATN
WKU  039326594
SRC  5
APN  4450965
APT  1
ART  125
APD  19740225
TTL  Biologically active substance
ISD  19760113
NCL  4
ECL  1
EXP  Waddell; Frederick E.
INVT
NAM  Green; Joseph
CTY  London
CNT  EN
INVT
NAM  Morgan; Brian
CTY  Reigate
CNT  EN
ASSG
NAM  Beecham Group Limited
CNT  UK
COD  03
PRIR
CNT  UK
APD  19700724
APN  35916/70
RLAP
COD  71
APN  305225
APD  19721110
PSC  03
RLAP
COD  82
APN  113052
APD  19710205
PSC  03
CLAS
OCL  424325
EDF  2
ICL  A61K 2700
FSC  424
FSS  325
UREF
PNO  2979528
ISD  19610400
NAM  Lundsted
OCL  260581
UREF
PNO  3579465
ISD  19710500
NAM  Schmolka
XCL  424 60
ABST
PAL  Certain non-ionic surfactants have been found to be useful in reducing
      serum cholesterol levels in animals and man. The surfactants are
      incorporated to at least 20 percent in pharmaceutical compositions so that
      the (C.sub.2 H.sub.4 O) groups amount to 0 to 30 percent of total
      molecular weight and the (C.sub.3 H.sub.6 O) groups have a partial
      molecular weight of 2250 to 3250. The surfactants are prepared by
      sequential addition of ethylene diamine. "Tetronic 701" and "Tetronic 702"
      are suitable; others of the same series are not.
PARN
PAR  This application is a continuation of application Ser. No. 305,225 filed
      Nov. 10, 1972 which in turn is a continuation-in-part of application Ser.
      No. 113,052 filed Feb. 5, 1971, and both now abandoned.
BSUM
PAR  The present invention relates to pharmaceutical compositions for the
      control and reduction of serum cholesterol levels in animals and man.
PAR  Atherosclerosis is a widespread disease in man which is characterised by
      raised levels of serum lipids, especially by raised serum cholesterol.
      Clinical opinion at present is that a lowering of serum cholesterol in the
      adult population is desirable and many efforts have been made, by dietary
      and therapeutic measures, to achieve this lowering.
PAR  There are several ways in which lowering of serum cholesterol can be
      effected. Thus substances can be given to depress cholesterol biosynthesis
      or increase the excretion of the products of cholesterol catabolism.
      However, most of such treatments are not without harmful side-effects.
      Another way to lower serum cholesterol in animals and man is to inhibit
      the absorption of cholesterol from the gastro-intestinal tract. Such
      cholesterol may be either dietary in origin or may be metabolic, arising
      from the normal biliary flow. We have found a group of compounds which are
      effective in lowering serum cholesterol, apparently by means of such an
      effect on gastrointestinal absorption and which are substantially
      non-toxic at effective dose levels.
PAR  It is believed that the mode of action of these compounds is the disruption
      of the sub-colloidal particles known as micelles.
PAR  According to the present invention there is provided a pharmaceutical
      composition useful for controlling or reducing the serum cholesterol level
      of an animal or human being comprising at least one non-ionic surfactant
      of the formula:
      ##EQU1##
      wherein a, b, c, d, p, q, r and s are integers such that the (C.sub.2
      H.sub.4 O) groups account for from 0 to 30 percent of the total molecular
      weight while the partial molecular weight due to the (C.sub.3 H.sub.6 O)
      groups is from 2250 to 3250 together with one or more pharmaceutically
      acceptable carriers, said surfactant comprising at least 20% by weight of
      the total composition.
PAR  Two or more surfactants of the above formula may be employed in the
      compositions of this invention.
PAR  The surfactants having the above formula are prepared by the sequential
      addition of ethylene and propylene oxides (randomly) to ethylene diamine.
PAR  In forming the novel compositions of this invention, the compound is
      incorporated in a suitable carrier such as, for example, a pharmaceutical
      carrier, beverage or foodstuff. The compositions may take the form of
      tablets, linguets, powders, capsules, slurries, troches or lozenges. Any
      suitable pharmaceutical carrier may be used for formulating solid
      compositions such as, for example, magnesium stearate, starch, lactose,
      glucose, sucrose, rice flour, talc and chalk. The composition may also be
      in the form of an ingestible capsule (e.g. of gelatin) to contain the
      compound; or in the form of a syrup, a liquid solution or a suspension.
      Suitable liquid pharmaceutical carriers include ethyl alcohol, glycerine
      and saline. Also the compound may be incorporated in a foodstuff such as,
      for example, in combination with biscuits.
PAR  Preferably the compositions of the present invention contain less than 10
      percent of water.
PAR  The surfactant sold under the trade name Tetronic 701 and manufactured by
      Wyandotte Chemicals Corporation of Wyandotte, Mich. 48192, U.S.A. is one
      having the above formula and wherein the (C.sub.2 H.sub.4 O) groups
      account for about 10 percent of the total molecular weight and the partial
      molecular weight due to the (C.sub.3 H.sub.6 O) groups is about 2750 (i.e.
      between 2500 and 3000). Consequently this particular surfactant is
      suitable for use in the present invention.
PAR  Similarly, the surfactant sold under the trade name Tetronic 702 and
      manufactured again by Wyandotte Chemicals Corporation is one having the
      above formula and wherein the (C.sub.2 H.sub.4 O) groups account for about
      25 percent of the total molecular weight and the partial molecular weight
      due to the (C.sub.3 H.sub.6 O) groups is about 2750 (i.e. between 2500 and
      3000). Consequently Tetronic 702 is another suitable surfactant.
PAR  The compositions of the present invention may be presented in unit dosage
      form, each unit dosage containing from 10 mg to 1 grm of surfactant e.g.
      from 100 mg to 500 mg.
PAR  In a preferred embodiment, the pharmaceutical compositions of this
      invention contain the surfactant as the sole pharmacologically active
      ingredient, preferably in an amount of greater than 75 percent by weight
      of the total composition.
PAR  Also included within the scope of the present invention is a method for
      controlling or reducing the serum cholesterol levels of an animal or human
      being, which method comprises the oral administration of one or more
      non-ionic surfactants defined above. The surfactant or surfactants may be
      administered alone, in combination with one or more pharmaceutically
      acceptable carriers, or as part of the total dietary intake. In this
      latter case, the amount of surfactant employed may be less than 1 percent
      by weight of the diet and is preferably no more than 0.5 percent by
      weight. The diet for a man may consist of normal foodstuffs to which the
      surfactant has been added, and similarly the diet for animals may consist
      of foodstuffs and the surfactant may be added alone or with a premix.
      Alternatively it may be added to the drinking water.
PAR  In order to achieve an effective degree of serum cholesterol lowering, the
      surfactant should preferably be administered to the animal or patient in
      an amount of from 1 to 10 g per day; generally it will be most convenient
      to spread the daily dosage by giving several smaller, more palatable
      dosages.
PAR  In addition to the serum cholesterol lowering effect of these surfactants,
      we have noted that some, e.g. Tetronic 701, inhibit to some degree the
      absorption of fat, thereby reducing the utilisation of fat. Some of the
      compositions of the present invention therefore appear to have the dual
      effects of serum cholesterol reduction and reduction in fat utilisation.
DETD
PAR  The invention will now be further illustrated in the following Examples:
PAC  EXAMPLE 1
PAR  The hypocholesterolaemic effect of Tetronic 701 and Tetronic 702 was
      demonstrated in the following experiment:
PAR  Male CFY rats (10 per group) weighing 80-100 g were given a
      hypercholesterolaemic diet containing 63% sucrose, 10% hydrogenated
      coconut oil, 1% cholesterol and 0.5% ox bile extract, with and without the
      surfactant at 0.5% in the diet for three weeks. The rats were then killed
      and their serum analysed for cholesterol.
PAR  Table I shows the results of two experiments, and demonstrates the
      cholesterol lowering effects of Tetronic 701 and 702.
TBL                TABLE I                                                     

     ______________________________________                                    

     Expt.     Group          Serum Cholesterol                                

                              (mg% .+-. S.E.M.)                                

     ______________________________________                                    

     1      Control           245 .+-. 17                                      

            Control + Tetronic 701                                             

                               58 .+-. 3*                                      

     2      Control           216 .+-. 26                                      

            Control + Tetronic 702                                             

                               73 .+-. 6*                                      

     ______________________________________                                    

      S.E.M. = Standard Error of Mean.                                         

      *Significantly lower than controls (p&lt;0.001)                             

PAC  EXAMPLE 2
PAR  The experiments described in Example 1 were repeated using other members of
      the Tetronic series supplied by Wyandotte Chemicals Corporation. They were
      random copolymers of ethylene diamine, propylene oxide and ethylene oxides
      having the same general structural formula of the surfactants useful in
      this invention, but they did not fulfill the conditions in respect of the
      relative proportions of (C.sub.2 H.sub.4 O) groups and (C.sub.3 H.sub.6 O)
      groups. The surfactants employed were as follows:
TBL  Surfactant Approximate    % of total                                      

                Partial mole-  molecular                                       

                cular weight   weight due to                                   

                due to         (C.sub.2 H.sub.4 O) groups                      

                (C.sub.3 H.sub.6 O) groups.                                    

     ______________________________________                                    

     Tetronic 1502                                                             

                6750           20%                                             

     Tetronic 1504                                                             

                6750           40%                                             

     Tetronic 1501                                                             

                6750           10%                                             

     Tetronic 1508                                                             

                6750           80%                                             

     Tetronic  704                                                             

                2750           40%                                             

     Tetronic 1707                                                             

                8750           70%                                             

     Tetronic  304                                                             

                 750           40%                                             

     Tetronic  504                                                             

                1750           40%                                             

     Tetronic 1704                                                             

                8750           40%                                             

     ______________________________________                                    

PAR  When the experiments of Example 1 were repeated using these surfactants in
      place of Tetronic 701 and 702, the results shown in Table II were
      obtained.
TBL                TABLE II                                                    

     ______________________________________                                    

     Expt.      Group           Serum cholesterol                              

                                (mg% .+-. S.E.M.)                              

     ______________________________________                                    

     1       Control            245 .+-. 17                                    

             Control + Tetronic 1502                                           

                                304 .+-. 17                                    

     2       Control            199 .+-. 19                                    

             Control + Tetronic 1504                                           

                                228 .+-. 32                                    

     3       Control            199 .+-. 19                                    

             Control + Tetronic 1501                                           

                                325 .+-. 31***                                 

     4       Control            199 .+-. 19                                    

             Control + Tetronic 1508                                           

                                380 .+-. 24**                                  

     5       Control            199 .+-. 19                                    

             Control + Tetronic 704                                            

                                185 .+-. 12                                    

     6       Control            216 .+-. 26                                    

             Control + Tetronic 1707                                           

                                281 .+-. 24                                    

     7       Control            216 .+-. 26                                    

             Control + Tetronic 304                                            

                                287 .+-. 29                                    

     8       Control            216 .+-. 26                                    

             Control + Tetronic 504                                            

                                363 .+-. 30**                                  

     9       Control            216 .+-. 26                                    

             Control + Tetronic 1704                                           

                                233 .+-. 22                                    

     ______________________________________                                    

      **Significantly higher than controls (p.&lt;0.001)                          

      ***Significantly higher than control (0.002&lt;p&lt;0.01)                      

PAR  It can be seen that these other members of the Tetronic series of
      surfactants either raised serum cholesterol levels significantly or caused
      a statistically insignificant rise (or in the case of Tetronic 704,
      statistically insignificant fall) in the serum cholesterol levels of the
      rats.
PAC  EXAMPLE 3
PAR  In an attempt to discover whether the cholesterol lowering activity of
      Tetronic 701 and 702 is related to the defoaming properties of the
      surfactant, Example 1 was repeated substituting two commercial defoaming
      surfactants for the two Tetronics. The two commercial defoamers were
      Texafors D4(a polyoxyethylene ether derivative of a glyceridic oil;
      Glovers Ltd.) and Antifoam M (a silicone; Midlands Silicones).
PAR  The results of repeating Example 1 with these two defoamers are shown in
      Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

     Expt.      Group          Serum cholesterol                               

                               (mg% .+-. S.E.M.)                               

     ______________________________________                                    

     1       Control           194 .+-. 27                                     

             Control + Texafors D4                                             

                               220 .+-. 27                                     

     2       Control           194 .+-. 27                                     

             Control + Antifoam M                                              

                               196 .+-. 28                                     

     ______________________________________                                    

PAR  It is clear from Table III that the two defoaming agents tested did not
      lower the serum cholesterol level of the rats.
PAC  EXAMPLE 4
PAR  Table IV gives the results of the two experiments to examine the effect of
      Tetronic 701 at a range of dietary concentrations. The rats were given the
      hypercholesterolaemic diet described in Example 1 and serum cholesterol
      was measured after three weeks.
PAR  In the second of the two experiments, the effect of Tetronic 701 was
      compared with a recognised hypocholesterolaemic agent Linolexamide (MBLA:
      .alpha.-methylbenzyl-linoleamide). This compound was chosen because its
      probable mode of action is, like the probable mode of action of Tetronic
      701 (and 702) inhibition of gastro-intestinal absorption.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Expt.      Group          Serum cholesterol                               

                               (mg% .+-. S.E.M.)                               

     ______________________________________                                    

     1       Control           293 .+-. 24                                     

             Control + 0.25%   7                                               

             Tetronic 701      71 .+-. 3*                                      

             Control + 0.10%                                                   

             Tetronic 701      85 .+-. 7*                                      

     2       Control           239 .+-. 26                                     

             Control + 0.10%                                                   

             Tetronic 701      102 .+-. 12*                                    

             Control + 0.05%                                                   

             Tetronic 701      156 .+-. 10.7**                                 

             Control + 0.05% MBLA                                              

                               222 .+-. 13                                     

     ______________________________________                                    

      *Significantly lower than controls (p &lt;0.001)                            

      **Significantly lower than controls (0. 01 &lt;p&lt;0.02).                     

PAR  It appears from Table IV that the hypocholesterolaemic action of Tetronic
      701 is apparent even at 0.05 percent of the diet and, at 0.05 percent of
      the diet, Linolexamide is not as active as Tetronic 701.
PAC  EXAMPLE 5
PAR  The effect of Tetronic 701 on the utilisation of fat by rats was
      investigated.
PAR  The effect of Tetronic 701 in the diet of rats (a normal rat chow) was
      estimated by measuring in faecal fat content. The results of these tests
      are set our in Table V.
TBL                TABLE V                                                     

     ______________________________________                                    

                 Growth  Faecal    Increase                                    

                 rate    fat (%    over                                        

                 g/rat/day                                                     

                         of intake)                                            

                                   control (%                                  

                                   of intake)                                  

     ______________________________________                                    

     Control diet      3.3        7.7    0                                     

     Tetronic 701                                                              

               0.1%    3.3        8.6    0.9                                   

               0.2%    3.5       11.3    3.6                                   

               0.5%    2.9       21.0    13.3                                  

               1.0%    0.6       31.0    23.3                                  

     ______________________________________                                    

PAR  Decreases in fat intake of this order of magnitude have a decided slimming
      effect due to the high calorific value of fat.
PAC  EXAMPLE 6
PAR  Soft gelatin coated capsules were each filled with 500 mg of Tetronic 701
      or Tetronic 702, and were used for oral administration to humans.
PAC  EXAMPLE 7
PAR  Tablets were prepared in the usual way each to contain 250 mg Tetronic 701
      or Tetronic 702, together with starch, talc, lactose and magnesium
      stearate, to give tablets weighing 600 mg, again for oral administration
      to humans.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for reducing the serum cholesterol level of an animal or human
      being in need thereof, which comprises orally administering to such animal
      or human being an amount of at least one non-ionic surfactant of the
      formula:
      ##EQU2##
      as sole hypocholesterolaemic agent, wherein a,b,c,d,p,q,r and s are
      integers such that the (C.sub.2 H.sub.4 O) groups account for about 10% of
      the total molecular weight and the partial molecular weight due to the
      (C.sub.3 H.sub.6 O) groups is about 2,750.
NUM  2.
PAR  2. A method for reducing the serum cholesterol level of an animal or human
      being in need thereof, which comprises orally administering to such animal
      or human being an amount of at least one non-ionic surfactant of the
      formula:
      ##EQU3##
      as sole hypocholesterolaemic agent, wherein a,b,c,d,p,q,r and s are
      integers such that the (C.sub.2 H.sub.4 O) groups account for about 25% of
      the total molecular weight and the partial molecular weight due to the
      (C.sub.3 H.sub.6 O) groups is about 2,750.
NUM  3.
PAR  3. The method of claim 1 wherein the non-ionic surfactant is administered
      in a composition containing more than 75 percent by weight of the said
      surfactant combined with a pharmaceutically acceptable carrier.
NUM  4.
PAR  4. The method of claim 2 wherein the non-ionic surfactant is administered
      in a composition containing more than 75 percent by weight of the said
      surfactant combined with a pharmaceutically acceptable carrier.
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ABST
PAL  Phenylhydrazone sulfides of the formula:
      ##EQU1##
      wherein R.sup.1 and R.sup.2 individually are hydrogen or alkyl, R.sup.3 is
      alkyl, haloalkyl or phenyl substituted with up to 3 halogens, to 5
      halogens, Ar is phenyl substituted with up to 5 halogens, and n is 1, 2 or
      3, have morphogenetic hormonal mimetic insecticidal activity.
PARN
PAR  This is a division of application Ser. No. 470,481, filed May 16, 1974, now
      U.S. Pat. No. 3,867,449.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is concerned with insecticidal compounds which have
      morphogenetic hormonal mimetic activity. Compounds having morphogenetic
      hormonal mimetic activity exert a disrupting influence upon the normal
      development of insects. These compounds interfere with the normal
      metamorphosis of the pest insects and result in the formation of
      individual insects of the treated species which develop abnormally and are
      nonviable or sterile. This ultimately leads, indirectly at least, to the
      destruction of the insect population.
PAR  2. Description of the Prior Art
PAR  Thioketal-substituted phenylhydrazones are disclosed by M. W. Moon et al,
      "J. Arg. Food Chem.," 20, 888 (1972). German Pat. No. 2,157,601 [C.A. 77
      88470b (1972)] also disclose thio-substituted phenylhydrazones.
      Phenylhydrazone compounds are also disclosed in "J. Agr. Food Chem.," 20,
      1187 (1972); "J. Org. Chem.," 37, 383, 386, 2005 (1972); and Netherlands
      Pat. application No. 7,113,497.
PAC  DESCRIPTION OF THE INVENTION
PAR  The insecticidal phenylhydrazone sulfides of the invention are represented
      by the formula:
      ##EQU2##
      wherein R.sup.1 is hydrogen or alkyl or 1 to 6 carbon atoms, R.sup.2 is
      hydrogen or alkyl of 1 to 6 carbon atoms, R.sup.3 is alkyl of 1 to 6
      carbon atoms, haloalkyl of 1 to 6 carbon atoms and 1 to 5 fluoro, chloro
      or bromo groups or phenyl substituted with up to 3 (0 to 3) fluoro, chloro
      or bromo, Ar is phenyl substituted with up to 5 (0 to 5), more preferably
      with up to 3 (0 to 3), fluoro, chloro or bromo and n is 1, 2 or 3.
PAR  Representative alkyl groups which R.sup.1, R.sup.2 and R.sup.3 may
      represent include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-pentyl
      and isohexyl. Representative haloalkyl R.sup.3 groups include
      trifluoromethyl, chloromethyl, trichloromethyl, 1,1,2,2-tetrachloroethyl,
      pentabromoethyl, pentachloroethyl, 4-chlorobutyl, etc. Representative
      halophenyl R.sup.3 groups include 4-fluorophenyl, 4-chlorophenyl,
      3-bromophenyl, 2,4-dichlorophenyl, and 2,4,6-trichlorophenyl.
      Representative halophenyl Ar groups include 2-fluorophenyl,
      4-fluorophenyl, 4-chlorophenyl, 2,4-dichlorophenyl, 3,5-dichlorophenyl,
      2,4-dibromophenyl, 2,4,6-tribromophenyl and pentachlorophenyl.
PAR  The preferred R.sup.1 and R.sup.2 groups are alkyl of 1 to 3 carbon atoms.
      The preferred R.sup.3 group is alkyl of 1 to 6 carbon atoms, haloalkyl of
      1 to 2 carbon atoms and 1 to 5 chloro or bromo, or phenyl or up to 3
      chloro or bromo. The most preferred R.sup.3 group is alkyl of 1 to 6
      carbon atoms. The preferred Ar groups are phenyl and phenyl substituted
      with 1 to 5 chloro or bromo groups.
PAR  Representative compounds of formula (I) are tabulated in Table I (.phi.
      represents phenyl).
TBL                TABLE I                                                     

     ______________________________________                                    

     Ar         R.sup.1  R.sup.2   R.sup.3                                     

                                         n                                     

     ______________________________________                                    

     .phi.     H        H         CH.sub.3                                     

                                         1, 2 or 3                             

     .phi.     CH.sub.3 H         CH.sub.3                                     

                                         "                                     

     .phi.     C.sub.2 H.sub.5                                                 

                        CH.sub.3 CH.sub.3 "                                    

     2--F.phi. C.sub.2 H.sub.5                                                 

                        C.sub.2 H.sub.5                                        

                                  ClCH.sub.2                                   

                                         "                                     

     3--Cl.phi.                                                                

               i--C.sub.3 H.sub.7                                              

                        i--C.sub.3 H.sub.7                                     

                                  Cl.sub.2 CH                                  

                                         "                                     

     4--Br.phi.                                                                

               CH.sub.3 n--C.sub.4 H.sub.9                                     

                                  CCl.sub.3                                    

                                         "                                     

     2,4--F.sub.2 .phi.                                                        

               CH.sub.3 n--C.sub.5 H.sub.11                                    

                        C.sub.2 Cl.sub.5                                       

                                  "                                            

     3,4-Cl.sub.2 .phi.                                                        

               CH.sub.3 n--C.sub.6 H.sub.13                                    

                                  CH.sub.3                                     

                                         "                                     

     3,5--Br.sub.2 .phi.                                                       

               CH.sub.3 CH.sub.3                                               

                        CH.sub.3  "                                            

     2,4,6--F.sub.3 .phi.                                                      

               CH.sub.3 CH.sub.3  CCl.sub.3                                    

                                         "                                     

     2,4,6--Cl.sub.3 .phi.                                                     

               C.sub.2 H.sub.5                                                 

                        CH.sub.3 CH.sub.3                                      

                                  "                                            

     2,4,6--Br.sub.3 .phi.                                                     

               CH.sub.3 CH.sub.3  CH.sub.3                                     

                                         "                                     

     ______________________________________                                    

PAR  A class of preferred phenylhydrazone sulfides of formula (I) are those
      wherein R.sup.1 and R.sup.2 individually are alkyl of 1 to 3 carbon atoms,
      R.sup.3 is alkyl of 1 to 6 carbon atoms, chloroalkyl of 1 to 2 carbon
      atoms and 1 to 5 chloro, or phenyl of up to 2 chloro or bromo, Ar is
      phenyl substituted with up to 5 chloro, bromo or fluoro, more preferably
      phenyl substituted with up to 5 chloro, and n is 1, 2 or 3.
PAR  The compounds of the invention wherein n is 2 or 3 may be prepared by
      reacting a bishydrazone (II) with excess chlorine and then reacting
      resulting sulfenyl chloride (III) with a mercaptan as depicted in the
      following reactions (1) and (2):
      ##EQU3##
      wherein n is 2 or 3, and R.sup.1, R.sup.2, R.sup.3 and Ar have the same
      significance as previously defined.
PAR  Reaction (1) is conducted with about 2 to 11 mols, preferably 3 mols to 3.5
      mols, of chlorine per mol of the bis-hydrazone (II) in an inert solvent,
      e.g., chlorinated hydrocarbons such as methylene chloride and carbon
      tetrachloride, at a temperature of 0.degree. to 50.degree.C. The resulting
      sulfenyl chloride (III) may be isolated and purified. However, it is
      generally more convenient to react the sulfenyl chloride (III), without
      purification, with a substantially equimolar amount of the mercaptan (IV)
      at a temperature of 0.degree. to 50.degree.C. to produce the product (I).
      The product (I) is isolated and purified by conventional procedures such
      as extraction, filtration, crystallization and chromatography.
PAR  The compounds of the invention wherein n is 1 to 2 are prepared by reacting
      a hydrazide sulfide (V) which phosphorus pentachloride as depicted in
      reaction (3):
      ##EQU4##
      wherein n is 1 or 2, and R.sup.1, R.sup.2, R.sup.3 and Ar have the same
      significance as previously defined.
PAR  Reaction (3) is conducted by reacting substantially equimolar amounts of
      the hydrazide sulfide (V) and phosphorus pentachloride in the presence of
      an inert solvent at a temperature of about 0.degree. to 100.degree.C., and
      then working up the product mixture with phenol. Reaction (3) is a known
      reaction for the chlorination of hydrazides, as disclosed in Netherlands
      Pat. application No. 7,113,497.
PAR  The hydrazide sulfide reactant (V) is suitably prepared by reacting
      substantially equimolar amounts of an aryl hydrazide (VI) and an alkanoyl
      halide in the presence of an acid acceptor in an inert solvent at
      0.degree. to 50.degree.C., as depicted in reaction (4):
      ##EQU5##
      wherein n is 1 to 2, X is chloro or bromo, and R.sup.1, R.sup.2 R.sup.3
      and Ar have the same significance as previously defined.
PAR  The hydrazide monosulfide reactant (V) (n = 1) is also suitably prepared by
      alkylating a bromo-hydrazide of the formula
      ##EQU6##
      with an alkali metal mercaptide of the formula R.sup.3 SM wherein M is an
      alkali metal and R.sup.1, R.sup.2, R.sup.3 and Ar have the same
      significance as previously defined. The bromo-hydrazide reactant (VIII) is
      suitably prepared by reacting the aryl hydrazine (VI) and an
      alpha-bromoalkanoyl halide.
PAR  The compounds of the invention are useful as morphogenetic hormonal mimetic
      insecticides, particularly, against insects such as cabbage looper larvae,
      alfalfa weevil larvae, yellow mealworm, kissing bug and mosquitos.
PAR  The compounds are very potent and are used at extremely low concentrations.
      For example, compositions containing 100 ppm to 0.01 ppm, preferably from
      5 ppm to 0.1 ppm, are effective for inhibiting or interfering with the
      normal metamorphosis of insects. However, the effective concentration
      depends in part on the mode of application and the particular insect.
PAR  The compounds may be applied in either liquid or solid formulations to the
      pre-adult insects or their habitats. For example, they may be sprayed or
      otherwise applied directly to plants or aqueous bodies so as to effect
      control of insects coming into contact therewith.
PAR  Formulations of the compounds of this invention will comprise a
      metamorphosis-inhibiting amount of one or more of the compounds and a
      biologically inert carrier. Usually they will also contain a wetting
      agent. Solid carriers such as clay, talc, sawdust, alfalfa meal, and the
      like may be used in such formulations. Liquid diluents which may be used
      with these compounds include water aliphatic and aromatic solvents. In
      addition, these formulations may contain other compatible pesticides,
      fillers, stabilizers, attractants and the like.
PAR  The concentration of the active ingredient to be used with inert carriers,
      either solid or liquid carriers, will be dependent upon many factors, such
      as the particular compound which is used, the carrier in or upon which it
      is incorporated, the method and conditions of application, the insect
      species to be controlled, etc., the proper consideration of these factors
      being within the skill of those versed in the art. In general, the toxic
      ingredients of this invention will be effective in concentrations from
      about 0.0001 percent by weight to as high as 50 percent by weight or
      higher. Economically, of course, it is desirable to use lower
      concentrations of this active ingredient.
PAR  The compounds of the invention are particularly useful in combination with
      mosquito larvicidal petroleum oil dispersions. Petroleum oils suitable as
      mosquito larvicidal dispersions are known. Such hydrocarbon oils include
      mineral oils such as naphthenic base and paraffinic base lubricating oils,
      etc., as well as synthetic oils. Such hydrocarbons oils are nonphytotoxic
      and generally contain not more than a few percent aromatics. Particularly
      suitable hydrocarbon oils have boiling points above 350.degree. to
      400.degree.F. and viscosities of from about 33 to 200 SSU at 100.degree.F.
PAR  The amount of the compound of the invention employed in petroleum oil
      generally ranges from 0.1 to 10 percent by weight based on weight of oil.
      The hydrocarbon oil dispersions containing the compounds of the invention
      are contacted with or applied to the surface of the aqueous bodies wherein
      mosquito control is desired by conventional methods.
PAR  The terms "insecticide" and "insect" as used herein refer to their broad
      and commonly understood usage rather than to those creatures which in the
      strict biological sense are classified as insects. Thus, the term "insect"
      is used not only to include small invertebrate animals belonging to the
      class Insecta but also to other related classes of arthropods whose
      members are segmented invertebrates having more or fewer than six legs,
      such as spiders, mites, ticks, centipedes, worms and the like.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 21.2 g. of 2,4,6-trichlorophenylhydrazine, 10.3 g.
      2,2'-dithiobisisobutyraldehyde and 100 ml. ethanol was heated to reflux
      and filtered hot. The solvent was evaporated to leave a solid. The solid
      was washed with 50 ml. hexane and filtered to give 17.6 g. of the
      bis-hydrazine product, m.p. 85.degree.-110.degree.C. Recrystallization
      from hexane and then from ethanol gave the product as a white solid, m.p.
      116.degree.-117.degree.C. Elemental analysis for C.sub.20 H.sub.20
      Cl.sub.6 N.sub.4 S.sub.2 gave: %s calc. 10.8, found 10.8; %Cl calc. 35.9;
      found 34.5.
PAR  To a cooled (0.degree.C) and stirred mixture of 8.0 g. of the
      bis-2,4,6-trichlorophenylhydrazone of 2,2'-dithiobisisobutyraldehyde
      (prepared above) was added 3.3 g. chlorine in 50 ml. carbon tetrachloride
      over a 30-minute period. The mixture was filtered and the excess chlorine
      was removed under reduced pressure. To the reaction mixture was added 2 g.
      methyl mercaptan. The solvent was then stripped to leave 9.7 g. of a red
      oil. Nuclear magnetic resonance sprectroscopy showed that the oil was a
      mixture of hydrazone sulfides of the formula:
      ##SPC1##
PAL  wherein n is 2 or 3.
PAR  The oil was chromatographed on silica gel (hexane eluant) to give a product
      (3.1 g.) consisting predominantly of the hydrazone trisulfide (n equal to
      3). Sulfur analysis for the product was 19.0% and chloroine analysis for
      the product was 38.5 percent.
PAC  EXAMPLE 2
PAR  A solution of 3.3 g. chlorine in 50 ml. carbon tetrachloride was added
      dropwise over a 30-minute period to a cooled (0.degree.C) and stirred
      mixture of 8.0 g. of the bis-2,4,6-trichlorophenylhydrazone of
      2,2'-dithiobisisobutyraldehyde in 100 ml. carbon tetrachloride. The
      reaction mixture was filtered to remove a little solid material and then
      partially evaporated to remove excess chlorine. A 2.4 g. sample of
      2-methyl-2-propanethiol was added and the resulting solution stirred for
      one hour at about 25.degree.C. The solvent was then stripped to leave 10.4
      g. of a red oil. The oil was chromatographed on silica gel (hexane eluant)
      to give 2.6 g. the hydrazone trisulfide of the formula:
      ##SPC2##
PAL  Elemental analysis for C.sub.14 H.sub.18 Cl.sub.4 S.sub.3 showed: %S calc.
      21.8, found 21.2; % Cl calc. 30.9, found 31.4. The hydrazone trisulfide
      was a red oil which solidified on standing to a low melting red solid.
PAC  EXAMPLE 3
PAR  A 24 g. sample of chlorine was bubbled into a mixture of 14.5 g. of the
      bis-phenylhydrazone of 2,2'-dithiobisisobutyraldehyde over a one-hour
      period. After stirring at about 25.degree.C. for three hours, 5 g. of
      ethanethiol were added and the resulting solution stirred overnight. The
      solvent was then stripped to leave a red oil. The oil was chromatographed
      on silica gel (benzene eluant) to give 15 g. of a red oil. Nuclear
      magnetic resonance spectroscopy and elemental analysis (found 12.6%S,
      37.2%Cl) showed the product to be a mixture of hydrazone sulfides of the
      formula:
      ##SPC3##
PAL  wherein n is 2 or 3.
PAR  The hydrazone disulfide (n = 2) was the predominant product.
PAC  EXAMPLE 4
PAR  A 23-g sample of 2-bromo-2-methylpropionyl bromide was added dropwise to a
      cooled (0.degree.C). slurry of 21.2 g 2,4,6-trichlorophenylhydrazine and
      7.9 g pyridine in 500 ml glyme over a 2-hour period. The reaction mixture
      was stirred 1/2 hour and poured into 500 ml ice water and 20 ml
      concentrated hydrochloric acid. A solid separated. The solid was filtered,
      washed with water and dried to give 27.3 g of the bromohydrazide product
      (Formula VIII where Ar is 2,4,6-trichlorophenyl and R.sup.1 and R.sup.2
      are methyl) as a beige solid, m.p. 101.degree.-103.degree.C.
PAR  Sodium mercaptide was prepared by bubbling methyl mercaptan into a slurry
      of 5.5 g sodium hydride (54% in mineral oil) in 150 ml dimethylformamide.
      The sodium mercaptide solution was then cooled in an ice water bath while
      44.9 g of the bromo-hydrazide prepared above in 100 ml dimethylformamide
      was added over a one-hour period. After stirring for 15 minutes, 150 ml
      benzene and 300 ml ice water were added. The benzene layer was separated,
      washed with water, dried over magnesium sulfate and evaporated to give a
      solid. The solid was crystallized from 100 ml boiling hexane to give 38.3
      g of the mercapto-hydrazide product (Formula V where Ar is
      2,4,6-trichlorophenyl, R.sup.1, R.sup.2 and R.sup.3 are methyl and n is 1)
      as a beige solid, m.p. 85.degree.-89.degree.C.
PAR  A solution of 22 g of the mercapto-hydrazide prepared above and 14 g
      phosphorus pentachloride in 100 ml carbon tetrachloride was stirred at
      about 25.degree.C. for 2 days and then refluxed for 30 minutes. The
      reaction was then cooled (0.degree.C.) and 18.9 g phenol was added in one
      portion. The reaction mixture was then stirred at 25.degree.C. for 5 days.
      25 ml of methanol was added to the reaction mixture and the resulting
      solution was stripped to give an oil. The oil was chromatographed on
      silica gel (benzene/hexane eluant) to give 10.2 g of an orange oil which
      solidified on standing to an orange solid. Recrystallization from hexane
      gave 6.4 g of the hydrazone sulfide product, m.p. 51.degree.-52.degree.C,
      of the formula
      ##SPC4##
PAL  Elemental analysis showed: %S, calc. 9.3, found 9.4; %Cl, calc. 41.0, found
      41.0.
PAC  EXAMPLE 5
PAR  A solution of 16.4 g 2-methyldithio-2-methylpropionic acid and 25 ml
      thionyl chloride was stirred and refluxed for 1 hour. The reaction mixture
      was then distilled to give 10.5 g of 2-methyldithio-2-methylpropionyl
      chloride, b.p. 100.degree.-122.degree.C. at 55 mm of Hg.
PAR  The 10.5-g sample of propionyl chloride prepared above was added dropwise
      over a 10-minute period to 12 g 2,4,6-trichlorophenylhydrazine and 6 g
      triethylamine in 250 ml glyme. After stirring for 10 minutes, 200 ml ice
      water and 10 ml concentrated hydrochloric acid were added. On stirring in
      an ice bath, a solid separated. The solid was filtered, washed with water,
      dried and recrystallized from hexane to give the hydrazide product
      (Formula V, where Ar is 2,4,6-trichlorophenyl, R.sup.1, R.sup.2 and
      R.sup.3 are methyl and n is 2) as a beige solid, m.p. 86-88.degree.C.
PAR  By a procedure similar to that of Example 4, the hydrazide product prepared
      above was chlorinated with phosphorus pentachloride to give the hydrazone
      disulfide product of the formula
      ##SPC5##
PAL  Elemental analysis for C.sub.11 H.sub.12 Cl.sub.4 N.sub.2 S.sub.2 showed:
      %S, calc. 17.0, found 17.1; %Cl, calc. 37.5, found 40.9.
PAR  By a procedure similar to that of Examples 1-5, other compounds of Formula
      (I) were prepared. These compounds and the compounds of Examples 1-5 are
      tabulated in Table II.
PAC  Example 6
PAC  Insect Control
PAR  The compounds tabulated in Table II were tested as juvenile hormonal
      mimetic insecticides by the following procedures.
PAC  Cabbage Looper (Trichoplusia ni)
PAR  5 microliters of an acetone solution containing a certain concentration
      micrograms of the test compound were applied topically to the entire
      length of the body of a late-fifth-stage cabbage looper larva. Normally 10
      larvae were treated per test. The treated larvae were then fed until they
      pupated. The pupae were then incubated until the adult emerged. The
      mortality of the pupae and adults was determined. The compounds tested,
      the concentration (mcg/insect) and the total pupal and adult mortality are
      tabulated in Table III.
PAC  Alfalfa Weevil (Hapera postica Gyllenhal)
PAR  Alfalfa weevil larvae were tested by the same procedure employed for
      cabbage looper. The compounds tested, the concentration (mcg/insect) and
      the total pupal and adult mortality are tabulated in Table IV.
PAC  Yellow Mealworm (Tenebrio molitor)
PAR  About two-day-old yellow mealworm pupae were tested by the same procedure
      employed for cabbage looper. The compounds tested, the concentration
      (mcg/insect) and the total pupal and adult mortality are tabulated in
      Table V.
PAC  Kissing Bug (Rhodnius prolixus)
PAR  Late-fifth-stage kissing bug numphs (24 hours after a blood meal) were
      tested by the same procedure employed for cabbage looper. The compounds
      tested, the concentration (mcg/insect) and the total larval, pupal and
      adult mortality are tabulated in Table VI.
TBL                TABLE II                                                    

     ______________________________________                                    

     No.   Ar         R.sup.1 R.sup.2                                          

                                    R.sup.3  n                                 

     ______________________________________                                    

     1     2,4,6--Cl.sub.3 .phi.                                               

                      CH.sub.3                                                 

                              CH.sub.3                                         

                                    CH.sub.3 3                                 

     2     "          CH.sub.3                                                 

                              CH.sub.3                                         

                                    t--C.sub.4 H.sub.9                         

                                             3                                 

     3     "          CH.sub.3                                                 

                              CH.sub.3                                         

                                    C.sub.2 H.sub.5                            

                                             2,3                               

     4     "          CH.sub.3                                                 

                              CH.sub.3                                         

                                    CH.sub.3 1                                 

     5     "          CH.sub.3                                                 

                              CH.sub.3                                         

                                    CH.sub.3 2                                 

     6     "          H       H     CH.sub.3 1                                 

     7     "          H       H     --CCL.sub.3                                

                                             2                                 

     8     "          H       H     CH.sub.3 2                                 

     9     "          H       H     i--C.sub.3 H.sub.7                         

                                             2                                 

     10    "          H       CH.sub.3                                         

                                    CH.sub.3 2                                 

     11    "          H       CH.sub.3                                         

                                    CH.sub.3 1                                 

     12    "          H       CH.sub.3                                         

                                    --CCl.sub.2 CCl.sub.2 H                    

                                             2                                 

     13    "          CH.sub.3                                                 

                              CH.sub.3                                         

                                    4--Cl.phi.                                 

                                             2                                 

     ______________________________________                                    

TBL                TABLE III                                                   

     ______________________________________                                    

     Cabbage Looper Control                                                    

     Compound No.                                                              

                 Concentration % Mortality                                     

     ______________________________________                                    

     1           1             100                                             

     2           0.4           90                                              

     3           100           100                                             

     4           100           100                                             

     5           100           100                                             

     6           0.4           90                                              

     7           100           60                                              

     8           1.3           90                                              

     9           1.2           90                                              

     10          100           100                                             

     11          100           100                                             

     12          100           10                                              

     13          1             90                                              

     ______________________________________                                    

TBL                TABLE Iv                                                    

     ______________________________________                                    

     Alfalfa Weevil Control                                                    

     Compound No.                                                              

                 Concentration % Mortality                                     

     ______________________________________                                    

     1           0.3           100                                             

     2           0.14          90                                              

     3           0.14          90                                              

     4           0.38          90                                              

     5           0.14          90                                              

     6           0.3           90                                              

     7           5             40                                              

     8           1.5           90                                              

     9           5             100                                             

     10          0.3           90                                              

     11          1.6           90                                              

     12          5             10                                              

     13          0.46          90                                              

     ______________________________________                                    

TBL                TABLE V                                                     

     ______________________________________                                    

     Yellow Mealworm Control                                                   

     Compound No.                                                              

                 Concentration % Mortality                                     

     ______________________________________                                    

     1           10            100                                             

     2           10            20                                              

     3           10            100                                             

     4           1.6           90                                              

     5           2.1           90                                              

     6           3.7           90                                              

     7           10            0                                               

     8           4.6           90                                              

     9           10            90                                              

     10          10            90                                              

     11          2.1           90                                              

     ______________________________________                                    

TBL                TABLE VI                                                    

     ______________________________________                                    

     Kissing Bug Control                                                       

     Compound No.                                                              

                 Concentration % Mortality                                     

     ______________________________________                                    

     1           10            90                                              

     2           10            60                                              

     3           10            100                                             

     4           3.2           90                                              

     5           3.6           90                                              

     6           7             90                                              

     7           10            10                                              

     8           10            0                                               

     9           10            0                                               

     10          10            90                                              

     11          6.5           90                                              

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for inhibiting the normal growth pattern of insects which
      comprises contacting pre-adult insects with a metamorphosis-inhibiting
      amount of a compound of the formula
      ##EQU7##
      wherein R.sup.1 is hydrogen or alkyl of 1 to 6 carbon atoms, R.sup.2 is
      hydrogen or alkyl of 1 to 6 carbon atoms, R.sup.3 is alkyl of 1 to 6
      carbon atoms, haloalkyl of 1 to 6 carbon atoms containing 1 to 5 fluoro,
      chloro or bromo atoms or phenyl substituted with up to 3 fluoro, chloro or
      bromo atoms, Ar is phenyl substituted with up to 5 fluoro, chloro or bromo
      atoms and n is 1, 2 or 3.
NUM  2.
PAR  2. The method of claim 1 wherein R.sup.1 is hydrogen.
NUM  3.
PAR  3. The method of claim 1 wherein R.sup.1 is alkyl of 1 to 3 carbon atoms
      and R.sup.2 is alkyl of 1 to 3 carbon atoms.
NUM  4.
PAR  4. The method of claim 3 wherein R.sup.3 is alkyl of 1 to 6 carbon atoms or
      chloroalkyl of 1 to 2 carbon atoms containing 1 to 5 chloro atoms.
NUM  5.
PAR  5. The method of claim 4 wherein R.sup.3 is alkyl of 1 to 6 carbon atoms.
NUM  6.
PAR  6. The method of claim 5 wherein Ar is phenyl substituted with up to 5
      chloro or bromo atoms.
NUM  7.
PAR  7. The method of claim 5 wherein Ar is phenyl substituted with up to 5
      chloro atoms.
NUM  8.
PAR  8. The method of claim 5 wherein Ar is 2,4,6-trichlorophenyl.
NUM  9.
PAR  9. The method of claim 8 wherein R.sup.1, R.sup.2 and R.sup.3 are methyl.
NUM  10.
PAR  10. The method of claim 8 wherein R.sup.1 and R.sup.2 are methyl and
      R.sup.3 is t-butyl.
NUM  11.
PAR  11. The method of claim 8 wherein R.sup.1 and R.sup.2 are methyl and
      R.sup.3 is ethyl.
NUM  12.
PAR  12. The method of claim 9 wherein n is 1.
NUM  13.
PAR  13. The method of claim 10 wherein n is 3.
NUM  14.
PAR  14. A composition comprising a metamorphosis-inhibiting amount of a
      compound of the formula
      ##EQU8##
      wherein R.sup.1, R.sup.2, R.sup.3, Ar and n are as defined in claim 1, and
      a biologically inert carrier.
NUM  15.
PAR  15. The composition of claim 14 wherein R.sup.1 is hydrogen.
NUM  16.
PAR  16. The composition of claim 14 wherein R.sup.1 is alkyl of 1 to 3 carbon
      atoms and R.sup.2 is alkyl of 1 to 3 carbon atoms.
NUM  17.
PAR  17. The composition of claim 16 wherein R.sup.3 is alkyl of 1 to 6 carbon
      atoms or chloroalkyl of 1 to 2 carbon atoms containing 1 to 5 chloro
      atoms.
NUM  18.
PAR  18. The composition of claim 17 wherein R.sup.3 is alkyl of 1 to 6 carbon
      atoms.
NUM  19.
PAR  19. The composition of claim 18 wherein Ar is phenyl substituted with up to
      5 chloro or bromo atoms.
NUM  20.
PAR  20. The composition of claim 18 wherein Ar is phenyl substituted with up to
      5 chloro atoms.
NUM  21.
PAR  21. The composition of claim 18 wherein Ar is 2,4,6-trichlorophenyl.
NUM  22.
PAR  22. The compopsition of claim 21 wherein R.sup.1, R.sup.2 and R.sup.3 are
      methyl.
NUM  23.
PAR  23. The composition of claim 21 wherein R.sup.1 and R.sup.2 are methyl and
      R.sup.3 is t-butyl.
NUM  24.
PAR  24. The composition of claim 21 wherein R.sup.1 and R.sup.2 are methyl and
      R.sup.3 is ethyl.
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ABST
PAL  Certain benzoyl chloride phenylhydrazones have been found to be active
      against insects and mites, and they have also been found to be effective,
      broad-spectrum anthelmintics for suppressing parasitic worms in animals,
      particularly sheep. The benzoyl ring and the phenylhydrazone ring can be
      substituted with a halogen atom, a nitro group, or an alkyl group of from
      1 to 6 carbon atoms, inclusive. A new class of pentahalobenzoyl chloride
      phenylhydrazones is described, particularly pentafluorobenzoyl chloride
      phenylhydrazones. The compounds are prepared by reacting a benzoic acid
      phenylhydrazide with phosphorus pentachloride to obtain a benzoyl chloride
      (dichlorophosphinyl)phenylhydrazone that is reacted with phenol to produce
      the desired benzoyl chloride phenylhydrazones. Certain of the compounds
      can be prepared by direct chlorination of a benzaldehyde phenylhydrazone.
      Methods of using the new compounds and new anthelmintic formulations are
      described. The new compound p-toluoyl chloride phenylhydrazone is
      effective against worms at rates at least as low as 100 mg./kg. of body
      weight in sheep.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 67,220
      filed Aug. 26, 1970, now abandoned which application is a
      continuation-in-part of application Ser. No. 779,251 filed Nov. 26, 1968
      now U.S. Pat. No. 3,879,543, which application is a continuation-in-part
      of application Ser. No. 709,943 filed Mar. 4, 1968, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention pertains to a new method of combating pestiferous insects
      and mites, a new method for killing and controlling (suppressing growth
      and reproduction of) worms (Helminths), new insecticidal and miticidal
      compositions, new formulations for killing and controlling worms in
      animals, and new chemical compounds. The invention is more particularly
      directed to a new method of combating insects and mites using certain
      benzoyl chloride phenylhydrazones, to a new method for killing and
      controlling parasitic worms in animals with the same, to new insecticidal
      and miticidal compositions comprising the certain benzoyl
      phenylhydrazones, to new anthelmintic formulations comprising the same,
      and to new pentahalobenzoyl chloride phenylhydrazones. The certain
      anthelmintic, insecticidal and miticidal benzoyl chloride phenylhydrazones
      of this invention have the general structural formula:
      ##SPC1##
PAL  Wherein X is halogen, nitro, and alkyl of from 1 to 6 carbon atoms,
      inclusive; Y is alkyl of from 1 to 6 carbon atoms, inclusive, halogen, and
      nitro; n is an integer from 0 to 5, inclusive; and m is an integer from 0
      to 3, inclusive; the sum of n+m being not more than 6, the sum of carbon
      atoms in alkyl substituents being not more than 15, and there may be no
      more than one nitro group in the molecule.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Among the benzoyl chloride phenylhydrazones of Formula 1, the specific
      compounds benzoyl chloride phenylhydrazone itself, p-chlorobenzoyl
      chloride phenylhydrazone, benzoyl chloride (p-nitrophenyl)hydrazone,
      p-chlorobenzoyl chloride (p-bromophenyl)hydrazone, benzoyl chloride
      (p-chlorophenyl)-hydrazone, and benzoyl chloride
      (2,4,6-trichlorophenyl)hydrazone are known. Benzoyl chloride
      (2,4-dinitrophenyl)-hydrazone is also a known compound, but it is
      relatively inactive in comparison with the other known benzoyl chloride
      phenylhydrazones and the new benzoyl chloride phenylhydrazones of this
      invention.
PAR  On embodiment of this invention involves new pentahalobenzoyl chloride
      phenylhydrazones having the general structural formula:
      ##SPC2##
PAL  wherein X' is halogen and Y' is hydrogen, alkyl of from 1 to 6 carbon
      atoms, inclusive, halogen, or nitro. Surprisingly, these new
      pentahalobenzoyl chloride phenylhydrazones are effective anthelmintic,
      insecticidal, and miticidal agents like the above-named, effective, known
      compounds. Particularly surprising is the fact that pentafluorobenzoyl
      chloride phenylhydrazone is an outstanding insecticidal and miticidal
      agent.
PAR  The anthelmintic, insecticidal, and miticidal benzoyl chloride
      phenylhydrazones of this invention are readily prepared by reacting a
      selected benzoic acid phenylhydrazide with phosphorus pentachloride,
      reacting the resulting, corresponding benzoyl chloride
      (dichlorophosphinyl)phenylhydrazone with phenol, and recovering the
      desired benzoyl chloride phenylhydrazone. The process can be represented
      as follows:
      ##SPC3##
PAR  Step 1. of the foregoing process proceeds when the benzoic acid
      phenylhydrazide starting compound and the phosphorus pentachloride are
      mixed in the presence of a reaction medium at a temperature in the range
      of about 10.degree.C. up to about the boiling point of the reaction
      medium, although higher and lower temperatures can be used. The reaction
      rate will be decreased at low temperatures, and a pressure vessel would be
      needed to effect reaction temperatures above the boiling point at
      atmospheric pressure. In accordance with a preferred embodiment, the
      initial reaction mixture is heated.
PAR  Appropriate reaction media include, for example, the chlorinated
      hydrocarbon solvents, alliphatic or aromatic hydrocarbon solvents, and
      ethers. Representative specific ones are carbon tetrachloride (preferred),
      methylene chloride, chloroform, 1,2-dichloroethylene, bezene, toluene,
      technical hexane, diethyl ether, and dioxane.
PAR  The process can be practiced without isolating the benzoyl chloride
      (dichlorophosphinyl)phenylhydrazone intermediate when three equivalents or
      more of phenol are added to the initial reaction mixture after it has been
      cooled to about 0.degree. to 25.degree.C. The phenol reacts with the
      benzoyl chloride (dichlorophosphinyl)phenylhydrazone intermediate to
      produce triphenyl phosphate, and the desired benzoyl chloride
      phenylhydrazone is then recovered and purified by conventional methods.
      The solvent medium is removed by, e.g., evaporation, and then by
      mechanically separating the product, e.g., filtration from the residual
      triphenyl phosphate or by chromatographic techniques. The compound is
      purified by recrystallization.
PAR  The benzoic acid phenylhydrazide starting compounds are known or can be
      readily prepared by known methods. According to one method a benzoyl
      chloride is reacted with a phenylhydrazine as described by J. Hausknecht,
      Chem. Ber. 22, p. 324 (1889), and E. Bamberger and W. Pemsel, Chem. Ber.
      36, p. 359 (1903). Another method is described in U.S. Pat. No. 2,912,461,
      issued Nov. 10, 1959, that utilizes a benzoate ester and a
      phenylhydrazine. Still another method described by W. Autenrieth and G.
      Thomae, Chem Ber. 57, p. 423 (1924) reacts a benzoic acid anhydride with a
      phenylhydrazine to produce the corresponding benzoic acid phenylhydrazide.
      Preparations I through XVIII hereinafter illustrate conventional metthods
      for making benzoic acid phenylhydrazide starting compounds.
PAR  The anthelmintic, insecticidal, and miticidal benzoyl chloride
      phenylhydrazones of this invention (compounds according to Formula I) can
      also be prepared by chlorinating a benzaldehyde phenylhydrazone.
      Chlorination of a benzaldehyde phenylhydrazone can be accomplished as
      described by J. E. Humphries, H. Humble and R. Evans, J. Chem. Soc. 127,
      p. 1304 (1925). But chlorination is of limited usefulness when the
      starting benzaldehyde phenylhydrazone has unsubstituted active sites that
      will yield to chlorination at positions on the phenylhydrazone nucleus
      that might want to be avoided in a particular instance. Direct
      chlorination of benzaldehyde phenylhydrazone is an effective way of
      producing benzoyl chloride (2,4,6-trichlorophenyl)hydrazone.
PAR  Still another method described by L. A. Jones, C. K. Hancock, and R. B.
      Seligman, J. Org. Chem. 26, p. 228 (1961) can be used. The described
      method utilized .alpha., .alpha., .alpha.-trichlorotoluene and
      2,4-dinitrophenylhydrazine to produce benzoyl chloride
      (2,4-dinitrophenyl)hydrazone. Active compounds of this invention can be
      prepared in the same manner.
PAC  PREPARATION I
PAC  3,4-Dichlorobenzoic acid phenylhydrazide
PAR  A mixture consisting of 71.8 g. (0.35 mole) methyl 3,4-dichlorobenzoate,
      37.9 g. (0.35 mole) phenylhydrazine, 21.6 g. (0.40 mole) sodium methoxide,
      and 175 ml. methanol was heated at the reflux temperature for 22 hrs.
      After cooling the reaction mixture to about 25.degree.C., it was poured
      into 500 ml. water. The aqueous mixture was filtered and the solids that
      collected on the filter were dissolved in 500 ml. ethanol. Refrigeration
      caused crystals to form which were recovered by filtration. There was thus
      obtained 3,4-dichlorobenzoic acid phenylhydrazide melting at 169.degree.
      to 172.degree.C. An analytical sample melting at 171.5.degree. to
      173.degree. C. was obtained by recrystallization from ethanol.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.10 Cl.sub.2 N.sub.2 O: C, 55.53; H,
      3.59; Cl, 25.22; N, 9.97. Found: C, 55.87; H, 3.82; Cl, 25.10; N, 9.85.
PAC  PREPARATION II
PAC  Benzoic acid (2,5-dichlorophenyl)hydrazide
PAR  A mixture consisting of 17.7 g. (0.10 mole) 2,5-dichlorophenylhydrazine,
      100 ml. benzene, and 22.6 g. (0.10 mole) benzoic anhydride was heated at
      the reflux temperature for 1 1/2 hrs. After cooling the reaction mixture
      to about 25.degree.C., it was filtered. The filtrate was evaporated to
      dryness, and the residue was combined with solids on the filter before
      dispersing the solids in 700 ml. water basified with 50% aqueous sodium
      hydroxide to slight alkalinity. The thus washed solids were recovered on a
      filter, washed with more water, and recrystallized from 225 ml. 95%
      ethanol. There was thus obtained 23.1 g. (82.2% yield) benzoic acid
      (2,5-dichlorophenyl)hydrazide having a melting point of 160.5.degree. to
      161.5.degree.C. An analytical sample melting at 161.degree. to
      162.degree.C. was obtained by recrystallization from 95% ethanol.
PAR  Analysis Calc'd. for C.sub.13 H.sub.10 Cl.sub.2 N.sub.2 O: C, 55.53; H,
      3.59; Cl, 25.22; N, 9.97. Found: C, 55.57; H, 3.91; Cl, 25.41; N, 10.07.
PAC  PREPARATION III
PAC  p-Fluorobenzoic acid phenylhydrazide
PAR  A mixture consisting of 101.2 g. (0.602 mole) ethyl p-fluorobenzoate, 250
      ml. methanol, 70.0 g. (0.646 mole) phenylhydrazine, and 33.6 g. (0.621
      mole) sodium methoxide (mixed in that order) was heated at the reflux
      temperature for 16 hrs. After cooling the reaction mixture to about
      25.degree.C it was poured into 1500 ml. water. The aqueous mixture was
      filtered, and the filter cake was washed with water and recrystallized
      from 95% aqueous ethanol. The crystals melted at 174.degree. to
      178.degree.C. An analytical sample of p-fluorobenzoic acid phenylhydrazide
      melting at 177.degree. to 179.degree.C. was obtained by recrystallizing
      once from a mixture of ethyl acetate and Skellysolve B (essentially a
      mixture of isomeric hexanes boiling in the range of 146.degree. to
      156.degree.F.), and once from 75% aqueous ethanol.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.11 FN.sub.2 O: C, 67.81; H, 4.82; N,
      12.17. Found: C, 68.28; H, 5.00; N, 12.02.
PAC  PREPARATION IV
PAC  p-Chlorobenzoic acid (p-bromophenyl)hydrazide
PAR  A mixture consisting of 44.7 g. (0.20 mole) p-bromophenylhydrazine
      hydrochloride, 250 ml. diethyl ether, 70 ml. (0.504 mole) triethylamine,
      and 35.0 g. (0.20 mole) p-chlorobenzoyl chloride in 50 ml. diethyl ether
      (mixed in that order at -5.degree. to -15.degree.C. during 20 minutes) was
      stirred continuously for about 16 hrs. at about 25.degree. C. The reaction
      mixture was filtered, and the solids on the filter were washed with water
      and then recrystallized from 95% ethanol. There was thus obtained 15.5 g.
      p-chlorobenzoic acid (p-bromophenyl)hydrazide having a melting point of
      185.degree. C. (dec.). An analytical sample melting at 184.5.degree.C.
      (dec.) was obtained after two recrystallizations from ethyl acetate.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.10 BrClN.sub.2 O: C, 47.95; H, 3.10;
      Br, 24.54; Cl, 10.89; N, 8.61. Found: C, 48.09; H, 3.20; Br, 24.40; Cl,
      10.44; N, 8.56.
PAC  PREPARATION V
PAC  m-Chlorobenzoic acid phenylhydrazide
PAR  To a solution of 21.63 g. (0.20 mole) phenylhydrazine in 250 ml. diethyl
      ether was added 125 ml. (0.20 mole) butyl lithium (1.6M in hexane). The
      addition was effected at -60.degree. to -70.degree. C. The resulting
      suspension was warmed to 20.degree. C. and 35.0 g. (0.20 mole)
      m-chlorobenzoyl chloride in 35 ml. ether was added dropwise. This reaction
      mixture was stirred at room temperature for 1/2 hr. and the ether was
      decanted. The ether was removed by evaporation, and the residue was
      combined with the semi-solid left by the decantation. The combined solids
      were dispersed in 200 ml. ethanol and 200 ml. water was added. The thus
      washed solids were collected on a filter, washed with water and dried. The
      dried solids were recrystallized from 400 ml. of a mixture of Skellysolve
      B and benzene (1:1) to give 19.0 g. m-chlorobenzoic acid phenylhydrazide
      melting at 152.degree. to 156.degree.C. An analytical sample having a
      melting point at 156.degree. to 157.5.degree.C. was obtained by a
      recrystallization from a mixture of benzene and ethanol (about 100:1) and
      a final recrystallization from benzene.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.11 ClN.sub.2 O: C, 63.29; H, 4.50; Cl,
      14.37; N, 11.36. Found: C, 63.34; H, 4.41; Cl, 14.35; N, 11.55.
PAC  PREPARATION VI
PAC  o-Chlorobenzoic acid phenylhydrazide
PAR  Following the procedure of Preparation I, but substituting methyl
      3,4-dichlorobenzoate with methyl o-chlorobenzoate, there was prepared
      o-chlorobenzoic acid phenylhydrazide having a melting point of
      154.5.degree. to 155.5.degree. C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.11 ClN.sub.2 O: C, 63.29; H, 4.50; Cl,
      14.37; N, 11.36. Found: C, 63.60; H, 4.59; Cl, 14.50; N, 11.19.
PAC  PREPARATION VII
PAC  p-Isopropylbenzoic acid phenylhydrazide
PAR  To a solution of 35.0 g. (0.323 mole) phenylhydrazine in 300 ml. pyridine,
      cooled to about 5.degree. to 8.degree. C., was added 54.8 g. (0.30 mole)
      p-isopropylbenzoyl chloride. This reaction mixture was set aside for 37
      hrs. at about 25.degree. C. The mixture was then poured into 1500ml.
      ice-water and the solids that separated were collected on a filter and
      washed with water. After recrystallization from 850 ml. ethanol, there was
      obtained 64.7 g. (84.8% yield) of p-isopropylbenzoic acid phenylhydrazide
      melting at 198.degree. to 201.degree. C. An analytical sample melting at
      200.5.degree. to 202.5.degree. C. was obtained after two
      recrystallizations from ethanol.
PAR  Analysis: Calc'd. for C.sub.16 H.sub.18 N.sub.2 O: C, 75.56; H, 7.13; N,
      11.02. Found: C, 75.59; H, 7.14; N, 10.78.
PAC  PREPARATION VIII
PAC  Benzoic acid o-tolylhydrazide
PAR  To 31.73 g. (0.20 mole) of o-tolylhydrazine hydrochloride and 45.25 g.
      (0.20 mole) of benzoic anhydride in 250 ml. of benzene was added 35.0 ml.
      (0.25 mole) of triethylamine, and the suspension was refluxed for one
      hour. After cooling to about 25.degree. C., the solids were filtered. The
      filtrate was evaporated to dryness and the residue was combined with
      solids on the filter before dispersing the solids in water basified with
      50% aqueous sodium hydroxide to slight alkalinity. The thus washed solids
      were recovered on a filter, washed with more water, and recrystallized
      from 400 ml. of about 1:1 ethyl acetate-ethanol. There was thus obtained
      30.0 g. (64.4% yield of benzoic acid o-tolylhydrazide having a melting
      point of 180.degree. to 183.degree. C. An analytical sample melting at
      183.degree. to 184.5.degree. C. was obtained by recrystallization from
      ethanol and then from ethyl acetate.
PAR  Analysis: Calc'd. for C.sub.14 H.sub.14 N.sub.2 O: C, 74.31; H, 6.24; N,
      12.38. Found: C, 74.22; H, 6.18; N, 12.66.
PAC  PREPARATION IX
PAC  2,4-Dichlorobenzoic acid phenylhydrazide
PAR  Following the procedure of Preparation VII, but substituting
      2,4-dichlorobenzoyl chloride for p-isopropylbenzoyl chloride, there was
      prepared 2,4-dichlorobenzoic acid phenylhydrazide having a melting point
      of 181.degree. to 182.degree.C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.10 Cl.sub.2 N.sub.2 O: C, 55.53; H,
      3.59; Cl, 25.22; N, 9.97. Found: C, 55.96; H, 3.85; Cl, 25.19; N, 978.
PAC  PREPARATION X
PAC  m-Toluic acid phenylhydrazide
PAR  Following the procedure of Preparation VII, but substituting m-toluoyl
      chloride for p-isopropylbenzoyl chloride, there was prepared m-toluic acid
      phenylhydrazide having a melting point of 162.degree. to 163.degree. C.
PAR  Analysis: Calc'd. for C.sub.14 H.sub.14 N.sub.2 O: C, 74.31; H, 6.24; N,
      12.28. Found: C, 74.36; H, 6.21; N, 12.53.
PAC  PREPARATION XI
PAC  Benzoic acid (p-chlorophenyl)hydrazide
PAR  Following the procedure of Preparation VIII, but substituting
      p-chlorophenylhydrazine hydrochloride for o-tolylhydrazine hydrochloride,
      there was prepared benzoic acid (p-chlorophenyl)hydrazide having a melting
      point of 153.5.degree. to 154.5.degree. C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.11 ClN.sub.2 O: C, 63.29; H, 4.50; Cl,
      14.37; N, 11.36. Found: C, 63.03; H, 4.63; Cl, 14.16; N, 11.26.
PAC  PREPARATION XII
PAC  p-Iodobenzoic acid phenylhydrazide
PAR  A solution of 44.7 g. (0.168 mole) of p-iodobenzoyl chloride in 100 ml. of
      dioxane was added to 18.2 g. (0.168 mole) of phenylhydrazine dissolved in
      250 ml. of pyridine at 5.degree. to 15.degree. C. The resulting suspension
      was stirred at 25.degree. C. for 3 days, poured into 2 liters of water,
      the solids were filtered and washed with water, dilute aqueous
      hydrochloric acid and then again with water. The product thus obtained was
      crystallized from ethanol to give 40.0 g. (70.9% yield) of p-iodobenzoic
      acid phenylhydrazide having a melting point of 210.degree. to 211.degree.
      C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.11 lN.sub.2 O: C, 46.17; H, 3.28; l,
      37.53; N, 8.29. Found: C, 46.34; H, 3.44; l, 37.53; N, 8.32.
PAC  PREPARATION XIII
PAC  3,5-Dimethylbenzoic acid phenylhydrazide
PAR  Following the procedure of Preparation VII, but substituting
      3,5-dimethylbenzoyl chloride for p-isopropylbenzoyl chloride, there was
      prepared 3,5-dimethylbenzoic acid phenylhydrazide having a melting point
      of 197.5.degree. to 198.5.degree.C.
PAR  Analysis: Calc'd. for C.sub.15 H.sub.16 N.sub.2 O: C, 74.97; H, 6.71; N,
      11.66. Found: C, 74.92; H, 6.63; N, 11.59.
PAC  PREPARATION XIV
PAC  3-Methyl-4-nitrobenzoic acid phenylhydrazide
PAR  Following the procedure of Preparation XII, but substituting
      3-methyl-4-nitrobenzoyl chloride for p-iodobenzoyl chloride, there was
      prepared 3-methyl-4-nitrobenzoic acid phenylhydrazide having a melting
      point of 163.degree. to 164.5.degree. C.
PAR  Analysis: Calc'd. for C.sub.14 H.sub.13 N.sub.3 O.sub.3 : C, 61.98; H,
      4.83; N, 15.49. Found: C, 61.46; H, 4.90; N, 15.52.
PAC  PREPARATION XV
PAC  2,5-Dimethylbenzoic acid phenylhydrazide
PAR  Following the procedure of Preparation VII, but substituting
      2,5-dimethylbenzoyl chloride for p-isopropylbenzoyl chloride, there was
      prepared 2,5-dimethylbenzoic acid phenylhydrazide having a melting point
      of 208.degree. to 209.degree. C.
PAR  Analysis: Calc'd. for C.sub.15 H.sub.16 N.sub.2 O: C, 74.97; H, 6.71; N,
      11.66. Found: C, 74.56; H, 6.66; N, 11.56.
PAC  PREPARATION XVI
PAC  2-Chloro-4-nitrobenzoic acid phenylhydrazide
PAR  Following the procedure of Preparation XII, but substituting
      2-chloro-4-nitrobenzoyl chloride for p-iodobenzoyl chloride, there was
      prepared 2-chloro-4-nitrobenzoic acid phenylhydrazide having a melting
      point of 179.degree. to 180.degree. C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.10 ClN.sub.3 O.sub.3 : C, 53.53; H,
      3.45; Cl, 12.15; N, 14.41. Found: C, 53.46; H, 3.60; Cl, 12.00 ; N, 14.05.
PAC  PREPARATION XVII
PAC  Pentafluorobenzoic acid phenylhydrazide
PAR  Following the procedure of Preparation VII but substituting
      pentafluorobenzoyl chloride for p-isopropylbenzoyl chloride, there was
      prepared pentafluorobenzoic acid phenylhydrazide having a melting point of
      152.5.degree. to 153.5.degree.C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.7 F.sub.5 N.sub.2 O: C, 51.66; H,
      2.34; N, 9.27. Found: C, 51.84; H, 2.43; N, 9.27.
PAC  PREPARATION XVIII
PAC  p-Bromobenzoic acid phenylhydrazide
PAR  Following the procedure of Preparation XII, but substituting p-bromobenzoyl
      chloride for p-iodobenzoyl chloride, there was prepared p-bromobenzoic
      acid phenylhydrazide having a melting point of 200.degree. to 201.degree.
      C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.11 BrN.sub.2 O: C, 53.63; H, 3.81; Br,
      27.45; N, 9.62. Found: C, 53.71; H, 3.85; Br, 27.37; N, 9.80.
PAR  The following examples are illustrative of the process and products of the
      present invention, but are not to be construed as limiting.
PAC  EXAMPLE 1
PAC  Preparation of p-nitrobenzoyl chloride phenylhydrazone
PAR  A quantity (12.86 g., 0.05 mole) of p-nitrobenzoic acid phenylhydrazide,
      prepared according to the method described by J. Hausknecht, Chem. Ber.
      22, p. 324 (1889), was added to a suspension of 10.41 g. (0.05 mole)
      phosphorus pentachloride in 75 ml. carbon tetrachloride, and the resulting
      suspension was heated to the reflux temperature. Heating at the reflux
      temperature was continued until evolution of hydrogen chloride gas ceased.
      After cooling the reaction mixture to about 25.degree. C., it was poured
      into an ice-cold suspension of 15.5 g. (0.17 mole) of phenol in 50 ml.
      carbon tetrachloride. When the reaction between the phenol and the
      p-nitrobenzoyl chloride (dichlorophosphinyl)phenylhydrazone intermediate
      was completed, the carbon tetrachloride solvent and other volatile
      components were removed by evaporation under reduced pressure at
      30.degree. C. The resulting suspension of p-nitrobenzoyl chloride
      phenylhydrazone in triphenyl phosphate was filtered and the filter cake
      comprising the p-nitrobenzoyl chloride phenylhydrazone was washed with 100
      ml. carbon tetrachloride, 50 ml. methanol, and 50 ml. ether. The solid on
      the filter was recrystallized from a solvent mixture consisting of 100 ml.
      benzene and 300 ml. naphtha (boiling range 203.degree. to 212.degree. F.).
      There was thus obtained 4.10 g. of p-nitrobenzoyl chloride phenylhydrazone
      having a melting point of 156.degree. to 157.5.degree. C. A second
      recrystallization from a mixture of benzene and Skellysolve C gave the
      compound melting at 157.degree. to 158.5.degree.C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.10 ClN.sub.3 O.sub.2 : C, 56.63; H,
      3.66; Cl, 12.86; N, 15.24. Found: C, 56.40; H, 3.43; Cl, 13.18; N, 14.81.
PAC  EXAMPLE 2
PAC  Preparation of 3,4-dichlorobenzoyl chloride phenylhydrazone
PAR  Following the same procedure as Example 1, but substituting 28.11 g. (0.10
      mole) 3,4-dichlorobenzoic acid phenylhydrazide (prepared as in Preparation
      I, above) for the p-nitrobenzoic acid phenylhydrazide, and using 20.83 g.
      (0.10 mole) phosphorus pentachloride in 100 ml. carbon tetrachloride,
      there was obtained 3,4-dichlorobenzoyl chloride
      (dichlorophosphinyl)phenylhydrazone which was reacted with 33.0 g. (0.362
      mole) phenol to produce 19.45 g. (64.7% yield) of 3,4-dichlorobenzoyl
      chloride phenylhydrazone melting at 121.degree. to 123.5.degree.C. The
      compound recrystallized from a mixture of benzene and Skellysolve B melted
      at 122.degree. to 123.5.degree. C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.9 Cl.sub.3 N.sub.2 : C, 52.12; H,
      3.03; Cl, 35.50; N, 9.35. Found: C, 52.38; H, 3.07; Cl, 35.96; N, 9.02.
PAC  EXAMPLE 3
PAC  Preparation of benzoyl chloride (2,5-dichlorophenyl)hydrazone
PAR  A quantity (16.87 g., 0.06 mole) benzoic acid (2,5-dichlorophenyl)hydrazide
      (Preparation II, above) was added to a solution of 12.50 g. (0.06 mole)
      phosphorous pentachloride in 50 ml. carbon tetrachloride, and the
      resulting suspension was allowed to react at 25.degree.C. until evolution
      of hydrogen chloride gas slowed. The reaction mixture was then heated at
      the reflux temperature for 15 minutes, chilled in ice, and 17.8 g. (0.19
      mole) phenol in 75 ml. carbon tetrachloride was added. After the reaction
      was completed, the carbon tetrachloride was removed by evaporation under
      reduced pressure at 30.degree. to 32.degree. C. The resulting suspension
      was filtered, and the filter cake was washed with 50 ml. cold methanol.
      Two recrystallizations from Skellysolve B gave benzoyl chloride
      (2,5-dichlorophenyl)hydrazone melting at 84.5.degree. to 86.degree. C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.9 Cl.sub.3 N.sub.2 : C, 52.12; H,
      3.03; N, 9.35. Found: C, 52.59; H, 3.16; N, 9.27.
PAC  EXAMPLE 4
PAC  Preparation of p-toluoyl chloride phenylhydrazone
PAR  Following the procedure of Example 3, but substituting 22.63 g. (0.10 mole)
      p-toluic acid phenylhydrazide [prepared as described by Ponzio and
      Charrier, Gazz. chim. ital, 38(I), p. 528 (1908)] for the benzoic acid
      2,5-dichlorophenylhydrazide and using 21.5 g. (0.102 mole) phosphorus
      pentachloride in 150 ml. carbon tetrachloride, there was obtained
      p-toluoyl chloride (dichlorophosphinyl)phenylhydrazone which was reacted
      with 32.0 g. (0.34 mole) phenol in 50 ml. carbon tetrachloride to produce
      p-toluoyl chloride phenylhydrazone. Two recrystallizations from a mixture
      of benzene and Skellysolve B gave the compound with a melting point of
      133.degree. to 134.5.degree. C.
PAR  Analysis: Calc'd. for C.sub.14 H.sub.13 ClN.sub.2 : C, 68.71; H, 5.35; Cl.
      14.49; N, 11.45. Found: C, 69.03; H, 5.27; Cl, 14.88; N, 11.37.
PAC  EXAMPLE 5
PAC  Preparation of p-fluorobenzoyl chloride phenylhydrazone
PAR  Following the same procedure as Example 1, but substituting 16.12 g. (0.07
      mole) p-fluorobenzoic acid phenylhydrazide (Preparation III, above) for
      the p-nitrobenzoic acid phenylhydrazide and using 15.0 g. (0.072 mole)
      phosphorus pentachloride in 100 ml. carbon tetrachloride, there was
      obtained p-fluorobenzoyl chloride (dichlorophosphinyl)-phenylhydrazone
      which was reacted with 20.7 g. (0.22 mole) phenol in 50 ml. cold carbon
      tetrachloride to produce p-fluorobenzoyl chloride phenylhydrazone. After
      sublimation at 85.degree.C. and 0.03 mm. mercury pressure, the compound
      had a melting point of 118.degree. to 120.degree. C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.10 ClFN.sub.2 : C, 62.78; H, 4.05; Cl,
      14.26; F, 7.64; N, 11.27. Found: C, 62.78; H, 4.05; Cl, 14.01; F, 7.38; N,
      10.87.
PAC  EXAMPLE 6
PAC  Preparation of p-chlorobenzoyl chloride (p-bromophenyl)hydrazone
PAR  A quantity (5.50 g., 0.0264 mole) phosphorus pentachloride was added to a
      suspension of 8.14 g. (0.0250 mole) p-chlorobenzoic acid
      (p-bromophenyl)hydrazide (Preparation IV, above) in 50 ml. carbon
      tetrachloride and the mixture was heated at the reflux temperature until
      evolution of hydrogen chloride gas ceased. After cooling the reaction
      mixture in ice, 8.0 g. (0.085 mole) phenol in 25 ml. carbon tetrachloride
      was added. After the reaction was completed and evolution of hydrogen
      chloride gas had ceased, the mixture was filtered and the filter cake was
      washed with 30 ml. Skellysolve B. The solids on the filter were dissolved
      in 20 ml. ethyl acetate, and the solution was brought to a volume of 90
      ml. by the addition of Skellysolve B. The diluted solution was filtered
      and set aside to crystallize. There was thus obtained 5.50 g. (64.0%
      yield) of p-chlorobenzoyl chloride (p-bromophenyl) hydrazone having a
      melting point of 142.degree. to 143.5.degree.C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.9 BrCl.sub.2 N.sub.2 : C, 45.38; H,
      2.64; Br, 23.23; Cl, 20.61; N, 8.14. Found: C, 45.37; H, 2.82; Br, 23.39;
      Cl, 20.56; N, 8.43.
PAC  EXAMPLE 7
PAC  Preparation of p-chlorobenzoyl chloride (2,4,6-trichlorophenyl)hydrazone
PAR  To a suspension of 6.92 g. (0.030 mole) of p-chlorobenzaldehyde
      phenylhydrazone in 100 ml. glacial acetic acid was added 7.0 ml. (0.154
      mole) chlorine. The mixture was diluted with another 100 ml. glacial
      acetic acid. A heat generating reaction increased the temperature of the
      mixture to 45.degree.3C. After cooling to 20.degree.C., the mixture was
      filtered. The filter cake was recrystallized from Skelly-solve B to give
      8.13 g. (73.6% yield) of p-chlorobenzoyl chloride
      (2,4,6-trichlorophenyl)hydrazone having a melting point of 122.5.degree.
      to 124.5.degree.C. An analytical sample having a melting point of
      123.degree. to 124.degree.C was obtained by two recrystallizations from a
      mixture of Skellysolve B and benzene.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.7 Cl.sub.5 N.sub.2 : C, 42.37; H,
      1.91; Cl, 48.11; N, 7.60. Found: C, 42.75; H, 2.21; Cl, 48.15; N, 7.60.
PAC  EXAMPLE 8
PAC  Preparation of benzoyl chloride (2,4,6-trichlorophenyl)hydrazone
PAR  Following the procedure of Example 7, but substituting carbon tetrachloride
      for glacial acetic acid as solvent, substituting benzaldehyde
      phenylhydrazone for p-chlorobenzaldehyde phenylhydrazone, and cooling the
      reaction mixture in an ice path during the addition of chlorine and
      subsequently refluxing for one hour, there was prepared benzoyl chloride
      (2,4,6-trichlorophenyl)hydrazone having a melting point of 93.degree. to
      94.5.degree.C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.8 Cl.sub.4 N.sub.2 : C, 46.74; H,
      2.41; Cl, 42.46; N, 8.39. Found: C, 47.03; H, 2.34; Cl, 42.10; N, 8.22.
PAC  EXAMPLE 9
PAC  Preparation of m-chlorobenzoyl chloride phenylhydrazone
PAR  Following the procedure of Example 1, but substituting m-chlorobenzoic acid
      phenylhydrazide (Preparation V, above) for p-nitrobenzoic acid
      phenylhydrazide, there was prepared m-chlorobenzoyl chloride
      phenylhydrazone having a melting point of 80.degree. to 81.5.degree.C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.10 Cl.sub.2 N.sub.2 : C, 58.89; H,
      3.80; Cl, 26.74; N, 10.57. Found: C, 59.40; H, 4.00; Cl, 26.75; N, 10.57.
PAC  EXAMPLE 10
PAC  Preparation of p-isopropylbenzoyl chloride phenylhydrazone
PAR  Following the procedure of Example 1, but substituting p-isopropylbenzoic
      acid phenylhydrazide (Preparation VII, above) for p-nitrobenzoic acid
      phenylhydrazide, there was prepared p-isopropylbenzoyl chloride
      phenylhydrazone having a melting point of 100.5.degree. to 102.degree.C.
PAR  Analysis: Calc'd. for C.sub.16 H.sub.17 ClN.sub.2 : C, 70.45; H, 6.28; Cl,
      13.00; N, 10.27. Found: C, 70.59; H, 6.39; Cl, 13.00; N, 9.80.
PAC  EXAMPLE 11
PAC  Preparation of o-toluoyl chloride phenylhydrazone
PAR  Following the procedure of Example 13, below, but substituting o-toluic
      acid phenylhydrazide for o-chlorobenzoic acid phenylhydrazide, there was
      prepared o-toluoyl chloride phenylhydrazone.
PAC  EXAMPLE 12
PAC  Preparation of 2,4-dichlorobenzoyl chloride phenylhydrazone
PAR  Following the procedure of Example 1, but substituting 2,4-dichlorobenzoic
      acid phenylhydrazide (Preparation IX, above) for p-nitrobenzoic acid
      phenylhydrazide, there was prepared 2,4-dichlorobenzoyl chloride
      phenylhydrazone having a melting point of 88.5.degree. to 89.5.degree.C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.9 Cl.sub.3 N.sub.2 : C, 52.12; H,
      3.03; Cl, 35.50; N, 9.35. Found: C, 52.29; H, 3.06; Cl, 35.69; N, 8.90.
PAC  EXAMPLE 13
PAC  Preparation of o-chlorobenzoyl chloride phenylhydrazone
PAR  Following the procedure of Example 1, but substituting o-chlorobenzoic acid
      phenylhydrazide (Preparation VI, above) for p-nitrobenzoic acid
      phenylhydrazide, there was prepared o-chlorobenzoyl chloride
      phenylhydrazone in the form of an oil. The compound was purified by column
      chromatography on silica gel using an eluting solvent consisting of one
      part Skellysolve B and one part benzene.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.10 Cl.sub.2 N.sub.2 : C, 58.89; H,
      3.80; Cl, 26.74; N, 10.57. Found: C, 58.68; H, 3.87; Cl, 26.50; N, 10.05.
PAC  EXAMPLE 14
PAC  Preparation of benzoyl chloride o-tolylhydrazone
PAR  Following the procedure of Example 13, but substituting benzoic acid
      o-tolyhydrazide (Preparation VIII, above) for o-chlorobenzoic acid
      phenylhydrazide, there was prepared benzoyl chloride o-tolylhydrazone
      having a melting point of 64.5.degree. to 66.degree.C.
PAR  Analysis: Calc'd. for C.sub.14 H.sub.13 ClN.sub.2 : C, 68.71; H, 5.35; Cl,
      14.49; N, 11.45. Found: C, 69.06; H, 5.42; Cl, 14.61; N, 11.22.
PAC  EXAMPLE 15
PAC  Preparation of m-toluoyl chloride phenylhydrazone
PAR  Following the procedure of Example 13, but substituting m-toluic acid
      phenylhydrazide (Preparation X, above) for o-chlorobenzoic acid
      phenylhydrazide, there was prepared m-toluoyl chloride phenylhydrazone
      having a melting point of 66.degree. to 67.degree.C.
PAR  Analysis: Calc'd. for C.sub.14 H.sub.13 ClN.sub.2 : C, 68.71; H, 5.35; Cl,
      14.49; N, 11.45. Found: C, 68.84; H, 5.41; Cl, 14.45; N, 11.17.
PAC  EXAMPLE 16
PAC  Preparation of benzoyl chloride (p-chlorophenyl)hydrazone
PAR  Following the procedure of Example 1, but substituting benzoic acid
      (p-chlorophenyl)hydrazide (Preparation XI, above) for p-nitrobenzoic acid
      phenylhydrazide, there was prepared benzoyl chloride
      (p-chlorophenyl)hydrazone having a melting point of 107.degree. to
      108.5.degree.C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.10 Cl.sub.2 N.sub.2 : C, 58.89; H,
      3.80; Cl, 26.74; N, 10.57. Found: C, 59.11; H, 3.88; Cl, 26.62; N, 10.10.
PAC  EXAMPLE 17
PAC  Preparation of p-bromobenzoyl chloride phenylhydrazone
PAR  Following the procedure of Example 1, but substituting p-bromobenzoic acid
      phenylhydrazide (Preparation XVIII, above) for p-nitrobenzoic acid
      phenylhydrazide, there was prepared p-bromobenzoyl chloride
      phenylhydrazone having a melting point of 151.5.degree. to 153.degree.C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.10 BrClN.sub.2 : C, 50.43; H, 3.26;
      Br, 25.81; Cl, 11.45; N, 9.05. Found: C, 50.05; H, 3.23; Br, 25.77; Cl,
      11.70; N, 9.16.
PAC  EXAMPLE 18
PAC  Preparation of benzoyl chloride (p-nitrophenyl)-hydrazone
PAR  Following the procedure of Example 1, but substituting benzoic acid
      (p-nitrophenyl)hydrazide [prepared as described by Hyde, Chem. Ber. 32, p.
      1810 (1899)] for p-nitrobenzoic acid phenylhydrazide, there was prepared
      benzoyl chloride (p-nitrophenyl)hydrazone having a melting point of
      195.degree. to 196.degree.C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.10 ClN.sub.3 O.sub.2 : C, 56.63; H,
      3.66; Cl, 12.86; N, 15.24. Found: C, 56.76; H, 3.73; Cl, 12.90; N, 15.37.
PAC  EXAMPLE 19
PAC  Preparation of benzoyl chloride (2,4-dibromophenyl)hydrazone
PAR  To an ice-cold solution of 5.00 g. (0.0217 mole) of benzoyl chloride
      phenylhydrazone in 200 ml. of carbon tetrachloride was added 10.8 g.
      (0.0675 mole) of bromine dissolved in 25 ml. of carbon tetrachloride. The
      solution was subsequently refluxed for 4 hours. The solvent was removed by
      evaporation under reduced pressure, and the residual solid was
      recrystallized from Skellysolve B. The crystals melted at 103.degree. to
      104.degree.C. An analytical sample of benzoyl chloride
      2,4-(dibromophenyl)hydrazone having a melting point of 106.degree. to
      107.degree.C was obtained by recrystallizing twice from Skellysolve B.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.9 Br.sub.2 ClN.sub.2 : C, 40.19; H,
      2.33; N, 7.21. Found: C, 39.50; H, 2.46; N, 7.16.
PAC  EXAMPLE 20
PAC  Preparation of 2,5-dimethylbenzoyl chloride phenylhydrazone
PAR  Following the procedure of Example 13, but substituting 2,5-dimethylbenzoic
      acid phenylhydrazide (Preparation XV, above) for o-chlorobenzoic acid
      phenylhydrazide, there was prepared 2,5-dimethylbenzoyl chloride
      phenylhydrazone having a melting point of 48.5.degree. to 49.degree.C.
PAR  Analysis: Calc'd. for C.sub.15 H.sub.15 ClN.sub.2 : C, 69.62; H, 5.84; Cl,
      13.70; N, 10.83. Found: C, 69.15; H, 5.81; Cl, 13.90; N, 10.66.
PAC  EXAMPLE 21
PAC  Preparation of 2-chloro-4-nitrobenzoyl chloride phenylhydrazone
PAR  Following the procedure of Example 1, but substituting
      2-chloro-4-nitrobenzoic acid phenylhydrazide (Preparation XVI, above) for
      p-nitrobenzoic acid phenylhydrazide, there was prepared
      2-chloro-4-nitrobenzoyl chloride phenylhydrazone having a melting point of
      124.degree. to 126.degree.C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.9 Cl.sub.2 N.sub.3 O.sub.2 : C,
      50.34;H, 293; Cl, 22.86 ; N, 13.55. Found: C, 50.22; H, 3.15; Cl, 23.03;
      N, 13.29
PAC  EXAMPLE 22
PAC  Preparation of 2,6-dichlorobenzoyl chloride phenylhydrazone
PAR  Following the procedure of Example 1, but substituting 2,6-dichlorobenzoic
      acid phenylhydrazide for p-nitrobenzoic acid phenylhydrazide, there was
      prepared 2,6-dichlorobenzoyl chloride phenylhydrazone having a melting
      point of 95.5.degree. to 96.5.degree.C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.9 Cl.sub.3 N.sub.2 : Cl, 35.51; N,
      9.35. Found: Cl, 35.55; N, 9.17.
PAC  EXAMPLE 23
PAC  Preparation of pentafluorobenzoyl chloride phenylhydrazone
PAR  Following the procedure of Example 1, but substituting pentafluorobenzoic
      acid phenylhydrazide (Preparation XVII, above) for p-nitrobenzoic acid
      phenylhydrazide, there was prepared pentafluorobenzoyl chloride
      phenylhydrazone having a melting point of 117.degree. to 118.degree.C.
PAR  Analysis;
PAR  Calc'd. for C.sub.13 H.sub.6 ClF.sub.5 N.sub.2 : C, 48.69; H, 1.89; Cl,
      11.06; N, 8.74. Found: C, 49.03; H, 2.20; Cl, 11.04; N, 8.91.
PAC  EXAMPLE 24
PAC  Preparation of 3,4-dimethylbenzoyl chloride phenylhydrazone
PAR  Following the procedure of Example 13, but substituting 3,4-dimethylbenzoic
      acid phenylhydrazide for o-chlorobenzoic acid phenylhydrazide, there was
      prepared 3,4-dimethylbenzoyl chloride phenylhydrazone.
PAC  EXAMPLE 25
PAC  Preparation of p-iodobenzoyl chloride phenylhydrazone
PAR  Following the procedure of Example 1, but substituting p-iodobenzoic acid
      phenylhydrazide (Preparation XII, above for p-nitrobenzoic acid
      phenylhydrazide, there was prepared p-iodobenzoyl chloride phenylhydrazone
      having a melting point of 164.degree. to 165.degree.C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.10 Cl1N.sub.2 : C, 43.78; H, 2.83; Cl,
      9.94; 1, 35.59; N, 7.86. Found: C, 44.02; H, 2.94; Cl, 9.95; 1, 35.92; N,
      7.93.
PAC  EXAMPLE 26
PAC  Preparation of 3-methyl-4-nitrobenzoyl chloride phenylhydrazone
PAR  Following the procedure of Example 1, but substituting
      3-methyl-4-nitrobenzoic acid phenylhydrazide (Preparation XIV, above) for
      p-nitrobenzoic acid phenylhydrazide, there was prepared
      3-methyl-4-nitrobenzoyl chloride phenylhydrazone having a melting point of
      146.degree. to 147.5.degree.C.
PAR  Analysis: Calc'd. for C.sub.14 H.sub.12 ClN.sub.3 O.sub.2 : C, 58.04; H,
      4.18, Cl, 12.24; N, 14.50. Found: C, 58.06; H, 4.29; Cl, 12.41; N, 14.31.
PAC  EXAMPLE 27
PAC  Preparation of 3,5-dimethylbenzoyl chloride phenylhydrazone
PAR  Following the procedure of Example 13, but substituting 3,5-dimethylbenzoic
      acid phenylhydrazide (Preparation XIII, above) for o-chlorobenzoic acid
      phenylhydrazide, there was prepared 3,5-dimethylbenzoyl chloride
      phenylhydrazone having a melting point of 47.5.degree. to 48.5.degree.C
      after sublimation at 65.degree.C and 0.002 mm. mercury pressure.
PAR  Analysis: Calc'd. for C.sub.15 H.sub.15 N.sub.2 Cl: Cl, 13.70; N, 10.83.
      Found: Cl, 13.74; N, 10.92.
PAC  EXAMPLE 28
PAR  Following the procedure of Example 1, but substituting p-butylbenzoic acid
      phenylhydrazide, p-(1-methylbutyl)-benzoic acid phenylhydrazide,
      p-hexylbenzoic acid phenylhydrazide, 3,4,5-trimethylbenzoic acid
      phenylhydrazide, 2,4,6-triisopropylbenzoic acid
      (3,5-diisopropylphenyl)hydrazide, p-toluic acid (p-ethylphenyl)hydrazide,
      p-hexylbenzoic acid (p-hexylphenyl)hydrazide, 3-chloro-5-methylbenzoic
      acid phenylhydrazide, p-toluic acid (p-bromophenyl)hydrazide,
      p-nitrobenzoic acid (p-bromophenyl)hydrazide, p-nitrobenzoic acid
      (p-isopropylphenyl)hydrazide, and p-isopropylbenzoic acid
      (2-chloro-4-nitrophenyl)hydrazide for p-nitrobenzoic acid phenylhydrazide,
      there were prepared the corresponding p-butylbenzoyl chloride
      phenylhydrazone, p-(1-methylbutyl)-benzoyl chloride phenylhydrazone,
      p-hexylbenzoyl chloride phenylhydrazone, 3,4,5-trimethylbenzoyl chloride
      phenylhydrazone, 2,4,6-triisopropylbenzoyl chloride
      (3,5-diisopropylphenyl)hydrazone, p-toluoyl chloride
      (p-ethylphenyl)hydrazone, p-hexylbenzoyl chloride
      (p-hexylphenyl)hydrazone, 3-chloro-5-methylbenzoyl chloride
      phenylhydrazone, p-toluoyl chloride (p-bromophenyl)hydrazone,
      p-nitrobenzoyl chloride (p-bromophenyl)hydrazone, p-nitrobenzoyl chloride
      (p-isopropylphenyl)hydrazone, and p-isopropylbenzoyl chloride
      (2-chloro-4-nitrophenyl)hydrazone, respectively.
PAC  EXAMPLE 29
PAR  Following the procedure of Example 8, but substituting m-tolualdehyde
      phenylhydrazone, p-isopropylbenzaldehyde (2,4,6-trichlorophenyl)hydrazone,
      and benzaldehyde p-tolylhydrazone for benzaldehyde phenylhydrazone, there
      were prepared m-toluoyl chloride (2,4,6-trichlorophenyl)hydrazone,
      p-isopropylbenzoyl chloride (2,4,6-trichlorophenyl)hydrazone, and benzoyl
      chloride (2,6-dichloro-4-methylphenyl)-hydrazone, respectively.
PAC  EXAMPLE 30
PAC  Preparation of benzoyl chloride (2,4-dichlorophenyl)hydrazone
PAR  A suspension consisting of 6.86 g. (0.035 mole) benzaldehyde
      phenylhydrazone, 100 ml. glacial acetic acid, and 200 ml. carbon
      tetrachloride was cooled to 0.degree. C. and 0.11 mole chlorine was
      introduced while the temperature of the reaction mixture was kept below
      10.degree. C. After being set aside for about 16 hrs., the reaction
      solution was filtered. The filtrate was concentrated by removing most of
      the carbon tetrachloride under reduced pressure. The concentrate was
      poured over crushed ice and the solids that formed were collected on a
      filter. The filter cake was recrystallized from glacial acetic acid to
      give 4.9 g. benzoyl chloride (2,4-dichlorophenyl)hydrazone having a
      melting point at 89.0.degree. to 90.5.degree. C.
PAR  Analysis: Calc'd. for C.sub.13 H.sub.9 Cl.sub.3 N.sub.2 : C, 52.12; H,
      3.03; Cl, 35.50; N, 9.35. Found: C, 52.27; H, 2.99; Cl, 35.69; N, 9.68.
PAR  The anthelmintic, insecticidal, and miticidal benzoyl chloride
      phenylhydrazones of Formula I can be used as the pure compounds, such as
      those described in the Examples, as mixtures of pure compounds, or as
      technical grade compounds from commercial production; but for practical
      reasons, the compounds are preferably formulated as anthelmintic,
      insecticidal, and miticidal compositions. More particularly, the benzoyl
      chloride phenylhydrazones are preferably formulated with a diluent
      carrier. There are many different kinds of diluent carriers useful for
      preparing insecticidal and miticidal compositions. Dispersible insecticide
      and miticide carriers are commonly used in the art. Such carriers may or
      may not include adjuvants such as wetting agents, emulsifying agents,
      stickers, and other components that indirectly promote efficacy.
PAR  For example, pesticidal compositions useful against insects and mites which
      infest plants can be formulated as dusts, wettable powders, emulsifiable
      concentrates, aqueous dispersions, solutions, and flowable creams for
      application to animals and foliage, seeds or other parts of plants.
      Compositions suitable for root or bole infusion can be made, and granular
      compositions can be made and applied to soil or on surfaces. Moreover, the
      benzoyl chloride phenylhydrazones of the invention can be the sole active
      agent in a composition or other insecticidal, miticidal, fungicidal,
      virucidal, bactericidal, or synergistic compounds may be included.
PAR  The benzoyl chloride phenylhydrazones can be readily formulated as dusts by
      grinding a mixture of the compound and a pulverulent carrier in the
      presence of each other. Grinding is conveniently accomplished in a ball
      mill, a hammermill, or by air-blast micronization. A suitable ultimate
      particle size is less than 60 microns. Preferably, 95% of the particles
      are less than 50 microns, and about 75% are 5 to 20 microns. Dusts of that
      degree of comminution are conveniently free-flowing and can be applied to
      animals, inanimate matter, fruit trees, crop plants, and soil so as to
      effect thorough distribution and coverage. Dusts are particularly adapted
      for effectively controlling insects and mites over wide areas when applied
      by airplane. They are also indicated for application to the undersides of
      plant foliage and to the skin of poultry and hairy animals.
PAR  Representative suitable pulverulent carriers include the natural clays such
      as China, Georgia, Barden, attapulgus, kaolin, and bentonite clays;
      minerals in their natural forms as they are obtained from the earth such
      as talc, pyrophyllite, quartz, diatomaceous earth, fuller's earth, chalk,
      rock phosphates and sulfates, calcium carbonates, sulfur, silica and
      silicates; chemically modified minerals such as washed bentonite,
      precipitated calcium phosphate, precipitated calcium silicate, synthetic
      magnesium silicate, and colloidal silica; and organic flours such as wood,
      walnut shell, soybean, cottonseed, and tobacco flours, and freeflowing,
      hydrophobic starches.
PAR  Dusts can also be prepared by dissolving a benzoyl chloride phenylhydrazone
      in a volatile solvent such as methylene chloride, mixing the solution with
      a pulverulent carrier and evaporating the solvent.
PAR  The proportions of pulverulent carrier and benzoyl chloride phenylhydrazone
      can vary over a wide range depending upon the insects or mites to be
      controlled and the conditions of treatment. In general, dust formulations
      can contain up to about 90 percent (on a weight basis) of the active
      ingredient. Dusts having as little as 0.001 percent of the active
      ingredient can be used, but a generally preferred proportion is from about
      0.50 to about 20 percent of active ingredient.
PAR  The dispersible powder formulations of this invention are prepared by
      incorporating a surfactant in a dust composition prepared as described
      above. When about 0.1 to about 12 percent of a surfactant is incorporated
      in a dust, the dispersible powder thus obtained is particularly adapted
      for further admixture with water for spraying on inanimate matter and
      products, fruit trees, field crops, soil, and livestock. The dispersible
      powders can be admixed with water to obtain any desired concentration of
      active ingredient, and the mixture can be applied in amounts sufficient to
      obtain predetermined rates of application and uniform distribution. With
      this flexibility in mind, the dispersible powders of the invention can
      conveniently comprise preferably about 10 to about 80 percent of active
      ingredient.
PAR  Representative surfactants useful for preparing dispersible powder
      formulations of this invention include alkyl sulfates and sulfonates,
      alkyl aryl sulfonates, sulfosuccinate esters, polyoxyethylene sulfates,
      polyoxyethylene-sorbitan monolaurate, alkyl aryl polyether sulfates, alkyl
      aryl polyether alcohols, alkyl naphthalene sulfonates, alkyl quaternary
      ammonium salts, sulfated fatty acids and esters, sulfated fatty acid
      amides, glycerol mannitan laurate, polyalkylether condensates of fatty
      acids, lignin sulfonates, and the like. The preferred class of surfactants
      includes blends of sulfonated oils and polyalcohol carboxylic acid esters
      (Emcol H-77), blends of polyoxyethylene ethers and oil-soluble sulfonates
      (Emcol H-400), blends of alkyl aryl sulfonates and alkylphenoxy polyethoxy
      ethanols (Tritons X-151, X-161, and X-171), e.g., about equal parts of
      sodium kerylbenzene sulfonate and isooctylphenoxy polyethoxy ethanol
      containing about 12 ethoxy groups, and blends of calcium alkyl aryl
      sulfonates and polyethoxylated vegetable oils (Agrimul N.sub.4 S). It will
      be understood, of course, that the sulfate and sulfonate surfactants
      suggested above will preferably be used in the form of their soluble
      salts, for example, their sodium salts. All of these surfactants are
      capable of reducing the surface tension of water to less than about 40
      dynes per centimeter in concentrations of about 1 percent or less. The
      dispersible powder compositions can be formulated with a mixture of
      surfactants of the types indicated if desired.
PAR  A suitable dispersible powder formulation is obtained by blending and
      milling 327 lbs. of Georgia Clay, 4.5 lbs. of isooctylphenoxy polyethoxy
      ethanol (Triton X-100) as a wetting agent, 9 lbs. of a polymerized sodium
      salt of substituted benzoid long-chain sulfonic acid (Daxad 27) as a
      dispersing agent, and 113 lbs. of the active ingredient. The resulting
      formulation has the following percentage composition (parts herein are by
      weight unless otherwise specified).
TBL  ______________________________________                                    

     Active ingredient       25%                                               

     Isooctylphenoxy polyethoxy                                                

      ethanol                1%                                                

     Polymerized sodium salt of                                                

      substituted benzoid long-                                                

      chain sulfonic acid    2%                                                

     Georgia Clay            72%                                               

     ______________________________________                                    

PAR  This formulation, when dispersed in water at the rate of 10 lbs. per 100
      gals., gives a spray formulation containing about 0.3% (3000 ppm) active
      ingredient which can be applied to insects or mites, plants or other
      insect of mite habitats, or insect or mite foods to control insects or
      mites.
PAR  If desired, dispersants such as methylcellulose, polyvinyl alcohol, sodium
      ligninsulfonates, and the like can be included in the dispersible powder
      formulations of this invention. Adhesive or sticking agents such as
      vegetable oils, naturally occurring gums, casein, and others can also be
      included. Corrosion inhibitors such as epichlorohydrin and anti-foaming
      agents such as stearic acid can also be included.
PAR  The insecticidal and miticidal benzoyl chloride phenylhydrazones of this
      invention can be applied to insects, mites, objects, or situs in aqueous
      sprays without a solid carrier. Since, however, the compounds themselves
      are relatively insoluble in water they are preferably dissolved in a
      suitable inert organic solvent carrier. Advantageously, the solvent
      carrier is immiscible with water so that an emulsion of the solvent
      carrier in water can be prepared. If, for example, a water-miscible
      solvent carrier such as ethanol is used the solvent carrier will dissolve
      in the water and any excess benzoyl chloride phenylhydrazone will be
      thrown out of solution. In an oil-in-water emulsion, the solvent phase is
      dispersed in the water phase and the dispersed phase contains the active
      ingredient. In this way, uniform distribution of a water insoluble active
      ingrediant is achieved in an aqueous spray. A solvent carrier in which
      benzoyl chloride phenylhydrazones are highly soluble is desirable so that
      relatively high concentrations of active ingredient can be obtained.
      Sometimes, one or more solvent carriers with or without a cosolvent can be
      used in order to obtain concentrated solutions of the active ingredient,
      the main consideration being to employ a waterimmiscible solvent for the
      active ingredient that will hold the compound in solution over the range
      of concentrations useful for applying to insects and mites.
PAR  The emulsifiable concentrates of the invention are prepared, therefore, by
      dissolving the active ingredient and a surfactant in a substantially
      water-immiscible solvent carrier (i.e., a solvent carrier which is soluble
      in water to the extent of less than 2.5 percent by volume at temperatures
      of the order of 20.degree. to 30.degree. C.), for example, cyclohexanone,
      methyl propyl ketone, summer oils, ethylene dichloride, aromatic
      hydrocarbons such as benzene, toluene, and xylene, and high-boiling
      petroleum hydrocarbons such as kerosene, diesel oil, and the like. If
      desired, a cosolvent such as methyl ethyl ketone, acetone, isopropanol,
      and the like can be included with the solvent carrier in order to enhance
      the solubility of the active ingredient. Aqueous emulsions are then
      prepared by mixing with water to give any desired concentration of active
      ingredient. The surfactants which can be employed in the aqueous emulsions
      of the invention are those types noted above. Mixtures of surfactants can
      be employed, if desired.
PAR  Advantageously, the concentration of active ingredient in the emulsifiable
      concentrates can range from about 5 to about 50 percent by weight,
      preferably from about 10 to about 40 percent. A concentrate comprising 20
      percent (by weight) of the compound dissolved in a water-immiscible
      solvent of the kind noted above can be admixed with an aqueous medium in
      the proportions of 13 ml. of concentrate with 1 gal. of medium to give a
      mixture containing 700 parts of active ingredient per million parts of
      liquid carrier. Simiarly, 1 qt. of a 20 percent concentrate mixed with 40
      gals. of water provides about 1200 ppm (parts per million) of active
      ingredient. In the same manner, more concentrated solutions of active
      ingredient can be prepared.
PAR  The concentrate compositions of the invention which are intended for use in
      the form of aqueous dispersion or emulsions can also comprise a humectant,
      that is to say, an agent which will delay the drying of the composition in
      contact with material to which it has been applied. Suitable humectants
      include glycerol, diethylene glycol, solubilized lignins, such as calcium
      ligninsulfonate, and the like.
PAR  The granular compositions of this invention are convenient for application
      to soil when persistence is desired. Granulars are readily applied
      broadcast or by localized, e.g., in-the-row applications. The individual
      granules may be any desired size from 30 to 60 mesh up to 20 to 40 mesh,
      or even larger. Granulars are prepared by dissolving the active compound
      in a solvent such as methylene chloride, xylene, or acetone and applying
      the solution to a quantity of a granulated absorbent carrier.
      Representative granulated absorbent carriers include ground corn cobs,
      ground walnut shells, ground peanut hulls, and the like. If desired, the
      impregnated granulated absorbent carrier can be coated with a coating that
      will preserve the integrity of the granular until it is applied to an
      object or situs favorable for release of the active ingredient.
PAR  The rates of application to insects, mites, objects, or situs will depend
      upon the species of insects or mites to be controlled, the presence or
      absence of desirable living organisms, temperature conditions of
      treatment, and the method and efficiency of application. In general,
      insecticidal and miticidal activity is obtained when the compounds are
      applied at concentrations of about 10 to about 6000 ppm, preferably at
      concentrations of about 30 to about 4000 ppm.
PAR  The compositions containing benzoyl chloride phenylhydrazones according to
      the invention, can be applied to insects, mites, objects or situs by
      conventional methods. For example, an area of soil, a building, or plants
      can be treated by spraying wettable powder suspensions, emulsions, or
      solutions from power sprayers or from hand-operated knapsack sprayers.
      Dips can be used for livestock. Dusts can be applied by power dusters, or
      by hand-operated dusters. Creams and ointment formulations can be applied
      to skin or objects for prolonged protection from insects or mites.
PAR  The active compounds of the invention can also be formulated in relatively
      dilute proportions in a dispersible insecticide carrier for household
      applications. Thus, the active compounds can be formulated in dusts having
      from about 0.1 to 5.0 percent active ingredient with a dusting powder as
      hereinbefore described, and in solutions containing from about 0.01  to
      about 5.0 percent active ingredient with deodorized kerosene for aerosol
      applications.
PAR  It will of course be appreciated that the conditions encountered when
      applying the method and compositions of this invention to actual practice
      can vary widely. Included among the variables that may be encountered are
      the degree of infestation by insects or mites, the particular pest to be
      controlled, the particular situs being treated, the age or degree of
      development of animals or plants, the prevailing weather conditions, such
      as temperature relative humidity, rainfall, dews, and so forth.
PAR  The compounds of Formula 1 are effective pesticides that can be used to
      control invertebrate pests in agriculture, in industry and around the
      home. The compounds have been found to be active against invertebrate
      animals of the Phylum Arthropoda, illustratively Class Insecta, for
      example, order Coleoptera, more specifically, the cotton boll weevil
      (Anthonomus grandis Boheman), the confused flour beetle (Tribolium
      confusum Jacquelin de Val), and the Mexican bean beetle Epilachna
      varivestis Mulsant), order Diptera, more specifically the housefly (Musca
      donestica Linnaeus), order Orthoptera, more specifically, the house
      cricket (Acheta domesticus Linnaeas), and the German cockroach (Blatella
      germanica Linnaeus), and order Lepidoptera, more specifically, the
      Southern armyworm (Prodenia eridania Cramer), and Class Arachnida, for
      example, order Acarina, more specifically, the two-spotted spider mite
      (Tetranychus urticae Koch).
PAR  Efficacy against invertebrate pests has been demonstrated at concentrations
      of 1000, 500, 100, 50, and even 10 ppm depending upon the specific insect
      or mite used. Some invertebrate animal pests will be more sensitive to the
      compounds than others, and others might be quite resistant. In general,
      the compounds of Formula 1 are used at concentrations ranging from about
      30 to about 6000 ppm.
PAR  Compounds of the invention have also shown activity as defoliants and
      against parasitic worms, e.g. Nematospiroides dubius and Syphacia
      obvelata. The compounds benzoyl chloride (2,5dichlorophenyl)hydrazone and
      p-chlorobenzoyl chloride (2,4,6-trichlorophenyl)hydrazone have been found
      to have anorexigenic activity.
PAR  The activity of benzoyl chloride phenylhydrazones, compounds of Formula 1,
      against helminths was initially observed against Nematospiroides dubius
      and Syphacia obvelata in mice. Illustratively, the specific compounds
      benzoyl chloride phenylhydrazone, and p-toluoyl chloride phenylhydrazone
      are effective against worms, particularly parasitic worms of animals, and
      more particularly helminth parasitic in ovines (sheep).
PAR  Further observations in lambs infested with Haemonchus, Ostertagia,
      Trichostrongylus, Nematodirus, Strongyloides, Oesophagostomum, Bunostomum,
      Trichuris, and/or Moniezia showed that the compounds are active at
      practical low dosages, and that they possess broad-spectrum activity,
      e.g., against both roundworms and tapeworms.
PAR  A preliminary test with lambs was effected by maintaining worm infested
      lambs under satisfactory environmental conditions with feed and water
      available ad libitum. Pretreatment fecal examinations were made in order
      to characterize and evaluate the parasitism of each animal. The presence
      of helminth ova was recorded in terms of the number of eggs per gram of
      feces.
PAR  On the day of treatment, each lamb was weighed and a dosage for it was
      calculated in terms of milligrams of compound per kilogram of body weight.
      The calculated dosage of compound was pulverized and packed in a gelatin
      capsule for oral administration.
PAR  In this preliminary test one lamb received 200 mg. p-toluoyl chloride
      phenylhydrazone per kilogram of body weight - a total dosage of 5.0 g.
      After treatment, there was significantly fewer helminth eggs in the feces,
      and reduced numbers of helminths at necropsy thus indicating that the 200
      mg./kg. dosage was somewhat effective. Better results at even lower
      dosages were achieved in subsequent test.
PAR  Another lamb received 300 mg./kg. of the compound - a total dosage of 6.8
      g. In this case, helminth egg counts were reduced significantly (except
      Trichuris) and on necropsy worm infestation was found to be low. The egg
      counts and observations at necropsy established activity against
      Haemonchus, Ostertagia, Trichostrongylus, Nematodirus, Strongyloides, and
      Oesophagostomum.
PAR  Still another lamb received 400 mg./kg. of the compound -- a total dosage
      of 11.7 g. Activity against Haemonchus, Ostertagia, Trichostrongylus,
      Nematodirus and Strongyloides was established by significantly lowered egg
      counts and absence of worms at necropsy. There was lack of noticeable
      activity against Trichuris ovis. According to this preliminary test, the
      compound is established as useful for killing and controlling worms in
      sheep.
PAR  Further, the compound and the other compounds of the invention are
      contemplated as useful for killing and controlling parasitic worms in
      ovines, bovines, equines, porcines, aves, canines, felines, piscines and
      other animals.
PAC  EXAMPLE 31
PAR  A subsequent. similar, but more extensive test showed excellent activity at
      100 mg. and 200 mg. per kilogram of body weight. At both dosages, the
      compound p-toluoyl chloride phenylhydrazone was efficacious against
      Haemonchus, Ostertagia, Nematodirus, Trichostrongylus, Strongyloides,
      Oesophagostomum, and Cooperia. At these dosages, activity against the
      tapeworm Moniezia was observed.
PAR  In view of the absence of signs of toxicity of the compound to the lambs,
      and advantageous anthelimintic agent has been discovered.
PAR  In the comprehensive test with 100 mg./kg. and 200 mg./ kg. dosages of
      p-toluoyl chloride phenylhydrazone, five lambs were used for each dosage
      level, and five lambs were maintained as unmedicated controls. Daily egg
      counts in the feces were made before and after treatment. The lambs were
      killed and examined post-mortem for worms present 11 days after treatment.
      Helminth populations were recovered, enumerated and identified.
PAR  The mean percentage efficacy against specific helminths in the test lambs
      was calculated by subtracting the average number of the helminths observed
      in the treated lambs, post-mortem, from the average number observed in the
      unmedicated controls, post-mortem; dividing the remainder by the latter
      average number; and multiplying by 100. Accordingly, the mean percentage
      efficacies against the various helminths identified in the test lambs were
      calculated and found to be as follows:
TBL  Helminth      100 mg./kg.   200 mg./kg.                                   

     ______________________________________                                    

     Haemonchus    99.9          99.9                                          

     Ostertagia    100           100                                           

     Trichostrongylus                                                          

                   97.3          100                                           

     Nematodirus   100           100*                                          

     Strongyloides 98.4          100                                           

     Oesophagostomum                                                           

                   100           90.6                                          

     Bunostomum    --            96                                            

     Cooperia      100*          100                                           

     Trichuris     --            positive*                                     

     ______________________________________                                    

      * = only one lamb infected                                               

      -- = parasites not present                                               

PAR  The total numbers of various helminths found in the non-medicated control
      lambs, post-mortem, were as follows:
TBL  Non-medicated Control Group Data-Total Number                             

     of Parasites Recovered at Necropsy                                        

            Helminth                                                           

     Lamb               Tricho-                                                

                              Nemato-                                          

                                   Strongy-                                    

                                        Oesopha-              Tape-            

     Number Haemonchus                                                         

                  Ostertagia                                                   

                        strongylus                                             

                              dirus                                            

                                   loides                                      

                                        gostomun                               

                                             Bunostomum                        

                                                   Cooperia                    

                                                        Trichuris              

                                                              worm             

     __________________________________________________________________________

     314     16    2     11    2    11  1    --    --   5     --               

     326    130    40   1110  --   430  --   50    --   45    --               

     330    1210  640   190   30   710  6    40    360  2     --               

     335    180    70    38    4    29  --   --    31   3     --               

     338    930   260   110   40   130  18   --    30   86    --               

     Total No.                                                                 

     of Para-                                                                  

     sites Re-                                                                 

     maining                                                                   

            2466  1012  1459  76   923  25   90    421  141   --               

     Average                                                                   

     No. of                                                                    

     Parasites                                                                 

     Remain-                                                                   

     ing    493   202   292   19   185  8    45    140  28    --               

     No. Lambs                                                                 

     Infected At                                                               

     Necropsy                                                                  

             5     5     5     4    5   3     2     3   5     --               

     __________________________________________________________________________

      -- = no infection (or very light infection).                             

      0 = parasitism detected as indicated by EPG data, but no parasites       

      recovered.                                                               

PAR  The total numbers of the various helminths found in the 100 mg./kg. dosage
      group, post-mortem, were as follows:
TBL  Treatment at 100 mg./kg. Group Data - Total                               

     Number of Parasites Recovered at Necropsy                                 

            Helminth                                                           

     Lamb               Tricho-                                                

                              Nemato-                                          

                                   Strongy-                                    

                                        Oesopha-              Tape-            

     Number Haemonchus                                                         

                  Ostertagia                                                   

                        strongylus                                             

                              dirus                                            

                                   loides                                      

                                        gostomum                               

                                             Bunostomum                        

                                                   Cooperia                    

                                                        Trichuris              

                                                              Worm             

     __________________________________________________________________________

     309    2     0     0     0    2    --   --    0    31    --               

     310    0     0     --    --   0    --   --    --   83    --               

     324    0     0      15   0    0    --   --    --    3    --               

     329    0     0     0     --   0    0    --    --   37    --               

     340    0     0     0     --   11   0    --    0     4    --               

     Total No.                                                                 

     of Para-                                                                  

     sites Re-                                                                 

     maining                                                                   

            2     0      15   0    13   0    --    0    158   --               

     Average No.                                                               

     of Parasites                                                              

     Remaining                                                                 

            &lt;1    0     4     0    3    0    --    0    32    --               

     %Efficacy                                                                 

            99.9  100    97.3 100  98.4 100  --    100   0    --               

     __________________________________________________________________________

      -- = no infection (or very light infection).                             

      0 = parasitism detected as indicated by EPG data, but no parasites       

      recovered.                                                               

PAR  The total numbers of the various helminths found in the 200 mg./kg. dosage
      group, post-mortem, were as follows:
TBL  Treatment at 200 mg./kg. Group Data - Total                               

     Number of Parasites Recovered at Necropsy                                 

            Helminth                                                           

     Lamb               Tricho-                                                

                              Nemato-                                          

                                   Strongy-                                    

                                        Oesopha-             Tape-             

     Number Haemonchus                                                         

                  Ostertagia                                                   

                        strongylus                                             

                              dirus                                            

                                   loides                                      

                                        gostomum                               

                                             Bunostomum                        

                                                   Cooperia                    

                                                        Trichuris              

                                                             Worm              

     __________________________________________________________________________

     305    0     0     0     --   0    --   2     --    6   --                

     316    0     0     0     --   0    0    --    --   64   --                

     321    1     0     0     --   0    0    1     --   28   --                

     332    0     0     0     --   0    0    --    --   56   0                 

     339    0     0     0     0    0    3    --    0    --   --                

     Total No.                                                                 

     of Para-                                                                  

     sites Re-                                                                 

     maining                                                                   

            1     0     0     0    0    3    3     0    154  0                 

     Average No.                                                               

     of Parasites                                                              

     Remaining                                                                 

            &lt;1    0     0     0    0    &lt;1    1.5  0    39   0                 

     %Efficacy                                                                 

            99.9  100   100   100  100   90.6                                  

                                              96.0 100   0   positive          

     __________________________________________________________________________

                                                             (100)             

      -- = no infection (or very light infection).                             

      0 = parasitism detected as indicated by EPG data, but no parasites       

      recovered.                                                               

PAR  From an evaluation of the foregoing tests results, it is concluded that the
      new benzoyl chloride phenylhydrazones of this invention, particularly
      (alkyl)benzoyl chloride phenylhydrazones and benzoyl chloride
      phenylhydrazones according to Formula 1, and more particularly p-toluoyl
      chloride phenylhydrazone and benzoyl chloride phenylhydrazone, itself, are
      efficacious anthelmintic agents.
PAR  In the foregoing tests, the new compound p-toluoyl chloride phenylhydrazone
      and benzoyl chloride phenylhydrazone were administered orally as a finely
      divided solid (a powder) in a gelatin capsule. This uncomplicated form and
      route of administration is convenient for the compounds of this invention
      because they are solids at room temperature and they are not very soluble
      (almost insoluble) in water. A single dose was administered, but multiple
      doses can be used.
PAR  Other forms and routes of administration, and other formulations of the
      active ingredient are contemplated as embodiments of this invention. For
      example, aqueous or oil suspensions can be administered orally, or the
      compounds can be formulated with a solid carrier for feeding. Furthermore,
      an oil suspension can be converted into an aqueous emulsion by mixing with
      water and injecting the emulsion intramuscularly, subcutaneously or into
      the peritoneal cavity.
PAR  Pure compounds, mixtures of the active compounds, or combinations thereof
      with a solid carrier can be administered in the animal's food, or
      administered in the form of tablets, pills, boluses, wafers, and other
      conventional unit dosage forms. All of these various forms of the active
      compounds of this invention can be prepared using physiolgically
      acceptable carriers and known method of formulation and manufacture.
PAR  Representative solid carriers conveniently available and satisfactory for
      physiologically acceptable, unit dosage formulations include corn starch,
      powdered lactose, powdered sucrose, talc, stearic acid, magnesium
      stearate, finely divided bentonite, and the like. The active agent can be
      mixed with a carrier in varying proportions from, for example, about 0.001
      percent by weight in animal food to about 90 or 95 percent or more in a
      pill or capsule. In the latter form, one might use no more carrier than
      sufficient to bind the particles of active compound.
PAR  The compounds of this invention should be mixed with animal feeds, in a way
      that will avoid degradation of the compound. The chlorine atom in the
      benzoyl chloride is substantially reactive, and amino groups and enzymes
      present in a feed might promote degradation. Certain kinds of animal feeds
      such as whole oats will give no problem, but others such as ground feed
      mixes can. Accordingly, administration to animals via their feed will
      require some information, judgment, and evaluation.
PAR  In general, the compounds can be formulated in stable powders or granules
      for mixing in an amount of feed for a single feeding or enough feed for
      one day and thus obtain therapeutic efficacy without complication. It is
      the prepared and stored feeds or feed premixes that require care. A
      recommended practice is to coat a granular formulation to protect and
      preserve the active ingredient. A prepared hog-feed containing about 0.2
      percent of the active compound will provide a dosage of about 100 mg. per
      kg. body weight for each 100 lb. pig in its daily ration.
PAR  A solid diluent carrier need not be homogeneous entity, but mixtures of
      different diluent carriers can be used. Moreover, formulations with a
      solid carrier can include small proportions of adjuvants such as water;
      alcohols; protein solutions and suspensions like skimmed milk; edible
      oils; sugar solutions, e.g. syrups; and organic adjuvants such as
      propylene glycols, sorbitol, glycerol, diethyl carbonate, and the like.
PAR  The solid carrier formulations of the invention are conveniently prepared
      in unit dosage forms, to facilitate administration to animals.
      Accordingly, a large bolus (about 20 g. weight of active compound) would
      be required for a single dosage to a 900 1b. horse at a dosage rate of 50
      mg./kg. of body weight. Similarly, a 60 1b. lamb at a dosage rate of 100
      mg./kg. of body weight would require a pill, capsule, or bolus containing
      about 2.7 g. of active compound. A small dog, on the other hand, weighing
      about 20 1bs., would require a total dosage of about 225 mg. at a dosage
      rate of 25 mg./kg. of body weight. The solid unit dosage forms can be
      conveniently prepared in various sizes and concentrations of active
      ingredient, to accommodate treatment of the various sizes of animals that
      are parasitized by worms.
PAR  Liquid formulations can also be used. Representative liquid formulations
      include aqueous (including isotonic saline) suspensions, oil solutions and
      suspensions, and oil in water emulsions. Aqueous suspensions are obtained
      by dispersing the active compound in water, preferably including a
      suitable surface-active dispersing agent such as a cationic, anionic, or
      non-ionic surface active agents. Representative suitable ones are
      polyoxyalkylene derivatives of fatty alcohols and of sorbitan esters, and
      glycerol and sorbitan esters of fatty acids. Various dispersing or
      suspending agents can be included and representative ones are synthetic
      and natural gums, tragacanth, acacia, alginate, dextran, gelatin,
      methylcellulose, polyvinylpyrrolidone, and the like. The proportion of the
      active compound in the aqueous suspensions of the invention can vary from
      about 1 percent to about 20 percent or more.
PAR  Oil solutions are prepared by mixing the active compound and an oil, e.g.,
      an edible oil such as cottonseed oil, peanut oil, coconut oil, modified
      soybean oil, and sesame oil. Usually, solubility in oil will be limited
      and oil suspensions can be prepared by mixing additional finely divided
      compound in the oil.
PAR  Oil in water emulsions are prepared by mixing and dispersing an oil
      solution or suspension of the active compound in water preferably aided by
      surface-active agents and dispersing or suspending agents as indicated
      above.
PAR  In general, the formulations of this invention are administered to animals
      so as to achieve therapeutic or prophylactic levels of the active
      compound. At present, it is known that 100 mg./kg. of body weight in lambs
      will effectively combat a wide variety of parasitic worms. Much lower
      effective dosages are contemplated, e.g., in the range of 25 to 75 mg./kg.
      of body weight.
PAR  In other animals, and for other kinds of parasitic worms, definitive
      dosages can be proposed. Contemplated are dosage rates of about 1 mg. to
      about 800 mg. per kg. of body weight. A preferred, contemplated range of
      dosage rates is from about 5 mg. to about 400 mg. per kg. of body weight.
      In this regard, it should be noted that the concentration of active
      compound in the formulation selected for administration is in many
      situations not critical. One can administer a larger quantity of a
      formulation having a relatively low concentration and achieve the same
      therapeutic or prophylactic dosage as a relatively small quantity of a
      relatively more concentrated formulation. More frequent small dosages will
      likewise give results comparable to one large dose. Unit dosage forms in
      accordance with this invention can have anywhere from less than 1 mg. to
      500 g. of active compound per unit.
PAR  If desired the solid unit dosage forms of this invention including pellets
      and granules can be coated so as to provide timed released in the
      digestive system of animals. Such laminated or enteric coated forms are
      prepared by appropriately applying to a pill or bolus a polymeric acid or
      a mixture of a polymeric acid with shellac. and cetyl alcohol, cellulose
      acetate, or styrene maleic acid copolymer.
PAC  EXAMPLE 32
PAR  Following the procedure of Example 31, above, but substituting
PA0  p-nitrobenzoyl chloride phenylhydrazone. 3,4-dichlorobenzoyl chloride
      phenylhydrazone, benzoyl chloride (2,5-dichlorophenyl)hydrazone,
      p-fluorobenzoyl chloride phenylhydrazone, p-chlorobenzoyl chloride
      (p-bromophenyl)hydrazone.
PA0  p-chlorobenzoyl chloride (2,4,6-trichlorophenyl)hydrazone,
PA0  benzoyl chloride (2,4,6-trichlorophenyl)hydrazone,
PA0  m-chlorobenzoyl chloride phenylhydrazone,
PA0  p-isopropylbenzoyl chloride phenylhydrazone,
PA0  o-toluoyl chloride phenylhydrazone,
PA0  2,4-dichlorobenzoyl chloride phenylhydrazone,
PA0  o-chlorobenzoyl chloride phenylhydrazone,
PA0  benzoyl chloride o-tolylhydrazone,
PA0  m-toluoyl chloride phenylhydrazone,
PA0  benzoyl chloride (p-chlorophenyl)hydrazone,
PA0  p-bromobenzoyl chloride phenylhydrazone,
PA0  benzoyl chloride (p-nitrophenyl)hydrazone,
PA0  benzoyl chloride (2,4-dibromophenyl)hydrazone,
PA0  2,5-dimethylbenzoyl chloride phenylhydrazone,
PA0  2-chloro-4-nitrobenzoyl chloride phenylhydrazone,
PA0  2,6-dichlorobenzoyl chloride phenylhydrazone,
PA0  pentafluorobenzoyl chloride phenylhydrazone,
PA0  3,4-dimethylbenzoyl chloride phenylhydrazone,
PA0  p-idobenzoyl chloride phenylhydrazone,
PA0  3-methyl-4-nitrobenzoyl chloride phenylhydrazone,
PA0  3,5-dimethylbenzoyl chloride phenylhydrazone,
PA0  p-butylbenzoyl chloride phenylhydrazone,
PA0  p-(1-methylbutyl)benzoyl chloride phenylhydrazone,
PA0  p-hexylbenzoyl chloride phenylhydrazone,
PA0  3,4,5-trimethylbenzoyl chloride phenylhydrazone,
PA0  2,4,6-triisopropylbenzoyl chloride (3,5-diisopropylphenyl)hydrazone,
PA0  p-toluoyl chloride (p-ethylphenyl)hydrazone,
PA0  p-hexylbenzoyl chloride (p-hexylphenyl)hydrazone,
PA0  3-chloro-5-methylbenzoyl chloride phenylhydrazone,
PA0  p-toluoyl chloride (p-bromophenyl)hydrazone,
PA0  p-nitrobenzoyl chloride (-bromophenyl)hydrazone,
PA0  p-nitrobenzoyl chloride (p-isopropylphenyl)hydrazone,
PA0  p-isopropylbenzoyl chloride (2-chloro-4-nitrophenyl)hydrazone, and
PA0  benzoyl chloride (2,4-dichlorophenyl)hydrazone for p-toluoyl chloride
      phenylhydrazone, similar efficacies against parasitic helminths are
      obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of controlling parasitic worms in animals which comprises
      administering orally or parenterally to an animal a therapeutic or
      prophylactic dosage of a benzoyl chloride phenylhydrazone having the
      structural formula:
      ##SPC4##
PAL  wherein X is halogen, alkyl of from 1 to 6 carbon atoms, inclusive, and
      nitro; Y is halogen, alkyl of from 1 to 6 carbon atoms, inclusive, and
      nitro; n is an integer from 0 to 5, inclusive; and m is an integer from 0
      to 3, inclusive; the sum of n+m being not more than 6, the sum of carbon
      atoms in alkyl substituents being not more than 15, and there being no
      more than one nitro group in the molecule.
NUM  2.
PAR  2. The method according to claim 1 wherein the compound p-toluoyl chloride
      phenylhydrazone is administered.
NUM  3.
PAR  3. The method according to claim 1 wherein the compound benzoyl chloride
      phenylhydrazone is administered.
NUM  4.
PAR  4. The method according to claim 1 wherein X is alkyl of 1 to 6 carbon
      atoms, inclusive.
NUM  5.
PAR  5. The method according to claim 4 wherein n is 1.
NUM  6.
PAR  6. The method according to claim 5 wherein m is 0.
NUM  7.
PAR  7. The method according to claim 6 wherein the alkyl group is methyl.
NUM  8.
PAR  8. The method according to claim 1 wherein n is 1.
NUM  9.
PAR  9. The method according to claim 8 wherein m is 0.
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PAL  This invention relates to a new method of using and formulations of
      pyruvoyl chloride phenylhydrazones of the formula
      ##SPC1##
PAL  Wherein Y is selected from the group consisting of chloro, bromo, nitro and
      trifluoromethyl and Y' has the same meaning as Y and in addition hydrogen,
      that have been found to be effective broad spectrum anthelmintics for
      suppressing parasitic worms in animals. The compounds are readily prepared
      by conventional chemical reactions.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to a new method for killing and controlling (by
      suppressing growth and reproduction of) worms (Helminths), and new
      formulations for controlling worms in animals. The invention more
      particularly pertains to a new method for killing and controlling
      parasitic worms in animals and new anthelmintic formulations therefor,
      using pyruvoyl chloride phenylhydrazones of the formula
      ##SPC2##
PAL  Wherein Y is selected from the group consisting of chloro, bromo, nitro and
      trifluoromethyl and Y' has the same meaning as Y and in addition hydrogen.
PAR  One object of this invention is to describe how the aforesaid compounds
      (I), above, can be used to curb helminth parasitism in animals. Another is
      to show various anthelmintic formulations of these pyruvoyl chloride
      phenylhydrazones (I), and how they can be administered to animals infected
      with worms, for killing and control of of the helminth parasites. The
      formulations of the invention can be administered to animals for
      therapeutic or prophylactic treatment of infections.
PAC  DETAILED DESCRIPTION
PAR  The following examples and preparations are illustrative of the manner of
      making and using the invention and set forth the best mode contemplated by
      the inventors of carrying it out, but are not to be construed as limiting
      the scope thereof, as obvious modifications and equivalents will be
      apparent to those skilled in the art, and the invention is therefore to be
      limited only by the scope of the appended claims.
PAR  The pyruvoyl chloride phenylhydrazones (I) employed in the method and
      formulations of this invention, for example, pyruvoyl chloride
      1-[(2,4-dichlorophenyl)hydrazone], pyruvoyl chloride
      1-[(p-chlorophenyl)hydroazone], pyruvoyl chloride
      1-[(o-chlorophenyl)hydrazone], pyruvoyl chloride
      1-[(p-bromophenyl)hydrazone], pyruvoyl chloride
      1-[(.alpha.,.alpha.,.alpha.-trifluoro-m-tolyl)hydrazone] and pyruvoyl
      chloride 1-[(2-chloro-4-nitrophenyl)hydrazone], are particularly effective
      against worms, particularly parasitic worms of animals, and more
      particularly parasitic helminths in ovines (sheep) and canines (dog).
      Observations in lambs naturally infected with Haemonchus, Cooperia,
      Moniezia, Nematodirus, Oesophagostomum, Oesteragia, Strongyloides, and/or
      Trichostronglus showed that the aforesaid compounds (I) are active at
      practical low dosages, and possess broad spectrum activity against both
      roundworms and tapeworms. Furthermore, the aforesaid compounds and the
      remaining closely related compounds embraced by generic formual I, above,
      are also contemplated as useful for killing and controlling parasitic
      worms in bovines, equines, porcines, aves, canines, felines, piscenes and
      other animals.
PAR  A preliminary test was carried out by maintaining worm infected lambs under
      satisfactory environmental conditions with feed and water available ad
      libitum. Pretreatment fecal examinations were made in order to
      characterize and evaluate the parasitism of each animal. The presence of
      helminth ova was recorded in terms of the number of eggs per gram of
      feces. On the day of treatment, each lamb was weighed and a dosage for it
      calculated in terms of milligrams of compound (I) per kilogram of body
      weight. The calculated dosage of compound was pulverized and packed in a
      gelatin capsule and administered orally. Post-treatment fecal examinations
      were made, usually on the second, fifth, seventh and tenth days following
      the administration of each compound (I), and the presence of helminth ova
      in terms of the number of eggs per gram of feces recorded. The efficacy of
      representative pyruvoyl chloride phenylhydrazones (I) against various
      genera of helminths in sheep and dogs is shown in Examples 1 and 2, below.
TBL  ______________________________________                                    

     Example 1                                                                 

              Pyruvoyl chloride 1-[(2,4-dichloro-                              

              phenyl)hydrazone] (1) Sheep; weight                              

              32.7 kg. dosage 250 mg./kg. (8.18 g.)                            

     Sample            Haem -    Nemato   Tape                                 

     Number            onchus                                                  

     dirus             worm                                                    

     ______________________________________                                    

      1                12,300    500      --                                   

      2                10,900    300      --                                   

      3                 4,400    400      200                                  

     Compound administered                                                     

      1                 4,400    --       --                                   

      2                --                 200                                  

      3                --                 --                                   

      4                --                 --                                   

     Example 2                                                                 

              Pyruvoyl chloride 1-[(2-chloro-4-nitro-                          

              phenyl)hydrazone] (1) Dog; weight 5.0                            

              kg; dosage 30 mg./kg.                                            

     Sample                     Ancyl                                          

     Number                                                                    

     ostoma                                                                    

     ______________________________________                                    

      1                         2,100                                          

      2                         3,200                                          

     Compound administered                                                     

      1                         600                                            

      2                         700                                            

     ______________________________________                                    

PAR  From an evaluation of the foregoing test results, it is apparent that the
      pyruvoyl chloride hydrazones (I) of this invention set forth in the
      foregoing examples are established as useful for killing and controlling
      worms in sheep and dogs. Furthermore, the aforesaid specific compounds and
      the remaining closely related compounds embraced by generic formula I,
      above, are efficacious anthelmintic agents.
PAR  In the foregoing tests, the pyruvoyl chloride phenylhydrazones (I) were
      administered orally as a finely divided solid (a powder) in a gelatin
      capsule. This uncomplicated form and route of administration is convenient
      for the compounds of this invention because they are solids at room
      temperature and they are not very soluble in water. A single dose was
      administered, but multiple doses can be used.
PAR  Other forms and routes of administration, and other formulations of the
      active ingredient are contemplated as embodiments of this invention. For
      example, aqueous or oil suspensions can be administered orally, or the
      compounds can be formulated with a solid carrier for feeding. Furthermore,
      an oil suspension can be converted into an aqueous emulsion by mixing with
      water and injecting the emulsion intramuscularly, subcutaneously or into
      the peritoneal cavity.
PAR  Pure compounds, mixtures of the active compounds, or combinations thereof
      with a solid carrier can be administered in the animal's food, or
      administered in the form of tablets, pills, a paste, boluses, wafers, and
      other conventional unit dosage forms. All of these various forms of active
      compounds of this invention can be prepared using physiologically
      acceptable carriers and known methods of formulation and manufacture.
PAR  Representative solid carriers conveniently available and satisfactory for
      physiologically acceptable, unit dosage formulations include corn starch,
      powdered lactose, powdered sucrose, talc, stearic acid, magnesium
      stearate, finely divided bentonite, and the like. The active agent can be
      mixed with a carrier in varying proportions from, for example, about 0.001
      per cent by weight in animal food to about 90 or 95 per cent or more in a
      tablet or capsule. In the latter form, one might use no more carrier than
      sufficient to bind the particles of active compound.
PAR  The compounds of this invention should be mixed with animal feeds, in a way
      that will avoid degradation of the compound. The chlorine atom on the
      carbonyl carbon is substantially reactive, and amino groups and enzymes
      present in a feed might promote degradation. Certain kinds of animal feeds
      such as whole oats will give no problem, but others such as ground feed
      mixes can. Accordingly, administration to animals via their feed will
      require some information, judgment, and evaluation.
PAR  In general, the compounds can be formulated in stable powders or granules
      for mixing in an amount of feed for a single feeding or enough feed for
      one day and thus obtain therapeutic efficacy without complication. It is
      the prepared and stored feeds or feed premixes that require care. A
      recommended practice is to coat a granular formulation to protect and
      preserve the active ingredient. A prepared hog-feed containing about 0.2%
      of the active compound will provide a dosage of about 100 mg. per kg. body
      weight for each 100 lb. pig in its daily ration.
PAR  A solid diluent carrier need not be a homogeneous entity, but mixtures of
      different diluent carriers can be used. Moreover, formulations with a
      solid carrier can include small proportions of adjuvants such as water;
      alcohols; protein solutions and suspensions like skimmed milk; edible
      oils; sugar solutions, e.g., syrups; and organic adjuvants such as
      propylene glycols, sorbitol, glycerol, diethyl carbonate, and the like.
PAR  The solid carrier formulations for the invention are conveniently prepared
      in unit dosage forms, to facilitate administration to animals.
      Accordingly, several large boluses (about 20 g. weight) amounting to about
      54 g. of active compound would be required for a single dosage to a 900
      lb. horse at a dosage rate of 50 mg./kg. of body weight. Similarly, a 60
      lb. lamb at a dosage rate of 100 mg./kg. of body weight would require a
      pill, capsule, or bolus containing about 2.7 g. of active compound. A
      small dog, on the other hand, weighing about 20 lbs., would require a
      total dosage of about 225 mg. at a dosage rate of 25 mg./kg. of body
      weight. The solid, unit dosage forms can be conveniently prepared in
      various sizes and concentrations of active ingredient, to accommodate
      treatment of the various sizes of animals that are parasitized by worms.
PAR  Liquid formulations can also be used. Representative liquid formulations
      include aqueous (including isotonic saline) suspensions, oil solutions and
      suspensions, and oil in water emulsions. Aqueous suspensions are obtained
      by dispersing the active compound in water, preferably including a
      suitable surface-active dispersing agent such as a cationic, anionic, or
      non-ionic surface-active agents. Representative suitable ones are
      polyoxyalkylene derivatives of fatty alcohols and of sorbitan esters, and
      glycerol and sorbitan esters of fatty acids. Various dispersing or
      suspending agents can be included and representative ones are synthetic
      and natural gums, tragacanth, acacia, alginate, dextran, gelatin, sodium
      carboxymethylcellulose, methylcellulose, polyvinylpyrrolidone, and the
      like. The proportion of the active compound in the aqueous suspensions of
      the invention can vary from about 1% to about 20% or more.
PAR  Oil solutions are prepared by mixing the active compound and an oil, e.g.,
      an edible oil such as cotton seed oil, peanut oil, coconut oil, modified
      soybean oil, and sesame oil. Usually, solubility in oil will be limited
      and oil suspensions can be prepared by mixing additional finely divided
      compound in the oil.
PAR  Oil in water emulsions are prepared by mixing and dispersing an oil
      solution or suspension of the active compound in water preferably aided by
      surface-active agents and dispersing or suspending agents as indicated
      above.
PAR  In general, the formulations of this invention are administered to animals
      so as to achieve therapeutic or prophylactic levels of the active
      compound. At present, it is known that 100 mg./kg. of body weight in lambs
      will effectively combat a wide variety of parasitic worms. Much lower
      effective dosages are contemplated, e.g., in the range of 25 to 75 mg./kg.
      of body weight.
PAR  In other animals, and for other kinds of parasitic worms, definitive
      dosages can be proposed. Contemplated are dosage rates of about 1 mg. to
      about 800 mg. per kg. of body weight. A preferred, contemplated range of
      dosage rates is from about 5 mg. to about 400 mg. per kg. of body weight.
      In this regard, it should be noted that the concentration of active
      compound in the formulation selected for administration is in many
      situations not critical. One can administer a larger quantity of a
      formulation having a relatively low concentration and achieve the same
      therapeutic or prophylactic dosage as a relatively small quantity of a
      relatively more concentrated formulation. More frequent small dosages will
      likewise give results comparable to one large dose. Unit dosage forms in
      accordance with this invention can have anywhere from less than 10 mg. to
      300 g. of active compound per unit.
PAR  If desired the solid unit dosage forms of this invention including pellets
      and granules can be coated so as to provide timed release in the digestive
      system of animals. Such laminated or enteric coated forms are prepared by
      appropriately applying to a pill or bolus a polymeric acid or a mixture of
      a polymeric acid with shellac, and cetyl alcohol, cellulose acetate, or
      styrene maleic acid copolymer.
PAR  The pyruvoyl chloride phenylhydrazones (I) employed in Examples 1 and 2 and
      other compounds embraced by generic formula I, above, can be prepared by
      chemical syntheses known in the art, e.g., by direct chlorination with
      limited or excess amounts of chlorine. This method cannot be used when the
      phenyl moiety of the desired compound is unsubstituted. Pyruvoyl chloride
      phenylhydrazones (I) can also be prepared by reacting a benzene diazonium
      chloride with chloroacetone, said diazonium compounds being prepared from
      a substituted aniline by diazotization, e.g., with sodium nitrite in the
      cold. Another convenient and efficient method broadly applicable for
      preparing the compounds (I) of this invention, is to react
      3-chloropentane-2,4-dione with a benzene diazonium chloride in aqueous
      solution. A preferred method for preparing the compounds (I) of this
      invention is by chlorination of a pentanetrione phenylhydrazone, in
      accordance with the procedure set forth immediately below.
PAR  A 2,3,4-pentanedione-3-phenylhydrazone (III) is reacted with a
      hypochlorite, e.g., tert. butyl hypochlorite to produce a
      3-chloro-3-phenylazo-2,4-diketone (II) intermediate, which on solvolysis
      with an alcohol, e.g., methanol or ethanol, gives a desired pyruvoyl
      chloride phenylhydrazone (I) employed in this invention, as is
      illustratively represented by the following sequence of formulae:
      ##SPC3##
PAL  wherein Y and Y' have the same meaning as above.
PAR  The first step of this process is effected by adding one equivalent (or an
      excess, if desired) of the chosen alkyl (or alkaline earth metal)
      hypochlorite to an organic solution of an appropriate
      2,3,4-pentanetrione-3-phenylhydrazone (III). Chloroform is a preferred
      solvent, although ethanol, benzene, toluene or carbon tetrachloride can be
      used. The alkyl hypochlorites are liquids and soluble in the aforesaid
      solvents. The reaction is often exothermic, especially when the phenyl
      ring is unsubstituted; for example, 2,3,4,-pentanetrione 3-phenylhydrazone
      is chlorinated within minutes using tert.-butyl hypochlorite. On the other
      hand, 2,3,4-pentanetrione 3-[(2,4-dichlorophenyl)hydrazone] (III) requires
      several hours for chlorination. Accordingly, the reaction mixture can be
      warmed gently in order to speed the reaction when there are deactivative
      substituents on the phenyl ring. The hypochlorite reagent is aggressive
      enough to require caution in its use in this reaction. The alkaline earth
      metal hypochlorites are solids and are dissolved in water for addition to
      the organic solution of the pentanetrione phenylhydrazone (III). The
      reaction proceeds in the two-phase system with the chlorinated phenylazo
      compound (II) remaining in the organic phase.
PAR  The hydrolysis step of this process is effected with a mild hydrolytic
      reagent such as methanol or ethanol, dilute aqueous sodium hydroxide, or
      morpholine. The intermediate 3-chloro-3-phenylazo-2,4-pentanedione (II) is
      advantageously separated from the reaction medium by conventional
      procedures such as removing the organic solvent by evaporation. The
      residue is then dissolved in methanol or ethanol for hydrolysis. The
      desired pyruvoyl chloride phenylhydrazone (I) separates from the alcoholic
      medium and can readily be recovered by conventional techniques such as
      filtration and solvent evaporation.
PAR  The 2,3,4-pentanetrione-3-phenylhydrazone (III) starting compounds of this
      process are readily prepared by reacting 2,4-pentanedione with a benzene
      diazonium chloride in accordance with methods known in the art, e.g.,
      Chem. Ber. 21, 1702 and 35, 2188.
PAC  EXAMPLE 3
PAC  Pyruvoyl chloride 1-[(2,4-dichlorophenyl)hydrazone] (I)
PAC  Part A
PAR  2,3,4-Pentanetrione 3-[(2,4-dichlorophenyl)hydrazone] (III)
PAR  To a chilled (0.degree. C.) suspension of 2,4-dichloroaniline (480 g., 3
      moles) in 675 ml. concentrated hydrochloric acid diluted with 500 ml.
      water and containing crushed ice there is added a solution consisting of
      210 g. sodium nitrite and 700 ml. of water. This reaction mixture is
      stirred for 10 minutes before filtering. There is thus obtained a clear
      yellow solution of the benzenediazonium chloride. To this solution there
      is added a solution consisting of 450 g. sodium acetate and 700 ml. water.
      Then a solution consisting of 300 g. 2,4-pentanedione, 120 g. sodium
      hydroxide, and 1500 ml. 50% aqueous ethanol is added. The yellow
      precipitate that forms is collected on a filter, washed thoroughly with
      water, and dried. There is thus obtained 690 g. (85% yield) of
      2,3,4-pentanetrione 3-[(2,4-dichlorophenyl)hydrazone] (III).
PAC  Part B
PAC  Pyruvoyl chloride 1-[-(2,4-dichlorophenyl)hydrazone]  (I)
PAR  A 420 g. quantity (1.5 mole) of 2,3,4-pentanetrione
      3-[(2,4-dichlorophenyl)hydrazone] (III) (prepared in Part A, above) is
      suspended in 2.5 l. chloroform and 230 ml. (1.92 mole) tert-butyl
      hypochlorite is added. This reaction mixture is stirred for 18 hours
      during which time a clear solution is formed. The chloroform is removed by
      evaporation under reduced pressure, and a gummy residue of the
      3-chloro-3-phenylazo-2,4-diketone intermediate (II) obtained. The gummy
      residue is dissolved in 2 l. methanol and the solution heated to
      60.degree. C. An exothermic reaction develops and crystals begin to
      separate. After cooling to 20.degree. C. the crystals are collected on a
      filter, washed with methanol, and dried. There is thus obtained 357 g.
      (88% yield) of pyruvoyl chloride 1-[(2,4-dichlorophenyl)hydrazone] (I)
      having a melting point at 117.degree. to 119.degree. C.
PAC  EXAMPLE 4
PAC  Pyruvoyl chloride 1-[(p-chlorophenyl)hydrazone] (I)
PAC  Part A
PAR  Pyruvoyl chloride phenylhydrazone
PAR  To 102.4 g. of 2,3,4-pentanetrione 3-(phenylhydrazone) dissolved in 250 ml.
      of chloroform and cooled to about 15.degree. C., 100 ml. of tert. butyl
      hypochlorite is added. The temperature rises to 25.degree. C. and is
      allowed to cool to 15.degree. C. before the next addition of 60 ml. (0.5
      mole). No starting material remains and the solvent of the reaction
      mixture is evaporated to give a gum, which is dissolved in 250 ml. of
      methanol and then heated to about 40.degree. C. The temperature of the
      solution varies from about 40.degree. to about 60.degree. C. for about 15
      minutes, and is then cooled to about 0.degree. C., and the precipitate
      filtered off and washed with cold methanol. The weight of the precipitate
      that melts at 134.degree. to 136.degree. C. is 71.3 g. (73% yield). A 10
      g. portion of this compound is recrystallized from equal parts of ethyl
      acetate and Skellysolve B (hexanes) to give pure pyruvoyl chloride
      1-(phenylhydrazone) melting at 135 to 137.degree. C.
PAR  Anal. Calcd. for C.sub.9 H.sub.9 ClN.sub.2 O: C, 54.97; H, 4.61;   Cl,
      18.03; N, 14.25.   Found: C, 55.41; H, 4.77;   Cl, 17.38; N, 14.20.
PAC  Part B
PAC  Pyruvoyl chloride 1-[(p-chlorophenyl)hydrazone] (I)
PAR  To 19.6 g. of pyruvoyl chloride 1-(phenylhydrazone) dissolved in 500 ml. of
      chloroform, 12.4 cc. of tert. butyl hypochlorite is added at 6.degree. C.
      with the reaction mixture kept in an ice bath. After about 3 hours the
      reaction mixture is cooled to about -10.degree. C. and 8.85 g. of crystals
      (melting at 169.degree. to 173.degree. C.) filtered off. Concentration of
      the mother liquors to a volume of 40 ml. followed by cooling at 0.degree.
      C. for about 17 hours gives a further 5.5 g. of crystals. The two crops of
      crystals weighing 13.85 g. are pooled and recrystallized from 150 ml. of
      ethyl acetate. This material is dissolved in 200 ml. of ethyl acetate and
      allowed to cool slowly to give 8.4 g. of large rods of crystalline
      pyruvoyl chloride 1-[(p-chlorophenyl)hydrazone] (I) melting at 172.degree.
      to 174.degree. C.
PAR  Anal. Calcd. for C.sub.9 H.sub.8 Cl.sub.2 N.sub.2 O: C, 46.77; H, 3.49;
      N, 12.13; Cl, 30.69.   Found: C, 47.07; H, 3.24;   N, 12.22; Cl, 31.05.
PAR  Pyruvoyl chloride 1-[(p-chlorophenyl)hydrazone] (I) can also be prepared by
      the procedure that follows.
PAR  A solution kept at -60.degree. C. and consisting of 8.2 g. (0.05 mole) of
      pyruvaldehyde phenylhydrazone and 100 ml. of chloroform is stirred
      continuously while 4.5 ml. of chlorine is added. The reaction mixture is
      allowed to warm to 15.degree. C. over a period of about 1 hour, and the
      chloroform then removed by evaporation. The thus obtained solid residue is
      washed with methanol and recrystallized from ethyl acetate to give 5.4 g.
      of pyruvoyl chloride 1-[(p-chlorophenyl)hydrazone] (I), having a melting
      point of 168.degree. to 172.degree. C.
PAC  EXAMPLE 5
PAC  Pyruvoyl chloride 1-[(o-chlorophenyl)hydrazone] (I)
PAC  Part A
PAR  2,3,4-Pentanetrione 3-[(o-chlorophenyl)hydrazone] (III)
PAR  To a chilled (0.degree. C.) suspension of 51 ml. of o-chloroaniline in 110
      ml. of concentrated hydrochloric acid diluted with 839 ml. of water
      containing crushed ice, 36 g. of sodium nitrite is added. This reaction
      mixture is stirred and filtered to give a clear solution of the
      benzenediazonium chloride. To this solution there is added (while
      stirring) 100 g. of sodium acetate, then a solution of 50 ml. of
      2,4-pentanedione in 500 ml. of water containing 20 g. of sodium hydroxide.
      The precipitate that forms is separated by filtration and an aliquot
      recrystallized from methanol and cooled to 0.degree. C. to give 11.1 g. of
      2,3,4,-pentanetrione 3-[(o-chlorophenyl)hydrazone] (III).
PAC  Part B
PAR  Pyruvoyl chloride 1-[(o-chlorophenyl)hydrazone]  (I)
PAR  The 2,3,4-pentanetrione 3-[(o-chlorophenyl)hydrazone] (III) (prepared in
      Part A, above) is dissolved in 50 ml. of chloroform and 6 ml. of tert.
      butyl hypochlorite added at 0.degree. C. This reaction mixture is allowed
      to stand at room temperature for about 1 hour and the chloroform
      evaporated to give a residue of the 3-chloro-3-phenylazo-2,4-diketone
      intermediate (II). The residue is dissolved in 50 ml. of methanol and the
      solution heated to about 50.degree. C. An exothermic reaction (about
      70.degree. C.) develops and solid material separates. The solid is
      filtered off to give 7.7 g. of product (I) having a melting point of 132
      to 135.degree. C. A second crop of this compound (I) weighing 1 g. and
      melting at 129 to 133.degree. C. is separated from the mother liquors.
      Recrystallization of the 7.7 g. portion from 50 ml. of ethyl acetate gives
      pure pyruvoyl chloride 1-[(o-chlorophenyl)hydrazone] (I), which after
      cooling to  0.degree. C. weighs 4.6 g. and has a melting point of 133 to
      135.degree. C.
PAR  Anal. Calcd. for C.sub.9 H.sub.8 Cl.sub.2 N.sub.2 O: C, 46.77; H, 3.49;
      Cl, 30.69; N, 12.13.   Found: C, 46.71; H, 3.83;   Cl, 30.37, N, 12.21.
PAC  EXAMPLE 6
PAC  Pyruvoyl chloride 1-[(p-bromophenyl)hydrazone] (I)
PAC  Part A
PAR  2,3,4-Pentanetrione 3-[(p-bromophenyl)hydrazone] (III)
PAR  To 86 g. (0.5 mole) of p-bromoaniline sufficient glacial acetic acid is
      added to dissolved it. The solution (kept at 0.degree. C.) has 225 ml. of
      concentrated hydrochloric acid added to it, then 36 g. (0.52 mole) of
      sodium nitrite in 100 ml. of water is added, followed by 200 g. of sodium
      acetate. To this solution, 50 g. (0.5 mole) of 2,4-pentanedione in a
      solution of 20 g. of sodium hydroxide in 200 ml. of water is added. After
      about 1 hour the solid that precipitates is collected, washed with water,
      dried and recrystallized from ethanol: benzene to give 75 g. of
      2,3,4-pentanetrione 3-[(p-bromophenyl)hydrazone] (III), melting at
      141.degree. to 142.degree. C. An analytical sample recrystallized from
      absolute ethyl acetate gives 5.7 g. of product (III) melting at
      141.degree. to 142.degree. C.
PAR  Anal. Calcd. for C.sub.11 H.sub.11 BrN.sub.2 O.sub.2 : C, 46.66; H, 3.92;
      Br, 28.23; N, 9.90.   Found: C, 46.62; H, 4.18;   N, 9.95.
PAC  Part B.
PAR  Pyruvoyl chloride 1-[(p-bromophenyl)hydrazone] (I)
PAR  To 42.5 g. (0.15 mole) of 2,3,4-pentanetrione 3-[(p-bromophenyl)hydrazone]
      (III) (prepared in Part A, above) 70 ml. of chloroform and 30 ml. (0.25
      mole) of tert: butyl hypochlorite are added, and the reaction mixture
      allowed to stand at room temperature for about 5 hours. The chloroform is
      removed to give a residue of the 3-chloro-3-phenylazo-2,4-diketone
      intermediate (II). The residue is dissolved in 80 ml. of methanol and the
      solution heated until reaction begins. Solid material weighing 38.5 g.
      comes out of solution and is recrystallized from chloroform to give 16.2
      g. of pyruvoyl chloride 1-[(p-bromophenyl)hydrazone] (I) having a melting
      point of 170.degree. to 171.degree. C.
PAR  Anal. Calcd. for C.sub.9 H.sub.8 BrClN.sub.2 O: C, 39.23; H, 2.93;   N,
      10.17.   Found: C, 39.24; H, 3.05;   N, 10.25.
PAC  EXAMPLE 7
PAC  Pyruvoyl chloride 1-[(.alpha., .alpha.,.alpha.-trifluoro-m-tolyl)hydrazone]
      (I); also named pyruvoyl chloride 1-[(m-trifluoromethyl)hydrazone]
PAC  Part A
PAR  2,3,4-Pentanetrione
      3-[(.alpha.,.alpha.,.alpha.-trifluoro-m-tolyl)hydrazone] (III)
PAR  To a cold (0.degree. C.) solution of 80 ml. of concentrated hydrochloric
      acid and 300 ml. of water, there is added a solution of 49.2 g. (0.305
      mole) of m-trifluoromethylaniline and then a solution of 22.1 g. (0.32
      mole) of sodium nitrite in 100 ml. of water. The resulting
      benzenediazonium chloride solution is filtered to remove a small amount of
      insoluble material. To this solution is added 100 g. of sodium acetate
      followed by a solution of 30.5 g. (0.305 mole) of 2,4-pentanedione and
      12.2 g. (0.305 mole) of sodium hydroxide in 150 ml. of water. After about
      0.5 hour the solids that form are filtered, washed with water, partly
      dried on the filter funnel and recrystallized from 450 ml. of ethanol to
      yield 76.6 g. (92% yield) of product (III), melting at 107.5.degree. to
      109.degree. C. An analytical sample is obtained by recrystallization from
      ethanol to give pure 2,3,4-pentanetrione 3
      -[(.alpha.,.alpha.,.alpha.-trifluoro-m-tolyl)hydrazone] (III), melting at
      108 to 109.5.degree.C. with slight softening at 102.degree. C.
PAR  Anal. Calcd. for C.sub.12 H.sub.11 F.sub.3 N.sub.2 O.sub.2 : C, 52.94; H,
      4.07;   F, 20.94;   N, 10.29;   Found: C, 52.77; H, 4.03;   F, 21.86; N,
      10.45.
PAC  Part B
PAR  Pyruvoyl chloride 1-[.alpha.,.alpha.,.alpha.-trifluoro-m-tolyl)hydrazone]
      (I)
PAR  To 54.4 g. (0.2 mole) of 2,3,4-pentanetrione
      3-[(.alpha.,.alpha.,.alpha.-trifluoro-m-tolyl)hydrazone] (III) (prepared
      in Part A, above) dissolved in 250 ml. of chloroform, 25 ml. (0.208 mole)
      of tert. butyl hypochlorite is added at from about 15.degree. to about
      19.degree. C. After about 2.5 hours, TLC (thin layer chromatography) with
      benzene shows the reaction to have gone to completion. The solvent is
      removed under reduced pressure and the residue of the thus produced
      3-chloro-3-phenylazo-2,4-diketone intermediate (II) dissolved in about 150
      ml. of methanol. This solution is heated to about 60.degree. C., whereupon
      a vigorous reaction occurs. When this subsides, the suspension is diluted
      with methanol, heated to boiling, filtered and allowed to crystallize from
      a total volume of about 350 ml. to yield 40.9 g. (77.4% yield) of pyruvoyl
      chloride 1-[(.alpha.,.alpha.,.alpha.-trifluoro-m-tolyl)hydrazone] (I)
      melting at 166 to 167.5.degree. C. A second crop off product (I) gives
      7.4 g. (14% yield) having a melting point of 165.degree. to 167.degree. C.
      An analytical sample recrystallized from ethanol has a melting point of
      166 to 167.5.degree. C.
PAR  Anal. Calcd. for C.sub.10 H.sub.8 ClF.sub.3 N.sub.2 O: C, 45.38; H, 3.05;
      N, 10.59;   Found: C, 45.54; H, 2.89;   N, 10.96.
PAC  EXAMPLE 8
PAC  Pyruvoyl chloride 1-[(2-chloro-4-nitrophenyl)hydrazone] (I)
PAR  To a cold (0.degree. C.) suspension of 41 g. (0.3 mole) of
      2-chloro-4-nitroaniline in 100 ml. of concentrated hydrochloric acid
      diluted with 200 ml. of water, a solution of 21 g. (0.3 mole) of sodium
      nitrite in 100 ml. of water is added. The resulting benzenediazonium
      chloride solution is filtered. The filtered solution is stirred, 272 g. of
      sodium acetate trihydrate added and then 40.2 g. (0.3 mole) of
      3-chloropentane-2,4-dione added. After about 30 minutes the solution is
      extracted with chloroform, the chloroform layer washed with water,
      evaporated and refluxed briefly with methanol to decompose the azo
      intermediate compound of the formula
      ##SPC4##
PAL  On cooling the methanol solution, a precipitate of pyruvoyl chloride
      1-[(2-chloro-4-nitrophenyl)hydrazone] (I) having a melting point of
      140.degree. to 143.degree. C. is obtained.
PAR  Following the procedures of Examples 3 and 5 through 8 but substituting
      other anilines, such as
PA1  1. 2-bromo-4-chloroaniline,
PA1  2. 2,6-dichloroaniline,
PA1  3. 3,5-dichloroaniline,
PA1  4. 2,4-dibromoaniline,
PA1  5. 2-bromo-4-nitroaniline,
PA1  6. 5-bromo-2-nitroaniline,
PA1  7. 2-bromoaniline,
PA1  8. m-chloroaniline,
PA1  9. p-trifluoromethylaniline,
PA1  10. 2-nitroaniline,
PA1  11. 2-bromo-4-trifluoromethylaniline
PA1  12.. 5-chloro-2-trifluoromethylaniline,
PA1  13. 2,4-dinitroaniline
PA1  14. 2,4-bis (trifluoromethyl)aniline
PA1  15. 2-fluoromethyl-4-nitroaniline,
PAL  and the like, yields, respectively,
PA1  1. pyruvoyl chloride 1-[(2-bromo-4-chlorophenyl)hydrazone] (I),
PA1  2. pyruvoyl chloride 1-[(2,6-dichlorophenyl)hydrazone] (I),
PA1  3. pyruvoyl chloride 1-[(3,5-dichlorophenyl)hydrazone] (I),
PA1  4. pyruvoyl chloride 1-[(2,4-dibromophenyl)hydrazone] (I),
PA1  5. pyruvoyl chloride 1-[(2-bromo-4-nitrophenyl)hydrazone] (I),
PA1  6. pyruvoyl chloride 1-[(5-bromo-2-nitrophenyl)hydrazone] (I),
PA1  7. pyruvoyl chloride 1-[(2-bromophenyl)hydrazone] (I),
PA1  8. pyruvoyl chloride 1-[(m-chlorophenyl)hydrazone] (I),
PA1  9. pyruvoyl chloride 1-[(p-trifluoromethylphenyl)hydrazone] (I),
PA1  10. pyruvoyl chloride 1-[(2-nitrophenyl)hydrazone]
PA1  11. pyruvoyl chloride 1-[2-bromo-4-trifluoromethylphenyl)hydrazone] (I),
PA1  12. pyruvoyl chloride 1-[(5-chloro-2-trifluoromethylphenyl)hydrazone] (I),
PA1  13. pyruvoyl chloride 1-[(2,4-dinitrophenyl)hydrazone] (I),
PA1  14. pyruvoyl chloride 1-[(2,4-bis(trifluoromethyl)phenyl)hydrazone] (I),
PA1  15. pyruvoyl chloride 1-[(2-fluoromethyl-4-nitrophenyl)hydrazone] (I), and
      the like
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of killing and controlling parasitic worms in animals which
      comprises administering to an animal a therapeutic or prophylactic dosage
      of a pyruvoyl chloride phenylhydrazone of the formula
      ##SPC5##
PAL  wherein Y is selected from the group consisting of chloro, bromo, nitro and
      trifluoromethyl and Y' has the same meaning as Y and in addition hydrogen.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein the compound administered is
      pyruvoyl chloride 1-[(2,4-dichlorophenyl)hydrazone].
NUM  3.
PAR  3. A method in accordance with claim 1 wherein the compound administered is
      pyruvoyl chloride 1-[(p-chlorophenyl)hydrazone].
NUM  4.
PAR  4. A method in accordance with claim 1 wherein the compound administered is
      pyruvoyl chloride 1-[(o-chlorophenyl)hydrazone].
NUM  5.
PAR  5. A method in accordance with claim 1 wherein the compound administered is
      pyruvoyl chloride 1-[(p-bromophenyl)hydrazone].
NUM  6.
PAR  6. A method in accordance with claim 1 wherein the compound administered is
      pyruvoyl chloride 1-[(m-trifluoromethylphenyl)hydrazone].
NUM  7.
PAR  7. A method in accordance with claim 1 wherein the compound administered is
      pyruvoyl chloride 1-[(2-chloro-4-nitrophenyl)hydrazone].
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PAL  3-Amino-prop-1-enes substituted in the 1-position by various specified
      combinations of phenyl, biphenylyl and fluorenyl groups and optionally
      substituted in the amino group by alkyl or benzyl groups, which have been
      found to be active against infections of Trypanosoma cruzi. Methods of
      making such compounds and pharmaceutical formulations containing the same.
BSUM
PAR  This invention relates to novel substituted 3-amino-prop-1-enes, to novel
      intermediates useful in their preparation and to methods of preparing the
      3-amino-prop-1-enes.
PAR  The novel substituted 3-amino-prop-1-enes of the invention have been found
      to have a trypanocidal effect. In particular, they have been found to kill
      Trypanosoma cruzi when administered to mice infected with this organism.
PAR  Infections by Trypanosoma cruzi, are fairly common in South America causing
      Chagas' disease in humans, which disease has heretofore proved to be
      extremely difficult to treat effectively.
PAR  Accordingly, the present invention provides a substituted
      3-amino-prop-1-ene of formula (I):
      ##EQU1##
      where R.sup.1 and R.sup.2 are the same or different and can each represent
      a substituted or unsubstituted biphenylyl or fluorenyl group, or one only
      of R.sup.1 and R.sup.2 can represent a substituted or unsubstituted phenyl
      group, with the proviso that both of R.sup.1 and R.sup.2 cannot represent
      a substituted biphenylyl group and that when one of R.sup.1 and R.sup.2
      represents a substituted biphenylyl group the other represents a
      substituted or unsubstituted phenyl group; and
PAL  Where R.sup.3 and R.sup.4 are the same or different and can each represent
      a hydrogen atom, an alkyl group having from 1 to 4 carbon atoms or a
      benzyl group; or a salt thereof, especially a pharmaceutically acceptable
      salt thereof.
PAR  As mentioned above one or both of the R.sup.3 and R.sup.4 substituents may
      represent benzyl groups.
PAR  Examples of suitable substituents are the halo atoms and the nitrile and
      nitro groups.
PAR  Compounds in which R.sup.1 represents a substituted 4-biphenylyl group and
      R.sup.2 represents a substituted phenyl group have been found to be highly
      active. Such compounds exhibit geometrical isomerism and it should be
      noted that the cis isomer, i.e. the isomer of formula (II)
      ##EQU2##
      where R.sup.1, R.sup.2, R.sub.3 and R.sup.4 are as defined above,
      generally shows a higher activity, in some cases a much higher activity,
      than the corresponding trans isomer of formula (III)
      ##EQU3##
      which, in some cases, may have only a low activity against Trypanosoma
      cruzi infections. This property also applies to other compounds of the
      invention where the possibility of cis (the larger R.sup.1 /R.sup.2 group
      being on the same side of the double bond as the CH.sub.2 NR.sup.3 R.sup.4
      group) and trans (the larger R.sup.1 /R.sup.2 group being on the opposite
      side) exists. For example, compounds of formula (IV)
      ##SPC1##
PAL  where R.sup.3 and R.sup.4 are as defined above and R.sup.10 and R.sup.11
      are the same or different and may each represent a hydrogen or halogen
      atom, or a cyano group or nitro group, have been found to be of notably
      high activity.
PAR  Compounds in which R.sup.1 and R.sup.2 are identical do not exhibit
      geometrical isomerism. In this class of compounds those in which R.sup.1
      and R.sup.2 both represent biphenylyl, preferably 4-biphenylyl, groups are
      particularly of note. Three such compounds are 1, 1 -- di (4 -
      biphenylyl)-- 3- dimethylamino - prop - 1 -ene; 1, 1 - di(4 -biphenylyl)
      -3- methylamino - prop - 1- ene; and 1, 1 - di (4 - biphenylyl) - 3 - prop
      - 1 -ene.
PAR  In the above classes of compounds R.sup.3 and R.sup.4 may represent a
      hydrogen atom or an alkyl group having from 1 to 4 carbon atoms, with the
      proviso that both R.sup.3 and R.sup.4 should not represent hydrogen.
PAR  There is some evidence that as the size of the alkyl group in R.sup.3
      and/or R.sup.4 is increased, the activity of the compounds tend to
      diminish. Accordingly, compounds where R.sup.3 and R.sup.4 represent
      hydrogen atoms and/or methyl groups are provided in a preferred embodiment
      of the invention. Compounds in which both R.sup.3 and R.sup.4 represent
      hydrogen atoms are particularly preferred.
PAR  In a further aspect of the present invention there is provided a method of
      preparing a compound of formula (I) as described above which comprises
PAR  A. reacting a compound of formula (V)
      ##EQU4##
      where R.sup.1 and R.sup.2 are as defined above, as specified hereunder: a.
      when Q and G taken together represent a single bond,
PA2  i. when M represents a nitrile group; a group of formula CYNR.sup.3 R.sup.4
      where Y is an oxygen or sulphur atom; a group of formula CH.sub.2 A where
      A represents the group --NC, --NR.sup.3 COR.sup.9 or --NR.sup.3 COOR
PA3  where R represents an alkyl group having from 1 to 4 carbon atoms and where
      R.sup.9 represents a hydrogen atom or an alkyl group having from 1 to 3
      carbon atoms; selectively reducing the compound so that the double bond in
      the R.sup.1 R.sup.2 C = C moiety remains unreduced;
PA2  ii. when M represents a group of formula CH.sub.2 Z, where Z represents a
      readily displaceable group such as a bromo or tosyloxy group, reacting the
      compound of formula (V) with an amine of formula HNR.sup.3 R.sup.4 ;
PA2  iii. when M represents a group of formula CH.sub.2 NR.sup.3 R.sup.4, where
      one or both of R.sup.3 and R.sup.4 represent hydrogen atoms, mono or
      dialkylating the NR.sup.3 R.sup.4 group; or
PA2  iv. when M represents a group of formula CH.sub.2 NR.sup.3 B where B is a
      protecting group, such as an acyl group, removing the protecting group;
PA1  b. or when Q represents a nucleophilic group, for example a hydroxy,
      chloro, bromo, iodo, acryloxy, sulphonyloxy, amino or substituted amino
      group, G represents a hydrogen atom and M represents a group of formula
      CH.sub.2 NR.sup.3 R.sup.4
PA2  eliminating a molecule of GQ from a molecule of formula (V);
PAR  B. reacting a phosphorane of formula (VI)
      ##EQU5##
      wherein R.sup.6, R.sup.7 and R.sup.8 are alkyl or phenyl groups, with a
      ketone of formula (VII)
      ##EQU6##
PAR  C. or a combination of method A (a) (iii) with any other method. In the
      case where M represents a nitrile group and Q and G represent a single
      bond, the compound of formula (V) has the structure (IX) (c.f. method (A)
      (a) (i))
      ##EQU7##
      Reduction of this compound leads only to the primary amine of formula (I)
      where R.sup.3 and R.sup.4 both represent hydrogen atoms. This reduction
      can be carried out using the process described by Jones and Maisey in J.
      Med. Chem 1971, 14, 161.
PAR  When M represents the group CYNR.sup.3 R.sup.4 and Q and G represent a
      single bond the compound of formula (V) has the structure
      ##EQU8##
      When Y is an oxygen atom, (X) then being an amide, reduction may be
      carried out, for example, by means of a metallic hydride, such as sodium
      borohydride, lithium aluminium hydride, or by diborane. When Y is a
      sulphur atom, reduction may be carried out, for example, by means of a
      Raney nickel catalyst. The amides can be prepared using a procedure
      similar to that outlined in Chemical Abstracts 65, 615 g. 1966. The
      corresponding sulphur compounds can be prepared by reacting the
      appropriate nitrile with hydrogen sulphide in ethanol under pressure or by
      reacting the corresponding amide with P.sub.2 S.sub.5.
PAR  When M represents the group CH.sub.2 A and Q and G represent a single bond
      the compound of formula (V) has the structure (XII) (c.f. method (A) (a)
      (i))
      ##EQU9##
PAR  The compounds can be obtained from the corresponding amines using any
      appropriate conventional technique known to those skilled in the art.
      Reduction can be accomplished using, for example, lithium aluminium
      hydride.
PAR  When M represents a group of formula CH.sub.2 Z and Q and G represent a
      single bond the compound of formula (V) has the structure (XIII) (c.f.
      method (A) (a) (i))
      ##EQU10##
PAR  Compounds where Z represents a bromine atom can be prepared from the
      corresponding prop-1-ene using N - bromo succinimide and
      azobisisobutyronitrile. Compounds where Z represents a tosyloxy group can
      be prepared from the corresponding alcohol using p-toluene sulphonyl
      chloride. This alcohol, which has the structure R.sup.1 R.sup.2 C =
      CH.CH.sub.2 OH can be prepared by the reduction of the .alpha.,.beta.-
      saturated ester of formula R.sup.1 R.sup.2 C = CHCO.sub.2 CH.sub.3 which
      can itself be prepared by a Wittig reaction between a ketone of formula
      R.sup.1 R.sup.2 CO and diethylphosphonoacetate.
PAR  When M represents a group of formula CH.sub.2 NR.sup.3 R.sup.4 where one or
      both R.sup.3 and R.sup.4 represent hydrogen atoms, and Q and G represent a
      single bond, the compound of formula (V) has the structure (XI) (c.f.
      method (A) (a) (iii))
      ##EQU11##
PAR  Mono or dialkylation of this compound, as appropriate, can be carried out
      by methods well-known in the art. For example, monoalkylation can be
      carried out using the Forster-Decker reaction (c.f. Name Index of Organic
      Reactions by Gowan and Wheeler, London 1960 Page 92). Complete alkylation
      can be carried out by treating the amine with a mixture of formaldehyde
      and formic acid. Obviously, this method can only be used to provide
      compounds of formula (I) in which one or both of R.sup.3 and R.sup.4
      represent alkyl groups.
PAR  When M represents a group of formula CH.sub.2 NR.sup.3 B and Q and G
      represent a single bond the compound of formula (V) can be represented by
      the formula (XIV) (c.f. method (A) (a) (iv))
      ##EQU12##
PAR  As examples of protecting groups there may be mentioned acyl and phenyl
      groups (the former being removable by any technique conventional in the
      art and the latter being removable by nitros ation and subsequent treating
      with sodium hydroxide). These compounds of formula (XII) can be easily
      prepared from the corresponding amines using standard techniques.
PAR  When M represents a group of formula CH.sub.2 NR.sup.3 R.sup.4, Q
      represents a nucleophilic group and G represents a hydrogen atom the
      compound of formula (V) can be represented by the formula (XV) (c.f.
      method (A) (b))
      ##EQU13##
PAR  In the above compound, it is preferred that Q be a hydroxyl group since the
      elements of water can be removed from such compounds simply by treatment
      with a strong acid as concentrated hydrochloric acid in glacial acetic
      acid. Thus, 1,1-di (4-biphenylyl) - 3 - dimethylamino-prop-1-ene can be
      prepared by the dehydration of 1,1-di(4-biphenylyl)-3 -
      dimethylamino-propan-1-ol. Compounds of formula (XV), where Q is a hydroxy
      group, can be prepared by the reaction of an organometallic reagent of
      formula R.sup.1 Z, where R.sup.1 is as defined previously and where Z is,
      for example, a magnesium halide or lithium, with an ester of formula (XVI)
      ##EQU14##
      or a ketone of formula (XVII)
      ##EQU15##
      R.sup.5 being an alkyl group, preferably one containing from 1 to 4 carbon
      atoms.
PAR  Compounds of formula (I) can also be prepared by a Wittig reaction between
      a phosphorane of formula
      ##EQU16##
      and a ketone of formula
      ##EQU17##
      (c.f. method (B)) Standard Wittig reaction conditions known in the art can
      be used for this process. The phosphorane can be generated, in situ if
      desired, by the reaction of an appropriate phosphonium halide with a
      strong base, such as an organometallic compound, e.g. butyl lithium.
PAR  The ketones of formula (vII) where R.sup.1 and R.sup.2 do not both
      represent biphenylyl groups are novel compounds. For example the class of
      intermediate ketones of formula (XVIII).
      ##SPC2##
PAL  where R.sup.10 and R.sup.11 are as defined above are novel.
PAR  These novel ketones may be prepared by any suitable method, for example by
      a Friedel-Crafts reaction between an appropriately substituted biphenyl
      derivative and a benzoyl chloride or by a Friedel-Crafts reaction between
      an acid chloride of formula (XIX)
      ##SPC3##
PAL  and an appropriately substituted benzene derivative.
PAR  Alternatively, they may be prepared by the halogenation, for example
      chlorination or bromination, or nitration of the 4-biphenylyl phenyl
      ketone or an appropriate monosubstituted derivative thereof.
PAR  In the above process, products where R.sup.1 and R.sup.2 are different
      exhibit geometrical isomerism. The cis and trans isomers can be separated
      using, for example, fractional crystallisation of the bases,
      hydrochlorides or oxalates. Alternatively, in some cases a base exchange
      resin may be used to effect the desired separation.
PAR  When the preparation of compounds of formula (I), where both R.sup.3 and
      R.sup.4 represent hydrogen atoms is envisaged, the preferred routes of
      preparation are those classified under the headings (A) (a) (i), (A) (a)
      (ii) or (A) (a) (iv), as defined above.
PAR  The intermediates of formula (VI), where one of R.sup.3 represents an alkyl
      group having from 1 to 4 carbon atoms and R.sup.4 represents a hydrogen
      atom; of formula VIII and formula (V); and of formula (VII), where both of
      R.sup.1 and R.sup.2 do not represent unsubstituted biphenylyl groups are
      novel compounds and are therefore provided in a further aspect of the
      invention.
PAR  The present invention also provides a pharmaceutical formulation which
      comprises a substituted 3 - amino - prop - 1 - ene of formula (I), or a
      pharmaceutically acceptable salt thereof, together with a pharmaceutically
      acceptable carrier therefor.
PAR  The preferred pharmaceutically acceptable salt is the hydrochloride.
PAR  In a further aspect of the invention there is provided a method of
      preparing a pharmaceutical formulation as defined above which comprises
      bringing into association the substituted 3 - amino - prop - 1 1-ene of
      formula (I), or pharmaceutically acceptable salt thereof, and the
      pharmaceutically acceptable carrier therefor.
PAR  As stated above, the compounds of formula (I) may be presented in a
      pharmaceutical composition for administration to a host infected with T.
      cruzi. They may be made by admixture of the components using any
      conventional technique used for making such compositions.
PAR  A compound of formula (I) may thus be presented in discrete units, such as
      tablets, capsules, cachets or ampoules each containing a predetermined
      quantity of the compound. These compositions may include one or more of
      the following carriers; solid diluents, flavouring, binding, dispersing,
      surface active, thickening, and coating materials and preservatives,
      antioxidants and bacteriostats.
PAR  A preferred mode of presentation is a tablet which may be produced by
      granulating the active ingredient with a diluent and, preferably, a
      lubricant and compressing the granules into tablets. Compositions for
      subcutaneous administration are also another preferred mode of
      presentation and these may be made by presenting the compound as a sterile
      powder in a sealed container for dilution with sterile water.
PAR  For use in treating human infections of T. cruzi, it is estimated from data
      obtained from in vivo experiments with mice that doses which could be
      administered daily are of the order of 5 mg to 500 mg/kg, preferably 25 mg
      to 200 mg/kg, more preferably 50 mg to 100 mg/kg. For example, it is
      estimated that a dose of 50 mg/kg given daily for a month will prove
      effective against infections of T. cruzi.
PAR  Naturally, the dosage levels indicated above will be varied at the
      discretion of the physician according to the degree of infection and other
      attendant circumstances.
PAR  The invention will now be illustrated with reference to the following
      Examples.
DETD
PAC  EXAMPLE 1
PAR  To .beta.-dimethylaminoethyltriphenylphosphonium bromide (45.6 g.) stirred
      under nitrogen in dry ether (200 ml.) was added at room temperature a
      solution of butyl lithium (1.42 N; 77.0 ml.) in petroleum ether (b.p.
      60.degree.-80.degree.C). After stirring for ten minutes, a suspension of
      di-4-biphenylyl ketone (33.4 g.) in dry benzene (400 ml.) was added over
      10 minutes. The mixture was brought to the boil and solvent (320 ml.)
      distilled off while dry benzene (200 ml.) was simultaneously added. The
      mixture was boiled under reflux for 5 hours, cooled and decomposed by
      cautious addition of water (100 ml.) and 2NHCl (100 ml.). After standing
      at 0.degree.C overnight the crude 1,
      1-di(4-biphenylyl)-3-dimethylamino-prop-1-ene hydrobromide was filtered
      off, washed with benzene, ether and water, and converted to the base,
      which solidified. After recrystallisation from light petroleum (b.p.
      40.degree.-60.degree.C) it had m.p. 94.degree.-95.degree.C. The
      hydrochloride crystallised from ethanol as colourless prisms, m.p.
      228.degree.C. The hydrochloride monohydrate crystallised from aqueous
      ethanol as needles m.p. indefinite.
PAR  The required .beta.-dimethylaminoethyltriphenylphosphonium bromide was
      prepared by the method described in British Patent Specification No.
      1,161,201, and di-4-biphenylylketone by the method of Matveev et al.,
      Chemical Abstracts 55, 6434.sup.b.
PAC  EXAMPLE 2
PAR  From .beta.-diethylaminoethyltriphenylphosphonium bromide (prepared by the
      method described in British Patent Specification NO. 1,161,201) there was
      prepared, by the method of Example 1,
      1,1-di(4-biphenylyl)-3-diethylaminoprop-1-ene hydrochloride, prisms from
      ethanol, m.p. 183.degree.C.
PAC  EXAMPLE 3
PAR  To the Grignard reagent prepared from magnesium (7.3 g.) and
      4-bromodiphenyl (69.9 g.) in ether (300 ml.) was added, at 0.degree.C,
      ethyl .beta.-dimethylaminopropionate (14.5 g.) in ether (50 ml.). After
      stirring under reflux for 3 hours the mixture was cooled and decomposed by
      addition of water (50 ml.), 25% aqueous ammonium chloride (50 ml.) and
      glacial acetic acid (42 ml.)
PAR  After standing overnight at 0.degree.C, the crude 1,
      1-di(4-biphenylyl)-3-dimethylamino-propan-1-ol hydrobromide was filtered
      off and washed with ether and water. The base, recrystallised from
      ethanol, had m.p. 160.degree.C.
PAR  The carbinol base (15 g.) was boiled under reflux for half an hour with
      glacial acetic acid (100 ml.) and concentrated hydrochloric acid (30 ml.).
      The solvent was removed in vacuo and the residue basified to give 1, 1-di
      (4-biphenylyl)-3-dimethylaminoprop-1-ene, m.p. 94.degree.-95.degree.C,
      after recrystallisation from light petroleum (b.p.
      40.degree.-60.degree.C). The hydrochloride (colourless prisms from
      ethanol, m.p. 228.degree.C.) was identical with that described in Example
      1.
PAC  EXAMPLE 4
PAR  From ethyl .beta.-methylaminopropionate by the method of Example 3 was
      prepared 1,1-di(4-biphenylyl)-3-methylaminopropan-1-ol, needles from
      benzene, m.p. 154.degree.-156.degree.C. On dehydration this gave 1,
      1-di(4-biphenylyl)-3-methylaminoprop-1-ene m.p. 94.degree.C. Its
      hydrochloride monohydrate, needles from ethanol, had m.p. 160.degree.C.
PAC  EXAMPLE 5
PAR  .beta.-Methylaminoethyltriphenylphosphonium bromide was reacted with
      di-4-biphenylyl ketone by the method of Example 1 to give
      1,1-di(4-biphenylyl-3-methylaminoprop-1-ene ene identical with that
      described in Example 4.
PAR  The required .beta.-methylaminoethyltriphenylphosphonium phosphonium
      bromide was prepared by heating a mixture of .beta.-phenoxyethyltriphenyl
      phosphonium-bromide (46.2 g.) dissolved in ethanol (80 ml.) and 33%
      ethanolic methylamine (130 ml.) in an autoclave at 100.degree.C for three
      hours. After cooling, the product was precipitated by addition of dry
      ether (2 1.) filtered, washed with ether and dried, and had a melting
      point of 226.degree.C.
PAC  EXAMPLE 6
PAR  p-Chlorobenzoyl chloride (43.8 g.) was added dropwise to a stirred mixture
      of fluorene (41.5 g.) aluminium chloride (33.4 g.) and carbon disulphide
      (100 ml.). After the vigorous reaction had subsided the mixture was
      stirred and boiled under reflux for 6 hours. It was cooled, poured onto
      ice, the carbon disulphide distilled off on a steam bath, and the solid
      product filtered off, washed, dried and recrystallised from benzene to
      give 2 -p-chlorobenzoylfluorene, m.p. 183.degree.C. This was reacted by
      the method of Example 1 to give
      trans-1-(2-fluorenyl)-1-p-chlorophenyl3-dimethylaminoprop-1-ene,
      hydrochloride from ethanol, m.p. 236.degree.-237.degree.C. Isomeric
      homogeneity was confirmed by n.m.r. spectroscopy.
PAC  EXAMPLE 7
PAR  p-Iodobenzoyl chloride was reacted with 4-chlorobiphenyl by the method of
      Example 6 to give 4'-chloro-4-biphenylyl p-iodophenyl ketone, m.p.
      218.degree.C after recrystallisation from benzene.
PAC  EXAMPLES 8 to 18
PAR  Using the procedure described in Example 7 the following ketones were
      prepared, each having the formula where R.sup.1 and R.sup.2 are as
      identified in the following Table:
      ##SPC4##
TBL                                  Melting point                             

     Example No.                                                               

               R.sup.1    R.sup.2    of ketone, .degree.C                      

     ______________________________________                                    

     8         Cl         p-Cl       187                                       

     9         Cl         p-Br       197                                       

     10        Br         p-Cl       194                                       

     11        Br         p-Br       212                                       

     12        Cl         p-F        166                                       

     13        Cl          p-NO.sub.2                                          

                                     128                                       

     14        I          p-Cl       213                                       

     15        I          p-I        265                                       

     16        Cl         o-Br       145                                       

     17        Br         o-Cl       158                                       

     18        Cl         m-Br       144                                       

     ______________________________________                                    

PAC  EXAMPLE 19
PAR  4'-Chloro-4-biphenylyl p-chlorophenyl ketone, prepared by the process of
      Example 8, (19.6 g.) was treated with the phosphorane derived from
      .beta.-dimethylaminoethyltriphenylphosphonium bromide (27.3 g.) by the
      method described in Example 1. After decomposition and standing overnight
      at 0.degree.C, the mass of colourless needles of the mixed hydrobromides
      of the two geometrical isomers of
      1-(4'-chloro4-biphenyl)-1-p-chlorophenyl-3-dimethylaminoprop-1-ene was
      filtered off, washed with benzene, water and ether and converted to mixed
      isomer bases. This partially solidified and after several
      recrystallisations (ethanol) gave
      trans1-(4'-chloro-4-biphenylyl)-1-p-chlorophenyl-3-dimethylaminoprop-1-ene
      (the dimethylamino group is trans to the biphenylyl group) as colourless
      prisms, m.p. 139.degree.C, hydrochloride from ethanol, m.p. 245.degree.C.
      The ethanol filtrate from the first recrystallisation was taken to dryness
      and the mixture of
      cis-1-(4'-chloro-4-biphenylyl)-1-p-chlorophenyl-3-dimethylaminoprop-1-ene
      and triphenylphosphine oxide was converted to hydrochloride in ether.
      Recrystallisation from ethanol gave
      cis-1-(4'-chloro-4-biphenylyl)-1-p-chlorophenyl-3 -dimethylaminoprop-1-ene
      hydrochloride triphenylphosphine oxide complex, prisms, m.p. 191.degree.C.
      It was reconverted to base and thence to the acid oxalate m.p.
      215.degree.-216.degree.C, which separated from ethanol free of
      triphenylphosphine oxide. Appropriate manipulation gave
      cis-1-(4'chloro-4-phenylyl)-1-p-chlorophenyl-3-dimethylaminoprop-1-ene
      hydrochloride, matted needles from ethanol/ether, m.p. 205.degree.C.
      N.m.r. spectroscopy showed both the trans and cis isomers to be
      isomerically homogeneous.
PAC  EXAMPLE 20
PAR  The ketone prepared in Example 7 was reacted with the phosphorane of
      Example 19 using the procedure described in Example 19, with minor
      modifications to take into account the relative solubilities of the bases,
      hydrochlorides , hydrochloride -- triphenylphosphine oxide complexes and
      acid oxidates of the isomers of the final product.
PAR  Thus were obtained trans-1-(4'-chloro-4-biphenylyl)-1-p-iodophenyl
      -3-dimethylaminoprop-1-ene hydrochloride (m.p. 235.degree.C) and
      cis-1-(4'chloro-4-biphenylyl)-1-p-iodophenyl3-dimethylaminoprop-1-ene
      oxalate (m.p. 188.degree.C). The hydrochloride from ethanol/ether has m.p.
      225.degree.C. and N.m.r. spectroscopy showed it to have an isomeric purity
      of &lt;96%.
PAC  EXAMPLES 21 to 23
PAR  The procedure of Example 19 was repeated, with slight modifications as
      indicated in Example 20, using various of the ketones of Examples 9 to 15.
      The structures and melting points of the prop-1-enes obtained were as
      indicated in the following Table.
      ##SPC5##
TBL  Ex.                                                                       

        R.sup.1                                                                

           R.sup.2                                                             

              trans            cis                                             

     No.      BASE/salt                                                        

                     m.p..degree.C                                             

                          isomeric                                             

                               base/                                           

                                   m.p.                                        

                                       isomeric                                

                          purity%*                                             

                               salt                                            

                                   .degree.C                                   

                                       purity%*                                

     __________________________________________________________________________

     21 Cl Br base    90   83  oxalate                                         

                                   205 88                                      

     22 Br Br base   137  &gt;98  oxalate                                         

                                   197 63                                      

     23 I  I  base   200  &gt;98  base                                            

                                   114 85                                      

     __________________________________________________________________________

      *by n.m.r. spectroscopy                                                  

PAR  The configuration of the isomers described in Examples 19 - 23 is assigned
      from their ultra violet spectra. The tans isomers, in which the biphenylyl
      group is free to assume the plane of the double bond, exhibit a u.v.
      spectrum closely resembling that of 4-vinylbiphenyl. The cis isomers, in
      which the biphenylyl group is hindered, show a maximum u.v. absoprtion at
      lower wavelength, in which contributions from the p-halogenostyrene and
      biphenyl chromophores can be discerned.
PAC  EXAMPLES 24 -29
PAR  The procedure of Example 19 was repeated with the appropriate ketone, with
      slight modification as appropriate, to give the 3-dimethylaminoprop-1-ene
      isomers listed in the following Table:
      ##SPC6##
TBL  Ex.                                                                       

        R.sup.1                                                                

           R.sup.2                                                             

               trans           cis                                             

     No.       base/                                                           

                    m.p..degree.C                                              

                         isomeric                                              

                               base/                                           

                                    m.p..degree.C                              

                                         isomeric                              

               salt      purity %*                                             

                               salt      purity %*                             

     __________________________________________________________________________

     24 H  H   HCl  225  &gt;98   HCl  170  88                                    

     25 H  p-Cl                                                                

               HCl  241  &gt;98   oxalate                                         

                                    187  78                                    

     26 H  p-Br                                                                

               HCl  235  &gt;98   HCl  200  86                                    

     27 H  p-I HCl  232  &gt;98   base 114  &gt;98                                   

                               HCl  224                                        

     28 H  o-Br                                                                

               oxalate                                                         

                    145   78   oxalate                                         

                                    183  &gt;98                                   

     29 H  o-Ph                                                                

               oxalate                                                         

                    (mixed isomers 63:37)m.p.158-170.degree.C                  

     __________________________________________________________________________

      *by n.m.r. spectroscopy                                                  

PAR  The ketones used in Examples 24 - 29 were prepared as follows: phenyl
      4-biphenylyl ketone by the method of Montagne,
PAR  Rec. Trav. Chim., 27, 357; p-chlorophenyl 4-biphenylyl ketone, Schoepfle
      and Trapp, J.A.C.S.., 54, 4064; 8-bromophenyl 4-biphenylyl ketone and
      p-bromophenyl 4-biphenylyl ketone, Gomberg and Bailar, J.A.C.S. 51, 2233;
      p-Iodophenyl 4-biphenylyl ketone, m.p. 211.degree.C prepared by the method
      of Example 7. 4-Biphenylyl 2-biphenylylketone, m.p. 110.degree.C, yellow
      prisms from ethanol, was prepared by Grignard reaction of 4-biphenylyl
      magnesium bromide with 2-cyanobiphenyl, following the method of
      Tchitchibabin and Koragin, Chem. Zent., 1914, 1658.
PAC  EXAMPLE 30
PAR  4'-Chlorobiphenyl-4-carboxylic acid chloride (Musante and Parrini, Gazz,
      Chim. ital., 1949, 49, 453) was reacted with chlorobenzene by the method
      of Example 7, to give 4-chlorophenyl 4'-chloro-4-biphenylyl ketone
      identical with that described in Example 8.
PAC  EXAMPLE 31
PAR  Di-4-biphenylyl ketone (6.68 g.) was added to a mixture of
      N,N-Di-methylcarbamoylmethyl phosphonic acid diethyl ester (C.A. 65, 615
      g. 1966) (4.46 g.), sodium hydride (60%) (0.8 g.) and benzene (400 ml.).
      The mixture was boiled under reflux for sixty hours. The benzene layer,
      decanted and evaporated, gave an oil, from which, by column chromatography
      on silica gel MFC in benzene and elution by ethyl acetate, was isolated
      N,N-dimethyl3, 3-di(4-biphenylyl) acrylamide, m.p. 121.degree.C after
      recrystallisation from light petroleum (b.p. 80.degree.-100.degree.C).
      This, reduced with lithium aluminium hydride in ether/tetrahydrofuran at
      -30.degree.C, gave 1,1-di(4-biphenylyl) -3 -dimethylaminoprop-1-ene
      identical with that described in Example 1 .
PAC  EXAMPLE 32
PAR  Di-4-biphenylyl ketone was reacted with acetonitrile in benzene in the
      presence of sodamide by the method of Lettre and Wick (Annalen, 1957, 603,
      194) to give 3-hydroxy3, 3-di(4-biphenylyl) propionitrile, m.p.
      168.degree.-170.degree.C, after recrystallisation from benzene. The
      nitrile (8.0 g.) dissolved in a mixture of tetrahydrofuran (80 ml.) and
      ether (80 ml.) was added over 30 minutes at room temperature under
      nitrogen to a stirred suspension of lithium aluminium hydride (2.88 g.) in
      ether (75 ml.). After stirring a further hour the mixture was decomposed
      by addition of water (2.8 ml.) and aqueous N sodium hydroxide (12 ml.)
      After filtration, the organic layer was separated and evaporated to give a
      solid which recrystallised from benzene/light petroleum (b.p.
      80.degree.-100.degree.C), gave 1,1-di(4-biphenylyl)-3-aminopropan-1-ol,
      prisms, m.p. 176.degree.-8.degree.C, .lambda.max (ethanol) = 260 nm. The
      carbinol (6.5 g.) boiled under reflux for one hour with glacial acetic
      acid (40 ml.) and concentrated hydrochloric acid (10 ml.) gave 1,
      1-di-(4-biphenylyl)-3-aminoprop-1-ene hydrochloride, needles from
      n-propanol, m.p. 231.degree.-232.degree.C. The base, from ethanol, had
      m.p. 127.degree.-8.degree.C,.lambda.max (ethanol) = 274 nm.
PAC  EXAMPLE 33
PAR  1, 1-Di(4-biphenylyl)-3-aminoprop-1-ene base (Example 32) (3.61 g.) and 35%
      aqueous formaldehyde (1. 9 g.) were added to formic acid (2.6 g.). The
      mixture was boiled under reflux for 12 hours. Concentrated hydrochloric
      acid (1 ml.) was added, the mixture evaporated to dryness and the solid
      residue recrystallised from ethanol to give
      1,1-Di(4-biphenylyl)-3-dimethylaminoprop-1-ene hydrochloride, identical
      with that described in Example 1.
PAC  EXAMPLE 34
PAR  1, 1-Di(4-biphenylyl)-3-aminoprop-1-ene base (Example 32) (3.61 g.) and
      benzaldehyde (1.06 g.) were dissolved in ethanol (25 ml.) and boiled under
      reflux for 1 hour. After removal of solvent, methyl iodide (1.5 g.) was
      added and the mixture heated in a stoppered flask for 5 hours at
      100.degree.C. The viscous product was boiled under reflux with 90% aqueous
      ethanol (25 ml.) for one hour, ethanol and benzaldehyde were removed by
      steam distillation, the residue made alkaline with ammonia, and the
      liberated base isolated with ether. Converted to hydrochloride and
      recrystallised from ethanol, it gave, 1,
      1-di(4-biphenylyl)-3-methylaminoprop-1-ene hydrochloride identical with
      that described in Example 3.
PAC  EXAMPLE 35
PAR  To 1, 1-di(4-biphenylyl)prop-1-ene (Pfeiffer and Schneider, J. prakt.
      chem., 1931, 129, 129) (0.85 g.) in carbon tetrachloride (25 ml.) heated
      under nitrogen at 50.degree.C were added finely ground N-bromo succinimide
      (0.45 g.) and azobisisobutyronitrile (50 mg.) and the mixture stirred at
      50.degree.C for 24 hours. The succinimide formed was filtered off, and the
      filtrate evaporated to give 1, 1-di(4-biphenylyl)-3-bromoprop-1-ene as a
      cream solid. It was dissolved in acetone (10 ml.) and 25% aqueous
      dimethylamine (1 ml.) The mixture was warmed on the steam bath for 10
      minutes and the solvent evaporated. The residue was dissolved in ether,
      the ether solution washed twice with water, dried and acidified with
      ethereal HCl. The precipitated hydrochloride was filtered off and
      recrystallised from ethanol to give
      1,1-di(4-biphenylyl)-3-dimethylaminoprop-1-ene hydrochloride identical
      with that described in Example 1.
PAC  Examples 36 - 39
PAR  The procedure of Example 19, with slight modifications as indicated in
      Example 20 was employed to prepare, inter alia, cis - isomers of formula:
      ##SPC7##
PAL  having the structures and physical properties set out in the following
      Table.
TBL  ______________________________________                                    

     Ex. No. R.sup.1 R.sup.2 base/  m.p..degree.C                              

                                           isomeric                            

                             salt          purity %*                           

     ______________________________________                                    

     36      Br      Cl      Oxalate                                           

                                    214    &gt;98                                 

     37      Cl       F      Oxalate                                           

                                    213    &gt;98                                 

     38      Cl      NO.sub.2                                                  

                             Base   110     73                                 

     39       I      Cl      Oxalate                                           

                                    177     82                                 

     ______________________________________                                    

      *by n.m.r. spectroscopy                                                  

PAL  The ketones used in Examples 36 to 39 were those of Examples 10, 12, 13 and
      14 respectively.
PAC  EXAMPLES 40 and 41
PAR  The procedure of Example 19 was repeated with slight modifications as
      indicated in Example 20, using each of the ketones of Examples 16 and 18.
      The structures and melting points of the prop -1 - enes -enes obtained
      were:
TBL  Ex. No. R.sup.1                                                           

                    R.sup.2                                                    

     ______________________________________                                    

     40      Cl     o-Br    Trans-isomer oxalate m.p. 150.degree.C             

                            91% pure.                                          

                            cis-isomer oxalate, m.p. 214.degree.C              

                            98% pure.                                          

     41      Cl     m-Br    Mixed isomer oxalates                              

                            (50:50),m.p. 163-186.degree.C                      

     ______________________________________                                    

PAC  EXAMPLE 42
PAR  To sodium hydride (60%) (3.75 g.), suspended in dry dimethoxyethane (75
      ml.) and stirred under N.sub.2 was added dropwise at 0.degree.C
      diethoxyphosphono-acetonitrile (15.9.g.) followed by a suspension of
      dibiphenylyl ketone (25 g.) in dimethoxyethane (200 ml.) over one hour.
      Stirring was continued for one hour at room temperature and a further hour
      at 50.degree.-60.degree.C. The mixture was cooled, decomposed by addition
      of water, extracted with ether, the solvent removed, and the residual
      solid recrystallised from n-propanol/benzene to give 3,3-di(4biphenylyl)
      acrylonitrile, m.p. 154.degree.C. This was reduced with lithium aluminium
      hydride at -20.degree.C by the method of Jones, Maisey et al.,
      (J.Med.Chem., 1971, 14, 161) to give material from which 1,
      1-di(4-biphenylyl) -3-aminoprop1-ene identical with that described in
      Example 32 could be isolated by preparative layer chromatography.
PAC  EXAMPLE 43
PAR  Acetic anhydride (1ml) was added to a solution of 1, 1 - di(4 - biphenylyl
      3 - amino - prop - 1 -ene (1g) in 99% formic acid (5ml) and the mixture
      was refluxed for 1 hour then poured onto ice. The solid was collected,
      washed with water, dried and then recrystallised from benzene/ n -
      propanol to furnish 1, 1-di(4 biphenylyl) -3 - formamido - prop - 1 ene
      (m.p. 171.degree.- 173.degree.C). This compound, reduced with lithium
      aluminium hydride in ether/tetrahydrofuran at -30.degree.C, afforded 1,
      1-di (4 -biphenylyl -3 - methylamino - prop- 1 - ene identical with that
      described in Example 4.
PAC  EXAMPLE 44
PAR  1, 1 - di (4 - biphenylyl) -3 - amino - prop -1 -ene (1g) was added to a
      mixture of anhydrous sodium acetate (1g), acetic acid (10 ml) and acetic
      anhydride (1 ml) and the mixture was refluxed for one hour then evaporated
      in vacuo. The residue was washed with water and dried and recrystallised
      from n - propanol to give 1, 1- di (4-biphenylyl) -3 - acetamido - prop -1
      - ene. (m.p. 246.degree.- 249.degree.C). This compound was reduced in a
      similar manner to the method described in Example 43 to yield 1, 1 - di
      (4-biphenylyl) -3 - ethylamino - prop -1 - ene.
PAC  EXAMPLE 45
PAR  A tablet containing 1, 1 - di (4 - biphenylyl) -3 dimethylamino - prop -1 -
      ene was made up from the following components.
TBL  ______________________________________                                    

     (I)     1,1-di(4-biphenylyl)-3-                                           

                                250      mg.                                   

            dimethylamino-prop-1-ene                                           

     (II)   Lactose B. P.       125      mg.                                   

     (III)  Starch B. P.        40       mg.                                   

     (IV)   Methyl hydroxyethyl cellulose                                      

                                6        mg.                                   

     (V)    Magnesium stearate B. P.                                           

                                2        mg.                                   

     ______________________________________                                    

PAL  Components (I) and (II) were granulated and mixed together with a 5%
      solution of component (IV) in 50% aqueous alcohol. The granules were dried
      at 50.degree.C and components (III) and (V) added. Mixing was then carried
      out, followed by compression into tablets.
PAC  EXAMPLE 46
PAR  A hard capsule containing 1, 1 - di (4-biphenylyl) -3 - dimethylamino -
      prop -1 - ene was formed from the following components.
TBL  ______________________________________                                    

     (I)     1,1-di(4-biphenylyl)-3-                                           

                                100      mg.                                   

            dimethylamino-prop-1-ene                                           

     (II)   Talc B. P.          10       mg.                                   

     (III)  Starch B. P.        40       mg.                                   

     ______________________________________                                    

PAL  Component (I) was ground up and then mixed with components (II) and (III).
      The mixed powder was used to fill hard gelatin capsules.
PAC  EXAMPLE 47
PAR  A tablet containing cis -1 - (4'- chloro -4 -biphenylyl) -1 - p -
      chlorophenyl -3 - dimethylamino prop -1 - ene hydrochloride as the active
      ingredient was made up from the following ingredients.
TBL  ______________________________________                                    

     (I)   Cis-1-(4'-chloro-4-biphenylyl)                                      

                                   500     mg.                                 

     1-p-chlorophenyl-3-                                                       

           dimethylamino-prop-1-ene hydrochloride                              

     (II)  Microcrystaleine cellulose                                          

                                   150     mg.                                 

     (III) Starch B. P.            50      mg.                                 

     (IV)  Gelatin B. P.           10      mg.                                 

     (V)   Magnesium stearate B. P.                                            

                                   2       mg                                  

     ______________________________________                                    

PAL  Component (I) was granulated with half of components (II) and (III) with a
      10% solution of component (IV) in 50% aqueous alcohol. The mixture was
      dried at 50.degree.C. The remainder of components (II) and (III) and also
      component (V) were then added to the dried granules and mixing carried
      out. The mixture was then compressed into tablets.
PAC  EXAMPLE 48
PAR  A syrup was made up from the following ingredients.
TBL  ______________________________________                                    

     (I)   Cis-1-(4'-chloro-4-biphenylyl)                                      

                                  500      mg.                                 

     1-p-chlorophenyl-3-dimethylamino-                                         

           prop-1-ene hydrochloride                                            

     (II)  Sucrose B. P.          30       g.                                  

     (III) Glycerin B. P.         15       g.                                  

     (IV)  Methyl hydroxybenzoate B. P.                                        

                                  0.1      g.                                  

     (V)   Saccharin Sodium B. P. 0.1      g.                                  

     (VI)  Amaranth B. P. C. 1954 1.0      mg.                                 

     (VII) Purified water B. P.   to 100   ml.                                 

     ______________________________________                                    

PAL  Components (II) (IV) and (V) were dissolved in purified water and
      components (III) and (VI) then added. To this aqueous mixture was added
      component (I) which was dissolved therein. Sufficient purified water was
      then added to adjust the volume to 100 ml. After filtration, the syrup was
      ready for use.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pharmaceutical composition for use in treating infections caused by
      Trypanosoma cruzi comprising a compound of formula (I)
      ##EQU18##
      wherein R.sup.1 and R.sup.2 are the same or different and can each
      represent a substituted or unsubstituted biphenylyl or fluorenyl group, or
      one only of R.sup.1 and R.sup.2 can represent a substituted or
      unsubstituted phenyl group, with the proviso that both R.sup.1 and R.sup.2
      cannot represent a substituted biphenylyl gruop and that when one of
      R.sup.1 and R.sup.2 represents a substituted biphenylyl group, the other
      represents a substituted or unsubstituted phenyl group,
PA1  provided that when R.sup.1 or R.sup.2 are substituted biphenylyl, phenyl or
      fluorenyl they are substituted with halogen or nitro and wherein R.sup.3
      and R.sup.4 are the same or different and are selected from the group
      consisting of a hydrogen atom, an alkyl group having from 1 to 4 carbon
      atoms and a benzyl group; or a pharmaceutically acceptable salt thereof in
      an amount effective to treat infections of Trypanosoma cruzi, in
      association with a pharmaceutically acceptable carrier therefor.
NUM  2.
PAR  2. The composition as defined in claim 1 wherein R.sup.1 represents a
      substituted or unsubstituted biphenylyl group and R.sup.2 represents a
      substituted or unsubstituted phenyl group.
NUM  3.
PAR  3. The composition as defined in claim 2 wherein R.sup.1 represents a
      substituted or unsubstituted 4-biphenylyl group.
NUM  4.
PAR  4. The composition as defined in claim 3 wherein R.sup.3 and R.sup.4 both
      represent hydrogen atoms.
NUM  5.
PAR  5. The composition as defined in claim 4 wherein the substitution in the
      phenyl or biphenylyl groups in in the para position.
NUM  6.
PAR  6. The composition as defined in claim 3 wherein R.sup.3 and R.sup.4 are
      selected from the group consisting of a hydrogen atom, and an alkyl group
      having from 1 to 4 carbon atoms, with the proviso that both of R.sup.3 and
      R.sup.4 cannot represent hydrogen atoms.
NUM  7.
PAR  7. The composition as defined in claim 2 wherein the biphenylyl and
      CH.sub.2 NR.sup.3 R.sup.4 groups are in a cis relationship.
NUM  8.
PAR  8. The composition as defined in claim 6 wherein R.sup.3 and R.sup.4 both
      represent methyl groups.
NUM  9.
PAR  9. The composition as defined in claim 1 in which the compound of formula I
      is
      cis-1-(4'-chloro-4-biphenylyl)-1-p-iodophenyl-3-dimethylaminoprop-1-ene; c
     is-1-(4'-chloro4-biphenylyl)-1-p-bromophenyl-3-dimethylaminoprop-1-ene;cis
      -1-(4'-bromo-4-biphenylyl)-1-p-chlorophenyl-3-dimethylaminoprop-1-ene;
      cis-1-(4'-bromo-4-biphenylyl)-p-bromophenyl-3-dimethylaminoprop-1-ene;
      cis-1-(4'-chloro-4-biphenylyl)-1-p-chlorophenyl-3-dimethylaminoprop-1-ene;
      cis-1-(4'-chloro-4-biphenylyl)-1-p-fluorophenyl-3-dimethylaminoprop-1-ene;
      or cis-1-(4'-chloro-4-biphenylyl)-p-nitrophenyl-3-dimethylaminoprop-1-ene.
NUM  10.
PAR  10. The composition as defined in claim 1 wherein both of R.sup.1 and
      R.sup.2 represent unsubstituted biphenylyl groups.
NUM  11.
PAR  11. The composition as defined in claim 10 wherein the biphenylyl groups
      are 4-biphenylyl groups.
NUM  12.
PAR  12. The composition as defined in claim 11 wherein R.sup.3 and R.sup.4 are
      selected from the group consisting of a hydrogen atom and an alkyl group
      having from 1 to 4 carbon atoms, with the proviso that both of R.sup.3 and
      R.sup.4 cannot represent hydrogen atoms.
NUM  13.
PAR  13. The composition as defined in claim 10 wherein R.sup.3 and R.sup.4 both
      represent hydrogen atoms.
NUM  14.
PAR  14. The composition as defined in claim 10 wherein R.sup.3 and R.sup.4 both
      represent methyl groups.
NUM  15.
PAR  15. The composition as defined in claim 1 in which the compound of formula
      1 is 1,1-di(4-biphenylyl)-3-dimethylamino-prop-1-ene.
NUM  16.
PAR  16. The composition as defined in claim 1 in which the compound of formula
      1 is 1,1-di(4-biphenylyl)-3-aminoprop-1-ene.
NUM  17.
PAR  17. A method of treating a human infected with Trypanosoma cruzi which
      comprises administering to the infected human an effective Trypanosoma
      cruzi infection treatment amount of a compound of formula I
      ##EQU19##
      wherein R.sup.1 and R.sup.2 are the same or different and can each
      represent a substituted or unsubstituted biphenylyl or fluorenyl group, or
      one only of R.sup.1 and R.sup.2 can represent a substituted or
      unsubstituted phenyl group, with the proviso that both R.sup.1 and R.sup.2
      cannot represent a substituted biphenylyl group and that when one of
      R.sup.1 and R.sup.2 represents a substituted biphenylyl group, the other
      represents a substituted or unsubstituted phenyl group, provided that when
      R.sup.1 or R.sup.2 are substituted biphenylyl, phenyl or fluorenyl they
      are substituted with halogen or nitro and wherein R.sup.3 and R.sup.4 are
      the same or different and are selected from the group consisting of a
      hydrogen atom, an alkyl group having from 1 to 4 carbon atoms and a benzyl
      group; or a pharmaceutically acceptable salt thereof.
NUM  18.
PAR  18. The method as defined in claim 17 wherein R.sup.1 represents a
      substituted or unsubstituted biphenylyl group and R.sup.2 represents a
      substituted or unsubstituted phenyl group.
NUM  19.
PAR  19. The method as defined in claim 18 wherein R.sup.1 represents a
      substituted or unsubstituted 4-biphenylyl group.
NUM  20.
PAR  20. The method as defined in claim 19 wherein R.sup.3 and R.sup.4 both
      represent hydrogen atoms.
NUM  21.
PAR  21. The method as defined in claim 20 wherein the substitution in the
      phenyl or biphenyl groups is in the para position.
NUM  22.
PAR  22. The method as defined in claim 19 wherein R.sup.3 and R.sup.4 can each
      represent either a hydrogen atom, or an alkyl group having from 1 to 4
      carbon atoms, with the proviso that both of R.sup.3 and R.sup.4 cannot
      represent hydrogen atoms.
NUM  23.
PAR  23. The method as defined in claim 18 wherein the biphenylyl and CH.sub.2
      NR.sup.3 R.sup.4 groups are in a cis relationship.
NUM  24.
PAR  24. The method as defined in claim 22 wherein R.sup.3 and R.sup.4 both
      represent methyl groups.
NUM  25.
PAR  25. The method as defined in claim 17 in which the compound of formula I is
      cis-1-(4'-chloro-4-biphenylyl)-1-p-iodophenyl-3-dimethylaminoprop-1-ene;
      cis-1-(4'-chloro-4-biphenylyl)-1-p-bromophenyl-3-dimethylaminoprop-1-ene;
      cis-1-(4'bromo-4-biphenylyl)-1-p-chlorophenyl-3-dimethylaminoprop-1-ene;
      cis-1-(4'-bromo-4-biphenylyl)-p-bromophenyl-3-dimethylaminoprop-1-ene;
      cis-1-(4'-chloro-4-biphenylyl)-1-p-chlorophenyl-3-dimethylaminoprop-1-ene;
      cis-1-(4'chloro-4-biphenylyl)-1-p-fluorophenyl-3-dimethylaminoprop-1-ene;
      or cis
      -1-(4'-chloro-4-biphenylyl)-p-nitrophenyl-3-dimethylaminoprop-1-ene.
NUM  26.
PAR  26. The method as defined in claim 17 wherein both of R.sup.1 and R.sup.2
      represent unsubstituted biphenylyl groups.
NUM  27.
PAR  27. The method as defined in claim 26 wherein the biphenylyl groups are
      4-biphenylyl groups.
NUM  28.
PAR  28. The method as defined in claim 27 wherein R.sup.3 and R.sup.4 are
      selected from the group consisting of a hydrogen atom and an alkyl group
      having from 1 to 4 carbon atoms, with the proviso that both of R.sup.3 and
      R.sup.4 cannot represent hydrogen atoms.
NUM  29.
PAR  29. The method as defined in claim 26 wherein R.sup.3 and R.sup.4 both
      represent hydrogen atoms.
NUM  30.
PAR  30. The method as defined in claim 26 wherein R.sup.3 and R.sup.4 both
      represent methyl groups.
NUM  31.
PAR  31. The method as defined in claim 17 in which the compound of formula I is
      1,1-di(4-biphenylyl)-3-dimethylaminoprop-1-ene.
NUM  32.
PAR  32. The method as defined in claim 17 in which the compound of formula I is
      1,1-di(4-biphenylyl)-3-aminoprop-1-ene.
NUM  33.
PAR  33. The method of claim 17 in which the amount is 5 to 500 mg/kg.
NUM  34.
PAR  34. The method of claim 33 in which the amount is 25 to 200 mg/kg.
NUM  35.
PAR  35. The method of claim 34 in which the amount is 50 to 100 mg/kg.
NUM  36.
PAR  36. The method of claim 17 in which the compound or the salt thereof is
      administered orally or subcutaneously.
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ABST
PAL  Quaternary ammonium compounds such as
      [2-(4-amino-2,6-dibromophenoxy)ethyl[dimethyl (allyl) ammonium bromide are
      prepared by the reaction of a tertiary amine such as
      3,5-dibromo-.beta.-dimethylamino-p-phenetidine with a substituted organic
      compound such as allyl bromide. The quaternary ammonium compounds are
      useful in alleviating or inhibiting cardiac arrhythmias when the
      quaternary ammonium compounds, or compositions comprising the same are
      administered to animals.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division of application Ser. No. 164,086, filed July 19, 1971,
      now U.S. Pat. No. 3,875,215.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The compounds of the present invention are substituted phenoxyalkyl
      quaternary ammonium compounds. Various ether phenoxyalkyl quaternary
      ammonium compounds have been described by Hey, Brit. J. Pharmacol. 7, 117
      (1952); Hey and Willey, Brit. J. Pharmacol. 9, 471 (1954) and U.S. Pat.
      No. 2,895,995; and by Jones et al., Biochem. J. 45, 143 (1949).
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to quaternary ammonium salt compounds, and to a
      method and composition utilizing such compounds. More particularly, the
      invention is concerned with quaternary ammonium salt compounds
      corresponding to the formula:
      ##SPC1##
PAL  Wherein Y represents amino, loweralkylamino or diloweralkylamino; R.sub.1
      and R.sub.2 represent lower alkyl; R.sub.1 and R.sub.2 independently taken
      together represent an aliphatic hydrocarbon moiety of from 4, to 5, to 6
      carbon atoms, which can be substituted with zero, one, or two lower alkyl
      substituents, R.sub.1, R.sub.2 and the quaternary nitrogen forming a 5, 6
      or 7-membered ring; R.sub.3 represents lower alkenyl, phenacyl, mono-, di
      or trihalophenacyl, lower alkynyl, substituted lower alkyl, substituted
      lower alkenyl or substituted lower alkynyl in which such moieties are
      substituted with one substituent selected from halogen, phenyl,
      halophenyl, dihalophenyl, trihalophenyl, nitrilo, hydroxy, carboxyalkyl
      and keto; or R.sub.1, R.sub.2 and R.sub.3 taken together represent a
      quinuclidine residue; X.sub.1 and X.sub.2 both represent halogen; A.sup.-
      represents a stoichiometric equivalent quantity of a
      pharmaceutically-acceptable anion; n represents one of the integers 2, 3
      or 4; HX represents a stoichiometric equivalent quantity of a
      pharmaceutically-acceptable acid; and m represents one of the integers 0
      and 1. The quaternary ammonium salt compounds are crystalline solids which
      are soluble in water, and of varying degrees of solubility in organic
      liquids such as dimethyl formamide, esters, halohydrocarbons, alcohols and
      the like.
PAR  In the present specification and claims, the term "halogen" is employed
      with respect to the moieties X.sub.1, X.sub.2 and R.sub.3 of the above
      formula to designate one of the halogens chlorine, bromine and iodine, and
      the term "lower alkyl" is employed to designate lower alkyl of from 1, to
      2, to 3, to 4, to 5, to 6 carbon atoms, the term "carboxyalkyl" is
      employed to designate such moieties containing from 2, to 3, to 4, to 5
      carbon atoms. The terms "lower alkenyl" and "lower alkynyl" are employed
      to designate such moieties containing from 2, to 3, to 4, to 5, to 6
      carbon atoms. The terms "pharmaceutically-acceptable anion" and
      "pharmaceutically-acceptable acid" as herein employed, refer to non-toxic
      anions or acids employed in quaternary ammonium salt compounds or
      acid-addition salts thereof. The terms include the acidic or anionic
      moieties which have no substantial toxicity or detrimental pharmacological
      effect when a quaternary ammonium salt compound including such an anion is
      administered to animals at dosages consistent with good pharmacological
      activity and acids of such moieties. Such pharmaceutically-acceptable
      anions include non-toxic inorganic anions such as the chloride, bromide,
      iodide, sulfate, nitrate, bisulfate or phosphate, or organic anions such
      as the acetate, propionate, succinate, malate, fumarate, glutamate,
      salicylate, maleate, tartrate or citrate anions, organic sulfonate anions
      such as the camphorsulfonate, methanesulfonate, benzenesulfonate or
      toluenesulfonate anions. The methanesulfonate, benzenesulfonate, chloride
      and bromide anions are particularly useful in the preparation,
      purification and use of the quaternary ammonium salts of the invention and
      are preferred pharmaceutically-acceptable anions.
PAR  The compounds of the invention are useful in the study of drug effects upon
      cardiac activity in animals, and have been found to be particularly useful
      as antiarrhythmic agents. The compounds can be employed in combatting
      cardiac arrhythmias in animals by administering an antiarrhythmic amount
      of one or more of the quaternary ammonium salt compounds to an animal. In
      such use, the compounds are administered internally to the animal to
      introduce the compound into the animal's cardiovascular system. The
      compounds can be administered parenterally by intraperitoneal,
      subcutaneous or intravenous injection, for example, and typically by
      intravenous injection. In contrast to many known quaternary ammonium
      compounds, the quaternary ammonium salt compounds of the invention can
      also be administered to animals via the gastrointestinal tract, typically
      by oral administration. The compounds have excellent antiarrhythmic
      activity both therapeutically, in administration to an animal suffering
      from a cardiac arrhythmia, and prophylactically to protect an animal
      against the occurrence or recurrence of arrhythmias, typically in an
      animal subject to arrhythmias.
PAR  The terms "arrhythmic", "cardiac arrhythmia" and "arrhythmia" as employed
      herein refer to irregular cardiac activity characterized by irregular
      beating of the heart, that is, non-rhythmic heart beat. Such arrhythmias
      involve substantial departures from the regular, substantially sinus
      (sinusoidal) normal heart beat. Arrhythmias are generally beyond the
      normal increased, but still substantially regular, heart beat rate
      resulting from physical activity. The term is inclusive of the conditions
      described by terms such as ventricular fibrillation, ventricular
      tachycardia, atrioventricular nodal beats, auricular flutter, auricular
      fibrillation or premature ventricular contractions. The terms "arrhythmic
      animal" and "arrhythmic mammal", as employed in the present specification
      and claims, mean and refer to animals suffering cardiac arrhythmias. Such
      arrhythmias can be the result of physiological or pathological conditions.
      They can also be brought about by physical conditions such as electrical
      stimulation or physical injury or they can result from pharmacological
      effects such as the administration of compounds such as digitalis or
      similar compounds such as ouabain, acetyl strophanthidin, deslanoside C or
      digitoxin; epinephrine; ergot; chloroform; cyclopropane and the like
      having cardiac stimulant and arrhythmia-inducing activity or side effects.
PAR  In the practice of the method of the invention, a quaternary ammonium salt
      compound is normally incorporated in a pharmaceutical carrier and the
      resulting composition is administered internally to an animal. In the
      present specification and claims, "pharmaceutical carrier" refers to known
      pharmaceutical excipients which are substantially non-toxic and
      non-sensitizing at dosage levels consistent with good antiarrhythmic
      activity. The active ingredient is preferably administered parenterally in
      the form of liquid injectable solutions or suspensions, and orally in the
      form of solid compositions which can be prepared by known techniques such
      as tableting and encapsulation. Suitable pharmaceutical carriers which can
      be employed for formulating the solid compositions include starch,
      lactose, glucose, sucrose, gelatin, powdered licorice, malt, rice flour,
      chalk, silica gel, hydroxyethyl cellulose, hydroxypropyl cellulose,
      magnesium carbonate, magnesium stearate, carboxymethyl cellulose, and the
      like and compatible mixtures thereof. The quaternary ammonium compounds
      can also be formulated as liquid compositions including syrups, elixirs,
      suspensions and emulsions for oral administration. Among the liquid
      pharmaceutical carriers which can be employed for orally-administered
      compositions are ethanol, water, saline, glucose syrup, syrup of acacia,
      mucilage of tragacanth, propylene glycol, polyethylene glycols, peanut
      oil, wheat germ oil, sunflower seed oil or corn oil and the like and
      compatible mixtures thereof. Orally-ingestible compositions can include
      emulsifying agents such as lecithin, sorbitan trioleate, polyoxyethylene
      sorbitan monooleate and natural gums such as gum acacia and gum
      tragacanth, and suspending agents such as polyethylene oxide condensation
      products of alkylphenols or fatty acids or fatty alcohols, or cellulose
      derivatives such as carboxymethyl cellulose or hydroxypropylmethyl
      cellulose. The compositions can also contain sweetening agents such as
      sucrose, or saccharin, flavoring agents such as caramel, coloring
      materials, preservatives and the like.
PAR  Injectable compositions adapted for parenteral administration such as
      intramuscular, subcutaneous or, preferably, intravenous injection can be
      prepared with pharmaceutical carriers which are liquid
      parenterally-acceptable vehicles, i.e., liquid pharmaceutical carriers
      which are adapted for use in formulating parenteral preparations and which
      are substantially non-toxic and non-irritating when administered
      parenterally at dosages consistent with good antiarrhythmic activity.
      Representative liquid parenterally-acceptable vehicles include
      pyrogen-free water, normal saline solutions, Ringer's Injection, Lactated
      Ringer's Injection, dextrose solutions, ethanol, propylene glycol, liquid
      polyethylene glycols, fixed vegetable oils such as corn oil, peanut oil or
      cottonseed oil, ethyl oleate, isopropyl myristate and the like. The
      injectable compositions can also contain other materials such as
      preservatives, buffers and the like. Preferred injectable compositions
      comprise a sterile solution of the quaternary ammonium salt compound in
      the parenterally-acceptable vehicle. The compositions can be formulated by
      using conventional procedures such as are described in Remington's
      Pharmaceutical Sciences, 13th Ed., Chapter 36, Mack Publ. Co., Easton, Pa.
      (1965).
PAR  The selection of the exact pharmaceutical carrier to be employed in any
      given circumstance can be carried out by routine and conventional range
      finding operations to arrive at formulations having the desired
      characteristics of physical form, ease of administration in a desired
      route, storage stability, etc.
PAR  The antiarrhythmic amount of the quaternary ammonium salt compounds to be
      administered to an animal can vary depending upon such factors as whether
      or not the animal is suffering from an arrhythmia at the time of
      administration, the type and severity of arrhythmia exhibited, the method
      and frequency of administration, the exact anti-arrhythmic effect to be
      produced, the particular quaternary ammonium salt compounds employed and
      the species, size, weight, age and physical condition of the particular
      animal being treated. In general, when the animal is actively exhibiting
      arrhythmia, it is preferred to administer the compound at an
      antiarrhythmic dosage rate sufficient to bring about a complete conversion
      of the arrhythmia to normal sinus cardiac activity. In such operations,
      the active compound is preferably introduced directly into the
      cardiovascular system of the animal to provide an antiarrhythmic
      concentration of the quaternary ammonium salt compound in the
      cardiovascular system, particularly at the heart. In a convenient
      procedure, the compound is administered by intravenous injection at an
      initial antiarrhythmic dosage less than that required to fully convert the
      arrhythmia to normal rhythm, and the heartbeat of the animal is monitored
      as the amount of compound administered is gradually increased over a
      period of minutes until an antiarrhythmic amount sufficient to fully
      convert the arrhythmia to rhythmic cardiac activity has been administered.
      It is then preferred to supply the compound in periodic maintenance
      antiarrhythmic dosages, such administration being either by the same
      parenteral route, or by administration of larger antiarrhythmic dosages by
      another route such as orally. The maintenance antiarrhythmic dosage and
      mode of administration are selected to provide a more-or-less continuous
      antiarrhythmic concentration of the quaternary ammonium salt compound in
      the cardiovascular system, such concentration being sufficient to inhibit
      further arrhythmia. In general, the quaternary ammonium compound can be
      administered intravenously in initial dosages of from about 0.1 or less to
      about 15 or more milligrams per kilogram of animal body weight, providing
      initial antiarrhythmic concentrations in the cardiovascular system.
      Maintenance dosages can vary widely depending upon a variety of factors
      such as the time and frequency of administration, the exact compound or
      compounds employed, the condition, size, age and species of the animal,
      the route of administration selected, the type of dosage form employed,
      the type and cause of the arrhythmia, and the length of time during which
      a maintenance dose is desired. In cases in which there is little or no
      likelihood of recurrence of arrhythmia once conversion has been brought
      about, the maintenance dosage can comprise a continuation of the initial
      intravenous antiarrhythmic dosage for a relatively brief period. When
      recurrence of arrhythmia is likely, the maintenance dosage can comprise
      repeated oral administration of an antiarrhythmic amount of the compounds
      over extended periods. Maintenance dosages can be administered by single
      or multiple doses provided that the compounds are administered in an
      antiarrhythmic amount sufficient substantially to alleviate cardiac
      arrhythmia.
PAR  A preferred group of the quaternary ammonium salt compounds comprises the
      compounds corresponding to the above formula I wherein R.sub.1 and R.sub.2
      are both methyl or both ethyl, wherein Y is amino and wherein X.sub.1 and
      X.sub.2 are both bromine or both chlorine. It is also generally preferable
      that the moieties R.sub.1 and R.sub.2 together contain from 2 to 6 carbon
      atoms; that the moiety R.sub.3 contain from 3 to 7 carbon atoms and that
      R.sub.1, R.sub.2 and R.sub.3 together contain from 5 to 9 carbon atoms.
      Other preferred groups of compounds include those wherein Y is amino,
      R.sub.3 is lower alkenyl or lower alkynyl of 3 to 4 carbon atoms or those
      wherein R.sub.3 is substituted lower alkyl, lower alkenyl or lower alkynyl
      of from 2 to 4 carbon atoms substituted with a single bromo, chloro, keto
      or nitrilo substituent, and those wherein R.sub.3 is benzyl,
      monohalobenzyl and dihalobenzyl. A further preferred group comprises the
      compounds corresponding to the above formula wherein n is 2, Y is amino,
      X.sub.1 and X.sub.2 are bromine, R.sub.1 and R.sub.2 are methyl, and
      R.sub.3 is lower alkenyl or lower alkynyl of 3 or 4 carbon atoms, and
      A.sup.- is chloride or bromide anion. This latter group of quaternary
      ammonium salts thus corresponds to the formula
      ##SPC2##
PAL  wherein m, HX and A.sup.- have the significance set out above with respect
      to formula I and R.sub.3 is lower alkenyl or lower alkynyl of 3 or 4
      carbon atoms, preferably 2-propynyl, allyl or 2-methylallyl. The preferred
      compounds of Formula Ia provide excellent antiarrhythmic results of long
      duration when administered orally or parenterally in relatively low
      dosages and are particularly preferred for combatting cardiac arrhythmias.
PAC  PREPARATION OF THE COMPOUNDS
PAR  The quaternary ammonium salt compounds of the invention can be prepared by
      the reaction of a tertiary amine compound corresponding to formula II
      ##EQU1##
      with a substituted organic alkylating agent corresponding to formula III
EQU  R'''' -- B                                                 III
PAL  In the above formulae II and III, one of the substituent moieties R',R",
      R'", and R"" represents a substituted phenoxyalkyl moiety corresponding to
      formula IV
      ##SPC3##
PAL  wherein X.sub.1, X.sub.2, Y and n all have the significance set out above
      with respect to formula I; and each of the remaining substituent moieties
      R', R", R'" and R"" represents a different individual one of the moieties
      R.sub.1, R.sub.2 and R.sub.3 as set out above with respect to formula I
      and B represents a pharmaceutically-acceptable strongly anionic moiety
      such as halide, alkyl or aryl sulfonate, sulfate or phosphate. Thus the
      substituted phenoxyalkyl moiety of formula IV can be provided as a
      substituted phenoxyalkylamine or as a substituted phenoxyalkyl halide, and
      the R.sub.1, R.sub.2 and R.sub.3 moieties similarly can be provided by a
      tertiary amine compound of formula II or by a substituted organic compound
      of formula IV. Representative tertiary amines which can be employed as
      starting materials include N-methyl-N-ethyl-N(2-propynyl) amine; dimethyl
      phenethylamine; N,N-diethyl-N-4-chlorobutylamine; N-2-butenyl
      dimethylamine; N-allyl-pyrrolidine; picoline, lutidine; quinuclidine;
      3,5-dibromo-.beta.-dimethylamino-p-phenetidine;
      3,5-diiodo-.beta.-(N-3-nitrilopropyl-N-ethyl)amino-p-phenetidine;
      3-chloro-5-bromo-4-[2-(N-2,4,5-trichlorobenzyl-N-methyl
      amino)propoxy]-N-butyl aniline; N,N-diethyl-N-(2-methylallyl) amine;
      N-butyl-N-[
      3-(2,5-diiodophenyl)propyl]-N-[3-(2,6-dichloro-4-aminophenoxy)propyl]amine
     ; 3,5-dichloro-4-[3-(N-3-nitrilopropyl-N-methylamino)propoxy]-N,N-dimethyla
     niline; 3,5-dibromo-4-[.beta.-N-(3-butynyl)-N-methyl amino
      ethoxy]-N-ethylaniline;
      N-[.beta.(2-bromo-4-amino-6-iodophenoxy)-ethyl]-N-(2-methylallyl)-N-ethyla
     mine; N-allylpiperidine;
      3,5-dichloro-.beta.-(N-isopropyl-N-methyl)amino-p-phenetidine; and
      3,5-dibromo-.beta.-(N-3-ketobutyl-N-methyl)amino-p-phenetidine.
      Representative substituted organic compounds can include propargyl
      bromide, propargyl chloride, 3,5-dibromo-4-(2-bromoethoxy)aniline;
      3,5-dichloro-4-(3-bromopropoxy) N,N-dimethylaniline, .beta.-cyanoethyl
      tosylate; 1-(2-bromo-6-chlorophenoxy)-(2-bromoethane); propenyl chloride,
      chlorohexane, methyl bromide, ethylene dibromide, benzyl bromide,
      3,4,5-trichlorophenethyl bromide, chloroacetone, 1,4-dichloro-2-butene,
      butyl bromide, 1-chloro-2-methyl propane, 1-chloro-3-cyanopropane,
      1,1,3-trichloropropane, 1-bromo-4-phenylbutane, and
      3,4,5-trichlorophenacyl bromide.
PAR  The reaction proceeds when the reactants are contacted and mixed,
      preferably in the presence of an inert organic liquid such as acetonitrile
      or dimethyl formamide as a reaction medium. In preparing the quaternary
      ammonium compounds of the invention, the substituted halophenoxyalkyl
      amine compound of formula II and the organic compound of formula III are
      selected from such compounds in which the R', R", R'" and R"" moieties are
      such as to provide the R.sub.1, R.sub.2 and R.sub.3 moieties desired in
      the quaternary product. The reaction proceeds readily at temperatures of
      from about 10.degree. to about 100.degree.C., and is preferably carried
      out at a temperature from about 25.degree. to about 70.degree.C. The exact
      proportions of the reactants to be employed are not critical, however the
      formation of one molar proportion of the quaternary ammonium salt product
      requires one molar proportion of each of the tertiary amine and
      substituted organic reactants, and the reactants are preferably employed
      in such proportions. The reaction of the tertiary amine and organic
      compound proceeds with the evolution of heat and the production of a
      quaternary ammonium salt product wherein the anionic moiety is the anionic
      moiety B of the organic compound of formula III. In those cases in which
      the product separates as a precipitate in the reaction mixture, the
      product can be separated by conventional procedures such as filtration,
      decantation, centrifugation. In cases in which the product does not
      precipitate from the reaction mixture, the quaternary ammonium salt can be
      separated by other conventional procedures such as evaporation under
      reduced pressure, cooling of the reaction mixture and scratching or
      seeding to induce crystallization, dilution with organic liquids such as
      ethyl acetate, benzene or butyl acetate or the like. The product can be
      purified by conventional procedures such as recrystallization and washing.
PAR  The anionic moiety A.sup.- of the quaternary ammonium salts corresponding
      to formula I can be varied by conversion of one salt to another by
      conventional procedures for anion exchange. The exchange can be carried
      out, for example, by the methathetic reaction of one of the quaternary
      ammonium salts of the invention with the desired anion in the presence of
      a cation which forms a methathesis reaction product with the anionic
      moiety to be replaced, and methathesis reaction product being insoluble in
      the reaction medium employed for the metathetic reaction. In a convenient
      procedure a quaternary ammonium halide of the invention is prepared as
      described above using a reactant corresponding to formula III wherein A is
      halogen, such as chlorine or bromine. The quaternary ammonium halide is
      dissolved in aqueous ethanol at room temperature and the solution is mixed
      with an aqueous solution of an acid supplying the desired anion, e.g.,
      sulfuric acid. The haldie is removed as hydrogen halide by fractional
      distillation and the methathesis quaternary ammonium salt product is
      separated and purified by conventional procedures. Alternatively,
      different anionic moieties can be introduced into the quaternary ammonium
      salt compounds of formula I by passing an aqueous solution of a compound
      of formula I through an anion-exchange resin saturated with the anion
      desired in the product.
PAR  In the preparation of the quaternary ammonium salts of the invention
      wherein R.sub.1, R.sub.2 and R.sub.3 represent a quinuclidine, pyridine,
      picoline or lutidine residue, the substituted phenoxyalkyl moiety is
      conveniently supplied as a substituted phenoxyalkyl halide. The tertiary
      amine reactant is a substituted nitrogen-containing heterocyclic amine
      such as quinuclidine, pyridine, .alpha.-picoline, 3,4-dimethyl pyridine or
      the like. The quaternization reaction is conveniently carried out under
      substantially the conditions described above.
PAR  The pharmaceutically-acceptable acid addition salt form of the quaternary
      ammonium compounds, that is, those quaternary ammonium salts of formula I
      wherein m is 1, are prepared according to conventional procedures for
      forming acid addition salts of primary, secondary or tertiary amines. In a
      convenient procedure, a quaternary ammonium salt corresponding to formula
      I wherein m is 0 is taken up in a minimal amount of a lower alkanol and
      the mixture is treated with an excess of the desired
      pharmaceutically-acceptable acid in ether or dioxane. The salt is
      separated and purified by conventional procedures.
PAR  In a convenient procedure for the preparation of the quaternary ammonium
      salts of the invention wherein R.sub.1 and R.sub.2 represent lower alkyl,
      the tertiary amine reactant employed is a substituted 3,5-dihalophenoxy
      alkylamine corresponding to the above formula II wherein R' and R"
      represent the R.sub.1 and R.sub.2 lower alkyl moieties as described above
      with respect to formula I and R'" represents a substituted phenoxyalkyl
      moiety corresponding to the above formula IV. Such tertiary amine starting
      materials can be prepared readily by the reaction of a substituted
      phenoxyalkyl halide with a dialkyl amine by the procedures described in
      U.S. Pat. No. 3,389,171 or by analogous procedures. The substituted
      organic compound reactant employed is a compound of formula III above
      wherein R"" represents R.sub.3 as described with respect to formula I and
      B represnts halo, alkyl sulfonyl or aryl sulfonyl. In such procedure, the
      substituted halophenoxyalkylamine is dispersed in an inert organic liquid
      such as dimethylformamide or acetonitrile, and an equimolar proportion of
      the organic compound of formula III is added gradually and mixed
      therewith. The reaction mixture is maintained at a temperature within the
      reaction temperature range for a period of 1 to 36 hours. In those cases
      in which the product does not separate from the reaction mixture, the
      product can be conveniently separated by diluting the reaction mixture
      with several volumes of ethyl acetate. In those cases in which a
      crystalline product is not obtained upon dilution with ethyl acetate, the
      product can be crystallized by treating the ethyl acetate mixture with
      excess pharmaceutically-acceptable acid, trituration, or crystallization
      from other organic liquids such as methanol, ethanol, or isopropanol. The
      product can be purified by conventional procedures such as
      recrystallization and washing.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The following examples are illustrative of the invention.
PAC  EXAMPLE 1
PAR  3,5-Dibromo-.beta.-dimethylamino-p-phenetidine (25.4 grams; 0.075 mole) is
      dissolved in 200 milliliters of acetonitrile at room temperature.
      2-Methylallyl chloride (6.9 grams; 0.075 mole) is rapidly added dropwise
      to the solution with stirring, during which time a temperature rise of
      3.degree.-4.degree. C. is observed. The reaction mixture is heated at a
      temperature of 55.degree.-65.degree.C. for 4 hours with continued
      stirring. Formation of a precipitate is observed in the mixture, beginning
      about 15 minutes after addition of the 2-methallyl chloride and continuing
      through the heating period. The reaction mixture is then cooled in an ice
      bath and filtered. The
      [2-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl-(2-methylally)ammonium
      chloride product is collected as a filter cake, dried in air and found to
      melt at 185.degree.-186.degree.C. The product is dissolved in hot
      isopropanol and the solution treated with activated carbon and filtered.
      The solution is cooled, whereupon a crystalline solid precipitate forms,
      and filtered. The purified
      [2-(4-amino-2,6-dibromophenoxy)ethyl]-dimethyl(2-methylallyl)ammonium
      chloride product is collected as a filter cake, dried under reduced
      pressure, and found to melt at 181.degree.-182.degree.C. The structure of
      the product, corresponding to the formula:
      ##SPC4##
PAL  is confirmed by infrared and nuclear magnetic resonance spectroscopy. The
      product is found by combustion analysis to have carbon, hydrogen and
      nitrogen contents of 39.35, 4.98 and 6.64 percent, respectively, as
      compared with the theoretical contents of 39.2, 4.94 and 6.54 percent,
      respectively, calculated for the named structure.
PAC  EXAMPLE 2
PAR  3,5-Dibromo-.beta.-dimethylamino-p-phenetidine (16.9 grams; 0.05 mole) is
      dissolved in 50 milliliters of dimethyl formamide at a temperature of
      about 25.degree.C. To this solution is added dropwise with stirring ethyl
      bromoacetate (9.2 grams; 0.055 mole). During the addition the mixture
      warms spontaneously to a temperature of about 49.degree.C., and the
      mixture is cooled to 27.degree.C. prior to addition of the final 2 grams
      of ethyl bromoacetate. A precipitate forms in the reaction mixture after
      the addition is complete, and 50 milliliters of additional dimethyl
      formamide is added. The mixture is stirred for one hour, then held over
      night at room temperature. The crystalline solid product is collected as a
      filter cake by suction filtration of the mixture and the filter cake is
      recrystallized from boiling ethanol. The
      [2-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl(ethyl carboxymethyl)
      ammonium bromide is obtained as a light tan crystalline solid, melting at
      187.degree.-188.degree.C. The product is found by combustion analysis to
      have carbon, hydrogen and nitrogen contents of 33.5, 4.3 and 5.6 percent,
      respectively, as compared with the theoretical contents of 33.3, 4.2 and
      5.6 percent, respectively, calculated for the named structure. The
      structure of the product is confirmed by infrared spectroscopy and nuclear
      magnetic resonance analysis.
PAR  A second crop of the product is obtained by diluting the dimethyl formamide
      reaction mixture filtrate with excess ethyl acetate, and collecting the
      resulting precipitate by filtration. This crop of the product is dried,
      crystallized from acetonitrile and found to have nuclear magnetic
      resonance and infrared spectra consistent with the assigned structure, and
      in excellent agreement with the spectra obtained with the first crop.
PAC  EXAMPLE 3
PAR  3,5-Dibromo-.beta.-dimethylamino-p-phenetidine (20.3 grams; 0.06 mole) and
      2-chlorobenzyl chloride (9.7 grams; 0.06 mole) are dissolved in 200
      milliliters of acetonitrile. The reaction mixture is heated at a
      temperature of about 35.degree. C. for about 1 hour and then at ambient
      temperature overnight with continued stirring. Formation of a precipitate
      is observed in the mixture, beginning about one hour after initial
      contacting of the reactants. The reaction mixture is filtered, and the
      [2-(4-amino-2,6-dibromophenoxy)-ethyl]dimethyl(2-chlorobenzyl)ammonium
      chloride product is collected as a filter cake, dried in air, and
      recrystallized from isopropanol. The purified
      [2-(4-amino-2,6-dibromophenoxy)-ethyl]dimethyl(2-chlorobenzyl)ammonium
      chloride product is found to melt at 172.degree.-173.degree.C. The
      structure of the product is confirmed by infrared and nuclear magnetic
      resonance spectroscopy. The product is found by combustion analysis to
      have carbon, hydrogen and nitrogen contents of 41.3, 4.3 and 5.8 percent,
      respectively, as compared with the theoretical contents of 40.9, 4.0 and
      5.6 percent, respectively, calculated for the named structure.
PAC  EXAMPLE 4
PAR  3,5-Dibromo-.beta.-dimethylamino-p-phenetidine (16.9 grams; 0.05 mole) is
      dissolved in 35 milliliters of dimethyl formamide and the solution is
      cooled in an ice-bath to a temperature of about 10.degree.C. To this
      solution is added dropwise with stirring propargyl bromide (6.5 grams;
      0.055 mole). During the addition the mixture warms spontaneously to a
      temperature of about 18.degree.C., and the mixture is cooled to
      10.degree.C. prior to addition of the final amounts of propargyl bromide.
      The mixture is allowed to warm to room temperature then heated at a
      temperature of 45.degree.C. for 1 hour and diluted with ethyl acetate,
      whereupon the crystalline solid product separates. The product is
      separated by filtration of the mixture, recrystallized once from a mixture
      of isopropanol and ethanol and recrystallized a second time from a mixture
      of ethanol and ethyl acetate. The
      [2-(4-amino-2,6-dibromo-phenoxy)ethyl]dimethyl(2-propynyl)ammonium bromide
      product is obtained as a yellow crystalline solid melting at
      166.degree.-168.degree.C. The product is found by combustion analysis to
      have carbon, hydrogen and bromide contents of 34.5, 3.8 and 52 percent,
      respectively, as compared with the theoretical contents of 34.2, 3.8 and
      52.5 percent, respectively, calculated for the named structure. The
      structure of the product is confirmed by infrared spectroscopy and nuclear
      magnetic resonance analysis.
PAC  EXAMPLE 5
PAR  3,5-Dibromo-.beta.-dimethylamino-p-phenetidine (25.4 grams; 0.075 mole) is
      dissolved in 200 milliliters of acetonitrile at room temperature.
      Chloroacetone (7.0 grams; 0.075 mole) is rapidly added dropwise to the
      solution with stirring, during which time a slight temperature rise is
      observed. The reaction mixture is heated at a temperature of
      55.degree.-65.degree.C. for 4 hours with continued stirring, then cooled
      in an ice bath and filtered. The
      [2-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl(acetonyl)ammonium chloride
      product is collected as a filter cake, dried in air, and recrystallized
      from isopropanol. The purified
      [2-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl(acetonyl)ammonium chloride
      product is obtained as a tan crystalline solid melting at
      181.degree.-182.degree.C. The structure of the product is confirmed by
      infrared and nuclear magnetic resonance spectroscopy. The product is found
      by combustion analysis to have carbon, hydrogen and nitrogen contents of
      36.1, 4.6 and 6.4 percent, respectively, as compared with the theoretical
      contents of 36.3, 4.5 and 6.5 percent, respectively, calculated for the
      named structure.
PAC  EXAMPLE 6
PAR  3,5-Dibromo-.beta.-dimethylamino-p-phenetidine (16.9 grams; 0.05 mole) is
      dissolved in 35 milliliters of dimethyl formamide at a temperature of
      about 25.degree.C. Allyl bromide (6.7 grams; 0.055 mole) is added dropwise
      to the solution with stirring. During the addition the mixture warms
      spontaneously to a temperature of about 32.degree.C. The mixture is then
      held overnight at room temperature. The mixture is diluted with a large
      excess of ethyl acetate, whereupon a yellow amorphous solid separates. The
      solid product is separated by decantation, washed with ethyl acetate and
      crystallized by trituration with isopropanol. The product is
      recrystallized once from hot isopropanol and a second time from an
      ethanol-ethyl acetate mixture. The
      [2-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl(allyl)ammonium bromide
      product is obtained as a yellow crystalline solid melting at
      157.5.degree.-159.degree.C. The product is found by combustion analysis to
      have carbon, hydrogen and bromide contents of 33.8, 4.2 and 52.0 percent,
      respectively, as compared with the theoretical contents of 34.0, 4.2 and
      52.2 percent, respectively, calculated for the named structure. The
      structure of the product is confirmed by infrared spectroscopy and nuclear
      magnetic resonance analysis.
PAC  EXAMPLES 7-14
PAR  In procedures similar to those employed in Examples 1-6 above,
      2,6-dibromo-.beta.-dimethylamino-p-phenetidine is quaternized with
      appropriate organic alkylating reactants to produce quaternary ammonium
      salt compounds of the invention. The compounds correspond to formula I
      above wherein m is zero, Y is amino, n is 2, X.sub.1 and X.sub.2 are both
      bromo and R.sub.1 and R.sub.2 are methyl. The compounds obtained,
      identified by the R.sub.3 and A.sup.- moieties, and the organic reactants
      reacted with the said phenetidine compounds are set out in the following
      table.
TBL  __________________________________________________________________________

     Ex.      R.sub.3 A.sup.-                                                  

                           Melting Alkylating                                  

                           Point .degree.C.                                    

                                   Reactant                                    

     __________________________________________________________________________

     7    2-hydroxyethyl                                                       

                      bromide                                                  

                           228.degree.-229.degree.                             

                                   ethylenebromohydrin                         

     8    3,4-dichlorophenacyl                                                 

                      bromide                                                  

                           212.degree.-214.degree.                             

                                   3,4-dichlorophenacyl-                       

                                   bromide                                     

     9    phenethyl   bromide                                                  

                           209.degree.-210.degree.                             

                                   .beta.-bromoethylbenzene                    

     10   3-chloropropen-2-yl                                                  

                      chloride                                                 

                           168.degree.-169.degree.                             

                                   1,3-dichloropropene                         

     11   benzyl      bromide                                                  

                           198.degree.-199.degree.                             

                                   benzyl bromide                              

     12   4-chlorobenzyl                                                       

                      chloride                                                 

                           187.degree.-188.degree.                             

                                   4-chlorobenzyl                              

                                   chloride                                    

     13   2,4-dichlorobenzyl                                                   

                      chloride                                                 

                           172.degree.-173.degree.                             

                                   2,4-dichlorobenzyl                          

                                   chloride                                    

     14   3,4-dichlorobenzyl                                                   

                      chloride                                                 

                           158.5.degree.-160.degree.                           

                                   3,4-dichlorobenzyl                          

                                   chloride                                    

     __________________________________________________________________________

PAC  EXAMPLE 15
PAR  3,5-Dichloro-.beta.-dimethylamino-p-phenetidine (15 grams) and
      2-methylallyl chloride (5.6 grams) are dissolved in 140 milliliters of
      acetonitrile. The reaction mixture is heated at a temperature of about
      60.degree.-65.degree.C. for 32 hours and then cooled. The reaction mixture
      is filtered, and the
      [2-(4-amino-2,6-dichlorophenoxy)ethyl]dimethyl(2-methylallyl)-ammonium
      chloride product is collected as a filter cake, washed with acetonitrile
      and dried. The purified
      [2-(4-amino-2,6-dichlorophenoxy)ethyl]dimethyl(2-methylallyl)-ammonium
      chloride product is found to melt at 189.degree.-191.degree.C.
PAC  EXAMPLE 16
PAR  3,5-Dibromo-.beta.-diethylamino-p-phenetidine (14 grams; 0.038 mole) and
      4.85 grams of allyl bromide are dissolved in 140 milliliters of
      acetonitrile. The mixture is heated with stirring at a temperature of
      60.degree.-65.degree.C. for 4 hours, stirred at room temperature
      overnight, then heated at 60.degree.-65.degree.C. for about 18 hours and
      cooled. The crystalline product is separated by filtration of the mixture
      and the [2-(4-amino-2,6-dibromophenoxy)ethyl]diethyl(allyl)ammonium
      bromide product is obtained as a crystalline solid melting at
      205.degree.-207.degree.C.
PAC  EXAMPLE 17
PAR  3,5-Dibromo-4-(3-dimethylaminopropoxy)aniline (5 grams) and 1.8 grams of
      allyl bromide are mixed with 30 milliliters of acetonitrile. Crystal
      formation and a slight temperature rise is observed. The reaction mixture
      is heated at a temperature of 50.degree.-60.degree.C. for 4 hours with
      stirring, then held overnight and filtered. The
      [3-(4-amino-2,6-dibromophenoxy)propyl]dimethyl(allyl)ammonium bromide
      product is collected as a filter cake, dried in air, and obtained as a
      buff colored crystalline solid melting at 167.degree.-169.degree.C.
PAC  EXAMPLE 18
PAR  3,5-Dibromo-.beta.-dimethylamino-p-phenetidine (13.5 grams; 0.04 mole) is
      dissolved in 150 milliliters of ethyl acetate at room temperature.
      Cyanomethyl benzenesulfonate (8 grams; 0.04 mole) is added dropwise to the
      solution with stirring. The reaction mixture is held overnight at room
      temperature. The reaction mixture is filtered. The
      [2-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl(2-nitriloethyl)-ammonium
      benzenesulfonate product is collected as a filter cake. The product is
      taken up in hot acetonitrile and the solution is filtered. The hot
      filtrate is cooled, whereupon a crystalline solid precipitate forms, and
      filtered. The purified
      [2-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl(2-nitriloethyl]ammonium
      benzenesulfonate product is collected as a filter cake, air dried, and
      found to melt at 173.5.degree.-175.degree.C. The structure of the product
      is confirmed by infrared and nuclear magnetic resonance spectroscopy. The
      product is found by combustion analysis to have carbon, hydrogen and
      nitrogen contents of 40.6, 3.93 and 7.87 percent, respectively, as
      compared with the theoretical contents of 40.39, 3.96 and 7.85 percent,
      respectively, calculated for the named structure.
PAC  EXAMPLE 19
PAR  3,5-Dibromo-.beta.-dimethylamino-p-phenetidine (25.4 grams; 0.075 mole) is
      dissolved in 300 milliliters of acetonitrile at room temperature. Allyl
      methanesulfonate (10.2 grams; 0.075 mole) is rapidly added to the solution
      with stirring. The reaction mixture is heated at a temperature of
      35.degree.-45.degree.C. for 5 hours with continued stirring. Formation of
      a precipitate is observed in the mixture, beginning about 10 minutes after
      addition of the allyl methanesulfonate and continuing through the heating
      period. The reaction mixture is cooled and filtered. The
      [2-(4-amino-2,6-dibromophenoxy)-ethyl]dimethyl(allyl)ammonium
      methanesulfonate product is collected as a filter cake, dried, and
      recrystallized from n-propanol. The product is found to melt at
      202.degree.-203.degree.C. The structure of the product is confirmed by
      infrared and nuclear magnetic resonance spectroscopy. The product is found
      by combustion analysis to have carbon, hydrogen and nitrogen contents of
      35.35, 4.65 and 6.13 percent, respectively, as compared with the
      theoretical contents of 35.45, 4.68 and 5.91 percent, respectively,
      calculated for the named structure.
PAC  EXAMPLE 20
PAR  .alpha.,3,5-Tribromo-p-phenetidine (20.2 grams) is dissolved in 150
      milliliters of acetonitrile, then mixed with a solution of 6 grams of
      quinuclidine in 100 milliliters of acetonitrile. The reaction mixture is
      heated at a temperature of about 50.degree.C. for 4 hours and then cooled,
      and held for 48 hours at ambient temperature. The reaction mixture is
      filtered, and the [2-(4-amino-2,6-dibromophenoxy)-ethyl] quinuclidinium
      bromide product is collected as a filter cake, washed with acetonitrile
      and dried. The purified [2-(4-amino-2,6-dibromophenoxy)ethyl]
      quinuclidinium bromide product is found to melt at
      239.degree.-241.degree.C. The product corresponds to the formula:
      ##SPC5##
PAC  EXAMPLE 21
PAR  3,5-Dibromo-.beta.-pyrrolidino-p-phenetidine (15 grams) and allyl bromide
      (5.25 grams) are mixed in 50 milliliters of acetonitrile. The reaction
      mixture is heated at a temperature of about 60.degree.-70.degree.C. for 4
      hours and then cooled. The reaction mixture is diluted with ethylacetate,
      and the [2-(4-amino-2,6-dibromophenoxy)ethyl] allyl pyrrolidinium bromide
      product is collected by decantation. The product is taken up in
      isopropanol, mixed with excess hydrogen bromide in isopropanol and the
      mixture is cooled and filtered. The
      1-[2-(4-amino-2,6dibromophenoxy)ethyl]-1-allyl pyrrolidinium bromide
      hydrobromide product is found to melt at 211.degree.-213.degree.C.
PAC  EXAMPLE 22
PAR  In a procedure similar to that described in Example 21,
      1-[2-(4-amino-2,6-dibromophenoxy)ethyl]-1-allyl piperidinium bromide
      hydrobromide, melting at 207.degree.-209.degree.C., is prepared by
      reacting 17 grams of 3,5-dibromo-.beta.-piperidino-p-phenetidine and 5.75
      grams of allyl bromide in 50 milliliters of acetonitrile.
PAC  EXAMPLE 23
PAR  3,5-Dibromo-.beta.-hexamethyleneamino-p-phenetidine (16.8) grams) and allyl
      bromide (5.47 grams) are dissolved in 70 milliliters of acetonitrile. The
      reaction mixture is heated at a temperature of about 60.degree.C. for 2
      hours and then cooled. The reaction mixture is filtered, and the
      [2-(4-amino-2,6-dibromophenoxy)ethyl]-1-allylhexahydroazepinium bromide
      product, corresponding to the formula
      ##SPC6##
PAL  is collected as a filter cake, washed with acetonitrile and dried. The
      purified product is found to melt at 177.degree.-179.degree.C.
PAC  EXAMPLE 24
PAR  In a procedure similar to that described above in Example 20,
      .beta.,3,5-tribromo-p-phenetidine and 3-picoline are reacted together to
      prepare 1-[2-(4-amino-2,6-dibromo-phenoxy)ethyl]-3-picolinium bromide,
      melting at 218.degree.-220.degree.C.
PAC  EXAMPLE 25
PAR  In a procedure similar to that of Example 17,
      3,5-dibromo-4'-(4-dimethylaminobutoxy) aniline is reacted with allyl
      bromide to prepare [4-(4-amino-2,6-dibromophenoxy)-butyl]dimethyl(allyl)
      ammonium bromide as a pale yellow crystalline solid melting at
      184.degree.-186.degree.C.
PAR  In procedures similar to those described above in Examples 1-25, the
      following quaternary ammonium salt compounds are prepared:
PA1  1-[3-(4-ethylamino-2,6-dibromophenoxy)propyl]-1-allyl-2-methyl
      pyrrolidinium bromide hydrobromide;
PA1  [4-(4-dimethylamino-2,6-dichlorophenoxy)butyl]-dibutyl(3-butynyl)ammonium
      methanesulfonate;
PA1  1-[2-(4-amino-2,6-diiodophenoxy)ethyl]-3,4-dimethyl pyridinium bromide
      hydrobromide;
PA1  [3-(4-hexylamino-2,6-dichlorophenoxy)propyl]dimethyl-(4-nitrilobutyl)ammoni
     um chloride;
PA1  [2-(4-amino-2,6-dibromophenoxy)ethyl]diethyl(3-butenyl)ammonium
      p-toluenesulfonate;
PA1  [2-(4-amino-2,6-diiodophenxoy)ethyl]dimethyl[4-(3,4-dichlorophenyl)butyl]am
     monium chloride;
PA1  1-[3-(4-ethylamino-2,6-dichlorophenoxy)propyl]-1-(2-propynyl)-hexahydroazep
     inium chloride hydrochloride; and
PA1  [2-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl(3-keto butyl)ammonium
      benzenesulfonate.
PAR  The following examples further illustrate the invention, particularly as to
      the use of the compounds in controlling cardiac arrhythmias.
PAC  EXAMPLE 26
PAR  Ventricular tachycardia is produced in dogs in a method similar to the
      method of Lucchesi and Hardman (J. Pharmacol. Exptl. Therap., 132, 372,
      1961) by the administration of ouabain. In such operations, a dog is
      anesthetized by the intravenous administration of pentobarbital sodium at
      a dosage rate of 30 milligrams per kilogram. A femoral artery is
      cannulated with polyethylene tubing for measurements of blood pressure. A
      femoral vein is similarly cannulated for administration of ouabain and
      administration of the test compound. Hypodermic needle electrodes are
      employed for recording electrocardiograms. In such operations, ouabain is
      administered intravenously by infusion at a constant rate via the
      cannulated femoral vein. The infusion rate is 35 micrograms of ouabain per
      kilogram of animal body weight per hour. Within 1 to 1.5 hours following
      the start of the infusion, a ventricular tachycardia is seen to develop.
PAR  After ventricular tachycardia is observed, a test compound is administered
      intravenously by administration of varying amounts of a composition
      comprising 50 milligrams of the test compound as a sterile solution in 10
      milliliters of water containing 0.9 percent sodium chloride. Each dose is
      administered slowly over a period of 15 to 30 seconds. The compound is
      administered at an initial dosage rate of 0.25 milligram of test compound
      per kilogram of animal body weight. Blood pressure and electrocardiogram
      are observed for 5 minutes after administration. When a complete
      conversion from the arrhythmic condition to normal sinus rhythm is not
      observed within the 5 minute period, a second dose of 0.50 milligram of
      the test compound per kilogram is administered by a similar procedure and
      blood pressure and heartbeat are similarly observed for 5 minutes. When
      complete conversion of the ventricular tachycardia to normal sinus rhythm
      is not observed, the dosage is increased two-fold every five minutes until
      complete conversion is obtained. The animal is then observed and the
      duration of the period of normal cardiac rhythm produced by administration
      of the test compound is recorded as the duration of antiarrhythmic
      activity. The termination of the period of normal activity is marked by
      the reappearance of ventricular tachycardia or fibrillation as indicated
      by the electrocardiogram observations. The antiarrhythmic dosage of test
      compound sufficient to bring about a complete conversion of the
      cuabain-induced tachycardia, and the duration of the period of normal
      cardiac activity are set out below.
TBL  ______________________________________                                    

     Cmpd. of Conversion Dose      Duration                                    

     Ex. No.  (Milligrams per Kilogram)                                        

                                   in Minutes                                  

     ______________________________________                                    

     1        0.5                  15                                          

     2        1                    2.6                                         

              2                    3.5                                         

     3        1                    12.5                                        

     4        0.5                  24                                          

     5        1                    11                                          

     6        1                    6                                           

     7        1                    25                                          

     8        16                   10                                          

     9        2                    3.5                                         

     10       1                    3                                           

     11       1                    8.5                                         

     12       1                    9.5                                         

     13       0.5                  4                                           

     14       2                    14                                          

     15       0.5                  4.5                                         

     16       2                    6.5                                         

     17       1                    6                                           

     18       1                    4                                           

     19       1                    17.5                                        

              2                    39.0                                        

     20       0.5                  1                                           

     21       2                    1.5                                         

     22       1                    6.5                                         

     23       0.5                  3.3                                         

              1                    7.5                                         

     24       0.5                  38                                          

     25       2                    26                                          

     ______________________________________                                    

PAC  EXAMPLE 27
PAR  The procedure of Example 26 is repeated, employing the compound of Example
      1, [ 2-(4-amino-2,6-dibromophenoxy)-ethyl]-dimethyl(2-methylallyl)ammonium
      chloride, as a test compound. In these operations two groups of three dogs
      each are administered the test compound intravenously at anti-arrhythmic
      dosage rates of 1 and 2 milligrams per kilogram after ectopic ventricular
      rhythms have been established by continuous infusion of cuabain. Complete
      conversion of the arrhythmias to sinus rhythm is observed in all the dogs,
      with mean durations of sinus rhythm of 12.7 and 26.5 minutes,
      respectively, being observed in the groups administered 1 and 2 milligrams
      of the test compound, respectively, per kilogram.
PAC  EXAMPLE 28
PAR  [2-(4-Amino-2,6-dibromophenoxy)ethyl]dimethyl-(2-methylallyl)ammonium
      chloride is employed to alleviate multifocal ventricular arrhythmias
      induced by administration of n-hexane and epinephrine. In these
      operations, dogs are anesthetized by intravenous administration of 30
      milligrams of pentobarbital sodium per kilogram. Transient ventricular
      arrhythmias are induced by a modification of the method of Garb and
      Chenowith, J. Pharmacol. Exp. Ther. 94; 12 (1948) in which the heart is
      sensitized by intratracheal injection of 0.04 milliliter of n-hexane per
      kilogram, followed in 15 seconds by rapid intravenous administration of
      1-epinephrine bitrate at a dosage rate of 10 micrograms per kilogram. Such
      procedure produces a transient arrhythmia lasting about 10 seconds.
      Duration of protection by a test compound is evaluated by repeating the
      n-hexane and epinephrine challenge periodically and monitoring
      electrocardiogram and arterial blood pressure. In such operations the
      above-named quaternary ammonium compound is found to give excellent
      protection against the arrhythmias when administered intravenously at a
      dosage rate of one milligram per kilogram, the duration of antiarrhythmic
      effect lasting about 1 hour. When the same compound is administered at a
      dosage rate of 2 milligrams per kilogram, the duration of protection is
      found to be greater than 2 hours.
PAR  In similar operations, dosages of 5 to 10 milligrams per kilogram are found
      to be required to obtain similar antiarrhythmic effects when the known
      antiarrhythmic agent, quinidine sulfate, is employed as a test compound.
PAR  In other operations carried out by procedures similar to that described by
      Bacaner, American Journal of Cardiology, 21, 504 (1968); the intravenous
      administration of
      [2-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl(2-methylallyl) ammonium
      chloride to electrically paced dogs is found to provide substantial
      increases in the threshold for electrically induced ventricular
      fibrillation.
PAC  EXAMPLE 29
PAR  An experimental occlusion of the anterior descending coronary artery is
      produced in dogs according to the method of Harris, Circulation 1, 1318
      (1950). Following surgery the animals are given a penicillin-streptomycin
      preparation and allowed to recover for 18-24 hours. The animals are given
      3 milligrams per kilogram of morphine sulfate as an analgetic and sedative
      to allow handling. Electrocardiograms are recorded both before and after
      administration of
      [2-(2-amino-2,6-dibromophenoxy)ethyl]dimethyl-(2-methylallyl)ammonium
      chloride to the test animals. The incidence of abnormal complexes
      (premature ventricular contractions and atrioventricular nodal beats) per
      minute is recorded as a percentage of total beats per minute. In one such
      operation the test compound is administered by intravenous infusion at
      rates of 1, 2, 2 and 2 milligrams per kilogram at intervals of 10 to 15
      minutes. A marked decrease in heart beat rate is observed with a
      concomitant decrease in percentage of abnormal beats per minute following
      the first infusion. Following the last infusion of test compound the
      heartbeat rate is observed to have decreased from a rate of over 160 beats
      per minute prior to the first infusion to about 90-100 beats per minute.
      The incidence of ectopic beats at this time has decreased from a
      pre-treatment level of 100 percent abnormal beats per minute to below 60
      percent, reaching zero (100 percent normal beats) within about 10 minutes
      after the last infusion. The lower heartbeat rate and low incidence of
      abnormal beats (generally 0 to 20 percent of the total beats per minute
      are abnormal) is found to persist for 2 hours following the last infusion
      of test compound, at which time the experiment is terminated.
PAR  In similar operations, the same test compound is infused at dosages of 1, 2
      and 4 milligrams per kilogram at intervals over a forty minute period.
      Prior to infusion the incidence of abnormal beats is 100 percent. Within
      about eight minutes following the last infusion, a substantially complete
      conversion to sinus rhythm is obtained. The incidence of abnormal beats is
      found to remain at zero with occasional brief periods of slight arrhythmia
      (2-5 percent abnormal beats) for 2.5 hours following the last dosage of
      the test compound, when recording is terminated. Resumption of recording
      215 minutes later indicates that significant anti-arrhythmic effects are
      still exhibited.
PAR  In a similar operation the
      [2-(2-amino-2,6-dibromophenoxy)ethyl]dimethyl(2-methylallyl)ammonium
      chloride is administered orally in gelatin capsules. The test compound is
      administered in multiple dosages of 30, 30 and 50 milligrams per kilogram
      over a period of 150 minutes. Periods of reduced frequency of abnormal
      heart beats are noted beginning 10 minutes after administration of the
      first dosage of test compound, the second and third doses providing
      further and more consistent antiarrhythmic effects. Beginning about 25
      minutes after the last dose of the test compound is administered the
      electrocardiogram shows periods in which less than 10 percent of the beats
      are abnormal interspersed with occasional periods of arrhythmia.
      Antiarrhythmic effects continue to be observed until the recording is
      terminated 140 minutes after the last dose of test compound.
PAC  EXAMPLE 30
PAR  [2-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl-(allyl)ammonium bromide is
      administered to mice intravenously and orally. The animals are thereafter
      sacrificed and blood and heart tissue analyses are carried out to
      ascertain the concentration of test compound present. In such operations
      mice intravenously administered the test compound at a rate of 6
      milligrams per kilogram are found to have blood levels of 27 micrograms of
      test compound per milliliter 10 seconds after injection, 2.1 micrograms
      per milliliter 3 minutes after injection. Analysis of heart tissue
      indicates a concentration of 5.5 micrograms of test compound per gram of
      tissue 10 minutes after injection. Similar analyses are carried out with
      animals administered 6 milligrams of test compound per kilogram orally.
      Thirty minutes after oral administration, blood and heart levels of 1.1
      and 5.1 micrograms, respectively, of test compound per milliliter of blood
      or gram of heart tissue, respectively, are found.
PAR  Similar operations carried out by administration of
      [2-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl(2-methylallyl)-ammonium
      chloride to rabbits similarly indicate oral absorption of the test
      compound. Significant blood and heart levels of test compound are detected
      with both oral and intravenous administration.
PAC  EXAMPLE 31
PAR  An aqueous solution of [2-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl
      (2-methylallyl)ammonium chloride is administered orally to several groups
      of male and female Sprague-Dawley derived rats and male and female Swiss
      mice (Cox strain). The compound is administered as single oral dosages in
      varying amounts, and the animals are held to assess toxicity twenty-four
      hours after administration of the compound. In such operations, the
      quaternary ammonium compound is found to have an LD.sub.50 of 758
      milligrams per kilogram (mg/kg) in the male rats; 725 mg/kg in the female
      rats, 560 mg/kg in the male mice, and 550 mg/kg in the female mice.
PAC  EXAMPLE 32
PAR  35 Grams of [2-(4-amino-2,6-dibromophenoxy)ethyl]-dimethyl
      (2-methylallyl)ammonium bromide is dissolved in 2 liters of sterile normal
      physiological saline solution. The solution is filtered and filled into 10
      cubic centimeter (cc) syringes calibrated to permit injection of the
      parenteral preparation in 0.5 cc increments. The syringes are individually
      packaged in containers adapted to maintain sterility and sterilized. The
      parenteral dosage units are each adapted for parenteral administration of
      the active compound in increments of about 8.75 milligrams each to a total
      of 175 milligrams.
PAR  Similar parenteral preparations are prepared using 25 grams of
      [2-(4-amino-2,6-dibromophenoxy)ethyl](ethyl)methyl-(allyl) ammonium
      methane sulfonate in 1.5 liters of Lactated Ringer's Injection; 40 grams
      of 1-[2-(4-amino-2,6-diiodophenoxy)ethyl)
      (2-methylallyl)3,4-dimethylpyrrolidinium bromide hydrobromide in sterile
      distilled water containing 0.4 percent chlorobutanol preservative; and 10
      grams of
      [3-(4-diethylamino-2,6-dichlorophenoxy)propyl]dimethyl(2-propynyl)-ammoniu
     m chloride in 1 liter of Dextrose Injection.
PAC  EXAMPLE 33
PAR  100 Parts of
      [3-(4-amino-2,6-dichlorophenoxy)-propyl]dibutyl(3-butynyl)ammonium
      methanesulfonate and 35 parts of lactose are mixed well with 751 parts of
      starch. The mixture is filled into gelatin capsules in the amount of 0.4
      grams per capsules are suitable for oral administration.
PAC  EXAMPLE 34
PAR  Tablets are prepared from a granulation comprising 50 parts by weight of
      [2-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl(2-methylallyl)ammonium
      chloride, 100 parts lactose, 3.5 parts magnesium stearate, 170 parts
      starch, 50 parts microcrystalline cellulose, one part of a polyoxyethylene
      sorbitan monooleate surface active dispersing agent and 0.4 part of
      F.D.&C. approved color. The granulation is screened and compressed into
      tablets weighing about 0.287 gram each to prepare a composition in dosage
      unit form adapted for oral administration to animals. The dosage units are
      adapted to be employed in maintenance antiarrhythmic therapy to inhibit
      recurrence of arrhythmias in animals subject thereto, and prophylactically
      to animals in preparation for exposure to physical or chemical conditions
      creating a risk of cardiac arrhythmia. The tablets are administered to
      animals at the rate of one or two tablets (containing 50 milligrams of
      active antiarrhythmic agent) per day.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition useful as an antiarrhythmic comprising a pharmaceutical
      carrier and from about 0.01 to about 98 percent by weight of a quaternary
      ammonium compound corresponding to the formula:
      ##SPC7##
PAL  wherein Y represents amino, or dilower-alkylamino; R.sub.1 and R.sub.2
      represent lower alkyl; R.sub.3 independently represents lower alkenyl or
      lower alkynyl X.sub.1 and X.sub.2 both represent halogen; A.sup.-
      represents a stoichiometric equivalent quantity of a
      pharmaceutically-acceptable anion; n represents one of the integers 2, 3
      or 4; HX represents a stoichiometric equivalent quantity of a
      pharmaceutically-acceptable acid; and m represents one of the integers 0
      and 1.
NUM  2.
PAR  2. The composition of claim 1 wherein Y is amino; n is 2, X.sub.1 and
      X.sub.2 are both chlorine or both bromine; R.sub.1 and R.sub.2 together
      contain from 2 to 6 carbon atoms, inclusive; R.sub.3 contains from 3 to 7
      carbon atoms, inclusive; and wherein R.sub.1, R.sub.2 and R.sub.3 together
      contain from 5 to 9 carbon atoms, inclusive.
NUM  3.
PAR  3. The composition of claim 2 wherein the composition is a liquid
      parenterally-acceptable vehicle, and wherein the composition is a sterile
      solution of the quaternary ammonium compound in the vehicle.
NUM  4.
PAR  4. The composition of claim 2 wherein the composition is in a dosage unit
      form adapted for oral administration to animals, each of said units
      containing from about 1 to about 500 milligrams of the quaternary ammonium
      salt compound.
NUM  5.
PAR  5. The composition of claim 2 wherein X.sub.1 and X.sub.2 are both bromine,
      and R is allyl, 2-propynyl or 2-methylallyl.
NUM  6.
PAR  6. The composition of claim 1 wherein m is 0.
NUM  7.
PAR  7. The composition of claim 1 wherein the compound is a
      [2-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl (2-methylallyl)ammonium
      halide.
NUM  8.
PAR  8. The composition of claim 1 wherein the compound is
      [4-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl (2-methylallyl)ammonium
      chloride.
NUM  9.
PAR  9. A method for combatting cardiac arrhythmias which comprises
      administering to an animal a cardiac anti-arrhythmic amount of a
      quaternary ammonium compound corresponding to the formula:
      ##SPC8##
PAL  wherein Y represents amino or dilower-alkylamino; R.sub.1 and R.sub.2
      represent lower alkyl; R.sub.3 independently represents lower alkenyl or
      lower alkynyl; X.sub.1 and X.sub.2 both represent halogen; A.sup.-
      represents a stoichiometric equivalent quantity of a
      pharmaceutically-acceptable anion; n represents one of the integers 2, 3
      or 4; HX represents a stoichiometric equivalent quantity of a
      pharmaceutically-acceptable acid; and m represents one of the integers 0
      and 1.
NUM  10.
PAR  10. The method of claim 9 wherein the quaternary ammonium compound is
      administered by intravenous injection to a mammal suffering cardiac
      arrhythmia.
NUM  11.
PAR  11. The method of claim 9 wherein the quaternary ammonium compound is
      administered orally to a cardiac arrhythmic mammal.
NUM  12.
PAR  12. The method of claim 9 wherein Y is amino; X.sub.1 and X.sub.2 are both
      chlorine or both bromine, R.sub.1 and R.sub.2 together contain from 2 to 6
      carbon atoms, inclusive; R.sub.3 contains from 3 to 7 carbon atoms,
      inclusive; and wherein R.sub.1, R.sub.2 and R.sub.3 together contain from
      5 to 9 carbon atoms, inclusive.
NUM  13.
PAR  13. The method of claim 12 wherein n is 2, X.sub.1 and X.sub.2 are both
      bromine or both chlorine, R.sub.1 and R.sub.2 are methyl or ethyl and
      R.sub.3 is lower alkenyl or lower alkynyl of 3 or 4 carbon atoms.
NUM  14.
PAR  14. The method of claim 13 wherein m is 0, R.sub.1 and R.sub.2 are methyl
      and R.sub.3 is 2-methylallyl.
NUM  15.
PAR  15. The method of claim 14 wherein the compound is
      [2-(4-amino-2,6-dibromophenoxy)ethyl]dimethyl(2-methylallyl)ammonium
      chloride.
NUM  16.
PAR  16. The method of claim 14 wherein the compound is administered to a
      cardiac arrhythmic mammal.
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ABST
PAL  This invention involves the use of retinal in topical therapy of acne
      vulgaris.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Acne vulgaris (hereafter referred to as "acne") is a dermatological
      disorder which commonly affects preadolescents, adolescents, and young
      adults. The principal clinical manifestation of the disease is the
      occurrence of numerous cutaneous lesions which involve the pilosebaceous
      follicles on the face, shoulders, chest or back. While there are a variety
      of lesions such as comedones, papules, pustules, and cysts associated with
      acne, the primary and predominant lesion which affects the pilosebaceous
      follicle is the comedo.
PAR  The etiology of acne is yet unknown, although some aspects of the
      pathogenesis of the disease, specifically the formation of comedones, have
      been clarified. The normal pilosebaceous follicle includes a follicular
      canal which is open at one end to the surface of the skin through a
      follicular orifice and which terminates at its other end in a cul de sac
      in the dermal layer of the skin. At the base of such cul de sac is a
      vellus hair follicle. Surrounding the neck and the cul de sac end of the
      follicular canal are one or more multiacinar holocrine sebaceous glands
      which connect with the lumen of the follicular canal by means of glandular
      ducts. The acini of the glands have a peripheral layer of highly
      proliferating undifferentiated basal cells. As these basal cells are
      displaced from the periphery to the center of the acini by the
      proliferation of other basal cells, they mature and differentiate into
      lipid-producing cells. These cells continue to produce a variety of lipids
      and to store such lipids in their cytoplasm until they eventually rupture.
      The lipid contents and the cellular debris of such cells forms the
      secretion of the sebaceous glands known as sebum. In the normal state, the
      sebum is expelled through the glandular ducts and the follicular canal to
      the surface of the skin. In acne, the normal function of the pilosebaceous
      follicle is disrupted by an unexplained accumulation of lipid and
      keratinous material in the middle of the follicular canal, which
      accumulation ultimately becomes a comedo. As more lipid and keratinous
      material are deposited on the comedo, the follicular canal begins to
      distend and the sebaceous glands start to atrophy. Eventually the
      sebaceous glands are replaced by undifferentiated epithelial cells which
      surround the comedo. If the comedo is exposed to the surface of the skin
      and involves the follicular orifice, it is classified as "open";
      otherwise, it is referred to as "closed". Open comedones generally are not
      inflammatory while closed comedones may evolve into inflamed pustules,
      papules, or cysts.
PAR  Therapeutic regimens for acne involve local and systemic therapies,
      although the former is indicated in the vast majority of cases. Closed
      comedones generally are excised by local surgery. Open comedones, on the
      other hand, currently are treated by topical application of a variety of
      chemical agents which include, in the main, sulfur, resorcinol, salicylic
      acid, benzoyl peroxide, Vleminckx's solution (comprising sulfur, calcium
      polysulfide, and calcium thiosulfate), or retinoic acid (vitamin A acid).
      All the foregoing topical agents are known as "peeling" or "drying" agents
      which are believed to exert their therapeutic effect by causing erythema,
      irritation, and desquamation of the skin to expel comedones. The
      therapeutic efficacy of these agents, however, is rather variable, and
      their utility is limited because of the irritation caused by their
      application.
PAR  For further details pertaining to the field, the following review article
      is recommended -- J. S. Strauss, "Diseases of Sebaceous Glands", in:
      Dermatology in General Medicine, T. B. Fitzpatrick et al., Editors, New
      York, McGraw-Hill and Co., 1971, pp. 353-375.
PAR  2. Description of the Prior Art
PAR  M. T. Maynard (Arch. Dermatol. Syphilo., 42: 846 [1941]) and J. V.
      Straumford (Northwest Med., 42: 219 [1943]) have reported a systemic
      regimen for the treatment of acne which involves oral large doses of
      retinol (also known as vitamin A.sub.1 or axerophthol) over a prolonged
      period of time. The results reported by Maynard and Straumford, however,
      have been disputed and the efficacy of systemic therapy of acne utilizing
      retinol has been challenged by other investigators: J. A. Anderson et al.
      (Brit. Med. J., 2: 294 [1963]); F. W. Lynch et al. (Arch. Derm., 55: 355
      [1947]); and G. H. Mitchell et al. (Arch. Derm., 64: 428 [1951]).
PAR  Oral administration of retinol, however, appears to have effectiveness in
      the management of certain hyperkeratotic skin diseases such as Darier's
      disease (Z. A. Leitner et al., Lancet, 251: 262 [1946]), Devergie's
      disease (A. L. Weiner et al., Arch. Dermatol. Syphilol., 48: 288 [1943]),
      and ichthyosis (J. P. Fisher, Arch. Dermatol. Syphilol., 199: 459 [1955]).
PAR  Successful topical treatment of psoriasis and ichthyosis utilizing retinoic
      acid (also known as vitamin A acid) has been reported by P. Von Beer
      (Dermatologica, 124: 192 [1962]), C. Stuttgen (Dermatologica, 124: 65
      [1962]), and P. Frost et al. (Clin. Res., 16: 255 [1965]). Although Von
      Beer and Stuttgen attempted topical treatment of acne utilizing retinoic
      acid, the results were equivocal.
PAR  A. M. Kligman et al. (Arch. Derm., 99: 469 [1969]) have demonstrated
      effective topical treatment of open and closed comedones associated with
      acne by use of 0.1% solutions of retinoic acid. Kligman et al. attribute
      the effectiveness of the retinoic acid to its irritating properties and
      hence its "peeling" ability. See also the disclosure by A. M. Kligman in
      U.S. Pat. No. 3,729,568 (Apr. 24, 1973).
PAR  Cosmetic compositions comprising retinoic acid or esters thereof together
      with other ingredients are described in British Pat. No. 906,000 (Sept.
      19, 1962). These compositions are not intended for the treatment of acne
      but rather for cosmetic control of normal keratinization of the skin which
      may occur after exposure to unfavorable climatic conditions.
PAR  Compositions containing resorcinol, vitamin A or its derivatives and a
      polyalkylene glycol for use in the treatment of acne are disclosed in
      British Pat. No. 901,659 (July 25, 1962). According to the specification
      of this patent, the resorcinol prevents the worsening of the acne by
      vitamin A (or its derivatives) during the early stages of therapy and the
      polyalkylene glycol prevents the irritation caused by the resorcinol.
PAC  SUMMARY OF THE INVENTION
PAR  The subject matter of this invention is a therapeutic method of treating
      acne vulgaris (acne) in humans by administering to areas of skin affected
      by acne an effective amount of retinal. The unexpected result of this
      invention is that retinal, unlike retinoic acid, exerts its therapeutic
      effects without producing irritation, inflammation, erythema or peeling of
      the skin. Retinal is as effective, however, as retinoic acid in its
      ability to clear affected skin of open and closed comedones.
PAR  Compositions comprising retinal in therapeutically effective amounts and
      pharmacologically acceptable vehicles which are nonirritating to the skin
      are convenient for the administration of the retinal.
PAR  Retinal has been found to be effective in from about 0.05 to about 1% by
      weight relative to the vehicle. Although amounts greater than 1% by weight
      may be safely used without causing irritation, the efficacy of treatment
      is not increased. Generally, however, amounts from about 0.1 to about 0.2%
      by weight will provide the desired therapeutic effect and are preferred.
PAR  Suitable vehicles for the administration of the retinal can be liquids,
      cremes, or ointments.
PAR  Convenient liquid vehicles which are useful in the application of retinal
      to areas of skin affected by acne include: water; alcohols such as
      methanol, ethanol, propanol, and isopropanol; water-alcohol solutions; or
      water-alcohol-polyalkyleneglycol solutions. Ethanol (95%) is a preferred
      alcoholic vehicle and propylene glycol is a preferred vehicle of the
      polyalkylene glycol class. A convenient vehicle for the administration of
      retinal is a water-ethanol-propylene glycol solution having a weight
      composition of 50% water, 30% ethanol, and 20% propylene glycol.
PAR  Convenient vehicles which are ointments or cremes include: Hydrophilic
      Ointment, U.S.P., and ACID MANTLE creme. The formulation of Hydrophilic
      Ointment, U.S.P. is well known and is reported in the following
      references: Drugs of Choice, 1972-1973, W. Modell, Ed., St. Louis, C. V.
      Mosby Co., p. 677 (1972); The Pharmacopeia of the United States, 17th
      Edition, Easton, Mack Publishing Co., pages 422 and 448. ACID MANTLE creme
      is commercially available from the Dome Division of Miles Laboratories,
      Inc., West Haven, Connecticut and is reported in the following reference:
      Physicians' Desk Reference to Pharmaceutical Specialties and Biologics, B.
      Huff, Ed., Oradell, N.J., Medical Economics Co., p. 704 (1973). ACID
      MANTLE is hydrophilic ointment, U.S.P., containing from about 0.5% to
      about 1% of aluminum acetate by weight.
PAR  Retinal (also known as retinene, vitamin A aldehyde, or axerophthal) has an
      empirical formula of C.sub.20 H.sub.28 O and a molecular weight of 284.42.
      Structurally, retinal may exist in four (4) stereoisomeric forms.
      ##SPC1##
PAL  All four of the above stereoisomers exhibit biological activity as vitamins
      relative to retinol and all are useful in the topical treatment of acne.
      It is emphasized, however, that the latter use of retinal is not dependent
      upon its physiological properties as a vitamin.
PAR  Retinal can be prepared by oxidation of retinol (S. Ball et al., Biochem.
      J., 42: 516 [1948]) or from .beta.-ionene (K. Eiter et al., U.S. Pat. No.
      3,060,299; Oct. 23, 1973).
PAR  For a comprehensive review of the chemical properties, synthesis, and
      biological activity of retinal, see -- R. S. Harris, et al., "Vitamins A
      and Carotene" in: The Vitamins, Volume I, W. H. Sebrell, Jr. et al.,
      Editors, New York, Academic Press, 1967, Chapter 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  Example 1
PAR  The skin of the rhino mouse, a mutant strain of the hairless mouse (P. D.
      Forbes, J. Invest. Derm., 44: 388 [1965]) develops spontaneous comedones
      in its philosebaceous follicles (S. Mann, Anat. Rec., 170: 485 [1971]) and
      is a model system for the pharmacologic testing of agents for the
      treatment of acne (E. J. Van Scott, "Experimental Animal Integumental
      Models for Screening Potential Dermatologic Drugs," in: Advances in
      Biology of the Skin: Vol. XII, Pharmacology and the Skin, W. Montagna et
      al., Editors New York, Meredith Corp., 1972, Chapter XXXIII).
PAR  For purposes of comparing, retinol, retinol palmitate, retinal and retinoic
      acid were applied to the skin of rhino mice in solutions of
      water-ethanol-propylene glycol (5:3:2) at concentrations ranging from 0.05
      to 1% by weight for a period of from 1 to 3 weeks. The effects of these
      agents were determined macroscopically and histologically at weekly
      intervals. Observations were made regarding the irritation caused by the
      various agents to the skin, specifically the presence of erythema,
      inflammation, and desquamation of the skin.
PAR  The results of these experiments are presented in Table I. As can be seen
      from Table I, neither retinol nor retinol palmitate eliminated comedones
      in the rhino mouse under the conditions of the experiment. Both all -trans
      and 13-cis retinal were as effective as retinoic acid in the treatment of
      comedones and did not cause irritation to the skin which accompanied
      retinoic acid treatment. Administration of the water-ethanol-propylene
      glycol vehicle to control animals produced no effect on the comedones nor
      did it cause irritation.
PAR  Table II presents comparative data relating to the absence or presence of
      irritation observed upon topical application of the various vitamin A
      analogues on the normal skin of another test animal, in this case the ICR
      (Institute for Cancer Research) Mouse. While retinoic acid and retinol
      palmitate caused irritation, retinal and retinol did not.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Effects of Topically Applied Vitamin A Analogues.sup.a on the Skin of the 

     Rhino Mouse                                                               

                Concen-                                                        

                     Period of                                                 

                            Effect on                                          

                                  Number of                                    

                                        Thickness                              

                                              Irritancy                        

     Compound*  tration                                                        

                     topical                                                   

                            comedones.sup.c                                    

                                  granular                                     

                                        of    to                               

                %    application.sup.b                                         

                                  layers                                       

                                        epidermis                              

                                              skin                             

     __________________________________________________________________________

     Retinol (Vitamin A                                                        

                0.05 1 wk    0    0-1   20-30.mu.                              

     Alcohol)   0.1   2 wks ++    2-4   30-50.mu.                              

                                              no                               

                0.5  1 wk    +++  2-3   30-50.mu.                              

     Retinol Palmitate                                                         

                0.05  3 wks  +    3     20-30.mu.                              

                0.2  1 wk   ++    2-3   20-50.mu.                              

                                              no                               

                1.0  1 wk    +++  2-3   20-50.mu.                              

     Retinal (Vitamin A                                                        

                0.05 1 wk    +++  3-4   20-50.mu.                              

     Aldehyde)  0.05  2 wks ++++  2-4   30-70.mu.                              

                                              no                               

                0.1  1 wk   ++++  0-1   30-70.mu.                              

                0.5  1 wk   ++ ++ 0     30-50.mu.                              

     Retinal (13-cis)                                                          

                0.1   2 wks ++++  3-5   30-50.mu.                              

                                              no                               

     Retinoic Acid                                                             

                0.05 1 wk   ++++  0     20-30.mu.                              

                                              yes                              

     (Vitamin A Acid)                                                          

                0.05  2 wks ++++  0     20-30.mu.                              

     Vehicle.sup.d   1 wk    0                no                               

                      3 wks  0                                                 

     __________________________________________________________________________

      .sup.a All in trans form except as indicated.                            

      .sup.b Topical application 2.times. daily.                               

      .sup.c 0, No difference from controls, comedones extending into follicula

      orifice to depth of 150-200.mu.:                                         

      +, comedones extending into follicular orifice to depth of               

      ++, comedones extending into follicular orifice to depth of              

      +++, comedones present, extending into follicular orifice to depth of    

      ++++, epidermis "normal", devoid of comedones.                           

      .sup.d Water-Ethanol-Propylene Glycol (5:3:2).                           

      *Each compound tested on five (5) animals.                               

TBL                                    TABLE II                                

     __________________________________________________________________________

     Effects of Topically Applied Vitamin A Analogues.sup.a on the Skin of the 

     ICR Mouse.sup.b                                                           

                      Concen-                                                  

                           Number of                                           

                                 Thickness of                                  

                                         Thickness                             

                                               Irritancy                       

     Compound*        tration                                                  

                           granular                                            

                                 stratum of    to                              

                      %    layers                                              

                                 corneum epidermis                             

                                               skin                            

     __________________________________________________________________________

     Retinol (Vitamin A Alcohol)                                               

                      0.5  4     10.mu.  30-80.mu.                             

                                               no                              

     Retinol Palmitate                                                         

                      1.0  2-4   10-30.mu.                                     

                                         20-70.mu.                             

                                               yes                             

     Retinal (Vitamin A Aldehyde)                                              

                      0.05 3-4   10.mu.,compact                                

                                         30-50.mu.                             

                                               no                              

     Retinoic Acid (Vitamin A Acid)                                            

                      0.05 4-6   10.mu.,compact                                

                                         30-70.mu.                             

                                               yes                             

     Controls.sup.c        1     10-20.mu.                                     

     __________________________________________________________________________

      .sup.a All in trans form.                                                

      .sup.b Topical application 1.times. daily for 1 week.                    

      .sup.c Untreated animals; vehicle treated animals: water-ethanol-propylen

      glycol (5:3:2).                                                          

      *Each compound tested on ten (10) animals.                               

PAC  Example 2
PAR  This Example compares therapeutic effectiveness of topically applied
      retinal (vitamin A aldehyde) and retinol acetate (acetate ester of vitamin
      A alcohol) with the effectiveness of vehicle alone
      (water-ethanol-propylene glycol: 5:3:2) in human subjects. The retinal and
      retinol acetate, purchased as pure chemicals, were dissolved in 0.1%
      concentration in water-ethanol-propylene glycol (5:3:2). The two test
      materials and vehicle alone were put in separate 2 oz. amber bottles, and
      labeled according to code numbers. Thirty-nine patient volunteers were
      recruited from a high school population and were randomly assigned to each
      of three groups. Each group consisted of 12-14 subjects, of whom
      approximately half were boys and half were girls. The subjects were
      selected on the basis of their having moderate to severe papular-pustular
      acne. Parental consent to participate in the study was obtained by
      signature of a consent document which included full explanation of the
      study. No other acne treatment nor the use of cosmetics was permitted
      during the study period. The study was carried out in a double-blind,
      randomized fashion. Neither the patient nor physician knew the identity of
      the preparation used. Standardized color photos for projection were taken
      of the full face and each side of the face at times 0 (the day the study
      is initiated), at 4 weeks and at 8 weeks. Preparations were applied to the
      face in the morning and evening after washing the face with ordinary soap.
      Patients were observed at times 0, 1 week, 4 weeks and 8 weeks to assure
      that treatments were carried out according to directions. Prior experience
      comparing means to evaluate treatment results in acne has shown that
      photographic records are the most reliable, and that physician clinical
      impressions without reference photographic records or patient impressions
      to be totally unreliable. Therefore, each subject's response was measured
      from photos projected at standard distance. Judgments of "improvement,"
      "no change," or "worse" were made by a panel of three dermatologists who
      had no knowledge of the preparation used by each patient; projection of
      photos was randomized from case to case so that the sequence of "before,"
      "during," and "after" treatment photos was varied. The code of the
      preparations was broken only after evaluation was completed.
PAR  Results of this study are presented in Tables III and IV. The data indicate
      that retinal had effectiveness in the treatment of acne in at least 50% of
      the subjects treated with retinal. It is important to note that in all
      subjects receiving retinal therapy no irritation of the skin was observed.
PAR  In a separate half-face comparison study to determine the irritation caused
      by retinal and retinoic acid in six human volunteers, retinal was applied
      on one cheek while retinoic acid was applied on the other. In all six
      cases there was macroscopic irritation of the cheek treated with the acid
      and no irritation of the cheek treated with the aldehyde.
TBL                TABLE III                                                   

     ______________________________________                                    

     ACNE STUDY FACE                                                           

     PHOTOGRAPHIC EVALUATION 0 AND 4 WEEKS                                     

     ______________________________________                                    

     GROUP NO.    WORSE     NO CHANGE   BETTER                                 

     ______________________________________                                    

     No. 1 Vehicle                                                             

                  2         8           2                                      

     No. 2 Retinal                                                             

                  4         3           7                                      

     No. 3 Retinol                                                             

                  1         9           3                                      

      Acetate                                                                  

     TOTALS       7         20          12                                     

      TOTAL 39                                                                 

     ______________________________________                                    

TBL                TABLE IV                                                    

     ______________________________________                                    

     ACNE STUDY FACE                                                           

     PHOTOGRAPHIC EVALUATION 0 AND 8 WEEKS                                     

     ______________________________________                                    

     GROUP NO.    WORSE     NO CHANGE   BETTER                                 

     ______________________________________                                    

     No. 1 Vehicle          9           3                                      

     No. 2 Retinal                                                             

                  1         6           7                                      

     No. 3 Retinol                                                             

                  3         8           2                                      

      Acetate                                                                  

     TOTALS       4         23          12                                     

      TOTAL 39                                                                 

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of treating acne vulgaris in a human having skin affected
      thereby, which method consists of:
PA1  administering topically to the affected skin a therapeutically effective
      amount of retinal on a daily basis to promote improvement of the skin
      without causing worsening of the acne, irritation to the skin, and peeling
      of the skin.
NUM  2.
PAR  2. A method as in claim 1, wherein the retinal is administered in an amount
      of from about 0.05 to about 1% by weight in a pharmacologically acceptable
      topical vehicle.
NUM  3.
PAR  3. A method as in claim 2, wherein the retinal is in an amount of from
      about 0.1 to 0.2% by weight.
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ABST
PAL  A treatment for trees infected with fungus diseases producing
      characteristic wilt which comprises injecting a solution including as the
      active ingredient thereof a halogenated compound structurally similar to
      the lignin. Typical examples include halogenated compounds of the
      creosols, catechol and dimethoxy toluene.
PARN
PAR  The present application is a Continuation-in-Part of my copending patent
      application Ser. No. 323,056 filed Jan. 12, 1973 now abandoned, entitled
      PROPHYLACTIC TREATMENT OF TREES FOR WILT DISEASES and assigned to the same
      assignee as the present invention.
BSUM
PAR  It is well known that a number of tree diseases are brought about by fungus
      infection of the vascular system. Two noted examples of such infections
      are oak wilt and Dutch elm disease, respectively caused by the fungi
      "ceratocystis fagacearum" and "ceratocystis ulmi." The latter disease is
      most widely known for the destruction of American elms (Ulmus Americana),
      a preferred street and shade tree common to the east and midwest portions
      of the United States.
PAR  In each of these diseases, the fungus can be spread by means of root
      grafts, although the most common vector is bark beetles. The introduction
      of the European bark beetle (scolytis multistriatus) has been a major
      factor resulting in the rapid spread of Dutch elm disease. The present
      invention is directed to a treatment of trees which is prophylactic in its
      effect, as preventing the onset of the disease as well as having curative
      effects on trees which are already affected. By curative is meant that the
      spread of the disease is at least arrested so that by removal of diseased
      branches the remainder of the tree will remain healthy.
PAR  Treatment of vascular diseases in the past has taken the form of foliar
      sprays, soil drenches and systemic injections. Of the above, systemic
      injection is the most desirable method of insuring intimate contact of the
      fungicide with the disease-causing fungus. While prior investigators have
      proposed a number of treatments purporting to act as a cure for the
      control of such fungus diseases, none of them have proved satisfactory to
      the extent of gaining widespread and successful usage. In order for a
      fungicide to be satisfactory for the intended purpose, it must possess a
      high fungitoxicity and low phytotoxicity. That is to say, the fungicide
      must inhibit further fungus growth without causing any extensive damage to
      the host tree.
PAR  In accordance with the present invention, it has been discovered that by
      selecting compounds which are structurally similar to the lignins of the
      trees as the treating agent the compounds are compatible chemically with
      the tree and tend to produce little, if any, adverse effect upon the tree
      itself. By halogenating these compounds--preferably with chlorine--the
      compounds are made highly toxic to the fungus which brings about either
      oak wilt or Dutch elm disease.
PAR  The chemical structure of the lignins has been extensively investigated by
      many individuals over a period of years. While the structure of the lignin
      is not known with complete certainty, it is known to be of a polymeric
      construction and is quite probably a polymer of the basic building block
      indicated below.
      ##SPC1##
PAR  See Construction and Biosynthesis of Lignin by K. Freudenberg et al.,
      Springer-Verlag New York Inc.
PAR  In accordance with the invention, it has been found that if compounds
      having a structure similar to that given above are halogenated and then
      introduced into the vascular system of the tree by the injection technique
      that at least temporary protection of a tree against infection by either
      Dutch elm or oak wilt disease, respectively, can be achieved. For those
      trees which are already infected, treatment with the chemical compounds in
      accordance with the present invention arrests further progress of the
      diseases.
PAR  The majority of the compounds in accordance with the invention are only
      sparingly soluble in water. Therefore, it is necessary to prepare a
      solution of the active treatment chemical in a suitable carrier that will
      achieve its distribution through the circulatory system of the tree. While
      a number of solvents are suitable for the purpose, it has been found that
      either methyl or ethyl alcohol and aqueous mixtures thereof are
      particularly useful for dissolving the compounds to be used in the
      treatment.
DETD
PAR  The following examples will more specifically illustrate the nature of the
      treatment in accordance with the present invention.
PAC  EXAMPLE I
PAR  The first class of compounds which will be illustrated are the halogenated
      creosols. This class of compounds is the preferred form of the invention.
      It has been found that creosols having a structural formula as indicated
      below may be suitably treated to halogenate the same at either or both of
      the five and six positions on the ring.
      ##SPC2##
PAC  3-methoxy-4-hydroxytoluene
PAL  A single halogenation with chlorine to produce either 5 or 6 chloro creosol
      produces a compound having sufficient toxicity to the fungus which brings
      about either Dutch elm or oak wilt diseases. The treatment material is
      effectively distributed throughout the tree by the trees own vascular
      system.
PAR  When aqueous solutions of either 5 or 6-chloro-creosol were introduced to
      cultures (potato-dextrose agar) of ceratocystis ulmi, inhibitory growth
      effects were noted at concentration levels of 10 milligrams per liter of
      the chloro creosol in a suitable carrier. At a concentration level of 100
      milligrams per liter, fungus growth was no longer maintained in the
      culture.
PAR  In treatment of a tree a solution of a creosol in methyl alcohol was made
      by mixing 100 milliliters of 6 chloro creosol in one gallon of methyl
      alcohol. The quantity injected into a tree to achieve the desired results
      will, of course, depend upon the size of the tree. For a 24-inch diameter
      trunk and a 40-foot high tree, it has been found that one gallon of
      solution is a desirable amount. Larger concentration and/or larger total
      amount of active ingredient may be used, but as the above concentration
      and total amount provides the desired prophylactic or disease arrest
      treatment no useful purposes are served by use of more material.
PAR  Lesser concentration levels of the active ingredient and smaller total
      quantity for the same size tree may be used. However, the indicated amount
      is believed optimum. The concentration will, obviously, be above the 10
      milligrams per liter concentration (and preferably above 100 milligrams
      per liter) noted previously at which inhibitory effects on the growth of
      the fungus are found.
PAR  For smaller or larger trees one may proportion to the size of the tree and
      by simple arithmetic make adjustment as to the amount to be injected.
PAR  Sampling of trees treated in accordance with the above procedure, which
      trees had previously been tested to establish the existence of Dutch elm
      disease, resulted in all cases in arrest of further spread of the disease
      following treatment.
PAR  The trees so treated showed no short-term adverse effects to the foliage
      from the treatment and in the subsequent year to treatment were free of
      further incursions by the Dutch elm disease. In some instances there was
      an apparent increase in the number of sucker branches and leaves in the
      growing season subsequent to treatment.
PAR  Treatment with 5 chloro creosol and 5,6-dichloro creosol in similar
      concentrations and quantities per equivalent tree size produce
      substantially the same beneficial results. Of course, one may also use
      mixtures of each of the three enumerated chlorinated creosols.
PAR  It is of interest to note that the compound 5-chloro-creosol is relatively
      rapidly destroyed upon exposure to ordinary environments exterior to the
      vascular system of the tree. This is of importance as it shows that
      adverse environmental impact from accidental introduction into the soil or
      water is at most minimal in time. That is, it is not a persistent compound
      with long-term contaminant possibility.
PAC  EXAMPLE II
PAR  A second class of compounds useful in treatment of infected trees in
      accordance with the invention is the Catechol series that has been
      halogenated to produce the desired toxicity of the compound to the fungus
      inducing the wilt diseases. THe structural formula for the preferred
      compound of the Catechol series, 6 chloro Catechol, is given below:
      ##SPC3##
PAL  As in the case for the compounds illustrated in Example I above, a quantity
      of this compound is dissolved in a suitable carrier, which is typically
      methyl or ethyl alcohol, in the same proportions as in Example I and is
      injected into the xylem layer of the elm tree. Distribution of the
      compound occurs through the vascular system of the elm tree and is
      effective in preventing the initial infection by the fungus or
      alternatively, if the fungus has already infected the tree, to prevent its
      further spread.
PAR  Various substitutions can be made in this basic Catechol structure to
      produce closely related compounds capable of achieving the prophylactic
      effects of the invention. For example, a compound such as 5-methyl
      Catechol may be suitably modified by introduction of chlorine at either or
      both of the 3 and 4 positions and used in like proportions as the active
      ingredient for injection into a tree. Likewise, homologues of the Catechol
      such as veratrole which has been halogenated to produce the desired
      toxicity are similarly effective in treatment of trees infected with Dutch
      elm or to prevent infection by the Dutch elm fungus. Other related
      compounds include chlorinated coniferyl alcohol, vanillin and the like.
PAC  EXAMPLE III
PAR  A substituted veratrole, 5-chloro-3,4 dimethoxytoluene, was prepared and
      mixed in a methyl alcohol carrier in the quantity corresponding to that of
      Example I. Elm trees were injected with the resulting solution in
      concentration and quantity corresponding to those given for Example I with
      the results obtained being substantially the same as those for the
      creosols and Catechols of the previous examples.
PAR  The technique for injection of the active chemicals and carrier may follow
      the prior art practices of injecting solutions into trees for similar
      purposes. In the interest of introducing the treatment chemical and
      carrier at a rapid rate, I prefer to introduce a quarter-inch diameter
      tube through the bark into the cambium layer and then inject by means of
      this quarter-inch tube the solution into the tree under approximately 100
      pounds per square inch pressure. As a fluid is compatible with the
      existing structures and fluids of the tree, it is rapidly disseminated
      throughout the tree by this technique. The time involved is of very short
      order which provides an important economic advantage for the treatment of
      numerous trees per unit time by an operator. For greater speed in
      injection, a plurality of such injection tubes may be used. For
      simplification of the injecting apparatus, a simple gravity feed may also
      be used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the treatment of elm trees for the fungus disease of the
      vascular system thereof caused by ceratocystis ulmi which comprises
      injecting into the vascular system of the tree an alcoholic carrier
      solution of a fungicidally effective quantity of a chlorinated compound
      selected from the group consisting of 5-chloro-creosol, 6-chloro-creosol,
      5,6,-dichloro-creosol, 6-chloro-catechol, 5-chloro-3,4-dimethoxy-toluene,
      3-chloro-5 methyl-catechol, and 4-chloro-5 methyl-catechol.
NUM  2.
PAR  2. The method in accordance with claim 1 wherein the chlorinated compound
      is selected from the group consisting of 5-chloro-creosol, and
      6-chloro-creosol, 5,6-dichloro-creosol, 6-chloro-catechol and
      5-chloro-3,4-dimethoxy-toluene.
NUM  3.
PAR  3. The method in accordance with claim 2 wherein the active treating agent
      is a chlorinated creosol selected from the group consisting of
      5-chloro-creosol and 6-chloro creosol dissolved in ethyl alcohol as a
      carrier.
NUM  4.
PAR  4. The method in accordance with claim 2 wherein the active treating agent
      is selected from the group consisting of 5-chloro-creosol and
      6-chloro-creosol dissolved in methyl alcohol as a carrier.
NUM  5.
PAR  5. The method in accordance with claim 2 wherein the active agent is
      5-chloro-creosol.
NUM  6.
PAR  6. The method in accordance with claim 4 wherein the concentration of the
      active treating agent is greater than 10 milligrams per liter in the
      carrier.
NUM  7.
PAR  7. The method in accordance with claim 2 wherein the active agent is
      6-chloro-catechol dissolved in methyl alcohol as a carrier.
NUM  8.
PAR  8. The method in accordance with claim 1 wherein the active agent is a
      5-chloro-3,4-dimethoxy-toluene.
NUM  9.
PAR  9. The method in accordance with claim 2 wherein the active treating agent
      is 5-chloro-creosol in a concentration of about 100 milliliters per gallon
      in methyl alcohol.
NUM  10.
PAR  10. The method in accordance with claim 4 wherein the active agent is
      6-chloro-creosol.
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ABST
PAL  Aliphatic ether compounds of the formula
      ##EQU1##
      wherein Z is CH.sub.3 or Cl, and n is zero when Z is CH.sub.3 and is one
      when Z is Cl, are useful as inhalation anesthetics.
PARN
PAR  This application is a division of U.S. Pat. application Ser. No. 168,400,
      filed Aug. 2, 1971, now U.S. Pat. No. 3,746,770.
BSUM
PAR  This invention relates to certain aliphatic ether compounds and their use
      in producing anesthesia in anesthetic-susceptible mammals.
PAR  The compounds of the present invention have the formula
      ##EQU2##
      wherein Z is CH.sub.3 or Cl, and n is zero when Z is CH.sub.3 and is one
      when Z is Cl. These compounds are mild anesthetics, the use of which is
      particularly desirable where very close control over the plane of
      anesthesia in the patient is desired or the amount of anesthetic
      administered is not to be regulated with great exactness. The compounds
      lend themselves to effective use as inhalant anesthetics in respirable
      mixtures containing life-supporting concentrations of oxygen, with or
      without other inhalation anesthetics, such as nitrous oxide.
      Administration of the compounds may be by any of the well known techniques
      for administering general inhalation anesthetics, for example by using the
      open drop, semi-closed, or closed systems.
PAR  The effective amounts of the compounds of this invention to be employed
      depend on the level of anesthesia to which the mammal is to be brought,
      the rate at which anesthesia is to be induced, and the length of time over
      which anesthesia is to be maintained. Minor volume percentages of the
      compound in oxygen can often be employed. The amount used should be
      sufficient to provide a significant anesthetic effect, but not so much as
      to produce unacceptable deleterious side effects. Vapor concentrations at
      which the compounds of this invention may often be used are about 4 to 15
      volume percent, with the concentration actually employed depending on the
      choice of anesthetic; for instance,
      1-methyl-1-hydroperfluoroethyl-2'-hydroperfluoroethyl ether may often be
      used in an amount of 5 to 15%, and
      1-hydro-1-chloroperfluoropropyl-2'-hydroperfluoroethyl ether may often be
      used in an amount of 4 to 8%. The amount of anesthesia to be used can be
      regulated, starting with a small amount of the ether and gradually
      increasing the amount until the desired plane of anesthesia is reached. By
      then monitoring the physical reactions of the mammal, as is the usual
      procedure, the duration and plane of anesthesia can be readily controlled.
PAR  The compounds of this invention are also easily miscible with other organic
      liquids, including fats and oils, and have useful solvent properties, for
      example as solvents for fluorinated olefins and other fluorinated
      materials, such as fluoro waxes. The compounds of this invention may be
      used to prepare pastes and dispersions of such materials useful for
      coatings and the like, and may be used as degreasing agents. In the latter
      capacity, for example, the ether compounds of this invention can be used
      as solvents to remove grease from a metal surface that is to be painted.
PAR  The following examples illustrate the preparation of the compounds of the
      present invention. CH.sub.
DETD
PAC  EXAMPLE I
PAR  This example illustrates the preparation of 1-methyl-1-hydroperfluoroethyl
      2'-hydroperfluoroethyl ether.
PAR  Tetrafluoroethylene was added to a solution of KOH (10 g.) in CF.sub.3
      (CH.sub.3)CHOH in a 500 ml. stirred autoclave. The temperature was held at
      70.degree.C. and the pressure at 200-300 psi until no more
      tetrafluoroethylene reacted. Water was added and the product steam
      distilled and purified by fractional distillation to give CF.sub.3
      (CH.sub.3)CHOCF.sub.2 CF.sub.2 H.
PAR  Calculated for C.sub.5 H.sub.5 F.sub.7 O : C,28.03; H,2.33;
PAR  Found : C,28.18; H,2.21.
PAR  This normally liquid compound has a boiling point of 70.degree.C., a
      specific gravity of 1.4, a vapor pressure at 25.degree.C. of 140 mm. Hg.,
      and a not unpleasant odor. It is borderline as regards flammability.
PAC  EXAMPLE II
PAR  This example illustrates the preparation of 1-hydro-1-chloroperfluoropropyl
      2'-hydroperfluoroethyl ether.
PAR  As the first step in the preparation on the compound
      1,1-dihydroperfluoropropyl 2-hydroethyl ether, i.e. CF.sub.3 CF.sub.2
      CH.sub.2 OCF.sub.2 CF.sub.2 H, was synthesized by the method employed in
      Example I, using CF.sub.3 CF.sub.2 Ch.sub.2 OH instead of CF.sub.3
      (CH.sub.3)CHOH. The product had a boiling point of 68.degree.C.
PAR  Calculated for C.sub.5 H.sub.3 H.sub.9 O : C,23.9; H,1,2;
PAR  Found : C,24.22; H,1.45.
PAR  This intermediate ether was then chlorinated at 25.degree. to 50.degree.C.
      using chlorine gas in a glass reactor in the presence of incandescent
      light. The product, CF.sub.3 CF.sub.2 CHClOCF.sub.2 CF.sub.2 H, was
      isolated by preparative gas chromatography.
PAR  Calculated for C.sub.5 H.sub.2 ClF.sub.9 O : C,21.1; H,0.7;
PAR  Found : C,21.1; H,0.88.
PAR  This normally liquid compound has a boiling point of 80.degree.C., a
      specific gravity of 1.5, and a vapor pressure at 25.degree.C. of 60 mm.
      Hg. This ether is nonflammable.
PAR  In order to determine the potency of the aliphatic ethers of the present
      invention as inhalation anesthetics in combination with oxygen, tests were
      carried out on mice. The compounds tested were at least 99.5% pure as
      determined by vapor phase chromatography. In the tests, the ether compound
      is administered to test mice by a standard procedure in which a measured
      quantity of the agent is placed in a laboratory jar and allowed to
      completely vaporize so as to give a calculated vapor concentration. The
      test mice are then quickly placed in the jar and observed. Anesthesia is
      determined by observing the righting reflex of the mice. Recovery time is
      measured beginning when the mice are transferred from the test jar to room
      air and ending when the mice are observed to be able to walk.
PAR  In such tests the 1-methyl-1-hydroperfluoroethyl 2'-hydroperfluoroethyl
      ether induced very light anesthesia in one minute 55 seconds at 5.0% vapor
      concentration. Recovery therefrom required 28 seconds. At 7.5% vapor
      concentration, induction time was shortened to 40 seconds and recovery
      time lengthened to one minute 55 seconds; marked excitement was observed
      during induction and recovery, and there was some twitching during
      anesthesia maintenance. At 10% concentration the induction was again
      accompanied by excitement but required only 20 seconds; recovery required
      3 minutes 54 seconds. Respiration was depressed to about 32 per minute and
      jerky while the anesthesia was maintained in these 10% vapor concentration
      tests.
PAR  Using the 1-hydro-1-chloroperfluoropropyl 2'-hydroperfluoroethyl ether at
      2.5% vapor concentration required an induction period of one minute 10
      seconds and a recovery period of one minute 8 seconds. There was
      twitching, jumping, and rotating from induction through recovery. At 4.0%
      concentration the induction time was shortened to 35 seconds and recovery
      required one minute 42 seconds; depressed, shallow, gasping respiration
      and moving legs were observed during maintenance of the anesthesia, and
      the depressed respiration persisted during recovery.
PAR  While there has been described what are at present considered to be the
      preferred embodiments of the invention, it will be understood that various
      modifications may be made therein which are within the true spirit and
      scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An inhalant anesthetic composition comprising an aliphatic ether
      compound of the formula CF.sub.3 (CH.sub.3)CH--O--CF.sub.2 CF.sub.2 H and
      oxygen in suitable proportions for use as an anesthetic.
NUM  2.
PAR  2. A method of anesthetizing an anesthetic-susceptible mammal which
      comprises administering by inhalation to the mammal an
      anesthetically-effective amount of an aliphatic ether compound of the
      formula CF.sub.3 (CH.sub.3)CH--O--CF.sub.2 CF.sub.2 H while administering
      life-supporting amounts of oxygen.
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ABST
PAL  Novel alkyl 2,3,3-triiodoallyl ethers useful as disinfectants are provided
      by an addition reaction of alkyl-3-iodo-2-propinyl ethers with iodine. The
      starting alkyl-3-iodo-2-propinyl ethers can be prepared by a new process
      comprising an alkylation of propargyl alcohol with an alkyl sulfate or
      alkyl sulfonate in the presence of an alkali, followed by monoiodization
      of the resulting alkyl-2-propinyl ether. This invention also provides a
      composition comprising alkyl 2,3,3-triiodoalkyl ethers useful as a poultry
      feed additive having growth increasing effects and for treating swine
      scours.
PARN
PAR  This is a Division of application Ser. No. 319,127, filed Dec. 29, 1972,
      U.S. Pat. 3,859,362.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  The present invention relates to alkyl 2,3,3-triiodoalkyl ethers and
      processes for preparing the same as well as compositions containing alkyl
      2,3,3-triiodoalkyl ethers.
PAC  SUMMARY OF THE INVENTION
PAR  The inventors have discovered that novel alkyl 2,3,3-triiodo ethers which
      are useful as excellent feed additives for growing poultry or as agents
      for treating swine scours. More especially, this invention relates to
      alkyl 2,3,3-triiodoallyl ethers of the following formula:
      ##EQU1##
      wherein R is an alkyl group selected from methyl, ethyl, n-propyl and
      isopropyl groups and to a process for preparing the alkyl
      2,3,3-triiodoallyl ethers as well as compositions containing the same.
PAR  The alkyl 2,3,3-triiodoallyl ethers of this invention are novel compounds
      which have a wide antimicrobial spectrum and are useful as disinfectants
      or germicides, in particular, for treating swine scours and which are
      excellent feed additives for growing poultry.
PAR  These novel compounds are prepared in accordance with this invention by a
      process which comprises an addition reaction of alkyl-3-iodo-2-propinyl
      ethers of the following formula:
EQU  I -- C .tbd. C -- CH.sub.2 -- O -- R                       (II)
PAL  wherein R is the same as defined with respect to formula (I), with iodine.
      This process has not been known previously, and the reaction involved is
      one of the important advantages of the present invention. The addition
      reaction alone is induced selectively by using the alkyl-3-iodo-2-propinyl
      ethers of formula (II) as starting materials, and therefore, the final
      products (I) of high purity can be formed in high yields. The purification
      of the products can be performed easily on an industrial scale, and
      moreover, the starting materials are available at low cost.
PAR  The present invention further provides a process for preparing
      alkyl-3-iodo-2-propinyl ethers of formula (II) by reacting propargyl
      alcohol with an alkyl sulfate or alkyl sulfonate in the presence of an
      alkali to form an alkyl-2-propinyl ether of the following formula:
EQU  HC .tbd. C -- CH.sub.2 -- O -- R                           (III)
PAL  wherein R is the same as defined in formula (I), and then monoiodizing the
      alkyl-2-propinyl ether.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Some of the compounds of formula (II) are known compounds, but most of them
      are novel compounds which can be prepared easily by a new method to be
      described. For example, methyl-3-iodo-2-propinyl ether (R=methyl in
      formula (II)), one of the starting compounds of formula (II), can be
      prepared by the known method disclosed in R. Lespieau, Ann. Chim. (Paris),
      Vol. II, page 269 (1897), but it is not commercially advantageous.
PAR  Accordingly, in another aspect of this invention, there is provided a
      process for preparing alkyl-3-iodo-2-propinyl ethers of formula (II),
      which comprises reacting propargyl alcohol with an alkyl sulfate or alkyl
      sulfonate in the presence of an alkali to form an alkyl-2-propinyl ether
      of the following formula:
EQU  HC .tbd. C -- CH.sub.2 -- O -- R                           (III)
PAL  wherein R is the same as defined with respect to formula (I), and then
      monoiodizing the alkyl-2-propinyl ether.
PAR  Unlike the conventional method, this new process does not go through a
      propargyl halogenide or dihalopropyl-methyl ether as an intermediate, but
      yields the alkyl-2-propinyl ether by alkylation of propargyl alcohol.
      Specifically, the alkyl-2-propinyl ether is obtained in a very high yield
      by reacting propargyl alcohol in the form of an aqueous solution or in the
      absence of solvent with an alkyl sulfate or alkyl sulfonate in the
      presence of an alkali hydroxide.
PAR  The compound of formula (III) can also be obtained by reacting a propargyl
      halogenide or a propargyl ester of sulfonic acid with a corresponding
      alcohol in the presence of alkali, but this method is drastically
      disadvantageous as compared with the process of this invention.
PAR  The alkyl-2-propinyl ether of formula (III) obtained can be purified by
      distillation prior to iodization or may be used without further
      purification by distillation. If the inorganic salt formed during the
      reaction is precipitated, an appropriate organic solvent or water may be
      added to the reaction mixture prior to iodization in an amount sufficient
      to dissolve the salt. A solution of an alkali metal hydroxide or alkaline
      earth metal hydroxide in water or a lower alcohol, e.g., lower alkanol
      such as methanol, ethanol, propanol and iso-propanol is added to the
      alkyl-2-propinyl ether in an amount of 1 to 2 moles of the hydroxide per
      one mole of the ether, and while the mixture is being stirred at near room
      temperature, an aqueous solution of 1 - 1.2 moles of iodine or an aqueous
      mixture of iodine with potassium iodide is usually added in an amount of
      from 1 to 1.2 moles of iodine per 1 mole of the ether. Iodine and
      potassium iodide may be used in an equimolar amount. This induces the
      monoiodization of the alkyl-3-iodo-2-propinyl ether of the formula (II) in
      a high yield.
PAR  Alternatively, the compound of formula (II) may be obtained by a process
      which involves treating the compound of formula (III) with a copper
      complex salt, a copper salt or cuprous hydroxide to convert it to its
      cupric acetylide and monoiodizing it with iodine to form the compound of
      formula (II).
PAR  In these processes, the same results can be achieved by using an iodonium
      salt solution comprising iodine and potassium iodide instead of iodine.
      Generally, the solvent may be water or a lower alcohol.
PAR  According to the above methods, the selective monoiodine substitution of
      the acetylenic hydrogen of the compound of formula (III) is carried out in
      a high yield. Iodine is very much liable to add to such an acetylenic
      bond, and intrinsically the addition reaction predominates to form the
      corresponding alkyl-2,3-iodo-allyl ether. However, as a result of
      activating the terminal carbon of the acetylenic bond by a basic catalyst
      such as an alkali hydroxide or copper ions or copper complex ions in the
      above-mentioned processes, the first-stage monoiodine substitution
      reaction takes place selectively, whereas the formation of an
      alkyl-2,3-iodo-allyl ether, which is the outcome of the undesirable
      side-reaction, can be reduced.
PAR  The monoiodine substitution reaction described above can also be performed
      by reacting the compound of formula (II) with iodine in liquid ammonia; or
      by using an organic amine such as morpholine or triethyl amine as the
      basic catalyst.
PAR  The novel alkyl-2,3,3-triiodoallyl ether of formula (I) is prepared by
      adding a solution of iodine or an iodonium salt to the compound of formula
      (II) which is either purified, for example, by distillation under reduced
      pressure, or in the crude form as a solution in a suitable solvent, and
      stirring the mixture. This process can be carried out at any temperature,
      but temperatures in the range of from room temperature to a boiling point
      of the solvent used are preferred. The iodine or an iodinium salt is
      generally used in an amount of from an equimolar amount to a molar excess
      amount with respect to the compound of formula (II).
PAR  The solvent suitable for use in this reaction is a compound which does not
      react with iodine. Examples of the solvent are chloroform,
      dichloromethane, carbon tetrachloride, dioxane, lower alcohols, acetic
      acid or water.
PAR  The iodine addition reaction is promoted even at low temperatures (below
      room temperature) by exposing the reaction mixture to the irradiation of
      light during the reaction, and this can lead to the shortening of the time
      required until the completion of the reaction. The light irradiation also
      minimizes a decomposition reaction that may occur during heating, and
      frequently, the product is obtained in a very good yield.
PAR  The use of an excess of iodine (usually, about 1.1 to 1.5 times) can also
      shorten the time required until the completion of the reaction, but does
      not so much affect the heat decomposition reaction. The end of the
      reaction can be determined by titrating the unreacted iodine with a sodium
      thiosulfate standard solution.
PAR  After the reaction, excess iodine is removed by adding an aqueous solution
      of sodium thiosulfate, shaking the mixture and removing the aqueous layer.
      The final product can be obtained by washing the solvent layer with water,
      concentrating and crystallizing it, and finally recrystallizing it from a
      suitable solvent. When the product is a liquid, the remaining oily
      material is purified by distillation under reduced pressure or by alumina
      chromatography to isolate it as a pure substance.
PAR  The compounds of this invention having the formula
      ##EQU2##
      wherein R is as defined above, can be prepared by an alternative
      procedure. Propargyl alcohol is reacted with iodine in the presence of an
      alkali hydroxide in an aqueous solvent which is inert to iodine, for
      example, aqueous methanol, aqueous ethanol and the like to produce
      2,3,3-triiodoallyl alcohol in a single step. The resulting triiodoallyl
      alcohol is generally sparingly soluble in the above described aqueous
      solvent, but is easily soluble in dipolar aprotic solvents and can be
      alkylated with an appropriate alkylating agent in the dipolar aprotic
      solvents such as dimethylformamide, dimethylsulfoxide and the like to
      obtain the desired product. Also, the above triiodoallyl alcohols may be
      converted first into their reactive derivatives, i.e., 2,3,3-triiodoallyl
      halogenides or pseudo halogenides such as p-toluenesulfonate or
      methanesulfonate in the presence of an alkali, and the resulting
      halogenides or pseudo halogenides can then be alkylated by treating with
      an alkali metal alkoxide or subjecting to alcoholysis in the presence of
      an alkali hydroxide to obtain the desired products.
PAR  The composition of this invention comprises an alkyl 2,3,3-triiodo-allyl
      methyl ether as an active ingredient, which is useful as a feed additive
      for growing poultry or as an agent for treating the swine scours.
PAR  The 2,3,3-triiodo-allyl methyl ether which is a typical compound of this
      invention has a melting point of 43.5.degree. to 44.5.degree.C. and
      possesses a wide range of anti-microbial activity against Gram-positive
      and Gram-negative bacteria as shown in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Antimicrobial spectrum of 2,3,3-                                          

     triiodo-allyl methyl ether                                                

     Bacteria             Minimum inhibition                                   

                          concentration (mcg/ml)                               

     ______________________________________                                    

     Staphylococcus aureus 209-p                                               

                          6.25                                                 

     Streptococcus haemolyticus cook                                           

                          12.5                                                 

     Diplococcus pneumoniae Type I                                             

                          10- 1                                                

     Bacillus subtilis PCI 219                                                 

                          10- 1                                                

     Salmonella typhi O-901-W                                                  

                          3.12                                                 

     Escherichia coli Communis                                                 

                          10- 1                                                

     0-16                 6.25                                                 

     0-20                 0.78                                                 

     0-78                 3.12                                                 

     0-83                 12.5                                                 

      0-135               3.12                                                 

      0-139               12.5                                                 

      0-142               6.25                                                 

     Mycobacterium tuberculosis H37RV                                          

                          10- 1                                                

     El-tor vibrio        3.12                                                 

     Tricophyton asteroides                                                    

                          1.56                                                 

     Aspergillus fumigatus Saito                                               

                          3.12                                                 

     Candida albicans Totuka                                                   

                          3.12                                                 

     Cryptococcus neoformans 301                                               

                          0.78                                                 

     ______________________________________                                    

PAR  This compound has low toxicity against poultry and swine as demonstrated by
      LD.sub.50 values on mice which are shown in Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

     Toxicity (LD.sub.50) against mice                                         

     ______________________________________                                    

     Oral administration   more than 1000 mg/Kg                                

     Intraperitoneal admini-                                                   

     stration              50 - 100 mg/Kg                                      

     ______________________________________                                    

PAL  As is well known, LD.sub.50, or the median lethal dose, is the dose which
      is fatal to 50% of the test animals, and the larger the LD.sub.50 is, the
      lower the toxicity of the test material is.
PAR  The 2,3,3-triiodo-allyl-methyl ether is prepared, for example, by an
      addition reaction of 3-iodo-2-propinyl-methyl ether with iodine.
PAR  It has now been found that 2,3,3-triiodo-allyl-methyl ether is a feed
      additive having excellent growth effects on poultry which does not overlap
      pharmaceuticals for treating human diseases, is hardly absorbed by the
      digestive tract of poultry, is free from residue build-up and does not
      have cross resistance.
PAR  It has been the practice in the poultry production industry to raise
      poultry with feeds having incorporated therein small amounts of various
      antibiotics for the purpose of preventing diseases and increasing poultry
      growth. However, many of the antibiotics effectively used for these
      purposes are primarily intended for treating human diseases. It has been
      pointed out that prolonged use of such antibiotics in poultry feeds
      contributes to the evolution of resistant strains of bacteria which when
      evacuated from the poultry together with excrement, may cause
      environmental pollution, which in turn may result in problems in treating
      human diseases. Even those antibiotics not applied to humans, if they have
      a cross resistance effect, are undesirable for the same reason. It has
      also been pointed out that when such an antibiotic remains in the edible
      parts of poultry, it can possibly cause allergies in the human body.
      Steroid hormones, on the other hand, were once added to poultry feeds for
      the purpose of growth stimulation, but were prohibited when it was found
      that their residues built up and exerted adverse effects on the human
      body.
PAR  Feed additives for growth purposes desirably have effects on clusters of
      bacteria normally present in the intestines when they pass through the
      digestive tract with the feeds. It is clearly seen from Table 1 that
      2,3,3-triiodo-ally-methyl ether is effective against such bacteria.
PAR  It is also desirable that growth effects are obtained by adding the
      additive in a small amount to the poultry feeds, but that even large
      amounts of the additive do not exert adverse effects. The safety of the
      feed additive according to the present invention is clearly seen from
      Table 2. An LD.sub.50 value of more than 1000 mg per kilogram of the body
      weight of a mouse in oral administration shows that
      2,3,3-triiodo-allyl-methyl ether is an excellent poultry feed additive. On
      the other hand, an LD.sub.50 of 50-100 mg per kilogram of the body weight
      of a mouse in intraperitoneal administration means relatively low
      toxicity. It is due to the difficulty of absorption of
      2,3,3-triiodo-allyl-methyl ether from the intestinal wall in the digestive
      tract that the LD.sub.50 in oral administration is 10-20 times or more as
      great as that in intraperitoneal administration. If there is no absorption
      from the intestinal wall, it naturally follows that the feed additive does
      not develop a build-up of residue in the edible portions, such as the
      muscles, of poultry.
PAR  The amount of 2,3,3-triiodo-allyl-methyl ether to be added to the feed is
      usually 1 to 200 g per ton of the feed, and the additive uniformly mixed
      with the feed.
PAR  As suggested at the outset, in another aspect of this invention, there is
      provided an agent for treating swine scours comprising utilizing
      2,3,3-triiodo-allyl-methyl ether as an active ingredient, which compound
      does not overlap pharmaceuticals for treating human diseases, does not
      have cross resistance, is hardly absorbed by the digestive tract of swine
      and which does not cause a build-up of residue in the system of the swine.
PAR  It is well known that serious scours occur in the breeding of young swine
      which causes great damage to swine production. Antibiotics for humans
      which are effective against pathogenic bacilli coli have been used for the
      prevention and treatment of swine scours, but this has posed a problem of
      public hygiene because of the propagation of resistant strains of the
      bacteria. The 2,3,3-triiodo-allyl-methyl ether is free from these defects,
      and can be effectively and safely used for treating swine scours.
PAR  In use, 2,3,3-triiodo-allyl-methyl ether in crystal form is formed into a
      fine powder, and either coated with gelatin to a content of about 10% of
      the ether powder or diluted 10-fold with lactose. It is used in an amount
      of about 10 mg or more per kilogram of the body weight of the swine in one
      dosage, and may be increased according to the case. Usually, it is
      administered twice on the first day, and thereafter, once a day for 3 to 4
      days. By this method of treatment, the disease is generally cured in about
      5 days.
DETD
PAR  The following Examples specifically illustrate the present invention.
PAC  EXAMPLE 1
PAC  Preparation of methyl-2,3,3-triiodoallylether
PAR  16 Grams of 3-iodo-2-propinyl-methyl ether was dissolved in 80 ml. of
      chloroform, and 25.4 g of iodine powder was added. The mixture was heated
      under reflux for 3 hours at a bath temperature of 70.degree.C., and then
      allowed to stand overnight at room temperature. It was further heated at
      70.degree.C and shaken with the gradual addition of a 1N aqueous solution
      of sodium thiosulfate until the color of the iodine disappeared. The
      aqueous layer which was formed was removed. The chloroform layer was
      washed with water, and by evaporating off the solvent at reduced pressure,
      about 30 g of crude crystals were obtained. The crude crystals were
      recrystallized from methanol to provide 29.5 g (yield 79%) of almost
      colorless pillar- to plate-like crystals having a melting point of
      43.5.degree. to 44.5.degree.C.
PAR  Elemental analysis values C.sub.4 H.sub.5 OI.sub.3 (449.8); Calculated: C
      10.68, H 1.12; Found: C 9.62, H 1.31
PA1  Nmr (ccl.sub.4), .delta. (ppm); 3.32 (singlet, 3H, CH.sub.3 O--), 4.04
      (singlet, 2H, --CH.sub.2 --O--)
PA1  (note: The .delta. values of NMR are those obtained using tetramethylsilane
      as an internal reference.)
PAC  EXAMPLE 2
PAC  Preparation of ethyl-2,3,3-triiodoallyl ether
PAR  16 Grams of ethyl-3-iodo-2-propinyl ether (b.p. 50.degree.-52.degree.C./4
      mmHg) was dissolved in 100 ml. of chloroform, and 20 g of iodine was
      added. With stirring, white light was irradiated to the mixture using a
      500 W tungsten-filament lamp for photographic use. During the reaction,
      the reaction mixture was maintained at a temperature below 10.degree.C. by
      ice cooling. When the color of the iodine almost disappeared, a 1N aqueous
      solution of sodium thiosulfate was added to the reaction mixture and the
      mixture was stirred to remove unreacted iodine. The chloroform layer was
      washed with water and dried with anhydrous sodium sulfate. The solvent was
      then evaporated off to give 32 g of an oily material which was found to be
      almost pure ethyl-2,3,3-triiodoallyl ether (R=ethyl in formula (I)).
      Distillation of this oily material at reduced pressure provided a liquid
      having a boiling point of 108.degree. to 110.degree.C. at 0.27 mmHg.
PA1  Nmr (cdcl.sub.3), .delta. (ppm), 1.36 (triplet, J=7 cps, 3H,--CH.sub.3),
      4.19 (singlet, 2H, --O--CH.sub.2 --).
PAC  EXAMPLE 3
PAC  Preparation of isopropyl-2,3,3-triiodoallyl ether
PAR  2.8 Grams of isopropyl-3-iodo-2-propinyl ether (b.p.
      63.degree.-65.degree.C/6mmHg) was dissolved in 30 ml. of chloroform and
      3.2 g of iodine was added thereto. The mixture was then subjected to the
      same reaction and post-treatment procedures as in Example 2. Finally,
      chloroform was evaporated off from the chloroform extract to provide 4.65
      g (yield 77.5%) of crystals. Recrystallization of the crystals from
      methanol yielded 3.25 g of colorless crystals having a melting point of
      43.5.degree. to 44.degree.C.
PAR  Elemental analysis values C.sub.6 H.sub.9 OI.sub.3 (477.85); Calculated: C
      15.08; H 1.90; Found: C 15.07, H 1.82
PAC  EXAMPLE 4
PAC  Preparation of n-propyl-2,3,3-triiodoallyl ether
PAR  8.4 Grams of n-propyl-3-iodo-2-propinyl ether (b.p.
      69.degree.-70.degree.C/5.2 mmHg) was dissolved in 50 ml. of chloroform and
      9.5 g of iodine. The mixture was subjected to the same reaction and
      post-treatment procedures as in Example 2. Finally, chloroform was
      evaporated off from the chloroform extract to give 17.3 g of an oily
      material. This material was dissolved in methanol to crystallize it. There
      was obtained 12.8 g of light yellow crystals having a melting point of
      33.5 to 34.degree.C.
PAR  Elemental analysis values C.sub.6 H.sub.9 OI.sub.3 (477.85); Calculated: C
      15.08, H 1.90; Found: C 15.05, H 1.89
PAC  EXAMPLE 5
PAC  Preparation of 3-iodo-propinyl-methyl ether
PAR  44.8 Grams of propargyl alcohol and 93.4 g of 96% potassium hydroxide were
      dissolved in 80 ml. of water. While the aqueous solution obtained was
      being maintained at about 15.degree.C with stirring, 100.8 g of dimethyl
      sulfate was added dropwise thereto over the course of about one hour, and
      then the mixture was further heated at 60.degree.C. for one hour. A
      distillation tube was attached to the reactor used. The mixture was heated
      at about 60.degree.C. with stirring, and the distillate was collected.
      Finally, the bath temperature was raised to about 80.degree.C., and all
      the liquid that distilled out was collected. The yield was 61 g, and the
      distillate had a boiling point of 58.degree. to 65.degree.C. This product
      was identified as methyl propargyl ether (purity about 78%, yield 96%)
      containing a small amount of methanol by means of gas-chromatography and
      NMR spectrum.
PAR  NMR (CDCl.sub.3) .delta. (ppm): 4.07 (doublet, J=2 cps, 2H, --CH.sub.2
      --O--), 3.36 (singlet, 3H, --O--CH.sub.3), 2.48 (triplet, J=2 cps, 1H,
      HC=C--). Further, the NMR spectrum showed a signal at 3.27 ppm based on
      the methyl group proton of methanol.
PAR  7 Grams of the methyl-propargyl ether (containing about 22% of methanol)
      obtained above was admixed with a solution of 11.2 g of potassium
      hydroxide in 20 ml. of water. While the mixture was being thoroughly
      stirred at room temperature, 25.4 g of iodine was added in several
      portions. The mixture was stirred at room temperature for about one hour.
      The product was extracted with 50 ml. of chloroform. The chloroform layer
      was washed with water, and dehydrated with anhydrous sodium sulfate.
      Chloroform was then distilled off to afford 15 g of a colorless
      transparent liquid which was almost pure 3-iodo-2-propinyl-methyl ether
      (R=methyl in formula (II)). Purification of the liquid by distillation
      under reduced pressure provided 13 g (yield 85.5%) of a liquid having a
      boiling point of 39-40.degree.C. at 2 mmHg as a pure product.
PAR  By treating propargyl alcohol under the same conditions with the
      corresponding reagents, there were obtained ethyl-3-iodo-2-propinyl ether
      (b.p. 50.degree.-52.degree.C/4 mmHg, yield 84.5%),
      isopropyl-3-iodo-2-propinyl ether (b.p. 63.degree.-65.degree.C/6 mmHg,
      yield 51.0%), and n-propyl-3-iodo-2-propinyl ether (b.p.
      69.degree.-70.degree.C/5.2 mmHg, yield 74.5%). (The above yield values are
      on a molar basis based on propargyl alcohol).
PAC  EXAMPLE 6
PAC  Preparation of methyl 2,3,3-triiodoallyl ether
PAR  1.15 g of 2,3,3-triiodoallyl iodide (m.p. 80.degree.-81.degree.C, prepared
      by the addition reaction of 1,3-diiodopropyne and iodine) was dissolved in
      35 ml of methanol, and to the mixture was then added 2 ml of 1.05N
      KOH/methanol followed by allowing the mixture to stand at a temperature of
      30.degree.C for 24 hours. The mixture was then concentrated under reduced
      pressure at a temperature below 40.degree.C, and 10 ml of water was added
      thereto followed by standing overnight at 0.degree.C. An oil first formed
      and gradually crystallized to give 890 mg of crude crystals.
      Recrystallization from methanol yielded 496 mg (52% yield) of a pale
      yellow crystalline product having a melting point of
      42.degree.-43.5.degree.C.
PAC  EXAMPLE 7
PAC  Preparation of methyl 2,3,3-triiodoallyl ether
PAR  8.72 g of 2,3,3-triiodoallyl alcohol (m.p. 152.degree.-153.degree.C,
      prepared by reacting propargyl alcohol with iodine in the presence of an
      alkali) was dissolved in 20 ml of dimethylformamide, and 3.8 g of dimethyl
      sulfate and solution of 1.3 g of sodium hydroxide in 5 ml of water were
      successviely added dropwise with stirring over 1 hour, while maintaining
      the temperature of the reaction mixture in the range of 15.degree. to
      20.degree.C during the addition by external cooling with water. After
      completion of the addition, the mixture was stirred at a temperature of
      25.degree.C for 30 minutes, and 60 ml of ice-water was added to
      precipitate a crystalline product. The thus obtained crystals were
      separated by filtration, and washed first with water and then with a small
      amount of cold methanol to give 7.5 g (83.3% yield) of the product having
      a melting point of 42.degree.-43.degree.C.
PAC  EXAMPLE 8
PAC  Preparation of methyl 2,3,3-triiodoallyl ether
PAR  4.36 g of 2,3,3-triiodoallyl alcohol was dissolved in 10 ml of
      dimethylformamide, and 4.26 g of methyl iodide and a solution of 0.8 g of
      sodium hydroxide in 3 ml of water were successively added dropwise with
      stirring and ice-cooling over a period of about 30 minutes. After
      completion of the addition, the mixture was stirred for 5 hours at a
      temperature of 25.degree.C and 50 ml of ice-water was added thereto to
      precipitate a crystalline product. The thus obtained crystals were
      separated by filtration, and washed first with water and then with a small
      amount of cold methanol to give 3.9 g (86.7% yield) of a pale yellow
      crystalline product having a melting point of 42.degree.-43.degree.C.
PAC  EXAMPLE 9
PAC  Preparation of methyl 2,3,3-triiodoallyl ether
PAR  5.9 g of 2,3,3-triiodoallyl p-toluenesulfonate (m.p.
      114.degree.-116.degree.C, prepared by addition reaction of
      3-iodo-2-propinyl p-toluenesulfonate with iodine or by reaction of
      p-toluenesulfonyl chloride and 2,3,3-triiodoallyl alcohol in the presence
      of an alkali) was dissolved in 10 ml of dimethylformamide, and 0.55 g of
      sodium methoxide was added thereto while ice-cooling and stirring. The
      mixture was then stirred for a period of 30 minutes under ice-cooling and
      then for a period of 1 hour at 25.degree.C, and thereafter 60 ml of
      ice-water was added thereto to precipitate a crystalline product. The thus
      obtained product was separated by filtration, and washed first with water
      and then with a small amount of cold methanol to give 4.1 g (91% yield) of
      pale yellow crystals having a melting point of 42.degree.-43.degree.C.
PAC  EXAMPLE 10
PAC  Preparation of 2,3,3-triiodo-allyl-methyl ether
PAR  16 Grams of 3-iodo-2-propinyl-methyl ether was dissolved in 80 ml. of
      chloroform, and 25.4 g of iodine powder was added. The mixture was heated
      under reflux for 3 hours at a bath temperature of 70.degree.C, and then
      allowed to stand overnight at room temperature. It was further heated at
      70.degree.C, and shaken with the gradual addition of a 1N aqueous solution
      of sodium thiosulfate until the color of the iodine disappeared. The
      aqueous layer was removed. The chloroform layer was washed with water, and
      by evaporating off the solvent at reduced pressure, about 30 g of crude
      crystals were obtained. The crude crystals were recrystallized from
      methanol to afford 29.5 g (yield 79%) of almost colorless pillar- to
      plate-like crystals having a melting point of 43.5.degree. to
      44.5.degree.C.
PAR  Elemental analysis values C.sub.4 H.sub.5 OI.sub.3 (449.8); Calculated: C
      10.68, H 1.12; Found: C 9.62, H 1.31
PA1  Nmr (ccl.sub.4), .delta. (ppm): 3.32 (singlet, 3H, CH.sub.3 --O--); 4.04
      (singlet, 2H, --CH.sub.2 --O--)
PA1  (note: The .delta. values of NMR are those obtained using tetramethylsilane
      as an internal reference.)
PAC  EXAMPLE 11
PAR  An amount of 2,3,3-triiodo-allyl-methyl ether as shown in Table 3 was
      uniformly mixed into one ton of a poultry compound feed. The
      2,3,3-triiodo-allyl-methyl ether had been premixed with 100 times its
      weight of defatted rice bran. Using this mixed feed, 20 starting chicks
      were raised for 10 weeks. The increased body weights are shown in Table 3.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     Amount                                                                    

     Added                                                                     

     (g/ton                                                                    

           2nd  4th  6th  8th    10th Weight Increase                          

     of feed)                                                                  

           week week week week   week Index *                                  

     __________________________________________________________________________

      1    120.4                                                               

                357.4                                                          

                     682.4                                                     

                          1084.4 1329.7                                        

                                      109.9                                    

      5    125.9                                                               

                362.1                                                          

                     706.2                                                     

                          1099.3 1408.4                                        

                                      116.4                                    

     10    147.6                                                               

                388.0                                                          

                     764.0                                                     

                          1150.7 1512.1                                        

                                      125.0                                    

     20    120.4                                                               

                350.2                                                          

                     647.3                                                     

                          990.7  1303.1                                        

                                      109.7                                    

     50    124.3                                                               

                359.4                                                          

                     671.3                                                     

                          1030.5 1382.2                                        

                                      114.3                                    

     100   128.2                                                               

                349.8                                                          

                     663.1                                                     

                          946.7  1223.7                                        

                                      101.2                                    

     200   106.5                                                               

                343.2                                                          

                     686.3                                                     

                          1039.6 1298.3                                        

                                      107.3                                    

     Not                                                                       

     Added 116.4                                                               

                341.2                                                          

                     611.6                                                     

                          926.7  1209.7                                        

                                      100.0                                    

     Procaine                                                                  

     Pencillin                                                                 

     G, 20 g                                                                   

           127.3                                                               

                374.6                                                          

                     664.2                                                     

                          1012.9 1324.0                                        

                                      109.5                                    

     __________________________________________________________________________

      * Index on the basis of the non-added group (100.0).                     

PAR  It is seen from Table 3 that all of the groups which were fed with the feed
      containing 2,3,3-triiodo-allyl-methyl ether showed an increase in body
      weight after 10 weeks as compared with the group which was not given
      2,3,3-triiodo-allyl-methyl ether. For example, it was clear even to the
      naked eye that the chicks fed with the feed containing
      2,3,3-triiodo-allyl-methyl ether in an amount of 10 g per ton were bigger
      than those fed with the feed which did not contain this additive. That the
      addition of great quantities of 2,3,3-triiodoallyl-methyl ether did not
      cause a decrease in body weight is evidence that this particular compound
      is little absorbed by the digestive tract and does not have side-effects.
PAC  EXAMPLE 12
PAR  2,3,3-triiodo-allyl-methyl ether was finely divided in a mortar, and then
      diluted 10-fold with lactose. A field clinical test was performed using
      this formulation to treat the scours of 41 pigs. The formulation was
      administered orally twice on the first day and once a day for the next 3
      to 4 days. The results are shown in Table 4. In this table, the symbols
      +++, ++, + and -- have the following meanings:
PA1  +++ : watery feces
PA1  ++ : muddy feces
PA1  + : soft feces
PA1  -- : normal feces
TBL                                    TABLE 4(a)                              

     __________________________________________________________________________

                     Single                                                    

                     Dosage                                                    

                     (mg of                                                    

                           Severity                                            

                     pure pow-                                                 

                           of Conditions                                       

                Body der/Kg                                                    

           Age  weight                                                         

                     of body                                                   

                           1st                                                 

                              2nd                                              

                                 3rd                                           

                                    4th                                        

                                       5th                                     

                                          Evalua-                              

     No.                                                                       

        Sex                                                                    

           (days)                                                              

                (Kg) weight)                                                   

                           day                                                 

                              day                                              

                                 day                                           

                                    day                                        

                                       day                                     

                                          tion                                 

     __________________________________________________________________________

     1  m  21   5    60    ++ --          Cured                                

     2  m  21   5    60    +  --          "                                    

     3  f  21   5    60    +++                                                 

                              --          "                                    

     4  m  26   7    43    +  ++ +  --    "                                    

     5  f  26   7    43    +  ++ --       "                                    

     6  m  26   7    43    +  ++ --       "                                    

     7  m  7    3    100   ++ +  +  --    "                                    

     8  f  7    3    100   +  +++                                              

                                 +  --    "                                    

     9  f  13   4    75    ++ +  --       "                                    

     10 f  13   4    75    +  ++ --       "                                    

     11 m  12   2    150   +++                                                 

                              +  --       "                                    

     12 m  12   2    150   +++                                                 

                              +  +  +  -- "                                    

     13 m  27   8    100   ++ --          "                                    

     14 m  28   8    100   ++ --          "                                    

     15 f  22   5    60    +  +++                                              

                                 --       "                                    

     16 m  10   4    75    ++ +++                                              

                                 --       "                                    

     17 f  10   3    100   +++                                                 

                              +  --       "                                    

     18 f  10   3    100   ++ +  --       "                                    

     19 m  10   4    75    +  --          "                                    

     20 f  15   3    100   +  +  --       "                                    

     21 f  15   3    100   +  +  --       "                                    

     22 f  9    2.5  120   ++ --          "                                    

     23 f  9    1.5  200   ++ --          "                                    

     24 m  9    1.5  200   ++ --          "                                    

     25 f  8    2    150   +++                                                 

                              --          "                                    

     26 m  34   5.5  35    ++ ++ --       "                                    

     27 m  55   10.1 50    +++                                                 

                              +++                                              

                                 ++ ++ -- "                                    

     28 m  54   6.1  41    +++                                                 

                              +++                                              

                                 ++ +  -- "                                    

     29 m  56   13.8 51    +++                                                 

                              ++ --       "                                    

     30 m  35   4.1  49    ++ +  --       "                                    

     31 f  35   4.3  47    ++ +  --       "                                    

     32 f  35   4.1  49    ++ +  --       "                                    

     33 m  34   6    42    ++ +  --       "                                    

     34 f  26   2.7  56    +++                                                 

                              +++                                              

                                 ++ ++ -- "                                    

     35 m  55   10   50    ++ +  --       "                                    

     36 f  28   4    50    +++                                                 

                              +++                                              

                                 ++ --    "                                    

     37 m  28   5    50    ++ +  --       "                                    

     38 f  40   5.3  47    ++ ++ --       "                                    

     39 m  38   6.5  46    ++ ++ --       "                                    

     40 m  39   5.9  42    ++ ++ --       "                                    

     41 m  38   6.7  44    ++ ++ --       "                                    

     __________________________________________________________________________

TBL                                    TABLE 4(b)                              

     __________________________________________________________________________

     Comparative Experiment                                                    

     Effect of Kanamycin Sulfate against Scours of                             

     Swine (Control)                                                           

     __________________________________________________________________________

                     Single                                                    

                           Severity                                            

                     Dosage                                                    

                           of Conditions                                       

                Body (mg/Kg                                                    

           Age  weight                                                         

                     of body                                                   

                           1st                                                 

                              2nd                                              

                                 3rd                                           

                                    4th                                        

                                       5th                                     

                                          Evalua-                              

     No.                                                                       

        Sex                                                                    

           (days)                                                              

                (Kg) weight)                                                   

                           day                                                 

                              day                                              

                                 day                                           

                                    day                                        

                                       day                                     

                                          tion                                 

     __________________________________________________________________________

     1  m  17   2.0  150   ++ ++ +  --    Cured                                

     2  f  17   2.1  145   ++ ++ ++ +  -- Cured                                

     3  m  17   2.2  135   +  +  +  +  -- Cured                                

     4  m  18   2.3  130   +++                                                 

                              ++ ++ +  -- Cured                                

     5  f  18   2.3  130   +  --          Cured                                

     6  f  16   4.0  75    +++            Deaths                               

     7  m  22   2.7  110   ++ --          Cured                                

     8  f  22   2.5  120   ++ ++ +  --    Cured                                

     9  f  19   3.0  100   +++                                                 

                              ++ +  --    Cured                                

     10 m  19   2.6  115   ++ +  +  --    Cured                                

     11 f  15   2.6  115   +  +  +  --    Cured                                

     12 m  15   2.3  130   ++ ++ ++ ++ +  Discon-                              

                                          tinued                               

     13 f  15   2.4  125   ++ --          Cured                                

     14 f  15   3.0  100   +  +  +  --    Cured                                

     15 m  16   3.0  100   +  --          Cured                                

     16 f  19   2.8  105   ++ -- --       Cured                                

     17 f  23   4.6  65    +  --          Cured                                

     18 m  23   3.0  100   ++ ++ +  +  -- Cured                                

     19 f  23   4.5  67    +  --          Cured                                

     20 f  24   3.5  85    ++ +++                                              

                                 ++ ++ ++ Discon-                              

                                          tinued                               

     21 m  7    20   150   ++ ++ +  +  +  Discon-                              

                                          tinued                               

     22 f  9    3.0  100   ++ ++ ++ +  +  Discon-                              

                                          tinued                               

     23 m  15   5.0  60    ++ ++ +  +  -- Cured                                

     24 m  15   5.0  60    ++ +  +  --    Cured                                

     25 f  12   4.0  75    ++ +++                                              

                                 ++ --    Cured                                

     26 m  12   4.0  75    +  ++ +  --    Cured                                

     __________________________________________________________________________

PAR  The results shown in Table 4 demonstrate the superior effect of
      2,3,3-triiodo-allyl-methyl ether against the diarrhea of swine.
PAR  While the invention has been described in detail and with references to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A composition for treating the diarrhea of swine consisting essentially
      of an effective amount of 2,3,3-triiodo-allyl-methyl ether and a
      pharmaceutically acceptable carrier.
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TTL  1-Chloro-2,2-dimethyl-1,4,4-trifluorocyclobutane as an anesthetics
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ABST
PAL  The compound 1-chloro-2,2-dimethyl-1,4,4-trifluorocyclobutane has been
      found to possess useful properties as a general inhalation anesthetic.
BSUM
PAC  THE PRIOR ART
PAR  Due in part to the unpredictability of the chemical and physiological
      behavior of organic compounds such as the halogenated alkanes and also to
      the lack of understanding of the mode of action of anesthetics in general,
      the search for new useful anesthetic agents remains beyond the scope of
      the routine expertise of both the chemist and the physiologist. Thus, it
      is, for instance, that while cyclopropane is an effective if inflammable
      anesthetic, one of its closely related water insoluble homologs,
      cyclopentane, has no medical utility. As to cyclobutanes, a recent review
      of the state of the art [Larsen, E. R., Fluorine Chemistry Reviews, Volume
      3, page 1 (1969)] is no more enlightening in its report that of three
      closely related fluorocyclobutanes, one is said to possess anesthetic
      properties (1,2-dihydrohexafluoro-) while its more highly halogenated
      homologs are either toxic (1,2-dichlorohexafluoro-) or inactive
      (octafluoro-).
PAR  Subsequent discoveries in this field have failed to provide reliable
      guidelines for the identification of new useful substances from the
      numerous conceivable halogenated cyclobutane structures. In the case of
      dimethylcyclobutanes specifically, only one compound has been found to
      possess useful anesthetic activity. This compounds is the
      1-trifluoromethyl-2-methyl-1,4,4-trifluorocyclobutane disclosed in U.S.
      Pat. No. 3,852,474. Other dimethylcyclobutanes tested, especially those
      with the two methyl groups located on the same ring carbon have been found
      to be deleterious.
PAC  SUMMARY OF THE INVENTION
PAR  The compound 1-chloro-2,2-dimethyl-1,4,4-trifluorocyclobutane has been
      found to be a useful general inhalation anesthetic.
DETD
PAC  DETAILED DESCRIPTION
PAR  The compound of this invention can be prepared by cyclizing appropriately
      selected ethylenic compounds in the presence of certain polymerization
      inhibitors. The cyclization method has been generally described by Coffman
      et al [J. Am. Chem. Soc. 71, 490 (1949)].
PAC  EXAMPLE 1
PAR  4-t-Butylpyrocatechol, 3.5 parts by weight, was placed in a clean stainless
      steel autoclave. The apparatus was sealed, checked for leaks, then cooled
      to approximately -75.degree.C with dry ice in methanol.
      Chlorotrifluoro-ethylene, 180 parts, and isobutylene, 145 parts, were
      added. The autoclave was then heated at 225.degree.C for 8 hours.
PAR  The contents of the autoclave were subsequently cooled to room temperature
      and transferred to a liquid nitrogen trap from which the low boiling
      fractions were allowed to vent slowly into a fume hood. The reaction
      mixture obtained was shown by gas chromatography to contain 27.2% of the
      theoretical quantity of product possible. Further separation and
      purification of the product was carried out by preparatory scale vapor
      chromatography to yield a material with a boiling point of
      114.degree.-5.degree.C, a density of 1.214 at 25.degree.C and a refractive
      index of 1.3827 (n.sub.D.sup.25).
PAC  EXAMPLE 2
PAR  The physiological effects of
      1-chloro-2,2-dimethyl-1,4,4-trifluorocyclobutane were demonstrated upon
      mice using a standard test for evaluation of inhalation anesthetics,
      similar to that described by Robbins [Pharmacology and Experimental
      Therapeutics 86, 197 (1946)]. In this test, mice were exposed to the
      compound for a period of 10 minutes in a rotating drum. Observations were
      made of the pinch reflex, the corneal reflex and the return of the
      righting reflex. At least four graded doses were employed to determine the
      minimum concentration required to anesthetize 50% of the mice (AC.sub.50)
      and the minimum concentration required to kill 50% of the mice
      (LC.sub.50). The anesthetic index (AI) was then calculated from these
      minimum concentrations. In this manner, it was found that the cyclobutanes
      of this invention has an AC.sub.50 greater than 0.5% but less than 0.75%
      by volume and an LC.sub.50 of 2%, giving a anesthetic index between 2 and
      3.
PAR  The compound of the invention is thus quite potent, capable of inducing a
      state of anesthesia in air-breathing animals, from which the latter
      recover, provided that the lethal concentration of anesthetic vapors is
      not reached.
PAR  The compound can be stored in containers of the type commonly used for
      commercial anesthetics of comparable boiling point, e.g. halothane, and it
      can be administered by means of apparatus or machines designed to vaporize
      liquids and mix them with air, oxygen and other gaseous combinations in
      quantities capable of supporting respiration. It is further contemplated
      that the compound herein disclosed may be used in admixture with
      pharmaceutially acceptable diluents and stabilizers such as thymol, or in
      combination with one or more of the known inhalation anesthetics.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. The process of inducing anesthesia in a mammal, which comprises
      administering by inhalation to said mammal an effective quantity, to
      induce anesthesia, of 1-chloro-2,2-dimethyl-1,4,4-trifluorocyclobutane.
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ABST
PAL  A method of manufacturing a bacterial preparation for ruminants which
      comprises taking out ruminant-stomach bacterial groups from the rumen of a
      ruminant grown under an excellent condition, repeatedly inoculating by the
      streak method and culturing the bacterial groups on a same selective
      medium containing an ammonium salt, gradually increasing the medium while
      serially passing the bacteria on the medium, allowing certain
      microorganisms of the bacterial groups to utilize the metabolic products
      of the bacteria, thereby obtaining bacteria having an improved
      ammonium-utilizing ability, and then using the improved bacteria as a
      principal ingredient of a bacterial preparation.
BSUM
PAR  This invention relates to a method of manufacturing a bacterial preparation
      of a normal rumen bacterial flora with an improved ability to utilize
      ammonium salts.
PAR  The digestive system of ruminating animals is characterized by a stomach of
      four chambers, namely, the rumen, reticulum, omasum, and abomasum, of
      which the first-mentioned chamber plays a vital role for the digestion of
      foods. Carbohydrates in the feeds for the ruminants are converted by the
      bacterial action in the rumen into sugars and thence into lower fatty
      acids such as butyric acid, acetic acid, and lactic acid. Also, proteins
      in the feeds are decomposed by the enzymes secreted by the microbes in the
      rumen into peptides, amino acids and the like, which in turn give birth to
      ammonia and lower fatty acids. Of those digestion products, ammonia is
      effectively utilized by the rumenal microbes in the resynthesis of
      bacterial somatic proteins, which are subsequently absorbed by the animals
      as an energy source therefor. Thus, in the case of ruminants, it is a
      problem of important significance to maintain the equilibrium of the
      bacterial floras in their rumens and efficiently transfer the ammonia into
      the bacterial somatic proteins.
PAR  Now if a feed having high protein contents or a urea feed is given to
      excess, more than this necessary ammonia will be produced for the
      digestive organs of some ruminants. The excess ammonia will increase the
      percentage of blood ammonia until it poisons the animals. In addition, the
      equilibrium of the rumenal flora will be lost, for example, with decreases
      in the numbers of live lactic acid bacteria and colon bacteria, and thus
      the ammonia poisoning will be further promoted.
PAR  The present invention has for its object to prevent the ammonia poisoning
      and loss of the equilibrium of the rumenal flora in the ruminants due to
      overfeeding with high-protein or urea-based food, by taking out groups of
      bacteria from the rumens of ruminants grown under an excellent condition,
      improving the ammonia-utilizing ability of the bacteria, and then feeding
      the improved microorganisms together with the high-protein or urea-based
      rations to the mammals.
PAR  The expression "excellent condition" as used herein in connection with the
      growing of ruminants means feeding a mixed food of an excellent
      composition to the animals, as contrasted with "inferior condition" under
      which the animals are caused to take a poor diet. Generally, an abundant
      supply of cellulosic foods, such as green forages, is believed desirable
      because it stimulates the rumination. Then, it may be said that a diet
      containing a large proportion of roughage or green grass for example is an
      excellent condition, whereas a feed with less cellulosic or grassy
      contents is an inferior condition. The excellent and inferior feed
      compositions are exemplified in the following table.
TBL  ______________________________________                                    

     Compositions of mixed feeds (per head per day)                            

                        Inferior    Excellent                                  

     Feed ingredient    condition   condition                                  

     ______________________________________                                    

     Concentrated mixture                                                      

                        0.5 kg      9.0 kg                                     

     Wheat bran         0.7         --                                         

     Imported wheat     0.9         --                                         

     Hay cubes          1.5         --                                         

     Beet pulp          1.5         1.0                                        

     Strained lees of bean-curds                                               

                        10.0        --                                         

     Brewer's grains    10.0        --                                         

     Straw              1.0         3.0                                        

     Special bran       --          3.0                                        

     Silage             --          15.0                                       

     Green forage       --          5.0                                        

     ______________________________________                                    

PAR  Feeding under such an excellent condition promotes the rumination and
      facilitates the fermentation in the rumen. On the other hand, the feed of
      such an inferior formula makes the rumination relatively slow, interrupts
      smooth fermentation in the rumen, and builds up harmful decomposition
      products in the stomach, which when internally absorbed by the animal will
      cause putrefaction of the rumen, hoven, scours, and also wind colic with
      excessive internal ammonia accummulation.
DRWD
PAR  FIG. 1 is a graph showing changes in the viable counts of the bacterial
      floras in the rumens of goats with feeding on foods containing different
      proportions of urea;
PAR  FIG. 2 is a graph showing changes in the viable counts of the rumenal
      bacteria with acute administration of urea; and
PAR  FIG. 3 is a similar graph showing changes with subacute administration of
      urea.
DETD
PAR  In search of bacterial groups adapted to be improved in their
      ammonia-utilizing abilities, we conducted the following experiments.
PAR  Test cows were raised under excellent and inferior conditions, and their
      rumenal juices were examined in the usual manner for viable counting of
      the lactobacillus and coli-form groups present therein.
PAR  The results are compiled in Table 1. Usually the greater the number of
      lactobacillus groups, the smaller the number of coli-form groups. As
      shown, the results indicated that the bacterial floras in the rumens of
      the cows fed under an inferior condition contained more lactobacillus and
      coli-form groups than in those of the cattle grown under an excellent
      condition. This demonstrates the fact that the lactobacillus groups in the
      rumens of the cows fed under an inferior condition include large
      proportions of lactobacillus groups which have only weak inhibiting
      actions upon the multiplication of coli-form groups as compared with those
      in the cows grown under an excellent condition.
TBL                Table 1                                                     

     ______________________________________                                    

     Bacteria in the rumens of cows fed under an excellent                     

     condition                                                                 

                   Lactobacillus                                               

                                Coli-form                                      

     Milking cow   group        group                                          

     ______________________________________                                    

     N.sub.1 - 1   1.1 .times. 10.sup.6                                        

                                2.8 .times. 10.sup.4                           

     2             2.0 .times. 10.sup.6                                        

                                7.0 .times. 10.sup.5                           

     N.sub.2 - 1   2.0 .times. 10.sup.5                                        

                                7.0 .times. 10.sup.3                           

     2             2.0 .times. 10.sup.6                                        

                                4.0 .times. 10.sup.5                           

     N.sub.3 - 1   2.0 .times. 10.sup.6                                        

                                1.0 .times. 10.sup.5                           

     2             1.2 .times. 10.sup.6                                        

                                1.0 .times. 10.sup.5                           

     ______________________________________                                    

     Bacteria in the rumens of cows fed under an inferior -condition           

                   Lactobacillus                                               

                                Coli-form                                      

     Milking cow   group        group                                          

     ______________________________________                                    

     K.sub.1 - 1   2.0 .times. 10.sup.7                                        

                                1.0 .times. 10.sup.6                           

     2             4.2 .times. 10.sup.6                                        

                                4.0 .times. 10.sup.6                           

     K.sub.2 - 1   7.5 .times. 10.sup.6                                        

                                2.0 .times. 10.sup.6                           

     2             1.0 .times.  10.sup.7                                       

                                6.0 .times. 10.sup.6                           

     K.sub.3 - 1   2.0 .times. 10.sup.7                                        

                                1.0 .times. 10.sup.6                           

     2             2.0 .times. 10.sup.7                                        

                                2.0 .times. 10.sup.6                           

     ______________________________________                                    

      Note:                                                                    

      The numerical values given represents the viable counts or the numbers of

      live bacteria per milliliter of rumenal juice.                           

PAR  Generally speaking, it is desirable that there are a large number of
      lactobacillus groups and a small number of coli-form groups in the rumen.
      The experimental results tabulated above indicate that the bacterial
      floras in the rumens of the cows fed under an excellent condition are
      superior in bacterial activities than those of the cows grown under an
      inferior condition.
PAR  In view of this, the lactobacillus groups in the floras examined were
      identified and the results were obtained as given in Table 2.
PAR  In brief, Lactobacillus acidophilus, Lactobacillus plantarum, Streptococcus
      lactis, and Streptococcus faecalis were dominant in the floras of the
      animals fed under an excellent condition, whereas Lactobacillus fermenti
      and Lactobacillus brevis dominated under an inferior condition.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Separated lactobacillus groups as                                         

     identified                                                                

            L. acido-                                                          

                 L. plan-                                                      

                      Sc. fae-                                                 

                           Sc. L. ferm-                                        

                                    L.                                         

            philus                                                             

                 tarum                                                         

                      calis                                                    

                           lactis                                              

                               enti brevis                                     

     __________________________________________________________________________

     Excellent                                                                 

            56   33   31   36  28   14                                         

     condition                                                                 

     Inferior                                                                  

            12    0   14   20  76   80                                         

     condition                                                                 

     __________________________________________________________________________

      Note:                                                                    

      Each section indicates the results of identification tests conducted with

      250 strains.                                                             

PAR  The tests thus suggested that L. acidophilus, L. plantarum, Sc. faecalis,
      and Sc. lactis are desirable lactobacillus groups for use in the present
      invention.
PAR  It has also been found that, when goats are amply supplied with
      urea-containing feed so that the ammonia concentrations in their rumens
      are increased, both the lactobacillus and coli-form groups tend to
      decrease in number, although the coli-form groups decrease once and then
      increase later. (FIG. 1) When placed under an adverse condition, the
      coli-form bacteria are multiplied free from the action of the lactic acid
      bacteria.
PAR  In accordance with the present invention, the bacteria with the following
      official strain numbers (as registered by the Japan Microbiological
      Industrial Technical Research Institute) may be employed:
TBL  Lactobacillus plantarum No. 1466                                          

     Clostridium butyricum Miyairi                                             

                             No. 1467                                          

     Lactobacillus fermenti  No. 1468                                          

     Streptococcus faecalis  No. 1469                                          

PAR  Lactobacillus acidophilus, Streptococcus lactis, and Lactobacillus brevis
      are conventional bacteria.
PAR  As already noted, it is common with ruminating animals that the proteins in
      the feeds are converted by the action of microorganisms in their rumens
      into peptides and amino acids and thence into ammonia, which in turn is
      resynthesized by microbic action to form bacterial somatic proteins to be
      utilized in vivo. Therefore, how efficiently the ammonia is resynthesized
      to the proteins and how its utility in this respect can be enhanced is
      deemed a problem of major importance in the art.
PAR  According to the present invention, a bacterial group having
      ammonia-utilizing ability is selected as a minority group among the
      lactobacillus, clostridium, cellulose-decomposing, and subtilis groups,
      yeast, etc. which constitute the normal rumen bacterial floras of the
      ruminant animals being fed under excellent conditions, the
      ammonia-utilizing ability of the group is improved, and the resulting
      group endowed with a great ammonia-utilizing ability is given to the
      ruminants so that the ammonia in their rumens can be efficiently
      transferred into the bacterial somatic proteins.
PAR  The ammonia-utilizing ability of the selected bacteria can be improved in
      the following way.
PAC  EXAMPLE 1
PAR  Selective culture media containing a large proportion of ammonium salts,
      such as ammonium acetate or ammonium chloride, were used. Specifically,
      ammonium salt-containing, LBS-improved medium (for lactobacillus groups),
      sugar-ammonium-salt-containing bouillon medium (for clostridium and
      subtilis groups and yeast), etc. were inoculated with test strains, and
      the bacteria were cultured by the conventional successive transfer
      technique.
PAR  An instance of plate culutre carried out by that technique will now be
      explained. A test medium (LBS-improved medium) was streaked with 0.05 ml
      of a suspension of a newly cultured test strain of lactic acid bacteria
      (L. plantarum, U-48). From then on, in the usual manner, the test strain
      was then serially passed on culture media with gradually increased
      ammonium-salt concentrations. The results were as given in Table 4. The
      strain was anaerobically cultured at 37.degree.C for 5 days. (In the table
      the downwardly directed arrow marks indicate that colonies on plate media
      were transplanted onto new media by streaking and were cultured thereon.)
TBL                                    TABLE 4                                 

     __________________________________________________________________________

     Successive transfer culture of lactic                                     

     acid bacteria on ammonium salt-                                           

     containing media                                                          

     Amount of                                                                 

     ammonium                                                                  

           Not   2.5%  5.0% 6.0% 7.5% 8.0%                                     

                                          8.5%                                 

     salt added                                                                

           added                                                               

     __________________________________________________________________________

     1st                                                                       

      culture                                                                  

           2.4.times.10.sup.3                                                  

                 2.5.times.10.sup.3                                            

                       4.times.10                                              

                             --   --  --  --                                   

                       .uparw.                                                 

     2nd "             Grew Grew                                               

                       all over                                                

                            all over                                           

                            .uparw.                                            

     3rd "                  Grew Grew                                          

                            all over                                           

                                 all over                                      

                                      --  --                                   

                                 .uparw.                                       

     4th "                       Grew                                          

                                 all over                                      

                                      --  --                                   

                                 .uparw.                                       

     5th "                         "  --  --                                   

     __________________________________________________________________________

      Note:                                                                    

      The numerical values represent the counts of colonies on the culture     

      media. For example, "4.times.10" is the number of colonies that survived 

      on a medium containing 5.0% ammonium salt. The mark "--" indicates no    

      growth.                                                                  

PAR  As will be seen from Table 4, the serial passage of the test lactic acid
      bacteria on the culture media containing 8% on more ammonium salt could
      not yield any strain that would grow on those media.
PAR  In order to obtain a strain having a greater ammonium salt-utilizing
      ability, we conducted further experiments as follows. With the view to
      utilizing the metabolic products of the bacteria in the media, the
      colonies grown on the medium containing 7.5 percent ammonium salt
      according to the experiments given in Table 4 were spread by the streak
      method over the entire surface of the same plate medium. Upon the
      development of new colonies, they were again spread over the surface. With
      repetition of this procedure, each time the entire surface was covered
      with the colonies, the bacteria were transplanted onto a new medium. Thus,
      culture media having gradually increased ammonium salt concentrations were
      employed. It has now been found that in this way strains capable of
      growing on a culture medium containing as much as 10 percent ammonium salt
      can be obtained.
PAR  It is exemplified by the following experiment:
TBL  Culture medium composition                                                

                             Number of colonies                                

     and culturing procedure formed on medium                                  

     __________________________________________________________________________

     Medium A:                                                                 

             7.5% ammonium salt added.                                         

            The colony suspension of the                                       

            7.5% ammonium salt-containing                                      

            medium obtained by the experi-                                     

            ment of Table 4 was inoculated                                     

            by the streak method and                                           

            cultured         3.6 .times. 10.sup.2                              

     Medium A':                                                                

             Medium A was directly used.                                       

            The colonies from the medium A                                     

            were spread and streaked over                                      

            the entire surface of this                                         

            medium, and cultured. After                                        

            repetition of this, colonies                                       

            developed all over the surface.                                    

                             Grew all over the                                 

                               surface. -Medium B:  8.0% ammonium salt added.  

            A suspension of the colonies                                       

            from the plate medium A' was                                       

            streaked and cultured.                                             

                             7                                                 

     Medium B':                                                                

             Medium B was directly used.                                       

            The colonies from the plate                                        

            medium B were spread over the                                      

            entire surface of the medium,                                      

            streaked and cultured. This                                        

            was repeated.    2.4 .times. 10.sup.2                              

     __________________________________________________________________________

PAR  Thereafter, the procedure described was repeated until an ammonium salt
      concentration of as high as 10 percent was obtained.
PAR  As shown in Table 4, it has been impossible with conventional successive
      transfer culture to obtain a strain endowed with a high ammonium
      salt-utilizing ability when the bacteria are transplanted on culture media
      having 7.5 percent or more ammonium salt concentrations, despite serial
      passage on the media. In accordance with the present invention, by
      contrast, a strain whose ammonium salt-utilizing ability has been improved
      by the usual method is allowed to develop its colonies on a culture medium
      containing 7.5 percent ammonium salt (the maximum ammonium salt
      concentration in the conventional successive transfer culture), and the
      resulting medium is reused as it is, so that a strain having a greater
      ammonium salt-utilizing ability can be obtained.
PAR  The method of the invention is directed to the promotion of the bacterial
      growth not by taking advantage of the decrease in the ammonium salt
      concentration of the medium due to the preceding steps of culture but by
      permitting the bacteria to utilize the metabolic products of the bacteria
      already produced in the media and by enabling the microorganisms to
      acquire the characteristic ability of utilizing high ammonium salt
      concentration. In this respect the method of the invention is totally
      different from the conventional ones.
PAC  Comparative test
PAR  A strain (A) improved in its ammonium salt-utilizing ability by successive
      transfer culture in the usual manner and a strain (B) improved pursuant to
      this invention were separately suspended in a sterilized physiological
      salt solution. The suspensions were streaked in amounts of 0.05 ml on the
      following plate culture media, and the numbers of colonies produced on
      culture were counted.
TBL  ______________________________________                                    

                   Lactobacillus Lactobacillus                                 

                   culture medium                                              

                                 culture medium                                

                   containing 9.5%                                             

                                 containing no                                 

     Culture medium                                                            

                   ammonium salt ammonium salt                                 

     ______________________________________                                    

     Test strains:                                                             

     Strain A      No growth     3.5 .times. 10.sup.8                          

      (improved by                                                             

      usual method)                                                            

     Strain B      5.4 .times. 10.sup.7                                        

                                 4.1 .times. 10.sup.8                          

      (improved by                                                             

      method of                                                                

      invention)                                                               

     ______________________________________                                    

      Note:                                                                    

      The numerical values are the numbers of live bacteria per milliliter of  

      the test suspensions.                                                    

PAR  The present method of improving the bacterial ability of utilizing ammonium
      salt is to enable bacteria to make most of the metabolic products of
      bacteria in the media. It is possible with the method to obtain a strain
      capable of utilizing ammonium salt in concentrations by far greater than
      have been possible with the strains conventionally obtained by simple
      successive transfer culture.
PAR  The improved strain obtained in accordance with the present invention is
      separated and collected, pulverized or granulated with such excipients as
      starches and calcium, and packaged airtight as a final preparation.
PAR  Typical compositions of one-hundred-gram preparations according to the
      present invention are given below:
TBL  Composition 1                                                             

     L. plantarum           0.1 g                                              

     Cl. butyricum Miyairi  0.1                                                

     Sc. faecalis           0.1                                                

     Potato starch          70.0                                               

     Corn starch            10.0                                               

     Calcium carbonate      19.7                                               

     Composition 2                                                             

     L. plantarum           0.1 g                                              

     Cl. butyricum Miyairi  0.1                                                

     Sc. faecalis           0.1                                                

     L. fermenti            0.1                                                

     Potato starch          70.0                                               

     Corn starch            10.0                                               

     Calcium carbonate      19.6                                               

PAC  EXAMPLE 2
PAR  Goats were fed on a test strain of lactic acid bacteria (L. plantarum,
      U-48) at a rate of 4.5 .times. 10.sup.7 /kg/day and a mixed feed
      containing 3% ammonium salt or urea at a rate of 20 g/kg/day for one week,
      and then the concentration of ammonium salt or urea was gradually
      increased to 5, 7 and 9% in the following one-week periods. After the
      total prefeeding period of four weeks, the rumenal juices or excrements of
      the animals were inoculated and cultured on the selective media of Example
      1, and the ammonium salt-utilizing abilities of the bacterial groups were
      determined. Most of the bacteria groups underwent mass mutation after the
      inoculation, and only those which exhibited good ammonium salt-utilizing
      abilities could be obtained.
PAR  Of the test results, those lactic acid bacteria and cellulose-decomposing
      bacterial will be specifically explained below.
PAR  Either ammonium sulfate (1 g/10 ml of medium) or ammonium chloride (1 g/10
      ml of medium) was added to sugar-containing bouillon, and the liquid media
      thus prepared were inoculated with the test bacteria. The lactic acid
      bacteria were cultured for 48 hours, and the cellulose-decomposing
      bacteria for 96 hours. Thereafter the amounts of the ammonium salts
      consumed in the media were determined.
PAR  As is clear from Table 5, the strain of the lactobacillus group that
      consumed more than 0.5 g ammonium sulfate was only one out of 62 strains
      examined. During and after the supply of urea, however, the number of
      strains that consumed 0.5 g or more ammonium increased to 32 and 35
      strains, respectively, or at very high rates as compared with the
      pre-administration figure. As noted above, the test bacteria were largely
      those belonging to specific strains, such as L. acidophilus and L.
      plantarum.
PAR  A generally similar tendency was observed with ammonium chloride.
TBL                                    TABLE 5                                 

     __________________________________________________________________________

     Numbers of strains of lactic acid                                         

     bacteria classified by ammonium                                           

     consumption                                                               

            Ammonium sulfate conspn*                                           

                           Ammonium chloride conspn*                           

            Under                                                              

                 0.1  Over Under                                               

                                0.1  Over                                      

            0.1g -0.5g                                                         

                      0.5g 0.1g -0.5g                                          

                                     0.5g                                      

     __________________________________________________________________________

     Before urea                                                               

     admn (62)                                                                 

            53(86)                                                             

                  8(12)                                                        

                       1( 2)                                                   

                           57(92)                                              

                                 5( 8)                                         

                                     0                                         

     During urea                                                               

     admn (70)                                                                 

             8(10)                                                             

                 30(44)                                                        

                      32(46)                                                   

                           15(21)                                              

                                38(54)                                         

                                     17(25)                                    

     After urea                                                                

     admn (67)                                                                 

             4( 6)                                                             

                 35(52)                                                        

                      28(42)                                                   

                           10(15)                                              

                                42(62)                                         

                                     15(23)                                    

     __________________________________________________________________________

      *Ammonium consumption in medium containing 1 g ammonium salt per 10 ml of

      the medium. The numerical values in the parentheses represent percentages

      on the bases of total numbers (given at the left ends) of the strains    

      tested.                                                                  

PAR  Generally the same tendency was seen with the cellulose-decomposing
      bacteria, as shown in Table 6. The table indicates that the supply of
      ammonium salts or urea caused the growth and multiplication of only the
      strains having strong ammonium-utilizing abilities and that mass mutation
      took place in the rumens of the test animals.
TBL                                    TABLE 6                                 

     __________________________________________________________________________

     Numbers of strains of cellulose-                                          

     decomposing bacteria classified by                                        

     ammonium consumption                                                      

            Ammonium sulfate conspn**                                          

                           Ammonium chloride conspn**                          

            Under                                                              

                 0.1  Over Under                                               

                                0.1  Over                                      

            0.1g -0.5g                                                         

                      0.5g 0.1g -0.5g                                          

                                     0.5g                                      

     __________________________________________________________________________

     Before urea                                                               

     admn (53)                                                                 

            40(75)                                                             

                 13(25)                                                        

                      0    37(70)                                              

                                10(19)                                         

                                     6(11)                                     

     During urea                                                               

     admn (46)                                                                 

             6(14)                                                             

                 29(62)                                                        

                      11(24)                                                   

                           0    20(44)                                         

                                     26(56)                                    

     After urea                                                                

     admn (53)                                                                 

             5( 9)                                                             

                 32(60)                                                        

                      16(31)                                                   

                           0    25(47)                                         

                                     28(28)                                    

     __________________________________________________________________________

      **Ammonium consumption in medium containing 1 g ammonium salt per 10 ml o

      the medium. The numerical values in the parentheses represent percentages

      on the bases of total numbers (given at the left ends) of the strains    

      tested.                                                                  

PAC  EXAMPLE 3
PAR  In this example, the method of obtaining bacteria with the plate media as
      described in the preceding examples and the method of obtaining bacteria
      with the ruminant stomach were alternately employed to choose strains with
      exceeding ammonium-utilizing abilities out of the test bacteria.
PAR  By way of examplification, a test strain (lactic acid bacteria = L.
      plantarum, U-48) was inoculated on a lactobacillus selective medium
      containing 2.5% ammonium salt. In the same manner as described in Example
      1 the ammonium salt concentration was gradually increased to about 8-10
      percent. Then, the bacteria were collected from the plate and dried to
      powder in the usual way. The dry bacterial powder thus obtained was
      weighed (4.8 .times. 10.sup.7 /kg/day) and fed to goats, along with a
      urea-containing feed (20 g/kg/day), for one week. The urea concentration
      was gradually raised up to 9 percent.
PAR  From the rumens of the goats fed in this manner the bacteria given together
      with the feed were detected. Thenceforth the plate culture method and the
      method of using the ruminant stomach were alternately employed to obtain a
      strain having a great ammonium-utilizing ability from the test bacteria.
PAC  EXAMPLE 4
PAR  In the procedure of Example 2 for acquiring an improved strain from the
      stomachs of ruminants, the ammonium salt concentration was gradually
      increased from week to week.
PAR  As an alternative, a strain with a good ammonium-utilizing ability can be
      selectively obtained from the rumens by giving large doses of urea within
      short periods of time, although it involves some danger to the animals.
      This example pertains to the alternative procedure.
PAR  In one experiment, a test strain (lactic acid bacteria = L. plantarum,
      U-48) was given to a test goat at a rate of 4.3 .times. 10.sup.7 /kg/day
      for one week, and then urea was administered at a rate of 1.0 g/kg. The
      goat suffered from acute ammonia poisoning and repeated tonic convulsions.
      It was medically treated but was seriously emaciated the next day. Later
      it recovered the health. During the experiment period the bacterial flora
      in the rumen underwent changes as shown in FIG. 2.
PAR  Similarly a test goat was caused to take the same test strain (lactic acid
      bacteria = L. plantarum, U-48) at a smaller rate of 3.8 .times. 10.sup.7
      /kg/day for one week and then was given a single dose of urea at a rate of
      0.5 g/kg. The goat was attacked by ammonia poisoning, too, but the
      condition was not as deadly as in the aforesaid experiment.
PAR  Five days later when the goat completely recovered its physical strength,
      it was given one gram of urea per kilogram of its body weight. This caused
      light symptoms of ammonia poisoning including spasms in the muzzle wing
      for a short period of time. The conditions of bacterial flora in the rumen
      were as represented in FIG. 3.
PAR  The strain with its ammonium salt-utilizing ability improved in this way
      was inoculated on the culture medium of Example 1 which contained a high
      concentration of an ammonium salt. The bacteria were separated and
      collected, given to a ruminant, e.g., goat, again in the same manner as
      above described, and then urea was given at a rate of 1 g/kg to improve
      the ammonium salt-utilizing ability of the bacteria. The foregoing
      procedure was repeated until a strain was obtained which could grow on a
      plate medium for LBS lactic acid bacteria containing 10% ammonium salt.
PAR  It is thus clear that a large temporal dose of urea is useful in improving
      the ammonium salt-utilizing ability of lactic acid bacteria, although it
      accompanies some physical danger.
PAR  In order to examine the changes in viable count of the bacteria in the
      rumen with an acute dose of urea, a test goat was continuously rationed
      with a feed containing the lactic acid bacteria with an improved
      ammonia-utilizing ability for one week and then was administered with an
      acute dose of urea in an amount of 1 g/kg. The results were as given in
      Table 7. FIG. 2 is a graphic representation of the same data.
TBL                Table 7                                                     

     ______________________________________                                    

     Counting  Before     1 hr      2 hrs   24 hrs                             

     point of  admini-    after     after   after                              

     time      stration   admn      admn    admn                               

     ______________________________________                                    

     Lactobacillus                                                             

               4.2.times.10.sup.6                                              

                         1.9.times.10.sup.4                                    

                                   6.0.times.10.sup.4                          

                                           1.0.times.10.sup.5                  

      groups                                                                   

     Coli-form                                                                 

      groups   2.2.times.10.sup.4                                              

                         5.6.times.10.sup.3                                    

                                   5.9.times.10.sup.4                          

                                           2.8.times.10.sup.5                  

     ______________________________________                                    

             (Numbers of live bacteria/ml)                                     

PAR  Also, the changes in viable count of the bacteria in the rumen with a
      subacute dose of urea were examined by supplying a test goat with lactic
      acid bacteria having an improved ammonia-utilizing ability and urea at a
      rate of 0.5 g/kg, and then giving four days later an acute dose of 1.0
      g/kg of urea. The results were as shown in Table 8 and as charted in FIG.
      3.
TBL                                    Table 8                                 

     __________________________________________________________________________

     Counting                                                                  

             Before 15 min                                                     

                          1 hr  2 hrs 24 hrs                                   

     point of                                                                  

             admini-                                                           

                    after after after after                                    

     time    stration                                                          

                    admn  admn  admn  admn                                     

     __________________________________________________________________________

     Lactobacillus                                                             

      groups 4.0.times.10.sup.4                                                

                   1.5.times.10.sup.4                                          

                         1.2.times.10.sup.4                                    

                               3.4.times.10.sup.4                              

                                     1.2.times.10.sup.4                        

     Coli-form                                                                 

      groups 1.5.times.10.sup.6                                                

                   6.6.times.10.sup.5                                          

                         2.5.times.10.sup.4                                    

                               2.0.times.10.sup.4                              

                                     6.0.times.10.sup.4                        

     __________________________________________________________________________

             (Numbers of live bacteria/mil)                                    

PAC  EXAMPLE 5
PAR  Goats were used as test ruminants and the following experiment was
      conducted. Fifteen 2-year-old goats of Saanen breed were divided into
      three groups, i.e., control, test, and standard groups. The control group
      was fed on a feed containing 3% urea. The test group was fed on a 3%-urea
      feed containing a bacterial preparation manufactured by the method of the
      invention at a rate of 4.5 .times. 10.sup.7 /kg/day. The standard group
      was given a commercially available urea-free feed. All were fed for 100
      days.
PAR  After the test period, the average body weights of the goats of the
      standard and test groups exceeded that of the control group by 11.1 and
      12.3 percent, respectively.
PAR  In the early period of rationing with the urea-containing feed, some of the
      control goats indicated lack of appetite and vigor, whereas the goats of
      the test group had as hearty an appetite as those of the standard group.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for conditioning a rumen flora containing a relatively high
      number of lactobacillus groups and a relatively small number of coliform
      groups to improve the ammonium salt utilizing ability thereof by serial
      passage and culturing of microorganisms on a streak inoculated plate
      culture medium containing the maximum ammonium salt concentration
      compatible with serial passage culture growth, the improvement which
      comprises:
PA1  a. further culturing colonies of said microorganisms which have been
      cultured in said streak inoculated plate culture medium containing the
      maximum ammonium salt concentration compatible with serial passage culture
      growth by repeatedly streaking said colonies over the surface of said
      culture medium until the entire surface thereof is covered with colonies
      and said culture medium is enriched with sufficient metabolic products
      from the growth of said microorganisms therein to condition said
      microorganisms to grow in the presence of ammonium salt concentrations
      higher than said maximum; and
PA1  b. transferring colonies of the resultant conditioned microorganisms to a
      new culture medium having an ammonium salt concentration higher than said
      maximum, and repeating step a) in said new culture medium.
NUM  2.
PAR  2. A process according to claim 1 wherein said microorganism is selected
      from the group consisting of lactobacillus, clostridium,
      cellulose-decomposing bacteria, subtilis and yeast.
NUM  3.
PAR  3. A process according to claim 2 wherein said microorganism is a
      lactobacillus selected from the group consisting of Lactobacillus
      plantarum, lactobacillus fermenti, Lactobacillus acidophilus,
      Lactobacillus brevis, Streptococcus faecalis, Streptococcus lactis and
      Clostridium butyricum.
NUM  4.
PAR  4. A process according to claim 3 wherein said rumen flora is dominant in
      Lactobacillus acidophilus, Lactobacillus plantarum, Streptococcus lactis
      or Streptococcus faecalis.
NUM  5.
PAR  5. A process according to claim 2 wherein said maximum ammonium salt
      concentration is about 7.5 percent.
NUM  6.
PAR  6. A process according to claim 2 further comprising transferring the
      resultant conditioned microorganism into the rumen of a living ruminant to
      enhance the conversion of ammonia therein into somatic proteins.
NUM  7.
PAR  7. A process according to claim 6 wherein said conditioned microorganism is
      separated, collected and pulverized or granulated with an excipient prior
      to said transfer.
NUM  8.
PAR  8. A process according to claim 7 wherein said transferred conditioned
      microorganism comprises a combination of Lactobacillus plantarum,
      Clostridium butyricum and Streptococcus faecalis.
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ABST
PAL  A protein hydrolyzate having a high free amino acid content and an
      excellent flavor can be obtained when salt-resistant lactic acid bacteria
      are additionally used in the absence or presence of at most 12 percent by
      weight of sodium chloride based on a volume of an aqueous medium in
      obtaining the protein hydrolyzate from proteinaceous materials by
      hydrolysis with proteolytic enzymes.
BSUM
PAR  This invention relates to a process for producing protein hydrolyzates
      containing increased amount of free amino acids and hence having an
      improved flavor by additionally utilizing salt-resistant lactic acid
      bacteria in producing protein hydrolyzates from proteinaceous materials
      with proteolytic enzymes.
PAR  The protein hydrolyzate is known to have extensive uses in various fields
      such as food industry and pharmaceutical industry. When a protein
      hydrolyzate is destined for use especially as a seasoning or as a material
      for seasonings in food industry, there is a strong demand for a product
      having a high content of free amino acids such as glutamic acid which,
      among others, has a pronounced flavor enhancing effect.
PAR  As is well known to the art, although hydrolysis of proteinaceous materials
      are generally conducted by either an acid process or an enzymatic process
      utilizing a proteolytic enzyme preparation or an aspergillus mold culture,
      the latter process is superior in product quality. However, it is also
      known to the art that the enzymatic process utilizing a proteolytic enzyme
      preparation will give a hydrolyzate in which the ratio of free amino acids
      to total solubilized nitrogen in the hydrolyzate of protein materials
      (this ratio is hereinafter referred to as free amino acid ratio) is low.
      It is conceivable, therefore, that in order to attain sufficient splitting
      of proteinaceous materials by the method of enzymatic hydrolysis, it is
      necessary to use a proteolytic enzyme having a wide range of substrate
      specificities or a great variety of enzymes having different substrate
      specificities among them. However, since ordinary enzyme preparations
      contain neither such an enzyme of broad-range substrate specificity nor a
      great variety of enzymes in amounts sufficient for practical use, the low
      free amino acid ratio has been considered as a defect of the enzymatic
      hydrolysis.
PAR  It is further known that, as compared with the above-said process utilizing
      a proteolytic enzyme, a relatively high free amino acid ratio is attained
      by a so-called koji process, a variety of the enzymatic process, whereby a
      proteinaceous material is hydrolyzed by means of "koji" obtained by
      inoculation and cultivation of an aspergillus mold capable of producing
      proteolytic enzymes on the protein material as substrate, as in the
      brewing of soy. The free amino acid ratio of the product obtained by such
      a method is also not quite satisfactory.
PAR  As a result of extensive investigations to eliminate aforesaid
      disadvantages, the present inventors found that the salt-resistant lactic
      acid bacteria isolated from a soy mash or other sources do not exhibit
      hydrolyzing effect in the presence of sodium chloride of high
      concentrations, as in the case of soy brewing, upon the partial
      hydrolyzate of protein (peptides and the like not hydrolyzable with
      ordinary proteolytic enzymes) contained in protein hydrolyzate produced by
      use of proteolytic enzymes, whilst in the absence or presence of at most
      12 percent by weight of sodium chloride based on a volume of an aqueous
      medium they exhibit a powerful hydrolyzing effect upon said partial
      hydrolyzate to increase markedly the free amino acid content of the
      protein hydrolyzate. Based on this novel finding, the present invention
      has been accomplished.
PAR  An object of this invention is to provide a process for producing protein
      hydrolyzate, characterized by increasing the free amino acid content.
PAR  Another object of this invention is to provide a process for producing
      protein hydrolyzates containing an increased amount of free amino acids
      and hence having an improved flavor.
PAR  Other objects and advantages of this invention will become apparent from
      the following description.
PAR  The process of this invention comprises utilizing salt-resistant lactic
      acid bacteria in the absence or presence of at most 12 percent by weight
      of sodium chloride based on a volume of an aqueous medium in producing
      protein hydrolyzates from proteinaceous materials by hydrolysis with
      proteolytic enzymes. By the process of this invention, it is possible to
      obtain protein hydrolyzate containing increased amount of free amino acids
      and hence having an improved flavor.
DETD
PAR  The invention is explained below in more detail.
PAR  The proteinaceous material for use in the process of this invention may be
      any of the vegetable proteinaceous materials (e.g. soy bean, wheat gluten,
      etc.), animal proteinaceous materials (e.g. milk casein, fish meal, cattle
      meat, etc.) and microorganism proteinaceous materials (e.g. yeast, etc.).
PAR  Hydrolysis of such materials by use of proteolytic enzymes is effected in
      an ordinary manner (e.g. K. Mogi, Journal of Fermentation Technology 36,
      125 (1958)). Examples include a method whereby a proteinaceous material is
      subjected to a suitable denaturation treatment (e.g. ibid) and the
      denatured proteinaceous material is hydrolyzed by addition of a suitable
      proteolytic enzyme, and a method whereby an aspergillus mold capable of
      producing a proteolytic enzyme is inoculated and cultured on a denatured
      proteinaceous material to convert the latter into koji, in which form the
      hydrolysis is allowed to proceed.
PAR  The proteolytic enzyme to be used may be any of those obtained from animal,
      vegetable, and microbial sources, but preferably selected from those which
      are heat resistant or resistant to acid and heat, in order to cut down the
      hydrolysis time of proteinaceous materials.
PAR  Examples of individual proteolytic enzymes are those proteolytic enzymes
      produced by aspergilli (e.g. Aspergillus oryzae, Aspergillus sojae, etc.)
      or streptomyces (e.g. Streptomyces griseus, etc.), pepsin, papain, etc.
PAR  Examples of the salt-resistant lactic acid bacteria for use in this
      invention to increase free amino acid content of the protein hydrolyzate
      produced by use of proteolytic enzymes include lactic acid bacteria in
      soy, such as Pediococcus halophilus, FERM-P No. 1414, ATCC 21786 (The
      abbreviation "FERM-P" stands for the access number registered by
      Fermentation Research Institute, Agency of Industrial Science and
      Technology, 5-chome 8-1, Inage, Chiba-shi, Japan, a public depository of
      Japan; "ATCC" stands for the access number registered by American Type
      Culture Collection, 12301, Parklawn Dr. Rockville, Md.), Pediococcus
      soyae, IAM 1673, ATCC 13,621, Pediococcus soyae, IAM 1,681, ATCC 13,622,
      Pediococcus soyae, IAM 1,685, ATCC 13,623, Tetracoccus soyae, FERM-P No.
      1401, ATCC 21,787; further, Streptococcus thermophilus, IAM 1,047 (IAM:
      Institute of Applied Microbiology, University of Tokyo, Tokyo, Japan),
      Streptococcus thermophilis, ATCC 19,282, Streptococcus lactis, IFO 3,434
      (IFO: Institute for Fermentation, Osaka, Japan), Streptococcus lactis AHU
      1,091 (AHU: Faculty of Agriculture, Hokkaido University, Sapporo, Japan),
      Streptococcus lactis, IID 7,693 (IID: Institute of Medical Science,
      University of Tokyo, Tokyo, Japan; previous name is Institute for
      Infectious Diseases), and Streptococcus lactis, ATCC 19,435. All of the
      above-mentioned strains are salt-resistant lactic acid bacteria which are
      resistant to sodium chloride in a concentration of 10 percent based on a
      volume of an aqueous medium or higher and can grow in the said sodium
      chloride solution.
PAR  Mycological properties of these salt-resistant lactic acid bacteria are
      described in detail in the following literature: Nakagawa, A., Kitahara,
      K., J. Gen. Appl. Microbiol., 5, 95 (1959) for Pediococcus halophilus;
      Kenji Sakaguchi, Bull. Agr. Chem. Soc. Japan, 22, 353 (1958) for
      Pediococcus Soyae; Hakko Kogahu Zasshi, 39, 360 (1961) for Tetracoccus
      Soyae; Bergey's Manual of Determinative Bacteriology, 7th Ed. (1957) for
      Streptococcus thermophilus and Streptococcus lactis. Of the above-noted
      strains, those assigned with accession numbers of IAM are described in
      JFCC Catalogue of Cultures, Additional Edition 1966 (JFCC; The Japanese
      Federation of Culture Collection of Microorganisms); strains assigned with
      accession numbers of IFO, AHU, and IID in JFCC Catalogue of Cultures,
      Additional Edition 1968; strains assigned with accession numbers of ATCC
      in ATCC Catalogue of Strains, Ninth Edition 1970. All of these strains are
      available to the public.
PAR  In the process of this invention, it is possible to use, beside the
      above-noted salt-resistant lactic acid bacteria, all of those which are
      capable of increasing the free amino acid content of the protein
      hydrolyzate produced by use of proteolytic enzymes in the absence or
      presence of at most 12 percent by weight of sodium chloride based on a
      volume of an aqueous medium. In this case, salt-resistant bacteria which
      are resistant to sodium chloride in a concentration of 10 percent by
      weight based on a volume of an aqueous medium or higher and can grow in
      the said sodium chloride solution are more preferable.
PAR  Among the salt-resistant lactic acid bacteria, those isolated from a soy
      mash are advantageously used, the say nothing of those salt-resistant
      lactic acid bacteria which are heat resistant.
PAR  In order to obtain desired results of using salt-resistant lactic acid
      bacteria according to this invention, either the bacteria are inoculated
      into the protein hydrolyzing system and cultured therein or a large amount
      of cells of the bacteria are added to the system. The inoculation and
      cultivation of the salt-resistant lactic acid bacteria or the addition of
      cells thereof can be conducted either before or after substantial
      termination of hydrolysis of the proteinaceous material with proteolytic
      enzyme, the choice being made by taking account of the conditions under
      which the proteinaceous material is hydrolyzed, such as temperature, pH,
      etc., though usually conducted preferably after substantial termination of
      the hydrolysis of proteinaceous materials caused by proteolytic enzymes.
PAR  In using the salt-resistant lactic acid bacteria in the process of this
      invention, it is necessary for achieving the objects of this invention
      that the concentration of sodium chloride in the protein hydrolyzing
      system be maintained within the range of 0 to 12 percent by weight based
      on an amount of an aqueous medium. Concrete examples are shown below
      concerning the experiments conducted to examine relationships between the
      sodium chloride concentration and free amino acid content in a protein
      hydrolyzate obtained by use of a proteolytic enzyme when the
      salt-resistant lactic acid bacteria are inoculated and cultured therein or
      the bacteria are added thereto to be brought into contact therewith.
PAC  EXPERIMENT 1
PAR  By use of a proteolytic enzyme preparation obtained from Aspergillus oryzae
      grown on wheat bran in the form of koji (said preparation being a dried
      powder of precipitates obtained from an aqueous extract of the wheat bran
      koji on addition of ethyl alcohol three times in volume), defatted soy
      bean which had been subjected to denaturation treatment was hydrolyzed in
      a customary way to obtain a protein hydrolyzate of a total dissolved
      nitrogen content (TN) of 2.0 percent (W/V), containing 0.86 percent (W/V)
      of free amino acids in terms of amino nitrogen (AN), the free amino acid
      ratio (AN/TN) being 0.43. The amino nitrogen was obtained by substracting
      the ammonium nitrogen measured by Conway micro-diffusion method from the
      formol nitrogen measured by formol titration. The total dissolved nitrogen
      was measured by Kjeldahl method (I. Umeda "Shoyu" Sankyo Shuppan Co.,
      Tokyo, 1961, p 138).
PAR  The above-obtained protein hydrolyzate was then subjected to heat treatment
      at 90.degree.C. for 5 minutes to deactivate the proteolytic enzyme and
      filtered. Sodium chloride was added to the clear filtrate to prepare
      protein hydrolyzate solutions (pH 6.0) containing sodium chloride in
      various concentrations as shown in Table 1. Pediococcus soyae IAM 1673
      (ATCC 13621) was inoculated into each solution and allowed to undergo
      stationary culture at 20.degree. to 30.degree.C. for 10 days, when the
      percentage increase in free amino acid content (AN) was determined to
      obtain the results as shown in Table 1. The percentage increase in free
      amino acid content was found to be substantially the same after the
      protein hydrolyzate solution (in which the salt-resistant lactic acid
      bacterium had been inoculated and cultured) had been left standing for
      longer period of time.
TBL                                    Table 1                                 

     __________________________________________________________________________

     NaCl concen-                                                              

     tration,                                                                  

             0    3.5  7.0  10.5 12.0 13.0 14.0 15.0                           

     % (W/V)                                                                   

     __________________________________________________________________________

     Percentage                                                                

     increase in                                                               

             22.5 16.0 18.0 20.0 16.0 4.0  4.0  2.0                            

     free amino                                                                

     acid content,                                                             

     __________________________________________________________________________

PAC  EXPERIMENT 2
PAR  In a protein hydrolyzate (clear solution) obtained in the same manner as in
      Experiment 1, was dissolved sodium chloride to prepare protein hydrolyzate
      solutions (pH 6.0) containing sodium chloride in various concentrations as
      shown in Table 2. To each solution were added cells of Pediococcus soyae
      IAM 1673 (ATCC 13621) which had been cultured at 30.degree.C. for 120
      hours in a medium comprising 1.0 percent (W/V) of glucose, 0.5 percent
      (W/V) of peptone, and 0.5 percent (W/V) of yeast extract and containing
      sodium chloride in the same concentration as that shown in Table 2, the
      number of cells added being 10.sup.8 per milliliter of the solution.
      Reaction was allowed to proceed at 45.degree.C. for 5 hours while the
      solution being stirred mildly to ensure contact with the cells. Then, the
      percentage increase in free amino acid content (AN) was measured to obtain
      the results as shown in Table 2. The percentage increase in free amino
      acid content was found to be substantially the same after the protein
      hydrolyzate solution (in which the salt-resistant lactic acid bacterium
      had been added) had been left standing for longer period of time.
TBL                                    Table 2                                 

     __________________________________________________________________________

     NaCl concen-                                                              

     tration,                                                                  

             0    3.5  7.0  10.5 12.0 13.0 15.0                                

     % (W/V)                                                                   

     __________________________________________________________________________

     Percentage                                                                

     increase in                                                               

     free amino                                                                

             19.0 18.0 17.2 18.0 16.0 4.0  2.0                                 

     acid content,                                                             

     __________________________________________________________________________

PAC  EXPERIMENT 3
PAR  Percentage increase in the free amino acid content was examined in the same
      manner as in Experiment 1, except that strains shown in Table 3 were used
      in place of the Pediococcus soyae IAM 1673 (ATCC 13621) and concentrations
      of sodium chloride in the protein hydrolyzate solution were as shown in
      Table 3. The results obtained were as tabulated in Table 3. The percentage
      increase in free amino acid content was found to be approximately the same
      as shown in Table 3 after the protein hydrolyzate solution (in which the
      salt-resistant lactic acid bacterium had been inoculated and cultured) had
      been left standing for longer period of time.
TBL                Table 3                                                     

     ______________________________________                                    

     Percentage increase in free                                               

     amino acid content (%)                                                    

     Concentration of                                                          

     NaCl, %             0     5     10   12   15                              

     Name of strain                                                            

     ______________________________________                                    

     Pediococcus halophilus FERM-P                                             

     No. 1414 (ATCC 21786)                                                     

                        25    20     18   13   3                               

     Tetracoccus soyae FERM-P                                                  

     No. 1401 (ATCC 21787)                                                     

                        22    20     18   13   2                               

     Streptococcus thermophilus                                                

     ATCC 19282         15    15     13   10   0                               

     Streptococcus lactis ATCC                                                 

     19435              14    16     15   11   1                               

     ______________________________________                                    

PAR  As is apparent from the above Experiments 1 to 3, when inoculated
      salt-resistant lactic acid bacteria were cultured in a protein hydrolyzate
      obtained by use of proteolytic enzymes or when cells of said bacteria were
      brought into contact with said hydrolyzate by mixing, the free amino acid
      content of said hydrolyzate will increase only when the concentration of
      sodium chloride in the hydrolyzate remains within the range from 0 to 12
      percent (W/V); no useful result will be obtained when sodium chloride is
      present in concentrations exceeding the upper limit specified herein. The
      same phenomena are observed when salt-resistant lactic acid bacteria were
      inoculated into a reaction mixture before substantial termination of
      hydrolysis and cultured therein or when cells of the bacteria were mixed
      and contacted with a reaction mixture before substantial termination of
      hydrolysis.
PAR  In the process of this invention, suitable culture conditions for the
      salt-resistant lactic acid bacteria inoculated into a reaction mixture
      before substantial termination of hydrolysis or into a hydrolyzate after
      substantial termination of hydrolysis are such that pH is generally 5 to
      8, preferably 5.5 to 7.0, the temperature is 15.degree. to 60.degree.C.,
      and the culture time is 1 to 15 days; the culture may be carried out by
      any of the methods such as agitated culture, aerated culture, and
      stationary culture.
PAR  In the case of mixing and contacting the cells of salt-resistant lactic
      acid bacteria with a reaction mixture before substantial termination of
      hydrolysis or with the hydrolyzate after substantial termination of
      hydrolysis, a separate culture of the bacteria becomes necessary. In such
      a case, the culture medium can be either the aforesaid protein hydrolyzate
      solution or an ordinary medium for use in culturing lactic acid bacteria.
      Such a medium comprises, for example, a carbon source such as glucose,
      fructose, mannose, maltose, or dextrin, a nitrogen source such as peptone,
      casamino acid, meat extract, or yeast extract, and other ingredients such
      as inorganic phosphates, inorganic calcium salts, vitamins, growth
      stimulant substances, and sodium chloride. During the culture,
      concentration sodium chloride is maintained preferably at 12 percent (W/V)
      or lower and pH is preferably within the range from 6.0 to 8.0. The
      culture can be conducted following the general culturing procedure for
      lactic acid bacteria in such a way that the culture medium is mildly
      stirred without aeration, or is left standing at 15.degree. to
      60.degree.C. for 2 to 7 days to obtain satisfactory result.
PAR  On completion of the culture, collection of the cells is carried out
      according to an ordinary procedure for recovering microorganism cells,
      including centrifuging, filtration, etc. If necessary, a sterile
      collection method may be adopted and a step of washing the cells with
      clean water may be added.
PAR  The cells of salt-resistant lactic acid bacteria thus collected are added
      to a reaction mixture before substantial termination of hydrolysis or to
      the hydrolyzate after substantial termination of hydrolysis preferably in
      relatively large amounts so that the number of cells per milliliter of the
      medium may reach about 10.sup.8 to 10.sup.10.
PAR  After addition of the cells of salt-resistant lactic acid bacteria, the
      medium is agitated by suitable means to keep good contact with the cells
      at 15.degree. to 60.degree.C. for 10 to 72 hours, while keeping pH within
      the range from 5.0 to 8.0 to obtain favorable results.
PAR  After the reaction is completed, the reaction mixture as such, or after
      having been freed from the cells, is concentrated and even pulverized to
      be used as a seasoning or as a material for food processing.
PAR  Thus, according to this invention, the free amino acid ratio (AN/TN) in the
      protein hydrolyzate shows an increase by 10 to 25 percent in both cases of
      inoculation and cultivation of salt-resistant lactic acid bacteria and of
      addition of the cells thereof. Such a high ratio of free amino acids has
      not been attained by the conventional enzymatic hydrolysis. According to
      this invention, a protein hydrolyzate having a flavor far superior to that
      of the conventional product can be easily obtained.
PAR  The protein hydrolyzate obtained by the process of this invention is
      concentrated either directly or after having been freed from the cells,
      etc., by suitable filtration means. The concentrated hydrolyzate is used
      as such, or after having been converted into a powder, as a seasoning or
      as a material in food processing.
PAR  Examples are shown below to illustrate the present invention, but the scope
      of the invention is not limited to the Examples.
PAC  EXAMPLE 1
PAR  To 4 kg of thermally denatured defatted soy bean, were added 1 kg of wheat
      bran koji prepared with Aspergillus oryzae in a customary way and 25
      liters of tap water. While the mixture being stirred at 55.degree. to
      60.degree.C. for 15 hours, hydrolysis was allowed to proceed. Then the
      hydrolyzed mixture was filtered to obtain a clear solution [TN = 1.01 %
      (W/V)]. The ratio of amino nitrogen to total nitrogen, i.e. AN/TN, of the
      solution was 0.42.
PAR  To one liter of the hydrolyzate solution, was added sodium chloride to give
      a concentration of 7.5 percent (W/V). After having been adjusted to pH 6.0
      and sterilized at 120.degree.C. for 10 minutes, the hydrolyzate solution
      was inoculated with 10 ml of a culture liquor prepared by culturing
      Pediococcus halophilus FERM-P No. 1414 (ATCC 21786), a lactic acid
      bacterium isolated from soy, in a soy fermentation medium (a diluted
      solution containing 5.0 % (W/V) of NaCl and 0.4 % (W/V) of TN). The
      inoculated hydrolyzed solution was subjected to a stationary culture at
      30.degree.C. On twelfth day or culture, the hydrolyzate solution showed
      that AN/TN= 0.52, and percentage increase in free amino acid content was
      23.8 percent. The protein hydrolyzate obtained had a flavor far superior
      to that of conventional product.
PAR  The aforesaid protein hydrolyzate was treated and left standing at
      30.degree.C. for 12 days in the same manner as mentioned above, except
      that the above-noted salt-resistant lactic acid bacterium was not
      inoculated. The free amino acid ratio (AN/TN) of the resulting protein
      hydrolyzate was not differed from that of the clear hydrolyzate solution
      immediately after hydrolysis.
PAC  EXAMPLE 2
PAR  To 500 g of commercial wheat gluten (produced by Shinshin Shokuryo Co.),
      were added 10 g of a proteolytic enzyme preparation obtained from wheat
      bran koji prepared with Aspergillus oryzae (said preparation being a dried
      powder of precipitates obtained from an aqueous extract of the wheat bran
      koji on addition of ethyl alcohol three times in volume) and 5 liters of
      tap water. Hydrolysis was allowed to proceed while the mixture being
      stirred at 55.degree. to 60.degree.C. for 12 hours. Insoluble matters were
      removed by centrifuging to obtain a clear hydrolyzate solution [TN = 1.15
      % (W/V)], which showed AN/TN = 0.41.
PAR  After having been adjusted to pH 6.5 and sterilized, one liter of the
      hydrolyzate solution was inoculated with 10 ml of a culture liquor
      prepared by culturing Pediococcus soyae IAM 1673 (ATCC 13621) in a liquid
      medium containing 1.0 percent (W/V) of glucose, 0.5 percent (W/V) of
      peptone, and 0.5 percent (W/V) of yeast extract. The inoculated
      hydrolyzate solution was incubated at 25.degree.C. for 2 weeks. The free
      amino acid ratio (AN/TN) of the hydrolyzate solution rose to 0.49 and the
      percentage increase of free amino acid content was 19.5 percent. The
      protein hydrolyzate had an excellent flavor.
PAR  The aforesaid protein hydrolyzate was treated and left standing at
      25.degree.C. for 2 weeks in the same manner as mentioned above, except
      that the above-noted salt-resistant lactic acid bacterium was not
      inoculated. The free amino acid ratio (AN/TN) of the resulting protein
      hydrolyzate was not differed from that of the clear hydrolyzate solution
      immediately after hydrolysis.
PAC  EXAMPLE 3
PAR  In a 2 % (W/V) solution (pH 7.0) of milk casein (produced by Merck Co.),
      was dissolved a proteolytic enzyme ("Pronase", produced by Kaken Chemical
      Co.) to provide a concentration of 2,000 units per milliliter. Hydrolysis
      was allowed to proceed at 45.degree.C. for 10 hours to obtain a
      hydrolyzate solution [TN = 0.28 % (W/V)] having a free amino acid ratio
      (AN/TN) of 0.36.
PAR  After having been adjusted to pH 6.5 and sterilized, 100 ml of the
      hydrolyzate solution was inoculated with two platinum-loopful cells of
      Pediococcus soyae IAM 1685 (ATCC 13623) and stationarily incubated at
      30.degree.C. for 10 days. At the end of incubation, the hydrolyzate
      solution showed a free amino acid ratio (AN/TN) of 0.45 and had an
      excellent flavor.
PAR  The aforesaid hydrolyzate solution was treated and left standing at
      30.degree.C. for 10 days in the same manner as mentioned above, except
      that the above-noted salt-resistant lactic acid bacterium was not
      inoculated. The free amino acid ratio (AN/TN) of the resulting hydrolyzate
      solution was not changed from that of the hydrolyzate solution immediately
      after hydrolysis.
PAC  EXAMPLE 4
PAR  To one liter of a wheat gluten hydrolyzate solution [TN = 1.15 % (W/V)],
      which had been obtained in the same manner as in Example 2 and adjusted so
      as to contain sodium chloride in a concentration of 5.0 percent (W/V),
      were added cells of Tetracoccus soyae FERM-P No. 1401 (ATCC 21787), which
      had been cultured in a medium containing 1.0 percent (W/V) of glucose, 0.2
      percent (W/V) of meat extract, 0.5 percent (W/V) of casamino acid, and 0.5
      percent (W/V) of yeast extract, so that the hydrolyzate solution may
      contain 10.sup.8 cells per milliliter. The resulting mixture was stirred
      at 45.degree.C. for 10 hours to ensure contact of the cells with the
      hydrolyzate solution. On analysis after the treatment, the hydrolyzate
      solution showed a free amino acid ratio (AN/TN) of 0.47, the percentage
      increase in free amino acid content being 14.6 percent. The hydrolyzate
      solution was freed from the cells, concentrated, and spray-dried to yield
      120 g of a powdered seasoning having excellent flavor.
PAR  The aforesaid wheat gluten hydrolyzate solution was treated and stirred at
      45.degree.C. for 10 hours in the same manner as mentioned above, except
      that the solution was not contacted with cells of the above-noted
      salt-resistant lactic acid bacterium. The thus treated hydrolyzate
      solution showed a free amino acid ratio (AN/TN) not different from that of
      the clear hydrolyzate solution immediately after hydrolysis.
PAC  EXAMPLE 5
PAR  To 10 g of fish meal (produced by Taiyo Fishery Co.), were added 10 g of
      wheat bran koji prepared with Aspergillus oryzae and 100 ml of tap water.
      After the mixture had been adjusted to pH 6.0, hydrolysis was allowed to
      proceed with stirring at 55.degree.C. for 24 hours. After having been
      freed from insoluble matters, the hydrolyzate solution [TN = 0.85 % (W/V)]
      showed a free amino acid ratio (AN/TN) of 0.32. To the hydrolyzate
      solution, were added cells of Streptococcus thermophilus IAM 1047, which
      had been cultured in the same medium as that mentioned in Example 4, so
      that the hydrolyzate solution may contain 10.sup.8 cells per milliliter.
      The resulting mixture was stirred at 50.degree.C. for 6 hours to ensure
      contact of the cells with the solution. The free amino acid ratio (AN/TN)
      of the resulting hydrolyzate solution having an excellent flavor was found
      to have increased to 0.40, the percentage increase in free amino acid
      content being 25 percent.
PAR  The aforesaid protein hydrolyzate solution was treated and stirred at
      50.degree.C for 6 hours in the same manner as mentioned above, except that
      the solution was not contacted with cells of the above-noted
      salt-resistant lactic acid bacterium. The thus treated protein hydrolyzate
      solution showed a free amino acid ratio (AN/TN) not different from that of
      the clear hydrolyzate solution immediately after hydrolysis.
PAC  EXAMPLE 6
PAR  To 10 g of commercial baker's yeast ("Nitten" dry yeast), were added 10 g
      of wheat bran koji prepared with Aspergillus oryzae and 100 ml of tap
      water. After the mixture had been adjusted to pH 6.0, hydrolysis was
      allowed to proceed at 55.degree.C. for 20 hours. After having been free
      from insolubles, the resulting hydrolyzate solution [TN = 0.65 % (W/V)]
      showed a free amino acid ratio (AN/TN) of 0.43.
PAR  After having been adjusted to pH 6.5 and sterilized, the hydrolyzate
      solution was inoculated with a platinum-loopful Tetracoccus soyae FERM-P
      No. 1401 (ATCC 21787) and incubated at 30.degree.C. for 10 days. The free
      amino acid ratio (AN/TN) was found to have increased to 0.54, the
      percentage increase in free amino acid content being 25.6 percent. To the
      incubated hydrolyzate solution, was added sodium chloride so that the
      concentration thereof may become 18 percent (W/V), followed by soy yeast.
      The resulting solution was incubated at 30.degree.C. for 7 days to yield a
      liquid seasoning having a flavor which resembled closely to that of soy.
PAR  The aforesaid hydrolyzate solution was treated in the same manner as
      mentioned above and left standing at 30.degree.C. for 7 days, except that
      seeded culture of the above-noted salt-resistant lactic acid bacterium was
      omitted. The resulted hydrolyzate solution showed a free amino acid ratio
      (AN/TN) not different from that of the clear hydrolyzate solution
      immediately after hydrolysis.
PAC  EXAMPLE 7
PAR  To a mixture of 10 g fish meal (produced by Taiyo Fishery Co.) and 10 g of
      wheat bran koji prepared with Aspergillus oryzae, was added 100 ml of tap
      water. After having been adjusted so as to contain 6.5 percent (W/V) of
      sodium chloride and further adjusted to pH 6.0, the mixture was subjected
      to hydrolysis at 45.degree.C. for 17 hours while being stirred. After
      having been freed from insolubles, the hydrolyzate solution showed a total
      nitrogen (TN) of 0.85 percent (W/V) and a free amino acid ratio (AN/TN) of
      0.36. To the hydrolyzate solution, were added cells of Tetracoccus soyae,
      FERM-P No. 1401 (ATCC 21787) so that the solution may contain 10.sup.8
      cells per milliliter. The mixture was subjected to contacting treatment at
      45.degree.C. for 10 hours. After the treatment, the hydrolyzate solution
      showed a free amino acid ratio (AN/TN) of 0.45, the percentage increase in
      free amino acid content being 25.0 percent. The hydrolyzate solution was
      freed from insolubles and cells to yield a protein hydrolyzate having an
      excellent flavor.
PAR  The aforesaid hydrolyzate solution was treated in the same manner as
      mentioned above and stirred at 45.degree.C. for 10 hours, except that the
      contact treatment with the above noted cells of the salt-resistant lactic
      acid bacterium was omitted. The resulting hydrolyzate solution showed a
      free amino acid ratio (AN/TN) not different from that of the hydrolyzate
      solution immediately after hydrolysis.
PAC  EXAMPLE 8
PAR  The procedure mentioned in Example 2 was followed except that Streptococcus
      lactis IFO 3434 was used in place of the Pediococcus soyae. The protein
      hydrolyzate obtained had a free amino acid ratio (AN/TN) of 0.47 and an
      excellent flavor, the percent increase in free amino acid content being
      14.6 percent.
PAC  EXAMPLE 9
PAR  In 10 liters of tap water, was suspended 1 kg of defatted soy bean which
      had been subjected to thermal denaturation. To the suspension, were added
      50 g of the proteolytic enzyme preparation used in Example 2 and cells of
      Pediococcus soyae IAM 1681 (ATCC 13622) which had been cultured in the
      same medium as that mentioned in Example 2, so that the suspension may
      contain 10.sup.8 cells per milliliter. The suspension was incubated at
      40.degree.C. for 4 days while being mildly stirred. The supernatant [TN =
      0.7 % (W/V)] obtained by centrifuging the incubated suspension showed a
      free amino acid ratio (AN/TN) of 0.49 and proved to be a protein
      hydrolyzate excellent in flavor.
PAR  On the contrary, the hydrolyzate solution [TN = 0.7 % (W/V)], which was
      prepared in the same manner as mentioned above except that the cells of
      Pediococcus soyae were not added, showed a free amino acid ratio (AN/TN)
      of only 0.42.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for producing a protein hydrolyzate from proteinaceous
      materials by hydrolysis with proteolytic enzymes in an aqueous medium to
      form a protein partial hydrolyzate containing polypeptides the improvement
      comprising inoculating and culturing salt-resistant lactic acid bacteria
      selected from the group consisting of Pediococcus halophilus, Pediococcus
      soyae, Tetracoccus soyae and Streptococcus thermophilus in the aqueous
      medium containing said protein partial hydrolyzate and up to 12 percent by
      weight of sodium chloride based on the volume of the aqueous medium until
      the free amino acid content in the aqueous medium is increased.
NUM  2.
PAR  2. In a process for producing a protein hydrolyzate from proteinaceous
      material by hydrolysis with proteolytic enzymes in an aqueous medium to
      form a protein partial hydrolyzate containing polypeptides the
      improvements comprising adding cells of salt-resistant lactic acid
      bacteria selected from the group consisting of Pediococcus halophilus,
      Pediococcus soyae, Tetracoccus soyae and Streptococcus thermophilius to
      the aqueous medium containing said protein partial hydrolyzate and 0-12
      percent by weight of sodium chloride based on the volume of the aqueous
      medium and allowing said bacteria to contact and break down the
      polypeptides to increase the free amino acid content of the hydrolyzate.
NUM  3.
PAR  3. A process according to claim 1, wherein the inoculation and culture of
      the salt-resistant bacteria are conducted after substantial termination of
      the hydrolysis of proteinaceous materials.
NUM  4.
PAR  4. A process according to claim 1, wherein the salt-resistant lactic acid
      bacteria are those which are resistant to sodium chloride in a
      concentration of 10 percent by weight based on a volume of an aqueous
      medium or higher.
NUM  5.
PAR  5. A process according to claim 1, wherein the salt-resistant lactic acid
      bacteria are those selected from the group consisting of Pediococcus
      halophilus ATCC 21786, Pediococcus soyae, ATCC 13621, Pediococcus soyae
      ATCC 13622, Pediococcus soyae, ATCC 13623, Tetracoccus soyae ATCC 21787,
      Streptococcus thermophilus IAM 1047, Streptococcus thermophilus and
      Streptococcus thermophilus ATCC 19282.
NUM  6.
PAR  6. A process according to claim 1, wherein the culture of salt-resistant
      bacteria is conducted at a pH of 5 to 8 and at a temperature of 15.degree.
      to 60.degree.C. for 1 to 15 days.
NUM  7.
PAR  7. A process according to claim 1, wherein the proteolytic enzyme is one
      member selected from the group consisting of enzymes produced by
      aspergilli, streptomyces, pepsin and papain.
NUM  8.
PAR  8. A process according to claim 1, wherein the proteinaceous material is
      one member selected from the group consisting of soybean, wheat gluten,
      milk casein, fish meal, cattle meat and yeast.
NUM  9.
PAR  9. A process according to claim 2, wherein the adding of the cells of
      salt-resistant bacteria is conducted at a pH of 5 to 8 and at a
      temperature of 15.degree. to 60.degree.C. for 10 to 72 hours.
NUM  10.
PAR  10. A process according to claim 2, wherein the addition of the cells of
      said bacteria is conducted after substantial termination of the hydrolysis
      of proteinaceous materials.
NUM  11.
PAR  11. A process according to claim 2, wherein the salt-resistant lactic acid
      bacteria are those which are resistant to sodium chloride in a
      concentration of 10 percent by weight based on a volume of an aqueous
      medium or higher.
NUM  12.
PAR  12. A process according to claim 2, wherein the salt-resistant lactic acid
      bacteria are those selected from the group consisting of Pediococcus
      halophilus ATCC 21786, Pediococcus soyae ATCC 13621, Pediococcus soyae
      ATCC 13622, Pediococcus soyae ATCC 13623, Tetracoccus soyae ATCC 21787,
      Streptococcus thermophilus IAM 1047 and Streptococcus thermophilus ATCC
      19282.
NUM  13.
PAR  13. A process according to claim 2, wherein amount of the cells of
      salt-resistant lactic acid bacteria to be added is 10.sup.8 to 10.sup.10
      in terms of number of cells per milliliter.
NUM  14.
PAR  14. A process according to claim 2, wherein the proteolytic enzyme is a
      member selected from the group consisting of enzymes produced by
      aspergilli, streptomyces, pepsin and papain.
NUM  15.
PAR  15. A process according to claim 2, wherein the proteinaceous material is
      one member selected from the group consisting of soybean, wheat gluten,
      milk casein, fish meal, cattle meat and yeast.
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ABST
PAL  A gellable and whippable protein is produced having characteristics
      exhibited by egg white protein by enzymatic treatment of a vegetable
      protein isolate at alkaline pH, reisolation at isoelectric pH, raising the
      pH thereafter, reducing the pH to about neutral and drying. The thus
      produced modified protein material exhibits molecular configurations
      similar to natural egg white protein and can be compounded and heated at
      about 140.degree.-190.degree.F. for about 10 minutes to form a gel and/or
      may be whipped.
BSUM
PAR  This invention relates to edible proteinaceous materials derived by
      enzymolysis from vegetable proteins, particularly from soy protein. The
      purpose of the invention is to provide a composition which surpasses
      previously used egg white substitutes and which forms an economical and
      adequate substitute for use in gelling and whipping compositions, as in
      food toppings, etc., wherein egg white has normally been used in the past.
PAR  In the prior art, many attempts have been made to produce whippable
      compositions from proteinaceous materials, including vegetable materials
      and even including soy protein. Those attempts as related to modifying the
      gelling characteristics of soy protein generally were limited, however, to
      non-enzymatic modifications (e.g., solvent extraction, etc.) See U.S. Pat.
      No. 3,594,192. However, these materials, while achieving a degree of
      modification adapting the protein to whip and exhibit characteristics
      similar to egg white, have not been satisfactorily gellable. As is
      apparent to those skilled in the art, natural egg white protein is capable
      of being whipped and of gelling, whereby a firm but light topping is
      achieved for pastry and bakery products. The previously modified protein
      materials have exhibited good whipping characteristics but have failed in
      that they do not gel, as egg white does. Accordingly, users are frequently
      disappointed to find that the toppings produced with the artificial
      proteinaceous materials become soft and "mushy" within a short period of
      time, and no firm, stable gel results.
PAR  According to this invention, a process is provided for modifying vegetable
      proteins to produce not only the whipping characteristics desired but also
      the ability to form an irreversible gel, which enables said proteinaceous
      material produced, which is likewise novel, to be used as a substitute for
      egg white solids.
PAR  To elaborate on the gelling characteristics, the nature of gels should be
      explored. "Gels" are commonly regarded as two-phase systems with a high
      degree of interface between a continuous, or at least intermeshed, system
      of solid material holding an aqueous (or other solvent) phase which may
      also be continuous or finely dispersed. The solid material is usually
      thought of as fibrillar in form and may consist either of strongly
      solvated molecules, such as proteins, or of threadlike crystals, as in
      gels of silicic acid or crystalline cellulose. A certain degree of
      structural stability is contributed by the extended skeleton of the
      continuous phase so that the system as a whole possesses many of the
      properties of a solid, e.g., rigidity and elastic response to applied
      distorting forces.
PAR  Gels commonly found in food systems include starch gels, protein gels, and
      polyuronic acid gels. The principal protein gels are derived from collagen
      or connective tissues of animals. The distinguishing feature of gelatin is
      its ability to form rigid gels from cooled aqueous sols at concentrations
      of 1 percent or below. Gelatin occurs as the result of the binding
      together of protein molecular chains, principally by hydrogen bonding. The
      major uses of gelatin are in dessert and salad bases, canned meats, and
      several kinds of confectionary.
PAR  Regarding the whipping characteristics, it is merely necessary to have a
      foamable composition. While many whippable materials are known, few are
      both whippable and gellable. In particular, the food industry has used egg
      white or egg albumen to form a gelling and foaming material. Egg white
      contains about twelve percent solids, principally protein. Thermal
      denaturation of egg albumen results in formation of a firm gel. The use of
      egg white in the food industry is based on its ability to form foams rigid
      enough to support large amounts of other ingredients. Egg white coagulates
      rapidly at 130.degree.-135.degree.F. High concentrations of sucrose, some
      inorganic salts and high protein concentrations tend to elevate the
      coagulation temperature. Coagulation or precipitation of egg albumen
      requires the presence of salts to precipitate the protein.
PAR  The process of this invention is based upon the discovery that modification
      of soy protein to approximate the egg albumen can be achieved by modifying
      the size of the protein molecule (soy protein is a larger molecule),
      modifying the number and availability of sulfhydryl groups and modifying
      the intermolecular bonding forces or "tightness" of the protein molecule
      (soy protein is generally "tighter"). In terms of these characteristics,
      egg albumen has a molecular weight of about 46,000, about five free
      sulfhydryl groups per molecular weight unit, and a relatively loose
      molecular structure. The function of sulfhydryl groups in gelling proteins
      such as egg albumen is to form protein-protein bonds through disulfide
      linkages, thereby forming a protein matrix which can be solvated by water
      to form a gel structure. The thus formed gel structure, by disulfide
      bonding, is generally thermally irreversible (in contrast to gelatin gels,
      where proteins are bound together primarily by hydrogen bonding and which
      are consequently thermally reversible).
PAR  The comparison of gel strengths and stability of gels is accomplished by
      derived comparison tests, one of which is illustrated in FIG. 1. In FIG.
      1, a gelometer using applied pressure is shown.
PAR  In affecting the modification of soy protein according to this invention,
      the process of this invention first enzymatically reduces the average
      molecular weight of the soy protein (naturally about 105,000 to 310,000),
      which at the same time forms a more loose arrangement (which is required
      in order that the molecules have sulfhydryl groups within reach of one
      another) capable of bonding to form a matrix during gellation. This change
      in molecular structure is accomplished by enzymatic degradation of a
      previously separated protein (isolate) at alkaline pH. The degradation
      must be controlled in order to achieve the correct structure approximating
      that of egg albumen. Subsequently, sulfhydryl groups are introduced by the
      addition of, for example, cysteine, or other sulfhydryl-containing
      compounds.
PAR  More specifically, the two essential steps of this invention will be
      further considered. The first is an enzymatic treatment which, as stated
      above, loosens and reduces the size of the molecular unit. A protein, for
      example, Promine D, (Central Soya Co.) a commercially available isolated
      soy protein, or Nutrisoy 7-B (Archer Daniels Midland Company) an extracted
      soy flake can be treated with proteolytic enzymes, for example ficin or
      bromelin and the protein fractions reduced are separated on the basis of
      molecular size and solubility in acid solution. Ficin is especially
      preferred. This separation produces an active gelling fraction which is
      insoluble in acid and is called acid insoluble protein fractions (AIPF).
      This material forms a solid gel when heated at about
      60.degree.-90.degree.C for about 5-60 mins. at a pH about 6.9 in the
      presence of one half to one molar (0.5 percent) sodium chloride and 2.46
      milligrams cysteine per gram of protein. A 5-10 percent concentration of
      AIPF forms the best gels. By comparison, 5 percent egg white forms a
      slightly cloudy precipitate at 55.degree.C. The addition of sodium
      chloride greatly increases the rate of gellation by precipitating the
      protein, but the AIPF still gels in the absence of sodium chloride,
      whereas egg white requires such salt to gel.
PAR  Modifications of this preferred technique are possible. It is possible to
      start with soybean flour rather than the isolated protein described above.
      The soy flour may be defatted; however, the results are generally less
      favorable when such material is used and an isolation must be used during
      the process.
PAR  In the enzymatic treatment, it is necessary, to optimize the gellability,
      to terminate at the correct point. Termination is preferred, according to
      this process, by washing to remove enzyme and then inherently
      incapacitating residual enzyme. Other methods, though less desirable, can
      be used. For example, it is known that enzymatic conversions may be
      terminated by many processes. Included are heating to denature the enzyme,
      and thus inactivate it, but this procedure is not desirable in this
      invention since the soy protein being treated is also subject to being
      denatured and rendered unsuitable for gelling purposes. Other known
      processes include the use of pH treatments; the use of insoluble forms of
      the enzyme (for example, enzymes chemically attached to aminoethyl
      cellulose) which are kept in solution by agiation and, upon termination,
      are allowed to precipitate, or the use of protein inactivating enzymes
      (for example, in other processes the addition of antitrypsin inactivates
      the enzyme trypsin). All of these have been found to produce less
      desirable effects upon the soy protein being treated and to reduce the
      ability of said material to gel after modification. Accordingly, the
      method of termination used in this invention is the simplest yet, in many
      respects, the most effective. According to this invention, the enzyme is
      removed by repeated washings, and any residual enzyme is inactivated by
      the treatments specifically used for modifying the molecular structure of
      the protein.
PAR  Proteolytic enzymes are to be used for the inventive processes which
      enzymes include trypsin, ficin, papain, pepsin, bromelin, prolase,
      protease P, pancreatin, milezyme 8-X and alkaline protease. Generally,
      ficin is desired as it produces the firmest gels, and more generally,
      plant and microbiologically grown proteases are more effective than animal
      proteases. In some instances it may be desirable to use microbiologically
      produced proteases since the gels produced, although weaker, have higher
      water holding capacity than the plant proteases. The enzyme is added to
      the protein in quantities of about 0.02 to 0.2 percent, based on the
      amount of protein used.
PAR  The examples to be shown in the present application utilize the enzyme
      ficin acting on an isolated soy protein fraction. However, as discussed
      above, other enzymes and other protein materials can be used.
      Specifically, other seed proteins, such as sunflower seed and sesame
      seeds, can be modified by proteases and converted into gelling, whipping
      compounds.
PAR  The steps of the process to be used generally involve a pre-treatment of
      the protein material which can either be direct digestion, wherein the
      whole extract of the base material is used after separation from insoluble
      material, or isolated protein digestion, in which the protein was at first
      isolated by isoelectric precipitation at pH 4.75 followed by two water
      washings. Generally speaking, isolated protein is desired. If whole
      protein is used, the isoelectric precipitation occurs following digestion.
      By either method an isolate (70-90, or more, % protein) will be treated by
      this invention.
PAR  The pH for digestion in the process is alkaline; for ficin it is in the
      range of 9-9.6. If other enzymes are used, their optimum pH of activity
      should also be used always, however, using an alklaine-active enzyme. The
      optimum temperature during digestion is in the range of
      90.degree.-110.degree.F, but slightly higher temperatures can be used. The
      time of digestion is generally immaterial; however, it can range from one
      to 24 hours, preferred time under one hour. It is generally found, as
      shown in the examples disclosed herein, that the gel strength is reduced
      if too high digestion time and/or digestion temperature is used. The above
      ranges are moreover desirable for economical purposes.
PAR  After digestion, an isolation step is required for whole extract materials
      wherein isoelectric precipitation techniques are used, generally at acid
      pH, especially pH 4.75, with centrifugation to separate the protein.
      Precipitation should be at a fairly high temperature, and therefore
      precipitation is to be preferably carried out right after digestion when
      the digestion medium is at approximately 100.degree.F. It has been
      discovered that a non-gelling protein results if this precipitation is not
      accomplished.
PAR  The second essential step is treatment of the gellable protein after
      enzymatic digestion by exposure of the isolated and digested protein to a
      relatively high pH (higher than that used in digestion). Exposure to high
      pH results in a better gelling protein after only a short time
      (approximately five minutes) in the case where ficin is used at pH of 9
      -9.5, the optimum pH is 10.5 during this exposure, but slightly higher pH
      values are acceptable (11-11.5). It is necessary also to conduct this
      exposure to high pH after digestion, since if it is exposed to this pH
      before digestion, an insoluble protein results. The temperature of
      exposure is not critical to gelling properties but for preserving
      solubility it is desired to conduct it at a cool temperature and
      5.degree.-10.degree.C has been selected as practical. The time is not
      critical in this step, and while five minutes is sufficient, times of as
      long as 24 hours are not detrimental to the gelling characteristic of a
      product.
PAR  Following exposure to this pH for a brief interval, the pH is reduced to
      about neutral (6.8 pH for ficin) before the protein is dried. The final pH
      adjustment is necessary for if the pH of the material prior to drying is
      above 7, it is found gellation is retarded. Similar characteristics are
      noted when dealing with egg white proteins.
PAR  The dried material is now treated by the addition of salt (preferably in
      0.1 molar solution) at a strength of about 0.5 percent of the protein
      concentration. This is necessary in treating egg white, but merely
      preferably using the protein of this invention, since both proteins
      require salt to precipitate the protein and effect formation of the matrix
      required in gellation. If added, salt shall be added just before gelling
      to better the gel strength.
PAR  The ultimate step in forming a gel is to heat to about
      140.degree.-190.degree.F for a period of about ten minutes; either
      140.degree.F or 190.degree.F is preferred.
PAR  It is desirable to introduce sulfhydryl groups into the protein material so
      produced before it is formed into the gel. A desirable material for this
      purpose is cysteine, at concentrations of about 2-25 (preferably 18)
      milligrams per gram of protein, which can be added to the protein just
      after or along with addition of salt; also blends with about 20 percent
      egg white solids could be made which solids are added before or with the
      salt, etc. Upon addition of salt, these blends will gel in a solution of
      about 3-10 percent protein when heated to 140.degree.-190.degree. F for 10
      minutes. Clearly, higher percentages could be used but for economical
      reasons a maximum of 10 percent protein is used.
PAR  Two types of gel tests were used.
PAC  A. Qualitative Gelation Test -- (Time of Gelation Method)
PAR  This involves heating at a specific temperature of a tube containing 1-2
      ml. of protein solution plus optional additives for a specific interval of
      time. The nature of the gel was defined as follows: No gel (NG), weak gel
      (WG), medium gel (MG), and strong gel (SG). These judgments were made
      depending on the fluidity of the gel after heating. The strong gel formed
      a solid plug which would not flow when the tube containing the gel was
      inverted. A weak gel remained fluid after heating, but was greater in
      viscosity than the unheated protein solution.
PAR  Two different temperatures were used with this method. It was found that
      testing at 140.degree.F would not suffice for the purpose of complete
      comparison with egg white. The tests were at 190.degree.F or 140.degree.F.
PAC  B. Gelometer Test
PAR  A gelometer (gel strength meter) was devised by which the strength of the
      gel could be investigated while subjected to a continuous pressure (FIG.
      1). In FIG. 1, a gel 2 is subjected to pressure via diaphragm 4, applied
      through beam 6 by reason of weight 8. The pressure is adjustable by
      adjusting pivot support 10, attached at pivot 12, to beam 6. Movement of
      diaphragm 4 downward in gel 2 is transmitted to and indicated by pointer
      14. The gel strength is measured by depression readings.
PAR  In general, gellation as measured by depression readings as a function of
      time are divided into two factors D.sub.O and D.sub.t '. Depression D is
      directly given in cgs units in mms./Barye and has two elements, viz, the
      initial depression which occurs almost instantaneously as soon as pressure
      is applied (D.sub.o), and the depression as a dynamic function of time and
      pressure (D.sub.t). To further define the properties of gels, it may be
      desirable to compare these components where D = D.sub.o + D.sub.t ' and
      D.sub. t = D.sub. o + K.sub.1 t.sup.K.sbsp.2. In this formula, log t is
      time in seconds and K.sub.1 and K.sub.2 are constants for a given gelling
      protein. A plot of log (D.sub.t -D.sub.o) against t is linear with the
      slope equal to K.sub.2 and the intercept equal to log K.sub.1.
PAR  K.sub.1 -K.sub.2 values has been determined for the most common enzyme by
      digesting and isolation protein under the same conditions and measuring
      gels on the gelometer. The results show
TBL  Enzyme         K.sub.1 .times.10.sup.2                                    

                                 K.sub.2                                       

     ______________________________________                                    

                    (.about.)    (.about.)                                     

     Ficin          0.60         0.28                                          

     Bromelin       0.80          0.375                                        

     Papain         0.90         0.65                                          

     ______________________________________                                    

PAR  The lower K.sub.1 the better the gel strength and the value of K.sub.2
      while more difficult to define is believed to reflect the water holding
      stability of the gel and to be desirably high if it is to approach that
      measured for egg white. K.sub.1 for egg white is about 0.26 and K.sub.2 is
      about 0.68 when measured on the gelometer.
PAR  Before specifically discussing the invention by way of example, it should
      be noted that the protein material produced according to this invention is
      unique. It has, in addition to the gelling properties, whipping properties
      which are also of commercial interest. There are a variety of modified soy
      protein products described in the prior art which exhibit whipping
      properties and are specifically intended to be used as substitutes for egg
      whites in such applications. The whipping characteristics of the protein
      of this invention are secondary and are a natural consequence of the
      protein molecule degradation which is affected to produce the gelling
      characteristics. None of the prior art whippable protein compositions are
      equivalent to the protein of this invention since they do not exhibit
      characteristic gelling properties of the invented protein.
PAR  The materials of this invention exhibit D.sub.o values which approach the
      values measured for egg white at 10 percent protein concentration when
      heated for 10 minutes at 90.degree.C at pH 6.9 in the presence of Na Cl
      (0.5m). D.sub.t values approach that of egg white solids with increased
      time and after about 10 minutes equals and then exceeds the gel strength
      of egg white as shown in FIG. 2. The invention materials also form strong
      to medium gels according to test A.
PAR  In view of the characteristics of the protein of this invention, it may be
      adapted for a variety of food uses, such as gels, meat emulsions
      (frankfurters, specialty loaves), chiffon cakes, angel cakes, bakery
      mixes, egg white additives (adapted to enhance whipping characteristics),
      whipped toppings, whipped frosting mixes, encapsulating agents (e.g.,
      sprayed dried coffee creamers and other spray-dried fat containing
      products requiring a film-forming protein), as binders (in all vegetable,
      spun fiber products or meat products), frozen desserts, beverages
      (requiring a protein to form a clear solution at low pH), confectionaries
      (whipped frappe, nougat, low moisture syrups to be aerated or
      marshmallow), meringues and souffles. Specific applications are used in
      raising omelets in which five grams of gelling protein added to a puffy
      omelet increase the height of the omelet and toughen the structure so that
      it retains shape after cooking. In meringue shells, composed of beaten egg
      whites, sugar and cream of tartar, which form a stiff peak when baked in a
      slow oven. Meringue shells are made with the gelling protein as a complete
      replacement for egg white, wherein the protein is used at 13% solids
      level. The flavor of the meringue shells was very good with no
      characteristic soy flavor and with a light beige color.
DETD
PAR  The specific preparation of the gellable protein according to this
      invention may be illustrated by the following examples.
PAC  EXAMPLE 1
PAC  Production of gelling protein by ficin digestion
PAR  Step 1.
PAR  100 grams of commercially available Nutrisoy 7B soy flakes (undenatured
      soybean flakes that are hexane extracted and flash desolventized) are
      extracted with 2,000 grams of water at pH 9 at a temperature of
      103.degree.F for one hour. Following this extraction, the mixture is
      centrifuged and decanted. The extracted flakes are subjected to a repeated
      extraction under the above conditions, using 1,000 grams water at pH 9 for
      1/2 hour.
PAR  Step 2.
PAR  The combined supernatant liquors from the extractions are centrifuged at
      high speed to remove insoluble fines and exhausted flakes suspended
      therein.
PAR  Step 3.
PAR  The clear supernatant is filtered through glass wool and brought to a pH of
      4.5 to 4.75 at 45.degree. and centrifuged at low speed (it may also be
      filtered), and the supernate (the whey) is discarded.
PAR  Step 4.
PAR  The precipitated protein material (curd) is washed three times with 1000 gm
      water, collecting the precipitate in each instance by filtering through
      five mesh orlon screen using vacuum.
PAR  Step 5.
PAR  The washed precipitate is redissolved in four times its weight of water at
      pH about 9 whereupon the total volume is approximately 4,000 cubic
      centimeters and is stored overnight in a refrigerator. It is also possible
      to use freeze drying prior to redissolution.
PAR  Step 6.
PAR  The dissolved protein is digested with approximately 1 percent (0.001 gm/gm
      protein) ficin at 120.degree.F and a pH of 9.6 for one hour cysteine can
      be added during or after ficin digestion.
PAR  Step 7.
PAR  The digested protein solution is brought to a pH of 4.75 to precipitate
      protein and the medium is then centrifuged and the supernate (whey No. 2)
      is discarded.
PAR  Step 8.
PAR  The precipitated digested protein is washed twice with five times its
      weight of distilled water, separating each precipitate as before.
PAR  Step 9.
PAR  The washed protein is suspended in water having a total volume of about 600
      cubic centimeters and adjusted to a pH of 7 until dissolved. Then the pH
      is raised to 10.5 for 5-15 minutes. Cysteine may be added at this point if
      desired.
PAR  Step 10.
PAR  The pH is neutralized by addition of sodium hydroxide to approximately pH
      6.85.
PAR  Step 11.
PAR  The protein material is then dried by conventional techniques. Molecular
      weight determination may be conducted by the electrophoretic method See
      Cereal Chemistry 49 (4): 416-420 (1972). The molecules have been broken
      into a heterogeneous mixture of or about the size of analbumin molecules.
PAR  In a series of examples, the procedure outlined has been used, with
      modifications of digestion and post digestion conditions used. The most
      common post digestion treatment is exposure to alkaline pH, preferably at
      10.5 for 5 minutes but exposure overnight at about 5.degree.C further
      improves solubility during the gel tests. This occurs above as Step 9.
      Other treatments include addition of cysteine at this point and (IEP)
      isoelectric precipitation.
PAR  Step 12.
PAR  The material is gelled by redisolving in distilled water at up to 10
      percent, preferably 4-5 percent protein, and, NaCl and Cysteine are added
      followed by heating to either 140.degree.F for about 20 minutes or
      190.degree.F for about 10 minutes. Gels formed by this method are found by
      test A to produce a medium gel and when a protein isolate is used as
      starting material in the identical test a strong gel results.
PAR  Using the above procedure in an extensive series of experimental runs, the
      following enzymes were used to prepare gelling protein materials
PA1  Pepsin
PA1  Trypsin
PA1  Papain
PA1  Bromelin
PAR  Both whole extract and isolated soy protein extract were successfully used
      but soy flour did not produce desirable gelling properties. This series of
      experiments allowed the following preferable range of conditions to be
      established
PA0  1. Digestion
PA1  a. temperature 40.degree.-110.degree.F
PA1  b. pH 9.0-9.6
PA1  c. time 1 to 24 hours
PA0  2. Post Digestion
PA1  a. pH raise 10.5 at 6.degree.C 5-60 min.
PA1  b. pH lowered to about 7
PA0  3. Gellation
PA1  a. add cysteine and NaCl
PA1  b. at 140.degree.F, 20 minutes or at 190.degree.F, 10 minutes.
CLMS
STM  Having described the invention by way of illustration and exemplification,
      we claim:
NUM  1.
PAR  1. A process for producing a gellable and whippable acid-insoluble protein
      material comprising removing insoluble matter from a proteinaceous
      material to obtain an acid insoluble protein isolate, enzymatically
      modifying the isolate with a protelytic enzyme at alkaline pH, reisolating
      the digested isolate by acid precipitation and then raising the pH above
      the pH of digestion for a relatively short time and then neutralizing and
      recovering the modified acid insoluble protein material.
NUM  2.
PAR  2. The process of claim 1 wherein the enzyme is ficin, the pH of digestion
      is 9-9.6 and the after treatment involves increasing the pH to about 10.5
      for about 5 minutes and then reducing the pH to about 6.8.
NUM  3.
PAR  3. A process for gelling comprising adding to the product of claim 2, at a
      concentration of about 2-10 percent, about 0.5 percent based on the
      protein weight of 0.1 molar sodium chloride solution and/or about 2 to 25
      mg/gm protein of a sulfhydryl introducing compound and heating the
      material at a temperature of 140.degree.-190.degree.F until a gel is
      formed.
NUM  4.
PAR  4. Process of claim 3 where the sulfhydryl introducing compound is
      cysteine.
NUM  5.
PAR  5. A gellable and foamable modified vegetable protein material having a
      value D.sub.o about 80 percent that of egg white under the same conditions
      and a D.sub.t which approaches that of egg white and approximately equals
      that of egg white after about 10 minutes.
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ABST
PAL  A pitted drupe containing a crisp gel stuffing of finely divided vegetable
      material, low methoxyl pectin, a slowly soluble calcium salt, and acid to
      maintain the gel at a pH of from 2.8 to 3.9. The stuffed drupe is
      fermented in brine at the same pH.
BSUM
PAC  SUMMARY
PAR  The present invention relates to a crisp pectin gel, a drupe stuffed with
      said gel, as well as a storing brine for said stuffed drupe and methods of
      making the gel, drupe stuffed with the gel and the combined stuffed drupe
      and storing brine.
PAR  The problems solved by the present invention were encountered in the
      stuffing of olives and particularly in the stuffing of olives with
      pimiento and are conveniently illustrated in connection with such
      production. It is, of course, to be understood that the present invention
      is not to be limited to the stuffing with pimiento nor to the stuffing of
      olives per se, it being applicable to the stuffing of any pitted drupe
      with compositions of pimiento and other stuffing materials.
PAR  Fermented and pitted olives are conventionally stuffed with pimiento for
      use in martinis, salads, hors d'oeuvres and the like. Although exceedingly
      laborious, virtually all commercial stuffing of olives is performed by
      hand. Strips of pimiento are first sliced, folded with the shiny side
      outwardly disposed, and stuffed into the pit wells of previously pitted
      olives by means of tweezers. Because of the resultant high labor costs,
      virtually all stuffed olives are stuffed in foreign countries having low
      labor costs. In fact, labor costs have precluded the commercial production
      of stuffed olives in any significant volume in this country for decades.
PAR  As a result, extensive efforts have been expended over the years to produce
      a suitable mechanical olive stuffing machine or to provide a composition
      stuffing which could be applied in the flowable form and harden in
      position. The latter development is typified by U.S. Pat. No. 2,351,788
      issued June 20, 1944. That patent described the preparation of a stuffing
      material at a temperature of from 100.degree.F. to 120.degree.F.
      consisting of a mixture of pimiento lactic acid and Agar-Agar, cooling the
      pitted olive to a temperature substantially below 95.degree.F., injecting
      the prepared stuffing material into the pit cavity of the olive, and
      setting the stuffing material as a result of heat loss to the chilled
      olive. Although the present invention is an outgrowth of that shown and
      described in U.S. Pat. No. 2,351,788, the method and product thereof are
      subject to certain shortcomings which the industry has long sought to
      overcome. The heated stuffing material is difficult to control and
      frequently leaks from the stuffed olives prior to gelling. It is
      inconvenient to refrigerate the olives before stuffing and to maintain
      them in a chilled condition during stuffing. The stuffing material results
      in a paste rather than a gel of good brittle texture and the intended
      simulation of a strip of pimiento is unacceptable. The stuffing material
      cannot be polished and does not make an attractive appearance when faced
      against the interior side of a transparent bottle.
PAR  In view of the foregoing, the broad object of the present invention is to
      provide an improved stuffing material for pitted drupes.
PAR  Another object is to provide such a stuffing material which can be
      deposited in the drupe in flowable condition and subsequently gel to a
      crisp condition.
PAR  Another object is to provide an improved stuffing material which need not
      be heated for flowability.
PAR  Another object is to provide a stuffing material which can be deposited in
      the pit cavities of pitted drupes and solidified therein without the
      necessity of refrigerating the drupe receiving the same.
PAR  Another object is to provide a combined drupe and stuffing material
      therefor that is economical, capable of simulated natural stuffing
      materials such as pimiento strips, onions and the like and which is easy
      to deposit and solidify in the pit well of a pitted drupe.
PAR  Another object is to provide a combined stuffed drupe and storing brine
      capable of maintaining the stuffing material in the drupe in a crisp
      condition for protracted periods.
PAR  Another object is to provide an improved method of stuffing a pitted drupe.
PAR  Another object is to provide an improved method of forming a stuffed drupe
      and storing brine.
PAR  A specific object is to provide an improved stuffed olive containing a
      stuffing material of flowable form for ease in stuffing and which
      solidifies to a crisp condition and retains the crisp condition for a
      protracted period.
PAR  Another object is to provide a method for producing a stuffed olive which
      is more efficient than heretofore known and which produces a stuffing
      material which closely simulates strips of pimiento and remains crisp over
      protracted periods.
PAR  Another object is to provide a gel-type stuffing for olives which achieves
      a texture that is firm and brittle like strips of whole pimiento.
PAR  Another object is to provide a method for storing drupes stuffed
      gelatinized material which solidifies in the drupes and remains crisp over
      protracted periods.
DETD
PAR  Further objects and advantages will become apparent in the subsequent
      description in the specification.
PAC  DETAILED DESCRIPTION
PAR  To produce the gel of the present invention a finely divided puree of
      pimiento, onion or other food paste is prepared. The puree is mixed in a
      high-speed blender with from 2% to 10% by weight of low methoxyl pectin,
      .01% to .2% by weight of tri-calcium phosphate, or other source of calcium
      ions that is only slowly soluble in a weak acid solution and sufficient
      lactic acid or other edible acid to maintain the pH of the mixture between
      2.8 and 3.9. Other suitable slowly soluble sources of calcium ions are
      monobasic calcium phosphate Ca(H.sub.2 PO.sub.4).sub.2, dibasic calcium
      phosphate Ca HPO.sub.4, tribasic calcium phosphate Ca.sub.3
      (PO.sub.4).sub.2 and calcium phosphate CaSO.sub.4. When employed in
      substitute for the tri-calcium phosphate from 0.02 to 0.46 percent by
      weight of mono calcium phosphate is used, from 0.01 to 0.27 percent by
      weight of dibasic calcium phosphate, from 0.01 to 0.2 percent by weight of
      tribasic calcium phosphate, or from 0.01 to  0.27 percent by weight of
      calcium sulfate. In terms of the calcium ion concentration achieved, it
      would be from 0.0039 to 0.078 percent by weight.
PAR  The preferred formula is:
TBL  Unsalted pimiento puree                                                   

                     93.9 parts by weight                                      

     low methoxyl pectin                                                       

                      5.6 parts by weight                                      

     tri-calcium phosphate                                                     

                      .025 parts by weight                                     

     lactic acid (88%)                                                         

                      .55 parts by weight                                      

PAR  Low methoxyl pectins contrast with the more common pectins in that they do
      not require sugar for gel formation and are not as sensitive to pH as the
      more common pectins. These unique and useful properties result when about
      half or more of the methyl ester groups of regular pectin are removed,
      with a corresponding increase in the number of free acid or carboxyl
      groups. They are sensitive to calcium ions instead of sugar.
PAR  Low methoxyl pectins are commercially produced by the partial
      de-esterfication of regular pectin by any of four well known methods
      referred to as the Acids Method; Fixed Alkali or Dilute Aqueous Ammonia
      Systems; Enzymes, alone or in connection with Alkalis; and Ammonia in
      Alcoholic Systems. The low methoxyl pectins produced by the Acids Method
      are generally the least sensitive to calcium. Those produced by Enzymes
      are very sensitive to calcium. The other two are intermediate these two
      extremes with respect to calcium sensitivity. The ammonia hydrolyzed
      pectinate is preferred. It is made by treating regular pectin with ammonia
      in alcohol to remove many of the methoxy groups (CH.sub.3 O -- from the
      COOCH.sub.3) leaving the form (--COOH) to react with the calcium to make
      the desired gel. The resultant molecular structure may contain as many as
      a thousand or more units of the following repetitious chain:
      ##SPC1##
PAR  The mixture of the puree, slowly soluble calcium ion source and lactic acid
      is heated to a temperature of from 70.degree.C. to 100.degree.C. for from
      five to thirty minutes and then is cooled to room temperature. The higher
      the temperature of heating the shorter the time required. For examples, 17
      minutes at 70.degree.C., 10 minutes at 82.degree.C. and 51/2 minutes at
      95.degree.C. are adequate. Seventy minutes at 70.degree.C., 30 minutes at
      82.degree.C. and 20 minutes at 95.degree.C. are excessive temperatures and
      times which markedly degrade the gelling power of the pectin. If it is
      necessary to store the gel for any protracted period, it is stored in a
      brine subsequently to be described.
PAR  To achieve the desired crisp texture for the stuffing material, no
      equivalents are known for low methoxyl pectin which, although previously
      known for use in making soft tomato aspic, pudding and salad gels, have
      not been used, insofar as the applicant is aware, in near the quantities
      required in the present invention in any food stuffs. Gums such as locust
      bean gum, tragacanth, karaya and carbomethylcellulose have been tried in
      place of the low methoxyl pectin but when utilized with the described
      purees result in only thick pastes, entirely unsatisfactory for the
      purposes of the present invention. Alginates and xanthan gum also are
      found to produce gels too soft for the purpose and which absorb water and
      swell giving the olive stuffing a distorted expanded shape. A mixture of
      carrageenan and locust bean gum is capable of producing a gel with the
      described purees but it is much too soft for the purpose and requires a
      much lower solids content. Further, gels of Agar-Agar have the problem of
      exuding water from the gel known as syneresis. This shortens the life of
      the gel which is not suitable in the first place. Also the extra water
      makes the color light and dilutes the flavor. Agar-Agar makes a gel with
      the puree, as described in U.S. Pat. No. 2,351,788, but it is too runny
      when warm and thus difficult to retain in an olive and when cold is not
      hard enough. Further, the Agar-Agar mixtures require the olives to be
      thoroughly chilled to keep the stuffing from running through the olives
      when deposited therein.
PAR  To stuff the olives or other fruit, the gel is deposited in the pit wells
      thereof at approximately 65.degree.C. while the olives are at room
      temperature. In approximately two minutes, the gel sets and the stuffed
      olives or other drupes are deposited in an aqueous brine.
PAR  The brine consists of an aqueous solution of from 5 to 9 percent by weight
      of sodium chloride, 0.31 to 1.85 percent by weight of calcium chloride,
      and sufficient acid to maintain the pH of the brine between 2.8 and 3.9.
      Calcium acetate or calcium lactate can also be used as suitable sources of
      the desired calcium ions but in any event the soluble calcium salts
      utilized should produce a calcium ion concentration of from 0.07 to 0.5
      percent by weight.
PAR  The stuffed olives or other drupes are left in the brine for about fifteen
      days at room temperature to ferment out any sugar that may be left in the
      olives, pimiento puree or other vegetable material utilized. During the
      fermenting period, the brine is excluded from the air. If exposed to the
      air, a microbial surface growth occurs which produces a pectin softening
      enzyme. As a result, the brine is housed in a container which is
      completely full or under vacuum during the fermenting. While it is
      preferred to employ lactic acid to control the pH of the brine because of
      its flavor characteristics, any other acid whose presence is acceptable in
      a food product may be utilized.
PAR  In supplement to the above, certain observations are appropriate. It has
      been well known that low methoxyl pectin and water will make a gel without
      sugar if a little acid and a calcium salt is added to the solution and
      heated and then cooled. However, to make a brine resistant hard pectin
      food gel certain departures from prior knowledge and practices are
      required, as follows:
PA0  1. Approximately four times as much low methoxyl pectin is utilized as
      previously regarded as acceptable.
PA0  2. Much less calcium than previously employed must be utilized.
PA0  3. The calcium salt in the gel must be very slowly soluble in a weak acid.
      The calcium ions being di-valent can hook two pectin molecule chains
      together. The gel contains a high concentration of pectin having long
      molecular chains. A soluble calcium salt cannot be used in the gel because
      the pectin molecular chains become skinned over before the calcium
      completely diffuses through to link the chains together. With a very
      slowly soluble calcium salt, the calcium ions are given time to diffuse
      through the gel and link the long molecular chains of the pectin together.
      This is not a critical feature in the prior art soft gels for which low
      methoxyl pectin has been used because the reaction is slower and only a
      soft gel desired. However, in the practice of the present invention, it is
      essential to use a calcium salt which is only slowly soluble in a weak
      acid to allow the pectin to go into solution before the calcium dissolves
      and triggers the gelling action.
PA0  4. The amount of sodium salt in the gel must be kept to a minimum. As is
      well known, almost everything contains at least a minute trace of sodium
      chloride in it or on it. It is perhaps the most ubiquitous of compounds.
      However, it has been discovered that since sodium and calcium ions are
      both present in most gels and since both are capable of combining with the
      pectin, they cause the pectin to act similarly to an ion exchange resin. A
      high concentration of sodium ions forces some of the calcium out of the
      pectin and conversely a high concentration of calcium ions forces some
      sodium out of the pectin. Thus, to obtain the hard gel of the present
      invention, the sodium chloride present must be minimized or avoided as a
      constituent of the gel. The amount of sodium in the gel and in the brine
      has an effect on hardness of the gel because sodium can combine with the
      pectin without making a gel. Sodium, being monovalent can combine with one
      galacturonic acid unit of low methoxyl pectin but the single bond of the
      sodium atom cannot hook two pectin chains together to make a gel.
PA0  5. The brine in which the gel is stored either before stuffing a drupe or
      after stuffing the same, must contain at least about 0.07 to 0.5 percent
      by weight of calcium ions from whatever soluble calcium salt is used. When
      calcium chloride is employed, it is utilized in from about one-half of a
      percent to 2 percent by weight. Calcium acetate and calcium lactate can be
      substituted.
PA0  6. The brine must not contain more than approximately 9 percent by weight
      of sodium chloride.
PA0  7. When the gel is stored in the brine and when the residual sugars, if
      any, in the stuffed drupes or stuffing are fermented out in the brine, the
      surface of the brine must not be in contact with the air. If air is
      present, microbial surface growth occurs on the brine which produces
      pectin softening enzymes and interferes with the maintenance of the crisp
      condition of the gel.
PA0  8. The pH of the gel and of the brine must be maintained between a pH of
      approximately 2.8 and a pH of approximately 3.9.
PA0  9. In forming the gel, the unheated pectin mixture is dispersed in a finely
      divided state in a high-speed blender. After dispersal in the high-speed
      blender, the pectin mixture is maintained at a temperature of from
      70.degree.C. to 100.degree.C. for not less than 5 minutes and not more
      than 30 minutes.
PAR  It will be noted that items 1 through 7 above are unique to the present
      invention and either are a complete departure from prior practices and
      knowledge in the art or are a complete reversal of such prior practices.
PAR  The gel of the present invention is easy to handle and to deposit in a
      pitted olive or other pitted drupes. At the time of such deposit, it is
      not so flowable as to leak from the olive and yet sufficiently flowable
      for ease of deposit. It does not require the prior chilling of the olive
      or other drupe and although it is preferably deposited warm, approximately
      75.degree.C., it need not be and should not be hot. Once the gel
      solidifies in the olive, it has a texture which is quite similar to that
      of freshly cut pimiento and retains such relatively hard and crisp texture
      indefinitely if contained in the described brine. It also can accurately
      simulate onions by substituting onion puree for the pimiento. Powdered
      cheese and water; powdered nuts and water; powdered, flavored,
      textured-soy-protein and the like can be substituted for the pimiento to
      achieve a crisp flavorful stuffing.
PAR  The exclusion of air from the brine as the residual sugars are fermented as
      well as when the gel and/or stuffed fruit is stored, avoids the surface
      formation of the microbial growth which produces pectin softening enzymes.
      The gel does not soften materially from its texture like whole vegetable
      flesh even when stored at room temperature for several years.
PAR  While the products and methods of the instant invention are described in
      terms of particular ingredients, and ranges thereof, to be used, it is
      obvious that modifications and variations in the nature and proportions of
      the ingredients may be made without departing from the spirit and scope of
      the invention, which is not to be limited to the illustrative details
      disclosed.
CLMS
STM  Having described my invention, what I claim as new and desire to secure by
      Letters Patent is:
NUM  1.
PAR  1. A method of treating a pitted drupe having a pit well comprising
      depositing in the pit well a mixture containing a finely divided edible
      stuffing material having undesired sugar therein, a low methoxyl pectin
      gelling agent, and a slowly soluble source of calcium ions producing a
      calcium ion concentration of from at least about 0.0039 to 0.078 percent
      by weight, which mixture has previously been heated to from 100.degree.C.
      to 70.degree.C. for from five minutes to thirty minutes; and fermenting
      the sugar contained in the stuffing material while in the pit well in an
      aqueous solution of sodium chloride, a slowly soluble calcium salt and
      sufficient acid to maintain the pH of the solution between 2.8 and 3.9,
      the calcium ions from the calcium salt in the brine being present in at
      least about 1.4 to 5.5 percent by weight of the sodium chloride.
NUM  2.
PAR  2. The method of claim 1 in which air is excluded from the solution during
      said fermentation to minimize microbial surface growth which produces
      pectin softening enzymes.
NUM  3.
PAR  3. The method of claim 1 in which the drupe is a pitted olive previously
      cured by fermentation, and the stuffing material is pimiento.
NUM  4.
PAR  4. The method of claim 1 in which the sodium chloride is present in the
      brine in at least about 5% to 9% by weight.
NUM  5.
PAR  5. The method of claim 1 in which the mixture comprises finely divided
      pimiento, 2 to 10 percent by weight of low methoxyl pectin, and 0.01 to
      0.2 percent by weight of the calcium salt.
NUM  6.
PAR  6. The method of claim 5 in which the calcium salt is tri-calcium phosphate
      and the acid is lactic acid.
NUM  7.
PAR  7. The method of claim 1 in which the soluble calcium salt is tri-calcium
      phosphate and the acid is lactic acid.
NUM  8.
PAR  8. The method of claim 1 in which the mixture is cooled to at least about
      65.degree.C. before being deposited in the pit well.
NUM  9.
PAR  9. The method of claim 4 in which air is excluded from the solution during
      said fermentation to minimize microbial surface growth which produces
      pectin softening enzymes.
NUM  10.
PAR  10. A method of treating pitted olives cured by fermentation comprising
      intimately mixing approximately 94 parts by weight of finely divided
      edible stuffing material with from 2 to 10 percent parts by weight of low
      methoxyl pectin, from 0.01 to 0.2 percent by weight of tri-calcium
      phosphate and sufficient lactic acid to maintain the pH of the mixture
      between 2.8 and 3.9; heating the mixture to a temperature of from
      100.degree.C. to 70.degree.C. for from five to 30 minutes; cooling the
      mixture to approximately 65.degree.C; placing the mixture at a temperature
      which does not exceed about 65.degree.C. in the pitted olives with the
      latter at approximately room temperature; placing the olives containing
      the mixture in a brine comprising an aqueous solution of from 5 to 9
      percent by weight of sodium chloride, 0.07 to 0.5 percent by weight of
      calcium ions from a slowly soluble calcium salt, and sufficient acid to
      maintain the pH of the brine between about 2.8 and 3.9; and fermenting the
      olives and the mixture in the brine for a period sufficient to ferment any
      sugar contained by the olives or stuffing material while excluding air
      from the brine.
NUM  11.
PAR  11. A food product comprising a pitted drupe having a pit cavity; and a
      hard pectin gel disposed in the pit cavity, said gel including a finely
      divided edible stuffing material intimately mixed with from 2 to 10
      percent by weight of low methoxyl pectin, 0.01 to 0.2 percent by weight of
      a slowly soluble calcium salt and sufficient edible acid to maintain the
      pH of the gel between about 2.8 and 3.9.
NUM  12.
PAR  12. The food product of claim 11 in which the drupe is a fermentation cured
      unsalted olive, the stuffing material is pimiento puree, and the calcium
      salt is tri-calcium phosphate.
NUM  13.
PAR  13. The food product of claim 12 in which the acid is lactic acid.
NUM  14.
PAR  14. In combination with a drupe having a pit cavity, a solidified stuffing
      material disposed in the pit cavity comprising finely divided unsalted
      edible vegetable material intimately mixed with from 2 to 10 percent by
      weight of low methoxyl pectin, 0.01 to 0.2 percent by weight of
      tri-calcium phosphate, and sufficient lactic acid to maintain the pH of
      the stuffing material between about 2.8 and 3.9.
NUM  15.
PAR  15. The combination of claim 14 in which the drupe is a pitted unsalted
      olive and the vegetable material is pimiento.
NUM  16.
PAR  16. The combination of pitted olives having pit cavities therein; a brine
      resistant solidified stuffing gel disposed in the pit cavities comprising
      finely divided unsalted edible vegetable material intimately mixed with
      from 2 to 10 percent by weight of low methoxyl pectin, 0.01 to 0.2 percent
      by weight of tri-calcium phosphate, and sufficient lactic acid to maintain
      the pH of the stuffing material between about 2.8 and 3.9; and a brine for
      fermenting any residual sugar in the olives and the vegetable material and
      for storing the stuffed olives comprising an aqueous solution of from 5 to
      9 percent by weight of sodium chloride, 0.07 to 0.5 percent by weight of
      calcium ions from a soluble calcium salt, and sufficient acid to maintain
      the pH of the brine between about 2.8 and 3.9.
NUM  17.
PAR  17. The combination of claim 16 in which the vegetable material is
      pimiento.
NUM  18.
PAR  18. A method of treating a pitted olive having a pit well comprising mixing
      a finely divided edible stuffing material having undesirable sugar therein
      with from 2 to 10 percent parts by weight of low methoxyl pectin, a slowly
      soluble source of calcium ions in an amount sufficient to produce a
      calcium ion concentration of at least about 0.0039 to 0.078 percent by
      weight, and sufficient lactic acid to maintain the pH of the mixture
      between 2.8 and 3.9; heating the mixture to a temperature of from
      100.degree.C. to 70.degree.C. for from five to thirty minutes; placing the
      mixture in the pit well of the olive; and fermenting the sugar contained
      in the stuffing material while in the pit well in an aqueous solution of
      from 5 to 9 percent by weight of sodium chloride, in the presence of a
      calcium ion concentration of from 0.07 to 0.5 percent by weight and
      sufficient acid to maintain the pH of the solution between 2.8 and 3.9.
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PAL  Bulk fermentation of brined vegetables comprising controlled sanitizing,
      acidifying, buffering, and inoculating while continually purging CO.sub.2
      from the fermenting vegetable/brine mass.
GOVT
     A non-exclusive, irrevocable, royalty-free license in the invention herein
      described, throughout the world for all purposes of the United States
      Government, with the power to grant sublicenses for such purposes, is
      hereby granted to the Government of the United States of America.
BSUM
PAC  BACKGROUND
PAR  For many, many years research scientists have struggled with the
      time-honored methods of naturally fermenting vegetables in an ardent
      endeavor to minimize or eliminate the serious element of chance attending
      such fermentation. By that is meant that a host of factors come into play
      which all too often deleteriously affect the quality of the fermented
      product. Typically, the varied nature and quality of the stock to be
      fermented, the multiple and likewise varied microorganisms found
      associated with such stock, the difficulties attending control of, say,
      salt and acid concentrations during a 6- 12 month fermentation period,
      etc., all come into play and any of them can adversely affect the quality
      of the fermented product, as reflected by odor, taste, bloating, and the
      like.
PAR  On the whole, the efforts made over the years have been very rewarding in
      that significantly improved controls have been instituted, waste has been
      reduced and the risk factor reduced. Nevertheless, the art of naturally
      fermenting vegetables, such as cucumbers, is still plagued by the element
      of chance; it is still very dependent upon the human factor, i.e., the
      skill of the artisan; and it is still crippled by inordinate losses and
      waste.
PAR  The following references clearly attest to the great strides that have been
      made and provide an excellent insight into the pitfalls attending the art
      of fermenting vegetables:
PA0  U.s. pat. No. 3,374,099, Mar. 19, 1968, for Enzyme Inhibitor for Preventing
      Softening in Brined Foods, Bell, T.A., Etchells, J. L., and Smart, W. W.
      G., Jr.
PA0  U.s. pat. No. 3,403,032, Sept. 24, 1968, for Pure Culture Fermentation
      Process for Pickled Cucumbers, Etchells, J. L., Bell, T. A., and Costilow,
      R. N.
PA0  U.s. pat. No. 3,410,755, Nov. 12, 1968, for Process and Media for Producing
      Cells of Lactic Acid Bacteria, Etchells, J. L., and Costilow, R. N.
PA0  U.s. pat. No. 3,480,448, Nov. 25, 1969, for Pure Culture Fermentation of
      Green Olives, Etchells, J. L., Bell, T. A., and Kittel, I. D.
PA0  J. l. etchells, A. F. Borg, I. D. Kittel, T. A. Bell, and H. P. Fleming,
      Pure Culture Fermentation of Green Olives, Applied Microbiology, Vol. 14,
      No. 6, (1966) pp. 1027 - 1041.
PA0  J. l. etchells, R. N. Costilow, T. E. Anderson, and T. A. Bell, Pure
      Culture Fermentation of Brined Cucumbers, Applied Microbiology, Vol. 12,
      No. 6, (November 1964) pp. 523 - 535.
PA0  J. l. etchells, A. F. Borg, and T. A. Bell, Bloater Formation by
      Gas-forming Lactic Acid Bacteria in Cucumber Fermentations, Applied
      Microbiology, Vol. 16, No. 7, (July 1968) pp. 1029 - 1035.
PA0  J. l. etchells, T. A. Bell, H. P. Fleming, R. E. Kelling, and R. L.
      Thompson, Suggested Procedure for the Controlled Fermentation of
      Commercially Brined Pickling Cucumbers-the Use of Starter Cultures and
      Reduction of Carbon Dioxide Accumulation, Pickle Pak SCIENCE, Vol. III
      (December 1973), pp. 4 - 14.
PA0  H. p. fleming, F. L. Thompson, J. L. Etchells, R. E. Kelling and T. A.
      Bell, Bloater Formation in Brined Cucumbers Fermented by Lactobacillus
      plantarum, Journal of Food Science. Vol. 38 (1973), pp. 499 - 503.
PA0  H. p. fleming, R. L. Thompson, J. L. Etchells, R. E. Kelling and T. A.
      Bell, Carbon Dioxide Production in the Fermentation of Brined Cucumbers,
      Journal of Food Science, Vol. 38 (1973) pp. 504 - 506.
PA0  Henry P. Fleming, Roger L. Thompson and John L. Etchells, Determination of
      Carbon Dioxide in Cucumber Brines, Journal of the AOAC, Vol. 57, No. 1,
      1974, pp. 130 - 133.
PA0  F. w. fabian and R. C. Fulde, The Rate of Salt Penetration Into Pickles
      Charted, Size By Size, Food Packer, Vol. 31, No. 9, pp. 23, 38, 41; and
      No. 10 (1950), pp. 28-29, 38-40, 51.
PAR  Still left to chance, however, are any number of hidden factors which, over
      the conventional extended period of fermentation of 6 to 12 months,
      account for heretofore high rates of product losses and, as a result,
      serious economic handicaps.
PAR  Typically, the present uncontrolled commercial brine-stock pickling
      procedures admit of any or all of the following drawbacks in any given
      tank of fermented pickles: soft or inferior textured pickles; bloaters
      (hollow stock) or gassy deterioration; shriveled or flat stock; poor color
      (external and internal bleaching); unclean odor and taste; and poor
      keeping quality (storability, shelf-life).
PAR  The present invention, on the other hand, provides the following very
      important advantages: new pickled vegetable products with improved flavor,
      odor, color, texture, savor, stability, and general appearance; a more
      scientifically controlled vegetable fermentation industry; reduction of
      losses due to bloaters, softening, shriveling, and poor color; reduced
      processing time and costs with opportunities for increased automation;
      reduced waste disposal problems; diversification and readycash for small
      farmers; increased opportunities for food processing in rural areas;
      simple and inexpensive means for preserving vegetables in developing
      countries; reduced waste disposal problems reducing the quantity of salt
      needed; use of significantly lower salt concentrations during fermentation
      and bulk storage; and other like advantages which will be apparent from
      the description, infra.
PAC  INVENTION
PAR  The present invention relates to controlled lactic acid fermentation of
      vegetables, in bulk. More particularly, the instant discovery involves
      careful sanitizing, acidifying and buffering of brined vegetables
      preliminary to inoculating same with a viable culture, all the while
      purging autogenously-generated dissolved CO.sub.2 from the vegetable/brine
      mass.
PAR  According to the present invention, a revolutionary method has been found
      for controlled lactic acid fermentation of cucumbers and other vegetables
      brined in bulk. Whereas heretofore at least 60 days, usually 6-12 months,
      was involved in the conventional or natural fermentation of vegetables,
      the instant discovery accomplishes the job in 7-12 days.
PAR  In addition, as indicated hereinbefore, the defects of brinestock pickles
      are very significantly minimized or eliminated pursuant to the present
      invention. Typically and more specifically, not only have bloaters --
      which heretofore constituted about one-third of conventionally-fermented
      large size cucumbers -- been essentially eliminated, but the texture,
      color, appearance, odor, and taste of the pickles produced by the
      fermentation process of the present invention are all immeasurably
      enhanced.
PAR  Briefly, it has been found that cucumbers, for example, may be rapidly
      fermented into brine-stock pickles by, stepwise, thoroughly washing the
      cucumber green stock, sanitizing by incorporating active chlorine into a
      brine for the stock and acidifying same with acetic acid or vinegar,
      uniformly buffering, and inoculating with acid-tolerant cultures, e.g.,
      special strains of Lactobacillus plantarum, Pediococcus cerevisiae, or a
      combination of both, all the while sweeping fermentation gases,
      particularly CO.sub.2, from the fermenting medium using an inert gas, such
      as nitrogen.
PAR  While the prior art alluded to above has shown that rapid pure culture
      fermentation, employing the so-called heat-shock (170.degree.F., 5
      minutes) method, could be successfully accomplished on small quantities of
      vegetables, i.e., one- to five-quart quantities, the heat-shock process is
      entirely impractical for bulk brining in commercial tanks. Further,
      controlled culture fermentation, in bulk, of large size cucumbers, sans
      heat-shock treatment, creates severe bloating problems, even with careful
      sanitizing, acidification and buffering. The heat-shock treatment used in
      small quantity pure culture fermentation destroys contaminating microbes
      found on green stock, which microbes adversely affect the quality of the
      fermented product.
PAR  Needless to say, present conventional brine-stock bulk pickling procedures
      (natural fermentation methods) do not employ the just-mentioned heat-shock
      method and the hereinabove-described serious disadvantages persist.
      Likewise, the present invention is not directed to heat-shock treatment
      but rather to controlled fermentation, in bulk, using acid-tolerant
      cultures.
PAR  To achieve the results herein alluded to, it is important to grade out
      stock that is diseased, broken or moldy; to carefully wash the remaining
      selected stock; to control the vegetable/brine volume ratio; to properly
      chlorinate the vegetable/brine mixture; to carefully acidify; to uniformly
      buffer the vegetable/brine mass; having achieved the desired controlled
      conditions, to add a viable culture of lactic acid bacteria; and, all the
      while, to continually control the vegetable/brine strength and purge
      CO.sub.2 from the fermenting vegetable/brine material. Fermentation is
      completed when the sugar content of the vegetable/brine mass is near zero.
PAR  As will also be seen hereinafter, the controlled bulk fermentation process
      of the instant discovery is far simpler than the age-old conventional
      uncontrolled natural fermentation process. Of course, the revolutionary
      rapidity, the economy and the superior reproducible results achieved are
      unprecedented.
PAR  After grading out stock that is diseased, broken or moldy, and according to
      a preferred embodiment, the graded stock is washed thoroughly with a
      brush- or reel-type washer. Preferably, also, stock which has been
      refrigerated is tempered to 65.degree. - 70.degree.F. with a warm water
      pre-soak before or during the washing step.
PAR  Conventional techniques may be used to achieve the desired packout ratio
      (i.e., the vegetable/brine ratio, by volume) in likewise conventional bulk
      fermentation tanks. As the knowledgeable artisan knows, for instance, the
      pack-out ratio takes into consideration in-tank shrinking of the vegetable
      and the volume of cover brine.
PAR  The pack-out ratio herein contemplated is in range of 40 to 75 percent
      vegetable to 60 to 25 percent brine, preferably 55 - 70 to 45 - 30
      percent.
PAR  Generally, from about 15.degree. to about 32.degree. salometer brine,
      preferably from about 20.degree. to about 28.degree. salometer brine, is
      used to initiate fermentation and sufficient salt added throughout
      fermentation to maintain the salt concentration in that range. As a point
      of reference, 25.degree. salometer is about 6.6% NaCl concentration,
      weight by volume.
PAR  The active chlorine concentration in the brine, upon sanitizing, is usually
      in the range of about 50 to about 100 parts active chlorine (Cl.sub.2) per
      million parts brine, preferably from about 70 to about 90 ppm. The active
      chlorine may be added as liquid chlorine, sodium hypochlorite, or the
      like. In practice, the initial brine generally contains the active
      chlorine and additional active chlorine is introduced about 12 to 14 hours
      after the initial chlorination, i.e., generally about 10 to 12 hours
      before inoculation.
PAR  In other words, the initial chlorination, in the concentration given,
      destroys substantially all the microbial flora in the brine, thus guarding
      against uncontrolled growth of interfering, vegetative microorganisms.
PAR  Similarly, for the purpose of controlling acid-sensitive microorganisms and
      to inhibit the germination of microbial spores, the vegetable/brine mass
      is acidified with sufficient weak organic acid to reduce the pH of the
      brine to between about 2.7 to about 3.2. According to a preferred
      embodiment, the acid is added after about 45 to about 180 minutes of
      sanitizing with the chlorinated brine, preferably from about 60 to about
      120 minutes. Again, as in the case of the chlorination treatment,
      competitive contaminants are being controlled to substantially eliminate
      or minimize interference with the culture of choice, i.e., the lactic acid
      bacteria herein contemplated.
PAR  The weak organic acid of choice is glacial acetic acid or its equivalent
      amount of 100-200 grain vinegar. In practice, when fermenting cucumbers,
      for example, the just-mentioned pH desideratum is generally achieved by
      adding acetic acid at the rate of about 6.0 milliliters (ml) per gallon of
      total cucumbers and brine.
PAR  Following acid addition to achieve the desired pH, the vegetable/brine mass
      is allowed to ferment and salt is added incrementally to maintain the
      aforementioned initial brine strength (15.degree.-32.degree. salometer)
      until the point of near equilibration. The brine, at equilibration,
      usually contains from about 0.2 to about 0.6 percent sugar, by volume,
      preferably about 0.4 to about 0.6 percent. In practice, the desired brine
      strength is generally achieved by salt addition at the rate of 6 pounds of
      salt for every hundred pounds of cucumbers.
PAR  By near equilibration is intended the condition in the vegetable/brine mass
      in which the moisture content of the vegetable has substantially all
      diffused and the salt concentrations of the brine outside and inside the
      vegetable are about the same or the same.
PAR  The chlorine sanitizing step hereinabove disclosed is repeated at least
      once -- depending upon the rapidity of equilibration -- about midway
      intermediate the original chlorination and equilibration. In this way, and
      at the concentrations heretofore recited, microbial flora appearing
      subsequent to the initial chlorine sanitizing are substantially destroyed
      and the control sought in order to preferentially open up the vegetation
      sites to the microorganisms of choice, i.e., lactic acid bacteria, is
      achieved. In short, the latter are given a real competitive edge and the
      fermented products reflect the advantages inherent in avoiding mixed flora
      (natural).
PAR  Having achieved the state of equilibration or near equilibration,
      sufficient of a buffer is introduced, uniformly throughout the brine, to
      realize a brine pH between about 4.2 and about 4.8, preferably between
      about 4.5 to about 4.7, likewise uniformly throughout the brine. Typical
      suitable buffers are sodium acetate, potassium acetate, calcium acetate,
      and phosphate.
PAR  The viable culture of lactic acid bacteria introduced into the brine
      following uniform buffering is preferably selected from Lactobacillus
      plantarum, Pediococcus cerevisiae, and mixtures thereof. Very vigorous
      strains of these bacteria have been found to exhibit very good growth rate
      at rather high salt concentrations. The cultures herein contemplated must
      have a high level of viability, proper count and, particularly, the
      ability to regenerate rapidly in the equilibrated brine strength to which
      they are added.
PAR  Of course, other species of lactic acid bacteria which possess these
      attributes under the brining conditions herein disclosed are likewise
      within the purview of the present invention. It is important to stress, at
      this point, that the brine should be essentially free of active chlorine
      before inoculating, since any available C1.sub. 2 will inhibit the
      inoculum.
PAR  The starter culture, under the preferred conditions of the present
      invention, is added about 18 to 26 hours after the initial brining, but,
      as indicated above, about 2 to 3 hours after the buffer is introduced. The
      concentration of lactic acid bacteria generally employed is in the range
      of about 1 to about 10 billion, preferably about 2.5 to about 6 billion,
      viable cells per gallon of brined material (vegetable/brine).
PAR  In monitoring the salt concentration of the brine, it is important to
      observe the point of near equilibration of the initial salt brine with the
      moisture content of the vegetable brined, since the culture is best added
      when such equilibration has reached the desired brine strength zone.
      Equilibration rates depend, for the most part, upon the size and age of
      the green stock. Freshly harvested cucumbers are generally graded to size
      (diameters) as follows: no. 1 refers to cucumbers having diameters up to 1
      1/16 inches; no. 2 equals 1 1/16 to 1 1/2 inches; no. 3 equals 1 1/2 to 2
      inches; and no. 4 equals over 2 inches. It has been determined that the
      approximate percentages of salt absorbed in 24 hours by nos. 1, 2, and 3
      size cucumbers is 95, 85 and 50%, respectively.
PAR  The temperature at which the controlled bulk fermentation process of the
      present invention is best carried out is generally in the range of about
      65.degree. to about 90.degree.F., preferably about 78.degree. to about
      85.degree.F.
PAR  The carbon dioxide (CO.sub.2) found in the fermentation tank develops from
      several sources, viz., from natural cucumber respiration into the brine as
      well as from so-called "non-gas-forming" species of the lactic acid
      bacteria herein contemplated. The Fleming et al. reference alluded to
      hereinabove, entitled "Bloater Formation in Brined Cucumbers Fermented by
      Lactobacillus plantarum" Journal of Food Science, Vol. 38 (1973), pp.
      499-503, teaches a procedure for determining CO.sub.2 in fermenting
      brines.
PAR  Since many variables determine the amount of CO.sub.2 generated, the pickle
      processor is urged to determine the extent of CO.sub.2 formation in his
      type of operation and to purge accordingly in order to achieve optimum
      bloater control. Among the variables are the type of green stock
      (including its size), cucumber-to-brine ratio, tank configuration, brine
      strength, brine temperature, chemical composition of the brine, and the
      like.
PAR  Having determined the extent of purging needed in his operation, the
      processor can implement same by intermittent or continuous purging using
      an inert gas, preferably nitrogen. Exemplary modes of purging will be
      advanced infra. Generally, however, the inert gas is bubbled up and past
      the brined cucumbers at the desired rate and carries with it the CO.sub.2
      (in sweeping action) upwardly past the brined cucumbers to the brine
      surface and into the atmosphere. Additional ventilation in the
      conventional tank, in the top section thereof, is desirable and can be
      provided, for example, by drilling spaced holes in superimposed headboards
      which abut the uppermost layer of, say, cucumbers and prevent their upward
      movement.
PAR  For best results when fermenting small-sized cucumbers according to the
      present invention (for example, no. 1 and no. 2 cucumbers having a
      diameter of 1 1/4 inches or less), the original 15.degree. to 30.degree.
      salometer cover brine is drained off after about 36 to 48 hours following
      the initial brining. A new brine of the same strength, properly acidified
      as taught herein, is then introduced into the tank, the new brine likewise
      having from about 50 to about 100 parts per million of active chlorine.
      The process hereinabove described is then resumed. Of course, purging with
      an inert gas and maintaining the requisite brine strength are likewise
      required.
PAR  The object of the draining step is to remove naturally-occurring softening
      enzymes (chiefly from the mold-laden retained blossoms) which would
      otherwise diffuse into the cover brine and thence into the brined
      material, deteriorating the texture of the latter.
PAR  Further with respect to the purging step and factors which influence rate
      of build-up in CO.sub.2 concentration, it has been found that 20-25 cubic
      feet/hour of nitrogen, on a continuous purging basis, is very effective
      when fermentation is carried out in a 6000-gallon tank, about 12 feet in
      diameter and 7 1/2 feet deep. Intermittent purging at substantially higher
      gas flow rates has likewise been successful.
PAR  Factors which influence the rate of CO.sub.2 build-up include temperature
      of the brined cucumber mass, brine strength, percentages of cucumbers and
      brine, the condition of the material brined, and the like.
PAR  Other vegetables within the purview of the process of the present invention
      are cauliflower, onions, olives, and the like. In the case of olives
      (green), for instance, a conventional pre-treatment to remove most of the
      bitterness is employed prior to fermenting as taught herein. The
      pre-treatment consists of first soaking the olives in a weak lye solution,
      about 1.25 to 2.0 percent, until the lye has penetrated 2/3-3/4 of the way
      to the pit; this is followed by quickly pouring off the lye solution,
      rinsing the olive twice with cool water (40.degree.F.) and then leaching
      the fruit in two changes of cool water (40.degree.F.) during a
      fourteen-hour period to remove the alkali.
PAR  As to the cauliflower vegetable, the procedure given herein, with respect
      to the small-size cucumbers (viz., draining), is followed.
PAR  Onions are treated the same as cauliflower, with the exception that they
      require peeling to remove the outer skin layer prior to the draining.
PAR  The terms "buffer" and "buffering" herein are not limited to added agents
      of the type hereinbefore described. Included also are these very agents
      prepared in situ in the brine medium by the reaction of added alkaline
      earth metal hydroxides and alkali metal hydroxides (including but not
      limited to sodium hydroxide, potassium hydroxide, calcium hydroxide, and
      the like) with the acetic acid found in the brine medium.
PAR  While less of the hydroxide reactant is needed generally, to achieve the
      desired pH, upon buffering, the effect of controlling acidity preliminary
      to culture addition is efficiently achieved. Of course, it is necessary to
      await adequate and uniform commingling of the added buffer precursor
      before anticipating the target pH. Experience readily provides the needed
      timing.
PAR  Referring to the purging of CO.sub.2, it should be pointed out that inert
      gases other than nitrogen are herein contemplated, such as inert air, rare
      inert gases, and the like.
PAR  While the flow rates of purge gas are to be tailored to individual
      operational needs, it is preferred (but by no means imperative) that the
      rate be adjusted to limit the CO.sub.2 in the brine, during fermentation,
      to a concentration below about 20 mg/100 ml fermenting brine. Again,
      purging may be intermittent or continuous.
PAR  Of course, the pH, salometer, sugar, and other readings involved in the
      process may be carried out by known analytical means. By the same token,
      dissemination of components into the brine to readily achieve uniform
      conditions can be carried out in a number of ways using a variety of means
      or devices. The examples, infra, are merely illustrative in this regard.
DETD
PAC  EXAMPLES
PAR  The following examples are intended to be illustrative only and not to
      unduly limit the scope of the appended claims:
PAC  EXAMPLE I
PAR  Into a clean 6000-gallon cucumber fermentation tank is introduced a
      25.degree. salometer brine containing 80 ppm available chlorine,
      sufficient of the brine being introduced to fill to a depth of about 12
      inches from the bottom of the tank. The tank is then filled heaping full
      with 600 bushels of freshly harvested cucumbers, grade no. 3, the 12-inch
      brine content forming a cushion for the descending cucumbers. Before being
      fed to the tanks this green stock has first been examined for quality in
      order to grade out cucumbers that are broken, moldy or diseased, and the
      selected stock is then washed thoroughly with a brush-type washer.
PAR  The stock fed to the tank settles in the cushion brine until the upper
      surface of the cucumber mass is about 1 foot below the top of the tank.
      This is known as in-tank shrinking. A record is kept in hundredweight
      units (cwt) of the cucumbers fed to the tank; at 50 lbs./bu., 600 bu.
      equals 30,000 lbs. or 300 cwt.
PAR  Subsequently, a "false" head made of wooden boards is placed against the
      top surface of the cucumbers, which head comprises, more specifically,
      headboards about 1 inch thick and 10 inches wide keyed down securely with
      4 .times. 4 inch lumber of appropriate length, i.e., the 2 .times. 4's
      prevent vertical upward movement of the headboards which, in turn, keep
      the cucumbers from rising. These headboards have a number of 3/8 inch
      holes in them spaced to provide about 10 holes per square foot of cover
      brine surface.
PAR  More chlorinated 25.degree. salometer brine containing 80 ppm of active
      chlorine is introduced into the tank until the liquid level is 6 inches
      above the headboards and about 4 inches below the top of the tank.
PAR  After about 2 hours, about 8.8 gals. of glacial acetic acid is added by the
      use of a siphon arrangement directed into a 4-inch diameter plastic tube
      mounted vertically from top to bottom in the approximate center of the
      tank. The tube is held securely in position at the bottom of the tank and
      at the top by a hole in the headboards of appropriate size through which
      it extends to a distance of about 3 inches above the brine level. The
      entire length of the tube is perforated with 3/8-inch diameter holes; in
      addition, the tube is saw-tooth-notched (about 3-inch notches) at the
      bottom.
PAR  It has been found that the tube can also be conveniently used to sample the
      brine for carbon dioxide tests, in order to determine the effectiveness of
      the purging schedule. Further, it provides the means for adding the
      starter culture at the appropriate time.
PAR  The acetic acid is added at the rate of 6 milliliters per gallon of total
      cucumbers and brine. The pH of the resulting acidified brine is 2.8 (ca.).
PAR  Salt is added at the rate of 6 pounds of salt for every 100 pounds of
      cucumbers in the tank, in order to maintain the brine strength at the
      above-mentioned 25.degree. salometer. Two-thirds of the salt is added at
      the outset, i.e., at the time of brining, and the balance added 24 hours
      later.
PAR  The brine temperature during fermentation is maintained at about
      80.degree.F.
PAR  After the acidification step using glacial acetic acid, the brine is held
      in that condition until the sugar (glucose/fructose) content of the brine
      is about 0.2 percent, indicating that sugar has been released by the
      cucumbers.
PAR  Having reached that sugar concentration, the brine is buffered with 229.3
      lbs. of sodium acetate to a pH of about 4.8. This is accomplished by
      adding, about 21/2  hours before the culture addition, as well as before a
      second salt addition, sodium acetate at the rate of 0.5% sodium acetate
      per gallon of packed and brined material, with brine calculated as water.
PAR  At or very near the time when an equilibrated salt concentration is
      achieved (i.e., about 24 hours after the brining and just before the
      aforementioned second addition of salt, as well as about 21/2  hours after
      acetate addition), the starter culture, viz., L. plantarum having a high
      level of viability and the ability to regenerate rapidly in the
      equilibrated brine strength, is added at the rate of 4 billion viable
      cells per gallon of brine material (cucumbers and brine). At this point in
      time in the process, also, the brine is essentially chlorine-free.
PAR  Purging of the above mass (cucumbers/brine material) is accomplished by
      means of a spiral-shaped, tubular sparger arrangement having multiple 1/64
      inch dia. holes therein, which sparger is placed at the bottom of the tank
      and connected, outwardly of the tank, to a nitrogen source. Nitrogen
      coursing through the tubular sparger exists through the holes and ascends
      through the brine, sweeping CO.sub.2 with it in its travel to the
      atmosphere above the brine surface. The nitrogen gas flow rate used is 23
      cubic feet/hour, continuously throughout fermentation.
PAR  Further statistics on the cucumber-brine-mass fed to the tank are:
TBL  volume occupied by cucumbers only is                                      

                               3600 gals.                                      

     volume occupied by brine only is                                          

                               1934 gals.                                      

     total volume occupied by cucumbers and brine                              

                               5534 gals.                                      

     volume ratio of cucumbers/brine is  65%/35%                               

PAC  EXAMPLES II-XII
PAR  Example I is repeated in every essential respect as to each of the examples
      in the following Table I, save for the changes which are indicated.
TBL                                    TABLE I (1) (2)                         

     __________________________________________________________________________

                                              Brine additives                  

     __________________________________________________________________________

     Pickling           Volume occupied                                        

                                      Total volume                             

                                              Acetic                           

                                                   Sodium                      

     cucumbers          by            of cucumbers                             

                                              acid acetate                     

                                      plus brine                               

                                              added                            

                                                   added                       

     __________________________________________________________________________

                        cucumbers                                              

                               brine                                           

     Ex. bushels,                                                              

                Weight, only-  only-                                           

     No. no.    pounds  gallons                                                

                               gallons                                         

                                      gallons gallons                          

                                                   pounds                      

     __________________________________________________________________________

     II  100     5000    600    322   922     1.45 38.1                        

     III 200    10000   1200    645   1845    2.93 76.5                        

     IV  300    15000   1800    967   2767    4.25 114.6                       

     V   400    20000   2400   1289   3689    5.84 153.0                       

     VI  500    25000   3000   1612   4612    7.32 191.1                       

     VII 700    35000   4200   2256   6456    10.22                            

                                                   267.0                       

     VIII                                                                      

         800    40000   4800   2579   7379    11.70                            

                                                   305.8                       

     IX  900    45000   5400   2901   8301    13.17                            

                                                   344.1                       

     X   1000   50000   6000   3223   9223    14.61                            

                                                   382.3                       

     XI  1100   55000   6600   3546   10146   16.10                            

                                                   420.4                       

     XII 1200   60000   7200   3868   11068   17.54                            

                                                   458.8                       

     __________________________________________________________________________

      (1) About 65% cucumbers and 35% brine.                                   

      (2) Temperature is 82.degree.F.                                          

TBL  Salometer Active                                                          

                    Temp.                                                      

                        pH, acid                                               

                             Sugar                                             

                                  Buffer,                                      

                                       Lactic                                  

               chlorine                                                        

                    .degree.F.                                                 

                        addition                                               

                             release                                           

                                  pH   acid                                    

                             %         bacteria,                               

                                       cells/gal.                              

     __________________________________________________________________________

     II  18    90   75  3.1  0.4  4.6  (3)                                     

     III 16    75   68  2.8  0.3  4.4  (4)                                     

     IV  30    70   87  3.0  0.5  4.4  (3)                                     

     V   17    80   78  3.2  0.2  4.8  (5)                                     

     VI  17    85   77  2.7  0.4  4.6  (4)                                     

     VII 18    82   67  2.9  0.3  4.4  (4)                                     

     VIII                                                                      

         19    87   85  3.0  0.4  4.3  (4)                                     

     IX  29    75   82  2.8  0.3  4.7  (5)                                     

     X   25    78   82  2.7  0.5  4.2  (3)                                     

     XI  24    74   80  2.9  0.5  4.5  (3)                                     

     XII 25    82   78  3.1  0.4  4.5  (3)                                     

     __________________________________________________________________________

      (3) L. plantarum                                                         

      (2) P. cerevisiae                                                        

      (5) Mixture of (3)+(4), 50/50.                                           

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rapid, controlled bulk fermentation process for vegetables, under
      conventional pack-out conditions, which comprises washing said vegetables
      and then immersing them in a 15.degree.-32.degree. salometer brine;
      further sanitizing the resulting vegetable/brine mass by chlorinating and
      acidifying the brine to the extent necessary to provide, respectively,
      from about 50 to about 100 parts per million of active chlorine in the
      brine and a pH thereof between about 2.7 and about 3.2, said chlorine
      destroying substantially all the microflora in the brine; maintaining
      initial brine strengths by counteracting dilution of the brine resulting
      from diffusion of vegetable moisture by incrementally adding salt to the
      brine until the point of near equilibration, the brine at that point
      containing between about 0.2 and about 0.6% sugar, by volume; repeating
      the chlorine sanitizing step at least once about midway between the
      original chlorination and equilibration to again destroy microflora
      build-up in the brine; uniformly buffering the nutrient-containing brine
      to a pH between about 4.2 and 4.8; then adding to said brine a viable
      culture of one or more species of lactic acid bacteria either singly or in
      conjunction; sweeping with an inert gas autogenously-produced CO.sub.2
      from the brine during the above steps, this purging being carried out
      until fermentation is essentially complete, i.e., when the sugar content
      of the vegetable/brine mass is near zero and there is essentially no
      further development of brine acid; and the above process being carried out
      at a temperature in the range of about 65.degree.F. to about 90.degree.F.
NUM  2.
PAR  2. The process of claim 1 wherein cucumbers are the vegetables.
NUM  3.
PAR  3. The process of claim 2 wherein the acidifying agent is acetic acid.
NUM  4.
PAR  4. The process of claim 3 wherein the buffer is sodium acetate.
NUM  5.
PAR  5. The process of claim 4 wherein the lactic acid bacteria species is a
      combination of Lactobacillus plantarum and Pediococcus cerevisiae.
NUM  6.
PAR  6. The process of claim 5 wherein the inert sweeping gas is nitrogen.
NUM  7.
PAR  7. The process of claim 6 wherein the pack-out ratio is in the range, by
      volume, of about 40 to about 75 percent vegetable to about 60 to about 25
      percent brine.
NUM  8.
PAR  8. The process of claim 7 wherein the salt concentration is in the range of
      20.degree.-28.degree. salometer; the active chlorine concentration is in
      the range of about 70 to about 90 ppm; the sugar concentration of the
      brine at or near equilibration is in the range of about 0.4 and about 0.6
      percent, by volume; the pH of the brine upon buffering is in the range of
      about 4.5 to about 4.7; the temperature of the cucumber/brine mass is in
      the range of 78.degree.-85.degree.F.; the pack-out ratio is in the range
      of about 55 to about 70 cucumbers to about 45 to about 30 brine; and no. 3
      grade size cucumbers are the vegetables.
NUM  9.
PAR  9. The process of claim 8 wherein sweeping of autogenously-produced
      CO.sub.2 out of the cucumber/brine mass is effected by introducing gaseous
      nitrogen at the bottom of the fermentation zone containing said mass and
      allowing it to rise through the zone and sweep the dissolved CO.sub.2
      along with it and upwardly through the zone and out the top thereof, the
      quantity and rate of flow of the gaseous nitrogen being sufficient to
      reduce the CO.sub.2 content and pressure below that at which it can
      deleteriously affect the final brine-stock product.
NUM  10.
PAR  10. The process of claim 9 wherein small-sized cucumbers having a diameter
      of 11/4  inches or less are the vegetable, in lieu of grade size no. 3
      cucumbers, and the initial cover brine containing chlorine is drained off
      after about 36 to about 48 hours, the stock re-brined, chlorinated,
      acidified, and the fermentation process completed.
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ABST
PAL  A digital cooking timer responsive to the temperature of a cooking medium
      and incorporating minimum and maximum time decoders to insure that the
      cooking period is within a predetermined range is described. An interval
      timer sets up a counting period upon immersion of the product in the
      cooking medium but is inhibited from starting its counting function by the
      minimum time decoder until elapse of a fixed time period. After elapse of
      the fixed time period, the interval timer is enabled when and if the
      cooking medium reaches a predetermined temperature. The maximum time
      decoder provides an override control that energizes the control device
      after a fixed period in the absence of an energizing signal for the
      control device from the interval timer.
PARN
PAR  This is a Division of application Ser. No. 354,148, filed Apr. 24, 1973,
      now U.S. Pat. No. 3,859,644, issued Jan. 7, 1975.
BSUM
PAR  This invention relates in general to an apparatus for controlling cooking
      time as a function of temperature. It is particularly adaptable to the
      field of deep fat frying foods and food products to a predetermined level
      of doneness irrespective of the initial temperature of the food when first
      placed in the cooking liquid. The invention may also be employed in
      numerous other environments and cooking processes.
PAC  BACKGROUND OF THE INVENTION
PAR  At the time of this invention, the usage of large batch cookers employing
      semi-automated techniques for controlling temperature and cooking duration
      was known. Food products could be cooked to an approximate level of
      doneness by controlling the temperature of the cooking environment and
      either signaling an operator to remove the foods after a predetermined
      period of time or automatically removing the foods from the environment.
PAR  Known systems for large batch cookers are not entirely satisfactory in
      situations where the mass and temperature of the food batches are
      variables. For instance, consider a food cooking process wherein the items
      to be cooked are placed in a cooking liquid heated to a predetermined
      temperature. In this instance, when the food is placed in the cooking
      liquid, the temperature of the liquid is reduced as a function of the mass
      and temperature of the food placed therein and a variable period of time
      is required to bring the temperature of the cooking liquid up to the
      required cooking temperature. This temperature recovery time period
      directly effects the level of doneness of the food batch which is being
      cooked for a predetermined period of time calculated to achieve a desired
      level of doneness. Hence, it is obvious that in such systems it is
      desirable that the foods be cooked to a desired level with degree of
      consistency, otherwise, the quality of the product will be a function of
      approximations as to cooking time arrived at by the operator.
PAR  Recent developments in the art of food cooking have attempted to overcome
      the various problems associated with time dependent cooking methods and
      apparatus as described above. These developments incorporate the concept
      of determining the level of doneness of the food batch as a function of
      the temperature of the cooking medium. The temperature of the cooking
      medium is monitored and when it has recovered from the temperature change
      induced by adding the food batch, the food batch is considered cooked.
      Typical methods and apparatus are described in U.S. Pat. Nos. 3,213,778;
      3,281,813 and 3,326,692. Such known methods and apparatus have not proved
      entirely satisfactory in that they do not produce repeatable results and
      the quality of the food suffers due to overcooking. Excessive dehydration
      of the food in the cooking process may be encountered if the food is held
      at a temperature greater than the boiling point of water for excessive
      periods of time while the automatic system is waiting for the temperature
      of the cooking medium to reach a preset level.
PAR  Accordingly, it is a major purpose of this invention to provide an
      improvement in the state of cooking art which will overcome the aforesaid
      problems and produce an end product which is consistent and of excellent
      quality.
PAR  More particularly, it is a purpose of this invention to provide an improved
      system that will automatically compensate for temperature and mass
      variations of a food batch and prevent dehydration of the product caused
      by over-cooking at a below normal temperature.
PAR  It is a further and important purpose of this invention that the above
      purposes be achieved with a system that is simple, inexpensive, and
      reliable so that its use will be acceptable to mass producers of precooked
      food products and also quick service restaurants.
PAR  It is a further related purpose of this invention to provide such an
      improved system that acceptable repeatable results will be achieved
      irrespective of the capabilities of the operator.
PAR  Further objects and attendent advantages of the present invention will
      become more apparent as the specification is considered in connection with
      the appended drawings.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In brief, this invention accomplishes the stated objectives through the
      unique combination of timing circuits and a temperature comparator.
PAR  The system incorporates a temperature comparator responsive to the output
      of a temperature transducer which is responsive to the temperature of the
      cooking medium. The temperature comparator provides a signal to a timing
      circuit when the temperature of the cooking medium reaches a predetermined
      level. This signal enables the timing circuit to start a count which after
      a predetermined period of time, generates an output signal that activates
      a completed cooking alarm.
PAR  Two additional timers are provided, their responsive counting periods being
      started at the beginning of the cooking cycle. The first of these
      additional timers provides an inhibit function to the temperature
      responsive timer to insure that at least a minimum amount of time has
      elapsed before that timer starts. The second additional timer provides a
      signal that activates the completed cooking alarm and turns off the
      apparatus to prevent over-cooking.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a preferred embodiment of this invention.
PAR  FIGS. 2 and 3 are partial electrical schematics which, when considered
      jointly with conductors A to K of FIG. 2 being connected to similarly
      marked conductors of FIG. 3, represent a preferred embodiment of this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The block diagram presented in FIG. 1 illustrates a temperature sensor 10
      which generates an output signal that is a function of the temperature of
      the cooking medium or bath. This output signal is applied to a temperature
      comparator 20 which incorporates an adjustable voltage divider to enable
      adjustment of the temperature comparator such that it will provide an
      output signal when the temperature of the cooking medium reaches a
      predetermined level. This signal activates a 30-second counter 30. When
      the 30-second counter 30 times out, it provides an output signal to an
      alarm 40 which upon energization notifies an operator that a cooking cycle
      has been completed.
PAR  A clock pulse generator 50 is activated at the beginning of a cooking cycle
      and provides output pulses at the rate of approximately one
      pulse-per-second to the total time counter 60. Outputs from the total time
      counter 60 are applied to the minimum time decoder 70 and the maximum time
      decoder 80. The minimum time decoder 70 provides an inhibit function to
      the 30-second counter 30, which prevents that counter from being activated
      by the temperature comparator until at least a minimum duration of time
      has elapsed. The maximum time decoder 80 provides a signal that overrides
      the timing function of timer 30 and activates the alarm 40 in the event
      that the temperature of the cooking medium has failed to reach a value
      great enough to cause the temperature comparator to activate the 30-second
      counter. The maximum time decoder 80 provides a safety function which
      prevents over-cooking in that it will energize the alarm regardless of the
      output of the temperature comparator or 30-second counter. This is
      desirable because cooking generally is taking place in the hot bath even
      though the temperature of the bath has not risen sufficiently after
      initial placement of the product in the bath to initiate operation of the
      30 second counter.
PAR  FIG. 2 schematically presents the details of the power supply, temperature
      comparator 20, and clock pulse generator 50.
PAR  The power supply incorporates a step-down transformer 1 and a full wave
      rectifier comprised of diodes 2, 3, 4, and 5, capacitor 6 and resistor 7,
      which cooperate to produce a positive 5 volts DC and unrectified half wave
      signal. The primary of the step-down transformer 1 is connected to a
      suitable source of AC power by an on-off switch 8, fuse 9, and receptacle
      11. A power on indicator lamp 12 is connected in parallel with the primary
      of the step-down transformer 1.
PAR  The temperature comparator consists of a differential amplifier 21
      incorporating an amplifier 22, resistor 23, capacitors 24 and 25 and two
      voltage divider networks. A comparison potential or voltage standard is
      developed across one voltage divider network comprised of resistors 26 and
      27, and feedback resistor 28. This voltage standard is applied to one
      input of amplifier 22. A second input of amplifier 22 is connected to a
      voltage divider network incorporating resistor 29 and a resistance
      selectable by the temperature selection switch 31. The selectable portion
      of the voltage divider network may be a temperature responsive transducer
      connected to the circuit via jacks 32 and 33, or the test circuit
      comprised of resistances 34 and 35, and switch 36.
PAR  The temperature selection switch 31 incorporates a test position 61 with
      suitable jumpers which connect either the voltage divider network
      comprised of resistors 29, 34, and 35 or the voltage divider network
      comprised of resistors 26 and 27 across the B+ bus and return line to the
      transformer center tap. A switch 36 is provided in parallel with resistor
      35 to cause a voltage level different than the voltage standard to be
      applied to amplifier 22. However, when the test switch 36 is closed,
      resistor 35 is bypassed and voltage developed by the network is equal to
      the voltage standard.
PAR  The temperature comparator may be made responsive to different temperatures
      by providing a resistance network such as resistors 37 and 38 in series
      with the temperature responsive transducer via the action temperature
      selection switch 31.
PAR  The transistor 39 is connected to the output of amplifier 22 via resistor
      41. This transistor is biased by resistor 42 such that indicator lamp 43
      is illuminated in response to the output of the differential amplifier.
PAR  The timing function of the system is initiated when switch 8 is closed.
      This action causes a positive half-wave signal to be applied to the input
      of Schmidt trigger 44 via resistor 7. The Schmidt trigger, formed by NAND
      gates 45 and 46 connected in series with feedback resistor 47, provides a
      positive 60 Hertz square wave at the output of NAND gate 45. This pulse
      train is applied to the input of divider 48.
PAR  Divider 48 is comprised of four flip-flops 51, 52, 53, and 54, and a reset
      NAND gate 55 which functions to convert the 60 Hertz pulse train to a 3.75
      Hertz pulse train that is applied to divider 56.
PAR  Divider 56 is comprised of two flip-flops 57 and 58. It provides a clock
      pulse of 0.9375 Hertz to the 30-second counter and the total time counter.
PAR  The total time counter, illustrated in FIG. 3, incorporates a counter 71
      which is compressed of four flip-flops, 72 through 75 and a reset NAND
      gate 76. This counter produces a pulse every fifteen seconds which is
      applied to counter 77.
PAR  Counter 77 incorporates a reset NAND gate 78 and four flip-flops, 81
      through 84 and provides output pulses every 30, 60, 120, and 240 seconds
      on conductor 62, 63, 64, and 65 respectively.
PAR  The minimum time decoder 70 is comprised of a three-input NAND gate 91 and
      two-input NAND gates 92 and 93. The three-input NAND gate 91 is trued by
      coincidence of a 15-second pulse from counter 71, a 30-second pulse from
      flip-flop 81, and a 60-second pulse from flip-flop 82. The output of NAND
      gate 91 triggers NAND gate 92 which provides a 1-minute pulse to the
      30-second counter 30 and NAND gate 93. NAND gate 93 is trued by the output
      of NAND gate 92 and provides an input to NAND gate 92 which functions to
      hold NAND gate 92 trued.
PAR  The maximum time decoder is comprised of a two-input NAND gate 94 which is
      trued by the 120-second pulse produced by flip-flop 83 in coincidence with
      the 240-second pulse produced by flip-flop 84. The output of this gate is
      applied to one input of a two-input NAND gate 95. When trued by the imput
      from NAND gate 94, NAND gate 95 causes flip-flop 96 to change state and
      energize relay 97. When relay 97 is energized, its contacts complete an AC
      circuit through warning buzzer 98 and warning lamp 99. If desired, relay
      contacts may be provided and connected in circuit for terminating the heat
      input to the cooker.
PAR  The 30-second counter 30 incorporates a three-input NAND gate 101 which is
      responsive to coincident outputs of the temperature comparator
      differential amplifier 22, NAND gate 92 of the minimum time decoder 70,
      and a feedback loop from flip-flop 102. The output of NAND gate 101 is
      supplied to flip-flop 102, which is also responsive to the 0.9375 Hertz
      output of divider 56. These two pulses cause flip-flop 102 to be set and
      reset such that it produces an output pulse every 1.875 seconds.
PAR  The output of flip-flop 102 is applied to a four stage counter 103 which is
      comprised of flip-flops 104 through 107 and reset NAND gate 108. Counter
      103 produces three outputs; one every 7.5 seconds, a second every 15
      seconds, and a third every 30-seconds. These three outputs are applied to
      a three-input NAND gate 109 which provides a 30-second signal to NAND gate
      95. This signal will change the state of NAND gate 95 in the same fashion
      as the signal provided by NAND gate 94 and cause flip-flop 96 to change
      state and energize relay 97 as previously described.
PAR  NAND gate 110 is responsive to the voltage developed across resistor 111
      and provides a reset signal to NAND gate 55, 76, 78, and 108 when power is
      initially applied to the apparatus via the closing of switch 8. The
      positive potential which is applied to NAND gate 110 is also applied to
      flip-flops 57, 58 and 96 and NAND gate 93 to effect the resetting of these
      stages.
PAR  Capacitors 112, 113, and 114 are provided to eliminate undesirable high
      frequency harmonics.
PAR  The operation of the apparatus is as follows:
PAR  When a food batch is initially immersed in a preheated medium, power on
      switch 8 is closed and the dividers and counters are reset. The total time
      counter 60 begins to count in response output pulses from the clock pulse
      generator 50 and differential amplifier 22 is in its quiescent state. When
      the differential amplifier changes state in response to the voltage
      developed across the temperature responsive voltage divider network and
      the minimum time counter times out, NAND gate 101 changes state and starts
      the 30-second counter 30. When the 30-second counter times out, it
      triggers NAND gate 95, which in turn causes flip-flop 96 to change state
      and energize relay 97.
PAR  The total time counter continues to count concurrently with the previously
      described sequence and when it reaches 240 seconds, it trues NAND gate 94
      which causes NAND gate 95 to change state and trigger flip-flop 96, thus
      precluding the possibility of the timer producing a time signal in excess
      of 4 minutes.
PAR  It is to be unerstood that this invention is not to be limited to the exact
      constructions shown and described but that various changes and
      modifications may be made without departing from the spirit and scope of
      the invention as defined in the appended claims.
PAR  It should be apparent that 30-second counter is inhibited for a period of
      about 60 seconds as to preclude the initiation of its count even though
      the temperature of the cooking medium may have reached the predetermined
      cooking level. On the other hand, after expiration of the 60 second
      inhibit period, counter 30 will not begin counting until the proper
      temperature is realized. Should the temperature of the cooking medium fail
      to rise to the predetermined level, the 4 minute maximum time decoder
      exercises its override function to energize the alarm means to indicate
      the readiness of the cooked product.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for determining the state of readiness of a food product and
      indicating the completion of a cooking cycle for the product immersed in a
      preheated cooking medium comprising the steps of:
PA1  monitoring the temperature of the cooking medium and generating a timer
      control signal when said temperature reaches a predetermined level after
      immersion of the food product for energizing a fixed interval timer, the
      timing interval of which establishes a desired cooking period for the
      product at said predetermined temperature level, inhibiting the start of
      said timing interval for a fixed time period after immersion of said food
      product in the heated cooking medium to thereby establish a minimum
      cooking time for tahe product immersed in the heated cooking medium, said
      minimum cooking time including the total of the fixed period plus the
      period of the interval timer and the time necessary for the cooking medium
      to reach said predetermined level after completion of the inhibiting fixed
      period, initiating the timing of an override time period upon immersion of
      the food product in the cooking medium to thereby establish the maximum
      cooking time for the produce immersed in the cooking medium, and
      energizing an alarm either in response to completion of the timing
      interval or completion of the override time period even though the desired
      cooking period for the product at said predetermined temperature level has
      not been maintained to indicate that the product is at the desired state
      of readiness.
NUM  2.
PAR  2. A method for determining the state of readiness of a food product and
      indicating the completion of a cooking cycle for the product as set forth
      in claim 1 wherein the start of said timing interval is inhibited for a
      period of time greater than the period of the timing interval and said
      override time period is greater than twice the sum of the timing interval
      and the inhibit period.
NUM  3.
PAR  3. A method for determining the state of readiness of a food product and
      indicating the completion of a cooking cycle as set forth in claim 2
      wherein said inhibit period is approximately 60 seconds, said timing
      interval is approximately 30 seconds and said override time period is
      approximately 4 minutes.
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ABST
PAL  The invention relates to a method of surface dyeing of protein articles of
      food, such as meat, cheese, fish etc., particularly of protein casings
      used as outer coverings of food-stuffs. It consists in subjecting the
      protein products to the action of a dyeing substance comprising an aqueous
      solution of a wood-bark extract, advantageously of oak or birch bark. The
      protein product may be dyed: by immersing the product in the dyeing
      solution, by sprinkling the product with the solution or by contacting the
      product with an aerosol formed by spraying the solution of the extract.
      The dyeing process according to the invention may be applied both to raw
      casings and to casings filled with the food-mass in the form of batons.
BSUM
PAR  The invention relates to a method of surface dyeing of protein articles of
      food, such as meat, cheese, fish etc., particularly of protein casings of
      natural origin or produced by processing from collagen mass, which are
      used as outer coverings of articles of food.
PAR  The previously used dyeing of meat, cheese, fish and protein casings during
      the process of curing by means of smoke obtained by burning of wood in
      smoke houses has brought up questions relating to health and hygiene
      mainly because of the rather considerable amounts of toxic and
      carcinogenic substances contained in the curing-smoke. Because these
      admixtures are dangerous to human health, the traditional method of curing
      articles of food in curing-smoke has tended to become abandoned over a
      period of years and to be replaced by the use of aromatizing preparations
      obtained both synthetically and by isolation in one way or another from
      substances of natural origin of active taste and smell components harmless
      to the human health.
PAR  All the aromatizing preparations of this kind, in spite of the fact that in
      many cases they impart to articles of food taste and smell properties
      really identical with those obtained in the traditional way of curing in
      smoke, exhibit a rather essential disadvantage viz. they do not contain
      dyeing components and in addition, they are to be found only in the
      interior of the product, which in view of the fact that consumers are
      accustomed to the traditional gold-brown color of the surface of smoked
      products, is of very essential importance.
PAR  Though there already exist methods of dyeing food casings with synthetic
      dyes, e.g. crythrosin, nevertheless due to their uncertain action on the
      human organism and to different technological disadvantages they have not
      found extensive industrial application.
PAR  The problem of dyeing protein articles of food, particularly protein
      casings, has been overcome in a most favorable manner by the dyeing method
      which is the subject of the present invention. It consists in dyeing the
      products with a wood-bark extract obtained from oak, birch or other trees.
      These extracts have a very great affinity for protein and in a short time
      form a permanent complex, with it imparting to protein products a color
      perfectly imitating the color obtained during the traditional smoke-curing
      process. Coloring with wood-bark extract can be applied to: natural
      casings, i.e. conveniently cleaned entrails of slaughtered animals, all
      protein casings, e.g. collagen casings, and direct protein articles of
      food such as meat, cheese, fish etc.
PAR  For dyeing, aqueous solutions of the woodbark extract having a
      concentration of 0.5 - 5 % are used. The dyeing process according to the
      invention may be performed at different food-production stages. The
      casings are subjected to dyeing in a raw state prior to filling them with
      the food mass, or after putting in the mass in the form of so-called
      batons, whereas other food products are dyed prior to thermal treatment.
      The dyeing is carried out in a cold state i.e. at ambient temperature, or
      in a warm  state, depending on the method used. The dyeing time amounts to
      1.0 - 15 minutes depending on the temperature of the solution,
      concentration of the dyeing substance, nature of the product and on the
      required color intensity of the food product being treated.
PAR  The dyeing method according to the invention may be carried out by using,
      depending on the existing technical conditions, on the kind of the product
      and on the required effect, one of three methods: a) the immersion method
      i.e. by immersing the protein product in the aqueous solution of the
      woodbark extract, b) by sprinkling the dyeing solution on the products c)
      by subjecting the products to the action of the dyeing solution sprayed in
      the form of an aerosol.
PAR  The immersion method is used with all food-stuffs, including raw casings
      and filled batons. During the dyeing process a rather intensive stirring
      is used. After the dyeing process the raw casings are rinsed several times
      with water in order to remove the excess extract. Special advantageous
      effects are obtained when using the dyeing method by immersion in a cold
      state or together with the cooking process of batons and of other meat
      products in boilers for so-called cooked sausages.
PAR  The dyeing method consisting in sprinkling the protein products with the
      dye sprayed in form of a fine rain exhibits the advantage that it makes it
      possible to carry out the process in a closed cycle, the solution flowing
      off being collected and, after replenishing with the dyeing extract to the
      required concentration, being recycled to the dyeing process.
PAR  The method consisting in spraying the dyeing solution in the form of an
      aerosol and leaving the protein products under the action of the produced
      mist for a certain time, requires conveniently ventilated and tight rooms.
      The atomization of the solution can be obtained by pressure with the aid
      of compressed air, steam etc., by mechanical spraying, etc. When using
      this method it is advantageous to produce an electrostatic potential
      between the product being dyed and the mist, owing to which an
      intensification of the reaction and a more uniform distribution of the dye
      on the surface of the product takes place.
PAR  The method of dyeing the protein products with the wood-bark extract
      according to the invention exhibits a series of advantages such as above
      all: obtaining of a gold-brown color perfectly imitating the effect of the
      traditional smoke-curing, non-toxicity and absolute harmlessness for the
      human health, technical facility and economy of the production process,
      and that it does not require expensive investments nor devices, is fully
      reliable and provides large possibilities of application.
DETD
PAR  The dyeing process according to the invention is illustrated in the
      examples stated below:
PAC  EXAMPLE I
PAR  Bacon and pork fillet prior to pickling were immersed in 1.5 % aqueous oak
      wood-bark extract solution of room-temperature in a ratio at the product
      mass to the dyeing liquid of 1 : 4. After 5 minutes the bacon and the
      fillet were taken out and were subjected to the drying process at elevated
      temperature.
PAC  EXAMPLE II
PAR  Cleaned fresh casings were immersed in a 0.8 % aqueous solution of oak
      wood-bark extract at room temperature in a ratio of the casings mass to
      the dyeing liquid of 1 : 4. In this solution the casings were held for 5
      minutes, with continuous stirring, then the casings were taken out, rinsed
      in clean water and directed to further production.
PAC  EXAMPLE III
PAR  Preserved casings prior to having been washed free from salt, were immersed
      in a 1 % aqueous solution of a birch wood-bark extract at room temperature
      for 4 minutes while continuously stirring. After this time the intestines
      were taken out, washed in clean water and directed to further production.
PAC  EXAMPLE IV
PAR  Casings made of collagen mass were drawn through a container with a 2 %
      aqueous solution of an oak wood-bark extract at room temperature using an
      immersion time of 3 minutes, whereupon after further drawing through
      containers with clean water for washing out the excess solution, the
      casings were directed to further production.
PAC  EXAMPLE V
PAR  Batons freshly filled with sausage-meat containing an aromatizing
      preparation of smoked bacon taste, were immersed in an aqueous solution of
      an oak wood-bark extract having a concentration of 0.5 % and at room
      temperature, for 5 minutes. After removal from the solution the further
      treatment was carried out according to the known process, excluding the
      smoking stage.
PAC  EXAMPLE VI
PAR  An aqueous extract solution having a concentration of 3 % was prepared in a
      boiler. Raw batons were immersed in the solution for a time allowing the
      temperature to rise up to 68.degree.C inside the baton. Thus cooking the
      sausage and dyeing the casing were effected simultaneously. The further
      processing was carried out according to the traditional method.
PAC  EXAMPLE VII
PAR  Filled batons hung on sticks were shifted in a 6 m long tank and sprinkled
      during shifting with a 3 % aqueous extract solution. The sprinkling time
      was 3 minutes. The operation was carried out in a closed continuous cycle
      and the outflowing solution of the extract was recycled for sprinkling the
      batons anew.
PAC  EXAMPLE VIII
PAR  Loosely suspended batons were placed in a ventilated chamber where with the
      aid of compressed air a 4 % aqueous solution of the extract was sprayed in
      the form of a mist. In this chaamber the product was held for 10 minutes
      at a temperature of 40.degree.C.
PAC  EXAMPLE IX
PAR  The batons were subjected to dyeing as in example VIII, producing
      simultaneously an electrostatic potential between the product and the mist
      of the extract for the purpose of a more rapid and more uniform deposition
      of the mist on the casings of the batons and entering with it in reaction.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for dyeing a protein food product comprising subjecting the
      product to the action of a dyeing substance consisting of a wood-bark
      extract in form of an aqueous solution having a concentration of from 0.5
      to 5% until the desired color is imparted to the food product.
NUM  2.
PAR  2. A method for dyeing according to claim 1 wherein the protein product is
      immersed in the aqueous solution of the woodbark extract.
NUM  3.
PAR  3. A method according to claim 2 wherein the solution is continuously
      stirred during immersion of the protein product.
NUM  4.
PAR  4. A method for dyeing according to claim 1 wherein the protein product is
      sprinkled with the aqueous wood-bark solution.
NUM  5.
PAR  5. A method for dyeing according to claim 1 wherein the protein product is
      sprayed with the aqueous solution of the wood-bark extract in the form of
      an aerosol.
NUM  6.
PAR  6. A method for dyeing according to claim 1 wherein the wood-bark is oak
      bark.
NUM  7.
PAR  7. A method for dyeing according to claim 1 wherein the wood-bark is birch
      bark.
NUM  8.
PAR  8. A method for dyeing according to claim 1 wherein the protein product is
      in the form of casings.
NUM  9.
PAR  9. A method according to claim 8 wherein the casings are drawn through the
      solution of wood-bark extract.
NUM  10.
PAR  10. A method according to claim 1 wherein the dyeing is carried out at an
      elevated temperature so that the protein product is cooked and dyed
      simultaneously.
NUM  11.
PAR  11. A method according to claim 1 wherein the dyeing is carried out for a
      period of 1 to 15 minutes.
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ABST
PAL  This invention relates to a method for preparing a collagen casing from a
      collagen source which had been subjected to a rigourous liming for
      effectively completely liming the hide collagen. The fully limed hide
      collagen is soaked in a dilute edible acid having a pH below about 5.5 for
      a time sufficient to reduce the pH in the center of the hide to about 4 -
      5.5, and then washing the neutralized hide with water until the pH of the
      supernatant after a 20 minute exposure with the hide, is within about 0.2
      pH units of that of the incoming water. The hide is then ground and formed
      into a collagen slurry and processed in conventional manner into edible
      collagen casings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Over a period of years synthetic sausage casings have been prepared from
      animal collagen which are particularly suited for the processing of pork
      sausages. As is known, sausage casings made from collagen are edible and
      they have the ability to transmit fat during the cooking of pork sausages
      and therefore have been found to be an acceptable substitute for natural
      casings.
PAR  In the manufacture of collagen casings a collagen source, typically hide
      collagen, is converted into a slurry containing from about 2 - 8% collagen
      by grinding the collagen source in a meat grinder and diluting with water.
      The collagen is acid swollen for releasing the collagen fibrils and
      destroying the identity of the individual fibers. The swollen collagen is
      extruded through an annular die to form a collagen tube. As the casing is
      extruded it is passed into a coagulating bath containing a dehydrating and
      deswelling agent, e.g., a concentrated solution of sodium sulfate or
      ammonium sulfate with a minor amount of alkali, e.g., sodium hydroxide to
      neutralize any free acid present in the casing. After the casing is
      coagulated, it is tanned suitably with an aluminum tanning agent for the
      purpose of providing sufficient strength to the casing to permit further
      processing. Often a second tanning operation is conducted using a
      dialdehyde as the tanning agent. The tanned casing is then washed,
      plasticized, and dried.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In the past it has been common to use a collagen source which has not been
      fully limed. In fact, the early processes required that the collagen
      source be unlimed if an edible casing was to be obtained. Through later
      developments, it was found that a partial liming of the hide collagen
      could be effected without incurring undesirable results in the casing if
      the liming were used for dehairing the hide and was confined to a period
      of about 3 to 12 hours. A maximum of four days' liming treatment could be
      tolerated in those processes but it was very difficult to obtain a casing
      which could be extruded and processed.
PAR  In my co-pending application having Ser. No. 347,293, and filed Apr. 2,
      1973, casing is made from a collagen source which has been subjected to
      complete liming by preswelling the collagen source with a concentrated
      acid solution having a dissociation constant in water from about 1 .times.
      10.sup.-.sup.6 to about 1 .times. 10.sup.-.sup.3. The swollen hide is then
      ground and formed into a collagen slurry and processed in conventional
      manner.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an improvement in a basic process for producing
      collagen casing from hide collagen source comprising the steps: forming a
      slurry containing from about 2 - 8% collagen, extruding the slurry through
      an annular die to form a tubular casing, coagulating, tanning, and drying
      the tubular casing thus formed.
PAR  The improvement in this basic process comprises the steps of using hide
      collagen which has been subjected to substantial liming as the collagen
      source. In this process, hide collagen which has been subjected to
      substantial liming is treated with a dilute, edible acid having a pH below
      about 5.5 for a time sufficient to reduce the pH in the center of the hide
      to about 4 - 5.5 and then washing the thus formed water-soluble calcium
      salts from the hide collagen until the pH of the effluent is within at
      least 0.2 pH units of the pH of the incoming water.
PAR  The basic advantage of the process is that it permits the use of a hide
      collagen which can be prepared substantially cheaper than any of the
      commercial process heretofore required for collagen casing manufacture and
      it permits wider flexibility in commercial collagen casing manufacturing
      plants because of the ability to store the collagen source for extended
      periods of time without bacterial degradation.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Collagen suitable for preparation of edible casings is obtainable from hide
      and tendon, although hide collagen is preferred for casing manufacture.
      Collagen is formed of a large number of fibers which, in turn, consists of
      a much greater number of fibrils of submicroscopic size. The fibrils have
      a diameter of the order of 10 - 50 angstroms and lengths ranging from
      several thousand up to several million angstroms. In the early patents,
      the production of edible collagen casings emphasize the necessity of using
      a collagen source which has not been subjected to a liming treatment. The
      reason which has been postulated is that the liming treatment allegedly
      prevents the bursting of collagen fibers to release the fibrils necessary
      for the formation of fibrillar films. As a result, the gel casings
      disintegrate in the coagulation bath or on further processing. Later
      patents have shown that satisfactory edible collagen casings can be
      prepared from hides which have been subjected to a limited liming, e.g.,
      from 3 to 12 hours and then subjected to a deliming treatment and
      processed quickly. Generally, these hides are limed to effect partial
      dehairing of the hide and that is the extent of the operation. The hides
      are not shipped or stored in a saturated liming solution for an extended
      period of time. Thus, in the processing of partially limed hides, e.g., 3
      to 12 hours and perhaps up to 4 days liming treatment, it is possible to
      neutralize the hide by treatment with an acid having a pH from 2.5 - 6.5
      by treatment with a dilute solution of lactic acid for a period of about
      10 to 12 hours, i.e., overnight. It is also easy to remove the
      water-soluble calcium salts from the hide by washing with water. The
      primary reason for the acceptability of this process was that the calcium
      had not penetrated the hide to any substantial degree and therefore was
      easy to remove. In practicing this invention, the liming period of the
      collagen source is at least 7 days and generally for periods up to several
      months.
PAR  In preparing hides which have been subjected to an extended liming period
      in a saturated lime solution for casing manufacture, the hides are first
      washed thoroughly with water to remove surface lime. Washing of the hide
      is continued until the effleunt from the hide has a pH of about 7.
      Although the washing step can be eliminated and the lime neutralized, it
      is much more economical to wash the hide removing substantial amount of
      lime from the hide rather than using an expensive acid.
PAR  After the hide has been washed and the surface lime removed the hide then
      is tumbled with a dilute aqueous acid having a pH below about 5.5 and
      preferably from about 4 - 5.5. The collagen source is kept in the dilute
      acid until the pH of the hide, at the center, is less than 5.5. The pH of
      the hide can be conveniently measured by phenol red.
PAR  A deliming solution having a pH below about 4 is not preferred because the
      casing begins to swell in these solutions and it becomes extremely
      difficult to remove the water-soluble calcium salts or excess acid from
      the hide. Generally, this period of acid tumbling may extend from about 4
      to 20 hours for a hide having a thickness of about 1/8 inch to about 6 to
      40 hours for a hide having a thickness of about 1/4 inch. Soaking requires
      at least 40 hours.
PAR  Acids suitable for neutralizing the lime in the hide include lactic acid,
      hydrochloric acid, acetic acid, ethylene diamine tetraacetic acid,
      ammonium chloride, propionic acid, fumaric acid, etc. Ammonium chloride or
      other salts of weak bases and stong acid are preferred for neutralizing
      the excess lime in the hide collagen because it is easier to maintain an
      appropriate pH range to effect this neutralization.
PAR  After neutralization, the collagen is washed with water for removing
      substantially all of the water-soluble calcium salts from the hide.
      Washing is continued until the supernatant, after contact with the hide
      for a period of about 20 minutes, has a pH within 0.2 pH units of the pH
      of the incoming water. Usually the washing step is continued until the pH
      of the supernatant is about 6.7 - 6.8.
PAR  In the past, it had been commonplace to soak the partially limed hides for
      about 10 - 12 hours and then wash the water-soluble calcium salts from the
      hide. This process was permissible for partially limed hides but when
      completely limed hides were used a casing could not be manufactured. It
      was believed that the failure was due to the fact that the collagen had
      been subjected to liming rather than a defect in the deliming process. I
      now believe the flaw in the prior art processes was that no accurate
      measurement of the deliming step was made and it was assumed that deliming
      was effected by soaking with acid for a period of from 10 to 12 hours.
      Deliming requires substantially longer periods of time when the hides have
      been completely limed than when partially limed. As a result, a time
      period is not the governing factor for the deliming step but rather the
      measurement of the pH in the hide and that pH being below about 5.5,
      (preferably 4 - 5.5) is the important feature. This insures that all of
      the calcium in the hide has been neutralized and converted to a
      water-soluble salt.
PAR  This aspect was pointed out in my earlier filed case on the concentrated
      acid swelling of collagen in neutralizing collagen which had been
      subjected to an extended liming treatment. It was believed at that time
      that a concentrated acid was necessary for swelling the hide to enhance
      penetration of the acid into the hide and to provide a great enough
      concentration gradient to permit penetration of the hide by the acid and
      thereby effect neutralization of the hide. I have now found that it is
      possible to use a dilute acid solution having a pH below about 5.5 and
      preferably from about 4 - 5.5 for treating the completely limed collagen
      source for an extended period of time until the pH of the hide, at the
      center, is below about 5.5 and preferably anywhere from 4 - 5.5. This
      insures that complete neutralization of the calcium in the hide has taken
      place and is not left to estimate as was done in the previous prior art
      process.
PAR  After the hide has been completely neutralized by treatment with a dilute
      acid, the water-soluble calcium salts are washed from the hide. Washing of
      the hide to remove substantially all of the calcium salts is difficult
      when the hide is in a swollen state. This was one of the difficulties with
      my earlier process where a concentrated acid solution was added to swell
      the hide and effect neutralization of the calcium in the hide. However, in
      my previous process, most of the calcium in the hide had been removed by
      the preliminary neutralization and washing steps. Thus, only a minor
      proporation of calcium remained in the hide and was neutralized by the
      concentrated acid treatment. But the removal of this minor proportion of
      calcium in the hide was extremely important in the process of the hide for
      casing manufacture. In practicing the process of this invention washing of
      the hide is continued until the pH of the supernatant, after a contact
      period of 20 minutes with the hide, has a pH within 0.2 pH units of the
      incoming water. In some areas of the country, water is slightly acidic or
      basic and therefore a pH of 7 is not used as the cutoff pH. This step is
      particularly important in the processing of limed collagen for making a
      collagen slurry which can be processed into a collagen casing. In applying
      prior art processes to hides which were subjected to a complete liming
      treatment, acid neutralized by a treatment somewhat similar to the one
      described herein and then subjected to a water wash, there was no accurate
      measure for determing when the hides were washed thoroughly enough for
      permitting manufacture of collagen casing. Washing techniques in the prior
      art processes were left to operator discretion as to when washing of the
      hides was deemed complete. Usually this was a visual procedure and washing
      was discontinued when the effleunt was clear. In actual practice this is
      not an accepted procedure as the only way to tell if enough of the
      water-soluble calcium salts are removed is to measure the pH of
      supernatant after it has been in contact with the hide for an extended
      period.
DETD
PAR  The following examples are provided to illustrate the preferred embodiments
      of the invention and are not intended to restrict the scope thereof. All
      percentage are expressed as weight percentages.
PAC  EXAMPLE 1
PAR  Selected cattle hides from carcasses certified fit for human consumption,
      weighing about 65 - 75 lbs. each, are washed in a large volume of
      circulating cool (10.degree.C) water to remove adhering blood. After
      washing the hides are fleshed without curing to remove adhering fatty and
      muscular debris from the flaying operation.
PAR  The washed and fleshed hides are treating by immersing the hides in a
      liming bath consisting of a saturated solution of calcium hydroxide
      containing about 5% solid particulate calcium hydroxide in about .5%
      sodium sulfhydrate for about 3 - 12 hours to effect partial dehairing of
      the hide.
PAR  After liming, the hides are removed from the liming bath and allowed to
      drain for a period of about 1/2 hour. The limed hides are gently squeezed
      between rubber rollers to remove all excess liming liquor. The hides are
      then cut and split in the plane of the hide into two approximately equal
      portions by weight. The upper or outer hide surface contains all of the
      hair, hair follicles, and sebaceous and sudorfic glands. The inner or
      corium layer consists essentially of collagen. The outer or
      hair-containing layer is discarded as unsuitable for use in the
      preparation of casing but may be used for formation of leather laminates
      or other coverings.
PAR  The corium splits are packed in a saturated lime solution and stored at
      temperatures preferably below about 5.degree.C until processed.
PAR  For convenience at the processing plant, the limed hides may be stored in
      this lime solution to prevent bacterial growth until the hides are ready
      to be used. Sometimes this period is anywhere from 1 - 12 weeks or longer.
PAR  To prepare the hides for use in the manufacture of collagen casing, the
      corium splits are first washed with water to remove surface lime. Washing
      with water is continued until a liquor pH of about 7 is obtained when the
      liquor has been in contact with the hide for about 20 minutes. This step
      can be eliminated by neutralization with dilute acid as will be described
      in the next step except that washing of the hide is preferred for economic
      reasons.
PAR  The hides are delimed by converting the lime to a water-soluble calcium
      salt. Deliming is effected by tumbling the splits with a dilute aqueous
      acid solution, e.g. 0.5% lactic acid having a pH from about 4 - 5.5.
      Deliming of the hide is continued for about 20 hours at which time the
      acid end point in the center of the hide is less than 5.5. The end point
      is conveniently measured by phenol red.
PAR  After deliming, the hides are thoroughly washed with water to remove
      substantially all of the water-soluble calcium salts therein. Washing of
      the hide is continued for about 4 hours and completed only when the
      supernatant, when in contact with hide for about 20 minutes, has a pH of
      6.7. The incoming water wash has a pH of 6.8.
PAR  Then the delimed and washed hides are chopped into small pieces, e.g., 1/4
      to 4 inches on a side and converted to a fine pulp by successive passes
      through a meat grinder. In this grinding operation, ice is mixed with the
      hide splits to maintain the temperature below about 20.degree.C and
      preferably below about 10.degree.C. After the hide has been passed through
      the meat grinder, sufficient water is added to the collagen pulp to
      produce a mixture consisting of about 90 - 95% water by weight.
PAR  The collagen pulp is then treated with sufficient dilute lactic acid to
      produce a pH of about 2.5 - 3.7 and is stored overnight at a temperature
      of 3.degree.C to effect swelling of the collagen. At the end of the
      overnight soaking period, the collagen has swollen and taken up all of the
      water in the slurry. The swollen collagen is mixed with additional water
      and acid to produce a homogenous paste containing about 4% collagen and
      1.2% lactic acid (to maintain a pH of 2.5 - 3.7). The paste is further
      homogenized, filtered to remove solid contaminant and deaerated.
PAR  The solution is pumped under pressure through an extrusion die such as the
      one described in Becker U.S. Pat. No. 2,046,541 into a coagulating bath
      consisting of 42% ammonium sulfate (sodium sulfate can also be used) in
      water. When the casing is extruded as a thin-walled tube into this
      concentration of ammonium sulfate, the collagen fibrils are dehydrated and
      collapsed to form a film which is sufficiently coherent for further
      processing. Generally the coagulation bath is circulated both inside and
      outside the tube to maintain the tube in an inflated condition and to
      insure proper coagulation of the casing both on the inside and outside.
PAR  From the coagulation bath, the casing is passed into a first tanning bath
      comprising an aqueous solution containing about 5% aluminum sulfate
      expressed as Al.sub. 2 (SO.sub.4).sup.. 14H.sub.2 O, 4% sodium citrate and
      4% sodium hydroxide. This tanning bath is formulated so that the sodium
      citrate (or citric acid) forms a complex with the aluminum sulfate and the
      sodium hydroxide neutralizes the portion of the aluminum-citrate complex
      to render the same about one-third to two-thirds basic. This results in
      the tanning bath having a pH of about 4. The bath is maintained at a
      temperature of about 15.degree. - 30.degree.C and the residence time of
      the casing in the bath is adjusted to about 5 minutes.
PAR  After the casing is tanned with the aluminum complex, it is passed through
      one or more wash baths to wash out any unreacted tanning or hardening
      agent and then passed through a second tanning bath containing 200 ppm
      glutaraldehyde in water. Glutaraldehyde tanning bath has a pH of about 4.3
      and is maintained at a temperature of about 15.degree. - 30.degree.C. The
      residence time of the casing in the glutaraldehyde bath is about 3
      minutes.
PAR  After the casing has been subjected to a second tanning operation, it is
      removed from the bath and passed through one or more wash baths to wash
      out any unreacted glutaraldehyde. The casing is then passed through a
      plasticizing bath containing about 3% glycerin, 0.1% sodium bicarbonate
      and sufficient sodium hydroxide is added to raise the pH to 8. The
      residence time of the casing in the bath is about 3 minutes.
PAR  After the casing leaves the plasticizing bath, it is dried, shirred and
      packaged. The casing shirrs well and has excellent pan frying and deep
      frying characteristics.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is followed except that ammonium chloride is
      used in place of the lactic acid for neutralizing the lime present in the
      hide. A 2% solution of ammonium chloride in water has a pH of 4.3 and is
      extremely effective and convenient to use for neutralizing the lime in the
      hide. The tumbling period of the hide in the ammonium chloride solution is
      about 8 hours and the tumbling treatment is terminated when the hide has a
      pH of 4.7.
PAR  Casing made in accordance with the same procedures of Example 1 as
      acceptable process strength for commercial operation and the pan frying
      and deep fat frying of the resulting casing is good.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is repeated except that the hides are soaked,
      not tumbled, in the dilute lactic acid for about 12 hours. The
      water-soluble calcium salts in the hide are removed by washing with water
      for a period of about 3 hours. A slurry is prepared in accordance with
      procedure of Example 1 and processed accordingly. The casing does not
      extrude into a continuous film and the casing breaks in the middle of the
      processing operation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing an edible collagen casing from a hide collagen
      source which has been completely limed for a period from seven days to
      several months which comprises deliming the completely limed hide collagen
      by treating said hide with a dilute, edible acid at a pH of about 4.0 to
      5.5 for a time sufficient to reduce the pH in the center of the hide to
      less than about 5.5 to form water soluble calcium salts from the lime in
      said hide, washing the water soluble calcium salts from the hide collagen
      with water until the pH of the supernatant water after a 20-minute
      exposure to said hide is within at least 0.2 pH units of the pH of the
      incoming water, forming a soft extrudable slurry from the neutralized and
      washed hide collagen containing about 2 - 8% collagen, extruding said
      slurry through an annular die to form a tubular edible collagen casing,
      coagulating, tanning, and drying the casing thus formed.
NUM  2.
PAR  2. The process of claim 1 wherein the pH in the center of the hide is
      reduced to about 4 - 5.5.
NUM  3.
PAR  3. The process of claim 1 wherein the completely limed hide collagen is
      neutralized by treatment with aqueous ammonium chloride solution.
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ABST
PAL  A novel artificial sweetener compound,
      3-(m-hydroxyphenyl)phloropropiophenone and a process for preparing same,
      as well as other 3-arylphloropropiophenones, from aryl aldehydes and
      phloroglucinol.
PARN
PAR  This is a division of application Ser. No. 157,682, filed June 28, 1971,
      now U.S. Pat. No. 3,855,301.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to artificial sweetener compounds and compositions
      and to a process for preparing same. The novel sweetener compound,
      3-(m-hydroxyphenyl)phloropropiophenone, is disclosed.
PAR  Hesperetin dihydrochalcone, and alkyl homologs thereof, have been
      previously suggested for use as artificial sweeteners; see the copending
      applications of Rizzi, entitled "Dihydrochalcone Sweetening Agent", Ser.
      No. 76,972, filed Sept. 30, 1970; "Improved Sugar Compositions", Ser. No.
      76,974, filed Sept. 30, 1970; and Rizzi and Neely, "Sweetening
      Compositions", Ser. No. 76,973, filed Sept. 30, 1970.
PAR  Heretofore, the preparation of arylphloropropiophenone sweeteners, such as
      hesperetin dihydrochalcone and its alkyl homologs, has been carried out by
      using various naturally-occurring precursor materials such as
      homoneohesperetin and various flavonone glycosides (see the foregoing
      references). Such naturally-occurring precursor materials are known to be
      expensive and available only in limited quantities. Furthermore, the use
      of naturally-occurring precursor materials does not provide a method for
      synthesizing useful 3-arylphloropropiophenones not found in nature, e.g.,
      the novel artificial sweetener compound,
      3-(m-hydroxyphenyl)phloropropiophenone, disclosed herein. For these
      reasons, it is desirable to provide a process for preparing
      3-arylphloropropiophenones, such as hesperetin dihydrochalcone and analogs
      thereof, which does not require the use of naturally-occurring precursor
      materials.
PAR  Zemplin and Bognar, Chem. Ber., 75, 1043 (1942) disclose a method for
      preparing hesperetin dihydrochalcone using glycoside intermediates. While
      this procedure does yield the desired hesperetin dihydrochalcone reaction
      products, it is far too complex for use on an industrial scale.
PAR  It is an object of this invention to provide a novel
      3-arylphloropropiophenone compound,
      3-(m-hydroxyphenyl)phloropropiophenone, and sweetener compositions
      containing same. It is a further object herein to provide a process for
      preparing 3-arylphloropropiophenones, such as hesperetin dihydrochalcone,
      and certain analogs and homologs thereof, which does not require the use
      of naturally-occurring precursor materials. These and other objects are
      obtained by this invention as will be seen from the following disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to the novel compound
      3-(m-hydroxyphenyl)phloropropiophenone,
      ##SPC1##
PAL  A process for its preparation, and sweetener compositions containing same.
PAR  The present invention also encompasses a general process for preparing
      3-arylphloropropiophenones, e.g., hesperetin dihydrochalcone, and certain
      homologs and analogs thereof, comprising: (1) heating an aromatic aldehyde
      of the type hereinafter disclosed with cyanoacetic acid in the presence of
      certain catalysts to form .alpha.-cyanocinnamic acid derivatives; (2)
      reducing the .alpha.-cyanocinnamic acid derivatives prepared in Step (1)
      (e.g., with a sodium-mercury (Na/Hg) amalgam at room temperature) to
      provide the corresponding .alpha.-cyano-.beta.-arylpropionic acid; (3)
      decarboxylating the .alpha.-cyano-.beta.-arylpropionic acid prepared in
      Step (2) by heating (e.g., in the presence of an organic base such as
      quinoline) to form the corresponding .beta.-arylpropionitrile; (4)
      condensing the .beta.-arylpropionitrile prepared in Step (3) with
      phloroglucinol in the presence of a mild Lewis acid (e.g., zinc chloride)
      to form a phloroglucinol condensate in the immonium salt form; and (5)
      boiling the immonium salt prepared in Step (4) in water to provide the
      desired 3-arylphloropropiophenone compound.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The reaction sequence involved herein is as follows:
      ##EQU1##
      ##SPC2##
      wherein Ar is 3-hydroxy-4-alkoxyphenyl, wherein alkoxy includes methoxy,
      ethoxy, propoxy, butoxy and the like. Likewise, Ar can be other aryl
      substituents including phenyl, 3,4-methylenedioxyphenyl, 4-hydroxyphenyl,
      and the like. A preferred aldehyde compound herein has
      3-hydroxy-4-methoxyphenyl as the aryl group, Ar, since this yields
      hesperetin dihydrochalcone, directly. Also preferred are the other
      aldehydes wherein Ar is 3-hydroxy-4-alkoxyphenyl, since these yield sweet
      alkyl homologs of hesperetin dihydrochalcone. When Ar is 3-hydroxyphenyl,
      the novel sweetener compound 3-(m-hydroxyphenyl)phloropropiophenone is
      secured.
PAR  Step (1) of the present process involves the catalytic condensation of an
      aromatic aldehyde of the type hereinabove disclosed with cyanoacetic acid
      to form .alpha.-cyanocinnamic acid derivatives. This initial reaction can
      be catalyzed by acids or bases, e.g., 0.1 molar hydrochloric acid, 0.1
      molar sodium hydroxide, 0.1 molar pyridine or piperidine and the like. An
      especially preferred catalyst herein is ammonium acetate, which is
      disclosed for use in condensing cyclic aldehydes with cyanoacetic acid in
      Organic Syntheses, Coll. Vol. 4, 234. While a solvent is not necessary in
      this condensation step, a non-polar, water-immiscible organic solvent is
      preferably employed. The liquid hydrocarbons, e.g., hexane, petroleum
      ether, light mineral oil, and the like are suitable solvents, as are
      liquid aromatic solvents, including benzene, xylene, and toluene. Solvents
      capable of forming azeotropes with water, especially benzene and xylene,
      are preferred in Step (1) of the present process since water can then be
      removed from the reaction mixture by azeotropic distillation. Step (1)
      herein is usually carried out at a temperature from 0.degree.C to
      200.degree.C, preferably 85.degree.C to 150.degree.C to minimize product
      decomposition and to insure removal of the water which is formed.
PAR  Step (2) of the process involves the reduction of the .alpha.-cyanocinnamic
      acid prepared in Step (1) by means of any of the well-known reduction
      procedures. For example, the use of alkali metals in combination with
      methanol and ethanol, the use of the complex metal hydrides, e.g., sodium
      borohydride, hydrogen gas in the presence of platinum oxide, or by means
      of the sodium-mercury amalgams. A preferred reducing agent herein is a
      sodium-mercury amalgam (2% sodium). Suitable solvents in this step include
      water and aqueous alcohol solvents; water is preferred. The reduction Step
      (2) can be carried out at a temperature from about 30.degree.C to about
      100.degree.C, preferably about 50.degree.C, to maintain a reasonable
      reduction rate, in the manner more fully disclosed by McRae and Vinning,
      Can. J. Res., 6, 409 (1932).
PAR  Step (3) herein involves the decarboxylation of the
      .alpha.-cyano-.beta.-arylpropionic acid prepared in Step (2). This
      decarboxylation can be effected by heat (ca. 200.degree.C). However, the
      decarboxylation of the .alpha.-cyano-.beta.-arylpropionic acids is
      preferably catalyzed by means of an organic base such as quinoline,
      pyridine, triazine, 8-hydroxyquinoline and the like. Excess organic base
      can be used as a solvent in the decarboxylation Step (3), or the reaction
      can be done without solvent. The base-catalyzed decarboxylation, which is
      preferred, is carried out by heating the
      .alpha.-cyano-.beta.-arylpropionic acid in the presence of the organic
      base (at least 0.1 mole base:1 mole acid) at a temperature from about
      125.degree.C to 175.degree.C. The decarboxylation is readily effected in
      from about 10 minutes to about one hour of heating for each mole of
      .alpha.-cyano-.beta.-arylpropionic acid being decarboxylated.
PAR  Steps (4) and (5) herein involve the condensation of the
      .beta.-arylpropionitrile formed in Step (3) with phloroglucinol in the
      presence of a mild Lewis acid and a gaseous hydrogen halide, e.g., HCl, in
      the manner of Johnston, U.S. Pat. No. 2,789,995 (Apr. 23, 1957),
      incorporated herein by reference. Following the condensation, the
      resulting immonium salt is hydrolyzed by boiling with water. Suitable
      Lewis acids herein include, for example, zinc chloride, titanium
      tetrachloride, zinc bromide, titanium trichloride, mercuric chloride and
      the like. While any of the common Lewis acids can be employed in the
      condensation Step (4), zinc chloride is especially preferred for this use.
      The condensation with phloroglucinol can be carried out at a low
      temperature, i.e., from about -10.degree.C to about 30.degree.C,
      preferably about 0.degree.C to 10.degree.C to control the rapid rate; an
      anhydrous, aprotic solvent such as diethyl ether or diglyme is used.
PAR  Reaction of the .beta.-arylpropionitriles with phloroglucinol in the
      presence of the Lewis acid results in the formation of the immonium salt
      of the phloroglucinol-.beta.-arylpropionitrile condensate. This reaction
      product is not isolated herein, but is hydrolyzed directly. This
      hydrolysis, with loss of ammonium chloride, is effected by adding at least
      one mole of water per mole of immonium salt to the reaction mixture from
      Step (4) and boiling the mixture. This hydrolysis usually requires from
      about 5 minutes to about one hour of boiling per mole of salt being
      decomposed. The 3-arylphloropropiophenone product is recovered by
      crystallization.
PAR  In a preferred mode, the process herein is carried out by admixing an aryl
      aldehyde of the type hereinabove disclosed with cyanoacetic acid (1:1 mole
      basis) in the presence of a catalytic amount (ca. 0.1 mole equivalent) of
      ammonium acetate in sufficient benzene solvent to dissolve the reactants.
      The reaction mixture is heated in a vessel fitted with a distilling head
      and water and benzene are removed as an azeotrope. Following removal of
      all the formed water, the .alpha.-cyanocinnamic acid derivative of the
      aryl aldehyde is recovered by filtration. The .alpha.-cyanocinnamic acid
      aldehyde derivative is then suspended in water and stirred while about 1
      equivalent of sodium-mercury amalgam is added portionwise. The temperature
      is maintained at about 30.degree.C to 50.degree.C by the rate of amalgam
      addition. The water-soluble salt of the corresponding
      .alpha.-cyano-.beta.-arylpropionic acid is formed. The reaction mixture is
      decanted from the residual mercury, acidified and extracted with ether.
      The .alpha.-cyano-.beta.-arylpropionic acid is recovered from the ether
      and admixed with at least 0.1 molar equivalent of quinoline and heated at
      about 150.degree.C for about one hour, until carbon dioxide evolution
      ceases. The quinoline is removed by HCl extraction and the resulting
      .beta.-arylpropionitrile is dissolved in diethyl ether solvent.
      Phloroglucinol (1 mol. eq.) and zinc chloride (0.1 mol. eq.) are added and
      the mixture is cooled to about 0.degree.C and HCl gas is passed through
      the mixture. The oily product separates and crystallizes; the ether is
      decanted. Water is added to the residue and boiled about 1 hour. The
      resulting oil crystallizes and is filtered and recrystallized (H.sub.2
      O/ethanol) to yield the 3-arylphloropropiophenone.
PAR  The following examples serve to illustrate the preparation of
      3-(m-hydroxyphenyl)phloropropiophenone and hesperetin dihydrochalcone and
      analogs thereof by the present process, but are not intended to be
      limiting thereof. The aromatic aldehydes used in the examples are
      commercially available.
DETD
PAC  EXAMPLE I
PAC  Preparation of 3-(m-Hydroxyphenyl)phloropropiophenone
PAR  Step 1. .alpha.-Cyano-m-hydroxycinnamic acid.
PAR  A 300 ml. round bottom flask equipped with a mechanical stirrer, Y-adapter,
      Dean-Stark water separator, cold water condenser, and N.sub.2 inlet was
      charged with m-hydroxybenzaldehyde (26.84 g.), cyanoacetic acid (17.4 g.),
      ammonium acetate (2 g.) and benzene (200 ml.). The mixture was stirred and
      vigorously refluxed for 2.0 hr. during which time nearly 1 molar
      equivalent of water was collected. An electrically heated oil bath (ca.
      110.degree.C) was used for heating. After cooling to room temperature, the
      reaction product was separated by suction filtration, washed with benzene,
      and air dried to yield 38.0 g. (100%) of a granular, bright yellow solid.
      The crude product, which still contained a small amount of ammonium
      acetate, was entirely suitable for direct reduction via sodium amalgam
      (see below). After recrystallization from boiling water the pure compound
      was obtained having a m.p. of 225.degree.-227.degree.C.
PAR  Step 2. Sodium Amalgam Reduction.
PAR  A 500 ml. three-neck round bottom flask equipped with a mechanical stirrer
      was charged with 25 g. of crude .alpha.-cyano-m-hydroxycinnamic acid
      (above) and 100 ml. of water. The slurry was stirred vigorously while 250
      g. of freshly prepared 2.5% sodium amalgam was added. The amalgam was
      added in roughly 50 g. portions at five minute intervals while the
      reaction temperature was maintained at about 30.degree.-40.degree.C (water
      bath). As the reaction proceeded, the yellow solid dissolved and
      ultimately (.about.30 min.) a clear, nearly colorless solution was
      produced. After stirring 1 hour, the solution was decanted from the
      residue of Hg, cooled in an ice bath and acidified to pH 2 with 6N HCl.
      Extraction with diethyl ether followed by brine washing, Na.sub.2 SO.sub.4
      drying, and concentration of the ether solution yielded 21.7 g. of a clear
      brown oil which rapidly crystallized at room temperature. NMR analysis
      indicated that a quantitative yield of the desired dihydrocinnamic acid
      had been obtained. The product was of sufficient purity to be used in the
      decarboxylation step described below.
PAR  Step 3. Decarboxylation.
PAR  A 300 ml. flask equipped with a magnetic stirrer, cold water condenser,
      CO.sub.2 outlet and bubbler, and a heated oil bath was charged with 21 g.
      of crude .alpha.-cyano-m-hydroxydihydrocinnamic acid (above) and freshly
      redistilled quinoline (10 ml.). The acid underwent smooth decarboxylation
      at an oil bath temperature of 150.degree.C with CO.sub.2 evolution ceasing
      after about 2.5 hr. For workup, the cooled mixture was treated with 200
      ml. of 5N HCl and extracted thoroughly with several portions of diethyl
      ether totalling 350 ml. The ether was washed with water (1 .times. 100
      ml.), saturated NaHCO.sub.3 (4 .times. 50 ml.), brine (1 .times. 100 ml.),
      and dried over anhydrous Na.sub.2 SO.sub.4. Concentration of the ether
      solution gave 11.15 g. (69% yield) of
      .beta.-(m-hydroxyphenyl)propionitrile as a pale yellow solid.
      Recrystallization from ethyl acetate/hexane gave the pure compound as
      light yellow crystals, m.p. 64.degree.-66.degree.C.
PAR  Steps 4 and 5. Condensation with phloroglucinol and hydrolysis.
PAR  A 100 ml. pear shaped flask equipped with a delivery tube so arranged that
      gas could be bubbled through the reaction mixture was charged with 1.764
      g. of .beta.-(m-hydroxyphenyl)propionitrile (above), anhydrous
      phloroglucinol (1.533 g.; commercial) and anhydrous diethyl ether (60
      ml.). After the reactants were completely dissolved by gentle swirling at
      room temperature, 0.5 g. of anhydrous (fused) zinc chloride was added, the
      delivery tube was attached, and the mixture was cooled to
      0.degree.-5.degree.C in an ice bath. HCl gas was then passed through the
      mixture at a vigorous rate for 1.75 hours. As the gas passed through the
      cold solution, the reaction product separated in the form of a viscous oil
      adhering to the walls of the flask. The mixture was then stored at
      0.degree.C, protected from moisture, during which time the oily product
      partially crystallized (16 hrs.). The supernatant ether solution was
      decanted and the residual semi-solid mass was boiled with 50 ml. of water
      under reflux for 2 hours. On cooling, an oil separated which rapidly
      crystallized. The solid was filtered at 0.degree.C, washed with ice water,
      and dried under vacuum to yield 1.15 g. (35%) of
      3-(m-hydroxyphenyl)phloropropiophenone. Recrystallization from 2:1 H.sub.2
      O/EtOH gave 0.8 g. analytically pure material, m.p.
      231.5.degree.-234.degree.C. The infrared and nmr spectra of this material
      were consistent with the proposed structure. Anal.: Calculated for
      C.sub.15 H.sub.14 O.sub.5 C, 65.69; H, 5.15; Found: C, 65.38; H, 5.36.
PAR  In the above procedure the quinoline used in the decarboxylation Step (3)
      is replaced by an equivalent amount of pyridine and triazine,
      respectively, and equivalent results are secured. Using the same
      procedure, the organic base is deleted and the temperature is increased to
      ca. 210.degree.C and decarboxylation occurs in equivalent fashion.
PAC  EXAMPLE II
PAC  Preparation of Hesperetin Dihydrochalcone
PAR  Step 1. .alpha.-Cyano-3-hydroxy-4-methoxycinnamic acid.
PAR  A 1000 ml. 1-neck round bottom flask equipped with a mechanical stirrer,
      Y-adapter, Dean-Stark water separator, cold water condenser, and N.sub.2
      inlet was charged with isovanillin (83.5 g.), tech. grade cyanoacetic acid
      (43.0 g.), ammonium acetate (5 g.) and benzene (500 ml.). The mixture was
      stirred and vigorously refluxed for 2.25 hours during which time nearly 10
      ml. of water collected. An electrically heated oil bath (ca. 110.degree.C)
      was used for heating. After cooling to room temperature the reaction
      product was separated by suction filtration, washed with benzene, and air
      dried to yield 113.5 g. (100%) of a granular, bright yellow solid. The
      crude product, which still contained a small amount of ammonium acetate
      was entirely suitable for direct reduction via sodium amalgam (below).
      After recrystallization from boiling water, the pure compound was obtained
      having a m.p. of 280.degree.-282.degree.C.
PAR  Step 2. Sodium Amalgam Reduction.
PAR  A 500 ml. three-neck round bottom flask equipped with a mechanical stirrer
      was charged with 20 g. of crude .alpha.-cyano-3-hydroxy-4-methoxycinnamic
      acid (above) and 100 ml. of water. The slurry was stirred vigorously while
      250 g. of freshly prepared 2.5% sodium amalgam was added. The amalgam was
      added in roughly 50 g. portions at five minute intervals while the
      reaction temperature was maintained at about 30.degree.-40.degree.C (water
      bath). As the reaction proceeded, the yellow solid dissolved and
      ultimately (.about.30 min.) a clear, nearly colorless solution was
      produced. After stirring 1 hour, the solution was decanted from the
      residue of Hg, cooled in an ice bath and acidified to pH 2 with 6N HCl.
      Extraction with diethyl ether, followed by brine washing, Na.sub.2
      SO.sub.4 drying, and concentration of the ether solution yielded 20 g. of
      a clear brown oil which rapidly crystallized completely at room
      temperature. NMR analysis indicated that a quantitative yield of the
      desired dihydrocinnamic acid had been obtained. The product was of
      sufficient purity to be used in the decarboxylation step described below.
PAR  Step 3. Decarboxylation.
PAR  A 100 ml. round bottom flask equipped with a magnetic stirrer, cold water
      condenser, CO.sub.2 outlet and bubbler, and a heated oil bath was charged
      with 14.9 g. of crude .alpha.-cyano-3-hydroxy-4-methoxydihydrocinnamic
      acid (above) and freshly redistilled quinoline (8 ml.). The acid underwent
      smooth decarboxylation at an oil bath temperature of
      150.degree.-155.degree.C with CO.sub.2 evolution continuing 45 min. The
      mixture was then heated 1 hour at 165.degree.C (oil bath) and permitted to
      cool to room temperature. For workup, the cooled mixture was treated with
      500 ml. of 1N HCl and extracted thoroughly with several portions of ether
      totalling 350 ml. The ether was washed with water (1 .times. 100 ml.),
      saturated NaHCO.sub.3 (4 .times. 50 ml.), brine (1 .times. 100 ml.), and
      finally dried over anhydrous Na.sub.2 SO.sub.4. Concentration of the ether
      solution gave 8.3 g. (70% yield) of
      .beta.-(3-hydroxy-4-methoxyphenyl)propionitrile as a pale yellow solid.
      Recrystallization from ethyl acetate/hexane gave the pure compound as
      light yellow crystals, m.p. 82.degree.C (62% yield of recrystallized
      product).
PAR  Steps 4 and 5. Condensation with Phloroglucinol and Hydrolysis.
PAR  A 100 ml. pear shaped flask equipped with a delivery tube so arranged that
      gas could be bubbled through the reaction mixture was charged with 2.131
      g. .beta.-(3-hydroxy-4-methoxyphenyl)propionitrile (above), anhydrous
      phloroglucinol (1.533 g.; commercial), and anhydrous diethyl ether (60
      ml.). After the reactants were completely dissolved by gentle swirling at
      room temperature, 0.5 g. of anhydrous (fused) zinc chloride was added, the
      delivery tube was attached, and the mixture was cooled to
      0.degree.-5.degree.C in an ice bath. HCl gas was then passed through the
      mixture at a vigorous rate for 2 hours. As the gas passed through the cold
      solution, the reaction product separated in the form of a viscous oil
      adhering to the walls of the flask. The mixture was then stored at
      0.degree.C, protected from moisture, during which time the oily product
      partially crystallized (.about.16 hrs.). The supernatant ether solution
      was decanted and the residual semi-solid mass was boiled with 25 ml. of
      water under reflux for 1.5 hour. On cooling, an oil separated which
      rapidly crystallized. The solid was filtered at 0.degree.C, washed with
      ice water, and dried under vacuum to yield 1.608 g. (44%) of hesperetin
      dihydrochalcone, m.p. 118.degree.-138.5.degree.C. Two recrystallizations
      from 2:1 H.sub.2 O/EtOH gave analytically pure material, m.p.
      142.5.degree.-146.5.degree.C., dec. Anal.: Calculated for C.sub.16
      H.sub.16 O.sub.6.1/2 H.sub.2 O: C, 61.4; H, 5.4. Found: C, 61.19; H, 5.41.
PAR  In Step (1) of the above procedure, the isovanillin is replaced by an
      equivalent amount of 3-hydroxy-4-propoxybenzaldehyde and the hesperetin
      dihydrochalcone homolog, 3-(3-hydroxy-4-propoxyphenyl)phloropropiophenone
      is secured.
PAR  In Step (2) of the above procedure the
      .alpha.-cyano-3-hydroxy-4-methoxycinnamic acid is reduced with one
      equivalent of sodium borohydride in aqueous ethanol (1:1 vol.) and the
      desired dihydrocinnamic acid is secured.
PAR  In Step (4) of the above process the zinc chloride is replaced by an
      equivalent amount of zinc bromide, titanium tetrachloride and stannic
      chloride, respectively, with equivalent results. The HCl is replaced with
      HBr, with equivalent results.
PAC  Sweetener Compositions
PAR  As in the case of the dihydrochalcone sweeteners (see the copending
      applications of Rizzi and Rizzi and Neely, above)
      3-(m-hydroxyphenyl)phloropropiophenone is not substantially water-soluble
      but exhibits its sweetener properties when properly dissolved. Once
      dissolved, in conjunction with various solvents, natural oils and the
      like, it is suitable for use as artificial sweetener compositions and to
      enhance the natural sweetness of certain poly-ols and sugars. Therefore,
      the sweetener compositions of this invention comprise
      3-(m-hydroxyphenyl)phloropropiophenone dissolved in certain solvents as
      hereinafter defined. In its method aspects, this invention comprises a
      method for potentiating the sweetness of certain sugars and poly-ols, and
      a method for sweetening foods, beverages, dentifrices, chewing gums,
      mouthwashes and other ingestible compositions.
PAR  Suitable solvents for the sweetener compositions containing
      3-(m-hydroxyphenyl)phloropropiophenone include the group consisting of
      ingestible, polar, organic liquids, and mixtures of said ingestible,
      polar, organic liquids and water containing at least about 0.15% by weight
      of said ingestible, polar, organic liquids. Such solvents include the
      members of the hereinafter disclosed classes of polar, organic liquids,
      especially those detailed in the list of permitted food additives
      periodically prepared and issued by the United States Food & Drug
      Administration and published in the Federal Register, and commonly
      referred to as the GRAS (Generally Recognized as Safe) list. Another group
      of ingestible organic solvents useful herein are the polar, organic
      liquids classified as safe for limited use in foods under the provisions
      of regulation 121.1164 of the U.S. Food and Drug Administration.
PAR  For example, liquid aldehydes and ketones, e.g., acetophenone,
      3-decen-2-one, isopulegone and the like, all dissolve the
      3-(m-hydroxyphenyl)phloropropiophenone and provide sweetener compositions.
PAR  A variety of liquid alcohols, e.g., ethyl alcohol, cedrol, 3-hexen-1-ol,
      neopentyl alcohol, 1-decanol, sorbitan monooleate polyoxyethylene and the
      like, are all suitable for use singly, in admixture one with another, and
      in water, to solubilize the 3-(m-hydroxyphenyl)phloropropiophenone and
      thereby provide artificial sweetener compositions.
PAR  The liquid organic acid esters of the formula RCOOR, wherein R represents
      straight-chain and branched alkyl groups having 1 to 10 carbon atoms, are
      a preferred class of solvents for use herein. The usefulness of such
      esters arises both because of their good solvent properties and by virtue
      of the fact that many esters are suitable for prolonged ingestion,
      themselves being major components of most natural flavor oils.
      Non-limiting examples of esters useful as ingestible, polar, organic
      liquid solvents herein include: pentyl pentanoate, isobutyl formate, ethyl
      acetate, amyl valerate, isoamyl valerate, butyl butyrate, isobutyl
      propionate, isoamyl decanoate, ethyl propionate, ethyl butyrate, isoamyl
      acetate and isobutyl valerate, all of which are suitable for use singly,
      in admixtures, and with water, in the sweetener compositions herein.
PAR  Low molecular weight organic acids, e.g., acetic acid and aqueous solutions
      thereof such as vinegar, are also suitable for use as the solvent herein.
PAR  Similarly, various naturally-occurring and synthetically-reconstituted
      flavor oils which are obtainable from plants are suitably employed to
      solubilize the 3-(m-hydroxyphenyl)-phloropropiophenone used in this
      invention, thereby providing sweetener compositions. It is not possible to
      specify with certainty the compositions of these various oils other than
      that they are highly complex liquid mixtures containing polar organic
      compounds such as lactones, ketones, aldehydes, thiols, carboxylic acids
      and acid esters. Some flavor oils contain nitriles, imides, organonitrates
      and the like. A long history of use by humans has shown that such flavor
      oils are physiologically acceptable and they are thus also preferred for
      use as ingestible organic solvents herein. Often, such flavor oils are
      employed with ethyl alcohol and 1,2-propylene glycol to provide various
      extracts, tinctures and concentrates containing said oils and it is a
      contemplated mode of the practice of this invention that such solutions
      can be used herein to provide sweetener compositions. These
      naturally-occurring, ingestible organic solvent oils can also be used with
      water and any of the above-noted preferred liquids as a co-solvent.
      Non-limiting examples of flavor oils suitable for use as solubilizing
      agents for 3-(m-hydroxyphenyl)phloropropiophenone include: oil of sweet
      birch, oil of spearmint, oil of wintergreen, oil of sassafras, cedar wood
      oil, anise oil, pine oil, dill oil, celery seed oil, various citrus oils
      including lemon, orange, lime, tangerine and grapefruit oils, clove oil,
      peppermint oil, cassia, carrot seed oil, cola concentrate, ginger oil,
      angelica oil and the like, singly and in admixtures, and all such oils can
      be used in the practice of this invention to dissolve
      3-(m-hydroxyphenyl)phloropropiophenone to provide sweetener compositions.
      These oils are obtained from the appropriate plant sources by extraction
      in the manner wellknown to those skilled in the art.
PAR  Any of the above-described ingestible, polar, organic liquids can be used
      in conjunction with water to provide aqueous-organic solvent systems
      useful in the preparation of the artificial sweetener compositions herein.
      For example, 3-(m-hydroxyphenyl)phloropropiophenone can be dissolved in
      ethyl alcohol and then diluted with water to yield a 0.002 molar solution
      of said phloropropiophenone containing five percent ethyl alcohol, which
      composition is suitable for sweetening foods and beverages.
PAR  The 3-(m-hydroxyphenyl)phloropropiophenone is also suitable for enhancing
      the natural sweetness of certain sugars, "sugar alcohols" (i.e., the
      poly-ols formed by reduction of natural sugars) and glycerol. For example,
      co-dissolution of 3-(m-hydroxyphenyl)phloropropiophenone with sugars such
      as glucose, fructose, lactose, mannose and cellibiose using an organic,
      or, preferably a mixed aqueous-organic solvent of the type disclosed
      above, substantially enhances the sweetness of the sugar. In like fashion,
      co-dissolution of 3-(m-hydroxyphenyl)phloropropiophenone with the
      exemplary sugar alcohols xylitol, mannitol and sorbitol, as well as with
      glycerol, substantially enhances the natural sweetness of these poly-ols.
      Again, it is to be recognized that it is a critical aspect when using
      3-(m-hydroxyphenyl)phloropropiophenone to enhance the sweetness of the
      various poly-ols and natural sugars, that said
      3-(m-hydroxyphenyl)phloropropiophenone be co-dissolved therewith by means
      of any of the foregoing polar, organic liquids or water containing at
      least about 0.15% of said organic liquids.
PAR  Accordingly, the present invention encompasses sweetener compositions
      comprising from about a 5 .times. 10.sup..sup.-4 molar to about 2.0 molar,
      preferably about a 5 .times. 10.sup..sup.-1 to about 1.0 molar,
      concentration of 3-(m-hydroxyphenyl)phloropropiophenone and a solvent
      selected from the group consisting of ingestible, polar, organic liquids
      of the type hereinabove disclosed and mixtures of said ingestible, polar,
      organic liquids and water containing at least about 0.15% by weight of
      said ingestible, polar, organic liquids. Preferred ingestible polar,
      organic liquids useful in the compositions herein include ethyl alcohol,
      1,2-dihydroxypropane, acetic acid, ethyl acetate, sorbitan monooleate
      polyoxyethylene, isoamyl acetate, isoamyl valerate, butyl butyrate,
      isobutyl propionate, as well as the natural oils such as spearmint oil,
      peppermint oil, cola extract, citrus oils, and the like, disclosed above,
      and mixtures thereof.
PAR  The present invention also encompasses sweetener compositions comprising
      from about 1% to about 99% by weight of a poly-ol compound of the formula
      HOCH.sub.2 (CHOH).sub.n CH.sub.2 OH wherein n is an integer from 1 to 4,
      and 3-(m-hydroxyphenyl)phloropropiophenone codissolved at a weight ratio
      of poly-ol:3-(m-hydroxyphenyl)phloropropiophenone in the range from about
      1:10.sup..sup.-6 to 1:1, preferably from about 1:10.sup..sup.-5 to about
      1:10.sup..sup.-3, in a solvent of the type hereinabove disclosed.
      Preferred poly-ols in said sweetener compositions include xylitol,
      sorbitol, mannitol and glycerol.
PAR  The present invention also encompasses sugar containing sweeteners
      comprising from about 2% to about 70% by weight of a natural sugar
      selected from the group consisting of sucrose, glucose, frutose, lactose,
      mannose and cellibiose and 3-(m-hydroxyphenyl)phloropropiophenone
      codissolved in a solvent of the type hereinabove disclosed at a weight
      ratio of sugar to 3-(m-hydroxyphenyl)phloropropiophenone from about
      1:10.sup..sup.-6 to about 1:1, more preferably from about 1:10.sup..sup.-3
      to about 1:10.sup..sup.-1.
PAR  The following examples illustrate the sweetener compositions of this
      invention, but are not intended to be limiting thereof. In each instance,
      the 3-(m-hydroxyphenyl)phloropropiophenone is dissolved in the ingestible
      organic solvent by stirring at 30.degree.C to 50.degree.C. When water is
      used in the composition as a co-solvent, the
      3-(m-hydroxyphenyl)phloropropiophenone is conveniently pre-dissolved in
      the organic solvent and the resulting solution is mixed with the water.
PAC  EXAMPLE III
PAR  Five grams of 3-(m-hydroxyphenyl)phloropropiophenone are dissolved in 100
      g. of ethyl alcohol and 1000 g. of water is admixed therewith. The
      resulting solution is suitable for use as a sweetener composition without
      further treatment.
PAC  EXAMPLE IV
PAR  Three-fourths gram of 3-(m-hydroxyphenyl)phloropropiophenone is dissolved
      in 20 g. of 1,2-dihydroxypropane at 50.degree.C. The resulting solution is
      suitable for use as a sweetener composition without further treatment.
PAC  EXAMPLE V
PAR  A concentrated, non-aqueous sweetener composition having an intense
      sweetness is prepared in the following manner: 10 g. of
      3-(m-hydroxyphenyl)phloropropiophenone is dissolved in 100 g. of ethyl
      alcohol. The resulting solution is suitable for use as a highly
      concentrated sweetener composition without further treatment.
PAC  EXAMPLE VI
PAR  One-half gram of 3-(m-hydroxyphenyl)phloropropiophenone is dissolved in a
      mixture of 1000 g. of water and 50 g. of sorbitan monooleate
      polyoxyethylene with gentle warming. The resulting solution is suitable
      for use as a sweetener composition without further treatment.
PAC  EXAMPLE VII
PAR  One-tenth part of 3-(m-hydroxyphenyl)phloropropiophenone is dissolved in 10
      parts of isoamyl acetate and the resulting solution provides a
      banana-flavored sweetener composition.
PAC  EXAMPLE VIII
PAR  0.2 gram of 3-(m-hydroxyphenyl)phloropropiophenone is dissolved in 100 g.
      of ethyl alcohol and 1000 g. of water is admixed therewith; 80 g. of
      sucrose is then dissolved in the solution. The sweetness of the sucrose is
      substantially enhanced and the resulting solution is suitable for use as a
      sweetener composition without further treatment.
PAR  The sucrose is replaced by an equivalent amount of fructose, glucose,
      lactose and cellibiose, respectively, and equivalent results are secured.
PAC  EXAMPLE IX
PAR  5 .times. 10.sup..sup.-6 mole of 3-(m-hydroxyphenyl)phloropropiophenone is
      dissolved in 15 ml. of a synthetic pineapple oil (corresponding to winter
      fruit) consisting of 2.91 parts ethyl acetate, 0.61 parts acetaldehyde,
      0.45 parts methyl n-valerate, 0.60 parts methyl isovalerate, 1.40 parts
      methyl isocaproate and 0.75 parts methyl caprylate and thence diluted to
      one liter with a solution of 50 parts mannose in 100 parts water. The
      natural sweetness of the mannose is enhanced and a pineapple-flavored
      sweetener composition is provided.
PAC  EXAMPLE X
PAR  A sweetener composition having a spearmint flavor is prepared as follows: 5
      .times. 10.sup..sup.-3 mole of 3-(m-hydroxyphenyl)phloropropiophenone is
      dissolved in 1000 ml. of water in which is dissolved 0.15% spearmint oil
      and a mixture of 20 g. sucrose and 20 g. fructose by heating for 10
      minutes at 60.degree.C. The sweetness of the sucrose-fructose combination
      is substantially enhanced.
PAR  The spearmint oil is replaced by oil of sweet birch, oil of wintergreen,
      oil of sassafras, cedar wood oil, anise oil, pine oil, dill oil, celery
      seed oil, lemon oil, lime oil, orange oil, grapefruit oil, tangerine oil,
      peppermint oil, clove oil, cassia, carrot seed oil, cola concentrate,
      ginger oil, angelica oil and mixtures thereof, respectively, and sweetener
      compositions of the corresponding flavors are secured.
PAC  EXAMPLE XI
PAR  One-half part of 3-(m-hydroxyphenyl)phloropropiophenone is dissolved in 10
      parts bitter almond oil and the resulting solution is added to a solution
      of 700 parts sorbitol in 1000 parts water. The weak natural sweetness of
      the sorbitol is enhanced and an almond-flavored sweetener composition is
      provided.
PAR  The bitter almond oil is replaced by oil of sweet birch, oil of spearmint,
      oil of wintergreen, oil of sassafras, cedarwood oil, anise oil, pine oil,
      dill oil, celery seed oil, lemon oil, lime oil, orange oil, grapefruit
      oil, tangerine oil, peppermint oil, clove oil, cassia, carrot seed oil,
      cola concentrate, ginger oil and angelica oil, respectively, and sweetener
      compositions of the corresponding flavors are secured.
PAR  The sorbitol is replaced by an equivalent amount of xylitol, mannitol,
      glycerol and 1,2,3,4-tetrahydroxybutane, respectively, and equivalent
      results are secured.
PAC  EXAMPLE XII
PAR  Brewed coffee and tea are sweetened as follows: a sufficient volume of the
      sweetener composition described in Example III is added to coffee and tea,
      respectively, such that the final concentration of dissolved
      3-(m-hydroxyphenyl)phloropropiophenone is about 0.005% by weight of the
      brewed beverage, or greater, according to taste.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sweetener composition comprising from about a 5 .times. 10.sup..sup.-4
      molar to about a 2.0 molar concentration of
      3-(m-hydroxyphenyl)phloropropiophenone of the formula
      ##SPC3##
     and a solvent selected from the group consisting of ingestible, polar,
      organic liquids, and mixtures of ingestible, polar, organic liquids and
      water, said mixtures containing at least about 0.15% by weight of said
      ingestible, polar, organic liquids.
NUM  2.
PAR  2. A composition according to claim 1 wherein the ingestible, polar,
      organic liquid is a member selected from the group consisting of liquid
      alcohols, glycols, low molecular weight organic acids, organic acid
      esters, aldehydes, ketones and mixtures thereof.
NUM  3.
PAR  3. A composition according to claim 1 wherein the ingestible, polar,
      organic liquid is a member selected from the group consisting of ethyl
      alcohol, 1,2-dihydroxypropane, acetic acid, ethyl acetate, sorbitan
      monooleate polyoxyethylene, isoamyl acetate, isoamyl valerate, butyl
      butyrate, isobutyl propionate, oil of sweet birch, oil of spearmint, oil
      of wintergreen, oil of sassafras, cedarwood oil, anise oil, pine oil, dill
      oil, celery seed oil, lemon oil, orange oil, lime oil, grapefruit oil,
      clove oil, peppermint oil, tangerine oil, cassia, carrot seed oil, cola
      concentrate, ginger oil, angelica oil and mixtures thereof.
NUM  4.
PAR  4. A sweetener composition comprising from about 1% to about 99% of a
      poly-ol compound of the formula HOCH.sub.2 (CHOH).sub.n CH.sub.2 OH
      wherein n is an integer from 1 to 4, and
      3-(m-hydroxyphenyl)phloropropiophenone of the formula
      ##SPC4##
     at a weight ratio of poly-ol:3-(m-hydroxyphenyl)phloropropiophenone in the
      range from about 1:10.sup..sup.-6 to 1:1 dissolved in a solvent selected
      from the group consisting of ingestible, polar, organic liquids and
      mixtures of ingestible, polar, organic liquids and water, said mixtures
      containing at least about 0.15% by weight of said ingestible, polar,
      organic liquids.
NUM  5.
PAR  5. A composition according to claim 4 wherein the poly-ol compound is
      selected from the group consisting of xylitol, sorbitol, mannitol and
      glycerol.
NUM  6.
PAR  6. A composition according to claim 4 wherein the ingestible, polar,
      organic liquid is a member selected from the group consisting of ethyl
      alcohol, 1,2-dihydroxypropane, acetic acid, ethyl acetate, sorbitan
      monooleate polyoxyethylene, isoamyl acetate, isoamyl valerate, butyl
      butyrate, isobutyl propionate, oil of sweet birch, oil of spearmint, oil
      of wintergreen, oil of sassafras, cedarwood oil, anise oil, pine oil, dill
      oil, celery seed oil, lemon oil, orange oil, lime oil, grapefruit oil,
      clove oil, peppermint oil, tangerine oil, cassia, carrot seed oil, cola
      concentrate, ginger oil, angelica oil and mixtures thereof.
NUM  7.
PAR  7. A sweetener composition comprising from about 2% to about 70% by weight
      of a natural sugar and 3-(m-hydroxyphenyl)phloropropiophenone of the
      formula
      ##SPC5##
     at a weight ratio of sugar:3-(m-hydroxyphenyl)phloropropiophenone in the
      range from about 1:10.sup..sup.-6 to 1:1 dissolved in a solvent selected
      from the group consisting of ingestible, polar, organic liquids and
      mixtures of ingestible, polar, organic liquids and water, said mixtures
      containing at least about 0.15% by weight of said ingestible, polar,
      organic liquids.
NUM  8.
PAR  8. A composition according to claim 7 wherein the sugar is selected from
      the group consisting of glucose, fructose, sucrose, lactose, mannose and
      cellibiose.
NUM  9.
PAR  9. A composition according to claim 7 wherein the ingestible, polar,
      organic liquid is a member selected from the group consisting of ethyl
      alcohol, 1,2-dihydroxypropane, acetic acid, ethyl acetate, sorbitan
      monooleate polyoxyethylene, isoamyl acetate, isoamyl valerate, butyl
      butyrate, isobutyl propionate, oil of sweet birch, oil of spearmint, oil
      of wintergreen, oil of sassafras, cedarwood oil, anise oil, pine oil, dill
      oil, celery seed oil, lemon oil, orange oil, lime oil, grapefruit oil,
      clove oil, peppermint oil, tangerine oil, cassia, carrot seed oil, cola
      concentrate, ginger oil, angelica oil and mixtures thereof.
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ABST
PAL  A procedure is provided for preparing protein-free wafers by mixing starch
      with water, stabilizing the mixture with an aqueous dispersion of a small
      percent by weight of gelatinized starch and forming wafers from the
      mixture thus prepared.
BSUM
PAR  The invention refers to a procedure for the preparation of protein-free
      wafers and the resulting products.
PAR  The common wafer biscuits are made from non-aproteinic wafers, which latter
      are commonly obtained by preparing a creamy batter made from flour, water,
      leavening, egg yolk, powdered milk, sugar etc., and baking this batter in
      a thin sheet between two heated plates.
PAR  The manufacture of protein-free wafers excludes the use of protein
      containing components, such as flour and egg yolk. In general, for
      aproteinic bakery products the known art suggests the use of starch in
      lieu of flour. However, in the specific case of wafers, which are prepared
      from a "cream" or "batter" rather than from a dough, the use of starch has
      so far been impossible owing to the fact that, even after the most intense
      dispersion in the required amount of water, the starch particles sediment
      at a velocity such as to render any successive working step impossible.
      Disperdants (which are permitted in the alimentary field) have proved
      inefficient, mainly owing to the fact that they lead to a final baked
      product, which is hard, compact and can in no way be assimilated to a
      wafer for the confection of wafer type biscuits.
PAR  According to the invention it has been found that it is possible to obtain
      excellent protein-free wafers for wafer biscuits by using gelatinized
      starch as a stabilizing agent.
PAR  An object of the present invention is therefore a procedure for the
      preparation of aproteinic wafers using starch in lieu of flour as a
      component of the batter, wherein the batter is stabilized against
      sedimentation of the starch by means of the addition of an aqueous
      dispersion of gelatinized starch.
PAR  The term "starch" as used in the present specification includes all kinds
      of starch, such as potato starch.
PAR  The procedure according to the invention comprises dispersing the starch,
      together with the other ingredients, in the required amount of water,
      preferably using a high speed mixer, till obtaining a homogeneous creamy
      batter, adding to it said dispersion of gelatinized starch, and continuing
      the mixing till the batter is completely homogenized. The final mixture or
      batter so obtained remains stable even up to 6-7 hours, that is to say for
      a duration which is sufficient to complete all successive process steps,
      such as the pouring of the batter upon the molds and its baking. The
      baking is carried out in the conventional manner, identical to that
      applied to wafers made from flour.
PAR  Wafers of excellent quality have been obtained using the following
      proportions of material and the following procedure:
PAR  For one part in weight of water 0.8-1.0, preferably 0.9 parts in weight of
      starch are used. Of this total amount of starch, 0.5-1.0, preferably 0.7
      weight % are dispersed in 8-15, preferably 10 weight % of the total water,
      and the dispersion is kept at 80.degree.-85.degree.C until the starch has
      gelatinized to form a very thin starch paste, in a manner per se known.
PAR  The remaining starch is dispersed in the remaining water, using preferably
      a mixer having a high speed of rotation, so as to obtain a homogeneous
      cream; while keeping the mixer in action, the starch paste prepared in the
      above described manner is added. With the homogenization produced by the
      mixer a final batter is obtained which remains stable for the above
      described time duration.
DETD
PAR  In order to even better illustrate the procedure, the following example is
      given:
PAR  A total of 9 kg of starch (potato starch) and 10 kg of water are used. 70 g
      of the total of 9 kg of starch are gelatinized into starch paste in 1 kg
      of the 10 kg of water by heating the dispersion to 80.degree.-85.degree.C.
      The remaining 8.930 kg of starch are dispersed in a mixer in the remaining
      9 kg of water, with the addition of 400 g of seed oil, 50 g powdered milk,
      15 g natural flavors and 100 g of chemical leavening. While the mixer is
      still in action, the starch paste is added, the stirring of the mixture is
      continued until it is completely homogenized. The obtained batter remains
      stable for approximately 6 hours. Therefore, within this time interval the
      additional process steps may be carried out. In this specific case, the
      batter is poured upon the mold within 3 hours from the end of the mixing
      operation. After approximately 3 minutes of baking between forms heated to
      approximately 350.degree.C, excellent protein-free wafers were obtained,
      which in their consistency and crispness were completely similar to those
      made from flour.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing protein-free wafers comprising the steps of
      mixing ingredients consisting essentially of starch and water to form a
      homogeneous pourable mixture, stirring into said mixture a stabilizing
      agent consisting of an aqueous dispersion of gelatinized starch,
      continuing said stirring until a completely homogeneous batter is
      obtained, pouring said batter in a thin layer into molds and baking the
      batter to form wafers, the total amount of starch being not more than an
      equal part by weight of the total amount of water utilized to form said
      wafer, said stabilizing agent comprising from 0.5 to 1.0% by weight of the
      total amount of starch and 8 to 15% by weight of the total amount of
      water.
NUM  2.
PAR  2. A process according to claim 1 wherein a total of 0.8 - 1.0 parts by
      weight of starch and 1 part by weight of water are used, and wherein said
      stabilizing agent is prepared by dispersing 0.5 to 1.0 weight % of the
      total starch in 8 to 15 weight % of the total water and cooking said
      dispersion at a temperature of 80.degree.-85.degree. C. until the starch
      is completely gelatinized.
NUM  3.
PAR  3. A process according to claim 2 wherein the stabilizing agent is prepared
      by dispersing 0.7 weight % of the total starch in 10 weight % of the total
      water.
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ABST
PAL  Sterile yoghurt is produced by a process wherein milk is pasteurized,
      homogenized and concentrated 10% by weight, sugar is added, the milk is
      cooled and acidulated by lactic acid producing bacteria to produce
      yoghurt, the yoghurt is cooled, stabilizers are added for distribution of
      proteins, the resultant yoghurt is allowed to stand for a period of time,
      the yoghurt is filled into containers and sterilized by heating followed
      by cooling and holding for a period of time and storing at room
      temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved process for the
      production of sterile yoghurt, wherein milk is pasteurized and homogenized
      and, furthermore concentrated by 10% by weight at a temperature of about
      92.degree.C, thereafter there is added 10% to 12% by weight sugar, cooled
      to about 40.degree.C and through the addition of cultures of lactic acid
      bacteria acidified to a pH-value of 4.0 to 4.3, by incubation over 21/2 to
      4 hours at a temperature in the range of 42.degree.C to 44.degree.C and
      after incubation cooled to a temperature in the order of 20.degree.C to
      30.degree.C.
PAR  The sterile yoghurt produced according to the invention is absolutely free
      of bacteria or germs and without cooling can be stored up to six months
      without decomposition occurring or losing its typical taste or the
      consistency thereof changing. Preferably yoghurt with fruit aromas are
      produced according to the inventive process, yet the yoghurt can possess
      other tastes, such as for instance hazel nut aroma.
PAR  It is generally known that yoghurt is a product formed of heated milk with
      specific fermentation promoters, containing a minimum fat content in
      accordance with the regulated milk, and the dry mass of which can be
      increased by the vaporization or addition of dried or powder milk or
      low-fat or skimmed dried milk. Yoghurt is a curdled or acidic milk which
      is frequently drunk in the Balkan countries, for instance Bulgaria, and
      which differs from conventional curdled milk due to the nature of the
      microorganisms. Yoghurt primarily contains Lactobacillus yoghurt,
      Lactobacillus bulgaricus and Streptococcus thermophilus, whereas the
      curdling of the conventional milk is brought about by Bacteria (lactis)
      aerogenis Streptococcus lacticus and the like.
PAR  Heretofore known prior art processes for the manufacture of yoghurt are
      carried out in the following manner
PAR  The milk from a cow is vaporized until reaching approximately a specific
      weight of 1.035 (or there is added skimmed dried or powdered milk), then
      rapidly cooled from a temperature range of about 95.degree.C to
      97.degree.C to a temperature range of 42.degree.C to 45.degree.C and there
      is added thereto 4% to 6% of the above-mentioned bacteria culture. The
      entire mass or mixture is then maintained for 2 1/2 to 3 hours at a
      temperature of 42.degree.C to 45.degree.C (water bath, cooking vessel,
      incubator), whereby a portion of the sugar of milk or lactose is
      transformed by bacteria into lactic acid and some alcohol and there then
      occurs coagulation or curdling. Finally, the yoghurt is filled into small
      carefully incubated vessels or containers, stored 1 to 1 1/2 hours at room
      temperature, cooled in a stream of cold water and stored for at least 5
      hours at 4.degree.C to 5.degree.C. A process proposed in Czechoslovakia
      recommends heating to 52.degree. C for 30 minutes and then cooling for a
      short time to 20.degree.C to 21.degree.C. In this regard attention is
      invited to the publication "Food Manufacture 1963", page 176. In U.S. Pat.
      No. 3,025,165, there is obtained from milk where the cream has been
      skimmed, yoghurt free of butter, which after dispersing of highly
      unsaturated oils or fats has added thereto in conventional manner yoghurt
      bacteria. The addition of fruits or other aromatic substances occurs prior
      to filling into the containers. Yoghurt before it is edible should be at
      least 12 hours old and at least have been stored for 5 hours at 4.degree.C
      to 6.degree.C. It is especially recommended for persons suffering from
      stomach and intestinal problems; its lactic acid is supposed to counteract
      damaging intestinal bacteria. According to the article of Baumgartel,
      appearing in the publication "Vitalstoffe" 1959, pages 193-198, the
      Escherichia colibacteria are displaced by the yoghurt, with the result
      that there is quite markedly intensified the acidophilus bacteria in the
      intestine; the same effect is attained by acidophilus preparations. The
      lactic acid content of yoghurt should not be less than 0.8% and should not
      amount to much more than 1.0%. Each 100 grams yoghurt contains on the
      average 86.1 grams water, 4.8 grams protein, 3.75 grams fat, 4.5 grams
      carbohydrate, 0.86 grams mineral substances, 42 mg.Na, 190 mg.K, 150
      mg.Ca, 135 mg.P, 0.033 mg.vitamin A, 0.045mg.vitamin B.sub.1, 0.24
      mg.vitamin B.sub.2, and 2 mg.vitamin C.
PAR  Yoghurt produced according to conventional processes only can be stored
      while cooled and transported to a limited extent. Since the yoghurt
      heretofore known still contains bacteria, in particular Streptococcus
      thermophilus, there also can occur the formation of carbonic acid, apart
      from the formation of mildew and other decomposition products.
PAC  SUMMARY AND DETAILED DESCRIPTION OF THE INVENTION
PAR  Hence it is a primary object of the present invention to provide an
      improved process for the production of yoghurt wherein there is obtained
      yoghurt which can be maintained without cooling for as much as 6 months
      and without it losing its characteristic taste.
PAR  It was possible to determine that yoghurt, which normally still contains
      micro-organisms, must be completely free thereof in order that it can be
      stored over longer periods of time at normal or standard conditions. Of
      course, after the removal of the remaining bacteria the yoghurt must keep
      its typical taste and its velvet consistency, that is to say, there should
      not occur for instance any separation of whey. Also the yoghurt must not
      contain any preservatives.
PAR  The novel and improved process of this development for the production of
      sterile yoghurt is characterized by the features that prior to the
      addition of the fruits and/or aromatic substances the yoghurt is cooled to
      a temperature of at least 25.degree.C, for dissolving or distribution of
      protein there are added stabilizers at a temperature of less than
      12.degree.C, and this mass or mixture is then permitted to stand at this
      temperature for 5-7 hours, the stabilizers containing hydrocolloids,
      starches and pectin, thereafter the mass is filled into packages, these
      packages are hermetically sealed, then sterilized in an autoclave up to 50
      minutes at a temperature in a range of 60.degree.C and 85.degree.C and at
      a pressure up to 2.0 atmospheres, cooled in the autoclave under pressure
      to a temperature in the order of 10.degree.C to 15.degree.C, then stored
      for 2-4 days at a temperature of 4.degree.C to 6.degree.C, and finally
      stored at room temperature.
PAR  Generally, the preservation of curdled or acidic milk products by thermal
      treatment is based upon the principle of the germ killing effects of heat
      in the acidic range and there are certain measures which are necessary in
      order to render the acidic casein gel heat-resistant, since such contracts
      in the presence of heat, with the result that serum is expelled. Hence,
      one is concerned with preventing this process and it is important to
      reduce the contraction force and to increase the capillary resistance of
      the casein gel. Only in this way is it possible to thermally treat curdled
      or acidic milk products so as to prevent the escape of whey, and to
      prevent that the casein becomes sandy or mealy.
PAR  The following factors influence the reduction of the shrinkage or
      contraction of the casein when carrying out the inventive process:
PA1  1. Lower pH-value of the acidified pre-product.
PA1  2. Casein content and sugar content as well as fat content.
PA1  3. Cooling of the acidic product prior to heating.
PA1  4. Temperature of the thermal treatment.
PA1  5. Decomposition of the protein.
PA1  6. Stabilizers.
PA1  7. Heating temperature of the acidic product.
PA0  1. Lower pH-value of the acidified yoghurt
PAR  The lower the starting pH-value of the yoghurt that much less problematic
      is it to carry out the subsequent thermal treatment. The advantage of a
      markedly acidified yoghurt has two effects: considered from the
      technological standpoint, the thermal treatment can be carried out much
      easier in the acidic range the more acidic the starting material, and
      considered bacteriologically the deadening or killing effect is likewise
      that much better the more acidic the starting product. The taste
      sensitivity as well as the digestivity or wholesomeness, however, prevents
      the products from being too acidic. Therefore, the lower acceptable
      pH-level is determined by the factors of digestivity or wholesomeness and
      the acceptable degree of acidity from the standpoint of taste, and thus
      with the process of the invention the thermal treatment, namely the
      sterilization, preferably is carried out at a pH-value which is in the
      order of 3.9 to 4.1.
PA0  2. Fat content-casein content-sugar content
PAR  The greater the fat content the easier it is to carry out the thermal
      treatment. The fat has a stabilizing effect with respect to the casein gel
      and prevents the separation of whey in the final product. The optimum fat
      content amounts to about 1.5% to 2.5% milk fat.
PAR  Converse conditions are present for the casein. The greater the casein
      content the more difficult it is to thermally process the yoghurt.
      Particularly favorable to the thermal treatment is the addition of whey
      powder, however this additive is disadvantageous from the standpoint of
      the taste sensitivity.
PAR  Sugar improves the thermal treatment of yoghurt and the resistance in
      relation to casein particles is increased by the inclusion of water. It is
      for this reason that it can be advantageous to heat a part of the sugar
      contained in the final product already with the starting milk.
PA0  3. Cooling of the acidic product prior to thermal treatment
PAR  The adherence of water to protein is favored at low temperatures. It is
      therefore advantageous to cool the acidified yoghurt, prior to further
      treatment, to a temperature of less than 12.degree.C. Without these
      measures and notwithstanding the use or presence of hydrocolloids, there
      can occur the syneresis of whey in the final product.
PA0  4. Temperature of the thermal treatment
PAR  High temperatures and corresponding heating times of the starting milk
      favorably influence the thermal treatment of the yoghurt. The whey
      proteins which are separated at high temperatures have a stabilizing
      effect with regard to the contraction forces of the casein gel, so that
      there is possible a two-fold effect in the sense of an improved thermal
      treatment. Milk, which is intended to be used to produce sterile yoghurt,
      therefore should always be pasteurized at a temperature of at least
      90.degree.C. How long such should be maintained heated at such elevated
      temperature is extensively dependent upon the pH-value which is required
      during the thermal treatment of the yoghurt.
PAR  An end limit with regard to the degree of heating and the time is indicated
      when there occur disadvantageous taste and optical effects upon the milk.
PA0  5. Decomposition of protein
PAR  The thermal treatment of yoghurt is slightly improved microbiologically or
      enzymatically due to decomposition of protein. That yoghurt, which is
      intended to be used for the fabrication of sterile yoghurt, should be
      acidified through the use of an additive of lactobacilli L. casei. There
      also can be used for this purpose mucous-forming bacteria strains. The
      effect is to increase the viscosity and to improve the thermal treatment
      of the yoghurt. During the selection of the cultures there are preferred
      those whose acidification process can be controlled in a good manner, so
      that at the end there can be achieved an exact pH-value.
PA0  6. Stabilizers
PAR  The stabilizers contain hydrocolloids, of which the following are
      preferred: fruit pectin, pectic acid, alginic acid as well as suitable
      sodium- and calcium compounds, agar-agar, carageen, guar meal or flour and
      carob-bean meal flour, further enriched starches and starch meal or
      powder.
PAR  Which hydrocolloid is employed is dependent upon the correct dosage.
      Especially those hydrocolloids are to be used which do not
      disadvantageously alter the acidified product with regard to viscosity and
      appearance. As far as taste is concerned, at the final product there
      should not be discernible any aftertaste.
PAR  For pre-swelling there are preferably employed the hereinafter listed
      stabilizers and emulsifiers.
PA0  7. Heating temperature of the acetic product
PAR  According to a particular embodiment of the inventive process, the heating
      of the stabilized product can be carried out in the following manner:
TBL  Time          Temperature in .degree.C                                    

                                   Pressure                                    

     ______________________________________                                    

      0-10 minutes 60.degree.C to 80.degree.C                                  

                                  about 1.5                                    

                                  atmospheres                                  

     10-about 25 minutes                                                       

                   up to about 85.degree.C                                     

                                  1.6-2.0                                      

     about 15 minutes                                                          

                   Cooling down to                                             

                                  up to stan-                                  

                   15.degree.C    dard pressure                                

     ______________________________________                                    

PAL  During the conventional production of yoghurt there are also used
      stabilizers, but such serve for concentrating the milk and not for
      swelling, as such occurs in the present process of this development. It is
      to be understood that regarding the swelling, as the same here occurs,
      there is to be understood that there does not occur any concentration or
      thickening of the milk, rather the protein contained in the milk is
      dissolved or distributed. As part of the heretofore used and known
      stabilizers there belong, among others, also gelatine which ensures that
      the yoghurt will have imparted thereto a velvet consistency, but gelatine
      has the drawback that yoghurt treated with the gelatine again becomes more
      liquid at a temperature of 18.degree.C and more.
PAR  The stabilizers required for carrying out the process of this invention and
      which bring about swelling of the yoghurt are well known in the art,
      however they were not previously used for swelling, rather for
      concentrating or thickening the milk. These stabilizers can be divided
      into three groups, namely the stabilizers A which, for instance, contain
      an emulsifier (GMS-33 glycerine monostearate), carageen (Satiagel HV ex
      rot 5270), carboxymethylcellulose (AKU-CMC 4 F 850), carob-bean meal,
      (Polygum 14 T) and guar meal or powder (Polygum 26 N), the stabilizers B
      which for instance consist of potato starch or other starches, and finally
      the stabilizers C, which practically consist of "SuCrest YO - 72" (pure
      modified plant starch) and "SuCrest YO - 100" (60% modified gelatine and
      sucrose wherein the sucrose is the carrier). The last mentioned stabilizer
      can be commercially obtained on the market from the German firm SuCrest WD
      GmbH, Offenbach, Germany.
PAR  Initially there is preferably added to the yoghurt the stabilizer A in a
      quantity of about 0.2 % by weight, and such is then permitted to stand in
      order to obtain swelling. Thereafter the stabilizer B can be added in the
      same amount, and preferably such is permitted to stand for further
      swelling at temperatures less than 12.degree.C, and finally there can be
      added to the yoghurt mass the stabilizer C in a quantity of about 0.4 to
      0.5 % by weight.
PAR  In the event that the pH-value of the yoghurt, after incubation is too low,
      then prior to or after the addition of the stabilizers such can be
      corrected by the addition of a mixture which, for instance, consists of
      disodium phosphate and sodium citrate. Generally, however, correction of
      the pH-value should only be about 0.1.
PAR  After the possibly undertaken pH-correction, there is usually admixed to
      the treated yoghurt mass the fruit or aroma substances. There is also the
      possibility of adding some sugar in the event that the taste of the
      obtained yoghurt is too acidic, however the greatest amount of sugar
      should be added to the milk after concentration.
PAR  As a general rule the fabricated aromatized yoghurt should be permitted to
      stand for about 24 hours at temperatures less than 8.degree.C and then
      filled into containers which are hermetically sealed, such as for instance
      cans formed of tin plate, which are internally provided with a protective
      coating or lacquer, or also aluminum cans with an internal lacquer
      coating.
PAR  After completion of sterilization in an autoclave the finished sterile
      yoghurt can be checked in the following manner:
PAR  During storage for one week at 25.degree.C, there must not occur any
      syneresis or swelling. Furthermore, for the bacteriological control of
      sterile yoghurt, there are applicable more stringent requirements than
      usual. The proof is primarily related to yeast and mold as well as spores
      (clostridium). Setting-up of durability samples:
PA1  10 - 15 days at 30.degree.C - 37.degree.C
PA1  5 days at 50.degree.C (for detection of clostridium)
PA1  3 months (90 days) at 20.degree.C - 30.degree.C
PA1  5 months (120 days) at 15.degree. - 25.degree.C or
PA1  8 months (240 days) at 4.degree.C
PAR  During this storage time there should not be detectable any of the
      above-mentioned germs or spores.
DETD
PAR  In the Example given hereinafter there is described a preferred exemplary
      embodiment of the inventive process.
PAC  EXAMPLE
PAR  100 liters of full-cream milk are continuously pasteurized at 92.degree.C -
      93.degree.C, pre-heated at a temperature of about 65.degree.C and
      homogenized at a pressure of about 160 atmospheres. These three operations
      also can be carried out in a different sequence, depending upon the
      employed equipment. Thus, the milk can be pre-heated to 65.degree.C,
      homogenized at a pressure of 160 atmospheres and then continuously
      pasteurized. The milk prepared in this manner is then concentrated 10% by
      weight by evaporation or vaporization at a temperature up to 92.degree.C.
      Thereafter the milk is introduced into a further apparatus and there is
      added 10% by weight sugar to the concentrated or thickened milk. The mass
      is cooled to about 42.degree.C and there is added 2,5 % to 3.5% by weight
      of a yoghurt culture to the thus obtained milk (the amount of the added
      yoghurt culture depends upon the composition of the employed full-cream
      milk). The incubation with the yoghurt culture takes place for 2 1/2 to 4
      hours, the temperature amounting to about 42.degree.C to 44.degree.C.
      Incubation must occur as a general rule for such length of time until
      there is reached a pH-value of 4.2 to 4.3. Then the mass is cooled to a
      temperature of about 24.degree.C - 25.degree.C, thereafter there are added
      the stabilizers. There are employed the following stabilizers:
PAC  STABILIZER A
PA1  20 - 30 % by weight emulsifier (GMS - 33 glycerin monostearate
PA1  30 - 40 % by weight carageen (Satiagel HV ex rot 5270)
PA1  30 - 40 % by weight carboxymethylcellulose (AKU - CMC 4 F 850)
PA1  2 - 3 % by weight carob-bean meal or powder (Polygum 14 T)
PA1  4 - 8 % by weight guar meal or powder (Polygum 26 N)
PAC  STABILIZER B
PA1  Potato starch
PAC  STABILIZER C
PA1  75 - 85 % by weight SuCrest YO - 72 (pure modified plant starch)
PA1  15 - 25 % by weight SuCrest YO - 100 (60 percent modified gelatin and
      sucrose wherein the sucrose is the carrier)
PAR  Of these stabilizers 200 grams of the stabilizer A and 200 grams of the
      stabilizer B are dissolved in 200 grams water and such is added to the
      acidulated milk. For swelling is the acidified milk is permitted to stand
      for about 5 - 7 hours at a temperature of about 4.degree.C, then,
      independent of the quality of the obtained yoghurt, there is added to the
      mass up to 450 grams of the stabilizer C. This stabilizer C imparts to the
      yoghurt a velvety quality. If the pH-value of the yoghurt amounts to less
      than 4.1, then this value can be corrected by the addition of a mixture
      consisting of disodium phosphate and sodium citrate. Correction of the
      pH-value, however, can only take place by 1/10 pH, this correction being
      carried out prior to the addition of the stabilizers. Thereafter there are
      admixed with the yoghurt 10% by weight strawberries and such is permitted
      to stand for about 24 hours at 40.degree.C. Thereafter the mass is
      hermetically filled into packages or containers formed of aluminum having
      an inner lacquer coating. These packages now must be sterilized, and the
      following procedures are carried out: the aluminum cans filled with the
      yoghurt are heated in an autoclave, such as used in the canned goods
      industry, initially during a period of 10 minutes at a pressure up to 1.6
      atmospheres to a temperature up to 80.degree.C, then there is increased
      the temperature to 84.degree.C for 12 minutes and the pressure to about
      1.8 atmospheres, and thereafter the mass is permitted to cool for 20 to 25
      minutes to about 15.degree.C, the cooling being carried out in the last
      few minutes without the use of pressure. After completion of the
      sterilization the yoghurt is stored for 3 days at a temperature of
      4.degree.C and finally it can be stored at room temperature.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  Accordingly, what is claimed is:
NUM  1.
PAR  1. A method for the production of sterile yoghurt which comprises
      concentrating pasteurized and homogenized milk by 10% by weight at a
      temperature of about 92.degree.C in which the pasteurization is effected
      at a temperature of at least 90.degree.C, thereafter adding 10% - 12% by
      weight sugar, cooling to about 40.degree.C, adding cultures of lactic acid
      bacteria and incubating to a pH-value of 4 to 4.3 over 2-1/2 to 4 hours at
      42.degree.C to 44.degree.C after incubation, cooling to 20.degree.C to
      30.degree.C, cooling the yoghurt thus produced to a temperature of
      4.degree.C to 12.degree.C and adding thereto an effective amount of
      stabilizer A, which contains by weight 20-30% emulsifier, 30-40% carageen,
      30-40% carboxymethylcellulose, 2-3% carob-bean meal or powder, and 4-8%
      guar meal or powder; stabilizer B, which is potato starch or other starch;
      and stabilizer C, which contains by weight 75-85% pure modified plant
      starch and 15-25% of 60% modified gelatin and sucrose wherein the sucrose
      is the carrier, for the dissolving or distribution of proteins, and
      permitting the resulting mass to stand at 4.degree.C to 12.degree.C for
      5-7 hours, thereafter filling the mass into containers, hermetically
      sealing the resulting packages, sterilizing the packages in an autoclave
      at a temperature in the range of 60.degree.C to 85.degree.C and at a
      pressure up to 2 atmospheres for a time sufficient to sterilize, cooling
      the packages under pressure to 10.degree.C to 15.degree.C, further storing
      the packages for 2-4 days at a temperature of 4.degree.C - 6.degree.C, and
      finally storing the packages at room temperature.
NUM  2.
PAR  2. The method as defined in claim 1, wherein the pH-value during
      sterilization amounts to less than 4.2.
NUM  3.
PAR  3. The method as defined in claim 1, wherein after the addition of the
      stabilizers, the temperature at which the mass is permitted to stand is
      4.degree.C to 8.degree.C.
NUM  4.
PAR  4. The method as defined in claim 1, including the step of correcting the
      pH-value of the mass which is less than 4.1 through the addition of a
      predetermined quantity of disodium phosphate and sodium citrate.
NUM  5.
PAR  5. The method as defined in claim 4, wherein the disodium phosphate and
      sodium citrate is added after the addition of the stabilizers.
NUM  6.
PAR  6. The process as defined in claim 4, wherein the disodium phosphate and
      sodium citrate is added prior to the addition of the stabilizers.
NUM  7.
PAR  7. The method of claim 1, in which stabilizers A and B are added in a
      quantity of about 0.2% by weight, and then stabilizer C in a quantity of
      about 0.4% to 0.5% by weight.
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ABST
PAL  Heat-resistant masking compositions suitable for use in masking vitreous
      and semicrystalline ceramic surfaces from coating by liquid-sprayed
      coating compositions to provide permeation-resistant masks which are
      readily removable even after high temperature firing are described. The
      masking compositions comprise bentonite clay and a finely-divided
      refractory inorganic oxide release agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the ceramic art it is often desirable to utilize spray-coating processes
      to provide decorative, protective, electrically-conductive, reflective or
      other similarly functional coatings on ceramic articles. A wide variety of
      solutions, emulsions and suspensions useful for providing such functional
      coatings are commonly applied to ceramic articles by spraying in liquid
      form.
PAR  In many cases, it is desirable to apply sprayed coating compositions only
      to selected portions of a ceramic article. The expedient of masking
      portions of the article which are not to receive the coating composition
      is then employed because of the difficulty of precisely controlling the
      spraying process to cover only limited surface areas.
PAR  The most important requirement of a good masking material is that it be
      sufficiently impervious to the sprayed coating composition to prevent
      contact between the composition and the ceramic surface. In addition,
      where it is desired that the mask undergo additional processing steps
      prior or subsequent to the actual spray coating operation, the mask must
      not interact deleteriously with the ceramic surface or the coating
      composition during these additional processing steps.
PAR  The most common example of additional processing which adversely affects
      common masking material is high temperature firing. Many ceramic coating
      operations involve firing at quite high temperatures prior or subsequent
      to the spray application of the coating composition, and few masking
      materials will survive such a firing without adversely affecting the
      coating or the ceramic substrate.
PAR  Bulky masking assemblages suitable for mechanical attachment to ceramic
      articles may be fabricated of refractory materials such as stainless steel
      or asbestos to provide masks which will withstand a high temperature
      firing treatment. However, the thickness required to impart reasonable
      mechanical durability to such an assemblage necessarily produces a thick
      mask which causes a shadowing or halo effect at the edge portions of a
      sprayed coating. Thus, thick masks are unacceptable where coating edge
      thickness is important.
PAR  Masking compositions which may be applied to ceramic surfaces to provide
      thin masking coatings thereon have been employed in the prior art, but
      many are excessively permeable and most will not withstand high
      temperature firing without themselves bonding to the ceramic substrate to
      an objectionable degree. Attempts to circumvent this problem by providing
      masking compositions composed of refractory materials resistant to bonding
      and sintering have not been successful because such compositions are
      commonly porous and thus permeable by sprayed coating compositions.
PAR  What is therefore required is a masking composition which is both
      impermeable to liquid coating compositions and readily removable from
      ceramic surfaces after exposure to elevated firing temperatures.
PAC  SUMMARY OF THE INVENTION
PAR  We have now discovered masking compositions which will provide a mask which
      is both impermeable to most sprayed coating compositions and readily
      removable from non-porous ceramic surfaces even after firing to
      temperatures as high as 700.degree.C. or higher. Our masking compositions
      comprise a bentonite clay component, typically making up about 40-90% by
      weight of the composition, and a finely-divided refractory metal oxide
      release agent component, typically making up about 10-60% by weight of the
      composition, which is essential to the removability of the composition
      after exposure to elevated temperatures in excess of about 500.degree.C.
PAR  The nature and precise composition of the bentonite clay component of the
      mask is not critical to the invention; any of the commercially available
      bentonite clays are suitable constituents of our masking compositions.
      However, it is important that a bentonite clay rather than a kaolinite,
      beidellite, or other clay species be employed if impermeable, adherent,
      yet removable masks are to be obtained.
PAR  The finely-divided refractory metal oxide release agents may consist of
      simple metal oxides such as silica, titania, iron oxide, tin oxide, or
      calcium oxide, metal oxide products of fusion which provide the required
      degree of refractoriness such as 96% silica glasses, or metal oxide
      mixtures, compounds, or combinations such as alundum cement, a mixture
      typically composed of 90 parts alumina, 5 parts silica and 5 parts lime by
      weight. By refractory metal oxide agent is meant an agent having a melting
      point, solidus temperature, or softening point in excess of the highest
      firing temperature to be encountered by the masking composition. Thus,
      these metal oxide agents normally have fusing temperatures in excess of
      700.degree.C., preferably in excess of 1000.degree.C. By finely-divided
      metal oxide agent is meant a particulate agent wherein the particle sizes
      do not exceed about 100 mesh United States Standard Sieve.
PAR  Among the ceramic materials which may be usefully masked with our
      compositions are vitreous ceramics (glasses) and semicrystalline ceramics
      commonly referred to as glass-ceramics. Both vitreous and semicrystalline
      ceramics typically have non-porous surfaces which permit ready removal of
      the masking composition after firing. Hence, very mild removal methods
      which do not affect the quality of the functional ceramic coating on
      unmasked surface portions of the ceramic may be utilized to remove these
      masks. Crystalline ceramic articles having increasing amounts of surface
      porosity present increasingly difficult removal problems, but the ready
      removability of our masking compositions permits their use even on some
      porous ceramic surfaces where masking coatings have not previously been
      employed.
PAR  A convenient method of applying the masking compositions of the inventions
      comprises mixing a selected composition with a volatile liquid vehicle to
      form a fluid suspension thereof. This suspension may then be applied by
      spraying, brushing, dipping, rolling or other conventional means to form a
      coating and the volatile vehicle may then be driven off by heating the
      coated ceramic surface to a temperature above the boiling point of the
      vehicle. A particularly preferred method comprises applying the masking
      composition in the form of a slip or slurry by spraying onto the ceramic
      surface.
PAR  Removal of the masking composition after the application of the functional
      decorative, conductive, reflective or protective coating to the ceramic
      surface is extremely simple, being readily accomplished by water rinsing
      with occasional hand rubbing even when the masking composition has been
      subjected to firing temperatures approaching 700.degree.C.
PAC  DETAILED DESCRIPTION
PAR  The masking compositions of the present invention are particularly useful
      where the process of applying the functional coating requires
      spray-coating a heated ceramic surface, and where the edge thickness of
      the coating is important to its function. An example of such a process is
      the application of an electroconductive tin oxide coating to a glass or
      glass-ceramic surface by heating the surface to a high temperature and
      spraying the hot surface with a solution of a tin compound which
      decomposes on contact with the surface to yield a tin oxide coating.
      Normally, glass or glass-ceramic surface temperatures in the range of
      about 500.degree.-700.degree.C. are employed in this process, and the mask
      must be in position on the ceramic surface at the time the tin-containing
      solution is applied. Edge thickness variations in the resulting tin oxide
      films are to be avoided because such variations produce altered electrical
      resistance properties at the coating edge; hence, bulky mechanical masks
      may not be used.
PAR  Our masking compositions may usefully be employed in the above-described
      tin-oxide coating process by applying to selected portions of the glass or
      glass-ceramic surface to be masked one of the masking compositions above
      described, preferably by spray application of the composition to the glass
      or glass-ceramic surface in the form of a flowable slip or slurry, heating
      the glass or glass-ceramic surface to a temperature in the range of about
      500.degree.-700.degree.C. (suitable for decomposing a selected tin
      compound), spraying the heated surface with a solution of the selected tin
      compound to achieve the desired degree of tin oxide deposition, cooling
      the coated surface, and removing the masking composition by the
      application of water. The resulting tin oxide coatings are of uniform
      thickness and provide desirable electrical behavior.
PAR  Masking compositions which are particularly preferred for masking heated
      surfaces against sprayed salt solutions consist essentially of about
      40-60% by weight of bentonite clay and 40-60% by weight of a
      finely-divided refractory metal oxide release agent selected from the
      group consisting of SiO.sub.2, CaO and alundum cement, with alundum cement
      preferably comprising 40-50% of the composition and silica and/or lime
      comprising 0-10% thereof.
PAR  For the preparation of fluid suspensions of the disclosed masking
      compositions to be applied to ceramic surfaces by spraying or similar
      means, any water-containing liquid vehicle which may be removed from the
      composition by volatilization without decomposition may be employed.
      Suitable vehicles include but are not limited to water and mixtures of
      water with liquids which are miscible with water, including, for example,
      the lower alkanols, e.g. alkanols of 1-4 carbon atoms such as methanol,
      ethanol, or isopropyl alcohol. The nature of the liquid vehicle can affect
      the removability of the masking composition, however, and for best
      removability we particularly prefer to employ a vehicle consisting
      essentially of a mixture of water and methanol which comprises about
      20-50% methanol by volume. Masking compositions comprising bentonite clay,
      alundum cement and, optionally, silica and/or lime are rendered
      particularly readily removable when slurried with these water-methanol
      mixtures and applied to ceramic surfaces by conventional spray techniques.
PAR  We have found that the adherence and green strength of masking compositions
      applied to ceramic surfaces with an incorporated water-containing vehicle
      are improved by heating at temperatures in excess of about 100.degree.C.
      to remove most of the vehicle component prior to use.
DETD
PAR  The invention may be further understood by reference to the following
      example.
PAC  EXAMPLE
PAR  Two glass-ceramic dishes to be provided with electrically-conductive tin
      oxide coatings on their base portions only are selected for treatment. The
      dishes are composed of a lithium aluminosilicate glass-ceramic, material,
      being semicrystalline in nature but having surfaces essentially free of
      porosity. A masking composition in the form of a slurry is prepared by
      adding 40 grams of a bentonite clay, 30 grams of a finely-divided alundum
      cement metal oxide release agent, and 10 grams of a CaO metal oxide
      release agent to 200 milliliters of a methanol-water vehicle consisting of
      50% methanol and 50% water by volume. The alundum cement had a maximum
      particle size of about 100 mesh and the CaO also had a maximum particle
      size of about 100 mesh. The resulting slurry is flowable and has a
      viscosity suitable for spraying according to conventional methods.
PAR  The slurried masking composition prepared as described is applied at room
      temperature by spraying to the edge portions of one of the glass-ceramic
      dishes selected for treatment to provide a mask thereon. The edge portions
      of the other glass-ceramic dish are masked by spraying with a sprayable
      slurry consisting only of bentonite and water, the thicknesses of the
      masking layers on each of the two dishes being approximately equivalent.
PAR  Following the application of masking layers as described, the two dishes
      are heated to approximately 600.degree.C. in a kiln, removed, and sprayed
      while hot with a solution of tin chloride. Upon contact with the heated
      dishes, the solution is volatilized and the tin chloride is converted by
      pyrolysis to tin oxide (SnO.sub.2).
PAR  After coating, the tin-oxide-coated dishes are cooled to room temperature
      and attempts are made to remove the masking compositions. The mask which
      is composed of bentonite alone is very difficult to remove, requiring the
      use of an abrasive detergent composition and vigorous scrubbing to obtain
      complete removal. The complete avoidance of damage to areas of the
      tin-oxide coating adjacent to the mask is impossible, and some scratching
      of the ceramic surface is incurred.
PAR  In contrast, the masking composition according to the invention, being
      composed of bentonite plus the alundum cement-lime release agent, is found
      to be rather friable upon cooling, and most of the mask can be removed by
      vigorous spraying with water. Only light brushing or hand rubbing with
      additional water is required to remove the remainder. The edges of the tin
      oxide coating adjacent the masked areas are sharp and well-defined, being
      equivalent in thickness to the remainder of the coating and undamaged by
      the mask removal process.
PAR  While the above example is illustrative of the best mode presently known
      for carrying out the present invention, it is apparent from the foregoing
      description that a wide variety of masking compositions employing
      different release agents and proportions thereof may be prepared within
      the scope of the present invention. The Table below gives some additional
      examples of masking compositions, given in parts by weight, which may be
      usefully employed on glass and glass-ceramic surfaces according to the
      invention.
TBL                TABLE                                                       

     ______________________________________                                    

     1.     25    parts bentonite,                                             

            5     parts TiO.sub.2                                              

     2.     25    parts bentonite,                                             

            5     parts pulverized Corning Code 7930 glass*                    

     3.     25    parts bentonite,                                             

            5     parts SnO.sub.2                                              

     4.     25    parts bentonite,                                             

            5     parts ZrO.sub.2                                              

     5.     25    parts bentonite,                                             

            5     parts ZnO.sub.2                                              

     6.     25    parts bentonite,                                             

            5     parts Al.sub.2 O.sub.3                                       

     7.     25    parts bentonite,                                             

            25    parts TiO.sub.2                                              

     8.     25    parts bentonite,                                             

            15    parts Fe.sub.2 O.sub.3                                       

     9.     25    parts bentonite,                                             

            5     parts SiO.sub.2 (-400 mesh)                                  

     10.    25    parts bentonite,                                             

            25    parts alundum cement                                         

     11.    25    parts bentonite,                                             

            25    parts alundum cement,                                        

            2     parts SiO.sub.2                                              

     12.    15    parts bentonite,                                             

            15    parts alundum cement,                                        

            5     parts CaO                                                    

     ______________________________________                                    

      *a 96% silica glass having a softening point of about 1500.degree.C.     

PAR  All of the above masking compositions are readily removable from non-porous
      ceramic surfaces when applied in the form of flowable slurries by
      spraying. Water and water-alcohol mixtures are suitable vehicles for
      preparing such slurries, which typically comprise 65-90% liquid vehicle
      and 10-35% solids by weight.
PAR  Attempts to substitute kaolinitic clays in masking compositions similar to
      those above described produced masking compositions which did not adhere
      strongly enough to the ceramic substrate to resist cracking and flaking,
      particularly when subjected in a heated condition to liquid sprays. It was
      therefore concluded that kaolin and other clays do not comprise a useful
      substitute for bentonite in the masking compositions of the present
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of masking a ceramic surface against sprayed coating
      compositions which comprises the steps of:
PA1  applying to selected portions of said surface to be masked a fluid
      suspension comprising a heat-resistant masking composition and a volatile
      liquid vehicle, said masking composition consisting essentially, in weight
      percent, of about 40-90% of a bentonite clay and 10-60% by weight of a
      finely-divided refractory metal oxide release agent, to provide a coating
      of said suspension on said surface; and
PA1  drying the coating at a temperature in excess of about 100.degree.C. to
      remove said volatile liquid vehicle therefrom.
NUM  2.
PAR  2. A method according to claim 1 wherein the finely-divided refractory
      metal oxide release agent is selected from the group consisting of silica,
      titania, iron oxide, tin oxide, calcium oxide, 96% silica glass and
      alundum cement.
NUM  3.
PAR  3. A method according to claim 2 wherein the masking composition is applied
      to the ceramic surface in the form of a flowable slurry consisting
      essentially of the masking composition and a water-containing vehicle
      selected from the group consisting of water and water-lower alkanol
      mixtures by spraying the slurry onto the ceramic surface.
NUM  4.
PAR  4. A method according to claim 3 wherein the water-containing vehicle
      consists essentially of a water-methanol mixture comprising about 20-50%
      methanol by volume.
NUM  5.
PAR  5. A method according to claim 4 wherein the masking composition consists
      essentially, in weight percent, of about 40-60% of a bentonite clay and
      40-60% of a finely-divided refractory metal oxide release agent selected
      from the group consisting of alundum cement, silica and lime.
NUM  6.
PAR  6. A method according to claim 4 wherein the masking composition consists
      essentially, in weight percent, of about 40-60% of a bentonite clay,
      40-50% of alundum cement, and 0-10% of an oxide selected from the group
      consisting of CaO and SiO.sub.2.
NUM  7.
PAR  7. A method of masking heated ceramic surfaces against tin oxide deposition
      induced by contact between said surfaces and solutions containing
      thermally-decomposable tin compounds which comprises applying to selected
      portions of said surfaces to be masked a heat-resistant masking
      composition consisting essentially, in weight percent, of about 40-90% of
      a bentonite clay and 10-60% by weight of a finely-divided refractory metal
      oxide release agent to provide a coating of said composition on said
      surfaces.
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ABST
PAL  Novel products are described which possess a capability of transmitting air
      and moisture vapor, are waterproof, and have fabric-like aesthetic
      properties. These products may have applications such as rainwear
      material, tent material, garment liners, and shoe liners. These products
      may be made by spray spinning filamentary polymer material onto
      open-celled polymer film, or onto non-cellular elastic polymer film with
      the additional steps of stretching and heat setting creating a stable
      open-celled structure in the film portion of the product. Subsequent
      calendering of the product may further improve its fabric-like aesthetic
      properties.
PARN
PAR  This is a division of application Ser. No. 43,563, filed June 4, 1970, now
      U.S. Pat. No. 3,690,977.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to air-permeable waterproof products having
      fabric-like aesthetic properties and to methods for making such products.
PAR  2. Summary of the Prior Art
PAR  Heretofore, films have been prepared from synthetic resins or polymers such
      as polypropylene by various melt extrusion or casting methods. Such films
      have many desirable properties such as high strength, and resistance to
      heat, light, and various chemicals.
PAR  Moreover, for applications such as backings for medical dressings or
      bandages, films have been prepared which have the additional property of
      excluding liquids such as water while permitting the passage of air. Films
      possessing this additional property are described for example, in U.S.
      Pat. No. 3,426,754, which patent is assigned to the assignee of the
      present invention.
PAR  While the above-described air-permeable water proof films of the prior art
      are useful, the search has continued for new products which in addition to
      being air-permeable and waterproof also have fabric-like aesthetic
      properties such as a good feel or hand. The latter is important from an
      aesthetic appeal standpoint for applications such as rainwear and shoe
      liners.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of the present invention is to provide novel
      air-permeable waterproof products which have fabric-like aesthetic
      properties.
PAR  Another object of the present invention is to provide novel methods for
      producing such air-permeable waterproof products.
PAR  Other and further objects of the present invention will be apparent to
      those skilled in the art from the following:
PAR  In accordance with the present invention, air-permeable waterproof
      products, i.e., products having the property of excluding liquids such as
      water while permitting the passage therethrough of gases or vapors such as
      air and moisture vapor, are provided which have fabric-like aesthetic
      properties and which comprise an open-celled microporous polymer film
      having substantially continuous randomly arranged filamentary polymer
      material bonded thereto.
PAR  These unique products may be made by spray spinning filamentary material
      directly onto an open-celled microporous polymer film such that thermal
      self-bonding occurs between the filamentary material and the film, or by
      spray spinning the filamentary material in the same manner onto an elastic
      film, stretching the resulting product until an open-celled structure is
      produced in the film portion of the product and thereafter heating or heat
      setting the resulting product at substantially constant length to impart
      dimensional stability thereto.
PAR  If desired, the resulting final product may be treated by calendering,
      preferably at a temperature such that no additional thermal self-bonding
      occurs, so as to further improve its fabric-like aesthetic properties.
PAR  Surprisingly, it has been found that these air-permeable waterproof
      products having fabric-like aesthetic properties may be produced with a
      level of air-permeability substantially the same as that of an ordinary
      untreated open-celled film not having these fabric-like aesthetic
      properties. That is, the spray spun filamentary material has been found to
      thermally self-bond to the film such that a strong useful fabric-like
      product may be produced without any substantial sacrifice of
      air-permeability.
PAR  Other aspects and advantages of the present invention will become apparent
      to one skilled in the art to which the present invention pertains from the
      following description of the preferred embodiments.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As summarized above, the air-permeable waterproof products of the present
      invention have fabric-like aesthetic properties and comprise an
      open-celled microporous polymer film having spray spun substantially
      randomly arranged filamentary polymer material bonded thereto.
PAR  As stated, the products of the present invention may be formed by spray
      spinning onto non-porous elastic film with subsequent steps of stretching
      and heat setting forming an open-celled microporous structure in the film
      portion of the product, or by spray spinning directly onto open-celled
      microporous polymer film which has already been formed by stretching and
      heat setting the elastic film.
PAR  The non-porous elastic films may have an elastic recovery at zero recovery
      time (hereinafter defined) when subjected to a standard strain (extension)
      of 50 percent at 25.degree.C and 65 percent relative humidity of at least
      about 40 percent, preferably at least about 50 percent, and most
      preferably at least about 80 percent.
PAR  Elastic recovery as used herein is a measure of the ability of a structure
      or shaped article such as a film to return to its original size after
      being stretched, and may be calculated as follows:
      ##EQU1##
      Stated another way, elastic recovery provides a measure of conformance
      with the Hooke's law portion of a stress-strain curve.
PAR  Although a standard strain of 50 percent is used herein to identify elastic
      properties of films, such a strain is merely exemplary. In general, such
      films will have elastic recoveries higher at strains less than 50 percent,
      and somewhat lower at strains substantially higher than 50 percent, as
      compared to their elastic recovery at a 50 percent strain.
PAR  These elastic films will also have a percent crystallinity of at least 20
      percent, preferably at least 30 percent, and most preferably at least 50
      percent, e.g., about 50 to 90 percent, or more. Percent crystallinity is
      determined by the x-ray method described by R. G. Quynn et al. in the
      Journal of Applied Polymer Science, Vol. 2, No. 5, pp. 166-173 (1959). For
      a detailed discussion of crystallinity and its significance in polymers,
      see Polymers and Resins, Golding (D. Van Nostrand, 1959).
PAR  Preferred suitable starting elastic films, as well as the preparation
      thereof, are further defined in copending application Ser. No. 572,601,
      filed Aug. 15, 1966, now abandoned. Wissbrun and Bierenbaum, inventors,
      and assigned to the same assignee as the present invention.
PAR  Other elastic films which may be suitable for the practice of the present
      invention are described in British Pat. No. 1,052,550 published Dec. 21,
      1966.
PAR  The starting elastic film which may be utilized in the preparation of the
      air permeable waterproof products of the present invention should be
      differentiated from films formed from classical elastomers such as the
      natural and synthetic rubbers. With such classical elastomers the
      stress-strain behavior, and particularly the stress-temperature
      relationship, is governed by entropy-mechanism of deformation (rubber
      elaasticity). The positive temperature coefficient of the retractive
      force, i.e., decreasing stress with decreasing temperature and complete
      loss of elastic properties at the glass transition temperatures, are
      particularly consequences of entropy-elasticity. The elasticity of the
      starting elastic films utilized herein, on the other hand, is of a
      different nature. In qualitative thermodynamic experiments with these
      elastic starting films, increasing stress with decreasing temperature
      (negative temperature coefficient) may be interpreted to mean that the
      elasticity of these materials is not governed by entropy effects but
      dependent upon an energy term. More significantly, the starting elastic
      films have been found to retain their stretch properties at temperatures
      where normal entropy-elasticity could no longer be operative. Thus, the
      stretch mechanism of the starting elastic films is thought to be based on
      energy-elasticity relationships, and these elastic films may then be
      referred to as "non-classical"  elastomers.
PAR  As stated, the starting elastic films which may be employed in this
      invention are made from a polymer of a type capable of developing a
      significant degree of crystallinity, as contrasted with more conventional
      or "classical" elastic materials such as the natural and synthetic rubbers
      which are substantially amorphous in their unstretched or tensionless
      state.
PAR  A significant group of polymers, i.e., synthetic resinous materials, from
      which the elastic and open-celled films may be formed are the olefin
      polymers, e.g., polyethylene, polypropylene, poly-3-methyl butene-1,
      poly-4-methyl pentene-1, as well as copolymers of propylene, 3-methyl
      butene-1, 4-methyl pentene-1, or ethylene with each other or with minor
      amounts of other olefins, e.g., copolymers of propylene and ethylene,
      copolymers of a major amount of 3-methyl butene-1 and a minor amount of a
      straight chain n-alkene such as n-octene-1, n-hexadecene-1,
      n-octadecene-1, or other relatively long chain alkenes, as well as
      copolymers of 3-methyl pentene-1 and any of the same n-alkenes mentioned
      previously in connection with 3-methyl butene-1. These polymers in the
      form of films should generally have a percent crystallinity of at least 20
      percent, preferably at least 30 percent, and most preferably about 50
      percent to 90 percent, or higher.
PAR  For example, a film-forming homopolymer of polypropylene may be employed.
      When propylene homopolymers are contemplated, it is preferred to employ an
      isotactic polypropylene having a percent crystallinity as indicated above,
      a weight average molecular weight ranging from about 100,000 to 750,000
      preferably about 200,000 to 500,000, and a melt index
      (ASTM-1958D-1238-57T, Part 9, page 38) from about 0.1 to about 75,
      preferably about 0.5 to 30, so as to give a final film product having the
      requisite physical properties.
PAR  While the present disclosure and examples are directed primarily to the
      aforesaid olefin polymers, the invention also contemplates the high
      molecular weight acetal, e.g., oxymethylene, polymers. While both acetal
      homopolymers and copolymers are contemplated, the preferred acetal polymer
      is a "random" oxymethylene copolymer, i.e., one which contains recurring
      oxymethylene, i.e., --CH.sub.2 --O--, units interspersed with --OR--
      groups in the main polymer chain where R is a divalent radical containing
      at least two carbon atoms directly linked to each other and positioned in
      the chain between the two valences, with any substituents on said R
      radical being inert, that is, those which do not include interfering
      functional groups and which will not induce undesirable reactions, and
      wherein a major amount of the --OR-- units exist as single units attached
      to oxymethylene groups on each side. Examples of preferred polymers
      include copolymers of trioxane and cyclic ethers containing at least two
      adjacent carbon atoms such as the copolymers disclosed in U.S. Pat. No.
      3,027,352 of Walling et al. These polymers in film form may also have a
      crystallinity of at least 20 percent, preferably at least 30 percent, and
      most preferably at least 50 percent, e.g., 50 to 60 percent, or higher.
      Further, these polymers have a melting point of at least 150.degree.C, and
      a number average molecular weight of at least 10,000. For a more detailed
      discussion of acetal and oxymethylene polymers, see, Formaldehyde, Walker,
      pp. 175-191, (Reinhold, 1964).
PAR  Other relatively crystalline polymers to which the invention may be applied
      are the polyalkylene sulfides such as polymethylene sulfide and
      polyethylene sulfide, the polyarylene oxides such as polyphenylene oxide,
      the polyamides such as polyhexamethylene adipamide (nylon 66) and
      polycaprolactam (nylon 6), and polyesters such as polyethylene
      terephthalate, all of which are well known in the art and need not be
      described further herein for sake of brevity.
PAR  The types of apparatus suitable for forming the starting elastic films
      which may be used in this invention are well known in the art.
PAR  For example, a conventional film extruder equipped with a shallow channel
      metering screw and coat hanger die, is satisfactory. Generally, the resin
      is introduced into a hopper of the extruder which contains a screw and a
      jacket fitted with heating elements. The resin is melted and transferred
      by the screw to the die from which it is extruded through a slot in the
      form of a film from which it is oriented or drawn by a take-up or casting
      roll. More than one take-up roll in various combinations or stages may be
      used. The die opening or slot width may be in the range, for example, of
      about 10 to 200 mils.
PAR  Using this type of apparatus, film may be extruded at a drawdown ratio of
      about 20:1 to 200:1, preferably 50:1 to 150:1.
PAR  The terms "drawdown ratio" or, more simply, "draw ratio," as used herein is
      the ratio of the film wind-up or take-up speed to the speed of the film
      issuing at the extrusion die.
PAR  The melt temperature for film extrusion is, in general, no higher than
      about 100.degree.C above the melting point of the polymer and no lower
      than about 10.degree.C above the melting point of the polymer.
PAR  For example, polypropylene may be extruded at a melt temperature of about
      180.degree. to 270.degree.C, preferably 200.degree. to 240.degree.C.
      Polyethylene may be extruded at a melt temperature of about 175.degree. C
      to 225.degree.C while acetal polymers, e.g., those of the type disclosed
      in U.S. Pat. No. 3,027,352, may be extruded at a melt temperature of about
      175.degree. to 235.degree.C, preferably 185.degree. to 215.degree.C.
PAR  The extrusion operation is preferably carried out with rapid cooling and
      rapid drawdown in order to obtain maximum elasticity. This may be
      accomplished by having the take-up roll relatively close to the extrusion
      slot, e.g., within two inches and, preferably, within one inch. An "air
      knife" operating at temperatures between, for example 0.degree. to
      40.degree.C, may be employed within 1 inch of the slot to quench, i.e.,
      quickly cool and solidify, the film. The take-up roll may be rotated, for
      example, at a speed of 10 to 1000 ft/min, preferably 50 to 500 ft/min.
PAR  While the above description has been directed to slit die extrusion
      methods, an alternative method of forming the starting elastic films
      contemplated by this invention is the blown film extrusion method wherein
      a hopper and an extruder are employed which are substantially the same as
      in the slot extruder described above. From the extruder, the melt enters a
      die from which it is extruded through a circular slot to form a tubular
      film having an initial diameter D.sub.1. Air enters the system through an
      inlet into the interior of said tubular film and has the effect of blowing
      up the diameter of the tubular film to a diameter D.sub.2. Means such as
      air rings may also be provided for directing the air about the exterior of
      extruded tubular film so as to provide quick and effective cooling. Means
      such as a cooling mandrel may be used to cool the interior of the tubular
      film. After a short distance during which the film is allowed to
      completely cool and harden, it is wound up on a take-up roll.
PAR  Using the blown film method, the drawdown ratio is preferably 20:1 to
      200:1, the slot opening 10 to 200 mils, the D.sub.2 /D.sub.1 ratio, for
      example, 0.5 to 6.0 and preferably about 0.9 to about 2.5, and the take-up
      speed, for example, 30 to 700 ft/min. The melt temperature may be within
      the ranges given previously for straight slot extrusion.
PAR  The extruded film may then be initially heat treated or annealed in order
      to improve crystal structure, e.g., by increasing the size of the
      crystallites and removing imperfections therein. Generally, this annealing
      is carried out at a temperature in the range of about 5.degree. to
      100.degree.C below the melting point of the polymer for a period of a few
      seconds to several hours, e.g., 5 seconds to 24 hours, and preferably from
      about 30 seconds to 2 hours. For polypropylene, the preferred annealing
      temperature is about 100.degree. to 155.degree.C, while for oxymethylene
      (acetal) copolymers, the preferred annealing temperature is about
      110.degree. to 165.degree.C.
PAR  An exemplary method of carrying out the annealing is by placing the
      extruded film in a tensioned or tensionless state in an oven at the
      desired temperature in which case the residence time is preferably in the
      range of about 30 seconds to 1 hour.
PAR  As stated, the products of the present invention may be formed by spray
      spinning onto non-porous elastic film with subsequent steps of stretching
      and heat setting forming an open-celled microporous structure in the film
      portion of the product, or by spray spinning directly onto open-celled
      microporous polymer film which has already been formed by stretching and
      heat setting the elastic film.
PAR  Preferably, the elastic film or film product is cold stretched, and most
      preferably is first cold stretched and then hot stretched in a two step or
      stage stretching operation, until the open-celled structure is formed.
PAR  The two step cold stretch-hot stretch stretching operation advantageously
      results in an open-celled structure having improved porosity and thermal
      stability, and is preferably carried out through the use of techniques and
      apparatus disclosed in pending U.S. patent application Ser. No. 84,712,
      filed Oct. 28, 1970, now U.S. Pat. No. 3,679,538, which is a
      continuation-in-part of Ser. No. 876,511, filed Nov. 13, 1969, now
      abandoned, both of S. G. Plovan, J. T. Loft, and M. L. Druin. Application
      Ser. No. 84,712 is owned by the assignee of the present invention and the
      disclosure thereof is incorporated herein by reference.
PAR  The term "cold stretching" as used herein is defined as stretching or
      drawing a film, or film portion or product, to greater than its original
      length and at a stretching temperature, i.e., the temperature of the film
      being stretched, less than the temperature at which melting begins when
      the film is uniformly heated from a temperature of 25.degree.C and at a
      rate of 20.degree.C per minute. The term "hot stretching" as used herein
      is defined as stretching above the temperature at which melting begins
      when the film is uniformly heated from a temperature of 25.degree.C and at
      a rate of 20.degree.C per minute, but below the normal melting point of
      the polymer, i.e., below the temperature at which fusion occurs. As is
      known to those skilled in the art, the temperature at which melting begins
      and the fusion temperature may be determined by a standard differential
      thermal analyzer (DTA), or by other known apparatus which can detect
      thermal transitions of a polymer.
PAR  The temperature at which melting begins varies with the type of polymer,
      the molecular weight distribution of the polymer, and the crystalline
      morphology of the film. For example, polypropylene elastic film may be
      cold stretched at a temperature below about 120.degree.C, preferably
      between about 10.degree. and 70.degree.C, and conveniently at ambient
      temperature, e.g., 25.degree.C.
PAR  In the two step stretching operation, the polypropylene elastic film may
      first be cold stretched at the above indicated temperature and then be hot
      stretched at a temperature above about 120.degree.C and below the fusion
      temperature, and preferably between about 130.degree. and about
      150.degree.C. Again, the temperature of the film itself being stretched is
      referred to herein as the stretch temperature. The stretching in these two
      steps or stages must be consecutive, in the same direction, and in that
      order, i.e., cold then hot, but may be done in a continuous,
      semi-continuous, or batch process, as long as the cold stretched film is
      not allowed to shrink to any significant degree, e.g., less than 5 percent
      of its cold stretched length, before being hot stretched. The ratio of the
      amount of hot stretching to the sum total amount of stretching or drawing
      may be from above about 0.10:1 to below about 0.99:1, preferably from
      about 0.50:1 to 0.97:1, and most preferably from about 0.60:1 to 0.95:1.
      This relationship between the "cold" and "hot"  stretching is referred to
      herein as the "extension ratio" (percent "hot" extension to percent
      "total" extension.)
PAR  The sum total amount of stretching in the above one or two step stretching
      operations may be in the range of about 10 to 300 percent and preferably
      about 50 to 150 percent, based on the initial length of the elastic film.
PAR  The stretching per se may be performed in any convenient manner using known
      techniques where a film is positively forwarded by one moving means to a
      second moving means operating at a higher speed. The temperature of the
      film per se being stretched is referred to herein as the stretch or draw
      temperature.
PAR  In any stretching operations where heat must be supplied, the film may be
      heated by heat supplied by the moving rolls which may in turn be heated by
      an electrical resistance method, by passage over a heated plate, through a
      heated liquid such as water, a heated gas such as air, or the like.
PAR  After the above-described stretching operations, the resulting stretched
      film product is heat set. Heating the stretched film in a tensioned state
      at a temperature below the melting point of the polymer has a remarkable
      influence on the dimensional stability of the open-celled, low density
      characteristics of the same. This heat treatment may be carried out at a
      temperature in the range from about 125.degree.C up to less than fusion
      temperature, and preferably about 130.degree. to 150.degree.C, for
      polypropylene; from about 80.degree.C up to less than fusion temperature,
      and preferably about 140.degree. to 160.degree.C, for acetal polymers;
      from about 75.degree.C up to less than fusion temperature, and preferably
      about 115.degree. to 130.degree.C, for polyethylene, and at similar
      temperature ranges for other of the above mentioned polymers. This heat
      treatment should be carried out while the resulting stretched film product
      is being held under tension, i.e., such that the film is not free to
      shrink or can shrink to only a controlled extent not greater than about 15
      percent of its stretched length, but not so great a tension as to stretch
      the film more than an additional 15 percent. Preferably, the tension is
      such that substantially no shrinkage or stretching occurs, e.g., less than
      5 percent change in stretched length.
PAR  The period of heat treatment which is preferably carried out sequentially
      with and after the drawing operation, should be longer than about 0.1
      seconds at the higher annealing temperature and, in general, may be within
      the range of about 5 seconds to 1 hour and preferably about 1 to 30
      minutes.
PAR  The above described heat setting steps may take place in air, or in other
      atmospheres such as nitrogen, helium or argon.
PAR  The resulting open-celled micorporous films or film products, in a
      tensionless state, have a bulk density lower than the density of the
      polymeric elastic material from which they are formed, which is usually no
      greater than 95 percent and preferably about 50 to 75 percent of the
      density of the elastic starting material.
PAR  The final crystallinity of the open-celled microporous film is preferably
      at least 30 percent, more preferably at least 40 percent, and more
      suitably about 50 to 100 percent, as determined by the aforementioned
      X-ray method.
PAR  The open-celled microporous films may also have an average pore size of 100
      to 5000 Angstroms, and more usually 150 to 3000 Angstroms, the values
      being determined by mercury porosimetry, as described in an article by R.
      G. Quynn, at pages 21-34 of Textile Research Journal, January, 1963. As
      used herein, the term "open-celled structure" signifies that the major
      portion of the cell or pore space of the structure within the geometric
      confines of the film is accessible to the outside planar surfaces of the
      film.
PAR  Generally, polypropylene open-celled microporous film has, at 25.degree.C
      and 65 percent relative humidity, an elastic recovery from a 50 percent
      extension of 60 to 85 percent, a tensile strength of 20,000 to 30,000 psi,
      a breaking elongation of 50 to 150 percent, a modulus of 100,000 to
      300,000 psi (all the foregoing in the machine direction), and a haze of 30
      percent to opaque, depending on film thickness.
PAR  The values of "recovery" or "elastic recovery" hereinbefore referred to are
      elastic values determined as follows at 25.degree.C and 65 percent
      relative humidity:
PAR  A sample 15 millimeters in width was placed in an Instron tensile property
      testing machine with the jaw separation being 2 inches apart. The sample
      was extended at a rate of 2 inches per minute until a 50 percent extension
      was reached. The sample was held at that extension for 1 minute and then
      relaxed at the same rate as extended. A reading was recorded as soon as a
      no load condition was indicated by the testing machine. The elastic
      recovery is then calculated as follows:
      ##EQU2##
PAR  The other properties mention were determined with a standard ASTM method as
      follows:
TBL  Tensile Strength                                                          

                 ASTM No. D882 -- Method A (Sample width 15 mm)                

     Breaking Elongation                                                       

                 ASTM No. D882 -- Method A (Sample width 15 mm)                

     Modulus     ASTM No. D882 -- Method A (Sample width 1 inch)               

     Haze        ASTM No. D1003 Procedure A as per Figure 2 therein.           

PAR  Further, polypropylene open-celled microporous film exhibits water vapor
      transmittance as high as 1600, generally 500 to 1400, the units of
      transmittance being given in grams/24 hours-m.sup.2 -atm, the method of
      determining transmittance being ASTM 96-63T (Procedure B).
PAR  The spray spinning operation preferably is carried out through the use of
      techniques and apparatus disclosed in pending patent application Ser. No.
      740,913 of Wagner et al. entitled "Method and Apparatus for Producing
      Fibrous Structures" filed in the U.S. Patent Office on June 28, 1968. Such
      application is owned by the assignee of this application and the
      disclosure thereof is incorporated herein by reference.
PAR  In general, any of the polymers which are melt spinnable may be used in the
      spray spinning operation to form the filamentary material portion of the
      air-permeable waterproof products of the present invention. Of the various
      high molecular weight fiber forming crystalline polymers that can be
      melted and extruded through an orifice as a filament, the polyolefins,
      particularly polypropylene having the molecular weight, melt index, and
      crystallinity characteristics described above are preferred. Polyethylene
      is also suitable. Cellulose acetate is sometimes particularly advantageous
      and is within the scope of this invention. Other polymers which may be
      used with correspondingly good results are the polyamides, polyacetals,
      polyalkylene sulfides, polyarylene oxides, and polyesters. Suitable blends
      and copolymers of the above are also within the scope of the invention.
PAR  Preferred spray spinning nozzle structures are disclosed in the aforesaid
      patent application of Wagner et al., and for detailed information on these
      structures reference should be made to such application. It will be
      sufficient to point out here that the preferred spray spinning nozzle is
      provided with an orifice through which the fiber-forming material is
      extruded and is also provided with a plurality of gas passages disposed
      about the extrusion orifice. The gas passages are inclined to direct gas,
      such as steam, along generally converging paths the axes of which do not
      intersect the projected axis of the extrusion orifice. As a filament
      emerges from the extrusion orifice, the high velocity gas streams issuing
      from the gas passages attenuate the filament and project it away from the
      nozzle in a random swirling pattern.
PAR  Although the fiber is like conventionally spun fiber in the sense that it
      is in the form of a substantially continuous filament, it is characterized
      by random, relatively gradual lengthwise variations in diameter and
      varying degrees of crystalline orientation which result from random
      variations in the attenuating action of the gas streams contacting the
      freshly spun filament. For example, the cross section of the largest
      filament portion can be more than 10 times that of the smallest filament
      portion, with the mean being about 2 1/2 times the cross section of the
      smallest filament portion. Additionally, surface effects have been
      observed in examining the filament by electron microscopy techniques. The
      surfaces of the spray spun filaments examined were somewhat rough as
      compared with conventionally spun filaments. This surface roughness can be
      beneficial for tactile appeal or "feel," and for wettability.
PAR  The non-porous elastic film or the open-celled microporous film is disposed
      at an angle in front of one or more of the spray spinning nozzles to
      receive the freshly spun filamentary material in a random arrangement. As
      the film is moved to bring its surface across the path of the swirling
      filamentary material, there is formed on the film a fibrous body or web
      portion in which the substantially continuous filamentary material makes
      many traverses in all directions. Preferably substantially all of the
      filamentary material is disposed generally parallel to the plane of the
      film.
PAR  The spray spinning process as part of the invention is a flexible one from
      the standpoints of apparatus requirements and control over product
      qualities.
PAR  For example, the cross sectional shape of the extrusion orifice of the
      nozzle means is determined by the filament shape desired. The usual round
      or oval filaments are preferred, but other shapes can be employed. For
      example, trilobal filaments may be produced by extruding the material
      through Y-shaped orifices.
PAR  If desired, the film may be moved through and between two or more spray
      spinning orifices such that the filamentary material is received on at
      least a portion of each side of the film.
PAR  In the present invention, the film is positioned to receive the filamentary
      material prior to complete hardening thereof. When the filamentary
      material is collected while portions of its surface are somewhat tacky,
      substantial thermal self-bonding occurs at randomly located cross-over
      points between contacting filament segments, and at randomly located
      contact points between the film and filamentary material. In this manner,
      filament sections of varying lengths are formed in the filamentary
      material portion of the resulting product. The larger diameter filament
      portions cool at a shower rate than the smaller diameter filament portions
      and therefore act as tacky hot melt bonding sites. The random distribution
      of these sites, in addition to some filament entanglement, gives the web
      portion of the resulting product sufficient coherency to give fabric-like
      properties in accordance with the invention.
PAR  After spray spinning the filamentary material onto the open-celled film,
      the resulting product may be further treated such as by calendering as
      described below.
PAR  After spray spinning the filamentary material onto the non-porous elastic
      film, however, the resulting product must be stretched and heat set as
      described above in order to form the open-celled microporous structure in
      the film portion of the product.
PAR  When the non-porous elastic film having the filamentary material bonded
      thereto as a whole is stretched, the individual filament sections between
      bonding sites will be acted upon in diverse ways, and different filament
      sections may be stretched to different degrees, thus increasing their
      crystalling orientation by different amounts.
PAR  This effect can best be appreciated when it is recalled that the
      as-collected filamentary material is characterized by a random orientation
      of substantially continuous filamentary material, by some filament
      entanglement and by a random dispersion of thermal bonding sites. Hence,
      stretching of the overall spray spun body imposes various tensile loads
      upon the different filament segments. Some of these entangled or bonded
      filament segments may slip, pull apart, or rupture, thereby creating
      filament segments with new effective lengths. Some filament segments may
      not be subjected to any tensile load and others may be stretched a great
      deal.
PAR  Even before the elongation, the substantially continuous filamentary
      material has been subjected to varying attenuating forces by the gas jets
      of the spray nozzle, which results in varying crystalline orientation
      along the filament. This random stretching of the filament sections upon
      elongation of the spray spun body, therefore, results in an even greater
      degree of varying crystalline orientation of the filament sections in the
      final product. This increase in crystalline orientation has been found to
      be particularly desirable from the standpoint of achieveing a suitable
      balance between the fabric-like properties of the resulting product and
      the break resistance of the individual filament sections.
PAR  Another result of the stretching operation described above is a change in
      the arrangement of the filamentary material with respect to itself and to
      the film. That is, the stretching operation serves to reorient the
      filamentary material so as to produce a general alignment of filament
      sections in the stretch direction. In addition, more of these filament
      sections will extend generally parallel to the plane of the filament
      portion of the product, thus giving a smoother, more uniform product.
PAR  It will be understood also that a plurality of spray nozzles may be
      positioned to project filamentary material onto a film surface in
      overlapping patterns, and/or back and forth relative movements in a
      lateral direction may be effected as between the spray nozzle means and
      the film so that the spray pattern traverses back and forth across the
      width of the film.
PAR  Control over the amount of filamentary material deposited on the film can
      be achieved by adjusting the extrusion rate at the nozzle or by adjusting
      the rate of movement of the film across the spray path. The amount of
      filamentary material deposited can be varied according to the desired end
      use, and amounts of from about 0.1 to about 50 oz. per yard can be
      obtained.
PAR  In some instances it may be found desirable to combine solid or liquid
      additives with the filamentary material portion of the air-permeable
      waterproof products of the present invention. One may, for example, wish
      to add one or more compositions for fire proofing purposes. Binders or
      plasticizers may be employed also in instances where these contribute
      desired properties, but care should be taken not to substantially impair
      the air-permeability of the resulting product.
PAR  The resulting air-permeable waterproof products of the present invention
      may be further treated if desired. For example, these products may be
      calendered, i.e., pressed between moving rolls or rollers in a
      conventional calendering machine, to improve further its fabric-like
      aesthetic properties, e.g., the "hand" of the product.
PAR  Advantageously, the calendering is conducted at temperatures such that no
      additional thermal self-bonding of the filamentary material occurs. For
      example, the calendering may be conducted at temperatures from about
      10.degree. to 100.degree.C, preferably from about 20.degree. to
      50.degree.C, and most preferably about 25.degree.C.
DETD
PAR  The following examples serve to illustrate further the present invention;
      all parts and percentages in the examples and throughout the specification
      and claims are by weight unless otherwise specified.
PAC  EXAMPLE I
PAR  Crystalline polypropylene having a melt index of 0.7 and a density of 0.92
      is melt extruded at 230.degree.C through an 8 inch slit die of the coat
      hanger type using a 1 inch extruder with a shallow metering screw. The
      length to diameter ratio of the extruded barrel is 24/1. The extrudate is
      drawndown very rapidly to a melt drawdown ratio of 150, and contacted with
      a rotating casting roll maintained at 50.degree.C and 0.75 inches from the
      lip of the die. The film produced in this fashion is found to have the
      following properties: thickness, 0.001 inches, recovery from 50 percent
      elongation at 25.degree.C, 50.3 percent, crystallinity, 59.6 percent.
PAR  A sample of this film is oven annealed in air with a slight tension at
      140.degree.C for about 30 minutes, removed from the oven and allowed to
      cool. It is then found to have the following properties: recovery from a
      50 percent elongation at 25.degree.C, 90.5 percent; crystallinity 68.8
      percent.
PAR  The annealed elastic film is then stretched and thereafter heat set under
      tension, i.e., at constant length, at 145.degree.C for 10 minutes in air.
      The stretching is conducted at 25.degree.C, and the total stretch is 100
      percent, based on the original length of the elastic film. Nitrogen flux
      (at 65.degree.C) of the resulting open-celled microporous film is
      determined to be 24.0 gram moles per cm.sup.2 -min.
PAR  Nitrogen flux gives an indication of air permeability, with higher nitrogen
      flux values indicating higher levels of air permeability.
PAR  The values of nitrogen flux referred to are calculated as follows:
PAR  A film having a standard surface area of 6.5 cm.sup.2 is mounted in a
      standard membrane cell having a standard volume of 63 cm.sup.3, and the
      cell is pressurized to a standard differential pressure (the pressure drop
      across the film) of 200 psi with nitrogen. The supply of nitrogen is then
      closed off and the time required for the pressure to drop to a final
      differential pressure of 150 psi as the nitrogen permeates through the
      film is measured with a stop watch. The nitrogen flux, Q, in
      g-mol/cm.sup.2 min, is then determined from the equation
      ##EQU3##
      .DELTA.t = elapsed time (in seconds) T = temperature of nitrogen (in
      .degree.K)
PAL  which is derived from the gas law, PV = ZnRT.
PAR  Polypropylene (Hercules Company Profax Type 6423F) is spray spun at a melt
      temperature of 350.degree.C through a 0.016 inch diameter nozzle, using
      jets of steam superheated to 405.degree.C and at 21 psi to attenuate the
      melt stream of polymer into a continuous filamentary material. The
      filamentary material is collected on the open-celled microporous film and
      a thermally self-bonded product about 20 to 22 mils thick is produced.
      This air-permeable waterproof product has a nitrogen flux essentially
      equivalent to the pre-spray spun open-celled film. The bond between the
      filamentary material and the film withstands substantial pulling forces.
PAC  EXAMPLE II
PAR  The air-permeable waterproof product of Example I is calendered at about
      25.degree.C on a conventional calendering machine to a thickness of about
      10 to 12 mils. The calendered product has a significantly improved "hand"
      or "feel."
PAC  EXAMPLE III
PAR  Example I is repeated except that the annealed elastic film is first cold
      stretched at 25.degree.C and thereafter hot stretched at 145.degree.C.
      Total stretch is 100 percent, based on the original length of the film,
      and the extension ratio of 0.90:1. Nitrogen flux (at 65.degree.C) of the
      resulting open-celled microporous film is 127.5 gram mols per cm.sup.2
      -min, and nitrogen flux of the final product having the spray spun
      filamentary material bonded thereto is about the same.
PAC  EXAMPLE IV
PAR  Example I is repeated except that the filamentary material is spray spun
      onto the annealed elastic film. The resulting product is then stretched
      and heat set at the conditions set forth in Example I to yield an
      air-permeable waterproof product having fabric-like aesthetic properties.
      The filament sections in the filamentary portion of the product are
      substantially parallel to each other and to the plane of the film, thus
      giving a relatively smooth, uniform product.
PAR  The principles, preferred embodiments and modes of operation of the present
      invention have been described in the foregoing specification. The
      invention which is intended to be protected herein, however, is not to be
      construed as limited to the particular forms disclosed, since these are to
      be regarded as illustrative rather than restrictive. Variations and
      changes may be made by those skilled in the art without departing from the
      spirit of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An air-permeable waterproof product having fabric-like aesthetic
      properties which product comprises an open-celled microporous polyolefin
      film, the microporous film being characterized by a reduced bulk density
      as compared to the bulk density of a corresponding polyolefin film having
      no open-celled structure, a crystallinity above about 30 percent, and a
      pore size of less than 5,000 Angstroms as porosimetrically determined by
      mercury penetration; and spray spun substantially continuous randomly
      arranged filamentary polyolefin material of varying crystallinity and
      diameter which filamentary material is thermally bonded to itself at
      randomly located filament crossover points and to the film at randomly
      located contact points between the filamentary material and the film which
      filament sections extend generally parallel to the plane of the film.
NUM  2.
PAR  2. The product of claim 1 wherein the filamentary material is thermally
      bonded to at least a portion of each side of the film.
NUM  3.
PAR  3. The product of claim 1 wherein the film and the filamentary material
      comprise isotactic polypropylene having a molecular weight of about
      100,000 to 750,000 and a melt index between about 0.1 and 75.
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ABST
PAL  Objectionable ripple formation in continuous hot-dip coating is avoided by
      using a single set of blowing nozzles and directing the gas streams
      downwardly against the strip at an angle between the strip and the center
      line of the gas stream of from about 0.degree. to about 45.degree.,
      preferably from about 20.degree. to about 40.degree.. The technique is
      particularly useful at low line speeds of 150 feet per minute or less,
      especially at high coating weights of 1.5 ounces per square foot or more.
BSUM
PAR  This invention relates to improvements in continuous hot dip metal coating
      of a metallic substrate. More particularly, the invention relates to
      improvements in the control of coating thickness in continuous hot dip
      coating of steel strip with a molten coating metal such as zinc, aluminum,
      lead, tin, or alloys thereof.
PAR  In continuous hot dip galvanizing and aluminum coating of steel strip it
      has been customary for many years to pass the steel strip from a
      preliminary heating and treating step downwardly into a bath of molten
      coating metal and thence upwardly between a pair of exit rolls at the
      surface of the bath for controlling the thickness of the coating on the
      strip. Because of certain well recognized disadvantages of the use of
      coating rolls, an improved technique has been introduced in recent years
      which consists in passing the strip upwardly from the bath between a pair
      of blowing nozzles (sometimes referred to as "air knives") which direct
      high velocity sheets or streams of gas at a regulated pressure and
      temperature against the opposite surfaces of the upwardly moving strip.
      The gas blowing technique is described, for example, in such prior art
      patents as U.S. Pat. Nos. 3,406,656, 3,459,587, and 3,499,418 and British
      Pat. No. 1,071,572.
PAR  Although it has been suggested in the prior art that substantially
      perpendicular impingement of the gas streams against the strip is the
      preferred mode of operation, it has been found that with this practice an
      objectionable surface defect in the coated strip is frequently encountered
      in the form of thin lines or stripes of heavier coating deposits extending
      across the width of the strip and spaced more or less regularly along the
      length of the strip to impart a generally rippled appearance. When the
      impingement gas is directed substantially perpendicularly against the
      strip, the gas stream splits and a substantial portion of the gas stream
      is diverted upwardly along the still molten coating. It has been
      determined that this upwardly flowing branch of the gas stream is a
      primary cause of ripples in the molten surface, in a manner analogous to
      wave formation when wind blows over the surface of a body of water.
PAR  In U.S. Pat. No. 3,607,366 it has been suggested that ripples can be
      avoided by utilizing a second set of blowing nozzles positioned above the
      primary nozzles and directed downwardly toward the primary nozzles so as
      to counteract or cancel out the ripple-producing effect of the upwardly
      flowing branches of the gas streams from the primary nozzles. However,
      such apparatus is complex and cumbersome, requires careful control, and
      obviously increases the equipment and operating costs. We have discovered
      that such undesirable ripples can be eliminated or effectively minimized
      by using only a single set of blowing nozzles positioned at a critical
      angle with respect to the strip and that the use of the critical blowing
      angle is particularly advantageous when operating at relatively low line
      speeds, especially when relatively heavy coatings are desired.
PAR  Accordingly, a primary object of the present invention is to provide a
      novel and improved method of utilizing gas impingement for controlling
      coating thickness in continuous hot-dip metal coating of a metal strip.
PAR  A further object of the invention is to provide a novel and improved method
      of avoiding ripples in the coated surface when using gas impingement for
      controlling coating thickness in continuous hot-dip metal coating of a
      metal strip.
PAR  Another object of the invention is to provide a novel and improved method
      of avoiding ripples during continuous hot-dip metal coating which has
      particular utility at relatively low line speeds, especially for
      relatively heavy coating weights.
DRWD
PAR  Other objects and advantages of the invention will be apparent from the
      subsequent detailed description in conjunction with the accompanying
      drawing, wherein:
PAR  FIG. 1 is a generally schematic view of one specific embodiment of a hot
      dip coating apparatus for practicing the invention;
PAR  FIG. 2 is a fragmentary perspective view of the nozzles and nozzle supports
      of the apparatus shown in FIG. 1; and
PAR  FIG. 3 is a perspective view of one of the blowing nozzles of the apparatus
      shown in FIGS. 1 and 2.
DETD
PAR  Contrary to the prior art beliefs, we have discovered that ripple formation
      can be avoided or effectively minimized by using only a single set of
      blowing nozzles positioned so as to direct the gas streams downwardly
      against the strip at a predetermined critical angle instead of
      substantially perpendicularly against the strip. In this way, the upward
      flow of impingement gas is either eliminated or significantly reduced,
      thereby removing the primary cause of ripple formation. Although the
      angular blowing technique of the present invention is effective in
      avoiding ripple formation under a wide variety of operating conditions,
      the invention has particular advantages when relatively low line speeds
      are necessary, especially when relatively heavy coatings are being
      applied. Heretofore, when operating at low line speeds, e.g. 150 feet per
      minute or less, it has been necessary to revert to the use of conventional
      prior art coating rolls for control of coating thickness in order to avoid
      the ripple problem. This has been true especially when applying heavier
      coatings, e.g. 1.5 ounces per square foot or higher, at the low line
      speeds.
PAR  Although the invention is not limited to any particular apparatus, the
      drawing shows one specific form of apparatus which has been found to be
      useful in carrying out the angular blowing method herein described.
      Referring to FIGS. 1-3, a hot dip coating apparatus of the Sendzimir type
      is shown wherein a continuous steel strip 10 is passed downwardly through
      a protective conduit or snout 11 extending from a preheating furnace (not
      shown) into a pot 12 containing a bath 13 of molten coating metal such as
      zinc, aluminum, or alloys thereof. The strip 10 passes beneath a
      conventional sinker roll 14 and extends vertically upwardly from the
      surface 16 of the bath. The strip with molten coating metal adhering to
      both surfaces passes between a pair of opposed gas blowing nozzles 17 for
      controlling the thickness of the coating. Thereafter the strip is cooled
      and recoiled by conventional means (not shown).
PAR  Each nozzle 17 has an elongated rectangular box-like configuration, as best
      seen in FIG. 3, including a rear wall 18, a bottom wall 19, end walls 21,
      a top wall 22, and an adjustable front wall 23. The rear, bottom and end
      walls may be permanently connected, as by welding, and the top wall 22 is
      removably attached, as by screws 24. Although not shown in the drawing,
      the hollow interior or chamber of the nozzle 17 is preferably provided
      with internal baffle means to insure uniform distribution of gas flow,
      e.g. as described in U.S. Pat. No. 3,360,202. The front wall 23 is mounted
      by means of a plurality of screws 26 extending through elongated slots 27
      so that the wall 23 can be adjustably positioned to define, with the top
      wall 22, an elongated restricted gas outlet or slit orifice 28 for
      directing a high velocity stream or sheet of gas against the strip 10. As
      described below, the nozzles 17 are adjustably supported so that the gas
      streams from the orifices 28, as indicated by the broken line arrows 29 in
      FIG. 1, are directed at a predetermined angle A downwardly against the
      strip 10. Although not shown in FIG. 1, it will be understood that the gas
      streams 29 emerging from the orifices 28 spread or widen somewhat before
      impinging against the strip 10. Consequently, the angle A is to be
      measured between the strip and the center line of the gas stream.
PAR  The adjustable support means for the nozzles 17 is designated generally at
      31 in FIGS. 1 and 2 and comprises, for each nozzle, a tubular gas manifold
      32 having a closure 33 at one end and a gas inlet connection 34 at the
      other end. The blowing gas, which may comprise air, steam, an inert gas
      (such as combustion gas), or mixtures thereof, is supplied to the gas
      inlet 34 through a flexible gas supply line or hose 36 to accommodate
      movement of the manifold 32. The end closure 33 is provided with a rigid
      projection 37 of non-circular cross-section which is adapted to be engaged
      by a wrench or other tool for rotatably adjusting the position of the
      manifold 32. The manifold 32 is rigidly connected to the nozzle 17 in
      parallel spaced relation by means of a plurality (in this instance, three)
      of tubular connectors 38.
PAR  The manifold 32 of each nozzle support means 31 is adjustably carried in a
      pair of spaced brackets, each comprising an upright plate member 41 having
      a semi-circular end recess with flanges 42 and a complementary
      semi-circular bottom saddle portion 43 with flanges 44. The manifold 32 is
      received in the circular openings defined by the plate members 41 and the
      saddle portions 43, and the manifold 32 is clamped in any desired rotary
      position by means of screws 46 extending through and interconnecting the
      flanges 42 and 44. As will be readily apparent, the positions of the
      nozzles 17 can be regulated by manipulating the end projections 37 and
      rotating the manifolds 32 about their respective axes so as to vary the
      blowing angle A (FIG. 1) between the center line of each gas stream 29 and
      the strip 10.
PAR  The bracket plate members 41 of each nozzle support means 31 are removably
      attached to the lower ends of a pair of elongated upright support members
      47 (shown fragmentarily in FIGS. 1 and 2) by means of a removable
      connecting pin or bar 48 extending through aligned openings in the
      overlapping members 41 and 47. The upper end portion of each bracket plate
      member 41 is provided with transversely projecting ears 49 which extend in
      spaced relation adjacent the longitudinal side edges of the support
      members 47, and adjusting screws 51 are mounted in the ears 49 with their
      inner ends engaging the edges of the support members 47 for preventing
      rotation of the nozzle support brackets about the axis of the pin 48 and
      for holding the bracket plate members 41 in any desired degree of
      alignment with the lower ends of the support members 47.
PAR  Although not illustrated in the drawing, it should be understood that the
      support members 47 depend from the usual carriage means (not shown)
      mounted above the pot 12 for adjusting the elevation of the nozzles 17
      above the bath surface 16 and for moving the nozzles 17 toward or away
      from the strip 10. In general, the elevation or vertical distance of the
      nozzles above the bath surface will be adjusted so that the gas streams
      impinge on the strip as close as possible to the bath surface but far
      enough away to avoid detrimental splashing of the molten metal bath. The
      distance between the nozzles and the strip and the pressure of the blowing
      gas are selected to produce the desired coating thickness or coating
      weight.
PAR  In accordance with our invention, the blowing angle A between the strip 10
      and the center line of the gas stream 29 should be from about 0.degree. to
      about 45.degree., and preferably from about 20.degree. to about
      40.degree., in order to eliminate or substantially minimize ripple
      formation on the coated strip. The optimum blowing angle within this range
      will vary somewhat depending upon various factors but principally upon the
      line speed and the composition of the coating bath or spelter 13. By means
      of the rotary adjustment described above, it is a simple matter to
      regulate the angle A so as to obtain the most effective control over
      ripple formation for any given coating operation.
PAR  In general, the line speed of a continuous hot-dip coating line is limited
      by the capacity of the preheating furnace and the degree of heat treatment
      required for the strip being processed. When it is possible to use
      relatively high line speeds, ripple formation is less frequently
      encountered and often can be avoided even when the blowing gas is impinged
      substantially perpendicularly against the strip. At relatively high line
      speeds, ripple formation can be effectively prevented by the angular
      blowing method of the present invention although it is not always
      necessary to use angular blowing to achieve this result.
PAR  However, there are many occasions when high line speeds cannot be used,
      such as when a relatively heavy gauge strip is being processed or when for
      other reasons a longer residence time is required in the preheating
      furnace, e.g. to impart the desired ductility to the strip. At relatively
      low line speeds not in excess of about 150 feet per minute, e.g. from
      about 40 to about 100 feet per minute, it has been found that ripple
      formation is a particularly serious problem when using perpendicular or
      substantially perpendicular gas impingement. As mentioned above, it has
      been considered necessary heretofore to abandon the gas blowing technique
      under such circumstances and to revert to the use of conventional coating
      rolls in order to obtain a coated product having acceptable surface
      appearance. The problem is especially acute when the line is being
      operated at a relatively low speed to obtain a relatively heavy coating
      weight, e.g. about 1.5 ounces per square foot or more, particularly from
      about 1.5 to about 3 ounces per square foot (both sides of the strip).
      When perpendicular gas impingement is employed under such conditions,
      either the coating weight is too light or an unacceptable rippled surface
      is obtained.
PAR  By means of the present invention, where the downward blowing angle of the
      gas stream as measured between the strip and the center line of the gas
      stream is between about 0.degree. and about 45.degree., particularly from
      about 20.degree.  to about 40.degree., it is possible to obtain an
      acceptable substantially ripplefree surface at any desired coating weight
      over a wide range of line speed. Thus, with the present invention it
      becomes possible to avoid the expense and inconvenience of resorting to
      the use of conventional coating rolls when making certain types of coated
      products. In particular, the present invention makes it possible to obtain
      an acceptable ripple-free coating appearance at low line speeds of about
      150 feet per minute or less and relatively heavy coating weights of about
      1.5 ounces per square foot or more, an achievement not possible when using
      substantially perpendicular blowing.
PAR  Although the invention has been described herein with reference to a
      particular structural embodiment of an apparatus for carrying out the
      disclosed method, it is to be understood that the invention is not so
      limited and that other forms of apparatus may be utilized without
      departing from the scope of the invention as defined in the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a continuous hot-dip coating line wherein a metal strip is passed
      through a molten coating bath at a line speed not greater than about 150
      feet per minute and is withdrawn vertically from the bath between a pair
      of gas blowing nozzles for impinging only a single stream of gas against
      each side of said strip and thereby controlling the coating thickness, the
      improvement which comprises directing the gas stream from each of said
      nozzles generally downwardly against the strip at an angle between the
      strip and the center line of the gas stream of not more than about
      40.degree., whereby to eliminate or substantially minimize ripple
      formation on the surface of the coated product.
NUM  2.
PAR  2. The improvement of claim 1 further characterized in that said angle is
      from about 20.degree. to about 40.degree..
NUM  3.
PAR  3. The improvement of claim 1 further characterized in that said line speed
      is from about 40 to about 100 feet per minute.
NUM  4.
PAR  4. The improvement of claim 1 further characterized in that the line is
      operated so as to obtain a coating weight of not less than about 1.5
      ounces per square foot.
NUM  5.
PAR  5. The improvement of claim 1 further characterized in that said line speed
      is from about 40 to about 100 feet per minute and the line is operated so
      as to obtain a coating weight of not less than about 1.5 ounces per square
      foot.
NUM  6.
PAR  6. The improvement of claim 1 further characterized in that the line is
      operated to obtain a coating weight of from about 1.5 to about 3 ounces
      per square foot.
NUM  7.
PAR  7. The improvement of claim 1 further characterized in that said line speed
      is from about 40 to about 100 feet per minute and the line is operated so
      as to obtain a coating weight of from about 1.5 to about 3 ounces per
      square foot, and said angle is from about 20.degree. to about 40.degree..
NUM  8.
PAR  8. The improvement of claim 1 further characterized in that said strip is
      steel and said coating bath is a metal selected from the group consisting
      of zinc, aluminum, and alloys thereof.
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PAL  An agent for disinfecting stalls based on phenol or phenol derivatives,
      having a disinfecting action, and a solvent which penetrates the membranes
      of the parasitic spores, wherein a combination of perchloroethylene and a
      monohydroxy alcohol having 2 to 4 carbon atoms is used as said solvent.
BSUM
PAC  THE PRIOR ART
PAR  The health of animals in agricultural environments suffers to a great
      extent from diseases in the various species of animals, particularly
      poultry, pigs and cattle, caused by infestation with coccidiae and
      mawworms. These parasites live in and off of the intestinal tract and harm
      the animals by absorbing nutriment and causing wounds in the animals by
      boring into the stomach wall or intestine wall. In the case of mass
      infestation these parasites cause debilitation, distress or death as a
      result of toxic effects. Moreover, the parasites excrete highly resistant
      spores (mawworm eggs, Coccidiae oocystae) which are excreted with the dung
      and contaminate the stall.
PAR  Farmers use special disinfectants to kill these excreted, resistant forms
      of eggs, thus effectively interrupting, by disinfection, the cycle of
      excretion and re-absorption from the dung.
PAR  Worm or coccidiae control is effected in the following manner:
PA1  A. feeding the animals with vermifuges or coccidicidal agents in order to
      kill the parasites in the intestinal tract; and
PA1  B. special disinfection against excreted worm eggs and coccidiae oocystae
      in the stall.
PAR  Special known disinfectants based on phenolic active ingredients and carbon
      disulfide are already being used for disinfecting stalls. Carbon disulfide
      is used to penetrate the very solid membranes of these eggs or oocystae
      and to introduce therein the phenolic active ingredients for killing the
      contents of the egg and oocystae. However, the use of carbon disulfide for
      such purposes is not without danger due to the high risk of explosion and
      toxicity. Agents containing chlorinated hydrocarbons have also been
      proposed. However, these agents have not been used in actual practice due
      to their lack of efficacy.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a liquid concentrate
      agent for disinfecting stalls which is based on phenol or phenol
      derivatives, having a disinfecting action, and a solvent which penetrates
      the membranes of the parasitic spores, wherein a combination of
      perchloroethylene and a monohydroxy alcohol having 2 to 4 carbon atoms is
      used as said solvent.
PAR  It is a further object of the present invention to provide a method for
      disinfecting livestock stalls by spraying said stalls with an aqueous
      solution of said above-described liquid concentrate agent.
PAR  These and further objects of the present invention will become apparent as
      the description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to agents for disinfecting stalls.
PAR  The present invention provides an agent for disinfecting stalls which is
      based on phenol or phenol derivatives, having a disinfecting action, and a
      solvent which penetrates the membranes of the parasitic spores, wherein a
      combination of perchloroethylene and a monohydroxy alcohol having 2 to 4
      carbon atoms is used as said solvent.
PAR  More particularly the present invention provides liquid concentrate agent
      for a disinfecting stalls comprising a member having a disinfecting action
      selected from the group consisting of phenol and derivative of phenol, and
      a solvent combination which penetrates the membranes of parasitic spores
      and eggs consisting essentially of perchloroethylene and an alkanol having
      2 to 4 carbon atoms.
PAR  Also the present invention is directed to an improved method of
      disinfecting livestock stalls which comprises spraying a solution of a
      disinfectant into a stall for livestock, wherein the improvement consists
      essentially of utilizing a solution of the above liquid concentrate agent
      as said disinfectant.
PAR  The phenol or phenol derivatives used in the stall disinfectants according
      to the invention must have a satisfactory disinfecting action, such as a
      phenol coefficient in the excess of 2 and adequate solubility in the
      solvents used. Preferably, chlorinated phenol derivatives such as
      p-chloro-m-cresol are used, although other phenol derivatives, such as
      cresols, o-phenylphenol, pentachlorophenol, and hexachlorophene are
      suitable.
PAR  Suitable examples of monohydroxy alcohols having 2 to 4 carbon atoms are
      alkanols having 2 to 4 carbon atoms, such as ethanol, propanol,
      isopropanol, butanol, isobutanol, and tertiary butanol, although
      isopropanol is preferably used. The solvent combination comprises
      perchloroethylene and the monohydroxy alcohol in a weight ratio of
      perchloroethylene to the alcohol of 1:0.05 to 1:5. Particularly
      satisfactory effectiveness with respect to the parasitic spores and eggs
      is obtained when there is a certain excess of alcohol over the
      perchloroethylene. Preferably, a weight ratio of perchloroethylene to
      alcohol of from 1:1.3 to 1:1.7 is used.
PAR  The amount of solvent (perchloroethylene plus alkanol) employed with
      reference to the amount of phenol or phenol derivatives is on the order of
      a ratio of 0.5 to 9:1.
PAR  In order to improve the wetting effect and the penetrative ability of the
      disinfectant, it is preferrable to add an anionic, a non-ionic, or a
      cationic surface-active compound to the disinfectant. The alkali metal
      salts, for example the sodium or potassium salts, the ammonium salts, or
      the lower alkyl-and alkylol-ammonium salts of fatty alcohol sulfates
      having 8 to 20 carbon atoms, alkyl sulfonates, having 8 to 20 carbon
      atoms, alkylbenzene sulfonates having 8 to 20 carbon atoms in the alkyl,
      and sulfosuccinic acid esters of alkanols having 8 to 20 carbon atoms are
      particularly suitable as anionic surface-active compounds. Suitable
      non-ionic surface-active compounds are particularly the polyalkylene
      glycol ether adducts, such as the adducts of ethylene oxide and/or
      propylene oxide, to fatty alcohols having 8 to 20  carbon atoms, fatty
      acids having 8 to 20 carbon atoms, fatty acid amides having 8 to 20 carbon
      atoms, fatty acid lower alkanolamides having 8 to 20 carbon atoms in the
      fatty acid, fatty amines having 8 to 20 carbon atoms, or alkylphenols
      having 8 to 20 carbon atoms in the alkyl. Examples of suitable non-ionic
      surface-active compounds are the adducts of 4 to 40, preferably 5 to 20
      mols of ethylene oxide and/or propylene oxide to saturated or unsaturated
      fatty alcohols having 8 to 18 carbon atoms or fatty alcohol mixtures
      having 8 to 18 carbon atoms, or to nonylphenol. Finally, cationic
      surface-active compounds may be used which are derived preferably from
      quaternary ammonium compounds such as dodecyltrimethyl ammonium chloride
      or hexadecylpyridinium sulfate. These substances themselves have a
      partially disinfecting action.
PAR  The disinfectant agents according to the invention constitute liquid
      concentrates which have the characteristics of clear solutions or
      emulsions according to the particular surface-active compound employed.
      Preferably, these agents contain approximately
PA1  10% to 40% by weight of a phenol derivative,
PA1  10% to 50% by weight of perchloroethylene,
PA1  2.5% to 50% by weight of isopropanol, and
PA1  0% to 40% preferably 5% to 40%, by weight of a surface active compound.
PAR  Advantageously, a certain amount of water is added to the concentrates in
      order to improve the homogeneity and storage properties, and to facilitate
      the solubility in water when producing the diluted spray solutions. The
      quantity of water should be approximately 30% to 200% by weight of the
      concentrate. This amount of water is readily absorbed by the concentrate
      because of the presence of surface-active compound so that clear solutions
      will generally result.
PAR  The concentrates serve to produce dilute spray solutions having a content
      of approximately 0.3% to 3% by weight of phenol derivatives. There
      concentrates are usually diluted with anywhere from 3 to 133 times
      preferably 20 to 30 times, the weight of water so as to produce a dilute
      solution with from 0.3% to 3% by weight of the phenol. These solutions are
      applied in the stables, animal boxes, etc., in a known manner by spraying
      or atomizing; and these solutions will reliably kill eggs or oocystae of
      parasitic pests. A particular advantage of the agents according to this
      invention is that the concentration of toxic or combustible fumes
      occurring during manufacture and spraying is insufficient to constitute a
      risk of explosion, or fire, or the poisoning of personnel or useful
      animals. The concentrations of perchloroethylene measured in the air in
      the stalls after the spraying operation are substantially below the
      admissible and physiologically compatible values (MAK values). In contrast
      to this, it was ascertained that the admissible MAK value can be exceeded
      several times over when spraying agents containing carbon disulfide.
DRWD
PAR  The following examples are merely illustrative of the present invention
      without being deemed limitative in any manner thereof.
PAC  EXAMPLE 1
PAR  A highly effective stall disinfectant concentrate was prepared from the
      following composition:
PA1  10 parts by weight of p-chloro-m-cresol,
PA1  10 parts by weight of perchloroethylene,
PA1  10 parts by weight of an aqueous 50% solution of the surface-active
      compound sodium alkylbenzene sulfonate having 8 to 20 carbon atoms in the
      alkyl and
PA1  15 parts by weight of isopropanol.
PAR  In order to improve the homogeneity and solubility in water, 55 parts by
      weight of distilled water were added to this preparation. Thus, a clear,
      liquid product was obtained which could readily be diluted with water in a
      ratio of approximately 1:12 to form a spray solution.
PAR  The spray solution was used in a conventional manner in a pigsty
      contaminated with mawworm eggs. Subsequent inspection showed that the
      treatment had killed virtually all the parasite eggs.
PAR  It was also established that the admissible MAK value for perchloroethylene
      (100 ppm) was not reached or exceeded during the spraying operation with
      the spray solution of the invention.
PAC  EXAMPLE 2
PAR  A highly effective stall disinfectant concentrate was prepared from the
      following composition:
PA1  15 parts by weight of o-phenyl-phenol,
PA1  10 parts by weight of perchloroethylene,
PA1  10 parts by weight of an aqueous 50% solution of the surface-active
      compound sodium alkylbenzene sulfonate having 8 to 20 carbon atoms in the
      alkyl,
PA1  30 parts by weight of isopropanol, and
PA1  35 parts by weight of distilled water.
PAR  This liquid concentrate was diluted with water in a ratio of 1:12 and was
      tested on eggs of ascaridia galli by bringing the eggs into contact with
      this diluted solution of the aforesaid disinfectant. The disinfectant was
      subsequently washed away and the eggs were fed to cows.
PAR  No mawworm infestation was found in the intestines of the animals when they
      were slaughtered 4 weeks later.
PAC  EXAMPLE 3
PAR  A highly effective disinfectant concentrate was prepared analogously to
      Example 2, and was then diluted with water in a 1:12 ratio as in Example
      2. In this experiment, conducted in vitro, it was found that the
      disinfectant was able to dissolve the mawworm eggs with a longer reaction
      period on the egg deposit.
PAR  Although the present invention has been disclosed in connection with a few
      preferred embodiments thereof, variations and modifications may be
      resorted to by those skilled in the art without departing from the
      principles of the new invention. All of these variations and modifications
      are considered to be within the true spirit and scope of the present
      invention as disclosed in the foregoing description and defined by the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A liquid concentrate for killing parasitic spores and eggs in livestock
      stalls comprising from 10% to 40% by weight of a disinfectant selected
      from the group consisting of phenol, p-chloro-m-cresol, cresol,
      o-phenyl-phenol, pentachlorophenol and hexachlorophene and a solvent
      combination which penetrates the membranes of parasitic spores and eggs
      consisting essentially of perchloroethylene and a monohydroxy alcohol
      having 2 to 4 carbon atoms; said liquid concentrate containing from 10% to
      50% by weight of said perchloroethylene, from 25% to 50% by weight of said
      alcohol; and in addition containing from 0% to 40% by weight of a
      surface-active compound.
NUM  2.
PAR  2. The concentrate of claim 1, in which the alcohol is isopropanol.
NUM  3.
PAR  3. The concentrate of claim 1, in which the weight ratio of
      perchloroethylene to alcohol is 1:1.3 to 1:1.7.
NUM  4.
PAR  4. The concentrate of claim 1, in which said disinfectant is selected from
      the group consisting of p-chloro-m-cresol and o-phenylphenol.
NUM  5.
PAR  5. The concentrate of claim 1 in which said surface-active compound is an
      anionic surface-active compound which is an alkali metal salt of an
      alkylbenzene sulfonate having 8 to 20 carbon atoms in the alkyl.
NUM  6.
PAR  6. The concentrate of claim 1, further comprising from 30% to 200% by
      weight of water, based upon the weight of said concentrate.
NUM  7.
PAR  7. A disinfectant solution for killing parasitic spores and eggs in
      livestock stalls comprising the liquid concentrate of claim 1 with from 3
      to 133 times the weight of water, based upon the weight of said
      concentrate, with the proviso that the disinfectant solution contains from
      0.3% to 3% by weight of said disinfectant.
NUM  8.
PAR  8. A method of killing parasitic spores and eggs in livestock stalls
      comprising spraying into said stalls, an effective amount of an aqueous
      solution containing a liquid concentrate comprising 10% to 40% by weight
      of a disinfectant selected from the group consisting of phenol,
      p-chloro-m-cresol, cresol, o-phenyl-phenol, pentachlorophenol and
      hexachlorophene and a solvent combination which penetrates the membranes
      of parasitic spores and eggs consisting essentially of perchloroethylene
      and a monhydroxy alcohol having 2-4 carbon atoms; said liquid concentrate
      containing from 10% to 50% by weight of said perchloroethylene, from 2.5
      to 50% by weight of said alcohol; and in addition containing from 0% to
      40% by weight of a surface-active compound.
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ABST
PAL  A process for the stabilization of an aluminum part, such as a
      semiconductor lead frame, which includes the step of coating said aluminum
      part with an alcohol solution containing boron, phosphorous and a metal
      selected from the group consisting of gold, palladium, rhodium and
      platinum. The solution is prepared by mixing phosphorous pentoxide in an
      alcohol solvent. The dissolution of the phosphorous pentoxide is
      exothermic and the temperature of the solution will rise during the
      reaction. Then, boric anhydride and a salt of gold, palladium, rhodium or
      platinum is added. The solution strips any aluminum oxide from the surface
      of the part while also removing any organic contamination and while
      depositing a layer of the gold, platinum, rhodium or palladium onto the
      surface of the aluminum part. The process is particularly advantageous for
      preparing aluminum lead frames for wire bonding during semiconductor
      device assembly.
BSUM
PAC  RELATED APPLICATION
PAR  This invention is related to application Ser. No. 408,776 filed Oct. 23,
      1973.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the processing of aluminum parts and, more
      particularly, to the stabilization of the surface of aluminum lead frames
      for semiconductor devices.
PAR  In the assembly of semiconductor devices, a lead frame which provides a
      mounting for the semiconductor chip, plus electrical terminals for the
      completed device is utilized. Typically, the lead frame is of aluminum or
      is aluminum surfaced because the metallization on the semiconductor chip
      is of aluminum, thus an aluminum wire is used to bond between the
      electrical contact pads on the chip and to the aluminum or aluminum coated
      lead frame without the electromigration problems that might be associated
      with the utilization of dissimilar metals. Prior to the bonding between
      the chip and the lead frame, it is customary to use a form of a degreasing
      operation, such as immersing the lead frames in freon. Due to the extreme
      chemical activity of aluminum, the parts, after removal from the freon,
      become or remain coated with thin films of aluminum oxide, which limit the
      pull strength of the wire bonds made thereto.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved process for the
      cleaning of aluminum or aluminum surfaced parts.
PAR  A further object of the invention is to provide a cleaning process and
      solution for the treatment of aluminum or aluminum surfaced semiconductor
      lead frames.
PAR  A further object of the invention is to provide a process and solution for
      the cleaning and coating of aluminum surfaced lead frames in preparation
      for bonding of semiconductors thereto.
PAR  In accordance with these objects, there is provided a process for the
      stabilization and cleaning of an aluminum part which comprises the step of
      immersing said lead frame in an alcohol solution containing boron,
      phosphorous and a metal elected from the group consisting of gold,
      palladium, rhodium and platinum.
PAR  A further object of the invention is to provide a process for the
      improvement of the pull strength of the wire bonds in semiconductor device
      processing.
PAR  Further objects and advantages of the invention will be understood from the
      following complete description thereof.
PAC  COMPLETE DESCRIPTION
PAR  In accordance with the particular embodiment of the invention, the process
      is one for removing organic contamination from a semiconductor lead frame
      prior to wire bonding. During this process, the ever present skin of
      aluminum oxide on such aluminum striped lead frames is also removed. Both
      the organic contamination and the aluminum oxide act to inhibit wire
      bonding strength and quality. During the process, the aluminum is plated
      with an inert noble metal, which prevents regrowth of a new layer of oxide
      on the lead frame when it is subsequently exposed to air. Results show
      that the treatment persists even if the treated lead frame is held four
      weeks before utilized in the wire bonding assembly operation.
PAR  The process functions by deposition from a selected organic solvent of a
      thin adherent layer of an inert noble metal, such as gold, palladium,
      platinum or rhodium, on the aluminum. The noble metal layer may be
      considered mono-atomic in thickness, and is stable to ambient conditions
      of temperature and humidity, thereby preventing reforming of the skin of
      aluminum oxide.
PAR  The solution used in the process is a solution of phosphorous pentoxide,
      boric anhydride and a noble metal salt, such as potassium, gold cyanide,
      potassium gold chloride, palladium chloride or similar salts of rhodium
      and platinum. A concentration of dissolved solids of from 0.5 to 4 percent
      with an atomic ratio of phosphorous-boron-noble metal of 1:3:0.1 has been
      used. The phosphorous-boron solution serves as the carrier to solubilize
      the noble metal salt.
PAR  A typical solution is prepared by dissolving 1 to 30 grams per liter
      phosphorous pentoxide in various alcohols, such as isopropyl alcohol. This
      reaction is exothermic and results in a rise in temperature of the
      solution. To this solution is added 1 to 60 grams per liter boric
      anhydride to form a boron phosphorous ration in the solution of at least
      3:1. This ratio is necessary to prevent hydroscopic side effects after the
      solution has been dried following treatment in accordance with the
      process. The foregoing solution forms a stock base solution to which 0.01
      to 10 grams per liter noble metal salt will be added prior to use. The
      noble metal salt should not be added too long ahead of time, since even on
      inert plastic surfaces, plating of the noble metal will occur
      spontaneously over a period of a few days. When it is desired to treat the
      parts in accordance with the subject process, a sufficient amount of the
      noble metal salt is added to the stock base solution to form a ratio of
      boron phosphorous to noble metal of 1:3:0.1. Solution can be generally
      affected by shaking or stirring in a matter of minutes.
PAR  To treat the parts in accordance with the process, a preliminary degreasing
      in isopropyl alcohol may be utilized, although this is not necessary. The
      parts are added to the above disclosed solution at room temperature, until
      an absorption or immersion plating equilibrium is approached. The solution
      is then decanted from the parts and the parts are rinsed with an alcohol,
      such as methanol, and air dried. Preferably, the parts are then baked for
      30 minutes in air at 200.degree.C. Following this treatment, the parts are
      ready for further assembly.
DETD
PAC  EXAMPLE I
PAR  A preliminary solution was prepared by dissolving 16 grams of phosphorous
      pentoxide in 500 milliliters of isopropyl alcohol. To this solution is
      added 28 grams of boric anhydride, which dissolves in a matter of minutes.
      The solution is then diluted with another 1000 milliliters of isopropyl
      alcohol. To 100 milliliters of the foregoing diluted stock solution was
      then added 0.2 grams of potassium gold cyanide. Solution of the potassium
      gold cyanide is affected in about 10 minutes by shaking. This solution is
      then diluted by addition of 500 milliliters of isopropyl alcohol and 100
      dual-in-line lead frames immersed therein for 5 minutes. The solution is
      then decanted from the parts, and the parts are rinsed for 3 to 5 seconds
      in absolute methanol. The parts are then air dried. Within 1 day, the
      parts were assembled by wire bonding to semiconductor chips and tested for
      their pull strength. The results, as compared with standard degreased
      parts demonstrate that the peak bond strength has been increased from five
      to seven grams, while parts having a pull strength of less than six grams
      have been eliminated.
PAC  EXAMPLE II
PAR  A solution was prepared by dissolving 16 grams of phosphorous pentoxide in
      500 milliliters of isopropyl alcohol. To this solution was added 28 grams
      of boric anhydride, which dissolved therein, and the solution was diluted
      with 1000 milliliters of isopropyl alcohol. To 100 milliliters of this
      solution was then added 0.2 grams of potassium gold cyanide and solution
      was affected in approximately 10 minutes. 100 dual-in-line lead frames
      were immersed in this solution for 8 minutes, and the solution decanted.
      The parts were then given a quick rinse -- 2 to 5 seconds in absolute
      methanol and air dried. The parts were then stored for 3 weeks, prior to
      assembly. Following assembly, the parts were tested for pull strength, as
      compared with a similar number of freon degreased parts, and results
      indicate that the maximum value of wire pull strength is shifted from five
      grams for the regular units to 8.5 grams for products treated in
      accordance with the invention, which is an increase of 70 percent in
      strength. Additionally, the low end of the new process distribution is at
      least one gram above the maximum in pull strength achieved by the prior
      art process.
PAR  While the invention has been disclosed by way of certain preferred
      embodiments and examples thereof, it will be appreciated that suitable
      modifications may be made therein without departing from the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process of manufacturing aluminum parts which are to be bonded to
      other parts, the improvement which comprises the step of coating the
      aluminum parts with a complex solution containing 1 to 30 grams per liter
      phosphorous pentoxide, 1 to 60 grams per liter boric anhydride, 0.01 to
      10.0 grams per liter of a material elected from the group consisting of
      gold, platinum, palladium and rhodium salts and oxides.
NUM  2.
PAR  2. In a process as recited in claim 1 wherein said coating step includes
      immersing the parts in said complex solution and drying the device in air.
NUM  3.
PAR  3. In a process as recited in claim 1 wherein said coating step includes
      covering the surface of said parts with said complex solution, rinsing the
      surface of said device with an alcohol, and drying said device.
NUM  4.
PAR  4. In a process as recited in claim 3 wherein the device is then baked at a
      temperature of approximately 200.degree.C.
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ABST
PAL  A binder composition for use in the manufacture of wool-like and board-like
      masses of intermeshed, randomly oriented vitreous fibers comprising a
      thermo setting phenolic resin and an organo silicon component in the form
      of a metal salt of an organo silane.
BSUM
PAR  This invention relates to masses formed of randomly oriented glass fiber
      and a binder, and more particularly to an improved binder composition for
      use in the manufacture of such masses.
PAR  The production of wool-like and board-like masses formed of intermeshed,
      randomly oriented glass and other vitreous fibers is now well-known to
      those skilled in the art. Such masses are frequently used for insulation
      against heat and/or sound in a variety of applications including home
      appliance (e.g., stoves, refrigerators, etc.), automobiles and the like.
PAR  Such wool-like masses of fibers are most frequently produced by drawing
      streams of molten glass through small-diameter orifices, alternating the
      streams to provide the desired fiber diameter or average diameter,
      projecting the resulting fibers along with a suitable binder composition
      onto a foraminous conveyor and subjecting the collected fibers to curing
      to cause hardening of the binder composition. The resulting mass is formed
      of hundreds of randomly oriented, intermeshed fibers which are interbonded
      to one another at their points of intersection by means of the hardened or
      cured binder.
PAR  Board-like masses are produced in a silimar manner except that the final
      curing operation is carried out while the mass of fibers is compressed
      into the desired shape whereby the binder is cured or hardened with the
      fibers interbonded in a densified mass.
PAR  Phenolic resins have been used as the binder in the manufacture of such
      masses for a number of years. Such resins are generally heat-hardenable
      phenolformaldehyde resins. As is described in U.S. Pat. No. 3,244,580,
      such phenolic resins are frequently employed in combination with a
      pinewood pitch extract and more recently with a tall oil pitch and an
      organo silane to improve the flow characteristics of the phenolic resin on
      application to the glass fibers to insure bonding between the randomly
      oriented fibers at their points of contact.
PAR  While the use of, for example, tall oil pitch with an organo silane is
      quite effective in providing a phenolic resin composition having the
      desired flow characteristics, there is nevertheless room for further
      improvement in establishing a secure bonding relationship among the
      randomly oriented glass fibers forming wool-like and board-like masses of
      intermeshed fibers. It has been found that such masses formed of
      intermeshed fibers are only weakly bonded each to the other, with the
      result that the masses have low pack strength and relatively high dust
      levels in handling and high odor levels when used in high temperature
      insulation applications.
PAR  It is accordingly an object of this present invention to provide an
      improved phenolic resin binder composition for use in the manufacture of
      wool-like and board-like masses of inter-meshed glass and vitreous fibers
      which overcomes the foregoing disadvantages.
PAR  It is a more specific object of the invention to provide a phenolic resin
      binder composition for use in the manufacture of intermeshed and
      interbonded randomly oriented glass and other vitreous fibers having high
      pack strengths, low dust levels and low odor levels.
PAR  It is a related object of the invention to produce and to provide a method
      for producing masses to intermeshed and interbonded randomly oriented
      glass and other vitreous fibers having high pack strengths, low dust and
      low odor levels.
PAR  The concepts of the present invention resides in an improved phenolic
      binder composition which is formulated of an aqueous dispersion of a
      phenolic resin and an organo silane in the form of its metal salt. It has
      been found that the use of such salts provides a significant yet
      unexpected increase in the bonding strength of the intermeshed glass
      fibers.
PAR  In the preferred practice of this invention, the metal salts employed are
      the alkali metal (e.g., sodium, potassium) or the alkaline earth metal
      salts of an amino silane triol. Such salts have the formula
      ##EQU1##
      wherein M is the metal, y is equal to the valence of the metal divided by
      3, usually 1 or 1.5, and x is an integer from 3 to 6. Also contemplated
      are salts dervied from polyamino silanes such as
      ##EQU2##
      where z is an integer from 1 to 3. Most preferred are the alkali metal
      salts.
PAR  Such silanolates can be prepared in a known manner by reaction of the
      corresponding amino silane with a hydroxide of the desired metal. The
      alcohol formed can then be removed, as by distillation.
PAR  Phenolic resins for use of the present invention include any of the
      heat-hardenable phenolic resin binders conventionally used to interbond
      randomly oriented fibers to form wool-like and board-like masses.
      Preferred resins are phenol-formaldehyde resins of the type described in
      U.S. Pat. No. 3,244,580; as described in this patent, such resins are
      prepared by reaction of phenol with an aldehyde such as formaldehyde,
      acetaldehyde or propionaldehyde alone or also in the presence of an
      amine-containing compound such as urea, melamine, dicyandiamide urea
      borate or guanidine. The amine-containing compound may either be present
      when the phenolic resin is prepared, or it may be added after prepared, or
      it may be added after preparation of the resin.
PAR  The relative proportions of the resin and the amino silanolate are not
      critical to the practice of the invention. The composition is usually in
      the form of an aqueous dispersion of the resin having a solids content of
      0.1 to 25% by weight; the organo silicon compound preferably constitutes
      from 0.01 to 30% by weight, and most preferably 0.1 to 20% by weight, of
      the total weight of the resin.
PAR  Various other minor additives may also be formulated into the binder
      composition of this invention, including buffers (e.g., ammonium hydroxide
      and ammonium sulfate), emulsifiers, etc.
PAR  The composition of this invention is also preferably but not necessarily
      formulated to contain a cure-controlling component. Preferred are tall oil
      pitches and/or pinewood pitch extracts which are described in detail in
      U.S. Pat. No. 3,244,580, the disclosure of which is incorporated herein by
      reference. The cure-controlling component generally is present in an
      amount of 5 to 100% by weight of the total weight of the phenolic resin.
DETD
PAR  Having described the basic concepts of the invention, reference is now made
      to the following examples, which are provided by way of illustration but
      not of limitation, of the practice of the invention in the formulation of
      binder compositions and their use in the treatment of vitreous fibers.
PAC  EXAMPLE 1
PAR  The potassium salt of gamma-aminopropyltriethoxy silane is prepared by
      placing 297.2 g of KOH in a 1-liter flask, to which there is added 315 ml
      of water. There is then added to the resulting mixture 355.5 ml of
      gamma-aminopropyltriethoxy silane.
PAR  The resulting mixture is then subjected to distillation; 228.7 g of the
      ethanol-water azeotrope (boiling at 77.degree. to 78.degree.C) was removed
      along with a material boiling within 78.degree. to 98.degree.C. Remaining
      in the flask is 709.8 g of the silanolate
EQU  H.sub.2 N -- (CH.sub.2).sub.3 -- Si(OK).sub.3
PAR  This silanolate is then formulated into the following binder composition:
TBL                       Parts by weight                                      

     ______________________________________                                    

     Phenolic resin (48% solids)                                               

                            29.9                                               

     Urea                   3.6                                                

     Cataphote spheres      582                                                

     Ammonium sulfate       1.8                                                

     Sodium hexametaphosphate                                                  

                            0.18                                               

     Potassium silanolate (10% solution)                                       

                            0.18                                               

     Water                  9.36                                               

     ______________________________________                                    

PAL  The binder composition is applied to glass beads by admixing the binder
      composition with the glass beads (3-4% solids in glass), and then the
      resulting composite is molded into a shape having the configuration of a
      "dogbone". The "dogbones" are tested by subjecting them to fructure on a
      standard tensile testing machine as a measure of the adhesion between the
      glass and the binder composition.
PAR  The same binder composition is again formulated with (1) no organo silicon
      compound and (2) the standard amino silane (A-1104), and subjected to the
      same tests as described. The "dogbones" prepared with each of the binder
      compositions are cured at 450.degree.F for 7 minutes.
PAR  The results of these tests are shown in the following table.
TBL  ______________________________________                                    

     Silicon compound                                                          

                Dry strength                                                   

                           Wet strength                                        

                                      % retention                              

     ______________________________________                                    

     K silanolate                                                              

                656.4 psi  294.0 psi  45%                                      

     A-1104     577.2 psi  327.6 psi  57%                                      

     None       556.7 psi   0  psi     0%                                      

     ______________________________________                                    

PAL  The wet strength refers to the strength of the "dogbones" after storage for
      18 hours at 110.degree.F and 100% relative humidity.
PAR  The foregoing test data demonstrate that the use of the silanolate salt
      provides a high dry strength as compared to an amino silane.
PAC  EXAMPLE 2
PAR  The binder composition described in Example 1 containing the potassium
      silanolate is applied to randomly oriented glass fibers in a conventional
      manner to interbond the glass fibers each to the other; the wool-like mass
      is cured at 450.degree.F for 5 minutes.
PAR  The mass is found to have good physical properties.
PAC  EXAMPLE 3
PAR  A phenolic resin is prepared by reacting 180 parts by weight of a 37%
      aqueous solution of formaldehyde with 100 parts by weight of phenol in the
      presence of 4 parts by weight of sodium hydroxide. The reaction mixture is
      allowed to stand at room temperature for about 16 hours, and is then
      heated until the temperature reached 85.degree.C. The reaction mixture is
      then neutralized with phosphoric acid, and the resin is filtered.
PAR  The resin is then formulated into the following binder composition:
TBL                         Parts by weight                                    

     ______________________________________                                    

     Phenolic resin           100                                              

     Tall oil pitch with flash point of 530.degree.F.                          

                               80                                              

     Potassium silanolate     0.2                                              

     Water to solids content of 3%                                             

     ______________________________________                                    

PAR  The resulting binder composition is applied to randomly oriented glass
      fibers in a conventional manner to interbond the glass fibers each to the
      other, and the resulting wool-like mass is cured at 400.degree.F. for 1.3
      minutes. The mass is found to have good physical properties.
PAR  The amount of binder composition applied to vitreous fibers in the
      manufacture of wool-like and board-like masses is not critical to the
      practice of the invention. For best results, it is frequently desirable to
      employ the binder composition in an amount sufficient to deposit on the
      fibers dry solids constituting from 5 to 20% by weight.
PAC  EXAMPLE 4
PAR  A phenolic resin is prepared by reacting 58 parts by weight of phenol with
      123.4 parts by weight of 37% by weight aqueous formaldehyde in the
      presence of 12 parts by weight of barium monohydrate. The reaction mixture
      is first heated to 110.degree.F. for 3 hours, then to 120.degree.F. for 5
      hours and finally to 140.degree.F. for 2 hours.
PAR  The reaction mixture is then cooled to 100.degree.F., and neutralized to a
      pH of 7.5 with sulfuric acid. A charge of 23.2 parts by weight of melamine
      is then added, and the reaction mixture is heated to 140.degree.F. for 2
      hours. The reaction mixture is then cooled and neutralized with additional
      sulfuric acid to a pH of about 7.2.
PAR  Using the procedure described in Example 1, sodium hydroxide is reacted
      with delta-aminobutyltrimethoxy silane to form
EQU  H.sub.2 N -- (CH.sub.2).sub.4 -- Si(ONa).sub.3
PAR  A binder composition is formulated with the phenolic resin as follows:
TBL                       Parts by weight                                      

     ______________________________________                                    

     Phenolic resin         100                                                

     Sodium silanolate      0.6                                                

     Tall oil pitch         54.0                                               

     Water to solids content of 5%                                             

     ______________________________________                                    

PAR  The resulting composition is then applied to intermeshed glass fibers as
      described in Example 2 to form masses of wool-like fibers. Comparable
      results are obtained.
PAC  EXAMPLE 5
PAR  Using the procedure described in Example 1,
      N-aminoethyl-gamma-aminopropyltriethoxy silane is reacted with KOH to form
      the silanolate:
EQU  H.sub.2 N -- CH.sub.2 -- CH.sub.2 -- NH -- (CH.sub.2).sub.3 -- Si(OK).sub.3
PAR  This silanolate is formulated with the phenolic resin of Example 3 to form
      the following binder composition:
TBL                       Parts by weight                                      

     ______________________________________                                    

     Phenolic resin         100.0                                              

     Silanolate              10.0                                              

     Water to solids of 8%                                                     

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  Using the procedure described in Example 1, MgO is reacted in the presence
      of water with gamma-aminopropyltriethoxy silane to form the silanolate
      ##EQU3##
PAR  The silanolate is formulated into the following binder composition:
TBL                       Parts by weight                                      

     ______________________________________                                    

     Phenolic resin         30.0                                               

     Ammonium sulfate       2.0                                                

     Silanolate             0.3                                                

     Water                  10.0                                               

     ______________________________________                                    

PAR  Each of the binder compositions of Examples 4 to 6 can be used in the same
      manner as described in Examples 1 to 3 in the manufacture of wool-like and
      board-like masses of fibers. The organo silicon compounds of the invention
      provides a secure bond between the fibers forming such masses to assure
      maximum strength and minimum dust and odor levels.
PAR  It will be understood that various changes can be made in the details of
      procedure, formula and use without departing from the spirit of the
      invention, especially as defined in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A mass of intermeshed vitreous fibers bonded to one another at points of
      contact by a thermoset phenolic resin binder which is the product of heat
      curing of a composition containing a phenolic resin and a silanolate salt
      selected from the group consisting of a salt of the formula
      ##EQU4##
      and a salt of the formula
      ##EQU5##
      where M is a metal having a valence of up to 2, y is equal to 3 divided by
      the valence of the metal, x is an integer from 3 to 6 and z is an integer
      from 1 to 3.
NUM  2.
PAR  2. A mass as defined in claim 1 wherein the fibers are glass fibers.
NUM  3.
PAR  3. A mass as defined in claim 1 which includes a cure controlling component
      for the phenolic resin.
NUM  4.
PAR  4. A mass as defined in claim 3 wherein the cure controlling component is
      selected from the group consisting of a tall oil pitch, a pinewood pitch
      extract and mixtures thereof.
NUM  5.
PAR  5. A mass as defined in claim 1 wherein the resin is a resin prepared by
      reaction of an aldehyde selected from the group consisting of
      formaldehyde, acetaldehyde and propionaldehyde.
NUM  6.
PAR  6. A mass as defined in claim 5 wherein the binder is prepared with an
      amine compound selected from the group consisting of urea, melamine,
      dicyandiamide urea borate and quanidine.
NUM  7.
PAR  7. A composition as defined in claim 1 wherein M is selected from the group
      consisting of alkali metals and alkaline earth metals.
NUM  8.
PAR  8. A composition as defined in claim 1 wherein M is an alkali metal.
NUM  9.
PAR  9. A composition as defined in claim 1 wherein the silanolate has the
      formula
EQU  H.sub.2 N -- (CH.sub.2).sub. x -- Si(OK).sub.3 .
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ABST
PAL  A fibrous article having a suede-like surface is composed of numerous
      staple fiber bundle units mutually entangled with one another in a
      three-dimensional configuration. Each staple fiber bundle unit comprises a
      plurality of flexible and relatively movable synthetic organic ultrafine
      fibers having a substantially round cross-sectional profile, substantially
      the same fiber length, and lying axially along the longitudinal axis of
      the staple fiber bundle unit. Elastic bonding material is disposed around
      and spaced axially along the ultrafine fiber bundle units joining together
      adjacent ones of the ultrafine fiber bundle units at locations where they
      intersect with one another to jointly hold the entangled ultrafine fiber
      bundle units in their three-dimensional configuration while permitting
      slight relative longitudinal movement between the individual ultrafine
      fibers within each ultrafine fiber bundle unit. The ultrafine fibers
      located on at least one surface of the fibrous article have raised ends
      which are spaced-apart from each other and provide the fibrous article
      with good handling, touch, softness and excellent durability approaching
      that of natural leather.
PARN
PAR  This is a continuation of application Ser. No. 97,328, filed Dec. 11, 1970,
      now abandoned, which is a continuation of application Ser. No. 675,823,
      filed Oct. 17, 1967, now abandoned.
BSUM
PAR  The present invention relates to an improved fibrous configuration mainly
      composed of mutually entangled bundles of fine fibers which is used for
      artificial leather or the like.
PAR  Many attempts have been made to produce fibrous configuration having the
      same favorable properties as natural leather, but almost all such attempts
      have resulted in failure. All of the artificial leather produced by the
      conventional methods bad hand many unfavorable properties such as less
      flexibility, had, poor bending strength and permeability etc. The main
      reason for the failure in the prior art approaches is due to the fact that
      it was very difficult, and consequently there have been few attempts, to
      produce a fibrous configuration composed of a plurality of mutually
      entangled bundles composed of fine fibers, such as that found in the
      structure of natural leather which is composed of very fine collagen
      fibers. The natural leather is mainly composed of a plurality of mutually
      entangled bundles of extremely fine collagen fibers, and the individual
      collagen fibers contained in the bundle are not chemically bonded to each
      other thereby permitting slight slippage of the individual fibers within
      the bundle of fibers when the leather is put under deformation. This is
      the reason why natural leather is provided with favorable properties. It
      is extremely difficult to produce such fine fibers artificially by the
      conventional spinning method used for producing synthetic fibers. Even if
      such extremely fine fibers could be obtained artificially, it has been
      quite difficult to produce a uniform web or the like using such extremely
      fine fibers by the conventional webber. Needle punching of the web
      composed of such extremely fine fibers was almost impossible because such
      extremely fine fibers could not withstand the impact applied during the
      punching operation. Moreover, there have been no suitable methods for
      collecting such extremely fine fibers into a bundle of fibers and, even if
      such a bundle of fibers could be obtained, it was difficult to form the
      plurality of bundles of extremely fine fibers into a mutually entangled
      condition while maintaining the highly oriented condition of the fibers
      contained in each individual bundle of fibers.
PAR  The so-called Macaroni fiber or multi-hollow fiber is well-known as a
      conventional material used for the production of artificial leather so as
      to bestow preferable flexibility and softness to it. But the conventional
      Macaroni type fibers are not provided with such continuous configuration
      of bundles of extremely fine fibers as in the structure of collagen fibers
      of the natural leather. Consequently, it is impossible to expect to bestow
      sufficient flexibility, softness and high bending strength to the
      artificial leather produced from the conventional Marcaroni type fibers.
PAR  The principal object of the present invention is to provide a fibrous
      configuration used as artificial leather or the like wherein a plurality
      of bundles of fine fibers are mutually entangled while permitting a slight
      slippage of individual fibers within the bundle.
PAR  Another object of the present invention is to provide a fibrous
      configuration used as artificial leather or the like having novel and
      excellent properties similar to those of natural leather.
PAR  A further object of the present invention is to provide a fibrous
      configuration used as artificial leather or the like having excellent
      touch, handling and improved durability in practical use which are not
      present in conventional artificial leather.
PAR  Further features and advantages of the present invention will be made
      apparent from the following descriptions, reference being made to the
      attached drawings.
DRWD
PAR  FIG. 1 is a schematic block diagram of an embodiment of the processes for
      manufacturing fibrous configuration of the present invention,
PAR  FIG. 2 is a perspective view of a highly oriented fibrous composite of the
      present invention,
PAR  FIGS. 3A to 3J are variants of sections taken along the line III--III in
      FIG. 2,
PAR  FIG. 4 is an explanatory drawing showing the entangled condition of fibers
      in the conventional artificial leather,
PAR  FIG. 5 is an explanatory drawing showing the entangled condition of bundles
      of fine fibers in the fibrous configuration of the present invention,
PAR  FIGS. 6 and 7 are explanatory drawings showing the bonded condition of
      fibers in the conventional artificial leather and the fibrous
      configuration of the present invention, respectively, and
PAR  FIGS. 8 and 9 are explanatory drawings showing the surface condition of the
      conventional artificial leather and the fibrous configuration of the
      present invention, respectively.
DETD
PAR  In accordance with the present invention, the manufacture of a fibrous
      configuration according to the invention comprises the four main processes
      shown in FIG. 1 following the preparation of highly oriented fibrous
      configuration, wherein the first process is the formation of a random web,
      the second process is the formation of a felt or the like, the third
      process is the addition of elastic materials and the final process is the
      elimination of at least one of the components from the products. The
      highly oriented fibrous configuration of the present invention can be
      prepared in several ways. For example, the fibrous configuration can be
      prepared by spinning at least two different components simultaneously
      together through a spinning nozzle in such a manner that the spun filament
      will have a section as shown in the variants of FIGS. 3A to 3J; by
      eliminating at least one of the components from the filament thus
      produced, sizing thus produced bundle of very fine multifilaments so as to
      form one single filament again; or by sizing a bundle of very fine
      multifilaments produced by another method, among which the first method is
      the most favorable. One of the components which is eliminated later, as
      hereafter described, is called "the matrix component" and the other "the
      island component" in the following descriptions.
PAR  The structure of the highly oriented fibrous composite 1 produced by the
      above-described method is shown in FIG. 2, wherein the highly oriented
      fibrous composite 1 comprises a matrix component 2 and a plurality of
      island components 3 distributed within the matrix component 2.
PAR  The cut length of the highly oriented fibrous composite ranges from 25 mm
      to 100 mm, or preferably from 30 mm to 80 mm, and the thickness of the
      composite ranges from 1.0 to 20 denier, or preferably from 1.5 to 7
      denier, which is approximately equal to that of the fine fibers produced
      by the conventional method.
PAR  The number and the ratio of the island components within the matrix
      component should be chosen in such a manner that the thickness of the
      individual fine fibers composed of the island components after the
      elimination of the matrix component ranges from 0.5 to 0.005 denier, or
      preferably from 0.10 to 0.01 denier, which is hardly obtainable by the
      conventional method. Fibers having a fineness in the range of 0.5 to 0.005
      denier are referred to herein as ultrafine or simply fine fibers. Some
      examples of the cross-sectional conditions of the highly oriented
      composite thus produced are illustrated in FIGS. 3A to 3J. It can be
      clearly understood from the drawings that the sectional profiles of both
      the highly oriented fibrous composite 1 and the island components 3 are
      not always limited to a circular configuration which is shown in FIGS. 2
      and 3A. Several types of deformed sectional profiles of the composite such
      as shown in FIGS. 3B to 3J can be applied without departing from the
      object of the present invention. But it should be noted that the sectional
      profile of a highly oriented fibrous composite, in other words, the
      condition of the distribution of the island components within the matrix
      component, is kept approximately constant within the cut length along the
      composite.
PAR  The island and the matrix component of the fibrous composite used in the
      present invention can be chosen from a group composed of polyester group
      such as polyethyleneterephthalate, polyethyleneterephthalate-isophthalate
      copolymer, polyethyleneterephthalate-adipate copolymer,
      polyethyleneterephthalatephthalate copolymer,
      polyethyleneterephthalate-trimeditate copolymer,
      polyethyleneterephthalate-sebacate copolymer,
      polyethyleneterephthalate-succinate copolymer, polyethylene-di-ethylene
      glycol copolymer. ethylene glycol copolymer, cyclohexane-type-polyester,
      polyethylenesebacate and polyethyleneadipate; polyamide group such as
      nylon 6, nylon 66, nylon 12, nylon 4, nylon 10, nylon 11, copolymer of
      nylon 6 with nylon 66, copolymer of nylon 6 with nylon 10, copolymer of
      nylon 6 with isophthalamide, copolymer of nylon 6 with
      polyoxiethylene-di-amine, copolymer of nylon 66 with
      polyoxiethylene-di-amine, blended polymer of nylon 66 with
      polyethyleneglycol, blended polymer of nylon 6 with polyethyleneglycol,
      blended polymer of nylon 6 with above-described copolymers, blended
      polymer of nylon 66 with above-described copolymers, aromatic polyamides
      (such as polymethaphenyleneisophthalamide,
      poly-N-methyl-p-phenyleneterephthalamide); cellulose group such as ivscose
      rayon, viscose from cupraammonium cellulose, cellulose, acetate,
      cianoethyl-cellulose; polyvinyl compound group such as polystyrene,
      polystyrene copolymer, polyacrylonitrilo copolymer containing at least one
      of methyl-acrylate, methyl-metha-acrylate, ethylacrylate, sodium styrene
      sulphonate, sodium allyl sulphonate and styrene, polyvinylidenechrolide
      and polyvinylalcohol; polyurethane group such as
      diphenylmethane-de-isocyanate-type polyurethane,
      polytetramethyleneglycol-type polyurethane, polyethyleneglycol-type
      polyurethane, polypropyleneglycol-type polyurethane and
      toluene-di-isocyanate type polyurethane, polyolefine group such as
      polyethylene, polypropylene, polyethylene-i-onomer and their copolymers;
      polyoxialkilene group such as polyethyleneglycol, polypropylene glycol
      polyethyleneoxide, polypropyleneoxide, polyoximethylene and polyphenylene;
      polyfluoro compound groups such as polytetrafluoroethylene (emulsion
      type), polytrifluoroethylene and polyfluoropropylene.
PAR  The combination of the island component with the matrix component must be
      determined in such a manner that only the latter can easily be eliminated
      as hereinafter described while the island component is remained so as to
      form fine fibers. But it does not depart from the object of the present
      invention to make a portion of the matrix component remain even after the
      elimination process in accordance with the preference in end use.
PAR  The highly oriented fibrous composite thus produced is next fed to the web
      forming process singly or together with other ordinary fibers which can be
      produced by the conventional production method in accordance with
      requirements of the end use. Web forming is performed by the conventional
      web forming equipment such as a carding machine, a cross wrapper or a
      random webber, among which the random webber is preferably used for
      distributing fibers uniformly and randomly within the web.
PAR  The webs thus formed are next fed to the needle punching process or the
      like for the purpose of forming felts having a dimensionally entangled
      condition of the fibers. Webs composed of the highly oriented fibrous
      composites of the present invention can be fed to the needle punching
      process or the like singly or together with other webs, felts, woven
      cloths, knitted cloths, or non-woven fabrics in an overlapped condition
      for the purpose of obtaining further improved properties such as the
      smoothness of surface, tear strength, anisotropic stiffness and crease
      recovery. The density of needle punching can be determined in accordance
      with the requirement of the end use, and preferably between 200 to 800
      needles/cm.sup.2. The formation of the felt can also be performed by the
      stitch bonding method using such machines as "Arachne", "Maliwatt",
      "Malipol" or "ACHV".
PAR  After the formation of the felt, the felt is treated with a solution or
      emulsion of elastic materials such as natural rubber, synthetic rubber
      such as acrylonitlio-butadiene copolymer rubber, styrene-butadiene
      copolymer rubber, polychloroprene rubber, polybutadiene rubber,
      polyisoprene rubber, polyethylene-propylene rubber, acrylate-type
      copolymer rubber and silicone rubber, polyurethane, polyacrylate,
      polyvinyl acetate and/or polyvinylchloride so as to fix the fibers or
      highly oriented fibrous composites to each other at their contact portions
      or to fill the intervening spaces with such materials. Addition of elastic
      materials can be carried out by the immersion method, spraying method,
      foaming method, printing method or coating method, in the condition of
      solution, emulsion or powder, but among these the immersion method is most
      preferable for the purpose of the present invention. Such elastic
      materials added to the felt are coagulated by any of the well-known
      methods.
PAR  The quantity of the materials added to the felt is determined in accordance
      with the requirements of the end use, and preferably ranges from 50 to 300
      % by weight of the total island components contained in the felt to be
      treated. As a result of this addition of elastic materials, the mechanical
      property of the fibrous configuration produced is greatly improved.
PAR  After the addition of elastic materials, the felt is next treated with a
      suitable chemical solvent for eliminating the matrix component from the
      highly oriented fibrous composites contained in the fibrous configuration
      in a mutually entangled and partially fixed condition. The chemical
      solvent used for this process should be chosen so that it does not damage
      the island components and not lower the fixing ability of the elastic
      materials added to the felt in the foregoing process.
PAR  Referring to FIGS. 4 and 5, examples of the entangled condition of fibers
      in the case of the conventional artificial leather or the like and the
      fibrous configuration of the present invention are shown, respectively.
      Before the elimination of the matrix component, the highly oriented
      fibrous composites are distributed within the felt in a mutuallly
      entangled condition in a manner similar to the case of the conventional
      artificial leather or the like shown in FIG. 4. However, after eliminating
      the matrix components as described above, each highly oriented fibrous
      composite is converted into a bundle of fine or ultrafine fibers mainly
      composed of island components while maintaining the mutually entangled
      condition in the felt as shown in FIG. 5. Consequently, the resulting
      fibrous configuration 4 is composed of a plurality of mutually entangled
      bundles 5 of fine fibers 6, some of which are fixed to each other by a
      suitable elastic material 7 at their contact portions.
PAR  The fixed portions of the fibers in the conventional artificial leather or
      the like and the fibrous configuration of the present invention are shown
      in FIGS. 6 and 7 respectively. In the case of the conventional artificial
      leather or the like, the contact portion of the fibers 8 and 8' contained
      therein are firmly fixed to each other by the elastic material 9 fed to
      the felt, and because each contact portion or the fibers in the
      construction is thus firmly fixed by the elastic material, the free
      movement of individual fibers within the resultant structure is very
      limited, resulting in poor handling quality and flexibility of the
      artificial leather or the like produced therefrom. On the contrary in the
      case of the fibrous configuration of the present invention, the contact
      portions of the highly oriented fibrous composites contained therein are
      firmly fixed to each other by the elastic material added to the felt as in
      case of the conventional artificial leather, at the stage of formation
      before the elimination of the matrix component from the composite and
      after the matrix component is removed, the individual fibers within each
      fiber bundle are movable relative to one another. It will be well
      understood that the effective cross sectional area of a bundle of fine
      fibers obtained by eliminating the matrix component from a highly oriented
      fibrous composite is smaller than the cross sectional area of the original
      fibrous composite. Therefore it can be expected that slight clearances are
      formed between the bundles 10, 10' of the fine fibers 11 and the elastic
      material 12 after the elimination of the matrix component as shown in FIG.
      8. On account of the presence of such slight clearances, each contact
      portion of the bundles is dimensionalily restricted but is not firmly
      fixed by the elastic material, and the free movement of individual fiber
      bundles within the configuration is not as limited as in the case of the
      conventional artificial leather or the like. In addition because the
      slacked condition of the bundle of fibers is not too constricted by the
      elastic material as described above, the free movement of the individual
      fibers relative to each other within the bundle is permitted and the
      greater freedom at the movement of both of the bundles within the
      configuration and fibers within the bundles results in improved handling
      quality, flexibility and permeability of the fibrous configuration
      produced therefrom.
PAR  Referring to FIGS. 8 and 9, the enlarged surface conditions of the
      conventional artificial leather and the fibrous configuration of the
      present invention are shown respectively. As is obvious from the drawing,
      the conventional artificial leather or the like has an exposed surface of
      the elastic material 13 out of which a plurality of end portions 14 of
      fibers of larger denier contained within the felt are extending, and this
      construction yields a rough and hard touch to the surface of the
      artificial leather produced. While in the case of the fibrous
      configuration of the present invention, the exposed surface of the elastic
      material 15 is provided with a plurality of raised and spaced-apart end
      portions 16 of fine fibers after the elimination of the matrix component
      as shown in FIG. 9, and such a great number of raised ends provide the
      fibrous configuration with a velvety surface and deerskin-like touch which
      could hardly be obtained by the conventional method for producing
      artificial leather. Instead of adding elastic material to the felt of the
      present invention, such plastic materials as softened nylon 6, softened
      polyvinylchloride or polyethylene of low density can also be used without
      departing from the object of the present invention.
PAR  Moreover, the fibrous configuration of the present invention possesses a
      remarkably improved fatigue limit under bending when compared with the
      conventional artificial leather or the like because of the fact that the
      stress concentration can effectively be prevented by distributing the
      loaded force on individually separated fine fibers.
PAR  The fibrous configuration of the present invention can be provided with
      further additional properties in accordance with the requirements of the
      end use by passing it through heat pressing, dyeing, slicing, coating,
      water proofing or buffing treatment the same as in the case of the
      conventional artificial leather and the like, among which the buffing
      operation is most important for improving the surface condition of the
      fibrous configuration of the present invention. It is also preferable to
      bestow crimps to the highly oriented fibrous configuration and performing
      the conventional scouring by water, drying and softening after the
      elimination of the matrix component.
PAR  The following examples are illustrative of the present invention but are
      not to be construed as limiting the same.
PAC  EXAMPLE 1
PAR  The highly oriented fibrous composites are prepared under the processing
      condition shown in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Island                                                                    

           component                                                           

           Composition    Polyethyleneterephthalate                            

                          containing 0.5 % of TiO.sub.2                        

           Intrinsic viscosity                                                 

                          0.66 (in orthochloro                                 

                          phenol at 25.degree.C)                               

           Content        30 parts by weight                                   

     Matrix                                                                    

           component                                                           

           Composition    Nylon 6 containing 0.5 % of                          

                          TiO.sub.2                                            

           Relative viscosity                                                  

                          2.35 (in sulfuric acid)                              

           Content        70 parts by weight                                   

     Spinning temperature                                                      

                      285.degree.C                                             

     Number of island components                                               

     in one composite 48                                                       

     Thickness of a single com-                                                

     posite           7.5 denier                                               

     Thickness of a single fine                                                

     filament in the bundle                                                    

     (island)         0.047 denier                                             

     Take-up speed    1,000 m/min.                                             

     ______________________________________                                    

PAR  After spinning, the highly oriented fibrous composites were drawn at a
      drawing ratio of 4.1 at a temperature of 175.degree.C, bestowed 12
      crimps/inch, heat-set at 120.degree.C for 30 min. and cut into length of
      51 mm. The cut composites are fed to a cross-wrapper to produce webs
      having weight of 250 g/m.sup.2. Four of the webs produced were overlapped
      together and needle-punched on a locker-room with a punching density of
      480 needles/cm.sup.2. Then the felt was treated with a 40% solution of NBR
      latex so as to be bestowed 70% of the latex in relation with the quantity
      of the highly oriented fibrous composites, and the bestowed latex was
      coagulated by treating the felt in a 1.5% solution of calcium chloride for
      5 minutes. Then the felt was dried at 120.degree.C for 50 min. after
      washing at 80.degree.C for 10 min. with water. After the bonding process,
      the felt was further treated in formic acid at 24.degree. C for 30 min. so
      as to eliminate the nylon 6, matrix component, from the fibrous
      configuration produced.
PAR  The properties of the resulting fibrous configuration are shown in Table 2
      together with those of the conventional artificial leather for comparison.
TBL                Table 2                                                     

     ______________________________________                                    

              Fibrous configuration                                            

                            Conventional                                       

              of the invention                                                 

                            artificial leather                                 

                            (comparative                                       

              (example 1)   example 1)                                         

     ______________________________________                                    

     Thickness of in-                                                          

     dividual fibers                                                           

                0.047.sup.d     4.sup.d (nylon 6)                              

     Length of in-                                                             

     dividual fibers                                                           

                51 mm           51 mm                                          

     Added elastic                                                             

     material   NBR             NBR                                            

     Thickness of                                                              

     the product                                                               

                1.35 mm         1.30 mm                                        

     Weight of the                                                             

     product    456 g/m.sup.2   483 g/m.sup.2                                  

     Tensile strength                                                          

                14 kg/cm.sup.2  12 kg/cm.sup.2                                 

     Gurley's stiff-                                                           

     ness       350 mg          1850 mg                                        

     Bending strength                                                          

                more than       less than                                      

     at -5.degree.C                                                            

                1,000,000       200,000                                        

     ______________________________________                                    

PAR  The produced fibrous configuration has a deerskin-like preferable handling
      and touch with remarkably improved mechanical properties.
PAC  EXAMPLE 2
PAR  A felt was prepared in the same manner as described in Example 1 using
      highly oriented fibrous composites obtained in Example 1. Then the felt
      was treated with a 15% DMF solution of polyurethane so as to be bestowed
      55% of polyurethane in relation with the quantity of the highly oriented
      fibrous composites, and the bestowed polyurethane was coagulated by
      treating the felt in water at 30.degree.C for 25 min. Then the felt was
      dried at 100.degree.C for 20 min. after washing at 80.degree.C for 30 min.
      with water. After the bonding process, the felt was further treated in a
      solution composed of 70 parts by weight of calcium chloride and 30 parts
      by weight of methanol at 50.degree.C for 30 min. so as to eliminate the
      nylon 6, matrix component, from the fibrous configuration produced. And
      then the felt was dried after washing with water.
PAR  The produced fibrous configuration has a preferable handling and touch like
      that of natural leather the same as in the case of Example 1.
PAC  EXAMPLE 3
PAR  A felt, which was prepared in the same manner as in Example 1, was treated
      with a 40% solution of NBR latex so as to be bestowed 50% of latex in
      relation with the quantity of the highly oriented fibrous composite
      contained in the felt, and the bestowed latex was coagulated by treating
      the felt in a 15% solution of calcium chloride at 50.degree.C for 5 min.
      After the bonding process, the felt was further treated in a 15%
      hydrochloride solution at 90.degree.C for 15 min. so as to eliminate the
      nylon 6, matrix component, from the fibrous configuration produced. Then
      the felt was dried after washing with water. Next the fibrous
      configuration was sliced into layers having the thickness of 0.7 mm. The
      sliced surface of the layer was then coated 350 g/m.sup.2 with a coating
      agent (whose composition is shown in Table 3) and the coating agent was
      coagulated by immediately immersing the layer into water at 40.degree.C.
      After coagulation, the surface of the layer was washed, embossed and
      buffed.
PAR  The obtained layer has a colored-sheepskin-like appearance with preferable
      handling, softness and touch like that of natural leather.
TBL                Table 3                                                     

     ______________________________________                                    

     Composition of coating agent                                              

                          Parts by weight                                      

     ______________________________________                                    

     Polyurethane         80                                                   

     Carbon black         20                                                   

     DMF                  300                                                  

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  A felt prepared in the same manner as in Example 1 was treated with the
      elastic material shown in Table 4 so as to be bestowed 15% of the material
      in relation with the quantity of the highly oriented fibrous composite
      contained in the felt and the felt was immediately coated 550 g/m.sup.2
      with the same coating agent as used in Example 3 so as to make a portion
      of the coating agent permeate into the felt and the elastic material. Both
      the elastic material and the coating agent were coagulated by immersing
      the felt into water of 40.degree.C for eliminating DMF completely.
TBL                Table 4                                                     

     ______________________________________                                    

     Composition of elastic material                                           

                          Parts by weight                                      

     ______________________________________                                    

     Polyurethane         15                                                   

     Carbon black          5                                                   

     DMF                  80                                                   

     ______________________________________                                    

PAR  After drying, nylon 6 was eliminated in the same manner as in Example 2 and
      then the felt was dried after washing with water. The coated surface of
      the fibrous configuration produced was embossed and another surface buffed
      by sand-paper.
PAR  The obtained fibrous configuration has a cowskin-like appearance with
      preferable softness, handling, touch and durability like that of natural
      leather.
PAC  EXAMPLE 5
PAR  The highly oriented fibrous composite (5.sup.d .times. 38 mm), which was
      composed of 50 parts by weight of polyethyleneterephthalate as the island
      component and 50 parts by weight of nylon 6 as the matrix component, was
      prepared in the same manner as in Example 1. A web formed from the highly
      oriented fibrous composites obtained in the same manner as in Example 1
      was needle-punched, bonded with NBR late and treated with 15%
      hydrochloride solution for the elimination of the nylon 6, matrix
      component.
PAR  The obtained fibrous configuration has a preferable appearance with
      preferable handling and touch like that of natural leather.
PAC  EXAMPLE 6
PAR  The highly oriented fibrous composite (7.sup.d .times. 76 mm), which was
      composed of 30 parts by weight of polypropylene as the island component
      and 70 parts by weight of polyethyleneterephthalate as the matrix
      component, was prepared in the same manner as in Example 1. A web formed
      from the highly oriented fibrous composite in the same manner as in
      Example 1 was needle-punched, bonded with polyurethane, and treated with a
      90% phenol solution for the elimination of polyethylene terephthalate,
      matrix component.
PAR  The obtained fibrous configuration has a preferable appearance with
      preferable handling and touch like that of natural leather.
PAC  EXAMPLE 7
PAR  The highly oriented fibrous composite (5.7.sup.d .times. 51 mm), which was
      composed of 60 parts by weight of polyethyleneterephthalate as the island
      component and 40 parts by weight of polystyrene as the matrix component,
      is prepared in the same manner as in Example 1 with the exception that the
      number of island components in one composite was 72. A web formed from the
      highly oriented fibrous composite in the same manner as in Example 1 is
      needle-punched, bonded with polyurethane, and treated with
      trichloroethylene for the elimination of the polystyrene matrix component.
PAR  The obtained fibrous configuration has a deerskin-like appearance with
      preferable handling and touch like that of natural leather.
PAC  EXAMPLE 8
PAR  The highly oriented fibrous composite (4.7.sup.d .times. 51 mm), which was
      composed of 50 parts by weight of nylon 6 as the island component and 50
      parts by weight of polystylene as the matrix component, was prepared in
      the same manner as in Example 7. A web formed of the highly oriented
      fibrous composite in the same manner as in Example 7 was needle-punched,
      bonded with polyurethane, and treated with perchloroethylene for the
      elimination of the polystyrene, matrix component.
PAR  The obtained fibrous configuration has a preferable appearance with
      preferable handling and touch like that of natural leather.
PAC  EXAMPLE 9
PAR  A web was formed of 75 parts by weight of highly oriented fibrous composite
      (1.5.sup.d .times. 38 mm) obtained in Example 1 and 25 parts by weight of
      high shrinkable polyethyleneterephthalatetype copolymer, needle-punched,
      bonded with NBR latex, and treated with 15% hydrochloride solution for the
      elimination of the nylon 6, matrix component. After the elimination of the
      matrix component, the produced fibrous configuration was treated with
      boiling water for the purpose of obtaining high density configuration by
      shrinking polyethyleneterephthalate copolymer fibers, which presented a
      deerskin-like appearance with preferable handling and touch like that of
      natural leather.
PAR  Several fibrous configurations of the present invention and of the
      conventional production method were prepared according to the processing
      conditions shown in Table 5, and the properties of the resulting products
      are illustrated in Table 6 for comparison.
TBL                                    Table 5                                 

     __________________________________________________________________________

     Exam-                                                                     

         Material                                                              

              Composition                                                      

                        Production                                             

                               Elastic                                         

                                     Thickness                                 

     ple      parts by               of the                                    

         fiber          method materials                                       

                                     product                                   

     No.      weight                 in mm.                                    

     __________________________________________________________________________

     10  HOFC Polyester                                                        

                     30 Same as                                                

                               NBR   0.7                                       

              Nylon 6                                                          

                     70 Example 1                                              

     11  "    "         "      "     1.5                                       

     12  "    "         "      "     1.3                                       

     13  "    "         "      SBR   1.4                                       

     Com-                                                                      

         Ordinary                                                              

              HS nylon                                                         

                     50 Convention-                                            

                               NR 80 %                                         

     para-              nal          1.4                                       

     tive                                                                      

         fiber                                                                 

              Nylon 6                                                          

                     50 (Blended                                               

                               NBR 20%                                         

     2                  fiber)                                                 

      3  "    "         "      "     1.5                                       

     "                                                                         

      4  "    "         "      "     1.4                                       

     "                                                                         

      5  "    "         "      "     1.4                                       

     14  HOFC Polyester                                                        

                     35 Same as                                                

                               NBR   1.8                                       

              Nylon 6                                                          

                     65 Example 1                                              

     15  "    "         Same as                                                

                               Poly- 2.1                                       

                        Example 2                                              

                               urethane                                        

     Com-                                                                      

         Ordinary                                                              

              HS poly-                                                         

                     30 Convention-                                            

                               NBR   1.9                                       

     para-    ester     al                                                     

     tive                                                                      

         fiber                                                                 

              Nylon 6                                                          

                     70 (Blended                                               

      6                 fiber)                                                 

     16  HOFC PET    60 Same as                                                

                               None  1.9                                       

              Polystyrene                                                      

                        Example 1                                              

                     40                                                        

     Com-                                                                      

         Ordinary       Same as                                                

     para-    Nylon 6          None  3.7                                       

     tive                                                                      

         fiber          Example 1                                              

      7                                                                        

     "                                                                         

      8  "    PET       "      "     1.9                                       

     __________________________________________________________________________

      Symbols: NBR; Natural-butadiene rubber                                   

      SBR; Styrene-butadiene rubber                                            

      NR; Natural rubber                                                       

      HS; High shrinkable                                                      

      PET; Polyethyleneterephthalate                                           

      HOFC; Highly oriented fibrous composites                                 

TBL                Table 6                                                     

     ______________________________________                                    

     Example Gurley's   Handling    Surface touch                              

     No.     stiffness  by grip test                                           

                                    by rubbing test                            

     ______________________________________                                    

     10       435 mg    good 100 %  good 100 %                                 

     11       601 mg    "           "                                          

     12       959 mg    "           "                                          

     13      1444 mg    "           "                                          

     Compara-                                                                  

     tive 2  2500 mg    poor 100 %  poor 100 %                                 

     " 3     3150 mg    "           "                                          

     " 4     2300 mg    "           "                                          

     " 5     3150 mg    "           "                                          

     14      1043 mg    good 100 %  good 100 %                                 

     15      1518 mg    "           "                                          

     Compara-                                                                  

     tive 6  3889 mg    poor 100 %  poor 100 %                                 

     16      A; 25 mg                                                          

             B; 17 mg   good 100 %  good 100 %                                 

     Compara-                                                                  

             A; 193 mg                                                         

     tive 7  B; 133 mg  poor 100 %  poor 100 %                                 

     " 8     A; 183 mg                                                         

             B; 153 mg  "           "                                          

     ______________________________________                                    

PAR  In the table, A designates Gurley's stiffness of the sample taken along the
      direction of the product delivery from the machine, while B designates
      Gurley's stiffness of the sample taken along the direction perpendicular
      to the products delivery from the machine.
PAR  Handling and surface touch are both indicated by the percentage of the
      examiners who examined the sample as described in the table in relation to
      the total number of the examiners.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fibrous article comprising: numerous staple fiber bundle units
      mutually entangled with one another in a three-dimensional configuration,
      each said staple fiber bundle unit comprising a plurality of flexible and
      relatively movable synthetic organic ultrafine fibers having a denier
      within the range of 0.005 to 0.5 denier per one ultrafine fiber,
      substantially the same fiber length and lying axially along the
      longitudinal axis of said staple fiber bundle unit; elastic bonding
      material disposed around and spaced axially along said ultrafine fiber
      bundle units joining together adjacent ones of said ultrafine fiber bundle
      units at locations where they intersect with one another to hold the
      entangled ultrafine fiber bundle units in said three-dimensional
      configuration while permitting slight relative longitudinal movement
      between the individual ultrafine fibers within each ultrafine fiber bundle
      unit; and wherein the ultrafine fibers located on at least one surface of
      said fibrous article have raised ends which are spaced-apart from each
      other.
NUM  2.
PAR  2. A fibrous article according to claim 1; wherein said ultrafine fibers
      within each fiber bundle unit have a generally round cross-sectional
      profile.
NUM  3.
PAR  3. A non-woven fibrous sheet comprising: numerous ultrafine staple fiber
      bundle units entangled with one another in a three-dimensional
      configuration, each ultrafine fiber staple bundle unit having a total
      denier of 7.0 or smaller and being composed of a plurality of ultrafine
      staple fibers composed of a fiber-forming polymer selected from the group
      consisting of polyesters and polyamides and having a denier within the
      range of 0.005 to 0.5 denier per one ultrafine fiber, a length of from
      25mm to 100mm, and lying substantially axially along the longitudinal axis
      of said staple fiber bundle unit; and elastic bonding material comprising
      a polymer selected from the group consisting of natural rubber, synthetic
      rubbers, polyurethanes, polyacrylic esters, polyvinyl chloride and
      polyvinyl acetate disposed around and spaced axially along said ultrafine
      fiber bundle units joining together adjacent ones of said ultrafine bundle
      units at locations where they intersect with one another to hold the
      entangled ultrafine fiber bundle units in said three-dimensional
      configuration while permitting slight relative longitudinal movement
      between the individual ultrafine fibers within each ultrafine fiber bundle
      unit; and wherein the fibrous sheet has at least one raised surface
      defined by numerous raised ends of said ultrafine staple fibers covering
      the fibrous sheet surface such that the root ends of the raised ultrafine
      staple fibers are connected to said fibrous sheet and the raised ends are
      spaced-apart from each other.
NUM  4.
PAR  4. A non-woven fibrous sheet according to claim 3; wherein said plurality
      of ultrafine staple fibers within each fiber bundle unit have a generally
      round cross-sectional profile.
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PAL  A polycrystalline film made of a ferromagnetic substance is deposited on a
      magnetic film to form a composite magnetic film. The composite magnetic
      film, unlike a conventional single-layered magnetic film made only of a
      Garnet film, is free from development of hard bubbles and has very
      excellent characteristics as magnetic film for use in a magnetic bubble
      device.
BSUM
PAR  The present invention relates to a magnetic film for use in a magnetic
      bubble device, and more particularly to a composite magnetic film in which
      a polycrystalline film of a ferromagnetic substance is deposited thereon
      to prevent hard bubbles from being generated.
PAR  The application of a magnetic field from the outside normally to the
      surface of a monocrystalline film having an easy magnetization axis in a
      direction perpendicular to the surface thereof causes cylindrical magnetic
      domains to be generated. The diameter of the cylindrical magnetic domain
      depends on the level of the magnetic field applied. That is, the
      application of a weak magnetic field causes the domain to become large in
      diameter and to be transformed to a magnetic domain in the form of a
      string while the application of a strong magnetic field causes it to
      become small in diameter, eventually collapsing.
PAR  Such a cylindrical magnetic domain is usually termed a magnetic bubble and
      is permitted to be propagated freely in the monocrystalline film and to be
      replicated. Further, the magnetic bubble is permitted to be detected with
      ease by optical means using polarized light or magnetic means using
      permalloys or Hall elements. For these reasons, the magnetic bubble
      element is expected for various applications such as sequentical memory.
      For the monocrystalline film serving as the magnetic bubble device which
      is used to generate and propagate the magnetic bubble there has been
      generally used a single-layered magnetic Garnet film.
PAR  The use of such a single-layered magnetic Garnet film, however, causes not
      only normal bubbles but also so-called hard bubbles to be generated,
      thereby to effect normal device operations with very difficulty.
PAR  The hard bubble, also termed an abnormal bubble, is different from the
      normal bubble in that the former has peculiar characteristics such as a
      complicated wall structure, high bubble collapse field, slow wall
      mobility, and oblique displacement depending on a bias field gradient.
PAR  Accordingly, the existence of such hard bubbles results in difficulty of
      high speed propagation and in deviation from a propagation circuit, thus
      providing many unpreferable obstructions from a practical point of view,
      so that the prevention of the hard bubble from being generated becomes of
      very importance.
PAR  For a method for preventing the hard bubble from being generated there have
      conventionally been known the two following methods:
PAR  The first method is that hydrogen or helium ions are implanted on the
      surface of the single-layered magnetic Garnet film by an ion implanation
      method. This causes the magnetic nature on the surface of the magnetic
      Garnet film to vary to an extent that the complex wall structure is hard
      to be formed, thereby preventing the generation of the hard bubbles.
PAR  The second method is that a magnetic Garnet having a very small saturation
      flux density is previously epitaxially grown on a non-magnetic substrate
      to epitaxially grow thereon a desired magnetic Garnet film. This method
      also causes the magnetic nature of the magnetic Garnet film to vary to an
      extent that the hard bubbles are hard to be generated.
PAR  The first-mentioned method, however, not only requires very large apparatus
      for effecting the ion implantation but also has the difficulty of
      fabricating the magnetic film for use as the bubble device having desired
      characteristics because it is difficult to control the magnetic nature on
      the surface layer.
PAR  The second-mentioned method, on the other hand, has the requirements of
      effecting the uncontrollable monocrystalline epitaxial growth and of
      holding three monocrystalline lattice constants of the substrate and the
      two layers of the magnetic Garnet film in accurate alignment with each
      other with the great difficulty of the practical formation thereof.
PAR  An object of the present invention is to remove the above-mentioned
      drawbacks of the conventional magnetic film for use in the magnetic bubble
      device and to provide an improved magnetic film for use in the magnetic
      bubble device which is free from the fear of generating the hard bubbles
      and which is formed with ease.
PAR  In order to attain the above-mentioned object, the present invention is
      intended to deposit a polycrystalline ferromagnetic metal film 30 to 500
      angstroms thick on the conventional magnetic Garnet film to form a
      composite magnetic film, thereby permitting the magnetic film for use in
      the magnetic bubble device free from the fear of generating the hard
      bubbles to be manufactured with ease without requiring complicated
      operations such as those of matching the lattice constants.
PAR  In accordance with one aspect of the present invention, there is provided a
      composite magnetic film comprising a magnetic film which has its easy
      magnetization axis arranged in a direction perpendicular to the surface
      thereof and in which uniaxial anisotropy is dominant, and a
      polycrystalline film of ferromagnetic substance deposited as thick as 30
      to 500 angstroms on the magnetic film.
DRWD
PAR  The invention will be more readily understood from the following detailed
      description illustrated by the accompanying drawings in which:
PAR  FIG. 1 is a partial cross-section for illustrating the structure of a
      composite magnetic film according to the present invention comprising a
      non-magnetic Garnet film 1, a magnetic Garnet film 2 and a ferromagnetic
      polycrystalline metal film 3;
PAR  FIG. 2 is a graph showing a relation of a bubble diameter in terms of a
      bias magnetic field in which curve I relates to the normal bubble and
      curves II to IV relate to the hard bubble; and
PAR  FIG. 3 is a graph showing a relation of a bubble detection output in the
      composite magnetic film in terms of the thickness of the ferromagnetic
      film.
DETD
PAR  The magnetic wall of a hard bubble is not simply considered as being a
      rightward or leftward curved simple Bloch wall as a normal bubble but as
      having a more complicated structure, i.e., such a composite magnetic wall
      structure as including the rightward or leftward curved Bloch walls in
      contact with Neel walls to thus form the assembly of many Bloch and Neel
      walls.
PAR  The magnetic wall of such a structure has much greater energy than that of
      such a simple structure as the normal bubble, so that the molecular
      contact with other magnetic films having magnetization in the direction of
      surface of the magnetic film permits the hard bubbles unstable due to
      their high energy to collapse.
PAR  The present invention, based on such a conception, provides a composition
      magnetic film in which on a monocrystalline magnetic Garnet film there is
      deposited a polycrystalline ferromagnetic metal film.
PAR  This causes exchange coupling to act between magnetization of the magnetic
      film and that of the ferromagnetic polycrystalline film with the
      difficulty of formation of the complex magnetic wall resulting in the
      generation of the hard bubbles, thus preventing them from being generated.
PAR  Further, in the present invention, the use of the polycrystalline film made
      of ferromagnetic substance facilitates the practical manufacturing, thus
      permitting the composite magnetic film of excellent characteristics to be
      manufactured with ease with good reproduction.
PAR  In other words, in the present invention, the polycrystalline film of
      ferromagnetic substance has only to be deposited on the magnetic film,
      thereby dispensing not only with the large-scaled apparatus as in the ion
      implantation but also with the sophisticated operations such as the
      epitaxial growth or matching of the lattice constants. In these respects,
      the object of the present invention is easily attained by simplified means
      such as vacuum deposition. Generally, for the magnetic film magnetic
      Garnet films are in the widest use and for the monocrystalline magnetic
      Garnet films there are used, for example, various compositions such as
      (YEu).sub.3 (FeGa).sub.5 O.sub.12, Y.sub.3 (FeGa).sub.5 O.sub.12,
      (EuEr).sub.3 (FeGa).sub.5 O.sub.12, (YGdTm).sub.3 (FeGa).sub.5 O.sub.12
      and the like.
PAR  The present invention is characterized in that the ferromagnetic
      polycrystalline film is deposited on the magnetic film by taking advantage
      of the exchange coupling therebetween, and thus carried out effectively
      irrespective of the variety of the magnetic film with the similar results
      even in the use of, for example, an amorphous substance such as Gd--Co or
      Gd--Fe.
PAR  Further, for the ferromagnetic substances deposited on the magnetic film
      there may be used Ni, Co, Fe, Ni--Co alloys, Ni--Fe alloys, Co--Fe alloys,
      Ni--Co--Fe alloys, etc. These substances may include therein additives
      such as Mn in a small amount without obstructions and have their
      characteristics improved in the presence of the additives.
PAC  EMBODIMENT 1
PAR  FIG. 1 is a cross-sectional view of a composite magnetic film which was
      formed in such a way that a magnetic Garnet film 2 of (YGdTm).sub.3
      (FeGa).sub.5 O.sub.12 was grown 5 microns on the (111) plane of a
      non-magnetic monocrystal 1 by liquid phase epitaxy, and then on 80
      Ni--20Fe alloy film 3 was deposited thereon to a thickness of 200
      angstroms by vacuum deposition.
PAR  FIG. 2, on the other hand, shows a relation of a bubble diameter d in the
      magnetic Garnet film in terms of a bias magnetic field H.sub.B applied
      perpendicularly of the surface of the magnetic Garnet film. All the
      bubbles existing in the thus formed composite magnetic Garnet film were in
      accordance with curve I without any hard bubble of high collapse field.
PAR  On the other hand, a single-layered film of (YGdTm).sub.3 (FeGa).sub.5
      O.sub.12 formed in a similar manner had many kinds of bubbles. That is, in
      the case of the above single-layered film, the existing bubbles included
      not only the normal bubble having the characteristic as shown by the curve
      I but also the bubbles having the characteristics as shown by the curves
      II to IV.
PAR  As will be seen from FIG. 2, the bubbles having the characteristics as
      shown by the curves II to IV have the greatly enhanced collapse field as
      compared with the bubble as shown by the curve I, all of them belonging to
      the hard bubbles, and it will be apparent that the deposition of the Ni-Fe
      alloy film 3 causes the abnormal bubbles to be prevented from being
      generated.
PAC  EMBODIMENT 2
PAR  The composite magnetic film was prepared by changing the thickness of the
      80Ni--20Fe ferro-magnetic alloy film in EMBODIMENT 1 to 15, 30, 100, 300,
      500, 700, 1000, 3000, and 5000 angstroms, respectively, to examine the
      presence of the hard bubbles with the result of the generation of only
      normal bubbles without generating the hard bubbles above the thickness of
      30 angstroms.
PAR  Next, a propagation circuit and an In--Sb detector were disposed on the
      surface of the composite magnetic film to propagate and detect the
      bubbles. FIG. 3 shows a relation of a detection output from the bubbles in
      terms of the thickness of the 80Ni--20Fe alloy film. The output decreases
      rapidly when the alloy film exceeds 500 angstroms in thickness. The reason
      is considered that the thick ferromagnetic alloy film causes the fringing
      field from the magnetic bubbles to be absorbed to the alloy film to the
      extent that no bubbles reach the detector.
PAR  Accordingly, the thickness of the ferro-magnetic polycrystalline film
      deposited on the magnetic Garnet film most suitably ranged from 30 to 500
      angstroms.
PAC  EMBODIMENT 3
PAR  The composite magnetic film of the above embodiments was varied with the
      composition of the ferromagnetic film from 100 % of Ni to 100 % of Fe in
      substitution for the 80Ni--20Fe alloy with the result of quite the same
      effects. The results also applied to the Ni--Co, Co--Fe and Ni--Co--Fe
      alloys.
PAR  In the composite magnetic films of the above embodiments, the replacement
      of the ferro-magnetic metallic film with the non-magnetic metallic films
      such as Cu, Pt or Au caused the composite magnetic film to have the same
      magnetic characteristics as those of the single-layered Garnet film
      without bringing about the effects resulting from the composite film with
      the result of the generation of the hard bubbles as is the case with the
      single-layered Garnet film.
PAR  It will, therefore, be appreciated that the effect of preventing the
      generation of the hard bubbles is due to the ferromagnetism of the
      deposited film.
PAC  EMBODIMENT 4
PAR  The magnetic Garnet film 2 of (YGdTm).sub.3 (FeGa).sub.5 O.sub.12 was
      replaced with that of (EuEr).sub.3 (FeGa).sub.5 O.sub.12, Y.sub.3
      (FeGa).sub.5 O.sub.12, (YEu).sub.3 (FeGa).sub.5 O.sub.12 with quite the
      same effects.
PAC  EMBODIMENT 5
PAR  For the magnetic film there were used one-micron-thick Gd--Fe and Gd--Co
      amophrous films, on which the ferromagnetic film similar to that of
      EMBODIMENT 3 was deposited with the same effects with those of EMBODIMENT
      3.
PAR  As mentioned above, the composite magnetic film according to the present
      invention generates no hard bubbles and therefore is most suitable for the
      magnetic film for use in the bubble device.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composite free from development of hard bubbles comprising a magnetic
      bubble domain film capable of forming hard bubbles and having its easy
      magnetization axis arranged in a direction perpendicular to the surface
      thereof and in which uniaxial anisotropy is dominant, and a
      polycrystalline metallic ferromagnetic film deposited on said magnetic
      film, said polycrystalline film having a thickness of 30 to 500 angstroms.
NUM  2.
PAR  2. A composite according to claim 1, wherein said ferromagnetic film is
      formed from at least one selected from the group consisting of Fe, Ni, Co,
      Fe--Ni alloys, Ni--Co alloys, Fe--Co alloys, and Fe--Ni--Co alloys.
NUM  3.
PAR  3. A composite according to claim 1, wherein said polycrystalline film is
      deposited on said magnetic film by vacuum deposition.
NUM  4.
PAR  4. A composite according to claim 1, wherein said magnetic film is formed
      on a monocrystalline non-magnetic Garnet substrate.
NUM  5.
PAR  5. A composite according to claim 1, wherein said magnetic film is a
      monocrystalline magnetic film.
NUM  6.
PAR  6. A composite according to claim 1, wherein said magnetic film is formed
      from at least one amorphous material selected from the group consisting of
      Gd--Co and Gd--Fe amorphous films.
NUM  7.
PAR  7. A composite according to claim 2, wherein said magnetic film is a
      monocrystalline magnetic film.
NUM  8.
PAR  8. A composite according to claim 7, wherein said magnetic film is formed
      from a material selected from the group consisting of (YEu).sub.3
      (FeGa).sub.5 O.sub.12, Y.sub.3 (FeGa).sub.5 O.sub.12, (EuEr).sub.3
      (FeGa).sub.5 O.sub.12 and (YGdTm).sub.3 (FeGa).sub.5 O.sub.12.
NUM  9.
PAR  9. A composite according to claim 8, wherein said polycrystalline film is
      formed from an Fe--Ni alloy.
NUM  10.
PAR  10. A composite according to claim 9, wherein said alloy is an 80Ni-20Fe
      alloy.
NUM  11.
PAR  11. The composite according to claim 9, wherein said magnetic film is
      formed from (YGdTm).sub.3 (FeGa).sub.5 O.sub.12.
NUM  12.
PAR  12. A composite according to claim 2, wherein said magnetic film is formed
      from at least one amorphous material selected from the group consisting of
      Gd--Co and Gd--Fe.
NUM  13.
PAR  13. A composite according to claim 12, wherein said polycrystalline film is
      formed from an alloy of nickel and iron.
NUM  14.
PAR  14. A composite according to claim 13, wherein said alloy is 80Ni--20Fe.
NUM  15.
PAR  15. A composite according to claim 2, wherein said magnetic film is formed
      from at least one amorphous material selected from the group consisting of
      Gd--Co and Gd--Fe.
NUM  16.
PAR  16. A composite free from development of hard bubbles comprising a magnetic
      bubble domain film capable of generating magnetic bubbles including hard
      bubbles under the influence of an externally applied magnetic field, the
      easy magnetization axis of said magnetic bubble domain film being arranged
      in a direction perpendicular to the surface of said film, uniaxial
      anisotropy being dominant in said magnetic film, and a polycrystalline
      metallic ferromagnetic film coated on said magnetic film, said
      polycrystalline film having a thickness of 30 to 500 angstroms and being
      selected from the group consisting of Fe, Ni, Co, Fe--Ni alloys, Ni--Co
      alloys, Fe--Co alloys and Fe--Ni--Co alloys.
NUM  17.
PAR  17. The composite according to claim 16, wherein said magnetic bubble
      domain film is formed from at least one member selected from the group
      consisting of amorphous Gd--Co, amorphous Gd--Fe, monocrystalline
      (YEu).sub.3 (FeGa).sub.5 O.sub.12, monocrystalline Y.sub.3 (FeGa).sub.5
      O.sub.12, monocrystalline (EuEr).sub.3 (FeGa).sub.5 O.sub.12, and
      monocrystalline (YGdTm).sub.3 (FeGa).sub.5 O.sub.12.
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ABST
PAL  This invention provides an adhesive composition for use in flexible printed
      circuits, comprising a phenol-formaldehyde resin, a polyepoxy compound, an
      acrylonitrile-butadiene copolymer and/or a polyvinylacetal resin, and a
      styrenic copolymer containing as structural units maleic anhydride and/or
      an alkyl maleate. Being excellent in adhesive strength, flow property,
      rapid curability, and heat resistance after curing, the present
      composition is especially suitable for the continuous bonding of
      insulating plastic films, particularly a polyimide film, to conductor
      foils by use of a roll-laminator and gives heat-resistant metal-clad
      laminates excellent for flexible printed circuits which can be soldered at
      high temperatures. This invention further provides an adhesive composition
      having added thereto a compound consisting of an anhydride or a half-ester
      of cyclohexenepolycarboxylic acid in order to increase the flow property
      and adhesive strength of the adhesive composition at the time of bonding
      by means of a roll-laminator. All of the aforesaid adhesive composition
      not only permit the economical and technically advantageous production of
      laminates for heat resistant flexible printed circuits, but also can serve
      as an adhesive for either an overlay film for use in highly heat-resistant
      flexible printed circuits or an interlayer adhesive film.
BSUM
PAR  This invention relates to an adhesive composition for use in manufacturing
      a base board for flexible printed circuits, which has an excellent
      adhesive strength, heat resistance, chemical resistance, and electrical
      properties, and also has excellent laminating properties.
PAR  An object of this invention is to provide an adhesive suitable for
      manufacturing a laminate for flexible printed circuits having a strong
      adhesive strength and high heat resistance, by bonding to a metal foil a
      polyimide film as the insulating base material.
PAR  Another object of this invention is to provide an adhesive suitable for use
      in the continuous bonding of a heat-resistant plastic film, of which
      polyimide film is representative, to a web of metal foil by use of a
      roll-laminator.
PAR  A further object of this invention is to provide a highly heat-resistant
      adhesive suitable for such operations as bonding an insulating cover-lay
      to flexible printed circuits, multi-lamination of flexible printed
      circuits to one another, and bonding a flexible printed circuit to a rigid
      printed circuit.
PAR  With the progress of electronic and electric instrument industries in
      recent years, reduction in size and weight, high reliance of instruments
      for communications, industries, home appliances and the like and
      simplification of assembling system have been required, and a printed
      circuit board having a light and flexible plastic film as an insulating
      base board has been desired. Such plastic films for use as the insulating
      base board include polyester film, polyethylene film, polypropylene film,
      polyvinyl chloride film, polyimide film, etc., each of them having
      excellent characteristics. Among these materials, the polyimide film is
      remarkably excellent particularly in heat resistance and dimensional
      stability. If it is possible to bond a polyimide film to a metal foil and
      use the resulting assembly as the base board for flexible printed
      circuits, it is made possible to obtain a precise printed circuit which is
      required to have a high dimentional stability at the time of processing
      and said assembly may be suitable as a circuit board for the instruments
      to be operated under conditions which require high heat resistance.
      Further, in solder-connecting a printed circuit to other circuit boards,
      parts, and wirings, which is usually effected in assembling the printed
      circuit on instruments, it is difficult to apply a conventionally used
      eutectic solder to a usually used flexible printed circuit board based on
      a polyester film because said board is poor in heat resistance, whereas a
      flexible printed circuit board based on a polyimide film can be expected
      to have an advantage that the board can easily be subjected with high
      reliability to connecting at a temperature higher than the application
      temperature (260.degree.C) of the eutectic solder.
PAR  On the other hand, however, the polyimide film is very difficult to bond to
      other materials because of its poor surface activity, and even if the film
      has been subjected to conventional surface treatments such as, for
      example, a treatment with a chromic acid-sulfuric acid mixture or corona
      discharge, and sanding, it has been difficult to obtain a strong adhesion
      to metal foils sufficient to meet the requirements for a printed circuit
      base board by use of a conventional adhesive. Moreover, it has been very
      difficult to find an adhesive which is resistant to severe chemical
      treatments in manufacturing the printed circuits and has a high heat
      resistance comparable to that of the polyimide film itself. Thus, there
      have been only a few adhesives which are satisfactory for the
      heat-resistant flexible printed circuits.
PAR  As a general method of bonding a plastic film to a metal foil, it is
      possible to adopt a method in which bonding is effected by use of a hot
      press for about 0.5 to 3 hours, similarly to the manufacture of
      conventional rigid laminates. However, since the starting materials are
      usually available in the form of webs, it is preferable to use a method
      called generally as "dry-lamination", in which the materials are coated
      with an adhesive and then bonded to one another by passing them through a
      pair of hot rolls. If this method is applicable also to the manufacture of
      laminates for use in flexible printed circuits, then the manufacturing
      course could be simplified, the production speed could be increased, and a
      continuous treating method could be applied to subsequent steps for
      manufacturing printed circuits, and hence, a great economical advantage
      could be obtained.
PAR  However, in order that such a laminating method using rolls can be adopted,
      there is required an adhesive which is curable in a time of only 0.5 to
      5.0 sec. or so which is far shorter than that in the press method, and can
      impart to the resulting laminate important properties as printed circuits
      such as high adhesive strength, excellent chemical resistance, and
      excellent electrical properties. Also required for the adhesive are such
      delicate properties during the lamination procedure as non-blocking of the
      adhesive coated on the web and retention of sufficient flow property such
      that minute irregularities on the surface of a metal foil may be
      thoroughly covered. Since it is impossible for a unitary adhesive to
      fulfill such a variety of requirements, various adhesive resin
      compositions have so far been investigated. However, adhesive compositions
      applicable satisfactorily to the continuous lamination for flexible
      printed circuits are very few and an adhesive composition capable of being
      used for continuous lamination of a polyimide film to a metal foil and
      imparting high heat resistance to the laminate has never been found.
PAR  The resin compositions which can be used as an adhesive for ordinary
      printed circuit laminates include binary compositions such as a phenolic
      resin-nitrile rubber system and a phenolic resin-polyvinylacetal system,
      and three-component compositions such as a phenolic resin-epoxy
      resin-nitrile rubber system and a phenolic resin-epoxy
      resin-polyvinylacetal system. Although these compositions can be applied
      as an adhesive to conventional rigid base materials for printed circuits
      such as a paper-base copper-clad phenolic or epoxy laminate, they are
      unsatisfactory in the above-noted various required properties to be used
      in the flexible printed circuit laminate of a metal foil to a highly
      heat-resistant plastic film such as polyimide film. For instance, the
      phenolic resin-nitrile rubber system is inferior in heat resistance and in
      flow property during lamination; the phenolic resin-polyvinylacetal system
      is unsatisfactory in adhesive strength and flexibility; the said systems
      having additionally incorporated thereinto an epoxy resin have good flow
      property, but is still unsatisfactory in adhesive strength and heat
      resistance; and a phenolic resin-epoxy resin-nitrile
      rubber-polyvinylacetal four component system has favorable balanced
      characteristics, but can hardly withstand a temperature around
      300.degree.C, against which the polyimide film is able to resist.
      Moreover, because these systems have common defect of insufficient
      reactivity between the resin components, the application of any of these
      systems to the continuous roll-lamination method wherein bonding is
      effected only for a short period of time results in an insufficient curing
      of the adhesive layer, and hence, in fact, only a laminate inferior
      remarkably in chemical resistance and heat resistance is obtained.
PAR  This invention provides an adhesive composition which is freed from the
      above-said defects of conventional compositions, is suitable for use in
      continuous lamination method in which the materials are subjected to
      roll-to-roll lamination for a short period of time, gives a laminate which
      fully meets a variety of characteristics required for a flexible printed
      circuit base board and exhibits very excellent heat resistance.
PAR  The adhesive resin composition of this invention is prepared by
      incorporating at least one copolymer selected from the group consisting of
      copolymers of aromatic vinyl compounds with maleic anhydride (hereinafter
      referred to as copolymer A), partial alkyl esters of said copolymers
      (hereinafter referred to as copolymer B), copolymers of aromatic vinyl
      compounds with alkyl maleates (hereinafter) referred to as copolymer C),
      and copolymers of aromatic vinyl compounds with maleic anhydride and alkyl
      maleates (hereinafter referred to as copolymer D) into a mixture of a
      phenol-formaldehyde resin, a polyepoxy compound, and an
      acrylonitrile-butadiene copolymer and/or a polyvinylacetal resin.
PAR  The phenol-formaldehyde resin for use in this invention is a substantially
      fusible and soluble condensate (B-stage) obtained by reacting a phenol and
      formaldehyde using an acid or alkaline catalyst. The phenols include
      phenol, cresols, xylenols, alkylsubstituted phenols, Cashew oil, tung oil,
      and mixtures of these. The sources of formaldehyde include formalin,
      paraformaldehyde and trioxane. A small amount of curing agents such as
      hexamethylenetetramine may be used together with the phenol-formaldehyde
      condensate. These phenol resins are in nature good in electrical
      properties and also react with other components to contribute to making
      the adhesive composition heat resistant and chemical resistant. Among
      these phenol resins, the resol-type phenol resin obtained by using ammonia
      or an amine as catalyst is particularly preferred for use in the present
      adhesive composition, because said resin is excellent in flexibility,
      adhesive strength, and electrical properties, and good in compatibility
      and reactivity with epoxy resins, acrylonitrile-butadiene copolymers, and
      polyvinylbutyral resins. The molar ratio of formaldehyde to phenol in the
      reactant mixture to produce the resoltype resin is preferably in the range
      from 1.0 to 2.0.
PAR  The polyepoxy compounds for use in this invention are reactive polyepoxy or
      polyglycidyl compounds having at least two epoxy groups in the molecule.
      Examples of these compounds which may be used include conventional epoxy
      compounds such as diglycidyl ethers derived from bisphenols or halogenated
      bisphenols; cycloaliphatic polyepoxy compounds; glycidyl ethers of novolak
      resins, polyphenols, or polyhydroxyphenols; glycidyl ethers and esters
      derived from aromatic hydroxycarboxylic acids or aromatic dicarboxylic
      acids; glycidyl esters of dimer acids; and diglycidyl ethers of
      polyalkylene glycols. The epoxy equivalent may be about 100 to about
      4,000, but preferably about 100 to about 1,000. If necessary, small
      amounts of low molecular weight monoepoxy compounds may be used together
      with the polyepoxy compound. These polyepoxy compounds impart to the
      adhesive composition the fluidity necessary when the composition is used
      in the short-time laminating by means of rolls, and improve the electrical
      properties and heat resistance of the composition by reacting with the
      phenolic resin and other components. Among the polyepoxy compounds, a
      polyether-type diepoxy compound obtained by condensation of an
      epihalohydrin and dihydric alcohol formed by reaction of a bisphenol or a
      halogenated bisphenol and an alkylene oxide in the presence of an alkaline
      or acidic catalyst is particularly preferred for use in combination with a
      phenolic resin and other components and also suitable for the adhesive
      composition for use in the short-time laminating by means of rolls,
      because said diepoxy compound is highly flexible, good in chemical
      resistance and heat resistance, and highly reactive.
PAR  The acrylonitrile-butadiene copolymers for use in this invention may be
      conventional ones. These copolymers impart to the present composition an
      excellent adhesiveness, improve the bond strength of the composition to
      the polyimide film and the metal foil, and enhance the flexibility. A
      high-nitrile copolymer containing 25 to 50% by weight of acrylonitrile is
      particularly preferred. Owing to the polarity of cyano groups, such a
      high-nitrile copolymer has a good compatibility with other resin
      components, a high adhesiveness, and little tendency to deteriorate the
      chemical resistance and heat resistance, said deterioration being a
      disadvantage of synthetic rubbers.
PAR  The polyvinylacetal resin to be used may be a polymer obtained by
      hydrolyzing polyvinyl acetate and then acetalizing the hydroxyl groups of
      the resulting polyvinyl alcohol with formaldehyde, acetaldehyde,
      butyraldehyde, etc. The thus obtained polyvinylacetals react with the
      polyepoxy compounds or phenol resins in the present composition to impart
      flexibility and adhesiveness to the present composition, and when used in
      combination with an acrylonitrile-butadiene copolymer, the
      polyvinylacetals improve the adhesive strength by synergistic effect of
      both polymers. Of these polyvinylacetals, those which have a relatively
      high mean degree of polymerization between 1,000 and 2,500 and have a good
      balance between the compatibility with other resin components and the heat
      resistance, and partially acetalized products thereof which have a degree
      of acetalization of 50 to 80 mole-% are particularly preferred because of
      their high reactivity with the phenol resins and polyepoxy compounds.
PAR  The copolymers A, B, C and D for use in this invention are high molecular
      weight curing agents having carboxyl groups or carboxylic anhydride groups
      in the molecule and each reacts with each of the phenolformaldehyde resin,
      epoxy compound, acrylonitrile-butadiene copolymer, and polyvinylacetal
      resin to form crosslinkages and accelerate the curing. When a crosslinking
      or curing agent of a low molecular weight is reacted with a phenol resin
      or an epoxy resin, usually, the crosslinking density tends to become very
      high, so the cured resin becomes poor in flexibility. If it is intended
      that the crosslinking density is kept low by use of such a low molecular
      weight curing agent, it follows that unreacted substances remain in the
      composition, which becomes susceptible to the attack of chemicals and
      solvents. On the contrary, with the said acid-based polymeric curing
      agents A, B, C and D for use in this invention, the completely cured
      product has sufficient flexibility because high molecular weight segments
      are present between the resulting crosslinkages, and also the cured
      product has excellent chemical resistance and heat resistance, because the
      curing agents per se are stable, high polymers. Therefore, the properties
      of the adhesive composition as a whole are kept from deterioration. Being
      highly reactive with each of the resin components, the said curing agent
      renders the adhesive composition so rapidly curable that the composition
      may be used in the short-time laminating of a plastic film and a metal
      foil by means of rolls, resulting in a highly heat-resistant cured
      product.
PAR  The aromatic vinyl compounds used in the copolymers A, B, C and D include,
      for example, styrene, styrene derivatives such as methylstyrene,
      dimethylstyrene, ethylstyrene, .alpha.-methylstyrene,
      .alpha.-methyl-p-isopropylstyrene, divinylbenzene, and the like and
      halogenated styrene derivatives, and copolymers comprising two or more
      aromatic vinyl compounds may also be used.
PAR  The copolymer A is obtained by copolymerization of such an aromatic vinyl
      compound with maleic anhydride, and preferably contains at least 30 mole
      percent of the maleic anhydride structural units in the molecule.
PAR  The copolymer B is obtained by partial esterification of the copolymer A
      with an aliphatic alcohol and may contain in the molecule such structural
      units as maleic anhydride, maleic acid, monoalkyl maleates, and dialkyl
      maleates, the copolymers preferred being those which have a degree of
      esterification of 50 mole percent or less based on the total maleic
      anhydride structural units contained in the copolymer.
PAR  The copolymer C is obtained by copolymerization of an aromatic vinyl
      compound with a monoalkyl maleate or of an aromatic vinyl compound with a
      monoalkyl maleate and a dialkyl maleate, the preferred copolymers being
      those containing in the molecule at least 30 mole percent of monoalkyl
      maleate structural units.
PAR  The copolymer D is obtained by copolymerization of an aromatic vinyl
      compound, maleic anhydride, and a monoalkyl maleate and/or a dialkyl
      maleate, the preferred copolymers being those containing in the molecule
      at least 30 mole percent of maleic anhydride structural units or at least
      30 mole percent, in total, of the maleic anhydride units and the monoalkyl
      maleate units.
PAR  The alkyl groups of the alkyl maleates used in the copolymers B, C and D
      have preferably 1 to 20, more preferably 1 to 10, carbon atoms, and
      include specifically, methyl, ethyl, n-propyl, isopropyl, n-butyl,
      isobutyl, tert-butyl, n-pentyl, n-hexyl, tertamyl, n-heptyl, n-octyl,
      2-ethylhexyl, n-nonyl, n-decyl, etc. Two or more alkyl groups may be
      present in the copolymers C and D.
PAR  In the present adhesive composition, the polyepoxy compound can
      sufficiently be cured by reacting with other components without using a
      curing agent for epoxy resins. However, it is possible, if necessary, to
      jointly use a conventional, active hydrogen-containing curing agent for
      epoxy resins, such as a polyamine, polycarboxylic acid or anhydride
      thereof, polyamide, dimercapto compound, imidazole derivative, or the
      like. Among these, particularly preferred are cyclohexenepolycarboxylic
      acid derivatives represented by the general formula E or F,
      ##SPC1##
PAL  wherein X and Z are hydrogen atoms or alkyl groups having 1 to 10 carbon
      atoms, and Y is hydrogen atom, carboxyl group, or a carboxyalkyl group
      having 2 to 11 carbon atoms, because these compounds are able not only to
      accelerate the curing of polyepoxy compounds, but also to increase both
      the flow property of the present adhesive composition during the
      roll-laminating procedure and the adhesive strength. Examples of the
      compounds represented by the general formulas E and F include
      tetrahydrophthalic anhydride, monoisopropyl ester of tetrahydrophthalic
      acid, 3-n-heptyl-6-carboxyl-4-cyclohexene-1,2-dicarboxylic acid anhydride,
      mono-isopropyl ester of
      3-n-heptyl-6-carboxyl-4-cyclohexene-1,2-dicarboxylic acid,
      3-n-hexyl-6-carboxyethyl-4-cyclohexene-1,2-dicarboxylic acid anhydride,
      and mono-isobutyl ester of
      3-n-hexyl-6-carboxyethyl-4-cyclohexene-1,2-dicarboxylic acid.
PAR  The compounding ratio of each of the aforesaid components is not
      particularly restricted, though the preferable ranges of each ratio based
      on the total weight of the resulting composition are 5 to 50% by weight
      concerning the phenol-formaldehyde resin, 5 to 70% by weight concerning
      the polyepoxy compound, 5 to 60% by weight concerning the
      acrylonitrile-butadiene copolymer and/or polyvinylacetal resin, 5 to 50%
      by weight concerning at least one copolymer selected from the group
      consisting of copolymers A, B, C and D, and 2 to 30% by weight concerning
      the derivative of cyclohexene-polycarboxylic acid represented by the
      general formula E or F, which is added if necessary. More preferable
      ranges are 10 to 40% by weight concerning the phenol-formaldehyde resin,
      10 to 50% by weight concerning the polyepoxy compound, 15 to 50% by weight
      concerning the acrylonitrile-butadiene copolymer and/or polyvinylacetal
      resin, 10 to 30% by weight concerning the at least one copolymer selected
      from the group consisting of copolymers A, B, C and D, and 5 to 20% by
      weight concerning the derivative of cyclohexenepolycarboxylic acid
      represented by the general formula E or F, which is added if necessary.
PAR  The adhesive composition obtained by compounding the components in the
      aforesaid compounding ratios enables the heating time to be shortened when
      applied to a conventional pressing method. In addition, said adhesive
      composition has a sufficient flow property and rapid curing property to be
      applicable to the short-time bonding by means of rolls, which has been
      difficult with conventional adhesives, and after having been cured shows
      highly balanced characteristics with respect to adhesive strength, heat
      resistance, chemical resistance, flexibility, and electrical properties.
      Even compositions obtained using ratios outside the above ranges can also
      show considerably stable performance owing to synergistic effect of the
      components over a considerably wide range. It seems that the rapid curing
      property and high heat resistance of the adhesive composition of this
      invention depends largely on high reactivity of the high polymer curing
      agent with other components and on the chemical stability of each
      component, said high polymer curing agent being the copolymer A, B, C or D
      containing structural units of maleic anhydride or a monoalkyl maleate.
PAR  As mentioned above, the adhesive composition of this invention has
      fundamental properties required for an adhesive for the flexible printed
      circuit laminate. It may be possible to add thereto curing or crosslinking
      agents, flexibility enhancing agents, fire retardants, fillers, and
      colorants, in such small amounts that said fundamental properties are not
      deteriorated.
PAR  In using the present adhesive composition as an adhesive, the concentration
      of the composition is adjusted to a concentration suitable for coating a
      web, by use of a common solvent, such as acetone, methyl ethyl ketone,
      toluene, xylenes, dimethylformamide, tetrahydrofuran, dioxane, methyl
      Cellosolve, or mixtures of these compounds.
PAR  Bonding a plastic film to a metal foil by use of the resulting adhesive can
      be carried out according to a conventional bonding method by means of a
      coating and drying equipment and a hot-press, though the most commercially
      advantageous method is a method of bonding in the form of web by means of
      a roll-laminator. The present adhesive composition is most suitable for
      such a continuous laminating method.
PAR  The above bonding method comprises the steps of applying the present
      adhesive composition dissolved in a solvent to a plastic film and/or a
      metal foil in the form of web at the coating roll section of a
      roll-laminator, evaporating the solvent in the drying zone to bring the
      adhesive composition to a semi-hardened state; heating and bonding the
      plastic film and the metal foil at the pressing roll section while passing
      them in close contact with each other through the press-roll section, and
      winding the resulting laminate on a reel. A series of these steps run
      continuously by interlocking every roll of the whole equipment. With such
      an equipment, in order to fully utilize the adhesive properties of the
      present adhesive and to meet the severe characteristics required for the
      flexible printed circuit base board, it is preferable to use pressing
      rolls consisting of a metal roll such as steel roll and a rubber roll such
      as a silicone roll and to pass a plastic film and a metal foil through the
      pressing rolls in such a manner that the plastic film and the metal foil
      are brought into contact, respectively, with the metal roll and the rubber
      roll and that the metal foil is allowed to wrap the rubber roll from the
      position on the circumference of the rubber roll for .pi./4 or more
      radians toward the contact line of both rolls. This method is highly
      advantageous for the continuous laminating method using the present
      adhesive composition because the formation of wrinkles at the bonded
      portion resulting mainly from the thermal expansion of the highly rigid
      metal foil is prevented, and simultaneously, the continuous heating of the
      metal foil which passes through the pressing rolls within a short time
      results in an enhancement of the effect of heat-transfer to the adhesive
      and in an acceleration of the melting, adhesion and curing of the
      adhesive, to impart a high adhesion, excellent chemical resistance, and
      other favorable performance to the laminated product.
PAR  The adhesive layer of the laminate, which is obtained by bonding with the
      present adhesive composition a plastic film to a metal foil by either the
      roll method or the press method, is insoluble in organic solvents for use
      in preparing the printed circuits such as methyl ethyl ketone,
      trichloroethylene, methylene chloride, acetone, methanol, toluene, and
      xylene, and also resistant against attack of such chemicals as a
      10%-aqueous hydrochloric acid, 10%-aqueous sodium hydroxide solution, and
      10%-aqueous ammonium persulfate solution so that the adhesive layer
      withstand successfully an ordinary series of treatments such as coating an
      etching resist on the laminate and developing the resist, etching a
      conductor foil, plating, removing the resist, etc. The adhesive layer is
      also excellent in flexibility and in electrical properties and does not
      impair the characteristics of the base film for flexible printed circuits.
      Further, the adhesive strength and heat resistance of the adhesive layer
      offer safety and reliability when the finished printed circuits are
      assembled in instruments and during a long service period of the assembled
      printed circuits.
PAR  Although the adhesive composition of this invention is applicable to such
      films as polyester film, polyvinyl chloride film, etc., which are usually
      used as the base board for flexible printed circuits, its advantage is
      manifested to the maximum extent when applied to the combinations of
      highly heat-resistant plastic films such as polyimide, polyamide-imide,
      and polyester-imide films with conductor foils such as copper, aluminum,
      tin, and beryllium-copper films. Particularly when a polyimide film, such
      as a film of polypyromellitimide (for example, Kapton, a registered
      trademark of Du Pont Co.) obtained by polycondensation or aromatic
      pyromellitic acid with an aromatic diamine, and a conductor foil are
      bonded through the interposed adhesive composition of this invention, the
      resulting laminate, including the adhesive layer, shows heat resistance at
      nearly 300.degree.C. Thus, it is possible to obtain a laminate of the
      supreme quality as a base board for flexible printed circuits, which has a
      distinguished feature of being able to permit a soldering-joint at a
      temperature of 260.degree.C or higher by use of a eutectic solder, such
      soldering being impossible with a conventional laminate of plastic film to
      metal foil, and, moreover, has excellent primary characteristics such as
      adhesive strength, flexibility, chemical resistance, dimentional
      stability, and electrical properties. The present adhesive composition
      makes possible to manufacture such a type of laminate from polyimide film
      and metal foil by a continuous method based on the roll-to-roll system
      which is a commercially most advantageous method for manufacturing a heat
      resistant laminate for flexible printed circuits.
PAR  Furthermore, being excellent in heat resistance, adhesiveness, flow
      property, and electrical properties, the adhesive composition of this
      invention is suitable as an adhesive layer for a film cover-lay which is
      usually applied for the purpose of insulation, corrosion inhibition, and
      crease protection of the conductor in a flexible printed circuit. The
      adhesive composition is coated on polyester film, polyimide film, etc.,
      and used in the cover-lay step by use of rolls or a press to give a
      covered printed circuit suitable for solder-connecting.
PAR  The adhesive composition of this invention is also suitable as an adhesive
      or as a film adhesive for use in backing of a flexible printed circuit
      with a rigid laminate for the purpose of reinforcing the parts-loading
      position, in integral lamination of a rigid printed circuit to a flexible
      printed circuit which is effected for the purpose of simplification of
      connection; and in multi-lamination of flexible printed circuits to one
      another which is effected for the purpose of formation of a high density
      wiring of circuit. The quality required for this kind of printed circuit
      is sufficiently satisfied by the adhesive property, flow property, and
      heat resistance of the adhesive composition of this invention.
DETD
PAR  The invention is illustrated below in detail with reference to Examples,
      but the invention is not limited to the Examples.
PAC  EXAMPLE 1
PAR  Twenty-five parts by weight of a phenolic resin obtained by reacting
      formaldehyde and phenol in 1.2:1.0 molar ratio, using 2 PHR of a
      25%-aqueous ammonia solution as catalyst, 50 parts by weight of a diepoxy
      compound having an epoxy equivalent of 340 and obtained by the
      condensation of epichlorohydrin and a dihydric alcohol formed by reacting
      bisphenol-A and propylene oxide using potassium hydroxide as catalyst, 40
      parts by weight of an acrylonitrile-butadiene copolymer containing 30% by
      weight of acrylonitrile, 10 parts by weight of a
      styrene-.alpha.-methylstyrene-maleic anhydride copolymer containing 45
      mole percent of maleic anhydride, and 50 parts by weight of an isobutyl
      maleate-dimethylstyrene copolymer containing 55 mole percent of isobutyl
      maleate were dissolved in methyl ethyl ketone and mixed to prepare an
      adhesive varnish of a concentration of 25%. The adhesive thus obtained was
      coated on a polyimide film (Kapton, a registered trademark of Du Pont Co.)
      50 .mu. in thickness, to a thickness of about 30 .mu. by means of a
      roll-laminator in which a coating roll section, a drying zone, and a
      pressing roll section are connected in series. After having been dried at
      130.degree.C for 5 minutes, the coated film was adhered to a copper foil
      having a thickness of 35 .mu. by pressing them at 170.degree.C at a
      pressure of 20 kg/cm.sup.2 between the pressing rolls consisting of a
      metal roll and a rubber roll while passing the film and the copper foil
      through between the pressing rolls in such a manner that the coated film
      and the copper foil were contacted, respectively, with the metal roll and
      the rubber roll, and the copper foil was allowed to wrap the rubber roll
      from the position on the circumference of the rubber roll for 2/5 .pi.
      radians toward the contact line of both rolls, to form a flexible,
      copper-clad laminate.
PAR  As shown in Table 1, in spite of the short-time bonding at a low pressure,
      the resulting flexible copper-clad laminate was excellent in bond
      strength, chemical resistance, and electrical properties, and outstanding
      in heat resistance, withstanding 60 seconds immersion in a solder bath at
      280.degree.C, that is, practically withstanding a temperature of
      300.degree.C. To the contrary, when a conventional adhesive was used and
      bonding was carried out by means of a roll-laminator for a short period of
      time (Comparative Examples 1 to 5), the resulting laminate was not
      sufficiently cured and its chemical resistance, heat resistance, and bond
      strength were unsatisfactory for practical use; even when bonding was
      carried out for a long period of time by means of a press, the resulting
      laminate was far inferior in soldering heat-resistance and no sufficient
      performance was obtained.
PAC  EXAMPLE 2
PAR  In a manner similar to that in Example 1, the components given below were
      dissolved in tetrahydrofuran and mixed to prepare an adhesive varnish of
      20% concentration.
TBL  ______________________________________                                    

                            Part by weight                                     

     ______________________________________                                    

     1.  Phenol-formaldehyde resin                                             

                                  30                                           

         (the same as used in Ex. 1)                                           

     2.  Diepoxy compound (diglycidyl ether                                    

                                  50                                           

         of the adduct of bisphenol-A and                                      

         ethylene oxide in molar ratio of 1/2)                                 

     3.  Polyvinylbutyral resin (mean degree                                   

                                  40                                           

         of polymerization, 1900; degree of                                    

         butyralization, 75 mole-%)                                            

     4.  Maleic anhydride-styrene (50:50                                       

                                  30                                           

         mole-%) copolymer                                                     

     5.  n-Propyl maleate-dimethylstyrene                                      

                                  30                                           

         (55:45 mole-%) copolymer                                              

     ______________________________________                                    

PAL  The resulting adhesive was coated on a polyamide-imide film, 50 .mu. in
      thickness (Pyrodic, a trade name of Dainippon Ink and Chemicals, Inc.), to
      a thickness of about 30 .mu.. After having been dried at 120.degree.C for
      5 minutes, the coated film was adhered to a copper film, 35 .mu. in
      thickness, by passing the two through between the pressing rolls at
      160.degree.C in 1.5 seconds under a pressure of 20 kg/cm.sup.2 in the same
      manner as in Example 1 to prepare a flexible copper-clad laminate.
PAR  As shown in Table 1, in spite of the short-time bonding, the resulting
      laminate was excellent in all properties and permitted the use of an
      ordinary eutectic solder, though the soldering heat-resistance was
      dependent on heat resistance limit of the film itself.
PAC  EXAMPLE 3
PAR  Sixty parts by weight of a cresol resin obtained by reacting formaldehyde
      and cresol in 1.5:1.0 molar ratio, using 5 PHR of triethylamine as
      catalyst, 20 parts by weight of a brominated bisphenol-A-based diepoxy
      compound (Epikote 1045, a trademark of Shell Chemical Corp.), 80 parts by
      weight of an acrylonitrile-butadiene copolymer containing 25% by weight of
      acrylonitrile, and 20 parts by weight of a maleic
      anhydride-dimethylstyrene copolymer containing 60 mole percent of maleic
      anhydride were dissolved in a solvent mixture of toluene and methyl
      Cellosolve to prepare an adhesive varnish of a concentration of 30%. The
      varnish obtained was coated on a polyimide film, 75 .mu. in thickness, to
      a thickness of about 30 .mu.. After having been dried at 150.degree.C for
      7 minutes, the coated film was adhered to an aluminum foil, 40 .mu. in
      thickness, by passing the two through between the pressing rolls at
      180.degree.C in 3 seconds under a pressure of 25 kg/cm.sup.2 in the same
      manner as in Example 1. As shown in Table 1, the flexible aluminum-clad
      laminate was excellent in all properties in spite of the shorttime
      bonding. Particularly, the laminate was outstanding in soldering
      heat-resistance and permitted the polyimide film to manifest its inherent
      characteristics to full extent.
PAC  EXAMPLE 4
PAR  Ten parts by weight of the cresol-formaldehyde resin used in Example 3, 50
      parts by weight of a novolak-type epoxy compound (Epikote 154, a trademark
      of Shell Chemical Corp.), 60 parts by weight of an acrylonitrile-butadiene
      copolymer containing 45% by weight of acrylonitrile, 30 parts by weight of
      a polyvinylbutyral resin having a mean degree of polymerization of 1,100
      and a degree of butyralization of 60 mole percent, and 40 parts by weight
      of a half-esterified product of a maleic anhydride-styrene copolymer
      containing 50 mole percent of maleic anhydride with n-pentyl alcohol were
      dissolved in a toluene-acetone solvent mixture to prepare an adhesive
      varnish of a concentration of 30% by weight. The adhesive obtained above
      was coated on a polyethylene 2,6-naphthalate film, 50 .mu. in thickness,
      to a thickness of about 20 .mu.. After having been dried at 110.degree.C
      for 6 minutes, the coated film was adhered to a copper foil, 35 .mu. in
      thickness, by passing the two through between pressing rolls at
      150.degree.C in 2 seconds under a pressure of 15 kg/cm.sup.2 in the same
      manner as in Example 1. As shown in Table 1, the resulting flexible
      copperclad laminate was excellent in all properties and particularly its
      soldering heat-resistance was sufficient for the use of an ordinary
      eutectic solder, though the resistance depends upon the heat resistance
      limit of the film itself.
PAC  EXAMPLE 5
PAR  In the same manner as in Example 1, the components given below were
      dissolved in a solvent mixture of methyl ethyl ketone and methyl
      Cellosolve to prepare an adhesive varnish of a concentration of 17%.
TBL  ______________________________________                                    

                            Part by weight                                     

     ______________________________________                                    

     1.  Cresol-formaldehyde resin                                             

                                  20                                           

         (the same as used in Example 3)                                       

     2.  Bisphenol-based diepoxy compound                                      

                                  80                                           

         (Epikote 828 produced by Shell Chem.                                  

         Corp.)                                                                

     3.  Acrylonitrile-butadiene copolymer                                     

                                  20                                           

         (containing 30% by weight of                                          

         acrylonitrile)                                                        

     4.  Polyvinylbutyral resin (mean degree                                   

                                  10                                           

         of polymerization, 2,200; degree of                                   

         butyralization, 50 mole-%)                                            

     5.  Post-esterified product of a maleic                                   

                                  60                                           

         anhydride-styrene (50:50 mole-%)                                      

         copolymer with isopropyl alcohol                                      

     6.  Tetrahydrophthalic anhydride                                          

                                  10                                           

     ______________________________________                                    

PAR  The resulting adhesive varnish was coated on a polyimide film, 25 .mu. in
      thickness, to a thickness of about 15 .mu.. After having been dried at
      160.degree.C for 3 minutes, the coated film was adhered to a copper foil,
      17.5 .mu. in thickness, by passing the two through between pressing rolls
      in one second at 170.degree.C and 20 kg/cm.sup.2 in the same manner as in
      Example 1 to prepare a flexible copper-clad laminate. As shown in Table 1,
      in spite of the short-time bonding, the laminate was excellent in all
      properties, and particularly the soldering heat-resistance was
      outstanding.
PAC  COMPARATIVE EXAMPLE 1
PAR  Fifty parts by weight of a phenolic resin obtained by reacting formaldehyde
      and phenol in 2.0:1.0 molar ratio, using 3 PHR of a 25%-aqueous ammonia
      solution as catalyst and 50 parts by weight of an acrylonitrile-butadiene
      copolymer containing 30% by weight of acrylonitrile were dissolved in an
      acetone-toluene solvent mixture to prepare an adhesive varnish of a
      concentration of 30%. The adhesive varnish thus obtained was coated on a
      polyimide film, 50 .mu. in thickness, to a thickness of about 30 .mu. and
      dried at 130.degree.C for 5 minutes. In the same manner as in Example 1,
      the coated film was adhered to a copper foil, 35 .mu.  in thickness, by
      passing the two through between the pressing rolls of a roll-laminator
      within 2 seconds, at 170.degree.C and 2 kg/cm.sup.2. It was found that the
      polyimide film and the copper foil had been hardly bonded owing to poor
      flow of the adhesive. On the other hand, the above-said coated film and
      the copper foil, 35 .mu. in thickness, were placed one over the other,
      interposed between two stainless steel plates, and pressed by means of a
      hot press at 170.degree.C, and a pressure of 80 kg/cm.sup.2 for 120
      minutes. It was found that the laminate thus obtained had very
      inhomogeneous adhesive layer which resulted in inhomogeneous bonding and
      inferior resistance of the laminate against chemicals and heat, as shown
      in Table 2.
PAC  COMPARATIVE EXAMPLE 2
PAR  An adhesive varnish, 25% in concentration, was prepared by dissolving in
      methyl ethyl ketone the same components in the same ratios as in Example
      1, except that 10 parts by weight of menthanediamine was used in place of
      the maleic anhydride-.alpha.-methylstyrene copolymer and the isobutyl
      maleate-dimethylstyrene copolymer. In the same manner as in Example 1, the
      adhesive varnish thus obtained was coated on a polyimide film and dried,
      and the coated film was bonded to a copper foil, 35 .mu. in thickness, by
      means of a roll-laminator. It was found that the resulting laminate had an
      insufficiently cured adhesive layer, and was subject to attack of the
      solvents such as tri-chloroethylene, acetone, and the like. On the other
      hand, in the same manner as in Comparative Example 1, the said coated film
      was bonded to a copper foil 35 .mu. in thickness, by means of a hot press
      under application of heat and pressure. The laminate thus obtained had
      still unsatisfactory heat resistance, as shown in Table 2.
PAC  COMPARATIVE EXAMPLE 3
PAR  An adhesive varnish of 20% concentration was prepared by dissolving and
      mixing in tetrahydrofuran the same components in the same ratios as in
      Example 2, except that 10 parts by weight of menthanediamine was used in
      place of the maleic anhydride-styrene copolymer and the isobutyl
      maleate-dimethylstyrene copolymer. In the same manner as in Example 2, the
      adhesive varnish thus obtained was coated on a polyamide-imide film, 50
      .mu. in thickness, and after having been dried the coated film was bonded
      to a copper film, 35 .mu. in thickness, by means of a roll-laminator. It
      was found that the resulting laminate had an insufficiently cured adhesive
      layer, and was subject to attack of the solvents such as
      trichloroethylene, acetone, and the like. On the other hand, in the same
      manner as in Comparative Example 1, the said coated film was boned to a
      copper foil, 35 .mu. in thickness, by means of a press under application
      of heat and pressure. The laminate thus obtained had still unsatisfactory
      heat resistance, as shown in Table 2.
PAC  COMPARATIVE EXAMPLE 4
PAR  An adhesive varnish of 20% concentration was prepared by dissolving and
      mixing in tetrahydrofuran 60 parts by weight of the same
      cresol-formaldehyde resin as used in Example 3 and 40 parts by weight of
      the same polyvinyl acetal resin as used in Example 2. The adhesive thus
      obtained was coated on a polyimide film, 50 .mu. in thickness, to a
      thickness of about 25 .mu. and dried at 120.degree.C for 7 minutes. In the
      same manner as in Example 1, the coated film obtained was adhered to a
      copper foil, 35 .mu. in thickness, by passing the two through between the
      pressing rolls of a roll-laminator at 160.degree.C in 2 seconds under a
      pressure of 25 kg/cm.sup.2. It was found that the adhesive layer of the
      resulting laminate was subject to attack of the solvents such as
      trichloroethylene and acetone. On the other hand, in the same manner as in
      Comparative Example 1, the said coated film was bonded to a copper foil,
      35 .mu. in thickness, by means of a press under application of heat and
      pressure. The laminate obtained was found to be inferior in such
      properties as heat resistance, adhesive strength, and flexibility, as
      shown in Table 2.
PAC  COMPARATIVE EXAMPLE 5
PAR  An adhesive varnish of 20% concentration was prepared by dissolving and
      mixing in methyl ethyl ketone 50 parts by weight of the same
      cresol-formaldehyde resin as used in Example 3, 10 parts by weight of the
      same bisphenol-based diepoxy compound as used in Example 5, 80 parts by
      weight of an acrylonitrile-butadiene copolymer containing 30% by weight of
      acrylonitrile, and 30 parts by weight of a polyvinylbutyral resin having a
      degree of polymerization of 1,500 and a degree of butyralization of 70
      mole percent. The adhesive varnish thus obtained was coated on a polyimide
      film, 50 .mu. in thickness, to a thickness of about 30 .mu. and dried at
      130.degree.C for 5 minutes. The resulting coated film and a copper foil,
      35 .mu. in thickness, were placed one over the other and bonded in the
      same manner as in Comparative Example 1 by application of heat and
      pressure by means of a hot press. As shown in Table 2, the resulting
      laminate had fairly balanced properties but had somewhat limited heat
      resistance. On the other hand, in the same manner as in Example 1, the
      said coated film was bonded to a copper foil by means of a roll-laminator.
      The resulting laminate had an insufficiently cured adhesive layer and was
      unsatisfactory for practical use in such properties as chemical
      resistance, heat resistance, and adhesive strength.
PAC  EXAMPLE 6
PAR  In the same manner as in Example 1, an adhesive varnish of 25%
      concentration was prepared by dissolving and mixing in methyl ethyl ketone
      the following components.
TBL                         Part by weight                                     

     ______________________________________                                    

     1.  Novolak-type phenol-formaldehyde resin                                

                                  50                                           

         (PR-317, a trade name of Sumitomo                                     

         Durez Co.)                                                            

     2.  Cycloaliphatic diepoxy compound                                       

                                  40                                           

         (Chissonox 221, a trade name of                                       

         Chisso Co.)                                                           

     3.  Acrylonitrile-butadiene copolymer                                     

                                  60                                           

         (containing 45% by weight of                                          

         acrylonitrile)                                                        

     4.  Maleic anhydride-styrene-dimethyl-                                    

                                  20                                           

         styrene (50:30:20 mole percent)                                       

         copolymer                                                             

     5.  Isobutyl 3-n-hexyl-6-carboxyethyl-4-                                  

                                  30                                           

         cyclohexene-1,2-dicarboxylate                                         

     ______________________________________                                    

PAR  In the same manner as in Example 1, the adhesive varnish thus obtained was
      coated on a polyimide film, 125 .mu. in thickness, and the coated film was
      bonded to an aluminum foil, 160 .mu. in thickness, to obtain a flexible
      aluminum-clad laminate, the properties of which were as shown in Table 1.
PAC  EXAMPLE 7
PAR  In the same manner as in Example 1, an adhesive varnish having a
      concentration of 30% was prepared by dissolving and mixing in
      tetrahydrofuran the following components.
TBL  ______________________________________                                    

                            Part by weight                                     

     ______________________________________                                    

     1.  Resol-type phenol-formaldehyde resin                                  

                                  40                                           

         (PR 11078, a trade name of Sumitomo                                   

         Durez Co.)                                                            

     2.  Ether-ester-type diepoxy compound                                     

                                  40                                           

         (Epiclon 1030, a trade name of                                        

         Dainippon Ink and Chemical Co.)                                       

     3.  Polyvinylformal resin (mean degree                                    

                                  80                                           

         of polymerization, 2,400; degree of                                   

         formalization, 80%)                                                   

     4.  Maleic anhydride-ethyl maleate-                                       

                                  30                                           

         styrene (30:20:50 mole percent)                                       

         copolymer                                                             

     5.  Isobutyl-3-n-heptyl-6-carboxy-4-                                      

                                  10                                           

         cyclohexene-1,2-dicarboxylate                                         

     ______________________________________                                    

PAR  In the same manner as in Example 1, the adhesive varnish obtained was
      coated on a polyethylene terephthalate film, 100 .mu. in thickness, and
      the coated film was bonded to a copper foil, 70 .mu. in thickness, by
      application of heat and pressure by means of a roll-laminator to obtain a
      flexible copper-clad laminate, the properties of which were as shown in
      Table 1.
PAC  EXAMPLE 8
PAR  In the same manner as in Example 1, an adhesive varnish having a
      concentration of 35% was prepared by dissolving and mixing in methyl
      isobutyl ketone the following components.
TBL  ______________________________________                                    

                            Part by weight                                     

     ______________________________________                                    

     1.  Cashew oil-modified phenol-                                           

                                  30                                           

         formaldehyde resin (PR-12987,                                         

         a trade name of Sumitomo Durez Co.)                                   

     2.  Bisphenol-based diepoxy compound                                      

                                  100                                          

         (Epikote 1007, a trade name of                                        

         Shell Chemical Corp.)                                                 

     3.  Acrylonitrile-butadiene copolymer                                     

                                  25                                           

         (containing 25% by weight of                                          

         acrylonitrile)                                                        

     4.  Polyvinylacetal resin (mean degree of                                 

                                  15                                           

         polymerization, 1.500; degree of                                      

         acetalization, 55 mole percent)                                       

     5.  n-Hexyl maleate-di-n-hexyl maleate-                                   

                                  50                                           

         styrene (30:20:50 mole-%) copolymer                                   

     ______________________________________                                    

PAR  In the same manner as in Example 1, the adhesive varnish thus obtained was
      coated on a polyimide film, 125 .mu. in thickness, and the coated film was
      bonded to a nichrome foil, 60 .mu. in thickness, by application of heat
      and pressure by means of a roll-laminator to obtain a flexible
      nichrome-clad laminate, the properties of which were as shown in Table 2.
      EXAMPLE 9
PAR  The adhesive varnish obtained in Example 8 was coated on a nichrome foil,
      60 .mu. in thickness, to a thickness of about 30 .mu. and dried at
      130.degree.C for 5 minutes. The resulting coated foil and a polyimide
      film, 125 .mu. in thickness, were placed one over the other, interposed
      between two stainless steel plates, and pressed by means of a hot press at
      170.degree.C, under a pressure of 100 kg/cm.sup.2, for 40 minutes. The
      properties of the resulting laminate were as shown in Table 2. As seen
      from Table 2, the adhesive composition of this invention is applicable not
      only to the bonding by the roll method, but also to the bonding by the
      press method, giving a laminate with excellent properties.
PAC  EXAMPLE 10
PAR  By use of the laminate obtained in Example 1, a flexible printed circuit
      with a circular land area was prepared by the etching method. Separately,
      the same adhesive is used in Example 2 was coated on a polyimide film, 25
      .mu. in thickness, and dried at 120.degree.C for 5 minutes, after which
      areas corresponding to the land were punched off from the film. The thus
      obtained film was placed over the printed circuit in a registered
      position, and the resulting composite was heated and pressed for 40
      minutes by means of a hot press operating at 160.degree.C and 40
      kg/cm.sup.2 to effect bonding. The resulting covered printed circuit board
      had the copper foil circuit portion completely embedded in a cover-lay
      coated with the present adhesive, and the adhesive did not exude to the
      exposed portion of the circular land, indicating satisfactory covering.
      The printed circuit neither failed at the boundary of the cover-lay when
      subjected to the attack of chemicals such as a flux at the time of
      soldering, nor suffers from rupture of the adhesive bond when subjected to
      flow soldering at the temperature of 270.degree.C, indicating excellent
      heat resistance.
PAC  EXAMPLE  11
PAR  Two sheets of flexible printed circuits were prepared by the etching method
      by use of a copper-clad laminate with copper foil on one surface and a
      copper-clad laminate with copper foil on both surfaces, both laminates
      having been obtained in the same manner as in Example 1 and being
      polyimide film base. On the other hand, three polyimide films, 25 .mu. in
      thickness, were prepared, two of which were coated with the same adhesive
      as used in Example 2 each on one side, and the remainder was coated on
      both sides.
PAR  The film coated on both sides was used as an interlayer adhesive to bond
      the said sheet having a printed circuit on one side to the said sheet
      having printed circuits on both sides, and the films coated on one side
      were used as cover-lays to protect the surfaces of the obtained
      multi-layer circuit board.
PAR  The resulting assembly was heated and pressed for 60 minutes by means of a
      hot press operating at 150.degree.C and at a pressure of 30 kg/cm.sup.2 to
      obtain a flexible printed circuit board with 3 layers of circuits. It was
      found that the resulting printed circuit board had been perfectly bonded
      with interlayer adhesive of this invention and the circuits had been
      completely embedded. The adhesive layer was sufficiently resistant to
      chemicals such as plating chemicals for use in the preparation of the
      printed circuit. The board did not suffer from troubles such as blistering
      and delamination when soldered by means of a soldering iron heated at
      300.degree.C at its top-end during loading of parts on the circuits.
TBL                                    Table 1                                 

     __________________________________________________________________________

                                  Sample                                       

                                  No.                                          

                                  Base                                         

                                  film                                         

     Item of test    Testing                                                   

                            Treatment                                          

      (unit)         method and conditions                                     

     __________________________________________________________________________

     Surface                     A                                             

      resistance     JIS C 6481                                                

                               C-96/40/90                                      

      (.OMEGA.)                                                                

     Volume                      A                                             

      resistivity    JIS C 6481                                                

                               C-96/40/90                                      

      (.OMEGA.-cm)                                                             

     Peel strength   JIS C 6481                                                

                                 A                                             

      (kg-cm)               (direction, 180 degree)                            

     Chemical               Immersion in tri-                                  

      resistance     JIS C 6481                                                

                            chloroethylene, acetone,                           

                            and methylene chloride                             

                            at room temperature                                

                            for 15 minutes                                     

     Folding endurance                                                         

     of base board   JIS P 8115                                                

                                 *1                                            

      (number of                                                               

       foldings)                                                               

     Soldering heat-        Floated in a soldering                             

      resistance (.degree.C)                                                   

                     JIS C 6481                                                

                            bath for 30 seconds                                

     __________________________________________________________________________

      Note:                                                                    

      *1 Test specimen, 15 mm .times. 110 mm, was repeatedly folded over an    

      edge, 0.8 mm radius of curvature, under a tensile load of 100 g/mm and   

      number of foldings until the adhesive layer became cloudy or the base    

      board ruptured was measured.                                             

TBL  Example                                                                   

           Example                                                             

                 Example                                                       

                       Example                                                 

                             Example                                           

                                   Example                                     

                                         Example                               

       1     2     3     4     5     6     7                                   

     __________________________________________________________________________

     Poly- Poly- Poly- Poly- Poly- Poly- Poly-                                 

     imide amide imide ethyl-                                                  

                             imide imide ethyl-                                

           imide       ene               ene                                   

                       2,6-              tere-                                 

                       naph-             phtha-                                

                       thalate           late                                  

     5 .times. 10.sup.14                                                       

           3 .times. 10.sup.14                                                 

                 2 .times. 10.sup.14                                           

                       8 .times. 10.sup.14                                     

                             3 .times. 10.sup.14                               

                                   1 .times. 10.sup.14                         

                                         4 .times. 10.sup.14                   

     8 .times. 10.sup.13                                                       

           1 .times. 10.sup.13                                                 

                 7 .times. 10.sup.13                                           

                       6 .times. 10.sup.13                                     

                             7 .times. 10.sup.13                               

                                   2 .times. 10.sup.13                         

                                         9 .times. 10.sup.13                   

     4 .times. 10.sup.15                                                       

           7 .times. 10.sup.14                                                 

                 1 .times. 10.sup.15                                           

                       5 .times. 10.sup.15                                     

                             1 .times. 10.sup.15                               

                                   9 .times. 10.sup.14                         

                                         6 .times. 10.sup.15                   

     4 .times. 10.sup.14                                                       

           2 .times. 10.sup.14                                                 

                 3 .times. 10.sup.14                                           

                       1 .times. 10.sup.15                                     

                             6 .times.  10.sup.14                              

                                   2 .times. 10.sup.14                         

                                         2 .times. 10.sup.15                   

      2.0   1.7   2.2   1.6   1.8   2.1   1.7                                  

     No    No    No    No    No    No    No                                    

      change                                                                   

            change                                                             

                  change                                                       

                        change                                                 

                              change                                           

                                    change                                     

                                          change                               

     &gt;1,000                                                                    

           &gt;1,000                                                              

                 &gt;1,000                                                        

                       &gt;1,000                                                  

                             &gt;1,000                                            

                                   &gt;1,000                                      

                                         &gt;1,000                                

      300.degree.C                                                             

            280.degree.C                                                       

                  300.degree.C                                                 

                        260.degree.C                                           

                              290.degree.C                                     

                                    290.degree.C                               

                                          240.degree.C                         

     No    No    No    No    No    No    No                                    

      change                                                                   

            change                                                             

                  change                                                       

                        change                                                 

                              change                                           

                                    change                                     

                                          change                               

     __________________________________________________________________________

TBL                                    Table 2                                 

     __________________________________________________________________________

                                  Sample                                       

                                  No.                                          

                                  Base                                         

                                  film                                         

     Item of test    Testing                                                   

                            Treatment                                          

      (unit)         method and conditions                                     

     __________________________________________________________________________

     Surface                     A                                             

      resistance     JIS C 6481                                                

                               C-96/40/90                                      

      (.OMEGA.)                                                                

     Volume                      A                                             

      resistivity    JIS C 6481                                                

                               C-96/40/90                                      

      (.OMEGA.-cm)                                                             

     Peel strength   JIS C 6481                                                

                                 A                                             

      (kg-cm)               (direction, 180 degree)                            

     Chemical               Immersion in tri-                                  

      resistance     JIS C 6481                                                

                            chloroethylene, acetone,                           

                            and methylene chloride                             

                            at room temperature                                

                            for 15 minutes                                     

     Folding endurance                                                         

     of base board   JIS P 8115                                                

                                 *1                                            

      (number of                                                               

      foldings)                                                                

     Soldering heat- JIS C 6481                                                

                            Floated in a soldering                             

      resistance (.degree.C)                                                   

                            bath for 30 seconds                                

     __________________________________________________________________________

      Note:                                                                    

      *1 Testing method was the same as in Table 1.                            

TBL              Compar-                                                       

                       Compar-                                                 

                             Compar-                                           

                                   Compar-                                     

                                         Compar-                               

                 ative ative ative ative ative                                 

     Example                                                                   

           Example                                                             

                 Example                                                       

                       Example                                                 

                             Example                                           

                                   Example                                     

                                         Example                               

       8     9     1     2     3     4     5                                   

     __________________________________________________________________________

     Poly- Poly- Poly- Poly- Poly- Poly- Poly-                                 

     imide imide imide imide amide-                                            

                                   imide imide                                 

                             imide                                             

     6 .times. 10.sup.14                                                       

           8 .times. 10.sup.14                                                 

                 2 .times. 10.sup.11                                           

                       3 .times. 10.sup.13                                     

                             2 .times. 10.sup.13                               

                                   4 .times. 10.sup.12                         

                                         8 .times. 10.sup.13                   

     8 .times. 10.sup.13                                                       

           1 .times. 10.sup.14                                                 

                 5 .times. 10.sup.9                                            

                       3 .times. 10.sup.12                                     

                             4 .times. 10.sup.12                               

                                   5 .times. 10.sup.11                         

                                         6 .times. 10.sup.12                   

     5 .times. 10.sup.15                                                       

           7 .times. 10.sup.15                                                 

                 3 .times. 10.sup.12                                           

                       2 .times. 10.sup.14                                     

                             8 .times. 10.sup.13                               

                                   3 .times. 10.sup.13                         

                                         9 .times. 10.sup.14                   

     9 .times. 10.sup.14                                                       

           7 .times. 10.sup.14                                                 

                 5 .times. 10.sup.10                                           

                       1 .times. 10.sup.13                                     

                             9 .times. 10.sup.12                               

                                   6 .times. 10.sup.12                         

                                         3 .times. 10.sup.13                   

      1.8   1.9   0.9   1.5   1.2   1.0   1.6                                  

     No    No    Swollen                                                       

                       No    No    No    No                                    

      change                                                                   

            change      change                                                 

                              change                                           

                                    change                                     

                                           change                              

     &gt;1,000                                                                    

           &gt;1,000                                                              

                 &gt;1,000                                                        

                       &gt;1,000                                                  

                               750   450 &gt;1,000                                

      300.degree.C                                                             

            300.degree.C                                                       

                  230.degree.C                                                 

                        270.degree.C                                           

                              260.degree.C                                     

                                    230.degree.C                               

                                          270.degree.C                         

     No    No    Delami-                                                       

                       Blis- Blis- Delami-                                     

                                         Blis-                                 

      change                                                                   

            change                                                             

                  nated                                                        

                        tered                                                  

                              tered                                            

                                    nated                                      

                                          tered                                

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adhesive composition for flexible printed circuits comprising a
      mixture of ( 1) a fusible and soluble phenol-formaldehyde resin, (2) a
      polyepoxy compound having at least two epoxy groups in its molecule, (3)
      at least one polymer selected from the group consisting of
      acrylonitrile-butadiene copolymers and polyvinylacetal resins, and (4) at
      least one copolymer selected from the group consisting of (a) partial
      alkyl esters of copolymers of aromatic vinyl compounds and maleic
      anhydride, (b) copolymers of aromatic vinyl compounds and alkyl maleates,
      and (c) copolymers of aromatic vinyl compounds, maleic anhydride, and
      alkyl maleates.
NUM  2.
PAR  2. An adhesive composition for flexible printed circuits according to claim
      1, wherein the mixture contains, in addition, at least one compound
      selected from the group consisting of derivatives of
      cyclohexene-polycarboxylic acids represented by the general formulas, E
      and F,
      ##SPC2##
PAL  wherein X and Z are hydrogen atoms or alkyl groups having 1 to 10 carbon
      atoms and Y is hydrogen atom, carboxyl group, or a carboxyalkyl group
      having 2 to 11 carbon atoms.
NUM  3.
PAR  3. An adhesive composition for flexible printed circuits according to claim
      1, wherein the fusible and soluble phenol-formaldehyde resin is a
      resol-type phenol-formaldehyde resin obtained by using as catalyst at
      least one member selected from the group consisting of ammonia and amines.
NUM  4.
PAR  4. An adhesive composition for flexible printed circuits according to claim
      2, wherein the fusible and soluble phenol-formaldehyde resin is a
      resol-type phenol-formaldehyde resin obtained by using as catalyst at
      least one member selected from the group consisting of ammonia and amines.
NUM  5.
PAR  5. An adhesive composition for flexible printed circuits according to claim
      1, wherein the polyexpoxy compound having at least 2 epoxy groups in its
      molecule is a polyether-type diepoxy compound obtained by condensation
      reaction between an epihalohydrin and a dihydric alcohol formed from the
      addition reaction between a bisphenol and an alkylene oxide.
NUM  6.
PAR  6. An adhesive composition for flexible printed circuits according to claim
      2, wherein the polyepoxy compound having at least 2 epoxy groups in its
      molecule is a polyether-type diepoxy compound obtained by condensing an
      epihalohydrin with a dihydric alcohol formed from the addition reaction
      between a bisphenol and an alkylene oxide.
NUM  7.
PAR  7. An adhesive composition for flexible printed circuits according to claim
      1, wherein the acrylonitrile-butadiene copolymer is a high-nitrile
      copolymer containing 25 to 50% by weight of the acrylonitrile component.
NUM  8.
PAR  8. An adhesive composition for flexible printed circuits according to claim
      2, wherein the acrylonitrile-butadiene copolymer is a high-nitrile
      copolymer containing 25 to 50% by weight of the acrylonitrile component.
NUM  9.
PAR  9. An adhesive composition for flexible printed circuits according to claim
      1, wherein the polyvinyl-acetal resin is a partially acetalized product
      having a degree of acetalization of 50 to 80 mol percent.
NUM  10.
PAR  10. An adhesive composition for flexible printed circuits according to
      claim 2, wherein the polyvinyl-acetal resin is a partially acetalized
      product having a degree of acetalization of 50 to 80 mol percent.
NUM  11.
PAR  11. An adhesive composition for flexible printed circuits according to
      claim 1, wherein the mixing proportions of the components based on the
      total amount of the adhesive compositions are 5 to 50% by weight
      concerning the fusible and soluble phenol-formaldehyde resin, 5 to 70% by
      weight concerning the polyepoxy compound having at least 2 epoxy groups in
      its molecule, 5 to 60% by weight concerning the at least one polymer
      selected from the group consisting of acrylonitrile-butadiene copolymers
      and polyvinyl-acetal resins, and 5 to 50% by weight concerning the at
      least one copolymer selected from the group consisting of the copolymers
      (a), (b) and (c) as specified in claim 1.
NUM  12.
PAR  12. An adhesive composition for flexible printed circuits according to
      claim 2, wherein the mixing proportions of the components based on the
      total amount of the adhesive composition are 5 to 50% by weight concering
      the fusible and soluble phenol-formaldehyde resin, 5 to 70% by weight
      concerning the polyepoxy compound having at least 2 epoxy groups in its
      molecule, 5 to 60% by weight concerning the at least one polymer selected
      from the group consisting of acrylonitrile-butadiene copolymers and
      polyvinyl-acetal resins, 5 to 50% by weight concerning the at least one
      copolymer selected from the group consisting of the copolymers (a), (b)
      and (c) as specified in claim 1, and 2 to 30% by weight concerning the at
      least one compound selected from the group consisting of derivatives of
      cyclohexenepolycarboxylic acids represented by the general formulas E and
      F.
NUM  13.
PAR  13. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises applying the adhesive composition according to
      claim 1 to a plastic film or a metal foil or both of them and bonding the
      plastic film to the metal foil by application of heat and pressure.
NUM  14.
PAR  14. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises interposing the adhesive composition according
      to claim 2 between a plastic film and a metal foil and bonding the latter
      two materials by application of heat and pressure.
NUM  15.
PAR  15. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises interposing the adhesive composition according
      to claim 1 between a polyimide film and a metal foil and bonding the film
      to the foil by application of heat and pressure.
NUM  16.
PAR  16. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises interposing the adhesive composition according
      to claim 2 between a polyimide film and a metal foil and bonding the film
      to the foil by application of heat and pressure.
NUM  17.
PAR  17. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises interposing the adhesive composition according
      to claim 1 between a polyamide-imide film and a metal foil and bonding the
      film to the foil by application of heat and pressure.
NUM  18.
PAR  18. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises interposing the adhesive composition according
      to claim 2 between a polyamide-imide film and a metal foil and bonding the
      film to the foil by application of heat and pressure.
NUM  19.
PAR  19. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises interposing the adhesive composition according
      to claim 1 between a plastic film and a metal foil, passing the resulting
      assembly between a pair of pressing rolls of a laminating equipment, one
      of the rolls being a metal roll and the other being a rubber roll, in such
      a manner that the plastic film and the metal foil contact with the metal
      roll and the rubber roll, respectively, and the metal foil is allowed to
      wrap around the rubber roll from the position on the circumference of the
      rubber roll for .pi./4 or more radians toward the contact line of both
      rolls, and effecting the bonding by application of heat and pressure while
      passing through said pair of pressing rolls.
NUM  20.
PAR  20. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises interposing the adhesive composition according
      to claim 2 between a plastic film and a metal foil, passing the resulting
      assembly between a pair of pressing rolls of a laminating equipment, one
      of the rolls being a metal roll and the other being a rubber roll, in such
      a manner that the plastic film and the metal foil contact with the metal
      roll and the rubber roll, respectively, and the metal foil is allowed to
      wrap around the rubber roll from the position on the circumference of the
      rubber roll for .pi./4 or more radians toward the contact line of both
      rolls, and effecting the bonding by application of heat and pressure while
      passing through said pair of pressing rolls.
NUM  21.
PAR  21. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises interposing the adhesive composition according
      to claim 11 between a plastic film and a metal foil, passing the resulting
      assembly between a pair of pressing rolls of a laminating equipment, one
      of the rolls being a metal roll and the other being a rubber roll, in such
      a manner that the plastic film and the metal foil contact with the metal
      roll and the rubber roll, respectively, and the metal foil is allowed to
      wrap around the rubber roll from the position on the circumference of the
      rubber roll for .pi./4 or more radians toward the contact line of both
      rolls, and effecting the bonding by application of heat and pressure while
      passing through said pair of pressing rolls.
NUM  22.
PAR  22. A method for manufacturing a metal-clad laminate for flexible printed
      circuits, which comprises interposing the adhesive composition according
      to claim 12 between a plastic film and a metal foil, passing the resulting
      assembly between a pair of pressing rolls of a laminating equipment, one
      of the rolls being a metal roll and the other being a rubber roll, in such
      a manner that the plastic film and the metal foil contact with the metal
      roll and the rubber roll, respectively, and the metal foil is allowed to
      wrap around the rubber roll from the position on the circumference of the
      rubber roll for .pi./4 or more radians toward the contact of both rolls,
      and effecting the bonding by application of heat and pressure while
      passing through said pair of pressing rolls.
NUM  23.
PAR  23. A metal-clad laminate for flexible printed circuits obtained by the
      method according to claim 15.
NUM  24.
PAR  24. A metal-clad laminate for flexible printed circuits obtained by the
      method according to claim 16.
NUM  25.
PAR  25. A metal-clad laminate for flexible printed circuits obtained by the
      method according to claim 17,
NUM  26.
PAR  26. A metal-clad laminate for flexible printed circuits obtained by the
      method according to claim 18.
NUM  27.
PAR  27. A method according to claim 19, wherein the plastic film is a polyimide
      film.
NUM  28.
PAR  28. A method according to claim 20, wherein the plastic film is a polyimide
      film.
NUM  29.
PAR  29. A metal-clad laminate for flexible printed circuits obtained by any of
      the methods according to claim 13.
NUM  30.
PAR  30. A metal-clad laminate for flexible printed circuits obtained by any of
      the methods according to claim 14.
PATN
WKU  039326900
SRC  5
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ART  165
APD  19740429
TTL  Transparent, phototropic laminate
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ABST
PAL  A transparent phototropic laminate comprising a light transmitting
      substrate, a inorganic phototropic layer attached to the substrate and a
      polymeric layer attached to the phototropic layer.
BSUM
PAR  Phototropism denotes the property of certain materials of reacting to
      exposure to actinic light by an increase in the absorption thereof, i.e.,
      by assuming a darker color. In darkness, such materials whiten again. This
      reversible process termed phototropism should be capable of being repeated
      any number of times without fatigue.
PAR  Methods for improving the mechanical and thermal properties of laminates by
      combining plastic materials with standard glass are already known.
      Laminates are also used for dimming intensive light rays. The dimming can
      be produced by using dyed plastic materials in the laminate.
      Alternatively, it can be based on the incongruity of the indices of
      refraction of glass and plastic material. It is a disadvantage that such a
      laminate of plastic material and glass, or of one plastic material with
      another plastic material, have a transparency which is independent of
      light irradiation intensity and always remains constant. Unfortunately
      these laminates always transmit, the same percentage of the amount of
      light that strikes them. Furthermore, they do this independently of the
      time of day or season of the year.
PAR  Processes of manufacturing phototropic materials are known. The employment
      of plastic materials, containing phototropic components of organic or
      inorganic orgin, is likewise known. However, the phototropism of organic
      materials in laminates fatigues rapidly.
PAR  Furthermore, laminates are known wherein two non-phototropic glass sheets
      are placed on either side of a solid of liquid organic phototropic
      material. Such laminates have the same disadvantages as the aforementioned
      phototropic plastic materials employing organic phototropic materials.
PAR  Moreover, laminates of plastic material and glass are known wherein one or
      more phototropic glass sheets are combined with other, commercial plate
      glass and/or special glass with a polymerized plastic sheet inserted
      between these glasses, to provide a single phototropic laminate.
PAR  The disadvantages of such a laminate is the high cost of special glasses,
      the frequently occuring low chemical stability, and the technological
      difficulties inherent in the manufacture of convex, phototropic laminates.
PAR  Accordingly it is an object of the present invention to provide an improved
      phototropic laminate substantially free of one or more of the
      disadvantages of prior laminates.
PAR  Another object is to provide an improved phototropic laminate that can be
      manufactured employing commercial plate glass.
PAR  Yet another object is to provide an improved phototropic laminate that does
      not suffer from the disadvantages inherent in the use of organic
      phototropic materials.
DRWD
PAR  Additional objects and advantages of the present invention will be apparent
      to those skilled in the art by reference to the following detailed
      description and drawings wherein:
PAR  FIG. 1 is a schematic sectional view of a laminate of the present
      invention;
PAR  FIG. 2 is a schematic sectional view of an alternative laminate of the
      present invention; and
PAR  FIG. 4 is a schematic sectional view of still another alternative laminate
      of the present invention.
DETD
PAR  The above and other objects are accomplished according to the present
      invention by providing a transparent phototropic laminate comprising a
      light transmitting substrate, a light transmitting phototropic layer
      consisting essentially of an inorganic phototropic material attached to
      the substrate and a light transmitting polymeric layer attached to the
      phototropic layer. Organic additives to the phototropic material are not
      needed to get phototropic behavior of the laminate. The transparent
      phototropic laminates of the present invention pass less light in the
      presence of actinic light than in the absence of actinic light. The light
      transmitting substrate can be conventional plate glass or plastic such as
      polymethylmethacrylate.
PAR  In the broadest aspects of the present invention any inorganic phototropic
      material which darkens in the presence of actinic light can be employed in
      the light transmitting phototropic layer. However, the preferred
      phototropic material is the mixture of copper halides and silver halides.
      No organic compound should be added. It is most preferably a mixture of
      CuX and AgX present in a molar ratio of generally 1:10 to 10:1 and
      preferably 3:10 to 10:3. X can be any halogen but is preferably chlorine
      or bromine. Most preferably the halogen is employed with the copper and
      with the silver. In one preferred embodiment of the present invention the
      phototropic layer consists of forty to sixty atomic percent of silver
      ions, 2 to 60 atomic percent of copper ions and 15 to 87 atomic percent of
      chlorine or bromine ions.
PAR  The phototropic material can be attached to the remainder of the laminate
      in any convenient manner but is preferably attached by vacuum deposition
      of the phototropic material either on the substrate or on the polymeric
      layer. The phototropic material can be deposited in widely varying
      thicknesses depending upon the degree of light transmission desired but is
      generally deposited in a thickness of 100 to 1,000 and preferably 200 to
      600 nanometers (nm).
PAR  The light transmitting polymeric layer can be of any polymer which does not
      adversely affect the characteristics of the laminate but is preferably of
      polyvinyl butyrate.
PAR  The invention is further illustrated by the following examples in which all
      parts of percentages are by weight unless otherwise indicated. These
      non-limiting examples are illustrative of certain embodiments designed to
      teach those skill to the art how to practice the invention and to
      represent the best mode contemplated for carrying out the invention.
PAC  EXAMPLE 1
PAR  The laminate 10 shown in FIG. 1 is a phototropic compound system of plastic
      material and glass. It consists of a glass substrate 11, 3 mm in thickness
      and approximately 1 square meter in size, with a transmission of 92
      percent, an index of refraction of 1.49, a Tg of 480.degree.C, and an
      .alpha. of 92 .times.  10.sup.-.sup.7 /.degree. C. One side of the
      substrate 11 is covered with an inorganic phototropic layer 12 composed of
      40.85 percent by weight - CuCl and 59.15 percent by weight - AgCl, and
      which was deposited by evaporation at 10.sup.-.sup.5 torr (1 mm Hg
      pressure) in a thickness of 350 nm, adjacent to the layer 12 an elastic
      plastic sheet 13 of polyvinyl 0.4 mm in thickness butyrate, soaked for
      five minutes in phthalic acid diethyl ester is pasted, and on top of this
      foil a glass plate 14 having the same dimensions and properties as the
      substrate 11.
PAR  This phototropic laminate 10 has in the unexposed state a blue-gray color
      at an initial transmission of 65 percent. After 15 minutes of exposure to
      actinic light the laminate 11 is dark blue and has a saturation
      transmission of 23 percent. The half-crest value time of the regeneration
      is approximately 5 minutes.
PAC  EXAMPLE 2
PAR  The laminate 20 shown in FIG. 2 comprises a compound system of plastic
      material and glass. It consists of a polyvinyl butyrate foil 23, 0.4 mm in
      thickness, with an inorganic phototropic layer 22, composed of 65.48
      percent by weight - AgBr and 34.52 percent by weight CuBr which was
      deposited by evaporation at 10.sup.-.sup.5 torr and whose thickness is 400
      nm. This foil is inserted between two glass plates 21, 24, 1 square meter
      in size and 4 mm in thickness having a transmission of 93 percent, a Tg of
      520.degree. C and an .alpha. of 30 .times. 10.sup.-.sup.7 /.degree. C. The
      glass plates 21, 24 are drawn sheets and are pretreated, for the purpose
      of improving their adhesive strength, for 1 minute with silicon methylate.
      The color of the laminate 20 in the unexposed state is olive. It has an
      initial transmission of 68 percent. After 15 minutes of exposure to
      actinic light the laminate 20 is brown-green and has a saturation
      transmission of  43 percent. The half-crest value time of the regeneration
      amounts to 150 minutes.
PAC  EXAMPLE 3
PAR  The laminate 30 shown in FIG. 3 comprises a plastic material and glass,
      consisting of a glass plate 31, 1 square meter in size and 3 mm in
      thickness, with an initial transmission of 94 percent, an index of
      refraction of 1.523, a Tg of 480.degree. C and an .alpha. of 92 .times.
      10.sup.-.sup.7 /.degree. C. The glass plate 31 is covered with a
      unilateral, inorganic, phototropic immersion layer 32, 300 nm in thickness
      and composed of 61.68 percent by weight AgBr and 38.32 percent by weight
      CuBr. A polyvinyl butyrate foil 33 of green color, 0.4 mm in thickness,
      and pretreated as in Example 1 is pasted upon the covered surface.
PAR  The laminate 30 has in the unexposed state, at an initial transmission of
      58 percent, a green color which, after 15 minutes of exposure to actinic
      light, changes to gray-green and has a saturation transmission of 22
      percent. The half-crest value time of regeneration is 25 minutes.
PAC  EXAMPLE 4
PAR  The laminate 40 shown in FIG. 4 comprises a compound of plastic material
      and glass wherein a polyvinyl butyrate foil 43, 0.4 mm in thickness and 1
      square meter in size, on which an inorganic phototropic material 42
      composed of 65.48 percent by weight AgBr and 34.52 percent by weight CuBr
      is deposited by evaporation upon the aforementioned foil 43 at
      10.sup.-.sup.5 torr, is combined with a "GL-30 A" ground filter glass
      plate 41, 1 square meter in size and 2 mm in thickness.
PAR  The foil 43 is pasted with the covered side upon filter glass plate 41
      whose transmission is 75 percent, whose index of refraction is 1.530, and
      whose .alpha. is 130 .times. 10.sup.-.sup.7 /.degree.. The laminate 40 has
      a brown-green color in the unexposed state. The initial transmission is 60
      percent. After 15 minutes of exposure to actinic light rays, the
      saturation transmission is 17 percent, and the laminate 40 has assumed a
      dark olive color. The half-crest value time of the regeneration is 40
      minutes.
PAC  EXAMPLE 5
PAR  A further laminate, not shown, employs only plastic lamina. A sheet of
      polymethylemethacrylate, of a surface of 1 square meter and a thickness of
      5 mm, is covered with a layer of an inorganic, phototropic material
      similar to the layer 12 of Example 1. A foil of polyvinyl butyrate is
      pasted upon the sheet on the covered side, and the sheet is combined with
      a further sheet of polymethylmethacrylate to form a laminate.
PAR  The sheets of polymethylmethacrylate have an index of refraction of 1.5 and
      a transmission of 90 percent.
PAR  The color of the laminate is, in the unexposed state, light brown at an
      initial transmission of 65 percent. After 15 minutes of exposure to
      actinic light, the saturation transmission is approximately 20 percent.
      The laminate is of dark brown color and has a half-crest value of
      regeneration of 25 minutes.
PAC  EXAMPLE 6
PAR  The laminate not shown comprises two plastic materials. A polyvinyl
      butyrate foil, 0.4 mm in thickness on which a phototropic layer similar to
      that of Example 4 is deposited by evaporation, is glued upon a sheet of
      polymethylmethacrylate, in such a manner that the layer of inorganic,
      phototropic material on the foil is in contact with the
      polymethylmethacrylate sheet.
PAR  The color of the laminate is green at an initial transmission of 78
      percent. After an exposure to actinic light for 15 minutes, the system is
      gray-green and has a saturation transmission of 22 percent. The half-crest
      value time of the regeneration is 50 minutes.
PAR  Although the invention has been described in considerable detail with
      reference to certain preferred embodiments thereof, it will be understood
      that variations and modifications can be effected within the spirit and
      scope of the invention described above and as defined in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transparent laminate that passes less light in the presence of actinic
      light than in the absence of actinic light, said laminate comprising:
PA1  A. a light-transmitting substrate selected from the group consisting of
      glass and transparent plastic sheet;
PA1  B. a light-transmitting phototropic layer consisting essentially of silver
      halides and copper halides which darkens in the presence of actinic light
      said phototropic layer being attached to the substrate;
PA1  C. a light-transmitting plastic sheet layer attached to the phototropic
      layer.
NUM  2.
PAR  2. A transparent phototropic laminate of claim 1 further comprising:
PA1  D. a light-transmitting layer selected from the group consisting of glass
      and transparent plastic sheet said layer being attached to the
      light-transmitting plastic sheet, designated C.
NUM  3.
PAR  3. A transparent phototropic laminate of claim 1 wherein the phototropic
      material is a mixture of copper halides and silver halides wherein the
      halide is chloride or bromide.
NUM  4.
PAR  4. A transparent phototropic laminate of claim 1 wherein the phototropic
      material consists essentially of 4 to 60 atomic percent of silver ions, 2
      to 60 atomic percent of copper ions, and 15 to 87 atomic percent of C1 or
      Br.
NUM  5.
PAR  5. A transparent phototropic laminate of claim 2 wherein a coloring
      material is included in one or more of the layers identified above as
      layer A, layer C and/or layer D.
NUM  6.
PAR  6. A transparent phototropic laminate that passes less light in the
      presences of actinic light than in the absence of actinic light, said
      laminate comprising:
PA1  A. a light transmitting substrate selected from the group consisting of
      glass and plastic;
PA1  B. a vacuum deposited light transmitting phototropic layer consisting
      essentially of CuX and AgX in a molar ratio of 3:10 to 10:3 wherein X is
      C1 or Br; said phototropic layer being attached to the substrate;
PA1  C. a light transmitting polymeric layer of polyvinyl butyrate attached to
      the phototropic layer.
NUM  7.
PAR  7. A transparent phototropic laminate that passes less light in the
      presence of actinic light than in the absence of actinic light, said
      laminate consisting essentially of:
PA1  A. a light-transmitting substrate;
PA1  B. a vacuum deposited light-transmitting phototropic layer consisting
      essentially of CuX and AgX in a molar ratio of 3:10 to 10:3 wherein X is
      C1 or Br; said phototropic layer being attached to the substrate;
PA1  C. a layer of polyvinyl butyrate attached to the phototropic layer.
NUM  8.
PAR  8. A transparent phototropic laminate that passes less light in the
      presences of actinic light than in the absence of actinic light, said
      laminate having:
PA1  A. a light-transmitting substrate;
PA1  B. a light-transmitting phototropic layer consisting essentially of CuX and
      AgX in a molar ratio of 1:10 to 10:1 wherein X is halogen; said
      phototropic layer being attached to the substrate;
PA1  C. a light-transmitting layer attached to the phototropic layer.
PATN
WKU  039326918
SRC  5
APN  4037545
APT  1
ART  162
APD  19731005
TTL  Method of insulating rotor plates
ISD  19760113
NCL  11
ECL  1
EXP  Gwinnell; Harry J.
INVT
NAM  Danzer; Joseph
CTY  Munich
CNT  DT
INVT
NAM  Weber; Helmut
CTY  Munich
CNT  DT
ASSG
NAM  Wacker-Chemie GmbH
CTY  Munich
CNT  DT
COD  03
PRIR
CNT  DT
APD  19700303
APN  2009906
RLAP
COD  72
APN  118984
APD  19710225
PSC  03
CLAS
OCL  428450
XCL  427116
XCL  427226
XCL  427377
XCL  428469
EDF  2
ICL  B32B 1504
ICL  B05D  304
FSC  117
FSS  132 BS;62;119.8;169 A;135.1;232
FSC  148
FSS  6.35
FSC  427
FSS  377;116;226
FSC  428
FSS  450;469
UREF
PNO  2282163
ISD  19420500
NAM  Burgwin
OCL  148  6.35
UREF
PNO  2842521
ISD  19580700
NAM  Nitzsche et al.
OCL  117161ZA
UREF
PNO  2978361
ISD  19610400
NAM  Seidl
OCL  117169A
UREF
PNO  3307981
ISD  19670300
NAM  Katsahnias
OCL  148  6.35
UREF
PNO  3470010
ISD  19690900
NAM  Christiansen
OCL  117 18
UREF
PNO  3537915
ISD  19701100
NAM  Becker
OCL  148  6.35
UREF
PNO  3556871
ISD  19710100
NAM  Helgert et al.
XCL  117  6.35
UREF
PNO  3681113
ISD  19720800
NAM  Yoldas
OCL  117169A
FREF
PNO  45-31727
ISD  19670400
CNT  JA
OCL  117135.1
ABST
PAL  The invention relates to a method for insulating rotor plates for electric
      motors by coating the rotor plates with a solution containing
      organo-silicon compounds, drying the coated plates and thereafter
      contacting the coated plates with a steam atmosphere to form a blue
      iron-oxide film thereon.
PARN
PAR  This application is a continuation-in-part of applicant's copending
      application Ser. No. 118,984, filed Feb. 25, 1971 and now abandoned.
BSUM
PAR  The invention relates to insulated rotor plates for electric motors, and
      more particularly to a method of insulating iron rotors in which the
      electric conductor consists of bare, (i.e., not provided with insulation)
      aluminum.
PAR  Many of the rotors used heretofore in electric motors contain a wire coil
      conductor. However, in order to reduce the cost of manufacturing, wire
      coil conductors are no longer used in rotors for electric motors,
      particularly in household appliances. Instead, the manufacturers press
      melted aluminum into the grooves between the iron rotor plates, which
      after solidification, serves as a conductor in place of the formerly used
      wire coil.
PAR  Since it is essential for the operation of the motor that the rotor plates
      be insulated from each other, and from the electric conductor adjacent to
      the rotor plates, the decarbonized and degreased plates have been steam
      treated to form a blue iron-oxide film thereon to provide insulation
      between the rotor plates and the electric conductor. Insulation thus
      obtained in this manner is extremely unsatisfactory. One of the
      disadvantages is the power loss which occurs in the finished motor.
      Although motor manufacturers have attempted to compensate for this
      disadvantage by over-dimensioning the motor, this has resulted in a
      rejection of at least 15 percent of the rotors.
PAR  Thus, it can readily be seen, that there is a definite need for improving
      the insulation of the rotor plates in order to overcome the power loss
      factor which is prevalent in motors insulated with a blue iron-oxide film.
PAR  Therefore, it is an object of this invention to provide insulated rotor
      plates for electric motors. Another object of this invention is to provide
      a method for insulating rotor plates for electric motors. A further object
      of this invention is to provide electric motors with a lower power loss
      and which are substantially more efficient.
PAR  These and other objects are accomplished in accordance with this invention,
      generally speaking, by applying a solution containing organosilicon
      compounds to a previously decarbonized and degreased rotor plate and
      thereafter heating the coated rotor plate in a steam atmosphere at a
      temperature of from about 350.degree.C. to about 950.degree.C. to convert
      the organosilicon compounds to silica and to form a blue iron-oxide film
      thereon.
PAR  The rotor plates are first punched out and degreased by any conventional
      technique known in the art for degreasing metal objects. Especially good
      results have been achieved by dipping, or spraying the plates with
      volatile organic solvents, such as halogenated hydrocarbons, e.g.,
      trichloroethylene, carbon tetrachloride, and aromatic hydrocarbons such as
      toluene and xylene. The degreased rotor plates are then coated with the
      organosilicon compositions of this invention and thereafter contacted with
      steam.
PAR  Organosilicon compositions which may be used in this invention are the
      organopolysiloxane resins which contain polymeric units of the formula:
EQU  R.sub.n SiO.sub.4.sub.-n/2
PAL  where R is an organic group linked to a silicon atom such as alkyl groups,
      e.g., methyl, ethyl, propyl, butyl, octadecyl, etc. Other organic groups
      which may be linked to the silicon atom are monocyclic groups such as
      phenyl. In the units themselves, n can be 0 to 3 and the average value of
      n for all the units present is usually from 0.9 to 2.0 and more preferably
      from about 1.0 to 1.9. If the ratio of organic groups to silicon is less
      than 0.9, the formation of a solution in an organic solvent is extremely
      difficult, whereas, if the ratio is higher than 1.9, the
      organopolysiloxanes are too volatile and difficult to prepare.
PAR  Monomeric organosilicon compounds such as alkyltrialkoxy silanes, and
      tetraalkylsilicates may also be used in this invention. The presence of
      condensation catalysts should be avoided, if possible, since these may
      cause premature gelling of the composition.
PAR  The organopolysiloxane resins used in this invention usually have some
      alkoxy groups connected to the silicon atoms. Although the amount of
      alkoxy groups is not critical, an amount of from about 0.5 to about 10 mol
      percent based on the silicon present is preferred. Also mixtures of alkoxy
      containing organopolysiloxane resins and tetraalkyl silicates having from
      0.5 to about 10 mol percent alkoxy groups based on the silicon may be
      employed in this invention.
PAR  Various methods for preparing these organopolysiloxane resins have been
      described in the literature. In general, an appropriate organohalosilane
      is reacted with an alcohol and the resulting ester is partially
      hydrolyzed. The nature of the alkoxy group is not critical to the
      invention, but for practical purposes the lower alkoxy radicals, e.g., 1
      to 8 carbon atoms are preferred.
PAR  Excellent results have been achieved using organopolysiloxane resins, which
      have been produced by further condensing an alkylpolysiloxane resin (in
      particular a methyl polysiloxane resin) containing partially-condensed
      alkoxy groups (e.g., ethoxy groups), at an elevated temperature in the
      presence of a boric acid complex such as described in U.S. Pat. No.
      2,842,521 to Nitzsche et al.
PAR  The boric acid complexes are prepared by reacting boric acid with water,
      with liquid mono- or polyhydric alcohols, or with phenols. The reaction to
      form these complexes is usually brought about by merely mixing the
      reactants to form a paste thereof. The amounts of boric acid and hydroxy
      compound employed to form the complex are not critical, for an excess of
      either ingredient does no particular harm to the resin mixture.
PAR  There is no limit on the molecular weight of the alcohols or phenols
      employed to form the complex, except that they should be liquid at
      ordinary temperatures. Suitable compounds are aliphatic monohydric and
      polyhydric alcohols, e.g., methanol, ethanol, propanol, butanol,
      glycerine, ethylene glycol, propylene glycol, and aromatic alcohols, e.g.,
      phenol, o-, m- and p-cresol, etc. The lower boiling hydroxy compounds are
      preferred, because they are more readily volatilized from the resin during
      its cure.
PAR  It is preferred that the organic solvents used in preparing the solutions
      containing the organosilicon compounds of this invention have boiling
      points between about 100.degree.C. and about 250.degree.C. Examples of
      suitable solvents are hydrocarbons such as alkanes having boiling points
      in the range of from about 120.degree.C. to about 180.degree.C.; aromatic
      hydrocarbons such as, toluene and xylene; chlorinated hydrocarbons such as
      trichloroethylene; alcohols such as isopropyl alcohol; ketones such as
      acetone and methyl ethyl ketone; esters such as ethyl acetate and mixtures
      thereof.
PAR  Although the amount of organosilicon compounds to the total weight of the
      solution is not critical, they should preferably be in the range of from
      about 5 to 30 and more preferably from about 10 to 20 percent by weight
      based on the total weight of the composition.
PAR  If desired, silica having a surface area of more than 50 m.sup.2 /g, such
      as fumed silica may be incorporated in the coating compositions of this
      invention. The amount of silica, preferably should not exceed about 100
      percent by weight of the other silicon compounds.
PAR  In order to avoid complications such as the formation of vapors which may
      be injurious to personnel, these solutions should contain only the
      essential constitutents such as the organosilicon compounds, the organic
      solvent, and if desired, silica.
PAR  The solutions of this invention may be applied on the rotor plates by any
      technique known in the art such as by dipping, spraying or brushing.
PAR  Preferably, the silicon compounds should be applied on the plates in such a
      quantity that the plates have a coating thickness of from about 8 to 10
      microns after drying and before steam-treatment.
PAR  Drying of the coated plates may be effected at room temperature or if
      desired, the drying step may be accelerated by placing them in an oven at
      a slightly elevated temperature, up to about 80.degree.C. The plates
      should then be heated for 1/2 to 1 hour at a temperature of from about
      150.degree. to 220.degree.C.
PAR  The plates are then subjected to an atmosphere of steam in a furnace, into
      which water or steam is introduced at a temperature of from about
      350.degree. to about 950.degree.C., preferably from about 700.degree. to
      800.degree.C. until a blue iron-oxide film forms thereon. The rotor plates
      after steam treatment contain an insulation layer of silica and blue
      iron-oxide film of from about 1 to 2 microns in thickness.
PAR  The coatings produced with the newly-developed method described above
      exhibit excellent adhesion, are scratch-resistant and possess a high
      Ohm-resistance. Where the organopolysiloxanes are applied only after the
      plates have been coated with the blue iron-oxide film, the desired degree
      of success will not be achieved. Thus, it is apparent that an interaction
      occurs during the conversion of the organosilicon compounds to silica and
      the formation of the blue iron-oxide film thereon.
DETD
PAR  Various embodiments of this invention are illustrated in the following
      example in which all parts are by weight unless otherwise specified.
PAC  EXAMPLE 1
PAR  An organopolysiloxane resin is prepared by adding a mixture containing 90
      parts of methyltrichlorosilane and 15 parts of dimethyldichlorosilane
      dropwise to about 70 parts of ethanol with agitation. The resulting
      mixture is combined with 15 parts of water, and after 10 minutes, the
      mixture is mixed with 100 parts of toluene and 200 parts of water. The
      hydrochloric acid thus evolved is removed by washing and the toluene
      distilled off. The partially condensed methylpolysiloxanes remaining after
      the distillation is then combined with a mixture containing 0.5 part of
      boric acid and 0.5 part of glycerin, and heated up to a temperature of
      about 150.degree.C. with continuous agitation until a viscosity of about
      60,000 cs. at 25.degree.C. is achieved.
PAR  Rotor plates are punched out of a 0.6 mm thick sheet of iron in the normal
      rotor configuration and decarbonized. The plates are degreased by dipping
      in trichloroethylene and then dipped in an acetone solution containing 20
      percent by weight of the organopolysiloxane resin prepared above. About
      9.68 parts of resin for every m.sup.2 are deposited on the plates. These
      plates are air-dried overnight at room temperature, after which the
      coating is from about 8 to 10 microns in thickness and then heated for 1/2
      hour at 200.degree.C. The plates are then heated in a furnace at about
      800.degree.C. in the presence of steam until a blue iron-oxide film forms.
      The resulting coating which measures about 1.5 microns in thickness
      exhibits excellent adhesion, is scratch resistant and possesses high
      Ohm-resistance.
PAR  Although a specific example of the invention has been described herein, it
      is not intended to limit the invention solely thereto, but to include all
      the variations and modifications falling within the spirit and scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved method for insulating iron rotor plates for an electric
      motor in which the electric conductor consists of bare aluminum by
      contacting decarbonized and degreased rotor plates with steam at a
      temperature of from 350.degree. to about 950.degree.C. until a blue
      iron-oxide film is formed, the improvement which comprises coating said
      plates with a composition containing an organosilicon material and an
      organic solvent and thereafter drying the coated plates before contacting
      the plates with steam.
NUM  2.
PAR  2. The improved method of claim 1 wherein the organosilicon material is an
      organopolysiloxane resin having a ratio of silicon-bonded organic groups
      to silicon atoms of from 0.9 to 1.9.
NUM  3.
PAR  3. The improved method of claim 1 wherein the organic solvent has a boiling
      range of from about 100.degree. to about 250.degree.C.
NUM  4.
PAR  4. The improved method of claim 2 wherein the organopolysiloxane resin is
      obtained from the condensation of a partially condensed alkoxypolysiloxane
      resin in the presence of a complex containing boric acid and a hydroxyl
      containing compound.
NUM  5.
PAR  5. The improved method of claim 4 wherein the hydroxyl containing compound
      is selected from the group consisting of water, liquid monohydric
      alcohols, liquid polyhydric alcohols and phenols.
NUM  6.
PAR  6. The improved method of claim 1 wherein the composition is applied to the
      plates in such an amount that the plates have a coating of from 8 to 10
      microns in thickness after drying.
NUM  7.
PAR  7. The improved method of claim 1 wherein the organosilicon material is a
      mixture consisting essentially of a tetraalkyl silicate and an alkoxy
      organopolysiloxane resin having from 0.5 to about 10 mol percent alkoxy
      groups based on the silicon.
NUM  8.
PAR  8. The improved method of claim 1 wherein the composition contains silica
      having a surface area of more than 50 m.sup.2 /g.
NUM  9.
PAR  9. The improved method of claim 1 wherein the organosilicon material is
      present in the composition in an amount of from 5 to 30 percent by weight
      based on the weight of the composition.
NUM  10.
PAR  10. An insulated iron rotor plate for an electric motor having a blue
      iron-oxide-silica film thereon in which the electric conductor consists of
      bare aluminum, said insulated rotor plate is obtained by coating said
      rotor plate with a solution consisting of an organosilicon material and a
      solvent for said organosilicon material and thereafter treating said
      coated plate with steam at a temperature of from 350.degree. to
      950.degree.C. until a layer of blue iron-oxide film and silica is formed
      thereon.
NUM  11.
PAR  11. The insulated iron rotor plate of claim 10 wherein the blue iron-oxide
      and silica layer is from 1 to 2 microns in thickness.
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PAL  A resin laminate structure comprising a layer of a polyolefin and a layer
      of an ethylene-vinyl acetate copolymer saponified product having an
      ethylene content of 25 to 50 mole % and a degree of saponification of at
      least 96 %, wherein a thermoplastic polymer having a carbonyl group in the
      main chain or side chain thereof is incorporated in at least one of said
      two layers in an amount of 5 to 100 parts by weight per 100 parts by
      weight of said polyolefin or said ethylene-vinyl acetate copolymer
      saponified product.
BSUM
PAR  This invention relates to a resin laminate structure comprising a
      polyolefin and an ethylene-vinyl acetate copolymer saponified product.
      More particularly, the invention relates to a resin laminate structure
      having in combination a high resistance to permeation of such ordinary
      gases as oxygen, carbon dioxide gas, steam, nitrogen and the like and a
      high resistance to delamination.
PAR  Polyolefins have heretofore been broadly used as packaging materials for
      foodstuffs and the like by reason of excellent mechanical strength and
      sanitation characteristics. However, polyolefins are fatally defective in
      that permeability of gases such as oxygen and carbon dioxide gas is very
      high, and polyolefins are still insufficient in that foodstuffs cannot be
      preserved for a long time with use of containers or the like formed of
      polyolefins.
PAR  As means for improving the gas permeation resistance in polyolefins, there
      have been proposed methods comprising copolymerizing ethylene with various
      vinyl monomers. For instance, U.S. Pat. No. 3,419,654 discloses the use of
      a saponified product of an ethylene-vinyl acetate copolymer. Although such
      saponified product is advantageous over polyolefins in the point that its
      oxygen permeability is much smaller than that of polyolefins, it is still
      defective in that its water vapor permeability is high because of its
      hydrophilic properties and that its mechanical strength, especially impact
      resistance, is considerably low.
PAR  It is considered that a packaging material having in combination
      characteristic properties of polyolefins and those of ethylene-vinyl
      acetate copolymer saponified products may be obtained by laminating a
      polyolefin and an ethylene-acetate copolymer saponified product. However,
      in such laminate structure, delamination readily occurs. The delamination
      resistance may be improved if a particular adhesive layer is interposed
      between the olefin layer and ethylene-vinyl acetate copolymer saponified
      product layer. In view of operational procedures, this in industrially
      disadvantageous in that a specific adhesive layer should be interposed to
      laminate a polyolefin layer and an ethylene-vinyl acetate copolymer
      saponified product layer and complicated steps are required for extrusion
      which requires a number of extruders.
PAR  We have found that in laminating a polyolefin layer and an ethylene-vinyl
      acetate saponified layer so that they are adjacent to each other, if a
      sepcific amount of a carbonyl group-containing thermoplastic polymer is
      incorporated into at least one of said two layers, both the layers can be
      tightly bonded with a good delamination resistance without the use of any
      particular adhesive and the resulting laminate structure substantially
      retains excellent properties of both the resin components, namely high
      moisture resistance, flexibility and sanitation characteristics inherent
      of the polyolefin and high oxygen-barrier property inherent of the
      saponified ethylene-vinyl acetate copolymer.
PAR  We have also found that when a melt of a blend of an ethylene-vinyl acetate
      copolymer saponified product with a specific amount of a carbonyl
      group-containing thermoplastic polymer and a melt of a polyolefin are
      under such specific co-extrusion conditions that in a multi-ply molding
      die the difference between the average flow rate of the ethylene-vinyl
      acetate copolymer saponified product and the average flow rate of the
      carbonyl group-containing thermoplastic polymer at the resin passage for
      said blend is at least 1 cm/sec, there can be obtained a molded laminate
      structure, the layer of the blend of which has such a laminar structure
      that the polymer composition is different in the thickness direction but
      substantially identical in the plane direction and each laminar layer is
      continuous with respect to the plane direction; such molded laminate
      structure comprises in a portion of the blend layer adjacent to the
      polyolefin layer a laminar layer containing the above carbonyl
      group-containing polymer predominantly, namely in an amount larger than
      the average carbonyl group-containing polymer content in the blend layer;
      and that by reason of such specific layer structure the above-mentioned
      molded laminate structure can possess an excellent, strong bonding between
      the polyolefin layer and the blend layer, which bonding is much superior
      to the bonding attained in a laminate structure comprising a mere layer of
      such blend with respect to not only the delamination resistance but also
      the impact resistance, water resistance, heat resistance and hot water
      resistance, and in this specific molded laminate structure the
      permeability of ordinary gases such as oxygen, steam and carbon dioxide
      gas can be much reduced.
PAR  It is a primary object of this invention to provide a novel laminate
      structure which exhibits an excellent permeation resistance similarly to
      oxygen, steam, carbon dioxide gas, etc. and which comprises a layer of a
      polyolefin and a layer of an ethylene-vinyl acetate copolymer saponified
      product, said two layers being tightly bonded to each other without use of
      any particular adhesive layer.
PAR  Another object of this invention is to provide a resin laminate structure
      which has in combination an excellent gas permeation resistance and an
      excellent delamination resistance and hence, is valuable as a container
      for liquid foodstuffs, medicines or cosmetics, such as bottle, tube and
      tank and as a packaging material such as film.
PAR  A further object of this invention is to provide a technique for preparing
      laminate structures, according to which a polyolefin and a saponified
      product of an ethylene-vinyl acetate copolymer are simultaneously extruded
      from melt extruders, and thus there can be obtained a strong bonding
      between a layer of the polyolefin and a layer of the saponified copolymer.
PAR  A still further object of this invention is to provide a novel molded
      laminate structure which is formed by co-extruding a melt of a polyolefin
      and a melt of a polymer blend of a saponified product of an ethylene-vinyl
      acetate copolymer and a carbonyl group-containing thermoplastic polymer
      and which has such a specific layer structure that a layer of said polymer
      blend has such a laminar structure that the polymer composition is
      different with respect to the thickness direction but substantially
      identical with respect to the plane direction and each laminate layer is
      continuous with respect to the plane direction and that in a portion of
      the polymer blend layer adjacent to the polyolefin layer there is formed a
      laminar layer containing the above carbonyl group-containing polymer in an
      amount exceeding the average content of said carbonyl group-containing
      polymer in the blend layer; and a process for the production of such novel
      laminate structures.
PAR  In accordance with one aspect of this invention, there is provided a resin
      laminate structure comprising a layer of a polyolefin and a layer of an
      ethylene-vinyl acetate copolymer saponified product having an ethylene
      content of 25 to 50 mole % and a degree of saponification of at least 96
      %, wherein a thermoplastic polymer containing a carbonyl group at the main
      chain or side chain thereof is incorporated in at least one of said
      polyolefin layer and said ethylene-vinyl acetate copolymer saponified
      product in an amount of 5 to 100 parts by weight, especially 5.0 to 50
      parts by weight, per 100 parts by weight of said polyolefin or said
      ethylene-vinyl acetate copolymer saponified product.
PAR  In accordance with another aspect of this invention, there is provided a
      resin laminate structure comprising a layer of a polyolefin and a layer of
      a blend including (A) an ethylene-vinyl acetate copolymer saponified
      product having an ethylene content of of 25 to 50 mole % and a degree of
      saponification of at least 96 % and (B) a thermoplastic polymer containing
      a carbonyl group at the main chain or side chain thereof, at an A : B
      weight ratio of from 95 : 5 to 50 : 50, said two layers being laminated so
      that they are adjacent to each other, wherein said blend layer has such a
      laminar structure that the polymer composition is different with respect
      to the thickness direction but is substantially identical with respect to
      the plane direction and when the blend layer is divided into three layers
      in the thickness direction, a divided layer adjacent to said polyolefin
      layer contain predominantly said carbonyl group-containing thermoplastic
      polymer, namely contains said ethylene-vinyl acetate copolymer saponified
      product in an amount expressed by the following formula:
EQU  M.sub.1 = m.sub.1 X
PA1  wherein X indicates an average content (% by weight) of said ethylene-vinyl
      acetate copolymer saponified product in said blend layer, m.sub.1 is a
      number of from 0 to 9.95 and M.sub.1 stands for a content of said
      ethylene-vinyl acetate copolymer saponified product in said divided layer
      adjacent to the polyolefin layer.
PAR  The laminate structure of this invention has various advantages in addition
      to a desired combination of a high permeation resistance to oxygen, steam,
      carbon dioxide gas, etc. and a high delamination resistance. By reason of
      excellent moisture resistance, sanitation characteristics and flexibility,
      polyolefins have heretofore been used broadly as containers for various
      liquid materials. However, disposal of used polyolefin containers involves
      a serious problem. More specifically, when used polyolefin containers are
      subjected as refuses to the incineration treatment, a large quantity of
      combustion heat is generated and refuse furnaces are readily damaged. In
      contrast, when a polyolefin is laminated with a saponified product of an
      ethylene-propylene copolymer, i.e., hydroxyl group-containing polymer,
      according to this invention, and a container formed from such laminate
      structure is burned in a refuse furnace the combustion heat generated at
      the incineration treatment will be much reduced as compared with the case
      of a polyolefin container, with the result that the damage of refuse
      furnaces can be greatly lowered.
PAR  This invention will now be described in detail.
PAC  Resin Components
PAR  The saponified product of an ethylene-vinyl acetate copolymer to be used in
      the laminate structure of this invention is obtained by saponifying an
      ethylene-vinyl acetate copolymer having an ethylene content of 25 to 50
      mole % so that the degree of saponification reaches at least 96 %. In case
      the ethylene content exceeds 50 mole % in the saponified copolymer, the
      gas permeation resistance (gas-barrier property) to gases such as oxygen
      is lost, and the objects of this invention cannot be attained. Further, in
      a molded structure formed from such saponified copolymer, it is difficult
      to obtain a layer structure in which the polymer composition is different
      in the thickness direction, and use of such saponified copolymer is not
      suitable for attaining the above-mentioned specific objects of this
      invention. In case the ethylene content of the saponified copolymer is
      less than 25 mole %, the laminate structure exhibits a high hydrophilic
      property and its water vapor permeability becomes high with degradation of
      properties in the molten form, especially melt mold ability. Accordingly,
      use of such saponified copolymer is not suitable for attaining the objects
      of this invention.
PAR  In order for the laminate structure to have an improved gas permeation
      resistance, it is essential that the degree of saponification should be at
      least 96 %, in the ethylene-vinyl acetate copolymer saponified product.
PAR  A saponified product of an ethylene-vinyl acetate copolymer to be used in
      this invention preferably has an ethylene content of 25 to 45 mole % and a
      degree of saponification of at least 99 %.
PAR  The ethylene-vinyl acetate copolymer saponified product to be used in this
      invention is composed of polymerized ethylene units and vinyl alcohol
      units. Accordingly, in this invention saponified products of copolymers of
      ethylene with a monomer capable of forming a vinyl alcohol unit by
      saponification subsequent to polymerization, such as vinyl esters of lower
      fatty acids other than vinyl acetate, e.g., vinyl formate and vinyl
      propionate, can be similarly used as the saponified copolymer.
PAR  Further, the ethylene-vinyl acetate copolymer saponified product of this
      invention may be a terpolymer such as an ethylene.alpha.-olefin-vinyl
      acetate copolymer saponified product containing a small amount, for
      instance, up to 5 mole % of other .alpha.-olefin such as propylene and
      butene-1.
PAR  The molecular weight of the ethylene-vinyl acetate copolymer saponified
      product to be used in this invention is not particularly critical, as long
      as it is within and ordinary range capable of forming films. In general,
      the viscosity of an ethylene-vinyl acetate copolymer saponified product is
      measured with use of a mixed solvent of 85 % by weight of phenol and 15 %
      by weight of weight of water. In this invention, it is preferred that the
      ethylene-vinyl acetate copolymer saponified product to be used has an
      intrinsic voscosity [.eta.], measured at 30.degree.C. in such mixed
      solvent, of from 0.07 to 0.17 l/g. In the case of a saponified copolymer
      having an intrinsic viscosity [.eta.] of lower than 0.07 l/g, the
      mechanical strength of the final molded article is insufficient, and in
      the case of a saponified copolymer having an intrinsic viscosity [.eta.]
      exceeding 0.17 l/g, the moldability of the resinous composition tends to
      be lowered.
PAR  In this invention, selection of a polyolefin among various thermoplastic
      resins and formation of a laminate structure by laminating the so
      specifically selected polyolefin with a saponified product of an
      ethylene-vinyl acetate copolymer are very important for attaining a
      desired combination of a high permeation resistance to not only oxygen and
      carbon dioxide but also water and a high delamination strength against all
      of ordinary gases such as oxygen, water vapor and carbon dioxide gas and
      excellent physical properties such as good stiffness, high impact
      resistance and high transparency.
PAR  Any of polyolefins which have heretofore been used for molding of films or
      containers and the like broadly in the art may be used as the polyolefin
      in this invention. As such polyolefin, there may be employed homopolymers
      and copolymers of olefins expressed by the following formula
      ##EQU1##
      wherein R is a hydrogen atom or an alkyl group having up to 4 carbon
      atoms.
PAR  In order to obtain a laminate structure having sufficient mechanical
      strength, it is essential that the olefin homopolymer or copolymer should
      be crystalline. As such crystalline polyolefin there may be mentioned, for
      instance, low density polyethylene, medium density polyethylene, high
      density polyethylene, isotactic polypropylene, crystalline
      ethylene-propylene copolymer, polybutene-1 and polypentene-1. Of course,
      in this invention the polyolefin to be used is not limited to olefin
      homopolymers and copolymers of two or more olefins, but copolymers
      comprising a small amount, for instance, up to 15 mole %, especially up to
      5 mole %, of other ethylenically unsaturated comonomer within such a range
      as will not substantially damage the properties of the polyoelfin, may be
      used. As such comonomer component, there may be exemplified vinyl
      chloride, vinyl acetate, acrylic acid, esters thereof, methacrylic acid
      and esters thereof.
PAR  In general, the molecular weight of the polyolefin is not particularly
      critical in this invention, as far as it is within the film forming range.
      For instance, a polyolefin having an average molecular weight of from
      5,000 to 400,000 [corresponding to a melt index MI (as measured according
      to ASTM 1238) from 0.05 to 5.0 g/10 min.] is used preferably in general.
PAR  Polyolefins to be preferably used in this invention are (I) a low density
      polyethylene having a density of from 0.917 to 0.929 g/cc, (II) a medium
      density polyethylene having a density of from 0.930 to 0.939 g/cc, (III) a
      high density polyethylene having a density of at least 0.940 g/cc, and
      (IV) an isotactic polypropylene.
PAR  In this invention, if improvement of such properties as transparency,
      flexibility, and impact resistance in the laminate structure is desired, a
      low density or medium density polyethylene is preferably employed as the
      polyolefin. If improvement of mechanical properties such as stiffness,
      tensile strength and tear strength is desired, a high density polyethylene
      or an isotactic polypropyle is preferably employed.
PAR  In the laminate structure of this invention comprising a layer of the above
      polyolefin and the above ethylene-vinyl acetate copolymer saponified
      product, it is improtant that a thermoplastic polymer containing a
      carbonyl group in the main chain or side chain thereof is incorporated in
      at least one of the polyolefin layer and the ethylene-vinyl acetate
      copolymer saponified product in an amount of 5.0 to 100 parts by weight,
      especially 5.0 to 50 parts by weight, per 100 parts by weight of the
      polyolefin or saponified copolymer.
PAR  As such carbonyl group-containing thermoplastic polymer, there may
      optionally be employed any of thermoplastic polymers containing in the
      main or side chain carbonyl groups from free carboxylic acids, carboxylic
      acid salts, carboxylic acid esters, carboxylic anhydrides, carboxylic acid
      amides, carbonic acid esters, urethane and urea. Examples of such polymer
      will now be described.
PA0  a. Homopolymers or copolymers of monomers expressed by the following
      formula (I), and copolymers of monomers expressed by the formula (I) with
      olefins and vinyl monomers.
      ##EQU2##
      wherein R.sub.1 is a hydrogen atom or a lower alkyl group, and R.sub.2 is
      a hydrogen atom or an alkyl group having 1 to 12 carbon atoms.
PAR  Specific examples of the polymer of this type are polyacrylic acid esters,
      polymethacrylic acid esters, ethylene/acrylic acid ester copolymers,
      acrylic acid ester/acrylic acid copolymer, ethylene/acrylic acid
      ester/acrylic acid copolymers, ethylene/acrylic acid copolymers,
      styrene/methacrylic acid ester/acrylic acid copolymers, acrylic acid
      ester/vinyl chloride copolymers, methacrylic acid ester/vinyl chloride
      copolymers, styrene/methacrylic acid ester/butadiene copolymers, and
      methacrylic acid ester/acrylonitrile copolymers.
PA0  b. Homopolymers or copolymers of vinyl esters expressed by the following
      formula (II), and copolymers of monomers expressed by the formula (II)
      with olefins or other vinyl monomers:
      ##EQU3##
      wherein R.sub.3 is a hydrogen atom or an alkyl or phenyl group.
PAR  Specific examples of the polymer of this type are polyvinyl acetate,
      polyvinyl propionate, ethylene/vinyl acetate copolymers, acrylic acid
      ester/vinyl acetate copolymers, and vinyl chloride/vinyl acetate
      copolymers.
PA0  c. Ionomers, that is, resins obtained by neutralizing copolymers of olefins
      with unsaturated carboxylic acids and optionally other vinyl monomers,
      with an alkali metal, an alkaline earth metal, zinc or an organic basc.
PAR  Specific examples of the polymer of this type are Surlyns marketed by E. I.
      Du Pont de Nemours & Co., U. S. A.
PA1  d. Copolymers of maleic anhydride with olefins or other vinyl monomers.
PAR  Specific examples of the polymer of this type are maleic anhydride/vinyl
      ether copolymers, maleic anhydride/vinyl chloride copolymers,
      ethylene/maleic anhydride copolymers and maleic anhydride-modified
      polypropylenes.
PA1  e. Polyamides composed of the recurring units expressed by the formula
      ##EQU4##
      or
      ##EQU5##
      wherein n is a number of from 3 to 13 and m is a number of from 4 to 11.
PAR  Specific examples of the polymer of this type are poly-.omega.-aminocaroic
      acid, poly.omega.-aminoheptanoic acid, poly-.omega.-aminocaprylic acid,
      poly-.omega.-aminopelagonic acid, poly-.omega.-aminodecanoic acid,
      poly-.omega.-aminoundecanoic acid, poly-.omega.-aminotridecanoic acid,
      polyhexamethylene adipamide, polyhexamethylene sebacamide,
      polyhexamethylene dodecamide, polyhexamethylene tridecamide,
      polydecamethylene adipamide, polydecamethylene sebacamide,
      polydecamethylene dodecamide, polydecamethylene tridecamide,
      polydodecamethylene adipamide, polydodecamethylene sebacamide,
      polydodecamethylene dodecamide, polydodecamethylene tridecamide,
      polytridecamethylene adipamide, polytridecamethylene sebacamide,
      polytridecamethylene dodecamide, polytridecamethylene tridecamide,
      polyhexamethylene azelamide, polydecamethylene azelamide,
      polydodecamethylene azelamide, and polytridecamethylene azelamide.
PA0  f. Polyesters composed of the recurring units expressed by the formula
      ##EQU6##
      or
      ##EQU7##
      wherein R.sub.4 is an alkylene group of 2 to 6 carbon atoms, and R.sub.5
      is an alkylene or arylene group of 2 to 24 carbon atoms.
PAR  Specific examples of the polymer of this type are polyethylene adipate,
      polyethylene sebacate, polyethylene terephthalate, polytetramethylene
      isophthalate, and polyethylene terephthalate/isophthalate.
PA0  g. Polyureas composed of the recurring units expressed by the formula
      ##EQU8##
      or
      ##EQU9##
      wherein R.sub.6 and r.sub.7 stand for an alkylene group of 1 to 13 carbon
      atoms.
PAR  Specific examples of the polymer of this type are polyhexamethyleneurea,
      polyheptamethyleneured, polyundecamethyleneurea and polynonamethyleneurea.
PA0  h. Polyurethanes or polyureaurethanes expressed by the formula
      ##EQU10##
      wherein R.sub.8 is an alkylene group of 3 to 24 carbon atoms, or a
      polyether or polyester residue, R.sub.9 is an alkylene or arylene group of
      3 to 24 carbon atoms, R.sub.10 is an alkylene or arylene group of 1 to 13
      carbon atoms, and k is 0 or 1.
PAR  Specific examples of the polymer of this type are
      polytetramethylenehexamethylene urethane,
      polyhexamethylenetetramethyleneurethane, and polyureaurethanes formed by
      chain-extending isocyanate-terminated polyesters or polyethers with a
      diamine or water.
PA0  i. Polycarbonates composed of the recurring units expressed by the formula
      ##EQU11##
      wherein R.sub.11 is a hydrocarbon group of 8 to 15 carbon atoms.
PAR  Specific examples of the polymer of this group are poly-p-xyleneglycol
      biscarbonate, poly-dihydroxydiphenyl-methane carbonate,
      poly-dihydroxydiphenylethane carbonate, poly-dihydroxyphenyl-2,2-propane
      carbonate, and poly-dihydroxydiphenyl-1,1-ethane carbonate.
PAR  It is desired that the carbonyl group-containing polymer to be used in this
      invention contains carbonyl groups based on functional groups of free
      carboxylic acids, carboxylic acid salts, carboxylic acid esters,
      carboxylic acid amides, carboxylic anhydrides, carbonic acid esters,
      urethane and urea, in an amount of 120 to 1400 milliequivalents,
      especially 150 to 1200 milliequivalents, per 100 g of the polymer.
PAR  Such carbonyl group-containing polymers should be substantially linear and
      be molten at temperatures for melt molding the resulting resinous
      composition, for instance, at 170.degree. to 300.degree.C., preferable
      180.degree. to 250.degree.C.
PAR  Carbonyl group-containing polymers which are readily available, can be
      easily blended and are very effective for improving the processability of
      the final resinous composition, that is, polymers which are especially
      suitable for attaining the objects of this invention, are polyvinyl
      acetate; copolymers of ethylene with a vinyl monomer containing a
      carboxylic acid salt group, such as vinyl acetate/ethylene copolymers,
      acrylic acid/ethylene copolymers, acrylic acid-grafted polyethylene, ethyl
      acrylate/ethylene copolymers and copolymers of ethylene with a carboxylic
      acid salt-containing vinyl monomer such as ionomers; maleic acid, modified
      polypropylene; and aliphatic polyamides such as poly-.omega.-aminocaproic
      acid, poly-.omega.-aminoundecanoic acid, poly-.omega.-aminododecanoic
      acid, polyhexamethylene adipamide and polyhexamethylene sebacamide.
PAR  It is most preferred that in case the polyolefin is a low density
      polyethylene or a medium density polyethylene, an ionomer of
      ethylene/acrylic acid ester copolymer is used and that in case the
      polyolefin is a high density polyethylene, an ionomer or acrylic
      acid-grafted polyethylene is employed. Further, in case the polyolefin is
      an isotactic polypropylene, use of a maleic acid-modified polyethylene is
      most preferred.
PAR  The molecular weight of the carbonyl group-containing polymer to be used is
      not particularly critical, as far as it is within such range that the
      polymer can be molded into a film or vessel.
PAR  So called compounding ingredients can be incorporated in resin layers
      constituting the laminate structure of this invention, but addition of
      such compounding ingredients is not absolutely necessary and objects of
      this invention can be fully attained without addition of such compounding
      ingredients.
PAR  In case the final laminate structure is used as a packaging material for
      food stuffs, it is preferred that such resin is directly subjected to the
      laminating operation without incorporation of so called compounding
      ingredients. However, if desired, it is possible to incorporate known
      additives such as ultraviolet absorbents, stabilizers, antioxidants,
      pigments, dyes and antistatic agents, in such amounts as not damaging the
      interlaminar bonding strength, for instance, up to 0.75 % by weight.
PAR  In the laminate structure of this invention, each layer may further
      comprise other polymers, for instance, other poly-.alpha.-olefins, olefin
      copolymers, vinyl polymers and diolefin polymers, in such amounts as will
      give no substantially bad influences to the gas permeation resistance,
      impact resistance and transparency of the resulting laminate structure for
      instance, in amounts of up to 10.0 parts by weight per 100 parts by weight
      of the composition.
PAR  In this invention, it is possible to incorporate an ethylene-vinyl acetate
      copolymer saponified product into the polyolefin layer of the laminate
      structure in such amount as will give no substantially bad influences to
      impact resistance and other properties, for instance, up to 10 by weight.
      It is also possible to incorporate a polyolefin into the ethylene-vinyl
      acetate copolymer saponified product layer in such amount as will give
      substantially no bad influences to gas permeation resistance and other
      properties, for instance up to 10 % by weight.
PAC  Laminate Structure
PAR  The laminate structure of this invention can take various forms of the
      layer disposition, as far as the condition that the polyolefin layer (PO)
      and the ethylene-vinyl acetate copolymer saponified product layer
      (saponified copolymer or EV) are laminated in the state adjacent to each
      other and the carbonyl group-containing thermoplastic polymer (C) is
      contained in at least one of the olefin layer and saponified copolymer
      layer. Specific examples of the layer disposition are as follows:
PA0  I. asymmetric Two-Layer Laminate Structure:
PA1  Polyolefin layer/saponified copolymer layer:
PA1  a. PO + C/EV
PA1  b. PO/EV + C
PA1  c. PO + C/EV + C
PA0  Ii. symmetric Three-Layer Laminate Structure:
PA1  Polyolefin layer/saponified copolymer layer/polyolefin layer:
PA1  a. PO/EV + C/PO
PA1  b. PO + C/EV/PO + C
PA1  c. PO + C/EV + C/PO + C
PA1  Saponified copolymer layer/polyolefin layer/saponified copolymer layer:
PA1  d. EV/PO + C/EV
PA1  e. EV + C/PO/EV + C
PA1  f. EV + C/PO + C/EV + C
PA0  Iii. asymmetric Three-Layer Laminate Structure:
PA1  First polyolefin layer (PO-1)/saponified copolymer layer/second polyolefin
      layer (PO-2):
PA1  a. PO-1/EV + C/PO-2
PA1  b. PO-1 + C/EV/PO-2 + C
PA1  c. PO-1 + C/EV + C/PO-2 + C
PA1  Polyolefin layer/saponified copolymer layer/(polyolefin plus saponified
      copolymer) layer
PA1  d. PO/EV + C/PO + EV
PA1  e. PO + C/EV/PO + EV + C
PA1  f. PO + C/EV + C/PO + EV + C
PAR  Of course, the laminate structure of this invention is not limited to the
      above-exemplified two-layer and three-layer structures, but it is possible
      to adapt such multi-layer structure as four-layer and five-layer
      structures. However, as detailed hereinbelow, if the specific laminar
      structure is formed in the blend layer, objects of this invention can be
      fully attained by a two-layer or three-layer structure.
PAR  In this invention, bonding excellent in delamination resistance can be
      obtained between the polyolefin layer and saponified copolymer layer if
      the carbonyl group-containing thermoplastic polymer is incorporated in at
      least one of the polyolefin layer and saponified copolymer layer adjacent
      to each other. As is exemplified above, it is possible to incorporate the
      carbonyl group-containing polymer into both of the polyolefin layer and
      saponified copolymer layer. The carbonyl group-containing polymer is
      incorporated in an amount of 5.0 to 100 parts by weight, preferably 5.0 to
      50 parts by weight, especially preferably 5.0 to 30.0 parts by weight, per
      100 parts by weight of the polyolefin or saponified copolymer. In case the
      content of the carbonyl group-containing polymer is smaller than the lower
      limit of the above range, it is difficult to form between the polyolefin
      and saponified copolymer a bonding having a sufficient delamination
      resistance to endure the falling impact or deformation stress when the
      laminate structure is molded into a container or the like and it is filled
      with a content. If the content of the carbonyl group-containing polymer
      exceeds the upper limit of the above range, an excellent steam-barrier
      property inherent of the polyolefin or an excellent oxygen-barrier
      property of the saponified copolymer is lost to some extent.
PAR  In general, this laminate structure has a thickness of at least 15 .mu.,
      especially at least 70 .mu., and up to 6 mm, and it is useful as a molding
      material for preparing molded articles of a thin thickness having
      two-dimensional or three-dimensional surfaces, such as bottle, tube, tank,
      bag, other packaging containers, film, sheet, pipe and the like.
PAR  In case the laminate structure of this invention has a form of a container,
      it is preferred that the layer arrangement is decided in view of the kind
      of a material to be contained and the desired gas permeation resistance.
      For instance, if the material to be contained is an aqueous liquid, in
      view of the water resistance it is preferred that the inner layer of the
      container is a polyolefin layer. Further, when an oily material is
      contained in the container, in view of the oil resistance it is preferred
      that the inner layer of the container is a saponified copolymer layer. In
      each case, in view of the moisture resistance of the container per se it
      is preferred that the outermost layer of the vessel is a polyolefin layer.
PAR  In view of the foregoing, it is preferred that when the material to be
      contained is an ordinary aqueous material, a laminate structure selected
      from the above instances II-a, II-b, III-a and III-b is adopted and that
      when the material to be contained is an oily material, two-layer
      structures such as I-a and I-b or three-layer structures such as II-d,
      II-e and III-d are employed.
PAR  The thickness ratio of the polyolefin layer and saponified copolymer layer
      in the laminate structure of this invention varies greatly depending on
      the use of a final molded article and the layer arrangement, but it is
      generally preferred that the polyolefin layer has a thickness of at least
      50 .mu. and the saponified copolymer layer has a thickness of at least 15
      .mu..
PAC  Multi-Layer Molded Structure
PAR  In accordance with one preferred embodiment of this invention, there is
      provided a resin laminate structure comprising a layer of a polyolefin and
      a layer of a blend containing (A) an ethylene-vinyl acetate copolymer
      saponified product having an ethylene content of 25 to 50 mole % and a
      degree of saponification of at least 96 % and (B) a thermoplastic polymer
      containing a carbonyl group in the main chain or side chain thereof at an
      A : B mixing weight ratio ranging from 95 : 5 to 50 : 50, said two layers
      being laminated so that they are adjacent to each other, wherein the layer
      of said blend has such a laminar structure that the composition of the
      ethylene-vinyl acetate copolymer saponified product and the carbonyl
      group-containing thermoplastic polymer is different with respect to the
      thickness direction but is substantially identical in the plane direction.
PAR  The fact that in the blend layer of a preferred laminate structure of this
      invention the polymer composition is different in the thickness direction
      can be confirmed by sampling an optional layer from the blend layer by
      mechanical peeling means or the like and examining the infrared absorption
      spectrum of the sample.
PAR  For instance, the saponified ethylene-vinyl acetate copolymer exhibits an
      absorption at 3320 cm.sup..sup.-1 owing to the presence of the hydroxyl
      group, and therefore, the concentration of the saponified copolymer
      present in an optional layer of the molded structure can be determined by
      the following method:
PA0  i. One polyolefin (A) and a saponified product of an ethylene-vinyl acetate
      copolymer (B) whose ethylene content and degree of saponification were
      known were preliminarily blended (dry-blended) at a weight ratio of A : B
      ranging from 97.5 : 2.5 to 5 : 95, and then, the melt blending was
      conducted at 220.degree.C. in a nitrogen atmosphere for 15 minutes with
      use of a Banbury mixer (the rotation rate of the rotor being 45 rpm). As a
      result of the microscopic observation, it was confirmed that in all of the
      mixtures obtained under such conditions the components A and B were mixed
      homogeneously.
PA0  ii. Each of the so formed mixtures was heated at 195.degree.C. under a
      pressure of 10 Kg/cm.sup.2 to 300 Kg/cm.sup.2 for 20 minutes by employing
      a high pressure press and formed into a film having a thickness of 3 to
      150.mu..
PA0  iii. The infrared absorption curve of each of the so formed films was
      obtained under conditions of a temperature of 20.degree.C. and a relative
      humidity of 40 % by means of an infrared spectrophotometer.
PA0  iv. In each infrared absorption curve thus obtained, the point at 3100
      cm.sup.-.sup.1 was connected with the point at 3640 cm.sup.-.sup.1 by a
      line. Then, the values of Io and I were read from the crossing point of
      said line and the line vertical to the wavelength axis at 3320
      cm.sup.-.sup.1 and from the crossing point of said vertical line and the
      absorption curve, respectively.
PA0  v. According to the following known equation
      ##EQU12##
      wherein .mu. is the average thickness (.mu.) of the film used for the
      infrared absorption measurement, C designates the concentration (% by
      weight) of the saponified ethylenevinyl acetate copolymer, and K is a
      constant, the values of [log (Io/I)].mu. and C were plotted to obtain the
      calibration curve. Thus, the calibration curve expressed by the formula
      ##EQU13##
      was obtained with respect to the mixture system of a low density
      polyethylene having a density of 0.920 g/cc (determined according to ASTM
      D-1505) and a saponified product of an ethylene-vinyl acetate copolymer
      having an ethylene content of 25.4 mole % and a degree of saponification
      of 99.2 %. In the same manner as described above, the calibration curve
      expressed by the formula
      ##EQU14##
      was obtained with respect to the mixture system of a high density
      polyethylene having a density of 0.950 g/cc (determined according to ASTM
      D-1505) and said saponified copolymer.
PA0  Similarly, the calibration curve expressed by the formula
      ##EQU15##
      was obtained with respect to the mixtue system of said high density
      polyethylene and a saponified ethylene-vinyl acetate copolymer having an
      ethylene content of 49.4 mole % and a degree of saponification of 96.3 %.
PA0  As the carbonyl group-containing thermoplastic polymer, there were chosen
      Surlyn A of the Na.sup.+ type having a carboxylic acid concentration of 5
      mole %, Surlyn A of The Zn.sup.+.sup.+ type having a carboxylic acid
      concentration of 10 mole %, an ethylene-vinyl acetate copolymer having a
      vinyl acetate concentration of 5 % by weight, an ethylene-vinyl acetate
      copolymer having a vinyl acetate concentration of 17 % by weight, an
      isotactic polypropylene, an ethylene-propylene copolymer, a high density
      polyethylene and a low density polyethylene, and these polymers were
      separately molded into films in the same manner as described in (ii)
      above.
PA0  Then, their infrared absorption spectrum curves were obtained in the same
      manner as descirbed in (iii) above but in any of them there was not
      observed any absorption at 3320 cm.sup.-.sup.1.
PA0  vi. A prescribed protion of the blend layer of the laminate structure was
      sampled by means of a knife. The sampled blend layer was divided in three
      layers extending in the direction vertical to the thickness direction and
      parallel to the plane direction by means of a microtome. The so obtained
      divided layers were molded into films in the same manner as (ii) above.
PAR  In Examples given below, these three layers are identified as follows:
PA0  Layer 1: divided layer adjacent to an outer layer
PA1  Layer 2: central divided layer
PA1  Layer 3: divided layer adjacent to an inner layer
PA0  vii. The infrared absorption curve of each layer obtained in (vi) above was
      obtained under the same conditions with use of the same apparatus as in
      (iii) above.
PA0  viii. With respect to each of the so obtained infrared absorp-curves, the
      values Io and I were determined from the absorption at 3320 cm.sup.-.sup.1
      in the same manner as in (iv) above, and from these Io and I values and
      the average thickness (.mu.) of each film, the value of [log(Io/I)/.mu.]
      was calculated. The calculated value was put into the calibration curve
      equation of the corresponding mixture system described in (v) above, and
      the concentration of the saponified ethylene-vinyl acetate copolymer was
      calculated.
PAR  Further, the fact that the blend layer of a preferred laminate structure of
      this invention has such a laminar structure that the polymer composition
      is substantially identical with respect to the plane direction and each
      laminar layer is continuous with respect to the plane direction can be
      confirmed by, for instance, the measurement of the oxygen permeability.
PA0  1. With use of a multi-ply extruder such as used in Example 16 given
      hereinafter, the extrusion molding was carried out under the same
      conditions as adopted in Example 16 by employing the same outer and inner
      layer materials as used in this Example but changing the intermediate
      layer material as follows:
PA1  a. an ethylene-vinyl acetate copolymer saponified product having an
      ethylene content of 25.4 mole %, a degree of saponification of 99.2 %, an
      intrinsic viscosity of 0.08 l/g and a melt density of 1.07 g/cc as
      measured at 190.degree.C.
PA1  b. Surlyn A of the Na.sup.+ type (ionomer manufactured by Du Pont, U.S.A.)
      having a density of 0.942 g/cc, a melt density of 0.80 g/cc as measured at
      190.degree.C. and a carbonyl concentration of 160 milliequivalents per 100
      g.
PAR  Thus, two of the bottles (the intermediate layer material being (a) or (b)
      above) were formed.
PAR  In these bottles, the configuration, the layer structure, the average
      thickness, the thickness ratio and the iner volume were the same as those
      of bottles obtained in Example 16.
PA0  2. With respect to each of the so obtained bottles, the oxygen permeability
      was determined according to the measurement method detailed below. As a
      result it was found that the oxygen permeability Q.sub.EV of the bottle
      (a) (intermediate layer material being the saponified copolymer) was 3.7
      cc/m.sup.2.day.atm and the oxygen permeability Q.sub.su of the bottle
      (b)(intermediate layer material being the Surlyn A) was 1160
      cc/m.sup.2.day.atm.
PA0  3. FIG. 1 is a model view illustrating a typical instance of the
      distribution state of each resin component in the blend layer of the
      laminate structure.
PAR  In FIG. 1 (I) and (II) indicate a two-component system of said saponified
      copolymer and Surlyn A such as obtained in Example 1. In (I), the
      saponified copolymer and Surlyn A are aligned in parallel to the thickness
      direction, and the polymer composition is identical with respect to the
      thickness direction and one plane direction (Y direction) but is different
      in another plane direction (X direction). In contrast, in (II) each of the
      above resins is aligned vertically to the thickness direction and the
      polymer composition is identical with respect to plane directions (X and Y
      directions) but is different in the thickness direction. Namely, in (II)
      of FIG. 1, a model of a so-called laminate is shown. In FIG. 1, each
      symbol has the following meaning:
PA1  a. : ethylene-vinyl acetate copolymer saponified product
PA1  b. : Surlyn A (ionomer manufactured by Du Pont, U.S.A.)
PA1  G. : gas permeation direction
PAR  The gas permeability of each of models (I) and (II) is expressed by the
      following formula:
EQU  (I) Q = V.sub.EV .times. Q.sub.EV + V.sub.su .times. Q.sub.su ( 1)
EQU  (II) I/Q = V.sub.EV /Q.sub.EV + V.sub.su /Q.sub.su         ( 2)
PAL  in which V.sub.EV + V.sub.su =1.
PAR  In each of the above formulas (1) to (2) symbols have the following
      meanings:
PA1  Q : the gas permeability of each model blend layer
PA1  Q.sub.ev : the gas permeability of the saponfied copolymer
PA1  Q.sub.su : the gas permeability of the Surlyn A
PA1  V.sub.ev : the volume ratio of the saponified copolymer in the blend layer
PA1  V.sub.su : the volume ratio of the Surlyn A in the blend layer
PA0  4. The permeability of oxygen or the like is known with respect to each
      model shown in FIG. 1 if the thickness is constant, and such known value
      is shown below each model. In the case of the two-component blend same as
      shown in Example 16, the volume ratios of the saponified copolymer and
      Surlyn A (V.sub.EV and V.sub.su) are calculated from the mixing ratio of
      both the resins shown in Example 16 and the densities of both the resins
      indicated in (1) above, and the oxygen permeability of each of model (I)
      and (II) is calculated from the oxygen permeability Q of each of bottles
      (a) and (b) mentioned in (2) above. As a result, it is found that in the
      case of model (I) the value Q of 649 cc/m.sup.2.day.atm is obtained from
      the formula (1) and in the case of model (II) the value Q of 8.3
      cc/m.sup.2.day.atm is obtained from the formula (2).
PA0  5. As is seen from data shown in Table 18 of Example 16, the oxygen
      permeability of a bottle (bottle A) obtained by employing a metering screw
      of a low mixing effect as an intermediate layer extruder and conducting
      the extrusion under such conditions the difference of the average flow
      rate between the two resins is at least 1 cm/sec is 19.1
      cc/m.sup.2.day.atm. This value is much closer to the value of the so
      called laminate model (II)(8.3 cc/m.sup.2.day.atm) than to the value of
      model (I)(649 cc/m.sup.2.day.atm).
PA0  6. As is seen from results shown in (4) and (5) above, the blend layer of
      the laminate structure of this invention has such a laminar structure that
      the composition of the saponified copolymer and the Surlyn A is different
      with respect to the thickness direction but is identical with respect to
      the plane direction and a substantially continuous phase is formed with
      respect to the plane direction.
PAR  In a preferred embodiment of the laminate structure of this invention, the
      blend layer has such a laminar structure that when the blend layer is
      divided into three layers in the direction of thickness, namely a first
      surface layer, an intermediate layer and a second surface layer, the
      divided layer adjacent to the polyolefin layer (first surface layer and/or
      second surface layer) contains predominantly the carbonyl group-containing
      polymer, namely contains the ethylene-vinyl acetate copolymer saponified
      product in an amount expressed by the following formula
EQU  M.sub.1 = m.sub.1 .times. X                                (A)
PA1  in which X is the average content (% by weight) of the ethylene-vinyl
      acetate copolymer saponified product in the blend layer, m.sub.1 is a
      number of from 0 to 0.95, and M.sub.1 is the content (% by weight) of the
      ethylene-vinyl acetate copolymer saponified product in the divided layer
      adjacent to the polyolefin layer.
PAR  This layer containing the carbonyl group-containing thermoplastic polymer
      predominantly (carbonyl group-predominant layer) is distributed in the
      blend layer so that the blend layer as a whole is bonded to the polyolefin
      layer through this carbonyl group-predominant layer. For instance, in case
      the laminate structure is of the above-mentioned asymmetric two-layer type
      I-b or I-c, symmetric three-layer type II-e or II-f, only the surface
      layer of the blend layer adjacent to the polyolefin layer can be such
      carbonyl group-predominant layer, or both the surface layers of the blend
      layer can be such carbonyl group-predomenant layers. Further, in case the
      laminate structure is of the above-mentioned symmetric three-layer type
      II-a or II-c or the above-mentioned asymmetric three-layer type III-a,
      III-c, III-d or III-f, the blend layer is so constructed that both the
      surface layers of the blend layer are carbonyl group-predominant layers.
PAR  According to this preferred embodiment of this invention, the carbonyl
      group-containing thermoplastic polymer is predominantly contained in the
      surface layer of the blend layer adjacent to the polyolefin layer and
      hence, the ethylene-vinyl acetate copolymer saponified product is
      predominantly contained in another layer, the intermediate divided layer
      or the other surface layer. Namely, the intermediate divided layer or the
      other surface divided layer contains the ethylene-vinyl acetate copolymer
      saponified product in an amount expressed by the following formula
EQU  M.sub.2 = m.sub.2 .times.X                                 (B)
PA0  wherein X is as defined above, M.sub.2 is the content (% by weight) of the
      ethylene-vinyl acetate copolymer saponified product in said divided layer
      not adjacent to the polyolefin layer and m.sub.2 is a number of from 1.2
      to 4.
PAR  In the above preferred embodiment of the laminate structure of this
      invention, since the carbonyl group-containing thermoplastic polymer is
      predominantly contained in the surface divided layer of the blend layer,
      which is adjacent to the polyolefin layer and hence, the ethylene-vinyl
      acetate copolymer saponified product is predominantly contained in another
      divided layer of the blend layer, it is made possible to maintain the gas
      permeation resistance of the laminate structure at a very low level and
      heighten the interlaminar strength between the polyolefin layer and the
      blend layer to a level corresponding to the fracture strength of the resin
      material per se.
PAR  As is illustrated in Example 1 given hereinafter, in the laminate structure
      of this invention, since the blend layer has such specific laminar
      multi-layer structure, it exhibits a much higher interlaminar strength and
      a much lower oxygen permeability than a laminate structure in which the
      blend layer is homogeneous throughout its structure. In the case of the
      laminate structure in which the blend layer is homogeneous, if it is
      intended to maintain the interlaminar strength between the blend layer and
      polyolefin layer at a practically applicable level, it is necessary to
      incorporate the carbonyl group-containing polymer in a considerable
      amount, and in this case, such an undesired tendency that the oxygen
      permeability increases to some extent with increase of the amount of the
      carbonyl group-containing polymer incorporated. In contrast, when the
      above-mentioned laminar multi-layer structure is formed in the blend layer
      of the laminate structure, even if the amount incorporated of the carbonyl
      group-containing polymer, the interlaminar strength between the blend
      layer and polyolefin layer can be maintained at a high level. Further,
      even if the amount incorporated of the carbonyl group-containing polymer
      is large, the oxygen permeability can be maintained at a low level.
PAR  Furthermore, in the laminate structure of this preferred embodiment of this
      invention, since the blend layer is bonded tightly to the polyolefin
      directly without forming a particular adhesive layer, the lamination
      operation can be performed very easily.
PAC  Molding Process
PAR  The laminate structure of this invention can be prepared by melting
      separately the polyolefin and the ethylene-vinyl acetate copolymer
      saponified product and co-extruding the polyolefin melt and the saponified
      copolymer melt in the laminar form so that they are adjacent to each
      other. In this case, at an optional stage prior to the co-extrusion, the
      prescribed amount of the carbonyl group-containing thermoplastic polymer
      is incorporated in at least of the polyolefin and the saponified
      copolymer.
PAR  It is sufficient that the carbonyl group-containing polymer is merely
      blended with the polyolefin or the saponified copolymer, prior to the melt
      extrusion, at room temperature in the powdery or granular form by means of
      a dry blender or mixer. It is also possible to melt mix the carbonyl
      group-containing polymer with the polyolefin or saponified copolymer by
      means of a Bumbury mixer, a pelletizer or a heating roll. Two different
      melt extruders are employed to melt the polyolefin and the saponified
      copolymer separately, and the melts of both the polymers are joined at a
      die head and co-extruded therefrom.
PAR  Any molding conditions can be adopted in this invention, as far as a resin
      or resin composition can be molten and extruded uniformly. In general, it
      is preferred that the molding is conducted at a temperature of 170.degree.
      to 250.degree.C. and a pressure of 10 to 300 Kg/cm.sup.2.
PAR  As the die head, there can be used, for instance, a T-die head (or slit die
      head) employed in an ordinary film-forming method, a ring die heat
      employed in an inflation film-forming method, a cross head employed in a
      blow molding method, and a spider head.
PAR  When the polyolefin melt and the saponified copolymer are co-extruded and
      laminated so that they are adjacent to each other, there is formed a
      polymer layer arrangement such as the above-mentioned types I-a to III-f.
      In this case, it is of course important that these die heads are so
      arranged that each of combined resin flows is passed through the die
      passage in the form of a laminar flow, namely substantial mingling of the
      resins is not caused to occur.
PAR  Operations for molding the laminate structure into bottles, tubes, bags,
      tanks, films sheets, pipes and the like are well known in the art except
      for the above points, and known molding techniques can be applied to the
      molding of the laminate structure of this invention into such molded
      articles.
PAR  Furthermore, instead of combining the flow of the polyolefin and the
      saponified copolymer layer flow in the die head and extruding them
      simultaneously, it is possible to extrude these resin flows separately in
      a parallel relationship (inclusive of the concentric relationship) and lap
      them at the extrusion point or at a point spaced from the extrusion point
      while the resin layers are still molten.
PAR  The laminate structure of this invention can be prepared by a so called
      extrusion coating method as well as the above-mentioned co-extrusion
      method. For instance, the polyolefin layer of the laminate structure is
      prepared in advance in the form of a film, and an ethylene-vinyl acetate
      copolymer saponified product is molten and extrusion-coated on one or both
      surfaces of the film of the polyolefin layer. Further, a saponified
      copolymer layer is prepared in advance in the form of a film, and a
      polyolefin layer is melt-extruded and coated on one or both the surfaces
      of this film.
PAR  The preferred laminate structure of this invention is prepared by a method
      comprising co-extruding (1) a polyolefin and (2) a blend of an
      ethylene-vinyl acetate copolymer and a carbonyl group-containing
      thermoplastic polymer under a pressure of at least 5 Kg/cm.sup.2 for the
      polyolefin and a pressure of at least 3 Kg/cm.sup.2 for the blend at a
      temperature of 170.degree. to 300.degree.C. through a multi-layer forming
      die under such conditions that the difference .vertline.V.sub.1 - V.sub.2
      .vertline. between the average flow rate (v.sub.1) of the melt of said
      saponified copolymer and the average flow rate (v.sub.2) of said carbonyl
      group-containing polymer is at least 1 cm/sec at the resin passage for the
      blend, and combining the resin flows to effect the co-extrusion molding.
PAR  In the above-mentioned preferred method of this invention, if only the
      above conditions are satisfied, it is possible to form in the flow of the
      blend melt coming from the multi-layer forming die of the extruding
      machine a multi-layer laminar structure in which the surface portion to be
      located at the position adjacent to the polyolefin layer contains
      predominantly the carbonyl group-containing thermoplastic polymer.
PAR  In case the extrusion molding temperature is lower than 170.degree.C.,
      since the molding temperature approximates the melting point of the
      saponified ethylene-vinyl acetate copolymer, in the resulting molded
      product it is impossible to attain in the blend layer a laminar layer
      structure in which each laminar layer is continuous with respect to the
      plane direction. Further, in case the extrusion molding temperature is
      higher than 300.degree.C., the molten resin flows are intermingled too
      intinately and it is difficult to obtain a molded product having the
      specific multi-layer structure specified in this invention, and
      degradation is caused by oxidation or thermal decomposition of the resins,
      especially the saponified ethylene-vinyl acetate copolymer.
PAR  At a blend-extruding pressure lower than 3 Kg/cm.sup.2, it is generally
      difficult to attain the average flow rate difference of at least 1 cm/sec
      between the average flow rate (v.sub.1) of the saponified copolymer melt
      and the average flow rate (v.sub.2) of the carbonyl group-containing
      polymer melt at the resin passage for the blend in the die. In case the
      pressure for extrusion of the blend is higher than 3 Kg/cm.sup.2 and the
      pressure for extrusion of the polyolefin or saponified copolymer is higher
      than 5 Kg/cm.sup.2, the press molding effect is caused at the point of
      junction of two resin flows in the multi-ply molding die, and the
      interlaminar strength can be further heightened.
PAR  There is no upper limit of the pressure for extrusion of each layer. In
      other words, the extrusion of each layer is conducted under such pressure
      that no excessive load is imposed on the extruder, and the extrusion
      pressure is chosen appropriately depending on the capacity and dimension
      (such as the screw diameter) of the extruder and other factors. When
      either of the blend and the polyolefin is extruded under an excessively
      high pressure, the other resin is pressed by said excessively high
      extrusion pressure and it is likely prevented from flowing toward the end
      portion of the die. Accordingly, it is necessary to keep a good balance
      between the pressure for extrusion of the blend layer and the pressure for
      extrusion of the polyolefin or saponified copolymer layer.
PAR  In this embodiment for obtaining a molded article having a multi-layer
      laminar structure, it is important that the extrusion conditions are so
      selected that the value expressed by the following formula
EQU  .vertline.V.sub.2 - V.sub.1 .vertline. =.DELTA. v.sub.1.sub.-2
PAL  is at least 1 cm/sec, preferably 1 to 10 cm/sec. In the instant
      specification and claims, the average flow rate (v) is defined to be the
      value expressed by the following formula
EQU  v = (Q/3.6d)/S
PA1  wherein Q stands for the amount (Kg/hr) of the resin melt extruded from the
      die of the extruder at prescribed temperature and pressure, d designates
      the density (g/cc) of the resin melt and S represents the sectional area
      (cm.sup.2) of the die passage.
PAL  The density of the resin melt can be determined by calculating the amount
      extruded .eta.(cc) at prescribed pressure (e.g., 50 Kg/cm.sup.2) and
      temperature by means of, for instance, a visometer of the constant
      pressure extrusion type according to the following equation.
EQU  .eta.= HA -.pi.r.sup.2 l
PA1  wherein H is the length (cm) of the lowering of the plunger, A is the
      cross-sectional area (cm.sup.2) of the barrel, r is the orifince radius
      (cm), and l is the orifice length (cm),
PAL  measuring the weight W (g) of .eta. cc of the extrudate, and conducting the
      calculation according to the following formula
EQU  d= W/.eta. (g/cc).
PAR  In this invention, conditions for adjusting the .DELTA.v.sub.1.sub.-2 value
      to at least 1 cm/sec are attained, for instance, by the following
      procedures:
PAR  1. With use of a melt extruder of the same structure and capacity, the
      degree of dependency of the average flow rate on temperature and pressure
      is determined with respect to each of the starting carbonyl
      group-containing polymer and saponified ethylene-vinyl acetate copolymer,
      respectively, and the temperature and pressure conditions are decided so
      that the difference (.DELTA.v.sub.1.sub.-2) between the average flow rate
      (v.sub.1) of the polyolefin melt and the average flow rate (v.sub.2) of
      the saponified copolymer melt will be at more than 1cm/sec.
PAR  2. The structure or dimension of the extruder is changed or modified so
      that under prescribed temperature and pressure conditions the value
      .DELTA.v.sub.1.sub.-2 will be at least 1 cm/sec. For instance, since the
      sectional area of a passage for the resin melt in the die of the extruder
      gives a great influence to the flow rate of the resin melt, the condition
      of the value .DELTA.v.sub.1.sub.-2 being at least 1 cm/sec is attainable
      by adjusting the radius of the above passage within a suitable range.
PAR  3. It is possible to satisfy the condition of the .DELTA.v.sub.1.sub.-2
      value being at least 1 cm/sec by combining the above procedures (1) and
      (2) appropriately.
PAR  In conducting the molding method of this invention, if under such
      conditions as will give the .DELTA.v.sub.1.sub.-2 value of less than 1
      cm/sec, it is difficult to obtain a laminate structure comprising a blend
      layer having the specific multi-layer laminar structure specified in this
      invention. On the other hand, when the .DELTA.v.sub.1.sub.-2 is too great,
      a good balance is not obtained between the flows of the molten carbonyl
      containing group and of the molten saponified copolymer and hence, the
      molding tends to be difficult in some cases. In view of the foregoing, it
      is desired to select such conditions as will give the
      .DELTA.v.sub.1.sub.-2 value ranging from 1 to 10 cm/sec.
PAR  As far as the above condition is satisfied, any of known melt extruders may
      be optionally used in this invention.
PAR  As such co-extruder, there can be mentioned, for instance, a combination of
      a plurality of melt-extruders for melting the blend and the polyolefin or
      saponified copolymer independently and a multi-ply molding die having a
      plurality of passages connected to extrusion zones of the above extruders,
      respectively (inclusive of a die head mounted on the end portion of the
      die to combine and extrude the resin melt flows). In this case, it is
      important that care should be taken so that the resin melt formed in the
      cylinder zone of the extuder is allowed to move through passages of the
      die and die head in the form of a laminar flow. In other words, it is
      important that substantial mingling of molten resin flows is not caused to
      occur. Accordingly, it is preferred to employ as the screw a full-flighted
      screw such as a metering screw, but in the case of an ordinary screw
      generally called a mixing screw, such as a screw of the dulmage type, if
      it has five or less threads in the mixing zone, it is possible to obtain a
      laminate structure having a blend layer having the specific multi-layer
      laminar structure specified in this invention by suitably choosing the
      extrusion conditions of such screw, for instance, the diameter of the
      screw or the sectional area of the die passage. In order to increase the
      effect of kneading or mixing resins, or to prevent incorporation of
      foreign substances into a molded article, such members as a breaker plate
      and a screen are mounted at the die portion of the extruder in some cases
      in the art of the extrusion molding. In this invention, however, provision
      of such members on the die portion is not preferred because it prevents
      the molten resins from flowing in the laminar form. But if desired, it is
      permissible to use a breaker plate having less than 300 holes, or less
      than 5 screens of 120 mesh, and in such case, if the provision place of
      such breaker plate or screens, the sectional area of the die passage or
      other extrusion condition is suitably adjusted, it is possible to obtain a
      laminate structure comprising a blend having the multi-layer laminar
      structure specified in this invention. Furthermore, in case the
      .DELTA.v.sub.1.sub.-2 value is within the above-mentioned range but
      relatively small, by employing an extruder having a die passage of a
      relatively great length, it is made possible to manifest the
      above-mentioned specific laminar structure more prominently in the blend
      layer of the laminate structure.
PAR  In order to impart pressure resistance and other properties to the laminate
      structure of this invention, it is possible to combine it with other film,
      sheet or folio according to a so called dry-laminate technique.
PAC  Uses
PAR  The molded laminate structure of this invention can be clearly
      distinguished from a blend of a polyolefin and an ethylene-vinyl acetate
      copolymer saponified product and a laminate structure of a polyolefin and
      an ethylene-vinyl acetate copolymer saponified product. In the structure
      formed by laminating a polyolefin with an ethylene-vinyl acetate copolymer
      saponified product, since there is not bondability between the two resins,
      it is necessary to employ a particular adhesive for bonding them. Although
      such laminate structure is excellent in the gas permeation resistance, it
      is inferior with respect to the interlaminar strength, heat resistance,
      water resistance, hot water resistance and impact strength and further,
      this laminate structure is defective in that the preparation steps are
      complicated. In a molded structure composed of a homogeneous blend of a
      polyolefin and an ethylene-vinyl acetate copolymer, each of the permeation
      resistance to oxygen and carbon dioxide gas and the steam permeation
      resistance is almost the arithmetic mean of the value of the polyolefin
      alone and that of the saponified copolymer alone.
PAR  In contrast, in the laminate structure of this invention, by a simple
      operation of incorporating a carbonyl group-containing polymer into at
      least one of an polyolefin layer or ethylene-vinyl acetate copolymer
      saponified product layer, it is made possible to form between both the
      resin layers a tight bonding excellent in the impact resistance and water
      resistance while substantially retaining a high steam permeation
      resistance of the polyolefin and a high oxygen permeation resistance of
      the saponified copolymer. Further, the laminate structure of this
      invention has a relatively high transparency and gives a good arrearance
      when molded into a container or vessel. Accordingly, the laminate
      structure of this invention has a high commercial value.
PAR  In the laminate structure having a blend layer of a multi-layer laminar
      structure, a blend layer containing an ethylene-vinyl acetate copolymer
      saponified product and a carbonyl group-containing polymer is laminated
      with a layer of a polyolefin, and said blend layer comprises, at a portion
      adjacent to the polyolefin layer, a layer in which the carbonyl
      group-containing polymer is predominantly contained, and at other portion,
      a layer in which the saponified copolymer is predominantly contained. By
      reason of the above specific structure, in the laminate structure of this
      invention, the interlaminar strength can be heightened to a level
      comparable to the fracture strength of the laminate material while
      retaining substantially an excellent steam permeation resistance of the
      polyolefin layer and an excellent oxygen permeation resistance. Moreover,
      the laminate structure of this invention is excellent in not only
      appearance characteristics such as surface smoothness and transparency but
      also mechanical properties such as impact resistance. By dint of such
      excellent properties, the laminate structure of this invention is very
      valuable for preserving wihtout degradation liquid, pasty and gel-like
      foodstuffs such as condiments, e.g., soy, sauce, vinegar, unrefined soy or
      sake, dressing, mayonaise, edible oil, soy paste, lard, catchup, etc.,
      alcoholic drinks e.g., sake, precooked rice products and noodles, and
      other foodstuffs, e.g., soy curd, jam, butter, margarine, etc. Further,
      the laminate structure of this invention is useful as a container for
      preserving liquid medicines, agricultural chemicals, cosmetics and
      detergents. It is also useful as a vessel for preserving aliphatic or
      aromatic organic solvents or higher fatty acids while prevention the
      volume decrease of the content.
PAR  Still in addition, when the laminate structure is subjected to the
      incineration treatment in the form of a used container or vessel, the
      amount of heat generated by combustion is much smaller than in the case of
      a used container or vessel of an ordinary polyolefin, and it does not
      yield a toxic gas during the incineration treatment. Accordingly, the
      laminate structure of this invention is valuable as a container or vessel
      causing no environmental pollution.
DETD
PAR  This invention will now be illustrated by reference to Examples.
PAR  In each Example the oxygen gas permeability QO.sub.2, water loss Lw,
      falling strength f.sub.10 and average interlaminar peel strength Sp were
      determined according to the following methods.
PA1  1. Oxygen Gas Permeability, QO.sub.2 :
PA1  1-i. Bottles:
PAR  Nitrogen gas was introduced into an evacuated sample bottle to be tested,
      and an opening of the bottle was sealed with a rubber plug. Contacting
      surface portions of the opening and rubber plug were coated with an epoxy
      adhesive, and the bottle was kept for a presecribed period in a
      thermostatically controlled tank maintained at a temperature of
      37.degree.C. and a relative humidity of 15 %. Then, the concentration of
      oxygen, which had permeated into the bottle was determined by the gas
      chromatography and the oxygen gas permeability QO.sub.2 was calculated
      according to the following equation. Each value given in Examples is a
      mean value obtained by conducting this test with respect to three samples.
      ##EQU16##
      in which m is an amount (ml) of nitrogen gas filled in the bottle, t is a
      period (day) during which the bottle was kept in the thermostat tank, Ct
      is a concentration (% by volume) when t days have passed, A is an
      effective surface area (m.sup.2) of the bottle, and Op is a partial
      pressure (atm) of oxygen (= 0.209).
PA1  1-ii. Films or Sheets:
PAR  A gas permeation tester was used for the determination. A sample was fixed
      to two chambers, and one chamber was evacuated to a pressure below
      10.sup.-.sup.2 mmHg (low pressure side). The atmosphere in the other
      chamber (high pressure side) was replaced by oxygen gas of 1 atmosphere.
      The pressure increase on the low pressure side was read by a recorder to
      know the change in the pressure with the lapse of time. Thus, the oxygen
      gas permeation QO.sub.2 was determined. The measurement was conducted at a
      temperature of 37.degree.C. and the relative humidity on the high pressure
      side was 15 % (75% in some cases). Each value is a mean value obtained
      from the results of the test made on three samples.
PA1  2. Water Loss, Lw:
PA1  2-i. Bottles:
PAR  A certain amount of distilled water was filled in a sample bottle, and an
      opening of the bottle was sealed with a hot melt adhesive coated on an
      aluminum foil. The bonded areas of the opening and aluminum foil were
      covered with an epoxy adhesive.
PA1  2-ii. Films or Sheets:
PAR  A sample was formed into a bag having a length of 170 mm and a width of 115
      mm by means of a heat sealer, and about 200 g of distilled water was
      filled in the bag. Then, an opening of the bag was heat-sealed.
PAR  In each of 2-i and 2-ii, the sample was kept for 21 days in a
      thermostatically controlled tank maintained at a temperature of
      50.degree.C. and a relative humidity of 10 %. The weight of the sample was
      measured, and the water loss Lw was calculated according to the following
      equation. Each value is a mean value obtained from the results of the test
      made on three samples.
      ##EQU17##
      in which W.sub.0 is the weight (g) of water at the start of the test, and
      W.sub.21 is the weight (g) of water after standing at a temperature of
      150.degree.C. and a relative humidity of 10 % for 21 days.
PA1  3. Falling Strength, f.sub.10 :
PAR  With respect to one kind, 10 sample bottles were chosen, and a certain
      amount of saline water was filled into each bottle and sealed with a cap.
      Then, the bottles were allowed to stand still for 2 whole days in an
      atmosphere maintained at - 2.degree.C. and they were let to fall on
      concrete from a height of 120 cm at 20.degree.C. so that the bottom face
      of the bottle hit on the concrete face. This falling test was repeated 10
      times if the bottle was not broken. The number of the bottles which were
      not broken even when the falling test had been repeated 10 times was
      counted and the falling strength f.sub.10 was calculated according to the
      following formula.
      ##EQU18##
PAR  in which N is the number of the bottles tested (10) and n.sub.10 is the
      number of bottles which were not broken even when the falling test was
      repeated 10 times.
PA1  4. Average Interlaminar Peel Strength, Sp:
PAR  A prescribed portion having a width of 2.0 cm was cut from a sample, and a
      part of the bonded interfacial area was peeled by a knife. Then, the
      sample piece was allowed to stand still for 7 days in an atmosphere
      maintained at a temperature of 25.degree.C. and a relative humidity of 60
      %.
PAR  Then, the remaining part of the bonded area was peeled at a pulling rate of
      100 mm/min by means of a tensile tester and the bonding strength was read.
      The measurement was conducted under conditions of a temperature of
      25.degree.C. and relative humidity of 60 %. Each value is a mean value
      obtained from the results of the test made on 10 samples. In the case of a
      sample having a three-layer structure, the value is a mean value of the
      bonding strength between the outer and intermediate layer and the bonding
      strength between the intermediate and inner layers. The term "not peeled"
      given in Examples is used to indicate that at the preliminary peeling of a
      sample with a knife it was impossible to peel the bonded area or material
      fructure was caused to occur in either of layers of the sample during the
      tensile test.
PAC  EXAMPLE 1
PAR  100 parts by weight of a low density polyethylene having a density of 0.920
      g/cc as measured according to ASTM D-1505 and a melt index of 2.0 g/10 min
      as measured according to ASTM D-1238 was incorporated with 5.5, 10.0,
      30.0, 50.0 or 70.0 parts by weight of Surlyn A of the Na.sup.- type having
      a carbonyl concentration of 160 milliequivalents per 100 g of the polymer
      and a melt index of 1.2 g/10 min (ionomer manufactured by Du Pont, U.S.A.
      ), and the mixture was dry blended at room temperature for 3 minutes by
      means of a Henschel mixer. The so obtained dry blend was kneaded under
      heat and pelletized by means of a dulmage screw having a diameter of 40 mm
      and an effective length of 1120 mm and comprising a mixing zone of 8
      threads at the top end portion (screw rotation rate = 47 rpm; die
      temperature = 190.degree.C. ).
PAR  Each of the so obtained pelletized blends and the above low density
      polyethylene as a comparative resin, and an ethylene-vinyl acetate
      copolymer saponified product having an ethylene content of 25.4 mole %, a
      degree of saponification of 99.2 % and an intrinsic viscosity of 0.08 l/g,
      were co-extruded with use of an inner- and outer-layer extruder installed
      with a dulmage screw having a deameter of 65 mm and an effective length of
      1430 mm and comprising a mixing zone of four threads and provided with an
      adaptor having a twobranched melt channel, an intermediate layer extruder
      having a metering screw of a diameter of 40 mm and an effective length of
      800 mm, and a three-ply die maintained at 180.degree.C., in such a manner
      that the pelletized blend or low density polyethylene was extruded by the
      inner- and outer-layer extruder and the saponified copolymer was extruded
      by the intermediate layer extruder. Then, according to a known blow
      molding method the co-extrudate was molded into an oval bottle of a
      symmetric structure having outer and inner layers of the above low density
      polyethylene blend or the low density polyethylene alone and an
      intermediate layer of the above saponified copolymer. In each bottle, the
      outer layer : intermediate layer : inner layer thickness ratio was 4.5 : 1
      : 4.5, the average thickness was about 600.mu. and the inner volume was
      about 280 cc. With respect to each of the so obtained bottles, the oxygen
      gas permeability QO.sub.2, the water loss Lw and the average interlaminar
      peel strength Sp were determined according to the methods described in the
      text of the specification. The mixing weight ratio of the low density
      polyethylene (LDPE) and Surlyn A (C) in the blend layer (inner and outer
      layers ) and the results of determination of QO.sub.2, Lw and Sp are shown
      in Table 1. From these results, it is seen that the average interlaminar
      strength was improved when the LDPE/C ratio was within a range of from
      100/5.5 to 100/50.0 without substantial degradation of the oxygen gas
      permeation resistance and the water permeation resistance.
TBL                Table 1                                                     

     ______________________________________                                    

     Composition of                                                            

               QO.sub.2       Lw        Sp                                     

     Blend Layer                                                               

     LDPE/C    (cc/m.sup.2. day.sup.. atm)                                     

                              (wt %)    (g/2 cm)                               

     ______________________________________                                    

     100/0     2             0.7       0                                       

     100/5.5   2             0.7       70                                      

     100/10.0  2             0.7       120                                     

     100/30.0  3             0.8       240                                     

     100/50.0  2             1.0       340                                     

     100/70.0  2             1.6       490                                     

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  100 parts by weight of an ethylene-vinyl acetate copolymer saponified
      product having an ethylene content 25.4 mole %, a degree of saponification
      of 99.2 % and an intrinsic viscosity of 0.10 l/g was incorporated with
      5.5, 10.0, 30.0, 50.0 or 70.0 parts by weight of Surlyn A of the Na.sup.+
      type having a carbonyl concentration of 160 milliequivalents per 100 g of
      the polymer and a melt index of 1.2 g/10 min (ionomer manufactured by Du
      Pont ), and the mixture was dry blended at room temperature for 3 minutes
      by means of a Henschel mixer. The dry blend was kneaded under heat and
      pelletized by a pelletizer having a dulmage screw of a diameter of 40 mm
      and an effective length of 1120 mm including a mixing zone of 8 threads at
      the top end portion (screw rotation rate = 49 rpm; die temperature =
      200.degree.C. ). Each of the so obtained pelletized blends and the above
      ethylene-vinyl copolymer saponified product alone as a comparative resin,
      and a low density polyethylene having a density of 0.920 g/cc as measured
      according to ASTM D-1505 and a melt index of 0.3 g/10 min, were
      co-extruded with use of an intermediate layer extruder having a dulmage
      screw of a diameter of 40 mm and an effective length of 800 mm including a
      mixing zone of 5 threads, an inner- and outer-layer extruder installed
      with a metering screw of a diameter of 65 mm and an effective length of
      1430 mm and provided with an adaptor having a branched melt channel, and a
      three-ply die maintained at 190.degree.C., in such a manner that the above
      pelletized blend or the ethylene-vinyl acetate copolymer saponified
      product was extruded by the intermediate layer extruder and the low
      density polyethylene was extruded by the outer- and inner-layer extruder.
      According to a known blow molding method, the co-extrudate was molded into
      an oval bottle of a symmetric three-layer laminate structure having outer
      and inner layers of the low density polyethylene and an intermediate layer
      of the saponified copolymer blend or the saponified copolymer alone. In
      each of the so obtained bottles, the outer layer : intermediate layer :
      inner layer thickness ratio was 4.5 : 1 : 4.5, the average thickness was
      about 600 .mu. and the inner volume was about 280 cc. With respect to each
      bottle, the oxygen gas permeability QO.sub.2, the water loss Lw and the
      average interlaminar peel strength Sp were determined according to the
      methods described in the text of the specification. In Table 2, the mixing
      weight ratio of the saponified copolymer (EV) and Surlyn A (C) in the
      blend layer (intermediate layer ) and results of determination of
      QO.sub.2, Lw and Sp are shown. From these results, it is seen that the
      average interlaminar strength was improved without substantial degradation
      of the oxygen permeation resistance and the water permeation resistance
      when the EV/C mixing weight ratio was within a range of from 100/5.5 to
      100/50.0
TBL                Table 2                                                     

     ______________________________________                                    

     Composition of                                                            

               QO.sub.2       Lw        Sp                                     

     Blend Layer                                                               

     EV/C      (cc/m.sup.2. day.sup.. atm)                                     

                              (wt %)    (g/2 cm)                               

     ______________________________________                                    

     100/0     2              0.7       0                                      

     100/5.5   2              0.7       180                                    

     100/10.0  5              0.7       440                                    

     100/30.0  9              0.7       760                                    

     100/50.0  17             0.7       not peeled                             

     100/70.0  48             0.7       not peeled                             

     ______________________________________                                    

PAR  A bottle having outer and inner layers of the above low density
      polyethylene and an intermediate layer of an 80 : 20 (weight ratio )
      mixture of the above low density polyethylene and the above ethylene-vinyl
      acetate copolymer saponified product was prepared under the same extrusion
      and molding conditions with use of the same extruding machine as described
      above. The configuration, thickness ratio, average thickness and inner
      volume of this bottle were the same as those of the bottles prepared
      above. This bottle is designated as "bottle A".
PAR  Among the bottles prepared in this Examples, the bottle containing the
      above saponified copolymer and Surlyn A at a weight ratio of 100/30.0 (
     designated as "bottle B") was chosen, and it was compared with the bottle A
      with respect to the appearance according to the visual observation method
      (panel of 7 men ). Two men replied that the bottle A had a better
      appearance, and 5 men replied that the bottle B had a better appearance.
PAC  EXAMPLE 3
PAR  A blend of the same low density polyethylene and Surlyn A (ionomer
      manufactured by Du Pont, U.S.A. ) as employed in Example 1 (the mixing
      ratio being the same as adopted in Example 1 ) and the same ethylene-vinyl
      acetate copolymer saponified product as used in Example 1 were co-extruded
      by employing the same inner- and outer-layer extruder and intermediate
      layer extruder as employed in Example 1 and a three-ply die (T die )
      maintained at 190.degree.C. to obtaine a sheet of a symmetric three-layer
      laminate structure having outer and inner layers of the blend of the above
      low density polyethylene and Surlyn A and an intermediate layer of the
      above ethylene-vinyl acetate copolymer saponified product. The average
      thickness of the resulting sheet was about 240 .mu., and the outer layer :
      intermediate layer : outer layer thickness ratio was about 10 : 1 : 10.
      With respect to each of the so obtained sheets, the oxygen gas
      permeability QO.sub.2 and the average interlaminar peel strength were
      determined according to the methods described in the text of the
      specification. The mixing weight ratio of the above low density
      polyethylene (LDPE) and Surlyn A (C) in the blend layer (outer and inner
      layers ) and results of determination of QO.sub.2 and Sp are shown in
      Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

     Composition of                                                            

                 QO.sub.2      Sp                                              

     Blend Layer                                                               

     LDPE/C      (cc/m.sup.2. day.sup.. atm)                                   

                               (g/2 cm)                                        

     ______________________________________                                    

     100/0       11            0                                               

     100/5.5     10            60                                              

     100/10.0    11            120                                             

     100/30.0    11 11         250                                             

     100/50.0    11            350                                             

     100/70.0    11            510                                             

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  A blend of the same ethylene-vinyl acetate copolymer saponified product and
      Surlyn A (ionomer manufactured by Du Pont, U.S.A. ) as employed in Example
      2 (the mixing weight ratio being the same as adopted in Example 2 ) and
      the same low density polyethylene ad used in Example 2 were co-extruded by
      employing the same intermediate layer extruder and inner- and outer-layer
      extruder as employed in Example 2  and a three-ply die (T die ) maintained
      at 200.degree.C. to obtaine a sheet of a symmetric three-layer laminate
      structure having outer and inner layers of the above low density
      polyethylene and an intermediate layer of the saponified copolymer blend.
      The average thickness of the sheet was about 240 .mu. and the outer layer
      : intermediate layer : inner layer thickness ratio was about 10 : 1 : 10.
      With respect to each of the so obtained sheets, the oxygen gas
      permeability QO.sub.2 and the average interlaminar peel strength Sp were
      determined according to the methods described in the text of the
      specification. The weight ratio of the ethylene-vinyl acetate copolymer
      saponified product (EV) and Surlyn A (C) and results of determination of
      QO.sub.2 and Sp are shown in Table 4.
TBL                Table 4                                                     

     ______________________________________                                    

     Composition of                                                            

                 QO.sub.2      Sp                                              

     Blend Layer                                                               

     EV/C        (cc/m.sup.2. day.sup.. atm)                                   

                               (g/2 cm)                                        

     ______________________________________                                    

     100/0       11            0                                               

     100/5.5     12            190                                             

     100/10.0    25            460                                             

     100/30.0    47            790                                             

     100/50.0    91            not peeled                                      

     100/70.0    252           not peeled                                      

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  100 parts by weight of a low density polyethylene having a density of 0.920
      g/cc as measured according to ASTM D-1505 and a melt index of 2.0 g/10 min
      as measured according to ASTM D-1238 was incorporated with 10.0 parts by
      weight of an ethylene-ethyl acrylate copolymer having a carbonyl
      concentration of 450 milliequivalents per 100 g of the polymer and a melt
      index of 6.1 g/10 min, and the mixture was dry blended at toom temperature
      for 3 minutes by means of a Henschel mixer.
PAR  100 parts by weight of an ethylene-vinyl acetate copolymer saponified
      product having an ethylene content of 25.4 mole %, a degree of
      saponification of 99.2 % and an intrinsic viscosity of 0.10 l/g was
      incorporated with 10.0 parts by weight of the same ethylene-ethyl acrylate
      copolymer as above, and the mixture was dry blended under the same
      conditions as above.
PAR  The so obtained low density polyethylene blend or the above low density
      polyethylene alone as a comparative resin and the above saponified
      copolymer blend or the above saponified copolymer alone as a comparative
      resin were co-extruded with use of an intermediate layer extruder having a
      dulmage screw of a diameter of 40 mm and an effective length of 800 mm
      including a mixing zone of 5 threads, an inner- and outer-layer extruder
      installed with a metering screw of a diameter of 65 mm and an effective
      length of 1430 mm and provided with an adaptor having a branched melt
      channel, and a three-ply die maintained at 190.degree.C., in such a manner
      that the above low density polyethylene blend or the above low density
      polyethylene alone was extruded by the intermediate layer extruder and the
      above saponified copolymer blend or the above saponified copolymer alone
      was extruded by the outer- and inner-layer extruder. According to a known
      blow molding methods, the co-extrudate was molded into an oval bottle of a
      symmetric three-layer laminate structure having outer and inner layers of
      the saponified copolymer blend or the saponified copolymer alone and an
      intermediate layer of the low density polyethylene blend or the low
      density polyethylene alone. In each of the so obtained bottles, the outer
      layer : intermediate layer : inner layer thickness ratio was 1 : 1 : 1,
      the average thickness was about 600 .mu. and the inner volume was about
      280 cc. With respect to each bottle, the oxygen gas permeability QO.sub.2,
      the water loss Lw, the falling strength f.sub.10, and the average
      interlaminar peel strength Sp were determined according to the methods
      described in the text of the specification. In Table 5, the mixing weight
      ratios of the low density polyethylene (LDPE) and the ethylene-ethyl
      acrylate copolymer (C) and of the saponified copolymer (EV) and the
      ethylene-ethyl acrylate copolymer (C) in the blend layers and results of
      determination of QO.sub.2, Lw, f.sub.10 and Sp are shown. From these
      results, it is seen that the average interlaminar strength was improved
      without substantial degradation of the oxygen permeation resistance and
      the water permeation resistance by addition of the ethylene-ethyl acrylate
      copolymer.
TBL                Table 5                                                     

     ______________________________________                                    

     Compositions of                                                           

                  QO.sub.2  Lw       f.sub.10                                  

                                          Sp                                   

     Blend Layers;                                                             

                  (cc/m.sup.2.                                                 

     LDPE/C and EV/C                                                           

                  day.sup.. atm)                                               

                            (wt %)   (%)  (g/2 cm)                             

     ______________________________________                                    

     100/0        &lt; 1       1.2      10   0                                    

     100/10       &lt; 1       1.4       0   660                                  

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  100 parts by weight of an ethylene-vinyl acetate copolymer having a density
      of 0.93 g/cc as measured according to ASTM D-1505, a melt index of 1.2
      g/10 cm as measured according to ASTM D-1238 and a vinyl acetate content
      of 5 mole % was incorporated with 15.0 parts by weight of Surlyn A of the
      Na.sup.+ type having a carbonyl concentration of 160 milliequivalents per
      100 g of the polymer and a melt index of 1.2 g/10 min (ionomer
      manufactured by Du Pont ), and the mixture was dry blended at room
      temperature for 3 minutes by means of a Henschel mixer.
PAR  100 parts by weight of an ethylene-vinyl acetate copolymer saponified
      product having an ethylene content of 49.4 mole %, a degree of
      saponification of 96.3 % and an intrinsic viscosity of 0.17 l/g was
      incorporated with 15.0 parts by weight of the above Surlyn A, and the
      mixture was dry blended under the same conditions as above.
PAR  The above ethylene-vinyl acetate copolymer blend or the ethylene-vinyl
      copolymer alone and the above saponified copolymer blend or the saponified
      copolymer alone was co-extruded with use of an intermediate layer extruder
      having a dulmage screw of a diameter of 40 mm and an effective length of
      800 mm including a mixing zone of 5 threads, an inner- and outer-layer
      extruder installed with a dulmage screw of a diameter of 65 mm and an
      effective length of 1430 mm including a mixing zone of 5 threads at the
      end point portion and provided with an adaptor having a branched melt
      channel, and a three-ply die maintained at 175.degree.C., in such a manner
      that the above saponified copolymer blend or the saponified copolymer
      alone was extruded by the intermediate layer extruder and the above
      copolymer blend or the copolymer alone was ectruded by the outer- and
      inner-layer extruder. According to a known blow molding method, the
      co-extrudate was molded into an oval bottle of a symmetric three-layer
      laminate structure having outer and inner layers of the above
      ethylene-vinyl acetate copolymer or said copolymer alone and intermediate
      layer of the saponified copolymer blend or the saponified copolymer alone.
      In each of the so obtained bottles, the outer layer : intermediate layer :
      inner layer thickness ratio was 10 : 1 : 10, the average thickness was
      about 600 .mu. and the inner volume was about 280 cc. With respect to each
      bottle, the oxygen gas permeability QO.sub.2, the water loss Lw and the
      average interlaminar peel strength Sp were determined according to the
      methods described in the text of the specification. In Table 6, the mixing
      weight ratios of the copolymer (EVAC) and Surlyn A (C) and of the
      saponified copolymer (EV) and SurlynA (C) in the blend layers and results
      of determination of QO.sub.2, Lw and Sp are shown. From these results, it
      is seen that the average interlaminar strength was improved without
      substantial degradation of the oxygen permeation resistance and the water
      permeation resistance by addition of Surlyn A.
TBL                Table 6                                                     

     ______________________________________                                    

     Compositions of                                                           

                 QO.sub.2      Lw       Sp                                     

     Blend Layers;                                                             

     EVAc/C and EV/C                                                           

                 (cc/m.sup.2. day.sup.. atm)                                   

                               (wt %)   (g/2 cm)                               

     ______________________________________                                    

     100/0       39            1.2      220                                    

     100/15      42            1.3      not peeled                             

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  A high density polyethylene having a density of 0.950 g/cc as measured
      according to ASTM D-1505 and a melt index of 0.2 g/10 min as measured
      according to ASTM D-1238 and a low density polyethylene having a density
      of 0.920 g/cc and a melt index of 0.5 g/10 min were dry blended at a
      mixing weight ratio of 50/50, and the dry blend was kneaded under heat and
      pelletized by means of a pelletizer having a dulmage screw of a diameter
      of 40 mm and an effective length of 1120 mm including a mixing zone of 8
      threads at the end point portion (screw rotation rate = 50 rpm; die
      temperature = 200.degree.C. ), to obtain a medium density having a density
      of 0.935 g/cc and a melt index of 0.3 g/10 min. 100 parts by weight of the
      so obtained medium density polyethylene was incorporated with 20.0 parts
      by weight of Surlyn A of the Na.sup.+ type having a carbonyl concentration
      of 160 milliequivalents per 100 g of the polymer and a melt index of 1.2
      g/10 min (ionomer manufactured by Du Pont ), and the mixture was dry
      blended at room temperature for 3 minutes by means of a Henschel mixer.
PAR  The so obtained dry blend or the above medium density polyethylene alone
      and an ethylene-vinyl acetate copolymer saponified product having an
      ethylene content of 25.4 mole %, a degree of saponification of 99.2 % and
      an intrinsic viscosity of 0.10 l/g were co-extruded with use of an
      intermediate layer extruder having a dulmage screw of a diameter of 40 mm
      and an effective length of 800 mm including a mixing zone of 5 threads, an
      inner- and outer-layer extruder installed with a metering screw of a
      diameter of 65 mm and an effective length of 1430 mm and provided with an
      adaptor having a branched melt channel, and a three-ply die maintained at
      200.degree.C., in such a manner that the above medium density polyethylene
      blend or the medium density polyethylene alone was extruded by the
      intermediate layer extruder and the above saponified copolymer was
      extruded by the outer- and inner-layer extruder. According to a known blow
      molding method, the co-extrudate was molded into an oval bottle of a
      symmetric three-layer laminate structure having outer and inner layers of
      the saponified copolymer and an intermediate layer of the medium density
      polyethylene blend or the medium density polyethylene alone. In the so
      obtained bottle, the outer layer : intermediate layer : inner layer
      thickness ratio was 1 : 10 : 1, the average thickness was about 600 and
      the inner volume was about 280 cc. With respect to each bottle, the oxygen
      gas permeability QO.sub.2, the water loss Lw and the average interlaminar
      peel strength Sp were determined according to the methods described in the
      text of the specification. In Table 7, the mixing weight ratio of the
      medium density polyethylene (MDPE) and Surlyn A (C) in the blend layer (
     intermediate layer ) and results of determination of QO.sub.2, Lw and Sp
      are shown. From these results, it is seen that the average interlaminar
      strength was improved without substantial degradation of the oxygen
      permeation resistance and the water permeation resistance by addition of
      the above Surlyn A.
TBL                Table 7                                                     

     ______________________________________                                    

     Composition of                                                            

               QO.sub.2       Lw        Sp                                     

     Blend Layer                                                               

     MDPE/C    (cc/m.sup.2. day.sup.. atm)                                     

                              (wt %)    (g/2 cm)                               

     ______________________________________                                    

     100/0     &lt;1             0.6       0                                      

     100/20    &lt;1             0.8       190                                    

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  100 parts by weight of an ethylene-vinyl acetate copolymer saponified
      product having an ethylene content 25.4 mole %, a degree of saponification
      of  99.2 % and an intrinsic viscosity of 0.08 l/g was incorporated with
      40.0 parts by weight of Surlyn A of the Na.sup.+ type having a carbonyl
      concentration of 160 milliequivalents per 100 g of the polymer and a melt
      index of 1.2 g/10 min (ionomer manufactured by Du Pont ), and the mixture
      was dry blended at room temperature for 3 minutes by means of a Henschel
      mixer.
PAR  The so obtained dry blend or the above saponified copolymer as a
      comparative resin, and a high density polyethylene having a density of
      0.950 g/cc as measured according to ASTM D-1505 and a melt index of 0.2
      g/10 min, were co-extruded with use of an intermediate layer extruder
      having a dulmage screw of a diameter of 40 mm and an effective length of
      800 mm including a mixing zone of 5 threads, an inner- and outer-layer
      extruder installed with a metering screw of a diameter of 65 mm and an
      effective length of 1430 mm and provided with an adaptor having a branched
      melt channel, and a three-ply die maintained at 225.degree.C., in such a
      manner that the above saponified copolymer blend or the ethylene-vinyl
      acetate copolymer saponified product alone was extruded by the outer- and
      inner-layer extruder and the high density polyethylene was extruded by the
      intermediate layer extruder. According to a known blow molding method, the
      co-extrudate was molded into an oval bottle of a symmetric three-layer
      laminate structure having an intermediate layer of the high density
      polyethylene and outer and inner layers of the saponified copolymer blend
      or the saponified copolymer alone. In the so obtained bottle, the outer
      layer : intermediate layer : inner layer thickness ratio was 1 : 5 : 1,
      the average thickness was about 600 .mu. and the inner volume was about
      280 cc. With respect to the so obtained bottle, the oxygen gas
      permeability QO.sub.2 and the average interlaminar peel strength Sp were
      determined according to the methods described in the text of the
      specification. In Table 8, the mixing weight ratio of the saponified
      copolymer (EV) and Surlyn A (C) in the blend layer (outer and inner layers
      ) and results of determination of QO.sub.2 and Sp are shown.
TBL                Table 8                                                     

     ______________________________________                                    

     Composition of                                                            

                 QO.sub.2      Sp                                              

     Blend Layer                                                               

     EV/C        (cc/m.sup.2. day.sup.. atm)                                   

                               (g/2 cm)                                        

     ______________________________________                                    

     100/0        2            0                                               

     100/40      13            500                                             

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  100 parts by weight of an ethylene-vinyl acetate copolymer having an
      ethylene content 25.4 mole %, a degree of saponification of 99.2 % and an
      intrinsic viscosity of 0.10 l/g was incorporated with 30.0 parts by weight
      of Surlyn A of the Na.sup.+ type having a carbonyl concentration of 160
      milliequivalents per 100 g of the polymer and a melt index of 1.2 g/10 min
      (ionomer manufactured by Du Pont ), and the mixture was dry blended at
      room temperature for 3 minutes by means of a Henschel mixer.
PAR  The so obtained dry blend or the above ethylene-vinyl acetate copolymer
      saponified product alone as a comparative resin and a dry blend containing
      a low density polyethylene having a density of 0.920 g/cc as measured
      according to ASTM 1505 and a melt index of 0.3 g/10 min as measured
      according to ASTM D-1238 and the above ethylene-vinyl acetate copolymer
      saponified product at a weight ratio of 95 : 5, were co-extruded with use
      of an intermediate layer extruder having a dulmage screw of a diameter of
      40 mm and an effective length of 800 mm including a mixing zone of 5
      threads, an inner- and outer-layer extruder installed with a metering
      screw of a diameter of 65 mm and an effective length of 1430 mm and
      provided with an adaptor having a branched melt channel, and a three-ply
      die maintained at 200.degree.C., in such a manner that the above
      saponified copolymer blend or the ethylene-vinyl acetate copolymer
      saponified product alone was extruded by the intermediate layer extruder
      and the low density polyethylene blend was extruded by the outer- and
      inner-layer extruder. According to a known blow molding method, the
      co-extrudate was molded into an oval bottle of a symmetric three-layer
      laminate structure having outer and inner layers of the low density
      polyethylene blend and an intermediate layer of the saponified copolymer
      blend or the saponified copolymer alone. In the so obtained bottle, the
      outer layer : intermediate layer : inner layer thickness ratio was 4.5 : 1
      : 4.5, the average thickness was about 600 .mu. and the inner volume was
      about 280 cc. With respect to each bottle, the oxygen gas permeability
      QO.sub.2, the water loss Lw, the falling strength f.sub.10 and the average
      interlaminar peel strength Sp were determined according to the methods
      described in the text of the specification. In Table 9, the mixing weight
      ratio of the saponified copolymer (EV) and Surlyn A (C) in the
      intermediate layer and results of determination of QO.sub.2, Lw, f.sub.10
      and Sp are shown. From these results, it is seen that the average
      interlaminar strength was improved without substantial degradation of the
      oxygen permeation resistance, the falling strength and the water
      permeation resistance by addition of the above Surlyn A.
TBL                Table 9                                                     

     ______________________________________                                    

     Composition of                                                            

               QO.sub.2    Lw       f.sub.10                                   

                                          Sp                                   

     Blend Layer                                                               

               (cc/m.sup.2.                                                    

     EV/C      day.sup.. atm)                                                  

                           (wt %)   (%)   (g/2 cm)                             

     ______________________________________                                    

     100/0     1           0.8      0     250                                  

     100/30    2           0.9      0     not peeled                           

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  A high density polyethylene having a density of 0.950 g/cc as measured
      according to ASTM D-1505 and a melt index of 0.2 g/10 min and a low
      density polyethylene having a density of 0.920 g/cc and a melt index of
      0.5 g/10 min were dry blended at a mixing weight ratio of 50/50, and the
      dry blend was kneaded under heat and pelletized by means of a pelletizer
      having a dulmage screw of a diameter of 40 mm and an effective length of
      1120 mm including a mixing zone of 8 threads at the top end portion (screw
      rotation rate of 50 rpm and die temperature of 200.degree.C. ) to obtain a
      medium density polyethylene having a density of 0.935 g/cc and a melt
      index of 0.3 g/10 min.
PAR  100 parts by weight of the so obtained medium density polyethylene was
      incorporated with 20.0 parts by weight of Surlyn A of the Na.sup.+ type
      having a carbonyl concentration of 160 milliequivalents per 100 g of the
      polymer and a melt index of 1.2 g/10 min, and the mixture was dry blended
      at room temperature for 3 minutes by means of a Henschel mixer.
PAR  Separately, 100 parts by weight of an ethylene-vinyl acetate copolymer
      saponified product having an ethylene content of 25.4 mole %, a degree of
      saponification of 99.2 % and an intrinsic viscosity of 0.10 l/g was
      incorporated with 20.0 parts by weight of the same Surlyn A as above, and
      the mixture was dry blended as above.
PAR  The so obtained medium density polyethylene blend and the saponified
      copolymer blend was co-extruded with use of an inner layer extruder having
      a dulmage screw of a diameter of 40 mm and an effective length of 800 mm
      including a mixing zone of 5 threads, an outer layer extruder installed
      with a dulmage screw of a diameter of 65 mm and an effective length of
      1430 mm including a mixing zone of 4 threads, and a two-ply die maintained
      at 210.degree.C., in such a manner that the above ethylene-vinyl acetate
      copolymer saponified product blend was extruded by the inner layer
      extruder and the medium density polyethylene blend was extruded by the
      outer layer extruder. According to a known blow molding method, the
      coextrudate was molded into an oval bottle of an asymmetric twolayer
      laminate structure having an outer layer of the medium density
      polyethylene blend and an inner layer of the saponified copolymer blend.
      In the so obtained bottle, the outer layer : inner layer thickness ratio
      was about 20 : 1, the average thickness was about 600 .mu. and the inner
      volume was about 280 cc. With respect to this bottle, the oxygen gas
      permeability QO.sub.2, the water loss Lw, the falling strength f.sub.10
      and the average interlaminar peel strength Sp were determined according to
      the methods described in the text of the specification. In Table 10, the
      mixing weight ratios of the saponified copolymer (EV) and Surlyn A (C) in
      the inner layer and of the medium density polyethylene (MDPE) and Surlyn A
      (C) in the outer layer, and results of determination of QO.sub.2, Lw,
      f.sub.10 and Sp are shown.
TBL                Table 10                                                    

     ______________________________________                                    

     Compositions of                                                           

                 QO.sub.2  Lw       f.sub.10                                   

                                          Sp                                   

     Blend Layers;                                                             

                 (cc/m.sup.2.                                                  

     MDPE/C and EV/C                                                           

                 day.sup.. atm)                                                

                           (wt %)   (%)   (g/2 cm)                             

     ______________________________________                                    

     100/0       3         0.5      0     0                                    

     100/20      3         0.6      0     830                                  

     ______________________________________                                    

PAC  EXAMPLE 11
PAR  100 parts by weight of a high density polyethylene having a density of
      0.950 g/cc as measured according to ASTM D-1505 and a melt index of 0.2
      g/10 min as measured according to ASTM D-1238 was incorporated with 30.0
      parts by weight of an acrylic acid-grafted polyethylene having a carbonyl
      concentration of 250 milliequivalents per 100 g of the polymer and a melt
      index of 0.9 g/10 min, and the mixture was dry blended at room temperature
      for 3 minutes with use of a Henschel mixer.
PAR  Separately, 100 parts by weight of an ethylene-vinyl acetate copolymer
      saponified product having an ethylene content of 25.4 mole %, a degree of
      saponification of 99.2 % and an intrinsic viscosity of 0.16 l/g was
      incorporated with 30.0 parts by weight of the same acrylic acid-grafted
      polyethylene as above, and the mixture was dry blended under the same
      conditions as above.
PAR  The so obtained high density polyethylene blend and saponified copolymer
      blend was co-extruded with use of an outer layer extruder having a dulmage
      screw of a diameter of 40 mm and an effective length of 800 mm including a
      mixing zone of 5 threads, an inner layer extruder installed with a dulmage
      screw of a diameter of 65 mm and an effective length of 1430 mm including
      a mixing zone of 4 threads, and a two-ply die maintained at 230.degree.C.,
      in such a manner that the above ethylene-vinyl acetate copolymer
      saponified product blend was extruded by the outer layer extruder and the
      high density polyethylene blend was extruded by the inner layer extruder.
      According to a known blow molding method, the co-extrudate was molded into
      an oval bottle of an asymmetric two-layer laminate structure having an
      inner layer of the low density polyethylene blend and an outer layer of
      the saponified copolymer blend. In the so obtained bottle, the outer layer
      : inner layer thickness ratio was about 1 : 20, the average thickness was
      about 600 .mu. and the inner volume was about 280 cc. With respect to this
      bottle, the oxygen gas permeability QO.sub.2, the water loss Lw, the
      falling strength f.sub.10 and the average interlaminar peel strength Sp
      were determined according to the methods described in the text of the
      specification. In Table 11, the mixing weight ratios of the saponified
      copolymer (EV) and the acrylic acid-grafted polyethylene (C) in the outer
      layer and of the high density polyethylene (HDPE) and the acrylic
      acid-grafted polyethylene (C) and results of determination of QO.sub.2, Lw
      and Sp are shown.
TBL                Table 11                                                    

     ______________________________________                                    

     Composition of                                                            

                 QO.sub.2                                                      

     Blend Layers                                                              

                 [cc/m.sup.2.                                                  

                           Lw       F.sub.10                                   

                                          Sp                                   

     HDPE/C and  day.sup.. atm]                                                

                           [wt %]   [%]   [g/2 cm]                             

     EV/C                                                                      

     ______________________________________                                    

     100/0        4        0.2      0     0                                    

     100/30      10        0.4      0     450                                  

     ______________________________________                                    

PAC  EXAMPLE 12
PAR  100 parts by weight of a low density polyethylene having a density of 0.928
      g/cc as measured according to ASTM D-1505 and a melt index of 3.0 g/10 min
      as measured according to ASTM D-1238 was incorporated with Surlyn A of the
      Zn type having a carbonyl concentration of 150 milliequivalents per 100 g
      of the polymer and a melt index of 0.7 g/10 min (ionomer manufactured by
      Du Pont, U.S.A.), and the mixture was dry blended at room temperature for
      3 minutes by means of a Henshel mixer.
PAR  The so obtained dry blend and an ethylene-vinyl acetate copolymer
      saponified product having an ethylene content of 25.4 mole %, a degree of
      saponification of 99.2 % and an intrinsic viscosity of 0.16 l/g were
      co-extruded with use of an inner layer extruder having a metering screw of
      a diameter of 40 mm and an effective length of 800 mm, an outer layer
      extruder installed with a dulmage screw of a diameter of 65 mm and an
      effective length of 1430 mm including a mixing zone of 4 threads, and a
      two-ply inflation die maintained at 190.degree.C., in such a manner that
      the above or the ethylene-vinyl acetate copolymer saponified product was
      extruded by the inner layer extruder and the low density polyethylene
      blend was extruded by the outer layer extruder. According to a known
      inflation molding method, the co-extrudate was molded into a film of an
      asymmetric two-layer laminate structure having an inner layer of the
      saponified copolymer and an outer layer of the above low density
      polyethylene blend. In the so obtained film, the outer layer : inner layer
      thickness ratio was about 1 : 1 and the average thickness was about 100
      .mu..
PAR  For comparison, the co-extrusion and inflation molding were conducted under
      the same conditions with use of the same extruding and molding machines as
      above except that the above low density polyethylene alone was used as the
      outer layer-consituting resin material instead of the above low density
      polyethylene blend, to thereby obtain a comparative film being identical
      with the above laminate film comprising the low density polyethylene blend
      layer with respect to the average thickness and the thickness ratio.
PAR  With respect to each of the so obtained films, the oxygen gas permeability
      QO.sub.2 was determined according to the pressure method described in the
      text of the specification to obtain results shown in Table 12. Results
      obtained when the determination was conducted while adjusting the outside
      humidity (humidity on the high pressure side) to 75 % relative humidity
      are also shown in Table 12.
TBL                Table 12                                                    

     ______________________________________                                    

     Composition of                                                            

     Blend Layer                                                               

                Outside      Qo.sub.2 [cc/m.sup.2. day.sup.. atm]              

     LDPE/C     Humidity                                                       

     ______________________________________                                    

                15 % RH      2                                                 

     100/0      75 % RH      2                                                 

                15 % RH      2                                                 

     100/10     75 % RH      3                                                 

     ______________________________________                                    

PAR  Each of these two laminate films was molded into a bag of a length of 170
      mm and a width of 115 mm by means of a heat sealer. Each bag was filled
      with about 200 cc of water or edible oil and an opening was heat sealed.
      The bag was then allowed to stand at a temperature of 50.degree.C. and a
      relative humidity of 10 % for 21 days, and the appearance (delamination
      state) was examined to obtain results shown in Table 13.
TBL                Table 13                                                    

     ______________________________________                                    

     Composition                                                               

     of Blend                                                                  

     Layer    Appearance Change after 21 Days                                  

     LDPE/C   Content of     Delamination State                                

              Bag                                                              

     ______________________________________                                    

     100/0    water       delamination was observed                            

              edible oil  delamination was not observed                        

     100/10   water       delamination was not observed                        

              edible oil  delamination was not observed                        

     ______________________________________                                    

PAC  EXAMPLE 13
PAR  100 parts by weight of a low density polyethylene having a density of 0.928
      g/cc as measured according to ASTM D-1505 and a melt index of 3.0 g/10 min
      as measured according to ASTM D-1238 was incorporated with 10.0 parts by
      weight of Surlyn A of the Zn type having a carbonyl concentration of 150
      milliequivalents per 100 g of the polymer and a melt index of 0.7 g/10 cc,
      and the mixture was dry blended at room temperature for 3 minutes by a
      Henschel mixer. The so obtained low density polyethylene blend and an
      ethylene-vinyl acetate copolymer saponified product having an ethylene
      content of 25.4 mole %, a degree of specification of 99.2 % and an
      intrinsic viscosity of 0.16 l/g were co-extruded with use of an under
      layer extruder having a dulmage screw of a diameter of 40 mm and an
      effective length of 800 mm including a mixing zone of 5 threads, an outer
      layer extruder installed with a metering screw of a diameter of 65 mm and
      an effective length of 1430 mm and a two-ply inflation die maintained at
      190.degree.C., in such a manner that the above ethylene-vinyl acetate
      copolymer saponified product was extruded by the outer layer extruder and
      the low density polyethylene blend was extruded by the inner layer
      extruder. According to a known inflation molding method, the co-extrudate
      was molded into a film of an asymmetric two-layer structure having an
      inner layer of the low density polyethylene blend and an outer layer of
      the saponified copolymer. In the so obtained film, the outer layer : inner
      layer thickness ratio was about 1 : 1 and the average thickness was about
      100 .mu..
PAR  For comparison, the co-extrusion and inflation molding were conducted under
      the same conditions with use of the same extruding and molding machines as
      above except that the above low density polyethylene alone was used as the
      inner layer-constituting  material instead of the above low density
      polyethylene blend, to thereby obtain a film which was identical with the
      above film including the low density polyethylene blend inner layer, with
      respect to the average thickness and the thickness ratio.
PAR  With respect to each of these two laminate films, the oxygen gas
      permeability QO.sub.2 was determined according to the pressure method
      described in the text of the specification to obtain results shown in
      Table 14. Results obtained when the determination was conducted while
      adjusting the outside humidity (humidity on the high pressure side) to 75
      % RH are also shown in Table 14.
TBL                Table 14                                                    

     ______________________________________                                    

     Composition of                                                            

                Outside                                                        

     Blend Layer                                                               

                Humidity     Qo.sub.2 [cc/m.sup.2. day.sup.. atm]              

     LDPE/C                                                                    

     ______________________________________                                    

                15 % RH      2                                                 

     100/0      75 % RH      9                                                 

                15 % RH      2                                                 

     100/10     75 % RH      5                                                 

     ______________________________________                                    

PAR  Each of the above two laminate films was molded into a bag of a length of
      170 mm and a width of 115 mm by means of a heat sealer. The bag was filled
      with about 200 cc of water or edible oil and an opening of the bag was
      heat sealed. The bag was then allowed to stand still at a temperature of
      50.degree.C. and a relative humidity of 10 % for 21 days, and the
      appearance (delamination state) was examined to obtain results shown in
      Table 15.
TBL                Table 15                                                    

     ______________________________________                                    

     Composition                                                               

     of Blend                                                                  

     Layer    Appearance Change after 21 Days                                  

     LDPE/C   Content of     Delamination State                                

              Bag                                                              

     ______________________________________                                    

     100/0    water       delamination was not observed                        

              edible oil  delamination was observed                            

     100/10   water       delamination was not observed                        

              edible oil  delamination was not observed                        

     ______________________________________                                    

PAC  EXAMPLE 14
PAR  100 parts by weight of an ethylene-vinyl acetate copolymer saponified
      product having an ethylene content 25.4 mole %, a degree of saponification
      of 99.2 % and an intrinsic viscosity of 0.08  was incorporated with 30.0
      parts by weight of Surlyn A of the Na.sup.+ type having a carbonyl
      concentration of 160 milliequivalents per 100 g of the polymer and a melt
      index of 1.2 g/10 min (ionomer manufactured by Du Pont), and the mixture
      was dry blended at room temperature for 3 minutes by a Henschel mixer.
PAR  Separately, a 92 : 8 weight ratio blend of a high density polyethylene
      having a density of 0.948 g/cc as measured according to ASTM D-1505 and a
      melt index of 1.0 g/10 min as measured according to ASTM D-1238 and a
      polyisobutylene having an average molecular weight of 1,000,000 was
      kneaded under heat and pelletized by means of a pelletizer having a screw
      of a diameter of 40 mm and an effective length of 1120 mm including a
      mixing zone of 8 threads at the end point portion (screw rotation rate =
      60 rpm; die temperature = 220.degree.C.).
PAR  The above saponified copolymer blend and the polyethylene blend were
      co-extruded with use of an inner layer extruder having a dulmage screw of
      a diameter of 40 mm and an effective length of 800 mm including a mixing
      zone of 5 threads, an outer layer extruder installed with a dulmage screw
      of a diameter of 65 mm and an effective length of 1430 mm including a
      mixing zone of 4 threads, and a two-ply die maintained at 220.degree.C.,
      in such a manner that the above ethylene-vinyl acetate copolymer
      saponified product blend was extruded by the inner layer extruder and the
      polyethylene blend was extruded by the outer layer extruder. According to
      a known blow molding method, the co-extrudate was molded into an oval
      bottle of an asymmetric two-layer laminate structure having an outer layer
      of the polyethylene blend and an inner layer of the saponified copolymer
      blend. In the so obtained bottle, the outer layer : inner layer thickness
      ratio was about 9 : 1, the average thickness was about 600 .mu.and the
      inner volume was about 280 cc. With respect to this bottle, the oxygen gas
      permeability QO.sub.2, the falling strength f.sub.10 and the average
      interlaminar peel strength Sp were determined according to the methods
      described in the text of the specification. In Table 16, the mixing weight
      ratio of the saponified copolymer (EV) and Surlyn A (C) in the inner layer
      and results of determination of QO.sub.2, f.sub.10 and Sp are shown.
TBL                Table 16                                                    

     ______________________________________                                    

     Composition of                                                            

               Qo.sub.2      F.sub.10 Sp                                       

     Blend Layer                                                               

               [cc/m.sup.2. day.sup.. atm]                                     

                             [%]      [g/2 cm]                                 

     EV/C                                                                      

     ______________________________________                                    

     100/0     2             0        0                                        

     100/30    8             0        210                                      

     ______________________________________                                    

PAC  EXAMPLE 15
PAR  100 parts by weight of an ethylene-vinyl acetate copolymer saponified
      product having an ethylene content 25.4 mole %, a degree of saponifcation
      of 99.2 % and an intrinsic viscosity of 0.08 l/g was incorporated with 5.0
      parts by weight of Surlyn A to the Zn type having a carbonyl concentration
      of 150 milliequivalents per 100 g of the polymer and a melt index of 0.7
      g/10 min (ionomer manufactured by Du Pont), and the mixture was dry
      blended at room temperature for 3 minutes by means of a Henschel mixer.
PAR  The above saponified copolymer blend and a 95 : 5 weight ratio dry blend of
      a low density polyethylene having a density of 0.920 g/cc as measured
      according to ASTM D-1505 and a melt index of 0.3 g/10 min and the above
      ethylene-vinyl acetate copolymer saponified product were co-extruded with
      use of an inner layer extruder having a dulmage screw of a diameter of 40
      mm and an effective length of 800 mm including a mixing zone of 5 threads,
      an outer layer extruder installed with a dulmage screw of a diameter of 65
      mm and an effective length of 1430 mm including a mixing zone of 6
      threads, and a two-ply die maintained at 190.degree.C., in such a manner
      that the above ethylene-vinyl acetate copolymer saponified product blend
      was extruded by the inner layer extruder and the low density polyethylene
      blend was extruded by the outer layer extruder. According to a known blow
      molding method, the co-extrudate was molded into an oval bottle of an
      asymmetric twolayer laminate structure having an outer layer of the low
      density polyethylene blend and an inner layer of the saponified copolymer
      blend. In the so obtained bottle, the outer layer : inner layer thickness
      ratio was about 20 : 1, the average thickness was about 600 .mu. and the
      inner volume was about 280 cc. With respect to each bottle, the oxygen gas
      permeability QO.sub.2 and the average interlaminar peel strength Sp were
      determined according to the method described in the text of the
      specification. In Table 17, the mixing weight ratio of the saponified
      copolymer (EV) and Surlyn A (C) in the blend layer (inner layer) and
      results of determination of QO.sub.2 and Sp are shown.
TBL                Table 17                                                    

     ______________________________________                                    

     Composition of                                                            

     Blend Layer Qo.sub.2      Sp                                              

     EV/C        [cc/m.sup.2. day.sup.. atm]                                   

                               [g/2 cm]                                        

     ______________________________________                                    

     100/0       4             230                                             

     100/5.0     4             390                                             

     ______________________________________                                    

PAC  EXAMPLE 16
PAR  Surlyn A of the Na.sup.+ type having a density of 0.942 g/cc as measured
      according ASTM D-1505, a melt density of 0.80 g/cc as measured at
      190.degree.C., a melt index of 1.2 g/10 min and a carbonyl concentration
      of 160 milliequivalents per 100 g of the polymer was extruded with use of
      an intermediate layer extruder of a three-layer vessel extrusion molding
      machine, which comprised an intermediate layer extruder having a metering
      screw of a diameter of 40 mm and an effective length of 800 mm, and outer-
      and inner-layer extruder installed with a metering screw of a diameter of
      65 mm and effective length of 1430 mm and provided with an adaptor having
      a two-branched melt channel, and a three-ply die having a sectional area
      of an intermediate layer passage of 0.44 cm.sup.2 at the junction point of
      the three layers. The extrusion was conducted at a screw rotation rate of
      15 rpm in the intermediate layer extruder and at a temperature of
      190.degree.C. at said three-ply die. The average flow rate of 1.1 cm/sec
      was calculated from the extrusion rate (1.4 Kg/hr) obtained in this test.
PAR  An ethylene-vinyl acetate copolymer saponified product having an ethylene
      content of 25.4 mole %, a degree of saponification of 99.2 %, an intrinsic
      viscosity of 0.08 l/g, a density of 1.19 g/cc as measured at 23.degree.C.
      and a melt density of 1.07 g/cc was extruded under the same extrusion
      contditions as above with use of the intermediate layer extruder of the
      same extrusion molding machine as above. The average flow rate of 2.7
      cm/sec in the die was calculated from the extrusion rate (4.6 Kg/hr)
      obtained in this test.
PAR  The above extrusion test was made on the above Surlyn A and saponified
      copolymer in the same manner as mentioned above except that the rotation
      rate of the screw of the intermediate layer extruder was changed to 7 rpm.
      In the case of the Surlyn A, the average flow rate of 0.51 cm/sec in the
      die was calculated from the extrusion rate of 0.65 Kg/hr, and in the case
      of the saponified copolymer the average flow rate of 1.26 cm/sec in the
      die was calculated from the extrusion rate of 2.15 Kg/hr.
PAR  A 50 : 50 weight ratio mixture of the above Surlyn A and the above
      ethylene-vinyl acetate copolymer saponified product was dry blended at
      room temperature for 3 minutes by means of a Henschel mixer.
PAR  The so obtained dry blend and a low density polyethylene having a density
      of 0.920 g/cc as measured according to ASTM D- 1505 and a melt index of
      0.3 g/10 min were co-extruded by employing the above extrusion molding
      machine while maintaining the above-mentioned three-ply die at
      190.degree.C., in such a manner that the above dry blend was extruded by
      the intermediate layer extruder and the low density polyethylene was
      extruded by the outer- and innerlayer extruder. At this extrusion
      operation, in the intermediate layer extruder the rotation rate of the
      screw was 15 rpm and the extrusion pressure was 6 Kg/cm.sup.2. In the
      outer- and inner-layer extruder, the rotation rate was 20 rpm and the
      extrusion pressure was 10 Kg/cm.sup.2.
PAR  The so obtained co-extrudate was molded into an oval bottle having a
      symmetric three-layer laminate structure having an intermediate layer of
      said saponified copolymer blend and outer and inner layers of said low
      density polyethylene, according to a known blow molding method. In each of
      the so obtained bottles, the thickness ratio of outer layer : intermediate
      layer : inner layer was 4.5 : 1 : 4.5 and the bottles had an average
      thickness of about 600 .mu. and an inner volume of about 280 cc. The so
      obtained bottle is designated as bottle A.
PAR  The co-extrusion was conducted under the same conditions with use of the
      same polymer materials and the same extruders and three-ply die as above,
      except that the rotation rate of the screw of the intermediate layer
      extruder was changed to 7 rpm (extrusion pressure being 2.5 Kg/cm.sup.2)
      and the rotation of the screw of the outer- and inner-layer extruder was
      changed to 9.5 rpm (extrusion pressure being 4.5 Kg/cm.sup.2). The
      co-extudate was molded according to a known blow molding method to obtain
      a bottle having the same average thickness, the same thickness ratio, the
      same inner volume and the layer structure as those of bottle A. The so
      obtained bottle is designated as bottle B.
PAR  The co-extrusion was conducted under the same conditions with use of the
      same polymer materials and extruders as in the case of the above bottle A
      except that in the intermediate layer extruder the metering screw was
      replaced by a dulmage type screw having a mixing zone of 8 threads at the
      top end portion (having a diameter of 40 mm and an effective length of 800
      mm). The coextrudate was molded into a bottle identical with the bottle A
      with respect to the configuration, layer structure, thickness ratio,
      average thickness and inner volume. The so formed bottle is designated as
      "bottle C".
PAR  With respect to each of the so obtained bottles F, G and H, the oxygen gas
      permeability QO.sub.2 and the average interlaminar peel strength were
      determined according to the methods described in the text of the
      specification to obtain results shown in Table 18.
PAR  As is seen from the results shown in Table 18, the value of QO.sub.2 is
      smaller in the order of A, B and C, and hence, the oxygen barrier property
      is higher in this order. it is also known that the bottle A has a highest
      Sp value and the bottle C is a lowest Sp value.
PAR  Then, with respect to each of these three bottles, the blend layer
      (intermediate layer) was divided into three layers according to the method
      described in the text of the specification, and the value of log
      (Io/I)/.mu., m.sub.1 and m.sub.2 of divided layers 1 and 3 adjacent to the
      low density polyethylene layer and the intermediate divided layer 2 were
      calculated according to the equations (A) and (B) given in the text of the
      specification. Results are shown in Table 19.
PAR  The value of m.sub.1 obtained in the case of the bottle C approximates 1,
      and it is evident that the blend layer is composed of a substantially
      homogeneous mixture. In contrast, the value of m.sub.1 of each divided
      layer adjacent to the polyethylene layer is significantly smaller than
      1.00 and hence, it is seen that the Surlyn A is predominantly contained in
      portions adjacent to the outer and inner layers (low density polyethylene
      layers).
PAC  EXAMPLE 17
PAR  A 95 : 5 weight ratio dry blend of the same ethylene-vinyl acetate
      copolymer saponified product as employed in Example 16 and an
      ethylene-vinyl acetate copolymer having a density of 0.943 g/cc as
      measured according to ASTM D-1505, a melt index of 1.3 g/10 min as
      measured according to ASTM D-1238, a melt density of 0.80 g/cc as measured
      at 190.degree.C., a vinyl acetate content of 17 % by weight, a carbonyl
      concentration of 450 milliequivalents per 100 g of the polymer and an
      average flow rate of 1.2 cm/sec as determined under the same conditions as
      described in Example 16, was prepared in the same manner as described in
      Example 16. The so obtained dry blend and the same low density
      polyethylene were co-extruded by employing the same intermediate layer
      extruder (installed with the metering screw), inner- and outer-layer
      extruder, three-ply die and extrusion conditions as employed in Example 16
      for formation of the bottle A, and according to a known blow molding
      method the co-extrudate was molded into a bottle having a symmetric
      three-layer structure of an intermediate layer of the above blend and
      inner and outer layers of the above low density polyethylene, which was
      identical with the bottle A obtained in Example 16 with respect to the
      average thickness, thickness ratio, configuration and inner volume. This
      bottle is designated as "bottle D".
PAR  The co-extrusion was conducted under the same conditions as adopted for
      formation of the bottle B except that in the intermediate layer extruder
      the metering screw was replaced by the same dulmage screw as used in
      Example 16 for formation of the bottle C. The so obtained co-extrudate was
      molded in a bottom identical with the bottle D with respect to the layer
      structure, configuration, average thickness, thickness ratio and inner
      volume. This bottle is designated as "bottle E".
PAR  With respect to each of the so obtained bottles D and E, the oxygen gas
      permeability QO.sub.2 and the average interlaminar peel strength Sp were
      determined according to the methods described hereinabove to obtain
      results shown in Table 18.
PAR  With respect to each of these two bottles, according to the method
      described in the text of the specification, the intermediate layer (blend
      layer) was divided into three layers, and the values of log(Io/I)/.mu. and
      m.sub.1 of the divided layers 1 and 3 adjacent to the low density
      polyethylene layers were calculated from the equatios given in the text of
      the specification to obtain results shown in Table 19.
TBL                Table 18                                                    

     ______________________________________                                    

     Example No.                                                               

               Sample  QO.sub.2 (cc/m.sup.2. day.sup.. atm                     

                                      Sp (g/2 cm)                              

     ______________________________________                                    

     16        A       19.1           260                                      

     16        B       37.0           120                                      

     16        C       89.6           100                                      

     17        D       3.9            10                                       

     17        E       5.9            6                                        

     ______________________________________                                    

TBL                                    Table 19                                

     __________________________________________________________________________

                 Identification                                                

                         log(Io/I)/.mu.                                        

     Example No.                                                               

             Sample                                                            

                 of Layer                                                      

                         .times.10.sup.3                                       

                                 m.sub.1                                       

                                     m.sub.2                                   

     __________________________________________________________________________

     16      A   1       38.3    0.90                                          

     16      A   3       32.8    0.77                                          

     16      B   1       40.8    0.96                                          

     16      B   3       39.1    0.92                                          

     16      C   1       42.1    0.99                                          

     16      C   3       42.5    1.00                                          

     17      D   1       76.8    0.95                                          

     17      D   3       75.0    0.93                                          

     17      E   1       81.6    1.01                                          

     17      E   3       80.0    0.79                                          

     16      A   2       56.5        1.33                                      

     16      C   2       43.0        1.01                                      

     __________________________________________________________________________

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A resin laminate structure having an improved gas permeation resistance
      and high resistance to delamination formed by means of co-extrusion of
      plurality of resin melts, which structure comprises a layer of a
      polyolefin and a layer of a blend consisting essentially of (A) a
      saponified product of an ethylene-vinyl acetate copolymer having an
      ethylene content of 25 to 50 mole % and a degree of saponification of at
      least 96% and (B) a thermoplastic polymer containing a carbonyl group in
      the main or side chain thereof, at an A : B mixing weight ratio ranging
      from 95 : 5 to 50 : 50, said two layers being laminated so that said two
      layers are adjacent to each other, wherein said blend layer has such a
      multi-layer laminar structure that the polymer composition is different
      with respect to the thickness direction but substantially identical with
      respect to the plane direction and that when the blend layer is divided
      into three layers in the direction of the thickness, the divided layer
      adjacent to said polyolefin layer contains predominantly said carbonyl
      group-containing thermoplastic polymer, namely contains said saponified
      product in an amount expressed by the following formula
EQU  M.sub.1 = m.sub.1 X
PA1  wherein X stands for the average content (% by weight) of the
      ethylene-vinyl acetate copolymer saponified product in the blend layer,
      m.sub.1 is a number of from 0 to 0.95 and M.sub.1 is the content (% by
      weight) of said saponified copolymer in said divided layer adjacent to the
      polyolefin layer,
PAL  and at least one layer of the divided layers other than the divided layer
      adjacent to the polyolefin layer contains said ethylene-vinyl acetate
      copolymer predominantly, namely in an amount of expressed by the following
      formula
EQU  M.sub.2 =m.sub.2 X
PA1  wherein X is as defined above, M.sub.2 is the content (% by weight) of said
      saponified copolymer in said specific divided layer, and m.sub.2 is a
      number of from 1.2 to 4.
NUM  2.
PAR  2. A resin laminate structure set forth in claim 1 wherein the polyolefin
      is selected from the group consisting of crystalline homopolymers and
      copolymers of olefins expressed by the following formula
      ##EQU19##
      wherein R is a hydrogen atom or an alkyl group having up to 4 carbon
      atoms.
NUM  3.
PAR  3. A resin laminate structure set forth in claim 1 wherein the polyolefin
      has a melt index of from 0.05 to 5.0 g/10 min.
NUM  4.
PAR  4. A resin laminate structure set forth in claim 1 wherein the polyolefin
      is selectively a low density, polyethylene, a medium density polyethylene
      or a high density polyethylene.
NUM  5.
PAR  5. A resin laminate structure set forth in claim 1 wherein the polyolefin
      is an isotactic polypropylene.
NUM  6.
PAR  6. A resin laminate structure set forth in claim 1 wherein said saponified
      ethylene-vinyl acetate copolymer has an intrinsic viscosity [.eta.],
      measured at 30.degree.C. with use of a mixed solvent of 85 % by weight of
      phenol and 15 % by weight of water, of from 0.07 to 0.17 l/g.
NUM  7.
PAR  7. A resin laminate structure set forth in claim 1 wherein said
      thermoplastic polymer contains carbonyl groups at a concentration of 120
      to 1400 milliequivalents per 100 g of the polymer.
NUM  8.
PAR  8. A resin laminate structure set forth in claim 1 wherein said carbonyl
      group-containing thermoplastic polymer is a homopolymer of a monomer
      expressed by the following formula
      ##EQU20##
      wherein R.sub.1 is a hydrogen atom or a lower alkyl group having up to 4
      carbon atoms, and R.sub.2 is a hydrogen atom or an alkyl group having 1 to
      12 carbon atoms,
PAL  or a copolymer of said monomer with an olefin or other .alpha.,
      .beta.-ethylenically unsaturated monomer.
NUM  9.
PAR  9. A resin laminate structure set forth in claim 1 wherein said carbonyl
      group-containing thermoplastic polymer is a homopolymer of a monomer
      expressed by the following formula
      ##EQU21##
      wherein R.sub.3 is a hydrogen atom or an alkyl group having up to 4 carbon
      atoms or a phenyl group,
PAL  or a copolymer of said monomer with an olefin or a carbonyl group-free,
      other .alpha., .beta.-ethylenically unsaturated monomer.
NUM  10.
PAR  10. A resin laminate structure set forth in claim 1 wherein said carbonyl
      group-containing thermoplastic polymer is an ionomer.
NUM  11.
PAR  11. A resin laminate structure set forth in claim 1 wherein said carbonyl
      group-containing thermoplastic polymer is a polyamide or copolyamide
      composed of recurring units expressed by the following formula
      ##EQU22##
      or
      ##EQU23##
      wherein n is a number of from 3 to 13 and m is a number of from 4 to 11.
NUM  12.
PAR  12. A resin laminate structure set forth in claim 1 wherein said carbonyl
      group-containing thermoplastic polymer is incorporated in an amount of 5
      to 50 parts by weight of said polyolefin or said ethylene-vinyl acetate
      copolymer saponified product.
NUM  13.
PAR  13. A resin laminate structure set forth in claim 1 which is in the form of
      a thin thickness molded article having a two-dimensional face and a
      thickness of 70 .mu. to 6 mm.
NUM  14.
PAR  14. A resin laminate structure set forth in claim 1 which comprises first
      and second surface layers composed of a blend of the polyolefin and the
      carbonyl group-containing thermoplastic polymer and formed by melt
      extrusion of said blend, and an intermediate layer composed of the
      ethylene-vinyl acetate copolymer saponified product and formed by melt
      extrusion of said saponified copolymer conducted simultaneously with the
      melt extrusion of said blend, wherein said intermediate layer is bonded to
      each of said surface layers without any interposing layer of an adhesive.
NUM  15.
PAR  15. A resin laminate structure set forth in claim 1 which comprises first
      and second surface layers composed of the polyolefin and formed by melt
      extrusion of the polyolefin and an intermediate layer composed of a blend
      of the ethylene-vinyl acetate copolymer saponified product and the
      carbonyl group-containing thermoplastic polymer and formed by melt
      extrusion of said blend conducted simultaneously with the melt extrusion
      of the polyolefin, wherein said intermediate layer is bonded to each of
      said surface layers without any interposing layer of an adhesive.
NUM  16.
PAR  16. A resin laminate structure set forth in claim 1, which is formed by
      co-extruding a melt of the polyolefin and a melt of the blend through a
      die under such conditions that the difference of the flow rate between the
      melt of the ethylene-vinyl acetate copolymer saponified product and the
      melt of the carbonyl group-containing thermoplastic polymer at the die
      passage for said blend is at least 1 cm/sec, and joining the extruded
      resin flows.
NUM  17.
PAR  17. A molded structure having an improved gas permeation resistance and
      high resistance to delamination formed by means of co-extrusion molding
      from a polyolefin melt and a molten mixture consisting essentially of (A)
      a saponified product of an ethylene-vinyl acetate copolymer having an
      ethylene content of 25 to 50 mole % and a degree of saponification of at
      least 96% and (B) a thermoplastic polymer containing a carbonyl group in
      the main or side chain thereof in an amount of from 120 to 1400
      milliequivalents per 100 g of the said thermoplastic polymer, at a weight
      ratio of A : B ranging from 95 : 5 to 50, said molded structure comprising
      first and second layers composed of the polyolefin and an intermediate
      layer of the blend of said saponified product and said carbonyl
      group-containing polymer, said blend layer having a layer structure in
      which the polymer composition is different in the thickness direction but
      substantially identical in the plane direction, wherein when said blend
      layer is divided in three layers in the thickness direction, the two
      divided layers adjacent to said polyolefin layers contain predominantly
      said carbonyl group-containing polymer, namely the ethylene-vinyl acetate
      copolymer saponified product in an amount expressed by the following
      formula
EQU  M.sub.1 = m.sub.1 X
PA1  wherein X is the average content (% by weight) of the ethylene-vinyl
      acetate copolymer saponified product in said molded structure, m.sub.1 is
      a number of from 0 to 0.95, and M.sub.1 is the content (% by weight) of
      the ethylene-vinyl acetate copolymer saponified product in said divided
      layers adjacent to the olefin layer,
PA1  and a divided layer other than said divided two layers contains the
      ethylene-vinyl acetate copolymer saponified product in an amount expressed
      by the following formula
EQU  M.sub.2 = m.sub.2 X
PA1  wherein X is as defined above, m.sub.2 is a number of from 1.2 to 4, and
      M.sub.2 is the content (% by weight) of the ethylene-vinyl acetate
      copolymer saponified product in said layer.
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ABST
PAL  A laminated film suitable as a food packaging film comprised of a base
      layer of an oriented polypropylene film, a layer of a vinylidene chloride
      polymer adhered to one surface of the base layer, a layer of first
      ethylene/vinyl acetate copolymer having a vinyl acetate content greater
      than 10 percent by weight adhered to the vinylidene chloride polymer layer
      and a top layer of a second ethylene/vinyl acetate copolymer having a
      vinyl acetate content less than 10 percent adhered to the first
      ethylene/vinyl acetate copolymer layer.
PAC    BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This application is a continuation-in-part of copending application Ser.
      No. 81,941 filed Oct. 19, 1970, and now abandoned.
PAR  This invention relates to an improved packaging film and more particularly
      relates to a laminated packaging film having low permeability to gases and
      a method for the preparation thereof.
PAR  2. The Prior Art
PAR  Films and other shaped articles of polypropylene have found widespread use
      as a wrapping and packaging material for many articles of commerce because
      of their flexibility, transparency, low water vapor permeability and an
      excellent capability for being heat sealed to provide strong permanent
      joints.
PAR  Although polypropylene films have low water vapor permeability, the films
      exhibit poor resistance to the permeation or transmission of air and
      oxygen and for this reason have not found wide application in food
      packaging where extended shelf-life is a requirement.
PAR  Saran coatings which are basically vinylidene chloride polymers containing
      minor proportions of a copolymerized ethylenically unsaturated monomer
      such as vinyl chloride or acrylonitrile have the outstanding property in
      comparison to other synthetic coatings of their excellent resistance to
      the transmission of oxygen or air. For this reason, it has previously been
      the practice to coat polypropylene films with either saran emulsions or
      lacquers. These coatings once applied to the polypropylene films render
      the films sufficiently impervious to air and oxygen to permit the use of
      the films for food packaging applications.
PAR  The application of saran coatings to polypropylene films has not been
      without problems. When saran emulsions are employed, at least two coating
      applications are required in order to eliminate pinholes in the saran
      coating that is deposited. The resultant high coating weight required when
      using the emulsions may result in impairment of the impact strength of the
      coated film. When saran lacquers are employed, the organic solvents used
      in the lacquers are absorbed by the polypropylene film producing
      objectionable odors which are difficult to eliminate.
PAR  One approach to the solvent absorption problem has been to use lacquers
      containing extremely volatile solvents and to wind the saran coated
      polypropylene film into rolls. The rolls are then stored for time periods
      of at least 48 hours before any further use is made of the coated film.
      During this storage period, the solvents absorbed from the saran coating
      operation rapidly permeate the polypropylene film layer and concentrate
      between the roll windings. After the storage period, the film roll is
      unwound and subjected to a jet of high velocity air directed on the
      uncoated side of the polypropylene film layer which effectuates the
      removal of the absorbed solvent which has permeated out of the film.
PAR  It has been found that excellent gas transmission properties can be
      imparted to polypropylene films with very low coating weights of saran,
      e.g. in the range of 0.3 to 0.5 pounds per 1000 square feet of film
      surface, using surface oxidized films fabricated from polypropylene and
      employing a saran lacquer as the coating medium.
PAR  These saran coated polypropylene films cannot, however, without further
      modification, be employed as packaging films, as the saran layer is easily
      scratched or damaged during the packaging operation which causes a marked
      diminution in the gas barrier properties of the coated film. In order to
      protect the saran coating from damage by packaging operations, attempts
      have been made to laminate the saran coated polypropylene films to other
      film substrates such as those fabricated from nylon, polyethylene
      terephthalate or another polyolefin with the saran layer forming the
      intermediate layer of the laminate.
PAR  In forming the laminated film, an adhesive agent such as synthetic rubber
      or polyurethane is generally applied in an organic solvent to the second
      film layer and then combined with the coated side of the saran coated
      polypropylene immediately after the solvent has been evaporated from the
      applied adhesive layer. Another method to effect lamination is to extrude
      a molten layer of nylon or a polyolefin onto the coated side of a saran
      coated polypropylene, after first priming the saran layer with an organic
      titanate or a polyurethane.
PAR  Although the solvent absorption problem encountered in the saran coating of
      polypropylene films is substantially eliminated by the roll storage
      procedure discussed above, the solvent absorption problem is frequently
      encountered again when the saran coated polypropylene surface is laminated
      to a second film layer using adhesive solutions. Removal of the absorbed
      adhesive solvent from the laminated structure is extremely difficult and
      may not be apparent for several weeks after the structure is fabricated so
      that when the absorbed solvent slowly permeates through the structure, it
      can contaminate food stuffs packaged therein.
PAR  The problem is particularly severe when the second film layer laminated to
      the saran coated polypropylene film is a film which has good gas barrier
      properties such as nylon or polyethylene terephthalate. However, the
      problem also exists when the second film layer is a polyolefin such as an
      ethylene/vinyl acetate copolymer, for although the ethylene/vinyl acetate
      copolymer films are readily permeable to many solvents, it has been found
      that the solvents such as the aliphatic and aromatic hydrocarbons used in
      preparing adhesive solutions commonly employed in film laminating
      operations are generally less volatile than the solvents used in the saran
      coating operations, and do not readily permeate out of the film during
      extended storage periods.
PAC    SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is provided a laminated film
      structure having improved gas barrier properties, the structure being
      comprised of a base layer of an oriented polypropylene film, a continuous
      layer of a saran polymer coated on one surface of the base layer, a layer
      of a first ethylene/vinyl acetate copolymer having a vinyl acetate content
      of greater than 10 percent by weight adhered to the saran layer and a top
      layer of a second ethylene/vinyl acetate copolymer having a vinyl acetate
      content less than 10 percent adhered to the first ethylene/vinyl acetate
      copolymer layer.
PAR  The laminated films of the present invention do not require the use of
      adhesive solutions in their preparation. As no adhesive solutions are
      employed, there is no requirement for solvent removal during the
      laminating operation and the problem of solvent absorption is thereby
      substantially eliminated.
PAR  The laminated film structures prepared in accordance with the present
      invention are substantially free of absorbed quantities of organic
      solvents and have particular utility as wrapping and packaging materials
      for foodstuffs and other articles where it is desirable to provide
      packages having maximum resistance to the permeation of gases.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 perspectively depicts a laminate film structure in accordance with
      the invention.
PAR  FIG. 2 illustrates the laminate structure of FIG. 1 in fragmentary
      cross-section.
DETD
PAR  With reference to FIGS. 1 and 2, there is illustrated the laminated film
      product of the present invention generally designated by the reference
      numeral 10. The laminated film 10 is comprised of a base of layer 11 of
      oriented polypropylene film.
PAR  Laminated films having an oriented polypropylene base layer are especially
      useful in the packaging of articles having hard and/or sharp projections,
      such as bones in a loin of beef which may cut through the package when the
      package is abraded against the shipping container in transit.
PAR  Bags made from laminated films having a base layer film of oriented
      polypropylene are especially useful in the vacuum packaging of meat
      products. In the vacuum packaging of meat, it is the conventional practice
      to insert the meat product into a bag formed from a film of heat
      shrinkable polyethylene or other thermoplastic material, evacuate the air
      remaining in the bag and then heat sealing the open end of the bag. After
      heat sealing, the packaged meat product is immersed in a heated bath or
      passed through a hot air tunnel whereby the unfilled portions of the bag,
      i.e., the bag areas where the opposed film surfaces contact each other,
      are caused to fuse to each other and effect a secondary seal around the
      packaged meat product. Concomittant with the fusion of the contacting film
      areas, the bag is also caused to shrink into clinging, conforming contact
      with the packaged meat product. In the event these bags are punctured, as
      during the handling involved in shipping, the portion of the packaged meat
      product immediately adjacent to the puncture is exposed to the outside air
      and begins to discolor and otherwise deteriorate.
PAR  Although the gases generated by the air deterioration of the meat would
      normally cause the bag to expand and balloon in the area of the puncture,
      because the bag has been shrunk and sealed into a clinging, conforming
      relationship with the meat product, the bag does not balloon in the area
      of the puncture and the leak often goes undetected. In contradistinction,
      when meat is vacuum packed in bags fabricated from laminated films having
      an oriented polypropylene base layer fabricated in accordance with the
      present invention, the evacuated heat sealed bags, when subjected to
      secondary sealing fuse at the exposed contacting film surfaces but do not
      shrink into clinging, conforming contact with the packaged meat product.
      In the event these bags are thereafter punctured, the gases generated at
      the puncture point rapidly cause the bag to balloon thereby providing a
      highly visible signal that the bag has been punctured thereby enabling the
      meat packer to immediately repackage the meat before extensive damage has
      occurred to the packaged product.
PAR  Referring again to the drawing, to the polypropylene film layer 11 is
      deposited a continuous saran coating layer 12 to which is securely bonded,
      a coating layer 13 of a first ethylene/vinyl acetate copolymer having a
      vinyl acetate content greater than 10 percent by weight to which is
      securely bonded a film layer 14 comprised of a second ethylene/vinyl
      acetate copolymer having a vinyl acetate content less than 10 percent by
      weight.
PAR  It is an essential and critical feature of the present invention that there
      be applied to the saran coating layer 12, a layer 13 of an ethylene/vinyl
      acetate copolymer having a vinyl acetate content greater than 10 percent
      by weight before the applicaton of a film layer 14 of an ethylene/vinyl
      acetate having a vinyl acetate content less than 10 percent by weight.
      While it is widely accepted that ethylene/vinyl acetate copolymer resins
      can be readily extruded in film form, ethylene/vinyl acetate copolymers
      cannot be successfully extrusion coated onto most substrates because the
      temperature, e.g. 500.degree.F or more, generally required to achieve good
      bonding by extrusion coating causes thermal degradation of the
      ethylene/vinyl acetate copolymer resin. It has been found that
      ethylene/vinyl acetate copolymer resins having a vinyl acetate content
      greater than 10 percent can be successfully extrusion coated onto saran
      substrates with good bonding at melt temperatures in the range of
      425.degree. to 475.degree., which temperatures are substantially below
      that at which such resins decompose namely, 500.degree.F. However,
      ethylene/vinyl acetate copolymer substrates having a vinyl acetate content
      greater than 10 percent by weight are impractical as an outer ply for a
      film laminate used in packaging applications because of the tacky nature
      of the applied resin. For example, bags or pouches fabricated from such a
      laminated film, wherein the ethylene/vinyl acetate copolymer forms the
      interior surface of the bag or pouch are practically impossible to open.
      When this copolymer forms the exterior surface of the bag, the individual
      bags have such poor slip properties that they are difficult to handle on
      packaging machinery. Laminating a film or other sheetlike structure 14
      fabricated from an ethylene/vinyl acetate copolymer having a vinyl acetate
      content of less than 10 percent by weight to the ethylene/vinyl acetate
      coating layer 13 having a vinyl acetate content greater than 10 percent by
      weight eliminates the problems encountered with the tacky resin and
      provides a gas impermeable laminated film which is heat sealable in the
      conventional manner.
PAR  It is a further critical feature of the present invention that the film
      layer 14 laminated to the tacky ethylene/vinyl acetate copolymer layer 13
      be a ethylene/vinyl acetate copolymer film. If it is attempted to laminate
      a film layer to the coating layer 13 which does not contain vinyl acetate
      as for example a polyolefin homopolymer film layer, the extrusion
      temperatures required for effective bonding of the two layers causes
      deleterious odor producing decomposition of the ethylene/vinyl acetate
      copolymer layer 13.
PAR  The oriented polypropylene film which is employed as the base layer
      suitably has a thickness between about 0.4 and 10 mils and preferably
      between about 0.5 and 3.0 mils. Advantageously, a biaxially oriented
      polypropylene film layer is employed.
PAR  Saran coating materials utilized for the purposes of the present invention
      and applied to the based film are vinylidene chloride copolymers
      containing from about 70 to 95 percent by weight and preferably, from
      about 80 to 92 percent by weight vinylidene chloride, and correspondingly
      from from 5 to 30 percent by weight and preferably about 8 to 20 percent
      by weight, of one or more ethylenically unsaturated monomers polymerizable
      therewith. Copolymerizable monomers include vinyl chloride, acrylonitrile,
      acrylic acid esters, methacrylic acid esters, maleic acid esters fumaric
      acid esters, itaconic acid esters, the alcohol constituents of these
      esters containing 1-6 carbon atoms, methyl vinyl ketone, vinyl acetate,
      styrene, dichlorovinylidene fluoride, butadiene, chlorobutadiene, isoprene
      and vinyl pyridine.
PAR  In order to achieve a substantial bond between the polypropylene base film
      and the saran coating, it has been found beneficial to treat the
      polypropylene film surface to be coated according to any of a number of a
      conventional surface oxidation techniques. Satisfactory surface treatment
      may be accomplished by the well-known electrical discharge or corona
      discharge techniques as for example disclosed in U.S. Pat. No. 2,810,933
      or British Patent No. 715,914 or chemical oxidation as for example with
      chromic acid (U.S. Pat. No. 2,668,134), ozone (U.S. Pat. No. 2,715,075) or
      flame treatment U.S. Pat. No. 2,632,921).
PAR  The coating application of the saran polymer may be conveniently made by
      spraying or spread coating a solution or dispersion thereof on the surface
      of the oxidized polypropylene base film, application from an etched or
      engraved cylinder being preferred. In this connection, a relatively
      volatile solvent for the saran polymer is employed in order to obtain
      rapid drying of the applied saran coating and to insure the rapid
      permeation of any retained solvent through the base film to facilitate its
      eventual removal as described above. Solvents generally employed include
      acetone, methyl ethyl ketone and ethyl acetate. In preparing the saran
      coating solutions, the solvent content is maintained in the range of about
      15 to 35 percent by weight saran polymer.
PAR  The saran coating applied to the surface oxidized polypropylene base film
      is advantageously applied at a coating weight in the order of 0.3 to 0.4
      pounds per 1000 square feet of substrate surface. After the coating
      solution is applied to the oriented polypropylene film substrate, the
      solvent is removed therefrom, preferably at temperatures in the range of
      150.degree. to 200.degree.F and forced draft conditions. The dried coated
      film is stored for at least 48 hours, preferably in roll form, and then
      unwound and exposed to a stream of air to effect removal of any solvent
      residuim resulting from the saran coating application. The saran coated
      side of this film is then laminated to the first and second ethylene/vinyl
      acetate copolymer layers by any suitable means.
PAR  Advantageously the laminated films of the present invention are prepared
      using sandwich lamination techniques wherein separate webs of the saran
      coated polypropylene and second ethylene/vinyl acetate copolymer are
      passed and directed to converge beneath an extruder die from which a
      molten layer of the first ethylene/vinyl acetate copolymer is continuously
      extruded at a temperature of 425.degree.-475.degree.F. The first
      ethylene/vinyl acetate copolymer is extruded between the two converging
      webs in such a manner that a continuous molten layer of the first
      ethylene/vinyl acetate copolymer simultaneously contacts and adheres to
      the saran coated surface of the polypropylene web and the opposed surface
      of the second ethylene/vinyl acetate web. The converged webs containing
      the intermediate first ethylene/vinyl acetate copolymer are then passed
      between the nip of a pair of cooperating rolls wherein the molten layer is
      chilled, solidified and laminated to the separate webs by the action of
      the rolls of which at least one is maintained at a temperature below the
      fusion temperature of the first ethylene/vinyl acetate copolymer.
PAR  Generally the first ethylene/vinyl acetate copolymer layer is a copolymer
      containing from 10 to 30 weight percent vinyl acetate and from 70 to 90
      weight percent ethylene and preferably 16 to 22 weight percent vinyl
      acetate and 78 to 84 percent ethylene. This extruded first ethylene/vinyl
      acetate copolymer layer may vary in thickness from 0.3 to 4.0 mils, the
      preferred range of the first ethylene/vinyl acetate copolymer coating
      thickness ranging from 0.5 to 2.0 mils.
PAR  The second ethylene/vinyl acetate copolymer web is prepared from an
      ethylene/vinyl acetate copolymer having a vinyl acetate content less than
      10 percent by weight and advantageously has a vinyl acetate content
      between 1 and 10 percent by weight and ethylene content between 90 and 99
      percent by weight and preferably a vinyl acetate content between 2.5 and
      7.5 percent by weight and an ethylene content between 92.5 and 97.5
      percent by weight. The film of the second ethylene/vinyl acetate copolymer
      employed in preparing the laminates of the present invention has a
      thickness between 0.5 ad 10 mils and preferably between about 0.5 and 2
      mils.
PAR  Stabilizers, lubricants, slip agents, plasticizers, dyes, pigments,
      antistatic agents and fillers can be incorporated on any layer of the
      laminate film when required.
PAR  The laminated film products of the present invention are possessed of
      strong and effective bonds between the various layers that make up the
      laminated structure. In most instances, the joined layers are extremely
      difficult, if not impossible to strip apart or delaminate by ordinary
      physical methods.
PAR  The laminated film products of the present invention are capable of being
      joined or thermally welded by conventional heat sealing techniques and
      have particular utility as wrapping and packaging materials for foodstuffs
      and for other articles such as pharmaceuticals medicinal products and the
      like when it is desired to protect the packaged article from the unwanted
      effects of moisture and oxygen.
PAR  Certain preferred embodiments of the invention and a method of preparation
      of the laminate films of the present invention are illustrated in the
      following Example.
PAC  EXAMPLE
PAR  A commercially available saran emulsion coated biaxially oriented
      polypropylene film having a total thickness of 1.0 mils (Hercules
      Company's HB 500) was sandwich extrusion laminated to an ethylene/vinyl
      acetate copolymer film containing 6% by weight vinyl acetate having a
      thickness of 1.25 mils by means of an extruded ethylene/vinyl acetate
      copolymer having a vinyl acetate content of 20 weight percent. The
      extruder and die temperature were adjusted in such a manner that the melt
      exiting from the die had a temperature of 450.degree.F. The thickness of
      the ethylene/vinyl acetate copolymer extrusion ply was 1.5 mils.
PAR  The finished laminated film had the following properties:
TBL  Oxygen Transmission Rate                                                  

                    (cc/100 sq.in./24 hrs.)                                    

                                  1.1                                          

     Moisture Transmission Rate                                                

                    (g/100 sq.in./24 hrs.)                                     

                                  0.15                                         

     Puncture Resistance                                                       

                    (Beach Test-ASTM D781                                      

                                  17.0 (inch-lbs.)                             

     Clarity        (Gardner)     14.0                                         

     Heat Seal Range                                                           

                    (Back-to-Back)                                             

                                  275 thru 400.degree.F.                       

     Heat Seal Strength                                                        

                    (B/B,350.degree.F.,40 psi 1/2 sec.) 4800 grams/in.         

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A laminated, heat sealable film having low oxygen and water vapor
      permeability comprising
PA1  a. a base layer, of an oriented polypropylene film
PA1  b. a thin continuous layer of a vinylidene chloride polymer containing at
      least 75 weight percent vinylidene chloride bonded to one surface of the
      base layer,
PA1  c. a thin continuous layer of a first ethylene/vinyl acetate copolymer
      bonded to the vinylidene polymer layer, the first ethylene/vinyl acetate
      copolymer having a vinyl acetate content greater than 10 to about 30
      percent by weight, and
PA1  d. a top layer of a second ethylene/vinyl acetate copolymer having a vinyl
      acetate content of about 2.5 to 7.5 percent by weight bonded to the first
      ethylene/vinyl acetate copolymer layer.
NUM  2.
PAR  2. The laminated film of claim 1 wherein the polypropylene based layer is a
      biaxially oriented film layer.
NUM  3.
PAR  3. The laminated film of claim 1 wherein the vinylidene chloride polymer is
      a copolymer containing 75 to 92 percent by weight of vinylidene chloride
      and 8 to 25 percent by weight of a copolymerizable ethylenically
      unsaturated monomer.
NUM  4.
PAR  4. The laminated film of claim 1 wherein the polypropylene base layer is
      surface oxidized before application of the vinylidene polymer layer.
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ABST
PAL  A pre-treatment method for electroless plating of metal film resistors is
      provided. Said method is characterized in that a stabilized and uniform
      activating film is formed on the base material to be plated by sequential
      treatment of said base material with a stannous chloride (SnCl.sub.2)
      solution, a silver salt solution, a second stannous chloride solution and
      a palladium, a palladium chloride (PdCl.sub.2) solution. The resultant
      alloy film has improved resistance to exfoliation.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention relates to a pre-treatment method for electroless plating a
      stable metal film resistor on the base material to be plated. Said method
      comprises causing a stabilized activating film to form on the base
      material to be plated, which film will not be exfoliated by washing in
      water or the like when the metal film resistor is deposited on base
      material e.g. ceramic or glass, by an electroless plating method.
PAR  Heretofore, in case of forming a metal film by the known pre-treatment in
      the known electroless plating method, firstly a base material (glass,
      ceramic, or the like), after degreasing and washing with water, was caused
      to adsorb tin by employing a stannous chloride solution. Secondly said
      base material was subjected to an activating pre-treatment with palladium
      by employing a palladium chloride solution. Lastly a metal film was caused
      to form on said base material by an electroless plating bath. However, the
      known method was useless to obtain a uniform and stabilized metal film as
      resistor of satisfactory properties. In order to overcome this difficulty,
      various kinds of electroless plating baths have been introduced but no
      satisfactory result has been achieved.
PAR  After a careful analytical study of the reason, the applicant has reached
      the conclusion that follows: after causing the base material to adsorb a
      stannous or palladium ion in the pre-treatment, said base material is
      subjected to a washing process, and during this washing process the
      adsorbed tin or palladium is detached from the base material, whereby
      uniformity of the activating film is lost. To be more precise, in the case
      of electroless plating without the objective of producing resistance,
      thick plating is desired and therefore irregularity of the activating film
      and the like hardly has a serious effect on the properties of the product.
      On the other hand, if the objective is to produce resistance, unevenness
      of the activating film will pose a serious problem because a thin,
      extremely uniform film is required in that case.
PAR  After careful studies based upon the foregoing concept and with the aim of
      obtaining an activating film undetachable from the base material during
      washing in water, applicant has ascertained the fact that a stabilized and
      uniform activating film suitable for electroless plating of a resistance
      film can be obtained by employing a silver mirror reaction during the
      pre-treatment. For example, prior to the known method of electroless
      plating pre-treatment in which a base material to be plated is sensitized
      by submerging it in a stannous chloride solution, washed in water, and
      then activated by submerging it in a palladium chloride solution, this
      invention has introduced an additional step in which the base material is
      first treated with a stannous chloride solution, washed in water, and then
      subjected to a treatment with a silver salt solution so as to produce a
      silver mirror reaction. Needless to say, the addition of the silver mirror
      reaction is not restricted to the order mentioned, viz., there can be a
      variation in the order of the combination of the treatments by the
      stannous chloride solution, silver salt solution and palladium chloride
      solution.
PAR  Thus a highly stabilized and uniform activating film can be produced on the
      base material which is free from detachment during washing in water or the
      like. An extremely uniform and stabilized film as resistor is obtainable
      by subjecting said base material to the electroless plating according to
      the known method.
DETD
PAR  The effect of this invention will now be described in detail in reference
      to an example. Firstly, as a sensitizing solution is used an aqueous
      solution comprising stannous chloride and hydrochloric acid, for example,
      an aqueous solution is prepared by adding 5 g of stannous chloride and 10'
      cc of hydrochloric acid to 1 liter of water. Next, the silver solution for
      causing a silvered mirror reaction is prepared by making use of silver
      salts, such as silver nitrate (AgNO.sub.3), silver chloride and the like,
      for example, an aqueous solution prepared by dissolving 5 g of silver
      nitrate in 1 liter of water and then adding a small amount of ammonia
      water thereto.
PAR  The activating solution is an aqueous solution comprising palladium
      chloride and hydrochloric acid, for example, 5 g of palladium chloride is
      heated and dissolved with 5 cc of hydrochloride acid, a dilute solution
      being prepared by adding 0.2 cc of the resultant solution to 1 liter of
      water. These pre-treatment solutions are required, for obtaining desirous
      results, to be treated in temperature ranging from 15.degree.C to
      50.degree.C and more preferably from 20.degree.C to 30.degree.C. Time
      required for the treatment ranges from 1 to 10 minutes and preferably 3 -
      5 minutes.
PAR  The present invention is applicable to electroless plating of the
      nickel-cobalt or nickel-chromium system.
PAR  The electroless plating bath comprises, for example, a composition as
      mentioned hereinunder.
TBL  ______________________________________                                    

     NiSO.sub.4.6H.sub.2 O                                                     

                     3 (g/l.)                                                  

     CoSO.sub.4.7H.sub.2 O                                                     

                     30 (g/l.)                                                 

     Na.sub.2 C.sub.4 H.sub.4 O.sub.5.1/2 H.sub.2 O                            

                     30 (g/l.)                                                 

     Na.sub.3 C.sub.6 H.sub.5 O.sub.7.2H.sub.2 O                               

                    180 (g/l.)                                                 

     NaH.sub.2 PO.sub.2.H.sub.2 O                                              

                     50 (g/l.)                                                 

     pH              10                                                        

     Temparature     30 (.degree.C)                                            

     Plating Time    8 (Minutes)                                               

     Base Material   4.5.phi. .times. 14 mm forsterite.                        

     ______________________________________                                    

PAR  The following table shows the result of comparison between the properties
      of each resistor produced by the conventional pre-treatment and the method
      of this invention.
TBL  __________________________________________________________________________

     CONVENTIONAL METHOD   (Testing Method: JIS C 6402)                        

     Pre-Treatment         Short-time Overload                                 

                                         Pulse Test    Endurance Test          

                           Test                                                

                           Finished      Finished      Finished                

                           Product       Product       Product                 

     Sensitization                                                             

             Activation                                                        

                   Electroless                                                 

                           Resistance                                          

                                  Variation                                    

                                         Resistance                            

                                                Variation                      

                                                       Resistance              

                                                              Variation        

                   Plating Value (K.OMEGA.)                                    

                                  Rate (%)                                     

                                         Value (K.OMEGA.)                      

                                                Rate (%)                       

                                                       Value                   

                                                              Rate             

     __________________________________________________________________________

                                                              (%).)            

     Washing Washing                                                           

                   Washing 101.8  +2.88  256.2  Burn damage                    

                                                        965.0 .infin.          

                   Ni-CO    99.9  Burn damage                                  

                                         256.2  Burn damage                    

                                                        985.4 .infin.          

     SnCl.sub.2                                                                

             PdCl.sub.2                                                        

                   electroless                                                 

                           102.4  Burn damage                                  

                                         242.1  Burn damage                    

                                                       1000.1 +47.20           

     solution                                                                  

             solution                                                          

                   plating 101.4  +20.90 260.3  Burn damage                    

                                                        993.4 .infin.          

                   solution                                                    

                           100.4  +50.00 265.3  Burn damage                    

                                                        981.0 +39.40           

     __________________________________________________________________________

TBL                METHOD OF THIS INVENTION                                    

     ______________________________________                                    

     Pre-Treatment                                                             

     Washing                                                                   

     Sensiti-                                                                  

             Silvered  Sensiti-  Activa- Electro-                              

     zation  Mirror    zation    tion    less                                  

             Reaction                    Plating                               

     ______________________________________                                    

                                         Ni-CO                                 

     SnCl.sub.2                                                                

             Ag        SnCl.sub.2                                              

                                 PdCl.sub.2                                    

                                         Electro-                              

                                         less                                  

     Solution                                                                  

             Solution  Solution  Solution                                      

                                         Plating                               

                                         Solution                              

     ______________________________________                                    

TBL                                    METHOD OF THIS INVENTION                

     __________________________________________________________________________

     (Testing Method: JIS C 6402)                                              

     Short-time Overload                                                       

                 Pulse Test  Endurance Test                                    

     Test                                                                      

     Finished    Finished    Finished                                          

     Product                                                                   

           Variation                                                           

                 Product                                                       

                       Variation                                               

                             Product                                           

                                    Variation                                  

     Resistance                                                                

           Rate (%)                                                            

                 Resistance                                                    

                       Rate (%)                                                

                             Resistance                                        

                                    Rate (%)                                   

     Value (K.OMEGA.)                                                          

                 Value (K.OMEGA.)                                              

                             Value (K.OMEGA.)                                  

     __________________________________________________________________________

     99.9  +0.06 263.7 -0.04 980.6  +0.30                                      

     100.1 +0.03 263.2 -0.05 1006.6  0                                         

     100.1 +0.02 266.5 -0.07 976.7  +0.20                                      

     99.6  +0.01 264.3 -0.08 982.4  +0.20                                      

     98.5  +0.01 263.2 -0.05 990.2  +0.10                                      

     __________________________________________________________________________

PAR  As is clear from the above example, the pre-treatment of this invention
      enables one to obtain resistor of far better properties than those of the
      conventional processes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for forming metal film resistor on nonmetallic substrate by
      means of electroless plating, wherein said substrate is sequentially
      pre-treated with a first stannous chloride solution, silver salt solution,
      a second stannous chloride solution and further with palladium chloride
      solution and then forming a metal film resistor on said pre-treated
      substrate by electroless plating.
NUM  2.
PAR  2. A method according to claim 1 wherein glass or ceramic is used as the
      nonmetallic substrate.
NUM  3.
PAR  3. A method according to claim 2 wherein the silver salt is AgNO.sub.3 or
      AgCl.
NUM  4.
PAR  4. A method according to claim 3 wherein the silver salt solution contains
      a small amount of ammonia water therein and the silver salt is AgNO.sub.3
      at a concentration of about 5g/l.
NUM  5.
PAR  5. The glass or ceramic substrate pre-treated by the method of claim 1.
NUM  6.
PAR  6. A method according to claim 1 wherein nickel-cobalt alloy or
      nickel-chrome alloy is the metal which is electrolessly plated.
NUM  7.
PAR  7. Metal film resistors produced by means of electroless plating according
      to the method of claim 6.
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ABST
PAL  A relatively uniform thin coating of a solid phenolic reactant can be
      applied to a paper base by contacting said paper base with a thin film of
      a solution consisting essentially of said phenolic reactant in a volatile
      organic solvent and immediately evaporating said solvent and,
      unexpectedly, said phenolic reactant is retained essentially completely on
      the contacted surface of the paper base. Thusly applied, it has been found
      that well defined colored marks are formed on the surface of the paper
      base on marking the surface with a colorless marking ink.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the production of a reactant sheet for use as a
      receiving and color developing sheet for colorless dye images and to a
      method of developing such images.
PAC  PRIOR ART
PAR  Reactant sheets of this type are usually used in conjunction with a
      transfer sheet which contains a colorless marking ink such as crystal
      violet lactone dissolved in a carrier liquid such as chlorinated diphenyl.
      A pressure image such as is produced by the striking of a typewriter key
      releases, in areas where the pressure is applied, a small amount of the
      colorless marking ink and transfers it to the surface of the receiving
      sheet. A colored image develops in the areas where the marking ink is
      transferred to the reactant sheet. Such a reactant sheet and process for
      making it are described in U.S. Pat. No. 2,699,432 issued to Marra et al.
      In this patent, a reactive pigment such as attapulgite (attapulgus clay)
      or a zeolitic material is dispersed in an aqueous binder composition
      containing ammonium caseinate, sodium silicate, and 9 butadiene-styrene
      copolymer latex. The pigmented coating composition, when coated and dried
      on a paper base, produces a blue mark where it is contacted by a colorless
      marking ink containing crystal violet lactone. In general, it is necessary
      to apply 2 to 3 pounds or more per ream (1300 square feet) of the above
      dried coating to paper in order to fully develop the colorless dye.
PAR  The necessity of using such heavy coatings on paper has a detrimental
      effect on the strength properties and appearance and feel of the paper.
      This is particularly so where extremely thin papers are desired as the
      weight of the coating may be as much as 30 percent of the total paper
      weight. Thin papers of high strengths are necessary in the production of
      manifold forms where the paper is subjected to punching, perforating,
      folding and collating operations.
PAR  Incorporation of a reactive pigment into the paper at the wet end of the
      papermachine has also been tried but has not been commercially successful
      since large amounts of pigment, at least 16 percent of the finished paper
      weight, were required to produce a satisfactory colored mark with a
      colorless marking ink. The presence of the reactive pigment in the paper
      had a detrimental effect on the strength and aging properties of the
      paper. Furthermore, the bulk of the reactant pigment was not on the
      surface of the paper and, thus, sharp and clear images were not produced.
PAC  SUMMARY AND OBJECTS
PAR  It has been found that a relatively uniform thin coating of a solid
      phenolic reactant can be applied to a paper base by contacting said paper
      base with a thin film of a solution consisting essentially of said
      phenolic reactant in a volatile organic solvent and immediately
      evaporating said solvent and unexpectedly that said phenolic reactant is
      retained essentially completely on the contacted surface of the paper
      base. Thusly applied, the phenolic reactant is readily available for
      reaction with a colorless dye and it has been found that well defined
      colored marks are formed on the surface of the paper base on marking the
      surface with a colorless marking ink containing a colorless dye dissolved
      in a carrier liquid.
PAR  The amount of phenolic reactant coating necessary to produce a satisfactory
      mark is in the range of 0.01 to 0.2 pounds per ream of 1300 square feet
      (0.023 to 0.46 pound per ream of 3,000 square feet), depending somewhat on
      the particular phenolic reactant used. Such a small amount of coating does
      not materially affect the properties, particularly the strength, handling
      and printing properties, of the paper base to which it is applied. Thus,
      reactant sheets resembling light weight bond papers may be produced,
      whereas it was necessary to coat the prior art reactant sheets with 2 to 3
      pounds per ream of reactant coating to obtain commercially acceptable
      paper. Such coated prior art reactant sheets do not have the handling and
      printing properties of bond papers and the strength properties for the
      same weight of paper are considerably less.
PAR  Accordingly, it is an object of this invention to provide a reactant sheeet
      for developing colorless dye images having improved strength, handling and
      printing properties.
PAR  Another object of the invention is to provide a reactant sheet in which a
      phenolic reactant is essentially completely retained on the paper surface
      and is readily available for developing colorless dye images applied
      thereon.
PAR  It is another object of the invention to provide a method of making the
      above reactant sheet.
PAR  A further object of the invention is to provide a method of producing a
      colored image on the surface of a reactant sheet having improved strength,
      handling and printing properties over those of prior art reactant sheets.
DETD
PAC  DESCRIPTION
PAR  The color developing reactants used in the present invention are
      essentially solid, non-volatile, water insoluble phenolic materials. Such
      materials must be capable of reacting with a colorless dye dissolved in a
      carrier liquid to produce a colored material. Since the color is developed
      only on intimate molecular contact of the phenolic materials with the
      colorless dye, the phenolic materials must be soluble at least in limited
      amounts in the carrier liquid. They also should be chemically stable and
      particularly non-reactive toward the papermaking chemicals present in the
      paper base. It is also desirable that the phenolic materials are
      relatively colorless and that they should not discolor with age. Suitable
      phenolic materials are characterized by having at least one position ortho
      to the phenolic OH group occupied by a hydrogen, halogen, hydroxyl, methyl
      or methylene group. A preferred group of phenolic materials are the para
      substituted phenol formaldehyde novolak condensation polymers, for
      example, a paraphenylphenol formaldehyde condensation polymer having a
      ring and ball softening point of 195.degree. to 225.degree. F.
PAR  The colorless dyes may be selected from certain of the quinoid ionic type
      dyes, particularly various lactone, lactam, or auramine leuco dyes such
      as, for example, crystal violet lactone, malachite green lactone, 1, 1-bis
      (para amino-phenyl) phthalen and 2, 5 dichlorophenyl leuco auramine.
PAR  The reactant coating composition is essentially a solution of the phenolic
      material in a volatile organic solvent. The solvent should be fast drying
      and should preferably dissolve up to an equal amount of the phenolic
      material so that the desired amounts of dried phenolic materials can be
      obtained by applying the thin wet films of the thickness specified by this
      invention. Such fast drying solvents include toluene, xylene, isopropryl
      alcohol, acetone, methyl ethyl ketone and butyl acetate.
PAR  The phenolic coating composition may be applied to the paper base by any
      method in which the paper base is brought into pressure contact with a
      uniform wet film of the coating composition having a thickness of
      substantially not more than 2.times.10.sup.-.sup.4 inches. This
      corresponds to a wet film as applied to the paper having a thickness of
      1.times.10.sup.-.sup.4 inches. Above this limit, the phenolic coating
      composition will penetrate the paper base. For example, penetration of a
      15 pound form bond paper occurred when contacted with a wet film of
      phenolic coating composition (50% p-phenylphenol aldehyde condensate
      solution in toluene) having a thickness of 2.8.times.10.sup.-.sup.4
      inches.
PAR  Below an applied thickness of 5.times.10.sup.-.sup.6, it is impossible to
      obtain a uniform coating of dried phenolic material of sufficient quantity
      to develop a well defined colored mark. A preferred range of applied wet
      film thickness is 2.times.10.sup.-.sup.5 to 8.times.10.sup.-.sup.5 inches.
PAR  The preferred method of applying the thin coating of phenolic material is
      by a modified offset gravure printing means. The phenolic coating
      composition is metered onto an etched or engraved gravure roll by passing
      through a pressure nip formed by the gravure roll and a hard surfaced
      roll, i.e. hard rubber roll. Metered film is then transferred in part by
      rolling pressure contact to a roll of softer composition; i.e. a soft
      rubber roll, from which it is transferred to the surface of the paper base
      by rolling pressure contact therewith. The pressure between the soft
      rubber roll and a roll backing the paper is not critical but is of a low
      order, being just sufficient to establish positive uniform contact of the
      film of coating with the surface of the paper base.
PAR  Using the thin wet films of this invention and fast drying solvents, the
      solvent portion of the coating composition, whether by air drying or oven
      drying, is evaporated so quickly that penetration of phenolic material
      into the base is essentially eliminated. Thin coatings of phenolic
      materials have been applied to as widely diversified paper surfaces as
      porous filter paper and a dense pigment coated printing paper. Examination
      of the above coated papers showed that in both case phenolic material was
      tightly adhered to and essentially completely retained on the exposed
      surfaces of the top layer of fibers or pigment particles. Both of the
      above phenolic coated papers gave well defined colored images when tested
      with a colorless marking ink containing crystal violet lactone.
PAR  The concentration of phenolic material in the coating composition does not
      affect penetration of the composition into a paper base when applied by
      the method of the present invention. Coating compositions containing from
      1 to 40% of a phenolic material, a paraphenylphenol formaldehyde polymeric
      condensate, in toluene were applied to a form bond paper without
      observable penetration of phenolic material. The preferred amount of
      paraphenylphenol is 0.02 to 0.2 pounds per ream of 1300 square feet (0.046
      to 0.46 pound per ream of 3,000 square feet). Both above and below this
      amount, the intensity of the colored mark is poorer than within the
      preferred range.
PAR  At the wet film thicknesses used in the process of the present invention,
      viscosity of the phenolic coating composition does not affect the
      penetration of phenolic material. However, it has been found that using
      the preferred method of the present invention, it is preferred to keep
      viscosity of the phenolic coating composition low, in fact below that
      which causes an excess of liquid composition over that which is in the
      recesses of the gravure roll to pass between the hard rubber roll and the
      gravure roll.
PAR  By way of illustration, but not by way of limiting the scope of the
      invention, the following examples are set forth.
PAC  EXAMPLE 1
PAR  A 15 pound per ream uncoated form bond paper containing about 6% clay
      filler was coated at 800 feet per minute using offset gravure printing
      means as previously described. A 17.2% solution of paraphenylphenol
      formaldehyde condensate in toluene was applied in a wet film thickness of
      about 7.3.times.10.sup.-.sup.5 inches and dried in a forced air oven at
      188.degree. F. to give a dried coating of condensate of 0.074 pounds per
      ream of 1300 square feet on the surface of the paper.
PAC  EXAMPLE 2
PAR  A 13% solution of paraphenylphenol formaldehyde condensate in toluene was
      applied to 15 pound form bond paper in the manner of Example 1. A
      7.1.times.10.sup.-.sup.5 inch wet film thickness of the solution was
      applied to the paper and the dried film was 0.055 pounds per ream.
PAR  A comparison of the properties of the coated papers prepared in Examples 1
      and 2 with properties of a commercially prepared attapulgus clay coated
      reactant sheet is given in the following table.
TBL  __________________________________________________________________________

     Properties        Prior Art                                               

                                Reactant Sheet Form                            

                       Attapulgus clay                                         

                                prepared by    Bond                            

                       reactant sheet                                          

                                Example 1                                      

                                         Example 2                             

                                               Paper                           

     __________________________________________________________________________

     Basis Weight (1300 sq. ft.)                                               

                       16.4     15.3     14.9  15.3                            

     Burst Factor      19.4     24.2     25.0  23.6                            

     Tear Factor                                                               

     MD                59.7     71.7     73.6  73.0                            

     AM                68.8     84.9     85.7  86.3                            

     Gurley Stiffness                                                          

     MD                68.7     95.5     93.8  95.5                            

     AM                33.5     48.6     43.6  46.9                            

     Perforation Strength.sup.1                                                

     MD                188      248      205   272                             

     AM                305      411      406   469                             

     Sheffield Smoothness coat side                                            

                       93       113      116   124                             

     Calender Intensity.sup.2                                                  

                       50.0     54.6     57.9  --                              

     Typewriter Intensity.sup.3                                                

                       62.7     63.2     65.9  --                              

     Legibility of typed characters.sup.4                                      

                       good     good     good  --                              

     __________________________________________________________________________

     .sup.1 The perforation strength was determined by the method described    

     in Patent No. 3,099,153.                                                  

     .sup.2 Calender intensity is a contrast ratio whereas the lower the       

     numerical values, the greater the intensity of color. This value is       

     determined by placing the coated side of a reactant paper to be tested    

     in                                                                        

     contact with the coated side of a standardized transfer sheet, such as    

     is                                                                        

     described in Patent 2,711,375 granted to Robert W. Sandberg on June 21,   

     1955, and then passing the superimposed papers through a calender         

     machine, the rolls of which are subjected to a known standard load. A     

     Bausch & Lomb Opacimeter is employed to obtain at least three             

     measurements of the percent reflectance of the printed and unprinted      

     areas of the reactant paper 30 seconds after calendering and the results  

     of such measurements are averaged. The calender intensity ratio in per    

     cent is then calculated according to the formula:                         

                       average printed area reflectance                        

     Calender intensity =               .times. 100.                           

                       average non-printed area reflectance                    

     .sup.3 Typewriter intensity is a contrast ratio similar to calender       

     intensity.                                                                

     It is determined in a similar way to calender intensity except that       

     instead                                                                   

     of passing the superimposed transfer and reactant paper through a         

     calender,                                                                 

     closely spaced "m's" are typed on the superimposed papers using a         

     special                                                                   

     electric typewriter with no ribbon and the opacimeter readings are made   

     on the reactant paper 20 minutes after typing.                            

     .sup.4 This is a subjective test made by typing on a transfer sheet       

     superimposed on a reactant sheet and judging the appearance of the typed  

     reproduction.                                                             

     __________________________________________________________________________

PAR  Coating of the form bond paper with the phenolic materials has no
      significant effect on the strength properties of the paper.
PAR  The superior strength properties of the paper coated with paraphenylphenol
      formaldehyde condensate as prepared in Examples 1 and 2 over those of the
      prior art attapulgus clay coated sheet are apparent from a comparison of
      the burst, tear, stiffness and perforation strength results. The
      legibility of the typed characters is equivalent to that produced on the
      prior art reactant sheet. The calender and typewriter intensity of the
      reactant sheet produced by Example 1 were 54.6 and 63.2, respectively, as
      compared to 50.0 and 62.7 for the prior art sheet. Calendering of the
      reactant sheet of Example 1 to a 90 Sheffield smoothness, as compared to
      the prior art sheet smoothness of 93, produced a reactant sheet with
      calender and typewriter values intensity of 52.3 and 62.5, respectively.
PAR  The handling and printing properties of the reactant sheet prepared in
      Example 1, when run on an offset form press and subsequently collated,
      were found to be the same as for the uncoated form bond paper.
PAR  Since the examples described are for the purposes of illustration only, it
      is to be understood that the present invention includes all modifications
      and equivalents which fall within the scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reactant sheet for use in developing a colored image from a colorless
      image formed by application of a colorless dye dissolved in a carrier
      liquid, which comprises a pigment coated paper base substrate having an
      adherent layer of pigment particles on one side, coated on said side with
      a uniform coating consisting of an essentially solid, non-volatile,
      water-insoluble, fusible phenol-formaldehyde condensation polymer which is
      capable of reacting with colorless dyes to form a colored material, said
      polymer being applied to said paper in an amount of the order of 0.01 to
      0.2 pounds of solids per 1300 square feet of paper base, and said polymer
      being substantially completely on the surface of said paper base substrate
      and adherent to and essentially completely retained on the exposed
      surfaces of said adherent layer of said pigment particles on said paper
      base substrate.
NUM  2.
PAR  2. A reactant sheet according to claim 1, wherein said polymer is a
      substituted phenol-formaldehyde novolak condensation product in which at
      least one group ortho to the phenolic OH groups is a hydrogen, hydroxyl,
      halogen, methyl or methylene group.
NUM  3.
PAR  3. A reactant sheet according to claim 2, wherein the said condensation
      polymer is the novolak condensation product of paraphenylphenol and
      formaldehyde.
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ABST
PAL  An underfloor access housing adapted for use with cellular flooring units
      of the type normally placed in building floors, and which provide plural
      cells separated by troughs. The access housing presents a dual outlet
      opening in its top wall, spans across a trough, and is secured to the
      crests of adjacent cells. Trough closures positioned on opposite sides of
      the access housing, enclose a trough space accessible through the dual
      outlet opening. Cell access openings provided in the webs of the flooring
      unit establish communication between the cells and the trough space. A
      partition divides the interiors of the housing and of the trough space
      into separate compartments, each including one of the cell access openings
      and one including the dual outlet opening. The partition is adapted to
      support at least one electrical plug receptacle whereby electrical
      connections may be made beneath the level of the finished floor.
      Fireproofing material provided as an unobtrusive layer or layers serve to
      increase the fire resistance of the access housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an underfloor access housing providing access to
      a plurality of electrical services at one location in the floor, and more
      particularly to an improved access housing arrangement which utilizes the
      trough of a cellular flooring unit.
PAR  2. Description of the Prior Art
PAR  Numerous types of housings are known in the prior art, which are adapted
      for use with underfloor cellular flooring units; which span the distance
      between and communicate with adjoining cells; and which provide access to
      multiple electrical services.
PAR  In one arrangement, the access housing is utilized with a flooring unit
      having a single crest outlet opening providing access to adjacent cells,
      see U.S. Pat. Nos. 3,303,264 (SAUL et al., February 1967); 3,751,576
      (KLINKMAN et al., August 1973).
PAR  In another arrangement, the access housing spans across adjacent cells of
      the flooring unit. Crest access openings, one for each cell, establish
      communication with the interior of the access housing. See for example
      U.S. Pat. Nos. 2.073,490 (LEWIN, March 1937); 3,592,956 (FORK, July 1971);
      3,609,210 (GURITZ, September 1971); 3,676,568 (FORK, July 1972); 3,701,837
      (FORK, October 1972).
PAR  In another arrangement, a housing is provided in the form of a cylindrical
      base cup which cooperates with confronting openings formed in the
      confronting webs of a cellular flooring unit. The base cup is adapted to
      be installed after the concrete has been poured and hardened. That is, an
      opening is made in the concrete at the preselected location above the
      electrical raceway. The housing is then inserted into the opening and is
      secured in place. See U.S. Pat. No. 3,417,191 (FORK, December 1968).
PAR  Flooring units having openings in the confronting webs presented in a
      trough are known in the art. See U.S. Pat. Nos. 3,426,492 and 3,426,802
      (FORK, February 1969). A flooring unit with web access openings also is
      disclosed in copending U.S. patent application Ser. No. 342,478 filed Mar.
      19, 1973, which has been abandoned in favor of continuation-in-part of
      application Ser. No. 489,173 filed July 17, 1974, both assigned to the
      assignee of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of this invention is to provide an improved access
      housing arrangement wherein a trough space of a cellular flooring unit is
      utilized to house one or more duplex receptacles and one or more telephone
      cable connectors.
PAR  Another object of this invention is to provide an improved access housing
      arrangement which can be utilized with shallower concrete layers.
PAR  Still another object of this invention is to provide an improved access
      housing arrangement having increased fire resistance.
PAR  A further object of this invention is to provide an access housing having
      an improved dual outlet opening arrangement by which through passage is
      provided for a partition having a minimum passing dimension which is
      greater than the inner diameter of the dual outlet opening.
PAR  The present invention is directed to an access housing arrangement adapted
      for use in an electrical wiring distributing floor structure of the type
      including cellular flooring units providing generally parallel enclosed
      cells. The present access housing arrangement is particularly adapted for
      use with those metal cellular units having spaced crests separated by
      relatively wide troughs. Each trough comprises a valley and confronting
      inclined webs which connect the valley to the spaced crests. An access
      housing is provided which spans across one trough and has opposite end
      portions overlying and secured to the spaced crests. The access housing
      presents upstanding opposite side walls, opposite end walls and a top wall
      provided with a dual outlet opening.
PAR  In accordance with the present invention, distinct trough closures are
      provided one along each side of the access housing. The trough closures
      enclose a trough space which is accessible through the dual outlet opening
      and which contains a valley segment and confronting web segments of the
      flooring unit. Each of the confronting web segments is provided with a web
      access opening establishing communication between each cell of the
      adjacent cells and the trough space. A partition divides the trough space
      and the housing interior into separate chambers, each containing one of
      the web access openings, and one containing the dual outlet opening. One
      or more duplex receptacles supported by the partitions, reside within one
      of the chambers and are accessible from the other chamber. The other
      chamber may contain one or more telephone cable connector units.
PAR  In the present arrangement, the trough closures are installed in the
      flooring unit trough. Thereafter the access housing is installed between
      the trough closures and is secured to the flooring unit. It will be
      appreciated that by employing distinct trough closures, any one of a
      plurality of access housings having different lengths and/or heights, may
      be used.
PAR  Further in accordance with the present invention, an access housing is
      provided wherein the top wall thereof presents notches on opposite sides
      of the dual outlet opening, each of the notches having an open end at the
      periphery of the dual outlet opening. The arrangement is such that the
      notches cooperate with the dual outlet opening to provide through passage
      for a partition having a minimum passing dimension which is greater than
      the inner diameter of the dual outlet opening.
PAR  The present invention further provides an improved floor structure of the
      type having a layer of monolithic concrete as the major weight component
      of the floor structure. The layer of monolithic concrete has an upper
      surface and a lower surface. A cavity is provided within the layer of
      monolithic concrete and extends from the upper surface through the lower
      surface. A quantity of fireproofing material is disposed within the
      cavity. The fireproofing material has a volume which is a minor fraction
      of the volume of the cavity. The fireproofing material is adapted to
      yield, under fire conditions, a stable incombustible mass which seals the
      cavity against through passage of heat and smoke. The fireproofing
      material preferably is provided as unobtrusive layer or layers within the
      cavity. The fireproofing material may be of the type which yields a
      stable, void filling, glass-ceramic foam.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING(S)
PAR  FIG. 1 is an isometric view of a metal subfloor incorporating underfloor
      access housings of this invention and underfloor electrical trench
      components;
PAR  FIG. 2 is a fragmentary perspective view of a cellular flooring unit
      incorporating an underfloor access housing of this invention;
PAR  FIG. 3 is a fragmentary plan view of the access housing and flooring unit
      of FIG. 2;
PAR  FIG. 4 is a fragmentary cross-sectional view, taken along the line 4--4 of
      FIG. 3, illustrating the access housing with a closure cap;
PAR  FIG. 5 is a fragmentary cross-sectional view taken along the line 5--5 of
      FIG. 3;
PAR  FIG. 6 is a cross-sectional view taken along the line 6--6 of FIG. 3;
PAR  FIG. 7 is a front elevation view of a trough closure;
PAR  FIG. 8 is a cross-sectional view taken along the line 8--8 of FIG. 7;
PAR  FIG. 9 is a cross-sectional view taken along the line 9--9 of FIG. 8;
PAR  FIG. 10 is a fragmentary isometric view illustrating an upper corner
      portion of a trough closure;
PAR  FIG. 11 is a fragmentary isometric view, similar to FIG. 10, illustrating
      an alternative upper flange configuration;
PAR  FIG. 12 is a fragmentary isometric view, partly in cross-section,
      illustrating retaining means for a trough closure;
PAR  FIG. 13 is a fragmentary isometric view, partly in cross-section,
      illustrating alternative retaining means for a trough closure;
PAR  FIG. 14 is a fragmentary cross-sectional view taken along the line 14--14
      of FIG. 13;
PAR  FIG. 15 is a front view of a partition;
PAR  FIG. 16 is an isometric view of the present access housing, illustrating
      the introduction of a partition;
PAR  FIG. 17 is a plan view of the access housing of FIG. 16, illustrating
      dimensional relationships;
PAR  FIG. 18 is a fragmentary cross-sectional view of a finished floor structure
      as viewed from the line 18--18 of FIG. 2;
PAR  FIG. 19 is a fragmentary cross-sectional view, similar to FIG. 18,
      illustrating an alternative position for the partition;
PAR  FIG. 20 is a cross-sectional view taken along the line 20--20 of FIG. 19,
      with the concrete removed;
PAR  FIG. 21 is a plan view of a cover segment;
PAR  FIG. 22 is a side view of the cover segment as viewed from the line 22--22
      of FIG. 21;
PAR  FIG. 23 is a plan view of a cover assembled from a pair of the cover
      segments of FIG. 21;
PAR  FIG. 24 is a side view of the cover as viewed from the line 24--24 of FIG.
      23;
PAR  FIG. 25 is an isometric view of an alternative partition;
PAR  FIG. 26 is a cross-sectional view, similar to FIG. 5, illustrating
      alternative edge retaining means;
PAR  FIG. 27 is a cross-sectional view, taken along the line 27--27 of FIG. 26;
PAR  FIG. 28 is a cross-sectional view, similar to FIG. 18, illustrating the
      alternative partition of FIG. 25 installed in the housing means of FIG.
      26;
PAR  FIG. 29 is a cross-sectional view, taken along the line 29--29 of FIG. 30,
      illustrating an access housing arrangement incorporating fireproofing
      material;
PAR  FIG. 30 is a cross-sectional view taken along the line 30--30 of FIG. 29;
PAR  FIGS. 31 and 32 are cross-sectional views, similar to FIGS. 29 and 30,
      illustrating a further fireproofing arrangement;
PAR  FIG. 33 is a fragmentary isometric view illustrating a portion of a trough
      closure utilized in the arrangement of FIGS. 31 and 32; and
PAR  FIGS. 34 and 35 are cross-sectional views similar to FIGS. 29, 30,
      illustrating a further fireproofing arrangement.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
PAR  FIG. 1 illustrates a floor structure 20 comprising a metal subfloor 22 and
      an overlying layer of concrete 24. The metal subfloor 22 includes sheet
      metal decking units 26 and metal cellular flooring units 28 which are
      comingled in a preselected pattern to allow for present and future
      distribution of electrical services throughout the floor structure 20.
PAR  The sheet metal decking units 26 and the metal cellular flooring units 28
      may comprise those units disclosed in U.S. Pat. No. 3,812,636 issued May
      28, 1974 and assigned to the assignee of the present invention.
PAR  The cellular flooring units 28 provide plural, generally parallel, enclosed
      cells 30 which distribute the electrical wiring of different electrical
      services throughout the floor structure 20. The floor structure 20 may
      incorporate an underfloor electrical trench forming assembly, parts of
      which are illustrated at 31. The trench forming assembly 31 may comprise
      the assembly disclosed in U.S. Pat. No. 3,721,051 issued Mar. 20, 1973 and
      assigned to the assignee of the present invention. Reference is also
      directed to copending application Ser. No. 489,173, supra, for a
      description of cellular flooring unit useful in combination with the
      trench forming assembly 31. The trench forming assembly 31 is adapted to
      distribute the electrical wiring of different electrical services in a
      direction transversely of the cells 30.
PAR  In accordance with the present invention, underfloor access means 40 is
      provided at selected locations in the metal subfloor 22, prior to pouring
      the concrete 24. As will be more fully described, each access means 40
      provides access to different electrical services at one location in the
      finished surface of the floor structure 20.
PAR  Referring to FIG. 2, each pair of adjacent cells 30 presents spaced crests
      32 separated by a trough 34. Each trough 34 comprises a valley 36 and
      confronting inclined webs 38 which connect the valley 36 to the spaced
      crests 32.
PAR  The access means 40 comprises, in general, an access housing 42; fastener
      means, such as hold-down devices 44; at least one partition 46; and trough
      closures 48.
PAR  Referring to FIGS. 3 and 4, the access housing 42 spans across the trough
      34 and has opposite end portions overlying the spaced crests 32. The
      access housing has an upstanding perimeter wall including opposite side
      walls 50, opposite end walls 52 having feet 53 overlying the crests 32,
      and a top wall 54 provided with a dual outlet opening 56. At the perimeter
      of the dual outlet opening 56, there is provided diametrically opposed
      downwardly extending tabs 58 (FIG. 4) adapted to receive a partition
      fastener 60. Also at the perimeter of the dual outlet opening 56, there
      are provided support ears 62 (FIG. 3), three of which have leveling screw
      receiving openings 64 and two of which have hold-down screw receiving
      openings 66. The perimeter of the dual outlet opening 56 also is provided
      with notches 68 (FIG. 3) which, as will hereinafter be more fully
      described, provide through passage for the partition 46.
PAR  Referring to FIGS. 4 to 6, cap means 70 is disposed in capping relation
      with respect to the dual outlet opening 56 to provide temporary protection
      against ingress of the concrete 24 (FIG. 4). The cap means 70 is secured
      to the access housing 42 by hold-down screws 72 (only one visible)
      threadedly engaged with the ears 62.
PAC  THE PRESENT IMPROVEMENT
PAR  In accordance with the present invention, one of the trough closures 48 is
      provided along each side of the access housing 42. As best shown in FIGS.
      4 and 5, the trough closures 48 enclose a trough space 74 which is
      accessible through the dual outlet opening 56. The trough space 74
      contains a valley segment 76 and confronting web segments 78. Each of the
      web segments 78 is provided with a grommetted web access opening 80 which
      establishes communication between each of the adjacent cells 30 and the
      trough space 74.
PAR  Referring to FIGS. 7 and 10, each trough closure 48 has an upper flange 82,
      a lower body portion 84 which is laterally offset from the upper flange
      82, and a connecting strip 86. As best shown in FIG. 5, the upper flange
      82 of each trough closure 48 overlaps a face, for example the exterior
      face of the housing side wall 50. The lower body portion extends below the
      access housing 42 into the trough 34. The connecting strip 86 extends
      laterally beneath a lower edge of the housing side wall 50. At least one
      tang 88 (FIGS. 7 and 10) may be provided in the upper flange 82 and
      positioned to extend into electrically grounded engagement with the
      housing side wall 50. The upper flange 82 of each trough closure is
      provided with at least one outwardly flared end portion 90 (FIGS. 7 and
      10). The outwardly flared end portions 90 of both trough closures 48
      provide a converging trough-like entrance which facilitates installation
      of the access housing 42 between the upper flanges 82.
PAR  Alternatively, as shown in FIG. 11, a trough closure 48' may be provided
      having a generally S-shaped upper flange 82'. When installed, the upper
      portion of the flanges 82' flares outwardly from the access housing.
PAR  Referring to FIG. 12, retaining means 92 is provided in each of the webs 38
      (only one illustrated) for retaining each trough closure 48 in an
      upstanding position within the trough. The retaining means 92 may comprise
      upper and lower abutments 94, 96 presenting offset abutment surfaces 98.
      As best shown in FIG. 5, the abutments 94, 96 are positioned such that the
      abutment surfaces thereof are adjacent to each of the opposite faces of
      the trough closure 48. In the preferred arrangement, the upper abutments
      94 are presented exteriorly of the trough space 74, and the lower
      abutments 96 are presented within the trough space 74. Thus arranged, the
      abutments 94, 96 maintain each of the trough closures 48 in an upstanding
      position within the trough 34; and the prevent displacement thereof from
      the upstanding position during installation of the access housing 42.
PAR  Alternatively, retaining means 100 (FIG. 13) may be provided comprising at
      least one slot 102 and a cooperating ear 104. The slot 102 is formed in
      the inclined web 38 at a level below the adjoining crest 32. The ear 104
      extends from the inclined edge 106 of the trough closure 48". When the
      trough closure 48" is installed (FIG. 14), the ear 104 thereof extends
      into the slot 102.
PAR  The partition 46 (FIG. 15) is formed from light gauge sheet metal and is
      provided with at least one set of receptacle openings 108 and a fastener
      opening 110 by which a duplex receptacle may be secured to the partition
      46. The partition 46 presents upper and lower edges 112, 114 and opposite
      edges 113, 115. A fastener slot 116 is presented between spaced tabs 118
      formed in the upper edge 112. The partition 46 has a width indicated at
      120 which is less than the partition height indicated at 122.
PAR  Referring to FIGS. 16 and 17, each of the notches 68 has an open end 124
      presented at the periphery of the dual outlet opening 56. In the preferred
      arrangement, the notches 68 are diametrically opposed. It will be observed
      in FIG. 17 that the dual outlet opening 56 has an inner diameter,
      indicated at 126, which is less than that distance, indicated at 128,
      between the extreme outer ends of the notches 68. In the present
      arrangement, the partition width 120 (FIG. 15) is greater than the inner
      diameter 126 of the dual outlet opening 56 but less than the distance 128
      between the opposite ends of the notches 68. Therefore, the notches 68
      cooperate with the dual outlet opening 56 to provide through passage
      (distance 128) for a partition 46 having a minimum passing dimension
      (width 120) which is greater than the inner diameter 126 of the dual
      outlet opening 56. FIG. 16 illustrates the introduction of the partition
      46 illustrated in dash-dot outline, into the notches 68 and the dual
      outlet opening 56.
PAR  A partition 46 is illustrated in dotted outline within the access housing
      42 of FIG. 17. It will be observed that the notches 68 are positioned
      relative to the lower edge 114 of the previously installed partition 46,
      such that a second partition (not illustrated) may be introduced into the
      housing 42.
PAR  Referring to FIGS. 4 and 6, the partition 46 is positioned such that an
      upper portion thereof is presented within the access housing 42 and a
      lower portion thereof is presented within the trough space 74. Means
      (fastener 60) is provided for securing the upper portion to one of the
      tabs 58 to the access housing 42. Edge receiving means 129 (FIG. 4) is
      provided for captively retaining the side edges 113, 115 (FIG. 5) of the
      lower portion of the partition 46. The edge receiving means 129 (FIGS. 7
      to 9) may comprise a set of upper and lower abutments 130, 132, positioned
      such that one of the abutments 130, 132, is presented at each face of the
      partition 46, as best shown in FIG. 4. It will be observed in FIG. 7 that
      a second set of upper and lower abutments 130', 132' is formed in the
      trough closure 48, and cooperate with the tab 58' (FIG. 4) of the access
      housing 42 in positioning a second partition (not illustrated).
PAR  Referring to FIG. 18, the upper and lower abutments 130, 132 cooperate with
      the fastener 60 to retain the partition 46 in a first position. Thus
      positioned, the partition 46 divides the interior of the trough space 74
      and the interior of the access housing 42 into separate chambers 131, 133,
      each containing one of the web access openings 80, and one, for example
      the chamber 133, containing the dual outlet opening 56.
PAR  Referring to FIG. 19, second edge receiving means 134 also is provided for
      captively retaining the lower portion of the partition 46. The second edge
      receiving means comprises an abutment 136 presented by each of the trough
      closures 48, and an inclined web portion, such as a longitudinal rib 138,
      which extends into the trough space 74 and confronts the abutment 136. The
      longitudinal rib 138 is formed in the cellular flooring unit 28 at the
      intersection of the valley 36 and the adjoining inclined web 38. It will
      be observed in FIG. 19 that the fastener 60 and the second edge receiving
      means 134 retain the partition 46 in a second position, wherein a
      relatively larger chamber 133' and a relatively smaller chamber 131' are
      provided, compare FIGS. 18 and 19.
PAR  Referring again to FIG. 18, it will be observed that a duplex receptacle
      illustrated in dash-dot outline at 140 is carried by the partition 46 and
      resides in the chamber 131. A power cable 141 connected to the receptacle
      140 extends through the grommetted opening 80 into the adjacent cell 30A.
      An electrical plug 146 is connected to the receptacle 140 and provides
      electrical power to the space above the floor by way of the cord 147. A
      telephone cable connector unit illustrated in dash-dot outline at 142 is
      housed within the larger chamber 133.
PAR  In the arrangement illustrated in FIGS. 19 and 20, the larger chamber 133'
      houses a multiple telephone cable connector unit 144. The unit 144 extends
      partly through the grommetted opening 80 and includes plural supply cables
      148 extending through the cell 30B, and a single outlet cable 150
      providing telephonic signals to the space above the floor structure 20.
PAR  Referring again to FIG. 18, the dual outlet opening 56 is provided with a
      flush floor fitting which may comprise a finishing ring 152. Leveling
      screws 154 support the finishing ring 152 in flush relation with the upper
      surface of the concrete 24. Hold-down screws 156 (only one visible) secure
      the finishing ring 152 to the access housing 42. The finishing ring 152
      has an outlet opening 158 which receives a plastic cover 160.
PAR  Referring to FIG. 21 through 24, the cover 160 may be formed of plastic, as
      two identical cover segmets 162 having butted edges 164 (FIG. 21). The
      edge 164 of each cover segment 162 (FIGS. 21, 22) presents alternating
      tongues 166 and complementary grooves 168. When assembled, the two cover
      segments 162 are connected by tongue and groove connections 170, see FIG.
      23.
PAR  Each of the segments 162 is provided, at its butted edge 164, with a
      central semi-cylindrical well 172 and semi-cylindrical wells 174 on
      opposite sides thereof, see FIGS. 21, 22. Each of the wells 172, 174
      includes a thin cover 176 (FIG. 22). As best shown in FIG. 23, the
      semi-cylindrical wells cooperate to provide cylindrical wells which, when
      the thin cover 176 (FIG. 22) is removed, provide openings in the plastic
      cover 160 through which electrical conductors may pass to the level above
      the floor structure 20, as shown in FIGS. 18 and 19.
PAR  Rim notches 178 (FIG. 23) are provided at angularly spaced-apart locations,
      e.g., 90.degree.apart, in the periphery of each segment 162. Each rim
      notch 178 cooperates with the finishing ring 152 (shown in dash-dot
      outline) to provide a recess 180. The cover 160 may be removed from the
      finishing ring 152 by inserting a tool, such as a screw driver, into one
      of the recesses 180 and prying the cover 160 loose.
PAR  The segments 162 are provided with legs 182 having hooked ends 183, see
      FIGS. 22, 24. The legs 182 preferably are located at the rim notches 178.
      The legs 182 engage the finishing ring 152 and thereby detachably retain
      the cover 160 within the outlet opening 158, see FIG. 19.
PAR  FIG. 25 illustrates an alternative partition 184; a generally upright body
      portion 186; a lateral flange 188 adjoined to the lower edge 190 of the
      body portion 186; and spaced-apart fingers 192 extending downwardly from
      the free edge 194 of the flange 188. The partition 184 is provided with at
      least one set of receptacle openings 108, a fastener opening 110, and
      fastener slot 116 disposed between the tabs 118.
PAR  It will be observed in FIGS. 26 and 27 that inclined web segment 78 is
      provided with spaced-apart cup-like embossments 196, each presenting an
      opening 198 (FIG. 27). The embossments 196 are formed in that region of
      the web segment 78 disposed beneath the grommetted opening 80 and above
      the longitudinal rib 138. The distance between the openings 198 matches
      that of the partition fingers 192 (FIG. 25). When installing the partition
      184 (FIG. 28), the fingers 192 are engaged in the openings 198.
      Thereafter, the partition is pivoted counterclockwise, as viewed in FIG.
      28, to engage the partition ears 118 of the tab 58. The fastener 60
      secures the partition 184 to the access housing 42.
PAR  The present invention also provides an improved floor structure having
      increased fire resistance. Broadly, the improved floor structure may be
      defined as the type having a layer of monolithic concrete as the major
      weight component of the floor structure -- the concrete having an upper
      surface and a lower surface; a cavity within the concrete which extends
      from the upper surface through the lower surface; passageway means within
      the cavity for surrounding electrical wiring; and a quantity of
      fireproofing material disposed within the cavity and having a volume which
      is a minor fraction of the volume of the cavity, the fireproofing material
      being of the type adapted to yield, under fire conditions, a stable
      incombustible mass which seals the cavity against passage of heat and
      smoke. The quantity of fireproofing material employed may be such that the
      resulting incombustible mass substantially entirely fills all voids in the
      cavity.
PAR  With the foregoing definition in mind, it will be observed in the floor
      structure 215 of FIGS. 29 and 30 that the concrete 24 presents an upper
      surface 216 and a lower surface 217. A cavity 218 formed in part by the
      present access housing means 40, extends from the upper surface 215
      through the lower surface 217. Passageway means, herein comprising the
      access housing means 40, is disposed within the cavity 218 for surrounding
      electrical wiring (not illustrated). Means 219, herein comprising the
      finishing ring 152 and the plastic cover 160, provides access to the
      cavity 218 and the interior of the access housing means 40 from the upper
      surface 216 of the floor structure 215. Unobtrusive layers 220 (FIG 29) of
      fireproofing material are disposed in the opposite end portions 221 of the
      access housing 42. Unobtrusive layers 222 (FIG. 30) of fireproofing
      material are applied to the interior faces 223 of the trough closures 224.
      It will be observed in FIG. 29 that the embossments 130, 132 and 136 may
      be integrally formed in and extend from layer faces 225 (only one visible)
      of the unobtrusive layers 222.
PAR  It will be observed in FIGS. 29 and 30 that the quantity of fireproofing
      material constituting the layers 220 and 222 has a volume which is a minor
      fraction of the volume of the cavity 218, i.e., the combined volumes of
      the access housing 42 and the trough space 74.
PAR  The fireproofing layers 220 and 222 are formed from an incombustible,
      thermally expandable material which is adapted to yield, under fire
      conditions, a stable incombustible mass which seals the cavity 218 against
      through passage of heat and smoke. That is, the stable incombustible mass
      yielded by the expansion of the layers 220, 222 surrounds and encases any
      electrical connector elements and wiring, such as the telephone cable
      connectors 142, 144, the duplex receptacle 140 and the associated wiring
      illustrated in FIGS. 18 and 19, contained within the interior of the
      access housing means 40.
PAR  A suitable material for the layers 220, 222 is a glassceramic foam
      producing material sold under the name FP100 by Pittsburgh Corning
      Corporation. On expansion, the FP100 produces a stable, void filling,
      glass-ceramic foam.
PAR  FIGS. 31, 32 illustrate a further alternative arrangement wherein a floor
      structure 226 includes access housing means 227 which incorporates trough
      closures 228 formed of an incombustible thermally expandable material.
      Each of the trough closures 228 (FIG. 33) presents an upper portion 229
      having a generally vertical, longitudinal slot 230. The upper portion 229
      presents opposite end portions 231 which extend beyond the opposite sides
      232 (only one visible) of the lower body portion 233. Each of the trough
      closures 228 may be encased in a protective coating 234. The layers 220 of
      fireproofing material (FIG. 31) may each be encased in a similar
      protective coating, a fragment of which is illustrated at 235 in FIG. 32.
      The protective coatings 234, 235 prevent degradation of the fireproofing
      material by contact with liquids contained in the concrete 24. The
      protective coatings 234, 235 may comprise a water impervious material
      which is easily ruptured during thermal expansion of the fireproofing
      material 220, 228.
PAR  It will be observed in FIG. 31 that the opposite ends 231 of the trough
      closures 228 overlie the spaced crests 32. When the housing 42 is
      installed, the opposite side walls 50 thereof are received in the
      longitudinal slots 230 (FIG. 32). Each of the layers 220 of fireproofing
      material (FIG. 31) extends below the bottom edges 236 of the housing side
      walls 50 and end walls 52, whereby the housing 42 is maintained vertically
      spaced-apart from the flooring unit 28.
PAR  It will be observed in FIGS. 31, 32 that the layer of concrete 24 has an
      upper surface 216 and a lower surface 217; and that a cavity 237 within
      the layer of concrete 24, extends from the upper surface 216 through the
      lower surface 217. The passageway means (access housing means 227) resides
      within the cavity 237 and is formed partly from metal and partly from
      fireproofing material. The arrangement illustrated in FIGS. 31, 32
      includes all of the advantages herein above described with respect to the
      embodiment illustrated in FIGS. 29 and 30. The embodiment illustrated in
      FIGS. 31, 32 has the added advantage in that the housing 42 is vertically
      spaced-apart from the flooring unit 28, whereby thermal wicking (heat flow
      by conduction) is greatly reduced.
PAR  Reference is now directed to FIGS. 34 and 35 wherein an alternative
      embodiment of the present enclosure means is illustrated and designated
      generally by the numeral 200. In this embodiment, each of the trough
      closures 202 includes an upper flange 204 confronting the housing side
      wall 50, a lower body portion 206 which is outwardly offset from the upper
      flange 204, and a connecting web 208. Each trough closure 202 presents an
      upper hook 210 and a lower arm 212 formed integrally with each of the
      opposite sides of the lower body portion 206. The hook 210 is hooked over
      the abutment 94 while the arm 212 engages the lower abutment 96, whereby
      each trough closure 202 is retained in an upright position within the
      trough 34. It will be observed in FIG. 35 that the connecting web 208 and
      the lower body portion 206 of each of the trough closures 202 cooperate
      with the adjacent valley segment 76 and the confronting web segment 78 to
      define spaces 214. Each of the spaces 214 receives a fireproofing material
      216. As best shown in FIG. 34, the opposite end portions 215 of the access
      housing 42 which overlie the crests 32 also receive fireproofing material
      218. If desired, fireproofing material illustrated in dash-dot outline at
      220 may be provided over the valley segment 76, between the fireproofing
      material 216 and at a level beneath the grommetted openings 80.
PAR  As best shown in FIG. 34, the previously described abutments 130, 132 and
      136 may be formed integrally in the interior face 222 of each fireproofing
      material 216. The abutments 130, 132 and 136 serve to position the
      partition 46 as described above.
PAR  The fireproofing material 216, 218 may comprise a thermally expandable
      material having an expansion ratio which is less than that of the
      fireproofing material 220, 222 of FIGS. 29, 30.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an electrical wiring distributing floor structure including cellular
      flooring units providing generally parallel enclosed cells, each pair of
      adjacent cells presenting spaced crests separated by a trough, each said
      trough comprising a valley and confronting inclined webs connecting said
      valley to said spaced crests, an access housing fixed to the flooring unit
      and spanning the distance between said spaced crests, said access housing
      having perimeter walls, and a top wall provided with an outlet opening,
      the improvement comprising:
PA1  distinct trough closures, one positioned along each side of said access
      housing and cooperating with a valley segment and confronting web segments
      to define a trough space accessible through said outlet opening; and
PA1  each of said confronting web segments having a web access opening establing
      communication between each cell of said adjacent cells and said trough
      space.
NUM  2.
PAR  2. The improvement of claim 1 wherein
PA1  each of said web access openings has opposite ends inwardly spaced-apart
      from said trough closures.
NUM  3.
PAR  3. The improvement of claim 1, including
PA1  a partition having an upper portion residing within said access housing and
      a lower portion residing within said trough space, said partition dividing
      said trough space and the interior of said access housing into separate
      chambers each containing one of said web access openings, and one
      containing said outlet opening;
PA1  means securing said upper portion to said access housing; and
PA1  edge receiving means captively retaining said lower portion.
NUM  4.
PAR  4. The improvement of claim 3 wherein said edge receiving means is formed
      in confronting faces of said trough closures.
NUM  5.
PAR  5. The improvement of claim 3 wherein said edge receiving means comprises
PA1  abutments, one presented by each of said trough closures; and
PA1  an inclined web portion extending into said trough space and confronting
      said abutments.
NUM  6.
PAR  6. The improvement of claim 5 wherein said inclined web portion comprises
PA1  a longitudinal rib formed in said cellular flooring unit at the
      intersection of said valley and the adjoining inclined web, said rib
      extending into said trough space and confronting said abutments.
NUM  7.
PAR  7. The improvement of claim 3 wherein said edge receiving means is formed
      in confronting faces of said trough closures, and including
PA1  second edge receiving means disposed between the first said edge receiving
      means and one of said inclined web segments, said second edge receiving
      means comprising:
PA1  abutments, one presented by each of said trough closures; and
PA1  an inclined web portion extending into said trough space and confronting
      said abutments;
PA1  whereby said partition may be retained in either of two alternative
      positions within said trough space and said access housing.
NUM  8.
PAR  8. The improvement of claim 3 wherein said top wall has notches presented
      on opposite sides of said outlet opening, each of said notches having an
      open end at the periphery of said outlet opening, said notches cooperating
      with said outlet opening to provide through passage for a partition having
      a minimum passing dimension which is greater than the inner diameter of
      said outlet opening.
NUM  9.
PAR  9. The improvement of claim 8 wherein said notches are diametrically
      opposed.
NUM  10.
PAR  10. The improvement of claim 3 including
PA1  a layer of fireproofing material covering the interior face of each of said
      trough closures;
PA1  said edge receiving means being formed in each said layer of fireproofing
      material.
NUM  11.
PAR  11. The improvement of claim 1 wherein each of said trough closures is
      formed of an incombustible thermally expandable material which is adapted
      to yield, under fire conditions, a stable incombustible mass which seals
      said trough space against passage of heat and smoke.
NUM  12.
PAR  12. The improvement of claim 1, including
PA1  a partition having an upper portion within said access housing and a lower
      portion within said trough space, said lower portion including a flange
      extending toward one web segment;
PA1  means securring said upper portion to said access housing; and
PA1  means pivotally connecting said flange to said one web segment;
PA1  said partition dividing said trough space and the interior of said access
      housing into separate chambers, each containing one of said web access
      openings, and one containing said outlet opening.
NUM  13.
PAR  13. The improvement of claim 12, wherein said means for pivotally
      connecting comprises:
PA1  spaced-apart openings formed in said one web segment beneath the web access
      opening thereof; and
PA1  fingers extending from said flange and engaged with said openings.
NUM  14.
PAR  14. The improvement of claim 1 including retaining means within said trough
      for retaining each of said trough closures in an upstanding position.
NUM  15.
PAR  15. The improvement of claim 14, wherein said retaining means for each
      trough closure comprises
PA1  slots, at least one formed in each of said inclined webs at a level below
      the adjoining crests; and
PA1  ears extending from the trough closure into said slots.
NUM  16.
PAR  16. The improvement of claim 14, wherein said retaining means for each
      trough closure comprises
PA1  abutments formed in each of said confronting web segments adjacent to each
      of the opposite faces of the trough closure.
NUM  17.
PAR  17. The improvement of claim 1 wherein each said trough closure includes
PA1  an upper flange overlapping a face of one side wall of said access housing;
      and
PA1  at least one tang extending from said upper flange into electrically
      grounded engagement with said one side wall.
NUM  18.
PAR  18. The improvement of claim 1 wherein each trough closure includes:
PA1  an upper flange overlapping a face of one side wall of said access housing
      and having at least one outwardly flared end portion,
PA1  the outwardly flared end portions of both the trough closures facilitating
      entry of said access housing between the upper flanges of said trough
      closures.
NUM  19.
PAR  19. The improvement of claim 1 including
PA1  fireproofing material disposed in opposite end portions of said access
      housing.
NUM  20.
PAR  20. The improvement of claim 19, wherein said fireproofing material
      comprises an unobtrusive quantity of a thermally expandable material
      adapted to yield, under fire conditions, a stable incombustible mass which
      substantially entirely fills all voids in said access housing.
NUM  21.
PAR  21. The improvement of claim 20 including
PA1  additional fireproofing material applied to the interior face of each of
      said trough closures, said additional fireproofing material comprising an
      unobtrusive quantity of a thermally expandable material adapted to yield,
      under fire conditions, a stable incombustible mass which substantially
      entirely fills all voids in said trough space.
NUM  22.
PAR  22. The improvement of claim 1, including
PA1  fireproofing material applied to the interior face of each of said trough
      closures.
NUM  23.
PAR  23. The improvement of claim 22, wherein said fireproofing material
      comprises an unobtrusive quantity of a thermally expandable material
      adapted to yield, under fire conditions, a stable incombustible mass which
      substantially entirely fills all voids of said trough space.
NUM  24.
PAR  24. The improvement of claim 1 wherein each of said trough closures
      comprises:
PA1  an upper flange overlapping a face of one perimeter wall of said access
      housing;
PA1  a lower body portion extending below said access housing and being
      laterally offset with respect to said upper flange; and
PA1  a connecting strip joining said upper flange to said lower body portion.
NUM  25.
PAR  25. The improvement of claim 24, wherein
PA1  said lower body portion is substantially coplanar with said one perimeter
      wall; and
PA1  said connecting strip confronts a lower edge of said one perimeter wall.
NUM  26.
PAR  26. The improvement of claim 24, wherein
PA1  said lower body portion is generally parallel with and outwardly spaced
      from said one perimeter wall; and including
PA1  fireproofing material filling the space defined by said connecting strip,
      said lower body portion, and those portions of the valley and confronting
      web segments adjacent thereto.
NUM  27.
PAR  27. The improvement of claim 26, including
PA1  additional fireproofing material disposed in opposite end portions of said
      access housing.
NUM  28.
PAR  28. The improvement of claim 27, including
PA1  additional fireproofing material disposed within said trough space,
      overlying that portion of said valley segment extending between that
      fireproofing material covering said trough closures, and residing beneath
      said web access openings.
NUM  29.
PAR  29. In the combination of an electrical access housing and at least one
      partition for dividing the interior of said housing into separate
      chambers, said access housing including a top wall provided with an outlet
      opening, the improvement comprising:
PA1  said partition having a minimum passing dimension which is greater than the
      inner diameter of said outlet opening, and
PA1  said top wall having notches presented on opposite sides of said outlet
      opening, each of said notches having an open end at the periphery of said
      outlet opening, said notches cooperating with said outlet opening to
      provide through passage for said partition.
NUM  30.
PAR  30. The improvement of claim 29, wherein said notches are diametrically
      opposed.
NUM  31.
PAR  31. In an electrical wiring distributing floor structure including cellular
      flooring units providing generally parallel enclosed cells, each pair of
      adjacent cells presenting spaced crests separated by a trough, each said
      trough comprising a valley and confronting inclined webs connecting said
      valley to said spaced crests, an access housing spanning across one trough
      and having opposite end portions overlying and secured to said spaced
      crests, said access housing having opposite side walls, opposite end
      walls, and a top wall provided with an outlet opening, the improvement
      comprising:
PA1  distinct trough closures, one positioned along each side of said access
      housing and enclosing a trough space accessible through said outlet
      opening, said trough space containing a valley segment and confronting web
      segments; and
PA1  each of said confronting web segments having a web access opening
      establishing communication between each cell of said adjacent cells and
      said trough space.
NUM  32.
PAR  32. In an electrical wiring distributing floor structure including cellular
      flooring units providing generally parallel enclosed cells, each pair of
      adjacent cells presenting spaced crest separated by a trough, each said
      trough comprising a valley and confronting inclined webs connecting said
      valley to said spaced crests, an access housing fixed to the flooring unit
      and spanning the distance between said spaced crests, said access housing
      having perimeter walls, and a top wall provided with an outlet opening,
      the improvement comprising:
PA1  distinct trough closures, one positioned along each side of said access
      housing and cooperating with a valley segment and confronting web segments
      to define a trough space accessible through said outlet opening;
PA1  each of said confronting web segments having a web access opening
      establishing communication between each cell of said adjacent cells and
      said trough space; and
PA1  a quantity of fireproofing material disposed within said access housing in
      unobstructing relation therewith and adapted to yield, under fire
      conditions, an incombustible mass which substantially entirely fills all
      voids in said access housing.
NUM  33.
PAR  33. The improvement of claim 32 wherein said incombustible mass comprises a
      glass ceramic foam.
NUM  34.
PAR  34. The improvement of claim 32 including
PA1  a quantity of fireproofing material disposed within said trough space such
      that the web access openings are unobstructed by said fireproofing
      material, said fireproofing material being adapted to yield, under fire
      conditions, a stable incombustible mass which substantially entirely seals
      all voids in said trough space.
NUM  35.
PAR  35. The improvement of claim 34 wherein each said incombustible mass
      comprises a glass ceramic foam.
NUM  36.
PAR  36. In an electrical wiring distributing floor structure including cellular
      flooring units providing generally parallel enclosed cells, each pair of
      adjacent cells presenting spaced crests separated by a trough, each said
      trough comprising a valley and confronting inclined webs connecting said
      valley to said spaced crests, an access housing fixed to the flooring unit
      and spanning the distance between said spaced crests, said access housing
      having perimeter walls, and a top wall provided with an outlet opening,
      the improvement comprising:
PA1  distinct trough closures, one positioned along each side of said access
      housing and cooperating with a valley segment and confronting web segments
      to define a trough space accessible through said outlet opening;
PA1  each of said confronting web segments having a web access opening
      establishing communication between each cell of said adjacent cells and
      said trough space; and
PA1  a quantity of fireproofing material disposed within said trough space such
      that the web access openings are unobstructed by said fireproofing
      material, said fireproofing material being adapted to yield, under fire
      conditions, a stable incombustible mass which substantially entirely seals
      all voids in said trough space.
NUM  37.
PAR  37. The improvement of claim 36 wherein each said incombustible mass
      comprises a glass ceramic foam.
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ABST
PAL  Fittings are provided for use in terminating parallel yarn ropes containing
      one or more electrical conductors, and methods are disclosed for securing
      the fittings to the ropes to afford separation of the conductors from the
      rope and connection to electrical apparatus. One fitting has a
      frusto-conical body portion providing a tapered peripheral surface with an
      axial bore and a bail extending beyond the base of the body. The rope
      yarns are inserted into the bore at the narrow end of the fitting and
      divided into two pairs of bundles with each pair being splayed outward
      diametrically of the bore and returned along the outside of the fitting
      for wrapping helically in opposite directions for a predetermined distance
      about the periphery of the rope. The ends of the bundles are secured to
      the rope, so that when tension is applied between the bail and the rope,
      the wrapped bundles grip the outside of the rope to mount the fitting
      securely to the rope. In an alternate embodiment, the fitting includes a
      thimble having a narrow end located adjacent the end of the rope, and the
      rope yarns are divided into two bundles which extend in opposite
      directions in the channel around the thimble and which are wrapped
      helically about the rope similarly to the first embodiment. Both fittings
      and a short section of the rope adjacent thereto are encapsulated by a
      mass of polyurethane which rigidifies and protects the termination.
BSUM
PAR  The present invention relates to structures for connecting the ends of
      ropes and/or cables to loads, and more particularly, the present invention
      relates to methods and apparatus for terminating ropes having electrical
      conductors carried therein.
PAR  At present, there is on the market a high-strength parallel yarn rope sold
      under the trademark Uniline by Wall Industries, Inc. of Beverly, N. J. The
      rope employs a plurality of rope yarns of man-made fibers disposed in
      parallel relation inside a braided protective jacket. Although the
      strength of the rope is at a maximum when the yarns are of high-strength
      fibers such as aramid sold under the trademark Kevlar, it is difficult to
      connect the rope to a load in such a manner as to ensure complete transfer
      of the rope tension of the load. If the connection between the end of the
      rope and the load is not as strong as the rope itself, the rope is not
      capable of being used with maximum efficiency and safety.
PAR  In certain applications, the aforementioned rope may be provided with one
      or more electrical conductors contained among the rope yarns. The
      conductors are customarily separated from the yarns at one or both ends of
      the rope for connection to electrical apparatus. Since it is important for
      the conductors to be separated from the rope and connected to the
      apparatus in a substantially stress-free manner, it should be apparent
      that a termination which affords such connection is highly desirable.
PAR  Various types of termination fittings are known in the art for securing an
      end of a cable to a load. Examples of such fittings are disclosed in the
      following U.S. Pat. Nos.: 3,122,806; 1,246,964; 2,198,093; 3,551,960; and
      3,551,959. Although each of these patented structures may function
      satisfactorily for its intended purpose, none is particularly suited for
      use in terminating a parallel yarn rope or cable containing electrical
      conductors.
PAR  Although the termination disclosed in U.S. Pat. No. 1,246,964 terminates a
      cable carrying an electrical conductor, it employs a so-called compression
      principle for transferring the tension in the cable to a load. Such a
      termination, however, is limited to use in conjunction with steel or other
      metal cables, because of the need for the cable strands to have high
      compressive strengths. It could not be employed satisfactorily to
      terminate ropes or cables made of man-made fibers, because of the
      relatively-low compressive strengths which these fibers possess. Moreover,
      the patented terminations are relatively complex. Hence, they are not
      capable of being fabricated readily in the field without special tools.
PAR  With the foregoing in mind, it is a primary object of the present invention
      to provide a novel termination for a rope.
PAR  It is another object of the present invention to provide an improved
      termination for effecting a high-strength and efficient connection between
      a parallel yarn rope and a load.
PAR  As another object, the present invention provides unique termination
      fittings for use in terminating a rope having one or more electrical
      conductors associated therewith.
PAR  It is a further object of the present invention to provide relatively
      simple methods for terminating a rope with a minimum of labor and special
      equipment, thereby affording ready fabrication in the field.
PAR  As a further object, the present invention provides terminations which
      enable conductors contained within a rope to be separated therefrom and
      connected to electrical apparatus in a substantially stress-free
      condition.
PAR  More specifically, the present invention provides rope terminations,
      termination fittings for use in effecting the terminations, and methods
      for securing the fittings to lengths of rope. The terminations are
      particularly suited for use with ropes having electrical conductors to
      afford separation of the conductors from the rope and securement to
      electrical apparatus. In fabricating terminations using the fittings and
      methods of the present invention, the parallel yarns composing the core of
      the rope are divided into at least a pair of bundles which are wrapped
      about the fitting in a prearranged manner before being wrapped helically
      in opposite directions about the periphery of the rope for a predetermined
      distance. The ends of the bundles are securely fastened to the rope, so
      that when tension is applied between the rope and the fitting, the wrapped
      bundles grip the rope firmly to secure the fitting thereto. One of the
      disclosed fittings has a frusto-conical configuration with an axial bore
      and a curved base surface connecting the bore with the peripheral surface
      of the fitting. With this fitting, the rope yarns are divided into one,
      and preferably two, pairs of bundles which are inserted axially in the
      bore at the narrow end of the fitting and splayed diametrically outward
      about the curved base before being returned along the outside of the
      fitting and wrapped helically in opposite directions about the rope.
      Another disclosed fitting is provided by an outwardly-open channel member
      disposed in a loop. The loop has a narrow end mounting a tubular sleeve
      which receives the conductors, and the rope yarns are divided into a pair
      of bundles which extend in opposite directions around the loop in the
      channel. The bundles are wrapped helically in opposite directions about
      the rope as with the aforementioned fitting. Each fitting has securing
      means such as an eye or bail to connect the same to a load.
DRWD
PAR  These and other objects, features and advantages of the present invention
      should become apparent from the following description when taken in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a rope termination embodying the present
      invention;
PAR  FIGS. 2 and 3 are longitudinal sectional views taken along lines 2--2 and
      3--3, respectively, of FIG. 1;
PAR  FIG. 4 is a perspective view in reduced scale of the rope termination of
      FIG. 1 with a protective boot thereon;
PAR  FIG. 5 is a sectional view similar to FIG. 2 but of a modified embodiment
      of the present invention;
PAR  FIG. 6 is a perspective view of another modified embodiment of the present
      invention;
PAR  FIG. 7 is a sectional view taken along lines 7--7 of FIG. 6; and
PAR  FIG. 8 is a plan view illustrating the termination of FIG. 6 before the
      rope yarns are wrapped about the fitting.
DETD
PAR  Referring now to the drawings, FIG. 1 illustrates a rope termination 10
      embodying the present invention. As best seen therein, the termination 10
      comprises a termination fitting 11 and a length of rope 12 fastened to the
      fitting 11. As best seen in FIG. 2, the rope 12 has a main section 12a and
      an end section 12b, and the illustrated rope 12 is composed of a plurality
      of rope yarns 13,13 disposed parallel with one another inside a braided
      jacket 14. A rope having this construction is sold by Wall Industries,
      Inc. of Beverly, N. J. under the registered trademark Uniline, and for a
      more detailed description of such a rope and its method of manufacture,
      reference is made to U.S. patent application Ser. No. 434,627 filed on
      Jan. 18, 1974, now U.S. Pat. No. 3,911,785, owned by the assignee of the
      present application.
PAR  According to the present invention, the termination 10 is designed to
      provide a secure connection between the rope 12 and a load. The
      termination 10 is particularly suited for use in conjunction with a rope,
      such as the illustrated rope, containing one or more electrical conductors
      therein, such as the conductor 15. For instance, the termination 10
      permits substantial tension to be applied between the rope 12 and the
      fitting 11 while permitting the conductor 15 to be separated from the core
      yarns 13,13 and connected to electrical apparatus in a stress-free manner.
PAR  As best seen in FIG. 2, the fitting 11 has a frusto-conical body 11a which
      is symmetrical about a longitudinal axis A disposed coaxial with the
      longitudinal axis of the rope 12. The body 11a has a base 11b and an apex
      or inner end 11c with a peripheral surface 17 tapering outwardly from the
      apex 11c and toward the base 11b. The fitting 11 has a bore 18 which
      extends axially between the inner end 11c and the base 11b and which is
      sized to receive a short length of the main section 12a of the rope 12.
      The base 11b of the fitting has a curved surface 19 which provides a
      smooth transition surface between the bore 18 and the tapered outer
      surface 17 of the body 11a.
PAR  As best seen in FIG. 1, securing means, in the present instance a bail 20,
      is provided to fasten the body of the fitting 11 to an anchoring device.
      In the illustrated embodiment, the bail 20 is provided by a plate having
      depending bifurcations 21,21 which are fastened to the peripheral surface
      17 of the body 11a at diametrically-spaced locations. The bail 20 has a
      hole or eye 22 adapted to receive a shackle pin or like fastener. In
      addition, the bail 20 has an inclined surface 24 which confronts the bore
      18 and defines one edge of an aperture 23 located between the
      bifurcations. The surface 24 prevents any sharp edges from contacting the
      conductor 15 and possibly abrading the same. Preferably, the overall
      diameter of the base 11b corresponds to about 5 rope diameters, and the
      radius of curvature of the surface 19 corresponds to about 1 rope
      diameter. In addition, it is preferable for the body 11a of the fitting to
      have a length corresponding to about 10 rope diameters measured between
      the upper extremity of the curved base surface 19 and the inner end or
      apex 11c.
PAR  The fitting 11 is fastened to the rope 12 in a novel manner which provides
      an efficient high-strength connection capable of being fabricated in the
      field with a minimum of labor and without special equipment. To this end,
      the rope 12 is fastened to the fitting 11 by arranging the rope yarns
      13,13 about the fitting 11 and the main section 12a of the rope 12 in such
      a manner as to cause the yarns 13,13 to grip the periphery of the rope 12
      firmly when the rope is tensioned. As best seen in FIG. 1, the rope yarns
      13,13 are divided into one, and preferably two pairs of bundles, each
      having substantially the same number of yarns. One pair of bundles is
      designated with the numeral 13a,13a and the other pair is designated with
      the numeral 13b,13b. In the illustrated embodiment, one bundle 13a and one
      bundle 13b of each pair is disposed to one side of the bifurcations 21,21,
      and one bundle of each pair is similarly disposed on the other side of the
      bifurcations.
PAR  The bundles 13a,13a are splayed diametrically and radially outward around
      the curved surface 19 at the base 11b of the body 11a, and they extend
      axially rearward or inward along the tapered surface 17 toward the inner
      end or apex 11c of the body of the fitting 11. The bundles 13a,13a are
      thereafter wrapped helically in opposite directions about the periphery of
      the main section 12a of the rope 12. For instance, the bundle 13a in the
      foreground of FIG. 1 is wrapped in the counter-clockwise direction
      (looking downward in FIG. 1) about the rope 12, and the other bundle 13a
      is wrapped in the clockwise direction over its companion bundle so that
      one bundle overlies the other. Both bundles are wrapped for a
      predetermined distance along the length of the rope. The bundles 13b, 13b
      in the other pair are wrapped similarly about the bundles 13a, 13a of the
      first-mentioned pair.
PAR  The ends of the bundles are secured to the outer periphery of the rope 12
      by means of tape or twine lashing 25 wrapped several times around the ends
      of the bundles and an adjacent section of the rope 12, such as illustrated
      in FIG. 3, and in a manner described more fully hereinafter. Thus, when
      tension is applied downwardly to the rope 12 and upwardly to the fitting
      11, the wrapped bundles 13a and 13b cooperate to grip the periphery of the
      rope 12 to fasten the fitting 11 securely thereto. Since the same yarns
      13,13 which form the core of the rope 12 are employed to fasten the
      fitting, a high-strength connection is provided.
PAR  In order to protect the yarn bundles 13a and 13b from damage, and to
      rigidify the entire termination, the body 11a of the fitting and a section
      of the rope 12 adjacent the fitting is encapsulated by a conical boot of
      polyurethane material 26 (FIG. 4). The bail 20 protrudes from the upper
      end of the boot 26 and is exposed, and the conductor 15 extends away from
      the boot 26 for connection to electrical apparatus. The boot 26 prevents
      the fitting from pivoting laterally relative to the rope while protecting
      the rope yarns from damage.
PAR  A modified fitting 111 is illustrated in FIG. 5. In this embodiment, the
      fitting 111 is provided by a hollow conical member 111a having a tapered
      peripheral surface 117. A curved surface 119 is provided by an insert
      111b, preferably of a hard plastic material, which is telescopically
      received within the outer end of the tubular member 111a. The insert 111b
      and the tubular member 111a have aligned bores 118a and 118b which receive
      a length of rope 112. In this embodiment, the yarn bundles are arranged
      about the fitting 111 in a manner similar to the manner in which the
      bundles are arranged in the embodiment of FIG. 1, and the bundles are
      similarly wrapped and secured to the rope 112. The securing means in this
      embodiment is provided by an inverted U-shaped bail 120 secured to the
      body 117 in a manner similar to the bail 20 in FIG. 1.
PAR  As best seen in FIG. 6, a modified rope termination 210 which embodies the
      present invention is provided. The modified termination 210 includes a
      fitting 211 connected to a rope 212 having a main section 212a and an end
      section 212b. As in the aforementioned embodiments, the fitting 211 is
      secured to the rope 212 in a manner which provides a strong and secure
      connection between the rope 212 and a load.
PAR  In this embodiment, the rope 212 is a parallel yarn rope having a plurality
      of rope yarns 213,213 and a conductor 215. The fitting 211 is provided by
      a channel member which is disposed in the form of a planar loop having an
      outwardly-open channel 217 around its periphery and being symmetrical with
      respect to an axis A. The fitting 211 has diametrically-opposed surfaces
      217a and 217b which taper inwardly toward the axis A at the inner end 211c
      of the fitting. A sleeve 218 is mounted at the inner end 211c and is
      disposed coaxial with the axis A. The sleeve 218 has a bore which is sized
      to receive the conductor 215, and preferably, the sleeve 218 is provided
      with a tubular insert of nylon or other relatively soft material to
      protect the same against damage.
PAR  In order to protect the conductor 215 against inadvertant severance, such
      as if the other end of the rope 212 were connected to a moving load, the
      fitting 211 has a tubular member 222 welded to the inside of the channel
      member 211a at its outer end 211b. The tubular member 222 has its axis
      disposed normal to the plane of the loop and provides an eye which may be
      slid onto a shackle pin (not shown) for mounting the fitting 211 for
      pivotal movement while preventing the shackle pin from engaging the
      conductor 215 as the fitting 211 pivots.
PAR  In this embodiment, the fitting 211 is fastened to the rope 212 by wrapping
      the rope yarns 213,213 about the main section 212a of the rope 212 in a
      manner similar to the embodiment of FIG. 1. To this end, the rope yarns
      213,213 are divided into a pair of bundles 213a and 213b which are wrapped
      for a short distance with a reinforced tape or twine as indicated at 213c
      and 213d to protect the yarns when placed in the channel member 217. The
      ends of each of the bundles 213a and 213b beyond the wrapped sections 213c
      and 213d are then further divided into a pair of bundles which are wrapped
      about the rope as in FIG. 1. It is noted that the conductor 215 is
      inserted in the sleeve 218 and the rope yarns are splayed about the inner
      end 211c of the fitting 211 before the yarns are wrapped about the rope.
PAR  If desired, a satisfactory termination may be provided by wrapping a single
      pair of yarn bundles about the rope 212, such as indicated in FIG. 6. To
      this end, one of the pair of bundles 213a is extended counterclockwise
      about the channel member 211 and is disposed in the upper portion of the
      channel 217 before being wrapped helically in a clockwise direction
      (looking leftward in FIG. 6) about the main portion 212a of the rope 212.
      The other one of the bundles 213b is disposed alongside of the first
      bundle 213a in the channel 217; however, this bundle 213b extends in the
      opposite or clockwise direction about the periphery of the channel member
      211a before being wrapped helically in the opposite or counterclockwise
      direction about the main portion 212a of the rope 212. As in the
      aforementioned embodiments, the bundles 213a and 213b are wrapped for a
      predetermined distance along the length of the main portion 212a of the
      rope 212, and the ends of the bundles are secured to the outside of the
      rope 212 as by a twine lashing, taping, or the like. Preferably, the
      termination 210 is encapsulated by a layer of polyurethane such as
      illustrated in FIG. 4.
PAR  With this structure, tension applied rightward on the rope 212 and leftward
      on the fitting 211 causes the helically-wrapped portions of the rope yarns
      213,213 to grip the outside of the rope 212 firmly to mount the fitting
      211 securely to the end of the rope 212. Thus, the conductor 215 may be
      separated from the core yarns 213,213 and connected to electrical
      apparatus in a substantially stress-free manner.
PAR  In order to insure that the terminations are efficient, with their strength
      being substantially equal to that of the rope, it is desirable for certain
      precautions to be taken in fabricating the terminations. For instance, the
      bundles of core yarns should be wrapped about the main portion of the rope
      for a predetermined distance in a predetermined manner. The distance and
      arrangement of wraps depend upon the material of the rope yarn fibers, as
      described hereinafter.
PAR  When the yarns are of nylon or polyester fibers, the jacket of the rope is
      removed for a distance of about 85 rope diameters from its end. The
      predetermined distance from the inner end of the termination fitting is
      marked off on the main portion of the rope prior to wrapping the core yarn
      bundles about the rope. For nylon or polyester yarns, 9 marks are placed
      on the rope at spaced intervals with the first mark being placed at the
      location of the inner end of the fitting. The first 6 marks are spaced
      from one another distances equal to 6 times the rope diameter and the last
      3 spaces are spaced from one another from 3-4 times the rope diameter.
      Afterward, both pairs of yarn bundles are wrapped helically about the rope
      in such a manner that the oppositely-wrapped bundles intersect one another
      at the location of the marks. When the yarns are of Kevlar fibers, the
      marks are placed on the rope at different intervals, due to the different
      strength and elongation characteristics of Kevlar. For instance, the marks
      are placed at 16 intervals, the first 2 intervals being spaced apart about
      9 rope diameters, the next 12 marks being spaced apart about 6 rope
      diameters, and the last 2 marks being spaced apart about 4 rope diameters.
PAR  In addition to the manner in which the yarn bundles are wrapped, it is
      important for their ends to be securely fastened to the rope. To this end,
      the ends of one of the pair of bundles, such as the pair 13b (FIG. 3) are
      cut longer than the other pair 13a. The ends of the pair 13a, after being
      wrapped, are tied by a twine 30, and a short length of the rope is lashed
      by a twine 31 beyond the ends of the pair 13a. The longer pair 13b are
      then wrapped over the lashing 31, and a length of twine 32 is lashed
      around the longer pair 13b. Afterward, the entire length of the wrapped
      bundles is coated with neoprene, wrapped with a nylon twine, and again
      coated. If desired, shrink tubing could be utilized as a protective cover.
      In order to illustrate the helical wraps, the outer lashing has not been
      illustrated in FIG. 1. With this technique, the termination develops
      substantially the full strength of the rope and efficiently transmits the
      tension in the rope to the load connected to the fitting.
PAR  In view of the foregoing, it should be apparent that the present invention
      now provides improved terminations and termination fittings which are
      particularly useful in conjunction with parallel yarn ropes containing
      electrical conductors. The present invention also provides improved
      methods for fastening termination fittings to parallel yarn ropes. Both
      the methods and apparatus of the present invention cooperate to permit
      parallel yarn ropes to be terminated efficiently and in a manner requiring
      a minimum of labor and/or special equipment.
PAR  While preferred embodiments of the present invention have been described in
      detail, various modifications, alterations and changes may be made without
      departing from the spirit and scope of the present invention as defined in
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A termination of a length of rope having a plurality of rope yarns,
      comprising:
PA1  a termination fitting having an inner end,
PA1  fastening means carried by said fitting remote from said inner end,
PA1  said fitting having a peripheral surface with a curved portion remote from
      said inner end and diametrically-opposed portions tapering outwardly from
      said inner end,
PA1  said rope having a main section with said yarns closely associated with one
      another and an end section with said yarns separated into at least a pair
      of bundles,
PA1  said bundles extending outwardly around the curved portion of said
      peripheral surface and returning along said diametrically-opposed portions
      of said peripheral surface,
PA1  one of said pair of bundles being wrapped helically in one direction about
      the main section of the rope and the other of said bundles being wrapped
      helically in the opposite direction about said one bundle,
PA1  said bundles being wrapped for a predetermined distance along said main
      section of the rope and having ends, and
PA1  means securing said ends to the main section of said rope,
PA1  whereby the application of tension between the main section of the rope and
      the fastening means of the fitting causes the wrapped bundles to grip the
      rope for securely mounting the fitting thereto.
NUM  2.
PAR  2. A termination according to claim 1 wherein said rope includes at least
      one electrical conductor among said rope yarns, said yarns being splayed
      about said termination fitting and said conductor being separated from
      said splayed yarns and extended away from said fitting.
NUM  3.
PAR  3. A termination according to claim 2 including a rigid boot surrounding
      said tapered surfaces and said main section of said rope adjacent said
      fitting to protect said yarns and to rigidify the termination.
NUM  4.
PAR  4. A termination according to claim 3 wherein said fitting has an axial
      bore receiving said rope and a frusto-conical shape with a base remote
      from said inner end, said curved surface portion being provided on said
      base and connecting said bore and the tapered periphery of said fitting,
      said rope yarns splaying radially-outward about said curved base surface
      and inwardly along said tapered periphery of the fitting.
NUM  5.
PAR  5. A termination according to claim 4 wherein said fitting includes a bail
      extending axially beyond said curved base to provide said fastening means,
      and wherein said yarns are divided into at least another pair of bundles
      arranged about the periphery of said fitting and wrapped helically about
      the main portion of the rope similarly to said first-mentioned pair.
NUM  6.
PAR  6. A rope termination according to claim 3 including an outwardly-open
      channel member disposed in the form of a loop to provide said tapered and
      curved surfaces engaged by said yarn bundles, one of said yarn bundles
      extending in one direction around said loop and the other of said bundles
      extending in the other direction around said loop alongside said one
      bundle.
NUM  7.
PAR  7. A rope termination according to claim 6 including an axially-extending
      sleeve member mounted at the inner end of said fitting, said yarns
      splaying adjacent said inner end of said fitting and said conductor
      extending through said sleeve member.
NUM  8.
PAR  8. A method of terminating a rope composed of a plurality of yarns,
      comprising the steps of:
PA1  associating with one end of the rope a fitting having a frusto-conical
      peripheral surface with a base and an axial bore,
PA1  disposing the fitting with its narrow end toward the end of the rope,
PA1  separating the rope yarns into at least one pair of bundles,
PA1  inserting the bundles axially into the bore at the narrow end of the
      fitting,
PA1  splaying the bundles diametrically outward around the base of the fitting,
PA1  disposing the bundles axially along opposite sides of the peripheral
      surface,
PA1  wrapping one bundle helically in one direction about the rope inwardly of
      the fitting for a predetermined distance,
PA1  wrapping the other bundle helically in the opposite direction about said
      one bundle for said distance, and
PA1  securing the ends of said bundles to said rope.
NUM  9.
PAR  9. A method of terminating a rope composed of a plurality of yarns,
      comprising the steps of:
PA1  associating with one end of the rope a fitting having an outwardly-open
      channel disposed in the form of a loop having a narrow end,
PA1  disposing the narrow end of the loop adjacent the end of the rope,
PA1  separating the rope yarns into at least one pair of bundles,
PA1  extending one bundle in one direction around said loop in said channel,
PA1  extending the other bundle in the other direction around said loop in said
      channel,
PA1  wrapping one bundle helically about the rope in one direction for a
      predetermined distance,
PA1  wrapping the other bundle helically about the rope in the other direction
      for said distance, and
PA1  securing the ends of the bundles to the rope.
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ABST
PAL  A multiplex signal transmission system in which a plurality of information
      signals, having respectively arbitrary time durations and being arranged
      in time-serial form, are sequentially divided into a plurality of signal
      portions by a predetermined time period, said signal portions being
      successively allocated in time-parallel form to a plurality of
      transmission channels, each of which has a time duration of said
      predetermined time period, and being transmitted repeatedly through
      respectively allocated channels every said time duration, comprises a
      channel shift means for shifting sequentially the channel allocation of
      said signal portions at predetermined time periods, and a signal
      transmitting means for transmitting in time-parallel form said signal
      portions derived from said channel shift means repeatedly through every
      preceding channels. Consequently, the transmission line can be efficiently
      utilized in such a way that, at the sending end, a plurality of
      information signals having respectively arbitrary time durations are
      folded into a plurality of transmission channels having given time
      periods, and besides that, at the receiving end, once a portion of any
      desired information signal is caught in a corresponding channel,
      successive signal portions can be derived sequentially from the same
      channel every said given time periods. Hence, a channel selecting means of
      a receiver in this system can be simplified.
BSUM
PAR  The present invention relates to a multiplex signal transmission system in
      which a plurality of signals having arbitrary time durations are
      transmitted in a given time duration through a plurality of channels.
PAR  In a multiplex signal transmission system, for example in a still picture
      and related audio signal transmission system, a plurality of information
      signals divided alternately into given different time durations having an
      arbitrary integer ratio with each other are repeatedly transmitted at
      given time periods.
PAR  Before the present invention is explained, the still picture transmission
      system will be firstly described. In this system the signals divided into
      given different time durations are television picture signals of a
      plurality of still pictures and audio signals in the form of PCM signals
      related to the still pictures and these signals are transmitted
      alternately.
PAR  The present inventors have developed a time division multiplexing
      transmission system for transmitting video signals of a plurality of still
      pictures and pulse code modulated e.g. (PCM) audio signals related thereto
      alternately at a time rate of, for example 1 to 2 television frames.
PAR  Now a basic construction of such a transmitting system will be explained
      with reference to FIGS. 1 to 4. FIG. 1 shows a format of the video-audio
      multiplexed signal to be transmitted. FIG. 1a denotes a program of 5
      seconds. The program is termed as a master frame MF. The master frame MF
      consists of five sub-frames SF, each of which has a duration of 1 second.
      As also shown in FIG. 1a, each sub-frame SF consists of 10 video-audio
      frames VAF and each video-audio frame VAF has a duration of 1/10 seconds.
      As illustrated in FIG. 1a, each video-audio frame VAF further consists of
      a video frame VF of one television frame period (1/30 seconds) and an
      audio frame AF of two television frame period (1/15 seconds). Each audio
      frame AF further consists of a first audio framd A.sub.1 F and a second
      audio frame A.sub.2 F, each having one television frame period (1/30
      seconds). Thus the master frame MF is composed of frame 150 television
      frames.
PAR  By constructing the master frame MF as mentioned above, in the master frame
      MF, there may be inserted 50 still pictures. However, in fact, it is
      necessary to transmit code signals for identifying still pictures and
      their related sounds and for indicating timings of starts and ends of
      respective signals. It is advantageous to transmit such code signals in
      the video frames VF rather than in the audio frames AF. In the present
      embodiment, code signals are transmitted in a video frame VF of each
      sub-frame SF. A frame during which the code signals are transmitted is
      referred to as a code frame CF. FIG. 1b shows a part of the sub-frame SF
      which includes such a code frame CF. Therefore, in the master frame MF,
      there are inserted forty five still pictures and then it is required to
      transmit forty five sounds related thereto, i.e. 45 channels of
      audio-signals.
PAR  Sound like speech or music needs several seconds or more to make sense,
      because sound is inherently continuous. In the present embodiment the
      maximum duration of each sound relating to each still picture is limited
      to 10 seconds. As mentioned above the master frame MF has a duration of
      only 5 seconds, so that in order to transmit sounds of 10 seconds it is
      necessary to use the number of transmission channels twice the number of
      sound channels. That is, in order to transmit sounds of 45 channels
      relating to 45 still pictures, it is required to establish 90 audio
      transmission channels. Moreover, it is impossible to transmit audio
      signals in the video frames VF. Therefore, PCM audio signals must be
      divided and allocated in the audio frames AF only. In order to effect such
      an allocation processing for audio signals, the PCM audio signals of
      ninety channels are divided into two groups PCMI and PCMII as shown in
      FIG. 1c. Portions of PCMI corresponding to the second audio frames A.sub.2
      F and the video frames VF are delayed for two television frame periods of
      1/15 seconds and portions of PCMII corresponding to the video frames VF
      and the first audio frames A.sub.1 F are delayed for one television frame
      period of 1/30 seconds. PCM signals thus delayed form audio channels A and
      C as illustrated in FIG. 1c, respectively. Portions of PCMI and PCMII
      which correspond to the first audio frames A.sub.1 F and the second audio
      frames A.sub.2 F, respectively, are directly inserted in audio channels
      B.sub.1 and B.sub.2 to form an audio channel B. In this manner in the
      audio channels A, B and C, there are formed vacant frames which have a
      time position corresponding to the video frames VF. By effecting such an
      allocation for the audio signals, in each audio frame AF (=A.sub.1
      F+A.sub.2 F) it is necessary to contain a number of audio channels which
      are equal to one and half times of the number of the channels of the audio
      PCM signals. In the present embodiment, a hundred and thirty five audio
      transmission channels have to be provided in each audio frame AF. In this
      manner, audio signals of 135 channels are inserted in each audio frame AF
      in the form of PCM signals allocated in given time slots.
PAR  An embodiment of a transmitting apparatus for effecting the above mentioned
      still picture - PCM audio signal time division multiplexing transmission
      will now be explained with reference to FIG. 2. The transmitting apparatus
      comprises a video signal processing system and an audio signal processing
      system. The video signal processing system comprises a random access slide
      projector 1, on which is loaded slides of still pictures to be
      transmitted. The projector 1 projects optically an image of a slide of a
      still picture onto a television camera 3. The camera 3 picks up the image
      and produces an electrical video signal. The video signal is supplied to a
      frequency-modulator 5 and a carrier is frequency-modulated by the video
      signal. The FM video signal is amplified by a recording amplifier 7 and an
      amplified FM video signal is supplied to a video recording head 9. This
      head 9 is an air-bearing type floating head and is arranged to face a
      surface of a magnetic disc memory 11. The head 9 is driven by a head
      driving mechanism 13 so as to move linearly in a radial direction on the
      surface of the disc memory 11. The disc memory 11 is preferably made of a
      plastic disc having a magnetic layer coated thereon. This kind of memory
      has been described in detail in an NHK Laboratories Note, Ser. No. 148,
      "Plated magnetic disc using plastic base"; Dec. 1971. The disc 11 is
      rotated by a motor 15 at a rate of thirty rounds per second. There is
      further provided an air-bearing type floating head 17 for reproducing FM
      video signals recorded on the disc memory 11. The reproducing head 17 is
      also driven by a driving mechanism 19 so as to move linearly in a radial
      direction on the surface of the disc 11. The magnetic heads 9 and 17 are
      moved intermittently so that on the surface of the disc 11 there are
      formed many concentric circular tracks. On each track is recorded the FM
      video signal for one television frame period corresponding to each still
      picture. The above arrangement for recording a video signal is a
      conventional so-called video disc recorder, for example type HS-100 sold
      from AMPEX Company, used in a usual television station. The reproduced FM
      video signal derived from the reproducing head 17 is supplied to a
      reproducing amplifier 21 and the amplified FM video signal is further
      supplied to a frequency-demodulator 23. The demodulated video signal
      derived from the frequency-demodulator 23 is supplied to a time-error
      compensator 25, in which time-errors of the demodulated video signal due
      to non-uniformity of rotation of the disc memory 11 can be compensated.
      The time-error compensator 25 may be a device which is sold from AMPEX
      Company under a trade name of "AMTEC". The time-error compensator 25 has a
      voltage controlled delay line and an error detector, to both of which the
      demodulated video signal from the demodulator 23 is applied. The error
      detector also receives the stable timing reference input signal U from the
      synchronizing and timing signal generator 61 and detects the phase
      difference between said two input signals so as to produce an error
      voltage proportional to said phase difference. Said delay line receives
      the error signal as a control voltage, by which the delay time of the
      demodulated video signal is controlled to produce a time corrected video
      output signal having a fixed phase. The time-error compensated video
      signal is supplied to a video input terminal of a video-audio multiplexer
      27.
PAR  The audio signal processing system comprises an audio tape recorder 29 of
      the remote controlled type. On this tape recorder 29 is loaded a tape on
      which many kinds of audio signals related to the forty five still pictures
      have been recorded. The reproduced audio signals from the tape recorder 29
      are supplied to a switcher 31 which distributes each audio signal
      corresponding to each still picture to each pair of recording amplifiers
      33-1, 33-2; 33-3, 33-4; . . . 33-n. The amplified audio signals from the
      amplifiers 33-1, 33-2, 33-3, . . . 33-n are supplied to audio recording
      heads 35-1, 35-2, 35-3, . . . 35-n, respectively. There is provided an
      audio signal recording magnetic drum 37 which is rotated by a driving
      motor 39 at a rate of 1 revolution for 5 seconds. As already described
      above each sound corresponding to each still picture lasts at the longest
      for 10 seconds, so that each audio signal of each sound is recorded on two
      tracks of the magnetic drum 37 by means of each pair of audio recording
      heads 35-1, 35-2; 35-3, 35-4; . . . 35-n. That is, a first half of a first
      audio signal for 5 seconds is recorded on a first track of the drum 37 by
      means of the first recording head 35-1 and then a second half of the first
      audio signal is recorded on a second track by means of the second head
      35-2. In this manner, the successive audio signals corresponding to the
      successive still pictures are recorded on the magnetic drum 37.
PAR  The audio signals recorded on the drum 37 are simultaneously reproduced by
      audio reproducing heads 41-1, 41-2, 42-3, . . . 41-n, the number of which
      corresponds to the number of the audio recording heads 35-1, 35-2, . . .
      35-n. In the present embodiment n=90. The reproduced audio signals are
      amplified by reproducing amplifiers 43-1, 43-2, 43-3, . . . 43-n. The
      amplified audio signals are supplied in parallel to a multiplexer 45 in
      which the audio signals are multiplexed in time division mode to form a
      time division multiplexed (TDM) audio signal. The TDM audio signal is then
      supplied to an A-D converter 47 to form a PCM-TDM audio signal. This PCM
      audio signal is further supplied to an audio allocation processor 49 in
      which the PCM audio signal is allocated in the audio frames AF as
      explained above with reference to FIG. 1c. The detailed construction and
      operation of the audio allocation processor 47 will be explained later.
      The PCM audio signal supplied from the processor 49 is a two-level PCM
      signal. This two-level PCM signal is converted in a two-four level
      converter 51 into a four-level PCM signal. The four-level PCM audio signal
      is supplied to an audio signal input terminal of the video-audio
      multiplexer 27. In the multiplexer 27, the video signal derived from the
      time-error compensator 25 and the four-level PCM audio signal derived from
      the two-four level converter 51 are multiplexed in a time division mode. A
      multiplexed video-audio signal derived from the multiplexer 27 is supplied
      to a code signal adder 53 which adds to the multiplexed video-audio signal
      the code signal for selecting desired still pictures and their related
      sounds at a receiving end to form the signal chain shown in FIG. 1b. The
      signal chain derived from the code signal adder 53 is further supplied to
      a synchronizing signal adder 55 in which a digital synchronizing signal is
      added to form an output video-audio signal to be transmitted.
PAR  In the transmitting apparatus shown in FIG. 2, there are further provided
      servo amplifiers 57 and 59 so as to maintain the rotation of the video
      disc memory 11 and the audio magnetic drum 37 constant.
PAR  In order to transmit the output video-audio signal as a television signal,
      it is necessary to synchronize the operation of the various portions of
      the transmitting apparatus with an external synchronizing signal. To this
      end, there is further provided a synchronizing and timing signal generator
      61 which receives the external synchronizing signal and generates
      synchronizing and timing signals R, S, T, U, V, W, X, Y and Z for the
      camera 3, the servo amplifiers 57 and 59, the time-error compensator 25,
      the audio multiplexer 45, the A-D converter 47, the audio allocation
      processor 49, the two-four level converter 51 and the synchronizing signal
      adder 55, respectively. The generator 61 further supplies synchronizing
      and timing signals to a control device 63 which controls selection of
      still pictures and sounds, recording, reproducing and erasing of video and
      audio signals, generation of a code signal, etc. The control device 63
      further receives instruction signals from an instruction keyboard 65 and
      supplies control signals A, B, C, D, E, F and G to the projector 1, the
      audio tape recorder 29, the code signal adder 53, the video recording
      amplifier 7, the video recording head driving mechanism 13, the video
      reproducing head driving mechanism 19 and the switcher 31, respectively.
PAR  FIG. 3 shows a detailed construction of the audio allocation processor 49.
      In FIG. 3, there are also shown the multiplexer 45, the A-D converter 47
      and the two-four level converter 51. When independent audio signals of 90
      channels are to be transmitted, they are divided into two groups each
      including 45 channels. These two groups of audio signals are supplied to a
      pair of multiplexers 45I and 45II and a pair of A-D converters 47I and
      47II, respectively, to form a pair of PCM time division multiplexing
      signals PCMI and PCMII as shown in FIG. 1c.
PAR  The audio allocation processor 49 comprises gates 67, 69, 71 and 73. The
      signal PCMI is supplied to the gates 67 and 69 and the other signal PCMII
      is supplied to the gates 71 and 73. To the gate 67 is applied such a gate
      signal derived from the synchronizing and timing generator 61 shown in
      FIG. 2 that the gate 67 is opened for two frame periods t.sub.0 - t.sub.2,
      t.sub.3 - t.sub.5 . . . and closed for one frame period t.sub.2 - t.sub.3,
      t.sub.5 - t.sub.6 . . . every three frame periods. To the gate 69 is
      applied a gate signal which has a polarity reversed to that of the gate
      signal supplied to the gate 67, so that the gate 69 is closed for two
      frame periods t.sub.0 - t.sub.2, t.sub.3 -t.sub.5 . . . and opened for one
      frame period t.sub.2 -t.sub.3, t.sub.5 -t.sub.6 . . . every three frame
      periods. The gate 71 is opened for two frame periods t.sub.1 -t.sub.3,
      t.sub.4 -t.sub.6 . . . and closed for one frame period t.sub.0 -t.sub.1,
      t.sub.3 -t.sub.4 . . . every three frame periods, but delayed for one
      frame period with respect to the gate 67. The gate 73 is closed for two
      frame periods t.sub.1 -t.sub.3, t.sub.5 -t.sub.6 . . . and opened for one
      frame periods t.sub.0 -t.sub.1, t.sub.3 -t.sub.4 . . . every three frame
      periods, but delayed for one frame period with respect to the gate 69. The
      construction and operation of these gates are well-known in the art, so
      that a detailed explanation thereof is not necessary. To an output of the
      gate 67 is connected a delay circuit 75 which delays input signals by two
      frame periods and to an output of the gate 73 is connected a delay circuit
      77 which delays input signals by one frame period. A mixing circuit 79 is
      connected to both outputs of the gates 69 and 71. Output signals of the
      delay circuits 75 and 77 and the mixing circuit 79 are supplied to a time
      division multiplexing device 81 to form a time division multiplexed
      signal.
PAR  The signal PCMI is gated out by the gate 67 for a period t.sub.0 -t.sub.2
      and delayed by the delay circuit 75 for two frame periods to form the
      signal A shown in FIG. 1c. The other signal PCMII is gated out by the gate
      73 for a period t.sub.1 -t.sub.3 and delayed by the delay circuit 77 for
      one frame period to form the signal C shown in FIG. 1c. Moreover, a signal
      portion of the PCMI for a period t.sub.2 -t.sub.3 is gated out by the gate
      69 to form the signal B.sub.1 shown in FIG. 1c and a signal portion of the
      PCMII for a period t.sub.3 -t.sub.4 is gated out by the gate 71 to form
      the signal B.sub.2 also shown in FIG. 1e. The signals B.sub.1 and B.sub.2
      are mixed in the mixing circuit 79 and transferred to the time division
      multiplexing device 81 as a third channel signal B.
PAR  To the time division multiplexing device 81 are also supplied the first and
      second audio channels A and C to form the PCM-TDM audio signal which is
      further supplied to the two-four level converter 51.
PAR  In the manner mentioned above, it is possible to form a vacant frame for a
      period t.sub.1 -t.sub.2 and the video signal can be transmitted in such a
      vacant frame.
PAR  In the transmitting apparatus mentioned above, the random access slide
      projector 1 is controlled by the control device 63 to project successive
      forty five still pictures and the video recording head 9 is driven by the
      mechanism 13 so as to face tracks of the disc memory 11. In this case, the
      video recording head 7 moves in one direction to face alternate 23 tracks
      so as to record 23 still pictures and then moves in an opposite direction
      to face the remaining 22 tracks which situate between the tracks on which
      the video signals of the first 23 still pictures have been recorded. The
      video recording amplifier 7 receives a gate signal D of 1/30 seconds from
      the control device 63 and supplies a recording current to the video
      recording head 9 for said period. The motor 15 for driving the disc 11 is
      controlled by the servo amplifier 57 to rotate at a constant angular
      velocity of 30 rps. The servo amplifier 57 detects the rotation of the
      disc 11 and controls the motor 15 in such a manner that the detected
      signal coincides with the timing signal S supplied from the generator 61.
      The video reproducing head 17 is driven by the mechanism 19 in the same
      manner as the video recording head 9. The reproducing head 17 is moved in
      the audio frame and code frame periods and is stopped in the video frame
      period to reproduce the video signal in a correct manner. The reproducing
      head 17 reproduces repeatedly the video signal of forty five still
      pictures.
PAR  As already explained, the audio signal of each sound relating to each still
      picture is recorded on two tracks of the magnetic drum 37. This drum 37 is
      driven by the motor 39 and this motor 39 is controlled by the servo
      amplifier 59. The servo amplifier 59 detects the rotation of the drum 37
      and controls the motor 39 in such a manner that the detected signal
      coincides with the timing signal T supplied from the generator 61.
PAR  It is possible to revise a portion of the previously recorded pictures or
      sounds to new pictures or sounds while reproducing the remaining pictures
      and sound. For picture information, the video recording head 9 is accessed
      to a given track by the head driving mechanism 13 and a new picture is
      projected by the random access slide projector 1 and picked up by the
      television camera 3. The video signal thus picked up is supplied to the
      frequency-modulator 5 and then to the recording amplifier 7. Before
      recording, a DC current is passed through the video recording head 9 and
      the previously recorded video signal is erased. Then the new video signal
      is recorded on the erased track of the disc 11. For sound information, a
      new sound is reproduced by the audio tape recorder 29 and a given track of
      the magnetic drum 37 is selected by the switcher 31. Before recording, the
      selected track is erased by an erasing head (not shown) corresponding to
      the selected recording head. These operations are controlled by the
      control signals supplied from the control device 63 on the basis of the
      instruction from the instruction keyboard 65 and the timing signals from
      the generator 61.
PAR  Next, a basic construction of a receiver will be explained with reference
      to FIG. 4. A received signal is supplied in parallel to a synchronizing
      signal regenerator 83, a video selector 85 and an audio selector 87. In
      the synchronizing signal regenerator 83, a synchronizing signal is
      regenerated from the received signal. The synchronizing signal thus
      regenerated is supplied to a timing signal generator 89. To the timing
      signal generator 89 is also connected an instruction keyboard 91. The
      timing signal generator 89 produces timing signals to be supplied to the
      video selector 85 and the audio selector 87 on the basis of the
      synchronizing signal derived from the regenerator 83 and the instruction
      derived from the keyboard 91. The video selector 85 selects a desired
      video signal and the audio selector 87 selects a desired audio signal
      related to the desired video signal. The selected video signal of the
      desired still picture is once stored in an one-frame memory 93. Then the
      stored video signal of one-frame period is repeatedly read out to form a
      continuous television video signal. This television video signal is
      displayed on a television receiver 95.
PAR  In the transmission system mentioned above, since each audio signal
      belonging to each still picture must be transmitted within a time period
      of 10 seconds, there is a disadvantage that a degree of freedom of
      expression of programs is limited due to the limited time period of the
      audio signals.
PAR  In order to avoid such a disadvantage, when a plurality of audio signals
      having arbitrary time periods A, B, C, . . . .alpha., .beta., .gamma., . .
      . in two groups corresponding to said pair of PCM time division
      multiplexing signals PCMI and PCMII are repeatedly transmitted at a given
      time period of, for example, 5 seconds through a plurality of channels ACH
      0-95, as shown in FIG. 5, it is proposed at first to connect said
      plurality of audio signals in serial time, to divide sequentially these
      serial audio signals every 5 seconds, and to contain sequentially each
      signal portion of 5 seconds into a respective one of said plurality of
      channels.
PAR  As a result, for example, relating to the audio signal A, the signal
      portion A.sub.1 of 5 seconds is transmitted through the zero channel ACH0,
      and the remaining signal portion A.sub.2 (within 5 seconds) is transmitted
      through the second channel ACH2. Relating to the signal B following said
      signal A, the first signal portion B.sub.1 is transmitted through said
      second channel ACH2 during the remaining period after the transmission of
      said signal portion A.sub.2 is completed. Consequently, the signals A and
      B are transmitted without interruption, and thus no pause portion is
      occurs in the transmission line. In this way, the audio signals are folded
      as shown in FIG. 5 every 5 seconds so as to allot sequentially these
      signal portions into said plurality of channels.
PAR  In this manner, the audio signals are arranged in the form shown in FIG. 5,
      and this signal arrangement is repeated every time period of 5 seconds. At
      the receiving side, in order to reproduce, for example, the audio signal
      A, the first portion A.sub.1 is reproduced from the zero channel ACH0
      during the first 5 seconds and then during the next five seconds the
      second portion A.sub.2 is reproduced from the second channel ACH2.
      Consequently, the both portions A.sub.1 and A.sub.2 succeed
      time-sequentially, so that the original audio signal A can be reproduced.
PAR  By means of such a transmission system, it is possible to transmit the
      audio signals having arbitrary time lengths. However, at the receiver it
      is necessary to change audio channels to be received sequentially at the
      interval of the repetition period, so that the construction of the
      receiver is very complicated. Therefore, such a transmission system is
      very inconvenient for transmitting a number of audio signals. In order to
      obviate the above mentioned drawbacks, at the transmitting side, the audio
      channels ACH1, ACH2, . . . ACHn are shifted sequentially to which
      respective signal portions are alloted at intervals of the repetition
      period (for instance 5 seconds) so as to change the audio channels
      sequentially prior to transmission. Then, at the receiving end, the user
      can listen to and look at a desired program by selecting a corresponding
      channel once without changing the channels sequentially every repetition
      period.
PAR  The present invention has for its object to provide a signal transmission
      system in which the transmission line can be efficiently utilized in such
      a way that audio signals having arbitrary time periods are folded in
      single portions at intervals of a given time duration such as 5 seconds so
      as to sequentially allocate these signal portions thus folded into a
      plurality of channels and that the audio channels, which contain the above
      allocated signal portions respectively, are sequentially changed at
      intervals of a given time period so as to derive the successive audio
      signals from the same channel, every above given time period, delayed by
      one given time period, once the desired audio signal is received from a
      corresponding audio channel.
PAR  The present invention has for another object to provide a signal
      transmission system in which the construction of a receiver can be
      simplified in such a way that the contents of respective channels are
      shifted to the preceding channel respectively at the transmitting side. By
      this shifting, the successive audio signals can be always extracted from
      the same channel every above given time period, delayed by one given time
      period, once the desired audio signal is reproduced from the corresponding
      audio channel.
DRWD
PAR  Now the present invention will be explained in detail with reference to the
      accompanied drawings, in which:
PAR  FIGS. 1a and 1b show formats of a master frame, a sub-frame, a video-audio
      frame and a portion of said frame, respectively, of a video-audio signal
      to be transmitted, and FIG. 1c shows a principle of the allocation of an
      audio PCM signal in the still picture transmission system;
PAR  FIG. 2 is a schematic diagram of the transmitting apparatus for the still
      picture and PCM audio signal transmission system wherein these signals are
      multiplexed in time division;
PAR  FIG. 3 is a block diagram showing a detailed construction of the audio
      allocation processor, the A-D converter and the multiplexer shown in FIG.
      2;
PAR  FIG. 4 is a block diagram of the basic configuration of the receiver of the
      multiplex signal transmission system shown in FIG. 1;
PAR  FIG. 5 is an explanatory diagram of the signal arrangement of the audio
      signal in a repetition type transmission system;
PAR  FIG. 6a is a block diagram showing a general idea for realizing a multiplex
      signal transmission system according to this invention in a PCM multiplex
      system;
PAR  FIGS. 6b and 6c show channel arrangements before and after channel shift,
      respectively;
PAR  FIG. 7 is a logical block diagram of an embodiment of an audio signal
      converting portion of the channel shift converter in FIG. 6a;
PAR  FIGS. 8a-8g are explanatory diagrams of the operation of the channel shift
      converter in FIG. 7;
PAR  FIG. 9 is an explanatory diagram of an embodiment of the present invention
      applied to the still picture-audio PCM signal transmission system;
PAR  FIG. 10a shows frame scales;
PAR  FIG. 10b is an allocation map for the video signal in case of repeatedly
      transmitting the signals of a plurality of sets of program materials;
PAR  FIG. 10c shows a video transmission time slot;
PAR  FIG. 10d is an allocation map for the audio signal in case of repeatedly
      transmitting the signals of a plurality of sets of program materials;
PAR  FIG. 11a is a signal format of the video and audio signals;
PAR  FIG. 11b is a signal format of the VBL portion of the video frame;
PAR  FIGS. 11c-11f are bit arrangements of the control code signals to be
      transmitted;
PAR  FIG. 12 is an explanatory diagram showing the transmitted signals processed
      in the manner shown in FIG. 11;
PAR  FIG. 13 is a block diagram of a basic configuration of a transmitting
      apparatus having a channel shift converter according to this invention;
PAR  FIG. 14 is a block diagram of an embodiment of a signal processing
      apparatus of the transmitting side in the still picture-audio transmission
      system according to this invention;
PAR  FIGS. 15a and 15b are explanatory diagrams of the multiplexed video-audio
      signal in a still picture transmission system;
PAR  FIG. 15c shows a signal format of the control frame in the still picture
      transmission system;
PAR  FIG. 15d shows a signal format of the audio frame in the still picture
      transmission system;
PAR  FIG. 15e shows a signal format of the digital synchronizing signal in the
      audio frame;
PAR  FIG. 16 is a block diagram of another embodiment of the transmitting
      apparatus according to this invention in the case of applying this
      invention to the still picture transmission system; and
PAR  FIG. 17 is a block diagram of an embodiment of configurations of the random
      access memory and the line addressing circuit in FIG. 14.
DETD
PAR  FIG. 6a shows a general idea of this invention, in which one group of audio
      signals is employed for the sake of explanation. A reference numeral 111
      denotes a recording apparatus at the transmitting side. This recording
      apparatus 111 has n audio channels ACH1-ACHn, as shown in FIG. 6b. A
      plurality of audio signals A, B, C, . . . X are serially connected and are
      sequentially recorded in these channels by folding them every master frame
      period MF so as to form one loop of channels in which said serially
      connected audio signals are recorded. If the signal group composed of one
      loop is reproduced, the same signal pattern is reproduced repeatedly every
      master frame period MF, as shown in FIG. 6b.
PAR  A reference numeral 113 denotes a channel shift converter which receives a
      loop-like signal of FIG. 6b so as to change the channel arrangement of the
      loop-like signal of FIG. 6b to that of FIG. 6c. That is, in case of one
      audio signal being transmitted by one audio channel and the following
      audio signal being transmitted by the audio channel next to said audio
      channel, the audio signal to be contained in one audio channel is
      sequentially changed every master frame period MF so as to transmit said
      following audio signal, which has been transmitted by the next audio
      channel, through said one audio channel i.e. the preceding audio channel,
      for instance the signal which has been transmitted through the second
      channel being transmitted through the first channel, the signal which has
      been transmitted through the third channel being transmitted through the
      second channel after one master frame period, and so on. In the embodiment
      of FIG. 6a according to this invention, the aforementioned channel
      changing is performed in the converter 113 by shifting sequentially the
      contents of respective channels. A plurality of signals allocated
      sequentially to the n channels form one loop of signals, so that the
      signal which has been transmitted through the first channel is contained
      in the nth channel of the following master frame period. That is to say,
      the audio signals contained in each channel are shifted to the preceding
      channel which has a channel number smaller by one (since audio signals are
      grouped in one group in this case) every master frame period, and this
      shifting operation is repeated so as to circulate this shifting process.
      As a result, whereas the audio signal B derived from the recording
      apparatus 111 is contained sequentially in three channels ACH1-ACH3 as
      shown in FIG. 6b, in case of receiving the transmitted signal derived from
      said channel shift converter 113 by a receiver 115, if the reproduction of
      the signal B is started on the channel ACH1 of the master frame MF.sub.1,
      the whole portions of signal B can be reproduced sequentially from the
      first channel ACH1 by the receiver 115, since the whole portions of signal
      B are allocated only to the first channel ACH1 of every master frame
      succeeding from MF.sub.1 to MF.sub.2, from MF.sub.2 and to MF.sub.3.
PAR  FIG. 7 is a logical block diagram showing an embodiment of an audio signal
      converting portion of said channel shift converter 113 composed mainly of
      a shift register and a ring counter in order to realize a multiplex signal
      transmission system according to this invention in a PCM multiplex system.
PAR  In this FIG. 7, a reference numeral 117 denotes an input terminal to which
      a PCM multiplex signal is applied. This PCM multiplex signal contains 144
      channels in one PCM frame. This one channel is formed by one word which
      has eight bits. Said input PCM multiplex signal is applied to a PCM frame
      pulse extracting circuit 119, a bit clock extracting circuit 121 and a
      master frame pulse extracting circuit 123. The PCM frame pulse extracting
      circuit 119 extracts a PCM frame pulse which occurs at intervals of the
      PCM frame period and a gate control pulse which occurs at intervals of PCM
      frame period and which has a pulse width of 144 PCM words. The bit clock
      extracting circuit 121 extracts a bit clock pulse. The master frame pulse
      extracting circuit 123 extracts a master frame pulse which occurs at
      intervals of the master frame period, i.e. 5 seconds. The bit clock pulses
      derived from the bit clock pulse extracting circuit 121 and the gate
      control pulse derived from the PCM frame pulse extracting circuit 119 are
      applied to an AND gate 125 so as to pass the input clock pulses through
      said gate 125 during every period of 144 PCM words.
PAR  These gated clock pulses and the input PCM signal are applied to a shift
      register 127 having 1152 register elements capable of setting one PCM
      frame, i.e. 8 bits .times. 144 channels = 1152 bits. The gated clock
      pulses are applied in parallel to respective register elements of the
      shift register 127 so as to set and to shift the input PCM signal during
      the period of 144 PCM words. After storing the information of the input
      PCM signal in 1152 register elements, said PCM frame pulse occurs so as to
      transfer in parallel form the respective outputs stored in said shift
      register elements to respective counter stages of a ring counter 129 which
      has counter stages being equal in numbers to said shift register elements,
      i.e. 1152 stages. Said gated clock pulses are also applied in parallel
      form to the respective counter stages of said ring counter 129 and the
      output of the final counter stage of the ring counter 129 is fed back to
      the input of the first counter stage so as to circulate the PCM signal
      corresponding to 144 PCM words thus transferred.
PAR  The master frame pulse from the master frame pulse extracting circuit 123
      is applied in parallel to respective counter stages b.sub. 0 -b.sub.143 of
      a second ring counter 131. The number of said counter stages is equal to
      the number of channels in one PCM frame, i.e. 144. Only the counter stage
      b.sub.0 is set initially to "1" and the remaining stages b.sub.1 -
      b.sub.143 is set to "0". That is, the counter (b.sub.0, b.sub.1, . . . ,
      b.sub.143 ) is reset to (1, 0, . . . , 0). The output of the counter stage
      b.sub.143 is fed back to the counter stage b.sub.0. Under such an initial
      condition, said "1" signal set initially in the counter stage b.sub.0 is
      circulated in the sequence of b.sub.0, b.sub.1, . . . , b.sub.143 by the
      master frame pulses derived from said circuit 123, so that the outputs of
      respective counter stages b.sub.0, b.sub.1, . . . , b.sub.143 become "1"
      sequentially.
PAR  The outputs of the first counter stage B.sub.0 of the ring counter 129 and
      the first counter stage b.sub.0 of the ring counter 131 are applied to an
      AND gate 133-0. The outputs of the eighth counter stage B.sub.8 of the
      ring counter 129 and the second counter stage b.sub.1 of the ring counter
      131 are applied to an AND gate 133-1. And in similar way, the counter
      stages B.sub.16 and b.sub.2 are applied to an AND gate 133-2, . . . , and
      the counter stages B.sub.144 and b.sub.143 are applied to an AND gate
      133-143.
PAR  The output of these AND gates 133-0 to 133-143 are applied to an OR gate
      135, so that this OR gate produces an output signal when either one of
      said AND gates 133-0 to 133-143 produces a "1" output signal. The OR
      output thus obtained is derived from the output terminal 137.
PAR  Next, the operation of the channel shift converter 113 shown in FIG. 7 will
      be explained with reference to FIGS. 8a-8g.
PAR  The input PCM multiplex signal applied to the shift register 127 through
      the input terminal 117 is sequentially written in the shift register 127
      by the gated bit clock pulses derived from the AND gate 125 as shown in
      FIG. 8a. Then the PCM signal stored in the shift register 127 as shown in
      FIG. 8a is transferred to the ring counter 129 in parallel form by the PCM
      frame pulse derived from the frame pulse extracting circuit 119. The
      transferred signal shown in FIG. 8b is the same as the stored signal shown
      in FIG. 8a. In the ring counter 129, this transferred signal is circulated
      sequentially step by step by said gated clock pulses as shown in FIGS. 8c,
      8d and 8e. After one bit clock pulse, the contents of respective counter
      stages are shifted to the following stage. Thus, after 8 and 16 bit clock
      pulses, the transferred PCM signal is shifted by one channel and two
      channels, respectively.
PAR  On the other hand, in the ring counter 131, the "1" signal initially set in
      the first counter stage is circulated sequentially step by step by the
      master frame pulses whenever one master frame is changed to the following
      master frame. If it is assumed that the content of the counter stage
      b.sub.0 of the ring counter 131 is "1" and that the AND gate 133-0 is on,
      the sequential signals derived from the counter stage B.sub.0 of the ring
      counter 129 are applied to the output terminal 137. Namely, the PCM signal
      is shifted step by step by the bit clock pulses, so that the signals of
      the 144 sequential channels (from the channel zero to the channel 143) are
      derived from the AND gate 133-0 as shown in FIG. 8f. The signals thus
      derived is applied to the output terminal 137 through the OR gate 135.
      This condition is kept during one master frame period, and under such a
      condition, a new PCM signal is transferred to the ring counter 129 every
      PCM frame and is obtained from the AND gate 133-0.
PAR  Then, when the master frame is changed, the content of the counter stage
      b.sub.1 of the ring counter 129 becomes "1", so that the AND gate 133-1
      becomes on. In this case, the transferred PCM signals are derived from the
      counter stage B.sub.8 of the ring counter 129. Hence, the bit position
      from which said signals are derived is shifted by the bit length equal to
      one channel. Consequently, the transferred PCM signals are derived from
      the AND gate 133-1 in the sequence of channels 1ch, 2ch, . . . 143ch, 0ch
      as shown in FIG. 8g. This condition is kept during the relevant master
      frame period.
PAR  To sum up, whereas the shift register 127 and the ring counter 129 operate
      in the same mode during every master frame period, in the ring counter 131
      the counter stage having the "1" signal is shifted step by step in the
      sequence of b.sub.0, b.sub.1, . . . , b.sub.143, so that the AND gate
      being on is also shifted step by step in the sequence of 133-0, 133-1, . .
      . , 133-143. Consequently, the bit position from which the output signals
      of the ring counter 129 are derived is shifted by one channel
      sequentially, so that the channel arrangement of the output signals is
      sequentially shifted at the interval of the master frame period. In such a
      way, the output signals from the output terminal 137, the channel
      arrangement of which is shifted by one channel at intervals of one master
      frame period, form a loop-like signal, as shown in FIG. 6c.
PAR  Next an embodiment of the present invention which is applied to the still
      picture-audio PCM signal transmission system will be explained with
      reference to FIG. 9. In this embodiment the same signal is repeatedly
      transmitted at given periods. As shown in FIG. 9 many still pictures
      A.sub.1, A.sub.2, B.sub.1, C.sub.1, C.sub.2 . . . X.sub.1 and sounds a, b,
      c . . . x are combined to compose a plurality of program materials each
      having a given time period. In this case the audio signals have been
      previously processed to have time lengths which are equal to integer
      multiples of a unit time length T. To these program materials are affixed
      labels LBL (LBL=1, 2, . . . P).
PAR  The signals of these program materials are inserted in the master frame MF
      (having a duration of 5 seconds) consisting of 50 video-audio frames VAF
      each of which is composed of a video frame of one television frame length
      and an audio frame of two television frame lengths as shown in FIG. 1a.
PAR  FIG. 10 illustrates allocation maps for repeatedly transmitting the signals
      of P sets of program materials and for converting them into multiplexed
      signals. The P sets of program materials are separated into the video and
      audio signals which are recorded as the multiplexed signals in accordance
      with the allocation map. FIG. 10a shows frame scales SF and MF. SF is a
      sub-frame, and five sub-frames SF form one master frame MF. T is a unit
      time length. FIG. 10b shows an allocation map for the video signal, FIG.
      10c shows a video transmission time slot and FIG. 10d shows an allocation
      map for the audio signal. In FIG. 10b, VID is a video identification
      number in the case of transmitting the video signals in time-division
      multiplexing with one frame unit. Each video signal is transmitted with a
      code signal denoting the identification number affixed thereto. In FIG.
      10d ACH denotes channel numbers in multiplexing channels through which the
      audio signals are transmitted in a time division multiplexing mode. In the
      embodiment shown in FIG. 10, the video allocation map is divided by the
      video identification numbers VID= 0 to VID=m and the audio allocation map
      is divided by the audio channel numbers ACH=0 to ACH=n. These maps are
      further divided by the sub-frame time interval SF=0 to SF=4. Although the
      audio channel numbers ACH are shown only as even numbers, they may be any
      numbers and moreover they may be arranged in any order. This may be also
      applied to the video identification numbers VID. The unit of the time
      interval SF is made equal to said unit time T (for example 1 second) by
      means of which the audio signals are divided and thus the whole time
      length MF of five sub-frames SF=0 to SF=4 is equal to an integer multiple
      of T (for example 5 seconds). The time length of the master frame MF
      corresponds to the period of repeated transmission.
PAR  The program materials are sequentially arranged according to the allocation
      map. As illustrated in FIG. 10 the video signal A.sub.1 of the first
      program material having the label LBL=1 is allotted at a position denoted
      by VID=1 and SF=1 on the allocation map. A position of the video signal
      A.sub.1 of the program material of LBL=1 is so determined that the video
      signal A.sub.1 precedes a start of the audio signal by a given time period
      (for example .+-.J/2). In FIG. 10 the start of the audio signal a is set
      at a position denoted by ACH=0 and SF=3.
PAR  When the video signal A.sub.2 of the program material of LBL=1 is allotted
      on the map, the construction of the program material of LBL=1 shown in
      FIG. 9 is taken into account and the video signal A.sub.2 is allotted to a
      position denoted by VID=2 and SF=0. The audio signal a is allotted to
      successive positions of 6T period denoted by ACH=0, SF=3; ACH=0, SF=4;
      ACH=0, SF=4; ACH=2, SF=0; . . . ACH=2, SF=3. In the manner mentioned
      above, the first program material of LBL=1 has been allotted and then the
      second program material of LBL=2 is allotted. In this case the second
      program material of LBL=2 is so allotted that its audio signal b succeeds
      to the audio signal a of the first program material of LBL=1. That is, the
      audio signal b is allotted to positions denoted by ACH=2, SF=4; ACH=4,
      SF=0; ACH=4, SF=1 and ACH=4, SF=2.
PAR  In order to make the video signal B.sub.1 to lead the audio signal b, by
      the unit time period T it is desirable to allocate the video signal
      B.sub.1 to a position denoted by VID=2 and SF=2. But in fact, the video
      signal B.sub.1 cannot be allotted to such a position, so that it is
      allotted to a position of VID=3 and SF=2. In this manner the number of VID
      becomes much more than the number of corresponding ACH. But, whereas the
      number of ACH corresponds to the number of channels which are really
      occupied by the audio signals, the number of VID corresponds only to the
      number code signal of the video identification code, word. Even if the
      number of VID increases so much as twice, the number code signal of the
      video identification code word increases at most only by one bit, so that
      the transmission efficiency does not decrease too much. Contrarily, in
      view of realizing a highly efficient transmission, it is advantageous to
      shorten intervals between successive audio signals.
PAR  In the above described manner the successive program materials of LBL=3 . .
      . LBL= P are respectively allocated on the allocation map. In this case,
      the last video identification code word is so allocated that a position
      VID=m, SF=4 is followed by a position VID=0, SF=0, and as to the audio
      channel number a position ACH=m, SF=4 is followed by a position ACH=0,
      SF=0, and consequently the allocation maps of the video identification
      numbers and the audio channel numbers compose closed loops, respectively.
      Moreover, the video identification code words are so allotted that the
      transmission time slots of the video signals in the case of the frame time
      division multiplexing transmission are not superposed with each other.
      That is to say, the allocation positions of the video identification code
      words are so adjusted in consideration of the given time period (.+-.T/2)
      that projections of these positions A.sub.1, A.sub.2, . . . X.sub.1 onto a
      time axis do not overlap one another. In this case, if the allocation
      positions could not be adjusted to set up the given time period, then the
      sequence of the programs is changed. Moreover, even when by changing the
      sequence of the programs, the allocation positions overlap one another,
      blanks may be inserted between successive audio signals.
PAR  According to the editorial map thus formed, the video and audio signals are
      edited. The form of the signals to be recorded is the same as that of the
      signal to be transmitted. The signal form is illustrated in FIG. 11a.
PAR  As already explained with reference to FIG. 1, the video and audio signals
      are transmitted in a time division mode by using the frame period (1/30
      sec) of the television signal as a unit period. That is, a time division
      ratio of the video and audio signals is 1:2. Since one still picture is
      transmitted by one frame, the still pictures can be transmitted at a rate
      of 10 pictures per second. The audio signals of 96 channels are
      multiplexed in a PCM signal form with 144(96.times.3/2) words taking into
      account the audio allocation treatment shown in FIG. 1c and are
      transmitted in the audio frames A.sub.1 F and A.sub.2 F. The sampling
      frequency of the audio signal is 10.5 KHz and the quantization is effected
      with eight bits (four quaternary digits).
PAR  FIG. 11b depicts a portion of the vertical flyback period VBL of the video
      frame VF in an enlarged scale. During the periods 1H-9H, the control
      signal is transmitted. In order to maintain the horizontal and vertical
      synchronization for the whole period of the video frame VF, specified
      digital synchronizing signals BL+DS+MCC are added at a period of H, but
      the ordinary synchronizing signal of the television signal is not added.
      In the audio frame the digital same synchronizing signals are inserted at
      the PCM frame period of 1/10.5 KHz as shown in FIG. 11e. The digital
      synchronizing signals are so contracted to maintain the bit
      synchronization and PCM frame synchronization and to effect video
      period-audio period mode control and SF switching control. As shown in
      FIGS. 11e and 11f the audio PCM signal PWD (0-143) and the audio signal
      transition control signals STX and ETX are inserted in the audio frame at
      the PCM frame period. In this case in the first audio frame A.sub.0 F, the
      audio start signal STX is inserted and in the second audio frame A.sub.1
      F, the audio end signal ETX is inserted. The signals STX and ETX denote
      the channel number at which the audio signal will start or come to an end.
PAR  The signal form of the video period is the same as the television signal
      except the ordinary synchronizing signal is replaced by the digital
      synchronizing signal and the control signal is transmitted for the period
      of 1H to 9H.
PAR  In the case of using the multiplex signal transmission system according to
      the invention for a programmed instruction, many program materials are
      extracted in a given order at the receiver end. For this purpose it is
      necessary to transmit a program material control table. This table is
      composed of many rows and each row comprises a label LBL, the video
      identification 3 VID number and the audio channel number 4 ACH. Here the
      signal of such one row of the program material control table is denoted as
      a S-ROW.
PAR  In each of the periods 1H to 9H of the vertical blanking portion of the
      video frame there are transmitted the video identification number 1 VID of
      the video signal which is transmitted in the related video frame and nine
      row signals S-ROW of a program material control table as shown in FIGS.
      11c and 11d. The video identification code 1 VID consists of eight bits
      and is transmitted twice successively.
PAR  As shown in FIG. 11d the row signal S-ROW of the program material control
      table is composed of a check code word CHK of four bits, a control code
      word CNT of four bits, the program material 2 LBL of sixteen bits, the
      video identification number 3 VID of eight bits and the audio
      identification number 4 ACH of eight bits. In this embodiment the table
      signal S-ROW is inserted in the vertical blanking period VBL of the video
      frame VF. The check code word CHK is a complementary number of the sum of
      the number of "1"s in the binary code words CNT, LBL, VID and ACH. By
      means of each signal S-ROW, the video identification number VID and the
      audio channel number ACH of each program are denoted. In FIG. 11c the
      signal 1 VID following the synchronizing signals BL+DS+MCC is the
      identification code word of the video signal belonging to the related
      transmission period. This identification code word 1 VID should not be
      confused with 3 VID in the signal table S-ROW, because there is not any
      relation between video signal of the video frame period during which the
      signal S-ROW is transmitted and the content of this signal S-ROW. During
      the single H period nine S-ROW signals are transmitted and thus during the
      single video frame period 81 R-ROW signals of the table are transmitted.
PAR  As already described in connection with FIG. 1c, the audio signals are not
      transmitted in the video frames, but are transmitted only in the audio
      frames and then at the receiver end the audio signals are exploded into
      the video frames so as to obtain the continuous audio signals.
PAR  The program materials having labels LBL=1, . . . LBL=P are edited into the
      signal form illustrated in FIG. 11 in accordance with the video and audio
      allocation maps shown in FIG. 10. The signal on one repetition period,
      i.e. the master frame period MF consisting of five sub-frames SF.sub.0 to
      SF.sub.4 is once recorded on the recording device. At the time of
      transmission this signal is repeatedly reproduced and at the transmitting
      device the signal conversion is effected so as to shift the channel
      through which a given audio signal is transmitted.
PAR  According to one aspect of the invention, even if the master frame is
      changed sequentially during during a given audio signal is reproduced from
      a given audio channel, the successive portion of the given audio signal
      can be continuously reproduced through the same audio channel. For this
      purpose at the transmitter end the audio channel is shifted into a next
      following channel, when the master frame is changed.
PAR  FIG. 12 illustrates the transmitted signals which have been processed in
      the above manner. The signal in a particular master frame MF.sub.0 of 5
      seconds are the signals of one repetition period which are recorded on the
      recording device and contain the video and audio signals, the signal
      table, the video identification signal and the audio start and end control
      signal. The signal table S-ROW consisting of 2 LBL, 3 VID and 4 ACH is
      transmitted in the sub-frame period preceding the sub-frame in which the
      video or audio signal denoted by 3 VID or 4 ACH will be transmitted. For
      example the video signal A.sub.1 of the program material of LBL=1 is
      transmitted in the sub-frame SF.sub.1 and thus the signal table S-ROW of
      the program material of LBL=1 is transmitted in the sub-frame SF.sub.0.
      The audio start-end control signals 5 STX and 6 ETX are transmitted as the
      channel number in the sub-frame just before the sub-frame at which the
      audio signal is started or comes to an end. For example for the audio
      signal a of the program material having the label LBL=1 which is
      transmitted through the audio channel 0 from the sub-frame SF.sub.3, the
      audio channel number 0 is transmitted in the sub-frame SF.sub.2 in the
      first audio frame A.sub.0 F as the audio start signal STX. The sub-frames
      SF.sub.0, SF.sub.1, . . . SF.sub. 4 are transmitted sequentially and after
      the last sub-frame SF.sub.4 is transmitted, the first sub-frame SF.sub.0
      is once again transmitted. Thus the sub-frames are transmitted cyclically.
      When a head portion of the program situates in the first sub-frame
      SF.sub.0, the related signal table S-ROW is transmitted in the last
      sub-frame SF.sub.4.
PAR  A channel number shifting apparatus comprises first means for arranging the
      audio channel in such a manner that the audio signal is continued in the
      same audio channel even if the master frame MF is changed; second means
      for changing the identification codes affixed to the video signals in such
      a manner that when at the receiver end the same identification is
      collated, successive pictures having continuous contents may be obtained
      (in this case the transmission time slots of the video signals are not
      changed); third means for changing the signal list in accordance with the
      rearrangement of the audio channels and the modification of the video
      identification code words; and fourth means for changing the audio start
      and end signals in response to the rearrangement of the audio channels.
      Since the audio channels are divided into the odd and even number groups,
      and in each group the audio channels are arranged serially to form a loop,
      when the channel number is decreased by two each time the master frame MF
      is changed, the same audio signal can be transmitted through the same
      channel as shown in FIG. 12. This modification of the audio channel number
      is expressed as follows:
EQU  ACH(MF.sub.j.sub.+1) = ACH(MF.sub.j)-2                     (mod. n+1)
PAL  In this case the modification is carried out cyclically with a period of
      the number n of the audio channels.
PAR  Similarly, the video identification number constitutes a loop such as 0, 1,
      2, . . . , m and thus the video channel number is decreased by one each
      time the master frame is changed. This modification of the video channel
      number is expressed as follows:
EQU  VID(MF.sub.j.sub.+1) = VID(MF.sub.j)-1                     (mod. m+1)
PAL  Also in this case the modification is effected cyclically with a period of
      the number m of the video channels. The ACH and VID numbers in the signal
      table S-ROW are also changed in the same manner as described above. The
      audio start and end signals STX and ETX are changed in correspondence with
      the modification of the audio channel number.
PAR  When the picture A.sub.1 and sound a of the program material of LBL=1 are
      transmitted, in the first master frame MF.sub.0 the picture A.sub.1 having
      the VID=1 added thereto is transmitted in the sub-frames SF.sub.1 and thus
      in the signal table S-ROW of the program material of LBL=1 inserted in the
      sub-frame SF.sub.0 3 VID=1 is transmitted. Since the audio signal a is
      transmitted through the audio channel ACH=0 from the sub-frame SF.sub.3,
      in the signal table S-ROW, 4 ACH=0 is added to LBL=1, VID=1. As the audio
      start signal STX the channel 0 is transmitted in the sub-frame SF.sub.2.
      Since the audio signal continues for six sub-frame periods, after the
      sub-frame SF.sub.4, the audio signal a is transmitted through the audio
      channel A-CH=2 in the sub-frame SF.sub.0 -SF.sub.3. But for the
      convenience of the receiver, in the master frame MF.sub.1 succeeding from
      the master frame MF.sub.0, the portion of the audio signal which is to be
      transmitted through the channel A-CH=2 for the period SF.sub.0 -SF.sub.3
      is shifted to the audio channel A-CH=0 and transmitted through this
      channel A-CH=0. A head portion of the audio signal a in the sub-frames
      SF.sub.3 -SF.sub.4 is shifted to the audio channel A-CH=n. In order to
      transmit the video signal A.sub.2 succeeding to the video signal A.sub.1
      with the same VID number, in the master frame MF.sub.1, 1 VID=1 is added
      to the video signal A.sub.2 in the sub-frame SF.sub.0 and 1 VID=0 is added
      to the video signal A.sub.1. Thus the signal table S-ROW of 2 LBL=1, 3
      VID=1 and 4 ACH=0 in the first master frame MF.sub.0 is changed to the
      signal table of 2 LBL=1, 3 VID=0 and 4 ACH=n. The audio end signal for the
      audio signal a is transmitted as 6 ETX=2 in the sub-frame SF.sub.3 of the
      master frame MF.sub.0 and is transmitted as 6 ETX=0 in the sub-frame
      SF.sub.3 of the master frame MF.sub.1.
PAR  A basic configuration of a transmitting apparatus having a channel shift
      converter according to this invention will now be explained with reference
      to FIG. 13.
PAR  The video-audio multiplexed signal corresponding to a programed instruction
      of the repetition type is applied to an input terminal 201. This signal is
      applied to a digital computer 203 and to a video-audio separator 205.
      Informations required for channel shift conversion, such as a program
      repetition period (MF), an audio start channel number (STX), an audio end
      channel number (ETX), a video identification number (VID), and so on are
      previously read in by said computer 203. This computer 203 processes said
      multiplexed signal together with said informations so as to supply a
      channel shift instruction to a channel shift converter 207 and to supply
      new numbers VID, STX and ETX, which correspond to the relevant channel
      shift conversion, to a combining circuit 209 through an AND gate 211 at
      the timing of a PCM clock pulse. The audio channel shift converter 207 is
      the same one as already explained with reference to FIG. 7. The separated
      audio signals from said separator 205 are applied to said channel shift
      converter 207. Since the audio signal is delayed by 3/2H as described
      above, the video signal separated from said separator 205 is applied to a
      3/2H delay circuit 213 so as to adjust the timing of both video and audio
      signals. An STX/ETX elimination circuit 215 and a VID elimination circuit
      217 eliminate respectively the preceding STX, ETX and VID which exist
      prior to channel shift. The elimination output signals from the
      elimination circuits 215 and 217 are mixed by a mixing stage 219. In the
      case of arranging particular vacant channels for a real time type program,
      program materials of the real time type may be applied to a further input
      terminal of said mixing stage 219. The mixed signal from the mixer 219 is
      the combination of the video and the audio signals without VID, STX and
      ETX and is applied to said combining circuit 209 in which the new VID, STX
      and ETX from the AND gate 211 after channel shift are added to said video
      and audio signals so as to transmit a real time type program from an
      output terminal 221.
PAR  FIG. 14 illustrates an embodiment of a signal processing apparatus of the
      transmitting side in the still picture-audio transmission system according
      to this invention. In this signal processing apparatus a random access
      memory is utilized as a channel shift converter.
PAR  In FIG. 14, a multiplexed video-audio signal, as shown in FIGS. 15a and
      15b, in a still picture transmission system is applied to an input
      terminal 301. This input video-audio signal is applied to a synchronizing
      separation circuit 303 so as to separate in amplitude the horizontal
      synchronizing signal of the video signal from said input signal. The input
      video-audio signal is applied to a 3/2H delay circuit 305 and the delayed
      output is further applied to a video gate 307 to which a video gate signal
      VG derived from a signal processor 309 is also applied so as to pass the
      delayed signal during the video period. Consequently, the video signal
      delayed by a 3/2H period is derived from said video gate 307 and is
      applied to a mixing stage 311. The reason why the video signal is delayed
      by the 3/2H period is that the digital signal having the audio PCM signal
      is delayed by one PCM frame period, i.e. 3/2H period in this signal
      processing apparatus of FIG. 14 and that it is necessary to adjust the
      relative timings of these signals.
PAR  Said signal processor 309 receives the input video-audio signals so as to
      produce many kinds of control signals, such as a mode change signal W/R
      and a chip selection signal C/S for a random access memory (RAM) 313, bit
      clock pulses .phi..sub.1, .phi..sub.2, an addressing signal AND for said
      RAM 313, a control code gate signal A/C, and so forth from many kinds of
      synchronizing signals in said input video-audio signal. The control code
      signals shown in FIG. 15c and the audio PCM signals shown in FIG. 15d are
      applied to the random access memory 313. Here, it is not necessary to
      shift the channel which contains said control code signals, but in order
      to coincide the timing of the control code word with that of the audio
      signal like in the case of the video signal and to avoid the distortion of
      waveform caused by an analogue delay line, the control code signals are
      applied to the RAM 313 which acts as a delay circuit for digital
      reproduction.
PAR  In FIG. 15c, BL is a blanking period, DS is a digital synchronizing signal,
      AUX includes auxiliary bits, CHK includes check bits for parity check, CNT
      includes control bits, L includes list bits, B includes block bits and I
      includes item bits for respectively indicating the list, block and item of
      the relevant video-audio signal. NB is used for indicating the next list
      and block, 1-5 are for indicating the next items to be able to proceed, CA
      includes correct answer bits, HLP includes help or hint bits and AUX
      includes auxiliary bits.
PAR  The input video-audio signal is applied to a DS memory 315 so as to
      memorize the digital synchronizing signal DS at the timing of the gate
      signal received from the signal processor 309. The detail of the digital
      synchronizing signal DS is shown in FIG. 15e, in which PFP means a PCM
      frame pattern comprising digital synchronization pulses and MCC means a
      mode control code word. Concerning the mode control code word, H is for a
      horizontal synchronization, A is for a synchronization of audio PCM
      frames, F is for a synchronization of video frames, M.sub.0 -M.sub.3 are
      for identifications of C, A.sub.0, A.sub.1, V, MF, respectively.
PAR  The input video-audio signal is also applied to a four-two level conversion
      circuit 317 in which the four-level PCM input is converted to a two-level
      PCM signal suitable to be memorized by the RAM 313.
PAR  The RAM 313 has four memory chips 319, 321, 323 and 325. Two pairs of chips
      319 and 321, and 323 and 325 are alternately used for writing and reading.
      As ten electrodes are provided for each chip, one chip can write in
      informations corresponding to 1,024 bits. In each chip pair 319-321,
      323-325, the chips 319 and 321 are alternately written in and the chips
      323 and 325 are also alternately written in, so that informations of 2,048
      bits (1,024 bits .times. 2) can be stored in one pair of these two chips.
      Consequently, even if the audio PCM signal is converted from four levels
      to two levels and the required bits are doubled, this two-level signal can
      be sufficiently stored. The control code words are previously formed with
      two-level signals, so that the bit arrangement of the pulse train in not
      changed even if the bits of the control code words are doubled by the
      four-two level converter 317. Accordingly, in the pair of chips 319 and
      321, it is enough to read out the signal stored in one chip 319.
PAR  In order to change the operational mode of the chip pairs 319-321 and
      323-325, alternately, from write mode to read mode or vice versa, the mode
      selection signal W/R is alternately applied to these chips 319, 321, 323
      and 325 from the signal processor 309 through a conductor 327. In order to
      write the audio PCM signals in one of the chips of the one chip pair
      alternately, the chip selection signal C/S is applied to these chips 319,
      321, 323 and 325 through a conductor 329 in an alternate mode.
PAR  The input digital signal is written in the chips in the "writing mode" in
      the RAM 313 after having been converted to the two-level signal by the
      four-two level conversion circuit 317. At the writing mode, the bit clock
      pulse .phi..sub.1 is applied to the RAM 313 from the signal processor 309
      through a conductor 331. When writing is executed, the address of the
      writing point corresponding to one PCM channel is shifted at the interval
      of one master frame period. At the reading mode, the written PCM signal is
      always read out in a given sequence, so that the PCM channels of the read
      out signal are shifted at the interval of one master frame period.
PAR  The addressing signal ADD is applied to a line address circuit 333 from the
      signal processor 309 through a conductor 335 so as to shift the write
      address at the interval of one master frame period. The addressing signal
      ADD shifts the address of the writing point by the unit of one channel at
      the interval of one master frame. In case of transmission of the control
      code signal, the control channel is not shifted, and the control code
      signal is only delayed by 3/2H period, so that the same address is always
      assigned to this code signal and the written code signal is always read
      out according to this addressing. This addressing and the operation of the
      RAM 313 will be described more in detail hereinafter.
PAR  The output of the RAM 313 is derived from an OR gate 337 and is applied to
      a two-four level conversion circuit 339 in which the two-level OR output
      signal is converted to a four-level signal. This four-level signal and an
      audio gate signal AG derived from the signal processor 309 are applied to
      an AND gate 341 from which said four-level signal is derived during the
      audio PCM signal period as shown in FIG. 15d by the AG signal. This output
      signal is applied to an OR gate 343. The output of this OR gate 343 is
      applied to said mixing stage 311. The output of the mixing stage 311 is
      obtained from an output terminal 345. In case of such control code signals
      as shown in FIG. 15c, the output of the OR gate 337 and a control code
      gate signal A/C derived from the signal processor 309 are applied to an
      AND gate 347. The OR output of the gate 337 is gated out by the A/C signal
      and is applied to the OR gate 343.
PAR  The DS signal derived from the DS memory 315 and the digital
      synchronization gate signal DSG derived from the signal processor 309 are
      applied to an AND gate 349. The DS signal is gated out by the DSG signal
      and is applied to the OR gate 343.
PAR  The STX/ETX gate signal is temporarily stored in an STX/ETX arithmetic and
      memory unit 351. This unit 351 is controlled by an AND gate 353 which
      receives an STX/ETX gate signal SEG and the output of an AND gate 355
      which receives the bit clock pulse .phi..sub.2 and the DSG signal. In said
      unit 351, the amount corresponding to the shift of audio channel is
      subtracted from the channel number and the subtracted result is determined
      to be a following channel number after channel shift and is applied to the
      OR gate 343. In the case of shifting the audio channels by two channels as
      described above, two channels are subtracted from the channel number and
      if the resultant becomes a zero channel, then the audio channel is shifted
      to a 95th channel.
PAR  With reference to the VID signal and S-ROW signal added to the video
      signal, these signals are extracted from the input multiplexed video
      signals and temporarily stored in a VID.sup.. S-ROW memory 357 through the
      interfacing process of a control electronics 359. This control electronics
      359 is constructed as a conventional interfacing circuit comprising
      AND-gates, an address counter and related control circuits, and receives
      the master frame pulse MF and a video and control frame pulse FVC from the
      signal processor 309 and is served for the interface between a
      mini-computer 361 and the VID.sup.. S-ROW memory 357. Said memory 357 is
      controlled by the AND output signal of an AND gate 363 which receives a
      9HG signal and the bit clock pulse .phi..sub.2. This 9HG signal is a gate
      control signal having a pulse duration of a 9H period. The mini-computer
      361 is controlled by a tape unit 365 in which a calculation program
      concerning channel shift of the VID signal and the S-ROW signal is
      previously read. In this program, the calculation method relating to the 1
      VID and the 3 VID and 4 ACH in the S-ROW signal to be shifted are
      predetermined according to the input signal applied to the terminal 301
      and having the signal arrangement as shown in FIG. 12. The VID.sup.. S-ROW
      memory 357 is controlled by said mini-computer 361 so as to change the
      stored information and the output signal read out from this memory 357 is
      applied to said OR gate 343 through an AND gate 367 which is controlled by
      said 9HG signal.
PAR  The OR output signal of the OR gate 343 is mixed with the video signal
      derived from said video gate 307 by the mixing stage 311. The output
      signal thus mixed is derived from the output terminal 345 and has a frame
      arrangement as shown in FIG. 15b.
PAR  FIG. 16 illustrates another embodiment of the transmitting apparatus
      according to this invention in the case of applying this invention to the
      still picture transmission system. In the transmitting apparatus shown in
      FIG. 14, the digital signal and the analogue signal are processed apart
      from one another, whereas, in this apparatus shown in FIG. 16, both of the
      video signal and the control frame signal DS are processed as an analogue
      signal. Accordingly, the signals which are applied to the mixing circuit
      311 through the analogue gate 307 are the video signal and the control
      signal DS. In order to make different kinds of timing signals delayed by
      the 3/2H period, the output signal derived from the 3/2H delay circuit 305
      is also applied to a bit clock generator 381 so as to extract bit clock
      pulses which have the frequencies of 6.54 MHz and 13.08 MHz and which are
      applied to the signal processor 309. In this case, the DS memory 315 in
      FIG. 14 can be eliminated, and only an MCC (mode control code word) memory
      383 is required. The remaining circuit arrangement is quite similar to the
      arrangement shown in FIG. 14, so that the further explanation will be
      omitted hereinafter.
PAR  FIG. 17 illustrates an embodiment of configurations of the RAM 313 and a
      line addressing circuit 401. In FIG. 17, reference numerals corresponding
      to the like components in FIG. 14 are shown with the same numerals.
PAR  In FIG. 17, a reference numeral 403 denotes an input terminal (Din) for
      receiving the digital signal. The input digital signal is applied to the
      chips of the writing mode and is written therein.
PAR  Applied to an AF gate signal input terminal 405 is the audio frame gate
      signal AG which is applied to an AND gate 407 through an OR gate 409. The
      clock pulse .phi..sub.1 applied to an input terminal 411 is also supplied
      to said AND gate 407 so as to gate out the clock pulse .phi..sub.1 during
      the audio frame period. This gated clock pulse triggers the RAM 313 so as
      to write in the digital input signal Din or to read out the written
      signal. The mode signals W/R and W/R having opposite polarities to one
      another are applied to respective teminals 413 and 415. The W/R signal
      being "1" is the writing mode, and the W/R signal being "0" is the reading
      mode. If the signal applied to the terminal 413 is "1", the chips 319 and
      321 take a writing mode (since the signal from the terminal 415 is "0")
      and the chips 323 and 325 take a reading mode. In such a condition, line
      address counters 417 and 419 receive the W/R and W/R signals through
      inverters 421 and 423, so that the line address counter 419 is in the
      reset condition and is ready to determine the address for the following
      writing. From an input terminal 425 the chip selection signal C/S is
      applied to AND gates 427 and 429 which also receive the W/R and W/R
      signals, respectively. Said C/S signal passes through one of the AND gates
      427 and 429, which is conductive in the writing mode, to the chips of the
      RAM 313 so as to trigger the chips and to change to the writing mode. The
      master frame pulse MF is applied to an input terminal 431. When the first
      master frame pulse comes in, a flip-flop 433 becomes on, and the output
      signal from the flip-flop 433 resets the line address counters 417 and 419
      to be "0".
PAR  In this "0" condition, the line address circuits 333 and 435 determine the
      line address to be written in. By this addressing, the signal during the
      audio PCM period is sequentially written in the chips of the writing mode.
      Simultaneously, a line address register 437 has been set to "0". Between
      two chip pairs 319-321 and 323-325 the writing and reading modes are
      changed alternately to each other. Although either one of the line address
      counters 417 and 419 is reset in the reading mode, in the following
      writing mode, through an AND gate 439 or 441 and an inhibit gate 443 or
      445 the W/R or W/R signal is applied to either one of AND gates 447 and
      449 which is conductive in the writing mode, so that the address signal
      stored on the line address register 437 is transferred to the line address
      counter 417 or 419 as a logical product signal derived through the AND
      gates 447 and 449. When the master frame is altered, the master frame
      pulse MF is applied to the flip-flop 433 and an AND gate 451 through the
      input terminal 431. To this AND gate 451 applied is the output of the
      flip-flop 433. Said master frame pulse MF is applied to a line address
      counter 453 as an adding instruction so as to instruct the addition
      through the AND gate 451 when the flip-flop 433 is on. In the line address
      register 437, the "0" value is previously stored, so that the
      predetermined value stored in the line address counter 453 is added to the
      "0" value and the added result is stored in the line address register 437.
PAR  In this embodiment of FIG. 17, four bits of the four value PCM signal are
      contained in 144 time slots. On the other hand, in order to insert the
      video signal between audio signals, the audio signal corresponding to the
      video signal period is inserted by one channel per two channel, so that
      there exists the same signal series every third channel. Consequently, one
      channel can be shifted by shifting the address by bits corresponding to
      three channels, so that in the line address counter 453, addition by 141
      .times. 4 bits is performed bits instead of subtraction by 3.times.4 bits.
PAR  In this manner, the new addressing code word thus set in the line address
      register 437 is applied to the line address circuit 333 or 435, whenever
      the chips of the RAM 313 take the writing mode during the master frame
      period. In the reading mode, as described above, the line address counters
      417 and 419 have been reset to the "0" condition, so that the reading out
      starts always from the address of the "0" point, and the written signal
      the channel of which was already shifted in the writing mode is
      sequentially read out by the bit clock pulse .phi..sub.1 derived from the
      input terminal 411. The read out signal read out from the chips 319, 321,
      323 and 325 are applied to an OR gate 455 and the OR output is derived
      from an output terminal 457 as the digital signal D.sub.out effected by
      the channel shift.
PAR  In the case of the control code frame, it is not necessary to convert the
      transmission channel, so that the control code gate signal CF is applied
      to an input terminal 459. As the CF signal is the two-level signal, the CF
      signal can be obtained from either one of the chips, though the CF signal
      is converted to a four-level signal and is written in the two chips
      alternately. Considering the above, the CF signal and the AND output of
      the gate 427 are applied to an inhibit gate 461 and the CF signal and the
      AND output of the gate 429 are applied to an inhibit gate 463 in such a
      way that only one chip 319 and 323 of the respective chip pairs are
      operated during the reading mode. The CF signal also inhibits the inhibit
      gate 443, so that the AND gates 447 and 449 become off. As the result, the
      addressing code word of the line address register 437 is not transferred
      to the line address counter 417 and 419, which always start from the "0"
      position.
PAR  In general, it is not necessary to convert the transmission channel of the
      control code signal, so that it is not necessary to apply the control code
      signal to the line addressing circuit 401 and to the RAM 313. On the other
      hand, the audio signal is delayed by 3/2H due to the channel shift. Hence,
      the timings of the audio signal and the control code signal are required
      to be suited to one another. If the control code signal is passed through
      an analogue-type delay line in such a case, the waveform of the control
      code signal is deteriorated. Whereupon in this embodiment of FIG. 17, the
      above described apparatus for the channel shift is used in common for the
      digital type delay circuit.
PAR  According to the present invention, in a multiplex signal transmission
      system in which a plurality of information signals are repeatedly
      transmitted at given time intervals through a plurality of channels, the
      signal having an arbitrary time period is divided into given different
      time periods at given time intervals and the divided signal portions are
      allocated into different channels respectively. Here, in this transmission
      system according to the present invention, the channel arrangement is
      changed at given time intervals, so that if once the reading of the
      relevant signal starts from the corresponding channel, then the following
      signal portions can be always derived from the same channel. Therefore,
      according to the present invention, the configuration of a receiver can be
      simplified. Although the signal transmission system according to this
      invention is of the repetition type, this transmission system can
      reproduce the signal in the same way as the real time type signal
      transmission system. Thus, this invention has such an advantageous effect
      that this system can substantially be used in the receiving apparatus of
      real time type.
PAR  In the above embodiments of the present invention, the transmission system
      of this invention has been illustrated and described for transmitting
      still pictures and its related sounds. However, the transmission system
      according to the present invention is not limited to such a still picture
      and sound transmission system, and it may be used to transmit television
      pictures and facsimile signals, or various signals such as remote control
      signals, audio signals, and facsimile signals in the form of a PCM, PTM,
      PWM or PAM signal. In addition, it will now be apparent to those skilled
      in the art that changes and modifications may be made without departing
      from the invention in its broader aspects, and it is the intention,
      therefore, in the appended claims to cover all such changes and
      modifications as fall within the true spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiplex signal transmission system in which a multiplexed signal
      composed of several video signals and accompanied PCM-TDM audio signals,
      said audio signals being multiplexed in time division in the form of pulse
      code modulation signals having respectively arbitrary time durations and
      arranged in time-serial form, is sequentially divided into a plurality of
      signal portions contained in one master frame, said one master frame
      having several sub-frames, each of which includes a plurality of
      video-audio frames, each of which includes a video frame and an audio
      frame which has first and second frames, and in which said signal portions
      are respectively allocated to a plurality of time-parallel channels, each
      of which has a time duration of one master frame, and said signal portions
      being transmitted through respective ones of said plurality of
      time-parallel channels, repeatedly every one master frame period,
      comprising:
PA1  a channel shift means for shifting sequentially the whole of said signal
      portions allocated to each of said time-parallel channels every
      predetermined time period; and
PA1  a signal transmitting means applied to outputs derived in time-parallel
      form from said channel shift means and transmitting simultaneously said
      outputs through respective channels to each of which said signal portions
      composing respective audio signals are allocated successively every one
      master frame period,
PA1  said channel shift means being provided with
PA1  a shift register for temporarily storing input PCM-TDM audio signals during
      one frame period of said pulse code modulation signals,
PA1  a first ring counter to which the PCM-TDM audio signals thus stored in said
      shift register are transferred in parallel and which circulates the stored
      audio signals at intervals of one bit clock period of said pulse code
      modulation signals,
PA1  a second ring counter, having counter stages corresponding to the number of
      channels of said PCM-TDM audio signals contained in one frame period of
      said pulse code modulation signals, for circulating signals stored
      initially in said second ring counter at intervals of one master frame
      period, and
PA1  an AND gate group having AND gates the number of which is equal to that of
      said channels, and each of which has two input terminals connected
      respectively to output terminals of counter stages corresponding to a
      position of a first bit in each word of said pulse code modulation signals
      stored in said first ring counter and to output terminals of counter
      stages of said second ring counter, positions of which stages correspond
      to relevant words of said pulse code modulation signals, whereby
PA1  said AND gates sequentially become conductive during one master frame
      period in accordance with stepping of the content stored initially in said
      second ring counter at intervals of one master frame period so as to
      derive the PCM-TDM audio signals which circulate in said first counter
      through relevant AND gates which thus become conductive in such a manner
      that channels assigned to the PCM-TDM audio signals thus derived from AND
      gates sequentially conducting are shifted sequentially.
NUM  2.
PAR  2. A multiplex signal transmission system as claimed in claim 1 wherein a
      plurality of audio signals are arranged in time-serial form at master
      frame periods, identification code words are affixed to said plurality of
      audio signals, respectively, and said audio signals together with said
      identification code words are respectively transmitted repeatedly at said
      master frame periods, said multiplex signal transmission system further
      comprising, at a transmitter,
PA1  an identification code modification means for sequentially modifying the
      contents of the identification code words affixed to each of said
      plurality of audio signals alike to another identification code word
      affixed to another audio signal at said master frame periods; and
PA1  a signal transmitting means for transmitting said plurality of audio
      signals and said sequentially modified identification code words;
PA1  and further comprising, at a receiver,
PA1  a channel selecting means for sequentially detecting said identification
      code words and for sequentially selecting the signals corresponding
      respectively to the detected identification code words; and
PA1  a signal reproducing means responsive to said audio signals selected
      together with said detected identification code words and arranging said
      audio signals in time serial form so as to reproduce original audio
      signals with said audio signals selected through respectively the same
      channels.
NUM  3.
PAR  3. A multiplex signal transmission system as claimed in claim 1 wherein
      said video frame and said first and second frames have one television
      frame period respectively.
NUM  4.
PAR  4. A multiplex signal transmission system as claimed in claim 1 wherein
      said video signals correspond to a still picture.
NUM  5.
PAR  5. A multiplex signal transmission system as claimed in claim 1 wherein a
      video identification code word is contained in a video frame so as to
      identify the channel code of the relevant channel in which a desired video
      signal is contained.
NUM  6.
PAR  6. A multiplex signal transmission system as claimed in claim 5 wherein
      said video identification code word is positioned in the vertical blanking
      period of the video frame relating to each video signal, and wherein a
      first control code word indicating an index identifying an information
      signal composed of several still picture video signals and audio signals,
      a second control code word indicating several audio channel numbers
      through which several audio signals denoted by said index are transmitted
      and a third control code word indicating several video identification
      codes of said several still picture video signals denoted by said index
      are transmitted in said vertical blanking period of said video frame, and
      said video identification code word, said second control code word and
      said third control code word are sequentially modified to other
      respectively similar ones in accordance with shifting channels of audio
      signals every time period equal to one master frame period.
NUM  7.
PAR  7. A multiplex signal transmission system as claimed in claim 6, wherein
      audio start and end signals are so inserted in one of said audio frames
      that said audio start signal denotes the channel number at which the audio
      signal starts and that said audio end signal denotes the channel number at
      which the audio signal comes to an end, and wherein said audio start and
      end signals are modified respectively to other audio start and end signals
      inserted in other audio signals sequentially in accordance with shifting
      channels of audio signals every time period equal to one master frame
      period.
NUM  8.
PAR  8. A multiplex signal transmission system as claimed in claim 1 wherein
      channels assigned to respective audio frames are divided into two groups
      of even and odd number channels, in each of which group the assigned
      channels are shifted by two channels, respectively, every time period
      equal to one master frame period.
NUM  9.
PAR  9. A multiplex signal transmission system as claimed in claim 6 wherein
      channels assigned to respective audio frames are divided into two groups
      of even and odd number channels, in each of which group the assigned
      channels are shifted by two channels, respectively, every time period
      equal to one master frame period.
NUM  10.
PAR  10. A channel shift converter of a transmitter in which a multiplex signal
      composed of several video signals and accompanied PCM-TDM audio signals,
      the audio signals being multiplexed in time division in the form of pulse
      code modulation signals, and having respectively arbitrary time durations,
      is sequentially divided into a plurality of signal portions contained in
      one master frame, said one master frame having several sub-frames, each of
      which includes a plurality of video-audio frames, each of which includes a
      video frame and an audio frame which has first and second frames, and in
      which said signal portions are respectively allocated to a plurality of
      time-parallel channels, each of which has a time duration of one master
      frame period, and said signal portions being transmitted through
      respective ones of said time-parallel channels repeatedly every master
      frame period, and in which a video identification code word is contained
      in a video so as to identify the channel code of a relevant channel in
      which a desired video signal is contained, said video identification code
      word being positioned in the vertical blanking period of the video frame
      relating to each video signal, and further including a first control code
      word indicating an index identifying an information signal composed of at
      least one still picture video signal and audio signal, a second control
      code word indicating at least one audio channel number through which said
      audio signal denoted by said index is transmitted and a third control code
      word indicating a video identification code word of said still picture
      video signal denoted by said index which is transmitted in said vertical
      blanking period of said video frame, and said video identification code
      word, said second control code word and said third control code word being
      sequentially modified to other respectively similar ones in accordance
      with a shifting of channels of audio signals every time period equal to
      one master frame period, and further including audio start and end signals
      having code words and inserted in one of said audio frames so that said
      audio start signal denotes the channel number at which the audio signal
      starts and said audio end signal denotes the channel number at which the
      audio signal comes to an end, and wherein said audio start and end signals
      are modified respectively to other audio start and end signals inserted in
      other audio signals sequentially in accordance with a shifting of channels
      of audio signals every time period equal to one master frame period,
      comprising:
PA1  a gate means for passing therethrough whole signals contained in the video
      frame;
PA1  a random access memory for temporarily storing input PCM-TDM audio signals;
PA1  a signal processor for producing recording signals and control signals
      which are applied to said random access memory so as to shift sequentially
      the address in which said PCM-TDM audio signals are written every one
      master frame, and also producing a bit clock signal for reproducing said
      PCM-TDM audio signals, which is applied to said random access memory so as
      to sequentially read out the PCM-TDM audio signals stored in said random
      access memory;
PA1  a memory means for storing said video identification code word and said
      second and third control code words which are modified to other
      respectively similar ones in said memory means in accordance with shifting
      channels assigned to the PCM-TDM signals; and
PA1  an arithmetic and memory means for storing said audio start and end signals
      the code words of which are modified to other respectively similar ones in
      accordance with shifting channels assigned to the PCM-TDM signals.
NUM  11.
PAR  11. A channel shift converter as claimed in claim 10, wherein said signal
      processor produces an addressing signal which is applied to a line address
      circuit so as to control addresses for writing of said random access
      memory.
NUM  12.
PAR  12. A channel shift converter as claimed in claim 10, wherein said random
      access memory has a plurality of memory sections divided into halves, both
      of which are respectively controlled by a read/write mode changing signal
      from said signal processor in such a manner that one half is in the
      writing mode while the other half is in the reading mode, alternately.
NUM  13.
PAR  13. A channel shift converter as claimed in claim 10, wherein one of said
      input PCM-TDM audio signals is in the form of a four-level PCM signal,
      which is applied to said random access memory through a four-two level
      conversion circuit, and wherein the PCM-TDM audio signal read out from
      said random access memory is applied to a two-four level conversion
      circuit in which the read out signal is converted to a four-level signal.
NUM  14.
PAR  14. A channel shift converter as claimed in claim 10, comprising a delay
      means for delaying signals contained in the video frame by a time duration
      required to adjust timings of both of said video and audio signals.
NUM  15.
PAR  15. A channel shift converter as claimed in claim 10, wherein
PA1  said signal processor produces a master frame pulse synchronized with said
      master frame, a mode changing signal for changing the write or read mode
      of said random access memory, said random access memory having a plurality
      of sections divided into halves, a memory selecting pulse for alternately
      selecting either one of said halves in which said PCM-TDM audio signals
      are written, a control code frame pulse synchronized with a control code
      frame for a video frame, and a bit clock pulse applied for a line address
      circuit and said random access memory, comprising:
PA1  a first line address counter for adding sequentially numbers of addresses
      at timings of said master frame pulse instructing the addition, and
      transferring address code words in parallel at intervals of one master
      frame;
PA1  a line address register for storing temporarily address code words
      transferred from said first line address counter in parallel at intervals
      of one master frame and transferring said address code words at the timing
      of said master frame pulse;
PA1  a second line address counter constructed as a pair for receiving address
      code words transferred from said line address register at the timing of
      said master frame pulse and each of said pair transferring alternately the
      address code words to said random access memory at the timing of said mode
      changing signal so as to assign addresses of memory sections in which
      input PCM-TDM audio signals are written;
PA1  means for producing a logical product signal of said mode changing signal;
PA1  a gate means for applying said logical product signal and said memory
      selecting pulse to said pair of the second line address counter, so as to
      change the modes of said both halves of the memory sections alternately;
      and
PA1  an inhibit gate means for interrupting the application of said logical
      product signal to said pair of the line address couanter and the transfer
      of said address code words to said pair of the line address counter at the
      timing of the control code frame pulse.
NUM  16.
PAR  16. A multiplex signal transmission system as claimed in claim 1 comprising
      a transmitter.
NUM  17.
PAR  17. A multiplex signal transmission system as claimed in claim 2, wherein
      said receiver further comprises:
PA1  a second channel selecting means for selecting channels through which
      desired video and audio signals are transmitted sequentially; and
PA1  a channel holding means for holding in reception said channels selected by
      said second channel selecting means for selecting channels so as to
      extract successively the desired audio signals from the same channel every
      predetermined time period delayed by one said time period, once the
      desired audio signal is received from a corresponding audio channel.
NUM  18.
PAR  18. A multiplex signal transmission system as claimed in claim 1 further
      comprising a programmed instruction system.
NUM  19.
PAR  19. A multiplex signal transmission system as claimed in claim 18, wherein
      signal groups of signals composed of a plurality of information signals
      form programmed instructions.
NUM  20.
PAR  20. A system as claimed in claim 19, wherein said information signals are
      composed of video signals for displaying still pictures and audio signal
      accompanied therewith.
NUM  21.
PAR  21. A multiplex transmission system in which a multiplexed signal composed
      of a plurality of information signals composed of still picture video
      signals and corresponding PCM-TDM audio signals, said audio signals having
      respectively arbitrary time durations and being arranged in time-serial
      form, is sequentially divided into a plurality of signal portions by a
      time duration of one master frame period having several sub-frames, each
      of which includes a plurality of video-audio frames, each of which further
      includes a video frame and an audio frame having first and second frames,
      and further wherein a control code frame is assigned to one video frame in
      each sub-frame so as to control the arrangement of the video and audio
      frames of relevant information signals to be transmitted and to indicate
      starting and ending timings of said corresponding audio signals, said
      signal portions being respectively allocated to a plurality of channels,
      each of which has a time duration of said one master frame period, in
      time-parallel form, and said signal portions being transmitted through
      respective ones of said plurality of time-parallel channels, repeatedly
      every one master frame period, and in which a video identification code
      word is contained in a video frame so as to identify the channel code of a
      relevant channel in which a desired video signal is contained, said video
      identification code word being positioned in the vertical blanking period
      of the video frame relating to each video signal, and further including a
      first control code word indicating an index identifying said information
      signals, a second control word indicating at least one audio channel
      number through which an audio signal denoted by said index is transmitted
      and a third control code word indicating a video identification code word
      of the still picture video signals denoted by said index which is
      transmitted in said vertical blanking period of said video frame, and said
      video identification code word, said second control word and said third
      control word being sequentially modified to other respectively similar
      ones in accordance with a shifting of channels of audio signals every time
      period equal to one master frame period, and including audio start and end
      signals having code words and inserted in one of said audio frames so that
      said audio start signal denotes the channel number at which the audio
      signal starts and said audio end signal denotes the channel number at
      which the audio signal comes to an end, and wherein said audio start and
      end signals are modified respectively to other audio start and end signals
      inserted in other audio signals sequentially in accordance with a shifting
      of channels of audio signals every time period equal to one master frame
      period, comprising:
PA1  a channel shift means for shifting sequentially the whole of said signal
      portions allocated to each of said parallel channels every mode-terminal
      time period; and
PA1  a signal transmitting means applied to outputs derived in time-parallel
      form from said channel shift means and transmitting simultaneously said
      outputs through respective channels to each of which said signal portions
      composing respective audio signals are allocated successively every one
      master frame period, said channel shift means including a channel shift
      converter having a gate means for passing therethrough whole audio signals
      contained in the audio frames, a random access memory for temporarily
      storing input PCM-TDM audio signals, a signal processor for producing
      recording signals and control signals which are applied to said random
      access memory so as to shift sequentially the address in which said
      PCM-TDM audio signals are written every one master frame, and also
      producing a bit clock signal for reproducing said PCM-TDM audio signals,
      which is applied to said random access memory so as to sequentially read
      out the PCM-TDM audio signals stored in said random access memory, a
      memory means for storing said video identification code word and said
      second and third control words which are modified to other respectively
      similar ones in said memory means in accordance with shifting channels
      assigned to the PCM-TDM audio signals, and an arithmetic and memory means
      for storing said audio start and end signals the code words of which are
      modified to other respectively similar ones in accordance with shifting
      channels assigned to the PCM-TDM signals.
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PAL  A depth perception television system is described. Light radiation from a
      three-dimensional scene is collected by a convergent lens and transmitted
      through a lenticulated grid onto the face of a light radiation sensing
      tube of a television camera. The lenticulated grid is made up of a
      multiplicity of vertically oriented lens elements, each of which has a
      generally cylindrical arc incident surface and a generally planar exit
      surface. Such lenticulated grid acts to separate light radiation received
      thereby into a plurality of image elements of each aspect of the scene and
      then focus the same at predetermined locations on the pick-up surface of
      the camera. An electrical signal representative of the locations on the
      face of the camera at which such image elements are focused is formed in a
      conventional manner by the camera and transmitted to a monitor which
      conventionally displays such image elements on a display screen, such as
      the face of a cathode ray tube. The image element radiation from the
      display screen is intercepted by a second lenticulated grid similar to the
      first but with the radiation passing in the opposite direction
      therethrough. The lens elements of the second grid act to isolate each eye
      from seeing more than one of the multiple images on the screen at a time
      and to insure that each eye sees a slightly different image as though
      viewing from a different location.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus for providing a manifestation of
      the depth relationships in a three-dimensional scene and, more
      particularly, to such an apparatus which makes depth perception television
      a practical reality.
PAR  Much effort by many investigators has been devoted to producing
      three-dimensional television. The most effective visual cue for perceiving
      depth is achieved by presenting to each of the observer's retinas a
      separate view of the same scene as seen from two points which are
      separated laterally by an amount comparable to the binocular viewing base.
      This can be achieved in numerous ways and many variants have been
      proposed. The simplest way, in theory, is to use two conventional
      television cameras to record the differing views and then transmit such
      views along two separate channels for observance on two separate
      television receivers. The images on the two television monitors are then
      directed separately to the viewer's eye for which each is intended, by
      mirrors, prisms, special filters or related optical devices so that the
      differential parallax between the views provides the observer with an
      adequate "depth cue". While this approach is simple in concept, there are
      several difficulties which have precluded it from being commercially
      significant. For one, the transmission bandwidth needed for each
      presentation is doubled in view of the necessity of separately
      transmitting the two disparate images of the scene. Moreover, it has been
      found that the problem of assuring that each of the images is only
      transmitted to the eye of the viewer for which it is intended is not
      simple. While numerous ingenious proposals for solving this problem have
      been suggested, they have generally been more complex or expensive than is
      acceptable. For instance, the stereopair of views may be transmitted by a
      single camera by alternately transmitting the right eye and left eye view
      at a frequency greater than the flicker rate, or dividing the input face
      of the camera tube so that both the right and left eye images share
      one-half the input window simultaneously. A similar arrangement is
      contrived at the display terminal by alternately shielding the right and
      left eyes synchronously with the alternation at the transmitter, or by
      shielding the right and left eye views from the opposite eye when a split
      display screen is being used. These proposals have required more extensive
      changes to present video technology and equipment than manufacturers and
      consumers have been willing to adopt.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides three-dimensional television with a minimum
      of expense and complexity to television manufacturers, television stations
      and television viewers. It is applicable to both black and white and color
      pick-up and displays, and is compatible with present transmitting and
      receiving equipment. No change in the electronics or allocated frequency
      bandwidth is required.
PAR  The invention is based on the broad concept of segregating or dispersing
      electromagnetic radiation, e.g., light, on the basis of the direction from
      which it approaches the dispersing means, rather than its wavelength as is
      commonly done. This angular dispersion can be accomplished by refraction
      of the radiation differently dependent upon its angle of approach with
      respect to at least one plane transverse to the dispersing means incident
      surface area.
PAR  As applied to producing a manifestation of the depth relationships in a
      three-dimensional scene, the invention incorporates the above principle by
      obtaining a multiplicity of images of the scene from different view
      locations while retaining the inherent differential parallax of the images
      due to the different view locations. To this end, the invention broadly
      comprises viewing means for receiving radiation from the three-dimensional
      scene at a multiplicity of locations having different angles of view of
      the scene, and dispersing means for receiving the radiation from the
      multiplicity of locations and segregating the same into a plurality of
      images of the scene as seen from the different viewing angles. If the
      scene is to be displayed to an observer, the multiplicity of images are
      displyed in a manner which assures that such eye of an observer retrieves
      at any one position only one image, which one image is dependent upon the
      viewing angle of the eye to the display surface area.
PAR  In most cases in which the depth relationship is to be recorded, the
      invention comprises a radiation sensing means, such as a conventional
      camera vidicon tube, having a radiation responsive surface area and means
      for converting radiation received by the surface area into a transducer
      signal representative of the location on such surface area at which the
      radiation is received. It further includes a viewing means for receiving
      radiation from a three-dimensional scene to be viewed at a multiplicity of
      locations having different angles of view of such scene. Such viewing
      means can be simply a large diameter objective lens which receives the
      radiation at a multiplicity of points across its diameter. A dispersing
      means, also most simply in the form of a lens, is provided for receiving
      the radiation from the multiplicity of locations on the viewing means and
      segregating the same into a plurality of images of the scene as seen from
      the different viewing angles.
PAR  When the invention includes a radiation sensing means as described above,
      the dispersing means then projects each of such images to a location or
      locations on the radiation responsive surface uniquely associated
      therewith. By a location "uniquely associated therewith" is meant a
      location on the surface which is different from the locations on such
      surface area for other ones of such images. The individual images thus
      projected onto the radiation responsive surface area are converted by the
      radiation sensing means into a transducer signal which contains
      information as to the specific location on the radiation responsive
      surface at which each of the images is received. The transducer signal is
      thus a manifestation of the original scene as viewed from different angles
      or, in other words, a manifestation of the depth relationships in the
      scene.
PAR  At the display terminal, the transducer signal is decoded to provide the
      individual images of the scene as seen from different viewing angles. More
      particularly, means, such as a conventional television reception tube,
      converts the signal into radiation representing each of the images
      emanating from a location or locations on a display face uniquely
      associated with the image in the same sense as the location or locations
      at which the image was received at the radiation responsive surface area
      at the pick-up end is associated therewith. A display means at the
      terminal then receives the radiation emanating from the display surface
      area and projects each of the images of the scene in the direction of the
      viewing angle represented thereby. Thus, the display which is ultimately
      projected at the terminal is a multiplicity of images of the scene which
      differ from one another by the viewing angle at which radiation from the
      original scene is received by the viewing means. An observer viewing the
      display will therefore see with each of his eyes those images of the scene
      which correspond to the actual views he would see if he were observing the
      original scene. Such views will differ parallactically so that he will
      receive a true manifestation of the depth in the original scene. Moreover,
      such visual manifestation will have "look-around". That is, as the
      observer moves his eyes laterally with respect to the display, the views
      he will perceive from the display will change to correspond with the new
      eye locations, just as such views would change if he moved his eyes
      laterally when viewing the original scene. This changing view relationship
      provides the observer with a sense of depth perception by enabling him to
      "look around" objects in the scene by an amount proportional to the depth
      of such objects in the scene with respect to the remainder of the scene.
      In this connection, the display means is adapted to project in the
      direction of each angle of view of the scene only that radiation emanating
      from the display surface area representative of the image seen from such
      angle of view. This assures that other radiation emanating from the
      display surface area, i.e., radiation representing other angles of view of
      the scene, will not interfere with the image properly seen from such angle
      of view.
PAR  Most desirably, the dispersing means at the pick-up end of the system
      dissects the multiplicity of images of the scene into image elements
      representing the various aspects or points of the scene as seen from the
      different viewing angles, and it is these image elements which are
      projected onto the radiation responsive surface area to locations uniquely
      associated therewith. The display means at the terminal end of the system,
      in turn, combines the image elements of each of the images to reconstitute
      the images as seen from different angles of view. Moreover, the dispersing
      means at the pick-up end of the system converges each image element in at
      least one direction to thereby minify the image in such direction, and the
      display means at the terminal magnifies such image elements for
      combination into the reconstituted full images as stated above, of the
      scene as seen from different angles. This minification and subsequent
      magnification facilitates the inclusion of the multiplicity of images on a
      standard size camera pick-up surface and in a normal transmission
      bandwidth, while at the same time assuring that the views displayed at the
      terminal are full, undistorted views.
PAR  The dissection of the full images of the scene into image elements
      representing the various aspects of the scene as seen from different
      viewing angles, as well as their minification and projection onto
      locations uniquely associated therewith on the radiation responsive
      surface area, is most simply accomplished by the dispersing means being a
      lenticulated grid providing, in effect, a multiplicity of spatially
      repeating, similar lens elements. Each of such lens elements is adapted to
      refract differently radiation which is received by it from different
      directions with respect to at least one common plane. Because of such
      differential refraction, each lens element at the pick-up end of the
      arrangement will provide the plurality of image elements of each aspect or
      point of the scene dependent upon the direction from which the radiation
      representing such aspect is received at the lens element.
PAR  The display means is also most simply a lenticulated grid at the display
      terminal which is adapted to reverse this process. That is, such display
      grid is made up of a multiplicity of spatially repeating, similar lens
      elements which refract differently radiation received from various
      locations on the display screen so as to emit toward each position in
      front of the display grid only that radiation which was received by the
      camera grid from a corresponding position in front of it.
PAR  A simple geometry for each of the lens elements so that it will provide the
      above is a cylindrical section geometry, i.e., a geometry in which a first
      radiation transmission surface of each lens element is convex with a
      cylindrical configuration, and a second radiation transmission surface is
      planar or flat. For ease of manufacture, the cylindrical surface is made
      the incident surface for those elements making up the dispersing grid at
      the pick-up end of the system, and the planar surface is the surface of
      the lens elements of the display grid which receives the radiation
      emanating from the display surface area. With this geometry, the series of
      lens elements making up the lenticulated grid at the pick-up end of the
      system will dissect the field of view received from the viewing means into
      many narrow, vertical strips, each of which is an image element of a
      specific aspect of the scene and is laterally displaced by the
      lenticulated grid by an amount dependent upon the angle of approach of the
      radiation representing the aspect to the incidence surface of such grid.
      The vertical strips representing aspects of the many different images will
      be juxtaposed to one another. The described geometry of each lens element
      will also provide the desired minification of each aspect of the scene.
      That is, the vertical image strips will be converged images in the
      horizontal direction.
PAR  At the display end of the system, when the lens elements are properly
      aligned with the display surface area, their geometry will cause each
      image vertical strip emanating from such surface to be magnified by the
      lens element which receives it so as to fill the full width of the lens
      and blend with corresponding vertical strips from adjacent lens elements
      so as to reconstruct the entire scene. Moreover, each reconstructed scene
      will be projected by the lenticulated grid only in the direction from
      which it was received at the dispersing grid at the pick-up end of the
      system.
PAR  The invention includes other features and advantages which will become
      apparent from the following more detailed description of the preferred
      embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  With reference to the accompanying drawing:
PAR  FIG. 1 is a schematic plan view of a closed circuit television arrangement
      incorporating the present invention;
PAR  FIG. 2 is an enlarged partial plan view of the camera optics schematically
      illustrating a typical ray tracing representative of the treatment by the
      preferred embodiment of the invention of light emanating from a single
      point or aspect of a scene being viewed;
PAR  FIG. 3 is an enlarged partial plan view of the display optics illustrating
      ray tracings therefrom corresponding to the ray tracings of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  With reference to the drawing, FIG. 1 illustrates a closed circuit
      television system incorporating the invention. Such system includes, as is
      usual, a camera 11 suitably connected via a transmission cable 12 to a
      monitor 13. Both the camera and the monitor include those electronic
      components normally associated therewith. However, the optics of the
      camera and the display face of the monitor are modified to incorporate the
      invention.
PAR  The optics of the camera first includes viewing or focusing lens means for
      receiving light radiation from the scene at a multiplicity of locations
      having different angles of view of the scene and focusing the same to a
      composite image of the scene. To this end, an objective optical lens 14 is
      positioned facing the scene to receive such light radiation across its
      midplane 16. As will be apparent to those skilled in the art, light
      radiation from each aspect or point of the scene being viewed, such as the
      point 17 of the object 18 in the scene, will be received across the full
      diameter of the lens as indicated by the ray tracings 19 in FIG. 1.
      Likewise, every location along the midplane of the lens 14, such as the
      point 21, will receive light from all points in the scene as schematically
      represented for the object 18 by the ray tracings 22.
PAR  Lens 14 is a convergent lens which is positioned in front of the radiation
      responsive surface, i.e., the light sensitive window 23, of a vidicon or
      similar pick-up tube in the camera 11 to bring light received by such lens
      to a focus on such window 23. Thus, the light radiation from the point 17
      as represented by the ray tracings 19 will be focused toward a
      corresponding point on the window 23, and the light radiation being
      received at point 21 in the lens from all points in the scene as
      represented by ray tracings 22 will be focused toward a composite image on
      a plane containing the window 23. This light radiation emanating from the
      lens 14 corresponding to the incoming ray tracings 19 and 22 is
      represented in FIG. 1 by ray tracings 24 and 26, respectively.
PAR  From the above, it should be apparent that the lens 14 will differentially
      refract the light it receives over its entire incident surface so as to
      converge all light having come from a given point in a scene, such as the
      point 17, toward a common point in the focal plane of the lens. In other
      words, the lens 14 collects radiation representing a multiplicity of views
      of the point 17 across its midplane, each of which views has a different
      viewing angle with respect to such point, and projects such radiation
      toward the window 23 with different angles of exit from such lens which
      correspond to the viewing angles.
PAR  The invention further includes a dispersing means for receiving the light
      radiation from the lens 14 prior to it reaching the window 23 and
      segregating the same into a plurality of images of the scene as seen from
      the different viewing angles. This is accomplished by disecting the
      focussed radiation into a plurality of image elements of each aspect of
      the scene. More particularly, as is best illustrated in FIG. 2, a
      lenticulated grid 27 providing a multiplicity of spatially repeating,
      similar lens elements 28, is positioned immediately in front of the window
      23. Each lens element 28 has an incident surface 29 which conforms to a
      cylindrical section surface, having a vertical axis. The exit surface 31
      of each lens element is, on the other hand, planar.
PAR  The configuration of each lens element results in it refracting radiation
      received by it differently depending upon the angle by which such
      radiation approaches the element and, hence, depending upon the angle of
      the view of the scene represented by it. Because of such differential
      refraction, the images represented by such radiation will be displaced
      laterally from one another by the lens element depending on the direction
      from which they approach the lens element, rather than being superimposed
      on one another at the window 23 as would be the case if the lenticulated
      grid were not provided. This phenomenon is illustrated for radiation from
      the point 17 by the ray tracings in FIG. 2. Radiation received at the
      spaced locations 32, 33 and 34 on the midplane of the lens 14 is all
      refracted toward a specific lens element 28' of the grid 27. As is shown,
      the lens element 28' refracts the radiation representing the object point
      17 received by it from the lens location 32 to the location 32' on the
      window 31. However, the lens element 28' refracts the radiation
      representing point 17 it receives from the locations 33 and 34 in lens 14
      to the locations 33' and 34', respectively, on the window 23.
PAR  The radiation received at the locations 32', 33' and 34' on the window
      represents image elements of the aspect of the full scene provided by the
      point 17. As will be recognized, each image element represents a view of
      such aspect from a different direction, with the image elements of full
      views from specific locations adjacent one another. The full
      parallactically differing views are thus dissected into the image elements
      which are juxtaposed with one another.
PAR  It will further be recognized that because of the cylindrical nature of the
      lens elements 28, each of the image elements of each view will be a
      vertical linear image or "strip" of a corresponding vertical strip in the
      original scene. That is, since each of the lens elements has a vertical
      cylindrical section as an incident surface, each aspect of the scene will
      be laterally segregated into a plurality of images only in a horizontal
      direction -- not in the vertical direction. As a practical matter, this is
      all that is necessary since depth perception is cued by the receipt at the
      viewer's two eyes of images which differ parallactically in the direction
      of binocular separation, which is typically in the horizontal direction --
      not the vertical direction.
PAR  Each lens element has a configuration and size not only to separate each
      aspect of the scene into a plurality of image elements and focus the same
      on the radiation responsive surface represented by the window 23, but also
      to converge the radiation representing each image element in a horizontal
      plane to thereby provide an image element which is converged in such
      direction or, in other words, "minified" in the horizontal plane. Thus,
      the image elements at the locations 32', 33' and 34' are all minified
      images in the horizontal direction of the aspect 17.
PAR  The radius of curvature and the arc length of the incident surface of each
      lens element is chosen relative to the diameter and focal length of the
      lens 14 so that the light coming from the extreme edges of the field of
      view of the lens 14 will fall within the width of a lens element after
      refraction thereby, and will also completely fill such width. There should
      be no strips void of image elements behind the grid, nor should the image
      elements behind one lenticulation overlap those behind adjacent lens
      elements. This will assure that the images of differing aspects of the
      scene will not be overlapped at the radiation responsive surface.
PAR  The camera conventionally has means for converting the radiation received
      by the surface area into an electrical transducer signal representative of
      the location on the surface at which the radiation is received. Such
      electrical signal thus provides a manifestation of the depth relationships
      in the three-dimensional scene. This electrical signal is conveyed by
      transmission cable 12 to the display terminal 13 which extracts the coded
      data therefrom in a conventional manner and displays it on a suitable
      monitor. More particularly, such signal is directed, as is usual, to the
      electron gun 41 of a television picture tube 42. The tube 42 converts the
      electrical signal into radiation emanating from a display surface area of
      the tube, which area is represented in FIGS. 1 and 3 by tube face 43. It
      will be recognized that with the usual synchronization, etc., the
      radiation emanating from such face will be a replica (except for scale) of
      that radiation which is received by the radiation responsive surface 23 of
      the camera tube. Thus, it will represent the multiplicity of image
      elements of each aspect of the scene making up the plurality of views of
      such scene as seen from different angles of view.
PAR  In accordance with the invention, the display terminal further includes
      display means for receiving the radiation from the display surface area
      and projecting each image of the scene in the direction of the angle of
      view represented thereby. More particularly, another lenticulated grid 44
      made up of a plurality of lens elements 46 is located in front on the
      display area to intercept the radiation emanating from the face 43. Each
      of the lens elements 46 is of the same configuration as the corresponding
      lens element 26 of the grid 16 and, in this connection, includes a planar
      incident surface 47 and an exit surface 48 which is a cylindrical section
      having a vertical axis and a focal length such that it focuses on the face
      43. With such construction, each lens element will magnify the minified
      linear elements displayed on the face 43. Since the magnified linear
      elements will completely fill the width of the cylindrical surface of the
      lens element which receives it, each eye of an observer will see at any
      one time only one image element behind each lens element. Such image
      element will correspond to similar magnified image elements emanating from
      adjacent lens elements to provide a reconstruction of the full image of
      the scene as viewed from the angle from which it is being observed by the
      respective eyes. In this connection, the grid 44 will project to any one
      viewing location only that radiation which makes up the full image of the
      scene as viewed from such location. Thus, the radiation appearing on the
      face 43 which is not part of the view from such location will not
      interfere with the image.
PAR  If the observer should move his eye horizontally with respect to the
      display, such eye will be presented a different viewing angle to the
      scene, i.e., the viewer's line of sight to the display face will be
      refracted laterally by the grid 44 and it will focus on the image elements
      being displayed representing a view of the scene as seen from the new
      viewing angle.
PAR  It will be appreciated that in order to assure proper alignment with the
      lenticulated grid of all the image elements of the scene which emanate
      from the display face, it may be necessary to adjust the horizontal
      expansion of the display emanating from the face 43, relative to the width
      of the lens elements 46. The manner of doing so is well known, and means
      are often included on presently available television monitors for this
      purpose.
PAR  FIG. 3 schematically illustrates receipt at three observer eye locations
      52, 53 and 54 of radiation emanating from the display terminal. Each of
      such eye locations 52, 53 and 54 respectively represent viewing locations
      corresponding to the viewing locations 32, 33 and 34 on the objective lens
      14 of the original scene.
PAR  As represented by the ray tracings 56 for the location 52, each of the
      locations will receive radiation representing all aspects of the scene
      from across the full surface area of the grid. The image element received
      from each lens element will, however, be that image element of the aspect
      of the scene displayed behind the lens element which corresponds to the
      angle of view of the viewing location. Thus, for example, assuming the
      image element of point 17 in the original scene is the image element
      behind lens element 46', such image element will be replicated at
      locations 32", 33" and 34" for the viewing locations 52, 53 and 54. Lens
      element 46' will project the respective image elements to their associated
      viewing locations while at the same time refracting all image elements
      which are not associated with such viewing locations in other directions.
      This is important to provide a clear and non-distorted full image from
      each location.
PAR  It should be noted that the depth perception view which is obtained at the
      display terminal is actually projected from a display screen which is
      essentially two-dimensional. Thus a manifestation of the depth in the
      scene is obtained without the necessity of a display medium which is
      actually three-dimensional.
PAR  Although the invention has been described in connection with a preferred
      embodiment thereof, it will be appreciated by those skilled in the art
      that various changes can be made without departing from the spirit of the
      invention. In this connection, although the invention has been described
      with reference to light radiation and visual information, it will be
      appreciated that it is equally applicable to information systems utilizing
      other portions of the radiation spectrum, such as acoustic, infra red,
      ultra violet, radio frequency and UHF radiation. Moreover, the coded
      signal generated by the radiation transducer can be stored, for example,
      on magnetic tape for later transmission or playback. In view of these and
      other changes, it is intended that the coverage afforded applicant be
      limited only by the claims and their equivalent language.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for viewing a three-dimensional scene and providing a
      manifestation of the depth relationships therein comprising: a radiation
      sensing means having a radiation responsive surface area and means for
      converting radiation received by said surface area into a transducer
      signal representative of both the intensity of said radiation and the
      locations on said surface area at which said radiation is received;
      focusing lens means for receiving radiation from said scene at a
      multiplicity of locations having different angles of view of each point in
      said scene and focusing the same from said multiplicity of locations to a
      composite image at a focal plane of said focusing lens means; and
      dispersing lens means for receiving the radiation focused to said
      composite image from said multiplicity of locations and dissecting the
      same into a plurality of image elements of each point in said scene
      corresponding to said different viewing angles of said scene and
      thereafter projecting each of said image elements to a location uniquely
      associated therewith on the radiation responsive surface area of said
      sensing means, the location on said radiation responsive surface area for
      each of said image elements being different from the locations thereon for
      the other of said image elements.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the locations on said radiation
      responsive surface for image elements of each point in said scene as seen
      from different viewing angles are juxtaposed.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said dispersing lens means is adapted
      to converge in the direction of at least one plane radiation received
      thereby whereby each of said image elements is a minified image of the
      point in said scene represented thereby.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said dispersing lens means is a lens
      located generally at said focal plane and in front of said radiation
      responsive surface of said sensing means adapted to separate by
      differential refraction the radiation received from said focusing lens
      means from directions having different directional components with respect
      to at least one plane transverse to the incident surface area of said
      dispersing lens means to thereby provide said plurality of image elements
      representing each point in said scene as seen from different angles of
      view.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said directional component plane is a
      generally horizontal plane and said lens is adapted to separate radiation
      received thereat from said focusing lens means into a plurality of
      generally vertical image elements which are converged in a horizontal
      direction.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said lens is made up of a multiplicity
      of spatially repeating, similar cylindrical lens elements, a first
      radiation transmission surface of each being a generally cylindrical
      section possessing a generally vertical axis, and a second radiation
      transmission surface thereof being a generally planar surface.
NUM  7.
PAR  7. The apparatus of claim 1 further including transducer means for
      converting the transducer signal representative of both said radiation
      intensity and the locations at which said radiation is received on said
      radiation responsive surface area into radiation emanating from
      corresponding locations on a display surface area, and display means for
      receiving said radiation from said display surface area and projecting
      each of the image elements of each point in said scene represented thereby
      in the direction of the angle of view of the point in the scene by which
      said radiation was received by said focusing lens means.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said display means projects in the
      direction of each angle of view of said scene only that radiation
      emanating from said display surface area representative of the image seen
      from said angle of view, whereby radiation emanating from said display
      surface area representative of image elements seen from other angles of
      view does not interfere with said image as seen from said angle of view.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said dispersing lens means is adapted
      to converge in the direction of at least one plane radiation received
      thereby, whereby each of said image elements received at said radiation
      responsive surface is a minified image with respect to said plane of the
      point in said scene represented thereby, and said display means is adapted
      to magnify such image elements upon emanation thereof from said display
      surface area for combination thereof into reconstituted images of said
      scene as seen from different viewing angles.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said plane with respect to which
      radiation is converged by said dispersing means is a generally horizontal
      plane.
NUM  11.
PAR  11. The apparatus of claim 10 wherein both said dispersing lens means and
      said display means are lenses located respectively in front of said
      radiation responsive surface area and said display surface area, said
      dispersing lens being adapted to separate by refraction radiation received
      from said viewing means from directions having different directional
      components in at least one plane transverse to the dispersing lens
      incident surface and thereby provide said multiplicity of images of each
      point in said scene as seen from different angles of view, and said
      display lens being adapted to refract from each image of said scene from a
      different angle of view, those image elements emanating from said display
      surface area which are not part of said image.
NUM  12.
PAR  12. The apparatus of claim 11 wherein both said dispersing and said display
      lenses are made up of a multiplicity of spatially repeating, similar
      cylindrical lens elements, a first radiation transmission surface of each
      element being in the form of a generally cylindrical section possessing a
      generally vertical axis, and a second radiation transmission of each
      element being a generally planar surface.
NUM  13.
PAR  13. Apparatus for extracting a manifestation of the differential parallax
      inherent in a three-dimensional scene from a transducer signal having
      information defining a multiplicity of image elements of all points in
      said scene as such points are seen from different angles of view to define
      said differential parallax, comprising means for converting said signal
      into radiation representing each of said image elements emanating from
      locations on a display surface area uniquely associated therewith, and
      display means positioned relative to said display surface area to be
      responsive to receipt of said radiation from said display surface area by
      projecting each of said image elements in the direction of the angle of
      view of the point in the scene represented thereby and combining image
      elements projected to the same location into a reconstituted image of said
      scene.
NUM  14.
PAR  14. The apparatus of claim 13 wherein said display means projects in the
      direction of each angle of view of said scene only that radiation
      emanating from said display surface area representative of the image seen
      from said angle of view, whereby radiation emanating from said display
      surface area representative of images seen from other angles of view does
      not interfere with said image as seen from said angle of view.
NUM  15.
PAR  15. The apparatus of claim 14 wherein each of said image elements
      represented by said transducer signal is a minified image element with
      respect to a generally horizontal plane of the point in said scene
      representative thereby; and said means for converting said signal into
      radiation emanating from locations on its display surface area converts
      the same into image elements correspondingly minified in a generally
      horizontal plane, and said display means magnifies each of said image
      elements in the direction of said horizontal plane for combination with
      correspondingly magnified image elements into said reconstituted images of
      said scene.
NUM  16.
PAR  16. The apparatus of claim 14 wherein said display means is a lens made up
      of a multiplicity of spatially repeating, similar cylindrical lens
      elements, a first radiation transmission surface of each being in the form
      of a generally cylindrical section possessing a generally vertical axis,
      and a second radiation transmission surface of each being a generally
      planar surface, each of said cylindrical lens elements being positioned
      relative to said display surface area to receive radiation emanating
      therefrom representing all image elements of a corresponding point in said
      scene as seen from different viewing angles.
NUM  17.
PAR  17. Apparatus for viewing a three-dimensional scene and providing a
      manifestation of the depth relationships therein comprising focusing lens
      means for receiving radiation from the scene at a multiplicity of
      locations having different angles of view of each point in said scene and
      focusing the same from said multiplicity of locations to a composite image
      of said scene at a focal plane, and dispersing lens means for receiving
      the radiation focused to said composite image from said multiplicity of
      locations and dissecting the same by differential refraction into a
      plurality of image elements of each point in said scene corresponding to
      said different viewing angles of said scene and projecting each of said
      image elements to a location uniquely associated therewith on a radiation
      responsive surface area, the location on said radiation responsive surface
      area for each of said image elements being different from the locations
      thereon for the other of said image elements.
NUM  18.
PAR  18. The apparatus of claim 17 wherein said dispersing lens means is adapted
      to separate by differential refraction radiation received from said
      viewing means from directions having different directional components in
      at least one plane to thereby provide said dissection of said radiation
      into a plurality of image elements.
NUM  19.
PAR  19. The apparatus of claim 18 wherein said dispersing lens means is a lens
      positioned generally at said focal plane and made up of at least one lens
      element having a first radiation transmission surface which is a
      cylindrical section and a second radiation transmission surface which is a
      generally planar surface.
NUM  20.
PAR  20. A method for providing a manifestation of the depth relationships
      within a three-dimensional scene comprising the steps of: focusing
      radiation from said scene received at a multiplicity of locations having
      different angles of view of each point in said scene to a composite image
      of said scene at a focal plane; dissecting said focussed radiation into a
      plurality of image elements of each point in said scene differing from one
      another by the different angle of view of said point represented by each;
      projecting each of said image elements to a location uniquely associated
      therewith on a radiation responsive surface; converting radiation
      representative of said image elements received by said radiation
      responsive surface into a transducer signal representative of both said
      image elements and the locations on said surface area at which radiation
      representing said respective image elements is received; converting said
      transducer signal into radiation emanating from a radiation display
      surface area representative both of said image elements and the respective
      locations on said radiation responsive surface at which said radiation was
      received; and thereafter combining the image element radiation emanating
      from said display surface area representing a view of said scene from any
      particular location into a reconstituted image of said scene as seen from
      said location.
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PAL  A video disc reproducing system wobbles the reading beam across the storage
      track of the disc and the outputs of two photocells are added to develop
      both the information signal and a radial beam tracking signal employed to
      maintain tracking registration of the beam and the storage track. The
      outputs of these cells are also combined differentially to develop a focus
      tracking signal used to adjust the focal plane of the reading beam to
      maintain focus registration.
PAL  A search feature adjusts the focus conditions over a range but is disabled
      and is superseded by the focus tracking control arrangement once focus
      conditions are brought within the operating range of the focus tracking
      arrangement.
PARN
PAC  RELATED PATENT APPLICATIONS
PAR  This application is related to concurrently filed applications Ser. Nos.
      439,683 -- Adler, 439,682 -- Whitman, and 439,681 -- Watson. The Adler
      application is incorporated herein by reference. It discloses and claims
      an improved type of radial beam tracking arrangement featuring wobbulation
      of the reading beam and is extended by the subject invention to
      concurrently achieve focus tracking. The Whitman and Watson applications
      disclose undulations provided in the storage track of a video disc as an
      alternative implementation of the Adler radial tracking concept, utilizing
      a particular storage track configuration in place of wobbulation of the
      reading beam.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The Adler application, with respect to which the present invention is a
      further development, is a novel radial tracking arrangement for optical
      image reproducing systems. It has general application to the various types
      of video discs presently known including those in which the information is
      stored by the technique of pits and intervening lands, by mechanically cut
      V-shaped grooves or by photographic techniques with incremental track
      areas of variable transmissivity. Of particular interest is the disc in
      which the record track includes pits and lands of a uniform width but with
      variable longitudinal dimension to represent the temporal variations of a
      frequency-modulated signal employed in producing a master of which the
      record to be read is a mechanical replication. Desired information may
      comprise a video program having luminance, chroma, audio and synchronizing
      signals stored in a spiral track each convolute of which represents the
      two image fields and timing data characteristic of double interlaced video
      transmission employed in commercial television broadcasts.
PAR  The pit element of the storage track may have a depth representing
      one-quarter wavelength of the reading beam in the medium of the disc or,
      alternatively, a depth of one-half wavelength. These differences have
      significant bearing on the type image reproducer that is employed,
      especially as to the servo arrangement necessary to achieve such controls
      as radial beam tracking. Radial tracking for discs with half wavelength
      pits required, prior to the Adler improvement, complicated arrangements of
      the two tracking beams focused on opposite sides of the storage track and
      provided with independent photoreceptors from which a radial tracking
      correction signal could be developed. The Adler teaching simplified
      matters by obviating the need of extra radial tracking beams. While the
      present invention is useful with a variety of video discs it, too, is
      especially suited to the half wave pit storage track and, for convenience,
      will be described in that connection.
PAR  It is an object of the invention to provide a novel focus tracking
      arrangement for an optical image reproducing system.
PAR  It is another and particular object of the invention to attain focus
      tracking for an optical image reproducer wherein radial beam tracking is
      accomplished through the technique of wobbling the reading beam relative
      to the storage track.
PAR  Accordingly, the invention is directed to an optical system having an
      information signal stored in a track on a carrier to be derived by reading
      of the storage track with a focused beam of energy. A periodic lateral
      relative displacement of the beam with respect to the track is effected at
      a predetermined wobble frequency to develop a radial tracking error in
      response to which radial tracking registration is maintained. The subject
      invention improves a system of this type by contributing a focus tracking
      arrangement having a pair of photoreceptors, which may also serve for
      radial tracking, disposed on opposite sides of a reference plane that
      includes the optical axis of the reading beam during radial tracking
      registration of the tangent of the storage track. There are means for
      obtaining from the output signals of those photoreceptors during operating
      intervals in which the beam and carrier are out of focus registration, a
      focus signal of the wobble frequency having a phase related to the sense
      of focus misregistration and a magnitude related to the extent of
      misregistration. The arrangement further includes a synchronous detector
      and means for supplying to it the focus error signal as well as a
      reference signal phase synchronized to the wobbulation of the reading beam
      to develop a focus tracking signal. Additionally, there are means
      responsive to the focus tracking signal for maintaining focus
      registration.
PAR  It is known that video discs of the type under consideration may be
      transmissive or reflective and again, for convenience, the transmissive
      mode will be described in detail even though the invention has equal
      application to operation in the reflective mode.
DRWD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a schematic representation of a transmissive mode optical image
      reproducing system embodying the radial beam tracking arrangement of the
      Adler application as well as focus tracking in accordance with the subject
      invention:
PAR  FIGS. 2 and 3a-3c are sketches employed in describing the operation of
      focus tracking;
PAR  FIG. 4 is a representation of one form of device that may be utilized in
      controlling focus registration; and
PAR  FIG. 5 is another embodiment of the invention featuring searching or
      sweeping to institute focus tracking.
DETD
PAR  Referring now more particularly to FIG. 1, the optical image reproducing
      system there represented schematically features the use of a laser beam to
      read information stored on a transparent video disc 10 of plastic
      material, such as polyvinyl chloride, having a storage track in the form
      of a multiturn spiral recording information to be derived by reading the
      track with a reading beam of energy. The disc is shown in partial radial
      cross section for rotation on a spindle 11 driven by a motor 12. Where the
      disc is formed of sufficient thickness to be rigid, like an audio record,
      it may be supported on a turntable (not shown) for rotation at an
      appropriate speed. For some uses there is a distinct preference that the
      disc be sufficiently thin, of the order of 6 mils, to be flexible in which
      case it is supported and held at a centrally located aperture for rotation
      at a high speed in a technique known as flying the disc. Both methods of
      support are known and both are useful in systems embodying the present
      invention. For the sake of specifity, it will be assumed that disc 10 is
      not only transmissive but has been prepared as a replica of a master
      recording of an angular-velocity (frequency) modulated carrier signal
      modulated in accordance with program information comprising luminance,
      chroma and audio components as well as timing or synchronizing components.
      Each convolute of the record track represents two interlaced fields of an
      image and their associated timing information. The temporal variations of
      the recorded carrier signal take the form of a succession of pits and
      lands of a common uniform width but variable in longitudinal dimension,
      alternating along the record track. The pit dimension will be assumed to
      be one-half wavelength of the reading beam in the medium of the record.
PAR  Disc 10 is read by a beam produced by a light source 15, such as a helium
      neon laser, which forms a collimated beam 3 directed along an optical path
      including a beam wobbling device 17. As explained in the Adler
      application, it is desirable that the wobble frequency be high in
      comparison with the frequency range necessary for effective servo
      operation; illustratively a wobble frequency of 100-200 KHz is suitable.
PAR  One attraction of the Adler radial tracking arrangement is its simplicity
      and inexpensiveness particularly since an acousto-optic element may be
      used to accomplish beam wobbulation. The Adler application describes both
      a longitudinal mode and a flexural mode acousto-optic element formed of a
      glass block to which may be attached one or more piezoelectric elements,
      poled and excited to drive the glass block at its natural resonant
      frequency. In response to such excitation, a beam traversing the block
      encounters an index of refraction which changes in each half cycle of the
      resonance to deflect the beam in one direction and then in the opposite
      direction a sufficient amount to accomplish the desired lateral
      displacement of the reading beam. Usually, it is sufficient to displace
      the beam in an amount corresponding to its cross sectional dimension.
      Excitation of acousto-optic element 17 is under the control of a reference
      oscillator 30 which is tuned approximately to the natural resonance to be
      established in the vibrator.
PAR  The beam emerging from element 17 is reflected by a mirror 18 that is
      displaceable, as indicated by an arrow 19, under the control of a radial
      tracking driver 20. Preferably, mirror 18 and its driver 20 are
      constructed in accordance with the Adler et al. application, Ser. No.
      439,684, filed Feb. 4, 1974, in which case it is a cantilever mounted
      piezoelectric bender or bimorph carrying mirror 18 at its free end for
      displacement in accordance with the polarity and intensity of an applied
      radial tracking signal.
PAR  Mirror 18 directs the reading beam to an objective or focus lens 21 which
      focuses beam 3 on the storage track of disc 10. The present invention has
      to do with focus tracking which may be accomplished by adjusting the
      position of the focal plane or the video disc; as shown, it is
      contemplated that objective 21 is mounted for movement along the optical
      axis of the optical system, being displaceable as indicated by arrow 22
      under the control of a focus tracking driver 23. That driver constitutes
      means for controlling the position or movement of lens 21 along the
      optical path in response to a focus tracking signal to be considered more
      particularly hereafter.
PAR  Light emerging from disc 10, modulated in accordance with the stored
      information, is received by a pair of photoreceptors 35, 36 disposed on
      opposite sides of a reference plane 1 that coincides with the optical axis
      of the reading beam during conditions of radial tracking registration.
      Also at such times the reference plane includes the longitudinal axis of
      the segment of the record track instantaneously being read. The outputs of
      these photoreceptors are variously used to obtain error signals for
      controlling radial beam tracking in accordance with the Adler concept on
      the one hand and for controlling focus tracking in practicing the present
      invention.
PAR  Radial tracking relies on the property that a video disc having half wave
      pits effects symmetrical scattering or diffraction of the light of the
      reading beam whenever that beam at least partially enters such a pit. The
      extent of scattering is dependent on the amount of the beam entering the
      pit so that maximum scattering occurs in instants of radial beam tracking
      registration. It may be shown, as explained in the Adler application, that
      conditions of radial misregistration of the beam relative to the track
      manifest phase modulation of that output component of each photoreceptor
      occurring at the wobble frequency. The phase of the modulation is related
      to the sense of radial misregistration and the magnitude of modulation
      reflects the degree of misregistration. Synchronous detection of the
      wobble-frequency component in a synchronous detector that is phase
      synchronized with the displacement of the beam develops a radial beam
      tracking signal appropriate for application to driver 20 to establish and
      maintain radial tracking registration. To that end, and since two
      photoreceptors are required for focus tracking, the outputs of cells 35
      and 36 are applied to a summing amplifier 37 and its output is delivered
      to a first synchronous detector 38 to which an appropriate phase reference
      signal from source 30 is also applied. The detected output after
      amplification and phase compensation in an amplifier 39 is delivered to an
      output terminal 40 which may be connected to input terminal 20a of radial
      tracking driver 20 to energize that driver and occasion controlled
      displacement of mirror 18 to maintain radial tracking registration. Of
      course, the output of amplifier 37 also includes a carrier component which
      is frequency modulated and is a replica of the frequency-modulated signal
      with which the record has been made. That signal may be derived at output
      terminal 41 for application to a utilizing device. If that device is a
      home television receiver, as is usually the case, terminal 41 may lead to
      a transcoder (not shown) which converts the signal derived from reading
      video disc 10 into a modulated carrier signal appropriate for application
      to the antenna terminals of the color receiver. As thus far described, the
      arrangement of FIG. 1 is essentially the same as that described and
      claimed in the Adler application, differing essentially only in the fact
      that two photoreceptors 35, 36 are shown, whereas only one is required for
      radial tracking purposes.
PAR  Focus tracking is obtained, in accordance with the subject invention, by
      combining the outputs of photoreceptors 35, 36 in a differential amplifier
      50 to develop, during operating intervals in which the beam and disc 10
      are out of focus registration, a focus error signal of the wobble
      frequency having a phase related to the sense of focus misregistration and
      a magnitude related to the extent of misregistration. Again, operating
      upon that signal in a second synchronous detector 51 develops a focus
      tracking signal delivered through an amplifier 52 to the focus tracking
      driver 23. Detector 51 also requires a phase reference which is supplied
      by the same source 30. Of course, phase compensation and filtering of the
      focus tracking signal may be included within unit 52.
PAR  The operation of the focus tracking arrangement will be understood quite
      readily from a discussion of the sketch of FIG. 2 showing a reading beam
      focused in a plane 2 and exciting photocells 35, 36 symmetrically disposed
      relative to reference plane 1. The usual convention has been adopted to
      represent a cone-shaped reading beam 3. If an object 4 is disposed within
      the beam to the left of reference plane 1 it casts a shadow, as indicated
      by the construction lines, in the field of photoreceptor 36 and, if the
      sum and minus designations shown in the sketch are adopted, the condition
      under consideration is one wherein the output of the (+) cell 35 exceeds
      that of (-) cell 36. On the other hand if object 4 were to be located to
      the other side of reference plane 1, as shown by the broken-line arrow,
      the converse conditions are established with the output of (+) cell 35
      less than that of (-) cell 36. It will be observed that these conditions
      exist where the object is above focal plane 2.
PAR  Now consider the case where an object 4' is located within the beam but
      below focal plane 2 and to the left of reference plane 1. It decreases the
      output of cell 35 relative to cell 36. If it is shifted to the other side
      of reference plane 1, again as indicated by the broken-line arrow, the
      output of cell 36 is decreased relative to cell 35. In short, out of focus
      conditions for objects above and below focal plane 2 produce opposing
      changes in the outputs of the two photocells, that is to say, the phase of
      the change in signal output indicates the sense in which the object is out
      of focus.
PAR  This may be viewed a little differently in the manner represented by the
      curves of FIGS. 3a and 3b. The curve of FIG. 3a shows the signal obtained
      by differentially combining the outputs of the photocells if it be assumed
      that an object 4 is moved in a plane above focal plane 2 from a position
      just to the left of the beam, through the beam, and then just beyond it to
      the right. While the object is within the left half of the reading beam
      the output of cell 35 predominates and the differential output is positive
      but the output of cell 36 dominates when the object is within the beam and
      into the right of reference plane 1, contributing the negative half of the
      curve. The curve of FIG. 3b shows the signal derived where the object 4'
      is introduced into and disposed through the reading beam from left to
      right in a plane beneath focal plane 2. Comparison of the curves of these
      two figures shows them to be of opposite phase. Accordingly, detection in
      a synchronous detector under the control of a proper phase synchronized
      reference signal develops a focus tracking signal of appropriate polarity
      and amplitude for application to a focus tracking driver.
PAR  An analogous operation takes place in the focus tracking arrangement
      included in FIG. 1. More particularly, the described movement of object 4
      or 4' in developing the signals represented by the curves of FIGS. 3a and
      3b is essentially the same as the movement of reading beam 3 under the
      control of acousto-optic element 17 except that the reading beam
      displacement is cyclical, occurring at the wobble frequency. Under
      conditions of focus misregistration, even if radial tracking registration
      be assumed, there is a scattering or diffraction of the light beam as it
      scans the record track which develops in detector 51 focus tracking
      signals in accordance with the curves of FIG. 3a or 3b, depending upon the
      sense or direction of misregistration. Driver 23 responds to that signal
      to establish and maintain focus tracking registration.
PAR  The amplitude of the focus tracking signal varies with the extent of
      defocus in the manner indicated by the curve of FIG. 3c wherein positive
      values of the abscissa designate distance above focal plane 2 while
      negative values show distance below the focal plane. The unit of the scale
      is microns because in the usual video disc the storage track width is
      approximately one micron and the diameter of the focused reading beam is
      nearly the same. Due to the shape of the focused beam, there is a region
      or depth of focus indicated by the zero value of the curve of FIG. 3
      immediately adjacent the origin. Since the focus tracking signal has a
      polarity related to the sense of focus misregistration, that signal may be
      employed to displace an element both sides of a reference to obtain focus
      registration.
PAR  It is known, for example, that the portion of the disc exposed to the
      reading beam may be displaced relative to the focal plane to establish
      focus or, alternatively, an optical element may be controlled to adjust
      the location of the focal plane. For example, a flexible mirror having an
      adjustable curvature may be controlled for that purpose or a cantilever
      supported bimorph, having one surface prepared as a reflector, may be
      similarly used. Another arrangement, shown in FIG. 4, which suggests
      itself is a motor structure quite similar to that of a loudspeaker having
      a permanent magnet 55 supported within a magnetic structure 56. In the gap
      57 there is the usual coil 58 having an input terminal 59 to which the
      focus tracking signal may be applied. The coil form 60 serves as a support
      for a lens system 61 and additionally resilient supports 62, 62 may be
      provided, holding the lens system for movement along the path or axis of
      reading beam 3. The position of the lens is adjustable in accordance with
      the polarity and magnitude of the signal applied to coil 58 in known
      fashion. No claim of invention is predicated on the structure of the
      movable element which is controlled to adjust focus registration. A number
      of such devices are well known in the art.
PAR  The modification of the invention represented in FIG. 5 adds a focus search
      or sweep feature in which a source 70 may apply an alternating current
      signal through a switch 71 to focus tracking driver 23. With source 70
      controlling the driver, the focus conditions vary over a wide range and
      switch 71 is arranged to disable the search feature and transfer focus
      adjustment to detector 51 when the condition of focus shall have been
      brought within the narrower pull-in range of the focus tracking
      arrangement. The switch 71 may normally couple source 70 to amplifier 52
      and may respond to an applied control signal that exceeds a threshold
      level to switch source 70 out of functional connection with the focusing
      system and substitute detector 51 in its place. A suitable control may be
      exercised by an amplitude modulation detector 73 to the input terminal 74
      of which the output of summing amplifier 37 is applied. When the focus
      conditions are close enough to establish at least a minimum RF output from
      photoreceptors 35, 36, the output of AM detector 73 will exceed the
      controlling or threshold level of switch 71 to enable detector 51 and its
      control of focus tracking.
PAR  While a particular embodiment of the present invention has been shown and
      described, it will be obvious to those skilled in the art that various
      changes and modifications may be made without departing from the invention
      in its broader aspects. Accordingly, the aim in the appended claims is to
      cover all such changes and modifications that may fall within the true
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an optical reproducing system having an information signal stored in
      a track on a carrier to be derived by reading the storage track with a
      focused reading beam of energy, which system includes means for effecting
      periodic lateral relative displacement of said beam with respect to said
      track at a predetermined wobble frequency to develop a radial tracking
      error signal and means responsive to said radial error signal to maintain
      radial tracking registration of said track and said beam, the improvement
      which comprises a focus tracking arrangement having:
PA1  a pair of photoreceptors disposed on opposite sides of a reference plane
      that includes (a) the optical axis of said reading beam during conditions
      of radial tracking registration and (b) the tangent of the storage track;
PA1  means for differentially combining the output signals of said
      photoreceptors to develop, during operating intervals in which said beam
      and said carrier are out of focus registration, a focus error signal of
      said wobble frequency having a phase related to the sense of focus
      misregistration and magnitude related to the extent of misregistration;
PA1  a synchronous phase detector;
PA1  means for supplying to said detector said focus error signal and a
      reference signal phase synchronized to the periodic displacement of said
      beam to develop a focus tracking signal; and
PA1  means responsive to said focus tracking signal for maintaining said beam
      and carrier in focus registration.
NUM  2.
PAR  2. The improvement in accordance with claim 1 in which said storage track
      comprises pits having a depth of approximately one-half the wavelength of
      said reading beam in the medium of said carrier.
NUM  3.
PAR  3. The improvement in accordance with claim 1:
PA1  having a second synchronous phase detector; and
PA1  means for applying the output of at least one of said photoreceptors and
      said reference phase signal to said second detector to concurrently
      develop a radial tracking signal.
NUM  4.
PAR  4. The improvement in accordance with claim 3 in which the outputs of both
      of said photoreceptors are summed and applied to said second detector.
NUM  5.
PAR  5. The improvement in accordance with claim 1 in which an objective lens,
      movable along the optical axis of said system, focuses said reading beam
      on said carrier and which said means for maintaining focus registration
      includes means for controllably moving said objective lens in response to
      said focus tracking signal.
NUM  6.
PAR  6. The improvement in accordance with claim 1 in which said means for
      maintaining focus registration is effective to vary the condition of focus
      over a range and including a search signal source;
PA1  a switch for selectively connecting the first-mentioned synchronous phase
      detector or said search signal source to said focus-registration means;
      and
PA1  means for actuating said switch to connect said first-mentioned synchronous
      phase detector to said focus-registration means during operating intervals
      in which the condition of focus is within predetermined limits within said
      range.
NUM  7.
PAR  7. The improvement in accordance with claim 6 in which said switch normally
      connects said search signal source to said focus-registration means.
NUM  8.
PAR  8. The improvement in accordance with claim 6 in which said switch is
      responsive to an applied signal having a predetermined intensity to
      connect said first-mentioned synchronous phase detector to said
      focus-registration means and in which said means for actuating said switch
      comprises an amplitude modulation detector;
PA1  means for applying the output of at least one of said photoreceptors to
      said amplitude modulation detector to develop a switch-operating signal;
      and
PA1  means for applying said switch-operating signal to said switch.
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PAL  An optical video playback device has an optical system for reading discs
      with a laser and further has a self-compensating focusing feature. This
      avoids the need for focus servos and the like to maintain proper
      conditions of focus.
BSUM
PAC  Background of the Invention
PAR  An optical video playback device for reading program records, such as video
      discs, is known and is favored because it makes possible features that are
      beyond the capability of other playback devices, such as the pressure and
      capacitive types, at least in the present state of the art. For example,
      with the optical device, stop-frame, variable speed image reproduction and
      paging are all readily attainable and their functions may be performed
      with no impairment of the video disc being played.
PAR  At the same time, the optical player has one disadvantage compared with
      other types of video playback systems, namely, the need for carefully
      maintaining the disc within a reading or reference plane in order that the
      reading laser beam may be maintained properly focused on the disc.
      Obviously, where there is a mechanical coupling of the readout device with
      the disc, as is the case with both the pressure and capacitive systems,
      there is no such position requirement for the disc. This need of the
      optical playback device has been satisfied previously by the use of servo
      systems or aerodynamic stabilizers.
PAR  The servo system must be capable of sensing the instantaneous position of
      the disc to develop an error signal where out-of-focus conditions prevail.
      The error signal, after amplification in the servo system, is used to
      physically displace some component, such as a lens, to restore and
      maintain proper focus. Servo systems of this type may serve the need but
      they are expensive and have the disadvantage of requiring the physical
      displacement of some movable element. This, preferably, should be avoided.
PAR  The alternative approach of an aerodynamic stabilizer utilizes carefully
      shaped stabilizing elements operating upon aerodynamic principles to keep
      a flying disc, that is to say, a rapidly rotating vido disc, in the focal
      plane of the reading laser. In theory, this, too, satisfies the focus
      control need but the close mechanical tolerance of the stabilizing
      elements makes the approach difficult for mass production. It is also
      found that for such stabilizers to be really effective the video discs
      must be of controlled thickness and have very flat surfaces.
PAC  Objects of the Invention
PAR  Clearly, it is highly desirable to provide an improved arrangement for
      maintaining the beam properly focused on the video disc during readout and
      such is a principal object of the present invention.
PAR  It is another object of the invention to achieve focus control with
      structures that are simplified and lend themselves more suitably to mass
      production than those of the prior art.
PAC  Summary of the Invention
PAR  In accordance with the invention, a self-compensating focus system is
      provided for an optical video playback device which reads a program record
      that is reflective to the reading beam, which record has one surface that
      is simply a reflector and an opposite surface through which a reading beam
      may gain access to an information storage track that is backed by a
      reflecting surface. The system has means, including a first objective lens
      disposed across a first optical path, for focusing a reading beam on said
      one surface of the record. Other means, including a plurality of at least
      partially reflecting surfaces, direct energy reflected from that one
      surface of the record and returned through the first lens. The deflected
      energy travels along a second optical path in which it is brought to an
      intermediate focus and finally is directed to said opposite surface of the
      record. Still other means, including a second objective lens disposed
      across the second optical path, images the intermediate focus onto the
      storage track of the record through the aforesaid opposite surface of that
      record. The magnification factor of the first lens is so related to the
      magnification factor of the second lens that changes in the spacing of the
      said one surface relative to the first lens produce compensating changes
      in the spacing of the intermediate focus relative to the second lens.
      Finally, there are means responsive to energy of the reading beam
      reflected from the aforesaid opposite surface of the record for developing
      an output signal representing information stored in the record.
PAR  The record usually takes the form of a plastic video disc that is
      transparent to a laser beam and has a storage track inscribed in one
      surface. That surface, including the storage track, is covered by a
      reflecting metallic layer which contributes the property of reflectivity
      and at the same time protects the stored information. The laser is
      directed through the first lens to the flat reflecting layer and, after
      reflection, is brought to an intermediate focus which, in turn, is focused
      by means of a final or reading lens on the storage track, reaching the
      track through the body of the transparent disc. The optical system
      features self-compensating focus by properly relating the magnification
      factors of the lenses so that a change in the spacing of the disc from the
      first lens is compensated by a related change in the distance from the
      reading lens to the image of the intermediate focused light spot.
DRWD
PAC  Brief Description of the Drawing
PAR  The features of the invention believed to be novel are set forth with
      particularity in the appended claims. The invention, together with further
      objects and advantages thereof, may best be understood by reference to the
      following description taken in conjunction with the accompanying drawing
      in the several figures of which like reference numerals identify like
      elements and in which:
PAR  FIG. 1 is a segment drawn to an enlarged scale of a reflective video disc
      to be read by a video playback device embodying the invention;
PAR  FIG. 2 is a fragmentary view of such a playback device, illustrating one
      form of self-compensating focus system;
PAR  FIGS. 3 and 5 are modifications of the focus system; and
PAR  FIGS. 4a and 4b concern optical elements that may be employed in a
      self-compensating focus system of the invention.
DETD
PAC  Description of the Preferred Embodiment
PAR  An optical type of playback device to which the invention has application
      reads information from a reflective, as distinguished from a transmissive,
      video record which can take the form of a flexible disc. The disc is
      constructed of a material, such as polyvinyl chloride, which has the
      capability of storing information to be derived, or read out by scanning
      the disc with a laser beam. It is most convenient, especially when the
      stored information is a continuous program, that the storage track be a
      multiturn spiral having elemental segments along the track which
      collectively constitute a spatial representation of a program-modulated
      carrier signal.
PAR  While the specifics of the storage track are subject to choice, a popular
      form features cavities or pits which alternate with lands to define the
      stored information. In preparing the master from which such a disc is
      processed, it is common practice to take a disc of glass, coated with a
      photosensitive material, and scan it with a laser beam which is controlled
      by a carrier signal frequency modulated with program information. Scanning
      with the laser causes the spiral track to have alternating segments of
      exposed and unexposed resist which, after development by treating the disc
      with a developer for the resist, produces the aforesaid succession of pits
      alternating with lands disposed in a spiral track and collectively
      constituting a spatial representation of the frequency modulated carrier
      signal employed in controlling the recording laser beam. Stampers prepared
      from such a master are used in replicating discs for distribution.
PAR  FIG. 1 shows a segment of a disc 10 which, preferably, is formed of
      polyvinyl chloride substrate, a substance transmissive to a laser reading
      beam. Actually, the disc section depicted in FIG. 1 is taken tangential to
      a track 11 constituting part of the multiturn spiral-shaped storage track
      formed on one surface of the disc. As shown in that drawing, track 11
      comprises a train of pits interspersed with lands. The pitted surface of
      the disc is overlaid with a layer 12 of aluminum of sufficient thickness,
      in the order of 1 to 2 microns, to fill the pits of the record track and
      thereby provide a flat reflecting surface 12a atop track 11. This surface,
      in turn, may be covered with a coating 13 of lacquer. It will be
      appreciated that the record track 11, now covered by layer 12 and coating
      13, is protected against dust, surface irregularities and the like. In
      reading such a disc, the reading beam must approach through the
      transparent substrate 10 and be focused on the track being read.
PAR  The program information recorded on the disc is of no consequence, insofar
      as the invention is concerned. It is customary, however, that it be a
      recording which corresponds to the NTSC format or to one sufficiently
      related to that format that transcoding from one form to the other is
      easily accomplished. For example, in that instance, reading of the disc
      may develop an output signal which is frequency modulated with the program
      information stored in the disc. It may be used directly or after
      transcoding, if necessary, to control a television receiver for image
      reproduction in either monochrome or color depending upon the information
      content of the stored program. Of course, the signal coding and
      transcoding, mastering and replication are well known in the art and of
      themselves constitute no part of the subject invention.
PAR  There is a choice with respect to disc thickness in that a thick rigid disc
      may be employed, or a thin flexible disc. The present invention is most
      particularly concerned with playback devices that employ flexible discs
      rotated at a high speed, of the order of 1800 rpm, in what is referred to
      as a flying technique. As shown in FIG. 2, a flexible disc 10 threads over
      a spindle and motor drive 15 with appropriate means (not shown) for
      removably securing the disc to the spindle to the end that the motor
      driven spindle rotates the disc at a predetermined speed.
PAR  Scanning or reading of the disc is accomplished by a laser beam supplied
      from a source 16 which is usually of the helium neon variety. Assuming for
      the moment a static situation, an inital lens 17 establishes a primary
      focus 18 of the beam. The optical system includes means for focusing this
      reading beam of energy onto one surface, specifically flat reflecting
      surface 12a, of the record. This focusing means comprises a first
      objective lens 19 disposed across a first optical path extending from
      laser source 16 to record 10 and having an axis 20.
PAR  The optical system has further means for directing the beam reflected from
      surface 12a, and returned through lens 19, along a second optical path
      which extends to an intermediate focus 25, and thence to the opposite or
      under surface of record 10. More particularly, this directing means
      includes a plurality of a least partially reflecting, as well as fully
      reflecting, surfaces which, for the embodiment of FIG. 2, comprises a
      first semi-transparent mirror 26, a solid reflecting mirror 27, another
      semi-transparent mirror 28, and a second solid reflecting mirror 29. The
      optical path that they collectively define causes reflected energy of the
      reading beam to be ultimately directed to track 11 essentially along the
      axis 20, but approaching disc 10 from the underside. In order to read out
      the information from the disc this second optical path includes means for
      imaging the intermediate focus or spot 25 onto the under surface of the
      record track. This means is a second objective or reading lens 30 disposed
      across the above described second optical path.
PAR  In operation, assuming disc 10 to be rotating in a desired reference or
      focal plane, light from laser 16 travels along the first optical path and
      is focused by lens 19 on the upper reflective surface 12a of the disc.
      Upon reflection, it is returned through lens 19 to mirror 26 where a
      portion is directed along the second optical path and comes to an
      intermediate focus 25. The beam is then focused by reading lens 30 upon
      track 11 of the disc. After further reflection due to aluminum layer 12,
      the beam energy, now modulated by the diffractive effect of the pits, is
      redirected along the second optical path by way of lens 30 and mirrors 29
      and 28, in that order, to a light responsive means in the form of a
      photoreceptor 32 which, in known manner, develops an electrical output
      signal representative of tthe information stored in the record.
PAR  As noted above, the reading beam is focused upon the reflectively backed
      storage track 11 by lens 30. However, it can be expected that the track
      will depart from the focal point of lens 30 when the disc is being flown.
      In practice, then, the spacing between the top reflective surface 12a of
      the disc and lens 19 will vary with time. When that occurs, the location
      of the intermediate focus 25 likewise changes. The manner in which the
      inventive focus system effects a self-compensation of this defocusing will
      now be explained. First, the symbols employed in FIG. 2 are defined as
      follows:
PA1  a.sub.1 represents the effective spacing between lens 19 and reflective
      surface 12a
PA1  a.sub.2 represents the effective spacing between lens 19 and focus point 25
PA1  b.sub.1 represents the effective spacing between lens 30 and track 11
PA1  b.sub.2 represents the effective spacing between lens 30 and focus point 25
PA1  m.sub.19 =a.sub.2 /a.sub.1 =magnification of lens 19
PA1  m.sub.30 =b.sub.2 /b.sub.1 =magnification of lens 30
PA1  .DELTA. represents a displacement of reflective surface 12a from a
      reference position.
PAR  Assume now that surface 12a of the disc departs from the reference plane
      (toward lens 19) by an incremental distance .DELTA.,  the focus of the
      beam established by lens 19 is then displaced from its original location
      by twice that incremental distance, or by 2.DELTA.. Consequently, the
      distance a.sub.2 from lens 19 to the intermediate focal point 25
      increases, moving the intermediate spot vertically downward, as viewed in
      FIG. 2, by 2.DELTA.(m.sub.19).sup.2 . As a result, the distance b.sub.2
      decreases by the same amount while the distance b.sub.1 increases by an
      amouunt 2.DELTA.(m.sub.19).sup.2 /(m.sub.30).sup.2 . This increases tends
      to compensate for the out-of-focus condition occasioned by disc
      displacement.
PAR  Out-of-focus conditions may be avoided and a self-compensating property
      imparted to the optical system by appropriately relating the magnification
      factors of lenses 19 and 30. In particular, if the ratio of the
      magnification factor m.sub.30 of reading lens 30 to the magnification
      factor m.sub.19 of lens 19 is substantially equal to .sqroot.2,
      compensation is achieved. Where the magnification factors of the lenses
      are thus related, any change in distance a.sub.1 caused by displacement of
      disc 10 produces a compensating change in distance b.sub.1 and maintains
      the beam properly focused on the storage track of the disc. This
      compensation of focus, however, is realized for a limited range of
      displacements of the disc from its nominal or reference position. For
      large displacements of the disc, the relationship between the changes in
      distances a.sub.1 and a.sub.2 becomes non-linear and the focus of reading
      lens 30 no longer follows and compensates for displacement of the disc. A
      useful range of displacement (perhaps .+-. 100 .mu.m) is, nevertheless,
      accommodated. Further improvement in the range of linearity is the subject
      of a co-pending application of Leonard Laub, Ser. No. 545,245, filed Jan.
      29, 1975 (Docket No. 2098), and assigned to the assignee of the present
      invention.
PAR  The embodiment of FIG. 2, while effective in accomplishing
      self-compensating focus in the optical system, suffers from loss of energy
      of the reading beam because of the use of semi-transparent mirrors 16 and
      28. Any such mirror transmits part and reflects part of an incident beam
      and, therefore, energy loss at each such mirror is experienced. This
      embodiment is also subject to the disadvantage that a portion of the
      reflected light traversing lens 19 may re-enter laser 16. Difficulties of
      these types may be overcome in known fashion by utilizing a
      polarization-dependent beam splitting mirror in combination with a
      quarter-wave plate in substitution for one or both of mirrors 26 and 28,
      but this may be undesirably expensive. A different approach is shown in
      FIG. 3, featuring the use of incomplete solid mirrors. In this embodiment
      a segmented mirror 26' extends only partially across the first optical
      path, the one having an optical axis 20. It preferably extends to that
      axis, serving as a beam splitter. With respect to the light arriving from
      the laser, this occasions an energy loss similar to that experienced at
      mirror 26 in the embodiment of FIG. 2. No further energy is lost, however,
      when the light reflected from the top surface 12a of disc 10 strikes
      mirror 26'. If mirror 28' in the second optical path is likewise made an
      incomplete solid mirror, just as mirror 26', there is no additional loss
      of energy at that point in the optical system so that the system is now
      characterized by an improved efficiency.
PAR  The use of simple beam splitters 26' and 28' will tend to cause the laser
      beam to have a semi-circular cross-section. While the system is operative
      with such optical elements, less severe changes in beam shape result from
      use of optical elements of the type shown in FIG. 4a. These are
      characterized by having an odd number of sectors 40 that are reflective
      and an interlaced like number of sectors 41 that are transmissive to the
      reading beam. Of course, the number of such elements is subject to choice
      and is not limited to the 6-element embodiment illustrated.
PAR  In defining the second optical path over which the beam energy, after
      reflection from surface 12a of disc 10, travels to reading lens 30, it is
      necessary to use mirrors that are tilted or mounted at approximately
      45.degree.. The mirrors should have an essentially elliptical
      configuration as shown in FIG. 4b so that, if they were tilted 45.degree.
      about axis x -- x, the reflected beam is substantially circular in
      cross-section.
PAR  Optical playback devices of the type under consideration require servo
      mechanisms to maintain proper tracking registration of the reading beam
      with the storage track of the disc. For example, it is commonplace to have
      mirror 29 subject to angular adjustment about a central axis in order to
      displace the reading beam radially of disc 10 in the proper direction and
      appropriate amount to maintain radial tracking registration. This is well
      understood and is usually achieved by arranging elements of photoreceptor
      32 to develop an error signal having a polarity and amplitude indicative
      of the sense and extent of radial misregistration. Use of that error
      signal to effect controlled displacement of mirror 29 maintains proper
      registration. If this type of radial servo is included in the arrangement
      of FIG. 3, it is apparent that there is a possibility the reading beam
      directed to photoreceptor 32 may undesirably impinge at least partially on
      mirror 28'. The possibility of that happening may be minimized by having
      the spacing of mirrors 28' and 29 as small as possible, reducing the lever
      arm to a minimum. Alternatively, the further modification of FIG. 5 may be
      adopted. In this case, the mirror 29' is an incomplete solid mirror,
      extending only to the optical axis of the light path through reading lens
      30. In that embodiment the photoreceptor is positioned along the axis 20
      and the light reflected from the storage track is returned in that
      direction to the photoreceptor.
PAR  While there has been described a particular embodiment of the present
      invention, it is apparent that changes and modifications may be made
      therein without departing from the invention in the broader aspects. The
      aim in the appended claims, therefore, is to cover all such changes and
      modifications as fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self-compensating focus system for an optical video playback device
      for reading a program record which is reflective to a beam of energy, said
      record having one surface that is a plain reflector and an opposite
      surface through which a reading beam may gain access to information stored
      in said record, said system comprising:
PA1  means, including a first objective lens disposed across a first optical
      path, for focusing a reading beam of energy on said one surface of said
      record;
PA1  means, including a plurality of at least partially reflecting surfaces, for
      directing energy reflected from said one surface of said record and
      returned through said first lens along a second optical path to an
      intermediate focus and then to the opposite surface of said record;
PA1  means, including a second objective lens disposed across said second
      optical path, for imaging said intermediate focus onto said opposite
      surface of said record, the magnification factor of said first lens being
      related to the magnification factor of said second lens so that changes in
      the spacing of said one surface relative to said first lens produce
      compensating changes in the spacing of said intermediate focus relative to
      said second lens so that said reading beam remains focused on said
      opposite surface of said record; and
PA1  means responsive to energy from said reading beam reflected from said
      opposite surface of said record for developing an output signal
      representing information stored in said record.
NUM  2.
PAR  2. A self-compensating focus system in accordance with claim 1 in which
      said directing means includes a semi-transparent mirror disposed in both
      of said optical paths so that the reading beam addresses said one surface
      of said record and is directed to said opposite surface of said record
      through said mirror.
NUM  3.
PAR  3. A self-compensating focus system in accordance with claim 1 in which
      said directing means includes a pair of semi-transparent mirrors, one of
      which is disposed in said first optical path to admit said beam to said
      first lens while the other is disposed in said second optical path to
      deliver energy reflected from said opposite surface of said record to said
      output signal developing means.
NUM  4.
PAR  4. A self-compensating focus system in accordance with claim 1 in which
      said directing means includes a first solid mirror extending half way
      across said first optical path to deflect energy of said beam reflected
      from said one surface of said record along said second optical path and
      further includes a second solid mirror extending half way across said
      second optical path to direct beam energy to said second lens but out of
      the path of energy of said beam reflected from said opposite surface of
      said record.
NUM  5.
PAR  5. A self-compensating system in accordance with claim 1 in which the ratio
      of the magnification factor of said second lens to the maginification
      factor of said first lens is substantially equal to .sqroot.2.
NUM  6.
PAR  6. A self-compensating focus system in accordance with claim 1 in which at
      least one of said reflecting surfaces is a solid mirror disposed in one of
      said optical paths but extending only partially thereacross to function as
      a beam splitter.
NUM  7.
PAR  7. A self-compensating focus system in accordance with claim 6 in which
      said mirror extends as far as the optical axis of the path in which it is
      disposed.
NUM  8.
PAR  8. A self-compensating focusing system in accordance with claim 1 in which
      said beam directing means includes at least one optical element having an
      odd number of sectors that are reflective to said reading beam and an
      interlaced like number of sectors that are transmissive to said beam.
NUM  9.
PAR  9. A self-compensating focus system in accordance with claim 8 in which
      said optical element is positioned at an approximate 45.degree. relative
      to the optical axis of the optical path in which it is included and
      further in which said optical element is essentially of elliptical
      configuration.
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ABST
PAL  An optical display system, particularly for providing the visual display of
      terrain overflown to the trainee crew of a flight simulator, and including
      an optical probe, closed-circuit television system and projection monitor
      providing a visual display scene upon a projection screen viewed by
      trainee crew, in which the displayed scene and the scene viewed by the
      probe are wide-angle and optical means are included to dissect the image
      into two parts, without image reduction on either axis, and to reassemble
      the image parts into a composite image of substantially square format, for
      transmission and reproduction by the television system, further optical
      means being used to rearrange the composite image parts to reproduce the
      original wide-angle scene.
PAL  Image-splitting prism devices are used to provide the square format and to
      reproduce the wide-angle format.
BSUM
PAR  This invention relates to optical systems for the display of visual images.
      In particular, the invention relates to optical systems for providing a
      visual display in aircraft or other craft flight simulation apparatus.
PAR  In aircraft or like flight simulation apparatus, it is common practice to
      simulate the scene normally visible to crew through the aircraft windows
      using a closed circuit television camera which views an illuminated
      terrain model and using a television projector to reproduce an image of
      the scene viewed onto a screen in front of the simulator cockpit, for
      viewing by the trainee crew.
PAR  An optical viewing system, or "probe," used with the television camera
      contains provision for changing the direction of the view to simulate
      changes in pitch, roll and heading of the aircraft and the carriage
      carrying the camera and optical system may be moved to simulate changes in
      position and altitude.
PAR  It is the usual practice for the televison camera image and for the
      projected picture to have an aspect ratio of 3:4, that is, the height is
      three-quarters of the width, in conformity with television broadcast
      practice and for the horizontal angle subtended by the outer edges of the
      picture at the pilot's eye to be limited to an angle such as 50.degree. or
      60.degree..
PAR  The windows of an actual aircraft, however, subtend a much greater angle
      than 60.degree. and for some manoeuvres it is desirable to provide a
      wide-angle view for the visual display of a flight simulator.
PAR  In principle, a probe with a wider acceptance angle can be used on the
      camera and the screen can be positioned nearer to the pilot, so that the
      projected image subtends at his eyes the greater angle accepted by the
      camera. If this is done, however, the definition of the scene is reduced,
      since the television camera and projector have a limited resolution and
      the resolution in a given direction on the projected picture is reduced in
      proportion to the increase in angle of view.
PAR  The object of the present invention is to provide an optical system for the
      display of visual images, using optical image transducers such as a
      television picture camera and television picture monitor, wherein the
      picture format is changed at different points in the system.
PAR  Accordingly, the invention provides an optical system for the display of
      visual images comprising a first optical system part for viewing an object
      and providing a first image having a first format, a second optical system
      part for dissecting said first image and providing a second image having a
      second format different from said first format, an electro-optic system
      for viewing the said second image and providing a third image,
      substantially reproducing said second image parts and having substantially
      the same, that is second, format, a third optical system part for viewing
      the said third image and providing a fourth image substantially
      reproducing the said first image parts and having substantially the same,
      that is first, format.
PAR  Conveniently, the said electro-optic system is a closed-circuit television
      system. The system thus defined enables the said first and fourth images
      to be wide-angle images of format, say 1:4 and the second and third images
      to be of square format. Thus, the image displayed has an extended
      horizontal angle of view, with no loss of resolution over a conventional
      3:4 format, yet the image format for the closed-circuit television system
      has a convenient format.
PAR  The first optical system part may be the optics of the probe of a
      conventional flight simulator visual display system. The electro-optic
      system is then a closed-circuit television system having a projection type
      monitor and the fourth image is an image projected on to a screen which is
      viewed by the trainee crew in the flight simulator cockpit.
DRWD
PAR  In order that the invention may be fully understood and readily carried
      into practice, one embodiment will now be described in detail, by way of
      example, with reference to the accompanying drawings, of which:
PAR  FIGS. 1a and 1b are diagrams representing, respectively, the first and
      second images of an optical system according to the invention;
PAR  FIGS. 2a and 2b similarly represent the third and fourth images of the
      system;
PAR  FIG. 3 is a diagram showing the first dissecting and recombining optical
      elements of the system; and
PAR  FIG. 4 is a diagram showing the second dissecting and recombining optical
      elements of the system.
DETD
PAR  The optical system to be described with reference to the accompanying
      drawings is a system for viewing a scale model of terrain overflown in a
      simulated flight exercise and providing a projected visual display on a
      screen viewed by trainee crew in the cockpit of a flight simulator.
PAR  The object of the embodiment is to provide a wide-angle view to the trainee
      crew.
PAR  Thus, the image of the model, not shown in the drawings, provided by an
      optical probe, the first optical system part, is a wide-angle image, of
      about 1:4 in vertical: horizontal format, as shown at A,B,C,D,E and F of
      FIG. 1a.
PAR  This image is dissected into two parts, at the vertical line B.E, by the
      second optical system part and recombined as a second image, of
      substantially square format as shown by the two image parts E,D,C,B and
      B,A,F,E of FIG. 1b.
PAR  The third image of the system is a reproduction of the second image, part
      for part, by means of a closed-circuit television system. The third image
      has the same format as the second image, but the two image parts are
      interchanged vertically, as shown by the two image parts E,F,A,B and
      B,C,D,E of FIG. 2a.
PAR  The fourth image is a recombination of the two parts of the third image to
      provide an image of the same format as the first image and a reproduction
      of that first image, except that it is inverted both top to bottom and
      side to side, as is shown at D,E,F,A,B and C of FIG. 2b.
PAR  The square format of the second and third images is ideally suited to the
      camera and projection tube image areas of the closed-circuit television
      system.
PAR  The second, dissecting and combining optical system part includes a
      dissecting optical element, which is set at or near the first image
      surface, and which has a discontinuity along a line corresponding to the
      line B,C along which the first image is to be dissected. The dissecting
      optical element produces discontinuous deflections of the beams associated
      with the first image, so that two images are formed of the pupil of the
      first optical system. Each pupil image is associated with a single
      dissected part of the first image. A deflecting optical system is set at
      or near the pupil images, relays the dissected parts of the first image on
      to the second image surface.
PAR  Deflection, rotations and inversions introduced by the separate deflecting
      optical systems enable light associated with each dissected part of the
      first image to be directed to a selected part of the second image surface
      and the orientation of the relayed image element to be selected. The
      format of the second image, composed of relayed elements of the first
      image is thereby made different from the format of the first image.
PAR  The third image is formed by an optical projection system, in this example
      by a television projector having a single exit pupil. The third,
      dissecting and recombining, optical system part may be similar to the
      second optical system part. In this case a dissecting optical element, set
      at or near the third image, forms two images of the exit pupil of the
      projector.
PAR  The dissecting optical element is a refracting device, in this example a
      biprism. It may alternatively be a reflecting device, such as a reflecting
      prism or a composite mirror, with reflecting facets set at different
      angles.
PAR  The dissecting element may incorporate some optical power. It may include a
      lens, or it may have curved reflecting facets. Depending on the design of
      the preceding optical system, some optical power may be required in the
      vicinity of the dissecting element so that real multiple images are formed
      of the pupil of the preceding optics.
PAR  The deflecting optical systems may be refracting devices, reflecting prisms
      or mirror devices.
PAR  The dissecting and recombining optical system parts of the present
      embodiment are illustrated in FIG. 3. A first optical system part 40 forms
      a first image 41, see FIG. 1a, of a field of view 42, which is large in
      the horizontal direction and relatively narrow in the vertical direction.
      A biprism 43, set close to the first image plane, acts as a dissecting
      element. The roof edge 44, of the biprism runs vertically through the axis
      of the first optical system so that the biprism effectively splits the
      first image into two parts. Light associated with the left side of the
      image passes through the left side 45 of the biprism 43 and light from the
      right side of the image passes through the right side 46 of the biprism
      43.
PAR  A field lens 47 is set close to the biprism 43. This lens 47 forms an
      image, through each side of the biprism 43, of the exit pupil of the first
      optical system. Light from the left side 45 of the biprism 43 is deflected
      to pass through a right pupil image 48 and light from the right side 46 of
      the biprism 43 is deflected to pass through a left pupil image 49.
PAR  A lens 400 is set close to the pupil images 48 and 49 and transmits light
      to both of them. Lenses 47 and 400 are coaxial with the first optical
      system. The image 41 falls in the focal plane of lens 400 so that, after
      passing through the lens 400, the light from both parts of the image is
      collimated. The collimated light then passes through inverting prisms 401
      and 402. The two prisms 401 and 402 are set close to the two pupil images,
      so that light associated with pupil image 48 passes through prism 401 and
      light associated with pupil image 49 passes through prism 402. The two
      prisms 401 and 402 shown in FIG. 3 are dove prisms.
PAR  Prism 401 is set to invert the image 41 about the centre vertical line.
      Because prism 401 is a dove prism, its reflecting face is set in a
      vertical plane parallel to the axis of the first optical system. Prism 402
      is set to invert the image 41 about the upper horizontal edge of the
      image. Because prism 402 is a dove prism, its reflecting face is set at an
      angle tan.sup.-.sup.1 (h/f) to the horizontal, where h is the height of
      image 41 above the axis of the optical system, and f is the focal length
      of lens 400. Prism 401 actually affects only the light associated with the
      left hand part of image 41 and prism 402 actually affects only the light
      associated with the right hand part of image 41. Viewed through the two
      inverting prisms 401, 402 the left hand side of image 41 is inverted
      horizontally and transposed to the right hand side, while the right hand
      side of image 41 is inverted vertically and transposed vertically, see
      FIG. 1b.
PAR  The collimated light emerging from the two inverting prisms 401, 402 is
      brought to a focus by a lens 403 which is set close to the inverting
      prisms and receives light from both of them, to form a second image 404 at
      a target surface 405. The second image, as shown in FIG. 1b, has the
      inversions and transpositions of the two parts of the first image
      introduced by the two inverting prisms 401, 402 as described above. The
      whole of the second image is also rotated 180.degree. with respect to the
      first image by the rotation normally introduced on re-imaging. The format
      of the second image is substantially square and is therefore a suitable
      shape for use with a conventional television camera.
PAR  The optical system shown in FIG. 3 is suitable for incorporation in the
      probe of a flight simulator visual system.
PAR  Thus, in FIG. 3, the first optical system part 40 is the objective lens of
      the probe and the target surface 405 is the target surface of a camera
      tube 406 of a closedcircuit television system, as shown in FIG. 4.
PAR  The closed-circuit television system is shown diagrammatically in FIG. 4,
      wherein the output of camera tube 406 is shown connected by line 407 to a
      videofrequency amplifier 408. The output of amplifier 408 is connected by
      line 409 to a projector type monitor 50.
PAR  Turning now to the generation of the third and fourth images, a second
      dissecting and recombining optical system is shown in FIG. 4. The
      projector 50 projects light horizontally, by way of a simple right angle
      reflecting prism 51, to form the third image 52 close to a dissecting
      element, which consists of two concave spherical mirrors 53 and 54. The
      third image is a reproduction of the second image 404 produced in the
      apparatus shown in FIG. 3. The optical system of FIG. 4 is required to
      reconstitute a fourth image, see FIG. 2b, in the form of the first image
      41, see FIG. 1a and reference 41 of FIG. 3.
PAR  The orientation of the final displayed image must, of course, be such as to
      represent correctly the original scene. The fourth image is rotated
      180.degree. by the optical system 40 of FIG. 3, but is otherwise assumed
      to be a faithful reproduction of the original, first image.
PAR  The mirror 53 is rectangular and has its upper edge lying in the horizontal
      line joining the two parts of the third image 52. The mirror 54 is set
      behind and above mirror 53. Mirror 53, therefore, receives light from the
      lower part of the third image, and mirror 54 receives light from the upper
      part of the third image. Mirror 53 forms an image of the projector exit
      pupil onto a reflecting prism 55 and mirror 54 forms an image of the
      projector exit pupil onto a reflecting prism 56. Both reflecting prisms 55
      and 56 are set close to the projector and the right angle reflecting prism
      51.
PAR  Before entering the reflecting prisms 55 and 56, the light from the primary
      image is collimated by a lens 57 set close to the prisms.
PAR  Prism 56 is a pentaprism which deflects all the incident light through a
      horizontal angle of 90.degree. while not deflecting the light vertically.
      Prism 55 is a roof prism, with the roof edge set horizontally, which
      reflects light from the right side of the image through a horizontal angle
      of 90.degree..
PAR  Prism 56 does not rotate or invert the transmitted image. Prism 55 rotates
      the transmitted image through 180.degree.. Viewing the third image 52
      through the two reflecting prisms, and taking the part of the image on
      mirror 54 as reference, the part of the image on mirror 53 appears to be
      rotated 180.degree. about its upper right hand corner, see FIG. 2a. With
      this relative rotation, the two parts of the third image are realigned to
      give the fourth image in the form required, see FIG. 2b. The collimated
      light leaving the two reflecting prisms is brought to a focus by a lens 58
      set close to the prisms to form the fourth image 59 on a screen 500.
PAR  It will be noted that the second image, FIG. 1b, and the third image FIG.
      2a are not identical, as one is a vertically transposed form of the other.
      This does not present a difficulty as appropriate connection of the
      electron beam scanning circuits of the television camera in relation to
      the display device will ensure the correct relative orientation.
PAR  Alternatively, a single reflection may be introduced at a position before
      the formation of the second image or after the formation of the third
      image.
PAR  The system shown in FIG. 4 is used in a flight simulator visual display, as
      previously stated, the video signal having been derived using a probe
      incorporating the optics of FIG. 3.
PAR  The displayed image 59 then depicts mostly the ground over which the
      simulated aircraft is flying, together with a small strip of sky along the
      top. Additional sky, extending the vertical field of view, may be added to
      the projected image by using light sources at points 501 and 502 in the
      diagram. These light sources are matched in intensity and colour to the
      portion of sky from the television system, directed at the mirrors 53 and
      54, and shielded to avoid unwanted spill light.
PAR  Light from a source at 501 is focussed by the mirror 53 into prism 56 and
      is imaged as "sky" above the ground image derived from mirror 54. Light
      from a source at 502 is focussed by mirror 54 into prism 55 and is imaged
      as sky above the ground image derived from mirror 53.
PAR  In the systems shown in FIGS. 3 and 4, the images to be dissected, 41 and
      52 respectively will not generally be in sharp focus on the respective
      dissecting elements, biprism 43 and mirrors 53 and 54. It is an advantage
      that the two parts of the image 41 in FIG. 3 should be divided along a
      "soft edge," since this makes later recombination in the original form
      less sensitive to alignment of optics. If the image 52 is FIG. 4 is out of
      sharp focus on mirrors. 53 and 54, the "sky" from sources at 501 and 502
      may be added to the projector-produced images along a soft edge less
      noticeably than along a sharp edge.
PAR  In the present embodiment of the invention, relating to a flight simulator
      visual display, arrangements are provided to simulate aircraft pitch and
      roll. These arrangements may be of known form and may be provided either
      at the probe or at the projector.
PAR  Referring to FIGS. 1a and 1b, it will be seen that the second image is
      derived from the first image as by pivotting the right hand half of the
      first image about point B, and then reversing the resultant left to right.
      The right half is thereby inverted on top of the left half.
PAR  It is not essential to perform this inversion, but it will be seen that,
      with the inversion as described, the problem of simulating banking is
      simplified since, if the lines A,B,B,C either form or are parallel to the
      horizon, the superimposed, or parallel, lines BC, BA of the second and
      third images appear to pivot through an angle about point B according to
      the angle of aircraft banking, to provide two complementary trazezoidal
      image parts.
PAR  The viewed image may be projected onto a flat, a part-cylindrical or a
      part-spherical projection screen either by front-projection or by
      back-projection. Alternatively, further optical means may be used to
      provide a collimated image for viewing.
PAR  In the embodiment particularly described, each deflecting element provides
      some deflection of the incident light at each pupil image. The invention
      includes arrangements in which light at one or other pupil image is not
      deflected.
PAR  Further, in the embodiment particularly described, light passing through
      the different pupil images is re-focussed by a common lens system. A
      separate focussing arrangement may be associated with each pupil image.
      Such separate focussing may be used to provide different magnification, or
      distortion or rectification of distortion within the system.
PAR  Finally, the invention has been described by an embodiment in which the
      first image is dissected into two parts. The optical arrangements may be
      extended to dissect the first image into more parts, for example three
      parts or four parts, from which the second image is composed.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An optical display system, for the projection of visual images onto a
      viewing screen, comprising a first optical imaging system for viewing an
      object and providing a first image having a first format, a second optical
      imaging system including refracting optical elements for dissecting said
      first image into a plurality of rectangular picture areas and for
      relatively rearranging the said rectangular picture areas to provide a
      second sole image having a second format different from said first format,
      television scanning means for viewing the said second image and providing
      a third image, substantially reproducing said second image parts and
      having substantially the same (second) format, and a third optical imaging
      system including refracting optical elements for viewing the said third
      image for dissecting said third image into the same said rectangular
      picture areas and for projecting a fourth image substantially reproducing
      the said first image and having substantially the same (first) format.
NUM  2.
PAR  2. An optical display system, for the display of visual images, comprising
      a first optical system for viewing an object and providing a first image
      having a first format, a second optical system for dissecting said first
      image and providing a second sole image having a second format different
      from said first format, said second format being substantially square, an
      electro optic system for viewing the said second image and providing a
      third image, substantially reproducing said second image parts and having
      substantially the same (second) format, and a third optical system for
      viewing the said third image and providing a fourth image substantially
      reproducing the said first image parts and having substantially the same
      (first) format, in which the said electro-optic system is a closed-circuit
      television and in which the said second optical system is associated with
      the camera tube of the closed circuit television system to provide the
      said second image upon the target surface thereof and said television
      system includes a projection type monitor providing an image from which
      the said third optical system provides the fourth image upon a projection
      screen visible to trainee crew in the flight simulator cockpit.
NUM  3.
PAR  3. An optical display system, for the display of visual images, comprising
      a first optical system for viewing an object and providing a first image
      having a first format, a second optical system for dissecting said first
      image and providing a second sole image having a second format different
      from said first format, said second format being substantially square, an
      electro optic system for viewing the said second image and providing a
      third image, substantially reproducing said second image parts and having
      substantially the same (second) format, and a third optical system for
      viewing the said third image and providing a fourth image substantially
      reproducing the said first image parts and having substantially the same
      (first) format in which, in the second image, a dissected part of the
      first image is in inverted relationship to another dissected part of the
      first image.
NUM  4.
PAR  4. An optical display system, for the display of visual images, comprising
      a first optical system for viewing an object and providing a first image
      having a first format, a second optical system for dissecting said first
      image and providing a second sole image having a second format different
      from said first format, said second format being substantially square, an
      electro optic system for viewing the said second image and providing a
      third image, substantially reproducing said second image parts and having
      substantially the same (second) format, and a third optical system for
      viewing the said third image and providing a fourth image substantially
      reproducing the said first image parts and having substantially the same
      (first) format, in which the said second image comprises the said first
      image divided substantially vertically into left-hand and right-hand
      portions, the said portions being reassembled the one above the other in
      the said second format and the uppermost of the said left-hand and
      right-hand portions, when reassembled to form the second image, is
      inverted, thereby bringing together, in the second image, the upper edges
      of the two said front image portions.
NUM  5.
PAR  5. An optical display system as claimed in claim 4, in which the said first
      and fourth images are wide-angle images.
NUM  6.
PAR  6. An optical display system as claimed in claim 4, in which the said
      second image comprises the said first image divided substantially
      vertically into left-hand and right-hand rectangular picture areas, the
      said picture areas being reassembled the one above the other in the said
      second format.
NUM  7.
PAR  7. An optical display system, for the display of visual images, comprising
      a first optical system for viewing an object and providing a first image
      having a first format, a second optical system for dissecting said first
      image and providing a second image having a second format different from
      said first format, an electro optic system for viewing the said second
      image and providing a third image, substantially reproducing said second
      image and having substantially the same (second) format, and a third
      optical system for viewing the said third image and providing a fourth
      image substantially reproducing the said first image and having
      substantially the same (first) format, in which the said electro-optic
      system is a closed-circuit television system, in which the said second
      optical system is associated with the camera tube of the closed circuit
      television system to provide the said second image upon the target surface
      thereof and said television system includes a projection type monitor
      providing an image from which the said third optical system provides the
      fourth image upon a projection screen visible to trainee crew in the
      flight simulator cockpit, and in which the said second optical system
      comprises a biprism, mounted to dissect the said first image about a
      vertical dividing line, into left-hand and right-hand parts, a field lens
      mounted for deflecting the left-hand image part through a right pupil and
      the right-hand image part through a left pupil, collimating lens, first
      and second inverting dove prisms, the first dove prism being set to invert
      the left-hand image part about the said vertical dividing line and the
      second dove prism being set to invert the right-hand image about its upper
      horizontal edge, and a convex lens to provide the said second image upon
      the said target surface.
NUM  8.
PAR  8. An optical display system as claimed in claim 7, in which the said third
      image is provided by the projection type monitor and prism means.
NUM  9.
PAR  9. An optical display system as claimed in claim 8, in which the said third
      image is dissected about a horizontal dividing line into an upper image
      part and a lower image part by first and second spherical mirrors.
NUM  10.
PAR  10. An optical display system as claimed in claim 9, in which the first
      mirror is rectangular and has an upper edge coinciding with the horizontal
      dividing line of the third image and the second mirror is set behind and
      above the first mirror, the first mirror receiving light from the lower
      part of the third image and the second mirror receiving light from the
      upper part of the third image.
NUM  11.
PAR  11. An optical display system as claimed in claim 10, in which the third
      optical system comprises a collimating lens, first and second prisms and a
      further lens set to provide the said fourth image upon a projection
      screen.
NUM  12.
PAR  12. An optical display system as claimed in claim 11, in which the first
      prism deflects incident light through a horizontal angle and provides an
      image, of the upper part of the third image, providing the right-hand part
      of the said fourth image, and in which the second prism deflects incident
      light through a horizontal angle and provides an image, of the lower part
      of the third image reversed left to right and inverted top to bottom,
      providing the left-hand part of the said fourth image, said fourth image
      being an inverted and reversed reproduction of the said first image.
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ABST
PAL  A selected area of an arbitrary image is scanned to derive analog video
      signals which are filtered and converted to binary signals which are
      compared with a signal representative of a reference image to produce a
      signal indicative of differences occurring between the scanned and
      reference images.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 193,950, filed Oct. 29, 1971, now U.S. Pat. No. 3,823,261, which is
      itself a continuation-in-part of application Ser. No. 778,870, filed May
      27, 1968 (now U.S. Pat. No. 3,617,016) which was itself a
      continuation-in-part of application Ser. No. 118,194, filed June 19, 1961
      (now abandoned). The disclosure of my U.S. Pat. No. 3,617,016 is hereby
      incorporated herein by reference and made part thereof.
BSUM
PAR  The present invention relates to automatic devices for comparing spatial
      and temporal energy patterns received from one or more energy radiating or
      reflecting bodies, or, more specifically, for comparing images.
PAR  Automatic image comparators have diverse applications, for example in the
      preparation of accurate maps from aerial stereophotographs, as is done in
      photogrammetry, or in the conversion of printed or typed characters or
      symbols into electrical signals suitable for computers, as is done in
      optical character recognition (OCR), or in the protection of premises
      against unlawful intrusion and fire, or to the alignment of tools and work
      pieces in manufacturing operations such as, for example, the production of
      integrated circuits and other semi-conductor devices, where
      photolithographic masks must be brought into precise registry with
      semi-conducting wafers.
PAR  In some of the applications of the invention, as in particular for the
      detection of intrusion of fire, it may be simply desired to determine
      identity, or "sameness," prevails between the images being compared, which
      are of a generally stationary subject and produced by a stationary optical
      system. Under normal conditions, all images are identical to an initially
      recorded reference image. The presence of differences caused by intrusion,
      fire or other event must be detected, but not motion as such. However,
      indication of the direction of such event may be desired, as well as
      automatic aiming toward it of other devices, such as cameras.
PAR  In other applications, such as in the alignment of photolithographic masks
      referred to above, detection of image displacements is desired, rather
      than the determination of changes of image content.
PAR  In further applications yet, such as in matching corresponding areas of
      aerial stereophotographs, it is important to be able to ascertain that the
      images being compared are indeed of the same subject as well as to
      accurately determine their photo-coordinates, or relative alignment.
PAR  My U.S. Pat. No. 3, 617,016 claims image motion and change transducers and
      systems controlled thereby which are adapted primarily to sense image
      displacements, as in automatic vehicle guidance and for image motion
      compensation in aerial or satellite photography. This continuation-in-part
      primarily relates to and further develops devices (disclosed in my patent
      referred to above) for automatically performing functions which, if
      performed by human operators, should necessitate the examination of a
      field of view, the recognition therein of one or more specific patterns of
      interest, the comparison of said patterns with a normal, or reference,
      pattern to determine comparatively whether any differences or
      misalignments are present.
PAR  More specifically, it is an object of the invention to provide apparatus
      for automatically detecting changes occurring within a field of view and
      for generating alarm signals in response thereto, such apparatus being
      capable of reliable, unattended operation over an extremely wide range of
      subject brightness and being relatively insensitive to noise-like
      components of the scanner output.
PAR  Another object of the invention is to provide an output signal so related
      to the location of a detected change as to permit another device to be
      aimed thereat, automatically or otherwise.
PAR  It is a further object of the invention to provide an essentially
      tamper-proof arrangement, in which one or more scanners, located in the
      premises to be protected, cooperate with memory and with signal-comparing
      means located remotely from the scanners.
PAR  It is yet another object of the invention to effect a very accurate
      relative alignment of tools and/or workpieces in manufacturing operations,
      by means of specially provided markers or using existing patterns, the
      accuracy of alignment being, in some cases, better than the resolving
      power of the optical system used.
PAR  It is also an object of the invention to provide apparatus for
      automatically recognizing one or more patterns among a plurality of
      patterns, to generate an output signal which is characteristic of the
      recognized pattern, or to generate another output signal whenever the
      pattern cannot be satisfactorily identified.
PAR  In accomplishing the above objects in accordance with the present
      invention, a selected area of an arbitrary image is scanned and the video
      pattern converted into analog video electrical signals. These signals are
      treated to emphasize their intermediate frequency range components and
      converted into binary signals which are compared with a signal
      representative of a reference image to produce a signal indicative of
      differences occurring between the scanned and reference image.
DRWD
PAR  Further objects, features and advantages of the present invention will be
      appreciated by reference to the following detailed disclosure of presently
      preferred, but nonetheless representative, embodiments of the present
      invention when taken in conjunction with the appended drawings, wherein:
PAR  FIG. 1 is a simplified functional block diagram of one change detector
      according to the present invention;
PAR  FIG. 2 is a simplified functional block diagram illustrating a multiple
      installation comprising devices of the type shown in FIG. 1;
PAR  FIG. 3 is a detailed block diagram of a change detector according to the
      invention;
PAR  FIG. 4 is a schematic of a photocell and associated amplifier for the
      change detector of the invention;
PAR  FIG. 5 is a simplified view of a scanning arrangement for the change
      detector;
PAR  FIG. 6 is a simplified view of another scanner arrangement similar to that
      of FIG. 5;
PAR  FIG. 7 illustrates an alignment device according to the invention;
PAR  FIG. 8 illustrates another alignment device according to the invention;
PAR  FIG. 9 shows alignment patterns to be used with the device of FIG. 8; and
PAR  FIG. 10 is a functional block diagram of a pattern-identification device
      according to the invention.
DETD
PAC  EMBODIMENT AS A CHANGE DETECTOR.
PAR  The primary purpose of this embodiment is to sense automatically changes
      occurring within its field of view, and to provide an alarm signal
      whenever such changes exceed a predetermined level of tolerance. The
      device can further generate directional signals suitable for indication of
      the direction in which a change is occurring, and for automatically aiming
      some other device such as a camera toward the change.
PAR  The change detector comprises the main functional elements shown
      schematically in FIG. 1, in which the scanner and transducer assembly 101
      may, but need not, be as shown in FIG. 24 of my U.S. Pat. No. 3,617,016,
      and the optical axis 102 may be in any desired position. Since the
      function of the scanner and transducer 101 is to convert brightness values
      of the subject or of the area being scanned into electrical signals, any
      known type of scanner and transducer capable of this task can in principle
      be used with the present invention. As there is no need to reproduce
      images from the electrical signals, scanning apertures much larger than
      usual, particularly in the direction perpendicular to the momentary
      direction of scan, are permissible. As a result, the change detector can
      operate with relatively little illumination and/or be equipped with
      relatively low-sensitivity photo-transducers, which are generally also
      less costly than high-sensitivty ones. Suitable apertures are illustrated
      throughout my above-mentioned patent.
PAR  The width of the aperture is selected so that it subtends approximately the
      same field angle as the smallest object or person of which the change
      detector must recognize the addition, removal or displacement. Therefore,
      other things remaining the same, the greater the distance to such object
      or person, the narrower the aperture must be.
PAR  As to the length of the aperture in the direction perpendicular to the
      direction of scan, a value of roughly three or four times its width is
      generally satisfactory.
PAR  In some possible scanner arrangements, the photosensitive element may be
      located directly in the scanned image surface, and may then have the size
      and shape of the scanning aperture which it functionally replaces. Silicon
      junction and barrier-type photocells, and photoresistors made of cadmium
      sulfide, selenide, and sulfo-selenide, lend themselves well to this
      disposition. The latter types are attractive because they have a high
      output and are inexpensive; they are however slow-responding and therefore
      require a considerably more pronounced emphasis of the higher-frequency
      components of the video signals they produce than do the faster-responding
      types.
PAR  Peaking, that is frequency-limited emphasis of the video, is generally
      useful in maximizing the number of significant zero-crossings of the
      processed signal, as will be explained in detail later. Significant
      zero-crossings are those which are related to the brightness values within
      the field being scanned, rather than to electrical noise generated by the
      system itself. It has been found that, if excessive high-frequency
      emphasis is attempted, few, if any, significant zero-crossings are added,
      but that the time-position of all zero-crossings exhibits added
      variability due to noise. Some new zero-crossings entirely due to noise
      and thus not significant may be added. This condition is clearly not
      desirable.
PAR  Since large-amplitude, low-frequency components in the video signal would
      tend to mask the higher-frequency components, they must be attenuated
      sufficiently to allow such high-frequency components to result in
      zero-crossings, since it is important that zero-crossings be present with
      sufficient density throughout the scan period for the device to have
      adequate sensitivity to changes anywhere within its field of view, as its
      sensitivity depends on the density of zero-crossings. In practice, a
      rising frequency characteristic having a positive slope of six to twelve
      decibels/octave up to some peak frequency which depends on operating
      conditions has been found desirable. Networks capable of imparting such a
      characteristic to the video signal are well known in the art, and filter
      103 is such a network.
PAR  The peaked video signal at the output of filter 103 is quantized by a
      flip-flop 104, which changes state whenever the peaked video signal
      crosses the zero level and changes its polarity. The more frequently this
      occurs, the better the capability of the device to sense changes.
PAR  The memory 105 may be in the form of a magnetic recording surface carried
      by, or integral with, the scanner; such an arrangement is shown, for
      example, in FIG. 24 of my U.S. Pat. No. 3,617,016; the memory may also be
      separated physically from the scanner, and be of any type suitable for
      acting as a source of reference signals. If separate, means for
      synchronization between scanner 101 and memory 105 must be provided, for
      example as described in the above patent in connection with FIGS. 1 and 2
      thereof. In general, the scanner may synchronize the memory, or
      vice-versa, as may be more convenient, or both may be synchronized by a
      common a.c. power source, or by an independent source of synchronization
      signals.
PAR  In one possible arrangement of the change detector, a plurality of scanners
      are provided, which may be located throughout a building, or buildings,
      and which cooperate with one centrally located multiple memory in the
      form, for example, of a multi-track magnetic drum, or disc, of the kind
      commonly found in digital computer installations. FIG. 2 represents such a
      multiple-scanner installation comprising scanners (and transducers) 201,
      202, 203, 204 and possibly more as desired, central memory 205, and a
      central signal-processing unit 206 to be described later. Synchronization
      may be obtained most simply by driving all scanners and the drum (or disc)
      memory by synchronous motors connected to a common a.c. supply.
      Alternately, a synchronization signal, pre-recorded on the drum, is played
      back during operation of the system and transmitted to the scanners over a
      common line 207. Synchronization is effected, for example, as explained in
      connection with FIGS. 4 and 5 of my above-mentioned patent.
PAR  Substantial economic advantages may be derived from the use of a central
      memory and processing unit in multiple installations, since the
      scanner-transducer units are far simpler than if equipped with individual
      memories and since other parts of the system, such as power supplies, can
      be centralized. A most useful characteristic of this disposition is
      however its resistance to tampering, such as efforts to disable it by
      interfering with the lines connecting the scanners to the central unit, or
      with the scanners themselves. Indeed, under normal conditions, a specific,
      precisely defined video signal corresponding to the particular reference
      signal recorded for each scanner must at all times reach the central unit.
      Any interference with the transmission of the proper signal would
      automatically result in an alarm signal at the output of the signal
      processing unit 206.
PAR  Returning to FIG. 1, the purpose of signal comparator 106 is to detect
      differences between the binary signal at the output of flip-flop 104 and a
      normally similar binary reference signal produced by memory 105. These
      differences may be due to any change within the field of view of the
      scanner 101 such as, for example, the entry of a person or the addition,
      or subtraction, of one or more objects, fire or smoke, or a water leak. As
      a rule, there is however no need to sense the direction or speed of
      displacement of objects, or of images, to track such objects, or to
      compensate for image displacement, as is explained in detail in my
      above-mentioned patent. For these reasons, comparator 106 does not require
      the delay means shown therein, and can consist, for example, of a logic
      multiplier, or of a simple "exclusive-OR" gate, for example, as will be
      described in detail later.
PAR  Both inputs to comparator 106 being binary, the comparison is one of logic
      state or polarity. Whenever the state of the flip-flop 104 is incorrect,
      indicating a change in the field of view of the scanner 101, a
      fixed-polarity signal is generated by comparator 106. This signal is
      exactly analogous to the signal described on lines 66 and 67, column 18 of
      my above-referenced patent, except that the complementary of one of the
      input signals specified therein is used here. The result is that no signal
      appears at the output of comparator 106, acting as a logic multiplier,
      under conditions of a perfect match, rather than a maximum signal.
PAR  Integrator 107 has a relatively short time-constant. It has no output under
      conditions of perfect match. Whenever a mismatch is present, it produces a
      ramp-like signal, the amplitude of which increases in relation to the
      duration of the mismatch, which is itself a measure of the severity of the
      change having occurred in the field of view of the scanner. Means (not
      shown) are provided to reset the integrator 107 to the no-output condition
      at the end of the mismatch period.
PAR  An output signal is produced at alarm terminal 110 if threshold sensor 108
      determines that the amplitude of the ramp-like signal at its input exceeds
      a level pre-set on potentiometer 109. The presence of a threshold avoids
      the generation of alarm signals in case of insignificant changes occurring
      in the field of view, or of circuit noise. Other means for discrimination
      against circuit noise or insignificant events will be described later in
      detail.
PAR  In some applications of the change detectors, it is useful to also generate
      a signal which is indicative of the direction of a change resulting in an
      alarm output at terminal 110. A voltage proportional to the angle between
      some arbitrary reference direction and the direction of the event causing
      an alarm can, for indication purposes, actuate a properly calibrated
      voltmeter; alternately, this same voltage can control a swiveling camera
      mount, for example, in a manner known to those versed in the art, so as to
      make such camera point toward the event.
PAR  In order to generate such a voltage for a constant angular velocity scan, a
      saw-tooth signal, produced by generator 112, is initiated once per scan
      cycle, at the instant the scan is directed towards the reference
      direction. A trigger signal, produced within the memory 105 by means not
      shown, applied to generator 112 through line 111, controls the initiation
      of the saw-tooth in known manner.
PAR  When an alarm signal appears at terminal 110, gate 113 is momentarily
      opened, allowing a "slice" of the saw-tooth to reach pulse stretcher 114,
      which produces at terminal 115 an essentially constant output signal
      having the average amplitude of the slice, hence being proportional to the
      angular coordinate of the alarm-causing event.
PAR  In general, the slope of the signal produced by generator 112 should be
      proportional to the angular velocity of the scan. Thus, while a constant
      slope saw-tooth is described in the example given of a constant angular
      velocity scan, differently shaped signals may be used for different scan
      types.
PAR  For surveillance purposes, a unidimensional scan, such as a circular one,
      or a sector scan is usually adequate. Hence the directional information
      available is likewise unidimensional. Where two-dimensional directional
      information is desired, one can obviously use a two-dimensional scan
      pattern. Alternately, one can combine two unidimensional change detectors
      as just described to provide a two-dimensional system.
PAR  Referring again to FIG. 2, central processing unit 206 comprises, for each
      scanner-transducer such as 201, 202, etc., one set of the elements
      described above to provide individual alarm signals at terminals 211, 212,
      213, etc. and directional signals (if desired) at terminals 221, 222, 223,
      etc., respectively corresponding to scanners 201, 202, 203, etc. To
      provide directional signals, only one saw-tooth (or other appropriate
      signal shape) generator need be included to feed in parallel all gates and
      pulse stretchers.
PAR  FIG. 3 represents in greater detail the elements of the change detector
      which are necessary for the production of alarm signals. During each scan,
      the modulated light flux received by photocell 301 produces an input
      signal for amplifiers 302 and 303, the latter incorporating the frequency
      discrimination function of network 103 (FIG. 1). As explained above,
      flip-flop 304 changes its state in accordance with the zero-crossings of
      the signal at the output of amplifier 303; the binary signal produced
      thereby is applied to the exclusive-OR gate 305 and, whenever switch 306
      is closed or relay 318 actuated for the purpose of recording a reference
      on drum 309, to amplifier 307 and to magnetic head 308. Switch 306 is
      however normally open and the reference signal previously recorded on the
      magnetic surface of drum 309 is read by head 308 to drive amplifier 310
      and flip-flop 311, which restitutes to the reference signal its original
      binary character for polarity comparison with the output of flip-flop 304
      in gate 305, as explained above.
PAR  The state of flip-flop 304 being dictated by the polarity of the peaked
      video signal at its input, under conditions of very low video amplitude,
      corresponding to very low subject contrast, circuit noise may cause random
      changes in the state of flip-flop 304. If these changes are of sufficient
      duration, an undesirable alarm signal may result if no special precaution
      is taken thereagainst, as for example by the insertion of an
      alarm-disabling gate 313 between comparator gate 305 and short
      time-constant integrator 314. Gate 313 is conductive only if a control
      signal derived from the output of peaked amplifier 303 exceeds a level
      predetermined by the setting of potentiometer 312, avoiding the
      possibility of noise-induced alarms. Means (not shown) rapidly reset
      integrator 314 to its no-output condition at the end of each pulse
      produced by gate 305.
PAR  For certain purposes, other types of signals may be used to control gate
      313. As the relative noisiness of video signals tends to increase in their
      portions corresponding to dark areas of the subject, opening of gate 313
      could for example be made to depend on the presence of a video signal for
      sufficient amplitude at the output of cell 301, or of amplifier 302. Or,
      since changes in the state of flip-flop 304 that occur under conditions of
      relatively high slope dV/dt of the video signal at its input are more
      likely to be correct, such slope can be converted into a gate-control
      signal by differentiation. Clearly, various combinations of the above
      gate-control schemes may also be found advantageous in increasing the
      reliability of the signals reaching integrator 314, it being kept in mind
      that, in the change detector embodiment of my invention, knowledge of the
      precise instant at which flip-flop 304 changes state is not essential, so
      that unreliable signals may simply be discarded.
PAR  In image displacement sensing embodiments, such as described hereinbelow
      and in my U.S. Pat. No. 3,617,016, instead of a logic gate 313 of the
      yes-no type, an analog multiplier may be employed so as to merely give
      greater weight to the output signals of gate 305 that are produced under
      favorable noise conditions, and vice-versa.
PAR  To enhance the usefulness of the change detector for the protection of
      premises, means may be provided to make it insensitive to changes
      occurring in preselected portions of its field of view, for example in the
      form of one or more additional magnetic tracks on drum 309, such tracks
      cooperating in known manner with heads, amplifiers and circuitry for first
      allowing the recording, and later the playback of signals adapted to
      perform the desired control of gate 313 or the like in full synchronism
      with the scanning action, enabling the change detector in some directions
      and disabling it in others.
PAR  At least one such additional track of drum 309 could, alternately, be made
      to store an additional reference signal, whereby for each such additional
      track an additional flip-flop such as 311 and an additional exclusive-OR
      gate such as 305 would be provided, one input of which being still
      received from flip-flop 304. The additional reference signal could
      correspond, for example, to the appearance of premises being monitored
      under different conditions of illumination than prevailed at the recording
      of the first reference. With such a multiple-reference arrangement, the
      outputs of all exclusive-OR gates such as 305 would be applied to an AND
      gate (not shown), the output of which would feed gate 313. This
      arrangement would insure that no alarm would be given as long as the
      output of flip-flop 304 would match at least one of the references.
PAR  An electro-optical device such as the change detector described herein may
      be called upon to operate over an extended range of subject brightness
      corresponding, at one end, to indoor artificial lighting conditions and,
      at the other end, to outdoor, full sunlight conditions; in addition,
      objects within the field of view may exhibit either very high, or very low
      reflectance. It is desirable that the photocell and associated amplifiers
      302 and 303 be able to accommodate the extremely wide range of possible
      brightness, preferably without manual or automatic light-control means, as
      they are commonly used in photography. If the video gain can be made to
      vary as the reciprocal of the average light flux, the amplitude of the
      video signal becomes independent of illumination and is determined solely
      by subject contrast. It can be seen that a logarithmic response of the
      photocell, or of its associated amplifier 302 provides such a result.
PAR  FIG. 4 shows schematically an arrangement providing an approximation of the
      desired logarithmic characteristic, using a photoresistor 401, the
      conductance of which may be substantially proportional to illumination,
      and a non-linear collector resistance 402 of the type known as "Varistor,"
      or "Thyrite." At low illumination levels, the collector current of
      transistor 403 is low, but the resistance of Varistor 402 is high; at high
      illumination levels, the opposite is true, with the result that signal
      amplitude at terminal 404 varies far less than it would if a fixed
      resistor were used as the collector load of transistor 403.
PAR  Another way to obtain a very nearly logarithmic characteristic above a
      certain illumination threshold is to use a silicon "solar" cell feeding a
      high input-impedance amplifier.
PAR  A progressive change in illumination which affects the entire field of view
      uniformly will not result in changes in the video signal, provided the
      transducer-amplifier characteristic is logarithmic, as explained above.
      Where this characteristic is only approximated, changes will occur in the
      video signal which may eventually result in unwanted alarms, unless the
      recorded reference by updated from time to time, generally as described in
      my above-referenced patent, in connection with FIGS. 4 and 5 thereof, for
      example.
PAR  Referring again to FIG. 3, the cut-off frequency of low-pass filter 316 is
      less than scan frequency. It therefore averages the output of gate 305. A
      change to be detected, such as the entry into the field of view of a new
      object, or person, is a localized event which results in one relatively
      long-duration pulse at the output of gate 305. This type of pulse will, as
      previously explained, result in a ramp-like signal at the output of
      integrator 314 and, if of long enough duration, in an alarm. It will not,
      however, produce a large signal at the output of low-pass filter 316.
PAR  Overall changes of illumination normally result in a multiplicity of
      relatively short pulses at the output of gate 305. Because integrator 314
      is, as explained, reset at the end of each pulse, short pulses, no matter
      how numerous, will not result in large-amplitude ramps. These pulses have,
      however, an additive effect at the output of low-pass filter 316, which,
      when sufficient in amplitude, triggers one-shot multivibrator 317 and
      energizes relay 318 to cause the recorded reference to be upgraded to
      reflect the then prevailing subject appearance.
PAR  As will be apparent to those versed in the art, many other arrangements and
      combinations of the re-reference and alarm functions are possible without
      departing from the spirit of the invention. For example, instead of the
      signal generated by integrator 314, the threshold sensor 315 could receive
      the averaged output of multivibrator 317. In this arrangement, the alarm
      signal would be generated if the frequency of reference upgrading exceeded
      some predetermined value.
PAR  The horizontal field scanned by a change detector according to the present
      invention and used, for example, for intruder detection, should be
      dictated by the area to be protected and by the scanner location. This
      field may be as narrow as just a few degrees, or as wide as a full 360
      degrees. By the use of oscillating or rotating mirrors, scanners can be
      made to cover the required field of view by simply changing the amplitude
      of the oscillation, or by changing the number of faces of rotating
      mirrors.
PAR  FIG. 5 represents an arrangement which scans essentially 360.degree. by
      means of a rotating double-faced mirror 501 pivoting about an axis 502 and
      being driven by means not shown. The reflected optical axis 503 rotates,
      as is well known, at twice the angular velocity of the mirror, sweeping
      over 360.degree. twice per turn of the mirror. Objective lens 504,
      cooperating with mask 505 and photo-transducer 506, is stationary and
      supported by means not shown.
PAR  As the arrangement of FIG. 5 produces optical discontinuities when the
      plane of the mirror 501 is aligned with the optical axis 507 of lens 504,
      it would not be satisfactory in a visual imaging system; it is
      nevertheless adequate in a system exclusively concerned with the detection
      of changes.
PAR  FIG. 6 shows a variation of the arrangement of FIG. 5. In FIG. 6, a
      rotating four-sided mirror 601 is used, rather than a two-sided one, thus
      producing a 180.degree. sweep four times per turn of the mirror. The other
      components of FIG. 6 are the same as those of FIG. 5. Different number of
      mirror faces can evidently be used, beside two or four, to provide other
      scan widths. For example, an eight-sided mirror will provide a 90.degree.
      field and a six-sided one a 120.degree. field.
PAC  Embodiment as an alignment device
PAR  FIG. 7 shows the arrangement of the image comparator as an alignment device
      which may, for example, be used as a "monocomparator" for the precise
      location of "pass-points" in photogrammetry. The image comparator 701 may,
      for example, include the components shown in FIGS. 11 and 13 of my U.S.
      Pat. No. 3,617,016, the object plane 702 being located relatively close to
      an appropriate objective system in order to provide optical magnification.
      Provision may also be made in known manner for simultaneous viewing of the
      scanned area by an operator, for example by beam-splitting.
PAR  The output of image comparator 701 may be displayed on meters 703,
      indicating image rotations, 704, indicating translation in the
      x-direction, 705 indicating translations in the y-direction, and 706
      indicating any degree of dissimilarity of the image being scanned with
      respect to the recorded reference. Clearly, instead of merely displaying
      the respective misalignment signals, requiring an operator to manually
      effect realignment, these signals could, in known manner, actuate
      automatic positioning devices to perfect alignment of the image being
      scanned with respect to the recorded reference.
PAR  Further, if an excessive dissimilarity signal, as displayed on meter 706,
      should prevail, it may be an indication that the portion of the image
      being scanned is not the proper one. An operator would then search for the
      desired portion by moving the object relatively to the detector 701, or
      vice-versa, but this operation could evidently be carried out
      automatically by means known to those versed in the art. Once an area is
      found which results in an acceptably small dissimilarity signal, precise
      relative alignment is then allowed to proceed.
PAR  In a typical monocomparator, a larger memory capacity may be necessary than
      can conventionally be provided on a drum such as shown in FIG. 11 of my
      above-mentioned patent. It is then more practical to separate the memory
      function from the scanner, as shown in conjunction with one mode of
      operation of the systems illustrated by FIGS. 1, 2, 4 and 5 of the parent
      case, and in FIG. 2 hereof.
PAR  In other alignment applications of the image comparator, for example for
      the determination of terrain relief from the measure of parallax of aerial
      stereo-photographs, relative alignment between two images must be
      obtained, rather than between an image and a recorded reference. In these
      applications, a signal is obtained from a second, synchronously running
      scanner acting as a source of reference signal, as explained in my U.S.
      Pat. No. 3,617,016 in connection with the aiming mode of the device shown
      in FIGS. 1 and 2 thereof, lines 3 to 18, column 5. The arrangement
      described therein is for alignment in two directions only, rotations not
      being sufficient in a guidance application. Rotational alignment could
      clearly be added if required.
PAR  It will be obvious that useful systems can be made for similar purposes by
      combining two or more scanners and memory means without departing from the
      spirit of the invention. Such an arrangement for the precise alignment of
      a photographic mask and of a photosensitized substrate, as is used, for
      example in the manufacture of semi-conductor devices and particularly in
      integrated circuits, is depicted by FIG. 8.
PAR  The optical system of the image comparator 801 of FIG. 8 is adapted to
      allow selective scanning of either one of two special alignment targets,
      or patterns, respectively carried by the mask 802 and by the substrate
      803. Target 901 (FIG. 9), carried by mask 802, and target 902, carried by
      substrate 803, when aligned, may be concentric and may consist, for
      example, of alternate bright (or transparent) and dark (or opaque)
      sectors, although other types of patterns are also practical. Shutters
      (not shown) may be inserted through slit 804 into the optical path of
      image comparator 801 so as to selectively block out the light from either
      target 901, or 902. Illumination means (not shown) ensure a sufficient
      light flux to the detector and a high signal/noise ratio at the output of
      the detector where necessary for the desired accuracy.
PAR  In operation, the mask 802 may be brought into alignment with the optical
      axis 807 by observation through eye-piece 806, which receives a portion of
      the light reflected on partial mirror 808, and a reference recording made
      of the signal thus produced. During this operation, the proper shutter is
      used to permit only light received from the mask to enter the scanner 809.
      The first shutter is then removed, and the other one inserted, allowing
      only the light from the substrate pattern (902) to reach the scanner. The
      substrate is then aligned by nulling the displacement outputs of the
      change detector, as read on meters 810, 811 and 812. Meter 813, the
      "dissimilarity" indicator, will also be nulled if the operation has been
      performed correctly, but will register a large output if not.
PAR  Alternately, a signal corresponding to the precisely correct alignment of
      patterns 901 and 902 may be prerecorded into the system's memory and both
      mask 802 and substrate 803 aligned successively by reference to the
      prerecorded signal. As the alignment tolerances which are possible with a
      single scanner are a function of the rotational sensitivity of the
      detector, they increase with the distance from the alignment target. In an
      actual system for the alignment of relatively large masks and
      semi-conductor wafers, two identical scanners, operating on two sets of
      targets spaced as widely as practical are used; this results in
      essentially constant alignment accuracy over the entire wafer.
PAC  Pattern-Identification Embodiment
PAR  FIG. 10 illustrates an arrangement for the automatic recognition and
      identification of individual patterns or symbols within a set by means of
      the image comparator of the invention. One of the best known applications
      of pattern recognition is the conversion of alphabetic characters or of
      numerals to electrical signals suitable for feeding into computers or for
      transmission to a remote receiving station.
PAR  Pattern 151 to be identified is located for scanning in the object plane of
      lens 152. Scanning is performed in known fashion by image dissector 153,
      which can be a deflectable photomultiplier tube, for example. Faster
      scanning than can conveniently be obtained by mechanical means and the
      creation of complex scan patterns adapted to the type of patterns to be
      recognized are desirable, and scanning is therefore best performed by
      electronic means in this adaptation of the image comparator. Electronic
      scanning further facilitates automatic realignment, as will be explained
      later.
PAR  The output of image dissector 153, amplified in peaked amplifier 154 and
      converted to a binary signal by flip-flop 155 as previously explained, is
      applied to memory channel selector 156 after passage through delay element
      162, the purpose of which will be explained later.
PAR  Initially, selector 156 is successively placed in the active positions 157,
      158, 159 to record in memory 161, one at a time, the signals corresponding
      to several patterns such as pattern 151 and located in the scanning
      position. Only three active positions of selector 156, hence three
      reference-recording channels are illustrated for the sake of clarity. In
      an actual working system, several dozen of active selector positions and
      memory channels may be provided, according to the number of patterns or
      symbols to be memorized and later identified.
PAR  After memory 161 has been loaded with the desired number of references,
      switch 156 is placed in the inactive position 160 and binary reference
      signals, reconstituted from the recorded signals as explained previously,
      are applied to exclusive-OR gates 168, 169, 170 for matching against the
      output of delay means 162. This output, of course, is representative of
      the pattern or symbol being scanned at that instant. The polarity of the
      signals applied to the exclusive-OR gates is so selected that, in case of
      a perfect match, the output of the corresponding gate is a logic "high."
      In case of a less-than-perfect match, the output would be predominatly
      "high," but would intermittently be "low."  Low-pass filters 171, 172, 173
      furnish variable amplitude outputs equal to the average of each of the
      outputs of the corresponding gates, and which are therefore a measure of
      the degree of sameness of each reference with respect to the incoming
      signal. These analog outputs are applied to threshold sensors 174, 175,
      176. Only one output normally exceeds the threshold level set by
      potentiometer 164, which may be fixed or variable, resulting in a single,
      non-ambiguous, output at one of the terminals 165, 166, 167, thereby
      identifying the pattern 151.
PAR  It will be recognized that the pattern-identification embodiment described
      so far is actually a multi-channel change detector, each channel being
      quite similar to the embodiment of FIG. 3. The functions of change
      detection and of pattern identification, or congruence detection, are
      complementary to each other. Therefore, a device adapted to perform one
      such function can also perform the other. It is however convenient to so
      select the polarity of the signals applied to the exclusive-OR gates that
      a logic "high" will result in each case from the condition of interest,
      namely a match for the pattern identifier, or a change for the change
      detector.
PAR  The arrangement of FIG. 10 described so far would be adequate to identify a
      plurality of previously memorized patterns provided each pattern be
      successively located precisely in the same position as at memorization
      time. Any misalignment would reduce the perfection of signal matching with
      the proper reference and thus result in a no-output condition if the
      threshold set on potentiometer 164 is not reached, or exceeded. It is
      therefore necessary, in practice, to provide for precise alignment of
      pattern 151 with respect to the scan pattern of tube 153, as explained
      below.
PAR  While references are being loaded into memory 161, scanning is performed by
      scan generator 181 driving x-deflection amplifier 182 and 4-deflection
      amplifier 183. Scan generator 181 is synchronized with memory and scan
      velocity signal generator 161 by means not shown. Search generator 184 is
      inactive and gates 185, 186 are closed during reference loading. During
      subsequent pattern scanning for identification, a no-output condition is
      sensed by control logic unit 180 through its NOR-function, activating the
      search generator 184 which superimposes relatively slowly varying signals
      upon the normal scan signals produced by generator 181. This causes the
      entire scan pattern to move according to some arbitrary pattern, such as
      an expanding spiral, until a significant output appears at one of the
      gates 168, 169, 170, at which time search generator 184 is disabled and
      gates 185, 186 are opened by the OR-function of control logic unit 180.
PAR  Simultaneously, one of the AND gates 177, 178, 179 is opened, allowing the
      corresponding reference signal to be applied to exclusive-OR gates 191 and
      192, in which it is respectively matched against the undelayed binary
      video appearing at the output of flip-flop 155, and a doubly-delayed
      binary video furnished by delay unit 163. It will be recognized that the
      exclusive-OR gates 191, 192 are the functional equivalents of multipliers
      171, 172 of FIG. 17 of my above-referenced patent, and that the signals
      appearing at the inputs of each gate are in exactly the same
      time-relationship as the signals appearing at the inputs of each
      multiplier. Moreover, the signal at the output of differential amplifier
      193 (FIG. 10 hereof) is comparable to the output of differential amplifier
      193 of the reference, and fluctuations of its average value similarly
      reflect the time differences between corresponding transitions of the
      reference and of the singly delayed binary signals. Further processing of
      the signal at the output of amplifier 193 can therefore be exactly as
      explained in the reference to generate signals indicative of misalignment
      at the output of filter 196 (for the x-direction) and of filter 197 (for
      the  y-direction). Rotational misalignment signals obtained by low-pass
      filtering of the output of amplifier 193 could also be obtained and used
      to cause a corrective rotation of the entire scan pattern in known
      fashion, if desired. In general, it is however sufficient to provide
      alignment in the x- and y-directions by applying the outputs of filters
      196, 197 to amplifiers 182, 183 through gates 185, 186, thus causing
      corrective fields to be generated by deflection coils 187, 188.
PAR  Threshold sensors 174, 175, 176 are electrically interlocked by known means
      (not shown) so that only one of them can, at any one time, provide a
      signal to the corresponding AND gate. If, as a result of a close
      resemblance between symbols to be recognized (such as O and Q, for
      example), more than one exclusive-OR gate 168, 169, 170 produces an output
      signal in excess of the preset threshold set by potentiometer 164, the
      above interlock results in none of the AND gates 177, 178, 179 being
      activated, hence in the search mode described above. The multiple-match
      condition is simultaneously signalled over line 198 to control logic unit
      180, which, in response thereto, increases the drive to potentiometer 164,
      hence the threshold level, until only one exclusive-OR gate 168, 169, 170
      furnishes a signal sufficient to operate the corresponding AND gate. When
      this (normal) condition prevails, gates 185, 186 are activated and
      alignment proceeds as explained above.
PAR  The above described embodiments are merely examples of the application of
      the principles of the present invention. Further embodiments will be
      apparent to those skilled in the art without departing from the spirit of
      scope of the present invention as defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for comparing arbitrary images comprising, in combination:
      scanning means for scanning a selected area of a first arbitrary image,
      said means operating cyclically to provide at least one scan having a
      given video pattern, photosensitive means cooperating with said scanning
      means for changing each said video pattern into video electrical signals
      which are respectively the analogs of said video patterns,
      frequency-selective filtering and amplifying means for emphasizing the
      components of said video electrical signals which fall within an
      intermediate frequency range, quantizing means cooperating with said
      filtering and amplifying means for converting the electrical signals
      produced thereby into first binary signals, a source of reference binary
      signals comparable with said first binary signals and representative of at
      least one reference image to be compared with said first image, means for
      comparing said first binary signals with said reference binary signals and
      for producing at least one electrical output signal which is indicative of
      differences occurring between said binary signals, and means for
      attenuating said electrical output signal whenever the magnitude of said
      video signal or of a control signal derived therefrom is below a
      predetermined threshold.
NUM  2.
PAR  2. Apparatus for comparing arbitrary images comprising, in combination:
      scanning means for scanning a selected area of a first arbitrary image,
      said means operating cyclically to provide at least one scan having a
      given video pattern, photosensitive means cooperating with said scanning
      means for changing each said video pattern into video electrical signals
      which are respectively the analogs of said video patterns, means for
      making the amplitude of said video electrical signals substantially
      proportional to the logarithm of the brightness of the area scanned at any
      particular instant, frequency-selective filtering and amplifying means for
      emphasizing the components of said video electrical signals which fall
      within an intermediate frequency range, quantizing means cooperating with
      said filtering and amplifying means for converting the electrical signals
      produced thereby into first binary signals, a source of reference binary
      signals comparable with said first binary signals and representative of at
      least one reference image to be compared with said first image, and means
      for comparing said first binary signals with said reference binary signals
      and for producing at least one electrical output signal which is
      indicative of differences occurring between said binary signals.
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PAL  A frequency shift generator comprises a single source of high frequency
      oscillations and a programmable frequency divider. Keyed mark and space
      input signals serve to select two predetermined divider ratios, one for
      the mark frequency and the other for the space frequency. The invention
      provides means for generating stable electrical signals of audio frequency
      range by means of a coherent technique, that is, one in which the phase
      relationship of subsequent pulses can be precisely determined.
BSUM
PAR  Frequency shift signals for communications purposes heretofore have been
      generated by a number of different means, the most usual of which was a
      free running oscillator, the frequency of which was determined by an
      associated inductor and capacitor. By varying either one or both of these
      reactive elements the frequency of oscillation can be shifted, within
      limits, from one frequency to another thereby encoding binary information.
      Such techniques, however, result in undesirable transients whenever the
      shift in frequency is called for by a change in the binary state of
      information to be transmitted. These transients are caused primarily by
      the fact that the phase relationship between the free running oscillator
      and the instant of desired frequency change are completely unrelated.
      Various means have been devised to overcome this deficiency which results
      not only in an undesirable amplitude modulation of the signal, but also
      because of the spurious sideband energy transmitted, a timing instability
      or "jitter" is observed at the receiving end. Since this timing variation
      is of random nature, the exact duration of information pulses cannot be
      precisely recovered, which results in a loss of the dependability of
      transmission. A commonly accepted measure of such deterioration is called
      "telegraph distortion" which expresses the ratio of recovered timing error
      to the duration of the original pulses transmitted.
PAR  Other methods have also been described in the prior art.
      Resistance-capacitance controlled oscillators are also presently used for
      the generation of frequency shift keyed signals. These can be constructed
      in such a way that undesirable amplitude transient as a result of instant
      change in information state are minimized. These devices, however,
      generally suffer from a lack of frequency stability because the frequency
      of oscillation is directly proportional to variations of either the
      resistive or capacitive elements of the circuit, as contrasted to the
      inductive/capacitive oscillator described above, in which frequency
      variations are proportional to the square root of the individual element
      values. These oscillators are therefore generally unsuitable for the
      generation of accurately determined and frequency shift keyed signals,
      i.e., in which difference between the two significant frequencies is a
      small percentage of the average or center frequency. Various further means
      have been used to improve the stability of oscillations of the above
      described methods, such as frequency heterodyning against a stable
      reference frequency, or the use of specialized temperature compensated or
      environmentally controlled components, which are generally difficult to
      construct or maintain within the prescribed limits of adjustment.
PAR  Attempts have been made in the past to take advantage of the inherent
      frequency stability of a piezoelectric crystal element in suitable
      circuits to generate high frequency pulses of oscillations. Such crystal
      controlled oscillators are not suitable for the generation of frequency
      shift signals as the frequency determining parameters of the crystal
      elements are not readily varied. When subjected to external reactors added
      to the crystal oscillator circuit, the oscillations cease before a
      sufficient amount of frequency change has been achieved.
PAR  A further method presently used for the generation of frequency shift keyed
      signals is the so called digital keying method. Unlike most previously
      described techniques, the means of achieving the desired frequency shift
      are not a result of attempts to change the frequency of oscillation, but
      rather digital manipulation to arrive at the exact desired output
      frequencies. The most commonly accepted method employs two free running
      oscillators, constructed to achieve maximum stability, to generate direct
      multiples of the desired output frequencies. A fast acting relay or
      electronic gating circuit selects the output of one of these two
      oscillators as controlled by the keying information to be encoded for
      transmission. In this technique, the three elements of timing, that is,
      the instant of change in information, and the phase relationship of the
      two free running oscillators are completely random with respect to each
      other. U.S. Pat. No. 3,271,588, describes a method by which these
      objectionable features are overcome. That method employs a multiplicity of
      binary dividers following the gate selecting the output of the two crystal
      controlled oscillators, which in turn reduces the resultant plus or minus
      180.degree. phase uncertainty present at the output of the said gate by a
      factor equal to 2.sup.N, where N is the number of binary dividers
      employed.
PAR  The present invention provides coherent, transient free frequency shift
      signals not hitherto available. A very stable high frequency crystal
      controlled oscillator provides a suitable initial source of signals. These
      high frequency signals are divided by two predetermined ratios to provide
      the desired "mark" and "space" frequencies. The two predetermined ratios
      are set up by a plurality of programmable dividers which are connected in
      forward and feedback combinations to provide the two desired output
      frequencies. The two ratios are controlled by two gates activated by the
      keying pulses, one for the mark frequency and one for the space frequency.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a block diagram of the preferred form of the present invention.
PAR  FIG. 2 is a schematic circuit diagram of the preferred form of the present
      invention.
DETD
PAR  FIG. 1 is a simplified block diagram of the present invention in which the
      output of crystal oscillator 2 feeds a variable ratio divider 3. This
      divider is built with a multiplicity of binary elements and is contrasted
      with conventional binary dividers by the fact that it can be present to
      yield an output pulse for any given integral number of input pulses
      falling within its maximum capacity. This ratio of division can be altered
      by means of electronic circuitry as long as the desired division ratios
      are within an acceptable range. In this particular invention, the division
      ratios are governed by a program matrix 4 which has two significant
      states. Whichever one of these two states is rendered operational by level
      converter 1, thereby affecting one of two division ratios of the divider,
      is dependent and solely under the control of the incoming information over
      the input keying circuit. Thus for instance, the binary zero (or telegraph
      space pulse), to be transmitted as one of the frequency shift signals, can
      be obtained by a programmed division ratio of 15, and a binary one (or
      telegraph marking pulse) may be transmitted by a division ratio of 14. It
      is still desirable to add additional binary dividers 5 to the variable
      ratio divider in order to be able to keep the crystal oscillator frequency
      within a practical range. Furthermore, omitting or adding additional
      dividers provides a convenient means for extending the range of output
      audio frequencies by desired octaves.
PAR  Having achieved generation of the two significant frequencies of the
      frequency shift keyed system, means are generally required to transform
      the resultant square waveforms into sine waves of the desired amplitude or
      level for the reliable transmission of intelligence. An output driver 6 is
      therefore designed to bring the signals within the desired range of
      amplitude and a band pass filter 7 is utilized to convert the square waves
      to sine waves occupying a much narrower frequency spectrum. While a
      low-pass filter may be adequate for this purpose, it is desirable to use a
      band-pass filter to restrict the transmitted spectrum to minimal bandwidth
      in order to permit multiplexing a multiplicity of channels by means of
      frequency division within a single voice frequency channel.
PAR  The preferred embodiment of the present invention is shown in more detail
      in the schematic diagram of FIG. 2. The crystal oscillator 9, 10, 39, 40
      is non-critical having been described in the prior art. Oscillation
      sustained by transistors 39 and 40 is provided at the series resonant
      frequency of crystal element 9. Capacitor 10 couples the pulses of
      oscillation to one input of the amplifier-gate 11, heavily overdriven in
      order to provide an output of square wave form with fast rise and fall
      times suitable to drive the subsequent digital circuits. Gate 11 also
      provides convenient means for muting the keyer by the application of a
      suitable control voltage to its second input at terminal 37 so that
      oscillation pulses are inhibited from reaching the following stages. This
      arrangement permits on/off keying at one of the output frequencies by
      applying DC keying waveform to input terminal 37. The variable ratio
      divider 3 (FIG. 1) is shown implemented by counter stages 12 through 17;
      fewer or more stages may be used depending on the desired frequency
      division ratios. These stages can be constructed as identical presettable
      flip-flop circuits. Characteristically, pulses applied to the T-input will
      toggle the flip-flop, that is, the circuit will change from its previous
      binary state every time the input signal voltage makes a unidirectional
      transition. Pulses applied to the preset "P" input terminals, however,
      will cause the flip-flop to assume a predetermined binary state regardless
      of its previous condition.
PAR  In the particular arrangement shown, the six flip-flop states 12 through 17
      form a divide-by-64 circuit; i.e., one pulse will appear at the "0" output
      of stages 17 for every 64 oscillator pulses applied to the "T" input of 12
      provided that there are no pulses applied to the "P" terminals of any
      stage.
PAR  By applying pulses to the "P" terminals of the counters, the total number
      of pulses needed at the input to produce one output pulse can be reduced.
      For example, applying one pulse to the P-terminal of first stage 12
      presets the counter by one count, applying a pulse to the P-terminal of
      stages 13 and 15 presets these counters by 10. The number of oscillator
      pulses required to produce an output pulse at stage 17 thus is reduced to
      63 and 54 respectively. The pulses to be applied to the P-inputs are
      derived from the output of one particular counter stage through the
      programmable pulse selector inter-connection arrangement 18. Capacitor 19
      and resistor 20 are provided to differentiate the selected output pulse,
      converting them from non-return to zero signals to momentary impulses
      applied to amplifier 21. The output of amplifier 21 is a magnified version
      of the differentiated pulses and is suitable for application to the
      P-inputs of the various stages as selected through connection means 27. In
      order to effect a change in the ratio of division, i.e., the number of
      oscillator pulses required to yield an output pulse of stage 17,
      additional feedback pulses are coupled to the flip-flops by gates 22 and
      23. One input to these gates is fed from the differentiated and amplified
      pulse of amplifier 21, while the other input to gates 22 and 23 is fed in
      push-pull by the incoming DC binary information to be encoded into
      frequency shift keyed signals applied at terminal 38. This signal is
      unipolar and inverter 24 is used to provide an opposite sense signal to
      that of the keying information. Gates 22 and 23 therefore are operating
      alternately; one permitting the preset pulses to be applied to the
      selected stages through the programming arrangement 25 or 26, while the
      other gate is simultaneously inhibited. Thus the number of stages and
      their respective binary count to which preset pulses are applied, are
      altered in accordance with the incoming keying information. By connection
      of the various terminals of the programming arrangements 18, 25, 26 and
      27, the division ratio can be altered between any two selected numbers
      ranging from 3 to 64. The flexibility of such arrangement can be further
      extended by adding a seventh stage which expands the programming
      capability to a count of 128, and so on.
PAR  The particular counter arrangement shown here is not the only way possible
      to construct a variable ratio divider. Other types of counters such as
      synchronous, modulo-N and ring counters with suitable gating arrangements
      are included within the scope of this invention. Furthermore, the
      programming arrangement can be expanded to possess more than two
      significant states, thereby effectively generating trinary, quarternary,
      etc., frequency shifted signals.
PAR  Additional divider stages following the variable ratio dividers consisting
      of stages 29 through 31 are also customarily used. Programming arrangement
      28 provides convenient means for selecting the total number of stages
      employed within the chain. This feature can be further expanded by making
      some of the additional divider stages part of the circuit or simply
      bypassing them when not desired. The output of the last divider stage 31
      provides the desired output frequencies with the accuracy equal to that of
      the crystal oscillator employed. It contains no spurious amplitude
      modulated components and its instantaneous frequency is exactly in
      accordance with the incoming binary keying information applied to terminal
      38. Because of the square waveform, however, it contains a significant
      amount of odd harmonics.
PAR  Potentiometer 32 is a convenient means of controlling the level of such
      output waveform to be fed through capacitor 33 to the output amplifier
      comprising transistors 34 and 35.
PAR  The output derived from the collector of transistor 34 is applied to the
      output filter 7 which removes the aforementioned high order harmonics
      thereby converting the square wave into a sine wave suitable from
      transmission through electrical networks without interference. Final
      output is derived from the filter at terminals 36.
PAR  To arrive at the correct crystal frequency to be employed one has to
      consider the two significant desired output frequencies as
EQU  F.sub.1 = M.sub.1 .sup.. g
EQU  F.sub.2 = M.sub.2 .sup.. g
PAL  where g is a common factor of the two frequencies. Then the crystal
      frequency can be computed by F.sub.x = 2.sup.k . M.sub.1 .sup.. M.sub.2
      .sup.. g where K is the number of additional divider stages employed. If
      the above crystal frequency is divided by the total division factor of the
      chain which is either M.sub.1 .sup.. 2.sup.k or M.sub.2 .sup.. 2.sup.k,
      the output frequencies are obviously M.sub.2 .sup.. g or M.sub.1 .sup.. g,
      respectively, which are equal to the desired output frequencies. For
      example, if these frequencies are 2800 and 2900 cycles per second, then,
EQU  F.sub.1 = 28 .sup.. 100
EQU  F.sub.2 = 29 .sup.. 100
PAL  (therefore g = 100)
EQU  M.sub.1 = 28
EQU  M.sub.2 = 29.
PAR  Let us further assume that a feedback type ripple-counter arrangement such
      as shown on FIG. 2 is employed; then the programming of the variable ratio
      divider consists of connecting the preset input of stages 12 and 13
      through 25 to the output of gate 23, to cause a feedback count of three;
      and connecting the output of gate 22 through 26 to the third stage of the
      counter 14 to cause a feedback count of four. No connection is to be made
      to 27 and capacitor 19 is to be connected through 18 to the output of the
      fifth stage 16. The five stage counter having a total capacity of 32 is
      thereby reduced by a count of three whenever gate 23 is active and 22 is
      inhibited, reducing the division ratio to 29. During the other significant
      condition gate 23 is inhibited and the pulses through gate 22 reduce the
      count by four to a total of 28. If we further assume seven stages of
      additional straight binary division (K = 7) then the crystal frequency
      F.sub.x = 28 .sup.. 29 .sup.. 100 .sup.. 128 = 10,393,600 cycles per
      second. Dividing this frequency by first the constant factor of 2.sup.7 =
      128, then alternately by 28 and 29 the desired output frequencies (F.sub.2
      and F.sub.1) are shown to appear at the output of the keyer.
PAR  While the invention has been described herein in terms of a preferred
      particular embodiment, many modifications will be apparent to those
      skilled in the art. The invention itself is not limited to the
      construction of that embodiment, rather, the scope of the invention is set
      forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a frequency shift signal generator, the combination of;
PA1  a source of stable high frequency signals;
PA1  a programmable variable ratio frequency divider coupled to said source;
PA1  programmable multicircuit selection means connected to said divider for
      selecting any pair of programmable divider ratios from a great plurality
      of possible predetermined programmable ratios;
PA1  keying signal responsive gating means coupled to said selection means for
      alternating said divider ratio between the two ratios comprising a
      selected pair in response to binary mark and space keying pulses;
PA1  means for applying keying signals to said gating means;
PA1  and output means coupled to said frequency divider.
NUM  2.
PAR  2. In a frequency shift signal generator, the combination of;
PA1  a crystal oscillator source of stable high frequency signals;
PA1  output means;
PA1  a great plurality of programmable cascaded frequency dividing stages
      connected between said source and said output;
PA1  a first gatable means for programming said dividing means to provide a
      first predetermined frequency division ratio;
PA1  a second gatable means for programming said dividing means t porvide a
      second predetermined frequency division ratio;
PA1  multiposition selection means connected to said first and second gatable
      means for changing said first and second predetermined frequency division
      ratios to any other two of a plurality of predetermined frequency division
      ratios;
PA1  a first gate for enabling said first programming means;
PA1  a second gate for enabling said second programming means;
PA1  and keying means for actuating one of said gates in response to a binary
      ONE (mark) keying signal and the other of said gates in response to a
      binary ZERO (space) keying signal.
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PAL  A PSK synchronizer and demodulator with message coded in biphase, modulated
      in phase by a subcarrier, having three chains I, II, III of identical
      general structure, the first operating on twice the frequency f.sub.o of
      the subcarrier, the second on twice the clock frequency F of the bits, and
      the third on the clock frequency itself, forming an ambiguity eliminating
      device which enables the demodulated message to be restored in NRZ-C. Each
      of the chains includes a spectral line generator and a phase locked loop.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is concerned with radioelectric techniques and more
      particularly with links with satellites or other ballistic devices. The
      invention relates more specifically, on the one hand, to a synchronizer
      and demodulator for a message coded in biphase (and even B .phi. S), which
      modulates a subcarrier in phase, or, in other words, a PSK synchronizer
      and demodulator, and, on the other hand, to a device for eliminating
      ambiguity from a binary coded message, in the present case in N R Z, which
      is included in a synchronizer and demodulator of this kind.
PAR  So as not to leave room for any uncertainty as to the meaning of the
      conventional terms used above, as well as that of others which will appear
      in the course of this specification, ideas and definitions relating to
      these terms will be recited hereunder.
PAR  First of all, it is known that PSK (phase shift keying) telemetering is a
      method of modulating the phase of a subcarrier by a PCM signal, there
      being understood by subcarrier a wave carrying the message, this
      "subcarrier" modulating a "carrier" or not. Here the modulation considered
      is that imposed by a contingent message with two possible levels (+1 and
      -1), which is coded by a PCM, NRZ or biphase (B .phi.) signal (see FIG.
      1). Consequently, PSK telemetering is characterised by the ratio n =
      f.sub.0 /F, f.sub.o being the subcarrier frequency and F the bit rate or
      rhythm.
PAR  PCM (Pulse Code Modulation) is a system multiplexed in time which is
      generally used when a large number of items of information must be
      transmitted in the form of successive pulses. Each pulse capable of
      assuming one of the two possible levels "0"  and "1" is called a bit.
PAR  Each telemetering channel to be transmitted is binary coded to form one or
      more words. A group of a certain number of words constitutes a sequence or
      cycle and a group of several cycles constitutes a sub-cycle.
PAR  The PCM message transmitted is constituted by a group of words, cycles and
      sub-cycles which can be marked within the message by certain well-defined
      binary configurations.
PAR  Thus, the PCM message will appear as a sequence of 0's and 1's of a
      contingent nature transmitted in accordance with a code to be chosen,
      usually from among those given hereunder. (The duration of a period of the
      code will be called T; the digital rate or rhythm is F =0 1/T).
PAR  1 -- NRZ (no-return-to-zero) Codes The entire period constitutes the
      support for the information.
PA1  A. NRZ-L (Level) or NRZ-C (Change) Code A 1 or a 0 is represented by a high
      level or by a low level (according to the convention adopted). There is
      therefore a transition every time the bit changes state (from 0 to 1 or
      from 1 to 0).
PA1  b. NRZ-M (Mark) Code The appearance of a 1 is marked by a transition of
      level, positive or negative according to whether the preceding level was
      low or high; the 0's have no effect.
PA1  c. NRZ-S (Space) Code The appearance of a 0 is marked by a transition of
      the level, positive or negative according to the preceding level; the 1's
      have no effect.
PAR  2 -- Biphase Codes Biphase codes are the result of the multiplication of
      the NRZ codes by the digital rate F in phase with the signal.
PA1  a. Biphase L or C (B .phi.-L or B .phi.-C) Code The information is
      represented by a transition in the middle of the period: negative
      transition for a 1, positive transition for a 0, for example.
PA1  b. Biphase S (B .phi.-S) Code This is elaborated from the NRZ-M code; the
      appearance of a 1 is manifested by an inversion in the direction of the
      transition delayed by a half-period.
PA1  c. Biphase M (B .phi.-M) Code This is elaborated from the NRZ-S code; the
      appearance of a O is manifested by an inversion in the direction of the
      transition delayed by a half-period. The B .phi.-S code is elaborated from
      the NRZ-M code.
PAR  The above-defined codes are illustrated in FIG. 2 of the accompanying
      drawings.
PAR  These definitions having been given, it is furthermore appropriate to state
      precisely that the invention relates to a PSK synchronizer and demodulator
      designed to receive a PSK transmission constituted by a subcarrier
      modulated in Biphase S and serving to produce a coherent demodulation of
      the message and to extract therefrom a local clock signal and a message in
      NRZ code (and even NRZ-C), it being possible for the lastmentioned message
      to be decoded by using the local clock signal created in this way, the
      whole in the presence of noise.
PAR  After extraction of the message and its demodulation, a PSK synchronizing
      and demodulating apparatus generally supplies information still having a
      certain ambiguity, that is to say it is not certain whether the 1's are
      not in place of the 0's and vice versa, this being due to a similar
      uncertainty concerning the restoration of the locally recreated clock
      rhythm F, and after division by 2 or a power of 2. Consequently, a
      synchronizing and demodulating apparatus of this kind generally comprises
      a device intervening at the end of the demodulation operation and
      eliminating the ambiguity in question.
PAR  One of the methods which is used most to this end consists in detecting the
      biphase signal and in carrying out, from this signal, a statistical count
      of these transitions at mid-bit and at the beginning of a bit. According
      to the resulting value of the calculating counter (maximum or zero value),
      it is decided either to retain or to invert the clock signal F.
PAR  Another method consists in filtering the NRZ signal and, starting from this
      signal and the assumed transitions, in triggering a monostable which will
      put the divider or the dividing chain back into phase.
PAR  These methods are based on the detection of the transitions of the message
      drowned in the noise and they present the disadvantage of having a
      considerable threshold, beyond which recognition of the transitions of the
      message cannot be effected correctly, these transitions being merged in
      the noise.
PAR  Orders for putting the signal having the clock rhythm F back into phase
      therefore appear at the wrong time and thereby render the information
      detected unexploitable.
PAC  SUMMARY OF THE INVENTION
PAR  Consequently, the invention also relates to an ambiguity eliminating device
      capable of being incorporated in a PSK synchronizer and demodulator and
      which frees itself from the limitation of the working threshold and
      comprises, to this end, means deffering from those previously known.
PAR  These means, as will be seen, essentially comprise a phase loop which locks
      on to the transitions of the message coded in NRZ-M produced in the PSK
      synchronizer and demodulator, without affecting the efficiency and in the
      presence of noise.
PAR  The object of the invention is to provide a synchronizer and demodulator
      for a message coded in biphase S, modulated in phase by a subcarrier,
      comprising extraction means for extracting the message coded in NRZ-M from
      the modulated signals; a spectral line generator of the type comprising
      multiplication means for multiplying the signal by the same signal
      delayed, for regenerating the spectral line of the rhythm F of the message
      (although in the spectrum no power is carried on this same rhythm F),
      connection means for applying to said generator the message coded in NRZ-M
      provided by the extraction means, and a phase loop adapted to operate on
      the rhythm F and incorporating connecting means for receiving the signals
      at the frequency F supplied by the said spectral line generator.
PAR  The principal advantage of this solution is that the threshold of the loop
      is much lower than the threshold of a system based on the detection of the
      transitions of a message accompanied by noise and there will consequently
      be no limit due to the noise, except for the limit of the threshold of the
      loop, which will be relatively low.
PAR  It is known, in fact, that in a well-designed synchronization and detection
      apparatus the information detected becomes unexploitable well before the
      acquisition of the rhythm is lost.
PAR  The invention also provides a PSK synchronizer and demodulator provided
      with an ambiguity eliminating device of this kind.
PAR  From another angle, it can therefore be said that the invention also
      provides a PSK synchronizer and demodulator the efficiency of which
      approaches optimum efficiency as closely as possible, which is endowed
      with a wide range of working frequencies greater than that of the known
      PSK synchronizers and demodulators, and using conventional phase loops
      equipped with a voltage controlled oscillator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS.
PAR  The invention will now be further described, by way of non-limitative
      example, with reference to the accompanying drawings, apart from FIGS. 1
      and 2 already mentioned, in which:
PAR  FIG. 3 is a general diagram of a PSK synchronizer and demodulator,
      including an ambiguity eliminating device, according to the invention;
PAR  FIG. 4 shows a spectral line generator and associated phase-locked loop
      structure preferably employed in the present invention;
PAR  FIG. 5 is a diagram of an integrator with resetting to zero included in
      detection apparatus according to the invention; and
PAR  FIG. 6 shows, inter alia, the structure of the phase locked loops included
      in a synchronizer and demodulator according to the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In the assembly of the circuits of the synchronizer and demodulator shown
      in FIG. 3, there can be distinguished three stages I, II, III defined in
      chain-dotted lines, which form the basis of the apparatus and the general
      structure of which is identical.
PAR  In each of these stages there are, included:
PAR  - a separating amplifier 2.sub.I, 2.sub.II, 2.sub.III ; - a spectral line
      generator 3.sub.I, 3.sub.II, 3.sub.III, and their associated respective
      phase-locked loops 4.sub.I, 4.sub.II, 4.sub.III.
PAR  The "spectral line generator" is a device for regenerating the spectral
      line of the rhythm of a message having random binary signals deprived on
      the same rhythm of any power carried thereon; to this end this generator
      effects the multiplication, in a multiplying element, of the signal by the
      signal itself but delayed by a delay time smaller than the clock period of
      the said rhythm.
PAR  Spectral line generators or generators supplying a more or less equivalent
      result are known elements. Reference is made, for example, to the article
      by William C. Lindsey and Marvin Kenneth Simon in "Proceedings of the
      IEEE", vol. 58, No. 9, Sept. 1970, pages 1315-1321, which sets forth the
      methods employed for restoring the rate of a signal and including such
      generators, namely the loop using a device for raising to the square the
      input signal, and the Costas loop.
PAR  However, for reasons of efficiency, a special generator is preferably
      employed which is described below.
PAR  The principle of the operation of multiplication will first be mentioned,
      which consists in delaying the binary signal sby a quantity .DELTA., with
      0&lt;.DELTA.&lt;T, T being the period of the bit rate or rhythm, and in
      multiplying this signal by the same signal, undelayed.
PAR  The signal S(t) is to be applied to a delay device having the delay value
      .DELTA., and this provides the signal S(t- .DELTA.) which is applied to
      one input of a multiplier, the other input of which receives the signal
      S(t) directly through a branch channel.
PAR  One can assume, for example, that the signal S(t) has the form of
      contingent rectangular waves of period T (probability of transition = p
      with 0 .ltoreq. p .ltoreq. 1) and that .DELTA. = T/2.
PAR  It is found that, graphically, the signal S(t) x S(t- .DELTA.) can be
      broken down into two signals:
EQU  S(t) x S(t- .DELTA.) = X (t) + Y (t)
PAR  This breaking-down reveals, on the one hand, a signal X(t) which is
      periodic and presents the bit rhythm F, which is the one wanted, and, on
      the other hand, a contingent signal Y(t). The power available on the
      spectral line is a function of the delay .DELTA., with a maximum for
      .DELTA. = T/2, and also of the density of transition p of the signal S(t),
      the said power being proportional to p.sup.2.
PAR  The delay .DELTA. could be obtained with the aid of a delay line or a
      filter. One of the merits of the invention consists in carrying out this
      operation by taking advantage of the digital aspect of the message
      (reinforced if necessary by elements treating the signals to give them the
      appropriate form) and by using a controlled shift register as an element
      for producing the delay. This shift register comprises, as known per se, N
      flip-flops and the signal output from the register is delayed, after
      passing through the register, by a time .DELTA. = NT, if the register is
      controlled by the rhythm F.
PAR  Now, a delay less than T, or in particular T/2, is needed. It is therefore
      expedient for the control rhythm of the register to be at least 2F or,
      conveniently F multiplied by a certain power of two.
PAR  It may be assumed, by way of example, that use is made of a shift register
      with four flip-flops, of known type, fed by the signal S(t).
PAR  If rhythms which are multiples of F by powers of 2 (2F, 4F, 8F, etc.) are
      available, it will be appropriate to constitute the register by a suitable
      number of flip-flops, which is a function of the control rhythm, to obtain
      the desired delay; that is to say, if the register comprises m flip-flops,
      a driving frequency equal to 2mF, with m = 2.sup.a, will have to be
      available, or again that the dividing chain which is to supply this
      frequency, as will be seen hereinafter, should itself comprise at least n
      flip-flops, with n = a + 1.
PAR  The number of flip-flops in the shift register will be a function of the
      noise band at the input of the apparatus. The more flip-flops the register
      comprises (the sampling rhythm increasing in the same proportion), the
      more considerable will be the power restored on the spectral line, in the
      presence of noise.
PAR  It is appropriate to state clearly here that for the realization of the
      spectral line generator the multiplier must be a
      simultaneous-multiplication operator (preferably without inherent delay)
      having two inputs and one output. This may be an analogue multiplier, but
      it is also possible to take advantage of the digital aspect of the
      processing to construct the multiplier simply and draw an additional
      advantage therefrom. In fact, in binary operation, it is found that an
      exclusive-OR logic circuit (which performs the function A + B = modulo 2
      sum) is equivalent in this case to a multiplier.
PAR  Thus, in the invention, a controlled shift register and an exclusive-OR
      cell will be associated.
PAR  However, it remains to introduce to this association means for producing
      the frequency 2mF adapted to drive the shift register. This means, in the
      form of a phase-locked loop, is what is shown in combination with the
      spectral line generator in FIG. 4.
PAR  The arrangement of FIG. 4 comprises a shift register 21 functioning as a
      controlled delay element and a miltiplier or exclusive-OR circuit 22,
      these two elements producing the multiplication of the signal by itself,
      suitably delayed. They are fed at A through the medium of a separating
      amplifier 23 and a limiter 24 having two limitation levels, a high and a
      low level, so that truly rectangular signals are obtained at the input of
      the register 21. At the output of the multiplier 22 there is connected a
      phase locked loop 25, which locks on to the frequency f of the
      arrangement. This phase locked loop has a structure which is conventional
      as a whole in the sense that it comprises, in a loop and in order, an
      exclusive-OR circuit or gate 26, a translating amplifier 27 supplying a
      signal symmetrical with respect to zero, a loop filter 28 of passive
      analogue type, a differential operational amplifier 29 receiving a
      reference voltage at its second input, and a voltage controlled oscillator
      (VCO) 20. Normally, a loop of this kind locks on if a message containing a
      spectral line endowed with power is supplied to it. For this, the register
      21 must be suitably driven and, to this end, the loop includes a dividing
      chain 19 for supplying register 21 with the driving frequency 2mf. The
      clock signals recreated locally, at the frequency f, can be picked up, for
      example, at B, at the output of the dividing chain, at the place where
      they feed the second input of the exclusive-OR circuit 26.
PAR  It can be seen that the various elements of the phase locked loop 25 of
      this system are indissociable for the generation of the desired spectral
      line.
PAR  This generator offers many advantages, because it is robust since it is
      constructed with a majority of integrated circuits, including the register
      21; it does not entail any adjustment and can function at any frequency
      whatsoever without readjustment (within the very wide limits imposed by
      the inertia of the flip-flops), which the other known arrangements do not
      permit; it does not need an input filter to restore a spectral line.
PAR  It is clear that if the frequency varies, the driving of the register 21,
      deriving from the modification of the frequency of the VCO 20,
      automatically follows the variation in the frequency and instantaneously
      adopts the value of the delay of the register, retaining a fixed relation
      with the frequency of the loop. Moreover, if the working frequency is
      changed considerably, it is also possible to change the tap in the
      dividing chain 19.
PAR  Returning now to FIG. 3, the third element of each stage is illustrated as
      a phase-locked loop 4.sub.I, 4.sub.II, 4.sub.III, shown separated from the
      corresponding spectral line generators 3.sub.I, 3.sub.II, 3.sub.III, but
      in reality operated in conjunction therewith as aforedescribed and
      evidenced by FIGS. 4 and 6 of the drawings.
PAR  It is already apparent from the foregoing that, since the three stages I,
      II, III have a similar structure, the construction of the PSK synchronizer
      and demodulator is greatly facilitated, in spite of the fact that the
      working frequencies of each stage is not the same.
PAR  In fact, in the stage I, the generator 3.sub.I has the function of
      producing a frequency (2 f.sub.o) in relation with the frequency f.sub.o
      of the subcarrier; in the stage II, the generator 3.sub.II supplies the
      frequency 2F, which is twice the clock rhythm. In the stage III, the
      generator 3.sub.III supplies the frequency F of the clock rhythm and the
      reason for this arrangement will be shown.
PAR  It should be noted that these three stages and the three corresponding
      phase locked loops are of substantially identical make-up (see FIG. 6).
      Only the gain of these loops is modified in accordance with their working
      frequency, but the value of the capacitor of the loop filter may be the
      same for the three loops and, in the event of it being the same, enables
      action to be taken so that the band widths of the loops at 2F and F (in
      percentage of the frequency of the loop) are wider than on 2 f.sub.o.
      Instead of being divided by n, the loop band is divided only by .sqroot.n
      (n being the ratio f.sub.o /F).
PAR  This arrangement permits a relatively small acquisition time. It is known,
      in fact, that the greater the band width of the loop, the smaller is the
      acquisition time.
PAR  The subcarrier wave (or carrier) at frequency f.sub.o, modulated by the B
      .phi.S code, arrives at the amplifier 2.sub.I. As there are two
      transitions per period, the line generator 3.sub.I and the phase locked
      loop 4.sub.I operate on the frequency 2 f.sub.o. This is the reason why
      there is arranged at the output of the phase locked loop 4.sub.I a
      scale-of-two divider 5 which feeds one input of a multiplier 6, for
      example of analogue type.
PAR  To extract the binary message, the modulated wave is applied to the second
      input of the multiplier 6 at the same time as it is applied to the
      generator 3.sub.I. This multiplier therefore supplies the message at its
      output.
PAR  It is recalled that this message is coded in biphase S. The signals which
      are transmitted by the separating amplifier 2.sub.II to the spectral line
      generator 3.sub.II are therefore signals in biphase S. It is known that
      the biphase message is constituted by level stretches with a duration of 1
      bit and corresponding to the transitions from 0 to 1 or 1 to 0 of the NRZ
      message, and level stretches with a duration of 1/2 bit which are created
      by the transitions in the middle of the bit to mark its presence. This is
      why the elements 3.sub.II and 4.sub.II work, not on the frequency F, but
      on the frequency 2F, and it is necessary furthermore to provide a
      scale-of-two divider 7 at the output of the loop 4.sub.II so as to apply
      signals adapted to effect the demodulation of the message to an input of
      the multiplier 8. The message in biphase S taken off at the output of the
      separating amplifier 2.sub.II is applied to the other input of the
      multiplier 8. The signal obtained at the output of the multiplier 8 is in
      NRZ-M (with noise).
PAR  In fact, the B .phi.-S signal having been elaborated, on its emission, from
      the NRZ-M message, it is obvious that the multiplication of the B .phi.-S
      signal by the digital rate F in phase with this signal will restore the
      NRZ-M message at the output of the multiplier.
PAR  Now, the frequency 2F obtained from the second stage II, after division by
      2, presents an ambiguity of phase (this is F or F) and the detection of
      the NRZ-M signal makes it necessary to have the rhythm F without any
      ambiguity of phase.
PAR  This is why in this invention it is proposed to use an ambiguity
      eliminating device; in comparison with the conventional ambiguity
      eliminating devices (already mentioned hereinbefore) which have a limit
      working threshold, this device is particularly interesting for producing a
      synchronizer and demodulator with good efficiency and with a reduced
      detection or attainment time in relation to those in existence.
PAR  To this end, the elimination of ambiguity is ensured by a third stage with
      a structure similar to the preceding structures, but which locks on to the
      NRZ-M signal.
PAR  It may be observed that this time there is no longer any question of
      effecting a division of frequency by 2 at the output of the loop
      4.sub.III, since the rhythm F has been obtained.
PAR  When there is no pulse signal at the input of the synchronizer and
      demodulator, the frequencies of the stages II and III, namely 2F and F,
      are very close to the expected frequency. Moreover, these stages have a
      band width distinctly larger than that of the stage I. On this account,
      when the signal is applied at the input of the synchronizer and
      demodulator, the stage I locks by means of its phase locked loop 4.sub.I
      and at the same time the loops 4.sub.II and 4.sub.III of the stages II and
      III lock instantaneously. Moreover, the falling out of phase of the
      subcarrier loop 4.sub.I by a few cycles does not cause the other loops to
      fall out of phase.
PAR  The performances, as regards the probability of errors, obtained with a
      synchronizer and demodulator according to the invention are similar to
      those of a so-called "optimum" synchronizer and demodulator; the
      acquisition time is extremely limited and remains constant whatever the
      subcarrier frequency or the frequency of the digital rhythm, it is from 4
      to 10 times smaller than that of a so-called optimum synchronizer and
      modulator, while its working threshold is improved by 2 to 3 dB, which is
      advantageous in the presence of noise.
PAR  These characteristics are obviously valuable for a link with a ballistic
      device, in which any improvement in the efficiency and the reliability of
      the transmission has a big importance.
PAR  In practice, moreover, the synchronizer and demodulator is designed to
      operate with a PSK (B .phi.S) message for subcarriers of either 8192 Hz or
      1024 Hz and with rates of 64 or 8 bits/sec.
PAR  So as to reduce the noise band at the input, a bandpass filter 9, l0 is
      provided for each subcarrier. A switch 11a, 11b ensures the change-over of
      the circuits corresponding to each subcarrier and another switch 12a, 12b,
      12c that of the circuits in accordance with the bit rhythm, on the stage I
      and on the stages II and III, respectively, as shown in FIG. 3.
PAR  The clock rhythm F in phase with the signal is taken off at the output of
      the switch element 12b, after the stage III. As regards the bit detection,
      this is carried out in a manner known per se with the aid of an integrator
      14 with resetting to zero by the pulses at the clock rhythm delivered by a
      monostable 13, which integrator is followed by a decision circuit 15
      constituted by a trigger and followed by a sampler 16 constituted by a
      flip-flop likewise actuated by the pulses delivered by the monostable 13
      and by a code converter 17 effecting conversion into NRZ-C, which is the
      usual form of use of the message.
PAR  The integrator 14 with resetting to zero has, for example, the construction
      shown in FIG. 5. It comprises the series combination of a resistor 30 and
      a capacitor 31, at the input of which the signals to be integrated are
      applied. The zeroizing signals, at clock frequency F, are applied through
      the medium of a diode 32 connected in series to the base of a transistor
      33 the emitter-collector path of which shunts the capacitor 31. The output
      signals have the form shown at S. It is expedient to pass them through the
      decision circuit 15 which may take the form of a limiter or trigger before
      acting on the sampling element 16.
PAR  It will be noted that, so far, according to the diagram of FIG. 3, it has
      been laid down for each of the stages I, II, III that each stage is
      constituted by the association in series of a spectral line generator
      3.sub.I, 3.sub.II, 3.sub.III and a phase locked loop 4.sub.I, 4.sub.II,
      4.sub.III, which both operate on the same frequency f, this frequency
      being respectively equal to 2 f.sub.o, 2F and F for these three stages. In
      the circuit of FIG. 6 operating on the frequency f there are again found
      the elements of FIG. 4, which have been given the same reference numerals.
      Only the differences with respect to this latter Figure will therefore be
      noted.
PAR  The shift register 21 and the exclusive-OR circuit 22 have been combined
      into a "spectral line generator".
PAR  The dividing chain 19 has been split up into two parts 19a and 19b. The
      chain part 19a is formed by a series of flip-flops, the number of which is
      in keeping with the frequency of sampling of the register 21, so that if
      the register comprises m flip-flops with m = 2.sup.a, the number of
      flip-flops in the element 19a will be a + 1. In particular, if the
      register 21 comprises 8 flip-flops, the element 19a is constituted by 4
      flip-flops effecting a division by 16.
PAR  Moreover, the element 19a is arranged in such manner that it permits the
      restoration, at an output formed to this end, of the clock rate f shifted
      by + .pi./2 (or + 90.degree.), that is to say in phase with the signal to
      be demodulated.
PAR  The chain part 19b is composed of a series of flip-flops the number of
      which is in keeping with the frequency of the loop, making it possible to
      obtain, between the two outputs used, a division ratio of 8, which can be
      eliminated by the action of the switch 11b, 12a, 12b.
PAR  The arrangement of FIG. 6 can be used in the three stages I, II, III, with
      a suitable adaptation according to circumstances. If the arrangement of
      FIG. 6 relates to the top loop (f = 2 f.sub.o), the action of the switch
      11b enables a change to be made from the subcarrier frequency 1024 Hz to
      8192 Hz and the divider 5 is connected to the multiplier 6.
PAR  If the said arrangement relates to the intermediate stage II (f = 2 F), the
      action of the switch 12a permits a change to be made from the rhythm of 8
      bits/sec. to 64 bits/sec. and the divider 7 is connected to the multiplier
      8.
PAR  If the said arrangement relates to the third stage III (f = F), the action
      of the switch 12b, fast with 12a, permits the same change of rhythm. It
      should be noted that the connections in solid lines extending to the
      elements 6 or 8 and 5 or 7 are replaced by the connections in dash lines
      extending to the monostable 13.
PAR  With a demodulator carried into practice on this basis, the bandwidth of
      the loop 4.sub.I is not less than 2/1000 of the frequency of this loop and
      the tracking range is greater than .+-. 1.3% of the subcarrier frequency,
      while the acquisition range is greater than .+-. 7.3/1000 of the
      subcarrier frequency. The acquisition time is 7 seconds without shift of
      frequency and at the most 15 seconds for f.sub.o = 8192 Hz and F = 8
      bits/sec. and for E/No = 12dB (with E = energy per information bit and No
      = noise density). The stability of the system is such that after 40
      minutes of being under voltage the variation peak to peak of the
      subcarrier frequency is less than 10.sup.-.sup.3 over 11 hours, the input
      being connected to a wide-band noise source without an information signal.
PAR  The practical performances of a synchronizing and demodulating apparatus
      according to the invention are therefore as follows:
PAR  For f.sub.o = 1024 Hz and F = 64 bits/sec. or for f.sub.o = 8192 Hz and F =
      64 bits/sec. the acquisition of rhythm is automatic for E/No = + 6 dB, the
      maintenance of the synchronization is ensured without any bit slip down to
      E/No = + 3 dB, and the apparatus functions well as far as E/No = 0 dB.
PAR  For f.sub.o = 1024 Hz and F= 8 bits/sec, the apparatus works well up to
      E/No = + 4 dB. The maintenance of the synchronization is ensured without
      any bit slip up to E/No = + 6 dB.
PAR  For f.sub.o = 8192 Hz and F = 8 bits/sec, the apparatus works practically
      speaking for E/No of the order of + 11 dB and the maintenance of the
      synchronization is ensured as far as + 13 dB for E/No.
PAR  It is found that the practical curves of probability of error for the B
      .phi. S code and with a square waveform are situated at less than 2 dB
      from the theoretical PSK demodulation curve.
PAR  It is obvious that the embodiment described is only an example and that it
      would be possible to modify the same, in particular by substituting
      technical equivalents, without thereby departing from the scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A synchronizer-demodulator for demodulating a message coded in biphase
      S, which is carried, for transmission, by a subcarrier modulated in phase
      by said message, the composite signal formed by said message-modulated
      subcarrier having a continuous spectrum, said biphase S code being derived
      from an NRZ-M code by an inversion in the direction of a transition
      delayed by a half-period of a bit for manifesting a 1 digit, said NRZ-M
      code being defined by the appearance of a 1 digit causing a transition in
      level either positive or negative according to whether the immediately
      preceding level was respectively low or high, the appearance of 0 digits
      having no effect on the level, said synchronizer-demodulator comprising:
      extraction means for extracting said message coded in NRZ-M from said
      composite signal; a spectral line generator means, which includes means
      for delaying an input signal applied thereto and multiplication means for
      multiplying said input signal by said delayed version of said input
      signal, for regenerating the spectral line at the rhythm F of said
      message; connection means for connecting as said input signal to said
      generator said NRZ-M coded message provided by said extraction means; a
      phase locked loop which includes a voltage controlled oscillator
      oscillating at said rhythm F; and connecting means for transmitting the
      signals at said rhythm F supplied by said spectral line generator means to
      said phase locked loop; means connected to receive the output from said
      loop for detecting the information of said NRZ-M coded message.
NUM  2.
PAR  2. The synchronizer-demodulator as set forth in claim 1, in which said
      extraction means comprises: two connected stages each having substantially
      identical structure; the first of said stages comprising the serial
      connection of a spectral line generator producing a frequency of twice the
      frequency f.sub.o of said subcarrier, a phase locked loop having a
      voltage-controlled oscillator operating at the frequency 2f.sub.o, and a
      scale-of-two frequency divider; the second of said stages comprising the
      serial connection of a spectral line generator producing a frequency of
      twice said rhythm F, a phase locked loop having a voltage controlled
      oscillator operating at the frequency 2F, and a scale-of-two frequency
      divider, means responsive to said modulated subcarrier and the output from
      said scale-of-two frequency divider of said first stage for demodulating
      said message, said demodulated message then being applied as the input to
      said second stage.
NUM  3.
PAR  3. The synchronizer-demodulator as set forth in claim 2 wherein the second
      of said two substantially identical stages further includes a multiplier
      used as an output means; said synchronizer-demodulator further including
      means for selectively receiving one of at least two different subcarrier
      frequencies and for causing said voltage controlled oscillator of said
      first stage to oscillate at said one of at least two different subcarrier
      frequencies which comprise at least two band-pass filters each adapted to
      transmit a distinct respective one of said sub-carrier frequencies, a
      first switching and connecting element adapted to transmit said message
      from the output of a respective band-pass filter to the input of said
      first stage, a second switching element connected to said phase locked
      loop circuit of said first stage, a third switching element connected to
      said phase locked loop circuit of said second stage, connection means for
      connecting said demodulator means of said first stage to said second
      stage, and means for concomitantly operating said first and second
      switching elements.
NUM  4.
PAR  4. The synchronizer-demodulator as set forth in claim 1, in which said
      delaying means includes shift register means for providing said delayed
      version of said input signal.
NUM  5.
PAR  5. A spectral line generator for extracting from an input signal at a given
      frequency, which input signal carries no energy at said frequency, an
      output signal with energy at said frequency, which comprises: shift
      register means which comprises a series of cascade connected flip-flops
      for delaying said input signal; means for multiplying said input signal
      with a delayed version thereof as supplied by said shift register means;
      and means for driving said shift register which comprises a phase locked
      loop which receives as an input signal the output from said multiplying
      means, said loop including dividing means an output of which drives said
      shift register means so as to change the states of said flip-flops and
      output means for delivering said output signal having energy at said
      frequency.
NUM  6.
PAR  6. The line generator as set forth in claim 5, wherein said multiplying
      means comprises an analog multiplier.
NUM  7.
PAR  7. The line generator as set forth in claim 5, wherein said multiplication
      means comprises a binary digital multiplier.
NUM  8.
PAR  8. The line generator as set forth in claim 5, wherein said multiplication
      means comprises an exclusive-OR gate.
NUM  9.
PAR  9. The line generator as set forth in claim 5, wherein said shift register
      means comprises m flip-flops, wherein m = 2.sup.a, and wherein said
      dividing means comprises at least n flip-flops, wherein n = a + 1, and a
      is an integer.
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PAL  The invention discloses a system for synthesizing first and second
      recording or transmission signals adaptable for both of a discrete
      four-channel stereo sound reproducing system and a matrix four-channel
      stereo sound reproducing system. The first recording or transmission
      signal includes a first audio main signal and a first carrier signal
      frequency modulated by a first audio sub-signal, whereas the second
      recording or transmission signal includes a second audio main signal and a
      second carrier signal frequency modulated by a second audio sub-signal.
      Each of the first and second audio main signals is formed by combining
      four sound signals with a predetermined amplitude ratio and a
      predetermined phase relationship, whereas each of the first and second
      sub-signals is formed by combining three of the four sound signals with a
      predetermined amplitude ratio and a predetermined phase relationship. The
      first and second main signals are used to effect the matrix four-channel
      sound reproduction, while a combination of the first and second main
      signals and the first and second sub-signals is used to effect the
      discrete four-channel sound reproduction.
BSUM
PAR  This invention relates to a four-channel stereo system that can be used for
      both of a discrete four-channel system and a matrix four-channel system.
PAR  Various types of four-channel stereo systems have been developed recently.
      At present a discrete four-channel system and a matrix four-channel system
      are used most widely. However, these two systems are not compatible. In
      other words, stereo phonograph records recorded by the discrete
      four-channel system can not be used for the four-channel reproduction with
      a matrix four-channel reproducing system. On the other hand, stereo
      phonograph records recorded by the matrix four-channel system can not be
      used for the four-channel reproduction with a discrete four-channel
      reproducing system. This is because signals utilized in these systems have
      different signal compositions. For this reason, in order to provide a
      four-channel reproduction of such stereo records, it is necessary to use
      different reproducing systems or decoders for the different four-channel
      systems.
PAR  When recording sound signals on a stereo phonograph record with the
      discrete four-channel system, if the same signal exists concurrently on
      the four-channels the grooves of the phonograph record will be over-cut in
      the direction of the surface of the record. Such over-cutting causes an
      adverse effect on the carrier signals thereby making it difficult to
      reproduce four-channel signals at high fidelities.
PAR  It is therefore an object of this invention to provide a signal
      synthesizing systemm which can be used with equal efficacies in both of
      the discrete four-channel system and the matrix four-channel system.
PAR  Another object of this invention is to provide a sound recording method
      capable of decreasing an over-cutting due to audio signal components which
      affects carrier components, when recording on a stereo phonographic record
      the audio signal components and carrier signal components which are
      frequency modulated by the audio signals and having frequencies above
      audible frequencies.
PAR  According to one aspect of this invention there is provided a signal
      synthesizing system for forming first and second recording or transmission
      signals from first to fourth sound signals, the first and second recording
      or transmission signals being usable for four-channel stereo sound
      reproducing systems of different type, said system comprising first means
      for combining a first sound signal, a portion of a second sound signal, a
      third sound signal and a portion of a fourth sound signal with a
      predetermined phase relationship therebetween to form a first main signal;
      second means for combining a portion of the first sound signal, the second
      sound signal, a portion of the third sound signal and the fourth sound
      signal with a predetermined phase relationship therebetween to form a
      second main signal; third means for combining the first sound signal, the
      third sound signal and a portion of the fourth sound signal with a
      predetermined phase relationship therebetween to form a first sub-signal;
      fourth means for combining the second sound signal, a portion of the third
      sound signal and the fourth sound signal with a predetermined phase
      relationship therebetween to form a second sub-signal; fifth means for
      performing frequency modulation of a first carrier signal in accordance
      with the first sub-signal, sixth means for performing frequency modulation
      of a second carrier signal in accordance with the second sub-signal; means
      for adding the first main signal and the frequency modulated first carrier
      signal to form the first recording or transmission signal; and means for
      adding the second main signal and the frequency modulated second carrier
      signal to form the second recording or transmission signal.
PAR  According to another aspect of this invention there is provided a method of
      recording first and second recording signals which can be used for
      different types of four-channel stereo sound reproducing systems on the
      first and second channels of a two-channel stereo sound recording medium,
      said method comprising the steps of combining a first sound signal, a
      portion of a second sound signal, a third sound signal and a portion of a
      fourth sound signal with a predetermined phase relationship therebetween
      to form a first main signal; combining the first sound signal, the third
      sound signal and a portion of the fourth sound signal with a predetermined
      phase relationship therebetween to form a first sub-signal, frequency
      modulating a first carrier signal with the first sub-signal; recording the
      first main signal and the frequency modulated first carrier signal on the
      first channel; combining a portion of the first sound signal, the second
      sound signal, a portion of the third sound signal and the fourth sound
      signal with a predetermined phase relationship therebetween to form a
      second main signal; combining the second sound signal, a portion of the
      third sound signal and the fourth sound signal with a predetermined phase
      relationship therebetween to form a second sub-signal; frequency
      modulating a second carrier signal with the second sub-signal; and
      recording the second main signal and the frequency modulated second
      carrier signal on the second channel.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in connection with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a block diagram showing a discrete four-channel sound recording
      system;
PAR  FIG. 2 is a block diagram showing a discrete four-channel sound reproducing
      system;
PAR  FIG. 3 is a block diagram showing a matrix four-channel sound recording
      system;
PAR  FIG. 4 is a block diagram showing a matrix four-channel sound reproducing
      system;
PAR  FIG. 5 is a cutting vector diagram in case of the discrete four-channel
      system when the same signal exists in the four channels;
PAR  FIG. 6 is a cutting vector diagram in case of the matrix four-channel
      system when the same signal exists in the four channels;
PAR  FIGS. 7A to 7D are diagrams showing separation characteristics between
      respective output channels of a conventional discrete four-channel sound
      reproducing system when the sound signal synthesizing system of the
      invention is used;
PAR  FIGS. 8A to 8D are diagrams showing separation characteristics between
      respective output channels of a discrete four-channel sound reproducing
      system adapted for the sound signal synthesizing system of the invention;
PAR  FIG. 9 is a block diagram of one embodiment of this invention for
      synthesizing first and second recording signals or transmission signals
      compatible with both of the discrete four-channel system and the matrix
      four-channel system; and
PAR  FIG. 10 is a block diagram of a discrete four-channel sound reproducing
      system embodying the invention.
DETD
PAR  To have a better understanding of the invention conventional discrete
      four-channel sound recording and reproducing systems and conventional
      matrix four-channel sound recording and reproducing systems will first be
      described.
PAR  A discrete four-channel sound recording system diagrammatically shown in
      FIG. 1 comprises four microphones MLF, MRF, MLB and MRB, for example,
      which are located in a sound field 1, and a matrix circuit 2 for effecting
      the matrix conversion of the first to fourth sound signals LF, RF, RB and
      LB picked-up by respective microphones to produce first and second main
      signals L and R, and first and second sub-signals A and B, respectively.
      The sub-signals A and B are sent to a modulator 4 to effect the frequency
      modulation of first and second carrier signals, respectively, which have
      frequencies within a frequency range of from 30 kHz to 35 kHz. The first
      and second carrier signals AFM and BFM frequency modulated in this manner
      are applied to a matrix circuit 3 or an adder together with the first and
      second main signals L and R for producing first and second recording
      signals LT and RT. These recording signals are amplified by an amplifier 5
      and the output thereof is applied to a well known sound groove cutter 6
      which is used to cut sound grooves on the surface of a lacquer disc 7.
      Accordingly, sound signals having a frequency of from 20 Hz to 15 kHz and
      carrier signals frequency modulated by sound signals having frequencies of
      from 20 kHz to 45 kHz are recorded on the lacquer disc 7.
PAR  The first and second main signals L and R and the first and second
      sub-signals A and B which are produced by the matrix circuit 2 and the
      first and second recording signals LT1 and RT1 which are produced by the
      matrix circuit 3 are expressed by the following equations, respectively.
TBL  ______________________________________                                    

     L = LF + LB                                                               

     R = RF + RB                                                               

     A = LF - LB                                                               

     B = RF - RB            (1)                                                

     LT1 = L + AFM and                                                         

     RT1 = R + BFM                                                             

     ______________________________________                                    

PAR  In order to reproduce sound signals from a stereo phonographic record which
      has been recorded with four-channel sound signals in a manner described
      above, a reproducing system shown in FIG. 2 is used. Thus, the first and
      second signals LT1 and RT1 reproduced from a stereo phonographic record by
      means of a cartridge 8 are supplied to a lowpass filter 10 and a bandpass
      filter 12 via an equalizer 9 to obtain the first and second main signals L
      and R and the first and second frequency modulated carrier signals AFM and
      BFM. These carrier signals are supplied to a demodulator 13 to obtain
      first and second sub-signals A and B. The first and second main signals L
      and R and the first and second sub-signals A and B are converted into four
      signals RF1, LF1, LB1 and RB1 by the operation of a matrix circuit 11.
      These signals RF1, LF1, LB1 and RB1 are supplied to loudspeakers SRF, SLF,
      SLB and SRB, respectively, which are disposed about a listener 15. The
      reproduced signals LF1, RF1, LB1 and RB1 are expressed by the following
      equations, respectively.
TBL  ______________________________________                                    

     LF1 = L + A = (LF+LB) + (LF-LB) = 2LF                                     

     RF1 = R + B = (RF+RB) + (RF-RB) = 2RF                                     

                                  (2)                                          

     LB1 = L - A = (LF+LB) - (LF-LB) = 2LB                                     

     RB1 = R - B = (RF+RB) - (RF-RB) = 2RB                                     

     ______________________________________                                    

PAR  As can be noted from these equations, the discrete four-channel system is
      characterized in that the separations between respective channels are
      substantially infinity.
PAR  However, in the discrete four-channel system, the main signal L of the left
      channel is equal to the sum of the left-front signal LF and the left-back
      signal LB whereas the main signal R of the right channel is equal to the
      sum of the right-front signal RF and the right-back signal RB so that
      where the same signal exists concurrently in the four channels, the
      amplitudes of the left channel signal L and the right channel signal R are
      doubled, respectively as shown in FIG. 5. Accordingly, it will be noted
      that the amplitude of the signal in the horizontal direction of the
      phonographic record will be increased by a factor of about 2.sqroot.2 (+9
      dB) when compared with a single channel input, thus resulting in an
      over-cutting of the sound groove. Such over-cutting causes an undesirable
      dropout of the carrier signal components at the time of reproduction and
      the introduction of the harmonic distortion components of the main signals
      caused by a pinch effect and the like into the carrier signal components.
PAR  In the case of the matrix four-channel system, as can be noted from its
      sound recording system shown in FIG. 3, the sound signals LF, LB, RB and
      RF are converted into first and second recording signals LT2 and RT2 which
      are expressed by the following equations by the operation of an encoder 20
      of the well known construction.
TBL  ______________________________________                                    

     LT2 = LF + .DELTA.RF + jLB + J.DELTA.RB                                   

     RT2 = RF + .DELTA.LF - jRB - j.DELTA.LB                                   

                               (3)                                             

     ______________________________________                                    

PAL  where .DELTA. is a matrix coefficient equal to about 0.4.
PAR  The signals LT2 and RT2 reproduced from a matrix phonographic record are
      converted into four outputs expressed by the following equations
      respectively by the operation of a decoder 40 including a well known
      matrix circuit 41 and phase shifters 42, 43, 44 and 45.
TBL  ______________________________________                                    

     LF2 = LT2 + .DELTA.RT2                                                    

     RF2 = RT2 + .DELTA.LT2                                                    

                            (4)                                                

     LB2 = -j(LT2 - .DELTA.RT2)                                                

     RB2 = j(RT2 - .DELTA.LT2)                                                 

     ______________________________________                                    

PAR  Thus in the matrix four-channel system, the four-channel reproduced signals
      are obtained by adding the left-signal LT2 and the right-signal RT2 at a
      predetermined amplitude ratio and by subtracting the left and right
      signals at a predetermined amplitude ratio.
PAR  In the matrix four-channel system, as can be noted from the cutting vector
      diagram shown in FIG. 6, where the same input signal exists at the same
      time in the four channels, the increase in the amplitude in the horizontal
      direction of the phonographic record is only about 1.84 time (+5.3 dB). In
      this case, since the phase difference between first and second signals is
      equal to 90.degree., the sound groove cutter moves along a circular path.
      In other words, the movement of the sound groove cutter will not be so
      great in the horizontal direction of the phonographic record as the
      discrete system above-mentioned.
PAR  For this reason, by utilizing the left and right signals LT2 and RT2 of the
      matrix four-channel system as the first and second main signals L and R of
      the discrete four-channel system, it is possible to lower the peak level
      of the main signals by about 3.7 dB than the conventional discrete
      four-channel system thus alleviating the adverse effect upon carrier
      signals. To reproduce the sound signals by the discrete four-channel
      syystem, it is necessary to cause the first and second sub-signals to have
      signal constructions corresponding to those of the main signals.
PAR  To accomplish this object, according to this invention, the first and
      second main signals L and R and the first and second sub-signals A and B
      are composed as follows.
TBL  ______________________________________                                    

     L = LF + jLB + .DELTA.(RF+jRB),                                           

     R = RF - jRB + .DELTA.(LF-jLB),                                           

                              (5)                                              

     A = LF - jLB - j.DELTA.RB and                                             

     B = RF + jRB + j.DELTA.LB                                                 

     ______________________________________                                    

PAR  When these signals are used, the reproduced output signals produced by the
      discrete four-channel reproducing system shown in FIG. 2 are expressed by
      the following equations, respectively.
TBL  ______________________________________                                    

     LF1 = L + A = 2LF + .DELTA.RF                                             

     RF1 = R + B = 2RF + .DELTA.LF                                             

                                 (6)                                           

     LB1 = L - A = j2LB + .DELTA.RF + j.DELTA.2RB                              

     RB1 = R - B = -j2RB + .DELTA.LF - j.DELTA.2LB                             

     ______________________________________                                    

PAR  As shown by the separation characteristics between these reproduced output
      signals shown in FIGS. 7A to 7D, even with a conventional discrete
      four-channel reproducing system it is possible to enjoy four-channel
      stereo reproduction sufficiently.
PAR  More improved separations between channels can be realized by performing
      simple mathematical operations between signals. First, the following
      operations are performed for the purpose of making substantially infinity
      the separation between the left-front channel and the right-front channel.
      ##EQU1##
PAR  Further, for the purpose of making substantially infinity the separation
      between the left-back channel and the right-front channel as well as the
      separation between the right-back channel and the left-front channel, the
      following operations are performed.
TBL  ______________________________________                                    

     LB1' = LB1 - .DELTA.RF = j2LB + j.DELTA.2RB                               

     RB1' = RB1 - .DELTA.LF = -j2RB - j.DELTA.2LB                              

                                 (8)                                           

     ______________________________________                                    

PAR  Similarly, for the purpose of making substantially infinity the separation
      between the left-back channel and the rightback channel, the following
      operations are performed.
TBL  ______________________________________                                    

     LB3 = LB1' + .DELTA.RB1' = j2(1-.DELTA..sup.2)LB                          

     RB3 = RB1' + .DELTA.LB1' = -j2(1-.DELTA..sup.2)RB                         

                                 (9)                                           

     ______________________________________                                    

PAR  If these signals LF3, RF3, LB3 and RB3 are used as the four-channel
      reproduced outputs, it would be possible to make the separations between
      respective channels substantially infinity as shown by FIGS. 8A to 8D.
PAR  One example of a system for synthesizing the first and second main signals
      L and R and the first and second subsignals A and B which are expressed by
      the equation (5) will now be described with reference to the block diagram
      shown in FIG. 9. More particularly, first and second sound signals LF and
      RF are applied respectively to phase shifters 51 and 52 having the same
      phase shifting characteristic over the entire acoustic frequency band,
      whereas the third and fourth sound signals LB and RB are applied to phase
      shifters 53 and 54 having phase shifting characteristics of .+-.90.degree.
      difference with respect to those of phase shifters 51 and 52 respectively.
      Accordingly, when the outputs from phase shifters 51 and 52 are denoted by
      LF and RF, respectively, it can be readily understood that the outputs
      from phase shifters 53 and 54 are shown by +jLB and -jRB respectively.
PAR  The outputs from phase shifters 53 and 54 are applied to phase splitters 55
      and 56 respectively.
PAR  The output LF from phase shifter 51 and one output +jLB from phase splitter
      55 are supplied to a first adder 57 and the output RF from phase shifter
      52 and one output +jRB from phase splitter 56 are also supplied to the
      same adder 57 respectively through attenuators 61 and 62 which multiply
      the amplitudes of the input signals with .DELTA.. Accordingly, the adder
      57 produces the first main signal L expressed by the equation (5). A
      second adder 58 is supplied with the output RF from the phase shifter 52,
      the output -jRB from the phase splitter 56, the output LF from the phase
      shifter 51 and the output -jLB from the phase splitter 55 which have been
      attenuated by attenuators 63 and 64 respectively, whereby the second main
      signal R expressed by the equation (5) is produced. A third adder 59 is
      connected to receive the output LF from the phase shifter 51, the output
      -jLB from the phase splitter 55 and the output -jRB from the phase
      splitter 56 which has been attenuated by an attenuator 65 whereby the
      first sub-signal A expressed by the equation (5) is formed. A fourth adder
      60 is connected to receive the output RF from the phase shifter 52, the
      output +jRB from the phase splitter 56 and the output +jLB from the phase
      splitter 55 has been attenuated by an attenuator 66, thereby forming the
      second sub-signal B expressed by the equation (5).
PAR  The first sub-signal A is applied to a modulator 67 to frequency modulate a
      first carrier signal have a frequency in a range of from 30 kHz to 35 kHz.
      Similarly, the second sub-signal B is supplied to a modulator 68 to
      frequency modulate a second carrier signal having a frequency in a range
      of from 30 kHz to 35 kHz. The first main signal L and the frequency
      modulated first carrier signal AFM are supplied to an adder 69 to form a
      first recording or transmission signal LT, whereas the second main signal
      R and the frequency modulated second carrier signal BFM are applied to an
      adder 70 to form a second recording or transmission signal RT.
PAR  A discrete four-channel sound reproducing system for reproducing sound
      signals from the first and second signals LT and RT synthesized as
      mentioned above will be described hereunder with reference to the block
      diagram shown in FIG. 10.
PAR  Filters 75 are provided to separately derive out first and second main
      signals L and R and first and second carrier signals AFM and BFM from the
      first and second signals LT and RT. The first and second carrier signals
      AFM and BFM are supplied to demodulators 76 and 77 respectively to
      demodulate first and second sub-signals A and B, respectively. A first
      matrix circuit 78 forms a sum signal L + A(LF1) and a second matrix
      circuit 79 forms a sum signal R + B(RF1). In the same manner, a third
      matrix circuit 80 forms a difference signal L - A(LB1) and a fourth matrix
      circuit 81 forms a difference signal R - B(RB1). The outputs from the
      first to fourth matrix circuits 78, 79, 80 and 81 are applied to the
      respective base electrodes of transistors 82 to 85. The outputs from
      transistors 82 and 83 are respectively applied to phase shifters 86 and 87
      having the same phase shift characteristics over the entire audio
      frequency band, whereas the output from transistor 84 is supplied to a
      phase shifter 88 having a phase shift characteristic of -90.degree.
      difference with respect to those of phase shifters 86 and 87. The output
      from transistor 85 is applied to a phase shifter 89 having a phase shift
      characteristic of +90.degree. difference with respect to those of phase
      shifters 86 and 87.
PAR  A resistor 90 is connected across the emitter electrodes of transistors 82
      and 83 to perform the operation expressed by equation (7). Similarly, a
      resistor 91 connected across the collector electrode of transistor 83 and
      the base electrode of transistor 84, and a resistor 92 connected across
      the collector electrode of transistor 82 and the base electrode of
      transistor 85 perform the operation expressed by equation (8). A resistor
      93 connected between the collectors of transistors 84 and 85 performs the
      operation expressed by the equation (9). In this manner by merely adding
      four resistors, it is possible to produce perfectly isolated or discrete
      four reproduced outputs LF3, RF3, LB3 and RB3. It should be understood
      that phase shifters 86, 87, 88 and 89 are not always necessary.
PAR  In the case of the matrix four-channel sound reproduction, by using the
      reproducing system shown in FIG. 4, it is possible to provide the
      four-channel stereo signal reproduction from the reproduced output signals
      LB2, LF2, RF2 and RB2 in the same manner as in the prior art reproduction
      system. In the case of the matrix four-channel reproduction, a
      conventional cartridge having a reproducing capability of from 20 Hz to 20
      kHz may be used as the pick-up cartridge 46. Under these conditions, only
      the first and second main signals L and R are reproduced and supplied to
      decoder 40.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A signal synthesizing system for forming first and second recording or
      transmission signals from first, second, third and fourth sound signals
      LF, RF, LB and RB, said first recording or transmission signal containing
      a first main signal L and a first sub-signal A, said second recording or
      transmission signal containing a second main signal R and a second
      sub-signal B, said first and second main signals being adapted for a
      matrix four-channel reproduction system, and said first and second main
      signals and said first and second sub-signals being adapted for a discrete
      four-channel reproduction system; said synthesizing system comprising:
PA1  first means for combining said first sound signal, an amplitude portion of
      said second sound signal, said third sound signal and an amplitude portion
      of said fourth sound signal with a predetermined phase relationship
      therebetween to form said first main signal;
PA1  second means for combining an amplitude portion of said first sound signal,
      said second sound signal, an amplitude portion of said third sound signal,
      and said fourth sound signal with a predetermined phase relationship
      therebetween to form said second main signal, said first and second sound
      signals in said second main signal being in phase with said first and
      second sound signals in said first main signal, respectively, and said
      third and fourth sound signals in said second main signal being
      180.degree. out of phase with said third and fourth sound signals in said
      first main signal, respectively;
PA1  third means for combining said first sound signal, said third sound signal
      and an amplitude portion of said fourth sound signal with a predetermined
      phase relationship therebetween to form said first sub-signal, said first
      sound signal in said first sub-signal being in phase with said first sound
      signal in said first main signal, and said third and fourth sound signals
      in said first sub-signal being 180.degree. out of phase with said third
      and fourth sound signals in said first main signal, respectively
PA1  fourth means for combining said second sound signal, an amplitude portion
      of said third sound signal, and said fourth sound signal with a
      predetermined phase relationship therebetween to form said second
      sub-signal, said second sound signal in said second sub-signal being in
      phase with said second sound signal in said second main signal, and said
      third and fourth sound signals in said second sub-signal being 180.degree.
      out of phase with said third and fourth sound signals in said second main
      signal, respectively;
PA1  with said first and second main signals L and R and said first and second
      sub-signals A and B related to said first to fourth sound signals LF, RF,
      LB and RB according to the following equations
PA1  L = lf + .DELTA.rf + jLB + J.DELTA.RB,
PA1  R = rf + .DELTA.lf - jRB - j.DELTA.LB,
PA1  A = lf - jLB - j.DELTA.RB and
PA1  B = rf + jRB + j.DELTA.LB
PAL  where .DELTA. represents a matrix coefficient ranging from 0 to 1;
PA1  fifth means for frequency-modulating a first carrier signal in accordance
      with said first sub-signal;
PA1  sixth means for frequency-modulating a second carrier signal in accordance
      with said second sub-signal;
PA1  means for adding said first main signal and the frequency-modulated first
      carrier signal to produce said first recording or transmission signal; and
PA1  means for adding said second main signal and the frequency-modulated second
      carrier signal to produce said second recording or transmission signal.
NUM  2.
PAR  2. A demodulator for demodulating the first and second recording or
      transmission signals as defined in claim 1 to reproduce respective sound
      signals contained in said recording or transmission signals, said
      demodulator comprising:
PA1  means for independently deriving out said first main signal L, said second
      main signal R, said first sub-signal A and said second sub-signal B from
      said first and second recording or transmission signals;
PA1  first means for producing a first sum signal of said first main signal and
      said first sub-signal;
PA1  second means for producing a second sum signal of said second main signal
      and said second sub-signal;
PA1  third means for producing a first difference signal of said first main
      signal and said first sub-signal; and
PA1  fourth means for producing a second difference signal of said second main
      signal and said second sub-signal.
NUM  3.
PAR  3. A demodulator according to claim 2 which further comprises means for
      adding with opposite polarity an amplitude portion of said second sum
      signal to said first sum signal and means for adding with opposite
      polarity an amplitude portion of first sum signal to said second sum
      signal.
NUM  4.
PAR  4. A demodulator according to claim 2 which further comprises fifth means
      for adding with opposite polarity an amplitude portion of said second sum
      signal to said first sum signal and for adding with opposite polarity an
      amplitude portion of said first sum signal to said second sum signal;
PA1  sixth means for adding with opposite polarity an amplitude portion of the
      sum of said first sum signal and an amplitude portion of said second sum
      signal of opposite polarity to said first difference signal; and
PA1  seventh means for adding with opposite polarity an amplitude portion of the
      sum of said second sum signal and an amplitude portion of said first sum
      signal of opposite polarity to said second difference signal.
NUM  5.
PAR  5. A demodulator according to claim 4 which further comprises means for
      adding the output of said sixth means to an amplitude portion of the
      output of said seventh means and for adding the output of said seventh
      means to an amplitude portion of the output of said sixth means.
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ABST
PAL  An electric circuit in an electric impulse transmitter which is responsive
      to the cessation of line current, except during loop-break impulses, to
      provide a clearing signal for storage circuits of said impulse
      transmitter.
BSUM
PAR  The present invention relates to electric impulse transmitters for
      telephone instruments.
PAR  In particular the invention is concerned with electric impulse transmitters
      including electric storage circuits in which decimal or other digit values
      are stored while awaiting signalling to associated exchange equipment.
      Such an impulse transmitter is described in U.S. Pat. No. 3,601,552.
PAR  According to one aspect of the present invention in an electric impulse
      transmitter for a telephone instrument, which impulse transmitter is
      arranged to signal over a looped line to associated exchange equipment the
      digit values of a telephone number to be called, which digit values are
      arranged to be stored temporarily in electric storage circuits in said
      impulse transmitter, by means of trains of impulses comprising alternate
      loop make and loop break periods, there is provided electric circuit means
      responsive to the cessation of current in said line, except during loop
      break periods of said trains of impulses, to provide a clear signal for
      said electric storage circuits.
PAR  According to another aspect of the present invention in an electric impulse
      transmitter for a push button telephone instrument including electric
      storage means for storing digit values selected by operation of respective
      push-buttons of the instrument and electric impulse generator means for
      generating trains of impulses representative of the digit values stored in
      said storage means, there are provided electric circuit means responsive
      to the cessation of line current to the instrument, except during
      loop-break periods of said trains of impulses, to provide a clear signal
      for said electric storage means.
PAR  Preferably said electric circuit means is prevented from providing said
      clear signal during said loop-break periods by a signal from the output of
      said impulse generator means.
PAR  An electric impulse transmitter for a telephone instrument in accordance
      with the present invention will now be described with reference to the
      accompanying drawing, which shows parts of the impulse transmitter
      schematically.
DETD
PAR  Referring to the drawing the impulse transmitter comprises a set of 10 push
      buttons, represented by the block 1, one pushbutton for each decimal digit
      value, by means of which electric signals representing the digit values of
      a telephone number to be called are entered in an electric storage circuit
      2. Output circuits of the storage circuit 2 are arranged to apply trains
      of impulses in respect of these digit values, typically at a rate of 10
      impulses per second, to an electromagnetic relay 3 whose contacts 4 are
      arranged to be connected in a conductive path 5 in the telephone
      instrument (not shown) between line terminals 6 and 7. By this means the
      digit values entered in the storage circuit 2 are signalled to the
      associated exchange equipment (not shown) as trains of alternate
      line-loop-make and -break periods, as in conventional dialling.
PAR  The electric storage circuit 2 and other electric circuits of the impulse
      transmitter are energised when required by way of a power supply circuit
      8, which may include a secondary battery which is recharged from an
      exchange source during the course of telephone conversations, as described
      in U.S. Pat. No. 3,601,552, or when the instrument is idle. Alternatively,
      as will be assumed in the following description, the power supply circuit
      may comprise a large-value capacitor (not shown) which is arranged to be
      charged from an exchange source while the impulse transmitter is in use,
      during the line loop-make periods.
PAR  The storage circuit 2, which utilises metal oxide semiconductor (MOS)
      four-phase logic circuits, is arranged to provide an "off-normal" signal
      on a path 9 when one or more decimal digit values have been selected and
      entered in the storage circuit 2 by means of the pushbuttons but not yet
      signalled to the exchange equipment. This off-normal signal is arranged to
      apply energising current from the circuit 8 to a clockpulse generator 10
      which provides two interlaced trains of clockpulses for energising and
      timing the operation of the storage circuit 2. These pulse trains may each
      have a repetition rate of twenty thousand pulses per second and an
      amplitude of nineteen volts.
PAR  The clockpulse generator 10 also provides a steady voltage of nineteen
      volts between lines 11 and 12 for energising a clear and reset circuit 13
      and a strobing circuit 14 provides a brief pulse upon operation of any one
      of the ten pushbuttons, this pulse being utilised to enter the
      corresponding digit value in the storage circuit 2, as described in U.S.
      Pat. No. 3,601,552.
PAR  The clear and reset circuit 13 comprises an n-p-n junction transistor 15
      which is arranged to be biased on or off in dependence upon current flow
      through a buffer amplifier comprising a p-n-p transistor 16, such that
      when the transistor 16 is conducting the transistor 15 is also conducting.
      By way of diodes 17 and 18 and a return path through the power supply
      circuit 8 and the clockpulse generator 10, a voltage is set up across a
      resistor 19 whenever the impulse generator is in use such as to forward
      bias the baseemitter junction of the transistor 16 by way of a resistor
      20.
PAR  When the telephone line is looped at the start of a call and any one of the
      set of ten pushbuttons 1 is pressed to select the associated decimal value
      as the first digit of a telephone number to be called, the capacitor (not
      shown) in the power supply circuit 8 commences to charge from the line by
      way of the diode bridge 21, and the voltage which appears across the
      resistor 19 causes the clockpulse generator 10 to be brought into
      operation for a few milliseconds. The resulting steady voltage generated
      between the lines 11 and 12, applied across a resistor-capacitor bias
      network 22 causes a further transistor 23 to be biased into conduction, so
      that in response to the initial flow of line current to the instrument the
      transistor 16 and 15 are held non-conducting for a few milliseconds to
      apply the potential of the line 12 as a clear and reset signal over the
      path 24 to prepare the storage circuit 2 for reception of the first digit
      value. When the transistor 23 subsequently becomes nonconducting and the
      transistors 16 and 15 are biased into conduction, the clear and reset
      signal ceases and the first digit value is entered in the storage circuit
      2. As long as this digit value or any subsequent digit value, or any
      remainder, is held in the storage circuit 2 the "off normal" signal
      generated by the storage circuit 2 and applied to the power supply circuit
      8 over the path 9 will take over and hold the clockpulse generator 10 in
      operation.
PAR  The size of the power storage capacitor (not shown) in the power supply
      circuit 8 is chosen to hold sufficient charge to maintain operation of the
      clockpulse generator 10, and hence the storage circuit 2, during intervals
      when the impulsing contacts 4 break the line loop during signalling of the
      stored digit values to the exchange. During these loop-break intervals the
      voltage across the resistor 19 falls to zero, and in order to maintain the
      transistors 16 and 15 in conduction and avoid the generation of a clear
      and reset signal, an alternative forward bias for the base emitter
      junction of the transistor 16 during the loop-break intervals is obtained
      from the drive circuit for the relay 3, whose contacts 4 break the loop,
      by way of a diode 25 and a resistor 26. The bias paths to the base
      electrode of the transistor 16 by way of the resistors 20 and 26 act as an
      "OR" gating arrangement.
PAR  If the loop is interrupted in any way other than by operation of the
      contacts 4 while digit values remain in the storage circuit 2, for example
      by operation of gravity switch contacts of the telephone instrument when
      the handset thereof (not shown) is replaced, the voltage across the
      resistor 19 falls to zero and the transistors 16 and 15 become
      nonconducting. The storage circuit 2 is thereupon cleared before the
      clockpulse generator 10 ceases operation, so that any digit values held in
      the circuit 2 cannot survive a brief loop interruption.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electric impulse transmitter for a telephone instrument including
      electric storage means for storing digit values in respect of a telephone
      number to be called and electric impulse generator means for generating
      trains of impulses representative of the digit values stored in said
      storage means, wherein there are provided electric circuit means
      responsive to the cessation of line current to the instrument, except
      during loop-break periods of said trains of impulses, to provide a clear
      signal for said electric storage means.
NUM  2.
PAR  2. An electric impulse transmitter in accordance with claim 1 wherein said
      electric circuit means is prevented from providing said clear signal
      during said loop break periods by a signal from the output of said impulse
      generator means.
NUM  3.
PAR  3. An electric impulse transmitter for a push-button telephone instrument
      comprising electric storage means, means for entering digit values in said
      storage means as selected by operation of respective push-buttons of the
      instrument, electric impulse generator means for generating trains of
      impulses representative of digit values stored in said storage means,
      first electric circuit means responsive to line current flowing to the
      instrument, and further electric circuit means responsive to said trains
      of impulses and to an output from said first circuit means to provide a
      clearing signal for said storage means upon cessation of line current to
      the instrument other than due to signalling of said impulses.
NUM  4.
PAR  4. An electric impulse transmitter in accordance with claim 3 wherein said
      first circuit means comprises rectifier means to derive a unidirectional
      voltage in response to the flow of line current to the instrument.
NUM  5.
PAR  5. An electric impulse transmitter in accordance with claim 4 wherein said
      further circuit means comprises OR gating means to respective inputs of
      which said unidirectional voltage and a voltage representing said trains
      of impulses are applied.
NUM  6.
PAR  6. An electric impulse transmitter in accordance with claim 5 wherein said
      gating means includes a transistor buffer amplifier.
NUM  7.
PAR  7. An electric impulse transistor in accordance with claim 3 wherein there
      is provided means responsive to the initial flow of line current to the
      instrument to provide a clearing signal for said storage means.
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PAL  In a frequency-selective signal receiver for receiving at least two
      multi-frequency group codes and equipped with a voice-frequency trap, a
      broad-band frequency detector and a narrow-band frequency detector are
      connected in series parallel relative to the frequency coded input signal
      whereby the receiver channels of the narrow-band frequency detector
      provided for each single frequency of interest are activated when a
      conicidence between signals of two groups occurs. Due to the short
      transient response time of the broad-band frequency detector, character
      recognition is possible after a short time. The narrow-band frequency
      detectors are individually adjustable so that in the signal receiver
      particularly threatened frequency channels can correspondingly be taken
      into account.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a frequency-selective signal receiver equipped
      with a voice-frequency trap and employed in communication equipment, more
      particularly telephone equipment, having a clipping circuit at the input
      thereof, wherein the signals to be received consist of several
      simultaneously appearing single frequencies.
PAR  The difficulty in receiving purely audio-frequency code dialing signals
      consists in screening out undesired signals by means of a voice-frequency
      trap that attenuates undesired signals but does not suppress the desired
      signals; such desired signals may be accompanied by noise levels caused by
      dial tones, announcements or other noise. In prior art devices of this
      type the noise level for each group of frequencies is fed to a common
      noise detector in the voice-frequency trap sections of the signal
      receivers. As a result, the interpreting threshold is allocated to all
      frequency channels so that individual frequency trapping for each
      frequency channel is not possible. Particularly threatened channels i.e.
      channels particularly likely to carry undesired signals cannot be
      monitored according to their exposure to danger. Moreover, the reciprocal
      action of the frequency groups caused by the finite stopband attenuation
      of the group filters cannot be taken into account.
PAR  Frequency-selective signal receivers equipped with a voice-frequency trap
      have been proposed in the past wherein rectangular voltages derived from
      the signal frequencies are fed sequentially in cycles to a common detector
      circuit, and wherein the particular frequency is determined through
      counting; thus the counting circuit for determining the frequency is also
      part of a voice-frequency trap circuit which compares the count values for
      two consecutive half waves. The disadvantage of such signal receivers
      resides in the fact that detector circuits must be utilized having a
      receiver channel with a very narrow bandwidth for each single frequency
      occurring so as to ensure adequate voice frequency trapping. Due to the
      use of such narrow-band receiver channels, comparatively long transient
      response times are required which render rapid character recognition
      impossible.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a frequency-selective signal
      receiver of the type referenced at the start of this application equipped
      with a voice-frequency trap which renders rapid character recognition
      possible and wherein a separate voice-frequency trap can be assigned to
      each frequency channel.
PAR  In accordance with the invention, the foregoing and other objects of the
      invention are achieved by routing the received frequencies to a first
      frequency detector having a receiver channel of large bandwidth for each
      single frequency; the recognized single frequencies, when the necessary
      concurrently appearing single frequencies are present, activate receiver
      channels assigned thereto; and having a narrow bandwidth second frequency
      detector, said second frequency detector producing disabling criteria for
      inhibiting the signal output of the receiver by comparing at least two
      half cycles of the rectangular voltages allocated to the single
      frequencies being considered by the second detector.
PAR  Broad-band channel filters may be employed in the signal receiver according
      to the invention for the first frequency detector. Due to the short
      transient response time of such broad-band channel filters, character
      recognition is possible after the shortest time possible. The second
      frequency detector which forms the actual voice-frequency trap circuit of
      the signal receiver has several receiver channels of narrow band-width
      which are assigned to the individually occuring frequencies. It is
      possible to adjust the narrow bandwidth of the second frequency detector
      individually for each single frequency occuring so that particularly
      threatened channels can be specially considered. Moreover, the reciprocal
      action of the frequency groups brought about by the finite stopband
      attenuation of the group filters can be taken into account.
PAR  An especially advantageous embodiment of the invention is characterized by
      the fact that rectangular voltages assigned to the single frequencies are
      routed to a counter which starts a new counting process after each voltage
      slope change. The counter has outputs which are assigned to the appearing
      half cycles of the single frequencies; a signal appears at one of these
      outputs after the number of counting pulses allocated to the individual
      half cycles of that frequency are exceeded, said signal output being
      activated by the single frequencies recognized by the first frequency
      detector with a view to disabling the signal output of the receiver. Thus,
      by fixing the counting limits, a simple procedure is afforded for
      monitoring the admissible signal frequency tolerances of the receiver.
PAR  The supervision of the admissible signal frequency tolerances in the above
      described embodiment is based on the assumption that a clock frequency is
      generated in the signal receiver which is routed to the counter. A further
      embodiment of the invention for signal receivers in which there is no
      clock frequency applied to a counter is distinguished by the fact that
      rectangular voltages assigned to the single frequencies are routed to a
      monostable multivibrator which, after each slope change, sends a positive
      pulse of specified duration to the inputs of delay circuits, each of whose
      delay times corresponds to half the period of the single frequencies being
      detected. When the delay times are exceeded, a signal appears at the
      output of the particular delay circuit, said signal being passed through
      by the single frequencies recognized by the first frequency detector for
      the purpose of disabling the signal output of the receiver.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The principles of the invention will be more readily understood by
      reference to the description of a preferred embodiment given hereinbelow
      in conjunction with the drawing which comprises a schematic diagram of a
      frequency-selective signal receiver provided with a voice-frequency trap
      and constructed according to the invention, wherein:
PAR  FIG. 1 is a block diagram of a frequency-selective signal receiver equipped
      with a voice-frequency trap according to the invention;
PAR  FIG. 2 is a block diagram of a second frequency detector forming the actual
      voice-frequency trap section wherein a clock-actuated counter is employed
      in accordance with one embodiment of the invention;
PAR  FIG. 3 shows the construction of an alternative embodiment of the second
      frequency detector of the signal receiver wherein delay circuits are
      utilized in the place of the counter;
PAR  FIGS. 4 and 5 comprise diagrams showing the modes of operation of the
      frequency detectors depicted in FIGS. 1-3.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  FIG. 1 shows the schematic diagram of a frequency-selective signal receiver
      for telephone equipments which is designed for receiving a two-group code.
      At first, the received signal travels over the input E to an input section
      EPS in which it is amplified and separated according to the group to which
      it belongs. The output signal of the group filters of section EPS is
      routed to the clipping circuits BA and BB. In the clipping circuits the
      received signal voltage is converted into a rectangular voltage having a
      constant amplitude. This rectangular voltage is routed to the second
      frequency detectors SPA, SPB and the interpreting section AWT.
PAR  In the interpreting section AWT (the first frequency detector with
      broad-band channel filters), the single frequency is recognized and
      accordingly activates one of the outputs A1 to A4 and B1 to B4. If there
      is at least one output signal for each frequency group, a signal is
      applied to the output of the AND gate G3 also. This output signal
      indicating a group coincidence is sent to the input gates G4 to G11 of the
      second frequency detectors SPA and SPB. At the same time, the output
      signals A1 to A4 and B1 to B4 are sent to the input gates G4 to G11
      allocated thereto which then activate the pertinent receiver channel of
      the second frequency detectors.
PAR  As long as no inhibiting signal arises in the second frequency detectors
      which are acting as a voice-frequency trap section, a signal is applied to
      all three inputs of the AND gate G12. The output signal of the gate G12 is
      routed to the output section AGT of the signal receiver and causes the
      received signal to be passed through if within a predetermined protected
      time no inhibiting signal is received from the voice-frequency trap
      sections at the inputs of the gate G12.
PAR  FIG. 2 shows the construction of a second frequency detector in which a
      counter Z is employed. The rectangular voltage supplied by the clipping
      circuits BA or BB and corresponding to the single frequencies travels over
      the input U to a monostable multivibrator (monoflop) M which provides a
      spike every time the slope of the rectangular voltage changes. This spike
      lasts only until a safe resetting of the counter Z can be ensured. The
      received frequency is calculated by timing the half cycles of the
      rectangular voltages. The counter has to be divided into as many areas as
      there are signal frequencies for each frequency group. In the described
      example, it is assumed that there are four single frequencies for each
      signal group so that the counter has four outputs Z1 to Z4. If Z1
      corresponds, for example, to the frequency fo=697 Hz, the counting limit
      of 732 .mu.s is obtained with, say, a 2% deviation from the mean
      frequency. By heterodyning the useful signal with spurious signals there
      arise beat frequencies which, in addition to the pulse repetition period,
      change the pulse duty factor of the rectangular voltage. Now, if a half
      cycle is so long that Z1 is reached by a monoflop pulse without prior
      resetting, a signal is provided at the counter output Z1. This signal
      passes through over the gate G13 if the output signal of the gate G4 is
      applied to the second input of the gate G13, and the gate G17 then
      provides an inhibiting signal at the output thereof to the gate G12.
PAR  The mode of operation of the frequency detector described hereinabove is
      apparent from the FIG. 4 where the rectangular voltage is labeled U. Two
      possible cases have been singled out. In the first case, the half cycles
      are of equal duration and in the second case they are of unequal duration.
      The spikes supplied by the monoflops upon each change in slope of the
      rectangular voltage are labeled M. In this example, it is assumed that a
      signal of frequency 697 Hz is received in one group. If the spike appears
      at the input of the counter Z prior to the expiration of 732 .mu.s, no
      signal appears at the output Z1; but if, as in the second case, no signal
      M is applied to the counter from monoflop after 732 .mu.s then a signal
      appears at the output Z1 from the expiration of 732 .mu.s until the next
      spike M from the monoflop. This pulse travels through, as explained
      hereinabove, over the gates G13 and G17 and gives rise to a disabling
      signal at the output gate G12 the receiver.
PAR  FIG. 3 shows the construction of a second frequency detector for a signal
      receiver in which no counter or clock frequency is provided. The
      monostable multivibrator M to whose input U the rectangular voltage is
      sent supplies a positive going pulse each time the slope of the
      rectangular voltage changes, which pulse is led to the inputs of the gates
      G18 to G24. The gates G18 and G19 form in conjunction with a resistor and
      a capacitor a delay line whose mode of operation is apparent from FIG. 5.
      Likewise, the remaining gates form delay circuits. Each of the delay times
      corresponds to the duration of the appearing half cycles of the single
      frequencies to be recognized. It is obvious that the mode of operation of
      the frequency detector is analogous to that of the frequency detector
      shown in FIG. 2.
PAR  The description of a preferred embodiment of the invention given
      hereinabove is only exemplary of the principles of the invention and does
      not define the scope of the invention. The scope of the invention is
      defined by the appended claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A telephone equipment frequency-selective signal receiver for receiving
      a multi-frequency group code having means for detecting signals including
      other than certain desired frequencies, wherein the signals received
      comprise several simultaneously occurring single frequencies, said
      received signals being applied to clipping means for conversion to a
      rectangular waveform, said receiver including first frequency detection
      means having a broad bandwith frequency detector for each desired
      frequency of said group and responsive to said simultaneously occuring
      single frequencies in said rectangular waveform for detecting said single
      frequencies in said received signal and indicating the occurrence of at
      least one desired frequency, an output section having an activating gate
      coupled to the output of said first frequency detecting means and
      responsive to said indication from said first frequency detecting means,
      second multi-channel detection means having a narrow bandwidth frequency
      detector assigned to each of said desired frequencies and responsive to
      two successive half-cycles of said rectangular waveform representing each
      of said single frequencies for indicating that at least one of said
      received simultaneously occurring single frequencies is not a member of
      said group, said activating gate being responsive to said indication from
      said second multi-channel detection means to inhibit the response of said
      output section to said first frequency detecting means, and second gate
      means responsive to said indication from said first frequency detection
      means for actuating said second frequency detection means.
NUM  2.
PAR  2. A frequency selective receiver as claimed in claim 1 wherein said output
      section is initially responsive to said indication from said first
      detection means of simultaneous occurrence to allow output of said
      received signal, and secondarily responsive to said second detection means
      indicating at least one received signal frequency is not a member of said
      one group for preventing an output of said received signal.
NUM  3.
PAR  3. A signal receiver as claimed in claim 1 wherein said second frequency
      detection means comprises a counter having an area assigned to each
      frequency of said one group, each said counter area being responsive to
      each slope change of the rectangular voltage waveform representing the
      signal frequency assigned to said each area to restart the counting
      process, each said counting area receiving said rectangular waveform
      providing an output signal in response to the count in said counting area
      between successive slope changes in said received rectangular waveform
      differing from the count representing the assigned frequency of said area,
PA1  and gate means responsive to said counting area signal and said detected
      single frequencies of said first detecting means to provide said counting
      area signal to said output preventing means.
NUM  4.
PAR  4. A signal receiver as claimed in claim 3 including a monostable
      multivibrator coupled between said clipping means and said second
      detection means for providing spike signals indicating said slope changes
      in said rectangular waveforms to said counting areas for starting and
      stopping the count in said counting areas.
NUM  5.
PAR  5. A signal receiver as claimed in 1 wherein said second detection means
      comprises a plurality of delay circuits, one of said delay circuits being
      assigned to each frequency of said one group, each of said delay circuits
      having a delay time corresponding to one-half the period of the assigned
      single frequency, and coincidence gate means receiving an output from one
      of said delay lines exceeding said delay time coinciding with a signal
      representing one of said detected single frequencies from said first
      detection means for providing said delay line output signal to said output
      preventing means.
NUM  6.
PAR  6. A signal receiver as claimed in claim 5 including a monostable
      multivibrator coupled between said clipping means and said second
      detection means and responsive to each said slope change of said
      rectangular waveforms for providing an input signal of appropriate
      duration to said delay circuits of said second detection means.
NUM  7.
PAR  7. A receiver as claimed in claim 1 wherein said second gate means are
      responsive to the output of said first detection means to activate only
      the detectors appropriate to the frequencies detected by said first
      frequency detector.
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ABST
PAL  An electronic business telephone for the transmission and receipt of voice
      messages and digital data. The electronic telephone uses MOS/LSI circuitry
      to store and visually display telephone numbers or other numeric data and
      includes the capability of performing local arithmetic computation. In
      telephone mode, after keyboard entry the number to be dialed is stored and
      visually displayed for pre-dial verification in articulated format with
      the area code, prefix and suffix suitably spaced for ease of reading. If
      the number is busy, the displayed telephone number can be entered into a
      telephone memory and the memorized number subsequently recalled on demand
      for automatic redial. In data terminal mode, digital numeric information
      is displayed in non-articulated or compressed format for visual
      verification prior to transmission and is exchanged between any two
      electronic telephone systems, or through proper interfacing, from an
      electronic telephone to a remote computer. In computation mode, the
      keyboard and display are used in conjunction with an arithmetic processor
      and an accumulating memory which may be used to perform calculations
      during telephone conversation if desired. The various operating modes are
      supervised and coordinated by a control center module in the form of a
      MOS/LSI BCD microprocessor which performs telephonic and data alignment
      functions. The Electronics Business Telephone is also shown as the central
      supervising unit within a total communications terminal system.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our earlier filed copending
      U.S. patent application Ser. No. 351,745 entitled "Electronic Business
      Telephone" filed Apr. 16, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is a solid state electronic communications terminal
      which effectively combines telephone, data terminal and arithmetic
      computation capabilities. The terminal device herein referred to as the
      Electronic Business Telephone (EBT) transmits and receives both voice and
      data and includes the local capabilities of storing and displaying
      telephone numbers or other numeric information and performing arithmetic
      manipulation of entered data.
PAR  The two technologies of telephony and data telecommunications have
      developed more or less independently up to the present time. The interface
      between the two areas has been broadened to some extent lately in response
      to the need for communication of digital data between remote locations
      over conventional telephone common carrier lines. However, these two
      technologies have been "adapted" to each other's requirements rather than
      being truly integrated in the form of a totally new terminal device based
      on an optimized design approach which serves both functions effectively.
PAR  For example, various types of modems or acoustic couplers, such as the
      Western Electric Type 103A Data Set, marketed under the trademark
      "Data-Phone" by Bell System, have been developed under pressure from users
      of computer services in order to provide them with remote access to a
      central data processing installation through existing communications
      networks. Another typical device of this nature is shown in U.S. Pat. No.
      3,583,554, issued to Le Blang, which discloses a portable numeric display
      device with is acoustically or electromagnetically coupled to a selective
      tone generating telephone in order to adapt it to be used as a data
      terminal. Devices of this type are characterized by the common limitation
      that they act as an external adjunct to a conventional electromechanical
      telephone which activates or de-activates the standard electromechanical
      processes of the telephone.
PAR  Similarly in the area of electronic desk calculators, it has been suggested
      to adapt a conventional calculator to include the capability for entry and
      dialing of telephone numbers. Such an approach is discussed in generalized
      terms in British Pat. No. 1,179,585, issued to VEB Elektronische
      Rechenmaschinen which suggests that a "transmission channel" including a
      code conversion device be interposed between the keyboard entry register
      of the calculator and the telephone exchange device.
PAR  On the other hand, the telephone industry being considerably older and more
      firmly committed to existing methods and equipment, due in large part to
      economic considerations and historical inertia, has not effectively
      applied newly developed technology in computer systems design and
      microelectronics to its own customer terminal equipment. The three primary
      developmental stages of telephone equipment have involved the call
      placement function and are represented in terms of hardware by the crank
      telephone, the rotary dial telephone and the selective tone generating
      (e.g. Touch-Tone) telephone. The present invention represents the next
      evolutionary phase, the electronic telephone.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention represents the first application of the combined
      technology of computer design and MOS/LSI microelectronics to the area of
      the basic business telephone unit. The inventive application and
      implementation of technical know-how developed outside the telephone art
      characterized by the BCD telephone of the present invention makes possible
      the optimized design of a totally integrated business communications
      system. More specifically, the electronic business telephone of the
      present invention (hereinafter referred to as the EBT) integrates into a
      single desk-top device a range of functions which achieves a utility level
      never before possible using common carrier lines.
PAR  The basic EBT design provides automatic push-button dialing in both rotary
      telephone and touch-tone telephone areas. After keyboard entry the number
      to be dialed is visually displayed in articulated format with spacing
      between area code, prefix and suffix for pre-dial verification and the
      number is automatically dialed on actuation of a single key. The displayed
      telephone number can be entered into a telephone memory register and the
      memorized number can be recalled on demand for automatic redial. In a
      Centrex-type PBX/PABX environment the appropriate access digit -- e.g. "9"
      -- is automatically impressed onto the telephone number prior to
      initiation of automatic dialing.
PAR  The electronic telephone digital display and the pushbutton keyboard can be
      utilized to perform arithmetic computations either during telephone
      conversation or separately when the instrument is not being used for voice
      communication. Computation results are displayed and partial results can
      be stored for accumulation. Finally, the EBT instrument functions as a
      data terminal whereby digital information can be visually verified and
      exchanged between any two electronic telephone systems, or through proper
      interfacing from electronic telephone to computer.
PAR  The total business communication system contemplated by the present
      invention combines the basic EBT unit with various peripheral devices
      which further increase the power and utility of the system. For example, a
      "Magna-Dialer" unit provides the facility of automatic dialing of
      telephone numbers magnetically prerecorded on conventional business cards
      which visually identify the party being called. An automatic call diverter
      unit allows incoming calls to be diverted to any phone or extension number
      stored in memory and allows a user to update the stored number from a
      remote location. Finally, a "multi-memory" repertory dialer provides
      automatic retrieval of frequently called numbers and entry into the
      electronic telephone for automatic dialing.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial representation of a preferred embodiment of the
      present invention in the form of an electronic business telephone
      desk-set;
PAR  FIG. 1A is an expanded presentation of the keyboard of the desk-set of FIG.
      1;
PAR  FIG. 2 is an information flow block diagram illustrating the functional
      subcomponents of the desk-set of FIG. 1 and their logical
      interrelationship;
PAR  FIG. 3 is a block diagram showing the electronic business telephone of FIG.
      1 as part of a communications terminal system involving various associated
      peripheral devices;
PAR  FIG. 4 is a schematic representation of the electrical construction of the
      keyboard shown in FIGS. 1 and 1A;
PAR  FIGS. 5A and 5B together comprise a block diagram illustrating the internal
      functional and logical arrangement of the control center module shown in
      FIG. 2;
PAR  FIG. 6 is a block diagram of the internal functional and logical
      arrangement of the function control block shown in FIG. 5B;
PAR  FIG. 7 is a schematic representation of the internal logic of the
      articulated display module shown in FIG. 2 based on a "fixed" articulation
      approach; and,
PAR  FIG. 8 is a block diagram illustrating logical implementation of a
      "floating" articulation scheme.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 pictorially illustrates the electronic business telephone of the
      present invention in the form of a desk set terminal shown generally at
      10. This unit will be referred to throughout the following description as
      the "EBT".
PAR  The operator interface with the EBT is provided by handset 12, which
      includes a conventional microphone pick up and speaker, keyboard 14 and
      digital display panel 16. The handset is used in the conventional manner
      as an electroacoustical transducer to convert audible sounds into
      electronic impulses and vice versa for two-way voice message
      communication. A suitable handset is commercially available for example
      from ITT under the model designation 510. Display panel 16 is also of
      conventional design and preferably is of the seven segment Nixie tube type
      such as the Burroughs Panaplex model. Keyboard 14 is likewise of
      conventional construction as exemplified by that available from Control
      Research Corp. Despite its conventionality the internal construction and
      operation of keyboard 14 will be described in more detail below in
      connection with FIG. 4 for purposes of clarity of presentation of the
      overall operation of the EBT system.
PAR  The external appearance of keyboard 14 is shown in expanded detail in FIG.
      1A which displays the various numeric data and function control keys.
      These keys will be briefly described at this point and their function will
      become more clear as the description of the organization and operation of
      the EBT system proceeds.
PAR  The digit keys "0" through "9" and the decimal key are grouped together and
      represent the means by which numerical data is entered into the EBT
      system. This data may represent for example the telephone number of a
      subscriber whom the EBT operator wishes to call, or numerical data to be
      used either for local arithmetic computation or for transfer to data
      processing equipment peripheral to the EBT desk unit.
PAR  The keys "PM", "RM", "OP" and "DIAL" are grouped together to the left of
      the digit keys and are used to control telephonic functions such as
      storage and retrieval of a telephone number to be dialed, operator
      summons, and automatic call placement. For example, the PM key
      (phone-memory) stores a telephone number displayed on display panel 16 in
      the EBT internal memory, while RM (recall memory) retrieves a number
      previously stored in memory and displays it on display panel 16 for
      automatic call placement on actuation of the DIAL key. The OP key calls
      the operator and the DIAL key causes the EBT to generate either a rotary
      pulse train or Touch-tone encoded signal representing the number visually
      displayed on panel 16 for transmission through the external common carrier
      network.
PAR  The "C" (clear), "CM" (clear memory) and "CE" (clear entry) keys which are
      grouped together at the extreme left of the keyboard as shown in FIG. 1A
      are used to clear either the number displayed on panel 16 (CE), the number
      stored in the EBT internal memory (CM), or numerical information in both
      locations (C).
PAR  The grouping of five keys immediately to the right of the digit key
      grouping are the function control keys used while the EBT is operating in
      arithmetic computation mode. These include the "AM" (accumulate memory)
      key which combines the number displayed on display panel 16 with the
      contents of the EBT internal memory whereby the memory functions as an
      arithmetic accumulator. This is especially useful in accumulating partial
      results of complex computations. The arithmetic operator keys ".div.",
      ".times.", " ", " " are used to control arithmetic functions in a manner
      similar to that in a conventional electronic desk calculator.
PAR  The three keys grouped to the right of the arithmetic function control keys
      are the data transmission function control keys "*", "-", and "SEND DATA".
      These keys are used when the EBT is operating in data terminal mode and
      their use will be understood to be essentially similar to that usually
      encountered with a Touch-tone type remote computer terminal device.
PAR  The two keys at the far right of the keyboard in FIG. 1A "SMM" (store
      multi-memory), and "RMM" (recall multimemory) are used when the
      multi-memory repertory dialer peripheral option is incorporated in the EBT
      system. The multimemory peripheral will be discussed below in connection
      with FIG. 3.
PAR  The final grouping of keys shown in FIG. 1A are the conventional line
      selection, intercom and hold keys commonly found on multi-line business
      telephones.
PAR  It will thus be seen that keyboard 14 includes various key groupings, each
      of which is conventionally associated with a single purpose device such as
      a telephone, electronic desk calculator or data terminal.
PAR  The overall organization of a preferred embodiment of the EBT system is
      shown in FIGS. 2 and 3. FIG. 2 illustrates the logical arrangement of
      functional sub-components internal to the basic EBT desk unit 10 as shown
      in FIG. 1, while FIG. 3 depicts the inter-relationship between the EBT
      desk unit and its various associated peripherals which together comprise a
      total electronic communications terminal system.
PAR  The manually operated keyboard 14 generates output signals on lines 18
      representing numeric information and function control commands. The
      internal construction and operation of keyboard 14 is more fully discussed
      below in connection with FIG. 4. As will be described the keyboard output
      signals are in time-multiplexed form and are generated by the interaction
      of a sequence of timing signals T1 through T12, supplied to the keyboard
      over line 20, with closure of internal switch contacts in response to
      operator key selection.
PAR  The time-multiplexed keyboard output signals are supplied over lines 18 to
      control center module 22. Those keyboard output signals representing
      telephonic and data terminal function control commands are processed
      within the control center module as will be more fully described below in
      connection with FIGS. 5A-B and FIG. 6. Those keyboard output signals
      representing numeric information and function control commands for
      computation, storage and display are gated through the control center
      module directly to processor module 24 over lines 26 for processing within
      that area. Processor module 24 may be of conventional design such as is
      typically found in electronic desk calculators.
PAR  It should be noted here that while FIG. 2 depicts various functional
      sub-components of the EBT device as discrete physical entities, this need
      not necessarily be the case. For example, the control center module and
      processor module may be physically contained on discrete MOS/LSI
      integrated circuit chips, or alternatively, several functions may be
      combined on a single chip. In the former case, as is shown in FIG. 2, a
      commercially available processor chip may be directly used in an EBT
      system with a minimum of interfacing, while in the latter case a custom
      design combination chip would be used with conventional subfunctions
      patterned after existing commercial circuits. Processor module 24 is of
      the type commercially available from Caltex under the designation CT5005.
PAR  The processor module has three processing sections designated in FIG. 2 as
      Arithmetic, Memory and Display Buffer. The display buffer section is a
      holding register which contains information currently being displayed on
      display panel 16. All numeric data entered from keyboard 14 are thus
      loaded directly into the display buffer section of the processor module
      and visually displayed on the display panel.
PAR  The memory section of the processor module provides the function of
      temporary storage of keyboard entered information for recall upon operator
      command when desired. The memory recall operation transfers the contents
      of the memory section into the display buffer and display panel
      overwriting their previous contents. This operation may be used for
      example in telephone mode in connection with the automatic redial
      function. In this instance assuming the operator has entered a telephone
      number into the display buffer and attempted call placement but has found
      the line busy he can press the PM (phone memory) button on the keyboard
      and store the busy number in memory. At a later time the operator merely
      presses the RM (recall memory) button on the keyboard and the previously
      entered number is transferred to the display buffer and visually presented
      on the display panel for pre-dial verification. The operator may either
      visually re-verify the number and then press DIAL to automatically place
      the call, or, if the re-verification is not needed, he may merely press RM
      and DIAL in rapid succession thereby immediately initiating automatic call
      placement.
PAR  In computation mode the memory is used in conjunction with the AM
      (accumulate memory) key as follows. Partial arithmetic results may be
      cumulatively entered into memory section upon actuation of the AM key each
      time it is desired to add the immediate computation results held in the
      display buffer to the running total being developed in the memory section.
      Use of either PM or AM keys to store information in memory will not
      disturb the contents of the display buffer which is changed only upon
      entry of new information from the keyboard through line 26, or by a recall
      memory command.
PAR  The arithmetic (ALU) section of the processor module provides the various
      arithmetic manipulation logic circuitry and storage registers
      conventionally associated with an electronic desk calculator.
PAR  In addition to the three basic processing sections described above the
      processor module also has input and output areas used in conversion of
      data from one coding system to another. For example, in the processor
      module input section the time-multiplexed keyboard output signals supplied
      via the control center module over line 26 are encoded into binary coded
      decimal (BCD) format for handling within the processor module. Similarly
      in the processor module output section the BCD numeric data is converted
      to seven segment form prior to transfer to the display panel over
      processor output line 28. This seven segment display data is also supplied
      to the control center module where it is immediately reconverted to BCD
      form for further processing therein as will be described below.
PAR  The processor module provides the source of system timing signals T1
      through T12 which are used throughout the EBT in various aspects of data
      decoding and function control. For example, the timing signals which are
      output from the processor on line 30 are supplied to the keyboard via line
      20 and used therein to encode keyboard information into time-multiplexed
      format. A timing synchronization signal is also supplied to the control
      center module over line 32 where it is used to reconstitute T1 through
      T12, decode certain time-multiplexed function control commands supplied
      directly from the keyboard and sequence various processing operations. The
      timing signals are also supplied via line 34 to peripheral bus 36 for
      transfer to the various EBT peripheral devices discussed in connection
      with FIG. 3. Finally, timing signals are supplied over line 38 to
      articulated display module 40 to control the display articulation function
      as follows:
PAR  The signals supplied from the display buffer section of the processor
      module to display panel 16 over line 28a may be displayed in either
      articulated or non-articulated format. Articulated format refers to that
      display arrangement most useful in telephone mode wherein the area code,
      prefix and suffix of the entered subscriber's number are appropriately
      separated for ease of reading. In numeric mode such as when the EBT is
      being used either for local computation or remote terminal data input the
      articulation function is not used and the entered numeric data is
      compressed to the right in the conventional manner. Articulation of the
      displayed numbers is controlled by mode switch 42. The internal design and
      operation of the articulated display module and its interconnection to the
      display panel is described below in connection with FIGS. 7 and 8. FIG. 7
      represents a "fixed articulation" scheme, while FIG. 8 depicts logical
      implementation of a "floating articulation" approach to display of entered
      telephone numbers.
PAR  The control center module processes input data entering either from the
      keyboard in time-multiplexed format over lines 18 or from EBT peripheral
      devices in BCD format over peripheral bus 36 and input lines 44. Keyboard
      data entered either directly or from the processor module is converted
      from time-multiplexed to BCD format while in the case of data transferred
      from the associated EBT peripheral devices the information is already
      encoded in BCD form. It will be appreciated that although only one line is
      shown in FIG. 1, in reality it consists of several information lines which
      together represent the data in coded form. As with the processor module,
      all data handled within the control center module is in BCD form. Thus
      display data in seven segment form which is also supplied over line 28b to
      the control center module is immediately reconverted to BCD for processing
      therein. After initial processing for display in the processor module
      input data is returned to the control center module for further processing
      to produce the desired automatic dialing signals and data transmission
      signals, or, in the case of local computation, remains in the processor
      module for arithmetic manipulation and display of results. The control
      center module also receives inputs in the form of a basic frequency
      F.sub.o from clock 46 and various optional external operating mode
      commands 48 which are selectable during assembly of the EBT.
PAR  For example, in telephone mode the number contained in the display buffer
      section of the processor module is processed within the control center
      module to generate either a Touch-tone or a rotary dial output over lines
      50 and 52 respectively depending on the external common carrier
      environment. In the data transmission mode numeric information processed
      within the control center module is supplied in BCD form over line 54 to
      the peripheral bus for transfer and processing by various EBT peripheral
      devices, for transmission to a remote data processing installation, etc.
PAR  When the EBT is operating in telephone mode in a Touch-tone environment the
      Touch-tone output representing the number to be dialed is supplied from
      the control center module over line 50 to Touch-tone generator 56 and
      thereafter through coupler 58 to a selected tip and ring pair 60.
      Similarly, in a rotary dial environment the pulse EBT representing the
      number to be dialed which is generated within the control center module is
      supplied over line 52 to dialer 62 which is in turn connected to the
      selected tip and ring pair. The Touch-tone generator, coupler0295 and
      dialer are all of conventional design and commercially available. For
      example, a suitable Touch-tone generator is available from NRMEC as Model
      No. 19042. The coupler may be, for example, a Microtran line transformer
      and the dialer (outpulser) may be of the reed relay type manufactured by
      Electronic Specialties, Inc.
PAR  Various conventional telephone accessories are shown in FIG. 2 connected
      below the selected tip and ring pair 60. For example, handset 12 (FIG. 1)
      may be directly connected to the tip and ring line or auto-switch 66 may
      be used to substitute optional speaker phone attachment 64 for "hands-off"
      operation. In addition the EBT desk unit 10 may be provided with a
      conventional backup dialer 68 for use in case of electronic system
      malfunction. In this situation the entire EBT desk unit would act
      essentially as a conventional telephone.
PAR  Tip and ring pair 60 is shown in FIG. 2 connected to a plurality of common
      carrier lines L1-L3 through a line selector 70. A voice connecting
      arrangement (VCA) option connects the line selector to the common carrier
      lines. Finally, an electronic tone ringer 78 may be interposed between the
      line selector and speaker 64a to provide an audible electronically
      generated ring as an alternative to an electromechanical bell ringing
      system. The common carrier lines L1-L3 are also connected through the tip
      and ring pair of various HBT peripheral devices.
PAR  Due to the incompatability of the two dialing mediums, pulse versus tones,
      most telephone systems do not permit mixing of keypad tone apparatus with
      rotary pulse dialing apparatus in a single installation. Because of this,
      it is common practice to convert all telephones to tone dialing whenever a
      minority of users wish to enjoy the advantages thereof. Since tone dialing
      is tariffed at a higher rate than pulse (to cover the cost of additional
      plant equipment required for tone recognition) the conversion to tone
      dialing, for the few, is usually inordinately costly.
PAR  The electronic business telephone of the present invention, on the other
      hand, permits tone or pulse dialing from a common keypad. Provision for
      automatic control of the dialing medium allows complete freedom of
      intermixing telephone types, thus eliminating the necessity of total
      conversion with its attendant cost. The value of mixed dialing is realized
      whenever: (a) a majority of phones are on rotary dial; (b) internal lines
      ("com-lines") are used; and (c) a minority of phones are to be provided
      with tone dialing capability for outside lines. Under these circumstances
      the tone dialing phones will be able to dial on com-line by automatically
      switching over to rotary dialing whenever a com-line is selected.
PAR  This flexibility of dialing medium is achieved by mixed dialing module 77
      (FIG. 2) which is connected between line selector 70 and control center
      module 22. In a multi-button keyset the com-lines are conventionally
      separated from the outside lines by relocating the "A-1" lead of the line
      selector. By detecting the current flow at the relocated A-1 lead
      terminal-- i.e., the common tie point of all com-line A-1 leads--a signal
      can be derived to control the dialing mode of the EBT.
PAR  For example, if a com-line is selected, the relocated A-1 lead terminal
      current flow can be monitored as, for example, by an optical coupler.
      Thus, the detected presence of current at this point will cause the mixed
      dialing module to generate a rotary/touch tone select signal which is
      supplied to the control center module over one of lines 48 (FIG. 2). (This
      signal is more specifically identified below in connection with FIG. 5B as
      being input to the CCM function control logic over line 202.)
PAR  Stored number dialers when installed behind a PABX system typically depend
      on a fixed delay redial means following detection of each level of access
      code. Since this fixed delay must be long enough to ensure the return of a
      dial tone before redialing, the user is inconvenienced by a compromised
      delay, perhaps three seconds, every time and dialer is used. Misdialing is
      possible whenever the exchange is busy for a period longer than the
      anticipated delay.
PAR  To eliminate this problem the electronic business telephone of the present
      invention utilizes a dial tone detector 79 which quarantees the presence
      of a dial tone before initiating a continue dial command. The stored
      number dialer, therefore, can dial through the access code or codes at a
      rate limited only by the traffic load at the exchange during dialing.
PAR  Dial tone detector 79 is also used to mute the speaker phone during the
      start of a call as follows. Because of the disparity between dial tone
      level and normal speech level, when using a conventional telephone
      speaker-phone the user must reduce the volume while initiating a call in
      order to avoid an unpleasantly loud dial tone level. After the call is
      established the volume must then be restored to an adequate conversation
      level. It should be noted that this disparity is a problem only in
      connection with hands off operation, since in handset operations the
      volume is limited by the CO. The speaker phone, however, is normally
      operated at a higher level than is the typical handset.
PAR  Dial tone detector 79 may be implemented by means of serial connection of a
      band pass filter having a medium "Q", an amplitude threshold comparator,
      and a minimum duration detector. The serial connection insures that an
      input signal must meet all of the requirements imposed by the various
      circuit elements before a final output indicating presence of a dial tone
      is generated. While not all of the three circuit elements are essential
      for dial tone detection, the chances of misdetection are reduced with each
      additional condition imposed by the corresponding element. The coincident
      output requirements of all three circuits greatly reduces the design
      complexity of each element if used alone, or in conjunction with only one
      other element.
PAR  Dial tone detector 79 is designed to recognize dial tones under adverse
      conditions such as in the presence of voice or other telephone company
      supervisory signals (party busy, trunk busy, audible ring, recorded
      messages, etc.) with a low probability of error.
PAR  As shown in FIG. 2 the band pass filter section of the dial tone detector
      79 is coupled to the selected tip and ring pair 60. The output of the
      filter is amplitude measured by the comparator, which in turn generates an
      output if the amplitude exceeds a predetermined threshold. Finally, if the
      duration of the comparator output exceeds the minimum interval of a preset
      timer a final output representing a high probability of dial tone
      detection is generated. This dial tone detector output signal is supplied
      to keyboard 14 (see FIGS. 2 and 4) where it initiates a dial command and
      to speakerphone 64 where it mutes the audible dial tone to conversation
      level.
PAR  FIG. 3 shows the EBT as part of an overall arrangement of optional devices
      which together comprise a complete electronic comminication terminal
      system. The EBT desk unit 10 is connected to the various associated
      peripheral devices through bus 36 which contains lines carrying the
      various numeric data, function control, timing and telephone signals. To
      the left of the EBT in FIG. 3 are shown two physically discrete peripheral
      devices; a conventional credit card reader 80 and a "Magnadialer" unit 82.
      The magnadialer unit is a magnetic stripe reader wherein telephone number
      and other identifying information relating to a given individual or
      business enterprise is magnetically encoded on a strip which is attached
      directly to that party's ordinary business card 84. The card corresponding
      to the party to be dialed is visually selected by the operator from a
      conventional calling card file and inserted into the magnadialer reader
      which interprets the magnetically encoded information and transmits it in
      BCD form to the EBT desk unit where it is used to generate the appropriate
      automatic dialing signals.
PAR  To the right of the EBT desk unit in FIG. 3 is a group of devices
      physically combined and shown within the dotted block 86. This peripheral
      assembly 86 may, for example, take the form of a wall mounted unit in
      proximity to the EBT desk terminal. Within this unit are devices providing
      the capabilities of remote mini-computer interfacing, automatic call
      diversion and repertory dialing.
PAR  For example, UART (universal asynchronous receive and transmit) device 90
      connects EBT unit 10 via peripheral bus 36 to mini-computer 92. The
      mini-computer may be stationed either on-site or at a remote location and
      may for example be used in a process control application for remote
      management of some physical system. When the EBT is used in data terminal
      mode, time-multiplexed keyboard data is converted to BCD form in the
      control center module and handled therein to produce BCD data output on
      lines 54 (FIG. 2). This information is supplied through peripheral bus 36
      and UART 90 to mini-computer 92 for computation or is used to generate
      control signals. Computation results or physical measurements are returned
      to the EBT for display through UART 90, peripheral bus 36 and input lines
      44. As will be seen more fully in connection with FIG. 5A these BCD input
      signals are converted to time-multiplexed form within the control center
      module 22 and supplied to processor module 24 over lines 26 for display on
      display panel 16. During data terminal operation mode switch 42 will be in
      its non-articulation position and the numeric data from mini-computer 92
      will be displayed in compressed form. The connection between UART 90 and
      mini-computer 92 may be either via a dedicated line or through the
      telephone network on a dial-up basis. In the latter case a suitable modem
      would be interposed between the UART and the common carrier line.
PAR  Peripheral assembly 86 also contains Touch-tone receiver 94. This device is
      useful for example when the EBT system is receiving information in
      Touch-tone form as from another EBT or a Touch-tone data set. The incoming
      Touch-tone data signals enter the EBT system through line selector 70
      (FIG. 2) and are supplied to Touch-tone receiver 94 through tip and ring
      pair 60, bus 36 and tip and ring pair 96. The Touch-tone receiver converts
      the incoming information into BCD form and outputs it on lines 98 to
      control center module 22 via peripheral bus 36 and data input lines 44 for
      processing and display.
PAR  Automatic call diversion is provided by call diverter 100 which is
      connected to the EBT desk unit via peripheral bus 36 and line 102. The
      call diverter unit is also connected to a dedicated common carrier line 74
      through line supervisor 104 and voice connecting arrangement (VCA) 106.
      Line supervisor 104 in turn receives the information portion of an
      incoming call over line 96a and the audible ring signal over line 108.
      After an enabling signal is received from the EBT over line 102 automatic
      call diversion proceeds as follows. An incoming call on a preselected line
      (e.g. L1) (FIG. 2) is routed by line selector 70 to dedicated line 72 via
      peripheral bus 36, tip and ring pair 96 and call diverter line supervisor
      104. At the same time the corresponding audible ring signal is supplied
      from line selector 70 to call diverter line supervisor 104 through ring
      line 76, peripheral bus 36 and ring line 108. Call diverter 100
      automatically routes the incoming call to the number previously stored in
      its internal memory through the dedicated common carrier line 74. The
      number stored in the call diverter internal memory can be remotely updated
      via line 102 as desired.
PAR  The remaining device within peripheral assembly 86 is multi-memory unit
      110.
PAR  Briefly, this multi-memory unit is a keyboard addressable repertory dialing
      memory which contains a plurality of frequently called telephone numbers.
      A desired number may be automatically selected by the EBT operator upon
      actuation of the RMM key on keyboard 14 together with a two or three digit
      identification code. The number selected will be displayed on display
      panel 16 for pre-dial verification if desired and the call is
      automatically placed by actuation of the Dial key. Multi-memory unit 110
      may also be updated from the keyboard to include new telephone numbers as
      follows. The new number is entered into the display buffer section of the
      processor module and displayed on the display panel. The operator then
      selects an identification code which is also placed in the display buffer
      and the SMM key is pressed, automatically loading the new number into the
      multi-memory unit storage area under location control of the corresponding
      identification code.
PAR  It is to be understood that the overall system depicted in FIG. 3 is
      presented by way of general illustration of the manner in which the EBT
      may function as the central supervising device within an electronic
      communications terminal system. Those peripheral devices shown in FIG. 3
      which are not conventional are described in sufficient detail to permit
      implementation of the overall system in my copending patent applications
      referenced above.
PAR  FIG. 4 schematically illustrates the internal construction of keyboard 14.
      A series of timing input lines D1 through D12 (lines 20, FIG. 2) are
      arranged at right angles with respect to three output lines KB1, KB2 and
      KB3 (lines 18, FIG. 2). Any of the timing lines can be electrically
      connected to any of the output lines at their intersection by a switch
      contact actuated by a corresponding key on the keyboard. FIG. 4
      illustrates these connections as mechanical switches, however, it will be
      understood that electronic switches may be used for reasons of speed and
      reliability.
PAR  The individual keys corresponding to each of the various intersection
      switches are shown immediately to the right of the corresponding contact.
      Thus, the digits O through 9 will be output on line KB1 at designated
      times. For example, depression of the keyboard key for the digit 9 will
      cause timing line D6 to be connected to output line KB1. Lines D1 through
      D12 are supplied with timing signals T1 through T12 shown diagramatically
      at the upper portion of FIG. 4. Thus, line D6 will receive a timing pulse
      at time T6 and with the 9 key depressed that pulse will be output on line
      KB1 at time T6. The control center, and processor modules will interpret a
      signal on line KB1 at time T6 as the digit 9 and will convert that digit
      into BCD form for internal processing and to seven segment form for
      display. In FIG. 4 the decimal and sign keys, the memory control keys, and
      the three clear keys will be output on line KB2. Similarly, the telephonic
      keys Dial, Send Data, Operator, * and percent signals will be output on
      line KB3. Timing line D1 and output line KB3 are momentarily connected by
      a set of contacts which are responsive to activation of the EBT power-on
      switch and provide a reset signal for all system bistable devices.
PAR  FIG. 4 also shows the timing signals T1 through T12 being supplied over
      lines D1 through D12 to an idealized peripheral device 118. These timing
      signals are used within the peripheral device for appropriate decoding and
      function sequencing. In turn the peripheral returns peripheral control
      signals to the keyboard over line 120 for output to the control center
      module over line KB3.
PAR  FIGS. 5A and 5B together comprise a data flow diagram illustrating the
      functional sub-components within control center module 22 and their
      logical interconnection. The major functional units contained within the
      control center module include the following: BCD-keyboard logic section
      140; timing section 150; rotary formatter section 160; Touch-tone encoder
      section 170; BCD encoder-formatter 180; four-bit digit register 190; and
      function control block 200 which is shown in expanded detail in FIG. 6.
PAR  BCD-keyboard logic section 140 provides the interface between control
      center module inputs from the keyboard and from peripheral devices on one
      hand and the processor module on the other. BCD data from peripheral bus
      36 enters the control center module on lines 44 and is immediately decoded
      within logic block 140 by BCD to hex-decimal decoder 142. Since the
      processor module is designed to accept input data only in time-multiplexed
      form, the BCD data entering the control center module on lines 44 from the
      peripheral devices must be converted into that form before being supplied
      to the processor module. This function is accomplished within logic block
      140 by the combination of BCD decoder 142 and a series of AND-gates 144
      connected to corresponding outputs of decoder 142.
PAR  The BCD data from peripheral bus 36 (FIG. 2) is supplied on input lines 44
      as four-bits of data on lines DI-01, DI-02, DI-03 and DI-04, together with
      a data strobe signal DAS. The function of the data strobe signal is to act
      as a load command for the decoder to precisely designate the instant at
      which the incoming BCD data is to be interpreted.
PAR  Each of the output lines of decoder 142 is connected to a corresponding one
      of AND-gates 144. The other input of each AND-gate is supplied with the
      appropriate one of timing signals T1 through T12 to properly re-encode the
      decoder output into time-multiplexed form. Thus, for example, an incoming
      BCD digit on lines 44 which is decoded by decoder 142 as a 9 will cause a
      signal to appear on decoder output line 9. This signal is in turn supplied
      to AND-gate 144a which has its other input supplied with timing signal T6.
      The signal on output line 9 of decoder 142 will thus be gated through
      And-gate 144a at time T6. This signal will pass through Or-gate 146a to
      processor module 26 where it will be immediately converted back to BCD
      form for processing therein. In the same manner, if a BCD input character
      on lines 44 is interpreted by decoder 142 as having the value " 14",
      decoder output line 14 will supply a signal to And-gate 144n, This
      And-gate is also supplied with timing signal T12 and thus at time T12 and
      And-gate will pass a signal to the processor module through Or-gate 146b,
      where it will be decoded as a Recall Memory (RM) command.
PAR  As discussed in connection with the description of the internal keyboard
      construction shown in FIG. 4, keyboard output lines 18 are in reality
      three separate lines KB1, KB2 and KB3. These three lines contain all
      keyboard data in time-multiplexed form. The data on two of the three
      keyboard output lines, KB1 and KB2, is gated through the control center
      module to the display buffer section of the processor module via processor
      input lines 26. The keyboard output entering the control center module on
      line KB1-I is gated through Or-gate 146a to output line KB1-0, while
      keyboard output signals entering the control center module on line KB2-I
      are gated through Or-gate 146b to output line KB2-0. It will be seen that
      lines KB1-0 and KB2-0are collectively designated in FIG. 2 as lines 26.
PAR  Timing section 150 has two primary functions. First, it generates the
      necessary rotary dial and Touch-tone timing signals which are respectively
      supplied to rotary formatter 160 and Touch-tone encoder 170 over lines 152
      and 154. These timing signals are used within the rotary formatter and
      Touch-tone encoder to generate a rotary dial pulse putput on line 52 (FIG.
      2) or a Touch-tone output on line 50 which is compatible with the external
      telephone network environment.
PAR  The second function of timing section 150 is to provide a source of digit
      timing signals T1 through T12 within the control center module. In order
      to properly synchronize these timing signals with those generated within
      the processor module, a timing synchronization signal corresponding to T1
      is supplied to timing section 150 from the processor module over line 32
      (FIG. 2). The reconstituted digit timing signals T1 through T12 are
      generated in a 12 bit shift register 156 and are output over lines 158.
PAR  Finally, both the rotary/Touch-tone timing and digit timing subsections of
      timing section 150 are supplied with a basic clock frequency F.sub.o from
      the system clock 46. In the rotary and Touch-tone timing subsection of
      timing section 150, the basic clock frequency is supplied to a binary
      frequency dividing counter having outputs 152 and 154 at the appropriate
      stages. Thus, if F.sub.o is 25 KHZ, the arrangement shown in FIG. 5A will
      produce a basic rotary dial timing signal on line 152 at 100 HZ and a
      basic Touch-tone timing signal on line 154 at 10 HZ. The digit timing
      signals T1 - T12 generated in shift register 156 are supplied both to
      And-gates 144 in logic block 140 for re-encoding of BCD data from
      peripheral devices into time-multiplexed format and to function control
      block 200 for decoding and function sequencing within that unit.
PAR  Referring now to that portion of the control center module illustrated in
      FIG. 5B, the contents of the display buffer section of processor module 24
      is simultaneously supplied to display panel 16 and to the control center
      module over lines 28a and 28b respectively in seven segment form. Since
      all internal operations within the control center module, and specifically
      within function control block 200 therein, require data in BCD form, the
      seven segment display data must be initially converted to BCD after entry
      into the control center module. Seven segment information on input lines
      DS1 - DS5 and DEC (which collectively comprise lines 28b) are converted in
      BCD encoder-formatter 180 to four bit BCD characters which are in turn
      supplied to digit register 190 which serves as a four bit input buffer for
      the function control block 200.
PAR  Each time the function control circuitry outputs a load signal on line 192
      the contents of digit register 190 are replaced by the BCD analog of the
      character appearing on lines 28b from the display buffer section of the
      processor module. The particular digit in the display buffer is carried on
      output lines 28b at any instant will vary since the individual digits of
      the maximum possible twelve digits in the displayed number are
      sequentially and cyclically sampled by those lines. Consequently the
      appearance of the digit register load signal on lines 192 is timed by the
      circuitry within function control block 200 to successively load display
      digits into register 190 in decreasing order of significance, i.e. from
      left to right as appearing in display panel 16. Thus, when data in the
      processor module display buffer is processed within the control center
      module to produce either a Touch-tone or rotary dial output on lines 50
      and 52 respectively, or a BCD digit output on lines 54, the information
      will be handled within the control center module one digit at a time in
      decreasing order of significance in the case of numerical data, or from
      left to right in the case of a telephone number.
PAR  The internal design and operation of function control block 200 will be
      discussed below in connection with FIG. 6. At this point, however, the
      relationship of the function control block to the remainder of the control
      center module will be discussed with emphasis on its inputs and outputs.
PAR  In addition to receiving timing signals T1 through T12 on line 158 and a
      four bit BCD character from digit register 190 on lines 194, function
      control block 200 also receives the following additional inputs. External
      mode commands 48 (FIG. 2) designate various aspects of the environment in
      which the EBT functions. While in the disclosed embodiment these external
      mode commands are preselected during assembly of the EBT and are field
      modifiable, it will be appreciated that the mode commands could be entered
      via keyboard 14 and thus be under operator control. For example, depending
      on the condition of the rotary/Touch-tone select signal on line 202
      function control block 200 will output a signal on the appropriate one of
      either rotary enable output line 204 or Touch-tone enable output line 206.
      These signals are respectively supplied to rotary formatter 160 and
      Touch-tone encoder 170.
PAR  If the rotary enable signal is the active output from the function control
      block, rotary formatter 160 will convert the BCD digit appearing at
      function control output lines 208 into a properly shaped pulse train which
      is output on line 52. If, on the other hand, the rotary/Touch-tone select
      switch 202 is wired in Touch-tone position the active enable output from
      function control block 200 will be on Touch-tone enable line 206 which in
      turn causes Touch-tone encoder 170 to generate the appropriate 2 out of 8
      frequency code representing the digit on lines 208 and to output the digit
      in proper Touch-tone format over lines 50.
PAR  Function control block 200 is also provided with another optional
      preselected mode command on line 210 designated in FIG. 5B as Access
      Digit. This is used, for example, when the EBT operates in telephone mode
      in a "Centrex" environment commonly found in PBX/PABX installations. In a
      Centrex system outgoing calls to numbers external to the private branch
      exchange must be preceded with a particular predesignated digit, most
      commonly the digit 9. When the EBT is operating in a Centrex environment
      the function control circuitry will examine an entered telephone number to
      determine whether the prefix portion is present. This will be interpreted
      as an outgoing call rather than an intra-branch exchange call and the
      digit 9 (or any other desired digit) will be automatically impressed onto
      the number ahead of the prefix (or area code if present) and a suitable
      delay interval inserted between the access digit and telephone number for
      dial-tone acquisition.
PAR  Additional mode commands Pause On 1 and Pause On 2 respectively appearing
      in FIG. 5B on function control input lines 212 and 214 are used to
      designate whether the access code is one or two digits. Pause On 1 in
      combination with an AD command inserts the dial tone acquisition delay
      after the first digit in the telephone number supplied to the rotary or
      Touch-tone formatter and Pause On 2 causes the delay to occur after the
      second digit encountered.
PAR  Turning now to the outputs of function control block 200, as previously
      mentioned the four bit BCD character is output from the function control
      block over lines 208. These output lines also include a data valid (DAV)
      signal which indicates to rotary formatter 160, Touch-tone encoder 170 or
      EBT peripheral devices over lines 54 and bus 36 that the data being
      received has been analyzed and suitably modified by the function control
      circuitry in accordance with the external mode commands entering on lines
      48 and the keyboard function control commands input on line KB3.
PAR  Function control block 200 also outputs a timing pause signal T.sub.p on
      line 216 which is supplied to the inter-digit interval generator portion
      of rotary formatter 160. The pause signal is used in the rotary formatter
      to produce the necessary timing interval between the pulse groups
      representing each successive telephone number digit.
PAR  Signals representing Touch-tone keys * and No. are supplied by the function
      control block over lines 218 to the 2 out of 8 frequency encoder 172
      within Touch-tone encoder section 170. These two characters must be
      supplied to the Touch-tone encoder separately from the four-bit BCD
      character output from the function control block on lines 208 since these
      characters are not stored in the processor module display buffer or shown
      on the display panel. Thus, instead of being output from keyboard 14 on
      lines KB1 or KB2 and routed through the processor module 24 to BCD encoder
      180 and digit register 190 these signals are supplied directly from the
      keyboard to function control block 200 on line KB3 along with certain
      other telephone control commands not relevant to the display function,
      such as DIAL, SEND DATA and OP (see FIG. 4). As will be seen below in
      connection with FIG. 6 the * and No. characters supplied to function
      control block 200 on KB3 are decoded therein from time-multiplexed form
      and supplied to Touch-tone encoder section 170 over output lines 218.
PAR  FIG. 5B also shows an input to the function control block on line 220
      designated PND (present next digit). This signal originates from the
      output of the inter-digit interval generator portion of rotary formatter
      160 and is used to signify to the function control block that the next
      successive digit of the telephone number should be loaded into digit
      register 190 for analysis by the function control circuitry. The PND
      signal causes the timing section within the function control block to
      output a load signal on line 192 at a time when the next successive digit
      in the telephone number is appearing on lines 28b which are continuously
      sampling the individual digits of the number stored in the display buffer
      in a cyclical fashion.
PAR  It will be seen below that the function control circuitry within block 200
      operates on a two-phase cycle as follows. During phase A, the data
      analysis phase, the BCD coded digits of the number stored in the display
      buffer section of the processor module are sequentially examined under
      control of the keyboard function commands on KB3 and the various
      externally supplied mode commands on lines 48. During the second or data
      modification phase, phase B, the display digits are again sequentially
      input to the function control block and during this phase designated
      modifier digits are inserted into the BCD digit stream issuing from digit
      register 190 at appropriate positions or certain digits present in the
      data stream are suppressed and the so-modified number is output
      digit-serially over lines 208 along with the data valid signal, which
      represents that the data has been examined and placed in the proper form.
PAR  Turning now to the rotary formatter section 160 and Touch-tone encoder
      section 170, the application of the appropriate enabling signals 204 and
      206 from the function control block 200 have already been discussed. In
      addition to the enabling inputs the rotary formatter and Touch-tone
      encoder are provided with appropriate clock signals from timing section
      150. These timing frequencies are used to produce automatic dialing
      signals which are compatible with the external common carrier network. For
      example, rotary formatter 160 receives a 100 HZ signal from the timing
      section on line 152 while Touch-tone encoder 170 is supplied with a 10 HZ
      timing frequency on line 154.
PAR  In the rotary formatter on coincidence of a rotary enable signal on line
      204 and a data valid signal on lines 208a  at the input of And-gate 161
      the BCD digit on lines 208a will be gated through gated encoder 162 and
      loaded onto four-bit comparator 163. Comparator 163 is simultaneously
      supplied with the output from Mod 10 counter 164. The counter is
      incremented by clock pulses on line 165 until its count "B" which is
      supplied to comparator 163 matches the value "A" of the BCD digit from the
      function control block on lines 208a.
PAR  Each time the counter is incremented and its output B remains less than BCD
      digit value A the comparator outputs a signal to And-gate 166. And-gate
      166 is also supplied with the rotary enable-data valid coincidence signal
      and thus each time A is less than the new incremented value of B And-gate
      166 will supply an output signal to And-gate 167 and also, through an
      inverter, to And-gate 168. And-gate 167 also receives the output of 40/60
      duty cycle unit 169, which is supplied with the 100 HZ clock signal
      entering the rotary formatter on line 152.
PAR  The output of the 40/60 duty cycle unit 169 will thus be a pulse train
      having a period of 100 miliseconds with a 40 milisecond pulse width and a
      60 milisecond break. Application of this pulse train to And-gate 167
      together with the And-gate 166 output results in output of the comparator
      pulse suitably shaped from the rotary formatter over line 52. The same
      pulse output from And-gate 167 is supplied to counter 164 over line 165
      and increments the counter until a number of pulses equal to the numerical
      value of the BCD digit on lines 208 has been generated by the comparator
      and output on line 52, at which time A will equal B, the comparator will
      no longer supply a signal to And-gate 167, the output of 40/60 duty cycle
      generator 169 will no longer be gated to line 52 and the pulse train will
      terminate.
PAR  At this point the inter-digit interval logic is activated by coincidence of
      input signals at And-gate 168. The counter arrangement within the
      inter-digit interval section will generate a PND output signal only after
      10 pulse break times, or an inter-digit interval of 600 miliseconds, has
      elapsed. After this inter-digit interval application of a PND signal to
      function control block 200 will cause the next display digit to be loaded
      into digit register 190 and the next successive digit of the modified
      telephone number will be supplied to the rotary formatter over lines 208a.
      Finally, timing pause signal T.sub.p is supplied to the inter-digit
      interval logic over line 216 and causes a dial tone acquisition delay to
      be generated between an access digit and the telephone number itself. As
      will be described, T.sub.p is generated by the function control timing
      circuitry in response to the presence of AD command in combination with
      either Pause On 1 or Pause On 2 commands.
PAR  Touch-tone encoder 170 receives the BCD digit from function control block
      200 over lines 208b. In addition coincidence of a data valid signal on
      lines 208b and a Touch-tone enable signal on line 206 causes And-gate 171
      to provide a signal to one input of And-gate 173. The other input of
      And-gate 173 is connected to the output of 60/40 duty cycle unit 174 which
      is supplied with the 10 HZ clock signal from timing section 150 on line
      154. Coincidence of these inputs at And-gate 173 will enable 2 out of 8
      frequency encoder 172 to convert the BCD digit appearing on lines 208b
      into Touch-tone format having the proper characteristics.
PAR  Referring now to FIG. 6 the internal logic design and operation of function
      control block 200 will now be discussed.
PAR  As previously mentioned the circuitry within function control block 200
      operates on the BCD digit contained in digit register 190 in accordance
      with a two-phase cycle including data analysis (phase A) and data
      modification (phase B). During the analysis phase the BCD digits
      successively loaded into digit register 190 in response to a load signal
      on line 192 from the timing circuits within function control block 200 are
      tested in accordance with certain function control commands from the
      keyboard and external preselected mode commands.
PAR  For example, keyboard output line KB3 supplies certain telephone function
      control commands in time-multiplexed form such as DIAL, OP, SEND DATA,
      etc. (see FIG. 4) directly to function control block 200. These KB3
      signals are decoded from time-multiplexed form by function decoding logic
      230 which is also supplied with timing signals T1 through T12 from the
      function control timing section 150 on lines 158.
PAR  In addition, as was seen in connection with FIG. 4, KB3 also carries
      various peripheral control signals supplied to the keyboard from
      peripheral devices through bus 36 and line 120. Function decoding logic
      230 decodes the KB3 signals and supplies them to the various data
      evaluation and modification circuitry shown in the lower half of function
      control block 200 in FIG. 6. In addition, function decoding block 230
      provides the decoded signals representing the * and No. characters to
      Touch-tone encoder section 170, over lines 218, as previously discussed in
      connection with FIG. 5B.
PAR  During phase A the BCD digits loaded into digit register 190 are examined
      by the function control circuitry to be described below in sequence and
      certain digit insertion or blanking flags are set in response to the
      examination. During the data modification phase the number is again loaded
      into register 190 in digit serial fashion and the digit insertion and
      blanking flags set in the preceding phase cause the displayed number to be
      output with certain digits inserted in the digit stream or certain digits
      of the number suppressed.
PAR  Timing circuitry within the function control block supplies a load signal
      on line 192 to digit register 190 at proper times so that successive
      digits of the number in the display buffer are sequentially examined
      during phase A and gated through the function control block during phase B
      in appropriately modified form, even though the display digit sampled by
      lines 28b is rapidly changing cyclic fashion. The digit insertion and
      blanking flags within function control block 200 operate on the BCD digit
      stream entering the function control block on lines 194 to produce a
      modified digit stream leaving the function control block on lines 208 in
      the following manner.
PAR  AD flag 240 receives the following inputs. External mode command Ad on line
      210 designates that the EBT is operating within a Centrex-type network and
      that all outside telephone calls are to be automatically preceded with a
      certain preselected digit typically the digit 9. A keyboard function
      control command appearing on line KB3 at time T2 is interpreted by
      function decoding logic 230 as a Dial signal which is in turn supplied to
      AD flag 240. Presence of the Dial signal indicates that the digit stream
      appearing on lines 194 is a telephone number.
PAR  Finally, timing signals T5 through T7 are supplied to AD flag 240 and cause
      the flag circuitry to interrogate the digit stream on lines 194 at times
      T5 - T7. If digits are encountered during this interval (and the Ad and
      Dial inputs are also present) the AD flag will interpret the digits as a
      telephone prefix and the flag will be set indicating that during phase B
      the digit 9 (or any other preselected one or two digit access code) should
      be inserted in the digit stream output from the function control block on
      lines 208 ahead of the prefix (or the area code if present). The AD flag
      DAV (data valid) output will remain inactive during phase A and thus
      insure that the digit appearing on lines 194 will not be gated to the
      function control output by data gate 250 during the examination phase.
PAR  Digit blanking flag 242 is used to cause a sign or decimal character
      appearing on lines 194 to be suppressed or not depending on whether
      peripheral devices which are to receive the data are equipped to handle
      decimal and sign characters. For example, a keyboard function control
      command appearing on line KB3 at time T8 will be interpreted by function
      decoding logic 230 as a SAD (signal and decimal enable) signal indicating
      that the receiving peripheral should receive the sign or decimal character
      unaltered. This SAD signal was supplied to the keyboard from the receiving
      peripheral 118 over line 120 (see (FIG. 4). The SAD output of function
      decoding logic 230 is applied to sign and decimal blanking flag 242 and
      its presence indicates the character on lines 194 should not be
      suppressed.
PAR  Similarly, s aignal on KB3 at time T3 will be decoded by logic 230 as a
      Send Data signal either from the keyboard or from a requesting peripheral
      device. Application of the Send Data command signal to sign and decimal
      blanking flag 242 will indicate that the character appearing on lines 194
      is a decimal character and not a telephone number digit. The sign and
      decimal blanking flag is so arranged that if the Send Data input is
      present but the SAD input is not, the flag will be set and during the data
      modification phase the sign and decimal characters will be suppressed in
      the digit stream output on lines 208. This is accomplished by inhibiting
      the DAV output which would normally be active during phase B at the
      corresponding location in the digit stream.
PAR  Finally, NZ (non zero) flag 246 is used to insert zeros into the digit
      stream on lines 194 at those digit locations where no data is present.
      This is used when the receiving peripherals require fixed word input
      having a predesignated number of digits. NZ flag 246 is enabled by the
      presence of LZS (unsuppress leading zeros) which enters the function
      control block on line KB3 at time T7 and is decoded by function decoding
      logic 230. LZS signal originates from the receiving peripheral 118 (FIG.
      4) which supplies it to the keyboard over lines 120. When this input is
      present NZ flag 270 will be set and during phase B a sequence of zeros
      will be inserted into the digit stream ahead of the first digit to fill
      out the fixed word format.
PAR  The digit timing circuitry within function control block 200 is shown in
      FIG. 6 just below the digit insertion and blanking flags 240, 242 and 246.
      This timing section controls generation of the digit load signal supplied
      on line 192 to digit register 190 in response to the following status
      inputs describing the EBT operating mode: rotary/Touchtone select input on
      line 202 indicating telephone operation; and RFD and SEND DATA inputs on
      KB3 decoded by function decoding logic 230 indicating data terminal
      operation. The timing section also receives the PND (present next digit)
      signal on line 220 from the output of the inter-digit interval portion of
      rotary formatter 160 (FIG. 5B). Finally, the timing section receives
      preselected mode commands Pause On 1 and Pause On 2 on lines 212 and 214
      respectively. These latter commands cause the function control timing
      circuitry to output a T.sub.p (pause) signal after either a 1 or 2 digit
      access code when AD flag 240 is set. This T.sub.p signal is supplied to
      the inter-digit interval generating portion of rotary formatter 160 and
      used therein to halt the dialing pulse output after the access code in
      order to insure outside line dial tone acquisition.
PAR  The digit timing circuitry within function control block 200 is arranged to
      operate either synchronously or asynchronously depending on the condition
      of the various status inputs. For example, asynchronous scan flag 250
      receives the PND, RFD and rotary select inputs indicating asynchronous
      operation while synchronous scan flag 252 receives the SEND DATA and
      Touch-tone select inputs indicating synchronous operation.
PAR  Thus, if the EBT is operating in either rotary telephone mode (rotary
      select input present) or in data transmission mode and a requesting
      peripheral device requires asynchronous input (RFD present) then upon
      receipt of a PND signal either from the rotary formatter on line 220 or
      from the requesting peripheral on line KB3, asynchronous scan flag 250
      will be set and the digit loading sequence in register 190 will occur in
      an asynchronous manner upon receipt of a PND signal by the timing
      circuitry which in turn produces a digit load signal on line 192.
      Similarly, if the EBT is operating in Touch-tone telephone mode
      (Touch-tone selection input present) or is transmitting data to a
      peripheral device which can receive synchronous data input (Send Data
      input present) then synchronous scan flag 252 will be set and the digit
      load signals on line 192 will occur synchronously.
PAR  Superimposed on this general synchronous/asynchronous scheme is the
      provision for a fixed interval delay after predesignated digits in a
      telephone number response to the presence of an AD command in combination
      with either Pause On 1 or Pause On 2 commands which indicate a centrex or
      tieline environment wherein after a 1 or 2 digit access code a dial tone
      must be acquired before the outgoing number is dialed.
PAR  Timing circuitry 254 provides the described synchronous/asynchronous
      generation of digit load signals as follows. The inter-digit delay portion
      of timing circuit 254 outputs an incrementing pulse to scan digit position
      counter 256 after a predesignated time interval has elapsed from receipt
      of the asynchronous scan flag signal. In a similar manner the 10 HZ
      Touch-tone rate clock portion of timing circuits 254 will provide a
      synchronous counter incrementing signal to scan digit position counter 256
      in response to the output of synchronous scan flag 252. Finally, the
      access dial tone wait portion of timing circuit 254 generates 1 of 2
      outputs depending on whether the EBT is operating in rotary telephone or
      Touch-tone telephone mode. Specifically, in rotary mode the access dial
      tone circuitry will generate a T.sub.p signal after the access digit. This
      signal is supplied to the inter-digit interval portion of rotary formatter
      160 and causes an appropriate delay in the pulse output therefrom as
      described above. In telephone mode the dial tone acquisition circuitry
      will appropriately delay the incrementing signal for scan digit position
      counter 256.
PAR  Scan digit position counter 256 is a two-phase counter which steps through
      the twelve digit times once during phase A and once during phase B in
      response to incrementing signals from either the inter-digit delay,
      Touch-tone rate clock or dial tone acquisition delay portions of timing
      circuits 254. The counter output representing the digit time of the
      current contents of digit register 190 is combined with timing signals T1
      through T12 in timing select circuit 258. This results in a digit load
      output on line 192 at a time when the next successive digit to be
      interrogated or processed is determined to be on digit buffer input lines
      182 (FIG. 5B). This synchronization is necessary since as described above
      the particular display digit appearing on lines 28b and thus lines 182 is
      continuously cycling through the 12 possible display digit positions.
PAR  During phase B counter 256 provides an output designated in FIG. 6 as .phi.
      B. This counter output is supplied to one input of And-gate 260, the other
      input of which receives the digit load signal from timing select circuit
      258 on line 192. Thus, And-gate 260 will be enabled at each digit load
      time during the data modification phase. The output from And-gate 260 is
      supplied to one input of And-gate 262 the other input of which receives
      the data valid signal (DAV) from the digit insertion and blanking flags
      240, 242, and 246. These flags are arranged so that the data valid output
      is inactive during phase A. Moreover, as previously discussed, the DAV
      output from sign and decimal blanking flag 242 is also inactive during
      phase B whenever a suppressed decimal or sign is encountered in the digit
      stream on lines 194.
PAR  Thus, it is seen that And-gate 262 will be enabled if at all only during
      phase B. The output of And-gate 262 represents the gating of the data
      valid signal to the output of function control block 200 during the data
      modification phase in synchronism with generation of the digit register
      load signal on line 192. In addition, the output of And-gate 262 is
      supplied to the select input of data gate 250 which also receives two
      four-bit BCD digit inputs. The first digit input on lines 194 represents
      the contents of digit register 190 while the second input carries the
      output from code generating matrix 248. Code generating matrix 248 is in
      turn supplied with the Force 9 output of AD flag 240 and the Force 0
      output of NZ flag 246. The significance of these outputs has already been
      discussed. Code generating matrix 248 also receives an input in the form
      of the Operator (OP) function control command decoded from keyboard line
      KB3. The Operator summons command is interpreted by code generating matrix
      248 as being identical to the Force 0 output of NZ flag 246.
PAR  Code generating matrix 248 provides an output to data gate 250 in the form
      of either a 0 or 9 digit in four bit BCD format for insertion into the
      digit stream on lines 194 depending on whether it represents an access
      digit, an Operator summons or is required to fill-out a number for fixed
      word transmission.
PAR  Thus, the overall effect of the phase B function control operation is that
      the digit stream appearing on lines 194 will be gated through data gate
      250 to output lines 208 with certain modifications in the form of 0 and 9
      digit insertion or digit suppression of sign and decimal characters.
PAR  FIG. 7 depicts in schematic fashion the principle of operation of
      articulated display module 40 and its interconnection with display panel
      16.
PAR  Timing signals T1 through T12 are supplied to articulated display module 40
      on input timing lines 38 also shown in FIG. 2. A typical telephone number
      including area code, prefix and suffix is shown at the top of FIG. 7 in
      non-articulated format -- i.e. compressed to the right as stored in the
      display buffer section of processor module 22. The individual digits of
      the telephone number are illustrated in association with the corresponding
      timing signal input lines 38.
PAR  When mode switch 42 is actuated in its position corresponding to
      articulated display presentation certain of the input timing signals on
      lines 38 corresponding to the individual digits of the compressed
      telephone number are shifted within module 40 to different timing output
      lines 43 as follows. The suffix portion of the telephone number -- in this
      case 4757 -- passes through display module 40 unaltered and exits on the
      same timing lines T9 through T12. The timing signals T6 - T8 corresponding
      to the prefix digits 397 on the other hand are each shifted one timing
      line to the right and exit from the display module 40 on timing lines T5
      -T7. This results in a one digit spacing between the prefix and suffix of
      the telephone number as displayed. Similarly, the timing signals
      corresponding to the area code 415 on lines T3 - T5 are shifted two timing
      lines to the left and exit from display module 40 on timing lines T1 - T3
      inserting one digit space between the area code and prefix.
PAR  The segmented digit timing signals derived as above are supplied to the
      digit select inputs of display panel 16 and control the placement of the
      individual display digits within the panel. The seven-segment signals
      representing the display digits (including the decimal character) are
      supplied in timed digit sequence to display panel 16 over lines 28 from
      the display buffer section of the processor module and are routed to the
      appropriate seven-segment display location (e.g. Nixie tube) by the digit
      select line which is then active. It will be appreciated that when mode
      switch 42 is in its non-articulation position the digit select timing
      signals on input lines 38 leave display module 40 on the same lines and
      cause the digits supplied to panel 16 to be displayed as stored in the
      display buffer.
PAR  It will be seen that implementation of the display articulation approach
      represented by FIG. 7 results in fixed articulated display of an entered
      telephone number. The term fixed indicates that as the telephone number is
      entered one digit at a time via keyboard 14 and serially loaded into the
      display buffer within processor module 30 it is simultaneously displayed
      on display panel 16 such that the individual digits move from right to
      left thereon until the entire number is displayed. However, as the entered
      telephone number moves from right to left across the display panel the
      displayed segmenting blanks between suffix and prefix and between prefix
      and area code will remain fixed with respect to the display positions.
      This results in a situation wherein the entered telephone number is not
      easily verified visually until the entire number has been entered. A more
      desirable approach is to have the blanks move along with the entered
      number in their final position relative thereto as the number moves from
      right to left on the display. Such a fully automatic articulation approach
      must take into account the following situations if improper grouping
      during entry (and after complete entry) is to be avoided:
PAR  1. Operater Assisted Calls (OAC)
PAR  OAC involves entering one or more leading digits (such as 0) before dialing
      the telephone number to be called. This may be accomplished as described
      in detail below in connection with FIG. 8 by examining the first two digit
      entries following a dial command and comparing them against stored
      constants representing local operator assist codes (typically 0, 1, 01 and
      10). If an operator code is found, articulation will be delayed until the
      end of the operator code.
PAR  2. Exchange Environment
PAR  In a PABX environment one or more access digits must be dialed to access
      outside lines prior to dialing the called subscriber's number. In a
      multi-level network environment several sets of access digits may precede
      the basic number. In a centrex environment a complete address may comprise
      a total of only four digits. In the present invention means are provided
      for counting the number of digits before a dial-out command is given. If
      the number of digits is three or less the articulation process will be
      delayed until the next series of digits are entered.
PAR  After operator code and exchange access digits are verified, means are
      provided at the start of an articulation process to detect the entry of
      the fifth digit, whereupon, the first three digits are shifted left by two
      digit positions to obtain a 3-2 grouping. Upon detection of the eighth
      digit the first six digits are shifted left by two positions to obtain a
      3-3-2 grouping. At all other times each digit is shifted left without
      rearranging the original contents of the display register other than a
      single position left shift.
PAR  3. Conservation of display upon overflow
PAR  In the event of display overflow of an articulated number it is desirable
      to provide means for disabling articulation (i.e., shifting to
      non-articulated display mode) so that final overflow will occur only when
      all display positions are loaded with numeric information. This is
      achieved in the present invention by inclusion of means for examining the
      most significant digit (MSD) for overflow while in articulation. Upon
      overflow detection means are provided to shift all digits right until all
      blanks are "squeezed out".
PAR  4. Editing
PAR  In the event of an entry error, editing -- i.e., backspace correction --
      without deviating from basic articulation format is a desirable feature.
      In other words, the articulation process should be completely reversible.
      This is accomplished by the provision of means for clearing the display
      shift register each time the backspace key is actuated. Following a
      backspace command, operator code and exchange access digits are verified
      and the articulation process is repeated. By counting the contents of the
      display shift register each non-vacant position is treated as a digit
      entry command to the articulation means.
PAR  5. Interim deviation from format during entry
PAR  In an ideal articulation scheme the components of a phone number are
      strictly articulated as the digits are keyed in. In less than ideal
      schemes, the correct articulation is available only after the entire
      number is entered. This is what has been described as "floating" versus
      fixed articulation. Examples of the fixed articulation approach are: fixed
      articulation locations as in FIG. 7, and no articulation until some final
      command such as dial is initiated. In either case, ease of verification
      and correction during entry is sacrificed.
PAR  Assuming floating articulation is desired, some deviation from perfect
      articulation is unavoidable. For example, a common grouping of 3-4 (prefix
      plus suffix) is not a subset of an equally common grouping of 3-3-4 (area
      code plus prefix plus suffix).
PAR  An intelligent articulation scheme is necessary to eliminate both user
      forethought and custom field installation and still provide optimum format
      conformance for any combination of the situations listed above.
      Unavoidable interim deviation is limited to a single digit which is
      under-articulated but forgiven on the next entry. For example, the first
      four digits of a common seven digit number are entered under-articulated
      as contiguous digits (4), rather than a correct (3-1) grouping.
      Articulation starts on the fifth digit to obtain a postponed but correct
      interim grouping of (3-2). However, in the case of a four digit centrex
      address, an unforgiven over-articulated (3-1) grouping display is avoided
      by the above compromise.
PAR  One specific implementation of these design objectives will now be
      discussed in connection with FIG. 8. The numeric information entered via
      keyboard 14 is stored in the output section of the display buffer of
      processor module 24 (see FIG. 2). The information is then supplied (in
      seven segment form) over line 28a to the display articulation logic 40.
      The digit-serial signals on line 28a enter display shift register 310 via
      a shift control unit 312 and are constantly recirculated through the shift
      register and shift control. Shift control 312 performs the various
      shifting functions -- i.e., shift right, shift left, or insert blank. Each
      time a new digit is entered the display is shifted one position to the
      left and the new digit is entered into the least significant digit (LSD)
      position.
PAR  The first two digits after a blank display are interrogated by Leading 0/1
      latch 314. If the leading digit is not a 0 or a 1, articulation counter
      316 is enabled and starts counting every digit. When the first five digits
      are counted the fifth digit is decoded and blank insert unit 318 instructs
      shift control 312 to insert a blank between the third and fourth digits.
      When the eighth digit is entered and decoded, blank insert unit 318 again
      transmits a blank shift command to shift control 312 and this time the
      blank is inserted between the sixth and seventh digits. When the
      thirteenth digit is inserted a signal from the display indicates that the
      MSD position is filled and all the blanks are then removed compressing the
      number.
PAR  When the first digit is a 0 or a 1, articulate counter 316 is disabled. If
      the first two digits are either 01 or 10, the articulate counter remains
      disabled. Upon receipt of the next digit, the articulate counter is
      enabled to resume its normal operation. The following tables illustrate
      several examples of floating articulation in operation.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Normal Number               Comments                                      

     __________________________________________________________________________

                               4                                               

                             4 1                                               

                           4 1 5                                               

                         4 1 5 5                                               

                     4 1 5   5 4 Blank & shift left                            

                   4 1 5   5 4 3                                               

                 4 1 5   5 4 3 1                                               

             4 1 5   5 4 3   1 2 Blank & Shift left                            

           4 1 5   5 4 3   1 2 1                                               

         4 1 5   5 4 3   1 2 1 2                                               

       4 1 5   5 4 3   1 2 1 2 3                                               

     4 1 5   5 4 3   1 2 1 2 3 4                                               

       4 1 5 5 4 3 1 2 1 2 3 4 5 Remove blanks & compress                      

     __________________________________________________________________________

TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Leading "0"                 COMMENTS                                      

     (Operator intercept in PTT area)                                          

     __________________________________________________________________________

                               0                                               

                             0 4                                               

                           0 4 1                                               

                         0 4 1 5                                               

                       0 4 1 5 5                                               

                   0 4 1 5   5 4                                               

                 0 4 1 5   5 4 3                                               

               0 4 1 5   5 4 3 1                                               

           0 4 1 5   5 4 3   1 2                                               

         0 4 1 5   5 4 3   1 2 1                                               

       0 4 1 5   5 4 3   1 2 1 2                                               

     0 4 1 5   5 4 3   1 2 1 2 3                                               

       0 4 1 5 5 4 3 1 2 1 2 3 4                                               

     __________________________________________________________________________

TBL                TABLE 3                                                     

     ______________________________________                                    

     Leading "01"                                                              

     (Operator intercept in some GTE area)                                     

     ______________________________________                                    

                                   0                                           

                                              0 1                              

                                             0 1 4                             

                                            0 1 4 1                            

                                           0 1 4 1 5                           

                                          0 1 4 1 5 5                          

                                        0 1 4 1 5  5 4                         

                                       0 1 4 1 5  5 4 3                        

                                      0 1 4 1 5  5 4 3 1                       

                                    0 1 4 1 5  5 4 3  1 2                      

                                   0 1 4 1 5  5 4 3  1 2 1                     

                               0   1 4 1 5  5 4 3  1 2 1 2                     

                                   0 1 4 1 5 5 4 3 1 2 1 2 3                   

     ______________________________________                                    

TBL                TABLE 4                                                     

     ______________________________________                                    

     Dialing Within a Centrex PABX                                             

                              COMMENTS                                         

     ______________________________________                                    

                                4                                              

                       4        3                                              

              4        3        2                                              

     4        3        2        1                                              

     ______________________________________                                    

TBL                TABLE 5                                                     

     ______________________________________                                    

     Dialing Outside a PABX plus OAC                                           

     ______________________________________                                    

                                                 9                             

                                             9        Dial stop                

                                         9       0    Dial Operator            

                                     9       0   5                             

                                 9       0   5   4                             

                             9       0   5   4   3                             

                     9       0   5   4   3       1                             

               9         0   5   4   3       1   2                             

         9           0   5   4   3       1   2   1                             

     9         0     5   4   3       1   2   1   2                             

     ______________________________________                                    

TBL                TABLE 6                                                     

     ______________________________________                                    

     Leading "1"                                                               

     ______________________________________                                    

                                   1                                           

                                              1 4                              

                                             1 4 1                             

                                            1 4 1 5                            

                                           1 4 1 5 5                           

                                         1 4 1 5  5 4                          

                                        1 4 1 5  5 4 3                         

                                       1 4 1 5  5 4 3 1                        

                                     1 4 1 5  5 4 3  1 2                       

                                    1 4 1 5  5 4 3  1 2 1                      

                                   1 4 1 5  5 4 3  1 2 1 2                     

                               1   4 1 5  5 4 3  1 2 1 2 3                     

                                   1 4 1 5 5 4 3 1 2 1 2 3 4                   

     ______________________________________                                    

TBL                TABLE 7                                                     

     ______________________________________                                    

     Leading "10"                                                              

     ______________________________________                                    

                                   1                                           

                                              1 0                              

                                             1 0 4                             

                                            1 0 4 1                            

                                           1 0 4 1 5                           

                                          1 0 4 1 5 5                          

                                        1 0 4 1 5  4 5                         

                                       1 0 4 1 5  5 4 3                        

                                      1 0 4 1 5  5 4 3 1                       

                                    1 0 4 1 5  5 4 3  1 2                      

                                   1 0 4 1 5  5 4 3  1 2 1                     

                               1   0 4 1 5  5 4 3  1 2 1 2                     

                                   1 0 4 1 5 5 4 3 1 2 1 2 3                   

     ______________________________________                                    

PAR  While the specific embodiment of the electronic business telephone
      described in the preceding pages and illustrated in the drawings, is
      disclosed in sufficient detail to enable persons of ordinary skill in the
      art to practice the invention with a minimum degree of routine design
      experimentation it will nevertheless be appreciated that various
      modifications thereof can be made without departing from the scope of the
      invention as defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic communications terminal comprising:
PA1  a. keyboard means for entry of numeric information and function control
      commands;
PA1  b. displaya register means responsive to said keyboard means for buffer
      storage of so entered numeric information;
PA1  c. display means responsive to said display register means for visual
      presentation of so stored numeric information;
PA1  d. automatic dialing means associated with said display register means for
      generation of telephonic call placement signals representing said stored
      numeric information under control of at least one said function control
      commands indicating that said communications terminal is operating in
      telephone mode;
PA1  e. arithmetic computation means associated with said display register means
      for performing calculations involving said stored numeric information and
      for supplying the results of said calculations to said display register
      means for visual presentation under control of at least one of said
      function control commands indicating that said communications terminal is
      operating in computation mode; and
PA1  f. articulation means associated with said display register means and said
      display means for causing said stored numeric information to be displayed
      in a plurality of spaced segments only when the terminal is operating in
      the telephone mode.
NUM  2.
PAR  2. The electronic communications terminal of claim 1 further comprising
      data transmission means associated with said display register means for
      generating digitally coded signals representing said stored numeric
      information and transmitting said signals to a remote location for
      processing under control of at least one of said function control commands
      indicating that said communications terminal is operating in data
      transmission mode.
NUM  3.
PAR  3. The electronic communications terminal of claim 1 further comprising
      memory means communicating with said display register means for receipt of
      the contents thereof under control of at least one of said function
      control commands for indeterminate storage of said contents independent of
      said display means and for return of said contents to said display
      register means under control of another of said function control commannds
      for presentation to said display means.
NUM  4.
PAR  4. An electronic communication terminal comprising:
PA1  a. keyboard means for entry of numeric information and function control
      commands;
PA1  b. memory means responsive to said keyboard means for storing so entered
      numeric information;
PA1  c. display means responsive to said memory means for visually displaying so
      stored numeric information;
PA1  d. automatic dialing means associated with said memory means for generating
      telephonic call placement signals representing said stored numeric
      information, said automatic dialing means being responsive to at least one
      of said function control commands indicating that said communication
      terminal is operating in telephone mode;
PA1  e. data transmission means associated with said memory means for generating
      digitally coded signals representing said stored numeric information and
      transmitting said signals to a remote location for processing, said data
      transmission means being responsive to at least one of said function
      control commands indicating that said communication terminal is operating
      in data transmission mode;
PA1  f. arithmetic computation means associated with said memory means for
      performing calculations using said stored numeric information and for
      supplying the results of said calculations to said display means for
      visual presentation, said arithmetic computation means being responsive to
      at least one of said function control commands indicating that said
      communication terminal is operating in computation mode;
PA1  g. articulation means associated with said memeory means and said display
      means for causing said stored numeric information to be displayed in a
      plurality of segments, said articulation means being operated only when
      said communication terminal is operating in the telephone mode; and
PAR  h. control means associated with said keyboard display means, memory means,
      data transmission means and arithmetic computation means responsive to
      said commands for controlling and coordinating said operating modes.
NUM  5.
PAR  5. The electronic communications terminal of claim 4 wherein said
      arithmetic computation means further includes means for accumulating
      calculation results in said memory means under control of at least one of
      said function control commands.
NUM  6.
PAR  6. The electronic communications terminal of claim 4 in combination with
      remotely located computer means and means interconnecting said remote
      computer and said communications terminal.
NUM  7.
PAR  7. The communications terminal of claim 4 in combination with credit card
      reader means and means interconnecting said credit card reader means and
      said communications terminal.
NUM  8.
PAR  8. The electronic communications terminal of claim 4 wherein said
      articulation means further comprises logic means for analyzing said stored
      numeric information and for selectively displaying at least a portion
      thereof in spaced segments on said display panel.
NUM  9.
PAR  9. The electronic communications terminal of claim 8 wherein said logic
      means further includes means for insertion of blanks between said segments
      as the individual digits thereof are entered from said keyboard and
      simultaneously presented on said display panel.
NUM  10.
PAR  10. The electronics communications terminal of claim 8 wherein said logic
      means further includes means for suppressing from presentation on said
      display panel predetermined operator access and exchange access digits
      leading said entered numeric information.
NUM  11.
PAR  11. The electronics communications terminal of claim 8 wherein said logic
      means further includes editing means for backspace correction of numeric
      information presented on said display panel.
NUM  12.
PAR  12. An electronic communications terminal comprising:
PA1  a. keyboard means for entry of numeric information and function control
      commands;
PA1  b. memory means responsive to said keyboard means for storing so entered
      numeric information;
PA1  c. display means responsive to said memory means for visually displaying so
      stored numeric information;
PA1  d. automatic dialing means associated with said memory means for generating
      telephonic call placement signals representing said stored numeric
      information, said automatic dialing means being responsive to at least one
      of said function control commands indicating that said communication
      terminal is operating in telephone mode;
PA1  e. data transmission means associated with said memory means for generating
      digitally coded signals representing said stored numeric information and
      transmitting said signals to a remote location for processing, said data
      transmission means being responsive to at least one of said function
      control commands indicating that said communication terminal is operating
      in data transmission mode;
PA1  f. arithmetic computation means associated with said memory means for
      performing calculations using said stored numeric information and for
      supplying the results of said calculations to said display means for
      visual presentation, said arithmetic computation means being responsive to
      at least one of said function control commands indicating that said
      communication terminal is operating in computation mode; and
PA1  g. control means associated with said keyboard display means, memory means,
      data transmission means and arithmetic computation means responsive to
      said function control commands for controlling and coordinating said
      operating modes, said control means further comprising means for
      automatically generating signals representing an access digit code for
      combination with said telephonic call placement signals under at least
      partial control of said function control commands.
NUM  13.
PAR  13. Apparatus according to claim 12 further comprising means for insuring
      presence of a dial tone after processing of said access digit code before
      further processing of said telephonic call placement signals occurs.
NUM  14.
PAR  14. An electronic communication terminal comprising:
PA1  a. keyboard means for entry of numeric information and function control
      commands;
PA1  b. memory means responsive to said keyboard means for storing so entered
      numeric information;
PA1  c. display means responsive to said memory means for visually displaying so
      stored numeric information;
PA1  d. automatic dialing means associated with said memory means for generating
      telephonic call placement signals representing said stored numeric
      information, said automatic dialing means being responsive to at least one
      of said function control commands indicating that said communication
      terminal is operating in telephone mode;
PA1  e. data transmission means associated with said memory means for generating
      digitally coded signals representing said stored numeric information and
      transmitting said signals to a remote location for processing, said data
      transmission means being responsive to at least one of said function
      control commands indicating that said communication terminal is operating
      in data transmission mode;
PA1  f. arithmetic computation means associated with said memory means for
      performing calculations using said stored numeric information and for
      supplying the results of said calculations to said display means for
      visual presentation, said arithmetic computation means being responsive to
      at least one of said function control commands indicating that said
      communication terminal is operating in computation mode;
PA1  g. control means associated with said keyboard, display means, memory
      means, data transmission means and arithmetic computation means responsive
      to said commands for controlling and coordinating said operating modes;
      said control means further comprising encoder circuit means responsive to
      digit-representing signals characteristic of said keyboard-entered numeric
      information for converting said signals into binary-coded decimal form for
      analysis and modification; and
PA1  h. data-handling circuit means responsive to said encoder means for
      converting said binary coded decimal signals received therefrom into
      modified digit signals including automatic dialing signals under at least
      partial control of said keyboard-entered function control commands; and
PA1  said data handling circuit means further comprising:
PA2  rotary formatter circuit means for transforming binary-coded decimal
      signals into rotary-dial pulse train signals compatible with external
      common carrier telephone lines;
PA2  touch-tone encoder circuit means for transforming binary-coded decimal
      signals into frequency encoded signals compatible with external common
      carrier telephone lines;
PA2  function control circuit means responsive to said encoder means for
      receiving said binary-coded decimal digitrepresenting signals therefrom
      and directing said signals to one of said rotary formatter circuit means
      and said Touch-tone encoder means under at least partial control of said
      keyboard-entered function control commands; and
PA2  said function control means further comprising digit insertion circuit
      means for generating binary-coded decimal modifier digit signals and
      combining said modifier digit signals with said digit representing signals
      received from said encoder circuit means to form a modified digit sequence
      based on said keyboard-entered numerical information under at least
      partial control of said keyboard-entered function control commands and
      supplying said modified digit sequence to one of said rotary formatter
      circuit means and said Touch-tone encoder circuit means.
NUM  15.
PAR  15. The electronic communications terminal of claim 14 wherein said
      function control means further comprises digit blanking circuit means for
      suppressing selected ones of said digit representing signals received from
      said encoder circuit means to form a modified digit sequence based on said
      keyboard-entered numerical information under at least partial control of
      said keyobard-entered function control commands.
NUM  16.
PAR  16. An electronic communications terminal comprising:
PA1  a. keyboard means for entry of numeric information and function control
      commands;
PA1  b. display means responsive to said keyboard means for buffer storage of so
      entered numeric information;
PA1  c. display means responsive to said display register means for visual
      presentation of so stored numeric information;
PA1  d. automatic dialing means associated with said display register means for
      generation of telephonic call placement signals representing said stored
      numeric information under control of at least one of said function control
      commands indicating that said communications terminal is operating in
      telephone mode;
PA1  e. articulation means associated with said display register means and said
      display means for causing said stored numeric information to be displayed
      in a plurality of spaced segments; and
PA1  f. control means associated with said keyboard, display register and
      automatic dialing means responsive to said function control commands for
      controlling and coordinating said operating modes, said control means
      further including means for automatically generating signals representing
      an access digit code for combination with said telephonic call placement
      signals under at least partial control of said function control commands.
NUM  17.
PAR  17. An electronic communications terminal comprising:
PA1  a. keyboard means for entry of numeric information and function control
      commands;
PA1  b. display register means responsive to said keyboard means for buffer
      storage of so entered numeric information;
PA1  c. display means responsive to said display register means for visual
      presentation of so stored numeric information;
PA1  d. automatic dialing means associated with said display register means for
      generation of telephonic call placement signals representing said stored
      numeric information under control of at least one of said function control
      commands indicating that said communications terminal is operating in
      telephone mode;
PA1  e. articulation means associated with said display register means and said
      display means for causing said stored numeric information to be displayed
      in a plurality of spaced segments only when the terminal is operating in
      its telephone mode; and
PA1  f. control means associated with said keyboard, display register means,
      automatic dialing means responsive to said function control commands for
      controlling and coordinating said operating modes, said control means
      further including means for automatically generating signals representing
      an access digit code for combination with said telephonic call placement
      signals under at least partial control of said function control commands.
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ABST
PAL  In a recording or playback system in which information is stored along a
      spiral track on a flexible record carrier foil which rotates at a high
      velocity on an air cushion above a stabilization surface, and playback is
      to be effected according to the pressure sensing technique, the adverse
      effects of static electrical charges which can be created when frictional
      contact occurs between the foil and points on the stabilization surface
      are eliminated by providing the stabilization surface with a grounded
      electrically conductive region in the vicinity of the path followed by a
      signal transducer along a radius of the foil plane as it traces the sprial
      track and by causing the foil to be closer to the conductive region than
      to the mass of the transducer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a recording or playback device of the type
      in which a rotating record carrier foil is held, by a flowing gaseous
      medium disposed between a stabilization surface and the foil, in the
      vicinity of the stabilization surface, and in which a unit for recording
      or playing back is movable above the foil transverse to its direction of
      advancement.
PAR  Picture record systems are known which operate according to the pressure
      scanning principle, where information is stored on an electrically
      nonconductive record carrier foil in the form of deformations, or
      undulations, disposed along a spiral track. In order to play back the
      signal recording, the foil is moved beneath a pressure pickup and the
      pickup moves so that its motion combined with that of the foil causes the
      pickup to follow the spiral track. Fluctuations in the pressure force on
      the pickup caused by the deformations in the foil are converted into
      corresponding electrical signals by a transducer. In order to be able to
      produce a perfect signal reproduction, it is necessary that physical
      oscillations and vertical wobble of the foil be substantially prevented.
PAR  It is known to produce a smooth, vibration-free movement of the foil by
      rotating the foil at high speed at a slight distance above a stationary
      stabilization surface, which can be a planar plate. A thin cushion of air
      forms between the foil and the stabilization surface and air in the
      cushion exhibits a net outward flow so that the foil is held at a slight
      distance above the stabilization surface. With a given rate of rotation
      and appropriate design of the portion of the stabilization surface which
      determines the quantity of air passing outwardly, it is possible to
      counteract local changes in shape of the foil by corresponding local
      increases or decreases in pressure in the cushion of air. The foil and the
      cushion of air are in a stable equilibrium.
PAR  With such arrangements, it sometimes occurs, on occasion periodically, that
      the foil brushes against the stabilization surface or even that the foil
      adheres to the stabilization surface.
PAR  This interference with the steady movement of the foil is caused mainly by
      the effect of electrostatic charges which may form on the foil and on the
      stabilization surface. They not only interfere with the steady movement
      but also lead to discharges through the pressure pickup which produce
      interference in the playback of the recorded picture.
PAR  U.S. Pat. No. 3,767,865 issued to Schuller et al, discloses a manner of
      solving this problem by providing means which substantially prevent the
      formation of an influence charge on the surface of the stabilization
      surface when the record carrier is electrostatically charged and thus
      prevent the formation, within the air cushion, of an electric field which
      could cause the carrier to adhere to the stabilization surface. This can
      be effected either by providing the stabilization surface with a
      sufficiently thick layer of an insulating material on its side facing the
      underside of the record carrier or by providing a record carrier foil
      which moves above a metallic stabilization surface with a coating of
      conductive material on its bottom surface.
PAR  In the latter case no electrical field can form in the cushion of air
      between the stabilization surface and the underside of the foil if the
      stabilization surface is conductively connected with the underside of the
      foil. While this can be considered to be the ideal arrangement, it is
      difficult to realize in practice, since, inter alia, a conductive foil
      coating has an adverse influence on the foil flexibility characteristics
      required for high quality signal reproduction by the pressure scanning
      process. The application of such a coating would also increase the cost of
      manufacturing the record carrier foils.
PAR  A picture record player operating with a record carrier foil without a
      conductive coating operates satisfactorily only if neither the foil nor
      the stabilization surface becomes strongly electrostatically charged, if
      no impurities such as dust are present on either part, and if the foil is
      free of dents.
PAC  SUMMARY OF THE INVENTION
PAR  It is thus an object of the present invention to improve the quiet, or
      steady, movement of record carriers of the type described above.
PAR  A more specific object of the invention is to reduce the influence of
      electrostatic charges during the playback of foils without it being
      necessary to coat the foils with an electrically conductive coating.
PAR  These and other objects are accomplished according to the present invention
      by providing such a stabilization surface with at least one region of
      lesser, and at least one region of higher, electrical conductivity.
      According to an advantageous embodiment of the present invention, the
      region with higher electrical conductivity protrudes from the
      stabilization surface in the direction toward the foil and has a curved
      outline.
PAR  The generation of electrostatic charges in picture record recording and
      playback systems can be explained as follows:
PAR  Unavoidable deposits of dirt on the stabilization surface form points of
      friction for the foil. At these points the friction produces a separation
      of charges, a charge of one polarity being produced at the point of the
      impurity on the stabilization surface and a charge with the oppoiste
      polarity adhering to the underside of the foil. The rotation of the
      nonconductive foil causes the latter charge to be transported along with
      the foil. At the same time new charges are continuously produced at the
      point of friction while the charge of the underside of the foil becomes
      distributed entirely around the foil.
PAR  If the stabilization surface is only poorly conductive, the charge of the
      one polarity thereon remains concentrated at the point of friction and is
      responsible for the creation of an electric field in the vicinity of the
      point of friction. With a foil of a thickness of only about 0.1 mm and a
      low dielectric constant, e.g. .epsilon..sub.r = 3, a field will also be
      formed in the air space above the foil. The resulting electric field
      intensity may be so high that the air above the foil is ionized. In this
      case the charge carriers in the foil, which are of opposite polarity to
      the charge producing the field, flow in the direction toward the region
      where the latter charge is concentrated. The foil material ahead of this
      charge prevents the opposite polarity charge carriers from reaching the
      generating charge in order to neutralize it. Instead, the opposite
      polarity charge carriers are deposited on the foil surface from where they
      cannot flow off in a short time because of the poor volume, or bulk,
      conductivity and surface conductivity thereof.
PAR  Since the opposite polarity charge carriers are subsequently carried away
      from the friction point by the rotation of the foil, the field conditions
      in the vicinity of the point of friction are not changed, at least to a
      first approximation. The charge carriers are thus transported away from
      the point of friction and toward the pressure pickup, where annoying
      discharges will most likely occur since this is where the distance between
      the foil surface and the mass presented by the recording or scanning
      transducer is shortest and forces are lacking which would be produced by
      the concentrated charge producing a field in the vicinity of the point of
      friction and which would hold the opposite polarity charge carriers to the
      upper surface of the foil.
PAR  As outlined above, unavoidable electrostatic charges occur in the
      nonconductive foil and these, on the one hand, are a cause of interruption
      of the air cushion and, on the other hand, produce annoying discharges
      through the pickup when the above-mentioned favorable conditions are not
      present, which is generally the case during normal operation.
PAR  The present invention is therefore based on the following considerations:
      on the one hand, the charging of the foil, and thus also the discharging
      process, can be prevented if the charge which is concentrated on the
      stabilization surface at the point of friction has a way to flow off, for
      example via a conductive connection between the point and ground; and on
      the other hand, the discharges through the pickup can be positively
      prevented if a certain region of the stabilization surface is connected to
      ground with good electrical conduction and if the distance between this
      region of the stabilization surface and the foil is less than the distance
      between the foil and the mass of the pressure scanning and pressure
      transducing device.
PAR  It is important for the proper operation of the stabilization surface
      according to the present invention that this region be only large enough
      that the braking forces caused by electrostatic charges on the foil during
      movement of the foil will not be annoyingly noticed. The curved shape of
      the electrically conductive region is selected so that the distance
      between the conductive region of the stabilization surface and the
      underside of the record carrier foil is a minimum to create optimum
      conditions for maintaining the conductive connection between the
      stabilization surface and the record carrier foil at this point. The
      curved shape assures that the conductive regions present preferred paths
      for discharges because of the small distance which they establish between
      the foil and the stabilization surface.
PAR  The curved shape has the further advantage that dirt deposits will form at
      specially provided defined points outside of the location of the scanning
      operation so that sources of interference can be directly eliminated in
      this way.
PAR  The conductive region of the stabilization surface preferably consists of a
      metallic surface coating which can be produced, for example, by
      electroplating, by a conductive lacquer or by lamination. Due to the
      better scanning conditions which can be obtained along the crest line of
      the stabilization surface curvature, it is favorable to have one crest
      line of the curvature extend substantially below the path of the recording
      or playback means, the crest line of the curvature assumed by the foil
      during rotation substantially coinciding with the radial path along which
      the recording or playback means moves.
PAR  According to an advantageous further embodiment of the present invention a
      symmetrical structure which favors the quiet movement of the foil is
      produced by arranging at least three curved regions with good electrical
      conduction in the form of a star on the stabilization surface, the regions
      radiating from the axis of rotation of the foil.
PAR  In order to produce air flow conditions which stabilize the movement of the
      foil, it is favorable in this case for the curvature to be provided to
      present a support surface for the foil and a shearing edge for the
      component of the flowing gaseous medium which is parallel to the direction
      of movement of the foil, the contact surface being disposed ahead of the
      crest line, when seen in the direction of movement of the foil, and the
      shearing edge being disposed behind the crest line.
PAR  The crest line of the curvature in this case is advantageously parallel to
      the shearing edge.
PAR  According to an advantageous specific embodiment of the present invention,
      the crest line of the curvature protrudes by more than 1 mm from the
      stabilization surface, the support surface is at least 12 mm long in the
      direction of movement of the foil and has a radius of curvature of more
      than 100 mm in the direction of movement of the foil.
PAR  The distance between the shearing edge and the substantially parallel crest
      line is favorably 2 mm. The minimum cushion of flowing medium has a
      thickness of less than 2/10 mm, the region with good electrical conduction
      being disposed at that point where, during operation, the cushion of
      flowing medium is thinner than the average under the entire foil surface.
PAR  These above-mentioned favorable embodiments of the present invention were
      obtained by suitable experiments and examinations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic cross-sectional view of a playback device with the
      axis of rotation of the foil being indicated, used to explain the present
      invention.
PAR  FIG. 2 is a perspective view of an embodiment of the invention with a
      stabilization surface having four conductive regions.
PAR  FIG. 3 is a cross-sectional view along the line III--III of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the system depicted schematically in FIG. 1, a pressure pickup 3 is
      guided radially to follow the spiral groove of a record carrier foil 2 as
      the foil rotates, the pickup travelling along a radius which is fixed with
      respect to a member defining a stabilization surface 1. A point of
      friction 4 disposed at the same distance from the record axis as the
      pickup 3 and caused by soiling (shown to an enlarged scale) causes a
      separation of charges, as described above. The charge produced at the
      stationary point of friction 4 can flow off to ground along a metallic
      region 10 on the stabilization surface 1. The opposite polarity charge
      remaining on foil 2 is transported together with foil 2 and thus comes to
      be below pickup 3.
PAR  The stabilization surface 1 is also provided with an electrically
      conductive region 11 beneath the path of pickup 3, this region being
      electrically conductively connected to ground. Its distance from the foil
      is less, however, than that between the foil and the mass of the pressure
      transducer device so that an eventual discharge is effectively prevented
      from taking place through the pickup system which constitutes the playback
      means.
PAR  The stabilization surface 1 of the playback device shown in FIG. 2 is
      provided with four curved members 5, 5', 5" and 5'", corresponding in
      physical form to a previous proposal. According to the present invention,
      these curved members have electrically conductive surfaces connected to a
      suitable ground.
PAR  During operation of the system, the foil 2 rotates at 1500 rpm above the
      stabilization surface 1. Above the curved portions which can be considered
      to be flow-producing cylinders so to speak, a very thin cushion of air of
      no more than 2/10 mm thickness is formed in the region of the radial crest
      lines 6, 6', 6" and 6'". The distance between foil 2 and one crest line of
      one curved portion is of the order of magnitude of 10 - 20.mu. near the
      circumference of the foil. The curved portions, when considered in the
      direction of movement of the foil 2, as indicated by arrow 12, are
      provided with shearing edges 7, 7', 7" and 7'" behind the crest lines for
      the streams of air forming the minimal cushions, the shearing edges being
      substantially tangential to the direction of movement of the foil 2 above
      the crest lines.
PAR  In the region of the shearing edges, which are substantially parallel to
      the crest lines, the above-mentioned points of friction may form. However,
      these points of friction are no longer able to adversely influence the
      quiet movement of the foil and the quality of the signal reproduction
      since, due to the electrically conductive curved members, the resulting
      electrostatic charges are concentrated thereat and can no longer cause
      interference. The electrical conductivity can be provided by a metallic
      coating which is applied by electroplating, printing or vapor-deposition.
      The embodiment shown in FIG. 2 has been found to be particularly favorable
      with respect to deposits of impurities.
PAR  Referring to FIG. 3, a recording or playback signal transducer 3 is guided,
      with its stylus 3' in contact with the foil surface, transversely to the
      recorded tracks on the circular foil 2, i.e. normal to the plane of the
      drawing, the tracks being in the form of a continuous spiral, for example,
      and the foil being rotated about its axis by an axially disposed support
      plate, not shown. The stabilization surface 1 is provided with curved
      members, the member 5 being shown, which form support surfaces 5a for the
      foil 2. The surface 5a shown in FIG. 3 has a crest line 6 and is provided
      with a shearing edge 7 which is parallel thereto and is at least 2 mm
      behind the peak line.
PAR  During operation, the foil 2 rotates at a high speed, e.g. 1500 rpm, the
      foil having a diameter, for example, of 20 to 30 cm, above the
      stabilization surface 1. This is known to produce a flow of the medium,
      e.g. air, disposed between the two objects. Compared to prior art
      arrangements, a strong flow component is forced in this instrument
      tangentially to the direction of movement of the foil by the curved
      surface 5 protruding from the stabilization surface 1. In the region of
      the crest line 6 of the support surface 5a the flow lines are compressed.
      This produces, analogously to the influence of a cylinder in the path of
      flow, a subatmospheric pressure above the curved surface which pulls the
      foil close to the curved portion. Above the crest line there forms a
      stable cushion of air of no more than 2/10 mm thickness and the thickness
      of the air cushion becomes minimal a few millimeters in front of and
      behind, along the direction of foil rotation, the line of radial movement
      of stylus 3' so that the distance between foil 2 and curved surface 5 at
      those points is of the order of magnitude of about 10.mu.. The edge 7
      provides a defined break-off of the tangential flow component sufficiently
      behind the line of movement of the stylus 3' so that the break-off
      turbulence remains without influence on the playback quality.
PAR  If the system is operating perfectly, foil 2 does not physically contact
      surface 5a. The stable cushion of air may be disturbed, however, by small
      particles or deformations protruding either from foil 2 or from surface
      5a, effecting physical contact of the two parts. As a consequence, the
      separation of electrostatic charges may result.
PAR  It has been found in experiments that if the curved member 5 does not have
      a shearing edge 7, the point of tangential flow transition travels between
      the air cushion above the curved portion 5 and the air cushion above the
      remaining stabilization surface 1. This produced undesirable height
      fluctuations in the region of the line of movement of the stylus 3'. Since
      a very short distance is required below the line of the element for
      recording or playing back, it does not matter that outside the region of
      curvature 5 the foil moves away from the stabilization surface 1 by an
      amount of up to several millimeters. On the contrary, with such a great
      distance the influence of dirt deposits is reduced. With heavy soiling,
      dirt will also be deposited on the curved portion 5. However, experiments
      with a foil of 210 mm diameter indicated that this occurs only at the
      shearing edges.
PAR  The stabilization surface of an apparatus for recording or playing back
      signals which is provided with curved members as described above improves
      the quiet movement of the foil under the recording or playback stylus, and
      thus the playback quality. In addition, the strong guiding effect of the
      curved surfaces as a result of the formation of a strong flow component
      tangential to the direction of movement produces a minimum cushion in the
      region of the line of movement of the stylus which is substantially
      independent of the setting of the height of the support plate.
PAR  The deposits of dirt at defined points which are harmless to the playback
      permits easy cleaning of the stabilization surface and thus the directed
      elimination of a source of interference. The stabilization surface
      provided with the above-described curved members can be produced either as
      an injection molded piece, or ridges with the appropriate profile may
      subsequently be applied to the possibly curved stabilization surface.
PAR  The system according to the invention can be employed to advantage in any
      of the presently known recording or playback systems which involve use of
      flexible foil record discs and pressure playback transducers.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a signal transducing system having a member defining a stabilization
      surface and arranged to cause a rotating record carrier foil to be held in
      the vicinity of the stabilization surface by a cushion formed by a gaseous
      medium flowing between the rotating record carrier foil and the
      stabilization surface, the system including signal transducing means
      arranged to cooperate with the foil and mounted to be radially movable
      across the foil, the improvement wherein said member defining a
      stabilization surface comprises a body of electrically nonconductive
      material extending to said surface, and said system comprises means
      disposed on said surface and presenting strip-shaped, radially extending
      regions having high electrical conductivity.
NUM  2.
PAR  2. An arrangement as defined in claim 1 wherein said means comprises
      metallic surface coatings constituting said high conductivity regions.
NUM  3.
PAR  3. An arrangement as defined in claim 1 wherein said means comprise curved
      members protruding in the direction toward the foil and constituting said
      high conductivity regions.
NUM  4.
PAR  4. An arrangement as defined in claim 3 wherein at least one of said curved
      members is formed to present a crest line which protrudes at least 1 mm
      above the portion of said stabilization surface adjacent said member.
NUM  5.
PAR  5. An arrangement as defined in claim 3 wherein at least one of said curved
      members is formed to present a crest line located substantially beneath,
      and parallel to, the path followed by the transducing means during its
      radial movement across the foil.
NUM  6.
PAR  6. An arrangement as defined in claim 3 wherein there are at least three
      said curved members constituting high electrical conductivity regions,
      said members being angularly offset from one another about the axis of
      rotation of the foil.
NUM  7.
PAR  7. An arrangement as defined in claim 3 wherein at least one of said
      members constituting said high conductivity region is provided with a
      support surface for the foil and with a shearing edge for the gaseous
      medium component flowing parallel to the direction of movement of the
      foil, said edge being located behind said support surface, with respect to
      the direction of foil movement in the region of said member, and said
      member is formed to present a crest line located between said support
      surface and said edge.
NUM  8.
PAR  8. An arrangement as defined in claim 7 wherein said support surface has a
      length of at least 12 mm in such direction of foil movement.
NUM  9.
PAR  9. An arrangement as defined in claim 7 wherein said support surface has a
      radius of curvature of more than 100 mm in the direction of foil movement
      of the foil.
NUM  10.
PAR  10. An arrangement as defined in claim 7 wherein said shearing edge is
      substantially parallel to said crest line and is spaced therefrom by a
      distance of at least 2 mm.
NUM  11.
PAR  11. An arrangement as defined in claim 7 wherein said one member is formed
      so that when a foil is rotating thereabove at operating speed, the minimum
      thickness of the cushion of medium flowing above said crest line is less
      than 2/10 mm.
NUM  12.
PAR  12. An arrangement as defined in claim 1 wherein at least one said region
      of high electrical conductivity is disposed at a location where, during
      operation with a foil rotating thereabove at operating speed, the cushion
      of flowing medium is thinner than the average over the entire
      stabilization surface.
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ABST
PAL  A vibration transducer, comprising a conductive member, such as a weighted
      carbon bar loosely fitting into support means, such as a pair of carbon
      bearing blocks with the bearing blocks rigidly attached to a flexible
      membrane, serves as the transmitter of the voice transmission system. The
      bearing blocks are series wired into an electrical circuit, including a
      direct-current power source and a loud-speaker coil. A fluctuating
      pressure signal sets the flexible membrane into vibration and causes the
      weighted carbon bar to bounce in its bearings, thereby alternately
      interrupting and closing the electrical circuit. The pulsed DC signal
      passing through the loud-speaker coil reproduces the motion experienced by
      the transducer membrane in the motion of the loud-speaker cone thereby
      reproducing the input sound pattern.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention accordingly relates generally to voice transmission systems
      in which the pressure fluctuations induced by speech are first converted
      to an electrical signal by a transducer, transmitted through a pair of
      wires, and resolved into audible sound by means of a solenoid -- through
      which the transmitted electrical signal is caused to pass -- acting upon a
      flexible membrane.
PAR  The invention relates more particularly to devices in which the transmitted
      signal is a train of pulses of similar amplitude.
PAR  Sound transmitting devices of the prior art do not, in general, operate in
      this manner. Most commonly the transmitted signal corresponding to a
      continuously varying sound input is an analogous, continuously varying
      voltage.
PAR  Where transmission occurs in a pulsating current -- as in Pulse Code
      Modulated telephone transmission -- the receiver and speaker still operate
      on continuously varying signals, the PCM encoder and decoder being
      interposed between the ultimate terminals.
PAR  It is a primary object of the invention to provide a voice-grade
      transmission system in which the sound input is converted directly into a
      pulsed current, transmitted as such through a pair of wires, and resolved
      into coherent speech at the receiver.
PAR  It is a further object of the invention to provide a transmission system
      requiring no electronic components and operating entirely in a telegraphic
      mode from a direct-current power source.
PAR  It is yet another object of the invention to provide a telegraphic voice
      transmission system of relative structural simplicity, one which is
      economical in manufacture, reliable in operation and one which is easy to
      operate or use.
PAC  SUMMARY OF THE INVENTION
PAR  The telegraphic voice transmission system of the instant invention employs
      a flexible soundboard, or membrane, as the detector of speech-induced
      pressure fluctuations in the air. A metastable, bouncing contact switch,
      hereinafter referred to as a "tap transducer", is mounted on the
      soundboard. The tap transducer preferably comprises a semi-conductive bar,
      such as a bar of graphite or carbon, suitably weighted and supported in a
      pair of bearing supports. The bar is provided with a loose fit in the
      bearing supports, to the extent where it is free to lift off the bearing
      surfaces but is prevented, by means of a separate retainer or other
      restraining or caging means where required, from completely disengaging
      therefrom.
PAR  When the soundboard vibrates under the influence of an imposed sound
      signal, the weighted bar of the tap transducer begins to bounce in its
      supports, alternately touching the bearing seats and losing contact with
      them. If a direct-current circuit is established across the bearing
      supports, which are electrically insulated from the soundboard, the bar
      will act as a switch and alternately make and break the circuit. The
      resulting signal is a train of pulses whose frequency of occurrence and
      duration is governed by the motion of the bar under the influence of the
      exciting speech signal.
PAR  With a loud-speaker coil series connected into the circuit, the pulsed
      voltage across its terminals will generate a motion in the speaker diagram
      closely corresponding to the motion of the transducer membrane and
      reproducing the same sound signal.
PAR  In the simplest form of construction, a membrane similar to the
      transmitting device membrane may be made subject to the influence of an
      electromagnet in the circuit and will serve as the output transducer of
      the transmission system.
PAR  Apart from its utility in the transmission of voice signals -- in intercom
      systems, toys, telephones and the like -- the tap transducer of the
      invention may also be used for other purposes; such as for noise and
      vibration detection, seismography, deflection sensing in balancing
      machines and many other industrial detector applications are possible.
PAR  The basic construction of the tap transducer and of the telegrahic voice
      transmission system will become apparent upon reading the following
      specifications and referring to the accompanying drawings of, which form a
      material part of this disclosure.
PAR  The invention accordingly consists in the features of construction,
      combination of elements, and arrangements of parts, which will be
      exemplified in the construction hereinafter described, and of which the
      scope will be indicated by the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  FIG. 1 is a top perspective view of the transmitting and receiving devices
      of the transmission system of the present invention with their
      interconnecting cable;
PAR  FIG. 2 is a cross-sectional view of the transmitter device taken generally
      along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a transverse sectional view of the transmitter device, taken
      along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a transverse sectional view of the receiving device shown in FIG.
      1, taken along the line 4--4 thereof;
PAR  FIG. 5 is a cross-sectional view, of the receiver device taken along the
      line 5--5 of FIG. 4;
PAR  FIG. 6 is a transverse sectional view of an alternate receiver,
      particularly adapted to the reception of Morse-code;
PAR  FIG. 7 is a transverse sectional view of an alternate embodiment of a
      transmitting device of the invention;
PAR  FIG. 8 is another transverse sectional view of an embodiment of the
      transmitter of the invention, provided with a directionally sensitive
      mouthpiece;
PAR  FIG. 9 is a frontal view of a tap transducer incorporated into a clock
      faceplate, converting same into a transmitter for use in the voice
      transmission system of the invention;
PAR  FIG. 10 is a plan view of a combination telegraphic sending device and
      voice signal transmitter;
PAR  FIG. 11 is a sectional view of the embodiment of FIG. 10, taken along the
      line 11--11 of FIG. 10;
PAR  FIG. 12 is a transverse sectional view, taken along the line 12--12 of FIG.
      10;
PAR  FIG. 13 is a perspective view of a tabular tap transducer adapted for use
      in the transmitting device of the invention;
PAR  FIG. 14 is an exploded view of the components of the embodiment of FIG. 13;
PAR  FIG. 15 is a transverse sectional view of the tabular tap transducer, taken
      along the line 15--15 of FIG. 13;
PAR  FIG. 16 is a transverse sectional view of the tap transducer of FIG. 13,
      taken along the line 16--16 of FIG. 15.
PAR  FIG. 17 is a side view of a further embodiment of the transmitting device
      of the invention;
PAR  FIG. 18 is a side view of a transmitting device employing a vibrating
      contact pair as tap transducer;
PAR  FIG. 19 is a side elevational view of a vibration detector, the inwards of
      which are shown in broken lines, which may be substituted for the
      transmitter of the telegraphic transmission system;
PAR  FIG. 20 is a schematic illustration of a record player utilizing a tap
      transducer in the pick-up arm;
PAR  FIG. 21 is a transverse sectional view of a transmitter with a laminated
      soundboard;
PAR  FIG. 22 is a sectional view of the embodiment of FIG. 21, taken along the
      line 22--22 thereof;
PAR  FIG. 23 is an end view, partially in section, of a tap transducer adapted
      for service in an industrial environment;
PAR  FIG. 24 is a graphical representation of the signal generated by the tap
      transducer of a telegraphic voice transmission system;
PAR  FIG. 25 is a schematic representation of the electrical circuit of the
      transmission system of the invention;
PAR  FIG. 26 is an isometric view of a transmitter of the invention provided
      with means for varying the intensity of the transmitted signal and adapted
      for use in conjunction with electronic signal amplifiers;
PAR  FIG. 27 is yet another transmitter of the invention, employing a planer
      array of switching bars in the tap transducer;
PAR  FIG. 28 is a schematic representation of an electrical circuit embodying a
      pair of tap transducer series connected in the circuit of FIG. 25 without
      the need of an electro-magnet; and
PAR  FIG. 29 is a perspective view of another alternate embodiment of the
      transmitting and receiving device of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The telegraphic voice transmission system shown in FIG. 1 comprises a
      transmitter 100, a receiver 200, and an intermediate transmission cable
      50. The receiver 200 may be replaced by a loud-speaker 250, such as a 25
      watt speaker coil, connected to the transmitted 100 by a cable 50a, as
      shown in dotted outline.
PAR  As best shown in FIGS. 2 and 3, the transmitter 10 comprises a cylindrical
      cup-shaped housing 10 having a top surface or an integral membrane 12,
      serving simultaneously as the cover of the transmitter 100 and as the
      vibrating soundboard of the tap transducer. The housing 10 and the cover
      12 are constructed from a rigid, non-conductive plastic material,
      permitting the direct mounting of a pair of bearing supports, 6a and 6b,
      to the latter. The bearing supports are suitably made of a carbonaceous
      material and are provided with blind bearing orifices 14 which support the
      ends of a shaft 2. The shaft 2 is also suitably made from a carbonaceous
      material and is provided with a very loose fit in the orifices 14. The
      shaft 2 is also suitably provided with a weight 4, preferably cylindrical
      in form midway along its span, which weight tending to hold the shaft 2
      firmly against the bearing blocks.
PAR  Interconnection of the tap transducer -- comprising membrane 12, bearing
      supports 6, and weighted shaft 2 -- with transmission cable 50 is through
      terminals 21 and 22, protruding through the wall of housing 10. The
      terminals are, in turn, connected to the bearing blocks 6 by means of
      wires 16 and 18; electrical and mechanical contact being ensured by glue
      beads 17 and 19, respectively.
PAR  The transmitter 100 may be used in a hand-held mode, or it may be placed
      upon a supporting surface, such as a table. The pressure fluctuations
      comprising the input sound signal set the membrane 12 into motion,
      entraining bearing supports 60 and causing the shaft 2 to oscillate in the
      cavity formed by the oversize bearing orifices 14, thereby intermittently
      interrupting the electrical path between terminals 21 and 22.
PAR  The frequency response of the tap transducer is governed by the vibratory
      characteristics of the membrane 12 and the mass of the shaft 2, with its
      integral weight 4. Experiments have demonstrated that satisfactory
      transmission of speech signals can be achieved within a wide range of
      membrane size and material. Typical dimensions are between 2 and 6 inches
      and materials range from steel to hard plastics; an equally wide range of
      shaft mass may be employed, typical weights lie between 1/10th of an ounce
      and 1 ounce.
PAR  It should be noted that the rod or bar element of the tap transducer of the
      invention may be of metal, such as ferrite or a carbonaceous material or
      other semi-conductor. However, a metallic rod generates more frictional
      resistance causing greater noise levels; whereas a semi-conducting
      material, such as carbon and graphite, substantially reduces friction and
      noise. A metallic element generally will generate a louder signal inasmuch
      as its conductivity is higher than that of a semi-conductor. Thus,
      carbonaceous material suppresses noise which may be induced by varying
      contact pressure between the shaft 2 and the bearing slate 14, and it is
      recognized that since the nature of such material tends to provide clean
      output signals they are more preferred.
PAR  The receiving device 200, of the telegraphic voice transmission system of
      FIG. 1, is shown in detail in FIGS. 4 and 5. The cable terminates in a
      jack 56 and is inserted into a socket 60 through which the electrical
      circuit of the transmitter, more fully described with reference to FIG.
      25, is completed. A cylindrical housing 102 is capped by a membrane 112
      whose motion generates the reconstituted sound signal; the membrane 112 is
      driven by a solenoid coil 70 whose poles, when the coil is energized,
      exert a magnetic force upon the membrane, whose material is ferromagnetic
      in nature. The housing 102 also serves as the container of the direct
      current power supply for the transmission system; it consists of three
      dry-cell batteries 80, held in clips or suitable cradle clamps 82. The
      circuit elements are connected in series so that, when no signal is
      received at the soundboard of the transmitter 100 and the shaft 2 is
      resting in its bearing supports 6, a current flows through the solenoid 70
      and attracts the membrane 112 toward the solenoid poles. Whenever the
      motion of input membrane 12 forces the shaft 2 out of contact with its
      supports, the circuit is broken and the attractive force of the output
      membrane 112 removed. The vibratory motion of the membrane 112 as it is
      pulled toward the solenoid and then relaxed from its strained condition
      reproduces the motion of the input membrane 12 and, consequently,
      recreates the sound patterns reaching the latter. The electrical schematic
      of FIG. 25 represents the devices shown in FIGS. 3 and 4 and shows these
      to be in series connection with the battery and suitable switch means.
PAR  It will be appreciated as noted hereinbefore, a battery-powered
      loud-speaker 250 may be substituted for the receiver 200, as shown in FIG.
      1.
PAR  A conventional telegraphic clapper receiver 300, as best shown in FIG. 6,
      may also be substituted for the receiving device 200. The output element
      of the receiver 300 is an iron disk 311, cantilevered on a spring 301 from
      housing 310. The receiver 300 may be used for Morse-code signals, or in
      applications where the transmitter 100 serves as a vibration detector; its
      frequency response is, generally, not adequate for the reproduction of
      voice signals.
PAR  Another embodiment of the transmitter 100 is illustrated in FIG. 7. Two
      cylindrical cups 120 and 122 are suitably joined, such as by means of
      mating threads at their peripheries. The base of cup 122 serves as the
      signal acceptance membrane and has the tap transducer secured to its inner
      surface.
PAR  FIG. 8 shows yet another transmitter, distinguished by a voice-cone 211
      above its membrane 212; the tap transducer is in this particular
      application suspended from the latter on a mounting plate 213 by means of
      a single reference joint 213. The voice-cone 211 serves, simultaneously,
      to increase the acoustic energy reaching the membrane 212 and to attenuate
      sounds originating away from its axis.
PAR  Since any sounding board may serve as part of a tap transducer assembly,
      the transmitter of the system may be incorporated into a number of devices
      commonly employed for other purposes. A device of this type is illustrated
      in FIG. 9; a tap transducer 228 is mounted against the face plate 227 of a
      free-standing clock (illustrated with the clock hands). The plastic face
      plate acts as the driving membrane for the tap transducer 228, and
      converts the clock into an effective microphone -- in an office intercom
      system, for example -- when coupled to a receiver of the instant
      invention.
PAR  FIGS. 9, 10 and 11 show a transmitter incorporated into a conventional
      telegraph-key sending device, permitting its utilization for code and
      voice transmission at the operator's option.
PAR  A key 260, with its integral finger-button 261, is supported in cradle 262
      on a plastic base 252. The base 252 also serves as the sounding board for
      a tap transducer comprising bearing supports 266a and 266b and a weighted
      graphite bar 254. A spring 263 is interposed between the key 260 and the
      base 252, near the button 261, to bias the far end of the key against an
      adjustable stop 268 affixed to the base 252. A cam 270 is also mounted on
      the upper surface of the key 260, between the bearing 266, and its
      elevation may be adjusted, by means of stop 268, so that it is just clear
      of the weighted bar 254. The electrical circuit is established by means of
      cables 271 and 272, connecting terminals 275 and 276 with the bearing
      supports 266a and 266b respectively. The bar 254 is a loose fit in
      orifices 269 in the bearing supports 266 and rests upon insulating inserts
      267a and 267b at either end. Whenever the telegraph button 261 is
      depressed the cam 270 lifts the bar 254 from the insulating inserts 267
      and brings it into contact with the bearing supports 266. The electrical
      circuit between terminals 275 and 276 is closed thereby and the circuit is
      powered by a DC source as in conventional telegraphy.
PAR  If the aforementioned telegraph circuit is modified to include a receiver
      of the telegraphic voice transmission system, suitably the embodiment
      illustrated in FIG. 5, the transmission of voice messages is made possible
      by the incorporation of a tap transducer into the telegraph key; inverting
      the key and using the base 252 as a mouthpiece permits the imposition of
      an acoustic driving signal on the circuit formed by the bearing supports
      266 and the bar 254 and its reception and rebroadcast through the membrane
      112.
PAR  FIGS. 13 through 16 show the detailed construction of a composite weighted
      carbon bar 304, adapted for use in a tap transducer suitable for
      incorporation into the telegraphic voice transmission system of the
      invention. The bar 304 consists of a large number of small carbon or
      graphite rods 324 arrayed around the periphery of a cylindrical weight
      320. The weight 320 may be a conductor or an insulator, but in the former
      type of construction, insulating means such as nonconductive discs, or a
      pair of insulating drops, such as an adhesive or glue drops, suitably
      hardened to a mass 322 are applied at the ends of the weight 320 to
      prevent electrical contact with supports. 332.
PAR  The supports 332a and 332b are analogous to the bearing supports described
      with reference to other embodiments of the tap transducer; that is, they
      are made from carbon, axially aligned by means of sleeve 330, and they
      entrap the weighted bar 304. The cup-like sections of the supports 332
      form a cavity, in conjunction with the sleeve 330, in which the components
      of the bar 304 are a loose fit and in which they are free to bounce under
      the influence of vibratory excitation transmitted from a soundboard
      through a rigid structure gripping the outer surfaces of the supports 332.
PAR  In function the embodiment of FIG. 14 may be considered analogous to a
      large number of smaller tap transducers operating in parallel. Experience
      has shown that such multiple embodiments generally show better fidelity at
      the higher input frequencies, at the expense of output power. Increasing
      the mass, on the other hand, tends to improve fidelity at low frequencies,
      also at the expense of transmitted signal strength. Single-conductor
      transducers are strongly preferred for the transmission of ordinary
      conversation, a use in which a relatively narrow bandwith only is
      required.
PAR  FIG. 15 is a cross-section through the complete multiple-conductor tap
      transducer assembly, omitting only the cables which interconnect the
      supports 332 into the electrical circuit of the transmission system. It
      shows the composite bar 304 in motion, midway between the upper and lower
      boundaries of the cylindrical inner surfaces of the supports 332; in the
      absence of any input forces the bar would rest at the bottom of the
      support cavity.
PAR  FIG. 17 shows a transmitter adapted for incorporation into a hand-held
      instrument, analogous to a telephone receiver, in elevation. A cylindrical
      housing 410 supports a perforated guard 411 and a curved diaphram 412 and
      the apex of the diaphram 421 carries a standoff 409 and an insulating
      plate 413 on which bearing supports 406 are mounted. The bearing supports
      are suitably made from carbon and are provided with coaxial cylindrical
      orifices in which a bar 402, also suitably made of carbon, is entrapped by
      means of pins 403. A weight 404 ensures good surface contact between the
      exterior of the bar 402 and the orifices in which it is provided with a
      loose fit. Conductors 416 and 418, attached to bearing supports 406a and
      406b respectively, complete the transmitter assembly.
PAR  A simplified transmitter is shown in FIG. 18, with the tap transducer
      incorporating a pair of contact buttons 422 and 426; the former on the
      vibrating surface of a diaphram 432 and the latter attached, via mounting
      block 429 and cantilever 423, to the housing 430. As the sound input
      forces the diaphram 432 to vibrate along its axis of symmetry, the
      contacts 422 and 426 alternately touch and separate, thereby interrupting
      a direct-current circuit established across them by means of leads 436 and
      438.
PAR  A vibration detector based on the tap transducer of the invention is
      illustrated in FIG. 19. A substantially cylindrical housing 500 is
      provided with a conical nose from which a needle 501 protrudes. The needle
      501 serves as the vibration pick-up when pressed against a body whose
      motion is to be monitored. The needle 501 is connected to a support 521
      which transmits any vibration sensed by it to a tap transducer assembly
      515, which, in turn, is incorporated into a DC circuit powered by
      batteries 525 and 526. A solenoid 520 is also in the circuit and drives a
      conical diaphram 518 in a flared-out portion of the housing 500. The
      intensity and pitch of the sound issuing from the diaphram 518 is a
      measure of the amplitude and frequency of the vibration experienced by the
      monitored body. Such an instrument is readily used to isolate the
      offending portions of complicated machinery in which some parts may be
      acting as noise sources; touching the several components will reveal which
      is active and which is not.
PAR  A similar device, acting as the pick-up for a record player 590, is
      illustrated in FIG. 20. A needle 551 is mounted orthogonal to an elongated
      tone-arm 550, and a tap transducer is mounted in the tone-arm near such
      needle and experiences motion in a vertical plane as the arm tracks over
      the groove in a record 580. The tap transducer is connected into an
      electrical circuit which includes a DC source 575 and a solenoid-driven
      speaker 568. In such a device, the tap transducer can be mounted anywhere
      along the length of the tone-arm or even be slidably disposed so as to be
      positioned where the best results are achieved. In this regard, the weight
      on the bar element may be adjustable so as to also achieve best results.
PAR  A tap-transducer, suitable for either vibration monitoring or the
      transmission of voice-grade signals, is shown in FIGS. 21 and 22. A
      rectangular sound-box 600 is divided into two compartments by a diagonal,
      composite membrane comprising superimposed sheets 611 and 612. The
      membrane 612 is made from an electrically insulating material. Membrane
      611, which may be an insulator or a conductor, is provided with a circular
      cut-out where a bearing support 606b is mounted to sheet 612, and the
      other bearing support 606a is affixed to membrane 611. The two bearing
      supports 606 are provided with blind, coaxial orifices 609 facing
      one-another. A rod 602, held by a weight 604, is entrapped in the bearing
      orifices 609. The supports 606 are suitably constructed from graphite, the
      rod 602 is suitably brass. The two bearing supports 606 are connected to
      electrical terminals 605 and 607 to form a series circuit through the rod
      602; and the circuit is interrupted every time the motion of the composite
      soundboard causes the rod to leave one or the other of the bearing seats
      formed by the orifices 609.
PAR  A form of tap transducer particularly adapted for use in industrial
      environments, where dust and liquid-tight construction is generally
      required, is shown in FIG. 23. In such construction, supports 706 and 707
      are hemispherical bodies, suitably of carbon provided with hemispherical
      cavities on their inner surfaces and with blind orifices 709 along a path
      orthogonal to their plane of separation. The two supports form a
      completely enclosed sphere in conjunction with an interposed insulating
      washer 710 and they entrap a bar 702 which is a loose fit in the orifices
      709. The bar 702 carries a spherical weight 704, somewhat smaller in
      diameter than the cavity formed by the supports 706 and 707. Two curved
      springs 713 engage the support halves and provide both the force required
      to keep the assembly intact, and sealed, and electrical contacts to the
      external circuit. The springs 713 are mounted on a base-plate 700 which is
      an insulator.
PAR  FIG. 24 is a simplified graph of a signal produced by a tap transducer when
      subjected to a vibratory input and FIG. 25 is a schematic representation
      of the electrical circuit of the invention. The potential V.sub.B
      represents the voltage of the direct-current power source in the circuit,
      this potential is applied across the terminals of the receiving device --
      the solenoid coil 70 of FIG. 4, for example -- whenever input excitation
      is absent. Should an upward force of sufficient magnitude be imposed on
      the bearing supports of the tap transducer, the bar lifts off the bearing
      seat and the current flowing therethrough is interrupted, causing the
      potential at the receiver terminals to drop to zero - this condition is
      represented in FIG. 24 by the regions `X`.
PAR  Having left the bearing seat, the bar of the tap transducer becomes
      independent of the vibratory input applied to the bearing supports and is
      only subject to the inertial loads previously transmitted to it and to the
      gravitational force of the earth. The bar will, therefore, after a lapse
      of time -- the duration being dependent on the relative magnitude of the
      above forces -- again seat itself on the bearing support, thereby
      re-establishing the circuit and causing the potential V.sub.B to appear,
      once more, across the receiver terminals. The relative durations of the
      two states of the bar -- on or off the supports -- depends on the
      amplitude and frequency of the applied vibration, on the physical
      characteristics of the input membrane, and on the construction of the tap
      transducer itself.
PAR  In FIG. 28, there is illustrated in generally schematic form a D.C. circuit
      embodying a pair of tap transducers in series, which operate without the
      need of an electro-magnetic coil. Thus, one tap transducer can be used to
      transmit a signal directly to another tap transducer, for signalling
      another or for speech transmission as with an intercom system, and in this
      connection, it has been noted that by increasing the D.C. power, the
      transmitted sound or signal becomes greater or louder.
PAR  FIG. 27 is another embodiment of a tap transducer utilizing a multiplicity
      of switching bars; in contrast to the cylindrical arrangement shown in
      FIG. 14, a planar configuration is used here. A rectangular plastic
      container 800 has a pair of support bars 806 placed transversely across
      its bottom; a large number of switching bars 802 is placed across the
      support bars in the manner of cordwood. A clearance space is provided
      between the upper surface of the stacked bars 802 and the cover of the
      container 800 to permit the motion of the switching bars; a cable 809
      provides electrical connection to the transverse support bars 806a and
      806b.
PAR  FIG. 26 shows an embodiment of the transmitter of the instant invention
      particularly adapted to be connected to an electronic amplifier. The
      circuits heretofore described are not adapted to such use since the
      essentially direct current nature of their output signal cannot be
      amplified by conventional electronic devices. A tap transducer is shown
      mounted in a container 850, along with a number of batteries connected in
      series, an on-off switch and a modulator assembly. The latter is
      essentially an isolation transformer with a central core 830, a receiving
      solenoid 870 and an output coil 871. The output coil and the receiving
      solenoid are similar in construction but the coil 871 is slidably arranged
      on the core 830 so that its distance, and hence the magnetic coupling,
      with respect to the solenoid 870 may be altered. The modulator assembly
      performs two functions simultaneously, it abstracts the average, or D.C.
      component of the signal generated at the tap transducer and it enables the
      user to reduce, or increase, the intensity of the output signal by moving
      the output coil 871 farther, or closer, to the fixed solenoid 870.
PAR  Another method of modulating the signal intensity in discrete steps, but
      not continuously as in the embodiment of FIG. 26, is by providing a
      multiple-pole switch in the transmission system circuit in such a manner
      that one or more batteries may be removed from the series circuit of the
      direct-current power source. If, for example, 1.5 volt batteries were
      utilized in the battery pack of the transmitting system, it would be
      possible to arrange for one, two, three, or more to be in the circuit at
      any given time -- with corresponding influence on the intensity of the
      output signal at the receiver.
PAR  The telegraphic voice transmission system of the invention may also be used
      for the transmission of messages over long distances by the provision of
      independent circuits of such length as may be readily powered by an
      available D.C. source and arranging the output device -- receiver -- of
      one circuit to act as the input device -- transmitter -- of the next. Such
      arrangements are known in the telegraphic arts and may be readily
      mechanized in the devices of the invention by using the output membrane of
      one circuit in the chain as the input membrane of the next, that is by
      mounting a tap transducer on the upper surface of a horizontally arranged
      membrane driven by a solenoid coil.
PAR  It should also be appreciated that, for example, with the tap transducer of
      FIGS. 2 and 3, the cup-shaped housing may be partially filled with a
      liquid, such as water and one can speak directly into the liquid and one's
      voice is transmitted by the tap transducer.
PAR  It has also been observed in operating the tap transducer of the invention
      that during transmission of one's voice or sound, some "small particles or
      elements" of vibrations appear to be missed or skipped because of the
      speed of the voice or sound, and the uneven lengths of certain portions of
      the sound of the voice. It seems that the weighted bar of the tap
      transducer, while making and breaking contact at a very high rate of
      speed, misses certain particles or elements of vibration, and this occurs
      more so from direct speech or voice applied against the diaphragm of the
      tap transducer, than from pumps, motors, etc. which deliver an even,
      uninterrupted continuous sound where generally no such "misses" occur.
      However, such occurrences do not effect the operation of the invention,
      and rather only appear to render one's voice more hoarse sounding, as for
      example when one's speech is uneven in volume or loudness. Furthermore,
      such "misses" are only barely "detected" in the case of an ordinary
      speaker when it is pointed directly at a party; but when a horn type
      speaker is used, and is turned away from the party the natural echo of the
      room automatically overcomes the missing particles or elements, and the
      voice is received or heard loud and clear. The receiver placed against
      one's ear also receives the signal or voice loud and clear inasmuch as the
      ear piece has a metallic diaphragm which "slurs" all particles of the
      voice into one even sound, and therefor the missing particles or elements
      are not noticed or detected at all from the ear piece.
PAR  With reference to an embodiment of the invention involving a pair of tap
      transducers mounted in different positions on one diaphram (not shown),
      same acts as a single tap transducer, but such apparatus also slightly
      broadens the voice. Also, with a plurality of tap transducers on one line,
      a number of parties may speak at the same time, and all of the voices are
      received loud and clear on a horn type loudspeaker.
PAR  In FIG. 29, an alternate embodiment of the invention is illustrated. As
      shown therein, a shaft 900 is provided with a suitable weight or member
      fixedly secured thereto, such as a metallic cylinder 901. The shaft 900 is
      suitably mounted in a pair of passage means 902, 903 provided,
      respectively, in end blocks 904 and 905. Block 906 simply reinforces block
      904 by "bearing" against same and exerting a slight "touching pressure",
      thus cutting down on the amount of vibration generated and aiding to
      eliminate any tendency for the device to over vibrate. Such a structure in
      the form of a "cross" provides for the delivery of a smoother sound
      without the need for adding an additional weight to the bar or shaft 900.
PAR  Suitable insulating means 907 and 908 are provided between the weight 901
      and the end blocks 904 and 905, respectively. The device is also suitably
      spaced from the diaphram 910 by means of spacers 911 disposed about the
      fastening means 912 holding the device to the diaphragm 910 in order to
      allow the weight to freely move or vibrate in its bearing support blocks
      904 and 905. In fact with the device as shown, the cylinder 901 is free to
      rotate with the shaft 900 and such rotation can be used in an intercom
      device of the invention to signal a receiver since the rotating shaft will
      generate a vibrating and ringing type of noise at the receiver.
      Accordingly, with a freely spinning or rotating shaft, one can "ring"
      another in an intercom system by spinning the shaft and weight without the
      need for any special bell elements as the device itself will serve both
      functions to alert the receiver side of the intercom as well as permit the
      transmission of voice or sound through such telegraphic principles.
PAR  Although the present invention has been described in some detail by way of
      illustration and example for purposes of clarity of understanding, it is
      understood that certain changes and modifications may be made within the
      scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A transducer for converting a vibratory input into a train of
      direct-current pulses, comprising:
PA1  a soundboard sensitive to said vibratory input;
PA1  electrically conductive bearing means rigidly mounted on said soundboard
      and electrically insulated therefrom;
PA1  a conductive switching bar having an axis loosely engaged in said bearing
      means, a sufficient clearance being provided between said conductive
      switching bar and said bearing means to permit movement of said conductive
      switching bar in directions transverse to the axis thereof; and
PA1  conductor means for interconnecting said bearing means with a
      direct-current power sorce, whereby said train of pulses are generated by
      motion of said switching bar in said bearing means upon the application of
      a vibratory input to said soundboard.
NUM  2.
PAR  2. A transducer as defined in claim 1, further comprising block means
      having a predetermined mass fixedly connected to said soundboard proximate
      to said bearing means for reducing vibrations of said soundboard and
      eliminating any tendency of the transducer to excessively vibrate, whereby
      the transducer provides improved sound quality.
NUM  3.
PAR  3. A telegraphic device for the transmission of sound or speech signals,
      comprising:
PA1  a source of direct-current electrical power;
PA1  a soundboard;
PA1  a pair of electrically conductive bearing supports mounted on said
      soundboard in a spaced, axially aligned relationship;
PA1  insulating means, interposed between said pair of bearing supports and said
      soundboard;
PA1  a conductive shaft resting upon said pair of bearing supports;
PA1  restraint means, permitting said shaft to lift off said bearing supports
      but preventing complete disengagement therefrom;
PA1  an elastic membrane;
PA1  a solenoid adapted to deflect said elastic membrane;
PA1  conductor means interconnecting one side of said source of direct-current
      power with one of said bearing supports, the other of said pair of bearing
      supports with one side of said solenoid, and the other side of said
      solenoid with other side of said direct-current power source; and
PA1  interrupt means for making and breaking said conductor means; whereby, upon
      closing said interrupt means, a current flows through said conductive
      shaft and said solenoid and deflects said elastic membrane whenever said
      shaft is resting upon said supports and a sound pressure signal imposed
      upon said soundboard causes said shaft to vibrate in intermittent contact
      with said supports inducing a corresponding vibratory motion of said
      elastic membrane by the intermittent excitation of said solenoid, thereby
      recreating the sound pressure signal at the elastic membrane.
NUM  4.
PAR  4. The telegraphic device defined in claim 3, wherein said source of
      direct-current power is a dry-cell battery.
NUM  5.
PAR  5. The telegraphic device defined in claim 3, wherein said solenoid and
      said elastic membrane comprise a loudspeaker.
NUM  6.
PAR  6. The telegraphic device defined in claim 3, wherein said bearing supports
      and said conductive shaft are constructed from an electrically
      semi-conductive material.
NUM  7.
PAR  7. The telegraphic device defined in claim 6, wherein said semi-conductive
      material is carbon.
NUM  8.
PAR  8. The telegraphic device defined in claim 3, further comprising weight
      means affixed to said conductive shaft.
NUM  9.
PAR  9. The telegraphic device defined in claim 3, further comprising contactor
      means, interposed in said conductor means, whereby periodic actuation of
      said contactor means results in the transmission of discrete sound pulses
      through said elastic membrane.
NUM  10.
PAR  10. A transducer for the detection of vibratory motion and the conversion
      of same to pulsed, audible sound signals, comprising:
PA1  a base;
PA1  a pair of upwardly open bearing supports, constructed from an electrically
      conductive material and mounted on said base in a spaced, axially aligned
      relationship;
PA1  insulating means, interposed between said pair of bearing supports and said
      base;
PA1  a conductive shaft resting upon said bearing supports;
PA1  restraint means, permitting said shaft to lift off from said bearing
      supports but preventing complete disengagement therefrom;
PA1  an elastic membrane;
PA1  a solenoid adapted to deflect said membrane;
PA1  a source of direct-current electrical power; and
PA1  conductor means interconnecting one pole of said source of direct-current
      power with one of said bearing supports, the other of said pair of bearing
      supports with one side of said solenoid, and the other side of said
      solenoid with the other pole of said direct-current power source; whereby
      a current is caused to flow through said conductive shaft and through said
      solenoid, thereby deflecting said elastic membrane whenever said shaft is
      resting upon said supports, and on a vibratory signal imposed upon said
      base causing said shaft to vibrate in intermittent contact with said
      supports and inducing a corresponding vibratory motion in said elastic
      membrane by the intermittent excitation of said solenoid, thereby creating
      an audible signal in response to the vibratory excitation.
NUM  11.
PAR  11. The transducer defined in claim 10, wherein said bearing supports and
      said conductive shaft are constructed from an electrically semi-conductive
      material selected from the group consisting of carbon, carbonaceous
      substances, graphite and mixtures thereof.
NUM  12.
PAR  12. The transducer defined in claim 10, wherein said source of
      direct-current electrical power is a dry-cell battery.
NUM  13.
PAR  13. A transducer for converting a vibratory input into a train of
      direct-current pulses, comprising:
PA1  a diaphram sensitive to said vibratory input;
PA1  a pair of electrically conductive supports rigidly mounted on said diaphram
      and electrically insulated therefrom and disposed in a spaced apart
      relationship;
PA1  a plurality of electrically conductive, elongated switching elements lying
      upon said supports in parallel alignment, said switching elements being
      supported upon said supports in a manner to permit movements of said
      switching elements in directions transverse to the parallel directions of
      said switching elements; and
PA1  conductor means for interconnecting said supports with a direct-current
      power source and a suitable detector for said train of pulses generated by
      motion of said switching elements upon said supports upon the application
      of vibratory input to said diaphram.
NUM  14.
PAR  14. A communicating device for the transmission of sound or speech signals
      having a receiver and a transmitter comprising: a vibratory transmitter
      including a transducer adapted to convert sound or speech signals into a
      series of direct-current pulses; said transducer having soundboard means
      adapted to receive a vibratory input, electrically conductive bearing
      means mounted on said soundboard means and insulated therefrom, and an
      electrically conductive switching element loosely retained by said bearing
      means; electrical power means connected between said conductive bearing
      means and said receiver, whereby a current is caused to flow through said
      conductive switching element and to said receiver upon a vibratory signal
      imposed upon said soundboard supporting said transducer, thereby creating
      an audible signal at said receiver.
NUM  15.
PAR  15. The communicating device according to claim 14, wherein said receiver
      is a speaker.
NUM  16.
PAR  16. The communicating device according to claim 14, wherein said receiver
      is a solenoid or electromagnetic coil means acting upon an elastic or
      deflatable element.
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ABST
PAL  A telephone system comprises a non-loaded, non-equalized cable
      interconnecting a pair of communication terminals so that audio signals
      are translated in one direction and modulated carrier signals are
      translated in the other direction. A direct current bypass circuit is
      provided at each terminal to allow the transmission of direct current
      supervisory signals and battery potential over the non-loaded,
      non-equalized cable.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 262,816 filed June 14, 1972,
      now abandoned.
PAR  Ser. No. 262,816 is a Continuation-In-Part of my copending patent
      application titled "Telephone Transmission System", Ser. No. 139,734,
      filed on May 3, 1971, now abandoned, and assigned to the same assignee of
      this patent application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to two-wire telephone systems in general and, in
      particular, to the transmission of direct current supervisory signals, and
      audio and modulated carrier signals, between terminals interconnected by a
      two-wire and/or non-equalized, non-loaded cable.
PAR  2. Description of the Prior Art
PAR  The increase in cost of labor, material and equipment has substantially
      increased the desirability of utilizing finer gauge wire for telephone
      circuits between central offices, and between a central office and
      subscribers' telephone sets connected thereto. However, the use of finer
      gauge wire also increases the reactance and resistance of the transmission
      lines. To control the series impedance of transmission lines, some prior
      art systems employed inductive and/or a capacitor loading circuit to
      tailor the impedance and frequency response of individual lines to provide
      a predetermined characteristic. The use of the loading circuits is
      expensive, particularly in the labor installation costs. Even after
      installation, records must be maintained on each of the load coils to
      provide an indication of the status of the line so that when parties are
      added or removed from the line the impedance of the line can be properly
      adjusted to provide the proper characteristics. Hence, the removal of the
      load coils, as well as the addition of the coils, is an expensive
      procedure.
PAR  Some other prior art systems employ negative impedance repeaters, either in
      the central office, or in the cable. In such cases, the impedances in the
      telephone circuit must be matched to provide proper operation. In
      addition, a filter arrangement is employed to get a flat response in the
      voice band. However, the negative impedance repeaters often lack
      sufficient gain, and increasing the gain of these units beyond a preset
      level may lead to instability. The negative impedance repeaters for the
      line circuits must be adjusted to the individual line characteristics of
      each circuit of the cable. The use of negative impedance repeaters
      requires a constant knowledge of up-to-date line circuit makeup and often
      time consuming readjustments.
PAR  Other prior art telephone circuits have embodied either line equalizing
      means, or four-wire telephone circuits utilizing hybrid repeaters, or
      subscriber carrier circuitry.
PAR  An object of this invention is to provide a new and improved circuit means
      for transmitting supervisory and voice, and/or data signals over extended
      lengths of two-wire transmission lines without requiring the use of
      equalizers, negative impedance converters, or the like.
PAR  Another object of this invention is to provide a new and improved two-wire
      telephone communication circuit comprising an extended non-loaded,
      two-wire cable interconnecting telephone terminals which minimizes the
      deficiencies and high costs of the prior art two-wire and four-wire
      circuits.
PAR  Another object of this invention is to provide a new and improved two-wire
      telephone circuit comprising an extended two-wire non-loaded cable
      interconnecting terminals for transmitting DC supervisory, control and
      ringing signals and voice, and/or data signals in different frequency
      ranges.
PAR  A further object of this invention is to provide a new and improved
      telephone circuit comprising an extended two-wire non-loaded cable
      interconnecting any combination of two-wire configured terminals,
      four-wire configured terminals and a two-wire configured terminal with a
      four-wire configured terminal for transmitting DC supervisory, control and
      ringing signals and voice, and/or data signals in different frequency
      ranges.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a system for interconnecting a pair of communication
      circuits via a non-loaded two-wire line.
PAR  One of the communications circuits includes an input circuit for receiving
      audio signals, and means for applying the audio signals to the two-wire
      line. Additional circuit means are provided for receiving audio modulated
      carrier signals from the two-wire line and applying the demodulated
      signals to the input circuit. Direct current circuit means are also
      provided for the transmission of battery potential, supervisory and
      ringing signals between the input circuit and the two-wire line to the
      exclusion of audio and carrier signals. The second communications circuit
      includes an input circuit for receiving audio signals which are converted
      to modulated carrier signals and are applied to the two-wire line.
      Additional circuit means receive audio signals from the two-wire line and
      applies the same to the input circuit. Direct current circuit means
      provide for the transmission of battery potential and supervisory and
      ringing signals between the two-wire line and input circuit to the
      exclusion of audio and carrier signals.
PAR  The input circuits to the interconnected communication circuits can have
      two-wire or four-wire configuration or any combination thereof. Battery
      potential, supervisory and ringing signals can be applied to the two-wire
      input circuits or, in case of four-wire circuits by a separate two-wire
      input circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an overall block diagram of a telephone system embodying the
      teachings of this invention;
PAR  FIG. 2 is a block diagram of an alternate embodiment of a portion of the
      circuit of FIG. 1;
PAR  FIG. 3 is a schematic diagram of the central office terminal of FIG. 1;
PAR  FIG. 4 is a schematic diagram of the subscriber terminal of FIG. 1;
PAR  FIG. 5 is a schematic diagram of the telephone system of the invention
      including a second embodiment of a direct current bypass arrangement;
PAR  FIG. 6 is a block diagram of another embodiment of the telephone
      transmission system of FIG. 1 for connection to a four-wire telephone
      system;
PAR  FIG. 7 is a block diagram of an alternate embodiment of the telephone
      transmission system of FIG. 6, and
PAR  FIG. 8 is a block diagram of still another alternate embodiment of the
      telephone transmission system of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, there is shown a telephone system comprising
      extended non-loaded, non-equalized, two-wire line or cable means 12 for
      transmitting audio and/or data signals between terminals connected to
      opposite ends of the cable and means for providing a direct current bypass
      path around the terminals for transmitting direct current (DC) supervisory
      signals and battery potential over the cable 12. The telephone cable 12
      includes the wires 28 and 30 of a suitable wire gauge, such, for example,
      as 24 or 26 American Wire Gauge. The term non-loaded, non-equalized cable
      12 implies that the telephone line comprising the wires 28 and 30 does not
      contain any loading or equalizing circuits incorporated therein to shape
      the reactive frequency response of the line. The non-loaded, non-equalized
      cables can, for example, be a long line that can extend in the order of
      30,000 feet. One end of the cable 12 is connected to a central office
      terminal 24 and the other end is connected to a subscriber terminal 32,
      however, it is to be understood that the arrangement can also apply
      between central office terminals. In the embodiment illustrated, audio
      frequency range signals (200 to  3,000 hertz) are transmitted from the
      central office terminal 24 and received at the subscriber terminal 32,
      while modulated carrier signals (8 to 16 kilohertz) are transmitted from
      the subscriber terminal 32 and received at the central office terminal 24.
      However, it should be understood that the operation can be reversed and
      the frequency ranges can vary. In addition, a DC path is provided between
      the input circuits connected to the terminals for the transmission of
      supervisory, control and ringing signals and battery current.
PAR  The line connected to the central office terminal 24 comprises a tip lead
      16 and a ring lead 18 which are seized by the switching equipment in the
      central office (not shown) to send ringing signals and to apply battery to
      the telephone line. When the telephone set 45 is called, a ringing signal
      (high level AC signal approximately 30 hertz superimposed on the central
      office battery) is applied across the tip and ring leads 16 and 18. The
      ringing signal causes a ringing current to flow through a DC path between
      the central office 24 and the subscriber terminal 32 including: (1) the
      windings 20A and 20B of a hybrid transformer 22, (2) the windings 26A and
      26B of a hybrid transformer 23, (3) the non-loaded cable 12 including the
      pair of telephone wires 28 and 30, (4) the windings 38A and 38B of a
      hybrid transformer 40, and (5) the windings 41A and 41B of a hybrid
      transformer 42. The ringing current is then applied via a suitable
      connecting means such, for example, as a private branch telephone exchange
      (PBX) 44, or a direct connection, to the telephone set 45 to actuate a
      ringer in the telephone set. The frequency response of the transformers
      22, 23, 40 and 42 is such that they allow the ringing signal to pass
      through the above described DC path and essentially inhibit the ringing
      signal from being transmitted by transformer action.
PAR  In a similar manner, when the telephone set 45 goes "off hook" to initiate
      a call through the central office 14, the central office applies battery
      potential to the PBX or telephone set 45 via the above described DC path.
      Dial pulses are applied to the central office by interrupting or opening
      the DC loop. Hence, it can be seen that the telephone circuit of this
      invention provides a DC connection between the two telephone circuits
      connected to the terminals 24 and 32 without any physical interruption of
      the transmission line therebetween, such as the use of relay contacts,
      etc.
PAR  When a telephone connection has been established between the subscriber's
      telephone set 45 and the equipment of the central office 14, audio signals
      such, for example, as voice signals, or data signals, are applied by the
      central office across the tip and ring lines 16 and 18 to the windings 20A
      and 20B of the hybrid transformer 22. The capacitor 21 functions as a low
      impedance (essentially a short) for audio and higher frequencies. The
      hybrid transformers 22, 23, 40 and 42 are standard well known units that
      are arranged so that there is a selective direction through which the
      signals are transmitted through the hybrid transformers. The audio signals
      are applied by the winding 20C of the transformer 22 to a low pass filter
      46. The filter circuit 46 is a sharp break low pass filter such as, for
      example, one having an 18 db break at three kilohertz. The filter circuit
      46 limits the frequency range of the audio to less than that of the
      frequency range of the carrier signals used in the transmission of signals
      in the opposite direction to prevent singing, echo return, etc. The
      filtered audio signals (in the range of 200 to 3,000 hertz) are then
      amplified by an amplifier 48 and are applied to the winding 26C. The gain
      of the amplifier 48 compensates for the circuit and line losses. The
      amplified audio signals from the windings 26A and 26B of the transformer
      23 are applied to the pair of wires 28 and 30 of the nonloaded
      transmission line 12. The capacitor 21 functions as a low impedance path
      for interconnecting the windings 26A and 26B for audio and carrier
      signals.
PAR  The audio signals from the non-loaded telephone line 12 are applied via the
      windings 38A, 38B and 38C of the hybrid transformer 40 to an adjustable
      buffer amplifier 53. The capacitor 43 functions as a low impedance circuit
      to AC signals to interconnect the windings 38A and 38B. The amplified
      signals are applied to a low pass filter circuit 54. The filter 54 is
      similar to filter 46 and functions to pass the audio signal (200 to 3,000
      hertz) and block the carrier signal. The audio signals from the filter
      circuit 54 are applied to an amplifier 56 which amplifies the audio
      signals to a desired level and applies the amplified signals to the
      winding 41C of the transformer 42. It is to be understood that although
      two amplifiers 53 and 56 are illustrated, a single amplifier could also be
      used. The filtered amplified audio signals are coupled via the windings
      41A and 41B of the hybrid transformer 42 to the wires 80 and 82 comprising
      the telephone line extending to the private branch exchange 44 to which
      the subscriber telephone set 45 is connected (or directly to the telephone
      set 45). Once again the capacitor 43 functions as a low impedance to AC
      signals interconnecting the windings 41A and 41B.
PAR  Audio signals such, for example, as data and/or voice signals originated by
      the subscriber telephone set 45 are coupled to the windings 41A and 41B of
      the hybrid transformer 42 via the private branch exchange 44 (or directly
      from the telephone set). The audio signals from the winding 41D are
      applied to a low pass filter 58 (similar to filter 46) to apply a range of
      frequencies between 200 to 3,000 hertz to a modulator 60. The low pass
      filter 58, although not necessary, is a desirable feature for the circuit
      for limiting the frequency range of the audio signals below the carrier
      range. In the modulator 60, the data and/or voice signals are mixed with a
      carrier signal generated by a carrier oscillator 62 to produce a modulated
      carrier signal. A suitable modulated carrier signal may be, for example,
      single sideband carrier, frequency modulation, double sideband AM, and
      double sideband suppressed carrier. The preferred type of carrier
      frequency signal is double sideband AM.
PAR  The frequency range of the modulated carrier signals may be of any
      desirable frequency range limited by interference problems and line
      attenuation. The lowest frequency of the modulated carrier signal must be
      higher than the highest frequency of any of the audio signals being
      transmitted. Preferably, the frequency of the carrier signals is selected
      to fall within the range of 8 to 16 kilohertz to prevent interference from
      low frequency radio stations operating in the range of from 16 to 30
      kilohertz.
PAR  The modulated carrier signals are amplified by a high frequency amplifier
      64 and applied to the winding 38D. The gain of the amplifier 64 is
      sufficient to compensate for losses in the lines 28 and 30. The amplified
      modulated carrier signals are applied by the windings 38A and 38B of the
      hybrid transformers 40 to the nonloaded, non-equalized transmission line
      12 (two-wire telephone lines 28 and 30).
PAR  The carrier signals are received by the windings 26A and 26B of the hybrid
      transformer 23 at the central office terminal 24. The incoming carrier
      signals are applied by the windings 26D to a bandpass filter 66 having
      break points in the order of 9 kilohertz and 15 kilohertz. The modulated
      carrier signals are amplified by a variable gain high frequency amplifier
      68. The amplifier 68 is adjusted at the central office terminal 24 to
      maintain the level of the modulated signal applied to a demodulator 70 to
      a predetermined range of values. The circuit may incorporate a manually
      adjusted amplifier as shown in FIG. 1 requiring little readjustment, if
      any, once installed. Therefore, since the manually adjusted amplifier 68
      provides simple operation along with economic benefits, it is the
      preferred embodiment.
PAR  An alternate circuit arrangement incorporating the amplifier 68 is shown in
      FIG. 2. Modifications of the circuit as shown in FIG. 2 provide an
      automatic gain control circuit. A vario-losser circuit 67 is connected in
      series between the bandpass filter 66 and the amplifier 68. A
      rectifier/filter circuit 69 is connected between the output of the
      amplifier 68 and the vario-losser circuit 67. The output from the feedback
      circuit 69 controls vario-losser 67 to automatically compensate for the
      input signal level variations.
PAR  The demodulator 70 applies the demodulated carrier frequency signals to a
      low pass filter circuit 72, similar to the filter circuit 46, to produce
      the audio signals. The audio signals are amplified by the amplifier 74 and
      applied to the winding 20D of the hybrid transformer 22. The windings 20A
      and 20B apply the received audio signals to the tip and ring wires 16 and
      18, respectively, of the central office 14. From the central office the
      received audio signals are transmitted to the other party.
PAR  FIG. 3 includes a schematic diagram of the central office terminal 24 in an
      arrangement that is suitable for mounting on a single printed circuit
      plug-in board. For ease of explanation, the same reference numerals in
      FIGS. 1 and 3 refer to the same elements. Terminals 102 and 104 are
      adapted to be connected to the non-loaded, non-equalized cable 12 and
      provide a connection to the hybrid transformer 23. The windings 26A and
      26B of the transformer 23 are connected to the windings 20A and 20B of the
      transformer 22 to provide the direct current bypass circuit around the
      central office terminal 24. The capacitor 21 provides the AC coupling
      between the windings 26A and 26B and also between the windings 20A and
      20B. The carrier signals received from the non-loaded, nonequalized cable
      12 are applied to the bandpass filter circuit 66. The bandpass filter
      circuit 66 includes an emitter-follower circuit (including a transistor
      106) connected to apply the carrier signals to an L-C filter circuit 108.
      The output of the bandpass filter 66 is applied to the adjustable gain
      amplifier circuit 68 including the transistors 110, 112 and 114. The gain
      of the amplifier circuit 68 is varied by adjusting the potentiometer 111.
      The output of the amplifier circuit 68 is applied to a demodulator circuit
      70 including a diode 116, capacitors 118 and 120 and a transistor 122. The
      demodulated signals are applied to low pass filter circuit 72 and an L-C
      filter circuit to produce the audio signals. The output from the filter
      circuit 72 is applied via the amplifier circuit 74 (including the
      transistor 128) to the winding 20D of the transformer 22, which, in turn,
      applies the audio signal to the telephone line extending to the central
      office via the windings 20A and 20B.
PAR  Terminals 130 and 132 are adapted to be connected to the tip and ring wires
      16 and 18 of the telephone line extending to the central office. The audio
      signals received from the central office are applied across the windings
      20A and 20B and are applied to the low pass filter 46 via resistors 134
      and 136. The low pass filter 46 includes an L-C circuit. The output from
      the filter circuit 46 is applied to the amplifier 48, which includes a
      transistor 138. The amplified signals from the amplifier circuit 48 are
      applied to the winding 26C of the transformer 23 so that the audio signals
      are applied to the non-loaded cable 12 via the windings 26A and 26B.
PAR  FIG. 4 includes a schematic diagram of the subscriber terminal 32 in an
      arrangement that is suitable for mounting on a single printed circuit
      board. For ease of explanation, the same reference numerals in FIGS. 1 and
      4 refer to the same elements. Terminals 150 and 152 are adapted to be
      connected to the non-loaded, non-equalized cable 12 to provide a
      connection to the windings 38A and 38B of the hybrid transformer 40. The
      windings 38A and 38B are connected to the windings 41A and 41B of the
      transformer 42 to provide a direct current bypass circuit around the
      subscriber terminal 24. The capacitor 43 provides the AC coupling between
      the windings 38A and 38B and also between the windings 41A and 41B. The
      audio signals received from the non-loaded, non-equalized cable 12 are
      applied to the adjustable audio amplifier circuit 53 including the
      transistor 154. The gain of the amplifier is adjusted by setting the
      potentiometer 156. The output from the amplifier 53 is applied to the low
      pass filter circuit 54 including an adjustable L-C filter arrangement. The
      filtered signals are then amplified by the amplifier circuit 56 (including
      the transistor 158) and are applied to the winding 41C. The audio signals
      are coupled through the transformer and are developed across terminals 160
      and 162 (that are adapted to be connected to the PBX 44 or telephone set
      45) via the windings 41A and 41B.
PAR  Audio signals from the PBX 44, or telephone set 45, are applied to the L-C
      filter circuit 58 via the transformer windings 41A, 41B and 41D. The
      output signals from the filter circuit 58 are applied to a standard,
      commercially available balanced modulator circuit 60 including the
      transistors 162-170. The oscillator 62 including the transistor 172
      provides the carrier signal to the modulator circuit 60. The modulated
      carrier signals are amplified by the amplifier circuit 64 (including a
      transistor 174) and are applied to the winding 38D, which, in turn, are
      coupled to the transmission line via windings 38A and 38B.
PAR  FIG. 5 includes a diagram of the telephone system of the invention
      including a second embodiment for the direct current path between circuits
      connected to opposite ends of the system. For purposes of simplifying the
      explanation of the system of FIG. 5, the same components in the systems of
      FIGS. 1 and 5 are designated by the same reference numerals.
PAR  The lines 16 and 18 are connected to the windings 20A and 20B of the hybrid
      transformer 22 via a pair of isolation capacitors 200 and 202 to allow
      audio signals to be transmitted to the hybrid transformer 22 and block any
      direct current flow through the windings. A low pass filter 204 designed
      to pass direct current supervisory, control and ringing signals is
      connected between the line 16 and the line 28 of the cable 12 while a
      similar low pass filter 206 is connected between the line 18 and the line
      30. The lines 28 and 30 are connected to the windings 26A and 26B of the
      transformer 23 via the capacitors 208 and 210 to transmit audio and
      carrier signals and prevent direct current flow through the windings. The
      other end of the lines 28 and 30 are also connected to the windings 38A
      and 38B of the transformer 40 through the capacitors 212 and 214 for the
      same reasons.
PAR  In the same manner one of a pair of low pass filters 216 and 218 (identical
      to the filters 204 and 206) is connected between the lines 28 and 82, and
      between the lines 30 and 80, respectively. The lines 80 and 82 are
      connected to the windings 41A and 41B of the transformer 42 via the
      capacitors 220 and 222.
PAR  Hence, it can be seen that a direct current path is provided between the
      lines 16 and 82 via the low pass filters 204 and 216 and the line 28,
      while a direct current path is provided between lines 18 and 80 via low
      pass filters 206 and 218 and the line 30. The circuit of FIG. 5 functions
      in a similar manner as FIGS. 1-4, wherein the supervisory, control and
      ringing signals are transmitted through the above-identified direct
      current paths, while the audio and carrier signals are transmitted between
      the circuits connected to the opposite end of the terminals 24 and 32 in
      the same manner as described in the FIGS. 1-4, except for the capacitors
      200, 202, 208, 210, 212, 214, 220 and 222, wherein the capacitors function
      as a low impedance path for audio and/or carrier signals while isolating
      the hybrid transformer windings from the direct current path.
PAR  It is to be understood that other types of direct current paths can also be
      employed with the telephone system of the invention, however, the direct
      current path disclosed in FIG. 1 is the preferred embodiment since a
      minimum of components are involved (no low pass filters, relay bypass
      circuits, etc.) resulting in lower cost. Furthermore, the use of the
      hybrid transformers to form a portion of the direct current path provide a
      simple means of maintaining an impedance balance in both sides of the
      direct current path.
PAR  The telephone system of this invention provides a combined audio, carrier
      and direct current communication system over a single two-wire,
      non-loaded, non-equalized cable. The two-wire circuit of this invention
      has all the advantages accrued to the prior art loaded line arrangements
      and/or four-wire circuits. The telephone system is substantially
      insensitive to variation gain. The telephone system of the invention
      provides suitable means whereby DC supervisory, control and ringing
      signals are transmitted between parties over a two-wire transmission line
      in a manner wherein the DC signals do not cause interference or distortion
      with the communications signals traversing the same line. The telephone
      system is also substantially stable and provides a balanced arrangement
      wherein both open and short circuits occurring within the system will not
      cause the system to become unstable. The distortion resulting from phase
      and attenuation characteristics of the non-loaded interconnecting cable
      causes negligible degraduation in service.
PAR  As shown in FIG. 1, the telephone system embodies a private branch exchange
      44 in which the subscriber terminal 32 is located. However, the subscriber
      terminal 32 may be incorporated in or associated directly with an
      individual subscriber's set 45 provided a source of power is available to
      operate the terminal 32. The telephone system is also suitably employed
      wherein each terminal is located at a central office and a non-loaded
      trunk line or cable interconnects the two offices.
PAR  The telephone system of this invention requires minimal installation
      instructions for initial installation. The terminals can be maintained on
      printed circuit cards and plugged in where needed and once adjusted, will
      continuously function without readjustment. In addition, the telephone
      system of the invention is more efficient and has a better echo return
      loss, than the prior art circuits.
PAR  As described heretofore, a single non-loaded cable pair transmits two
      different frequency bands of AC signals and also direct current signals.
      One frequency band is in the low frequency spectrum, such, for example, as
      from 200 to 3,000 cycles for either voice or data signals. The second
      frequency band is a modulated carrier frequency of preferably from 8 to 16
      kilohertz. Both frequency bands are transmitted in one direction only and
      opposed to each other. A direct current circuit bypasses the terminal to
      provide for the transmission of DC supervisory, control and ringing
      signals and battery.
PAR  The telephone system of this invention also embodies a means to reduce
      distortion. Such means is provided by deliberately mismatching the
      impedance of the cable 12 and the impedances as presented by each of the
      terminals 24 and 32 to the cable 12. In normal telephone circuitry, the
      impedance across the non-loaded cable 12 is approximately 900 ohms. The
      impedance presented by the terminals 24 and 32 to the cable 12 is
      approximately 150 ohms. This mismatch of impedances provide the advantage
      of a flattening in the frequency response of the cable 12. In addition to
      the foregoing, the terminals 24 and 32 have provision for matching the
      impedance of the terminals to the central office lines 16 and 18 and the
      subscriber lines 80 and 82. The amplifying circuits in each of the
      terminals 24 and 32 compensate for the losses. The amplifying circuits
      allows a large range of gain to be introduced at either end of the
      interconnecting non-loaded cable without causing instability. These
      amplifying circuits enable one to compensate for line losses in the cable
      without causing the system of the network to become unstable and cause
      ringing, echo, etc.
PAR  The telephone transmission system of this invention is readily adaptable
      for employment wherein subscriber and central office terminals embody
      four-wire termination and originating circuits. With reference to FIG. 6,
      there is shown the application of this novel transmission system to a
      system embodying four-wire subscriber and central office terminals or
      communication circuits. For ease of explanation, the same components of
      the systems or circuits in FIGS. 1 and 6 are designated by the same
      reference numerals.
PAR  The telephone cable 12 connects a central office terminal or communication
      circuit 310 to a subscriber terminal or communication circuit 312.
      However, it is to be understood that the arrangement as shown may also be
      applied between two central office terminals. A modulated signal is
      transmitted from the subscriber terminal 312 to the central office
      terminal 310. Amplified voice frequency signals are transmitted from the
      central office terminal 310 to the subscriber terminal 312. The central
      office terminal 310 will accept suitable signals such, for example, as in
      the order of -16 decibels above 1 milliwatt power (dBM) or +7 dBM by
      employing suitable strapping means. In a similar manner, the central
      office terminal 310 will accept the demodulated received signals at a
      suitable signal level, such, for example, as in the order of -16 dBM or +7
      dBM by employing suitable strapping means.
PAR  The connection between the central office terminal 310 and the switching
      equipment of the central office No. 1 or a PBX No. 1 comprises three pair
      of conductors and their respective connecting terminals. Tip and ring
      leads 314 and 316 comprise a first pair of conductors and are connected to
      a pair of respective input terminals 318 and 320. The impedance input
      match to the pair of conductors via terminals 318 and 320 is 600 ohms.
      Alternately, should a 900 impedance input match be necessary, the lead
      316A serves as a ring lead and is connected to the switching equipment of
      the central office No. 1 via an input terminal 320a. In a like manner, tip
      and ring leads 322 and 324 respectively, comprise a second pair of
      conductors and are connected to the switching equipment of the central
      office No. 1 via a pair of output terminals 326 and 328 respectively. An
      impedance match of 600 ohms is provided between the switching equipment
      and the central office terminal 310 and the terminal 312 via the output
      terminals 326 and 328. An impedance match of 900 ohms, when required, is
      provided via the output terminal 326 and an alternate ring lead 324a and
      an alternate output terminal 328a. Supervisory signals are transmitted
      between the cable 12 and the central office terminal 310 and the switching
      equipment of the central office No. 1 via a pair of connecting terminals
      330 and 332 and leads 360 and 362 comprising the third pair of conductors.
      Additionally, control and ringing signals as well as battery current may
      be transmitted by the pair of conductors. The capacitor 21 functions in
      the same manner as in FIG. 1.
PAR  The connection between the subscriber terminal 312 and the subscriber
      telephone system or the switching equipment of a central office No. 2 or a
      PBX No. 2 also comprises three pair of conductors and their respective
      connector terminals. The subscriber telephone system may comprise such as,
      for example, a private branch exchange or a telephone set or both. Tip and
      ring leads 336 and 338 respectively connect the subscriber terminal 312
      via respective output terminals 340 and 342 to the appropriate switching
      equipment of the subscriber telephone system or the central office No. 2
      as required. The impedance match of 600 ohms is provided via the output
      terminals 340 and 342 between the terminal 312 and the switching
      equipment. Alternately, should a 900 ohm impedance match be necessary, the
      lead 338a serves as ring lead and is connected to the switching equipment
      via an output terminal 342a. In a like manner the switching equipment of
      either one of the subscriber telephone system or the central office No. 2
      is connected to tip and ring leads 334 and 346 respectively comprising a
      second pair of conductors via a pair of respective input terminals 348 and
      350. An impedance match of 600 ohms is provided between the switching
      equipment and the terminal 312. An impedance match of 900 ohms is provided
      between the switching equipment and the terminal 312 via the input
      terminal 348 and alternate ring lead 346a and input terminal 350a.
      Supervisory signals are transmitted between the two-wire telephone cable
      and the switching equipment via leads 352 and 350 comprising the third
      pair of conductors of the subscriber terminal 312 and a pair of connector
      terminals 356 and 358. Additionally, control and ringing signals as well
      as battery current may be transmitted via the pair of conductors 356 and
      358. The capacitor 43 functions in the same manner as in the circuit of
      FIG. 1.
PAR  When the subscriber telephone system or the central office No. 2 is called,
      a ringing signal (high level AC signal of a frequency of approximately 30
      hertz superimposed on the central office battery) is applied across the
      leads 360 and 362 via the connector terminals 330 and 332. The ringing
      signal causes a ringing current to flow through a continuous electrical
      path between the central office terminal 310 and the subscriber terminal
      312 including (1) the windings 26A and 26B of a hybrid transformer 23, (2)
      the non-loaded cable 12 including the pair of telephone wires 28 and 30
      and (3) the windings 38A and 38B of a hybrid transformer 40. The ringing
      current is then applied via a suitable connecting means such, for example,
      as a private branch telephone exchange (PBX), or a direct connection, or
      also including one or more other central offices to a subscriber's
      telephone set (not shown) to activate a ringer in the telephone set. The
      frequency response of the transformer 23 and 40 is the same as in the
      response to the circuit of FIG. 1 wherein the transformers allow the
      ringing signal to pass through the above described DC path and essentially
      inhibit the ringing signal from being transmitted by transformer action.
PAR  In a similar manner, when a subscriber telephone set (not shown) goes "off
      hook" to initiate a call through the central office No. 2, the central
      office applies battery potential to the private branch exchange or
      subscriber telephone set (not shown) via the above described DC path. Dial
      pulses are applied to the central office by interrupting or opening the DC
      loop. Hence, it can be seen that the telephone circuit of this alternate
      embodiment of this invention provides a DC connection between the two
      telephone circuits connected together via the terminals 310 and 312
      without any physical interruption of the transmission line therebetween,
      such as the use of relay contacts, etc.
PAR  When a telephone connection has been established audio signals such, for
      example, as voice signals, or data signals, are applied by the central
      office No. 2 across the tip and ring lines 314 and 316 or 314 and 316a to
      the winding 364A of the transformer 366. The audio signals are received by
      the winding 364A to the winding 364B and applied to the low pass filter
      46. The filtered audio signals are then amplified by the amplifier 48 and
      applied to the winding 26C of the hybrid transformer 23. The amplified
      audio signals from the winding 364A are received by the winding 26A and
      applied to the pair of wires 28 and 30 of the non-loaded transmission or
      telephone line 12.
PAR  The audio signals from the non-loaded telephone line 12 are applied via the
      winding 38C to the gain controlled buffer amplifier 53 and thence to the
      low pass filter circuit 54. The audio signals from the filter circuit 54
      are applied to the amplifier 56 which, as before, relative to the circuit
      of FIG. 1, amplifies the audio signals to a desired level and applies the
      amplified signals to a winding 368B of a transformer 370. It is to be
      understood, as in FIG. 1, that although two amplifiers 53 and 56 are
      illustrated, a single amplifier could also be used. The filtered amplified
      audio signals are coupled out via the winding 368A to either pair of
      output terminals 340 and 342 or 340 and 342a, depending on the desired
      output impedance.
PAR  Audio signals, such, for example, as data and/or voice signals are coupled
      to the winding 369A of the transformer 371 directly. The audio signals are
      coupled to the winding 369B and applied to the low pass filter 58. The
      filtered audio signals are transmitted to the modulator 60. As previously
      described relative to the circuit of FIG. 1, an oscillator 62 provides a
      suitable carrier signal to the modulator which in turn mixes the generated
      carrier signal and the data and/or voice signals to produce a modulated
      carrier signal. Any of the previously described modulated carrier signals
      and frequency ranges for the circuit of FIG. 1 is again suitable in this
      instance, a double sideband AM within the range of 8 to 16 kilohertz being
      preferred.
PAR  The modulated carrier signals are amplified by the high frequency amplifier
      64 and applied to the winding 38D to be transformed to the windings 38A
      and 38B all windings being of the hybrid transformer 40, and applied to
      the non-loaded, non-equalized two-wire transmission line 12 comprised of
      the lines 28 and 30.
PAR  The modulated carrier signals are received by the windings 26A and 26B of
      the hybrid transformer 23 in the central office terminal 310. The incoming
      modulated carrier signals are applied by the winding 26D to the bandpass
      filter 66. The modulated carrier signals are amplified by a variable gain
      high frequency amplifier 68. As previously described, the amplifier 68 is
      adjusted at the central office terminal 310 to maintain the level of the
      modulated signal applied to the demodulator 70 to a predetermined range of
      values. Preferably the amplifier 68 is manually adjusted for the reasons
      previously described relative to the circuit of FIG. 1.
PAR  The circuit arrangement of FIG. 2 incorporating the amplifier 68 may, in
      the alternative, be incorporated in the circuitry of the terminal 310 to
      provide an automatic gain control circuit as previously described relative
      to its modification of the circuit of FIG. 1.
PAR  The demodulator 72 applies the demodulated carrier frequency signals to the
      amplifier 74 connected to the winding 365B of the transformer 367. The
      audio signals are coupled to the winding 365A and applied to the
      appropriate tip and ring leads of the output portion as determined by the
      impedance match.
PAR  As is typically normal in a four-wire telephone system the terminals 310
      and 312 must be able to transmit in either a high level signal condition
      of approximately +7 dBM (number of decibels above 1 milliwatt power) or a
      low level signal condition of approximately -16 dBM. Therefore, it is
      desirable to employ attenuators 372 and 374 depicted as dotted line
      blocks, in the transmission portion of the respective terminals 310 and
      312. During transmission in a high level signal condition, the attenuators
      372 and 374 remain connected into the appropriate circuits. Whenever a
      terminal employs a low level signal for transmission, suitable strapping
      arrangements (not shown) are provided to enable one to disconnect the
      appropriate attenuator(s) 372, 374, or both. Should the transmission
      revert back to a high level signal transmission, the strapping arrangement
      is employed to reconnect the appropriate attenuator into the circuit.
PAR  The wiring schematics of the terminals 310 and 312 is essentially the same
      as described heretofore for the two-wire terminals 24 and 32 of FIGS. 3
      and 4. Attenuating circuits and means of modifying a two-wire telephone
      connection for a four-wire telephone connection are well known to those
      skilled in the art of telephony transmission.
PAR  The novel cable transmission system of this invention which enables one to
      have two-way transmission over one cable pair by simulating a four-wire
      transmission path may also be employed in a mix of two-wire and four-wire
      central office and subscriber terminals. For example, any embodiment of a
      two-wire central office terminal may be connected by the cable 12 to any
      embodiment of the four-wire subscriber terminal. Conversely, either
      version of the two-wire subscriber terminal may be connected to any of the
      different embodiments of the four-wire central office terminal. This
      interconnection is possible for all possible situations such, for example,
      as when the central office terminal is connected between switching
      equipment of either a central office or a private branch exchange and
      either switching equipment of another central office or private branch
      exchange or a subscriber telephone set remote from the premises of a
      private branch exchange. For example, with reference to FIG. 7, a
      four-wire configured central office terminal 310 of FIG. 6 is shown
      connected to a two-wire configured subscriber terminal 32 of FIG. 1. The
      items having the same reference numbers in both respective figures are the
      same and function in the same manner as disclosed previously in this
      specification.
PAR  A telephone transmission system embodying either one of the terminals 310
      or 312 of the system shown in, and described with reference to, FIG. 6 may
      be connected to the corresponding opposite terminal 32 or 24 respectively
      of the system shown in, and described with reference to, FIG. 5 by a
      two-wire, non-loaded, non-equalized cable. Referring now to FIG. 8, and
      for illustrative purposes only, a telephone system is depicted as
      embodying a central office terminal 310 and a subscriber terminal 32
      connected to each other by the two-wire cable 12. Each of the terminals
      310 and 32 function in the exact same manner as described heretofore in
      this specification. In a similar manner, the central office terminal 24 of
      FIG. 5 can be connected to the subscriber terminal 312 of FIG. 6.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A telephone transmission system comprising
PA1  a first pair of terminals for connection to a telephone circuit;
PA1  a second pair of terminals for connection to a two-wire line which presents
      a first impedance at audio frequencies and a second impedance, which is
      substantially less than said first impedance, at a selected carrier
      frequency;
PA1  a communication circuit including first circuit means connected to said
      first pair of terminals for transmitting audio signals at audio
      frequencies from one pair of said first and second pairs of terminals to
      the other pair of said first and second pair of terminals, and second
      circuit means connected to said first pair of terminals for transmitting
      signals from one pair of said first and second pairs of terminals to the
      other pair of said first and second pairs of terminals in a direction
      opposite the transmission of said audio signals, said second circuit means
      including in series a first circuit for transmitting audio modulation
      carrier signals at carrier frequencies, a second circuit for transmitting
      audio signals at audio frequencies, and a signal converter circuit
      connected between said first and second circuits; and
PA1  third circuit means connecting said first and second circuit means to one
      end of said two-wire line via said second pair of terminals for producing
      an impedance match between said communication circuit and said two-wire
      line at said selected carrier frequency and producing a deliberate
      impedance mismatch between said communication circuit and said two-wire
      line at audio frequencies.
NUM  2.
PAR  2. A telephone transmission system as defined in claim 1 wherein said third
      circuit means comprises a connection circuit presenting substantially said
      second impedance to said two-wire line at both audio frequencies and
      carrier frequencies.
NUM  3.
PAR  3. A telephone transmission system as defined in claim 2 wherein said
      connection circuit is a transformer hybrid circuit.
NUM  4.
PAR  4. A telephone transmission system as defined in claim 2 wherein said first
      circuit means includes a low pass filter in series with a first amplifier,
      and wherein said first circuit of said second circuit means includes a
      bandpass filter for transmitting audio modulated carrier signals in series
      with a second amplifier, and said second circuit of said second circuit
      means includes a low pass filter for transmitting audio signals in series
      with a third amplifier.
NUM  5.
PAR  5. In a telephone transmission system including a pair of communication
      circuits, each of said communication circuits having a first pair of
      terminals for connecting said circuits to a telephone circuit and a second
      pair of terminals for connecting said circuits to opposite ends of a
      two-wire line which presents a first impedance to said communication
      circuits at audio frequencies and presents a second impedance, which is
      substantially less than said first impedance, to said communication
      circuits at a selected carrier frequency, each of said communication
      circuits comprising:
PA1  first circuit means for transmitting audio signals at audio frequencies
      from one pair of said first and second pairs of terminals to the other
      pair of said first and second pairs of terminals;
PA1  second circuit means for transmitting signals from one pair of said first
      and second pairs of terminals to the other pair of said first and second
      pairs of terminals in a direction opposite the transmission of said audio
      signals, said second circuit means including in series a first circuit for
      transmitting audio modulated carrier signals at carrier frequencies, a
      second circuit for transmitting audio signals, and a signal converting
      circuit connected between said first and said second circuits, said first
      circuit, said second circuit and said signal converting circuit being
      connected in reverse order in their respective communication circuits;
PA1  third circuit means connecting said first and second circuit means to one
      end of said two-wire line via said second pair of terminals for producing
      an impedance match between the communication circuit and said two-wire
      line at said selected carrier frequency and producing a deliberate
      impedance mismatch between the communication circuit and said two-wire
      line at audio frequencies.
NUM  6.
PAR  6. A telephone transmission system as defined in claim 5 wherein said third
      circuit means comprises a connection circuit presenting substantially said
      second impedance to said two-wire line at both audio frequencies and
      carrier frequencies.
NUM  7.
PAR  7. A telephone transmission system for connection to a two-wire telephone
      line which presents a first impedance at audio frequencies and presents a
      second impedance, which is substantially less than said first impedance,
      at a selected carrier frequency, comprising:
PA1  first and second terminals for connection to telephone equipment for
      translating battery potential and ringing and supervisory signals;
PA1  third and fourth terminals for connection to telephone equipment for
      translating audio frequency signals;
PA1  fifth and sixth terminals for connection to telephone equipment for
      translating audio frequency signals;
PA1  seventh and eighth terminals for connection to said two-wire telephone
      line;
PA1  first transformer circuit means having first, second, third and fourth
      coupled windings;
PA1  second transformer circuit means connected in a hybrid circuit
      configuration presenting an impedance match with said two-wire line at
      said selected carrier frequency and producing a deliberate impedance
      mismatch with said two-wire line at audio frequencies, said second
      transformer circuit means having first, second, third and fourth coupled
      windings;
PA1  first circuit means for connecting the first winding of said first
      transformer circuit means to said third and fourth terminals;
PA1  second circuit means for connecting the second winding of said first
      transformer circuit means to said fifth and sixth terminals;
PA1  third circuit means for connecting one end of each of the first and second
      windings of said second transformer circuit means to said first and second
      terminals, respectively, including a capacitor connecting said first and
      second windings of said second transformer circuit means in series;
PA1  fourth circuit means for connecting the other end of each of the first and
      second windings of said second transformer circuit means to said seventh
      and eighth terminals, respectively;
PA1  fifth circuit means interconnecting the third windings of said first and
      second transformer circuit means for unidirectionally transmitting audio
      signals from the third and fourth terminals to the seventh and eighth
      terminals, and
PA1  sixth circuit means interconnecting the fourth windings of said first and
      second transformer circuit means for converting between said audio signals
      and said audio modulated carrier signals and for unidirectionally
      transmitting the converted signal from said seventh and eighth terminals
      to said fifth and sixth terminals.
NUM  8.
PAR  8. A telephone transmission system as defined in claim 7 wherein said third
      circuit means comprises a connection circuit presenting substantially said
      second impedance to said two-wire line at both audio frequencies and
      carrier frequencies.
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PAL  An induction cancellation circuit is used to minimize the effects of AC
      induced signals appearing on a pair of telephone lines on the activation
      of a current sensor by a DC loop current flowing on the telephone lines.
      An input of the current sensor is coupled to one of the telephone lines by
      a coupling resistor so as to receive energizing potentials from both the
      AC induced signals and the DC loop current. On the other hand, the having
      an cancellation circuit includes an amplifier having an amplifier input
      coupled to the other telephone line by a DC blocking capacitor. The
      amplifier is biased at unity gain and provides an output signal equal to
      but 180.degree. out of phase with the AC induced signals received at its
      input. The output signal is coupled through a balancing resistor and
      another capacitor to the input of the current sensor such that the out of
      phase output signal and the AC induced signal received at the input of a
      current sensor via the coupling resistor effectively cancel each other
      because the balancing resistor and the output impedance of the amplifier
      are substantially equal to the coupling resistor.
BSUM
PAR  The present invention relates to a loop dial long line unit for telephone
      equipment and, more particularly, to a new and improved induction
      cancellation circuit for the loop dial long line unit to effectively
      cancel induced noise signals appearing upon the tip and ring lines of a
      subscriber loop.
PAR  Loop dial long line units are designed to extend signaling, supervisory and
      dial pulsing limits of a PABX or telephone central office beyond its
      normal range, while maintaining continuity of the voice transmission path.
      Power is provided to the loop dial long line unit from the central office
      battery. The dial long line unit functions to connect a subscriber or
      calling party to the telephone central office by coupling a subscriber
      loop to the telephone office loop. The subscriber loop may have many
      induced noise signals, which appear as AC signals, induced upon both the
      tip and ring lines. The induced noise can be as a result of electrostatic
      induction, induction from adjacent power lines or magnetic induction. It
      is necessary to cancel these induced signals from the subscriber loop so
      that a portion of the dial long line unit, which senses current on the
      subscriber loop, is not affected by the induced noise signals.
PAR  In some instances in the past, the induced noise signals were cancelled by
      using a neutralizing transformer having oppositely polarized coils.
      Normally, these transformers were used with relays that were closed in
      response to dialing signals on the line which were not cancelled by the
      neutralizing transformer. However, the use of such relays and transformers
      is not satisfactory for use in solid state dial long line units.
PAR  Accordingly, objects of the present invention are to provide a new and
      improved induction cancellation circuit that is used with solid state dial
      long line units or the like; that is operable under high induction value
      conditions; and that operates notwithstanding the presence of high leakage
      or ringer loads on the tip and ring lines of a subscriber loop.
PAR  In accordance with these and many other objects of the present invention,
      an embodiment of the present invention includes an induction cancellation
      circuit coupling a telephone loop having tip and ring lines to a current
      sensor device which is actuated in response to a loop current flowing in
      the loop circuit. The induction cancellation circuit couples the AC
      induced signals or longitudinal voltage appearing on the tip line to the
      input of the current sensor by means of an inverting amplifier set at
      essentially unity gain and a balancing resistor. The induced voltage on
      the ring line also is coupled to the input of the current sensor through a
      coupling resistor. Since the impedance of the balancing resistor and
      output impedance of the amplifier is essentially equal to the impedance of
      the coupling resistor and the induced AC signal is a longitudinal voltage
      appearing in-phase on both the tip and ring lines, the mixing of the out
      of phase AC signal from the tip line with the AC signal from the ring line
      effectively cancels the AC signals at the input of the current sensor so
      that the current sensor is not affected by induced noise signals. On the
      other hand, when a loop current is flowing in the loop due to an offhook
      condition of a calling party, the induction cancellation circuit does not
      cancel the components on the tip and ring line and the current sensor is
      actuated.
DRWD
PAR  Many other objects of the present invention will become apparent from
      considering the following detailed description in conjunction with the
      drawings in which:
PAR  FIG. 1 is a block diagram of a portion of a loop dial long line unit
      including an induction cancellation circuit embodying the present
      invention; and
PAR  FIG. 2 is a schematic diagram of the induction cancellation circuit
      embodying the present invention.
DETD
PAR  Referring now to FIG. 1 of the drawings, therein is disclosed a block
      diagram showing a portion of a loop dial long line unit designated
      generally as 10. The loop dial long line unit 10 is operated in response
      to a calling party going off-hook so that a subscriber loop is closed as
      diagrammatically represented by the closing of a switch 12. Upon the
      closure of the switch 12, a loop is formed from a ground terminal 14
      through a resistor 16, a retard coil 18, a tip line 20, the closed switch
      12, a ring line 22, another portion of the retard coil 18, and a resistor
      24 to a negative battery terminal 26 of the central office battery. When a
      loop current is flowing in the loop circuit, an actuating signal is
      supplied to an input terminal 27 of a current sensor 28 which activates an
      amplifier inverter 30 and a dial pulse detection circuit 32. The amplifier
      inverter circuit 30 and the dial pulse detection circuit 32 turn on a
      relay driver 34 so as to operate a pulsing relay 36. When the pulsing
      relay 36 is operated, the loop circuit in the central office is connected
      to the subscriber loop by other portions of the dial long line unit (not
      shown). In the event the loop current flowing in the subscriber loop is
      interrupted by dialing at the dial pulse rate, the pulsing relay 36 is
      operated at the dial pulse rate due to the fact that the current sensor 28
      also is being operated at the dial pulse rate.
PAR  In order to insure that the current sensor 28 is not actuated by AC noise
      signals appearing as a longitudinal voltage on the tip line 20 and the
      ring line 22, an induction cancellation circuit 38 embodying the present
      invention is coupled between the input 27 of the current sensor 28 and the
      tip line 20. The induction cancellation circuit 38 mixes an out of phase
      noise signal from the tip line 20 with the AC noise signal from the ring
      side 22 of the line so that the two signal components effectively cancel
      each other. Thus, the effect of the induced noise signal on the tip line
      20 and the ring line 22 on the current sensor 28 is minimized.
PAR  The induction cancellation circuit 38 is shown in more detail in FIG. 2 of
      the drawings. More specifically, the induction cancellation circuit 38
      includes a transistor 40 having a base electrode 42, an emitter electrode
      44 and a collector electrode 46. A voltage divider formed by a resistor 48
      coupled between the base electrode 42 and the ground terminal 14 and a
      resistor 50 coupled between the base electrode 42 and the negative battery
      terminal 26 supplies a DC biasing potential to the base electrode 42. A
      resistor 52 couples the emitter electrode 44 to the ground terminal 14 and
      the resistor 16. Another resistor 54, which is approximately equal in
      value to the resistor 52, couples the collector electrode 46 to the
      negative battery terminal 26. Since the resistors 52 and 54 are equal and
      the resistors 48 and 50 are selected to properly bias the base electrode
      42 at the same potential as the emitter electrode 44, the transistor 40 is
      biased at substantially unity gain.
PAR  The base electrode 42 of the transistor 40 is coupled via a DC blocking
      capacitor 56 to the junction between the resistor 16 and the retard coil
      18 such that the base electrode 42 is essentially coupled to the tip line
      20 of the loop circuit. Whenever an induced AC noise signal appears on the
      tip line 20 such that it flows through the resistor 16, the signal is
      applied to the base electrode 42 through the capacitor 56 and appears at
      the output or collector electrode 46 of the transistor 40 at substantially
      the same magnitude but in inverted or 180.degree. out of phase form from
      the AC signal at the base electrode 42. The signal at the output electrode
      46 is coupled via a balancing resistor 58 and a capacitor 60 to the input
      or summing terminal 27 of the current sensor 28.
PAR  Whenever an AC noise signal is induced on the tip line 20, it is also
      induced in phase on the ring line 22 and flows through the resistor 24.
      This AC signal, which is in phase with and equal in magnitude to the AC
      signal applied to the base electrode 42 of the transistor 40, is coupled
      to the input terminal 27 of the current sensor 28 by a coupling resistor
      62. Since the coupling resistor 62 is equal in magnitude to the sum of the
      resistor 54, which is essentially the output impedance of the transistor
      amplifier 40, and the balancing resistor 58, the AC signal coupled to the
      input terminal 27 through the resistor 62 is equal to but 180.degree. out
      of phase with the AC signal coupled to the input terminal 27 by the
      induction cancellation circuit 38 including the balancing resistor 58.
      Thus, any longitudinal AC voltages including induced noise signals
      appearing on the tip line 20 and ring line 22 are mixed out of phase at
      the input terminal 27 such that they cancel and do not affect the
      operation of the current sensor 28.
PAR  On the other hand, if the loop is closed, as by the closing of the switch
      12, and a loop current is flowing from the ground terminal 14 to the
      negative battery terminal 26, a DC biasing potential will be applied to
      the input terminal 27 through the resistor 62 due to the loop current
      flowing through the ring line 22 and the resistor 24. In addition, the
      initial pulse on the tip line 20 of the loop current flowing through the
      resistor 16 will be applied to the input terminal 27 by the induction
      cancellation circuit 38. However, since this DC pulse is a differential
      potential rather than a longitudinal voltage, the potential applied to the
      input terminal 27 through the resistor 62 and through the induction
      cancellation circuit 38 will be in phase and supply the input terminal 27
      with a relatively high forward biasing potential to a transistor 64
      forming the current sensor 28. The forward biasing potential at the input
      terminal 27 renders the transistor 64 conductive so that a negative
      operating potential from the negative battery terminal 26 will be supplied
      to the amplifier/inverter 30 through a resistor 66 and the
      emitter-collector path of the transistor 64.
PAR  Once the loop current is flowing through the resistors 16 and 24, the DC
      potential at the junction between the resistor 16 and the retard coil 18
      will be blocked from the base electrode 42 of the transistor 40 by the DC
      blocking capacitor 56 and the induction cancellation circuit 38 will cease
      from supplying forward biasing potential to the input terminal 27 due to
      the blocking capacitor 60. However, sufficient biasing potential will
      remain on the input terminal 27 from the ring line 22 supplied through the
      resistor 62. Thus, as long as the loop current if flowing, the transistor
      64 will remain conductive and the amplifier/inverter 30 is supplied with
      an operating signal.
PAR  The circuit component types and values selected for use in constructing the
      induction cancellation circuit 38 and the current sensor 28 are listed
      below when a central office negative battery potential of -48 volts is
      used at the negative battery terminal 26. These values are given by way of
      example and not by way of limitation, and different applications of the
      invention would naturally result in the use of different component types
      and values.
TBL  ______________________________________                                    

     Reference   Component        Component                                    

     Number      Description      Value                                        

     ______________________________________                                    

     16 and 24   Resistors        56 ohms                                      

     40          PNP Transistor   2N3645                                       

     48          Resistor         10,000 ohms                                  

     50          Resistor         27,000 ohms                                  

     52 and 54   Resistor         4,700 ohms                                   

     56          Electrolytic     15 microfarads                               

                 Capacitor                                                     

     58          Resistor         910 ohms                                     

     60          Electrolytic     15 microfarads                               

                 Capacitor                                                     

     62          Resistor         5,600 ohms                                   

     64          NPN Transistor   2N3440                                       

     66          Resistor         180 ohms                                     

     ______________________________________                                    

PAR  It should be noted that the resistors 52 and 54 in the above example are of
      the same value to provide the transistor amplifier 40 with substantially
      unity gain. Moreover, the output impedance of the transistor 40, which is
      approximately equal to the total resistance of the resistors 54 and 58, is
      essentially equal to the resistance of the resistor 62.
PAR  Although the present invention is described with reference to one
      illustrative embodiment thereof, it should be understood that numerous
      other modifications and embodiments of the invention can be devised by
      those skilled in the art that will fall within the spirit and scope of the
      principles of this invention.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. An induction cancellation circuit used in minimizing the effects on a
      current sensor device of AC longitudinal voltages appearing on a pair of
      telephone lines, said induction cancellation circuit comprising:
PA1  an amplifier having an input coupled to one of said lines and having an
      output, said amplifier being biased so as to provide an output signal
      which is out of phase with any longitudinal voltages applied at said
      input,
PA1  a first resistor coupling said output to said current sensor, and
PA1  a second resistor coupling said other telephone line to said current sensor
      device so as to couple said AC longitudinal voltage to said current
      sensor, said first and second resistors having resistive values such that
      the output signal coupled to said current sensor through said first
      resistor is equal to but out of phase with said AC longitudinal voltage
      coupled to said current sensor by said second resistor.
NUM  2.
PAR  2. An induction cancellation circuit as set forth in claim 1 wherein a
      first capacitor couples said input to said one telephone line and a second
      capacitor is in series relationship with said second resistor.
NUM  3.
PAR  3. An induction cancellation circuit for use with a pair of telephone lines
      on which are induced AC signals, said induction cancellation circuit
      comprising:
PA1  a summing terminal external to said telephone lines,
PA1  an inverting amplifier having an input coupled to one of said telephone
      lines and having an output, said inverting amplifier converting the phase
      of said AC signals on said one telephone line substantially 180.degree. so
      as to supply out of phase signals to said output,
PA1  a first resistor coupling said out of phase signals from said output to
      said summing terminal, and
PA1  a second resistor coupling said AC signals on said other telephone line to
      said summing terminal such that said out of phase signal and said AC
      signal substantially cancel each other at said summing terminal.
NUM  4.
PAR  4. The induction cancellation circuit as set forth in claim 3 wherein said
      inverting amplifier has an output impedance, said out of phase signals are
      equal in magnitude to said AC signals, and said second resistor is equal
      to said first resistor and said output impedance.
NUM  5.
PAR  5. In combination with a conduction means which is normally in a first
      state of conduction, which is coupled by a first resistor to one of a pair
      of telephone lines having AC longitudinal voltages thereon and which is
      placed in a second state of conduction in response to a loop current
      flowing on said telephone lines, an induction cancellation circuit
      comprising:
PA1  a second resistor coupled to said conduction means, and
PA1  an amplifier means coupled to said other telephone line and to said
      conduction means by said second resistor, said amplifier means providing
      the conduction means by means of said second resistor with an AC signal
      equal to but 180.degree. out of phase with the AC signal provided to the
      conduction means by means of said first resistor.
NUM  6.
PAR  6. The combination as set forth in claim 5 including
PA1  a first DC blocking capacitor coupling said amplifier means to said other
      telephone line, and
PA1  a second DC blocking capacitor in series relationship with said second
      resistor.
NUM  7.
PAR  7. A current sensing circuit including an induction cancellation circuit
      for use with a pair of telephone lines having induced AC noise signals to
      sense the presence of a DC loop current flowing on said telephone lines,
      said current sensing circuit comprising:
PA1  a current sensor means external to said telephone lines, said current
      sensor means receiving an operating signal when said loop current is
      flowing on said telephone lines, and
PA1  operating means including amplifier means providing said current sensor
      with said operating signal, said operating means being coupled to said
      telephone lines such that the AC noise signals do not affect the
      production of said operating signal for said current sensor means.
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ABST
PAL  This device for the remote transmission of a plurality of orders through a
      single control line or channel is intended more particularly for
      controlling the firing rates and volley-firing limitation of rockets or
      miscellaneous cartridges notably on aircraft. It comprises essentially a
      selector-switch control unit and a receiver unit. The device is energized
      from the common direct-current supply of the aircraft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to remote electrical transmission systems and has
      specific reference to a device for the remote transmission of multiple
      orders from a single d.c. voltage source, through a single channel, to the
      apparatus to be controlled, for example when using this basic principle in
      the remote control of the firing rate and volley firing limitation on
      aircrafts for firing rockets or miscellaneous catridges.
PAR  Considering this specific application of such systems to aircrafts equipped
      with rocket -or catridge-launchers, it is sometimes convenient and
      necessary for the pilot to be able to select, during the flight, the
      firing rate and the firing volley magnitude as a function of the specific
      task contemplated or the specific conditions with which he is confronted.
      The corresponding information must be transmitted through remote-control
      means to the firing members, said means being energized from the aircraft
      generating system through a minimum number of conductors.
PAC  SUMMARY OF THE INVENTION
PAR  With the device constituting the subject-matter of the present invention it
      is possible to achieve the above-defined operations by using a single
      connecting conductor per control, in addition to the general electric
      system.
PAR  The device according to the present invention comprises essentially a
      control unit incorporating a selector switch adapted to connect the
      transmission channel to anyone of a plurality of distributing circuits
      supplied with the single voltage but shunt-connected to respective Zener
      diodes having stepped reference voltages, and a receiver unit comprising
      transistors driven by circuit means supplied from said single channel
      through another set of Zener diodes, respectively, the reference voltage
      of these last-mentioned Zener diodes being stepped in alternation with
      respect to the voltages of the Zener diodes of said control unit, whereby
      said transistors will open or close different control circuit according to
      the position in which the control selector switch is set.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a wiring diagram illustrating the basic principle of the
      invention;
PAR  FIG. 2 is another wiring diagram illustrating a typical embodiment of this
      principle for controlling the firing rate on an aircraft; and
PAR  FIG. 3 is another wiring diagram illustrating another application of the
      same principle to the control of the volley-firing magnitude.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the reference roman numeral I designates a control unit and II
      designates a receiver unit. The component elements of the control unit
      are:
PA1  Zener diodes VR1, VR2, VR3;
PA1  Resistors R1, R2, R3 for limiting the current in said Zener diodes;
PA1  A rotary display-type selector-switch S1,
PA1  The component elements of the receiver unit are:
PA1  Zener diodes, VR4, VR5, VR6;
PA1  Resistors R4, R5, R6 for limiting the current in these Zener diodes;
PA1  Transistors Q1, Q2 and Q3 operating as switching devices;
PA1  Load resistors R7, R8, R9 connected to the collectors of these transistors.
PAR  The Zener diodes are so selected that:
PAR  +24 V(d.c.)&gt;UVR3&gt;UVR6&gt;UVR2&gt;UVR5&gt;UVR1&gt;UVR4, wherein UVR 1 to UVR 6 are the
      reference voltages of the corresponding Zener diodes.
PAR  The switch S1 may be set in any one of its four positions 0, 1, 2, 3 (this
      number of positions being given by way of example only) and the mode of
      operation of each one of these positions will now be explained in detail.
PAR  1st Case: Switch S1 is in position 0, and no voltage is present on the
      transmission channel at e; under these conditions the transistors Q1, Q2
      and Q3, having their bases connected to the Zener diodes VR4, VR5 and VR6,
      respectively, are non-conducting and the output terminals A, B and C of
      the receiver unit, connected to the general supply network, are at the
      24-Volt level.
PAR  2nd. Case: Switch S1 is in position 1 and an UVR1 voltage is available at
      e; thus, the diode VR4 is conducting and transistor Q1 having its
      collector connected to terminal A and its emitter grounded, is saturated
      thus bringing terminal A to ground potential.
PAR  Both diodes VR5 and VR6 are not conducting so that both transistors Q2 and
      Q3 remain blocked and terminals B and C remain at the 24-Volt level.
PAR  3rd. Case: Switch S1 is in position 2 and an UVR2 voltage appears at e:
      thus, both diodes VR4 and VR5 are conducting, thus saturating transistors
      Q1 and Q2, and bringing terminals A and B to ground potential.
PAR  Diode VR6 is not conducting, whereby transistor Q3 is blocked and terminal
      C is at the 24-Volt level.
PAR  4th. Case: Switch S1 is in position 3. the UVR3 Voltage available at e is
      sufficient for causing the three diodes VR4, VR5 and VR6 to be conducting.
      As a result, the three output terminals A, B and C are brought to the
      ground potential.
PAR  From the foregoing it is clear that to each switch position there
      corresponds a different state or condition of output terminals A, B and C,
      and that it is only necessary to decode these various states or conditions
      for performing the desired operation, for instance selecting anyone of the
      four firing rates obtainable with this arrangement.
PAR  It is obvious that the same line of thoughts could be followed if a greater
      number of channels were provided, subject however to the limitation due to
      the components tolerances, notably in the case of Zener diode, for a given
      supply voltage.
PAR  The diagrams of FIGS. 2 and 3 illustrate two different application of the
      same principle, providing on the one hand the remote control of the firing
      rate and on the other hand the remote control of the volley-firing
      magnitude.
PAR  FIG. 2 illustrates the specific application of this invention to the remote
      control of the firing rate.
PAR  Two possibilities are to be contemplated:
PAR  1. In case of voltage failure on the control line, the possibility should
      be reserved of adjusting the firing rate from the receiver unit.
PAR  2. If a suitable voltage is fed to the control line, it is required to
PAR  inhibit the adjustment circuit located at the receiver unit,
PAR  determine another firing rate as a function of the selected display.
PAR  The diagram of FIG. 2 illustrates:
PAR  at I, a control unit with a selector switch S1 for connecting one of the
      output circuits to the transmission line e;
PAR  at II, a receiver unit,
PAR  at III, a pulse generator comprising a single-junction transistor UJT of
      which the operating frequency determines the firing rate.
PAR  In this Figure, the same reference numerals as in FIG. 1 designate the same
      elements or elements having a similar function.
PAR  1 st case. Switch S1 is in position 0. Under these conditions, line e is
      not energized and as a result:
PAR  transistor Q1 receiving at its base the voltage of point e, is blocked or
      non-conducting, and its collector biases the bases of transistors Q2, Q3
      and Q4 which are thus conducting while their collectors are grounded,
      these collectors being connected to the anodes of diodes CR7, CR8 and CR9
      having their cathodes connected to capacitor C1;
PAR  transistor Q5 also receiving at its base the voltage available at point e,
      is also blocked or non-conducting whereby its collector in series with a
      potentiometer P1 energizes the diode CR10 having its cathode connected to
      capacitor C1.
PAR  The charging reistance of capacitor C1 consists in this case of a parallel
      connection between resistor R15 and potentiometer P1 through which said
      capacitor is energized. Under these conditions, it is only necessary to
      adjust P1 for selecting the desired firing rate.
PAR  2nd case: Switch S1 is in position 1.
PAR  The voltage fed to e (UVRO) is so selected that it is sufficient for
      switching transistors Q1 and Q5, but not sufficient for causing the Zener
      diode VR4 and, all the more, diodes VR5 and VR6, to be conducting. Thus,
      transistors Q2, Q3 and Q4 are blocked. The charging resistance of
      capacitor C1 is therefore equal to the equivalent resistance resulting
      from the parallel connection of R9, R10, R11 and R15.
PAR  3rd case: Switch S1 is in position 2. A voltage is produced at e, so that:
PAR  transistors Q1 and Q5 are saturated, thus applying the ground potential to
      the anodes of the diodes CR1, CR3, CR5 and CR10, and blocking these
      diodes;
PAR  the Zener diode VR becomes conducting, so that transistor Q2 is blocked;
PAR  the Zener diodes VR5 and VR6 are blocked, thus making transistors Q3 and Q4
      non-conducting.
PAR  The charging resistance of capacitor C1 is then equal to the equivalent
      resistance resulting from the parallel connection of R10, R11 and R15.
PAR  4th case: Switch S1 is in position 3.
PAR  The voltage appearing at e causes:
PAR  transistors Q1 and Q5 to be saturated, thus blocking diodes CR1, CR3, CR5
      and CR10;
PAR  the Zener diodes VR4 and VR5 to be conducting, thus saturating transistors
      Q2 and Q3 having their bases connected to said Zener diodes via diodes CR2
      and CR4.
PAR  The charging reistance of capacitor C1 is then equal to the equivalent
      resistance resulting from the parallel connection of R11 and R15.
PAR  5th case: Switch S1 is in position 4.
PAR  In this case, the Zener diodes VR4, VR5 and VR6 are conducting and saturate
      transistors Q2, Q3 and Q4, in addition to transistors Q1 and Q5. The
      charging resistance of capacitor C1 is thus equal to R15.
PAR  Under these conditions, it is clear that to each position of switch S1
      there corresponds a specific charging resistance of capacitor C1, thus
      determining a frequency of operation of the single-junction transistor UJT
      and therefore a different firing rate.
PAR  Now reference will be made to FIG. 3 illustrating a typical application of
      this invention to the remote control of the volley-firing magnitude. The
      general problem arising from the adjustment of the volley-firing magnitude
      consists in permitting the opening of a given logic gate for each specific
      display value.
PAR  Three cases may arise:
PAR  i. The control line is connected directly to the 24-V d.c. power supply of
      the aircraft; the volley firing magnitude must be preset by displaying
      same on the receiver unit;
PAR  ii. No power is supplied to the control line: in this case, no limitation
      is imposed to the volley firing magnitude;
PAR  iii. The control line voltage is brought to an internediate potential
      between 0 and 24 Volt; the volley-firing magnitude is a function of the
      display achieved at the control unit.
PAR  The diagram of FIG. 3 comprises:
PAR  at I:a control unit incorporating a selector switch S1;
PAR  at II: a receiver unit comprising, in addition to the component elements
      already described hereinabove, a switch S2 permitting of displaying the
      desired control action at the receiver unit, and a decoder consisting of
      NO-AND gates and inverters.
PAR  1st case: Switch S1 in position 0.
PAR  No voltage is present at e and transistors Q1, Q2, Q3 and Q4 are blocked
      with their collectors (energized with an auxiliary 5 Volt voltage)
      connected to inverters i4 to i7. Under these conditions, the outputs of
      inventers i4 to i7 receiving the collector voltages of transistors Q1, Q2,
      Q3 and Q4, respectively, are in the logic state 0, thus imposing the logic
      state 1 to the outputs of AND-NO circuits N1 to N6 and therefore the logic
      state 0 to outputs A, B and C.
PAR  2nd case: Switch S1 is in position 1.
PAR  A voltage UVR1 is available at point e so that the Zener diode VR4 is
      energized and transistor Q1 is saturated. The Zener diodes VR5, VR6 and
      VR7 are not conducting and transistors Q2, Q3 and Q4 are blocked. The
      output of inverter N4 is then at the logic level 0 while the outputs of
      inverters N1, N2, N3, N5 and N6 are at the logic level 1.
PAR  Under these conditions, the output terminal A is at level 1 while terminals
      B and C are the logic level 0.
PAR  3rd case: Switch S1 is in position 2.
PAR  A voltage UVR2 is available at point e,  thus energizing the Zener diodes
      VR4 and VR5 and saturating transistors Q1 and Q2. The Zener diodes VR6 and
      VR7 are not conducting and transistors Q3 and Q4 are blocked. The outputs
      of inverters N5 (of which the inputs receive the same voltage) is then at
      logic level O, while the outputs of inverters N1, N2, N3, N4 and N6 (of
      which only one input is energized) are at logic level 1.
PAR  Under these conditions, the output terminal B is at logic level 1 and
      terminals A and C are at level 0.
PAR  4th case: Switch S1 is in position 3.
PAR  It is obvious that in this case channel C is brought to logic level 1 while
      terminals A and B are at level 0.
PAR  5th case: Switch S1 is in position 4, under a +24 V power supply.
PAR  The voltage available at e is sufficient to cause all the Zener diodes to
      be conducting and saturate transistors Q1 and Q4. Under these conditions,
      the first inputs of gates N1, N2 and N3 are at logic level 1 and the
      outputs of gates N4, N5 and N6 are at logic level 1. it will  be seen that
      under these conditions output terminals A, B and C are brought to
      potential 1 in positions 1, 2 and 3, respectively, of switch S2.
PAR  It will be clearly apparent to those skilled in the art that this invention
      can be carried out in actual practice in various ways without departing
      from the basic principles thereof as set forth in the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Device for the remote electrical transmission, via a single channel, of
      multiple orders from a single d.c. voltage, which comprises a control unit
      incorporating a selector switch connecting the transmission channel to
      anyone of a plurality of output circuits supplied with said single voltage
      but shunt-connected to respective Zener diodes having stepped reference
      voltages, and a receiver unit comprising transistors driven by circuit
      means supplied from said single channel through another set of Zener
      diodes, respectively, the reference voltage of these last-mentioned Zener
      diodes being stepped alternatively with respect to the voltages of the
      Zener diodes of said control unit, whereby said transistors will open or
      close different control circuits according to the position in which the
      control selector switch is set.
NUM  2.
PAR  2. Control device as set forth in claim 1, in its specific application to
      the remote control of the firing rate of rockets or miscellaneous
      cartridges on an aircraft, said rate being determined by the time constant
      of a capacitor charged through a resistor, wherein the capacitor charging
      resistor consists, according to the momentary position of the control
      selector switch, either of a single resistor energized from the common
      supply, or of this resistor connected in parallel with other resistors
      adapted to be grounded selectively through transistors responsive to the
      transmission channel.
NUM  3.
PAR  3. Device as set forth in claim 1, in its specific application to the
      remote control of the firing rate of rockets or miscellaneous cartridges
      on an aircraft, wherein the transistors are adapted control at said
      receiver unit either directly or through inverters the energization of
      electronic gates of which none of the outputs or only selected outputs is
      or are energized according to the momentary position of the control
      selector switch.
NUM  4.
PAR  4. Device as set forth in claim 3, wherein the control selector switch has
      a position providing a direct connection between the transmission channel
      and the single source of direct current, said receiver unit comprising a
      display selector controlling the energization of the electronic gates for
      supplying current to anyone of the outputs, at will.
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ABST
PAL  A high voltage switch including a rotatable insulating column adjusted by
      means of an operating arm assembly including two bolt circles of equal
      radius and unequal spacing.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This invention is related to the inventions disclosed in copending
      application Ser. No. 468,332, by Russell E. Frink and Stanislaw A.
      Milianowicz filed May 8, 1974, copending application Ser. No. 469,586 by
      Stanislaw A. Milianowicz filed May 13, 1974, copending application Ser.
      No. 469,932 by Russell E. Frink, filed May 14, 1974, copending application
      Ser. No. 469,931 by Stanislaw A. Milianowicz and Russell E. Frink filed
      May 14, 1974, copending application Ser. No. 396,163 by Russell E. Frink
      and Stanislaw A. Milianowicz, filed Sept. 11, 1973, copending application
      Ser. No. 292,209 by Charles M. Cleaveland filed Sept. 25, 1972, and
      copending application Ser. No. 458,255 by Stanislaw A. Milianowicz filed
      Apr. 5, 1974; all of which are assigned to the assignee of the present
      invention.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to electrical apparatus and, more particularly, to
      high voltage switches.
PAR  2. Description of the Prior Art:
PAR  Switches for control of high voltage electricity are widely used by
      industry and electrical utilities. In a common design, the line terminals
      and separable contacts are at high potential and are supported by
      insulating columns, one of which is rotatable. Mechanical energy to
      operate the separable contacts is provided by a motor-drive and is
      transmitted to the contacts by means of a linkage coupled to the rotatable
      insulating column. Field conditions may require that a standard design
      switch have its motor-drive placed in any of a variety of positions. Means
      must therefore be provided for field assembly and adjustment of the
      coupling between the linkage and the rotatable insulating column.
PAR  In U.S. Pat. No. 1,905,784 there is described an adjustable operating lever
      for a high voltage switch which employs a lever with a semicircular clamp
      surface and a separable heel price cooperating with a polygonal shaft
      attached to a rotatable insulating column. However, positive positioning
      of the operating lever at a specific angle on the shaft is not provided by
      this lever. Another device used in the prior art is a two-piece assembly
      including a bolt circle in each piece, each circle of the same radius,
      with a large number of holes equally spaced in each circle. The pieces are
      placed in the desired relationship and bolted together. This method
      provides positive positioning, but to provide adjustment increments of,
      say, four degrees, it is necessary that 90 holes be placed in each bolt
      circle. In order for the bolt holes to be of adequate size, this method
      requires bolt circles of large radius and correspondingly large assembly
      members. This increases rotational inertia of the insulating column and
      slows switch operation. In addition, it is not always possible to assure a
      symmetrical pattern of connecting bolts, thereby introducing undesirable
      stress concentrations.
PAR  Another coupling method employs a shaft attached to the rotatable
      insulating column and extending through a lever with a toothed surface.
      The lever is positioned at the desired angle and clamped tightly against a
      cooperating toothed surface on the rotatable insulating column. The
      toothed surfaces are expensive, however, and require casting or machining.
PAR  Some mechanical linkages, such as that described in British Pat. No. 15,281
      of 1902, have included methods providing a limited amount of adjustment,
      utilizing two series of equally spaced holes, the spacing of one series
      being unequal to the spacing of the other series. However, the mechanism
      taught by this patent also provides an asymmetrical bolt pattern. It would
      be desirable to provide a high voltage switch with an operating arm
      adjustable 360.degree. around a rotating insulator column with small
      adjustment increments, positive positioning, symmetrical bolt pattern, and
      of simple, lightweight, low-cost construction.
PAC  SUMMARY OF THE INVENTION
PAR  There is provided a high voltage switch including separable contact means,
      a rotatable insulating column supporting the separable contact means,
      rotation of the insulating column producing separation of the contact
      means, drive means, linkage means connected to the drive means, and an arm
      assembly comprising an operating arm connected to the linkage means. The
      operating arm includes a first series of holes equally spaced along a
      first arc. The arm assembly also comprises a flange member attached to the
      rotatable insulating column and having a second series of holes equally
      spaced along a second arc of radius substantially equal to the first arc.
      The spacing of the first series of holes is unequal to the spacing of the
      second series of holes. The operating arm is attached to the flange member
      and so positioned that the centers of the first and second arcs are in
      axial alignment and at least two of the first series of holes are in axial
      alignment with at least two of the second series of holes. Energization of
      the drive means produces movement of the linkage means to cause rotation
      of the rotatable insulating means and operation of the separable contact
      means.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side-elevational view of one pole-unit of a three-phase
      medium-fault-break disconnecting switch incorporating the principles of
      the present invention, the device being shown in a closed-circuit
      position;
PAR  FIG. 2 is a plan view, partially in section, of the medium-fault-break
      disconnecting switch shown in FIG. 1, showing the linkage and
      synchronizing mechanisms in a closed-circuit position;
PAR  FIG. 2A is similar to FIG. 2 except that the linkage and synchronizing
      mechanisms are shown in an open-circuit position;
PAR  FIG. 3 is a top view of the operating arm;
PAR  FIG. 4 is a top view of the synchronizing arm;
PAR  FIG. 5 is an enlarged partial vertical sectional view taken through the
      rotatable insulating column as indicated by line V--V, FIG. 1; and
PAR  FIGS. 6-8 illustrate the relative positions of the operating arm and
      synchronizing arm in obtaining small angular adjustment increments and
      symmetrical bolting patterns when attaching the operating arm to the
      synchronizing arm.
PAR  Throughout the several drawings, corresponding reference characters
      indicate corresponding parts.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The principles of the present invention are embodied in a three-phase
      medium-fault break disconnect switch, one pole-unit of which is shown
      generally in FIG. 1. In this device, an interrupter unit is utilized to
      actually break the load current, while a disconnecting switchblade is
      swung upward subsequent to operation of the interrupter unit, thus
      providing a visible open-circuit condition and allowing maintenance
      personnel to quickly verify the deenergized condition of the line, even
      from a distance, and work with confidence.
PAR  In FIG. 1, mounting brackets 12 are attached to a channel steel base 10 and
      support two insulating columns 14 and 16. Situated between the columns 14
      and 16 on the base 10 is a table assembly 18, shown more clearly in FIG.
      5, comprising a rotatable table 20, spindle 22, and support member 24. The
      rotatable table 20 and attached spindle 22 are held by bearings 23 in the
      support member 24 and rotate upon a spacer 25. A rotatable insulating
      column 26 is mounted to the table assembly 18 by mounting bolts 28 which
      also extend through a synchronizing arm 30 and are threaded into tapped
      holes of a metal cap 27 of the rotatable insulating column 26. The
      synchronizing arm and an attached operating arm 32 are secured to the
      rotating insulator column 26 in a manner to be more fully described later.
PAR  Referring again to FIG. 1, a load terminal 34 and a line terminal 36 are
      mounted upon the insulating columns 14 and 16, respectively. A disconnect
      mechanism 38 described more fully in U.S. patent application Ser. No.
      396,163, filed Sept. 11, 1973 by Stanislaw A. Milianowicz and Russell E.
      Frink, is mounted atop the rotatable insulating column 26 and supports one
      end of an interrupter unit 40. The interrupter unit 40, described more
      fully in U.S. patent application Ser. No. 469,932 filed by Russell E.
      Frink, is supported at its other end by the load terminal 34. One end of a
      disconnect switchblade 42 is pivotally connected at 44 to the disconnect
      mechanism 38. The other end of the disconnect arm 42 is engaged by a
      switch contact 46 attached to the line terminal 36.
PAR  The disconnect mechanism 38 converts the rotational motion of the rotatable
      insulating column 26 to linear motion operating the interrupter unit 40.
      From the same motion of the rotatable insulating column 26 the disconnect
      mechanism 38 produces rotational motion at right angles to the axis of the
      rotatable insulating column 26, thus swinging the switchblade 42 upwardly,
      as seen in FIG. 1. In order to produce the proper degree of motion and
      sequence of operation, it is necessary to obtain precise control of the
      starting position and amount of angular rotation of the rotatable
      insulating column 26. This precise control is obtained by adjustment of
      the operating and synchronizing linkages.
PAR  The current path when the medium-fault-break disconnect switch is in the
      closed position, as shown in FIG. 1, includes the line terminal 36, the
      switch contact 46, the disconnect switchblade 42, the disconnect mechanism
      38, the interrupter unit 40, and the load terminal 34, all at high
      potential.
PAR  The operating and synchronizing linkages of the switch are shown more
      clearly in FIG. 2. The base 10 for each phase is mounted upon foundation
      channels 48 and 49. Insulating columns 14 and 16 for each phase are not
      shown in FIG. 2, but their position is indicated by the broken circles 14a
      and 16a. The rotating insulator columns 26, also not shown in FIG. 2, for
      each phase are coaxial with the synchronizing arms 30 for the
      corresponding phase.
PAR  Mechanical energy to operate the disconnect switch is provided by a
      motor-drive 50 secured to a mounting channel 52 and rotating a drive shaft
      54. Mounted upon the drive shaft 54 is an adjustable length drive lever
      56.
PAR  An adjustable length connecting rod 58 is held at one end by a split-tubing
      clamp 59 pivoted to the operating arm 32 at the point 33 and at the other
      end by a split-tubing clamp 55 pivotally attached at 57 to the drive lever
      56 through a slot 53. The effective length of the drive lever 56 is
      determined by the point along the slot 53 where the clamp 55 is secured.
PAR  Simultaneous operation of all three phases is achieved through the use of a
      synchronizing mechanism comprising synchronizing arms 30 and a
      synchronizing connecting rod 60. The synchronizing connecting rod 60 is
      gripped by split-tubing clamps 62, which are pivotally attached at 64 to
      the synchronizing arms 30.
PAR  In order to operate the disconnect switch from a closed position, as shown
      in FIGS. 1 and 2 to an open position as shown in FIG. 2a, the motor-drive
      50 is energized. The drive shaft 54 and attached drive lever 56 rotate
      approximately 180.degree. in a counterclockwise direction, as viewed in
      FIG. 2. The drive lever 56, the connecting rod 58, and the operating arm
      32 acting in concert with the rigid support structure of the base 10 and
      foundation channels 48 and 49 constitute a four-bar chain. Thus,
      counterclockwise rotation of the drive lever 56 produces counterclockwise
      rotation of the operating arm 32. Since the synchronizing arm 30 of the
      operated phase B is rigidly attached to the operating arm 32, the
      synchronizing arm 30 also rotates in a counterclockwise direction,
      causing, through the action of the synchronizing connecting rod 60,
      concurrent counterclockwise rotation of synchronizing arms 30 on phases A
      and C. The synchronizing arms 30, being attached to rotatable insulating
      columns 26, produce equal counterclockwise rotation of the rotatable
      insulating columns 26. This rotational motion is transmitted through the
      disconnect mechanism 38, thereby producing opening operation of the
      interrupter units 40 and the disconnect switchblades 42 on phases A, B,
      and C.
PAR  Closing operation of the interrupter units and disconnect switch arms is
      effected by energization of the motor drive 50 producing clockwise
      rotation of the drive shaft 54 and drive lever 56.
PAR  The synchronizing arm 30, shown more clearly in FIG. 4, has a teardrop
      shape with an indentation approximately midway between the two ends of the
      arm to provide clearance for other portions of the mechanism not shown.
      The narrow end of the synchronizing arm 30 contains a hole 64 for pivotal
      attachment of the split tube clamp 62. The broad end of the synchronizing
      arm has two concentric bolt circles 68 and 70, symmetrically disposed with
      respect to a centerline 69 connecting the center of hole 64 and the center
      of the two bolt circles 68 and 70. The inner bolt circle 68 contains four
      holes equally spaced at 90.degree. intervals. The outer circle 70 contains
      fifteen holes equally spaced at 24.degree. intervals and symmetrically
      positioned with respect to the centerline 69.
PAR  The operating arm 32 shown in FIG. 3 also has a teardrop shape. The narrow
      end of the operating arm 32 contains a single pivot hole 33 while a
      circular aperture 72 of diameter greater than the diameter of the
      rotatable table 20 is centered at 71 in the broad end of the operating arm
      32. Concentrically positioned outside of the circular aperture 72 is a
      bolt circle 74 of radius equal to the radius of bolt circle 70, in the
      synchronizing arm 30, having eighteen holes equally spaced at 20.degree.
      intervals. As shown in FIG. 3, the holes are asymmetrically disposed about
      the circle 74 with respect to a center line 67 connecting the center of
      the pivot hole 33 with the center of the circular aperture 72 and bolt
      circle 74.
PAR  If the operating arm 32 is placed directly underneath the synchronizing arm
      30 such that the bolt circles 70 and 74 are in axial alignment and the
      operating arm 32 is rotated slightly, it will be noted that there are
      three holes in bolt circle 74 which are in axial alignment with
      corresponding holes in bolt circle 70, as shown in FIG. 6. These three
      sets of aligned holes are equally spaced about the bolt circles 70 and 74
      and are 120.degree. apart. It will be noted that when the bolt circles 70
      and 74 are in axial alignment, their centers are also in axial alignment
      and that operating arm centerline 67 and synchronizing arm centerline 69
      define an angle, "u". If, while maintaining the axial alignment of the
      bolt circles 70 and 74, the operating arm 32 is rotated, it will be noted
      that when the angle formed by centerline 67 and centerline 69 has changed
      by 4.degree. as in FIG. 7, three different sets of holes in bolt circle 74
      are in axial alignment with corresponding holes in bolt circle 70.
      Similarly, it will be noted that continued rotation of the operating arm
      32 will result in axial alignment of three holes of bolt circles 70 and 74
      spaced 120.degree. apart at every  4.degree. increment of rotation. If the
      arms are positioned in a manner such that three holes of bolt circle 74
      are in axial alignment with corresponding holes in bolt circle 70 as
      described and operating arm 32 is flipped over 180.degree. and positioned
      in such a manner that the centerline angle is exactly the same as prior to
      the flipping operation, it will be noted that the three sets of holes are
      no longer in axial alignment. If, however, the operating arm is rotated
      exactly 2.degree. as in FIG. 8, it will be noted that once more there are
      three sets of holes in bolt circles 70 and 74 which are axially aligned.
      In such a position of alignment, it is possible to rigidly bolt the
      operating arm 32 to the synchronizing arm 30 and obtain a symmetrical
      bolting pattern. In the manner described, it is possible to bolt the two
      arms together at any angle around a 360.degree. circle to a tolerance of
      plus or minus 1.degree..
PAR  The angle "t", FIG. 2A is chosen to be 20.degree. off toggle when the
      switch is in open position. This provides a favorable mechanical advantage
      for rotation of the operating arm 32 in a clockwise direction. Since the
      length of the operating arm 32, that is, the distance from the center 71
      of bolt circle 72 to the pivot 33, is known, as well as the angle "t", it
      is possible to compute the angle "r", the effective length of the drive
      lever 56, and the effective length of the connecting rod 58 for a given
      phase-to-drive length (dimension y) and a desired amount of angular travel
      of the rotatable insulating column 26 for an open-to-close operation.
PAR  Setting of the drive lever 56 to the computed effective length is obtained
      by proper positioning of the clamp 55 in the slot 53. The required length
      of the connecting rod 58 is obtained by positioning the rod 58 in the
      clamps 55 and 59 along the rod 58, such that the pivot points 33 and 57
      are separated by the computed distance.
PAR  The assembly details of the rotating insulator column 26, the synchronizing
      arm 30, the operating arm 32, and the table assembly 18 are shown more
      clearly in FIG. 5. The operating arm 32 is placed over the rotatable table
      20 without attaching it. With the switch in an open position as in FIG.
      2A, the synchronizing arms 30 of all three phases are initially set to
      20.degree. off toggle, angle "s", thus providing a favorable mechanical
      advantage. A simple fixture is used to set angle "s" of the operated phase
      (phase B) to the required 20.degree. off toggle. The clamp 62 of phase B
      is then secured to the synchronizing connecting rod 60. By fastening the
      clamps 62 of phases A and C so that the distance between pivot points 64
      is exactly equal to the phase-to-phase distance (dimensions W and X in
      FIGS. 2 and 2A), the proper value for angle "s" of 20.degree. is assured
      for phases A and C. The four mounting bolts 28 are inserted through holes
      in the rotatable table 20 and corresponding holes in the four-hole bolt
      circle 68 of the synchronizing arm 30, then threaded into tapped holes in
      the cap 27 of the rotatable insulator column 26. Using a suitable fixture,
      the operating arm 32 is positioned to the proper angle "r" as computed in
      the previously described manner. Slight rotation of the operating arm 32
      in either direction will result in axial alignment of three sets of holes
      in bolt circle 70 and bolt circle 74, as previously described. If the
      position of the operating arm 32 with three sets of holes in axial
      alignment does not result in a fixture angle "r" within plus or minus
      1.degree. of the computed angle "r", the operating arm 32 is flipped over
      180.degree. after disengaging the mounting bolts 28. Slight adjustment of
      the operating arm 32 in this flipped over position will now result in
      axial alignment of three sets of holes, such that the angle "r" is within
      plus or minus 1.degree. of the computed angle "r". Three bolts 31 can now
      be inserted through the three axially aligned holes, thus securing the
      operating arm 32 to the synchronizing arm 30 in the desired angular
      position. The synchronizing arm 30 thus acts as a flange member for
      attaching the operating arm 32 to the rotatable insulation column 26 at
      the desired angular position.
PAR  Plus or minus 1.degree. is a much closer tolerance than is possible using
      prior methods of bolting which employed bolt circles or segments thereof
      in which the hole spacing of one bolt circle is equal to the hole spacing
      in the other bolt circle. By using the unequal spacing, as employed in the
      present invention, it is possible to obtain a high degree of angular
      resolution while at the same time employing smaller operating and
      synchronizing arms. These smaller components have the advantage of
      reducing the rotational inertia of the mechanism and decreasing the
      operation time for the entire switch.
PAR  The length of the connecting rod 58 and the drive lever 56 can now be set
      to the computed length through adjustment of the clamps 59 and 55. In this
      manner, setup of the entire switch can be accomplished using a
      well-defined procedure, eliminating tedious trial and error methods
      involved in the prior art. The use of these trial and error techniques
      often required several days of effort by a skilled team of installers from
      the supplier of the switch. The use of the present invention allows
      installation of the switch by a customer unfamiliar with the switch. It is
      possible to install and set up a switch such as claimed herein in a period
      of less than one day, resulting in substantial reduction of installation
      cost. The reduced size of the arm assembly results in a lower material
      cost, as well as decreased operation time of the switch due to the lower
      rotational inertia of the smaller size components. An operating arm and
      synchronizing arm flange member as described can be cut and punched from
      plate metal, avoiding expensive casting or machining procedures as is
      necessary for the tooth and clamp method of prior art.
PAR  From the foregoing, it is evident that there has been described a high
      voltage switch providing decreased operation time, a finer degree of
      adjustment, lower material and fabrication cost, and a lower installation
      cost.
CLMS
STM  We claim:
NUM  1.
PAR  1. A high-voltage switch comprising:
PA1  a. separable contact means;
PA1  b. rotatable insulating means supporting said separable contact means,
      rotation of said rotatable insulating means producing separation of said
      contact means;
PA1  c. energizable drive means;
PA1  d. linkage means connected to said drive means for rotating said rotatable
      insulator means; and
PA1  e. an arm assembly, said arm assembly comprising an operating arm connected
      to said linkage means, said operating arm having a first series of holes
      equally spaced about a first circle, said arm assembly comprising a flange
      member attached to said rotatable insulating means and having a second
      series of holes equally spaced about a second circle of radius
      substantially equal to said first circle, the spacing of said first series
      of holes being unequal to the spacing of said second series of holes, said
      operating arm being attached to said flange member and so positioned that
      the centers of said first circle and said second circle are in axial
      alignment and at least two of said first series of holes are in axial
      alignment with at least two of said second series of holes to form at
      least two pairs of aligned holes symmetrically disposed about said
      circles, said arm assembly also comprising a plurality of means for
      securing said operating arm in fixed relationship to said flange member,
      each of said securing means extending through both holes of an aligned
      hole pair;
PA1  f. energization of said drive means producing movement of said linkage
      means to cause rotation of said rotatable insulating means and operation
      of said separable contact means, said symmetrical disposition of said
      aligned hole pairs about said circles causing rotational loads produced by
      energization of said drive means to be symmetrically imposed upon said
      flange member.
NUM  2.
PAR  2. A high voltage switch as claimed in claim 1 wherein said first series of
      holes is asymmetrically disposed about said first circle with respect to a
      line connecting the center of said first circle with the point of
      connection between said linkage means and said operating arm.
NUM  3.
PAR  3. A high voltage switch as claimed in claim 1 wherein said first series of
      holes contains 18 holes equally spaced around said first circle and said
      second series of holes contains 15 holes equally spaced around said second
      circle.
NUM  4.
PAR  4. A multiphase high-voltage switch comprising:
PA1  a. separable contact means:
PA1  b. rotatable insulating means supporting said separable contact means,
      rotation of sair rotatable insulator means producing separation of said
      contact means;
PA1  c. drive means for rotating said rotatable insulating means;
PA1  d. linkage means connected to said drive means; and
PA1  e. an arm assembly, said arm assembly comprising an operating arm connected
      to said linkage means, said operating arm having a first series of holes
      equally spaced about a first circle, said arm assembly also comprising a
      synchronizing arm attached to said rotatable insulator means and having a
      second series of holes equally spaced about a second circle of radius
      substantially equal to said first circle, the spacing of said first series
      of holes being unequal to the spacing of said second series of holes, said
      operating arm being attached to said synchronizing arm and so positioned
      that the centers of said first circle and said second circle are in axial
      alignment and at least two of said first series of holes are in axial
      alignment with at least two of said second series of holes to form at
      least two pairs of axially aligned holes symmetrically disposed about said
      circles, said arm assembly also comprising a plurality of means for
      securing said operating arm in fixed relationship to said synchronizing
      arm, each of said securing means extending through both holes of an
      aligned hole pair;
PA1  f. energization of said drive means producing rotation of said rotatable
      insulating means and operation of said separable contact means, said
      symmetrical disposition of said aligned hole pairs about said circles
      causing rotational loads produced by energization of said drive means to
      be symmetrically imposed upon said synchronizing arm.
NUM  5.
PAR  5. An arm assembly for producing rotational motion in a multiphase
      high-voltage switch comprising an operating arm having a first series of
      holes equally spaced about a first circle, and a synchronizing arm having
      a second series of holes equally spaced about a second circle of radius
      substantially equal to the radius of said first circle, the spacing of
      said first series of holes being unequal to the spacing of said second
      series of holes, said operating arm being attached to said synchronizing
      arm and so positioned that the centers of said first and second circles
      are in axial alignment and at least two of said first series of holes are
      in axial alignment with at least two of said second series of holes to
      form at least two pairs of axially aligned holes symmetrically disposed
      about said circles, said arm assembly also comprising a plurality of means
      for securing said operating arm in fixed relationship to said
      synchronizing arm, each of said securing means extending through both
      holes of an aligned hole pair, said symmetrical disposition of aligned
      hole pairs about said circles resulting in symmetrical imposition of
      rotational loads upon said operating arm and said synchronizing arm when
      force is transmitted through said arm assembly.
NUM  6.
PAR  6. An arm assembly as recited in claim 5 wherein said first series of holes
      contains 18 holes equally spaced around said first circle and said second
      series of holes contains 15 holes equally spaced around said second
      circle, thereby forming three pairs of aligned holes symmetrically spaced
      at 120.degree. intervals about said circles.
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PAL  An actuator controlled switch mounted on an electronic component module is
      operative to remove electrical power from the module during plug-in or
      removal of the module from a support frame. A latch and the actuator are
      pivotally mounted in parallel relation on the module and the latch is
      urged against a fixed support frame member. During plug-in and removal, a
      lateral extension of the latch forces the actuator to hold the module
      switch off. When the module is fully engaged, the latch is removably
      displaced from the actuator whereby the actutor can be pivoted to turn the
      module switch on and off.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Our invention is related to rack mounting arrangements for an electronic
      component chassis and more particularly to arrangements for protecting
      chassis components during insertion and removal of the chassis from its
      associated rack mounting.
PAR  In modern electronic systems, it is a general practice to construct small
      portions of an electronic system on individual chassis or printed circuit
      modules. Each module includes a connection member which is received by a
      mating connection member mounted on the support frame assembly. The
      assembly rack includes the wiring between its module connecting members
      whereby a plurality of modules are electrically interconnected to perform
      the system functions. The module and rack connecting members are designed
      to provide low resistance and electrically and mechanically reliable
      interconnections between the module and the support assembly rack. During
      insertion and removal of the module connecting member from its position in
      the mating rack connector, electrical transients may occur. Such
      transients can cause damage to the connecting members and the module
      components and are particularly troublesome in the case of modules which
      carry high voltages and high currents, such as power supply or power
      regulator modules. In prior known arrangements, either the power is
      removed from the rack assembly preparatory to the insertion or removal of
      modules or special switching apparatus is included whereby the operator
      can remove power from a module prior to its insertion or removal. These
      priorly known systems are generally not economical or convenient and rely
      on operator control.
PAR  It is an object of the invention to provide for automatic removal of power
      from an electronic component module during its insertion and removal from
      an electronic rack assembly.
PAR  It is another object of the invention to provide a mechanical assembly on a
      component module for automatically removing power from the module
      connecting member to prevent damage to the connecting member from
      electrical transients resulting from insertion and removal.
PAR  It is yet another object of the invention to provide an economic latch and
      switch actuator mechanism on the component module, which mechanism
      interacts with the associated rack assembly to electrically disconnect
      power from the module connecting member thereby preventing electrical
      transient damage during insertion and removal of the module from the rack
      assembly.
PAR  It is yet another object of the invention to provide a latch and switch
      actuator mechanism on an electric component module adapted to lock the
      module into its associated rack and to allow application and removal of
      power from the module when the module is connected to its associated rack
      and further adapted to automatically remove power from the module during
      insertion and removal of the module connecting member from the rack
      assembly connecting member.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Our invention is a switch assembly adapted to remove power from an
      electronic component assembly during engagement and disengagement of the
      module with a support frame. The module includes a switch device fixedly
      mounted on said module which is movable between an ON condition and an OFF
      condition. A switch actuator, pivotally mounted on said module and movably
      engaged with said switch device, pivots between a first position holding
      said switch device in its ON condition and a second position holding said
      switch device in its OFF condition. Means are provided to restrict the
      actuator to its second position during the insertion and removal of said
      module.
PAR  According to one aspect of the invention, a latch and switch actuator is
      adapted to maintain a switching device mounted on an electronic component
      module in an OFF state during the engagement and disengagement of said
      module from a rack assembly. The latch is pivotally mounted on the module
      and forced against an adjacent rack frame member during the engagement and
      disengagement. The switch actuator is operative in a first position to put
      said switching device in its ON state and in a second position to put said
      switching device in its OFF state and is pivotally mounted in relation to
      said latch on the module. When the module connection member is fully
      connected with the rack assembly connection member, a notched portion of
      said latch engages the adjacent frame member and the switch actuator is
      freely movable between its first and second positions. During engagement
      and disengagement of the module, the switch actuator is forced into its
      second position by the latch engagement with the adjacent rack member
      whereby the switching device is held in its OFF state. The switching
      device is electrically connected to the module so that no power can be
      applied to the module during engagement and disengagement. But the
      switching device is freely operable to control application of electrical
      power when the module is in its connected condition.
PAR  According to another aspect of the invention, the latch is spring loaded
      against the rack frame member and a lateral portion of the latch extends
      over the adjacent switch actuator to hold the switch actuator in its
      second position during engagement and disengagement. When the module is in
      its connected position, the notched portion of the latch is forcibly
      engaged against the adjacent rack frame member. The lateral portion of the
      latch is thereby removably displaced from the actuator so that the switch
      actuator can be moved between its first and second positions.
PAR  According to another aspect of the invention, the latch and the switch
      actuator are rotatably mounted on a common pivot attached to the module.
      The switch actuator includes a first extension portion on one side of the
      pivot, said first extension portion being adjacent to and in generally
      parallel relation to said latch. A second switch actuator extension on the
      opposite side of said common pivot includes a recessed end, into which
      recessed end a movable member of the switching device is inserted. The
      recessed end of the switch actuator forces the switching device movable
      member into its OFF position responsive to the latch being in contact with
      the adjacent frame member during engagement and disengagement. When the
      module is in its connected position, the latch is removably displaced from
      the actuator responsive to the notched portion of the latch being engaged
      with the adjacent frame member and the switch actuator is freely movable
      between its first and second position.
PAR  According to yet another aspect of the invention the notched section of the
      latch includes an angular side in contact with the fixed support frame
      member and a horizontal portion which is spring loaded against the
      adjacent fixed support frame member when the module is fully connected to
      the rack assembly. The notched section of the latch is adapted to hold the
      module in a locked position when the module is fully connected to the rack
      assembly. The latch may be pivoted counterclockwise to remove the notched
      section from contact with the adjacent fixed support frame member. The
      downward displacement of the latch permits disengagement of the module
      from the support frame. At the same time, the actuator is pivoted
      counterclockwise by the lateral extension of the latch and the switch is
      forced into its OFF position.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a perspective view of an electronic component module and
      support frame assembly that employs a latch and switch actuator with
      sections cut out;
PAR  FIG. 2 shows a perspective view of the latch and switch actuator on the
      electronic component module;
PAR  FIG. 3 shows a side view of the latch and switch actuator in position
      during plug-in or removal of the electronic module from the support frame
      assembly;
PAR  FIG. 4 shows a side view of the latch and switch actuator with the
      electronic component module in its fully engaged position in the rack
      assembly and the switch actuator in its OFF position; and
PAR  FIG. 5 shows a side view of the latch and switch actuator with the
      electronic module in its fully engaged position and the switch actuator in
      its ON position
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1 an electronic component module, generally designated by reference
      character 10, includes a plurality of mounted components, a connecting
      member 9, and heat sink 8 adapted to aid in the removal of heat from the
      module components. Connecting member 9 is adapted to be received by mating
      connector 52 in the support frame. Switch 7, removed from FIG. 1 but shown
      in FIGS. 2, 3, 4, and 5, is connected to the electronic components of
      module 10 to control the application of electric power to module 10. Latch
      1 and switch actuator 2 are mounted on a common pivot, which pivot is
      attached to heat sink 8 by means of screw 34 inserted through apertures 31
      and 32 and the common pivot. Support frame 4 incorporates upper fixed
      member 50 which is in contact with the upper edge of latch 1 during
      plug-in and removal and when module 10 is fully connected to the support
      frame. Switch actuator 2 pivots between a first position in which switch 7
      is turned off and a second position in which switch 7 is turned on. Latch
      1 is adapted to force actuator 2 to its second position during module
      plug-in and removal, and to allow actuator 2 to be pivoted between its
      first and second positions when the module is fully engaged with the rack
      assembly.
PAR  FIG. 2 shows the latch and switch actuator assembly together with switch 7.
      The assembly and the switch are mounted on module 10, as depicted in FIG.
      1. As shown in FIG. 2, latch 1 and actuator 2 pivot independently about
      eyelet 3, which eyelet is positioned on heat sink 8 by a pivot screw.
      Torsion spring 5 has end 33 thereof fixedly held in place on heat sink 8
      by hook 41 while spring end 35 is urged by the spring force against hook
      19 on downward end 16 of latch 1. Responsive to the force of torsion
      spring 5, latch 1 is pivotally urged upward in contact with fixed member
      50 of frame 4 as shown in FIGS. 3-5. The upper edge of latch 1 includes
      angular portion 37 and notch 13. Lateral portion 11, adjacent to notch 13,
      extends over end 28 of actuator 2 and lateral portion 17 of latch 1
      extends underneath end 28. Section 38 of actuator 2 on the side of eyelet
      3 opposite end 28 includes a recessed portion into which movable member 54
      of switch 7 inserts. The recessed portion of actuator 2 comprises an upper
      protrusion 24 and a lower protrusion 25 between which protrusions the
      movable member of switch 7 is constrained. The counterclockwise pivoting
      movement of actuator 2 forces the movable member 54 of switch 7 to slide
      upward, while the clockwise pivotal movement of actuator 2 forces movable
      member 54 to slide downward. When member 34 is forced upward, switch 7 is
      placed in its OFF position and when forced downward, switch 7 is placed in
      its ON position. The clockwise pivotal movement of actuator 2 is limited
      by contact of the upward limit of movable member 54 of switch 7. The
      counterclockwise movement of actuator 2 is constrained by the downward
      limit of movable member 54.
PAR  Referring to FIG. 3, the latch and switch actuator is shown in relation to
      fixed member 50 during plug-in or removal of connecting member 9 to or
      from connector 52 of the support frame. In the absence of the latch and
      switch actuator of the invention, electrical transients may be generated
      by the initial or terminating contact of the conductors of connecting
      member 9 with the mating conductors of connector 52 in the position shown
      in FIG. 3. These transients may adversely affect the interconnecting
      surfaces and the components in module 10. In accordance with the
      invention, switch 7 is automatically held in its OFF position during
      plug-in and removal so that electrical power is removed from module 10 and
      transient damage is avoided.
PAR  As shown in FIG. 3, a portion of latch 1 upper edge 37 abuts and is urged
      into contact with support frame member 50 responsive to the action of
      torsion spring 5. With edge 37 in contact with frame fixed member 50,
      lateral extension 11 of the latch is in its lower position pressed against
      end 28 of actuator 2. Extension 11 forces actuator 2 to pivot in a
      counterclockwise direction, which moves protrusion 25 upwardly against
      switch member 54. Switch movable member 54 is thereby upwardly displaced
      and switch 7 is held in its OFF position so long as latch edge 37 is in
      contact with fixed support frame member 50.
PAR  When contact between the conducting fingers of connecting member 9 and the
      mating conductors of connector 52 is completed, notch 13 is beneath and in
      contact with fixed support member 50 as a result of the action of torsion
      spring 5 as shown in FIG. 4. Latch 1 is thereby displaced upwardly.
      Lateral section 11 of latch 1 is raised and removed from end 28 of
      actuator 2. Actuator 2 remains in its lower pivotal position whereby
      switch 7 is maintained in its OFF condition. In this position of module
      10, end 28 of actuator 2 can be manually pressed upwardly to pivot
      actuator 2 clockwise. Responsive to the clockwise pivotal movement of
      actuator 2, protrusion 24 of actuator 2 is forced downward and the movable
      member of switch 7 is displaced downwardly to its ON condition. Electric
      power is now applied to module 10.
PAR  FIG. 5 shows the latch and switch actuator assembly when module 10 is in
      its connected position but with end 28 of actuator 2 upwardly displaced so
      that it is in contact with lateral extension 11 of latch 1. In this
      position, switch 7 is in its ON condition. With module 10 in its connected
      position, actuator 2 can be manually operated independently of latch 1 to
      turn switch 7 on or off.
PAR  In its fully engaged position, module 10 is restrained from sidewise and
      vertical movement by contact with support frame 4. Module 10 may be
      removed from support frame 4 by pulling handle 60 shown in FIG. 1. As
      shown in FIGS. 4 and 5, latch 1 is operative to lock module 10 into its
      fully engaged position so that the pull of handle 60 is ineffective to
      extract the module. Notch 13 of latch 1 comprises a generally horizontal
      section and an adjacent angular section intersection at corner 56. In the
      fully engaged position, the center point of the notch angular section is
      urged into contact with corner 64 of fixed frame support member 50 by
      torsion spring 5. Thus, when the module is pulled away from support frame
      4 a force is directed from corner 64 against the angular section of notch
      13. The direction of the angular section is selected so that a line normal
      to the angular section at its point of contact with fixed member corner 64
      passes above eyelet 3. The force exerted from corner 64 against the
      angular section is directed along the normal line. Therefore, the force
      exerted as a result of the pulling of handle 60 causes a clockwise turning
      moment in latch 1. But clockwise movement of latch 1 is restrained by
      fixed member 50. Thus, latch 1 and module 10 are fixed whereby module 10
      is locked into its engaged position.
PAR  To remove module 10 from support frame 4, latch 1 is depressed. Responsive
      to the downward force, latch 1 pivots in a counterclockwise direction and
      notch 13 is displaced to clear fixed member 50. By selecting an angular
      section rather than a vertical section for notch 13, the force required to
      depress latch 1 is reduced. With notch 13 removed from fixed member 50,
      module 10 can be extracted from frame 4 by pulling handle 60. The
      depression of latch 1 causes section 11 of the latch to be pressed
      downward against end 28 of actuator 2. The resulting counterclockwise
      pivotal movement of actuator 2 forces movable switch member 54 to slide to
      its upper position and switch 7 is turned off. Electrical power is removed
      from module 10 through the contacts of switch 7 prior to the extraction of
      the module from support frame 4. The contacts of switch 7 are selected to
      permit transients thereacross without damage. Similarly, transients during
      module insertion are applied to the contacts of switch 7. Thus, transient
      damage to the connecting member of module 10 and module 10 components is
      avoided.
PAR  While the invention has been described with reference to a particular
      embodiment, it is to be understood that various modifications can be made
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A switch assembly for removing electrical power from an electronic
      component module during insertion and removal of the module connector
      member with a mating connector member of a support frame comprising a
      switch device fixedly mounted on said module comprising a member movable
      to an OFF position in which said switch is in its OFF state for preventing
      electrical power from being applied to said module and movable to an ON
      position in which said switch is in its ON state for permitting electrical
      power to be applied to said module, a switch actuator pivotally mounted on
      said module and movably engaged with said switch device member for
      pivoting about said pivotal mount to a first position to move said switch
      device member to its ON position and for pivoting about said pivotal mount
      to a second position to move said switch device member to its OFF
      position, and means mounted on said module abutting against said support
      frame for restricting said actuator to its second position during
      insertion and removal of said module connector member to said frame
      connector member.
NUM  2.
PAR  2. A switch assembly according to claim 1 wherein said actuator restricting
      means comprises a latch pivotally mounted in common with said actuator on
      said module, said latch being placed adjacent to and in parallel relation
      with said actuator, said support frame comprising a fixed member abutting
      said latch, means for forcing said latch to slide against said fixed
      support frame member during said insertion and removal, said latch further
      comprising a first lateral member projecting over said actuator for
      restraining said actuator to its second position during insertion and
      removal responsive to said latch slidably bearing against said support
      frame fixed member.
NUM  3.
PAR  3. A switch assembly according to claim 2 wherein said latch forcing means
      comprises means for spring loading said latch against said fixed
      supporting frame member.
NUM  4.
PAR  4. A switch assembly according to claim 3 wherein said latch further
      comprises a notched section in contact with said support frame fixed
      member when said module connector member is fully engaged with said
      support frame connector member, said latch lateral projecting member being
      removably displaced from said actuator by the engagement of said notch
      with said fixed support frame member to permit pivotal movement of said
      actuator between its first and second positions.
NUM  5.
PAR  5. A switch assembly according to claim 4 wherein said latch notched
      section comprises a generally horizontal portion adjacent to said latch
      projecting member and an upwardly angular portion meeting said horizontal
      portion at a corner, said angular portion being urged against a corner of
      said fixed member when said module is fully engaged with said support
      frame, the direction of said angular portion being selected so that the
      force of said angular portion against said fixed member corner generates a
      clockwise moment in said latch whereby said module is restrained in its
      fully engaged position.
NUM  6.
PAR  6. In an electronic module assembly having at least one electronic
      component module with a module connecting member adapted to be received by
      a support frame connector member, a latch and switch actuator assembly
      comprising a latch pivotally mounted on said module adapted to abut a
      support frame fixed member, means for forcibly engaging said latch against
      said support frame fixed member during plug-in and removal of said module
      connecting member with said frame connector member, a switch device having
      a projecting element movable between a fixed ON position in which said
      switch device is in its ON state and a fixed OFF position in which said
      switch device is in its OFF state, a switch actuator pivotally mounted on
      said module in common with said latch, said actuator being in movable
      contact with said switch projecting element and pivotable on said module
      between a first position in which said switch is in said ON state and a
      second position in which said switch is in said OFF state, said latch
      comprising means for forcibly maintaining said actuator in its second
      position during said plug-in and removal.
NUM  7.
PAR  7. In an electronic module assembly having at least one electronic
      component module with a connector member adapted to be inserted into a
      support frame connector member, a latch and switch actuator assembly
      according to claim 6 wherein said forcibly maintaining means comprises a
      laterally projecting section of said latch in contact with said switch
      actuator during said plug-in and removal for holding said switch actuator
      in its second position.
NUM  8.
PAR  8. In an electrical module assembly having at least one electronic
      component module with a connecting member adapted to be received by a
      support frame connector member, a latch and switch actuator assembly
      according to claim 7 wherein said latch forcibly engaging means comprises
      means for spring loading said latch against said support frame fixed
      member and said latch further comprises a notched section for removably
      displacing said latch projecting section from said actuator when said
      module connecting member is fully engaged with said support frame
      connector member whereby said actuator can be pivoted between its first
      and second positions.
NUM  9.
PAR  9. In combination, an electronic component module having a connector
      member, a module support frame having a connector member and a fixed
      member adjacent to said module, a switch fixedly mounted on said module
      having a projecting element adapted to slide between a fixed ON position
      for maintaining said switch in its ON state and a fixed OFF position for
      maintaining said switch in its OFF state, a switch actuator pivotally
      mounted on said module having a recessed end on a first side of said pivot
      mounting in contact with said switch projecting element and a section on
      the second side of said pivot mounting for pivoting said actuator between
      a first position in which said switch element is in its fixed ON position
      and a second position in which said switch projecting element is in its
      fixed OFF position, a latch pivotally mounted on said component module in
      common with said switch actuator adjacent to said actuator and in parallel
      relation with said actuator, said latch abutting said adjacent support
      frame fixed member and being spring loaded to be in sliding contact with
      said fixed member during plug-in and removal of said module with said
      support frame, said latch comprising a lateral section projecting over
      said actuator second side for pivoting said actuator on said module pivot
      mounting to its second position during plug-in and removal of said module
      connector member with said frame connector member, said switch element
      being moved to its OFF state responsive to said actuator in its second
      position to disconnect electrical power from said module during said
      plug-in and removal.
NUM  10.
PAR  10. The combination according to claim 9 wherein said latch comprises a
      notch section for removably displacing the latch lateral section from said
      switch actuator second side when said module connector member is fully
      engaged with said support frame connector member whereby said actuator can
      be pivoted on said module between its first and second positions.
NUM  11.
PAR  11. The combination according to claim 10 wherein said notch section
      comprises a horizontal portion adjacent to said lateral projecting section
      and an angular portion meeting said horizontal portion at a corner, said
      fixed member having an edge in contact with said angular portion when said
      module connector member is fully engaged with said support frame connector
      member, the direction of said angular portion being selected so that the
      force of contact between said fixed member edge in contact with said
      angular portion generates a clockwise moment in said latch whereby said
      module is locked into its fully engaged position with said support frame.
NUM  12.
PAR  12. A switch assembly on an electronic component module for removing
      electrical power from said module during engagement and disengagement of
      said module with a support frame comprising a switch device fixedly
      mounted on said module, said switch device having a member movable between
      an ON position in which said switch is in its ON state and an OFF position
      in which said switch is in its OFF state, a switch actuator pivotally
      mounted on said module and movably engaged with said switch device movable
      member for pivoting on said module between a first position holding said
      switch device in its ON state and a second position holding said switch
      device in its OFF state, and latching means pivotally mounted on said
      module in common with said actuator and abutting a fixed member of said
      support frame for restricting said actuator to its second position during
      said engagement and disengagement of said module with said support frame
      whereby said switch is maintained in its OFF state during said engagement
      and disengagement.
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ABST
PAL  The disclosure relates to a compact explosive driven switch for use as a
      low resistance, low inductance crowbar switch. A high-explosive charge
      extrudes a deformable conductive metallic plate through a polyethylene
      insulating layer to achieve a hard current contact with a supportive
      annular conductor.
GOVT
PAR  The invention described herein was made in the course of, or under, a
      contract with the U.S. Atomic Energy Commission.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to electrical switches and more particularly to
      high-explosive driven crowbar switches.
PAC  BACKGROUND OF THE INVENTION
PAR  In certain apparatus, such as in "Toroidal Z-Pinch" devices, it is
      essential to have a fast-acting, low-inductance, metal-to-metal crowbar
      type switch. Frequently, there is a minimum amount of space available for
      such switches because of space availability within the machine into which
      such a switch must be fitted. Consequently, there is a need for small
      switches which are self contained and in fact, quite dissimilar to the
      exploding foil switches of the prior art. A typical prior art foil switch
      is shown in D. L. Call, "Engineering Problems of Fusion Research," Los
      Alamos Scientific Laboratory Report, LA4250 (1969), a copy of which is
      attached hereto. The foil switches, while at times being desirable,
      require large and elaborate clamping mechanisms as well as complex
      individual capacitance discharge systems. Their use is frequently
      restricted by their environmental requirements, making their use
      impractical in many situations. A high-explosive driven crowbar switch
      seems to supply the answer to these problems.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a low inductive explosive-driven crowbar switch
      comprising a deformable conductive electrode at a first potential, a
      supportive conductive electrode at a second potential, an insulating layer
      between the deformable conductive electrode and the supportive electrode,
      and an explosive device or detonator for selectively deforming the
      deformable conductor and forcing it through the insulating layer into
      electrical contact with the supportive electrical conductor. In a
      preferred embodiment, there is an annular anvil which provides support at
      an appropriate place and acts as an anvil for stopping the deformable
      material from being driven any further by the explosive charge as well.
      The anvil also provides an initial electrical arc contact which is
      followed by contact with the deformable conductive material. Also in the
      preferred embodiment, a high-explosive detonator, used as a shaped charge,
      and an especially shaped breech cause the force of the gas pressure of the
      charge to be directional in nature to selectively deform a selected
      portion of the deformable conductive material. In a preferred embodiment,
      the shaped charge provides annular gas pressure on the deformable material
      to force it into contact with an annular supportive conductive terminal
      and the annular anvil.
PAR  One object of the present invention is to achieve electrical contact in a
      minimal amount of time.
PAR  Another object of the present invention is to provide a high-explosive
      driven crowbar switch wherein weight and type of high-explosive charge can
      be varied to provide a wide range of explosive characteristics to enable
      switch contact time to be varied and to allow the switch to be used in a
      variety of environments.
PAR  One advantage of the instant invention is that the device thereof is of low
      inductance, fast, very simple in nature and easy to use.
PAR  A second advantage of the instant invention is that the device thereof is
      economical, reliable, of small size, and usable in a variety of
      environments.
DRWD
PAR  Other objects and advantages of the instant invention will be apparent to
      those skilled in the art from the following description with reference to
      the accompanying drawings wherein like numbers denote like parts and
      wherein:
PAR  FIG. 1 shows a cutaway view of the switch of the invention;
PAR  FIG. 2 shows a cutaway view of the part of the switch affected by the
      high-explosive before detonation; and
PAR  FIG. 3 shows the same portion of the switch as FIG. 2 after detonation of
      the high-explosive.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  As a preferred embodiment, a compact explosively driven, metal-to-metal
      contact, solid dielectric switch was developed for use as a low
      resistance, less than 10 microhms (.mu..OMEGA.), low inductance, less than
      10 nanohenries (nH), crowbar switch. A 100 milligram (mg) high-explosive
      charge extruded a 0.090-inch (in.) plate through 0.040 in. polyethylene to
      achieve a hard current contact with a 0.625 in. diameter die plate.
      Closure time, from the signal which initiated the charge to the beginning
      current rise in the switch was 11.0 microseconds (.mu.sec) .+-. 0.3
      .mu.sec. In crowbar application the switch carried 180- 330 kiloamps (kA)
      which decayed with a 1/e time of approximately 1.2 milliseconds (msec).
      The basic action of a switch of this type, whether foil or detonator,
      involves the deformation of metal. It will be noted that the prior art
      foil switch above mentioned uses expanding gases not unlike a powder
      discharge to perform its function. In this sense the two switching
      actions, i.e., that of the prior art foil switch and that of the switch of
      the instant invention, are similar. Deformation must be accomplished using
      the extremely sophisticated art of explosive metal forming. The typical
      explosive system utilizes an explosive charge, an energy transmittal
      medium, a die plate, and a work piece. In the preferred embodiment of the
      invention, the explosive charge may be a type RP-2  detonator manufactured
      by Reynolds Industries of California. Such a detonator is of the
      subminiature variety, 0.200 in. in diameter and approximately 0.450 in.
      long. There are two charges in this unit. The first charge is a low
      density PETN located adjacent to the gold bridge wire initiator which is
      an extremely fast burning charge. This fast burning charge ignites a
      second high density charge of tetryl which acts as a high energy booster.
      The manufacturer of these detonators provides a rigidly controlled
      crystallization process for both the explosive and the loading operations;
      charge density is well controlled. The resulting detonator provides a
      transmission time simultaneity of .+-. 25 nanoseconds (nsec). The energy
      transfer medium not only transmits a fast uniform shock wave, but also
      acts as an efficiency coupling agent. Although the most efficient material
      for such purposes would be an incompressible liquid such as water or oil,
      these materials are frequently difficult to contain. Hence, in accordance
      with the preferred embodiment of the invention, the agent used comprises
      paraffin.
PAR  As seen in FIG. 1, a crowbar switch 10 comprises a detonator 12 having two
      leads 14 and 16, a steel backup slug 18, a pressure transfer medium
      comprising paraffin 20, and a conical void provided by a breech 25 between
      the detonator and the deformable conductor or driven plate 22. The conical
      walls established by breech 25 which may comprise a metal such as hardened
      steel contain the paraffin 20. In the preferred embodiment, supportive
      conductor or die plate 24 is in the shape of a washer, and preferably
      comprises 6061-T6 aluminum alloy. Although the supportive conductor 24 is
      replaced after every shot, its use performs a dual function. It not only
      "shapes" the deformation of the deformable conductor 22, it also acts as a
      suitable current joint edge. The "work piece" or deformable conductor 22
      preferably comprises 1100-0 aluminum deformable by the expanding gases in
      such a manner that the supportive conductor 24 and the deformable
      conductor 22 are intimately forced together by detonation of the explosive
      12. FIGS. 2 and 3 herein described show these components before and afer
      detonation. The rest of the device comprises a dielectric insulator 26
      which electrically separates the deformable conductor 22 and the
      supportive conductor 24. A preferably annular anvil 28 for establishing a
      first arc contact and for stopping the edges of the deformable conductor
      22, an outer coaxial housing 30, a vent hole through the anvil within a
      supportive structure 32, an inner conductor rod 34, a pressure containing
      chamber 36, and sealing O-rings 40 are also provided.
PAR  The explosive action occurs as follows: A detonator is assembled in the
      breech 25 with its open end extending within the conical void of breech
      25. It is important that the front end of the detonator be actually
      embedded within the paraffin 20 to assure a coupling effect between the
      explosion and the paraffin. The rear of the detonator is closed off with
      steel back-up slug 18. This slug is appropriately slotted to provide
      passage for the wire leads 14 and 16, but it also prevents an excessive
      loss of explosive pressure out the back. When the detonator fires, the
      incident shock wave expands spherically through the transfer medium
      material. A uniform pressure front then exerts itself on the area of the
      deformable conductor 22 as limited by the base area of the conical taper
      section in breech 25. It is important to have a thick film of grease
      between the transmitting medium and the conductor 22 to more effectively
      couple the shock front and drive conductor 22. The O-ring 40, immediately
      outside this area, serves to contain the explosive force and prevent any
      lateral pressure loss.
PAR  As the uniform pressure wave hits the surface of conductor 22, a bending
      and extruding action takes place forcing the material thereof first into
      arc contact with and then against the anvil 28 to make initial current
      contact; then against the supportive conductor 24 where it becomes
      embedded in the annulus between annular supportive conductor 24 and the
      anvil 28. This action shears the dielectric insulator 26 and actually
      causes it to flow out of the way and ahead of the advancing metal of
      deformable conductor 22. The anvil 28 preferably comprises hardened steel,
      opened with a through-hole to provide essential venting of the die area
      and acting as a bumper which stops the material of conductor 22 in a
      restrictive fashion as shown in FIG. 3, after the initial current contact.
      The metal-to-metal contact caused by the explosion provides an extremely
      tight fit between the deformable conductor 22 and the supportive conductor
      24, comparable perhaps to a "press fit" condition found between various
      machine elements. This contact completes the switching action between the
      positive and negative potential as shown in FIGS. 2 and 3.
PAR  The various features and advantages of the invention are thought to be
      clear from the foregoing description. However, various other features and
      advantages not specifically enumerated will undoubtedly occur to those
      versed in the art, as likewise will many variations and modifications of
      the preferred embodiment illustrated, all of which may be achieved without
      departing from the spirit and scope of the invention as defined by the
      following claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An explosive driven low inductance crowbar switch comprising:
PA1  a deformable driven plate 22 at a first potential;
PA1  a die plate 24 for shaping the deformation of driven plate 22 and for
      supplying a current joint edge;
PA1  an insulation layer 26 disposed between said driven plate 22 and said die
      plate 24;
PA1  a conductive annular anvil 28 for establishing first arc contact with plate
      22 and for stopping and establishing a press fit contact with said driven
      plate 22; and
PA1  a detonator 12 and a pressure transfer medium 20 disposed adjacent driven
      plate 22 for selectively deforming a portion of said driven plate 22 and
      for driving said portion through insulation layer 26 first into arc
      contact with annular anvil 28, second into physical contact against anvil
      28, and third into a press fit with die plate 24 and anvil 28.
NUM  2.
PAR  2. The invention of claim 1 further comprising a layer of grease between
      pressure transfer medium 20 and driven plate 22.
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ABST
PAL  An intrusion detector comprises a housing attachable to a fixed support, an
      electrical switch fixed within the housing and having a switch actuator
      movable within a longitudinal bore in the housing to actuate the switch.
      The actuator is attachable to a wire tensioned between it and another
      fixed support so as to actuate the switch upon stretching or cutting the
      wire, a spring being disposed within the housing bore and having one end
      engaging the movable actuator to bias it in the direction opposite to the
      tensioned wire. A closure member closes one end of the bore and engages
      the opposite end of the spring and is adjustable to preset the initial
      non-actuating position of the actuator with respect to the switch.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to intrusion detectors such as are used for
      protecting a specific confined area against intrusion by unauthorised
      persons.
PAR  A number of intrusion detection devices are known. One type includes an
      electrical switch which is attached to a wire fence enclosing the area to
      be protected, such that when the wire is pulled apart or cut in order to
      gain entry into the protected area, the change in tensioning of the wire
      actuates the electrical switch to provide a signal or alarm. One of the
      problems in such an intrusion detector device is to prevent false alarms
      arising from the wire being tensioned by temperature changes or the wind,
      so that the intrusion detector is responsive only to actual pulling or
      cutting the wire.
PAR  A number of techniques have been proposed for solving the above problem.
      One technique, as illustrated in U.S. Pat. No. 3,634,638, includes a
      switch construction which distinguishes between quick movements on the one
      hand as caused by pulling or cutting the wire, and slow movements on the
      other hand as caused by temperature changes or the wind. Another proposed
      arrangement, as illustrated in U.S. Pat. No. 3,243,797, senses the rate of
      change of the wire tension to determine whether the change is due to
      intrusion or to temperature, and if the change is gradual because of a
      temperature change, then a motor rebalancing system is actuated to
      compensate for the gradual temperature change.
PAR  One object of the present invention is to provide a new and improved
      intrusion detector device for use with a tensioned wire, which device can
      be conveniently preset for a specific operating point.
PAR  An additional object of the present invention is to provide an intrusion
      detector device having improved means for discriminating between a
      tensioning of the wire caused by an intrusion, and a tensioning of the
      wire caused by temperature or wind changes, so that the detector is
      actuated only upon the occurrence of the former and not upon the
      occurrence of the latter. Another object is to provide an improved
      intrusion detector based on the use of a magnetic reed switch.
PAR  According to the present invention, there is provided an intrusion detector
      comprising a housing attachable to a fixed support and an electrical
      switch fixed within the housing. The housing is formed with a longitudinal
      bore extending at least partly therethrough, the switch actuator being
      movable within the longitudinal bore to actuate the switch. The actuator
      is attachable to a wire tensioned between it and another fixed support so
      as to actuate the switch upon stretching or cutting the wire. Disposed
      within the bore is a spring having one end engaging the movable actuator
      to bias same in the direction opposite to the tensioned wire. An
      adjustable closure member closes one end of the bore and engages the
      opposite end of the spring to preset the initial non-actuating position of
      the actuator with respect to the switch.
PAR  In one described embodiment, the tensioned wire is a stretchable wire
      tensioned between two fixed supports, the movable switch actuator being
      attached to the tensioned wire at an intermediate point thereof such that
      the stretchability of the span of wire between one of the wire supports
      and the movable switch actuator is substantially equal to that of the span
      of wire between the other wire support and the movable actuator, whereby
      the switch is actuated only upon the differential tensioning of the two
      wire spans such as caused by pulling or cutting the wire and not upon the
      equal and opposite tensioning of the two wire spans such as caused by
      temperature changes or the wind.
PAR  In another described embodiment, the tensioned wire includes only one span,
      one end of the wire being connected to the fixed wire support and the
      opposite end of the wire being connected to the movable switch actuator.
PAR  Preferably, the electrical switch is a reed switch, the switch actuator
      including a permanent magnet for actuating the switch when moved a
      predetermined amount.
PAR  The preferred embodiment of the invention described below, which includes
      the differential tensioning means, thus provides a very simple and
      effective arrangement for discriminating between the tensioning of the
      wire caused by an intrusion, and a tensioning of the wire caused by
      temperature or wind changes, and actuates the detector only upon the
      occurrence of the former and not upon the occurrence of the latter.
PAR  However, features of the invention can advantageously be used even without
      the differential tensioning arrangement, as will be apparent from the
      second embodiment of the invention described below.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is herein described, by way of example only, with reference
      to the accompanying drawings, wherein:
PAR  FIG. 1 illustrates an intrusion detector arrangement constructed in
      accordance with the present invention particularly for large spans and
      including the differential-tensioning feature for preventing or minimizing
      false alarms;
PAR  FIG. 2 is an enlarged sectional view illustrating the detector of FIG. 1;
PAR  FIG. 3 illustrates another embodiment of the invention particularly for
      smaller spans wherein the intrusion detector does not include the
      differential-tensioning feature; and
PAR  FIG. 4 is an enlarged sectional view illustrating the detector of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  The preferred embodiment of the invention is illustrated in FIGS. 1 and 2.
      This embodiment includes a stretchable wire, generally designated 2,
      tensioned between two fixed wire supports 4a, 4b. The device further
      includes a pair of balanced (i.e. substantially of equal strength) springs
      6a, 6b, each being connected between one end of the wire and its fixed
      wire support.
PAR  The intrusion detector, generally designated 8, is fixed to a further
      support 10 intermediate the two wire supports 4a, 4b, and is attached to
      the tensioned wire 2 between the latter two supports. Thus, two spans of
      the tensioned wire 2 are formed, one span 2a being attached between
      detector 8 and one wire support 4a, and the other span 2b being attached
      between detector 8 and the other wire support 4b.
PAR  Detector 8, as best shown in FIG. 2, includes a housing 12 of non-magnetic
      material formed with a central longitudinal bore 14, and with a slot 16
      communicating with the bore. A blind bore 18 is formed laterally of bore
      14, and disposed within blind bore 18 is a reed switch 20 having
      conductors 22 for attachment to an electrical device, such as an
      indicator, signal or alarm. If desired, blind bore 18 may be filled with a
      plastic potting material for fixing reed switch 20 therein and also for
      protecting the reed switch against shock, vibration, and moisture.
PAR  The actuator for reed switch 20 is a cylindrical, non-magnetic member 24
      disposed within bore 14 of the housing, and carrying at one end a
      permanent magnet 26 aligned with the reed switch. Actuator 24 further
      includes an arm 28 extending through slot 16 of the housing. The end of
      arm 28 carries a clamp 30 having a threaded bolt 32 for attachment to the
      tensioned wire 2 (FIG. 1).
PAR  Bore 14 is closed at both ends by closure members 34, 36. Interposed
      between the closure members and actuator 24 are a pair of balanced springs
      38, 40, spring 38 being between one end of actuator 24 and its respective
      closure member 34, and the other spring 40 being between the other end of
      actuator 24 and the other closure member 36. Preferably one, or both, of
      the closure members 34, 36 are threaded into the respective end of bore 14
      so as to be able to preset the initial position of permanent magnet 26 of
      the switch actuator 24 with respect to reed switch 20, and also to preset
      the magnitude of force required to actuate the switch.
PAR  The intrusion detector 8 is mounted to its fixed support 10 (FIG. 1) by
      means of a pair of clamps 42 carried by housing 12.
PAR  The intrusion detector illustrated in FIGS. 1 and 2 is used in the
      following manner:
PAR  First, the switch actuator 24 is preset so that its permanent magnet 26 is
      exactly aligned with reed switch 20, with the arm 28 of the actuator
      passing through the middle of slot 16. This presetting may be done by
      adjsting one or both of the end closure members 34, 36. In the described
      example, the contacts of reed switch 20 are biassed apart but are closed
      by the magnet 26 when aligned with them, so that the reed switch 20 would
      normally be closed when the switch actuator 24 has been preset in the
      position illustrated.
PAR  Next, the detector 8 is mounted to its fixed support 10 by means of clamps
      42, and then clamp 30 of the switch actuator is closed by means of bolt 42
      onto the wire 2 tensioned between the two fixed wire supports 4a, 4b. The
      device is now in condition for detecting intrusions involving pulling or
      cutting either of the wire spans 2a or 2b.
PAR  For example, if wire span 2b is pulled, this will cause the switch actuator
      24, by virtue of its attachment to the wire by clamp 30, to be moved in
      the direction of the pulling force (rightwardly, in FIG. 1). This movement
      of switch actuator 24 causes its permanent magnet 26 to move with respect
      to the fixed reed switch 20, and when the permanent magnet has moved a
      predetermined distance, the reed switch will open, thereby transmitting a
      signal via its conductors 22. On the other hand, if span 2b of the wire is
      cut, switch actuator 24 will be moved by the tension of wire span 2a in
      the opposite direction (leftwardly in FIG. 1), and when the permanent
      magnet 26 carried by the actuator moves a predetermined distance, it will
      likewise cause reed switch 20 to open, thereby signalling this condition.
PAR  The device thus detects any change in the tension of wire 2 arising because
      of an attempted entry into the area protected by the device, and actuates
      reed switch 20 in response thereto. This switch can be connected to a
      signal, indicator, or alarm to indicate this condition and/or to actuate
      another device, e.g. an explosive.
PAR  On the other hand, the detector device will not respond to changes in
      tension of wire 2 arising because of temperature changes or the wind. This
      is because temperature changes or the wind will produce a substantially
      equal change in tension in both wire spans 2a, 2b, and since these are
      equal and opposite, switch actuator 24 will not be moved, at least not
      sufficiently to actuate the reed switch 20. This very simple arrangement
      thus effectively minimizes the possibility of false alarms.
PAR  The device cannot only discriminate between wire-tension variations caused
      by attempted entry, from those caused by temperature-changes or the wind,
      but can also discriminate between wire-pulling attempted entry from a
      wire-cutting attempted entry. Thus, if the wire is pulled to gain entry,
      causing the switch actuator 24 to be moved until it actuates reed switch
      20, as soon as the pulling is terminated switch actuator 24 will return to
      its normal, non-actuating condition. On the other hand, if the wire is cut
      causing the switch actuator 24 to be moved by the tension of the non-cut
      wire span to actuate switch 20, the switch actuator does not return, and
      therefore the switch will remain in its actuated condition. Thus, by
      monitoring whether the reed switch remains in its actuated condition or
      returns to its normal condition, it can be determined whether the
      unauthorized intrusion involved pulling or cutting the wire.
PAR  After the detector system illustrated in FIGS. 1 and 2 has been installed
      for a period of time, ground settling or the like may cause a slight
      inequality in the tension applied by the two spans 2a, 2b to the switch
      actuator 24. This can be easily corrected by merely loosening clamp 30 of
      the actuator to permit the wire to move in order to even the tension, and
      then reclamping it to the wire.
PAR  It will be appreciated that the balanced springs 6a, 6b are not essential
      where the wire itself is stretchable, for example plastic wire,
      particularly where long spans of the wire are used.
PAR  FIGS. 3 and 4 illustrate a further embodiment of the invention not
      involving the differential tensioning feature for discriminating between
      temperature-producing and wind-producing changes in tension, from
      intrusion-producing changes in tension. In the embodiment of FIGS. 3 and
      4, the wire 52 is tensioned between a fixed support 54 and the intrusion
      detector 56, the latter being fixed to another support 58. Whenever wire
      52 is pulled or cut, this is detected by detector 56, but the detector
      cannot discriminate between tension changes caused by the temperature or
      by the wind, from tension changes caused by an attempted entry. The device
      of FIGS. 3 and 4 is therefore best used for protecting smaller confined
      areas where the wire span is considerably less than in the case of the
      embodiment of FIGS. 1 and 2. For example, each detector of FIGS. 1 and 2
      may be used with wire spans of 80 meters or more, whereas the detector of
      FIGS. 3 and 4 may be used with wire span of up to 10 or 20 meters.
PAR  The construction of the detector in the latter embodiment is best
      illustrated in FIG. 4. It includes a housing 60 formed with a large bore
      62 open from one end, and with a smaller bore 64 open from the opposite
      end. The reed switch 66 is diposed within the smaller bore 64, and the
      conductros 68 from the reed switch pass out through the bore to an
      electrical signalling, indicating or alarm device.
PAR  Within the larger bore 62 is disposed the switch actuator, generally
      designated 70. This actuator is also of non-magnetic material and carries
      a permanent magnet 72 in alignment with the reed switch 64. The opposite
      end 74 of the actuator 70 passes out through bore 62, and is formed with
      an opening 76 for attachment to the tensioned wire 52.
PAR  The wire 52 may be tensioned by a spring 78 attached between the wire and
      its fixed support 54. Detector 56 includes a counter-spring 80 interposed
      between an annular shoulder 82 formed on the switch actuator 70, and an
      apertured closure member 84 through which end 74 of the switch actuator
      passes.
PAR  The detector 56 is attached to its fixed support 58 by means of a clamp 86,
      and the wire 52 is attached to the detector by passing it through opening
      76 of its switch actuator 70.
PAR  It will be seen that in the initial position of the switch actuator 70 as
      illustrated in FIG. 4, permanent magnet 72 is exactly aligned with reed
      switch 66, so that the reed switch is normally retained in closed
      condition. If the tension on the wire 52 is changed, by it being pulled or
      cut, actuator 70 is moved (rightwardly by spring 80 if the wire is cut,
      and leftwardly if the wire is pulled), so that permanent magnet 72 moves
      sufficiently out of alignment with reed switch 66 to actuate the latter
      switch.
PAR  The invention has been described with respect to reed switches, since this
      has been found to provide a substantial degree of reliability. However, it
      will be appreciated that other electrical switches could also be used. In
      fact, the device could even be a mechanical signalling device, for example
      a flag which is actuated when an intrusion is detected. Still further,
      while the preferred embodiment shows the switch as being fixed and the
      actuator as being moved by the change in wire tension, it will be
      appreciated that the opposite could occur, namely the switch could be
      moved with respect to a fixed actuator.
PAR  Also, while the invention has been described with respect to a normally
      closed reed switch, it will be appreciated that it could also be used with
      respect to a normally open one.
PAR  Further, each span of wire can be made stretchable by its own elasticity
      (e.g. plastic wire) or by including a spring within it, as described. In
      the FIGS. 1 and 2 embodiment, which operates by the differential
      tensioning of the two wire spans, the detector should be mounted
      substantially midway between the two supports of the tensioned wire to
      provide the equal stretchability in the two wire spans (i.e. the degree of
      stretching or elongation per unit force applied) which cancels the tension
      changes caused by temperature variations and wind forces. The system,
      however, can tolerate some variation in the mid-point mounting.
PAR  Many other changes, variations and applications of the illustrated
      embodiment will be apparent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An intrusion detector comprising a housing attachable to a fixed
      support; an electrical switch fixed within the housing; said housing being
      formed with a longitudinal bore extending at least partly therethrough; a
      switch actuator movable within the longitudinal bore to actuate the
      switch; said actuator being attachable to a wire tensioned between the
      movable actuator and another fixed support so as to actuate the switch
      upon stretching or cutting the wire; a spring disposed within the bore in
      the housing, one end of the spring engageing said movable actuator to bias
      same in the direction opposite to said tensioned wire; and an adjustable
      closure member closing one end of said bore and engaging the opposite end
      of the spring to preset the initial non-actuating position of the actuator
      with respect to said switch.
NUM  2.
PAR  2. An intrusion detector according to claim 1, wherein the switch actuator
      is attachable to a stretched wire exposed to temperature and wind
      conditions and is tensioned between two fixed supports, the stretchability
      of the two spans of wire between said two fixed supports and the actuator
      being substantially equal to each other so that the switch is actuated
      only upon the differential tensioning of the two wire spans such as caused
      by pulling or cutting the wire and is not actuated upon the equal and
      opposite tensioning of the two wire spans such as caused by temperature
      changes or the wind, and wherein said housing includes a pair of said
      springs serving as balancing springs one on each side of the actuator.
NUM  3.
PAR  3. An intrusion detector according to claim 2, wherein said switch actuator
      includes an arm extending through a slot in the housing and carries a wire
      clamp for clamping to the tensioned wire, both ends of said bore being
      closed by closure members, each of said balanced springs being interposed
      between one closure member and the respective end of the movable switch
      actuator, at least one of said closure members being adjustable for
      presetting the initial, non-actuating position of the actuator with
      respect to the switch, and the force required to actuate same.
NUM  4.
PAR  4. An intrusion detector according to claim 2, wherein said two spans of
      tensioned wire include two balanced springs, each connected in one of said
      spans.
NUM  5.
PAR  5. An intrusion detector according to claim 2, wherein said electrical
      switch is a reed switch, the switch actuator including a permanent magnet
      for actuating the switch when moved a predetermined distance by the
      differential tensioning of the wire.
NUM  6.
PAR  6. An intrusion detector according to claim 5, wherein said reed switch is
      normally closed and is opened when the actuator is moved a predetermined
      distance from its initial position by the differential tensioning of the
      wire.
NUM  7.
PAR  7. An intrusion detector according to claim 1, wherein said switch is a
      reed switch and said switch actuator includes a permanent magnet movable
      within the housing for actuating the reed switch.
NUM  8.
PAR  8. An intrusion detector according to claim 7, wherein the tensioned wire
      is a stretchable wire exposed to temperature and wind conditions and
      tensioned between two fixed supports, said movable switch actuator being
      attached to the tensioned wire at an intermediate point thereof such that
      the stretchability of the span of wire between one of the wire supports
      and the movable switch actuator is substantially equal to that of the span
      of wire between the other wire support and the movable actuator, whereby
      the reed switch is actuated only upon the differential tensioning of the
      two wire spans such as caused by pulling or cutting the wire, and not upon
      the equal and opposite tensioning of the two wire spans such as caused by
      temperature changes or the wind.
NUM  9.
PAR  9. An intrusion detector according to claim 7, wherein said tensioned wire
      includes only one span, one end of the wire being connected to the fixed
      wire support and the opposite end of the wire being connected to the
      movable switch actuator.
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ABST
PAL  A single pull-rod mechanism operatively arranged externally of gas
      insulated sealed enclosures for actuating the several contacts and
      associated blast valves of one or more circuit breakers. The mechanism is
      external of the enclosure to facilitate adjustment and servicing without
      the necessity of breaching the integrity of the gas sealed enclosures.
      Also provided is a selective mechanism for insuring that the blast valves
      are in closed positions and recoupled to the actuating mechanisms prior to
      the opening movement of the contacts.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to circuit breakers having mechanisms for
      operating main contacts and associated blast valves.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Circuit breaker arrangements of the gas-blast type having individual gas
      insulated tanks or chambers for each phase of an installation are usually
      provided with an individual operating mechanism for each phase or the
      operating mechanisms are restricted to side operations only. Operating
      mechanisms per phase installation are expensive and are extremely
      difficult to effect operating synchronization of all three phases.
      Operating mechanisms which are restricted to side operation severely
      restrict the installation arrangement of the circuit breakers and are not
      well adapted for circuit breakers which are to be utilized within an
      enclosure. Also, in circuit breaker installation of the type herein
      described, a means must be provided to assure blast valve actuation when
      the breaker is tripped with some means being incorporated to insure that
      the breaker will not trip until the blast valve mechanism has been
      conditioned for operation. In known prior art arrangements, no provision
      has been provided to insure the recoupling of the gas-blast valve
      operating means prior to the closing of the main contact so that at any
      time that the contacts of the circuit breaker are moved to an open
      position, either in a predetermined operation or under a fault condition,
      the blast valve will be conditioned to provide a blast of gas during
      parting of the contacts.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a gas insulated
      circuit breaker arrangement having one gas insulated circuit breaker per
      phase. Each breaker arrangement is provided with two serially connected
      disengageable contacts, each of which are supplied with a blast of gas by
      associated valve mechanisms that are operated in timed relationship to the
      opening of the contacts. The installation includes a pull-rod system which
      is operably arranged to actuate all breakers in timed synchronization. The
      pull-rod system has a maximum of associated components external to
      insulating gas chambers and is adaptable for either front or side
      actuation of all three phases by a single operating mechanism. The
      interconnection between phases provides built-in synchronization with the
      motion transfer crank permitting easy adaptation for front or side
      actuation when required.
PAR  There is also provided an operating mechanism for the gas circuit breakers
      which will insure blast valve actuation coincident with the main contact
      breaking operation which is desirable with the particular type of circuit
      breaker arrangement herein described. The mechanism provided controls the
      operation of all three circuit breakers associated with a three-phase
      installation. Blast valve actuation of all three phases is assured by
      selecting only that portion of a breaker operating cycle, mainly the
      larger part of the closing stroke, in which the breaker cannot be tripped
      until the blast valve mechanism has recoupled.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a gas breaker pull-rod
      system permitting the operating mechanism to be located at the breaker
      tank end for simplified multiphase application and is adaptable to side
      actuated arrangements.
PAR  Another object of the present invention is to provide a pull-rod system
      which permits the control cabinet and the operating mechanism to be
      loacted at the tank end of the breaker installation, which arrangement
      facilitates and simplifies multiphase installations.
PAR  Still another object of the present invention is to provide a pull-rod
      system which is readily attachable to standard pull-rod system
      applications when gas insulated breakers are utilized in outdoor systems.
PAR  Yet another object of the present invention is to provide a pull-rod system
      with transit crank which provides a simplification of installation to
      reduce costs and provide positive operation of the contacts.
PAR  A further object of the present invention is to provide an operating
      pull-rod system which eliminates the necessity of a torsion bar
      arrangement thereby eliminating the necessity of providing large diameter
      shafts and self-aligning bearings for supports thereof.
PAR  A further object of the present invention is to provide a pull-rod
      operating system having the various components external to the insulating
      gas chamber of each phase of the breaker arrangement and which are readily
      accessible for adjustments, inspections and replacement, if necessary.
PAR  Still another object of the present invention is to provide a pull-rod
      system for operating the contacts and blast valve mechanism in
      synchronization in which the entire system is totally enclosed so that
      when used in outdoor installations the weather and other contaminants are
      excluded from the operating mechanism.
PAR  Another object of the present invention is to provide an operating
      mechanism for a gas circuit breaker which will insure blast valve
      actuation coincident with main contact operation at the same time
      providing a trip-free operation feature which is required in this type of
      installation.
PAR  A further object of the invention is to provide means for selecting a
      portion of the breaker operating cycle in which the breaker cannot be
      tripped until the blast valve has been conditioned to its closed position
      and is operable to provide a blast of gas to the arcing area.
PAR  Other objects and advantages of the present invention will become more
      readily apparent hereafter when taken in consideration with the following
      description and drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a three-phase gas insulated circuit breaker
      arrangement incorporating the present invention;
PAR  FIG. 2 is a view in side elevation taken in the plane represented by the
      line II--II in FIG. 1 showing the middle phase unit circuit breaker which
      exemplifies all units of the installation;
PAR  FIG. 3 is an enlarged fragmentary view partly in vertical section and
      partly in elevation through a portion of an interrupter tank showing one
      main contact and the associated blast valve mechanism with the operating
      mechanism for the elements;
PAR  FIG. 4 is an enlarged fragmentary view partly in elevation and partly in
      vertical section through the contact operator taken generally in a plane
      represented by the line IV--IV in FIG. 2;
PAR  FIG. 5 is a view partly in plan and partly in horizontal section taken
      generally along line V--V of FIG. 4;
PAR  FIG. 6 is an enlarged detailed view of the operator and the selective
      trip-free arrangement;
PAR  FIG. 7 is an enlarged detailed view in plan of the mechanism shown in FIG.
      6; and,
PAR  FIG. 8 is an enlarged detailed view of the selective mechanism associated
      with the trip-free mechanism showing its position when released.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 there is shown a circuit breaker substation installation 21
      comprising three circuit breaker units 21A, 21B and 21C, one for each
      phase of the three-phase system. Each of the phase unit circuit breakers
      are identical and, thus, like parts, will be identified by the same
      reference numeral, a particular unit to which the part relates being
      identified by an additional letter.
PAR  The circuit breakers 21A, 21B and 21C include respective gas sealed tanks
      22A, 22B and 22C. Line connections to and through each phase unit circuit
      breaker is effected through enclosed bus housings 23 and 24. The bus
      housings 23 and 24 are connected to depending entrance housings 26 and 27
      in sealed flange-to-flange relationship. Within each phase unit circuit
      breaker, there is operatively supported a pair of serially connected
      interrupters 28 and 29, each of which includes a stationary main contact
      31, FIG. 3, and an axially movable main contact 32. The contacts 31B and
      32B are associated with the left-hand interrupter unit 28B of the phase
      unit 21B and is shown in detail in FIG. 3. Since each phase unit of the
      circuit breaker is identical and the unit constructed symmetrically on
      either side of a dividing vertical axis, only the left-hand side of the
      phase unit 21B is depicted in FIG. 3. As there shown, the interrupter 28B
      is supported in operative position by a central supporting casting 36B
      which also serves to electrically interconnect the interrupters 28B and
      29B.
PAR  The circuit breakers are of the gas-blast type and arc extinction between
      the separable contacts is effected by supplying a blast of insulating gas
      at a relatively high pressure through the arc drawn between the separable
      contacts, such as the contacts 31B and 32B, as they are parted. For this
      purpose, a supply of insulating gas at a relatively high pressure is
      stored in a tank 37B which is supported in depending relationship from the
      bottom of the insulating tank 22B. Valve means, such as the valve 38B, are
      operable when actuated to allow a blast of gas to emit from the storage
      tank 37B. The blast of gas from the tank 37B through the valve 38B is
      directed by means of a manifold 41B to the arc area 42B between the
      separable contacts.
PAR  As shown, the contacts in the interrupter unit 28B comprise an insulating
      contact housing 46B which is supported in cantilever fashion from the
      central casting 36B. The axially movable main contact 32B is supported for
      axial movement in a tubular support nozzle 52B which forms the gas passage
      53B through which the gas from the tank 37B passes.
PAR  An elbow 58B is secured to a bottom mounting surface formed with the
      casting 52B. The opposite end of the elbow 58B mates in sealed
      relationship on an outlet of the T-shaped manifold header 41B which
      operates to distribute the gas to the units 28B and 29B.
PAR  Within the elbow 58B, the blast valve 38B is operatively supported and is
      biased to its closed position that it occupies, as depicted in FIG. 3, by
      means of a spring (not shown). The blast valve 38B is adapted to be moved
      downwardly to allow a blast of high pressure gas to flow from the elbow
      into the passage 53B surrounding the nozzle 52B and directed to the area
      42B wherein an arc is drawn upon the separation of the contacts.
PAR  Axial movement of the contact 32B to open and closed positions relative to
      the stationary contact 31B is effected by linkage operator 64B. A similar
      arrangement for the contact of the interrupter 29B is also provided. The
      linkage operator 64B associated with each of the interrupters is actuated
      simultaneously by means of the movable operating rod 65B. The axial
      movement of the movable contact 32B is accomplished by means of a
      connecting rod 66B that is pivotally connected to the end of the movable
      contact 32B. The opposite end of the connecting rod 66B is pivotally
      connected to an arcuate shaped lever arm 67B that is mounted for pivotal
      movement about a pin 68B. The arcuate arm 67B has integrally formed
      therewith a pair of spaced arms 71B, the free ends of which receive
      between them the end of an adjustable tie link 72B as shown. The tie link
      72B is pivotally attached to a guide piston 76B carried on the end of the
      insulated actuating rod 65B. In a similar manner, the tie link 73B
      associated with the components of the interrupter 29B is also pivotally
      connected to the piston 76B. Thus, upward movement of the piston 76B, as
      viewed in FIG. 3, will effect the upward movement of the tie links 72B and
      73B thereby pivoting the arcuate arm 67B about the pin 68B in a clockwise
      direction. The pivotal movement of the arm 67B will effect withdrawal or
      opening movement of the contact 32B and also of the contact associated
      with the unit 29B through its associated linkage.
PAR  As previously mentioned, upward movement of the rod 65B also effects the
      synchronized operation of the blast valve 38B and also of the blast valve
      associated with the unit 29B in timed relationship to the opening movement
      of the contacts. To effect the timed opening movement of the blast valve
      38B, there is provided operating linking means 80B comprising a cam member
      81B which is pivotally mounted on a pin 82B. The cam member 81B is
      provided with an arm portion 84B that pivotally receives the end of an
      adjustable tie link 86B. The opposite end of the tie link 86B is pivotally
      secured on a pin 87B that extends through relatively short arm 88B
      provided on the link 71B. Thus, as the lever arm 67B is moved in a
      clockwise direction, the arms 88B will move with it in the same direction,
      thereby effecting the pivotal movement of the cam member 81B about the pin
      82b in a clockwise direction. As the cam member 81B pivots in a clockwise
      direction, a vertical cam face 91B engages a tongue portion 92B of a
      retractable latch 93B which is supported for axial movement in a latch
      body 94B. The latch body 94B is provided with two upwardly extending
      spaced arms 96B, one of which is shown, which are pivotally mounted on the
      pin 82B on which the cam 81B is also mounted. Thus, as the cam member 81B
      is pivotally moved in a clockwise direction, the vertical cam face 91B
      will engage the side surface of the latch tongue 92B thereby forcing the
      latch body 94B to pivot about the pin 82B in a clockwise direction. The
      pivotal movement of the latch body 94B in a clockwise direction, as viewed
      in FIG. 3, will effect the opening of the blast valve 38B. To this end,
      the latch body 94B is provided with a bifurcated arm portion 98B which
      receives the lower end of an adjustable rod 99B therebetween. A pin 101B
      operates to pivotally connect the rod 99B between the bifurcated arm
      portion 98B to allow the rod to have freedom of movement in a vertical
      plane. The upper end of the rod 99B is pivotally connected to the
      rightwardly extending end of a lever 102B which is pivotally secured by a
      pin 103B to a boss 104B that is integrally formed with the mounting base
      57B to which the elbow 58B is secured. The leftwardly extending end of the
      lever 102B, as viewed in FIG. 3, is pivotally connected to a valve
      actuating rod 106B which extends through a suitable opening provided in
      the base 57B and that is adapted to engage the blast valve 38B. The
      clockwise pivotal movement of the latch body 94B imparts an upward
      movement to the rod 99B thereby effecting the pivotal movement of the
      lever 102B. This movement of the lever will cause the pin 106B to move
      downwardly to engage and open the blast valve 38B allowing gas at a
      relatively high pressure to flow to the arcing gap 42B.
PAR  As previously mentioned, the blast valve 38B must be allowed to close as
      soon as possible after a blast of gas has been delivered to the arcing
      area 42B. To effect a release of the blast valve 38B while still
      maintaining the rightward withdrawal movement of the contact 32B a
      disengaging or decoupling means is provided which is operative to release
      the latch body 94B from the cam member 81B. To this end, as the latch body
      94B moves in a clockwise direction, as viewed in FIG. 3, the tongue
      portion 92B rests against surface 107B until such time as the tongue
      portion 92B engages a stationary cam 111B maintained in stationary
      position by means of an arm and pin connection 112B affixed to a
      supporting abutment. Thus, as the cam member 81B rotates about the pin 82B
      in a clockwise direction, the latch body 94B moving with the cam member
      81B will forceably engage the tongue 92B against the cam member 111B
      thereby forcing the latch tongue 92B inwardly. As the rotation of latch
      body 94B continues in a clockwise direction, the latch tongue 92B will be
      moved further into the latch body 94B until such time as a trailing cam
      surface 113B of the cam 81B moves over the top surface of the tongue
      portion 92B. With this condition obtained, a tension spring 114B pivots
      the arm 102B in a clockwise direction thereby lifting the pin 106B free of
      the blast valve 38B to release the blast valve so that the spring (not
      shown) operates to permit the return of the valve 38B to its closed
      position, as depicted in FIG. 3. This condition is obtained because the
      tongue 92B now rides on the cam surface 113B, and under the urgency of the
      spring 114B the latch body 94B will be returned to its original position,
      as depicted in FIG. 3, while the tongue 92B maintains engagement with cam
      surface 113B and is maintained retracted. As the cam member 81B continues
      to rotate in the clockwise direction to effect the complete rightward
      opening movement of the movable contact 32B, the blast valve 38B will
      reset to closed position for subsequent operation.
PAR  When the rod 65B is moved downwardly in a contact closing operation, the
      arcuate arm 67B is caused to pivot in a counterclockwise direction about
      the pin 68B, thereby moving the cam member 81B in a counterclockwise
      direction. This movement effects axial leftward movement of the rod 66B to
      thereby move the contact 32B to closed position. As the cam member 81B
      pivots in a counterclockwise direction in a contact closing operation, the
      surface 113B of the cam member rides over the tongue 92B of the latch 94B
      which has previously been returned to its vertical position that it
      occupies as depicted in FIG. 3. Thus, when the contact 32B has been moved
      to its fully closed position, the cam member 81B will have been rotated to
      the position it occupies, as depicted in FIG. 3, whereby the cam surface
      113B will have been moved off the tongue 92B so that the latch 93B is
      returned to its coupled position with the cam member 81B. Thus,
      synchronous movement is effected between the movable contact 32B and the
      blast valve 38B and thereafter the release of the blast valve to reset
      position is accomplished.
PAR  The actuating rod 65B extends upwardly through an insulator pipe 121B which
      is secured to a sealing closure plate 122B, FIG. 2, carried by a circular
      housing 123B that extends upwardly from the top of the tank 22B. As viewed
      in FIG. 3, upward movement of the actuating rod 65B will effect the
      opening movement of the movable contacts of both interrupters 28B and 29B
      and will also effect an opening of the associated blast valves. This
      movement is imparted to the actuating rod 65B by rotation of a gas sealed
      operating shaft 124B that is journalled in a bearing support 126B. The
      bearing support 126B extends through a wall of an external pull-rod
      mechanism 128B which is supported on top of the sealing enclosure plate
      122B. Shafts 124A, 124B and 124C are exemplified by the arrangement of the
      shaft 124B as depicted in FIGS. 4 and 5. The extending end of the shaft
      124B receives a lever 129B, the free end of which is pivotally connected
      to the upper end of the actuating rod 65B. Thus, rotation of the shaft
      124B will effect the pivotal movement of the lever 129B in an upward
      direction and thereby the upward movement of the actuating rod 65B to
      effect the opening movement of the associated contacts and also the
      opening movement of the blast valves 38B. The opposite end of the shaft
      124B extends outwardly from inside the tank into the external pull-rod
      mechanism housing 127B. A similar arrangement is provided for each of the
      other two circuit breakers 21A and 21C.
PAR  For effecting the simultaneous actuation of the actuating rods 65A, 65B and
      65C associated with each of the circuit breakers 21A, 21B and 21C there is
      provided a single pull-rod system 130 which is operatively connected to
      effect the simultaneous actuation of each of the circuit breaker actuating
      rods 65A, 65B and 65C. With the pull-rod system depicted the movable
      contacts associated with each of the circuit breaker units 21A, 21B and
      21C will be actuated in an opening or closing movement substantially
      simultaneously and the associated blast valve mechanism will likewise be
      actuated substantially simultaneously.
PAR  As shown in FIG. 1, 2, 4 and 5, the pull-rod system 130 includes a
      horizontal operating rod member 131 which extends through each of the
      external pull-rod unit mechanisms 128A, 128B and 128C and has an internal
      connection with each of the actuating rods 65A, 65B and 65C, respectively.
      The external pull-rod mechanisms 128A, 128B and 128C associated with the
      unit circuit breakers 21A, 21B and 21C, respectively, are shown in detail
      in FIGS. 4 and 5. As shown in FIGS. 4 and 5, the external pull-rod
      mechanisms 128A, 128B and 128C are interconnected by means of tubular
      spacers 133 and 134 with the external pull-rod mechanism 128B being
      connected to a vertical pull-rod end box 136 by means of a tubular housing
      137. The pull-rod system includes the horizontally extending operating rod
      member 131 which is depicted as comprising three sections 131A, 131B and
      131C that are connected together for simultaneous axial movement by
      couplings 138 and 139. An operable connection between each of the
      rotatable actuating shafts 124A, 124B and 124C within each external
      pull-rod unit mechanism and the axially movable operating rod 131 is
      established by means of associated operating cranks 141A and 141B and a
      similar crank (not shown) associated with the unit 128C.
PAR  The components within each pull-rod operating unit mechanism are identical.
      Thus, a description of the components associated with the mechanism 128B
      will apply to the components associated with the mechanisms 128A and 128C.
      The crank 141B includes a hub portion 142B which is engaged or drivingly
      secured to the extending end of the rotatable shaft 124B. Integrally
      formed with the hub 142B are a pair of spaced apart arms 143B and 144B;
      the arm 144B being somewhat shorter than the arm 143B. The arms 143B and
      144B are disposed on each side of the rod 131 at the position of the
      coupling 139 and are pivotally connected thereto by means of a pin 146B.
      Thus, axial movement of the rod 131 in a rightwardly direction, as viewed
      in FIGS. 4 and 5, will cause the crank 141B to rotate in a clockwise
      direction which, in turn, effects rotation of the shaft 124B in a
      clockwise direction, FIG. 4. Clockwise rotation of the shaft 124B effects
      upward movement of the rod 65B and thereby effects an opening movement of
      the movable contact 32B and also the opening of the blast valve 38B.
PAR  The opening movement of the rod 131 in a rightwardly direction as viewed in
      FIGS. 4 and 5 is accelerated by means of energy stored in a pair of
      compression springs 148B and 149B. In FIG. 4, only one of the acceleration
      springs 149B is shown; while in FIG. 5, the acceleration springs have been
      omitted so that the other components can more clearly be seen. However, in
      FIGS. 4 and 5, the acceleration springs 148A and 149A associated with the
      pull-rod operating mechanism 128A are illustrated, and the description of
      this arrangement will also apply to the arrangement associated with the
      mechanisms 128B and 128C. Each of the compression springs 148A and 149A is
      mounted on a spool 151A and 152A that is supported from the side of the
      external pull-rod unit housing 127A. The right-hand ends of the springs
      148A and 149A, as viewed in FIG. 5, are engaged on axially extending
      bosses 156A and 157A formed on a bridge member 158A that is engaged on
      both of the rods 153A and 154A. The bridge member 158A is provided with a
      centrally disposed leftwardly extending lug 161A to which the upper free
      end of the longer lever arm 143A of the crank 141A is pivotally connected.
      Thus, as the rod 131 is moved axially leftwardly, as viewed in FIGS. 4 and
      5, to the contact closed position that it occupies, as shown, the arm 143A
      will pivot in a counterclockwise direction thereby moving the bridge
      member 158A on the parallel spaced rods 153A and 154A leftwardly to effect
      the compression of the springs 148A and 149A so that the stored energy
      therein will be available for a subsequent contact opening operation.
PAR  Since the rightward axial movement of the rod 131 in a contact opening
      movement is accomplised through the stored energy in the springs 148 and
      149 associated with each of the pull-rod mechanisms 128A, 128B and 128C,
      the termination of the axial rightward movement of the rod 131 must be
      cushioned against a sudden stop to avoid shock loading to the arrangement
      shown. To this end, a shock absorbing arrangement 163 is provided for each
      of the pull-rod mechanisms 128A, 128B and 128C which is operable in both
      directions of the rod 131 to cushion the termination of the axial travel
      of the rod and which also operates to establish the limit of axial travel
      permitted to the rod. To this end, the lower ends of the arms 143A and
      144A of the crank 141A are pivotally connected to a stop bar 164A by means
      of a pin 166A. The bar 164A is supported at its left end by a pivotal
      control arm 167A that is supported from the side wall of the housing 127A.
      At each end the bar 164A is disposed to engage a resilient shock absorber
      stop pad 168A and 169A depending upon the direction of movement of the bar
      164A. The pads 168A and 169A comprise a plurality of individual sections
      and are secured to the end walls of the housing 127A. The pads 168A and
      169A are only an auxiliary shock absorber means and by themselves are not
      sufficient to relieve the entire shock load that can be delivered by the
      opening or closing movement of the rod 131. Also, by adding or removing
      individual sections of the pads 168A and 169A, the limit of axial travel
      permitted to the rod 131 can be established. A main hydraulic shock
      absorber system 171A is provided and is connected to the rod 164A by means
      of a dog-legged link 172A having a portion thereof parallel to the bar
      164A. In order that the rod 164A have relatively free travel for
      substantially all of its axial movement, the dog-legged link 172A or that
      portion of the link which is parallel to the rod is provided with a slot
      173A which allows the arms of the crank 141A to pivot in an arcuate path
      of travel which is substantially equal to the full length of the axial
      travel of the rod 131A. Thus, as the springs 148A and 149A operate to
      effect axial rightward movement of the rod 131, the arms 143A and 144A
      will effect the rotational movement of the shaft 124A and the lower ends
      of the arms 143A and 144A within the slot 173A until such time as the
      axial rightward movement of the rod 131 has been substantially completed.
      At this time, the pin 166A will engage against the leftward end of the
      slot 173A thereby forcing the dog-legged link 172A to move leftward. With
      the dog-legged link 172A forced to move leftwardly, an interconnecting rod
      174A, which is connected to the lower end of the link 172A and which is
      also connected to the actuating arm 176A of the hydraulic shock absorbing
      unit 171A, is also moved leftward thereby effecting the movement of a
      piston (not shown) which travels within the casing of the hydraulic unit
      and which is dampened by means of fluid contained within the casing. Thus,
      the hydraulic shock absorbers 171 associated with each of the operating
      mechanisms 128A, 128B and 128C are operative to absorb substantially all
      of the shock which accompanies the opening righward or closing leftward
      movement of the rod 131 when it is operated for effecting the opening
      movement of the circuit breaker contacts.
PAR  The horizontal rod 131 is normally maintained in switch closed position by
      operating mechanism 180, shown in FIGS. 6 and 7, which is disposed within
      a control cabinet 181 that is located at the left end of the installation,
      as shown in FIG. 2. The operating mechanism 180 is connected to the
      horizontal actuating rod 131 by means of a vertical movable rod 182
      contained within a casing 183 that extends between the control cabinet 181
      and the end box 136. Within the end box 136 the vertical rod 182 has a
      pivotal connection with a crank 186 which is supported for pivotal
      movement in a vertical plane by a pin 187 that is carried by the side wall
      of the box 136. At its opposite corner the crank 186 is pivotally
      connected to a horizontal rod 188 which extends transversely between the
      end box 136 and the operating rod 131 within the tubular casing 137. The
      end of the rod 188 extends within an operating compartment 191 associated
      with the pull-rod mechanism 128B, as shown in FIGS. 4 and 5. Within the
      operating compartment 191 the rod 188 has a pivotal connection with one
      end of a crank 192. The crank 192 is supported for pivotal movement in a
      horizontal plane by a pin 193 that is carried in a pair of spaced apart
      internal plates 194 and 195 that are welded to the wall of the compartment
      191. The other end of the crank 192 has a pivotal connection with the rod
      131 at the coupling 138. Thus, the single pull-rod system comprising the
      horizontal operating rod 131, transverse rod 188, the vertical rod 182
      along with the operating mechanism 180, is operable to control the
      operation of the plurality of interrupters and blast valves of each of the
      circuit breakers simultaneously.
PAR  At its lower end of the vertical rod 182 is pivotally connected to the
      operating mechanism 180. As shown in FIGS. 6 and 7, the operating
      mechanism 180 comprises a single center support frame 201 on which is
      mounted a linkage arrangement 202 for operating the interrupter contacts.
      The supporting frame 201 comprises a back plate 203 and a bottom plate 204
      to which the supporting frame 201 is secured with the mechanism being
      supported within the control cabinet 181 by suitable fasteners such as
      bolts that extend through the back plate 203 into the rear wall of the
      cabinet 181. The trip linkage 202 is mounted on the single center
      supporting frame 201 so that its components are symmetrically arranged on
      either side thereof. For simplicity of understanding, only those
      components on one side of the single center supporting frame 201 are
      hereinafter described but it is to be understood that the components on
      the other or opposite side, where necessary, are similar. On one side of
      the frame 201 the linkage mechanism 202 comprises a lever 206 pivotable
      about a pin 207 and also includes a lever 208 pivotal about a pin 209.
      Lever 206 is connected to the vertical operating rod 182 by a pivotal
      connection as at 211. The two levers 206 and 208 are interconnected by a
      toggle comprising two toggle links 212 and 213. The one toggle link 213 is
      pivotally connected to lever 208 by a pin 216 which also carries a roller
      217. The toggle links are pivotally connected together by a pin 218 that
      also carries a roller 219 and which is acted upon by an operating ram 220
      that extends through a suitable opening provided in the bottom plate 204.
PAR  In FIG. 6, the linkage 202 is illustrated in the contact closed position.
      In this position, the upper position of the roller 219 is limited by a
      shock absorbing abutment 221. In the position shown, the roller 219 is
      supported by a prop latch 222 which is biased into position by a spring
      223. A spring 226 is operably connected at one end to a lug 227 on the
      bottom plate 204 and at its opposite end to the pin 218. Thus, upon the
      collapse of the toggle linkage the stored energy in the spring 226
      operates to reset the toggle arrangement and thus a full trip operation of
      the operating mechanism 180.
PAR  When the operating mechanism 180 is tripped for effecting the opening of
      the circuit breaker contacts and the associated blast valves, the stored
      energy in all of the accelerator springs 148, 149 associated with the
      pull-rod unit mechanisms 128A, 128B and 128C are released so that the
      actuating rod 131 is moved rightwardly, as viewed in FIGS. 4 and 5,
      thereby moving the individual operating rods 65A, 65B and 65C in
      synchronization to effect the simultaneous opening movement of the
      contacts of all circuit breakers. The tripping of the operating mechanism
      180 is effected by operating of the latch mechanism 230 comprising a first
      lever 231 which operates as a blocking latch. A release latch 233 and a
      trip solenoid 234 which includes a plunger 236 that is adapted to act on
      the release latch 233 is operable to permit the pivotal movement of the
      first lever 231. As is well known, the plunger 236 of the solenoid 234 can
      be operated either electromechanically by energization of the solenoid or
      by manual means. The release latch 233 is journalled for rotation on an
      axis which is transverse to the center frame 201 and is in the form of a
      cylinder that is formed with a cutaway portion which leaves a D-shaped
      segment 237, FIG. 7, having a rounded surface which engages the end of the
      latch 231. A tension spring 238 for resetting the cylinder-shaped release
      latch 233 is connected between the frame and the latch. Another tension
      spring 239 for resetting the first lever or blocking latch 231 is
      connected between the latch and the frame 201.
PAR  As shown in FIGS. 6, 7 and 8, the release latch 233 has a second cutaway
      portion which provides a second D-shaped segment 241, the flat surface of
      which is adapted to be engaged by the solenoid plunger 236. The two
      D-shaped segments 237 and 241 of the release latch 233 are disposed
      approximately at right angles with respect to each other. On rotation of
      the release latch 233 in a counterclockwise direction, as viewed in FIGS.
      6 and 8, blocking latch 231 is freed and pivots about the pin 232 in a
      counterclockwise direction upon the action of a force component
      transmitted to it by the roller 217. The counterclockwise pivotal movement
      of the blocking latch 231 is followed by the collapse of the toggle formed
      by the toggle elements 212 and 213 and also movement of lever 206 to cause
      a separation of all of the circuit breaker contacts and operation of the
      associated blast valves.
PAR  To close the circuit breaker contacts and to return the operating mechanism
      180 to the closed position that it occupies, as depicted in FIG. 6, the
      ram 220 is actuated upwardly by means of an operator (not shown) so as to
      engage the ram with the roller 219. This action will cause the toggle
      elements 212, 213 to move upwardly during the closing stroke of the ram
      and will cause the lever 206 to rotate about its pivot point 207 in a
      clockwise direction. The rotary motion of the lever 206 causes the
      operating rod 182 to move downwardly thereby effecting leftward movement
      of the actuating rod 131 to recharge all of the accelerator springs
      148-149 of each of the pull-rod mechanisms 128A, 128B and 128C and move
      the contacts of the circuit breakers 21A, 21B and 21C to closed positions.
PAR  When the toggle elements 212-213 are in their normally closed positions,
      FIG. 6, the prop latch 222 under the action of the biasing spring 223 will
      slide under the roller 219. The blocking latch 231 retains the roller 217
      in position adjacent the stop 243. The toggle formed by the elements
      212-213 is retained in contact closed position by the combined action of
      the blocking latch 231 with release latch 233 and prop latch 222.
PAR  With the operating mechanism 180 in contact closed position, as depicted in
      FIG. 6, the contacts of all the circuit breakers 21A, 21B and 21C are also
      closed. Upon momentary energization of the trip solenoid 234 the plunger
      236 actuates the release latch 233 in a counterclockwise direction. After
      a slight movement of the latch 233, blocking latch 231 is released to
      rotate counterclockwise about the pin 232 under the action of a force
      component transmitted to it by the roller 217. The counterclockwise
      rotation of the latch 231 releases or unlocks the operating linkage and
      roller 217 moves upwardly under the breaker action causing the collapse of
      the toggle formed by the elements 212, 213 and the contacts of the circuit
      breakers are opened under the force of the accelerator springs 148-149.
      During the collapse of the elements 212, 213, roller 219 slides off the
      prop 222. On complete collapse of the toggle, roller 217 settles back on
      the support 243 and latch 231 rotates clockwise under the influence of the
      spring 239 to its original position where it holds roller 217 on the stop
      243. The release latch 233 rotates back to its reset position by the
      action of the spring 238 to hold the latch 231 in its reset position.
PAR  The operating mechanism 180 described herein incorporates novel mechanism
      which renders the operating mechanism 180 trip free only to the extent
      that it is selectively trip free. Operating mechanisms of the type
      described are normally fully trip free, that is, the contacts of the
      circuit breaker may be opened by the tripping means at any stage of the
      operating procedure described. However, while uncontrolled trip-free
      operation is highly desirable, as a matter of fact, it cannot be tolerated
      with circuit breakers of the type described herein. This type of circuit
      breaker requires that any time the contacts are parted, a blast of gas is
      required to be delivered to the arcing area. To insure that the blast
      valves of all the circuit breakers have reset to their closed position
      prior to contact separation and that the operating linkage 80 has been
      recoupled to the operating mechanism, the operaring mechanism 180 is
      prevented from being trip free until such time as the blast valve
      mechanisms 38 have returned to closed positions and also that the
      operating linkage 80 has been recoupled to the operating drive. To this
      end, there has been provided a novel selective operating mechanism 245
      which prevents the operation of the toggle linkage 202 in a contact
      opening movement during the upward or closing stroke of ram 220. However,
      with this novel device the breaker is free to open at its normal opening
      velocity immediately upon completion of the closing stroke, and regardless
      of the position thereafter of the ram 220.
PAR  As shown in FIGS. 6 and 8, the selective operating mechanism 245 includes a
      push-rod 246 which is supported at its left end for guided horizontal
      movement into and out of engagement with a stop arm 247. The stop arm 247
      is carried in depending relationship by the release latch 233. Thus, when
      the push-rod 246 is moved leftwardly from the position it occupies as
      shown in FIG. 8, it will engage the stop arm 247 thereby preventing
      counterclockwise releasing rotation of the release latch 233 by plunger
      236. With the circuit breaker contacts in closed position, the push-rod
      246 is normally disposed in the rightward position, as depicted in FIG. 8.
      When the circuit breakers 21A, 21B and 21C have been operated to a contact
      open position whereby the associated blast valves 38 are displaced to an
      open position to provide a blast of gas at a relatively high pressure to
      the arcing areas 42 and as a closing action is initiated by the ram 220,
      the push-rod 246 will be moved leftwardly to engage the stop lever 247 to
      effectively prevent another movement of the release latch 233 until such
      time as the blast valves 38 have returned to closed position and that
      their operating linkage has been recoupled to the operating mechanism at
      the end of the ram stroke. This assures that the circuit breaker cannot be
      tripped again until such time as the blast valves 38 and their actuating
      means are reconditioned for supplying the blasts of gas to the arcing
      areas 42.
PAR  For effecting the axial leftward movement of the push-rod 246 there is
      provided a control cam 251 that is adapted to be moved with the lever 206.
      To this end the control cam 251 is mounted on the pin 207 for pivotal
      movement relative to the pin. The movement of the control cam 251 is
      synchronized with the movement of the lever 206 and for this purpose is
      fastened to the lever 206 by bolt 252. In FIG. 6, the operating mechanism
      180 and the selective operating mechanism 245 are shown in the position
      that they are disposed in when the circuit breaker 21 is in contact closed
      position. In this position the lever 206 is in its full clockwise angular
      position. As a result, the control cam 251 is also in its full clockwise
      angular position. Thus, an arcuate cam surface 253 of the control cam 251
      is disposed so that the upper or left-hand edge 254 thereof is just clear
      of an edge 257 of a pawl 258. The pawl 258 is carried for limited angular
      movement on the pin 259 which is mounted in a depending arm 261 that is
      threadedly engaged in the hub 262 of a crank 263. Limited angular movement
      of the pawl 258 is controlled by another pin 266 which is also carried by
      the arm 261 and which is engaged in an oversized opening 267 formed in the
      pawl 258. A spring 268 operating between the crank body and an extending
      lug of the pawl 258 operates to urge the pawl in a counterclockwise
      direction.
PAR  Axial movement is imparted to the push-rod 246 by the crank 263. To this
      end the crank 263 is mounted for pivotal movement on a pin 271 which is
      carried on a bracket 272 attached to the back plate 203. The upper end of
      the crank 263 is pivotally connected to a clevis 273 by means of a pivot
      274. A tension spring 276 has one end connected to the pin 274 and its
      opposite end connected to a pin 277 that is carried by the bracket 272.
      Thus, the spring 276 operates to urge the crank 263 in a clockwise
      direction.
PAR  The right end of the push-rod 246 is threadedly engaged in a coupling 281.
      The opposite or right-hand end of the coupling 281 receives the end of the
      connecting rod 282 which is secured to the coupling by the transverse pin
      283. The right-hand end of the connecting rod 282 is slidably disposed in
      a clevis 273 and is prevented from being withdrawn from the clevis by the
      shouldered head 284 of rod 282. Mounted about the connecting rod 282 and
      operating between the facing axial ends of the coupling 283 and the clevis
      273 is a compression spring 286. When the push-rod 246 is moved axially
      leftwardly, as viewed in FIGS. 6, 7 and 8, the end thereof will forcefully
      engage against the stop 247. Thus, the spring 286 operates to provide the
      necessary resiliency required so that the push-rod 246 is firmly but
      yieldably held in engagement with the stop arm 247. This arrangement
      provides the necessary safety factor required in a mechanical structure
      such as disclosed herein.
PAR  In operation, with the operating mechanism 180 in circuit breaker position,
      as depicted in FIG. 6, a signal due to a condition, such as a fault
      condition in a circuit which the breaker 21 is protecting, will energize
      the solenoid 234. The plunger 236 will effect the small angular
      displacement of the release latch 233 necessary to effect the release of
      the latch 231. With the latch 231 released, the toggle collapses and the
      stored energy in the accelerator springs 148-149 associated with each of
      the external pull-rod mechanisms 128A, 128B and 128C operates to move the
      rod 131 rightwardly thereby causing the operating rods 65A, 65B and 65C to
      be moved axially upwardly. This upward movement of the rods 65A, 65B and
      65C will effect contact opening movement and also the opening of the blast
      valves, as previously described herein.
PAR  At the time that the toggle arrangement of mechanism 180 collapses, the
      lever 206 will pivot in a counterclockwise direction, as viewed in FIG. 6,
      and simultaneously therewith, of course, will effect the pivotal movement
      of the control cam 251 in a counterclockwise direction. As the control cam
      251 moves in a counterclockwise direction, the cam surface 253 will move
      under the edge 257 of the pawl 258 tipping the pawl in a clockwise
      direction so as to allow the free passage of the control cam into the
      position it occupies as depicted in FIG. 8. As the control cam 251 moves
      under the pawl 258 in a counterclockwise direction, no movement is
      imparted to the push-rod 246 as the pawl 258 pivots in a clockwise
      direction just sufficiently far enough to allow the cam to pass underneath
      it. At the time the control cam 251 is moving in the counterclockwise
      direction, the contacts of the circuit breakers are being moved to an open
      position.
PAR  When the control cam 251 is in the position shown in FIG. 8, the contacts
      of the circuit breakers are in open position. Assuming that a signal has
      been obtained to effect a reclosing of the contact, such signal will
      operate to energize the source of power (not shown) associated with the
      ram 220 to move the ram 220 in a closing stroke. At this particular point
      in time, it becomes necessary to insure that once the contacts are closed
      they cannot again be reopened until the blast valves associated with the
      individual contacts are closed and the valve operating latch body 94 is
      recoupled to the cam member 81. Thus, when the ram 220 is energized and
      moves upwardly, as viewed in FIG. 6, it will engage the roller 219 to
      effect a resetting of the toggle linkage to the condition shown in FIG. 6.
      In this movement, the lever 206 will be caused to move in a clockwise
      direction thereby moving the control cam 251 also in a clockwise
      direction. Thus, as viewed in FIG. 8, when the control cam 251 is moved in
      a clockwise direction the surface 253 will move under the pawl 258 and by
      virtue of the fact that the pin 266 is in engagement with the left side of
      the oversized hole 267, the force exerted on the pawl 258 will be
      transmitted to the arm 261 forcing the crank 263 to pivot in a
      counterclockwise direction about the pin 271. This action moves the
      push-rod 246 leftwardly thereby engaging it against the stop arm 247 to
      prevent angular displacement of the release latch 233 regardless of the
      fact that a signal may occur to energize the solenoid to effect its
      operation. As the control cam 251 is moving in the clockwise direction
      from the position it occupies in FIG. 8 to the position depicted in FIG.
      6, the latch body 94B, FIG. 2, will have been returned to the vertical
      position depicted in FIG. 3 and the cam member 81B will have been returned
      to the position that it occupies in FIG. 3, thereby recoupling the latch
      body 94B to the cam member 81B for a subsequent contact opening movement.
PAR  Thus, the selective operating mechanism 245 operates to insure that the
      circuit breaker contacts 31-32 cannot be opened until such time as the
      blast valves 38 associated with the contacts are in closed position and
      are recoupled to the operating mechanism so that the opening movement of
      contacts will also include the opening movement of the blast valves to
      thereby insure that a blast of gas will be provided to the arcing area.
      This safety factor insures that at any time the contacts are moved to an
      open position that the arc drawn between the movable contact 32B and the
      stationary contact 31B will be extinguished by a blast of gas, thus
      preventing burnout or other damage to the equipment.
PAR  From the foregoing, it is apparent that this invention provides a means for
      effecting the opening and closing movement of a plurality of interrupters
      associated with individual circuit breakers of a three-phase installation
      which requires but a single pull-rod system for effecting such operation.
      It is also apparent that a novel selective mechanism has been provided
      which insures that the blast valves are in closed position prior to the
      opening of the contacts so as to effectively prevent damage and burnout to
      the equipment.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1.
PA1  In a mechanism for mechanically actuating the separable contacts and
      associated blast valves of one or more gas insulated circuit breakers each
      having a gas insulated sealed enclosure in which the contacts and blast
      valves are operatively disposed, said circuit breaker including mechanical
      operating means within the sealed enclosure for mechanically operating the
      associated contacts and blast valves;
PA1  an external pull-rod mechanism supported externally of each of the
      enclosures of each circuit breaker;
PA1  drive means operably connected to be actuated by said pull-rod mechanism
      and extending from said external pull-rod mechanism into an associated
      circuit breaker enclosure in gas sealed relationship;
PA1  mechanical connecting means operably connected between the end of said
      drive means within a sealed enclosure and the associated circuit breaker
      contact and blast valve mechanical operating means for establishing a
      continuous operable mechanical connection between the external pull-rod
      mechanism and the internal circuit breaker contact amd blast valve
      mechanical operating means; and
PA1  control means remote from said external pull-rod operating mechanism and
      operably connected to control the operation of each of said external
      pull-rod operating mechanisms in a contact and blast valve opening and
      closing movement.
NUM  2.
PAR  2. In a mechanism for mechanically actuating the separable contacts and
      associated blast valves of one or more gas insulated circuit breakers each
      having a gas insulated sealed enclosure in which the contacts and blast
      valves are operatively disposed, said circuit breaker including mechanical
      operating means within the sealed enclosure for mechanically operating the
      associated contacts and blast valves;
PA1  an external pull-rod mechanism supported externally of each of the
      enclosures of each circuit breaker, said external pull-rod mechanism
      including mechanical means for imparting a force;
PA1  mechanical drive means including a rotatable shaft extending from said
      external pull-rod mechanisms into an associated circuit breaker enclosure
      in gas sealed relationship and operably connected to receive and transmit
      the force of said external pull-rod mechanism mechanical means;
PA1  springs operably connected to effect movement of an associated drive means
      for effecting a contact and blast valve opening operation;
PA1  lever means operably connected to said springs and to said rotatable shaft
      for transmitting the force of said springs to said rotatable shaft for
      effecting an opening operation of said contacts and said associated blast
      valves; and,
PA1  mechanical control means remote from said external pull-rod mechanisms and
      operably connected to control the operation of each of said external
      pull-rod mechanisms for simultaneous operation.
NUM  3.
PAR  3.
PA1  A mechanism according to claim 2 wherein said control means remote from
      said external pull-rod mechanisms is connected to said external pull-rod
      mechanism by mechanical means including a first rod extending from said
      control means to an end box; and,
PA1  a second rod operatively connected within said end box to be moved by said
      first rod and disposed in a plane transverse to the plane in which said
      first rod is disposed, said second rod being also connected to said
      operating rod;
PA1  whereby the control means is operable through said first and second rods to
      maintain said actuating rod in its circuit breaker contact closed
      position.
NUM  4.
PAR  4.
PA1  A mechanism according to claim 3 wherein said control means is disposed
      within a control cabinet located at the enclosure end of said circuit
      breakers;
PA1  a first housing extending from said control cabinet and encasing said first
      rod;
PA1  an end box carried on the end of said first housing remote from said
      control cabinet;
PA1  a second housing extending from said end box into an external pull-rod
      mechanism, said second housing encasing said second rod;
PA1  a crank operably supported within said end box and operably connected to
      the ends of said first and second rods therein in a manner that movement
      of said first rod in one direction is transmitted to said second rod for
      movement in another direction; and,
PA1  a motion transfer crank operably supported within the external pull-rod
      mechanism in which the end of said second rod extends, said motion
      transfer crank being operably connected to said rod and to said actuating
      rod.
NUM  5.
PAR  5. A pull-rod system according to claim 4 wherein said connecting means
      operatively interconnecting said operating mechanism and said actuating
      rod includes a first connecting rod disposed for movement in a plane which
      is transverse to the plane in which said actuating rod moves;
PA1  a second connecting rod disposed for movement in a plane which is
      transverse to the planes in which said actuating rod and said first
      connecting rod are movable;
PA1  a lever operatively connecting said operating mechanism to said first
      connecting rod to impart movement thereto;
PA1  a first crank operatively interconnecting said first connecting rod to said
      second connecting rod; and,
PA1  a second crank operatively connecting said second connecting rod to said
      actuating rod;
PA1  whereby said operating mechanism can impose a restraint on said actuating
      rod through said connecting rods to prevent the movement of said actuating
      rod in a contact opening movement.
NUM  6.
PAR  6. A pull-rod system according to claim 5 wherein said first crank is
      operatively connected to pivot about an axis that is transverse to the
      direction in which first connecting rod is movable and also is transverse
      to the direction in which said second connecting rod is movable;
PA1  said second crank is operatively connected to pivot about an axis that is
      parallel to the direction in which said first connecting rod is movable
      and also is transverse to the direction in which said actuating rod is
      movable; and,
PA1  wherein there is provided a third crank operably connected to pivot about
      an axis which is transverse to the directions along which said actuating
      rod and said first connecting rod are movable and is parallel to the
      direction in which said second connecting rod moves.
NUM  7.
PAR  7. In a pull-rod system for controlling the movement of the separable
      contacts and associated blast valves of the individual phase units of a
      three-phase gas insulated circuit breaker installation;
PA1  an external pull-rod mechanism operatively associated with each phase unit,
      each of said external pull-rod mechanisms having drive means operatively
      connected to actuate the contacts and blast valves within each phase unit
      to open and closed positions;
PA1  an operating mechanism located externally of said circuit breaker
      installation at one end thereof;
PA1  an actuating rod extending across the top of said circuit breaker
      installation and through each phase unit external pull-rod mechanism, said
      actuating rod being operably connected to effect the simultaneous movement
      of the contacts and blast valves of the individual phase units of said
      circuit breaker installation;
PA1  lever means operatively connected to said actuating rod and to said drive
      means of said individual external pull-rod mechanisms in a manner that
      movement of said actuating rod in one direction will effect an opening
      movement of the contacts and blast valves of all of said phase units
      simultaneously; and,
PA1  connecting means operatively interconnecting said operating mechanism and
      said actuating rod and operable in response to the operation of said
      operating mechanism to restrain said actuating rod to thereby maintain
      said circuit breaker contacts in circuit closed position, said connecting
      means being responsive to the release operation of said operating
      mechanism to release the restraint imposed on said actuating rod to
      thereby permit the operation of said actuating rod in a circuit breaker
      contact and blast valve opening movement.
NUM  8.
PAR  8. A pull-rod system according to claim 7 wherein the drive means of each
      phase unit is a shaft extending into each phase unit in sealed
      relationship; and,
PA1  there is provided forcing means in each external pull-rod operating
      mechanism, said forcing means being operatively connected to said lever
      means in a manner that the forcing means acts on said lever means to apply
      an output thereto in one direction which is transmitted to said actuating
      rod for effecting its movement in a contact and blast valve opening
      operation;
PA1  whereby the combined output of the forcing means of each external pull-rod
      mechanism acts on said actuating rod to thereby effect the simultaneous
      opening movement of all phase unit contacts and blast valves.
NUM  9.
PAR  9.  In a gas insulated circuit breaker having a pair of relatively movable
      arcing contacts normally urged to open position and an associated
      displaceable blast valve normally biased to a closed position and operable
      when displaced to direct a blast of gas to said arcing contacts;
PA1  a control means operably connected to maintain said relatively movable
      arcing contacts in closed position, said control means being operable when
      tripped to release said contacts so that the relatively movable arcing
      contacts move to the open position;
PA1  means releasably coupling said blast valve to said relatively movable
      arcing contacts in a manner that the movement of said contacts to open
      position operates to displace said blast valve to open position;
PA1  means operable in response to the opening of said contacts to decouple said
      releasable coupling means to permit said blast valve to return to its
      normally closed position;
PA1  means responsive to a signal to trip said control means; and,
PA1  means responsive to the tripped condition of said control means to render
      said signal responsive means ineffective until such time as said blast
      valve releasable coupling means is recoupled to said relatively movable
      arcing contacts.
NUM  10.
PAR  10. In a gas insulated circuit breaker having a pair of relatively movable
      arcing contacts and an associated displaceable blast valve for directing a
      blast of gas to the separable contacts;
PA1  first operating means connected to actuate said arcing contacts to open and
      closed circuit positions;
PA1  second operating means connected to displace said blast valve from its
      normally closed position, said second operating means being releasably
      coupled to said first operating means, said releasable coupling means
      being operative upon the opening of said blast valve to release said
      second operating means from said first operating means;
PA1  means to return said second operating means to its initial position for
      recoupling to said first operating means when said first operating means
      has been operated to move said relatively movable arcing contacts to
      closed position;
PA1  a latch mechanism operably connected to prevent said first and second
      operating means from operating, said latch mechanism being operable when
      tripped to release said first and second operating means so that said
      first operating means operates to open said relatively movable arcing
      contacts and said second operating means operates to displace said blast
      valve;
PA1  a signal responsive actuator operable in response to a signal to trip said
      latch mechanism; and,
PA1  means operable when actuated to render said signal responsive actuator
      ineffective for tripping said latch mechanism until such time as said
      first operating means has operated to move said relatively movable arcing
      contact to closed circuit position and has recoupled with said second
      operating means.
NUM  11.
PAR  11. In a mechanism for actuating the relatively movable arcing contacts and
      associated blast valves of one or more gas insulated circuit breakers each
      having a gas insulated sealed enclosure in which the contacts and blast
      valves are operatively disposed, said circuit breaker including operating
      means within the sealed enclosure for operating the associated contacts
      and blast valves;
PA1  an external pull-rod mechanism supported externally of each of the
      enclosures of each circuit breaker, said external pull-rod mechanism
      including mechanical means for imparting a force;
PA1  drive means extending from said external pull-rod mechanisms into an
      associated circuit breaker enclosure in gas sealed relationship and
      operable to receive and transmit the force of said external pull-rod
      mechanism mechanical means;
PA1  a control device operably connected to maintain said external pull-rod
      mechanisms in a retracted position to maintain said relatively movable
      arcing contacts in closed position, said control device being operable
      when tripped to release said external pull-rod mechanisms so that the
      relatively movable arcing contacts are moved to open position;
PA1  means releasably coupling said blast valve to said relatively movable
      arcing contacts in a manner that the movement of said contacts to open
      position operates to displace said blast valve to open position;
PA1  means operable in response to the opening of said contacts to decouple said
      releasable coupling means to permit said blast valve to be returned to its
      normally closed position;
PA1  means responsive to a signal to trip said control device; and,
PA1  means responsive to the tripped condition of said control device to render
      said signal responsive device ineffective until such time as said blast
      valve releasable coupling means has been recoupled to said relatively
      movable arcing contacts.
NUM  12.
PAR  12.  In a mechanism for controlling the operating means of a contact and
      blast valve actuating mechanism of a gas insulated circuit breaker;
PA1  a frame;
PA1  control means supported by said frame for movement between a first position
      and a second position;
PA1  first means carried by said frame and operably connected to effect the
      angular movement of said control means from its first position to its
      second position;
PA1  second means carried by said frame and operably connected to effect the
      angular movement of said control means from its second position to its
      first position;
PA1  actuating means for effecting the operation of said second means for moving
      said control means from its second angular position to its first angular
      position; and,
PA1  immobilizing means carried by said frame and operably connected to be
      actuated by said control means when said control means is moved angularly
      from its second position to its first position, said immobilizing means
      operating when actuated to render said first means ineffective for
      operation until said control means is returned to its first angular
      position.
NUM  13.
PAR  13.  In a mechanism for controlling the operating means of the contact and
      blast valve actuating mechanism of a gas insulated breaker;
PA1  a frame;
PA1  control means supported by said frame for angular movement to a first
      position and a second position;
PA1  operating means operably connected to effect the angular movement of said
      control means to said first and second positions;
PA1  first means carried by said frame and operable to effect the actuation of
      said operating means for moving said control means angularly from its
      first position to its second position;
PA1  second means carried by said frame and operably connected to actuate said
      operating means for moving said control means from its second position to
      its first position; and,
PA1  immobilizing means carried by said frame and operably connected to be
      actuated by said control means when said control means is moved angularly
      from its second position to its first position, said immobilizing means
      operating when actuated to render said first means ineffective for
      operation until said control means has been returned to its first angular
      position.
NUM  14.
PAR  14.  In a mechanism for controlling the operating means of the contact and
      blast valve actuating mechanism of a gas insulated circuit breaker;
PA1  a frame;
PA1  control means supported by said frame for angular movement between a first
      position and a second position;
PA1  drive means operably connected to effect the angular movement of said
      control means;
PA1  a first means carried by said frame and operable to effect the operation of
      said drive means for moving said control means from its first position to
      its second position;
PA1  a second means carried by said frame and operable to effect the operation
      of said drive means for moving said control means from its second position
      to its first position; and,
PA1  immobilizing means carried by said frame and operably connected to be
      actuated by said control means when said control means is moved angularly
      from its second position to its first position, said immobilizing means
      operating when actuated to render said first means ineffective for
      operation until said control means has been returned to its first angular
      position.
NUM  15.
PAR  15. A mechanism according to claim 14 wherein said immobilizing means
      includes a mechanical stop operatively arranged to be positively engaged
      with said first means to render said first means inoperative.
NUM  16.
PAR  16. A mechanism according to claim 15 wherein said mechanical stop includes
      a push-rod operatively connected to be moved by said control means as said
      control means moves angularly from its second position to its first
      position.
NUM  17.
PAR  17. A mechanism according to claim 16 wherein immobilizing means also
      includes a crank pivotally supported by said frame in position to actuate
      said push-rod, said crank being pivotally moved to actuate said push-rod
      into engagement with said first means by the angular movement of said
      control means as said control means moves from its second position to its
      first position.
NUM  18.
PAR  18. A mechanism according to claim 17 wherein there is provided a pawl
      pivotally connected to the end of said crank adjacent said control means,
      said pawl being constructed and arranged to permit said control means to
      move from its first position to its second position without actuating said
      crank, and being operable to effect the pivotal movement of said crank in
      a push-rod actuating movement when engaged by said control means as said
      control means moves from its second position to its first position.
NUM  19.
PAR  19. In a mechanism for controlling the operating means of the contact and
      blast valve actuating mechanism of a gas insulated circuit breaker;
PA1  a frame;
PA1  control means supported by said frame for angular movement between a first
      position and a second position;
PA1  drive means operably connected to effect the angular movement of said
      control means;
PA1  a first means carried by said frame and operable to effect the operation of
      said drive means for moving said control means from its first position to
      its second position;
PA1  a second means carried by said frame and operable to effect the operation
      of said drive means for moving said control means from its second position
      to its first position;
PA1  a mechanical stop operatively arranged to be positively engaged with said
      first means to render said first means inoperative;
PA1  a push-rod operatively connected to be moved by said control means as said
      control means moves angularly from its second position to its first
      position;
PA1  a crank pivotally supported by said frame in position to actuate said
      push-rod, said crank being pivotally moved to actuate said push-rod into
      engagement with said first means by the angular movement of said control
      means as said control means moves from its second position to its first
      position; and
PA1  a pawl pivotally connected to the end of said crank adjacent said control
      means, said pawl being constructed and arranged to permit said control
      means to move from its first position to its second position without
      actuating said crank, and being operable to effect the pivotal movement of
      said crank in a push-rod actuating movement when engaged by said control
      means as said control means moves from its second position to its first
      position.
NUM  20.
PAR  20. A mechanism according to claim 19 wherein said operating mechanism
      immediately upon the release of said restraining means will operate at
      full normal opening velocity independent of the position of said power
      actuator.
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ABST
PAL  A gas-blast insulated, encapsulated high-voltage switching installation
      with removable bus bars wherein the switching installation contains
      components consisting of housings with flanged connections and internal
      elements secured therein as partitions by means of conical support
      insulators and forming pressure gas tight compartments and wherein the bus
      bars contain disconnectors as well as dilatation elements. At each housing
      of the bus bar component there are provided two oppositely situated
      connection flanges and in each housing there is arranged an internal
      conductor element. The internal conductor elements bear against one
      another and at least a number thereof in their housing are supported by an
      inwardly directed conical supporting insulator arranged at a connection
      flange, and wherein the internal conductor elements are mechanically and
      electrically connectible with one another and each connection location is
      located beneath a flange connection and each housing contains a pressure
      gas tight closable mounting opening by means of which the connection
      location beneath the other free connection flange is accessible.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of
      gas-blast insulated, encapsulated high-voltage switching installation with
      removable bus bars wherein at such switching installation the components
      of such installation which consist of housings with flange connections and
      internal components secured as partitions by means of conical support
      insulators in the housings form pressure gas tight compartments and the
      collecting rails contain disconnectors or separators as well as dilatation
      elements.
PAR  There is already known to the art, for instance, a gas-blast insulated bus
      bar system from German patent publication No. 1,515,367 wherein bellows
      compartments are arranged between the individual compartments containing
      the bus bar branches and which are rigidly mechanically connected with
      stationary installation components, and in which bellows compartments
      there is supported at both sides in gas tight bulkhead or partition
      throughpassage insulators a respective internal conductor which
      interconnects two branches. In such or similar designed bus bar systems
      the dismantling of a compartment or section, for instance for revision is
      only possible by dismantling the collecting rail system.
PAR  In order to be able to disassemble individual components from an
      encapsulated gas-blast insulated high-voltage switching installation
      without having to dismantle the entire installation, there are oftentimes
      provided at the components mechanical disconnector or separator devices. A
      disconnector device which can be used for a bus bar system has been
      disclosed for instance in German patent publication No. 2,058,684. Between
      two neighbouring components of the installation and the bus bar system
      respectively, there is arranged for instance a bellows as the dilatation
      element and the bus bar element which connects both of the components is
      displaceable in a holder, so that the connection can be released after
      compressing together the bellows by displacing the bus bar element by
      means of a tool which is introduced into the formed opening. Since with
      bus bars or collecting rails generally the disconnectors and linear rail
      elements successively follow one another a bellows is required between
      each two such components. The pressure gas tight dilatation elements are,
      however, subject to disturbance and additionally quite expensive. Such bus
      bar system is therefore less operationally reliable and also more
      expensive and complicated than a system having only the absolutely
      required number of dilatation elements.
PAR  In Swiss Pat. No. 486,138 there is taught an electrical disconnector which
      can likewise be used as mechanical disconnector or separator mechanism in
      a bus bar system. The disconnector possesses two electrical partial
      disconnection paths located in series and which are formed by two contact
      elements which, with regard to a centrally mounted portion, can be moved
      towards one another and away from one another. If the contact elements are
      moved away from one another then the connection of the linear collecting
      rail elements is established. For the dismantling of a disconnector or a
      linear bus bar element the contact elements must be moved towards one
      another. If at the bus bar there should only be separated the infeed and
      outfeed lines, then such disconnector devices are much too complicated
      simply for the purpose of carrying out an easier dismantling, and even
      more so for the reason that by such disconnectors owing to the moved
      contact elements and the drive provided for such purpose there are
      necessary additional pressure gas tight seals or partitions or bulkheads.
PAC  SUMMARY OF THE INVENTION
PAR  It is primary object of the present invention to provide an improved
      construction of gas-blast insulated, encapsulated high-voltage switching
      installation which is not associated with the mentioned drawbacks and
      limitations of the prior art constructions.
PAR  Another and more specific object of the present invention aims at the
      provision of a new and improved construction of gas-blast insulated
      encapsulated high-voltage switching installation with removable bus bars
      wherein for revision and amplification work each individual field or zone
      with bus bars can be easily dismantled and reassembled and random numbers
      of fields can be connected-on and the switching installation thus
      possesses the minimum number of flanges and supporting insulators,
      resulting in a particularly economical fabrication.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      invention contemplates providing at each housing of the components of the
      bus bars two oppositely situated connecting flanges and within each
      housing there is arranged an internal conductor element. The internal
      conductor elements bear against one another and at least a number thereof
      within their housing are supported by an inwardly directed conical
      supporting insulator arranged at a connection flange, and the internal
      conductor elements are mechanically and electrically connectible with one
      another and each connection location is located beneath a flange
      connection. Each housing has a pressure gas tight closable mounting
      opening by means of which the connection location beneath the other free
      connection flange is accessible.
PAR  According to further features of the invention the connection of the
      internal conductor element occurs preferably by means of two-part clamps
      or threadable collars, although also each other random connection
      technique can be selected provided that at the released connection no
      parts protrude past the connection flange. At a field a bus bar or
      collecting rail component can be constituted by a disconnector in a
      T-shaped housing with at least one further connection flange, wherein in
      the housing a fixed contact carries the internal conductor element and a
      movable contact is supported by a second conical supporting insulator
      which is inwardly directed and arranged at the further connection flange,
      and another connecting rail component can be constituted by a straight
      connecting rail portion. The straight connecting rail portion can contain
      a dilatation element. The internal connector element or piece of the
      disconnector component is preferably constructed as a two-part element and
      both internal conductor portions are removably secured in the fixed
      contact. In a bus bar system there can be arranged between each two
      disconnectors a straight bus bar or collecting rail portion, wherein at
      least each second straight bus bar portion is constituted by one equipped
      with a dilatation element. The internal conductor element of each straight
      collecting rail portion in its housing can be formed by the internal
      conductor elements of the disconnector components which are flanged to the
      ends of the housing, wherein in each case a straight collector rail
      portion together with a merging disconnector component forms a pressure
      gas tight compartment. Instead of this arrangement it is also possible for
      the internal conductor element or piece of each straight bus bar portion
      to be supported in its housing by an inwardly directed conical supporting
      insulator which is arranged at a connection flange and the housings of the
      bus bar components can be arranged in series or a row at one another in
      such a manner that of both flanges each flange connection only exhibits
      the one flange of a supporting insulator, and each bus bar component forms
      a pressure gas tight compartment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following description thereof. Such description makes reference to the
      annexed drawings wherein:
PAR  FIG. 1 is a schematic longitudinal sectional view of a bus bar or
      collecting rail system as contemplated by the invention;
PAR  FIG. 2 illustrates details of an internal conductor-connection;
PAR  FIG. 3 illustrates details of an internal conductor-connection according to
      a different embodiment of the invention; and
PAR  FIG. 4 illustrates a modified embodiment from the showing of FIG. 1 of two
      fields or zones of a bus bar system.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, the bus bar or collecting rail system
      illustrated by way of example in FIG. 1 will be understood to comprise
      five disconnectors or separators 1a, 1 between each two respective ones of
      which there is arranged a straight collector rail component or bus bar
      component 2, 2a. All of the disconnectors are essentially identical in
      construction so that it should suffice to describe a single such
      disconnector or separator. Each disconnector 1, 1a possesses a
      substantially T-shaped housing 3, the beam portion of which carries both
      of the oppositely situated connection flanges 5 and 5a. At the base of the
      housing 3 there is a further connection flange 13. As far as the flange 5a
      appearing at the right-hand side of the drawing, it will be seen that
      there depends therefrom a substantially conical support or supporting
      insulator 9 which extends into the housing 3 and at which there is secured
      fixed contact 11 of the disconnector. At the bottom or base flange 13
      there is provided a similar support or supporting insulator 16 which
      carries the sliding contact 12 of the disconnector. In the case of double
      bus bars there is provided at the disconnector housing 3 a fourth flange,
      at which there can be flanged the housing of a switch. The sliding contact
      12 is connected with the switch (not shown) and possibly also with the
      sliding contact of the second bus bar disconnector. The fixed contact 11,
      as such has been shown in the case of the disconnectors 1, carries an
      internal conductor element or piece 7, both ends of which are located at
      the neighbourhood of the connection flanges 5, 5a of the housing 3 but do
      not protrude therepast. The fixed contact 11 and the internal connector
      element or piece 7 can be fabricated as one piece. With the illustrated
      exemplary embodiment the internal conductor piece 7 of the disconnector is
      constructed as a two-piece component or bipartite element and both of the
      conductor portions are removably secured, for instance by threading, in
      the fixed contact 11, so that at the end or terminal disconnectors 1a the
      internal conductor portion which is not required can be easily removed. At
      the outer flanges 5 and 5a of the disconnectors located at the ends of the
      bus bar system there are secured pressure gas tight closure plates or
      closure hoods, generally indicated by reference character 18.
PAR  Two constructions are provided for the straight or linear bus bar portions;
      a bus bar portion 2a with a dilatation element 17, for instance a bellows,
      and a bus bar portion 2 without dilatation element. Moreover, the linear
      bus bar portions 2, 2a are likewise of identical construction. The housing
      4 of each linear or straight bus bar portion possesses two oppositely
      situated connection flanges 6, 6a. In the housing 4 there is located an
      internal conductor element or piece 8 which is carried by an inwardly
      directed conical supporting insulator 9 at the connection flange 6a
      located at the right-hand side of the drawing. Just as was the case for
      the disconnectors 1 the ends of each internal conductor element 8 extend
      in the housing 4 up to the region of the connection flanges 6, 6a without
      protruding therepast.
PAR  The mechanical and electrical connection of the internal conductor pieces
      or elements 7, 8 of the disconnectors and the linear bus bar portions is
      achieved by means of bipartite clamps or threadable collars, generally
      indicated by reference characters 10, 10a which, in each instance, are
      located beneath a flange connection and constructed such that with the
      connection released they are located completely in the housing and do not
      protrude past the connection flange.
PAR  In the disconnector housing 3 as well as in the housing 4 of the straight
      bus bar portion there is provided a respective mounting or assembly
      opening 14 and 15 which can be sealed in a gas tight fashion and which is
      located at one such housing portion such that there is accessible for the
      assembly and disassembly via the mounting or assembly opening the
      connection at the end of the internal conductor piece 7 or 8 respectively
      which is not supported by the supporting insulator 9. Such reliable
      pressure gas tight closable assembly or mounting openings can be easily
      produced at the housings.
PAR  In each bus bar component, disconnector, as well as the linear bus bar
      portion the internal conductor piece 7, 8 is only held by a supporting
      insulator which forms a pressure gas tight bulk-head or partition at a
      connection flange, whereas the oppositely situated connection flange at
      the housing itself is open and is closed by the supporting insulator
      carrying the internal conductor piece at the bounding component, so that
      each component in the bus bar system forms a pressure gas tight
      compartment.
PAR  For the disassembly of a component it is only necessary to open its
      mounting opening and the mounting opening of the component bounding at the
      flange with the internal conductor-support insulator and to disconnect the
      connections to the internal conductor element. Just as easy is the
      reassembly or installation. The bus bar system can be disconnected at one
      location and can be supplemented or amplified by means of one or a number
      of fields or zones each having a disconnector and a straight bus bar
      portion. In this regard at least each second field in the system possesses
      a linear bus bar portion with dilatation element, so that the thermal
      expansion can be reliably taken-up. The connection of the internal
      conductor elements with one another, as mentioned, can occur by means of
      any type of connection devices which satisfy the here existing
      requirements. Previously there were mentioned the clamps. Particularly
      suitable are plug connections, preferred embodiments of which have been
      illustrated in FIGS. 2 and 3. With the plug connection of FIG. 2 the
      internal conductor elements or pieces 7 and 8 are of cylindrical shape and
      have the same diameter. The connection device 10 consists of a tubular
      element 19 which carries at its inside axially parallel contact lamellae
      or fingers 20, a so-called multi-contact. The tubular element 19 can be
      pushed onto the internal conductor pieces or elements 7, 8. A releasable
      or removable lock (not shown) at one internal conductor piece retains the
      tubular element 19 in its connection location, a locking element or lock
      at the other internal connector piece is not necessary. The connection
      device 10 illustrated in FIG. 3 consists of a tubular element 21 which
      carries at both ends at the inside a respective crown or rim of tulip
      contacts 22. The outside diameter of the tubular element 21, with this
      embodiment, is equal to the outside diameter of the internal conductors 7,
      8, the ends 7a of which are stepped or offset, so that they fit into the
      tulip contacts 22.
PAR  FIG. 4 shows in sectional view two fields or zones of a bus bar system with
      a respective disconnector 1 are the same as discussed above with regard to
      the embodiment of FIG. 1. The housing 4 of the straight bus bar portion 2,
      2a possesses at its ends the connection flanges 6, 6a and a pressure gas
      tight closable mounting opening 15 and the housing 2a additionally
      possesses a dilatation element 17, for instance constructed as a bellows.
      The internal conductor piece 8 however is retained in the housing 14, not
      as was the case for the embodiment of FIG. 1 by a supporting insulator,
      rather solely by the internal conductor pieces 7 which carry at both
      housing ends the flanged disconnector 1. When the components are flanged
      against one another the internal compartment of the straight bus bar
      portion 2 is always closed at one end, in the showing of the drawing the
      left-end, by the supporting insulator 9 of the disconnector 1 which is
      connected therewith. At the other end the internal compartment of the
      straight bus bar portion merges with the disconnector compartment. This
      disconnector then together with the straight bus bar portion in each
      instance forms a pressure gas tight compartment of the bus bar system.
      Such embodiment is particularly economical in the case of smaller bus bar
      systems with short and slightly linear internal conductor pieces 8 since
      expensive supporting insulators can be saved and the connection devices 10
      need not be massively constructed, so that there can be accepted the now
      larger gas space of a compartment.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims. ACCORDINGLY,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gas-blast insulated, excapsulated high-voltage switching installation
      with removable bus bars, in which switching installation the installation
      components which comprise housings with flange connections and internal
      components secured in the form of partitions in such housings by means of
      conical supporting insulators form pressure gas tight compartments, and
      wherein the bus bars contain disconnectors as well as dilatation elements,
      the improvement comprising two oppositely situated connection flanges
      provided at each housing of the bus bar components, an internal conductor
      element arranged in each housing, the internal conductor elements bearing
      against one another and at least a number thereof being supported in their
      housing by an inwardly directed conical supporting insulator arranged at a
      connection flange, means for mechanically and electrically coupling the
      internal conductor elements with one another and each connection location
      being located beneath a flange connection, each housing containing a
      pressure gas tight closable mounting opening by means of which the
      connection location beneath the other free connection flange is
      accessible.
NUM  2.
PAR  2. The switching installation as defined in claim 1, wherein one bus bar
      component is a disconnector which is arranged in a substantially T-shaped
      housing equipped with at least one further connection flange, and wherein
      in said housing a fixed contact held by a supporting insulator carries an
      internal conductor element and a movable contact is held by a second
      inwardly directed conical supporting insulator arranged at further
      connection flange, and another bus bar component is constituted by a
      straight bus bar portion.
NUM  3.
PAR  3. The switching installation as defined in claim 2, wherein the straight
      bus bar component contains a dilatation element.
NUM  4.
PAR  4. The switching installation as defined in claim 1, wherein said coupling
      means comprise bipartite clamp means provided for the connection of the
      internal conductor elements.
NUM  5.
PAR  5. The switching installation as defined in claim 1, wherein said coupling
      means comprise threadable collars provided for the connection of the
      internal conductor elements.
NUM  6.
PAR  6. The switching installation as defined in claim 1, further including plug
      connectors with substantially tulip-shaped contacts provided for the
      connection of the internal conductor elements.
NUM  7.
PAR  7. The switching installation as defined in claim 1, further including
      substantially ring-shaped arranged multi-contacts provided for the
      connection of the internal conductor elements.
NUM  8.
PAR  8. The switching installation as defined in claim 2, wherein the internal
      connector element of the disconnector component is bipartite in
      construction defined by two portions and both internal connector portions
      can be removably secured in the fixed contact.
NUM  9.
PAR  9. The switching installation as defined in claim 1, wherein a
      substantially straight bus bar portion is arranged in the bus bar system
      between each two disconnectors, and at least each second straight bus bar
      portion defines a bus bar portion equipped with a dilatation element.
NUM  10.
PAR  10. The switching installation as defined in claim 9, wherein the internal
      conductor element of each substantially straight bus bar portion in its
      housing is held by the internal conductor portions of the disconnector
      components flanged at the ends of the straight bus bar component, and
      wherein a straight bus bar component together with a subsequently merging
      disconnector-component forms a pressure gas tight compartment.
NUM  11.
PAR  11. The switching installation as defined in claim 9, wherein the internal
      conductor element of each straight bus bar component in its housing is
      held by an inwardly directed conical supporting insulator and arranged at
      a connection flange, and the housings of the bus bar components are
      arranged in a row next to one another in such a manner that of both
      flanges each flange connection only possesses the one flange of a
      supporting insulator, and each bus bar component forms a pressure gas
      tight compartment.
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ABST
PAL  An improved, weather-sealed switch actuator arrangement especially suited
      for use in electrical or electronic apparatus that may be exposed to
      hostile ambient conditions. The switch actuator is fabricated of plastic,
      non-metallic materials wherein a base actuator member is overfitted with a
      pliant, weather-resistant material, which actuator may be snap-fitted into
      a recess in the housing of the associated apparatus. A plurality of
      hook-like tab members on the base actuator cooperate with a plurality of
      associated apertures in the bottom surface of the housing recess for
      captivation purposes. A peripheral ridge in the bottom surface of the
      recess makes a press fit into the material of the overfitted cover to
      provide a tight, weather-proof seal against water, sand and other dirt
      particulate. A center portion of the base actuator member is suspended in
      cantilever fashion with an operating tab or actuator extending laterally
      inwardly from the free end thereof. The center portion when depressed by
      the thumb of a user, for example, causes the actuator to extend through
      and engage the toggle knob of a microswitch device, for example,
      positioned internally of the apparatus housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to switch actuators, and more
      particularly, to an improved, snap-in, water, sand and dirt resistant
      switch actuator arrangement especially adapted for use with portable
      communications or other electronic apparatus intended for operation under
      hostile ambient conditions.
PAR  Electronic apparatus is frequently intended for use in hostile environments
      and under such adverse operating conditions such that reliable operation,
      without more, may be, and frequently is, impaired. A case in point is
      portable communications equipment which may be operated by firemen where
      water spray and standing water and the like are quite prevalent, not to
      mention smoke, dirt particulate and other abrasive substances that are
      more often than not stirred up in the ambient and to which the electronic
      apparatus is subjected to. Policemen, forest rangers, and military
      personnel are still others who may make use of such equipment under
      similar operating conditions.
PAR  While some degree of weather protection has been afforded in the past for
      certain of the referenced electronic apparatus as a whole, nevertheless,
      such measures have not been entirely satisfactory and have left a good
      deal to be desired. This is particularly so with respect to push-to-talk
      switch actuators conventionally incorporated in such radio apparatus.
      Merely putting a rubber jacket or boot over the switch actuator will not
      provide an effective solution, particularly if the switch actuator
      protrudes any substantial amount from the surface of the unit. Soft rubber
      material is easily torn and the switch actuator can be inadvertently
      operated if the unit is dropped or bumped against a surface or the like.
      In other instances, the switch mechanism itself has been effectively
      sealed, or at least not substantially exposed to the ambient, but is
      intended to be operated by a plastic actuator pivotable about a
      particularized axis. Nevertheless, water, sand and slush or dirt can still
      enter the equipment proper through the opening(s) about the actuator,
      which again may well impair operation.
PAR  Accordingly, one object of the present invention is to provide an improved,
      sealed weather resistant switch actuator for application in associated
      electronic apparatus which overcomes the aforementioned deficiencies.
PAR  A more particular object of the present invention is to provide an
      improved, sealed switch actuator especially suited for application as a
      push-to-talk switch control for hand-held two-way communications
      equipment.
PAR  Still another object of the present invention is to provide an improved
      sealed switch actuator of the foregoing type which makes a snap-in,
      interference fit within the body of the associated electronic apparatus
      without further tools or hardware and which may nevertheless be removed
      for service or other purpose without such special tools or dismantling of
      the associated electronic apparatus.
PAR  Yet another object of the present invention is to provide an improved
      sealed switch actuator of the foregoing type which provides a flush-fit
      with the surface of the apparatus in which incorporated to avoid
      inadvertent actuation and, further, which is completely weather-proof with
      respect to water spray, sand dirt and other abrasive particulate.
PAC  SUMMARY OF THE INVENTION
PAR  In practicing the invention, a switch actuator arrangement is provided
      which includes a base member having a plurality of L-shaped, hook-like
      members extending laterally outwardly therefrom and which further includes
      a center portion with a pivotally attached end, and a further free end
      movable in a direction substantially normal to the plane of the base
      member. An operating tab extends substantially normal from the free end of
      the base member. A recess is provided in the housing of the associated
      electronic apparatus in which the switch actuator is to be incorporated.
      The recess preferably includes a plurality of apertures for cooperating
      with the hook tabs of the base member. The recess further includes an
      upstanding V-shaped ridge extending around the periphery of the bottom
      surface of the recess. Further, a cover of flexible, non-metallic material
      is provided which has an in-turned lip dimensioned to effect a close fit
      over the base member.
PAR  Accordingly, the base actuator member and overfitted flexible cover provide
      a snap-in, flush-fit within the housing recess, whereby the V-shaped
      upstanding ridge effects a press fit into the material forming the lip of
      the flexible cover so as to provide effective weather proofing against
      water, sand and other dirt particulate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention, which are believed to be novel, are
      set forth with particularity in the appended claims. The invention itself,
      however, together with further objects and advantages thereof, may best be
      understood by reference to the following description when taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a front elevational view in perspective of a hand held portable
      communications equipment which includes a switch actuator embodying the
      present invention;
PAR  FIG. 2 is a side elevational view of the portable communications equipment
      shown in FIG. 1;
PAR  FIG. 3 is an exploded view in perspective of the switch actuator embodying
      the present invention and incorporated in the communications equipment of
      FIGS. 1 and 2; and
PAR  FIG. 4 is a cross sectional view of the switch actuator taken along lines
      4--4 of FIG. 3.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, a portable, hand-held two-way communication
      radio 10 is shown in FIGS. 1 and 2, which radio apparatus incorporates a
      sealed switch actuator 12 which has been constructed in accordance with
      the present invention. It is to be understood, however, that the
      referenced switch actuator 12 is not limited solely to applications
      involving portable communications equipment, but may find advantageous use
      for application in a wide variety of electrical and electronic apparatus.
PAR  In the embodiment as shown in FIGS. 1 and 2, the portable radio unit 10
      includes a housing 14 in which the various electrical components (not
      shown) may be suitably housed. Appropriate controls, such as volume
      squelch, frequency selection, and the like are included at the top
      thereof, as shown generally at 16. An antenna 18 extends upwardly from the
      top of the unit 10, as is customary for such equipment.
PAR  In the apparatus 10 as shown, switch actuator 12 functions as the required
      push-to-talk control for effecting transmitter actuation and the sending
      of a voice message or the like from the portable radio unit 10. As
      indicated, actuator 12, when suitably assembled within apparatus 10, makes
      a substantially flush-fit with respect to the surface of housing 14.
      Switch actuator 12 is normally operated by holding the unit 10 in the
      user's hand with the thumb selectively pressing inwardly so as to activate
      the switch mechanism 13 (FIGS. 3 and 4) positioned internally of the unit
      whenever the user wishes to make an appropriate transmission. A suitable
      indentation 14a is provided on the back wall of housing 14 so as to permit
      the thumb of the user to depress the otherwise flush surface of actuator
      12, (best seen in FIG. 1).
PAR  As shown in FIG. 3, switch actuator 12 comprises a base member 20 over
      which a resilient cover 22 is fitted. Cover 22 includes an in-turned lip
      22a which overlies and fits about the periphery of base member 20. The
      interfitted base member 20 and overlying cover 22 are then intended to
      make a snap-in fit within a suitable recess in housing 14, such as that as
      identified at 30, FIG. 3. This is effected, preferably, by a plurality of
      hook-like tab extensions 24 extending inwardly substantially normal to the
      body of base member 20. These tabs are intended to insert through and
      otherwise engage a corresponding plurality of apertures 26 included in the
      recess 30 of housing 14. The hook-tab members 24 include a slanting
      camming surface 24a (best seen in FIG. 4) which makes contact with and
      rides on the side of a particular aperture wall as the base member 20 is
      pressed into recess 30. The respective tab members 24 are thereby pushed
      in an inwardly direction until the camming surfaces 24a clear the aperture
      walls, at which time the tabs 24 snap back and overlie a portion of the
      inner surface of housing 14, as shown in FIG. 4, thereby locking in base
      member 20 and its overlying cover 22 within recess 30.
PAR  Base member 20 further includes a center portion 28 pivotably attached at
      one end thereof to the perimeter of base member 20 and having a free end,
      identified generally at 28a, movable in a given arc in a direction
      perpendicular to the plane of the base member 20. An actuator or operating
      bar 32 extends laterally inwardly from the inner surface of base member 20
      and is intended to effect actuation of the switch device 13 itself. This
      occurs when center portion 28 is suitably depressed to fully thrust the
      forward end of actuator 32 through its associated aperture 26 and makes
      contact with a portion of the switch device 13. As best seen in FIG. 4, a
      curved camming surface 32a on the actuator 32 first makes physical contact
      with a toggle rod 13a of switch 13. As switch 32 is moved laterally
      through the particular aperture 26, camming surface 32a provides a
      progressively greater force on toggle 13a which when reaching a
      predetermined lever causes switch 13a to actuate. Switch 13 is positioned
      on the inner surface of housing 14 such as by machine screws 34 passing
      through suitable clearance holes in the surface of recess 30 and the body
      of switch 13 to threadably engage screw threads within a mounting or base
      plate 36. Other mouting arrangements are of course possible and will be
      readily apparent to those skilled in the art.
PAR  It is intended that an effective water and dirt particulate seal be
      provided for the switch actuator 12 as a whole. This is accomplished by an
      upraised, triangular or V-shaped, ridge 40 extending around the periphery
      of the bottom surface of recess 30, as indicated in FIG. 3, in conjunction
      with the cover 22. When base member 24 and overfitted cover 22 are snapped
      into recess 30, the inturned lip 22a of resilient material is compressed
      against the upwardly projecting ridge 40 and held thereby by the hook-like
      tab members 24 on base member 20 so as to provide an effective water seal
      at all times and about the entire periphery of recess 30. In practice, a
      projection on the order of 0.005 to 0.010 inches above the surface of
      recess 30 by ridge 40 has been found to provide satisfactory operation.
PAR  In the preferred form, base member 20 is to be constructed in a one-piece
      mold configuration from a sturdy, plastic material for strength yet at the
      same time be capable of effecting the necessary degree of flexibility. One
      such thermoplastic material found suitable, an acetal resin composition,
      is marketed under the brand name Delrin. This material has a "memory" such
      that when flexed or otherwise bent will nevertheless return to its initial
      steady-state configuration when released. This provides an important
      attribute for applications of this sort where the component part, such as
      base member 20, is intended to be flexed a significantly large number of
      times over an extended service life.
PAR  Housing 14 is likewise intended to be constructed of a suitable plastic
      material, but preferably of a more shock resistant or high impact strength
      material, such as polycarbonate. The cover 22 should be of a reasonably
      soft, pliant or easily flexed material, such as polyurethane. Other
      materials can of course be utilized where preferred or desired.
PAR  It will be appreciated, then, that an improved switch actuator arrangement
      has been set forth and described herein for suitable electronic apparatus
      application, which arrangement provides a quick, snap-in fit without the
      need of special tools or the like, and may also be removed or replaced
      without the need of such special tools, and which further effects a
      weather tight seal against water, sand and other abrasive dirt
      particulate. The switch actuator is fabricated from plastic, non-metallic
      materials and is reasonably inexpensive to fabricate yet very reliable in
      operation.
PAR  It is to be understood that while only a specific embodiment of the present
      invention has been shown and described herein, other variations and
      alternative constructions may be effected without materially departing
      from the true spirit and scope of the present invention. The appended
      claims are intended to cover all such modifications and alternative
      constructions that may fall within the true spirit and scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved, weather-resistant switch actuator arrangement for effecting
      a snap-type, flush-fit within a recess of the associated apparatus, said
      switch actuator comprising in combination:
PA1  a housing having a recessed surface with a plurality of spaced apertures
      therein;
PA1  a base actuator member having a plurality of hook members extending
      laterally therefrom and extending through said plurality of apertures in
      said housing recessed surface, said base actuator member further including
      a center portion having a pivotably attached end and a further free end
      with an operating tab extending laterally therefrom and movable in a
      direction substantially normal to the plane of said actuator;
PA1  an upstanding ridge positioned about the periphery of said housing recessed
      surface; and
PA1  a cover of flexible, non-metallic material having an inturned lip
      overfitting said base actuator member,
PA1  said actuator and overfitted cover providing a snap-type fit in said
      housing recessed surface with said hook members extending through and
      cooperating with said plurality of apertures, said upstanding ridge press
      fitting into the material of said lip of said flexible cover so as to
      provide an effective weather seal between said switch actuator and
      associated apparatus.
NUM  2.
PAR  2. An improved switch actuator arrangement in accordance with claim 1
      wherein said base actuator member is constructed of a resilient, plastic
      material having a memory capability so as to return to an initial
      steady-state configuration after flexure, said cover being constructed of
      a pliant, water proof material, and said housing being constructed of a
      rigid, thermoplastic material exhibiting high impact strength.
NUM  3.
PAR  3. An improved switch actuator arrangement in accordance with claim 2
      wherein said base actuator is fabricated from acetal resin, said cover
      from polyurethane, and said housing from polycarbonate, materials.
NUM  4.
PAR  4. An improved switch actuator arrangement in accordance with claim 1
      wherein said base actuator hook members are of an L-shaped configuration
      and having a camming surface for engaging the side of said associated
      recess apertures and guiding said hook members therethrough.
NUM  5.
PAR  5. An improved switch actuator arrangement in accordance with claim 2
      wherein said base actuator and flexible cover members are fabricated in a
      one-piece molded configurations from said plastic materials.
NUM  6.
PAR  6. An improved switch actuator arrangement in accordance with claim 1
      wherein said upstanding ridge about the periphery of said housing recess
      is of a substantially V-shaped configuration projecting upwardly from said
      recess bottom surface on the order of 0.005 to 0.010 inches.
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ABST
PAL  A push button of rubber or other resilient material for use with a
      push-button switch and comprising a hollow tilting wall of a mesa shape.
      The tilting wall of the resilient push button serving as an operating
      portion is constructed such that its thickness gradually decreases in
      going from an upper portion toward an intermediate portion and gradually
      increases in going from the intermediate portion to a lower portion. A
      curved surface curving inwardly toward the interior of the switch is
      formed to extend from the intermediate portion to the upper portion. When
      pressure is first applied to a key top, the curved surface is bent
      inwardly toward the lower portion of the switch; and when further pressure
      is applied to the key top, the surface area of the intermediate portion,
      which is bent inwardly, is increased until the pressure affects the upper
      portion of the tilting wall. Then, the direction of curving of the curved
      surface portion is suddenly reversed and the curved surface curves
      outwardly, whereby the operator can learn by tactile sensation that a
      switching operation has occurred.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to push buttons for push-button switches, using a
      resilient member, and more particularly it is concerned with a push button
      for a push-button switch which enables the operator to learn by tactile
      sensation that a switching operation has occurred when a key top has been
      pressed.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  A push-button switch constructed as shown in FIG. 1 in which a hollow
      resilient body 1 of a mesa shape having attached thereto an electrically
      conducting material 2 is moved downwardly by depressing a key top 3 so as
      to thereby force the electrically conducting material into engagement with
      a printed pattern 4a on a printed pattern board 4 has recently been widely
      in use with electronic table calculators, table-top computers and the
      like. The resilient body 1 or push button used for this type of
      push-button switch has a disadvantage in that, since such switch is of a
      simple mesa shape and uniform in thickness throughout its length as shown
      in FIG. 1, the switch is not capable of letting the operator learn by
      tactile sensation that the switch has been actuated when the key top 3 is
      depressed so as to actuate the switch.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a push button for a push-button
      switch comprising a resilient body having a tilting wall of a mesa shape
      of ingeneous construction which enables the operator to learn by tactile
      sensation that the switch has been actuated when the key top is depressed.
PAR  Another object of the invention is to provide a push button for a
      push-button switch of the type described hereinabove in which the tilting
      wall of the mesa shape consists of an upper portion, a lower portion and
      an intermediate portion interposed between the upper and lower portions
      and having a smaller thickness, such intermediate smaller thickness
      portion being smoothly contiguous with the upper and lower portions and
      capable of being deformed when brought to an operative position, so as to
      enable the operator to learn by tactile sensation that the switch has been
      actuated.
PAR  Another object of the invention is to provide a push button for a
      push-button switch of the type described hereinabove in which a curved
      surface curving inwardly toward the interior of the switch is formed to
      extend from the intermediate portion to the upper portion of the tilting
      wall of the mesa shape, such curved surface being bent inwardly toward the
      lower portion of the switch when pressure is initially applied to the key
      top to depress the same and suddenly reversing the direction of curving
      when further pressure is applied thereto, so that the curved surface
      curves outwardly whereby the operator can learn by tactile sensation that
      the switch has been actuated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of a push-button switch using a
      resilient body of the prior art;
PAR  FIG. 2 is a vertical sectional view of a push-button switch using the push
      button for a push-button switch according to the invention;
PAR  FIG. 3 a and FIG. 3 b are views in explanation of the operation of the push
      button shown in FIG. 2; and
PAR  FIG. 4 a and FIG. 4 b are views, on an enlarged scale, of a broken line
      portion of FIG. 3 a and FIG. 3 b respectively.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 2 shows a push-button switch employing the push button according to
      the invention. In the figure, 10 designates a key top, 11 a push-button
      body, 12 a printed pattern board on which a conductive pattern 12a is
      printed, and 13 an electrically conducting material. The push-button body
      11 is formed integrally with a tilting wall 11a of a mesa shape from a
      resilient material, with the tilting wall 11a consisting of an upper
      portion A of a larger thickness, a lower portion C of a larger thickness
      and an intermediate portion B of a smaller thickness interposed between
      the upper portion A and lower portion C. The thickness of the tilting wall
      11a gradually decreases in going from the upper portion A toward the
      intermediate portion B, and gradually increases in going from the
      intermediate portion B toward the lower portion C. Normally, the
      intermediate portion B is formed therein with a curved surface curving
      inwardly toward the interior of the hollow push button body 11.
PAR  The operation of the push button shown in FIG. 2 will now be described with
      reference to FIG. 3 and FIG. 4.
PAR  Upon pressure being applied to the key top 11 and the switch body 10 being
      gradually moved downwardly against the force of restitution exerted by the
      tilting wall 11a on the switch body 11, the smaller thickness intermediate
      portion B begins to move into a hollow portion 11b of the push button body
      11 because the upper portion A and the lower portion C of the tilting wall
      11a each have a larger thickness. At this time, the direction b' of the
      curving of the curved surface of the intermediate portion B still remains
      unaltered and the curved surface retains the original shape as shown on an
      enlarged scale in FIG. 4 a.
PAR  Application of further pressure to the key top 10 to move the switch body
      11 further downwardly causes the intermediate portion B to expand and have
      its surface area increased to a maximum to form two bending points a' and
      c' toward the upper portion A and the lower portion C respectively and on
      opposite sides of the intermediate portion B, as shown in FIG. 4a, so that
      the intermediate portion B appears as if it were placed up side down. As a
      result, the direction of curving of the intermediate portion B is suddenly
      reversed from the normal direction to that shown at b" in FIG. 4 b. On the
      other hand, the force of restitution exerted by the tilting wall 11a on
      the push button 11 increases as the stroke of the push button increases
      until the aforesaid reversing of the direction of curving of the
      intermediate portion B takes place, and then suddenly decreases after the
      reversing has taken place. This gives a snap sensation to the finger of
      the operator depressing the key top 10.
PAR  After the reversing of the direction of curving of the intermediate portion
      B has taken place, the key top 10 is moved downwardly at a stretch by the
      inertia of the force exerted thereon by the operator to push it down, so
      that the electrically conducting material 13 is forced into engagement
      with the conductive pattern 12a as shown in FIG. 3b.
PAR  When the pressure applied to the key top 10 is removed, the push-button
      body 11 returns to its original position in virtue of the force of
      restitution at work between the upper portion A and the intermediate
      portion B and between the intermediate portion B and the lower portion C
      to return these portions to their original positions and conditions. In
      the process of restoration of the push-button body 11 to its original
      position, the direction of curving of the intermediate portion B is
      restored from that shown in FIG. 4 b to that shown in FIG. 4 a. Thus, if
      the finger of the operator is maintained in contact with the key top 10
      with a force which is not large enough to interfere with the returning of
      the push-button body 11 to its original position, it is possible for the
      operator to have snap sensation when the push-button body 11 is restored
      to its original position.
PAR  From the foregoing description, it will be appreciated that the push button
      for the push-button switch according to the invention is simple in
      construction and yet enables the operator to learn by tactile sensation
      that the switch has been actuated. Thus, the push button according to the
      invention is useful for electronic table calculators and the like
      equipment because the operation of the key top can be facilitated, since
      the operator can learn by tactile sensation that the switch has been
      actuated by merely depressing the key top.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A push-button switch comprising a push-button body of a hollow mesa
      shape, being of a resilient material, and interposed between a key top and
      a printed pattern board, said push-button body having an inclined wall
      consisting of an upper portion, an intermediate portion and a lower
      portion, said inclined wall having a larger thickness at said upper
      portion and the thickness of the inclined wall being gradually reduced to
      a minimum thickness at the intermediate portion, the thickness of said
      inclined wall gradually increasing from said minimum thickness
      intermediate portion to a larger thickness lower portion, said upper
      portion, said intermediate portion and said lower portion being smoothly
      contiguous with one another.
NUM  2.
PAR  2. A push-button switch as claimed in claim 1 wherein said intermediate
      portion of the push-button body of the hollow mesa shape is normally
      gently curved inwardly toward the interior of the push-button body.
NUM  3.
PAR  3. A push-button switch as claimed in claim 1 wherein said inclined wall of
      the hollow mesa shaped body is normally always inclined inwardly upwardly.
NUM  4.
PAR  4. In a push button switch including:
PA1  a board for mounting at least two separated electrodes;
PA1  a hollow body of elastomeric insulating material having a base portion in
      which a substantially cylindrical hollow is provided, a
      frustoconical-shaped portion integrally formed with said base portion at
      the edge of the cylindrical hollow, and a top surface portion integrally
      formed with the frustoconical-shaped portion and extending perpendicular
      to the common axis of said cylindrical hollow and the frustoconical-shaped
      portion, said hollow body being mounted on said board with said
      substantially cylindrical hollow being approximately in registry with said
      two separated electrodes; and
PA1  a conductive member secured to said top surface portion within the hollow
      of said hollow body so as to face said two electrodes, the improvement
      comprising
PA1  said frustoconical-shaped portion having a minimum thickness portion
      intermediate of said base portion and said top surface portion in a
      circumferential direction of the frustoconical-shaped portion, and
PA1  the thickness of said frustoconical-shaped portion being gradually
      increased from said minimum thickness portion to both said top surface
      portion and said base portion, respectively, such that upon a force
      exerted on said top surface portion a bending point is developed initially
      at the minimum thickness portion of the hollow body, and rapidly
      thereafter two bending points are developed in the frustoconical-shaped
      portion of the hollow body on opposite sides of said minimum thickness
      portion, thereby providing a smooth snap-action feel to an operator.
NUM  5.
PAR  5. In a push button switch including a push button body interposed between
      a key board top and a printed pattern, said push button body being of a
      resilient material, and said push button body having a base portion with a
      circular opening, an inclined wall portion integrally formed with said
      base portion surrounding said circular opening and a top surface portion
      integrally formed with said inclined wall portion to form a generally
      frustoconical-shaped structure with a hollow within said inclined wall
      portion and said top surface portion, the improvement comprising said
      inclined wall portion having a thickness being large at said base portion,
      the thickness of the inclined wall portion gradually decreasing to a
      minimum thickness intermediate of said base portion and said top surface
      portion, and said thickness of said inclined wall portion gradually
      increasing from said minimum thickness to a larger thickness at said top
      surface portion such that a force exerted by said key top on said top
      surface portion initially bends the intermediate minimum thickness
      inclined wall portion inwardly into said hollow, and thereafter provides
      two bending points in said inclined wall portion on opposite sides of said
      intermediate minimum thickness inclined wall portion.
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ABST
PAL  An electronic range wherein a digital value showing the quantity of food
      being cooked is set and indicated by a food quantity-setting device;
      another device is provided to select the kind of food being cooked; the
      period of pulses generated by a pulse generator is determined by an output
      from said selection device; pulses emitted by the pulse generator are
      counted upon commencement of a food-heating operation; the counts made by
      the counter are indicated in the form of digits; and heating by the
      electronic range is brought to an end when a prescribed relationship
      arises between the counts made by the counter and the previously set value
      denoting the quantity of food.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electronic range provided with an electronic
      digital timer capable of automatically setting the time of heating
      according to the quantity and kind of food being cooked.
PAR  A general electronic range sets a time of cooking food by a timer. In this
      case, heating time is set by searching for an optimum length of cooking
      time for the quantity and kind of food being cooked or by the experience
      or sense of a person undertaking cooking. Accordingly, the time of cooking
      the same quantity and kind of food varies from person to person using an
      electronic range, resulting in a failure to carry out proper cooking.
PAR  The prior art timer generally consists of a motor timer formed of a
      combination of a synchronous motor and gear mechanism or a mechanical
      timer such as a spring type. The mechanical timer requires the timer
      needle to be manually rotated whenever cooking time is set, leading to a
      very much complicated operation. Since indication by the timer is always
      made solely by means of the needle, an actual lapse of time since the
      commencement of heating can not be found, if the needle is fixed at a
      point of said set time. Conversely where the needle is made to move as
      time goes on, then it is impossible to trace an originally set time,
      giving rise to the erroneous observation of time indication on the panel
      of the timer or the incorrect setting of cooking time. These errors have
      often caused the misunderstanding of the initially set time or the wide
      displacement of a set time from a desired value, resulting in insufficient
      cooking. Moreover, the mechanical timer is relatively bulky and subject to
      failure.
PAR  It is accordingly the object of this invention to provide an electronic
      range provided with a compact electronic digital timer which can
      automatically set a proper time of cooking or heating for the quantity and
      kind of food being cooked and, where required, indicate an originally set
      time as well as a lapse of time from the initial point of cooking time set
      in the form of digits.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention there is provided an electronic range fitted
      with a high frequency generator which comprises a device for setting a
      value representing the quantity of food being cooked; a device for
      indicating said set value in the form of digits; a pulse generator; a
      device for varying the period of pulses generated by said pulse generator
      according to the quantity and kind of food being cooked; a counter for
      counting pulses from the pulse generator upon the commencement of a
      food-heating operation; and a device for bringing the operation of the
      high frequency generator to an end when a prescribed relationship arises
      between the counts made by the counter and a value denoting an originally
      set time.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an oblique view of the outward appearance of an electronic range
      according to an embodiment of this invention;
PAR  FIGS. 2A to 2D are circuit diagrams of said embodiment;
PAR  FIG. 3 presents the relative positions of the sections of FIGS. 2A to 2D;
PAR  FIGS. 4 to 7 show integrated circuit arrangements used as gate circuits in
      the sections of FIGS. 2A to 2D;
PAR  FIG. 8 is a circuit diagram of a counter used in FIGS. 2A to 2D;
PAR  FIG. 9 is a truth table showing the relationship between the binary code
      counts made by the counter of FIG. 8 and the decimal numerals;
PAR  FIG. 10 shows the arrangement of an integrated circuit used as an inverter
      in FIGS. 2A to 2D;
PAR  FIG. 11 is a circuit diagram of an up-down counter used in FIGS. 2A to 2D;
PAR  FIG. 12 indicates the wave forms of pulses by way of illustrating the
      operation of the counter of FIG. 11;
PAR  FIG. 13 shows a concrete arrangement of a gate circuit of FIG. 2A for
      making binary code-decimal numeral conversion;
PAR  FIG. 14 indicates an arrangement of the display device of FIG. 2A; and
PAR  FIG. 15 is a circuit diagram of the display device of FIG. 14 consisting of
      light-emitting diodes.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the body R of an electronic range is provided at the
      front with a door D and operation panel OP. This operation panel OP is
      fitted with food-quantity setting switches S1, S2, S3, which cause display
      devices 34, 35, 36 collectively indicate a decimal numeral, for example,
      150 when the quantity of food being cooked is separately measured to be
      150g. The push-button switches SW1, SW2, . . . . . . . SWN are depressed
      according to the kind of food being cooked. For example, the switch SW1
      represents fish (F), the switch SW2 meat (M) and the switch SWN an egg
      (E). The operation panel OP is further provided with a power supply switch
      48, cooking start switch 62, cooking stop switch 63 and reset switch 64.
PAR  Referring to FIGS. 2A to 2D, the food quantity-setting section comprises
      food-quantity setting switches S1, S2, S3 and gate circuits 1, 2, 3, 4, 5,
      6, 7, 8 for converting decimal data from the switches S1, S2, S3 into
      binary data coded with a weight of 1-2-4-8. The term "quantity of food",
      as used herein, is defined to mean, for example, the number of pieces of
      food being cooked, the number of persons served with said food and the
      overall weight (in gram) thereof. For convenience, the following
      description is given only with reference to the total weight of food being
      cooked at each time of heating.
PAR  The food-quantity setting switches S1, S2, S3 of FIGS. 2B, 2D are provided
      with fixed contacts S10 to S19, S20 to S29, S30 to S35 for setting cooking
      time in the form of decimal numerals corresponding to units of 1g, units
      of 10g and units of 100g respectively. Therefore, these three
      food-quantity setting switches S1, S2, S3 can be used to set a decimal
      numeral representing the quantity of food weighing, from zero to 599 grams
      in units of 1 gram.
PAR  The movalbe contacts of said switches S1, S2, S3 are grounded. The fixed
      contacts S10 to S19 are connected to a decimal numeral-binary code
      conversion circuit consisting of three gate circuits 1, 2, 3. The fixed
      contacts S20 to S29 are connected to a decimal numeral-binary code
      conversion circuit formed of three gate circuits 4, 5, 6. The fixed
      contacts S30 to S35 are connected to a decimal numeral-binary code
      conversion circuit consisting of two gate circuits 7, 8. These three
      conversion circuits generate a 4-bit binary signal coded with a weight of
      1-2-4-8 and a 3-bit binary signal coded with a weight of 12-4. The fixed
      contact S10 of the quantity (weight)-setting switch S1 is connected to the
      terminal 9-111 of a gate circuit 9. The terminals 1-12, 1-13 of the gate
      circuit 1 are connected to contacts S18, S19; the terminals 2-1, 2-2, 2-4,
      2-5, 2-9, 2-10, 2-12, 2-13 of the gate circuit 2 to contacts S12, S13,
      S16, S17, S13, S15, S16, S17; the terminals 3-9, 3-10, 3-12, 3-13 of the
      gate circuit 3 to contacts S11, S13, S17, S19; and the terminal 3-11 of
      gate circuit 3 to a contact S15 through a diode D1. The contact S20 of the
      quantity-setting switch S2 is connected to the terminal 9-9 of the safe
      circuit 9.
PAR  The terminals 4-9, 4-10 of the gate circuit 4 are connected to contacts
      S27, S28; the terminals 5-1, 5-2, 5-4, 5-5, 5-9, 5-10, 5-12, 5-13 of the
      gate circuit 5 to contacts S22, S23, S24, S25, S26, S27; the terminals
      6-1, 6-2, 6-4, 6-5 of the gate circuit 6 to contacts S21, S23, S27, S29;
      the terminal 6-3 of the gate circuit 6 to the contact S25 through a diode
      D2; the contact S30 of the weight-setting switch S3 to the terminal 9-8 of
      the gate circuit 9; the terminals 7-1, 7-2, 7-4, 7-5 of the gate circuit 7
      to contacts S32, S33, S34, S35; and the terminals 8-9, 8-10, 8-11 of the
      gate circuit 8 to contacts S31, S33, S35. The contacts S10-S19 of the
      quantity-setting switch S1 are associated with 0, 1, 2, . . . . . . . . .
      . . 9 grams. The output terminals 1-11, 2-16, 2-18 and 3-8 of the gate
      circuits 1, 2 and 3 generate 4-bit binary signals coded with a weight of
      1-2-4-8. These 4-bit binary signals are supplied to the input terminals
      10-9, 10-10, 10-1, 10-15 of a gate circuit 10 of the counter section. The
      contacts S20-S29 of the quantity-setting switch S2 are associated with 0,
      10, 20, . . . . . . . 90 grams, and produce 4-bit binary signals coded
      with a weight of 1-2-4-8. These 4-bit binary signals are conducted to the
      input terminals 11-9, 11-10, 11-1, 11-15 of a gate circuit 11 of the
      counter section. The contacts S30 to S35 of the quantity-setting switch S3
      are used to indicate 0, 100, 200, 300, 400 and 500 grams. The output
      terminals 7-3, 7-6 and 8-8 of the gate circuits 7 and 8 give forth 3-bit
      binary signals coded with a weight of 1-2-4. These 3-bit binary signals
      are transmitted to the input terminals 12-1, 12-10, 12-15 of a gate
      circuit 12 of the counter section. The gate circuits 1, 2, 4, 5, 7 are
      actually integrated as shown in FIG. 4. The referential numerals of the
      terminals of the respective gate circuits of FIG. 4 correspond to those
      following the hyphens included in the referential notations indicated in
      FIG. 2B. For example, the terminal 12 of FIG. 4 corresponds to the
      terminals 1-12, 2-12, 5-12 of the gate circuits 1, 2, 5. The gate circuits
      1, 2, 4, 5, 7 are each provided with four NAND gate circuits G11, G12,
      G13, G14 as shown in FIG. 4. Two input terminals of the NAND gate circuit
      G11 are connected to the terminals 1, 2 and the output terminal thereof to
      the terminal 3. The input terminals of the NAND gate circuit G12 are
      connected to the terminals 4, 5 and the output terminal thereof to the
      terminal 6. The input terminals of the NAND gate circuit G13 are connected
      to the terminals 9, 10 and the output terminal thereof to the terminal 8.
      The input terminals of the NAND gate circuit G14 are connected to the
      terminals 12, 13 and the output terminal thereof to the terminal 11.
PAR  The gate circuits 3, 6 are concretely integrated as shown in FIG. 5. The
      referential numerals of the integrated circuit of FIG. 5 correspond to
      those following the hyphens included in the referential notations of the
      gate circuits 3, 6 of FIG. 2B. Namely, the terminal 13 of FIG. 5
      corresponds to, for example, the terminal 3-13 of the gate circuit 3 of
      FIG. 2B. The gate circuits 3, 6 respectively consist of a NAND/NOR buffer
      gate circuit G21 provided with an expander terminal 3 and another NAND/NOR
      buffer gate circuit G22 provided with an expander terminal 10. The input
      terminals of the NAND/NOR buffer gate circuit G21 are connected to the
      terminals 1, 2, 4, 5 and the output terminal thereof to the terminal 6.
      The input terminals of the NAND/NOR buffer gate circuit G22 are connected
      to the terminals 9, 10, 12, 13 and the output terminal thereof to the
      terminal 8.
PAR  There will now be described by reference to FIG. 6 the integrated concrete
      arrangement of the gate circuit 8. This gate circuit 8 is formed of three
      NAND/NOR gate circuits G31, G32, G33. The input terminals of the NAND/NOR
      gate circuit G31 are connected to the terminals 1, 2, 13 and the output
      terminal thereof to the terminal 12. The input terminals of the NAND/NOR
      gate circuit G32 are connected to the terminals 3, 4, 5 and the output
      terminal thereof to the terminal 6. The input terminals of the NAND/NOR
      gate circuit G33 are connected to the terminals 9, 10, 11 and the output
      terminal thereof to the terminal 8.
PAR  A gate circuit 9 connected to the contacts S10, S20, S30 of the
      quantity-setting switches S1, S2, S3 respectively and gate circuits 13, 14
      connected to the gate circuit 9 jointly act as a circuit for stopping the
      operation of the electronic digital timer and that of the later described
      electronic range controlling section, where the time of cooking is set at
      zero, namely where all the quantity-setting switches S1, S2, S3 are
      connected to the contacts S10, S20, S30 respectively.
PAR  The terminals 9-10, 9-13 of the gate circuit 9 are connected to the
      terminals 13-4, 13-5 of a gate circuit 13 and the output terminal 13-6 of
      a gate circuit 13 is connected to both input terminals 14-12, 14-13 of a
      gate circuit 14. The gate circuit 9 is formed in an integrated circuit
      consisting of four NOR gate circuits G41, G42, G43, G44 as shown in FIG.
      7. The input terminals of the NOR gate circuit G41 are connected to the
      terminals 2, 3 and the output terminal thereof to the terminal 1. The
      input terminals of the NOR gate circuit G42 are connected to the terminals
      5, 6 and the output terminal thereof to the terminal 4. The input
      terminals of the NOR gate circuit G43 are connected to the terminals 8, 9
      and the output terminal thereof to the terminal 10. The input terminals of
      the NOR gate circuit G44 are connected to the terminals 11, 12 and the
      output terminal thereof to the terminal 13. Gate circuits 13, 14 have the
      same arrangement as shown in FIG. 4.
PAR  A pulse generating section has a circuit arrangement as indicated in FIG.
      2D. This pulse-generating section includes a time constant circuit having
      variable resistors VR1, VR2 . . . . . . . . VRN, and capacitor C1, a
      turnover switch SW and a pulse oscillator 17 formed of a unijunction
      transistor 16 and gives forth pulses at a prescribed interval. An output
      from the pulse generator 17 is supplied to the terminals 18-8, 18-9 of a
      gate circuit 18 through a resistor R1. A terminal 18-10 is connected to
      one end of a resistor R2 and the cathode of a diode D3 through a capacitor
      C2. The anode of the diode D3 is connected to one end of a resistor R3,
      one end of a capacitor C3 and the terminal 19-8 of a gate circuit 19. The
      other end of the capacitor C3 is connected to a terminal 19-3 and
      terminals 19-6, 19-11 are connected to the terminal 20-14 of a decimal
      decoder counter 20 and the collector of a transistor 21. The movable
      contact of the switch SW, one end each of resistors R4, R2, R3, the
      terminals 19-1, 19-2, 19-4, 19-5, 19-9, 19-10, 19-12, 19-13 of the gate
      circuit 19 are connected to a positive line P of a D.C. source. The gate
      circuit 18, resistor R2 and capacitor C2 jointly act as a trigger circuit
      21, an output from which is supplied to a monostable multivibrator 22
      consisting of the resistor R3, capacitor C3 and gate circuit 19 through
      the diode D3 so as to trigger said multivibrator 22. An output pulse from
      the pulse generator 17 whose wave form has been shaped by the monostable
      multivibrator 22 is delivered to the decoder counter 20. The gate circuit
      18 is arranged as shown in FIG. 7 and the gate circuit 19 is arranged as
      shown in FIG. 5. The decoder counter 20 comprises, as indicated in FIG. 8,
      four J-K flip-flop circuits F11, F12, F13, F14 and NAND/NOR gates G51, G52
      and an AND gate G53. The input terminal 1 of the decoder counter of FIG. 8
      is connected to the clock pulse input terminals of the J-K flip-flop
      circuits F12, F14. The reset signal input terminals 2, 3 of the decoder
      counter 20 of FIG. 8 are connected to the input terminal of an NAND/NOR
      gate G51. The reset signal input terminals 6, 7 of the counter 20 are
      connected to the input terminal of the NAND/NOR gate G52. The output
      terminals of the NAND/NOR gates G51, G52 are connected to the reset
      terminals of the J-K flip-flop circuits F11-F14 respectively. The clock
      pulse input terminal Cp of the J-K flip-flop circuit F11 is connected to
      the input terminal 14 of the decoder counter 20. The Q output terminal of
      the J-K flip-flop circuit F11 is connected to the output terminal 12 of
      the decoder counter 20. The J input terminal of the J-K flip-flop circuit
      F12 is supplied with a Q output from the J-K flip-flop circuit F14. A Q
      output from the J-K flip-flop circuit F12 is supplied to the Cp terminal
      of the flip-flop circuit F13, one input terminal of an AND gate G53 and
      the output terminal 9 of the decoder counter 20. A Q output from the J-K
      flip-flop circuit F13 is conducted to the other input terminal of the AND
      gate G53 and the output terminal 8 of the decoder counter 20. The J input
      terminal of the J-K flip-flop circuit F14 is connected to the Q output
      terminal thereof and the output terminal 11 of the decoder counter 20. The
      K input terminal of the J-K flip-flop circuit F14 is connected to the
      output terminal of the AND gate G53. Referring to FIG. 2D, the terminal
      20-1 of the decoder counter 20 is connected to the terminal 20-12, and the
      terminals 20-2, 20-6, 20-10 of the decoder counter 20 are jointly
      grounded. The terminal 20-5 is connected to the positive line P of the
      power source, and the terminal 20-11 to the terminal 10-4 of the gate
      circuit 10.
PAR  The decoder counter 20 is supplied at the terminal 20-14 with outputs from
      the terminals 19-6, 19-11 of the gate circuit 19 and gives forth a count
      output in the form of a 4-bit binary code signal. FIG. 9 shows the truth
      table of binary code signals relating to the decimal numerals of 0 to 9
      delivered from the terminals 20-12, 20-9, 20-8, 20-11.
PAR  The base of an NPN transistor 21 connected to the pulse-generating section
      is connected to the output terminal 24-8 of a gate circuit 24. The input
      terminals 24-5, 24-6 of the gate circuit 24 are jointly connected to the
      output terminal 25-12 of an inverter circuit 25, whose input terminal
      25-13 is so connected as to receive an operation signal from the output
      terminal 27-8 of a gate circuit 27 of the later described operation
      circuit 46. The output terminals 19-6, 19-11 of the gate circuit 19 of the
      pulse-generating section are connected to the decoder counter 20 through
      the NPN transistor 21 which is turned on or off according to an output
      from the operation circuit 46 or otherwise grounded. The gate circuit 24
      consists of an integrated circuit shown in FIG. 7, and the inverter
      circuit 25 is formed of an integrated circuit indicated in FIG. 10.
      Referring to FIG. 10, the input terminals of six inverter circuits I11,
      I12, I13, I14, I15, I16 are connected to the terminals 25-1, 25-3, 25-5,
      25-9, 25-11, 25-13. The output terminals of the six inverter circuits are
      connected to the terminals 25-2, 25-4, 25-6, 25-8, 25-10, 25-12. The
      inverter I16 included in the integrated circuit of FIG. 10 is used in FIG.
      2D.
PAR  The output terminals 19-6, 19-11 of the gate circuit 19 are grounded
      through a resistor 28 and light-emitting diode 29. This light-emitting
      diode 29 intermittently gives forth light in synchronization with pulses
      delivered from the pulse-generating section, thereby indicating the
      operating condition of the pulse-generating section.
PAR  The gate circuits 10, 11, 12 of the counter section receive binary code
      signals representing a prescribed time of cooking which are delivered from
      the quantity-setting section through the terminals 10-1, 10-9, 10-10,
      10-15, 11-1, 11-9, 11-10, 11-15 and 12-1, 12-10, 12-15. Thus the gate
      circuits 10, 11, 12 are set at values corresponding to the binary code
      signals. The decoder counters of the counter section are decimal up-down
      type designed to count down pulses from the counter 20 of the
      pulse-generating section, when the operation circuit 46 gives forth a
      signal instructing the commencement of cooking. For example, the up-down
      counter 10 is formed of four flip-flop circuits F21 to F24, NOR gate
      circuits G61 to G68, NAND/NOR gate circuits G71 to G77, AND gate circuits
      G81 to G91 and inverters I21 to I24 as shown in FIG. 11. The circuitry of
      FIG. 11 is also integrated. Other up-down counters 11, 12 have the same
      arrangement as that of FIG. 11. The numerals following the hyphens
      included in the referential notations given in FIG. 11 correspond to those
      of said other counters 11, 12. Referring to FIG. 11, 4-bit binary code
      signals for setting quantity of 0 to 9 grams which are supplied to the
      input terminals 10-1, 10-9, 10-10, 10-15 are conducted to one input
      terminal each of the NAND gates G71, G72, G73, G74. The other input
      terminal each of the NAND gates G71, G72, G73, G74 is supplied through an
      inverter I22 with a strobe signal delivered from the operation circuit 46.
      Outputs from the NAND gates G71 to G74, together with that from the
      inverter I22, are supplied to AND gates G85, G87, G89, G91, outputs from
      which are conducted to NOR gates G65, G66, G67, G68 together with clear
      signals delivered from the terminal 10-14 through an inverter I23. Outputs
      from the NAND gates G71 to G74 are transmitted to the Ps terminals of the
      flip-flop circuits F21 to F24. Outputs from the NOR gates G65 to G68 are
      supplied to the clear terminal C. The down-count terminal 10-4 and
      up-count terminal 10-5 are connected to the input terminal of the NOR gate
      G61 through the inverters I24, I21, and also to the input terminals of the
      AND gates G81, G82, G83, G84 and NAND/NOR gate G76 and those of the AND
      gates G86, G88, G90 and NAND/NOR gate G77. An out put from the NOR gate
      G61 is conducted to the Cp terminal of the flip-flop circuit F21, a Q
      output from which is supplied to the output terminal 10-3 of the up-down
      counter of FIG. 11, AND gates G81, G82, G83, G84 and NAND gate G76. A Q
      output from the flip-flop circuit F21 is transmitted to the input
      terminals of the AND gates G86, G88, G90 and NAND gate G77. A Q output
      from the flip-flop circuit F22 is supplied to the output terminal 10-2 of
      the up-down counter and the input terminals of the AND gates G82, G83, G84
      and NAND gate G76. A Q output from the flip-flop circuit F22 is conducted
      to the AND gates G88, G90 and NAND gates G75, G77. A Q output from the
      flip-flop circuit F23 is transmitted to the output terminal 10-6 of the
      up-down counter and AND gate G83 and a Q output therefrom is supplied to
      the AND gate G90 and NAND gates G75, G77. A Q output from the flip-flop
      circuit F24 is delivered to the output terminal 10-7 of the up-down
      counter, and a Q output therefrom to the NAND gates G75, G77. An output
      from the NAND gate G75 is supplied to the AND gates G86, G88, outputs from
      which are delivered to the NOR gate G62. An output from the NOR gate G62
      is transmitted to the Cp terminal of the flip-flop circuit F22. Outputs
      from the AND gates G82, G88 are conducted to the NOR gate G63, an output
      from which is supplied to the Cp terminal of the flip-flop circuit F23.
      Outputs from the AND gates G83, G84, together with an output from the AND
      gate G90, are transmitted to the NOR gate G64, an output from which is
      delivered to the Cp terminal of the flip-flop circuit F24. An output from
      the NAND gate G76 is conducted to the terminal 10-12 as a carry signal,
      and an output from the NAND gate G77 is supplied to the terminal 10-13 as
      a borrow signal.
PAR  The up-down counter 10 of the above-mentioned arrangement is operated as
      follows. Where the clear terminal 10-14 is impressed with a positive
      potential relative to the ground potential, namely, a logic signal "1",
      then the output terminals 10-2, 10-3, 10-6, 10-7 of the up-down counter 10
      give forth a "0" signal. Where, under this condition, the strobe terminal
      10-11 receives a "0" signal from the operation circuit 46, then the output
      terminals 10-2, 10-3, 10-6, 10-7 of the counter 10 give forth the same
      signal as that which is supplied to the input terminals 10-1, 10-9, 10-10,
      10-15 of the up-down counter 10. Where a down-count signal sent from the
      terminal 20-11 of the counter 20 to the down-count terminal 10-4 is
      changed to (0) to (9), then the borrow terminal 10-13 generates an output,
      transmitting a borrow signal to the terminal 11-4 of the higher order
      counter 11. Conversely where an up-count signal delivered to the terminal
      10-5 of the counter 10 is changed from (9) to (0), then the carry terminal
      10-12 gives froth a carry signal to the terminal 11-51 of the higher order
      counter 11.
PAR  There will now be described by reference to FIG. 12 the operation of the
      up-down counter of FIG. 11. Now let it be assumed that input logical bit
      signals supplied to the terminals 10-15, 10-1, 10-10, 10-9 are designated
      as Ai, Bi, Ci, Di and outputs produced at the terminals 10-3, 10-2, 10-6,
      10-7 as Ao, Bo, Co, Do. Further let it be supposed that at time T1 the
      inputs Ai to Di represent "0", "0", "0", "1" respectively as shown in FIG.
      12 c to FIG. 12f and the outputs Ao to Do all denote "1" as shown in FIG.
      12i to FIG. 12l. Where, at the succeeding time T2, the terminal 16-14 is
      supplied with a clear pulse as shown in FIG. 12a, then the flip-flop
      circuits F21 to F24 are all cleared to change the outputs Ao to Do to "0".
      Where, under this condition, a strobe signal of "0" level as shown in FIG.
      12b is supplied to the terminal 10-11, then the output Do has a logical
      level of "0" as indicated in FIG. 12l in response to the input Di of "1".
      Where under this condition, the terminal 10-5 is supplied with a count
      signal as shown in FIG. 12g, then the output Ao is brought to a level of
      "1" as shown in FIG. 12i at the rising time T4 of an up-count signal (9).
      At the falling time T5 of an up-count signal (0), the terminal 10-12 gives
      forth a carry signal as shown in FIG. 12m, and at the rising time T6 of
      the up-count signal (0). The output Ao is changed to "0" as indicated in
      FIG. 12i and also the output Do is brought to a level of "0" as shown in
      FIG. 12l, thus extinguishing the carry signal. Where an up-count signal
      (1) rises at time T7, then the output Ao is changed to "1". Where an
      up-count signal (2) rises at time T8, then the output Ao has a level of
      "0" and the output Bo is changed to "1". Thus, counts represented by 4-bit
      binary code outputs progressively increase. Where, at the succeeding time
      T9, a down-count signal (1) of FIG. 12h rise at the terminal 10-4, then
      the output Ao is changed to "1" and the output Bo to "0". Where a
      down-count signal (0) rises at time T10, then all the outputs Ao to Do are
      brought to a level of "1". Thus at time T11, a down-count signal (9) falls
      and in consequence a borrow signal is produced from the terminal 10-13.
      Further, the down-count signal (9) rises at time T12, and the outputs Ao
      and Do are changed into "0" to extinguish the borrow signal. Where a
      down-count signal (8) rises at time T13, then the output Ao has a level of
      "0". Where a down-count signal (7) rises at the succeeding time T14, then
      the outputs Ao, Bo and Co are changed to "1" and the output Do to "0". A
      down-count operation proceeds in the abovementioned manner.
PAR  Counts (including zero) made by the counters 10, 11, 12 are delivered to
      the circuits 31, 32, 33 of the display section of FIG. 2A for decoding to
      effect binary code-decimal conversion and driving a display device
      (hereinafter simply referred to as "a decoder/driver circuit") in the form
      of 4-bit signals coded with a weight of 1-2-4-8. Binary code signals
      supplied to the terminals 31-1, 31-2, 31-6, 31-7; 32-1, 32-2, 32-6, 32-7;
      and 33-1, 33-2, 33-6, 33-7 of the decoder/driver circuits 31, 32, 33
      respectively are decoded into decimal signals, followed by amplification,
      and then delivered to digital display devices 34, 35, 36 through the
      corresponding terminals 31-9 to 31-15; 32-9 to 32-15; and 33-9 to 33-15.
      The decoder/driver circuit 31 comprises, as shown in FIG. 13, NAND/NOR
      gate circuits G110 to G117, AND gates G118 to G141, inverter cicuits I31
      to I39 and amplifiers A11 to A13 all assembled in an integrated form.
PAR  Referring to FIG. 13, the inputs Ai, Bi, Ci, Di supplied to the terminals
      31-7, 31-1 31-2, 31-6 are transmitted to one input terminal each of the
      NAND gates G111, G112, G113 and also to the inverter I39. The other input
      terminals of the NAND gates G111, G112, G113 are supplied with a lamp test
      signal from the terminal 31-3 through the amplifier A11. Outputs from the
      NAND gates G111 to G113 and inverter I39 are supplied to one input
      terminal each of the NAND gates G114 to G117 and also to the selected ones
      of the AND gates G118 to G134. The other input terminals of the NAND gates
      G114 to G117 are supplied with a blanking input from the terminal 31-4 and
      an output from the NAND gate G110. The input terminal of the NAND gate
      G110 is supplied with an output from each of the amplifier A11, inverters
      I38, I39, and NAND gates G111 to G113. Outputs from the NAND gates G114 to
      G117 are supplied to the selected ones of the AND gates G118 to G134 and
      also to the amplifier A13. Outputs from the AND gates G118 to G120 are
      supplied to the AND gate G135; outputs from the AND gates G121 to G123 to
      the AND gate G135; outputs from the AND gates G124, G125 to the AND gate
      G137; outputs from the AND gates G126 to G128 to the AND gate G138;
      outputs from the amplifier A13 and an output from the AND gate G129 to the
      AND gate G139; outputs from the AND gates G130 to G132 to the AND gate
      G140; and outputs from the AND gates G133, 134 to the AND gate G141. The
      input terminals of all the AND gates G135 to G141 are provided with the
      corresponding inverters as shown in FIG. 13. Outputs from the AND gates
      G135 to G141 are conducted to the output terminals 31-13, 31-12, 31-11,
      31-10, 31-9, 31-15 and 31-14 through the corresponding inverters I31 to
      I37. The other decoder-driver circuits 32, 33 have the same arrangement as
      the decoder/driver circuit 31.
PAR  Binary code signals converted into decimal numerals by the decoder/driver
      circuits 31, 32, 33 are transmitted to the corresponding input terminals
      of the display devices 34, 35, 36 from three groups of seven terminals as
      31-9 to 31-15; 32-9 to 32-15; and 33-9 to 33-15 through the corresponding
      resistors R. The display device 34 consists of eight display segments A,
      B, C, D, E, F, G, D.sub.p as illustrated in FIG. 14. These display
      segments A to D.sub.p are connected, as shown in FIG. 14, to the input
      terminals 34-1, 34-9, 34-6, 34-4, 34-3, 34-2, 34-8, 34-7. The display
      segments A to D.sub.p are formed of, for example, light-emitting diodes,
      and are impressed with voltages selectively across the anodes connected to
      the terminals 34-5 and 34-10 and the cathodes connected to the terminals
      1-4 and 6-9 for illumination display. The display device 34 has a circuit
      arrangement as shown in FIG. 15. A numeral 3, for example, is indicated by
      the illumination of the display segments A, B, G, C, D. The display
      segment D.sub.p denotes a decimal point, and, in the embodiment of FIG.
      1A, only the terminal 35-7 of the display device 35 is impressed with
      voltage.
PAR  Outputs from the up-down counters 10, 11, 12 are further supplied to the
      gate circuits 40, 41 of the detection section. This detection section
      detects the counts made by the counters 10, 11, 12, and when said counts
      reach a prescribed value, namely, a preset gram, sends forth its own
      output to the operation circuit 46. The detection section consists of gate
      circuits 40, 41, 42, 43, inverters 44, 45 and a capacitor C4. The gate
      circuits 40, 41 may each be formed of the integrated circuit of FIG. 7;
      the gate circuit 42 of the integrated circuit of FIG. 6; the gate circuit
      43 of the integrated circuit of FIG. 4; and the inverters 44, 45 of the
      integrated circuit of FIG. 10. The numerals following the hyphens included
      on the referential notations of the terminals of these circuits correspond
      to the referential numerals of the terminals of the respective integrated
      circuits.
PAR  An output from the detection section is supplied through the capacitor C4
      to the operation circuit 46 of the electronic range-controlling section.
PAR  This electronic range-controlling section is connected to an A.C. source 47
      and comprises a power supply switch 48; bidirectional thyristor 49; an NPN
      transistor 50 for controlling the ON-OFF state of the thyristor 49; an
      inverter 51 and gate circuit 27 for rendering the transistor 50 operative
      or inoperative according to a signal from the operation circuit 46; an
      electromagnetic switch 52 energized in response to the operation of the
      thyristor 49; the main contacts 52-1, 52-2 of the electromagnetic switch
      52; a high frequency generator 53 having power supply thereto controlled
      by the main contacts 52-1, 52-2; a DC control power source 54; and the
      operation circuit 46. The inverter 51 may be formed of the integrated
      circuit of FIG. 10 and the gate circuit 27 of the integrated circuit of
      FIG. 4. The high frequency generator 53 provided in the body R shown in
      FIG. 1 is intended to emit high frequency electromagnetic wave into the
      heating chamber of the electronic range, and consists of a high voltage
      transformer 55, heater transformer 56, rectifier circuit 57 and magnetron
      58. The DC control power circuit 54 is designed to supply direct current
      to all other circuits than that associated with the high frequency
      generator 53, and consists of a transformer 59, rectifier circuit 60 and
      constant voltage diode 61. The operation circuit 46 is mainly formed of a
      start switch 62 for commencement of cooking or heating, a stop switch 63
      for stoppage of cooking or heating, reset switch 64,
      semiconductor-controlled rectifier elements (abbreviated as SCR) 65, 66
      and diodes 67, 68. The start and stop switches 62, 63 and reset switch 64
      are of normally closed push-button type as shown in FIG. 1. The cooking
      stop switch 63 may be so designed as to be rendered inoperative and
      operative, for example, in interlocking relationship with the opening and
      closure of the door of the heating chamber.
PAR  Thee will now be described the operation of the embodiment of FIGS. 2A to
      2D. Throughout the following description, a "0" signal is the one denoting
      the ground potential, and a "1" signal is the one showing positive
      potential relative to the ground potential, namely, output voltage +V (for
      example, 5 volts) from the DC control power source 54.
PAR  When the power supply switch 48 is thrown in, an output voltage from the
      power source 54 rises to a level of +V (about 5 volts). At this time, a
      transient signal flows through a resistor R4, capacitor C5 and resistor R5
      to charge the capacitor C5. Voltage impressed across both ends of the
      resistor R5 by the charge current is supplied to the gate of the SCR 66.
      Thus the SCR 66 is rendered operative to have its anode side voltage level
      brought to that of "0". As the result, the terminal 27-10 of the gate
      circuit 27 connected to the anode of the SCR 66 and the terminals 10-11,
      11-11, 12-11 of the up-down counters 10, 11, 12 respectively present a "0"
      voltage level. Outputs c, d, e from the up-down counters 10, 11, 12 have
      the same level as seen from the timing chart of FIG. 12, as input signals,
      namely, output signals f, g, h from the quantity-setting section. The
      above-mentioned output signals c, d, e are supplied to the display devices
      34, 35, 36 through the decoder/driver circuits 31, 32, 33 so as to display
      set time in the form of decimal numerals. Since, at this time, an input
      signal to the input terminal 27-10 of the gate circuit 27 has a logical
      level of "0", one input terminal of the NAND gate G13 of FIG. 4 also has a
      logical level of "0", causing the output terminal 27-8 to give forth a "1"
      output, and in consequence the output terminal 51-8 of the inverter 51 to
      produce a "0" output. This "0" output renders the NPN transistor 50 in the
      OFF state and in consequence the bidirectional thyristor 49 inoperative.
      As the result, the electromagnetic switch 52 is deenergized and the high
      frequency generator 53 is also put out of operation.
PAR  Under this condition, input signals to the strobe terminals 10-11, 11-11,
      12-11 of the counters 10, 11, 12 all have a level of "0". When, therefore,
      the weight of food being cooked is entered in the quantity-setting section
      by operating the quantity-setting switches S1, S2, S3, the weight thus
      entered is supplied to the display devices 34, 35, 36 through the counters
      10, 11, 12 and decoder driver circuits 31, 32, 33 to be indicated on said
      display devices 34, 35, 36. Where the weight of food amounts to, for
      example, 150 grams, a numerical value of 150 is entered in the counters
      10, 11, 12 through the closure of the contact 0 of the switch S1, the
      contact 5 of the switch S2 and the contact 1 of the switch S3 to be
      displayed as shown in FIG. 1. Namely, binary signals weighted with a code
      of 1-2-4-8 which correspond to the digits (0), (5) and (1) are set in the
      counters 10, 11, 12 respectively. The counts made by the counters 10, 11,
      12 are delivered in a state weighted with a code of 1-2-4-8  to the
      decoder driver circuits 31, 32, 33 where binary signal-decimal numeral
      decoding or conversion is carried out. A decimal numeral obtained by said
      decoding is conducted from the decoder/driver circuits 31, 32, 33 to the
      display devices 34, 35, 36.
PAR  When the weight of food being cooked is fully set in the setting section,
      any of the push-button switches SW1, SW2 . . . . . . SWN of FIG. 1 is
      depressed according to the kind of the food. If the food is, for example,
      fish, the push-button switch SW1 is operated. As a result, the switch SW
      of FIG. 2D is connected to one terminal of the variable resistor VR1 and
      the oscillation time constant of the pulse generator 17 is defined by said
      variable resistor VR1 and capacitor C1. Therefore, the pulse generator 17
      gives forth pulse signals with an optimum period for the cooking of fish.
      This period is determined from the time required to heat one gram of fish
      to a necessary level of temperature.
PAR  As mentioned above, the weight and kind of food being cooked are visibly
      set on the operation panel OP. Namely, a necessary time of thermal cooking
      is automatically set by the electronic digital timer of an electronic
      range.
PAR  On the other hand, the gate circuit 27 generates an output of "1" and
      accordingly the inverter 25 produces an output of "0". Since the input
      terminals 24-5, 24-6 of the gate circuit 24 have a logical level of "0",
      the output terminal of the NOR gate 42 of FIG. 7, namely, the output
      terminal 24-4 of the gate circuit 24 gives forth "1" output, thus
      rendering the transistor 21 operative and the light-emitting diode 29
      extinguished. Under this condition, pulses being supplied to the input
      terminal 20-14 of the counter 20 included in the pulse-generating section
      are already grounded. Therefore, the output terminal 20-11 of the
      pulse-generating section does not send forth any pulse to the input
      terminal of the up-down counter 10. Though, under the above-mentioned
      conditions, the display devices 34, 35, 36 indicate different categories
      of weight already set by the weight-setting switches S1, S2, S3, no time
      counting is carried out, nor is applied any heating.
PAR  When the cooking start switch 62 is closed after the weight and kind of the
      food are set, then both ends of the SCR's 65, 66 respectively are
      forcefully short-circuited in a moment, if an output from the detection
      section, namely, an input to the gate of the SCR 66 has a level of "0",
      thereby turning off the SCR's 65, 66. As the result, the anode of the SCR
      66 has a logical level of "1", the transistor 50 is put into operation,
      and the transistor 21 is rendered inoperative. When the transistor 50 is
      thus put into operation, the thyristor 49 is triggered for operation to
      energize the electromagnetic switch 32. Accordingly, the main contacts
      52-1, 52-2 of the switch 52 are closed to actuate the high frequency
      generator 53, for the thermal cooking of the fish placed in the heating
      chamber of the body R shown in FIG. 1 of the electronic range. Since, at
      this time, the transistor 21 is turned off, the pulse-generating section
      sends forth pulses to the counter 20, where the number of pulses supplied
      thereto is counted down. Thus, the counts previously stored in the
      counters 10, 11, 12 downwardly vary with the count condition within the
      counter 20. The display devices 34, 35, 36 indicate the downward
      variations of counts in the counters 10, 11, 12. Namely, the indication of
      the devices 34, 35, 36 varies as 150-149-148 . . . . . . . At this time,
      the light-emitting diode 29 is supplied with pulses from the monostable
      multivibrator 22 of the pulse-generating section in response to the
      inoperative condition of the transistor 21. The light-emitting diode 29 is
      energized and extinguished per pulse period. This intermittent actuation
      of the light-emitting diode 29 shows that the high frequency generator 53
      is in operation.
PAR  Where the cooking stop switch 63 is closed during the operation of the high
      frequency generator 53, then the gate of the SCR 65 is supplied with a "1"
       signal and becomes operative. Accordingly, the input terminal 27-9 of the
      gate circuit 27 is supplied with a "0" signal, and the gate circuit 27
      generates a "1" output and in consequence the inverter 51 produces a "0"
      output, causing the transistor 50 to be turned off and the transistor 21
      to be turned on. The thyristor 49 is put out of operation to stop the high
      frequency generator 53. Also, the transistor 21 is operated to extinguish
      the lights emitting diode 29 and stop the supply of pulses to the counter
      20. Since, at this time, the SCR 66 remains inoperative with its anode
      kept at a logical level of "1", the counters 10, 11, 12 hold the counts
      which they made at the closure of the cooking stop switch 63, and the
      display devices 34, 35, 36 make indications corresponding to the counts
      held by the counters 10, 11, 12.
PAR  Where the reset switch 64 is closed during the operation of the high
      frequency generator 53 or after the closure of the cooking stop switch 63,
      then the SCR 66 becomes operative with its potential changed to a level of
      "0", causing the transistor 50 to be turned off and the transistor 21 to
      be turned on. As the result, heating of the foods and the operation of the
      timer are brought to an end. Since the logical level of the anode of the
      SCR 66 is changed to "0", the outputs c, d, e from the counters 10, 11, 12
      have the same logical level as the input signals f, g, h. As the result,
      indications on the display devices 34, 35, 36 are brought back to those
      representing the weight (150g) originally set at the commencement of
      heating.
PAR  Where the preset time of cooking has passed after the closure of the
      cooking start switch 62, then the counter 20 is subjected to down
      counting, and the counts previously made thereby are brought to (0). At
      this time, the outputs c, d, e from the counters 10, 11, 12 all have a
      logical level of "0", showing that the counts made by these counters 10,
      11, 12 coincide with a prescribed length of time. As the result, the gate
      circuits 40, 41 of the time detection section are all supplied with an
      input of "0". Namely, the NOR gates G41, G42, G43, G44 of FIG. 7 are all
      supplied with an input of "0". Therefore, the gate circuits 40, 41
      generate a "1" output, which is supplied to the gate circuit 42. Since all
      the input terminals of FIG. 6 are made to have a logical level of "1", the
      NAND gates G31, G32, G33 produce an output of "0", and in consequence the
      inverter 44 gives forth an output of "1". This "1" output is supplied to
      the two input terminals 43-1, 43-2 of the gate circuit 43. Since the input
      signals to the gate G11 of FIG. 4 have a logical level of "1", the output
      terminal 43-3 of the gate circuit 43 produces a "0" signal, and in
      consequence the inverter 45 generates a "1" output. This "1" output is
      supplied to the gate electrode of the SCR 66 through the capacitor C4 to
      render the SCR 66 operative. Since the anode potential of the SCR 66 has a
      level of "0", the high frequency generator 53 is stopped, the
      light-emitting diode 29 is extinguished and the counter 20 ceases to be
      supplied with pulses. Thus, the display devices 34, 35, 36 make the same
      indications as those representing the initially set weight (150g). Thus,
      upon lapse of the preset time, thermal cooking is brought to an end.
PAR  While the weight-setting section sets weight at (0), then the contacts S10,
      S20, S30 of the time-setting switches S1, S2, S3 remain closed. At this
      time, all the input signals to the gate circuit 9 have a logical level of
      "0". Namely, the gates G43, G44 of FIG. 7 are all supplied with a "0"
      input and generate a "1" output. Since two input signals to the gate
      circuit 13 have a logical level of "1", the gate circuit G12 of FIG. 4 is
      supplied with two "1" input signals and produces a "0" output.
      Accordingly, the gate circuit 14 is supplied with a "0" input, and in
      consequence the NAND gate G14 of FIG. 4 is supplied with two "0" input
      signals and gives forth a "1" output. This "1" output is conducted to the
      gate electrode of the SCR 66 through the diode D4 to actuate the SCR 66,
      which remains thus energized, preventing heating of the foods and the
      operation of the timer and causing all the display devices 34, 35, 36 to
      continue to make the (0) indication.
PAR  In the embodiment of FIGS. 2A to 2D the weight-setting switches S1, S2, S3
      may consist of any of a push-button switch, snap switch, rotary switch,
      keyboard switch, etc. Further, the pulse generation circuit may be formed
      of an astable multivibrator. It is also possible to use the thyristor 49
      directly in turning on or off the power source of the high frequency
      generation circuit, instead of energizing or deenergizing the
      electromagnetic switch 52 according to the ON or OFF condition of the
      thyristor 49. The thyristor 49 need not be limited to a bidirectional type
      but may be formed of an SCR. Further, the up-down counters 10, 11, 12 may
      act simply as up-counters in place of down-counters. In this case, it is
      advised to provide in the detection section a coincidence circuit which
      compares outputs from the weight-setting section and those from the
      counters 10, 11, 12 and generates its own output, in case coincidence
      takes place between the two groups of outputs.
PAR  The foregoing embodiment includes a large number of integrated circuits. If
      these circuits are further integrated, it will be possible to provide an
      electronic range whose timer section is made very compact.
PAR  As mentioned above, this invention enables a desired time of thermally
      cooking food to be automatically determined by setting the kind of food
      through the switches SW1, Sw2 . . . . . . . SWN provided on the operation
      panel OP and also setting a value representing the separately measured
      quantity of food by the switches S1, S2, S3 similarly provided on said
      operation panel OP, the result of setting being visibly indicated by the
      display devices 34, 35, 36 also fitted to said panel OP. Therefore, the
      electronic range of this invention eliminates the troublesome work of
      selecting the time of cooking food by separately searching for an optimum
      length of time or from the experience or sense of persons using an
      electronic range at each time of cooking, as has generally been the case
      in the past.
PAR  Accordingly, the present electronic range can easily cook food in heating
      time properly set for its quantity and kind. Said electronic range using
      an electronic digital timer is little subject to failure, elevating a
      safety factor and displaying excellent properties with respect to errors
      and precision of cooking time. Moreover with the electronic range of this
      invention, the kind of food being cooked can be easily found simply by a
      look at the depressed one of the various switches SW1 to SWN provided on
      the operation panel OP. Also a lapse of time since the commencement of
      heating can be readily recognized even afar by observing the progressively
      decreasing decimal numeral indicated on the display devices 34, 35, 36
      also fitted to the operation panel OP. Therefore, the electronic range of
      this invention eliminates the erroneous observation of the timer needle
      and other drawbacks accompanying the prior art electronic range.
PAR  The foregoing description refers to the case where a value representing the
      separately measured quantity of food being cooked was manually set by the
      food-quantity setting switches S1, S2, S3. However, this invention is not
      limited to said embodiment, but may be practised by providing an
      electronic food-quantity-measuring scale on the floor of the heating
      chamber of an electronic range and automatically setting the counters 10,
      11, 12 and display devices 34, 35, 36 according to the measured quantity
      of food placed in the heating chamber.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An electronic range provided with a high frequency generator, which
      comprises a device including quantity-setting switches for setting a value
      representing the quantity of food being cooked; a device for indicating
      the set value in the form of digits; a pulse generator having a time
      constant circuit; a device including kind-setting switching means for
      varying the time constant of the time constant circuit to vary the period
      between pulses generated by said pulse generator in accordance with the
      kind of food; a counter for counting the number of pulses generated from
      said pulse generator upon the commencement of heating; and a control
      device for bringing the operation of the high frequency generator to an
      end when a prescribed relationship arises between the counts made by the
      counter and the set value set by said value setting device.
NUM  2.
PAR  2. An electronic range according to claim 1 wherein the device for setting
      a value representing the quantity of food being cooked includes a decimal
      numeral-binary code conversion circuit for converting a decimal numeral
      denoting the quantity of said food into a binary code signal.
NUM  3.
PAR  3. An electronic range according to claim 1 wherein the device for varying
      the period between pulses generated by the pulse generator comprises a
      plurality of time constant elements and a changeover switch for connecting
      the selected one of said timne constant elements to the pulse generator.
NUM  4.
PAR  4. An electronic range according to claim 3 wherein said time constant
      elements are variable resistors.
NUM  5.
PAR  5. An electronic range according to claim 1 wherein the counter for
      counting the number of pulses generated from the pulse generator upon the
      commencement of heating comprises at least one counter in which a decimal
      numeral previously set by the food-quantity setting device according to
      the quantity of food being cooked is set in the form of binary code
      signals and which counts down by counting pulses generated by the pulse
      generator upon commencement of heating by the electronic range; the
      control device further comprising a detection circuit, a switch rendered
      inoperative when said detection circuit generates an output and a device
      for cutting off the power supply to the high frequency generator of the
      electronic range when said switch is rendered inoperative.
NUM  6.
PAR  6. An electronic range according to claim 5 wherein the control device
      comprises a gate circuit for producing an output when a value previously
      set by the food-quantity setting device is counted down to zero; a reset
      switch; a first SCR whose gate electrode is supplied with a selected one
      of outputs from said reset switch, said detection circuit and said gate
      circuit; a cooking stop switch; a second SCR whose gate electrode is
      supplied with an output from the cooking stop switch; a cooking start
      switch; a device for forcefully deenergizing the first and the second SCR
      upon the closure of the cooking start switch; a transistor rendered
      operative upon the actuation of said first SCR: a thyristor energized upon
      the operation of said transistor; an electromagnetic switch excited upon
      the energization of said thyristor; and a device for operating the power
      supply circuit of the electronic range upon the actuation of said
      electromagnet switch.
NUM  7.
PAR  7. An electronic range according to claim 1 which further comprises a
      light-emitting display device actuated by pulses delivered from the pulse
      generator to the counting device upon commencement of a food-heating
      operation to indicate the time necessary to complete the food-heating
      operation.
NUM  8.
PAR  8. An electronic range according to claim 1 wherein the digital display
      device includes a plurality of display segments each consisting of a
      light-emitting diode.
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PAL  A capacitance discharge stud welding apparatus which comprises a housing. A
      coil is positioned in the housing and an armature is located within the
      coil and is movable between first and second positions relative to the
      coil. A stud chuck is provided for the purpose of holding a stud and is
      connected to the armature for movement therewith. A relatively light
      spring constantly urges the armature and the stud chuck toward the first
      position of the armature in the direction of a metal member to which a
      stud held by the chuck is to be welded. Engagement of the stud held by the
      chuck with a metal member causes the armature to move to the second
      position relative to the coil and against the urging of the light spring.
      An electrical welding current circuit is provided and electrical
      connection means connect the welding current circuit to the chuck and to a
      stud held thereby. Additionally, an electrical coil circuit is provided
      which is electrically connected to the coil for energizing the coil to
      move the armature to the aforementioned first position.
BSUM
PAR  In what is referred to in the art as capacitor discharge stud welding, a
      capacitor or bank of capacitors is charged to a desired voltage and
      welding is accomplished by discharging the capacitor across the contact
      between the stud and a workpiece. This type of stud welding involves
      several variations which include maintaining the stud in contact with the
      workpiece at all times and discharging the capacitor; spacing the stud
      from the workpiece and then moving it in the direction of the workpiece
      with discharge of the capacitor occurring when the stud contacts this
      workpiece; and drawing an arc between the end of a stud and a workpiece as
      it is moved away from the workpiece and then discharging the capacitor and
      moving the stud back into contact with the workpiece. Capacitor
      discharge-type stud welding is used to a large degree in welding smaller
      type studs and particularly these type studs to thin metal members.
PAR  In prior art capacitor discharge stud welding apparatus a spring was
      utilized to control the speed of the plunge or in other words the speed at
      which the stud contacted the work after welding current had been impressed
      across the tip of the stud and the work. By increasing the spring
      strength, the time of plunge could be shortened and conversely by
      decreasing the spring strength the time could be lengthened. The approach
      to controlling the time of plunge is quite a "hit and miss" procedure for
      the unskilled operator. In order to weld aluminum studs the spring
      pressure had to be changed and when a heavy spring was required the stud
      tips were malled and the aluminum workpiece was indented resulting in poor
      welds.
PAR  The present invention is designed to obviate these difficulties in that the
      plunge of the stud is controlled electrically, as distinguished from a
      spring, by energizing the coil of a solenoid to plunge the stud. This is
      accomplished in timed relation to the discharge of the welding current
      across the tip of the stud at the workpiece.
PAR  The absence of a spring for plunging the stud, in turn assures that neither
      the stud tips nor the metal workpiece will be damaged by spring pressure.
      By the use of the present invention the variation of stud extensions
      beyond the arc shield does not have a significant effect on the weld
      thereby simplifying the set up of the gun or other apparatus. Since the
      time of plunge is controlled electrically, no special changes are required
      to weld aluminum and no special gas "shielding" or "shrouding" is
      required.
PAR  The present invention also utilizes unique electrical circuit means for
      both charging and discharging the capacitor-type welding current circuit,
      as well as a similar solenoid coil circuit. The electrical circuit means,
      also, include provision for de-energizing the charging circuits when
      either the gun switch is actuated or the stud is in contact with the
      workpiece.
DRWD
PAR  Other objects and a fuller understanding of this invention may be had by
      referring to the following description and claims, taken in conjunction
      with the accompanying drawings, in which:
PAR  FIG. 1 is an elevational view, in section, of a welding gun constructed
      under the teachings of the present invention;
PAR  FIG. 2 is an elevational view, in section, of the welding gun shown in FIG.
      1 showing the position of the parts when a stud held by the gun is brought
      into contact with a metal workpiece prior to welding;
PAR  FIG. 3 is a circuit diagram of the electrical circuit for use with the gun
      of FIG. 1; and
PAR  FIG. 4 is a curve representing weld current, generated by the circuit of
      FIG. 3 during the welding operation.
DETD
PAR  The stud welding gun used in the present invention and shown in FIGS. 1 and
      2 is identified generally by the reference numeral 20 and includes a
      housing 22 which has a pistol grip 23 and which has a finger-operated
      switch 29 located thereon to be manipulated by an operator of the stud
      welding gun.
PAR  A solenoid is arranged in the housing and includes a coil 24 which is
      mounted in a fixed position about a movable armature 25. The armature is
      movable between first and second positions relative to the coil and is
      located in FIG. 1 in what will be referred to as the first position and it
      will be noted in FIG. 2 that the armature has been retracted to what will
      be referred to as the second position. The armature 25 is provided with an
      extension 26 which extends through an opening 31 in the housing 22 and
      this extension is attached to a chuck adapter 27. The purpose of the chuck
      adapter is to provide for the convenient attachment of various size chucks
      thereto. In this particular circumstance a given chuck 28 is shown secured
      to the chuck adapter and is adapted to move therewith. In turn the chuck
      28 is shown in FIGS. 1 and 2 as appropriately securing a weld stud 30
      thereto.
PAR  A leg 32 is secured at one end to the housing 22 and extends in this
      particular instance outwardly and generally parallel with the chuck
      adapter 27. A foot 33 is secured to the opposite end of the leg 32 by
      means of a threaded member as shown and the foot 33 serves to hold an arc
      shield 35, the purpose of which is generally to shield the arc which
      occurs during the stud welding operation.
PAR  At the opposite end of the armature 25 there is provided a bus-bar assembly
      42 which serves to provide for the electrical connection to enable the
      welding current to be transmitted from the power source to the tip of the
      stud 30 which is in engagement with a metal workpiece 38 as shown in FIG.
      2. Bearings 44 and 45 are provided within the housing 22 to facilitate the
      easy movement of the armature 25 in its movement between the
      aforementioned first and second positions.
PAR  It will be noted in FIG. 1 the stud is located in a position with its end
      slightly beyond the extreme end of the arc shield 35 and as the stud is
      brought into contact with the metal workpiece 38 as shown in FIG. 2, the
      stud is mechanically pushed back or retracted and all of the components to
      which it is attached, for example, the chuck 28, the chuck adapter 27 and
      the armature 25 are, also, retracted the same amount. These components are
      retracted against the urging of a light spring 40 and the purpose of the
      light spring 40 is simply to provide a proper reference position for the
      tip of the stud or in other words the spring is simply for the purpose of
      assuring that at the commencement of the stud welding operation the tip of
      the stud will be in physical contact with the metal workpiece 38.
      Electrical conductors 47 and 48 provide for electrical connection to the
      coil 24 for the purpose of energizing the coil. Conductors 49 and 50
      extend through the finger actuated switch 29 which switch is identified
      schematically in FIG. 3.
PAR  FIG. 3 of the drawings disclose an electrical welding current circuit and
      electrical connection means for connecting this circuit to the chuck 28
      and to the stud 30 which is held thereby. Additionally, FIG. 3 discloses
      an electrical solenoid circuit connected to the coil 24 through the
      conductors 47 and 48 for energizing the coil to move the armature back to
      the first position of FIG. 1 from the second position shown in FIG. 2
      after the weld current has been caused to pass across the tip of the stud
      30 and the metal workpiece 38 causing the stud to be appropriately and
      timely moved into the molten pool of metal. The description hereinbelow
      will be a detailed description of the electrical circuits shown in FIG. 3
      and will, also, discuss the meaning of FIG. 4 which as explained
      hereinabove is a graph showing weld current during the stud welding
      operation and indicates, also, on this curve the point in time when the
      stud is moved into the molten metal at the workpiece 38 upon the
      energization of the coil 24.
PAR  FIG. 3 is a schematic diagram for a device for energizing the stud welding
      gun 20 for welding the stud 30 to the workpiece 38. A primary winding 81
      of transformer 82 receives line voltage through a main power switch 83. A
      secondary winding 85 of transformer 82 is connected to a bridge circuit 86
      comprising diodes 92 and 93 and thyristors 88 and 89 whose gates are
      respectively connected to photothyristors 90 and 91. Thyristors 90 and 91
      are powered from secondary windings 94 and 95. The bridge circuit 86
      functions as a full-wave rectifier circuit when photothyristors 90 and 91
      receive light to trigger thyristors 88 and 89 into conduction. The absence
      of light shining on photothyristors 90 and 91 will cause thyristors 88 and
      89 to cease conduction.
PAR  A secondary winding 108 of transformer 82 is applied to a half-wave
      rectifier circuit comprising diode 110, capacitor 111, resistor 112 and
      Zener diode 113. The output of this voltage supply is applied to an
      oscillator circuit comprising unijunction transistor (UJT) 106, light
      emitting diodes 116 and 117, capacitor 118, potentiometer 121 and resistor
      122. The light emitting diodes 116 and 117 are respectively coupled to the
      photothyristors 90 and 91. During oscillation of unijunction transistor
      106, the light emitting diodes 116 and 117 provide light to
      photothyristors 90 and 91 to cause conduction through thyristors 88 and
      89.
PAR  The output of the bridge circuit 86 is connected to a welding capacitor 97
      for storing a welding charge. A voltage divider network including resistor
      132 potentiometer 133 and resistor 134 provide base bias for a transistor
      135. The collector of transistor 135 is connected through diode 136 to the
      base of unijunction transistor 106. Potentiometer 133 is adjusted such
      that when a predetermined voltage exists on welding capacitor 97, the
      conduction of transistor 135 will terminate oscillation of unijunction
      transistor 106 and light emission of light emitting diodes 116 and 117.
      Consequently, the welding capacitor 97 will receive a predetermined charge
      to insure uniform welding.
PAR  The welding capacitor 97 is connected in series with the workpiece 38 and
      the stud 30 and welding switch means 141 shown as a thyristor 142 having a
      pilot thyristor 143 connected in a latch circuit which is triggered by a
      secondary winding 144 of a pulse transformer 145. A pulse upon the
      secondary winding 144 of pulse transformer 145 will cause conduction of
      pilot thyristor 143 to latch thyristor 142 into conduction to discharge
      welding capacitor 97 through the workpiece 38 and the stud 30 to cause
      welding thereby.
PAR  A solenoid power supply circuit 147 connected to the secondary winding 85
      of transformer 82 through connection points A includes switch means shown
      as thyristor 149 for charging a solenoid capacitor 150. A half-wave
      rectifier circuit comprising diode 151, capacitor 152, resistor 153 and
      Zener diode 154 applies power to an oscillator circuit comprising
      unijunction transistor 157 and a primary winding 158 of a pulse
      transformer 159. A secondary winding 160 of the pulse transformer 159 is
      connected to a pilot thyristor 161 to latch thyristor 149 into conduction
      to charge solenoid capacitor 150. A voltage divider network comprising
      resistor 163, potentiometer 164 and resistor 165 controls base bias to
      transistor 167. The collector of transistor 167 is connected to the base
      of unijunction transistor 157 to terminate oscillation thereof when the
      voltage on solenoid capacitor 150 equals a predetermined value.
      Consequently, the transistors 167 and 157 will terminate charging of
      capacitor 150 when the voltage thereon equals a predetermined value
      selected by potentiometer 164.
PAR  The solenoid capacitor 150 is connected through conductors 47 and 48 in
      series with the solenoid coil 24 and solenoid switch means 169 in this
      embodiment shown as thyristor 170 having a pilot thyristor 173 connected
      in a latch circuit which is triggered by a secondary winding 174 of a
      pulse transformer 175. Conduction of thyristor 170 discharges solenoid
      capacitor 150 through the solenoid coil 24 to move the stud 30 relative to
      the workpiece 38.
PAR  The main switch 29 located in the stud welding gun applies power through
      conductors 49 and 50 to a timing circuit shown generally as 177 comprising
      a first rectifier circuit including diode 179, capacitor 180, resistor 181
      and Zener diode 182. Light emitting diodes 185 and 186 are optically
      coupled to phototransistors 187 and 188 which shunt unijunction
      transistors 106 and 157, respectively. When the switch 29 is closed the
      light emitting diodes 185 and 186 cause conduction of phototransistors 187
      and 188 to cease oscillation of unijunction transistors 106 and 157 to
      terminate charging of the welding capacitor 97 and the solenoid capacitor
      150. This insures that the charging of the welding and solenoid capacitors
      is terminated prior to the discharge of the welding and solenoid
      capacitors.
PAR  Switch 29 applies power to a first oscillator circuit having a first time
      constant comprising a capacitor 189 unijunction transistor 190 a
      potentiometer 191 and a primary winding 192 of pulse transformer 145. A
      rectifier circuit comprising a diode 194, capacitor 195, resistor 196 and
      Zener diode 197 supplies power to a second oscillator circuit having a
      second time constant comprising unijunction transistor 200, a primary
      winding 201 of pulse transformer 175 and a potentiometer 203.
      Potentiometers 191 and 203 vary the time at which a pulse appears on the
      primary winding 192 of pulse transformer 145 relative to the time a pulse
      appears on the primary winding 201 of pulse transformer 175. The pulses on
      primary windings 192 and 201 are reflected on the secondary windings 144
      and 174 to trigger thyristors 142 and 170, respectively.
PAR  A contact sensing circuit 205 comprises diodes 207 through 210 and light
      emitting diodes 211 and 212. Power is applied to the contact sensing
      circuit by a secondary winding 214 connected to points D and E. The light
      emitting diodes 211 and 212 are optically coupled to phototransistors 217
      and 218 to cause conduction of phototransistors 217 and 218 for
      terminating oscillation of unijunction transistors 106 and 157.
      Consequently, upon contact of the stud 30 to the workpiece 38 a complete
      circuit is formed causing light emitting diodes 211 and 212 to emit light
      thereby terminating charging to the welding and solenoid capacitors 97 and
      150.
PAR  The circuit may be described as operating in the following manner. When the
      switch 83 is closed, the primary winding 81 causes a voltage to be induced
      in the secondary winding 85 and in the secondary 108 to cause oscillation
      of unijunction transistor 106. Light emitted from light emitting diodes
      116 and 117 cause conduction of thyristors 88 and 89 to charge welding
      capacitor 97. When the voltage upon welding capacitor 97 reaches a
      predetermined value, the conduction of transistor 135 terminates
      oscillation of unijunction transistor 106 and likewise terminates charging
      of welding capacitor 97. Power, also, is delivered to unijunction
      transistor 157 to cause oscillation to be transferred through pulse
      transformer 159 to cause conduction of thyristor 149 to charge solenoid
      capacitor 150. When the voltage on solenoid capacitor 150 reaches a
      predetermined value, the conduction of transistor 167 terminates
      oscillation of unijunction transistor 157 and likewise terminates charging
      of solenoid capacitor 150.
PAR  The stud 30 is then brought into contact with the workpiece 38 by an
      operator to close the contact circuit 205. Light from light emitting
      diodes 211 and 212 cause conduction of phototransistors 217 and 218 to
      terminate oscillation of unijunction transistors 106 and 157 and cease
      charging of welding capacitor 97 and solenoid capacitor 150. The stud 30,
      also, moves into the second position as shown in FIG. 2. When the operator
      closes switch 29 located on the pistol grip 23 of the stud welding gun 20,
      light emitting diodes 185 and 186 cause conduction of phototransistors 187
      and 188 to further insure the termination of charging of welding capacitor
      97 and solenoid capacitor 150.
PAR  FIG. 4 is a graph of welding current as a function of time. The time of
      closing switch 29 is represented as T.sub.1 in FIG. 4. Thereafter, a
      period of time determined by potentiometer 191 elapses before a pulse
      appears on the primary winding 192 to trigger thyristor 142 to discharge
      the welding current between the stud 30 and the workpiece 38. The
      triggering of thyristor 142 is designated T.sub.2 in FIG. 4. The time
      between T.sub.1 and T.sub.2 is established to insure that the thyristors
      in the supply circuits 86 and 147 are completely off. The welding current
      increases in intensity to a maximum at T.sub.3 in FIG. 4 to melt the end
      of the stud 30 and the adjacent region of the workpiece 38. The welding
      current gradually decreases until T.sub.4, whereat the stud 30 is advanced
      into the molten pool of the workpiece 38 and stud end to form the weld
      while welding capacitor 97 continues to discharge until T.sub.5. The stud
      is so advanced by the solenoid because the unijunction transistor 200
      causes a pulse in primary winding 201 which energizes thyristor 170 which
      in turn discharges solenoid capacitor 150 through the solenoid coil 24.
      The welding process is thus completed.
PAR  The circuit in FIG. 3 includes diodes 220 and 221 connecting the bases of
      unijunction transistors 106 and 157 to the thyristors 142 and 170,
      respectively. In the event that either of the thyristors 142 or 170
      shorts, then oscillation of the respective unijunction transistor is
      prevented thereby preventing charging of the welding or solenoid
      capacitors 97 and 150.
PAR  The invention includes a device for energizing the stud welding gun 20 for
      welding the stud 30 to the workpiece 38 which stud is movable in the gun
      by the solenoid having the solenoid coil 24 comprising the welding
      capacitor 97 and the welding power circuit 86. Means including transistors
      106 and 135 connect the welding capacitor 97 to the welding power circuit
      86 for charging the welding capacitor to a predetermined value. Welding
      switch means 141 connects the welding capacitor 97 for discharging the
      welding capacitor through the stud 30 and the workpiece 38. Solenoid
      switch means 169 interconnects the solenoid power supply comprising the
      rectifier circuit 147 and capacitor 150 for energizing the solenoid coil
      24. The timing circuit is connected by pulse transformers 145 and 175 to
      commence discharging of the welding capacitor 97 through the stud 30 and
      workpiece 38 and thereafter to move the stud relative to the workpiece 38
      by energizing the solenoid coil 24.
PAR  The present disclosure includes that contained in the appended claims, as
      well as that of the foregoing description. Although this invention has
      been described in its preferred form with a certain degree of
      particularity, it is understood that the present disclosure of the
      preferred form has been made only by way of example and that numerous
      changes in the details of construction and the combination and arrangement
      of parts may be resorted to without departing from the spirit and the
      scope of the invention as hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A capacitance discharge stud welding apparatus including in combination
      a housing, a coil in said housing, an armature movable between first and
      second positions relative to said coil, a stud chuck, means connecting
      said stud chuck to said armature, a welding shield secured to said housing
      and positioned so as to shield the welding of a stud to a metal member
      which stud is held by said chuck, a relatively light spring constantly
      urging said armature and said stud chuck toward said first position in the
      direction of the metal member to which a stud held by said chuck is to be
      welded, engagement of a stud held by said chuck with a metal member
      causing said armature to move to said second position relative to said
      coil and against the urging of said light spring, an electrical welding
      current circuit, electrical connection means connecting said welding
      current circuit to said chuck and to a stud held thereby, an electrical
      coil circuit electrically connected to said coil for energizing the same
      to move said armature to said first position.
NUM  2.
PAR  2. A device for energizing a stud welding gun for welding a stud to a
      workpiece, comprising in combination: a solenoid, means connecting the
      stud to be welded to the solenoid for movement of the stud relative to the
      workpiece, a welding capacitor, a welding power circuit, means connecting
      said welding capacitor to said welding power circuit for charging said
      welding capacitor to a predetermined value, welding switch means connected
      to said welding capacitor for discharging said welding capacitor through
      the stud and the workpiece, solenoid switch means, a solenoid power
      supply, means connecting said solenoid switch means to said solenoid power
      supply for energizing said solenoid, a timing circuit, a power switch for
      activating said timing circuit, and means connecting said timing circuit
      to said welding and solenoid switch means to discharge said welding
      capacitor through the stud and the workpiece upon activation of said
      timing circuit and to energize said solenoid with said solenoid power
      supply to move the stud toward the workpiece.
NUM  3.
PAR  3. A device as set forth in claim 2, wherein said welding power circuit
      includes switch means to terminate charging of said welding capacitor when
      the voltage thereon equals a predetermined value.
NUM  4.
PAR  4. A device as set forth in claim 3, wherein said welding power circuit
      switch means includes photoswitch means, and said means connecting said
      welding capacitor to said welding power circuit includes a welding control
      circuit having photoemission means coupled to said photoswitch means in
      said welding power circuit.
NUM  5.
PAR  5. A device as set forth in claim 2, including means for coupling said
      timing circuit with said welding power circuit to terminate charging of
      said welding capacitor during discharge of said welding capacitor.
NUM  6.
PAR  6. A device as set forth in claim 5, wherein said coupling means includes
      photocoupling means.
NUM  7.
PAR  7. A device as set forth in claim 2, including a contact sensor circuit
      coupled to said welding power circuit to terminate charging of said
      welding capacitor during contact of the stud to the workpiece.
NUM  8.
PAR  8. A device as set forth in claim 7, wherein said sensor circuit is coupled
      to said welding power circuit by photocoupling means.
NUM  9.
PAR  9. A device as set forth in claim 2, wherein said solenoid power supply
      includes a solenoid capacitor, a solenoid power circuit including switch
      means, means connecting said solenoid capacitor to said solenoid power
      circuit for charging said solenoid capacitor, and a solenoid control
      circuit connected between said solenoid capacitor and said solenoid power
      circuit to control said switch means of said solenoid power circuit to
      terminate charging of said solenoid capacitor when the voltage thereon
      equals a predetermined value.
NUM  10.
PAR  10. A device as set forth in claim 2, wherein said timing circuit includes
      a first trigger circuit having a first time constant for energizing said
      welding switch means and a second trigger circuit having a second time
      constant for energizing said solenoid switch means.
NUM  11.
PAR  11. A device as set forth in claim 2, wherein said means connecting said
      timing circuit to said welding and solenoid switch means includes a latch
      circuit connecting said timing circuit to said welding switch means.
NUM  12.
PAR  12. A capacitance discharge stud welding apparatus including in
      combination, a solenoid comprising a coil and an armature, said armature
      movable between first and second positions relative to said coil, a stud
      chuck adapted to hold a stud to be welded, means connecting said stud
      chuck to said armature, means for enabling movement of said armature to
      said second position relative to said coil and away from the workpiece and
      away from said first position upon engagement of the stud held by said
      chuck with a metal workpiece to which the stud is to be welded, an
      electrical welding current circuit connected to the stud to be welded, an
      electrical coil circuit electrically connected to said coil for energizing
      the same to move said armature to said first position from said second
      position and toward the metal workpiece to which the stud is to be welded.
NUM  13.
PAR  13. Apparatus as set forth in claim 12, wherein said electrical welding
      current circuit includes a welding capacitor, a welding power circuit,
      means connecting said welding capacitor to said power circuit for charging
      said welding capacitor to a predetermined value, welding switch means
      connected to said welding capacitor for discharging said welding capacitor
      through the stud and the workpiece; said electrical coil circuit includes
      solenoid switch means, a solenoid power supply and means connecting said
      solenoid switch means to said power supply for energizing the solenoid;
      and a timing circuit, a power switch for activating said timing circuit
      and means connecting said timing circuit to said welding and solenoid
      switch means to discharge said welding capacitor through the stud and the
      workpiece upon activation of said timing circuit and to energize said
      solenoid with said solenoid power supply to move the stud into contact
      with the workpiece to which it is to be welded.
NUM  14.
PAR  14. A device as set forth in claim 13, wherein said welding power circuit
      includes switch means to terminate charging of said welding capacitor when
      the voltage thereon equals a predetermined value.
NUM  15.
PAR  15. A device as set forth in claim 14, wherein said welding power circuit
      switch means includes photoswitch means, and said means connecting said
      welding capacitor to said welding power circuit includes a welding control
      circuit having photoemission means coupled to said photoswitch means in
      said welding power circuit.
NUM  16.
PAR  16. A device as set forth in claim 13, including means for coupling said
      timing circuit with said welding power circuit to terminate charging of
      said welding capacitor during discharge of said welding capacitor.
NUM  17.
PAR  17. A device as set forth in claim 16, wherein said coupling means includes
      photocoupling means.
NUM  18.
PAR  18. A device as set forth in claim 13, including a contact sensor circuit
      coupled to said welding power circuit to terminate charging of said
      welding capacitor during contact of the stud to the workpiece.
NUM  19.
PAR  19. A device as set forth in claim 18, wherein said sensor circuit is
      coupled to said welding power circuit by photocoupling means.
NUM  20.
PAR  20. A device as set forth in claim 13, wherein said solenoid power supply
      includes a solenoid capacitor, a solenoid power circuit including switch
      means, means connecting said solenoid capacitor to said solenoid power
      circuit for charging said solenoid capacitor, and a solenoid control
      circuit connected between said solenoid capacitor and said solenoid power
      circuit to control said switch means of said solenoid power circuit to
      terminate charging of said solenoid capacitor when the voltage thereon
      equals a predetermined value.
NUM  21.
PAR  21. A device as set forth in claim 13, wherein said timing circuit includes
      a first trigger circuit having a first time constant for energizing said
      welding switch means and a second trigger circuit having a second time
      constant for energizing said solenoid switch means.
NUM  22.
PAR  22. A device as set forth in claim 13, wherein said means connecting said
      timing circuit to said welding and solenoid switch means includes a latch
      circuit connecting said timing circuit to said welding switch means.
PATN
WKU  039327256
SRC  5
APN  446849&
APT  1
ART  213
APD  19740228
TTL  Method for monitoring and regulating electrical resistance welding
ISD  19760113
NCL  1
ECL  1
EXA  Shaw; Clifford C.
EXP  Truhe; J. V.
NDR  1
NFG  1
INVT
NAM  Ganowski; Franz-Josef
CTY  Maingrundel
CNT  DT
ASSG
NAM  Keller & Knappich Augsburg Zweigniederlassung der Industrie-Werke
      Karlsruhe Augsburg Aktiengesellschaft
CTY  Augsburg
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730327
APN  2315184
CLAS
OCL  219110
XCL  219117
EDF  2
ICL  B23K 1124
FSC  219
FSS  109;110;117
UREF
PNO  3389239
ISD  19680600
NAM  Treppa et al.
XCL  219109
UREF
PNO  3445768
ISD  19690500
NAM  Ferguson
XCL  219109
UREF
PNO  3582967
ISD  19710600
NAM  Beckman et al.
XCL  219110
OREF
PAL  "Nondestructive Bond Quality Monitor for Resistance Bonds," IBM Technical
      Disclosure Bulletin, Vol. 14, No. 2, 7/1971, p. 481.
LREP
FR2  Collard; Allison C.
ABST
PAL  A method for monitoring and regulating electrical resistance welding by
      comparing the actual values obtained by integrating measured values of the
      welding electrodes with desired valued limits obtained by test welding
      operations in the form of voltage and current parameters. These parameters
      are integrated in accordance with the formula
      ##EQU1##
      WHEREIN Y IS OTHER THAN UNITY AND IS SELECTED SO THAT THE INFLUENCE OF THE
      RESISTANCE R on the actual, measured value is at least equivalent to the
      influence of the current I and/or the welding time t, in the above
      formula, on the measured value. The resultant weld value is then fed to a
      comparison circuit which contains the upper and lower limits obtained by
      the test welding. If these limits are exceeded the power to the welding
      apparatus is automatically disconnected.
BSUM
PAR  This invention relates to a method for monitoring and/or regulating
      electrical welding processes such as, for example, spot, seam, projection,
      and butt welding in order to ensure the quality of the weld.
PAR  Quality criteria in, for example, spot welding are spot diameter,
      penetration depth of the nuggets, indentation depth of the electrodes,
      shear tension, torque, alternating bending force and direct tension. In
      known process control devices, upper and lower quality threshold values
      are chosen which represent production limits corresponding to the
      conditions occurring in practice. On passing above or below these limits,
      a warning signal can be given, so that the welding process can be switched
      off, or there can be an automatic adjustment.
PAR  The weld result depends on various parameters, such as, the shape of the
      metal sheets to be welded, the edge distance, the sheet metal quality and
      surface characteristics, characteristics and shape of the electrodes,
      electrode force, welding current, current time, interval time, post-weld
      time, water cooling, tooling and setup and skill of the welder. In
      addition, during the welding process the individual parameters can be
      displaced, e.g., the production and dissipation of heat. Therefore, the
      weld result is dependent on the sum of a plurality of inseparable
      processes and factors.
PAR  There are many measurable parameters such as the welding current, voltage,
      etc. which can be used for monitoring devices for the welding process.
      Consequently, it is known, for example, that process control devices
      working from the welding time form the integral of I.R.dt or the pure
      product from instantaneous values I.R.t, wherein I is the secondary
      welding current (ampere), R the resistance between the electrodes (ohm),
      and t the welding time (sec.). The measured value thus obtained is
      compared with a set upper and lower quality threshold value.
PAR  According to the findings serving as a basis for the invention, this method
      of forming the measured value does not provide a realistic picture of the
      sum of the plurality of previously indicated factors which are decisive
      for good weld results. In particular, in the resistance R, important
      factors are reflected whose significance is also not taken adequately into
      account in the known measured value since parameters I and t have a large
      indication range, while parameter R has comparatively a much smaller
      indication range within the scope of the measured value formed e.g. for I
      between 330 and 450 millivolt seconds (mVs) and for R between 370 and 410
      mVs.
PAR  The present invention provides an improved method for monitoring and/or
      regulating electrical resistance welding processes by comparing the
      desired and actual values in such a way that the weld quality appropriate
      for the particular purpose is ensured.
PAR  According to the invention, the weld result used is the instantaneous
      product of I.R.sup.Y.t or as an integral I.R.sup.Y.dt, determined via the
      welding time t (sec.), whereby Y is other than unity. The magnitude of Y
      is appropriately selected in such a way that the influence of the
      resistance R on the actual, measured value is at least equivalent to the
      influence of the current I and/or the welding time t on the measured
      value.
PAR  Obviously, nothing in the inventive teaching is changed if in mathematical
      conversions in the most general form I.sup.X.R.sup.Y.t.sup.2 the same
      basic principle is maintained.
PAR  As an embodiment of the invention the spot welding of two metal sheets of
      uncoated steel approximately 2 mm thick is explained. For this example,
      the usual value for the secondary welding current I = 13,000A. The
      resistance R between the electrodes is about 100 microohm and a welding
      time t = 0.3 sec. is chosen. By varying the welding current, the lower
      current limit, corresponding to possible bonding of the sheets, was
      determined as 11,000A, and the upper current limit was 15,000A,
      corresponding to burning. Consequently, from the product I.R.t at the same
      resistance R and the same welding time t, 330 and 450 mVs are obtained as
      the magnitudes for the lower and upper threshold values respectively.
PAR  As a result, for example, of varying the electrode force for the same
      current I of 13,000A, the lower and upper limits, corresponding to bonding
      and burning, are determined at 95 or 105 microohms respectively. In this
      case, magnitudes of 370 and 410 mVs are obtained for the lower and upper
      threshold values. Thus, the fluctuation range between 11,000 and 15,000A,
      corresponding to an value between 330 and 450 mVs is possible by limiting
      the current I to the range between 370 and 410 mVs by the fluctuation
      range of resistance R.
PAR  If, according to the invention, the measured numerical value for resistance
      R is raised by a power of three, then, assuming a constant welding current
      of 13,000A for the previously determined fluctuation range for resistance
      R between 95 and 105 microohms, an value between 330 and
      450.10.sup.-.sup.8 volt.sup. 3 /amp.sup. 2. sec is obtained. Therefore the
      values for the previously determined variation in the welding current
      between 11,000 and 15,000A at a constant resistance of 100 microohms move
      exactly in the above-given range of 330 to 450.
PAR  Consequently, by raising the numerical value for resistance R by a power of
      3 the indicated range for resistance R is equated with the range for
      current I, i.e., the particular values for the lower and upper limit
      values coincide determined by varying the welding current I and/or varying
      the resistance R on the basis of the respective bonding or burning of the
      sheets.
DRWD
PAR  The aforementioned embodiment will now be explained in more detail with
      reference to the attached drawing of which the sole FIGURE constitutes a
      schematic diagram that illustrates the inventive method. The diagram shows
      that when the nominal value limits are exceeded or not reached by the
      actual value, the welding process is switched off automatically.
PAR  In the drawing, welding electrodes 1 and 2 are schematically shown and are
      used to weld sheet metal parts 3 and 4 by spot welding. The energy supply
      for electrodes 1 and 2 is provided by a circuit 5 via a welding control
      unit 6 and a weld transformer 7.
PAR  A voltage U is sensed across the weld point at electrodes 1 and 2 by means
      of conductors 8, 9, detected in a measuring device 10 and suitably
      converted in a computer unit 16 via a line 14 for further use.
      Correspondingly a welding current I is sampled by means of feed lines 11
      and 12, which are connected to a measuring unit 13 and then converted.
PAR  The voltage and current values are fed from units 10 and 13 to the computer
      unit 16 through the lines 14 and 15, respectively. The computer calculates
      the resistance R at the welding point in accordance with the formula
      ##EQU2##
      and thus calculates the actual value at each point in accordance with the
      formula
      ##EQU3##
PAR  In the formula, I is the welding current, R is the resistance of the weld
      point and t.sub.s the welding time. The exponents x and z have the value
      1, in accordance with the described embodiment, while exponent y has the
      value 3.
PAR  The actual value obtained is fed through a line 17 a comparison unit 18,
      wherein the actual value is compared with preset nominal values which were
      obtained by test welding. In the subject embodiment, these nominal value
      limits are 330 and 450 mVs, respectively. As long as the actual value for
      a defined spot weld lies within the nominal value limits, comparison
      device 18 does not signal. However, if the actual value either exceeds or
      falls below the established nominal value limits, comparison device 18
      sends an electrical control pulse which is led to welding control unit 6
      through a line 19, so that the welding process is switched off.
PAR  While only a few aspects of the inventive method have been shown and
      described, it will be obvious that many changes and modifications may be
      made thereunto without departing from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for selectively monitoring and regulating electrical resistance
      welding processes by comparing actual, measured values with desired value
      limits, the latter being a measure of acceptable welding quality,
      comprising the steps of: conducting at least one test welding operation to
      establish the desired value limits, while the actual values are obtained
      during an actual welding operation; the desired value limits relating to
      the secondary welding current I, the resistance R between the welding
      electrodes, as well as the welding time t measured during a single actual
      welding operation; measuring the voltage across the electrodes, and the
      current applied thereto, during the actual welding operation; integrating
      the actual values of the voltage and the current to produce a welding
      result, by interpolation of both the actual and the desired values in the
      formula:
      ##EQU4##
      wherein I is the secondary welding current in amperes,
PA1  R is the resistance between the electrodes in ohms,
PA1  Y is an exponent other than unity, and
PA1  t is the welding time in seconds;
PAL  the current, the resistance and the time being subject to unavoidable and
      tolerable fluctuations in predetermined ranges during the actual welding
      operation; selecting the magnitude of the exponent so that the influence
      of the resistance on the desired value limits is at least equivalent to
      the influence of at least one of the current and the welding time on the
      same value limits when the former fluctuate within the predetermined
      ranges; comparing the actual values with the desired value limits; and at
      least partly disconnecting electrode power when the actual values meet or
      exceed the desired value limits.
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PAL  In the severing of glass by irradiating it with a laser beam along the line
      where it is to be severed, the quality and speed of the severing operation
      are improved by preliminarily scoring the glass along such line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of severing vitreous or
      vitrocrystalline sheet material along predetermined lines, particularly by
      applying severing forces of thermal origin to the sheet material by
      irradiating it with at least one laser beam. The invention also relates to
      an apparatus for the performance of the method.
PAR  The term "vitrocrystalline material" used herein denotes material formed by
      thermally treating glass to cause the formation of one or more crystalline
      phases therein.
PAR  It is known that vitreous sheet material can be severed by irradiating the
      material with a laser beam. Thus United Kingdom Pat. specification No.
      1,246,481 describes a method of severing vitreous sheet material by
      irradiating the material with a CO.sub.2 laser. Such a laser is selected
      because it has a wavelength such that its energy is very strongly absorbed
      by the vitreous material. In consequence of this energy absorption,
      thermomechanical stresses are created in the sheet material which cause it
      to fracture.
PAR  This known method is applicable only to a limited range of sheet material
      thicknesses. In particular, the method is not reliably applicable for
      severing vitreous sheets above 5 mm in thickness. Moreover in the practice
      of the known method the sheet material sometimes fractures along lines
      which depart from the line traced by the laser beam.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a method which can be
      applied for severing vitreous and vitrocrystalline sheet material of a
      much wider range of thicknesses.
PAR  Another object of the invention is to provide a method by which such sheet
      materials can be cut with the rapidity which is required in flat glass
      manufacturing plants for cutting continuously manufactured ribbons of
      glass in order to remove the thicker ribbon margins.
PAR  According to the present invention, there is provided, in a method of
      severing vitreous or vitrocrystalline sheet material along a predetermined
      line, in which method severing forces of thermal origin are induced in the
      sheet material by irradiating it with at least one laser beam, the
      improvement that the irradiation of the material is preceded by scoring of
      the sheet along said line.
PAR  The present invention affords the very important advantage that it can be
      used for severing vitreous and vitrocrystalline sheets with a wide range
      of thicknesses extending both below and above 5 mm. The invention can in
      fact be used for severing thick sheets, e.g., sheets having a thickness of
      10 mm or more.
PAR  Another advantage of the method is that the line along which the material
      is actually severed is strictly determined by the score line even if the
      path traced by the laser beam departs slightly from such score line. The
      course of the score line can of course be easily and accurately
      controlled.
PAR  Yet another very important advantage of the method according to the
      invention is that the severing operation is insensitive, or at least less
      sensitive, to pre-existing mechanical stresses in the sheet material. More
      particularly, if the intended line of severance, along which the material
      is scored, crosses a fault in the material, the fault at most entails a
      local imperfection in the separated edges of the material and does not
      cause fracturing stresses to be randomly propagated away from the intended
      line of severance. The fracture follows the score line, if not through the
      fault, then at least up to the boundary or boundaries of the fault
      intersected by such line.
PAR  It has also been found that the method according to the invention often
      enables severance of a given vitreous or vitrocrystalline material to be
      achieved with a laser beam of lesser energy than would be required when
      using the previously known method of laser beam cutting.
PAR  One of the present requirements in glass manufacture is that vitreous sheet
      material not only be severed very rapidly, as is necessary for example in
      order to continuously remove the excessively thick margins of a glass
      ribbon as it is produced in a high speed drawing machine, but that it also
      presents severed edges which are free from chipping and other
      irregularities.
PAR  The known method of severing vitreous sheet material by relying on the
      stresses of thermal origin induced by a highly absorbed laser beam can be
      used for severing fairly thin sheets, e.g. sheet material of 3 - 4 mm in
      thickness, but it is often found that the severed edges are impaired by
      defects which are quite evident to the naked eye and preclude the sheets
      from high quality grading in the absence of some further treatment such as
      grinding or fire polishing.
PAR  It has been found that the method according to the invention as
      hereinbefore defined enables such defects in the severed edges to be
      avoided, provided one very simple but important precaution is taken. This
      precaution relates to the manner in which the scoring of the sheet
      material is effected.
PAR  It is of course well known that vitreous sheet material can be severed by
      scoring the material and then subjecting it to externally applied
      mechanical forces in order to break the sheet material along the score
      line. This is in fact the traditional method of cutting glass and is
      employed manually and in automatic mass production and processing plants.
      While the usual techniques and conditions of operation of a scoring tool
      can be used when performing the scoring step of a method according to the
      invention, it has been found that a very marked improvement in the
      results, as far as the quality of the severed edges is concerned, can be
      realized if the scoring is effected with a substantially lower scoring
      tool pressure than that conventionally employed. It is surprising that
      such an improvement should ensue as a result of using an abnormally low
      tool force but in fact the combination of such a low tool force and the
      irradiation of the material with a laser produces very remarkable results.
      The methode utilizing such combination enables vitreous or
      vitrocrystalline sheet materials to be severed quickly and reliably and
      the severed edges are quite free from the usual easily detectable
      irregularities. The method gives these advantages when applied for
      severing thin sheets e.g. sheets of the order of 3 - 4 mm in thickness,
      and when applied for severing thick sheets e.g. sheets up to 10 mm or more
      in thickness.
PAR  Accordingly, in the embodiments of the invention to which particular
      importance is attached, the scoring is performed with a scoring tool force
      of such low magnitude that the resulting severed sheet edges are free from
      perceptible irregularities.
PAR  Preferably, the scoring tool force is less than 1 kg. This preferred
      maximum force is very much below the force which are conventionally
      employed and which have always hitherto been considered to be necessary
      for scoring glass preparatory to breakage. By keeping the scoring tool
      force below 1 kg when performing the scoring step in a method according to
      the invention, it can be assured that the severed edges have a very high
      quality.
PAR  The surprising nature of the discovery which has been made pertaining to
      the low tool force is highlighted by the fact that the method will give
      defect-free severed edges even when the scoring tool force is so low that
      the scored sheet material will not break accurately along the scored line
      when subjected to bending forces externally applied across the scored
      line. The invention in fact includes embodiments in which the scoring tool
      force is of such low magnitude that the scored sheet will pass that
      negative test.
PAR  The scoring tool used in a method according to the invention may be of any
      known type, e.g. a diamond or tungsten carbide tool.
PAR  Preferably, after the scoring, severance of the scored sheet material is
      brought about solely by forces induced by the action of the laser beam or
      beams. However the invention does not exclude methods in which some
      mechanical force is imposed on the material to assist division of the
      material along the scored line.
PAR  Two or more identical laser beams may be used for irradiating the sheet
      material along different sections of the length of a given score line. The
      sheet material can thus be severed more rapidly.
PAR  Preferably the thermal stresses causing severance are induced by two or
      more laser beams of different wavelengths such that the material to be
      severed has different degrees of transparency to the different beams. This
      feature promotes a more favorable energy stress distribution through the
      thickness of the material and enables true, chip-free, separated edges to
      be even more easily obtained. Moreover, the power of the individual lasers
      can be relatively low.
PAR  The two laser beams of different wavelengths may be directed so that at any
      given moment they simultaneously irradiate the same spot on the sheet
      material. However it is also possible for the different beams to irradiate
      adjacent spots. By using two or more laser beams of different wavelengths,
      the method can be made less sensitive to variations in the thickness of a
      sheet material along the line of severance.
PAR  In preferred embodiments of the invention, a relative movement is produced
      between a laser beam or beams and the sheet material to cause the material
      to be progressively irradiated by such beam or beams along the line of
      severance. In this way, it is possible to bring about severance along a
      scored line of any length by means of a beam or beams which irradiate one
      spot of the material at a time. A nicely controlled progressive separation
      of the sheet material along the score line can be brought about. The laser
      beam or beams is or are preferably uninterrupted so that the sheet
      material is irradiated at every location along the score line. The
      intensity of the or each laser beam is preferably selected so that it is
      at or about the lowest value which will be effective at the selected speed
      of the relative movement. In that case unnecessarily high energy
      concentrations at or near the surface of the sheet material are avoided,
      which, as already referred to, is a factor of importance for the quality
      of the separated edges.
PAR  Preferably the sheet material is simultaneously traversed along the line of
      severance, by a tool which scores the material, and by the laser beam or
      beams. In other words, the sheet is irradiated along the line of severance
      while the material is still being scored. Such embodiments of the method
      are advantageous from the point of view of time saving. Moreover, it is
      usually easier, when proceeding in that way, to ensure that the line
      traced out on the sheet material by the laser beam or beams strictly
      coincides with the line traced by the scoring tool.
PAR  The invention includes methods in which the vitreous or vitrocrystalline
      sheet material is in continuous movement during the scoring and the laser
      beam irradiation thereof. Generally speaking it is more convenient and
      satisfactory to displace the sheet material continuously during such
      scoring and irradiation. When cutting the sheet material along lines
      parallel to its direction of movement, the scoring tool and the laser beam
      or beams can be stationary. In any event, however, whatever be the
      orientation of the line or lines of severance in relation to the direction
      of movement of the sheet material, it is very convenient to sever the
      sheet material while it is in continuous movement. The material may, for
      example, be severed while travelling along part of a production or
      treatment line. Sheet glass can, for example, be severed while being
      continuously conveyed from an annealing lehr.
PAR  The invention is of particular importance as applied to the severance of a
      continuous glass ribbon. Thus, the invention can be employed for severing
      a continuous glass ribbon, at the outlet of an annealing lehr, into
      predetermined lengths and/or for severing such ribbon along its edges.
PAR  The invention includes apparatus for severing vitreous or vitrocrystalline
      sheet material by a method according to the invention as hereinbefore
      defined. Thus the invention provides an apparatus suitable for use in
      severing vitreous or vitrocrystalline sheet material, composed of means
      for supporting the sheet material, means for emitting a laser beam for
      inducing severing forces of thermal origin in the sheet material, and
      means for bringing about relative displacement between the laser beam and
      the sheet material to cause the beam to trace along a required line of
      severance, and characterized in that the apparatus also includes a tool
      for scoring the sheet material along the line of severance in advance of
      the irradiation of the material along that line by the laser beam.
PAR  Apparatus according to the invention enables glass and vitrocrystalline
      material in sheet form and of a wide range of thicknesses to be severed
      along a predetermined line. The apparatus can moreover achieve this result
      notwithstanding the pre-existance of random stresses in the material being
      severed. A laser beam of lower power than that required in the previously
      known laser beam cutting apparatus can often be used.
PAR  Preferably the scoring tool is under a loading of less than 1 kg. This
      feature helps to ensure that the severed sheet edges will be of good
      quality.
PAR  Such loading is preferably imposed by a weight bearing on the scoring tool.
      In that way it is possible to allow for variations in the thickness of the
      sheet material being severed. A better control of the loading is thus
      obtained.
PAR  In certain embodiments of apparatus according to the invention the
      apparatus includes laser beam directing means having at least one
      component which is displaceable to cause such beam to traverse the sheet
      material along the line of severance, the directing means being mounted on
      a moveable carrier for the scoring tool. This is a very convenient
      arrangement for causing the sheet material to be simultaneously traversed
      by the scoring tool and the laser beam or beams. Controlled progression of
      the fracture of the material along the score line can be brought about
      whether this material be stationary or in a state of movement and, in the
      latter case, regardless of the relationship between the direction of such
      movement and the direction of displacement of the point of impingement of
      the laser beam on the sheet material.
PAR  The invention includes apparatus wherein there is laser beam directing
      means composed of at least one optical device disposed between the laser
      beam source and the sheet material. By making use of this feature there is
      the possibility of choosing the most convenient location of the laser beam
      source, out of line with the direction of the laser beam when it impinges
      on the sheet material. The laser beam source may be mounted in a fixed
      position and the or at least one optical device between the source and the
      sheet material may be displaced to cause the beam to trace the required
      course along such material.
PAR  In a particularly advantageous form of apparatus according to the
      invention, a scoring tool carrier is mounted on an arm which is disposed
      so as to extend across, and to be spaced from, a surface of the sheet
      material when such material is on the sheet material supporting means, and
      the laser beam directing means includes a laser beam reflector mounted on
      such arm. Such apparatus is particularly well suited for use in the
      continuous automatic severance of a glass ribbon leaving an annealing
      lehr, for example a glass ribbon which has been formed by drawing from a
      bath of molten glass or by flotation of glass on a liquid bath.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of one embodiment of the invention.
PAR  FIG. 2 is a cross-sectional view taken along line II--II of FIG. 1.
PAR  FIG. 3 is a plan view of another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, a glass ribbon 1, coming from a horizontal
      annealing lehr (not shown) of a known type, is supported on a roller
      conveyor 2, only a few rollers of which are shown in order to simplify the
      drawings. Above the path along which the glass ribbon is conveyed by the
      rollers there is an arm 3 along which a carriage 4 for a scoring tool
      travels, e.g., under power transmitted from a motor 5 via a chain
      transmission mechanism (not shown). The carriage 4 is stably supported on
      rollers 6 which engage in grooves 7 in the arm 3, as shown in FIG. 2. A
      scoring tool 8 is mounted on the carriage 4 and may, for example,
      incorporate a tungsten carbide wheel.
PAR  A laser beam source 9 is mounted at one side of the apparatus, such source
      being, for example, secured to a main frame of the apparatus. The laser
      is, for instance, a CO.sub.2 type laser emitting radiation with a
      wavelength of 10.6 microns which is partly absorbed by the glass. The beam
      of coherent light 10 emitted from the laser source 9 is incident on a
      reflecting device 11 mounted on the arm 3 and is reflected thereby along a
      path parallel to the longitudinal axis of that arm onto a second reflector
      12 which is attached to the scoring tool carriage 4. The reflector 12
      reflects the beam 10 onto the glass ribbon via an optical lens 13 which
      focuses the beam on the line which has just been scored by the tool 8.
      This focusing may be approximate, since it is unnecessary for the beam to
      be accurately focused on the score line to effect the required severance
      of the glass ribbon. Tests showed that 1 millimeter of glass thickness was
      cut at a relative speed of 95 mm per second, i.e., approaching 6000 mm per
      minute, between the focused beam and the glass. These results were
      obtained with power reduced by at least 50% in comparison with the power
      required when using the known laser beam cutting technique.
PAR  FIG. 3 shows an apparatus in which a glass ribbon 14 is severed
      longitudinally at its edges while in longitudinal movement on a roller
      conveyor 15. The glass ribbon may for example be severed while travelling
      away from an annealing lehr after being formed by a conventional drawing
      process, or by flotation of glass on a bath of molten metal. A fixed bar
      or arm 16 is disposed above, and transversely of the direction of
      continuous forward movement of the glass ribbon, this direction being
      indicated by an arrow. Two scoring tool carriers 17 and 18 are mounted on
      this transverse arm. The scoring tools may be of diamond wheel type. The
      apparatus is designed to sever the edges of a glass ribbon which as a rule
      are subject to considerable irregularities of thickness either in relation
      to the remainder of the ribbon, or from one place to another along such
      edges. The tools progressively score along the margins of the glass ribbon
      as it advances beneath the tools, which are fixed. Immediately behind the
      tool-carriers 17, 18, there are optical devices 19, 20 for focusing laser
      beams on the freshly scored lines. The laser beams are emitted
      horizontally from laser sources 21, 22 disposed above the marginal zones
      of the ribbon 14 and are deflected through 90.degree. by reflecting
      devices (not shown).
PAR  The marginal portions 23, 24 of the ribbon 14, which are severed from the
      main part thereof, are supported by rollers 25 - 28 which are so disposed
      and rotated that they move such marginal portions away from the main part
      of the ribbon.
PAR  In a number of tests use was made of two laser beams of different
      wavelengths for severing the glass along the or each scored line, for
      instance a CO.sub.2 laser with a radiation wavelength of 10.6 microns and
      a H.sub.2 O laser with a wavelength of 22 microns. The double beam
      facilitated the severance of the glass with good quality separated edges
      notwithstanding significant variation in the glass thickness along the
      line or lines of severance. Severing operations employing two laser beams
      can be performed with the apparatus shown in FIGS. 1 and 2 by the use of a
      second laser source 9' producing a laser beam having a wavelength
      .lambda..sub.2 different from the wavelength, .lambda..sub.1, of the beam
      produced by laser 9. Laser 9' is oriented to direct its beam toward mirror
      11 in such a manner that the two laser beams will irradiate the same line
      along the surface of ribbon 1.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of severing vitreous or vitrocrystalline sheet material
      along a predetermined line by inducing severing forces of thermal origin
      in the sheet material by irradiating it with at least one laser beam, the
      improvement comprising, before such irradiation of the material, scoring
      the material along substantially the entire length of said predetermined
      line, and subsequently effecting such irradiation by irradiating the
      material along such predetermined line with at least two laser beams of
      different radiation wavelengths such that the material to be severed has
      different degrees of transparency with respect to the different beams.
NUM  2.
PAR  2. A method according to claim 1 wherein a relative movement is produced
      between such laser beam and the sheet material to cause the material to be
      progressively irradiated by such beam along the line of severance.
NUM  3.
PAR  3. A method according to claim 2 wherein said step of scoring is carried
      out by causing the sheet material to be traversed along the line of
      severance by a tool which scores the material along one portion of the
      predetermined line simultaneously with traversal of an adjacent portion of
      such line by the laser beam.
NUM  4.
PAR  4. A method according to claim 1 wherein the sheet material is in
      continuous movement during said scoring and during the laser beam
      irradiation thereof.
NUM  5.
PAR  5. A method according to claim 1 wherein the sheet material is a continuous
      glass ribbon.
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ABST
PAL  A prefabricated water supply system for supplying water from an underground
      source to mobile homes or stock tank waterers and the like includes a
      riser pipe encased within an outer pipe spaced from the riser pipe. A
      third hollow pipe is located adjacent to the riser pipe and parallel to
      it. The space between the outer pipe and the riser pipe and third hollow
      pipe is filled with a rigid polyurethane foam insulation. A heat tape
      controlled by a thermostatic switch is located within the third pipe and a
      pair of end caps are used to hold the unit together. The provision of the
      third hollow pipe for the heat tape permits ready insertion and removal of
      the heat tape even after the unit has been installed in the ground under a
      mobile home or a stock tank waterer. An access opening aligned with the
      upper end of the third pipe is provided in the top end cap for
      facilitating this replacement and removal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In regions where sub-freezing temperatures persist for prolonged periods of
      time sufficient to cause the ground to become frozen, water supply systems
      for mobile homes, stock tank waterers and the like are subject to freezing
      of water in the riser pipe connected between the mobile home or stock tank
      waterer and the underground water supply pipe located below the frost
      line.
PAR  If the water in the riser pipe freezes, it blocks the pipe, interrupting
      the flow of water, and often bursts the pipe. This problem is especially
      severe when water is supplied intermittently or stands in the riser pipe
      for long periods of time.
PAR  A solution to this problem is given in applicant's U.S. Pat. No. 3,120,600
      in which the riser pipe is wrapped with a heat tape covered with
      insulation and located within an outer pipe. The riser pipe with the
      surrounding heat tape encased in the outer pipe is prefabricated as a unit
      and then is utilized in place of the conventional riser pipe for use in
      mobile home or stock tank waterer installations.
PAR  While the prefabricated units of this earlier patent have given
      satisfactory service in a large number of installations, it is necessary
      to remove the top cap and valve assembly to replace the heat unit if the
      heat unit should ever fail. This means that the water supply must be
      turned off if it ever does become necessary to replace a heat unit.
PAR  In the installation of the prefabricated riser pipe assemblies for a mobile
      home court or the like, it is necessary to install and connect the riser
      pipe assemblies prior to the time that any of the mobile homes are moved
      into place for service by the individual riser pipe systems. Since the
      mobile homes are not moved into place until some subsequent time, no
      rentals or sales are effective until later. Thus, it is desirable to
      reduce the initial cost of the water supply system as much as possible.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a liquid supply system which
      overcomes the disadvantages found in prior art systems.
PAR  It is another object of this invention to provide an electrically heated
      water supply system in which the heating element can be easily installed
      and removed.
PAR  It is still another object of this invention to provide an electrically
      heated water supply system in which the heating element may be readily
      installed and removed without disturbing the water supply portion of the
      assembly.
PAR  It is still another object of this invention to provide an underground
      freezeless water supply system which is economical to manufacture.
PAR  In accordance with the preferred embodiment of this invention, a liquid
      supply system is prefabricated as a unit to be used as the riser pipe
      assembly for mobile homes, stock tank waterers and the like. The assembly
      includes an outer pipe with an inside diameter which is substantially
      greater than the outside diameter of the riser pipe. A pair of end caps
      close the ends of the outer pipe and the riser pipe passes through the end
      caps which effect a relative spacing between the riser pipe and the outer
      pipe. This space is filled with insulation which also has a cylindrical
      cavity in it parallel to the riser pipe for receiving an electrical
      heating means.
PAR  In a more specific embodiment, the cavity in the insulation accommodates a
      third hollow pipe which is parallel to the liquid supply pipe and this
      third pipe receives a thermostatically controlled electric heat tape.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partially cut away view of a preferred embodiment of the
      invention;
PAR  FIG. 2 is a cross-section taken along the line 2--2 of FIG. 1; and
PAR  FIG. 3 shows additional details of the embodiment shown in FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, in which the same reference numbers designate
      the same elements in all of the figures, there is shown a water supply
      system including a riser pipe 10 terminating at its lower end in a valve
      11. In the installation of the water supply system, the valve 11 is
      connected to an underground water supply line (not shown) which is located
      below the frost line. The upper end of the riser pipe 10, is connected
      through a "T" 12 and a globe valve 14 to a suitable utilization device
      such as a mobile home or a stock waterer (not shown).
PAR  The other outlet of the T 12 has a bushing 16 in it through which passes a
      hollow rod 18, which extends all the way inside the riser pipe 10 to the
      valve 11. The lower end of the hollow rod 18 is rigidly attached to the
      valve poppet 20 for the valve 11; so that rotation of the rod 18 can be
      used to effect the opening and closing of the valve 11 at the bottom of
      the unit. A handle 21 is secured to the upper end of the rod 18 which
      extends through the handle 21 and is capped by a threaded cap 23. In
      normal usage the cap 23 is in place and prevents water from passing
      through the hollow rod 18.
PAR  To evacuate water from the riser pipe 10 when the unit is not in use, the
      handle 21 first is rotated clockwise to thread the poppet 20 downwardly to
      close the valve 11. The cap 23 is removed and the globe valve 14 also is
      closed. Air under pressure then is introduced into the T 12 through a
      conventional air valve 26 of the type commonly used in pneumatic tires.
      The valve 26 terminates a hollow pipe which opens into the T 12.
      Introduction of air through the valve 26 forces the water downwardly out
      of the riser pipe 10, through an opening 28 at the lower end of the hollow
      rod 18, and out its upper end where the cap 23 has been removed. Using
      this technique, all of the water can be evacuated from the riser pipe when
      the unit is not in use.
PAR  Under normal circumstances, however, water is supplied, often
      intermittently, through the riser pipe 10 to a utilization device in areas
      where the riser pipe 10 necessarily must pass through a zone of
      temperatures which are below the freezing point of water. Because of this,
      it is necessary to prevent the water in the pipe 10 from freezing to avoid
      the inconvenience of an interrupted water supply and possibly even severe
      damage due to bursting of the riser pipe 10.
PAR  The remainder of the elements shown in the drawing are employed for the
      purpose of preventing the water in the riser pipe 10 from freezing. These
      elements include an outer pipe casing 30, preferably made of styrene alloy
      plastic and having an inside diameter sufficiently larger than the outside
      diameter of the riser pipe 10 to form a space between the two pipes. This
      space preferably is filled with a preformed styrofoam or polyurethane
      insulation constructed as two rigid half cylindrical sections 32 and 34.
      These sections are each of a generally U-shaped configuration, as most
      clearly shown in FIGS. 2 and 3. The dimensions of the polyurethane foam
      insulation sections 32 and 34 are chosen to substantially fill the cavity
      between the riser pipe 10 and the outer pipe 30.
PAR  The riser pipe 10 is placed to one side of the center line of the finished
      assembly and essentially fills the U-shaped cavity in the section 32. The
      cavity in the section 34 preferably has placed in it a hollow metal pipe
      36 which is parallel to the riser pipe 10 and adjacent to it.
PAR  The assembly which has been described thus far is held together by an above
      ground end cap 38 and a below ground end cap 39 which preferably are made
      of molded styrene alloy plastic. Each cap 38 and 39 has a sleeve portion
      which just fits over the outside of the outer pipe 30. The ends of the
      riser pipe 10 pass through a hole located just to the left of the center
      of the caps 38 and 39, as viewed in FIG. 1.
PAR  The entire unit then is clamped together by screwing on the valve 11 at the
      threaded lower end of the riser pipe 10 and by screwing on the T 12 at the
      upper end of the riser pipe 10. This moves the caps 38 and 39 toward one
      another until the ends of the outer pipe 30 engage the shoulders or ends
      of the caps 38 and 39. Further tightening of the valve 11 and the T 12
      causes a compression force to be applied to the outer pipe 30 and a
      tensioning force to be applied to the riser pipe 10. This clamps the
      assembly firmly together. A second opening is provided to the right of the
      axis or center line of the unit as viewed in FIG. 1 directly in line with
      the open end of the hollow pipe 36.
PAR  This second opening is made large enough so that an electric heat tape or
      heat cable 42, with a thermostat switch 43 can be dropped through the
      opening into the pipe 36. The heat tape is lowered into the pipe 36 to a
      depth near or below the anticipated frost line in which the unit is to be
      installed. The thermostat switch 43 is located near the upper end of the
      pipe 36 to subject it to the temperatures to which the unit is subjected.
      The heat tape 42 is supplied with electricity from a suitable source of
      alternating current electricity (not shown). When the thermostat switch 43
      closes in response to temperature drops near the freezing point of water,
      heat generated by the tape 42 prevents freezing of water in the riser pipe
      10. The insulation sections 32 and 34 confine the heat to the area
      occupied by the two pipes 10 and 36. When the temperature rises to above
      the freezing point of water, the thermostat switch 43 opens to turn off
      the supply of electricity to the tape 42.
PAR  Preferably a rubber grommet 45 or similar device is used to seal the hole
      in the upper cap 38 over the open end of the pipe 36 and to tightly engage
      the heat tape 42. The grommet 45 is removable so that if the heat tape 42
      ever should fail in operation of the device, the grommet can be removed
      and the heat tape 42 then can be withdrawn from the pipe 36 without
      disturbing any of the plumbing internal to the prefabricated unit or
      attached to it. This also makes it possible to install the heat tape 42 at
      any time after the rest of the unit is installed. Thus, it is not
      necessary to include the heat tape until the unit actually is going to be
      used by connecting it to a mobile home or other utilization device.
PAR  It should be noted that if the heat conductive properties of the metal pipe
      36 are not desired, it can be eliminated and the heat tape 42 then can be
      lowered directly into the cavity formed within the insulation member 34.
PAR  It is not necessary to provide a water tight seal between the caps 38 and
      39 if preformed styrofoam or polyurethane foam insulation is used since
      such insulation does not absorb water and does not lose any of its
      insulating properties if it is submerged in water. If other types of
      insulation are employed, it may be desirable to employ a water tight seal
      between the outer pipe 30 and the end caps 38 and 39.
PAR  Although the foam sections 32 and 34 are shown as identical or symmetrical
      sections, this is not necessary. It is preferable that they are
      symmetrical, however, to minimize the inventory required to fabricate the
      unit. If the cavities in the insulation sections 32 and 34 were not
      exactly the same, such as with one being deeper than the other, then, of
      course, the holes in the end caps 38 and 39 necessarily would need to be
      located in alignment with the respective cavities in the insulation
      members 32 and 34. The operation and utilization of the unit, however,
      would not be affected by this modification.
PAR  The water supply system which has been described may be preassembled, so
      that installation at the place of use merely involves connection of the
      underground water supply pipe to the valve 11 at the bottom and connection
      of the valve 14 to the utilization device at the top. Although particular
      materials have been described in conjunction with various ones of the
      different parts of the water supply system, other materials with
      comparable characteristics could be substituted if desired. In some
      installations it may be desirable to locate the thermostat switch 43
      outside the assembled unit above the grommet 45. This permits a greater
      latitude of shapes and sizes of thermostat switches to be used, since the
      switch then would not have to be dimensioned to pass through the second
      opening and the pipe 36.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid supply supply system including in combination:
PA1  a rigid liquid supply pipe for supplying liquid from an underground supply
      source to an aboveground utilization point;
PA1  a rigid outer pipe with an inside diameter substantially greater than the
      outside diameter of said liquid supply pipe for encasing said liquid
      supply pipe with a space therebetween;
PA1  an above ground end cap and a below ground end cap on said outer pipe, each
      end cap having at least one opening for permitting passage of said supply
      pipe therethrough;
PA1  rigid foam thermal insulation means substantially filling the space between
      said supply pipe and said outer pipe;
PA1  an elongated straight cavity in said insulation means including therein a
      predetermined portion of the length of said supply pipe and having an open
      upper end, the cavity extending from the above ground end cap downwardly
      toward said below ground end cap, said predetermined portion of said
      supply pipe having its outer periphery exposed along one side in said
      cavity, an elongated electric heating means removably positioned in said
      cavity alongside the exposed portion of said supply pipe and in heat
      exchange relationship therewith; and
PA1  said above ground end cap having a second opening therein aligned with the
      open upper end of said cavity and being of such size and shape as to allow
      removal of said elongated heating means from said cavity through said
      second opening irrespective of connections made to said supply pipe.
NUM  2.
PAR  2. The combination according to claim 1 further including means for
      clamping said end caps to said liquid supply pipe and said outer pipe to
      form a unitary structure.
NUM  3.
PAR  3. The combination according to claim 1 further including a third rigid
      hollow pipe within said cavity parallel to and adjacent said liquid supply
      pipe removably receiving said electrical heating means.
NUM  4.
PAR  4. The combination according to claim 1 wherein said insulation means
      comprises preformed foam insulation of a substantially elongated hollow
      shape, said liquid supply pipe and the elongated cavity being located
      within the elongated hollow insulation.
NUM  5.
PAR  5. The combination according to claim 4 wherein said foam insulation is
      comprised of two preformed portions, each having a cross-section of
      substantially U-shaped configuration.
NUM  6.
PAR  6. The combination according to claim 5 wherein each of said first and
      second foam insulation pieces have identical mating configurations placed
      together in abutting relationship to form a cavity for receiving said
      liquid supply pipe and further providing said cavity alongside said liquid
      supply pipe.
NUM  7.
PAR  7. The combination according to claim 6 further including a third pipe
      located within said cavity, said third pipe being parallel to said liquid
      supply pipe and substantially in abutting relationship thereto and
      receiving said electric heating means.
NUM  8.
PAR  8. The combination according to claim 7 wherein said electric heating means
      comprises an electric heat tape.
NUM  9.
PAR  9. The combination according to claim 8 wherein said third pipe is a metal
      pipe having good heat transfer characteristics.
NUM  10.
PAR  10. The combination according to claim 8 further including a thermostat
      located in said cavity in said insulation means and connected to said heat
      tape to control electric current flowing through said heat tape in
      response to temperature variations.
NUM  11.
PAR  11. A water supply system for supplying water from an underground source to
      an above-ground point of use including in combination:
PA1  a rigid riser pipe;
PA1  a rigid outer pipe with an inside diameter substantially greater than said
      riser pipe for encasing said riser pipe with a space therebetween;
PA1  a third rigid pipe located in heat exchange relationship in close proximity
      alongside said riser pipe and parallel thereto said third pipe having an
      open upper end;
PA1  a preformed rigid thermal insulation member substantially filling the space
      between said outer pipe and said riser pipe and said third pipe;
PA1  first and second end caps on said outer pipe and each having a first
      opening therein through which said riser pipe passes for establishing and
      maintaining the spaced relationship of said riser pipe and said outer
      pipe;
PA1  means for clamping said end caps to said riser pipe and said outer pipe to
      form a unitary closed structure;
PA1  said first end cap located at the aboveground end of said riser pipe and
      having a second opening aligned with said open upper end of said third
      pipe for providing access thereto; and
PA1  electric heat tape means removably positioned in said third pipe a
      predetermined distance for heating said riser pipe to prevent water
      therein from freezing, said second opening being of such size and shape as
      to permit removal of said heat tape means from said third pipe through
      said second opening.
NUM  12.
PAR  12. The combination according to claim 11 wherein said heat tape further
      includes a thermostatic switch connected thereto and located within said
      third pipe to control electric current flowing through said heat tape in
      response to predetermined temperature variations.
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ABST
PAL  A TIG welding arrangement utilizing a high frequency arc starting
      arrangement with a fuse protected secondary arc gap operable to protect
      the welding apparatus.
BSUM
PAR  This invention relates to electric arc fusion welding apparatus.
PAR  Many welding machines for so-called TIG (an acronym for "tungsten,
      inert-gas") welding are being developed, particularly for welding heat
      exchanger tubes to one another end to end and for welding heat exchanger
      tubes by their ends to tube plates at apertures therein. In many kinds of
      heat exchangers there may be very large numbers of welds to be made under
      conditions of restricted access to each welding position and with the
      necessity to keep during the welding certain variables within limits which
      may be particularly close for welding tubes of small diameter. To meet
      such requirements machines of compact design and automated to work with a
      pre-programmed sequence of welding operations are being made. Of a
      sequence of operations to be performed by automatic welding apparatus
      after the machine has been appropriately positioned in relation to the
      parts to be welded, one is that of initiating the arc and for this it is
      common to apply across the arc gap between the electrode and the work
      piece high frequency voltage oscillations capable of breaking down and
      initially ionizing the gap to make possible the start of the d.c. arc of
      lower voltage required for the making of the weld as the electrode,
      carried by a welding head, is caused to orbit the tube or tubes by a motor
      controlled by a programmed device for the welding. It has been proposed to
      use a voltage pulse derived from a capacitor discharge to initiate the arc
      instead of high frequency oscillations.
PAR  The power source for automated TIG welding of tubes end to end or tubes to
      tube plates may be rectifier controlled by the programmed device to yield
      so far as possible a programmed steady current or it may be a power source
      yielding a pulsed direct current program according to the dictates of a
      programmer. Either apparatus may be arranged for high frequency starting
      of the d.c. arc and high frequency arc starting may also be employed for
      other electric arc fusion welding apparatus. The present invention applies
      to electric arc fusion welding apparatus generally, for tube welding or
      other purposes, with program-controlled motors and using arc starting by
      high frequency or other transitory voltage.
PAR  The present invention comprises an electric arc fusion welding apparatus
      with a motor for effecting relative traversing movement between a welding
      electrode and the work piece, means for controlling the motor according to
      the dictates of a program, a power source for supplying the arc and means
      for applying between the electrode and the work piece a transitory voltage
      for initiating the arc, wherein there is provided in parallel with the arc
      gap a secondary arc gap adapted to discharge under the transitory voltage
      in the absence of favourable main arc initiating conditions.
PAR  The invention will now be described by way of example with reference to the
      accompanying schematic drawing which shows more important elements of a
      TIG welding machine for welding tubes together end to end.
DETD
PAR  With reference to the drawing, an automated TIG welding machine for welding
      two tubes 1 and 2 together end to end comprises a welding head 3 arranged
      for orbiting the junction between the tubes under the drive of an electric
      motor 4, a rectifier 5 for supplying the welding arc with direct current
      and a programmed device 6 arranged to oversee and control the welding
      according to a pre-determined sequence of welding operations.
PAR  The welding head 3 comprises a non-consumable electrode 7 of for example
      thoriated tungsten on the axis of, and with its tip projecting beyond, a
      ceramic sleeve 8 to the interior of which inert gas for example argon is
      supplied for the welding operations through a gas conduit 9 and from the
      interior of which the inert gas supplied is discharged around the
      electrode tip to bathe the welding arc between the electrode tip and the
      tube junction. The welding head is oriented during the orbiting motion so
      that the electrode axis always intersects at right angles the common axis
      of the tubes 1 and 2. The motor 4 for driving the welding head 3 around
      its orbit is regulated by a motor controller 10 capable of starting and
      stopping the motor and adjusting its speed. The motor controller 10 is
      shown adjacent the motor 4 but may well in practice be located within the
      programmed device.
PAR  The welding current circuit includes a lead 11 connected between the metal
      of the tubes 1 and 2 and the rectifier 5 and a lead 12, which will usually
      in this type of welding be arranged to be negative with respect to the
      lead 11, connected between electrode 7 and the rectifier 5. A d.c.
      voltmeter 13 and an ammeter 14, which may both well in practice be located
      within the programmed device, measure the welding voltage and current
      respectively. In the lead 12 a coil 21 is provided which is inductively
      coupled to a coil 22 of a spark gap oscillator 23 which is capable of
      delivering periodic bursts of high frequency oscillation when connected to
      a.c. mains by leads 25 in which contacts 26 are interposed.
PAR  A secondary arc gap device 27 is provided comprising a cathode 28, for
      which a tungsten welding electrode may be used, and an anode 29 which may
      be in the form of a solid copper plate both arranged within a chamber
      which has a length of refractory glass tube 30 as a wall and of which the
      interior is arranged to be traversed by a stream of inert gas withdrawn
      from the gas conduit 9 in a conduit 31 under control of a valve 32 in a
      gas discharge conduit from the chamber. In a modification, the inert gas
      stream arranged to flow through the chamber is the inert gas stream on its
      way to the welding head 3. The cathode 28 is electrically connected
      through a fuse 33 and the anode 29 is connected to the negative one of the
      leads 11, 12 and the anode 29 is connected to the other of the leads. The
      integrity of said fuse is testable by a circuit connected across the fuse
      and containing in series a further fuse 34, a battery 35, a normally open
      contact 36 and a lamp 37.
PAR  The programmed device 6 is supplied from the motor 4 with information on
      the welding head position through a signal line 104 and with information
      on the welding voltage and current through respective signal lines 113 and
      114. It is adapted to control the motor controller 10 through a control
      line 110 and to control the rectifier output through a control line 105.
      In response to the signals in the lines 104, 113 and 114 the programmer
      adjusts the motor speed and/or the welding voltage and/or the welding
      current in a predetermined manner to suit the different welding conditions
      and requirements at different angular positions of the welding head around
      its orbit during the main part of the welding operations. Moreover, the
      programmed device may be arranged to ensure a slow speed for a period
      earmarked for arc initiation and initial tube junction heating before the
      commencement of the main part of the welding operations and will generally
      be arranged to ensure a slow motor speed and low arc currents subsequently
      to the main part of the welding operation in order to leave smaller the
      residual arc crater in the weld and will be arranged finally to stop the
      motor and extinguish the arc.
PAR  The programmed device 6, which is capable of controlling the contacts 26
      through a control line 126, is arranged to maintain the contacts 26 in the
      leads 25 normally open but, upon the pressing of a start button (not
      shown) for the commencement of a welding operations, to close the contacts
      26 but only until the rectifier output voltage falls below a predetermined
      value owing to the establishment of the required welding arc or until a
      predetermined short time has elapsed, which ever takes place sooner.
PAR  Before the commencement of a welding operation the contact 36 should be
      closed momentarily to confirm by the illumination of the lamp 37 that the
      circuit through the fuse 33 is intact. During the preparation of the
      machine for a welding operation the valve 32 should be opened to flood the
      chamber of the secondary arc device 27 with inert gas and to maintain
      thereafter a flow of inert gas therethrough; the inert gas continuously
      discharged therefrom should of course be recovered.
PAR  After the pressing of the said start button for the commencement of a
      welding operation the programmed device 6 ensures the application by the
      rectifier 5 of a d.c. voltage across the arc gap between the electrode 7
      of the welding head 3 and the junction between the tubes 1 and 2 to be
      welded together end to end and, as a result of its closing of the contact
      26, the superimposition upon said d.c. voltage of a high frequency high
      amplitude voltage capable of ensuring under proper conditions that the
      said arc gap breaks down and initially ionizes to allow the establishment
      of the d.c. arc required for the welding operation. When the d.c. arc is
      established the information of a fall in rectifier output voltage from the
      open-circuit voltage to a working voltage will be fed from a relay, not
      shown, sensitive to voltage fall, to the programmed device 6 to cause
      immediate opening thereby of the contacts 26 and thereby cessation of the
      high frequency voltage application to the d.c. welding circuit. The
      secondary arc gap in the device 27 is set at, say 25% greater than the
      main arc gap (properly set) in order to ensure that it does not break down
      under the high frequency voltage if the main arc strikes.
PAR  If, for any of a number of reasons, amongst which may be mentioned an
      incorrect setting of the main arc gap, a defective connection by the lead
      11 between the tubes and the rectifier or a defect in the welding head
      allowing air entrainment by the inert gas to the arc gap, the main arc
      does not strike upon the application of the high frequency voltage, the
      high frequency voltage discharges across the secondary arc gap in the
      device 27. If the gas ionization by the secondary arc gap discharges makes
      possible a d.c. arc current in the device 27 which persists after the
      programmed device 6 has reopened the contacts 26 to cause cessation of the
      high frequency voltage application, such current is prevented from
      overheating and damaging the device 27 by reason of the prior blowing of
      the fuse 33.
PAR  If a secondary arc so strikes under the high frequency oscillations in
      default of a main arc strike, the return path for the high frequency
      oscillations provided thereby attenuates them and reduces the risk of
      damage to the installation. In the absence of such return path the high
      frequency voltage might jeopardize the installation by, for instance,
      "tracking"  across insulation between the electrode 7 and the motor 4 and
      the motor controller 10 and taking a return path via the signal line 104
      and/or the control line 110 and through the programmed device 6 and the
      rectifier 5. It will be understood that such stray high frequency currents
      can do damage not only by themselves to for instance complicated and
      sensitive apparatus using printed circuits and transistors in the
      programmer and rectifier but also by opening up paths of low resistance
      for d.c. current from the rectifier. Damage so caused may be extremely
      time-consuming to repair, more particularly since, as well as components
      burn-outs, it may involve hit-or-miss faults. The welding head is also
      preserved by the secondary arc gap from damage that might ensue if the
      high frequency oscillations were not able to discharge across the main arc
      gap.
PAR  It is envisaged that the step of testing the fuse 33 might be arranged to
      take place automatically after the pressing of the start button and so as
      to prevent any further operation unless the fuse was intact.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A fusion arc welding apparatus for making welds on a work piece and
      comprising a welding head, a non-consumable electrode mounted in said
      head, a motor for moving said electrode along a path traversing the work
      piece, a device programmed for a predetermined sequence of welding
      operations, a controller responsive to the programmed device to regulate
      the operation of said motor, a direct current arc supply circuit including
      a rectifier and separate leads connecting the rectifier to said electrode
      and work piece for maintaining a working arc potential across a gap
      between said electrode and work piece, a circuit communicating with said
      electrode related lead for applying a transitory voltage therethrough to
      initiate the arc, said last named circuit including an alternating current
      supply means, a spark gap oscillator, and contact means interposed between
      said oscillator and supply means, said contact means being triggerable by
      the programmed device to supply alternating current to the oscillator for
      generating said transitory voltage, and means for discharging the
      transitory voltage should the arc fail to be initiated, said last named
      means including an anode connected to the work piece related lead, and a
      cathode connected to the electrode related lead, said anode and cathode
      being spaced from one another to form a secondary arc gap therebetween,
      and conduit means for supplying an inert gas to said first and second
      named arc gaps.
NUM  2.
PAR  2. The fusion arc welding apparatus according to claim 1 wherein said
      cathode is a tungsten electrode.
NUM  3.
PAR  3. The fusion arc welding apparatus according to claim 1 wherein said anode
      is a solid copper plate.
NUM  4.
PAR  4. The fusion arc welding apparatus according to claim 1 including a glass
      tube disposed in spaced surrounding relation to the cathode and anode and
      communicating with said conduit means to receive inert gas therefrom.
NUM  5.
PAR  5. The fusion arc welding apparatus according to claim 1 including a
      ceramic sleeve disposed in spaced surrounding relation to the electrode
      and communicating with said conduit means to receive inert gas therefrom.
NUM  6.
PAR  6. The fusion arc welding apparatus according to claim 1 including a fuse
      interposed between the electrode related lead and said cathode.
NUM  7.
PAR  7. The fusion arc welding apparatus according to claim 6 comprising a
      circuit connected across said fuse and including a battery, a normally
      open contact and a lamp serially disposed and operable to test the fuse
      when said contact is closed.
NUM  8.
PAR  8. The fusion arc welding apparatus according to claim 7 including a
      secondary fuse disposed in said fuse testing circuit.
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ABST
PAL  An electric heater control circuit is shown which utilizes a 10-step
      controller for obtaining eighteen steps of heating control. Electrical and
      magnetic control circuitry operates this 10-step controller effectively
      through two cycles, one at a low level power output mode and a second at a
      high level power output mode, to thereby substantially increase the
      effective number of steps of heat control. In addition, means are provided
      for instantaneously energizing or de-energizing a plurality of small
      electric heaters upon shifting modes to compensate for the de-energization
      or energization respectively of a large heater to thereby avoid momentary
      periods of excess heat or cold while the controller is shifting modes.
BSUM
PAR  In the simpliest terms this invention provides means for effectively
      increasing the number of steps of a multi-step controller. In the
      particular example given, a 10-step controller is connected to provide an
      18 -step output. Similarly a 20 -stage controller may be made to provide a
      38-stage output. The output of the stages is used to control electric
      heaters for a conditioned space. It is therefore an object of this
      invention to provide a thermostatically controlled electric heating system
      with substantially more stages of heat control than may be directly
      provided from a multi-stage controller.
DRWD
PAR  Other objects and advantages of this invention will become more apparent as
      this specification proceeds to describe the invention with reference to
      the sole drawing which schematically illustrates the invention.
DETD
PAR  Referring to the drawing, it will be seen that heaters H1-H11 are disposed
      in heat exchange relationship with a conditioned space 18. A control
      system 20 is provided for controlling the heating output of heaters H1-H11
      in response to the temperature of the space 18.
PAR  For purposes of more fully understanding the operation of the control
      system 20, the system is shown in the completely de-energized condition.
      All relays are assumed to raise their respective armature contacts or
      switches upon energization. All normally closed contacts are shown as
      closed and all normally open contacts are shown as open.
PAR  The basic elements of the control system include a step controller 25, a
      plurality of heater relays 1R-11R, a plurality of heaters H1-H11, relay
      12R, relay 13R, time delay relay 14R, thermostat 46, and switch 22.
PAR  More specificially it will be noted that relay 12R has two normally open
      contacts, 12R1 and 12R4, and two normally closed contacts 12R2 and 12R3.
      Relay 13R has three normally open contacts 13R1, 13R2, and 13R3 and one
      normally closed contact 13R4. Time delay relay 14R has one normally open
      contact 14R1 and one normally closed contact 14R2. Each of relays 1R-11R
      have respectively normally open heater contacts 1R1-11R1 in series
      respectively with heaters H1-H11. In addition, relay 1R has normally
      closed contacts 1R2 and relay 2R has normally open contacts 2R2. Relay 9R,
      in addition, has normally closed contacts 9R2. Relay 10R, in addition, has
      normally open contacts 10R2. Relay 11R, in addition, has two normally open
      contacts 11R2 and 11R3. Relay 14R is provided with approximately 1 second
      time delay in opening of contacts 14R2. All other relays may be assumed to
      act substantially instantaneously for purposes of this disclosure.
PAR  Each of switches S1-S10 is a single pole double throw switch providing
      connection between terminals B and C in the position shown and between
      terminals A and C upon being actuated by the raised portion 40 of cam 38.
      Cam 38 is rotatably positioned by a cam motor 26 having a driving
      connection 42 therewith. Terminal B of switches S1, S9 and S10 are not
      used. The cam motor 26 has a field winding 28, a forward winding 30 for
      forward operation of motor 26 and a reverse winding 34 for reverse
      operation of motor 26. In the embodiment shown, windings 30 and 34 are the
      shading rings on a shaded pole motor. It will be appreciated, however,
      that the windings 30 and 34 could be of other types to obtain
      bi-directional operation of the motor 26.
PAR  For understanding the control circuit a brief explanation of the general
      purpose of the various control relays is here provided. However, such
      explanation must be preceded by a general explanation of the control modes
      provided by the control system.
PAR  As aforementioned, the control system provides both a low level output mode
      and a high level output mode. In the embodiment shown, each of heaters
      H1-H10 is selected to provide 51/2% of the full heating power of the
      control system. Heater H11 is selected to provide 45% of the full heating
      power of the system.
PAR  It should be understood that each heater may be provided with more than one
      resistance element. In some systems having very large heaters it may also
      be necessary to provide more than one heater control relay for a heater.
      Thus if heater H11 is very large, it may include several heating elements
      each operated by a separate relay. However, such relays would be made to
      operate together so the heaters would be controlled as one large heater by
      the controller.
PAR  The system is operating on the low level output mode when the large heater
      H11 is de-energized. The system is operating on the high level output mode
      when the large heater H11 is energized. During both the high and the low
      level output modes, small incremental changes in heating output are made
      by the thermostat through operation of the cam actuating a fewer or
      greater number of switches controlling the small heaters. During the
      transition from the low level output mode to the high level output mode,
      relay 12R causes the cam 38 to be driven in reverse (clockwise) direction
      and de-energizes a number of the smaller heaters substantially
      simultaneously with the energization of the larger heater. In this manner
      a large change in heat output which might be sensed by occupants of the
      space 18 is obviated. In like manner, during the transition from the high
      level output mode to the low level output mode, relay 13R causes the cam
      38 to be driven in a forward (counterclockwise) direction and energize a
      number of the smaller heaters substantially simultaneously with the
      de-energization of the large heater. Each of relays 12R and 13R are thus
      arranged to override thermostat 46 and cause the cam motor 26 to operate
      in a direction opposite to that dictated by the thermostat.
PAR  Relay 14R facilitates in the control of relays 12R and 13R. Thus during the
      low level output mode operation relay 14R prevents relay 12R from being
      energized through contacts 9R2, 14R1 and 2R2 and prevents relay 13R from
      being energized through contacts 9R2, 14R1 and 1R2. During the high level
      output mode operating relay 14R via contacts 14R2 prevents relay 12R from
      being energized by contacts 2R2 upon energization of relay 2R. Relay 14R
      permits relay 12R to be energized via contacts 14R2 at the transition from
      low to high level mode operation. Relay 14R via contacts 14R1 permits
      relay 13R to be energized when switch S1 is opened for the transition from
      high level to low level output mode operations.
PAR  The operation of the control system will now be explained in detail. This
      will serve also to further define the control system circuitry. It will be
      assumed that at the start there is a demand for heating space 18 and that
      consequently the switch of thermostat 46 is in the position shown bridging
      between terminals A-C as positioned by thermostat bellows 48 in response
      to sensing bulb 50 disposed in heat exchange relation with the space 18.
      Electrical power is provided from a source 24, one side of which is shown
      as grounded. The grounds on the various circuit elements complete the
      various circuits to the power source.
PAR  Upon closure of manual switch 22, a first circuit is established,
      energizing the field winding 28 of motor 26. A first motor circuit 32 is
      complete and includes the motor forward winding 30, contacts 12R3 and
      terminals A-C of thermostat 46. Motor 26 is thus energized to drive in the
      forward direction whereby cam 38 is driven via drive connection 42 in the
      counterclockwise direction. This brings the raised portion 40 of cam 38
      progressively and sequentially in contact with the switches S1-S10 causing
      the switches to switch from the position shown connecting terminals B-C to
      the position connecting termainals A-C. Thus, a circuit is made including
      termainals A-C of switch S1 and relay 1R causing the relay 1R to be
      energized. Energization of relay 1R causes the contacts 1R1 thereof to be
      closed whereby a circuit is completed which includes contact 1R1 and
      heater H1. Thus the actuation of switch S1 by cam 38 operates to energize
      heater H1.
PAR  The cam 38 is made to operate slowly. Typically, cam 38 may be turned at a
      speed of one-half turn in 7 minutes. This may be accomplished by the use
      of gears in the drive connection 42.
PAR  If the energization of heater H1 is sufficient to meet the heating demand
      of space 18, thermostat 46 through sensing bulb 50 and bellows 48 will
      cause the thermostat to move to an intermediate position breaking the
      circuit between terminals A-C. This will open the circuit energizing the
      cam motor 26 thereby causing the cam 38 to stop in this position.
PAR  Should the heat supplied by heater H1 exceed the demand as sensed by
      thermostat 46 with bellows 48 and sensor bulb 50, the thermostat 46 will
      move to the position bridging between terminal B-C. This will cause
      energization of the second motor circuit 36 including terminals B-C of
      thermostat 46, contact 13R4, and cam motor reverse winding 34 thereby
      causing the cam motor to drive in the reverse direction, driving the
      raised portion 40 of cam 38 away from switch S1. This opens the circuit
      energizing relay 1R which in turn opens the circuit including contacts 1R1
      and heater H1 thereby deenergizing heater H1.
PAR  Should the heat supplied by heater H1 be insufficient to meet the demand as
      sensed by thermostat 46 the cam motor 26 will continue to drive the cam in
      the counterclockwise direction actuating additional switches. Actuation of
      switch S2 to the A-C bridging position energizes relay 2R which closes
      contacts 2R1 and 2R2. Closing of contacts 2R1 energizes heater H2. Similar
      actuation of switches S3-S9 will thus enable relays 3R-9R to be energized
      to energize heaters H3-H9.
PAR  It will thus be seen that the cam will move to a position in which the
      proper number of switches S1-S9 are actuated to energize in similar manner
      the heaters H1-H9 to meet the heating demand of Space 18. The number of
      such heaters H1-H9 that are energized will vary according to variations in
      the heating load of space 18.
PAR  Should the heating load demand in space 18 exceed the heat supplied by the
      sum of heaters H1-H9, cam 38 will accordingly be rotated in the
      counterclockwise direction until the raised portion 40 actuates switch
      S10. The actuation of switch S10 to the position bridging terminals A-C
      automatically switches the control system to the operation herein defined
      as the high level output mode. This is accomplished in the following
      manner.
PAR  Upon actuation of switch S10 a circuit is established including terminals
      A-C of switch S1, terminals A-C of switch S10, and relay 10R. Energization
      of relay 10R closes contacts 10R2, and 10R1. Closure of contacts 10R2
      energizes relay 11R through a circuit including terminals A-C of switch
      S1, contacts 10R2 and relay 11R. Energization of relay 11R closes contacts
      11R1, 11R2, and 11R3. Closure of contacts 10R1 and 11R1 energizes heater
      H10 and H11. Closure of contacts 11R2 closes a holding circuit whereby
      relay 11R may remain energized despite opening of contacts 10R2 through a
      circuit including terminals A-C of switch S1, contacts 11R2 and relay 11R.
PAR  As a prerequisite to the acutation of switch S10, switch S2 has been
      actuated as aforementioned to energize relay 2R thereby closing contacts
      2R2. The closure of contacts 11R3 which are thus operatively associated
      with switch S10 through relay 10R, contacts 10R2 and relay 11R, completes
      a first circuit including contacts 11R3 and relay 14R and a second circuit
      including contacts 11R3, contacts 2R2, contacts 14R2, and relay 12R. The
      approximate 1-second delay of relay 14R allows relay 12R to be energized
      before contacts 14R2 are opened by relay 14R. The energization of relay
      12R closes contacts 12R1 and 12R4 and opens contacts 12R2 and 12R3.
      Contacts 12R1 of relay 12R are holding contacts which allow relay 12R to
      remain energized after contacts 14R2 are opened after about 1-second
      delay. The opening of contacts 12R2 opens a circuit to terminals A of
      switches S3-S9 whereby relays 3R-9R are immediately and simultaneously
      de-energized and contacts 9R2 closed. The closure of contacts 9R2
      establishes a holding circuit including contacts 9R2, 14R1 and relay 14R.
      Thus heaters H3-H9, which represent about 381/2% of the total heating
      capacity, are de-energized substantially simultaneously with the
      energizing of heater H11 which represents 45% of the total heating
      capacity of a net increase of 61/2%. The opening of contacts 12R3 and the
      closing of contacts 12R4 remove the operation of cam motor 26 from under
      the control of thermostat 46 and complete a circuit including contacts
      12R4 and reverse winding coil 34 whereby the cam motor 26 is driven in the
      reverse (clockwise) direction. Actuation of switch 10 from its position
      bridging terminals A-C terminals B-C de-energizes relay 10R to de-energize
      heater H10 whereby the net increase in heating capacity is reducted to 1%.
PAR  The cam proceeds in this direction until switch S2 is actuated to open the
      circuit between terminals A-C thereby de-energizing relay 2R which in turn
      de-energizes heater H2 via contacts 2R1 and opens contacts 2R2. The
      opening of contacts 2R2 de-energizes relay 12R thereby re-establishing the
      original positions of contacts 12R1, 12R2, 12R3, and 12R4. This stops the
      operation of cam 38 and places the control of cam motor 26 once again
      under the control of thermostat 46. During this reverse movement of cam 38
      relay 11R remains energized through a holding circuit including terminals
      A-C of switch S1, contacts 11R2 and relay 11R.
PAR  Should the thermostat continue to sense the need for additional heat in
      this high level output mode (heater H11 energized), the circuit which
      includes terminals A-C of thermostat 46, contacts 12R3, and forward
      winding 30 will be energized causing the cam 38 to rotate once again in
      the counterclockwise direction once again actuating switches S2 through
      S10 thereby progressively adding the heat output of heaters H2-H10 to the
      energized heaters H1, and H11.
PAR  During operation of the control circuit in this high level output mode, the
      thermostat can thus sequentially energize heaters H2-H10 and sequentially
      de-energize heaters H10-H2 without de-energizing heaters H1 and H11.
PAR  However, should the heating demand for space 18 fall sufficiently so that
      the cam 38 is driven clockwise sufficiently that the raised portion 40
      clears switch S1, the controller is automatically switched to the low
      level output mode. This is accomplished as follows. The opening of
      terminals A-C of switch S1 de-energizes the circuit including terminals
      A-C of switch S1, contacts 11R2, and relay 11R. The de-energization of
      relay 11R opens contacts 11R1, 11R2. The opening of contacts 11R1
      de-energizes heater H11 and the opening of contacts 11R2 breaks the
      holding circuit for relay 11R which cannot again be re-established until
      contacts 10R2 of relay 10R are closed.
PAR  The actuation of switch S1 also de-energizes relay 1R causing contacts 1R2
      to be closed. This establishes a circuit including contacts 9R2, 14R1, 1R2
      and relay 13R thereby energizing relay 13R. The energization of relay 13R
      closes contacts 13R1, 13R2 and 13R3 and opens contacts 13R4. The closure
      of contacts 13R1 establishes a holding circuit for relay 13R in the event
      that contacts are opened. The closure of contacts 13R2 completes a circuit
      to the terminals B of switches S2 through S8 thereby simultaneously
      energizing relays 2R-8R which in turn energizes heaters H2-H8. The
      energization of heaters H2-H8 which represent about 381/2% of the total
      power are thus energized substantially simultaneously with the
      de-energization of H11 which represents about 45% of the total power for a
      net decrease of 61/2% power output. The closure of contact 13R3 and
      opening of contact 13R4 disengages thermostat 46 from control of cam motor
      26 and causes a circuit to be completed including contacts 13R3 and
      forward winding 30 of cam motor 26 whereby the cam 38 is driven in the
      forward counterclockwise direction causing switches S1-S9 to be actuated
      to the position connecting terminals A-C. When switch S1 is so actuated
      relay 1R is energized to energize H1 whereby the net decrease in heating
      capacity is reduced to 1%. The bridging of terminals A-C in switch 9
      causes a circuit to be completed as hereinbefore described energizing
      relay 9R. The energization of relay 9R opens contacts 9R2 thereby
      de-energizing the circuit which includes contacts 9R2, 14R1, 13R1 and
      relay 13R thereby de-energizing relay 13R. The de-energization of relay
      13R once again places the control of the cam motor 26 upon thermostat 46
      in the low level output mode by the opening of contacts 13R3 and the
      closing of contacts 13R4.
PAR  The control system at the direction of the thermostat 46 will thus switch
      back and forth between high and low level power output modes providing a
      total number of small incremental changes which exceeds the number of
      steps provided by the step controller. This is accomplished by causing the
      two end switches (S1 and S10 through contacts 1R2 and 11R3) to function to
      switch the modes of output power between high and low levels through a
      repositioning of the step controller. The second from the last switches
      from each end of the controller (S2 and S9 through contacts 2R2 and 9R2)
      respectively end the repositioning sequence.
PAR  It will be appreciated that many changes may be made without departing
      10R2, 11R2 the spirit of this invention. Thus the number of controller
      switches may be readily changed. Secondly, all the switches of the
      controller need not be used. For this reason the term "last switch" as
      used in this specification refers to the last of a series of sequential
      switches which are used. Further, it will be appreciated that the
      controller switches used to end the repositioning of the controller need
      not be those second from the ends but could be third or fourth, etc., from
      the ends with a reduced number of available steps. It should also be
      understood that equivalent circuit arrangements may be devised to carry
      out the invention such as for example the heaters may be directly
      energized through the controller switches or the contacts 1R2, 2R2, 9R2,
      11R2 and 11R3 may be placed on relays separate from the heater relays.
      Further as aforementioned, any heater may have multiple elements each of
      which may be controlled by a separate relay. This is likely to be
      necessary for heater H11 in order to limit the power flowing through
      contacts 11R1.
PAR  Thus it will be seen that I contemplate that many changes may be made
      without departing from the spirit of my invention. I accordingly desire my
      invention to be limited only by the claims. Reference characters used
      within the claims are intended to assist in reading the claim upon the
      disclosure but not by way of limitation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of controlling a plurality of electric heaters for heating a
      space including one large heater and a plurality of smaller heaters, each
      of said large and small heaters having a separate actuator means for
      actuating its respective heater toward an energized condition comprising
      the steps upon a continuous heating demand as sensed by a thermostat
      responsive to the temperature of said space of:
PA1  A. sequentially actuating said actuator means of said smaller heaters
      toward their heater energizing conditions;
PA1  B. subsequently deactuating said actuator means of said smaller heaters
      toward their heater de-energizing condition and actuating said actuator
      means for said larger heater toward its heater energizing condition; and
PA1  C. subsequently sequentially reactuating said deactuated actuator means
      until all of said actuator means for said large and smaller heaters are
      actuated toward their heater energizing condition.
NUM  2.
PAR  2. The method as defined by claim 1 wherein said deactuated actuator means
      are deactuated sequentially in step B in the reverse order that they are
      actuated in step A.
NUM  3.
PAR  3. The method as defined by claim 1 including the step prior to step B of
      simultaneously disabling all of said actuator means to be sequentially
      deactuated in step B.
NUM  4.
PAR  4. The method as defined by claim 2 including the step of disabling said
      thermostat while said actuator means are being sequentially deactuated.
NUM  5.
PAR  5. A system (20) for controlling the temperature of space (18) comprising:
      one large capacity electric heater means (H11) for heating said space; a
      plurality of smaller capacity electric heater means (H1-H10) for heating
      said space; a step controller means (25) for controlling the operation of
      said large and smaller capacity electric heater means; said step
      controller means including a plurality of sequentially actuatable
      controller switches (S1-S10) operatively associated with said heater means
      including a first, second, third, fourth, fifth switches (S1, S2, S3, S4,
      S9) respectively operatively associated with first, second, third, fourth,
      fifth (H1, H2, H3, H4, H9) of said smaller capacity heater means, and a
      sixth switch (S10) operatively associated with said large capacity heater
      means (H11), cam means (38) for sequentially actuating said first, second,
      third, fourth, fifth and sixth controller switches and a reversable cam
      motor (26) drivingly connected to said cam means; first motor circuit
      means (32) for energizing said motor to drive said cam means in a forward
      direction for sequentially actuating said first, second, third, fourth,
      fifth and sixth switches toward a first (A) position; second motor circuit
      means (36) for energizing said motor to drive said cam means in a reverse
      direction for sequentially actuating said sixth, fifth, fourth, third,
      second and first switches toward a second position (B); a thermostat (46)
      operatively associated with said first and second motor circuit means to
      energize said first motor circuit in response to a demand for additional
      heat at said space and to energize said second motor circuit in response
      to a demand for reduced heat at said space; first means (12R, 12R4, and
      12R3) overriding said thermostat for energizing said motor to drive said
      cam means in a reverse direction; second means (13R, 13R3 and 13R4)
      overriding said thermostat for energizing said motor to drive said cam
      means in a forward direction; holding means (S1 and 11R2) responsive to
      actuation of said sixth switch toward its heater energizing position (A)
      for holding said large heater means energized despite subsequent actuation
      of said sixth switch to a heater non-energizing position (B); and means
      (11R3) operatively associated with said sixth switch for actuating said
      first overriding means whereby upon a continued demand for additional heat
      as sensed by said thermostat, said cam means is first driven in a forward
      direction sequentially energizing said smaller heater means and then said
      larger heater means whereupon via said holding means and said first
      overriding means said large heater means is held energized and said cam is
      driven in the reverse direction.
NUM  6.
PAR  6. The apparatus ad defined by claim 5 including means (2R2) operatively
      associated with said second switch (S2) for deactivating said first
      overriding means whereby the position of said cam means is again placed
      under the control of said thermostat.
NUM  7.
PAR  7. The apparatus as defined by claim 6 including means (1R2) operatively
      associated with said first switch (S1) for activating said second
      overriding means to drive said cam means in a forward direction; and means
      (S1) operatively associated with said first switch (S1) for disabling said
      holding means (S1 and 11R2).
NUM  8.
PAR  8. The apparatus as defined in claim 7 including means (9R2) operatively
      associated with said fifth switch (S9) for deactivating said second
      overriding means (13R, 13R3, and 13R4).
NUM  9.
PAR  9. The apparatus as defined by claim 5 including heater disabling means
      (12R, 12R2) for substantially simultaneously de-energizing a plurality
      (H3, H4, H9) of said smaller heater means and means (11R3) operatively
      associated with said sixth switch (S10) for actuating said heater
      disabling means (12R and 12R2).
NUM  10.
PAR  10. The apparatus as defined by claim 9 including means (2R2) operatively
      associated with said second switch (S2) for interrupting said disabling
      means.
NUM  11.
PAR  11. The apparatus as defined by claim 7 including heater energizing means
      (13R, 13R2) for substantially simultaneously energizing a plurality of
      said smaller heater means (H3, H4 and H9) and means (1R2) operatively
      associated with said first switch (S1) for actuating said heater
      energizing means.
NUM  12.
PAR  12. The apparatus as defined by claim 11 including means (9R2) operatively
      associated with said fifth switch (S9) for interrupting said heater
      energizing means.
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ABST
PAL  A utility billing transactor is disclosed for entering a new meter reading,
      computing the amount of utility service delivered as the difference
      between a previous meter reading and the new meter reading, computing the
      amount to be paid, and printing a bill showing the new meter reading and
      the amount due. A card, which has the customer's identification (ID)
      number, previous meter reading and billing rate code entered on it, is
      inserted into the transactor to initiate automatic sequencing of steps to:
      read the ID number, call for keyboard entry of a new meter reading, read
      the previous meter reading, compute the difference between the meter
      reading, compute the amount due as the product of a rate or schedule of
      rates determined from the billing rate code (either directly or through a
      table stored in a read-only memory) and printing the bill. The entire
      transaction, including data read from the card and data computed is
      recorded in nonvolatile memory and immediately checked for recording
      error.
PARN
PAR  This application is a continuation of application Ser. No. 356,503, filed
      May 2, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus which accepts a record medium prepared
      with necessary data for billing a utility customer upon reading and
      entering through a keyboard a new meter reading.
PAR  Past efforts to provide a utility-meter reader with portable apparatus for
      entering a new meter reading and calculating the amount due since the
      previous meter reading have not been adopted for use by utility companies
      because of the limited time the meter reader has to cover his route. It
      would obviously take too much time for the meter reader to plug his
      portable apparatus into the meter for automatic reading. Consequently, the
      past efforts have been directed to apparatus into which the meter reader
      merely keys in the new meter reading, such as shown in U.S. Patent No.
      3,590,220. However, that apparatus requires many manual operations to
      control the sequence of operations, thus burdening the meter reader to the
      point where he may require more time to complete his route. What is
      required is a fully automatic billing transactor which responds to the
      insertion of a previously prepared record medium, such as a billing card,
      to control the necessary sequence of operations, including the manual
      entry of a new meter reading, for the amount due to be calculated and for
      the transaction to be recorded on the record medium for immediate delivery
      to the customer as a "utility bill."
PAC  SUMMARY OF THE INVENTION
PAR  The invention is characterized by apparatus having means for accepting a
      record medium on which there is prerecorded a customers identification
      number, previous meter reading and a code indicating the rate to be
      charged the customer for the utility service consumed. The apparatus
      includes means for reading the data recorded on the record medium. Means
      for entering the new meter reading through keyboard, means for calculating
      the difference between the new meter reading and the previous meter
      reading, means for computing the amount due based upon the difference
      computed as a function of the applicable rate indicated by the billing
      rate code, either directly or through addressing a random access memory in
      which a rate schedule is stored, and printing on the record medium at
      least the new meter reading and the amount due, all automatically, except
      for entry of the new meter reading which is automatically called for in
      proper sequence but is manually entered before the sequence of operations
      resumes. Sequence control means in the form of prewired logic elements,
      including a sequence counter, responds to clock pulses once a record
      medium is inserted into the accepting means to control in sequence the
      operation of the foregoing means. When entry of the new meter reading is
      required as the next step, inhibiting means included in the sequence
      control means inhibits clock pulses from being applied to the sequence
      control counter until the new meter reading has been entered. The sequence
      control means also controls printing of at least the new meter reading and
      the amount due at appropriate times. The computed difference and amount
      due is printed automatically after the amount due has been computed.
PAR  The novel features that are considered characteristic of this invention are
      set forth with particularity in the appended claims. The invention will
      best be understood from the following description when read in connection
      with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an exemplary embodiment of the invention.
PAR  FIG. 2 is a sectional view taken along the line 2--2 of FIG. 1
PAR  FIG. 3 shows a billing card adapted for use in the exemplary embodiment.
PAR  FIG. 4 illustrates in an exploded isometric view an arrangement for a
      punched card reader in the exemplary embodiment.
PAR  FIG. 5 is a logic diagram of a sequence control unit for the exemplary
      embodiment.
PAR  FIG. 6 is a block diagram showing a preferred arrangement for the
      electronic system of the exemplary embodiment.
PAR  FIG. 7 illustrates schematically an arrangement of printing heads for
      printing on electrosensitive areas of the card in FIG. 3.
PAR  FIG. 8 is a logic diagram of a card printer in the system of FIG. 6.
PAR  FIG. 9 is a logic diagram of a calculator in the system of FIG. 6.
PAR  FIG. 10 is a logic diagram of a magnetic tape recorder in the system of
      FIG. 6.
PAR  FIG. 11 is a logic diagram of an alternative calculator in the system of
      FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows in perspective an illustrative transactor adapted to receive a
      billing card 10 of a particular utility customer in a slot 11. The card is
      prepared in advance for the purpose of reading the utility meter and
      preparing a bill. The necessary information unique to the transaction and
      required for the new bill is read from the card. The new meter reading is
      entered through a keyboard 12. The keyboard includes push-button keys
      numbered 0 through 9 for entering the new transaction with the most
      significant digit first and a fixed decimal point. As in conventional desk
      calculators, leading zeroes neeed not be entered because the digits
      entered in sequence are shifted serially through the least significant
      digit position into more significant digit positions. The keyboard
      includes additional pushbutton keys to provide what little operator
      control is required by the transactor over the data processing for the
      particular transaction.
PAR  For simplicity in describing this first exemplary embodiment, all numbers
      entered into the tape buffer and the calculator are limited to five
      decimal digits. However, through the technology of integrated circuits, it
      would be feasible to provide as many as eight or ten decimal digits, and
      internal registers are provided with sufficient digit capacity to provide
      the precision desired in the calculations.
PAR  Pertinent data involved in the transaction is stored in a nonvolatile bulk
      store memory 13 for later use by a central office in updating the
      customer's account, including the total amount to be paid. Some of the
      data read from the card by the transactor is preprinted on the card in a
      form suitable for the customer to read. Transaction data not read from the
      card by the transactor, but entered through the keyboard and developed by
      the transactor, is stored in the bulk store memory and is printed on the
      card. The billing card is then ready for immediate delivery to the
      customer.
PAR  It is contemplated that the transactor will be repeatedly used for the same
      type of transaction, namely gas, water or electricity billing, in order
      that all of the data processing may be preprogrammed in such a manner that
      the required sequence, or sequences, will be prewired in a sequence
      control section. The operator need only insert the card and secure it in
      place by pivoting a latch 14 over the slot 11 to hold the card in place.
      When a READY light 14b comes on, the operator merely enters the new meter
      reading as transaction datum. When the datum has been entered, a print
      light 15 comes on and a display window 16 shows the datum entered. Once
      satisfied that the datum has been correctly entered, the operator
      depresses a PRINT button 17, and the transactor will accept the entered
      datum for automatic processing. When the processing is complete, a light
      18 comes on. That light remains on until a CLEAR button 20 is depressed to
      clear the transactor, or until the billing card is removed, at which time
      the transactor is automatically cleared. The operator pivots the latch 14
      forward away from a back stop 14a to allow the card 10 to be removed. That
      removes power from the system, except where necessary, such as in a
      dynamic store memory for preprogrammed sequences and/or data tables, if
      any, by releasing a spring loaded microswitch depressed by the pivotal
      latch 14 when its position against the stop 14a.
PAR  Data transferred to the bulk store memory 13 is checked. If an error occurs
      in the process of storing the data, the data is automatically restored
      until free of error, or until storing has been attempted a specified
      number of times. If successful storing has not been completed by then, a
      record-error light 19 comes on. The operator will then remove the card as
      usual and mark it "error" for the central office to check or compute from
      the new meter printed on the card. If not correctly printed, the new meter
      reading can be written on the card in pencil.
PAR  From the foregoing it is evident that the billing transactor shown in FIG.
      1 is comprised of five major sections: a keyboard and read section, a
      sequence control section, a calculator section, a print section and a bulk
      store memory section. FIG. 2 illustrates in a cross section along a line
      2--2 of FIG. 1 the general layout of these sections. The sequence control
      and calculator electronics sections are housed in a compartment 21. The
      read and print sections are housed in a compartment 22. Batteries 23 are
      housed in a compartment 24. Print heads are housed in a narrow compartment
      25 on one side of the card 10 inserted through the slot 11. As will be
      described more fully hereinafter, each print head is comprised of five
      7-bar-segment printing sections capable of numeric line printing of five
      decimal digits on electrosensitive paper. The bulk store memory is housed
      in a compartment 27. It is comprised of a magnetic tape cassette 28 driven
      by a motor 29.
PAR  The data to be read from the card is stored in the form of punched holes in
      columns. To sense the punched holes, elongated light emitting phosphorous
      films are disposed in a thin compartment 30 over the columns to be read,
      and photocells are disposed under the card in a thin compartment 31, one
      photocell under each hole position of each column of holes. Slotted guides
      extending along the sides of the card hold the card in proper position for
      reading. The latch 14 holds the card secure against a slotted bar 32
      extending between the inner ends of the two slotted side guides.
PAR  For convenience, electric meter reading and billing will be used by way of
      example, and not by way of limitation. The billing card shown in FIG. 3
      consists of a first portion 31 separated from a second portion 32 by a
      perforated line 33. The name and address of the utility company is printed
      on the second portion to be returned with payment, and only the name of
      the company is printed on the first portion to be retained by the customer
      for his records. A space 34 is provided for the transactor to enter the
      amount to be paid in the second portion as well as a space 35 in the first
      portion. Spaces 36 and 37 are provided for printing the new meter reading
      entered into the calculator and the consumption (difference between the
      new meter reading and the previous meter reading) computed by the
      transactor.
PAR  The card is not only a record medium for the bill, it is also a "page " out
      of the meter reader's route book. On the first portion of each card there
      is printed essential information from the route book pertaining to the
      customer, such as the customer's name and address, the customer's account
      number, the service period, and a billing code or factor, K. The card may
      also have imprinted thereon by the central office of the utility company a
      meter identification number, a code indicating the meter location, and the
      previous meter reading. With this information, the meter reader can carry
      out his normal function and using the transactor, prepare the bill for
      immediate delivery at the customer's address.
PAR  The first portion of the card has three fields of punched columns: a meter
      identification field, ID; a previous meter reading field, PMR; and a
      billing factor or code field, K. These fields are prepunched at the
      central office. For simplicity in illustrating a specific embodiment of
      the invention, it is assumed that each field consists of five decimal
      digits, and that each decimal digit of a value from 0 through 9 is
      indicated by a punched hole in a corresponding one of ten rows
      conventionally designated 0 through 9. In practice, a conventional
      Hollerith card has 80 columns and 12 rows. The top two rows, usually
      designated 11 and 12, are not used in the first exemplary embodiment to be
      described, but may be used in other embodiments to provide sequence
      control over the automatic operation of the transactor.
PAR  The account number on the second portion is used at the central office to
      post the payment. The number can be read optically for sorting. The amount
      to be paid may also be optically read for posting. If an incorrect amount
      is received, an opaque overlay can be printed with the amount received.
      Alternatively, the account number may be prepunched in the second portion
      for sorting in a field to the left of the space 34. The amount received
      would then be punched in the remaining columns for automatic posting. In
      either case, the upper left corner of the returned portion may be precut
      as a means of checking the proper orientation of that portion in the
      sorting and posting apparatus.
PAR  The upper left corner of the first portion is precut to provide a means of
      checking proper orientation of the billing card when inserted in the
      transactor of FIGS. 1 and 2. For example, a microswitch may be mounted
      near the bar 32 at the one corner of the card space not intended to
      receive the cut corner of the card. Inserting the card properly will then
      close the microswitch and apply power to the transactor. If the cut corner
      is inadvertently inserted into that corner of the card space, the
      microswitch will not be closed, thereby forcing the operator to reverse
      the card in order to proceed. That microswitch is connected in series with
      the first microswitch referred to hereinbefore, mounted in such a position
      that it will be closed by the latch 14 only when the latch is in proper
      latching position against the stop 14a. Thus, the card must not only be
      inserted properly but also latched in position in order for the power to
      be applied to the transactor. Removing a processed billing card
      automatically removes power to conserve the limited power of the
      batteries.
PAR  As will be described more fully hereinafter, the meter reader selects the
      correct card for a customer and inserts it into the billing transactor.
      That automatically starts the programmed sequence of the transactor, and
      preliminary steps are carried out until the new meter reading, NMR, is
      required. The sequence is then stopped and the READY light is turned on
      until the meter reader has entered the new meter reading through the
      keyboard into a keyboard buffer register from which it is displayed in the
      window 6 using 7-bar segment light emitting diodes for each digit
      position. The PRINT light then comes on. When the PRINT button is
      depressed, the new meter reading is stored in a tape-buffer register. It
      is nondestructively read out from there and printed. It is also entered
      from there into the calculator section of the transactor.
PAR  As will be more apparent from the following description of an exemplary
      embodiment, all data read from the card is stored in the tape buffer but
      not all data is printed or is used in the calculator, such as the customer
      ID number. Data that is to be printed is read from the tape buffer for
      printing, and data that is to be used in the calculator is transferred to
      calculator registers.
PAR  Once the new meter reading has been entered in the calculator, the previous
      meter reading, PMR, and the billing rate, K, are read and stored in the
      tape buffer. Both are entered into the calculator from the tape buffer,
      and the previous meter reading is printed. Once the consumption
      (.DELTA.=NMR-PMR) has been calculated, it is also stored in the tape
      buffer and printed. The amount to be paid is thereafter computed, stored
      in the tape buffer and printed. For simplicity, in the first embodiment to
      be described, a constant billing rate or factor is assumed for each
      customer, although the rate may be different for different classes of
      customers. It is also assumed that the billing factor includes any
      applicable tax rate. The amount to be paid is then simply the product of
      consumption times the billing factor. If the billing factor is not a
      constant, but decreases in steps as consumption increases, the factor K
      may be a code used to address a read-only memory (ROM) for the applicable
      rate schedule. The predetermined program for sequencing operations of the
      calculator would then be expanded accordingly, as will be described for a
      second embodiment of the invention.
PAR  The limit as to what can be included in the bill is only the number of
      columns on the card, and the extent of transactor memory. In the first
      embodiment, nothing is to be added to the basic bill so that transactor
      memory is not required; only the bulk storage unit is provided to store
      each transaction. If there is a balance due from a previous bill, it can
      be preprinted on the billing card with instructions to the customer to add
      that to the amount to be paid for the current billing period.
PAR  Once the billing card 10 has been inserted in the slot 11 and the latch 14
      is in position to secure the card in place, power is applied to the
      system, as noted hereinbefore. The first step is to begin reading the
      card. FIG. 4 illustrates in more detail the card read sections 30 and 31,
      referred to with reference to FIG. 2. In the light emitting section 30, a
      thin glass plate 40 is coated with a transparent electrode 41 in a uniform
      sheet. A film 42 of light emitting phosphor vacuum deposited over the
      transparent electrode is then coated with a dark dielectric film 43.
      Metallic electrodes 44 are deposited on the dielectric film in elongated
      sections over the column positions of cards to be read.
PAR  A source of pulses 45, such as a relaxation oscillator, energizes the light
      emitting film with high negative voltage through a PNP transistor Q.sub.1
      and a step-up transformer T.sub.1. However, electrons are injected into
      the light emitting film only when an elongated electrode 44 is selectively
      connected to circuit ground, such as by a switch comprised of a transistor
      Q.sub.2. The phosphor then emits light along the entire length of the
      selected electrode. That light passes through a hole in the card column
      positioned below the elongated electrode. A discrete photocell in a matrix
      detects the light emitted by phosphor.
PAR  In the photocell matrix, there is one photocell for each hole position of
      each column. Therefore, to read 15 columns of 10 rows, there are 150
      photocells arrayed in rows and columns. Each photocell is connected
      between a metallic sheet 46 deposited on an insulating substrate 47 and a
      separate transparent electrode 48 running across photocells along each
      row. In that manner, selectively energizing one column electrode 44
      illuminates a column of hole positions 0 through 9. Only one hole is
      punched in a column. Consequently, only one row electrode 48 will conduct,
      thus indicating the decimal digit stored in the card column illuminated
      according to the position of the conducting electrode in the array. An
      amplifier 49 inverts and amplifies the pulse produced.
PAR  Referring now to FIG. 5, a clock pulse generator 50 is turned on when
      microswitches S.sub.1 and S.sub.2 are closed by the proper insertion of a
      billing card and a proper positioning of the card latching lever 14, as
      described hereinbefore. The pulse generator may in practice be the same
      self starting relaxation oscillator used for the card reader as just
      described. A multivibrator, or other pulse shaping circuit, at the output
      of the generator provides the proper shape and amplitude for the clock
      pulses. The nominal frequency of the clock pulses (CLK) thus produced is
      250 KHz for use in the system to be discussed with reference to FIG. 6.
PAR  A frequency divider 51 reduces the system clock to a lower frequency clock
      (LFCLK) such as 250 Hz, for use in driving a program counter 52 through a
      NAND gate 53. A decoder 54 decodes the binary output of the counter and
      provides timing signals T.sub.1, T.sub.2, T.sub.3 ... T.sub.42 used in
      controlling the sequence of operations in the system of FIG. 6. When more
      than one period of the pulse train derived from the frequency divider 51
      is required for the operation called for by a timing signal T.sub.n, the
      complement T.sub.n ' of the timing signal disables the counter through
      NAND gates 55 and 56. The second input terminal of the gate 56 is true (1)
      until it is time to release the hold on the counter 52.
PAR  Once the operation is complete, a signal indicating completion, or
      otherwise indicating that the program sequence should be advanced to the
      next step, releases the "hold" imposed on the pulses to the counter
      through a NAND gate 57 and flip-flops 58 and 59. That is done by setting
      the flip-flop 58 which enables the next LFCLK pulse to set the flip-flop
      59. The first LFCLK then gated out to the counter 52 then resets the
      flip-flop 58. The gates 55 and 57 function as OR gates while gate 53
      functions as an AND gate. The gate 56 then provides the inhibit function.
      The flip-flop 58 responds at its set and reset input terminals to a
      positive going step voltage. Consequently, all inputs to the gate 57 are
      normally positive (1) to hold the output at a negative (0) level. When a
      releasing signal drops one input terminal to a negative (0) level, it
      produces a rise at the output terminal of the gate to a positive, thus
      producing a positive going step voltage. Once released, the counter will
      receive clock pulses and advance the program sequence through successive
      steps until again disabled via gate 55.
PAR  The system organization of a card reader, tape store, keyboard entry and
      display, calculator and card printer will now be described with reference
      to FIG. 6. A card reader 60 implemented as described with reference to
      FIG. 4, is energized when the switches S.sub.1 and S.sub.2 are closed, as
      is the rest of the system, but no column is illuminated until time
      T.sub.2. At time T.sub.1, all system registers and flip-flops are reset
      (cleared) except in the sequence control section of FIG. 5. Then at time
      T.sub.2, transistor Q.sub.2 (FIG. 4) is turned on to illuminate column 1
      of the card, thus initiating a sequence for reading out a five-digit meter
      code, D.sub.5 D.sub.4 D.sub.3 D.sub.2 D.sub.1, from columns 1-5. A
      converter 61 converts each decimal digit signal to a 4-bit code, B.sub.1
      -B.sub.4.
PAR  At time T.sub.3, the most significant digit (MSD) D.sub.5 of the meter ID
      code read from column 1 is stored in parallel in the MSD position of a
      thirty-digit (120-bit) register of a tape buffer register 62. The next
      four digits of the meter code are then read in sequence and stored. The
      sequence is as follows:
PA1  T.sub.2 - energize Column 1
PA1  T.sub.3 - store D.sub.5
PA1  T.sub.4 - energize Column 2
PA1  T.sub.5 - store D.sub.4
PA1  T.sub.6 - energize Column 3
PA1  T.sub.7 1 store D.sub.3
PA1  T.sub.8 - energize Column 4
PA1  T.sub.9 - store D.sub.2
PA1  T.sub.10 - energize Column 5
PA1  T.sub.11 - store D.sub.1
PAR  The tape buffer register 62 consists of two shift registers, as will be
      described more fully hereinafter with reference to FIG. 9, each having
      120-bit positions for storing six numbers, each having five digits in BCD
      form. Each number is stored in the same manner as the ID code, starting
      with the most significant digit, with each successive BCD digit being
      stored in the first register in the next least significant 4-bit
      positions.
PAR  The first register of the tape buffer register 62 is provided with gates
      for selectively reading out the five digit numbers, in parallel by BCD
      bits, and in serial or parallel by BCD digit as needed. It is also
      provided with gates for recirculating the entire content of its 120-bit
      positions for writing into one track of magnetic tape 63 in series by BCD
      digit and BCD bit without any loss of data. The second register is used to
      store a playback of the recorded sequence of 120-bits for comparison with
      the content of the first register in order to confirm correct storage of
      data on the tape. In the event of a detected error, the system will again
      record on the tape and check the recorded data. Sequence control for that
      record and check operation occurs at the end of the predetermined program
      and will be described hereinafter with reference to FIG. 9.
PAR  At time T.sub.11, when the least significant digit of the ID code is stored
      in the tape buffer, the program counter is disabled via gates 55 and 56 of
      FIG. 5. The timing signal T.sub.11 will also energize the ready light 14
      (FIG. 1). The meter reader then knows that the transactor has power and is
      functioning. He also knows it is time to enter the new meter reading, NMR,
      by punching the proper keys of the keyboard 12. The keys only enter the
      digits of the NMR into a buffer register 64 via a decimal to BCD converter
      65 with the MSD first in the least significant digit (LSD) position. Each
      subsequent digit entered shift digits already entered to the left using
      the leading edge of each keyed digit signal to trigger a timing circuit
      64a via an OR gate 64b to enable the buffer register to shift in response
      to five fast clock pulses from the generator 50. In practice, the timing
      circuit will be comprised of a counter which will meter precisely five
      shift pulses, i.e., which will count five clock pulses and then reset. In
      that manner the digits entered in the LSD position are shifted in the
      direction of the MSD of the buffer register 64 and leading zeroes need not
      be keyed in.
PAR  For simplicity, it is assumed all digits are displayed continuously through
      a five-digit code converter 66, but in practice the digits may be
      displayed serially in repeated cycles, thus time sharing a one-digit code
      converter. Persistence of vision will provide a steady display if the
      display cycle is repeated every tenth of a second.
PAR  Once the meter reader is satisfied he has entered the meter reading
      properly, he presses the PRINT button to momentarily generate a PRINT
      signal which sets the flip-flop 58 via the NAND gate 57 in FIG. 5, thereby
      unlocking the program counter 52. That enables the counter to advance, but
      at the next count, a signal T.sub.12 ' again disables the program counter.
      That signal also transfers the content of the buffer register 64 (five BCD
      digits) into the next five BCD digit positions of the first shift register
      in the tape buffer. That is instantaneous. In addition, signal T.sub.12
      enters the new meter reading (NMR) into a register (A) in the calculator
      68. The program counter is locked at time T.sub.12 to permit the slow
      process of printing the NMR out of the tape buffer onto the card.
PAR  The card printer 69 to be described with reference to FIGS. 7 and 8 employs
      non-impact, electroprint heads. Each head is capable of printing five
      digits in a line, each digit is composed of seven bar segments. For
      convenience, only three 7-bar-segment printing sections are shown and
      connections are shown complete for only the first, it being understood
      that other printing sections are similarly connected for each digit
      position of a printing head. The billing card is sensitized for
      electroprinting each digit with a coating of ZnO on a conductive (carbon)
      film.
PAR  The head illustrated schematically in FIG. 7 consists of a ceramic
      substrate 70 with seven metallic segments, a through g, for each digit. An
      eighth "segment" k is provided for making a connection to the common
      conductive film on the card for the printing of a digit. The common
      conductive film for each digit is indicated by a dotted line outlining the
      area of the print head which is in contact with the digit printing area on
      the card which carries the conductive film. Common leads 71 are employed
      to select the digit positions for printing in sequence, while segment
      leads 72 are employed to select the segments a through g to be
      sequentially energized for each digit printed. An alternative arrangement
      would be to have a conductive film common to all digit positions, and
      separate logic for selectively energizing the 7-bar segments of each
      individual digit in sequence. In either case, the current through selected
      segments and the metallic film darkens the ZnO film and thus prints only
      in the areas covered by the selected segments.
PAR  Referring now to the card printer control logic shown in FIG. 8, a tape
      buffer select unit 73 in the printer responds to the sequence timing
      signal T.sub.12 to select for printing the five BCD digit positions
      (20-bit positions) of the tape buffer into which the new meter reading
      (NMR) is entered. The sequence timing signal T.sub.12 also enables AND
      gate 74 via an OR gate 74a to transmit low frequency clock pulses from a
      frequency divider 75 to a print segment counter 76. The frequency divider
      75 reduces the low frequency clock, LFCLK, to a sufficiently low
      frequency, such as 25 Hz, to permit printing through a selected
      electroprint head from a group of heads 77, 78, 79 and 80 for the
      respective areas 34, 35, 36 and 37 shown on a card in FIG. 3.
PAR  The print segment counter 76 is a 3-bit binary counter, the output of which
      is decoded by line segment select decoder 81 to sequentially gate through
      a bank of AND gates 82 line segment signals to segment leads of the print
      heads via line segment drivers 83. The line segment select decoder is
      simply a logic network for converting the binary output of the counter 76
      into a decimal code where only one of seven lines is energized for each of
      the binary counts from 001 through 111.
PAR  After the last segment g of the first digit has been selected for printing,
      if necessary, and the counter 76 cycles to the zero state, an AND gate 84
      is enabled to transmit a clock pulse from the frequency divider 75 to a
      digit print counter 85 implemented as a ring counter having five stages,
      the first of which is on when the counter is in the reset state in order
      that a signal PD.sub.1 be transmitted to select the first of five digits
      to be printed through the first one of five common leads 71 (FIG. 7). In
      that manner, the first digit is printed before the AND gate 84 transmits a
      clock pulse to advance the digit print counter to its second state during
      which a signal PD.sub.2 is transmitted to select the second digit. The
      sequence is repeated until all five digits have been printed.
PAR  A digit select network 73b responds to the signals PD.sub.1 through
      PD.sub.5 to sequentially gate the BCD digits to a BCD to 7-bar code
      converter 73c. In that manner the tape buffer select unit 73 couples a
      selected group of 5 BCD digits to the digit select network which transmits
      the four bits of a selected digit to the code converter for printing.
PAR  After the fifth digit has been printed and the print segment counter 76
      overflows, i.e., returns to the zero state, the next low frequency clock
      is transmitted through an AND gate 85 as a print complete signal, PC, to
      the NAND gate 57 in FIG. 6 to unlock the program counter.
PAR  The output terminals PD.sub.1 through PD.sub.5 of the print digit counter
      85 are connected to a print area select logic network 87 which permits the
      print digit counter to energize in sequence the common leads 71 (FIG. 7)
      of the print head for the area 36 (FIG. 3) in response to the timing
      signal T.sub.12. At time T.sub.36, when the consumption (.DELTA.=NMR-PMR)
      is to be printed, the signals PD.sub.1 through PD.sub.5 are effective to
      select for printing digits through the print head for the area 37 (FIG.
      3). That is accomplished through one bank of AND gates enabled by the
      signal T.sub.36 to transmit the signals PD.sub.1 through PD.sub.5 to
      successive ones of the common lines 71 (FIG. 7) for the head of the area
      37. Timing signals T.sub.39 and T.sub.40 are similarly effective in
      causing the amount to be paid in areas 34 and 35.
PAR  Once printing of the new meter reading is complete and the program counter
      52 advances to the count of T.sub.13 at the output of the decoder 54, a
      sequence is initiated for reading from the card the previous meter
      reading, PMR. The sequence is carried out during the timing periods
      T.sub.13 through T.sub.22 where the odd timing periods are used to
      sequentially illuminate columns 6-10 of the card and the even timing
      periods T.sub.14 through T.sub.22 are used to store the decimal digits
      read and converted to a BCD code into the five BCD digit positions (20-bit
      positions) of the first register in the tape buffer.
PAR  The PMR read from columns 6-10 of the card is not printed on the billing
      card by the transactor. If the PMR is to be printed in that portion to be
      retained by the customer for the customer's information, it may be printed
      on the card at the time that it is punched into columns 6-10.
      Consequently, during the next sequence timing period T.sub.23 the
      calculator 68 enters the PMR in a register (Q) in parallel. This is
      possible by having the appropriate 20-bit positions of the tape buffer
      connected to input terminals of a designated register in the calculator
      for parallel entry in response to the timing signal T.sub.23.
PAR  The next timing signal T.sub.24 commands the calculator to subtract the PMR
      in the Q-register of the calculator, from the new meter reading, NMR, in
      the A-register of the calculator, and to store the difference, .DELTA., in
      the A-register. The next timing signal T.sub.25 causes the difference,
      .DELTA., to be copied in parallel into the next five BCD digit positions
      (20-bit positions) of the first register in the tape buffer, without
      destroying the difference in the A-register in order that it may be
      multiplied by the billing factor. That is accomplished by simply copying
      the content of the A-register at that time directly into predetermined
      positions of the tape buffer register through prewired gates.
PAR  The next timing signal T.sub.26 initiates reading out the billing factor
      from the card into the tape buffer. That is accomplished during the
      successive timing periods T.sub.26 -T.sub.35. During successive even
      periods columns 11-15 of the billing card are sequentially illuminated and
      during the odd timing periods, the successive BCD digits are entered into
      successive BCD digit positions (4-bit positions) of the first register in
      the tape buffer. The next timing signal T.sub.36 disables the program
      counter via the gates 55 and 56 and causes the billing factor, K, to be
      transferred in parallel from the appropriate bit positions of the first
      register in the tape buffer to a third Q-register of the calculator.
PAR  The timing signal T.sub.36 is also applied to the tape buffer select unit
      73 and print area select unit 86 to print the difference, .DELTA., in the
      area 37 of the billing card before the amount to be paid is computed. That
      is accomplished in the same manner in which the new meter reading was
      printed in the area 36 of the billing card. The action is started by the
      print segment counter 76 in response to the timing signal T.sub.36 applied
      to the AND gate 74 via OR gate 74a. When printing is complete, a signal PC
      unlocks the program counter via the NAND gate 57 as before.
PAR  It should be noted that for simplicity, it is assumed that all five digits
      are printed, including the leading zeroes, but in practice, additional
      logic may be provided for suppressing the leading zeroes and initiating
      the actual printing process with the most significant non-zero digit.
      During this period of suppressing leading zeroes, the timing sequence of
      the printer could be accelerated to save time, but the time to be saved
      would not normally justify the additional complexity of the control logic.
      However, it would still be advantageous to suppress the actual printing of
      leading zeroes in order to save the power that would be wasted in printing
      such leading zeroes.
PAR  It should also be noted that the time in the programmed sequence during
      which the difference is printed is not important. It could just as easily
      have been printed before reading out the billing factor, K, or deferred
      until after the amount to be paid is computed and then printed, either
      before or after the amount to be paid is printed.
PAR  The next timing signal T.sub.37 initiates a multiply command in the
      calculator to cause the difference in the A-register to be multiplied by
      the rate factor in the Q-register through successive parallel additions of
      the difference a number of times as designated by the billing factor, and
      storing the partial products. To assure sufficient time for this
      multiplication, the timing signal T.sub.37 disables the program counter.
      When the multiplication is complete, the calculator generates a
      multiplication complete signal, MCP, to unlock the program counter through
      the NAND gate 57.
PAR  There are many known ways of implementing the multiplication process. For
      simplicity, it is here contemplated that a third register, which may be
      referred to as the M-register, is provided in the calculator and
      implemented as a counter which counts down one for each addition step of
      the multiplication. The first step in the multiplication process is to
      transfer the consumption, .DELTA., into the M-register at time T.sub.36.
      The M-register causes the content of the Q-register to be added to the
      content of the A-register one time each time it counts down one, thus
      building up the product in the A-register. An advantage of this technique
      is that in the case of multiple billing factors to be applied according to
      a rate schedule, such as one billing factor for the first 40 KWH, another
      for the next KWH, etc., it would be simple to stop the multiplication at
      the proper time and fetch another billing rate.
PAR  The next timing signal T.sub.38 initiates a parallel transfer the product
      of the multiplication, i.e., the amount to be paid, AMT, from the
      A-register to the next five digit positions of the first register in the
      tape buffer. The transfer is in parallel through prewired gates enabled by
      the timing signal T.sub.38.
PAR  The next timing signal T.sub.39 disables the program counter and initiates
      printing on the billing card the amount to be paid from the tape buffer.
      Because of the amount of power required to print each segment of a digit
      on the billing card, and the limited power provided by the batteries in
      this portable transactor, the amount to be paid is first printed in the
      area 35 of the billing code. The signal T.sub.39 selects the five digit
      print head for the area 35 while the signal T.sub.39 directs the tape
      buffer select unit 73 through an OR gate 73a to print the amount to be
      paid in the same manner as the new meter reading, NMR, printed in the area
      36 and the difference, .DELTA., printed in the area 37 labled
      "consumption".
PAR  After the print sequence is complete, a signal PC generated by the print
      control unit unlocks the program counter which then advances to the next
      count T.sub.40 and again locks for another printing cycle, this time to
      print the amount to be paid in the area 34 through the print head for the
      area 34 selected by the signal T.sub.40 while the amount to be paid is
      again selected by the tape buffer select unit 73 (FIG. 8) as directed by
      the signal T.sub.40 through the OR gate 73a.
PAR  Each time the amount to be paid is printed the printing sequence is
      commenced when the print segment counter 76 is enabled to receive clock
      pulses through the AND gate 74 by the timing signals T.sub.39 and T.sub.40
      via the OR gate 74a. Although not shown, it is understood that the print
      segment counter and print digit counter are reset by the print complete
      signal even though those counters have by design recycled to their reset
      state in order to assure that the next printing sequence does start with
      those counters in their reset state.
PAR  When the amount to be paid has been printed the second time, the print
      complete signal, PC, unlocks the program counter, and the next timing
      signal, T.sub.41, relocks the timing counter via the NAND gates 55 and 56.
      The signal T.sub.41 also initiates transfer of the data stored in the
      first register of the tape buffer into the magnetic tape.
PAR  From the foregoing it is evident that in this first embodiment, a fixed
      program is provided by the program counter. The same organization can be
      used in other embodiments where the sequence of operations is controlled
      by stored operation codes read from the billing card, or read from a
      random access memory as in a conventional programmed digital computer.
PAR  The organization of the calculator will now be described with reference to
      FIG. 9. It is essentially the organization of a conventional arithmetic
      unit in a programmed digital computer. It contains an A-register 90 used
      as an accumulator during all arithmetic operations, a Q-register 91, an
      M-register 92 and a parallel adder/subtracter unit 93. When the previous
      meter reading in the Q-register is subtracted from the new meter reading
      at time T.sub.24, subtraction logic is enabled in the unit 93. The
      difference, .DELTA., is stored in the A-register. At time T.sub.36, when
      the billing factor K is entered into the Q-register, the content (.DELTA.)
      of the A-register is transferred to the M-register 94 for use as a
      multiplier during multiplication. The product is developed in the
      A-register.
PAR  In the case of electricity, a typical rate factor may be 5.525 cents per
      kilowatt hour. Therefore, the multiplication called for would be, for
      example, 175KWH .times. 0.05525. The multiplication carried out during
      time T.sub.37 is initiated by setting a JK flip-flop 95 to repeatedly add
      the contents of the A and Q-registers, and to store the sum of each
      addition in the A-register. Each addition occurs in response to a low
      frequency clock, LFCLK, which is counted down in the M-register through a
      gate 96. When the M-register has counted down to one, a decoder 97 detects
      this condition and enables the next clock, LFCLK, to reset the flip-flop
      95. The product is then in the A-register. A gate 98 also transmits a
      clock pulse as a multiplication complete signal, MCP, to the NAND gate 57
      (FIG. 2).
PAR  The A-register and addition logic is sufficiently long to accomodate the
      largest product anticipated without overflow. Should an overflow (array)
      from the MSB position of the addition logic, a flip-flop 99 will be set by
      the MSB carry signal to energize an overflow lamp OVF until the transactor
      is cleared and the flip-flop 99 is reset. Parallel addition is
      contemplated in this exemplary embodiment for simplicity. However, in
      practice it may be desirable to perform addition and subtraction in series
      by BCD digit and in parallel by binary digits of each decimal digit. The
      fast clock, CLK, could be used to sequence the successive steps of each
      serial addition or subtraction.
PAR  The product formed in the A-register is with a fixed decimal point. In this
      exemplary embodiment, the decimal point would be five BCD places from the
      right. Upon printing out the product as the amount to be paid, only two
      decimal places to the right of the decimal point are printed. The balance,
      which is a fraction of one cent, is ignored. If desired, logic could be
      included to round off at the time of printing.
PAR  FIG. 10 illustrates the control logic for recording on tape. The timing
      signal T.sub.41 sets a flip-flop 100 to turn the tape motor on, and
      enables a NAND gate 101 to transmit clock pulses, CLK, to a delay counter
      102. The purpose of that counter is to delay transfer of data to the tape
      until the tape is up to speed. At the end of the delay period, a flip-flop
      103 is set to start recording on tape the content of the first register in
      the tape buffer unit. The first and second registers in the tape buffer
      unit are shown as two 120-bit registers 104 and 105.
PAR  The flip-flop 103 enables a NAND gate 106 to transmit system clock pulses,
      CLK, to the shift register 104 and to a synchronizing and amplifying unit
      107 for storing each binary digit shifted out of the first tape buffer
      register on tape. The data is preferably shifted out in the order stored
      in the register with the most significant bit of the MSD of the meter ID
      first.
PAR  A bit zero is stored on the tape as a short pulse less than half the period
      of a clock pulse (about one-fourth), and a bit one is stored as a longer
      pulse more than half the period of a clock pulse (about three-fourths)
      through a write head 108. A counter 107 counts the clock pulses applied to
      the register 104. When 120 clock pulses have been counted, the counter 109
      resets the flip-flop 103 to complete recording one time.
PAR  A read head 110 positioned downstream from the write head senses the pulses
      recorded through the head 108. An amplifier 111 and pulse shaper 112
      restores the pulses read to substantially the shape of pulses at the
      output of the amplifier 107. A detector 113 detects the leading edge of
      each recorded bit from the amplifier 111 to produce a sharp
      self-synchronizing pulse and delays it half the period of the clock pulses
      in order to effectively strobe the output of the amplifier 111 at the
      center of each bit period. To accomplish that, the delayed pulse is
      applied to the shift register. If a short pulse is present at the output
      of the amplifier, indicating a bit 0 read, the pulse from the detector 113
      shifts a bit 0 into the register 105. If a long pulse is present at the
      output of the amplifier, indicating a bit 1 read, the pulse from the
      detector 113 shifts a bit 1 into the register 105.
PAR  Other self-synchronizing record and playback systems may be used, such as
      simply recording the clock pulses in second channel in parallel with
      binary digits being recorded, using side-by-side write heads. The clock
      pulses may then be read in a second read head beside the read head 110.
      However, this or an equivalent self-synchronizing record and playback
      system is preferred to avoid doubling the number of read heads and having
      to maintain precise spacing between heads of each pair.
PAR  A second 120-bit counter 114 counts the self-synchronizing clock pulses out
      of the detector 113 to determine when playback of the recorded data is
      complete. When complete, a flip-flop 115 is set via a NAND gate 116 to
      enable a NAND gate 117 to transmit system clock pulses to both shift
      registers 104 and 105, thereby shifting both through a comparator 118.
      When 120-bits have been shifted through the comparator by clock pulses
      counted by the counter 114 via an OR gate 119, the flip-flop 115 is reset
      via a NAND gate 120. The comparator is also enabled by the flip-flop 115.
PAR  The comparator is comprised of an exclusive OR gate which indicates an
      error if its output is ever true while the paired bits are being shifted
      through it from the two registers. If so, a flip-flop 121 is set. At the
      end of the 120-bit compare period determined by the counter 114, and while
      the flip-flop 115 is being reset, the flip-flop 103 is set, via a NAND
      gate 122 and an OR gate 123, to initiate another recording and playback
      cycle. At the same time the flip-flop 121 is reset and a counter 124 is
      incremented to a count of one. If an error occurs again during the second
      or third time, the counter 124 is incremented each time. If incremented to
      a count of three, a decoder 125 detects the count and signals RECORD ERROR
      to turn on the "record error" lamp 19 (FIG. 1). The meter reader may
      manually clear the error signal by pushing the clear button, but that is
      not necessary because the transactor clears itself automatically at time
      T.sub.1 of a new sequence for the next billing card. After pulling out the
      billing card just processed with an error in recording, he manually fills
      out a duplicate billing card to return to the central office for checking
      at the central office, and proceeds to deliver the billing card just
      pulled out.
PAR  If no error occurs during the first, second or third recording cycle, NAND
      gate 126 signals NO ERROR. That signal, or the ERROR signal, unlocks the
      program counter via OR gate 127 (FIG.9) and NAND gate 55 (FIG. 5). The
      next timing signal T.sub.42 then turns on the complete lamp 18 (FIG. 1).
      Upon removing the billing card, the complete lamp is turned off as all
      power is removed from the billing transactor.
PAR  In the foregoing description of a first exemplary embodiment, a constant
      billing factor was assumed for all of the consumption of a customer. That
      is often not the case, as will now be described for a second embodiment of
      the invention with reference to FIG. 11. Instead, a typical monthly bill
      for electricity may be computed in accordance with the following charges:
TBL  First  40 KWH    at 5.525 cents per KWH                                   

     Next  40 KWH     at 4.025 cents per KWH                                   

     Next 140 KWH     at 2.525 cents per KWH                                   

     Next 768 KWH     at 2.025 cents per KWH                                   

     Additional KWH   at 1.025 cents per KWH                                   

PAR  To accommodate such a rate structure, which may be different for different
      classes of customers, the rate factor, K, is not entered into the
      Q-register of the calculator for computing the bill. Instead, the number K
      is used as a code to address a readonly memory (ROM) 130 where the
      applicable rate schedule is stored. Consequently, at time T.sub.36, the
      number K is stored in an X-register 131.
PAR  In the modified calculator shown in FIG. 11, the components common to the
      first embodiment are identified by the same reference numeral, but
      distinguished by a prime for each reference numeral.
PAR  The number in the X-register points to a block of successive memory
      locations which contain the rates to be applied to successive increments
      of consumed electrical power. Consequently, when the timing signal
      T.sub.37 sets the flip-flop 95' to initiate multiplication, a flip-flop
      132 is set via an OR gate 133 to enable the rate to be read out from the
      location in the ROM specified by the X-register in response to the next
      low frequency clock which also resets the flip-flop 132 via an AND gate
      134 and increments the X-register to the address of the next rate. That
      same clock pulse, LFCLK, sets a JK flip-flop 135 to enable an AND gate
      136, and thereby enable the adder-subtracter to respond to subsequent low
      frequency clock pulses, LFCLK, for multiplication by successive addition
      of the first rate factor from the ROM to the content of the A-register,
      which is forty times for the first 40 kilowatt hours, unless the
      M-register 94' which counts the number of additions has counted down to
      one, in which case the decoder 96' causes the flip-flop 95' to be reset
      with the next clock, LFCLK, to stop the multiplication after the next
      addition.
PAR  Assuming the M-register has not counted down to one, multiplication by
      addition continues with a new rate for the next 40 kilowatt hours. A
      counter 137 counts up the number of additions by counting the low
      frequency clock pulses, LFCLK, via a gate 138. When the number 39 stored
      with the rate of 5.524 cents per KWH and read from the ROM is detected by
      a decoder/detector 139, the flip-flop 135 is reset by the next LFCLK
      pulse. The 40th addition is thus initiated. The leading edge of the Q
      output of the flip-flop 135 sets the flip-flop 132 via OR gate 133 to
      permit the next LFCLK pulse to: reset the flip-flop 132; enter a new rate
      from the ROM; set the JK flip-flop 135 to allow multiplication to be
      resumed with the following LFCLK pulse; and increment the X-register 131
      to the address of the next rate. Multiplication then continues as before
      until the decoder 96' stops it after all kilowatt hours have been
      multiplied by a rate factor, or until the decoder/detector 139 stops it
      momentarily when the 79th kilowat hours is being multiplied in order to
      read out the next rate together with the number 221 to be used in the
      decoder/detector 139. When the last rate has been read out, the
      multiplication process continues until the M-register counts down to one.
      To assure that, a negative one is stored with the last rate and read out
      to the decoder/detector which obviously fails to detect a negative one as
      the counter 137 counts up. The next LFCLK pulse initiates the last cycle
      of adding the last rate factor in the Q-register to the accumulated total
      in the A-register and resets the flip-flop 95'. At the same time, the gate
      98' transmits a multiplication complete signal, MCP, to the sequence
      control section to advance the program counter to T.sub.38.
PAR  These embodiments may be modified to accommodate additional factors which
      make up the monthly bill by interjecting additional sequenced operations.
      For example, if there is to be a minimum of $1.00, the net bill just
      computed may be compaared at time T.sub.38, with the minimum, and the
      larger amount selected as the amount to be paid. That would require only
      one LFCLK period, and would therefore merely shift all the remaining
      operations over one timing period of the program counter. Still other
      operations can be added, such as reading a previous balance from the card
      and adding it to the current monthly bill. The sum would then be printed
      as the amount to be paid. However, as additional factors are included, the
      complexity of the system hardware increases. It then becomes advantageous
      to implement as much of the hardware as possible with software. That can
      be done, for example, by including solid-state random access memory (RAM)
      for storing both instructions and data for a sequence of operations
      tailored to each customer using standard subroutines stored and called as
      necessary, such as the billing rate schedule for the customer, minimum
      billing, previous balance, and so forth. The customer's ID would simply be
      used to call out the applicable block of instructions and data.
PAR  Because modifications and variations falling within the spirit of the
      invention will occur to those skilled in the art, it is not intended that
      the scope of the invention be determined by the disclosed exemplary
      embodiments, but rather should be determined by the breadth of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a portable billing transactor for entering and processing a utility
      service transaction, and printing a bill on a record medium for immediate
      delivery to a customer, said service being measured by a meter read by a
      person for manual entry, said medium having information necessary for
      computing the bill in predetermined areas, said information including the
      previous meter reading and a rate code, the combination comprising:
PA1  means for accepting said record medium and holding it in a static postion
      during a billing transaction;
PA1  calculating means for performing arithmetic calculations on data coupled
      thereto under electronic control, said calculating means including first
      and second arithmetic registers;
PA1  means for reading data from different predetermined areas of said record
      medium at different controlled times;
PA1  means for printing data on different predetermined areas of said record
      medium at different controlled times;
PA1  a buffer register for storing said new meter reading;
PA1  keyboard means for manually entering said new meter reading into said
      buffer register for display;
PA1  keyboard means for manually producing a print command;
PA1  means responsive to said print command for coupling said net meter reading
      as displayed from said buffer register into said calculating means;
PA1  a source of clock pulses;
PA1  a ready light and means for displaying said new meter reading entered into
      said buffer register;
PA1  sequence control means including a program counter responsive to said
      source of clock pulses for automatically controlling said calculating
      means, reading means and printing means through predetermined coordinated
      operations once said accepting means has received a record medium in said
      static position, said coordinated operations comprising:
PA2  energizing said ready light to call for manual keyboard entry of said new
      meter reading into said buffer register after said holding means has
      accepted said record medium and said record medium is being held in a
      static position;
PA2  energizing said display means to call for a manual keyboard production of
      said print command to cause said new meter reading to be printed on said
      record medium and to be coupled into said first one of said arithmetic
      registers;
PA2  reading said previous meter reading from a second predetermined area of
      said record medium into said second one of said arithmetic registers when
      printing of said new meter reading has been completed;
PA2  computing a difference between said new meter reading and said previous
      meter reading, and for storing the difference in said first one of said
      arithmetic registers;
PA2  printing said difference in a preselected area of said record medium;
PA2  reading said rate code into said calculating means;
PA2  computing the amount due from said difference and said rate code;
PA2  printing said amount due in a preselected area of said record medium.
NUM  2.
PAR  2. Apparatus as defined in claim 1 including addressable means in said
      calculating means for storing a plurality of rate schedules, each rate
      schedule consisting of a plurality of rate factors accessed in sequence
      upon addressing said addressable means by a unique code, and wherein said
      rate code read from said record medium constitutes said unique code, and
      further including means for multiplying successive predetermined
      increments of said difference by successive ones of said rate factors in
      calculating said amount due.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein said information prerecorded in
      predetermined areas includes a customers identification number and said
      sequence control means includes coordinated control of the operation of
      reading said customer identification number from a predetermined area, and
      said apparatus including nonvolatile bulk storage means for recording
      transaction information including said customer's identification number,
      previous meter reading new meter reading, difference between said new
      meter reading and said previous meter reading, and the amount due.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein said nonvolatile bulk storage
      means includes a buffer storage means for temporary storage of said
      transaction information as it is read from said record medium and as it is
      computed, and a magnetic tape into which the contents of said buffer
      storage means is transferred as the last of said coordinated operations
      under control of said sequence control means.
NUM  5.
PAR  5. Apparatus as defined in claim 3 including addressable means in said
      calculating means for storing a plurality of rate schedules, each rate
      schedule consisting of a plurality of rate factors accessed in sequence
      upon addressing said addressable means by a unique code, and wherein said
      rate code read from said record medium constitutes said unique code, and
      further including means for multiplying successive predetermined
      increments of said difference by successive ones of said rate factors in
      calculating said amount due.
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ABST
PAL  A bit stream encoded in the Aiken or similar selfclocking code is converted
      into binary waveform with clocking by a sensor including two sensor
      elements spaced apart a critical distance. The elements read the bit
      stream independently. A logic circuit responsive to the outputs of the
      elements determines the data content of each bit as well as the timing of
      that bit.
PAL  The apparatus permits code conversion of, for example, credit cards at
      point of sale (POS) apparatus independent of variations in the movement of
      the code (viz: credit card) with respect to the sensor.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application,
      Ser. No. 494,031 filed Aug. 2, 1974.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to code conversion apparatus, and, more
      particularly, to such apparatus responsive to each bit of a stream of
      signal bits to convert that stream into two bit streams, one containing
      data and the other containing timing information.
PAC  BACKGROUND OF THE INVENTION
PAR  Various self-clocking encoding schemes have been devised in which a signal
      containing both data and timing information is represented by a single
      binary bit stream. Ideally, such a stream is represented as at least two
      possible levels or states characterized by transitions between the states.
      If a magnetic medium is used for storage of the bit stream, the data and
      timing information is represented, for example, either by a series of
      transitions between distinct magnetization states or graphically by a bar
      code of permanent magnetic material.
PAR  The bar code is frequently used in credit cards. One accepted encoding
      scheme of this type is called the "Aiken" code. The Aiken code is
      characterized electrically by transitions between two possible signal
      levels which transitions occur regularly at the beginning and end of each
      bit interval bar or cell length. The code is also characterized by the
      presence or absence of an "irregular" transition occurring intermediate
      the regular transitions indicating first and second output data states
      representing, say, a binary one and a binary zero, respectively. The data
      contained in such a code thus is represented by the irregular transitions
      and the timing information is represented by the regular transitions.
PAR  The Aiken code typically is converted into another format for processing.
      One such format is a binary waveform with clocking. To accomplish this
      conversion, a decoder is required to generate a data bit stream which is
      characterized by a first level representing a binary one and a second
      level representing a binary zero. But a second or timing bit stream is
      employed to interpret the data bit stream. Thus, the regular and irregular
      transitions are separated one from the other.
PAR  Prior art decoders operative to perform the above-described conversion are
      relatively simple to implement if the Aiken code is read at a uniform
      rate. For example, an accurate clock or timer can be used to determine the
      proper time within a bit cell to check for the presence or absence of an
      irregular transition. If, on the other hand, the Aiken code is read or
      scanned at a nonuniform rate, as would be the case where a hand operated
      reader is used, a clock is of little use, and another approach is
      generally required.
PAR  One known approach for reading (optical) codes at a nonuniform rate may,
      for example, utilize the spatial width of the preceding bit as a basis for
      establishing an appropriate viewing window for the present bit. By so
      doing, the decoder can still function properly despite moderate changes in
      reading speed between adjacent bits. But, this type of procedure requires
      relatively complicated and costly logic circuitry, and does not operate
      properly under certain reading conditions involving acceleration and
      deceleration. Moreover, with codes of constant cell size such as the Aiken
      code such a procedure cannot be used.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is based on the recognition that two sensor elements
      spaced one-half cell length apart provide, in response to the bits of a
      signal stream, independent outputs which when applied to simple logic
      circuitry provide separate representations of the data and the timing
      information. The logic circuitry includes decisional circuitry responsive
      to outputs from the two elements for generating an output stream
      containing timing information. The timing information in conjunction with
      the outputs of both of the sensor elements is used to generate a separate
      output stream containing data.
PAR  In a preferred embodiment, a pair of magnetoresistive sensor elements are
      spaced one-half cell length apart in the path of the code. Each element
      responds independently to the regular transitions at the beginning and at
      the end of a cell and also to the irregular transitions (data information)
      stored in the center of the cell. Due to the spacing between elements, an
      output is received from the two elements simultaneously only when a data
      bit (a binary one) is stored. Only one element is activated when no data
      bit (a binary zero) is stored. The electronic output is independent of the
      speed at which the code passes the sensor.
PAR  A simple electronic circuit processes the outputs of the two elements
      typically for transmission to a remote computer. The outputs are applied
      to an OR circuit, the output of which is employed both to enable the data
      from the elements to be applied (via an AND gate) to a shift register and
      to provide a clock pulse for the shift register. The operation provides
      enabling pulses with widths reflective of the movement of the credit card
      and the effect is that the output from at least one of the elements is
      stored in the shift register whenever the corresponding bits of the code
      arrive at the sensor.
PAR  The operation depends on the close proximity of the elements to one
      another. In order to achieve the desired proximity, magnetoresistive
      sensor elements are formed by photolithographic techniques and are
      connected electrically in parallel to provide independent indications of
      the code as required. The constraint on the magnetoresistive elements
      impose design criteria embodied in a novel approach herein. Each element,
      for example, includes a plurality of subelements having a prescribed
      growth or shape anisotropy. The subelements are connected electrically in
      series and respond to the presence of a transition of the code by the
      rotation of the magnetization therein.
PAR  It is considered that a sensor utilizing two magnetoresistive elements in
      parallel to develop simultaneous outputs indicative of the stored code, in
      combination with the electronics for providing data representative of the
      code represent novel features of the present invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top view of a conventional credit card of a kind for reading in
      accordance with this invention;
PAR  FIGS. 2 and 3 are magnified top views of portions of the magnetic tape of
      the credit card of FIG. 1 showing magnetic states therein;
PAR  FIG. 4 is a fragmentary projection view of a sensor arrangement for reading
      the credit card of FIG. 1 in accordance with this invention;
PAR  FIGS. 5 and 6 are magnified top and cross-sectional views of the sensor
      arrangement of FIG. 4;
PAR  FIG. 7 is a schematic representation of the sensor arrangement of FIG. 4 in
      relationship with the credit card tape of FIG. 1;
PAR  FIG. 8 is a schematic representation of a circuit for processing the
      outputs of the detector arrangement of FIG. 2;
PAR  FIGS. 9, 10, and 11 are pulse diagrams of the operation of the circuit of
      FIG. 8;
PAR  FIGS. 12 and 16 are magnified top and cross-section views of an alternative
      sensor arrangement in accordance with the principles of the invention;
PAR  FIG. 13 is a top view of a credit card for detection with the sensor
      arrangement of FIG. 12;
PAR  FIGS. 14 and 15 are circuit diagrams of a switching arrangement for use
      with the sensor arrangement of FIG. 12, and
PAR  FIG. 17 is a cross-sectional view of an alternative sensor arrangement in
      accordance with another embodiment of this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a typical plastic credit card 10 which bears an elongated
      magnetic tape 11. The tape includes a series of bars each forming a
      separate cell. In the absence of recorded information, the successive
      cells are magnetized in alternating directions along the axis of the tape
      as indicated by the oppositely directed arrows 12 in the figure. Each
      interface between a pair of oppositely magnetized cells is indicated by a
      broken line 13 normal to the axis of the tape. Each broken line
      corresponds to a change (or transition) in the magnetization direction
      within the tape.
PAR  FIG. 2 shows a section of tape 11 in an enlarged view. The arrows 12
      indicate three separate cells defining two adjacent transitions 13. These
      transitions occur at regular intervals along the tape and define a
      constant cell length C therebetween. Data information is stored in a cell
      by including in the center of the cell a reversal in the direction of
      magnetization. FIG. 3 shows such an additional transition in the center of
      a representative cell defined by a pair of adjacent broken lines 13. This
      transition divides a cell into two regions and represents a data bit (viz:
      a binary one). The irregular transition is represented in the figure by a
      dotted vertical line as viewed. Note that the magnetization in regions 15
      and 16 of FIG. 3 are reversed from the directions shown for these regions
      in FIG. 2 in order to store the data bit and to still maintain the
      end-of-cell transition. Apparatus to code credit cards of this type in
      this manner is in common use and is operative normally to so maintain the
      cell length constant.
PAR  FIG. 4 shows code conversion apparatus (a credit card reader) in accordance
      with one embodiment of this invention for reading a credit card bearing a
      magnetic tape coded as described in FIG. 1, 2, and 3. The card is placed,
      tape down, against a surface 20 and abutting a guide 21. Typically the
      card is inserted in a slot defined by surface 20 and a plate 22 secured to
      guide 21 to press the card against surface 20. FIG. 4 also shows
      magnetoresistive sensor apparatus 25 inserted into the surface 20 and
      level therewith. Apparatus 25 is responsive to the transitions of tape 11
      as the card is moved to the left as indicated by arrow 26 in the figure.
      Plate 22, in pressing card 10 against surface 20, ensures close proximity
      between the tape and the sensor apparatus to provide suitable output
      signals from that apparatus.
PAR  The sensor apparatus includes first and second magnetoresistive elements 30
      and 31 astride the path along which tape 11 moves. FIGS. 5, 6, and 7 show
      the details of those elements along with the relationship of the elements
      to the magnetic states of tape 11. The magnetoresistive elements are shown
      in detail in FIG. 5 to include subelements 30a, 30b...and 31a,
      31b...interconnected by electrical conducting elements 40a, 40b..., and
      41a, 41b..., respectively, into a string of subelments. Each subelement is
      either deposited so that its magnetization is directed upwards as viewed
      in FIG. 5 and indicated by arrows 42 there or deposited in a shape such
      that magnetization in the illustrative preferred direction upwards is
      ensured. The strings of subelements are connected between conductors 45
      and 46 and ground (via conductor 47) as shown in FIG. 5.
PAR  FIG. 6 shows a cross section of adjacent magnetoresistive subelements of
      element 30 taken along line 6--6' of FIG. 5. The two magnetoresistive
      subelements (of magnetically soft permalloy) are designated 47 and 48 with
      the interconnecting conducting subelement designated 49 in FIGS. 5 and 6.
      An oxide coating 50 covers the (metallic) conducting subelement, bringing
      the sensing apparatus into the plan of surface 20 and acting as a
      protective coating. Typically the magnetoresistive subelements are 2
      .times. 10.sup.-.sup.3 (or 2 mils) .times. 2 .times. 10.sup.-.sup.2
      .times. 4 .times. 10.sup.-.sup.6 inches thick, the conducting subelements
      are 2 .times. 10.sup.-.sup.3 .times. 2 .times. 10.sup.-.sup.3 .times. 6
      .times. 10.sup.-.sup.5 inches thick and 5 subelements are present in each
      sensor element. Each sensor element develops a signal of 4 millivolts with
      a current of 3 milliamperes in response to a typical transition in tape
      11. The width of each element is dimensioned to compensate for variations
      in spacings between the transitions on the tape (typically .+-.4 percent).
PAR  FIG. 7 shows sensor elements 30 and 31 astride tape 11. Consecutive
      (regular) transitions 13 in the tape are identified in FIG. 7 as a
      vertical array of positive (+) or negative (-) signs. The presence and
      absence of (irregular) transitions are further identified by the
      information content (viz: binary "1" and binary "0", respectively)
      represented thereby. The presence of + signs near sensor 30, can be
      understood to rotate the magnetization into alignment with the axis of
      tape 11 resulting in a signal S30 in element 30. The presence of (-) signs
      at element 31, at this time, also causes a rotation of the magnetization
      of the subelements of that element again causing a signal S31 in response
      to currents flowing therein. Signals S30 and S31 are indicated in FIGS. 5
      and 8.
PAR  FIG. 8 shows a block diagram of an illustrative electronic circuit 60 to
      which signals S30 and S31 are applied to produce the operation summarized
      by the pulse diagrams of FIGS. 9, 10, and 11. Circuit 60 includes first
      and second input lines 61 and 62 to which signals S30 and S31 are applied
      respectively. These lines are connected via capacitors 63 and 64 to inputs
      to amplifiers 66 and 67 respectively. The output of amplifier 66 is
      connected to an input of OR circuit 68 and to an input of AND circuit 70.
      The output of amplifier 67, similarly, is connected to an input of OR
      circuit 68 and an input of an AND circuit 70. The output of OR circuit 68
      is connected to the input of a flip-flop 71. The output of flip-flop 71 is
      connected to an input of AND circuit 70 and to a clock input of shift
      register 72. The output of AND circuit 70 is connected to the data input
      of register 72.
PAR  In operation, circuit 60 of FIG. 8 is responsive to simultaneous outputs
      from elements 30 and 31 to gate a data bit into register 72. The
      capacitors 63 and 64 and amplifiers 66 and 67 serve only to square the
      signals generated by the detection of a transition in tape 11 and to
      provide logic level signals as is indicated by the pulses in FIG. 9. If we
      consider a (coded) data stream (DS) represented by the pulse form on the
      top line of FIG. 9, generated as card 10 moves to the left in FIG. 4, the
      waveform of the second line from the top in FIG. 9 represents the signals
      S30 generated at element 30 and the waveform of the third line represents
      the signals S31 generated at element 31. The waveforms representing
      signals S30 and S31 can be seen to be identical, but displaced, with
      respect to one another, in time as can be seen from the figure as is
      expected from the physical layout of the sensor elements in FIG. 5.
PAR  The circuit responds to the pulses from the two sensor elements to provide
      a pulse train V80 at point 80 in FIG. 8 and shown in FIG. 9. This pulse
      train is applied to flip-flop 71. The flip-flop responds to apply to
      register 72 to a two-level signal, shown as V81 in FIG. 9. Note that
      signal V81 remains at a given level until a pulse (V80) occurs to change
      that level. If the credit card is moved at different speeds, this merely
      produces longer pulses in signal V81 as indicated in FIGS. 10 and 11.
      FIGS. 10 and 11 illustrate the situations where the code is moved more
      slowly, or stopped, in the middle of a cell for the case where signal V81
      is at an enabling level and not at an enabling level respectively.
      Whenever an end-of-cell transition generates a pulse (S30) a
      beginning-of-cell transition is positioned to generate a pulse (S31),
      therefore the credit card cannot be stopped between cells in the present
      system.
PAR  It may be noted also from FIG. 9 that consecutive simultaneous outputs from
      the elements occur when a binary one is stored and that only one of these
      occurs when V81 is at a level to enable AND gate 70. Signal V81 is also
      applied to shift register 72 as is the output of AND circuit 70. The
      signal (V81) serves a clocking pulse to advance shift register 72 one
      stage each time the signal is at the enabling level for enabling storage
      of the next subsequent data bit.
PAR  As long as the sensor elements are spaced apart one-half cell length, the
      same number of transitions will occur first at one sensor element then at
      the other. If the one-half cell length spacing is not observed, then a
      memory has to keep track of the difference between the numbers of
      transitions sensed at the two sensor elements. A code conversion system
      employing memory to this end is disclosed in copending application Ser.
      No. 494,030 filed Aug. 2, 1974 for D'Orazio and Soloway now U.S. Pat. No.
      3,898,689.
PAR  It is to be understood that it is not necessary herein to employ shift
      register 72 of FIG. 8 to store information for later use. The information
      instead may be transmitted directly to, for example, a computer for
      processing. In such a case, signal V81 serves as a framing signal for
      transmission rather than as a clocking signal for storage.
PAR  The interconnection of both of amplifiers 66 and 67 to AND circuit 70
      avoids some practical problems of interconnection. For example, if only
      one amplifier is connected to AND circuit 70, and the element connected to
      the other amplifier senses data first, the system could respond to record
      all binary ones. This result is avoided by changing the connections or by
      color coding the wires to avoid improper connection in the first place. If
      both amplifiers are connected to circuit 70 as shown in FIG. 8, the
      element may be connected so that either element detects the data first and
      operation occurs as described. The importance of the half-cell spacing
      between the sensor elements in obviating the necessity for memory to keep
      track of the difference between data bits detected at the two elements
      herein is now clear. But the realiziation of such an arrangement depends
      on being able to physically space the elements as required. The physical
      separation between the normal transitions in a tape of a credit card is
      from 2.5 mils to about 6 or 7  mils. Thus, the spacing between elements,
      center to center is about six to seven mils. These dimensions are well
      within the capabilities of common photolithographic techniques employed to
      form the elements.
PAR  In practice, the elements were formed in one instance by depositing a
      string of five islands of permalloy 1000 Angstroms thick and each about
      twenty mils long and two mils wide (about 40 mils square in surface area)
      through a mask by such photolithographic techniques. Islands of gold were
      similarly deposited to a thickness of 13,000 Angstroms to interconnect the
      permalloy islands into the geometry shown in FIG. 5. The structure was
      then coated by an oxide (SiO.sub.2) layer having a thickness of one
      micron. The permalloy elements exhibited a shape anisotropy in this
      instance such that a field of 20 oersteds parallel to the tape motion
      saturated the sensor elements. The flux available from the tape in the
      credit card exceeded 20 oersteds for sensor elements within 0.002 inch of
      the tape.
PAR  The formation of the sensor elements by a string of subelements is to
      achieve a structure with a sufficiently low demagnetization field to allow
      rotation of the magnetization of the elements by the data bits in order to
      get an output. Each subelement exhibited a demagnetizing field of about 20
      oersteds which is satisfactory for detection and yet is unaffected by
      stray magnetic fields. Each sensor element exhibited an output of about
      four millivolts in response to a current of three milliamperes. The
      resistance of each element was about one hundred ohms and the change in
      resistance (magnetoresistance) was about 1.3 percent.
PAR  The use of magnetoresistive subelements of square or circular surface
      geometry requires that anisotropy be provided by processing. Such
      processing is well understood in the art.
PAR  The embodiment described hereinbefore is directed to the detection of a
      tape on a credit card which includes a single track (track II above) of
      information. Credit cards in common use have several tracks of
      information, typically three. The first track has the IATA (International
      Air Transport Association) code with a density of 210 bits per inch. The
      second track has the ABA (American Banking Association) code with a
      density of 75 bits per inch. The second track is used most commonly and it
      is in connection with the detection of this track that the above
      illustrative embodiment is described.
PAR  The code in track II is strictly a numeric code and it is becoming
      increasingly important to use alphanumerics so that the name of the card
      bearer can be coded and related directly to his transactions. Track I has
      an alphanumeric code and is used, for example, in reservation systems at
      air terminals. A card reader capable of reading more than one track of a
      credit card, of course, would be quite desirable.
PAR  The arrangement of FIGS. 1 through 7 can be adapted for sensing one or both
      (or more) of the tracks on credit cards by defining on a single sensor
      head a parallel arrangement of sensor element pairs each with a spacing
      equal to one-half the cell length of the code on the track with which it
      is associated.
PAR  An arrangement for the sensing of two tracks is illustrated in FIG. 12. The
      figure shows an arrangement of a pair of sensor elements 30 and 31 related
      to the sensing of say track II with a spacing of C1/2 as indicated in the
      figure. This portion of FIG. 12 is exactly as described in FIG. 5 and is
      designated in a corresponding manner. FIG. 12 also shows a pair of sensor
      elements 30' and 31' spaced apart C2/2 as indicated in the figure. The
      active portion of sensor elements 30' and 31' is physically displaced with
      respect to element 30 and 31 to correspond to the separation between
      tracks on a credit card and is associated with track I. This relationship
      is understood by a consideration of FIG. 13 where tracks II and I are
      illustrated, respectively, by indications 11 and 11' (see item 11, FIG.
      4).
PAR  In the simplest arrangement to be described, the outputs of each pair of
      sensor elements are applied separately to associated electronics each as
      shown in FIG. 8. But in practice, it is less expensive to employ a single
      set of electronics, with a suitable switching arrangement, conveniently
      with a separation S between pairs of sensor elements, as shown in FIG. 12,
      sufficient to allow the electronics time to determine which track is
      encoded.
PAR  FIGS. 14 and 15 show a switching arrangement which applies the signals from
      one of a plurality (two) of pairs of sensor elements which corresponds to
      a track of a credit card which has been encoded. FIG. 14 shows a portion
      of the arrangement which responds to a signal from one sensor element of
      each of the pairs of sensor elements corresponding to tracks I and II. The
      portion to be more specific comprises amplifiers 100 and 101 to the input
      terminals of which signals are applied from one sensor element associated
      with each of tracks I and II, respectively. The output of amplifier 100 is
      connected to an input to a retriggerable multivibrator 102 and to an input
      to an inverter 104. The outputs of amplifier 100 and multivibrator 102 are
      connected to inputs to NAND circuit 105. The outputs of inverter 104 and
      NAND circuit 105 are connected to inputs to NAND circuit 106.
PAR  In operation, raw signals associated with tracks I and II are amplified to
      logic levels by amplifiers 100 and 101, respectively. Only one signal from
      one sensor of each pair is looked at. One of two conditions exists:
PAR  1. Data is Present on Track II
PAR  In this case the multivibrator is triggered by the first data pulse from
      track II. The output of the multivibrator, initially at a high voltage,
      goes low. In turn, one input to NAND circuit 105 goes low, thus blocking
      the input of data from track I. The output of NAND circuit 105 is now in a
      high condition thus enabling NAND circuit 106 allowing data from track II
      to pass, via inverter 104, directly to the decode electronics.
PAR  2. Data is Not Present on Track II
PAR  In this instance multivibrator 102 is not triggered and its output remains
      at a high voltage value. NAND circuit 105 is thus enabled allowing the
      inverted data from the track I sensor element to be applied to NAND
      circuit 106. Simultaneously, the output from inverter 104 enables NAND
      circuit 106 to apply the output thereof to the decode circuitry of FIG. 8.
PAR  Each pair of sensors of FIG. 12 have two spaced apart sensor elements each
      providing a signal only one of which is applied to the arrangement of FIG.
      14. The output from the second element of each pair is applied to
      multivibrator 102 in the portion of the switching arrangement shown in
      FIG. 15. Specifically, the output of multivibrator 102 of FIG. 14 is
      connected to an input of each of NAND circuits 109 and 110, to the latter
      via inverter 111. Signals from the second elements of the sensor pairs for
      tracks I and II are applied to inputs to amplifiers 113 and 114. The
      outputs of the amplifiers are connected to NAND circuits 109 and 110,
      respectively. The outputs of the NAND circuits are connected to inputs to
      NAND circuit 115.
PAR  In the first situation where data is present in track II, the output of the
      multivibrator goes low blocking circuit 109 thus blocking data from track
      I. Simultaneously, inverter 111 inverts the multivibrator output and
      enables circuit 110. Thus data from track II is applied to circuit 115.
      The output of circuit 109 is high thus enabling circuit 115 to apply the
      data to the decode electronics.
PAR  In the second situation where data is not present in track II, the output
      of multivibrator 102 stays high thus enabling circuit 109 and blocking
      circuit 110. Enabled circuit 109 applies data from track I to circuit 115.
      Circuit 110 output is high thus enabling circuit 115 to apply data from
      track I to the decode electronics.
PAR  This first data bit in any encoded track is located at a given (set) point
      relative to the leading edge of the credit card. Thus, the artifice of
      offsetting the pair of sensor elements associated with one track with
      respect to the pair associated with a second track ensures that signals
      will be generated in the first (encountered) pair. This enables the
      electronics of FIGS. 14 and 15 to check the data content of one track
      before the other. If the offset (S of FIG. 12) is one-tenth inch, this is
      adequate for a card travelling at a typical 25 inches per second. The
      initial outputs from the separate tracks in this instance are separated by
      4 milliseconds, a sufficient time for the switching to be accomplished.
PAR  The circuit may be adapted for switching of one of more than two tracks in
      a straightforward manner. If, for example, a characteristic start code is
      used for each track, the circuitry may be adapted for sensing two or more
      tracks (of many) which are encoded. In this instance, data from one track
      may be stored in a buffer while data from another is processed.
PAR  Wear tests indicate that, with continued use, the magnetic tape reduces the
      thickness of the protective coating on credit card detectors.
      Consequently, a premium exists for easy-replacement implementations if a
      typical prior art sensor arrangement is employed where the protective
      coating extends only over the sensor elements.
PAR  FIG. 16, on the other hand, shows an arrangement which exhibits great
      resistance to wear. The figure may be visualized as a cross section taken
      from FIGS. 4 and 5 along element 30 and through card 10 and viewed in the
      direction of arrow 26 in FIG. 4. The figure shows credit card 10 and tape
      11 situated over permalloy sensor element (FIG. 5) 30. Sensor 30 is
      imbedded in protective coating 120 which wears, with repeated use, to a
      depth indicated by broken line 121. When coating 120 is worn to this
      depth, the surfaces 122 and 123 of coating 120 form rails (bearing
      surfaces) on which the underside 124 of card 10 bears when the card is
      advanced. Consequently, tape 11 no longer contacts the protective coating
      and further wear is avoided. Many hundreds of thousands of passes with a
      credit card are permitted by the structure of FIG. 16.
PAR  For the detection of high density (.gtoreq.10.sup.3 bits per inch) tapes,
      side by side permalloy sensor elements cannot be used. The reason for this
      is that the minimum thickness of the elements is about 100 angstrom units
      and the width-to-thickness ratio, dictated by demagnetizing effects which
      set a minimum stripe width, necessitates an element width of 5 microns for
      an assumed 20-oersted demagnetizing field. But an alternative geometry
      shown in FIG. 17 allows decoding of tapes with much greater densities. The
      figure shows, in cross section, a magnetic tape 130 moving in a direction
      indicated by arrow 131 and passing sensor elements 133 and 134 imbedded in
      an insulating substrate 135. In this arrangement, the elements extend into
      the substrate a distance equal to the width of the tape. Moreover, the
      separation 136 between the tape and the ends of the elements is kept small
      to enable the vertical magnetic fields from the tape to have maximum
      effect on the sensor elements. The elements are deposited layers,
      separated by deposited insulating layers and can be as little as 100
      angstrom units apart, a separation suitable for the detection of the
      highest density tapes presently available in accordance with the
      principles of this invention.
PAR  The permalloy subelements of FIG. 5 or 12 can be united into an elongated
      element in each instance so long as the width-to-length ratio ensures a
      satisfactory shape anisotropy. With these geometries, the common line
      (ground) usually separates the elements for the separate tracks. In
      addition, the sensor elements, of FIG. 4, typically extend a distance
      equal to about the width of a track rather than a distance equal to the
      width of the credit card as shown.
PAR  Although the invention has been described in terms of magnetic tape and
      magnetoresistive elements the half cell spacing in accordance with this
      invention is adaptable to nonmagnetic systems such as optically reflective
      code indications.
PAR  What has been described is considered merely illustrative of this
      invention. Accordingly, various modifications thereof can be devised by
      those skilled in the art in accordance with those principles still within
      the spirit and scope of this invention as encompassed by the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sensor for the detection of the presence of characteristic properties
      of a bit representation in a sequence of bit representations being moved
      along an axis, each of said representations having a characteristic cell
      length, said sensor comprising first and second elements operative
      independently and responsive to each of said bits coupled thereto to
      provide a signal indicative thereof, said first and second elements being
      spaced apart along said axis a distance equal to half said cell length.
NUM  2.
PAR  2. A sensor in accordance with claim 1 wherein said first and second
      elements are magnetoresistive elements and said bits are defined as
      regions of magnetic material having magnetization thereof in first and
      second directions along said axis defining transitions therebetween.
NUM  3.
PAR  3. A sensor in accordance with claim 2 wherein said first and second
      elements are thin films of magnetically soft material.
NUM  4.
PAR  4. A sensor in accordance with claim 3 wherein said bits have a length L
      normal to said axis and each of said elements comprises a plurality of
      subelements each having a dimension normal to said axis small compared to
      L, said subelements being electrically interconnected in series.
NUM  5.
PAR  5. A sensor in accordance with claim 4 wherein said first and second
      elements are electrically connected in parallel.
NUM  6.
PAR  6. A magnetoresistive element for the detection of flux from each of a
      sequence of magnetic indications, each of said indications having a long
      dimension L and a cell length C, said element comprising a plurality of
      subelements each having a rectangular geometry and exhibiting a preferred
      direction of magnetization, said subelements having dimension small
      compared to L and being connected electrically in series.
NUM  7.
PAR  7. First and second magnetoresistive elements in accordance with claim 6
      connected electrically in parallel and being spaced apart C/2 astride an
      axis of movement of said indications.
NUM  8.
PAR  8. In combination, a parallel arrangement of magnetoresistive elements in
      accordance with claim 7 and an electronic circuit responsive to the
      outputs thereof for generating a data stream and a separate clocking
      signal for that data stream.
NUM  9.
PAR  9. A combination comprising a parallel arrangement of magnetoresistive
      elements in accordance with claim 8 wherein said electronic circuit
      includes means for applying data from said elements to a utilization
      circuit, said circuit comprising means responsive to successive outputs
      from said elements for providing alternatively first an enabling pulse and
      a clock pulse and thereafter disabling said utilization circuit, and means
      enabled by said enabling pulse for applying an output from said first
      element to said utilization circuit.
NUM  10.
PAR  10. A combination in accordance with claim 9 wherein said means for
      applying data comprises means responsive to simultaneous outputs from both
      of said first and second elements.
NUM  11.
PAR  11. A combination in accordance with claim 10 wherein said means responsive
      to successive outputs from either of said elements provides alternatively
      an enabling pulse to and thereafter disabling said utilization circuit for
      intervals determined by the interval between successive outputs.
NUM  12.
PAR  12. Apparatus for processing data contained on a credit card or the like
      moved along an axis through said apparatus, said card having a series of
      spaced apart magnetic indications with a prescribed cell length and
      extending laterally with respect to said axis, each one of said cells
      being capable of exhibiting a recorded data bit in the center thereof,
      first and second magnetoresistive elements extending laterally with
      respect to said axis astride the path of said data bits, said elements
      being connected electrically in parallel and being spaced one-half cell
      apart along said axis.
NUM  13.
PAR  13. Apparatus comprising first and second sensor elements spaced apart a
      prescribed distance along an axis and responsive independently to each bit
      of a coded sequence of bits moved along that axis to generate first and
      second signals respectively, and an electronic circuit responsive to said
      first and second signals to generate a data stream and a separate clocking
      signal, said apparatus including means for applying to said circuit in
      each instance the second signal which corresponds to the bit of said
      sequence at said first sensor for providing said data stream and clocking
      signal, wherein said bits have a characteristic cell length and said
      last-mentioned means comprises a spacing of one half a cell length between
      said first and second sensor elements.
NUM  14.
PAR  14. Apparatus comprising first and second sensor arrangements each of said
      arrangements including first and second sensor elements in accordance with
      claim 13, and means for applying the signals from an encoded one of said
      arrangements to said electronic circuits.
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ABST
PAL  A keyed control device arranged to measure and control an operating
      characteristic of a machine or other instrumentality, and at a
      predetermined measurement of the operating characteristic will function to
      control the energization of means for interrupting an established control
      circuit to the machine or instrumentality. The control device includes a
      plug-in keying unit which limits use of the machine or instrumentality to
      authorized personnel. The keying unit may contain means for either or both
      visually and non-visually measuring the operating characteristic of the
      machine or instrumentality, such as a counter of signal impulses
      representative of the machine or instrumentality productivity. Upon
      reaching a predetermined number of operations, means are energizable
      through suitable control devices to shut down or terminate an operating
      characteristic of the machine or the instrumentality until such time as
      the authorized keying unit is replaced by another unit which is preset to
      permit delivery of the predetermined number of machine or instrumentality
      operations, or by "recharging" the "discharged" keying unit to a
      predetermined capacity of deliverable operations.
PARN
PAR  This application is a continuation of our application Ser. No. 75,166,
      filed Sept. 24, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the field of electric control
      devices.
PAR  Control devices of a somewhat similar character to that of the present
      invention have heretofore been generally known from U.S. Letters Pat. No.
      3,436,530, issued Apr. 1, 1969; and the present invention constitutes an
      improvement over the control device of this patent, and includes unique
      and improved features of operation which expand the scope of usefulness
      into fields wherein control devices such as shown in the above mentioned
      patent cannot be used.
PAR  Briefly, the above noted patent is directed to a control device for
      preventing unauthorized use of a machine and contains a key-counter unit
      having operation counter means therein and which will form an electronic
      interlocked circuit which is designed to operate as a key, when plugged
      into the control device, to permit use of the machine by authorized
      personnel, and which will count or register in the key-counter the number
      of operations performed and chargeable to the holder of the particular
      key-counter.
PAR  The present invention provides an improved concept which overcomes and
      solves certain problems which are inherent in the key-counter such as
      conventionally known according to the above noted patent. One of the
      disadvantages of the conventional key-counter is that if it should become
      lost or surreptitiously acquired, the unit could be used by unauthorized
      personnel to obtain unauthorized productive use of the machine. In the
      present invention, this possibility is minimized to the extent that should
      a key-counter be used by unauthorized personnel, it could be used only for
      obtaining a limited number of productive operations of the machine or
      instrumentality. For this purpose, there is provided in the key-counter
      unit, which may be in addition to the usual counter, a measuring device
      which will function to measure the machine operations, and which may be
      "charged" or preset for a predetermined number of operations, and when the
      set number of operations have been used will function in a manner to
      terminate the machine operation and will render the key-counter
      ineffective for further use. A keycounter which has thus been discharged
      by virtue of having used it to obtain the preset number of operations may
      either be recharged for the required number of operations or may be
      replaced by another fully charged unit. It will thus be appreciated that
      if a key-counter having this improved concept were lost, it could only be
      used to obtain a limited number of operations of the machine.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates generally to control devices, and is more
      particularly concerned with improved control devices for machines and
      other instrumentalities in which a main control unit incorporates an
      auxiliary "keying unit" for the use of authorized persons only, and which
      provides unique means in the keying unit for measuring the extent of use
      of the machine or instrumentality in the performance of an operation, as
      well as means for predetermining the number of performance operations to
      which the authorized person is entitled before the keying unit has to be
      recharged or replaced by a fully charged unit.
PAR  It is, therefore, one object of the present invention to provide a novel
      control device for machines and instrumentalities, with an improved
      auxiliary keying unit permitting use of the machine or instrumentality
      only by persons having the appropriate keying unit.
PAR  A further object is to provide control means having a keying unit with
      measuring means which can be charged to permit a predetermined measured
      use of an operating characteristic of the machine or instrumentality, and
      after the measured usage must be either recharged or replaced by a charged
      unit.
PAR  It is also an object of the herein described invention to provide an
      electric interlocking keying unit in which the measuring means provides a
      storage for sensed machine operations, and which may later be ascertained
      by known readout procedures.
PAR  Still another object is to provide a keying unit having measuring means
      therein which may be present to trigger associated electronic switching
      means at a predetermined measurement level.
PAR  Further objects and advantages of the invention will be brought out in the
      following part of the specification, wherein detailed description is for
      the purpose of fully disclosing several embodiments of the invention
      without placing limitations thereon.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the accompanying drawings, which are for illustrative purposes
      only:
PAR  FIG. 1 is a schematic wiring diagram with portions diagrammatically
      illustrated, and showing the circuitry of a control device and auxiliary
      keying unit, according to the broad concepts of the invention; and
PAR  FIG. 2 is a similar view in which the circuitry of a control device
      particularly for use with a machine has been shown in greater detail.
DETD
PAC  DESCRIPTION OF THE SEVERAL EMBODIMENTS
PAR  Referring more specifically to the drawings, for illustrative purposes, the
      invention in its broad concept is shown in FIG. 1 as applied generally for
      the control of machines or other instrumentalities where it is desirous of
      limiting the control of a particular machine or instrumentality operation
      to certain authorized persons.
PAR  For this purpose, a composite control device is provided with a main
      control unit C and an auxiliary keying unit K of the plug-in type so as to
      readily permit interconnection of the control circuitry between the main
      control unit and the auxiliary keying unit.
PAR  An important feature of the invention is that the control device utilizes
      sensing and control means S located in the main control unit, and
      interconnected measuring means M located in the auxiliary keying unit. The
      sensing and control means and measuring means cooperate to sense the
      desired characteristic of a machine or instrumentality which is to be
      measured, recorded or otherwise used as a criteria for determining control
      of the machine characteristic, and upon reaching a predetermined condition
      coact with the sensing means to modify a control circuit to the machine or
      instrumentality in such a manner as to effect a desired control operation
      with respect to the continued production of the machine or instrumentality
      characteristic.
PAR  The sensing means S and its control components are compatible with the
      particular characteristic of the machine or instrumentality which is to be
      measured, recorded or otherwise handled by the measuring means M. In the
      broad concept, the machine or instrumentality characteristics may comprise
      any of the conventional signal producing media such as time, current,
      voltage and the like and may be of pulsed or continuous nature depending
      upon the particular components which are utilized.
PAR  As exemplary, if it be assumed that the machine or instrumentality is to be
      controlled with respect to an operating characteristic which is indicated
      by the transmission of pulses, such pulses may be created locally at the
      machine or instrumentality or at the control device by a switch means as
      generally indicated at 10 and arranged to be electrically or mechanically
      motivated by the machine or instrumentality operation. As shown, this
      switch is used to control a pulsing circuit in which a direct current
      pulse would be transmitted from a connected direct current supply source
      such as a diode bridge rectifier 11 having its input connected with an
      alternating current source 12 and its output connected through a main
      control switch 13 to terminal connectors of the sensing and control means
      S.
PAR  The generated pulses are sensed by the sensing and control means S and are
      also transmitted to the measuring means M which will comprise an
      appropriate device which will operate after receiving a predetermined
      number of pulses for which it may be preset to coact through the sensing
      and control means S to open normally closed contacts of a switch 14 in the
      control circuit of a relay as generally indicated at 15.
PAR  The relay 15 is utilized to establish and interrupt a control circuit 16 to
      the machine or instrumentality for controlling through suitable means the
      characteristic which is being measured. In the case of a machine which is
      being controlled with respect to its productivity, this circuit may be
      utilized to interrupt the further operation of the machine. The relay 15
      has normally open contacts 17 which are arranged to be closed upon
      energization of an actuating coil 18 through the following circuit: From
      one side of the rectifier 11 through a conductor 19, switch contacts 14 to
      one terminal of the coil 18, from the other terminal of the coil through a
      conductor 20 to a conductor 21, and thence through the main control switch
      13 to the other side of the rectifier 11. It will be observed that the
      conductor 20 includes a section 20' which is contained within the
      auxiliary keying unit K. Thus, the keying unit K must necessarily be
      plugged in to its connected position with the main control unit, before it
      is possible to energize the actuating coil 18 and close the switch
      contacts 17 to establish the control circuit 16. In this manner, the
      auxiliary keying unit becomes a key which permits the operation of the
      machine or instrumentality for the carrying out of a particular desired
      characteristic thereof by such personnel as may have the keying unit in
      its possession.
PAR  In addition to the control of the machine or instrumentality for a limited
      number of operations by means of the measuring means M, it may also be
      desirable to visually indicate the times of machine operation, and for
      this purpose there is provided a conventional pulse counter 22 in which an
      actuating coil 23 is arranged to motivate a visual register 24 upon the
      energization of the actuating coil. The control circuit for the actuating
      coil 23 is connected with the pulsing circuit controlled by switch 10 so
      that each time a pulse is transmitted, the pulse counter 22 will record
      it. It is thus possible for the user of the auxiliary keying unit to know
      at all times the number of operations of the machine for which he is
      responsible.
PAR  Referring to FIG. 2, an embodiment of the control device according to the
      present invention will now be explained in respect to a specific sensing
      and control means S and associated measuring means M which have been
      utilized for carrying out the broad concepts of the invention. In this
      embodiment, the measuring means M is disclosed as comprising a device
      which is sold under the name E-CELL (Trade-Mark) by the The Bissett-Berman
      Corporation. Briefly, this device is electrochemical in its action and has
      the ability to operate as a storage device as well as permit readout of
      the storage. As used in the present invention, the device can be preset or
      charged with a predetermined number of pulses and during use of the
      control device of the present invention these pulses will be successively
      removed each time the machine is operated. It is a characteristic of the
      device that in the charged position, it has a low resistance and when
      discharged acquires a relatively high resistance. Advantage is taken of
      this operating characteristic of the device to control through sensing and
      control means S, the control circuit 16.
PAR  As shown in FIG. 2, the control circuit 16 is in addition to the relay 15
      provided with a second control relay 25 having normally closed contacts 26
      which are actuatable to open position upon energization of the relay
      actuating coil 27 having a control circuit connected with a direct current
      source supplied by a rectifying diode 28. The control circuit for the
      relay 25 actuating coil is under the control of electronic switching means
      which are shown as comprising a silicon-controlled rectifier 29 having the
      conventional anode electrode 30, cathode electrode 31 and gating electrode
      32. A capacitor 33 is provided in a circuit extending from the anode 30 to
      the cathode 31 of the controlled rectifier, this circuit also including
      the actuating coil 27 of the relay 25. This capacitor operates to retain
      the controlled rectifier in a conducting mode once it has been triggered,
      and also prevents chattering fluctuations.
PAR  In this embodiment, the sensing and control means S are provided with a
      sensing relay 34 having normally closed contacts 35a, normally open
      contacts 35b and normally open contacts 35c, which are operable in
      response to the energization and deenergization of an actuating coil 36.
      This relay coil is controlled through a circuit connected with a pulse
      source which is responsive to machine operations.
PAR  Triggering control of the controlled rectifier 29 is obtained from a pulsed
      circuit 37 which is connected to a direct current source provided by a
      rectifying diode 38. The pulsed circuit 37 contains a capacitor 39, the
      normally open contacts 35b, a resistor 40 and the measuring means M.
PAR  A second pulsed circuit 41 is connected to the alternating current source
      12 and contains the normally open contacts 35c and the actuating coil 23
      of the pulse counter 22.
PAR  A discharge circuit 42 is connected between the terminals of the capacitor
      39 and contains the normally closed contacts 35a and a discharge resistor
      43.
PAR  Considering now the operation of the control device as shown in FIG. 2, it
      will be apparent that when the auxiliary keying unit K is plugged into the
      main control unit C, the conductor section 20' will complete a circuit for
      the energization of the actuating coil 18 of relay 15, and that this relay
      will close its contacts 17 to complete and establish a control circuit to
      the machine through the normally closed contacts 26 of relay 25. Each time
      a pulse is received by the actuating coil 36 of the sensing relay 34, this
      relay will be actuated to close its contacts 35c and energize the pulse
      counter 22 to record the pulse.
PAR  Simultaneously, the contacts 35b will be closed and thereby complete the
      circuit 37. The capacitor 39, which has previously been discharged through
      the discharge circuit 42, will now be charged to maximum line voltage
      within a few cycles, the current being limited only by the resistor 40.
      The charging current of the capacitor 39 also flows through the measuring
      means M, in this case the E-CELL to remove one of the preset charges
      therefrom. The measuring means M during a charged condition provides in
      effect a short circuit between the cathode electrode 31 and gating
      electrode 32 of the controlled rectifier 29, and under such circumstances
      is prevented from triggering into a conducting mode. When the pre-charged
      number of pulses in the measuring means M have been acquired by the
      successive operations of the machine, the device M, due to its operating
      characteristics presents a high resistance between the electrodes 31 and
      32 and a consequent voltage is thus produced which will trigger the
      controlled rectifier into conductivity. The actuating coil 27 of the relay
      25 will now be energized to open contacts 26 and interrupt the circuit 16.
      The particular auxiliary keying unit K having now been discharged, the
      unit cannot be further used until the measuring means M therein is either
      recharged, or exchanged for a new fully charged keying unit.
PAR  From the foregoing description and drawings, it will be clearly evident
      that the delineated objects and features of the invention will be
      accomplished.
PAR  Various modifications may suggest themselves to those skilled in the art
      without departing from the spirit of the invention, and, hence, it is not
      wished to be restricted to the specific forms shown or uses mentioned,
      except to the extent indicated in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A control device for preventing the unauthorized use of an
      instrumentality in the performance of an operation, which comprises:
PA1  a. a main control unit, and a portable manually electrically connectable
      and disconnectable auxiliary keying unit for normally activating and
      deactivating first means for establishing and interrupting an operation
      control circuit to said instrumentality; and
PA1  b. control means having components for sensing and measuring an operating
      characteristic of said instrumentality;
PA1  c. said measuring component being incorporated within said keying unit and
      being electrically activated, means to pre-set the measuring component to
      a predetermined measurement, said measuring component upon attaining said
      pre-set measurement being operable to energize said first means so as to
      interrupt the established control circuit to said instrumentality, and
      said measuring component comprising an electrochemically activated device.
NUM  2.
PAR  2. A control device according to claim 1, wherein said activated device is
      connected to a pulsing circuit.
NUM  3.
PAR  3. A control device for preventing the unauthorized use of a machine in the
      performance of an operation, which comprises:
PA1  a. a main control unit, and a portable manually electrically connectable
      and disconnectable auxiliary keying unit for normally activating and
      deactivating means for establishing and interrupting an operation control
      circuit to said machine;
PA1  b. control means including sensing means located in said main control unit,
      for sensing an operating characteristic of said machine, and electrically
      activated measuring means located in said keying unit for measuring said
      sensed characteristic, means to pre-set the measuring means to a
      predetermined measurement; and
PA1  c. overriding control operable in response to said measuring means
      attaining said pre-set measurement for interrupting the control circuit to
      machine as established by the main control unit;
PA1  d. said means for interrupting the established control circuit comprises
      switching means coupled with an energizing circuit, said energizing
      circuit including electronic switching means;
PA1  e. said electronic switching means comprises a silicon-controlled rectifier
      having anode and cathode electrodes connected in said energizing circuit;
      and said measuring means forms an element of a voltage divider circuit and
      is connected between the cathode and gating electrodes of said rectifier.
NUM  4.
PAR  4. A control device according to claim 3, including a circuit between the
      anode and cathode electrodes of said silicon-controlled rectifier, said
      circuit having a capacitor element therein.
NUM  5.
PAR  5. A control device for preventing the unauthorized use of a machine in the
      performance of an operation, which comprises:
PA1  a. a main control unit; a portable manually electrically connectable and
      disconnectable auxiliary keying unit for normally activating and
      deactivating means in the main control unit for establishing and
      interrupting an operation control circuit to said machine;
PA1  b. control means including sensing means located in said main control unit,
      for sensing an operating characteristic of said machine, and electrically
      activated measuring means comprising an electrochemical device located in
      said keying unit for measuring said sensed characteristic, means to
      pre-set the measuring means to a predetermined measurement; and
PA1  c. overriding control operable in response to said measuring means
      attaining said pre-set measurement for interrupting the control circuit to
      said machine as established by the main control unit.
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ABST
PAL  A method of automatically focusing an optical system onto an image includes
      deriving a measure of the contrast for each of a plurality of images
      obtained at different settings of the optical and selecting as the final
      setting that setting which corresponds to the greatest contrast, the
      measure of contrast being derived from the distribution of selected image
      elements in a grey scale. Apparatus for carrying out the method uses an
      image converter to produce the image of the optical system for examination
      by a grey level measuring device which measures the grey values of a
      number of image elements.
PAL  The distribution of the measured grey values within a grey scale is
      registered in a memory and this information is used by an electrical
      calculating system which calculates the value of a contrast function for
      the particular image being examined. A control device is connected to the
      calculating system and searches for the maximum value of the contrast
      function amongst the function values obtained at various settings of the
      optical system to provide the final setting.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of and apparatus for automatically
      focusing an optical system such as a microscope onto an object.
PAR  In mass gynaecological health screening procedures, cell samples are taken
      and collected for subsequent examination by microscope. This examination
      which at present is carried out manually is very time consuming, requires
      many microscopists and is thus very expensive. It would be advantageous,
      therefore, if the examination of the samples could be carried out
      automatically, as this would reduce the time and expense involved in
      examining the collected cell samples and thus make it possible to conduct
      such mass health screening procedures more frequently. An automatic
      microscopy of the samples requires inter alia a method of automatically
      focusing the microscope. The present invention offers a solution to this
      particular problem and also offers a general solution to the problem of
      focusing an optical system onto an object.
PAR  Devices for automatically focusing optical systems have been proposed
      previously. In these known devices the distance between the object and the
      lenses of the optical system is measured and thereafter the setting of the
      system is corrected on the basis of the measured distance. For this
      purpose, a plurality of sophisticated measuring methods based on, for
      example, optical interference, or laser distance measurements have been
      used. All of these methods suffer from the disadvantage that the distance
      is in fact measured from the surface of a slide, i.e. glass plate,
      covering the object, and not from the object itself. The present
      invention, however, performs focusing onto the object itself and, thanks
      to this, correct focus will be set even if the thickness of the slides
      vary from sample to sample. If previously known methods are used this
      varying thickness may often lead to an unfocussed image although the
      distance setting is correct.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide an improved method
      and apparatus for automatically focusing an optical system, for example a
      microscope, onto an object.
PAR  The present invention is based on the fact that the information content of
      an image of an object is a maximum when the optical system is in focus. In
      information theory contrast, colours etc., may be regarded as information.
PAR  According to the invention, a method of automatically focusing an optical
      system onto an object includes deriving a measure of the contrast for each
      of a plurality of images obtained at different settings of the optical
      system, and selecting a final setting corresponding to a focussed image as
      the setting corresponding to the image of greatest contrast, said measure
      of contrast being derived from the distribution of selected image elements
      in a grey scale.
PAR  Apparatus according to the invention comprises an image converter connected
      to the optical system to reproduce the optical system's image of the
      object, a grey value measuring device connected to the picture converter
      for measuring the grey value of a number of image elements appearing in
      the image converter's image and for arranging the grey values of said
      image elements in a grey scale, a memory connected to said grey value
      measuring device to store and count the distribution of said image
      elements in said grey scale at a particular setting of the optical system,
      an electrical circuit connected to said memory for calculating a function
      belonging to the following class of functions
      ##EQU1##
      where i is the grey value in a grey scale
PA1  n is the number of levels of the grey scale
PA1  P.sub.i is the number of picture elements having grey value i
PA1  w(i) is an always positive or always negative weight function the absolute
      value of which has the property of being larger in or in the vicinity of
      the extreme value of the grey scale and smaller at its mean value
PAL  and generating a signal representing the value of said function at said
      distribution, a control device being connected to said electrical circuit
      for searching for the extreme value of said function on the basis of the
      information given by those values which said function will attain for
      mutual different settings of the optical system, and a device for changing
      the setting of said optical system in such a direction that said extreme
      value of said function is reached.
PAR  The present automatic focusing method and apparatus may be used with
      optical systems which operate with electromagnetic radiation in parts of
      the spectrum other than the visible, for example, in the infrared region.
      The method may also be used in connection with electron microscopes, such
      as scanning electron microscopes and transmission electron microscopes.
PAR  In the case of a so-called transmission electron microscope it may happen
      that the contrast does not have its maximum value when the microscope is
      in focus. However, this problem may be obviated by selecting a final
      setting of the optical system which is displaced relative to the setting
      corresponding to maximum contrast in the image.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will be apparent from
      the following description of preferred embodiments given with reference to
      the appended drawings, in which:
PAR  FIG. 1 is a block diagram of apparatus embodying the present invention for
      automatically focusing an optical system;
PAR  FIG. 2 is a block diagram of an embodiment of the apparatus of FIG. 1
      composed in part of a known grey value measuring device;
PAR  FIG. 3 is a block diagram of another apparatus embodying the invention
      incorporating a different form of grey value measuring device;
PAR  FIG. 4 is a block diagram of a device for calculating the contrast function
      and a device for establishing the maximum value of the contrast function
      with the aid of a computer and on the basis of the different values said
      function will attain for different out-of-focus-settings of the optical
      system; and
PAR  FIG. 5 shows graphs of various signals obtained during linear scanning of a
      cell sample.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In FIG. 1 there is shown a microscope 1 to be focussed on an object 2. The
      microscope image is transmitted to an image converter, in this case a
      TV-camera 3, which is used to determine the grey value of individual image
      elements of the microscope image. The video signal from the TV-camera is
      applied to a grey value measuring device 4 measuring the grey values of
      the separate image elements. In this particular case the grey value
      measuring device is adapted to measure 16 different grey levels which
      together will form a grey scale ranging from completely white to
      completely black. The video signal beaming information regarding the grey
      value of the image elements is a continuous, analog signal which means
      that the grey value measuring device will assign a predetermined grey
      level to the actual grey value of an image element. The grey value
      measuring device can in this respect to regarded as an analogue digital
      converter. Each grey level is associated with a register in which the
      number of image elements having or being assigned to this grey level are
      counted. It should be noted that the number of registers and thus also the
      number of grey levels of the grey scale may be increased or decreased. The
      expression "image element" means a carefully measured fraction of a
      portion of the video signal corresponding to a predetermined scan line and
      the grey value of this image element is the major value as measured during
      this carefully measured fraction. In an embodiment of the invention the
      number of lines of the TV-system is 625. Each line comprises 512 image
      elements which means that each image of the object will be resolved into
      3,200,000 image elements all of which will be counted and classified with
      regard to grey level. Depending on the field of use of the microscope this
      information may be required, for example in connection with analysis of
      biogical cells. However, this amount of information is more than
      sufficient for the purpose of automatic focussing. In the block diagram
      shown in FIG. 2 there is shown a previously known grey value measuring
      device 4 by way of which it is possible to reduce the number of examined
      image elements. The video signal is timed by way of clock pulses from a
      clock pulse generator included in a scanning and synchronizing unit 10. In
      this particular embodiment line-wise scanning is used. During the scanning
      of the first 31 lines of the video signal no image elements are examined.
      During the scanning of line 32 a time slot of the video signal will be
      examined by a discriminator 9. The time slot has a predetermined "width",
      for example the width of one clock pulse, and is also located a
      predetermined distance from the edge of the image. During this time
      interval discriminator 9 will measure the grey level to which the image
      element belongs and this picture element will simultaneously be counted by
      the register associated with its measured grey level. As previously stated
      the number of grey levels is 16, ranging from completely white to
      completely black, and the number of registers is thus also 16, these 16
      registers together forming a counter 11. During the next following
      thirtyone time slots the video signal is examined in the same way and by
      the end of scan line 32 64 image elements have been counted and assigned
      to registers in counter 11. This cycle is repeated for the following 63
      scan lines 33 to 95 and the examination of the video signal is terminated
      at the beginning of line 96. After the scanning operation, image
      information relating to a square pattern of 64 .times. 64 ( = 4096) image
      elements are present in counter 11. A device 12 serves to blank a
      predetermined adjustable part of the image, thereby making it possible to
      vary both the number of image elements examined in a line and the number
      of examined lines of the TV-image. It is thus possible to examine any part
      of the microscope image of the object.
PAR  In FIG. 3 a second embodiment of grey value measuring device is used. The
      microscope image or a part thereof is in this case directly converted into
      grey values relating to separate image elements thereof. To this end a
      so-called photo matrix 13 is used. This matrix is, for example, divided
      into 64 .times. 64 squares each of which comprises a photo sensitive
      device or photo diode generating a voltage proportional to the grey value
      of the image element thereon. A scanning device 14 scans the matrix in
      accordance with a predetermined pattern. The resulting output voltage from
      each photo sensitive device of the matrix is digitalised by an
      analog/digital converter 15 and the grey value of the scanned square as
      represented by the digital output is classified by a discriminator 16. The
      classification will be conducted with regard to grey levels in a grey
      scale ranging from completely white to completely black. Finally each
      scanned image element is recorded by a register associated with the grey
      level assigned to the image element. The number of registers corresponds
      to the number of grey levels in the grey scale and the registers together
      form a counter 17. Units 13-17 together form a grey value measuring device
      4. Clearly the analog/digital converter 15 may be omitted if the counter
      17 is of the analog type, for example of the kind comprising a number of
      capacitors. In this case the number of capacitors equals the number of
      grey levels used in the grey scale. For each image element belonging to a
      particular grey level, a unit charge is placed on the capacitor
      corresponding to the grey level concerned.
PAR  On the basis of the information existing in the grey value measuring device
      4 after scanning of an image or part thereof it is possible to decide
      whether the microscope is in focus or not. If the microscope is not in
      focus the output of the image converter represents a blurred picture
      consequently a large number of image elements are distributed over a few
      grey levels around the mean value of the grey scale. If on the other hand
      the picture is in focus the distribution of the image elements around the
      mean value of the grey scale will increase since in this case the image
      will have completely white and completely black portions. Thus by
      examination of the distribution of the image elements for different
      settings of the microscope it is possible to ascertain whether the
      microscope is in focus or not. In other words the limits of an interval of
      the grey scale within which a predetermined number of selected image
      elements fall are at a maximum distance from each other for a focussed
      image.
PAR  As a measure of the distribution of the image elements in the grey scale
      the following function may be used:
      ##EQU2##
      where i is the grey value,
PA1  n is the number of grey levels in the grey scale,
PA1  P.sub.i is the number of image elements of the picture having the grey
      value of i, and
PA1  w(i) is a permanently positive or permanently negative weight function, the
      modulus of which is larger at or in the vicinity of the extreme levels of
      the grey scale and smaller about the mean grey value of the scale.
PAL  As w(i) it is possible to use the function (i-M).sup.2 or 2 .sup. i.sup.-M
      where
      ##EQU3##
PAR  This function is referred to as a contrast or sharpness function and is
      thus a measure of the contrast of the image for different settings of the
      optical system. The value of this function for a particular setting of the
      microscope is calculated by an electrical circuit 5 which is connected to
      the grey value measuring device 4. (Compare FIGS. 1 and 2).
PAR  In a preferred embodiment of the invention this electrical circuit is
      designed to calculate the following function:
      ##EQU4##
      where M is defined in accordance with equation 2 above.
PAR  By examining the function values for different settings of the optical
      system it is possible to search for a setting corresponding to a focussed
      system, i.e. a setting corresponding to the largest value of the function.
      This search for the largest function value is carried out by an electrical
      control circuit 6 working in accordance with any suitable known algorithm
      for locating the maximum value of a function. The search for the maximum
      value may for example be based upon an optimizing procedure according to
      which the function values are calculated for different settings of the
      optical system. To this end the electrical control circuit is connected to
      a servo- or step motor 7 controlling a focussing unit 8 of the microscope
      in accordance with adjustments ordered by the algorithm. The search for
      the maximum value of the contrast function by way of an algorithm can be
      carried out using known techniques and will therefore not be described in
      detail. A numerical analyst knows that there are some 15 different methods
      of searching for an extreme value of a function.
PAR  The electrical control circuit 6 may also be in the form of a programmer
      designed to carry out the algorithm and comprising a memory. A micro
      programmed counting unit or an analog, digital or hybrid computer
      programmed in accordance with the algorithm may be used.
PAR  When the electrical control circuit, the programmer or the computer has
      established the largest value of the function a signal corresponding to
      this value is delivered to the servo- or step motor 7 which then will
      carry out the ultimate setting of the microscope.
PAR  The device shown in FIG. 1 or FIG. 2 operates in the following manner;
PAR  When the microscopist has prepared a sample, for example a cancer cell
      sample, and this has been inserted in the microscope he presses a button
      delivering an activating signal to the electrical circuit 5 to clear the
      calculation of the contrast function corresponding to the present setting
      of the microscope. The electrical circuit 5 waits for 20 milliseconds
      until the complete TV-picture has been scanned and thereafter it
      calculates the contrast function on the basis of the information contained
      in the grey value measuring device 4. After the calculation of the
      function value in the electrical circuit 5, control passes to the
      electrical control circuit 6 which then after a repeated search procedure
      with the aid of the step motor and repeated calculations of the contrast
      function will find the ultimate setting corresponding to a focussed
      picture. Thereafter no further settings are made and all units of the
      device are reset before the next sample is inserted into the microscope.
PAR  The electrical circuit 5 described in connection with FIGS. 1 and 2 may
      also be set up to calculate the following function:
EQU  F = .vertline. .intg. b.sub.1 (x)e.sup. i.sup..omega.x dx.vertline. +
      .vertline. .intg. b.sub.2 (x)e.sup.i.sup..omega.x dx.vertline. + . . . +
      .vertline. .intg. b.sub.m (x)e.sup.i.sup..omega.x dx.vertline. (3)
PAL  where
PA1  b.sub.k (x) is grey value at a coordinate x along a line across the image,
      said line being selected in accordance with a predetermined rule,
PA1  k is the number of a line selected in accordance with said rule,
PA1  m is the number of lines to be examined, and
PA1  .omega. is a number having the property that 1/107 generally has the same
      order as the resolution of the image.
PAR  In this particular case, the electrical circuit calculates the high
      frequency function e.sup.i.sup..omega.x which is superimposed on the
      slowly varying video signal function b.sub.k (x). By adding these
      functions over a number of adjacent lines, for example ten lines, a
      measure of the jump of the light intensity between adjacent image elements
      is achieved. If these jumps are big, i.e. the curve of function F
      comprises sharp edges, the system is in focus. However, if said curve has
      smoothly rounded edges the system is not in focus. The output signal from
      circuit 5 may be regarded as a measure of the magnitude of the so called
      Fourier coefficient for the selected value of .omega.. The electrical
      control circuit 6 in this case operates in accordance with an algorithm by
      which it is possible to establish when this coefficient has its maximum
      value. The number .omega. is selected with regard to the resolution of the
      image and with regard to the background noise in such a way that the
      effect of the noise is minimised. It should also be noted that the lines
      along which the grey values are measured may pass across the picture along
      the same or along different directions. The integration limits of the
      integrals of equation (3) are the coordinates for the length along which
      the picture is scanned.
PAR  Instead of the above mentioned Fourier functions Hadamard or Walsh
      functions may be used to form the contrast function. Methods using
      two-dimensional functions may of course also be used.
PAR  A second embodiment of the present invention wherein a computer is used
      will now be described in more detail with reference to FIGS. 2 and 4. As
      indicated in FIG. 4, an interface 18 provides the necessary connections
      between each register of the grey value measuring device and the
      electrical circuit 5. In this embodiment, the electrical circuit 5
      comprises a number of registers 19 connected to an aritmetic unit 20 in
      which the contrast function is calculated. The different values of the
      contrast function corresponding to the different settings of the optical
      system are stored in any of the registers 19. An algorithm involving a
      suitable programmer 21 compares the stored function values corresponding
      to at least two previous settings of the optical system with the presently
      calculated function valve. The electrical control circuit 5 thus operates
      in dependence on a program and will generate an output signal to an
      interface 22 to the servo- or step motor 7. This output signal indicates
      the adjustment to be made, for example the magnitude and direction of the
      setting to be performed; or alternatively it indicates that the optical
      system is in focus, that is maximum sharpness has been achieved.
PAR  The expression "grey scale" as used in this specification refers to a set
      of grey levels, wherein the ratio between the grey values of adjacent grey
      levels may vary over the scale. Thus it is possible that, for some
      applications, a grey scale having 16 levels may be required to have
      thirteen levels reserved for grey levels ranging from dark grey to black
      and only three grey levels reserved for the rest of the grey levels from
      completely white to dark grey.
PAR  It is of course possible to use only a selected interval of the grey scale
      for focussing purposes. In this case only such image elements which are
      associated with this interval are examined.
PAR  In the embodiments described above, the grey value of an image element is
      assigned to a suitable grey level in a grey scale having discrete levels
      where an analog signal, for example a video signal, is processed without
      being digitalised as in the above described embodiment, the contrast
      function may be written as
      ##EQU5##
      where (i.sub.min ; i.sub.max) are the grey levels defining the limits of a
      continuous range of grey values which the image elements may assume,
PA1  i is a grey value in the range of grey values,
PA1  p(i) is the frequency distribution of selected image elements having the
      grey value i
PA1  w(i) has the same definition as before.
PAR  Examples of the use of the embodiments of apparatus described hereinbefore
      will now be given:
PAC  EXAMPLE 1
PAR  A microscope was focussed on an object comprising a small number of
      features. The microscope image had a very clear and unambiguous maximum
      sharpness for the observer. The image converter, a TV-camera having a
      Plumbicon tube, had a grey scale comprising 16 different grey levels. A
      part of the image was examined, more particularly 512 .times. 625 image
      elements were used and each image element was analysed with regard to its
      grey value. The grey values were used to calculate the following contrast
      function:
      ##EQU6##
      where
      ##EQU7##
PAR  The following table shows that the contrast function reaches a maximum
      value when the image is in focus. The sharpness settings are indicated in
      hundredths of a revolution of the focussing knob of the microscope. The
      smallest rotation which makes it possible to notice a sharpness variation
      with the naked eye is about 2 - 3 hundredths of a revolution. The
      observer's (subjective) conception of "best" sharpness is indicated by the
      setting 0. In this calculation
      ##EQU8##
      has been normalised to 1 which, of course, does not influence the position
      of the maximum of the function.
TBL  ______________________________________                                    

     Setting            Function value                                         

     ______________________________________                                    

     -10                0,319                                                  

     - 5                0,421                                                  

     - 3                0,491                                                  

       0                0,533                                                  

     + 3                0,527                                                  

     + 5                0,465                                                  

     +10                0,348                                                  

     +40                0,155                                                  

     +45                0,139                                                  

     +50                0,124                                                  

     ______________________________________                                    

PAL  Result: The maximum sharpness at setting 0 is very distinct. Settings 40,
      45 and 50 show that it is possible to determine in which direction the
      contrast function increases even if it is far from focus and the
      adjustment knob is rotated a small angle.
PAC  EXAMPLE 2
PAR  The same unit as in example 1 was used. The object, however, comprised more
      features of a higher density. To the observer a focussed image was less
      distinct since the extension of the features in the depth direction was
      comparatively great. The observer's conception of "best" sharpness ranged
      over a wider range of the microscope scale depending on the position of
      the focussing plane along the object. Setting 0 indicates the observer's
      opinion of best sharpness "on the average".
TBL  ______________________________________                                    

     Setting            Function value                                         

     ______________________________________                                    

     -10                1,699                                                  

     - 5                1,815                                                  

      0                 2,013                                                  

     + 5                2,011                                                  

     +10                1,895                                                  

     +20                1,679                                                  

     +40                1,347                                                  

     +80                0,791                                                  

      +160              0.422                                                  

     ______________________________________                                    

PAL  Result: Since the image comprises features of higher density the function
      values are much greater than in example 1. Maximum sharpness is less
      distinct and an automatic mode of the system would set the microscope knob
      somewhere between 0 and +5. This is entirely satisfactory. In this case it
      would be possible to calculate the contrast function over a small part of
      the image which will result in such a setting of the system that those
      features which lie within this part of the picture will be in focus.
PAC  EXAMPLE 3
PAR  The weight function of w(i) in equation (1) is so selected that w(k) = 1
      for that grey value k of the grey scale which is the largest grey value
      appearing in the picture and w(i) = 0 for the rest of the grey values i
      .noteq. k. This implies that w(i) = w(i; P.sub.1 ; P.sub.2 . . . P.sub.n).
      Thus the contrast function F equals the number of image elements having
      the darkest grey level appearing in the image. The focussing knob of the
      microscope was rotated manually on the basis of the function values for
      different microscope settings. At first the darkest grey level appearing
      in the image was established. Then the focussing knob was rotated in the
      direction for which the number of picture elements in this grey level
      increased. In doing so it happened that an image element belonging to a
      still darker grey level turned up. The observer then began to place as
      many image elements as possible in this dark grey level. The adjustment
      knob was consistently rotated in the direction for which this number
      increased. The setting corresponding to a maximum number of image elements
      in the darkest grey level did actually correspond to a focussed condition
      which could be verified by observation of the microscope image. The
      setting was entirely satisfactory and could not be improved by subsequent
      adjustment. Result: This very simplified function is much more dependent
      on the quality of the image than the function used in Examples 1 and 2.
      For certain types of objects, for example small white spots on a black
      background, it would probably lead to a faulty result. However, it is
      possible to define a measure of the contrast using a number of individual
      elements in or in the immediately vicinity of at least one extreme value
      of the grey scale.
PAR  FIG. 5 illustrates the above described modes of operation using a
      TV-system. Three cells are shown lying on a slide. The electron beam of
      the TV system is shown as scanning along the X-axis (5a) and the
      corresponding video signal is indicated above (5b). At the bottom right of
      the drawing, the distribution p(i) of the grey values appearing along line
      X is shown (5c). At the bottom left two examples of the weight function w
      (i,p), are shown (5d), namely those used in Example 1 (full line) and
      Example 3 (dashed-dotted) respectively.
PAR  For certain optical systems it may be the case that a certain degree of
      unsharpness is required in order to achieve maximum image quality. In such
      a case it is possible to focus the optical system in accordance with the
      focussing method of the present invention and thereafter defocus the
      system to the required degree.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of automatically focussing an optical system onto an object,
      comprising:
PA1  deriving a measure of the contrast for each of a plurality of images
      obtained at different settings of the optical system; and
PA1  determining the final focussed setting of the optical system as that
      setting which corresponds to the image of greatest contrast;
PA1  wherein the improvement comprises:
PA1  deriving the measure of contrast from the distribution of selected elements
      of the image within a grey scale.
NUM  2.
PAR  2. The method as claimed in claim 1, wherein the measure of contrast is
      taken as the number of selected image elements having grey values which
      lie in the vicinity of at least one extreme value of the grey scale.
NUM  3.
PAR  3. The method as claimed in claim 1, wherein the measure of contrast is
      taken as the distance between the limiting values of an interval of the
      grey scale within which a predetermined fraction of the selected image
      elements lie, and the final setting of the optical system is determined as
      that setting which corresponds to the maximum value of the said distance.
NUM  4.
PAR  4. The method as claimed in claim 1, wherein the measure of contrast is
      taken as a function belonging to the following class of functions.
      ##EQU9##
      where i is a grey value in a grey scale,
PA1  n is the number of levels of the grey scale
PA1  P.sub.i is the number of image elements having the grey value of i,
PA1  w(i) is a weight function which is permanently of the same sign and the
      modulus of which is larger in the vicinity of the extreme values of the
      grey scale and smaller around the mean value of the scale,
PAL  and the final setting of the optical system is determined as that setting
      which corresponds to an extreme value of said function.
NUM  5.
PAR  5. The method as claimed in claim 4, wherein the weight function varies
      through the grey scale and is defined as
EQU  w(i) = w(i, p.sub.1, p.sub.2. . . p.sub.n)
NUM  6.
PAR  6. The method as claimed in claim 4, where the weight function has a first
      constant value (e.g. equal to 1) for image elements belonging to an
      extreme interval of the grey scale that comprises at least a predetermined
      number of image elements for a particular setting of the optical scale and
      a second constant value (e.g. equal to 0) for the rest of the grey scale.
NUM  7.
PAR  7. The method as claimed in claim 1, wherein the measure of contrast is
      taken as a function belonging to the following class of functions:
      ##EQU10##
      where the grey value of an image element may assume continuous grey values
      from i.sub.min to i.sub.max, the interval (i.sub.min, i.sub.max)
      representing the grey scale,
PA1  i is a grey value in said grey scale,
PA1  p(i) is the frequency distribution of the selected image elements having
      the grey value of i, and
PA1  w(i) is a weight function which is permanently of the same sign and the
      modulus of which is larger in the vicinity of the extreme values of the
      grey scale and smaller around the mean value of the scale,
PAL  and the final setting of the optical system is determined as that setting
      which corresponds to an extreme value of said function.
NUM  8.
PAR  8. The method as claimed in claim 7, wherein the weight function varies
      through the grey scale and is defined as
EQU  w(i) = w(, p.sub.1, P.sub.2 . . . P.sub.n)
NUM  9.
PAR  9. A method of automatically focussing an optical system onto an object,
      comprising:
PA1  deriving a measure of the contrast for each of a plurality of images
      obtained at different settings of the optical system; and
PA1  determining the final focussed setting of the optical system as that
      setting which corresponds to the image of greatest contrast;
PA1  wherein the improvement comprises:
PA1  using as the measure of constrast a function representing the distribution
      of selected elements of the image within a grey scale, such function being
      of the form:
      ##EQU11##
       where
      ##EQU12##
       where i is a grey value in the grey scale,
PA2  n is the number of levels of the grey scale,
PA2  P.sub.1 is the number of image elements having the grey value of i.
NUM  10.
PAR  10. The method as claimed in claim 8, wherein the number of levels of the
      grey scale is preselected.
NUM  11.
PAR  11. The method as claimed in claim 1, wherein the setting of the optical
      system is made with the aid of a known algorithm suitable for the
      calculation of the extreme value of a function of the distribution of the
      image elements in the grey scale, using an optimizing method based upon
      the different contrast values for the different settings of the system.
NUM  12.
PAR  12. The method as claimed in claim 11, wherein the measured value
      corresponding to a setting of the optical system is fed to an input of an
      electrical circuit being constructed to perform the selected function.
NUM  13.
PAR  13. The method as claimed in claim 12, wherein the output signals of said
      electrical circuit is fed to an electrical control circuit constructed to
      perform the algorithm for selecting the setting of the optical system
      corresponding to the extreme value of the function.
NUM  14.
PAR  14. The method as claimed in claim 12, wherein the output signals of the
      said electrical circuit are fed to a program circuit constructed to
      execute said algorithm and provided with a memory for performing the
      setting of the system corresponding to the extreme value of the said
      function.
NUM  15.
PAR  15. The method as claimed in claim 12, wherein the output signals of the
      said electrical circuit are fed to a computer programmed in accordance
      with said algorithm in order to perform the setting of the system
      corresponding to the extreme value for each function.
NUM  16.
PAR  16. The method as claimed in claim 12, wherein the output signals of the
      said electrical circuit are, after further processing, fed to a step- or
      servo motor controlling the focussing unit of the optical system.
NUM  17.
PAR  17. An apparatus for focussing an optical system, wherein the improvement
      comprises:
PA1  an image converter arranged to reproduce an image formed by the optical
      system in any setting thereof;
PA1  a grey value measuring device operatively connected to the image converter
      to measure the grey value of a plurality of image elements of the image
      reproduced by the image converter and to arrange the grey values in a grey
      scale;
PA1  a memory operatively connected to the grey value measuring device for
      recording the distribution of the image elements in the grey scale;
PA1  an electrical system connected to the memory and operative to calculate a
      function belonging to the following class of functions:
      ##EQU13##
       where i is a grey value in a grey scale,
PA2  n is the number of levels of the grey scale,
PA2  p.sub.i is the number of image elements having the grey value of i,
PA2  w(i) is a weight function which is of constant sign and the modulus of
      which is larger in the vicinity of the extreme value of the grey scale and
      smaller around the mean value of the scale,
PA1   to deliver a signal representing the value of the said function at the
      said distribution;
PA1  a control device operatively connected to said electrical circuit for
      searching for the extreme value of said function of the basis of the
      information given by the values said function will attain for different
      settings of the optical system;
PA1  and a device for changing the setting of said optical system in such
      direction that said extreme value of said function is reached.
NUM  18.
PAR  18. The device as claimed in claim 17, wherein said electrical circuit is
      arranged to calculate the following function:
      ##EQU14##
      where the grey value of an image element may assume continuous grey values
      from i.sub.min to i.sub.max, the interval (i.sub.min, i.sub.max)
      representing the grey scale, and
PA1  p(i) is the frequency distribution of the selected image elements having
      the grey value of i.
NUM  19.
PAR  19. The device as claimed in claim 17 wherein said control device is
      arranged to search for the extreme value of said function by way of an
      optimizing method based upon the different values of the function for
      different settings of the optical system with the aid of an algorithm.
NUM  20.
PAR  20. The device as claimed in claim 19, wherein the control device is an
      electrical circuit arranged to execute said algorithm.
NUM  21.
PAR  21. The device as claimed in claim 19, wherein said control device is a
      program device provided with a memory and being adapted to execute said
      algorithm.
NUM  22.
PAR  22. The device as claimed in claim 19, wherein said control device is a
      computer programmed in accordance with said algorithm.
NUM  23.
PAR  23. The device as claimed in claim 17, wherein said image converter
      comprises a TV-camera.
NUM  24.
PAR  24. The device as claimed in claim 17, wherein said picture converter is a
      matrix of photodiodes.
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ABST
PAL  In a binary parallel complementing L.S.I. adder, a C-MOS transmission gate
      is provided in each stage with its input and output directly connected to
      the carry in and carry out leads of the stage. The gate is switched by
      complementary control bits derived by stage input logic operating on the
      bits to be summed, whereby very fast passage of a carry through the stages
      is achieved. The transmission gate consists of p- and n- channel MOS
      transistors with their sources connected in common to the input and their
      drain electrodes likewise connected in common to the output.
BSUM
PAR   CARRY`
PAR  This invention relates to adder circuits for arithmetic units in computers
      and to priority-determining circuits. It is especially, but not
      exclusively, concerned with the type of digital circuit known as a Kilburn
      adder (reference U.S. Pat. No. 3,053,452). The Kilburn adder is a digital
      circuit for use in computers etc., that carries out very fast addition of
      two parallel binary numbers. An object of the invention is to achieve an
      addition circuit approximately twice as fast as previous comparable large
      scale integrated (L.S.I.) adders, which have normally used `block cary`
      techniques.
PAR  According to the present invention, there is provided a binary parallel
      L.S.I. adder or priority-determining circuit characterised in that each
      stage includes a complementary metal oxide semiconductor (C-MOS)
      transmission gate providing a fast carry path directly through from the
      carry input to the carry output of the stage.
DRWD
PAR  Circuit arrangements according to the invention will now be described by
      way of example and with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a circuit and block diagram of a parallel binary adder,
PAR  FIG. 2 shows the detail of one of the transmission gates used in the
      circuitry of FIG. 1, and
PAR  FIG. 3 is a circuit and block diagram of a priority-determining circuit.
DETD
PAR  Referring to FIG. 1, this shows three representative stages 11, 12, 13 of a
      complementing adder. The operation to be described refers to the middle
      stage 12. Two inputs to this stage, 101 and 102 (being corresponding
      binary digits X.sub.1, Y.sub.1 from the two input words to be added) are
      combined by a C-MOS logic network 103 to drive the intermediate outputs
      104, 105 and 106, which are, respectively, the logical `non-equivalence`
      of the two inputs, the logical `equivalence,` and the logical `NAND.` The
      intermediate outputs 104 and 105 operate C-MOS transmission gates 107 and
      108 in such a way that if the two original inputs 101 and 102 were the
      same, the `generated carry` on output 106 is sent on through gate 107 to
      the `carry out` line 110, and if the two inputs were different, the `carry
      in` to this stage on line 109 is set on to the carry out line 110. Once
      these transmission gates have been set to their correct states (in each
      stage of the adder), the `carry in` and `carry out` signals on lines 109,
      110 for all stages settle very quickly to their correct logical
      conditions. When the settling is complete, the true and inverse phases of
      the `carry in` signal, generated by inverters 14 and 15 at terminals 111 &
      112, are combined with the intermediate outputs 104 & 105 at transmission
      gates 113 & 114 to form the correct `sum` output on line 115.
PAR  The prime feature of this circuit is the use of the transmission gate 108
      (as suitably duplicated in all stages of the adder), to propagate the
      `carry in` signal through from stage to stage in the event of the inputs
      101, 102, to the stages being logically different. The means of generating
      the intermediate signals on lines 104, 105 & 106 are secondary, as are the
      means of combining the settled carry signals at 111 & 112 with the
      intermediate bits on lines 104 and 105 to form the `sum`output at line
      115, and the means of gating the `generated carry` from line 106 on to the
      `carry output` line 110.
PAR  The invention includes, however, the use of the transmission gate in a
      similar manner to propagate the `block carry` signal from one block to
      another in a block carry adder.
PAR  Referring now to FIG. 2, this shows a transmission gate, e.g. the gate 108
      of FIG. 1, consisting of n-channel and p-channel MOS transistors 16, 17
      with their sources connected in common to the input line 109 and their
      drain electrodes likewise connected in common to the output line 110, so
      that when gate A of transistor 17 is made negative (logical 0) and gate B
      of transistor 16 is made positive (logical 1), the INPUT 109 is connected
      to the OUTPUT 110, as with a switch, and when gate A is made positive and
      gate B negative the INPUT and OUTPUT are isolated from each other.
PAR  The invention is also applicable to a priority decision-making circuit
      which is like the counter described above in that it has a succession of
      stages each with its own input and through which a binary signal can be
      rapidly propagated by way of direct transmission gates equivalent to the
      gates 108 in FIG. 1. The arrangement then is that the non-priority stages
      have inputs fed to them such that a binary 1 is rapidly propagated through
      them, and this continues until arrival at a stage that is "flagging" for
      selection as a priority stage by having an input such that the binary 1
      ceases to be propagated and thereafter a binary 0 is propagated through
      the following transmission gates. Thus, the selected priority stage is
      then identifiable by following logic circuitry because it is the stage
      that has a binary 1 on its input receiving the digit propagated to it by
      the preceding stages and a binary 0 on its output that carries the digit
      that the stage itself passes on to the succeeding stages.
PAR  The priority-determining circuit of FIG. 3 comprises a succession of stages
      each incorporating transmission gates 107, 108 arranged generally as in
      FIG. 1. However, in this circuit the stage signals to the transmission
      gates on lines 104 and 105 are derived from a respective flip-flop 120,
      and the internally generated `carry` on line 106 of FIG. 1 is replaced by
      a constant `zero` input 121. The flip-flop 120 receives one input from a
      clock pulse line 122 and the other from a `request` line 123; if the stage
      is demanding selection, a `one`signal on the `request`line 123 causes a
      `one` to appear on the line 104. The stage having the highest priority
      receives, on the equivalent on the `carry in` line 109 of FIG. 1, a
      constant `one` input.
PAR  If the highest priority stage does not have a `one` on its request line
      123, the `one` on the carry in line 109 is immediately propagated through
      the transmission gate 108 of the stage to the next stage. This process
      continues through the stages in descending priority until a stage is
      reached where the request line carries a `one`. Then the signal propagated
      to the next stage is the `zero` on input line 121 of the stage on request,
      instead of the `one` on line 109. The output of each stage is derived from
      a respective AND gate 124 which receives inputs from the `carry in` line
      109 of the stage and the line 104. The only stage of which the AND gate
      124 delivers a `one` output, indicating that the stage has been selected,
      is the stage highest in the priority order that carries a request signal
      on its input 123. This is the only stage that has a `one` on both inputs
      of its AND gate. All the stages preceding it in priority have a `zero` on
      line 104, while each of the stages lower in priority has a `zero` at least
      on its `carry in` line 109.
CLMS
STM  I claim:
NUM  1.
PAR  1. Multi-stage circuitry for use in a binary digital system, comprising a
      succession of stages each including first and second C-MOS transmission
      gates, each said gate comprising a p-channel MOS transistor having source,
      drain and gate electrodes and an n-channel MOS transistor having source,
      drain and gate electrodes, with the source electrodes of said two
      transistors connected in common and the drain electrodes of said two
      transistors connected in common, each stage except the first further
      including an input line from a preceding stage connected to said source
      electrodes of said first transmission gate, each stage except the last
      further including an output line to the next succeeding stage connected to
      said drain electrodes of both said transmission gates, each said stage
      further including a stage control input connected to said source
      electrodes of said second transmission gate and two stage input lines
      carrying complementary binary signals connected respectively to the
      opposite gate electrodes of both transmission gates.
NUM  2.
PAR  2. An adder circuit including multistage circuitry comprising a succession
      of stages each including first and second C-MOS transmission gates, each
      said gate comprising a p-channel MOS transistor having source, drain and
      gate electrodes and an n-channel MOS transistor having source, drain and
      gate electrodes, with the source electrodes of said two transistors
      connected in common and the drain electrodes of said two transistors
      connected in common, each stage except the first further including an
      input line from a preceding stage connected to said source electrodes of
      said first transmission gate, each stage except the last further including
      an output line to the next succeeding stage connected to said drain
      electrodes of both said transmission gates, each said stage further
      including a stage control input connected to said source electrodes of
      said second transmission gate and two stage input lines carrying
      complementary binary signals connected respectively to the opposite gate
      electrodes of both transmission gates, and further including a C-MOS logic
      circuit having two inputs receiving corresponding digits of two input data
      words, and first, second and third outputs delivering respectively the
      logical non-equivalence, the logical equivalence and the logical NAND
      function of said digits on said two inputs, said first and second outputs
      being connected respectively to said two stage input lines and said third
      output being connected to said stage control input.
NUM  3.
PAR  3. An adder circuit according to claim 2, wherein each stage further
      includes third and fourth C-MOS transmission gates each comprising
      p-channel and n-channel MOS transistors having respective source
      electrodes connected in common, respective drain electrodes connected in
      common and respective gate electrodes, said third and fourth transmission
      gates receiving said complementary binary signals together with any carry
      input to the stage from a preceding stage and deriving therefrom the sum
      output of the stage.
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ABST
PAL  A digital computer system is employed to produce power system control. The
      computer system employs an economic dispatch program, a unit selection
      program and a tie line interchange program to determine off line a tie
      line schedule and unit commitments needed to satisfy economically and
      safely a load forecast over a selected time interval such as 24 hours. In
      on line closed control loop operation, the computer system employs a load
      and frequency control program which uses the tie line schedule and other
      quantities in determining area control error. The control program develops
      a system error representation which reflects a smoothed present and
      anticipated area control error. The system error representation is
      distributed into individual generator plant control signals under economic
      dispatch program and unit selection program control and under constraint
      of programmed plant limits to assure that each generation move is error
      correcting as well as optimally economic.
PARN
PAR  This is a continuation of application Ser. No. 066,591, filed Aug. 24,
      1970, which is a continuation of copending application Ser. No. 722,805,
      filed Apr. 19, 1968, which in turn is a continuation of copending
      application Ser. No. 425,588, filed Jan. 14, 1965, all now abandoned.
BSUM
PAR  This invention relates to the power-supply art and has particular
      relationship to the control of an electric-power complex or system in
      which electric-power is generated, transmitted and consumed and which
      includes a plurality of power generating stations or units and tie lines
      to neighboring generating stations.
PAR  A power complex operates to deliver and consume huge quantities of power,
      the value of which per unit time, for example per day or per month is very
      large. A saving of even 1% or of a fraction of 1% in the cost of operation
      of such a complex may constitute a very large saving in terms of dollars.
      For example, the value of the power delivered by a typical complex may be
      as high as $30,000,000 per year. A savings of only 1% by reason of economy
      of operation would amount to $300,000 for this complex. Economy is then a
      prime consideration in the operation of electric-power system. It is an
      object of this invention to provide a method of controlling such an
      electric-power network or system so that it effectively and economically
      accommodates the instantaneous, i.e. short term load demands, while
      affording control action to correct for the sustained, i.e., long term
      load demands of its loads, thereby preserving system security and assuring
      availability of adequate spinning reserve for contingencies.
PAR  In attempting to attain this object the generating units of the system are
      controlled responsive to commands derived from changing load conditions.
      The principal parameters which are relied upon to derive these commands
      are the frequency at which the system operates and the flow of power over
      tie lines. These parameters are readily determined and they can be used to
      present an effective evaluation of the operation of the system. The
      frequency of the power of any power system is the same throughout the
      system and may be measured at any convenient point in the system. Any
      power system or network has a limited number of tie lines and the power
      flow in or out of the tie lines can be measured by a limited number of
      telemetering facilities. In practice, both the frequency and the tieline
      power flow are referred to a reference. The frequency reference in the
      United States is usually 60 cycles per second. The tie-line power flow may
      be selected at any desired magnitudes for the system, depending on the
      economics of absorbing power from, a supplying power to, neighboring
      networks.
PAR  With these specific desiderata in mind, it is an object of this invention
      to control economically an electric-power system so that the tie-line
      power flow commitments are met and the frequency is maintained as nearly
      as practicable at a constant magnitude such as 60 cycles per second.
PAR  Changing load demands of an electric-power system are met by changing the
      operation of any or all of the generating units of the system or by
      changing the tie-line flow, responsive to commands supplied to the
      generating units of the system. The costs of power generation in meeting
      changing load demands is a function of the manner in which the operation
      of the system is changed in response to the commands. The transmission of
      the commands may be described as dispatching and as this dispatching is
      carried out to minimize cost, it is called economic dispatching.
PAR  The cost of supplying power in any system is ordinarily different for
      different generating stations depending, for example, on the cost of fuel,
      the availability of water in a hydro-electric system, the time interval
      over which any change in the level of power supplied must take place, and
      on other factors, It is also dependent on the power-delivery, or output,
      level, at which a station is operating when a command to change power
      delivery arrives. It has been demonstrated that a power complex operates
      most efficiently at the point at which the incremental cost of delivering
      power from each of the generators is equal to the incremental cost for the
      others.
PAR  The achievement of economic control of a power complex so that it
      effectively supplies its loads requires that the power complex be
      connected in a regulation loop in which the power stations are controlled
      in accordance with the demands of the system. In accordance with the
      teachings of the earlier prior art, an analog computer was interposed in
      this loop. The computer received in its input the scheduled and actual
      load demand data and transmitted regulating commands to the generating
      units responsive to its input signals. Later, hybrid systems were
      proposed. In these hybrid systems the load demands are fed into a digital
      computer in the loop and an analog computer connected in the loop
      regulates, or controls, the power stations in accordance with the output
      of the digital computer.
PAR  This prior-art apparatus has not afforded the precise and reliable control
      which is necessary to achieve the maximum available economies in a power
      complex. It is then an object of this invention to overcome the
      deficiencies of the prior-art methods of controlling a power complex and
      to provide a method in the operation of which substantial, higher
      economies shall be achieved than is feasible with prior-art apparatus.
PAR  This invention concerns itself with the response to the error which is
      impressed on the input to the regulating apparatus and arises from the
      realization that the prior-art apparatus has the deficiency of responding
      to the instantaneous error by instantaneously attempting to change the
      operation of the generating stations of a complex so as to eliminate this
      error. Where the demands of the load are changing while the correction is
      taking place, the effect of this correcting operation may be to change the
      power delivered by a station in one sense at one instant and to change it
      back in the opposite to the original magnitude or to a lower or higher
      magnitude than the original magnitude at the next instant. It has been
      realized that this back-and-forth change of the operation of a generating
      station is highly costly and it is a specific object of this invention to
      eliminate this change.
PAR  In accordance with this invention, the correction is introduced into the
      stations of a power complex in such a way as to suppress response to
      instantaneous error, and instead, to control the level of power generation
      as a function of anticipated errors. This mode of operation requires that
      the control apparatus determine not only the actual error at any instant,
      but also the anticipated error; this is accomplished by performing on the
      basis of the actual errors as measured in the system, calculations based
      on the past history of operation of the system from which the anticipated
      error is derivable.
PAR  In controlling a power complex, the tie-line power flow and the frequency
      are measured at repetitive time intervals and the error with respect to
      scheduled commitments is determined from these measurements; control is
      also performed with respect to the instantaneous power delivery of the
      complex, measured at the generator output. In determining the anticipated
      error with regard to meeting a scheduled power demand, it is necessary to
      derive, from the measurements of the frequency and the tie-line power
      flow, the errors during succeeding measurements taking place at
      predetermined time intervals. The anticipated error is derived by taking
      the weighted average of these errors in meeting a scheduled power demand
      at the beginning and end of a selected interval and also by taking the
      weighted time differential of this weighted average. The weighting factors
      are fractions determined on the basis of the past history of the power
      system. To clarify conventional notations used hereafter in the equations,
      the "weighted average" of the errors is shown as ERROR and the "weighted
      time differential" is shown as ERROR. The weighting factors ERROR and
      ERROR, futhermore, are fractions, and as noted, are determined on the
      basis of the past history. The "history" is a time function, expressed as
      the time periods n-T; n-2T; n-3T; etc. of the error factors as determined
      by the control system. The weighting factors thus are determined
      empirically in accordance with achieving the desired response of the
      system, such as to afford critically damped control in response to step
      changes in the load demands.
PAR  An analog computer alone, or in a hybrid system, does not lend itself to
      the carrying out of the operations here involved. In an analog computer,
      the functions are carried out by the analog hardware and sufficient
      hardware cannot be provided in the space and with the facilities available
      for the purpose of computing the anticipated error. In the practice of
      this invention, a digital computer is connected to the power complex and
      particularly within a system control loop therefor, not only to translate
      the received load and frequency signals instantaneous into error
      measurements, but also to convert the instantaneous errors as thus derived
      into anticipated errors and based on the anticipated errors to calculate
      and transmit the necessary correcting signals or commands to the power
      stations of the complex. The computer used in the practice of this
      invention includes a memory, for example a magnetic drum which rotates at
      a high speed, and which carries data covering the system and its numerous
      operational ramifications. This data is selectively transmitted to a
      memory core as it is to be used.
PAR  Typically, the memory drum of this computer has impressed thereon the
      complete data covering the power generating facilities of the complex,
      such as the generator characteristics, cost factors for each generator
      unit, planned commitment (or so-called "unit" commitment) of the
      generating units, etc., the weighting factors is i.e. the past history
      error factors and the other necessary components such as the hardware
      interfaces to the digital computer, and controlling computer programs. On
      receipt of the load and frequency data, the computer operates to calculate
      the regulating or correcting commands for transmission to the generating
      units, suppressing response to the instantaneous errors but to suppress
      correcting for the anticipated errors.
PAR  Typically, the computer receives the following data at its input.
PAR  1. Tie-line power flow.
PAR  2. Frequency.
PAR  3. Non-conforming load power flow.
PAR  4. Supply power-flow from each of the generating stations.
PAR  The computer operates to read this data at short time intervals, typically
      once per second. In addition, the computer may impress on the generating
      stations a schedule or program typically for each 24 hour interval. The
      generating units at each of the stations are pre-selected for operation at
      certain predetermined time periods over this 24 hour interval, and at
      preset generating levels, in accordance with this program. This program or
      schedule is referred to as the unit commitment program. The control to
      correct for the anticipated error as afforded by the herein disclosed
      system may be visualized as superimposed on the control functions as
      afforded by this 24 hour scheduling program. The anticipated error signals
      are computed at predetermined intervals, which typically may be of 4
      seconds duration, and the correcting signals are impressed on the
      generating units or station at these intervals. The averaging to compute
      the anticipated error is carried out over longer intervals. The commands,
      computed as binary numbers, are converted by the computer into pulse-width
      modulated pulses for each of the generating stations, the duration of
      which pulse determines the extent of the change and the polarity of which
      etermines the polarity, i.e. direction, of the change in each case, i.e.
      as to each generator.
PAR  An important feature of this invention is the real time functioning of the
      computer. The digital computer operates substantially more rapidly in
      computing the corrections than the generating stations are capable of
      responding to the commands, and thus there must be afforded, for the
      generating stations, an adequate time for response to each preceding set
      of commands and thus to permit reasonable stabilization, before a new set
      of commands is impressed. Essentially, the time taken by the computer to
      compute anticipated error is short compared to the time required for the
      generating units to respond, and thus takes effect, for example, in the
      ratio of 1:10,000. The moves or changes in the generating stations are in
      this economic condition; that is, they are directed to achieving the
      utmost in economy of power generation.
PAR  In one actual installation, which may be considered as illustrating a
      typical situation, a digital computer having an 8000 word high-speed core
      and a 32,000 word memory drum is used in the control of a public utility
      system in a moderately populated area. This computer is capable of
      accepting inputs from 12 individually telemetered tie-line
      interconnections and from eight generating units but can be modified to
      cover 18 tie-lines and 20 generating units. Since the control operations
      of the system only consume about 20% of the computer time of the computer,
      the other 80 percent is available for other computations relating to the
      system.
PAR  The control operation of the computer operates to (1) minimize the
      sustained tie-line power flow error and the sustained frequency errors,
      and (2) minimize total generator fuel costs, without completely
      sacrificing one consideration to achieve an optimal solution to the other.
PAR  The computer operates to change the output of any generator taking into
      consideration the following factors:
PAR  a. Economics, including both incremental costs of generation and
      transmission losses.
PAR  b. Machine limitations, including boiler limitations, thermal limitations
      of boiler and turbine, wear of governor control mechanism by excess
      control action, and maximum and minimum economic and absolute limits.
PAR  c. System error or area-control error, including the computation of
      sustained error and swing error as well as anticipated errors, including
      anticipation of the change of and the rate of change of sustained error.
PAR  The prior art hybrid system described above is not capable of serving these
      purposes. To take into consideration only a small fraction of the
      above-listed factors would require more control system hardware than is
      feasible in such prior art systems.
PAR  Because the digital system here disclosed is capable of developing an
      anticipated error, every move made by the digital system, to the extent
      practicable, is the most economical move. This contrasts sharply with the
      prior-art analog systems that determine present instantaneous error and
      adjust to this error and later "reshuffle" the parameters of power demands
      to each generator to achieve economy.
PAR  Typically, the computer of the above-described system is constructed and
      programmed to perform certain basic functions on an on-line or shared-time
      basis, including load and frequency control, and economic dispatching.
      Data logging, precommitment of generating stations (unit commitment), and
      economic interchange; that is, calculation of the cost of buying from, or
      selling power to, neighboring utilities, also may be performed on-line, or
      alternately, off-line as advisory functions, if desired.
PAR  In the load and frequency control program, the computer computes
      area-control error from analog values provided by suitable sensors, and
      which are converted to digital input quantities to the computer and
      outputs individually pulse width adjusted control pulses on the basis of
      anticipation of the power output required from each generating unit or
      station. This complete control cycle includes: scanning of telemetered
      inputs of unit and tie-line loads and system frequency; computing a
      predicted and smoothed area control error; and computing and outputing
      control pulses. Typically, the scanning is carried out once each second
      but the output pulses are transmitted every four seconds.
PAR  The economic dispatch program uses penalty factors to evaluate transmission
      line losses as a function load. Each dispatch is economic within the
      limits of permissible response rates and maximum power generating
      capability of the respective units.
PAR  Area-control error is computed by scanning individual tie lines and
      frequency every second, converting these quantities to digital units,
      applying scaling factors, and comparing actual tie-line power and
      frequency with desired net interchange power and scheduled frequency,
      which may be manually input to the computer by the operator. Through
      digital techniques, the computed area-control error is smoothed, taking
      into account past history errors, and is examined for determining the
      anticipated change and the anticipated rate of change, for anticipatory
      control purposes.
PAR  Digital computations employing prediction techniques based on the smoothed
      steady state area control error and the computed time rate of change of
      error are used to anticipate excursions of area control error resulting
      from changes in system load, thus providing increasing control action, but
      in a smoothed operation, for a rapidly changing system load and,
      correspondingly, rapidly changing area-control error. As a further check
      on system efficiencies, achieved by the digital control, the error
      quantities can be integrated and compared with the total correction
      commands transmitted by the control pulses and the overall system thus can
      be adjusted for any desired regulation consistent with allowable control
      action and response capabilities of the generating units.
PAR  Each generating unit is also controlled by schedule programs as determined
      by the digital computer. The generating unit controller sub-routine
      compares the assigned power for each unit with the actual power generated
      thereby, as telemetered from the power sensor for each such unit to the
      computer control system, and produces control pulses to bring unit
      generation to the desired value.
PAR  In carrying out economic-dispatch programming, the computer determines the
      most economic loading of the generating units, based on incremental costs
      of generation for each unit and transmission losses. It supplies to the
      load and frequency control program all necessary information for the
      economic loading of units. The economic dispatch programming may be used
      by a production cost program, which, in turn, is used by an interchange
      transaction, i.e. economy interchange program an, interchange billing
      program, and the unit selection, i.e. unit commitment program.
PAR  The input data to the computer for economic dispatch programming is the
      actual power flow at tie lines, power flow for non-conforming loads,
      actual power generation as derived by corresponding sensors and
      telemetered to the computer, and incremental cost curves, encompassing the
      fuel costs for each generator, and which may be input at the operator's
      console.
PAR  There is also a provision made for the economic dispatch programming to be
      used in an off line mode, permitting the dispatcher to input manually,
      selected values of system load, tie-line loads, and non-conforming loads,
      and obtain a printout of the economic dispatch, of all generating units.
PAR  Spinning reserve criteria can be automatically examined with the aid of the
      computer either during each control cycle, e.g., every four seconds or
      during each economic-dispatch computation which typically is a much longer
      interval, e.g. 5 minutes. An alarm may be provided to signal inadequate
      margin.
PAR  Through the load and frequency control program, in conjunction with the
      economic-dispatch program, and production costing program as an adjunct to
      the economic dispatch program, the cost of setting the maximum turbine
      limits lower than the maximum capability limits (as a result of steam
      plant coal mills, fans, pumps, etc. being out of service) can be
      determined.
PAR  The scan-log-and-alarm program of the computer sets hourly logging of
      desired system quantities and also transmits alarm messages for emergency
      or abnormal conditions.
PAR  In addition, a circuit breaker logging program supervises the operation of
      all the circuit breakers in the system, e.g. 200 in number, giving the
      name of breaker, action, and time of breaker operation within a resolution
      of 100 milliseconds. Supervisory control equipment provides the input
      information necessary for the circuit breaker logging system.
PAR  The following Table I comprises a simplified flow diagram of the unit
      commitment program.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     READ IN DATA                                                              

     .dwnarw.                                                                  

     READ IN OR DEVELOP THE POSSIBLE COMBINATIONS                              

     OF OPERATING UNITS FOR THIS HOUR                                          

     .dwnarw.                                                                  

     COMPUTE SPINNING RESERVES REQUIREMENTS                                    

     .dwnarw.                                                                  

     DETERMINE THE PRODUCTION COST OF THIS HOUR                                

     FOR EVERY COMBINATION IN THIS HOUR                                        

     .dwnarw.                                                                  

     CALCULATE THE START-UP COST FROM EACH COMBINATION                         

     OF THE LAST HOUR TO THE COMBINATION IN THIS HOUR                          

     .dwnarw.                                                                  

     DETERMINE THE COMBINATION OF THE LAST HOUR WHICH MINIMIZES                

     THE OVERALL COST FROM HOUR ZERO TO THE COMBINATION                        

     IN THIS HOUR STORE THIS COMBINATION AND THE COST                          

     .dwnarw.                                                                  

     UPDATE THE TABLE RECORDING HOW LONG UNITS NOT OPERATING                   

     IN THIS COMBINATION HAVE BEEN DOWN                                        

     .dwnarw.                                                                  

     IS THIS THE LAST COMBINATION OF THIS HOUR? IF YES                         

     .dwnarw.                                                                  

     IF NOT                                                                    

     .dwnarw.                                                                  

     CONSIDER NEXT COMBINATION                                                 

     IF YES IS THIS THE LAST HOUR?                                             

     .dwnarw.                                                                  

     IF NOT                                                                    

     CONSIDER NEXT HOUR                                                        

     OUTPUT BEST COMBINATION IN EACH HOUR                                      

     AND TOTAL COST                                                            

     __________________________________________________________________________

PAR  The unit commitment program provides for scheduling the starting up or
      shutting down of generating units to meet daily system load variations.
      Table I, as noted, is a simplified flow diagram for the selection, or unit
      commitment program. This program enables the dispatcher to select the
      generating units to be operated to meet the daily forecast load by means
      of dynamic programming techniques. This program can be developed to handle
      a large number, e.g. 20, generating units, and provide a desired number,
      e.g. 32, of combinations of units for each hour, over 24 hours duration.
PAR  The economic interchanging program of the computer enables the dispatcher
      to determine the cost or value of fixed amounts of interchange power. The
      computer uses the economic dispatch, transmission loss, and production
      cost programs to enable the dispatcher to evaluate the sale or purchase of
      power or a split savings basis.
PAR  In typical operation of the control, the computer provides every evening at
      about 11:00 p.m. a forecast of requirements as to each generating unit of
      the system, for the next 24 hours, including the exact power output
      required, and the times when each unit should be put on-line and taken
      off. In addition, the projected overall operating costs of each unit for
      the next day are presented.
PAR  In carrying out this forecast, the computer selects, as noted above, an
      exemplary number, e.g.. 32, of likely combinations of generating units
      which may be employed to meet the load demands for the next 24 hours as
      based on past history of the demands, and determines the cost of each
      combination for each hour. It selects the best set positions for each hour
      and then for the hour, the computer looks at the anticipated load and
      calculates the least expensive way to meet this load. In this way, the
      computer maps out the operation of the entire system from midnight to the
      following midnight. Once the forecast is accepted, the computer schedules
      the operation of the system. Control signals are then automatically sent
      to each unit of the system according to this forecast for the next 24
      hours and an hourly log of actual conditions of the system is provided at
      the dispatcher's console. The control to meet anticipated errors is
      superimposed on this schedule and pulses to effect the required changes
      are transmitted to the generators.
PAR  The novel features considered characteristic of this invention are
      disclosed above. For an understanding of this invention, both as to its
      organization, and as to its method of practice, together with additional
      objects and advantages thereof, reference is made to the following
      description of the mode of practice of this invention taken in connection
      with the accompanying drawings, in which:
DRWD
PAR  FIG. 1 is a block diagram showing apparatus with which this invention is
      practiced, including hardware functions of operator's console, generalized
      system load (including non-conforming loads), analog to binary converter
      (A/D coonverter) and generator control (steam, nuclear and hydro) and
      software functions (implemented in the digital computer) to show an
      executive, binary information separator and binary to pulse converter
      (computer output/system interface), memory block assignments and
      application programs; and
PAR  FIG. 2 is a diagram showing in detail a feature off this invention,
      implemented within the digital computer as a model of the system being
      controlled, functioning to receive signal and data inputs, perform
      computations and issue output signals for control of generators.
DETD
PAR  In FIG. 1, this invention is shown as applied to a typical power system or
      complex in which power is generated and used. Such a system may include a
      plurality of generating stations including, typically a steam-power
      generator 11, nuclear-power generator 13 and a hydroelectric generator 15.
      These generators 11, 13, 15 supply a system load 17 through the usual
      buses and conductors. The power system also includes a plurality of
      tie-lines represented in FIG. 1 by a single line 18; there are also in
      this system a plurality of non-conforming loads 19 such as steel mills,
      fabricating plants which may have numerous resistance and arc welders and
      automobile-body presses which include heavy-duty motors repeatedly turned
      on and off. The tie-lines and the conductors from the generators are
      provided with the usual telemetering apparatus 21, 23, 25, 27 represented
      for illustration purposes by current transformers from which the power
      flow from the generators and the power flow through the tie lines are
      measured. In addition, there are telemetering conductors 29 and 30 for the
      non-conforming load power flow and for supplying an indication of the
      instantaneous frequency at which the system is operating.
PAR  The apparatus used in the practice of this invention also includes a
      digital computer 32. There is also an operator's console 61 connected to
      the computer. The input 34 of the computer 32 is supplied with voltage
      signals indicative of, and corresponding to, the power flows through the
      tie-lines, represented as .SIGMA.P.sub.Ti (n) [see definition 2, below],
      the actual power output from the generators represented by the terms
      P.sub.A (n) [see definition 10, below] and .SIGMA.P.sub.A (n), and through
      the non-conforming loads represented by the term .SIGMA.P.sub.NCi (n) [see
      definition 6, below], and of the frequency deviation of the system
      indicated by the term .DELTA.F(n) [see definition 5, below]; these terms
      appearing hereafter in equations which define the system operation and
      control functions. The input 34 is also supplied with data and commands
      from the operator's console 61. These inputs correspond to the terms
      P.sub.0 (n), P.sub.0 (n), T.sub.s and T.sub.p [see definitions 22, 20 and
      21, respectively, below]. The outputs 36 of this computer 32, as before
      noted, are pulse width modulated control pulses which are supplied to
      control circuits for the generators and which control their operation in
      accordance with the load demands. Allocator 45, which operates through
      controller 46 and converter 47 to produce the outputs 36, also supplies
      data and information to the console 61.
PAR  As noted, the outputs 36, provided for control of the individual generator
      units as a function of economic dispatch programming, are derived from the
      basic control function output of allocator 45 of the computer, represented
      as the term: E.sub.Q (n + T.sub.P). The   notation indicates that the term
      E.sub.Q (n + T.sub.P) is a predicted control value for each generator
      unit. The derivations for this term and the equations expressing the
      operation and control function of the system are set forth in detail
      hereafter. To afford an insight into the functions resulting in the
      general output term E.sub.Q (n + T.sub.P), however, an explanation of the
      related computation will be provided in detail below.
PAR  Initially, a term P.sub.0 (n)[see definition 22, below] indicative of the
      power at the start of the sampling time interval T.sub.S [see definition
      20, below] is made available. Typically, the operator sets the term
      P.sub.0 (n) at the nth instant into the operator's console 61. Also at
      this time, the operator may set the time rate of change of the term
      P.sub.0 differentiated in the nth interval with respect to time, i.e.
      P.sub.0 (n). It is understood that the indicated change of power will be
      effected within the time interval T.sub.S. The scheduled or preset
      interchange of power P.sub.S demanded of the system under consideration
      [see definition 2, below] is calculated in accordance with the following
      equation in block 41:
EQU  P.sub.S (n) = P.sub.0 (n) +T.sub.S P.sub.0 (n)             [1]
PAL  The calculated value P.sub.S may be either an increase or a decrease in
      power and, as indicated by equation [1], permits not only an incremental
      change in power, but also a time rate of change of power within the total
      system.
PAR  As described above, the telemetering apparatus 27 associated with the
      tie-lines 18 provide a measure of the power in each tie-line as indicated
      by the term P.sub.Ti (n). It is noted that the subscripts i identify a
      particular power generating unit, including steam turbines, nuclear power
      sources, etc. Sensing apparatus also associated with non-conforming loads
      such as steel mills, etc., provide signals P.sub.NCi (n) indicative of
      their power requirements [see definition 6, below].
PAR  Typically, as shown in FIG. 1, the operation of this computer is based on
      digital representations of values, P.sub.Ti (n), and frequency deviation
      .DELTA.F, in accordance with the binary numbering system. The computer 32
      includes a voltage-to-binary, or analog-to-digital converter 31 which
      converts the analog values of voltages indicating power flows and
      frequency, to binary numbers. The computer also includes an executive 57
      which controls its operation and which operates to set the
      voltage-to-binary converter 31 to convert the signals from the generators,
      the tie-lines and the non-conforming loads and the frequency signals once
      each second.
PAR  The computer also includes a binary information separator 33 which
      separates the information converted by the voltage-to-binary converter 31
      and impresses this information in a binary-information storage 35. The
      data stored in the binary-information storage 35 is supplied to a data
      conditioner 37 where it is conditioned in the light of the past history of
      the operation of the network derived from a past-history memory block 39.
PAR  The past history of the operation of the network is represented for the
      system by the terms:
EQU  E.sub.S (n - T.sub.S), E.sub.S (n - T.sub.S)
PAL  and for individual turbines, by the terms:
EQU  E.sub.Q (n - T.sub.S), E.sub.Q (n - T.sub.S)
PAL  The terms E.sub.S (n - T.sub.S) and E.sub.S (n - T.sub.S) represent,
      respectively, the weighted average of system error at the instant (n -
      T.sub.S) and the system rate of change differentiated in the interval n
      with respect to time. Further, the terms E.sub.Q (n - T.sub.S) and E.sub.Q
      (n - T.sub.S) are respectively the weighted average of the power
      generating error for the ith turbine at the beginning of the anticipating
      interval T.sub.S before the nth interval, and the time rate of change of
      this term differentiated in the interval n with respect to time.
PAR  The data from the data conditioner 37 is supplied to a computation of
      area-requirements error block 41 where the error is calculated. The data
      from the data conditioner 37 is represented by the terms:
EQU  P.sub.Ti (n), P.sub.NCi (n), B.DELTA.F(n), and B
PAL  The term B, indicative of the frequency bias or power variation per unit
      deviation in frequency [see definition 4, below], is stored in block 41;
      it is noted that this term B may be changed or inserted within block 41
      from the operator's console 61. As described above, the various required
      inputs have now been supplied to the computation of requirements block 41,
      and the computation of the instantaneous area-control error (ACE) for the
      interval n is calculated in block 41 in accordance with the following
      equation:
EQU  E.sub.A (n) = .SIGMA.P.sub.Ti (n) - P.sub.S (n) + B.DELTA.F(n)[2]
PAL  As noted above, the term P.sub.S (n), indicative of the scheduled power
      interchange, has been previously computed in the block 41 and is therefore
      now available for the further ACE calculation indicated by equation [2].
      The calculation performed by the block 41 in accordance with equation [2]
      sums all of the tie-line telemetry inputs and adds thereto the
      non-conforming load term and frequency deviation term .DELTA.F modified by
      the constant B for the entire system, and subtracts therefrom the new
      power demand placed on the system P.sub.S (n). With regard to FIG. 2, the
      instantaneous area-control error term E.sub.A (n) is provided by the
      summing device 103 and applied to the anticipatory controller 101 to
      provide for the individual control of each of the turbines, as will be
      explained in more detail below. The computations as described above with
      respect to equations [1] and [2] may be solved by a computer under the
      control of an ACE computer program.
PAR  As indicated initially, it is desired to provide signals indicative of the
      anticipated error for the ith turbine E.sub.Q (n+T.sub.P). Before this
      value may be calculated, it is necessary to calculate an anticipated error
      for the entire system E.sub.S (n+T.sub.P), which calculation is now to be
      described. First, the telemetering apparatus 21, 23 and 25, as shown in
      FIG. 1, provide corresponding signals termed P.sub.A (n) [see definition
      10, below] for each turbine, which are indicative of the actual power
      generated for each turbine of the subject system. Next, to achieve
      ultimately the system anticipatory value, it is necessary first to
      calculate the instantaneous error E(n) [see definition 14, below] at the
      end of interval n for each turbine. E(n) is calculated in the controller
      for turbines block 46, shown in FIG. 1, in accordance with the following
      equation:
EQU  E(n) = K[P.sub.D (n) - P.sub.A (n)]                        [3]
PAL  In equation [3], the term P.sub.D (n) is the power required of the
      individual, ith turbine at the interval n [see definition 8, below], and
      the term K indicates the gain factor of a particular regulating loop for
      each turbine, as shown in FIG. 2; both of the aforementioned terms are
      stored in the block 46. Further, the term P.sub.D (n) is computed from the
      information stored in the memory including generator cost factors for each
      unit block 49. When the values P.sub.A (n) are derived as explained above,
      the controller for turbine block 46 serves to calculate the instantaneous
      error for each turbine E(n) in accordance with equation [3], given above.
      Thus, the instantaneous error term E(n) for each turbine in indicative of
      the difference between the demanded power and the actual power delivered
      at each turbine, modified by a gain factor K. Thus, the error term E(n) is
      weighted during the nth interval by the factor K, as will be explained
      later, to provide a gain or damping effect for the calculation of the
      overall system error equation.
PAR  Returning now to the consideration of the overall system control, a first
      intermediate error is calculated as shown in FIG. 2 in accordance with the
      following equation:
EQU  E.sub.I (n) = E.sub.A (n) - .SIGMA.P.sub.A (n) + .SIGMA.P.sub.D (n)[4]
PAL  More specifically, the power demanded from each turbine P.sub.Di is summed
      as by the summing devices 105.sub.1, 105.sub.2, etc. to apply to the
      summing device 105 the term .SIGMA.P.sub.D (n) indicative of the power
      demand for all of the turbines. In addition, the actual power for each
      turbine P.sub.Ai is derived as explained above and is summed to provide
      the term .SIGMA.P.sub.A (n) for all turbines and is applied to the summing
      device 105. Further, the instantaneous area-control error E.sub.A (n) as
      obtained by the calculation of equation [2] is applied to one input of the
      summing device 103, whereas the output of summing device 105 is applied to
      the other input of the summing device 103. The output derived from the
      summing device 103 is the solution of equation [4] and provides the
      intermediate error term E.sub.I (n), which, in turn, is applied as the
      input to the anticipatory controller 101.
PAR  Next, a second intermediate error term E.sub.O (n) is calculated in
      accordance with the equation:
EQU  E.sub.0 (n) = K.sub.S E.sub.I (n) + E.sub.O (n - T.sub.S)  [5]
PAL  In this calculation, the first intermediate error term E.sub.I as derived
      from equation [4], is modified by the term K.sub.S [see definition 18,
      below] indicative of an overall system gain for effecting a damping of any
      errors which may be introduced into the control loop of this system. The
      term E.sub.O (n - T.sub.S) is indicative of the second intermediate error
      at the beginning of the interval T.sub.S before the instant n, and is
      stored in block 39.
PAR  Next, in deriving the overall system anticipated error at the instant n,
      the weighted average term E.sub.S (n) [see definition 12, below] is
      calculated in allocator 45 in accordance with the following equation:
EQU  E.sub.S (n) = (1 = .alpha.)[E.sub.S (n - T.sub.S) + T.sub.S E.sub.S (n -
      T.sub.S)] + .alpha.E.sub.0 (n)                            [6]
PAL  In accordance with equation [6], the weighted average at instant n involves
      the summation of the weighted average system error E.sub.S (n - T.sub.S)
      for the previous time interval, i.e. (n - T.sub.S) plus the time rate of
      change of system error E.sub.S (n - T.sub.S) for the previous interval (n
      - T.sub.S), both of which are multiplied by a modifying term, to be
      explained. As indicated above, the terms E.sub.S (n - T.sub.S) and E.sub.S
      (n - T.sub.S) are stored, for example, in memory block 39. Finally,
      equation [6] involves the summation of the aforementioned terms with the
      second intermediate error term E.sub.0 (n) as derived from equation [5],
      modified by the weighting term .alpha.. Similarly, the weighted time
      differential of the system error E.sub.S (n) for the interval n is
      calculated in accordance with the following equation:
      ##EQU1##
      The terms for the weighted average and the derivative terms as explained
      above, as well as the term E.sub.0 (n) as derived from equation [5],
      likewise appear in equation [7]. The values of the weighting factors
      .alpha. and .beta. are determined from the requirement that they satisfy
      the following conditions:
PAR  1. The regulation of power generation must be such that a critically damped
      condition exists.
PAR  2. The noise must be minimized.
PAR  Because of condition 1, the equation:
EQU  4.beta. - .alpha..sup.2 - .beta..sup.2 - 2.alpha..beta. = 0 [8]
PAL  must be satisfied. The noise N is given by the following equation:
      ##EQU2##
      To minimize the noise, N = 1.
PAR  The above equations may be solved for .alpha. and .beta. in the computer
      and the values of .alpha. and .beta. may be stored in the allocator 45.
PAR  In summary of the above series of calculations, it may be seen from
      equation [1] that the operator may introduce changes in power which will
      result in a new value of P.sub.S (n). The value of P.sub.S (n) is applied,
      in turn, to determine the instantaneous area-control error E.sub.A (n) in
      accordance with equation [2]. Thus, if an incremental or step change is
      required of the scheduled power P.sub.S (n), a step change will be
      imparted to the instantaneous area-control error E.sub.A (n). To dampen
      the effect of such an incremental change, intermediate calculations are
      introduced to derive the term or value E.sub.0 (n) to be applied to the
      equations [6] and [7], whereby any system step error is applied gradually
      over a time period determined by the value of the system gain term K.sub.S
      as seen in equation [5] above.
PAR  Finally, the system anticipatory error E.sub.S (n+T.sub.P) is derived for
      the interval (n+T.sub.p) in accordance with the following equation, which
      may be calculated in allocator 45:
EQU  E.sub.S (n+T.sub.p) = E.sub.S (n) + T.sub.p E.sub.S (n)    [10]
PAL  As an inspection of this equation reveals, the various terms are derived
      from the values calculated by equations [6] and [7], as given above, and
      this equation [10] is calculated to provide an anticipatory value of the
      error E.sub.S (n+T.sub.P) for the entire system for the interval
      (n+T.sub.P). The above-given calculations to derive the smoothed and
      anticipatory value E.sub.S (n+T.sub.P) of the tie-line swing deviation may
      be carried out in a computer in accordance with a load and frequency
      control program. This determination not only provides a linear prediction,
      but also smooths out process noise, numerical noise and sample time
      quantizations.
PAR  In addition to receiving the area-control error from block 41, the
      allocator 45 receives data from the unit commitment program memory 43,
      from the memory 49 which contains the generator cost factor for each unit
      11, 13, 15 and from memory 51 including the generator characteristics. On
      the basis of the data received from these components 41, 43, 49, 51, and
      specifically from component 41, the term:
EQU  E.sub.S (n+T.sub.p)
PAL  and from components 43, 49, and 51, the term: (%).sub.i and BASE.sub.i the
      allocator 45 determines in a series of calculations to be performed on a
      computer in accordance with the economic dispatch program, what change is
      to be made in each turbine and transmits the necessary data to a
      controller-for-turbines block 46. The allocator is set by the executive 57
      to transmit this data at the selected intervals, for example, 4 seconds.
      The block 46 supplies the data which it has in binary form to a
      binary-to-pulse converter 47 which converts the binary data from the
      allocator into pulses. The converter 47 is connected to the generators and
      supplies each of the generators with the necessary control pulses in
      accordance with the desired incremental change in the operation of the
      generator.
PAR  The separation of the computer 32 into blocks in FIG. 1 is on a functional
      and not necessarily a structural basis. Structurally, the parts of the
      blocks may be intermingled with the memory drum, the memory blocks and
      other parts of the computer.
PAR  The operation of the apparatus in accordance with this invention is based
      on the following major power-system functional requirements.
PAR  1. The control system shall drive the area-requirement error to zero at a
      rate consistent with the overall power system and the dynamic
      characteristics of the individual generating units 11, 13, 15.
PAR  2. The control system shall load each generating unit 11, 13, 15 under
      control to its most economic point and if feasible all tie-line swings
      shall be handled within economic limits.
PAR  Working within these major functional requirements, the basis control
      computations that the computer makes are presented below. In these
      equations:
TBL  E.sub.A (n)                                                               

             = Instantaneous area-control error at instant n where n is on the 

               time interval for which the error is computed                   

                                        1,                                     

               E.sub.A (n) is computed in block 41.                            

     P.sub.Ti (n)                                                              

             = Tie-line power flux for the ith tie-line at instant n, P.sub.Ti 

               (n) is supplied through telemeter 27.                           

                                        2,                                     

     P.sub.S (n)                                                               

             = Scheduled or preset net interchanged power flow at instant n -  

               Demanded power into, or out from, the system. - P.sub.S (n) is  

               computed in block 41. - but can be changed from operator's      

               console 61.              3,                                     

     B       = Frequency bias or power variation per unit deviation in         

               frequency. - B is stored in block 41 but can be changed from    

               operator's console 61.   4,                                     

     .DELTA.F                                                                  

             = Deviations in frequency. - .DELTA.F is recieved through line    

               30.                      5,                                     

     P.sub.NCi (n)                                                             

             = Non-conforming load for ith installation at instant (n) -       

               P.sub.NCi (n) is received through line 29.                      

                                        6,                                     

     n       = Discrete computer solution interval (typically 4 seconds) - n   

               is set by executive 57 but can be varied from console           

                                        7,.                                    

     P.sub.Di (n)                                                              
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               Power demanded from ith turbine at instant (n) - P.sub.Di (n)   

               is computed in allocator 45.                                    

                                        8,                                     

     Base .sub.i (n)                                                           

             = Base power output of ith turbine at instant n: - Base .sub.i    

               (n) is computed and stored in allocator for economic dispatch.  

               The computation Base .sub.i (n) is based on the principle that  

               incremental cost for all generators should be                   

                                        9,ual.                                 

     P.sub.Ai (n)                                                              

             = Actual power output of ith turbine at instant n. - P.sub.Ai (n) 

               is derived from telemeters 21, 23, 25.                          

                                        10,                                    

     E.sub.S (n)                                                               

             = System instantaneous error at instant (n). - E.sub.S (n) is     

               computed in allocator 45.                                       

                                        11,                                    

     E.sub.S (n)                                                               

             = Weighted average of system error at instant n averaged from the 

               errors at the beginning and end of an averaging interval. -     

               E.sub.S (n) is computed in allocator 45; the averaging          

               intervals may be of different length than the intervals         

                                        12,                                    

     E.sub.S (n+T.sub.P)                                                       

             = Anticipated error at instant n. E.sub.S (n+T.sub.P) is computed 

               in allocator 45.         13,                                    

     E.sub.(n)                                                                 

             = Instantaneous error at instant n. E.sub.(n) is computed in      

               block 46 and stored in this block.                              

                                        14,                                    

     E.sub.Qi (n + T.sub.p)                                                    

             = The anticipated error for the ith turbine at the end of the     

               anticipating interval T.sub.p following the nth interval. -     

               E.sub.Q1 (n + T.sub.p) is stored in block 46.                   

                                        15,                                    

     (%).sub.i                                                                 

             = Percent participation of any turbine or power unit in a         

               required incremental change in power. This is inserted in the   

               allocator 45 either by block 49 or from the console             

                                        16,                                    

     K       = Gain of regulating loop at turbine; this gain may be expressed  

               as a polynomial function of turbine load. - K is stored in      

               block 46 but can be changed from console 61.                    

                                        17,                                    

     K.sub.S = Overall system gain.     18,                                    

     .alpha.,.beta.                                                            

             = Weights for weighted averages. .alpha. and .beta. are stored in 

               allocator 45.            19,                                    

     T.sub.S = Duration of each sampling time interval. (Typically 4 seconds)  

               - T.sub.S is stored in executive 57 but can be changed from     

               console 61.              20,                                    

     T.sub.p = Length of predicting or anticipating interval; T.sub.p may be   

               longer than T.sub.S and is stored in allocator 45 but may be    

               changed from console 61. 21,                                    

     P.sub.O (n)                                                               

             = The power at the start of interval T.sub.S and this value is    

               stored in block 39.      22,                                    

PAR  The desired power setting for each turbine computed at time, n, takes into
      consideration system conditions of time, n + T.sub.P, as follows:
PAR  E.sub.S (n + T.sub.P) is the anticipated system error at the n-timing
      interval duration, T.sub.P, after the nth interval. E.sub.S (n + T.sub.P)
      may be computed over a longer sampling interval T.sub.P than T.sub.S which
      is typically 4 seconds. E.sub.S (n + T.sub.P) is inserted in block 46 for
      computation of the regulating pulses.
PAR  As stated above, for each turbine the instantaneous error E(n) at the end
      of an interval n is given by
EQU  E(n) = K [P.sub.D (n) - P.sub.A (n)]
PAR  As shown in Fig. 2, the value E(n), indicative of the instantaneous error
      at the time n for each turbine, is calculated within the servo loop
      associated with each turbine.
PAR  Block 46 has stored the values of P.sub.A (n) and K and when P.sub.D (n) is
      received, E(n) is computed in this block. P.sub.D (n) is computed from the
      information and stored in such block as 49.
PAR  Next, P.sub.D is calculated for the i.sup.th turbine by the equation:
EQU  P.sub.Di (n) = E.sub.S (n + T.sub.P) (%).sub.i + Base.sub.i (n)[11]
PAL  Where Base.sub.i is the base power output for the ith turbine [see
      definition 9, above], and (%).sub.i is the percent participation of the
      ith turbine in a required incremental change of power see definition 16,
      above] calculated in accordance with an economic dispatch program. As seen
      in FIG. 2, these values for the particular corresponding turbines are
      applied to the circuits 107 to modify the value of the smoothed and
      predicted system error E.sub.S (n+T.sub.P) before being applied to the
      corresponding summing device 106. The output of the summing devices 106 is
      the calculated power for the ith turbine at time n. A review of equation
      [11] indicates that in order to determine the calculated power for the ith
      turbine, it is necessary to derive first the anticipated system error
      E.sub.S (n+T.sub.P), which calculation, in turn, is used to determine the
      power required for the ith turbine.
PAR  Let E.sub.Q (n) = the error for this turbine at the beginning of the nth
      interval.
PAR  Then the weighted average E.sub.Q (n) for interval (n) is given by:
EQU  E.sub.Q (n) = (1-.alpha.) E.sub.Q (n - I.sub.S) + T.sub.S E.sub.Q (n -
      T.sub.S) + .alpha.E(n)                                    [12]
PAL  where, E.sub.Q (n - T.sub.S) is the weighted average error of each
      generating unit for the preceding interval (n - T.sub.S).
EQU  E.sub.Q (n) - (1 - .beta.) E.sub.Q (n - T.sub.S) + .beta./T.sub.S [E(n) -
      E.sub.Q (n - T.sub.S)]                                    [13]
PAR  Note that the expressions E.sub.Q (n) and E.sub.Q (n ) above are simple
      fractions less than 1. The second term in equation for E.sub.O (n) is the
      weighted incremental error divided by the time over which it occurred. The
      anticipated error E.sub.Q (n + T.sub.p) see definition 15, above] at the
      end of the interval (n + T) is then given by:
EQU  E.sub.Q (n + T.sub.P) = E.sub.Q (n) + T.sub.P E.sub.Q (n)  [14]
PAR  The anticipated error E.sub.Q (n + T.sub.P) is the error which is in
      accordance with this invention transmitted to each turbine in the form of
      pulses (through block 47) to regulate the turbine output.
PAR  A review of equations [3], [10], [11], [12], [13] and [14] indicates that
      the anticipated error for each turbine, E.sub.Q (n + T.sub.P), is derived
      by first calculating the anticipated system error E.sub.S (n + T.sub.P),
      which value in turn is used to calculate the value of the power required
      for the ith turbine P.sub.Di (n). The power requirement of the individual
      turbine, in turn, is used to calculate the instantaneous error E(n) at the
      instant n for each turbine. Further, as shown in equations [12] and [13],
      the instantaneous error at the end of interval n, in turn, is used to
      derive the weighted average value E.sub.Q (n) and the differentiated value
      E.sub.Q (n). Finally, the resulting values derived from equations [12] and
      [13] are summed to calculate the anticipated error for each turbine.
PAR  In the case of each turbine, the computer checks E.sub.Q (n) to determine
      that this quantity does not exceed the rate-limit action of the turbine;
      that is, the number of megawatts per unit time that the turbine is
      permitted to change. In each case, also there is a check to determine the
      feasible maximum and minimum conditions of E.sub.Q (n + T.sub.P) and to
      determine that the load to unload rate is low where a low rate is desired.
PAR  The values of .alpha. and .beta. above are determined as discussed above.
PAR  In the practice of this invention, the deisred or assigned power level for
      each generating turbine or unit is computed once the area-control error is
      calculated. In making the assigned power computation for each discrete
      computer control interval, it is of the utmost importance from a power
      systems operation viewpoint that no unnecessary turbine movement, i.e.,
      controlled change in generating level, take place. In brief, if the tie
      line swing is returning to zero, no control action should be given that
      will result in overshoot or hunting. While, if it becomes obvious that the
      swing is going to drive the system in the undesired direction in the very
      near future, then control action is required consistent with the overall
      generator, e.g. boiler-turbine, dynamics. What is required then is a
      generalized anticipatory controller to provide enough overall regulation
      lead to realize a critically damped system, but with somewhat near optimum
      response or minimization of tie-line swing. Operation in accordance with
      the above equations achieves this purpose.
PAR  The basic control loop scheme in which the above equations are based in a
      typical type servo system for computing the assigned power to the
      generating units. In addition, actual power from each unit or turbine
      under control is used as a decoupling device to avoid turbine-dynamic
      interactions during the line swings. The assigned power for each unit
      consists of two components. The economic base load value, Base L and the
      instantaneous tie line swing that the unit under control must carry. FIG.
      2 illustrates the decoupling for a two turbine system.
PAR  In FIG. 2, the symbols .SIGMA. are adders which add the inputs, vectorially
      or algebraically as required. The operations indicated in FIG. 2 are
      carried out in the computer. The anticipatory controller 101 is in the
      allocator 45. The effect of controller 101 is to decouple the individual
      units by operating through the loop including adders 103 and 105.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. The method of, operating a power complex to supply a system load and
      non-conforming loads; said power complex having a power generating network
      including a plurality of power generators and tie-lines to neighboring
      power generating networks, the said method comprising deriving from said
      complex at relatively short intervals, of the order of one second, signals
      indicative of:
PA1  1. the load power supplied by each of said generators,
PA1  2. the frequency of the power of said load,
PA1  3. the power drawn by said tie-lines,
PA1  4. the power drawn by said non-conforming loads; the said method also
      comprising converting said signals into digital values, separating said
      digital values into separate items of data each item corresponding to said
      items 1, 2, 3 and 4 respectively; storing said separate items; computing
      from a plurality of said items derived during a plurality of said
      intervals and the past history of operation of said complex, an
      area-requirement error which is based, for each computator on the
      anticipated trend of variation of said system load following the latest of
      said intervals, responsive to said area-requirement error producing
      electrical generator resetting signals to reset economically each power
      generator of said plurality of generators to the extent required to reduce
      said error to zero, and supplying said resetting signals to said
      generators to reset said generators as aforesaid.
NUM  2.
PAR  2. A system for controlling a power system having a plurality of power
      generating units, said system comprising means for determining a
      representation of an actual power system generation error, means for
      determining a smoothed anticipatory system power generation error
      representation as a function of the actual system error representation,
      and means for controlling selected generating units in the power system as
      a function of the smoothed anticipatory system error representation.
NUM  3.
PAR  3. A system for generating power in accordance with schedules of system
      frequency and of power interchange with a neighboring power system said
      system comprising:
PA1  a. a plurality of generating units operative selectively to generate power
      in accordance with the schedule of power interchange, at least one
      tie-line to the neighboring power system, and means for measuring and
      providing representations of the tie-line power, the frequency deviation
      of the power generated by the given system with respect to the scheduled
      system frequency, and the power generated by each of the plurality of
      units;
PA1  b. instantaneous error detecting means responsive to the representations of
      tie-line power, the schedule of power interchange and of frequency
      deviation for providing a representation of instantaneous system
      area-control error;
PA1  c. calculation means for smoothing and weighting the representation of
      instantaneous system area-control error to provide an anticipated system
      power generating error; and
PA1  d. unit control means for applying control signals to each of said
      generating units as a function of the anticipated system power generating
      error whereby the schedule of power generation is met.
NUM  4.
PAR  4. A system as claimed in claim 3, wherein said system further includes
      sampling means for sampling at intervals of time n, (n - T.sub.S) and (n =
      2T.sub.S), where T.sub.S is a sampling time interval, the tie-line power,
      the frequency of the given system and the power generated by each of said
      plurality of generating units.
NUM  5.
PAR  5. A system as claimed in claim 4, wherein said calculation means provides
      a representation of anticipated system power generating error for the
      interval (n + T.sub.P), where T.sub.P is an anticipatory interval of time.
NUM  6.
PAR  6. The system as claimed in claim 5, wherein said interval T.sub.P is
      greater than said interval T.sub.S.
NUM  7.
PAR  7. The system as claimed in claim 6, wherein said unit control means
      includes means for measuring the power demanded of each of said plurality
      of power generating units dependent upon a selected percentage of the
      anticipated system power generating error for determining the incremental
      change of power demanded of that generating unit in the interval (n +
      T.sub.P).
NUM  8.
PAR  8. The system as claimed in claim 3, wherein said instantaneous error
      detecting means provides the representation of instantaneous system
      area-control error as a function of the sum of the representation of the
      tie-line power flow and the system frequency deviation modified by a value
      B indicative of the power variation of the given system per unit deviation
      of frequency, less the scheduled power demanded of the system.
NUM  9.
PAR  9. The system as claimed in claim 8, wherein said calculation means
      includes a first intermediate calculating means for calculating a first
      intermediate error as a function of the sum of the instantaneous system
      area-control error as derived from said instantaneous error detecting
      means and the power required of all of said power generating units, less
      the measured power generated by all of said generating units.
NUM  10.
PAR  10. The system as claimed in claim 9, wherein said calculation means
      includes a second intermediate calculating means for providing a second
      intermediate error as a function of the first intermediate error modified
      by a factor K.sub.S indicative of the power generating gain of the given
      power system to tend thereby to smooth the effect of the instantaneous
      system area-control error upon the determination of the anticipated system
      power generating error.
NUM  11.
PAR  11. The system as claimed in claim 10, wherein said calculation means
      includes means for calculating the weighted average of the system power
      generating error for the interval n as a function of the sum of the
      weighted average system error for the preceding interval (n - T.sub.S) and
      the product of the rate of change of the system power generating error for
      the previous interval (n - T.sub.S) and the interval T.sub.S, plus the
      second intermediate error, the aforementioned sum and the intermediate
      error being modified by selected weighting coefficients calculated to damp
      critically the power generation of the given system and to minimize noise.
NUM  12.
PAR  12. The system as claimed in claim 11, wherein said calculation means
      further includes means for deriving the time rate of change of the system
      power generating error for the interval n as a function of the time rate
      of change of the system power generating error for the previous interval
      (n - T.sub.S), and the second intermediate error less the weighted average
      system power generating error for the previous interval (n - T.sub.S), the
      aforementioned values being modified by weighting coefficients calculated
      to critically damp the power generation of said plurality of units and to
      minimize noise.
NUM  13.
PAR  13. The system as claimed in claim 12, wherein said calculation means
      provides a representation of the anticipated system power generating error
      for the interval (n + T.sub.P) as the sum of the weighted average system
      power generating error for the interval n and the product of the time rate
      of change of the system power generating error for the interval n and the
      interval T.sub.P.
NUM  14.
PAR  14. The system as claimed in claim 13, wherein said unit control means
      includes means for providing a representation of the power demanded of
      each of said plurality of generating units dependent upon the percentage
      of participation by one of said generating units to meet the anticipated
      system power generating error for the interval (n + T.sub.P), and upon the
      base power output of that turbine for the interval n.
NUM  15.
PAR  15. The system as claimed in claim 14, wherein there is further included
      storage means for storing and providing representations of the incremental
      costs of power generation of each of said plurality of generating units,
      and comparison means for comparing the incremental cost of power
      generation as provided by said storage means for causing said unit control
      means to establish an economic condition wherein the base output of each
      of said plurality of generating units is set so that the incremental costs
      of power generation of each of said plurality of generating units tends to
      be equal.
NUM  16.
PAR  16. The system as claimed in claim 15, wherein said unit control means
      includes override means responsive to the condition where the total power
      demanded of all of said generating units exceeds the power generated by
      said plurality of generating units at said economic condition, to cause
      said unit control means to increase the power generation of selected
      generating units.
NUM  17.
PAR  17. The system as claimed in claim 14, wherein said unit control means
      further includes means for calculating the instantaneous power generating
      error for one of said generating units for the interval n as a function of
      the difference of the power demanded of said one generating unit and the
      actual power generated by said one generating unit modified by a factor K
      indicative of the power generating gain of that generating unit.
NUM  18.
PAR  18. The system as claimed in claim 17, wherein said unit control means
      includes means for providing a representation of the weighted average of
      the power generating error of said one generating unit for the interval n
      as a function of the sum of the weighted average power generating error
      for said one generating unit for the previous interval (n - T.sub.S), and
      the product of T.sub.S and the time rate of change of the power generating
      error for said one generating unit for the previous interval (n -
      T.sub.S), and as a function of the instantaneous power generating error
      for said one generating unit for the interval n, said aforementioned
      values being modified by weighting coefficients selected to critically
      damp the power generation of the given system and to minimize noise.
NUM  19.
PAR  19. The system as claimed in claim 18, wherein said unit control means
      includes means for providing a representation of the time rate of change
      of the power generating error for said one generating unit for the
      interval n as a function of the time rate of change of the power
      generating error for said one generating unit for the previous interval (n
      - T.sub.S) and as a function of the difference between the instantaneous
      power generating error for said one unit for the interval n and the
      weighted average of the power generating error for said one generating
      unit for the previous interval (n - T.sub.S), said aforementioned
      representation being modified by coefficients selected to damp critically
      the power generation of the given system and to minimize noise.
NUM  20.
PAR  20. The system as claimed in claim 19, wherein said unit control means
      provides a representation of the anticipated power generating error for
      said one generating unit as a function of the sum of the weighted average
      power generating error for said one generating unit for the interval n and
      the product of the time rate of change of the power generating error for
      said one generating unit for the interval n and the interval T.sub.P.
NUM  21.
PAR  21. The system as claimed in claim 20, wherein there is further included
      storage means for storing and providing the weighted average system power
      generating error for the preceding interval (n - T.sub.S), the time rate
      of change of the system power generating error for the preceding interval
      (n - T.sub.S) the weighted average of the power generating error for each
      of said generating units for the preceding interval (n - T.sub.S) and the
      time rate of change of the power generating error for each of said
      generating units for the preceding interval (n - T.sub.S).
NUM  22.
PAR  22. The system as claimed in claim 21 wherein said storage means further
      stores and provides representations of the factor K.sub.S, the weighting
      coefficients, and the factors K for each of said generating units.
NUM  23.
PAR  23. The system as claimed in claim 19, wherein there is included storage
      means for storing and providing representations of the rate limits of
      power generation for each of said plurality of generating units, and
      comparison means for comparing the same rate of change of the power
      generating error for one of said generating units for the interval n with
      the rate limit for said one generating unit as provided by said storage
      means, for preventing said control unit means from effecting a greater
      rate of power generation change from said one generating unit than its
      rate limit.
NUM  24.
PAR  24. The system as claimed in claim 12, wherein there is further included
      storage means for storing and providing representations of the weighted
      average system power generating error for the preceding interval (n -
      T.sub.S) and the time rate of change of the system power generating error
      for the previous interval (n - T.sub.S).
NUM  25.
PAR  25. A system for controlling the power generation of a given power system
      in accordance with a scheduled frequency, the given system including a
      plurality of generating units, and means for monitoring the frequency
      deviation of the power generated by the given system with respect to the
      scheduled frequency and the power generated by each of the plurality of
      generating units, said control system comprising:
PA1  a. instantaneous error detecting means responsive to the representation of
      frequency deviation from the scheduled frequency for providing a
      representation of instantaneous system area-control error;
PA1  b. calculation means for smoothing and weighting the representation of
      instantaneous system area-control error to provide an anticipated system
      power generating error; and
PA1  c. unit control means for controlling each of the power generating units as
      a function of the anticipated system power generating error.
NUM  26.
PAR  26. A control process for controlling a given power system having a
      plurality of power generating units and at least one tie-line therefrom to
      a neighboring power system, said control process comprising the steps of:
PA1  a. measuring representations of the tie-line power, the frequency deviation
      of the power generated by the given power system with respect to a
      scheduled frequency and the power generated by each of the plurality of
      generating units;
PA1  b. calculating the instantaneous system area-control error as a function of
      the tie-line power, a schedule of power interchange with the neighboring
      systems and the frequency deviation;
PA1  c. smoothing and weighting a representation of instantaneous system
      area-control error to provide an anticipated system power generating
      error, said steps of calculating, and smoothing and weighting being
      carried out in a digital computer; and
PA1  d. applying control signals to each of the generating units as a function
      of the anticipated system power generating error.
NUM  27.
PAR  27. The control process as claimed in claim 26, wherein the step of
      determining in accordance with paragraph (a) includes the sampling for
      intervals of time n, (n -T.sub.S), (n - 2T.sub.S) of the tie-line power,
      the frequency deviation of the given system and the power generated by
      each of the generating units, where T.sub.S is a sampling interval.
NUM  28.
PAR  28. The control process as claimed in claim 26, wherein the step in
      accordance with paragraph (b) includes the calculation of the
      instantaneous system area-control error E.sub.A (n) in accordance with the
      following equation:
EQU  E.sub.A (n) = .SIGMA.P.sub.Ti (n) - P.sub.S (n) + B.DELTA.F(n)
PAL  where B is the power variation per unit deviation in frequency of the given
      system.
NUM  29.
PAR  29. The contnrol process as claimed in claim 28, further including the step
      of:
PA1  determining the power P.sub.NCi (n) required by non-conforming loads
      associated with the given system, and
PA1  said step of calculating the instantaneous system area-control error
      E.sub.A (n) further includes a factor indicative of the anticipated sum of
      the required power of all the non-conforming loads .SIGMA.P.sub.NCi (n).
NUM  30.
PAR  30. The control process as claimed in claim 28, wherein the step of
      smoothing and weighting in accordance with paragraph (c) includes the
      steps of:
PA1  summing the power demanded of all of the generating units for the computer
      solution interval n to provide a value .SIGMA.P.sub.D (n);
PA1  summing the power generated by all of the generating units for the computer
      solution interval n to provide a value .SIGMA.P.sub.A (n); and
PA1  calculating a first intermediate error E.sub.I (n) in accordance with the
      following formula:
EQU  E.sub.I (n) = E.sub.A (n) - .SIGMA.P.sub.A (n) + .SIGMA.P.sub.D (n)
NUM  31.
PAR  31. The control process as claimed in claim 30, wherein the step of
      smoothing and weighting in accordance with paragraph (c) further includes:
PA1  the storing and providing of the value E.sub.O (n - T.sub.S) indicative of
      a second intermediate error for the previous interval (n - T.sub.S), and
PA1  the calculation of a second intermediate error E.sub.O (n) for the computer
      solution interval n in accordance with the equation:
EQU  E.sub.O (n) = K.sub.S E.sub.I (n) + E.sub.O (n - T.sub.S)
PAL  where K.sub.S is indicative of the overall power gain of the given system.
NUM  32.
PAR  32. The control process as claimed in claim 31, wherein the step of
      smoothing and weighting in accordance with paragraph (c) further includes:
PA1  the storing and providing the representations of the weighted system power
      generating error E.sub.S (n - T.sub.S) for the previous interval (n -
      T.sub.S), and the time rate of change of the system power generating error
      E.sub.S (n - T.sub.S) for the previous interval (n - T.sub.S); and
PA1  the calculation of the weighted average system power generating error
      E.sub.S (n) for the computer solution interval n in accordance with the
      following formula:
EQU  E.sub.S (n) = (1 - .alpha.)[E.sub.S (n - T.sub.S) + T.sub.S E.sub.S (n -
      T.sub.S)]+ .alpha.E.sub.O (n)
PAL  where .alpha. is a weighting coefficient.
NUM  33.
PAR  33. The control process as claimed in claim 32, wherein the step of
      smoothing and weighting in accordance with paragraph (c) further includes:
PA1  the calculation of the time rate of change of the system power generating
      error E.sub.S (n) for the computer solution interval n in accordance with
      the following equation:
      ##EQU3##
      where .beta. is a weighting coefficient.
NUM  34.
PAR  34. The control process as claimed in claim 33, wherein the step of
      smoothing and weighting in accordance with paragraph (c) further includes:
PA1  the calculation of the values of .alpha. and .beta. to critically damp the
      power generation of the given system in accordance with the following
      equation
EQU  4.beta. - .alpha..sup.2 - .beta..sup.2 - 2.alpha..beta. = 0.
NUM  35.
PAR  35. The control process as claimed in claim 34, wherein the step of
      smoothing and weighting in accordance with paragraph (c) further includes:
PA1  the calculation of the values of .alpha. and .beta. to provide minimum
      system noise in accordance with the following equation:
      ##EQU4##
NUM  36.
PAR  36. The control process as claimed in claim 35, wherein the step of
      smoothing and weighting in accordance with paragraph (c) further includes:
PA1  the calculation of the anticipated system power generating error E.sub.S (n
      + T.sub.P) for the interval (n + T.sub.P) in accordance with the following
      equation:
EQU  E.sub.S (n + T.sub.P) = E.sub.S (n) + T.sub.P E.sub.S (n)
NUM  37.
PAR  37. The control process as claimed in claim 26, wherein the step of
      controlling each generating unit in accordance with paragraph (d) further
      includes:
PA1  providing a representation of the base powers B.sub.i (n) for all of the
      generating units for the computer solution interval n;
PA1  providing a representation of the percentages (%) participation of all of
      the generating units to meet the demanded incremental change of power in
      the interval (n + T.sub.P); and
PA1  calculating the power P.sub.Di (n) required of each of the plurality of
      generators for the computer solution interval n in accordance with the
      following equation:
EQU  P.sub.Di (n) = E.sub.S (n + T.sub.P)(%).sub.i + Base.sub.i (n)
NUM  38.
PAR  38. The control process as claimed in claim 37, wherein the step of
      controlling each generating unit in accordance with paragraph (d) further
      includes:
PA1  the computation of the Base.sub.i (n) for each of the plurality of
      generating units in accordance with an economic dispatch program to
      achieve an economic condition wherein the incremental power generating
      cost of each of the generating units is approximately equal.
NUM  39.
PAR  39. The control process as claimed in claim 37, wherein the step of
      controlling each generating unit in accordance with paragraph (d) further
      includes:
PA1  providing a representation of power generated P.sub.A (n) for each of the
      generating units for the computer solution interval n; and
PA1  the calculation of the instantaneous error E(n) of each generating unit for
      the computer solution interval n in accordance with the following
      equation:
EQU  E(n) = K[P.sub.D (n) - P.sub.A (n)]
PAL  where K is indicative of the gain of the generating unit regulating loop.
NUM  40.
PAR  40. The control process as claimed in claim 39, wherein the step of
      controlling the generating units in accordance with the paragraph (d)
      further includes:
PA1  the storing and providing of representations indicative of the weighted
      average power generating error E.sub.Q (n - T.sub.S) for each generating
      unit for the previous interval (n - T.sub.S) and the time rate of change
      of the power generating error E.sub.Q (n - T.sub.S) for the previous
      interval (n - T.sub.S); and
PA1  the calculation of the weighted average power generating error E.sub.Q (n)
      of each generating unit for the computer solution interval n in accordance
      with the following equation:
EQU  E.sub.Q (n) = (1 - .alpha.)[E.sub.Q (n - T.sub.S) + T.sub.S E.sub.Q (n -
      T.sub.S)] + .alpha. E(n)
PAL  where .alpha. is a weighting coefficient.
NUM  41.
PAR  41. The control process as claimed in claim 40, wherein the step of
      controlling the generating units in accordance with the paragraph (d)
      further includes:
PA1  the calculation of the time rate of change of the power generating error
      E.sub.Q (n) of each generating unit for the computer solution interval n
      in accordance with the following equation:
      ##EQU5##
      where .beta. is a weighting coefficient.
NUM  42.
PAR  42. The control process as claimed in claim 41, wherein the weighting
      coefficients .alpha. and .beta. are calculated to solve the following
      equations:
      ##EQU6##
      to thereby critically damp the generation of power by the given system and
      to minimize system noise.
NUM  43.
PAR  43. The control process as claimed in claim 41, wherein the step of
      controlling the generating units in accordance with paragraph (d) is
      effected to compensate for anticipated power generating error E.sub.Q (n +
      T.sub.P) for the interval (n + T.sub.P) in accordance with the following
      equation:
EQU  E.sub.Q (n + T.sub.P) = E.sub.Q (n) + T.sub.P E.sub.Q (n)
PAL  where T.sub.P is an anticipatory interval.
NUM  44.
PAR  44. The control process as claimed in claim 43, wherein the anticipatory
      interval T.sub.P is greater than the sampling interval T.sub.S.
NUM  45.
PAR  45. The control process as claimed in claim 41, wherein the step of
      controlling the generating units in accordance with paragraph (d) further
      includes:
PA1  providing a representation of the rate limit of change of power generation
      change for each generating unit; and
PA1  comparing the time rate of change of the power generating error E.sub.Q (n)
      for each generating unit with the predetermined rate limit to prevent the
      change of the time rate of the power generation of a unit generator from
      exceeding its rate limit.
NUM  46.
PAR  46. The control process as claimed in claim 26 wherein the step of
      controlling the power generation of each generating unit in accordance
      with paragraph (d) includes the step of selecting a combination of the
      plurality of generating units to achieve the most economic power
      generation to meet the anticipated system power generating error in
      accordance with a unit commitment program, said unit commitment program
      including the steps of:
PA1  determining the possible combination of generating units for the nth
      interval T.sub.n, where T is a predetermined interval;
PA1  determining the production cost for the interval T.sub.n for every
      combination of generating units in the interval T.sub.n ;
PA1  determining the combination of generating units employed in the previous
      interval T.sub.n.sub.-1, and calculating the start-up cost of the
      additional generating units required for the combination in the present
      interval T.sub.n ;
PA1  determining the combination of generating units for the interval
      T.sub.n.sub.-1 which minimizes the system cost of generating power from
      the first interval T.sub.1 to the combination of power generating units in
      the present interval T.sub.n and storing this determined combination and
      its power generating cost; and
PA1  determining the most economical combination of generating units in each
      interval T and the power generating cost for each interval T.
NUM  47.
PAR  47. The control process as claimed in claim 46, wherein an economic
      dispatch program includes the step of determining the most economical
      settings of Base.sub.i (n) and percentage (%) for each generating unit.
NUM  48.
PAR  48. A system for controlling the power generation of a given power system
      in accordance with a schedule of power interchange with a neighboring
      power system which is P.sub.S (n) for the interval n, the given system
      including a plurality of generating units, at least one tie-line to the
      neighboring power system, and means for measuring and providing
      representations of the tie-line power P.sub.Ti (n) for the interval n, the
      frequency deviation .DELTA.F of the power generated by the given system
      with respect to a scheduled frequency, and the power P.sub.Ai (n)
      generated by each of the plurality of units for the interval n, said
      system comprising:
PA1  a. instantaneous error detecting means responsive to the representations of
      tie-line power P.sub.Ti (n), of the scheduled power interchange P.sub.S
      (n) and of frequency deviation .DELTA.F for providing a representation of
      the instantaneous system area-control error E.sub.A (n) in accordance with
      the following equation:
EQU  E.sub.A (n) = .SIGMA.P.sub.Ti (n) - P.sub.S (n) + B.DELTA.F(n)
PAL  where B is a factor indicative of the system power variation per unit
      deviation in frequency;
PA1  b. calculation means for smoothing and weighting the representation of
      instantaneous system area-control error to provide an anticipated system
      power generating error E.sub.S (n + T.sub.P) for the interval (n +
      T.sub.P), said error detecting and calculation means including a digital
      computer; and
PA1  c. unit control means for applying control signals to each of the
      generating units as a function of the anticipated system power generating
      error E.sub.S (n + T.sub.P).
NUM  49.
PAR  49. The system as claimed in claim 48, wherein there is further included
      scanning means associated with the measuring means, for scanning
      sequentially the representations of tie-line power P.sub.Ti (n) and the
      frequency deviation of the given system whereby the instantaneous values
      of these representations are averaged over a sampling interval T.sub.S.
NUM  50.
PAR  50. The system as claimed in claim 48, wherein there is further included
      scanning means associated with the measuring means, for multiplexing the
      representations of tie-line power and frequency deviation whereby the
      effect of short-term variations of these representations upon the power
      generation of the given system is minimized.
NUM  51.
PAR  51. The system as claimed in claim 48, wherein said calculation means
      further includes:
PA1  means for providing a representation of the power P.sub.Di (n) demanded for
      each generating unit for the interval n and for providing a representation
      .SIGMA.P.sub.D (n) indicative of the sum of the demanded power of all of
      the generating units for the interval n;
PA1  means for providing a representation .SIGMA.P.sub.A (n) indicative of the
      sum of the power generated by all of the generating units for the interval
      n; and
PA1  means for calculating a first intermediate error E.sub.I (n) in accordance
      with the following equation:
EQU  E.sub.I (n) = E.sub.A (n) - .SIGMA.P.sub.A (n) +.SIGMA.P.sub.D (n)
NUM  52.
PAR  52. The system as claimed in claim 51, wherein said calculation means
      further includes:
PA1  means for storing and providing a representation of a second intermediate
      error E.sub.O (n - T.sub.S) for the previous interval (n - T.sub.S),
      wherein T.sub.S is a sampling interval; and
PA1  means for providing a representation of the second intermediate error
      E.sub.O (n) for the interval n in accordance with the following equation:
EQU  E.sub.O (n) = K.sub.S E.sub.I (n) + E.sub.O (n - T.sub.S)
PAL  where K.sub.S is a power generating gain factor of the given system.
NUM  53.
PAR  53. The system as claimed in claim 52, wherein said calculation means
      further includes:
PA1  storage means for storing and providing a representation of the weighted
      average system power generating error E.sub.S (n - T.sub.S) for the
      previous interval (n - T.sub.S) and the time rate of change of the system
      power generating error E.sub.S (n - T.sub.S) for the previous interval (n
      - T.sub.S); and
PA1  means for calculating the weighted average system power generating error
      E.sub.S (n) for the interval n in accordance with the following equation:
EQU  E.sub.S (n) = (1 -.alpha.) [E.sub.S (n - T.sub.S) + T.sub.S E.sub.S (n -
      T.sub.S)] + .alpha.E.sub.O (n)
PAL  where .alpha. is a weighting coefficient.
NUM  54.
PAR  54. The system as claimed in claim 53, wherein said calculation means
      further includes:
PA1  means for calculating the time rate of change of the system power
      generating error E.sub.S (n) for the interval n in accordance with the
      following equation:
      ##EQU7##
      where .beta. is a weighting coefficient.
NUM  55.
PAR  55. The system as claimed in claim 54, wherein said calculation means
      further includes:
PA1  means for calculating the anticipated system power generating error E.sub.S
      (n + T.sub.P) in accordance with the following equation:
EQU  E.sub.S (n + T.sub.P) = E.sub.S (n) + T.sub.P E.sub.S (n)
PAL  where T.sub.P is an anticipatory interval.
NUM  56.
PAR  56. The system as claimed in claim 55, wherein said calculation means
      further includes:
PA1  means for calculating the values of .alpha. and .beta. to solve the
      following equations:
      ##EQU8##
      to critically damper the power generation of this system and to minimize
      system noise.
NUM  57.
PAR  57. The system as claimed in claim 55, wherein said unit control means
      further includes:
PA1  means for storing and providing representations of the desired power
      generating output Base.sub.i for each generating unit and of the
      percentage (%) of participation of each of the generating units in a
      demanded incremental change of system power; and
PA1  means for calculating the power demanded of each generating unit for the
      interval n in accordance with the following equation:
EQU  P.sub.Di (n) = E.sub.S (n + T.sub.P) (%).sub.i + Base .sub.i (n)
NUM  58.
PAR  58. The system as claimed in claim 57, wherein said unit control means
      further includes:
PA1  means for calculating in accordance with an economic dispatch program
      values of Base.sub.i (n) for each of the generating units such that the
      incremental cost of power generation of each generating unit is
      approximately equal.
NUM  59.
PAR  59. The system as claimed in claim 57, wherein the plurality of generating
      units is disposed within a network interconnecting the plurality of
      generating units to a load, said unit control means further including:
PA1  means for calculating values of base power output Base.sub.i (n) for each
      generating unit in accordance with a set of penalty factors indicative of
      the power loss due to its transmission from one of the generating units
      through a portion of the interconnecting network to the load.
NUM  60.
PAR  60. The system as claimed in claim 57, wherein said unit control means
      further includes:
PA1  means for calculating an instantaneous error E(n) for each generating unit
      for the interval n in accordance with the following equation:
EQU  E(n) = K[P.sub.D (n) - P.sub.A (n)]
PAL  where K is a factor indicative of the power generation gain of that
      generating unit.
NUM  61.
PAR  61. The system as claimed in claim 60, wherein said unit control means
      further includes:
PA1  storage means for storing and providing representations of the weighted
      average power generating error E.sub.Q (n - T.sub.S) of each generating
      unit for the previous interval (n - T.sub.S), and the time rate of change
      of the power generating error E.sub.Q (n - T.sub.S) of each generating
      unit for the previous interval (n - T.sub.S); and
PA1  means for calculating the weighted average power generating error E.sub.Q
      (n) of each generating unit for the interval n in accordance with the
      following equation:
EQU  E.sub.Q (n) = (1 - .alpha. ) [E.sub.Q (n - T.sub.S) + T.sub.S E.sub.Q (n -
      T.sub.S)] + .alpha. E(n)
PAL  where .alpha. is a weighting coefficient.
NUM  62.
PAR  62. The system as claimed in claim 61, wherein said unit control means
      further includes:
PA1  means for calculating the time rate of change of the power generating error
      E.sub.Q (n) of each generating unit for the interval n in accordance with
      the following equation:
      ##EQU9##
      where .beta. is a weighting coefficient.
NUM  63.
PAR  63. The system as claimed in claim 62, wherein said unit control means
      further includes:
PA1  means for calculating the anticipated system power generating error E.sub.Q
      (n + T.sub.P) of each generating unit for the interval (n + T.sub.P) in
      accordance with the following equation:
EQU  E.sub.Q (n + T.sub.P) = E.sub.Q (n) + T.sub.P E.sub.Q (n)
PAL  where T.sub.P is an anticipatory interval.
NUM  64.
PAR  64. The system as claimed in claim 63, wherein there is included alarm
      means responsive to the anticipated system power generating error E.sub.S
      (n + T.sub.P) and the anticipated power generating error E.sub.Q (n +
      T.sub.P) of each generating unit to provide an alarm signal indicative of
      the condition where the power generating reserve of the given system is
      inadequate to meet the anticipated power demands on the given system
      and/or on one or more of the generating units.
NUM  65.
PAR  65. The system as claimed in claim 63, wherein the anticipatory interval
      T.sub.P is greater than the sampling interval T.sub.S.
NUM  66.
PAR  66. The system as claimed in claim 63, wherein said unit control means
      includes:
PA1  means for storing and providing representations of the permissible loading
      and unloading rates of each of the generating units; and
PA1  comparison means for comparing for each generating unit its anticipated
      power generating error E.sub.Q (n + T.sub.P) and the stored values of its
      loading and unloading rates to prevent said unit control means from
      loading or unloading a generating unit at a rate greater than its
      permissible loading and unloading rates.
NUM  67.
PAR  67. The system as claimed in claim 62, wherein said unit control means
      further includes:
PA1  storage means for storing and providing representations of the rate limit
      of change of power generation of each of the generating units;
PA1  comparison means for comparing the calculated time rate of change of power
      generation E.sub.Q (n) of each generating unit for the interval n with the
      stored rate limit for each generating unit, to prevent said unit control
      means from causing a rate change of power of a generating unit greater
      than its rate limit.
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ABST
PAL  A system for automatically producing pellets, and more particularly feed
      pellets from a milled material. A mixture of milled material of a selected
      composition is fed to a pellet producing means. The moisture content of
      the material as it enters the pellet producing means is automatically
      controlled within prescribed limits as is the feed rate of the material
      into the producing means, such that there can be no increase in the feed
      rate unless prescribed moisture conditions are satisfied. Further control
      means control the feed rate of the material in accordance with prescribed
      load conditions on the producing means and establish an automatic
      sequencing of various controlled parameters when an overload condition
      occurs to prevent damage to the system, relieve the overload condition,
      and restart the system.
PAL  Once the system is activated, operation is completely automatic to
      establish optimum conditions for maximum productivity, pellet quality, and
      system life.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Basically, most feed pellet producing systems include a bin for containing
      a source of material from which the pellets are to be made, a
      mixer/conditioner where selected amounts of heat and moisture are added to
      the material as it is fed from the bin, and a pellet producing means such
      as a die into which the material is fed from the mixer/conditioner.
      Suitable means, such as augers, chutes, and the like, are provided to move
      the material from the bin, through the conditioner, and into the producing
      means at selected rates. Also included in most such systems are sources of
      heat and moisture and means for selectively supplying them to the
      mixer/conditioner for proper mixing with the material.
PAR  The pellet producing means is operated by an electric motor which
      presently, for example, may be from 25 to 300 horsepower. By way of
      example, a die-type pellet producing means consists of a large hollow
      cylinder with a large number of radial holes through its wall, and a
      plurality of rollers mounted within the cylinder in contact with its
      inside wall. As the cylinder rotates, by means of the electric motor,
      thereby imparting rotation to the rollers, and as the material is fed into
      the cylinder, the interaction of the rotating cylinder with the rotating
      rollers compresses and forces the material through the holes to form
      solid, worm-like masses which are severed as they are formed to produce
      pellets.
PAR  The load on the producing means, and hence the productivity and efficiency
      of the system, is dependent on several factors as is the quality of
      pellets produced.
PAR  First, load is, of course, dependent in a direct relationship on the rate
      at which milled material is fed to the producing means; the faster the
      feed rate, the greater the load.
PAR  Second, load is dependent on the composition of the milled material and its
      temperature and moisture content as it is fed into the producing means.
      These factors also have a great effect on pellet quality. It has also been
      found that for a given animal feed formulation there is a temperature and
      moisture content of the material at the pellet producing means for optimum
      pelleting.
PAR  These are numerous ingredients commonly used to compose animal feed
      materials for use in pelleting. The following are given by way of example
      as being among them:
PA1  1. (Water Insoluble)
PA2  Wheat Bran
PA2  Wheat Midds
PA2  Gluten Feed
PA2  Brewer's Grain
PA2  Distiller's Grain
PA2  Hominy Fibers: Soybean Hulls, Cottonseed Hulls, Alfalfa, Malt Hulls, Etc.
PA1  2. (Water Soluble)
PA2  Urea
PA2  Milk
PA2  Sugar
PA2  minerals
PA1  3.
PA2  Corn
PA2  Milo Maize
PAL  These are given as examples. Many other ingredients could be included so
      that the possible animal feed formulations are numerous. But, for each
      such formulation, there is a temperature and moisture content of the
      material at the pellet producing means for optimum production and quality.
      A more complete discussion on the control of temperature and moisture to
      improve the quality and quantity of pellet production is contained in U.S.
      Pat. No. 3,573,924.
PAR  Hence, it has heretofore been recognized that temperature and moisture
      content are critical for the high quality and quantity production of
      pellets including proper loading of the producing means. With prior art
      systems the parameters such as feed rate and temperature and moisture
      content of the material have been controlled manually, or at best with the
      aid of an automatic control on one or more of the parameters
      independently. The result has been inefficient and often poor quality
      pellet production caused by the ineptness of the operator, his inability
      to act quickly enough as the conditions in the system change, or his
      unwillingness to continually monitor the system. Often overloads occur on
      the producing means requiring a shutdown of the motor and causing a severe
      clogging of the producing means that may take hours to remove. Such
      shutdowns are costly and aggravating, and to avoid them it is common
      practice to operate the system at a greatly reduced capacity.
PAR  While the solutions of these problems have not heretofore been found, the
      automatic system of this invention overcomes these problems to provide a
      system that greatly increases the quality and production of pellets, and
      increases the life of the producing means by providing optimum operating
      efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  The automatic pellet producing system of this invention generally comprises
      a bin for storing a milled material in meal form and of a selected
      composition, a mixer/conditioner for adding selected amounts of heat and
      moisture to the material, a pellet producing means, and means for feeding
      the material from the bin, through the mixer/conditioner, and into the
      producing means. This system also includes a suitable source of steam and
      means for supplying the steam to the mixer/conditioner for heating and/or
      moistening the material.
PAR  In a preferred embodiment of the invention, the steam source includes both
      low and high pressure steam which may be independently selected, and the
      mixer/conditioner includes means for using the steam to add dry heat to
      the material such as for preheating, and means for adding live steam
      directly into the material to increase its moisture and temperature
      content. In the preferred embodiment, the conditioner includes a steam
      jacket surrounding the chambers of the mixer/conditioner through which the
      material moves, into which steam jacket is supplied steam to provide dry
      heat to the material. Also provided are means to supply live steam
      directly into the chambers to thereby increase the moisture content of the
      material as well as the heat content. The mixer/conditioner also includes
      a mixing means in the chambers to insure thorough mixing of the steam with
      the material.
PAR  The system further comprises an automatic control means for controlling the
      moisture content of the material as it is fed into the producing means,
      the feed rate of the material into the producing means, the load on the
      producing means, and the interrelationships of these parameters during all
      phases of system operation.
PAR  More specifically, the automatic control means comprises means for
      controlling the moisture content and temperature of the material as it
      enters the producing means. In a preferred embodiment of the invention
      this is achieved by sensing the temperature of the material prior to
      entering the mixer/conditioner, sensing the temperature of the material as
      it enters the producing means, and maintaining the difference in these
      temperatures (.DELTA.T) to within a prescribed range by controlling the
      supply of steam to the mixer/conditioner accordingly. This makes use of
      the fact that with steam of a selected quality, a given rise in
      temperature by the direct application of live steam to the material,
      increases the moisture content of the material by a given amount. For
      example, with application of steam at 100 p.s.i., it has been found that a
      20.degree. rise in the temperature of the milled material produces a 1
      percent increase in moisture content of the milled material. Hence, by
      measuring the temperature and moisture content of the material prior to
      entering the mixer/conditioner and by knowing the optimum temperature and
      moisture content for proper pelleting at the producing means for a given
      material composition, a .DELTA.T can be calculated to achieve the optimum
      conditions, provided this .DELTA.T is attained with the selected
      applications of live steam directly to the material as well as dry heat or
      either separately. Additionally, there may be circumstances, such as where
      the moisture content of the material is initially quite low, where raw
      water, liquid molasses, or other sources of moisture are added as well.
      Therefore, the control of .DELTA.T is a convenient way to control the
      temperature and moisture content of the material as it enters the
      producing means. With the combined use of dry heat and the steam of
      selected quality directly in the chambers of the mixer/conditioner, the
      proper moisture and temperature can be maintained.
PAR  The automatic control means further comprises means for selecting a normal
      operating load range for the producing means, and means for controlling
      the feed rate of the material into the producing means as a function of
      the load. Of primary importance, the control system interrelates these
      controlled parameters under the various operating conditions. Thus, means
      are provided for automatically insuring that proper moisture conditions
      exist with the material before allowing an increase in feed rate
      irrespective of load.
PAR  Of further primary importance, the control system automatically senses an
      overload condition and makes the necessary corrections to eliminate it.
      Hence, means are provided for sensing an overload condition, and for
      shutting off the steam supply and the feed drive which feeds the material
      to the producing means when an overload condition is sensed. Also in
      response to the overload condition, the system is automatically adjusted
      such that when the overload condition is relieved, the system begins
      operation at a lower feed rate and with a lesser amount of steam supplied
      to the material than under the previous operating conditions. Means are
      provided for automatically increasing the feed rate in selected increments
      to satisfy the selected load range, both at initial start-up of the system
      and just after an overload has been relieved, but only after first
      satisfying the moisture content requirements.
PAR  Should the overload condition persist for a prescribed duration, the
      control system includes means for automatically shutting down other
      functions of the system and for opening the chute to the pellet producing
      means to further relieve the load.
PAR  Hence, it is a primary object of this invention to provide a pellet
      producing system that operates automatically in its various operating
      conditions to insure optimum quality and production of pellets. This and
      other objects of the invention will become apparent from the drawing and
      detailed description to follow.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a general schematic diagram showing an entire system of this
      invention; and
PAR  FIGS. 2 and 3 are electrical schematic diagrams of the automatic control
      portion of this invention for controlling a pelleting apparatus.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the drawing there is shown a general schematic
      diagram of an entire system of this invention. There is shown a bin 10 for
      holding a supply of material from which pellets are to be made. In the
      case of feed pellets, the material is preferably in milled form and is
      composed from any of a great variety of animal feed formulations including
      the numerous ones most commonly used in the art. The milled material is
      fed by means of an appropriate feed screw 11, auger, gravimetric feeder,
      or the like into a mixer/conditioner 12 having a first stage 13 and a
      second stage 14, each of which have steam jackets 15 and 16, respectively.
      The feed screw 11 is operated, or made to rotate, by means of a variable
      speed feed screw motor 18. Each mixer/conditioner section includes
      rotating paddles or the like to agitate and add turbulence to the material
      for purposes to be described as the material moves therethrough. A motor
      20 operates the agitator for stage 13, and a motor 21 operates the
      agitator for stage 14 of the mixer/conditioner.
PAR  From the mixer/conditioner 12, the material is fed down a chute 24 and into
      a pellet mill or pellet producing means 25. The pellet mill 25 might for
      example be of the die type and comprise a rotating cylinder with radial
      holes therein and rollers mounted within the cylinder as described above
      under Background of the Invention. The material is fed into the cylinder,
      and, by interaction of the cylinder and rollers, is forced through the
      holes in the cylinder and severed to form pellets. The die, or pellet
      mill, is operated by a relatively high horsepower electric motor 27 which
      might, for example, be from 25 to 300 horsepower. After severing, the
      pellets fall through an opening 28 at the bottom of the mill 25. The chute
      24 has a lower section 30 hinged at 31 to an upper portion 32 located at
      the outlet of the mixer/conditioner, which lower portion 30 is pivotally
      connected at 34 to the piston 35 of an electrically actuated pneumatic
      cylinder 36 for purposes to be described.
PAR  A source of steam is supplied through a steam line 40, a control valve 41,
      a line 42, and a line 43 to the steam jacket 15 of the mixer/conditioner
      stage 13, and is also fed from the line 42 through a line 44 to the steam
      jacket 16 of the mixer/conditioner stage 14. In this described embodiment
      the supply of steam to the steam jackets 15 and 16 is set manually to
      supply a constant amount of heat to the chambers of the mixer/conditioner
      sections and thereby supply a constant amount of dry heat to the material
      as it travels through the mixer/conditioner.
PAR  The system also includes means for supplying live steam directly into the
      chamber of the mixer/conditioner 12 for adding moisture to the material as
      it moves therethrough. This comprises a source of low pressure steam,
      preferably at 15 p.s.i., which is fed through a line 50, a line 51, a
      control valve 52, a line 53, a pressure regulator 54, a line 55, a line
      56, a modulating steam flow control valve and motor 57, a line 58, a line
      59, and a steam header and nozzles 60 and into the chamber of the
      mixer/conditioner section 13. The steam is also fed from the line 58
      through a line 62 and a rotary joint 63 to heat the hollow shaft of the
      mixer/conditioner. The source of steam is also fed from the line 50
      through a line 65 and into a separator 66. The purpose of the separator is
      to separate liquid water from the steam thereby insuring good quality
      steam for mixing with the material. The water drains from the bottom 67 of
      the separator 66, and the steam is fed through a line 68, a control valve
      69, and a line 70. From there it is fed into the line 56 and ultimately
      through the nozzles 60 and 63 as with the wet steam.
PAR  In this preferred embodiment of the invention, only one type of steam,
      either low pressure or high pressure steam, is used at a time, and
      therefore only one of the control valves 52 or 69 is open at a time.
      Hence, if the valve 52 is open and the valve 69 closed, low pressure steam
      is supplied to the chambers of the mixer/conditioner, and if the valve 69
      is open and the valve 52 closed, high pressure steam is supplied to the
      chambers. Whether low or high pressure steam is used depends on the
      composition of the material and the desired moisture content and
      temperature of the material as it enters the pellet mill 25. In this
      described embodiment, the low pressure steam at the output of the
      regulator 54 is at 15 p.s.i., and the high pressure steam at the output of
      the valve 69 is at 100 p.s.i. Hence, with the proper combination of either
      low or high pressure steam fed directly into the chambers of the
      mixer/conditioner to be thoroughly mixed with the milled material,
      together with the proper amount of steam supplied to the steam jackets 15
      and 16 to add dry heat to the material as it travels through the
      mixer/conditioner, the proper amount of moisture, temperature, and
      turbulence can be added to the material as it passes from the bin 10 such
      that its moisture content and temperature upon entering the pellet mill 25
      is optimum for maximum pellet quality. Maximum pellet production for a
      given load generally also exists.
PAR  Since the load on the pellet mill 25, and therefore the motor 27, is
      related to the feed rate of the material from the bin 10 to the pellet
      mill 25, which in turn is related to the speed of the feed screw and feed
      screw motor 18, and since the pellet mill load is further related to the
      temperature and moisture content of the material as it enters the pellet
      mill, each of these parameters, and the relationships between them, must
      be controlled for optimum pelleting. This invention provides a system for
      controlling these parameters and relationships automatically as will be
      described.
PAR  It is common in the production of feed pellets to add a liquid ingredient,
      such as liquid molasses as a source of water and for palatability, to the
      material as it moves from the bin 10 into the mixer/conditioner 12. Hence,
      there is shown a tank 75 for storing a supply of liquid ingredients, such
      as molasses, which is pumped by means of a pump 76 from an outlet in the
      tank through a line 77, a line 78, flow meter 79 having combined therewith
      a tachometer generator 80, through a line 81, a valve 82 having an
      electrically operated motor and gear train 83 combined therewith for
      operating the valve 82, and through a line 85, to the input of an
      electrically operated diverter valve 88. The valve 88 has one output
      connected by a line 90 to one input of a Y connector 92, the output of
      which is connected by a line 93 to a suitable nozzle located within, and
      at the input of, the chamber of the mixer/conditioner section 13. The
      other input of the Y connector 92 is connected by a line 95, a control
      valve 96, and a line 97 to a suitable source of steam (not shown).
PAR  The liquid ingredient in the line 78 at the output of the pump 76 is also
      fed through a line 100, a back pressure valve 101, a line 102, and a line
      103 to the input of the tank 75. A second output of the diverter valve 88
      is connected by a line 105 to the line 103 connected to the input of the
      tank 75.
PAR  Generally, under normal operation, and assuming it is desired to mix a
      certain amount of liquid ingredient to the material as it enters the
      mixer/conditioner 12, the liquid is pumped from the tank 75 through the
      diverter valve 88 and the line 90 into the Y connector 92. At the same
      time steam is fed through the valve 96 to the Y connector 92 to mix with
      the liquid causing great turbulence and an elevation of temperature in the
      liquid as it is fed through the line 93 and into the input of the chamber
      of the mixer/conditioner section 13. This turbulence produces a more
      thorough mixing of the liquid with the milled material as it is fed into
      the mixer/conditioner, which mixing is further completed by the agitation
      (turbulence) of the material within the chambers of the mixer/conditioner
      as dry heat and live steam are added to increase the temperature and
      moisture content of the material. Of course, the amount of liquid
      ingredient added to the material at the input of the mixer/conditioner
      affects the amount of live steam that must be added to the material in the
      mixer/conditioner to attain the optimum moisture content at the pellet
      mill 25.
PAR  The automatic control system, and the parameters it controls, will first be
      generally described with reference to FIG. 1. The system of this described
      embodiment makes use of the fact that for a given material composition
      there is an optimum temperature and moisture content for the material as
      it enters the pellet mill 25. By knowing this temperature and moisture
      content, by knowing the temperature and moisture content of the material
      in the bin, and by knowing the amount of moisture added to the material
      with liquid ingredient (if used) as it enters the mixer/conditioner, and
      further by properly selecting the amount of dry heat added to the material
      as it passes through the mixer/conditioner, and by applying steam of known
      quality directly into the mixer/conditioner chambers to mix with the
      material, then a differential in temperature between the temperature of
      the material at the bin and the temperature of the material at the pellet
      mill can be selected that will give optimum pelleting. Hence, the proper
      moisture content of the material can be maintained at the pellet mill by
      maintaining a proper differential in temperature between the material at
      the bin and the material at the pellet mill.
PAR  A temperature sensor 106 senses the temperature of the material at the bin
      10 and feeds a signal representing that temperature through a conductor
      cable 107 to one input of the indicating needle of a dual set point meter
      108, and another temperature sensor 109 senses the temperature of the
      material as it enters the pellet mill 25 and sends a signal representing
      that temperature through a conductor cable 110 to a second input of the
      indicating needle of meter 108. The meter 108 has a lower limit set
      pointer 113, an upper limit set pointer 114, and an indicating needle 115.
      It is of a standard type, commonly known in the art, which indicates by
      appropriate signals at its outputs whether the indicating needle 115 is
      below, between, or above the pointers 113 and 114. The meter 108 also
      includes appropriate means for calibration, and by its needle 115, reads
      the temperature differential (.DELTA.T) between the temperature sensed by
      the sensor 109 and the temperature sensed by the sensor 106. The lower
      limit output 113 from the meter 108 is connected by a conductor 116 to an
      input of an automatic control and antibacklash system 117, another input
      of which is connected by a conductor 118 to the upper limit output 114 of
      the meter 108. The network 117 has an output connected by a conductor
      cable 120 to the modulating steam valve and motor 57.
PAR  The network 117 is fully described in U.S. Pat. No. 3,707,978, incorporated
      herein by reference, and is such that a signal at its input 116,
      indicating that the needle 115 has dropped below the pointer 113, produces
      pulse-type signals at the output conductor cable 120 to incrementally move
      the valve 57, toward its open position; and, upon receiving a signal on
      its input conductor 118 indicating that the needle 115 has moved above the
      pointer 114, produces signals on the output conductor 120 to incrementally
      move the valve 57 toward its closed position. When the needle 115 is
      between the pointers 113 and 114, no signal is generated on the conductor
      cable 120 and the valve 57 remains unchanged. The network 117 also
      generates an antibacklash signal on the conductor cable 120 whenever the
      needle 115 moves across both pointers 113 and 114 to quickly remove any
      mechanical backlash in the valve and motor assembly 57 which is usually
      present when the valve and motor change directions in order to maintain
      proper control. The only time a change in direction occurs is where the
      needle 115 moves from below the pointer 113 to above the pointer 114 or
      from above the pointer 114 to below the pointer 113, as otherwise the
      motor and valve 57 continue to operate in the same direction to make the
      necessary corrections. All of this is fully described in U.S. Pat. No.
      3,707,978.
PAR  The control system also includes another meter 125 having a needle 126 and
      lower and upper set points 127 and 128, respectively. The input of the
      meter 125 is connected by a conductor cable 130 to transducer (control
      transformer) 132. Transducer 132 is magnetically coupled to the motor 27,
      so that the conductor cable 130 carries a signal representing the load on
      the motor 27. The meter 125 is very similar to the meter 112, but is
      calibrated such that the needle 126 reads in percent pellet mill load as
      represented by the signal on the conductor 130. The pointer 127 is set to
      an operating load for the system, and the pointer 128 is set to an
      overload position. The meter 125 has a lower set point output connected by
      a conductor 183 to one input of a load control network 140 to be
      hereinafter described in more detail, and an upper set point output
      connected by a conductor 142 to another input of the network 140.
PAR  When the needle 115 of the meter 112 is between the set points 113 and 114,
      the network 117 generates an enable signal at an output which is fed
      through a conductor 144 to another input of the network 140. If a signal
      appears on the conductor 138 indicating that the needle 126 is at or below
      the set pointer 127 of the meter 125, and if an enable signal is generated
      by the network 117, the network 140 generates a speed control signal which
      is fed through a conductor 146 to a motor 147. The motor 147 mechanically
      drives a speed pot 148 which generates a signal through a conductor cable
      149 to inputs of an SCR drive 150. The output of the SCR drive 150 is
      connected by conductor cable 152 to the feed screw motor 18. The speed
      control signal on the conductor 146 is such as to cause the motor 147 to
      drive the speed pot 148 in a direction to increase the speed of the feed
      screw motor 18, thereby increasing the speed of the feed screw which is
      feeding material from the bin to the pellet mill. This increases the load
      on the pellet mill motor 27 thereby causing the needle 126 to move
      upscale. The speed of the feed screw motor 18 will continue to increase
      until the needle 126 moves above the lower set pointer 127 or until the
      enable signal on the conductor 144 is removed as will be more fully
      described.
PAR  Should the load on the motor 27 increase to where the needle 126 moves
      above the upper set pointer 128, a signal appears on the conductor 142 to
      the network 140. When this occurs, the network 140 generates an overload
      stop signal at an output which is fed through a conductor cable 155 to
      another input of the SCR drive 150 causing the feed screw motor 18 to
      stop. The network 140 also generates an overload off signal at an output
      which is fed through a conductor 157, a conductor 158, a switch 159, a
      conductor 160, and a conductor 161 to the control valve 96 immediately
      shutting off the valve 96, thereby shutting off the supply of steam to the
      liquid ingredient. The signal on the conductor 160 is also fed through a
      conductor 162 to the diverter valve 88 immediately causing the valve 88 to
      divert the flow of liquid ingredient to the output liquid line 105 and
      back into the tank 75, thus cutting off the supply of liquid ingredient to
      the material at the mixer/conditioner 12. The signal on the conductor 157
      is also fed through a conductor 165 to the wiper arm of a single-pole,
      double-throw, center-off steam select switch 166. One pole of the switch
      166 is connected by a conductor 167 to the low pressure steam control
      valve 52, and the other pole of the switch 166 is connected by a conductor
      168 to the high pressure steam control valve 69. Depending on the position
      of the switch 166, which in turn depends on which type of steam (low or
      high pressure) is being used, the valve 52 or 69 as appropriate, is
      immediately closed to cut off the supply of live steam to the chambers of
      the mixer/conditioner 12.
PAR  Also when this overload condition occurs (where the needle 126 is at or
      above the pointer 128 of the meter 125), a back pedal signal is generated
      at an output of the network 140 which is fed through a conductor 170 to
      another input of the motor 147 causing the motor 147 to decrease the speed
      pot 148 an amount dependent on the duration of the back pedal signal for
      reasons which will be more fully explained. The network 140 also generates
      a signal which is fed through a conductor 172 to an input of the network
      117 and which, as will be more fully described, causes the modulating
      valve 57 to close an amount dependent on the duration of the back pedal
      signal.
PAR  If the overload condition persists for a prescribed duration, a signal is
      generated at an output of the load control network 140 which is fed
      through a conductor 175 and the conductor 176 to actuate the cylinder 36
      and open the chute section 30 to dump the material. The alarm signal on
      the conductor 175 is also fed through a conductor 178 and a conductor 179
      to the motor 21 to stop the mixing paddles in the mixer/conditioner
      section 14, and through a conductor 180 to the motor 20 to stop the mixing
      paddles in the mixer/conditioner section 13.
PAR  Also included is a control for automatically maintaining a constant
      percentage of liquid ingredient from the tank 75 in the material
      irrespective of the feed rate of the material. It can be seen that as the
      feed rate of the material increases, the addition rate of liquid
      ingredient must be increased appropriately to maintain a constant liquid
      percentage. Conversely, a decrease in feed rate requires a decrease in the
      rate at which liquid ingredient is added.
PAR  Thus, a tach generator 185 is mechanically connected to the shaft of the
      feed screw motor 18 to generate signals at its output representative of
      the feed rate of the material. These signals are fed through a conductor
      186 to one input of a ratio network 187. The network 187 has another input
      connected by a conductor 189 to the output of the tach generator 80 which
      produces signals on the conductor 180 representative of the rate of flow
      of liquid ingredient to the material. The network 187 has an output
      connected by conductors 190 to the input of a null meter 191. The null
      meter 191 has a needle 192 and lower and upper set pointers 193 and 194,
      respectively, and operates such that the needle 192 moves to a position
      such that the meter circuit seeks a null condition in accordance with the
      signals appearing on the conductors 190. The signals on the conductors 190
      in turn depend on the relative signals at the inputs 186 and 189 of the
      ratio network 187. The null meter 191 has a lower limit output connected
      by a conductor 196 to one input of an automatic control and antibacklash
      network 197, and has an upper limit output connected by a conductor 198 to
      another input to the network 197. The network 197 has an output connected
      by a conductor cable 200 to the motor and gear train assembly 83 of the
      control valve 82 in the liquid ingredient line.
PAR  The network 197, like the network 117, is fully disclosed in U.S. Pat. No.
      3,707,978, incorporated herein by reference, and which has previously been
      described generally with respect to the network 117. Thus the network 197
      is such that when the needle 192 drops to or below the pointer 193 a
      signal is fed through the conductor 196 to one input of the network 197
      causing pulse signals to be generated at its output and fed through the
      conductor 200 so as to incrementally open the valve 82. When the needle
      192 moves to or above the set pointer 194, a signal is fed through the
      conductor 198 to the other input of the network 197 causing pulse signals
      to be generated at its output which are fed through the conductor 200 to
      incrementally close the valve 82 in the manner set forth in U.S. Pat. No.
      3,707,978. The network 197 also includes the antibacklash capability
      described in that patent and previously referred to with respect to the
      network 117.
PAR  In operation of the liquid proportioning control, the set pointers 193 and
      194 are set to maintain the null and thus liquid percentage within
      prescribed limits. As long as the needle 192 is between the pointers 193
      and 194, there is no signal generated from the network 197 and the valve
      82 remains unchanged to supply a constant amount of liquid to the
      material. However, if any change occurs in either the flow rate of the
      liquid as measured by the tach generator 80 or the feed rate of the
      material as measured by the tach generator 185, these conditions will be
      reflected by the relative signals on the input conductors 186 and 189 to
      the ratio network 187, which in turn will be reflected by the signals on
      the conductors 190 causing the needle 192 to move up or down. Obviously,
      if either the feed rate of the material increases or the flow rate of the
      liquid decreases, the needle 192 will drop, and if the feed rate of the
      material decreases or the flow rate of the liquid increases, the needle
      192 will rise. If the needle 192 drops below the pointer 193, the network
      197 produces a signal to incrementally open the valve 82 until the needle
      192 again moves upward to a position between the set pointers. If the
      needle 192 moves above the pointer 194, the network 197 generates a signal
      to incrementally close the valve 82 until the needle is back between the
      set pointers. In this manner a constant percent of liquid ingredient 75
      can be maintained in the material.
PAR  The .DELTA. T and load control systems will now be described in more detail
      with reference to FIGS. 2 and 3.
PAR  Referring to FIG. 2, the temperature sensor 106 located at the bin 10, is
      connected by means of conductors 205 and 206 to the terminals 207 and 208
      of a bridge network 209. A resistor 210 is connected between the terminal
      208 and a terminal 211, and a variable resistor 212 is connected between
      the terminal 211 and a terminal 213. The temperature sensor 109, located
      at the chute 24 into the pellet mill 25, is connected by conductors 215
      and 216 to the terminals 213 and 207, respectively. An appropriate bridge
      excitation voltage is applied through conductors 218 and 219 across the
      terminals 107 and 211, respectively. The output of the network 209 is
      taken off the terminals 208 and 213 and fed through conductors 221 and
      222, respectively, to the inputs of the meter 108.
PAR  As previously explained with respect to FIG. 1, the outputs of the meter
      108 are fed through conductors 116 and 118 to inputs of the automatic
      control and antibacklash netowrk 117 which is of a type previously
      described. The meter 108, as indicated by its needle 115 indicates a
      difference in temperature (.DELTA.T) represented by the signals on the
      conductors 221 and 222 which in turn depend on the temperatures sensed by
      the sensors 106 and 109. Should .DELTA.T drop indicating an inadequate
      moisture content of the material at the pellet mill 25, such that the
      needle 115 drops to or below the pointer 113, a signal is generated
      through the conductor 116 to the network 117 causing a series of short
      pulse signals to be generated at an output condutor 225. These signals are
      fed through an OR gate 226 and a condutor 227 to the input of a triac A.C.
      switch 228 causing the switch to close with each pulse. The switch 229 has
      an output connected by a conductor 230 to one winding of a motor 231,
      which is mechanically connected through a gear train 232 to the valve 57,
      such that turning of the motor in one direction opens the valve and
      turning of the motor in the opposite direction closes the valve. Each time
      a pulse occurs at the input of the triac switch 229, the conductor 230 is
      grounded applying A.C. power through a winding of the motor which causes
      the motor to turn in a direction to close the valve 57.
PAR  The OR gate 226 has another input connected by the conductor 172 to the
      load control network 140 in a manner to be described.
PAR  If the needle 115 should move to or above the set pointer 114, a signal is
      fed through the conductor 118 to another input of the network 117 which
      produces a series of short pulses at an output conductor 235 which are fed
      to the input of another triac switch 236 which is identical to the switch
      229. The output of the switch 236 is connected by a conductor 237 to
      another winding of the motor 231 which when energized with A.C. power
      causes the motor 231 to turn in a direction to open the valve 57. Thus, a
      signal at the output conductor 225 closes the valve 57 and a signal at the
      output conductor 235 opens the valve 57.
PAR  When, and only when, the needle 115 is between the pointers 113 and 114,
      the enable signal is generated at the output of the network 117 which is
      fed through the conductor 144 to the load control network 140 to be more
      fully described.
PAR  To assist in relating the network described in U.S. Pat. No. 3,707,978 to
      the network 117 shown in FIG. 2, the conductor 116 here corresponds to the
      conductor 55 of the patent, the conductor 225 here corresponds to the
      conductor 130 of the patent, the conductor 235 here corresponds to the
      conductor 135 of the patent, and the signal on the conductor 144 here is
      the same signal that appears on the conductor 106 of the patent.
PAR  Hence, under normal operating conditions, the network of FIG. 2
      automatically operates the modulating steam valve 57 to supply the proper
      quantity of live steam to the mixer/conditioner 12 for mixing with the
      material so as to maintain the temperature differential (.DELTA.T) within
      the prescribed limits set by the set pointers 113 and 114.
PAR  The load control network 140 will now be described in more detail with
      reference to FIG. 3. At the outset it should be noted that there is shown
      in FIG. 3 a relay coil 245 which, when excited, opens the low pressure
      steam valve 52, a relay coil 246 which, when excited, opens the high
      pressure steam valve 69, and a relay coil 247 which, when excited,
      operates the diverter valve 88 to deliver the liquid ingredient to the
      material and opens the steam valve 96. There is also a relay coil 248
      which, when excited, operates the piston 36 to open the chute portion 30
      and dump the material and also turns off the mixer/conditioner motors 20
      and 21.
PAR  As heretofore described with reference to FIG. 1, the load meter 125
      receives a signal at its input conductor cable 130 respresenting the load
      on the pellet mill motor 27, which load is indicated by the reading of the
      needle 126. When the indicating needle 126 of the meter 125 moves upscale
      to a position adjacent the upper limit pointer 128 or above, a signal is
      fed through the output conductor 142, a preamp network 250, where the
      signal is amplified, and a conductor 251, to the input of a Schmidt
      trigger 252. When the indicating needle 126 moves downscale to a position
      adjacent the lower limit pointer 127 or lower, a signal is fed through the
      conductor 138, a preamp network 254 of the same type as the preamp network
      250, and a conductor 255 to the input of another Schmidt trigger 256.
      Although the signal on either the output conductor 142 or 138 from the
      meter 125 appears very quickly, it nevertheless has a finite slope. The
      Schmidt triggers 252 and 256 sense when the output signals from the
      preamps 250 and 254, respectively, reach a certain level and immediately
      produce at their output a 1 level signal. The outputs of the Schmidt
      triggers 252 and 256 go from a 0 level to a 1 level in a matter of only a
      few nanoseconds, so as to effectively sharpen the signal at the outputs of
      the preamps 250 and 254 for use in the network logic.
PAR  The output of the Schmidt trigger 252 is connected through a conductor 258
      to one input of an AND gate 260. The AND gate 260 has another input
      connected by a conductor 261 and a conductor 262 to the normally open
      terminal 263 of a triple-pole, double-throw switch 164 having wiper arms
      265 and 266 connected to ground, and another wiper arm 267 connected in a
      manner to be described. The output from the Schmidt trigger 256 is
      connected through a conductor 270 to one input of an AND gate 271 having
      another input connected by a conductor 272 and the conductor 262 to the
      normally open terminal 263 of the switch 264. The output from the AND gate
      260 is connected through a conductor 275, a conductor 276, an inverter 277
      and a conductor 278 to one input of an AND gate 280. The output from the
      AND gate 271 is connected through a conductor 282, a conductor 283, an
      inverter 284, and a conductor 285 to the other input of the AND gate 280.
PAR  The output from the AND gate 271 is also connected through the conductor
      282, a conductor 287, and a conductor 288 to one input of an AND gate 290.
PAR  The output from the AND gate 280 is connected through a conductor 292, a
      conductor 293, an inverter 294, and a conductor 295 to the input of an
      oscillator 296. As long as the input of the oscillator 296 is at a 1
      level, the oscillator generates a series of sharp pulses, the frequency of
      which is adjustable with a potentiometer control 297. The exact frequency
      used depends on how quickly it is desired that the feed rate increase when
      below the lower set limit, and this in turn will depend on the
      responsiveness of the system in controlling the prescribed pellet mill
      load. A frequency range of between five pulses per second and one pulse
      every 4 seconds is an example of a normal range. When the signal at the
      input to the oscillator is at a 0 level, the oscillator 296 is inhibited.
      As will be seen, this occurs whenever the indicating needle 126 is within
      the accepted range between the pointers 127 and 128. Whenever the needle
      126 moves below the pointer 127 or above the pointer 128, the oscillator
      296 is enabled.
PAR  The output pulses from the oscillator 296 are fed through a conductor 300
      to a drive-angle, one-shot multivibrator 301 which produces a pulse, the
      width of which is adjustable by a potentiometer control 302, for each
      pulse received at its input from the oscillator 296. The pulses from the
      monostable multivibrator 301 are fed through a conductor 303 and a
      conductor 304 to the other input of the AND gate 290.
PAR  Whenever the load becomes low, that is, whenever the indicator 126 falls
      below the pointer 127, the AND gate 290 is enabled. When the AND gate 290
      is enabled, pulse signals are fed from its output through a conductor 306
      to one input of an AND gate 307, the other input of which receives the
      enable signal on the conductor 144 from the automatic control and
      antibacklash network 117 of FIG. 2. When the AND gate 307 is enabled,
      which is when the AND gate 290 is enabled and an enable signal appears on
      the conductor 144, pulse signals are fed from the output of AND gate 307,
      through a conductor 308, to the gate input of a triac A.C. switch 309. The
      switch 309 has an output connected by a conductor 310 and a conductor 311
      to a winding of the motor 147 which, when energized with A.C. power,
      causes the motor to turn in a direction to turn down the speed pot 148 and
      decrease the speed of the feed screw motor 18 and thus the feed rate of
      the material.
PAR  Another important features of this invention is the back pedal network.
      When an overload condition occurs, as when the needle 126 moves adjacent
      to or above the limit pointer 128, the control network of this invention
      not only immediately shuts down certain functions of the system as will be
      described, but also back pedals certain functions so that when they are
      restarted, such as after the overload condition is relieved, they start at
      a lower rate so as not to immediately cause another overload condition.
      This is accomplished by means of the back pedal network of this invention.
PAR  The output of the AND gate 260 is also connected through the conductor 275
      and a conductor 315 to one input of a back pedal flip-flop 316. The output
      of the AND gate 271 is fed through the conductors 282 and 287, a conductor
      318 and a conductor 319 to the other input of the flip-flop 316. The only
      time the outputs of the flip-flop 316 change state is when the signals at
      its input change state, and this is only when the needle 126 moves
      completely across both of the pointers 127 and 128. The flip-flop 316 has
      an output connected by a conductor 320 and a conductor 321 to the input of
      a strobe 322. When the input of the strobe 322 goes from a 0 to a 1 level,
      the strobe produces at its output a strobe pulse, which is fed through a
      conductor 324 to one input of an OR gate 325. The flip-flop 316 is such
      that when its input conductor 315 goes from a 0 level to a 1 level, its
      output conductor 320 goes from a 0 level to a 1 level to produce the
      strobe pulse, and this only occurs when the needle 126 moves from below
      the pointer 127 to above the pointer 128. This strobe pulse is fed through
      the OR gate 325 and a conductor 326 to the input of a back pedal one-shot
      multivibrator 327 which produces at its output, for each such strobe
      pulse, a pulse having a width adjustable by a control potentiometer 328.
      The pulse from the output of the monostable multivibrator 327 is fed
      through a conductor 330 and a conductor 331 to one input of an AND gate
      332. The other input of the AND gate 332 is connected by a conductor 333
      and a conductor 335 to the normally open terminal 263 of the switch 264.
PAR  When the AND gate 332 is enabled, which is when it receives the back pedal
      signal from the monostable multivibrator 327, and when the switch 264 is
      in the position shown (automatic), a pulse signal is fed from the output
      of the AND gate 332 through a conductor 340 to the input of a triac A.C.
      switch 341. The output of the switch 341 is connected by a conductor 342
      and a conductor 343 to another winding of the motor 147 which, when
      energized with A.C. power, causes the motor 147 to turn in a direction to
      turn down the speed pot 148 and in turn reduce the speed of the feed screw
      motor 18 and the feed rate of the material. The windings of the motor are
      connected by conductors 345 and 346 to a suitable source of A.C. power.
      Thus, when a signal appears at the input of the switch 341, its output is
      grounded, and a winding of the motor 147 is energized to decrease the feed
      rate of the material, and when a signal appears at the input of the switch
      309, its output is grounded to energize a winding of the motor 147 to
      increase the feed rate of the material.
PAR  It should be remembered that the signals on the conductor 308 at the input
      of the switch 309 are a series of short pulses from the drive-angle
      one-shot multivibrator 301 to cause the feed screw motor 18 to increase
      incrementally with each short pulse, whereas the signal on the input
      conductor 340 of the switch 341 is from the back pedal one-shot
      multivibrator 327 which is a single pulse of a width substantially greater
      than the pulses at the input of the switch 309 and which only occurs when
      the needle 126 moves from below the pointer 127 to above the pointer 128.
PAR  The signal at the output of the back pedal one-shot multivibrator 327 is
      also fed through the conductor 330 and the conductor 172 to the OR gate
      226 of FIG. 2. This signal is fed through the OR gate 226, and the
      conductor 227 to ground the traic A.C. switch 229 and cause the modulating
      steam valve motor 231 to turn in a direction to partially close the valve
      57.
PAR  There are other conditions where it is desirable to generate the back pedal
      pulse and this is where certain other malfunctions occur in the system.
      Thus, the OR gate 325 has another input connected by a conductor 350 to a
      voltage divider network consisting of a resistor 351 having one side
      connected to ground and the other side connected to the photocell 352 of a
      photo coupler 353. The conductor 350 is connected between the resistor 351
      and photocell 352. The other side of the cell 352 is connected to a
      suitable D.C. supply. The photo coupler 353 has a neon-type lamp 354 with
      one side connected to a current limiting resistor 355 and the other side
      connected by a conductor 356 and a conductor 257 to the wiper arm of a
      switch 359, representative of one or more interlock functions to be
      detected. For example, there could be one such switch to detect whether
      there is material in the bin 10, another to detect whether the mixer is
      running in the mixer/conditioner section 13, another to detect whether the
      mixer/conditioner section 14 is running, another to detect whether the
      pellet mill 25 is running, another to detect whether the feeder 11 is
      energized, and another to detect whether the cooler, a device for cooling
      the pellets after leaving the pellet mill, is overloaded with pellets and
      incapable of carrying them away at a sufficient rate. While only one such
      interlock switch 359 is shown, there could be as many of these connected
      in series as there are functions to be detected. If the function is
      operating normally, the switch is closed.
PAR  The other side of the resistor 355 is connected by suitable conductors to
      the pole of the switch 359, as is one side of each of the relay coils 245,
      246, and 247. The other side of the coils 245 and 246 are connected to
      opposite poles of the steam select switch 166, the wiper arm of which is
      connected by a conductor 366 and the conductor 346 to the A.C. power
      source. The other side of the coil 247 is connected to the pole of the
      liquid ingredient select switch 159, the wiper arm of which is connected
      by a conductor 367 and the conductor 346 to the A.C. power.
PAR  Assuming that either or both of the switches 166 or 159 is closed, if each
      of the series of interlock switches 359 is closed, then there is
      insufficient voltage to light the lamp 354 of the photo coupler 353, and
      the resistance of the photocell 352 remains high holding the signal on the
      conductor 350 to the OR gate 325 to 0 level. But, if any one of the
      switches 359 representing an interlock function opens, indicating that the
      function is operating improperly, A.C. voltage is applied across the neon
      lamp 354 to light the lamp and greatly reduce the resistance of the
      photocell 352. This drives the signal on the conductor 350 to a 1 level to
      produce a back pedal signal at the output of the monostable multivibrator
      327. This signal partially turns back the speed port 148 controlling the
      feed screw motor 18 and partially closes the modulating steam valve 57 in
      the manner heretofore described. Thus, a back pedal pulse is generated
      whenever the needle 126 moves from below the pointer 127 to above the
      pointer 128 to a condition of overload, or when one of the above-mentioned
      interlock functions signals a malfunction so as to open one of the
      interlock switches 359.
PAR  As another important feature of this invention, when an overload occurs
      certain functions are immediately shut down. In this described embodiment,
      an overload condition immediately turns off the feed screw motor 18 to
      shut off the feed of the material, shuts off the supply of live steam to
      the mixer/conditioners, and shuts off the supply of liquid ingredient to
      the material and the supply of steam that mixes with the liquid
      ingredient, all for the purpose of relieving the load on the pellet mill
      motor.
PAR  When an overload signal occurs, the 0 level signal at the output conductor
      320 of the back pedal flip-flop 316 is also fed through a conductor 375 to
      one input of an AND gate 376, the other input of which is connected by a
      conductor 377, a conductor 378, and the conductor 335 to the normally open
      pole 263 of the switch 264. When the AND gate 376 is enabled, which is
      when the switch 264 is in the position shown and a signal appears on the
      conductor 375, a signal is fed from the output of the AND gate 376 through
      a conductor 380 to the filament 381 of a photo coupler 382. The photo
      coupler 382 has a photocell 384 having one side connected to one side of
      the speed pot 148 and the other side connected through a resistor 386 to
      the base of a transistor 387. A resistor 388 is connected between the base
      and emitter of the transistor. The collector of the transistor is
      connected to the arm of the speed pot 148, and the bottom end of the speed
      pot 148 is connected to one side of a variable resistor 390, the other
      side of which is connected to the emitter of the transistor 387. The wiper
      arm 267 of the switch 264 is connected to the emitter of the transistor
      with a pole 391 of the switch connected between the speed pot 148 and the
      variable resistor 390. The excitation input of the SCR drive 150 is
      connected by a conductor 391 to the junction between the top end of the
      speed pot 148 and the photocell 384. The speed control inputs of the SCR
      drive 150 are connected by a conductor 393 to the arm of the speed pot 148
      and a conductor 394 to the emitter of the transistor 387. The speed at
      which the feed screw motor 18 operates is directly related to the voltage
      across the speed control inputs 393 and 394.
PAR  When a signal appears on the conductor 380 at the output of the AND gate
      376, the filament 381 of the photo coupler 382 is excited thereby greatly
      reducing the resistance in the photocell 384 and biasing the transistor
      387 to conduct, thereby shorting the speed control inputs to the SCR drive
      and shutting off the feed screw motor. Where there is no signal at the
      filament 381 of the photo coupler 382, the transistor 387 is turned off,
      and the speed of the feed screw motor 18 is directly related to the
      resistance across the inputs 393 and 394 of the SCR drive 150, which is
      the combined resistance of the speed pot 148 and the variable resistor
      390. The purpose of the resistor 390 is to select a minimum feed rate for
      the motor 18 when the system is initially started and the speed pot 148
      may be turned all the way down.
PAR  Also, when the needle 126 moves from below the pointer 127 to an overload
      position, the other output of the back pedal flip-flop drops to a 0 level.
      This output is connected by a conductor 400 to one input of an OR gate
      401, the other input of which is connected by a conductor 402 to the
      output of an inverter 403. The input of the inverter 403 is connected by a
      conductor 404 and the conductors 378 and 335 to the normally open pole 263
      of the switch 264. When the switch 264 is in the position shown, the
      signal on the conductor 404 is at a 1 level producing a 0 signal at the
      output of the inverter 403. Since both inputs of the OR gate 401 are at a
      0 level, its output is also at a 0 level and is connected by a conductor
      406 to the input of an overload triac A.C. switch 408. The output of the
      switch 408 is connected by a conductor 409 and the interlock switches 359
      to one side of the relay coils 245, 246, and 247. The 0 level signal at
      the input of the switch 408, opens the normally closed switch 408,
      deenergizing the relay coils 345, 246, and 247. This shuts off the
      appropriate one of the live steam valves 52 or 69, actuate the diverter
      valve 88 to divert the liquid ingredient away from the mixer/conditioner
      12, and shuts off the steam control valve 96 through which steam is
      supplied to the liquid ingredient.
PAR  It is another feature of this invention that certain other functions of the
      system be shut down if the overload persists for a presecribed duration.
      Thus, in this preferred embodiment of the invention, the lower chute
      portion 30 is opened to dump the material, and the motors 20 and 21 are
      shut off to stop the mixers in the mixer/conditioner 12.
PAR  The output pulses from the monostable multivibrator 301 are fed through the
      conductor 303 and a conductor 415 to one input of an AND gate 416, the
      output of which is connected through a conductor 417 to the input of a
      counter 418. The counter 418 counts the pulses from the multivibrator 301
      until it reaches some predetermined count, which may be set as desired.
      For example, if it is desired that these other functions be deactivated
      when no more than eight pulses from the multivibrator 418 occur, then the
      counter 418 is set to count up to eight. When the counter reaches the
      selected count, its output goes from a 0 level to a 1 level. This signal
      is fed through a conductor 420 and a conductor 421 to the gate of a triac
      A.C. switch 422, as well as through a conductor 423, an inverter 424, and
      a conductor 425 to the other input of the AND gate 416. This latches
      counter 418 at the preset count. The switch 422 has an output connected by
      a conductor 430 to one side of the relay 248, the other side of which is
      connected to a suitable source of A.C. power. When the counter 418 reaches
      the set count, the 1 level signal at is output closes the switch 422,
      energizing the relay 248, thereby opening the chute 30 and shutting off
      the motors 20 and 21.
PAR  The output of the AND gate 271 is connected through the conductors 282,
      287, 318, and a conductor 432 to one input of an OR gate 433. Another
      input of the OR gate 433 is connected by a conductor 435 and the conductor
      292 to the output of the AND gate 280. The output of the OR gate 433 is
      connected by a conductor 437 to a clear input of the counter 418. When the
      output of the AND gate 271 is at a 1 level, which occurs when the
      indicating needle 126 drops below the pointer 127, the counter 418 is
      cleared, causing the switch 422 to open. Also, the counter 418 is cleared
      and the switch 422 opened when the output of the AND gate 280 is at a 1
      level, which occurs when the indicating needle 126 is between the pointers
      127 and 128. Hence, the only time the counter circuit is activated is in
      an overload condition.
PAR  Another normally open terminal 440 0f the switch 264 is connected by a
      conductor 441 to the wiper arm 442 of a manual switch 443. One normally
      open contact 445 of the switch 443 is connected by a conductor 446 to the
      conductor 311 leading to one winding of the motor 147. Another normally
      open contact 448 is connected by a conductor 450 to the conductor 343
      leading to the other winding of the motor 147. By placing the switch 264
      in its normally open position (the switch is shown in the drawing in its
      normally closed position), the automatic circuit is disabled, and by
      manually operating the switch 443 to engage the contact 445 or 448, one
      side of a winding of the motor 147 is grounded to cause the feed rate of
      the material to increase or decrease as desired. This would be useful, for
      example, if there is a breakdown in the automatic network.
PAC  Operation
PAR  The operation of the system will now be explained from the initial start-up
      of the system to normal operation and finally in an overload condition.
      Certain functions are established before automatic operation begins. The
      motor 27 to the pellet mill 25 is turned on. The motors 20 and 21 that
      operate the mixer paddles in the mixer/conditioner are turned on, and the
      feeder SCR drive is enabled. The switch 264 is placed in its automatic
      position as shown in FIG. 3, and the flow control valve 41 is adjusted to
      supply a selected amount of steam to the steam jackets 15 and 16 of the
      mixer/conditioner 12. The switch 166 is positioned to select either low or
      high pressure steam, and the switch 159 is positioned depending on whether
      liquid ingredient is to be mixed with the material at the input of the
      mixer/conditioner 12. If liquid ingredient is to be added, the switch 159
      is closed. It will be assumed that all of the interlock functions are
      satisfied and that the interlock switches 359 are closed. Additionally,
      the pointer 127 of the meter 125 is set for a selected operating load and
      the pointer 128 is set to establish an overload condition. The pointers
      113 and 114 are set to establish a .DELTA.T operating range for optimum
      pellet production and quality.
PAR  With these preconditions, milled material is fed from the bin 10 through
      the mixer/conditioner 12 and into the pellet mill 25. The temperature of
      the material in the bin is sensed by the sensor 106 which sends a signal
      to the meter 108. When the material first reaches the pellet mill 25, its
      temperature is again sensed by the sensor 109 which also sends a signal to
      the meter 108. Since, as yet, no live stream is being added to the
      mixer/conditioner 12, the .DELTA.T reading of the needle 115 will be lower
      than the lower limit pointer 113. This will cause a signal to be fed
      through the conductor 116 to the automatic control and antibacklash
      network 117 which will produce pulse signals on the output conductor 235
      (FIG. 2) closing the triac A.C. switch 236 and exciting a winding of the
      motor 231 to cause the modulating steam valve 57 to open in small
      increments. This will alow the selected steam (either low or high
      pressure) to be fed to the chambers of the mixer/conditioner 12 and be
      mixed with the milled material. This will cause the temperature of the
      material to increase at the pellet mill, which increase will be sensed by
      the sensor 109 causing the needle 115 on the meter 108 to rise. When the
      needle 115 rises above the pointer 113, the pulse-type output signals on
      the conductor 235 from the network 117 will stop and the valve 57 will
      hold its position. Should the temperature of the material become too great
      at the pellet mill, such that the needle 115 rises above the upper limit
      pointer 114, a signal is fed through the conductor 118 causing a
      pulse-type signal to appear on the output conductor 225 of the network 117
      which closes the triac A.C. switch 229 and causes the valve 57 to close
      incrementally with each pulse. Thus, the network 117 operates to
      automatically control the amount of live steam delivered to the chamber of
      the mixer/conditioner 12 such that .DELTA.T remains within the prescribed
      limits set by the pointers 113 and 114.
PAR  Meanwhile, when the system was initially started, the load on the pellet
      mill motor 27 was quite low since there was no material being delivered to
      the pellet mill. Even after the first material reaches the pellet mill,
      the load is still quite low because the feed rate of the material in the
      start condition, as preset by the variable resistor 390, is quite low.
      This load condition is sensed by the transducer 132 which feeds a signal
      representing the load through the conductor 130 to the load meter 125.
      Since the load on the motor 27 is initially quite low, the needle 126 will
      in all probability read below the set pointer 127. This causes a signal to
      be fed through the conductor 138 to the preamp 254 (FIG. 3) producting a 1
      level signal at the output of the AND gate 271 which is fed through the
      conductor 288 to enable one input of the AND gate 290. This condition also
      produces a 0 level signal at the output of the AND gate 280 and therefore
      a 1 level signal at the input of the oscillator 296 causing the oscillator
      to oscillate and producing at the output of the monostable multivibrator
      301 a series of short pulses which are fed to the other input of the AND
      gate 290. With the AND gate 290 enabled, these pulses are fed to one input
      of the AND gate 307.
PAR  Before the AND gate 307 is enabled, its other input must receive a 1 level
      signal through the conductor 144 from the output of the automatic control
      and antibacklash network 117 (FIG. 2), and this occurs only when .DELTA.T
      is satisfied, that is, only when the needle 115 is between the set
      pointers 113 and 114 of the meter 108. Therefore, unless .DELTA.T is
      satisfied, the feed rate of the material will not be increased regardless
      of the load condition on the motor 27.
PAR  When .DELTA.T is satisfied, a signal is fed from the output of the network
      117 through the conductor 144 to enable the AND gate 307. The series of
      short pulses from the multivibrator 301 are then fed to the gate input of
      the triac switch 309, exciting the winding of the motor 147 which turns up
      the speed pot 148 so as to increase the speed rate of the motor 18 and the
      feed rate of the material to the pellet mill. When the needle 126 rises
      above the lower set point 127, the operating load condition is satisfied
      and the feed rate of the material is increased not further.
PAR  From initial start-up, and after .DELTA.T is first satisfied, it will
      likely happen that as the feed rate of the material is then increased to
      satisfy the load requirements, .DELTA.T will drop off to below the lower
      set pointer 113. When this occurs the AND gate 307 will be disabled, and
      the increase in feed rate to satisfy the load equipment will be
      temporarily discontinued until .DELTA.T is again satisfied. The feed rate
      increase may have to be discontinued several times until both .DELTA.T and
      the load requirements are satisfied. When this occurs, the system is in
      normal operation and the network 117 will continue to operate to maintain
      .DELTA.T within the prescribed limits.
PAR  It may also happen that as corrections are made in .DELTA.T to maintain the
      prescribed limits, the feed rate may increase somewhat. This might occur,
      for example, where a change in .DELTA.T outside the prescribed limits
      would produce a temporary drop in load below the operating limits set by
      the pointer 127. If this occurs, and after .DELTA.T is again satisfied,
      the feed rate will be increased to meet the load requirement and this may
      mean that ultimately the load will move further upscale toward the
      overload limit set by the pointer 128. However, as long as the needle 126
      is below the pointer 128, the system operates normally.
PAR  When an overload conditions occurs, the automatic system of this invention
      controls the necessary functions of the system to relieve the overload. An
      overload might occur from any one of numerous causes. For example, a slug
      of material may hit the pellet mill 25 that is of improper composition
      causing the load to increase. An overload condition might ultimately also
      occur if there is a temporary reduction in the amount of material
      delivered to the feed screw from the bin 10. This temporary reduction in
      material would cause the load to drop below the limit set by the set
      pointer 127 which would cause the speed of the feed screw motor 18 to
      increase. But, when a normal amount of feed is again delivered to the feed
      screw, and with the feed screw now traveling at an increased rate, the
      pellet mill might then become overloaded to raise the needle 126 above the
      set pointer 128. Other conditions might also cause an overload, and
      although precautions are taken to prevent such abnormal conditions form
      occurring, they nevertheless do occur. The system of this invention
      relieves the overload condition and automatically places the system back
      in normal operation.
PAR  When an overload occurs, such that the needle 126 moves above the set
      pointer 128, a signal is fed through the conductor 142 to the preamp 250
      producing a 1 level signal at the output of the AND gate 260. When the
      needle 126 had been below the pointer 127, the back pedal flip-flop 136
      had a 0 level signal at its input 315 and a 1 level signal at its input
      319. These signal conditions must reverse before the flip-flop 316 will
      reverse the signals at its output. This reversal only occurs when the
      needle 126 moves above the pointer 128 to bring the input 315 to a 1 level
      and the input 319 to a 0 level. This in turn produces a 1 level signal at
      the output 320 and a 0 level signal at the output 400 of the flip-flop
      316. The 1 level signal at the output 320 is fed through the conductor 375
      to the one input of the AND gate 376. Since the switch 264 is in the
      automatic position, the other input 377 of the AND gate 376 is enabled
      producing a 1 level signal at its output which is fed through the
      conductor 380 to the filament 381 of the photo coupler 382. This excites
      the photo coupler 382, turning on the transistor 387, and shorting out the
      speed pot 148 and variable resistor 390. With the inputs 393 and 394 to
      the SCR drive 150 shorted, the feed screw motor 18 stops. The 0 level
      signal at the output 400 of the flip-flop 316 is fed through the OR gate
      401 and the conductor 406 to open the overload triac switch 408. With the
      switch 408 opened, the appropriate one of the relay coils 245 and 246, and
      additionally the relay coil 247 (assuming the switch 159 is closed and
      liquid ingredient is being added to the material) are deenergized causing
      the appropriate one of the flow control valve 52 or 69 to close, actuating
      the diverter valve 88 to divert the liquid ingredient away from the line
      90 leading to the material and back to the supply tank 75, and turning off
      the flow control valve 96 supplying steam to the liquid ingredient.
PAR  Also as soon as the overload occurs, the 0 level signal at the output of
      the flip-flop 320 is fed through the conductor 321 to the strobe 322
      thereby producing a strobe pulse at its output which is fed through the OR
      gate 325 to the monostable multivibrator 327. The monostable multivibrator
      327, in response to the strobe pulse, generates at its output 330 a pulse
      of fixed width which is fed through the conductor 331 to the one input of
      the AND gate 332. With the switch 264 in the automatic position, the AND
      gate 332 is enabled, and the pulse is fed through the conductor 340 to
      cause the triac switch 341 to close. This in turn energizes a winding of
      the motor 147 so as to turn down the speed pot 148. This is important
      because although the feed screw motor 18 is now turned off, when the
      overload condition is relieved and the system starts up again, it is
      undesirable to start the feed motor immediately at the same speed as
      during overload. The fixed width pulse at the input of the triac switch
      341 causes the motor 147 to turn the speed pot 148 back an amount
      proportional to the duration of the pulse, with the result that the feed
      screw motor 18 starts up at a lower speed, than the speed at overload,
      after the overload condition is relieved.
PAR  The pulse at the output 330 from the monostable multivibrator 327 is also
      fed through the conductor 172 to an input of the OR gate 226 (FIG. 2) and
      through the conductor 227 to close the triac switch 229. This energizes a
      winding of the motor 231 which causes the valve 57 to close an amount
      proportional to the duration of the back pedal pulse. This, too, is
      important since although the live stream supply is cut off by closing the
      appropriate valve 52 or 69 when the overload occurs, it is desirable to
      supply a lesser amount of live steam to the material, then the amount
      supplied during previous operation of the system, after the overload is
      relieved.
PAR  Thus, when an overload condition occurs, not only is the supply of live
      steam turned off, the supply of steam and liquid ingredient turned off,
      and the feed screw motor 18 stopped, but also adjustments are made to
      insure that the speed of the motor 18 and the amount of live steam
      supplied after the overload condition is relieved are less than during
      normal operation. This allows the system to achieve normal operation
      without immediately going back into another overload condition.
PAR  The valve 96 and 52 or 69 will remain off, the valve 88 will remain
      actuated to divert the liquid ingredient, and the feed screw motor will
      remain stopped until the needle 126 moves from its overload position above
      the pointer 128 to below the pointer 127. Only when the needle 126 moves
      downscale across both pointers 128 and 127 will the signals at the input
      of the back pedal flip-flop 316 reverse causing a reversal of the signals
      at its output. When this occurs, the photo coupler 382 is turned off as is
      the transistor 387 to remove the short across the inputs 393 and 394 to
      the SCR drive. This then allows the feed screw motor 18 to run at a speed
      determined by the position of the speed pot 148, which as will be
      recalled, has since been turned back by the back pedal pulse. Also the
      reversal of the outputs of the flip-flop 316 allows the triac switch 408
      to close thereby energizing the relay coil 245 or 246 and the relay coil
      247 to open the appropriate one of the live steam valves 52 or 69, open
      the valve 96, and actuate the diverter valve 88 to deliver liquid
      ingredient to the material.
PAR  In the meantime since the supply of live steam has been turned off during
      overload, .DELTA. T may have dropped to below the lower limit pointer 113.
      Whether this has occurred or not, the system will now operate, as
      heretofore described from a start-up condition, to again achieve normal
      operation.
PAR  If it should happen, as it occasionally does, that immediately after the
      overload is relieved, and the needle 126 drops below the limit 127,
      another overload occurs, the same functions will again be shut off and
      again a back pedal pulse will be generated to drive the speed pot 148 even
      further back and the valve 57 even further closed so that when the
      overload is relieved and the needle 126 drops below the limit pointer 127,
      the feed screw motor 18 starts operating at even a lower speed, and even a
      lesser amount of live steam is applied to the mixer/conditioner 12. If the
      system continues to immediately go back into overload once each overload
      condition is relieved, eventually the speed pot 148 will be turned all the
      way back and the steam valve 57 completely closed such that the conditions
      are the same as when the system is initially started. From there the
      system will attain normal operation as heretofore described.
PAR  In addition to an overload condition, the opening of any one of the
      interlock stitches 359 will have the same effect on the system so as to
      turn off the functions previously described and generate the back pedal
      pulse as previously described. Thus, if one of the switches 359 opens, the
      appropriate one of the coils 245 or 246, and the coil 247 is deenergized
      to close the appropriate valve 52 or 69, and close the valve 69 and
      actuate the diverter 88 to divert the liquid ingredient away from the
      mixer/conditioner 12. Also, when one of the interlock switches 359 opens,
      the photo coupler 353 is excited, raising the input conductor 350 to the
      OR gate 325 to a 1 level and thereby producing a back pedal pulse at the
      output of the monostable multivibrator 327 which is applied in the manner
      heretofore described. When the interlock function is corrected and the
      switch 359 closes, the valve 52 or 69, and the valve 96 open. Also, the
      diverter valve 88 is actuated to again feed liquid ingredient to the
      material.
PAR  If an overload condition persists for a prescribed duration, the system of
      this invention automatically controls further functions of the system.
      When an overload condition exists, the 1 level signal at the output of the
      AND gate 260 produces a 0 level signal at the output of the AND gate 280
      and a 1 level signal at the input of the oscillator 296. This causes the
      oscillator 296 to oscillate and produce a series of short pulses at the
      output of the monostable multivibrator 301. These pulses are fed through
      the conductors 303 and 415 to one input of the AND gate 416. The output of
      the counter 420 is at a 0 level until it reaches the prescribed count so
      that the AND gate 416 is enabled causing the counter 418 to count the
      pulses from the multivibrator 301. When the prescribed count is reached,
      the output 420 of the counter 418 goes to a 1 level disabling the AND gate
      416, and closing the triac switch 422. This energizes the relay coil 248
      which in turn opens the chute portion 30 to dump the material and turns
      off the mixer/conditioner paddle motors 20 and 21. As soon as the needle
      126 drops below the overload pointer 128, the output of the AND gate 280
      goes to a 1 level which signal is fed through the OR gate 433 to reset the
      counter 418, dropping its output to a 0 level, and deenergizing the coil
      248. This will close the chute portion 30 and turn on the motors 20 and
      21. The counter 418 will remain resest even when the needle 126 drops
      below the pointer 127 because of the 1 level signal produced at the output
      of the AND gate 271 which is also fed through the OR gate 433 to hold the
      counter in the reset state.
PAR  It should be mentioned that while the pulses from the monostable
      multivibrator 301 are also fed through the conductor 304 to the AND gate
      290 when the system is in an overload condition, the other input to the
      gate 290 is disabled since the output of the AND gate 271 is at a 0 level.
      For this reason these pulses cannot produce an increase in feed rate when
      the system is in overload.
PAR  Meanwhile, the ratio network 187, meter 191, and automatic control and
      antibacklash network 197 operate as heretofore described to maintain a
      constant percent liquid ingredient in the material, assuming the liquid
      ingredient system is on.
PAR  Thus, there has been described an automatic pellet producing system which
      greatly increases the efficiency of pellet production and the quality of
      pellets produced, and which otherwise fulfills the objectives and
      overcomes the problems heretofore described.
PAR  Various changes and modifications may be made in this invention, as will be
      readily apparent to those skilled in the art. Such changes and
      modifications are within the scope and teaching of this invention as
      defined by the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic control system for a pelleting apparatus, the apparatus
      including a pellet producing means and means for feeding a supply of
      milled material to the producing means, said control system comprising
      means for automatically controlling the moisture content of the material
      at the producing means to within a prescribed range, and means responsive
      to said moisture content controlling means for automatically controlling
      the feed rate of the material to the producing means.
NUM  2.
PAR  2. The control system of claim 1 wherin the control means further comprises
      means responsive to said moisture content controlling means for
      automatically inhibiting any increase in feed rate of the material unless
      the moisture content is within the prescribed range.
NUM  3.
PAR  3. The control system of claim 1 further comprising means for establishing
      an operating load range for the producing means, and means responsive to
      said moisture content controlling means for automatically controlling the
      feed rate of the material so as to produce a load on the producing means
      within the established operating load range.
NUM  4.
PAR  4. The control system of claim 3 further comprising means responsive to
      said moisture content controlling means for automatically inhibiting any
      increase in feed rate of the material unless the moisture content is
      within the prescribed range, irrespective of the load on the producing
      means.
NUM  5.
PAR  5. The control system of claim 3 further comprising means for sensing when
      the load on the producing means is above the prescribed load range, means
      for automatically reducing the feed rate of the material in response to
      sensing the overload condition, and means for maintaining the reduction of
      feed rate until the load on the producing means drops below the prescribed
      load range.
NUM  6.
PAR  6. The control system of claim 5 further comprising means responsive to
      said overload sensing means for automatically establishing a reduced feed
      rate for the material, below the normal operating rates as when the load
      is within the prescribed load range.
NUM  7.
PAR  7. The control system of claim 6 further comprising means for detecting
      when the load on the producing means rises above the prescribed load range
      for a prescribed duration, and means responsive to said detecting means
      for automatically discontinuing the delivery of the material from the
      input of the producing means when the prescribed overload duration is
      detected.
NUM  8.
PAR  8. The control system of claim 6 wherein the pelleting apparatus further
      comprises a mixer/conditioner at the input of the producing means, which
      mixer/conditioner has mixing means therein and means for actuating the
      mixing means, and wherein the material is fed through the
      mixer/conditioner to the producing means, the control system further
      comprising means responsive to said overload sensing means for
      automatically deactivating the actuating means when the prescribed
      overload duration is sensed.
NUM  9.
PAR  9. The control system of claim 3 wherein the pelleting apparatus further
      includes means for adding a liquid ingredient to the material prior to
      entering the producing means, the system further comprising means for
      sensing when the load on the producing means is above the prescribed load
      range, the means responsive to said overload sensing means for reducing
      the supply of liquid ingredient to the material whenever the load is above
      said prescribed load range.
NUM  10.
PAR  10. The control system of claim 9 further comprising control means for
      automatically controlling the supply of liquid ingredient to the material
      in response to the feed rate of the material to maintain the percent
      liquid of the material within a prescribed range.
NUM  11.
PAR  11. An automatic control system for a pelleting apparatus, the apparatus
      including a pellet producing means and means for feeding a supply of
      milled material to the producing means, said control system comprising
      means for automatically controlling the moisture content of the material
      at the producing means to within a prescribed range, means for sensing the
      load on the producing means, means for establishing an operating load
      range for the producing means, means for automatically controlling the
      feed rate of the material so as to produce a load on the producing means
      within the established operating load range, means for increasing the feed
      rate of the material in response to the sensed load being below the
      operating load range only when the moisture content of the material is
      within the prescribed moisture range, means for automatically reducing the
      feed rate of the material to a first rate in response to sensing a load
      condition above the prescribed load range, means for automatically
      establishing a second feed rate for the material for when the load drops
      from above to below the prescribed load range in response to sensing a
      load condition above the prescribed load range, means for maintaining said
      first feed rate until the load drops below the prescribed range, and means
      for establishing said second feed rate when the load drops from above to
      below the prescribed range.
NUM  12.
PAR  12. The control system of claim 11 wherein the means for automatically
      controlling the moisture content of the material at the producing means
      further comprises means for applying steam at a controlled rate to the
      material prior to entering the pellet producing means to maintain the
      moisture content within the prescribed moisture range, the control system
      further comprising means responsive to the detection of a load above the
      prescribed load range for automatically reducing the rate at which steam
      is applied to a first rate irrespective of the moisture content of the
      material, means for automatically establishing a second rate at which
      steam is applied for when the load drips from above to below the
      prescribed load range in response to sensing a load condition above the
      prescribed load range, means for maintaining said first rate of steam
      until the load drops below the prescribed range, and means for
      establishing said second rate of steam when the load drops from above to
      below the prescribed load range.
NUM  13.
PAR  13. An automatic control system for a pelleting apparatus, the apparatus
      including a pellet producing means and means for feeding a supply of
      milled material to the producing means, said control system comprising
      means for sensing the temperature of the material at a first location of
      the material prior to entering the producing means, means for sensing the
      temperature of the material at a second location as it enters the
      producing means, means for sensing the difference between said temperatres
      in response to the temperature sensing means, means for establishing a
      range within which the difference between said temperatures is to be
      controlled, means for automatically controlling the heat content of the
      material between said first and second locations to maintain said
      temperature differential within the prescribed range, and means for
      automatically controlling the feed rate of the material to the producing
      means in response to said temperature differential control means.
NUM  14.
PAR  14. The control system of claim 13 further comprising means responsive to
      said temperature differential control means for automatically inhibiting
      any increase in the feed rate of the material unless the temperature
      differential is within the prescribed range.
NUM  15.
PAR  15. The control system of claim 13 further comprising means for sensing the
      load on the producing means, means for establishing an operating load
      range for the producing means, and means responsive to said load sensing
      means for automatically adjusting the feed rate of the material so as to
      produce a load on the producing means within the prescribed load range.
NUM  16.
PAR  16. The control system of claim 15 further comprising means responsive to
      the temperature differential control means for automatically inhibiting
      any increase in the feed rate of the material unless the temperature
      differential is within the prescribed range, irrespective of the load on
      the producing means.
NUM  17.
PAR  17. The control system of claim 15 further comprising means for sensing
      when the load on the producing means is above the prescribed load range,
      means responsive to said overload sensing means for automatically reducing
      the feed rate of the material in response to sensing the overload
      condition, and means for maintaining the reduction of feed rate until the
      load on the producing means drops below the prescribed range.
NUM  18.
PAR  18. The control system of claim 17 further comprising means responsive to
      said overload sensing means for automatically establishing a reduced feed
      rate for the material, below the normal operating rates as when the load
      is within the prescribed load range, for when the load drops from above to
      below the prescribed load range.
NUM  19.
PAR  19. The control system of claim 13 wheren the means for adjusting the
      temperature of the material between the first and second locations further
      comprises a source of steam, and means for applying a controlled amount of
      said steam to said material between said first and second locations to
      maintain said temperature differential within the prescribed range.
NUM  20.
PAR  20. The control system of claim 19 further comprising means for sensing the
      load on the producing means, means for establishing an operating load
      range for said producing means, means for detecting when the load is
      outside the load range, means for automatically controlling the feed rate
      of the material to the producing means in response to the detecting means
      to maintain the load within the prescribed load range, means for
      automatically inhibiting an increase in feed rate of the material to the
      producing means unless the temperature differential is within the
      prescribed range irrespective of the load on the producing means, and
      means responsive to the detection of a load above the prescribed range for
      reducing the feed rate and steam supply irrespective of the temperature
      differential.
NUM  21.
PAR  21. The control system of claim 20 further comprising means responsive to
      the detection of a load above the prescribed range for automatically
      establishing a lower feed rate for the material and a reduced amount of
      steam, compared to the feed rate and amount of steam supplied when the
      temperature differential and load are within the prescribed ranges, for
      when the load drops from above the below the prescribed load range.
NUM  22.
PAR  22. An automatic control system for a pelleting apparatus, the apparatus
      including a pellet producing means and means for feeding a supply of
      milled material to the producing means, the automatic control system
      comprising means for automatically controlling the moisture content of the
      material at the producing means to within a prescribed range, means for
      sensing the load on the producing means, means for establishing an
      operating load range for the producing means, means for automatically
      controlling the feed rate of the material so as to produce a load on the
      producing means within the established operating range, means for
      detecting when the load on the producing means rises above the prescribed
      load range for a prescribed duration, and means for automatically
      discontinuing the feeding of the material to the input of the producing
      means when the prescribed overload duration is detected.
NUM  23.
PAR  23. An automatic control system for a pelleting apparatus, the apparatus
      including a pellet producing means, a mixer/conditioner at the input of
      the producing means, which mixer, conditioner has mixing means therein,
      means for actuating the mixing means, and means for feeding a supply of
      milled material through the mixer/conditioner to the producing means, the
      automatic control system comprising means for automatically controlling
      the moisture content of the material at the producing means to within a
      prescribed range, means for sensing the load on the producing means, means
      for establishing an operating load range for the producing means, means
      for automatically controlling the feed rate of the material so as to
      produce a load on the producing means within the established operating
      range, means for detecting when the load on the producing means rises
      above the prescribed load range for a prescribed duration, and means for
      automatically deactivating the actuating means when the prescribed
      overload duration is detected.
NUM  24.
PAR  24. A control system for a pelleting apparatus, the apparatus including a
      pellet producing means, and means for feeding a supply of milled material
      to the producing means, said control system comprising a first network for
      automatically controlling the moisture content of the material at the
      producing means to within a prescribed range and for generating an enable
      signal when the moisture content is within the prescribed range, and a
      second network including means for detecting the load on the producing
      means, means for establishing an operating load range for the producing
      means, and means for automatically controlling the feed rate of the
      material when the enable signal is received from said first network so as
      to produce a load on the producing means within the established operating
      load range.
NUM  25.
PAR  25. The control system of claim 24 further comprising means associated with
      said networks for generating a first signal when the load exceeds the
      established load range, means in response to said first signal for
      reducing the feed rate of the material, means for generating said first
      signal until the load drops below the established load range, means for
      generating a second signal when the load exceeds the established load
      range, and means in response to the generation of said second signal for
      establishing a feed rate for the material for when the load drops from
      above to below the established load range.
NUM  26.
PAR  26. The control system of claim 25 wherein the second signal is a pulse of
      selected width, and wherein the feed rate of the material when the load
      drops from above to below the established range is reduced an amount
      proportional to the width of said pulse.
NUM  27.
PAR  27. The control system of claim 26 wherein the feed rate of the material in
      response to said first signal is reduced to zero.
NUM  28.
PAR  28. The control system of claim 26 wherein said first network further
      includes means for applying a controlled amount of steam to the material
      prior to entering the pellet producing means to maintain the moisture
      content within the prescribed moisture range, the control system further
      comprising means in response to said first signal for reducing the supply
      of steam to a given amount, and means in response to the generation of
      said second signal for establishing an amount of steam to be supplied to
      the material when the load drops from above to below the established load
      range.
NUM  29.
PAR  29. The control system of claim 28 wherein the amount of steam supplied
      when the load drops from above to below the established load range is
      reduced an amount proportional to the width of said pulse.
NUM  30.
PAR  30. The control system of claim 29 wherein the supply of steam is reduced
      to zero in response to said first signal.
NUM  31.
PAR  31. The control system of claim 24 further comprising means for generating
      a series of pulses when the detected load rises above the established load
      range, means for counting said pulses, means for generating a signal when
      the count reaches a prescribed number, and means for discontinuing the
      feeding of the material to the input of the producing means in response to
      said signal.
NUM  32.
PAR  32. The control system of claim 24 wherein the pelleting apparatus further
      includes a mixer/conditioner at the input of the producing means, which
      mixer/conditioner has mixing means therein, and means for actuating the
      mixing means, and wherein the material is fed through the
      mixer/conditioner to the producing means, the control system further
      comprising means for generating a series of pulses when the detected load
      rises above the established load range, means for counting said pulses,
      means for generating a signal when the count reaches a prescribed number,
      and means for deactivating the actuating means in response to said signal.
NUM  33.
PAR  33. A control system for a pelleting apparatus, the apparatus including a
      pellet producing means, and means for feeding a supply of milled material
      to the producing means, said control system comprising means for
      generating a first signal representative of the temperature of the
      material at a first location of the material prior to entering the
      producing means, means for generating a second signal representative of
      the temperature of the material at a second location as it enters the
      producing means, means in response to said first and second signals for
      detecting the difference between the temperatures of the material at the
      two locations, a first network including means for establishing a range
      within which the difference between said temperatures is to be controlled,
      means for automatically controlling the heat content of the material
      between said first and second locations to maintain said temperature
      differential within the prescribed range, and means for generating an
      enable signal when the temperature difference is within the prescribed
      range, and a second network including means for detecting the load on the
      producing means, means for establishing an operating load range for the
      producing means, and means for automatically controlling the feed rate of
      the material when the enable signal is received from said first network so
      as to produce a load on the producing means within the established
      operating load range.
NUM  34.
PAR  34. The control system of claim 33 further comprising means associated with
      said networks for generating a first signal when the load exceeds the
      established load range, means in response to said first signal for
      reducing the feed rate of the material, means for generating said first
      signal until the load drops below the established load range, means for
      generating a second signal when the load exceeds the established load
      range, and means in response to the generation of said second signal for
      establishing a feed rate for the material for when the load drops from
      above to below the established load range.
NUM  35.
PAR  35. The control system of claim 34 wherein the second signal is a pulse of
      selected width, and wherein the feed rate of the material when the load
      drops from above to below the established range is reduced in amount
      proportional to the width of said pulse.
NUM  36.
PAR  36. The control system of claim 35 wherein the feed rate of the material in
      response to said first signal is reduced to zero.
NUM  37.
PAR  37. The control system of claim 35 wherein said first network further
      includes means for applying a controlled amount of steam to the material
      between said first and second locations to maintain the temperature
      differential within the prescribed range, the control system further
      comprising means in response to said first signal for reducing the supply
      of steam to a given amount, and means in response to the generation of
      said second signal for establishing an amount of steam to be supplied to
      the material when the load drops from above to below the established load
      range.
NUM  38.
PAR  38. The control system of claim 37 wherein the amount of steam supplied
      when the load drops from above to below the established load range is
      reduced an amount proportional to the width of said pulse.
NUM  39.
PAR  39. The control system of claim 38 wherein the supply of steam is reduced
      to zero in response to said first signal.
NUM  40.
PAR  40. An automatic control system for a pelleting apparatus, the apparatus
      including a pellet producing means and means for feeding a supply of
      milled material to the producing means, said control system comprising
      means for sensing the temperature of the material at a first location of
      the material prior to entering the producing means, means for sensing the
      temperature of the material at a second location as it enters the
      producing means, means for sensing the difference between said
      temperatures in response to the temperature sensing means, means for
      establishing a range within which the difference between said temperatures
      is to be controlled, and means for automatically controlling the heat
      content of the material between said first and second location to maintain
      said temperature differential within the prescribed range.
NUM  41.
PAR  41. A system for automatically producing feed pellets comprising a pellet
      producing means, means for feeding a supply of milled material to the
      producing means, and a control system, the control system further
      comprising means for automatically controlling the moisture content on the
      material at the producing means to within a prescribed range, and means
      responsive to said moisture content controlling means for automatically
      controlling the feed rate of the material to the producing means.
NUM  42.
PAR  42. The system of claim 41 further comprising means for establishing an
      operating load range for the producing means, and means responsive to said
      moisture content controlling means for automatically controlling the feed
      rate of the material so as to produce a load on the producing means within
      the established operating load range.
NUM  43.
PAR  43. The system of claim 42 further comprising means responsive to said
      moisture content controlling means for automatically inhibiting any
      increase in feed rate of the material unless the moisture content is
      within the prescribed range, irrespective of the load on the producing
      means.
NUM  44.
PAR  44. A system for automatically producing feed pellets comprising a pellet
      producing means, means for feeding a supply of milled material to the
      producing means, a control system, the control system further comprising
      means for automatically controlling the moisture content of the material
      at the producing means to within a prescribed range, means for sensing the
      load on the producing means, means for establishing an operating load
      range for the producing means, means for automatically controlling the
      feed rate of the material so as to produce a load on the producing means
      within the established operating load range, means for increasing the feed
      rate of the material in response to the sensed load being below the
      operating load range only when the moisture content of the material is
      within the prescribed moisture range, means for automatically reducing the
      feed rate of the material to a first rate in response to sensing a load
      condition above the prescribed load range, means for automatically
      establishing a second feed rate for the material for when the load drops
      from above to below the prescribed load range in response to sensing a
      load condition above the prescribed load range, means for maintaining said
      first feed rate until the load drops below the prescribed range, and means
      for establishing said second feed rate when the load drops from above to
      below the prescribed range.
NUM  45.
PAR  45. The system of claim 44 further comprising means for applying steam at a
      controlled rate to the material prior to entering the pellet producing
      means to maintain the moisture content within the prescribed moisture
      range, the control system further comprising means responsive to the
      detection of a load above the prescribed load range for automatically
      reducing the rate at which the steam is applied to a first rate
      irrespective of the moisture content of the material, means for
      automatically establishing a second rate at which steam is applied for
      when the load drops from above to below the prescribed load range in
      response to sensing a load condition above the prescribed load range,
      means for maintaining said first rate of steam until the load drops below
      the prescribed range, and means for establishing said second rate of steam
      when the load drops from above to below the prescribed load range.
NUM  46.
PAR  46. The system of claim 44 further comprising a mixer/conditioner at the
      input of the producing means which mixer/conditioner has mixing means
      therein and means for actuating the mixing means, and wherein the material
      is fed through the mixer/conditioner to the producing means, the control
      system further comprising means for automatically deactivating the
      actuating means when the prescribed overload duration is sensed.
NUM  47.
PAR  47. A system for automatically producing feed pellets comprising a pellet
      producing means, means for feeding a supply of milled material to the
      producing means, a control system, the control system further comprising
      means for sensing the temperature of the material at a first location of
      the material prior to entering the producing means, means for sensing the
      temperature of the material at a second location as it enters the
      producing means, means for sensing the temperature difference between said
      temperatures in response to the temperature sensing means, means for
      establishing a range within which the difference between said temperatures
      is to be controlled, means for automatically controlling the heat content
      of the material between said first and second locations to maintain said
      temperature differential within the prescribed range, and means for
      automatically contolling the feed rate of the material to the producing
      means in response to said temperature differential control means.
NUM  48.
PAR  48. The system of claim 47 wherein the means for adjusting the temperature
      of the material between the first and second locations further comprises a
      source of steam, and means for applying a controlled amount of said steam
      to said material between said frst and second locations to maintain said
      temperature differential within the prescribed range.
NUM  49.
PAR  49. The system of claim 48 further comprising means for sensing the load on
      the producing means, means for establishing an operating load range for
      said producing means, means for detecting when the load is outside the
      load range, means for automatically controlling the feed rate of the
      material to the producing means in response to the detecting means to
      maintain the load within the prescribed load range, means for
      automatically inhibiting any increase in feed rate of the material to the
      producing means unless the temperature differential is within the
      prescribed range irrespective of the load on the producing means, and
      means responsive to the detection of a load above the prescribed range for
      reducing the feed rate and steam supply irrespective of the temperature
      differential.
NUM  50.
PAR  50. A system for automatically producing feed pellets comprising a pellet
      producing means, means for feeding a supply of milled material to the
      producing means, a control system, the control system further comprising a
      first network for atuomatically controlling the moisture content of the
      material at the producing means to within a prescribed range and for
      generating an enable signal when the moisture content is within a
      prescribed range, and a second network including means for detecting the
      load on the producing means, means for establishing an operating load
      range for the producing means, and means for automatically controlling the
      feed rate of the material when the enable signal is received from said
      first network so as to produce a load on the producing means within the
      established operatiing load range.
NUM  51.
PAR  51. The system of claim 50 further comprising a mixer/conditioner at the
      input of the producing means, which mixer/conditioner has mixing means
      therein, and means for actuating the mixing means, and wherein the
      material is fed through the mixer/conditioner to the producing means, the
      control system further comprising means for generating a series of pulses
      when the detected load rises above the established load range, means for
      counting said pulses, means for generating a signal when the count reaches
      a prescribed number, and means for deactivating the actuating means in
      response to said signal.
NUM  52.
PAR  52. A system for automatically producing feed pellets comprising pellet
      producing means, means for feeding a supply of milled material to the
      producing means, a control system, which control system further comprises
      means for generating a first signal representative of the temperature of
      the material at a first location of the material prior to entering the
      producing means, means for generating a second signal representative of
      the temperature of the material at a second location as it enters the
      producing means, means in response to said first and second signals for
      detecting the difference between the temperatures of the material at the
      two locations, a first network including means for establishing the range
      within which the difference between said temperatures is to be controlled,
      means for automatically controlling the heat content of the material
      between said first and second locations to maintain said temperature
      differential within the prescribed range, and means for generating an
      enable signal when the temperature difference is within the prescribed
      range, and a second network including means for detecting the load on the
      producing means, means for establishing an operating load range for the
      producing means, and means for automatically controlling the feed rate of
      the material when the enable signal is received from said first network so
      as to produce a load on the producing means within the established
      operating load range.
NUM  53.
PAR  53. The system of claim 52 wherein the control system further comprises
      means for generating a first signal when the load exceeds the established
      load range, means in response to said first signal for reducing the feed
      rate of the material, means for generating said first signal until the
      load drops below the established load range, means for generating a second
      signal when the load exceeds the established load range, and means in
      response to the generation of said signal for establishing a feed rate for
      the material for when the load drops from above to below the established
      load range.
NUM  54.
PAR  54. The system of claim 53 wherein the second signal is a pulse of selected
      width, and wherein the feed rate of the material when the load drops from
      above to below the established load range is reduced an amount
      proportional to the width of said pulse.
NUM  55.
PAR  55. The system of claim 54 comprising means for applying a controlled
      amount of steam to the material between said first and second locations to
      maintain the temperature differential within the prescribed range, the
      control system further comprising means in response to said first signal
      for reducing the supply of steam to a given amount, and means in response
      to the generation of said second signal for establishing an amount of
      steam to be applied to the material when the load drops from above to
      below the established load range.
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PAL  Precalculated samples of a power-density spectrum, taken at equispaced
      frequencies, are converted into modified samples with a nonlinear (e.g.
      logarithmic) distribution by being selectively weighted with the aid of
      several groups of coefficients defining a series of overlapping windows of
      mutually different widths. The system determines the weighting coefficient
      whose position in the frequency band of any window is closest to that of a
      precalculated sample appearing within that window; for each window, any
      sample appearing therein is multiplied by its closest coefficient and the
      sum of the resulting products is then divided by a factor proportional to
      the width of the window.
BSUM
PAR  The present invention relates to improvements in spectrum analysis systems
      for electrical signals.
PAR  Such systems give the spectral power density of the input signal in the
      form of frequency samples which are generally extracted from the spectrum
      at uniform frequency intervals. However, in certain cases, such as for
      example in the examination of signals received when listening to
      underwater noise, spectrum analysis with sampling at uniform frequency
      intervals is of little advantage by reason either of the unstable nature
      of the sources of this noise or the unstable nature of the propagating
      medium, or again because of relative movement between the sources and the
      receiver. In these cases it proves more useful to carry out spectrum
      analysis with non-uniform (e.g. logarithmic) sampling intervals.
PAR  The general object of my present invention therefore is to provide a system
      which utilizes a method of and means for enabling spectrum analysis to be
      performed with the use of non-uniform frequency-sampling intervals, in
      particular logarithmic intervals.
PAR  In the prior art, to obtain the spectral power density of an electrical
      signal, the discrete Fourier transform, or "DFT", coefficients of a
      temporal sequence of samples of the signal are generally calculated by,
      for example, using a fast-calculating algorithm such as that known under
      the name of "fast Fourier transform" or "FFT". The power-density spectrum
      is then made up of frequency samples which are regularly spaced along the
      frequency axis.
PAR  Furthermore, in order to make these sampling intervals non-uniform, and in
      particular to make them logarithmic, it is known from the article
      "Computation of spectra with unequal resolution using the Fast Fourier
      Transform" published in "Proceedings of the IEEE" of February 1971, pages
      229 to 301, to modify the signal prior to the "FFT" (fast Fourier
      transform calculation major drawback of this technique is that it requires
      a large number of calculating operations.
PAR  I have found, in accordance with the present invention, that it is possible
      in such a system to reduce the number of calculating operations by
      carrying out certain processing steps after a determination of the
      spectral power density of the input signal.
PAR  To this end, the spectral power density is weighted by means of a
      succession of windows centered on non-uniformly spaced frequencies, the
      widths of these windows depending on their position along the frequency
      axis. It suffices to calculate, for each window, only the products of the
      samples of the spectral density of the signal falling within that window
      times the weighting values corresponding to the respective positions of
      the samples.
PAR  According to a feature of the present invention, the system includes a
      source of precalculated spectral samples, uniformly spaced over a
      predetermined frequency range, and a device for transforming the series of
      these uniformly distributed modified samples of the spectrum into a series
      of non-uniformly distributed samples.
PAR  According to a more particular feature of my invention, the transforming
      device calculates the non-uniformly distributed samples by weighting the
      uniformly spaced samples, which have been calculated beforehand, by means
      of coefficients which are distributed in accordance with the
      aforementioned succession of spectral windows which partially overlap in
      frequency and whose widths depends on the position of their center
      frequency, the sum of the weighted samples encompassed by the same window
      forming a new, non-uniformly distributed sample of the spectrum; in this
      system a minimum of calculating operations are performed by the
      transforming device inasmuch as for each separate weighting window only
      those weighting coefficients are used whose position in frequency is
      closest to that of the uniformly distributed spectrum samples encompassed
      by that window.
PAR  According to a still more specific feature of my invention, the
      transforming device comprises:
PA1  a random-access memory in which are stored the samples supplied by the
      means for calculating the spectrum with uniform frequency distribution,
PA1  a second memory containing the weighting coefficients associated with the
      several weighting windows,
PA1  a unit for calculating, for each separate window, the respective address of
      a uniformly distributed sample of the spectrum and of the weighting
      coefficient whose frequency position is closest to that of the associated
      sample,
PA1  a multiplier circuit which respectively receives from these two memories,
      each time a new sample address and weighting-coefficient address are
      supplied to the memories by the address-calculating unit, a uniformly
      distributed sample and the weighting coefficient whose frequency position
      is closest to that of the associated sample,
PA1  a summation circuit which receives the products supplied by the multiplier
      circuit and, for each separate weighting window, supplies to an output
      buffer register a value equal to the sum of the weighted samples
      encompassed by the window, which forms a new, non-uniformly distributed
      spectrum sample,
PA1  and a unit which supplies timing signals to the address-calculating unit
      and to the summation circuit and the output buffer register.
DRWD
PAR  The invention will now be further described, by way of example, with
      reference to the accompanying drawing in which:
PAR  FIG. 1 is a diagram of the spectral power density of an electrical signal,
      serving to illustrate the processing steps carried out in accordance with
      the invention;
PAR  FIG. 2 is a block diagram of a spectrum-analysis system in accordance with
      the invention;
PAR  FIG. 3 is a set of graphs representing timing signals used to control the
      system shown in FIG. 2;
PAR  FIG. 4 is a block diagram of another embodiment of a system according to
      the invention; and
PAR  FIG. 5 is a set of graphs representing various control signals for the
      embodiment of FIG. 4.
DETD
PAR  FIG. 1 is a diagram, drawn to an arbitrary scale, showing the modification
      of precalculated equispaced spectral samples in accordance with the
      invention. The following description will be concerned more specifically
      with the case of spectrum analysis on a logarithmic scale, i.e. a system
      where
      ##EQU1##
      is a constant, B being the width of a frequency band being analyzed and
      f.sub.o being the center frequency of that band. It is however to be
      understood that the invention also applies to any other type of spectrum
      analysis in which sampling takes place at non-uniform intervals. In the
      following description, the spectral power density of a signal will be
      simply termed the spectrum.
PAR  My improved processing technique applies to frequency samples of the
      spectrum of the signal being analyzed, these samples having been
      calculated beforehand by any known means such, for example, as an "FFT"
      calculator followed by quadratic detection. The required result is similar
      to that which would be given by a spectrum analyzer made up of a bank of
      logarithmic filters, i.e. one in which
      ##EQU2##
      is a constant. These filters would thus be such that their frequency band
      and the gap between the samples of their spectrum would be proportional to
      frequency, two successive filters differing in bandwidth from each other
      according to a ratio R satisfying the relationship:
      ##EQU3##
PAR  The modification of the original samples according to the invention
      consists in weighting the spectrum of the input signal by means of a
      succession of windows representing such a bank of filters.
PAR  According to one aspect of the invention, these windows are defined by a
      discrete predetermined weighting function constituted by a limited whole
      number 2M of finite or non-zero coefficients equispaced within the
      respective frequency band; the spectral width of each window depends on
      the position of its center frequency. The width of any two successive
      windows are related to each other as the terms of a geometrical
      progression of constant ratio
      ##EQU4##
      wherein Q has the aforementioned value (f/B) with f representing their
      center frequencies, adjoining windows intersecting at points of
      predetermined attenuation such as, for example, at their 3-dB points.
PAR  The position of the first weighting window employed for processing
      according to the invention is assumed to be centered on the frequency
      f.sub.oo which corresponds to the sample of the signal spectrum in
      position C, as shown in FIG. 1; its width is equal to 2k. The frequency
      interval at which the spectrum is sampled has been selected as unity. The
      window is defined by 2M discrete values contained in a memory of the "read
      only" type, for example, M being a positive whole number.
PAR  The system according to the invention ascertains, for each successive
      window, the addresses of the samples of the spectrum encompassed by the
      frequency band of that window and the addresses of the discrete values of
      the latter (i.e. the weighting coefficients thereof) which best correspond
      to the position of these samples, namely the locations of those samples
      and coefficients within the overall frequency range. The samples of the
      spectrum and the corresponding discrete weighting coefficients are then
      extracted from their respective memories in order to form their product
      and then summing the products obtained for each window.
PAR  As a result of the constant ratio R between the widths and positions of
      successive windows, it can be shown that the parameters of a given window
      of rank i are defined as follows (with i = 0 for the first window referred
      to above):
PA1  the address of the minimum frequency below which all the discrete values
      are 0:
EQU  f.sub.1i = (C - k) R.sup.i
PA1  the address of the center frequency:
EQU  f.sub.0i = CR.sup.i
PA1  the width: w.sub.i = 2kR.sup.i
PA1  the coefficient spacing in terms of frequency:
      ##EQU5##
PAR  The address of the first sample of the spectrum covered by this window is
      therefore d.sub.1 = 1 + whole [(C-k)R.sup.i ]  which means: 1 + the
      whole-number or integral portion of (C-k)R.sup.i.
PAR  The value of an interval x on the frequency axis between the lower limit
      f.sub.1i of this window and the first sample of the spectrum covered by
      the same window is
EQU  x = 1 - frac [(C-k)R.sup.i ],
PAL  which means x = 1 - the fractional portion of (C-k)R.sup.i.
PAR  The address of the value of the discrete weighting coefficient associated
      with this window which best corresponds to the first sample of the
      spectrum encompassed by the window is close to:
      ##EQU6##
PAR  This address is made equal to:
      ##EQU7##
      which is simply the whole number closest to
      ##EQU8##
PAR  The operation which consists in going from e.sub.1 to m.sub.1 is known as
      rounding-off. For the jth sample of the spectrum encompassed by this
      window, the address of the appropriate discrete weighting coefficient is
      ##EQU9##
      When m.sub.j becomes greater than 2M, this indicates that all the samples
      of the spectrum encompassed by the window of rank i have been explored and
      it is possible to pass on to the next window in position i+1.
PAR  The four overlapping windows particularly shown in FIG. 1, representing
      ranks 0-3, are thus centered on respective midfrequencies f.sub.00,
      f.sub.01, f.sub.02, f.sub.03 and are bounded by lower and upper limiting
      frequencies f.sub.10 and f.sub.20, f.sub.11 and f.sub.21, f.sub.12 and
      f.sub.22, f.sub.13 and f.sub.23. The frequency positions of the
      precalculated samples, which may be generally designated C+h (h being an
      integer), have been partly indicated at C, C+1, C+2 and C+3. The width
      w.sub.i has been specifically shown at w.sub.1 =kR for the second window
      (i=1); the coefficient spacing s.sub.i has been indicated for the fourth
      window at s.sub.3.
PAR  FIG. 2 shows a block diagram of one embodiment of a spectrum-analysis
      system in accordance with the invention. This system, which enables my
      above-described method of spectrum analysis to be put into effect,
      includes a signal source in the form of a random-access memory 1 in which
      have been stored the spectrum samples of the signal being analyzed, which
      were applied to an input terminal E, these samples having been obtained
      beforehand from a conventional calculator or computer unit 30 using the
      aforementioned "FFT," or fast fourier transform, algorithm. It also
      incorporates a second memory 2, of the "read only" type, for example,
      which serves as a store for the 2M discrete values or coefficients
      associated with the first spectral weighting window of rank i=0.
PAR  Furthermore, an arithmetic or addressing unit 3 controls the selective
      readout of specific contents of each of the memories 1 and 2. The data
      selected are applied to a multiplier 4 which supplies the product thereof
      to a summation circuit 5 controlled by a signal H.sub.3 from a master
      clock 22. A buffer register 7 having an output S, which carries the
      modified spectral samples, is controlled by a timing signal H.sub.4 from
      clock 22 and accepts data from the summation circuit 5. Where the spectral
      density is constant, a normalization divider 6 is also advantageously
      arranged between the data summation circuit 5 and the buffer register 7,
      for dividing the contents of summing circuit 5 by a factor proportional to
      the width of the corresponding window (specifically the value kR.sup.i) to
      determine the mean power density of each window. In order not to encumber
      the diagram of FIG. 2, the arithmetic unit 3 is shown in a schematic and
      simplified fashion, and the memories which supply the value of ratio R and
      the discrete values of the numbers M and 2M have been omitted. The master
      clock 22 also supplies additional control signals H.sub.1, H.sub.2,
      H.sub.5 and H.sub.6 referred to hereinafter (signals H.sub.5 and H.sub.6
      apply only to the modification of FIG. 4).
PAR   Unit 3 includes an input terminal Er, connected to one of the
      nonillustrated memories, via which the value of ratio R is simultaneously
      applied to respective first inputs of two multipliers 8 and 9. The output
      of multiplier 8 is connected to an input of a buffer register 10 which is
      controlled by a timing signal H.sub.o and which contains the values
      kR.sup.i serving to determine the width 2kR.sup.i of any window and to
      establish the corresponding sampling interval
      ##EQU10##
      used to arrive at the address m.sub.j of a particular weighting
      coefficient. An output of this register 10 feeds back its contents to a
      second input of multiplier 8 which thus receives the contents of register
      10.
PAR  The other multiplier 9 is connected in a similar configuration to another
      buffer register 11 which is controlled by the same signal H.sub.o and
      contains the values (C-k)R.sup.i which relate to the address of the lower
      limiting frequency f.sub.1i and which are mainly used to arrive at the
      address d.sub.j of the sample in position C+h to be processed.
PAR  To this end, a second output of register 11 transmits the whole-number
      portion of this value (C-k)R.sup.i to a presetting input of a counter 12
      which is controlled by timing signal H.sub.1. Each time a timing pulse
      H.sub.1 is received by the counter 12, the value whole [(C-k)R.sup.i ]
      registered by the counter is increased by one unit. The output of this
      counter 12 is connected to a buffer register 21 which is controlled by
      timing signal H.sub.2. It is this register which supplies to the memory 1
      the address d.sub.j of the sample of the spectrum selected for the
      weighting calculation.
PAR  The fractional portion of value (C-k)R.sup.i contained in register 11 is
      fed by a third output thereof, after its sign has been changed in an
      interverting circuit 13, to the presetting input of a second counter 14
      which is also controlled by timing signal H.sub.1. The output of this
      counter 14 is connected to the dividend input of a dividing circuit 16,
      via a multiplier 15 which multiplies the contents of counter 14 by the
      value M received at another second input terminal therefore. The divisor
      input of circuit 16, and similarly that of averaging circuit 6, receives
      the value kR.sup.i contained in the buffer register, this value
      representing half the width of the window 10. A comparison circuit 17 with
      two inputs and two outputs receives on the one hand the value e.sub.j
      supplied by the divider 16 and, on the other hand, the reference value 2M,
      these two values being compared. When e.sub.j is less than 2M, this value
      is rounded off by being applied to an adder 18 which receives from another
      source the value 1/2, the whole-number portion of 1/2 + e.sub.j being
      stored on its own in a buffer register 20 controlled by timing signal
      H.sub.2. It is this register 20 which supplies to memory 2 the address
      m.sub.j of the discrete weighting coefficient which best corresponds to
      the sample of the spectrum whose address is d.sub.j. When value e.sub.j
      becomes equal to or greater than 2M, the comparator 17 actuates a counter
      19 which indicates the position of the weighting window in use and
      triggers the timing pulse H.sub.0 which loads the registers 10 and 11.
PAR  The relative time positions of the timing signals H.sub.0 to H.sub.4 are
      shown in FIG. 3.
PAR  The processing according to the invention by means of the system shown in
      FIG. 2 takes place recurrently. For the first weighting window employed,
      i.e. with i = 0, the registers 10 and 11 have been loaded beforehand with
      values k and C-k, respectively. I shall discribe the operation of the
      system of FIG. 2 with specific reference to a window for which i .noteq.
      0, it being assumed that the calculations relating to the windows of ranks
      0 to i-1 have already been performed in a similar way. The completion of
      the calculation relating to the window of rank i-1 gives rise to a timing
      pulse H.sub.0 which causes the contents of registers 10 and 11 to be
      altered by multiplying the values kR.sup.i.sup.-1 and (C-k)R.sup.i.sup.-1,
      previously stored therein, by the magnitude R. At the same time, the
      counters 12 and 14 are reset to new values whole [(C-k )R.sup.i ] and -
      frac [(C-k)R.sup.i ], respectively.
PAR  When the next timing pulse H.sub.1 occurs following timing pulse H.sub.0,
      the counter 12 contains the value 1 + whole [(C-k)R.sup.i ] which
      represents the address d.sub.1 of the first sample of the spectrum
      encompassed by the window of rank i.
PAR  Simultaneously with this calculation of address d.sub.1 there is performed
      that of the address m.sub.1 of the corresponding discrete value partly
      defining the new window. For this purpose, the value 1-frac [(C-k)R.sup.i
      ] is multiplied by M in unit 15 before being divided by kR.sup.i in unit
      16. The value e.sub.1 thus obtained is compared with 2M. When e.sub.1 is
      less than 2M, this value is rounded off in unit 18 to the nearest whole
      number which then forms the desired address m.sub.1 a timing pulse H.sub.2
      causing this value m.sub.1 to be fed into buffer register 20.
PAR  Simultaneously, the same timing pulse H.sub.2 causes the address d.sub.1 to
      be entered in buffer register 21. The corresponding coefficients are then
      extracted from memories 1 and 2 before being multiplied with each other in
      multiplier 4. A timing pulse H.sub.3 then causes the product obtained to
      be fed into the data-summation circuit 5. The periodicity of the timing
      signal H.sub.3 is the same as that of timing signals H.sub.1 and H.sub.2
      and the summation circuit 5 thus sums the products for each separate
      window. Each new timing pulse H.sub.1 causes the address d.sub.1 to be
      increased and a new address m to be calculated, this calculation taking
      place in a manner similar to that described for value m.sub.1. Thus, the j
      + 1st timing pulse H.sub.1 relating to the window of rank i gives d.sub.j
      = j + whole [(C-k)R.sup.i ] and m.sub.j = whole [1/2 + e.sub.j ] where
      ##EQU11##
      If e.sub.j is less than 2M, the process is the same as for m.sub.1.
PAR  On the other hand, if e.sub.j is greater than 2M, this value is not
      transmitted to adder 18 and a new timing pulse H.sub.0 appears which
      advances the counter 19 and causes the calculation relating to the
      following window of rank i+1 to commence. The summation circuit 5 then
      contains the sum of the products relating to the window of rank i. This
      sum is normalized with respect to kR.sup.i in divider 6 before being fed
      into the output buffer register 7 at the command of a timing pulse
      H.sub.4, this pulse at the same time causing the summation circuit 5 to be
      reset to zero. Register 7 then contains a value which corresponds to a
      modified sample of the logarithmic spectrum of the signal being analyzed,
      lying in the frequency band of the window of rank i. The calculation is
      continued in a similar way for each of the remaining samples and is
      concluded when the last position has been reached, i.e. when i = n as
      previously selected, which is determined, for example, as a result of the
      counter 19 being overrun. The foregoing description relates to an
      extremely simple embodiment of my invention.
PAR  A more elaborate embodiment will now be described with reference to FIGS. 4
      and 5.
PAR  As in the case of FIG. 2, FIG. 4 is schematic and simplified, with similar
      components designated by the same reference numerals. Control signals
      L.sub.1 to L.sub.5 are generated by means not shown, e.g., trigger
      circuits responsive to signals from master clock 22 (FIG. 2).
PAR  It should be noted that the system shown in FIG. 4, in contrast to that of
      FIG. 2, has a single multiplier 23 and a single divider 28. A multiplexer
      24 having three positions p.sub.1, p.sub.2 and p.sub.3, which is
      controlled by signal L.sub.1, connects an input of the multiplier 23 first
      to the output of register 11, here controlled by timing signal H.sub.5,
      then to the output of register 10, here controlled by timing signal
      H.sub.6, and finally to the output of memory 1. A second multiplexer 25
      having two positions p.sub.5 and p.sub.6, which is controlled by a signal
      L.sub.2, applies to a second input of this multiplier 23 first the
      magnitude of ratio R and then the output of memory 2. The output of this
      multiplier 23 is connected by a demultiplexer 26, which has three
      positions p'.sub.1, p'.sub.2 and p.sub.7 and is controlled by a signal
      L.sub.3, first to the input of register 11, then to that of register 10
      and finally to the input of summation circuit 5. Components 12 and 14,
      which respectively contain the integral, and the inverted fractional
      portion of value (C-k)R.sup.i, consist of binary digital counters which
      are incremented by one unit each time a fresh timing pulse H.sub.1 is
      applied to them. The sign-changing device 13 consists of a conventional
      binary complementing circuit. Multiplication by value M is performed by a
      conventional binary circuit 15 which produces a binary shift by a fixed
      quantity equal to log.sub.2 M, where M is equal to a power of 2. A
      multiplexer 27, which has two positions p.sub.8 and p.sub.9 and is
      controlled by a signal L.sub.4, connects first the output of this unit 15
      and then the output of summation circuit 5 to the dividend input of
      divider circuit 28. The output of this circuit 28 is connected by a
      demultiplexer 29, which has two positions p.sub.10 and p.sub.11 and is
      controlled by a signal L.sub.5, first to an input of comparator 17 and
      then to the output buffer register 7.
PAR  The timing signals H.sub.1 H.sub.2 and H.sub.3 of FIG. 5 are similar to
      those of FIG. 3. As for the signals L.sub.1 to L.sub.5, these are
      represented in FIG. 5 by graphs showing the positions to which the
      corresponding multiplexers and demultiplexers are switched.
PAR  For the purpose of describing the operation of the system of FIG. 4, it
      will again be assumed that the calculations for i = 0 to i = 1 have
      already been performed. A timing pulse H.sub.0 triggered by the comparator
      17 at the end of the calculation relating to rank "i - 1" has, by means of
      control signals L.sub.1 to L.sub.5, caused the multiplexers and
      demultiplexers 24, 25, 26, 27 and 29 to be switched to their respective
      starting positions p.sub.1, p.sub.5, p'.sub.1, p.sub.8 and p.sub.10. The
      value (C-k)R.sup.i.sup.-1 contained in register 11 is then applied to
      multiplier 23, which receives the value R from another source connected to
      its input Er. A timing pulse H.sub.5 then causes the value (C-k)R.sup.i so
      calculated to be stored in register 11. The demultiplexer 24 and the
      multiplexer 26 are then switched by signals L.sub.1 and L.sub.3  to their
      positions p.sub.2, p'.sub.2 which enables kR.sup.i to be calculated. A
      timing pulse H.sub.6 then causes this value to be entered in register 10.
      At the same time, multiplexers 24, 25 and 27 and demultiplexers 26 and 29
      are switched to their respective positions p.sub.3, p.sub.6, p.sub.9,
      p.sub.7 and p.sub.11. Addresses d.sub.1 to d.sub.j and m.sub.1 to m.sub.j
      are then calculated in a way similar to that described for the system of
      FIG. 2, until comparator 17 detects that e.sub.j has exceeded 2M, which
      causes a fresh timing pulse H.sub.0 to appear and the calculation relating
      to rank "i + 1" to begin. While values (C-k)R.sup.i and kR.sup.1 are being
      elaborated, the multiplexer 27 is in position p.sub.8 and demultiplexer 29
      is in position p.sub.10, which means that the values contained in
      summation circuit 5 relating to rank i are then normalized before being
      stored in the output buffer register 7.
PAR  There has thus been described a system which provides a method of and means
      for enabling a spectrum analysis, having a constant frequency-sampling
      interval, to be converted into an analysis having logarithmic intervals.
      In the most general case, in which the intervals need not have a specific
      distribution, it is merely necessary to alter the value of ratio R between
      the successive windows each time the window changes. In the case of the
      systems shown in FIGS. 2 and 4, the value R would then be extracted from a
      read-only memory, containing as many values R as there are separate
      weighting windows, each time a fresh pulse H.sub.0 has occurred.
PAR  By way of example, assuming the same speed of calculation, a system
      according to the invention as shown in FIG. 4 would enable the number of
      components employed to be reduced by a ratio of 3 in comparison with a
      conventional system using the method of signal modification prior to
      analysis, as noted above.
PAR  Of course, the invention is not limited to the embodiments described and
      shown which have been given solely by way of example.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A spectrum analyzer for electrical signals, comprising:
PA1  a source of precalculated spectral samples equispaced over a predetermined
      frequency range;
PA1  conversion means connected to said source for transforming said
      precalculated samples into modified samples nonuniformly distributed over
      said frequency range, said conversion means including a store of weighting
      coefficients divided into groups which define a plurality of spectral
      windows along said frequency range, said windows differing in width from
      one another, said conversion means further including calculating means
      connected to said source and to said store; and
PA1  addressing means connected to said store for ascertaining the presence of
      any precalculated sample in the frequency band of each window and
      determining the respective weighting coefficient closest to each
      precalculated sample in any window;
PA1  said calculating means being connected to said addressing means for
      modifying each precalculated sample in accordance with the magnitude of
      the respective closest weighting coefficient.
NUM  2.
PAR  2. A spectrum analyzer as defined in claim 1 wherein said calculating means
      includes multiplier means connected to said source and said store for
      providing the product of each precalculated sample times the respective
      closest weighting coefficient and summing means connected to said
      multiplier means for adding up the products so provided within each
      window.
NUM  3.
PAR  3. A spectrum analyzer as defined in claim 2 wherein said calculating means
      further includes divider means connected to said summing means for
      averaging the sum of said products over the width of each window.
NUM  4.
PAR  4. A spectrum analyzer as defined in claim 2 wherein said conversion means
      further includes timing means for repetitively actuating said multiplier
      means and said summing means to operate successively on precalculated
      samples and weighting coefficients located within different windows.
NUM  5.
PAR  5. A spectrum analyzer as defined in claim 4 wherein said windows overlap
      and have widths proportional to their center frequencies.
NUM  6.
PAR  6. A spectrum analyzer as defined in claim 5 wherein the widths of any pair
      of adjoining windows have a constant ratio R, each window being defined by
      a fixed number 2M of weighting coefficients equispaced within its
      frequency band, said addressing means including a first and a second
      register controlled by said timing means for respectively storing a first
      value kR.sup.i and a second value (C-k)R.sup.i wherein i denotes the rank
      of a window being processed, C is the central frequency of the first
      window having the rank i=0, and k is half the width of said first window,
      said addressing means further including arithmetic means connected to said
      first and second registers for determining the time positions of any
      precalculated sample and of the closest weighting coefficient within the
      window of rank i from said first and second values.
NUM  7.
PAR  7. A spectrum analyzer as defined in claim 6 wherein said arithmetic means
      comprises first counting means connected to said second register for
      receiving an integral portion of said second value, second counting means
      connected to said second register for receiving an inverted fractional
      portion of said second value, said first and second counting means being
      further connected to said timing means for periodic stepping thereby, a
      multiplication circuit connected to said second counting means for
      multiplying said fractional portion by the integral number M, and a
      division circuit connected to said first register and to said
      multiplication circuit for dividing the output of the latter by said first
      value, said source being connected to said first counting means for
      receiving therefrom the address of a precalculated sample to be read out
      to said multiplier means, said store being connected to said division
      circuit for receiving therefrom the address of a weighting coefficient to
      be read out to said multiplier means.
NUM  8.
PAR  8. A spectrum analyzer as defined in claim 7, further comprising a
      rounding-off circuit inserted between said store and said division circuit
      for augmenting the output of the latter by a constant equal to half the
      spacing of said precalculated samples.
NUM  9.
PAR  9. A spectrum analyzer as defined in claim 7 wherein said timing means
      includes comparison means connected to said division circuit for comparing
      the output thereof with said fixed number 2M and for switching said
      calculating means to the next-ranking window upon the last-mentioned
      output exceeding 2M.
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PAL  Input data from an XY encoder stage is continuously monitored and compared
      to an internally generated count as the stage is adjusted in position. The
      internal count is generated a single count at a time by transitions in the
      X-Y input data on the basis that each transition is a one-step change in
      encoder position. A series of one-step transitions causes both the input
      data and the internal count to change together, or track. If a single
      transition is greater than a single encoder step, the input data advances
      ahead of the internal count and tracking is lost, causing a comparison
      error. The error halts the monitoring process, activates an alarm, and
      holds the current input data and internal count for visual comparison in a
      numerical display. The operator can then remonitor the faulty portion of
      the stage encoder to determine the nature of the error. The transition
      monitor is provided with internal testing circuit for counting up and
      down, changing counting directions, and detecting a prewired multistep
      test error.
GOVT
PAR  This invention was made under Government Contract F30602-73-C-0330 with the
      Department of the Air Force.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates unit transition counters, and more particularly
      error detectors for such counters.
PAR  2. Description of the Prior Art
PAR  Fine positioning along X-Y coordinates of a movable stage is required in
      aerial photoplates, precision machining and many other applications.
      Binary code plates along the X and Y axis of the stage provided position
      information to X and Y encoders for detection and subsequent display. The
      number displayed does not always accurately reflect the actual stage
      position. Misalignment between the code plate and the stage axis is a
      frequent source of error. Electronic failure and even temporary conditions
      such as gliches can cause spurious data to be displayed. Further, the code
      plate is subject to internal defects and foreign matter deposition which
      introduces inconsistencies between the displayed position and the actual
      position. These errors are primarily noncumulative and can only be
      detected by slowly scanning the encoder from one position to the next and
      observing the numerical sequence of display position. An encoder stage 100
      millimeters by 100 millimeters with one micron resolution required several
      hours to individually check 10,000 steps along each axis. This prior art
      continuity check was burdensome and frequently omitted.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a device for
      continuously monitoring the transitions of a unit counter.
PAR  It is another object of this invention to provide such a monitor which
      provides an error indication and/or terminates monitoring in response to a
      multiunit transition.
PAR  It is a further object of this invention to provide such a monitor which
      retains the count of the unit counter responsible for the error.
PAR  It is yet another object of this invention to provide an encoder stage
      monitor which can rapidly perform a code plate continuity check.
PAR  It is still another object of this invention to provide a linear encoder
      monitor which can rapidly detect errors caused by code plate misalignment,
      dust, defect, scratches, etc.
PAR  It is yet a further object of this invention to provide such a monitor with
      internal test features.
PAR  Briefly, these and other objects are accomplished by providing a monitor
      for a unit transition device such as an item counter or an encoder stage.
      The monitor generates an internal count for each input transition. The
      internal count is continuously compared to the input data (the count in
      the counter or the position of the encoder). Both the input data and
      internal count may be visually displayed. Inconsistencies between the
      internal count and the input data activates an error alarm and stops input
      data. The input data responsible for the error is retained for display.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further objects and advantages of the present monitor and operation thereof
      will become apparent from the following detailed description taken in
      conjunction with the drawings in which:
PAR  FIG. 1 is a block diagram of monitor system showing data flow and control
      conditions;
PAR  FIG. 2 is a detailed logic circuit of panel control 18;
PAR  FIG. 3 is a detailed logic circuit of load control 32 showing waveforms
      associated with transition data;
PAR  FIG. 4 is a detailed logic circuit of alarm override 50 and a portion of
      comparator 42;
PAR  FIG. 5 is a detailed logic circuit of test clock 60; and
PAR  FIG. 6 is a detailed logic circuit of test control 62.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The monitoring system 10 shown in FIG. 1 is responsive to X data and Y data
      inputs from an XY encoder stage 12. The input data appears on a numerical
      display 14 as the X or Y coordinate as stage 12 is adjusted. System 10 may
      be constructed using transistor-transistor-logic (TTL) integrated circuits
      (IC). The components are described by function, input and output
      characteristics, and conventional nomenclature as required to permit
      understanding by one skilled in the logic circuit design art. The
      component elements are designated by IC type numbers from:
PAR  "The TTL Data Book for Design Engineers" from Texas Instruments
      Incorporated, First Edition, Copyright 1973,
PAL  unless otherwise specified. Further, all inverters employed are type SN
      7404, except LED driving buffers which are type SN 7405, and delay buffers
      in load control 32 which are type SN 74L04.
PAR  Input multiplexer 16 is multiplexer responsive to the Y AXIS state and
      Function pulses from panel control 20 to receive 20 bits (5 BCD digits) of
      X input data or Y input data during monitor operation. Multiplexer 16 is
      responsive to the TEST state of test control 62 to receive 20 bits of test
      count data during testing of system 10.
PAR  Input multiplexer 16 is formed by ten dual 4-line-to-1-line data selectors
      (SN 74153) connected in parallel with all strobe terminals grounded except
      to accommodate a prewired error test feature. Preferably the strobe for
      the most significant bit of the most significant digit is responsive to
      PREWIRED ERROR state from test control 62.
PAR  Panel control 18 (see FIG. 2) activates the features of monitor system 10
      through four bistable select circuits, i.e. XY select 20, function select
      22, reset 24 and display select 26. These circuits are each activated by a
      momentary push button switch.
PAR  Load register 30 receives current input data from input multiplexer 16 and
      simultaneously outputs the previous input data in response to load pulses
      from a load control 32. Load register 30 outputs the 20 bits (5 BCD
      digits) of input data to an output multiplexer 34 for display, and to an
      internal counter 40 (initial data) for generating an internal count, and
      to a comparator circuit 42 for comparison with the internal count.
      Register 30 is formed by five quad-D flip flops (SN 74175) connected in
      parallel with a 1K pullup resistor to prevent clear.
PAR  Load control 32 (see FIG. 3) is responsive to transition data (changes in
      the five least significant bits of the input data) from input multiplexer
      16 for providing a load pulse to load register 30 at 9.6 microseconds
      after each input transition. If a subsequent transition in input data
      occurs within the 9.6 microseconds post transition period, register 30 is
      not loaded. The post transition period is provided to permit settling of
      the scanning device in encoder stage 12, and may be adjusted to define the
      maximum error-free encoder scanning rate, which in this application is
      78,125 steps per second. Scanning rates in excess of this value produce
      multistep transitions in the input data. The internal count increases only
      by one in response to the multistep change in input data causing a
      COMPARISON true output from comparator 42 and an ERROR true output from
      alarm override 50.
PAR  In the absence of input data transitions, load control 32 activates load
      register 30 every 12.8 microseconds. The 12.8 microsecond sample period
      yields a sample rate of 78,125 samples per second subject to the above
      transition data override. Load control 32 has internal delays for
      generating the post transition period, and an internal counter for timing
      the sample period.
PAR  Output multiplexer 34 is responsive to display select circuit 26 to receive
      either 20 bits of input data from load register 30 or 20 bits of internal
      count from internal counter 40. Output multiplexer 34 provides the display
      data to five digit display device 14. Output multiplexer 34 is formed by
      five Quad 2-line-to-1-line data selectors (SN 74157) arranged in parallel
      with grounded strobes.
PAR  Internal counter 40 is responsive to reset circuit 24 to receive 20 bits (5
      BCD digits) of initial data from input register 30. Thereafter internal
      counter 40 generates internal count by one counting in response to unit
      transition pulses from load control 32. The each one count is incremental
      or decremental depending on the direction data from direction sensor 44.
      The internal count from internal counter outputs to output multiplexer 34
      and to comparator 42. Internal counter 40 is formed by five synchronous
      bidirectional decade counters (SN 74190) in parallel.
PAR  Comparator 42 first makes a direction sensing comparison and then an error
      detection comparison. comparator 42 determines the transition direction by
      comparing the most recently loaded input data from load register 30 to the
      previously loaded internal count from internal counter 40. After the
      transition direction is defined and internal counter 40 has counted by one
      in the proper direction comparator 42 compares the most recent input data
      to the most recent internal count for error detection. Comparator 42 is
      formed by 20 exclusive NOR gates (8242 Signetics) wire ORed by digits and
      having open collectors with a 1K pullup resistor.
PAR  Direction sensor OR gate 44 compares the least significant bit 402 of
      previous internal data from internal counter 40 (see FIG. 4) to the wire
      ORed output 404 of the three remaining gates of the least significant
      digit. This comparison determines whether the most recently loaded input
      data is greater or less than the previous internal data, thus defining the
      direction of motion. Direction gate 44 outputs direction data to internal
      counter 40 allowing internal counter 40 to update and present the most
      recent internal count to comparator 42 for the error detection comparison.
PAR  Alarm override 50 receives the COMPARISON state from a six input AND gate
      410 output from comparator 42 (see FIG. 4). Gate 410 gates partial
      comparison outputs of comparator 42 (the four most significant digits, and
      the least significant bit 408 of the least significant digit, and the wire
      ORed output 404 of the three remaining gates of the least significant
      digit). An error present in any of the 20 bit comparisons will disable AND
      gate 410 and activate the error alarm. Alarm override 50 has override
      logic for preventing alarm activation in response to transient errors
      introduced at startup and changing operational status as shown in FIG. 4.
PAR  The alarms may be any suitable audio alarm 51 and/or visual indicator 52
      preferably compatible with a 5 volt supply.
PAR  Test counter 56 is responsive to test clock 60 for counting from 0 to
      99.999 and back to 0 each time ERROR ENABLE is true (see Truth Table).
      This 20 bit (5 BCD digits) input is received by input multiplexer 16
      during ERROR ENABLE true when the X axis is selected. When the Y axis is
      selected during ERROR ENABLE true, a wired error is received by input
      multiplexer 16 from test control circuit 62. Test counter 56 is formed by
      five synchronous bidirectional decade counters (SN 74190) in parallel. The
      20 input terminals are grounded, clocking is provided by test clock 60,
      and the counting direction is provided by test control circuit 62.
PAR  Logic clock 58 has a 5 megahertz clock oscillator (910 by Monitor) and
      provides a 2.5 megahertz intermediate signal, a 1.25 megahertz logic clock
      output (0.8 microsecond period), and a 0.833 megahertz output (1.2
      microsecond period). The 1.25 megahertz output is established by two flip
      flops (SN 7474) in divide-by-four configuration. The 1.25 megahertz output
      from the second flip flop is exclusive NORed to the corresponding output
      of the first flip flop (90.degree. phase displacement) to provide a 2.5
      megahertz intermediate output. The 2.5 megahertz intermediate signal from
      the exclusive NOR gate (8242 by Signetics) is applied to a divide-by-three
      circuit formed by two flip flops (SN 7474) and a NOR gate (SN 7402) to
      provide the 0.833 megahertz output. Flip flop clear and preset is
      prevented by 1K pullup resistors.
PAR  Test clock 60 (see FIG. 5) receives the 0.833 megahertz output and divides
      by 16 to provide a 52.08 kilohertz test clock output (19.20 microsecond
      period). Test clock 60 also provides a delay clock output which simulates
      the settling time of encoder stage 12 during TEST mode.
PAR  Test control 62 (see FIG. 6) provides the logic interface between function
      select 22 and reset 24 on panel control 18 and the remainder of monitor
      system 10 as outlined in the Truth Table.
PAR  FIG. 2 shows the select circuits 20, 22, 24, and 26 of panel 18 in more
      detail. Each select circuit has a debounce input stage 210 responsive to
      the associated push button switches 212. The debounce stages isolate the
      circuit from mechanical transients within switches 212. The XY and display
      debounce stages are followed by toggle stages 214 for providing a bistable
      condition which expedites selection. The Q output of XY toggle stage 214
      provides the X AXIS line and also drives a suitable status indicator such
      as light emitting diode X-LED. The inverted output (Qbar) or XY toggle
      stage 214 provides the Y AXIS line through a buffer inverter 216, and
      drives a corresponding diode Y-LED. The Q output off display toggle stage
      214 connects to an input data display LED. The inverted output of display
      toggle stage 214 connects to an internal count LED and provides the
      DISPLAY SELECT line. Each LED is preferably interfaced through a drive
      inverter 218 and provided with a 330 ohm current limiting resistor. Both
      the debounce stages 210 and toggle stages 214 are preferably formed by
      flip flops (SN 7474) which connect to push button switches 212 at the
      clear and preset terminals. These terminals are provided with 1K pullup
      resistors with the debounce flip flop D and clock inputs grounded. Nor
      gate 220 is a SN 7402.
PAR  FIG. 3 shows load control 32 in detail. Five normally enabled input gates
      310 are provided for receiving the five bits of transition data at input
      leads 312 (the five LSB of the 20 bits of input data from input
      multiplexer 16). The number of bits of transition data may be more or less
      than five. Five is preferred in the present example because the five LBS
      on the code plate of encoder 12 are in a sine function transparency format
      and are error prone as a unit. The 15 MSB are digitized in an opaque-clear
      format. Each input lead 312 branches into a delay input 314 formed by a
      delay device such as low power delay inverter 316. The time delay between
      the inputs to each input gate 310 provides a transition period 318 of
      about 30 nanoseconds during which that particular gate 310 is disenabled.
      A negative transition pulse 320 is thereby provided at common gate output
      322. Transition pulse 320 sets a transition latch 324 which outputs to a
      sync stage 326. Sync stage 326 is clocked to bring the transition
      information into synchronism with clocked load counter 328 and clocked
      transition counter 330. The output of sync stage 326 resets latch 324 and
      restarts counter 328 by clearing. Load counter 328 ring counts (12 clock
      pulses of 0.8 microseconds each) through a feedback inverter 331 and then
      provides a load pulse to input register 30 subject to ERROR bar being true
      as required by a load gate 322. Load counter 328 then starts transition
      counter 330 through a count decoding circuit (gate 334 and delay inverters
      335) after elapse of the post transition period which in this case is 16
      clock pulses of 0.8 microseconds of 12.8 microseconds. Transition counter
      330 then provides a HOLD TEST pulse to alarm override 50, a transition
      pulse to internal counter 40 through a transition gate 336, and a compare
      pulse also to alarm override 50; all separated by at least one clock
      period. Input gates 310 are exclusive NOR gates (Signetics 8242) with open
      collector outputs. Latch 324 is formed by two NAND gates (SN 7400)
      connected in bistable configuration. Sync stage 326 is a D flip flop (SNC
      5474J). Decoding gate 334, load gate 332, and transition gate 336 are NAND
      gates (SN 7400).
PAR  FIG. 4 shows in detail alarm override circuit 50 and a portion of
      comparator 42. When NAND gate 430 has its three inputs, 431, 432, and 433
      true, it presets error flip flop 440 into the ERROR true state activating
      error alarm 51 preferably through a one shot timer 450, and activating
      error LED 52. Input 431 to gate 430 is true when any input to AND gate 410
      is low and a compare pulse is present. That is, the 20 bit comparison
      within comparator 42 must have at least one set of nonidentical inputs (an
      error), and load control 32 must have progressed through the proper timing
      sequence generating a compare pulse. Input 432 to gate 430 is true when
      TEST is either true or false because OVERTRAVEL is normally false. That
      is, alarm 51 and LED 52 may be activated when system 10 either is
      monitoring encoder stage 12 or testing; and OVERTRAVEL only can override
      alarm 51 and LED 52 when TEST is false (TEST bar True) during monitoring.
      Input 433 to gate 430 is true when override latch 460 is set by TURNON
      (which is normally false) and ERROR ENABLE (which is normally true). HOLD
      TEST is true when power switch 462 is closed. Preferably an RC delay
      circuit (resistor 464 and capacitor 466) is provided to hold TURNON low or
      false for a fraction of a second to avoid error alarm due to energization
      transients. Further, a bypass diode 468 may be provided to discharge
      capacitor 466 immidiately after deenergization. Stop pulse is momentarily
      true when any of panel switches 212 are depressed, causing a low at input
      433 which clears flip flop 440 to override error alarm 51 and LED 52. HOLD
      TEST from load control 32 is momentarily true when transition counter 330
      is activated by load counter 328. STOP and HOLD TEST prevent spurious
      changes in system 10 status due to switching transients in panel control
      18. ERROR ENABLE is true when stage 12 is being monitored (TEST bar) and
      during the internal testing cycle (TEST). Both modes of TEST require the
      alarm feature. ERROR ENABLE is false during the display mode when system
      10 merely displays the encoder position without detecting error. ERROR
      ENABLE false causes input 433 to be low overriding alarm 51 and LED 52.
      Overtravel flip flop 470 is initially cleared at TURN ON. During system
      operation flip flop 470 is cleared at each RESET, and toggled by
      overtravel pulses to activate overtravel LED 472.
PAR  Flip flops 440 and 470 may be D type flip flops (SN 7474). Gate 430 and the
      other three input gates in latch 460 may be NAND gates (SN 7410). The
      remaining four 2 input gates may be NAND gates (SN 7400). Resistor 464 may
      be 4700 ohms, capacitor 466 may be 22 microfarads, and diode 468 may be an
      IN914 type.
PAR  FIG. 5 shows test clock 60 in detail. The 52.08 KHz outputs (test clock and
      delay clock) are generated by dividing the 0.833 MHz input by 16 through a
      shift register 510 connected in inverted ring counter configuration. Gates
      520 and 530 form a count decade circuit for establishing a 180.degree.
      phase shift between test clock and delay clock which prevents simultaneous
      clocking. Test clock inputs to the LSB of the first decade counter in test
      counter 56. The output of MSB of the second decade counter provides
      SIMULATION DELAY to a delay latch 540. Delay latch 540 inhibits delay
      clock pulses during the time when the two LSD are in a state in which a
      carry, or barrow, to the next 3 MSD will not occur on the next clock pulse
      (i.e. 99 counting up or 00 counting down). At this time SIMULATION DELAY
      is false. When SIMULATION DELAY is true, latch 540 passes the delay clock
      pulses to the third decade of test counter 56. Delay clock pulses are
      delayed to simulate the settling time of the detection mechanism of
      encoder stage 12.
PAR  Register 510 may be an 8 bit serial input shift register (SN 74164). Gates
      520, 530, and the two input gate of latch 540 540 may be NAND gates (SN
      7400). The three input gate input gate in latch 540 may be a NAND gate (SN
      7410).
PAR  FIG. 6 shows test control 62 in detail. Holding latch 610 is connected to
      remember the last false input, and is formed by a two input NAND gate (SN
      7400) and a three input NAND gate (SN 7410). The normally true output of
      latch 610 combines with ERROR bar at reset NAND gate 612 to energize reset
      LED 614. Latch 610 output also combines with TEST at NOR gate 616 to
      provide one input to test enable NOR gate 618. The other input to NOR gate
      617 is provided by set pulse and nontest pulse combined through NAND gate
      620. NAND gates 612, 620, and one gate of latch 610 are two input NAND
      gates (SN 7400). The other gate of latch 610 may be a three input NAND
      gate (SN 7410). Gates 616 and 618 may be two input NOR gates (SN 7402).
PAR  Test flip flop 640 is clocked by overtravel pulses, cleared by TURN ON and
      reset pulse combined through NOR gate 642, and preset by test pulses.
      Direction flip flop 650 and completion flip flop 660 are also clocked by
      overtravel pulse. The output of flip flop 660 clocks test flip flop 64,
      and the output of flip flop 650 combines with X axis at NOR gate 662 to
      provide PREWIRED ERROR. Gates 642 and 662 may be NOR gates (SN 7402), and
      flip flops 640, 650, and 660 are D type flip flops (SN 5474).
PAC  MODES OF OPERATION AND TRUTH TABLE OF CONDITIONS AND EVENTS
PAR  Monitor system 10 is energized by closing a power switch 462, and after a
      short delay TURN ON becomes true. Reset panel switch 212 is momentarily
      depressed to clear the logic circuits. Internal count mode is established
      by selecting X axis through XY select 20 and Test, through function select
      22. A positive internal count test requires 100,000 counts in each
      direction which takes about four seconds. Test LED extinguishes at
      termination of internal count. Prewired error mode is established by
      selecting Y axis through XY Select 20 and test through function select 22.
      A positive prewired error test requires about 2 seconds at which time the
      Test LED extinguishes and alarm LED 52 turns on. At this time input data
      should be 19.999 and internal count should be 99.999. These values can be
      checked through display select 26. Monitor X mode is established by first
      selecting X axis (which generates a Nontest pulse through gate 220, a Stop
      pulse through gate 620, and ERROR ENABLE becomes False through gate 618),
      and then clearing by momentarily depressing reset switch 212 (causing
      ERROR ENABLE to return to true). Monitor Y mode is similarly established
      by selecting X axis and clearing. Display Only mode is established merely
      by selecting X axis or Y axis causing ERROR ENABLE to be false.
TBL                                    TRUTH TABLE                             

     __________________________________________________________________________

                 TURN             ERROR      Test                              

                                                Nontest                        

                                                     Stop  Test                

                 ON  Reset                                                     

                         X AXIS                                                

                              X LED                                            

                                  ENABLE                                       

                                        SELECT                                 

                                             Pulse                             

                                                Pulse                          

                                                     Pulse                     

                                                        Test                   

                                                           LED                 

                                                              Y                

     __________________________________________________________________________

                                                              LED              

      Power On   T   F   X    X   F     X               F  OFF                 

                                                              X                

      Clear          P   X    X   T     X            P  F  OFF                 

                                                              X                

     Internal Count                                                            

      X Axis         F   T     ON F     F       P    P  F  OFF                 

                                                              OFF              

       Test          F   T     ON T     F    P       P  T   ON                 

                                                              OFF              

     Prewired Error                                                            

      Y Axis         F   F    OFF F     T       P    P  F  OFF                 

                                                              ON               

       Test          F   F    OFF T     T    P       P  T   ON                 

                                                              ON               

       Input (19,999).sup.2                                                    

                         F        T     T               T   ON                 

                                                              ON               

       .sup.1 Int. count (99,999).sup.2                                        

                         F        T     T               T   ON                 

                                                              ON               

     Monitor                                                                   

      X Axis         F   T     ON F     F       P    P  F  OFF                 

                                                              OFF              

       Clear         P   T     ON T     F            P  F  OFF                 

                                                              OFF              

      Y Axis         F   F    OFF F     T       P    P  F  OFF                 

                                                              ON               

        Clear        P   F    OFF T     T            P  F  OFF                 

                                                              ON               

     Display Only                                                              

      X Axis         F   T     ON F     F            P  F  OFF                 

                                                              OFF              

      Y AXIS         F   T    OFF F     T            P  F  OFF                 

                                                              ON               

     __________________________________________________________________________

                                                   Error                       

                                                      DISPLAY                  

                                                            Input              

                                                               Internal        

                                              ERROR                            

                                                   LED                         

                                                      SELECT                   

                                                            LED                

                                                               LED             

                                   Power On   F    OFF                         

                                                      X     X  X               

                                   Clear      F    OFF                         

                                                      X     X  X               

                                  Internal Count                               

                                   X Axis     F    OFF                         

                                                      X     X  X               

                                    Test      F    OFF                         

                                                      X     X  X               

                                  Prewired Error                               

                                   Y Axis     F    OFF                         

                                                      X     X  X               

                                    Test      T     ON                         

                                                      X     X  X               

                                    Input (19,999).sup.2                       

                                              T     ON                         

                                                      F     ON OFF             

                                    .sup.1 Int. Count (99,999).sup.2           

                                              T     ON                         

                                                      T     OFF                

                                                                ON             

                                  Monitor                                      

                                   X Axis             F     ON OFF             

                                    Clear     F    OFF                         

                                                      F     ON OFF             

                                   Y Axis             F     ON OFF             

                                    Clear     F    OFF                         

                                                      F     ON OFF             

                                  Display Only                                 

                                   X Axis     F    OFF                         

                                                      F     ON OFF             

                                   Y Axis     F    OFF                         

                                                      F     ON OFF             

     __________________________________________________________________________

      .sup.1 After clear, ERROR becomes true and Error LED turned on upon error

      detection.                                                               

      .sup.2 This number appears on the display.                               

      T -- True                                                                

      F -- False                                                               

      P -- Pulse                                                               

      X -- Don't Care                                                          

PAR  This invention is not limited in application to monitoring linear encoders.
      The present multistep detection system may be used in any unit transition
      counter, such as counting items on a conveyor belt. A multiitem count, or
      error, activates an alarm and stops the belt. The operator can then
      investigate to determine the source of error and the proper count.
PAR  As will be apparent to one skilled in the art, the objects of this
      invention have been accomplished by providing a monitor system for
      detecting multistep transitions in the position data from a linear
      encoder. The initial continuity check can be performed automatically and
      rapidly merely by scanning the code plate with the monitor. An alarm
      indicates the presence of an error. The operator is not required to
      observe each change in the displayed position as required by the prior
      art. In addition, during operation of the encoder, the monitor
      continuously checks for multistep transactions caused by dust deposition
      subsequent to the continuity check and by temporary electronic failure or
      gliches.
PAR  The error detection activates an alarm and inhibits further data
      processing. The encoder position closest to the code plate error is
      retained of display, thus simplifying locating the faulty portion of the
      code plate. The multistep detecting circuits cay be conveniently checked
      by internal count and prewired error test circuits.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A device for monitoring numerically sequential input data having unit
      transitions, comprising:
PA1  input means for receiving the input data;
PA1  at least one internal counter responsive to the input means for changing
      the internal count data by one unit transition for each transition of the
      input data;
PA1  comparator for comparing the input data to the internal count data for
      establishing an ERROR state within the device when the input data is not
      identical to the internal count data;
PA1  output means for outputting data from the device; and
PA1  a test means for providing test data to the input means, the test means
      comprising an error circuit for statistically testing the device by
      providing multistep error data to the input means.
NUM  2.
PAR  2. The device of claim 1, wherein the error circuit provides a prewired
      error which affects at least one bit of the input means.
NUM  3.
PAR  3. The device of claim 2, wherein the prewired error is provided by
      inhibiting at least one bit of the input means.
NUM  4.
PAR  4. The device of claim 1, wherein the test means additionally comprises a
      test counter for dynamically testing the device by providing numerically
      sequential test count data of unit transitions to the input means.
NUM  5.
PAR  5. The device of claim 4, wherein the test counter counts clock pulses to
      provide the test count data.
NUM  6.
PAR  6. The device of claim 1, further comprising a direction detecting means
      for controlling the direction of counting of the internal counter.
NUM  7.
PAR  7. The device of claim 6, wherein the direction detecting means is
      responsive to changes in the least significant bit of the comparator
      output.
NUM  8.
PAR  8. The device of claim 7, wherein the direction sensing means is
      simultaneously responsive to the least significant bit of internal count
      data and the wired OR outputs of at least the three next significant bits
      of the comparator.
NUM  9.
PAR  9. The device of claim 8, wherein the direction sensing means provides
      direction data to the internal counter from an exclusive NOR gate which is
      responsive to the least significant bit of internal count data and the
      wired OR outputs.
NUM  10.
PAR  10. The device of claim 6, wherein the test counter is bidirectional for
      providing numerically sequential test count data which changes in
      direction for testing the ability of the device to monitor a change in
      direction of the input data.
NUM  11.
PAR  11. The device of claim 6, additionally comprising a numerical display
      means for visually displaying data from the device.
NUM  12.
PAR  12. The device of claim 6, wherein the input means has a plurality of
      channels for monitoring a plurality of numerical sequences.
NUM  13.
PAR  13. The device of claim 12, wherein each channel has an internal counter
      which counts by units for each transition in the input data of that
      channel for simultaneously monitoring the plurality of input channels.
NUM  14.
PAR  14. The device of claim 13, wherein each channel has a comparator for
      comparing the input data of that channel to the internal count of that
      channel.
NUM  15.
PAR  15. The device of claim 14, wherein each channel has a numerical display
      for simultaneously displaying data in the plurality of channels.
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ABST
PAL  Circuitry for evaluating a serial binary number after each of several
      modifications with respect to given constants and further modifying the
      result in connection with the sign of the result obtained by the previous
      modification to provide serial binary to BCD conversion. Further circuitry
      is illustrated for converting from a BCD word to a serial binary word by
      adding together one or more serial binary words each representative of the
      value of the logic ones appearing in the BCD word.
PARN
PAC  THE INVENTION
PAR  This application is a division of parent application Ser. No. 395,817 filed
      Sept. 10, 1973.
BSUM
PAR  The present invention is generally concerned with electronics and more
      specifically with a converter. Even more specifically, the converter in
      one embodiment changes serial binary words to be BCD binary coded decimal
      words and in another embodiment changes BCD words to serial binary words.
PAR  The present invention utilizes the circuit component and concepts outlined
      in my U.S. Pat. No. 3,757,261 issued on Sept. 4, 1973 and assigned to the
      same assignee as the present invention. For background information, it is
      requested that the reader consult the referenced patent. The present
      invention is an improvement over the prior art in performing the BCD to
      binary and reverse conversions using the circuitry and teachings of the
      referenced patent.
PAR  It is, therefore, an object of the present invention to provide improved
      converter circuitry.
DRWD
PAR  Other objects and advantages of the present invention may be ascertained
      from a reading of the specification and appended claims in conjunction
      with the drawing wherein:
PAR  FIG. 1 is a schematic circuit diagram of one embodiment of a serial binary
      word to BCD word converter;
PAR  FIG. 2 is a chart illustrating the decision choices by the gating circuitry
      of FIG. 1 and the results of those decisions for each word time step of a
      conversion frame process;
PAR  FIGS. 3A, 3B, 3C illustrate in chart form the numerical values produced
      within the circuitry as it proceeds toward solving the conversion process
      for given numbers; and
PAR  FIG. 4 is a schematic circuit diagram of one embodiment of the invention
      for performing serial BCD word to binary serial word conversion.
PAR  FIG. 5 is a schematic circuit diagram of a second embodiment of a serial
      binary word to BCD word converter.
PAR  FIGS. 6A, 6B illustrate in chart form the conversion process of FIG. 5.
DETD
PAC  FIG. 1
PAR  In FIG. 1, it will be noted that the circuit diagram is divided into three
      dash line blocks 10, 12 and 14, respectively, along with the remainder of
      the circuitry which is designated as 16. The circuitry designated as 16 is
      utilized to provide two constants, L and K, the value of which change with
      each word time of a time or word frame as illustrated.
PAR  The circuitry of block 14 is utilized to modify the input serial binary
      word on each step of the process in accordance with the sign of the result
      of the most recent previous modification and provide an output which
      indicates the polarity result of the previous modification.
PAR  Block 12 is utilized to provide a further set of constants the value of
      which decrease in numerical value during the process and which are added
      in block 10 upon each occurrence of a logic one being received from block
      14 to produce the final converted BCD word at the end of the time frame.
PAR  In detail, it will be noted that a line 18 is used to provide a serial
      binary input word to one contact of a switch generally designated as 20
      and which is operated in accordance with a signal N.sub.0. The signal
      N.sub.0 is logic one during word time N.sub.0 and is a logic 0 from word
      times N.sub.1 to N.sub.7. The eight word times from N.sub.0 to N.sub.7
      constitute a frame of word times. The position shown in FIG. 1 is the
      position of the switch with N.sub.0 in the logic 0 position. Thus, the
      switch is in a position so it is transmitting signals from its other
      contact which is connected to the output of an 8-bit shift register or
      storge means 22 to its output which is connected to an input of a summing
      means, adder or summation means 24. An output of summing means 24 is
      connected to an input of the shift register 22 as well as to a K input of
      a J-K flip-flop generally designated as 26 and is also inverted and
      applied to the J input thereof. The Q output of J-K flip-flop 26 is
      designated as SIGN I and is provided to an input of a NAND gate 28 and is
      also inverted and supplied to an input of a NAND gate 30. Finally, it is
      supplied to the input of an AND gate 32 within block 10. The outputs of
      NAND gates 28 and 30 are supplied to inputs of a NAND gate 34 whose output
      is supplied to a second input of summing means 24. It may further be noted
      that a clock input of J-K flip-flop 26 is connected to a sync bit or
      synchronization bit source which provides a logic 1 signal at the time of
      the sign bit of the various words. The words are presented least
      significant bit first and most significant or sign bit last. Thus, J-K
      flip-flop 26 is operated at the end of each word time and stays in its
      given condition during the entire next word time until it is again clocked
      at the end thereof.
PAR  In block 12 the sync bit is applied to a NAND gate 35 which also receives
      an input from N.sub.0 which has logic values as explained previously and
      as further explained in the referenced patent. The output of NAND gate 35
      is supplied through a one bit shift register or storage means 36 whose
      output is supplied to a NAND gate 38. The N.sub.0 input is also inverted
      and supplied to a NAND gate 40 whose output is supplied to a further input
      of NAND gate 38. An output of NAND gate 38 is labeled P and is supplied to
      a 7-bit shift register or storage means 42 whose output is designated as M
      and is supplied to a second input of AND gate 32 and to a second input of
      NAND gate 40.
PAR  An output of AND gate 32 in block 10 is supplied to an inverted input of a
      NAND gate 44 whose output is designated as J and is supplied to first
      inputs of switches 46 and 48 each of which is operated as illustrated by
      signal N.sub.0. Again, the switches 46 and 48 are illustrated as the
      switches would occur in the logic zero condition of the signal N.sub.0.
      The other contact of switch 46 is connected to ground 50. The movable
      contact of switch 46 is connected to an input of a 8-bit shift register or
      storage means 52 whose output is inverted and connected to a second input
      of NAND gate 44. As will be realized, the NAND gate 44 including the two
      inverted inputs operates identically to that of an OR gate. Further, as
      will be later realized, the OR gate 44 operates as an adder or summing
      means in the environment presented since the binary words to be added do
      not involve a carry operation at any stage in the time frame. The switch
      48 has its output connected to a shift register or storage means 54 whose
      output is connected to a lead 56 and to the other contact of switch 48.
      The lead 56 provides the BCD output from the apparatus.
PAR  FIG. 1 also requires a source of word signals such as may be provided by a
      plurality of seven J-K flip-flops which are actuated by the N.sub.O word
      signal and which signal is passed down the plurality of flip-flops each
      synchronization bit time so that an output signal is provided from the Q
      output of each of the flip-flops to the appropriate terminals of the AND
      gates illustrated in circuit portion 16 for generating the K and L
      constants. Such a plurality may be found in FIG. 4. The gating of N.sub.O
      through N.sub.7 each occurs for a full word time in the time frame. During
      a given word time such as N.sub.O, the data bits are provided at the K
      output during the sync bit or sign bit time, which is indicative of -128
      the fifth sign bit time which is indicative of 16 and the sixth data bit
      time which is indicative of 32 for the K output. For the L output, the
      word is identical to the K output for the N.sub.O word time. However, it
      is somewhat different for each of the remaining word times. The major
      difference is during N.sub.4 wherein the output on the K generator is -8
      and the output on the L generator is +2. Otherwise, the generated
      constants are the same with different sign bits.
PAC  FIGS. 2, 3A AND 3B
PAR  In the first column of FIG. 2 the various word times are designated from
      N.sub.O to N.sub.7 and back again to N.sub.0. The operations are outlined
      in the next two columns with a single column used for the N.sub.0 word
      time since the input word is combined with -80 regardless of whether the
      constants from L or K are used. However, from this point forward in the
      process the resultant word is combined with a K or L constant depending
      upon the sign of the previous word I. This previous word I is given
      designators of I.sub.O through I.sub.7 to correspond with the word time.
      Thus, using the example of FIG. 3A, it will be noted that if an input of a
      serial binary number representative of 99 is presented on lead 18, this
      would be combined with -80 to produce a resultant of +19. Since the result
      of the operation in word time N.sub.0 is a positive number, the second
      column is used of FIG. 2 for word time N.sub.1 and the word I.sub.0 which
      appears at the output of summation circuit 24 is combined with the K
      constant for that time period and 40 is subtracted from 19. The result is
      a  -21. Thus, during word time N.sub.2 the last column of FIG. 2 is
      utilized and it will be noted that the resultant output from summation 24
      is now added to the appropriate constant from the L input. In this case,
      it would be a constant of 20 producing a resultant value for I.sub.3 of
      -1. This resultant is still negative and thus the last column is used for
      word time N.sub.3. Thus, the constant from L is again used and the -1 is
      combined with a +10 to produce a +9. During word time N.sub.4, the
      operation is switched back to the second column of FIG. 2 since the
      resultant I in word time 3 has a positive sign. Thus, the resultant +9 is
      now combined with a -8 to produce a resultant of +1. The remaining steps
      of FIG. 3A may be ascertained from observation of the rules set forth in
      FIG. 2. An additional column J in FIG. 3A illustrates the output obtained
      at the output of OR gate 44 and illustrates the build-up of the BCD number
      which at word time N.sub.0 is transmitted through switch 48 to shift
      register 54 wherein this BCD number is circulated once each word time for
      the entire following frame time. Such a practice is consistent with the
      practices in the referenced patent. The M column in FIG. 3A illustrates
      the words generated by block 12 in FIG. 1 for producing the words to be
      added during the time of the word following the word in which the sign of
      the output summation means 24 is positive, thereby producing a gating
      logic one output from J-K flip-flop 26.
PAR  FIG. 3B is a further chart illustrating the operation of the circuit when a
      word such as 66 is inputted to the converter of FIG. 1 to produce a BCD
      output. The column P illustrates the word appearing at the output of NAND
      gate 38 so that a comparison can be made between FIGS. 3A and 3B to
      illustrate the changes incurred in bit position after being transmitted
      through the shift register 42.
PAR  The above overall view of the circuit of FIG. 1 as related to the
      appropriate portions of FIGS. 2 and 3, will now be reviewed in operational
      detail. The converter of FIG. 1 utilizes a serial binary word input on
      line 18 and provides a serial BCD word output on line 56. Each of these
      serial words is of an equal number of bits and is presented least
      significant bit first and most significant bit last as previously
      mentioned. All of the words in the converter operate in synchronism by
      means of a synchronization bit SB from a clock which is generated during
      the most significant bit time of each word.
PAR  The conversion process requires a complete time frame where a frame is
      defined as a number of word times equal to the number of bits in the word.
      The start of each new time frame (and the end of the preceding frame) is
      synchronized by means of a synchronization word (N.sub.0) from the clock.
      The synchronization word N.sub.0 is generated for one full word time each
      frame.
PAR  In the serial binary words, the sign bit is the eighth or last bit of the
      word and it indicates a weighted value of -128 when it appears as a logic
      one. All of the other bits (1 through 7, or first through next to last) of
      the words have positive weighted values (e.g. +1, +2, +4, +8, +16, +32,
      and +64.)
PAR  The input word on line 18 must always be positive and limited to a value of
      99 since the 4-bits required for each BCD digit uses the 8-bit capacity of
      the present embodiment. As will be realized, the circuitry may be expanded
      for larger or smaller BCD numbers and serial binary numbers.
PAR  Referring specifically to block 14, it will be noted that if I.sub.IN is
      inserted on line 18 at word time N.sub.0, it may be added to either K or L
      since during time N.sub.0 each of these is -80. As will be realized, the
      NAND gates 30 and 28 are exclusively operated in accordance with the sign
      of the previous operation. Thus, the sign of the previous operation and
      the resultant setting of J-K flip-flop 26 has no effect on the first step.
      From then on, as may be ascertained from FIGS. 2 and 3, the gates 28 or 30
      operate in accordance with the logic value of the sign of the word
      produced at the output of summing means 24 in the previous operation.
      Thus, in the example of 3A, for word time N.sub.1 the word produced by
      summing means 24 would be a positive 19 and the positive sign bit at the
      time of the sync bit would produce a logic one at the Q output of
      flip-flop 26 on the trailing edge of the sync bit SB. This logic one
      output would actuate the NAND gate 28 so that a logic zero would be
      produced at the output for every logic one input at the K input. This in
      turn would be inverted by NAND gate 34 to produce a logic one output to be
      applied to the summing means 24 instead of its usual logic zero output.
      The result of the summation operation in word time N.sub.1 as will be
      noted from FIG. 3A is a minus word having a value of -21 and thus the J-K
      flip-flop 26 will be altered to provide a logic zero output during the
      entire word time N.sub.2. Thus, the NAND gate 30 will be actuated to
      supply thereto the word having the binary equivalent 20 on the L input
      line during word time N.sub.2. The device will continue producing outputs
      on the sign I lead during the remainder of the process. As will be noted,
      this sign I lead is one of the two inputs to AND gate 32. Referring now to
      the block 12, it will be noted that during word time N.sub.0, the logic 1
      of N.sub.0 as inverted and applied to NAND gate 40 will prevent the
      passage of any signals and thus effectively clear the shift register 42.
      However, the appearance of the sync bit at the end of word time N.sub.0
      will produce a logic 0 output which is delayed in shift register 36 until
      word time N.sub.1 and this will again be inverted to produce the logic 1
      at the beginning of the N.sub.1 word as may be observed from the P column
      in FIG. 3B. Seven bits later, this bit has traversed the shift register 42
      and is presented back at the input during the sync bit time or most
      significant bit time as may also be observed from column P in FIG. 3B. As
      will be noted from column M in FIG. 3A, the output from block 12 is a
      continuously decreasing numerical value number from word times N.sub.1
      through N.sub.0 with only a single logic 1  appearing in each instance. In
      effect, the logic 1 moves toward the least significant position one
      position each word time. The SIGN I lead is used to gate this word M
      through to OR gate 44 each word time. The circuit of block 10 is cleared
      to contain all 0's in shift register 52 during word time N.sub.0 by the
      movement of switch 46 to provide a grounded input. From then on, the
      occurrence of a logic 1 at the output of J-K flip-flop 26 will pass the M
      input from block 12 through the OR gate 44 and into shift register 52. The
      various M inputs are such that when added to previous M inputs there will
      be no carrying and thus an ordinary OR gate or double inverted NAND gate
      as shown may be used to provide the summing operation. However, a circuit
      similar to that of 24 could have been used to provide this operation. At
      the end of the conversion operation, the switch 48 is activated and the
      word appearing on the J lead is transferred to shift register 54 where it
      is circulated once each word time for the following time frame and thus
      can be picked up at the output lead 56.
PAC  FIGS. 3C AND 4
PAC  Serial BCD to Binary Word Converter
PAR  The circuit of FIG. 4 is divided into two dash line blocks 75 and 77 with
      the remaining circuitry generally designated as 79. The circuitry of 79
      generates the code presented in both FIG. 4 and FIG. 3C ranging from 80 to
      1 in consecutive word times from N.sub.1 to N.sub.0. This is accomplished
      in much the same manner as the constant code generators of FIG. 1. In
      addition, it will be noted that the connection of the J-K flip-flops for
      actuating the specific AND gate being used during a specific word time is
      also illustrated and this illustration may also be used as an aid in
      understanding FIG. 1.
PAR  The serial BCD number to serial binary word converter is much the same as
      previously described in connection with the circuit of FIG. 1 in requiring
      positive two digit 4 binary bit BCD numbers and thus positive converted
      serial binary numbers.
PAR  The circuitry of 77 is utilized to produce the output I which merely checks
      the inputted BCD number bit-by-bit and provides a logic 1 output upon the
      detection of each logic 1 bit in the BCD number from most significant bit
      to least significant bit. This is accomplished by using 9 bits of storage
      or shift register for circulation and eliminating the last detected bit
      upon each circulation. Thus, through the use of the 9-bit storage, the
      next most significant bit for each word time detection becomes the most
      significant bit on the following word time and thus occurs at the time of
      the synchronization bit. Therefore, the J-K flip-flop is set each time in
      accordance with the logic value of each succeeding bit in the input word.
      It may be assumed that the input word is 99 in BCD code as shown in FIG.
      3C and is applied on lead 81. This word is applied through an N.sub.0
      operated switch designated as 83 and is applied to the input of an 8-bit
      shift register 85. At the end of word time N.sub.0  a J-K flip-flop 87
      samples the right hand or most significant bit of the BCD word and in the
      example of FIG. 3C, detects that it is a logic 1. Thus, a logic 1 appears
      at the output of the J-K flip-flop 87 on the I lead 89 for the word time
      N.sub.1. The presence of the synchronization bit at word time N.sub.0 as
      applied to an AND gate 91 has no effect on the present input word but does
      eliminate any possible 1's in the previous input word. During word time
      N.sub.1, the word stored in shift register 85 is passed through AND gate
      91 and delayed in 1-bit shift register 93 before being returned to shift
      register 85. At the sync bit time of word time N.sub.1 it will be observed
      from column I in FIG. 3C that the most significant bit is a logic 0
      thereby changing J-K flip-flop 87 during word time N.sub.2 to have a logic
      0 output on lead 89. The logic 0 output will also occur during word time
      N.sub.3 but will be changed due to the logic 1 appearing at the sync bit
      time of word time N.sub.3 to have a logic 1 output during word time
      N.sub.4.
PAR  The circuitry in block 75 utilizes an AND gate 95 to take the output from
      the code generator 79 and the signal on lead 89 and pass the coded input
      to a summing means 97. The summation is supplied as a J output on lead 99
      to an input of a switch 101 which is grounded during word time N.sub.0 to
      clear a shift register 103. Thus, during word time N.sub.1 there is no
      input from shift register 103 and using the example of FIG. 3C the input
      will be a binary 80 on lead 105 from the generator 79 which is gated
      through AND gate 95 by the logic I on lead 89. Since logic 0's appear on
      lead 89 during word times N.sub.2 and N.sub.3, the codes 40 and 20,
      respectively, are prevented from being supplied through AND gate 95 from
      lead 105. However, during word time N.sub.4 the code constant 10 is
      allowed to pass and is added to the word 80 which has circulated through
      shift register three times. It is added to produce a total binary word of
      90 at the end of word time N.sub.4. This process continues as may be
      ascertained from the example of FIG. 3C until the end of word time
      N.sub.7. At the start of word time N.sub.0 a switch 107 is operated by the
      signal of N.sub.0 and the final summed output of 99 from summing means 97
      is passed into a shift register 109. At the end of time N.sub.0 switch 107
      is again reverted to the position shown and the word 99 is then circulated
      in the shift register where it may be outputted on lead 111 at any time
      during the next time frame.
PAC  FIG. 5
PAC  Serial Binary to BCD Converter
PAR  In FIG. 5 a binary input is supplied on a lead 120 to a N.sub.0 operated
      switch generally designated as 122 in a dash line block 124. During word
      time N.sub.0 this input word is supplied to a first 8 bit shift register
      126 and also to an input of a summing circuit of adding means 128. An
      output of the summing means 128 is passed to a second shift register 130,
      as well as being supplied to a K input of a J-K flip-flop generally
      designated as 132. The output of summing means 128 is also inverted and
      supplied to a J input of J-K flip-flop 132. A sync bit is supplied to a
      clock input of J-K flip-flop 132 and the Q output is connected to a line
      134 which is supplied to a first input of a NAND gate 136 and is inverted
      and supplied to a first input of a NAND gate 138, as well as being
      supplied to an input of an AND gate 140 in a dash line block 142. NAND
      gate 136 receives a second input from shift register 130 while NAND gate
      138 receives a second input from shift register 126. The outputs of NAND
      gates 136 and 138 are supplied to inputs of a NAND gate 143 whose output
      is supplied to a second contact of switch 122 as shown.
PAR  A K generator is generally illustrated as 144 and operates in substantially
      the same manner as the K generator of FIG. 1. In addition, a clocking
      device for the K generator is shown generally as 146 comprising a
      plurality of J-K flip-flops. These would be connected in substantially the
      same manner as more clearly illustrated in FIG. 4.
PAR  An output of AND gate 140 is supplied as a first input to an OR gate 150
      whose output is supplied to a first contact of a first switch generally
      designated as 152 and to a first contact of a second switch generally
      designated as 154. A shift register generally designated as 156 has its
      input connected to the movable contact output of switch 152 and its output
      connected to a second contact of switch 152, as well as being supplied to
      the J output of the apparatus further labeled or designated as 158. The
      output or movable contact of switch 154 is connected to an input of a
      shift register 160, whose output is connected to a second input of OR gate
      150. The second contact of switch 154 is connected to ground 161.
PAR  A final dash line block 162 operates to produce an M signal in a manner
      identical to that of block 12 of FIG. 1 and thus no further designators
      will be used for this block.
PAR  FIGS. 6A and 6B are comparable to FIGS. 3A and 3B in illustrating the
      conversion process. The circuitry of block 124 in each word time attempts
      to add the incoming negative K constant to the word being supplied from
      switch 122 thereby resulting in a subtraction of the absolute value of the
      number. During word time N.sub.0 this would be the input word applied from
      line 120. During each of the subsequent word times, this would be the word
      supplied from the R line output of NAND gate 143. If the result of the
      addition in summing means 128 is a negative number, a logic 1 will appear
      during the sync bit time at the output of summing means 128 and operate
      the J-K flip-flop to produce a logic zero output on line 134. This
      operation will gate the word from shift register 126 through gate 138 and
      140 to produce the R output which is recirculated back to the input of
      summing means 128 and returns the same number to shift register 126.
      However, if the result of the addition of the negative K constant and the
      number being received from 122 is a positive number, J-K flip-flop 132
      provides a logic 1 output and, thus, prevents the output of shift register
      126 from being supplied through the NAND gates and instead allows the word
      in shift register 130 to be transmitted through NAND gates 136 and 143 to
      appear as output R.
PAR  Observing the contents of the table of FIG. 6A, it will be noted that if
      the input word is 99, at the end of word time N.sub.0 shift register 130
      will contain a serial binary number equivalent to +19 while shift register
      126 will contain a similar +99. Since the last bit from the summing means
      128 is a logic zero thereby indicating a positive number, the J-K
      flip-flop 132 provides a logic 1 output on lead 134 and shifts the +19
      through to the output of NAND gate 143 and thus produces a binary 19 which
      is supplied bit-by-bit during word time N.sub.1 to the shift register 126
      and to the summing means 128. The constant during word time N.sub.1 is -40
      and this is added to +19 in the summing means 128 and placed bit-by-bit
      into shift register 130. During the sync bit time it will be determined by
      the J-K flip-flop 132 that the sign bit is a logic 1 thereby indicating a
      negative number and thus the J-K flip-flop will provide a logic zero
      output and recirculate the binary +19 from shift register 126 to the R
      output and back to the input of shift register 126 and summing means 128
      during word time N.sub.2. Following the chart it will be observed that a
      negative result will again be obtained during word time N.sub.2 so that
      the binary 19 will again be recirculated during the N.sub.3 word time.
      However, during word time N.sub.3 the addition of a +19 to a -10 from the
      K constant generator will produce a positive 9 and thus during word time 4
      the word R will now be 9 instead of 1. The following subtraction process
      in word time 4 will produce a result of +1. Using the reasoning above the
      rest of the chart for FIG. 6A can be analyzed. As will be realized the
      word "NO" is used in FIGS. 6A and 6B to indicate a negative result whereby
      the number in shift register 126 is recirculated rather than using the
      number in register 130.
PAR  The chart of FIG. 6B, which commences with an input word of 66 to be
      converted to BCD, uses the same reasoning in that the first subtraction is
      negative and thus the input word is recirculated from the shift register
      126 for use again during word time N.sub.1.
PAR  The outputs from the J-K flip-flop 132 operate to activate GATE 140 during
      the times that there is a logic 1 output from the J-K flip-flop thereby
      indicating that the result of the summation is a positive number. Thus,
      for the problem of FIG. 6A, the circuitry in block 142 will add the M
      input during word times N.sub.1, N.sub.4, N.sub.5, and also during N.sub.0
      at the end of the conversion process. As before the OR gate 150 provides a
      satisfactory summing action since the numbers involved preclude the
      possibility of any carry operations.
PAR  From the above description of operation, it will be noted that the
      embodiment of a serial binary number to BCD converter operates in a
      somewhat simpler fashion than does the circuit of FIG. 1. Basically, the
      circuit compares the input binary number with a series of constants. On
      each comparison where the binary number is larger than the stated constant
      for that word time, the constant is subtracted and a one is inserted in
      the apparatus output stage to indicate the number being operated upon has
      been reduced in value. When the comparison is such that the constant is
      larger in absolute magnitude than the remaining number being operated
      upon, no subtraction occurs but rather the number is compared with
      succeeding constants until the comparison is again positive. At this time
      a further logic 1 is inserted in the number to be provided as the
      converted BCD number.
PAR  While the present circuit is able to operate with one less code generator,
      it requires an additional shift register. Thus, the particular circuit to
      be used will depend at least in part, as to whether or not code generators
      must be built for other similar circuits and what code generation is used
      for these circuits before determining which circuit would be most
      expedient for a particular application.
PAR  However, as will be realized by those skilled in the art, both circuits,
      FIG. 1 and FIG. 5, illustrate the same basic principle of converting a
      serial binary number to a BCD number through the process of examining the
      input number in successive steps as compared to a series of constants and
      inserting logic 1's in the number to be provided at the output upon the
      occurrence of prescribed conditions in the comparisons.
PAR  As may be ascertained from the above described embodiments, the BCD answer
      as well as its use as an input as shown in FIG. 4 is presented least
      significant bit first and basically has a code from left to right of (1,
      2, 4, 8, 10, 20, 40, and 80). However, other codes may be handled by the
      circuitry illustrated by changing the values of the constants which are
      added to or subtracted from I during the appropriate word times.
      Specifically referring to FIG. 1, it will be noted for example that a
      weighted code of (1, 2, 4, 2, 10, 20, 40, 20) may be handled by changing
      the chart of FIG. 2 to read I.sub.0 = I.sub.N - 20 and changing the
      presentation during word time N.sub.4 from I.sub.4 = I.sub.3 - 8 to
      I.sub.4 = I.sub.3 - 2 and in the third column changing I.sub.4 = I.sub.3 +
      2 to I.sub.4 = I.sub.3 + 8. For FIG. 1, the last referenced weighted code
      can be handled by changing the K generator to output -20, -40, -20, -10,
      -2, -4, -2, and -1 and the L generator to output -20, +40, +20, +10, +8,
      +4, +2, +1. For FIG. 5 the K generator would also be changed to output
      -20, -40, -20, -10, -2, -4, -2, -1.
PAR  Further, it will be realized from the evaluation of the above discussion
      that different lengths of binary and BCD words may be converted than that
      shown.
PAR  While I have illustrated only a single embodiment for conversion of BCD to
      binary and two embodiments of binary to BCD, I wish to be limited only by
      the scope of the appended claims and not by the specific circuitry
      illustrated and described.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for converting a serial binary number word to a BCD number
      word in a time frame equivalent to a word time multiplied by the number of
      bits in a word comprising, in combination:
PA1  first means for supplying a serial binary number word of eight bits;
PA1  second means for generating first and second series of constants having the
      values -80, -40, -20, -10, -8, -4, -2, -1, and -80, +40, +20, +10, +2, +4,
      +2, +1, respectively, one of each series of which is generated each word
      time in the frame;
PA1  third means, connected to said first and second means and including output
      means, for modifying the word to be converted each word time of a frame by
      adding the value of the first series corresponding to the word in the
      frame if the sign of the previous word as modified was positive and by
      adding the value of the second series corresponding to the word in the
      frame if the sign of the previous word as modified was negative and
      supplying as an output a logic value indicative of the sign of the word as
      modified each word time;
PA1  fourth means for generating words having a logic 1 in positions of
      consecutively decreasing value as the converter time frame of words
      proceeds; and
PA1  fifth means, connected to receive signals from said third and fourth means
      and including output means, for providing as an output a summation of all
      words received from said fourth means during word times that the output of
      said third means is a given logic value.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said third means comprises:
PA1  gating means including first and second inputs for receiving the first and
      second series of constants from said second means and further including
      third input means;
PA1  summation means and storage means for initially receiving the serial binary
      number supplied by said first means and comparing this number with a
      constant received from said second means during said first word time of
      the time frame and subsequently summing the constant received from said
      second means with a stored value of the previous summation; and
PA1  means for detecting the sign of the word resulting from each summation by
      said summation means and presenting a signal indicative of the detected
      sign to said third input of said gating means during the following word
      time.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 wherein:
PA1  said third means includes a J-K flip-flop for providing the sign detection;
PA1  said gating means includes NAND gates which pass the constants from said
      first series if the sign of the previous word is positive and pass the
      second series of constants if the sign of the previous word is negative;
      and
PA1  said fifth means includes storage means for providing the converted BCD
      number word output during the entire time frame following the conversion
      time frame.
NUM  4.
PAR  4. Apparatus for providing a conversion from serial binary number words to
      BCD (Binary Coded Decimal) number words in a time frame of N words where
      each word comprises N bits comprising, in combination:
PA1  first means for supplying an input binary serial number word;
PA1  second means for supplying a series of constants having the values of -80,
      +40, +20, +10, +2, +4, +2, +1, and supplied in consecutive order one for
      each word time in the time frame;
PA1  third means for supplying the constants of -80, -40, -20, -10, -8, -4, -2,
      -1, and supplied in consecutive order one for each word time in the time
      frame;
PA1  first summing means including first and second inputs and an output;
PA1  first shift register means connected to said output of said summing means
      for storing the summing words received from said summing means and
      providing a delayed output indicative thereof;
PA1  switch means connected to said first means and to said output of said first
      shift register means for receiving the word from said first means in one
      word time of a frame and then receiving the words from said first shift
      register means for the remaining word times of a frame, said switching
      means providing as an output a signal to said first input of said first
      summing means;
PA1  J-k flip-flop means connected to said output of said first summing means
      for providing a logic one output upon the detection of a positive binary
      summation number occurring in a previous word time from said summation
      means;
PA1  gating means including first, second, and third inputs, said first and
      second inputs being connected to said second and third means for
      generating constants, respectively, and said third input being connected
      to receive output signals from said J-K flip-flop;
PA1  fourth means for generating words each containing a single logic one and
      consecutively decreasing in value for each word of a time frame;
PA1  And gate means connected to said fourth means for receiving the words
      therefrom and further connected to said third input means of said gating
      means for receiving output signals from said J-K flip-flop means, said AND
      gate providing an output signal;
PA1  second summing means including a first input connected to receive signals
      from said AND gate means, a second input and an output;
PA1  switch means connected to said output of said second summing means and
      providing an output for only N-1 words of a time frame;
PA1  second shift register means connected to said output of said second switch
      means for storing words received therefrom and supplying a delayed version
      of these words to said second input of said second summing means; and
PA1  means connected to said output of said second summing means for providing
      as an apparatus output, for final summation, words produced by said second
      summing means at the end of a time frame for the following time frame.
NUM  5.
PAR  5. Serial binary number word to binary coded decimal (BCD) number word
      conversion apparatus comprising, in combination:
PA1  generator means for supplying a series of constants, one each word time for
      a frame of N word times wherein N is equal to the number of bits in the
      BCD word, the value of the constants being equal to the corresponding bit
      position of a BCD word;
PA1  input means for supplying an input serial binary number word to be
      converted;
PA1  comparison means, connected to said generator means for receiving words
      therefrom and including a further input and first and second output means,
      said comparison means providing as an output signal at said first output
      means any serial binary words supplied to said further input when the
      serial binary word is of a lesser absolute value than the constant
      received at the word time of comparison and simultaneously supplying a
      given binary logic value signal at said second output means, said
      comparison means providing as an output signal at said first output means,
      when the serial binary word supplied to said further input is of a greater
      absolute value than the constant received at the word time of the
      comparison, the difference in absolute magnitudes and simultaneously
      supplying at said second output means a binary logic signal of a logic
      value opposite said given logic value;
PA1  said comparison means comprising, in combination;
PA2  summing means connected to receive said series of constants at a first
      input and having a second input connected to said further input of said
      comparison means, said summing means including an output means,
PA2  J-k flip-flop means connected to receive signals from said output means of
      said summing means during the most significant bit time of each word time
      and having an output thereof connected to said second output means of said
      comparison means,
PA2  gating means including first, second, and third input means wherein said
      first input means thereof is connected to said second output means of said
      comparison means and said output means of said gating means is connected
      to said first output means of said comparison means,
PA2  first shift register means connected between said output means of said
      summing means and said second input means of said gating means,
PA2  second shift register means connected between said first input means of
      said comparison means and said third input means of said gating means; and
PA1  switch means connected to said input means, said first output means and
      said further input for supplying said serial binary word to be converted
      to said further input of said comparison means during the first word time
      of a frame time and returning output words from said first output means of
      said comparison means during the remaining word times of the frame time.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 comprising in addition:
PA1  assembly means for assembling logic bits representative of given logic
      value input signals during each word time of a frame time and outputting
      the assembled word during the frame time following assembly; and
PA1  means connected between said second output means of said comparison means
      and said assembly means for providing said binary logic value signals
      thereto.
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ABST
PAL  In a method and apparatus for processing a pair of d.c. signals
      representing information having angular and amplitude components, in
      particular, information relating to the unbalance of a body to be
      balanced, coordinate transformation means are provided in order to
      transform the coordinates of the two d.c. signals in response to a control
      signal, the control signal being continually adjusted in a direction
      dependent upon the polarity of the outputs of the coordinate
      transformation means, until one of the outputs of the coordinate
      transformation means becomes 0. In this case, the control signal
      corresponds to the angular information of the two d.c. voltages, and the
      output on the other output terminal of the coordinate transformation means
      corresponds to the amplitude information. Means are also provided for
      stopping the adjustment of the control signal, whereby a source of d.c.
      signals corresponding to angular information may be applied to the inputs
      of the coordinate transformation means, in order to enable adjustment of
      the d.c. signals so that they correspond to the same angle as the signal
      applied to the control input of the coordinate transformation means. The
      two d.c. signals may correspond to the angular position of a body to be
      balanced.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a method and an apparatus for processing of two
      d.c. voltages, especially representing unbalance components.
PAR  German Patent No. 1,108,475 discloses a method for determining the
      unbalance of a rotational body. According to said known method, two square
      wave voltages are produced which are phase shifted relative to each other
      and which are then mixed with each other. These square wave voltages are
      produced from two voltages which are stored as analog values and which
      represent the unbalance components of the rotational body to be balanced.
      The square wave voltages have actually a stairstep shaped wave form and
      according to the known method the fundamental sine wave is filtered out of
      the stairstep signal, whereby the amplitude of the fundamental sine wave
      is proportional to the unbalance and whereby the phase position of the
      fundamental wave relative to one of the square wave voltages represents
      the unbalance angle, which is an angle defining the angular position of
      the unbalance on the rotational body relative to a reference mark.
PAR  The above described prior art method has the disadvantage that it is not
      too precise, especially with regard to the indication of the unbalance
      angle, because several method steps must be performed in sequence in order
      to ascertain the unbalance vector and because a precisely tuned and
      constant filter is required. Filters do not tend to retain their
      characteristics precisely, especially where temperature changes must be
      taken into account. Thus, the ascertaining and display of the polar
      unbalance information, especially of the angular position of the unbalance
      is necessarily subject to errors. Furthermore, the known method does not
      provide any possibility for directly storing the unbalance angle, rather,
      said angle can only be retained indirectly through the component direct
      voltages. As a result, additional angular errors may occur, especially as
      time passes and such additional angular errors may substantially influence
      the total error. This is so, as it is known, that the error occurring
      during the ascertaining, the storing and the display of the unbalance
      angle enters into the total error more strongly than the unbalance value
      itself, namely, by a factor of 2.pi..
PAC  OBJECTS OF THE INVENTION
PAR  In view of the foregoing, it is the aim of the invention, to achieve the
      following objects singly or in combination:
PAR  to provide a method and circuit arrangement for the processing of unbalance
      representing d.c. voltages which will avoid the drawbacks of the prior art
      by permitting a precise ascertaining display and processing of the d.c.
      voltage signals representing the unbalance angle and which will also
      permit a rapid, as well as unlimited storage of the unbalance representing
      values;
PAR  to provide a method and apparatus which is especially suitable for use in
      combination with machines for the removal of the unbalance, so called
      balancing machines;
PAR  to provide a method which will prevent the attempt of a balancing machining
      or operation in an area on the body to be balanced, which area has been
      already subjected to a balancing operation in a preceding operational
      step;
PAR  to adapt the balancing operation to the physical characteristics of the
      body to be balanced, in other words, to control the balancing operation to
      take place, for example, in at least two steps;
PAR  to provide means for exactly ascertaining the unbalance angle in precise
      digital steps;
PAR  to eliminate ambiguities from the signals employed for controlling the
      balancing operation; and
PAR  to provide in addition to the rapid ascertaining of the unbalance values an
      unlimited possibility of storing such ascertained values.
PAC  SUMMARY OF THE INVENTION
PAR  The above objects have been achieved according to the invention by a method
      in which the d.c. voltages representing the unbalance features are
      separately supplied to a coordinate transformation device. The coordinate
      transformation device has a control input connected to a control member or
      circuit which in turn is controlled by the output voltages of the
      coordinate transformation device. The control member is adjusted until one
      of the output voltages of the coordinate transformation device reaches 0,
      at which point the other output voltage of the coordinate transformation
      device represents the value of the unbalance, and whereby the position of
      the control member represents the angular location of the unbalance.
      According to the invention, the control member is preferably adjusted in
      discrete steps, whereby these steps may be displayed and stored in a
      digital manner since thereby the full advantage may be taken of the fact
      that according to the invention a high precision is accomplished.
PAR  In order to adapt the above method to the positioning or adjustment of a
      body to be balanced, into an angular position corresponding to the angle
      of the unbalance, the invention further teaches that the control member is
      arrested in a fixed position after the unbalance representing angle has
      been ascertained, whereby such arrested position of the control member
      represents the unbalance angle. Thereafter, two voltages are supplied to
      the inputs of the coordinate transformation device, which voltages
      represent the instantaneous angular position of the body to be balanced.
      The body to be balanced is now adjusted or rotated in response to the now
      appearing output voltages of the coordinate transformation device, until
      one of the output voltages reaches the value 0, and the other output
      voltage reaches a predetermined polarity. This embodiment of the invention
      has the advantage that the same coordinate transformation device is
      employed for ascertaining the unbalance angle as well as for providing an
      adjustment for the locating of the body to be balanced, whereby errors or
      different errors of different coordinate transformation devices are
      substantially eliminated.
PAR  The apparatus for exactly ascertaining the unbalance representing angle as
      a function of the size or value of respective digital steps comprises,
      according to the invention, said coordinate transformation device, which
      includes multiplying digital to analog converter having first inputs to
      which are supplied the d.c. voltages representing the unbalance and second
      inputs connected to read only or fixed memories. The d.c. voltages
      supplied to the first inputs are either supplied directly or after
      polarity inversion. Said read only memories supply in response to the
      angular value representing signal supplied to the control input, digital
      sine or cosine values. The outputs of the multiplying digital to analog
      values are connected to adder elements which combine the output signals of
      these digital to analog converters.
DRWD
PAC  BRIEF FIGURE DESCRIPTION
PAR  In order that the invention may be clearly understood, it will now be
      described, by way of example, with reference to the accompanying drawings,
      wherein:
PAR  FIG. 1 illustrates a circuit diagram according to the invention suitable
      for performing the method according to the invention;
PAR  FIG. 2 illustrates in block form a circuit diagram of the coordinate
      transformation device which may be employed in the circuit of FIG. 1 and
      arranged for cooperation with a control member adjustable in discrete
      steps;
PAR  FIG. 3 illustrates a block diagram of another embodiment of a coordinate
      transformation device, which may be employed where an approximation is
      satisfactory; and
PAR  FIG. 4 illustrates a block diagram of the control circuit or member and of
      the output voltage generator employed in FIG. 1, whereby the output
      voltage of said generator constitutes the signal for adjusting the body to
      be balanced into the proper position in which the balancing may be
      performed.
DETD
PAC  DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
PAR  The circuit arrangement according to FIG. 1 comprises a coordinate
      transformation device 5 and includes two input conductors 1 and 2 which
      are connected to unbalance ascertaining circuits not shown, but well known
      in the art, for example outputs of tubes 118,119 in German Patent
      1,108,475, FIG. 7. Such circuits supply d.c. voltages, U sin a and U cos
      a, whereby U represents the value or quantity of the unbalance and `a`
      represents the unbalance angle. If necessary, these d.c. voltages may have
      been stored. The conductors 1 and 2 are connected through selector
      switches 3 and 4 to the inputs 29 and 30 of the coordinate transformation
      device 5, the details of which will be described below with reference to
      FIGS. 2 or 3. The coordinate transformation device 5 comprises a control
      input 16 to which is supplied a signal representing a digital number c in
      response to which the device 5 performs a coordinate rotation. As a
      result, the outputs 6 and 7 of the device 5 supply respective d.c.
      voltages U sin (a-c) or U cos (a-c). A control circuit or member 8 is
      connected with its inputs to the outputs 6 and 7 of the coordinate
      transformation device 5. The control member 8 is connected through its
      output 9 to a digital counter 10, whereby the counter 10 is controlled in
      such a manner that the count will be increased, whereby the control signal
      c will also be increased when a positive voltage appears at the output
      line 6. The count in the counter 10 is reduced when a negative voltage
      appears at the output line 6, whereby the control signal c becomes
      smaller. Thus, a closed control or regulating feed-back circuit is
      provided which is adjusted by the counter 10 in response to the control
      circuit 8 until the voltage on the output conductor 6 becomes  0. At that
      instance, the control signal c is equal to a and thus equal to the
      unbalance angle to be ascertained. Simultaneously the voltage U cos (a-c)
      on the output conductor 7 becomes equal to U and thus equal to the value
      or quantity of the unbalance.
PAR  In view of the above, the control signal represented by the digital number
      c corresponds to the unbalance angle a. If desired, a code converter 12
      may be provided which is connected with its input to the output of the
      digital counter 10 and to the output of which there is connected a digital
      indicator 13 for displaying the unbalance angle directly as a digital
      number. Further, the unbalance angle may also be indicated by an analog
      indicator 15 connected to the digital counter 10 through a digital to
      analog converter 14. The d.c. voltage on the output conductor 7 represents
      the quantity of the unbalance U and may be indicated by an analog
      instrument 18, if desired after storage in an analog storage 17.*) The
      signal at the output of the analog storage 17 may also, if desired, be
      used as the control signal for the compensation of the unbalance, for
      example for a machining operation.
FNT  *) An analog storage can be built up with a condenser and a high input
      resistance amplifier as well known in the art.
PAR  In order to produce a signal for controlling the positioning of the body to
      be balanced, prior to performing a balancing operation, for example, a
      machining operation, or an operation in which material is added at certain
      spots on the body to be balanced, the counter 10 is arrested in its
      position corresponding to the unbalance angle, whereby the factors sin c
      and cos c of the device 5 are fixed. Simultaneously, it is necessary to
      produce a signal value representing the instantaneous angular position of
      the body to be balanced. Such instantaneous angle value d may, for
      instance, be produced by rigidly connecting the body to be balanced with a
      digital coding disk carrying a marker which may, for example, be sensed by
      optical means. The resulting digital value d representing the
      instantaneous value is then subtracted from the fixed digital value c of
      the counter 10. The resulting difference is employed for the adjustment of
      the body to be balanced into a position in which the balancing operation
      may be performed. This may be done according to the invention, for
      example, by supplying the difference signal to a digital to analog
      converter, which produces a control voltage in the form of a d.c. voltage
      which is used to control the adjustment of the position of the body to be
      balanced, for example, through respectively energizing and adjusting a
      d.c. motor for rotating the body to be balanced until the difference value
      or rather the respective d.c. voltage becomes 0. According to an alternate
      embodiment of the invention, it is possible to use the digital value
      representing the difference angle directly for the adjustment of the body
      to be balanced. In this instance, the digital value represented by
      respective pulses may control a stepping motor which adjusts the position
      of the body to be balanced until the difference angle becomes 0.
PAR  Yet another possibility of producing a signal for controlling the
      adjustment of the position of the body to be balanced, is illustrated in
      FIG. 1. In this embodiment the digital counter 10 is also arrested in its
      position corresponding to the unbalance angle. In order to ascertain the
      instantaneous angular position d of the body to be balanced two d.c.
      voltages sin d and cos d are produced by means of a resolver coupled to
      the body to be balanced and energized by an a.c. voltage generator 19. The
      two output voltages of the resolver 20 are converted into proportional
      d.c. voltages after rectification and filtering by a rectifier filter unit
      22, which produces said direct output voltages at its output lines 23 and
      24 connected to respective contacts of the selector switch 3. The
      rectifier filter unit 22 has a control input 25 connected to a pulse
      former circuit 21 which in turn is energized from the output of the a.c.
      generator 19 to control the rectification of the output voltages of the
      resolver 20. Instead of using the resolver 20 and the associated circuitry
      just described, it would be possible to employ a potentiometer having a
      sine - cosine characteristic, and which is supplied by d.c. voltages
      derived from a d.c. voltage source and which is mechanically connected
      with the body to be balanced, whereby such potentiometer would act as an
      angle pick-up or generator supplying its output voltages sin d and cos d
      directly to the output conductors 23 and 24.
PAR  By switching the selector switch 3 into its position shown with dashed
      lines, the conductors 23 and 24 are connected to the inputs 29 and 30 of
      the coordinate transformation device 5, thus receiving the d.c. voltages
      sin d and cos d. As a result the output conductors 6 and 7 of the device 5
      now supply the voltages sin (d-c) and cos (d-c) which are indicative of
      the instantaneous angular position of the body to be balanced respective
      to the unbalance angle.
PAR  The voltage on the conductor 6 becomes 0 if d equals c. In this instance
      the angular position of the body to be balanced is equal to the angle c
      stored in the angle counter 10, which in turn corresponds to the unbalance
      angle a. The same situation occurs where d equals c plus 180.degree.. This
      might cause an ambiguity. However, such ambiguity has been eliminated
      according to the invention, because the voltage on the conductor 7 is
      positive for d equals c and it is negative for d equals c plus 180.degree.
      so that a differentiation between the two 0 positions of the voltage on
      the conductor 6 is possible. The control circuit 8 has an output conductor
      27 connected to control voltage generator 26 having an output 28 at which
      the adjustment or control signal appears. Two inputs of the control
      voltage generator 26 are connected to the output conductors 6 and 7 as
      shown in FIG. 1. Preferably, the absolute value of the voltage or signal
      appearing at the output 28 decreases in a monotone manner as the body to
      be balanced approaches the correct adjustment point. The polarity of this
      voltage indicates the direction in which the body to be balanced must be
      turned in order to reach the proper balancing position in the shortest
      possible distance, or rather in the shortest possible rotation. The
      adjustment signal appearing at the output 28 may be indicated on an
      instrument whereupon the operator adjusts the body to be balanced by hand
      in response to reading such instrument. In the alternative, the output 28
      may be connected to means for automatically adjusting the body to be
      balanced. Such means are well known in the art.
PAR  It is possible to modify the unbalance angle a prior to the adjustment of
      the body to be balanced into the balancing position. Such modifications
      could, for example, take into account special conditions or
      characteristics of the body to be balanced. Thus, in a preferred
      embodiment according to the invention, an adder 40 may be arranged between
      the angle counter 10 and the control input 16 of the coordinate
      transformation device 5. A correction unit 41 having an input also
      connected to the output of the angle counter 10 is connected with one of
      its outputs to the adder 40. The correction signal is added to the control
      signal representing the unbalance angle in the adder 40. For example, if
      screws are located in certain angular zones of the body to be balanced, it
      would not be possible to perform the balancing operation in such zone or
      zones. To this end the correction unit is provided with two control inputs
      42 and 43 to which signals are supplied which represent characteristic
      features of such zone or zones, for example, the center position of the
      zone and its half width or its upper or lower boarder or margin and its
      width. Alternately, the signals supplied to the inputs 42 and 43 may also
      represent the upper and lower margin of such zones. This feature of the
      invention has the further advantage that instead of designating the zones
      which may not be used for the balancing operation, one could designate
      zones in which the balancing operation may be performed. This latter
      feature is especially advantageous where the ridges or zones in which the
      balancing may be performed are rather small.
PAR  During the ascertaining of the unbalance, the correction unit 41 does not
      provide any correction signal. Accordingly, the unvaried unbalance angle a
      is ascertained after this angle is indicated or counted by the counter 10,
      the counter is arrested and that value is fixed. Thereafter the fixed
      value is compared with the value supplied to the adjustment inputs 42 and
      43 to see whether the fixed value derived from the counter 10 falls within
      the desired zone, for example, if the comparison is to show whether the
      unbalanced angle is located in a zone where a balancing operation may not
      be performed, the correction unit 41 will provide a respective signal. If
      the unbalance angle is located in a zone where the balancing may be
      performed, the correction unit 41 will not provide any signal.
      Accordingly, the balancing operation will be performed at the location of
      the unbalance angle. However, if the unbalance angle is located in a zone
      where the balancing operation may not be performed, then the correction
      unit 41 will supply a positive angular value to the adder 40 for the
      performance of a first balancing operation. To this end, the value
      provided by the correction unit 41 is added to the output of the counter
      10, in the adder 40. The correction unit 41 simultaneously supplies
      through its output conductor 44 a signal to the memory 17, which also
      stores the unbalance representing value. The memory 17 includes a
      multiplier which multiplies the ascertained unbalance value with a factor
      supplied to the control input 46. The factor at the control input 46 or
      the respective signal depends on the angular value provided by the
      correction unit 41. During a second balancing operation or step, a
      negative angular value is then added to the ascertained unbalance angle.
PAR  The correction angles may be equal to each other, which corresponds to
      splitting the unbalance angle into symmetric components. If the correction
      angle is selected to be .+-. 60.degree., it is not necessary to correct
      the unbalance value. However, it is also possible to round off the
      unbalance angle to the neighboring component directions. In the
      alternative, it is possible to perform a balancing operation, such as a
      balancing machining at the margins of the zone in which the balancing
      machining may not be performed. In these instances the correction angles
      would normally be not equal to each other. Accordingly, it is necessary to
      split the ascertained unbalance value in accordance with the sine law.
PAR  Where the balancing operation is performed in several steps, it is possible
      to store the characteristic angular values of the preceding balancing
      operation in the correction unit 41 to define zones in which the balancing
      must not be performed again. The prevention of a balancing operation in a
      zone or area in which such operation has been performed in a preceding
      balancing step has the advantage, that it is not possible to remove too
      much material from one spot on the body to be balanced.
PAR  Another advantage of the invention is seen in that it is especially
      suitable for the balancing of thin bodies to be balanced, such as
      relatively thin shafts or the like, in which during each balancing step
      only a predetermined maximum value of the unbalance may be balanced. To
      this end, the ascertained or measured unbalance value is compared with the
      permitted maximum value prior to the adjustment of the body to be balanced
      into the balancing position. If the measured unbalanced value is smaller
      than the permitted maximum value, the balancing operation may be performed
      directly. On the other hand, if the measured unbalance value is larger
      than the permitted maximum value, the balancing operation must be
      performed in at least two partial steps in accordance with an unbalance
      angle split up into at least two components, whereby in each step the
      unbalance value is varied by a preadjustable ratio or value.
PAR  To this end a comparator circuit 50 is provided having two control inputs,
      one of which is connected to the output conductor 7 of the coordinate
      transformation device 5.
PAR  The other input is an adjusting input 51 which receives the above mentioned
      maximum value to the extent of which the balancing operation may be
      performed. If the result of the comparison shows that the output value on
      line 7 is smaller than the predetermined maximum value at the input 51,
      the comparator 50 will not provide an output signal at its output 52
      connected to the adder 40. Accordingly, the body to be balanced will be
      rotated into the balancing position in accordance with the unchanged
      unbalance angle. Simultaneously no signal appears on the second output
      line 53 of the comparator 50. Accordingly, the unbalance value will be
      balanced without any variation. On the other hand, if the ascertained
      unbalance value exceeds the permitted maximum value the balancing
      operation will be performed in several partial steps in response to
      supplying through the conductor 52 sequentially two or more correctional
      values to the adder 41, whereby the ascertained unbalance value is divided
      in accordance with a signal supplied to the memory 17 through the
      conductor 53 from the comparator 50, whereby said signal determines the
      ratio in which the ascertained unbalance value is divided.
PAR  FIG. 2 illustrates a block diagram of one electronic embodiment of a
      digitally controlled coordinate transformation device 5. The angle c is
      supplied through a conductor 100 to two read only memories 101 and 102
      which are programmed as a sine table and as a cosine table respectively.
      The signals appearing at the outputs of these read only memories 101 and
      102 represent digital numbers corresponding to sin c and cos c. The
      signals are supplied to the digital inputs 111, 112, 113 and 114 of four
      multiplying digital to analog converters (MDA) 105, 106, 107, and 108.
      These converters comprise reference inputs connected to conductors 29 and
      30. Inverting amplifiers 103 and 104 are provided for supplying the
      reference signals either directly or with an inverted polarity to the
      multiplying digital to analog converters. The converters 105 to 108
      multiply the digital number or signal sin c or cos c applied to one of
      their respective inputs with the analog voltage U sin a or U cos a applied
      to the respective other input in order to produce a proportional analog
      output signal. These output signals of the converters 105 to 108 are
      combined in adder members 109 or 110 which for example are computing
      amplifiers, whereby the combination results in output voltages U sin (a-c)
      or U cos (a-c). As a result, the two d.c. voltages corresponding to the
      unbalance components have been subjected according to the invention to a
      coordinate rotation by the angle c whereby such angle may be controlled by
      a given predetermined digital number.
PAR  The coordinate transformation device 5 may also be realized according to
      the invention in a mechanical analog manner by employing two sine - cosine
      potentiometers, which are mounted on a shaft. In that embodiment the
      conductor 29 would be connected to the first sine - cosine potentiometer,
      while the second conductor 30 would be connected with the second sine -
      cosine potentiometer. The cosine output of the first potentiometer and the
      inverted sine output of the second potentiometer would be connected to an
      adder, the output of which is connected to the conductor 6. Further, the
      sine output of the first potentiometer and the cosine output of the second
      potentiometer are connected with the inputs of a further adder which is
      connected with its output to the conductor 7. In this embodiment the
      control input to the coordinate transformation device would be realized by
      the position of the potentiometer tab.
PAR  Another preferred embodiment of the coordinate transformation device 5 is
      illustrated in FIG. 3, wherein standard elements such as operational
      amplifiers, resistors, and electronic switching means are employed. The
      angle counter 10 comprises counting units or stages operating in the dual
      code, whereby the highest counting stage will represent the angle of
      180.degree.. The next following lower value stages will correspond to an
      angle of 90.degree., to an angle of 45.degree. and so forth. The number of
      counting stages or units to be employed will depend on the desired
      accuracy.
PAR  The device 5 as illustrated in FIG. 3 comprises a first section 5a, which
      is controlled by the three highest value counting units 10a. The input
      voltages supplied through the conductors 29 and 30 are switched by the
      switches 207, 208 209, and 210 to be connected to operational amplifiers
      201 and 202 through evaluating resistors 211. The operational amplifiers
      201 and 202 at these input voltages and the switches 207 to 210 operate in
      response to the counting state of the counting units 10a. When the term
      switch or switching means is used in this context, it means electronic
      switching means preferably field effect transistors. However, in order to
      keep the illustration simple, merely symbolic contacts are shown. These
      switches or switching means are energized through driver stages 213 and a
      decoding logic circuit means 212 which is operated by the signals provided
      by the angle counter units or stages 10a.*) The ratio of the resistance
      values of the feedback resistors 250 of the computing amplifiers 201 or
      202 to the evaluating resistors 211a, 211b, 211c, and 211d corresponds to
      the following values respectively: 1 : 1/sin 22.5.degree.; 1 : 1/cos
      22.5.degree.; 1 : 1/2 sin 22.5.degree.; 1 : 1/2 cos 22.5.degree.. In
      addition it is possible to exchange the input voltages against each other
      through switching means 203 and 204. A polarity change or reversal of the
      input voltages may be accomplished by means of inverting amplifiers 205
      and 206. In this manner, it is possible to produce at the outputs of the
      amplifiers 201 and 202 all voltages resulting from the input voltages by
      rotation through a fixed angle of 22.5.degree. and further rotation in
      steps of 45.degree. each.
FNT  *) The driver stages 213 convert the voltage level of logic 212 to the
      voltage level required for controlling the electronic switching means.
PAR  A further coordinate rotation in discrete steps and in a linear
      approximation is accomplished in a second section 5b of the coordinate
      transformation device 5, whereby such further rotation takes place in that
      45.degree. range which has been selected by the first section 5a in
      response to the digital number provided by the counter section 10a. To
      this end, the output voltages of the first section 5a are added up in
      operational amplifiers 231 or 232 through groups of individually
      switchable evaluating resistors 234 or 235 and after at least partially
      inverting the polarity of these voltages in inverting amplifiers 216 and
      217.
PAR  In the embodiment shown in FIG. 3, the 45.degree. range is divided into 64
      steps which means that the second section 10b comprises six counting units
      which energize means of driver stages 218 respective switching means 219
      to 230. The resistor values which may be switched into the circuit are,
      just as the counting units provided in steps, that is in binary steps,
      whereby the following ratios of the feedback resistor 260 of the inverting
      amplifier 231 takes up the following ratios to the evaluating resistors
      235a to 235h: 1 : 1; 1 : r; 1 : 2r; 1 : 4r; 1 : 8r; 1 : 16r; 1 : 32r; 1 :
      r. Between the feedback resistor 261 of the inverting amplifier 232 and
      the evaluating resistors 234a to 234h the following ratios are
      established: 1 : 1; 1 : 2r; 1 : 4r; 1 : 8r; 1 : 16r; 1 : 32r; 1 : 64r; 1 :
      2r. In both instances "r" is a constant which depends on the selected
      approximation or accuracy; preferably r is equal to 2,445. The output
      voltages of the operational amplifiers 231 or 232 provide the voltages
      which are transformed by the angle c and which appear at the respective
      output conductors 6 or 7. The transformation furnishes correct values on
      the conductor 7 in response to variations of c in the vicinity of the 0
      point or origin. Similarly, correct values are furnished on the output
      conductor 7 when c varies in the vicinity of the maximum of the voltage.
PAR  FIG. 4 illustrates an embodiment of the control circuit 8 which controls
      the counter 10 in response to the signals appearing at the output
      conductors of the coordinate transformation device 5. Simultaneously, the
      control circuit 8 serves for producing the signal for adjusting the body
      to be balanced into its proper balancing position. The control circuit 8
      comprises a pulse generator 304 connected through logic circuit means 305
      to the digital counter 10 which is of the forward and backward counting
      type. The logic circuit means 305 are controlled by the output signals
      supplied by three comparator circuits 301, 302, and 303. These comparator
      circuits differentiate between the following conditions: voltage on the
      output conductor 6 is positive, comparator 302 operates; voltage on
      conductor 6 is negative, comparator 301 operates; voltage on conductor 7
      is positive, comparator 303 operates. Between the condition that the
      conductor 6 is positive and the condition that the conductor 6 is negative
      there is a zone in which the conductor is at 0 potential. This is
      accomplished by the fact that the response threshold of the comparators
      301 and 302 is made dependent on the voltage on the output conductor 7 by
      means of resistors 307 and 309. *) The logic circuit means 305 cause the
      counter 10 to step the highest counting stage by one step in response to a
      negative voltage on the conductor 7, that is, to rotate the coordinates by
      180.degree.. When the voltage on conductor 6 is positive the logic circuit
      means cause the counter to count one step in the forward direction. When
      the voltage on the conductor 6 is negative, the logic circuit means cause
      the counter to count one step in the reverse direction. When the voltage
      becomes zero on the conductor 6, that is upon reaching of the unbalance
      angle, the logic circuit means stop the counter 10. Furthermore, a stop
      signal supplied to the control input 318 of the logic circuit means 305
      will stop the counter independently of the output conditions of the
      comparator stages 301 to 303. In this manner the counter 10 may be
      arrested or stopped for the purpose of storing the unbalance angle and for
      indicating the unbalance angle as well as for the further processing of
      the respective unbalance angle representing signal for the proper
      adjustment of the body to be balanced into its balancing position.
FNT  *) Preferably resistors 306 . . . 309 are chosen so that comparators 301
      and 302 switch if the amount of voltage at line 6 equals 1 percent of the
      amount of voltage at line 7.
PAR  As shown in FIG. 1, FIG. 4 also illustrates the connection of the control
      circuit 8 to the control voltage generator 26, which produces the control
      signal for the adjustment of the body to be balanced. To this end the
      outputs of the comparator stages 301 to 302 are connected to further logic
      circuit means 310 which is thus also controlled in response to the
      voltages appearing on the output conductors 6 and 7. The logic circuit
      means 310 in turn activates electronic switching means 311, 312, and 313
      to respective driver stages. If the voltage on the conductor 7 is positive
      the switch 311 will connect the voltage on conductor 6 to the adjustment
      signal output 28. If the voltage on the conductor 7 is negative and the
      voltage on the conductor 6 is positive, the logic circuit means 310 will
      open the switching means 311 and 313 while simultaneously closing the
      switch 312, whereby the signal on the conductor 7 will be connected to the
      adjustment signal output 28, after that signal has been transformed in the
      operational amplifier 314. Suitably the resistors 316 and 317 as well as a
      auxiliary voltage 310 are selected in such a manner that an adjustment
      signal is produced which is continuous over the entire angle range without
      having an ambiguity at 180.degree.. A signal approximating a function
      which is symmetrical to the origin and which represents between 0.degree.
      and 180.degree. the positive branch of a route function, is especially
      suitable for this purpose. If the voltages on the conductors 6 and 7 are
      negative, the logic circuit means 310 will close the switch 313 and open
      the switches 311 and 312, whereby the output signal of the computing
      amplifier 314 is supplied to the adjustment signal output 28 after
      inversion by the operation amplifier 315.
PAR  The operational of the present invention will now be further illustrated
      with reference to an example. Let it be assumed that the input voltages U
      cos d and U sin d are applied to the input terminals 29 and 30 in FIG. 3.
      A rotation of the angular reference system by 22.5.degree.+k.sup..
      45.degree. is performed in a first transformation step. The value k is
      determined by the three highest value bits in the angle counter units 10a,
      10b and may be within the range of k=0 . . . 7. Two voltages are produced:
EQU  -U.sub.1 =U sin(d-22.5.degree.-k.sup.. 45.degree.)         (1)
EQU  -U.sub.2 =U cos(d-22.5.degree.-K.sup.. 45.degree.).        (2)
PAL  By applying trigonometrical addition we obtain:
EQU  -U.sub.1 =U.sup.. sin D.sup. . cos(22.5.degree.+k.sup.. 45.degree.)-U.sup..
      cos D.sup. . sin(22.5.degree.+k.sup.. 45.degree.)         (3)
EQU  -U.sub.2 =U.sup. . cos D.sup. . cos(22.4.degree.+k.sup..
      45.degree.)+U.sup.. sin d.sup.. sin(22.5.degree.+k.sup.. 45.degree.) (4)
PAL  For the individual octant values for k=0 . . . 7 the following table
      applies:
TBL                TABLE I                                                     

     ______________________________________                                    

     k      cos(22.5.degree.+k.45.degree.)                                     

                             sin(22.5.degree.+k.45.degree.)                    

     ______________________________________                                    

     0       cos22.5.degree.  sin22.5.degree.                                  

     1       sin22.5.degree.  cos22.5.degree.                                  

     2      -sin22.5.degree.  cos22.5.degree.                                  

     3      -cos22.5.degree.  sin22.5.degree.                                  

     4      -cos22.5.degree. -sin22.5.degree.                                  

     5      -sin22.5.degree. -cos22.5.degree.                                  

     6       sin22.5.degree. -cos22.5.degree.                                  

     7       cos22.5.degree. -sin22.5.degree.                                  

     ______________________________________                                    

PAR  Thus, for performing the calculations according to the equations 3 and 4,
      the input voltages U sin d and U cos d are provided with the suitable plus
      or minus and with the factors sin 22.5.degree. or cos 22.5.degree.
      respectively, whereupon the addition is performed in the operational
      amplifiers 201 and 202 (FIG. 3) via the evaluating resistors 211. The
      polarity (plus or minus) of the respective signals is determined by
      exchanging the input voltages by means of electronic switches 203, 204 and
      by using the inverting amplifiers 205, 206 as well as electronic switches
      207 to 210.
PAC  Example
EQU  U cos d = +4V
EQU  U sin d = -3V
PAR  According to equations (3) and (4) the following voltages are obtained:
TBL                TABLE II:                                                   

     ______________________________________                                    

     k           -U.sub.1 [V]                                                  

                             -U.sub.2 [V]                                      

     ______________________________________                                    

     0           -4,302       2,548                                            

     1           -4,844      -1,242                                            

     2           -2,548      -4,302                                            

     3            1,242      -4,844                                            

     4            4,302      -2,548                                            

     5            4,844       1,242                                            

     6            2,548       4,302                                            

     7           -1,242       4,844                                            

     ______________________________________                                    

PAL  A further angular rotation in n=0 . . . 63 steps is performed in a second
      transformation operation with regard to voltages -U.sub.1 and -U.sub.2
      whereby n is provided by the six last bits of an angle counter unit 10a,
      10b. The output voltages A.sub.1 and A.sub.2 are calculated from the
      following equations:
      ##EQU1##
      These equations show that a portion of one voltage is added with the
      proper polarity to the respective other voltage and vice versa, whereby
      the respective voltage portion is provided through the electronic switches
      219 to 230 and through the evaluating resistors 234, 235 which are
      correlated to each other in binary steps a to h. The addition is performed
      by the operational amplifiers 231, 232. The polarity inversion or reversal
      is accomplished by invertors 216, 217.
PAR  From equations (5) and (6) it may be seen that for any given k, that is,
      within an octant in which -U.sub.1 and -U.sub.2 do not vary, A.sub.1 and
      A.sub.2 form a stair step function having steps varying in a linear manner
      for n=0 . . . 63. The starting and end values are calculated, for example,
      as follows:
EQU  A.sub.1 = -U.sub.1 -U.sub.2.sup.. 0.409
EQU  A.sub.2 = -U.sub.2 +U.sub.1.sup.. 1/2.sup.. 0.409 = wherein n = 0
PAL  and
EQU  A.sub.1 = -U.sub.1 +U.sub.2.sup.. 0.409.sup.. 31/32
EQU  A.sub.2 = -U.sub.2 -U.sub.1.sup.. 1/2.sup.. 0.409.sup.. 31/32 = wherein n =
      63
PAL  Table III represents the respective values as follows:
TBL                TABLE III:                                                  

     ______________________________________                                    

     n=0                n=63                                                   

     k    A.sub.1 /V A.sub.2 /V A.sub.1 /V                                     

                                         A.sub.2 /V                            

     ______________________________________                                    

     0    -3.260      3.428     -5.312    1.695                                

     1    -5.352     -0.251     -4.352   -2.202                                

     2    -4.308     -3.781     -0.844   -4.807                                

     3    -0.738     -5.098      3.162   -4.598                                

     4     3.260     -3.428      5.312   -1.695                                

     5     5.352      0.251      4.352    2.202                                

     6     4.308      3,781      0.844    4.807                                

     7     0.738      5.098     -3.162    4.598                                

     ______________________________________                                    

PAL  Incidentally, in the center of an octant, that is, for n = 32 the values
      for A.sub.1 and A.sub.2 yield the values for -U.sub.1 and -U.sub.2. The
      table values may, of course, also be traced as respective curves whereby
      it will be apparent that A.sub.2 jumps when switching from one octant to
      the other, while A.sub.1 displays a course similar to a sine curve.
PAR  An example of the operation of the calculator of FIG. 3 will now be
      described. It is assumed that as the result of a previous measuring the
      counters 10a, 10b are representing a count corresponding to k = 1 and n =
      32, whereby the transformation circuit of FIG. 3 will provide:
EQU  A.sub.1 = -4.844V and A.sub.2 = -1.242V
PAL  The comparator 303 ascertains that A.sub.2 is negative. As a result, the
      logic circuit 305 (FIG. 4) will make certain that the highest bit of the
      counter 10 will be changed in response to the next clock pulse from the
      clock pulse generator 304. This change corresponds to a 180.degree. jump
      or k jumps by 4, namely from k = 1 to k = 5. n remains unchanged n = 32,
      A.sub.1 and A.sub.2 become A.sub.1 = 4.844V; A.sub.2 = 1.242V.
PAR  The comparator 302 ascertains that A.sub.1 is now positive and causes a
      step up or forward counting of the counter 10 to n = 33 under the control
      of the logic circuit 305 and in response to the next clock pulse. Since
      A.sub.1 still remains positive, the operation is repeated until n = 63.
      The next step results in k = 6 and n = 0. After sixtythree further steps k
      = 6 and n = 63. Since A.sub.1 is still positive counting continues to k =
      7 and n = 0.
PAR  Having regard to Table III and the equations (5) and (6), the following
      values are reached after further counting steps:
TBL                TABLE IV:                                                   

     ______________________________________                                    

     k=7    n=11      A.sub.1 = 0.06V                                          

                                    A.sub.2 = 5.011V                           

            n=12      A.sub.1 = -0.002V                                        

                                    A.sub.2 = 5.003V                           

            n=13      A.sub.1 = -0.064V                                        

                                    A.sub.2 = 4.995V                           

     ______________________________________                                    

PAR  The comparator 302 compares A.sub.1 with a value corresponding to 1 percent
      of A.sub.2. This is accomplished by correspondingly dimensioning the
      resistors 308, 309. For n = 11, is still A.sub.1 &gt;0.01.sup.. A.sub.2 so
      that comparator 302 ascertains a positive value and counter 10 receives a
      further clock pulse. However, for n = 12 A.sub.1 becomes A.sub.1
      &lt;0.01.sup.. A.sub.2. At this point, comparator 301 has not yet acted since
      it becomes operative when A.sub.1 +0.01.sup.. A.sub.2 becomes negative. As
      a result, logic circuit 305 blocks further clock pulses from reaching
      counter 10 which stops at k = 7 and n = 12. If the counter could count one
      more step A.sub.1 +0.01.sup.. A.sub.2 would become negative for n = 13 and
      the comparator 301 would become effective whereby the next clock pulse
      would reach the counter under the control of the logic circuit 305 to
      cause a backward count in the counter 10 so that n = 12 again. Thus,
      amount of A.sub.1 less than 1 percent of A.sub.2, i.e. approximately
      A.sub.1 = 0 is always positively established in the shortest possible
      manner, after 129 steps at the most.
PAR  The value for the respective angle d is then ascertainable according to the
      following equation.
EQU  d = (k+n/64).sup.. 45.degree.                              (7)
PAL  Thus, for k = 7 and n = 12.
EQU  d = (7+12/64).sup.. 45.degree. = 323.44.degree.
PAL  For U cos d = 4V and U sind = -3V.
EQU  d = 323.15.degree. (calculated)
PAL  For an angular step of n = 1 corresponding to 45.degree./64 = 0.703.degree.
      the computing circuit has reached the nearest possible value. At this
      point, A.sub.2 corresponds to exactly 5V and is calculated to be 5.003V.
PAR  In view of the foregoing, it will be appreciated that the embodiment of the
      coordinate transformation device 5 which is constructed for an
      approximation in the ascertaining of the unbalance angle is economically
      most advantageous. Such embodiment comprises two sections. The d.c.
      voltages corresponding to the unbalance are multiplied by a constant in a
      first section, if desired, after polarity inversion and exchange against
      each other. In a second section fractions of the respective other output
      voltages are added or subtracted to the output voltages of the first
      section.
PAR  Further, as mentioned above, it is a special advantage of the invention
      that the ambiguous signal coming from the coordinate transformation device
      5 will result in a definite adjustment of the body to be balanced, since
      the invention avoids the ambiguity by converting the ambiguous signal into
      a definite signal by means of comparators, operational amplifiers,
      resistors, and electronic switching elements in response to the output
      voltages of the coordinate transformation device 5.
PAR  Although the invention has been described with reference to specific
      example embodiments, it is to be understood, that it is intended to cover
      all modifications and equivalents within the scope of the appended claims.
PAR  Referring to FIG. 4, to obtain an unambiguous signal at line 28 according
      to the angle difference between unbalance and the position of the body to
      be balanced, resistors 316, 317 in connection with the feedback resistor
      of amplifier 314 are preferrably chosen so that at the output of amplifier
      314 a voltage proportional to 1 - 0.41.sup.. cos(d-c) is obtained, whereby
      cos(d-c) is the voltage at line 7 and the constant value 1 is established
      by the constant voltage source 320. The two resistors associated with
      amplifier 315 are of equal value, so that at the output of amplifier 315
      the inverted voltage -1 + 0.41.sup.. cos(d-c) appears.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of processing first and second d.c. voltages, each of which
      represents information having angular amplitude components; comprising
      applying said voltages to separate inputs of a coordinate transformation
      means, adjusting a closed loop control means connected to a control input
      of said coordinate transformation means in discrete steps in response to
      the output voltage of said transformation means, until the output voltage
      of said coordinate transformation means corresponding to one of said d.c.
      voltages becomes equal to 0, whereby the other output voltage of said
      coordinate transformation means represents said amplitude component and
      the output of said control means represents said angular components of
      said information, and digitally indicating and storing said discrete
      steps.
NUM  2.
PAR  2. A method of processing first and second d.c. voltages having amplitudes
      corresponding to U sin a and Ucos a respectively, where U represents
      information corresponding to the amplitude of a condition and a represents
      information corresponding to the angle of said condition; comprising
      developing a voltage having an amplitude c, transforming said first and
      second voltage with said voltage c to produce voltages having amplitudes U
      sin (a-c) and U cos (a-c) respectively, adjusting said voltage (c) in a
      closed loop in response to said voltage U sin (a-c) in discrete steps
      until said voltage U sin (a-c) becomes 0, whereby said voltage c
      represents said angle a and the voltage U cos (a-c) becomes equal to the
      information quantity U, and digitally indicating and storing said discrete
      steps.
NUM  3.
PAR  3. A method for positioning a body to be balanced at an angular position
      corresponding to the angular location of the unbalance, comprising
      applying first and second d.c. voltages representing unbalance components
      to separate inputs of coordinate transformation means, adjusting a control
      means connected to a control input of said coordinate transformation means
      as a function of the output voltages of the coordinate transformation
      means until one of the coordinate transformation means output voltages
      becomes 0, whereby the other output voltage of the coordinate
      transformation means represents the unbalance amplitude and the output of
      the control means represents the angular position of the unbalance of said
      body to be balanced, then providing a signal corresponding to the angular
      position of said body, and comparing said signal with said output of said
      control means.
NUM  4.
PAR  4. The method of claim 3, wherein said step of providing a signal
      corresponding to the angular position of said body comprises providing two
      voltages corresponding to instantaneous positions of said body to be
      balanced, said step of comparing comprising applying said two voltages to
      separate inputs of coordinate transformation means, applying the output of
      said control means representing the angular position of unbalance to the
      control input of said coordinate tranformation means, and then rotating
      said body to be balanced as a function of the output voltages of said last
      mentioned coordinate transformation means until one output voltage thereof
      becomes 0 and the other output voltage thereof has a predetermined
      polarity.
NUM  5.
PAR  5. The method of claim 4, for compensating the unbalance of a body to be
      balanced which cannot be balanced in all angular ranges, comprising
      comparing the output of said control means representing the angular
      position of unbalance of said body with at least two values corresponding
      to angular ranges in which said body cannot be balanced, and supplying the
      value resulting from said last mentioned comparing step to said coordinate
      transformation means.
NUM  6.
PAR  6. The method of claim 5, wherein said step of applying the results of said
      last mentioned comparing step to said coordinate transformation means
      comprises applying said result directly to said coordinate transformation
      means.
NUM  7.
PAR  7. The method of claim 5, wherein said step of applying the result of said
      last mentioned comparing step comprises separating said results into at
      least two components prior to application thereof to said coordinate
      transformation means.
NUM  8.
PAR  8. The method of claim 4 for compensating the unbalance of a body to be
      balanced, wherein the compensation by machining of said body at a given
      location thereon is permitted only for unbalance values less than a given
      maximum unbalance value, comprising comparing said output of said control
      means representing the angular position of unbalance with a value
      corresponding to said maximum unbalance value prior to the positioning of
      the body to be balanced for a balancing operation, and directly
      compensating said unbalance in response to values below said maximum
      value.
NUM  9.
PAR  9. The method of claim 4 for compensating the unbalance of a body to be
      balanced, wherein the compensation by machining of said body at a given
      location thereon is permitted only for unbalance values within a given
      maximum unbalance value, comprising comparing said output of said control
      means representing the angular position of the unbalance with a value
      corresponding to said maximum unbalance value, prior to positioning the
      body to be balanced for a balancing operation, and compensating said
      unbalance by machining in at least two partial steps in response to values
      of the output of said control means exceeding said maximum value, whereby
      the unbalance angle is separated into at least two components, and whereby
      the unbalance amplitude is varied by a preadjustable ratio.
NUM  10.
PAR  10. The method of claim 3, wherein said step of adjusting said control
      member comprises adjusting said control member in discrete steps, and
      further comprising digitally indicating and storing said discrete steps,
      said step of providing a signal comprising employing a digital code disk
      on said body to be balanced for generating a coded signal corresponding to
      the instantaneous angle of said body to be balanced, and said step of
      comparing comprises subtracting the coded signal from the output of said
      control means representing the angular position of the unbalance, and
      employing the difference thereof for positioning said body to be balanced.
NUM  11.
PAR  11. The method of claim 10, further comprising transforming the difference
      between said coded signal and said output of said control means to a
      control voltage.
NUM  12.
PAR  12. An apparatus for the processing of first and second d.c. voltages
      representing information having angular and amplitude components,
      comprising a coordinate transforming means having first and second inputs
      for receiving said first and second d.c. voltages respectively, a control
      input, and first and second outputs corresponding to said first and second
      inputs respectively, control means providing a control voltage, means
      applying said control voltage to said control input for transforming the
      coordinates of said first and second d.c. voltages at said first and
      second outputs in response to said control voltage, and means for
      continuously adjusting said control means in response to the presence of
      an output of said coordinate transformation means and independent of the
      amplitude thereof until the voltage at one of said outputs of said control
      transformation means becomes 0.
NUM  13.
PAR  13. The apparatus of claim 12, wherein said coordinate transformation means
      comprises four multiplying digital to analog converters, means applying
      said d.c. voltages directly and inversely to separate inputs of said
      digital to analog converters, first and second memory means for producing
      digital output signals corresponding to the sine and cosine respectively
      of input signals applied thereto, means applying the output of said
      control means to said first and second memory means, means applying the
      output of said first memory means to two of said digital to analog
      converters and the output of said second memory means to the remaining of
      said digital to analog converters, and adding means connected to the
      outputs of said digital to analog converters for combining the outputs
      thereof to produce output signals corresponding to said first and second
      d.c. signals transformed in response to the output of said control means.
NUM  14.
PAR  14. The apparatus of claim 12, wherein said coordinate transformation means
      comprises first means for multiplying said first and second d.c. voltages
      by constants to produce a pair of output voltages and second means
      connected to the output of said first means for adding to or subtracting
      from each output of said pair of outputs a fraction of the other output of
      said pair of outputs in response to the output of said control means.
NUM  15.
PAR  15. The apparatus of claim 12, for producing a definitive positioning
      control signal as a function of the output of said coordinate
      transformation means, comprising an output terminal, switch means
      connected to selectively apply the outputs of said coordinate
      transformation means to said output terminal, polarity sensing means
      connected to the outputs of said coordinate transformation means, and
      logic means responsive to the outputs of said polarity sensing means for
      controlling said switch means.
NUM  16.
PAR  16. The apparatus of claim 15, wherein said polarity sensing means
      comprises a first comparator having a first input connected to a reference
      potential and a second input, separate resistors connecting said first
      input to the outputs of said coordinate transformation means, a second
      comparator having first and second inputs, means connecting said first and
      second inputs of said comparator to the outputs of said coordinate
      transformation means, and a third comparator having a first input
      connected to a reference potential and a second input connected to one of
      the outputs of said coordinate transformation means, said apparatus
      further comprising first and second operational amplifiers connected in
      series to one of the outputs of said coordinate transformation means, said
      switch means comprising a first switch connected between said output and
      the other output of said coordinate transformation means, a second switch
      connected between said output terminal and the output of said first
      operational amplifier, and a third switch connected between said output
      terminal and the output of said second operational amplifier means, and
      means applying an auxiliarly voltage to the input of said first
      operational amplifier.
NUM  17.
PAR  17. An apparatus for processing first and second d.c. voltages representing
      information having angular and amplitude components comprising coordinate
      transformation means having first and second inputs adapted to receive
      said first and second d.c. voltages, a control input, and first and second
      outputs for providing output voltages corresponding to said first and
      second d.c. voltages respectively transformed by a voltage at said control
      terminal, a digital counter, means connecting said counter to said control
      terminal, and control means responsive to the voltages at the output of
      said coordinate transformation means for controlling the counting
      direction of said digital counter in response to the polarity of voltages
      at the outputs of said coordinate transformation means, and to the
      condition of 0 voltage at one of the outputs of said coordinate
      transformation means for stopping said digital counter.
NUM  18.
PAR  18. The apparatus of claim 17, further comprising means for stopping said
      digital counter, a source of two adjustable d.c. signals representing
      adjustable angular inforamtion and switch means for selectively connecting
      said first and second d.c. voltages and said two d.c. signals to the
      inputs of said coordinate transformation means.
NUM  19.
PAR  19. The apparatus of claim 18, further comprising adding means connected
      between the output of said digital counter and said control terminal, and
      correcting unit means for applying correction signals to said adding
      means.
NUM  20.
PAR  20. The apparatus of claim 19, further comprising comparator means having a
      first input connected to one of the outputs of said coordinate
      transformation means, a source of control signals connected to a second
      input of said comparator means, an analog memory connected to said output
      of said coordinate transformation means, said comparator means having a
      first output for applying correction signals to said adding means and a
      second output connected to said analog storage means for applying
      correction signals to said coordinate transformation means and dividing
      the voltage stored in said memory means when the voltage on said one
      output of said coordinate transformation means exceeds the voltage at the
      second input of said comparator means.
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ABST
PAL  A device is disclosed for generating a triangular wave form for use in an
      electronic function generator. The device employs a level detector which
      produces a square wave output to drive a triangular function generator in
      a loop arrangement.
PAL  Amplitude symmetry of the triangular wave is maintained by sensing the
      average value and comparing it with a reference level to generate an error
      signal which in turn serves as a reference input to the level detector.
      The output of the level detector is therefore corrected to cancel drifts
      in the average or base line value of the triangular wave form.
PAL  Time symmetry, or symmetry of the positive and negative slopes of the
      triangle is maintained by means of a feedback loop utilizing a stable
      current source. The time symmetry of the square wave is the same as that
      of the triangle. The square wave is sensed and serves to switch on and off
      the stable current source. By integrating the current from the current
      source a voltage is obtained which is proportional to time asymmetries in
      the square wave. An error signal derived from the integrated current is
      used in the triangle generator to control either the positive or negative
      slope of the wave form. A triangular wave form is therefore generated
      which has both stable amplitude symmetry and time symmetry.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Electronic function generators are devices which generate various wave
      forms. An essential element in many function generators is a circuit which
      produces a triangular wave form, typically by charging a capacitor between
      fixed limits. The triangular wave shape is produced by means of a voltage
      detector which reverses the direction of the charging source when
      appropriate limits are reached. In a typical function generator sinusoidal
      wave forms are produced from the triangular wave form by applying the
      triangular signal to a nonlinear network, typically a diode network.
PAR  It is characteristic of the above-described function generators that the
      nonlinear diode network produces harmonic distortion of a sinusoidal
      signal at a desired fundamental frequency. By this is meant that undesired
      harmonics of the fundamental frequency appear in the output of the device.
      Generally it is desirable to reduce the amplitude of these harmonics to
      minimum levels. The magnitude of the harmonic distortion products depends
      principally on two factors; one is the intrinsic characteristics of the
      nonlinear network which shapes triangular wave forms into a sinusoidal
      wave. Another critical factor is the integrity of the triangular wave form
      itself.
PAR  The present invention is concerned with generating a triangular wave form
      which is extremely stable and insensitive to drift with temperature or
      time. The invention provides amplitude symmetry about the average value so
      that long term drifts of the average value (i.e., base line drifts) are
      minimized. The invention further provides long term time symmetry of the
      wave form; i.e., it assures that the absolute value of the positive and
      negative slopes always tend toward equality.
PAR  In accordance with the preferred embodiment, a loop is employed in which a
      level detector provides a square wave signal to a triangle generator.
      Amplitude symmetry of the triangular wave is provided by detecting and
      integrating the triangular wave form to produce an average value. The
      average value is compared to a stable reference whence an error signal is
      derived which is applied to a level detector to control the amplitude of
      the triangular wave form. In response to the error signal the level
      detector tends to increase or decrease the amplitude so as to cancel the
      error and restore amplitude symmetry.
PAR  The time asymmetry of the triangular wave is the same as that of the square
      wave in the loop. To provide time symmetry, the square wave is used to
      switch a stable current source whose integrated value is therefore
      proportional to the time symmetry (duty cycle) of the square wave. An
      error signal generated from the integrated current is used to control
      either the positive or negative slope produced by the triangle generator
      in order to always restore time symmetry to the triangular wave form.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates a preferred embodiment of the invention in which two
      feedback loops are used to provide amplitude and time symmetry in a
      triangular wave form generator.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 there is shown a triangle wave form generator 11. Triangle
      generators are known in the art and are typically of one of two types. A
      first form of triangle generator uses circuitry which simply integrates an
      input square wave to produce a triangular output. A second form of
      generator to be described more fully below employs a square wave input to
      gate a current source which charges a capacitor. Either type is suitable
      for use in the preferred embodiment.
PAR  The triangular output from generator 11 is fed back and serves as an input
      17 to a level detector 15. Level detector 15 compares triangular input 17
      with a reference signal and generates a bi-level output which is high or
      low depending on whether the triangular input level is above or below the
      reference level. In the present device, the reference input to detector 15
      is itself a square wave input 19 whose period and phase are coincident
      with the period and phase of the triangular input. Thus triangular input
      17 will effectively toggle the level detector to produce a square wave
      output 13 of the same period as that of its inputs. As will be described
      further below, square wave input 19 is also derived from the triangular
      wave, so that triangle generator 11 and level detector 15 form a closed
      loop oscillating circuit.
PAR  If the invention is to be used in a function generator to produce
      sinusoidal wave forms, the triangular output of generator 11 is directed
      to a nonlinear network, e.g. a diode network which generates sinusoidal
      functions in response to the triangular input. To minimize harmonic
      distortion on the sinusoidal output the invention provides feedback
      circuitry to ensure amplitude and time symmetry of the triangular wave. By
      the term amplitude symmetry is meant that the peak values of the wave form
      are symmetric about the average value. An amplitude asymmetry would
      produce a drift in the average or base line value of the triangle which
      would generate undesired even and odd harmonics from a nonlinear network
      having the asymmetric triangle as its input.
PAR  To provide amplitude symmetry the device utilizes a feedback loop so that
      the level of reference input 19 to level detector 15 is not constant, but
      is itself dependent on the amplitude symmetry of the triangle as follows:
      Reference input 19 is supplied by a square wave generator 21 which may be,
      e.g. a switched current source. The period of generator 21 is controlled
      by the square wave output of level detector 15. However, the amplitude of
      its output is responsive to the average value of the triangular wave form
      output of generator 15. More particularly the triangular wave form is
      integrated and the resultant average value compared with a stable
      reference level in an integrator 23. Whenever there is a difference
      between the average value of the triangular wave form and the reference
      level, integrator 23 produces an error voltage which controls the
      amplitude of the square wave produced by generator 21. Thus, for example,
      if the average value of the triangular wave form is increasing, integrator
      23 will generate an error signal which decreases the amplitude of the
      square wave generator 21. In response to the decreased amplitude level
      detector 15 will output a square wave 13 whose amplitude is decreased.
      Triangle generator 11 will therefore generate a triangular wave form whose
      amplitude tends to be decreasing thereby decreasing the average value.
      Amplitude symmetry is thereby provided.
PAR  In addition to the amplitude symmetry described above the triangular wave
      form must also have precise and stable time symmetry. By this is meant
      that the positive and negative slopes must have the same absolute value.
      Time asymmetry in the triangular wave form will produce undesired even
      harmonics in the output of a nonlinear network for generating sinusoids
      from the triangle. The present invention employs a second feedback loop to
      ensure stable time symmetry. Since level detector 15 generates square
      waves in response to the triangular input 17, any time asymmetry of the
      triangle will appear also as a time asymmetry in the various square waves
      around the circuit. Thus the ratio of the time intervals during which
      square wave 13 is at its high and low levels is a measure of the time
      asymmetry of the triangular wave form. This ratio may be accurately
      determined according to the invention by sensing the square wave either at
      the output of level detector 15 or alternately at the output of square
      wave generator 21 (the latter mode being illustrated in FIG. 1). The
      sensed output is then used to switch on and off a very accurate current
      source 25. An integrator 27 integrates the resulting current to a DC
      voltage which will be proportional to time asymmetry of the square wave.
      The integrated current signal is compared to a reference voltage by means
      of integrator 27 to generate an error signal 28. The error voltage is fed
      back to triangle generator 11 to control either the positive or negative
      slope of the triangle by e.g. varying the charging current in a triangle
      generator which utilizes a gated current source to charge a capacitor. The
      invention thereby advantageously employs a very stable current source as a
      reference to produce a triangular wave form with an accurate and stable
      time symmetry.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for generating triangular wave forms comprising:
PA1  first means for generating a triangular wave form in response to an input
      signal;
PA1  level detecting means interconnected in loop configuration with said first
      means for providing a first square wave signal to said first means in
      response to said triangular wave form applied at a first input and a level
      detector reference signal applied at a second input of said level
      detecting means;
PA1  integrator means interconnected with said first means for integrating said
      triangular wave form to produce an average value thereof indicative of the
      amplitude symmetry of said triangular wave form and comparing said average
      value with a reference level to produce an amplitude symmetry error
      signal; and
PA1  square wave generating means interconnected between said integrator means
      and said level detecting means for producing a second square wave signal
      of the same frequency as said first square wave signal and having an
      amplitude responsive to said amplitude symmetry error signal from said
      integrator means, said second square wave signal serving as said level
      detector reference signal.
NUM  2.
PAR  2. A device as in claim 1 further comprising:
PA1  current generating means for producing an output current responsive to one
      of said first and second square wave signals; and
PA1  additional integrating means for integrating said output current to produce
      a voltage level indicative of the time symmetry of said one square wave
      and comparing said voltage level with a reference level to produce a time
      symmetry error signal being applied to said first means to control a slope
      of said triangular waveform.
NUM  3.
PAR  3. A device for generating triangular wave forms comprising:
PA1  first means for generating a triangular wave form in response to an input
      signal;
PA1  level detecting means interconnected in loop configuration with said first
      means for providing a square wave signal to said first means in response
      to said triangular wave form applied at a first input and a level detector
      reference signal applied at a second input of said level detecting means;
PA1  current generating means for producing an output current responsive to said
      square wave signal; and
PA1  integrating means for integrating said output current to produce a voltage
      level indicative of the time symmetry of said square wave and comparing
      said voltage level with a reference level to produce a time symmetry error
      signal, said time symmetry error signal being applied to said first means
      to control a slope of said triangular wave form.
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ABST
PAL  The operating condition of a producer of intermittent radiation, such as a
      motion-picture projector or a television receiver, is monitored by a
      detector circuit including a photoelectric transducer followed by a filter
      with a pass band centered on the interruption frequency. The detector
      output is used to control the lighting of a lamp or the drawing of a
      curtain in a room where ambient illumination is to be suppressed or
      reduced during operation of the monitored apparatus. In one embodiment,
      the band-pass filter is inserted in a negative-feedback loop which
      suppresses the frequencies falling within its pass band. A band-stop
      filter may be connected in cascade with the band-pass filter to block the
      passage of signals due to other radiation such as ambient artificial
      light.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a detecting and controlling appliance to be used
      with wave-emitting image-reproducing apparatus which can be used for
      switching an intermission light and controlling curtains or the like
      between performances of the image-reproducing apparatus. The appliance
      responds to the radiation, which may for example be light, ultrasonics or
      the like.
PAR  Conventionally the intermission light, the curtain or the like may be
      switched on or off, for example steplessly, by an operator. It is also
      known for narrow-gauge-film projectors to be provided with an
      intermission-light lamp on the apparatus itself, the lamp being controlled
      by the mode-selection switch of the apparatus. This avoids the need for a
      separate operator. The difficulty, however, is that such apparatus must be
      constructed in accordance with the different safety regulations for
      electrical apparatus which are in force in different countries. It is
      clear that this presents problems for mass-production of such equipment.
      The use of markings on the film for triggering control functions is also
      known, but this is impraticable with unmarked films and with television
      apparatus.
PAC  OBJECTS OF THE INVENTION
PAR  The general object of our invention, therefore, is to provide improved
      means for controlling a load in response to changes in the operating
      condition of a producer of intermittent radiation interrupted at a
      predetermined frequency.
PAR  More particularly, our invention aims at controlling ambient illumination
      in a room in which periodically interrupted light waves are generated by
      an image-reproducing apparatus such as a motion-picture projector or a
      television receiver.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are realized, in accordance with our present invention, by
      the provision of radiation-detecting means positioned in the path of the
      intermittent radiation to be monitored, more particularly a photoelectric
      transducer followed by a frequency discriminator responsive to the
      frequency of interruption of the incident light waves for generating or
      increasing an output current in the unoperated condition of the image
      producer for the actuation of associated load-control means.
PAR  According to a more specific feature of our invention, the frequency
      discriminator comprises a band-pass filter whose pass band includes the
      frequency of interruption of the incident light waves, such as the flicker
      frequency of a film projector or television receiver. The output of this
      band-pass filter may be applied to the load-control means via a signal
      inverter so that the load circuit is not energized as long as the flicker
      frequency is present in the transducer input; alternatively, the band-pass
      filter may be inserted in a negative-feedback loop which suppresses the
      input frequencies falling within the pass band of the filter.
PAR  Where the producer of periodically interrupted light waves is located in a
      room which is subject to artificial ambient illumination from a source of
      light energized by an alternating supply voltage of a predetermined mains
      frequency, a band-stop filter is advantageously connected in cascade with
      the band-pass filter to eliminate extraneous frequencies including the
      modulation frequency (equal to twice the mains frequency) of this ambient
      illumination.
PAR  In the preferred field of application of our present invention the load
      actuated by our monitoring system controls the illumination of the room,
      either by switching a lamp on and off or by drawing and raising a
      black-out curtain. In some instances the room light need not be completely
      extinguished during performance; thus, if the image reproducer is a
      television receiver, dimming of the ambient illumination will usually be
      sufficient.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a general block diagram of a system embodying our invention;
PAR  FIG. 2 is a more detailed block diagram particularly relating to a system
      in which the monitored radiation are light waves;
PAR  FIG. 3 is a more elaborate block diagram for a system of the type shown in
      FIG. 2;
PAR  FIGS. 4A and 4B are circuit diagrams representing details of a modified
      system including some of the components of FIG. 3; and
PAR  FIG. 5 is a circuit diagram of a frequency discriminator included in a
      system according to our invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the simplest case a system embodying our invention may be constructed as
      an independent monitoring device to which a load such as the motor for a
      black-out curtain for a window of a room may be connected. Such a device
      will then comprise, as shown in FIG. 1, a detector unit 21 which
      incorporates a filter and a photoelectric transducer for providing
      electrical signals from the incident radiation, the suitably amplified
      filter output being fed to a controller 22, for the load current.
PAR  Such a monitoring device may be used both for narrow-gauge-film projectors
      as well as for television receivers if the flicker light emitted by such
      image-reproduction apparatus is utilized for recognizing its operating
      state of the apparatus. An apparatus of this nature has been
      diagrammatically represented at 100 in FIG. 2 where the unit 21 comprises
      a photoelectric transducer 23 and a frequency discriminator in the form of
      a filter-amplifier 24 which may be either a band-stop or a band-pass
      filter. In the case of a band-stop filter the output thereof must be
      compared to the input, the presence of light of the flicker frequency to
      be detected being determined as a result of the appearance of a level
      difference. However, it is simpler to utilize a band-pass filter. The unit
      22 comprises a rectifier system 25 and the control system proper 26; the
      system 25 converts the incoming pulse signal into a direct-current
      voltage.
PAR  In FIG. 3 the output of the photoelectric transducer 23 is connected to an
      amplifier 27 which is followed by a band-stop filter 28. Flicker light
      which does not originate from the monitored image-reproduction apparatus
      is filtered out by means of the band-stop filter 28. For example, the
      filter may have a stop band at twice the mains frequency so that flicker
      light originating from room illumination cannot interfere with the
      operation of the circuit.
PAR  The output of filter 28 is connected to a filter-amplifier 29 which
      comprises a band-pass filter with a gain factor. The bandwidth of filter
      29 is preferably between 45 and 80 Hz so that all flicker frequencies
      which may be emitted by a narrow-gauge-film projector or television
      receiver are passed. The output of the filter-amplifier 29 is fed to a
      frequency-voltage converter 30 through a clipping amplifier 31, so that
      the signals obtained at the input of the converter 30 are independent of
      the image content. Accordingly, the amplifier-limiter 31 produces
      square-wave pulses from the signals supplied to it by the filter-amplifier
      29, by switching to full operating voltage whenever the threshold value of
      the amplifier 31 is exceeded.
PAR  The frequency-voltage converter 30 is followed by a threshold switch 32 to
      prevent the frequency-voltage converter 30 from generating output signals
      which derive from isolated interference frequencies. The threshold switch
      32 may be of the same basic construction as the amplifier-limiter 31. With
      the threshold turn 32 it is therefore possible to switch off a lamp 33,
      connected to the output of the detector in the presence of a flicker
      frequency which is derived from the imagereproducing apparatus. Normally,
      this switching-off operation would proceed relatively rapidly as soon as
      the limit of the threshold switch 32 is exceeded. However, smooth on/off
      switching is frequently desired. Accordingly, the output of the threshold
      switch 32 is connected to a time-constant network 34 which produces a
      corresponding delay for gradual illumination or extinction of the lamp 33.
PAR  The brightness of the lamp 33 may be additionally controlled by means of a
      regulator 35 which may contain an adjustable resistor. This may be
      achieved by steplessly varying the energization of the lamp 33 with the
      regulator 35 but a stepped change of brightness may also be achieved, for
      example by switching from one resistor to another. This is particularly
      desirable if the apparatus is to be used optionally for operation with
      narrow-gauge film projectors or with television receivers. While absolute
      darkness is desirable during operation of film projectors, the slight
      brightness of a "television lamp" is appropriate for the operation of
      television receivers. The changeover may be provided by the regulator 35,
      either manually or automatically.
PAR  In the last-mentioned case, the photoelectric transducer 23 or a separate
      radiation-responsive transducer may detect whether the light is emitted by
      a narrow-gauge-film projector or by a television apparatus.
      Differentiation may be provided by a spectral filter which precedes the
      photoelectric transducer 23 or by an electro-acoustic transducer which
      responds to the ultrasonic oscillations emitted by a television receiver.
      It is also possible to connect a narrow-band filter to the output of the
      photoelectric transducer 23, the filter being selective only for the
      flicker frequency which is emitted by a television receiver. The regulator
      35 may then be switched from one resistance value to the other by means of
      the output of the aforementioned filter.
PAR  At the end of the chain illustrated in FIG. 3, the output signal emitted by
      the regulator 35 reaches a thyristor control circuit 36 for the lamp 33.
PAR  FIGS. 4A, 4B show specific circuitry for components of the system of FIG.
      3. The photoelectric transducer 23 and the amplifier 27 are realized as a
      single module shown in FIG. 4A. The amplifier 27 also functions as a
      low-pass filter by means of which high frequencies which may originate
      from fluorescent tubes are suppressed. The output of the amplifier 27 is
      supplied to a band-stop filter 28 which may be constructed in conventional
      manner and may block frequencies of, for example, 100 Hz.
PAR  The output signal of filter 28 passes into the filter-amplifier 29 via a
      coupling capacitor 37 for eliminating direct currents, the
      filter-amplifier 29 comprising a band-pass filter and an amplifier. The
      filter may be of basically conventional kind and may be of relatively
      wide-band characteristics for use in connection with narrow-gauge-film
      projectors and television receivers, having a bandwidth of approximately
      45 to 80 Hz. However, if the monitoring system is to respond, for example,
      only to television receivers it will be necessary to employ a filter with
      a narrower bandwidth, for example a filter of the kind described
      hereinbelow with reference to FIG. 5. In each case, the output of the
      filter-amplifier 29 may be tapped off from a terminal 38 which is also
      shown in FIG. 4B.
PAR  From the terminal 38 (FIG. 4B) the signal passes via a conductor 39 to the
      threshold switch 31. This is a Schmitt trigger with a particularly narrow
      hysteresis which is obtained by virtue of feedback applied from the
      collector of an output transistor T 11 via a coupling resistor R 11 to the
      base of the input transistor T 12. The Schmitt trigger 31 functions as an
      amplifier-limiter which supplies uniform signals to the frequency-voltage
      converter 30 connected thereto, the magnitude of the signals depending
      solely on the operating voltage but not on the image content of the image
      displayed by the image-reproducing apparatus.
PAR  The frequency-voltage converter 30 comprises a transistor T 13 whose base
      is connected to one terminal of the voltage source. A resistor R 12, which
      may be adjustable, is connected to the collector of the transistor T 13.
      The resistor R 12 is connected to the other terminal of the voltage
      source.
PAR  The input of the frequency-voltage converter 30 includes a capacitor C 11,
      and at the converter output a storage capacitor C 12 which together with
      the resistor R 12 forms the RC network 34 (FIG. 3). Output capacitor C 12
      has a substantially higher value than the input capacitor C 11, the
      capacitance ratio between these two capacitors corresponding to the ratio
      of the reciprocal of the monitored flicker frequency of the
      image-reproducing apparatus to the desired time constant within which the
      lamp 33 is to be illuminated or extinguished. Apart from this, the value
      of the resistor R 12 must be sufficiently large in order to provide the
      aforementioned time constant. The frequency-voltage converter 30 is
      completed by a rectifier in the form of a diode D 11 which is connected in
      anti-parallel relationship to the emitter-base circuit of the transistor T
      13.
PAR  The charge of the output RC network C 12, R 12 is reduced by means of the
      transistor T 13 and is fed to the input capacitor C 11. The voltage which
      is not taken up by the input capacitor C 11 is diverted via the rectifier
      D 11. It is then merely necessary for the signal which remains at the
      output of the frequency-voltage converter 30 to be inverted in an
      inverting stage 40. The inverter 40 includes a transistor T 14 whose
      collector is connected to a pulse shaper 41, as the system described
      hereinabove would provide different switching-on and switching-off
      characteristics for the lamp 33. The pulse shaper 41 comprises a Miller
      capacitance.
PAR  A damping-selector switch 42 has one input connected to the terminal 38 and
      another input connected to the emitter of the transistor T 14 of the
      inverter 40 whose collector is connected via a conductor 43 to the input
      of a control stage 44 which in turn drives a thyristor 45. The thyristor
      45 is connected in series with terminals 46, 47 to which the lamp 33 may
      be connected. If the appliance is constructed as a separate unit, any
      commercial lamp may be connected between terminals 46, 47.
PAR  It should be mentioned that the circuit is powered via terminals 48, 49
      which may for example be connected to the mains. A diagrammatically
      indicated bridge rectifier 50, whose output is connected to the terminal
      47 in parallel with a voltage-supply unit 51, is energized from the
      terminals 48, 49.
PAR  As may be seen it is possible to dispense with the threshold switch 32 and
      the separate timing element 34 if the arrangement of FIGS. 4A, 4B is used.
      The damping-selector switch 42 is provided to select the sensitivity which
      is increased in the presence of signals which are emitted by an
      image-reproducing apparatus.
PAR  As already mentioned, the filter-amplifier 29 may be replaced by a
      band-pass filter having a substantially narrower pass band. A particularly
      advantageous construction of such a filter will be described with
      reference to FIG. 5.
PAR  An input signal applied to an input terminal E is supplied to a terminal 1
      via a capacitor C.sub.1 and a series resistor R.sub.V of relatively high
      value. From the terminal 1 the signal passes to the high impedance side of
      an impedance transformer 2 from which it is supplied in low-impedance form
      at terminal 3 to a band-stop filter 4.
PAR  If the signal is passed by the band-stop filter 4, it reaches its output
      point 5 and a further impedance transformer 6 whose low-impedance output 7
      feeds it and through a feedback conductor 8 to an input 9 of a
      differential current source 10. The signal is inverted in the current
      source 10 and is returned via the output 11 thereof to the point 1 at
      which it balances out the input signal because of the inversion of the
      output signal from the current source 10. A signal admitted by the filter
      4 is therefore canceled and blocked from the entire system. It cannot be
      obtained either from the terminal 1 on the high-impedance side of the
      impedance transformer 2 or on its low-impedance side 12 to which an output
      terminal A is connected via a capacitor C.sub.2.
PAR  However, if an input signal is blocked by the band-stop filter 4 it may be
      readily obtained either at the terminal 1 or more readily, from the
      terminal 12 via the terminal A.
PAR  It should be mentioned that it is not absolutely necessary for the
      operation of the circuit that filter 4 is preceded or followed by an
      impedance transformer 2 or 6, respectively. The terminal point 1 may also
      be directly connected to the band-stop filter and the feedback conductor 8
      may be directly connected to the point 5. In all cases the characteristic
      of filter 4 is reversed in this way. The use of a current source by
      contrast to the use of an inverter offers the advantage that the signal
      passed by the filter 4 is supplied to the terminal point 1 without voltage
      drop despite the resultant high resistance. The wattless current which
      passes through the current source 10 is relatively low under these
      conditions.
PAR  A double T-filter is advantageously used as the band-stop filter 4. Such
      filters are well known and it is therefore not necessary for the filter 4
      to be described in detail. Double-T filters have a high degree of accuracy
      so that the use of such a filter and reversal of its characteristics
      enables a selective attenuation by more then 50 dB to be obtained.
      Input-frequency fluctuations of .+-. 5 percent result in an output
      voltage-change of -20 dB.
PAR  Power supply 10, in a preferred embodiment, comprises two constant-current
      sources which are disposed symmetrically relative to points 9, 11. Each of
      the constant-current sources is provided in conventional manner with a
      transistor T.sub.1, T.sub.1 ' in common-emitter connection. The
      transistors T.sub.1, T.sub.1 ' are also provided in conventional manner
      with a separate base voltage divider one branch of which is formed by a
      resistor R.sub.1 or R.sub.1 ' and whose other branch is formed by a diode
      D.sub.1 or D.sub.1 ', the diode being followed by a resistor R.sub.2 or
      R.sub.2 '.
PAR  By contrast to the conventional construction, the collector of each
      common-emitter transistor T.sub.1 or T.sub.1 ' is connected to the emitter
      of a respective common-base transistor T.sub.2 or T.sub.2 '. This uitlizes
      the fact that transistors in common-base connection have a particularly
      flat characteristic so that voltage fluctuations have practically no
      effect. Resistors R.sub.3, R.sub.3 ' are connected to the bases of the
      transistors T.sub.2, T.sub.2 ', the two transistors T.sub.2, T.sub.2 '
      having a Zener diode Z in common which ensures that a defined operating
      point is maintained. As already mentioned, the output signal of the
      differential current source 10 is supplied from junction 11 to the
      terminal point 1 in a form which is inverted relative to that of the input
      signal at point 9.
PAR  Thus, the input signal appears at the terminal point 1 only if it is
      stopped by the filter 4; otherwise the input signal is canceled by the
      negative feedback via loop 4, 6, 8, 10. All signals which are stopped by
      the filter 4 therefore appear at point 1 and all signals which are passed
      by the filter 4 are suppressed.
PAR  The upstream impedance transformers 2 and the downstream impedance
      transformer 6 conventionally comprise each a differential amplifier with
      two input transistors T.sub.3, T.sub.4, the collector of transistor
      T.sub.4 being connected to a control transistor T.sub.5 which is followed
      by an output transistor T.sub.6. As may be seen, the transistors T.sub.5,
      T.sub.6 are connected as emitter followers in a Darlington circuit. In
      order to increase the input impedance, the emitter of the output
      transistor T.sub.6 is directly connected to the base of the input
      transistor T.sub.4.
PAR  A further improvement may be obtained if the base of the input transistor
      T.sub.4 is connected to a pair of cascaded diodes D.sub.2 followed by a
      resistor R.sub.4. An emitter resistor R.sub.5, which is common to the
      input transistors T.sub.3, T.sub.4, will then not be connected to ground
      by contrast to the conventional construction but to a junction point
      between the cascaded diodes D.sub.2 and the resistor R.sub.4. This ensures
      in a simple manner that the emitter current of the input transistors
      T.sub.3, T.sub.4 remains constant without calling for a constant-current
      source. The voltage drop across the emitter resistor R.sub.5 does not vary
      even with large changes of input voltage developed in amplified form
      across the resistor R.sub.4.
PAR  The system just described provides numerous and different facilities. The
      radiation of the image-reproducing apparatus may vary widely and
      accordingly it may be necessary to use diverse types of radiation
      transducers. For example, light of specific spectral composition emitted
      by a television receiver may be supplied through a filter to a
      photoelectric transducer. It is equally possible to utilize the ultrasonic
      oscillations emitted by a television apparatus to detect the operating
      state thereof. Magnetic fields or the like may also be considered. The
      operating state of the apparatus is recognized in all cases and the
      intermission light, curtain or the like controlled accordingly.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A monitoring system for controlling a load in response to changes in the
      operating condition of an apparatus producing intermittent radiation
      interrupted at a predetermined frequency, comprising:
PA1  photoelectric transducer means positioned in the path of said light waves
      for generating a signal voltage varying with the frequency of interruption
      thereof;
PA1  frequency-discriminating means connected to said transducer means for
      selectively passing the signal voltage varying at said frequency of
      interruption, said frequencydiscriminating means comprising a band pass
      circuit including a negative-feedback loop, said negative-feedback loop
      comprising a band-stop filter having a stop band including said frequency
      of interruption whereby said band-pass circuit passes said frequency of
      interruption said band-stop filter having a stop band in a range different
      from that of said pass band for eliminating extraneous frequencies other
      than said frequency of interruption; and
PA1  load-control means including a switching circuit connected to said
      frequency-discriminating means for actuation by said signal voltage in the
      absence of said intermittent radiation.
NUM  2.
PAR  2. A system as defined in claim 1 wherein said pass band lies in the range
      of substantially 45 to 80 Hz.
NUM  3.
PAR  3. A system as defined in claim 1 wherein said apparatus producing
      intermittent radiation is located in a room provided with a source of
      artificial ambient illumination independent of said apparatus, said
      switching circuit comprising a light switch responsive to said signal
      voltage for reducing said ambient illumination.
NUM  4.
PAR  4. A system as defined in claim 3, further comprising a time-constant
      network in series with said light switch.
NUM  5.
PAR  5. A system as defined in claim 3 wherein said source of artificial ambient
      illumination is energized by an alternating supply voltage of
      predetermined mains frequency, said stop band including a frequency equal
      to twice said mains frequency.
NUM  6.
PAR  6. A system as defined in claim 1 wherein said negative-feedback loop
      includes a constant-current source triggerable by the output of said
      band-stop filter.
NUM  7.
PAR  7. A system as defined in claim 6 wherein said constant-current source
      comprises an amplifier stage with two symmetrical branches each including
      a pair of cascaded transistors.
NUM  8.
PAR  8. A system as defined in claim 7 wherein the transistors of each pair
      comprise a common-emitter first transistor and a common-base second
      transistor.
NUM  9.
PAR  9. A system as defined in claim 8, further comprising a Zener diode
      interposed between the bases of said common-base second transistors.
NUM  10.
PAR  10. A system as defined in claim 1 wherein said discriminating means
      comprises a first impedance transformer, connected across said
      negative-feedback loop, and a second impedance transformer inserted in
      said negative-feedback loop downstream of said band-stop filter.
NUM  11.
PAR  11. A system as defined in claim 10 wherein each of said impedance
      transformers comprises a differential amplifier.
NUM  12.
PAR  12. A system as defined in claim 11 wherein each of said impedance
      transformers comprises a Darlington transistor combination in the output
      of said differential amplifier.
NUM  13.
PAR  13. A system as defined in claim 11 wherein said differential amplifier
      includes an output transistor with a base, an emitter and a resistive
      connection between a supply terminal and said base, said connection
      including diode means inserted between said base and said emitter.
PATN
WKU  039327434
SRC  5
APN  4114124
APT  1
ART  256
APD  19731031
TTL  Photo-copying device
ISD  19760113
NCL  1
ECL  1
EXA  Grigsby; T. N.
EXP  Lawrence; James W.
NDR  4
NFG  5
INVT
NAM  Sitnichenko; Valentin Mikhailovich
STR  ULITSA Odesskaya 58/6, kv. 14
CTY  Odessa
CNT  SU
INVT
NAM  Zamuruev; Alexandr Mikhailovich
STR  ULITSA Tereshkovoi 12, kv. 24
CTY  Odessa
CNT  SU
INVT
NAM  Kogut; Andrei Isakovich
STR  ULITSA Pionerskaya 20, kv. 12
CTY  Odessa
CNT  SU
RLAP
COD  72
APN  866334
APD  19691014
PSC  03
CLAS
OCL  250202
XCL  318577
EDF  2
ICL  G06K 1102
FSC  250
FSS  202
FSC  318
FSS  577
UREF
PNO  2521946
ISD  19500900
NAM  Rathje
OCL  250202
UREF
PNO  2853626
ISD  19580900
NAM  Wetzel
OCL  250202
UREF
PNO  2988643
ISD  19610600
NAM  Inaba
OCL  250202
UREF
PNO  3423589
ISD  19690100
NAM  Bardwell et al.
OCL  250202
UREF
PNO  3502882
ISD  19700300
NAM  Von Voros
OCL  250202
UREF
PNO  3515877
ISD  19700600
NAM  Baxter et al.
OCL  250202
LREP
FRM  Haseltine, Lake & Waters
ABST
PAL  A photo-copying device for controlling displacement of the working member
      of a metal gas-cutting machine following the line of the contour being
      copied, comprising a photoelectric transducer which provides circular
      scanning of the line of the contour being copied by means of an optical
      scanning beam for detecting the points of intersection of said beam with
      said contour line, the path of said beam in the contour plane being a
      circumference with its center lying approximately on said contour line,
      the optical scanning beam moves along said path at a constant angular
      speed and intersects said contour line at two points; a source of
      reference signals in the form of sine and cosine voltages; a first and a
      second drives for moving said photoelectric transducer along the X and Y
      axes, respectively; a third and a fourth drives for displacing said
      working member of the gas-cutting machine along its guides which are taken
      to be X and Y axes; a first and a second converters for converting
      instantaneous values of a cosine and a sine voltage of the reference
      signal, respectively, generated at the instants when the scanning optical
      beam intersects said contour line, into pulses that follow during each
      circular scanning period and that determine the number of equal steps of
      said first and second drives within each circular scanning period; said
      first and second converters also producing a logic symbol defining the
      direction of displacement of said photoelectric transducer along the X and
      Y axes.
PARN
PAR  The present application is a continuation-in-part of our co-pending
      application No. 866,334, filed on Oct. 14, 1969 now abandoned.
BSUM
PAR  The present invention relates to photo-copying devices used for controlling
      the displacement of the working member of gas-cutting machines.
PAR  Known in the prior art are photo-copying devices used for regulating the
      working member of gas-cutting machines which comprise the following
      functionally sequential elements: a photoelectric transducer for circular
      scanning of the line of the contour being copied by means of an optical
      scanning beam, converters of sine and cosine voltage reference signals and
      a photoelectric transducer signal into the signals of speed vector
      components of the photoelectric transducer moving along the line of the
      contour being copied, and drives for moving said transducer and the
      working member of the gas-cutting machine along the X and Y axes.
PAR  The output signal of the converter is a pulsating voltage whose envelope or
      mean magnitude is proportional to the speed of the photoelectric
      transducer moving along the X or Y axis. The polarity of the converter
      output voltage corresponds to the sign of the direction of photoelectric
      transducer displacement along one of the coordinate axes.
PAR  The known devices have the disadvantage that they must employ an inertia
      link in smoothing the converter output voltage. Usually, the functions of
      a smoothing filter are performed by the drive motors of the photoelectric
      transducer and the working member of the machine. However, when stepping
      motors are used for moving the photoelectric transducer which increases
      the dynamic accuracy and speed of the copying process, a smoothing filter
      must intentionally be included in the circuit which results in a lower
      response speed of the follow-up system.
PAR  It is an object of the invention to provide a fast-acting photo-copying
      device.
PAR  In the accomplishment of the above and other objects, there is provided a
      photo-copying device used for regulating the working member of a
      gas-cutting machine in accordance with a contour line, said device
      comprising a photoelectric transducer, a source of two reference signals,
      drives for moving said photoelectric transducer along the X and Y axes,
      drives for displacing the working member of the gas-cutting machine along
      its guides, and reference signal converters, said photoelectric transducer
      providing circular scanning of the contour line being copuied by means of
      an optical scanning beam for detecting the points at which said beam
      intersects said contour line, the path of said beam in the contour plane
      being a circumference of a circle with its center lying approximately on
      said contour line; said scanning beam moving along said beam path at a
      constant angular speed and intersecting said line at two points; the
      output signal of the photoelectric transducer during one scanning period
      being a short pulse which is generated when the scanning beam intersects
      the contour line being copied at one of said points; each of said
      converters for converting the instantaneous values of reference sine and
      cosine voltages comprising; a first shaper of unidirectional pulses in the
      form of rectified half-waves of the reference signal; a second shaper of
      square pulses corresponding to the polarity of reference signal
      half-waves; three gating circuits, the first circuit producing short
      pulses corresponding to the scalar values of said instantaneous magnitudes
      of the reference signal, and the second and third circuits giving out
      short pulses which symbolically define the sign of said instantaneous
      magnitudes of the reference signal; a converter unit for proportional
      conversion of the amplitudes of said short output pulses of the first
      gating circuit, and a memory store.
DRWD
PAR  Other objects and advantages of the present invention will be more fully
      understood from the following description of a preferred embodiment
      thereof when read with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of a photo-copying device, in accordance with the
      invention;
PAR  FIG. 2 is a simplified schematic circuit diagram of the converter and of
      the proportional converter unit, in accordance with the invention;
PAR  FIG. 3 illustrates scanning of the contour line being copied and generation
      of the instantaneous values of the reference signal, in accordance with
      the invention;
PAR  FIG. 4 shows time charts of voltages illustrating operation of the
      converter of FIG. 1, in accordance with the invention;
PAR  FIG. 5 shows time charts of voltages illustrating operation of the device
      of FIG. 2, in accordance with the invention.
DETD
PAR  As shown in the drawing, the photo-copying device for regulating the
      working member of a gas-cutting machine comprises a photoelectric
      transducer (FIG. 1) providing circular scanning of a line 2 of a contour 3
      being copied.
PAR  When the photoelectric transducer 1 is stationary, the path 4 of the
      scanning beam 5 in the plane of the contour 3 is a circumference of a
      circle with a center 6 lying approximately on the line 2 being copied.
PAR  The photo-copying device contains a source 7 of reference signals in the
      form of a sine voltage carried by a line 8, and a cosine voltage carried
      by a line 9.
PAR  The reference signal source 7 is connected by a line 10 to the
      photoelectric transducer 1, due to which the scanning beam 5 moves along
      the path 4 simultaneously and through-phase with the passage of reference
      signals in the line 8 and 9.
PAR  The photo-copying device comprises a first drive 11 for displacing the
      photoelectric transducer 1 along the X-axis by means of guides 12, and
      also a second drive 13 for displacing the photoelectric transducer 1 along
      guides 14 in the Y-axis direction in the Cartesian coordinate system.
PAR  The guides 12 and 14 of the machine are mutally perpendicular and serve as
      a coordinate system whose origin lies at the center 6 of the path 4, while
      the axes of the system are parallel to the guides 12 and 14.
PAR  The guides 12 and 14 as well as other structural components of the machine
      are integrated in a complex mechanical structure the details of which are
      not essential for an explanation of the principle of the present
      invention. For this reason, the mechanical construction of the machine is
      not shown in the accompanying drawings, and its guides 12 and 14 are
      represented by straight lines.
PAR  The first drive 11 and the second drive 13 incorporate actuating step
      motors 15 and 16 and logical units or motor control circuits 17 and 18 for
      controlling these motors. Each of said drives 11 and 13 has a frequency
      input 19 and sign inputs 20 and 21.
PAR  The photo-copying device also comprises a drive 22 which moves a working
      member 23 along guides 24 in the direction of the X-axis of the machine,
      and a drive 25 for displacing the working member 23 along guides 26 in the
      direction of the Y axis of the machine.
PAR  Each of the drives 22 and 24 include an actuating motor 27 and a motor
      control unit or circuit 28. The drives 22 and 25 have frequency inputs 29
      and sign inputs 30 and 31. They insure a required scaling of the contour
      of a blank 32 cut out of a metal sheet 33.
PAR  The photo-copying device comprises reference signal converters 34 and 35, a
      converter of the reference signal source 8 and a converter of the
      photoelectric transducer 1 for changing the above signals into signals
      determining the rate of displacement of the photoelectric transducer along
      the line 2 being copied in the direction of the X and Y axes.
PAR  Each of said converters 34 and 35 has a first input 36 and a second input
      37, a frequency output 38 and two sign outputs 39 and 40.
PAR  The frequency outputs 38 of the converter 34 are connected to the frequency
      inputs 20 and 30 of the drive 11 and drive 22. Similarly, the frequency
      output 38 of the converter 35 is connected to the frequency inputs 19 and
      29 of the drives 13 and 25.
PAR  The sign outputs 39 and 40 of the converter 34 are coupled to the sign
      inputs 20 and 21 as well as 30 and 31 of the drive 11 and of the drive 22.
      The sign outputs of the converter 35 are similarly coupled to the
      identical inputs of the converters 13 and 25 corresponding to the Y-axis.
PAR  Each of the converters 34 and 35 contains a first shaper 41 which produces
      unidirectional pulses in the form of rectified waves of a sine voltage,
      and a second shaper 42 forming square pulses with polarities corresponding
      to those of the same half-waves. The parallel inputs of said shapers 41
      and 42 are supplied by the first input 36 of the converter 34, and the
      first input 36 of the converter 35.
PAR  Each of the converters 34 and 35 also comprises a gating circuit 43 with
      its functional input 44 connected to the output of the first shaper 41, a
      gating circuit 46 with the functional input 44 thereof coupled to the
      first inverted output of the second shaper 42, and a gating circuit 47
      whose functional input 44 is connected to the second inverted output of
      the second shaper 42. Parallel gating inputs 45 of the gating circuits 43,
      46 and 47 form the second input 37 of the converter 34 (35).
PAR  Each of the converters 34 and 35 contains a converter unit 48 for
      converting the short pulse amplitudes into a proportional number of
      higher-frequency pulses with the input thereof connected to the output of
      the gating circuit 43 and the output forming the converter frequency
      output 38.
PAR  Each of the converters 34 and 35 comprises a memory store 49 whose unity
      input is connected to the output of the gating circuit 46 and the zero
      input, to the output of the gating circuit 47. The zero output and the
      unity output of the memory store 49 form the sign outputs 40 and 39 of the
      converter 34 (35).
PAR  A simplified circuit diagram of a part of the photo-copying device is shown
      in FIG. 2. The unidirectional pulse shaper (e.g., shaper 42 in FIG. 1)
      employs emitter followers built around transistors 50 and 51 operating
      into a common load 52. The square pulse shaper (e.g., shaper 42 in FIG. 1)
      is made as a current switch using said transistors 50 and 51 and
      transistor gate followers 53 and 54. The gating input 45 of the converter
      is formed by the input of an auxiliary transistor gate 55. The gating
      circuit 43 (FIG. 1) is built around a resistor 56 (FIG. 2) and a diode 57;
      the gating circuit 46 (FIG. 1) employs a resistor 60 (FIG. 2) and a diode
      61.
PAR  Except for the memory store 49, all other elements of the circuit are
      components of the converter unit 48 (FIG. 1) which converts short pulse
      amplitudes into a proportional number of higher-frequency pulses delivered
      during each scanning period.
PAR  The converter unit 48 contains an assembly serving to convert the amplitude
      of a short pulse into an auxiliary pulse length. In its turn, the
      converter assembly comprises a charging gate using a transistor 62 for
      charging a timing capacitor 63, a current stabilizing stage built around a
      transistor 64 and a resistor 65, an output gate employing transistors 66
      and 67, a coincidence circuit built around transistors 68 and 69, and a
      generator 70 producing signals at a frequency higher than that of the
      reference signal.
PAR  FIG. 3 illustrates scanning of the contour line being copied and formation
      of the instantaneous values of the reference signal. The scanning beam 5
      intersects the plane of the contour 3 at a point 71. The path 4 of the
      point 71 and the line 2 being copied intersect at two points 72 and 73.
PAR  The photo-copying device operates as follows.
PAR  The scanning beam 5 moving along the path 4 is represented by the point 71
      which moves at a uniform angular speed .omega., for example, in a
      counter-clockwise direction. The movement of the point 71 along the path 4
      is simultaneous and in phase with voltages U.sub.x and U.sub.y carried by
      the lines 9 and 8 (FIG. 1) at the outputs of the reference signal source
      7.
PAR  The initial phase of the voltage U.sub.y corresponds to the point 71
      positioned on the positive axis 4 in the Cartesian coordinates. For
      simplification, a radius R of the circumference is assumed to be
      numerically equal to a peak value U.sub.o of the voltages U.sub.x and
      U.sub.y.
PAR  While moving along the circular path 4, the point 71 intersects the line 2
      being followed at the point 72 and 73 lying opposite to each other with
      respect to the center 6. The photoelectric transducer 1 gives out a short
      pulse as soon as the point 71 takes up the position of the point 72 or the
      point 73, depending on the predetermined follow-up direction which may be
      arbitrary. FIG. 3 shows an example of following the line 2 in the
      direction of the point 72.
PAR  A speed vector V.sub.o of the displacement of the photoelectric transducer
      1 along the contour line being traced is directed from the center 6 toward
      the point 72. Here, the vector V.sub.o and the scanning orbit radius R are
      also assumed to be numerically equal for simplification purposes.
PAR  For moving the center 6 along the vector V.sub.o, the centre 6 must move
      along the X and Y axes as determined by the vectors V.sub.x and V.sub.y.
PAR  From FIG. 3 it is obvious that if the above assumptions are made,
EQU  V.sub.x = U.sub.o cos .phi. = U.sub.o cos.omega.t.sub.I
EQU  V.sub.y = U.sub.o sin .phi. = U.sub.o sin.omega.t.sub.I,
PAL  or in other words, the coordinate components of the photoelectric tranducer
      speed vector V.sub.o are numerically equal to the instantaneous values of
      the voltages U.sub.x and U.sub.y generated at the instants when the
      scanning beam 5 intersects the line 2 being copied in the follow-up
      direction. In the general case, the coordinate components V.sub.x and
      V.sub.y of the velocity vector V.sub.o of the speed at which the
      photoelectric transducer I moves along the line 2 are proportional to the
      above instantaneous values of the voltages U.sub.x and U.sub.y of the
      reference signal.
PAR  The displacement of the photoelectric transducer along the line 2 being
      copied is effected in the following way.
PAR  At a time instant t.sub.1 when the scanning beam 5 intersects the line
      being copied (the point 72 on the orbit 4) a short pulse is applied from
      the output of the photoelectric transducer 1 to the second input 37, and
      the converters 34 and 35 convert the instantaneous voltages of the
      reference signals into a proportional number of higher-frequency pulses
      which appear at the frequency outputs 38 of the converters 34 and 35
      during the scanning period T, and into a logic symbol defining the
      direction of displacement along the X and Y axes which persists across one
      of the outputs 39 or 40 during the scanning period T.
PAR  Under the action of these signals delivered to the frequency inputs 19 of
      the drives 11 and 13 and to one of the sign inputs 20 or 21 of these
      drives, the logical units 17 and 18 generate current pulses actuating the
      electric motors 15 and 16, and, as result, the step motors move the
      photoelectric transducer 1 along the guides 12 and 14 in the direction of
      the X and Y axes in equal steps the number of which equals to the number
      of pulses applied to the frequency inputs 19.
PAR  The same outputs of the converters 34 and 35 are sent to the inputs 29 and
      30 (or 31) of the drives 22 and 25; the control units 28 of these drives
      actuate the motors 27 and thereby move the working member 23 in the
      direction of the X and Y axes of the machine along the guides 24 and 27.
      It should be mentioned that the guides 12 and 14 for moving the
      photoelectric transducer 1 may assume any arbitrary spatial position with
      respect to the guides 24 and 26 along which the control element 23 moves.
PAR  The drives 22 and 25 displace the working member 23 with a preset
      proportionality factor relative to similar displacement of the
      photoelectric transducer 1 which provides a required scale of the contour
      of the blank 32 cut out of the metal sheet 33 with respect to the same
      contour 3 being copied.
PAR  The converter 34 (35) functions as follows:
PAR  A sine voltage U.sub.x (U.sub.y) is delivered to the inputs of the shapers
      41 and 42.
PAR  The voltage chart across the output of the shaper 41 represents rectified
      sine voltage half-waves (FIG. 4a); the inverted outputs of the shaper 42
      carry square pulses (FIG. 4b and FIG. 4c) of a length equal to the length
      of the rectified half-waves of FIG. 4a.
PAR  The choice of pulse polarity is guided by secondary design considerations.
PAR  At time instants t.sub.1 when the scanning beam 5 intersects the line 2
      being copied at the point 72 the gating inputs 45 of the gating circuits
      43, 46 and 47 receive short pulses (FIG. 4a).
PAR  During the action of each short pulse applied to the gating inputs 45 (FIG.
      4a), the outputs of the gating circuits 43, 46 and 47 produce short pulses
      (FIGS. 4b, 4c and 4d) with an amplitude depending on the voltage across
      the inputs of said gating circuits at this particular time moment.
PAR  Thus, the amplitude of a short output pulse of the gating circuit 43 which
      is produced once during the scanning period corresponds to the
      instantaneous values of the reference signal described above.
PAR  At the same time a short pulse (FIG. 4c) appears across the output of the
      gating circuit 47 and drives the memory store 49 to a respective state.
PAR  It has been found that a logic unity appearing at any output of the memory
      store 49 is associated with an appropriate sign of the coordinate
      component V.sub.x and V.sub.y of the vector V.sub.o.
PAR  If at the time instant t.sub.1 the other half-wave is produced (FIG. 4b),
      i.e., the pulse has the waveform shown in FIG. 4d, a short pulse appears
      at the output of the gating circuit 46 and the memory store 49 reverses
      its state reversing thereby the sign of the coordinate component V.sub.x
      (V.sub.y) of the vector V.sub.o.
PAR  As an angle .phi. (FIG. 3) between the line 2 being copied and the X axis
      changes, the time instants t.sub.I shift with respect to the voltage
      half-waves (FIG. 4b) and, therefore, the amplitude of the short pulse
      (FIG. 4b) at the output of the gating circuit 43 changes continuously
      defining the scalar magnitude of the vector V.sub.x (V.sub.y).
PAR  The converter unit 48 effects direct conversion of the output amplitudes of
      the gating circuit 43 into a proportional number of higher-frequency
      pulses which determine the number of equal steps of the drives 11 and 22
      (13 and 26) during the scanning period and thereby define the coordinate
      component of the speed V.sub.x at which the photoelectric transducer 1
      moves as well as a similar coordinate component of the working member
      speed.
PAR  Similar to other converter units, the converter unit 48 may have different
      design embodiments.
PAR  Operation of the embodiment of the converter presented in FIG. 2 is
      considered below.
PAR  The reference voltage from the output of the reference signal source 7
      which has a transformer output symmetrical with respect to zero is applied
      to the inputs of the emitter followers using the transistors 50 and 51.
      Due to both emitter followers operating into the common load 52, their
      emitter junctions form a full-wave rectifier producing the output voltage
      of the shape illustrated in FIG. 4b.
PAR  Depending on a half-wave of the alternating reference voltage, current
      passes either through the transistor 50 or transistor 51 and,
      respectively, through the emitter junctions of the follower gates 53 and
      54, alternatively triggering their transistors into conduction. The
      waveform of voltage across the collectors of the emitter followers is
      shown in dash lines in FIG. 4c and 4d, respectively.
PAR  When the scanning beam intersects the line being copied, short positive
      pulses are applied from the photoelectric transducer 1 (FIG. 1) to the
      input 45 of the transistor gate 55. As soon as this pulse is applied, the
      transistor of the gate 55 ceases to conduct, the instantaneous voltage
      (FIG. 56) carried at this particular moment by the emitters of the emitter
      followers 50 and 51 comes through the resistor 56 to the input of the
      charging gate transistor 62, and the timing capacitor 63 is charged up to
      the value of this voltage. Simultaneously, a short pulse determining the
      direction of the displacement (FIG. 4c) is delivered to one of the inputs
      of the memory store 49, depending on what follower (53 or 54) is
      conducting.
PAR  Before the next pulse comes to the input of the gate 55, the timing
      capacitor 63 discharges at a constant speed (FIG. 5b). The constant
      discharge speed is determined by the constant current of the stabilizing
      stage using the transistor 64 and the resistor 65.
PAR  While said capacitor 63 is under negative voltage (FIG. 5), the transistor
      66 is cut off. The transistors 67 and 68 are also cut off and the pulses
      (FIG. 4c) from the generator 70 are delivered via the transistor 69 to the
      frequency output 38 of the converter 34.
PAR  After the timing capacitor 63 has discharged, the transistors 66, 67 and 68
      begin to conduct as a result of which the output 38 is shunted by the
      conducting transistor 69 and pulses from the generator 70 cannot pass to
      the output 38.
PAR  Thus, the number of pulses furnished to the output 38 is proportional to
      the discharge time of the timing capacitor 63, the discharge time, in its
      turn, being proportional to the amplitude of the pulse appearing at the
      input of the transistor 62, whereas the short cathode pulses of the diodes
      59 or 61 drive to a respective state the memory store 49 whose outputs are
      the sign outputs of the converter.
PAR  The above process is repeated in the circuit each time a short pulse is
      applied from the output of the photoelectric transducer 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photo-copying device for regulating the displacement of the working
      member of a metal gas-cutting machine according to a contour being copied,
      said device comprising: a photoelectric transducer for the circular
      scanning of the line of the contour being copied by means of an optical
      scanning beam for the detection of points of intersection of said beam
      with said contour line; the path of said beam at the contour being a
      circumference of a circle a center lying at least approximately on the
      contour line being copied; said optical scanning beam moving along said
      path at a constant angular speed and intersecting said contour line at two
      points; the output signal of said photoelectric transducer during one
      scanning period being a short pulse generated when the contour line being
      copied is intersected at one of said points;
PA1  mutually perpendicular guides for guiding displacement of said transducer;
PA1  a reference signal source having two outputs at which are produced two
      reference signals in the form of sine and cosine voltages synchronized
      with said angular speed of movement of said scanning beam along said
      circumference, the initial phase of said sine voltage corresponding to the
      position of said scanning beam at the intercept of said scanning orbit
      with a positive X half-axis in a Cartesian coordinate system wherein the
      origin coincides with said center of said circumference, and whereof the X
      and Y axes run parallel to the mutually perpendicular guides for
      displacement of said photoelectric transducer along said line being
      copied; the initial phase of said cosine voltage corresponding to the
      position of said scanning beam on the positive Y half axis of said
      Cartesian coordinate system;
PA1  said reference signals defining the coordinate components of the speed
      vector in displacement of said photoelectric transducer along said line
      being copied, the speed vector being directed from said center of the
      circumference toward the intercept of said beam with said line being
      copied;
PA1  a first drive adapted to move said photoelectric transducer in said guides
      along the X axis;
PA1  a second drive adapted to move said photoelectric transducer in said guides
      along the Y axis;
PA1  machine guides for said working member;
PA1  a third drive for shifting said working member along the machine guides
      corresponding to the X axis;
PA1  a fourth drive for shifting said working member along the machine guides
      corresponding to the Y axis, and running perpendicular to said guides
      corresponding to the X axis;
PA1  said third and fourth drives moving said working member along said guides
      of the machine with a predetermined proportionality factor with respect to
      similar displacement of said photoelectric transducer along said X and Y
      axes for obtaining a scale between the contour of a blank being cut out of
      a metal sheet by said working member and the contour being copied;
PA1  a first converter for converting the instantaneous values of said cosine
      voltage of the reference signal, corresponding to the intercepts of said
      scanning optical beam with said line being copied, into a number of pulses
      delivered during each period of said circular scanning which determine the
      number of equal steps through which said first drive moves during each
      circular scanning period and define the scalar magnitude of said
      coordinate component in the speed vector of the displacement of said
      photoelectric transducer along the X axis, and also into a logic symbol
      defining the direction of displacement of said photoelectric transducer
      along said X axis, said first converter having a first input which is
      connected to one of the outputs of said reference signal source and which
      receives a cosine voltage therefrom, a second input coupled to the output
      of said photoelectric transducer, a frequency output giving out said
      pulses whose number during the circular scanning period is proportional to
      said instantaneous value of said cosine voltage, and two sign outputs a
      logic unity at one of which determines one of the two directions of
      displacement of the photoelectric transducer along the X asis;
PA1  a second converter for converting the instantaneous values of said sine
      voltage generated at time moments when said scanning optical beam
      intersects said line being copied, into a number of pulses following
      during each period of said circular scanning which determine the number of
      equal steps made by the second drive during each circular scanning period
      and define the scalar magnitude of said coordinate component in the speed
      vector of the displacement of said photoelectric transducer along the Y
      axis, and also into a logic symbol designating the direction of movement
      of said photoelectric transducer along the Y axis;
PA1  said second converter having a first input which is connected to another of
      the outputs of said reference voltage source and which receives a sine
      voltage therefrom, a second input coupled to the output of said
      photoelectric transducer, a frequency output producing said pulses which
      determine the number of equal steps of said second drive and whose number
      during the circular scanning period is proportional to said instantaneous
      value of said sine voltage, and two sign outputs a logic unity at one of
      which determines one of the two directions of displacement of said
      photoelectric transducer along the Y axis;
PA1  each of said drives having a frequency input and two sign inputs;
PA1  said frequency output of the second converter being connected to said
      frequency inputs of the second and fourth drives;
PA1  said sign outputs of the second converter being connected to said sign
      inputs of the second and fourth drives;  each of said converters
      comprising:
PA1  a first shaper of unidirectional pulses in the form of rectified half-waves
      of said reference signal, having an input and an output;
PA1  a second shaper of square pulses corresponding to the polarity of the
      half-wave voltages of said reference signal, having two inverted outputs;
PA1  the inputs of said first and second shapers being interconnected to form
      said first converter input;
PA1  a first gating circuit which has a signal input connected to said output of
      the first shaper, a gating input and an output; short pulses appearing at
      said output of the first gating circuit corresponding to the scalar
      magnitudes of said instantaneous values of the reference signal;
PA1  a second gating curcuit having a signal input connected to one of said
      inverted outputs of the second shaper, a gating input and an output;
PA1  a third gating circuit provided with a signal input coupled to the other
      said inverted output of the second shaper, a gating input and an output;
PA1  said gating inputs of the first, second and third gating circuits being
      interconnected to form said second input of the converter;
PA1  short pulses produced across any output of said second or third gating
      circuit defining the sign of said instantaneous values of the reference
      signal;
PA1  a converter unit for converting the amplitudes of said output short pulses
      from said first gating circuit into a proportional number of pulses
      following at a frequency higher than the frequency of the reference
      signal; said unit having an input connected to said output of the first
      gating circuit and an output forming said frequency output of the
      converter; a memory store which has a unity input and a zero input; said
      zero input being connected to said output of the second gating circuit,
      said unity input being connected to said output of the third gating
      circuit, said zero and unity outputs forming said sign outputs of the
      converter.
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ABST
PAL  In the radiometric apparatus disclosed herein, radiant energy from a target
      is chopped before reaching a detector element. The same detector element
      receives radiation from a light-emitting diode which is periodically
      energized in synchronism with the chopping, the level of the energization
      of the light-emitting diode being varied as a function of a feedback
      signal obtained by synchronously demodulating the detector signal. In this
      manner, the a.c. component of the detector signal is driven to a null
      balance, the level of energization of the light-emitting diode at balance
      being indicative of the level of radiation received from the target.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to radiometric apparatus and more particularly to
      such apparatus which employs a periodically energized, light-emitting
      diode to obtain a null balance relative to chopped radiation received from
      a target.
PAR  Various types of radiometric apparatus are known in the art for the
      non-contact measurement of temperatures. The object whose temperature is
      being measured is generally referred to as the target. One of the most
      accurate types of radiometric apparatus is that which operates in a null
      balance mode. In this mode of operation, the target radiation is compared
      with the radiation obtained from a reference source, typically, an
      incandescent lamp. The radiation components from the target and the
      reference source are chopped out-of-phase before being applied to a common
      detector and the output signal from the detector controls a servo loop
      which energizes the reference lamp in a sense tending to minimize the
      difference between the two energy levels. The level of energization of the
      reference source is then indicative of the target temperature. While this
      type of system attains a relatively high degree of accuracy, since the
      characteristics of the reference lamp are typically much more predictable
      and accurately known than those of commonly used detector elements, the
      reference lamps do gradually decay in emissivity and ultimately burn out.
PAR  Among the several objects of the present invention may be noted the
      provision of radiometric apparatus which will determine the temperature of
      target objects with high accuracy and stability; the provision of such
      apparatus which will operate for long periods without recalibration; the
      provision of such apparatus which is highly reliable and which is of
      relatively simple and inexpensive construction. Other objects and features
      will be in part apparent and in part pointed out hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, radiometric apparatus according to the present invention employs a
      detector element providing a signal which varies as a function of incident
      radiant energy. An optical system couples radiation from a target to the
      detector element and means are provided for chopping this radiation and
      also generating a timing signal which is synchronously related to the
      chopping. A light-emitting diode, which operates as a reference source, is
      oriented to selectively provide further radiation incident on the
      detector.
PAR  A synchronous detector, controlled by the timing signal, demodulates a.c.
      components of the signal obtained from the detector so as to obtain a
      feedback signal which varies as a function of the relative levels of
      radiation incident on the detector element during the alternate phases of
      chopping. A circuit, controlled by the timing signal and the feedback
      signal together, periodically energizes the light-emitting diode
      synchronously with the chopping of the target radiation, the level of
      energization of the diode being modulated as a function of the feedback
      signal thereby to balance the incident radiation levels during the
      alternate phases of chopping. Accordingly, the level of energization of
      the light-emitting diode is indicative of the level of the radiation
      received from the target.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view, with parts broken away, showing the arrangement of
      optical components in radiometric apparatus constructed in accordance with
      the present invention; and
PAR  FIG. 2 is a schematic block diagram illustrating apparatus of this
      invention, including the arrangement of electronic circuit elements
      employed in conjunction with the components shown in FIG. 1.
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is indicated at 11 a detector suitable for
      detecting radiation at the infrared wavelengths typically employed for
      non-contact temperature measurement, e.g. a lead sulfide detector. As is
      understood, such a detector element can provide an electrical signal which
      varies as a function of incident radiation. Radiation from a target object
      is collected by a suitable objective lens 13 and directed down onto the
      detector 11 by a dichroic mirror 15. The characteristics of the dichroic
      mirror 15 are chosen so that infrared radiation is reflected down onto the
      detector while substantial visible radiation passes through the mirror. To
      facilitate aiming of the radiometric apparatus, this visible radiation is
      coupled, by means of inverting and relay lenses 21-23, to an eyepiece 25.
PAR  Radiation from the target can be chopped, between the mirror 15 and the
      detector 11, by means of a disk-like chopping member 27 which is rotated
      by means of a motor 29. The periphery of chopping member 27 includes a
      plurality of blades separated by open sectors so that radiation from the
      target is alternately blocked and allowed to pass to the detector as the
      chopping member rotates. In the embodiment illustrated, an even number of
      blades, e.g. four, is assumed.
PAR  A light-emitting diode 35 is mounted beneath the detector so as to
      selectively provide radiation thereto from the opposite side. While the
      detector element employed in the embodiment illustrated is sensitive from
      both sides so that the arrangement shown is convenient, it should be
      understood that other types of detectors might also be used and the
      light-emitting diode 35 could illuminate the detector from the same side
      as the target, i.e. positioned so that the reference radiation is not
      blocked. Filters may be positioned over the sensitive faces of the
      detector element 11, e.g. by cementing, so as to confine the incident
      radiation to the wavelengths of interest and to discriminate against
      scattered ambient radiation.
PAR  At a point opposite from the infrared detector 11 with respect to the
      periphery of the disk-shaped chopping member 27, there is mounted a
      so-called interrupter module 44 comprising a light-emitting diode 45 and a
      photodetector transistor 47. This pair of elements operates in
      conventional manner to provide a timing or phase reference signal. This
      timing signal is used in demodulating the infrared detector signal and
      controlling the light-emitting diode 35.
PAR  With reference to FIG. 2, the signal obtained from phototransistor 47 is
      a.c. coupled through a capacitor C4 to a circuit comprising three silicon
      diodes D1-D3 which are connected in series and are shunted by a resistor
      R8. This circuit clips the signal and provides a nominal d.c. level such
      that the resultant signal is appropriate for operating or controlling a
      pair of junction field-effect transistors indicated at 65 and 66, as
      signal switches or gates. Suitable isolation resistors are provided as
      shown. The transistor 65 functions as a synchronous detector, as described
      in greater detail hereinafter, while the transistor 66 operates to gate
      the current provided to the light-emitting diode 35 so as to effect
      periodic energization of the diode in synchronism with the chopping of the
      radiation received from the target.
PAR  In addition to being de-energized when the detector 11 is exposed to target
      radiation, the level of energization of light-emitting diode 35 is further
      modulated in order to obtain a null-balance mode of operation. In the
      embodiment illustrated, this modulation is effected by varying the voltage
      supplied to the drain terminal of field-effect transistor 66. It should be
      understood, however, that pulse width modulation might also be used.
PAR  Referring further to FIG. 2, it can be seen that the detector 11 is
      connected in a voltage divider circuit with a resistance R1 across a
      suitable supply voltage so as to provide, at junction 50, a signal which
      varies as a function of the level of radiation incident on detector 11.
      Unless the effective radiation levels incident during the alternate phases
      of chopping are equal, taking into consideration the spectral sensitivity
      characteristics of detector 11, it can be seen that the signal provided at
      junction 50 will have a substantial a.c. component at the chopping
      frequency.
PAR  The detector signal is applied, through a voltage follower d.c. amplifier
      51 to an amplifier 55 having a controlled bandpass. This stage thus serves
      to minimize extraneous signals which are substantially above or below the
      chopping frequency. Signals in a passband centered on the chopping
      frequency are a.c. coupled, through a capacitor C1, to a potentiometer P1
      which feeds a voltage divider circuit comprising a fixed resistor R2 in
      series with a cadmium sulfide photocell R3. Photocell R3 is employed as a
      controllably variable resistance and for this purpose is illuminated by a
      light-emitting diode 61. The attenuation provided by the voltage divider
      is thus controllable as a function of the energization of the diode 61. As
      explained hereinafter, this controllable attenuation functions to provide
      an a.g.c. (automatic gain control) function.
PAR  The signal obtained from the voltage divider is a.c. coupled, through a
      capacitor C2, to an amplifier 63. The a.c. signal obtained from amplifier
      63 is then applied, through a capacitor C3, to the drain terminal of
      field-effect transistor 65. Transistor 65 is operated as a half-wave
      synchronous detector, the input signal which is to be demodulated being
      referenced to ground by a resistor R4.
PAR  The output signal from the synchronous detector, i.e., the signal obtained
      at the source terminal of transistor 65, is applied to a filter or
      integrator comprising a resistor R5 and a capacitor C5. The voltage on
      capacitor is thus a d.c. measure or analog of the amplitude of the a.c.
      component of the signal obtained from detector 11. This d.c. signal is
      employed as a feedback signal and, after buffering through an amplifier
      75, is applied through a resistor R10 and the gating transistor 66 to
      light-emitting diode 35. Filtering is provided on either side of resistor
      R10 by capacitors C7 and C8.
PAR  As will be apparent to those skilled in the art, the variation in the level
      of energization of the light-emitting diode 35, responsive to the feedback
      signal, completes a servo loop controlling the current applied to the
      light-emitting diode 35. The operation of this servo loop is to adjust the
      energization of the diode source 35 in a sense tending to minimize the
      a.c. component in the infrared detector signal, that is, the incident
      radiation provided by the source 35 is adjusted to a level equal to the
      incident radiation obtained from the target. An indication of this level
      of radiation is provided by measuring the current applied to the
      light-emitting diode 35.
PAR  The current applied to the diode 35 is measured by generating a voltage
      which is a controlled or preselected function of the current applied to
      diode 35. For providing this preselected transfer function, the resistor
      R10 is shunted by a linearizing circuit 76. Linearizing circuit 76
      comprises a string of silicon diodes D11-D13 driving a succession of shunt
      resistances R11-R14 of graded values. The essentially fixed forward
      voltage drop across each diode allows the successive shunt resistances to,
      in effect, be picked up successively. Thus, by appropriately grading the
      shunt resistances, a piecewise curve fitting or linearization may be
      produced. As is understood, the effective level of radiation produced by
      the light-emitting diode 35 is not a linear function of the equivalent
      target temperature but, by means of this curve fitting circuit, a close
      approximation of output voltage with equivalent target temperature can be
      obtained.
PAR  The voltage developed across the linearizing circuit 76 is applied to the
      input terminals of a differential amplifier 79. In addition to driving the
      readout circuitry, the output signal from the amplifier 79 also energizes,
      through a resistor R15, the light-emitting diode 61 so as to complete the
      a.g.c. loop. The signal from amplifier 79 is applied to a potentiometer P2
      which permits a sensitivity or so-called "span" adjustment of the ultimate
      output indication, the voltage from the potentiometer P2 being applied to
      a differential amplifier 85 which drives a meter 87. A d.c. reference
      voltage is applied, by means of a potentiometer P3, to the inverting input
      of amplifier 85 so that an effective zero or offset adjustment of the
      output indication may be provided. As the sensitivity and zero reference
      point of meter 87 can be adjusted independently, i.e., by means of the
      potentiometers P2 and P3, it can thus be seen that the meter 87 can be
      calibrated to display any range or portion of a range of temperatures
      within the overall capabilities of the instrument.
PAR  In view of the foregoing, it may be seen that several objects of the
      present invention are achieved and other advantageous results have been
      attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention, it should be understood that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Radiometric apparatus comprising:
PA1  a detector element providing a signal which varies as a function of
      incident radiant energy;
PA1  an optical system for coupling radiation between a target and said detector
      element;
PA1  means for chopping radiation energy between said target and said detector
      element;
PA1  means for generating a timing signal which is synchronously related to the
      chopping of radiation from said target;
PA1  a light-emitting diode for selectively providing radiation which is also
      incident on said detector;
PA1  synchronous detector means controlled by said timing signal for
      demodulating any a.c. component of the signal provided by said detector
      element which is synchronous with said chopping thereby to obtain a
      feedback signal which varies as a function of the relative levels of
      radiation incident on said detector element during the alternate phases of
      chopping; and
PA1  circuit means, controlled by said timing signal and said feedback signal,
      for periodically energizing said light-emitting diode synchronously with
      the chopping at an average level of energization which is modulated as a
      function of the feedback signal thereby to balance the incident radiation
      levels during the alternate phases of chopping, the level of energization
      of said light-emitting diode being indicative of the level of radiation
      received from said target.
NUM  2.
PAR  2. Radiometric apparatus as set forth in claim 1 wherein said chopping
      means comprises a rotating chopping disk and said timing signal generating
      means comprises an optical interrupter assembly having an optical path
      which is also chopped by said disk.
NUM  3.
PAR  3. Radiometric apparatus as set forth in claim 1 wherein said synchronous
      detector means comprises a field-effect transistor operating as a signal
      gate, under the control of said timing signal.
NUM  4.
PAR  4. Radiometric apparatus as set forth in claim 3 wherein said circuit means
      comprises a field-effect transistor operating as a gate and intermittently
      energizing said light-emitting diode under the control of said timing
      signal.
NUM  5.
PAR  5. Radiometric apparatus as set forth in claim 1 including means for
      amplifying the a.c. component of the signal provided by said detector and
      a.g.c. means for reducing the gain at relatively high levels of incident
      radiation.
NUM  6.
PAR  6. Radiometric apparatus as set forth in claim 1 including a linearizing
      circuit for generating, from the current applied to said light-emitting
      diode, a voltage which varies essentially in proportion to changes in the
      corresponding target temperature.
NUM  7.
PAR  7. Radiometric apparatus comprising:
PA1  a detector element providing a signal which varies as a function of
      incident radiant energy;
PA1  an optical system for coupling radiation between a target and said detector
      element;
PA1  a rotatable chopping disk interposed in the optical path between said
      target and said detector element;
PA1  means for generating a timing signal which is synchronously related to the
      rotation of said chopping disk;
PA1  a light-emitting diode for selectively providing radiation which is also
      incident on said detector following an optical path which does not
      traverse said chopping disk;
PA1  synchronous detector means controlled by said timing signal for
      demodulating any a.c. component of the signal provided by said detector
      element which is synchronous with said chopping thereby to obtain a
      feedback signal which varies as a function of the relative levels of
      radiation incident on said detector element during the alternate phases of
      chopping; and
PA1  means for applying said feedback signal to said light-emitting diode
      through a gating means which is controlled by said timing signal thereby
      to balance the incident radiation levels during the alternate phases of
      chopping, the average level of energization of said light-emitting diode
      being indicative of the level of radiation received from said target.
NUM  8.
PAR  8. Radiometric apparatus as set forth in claim 7 wherein said synchronous
      detector means and said gating means comprise field-effect transistors
      operated as signal switches, the switch of said transistors being by said
      timing signal.
NUM  9.
PAR  9. Radiometric apparatus as set forth in claim 8 including a linearizing
      circuit for generating, from the current applied to said light-emitting
      diode, a voltage which varies essentially in proportion to changes in the
      corresponding target temperature.
NUM  10.
PAR  10. Radiometric apparatus as set forth in claim 9 including means for
      amplifying the a.c. component of the signal provided by said detector and
      a.g.c. means for reducing the gain at relatively high levels of incident
      radiation.
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PAL  An optical reflective device for reflecting electromagnetic energy such as
     aser energy into a two-way spatial transform apparatus and onto a target
      for reflecting the energy back to the transform apparatus and onto a
      detector in an off-set input transform plane to cause far field pattern of
      the target to be located on the detector. Transmissive optics as well as
      reflective optics can be used in the optical reflective device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  An important criterion for measurements of Radar and Laser Radar (LADAR) is
      that the test target be in the "far field" of the transmitter, and the
      receiver be in the "far field" of the target. In the "far field" all paths
      of microwave or light waves are parallel. The required range can be
      deduced to be
EQU  R = D.sup.2 /L
PAL  where R is the range to the far field, D is the transmitter antenna size,
      and L is the wavelength of the radiation. With microwave radar, the
      state-of-the-art has been to provide a physical spacing sufficient to meet
      this condition. However, the very short wavelength (L) associated with
      LADAR means that the far field is at a long range, e.g., 100km for the
      case of a one meter aperture at 10.6 micron wavelength. This means that
      controlled measurements of test targets can be as difficult as operating
      an actual system.
PAR  Various proposals to make laser signature measurements have included either
      ignoring the errors due to the violating far field requirement, operating
      only with sub-scale targets, or such expensive approaches as flying the
      targets in balloons at 100,000 feet. It suffices to say that the
      state-of-the-art prior to this invention offered no satisfactory solution
      to the problem.
PAR  Therefore, it is an object of this invention to make possible the
      measurement of the far field properties of full scale LADAR targets.
PAR  Another object of this invention is to make it possible through appropriate
      use of optics to make laser signature measurements with Fourier
      Transforms.
PAR  Still another object of this invention is to generate far field information
      at ranges of approximately 10 meters.
PAR  Still another object of this invention is to provide an optical reflective
      device that can be placed inside in a controlled environment so that more
      accurate data can be obtained in all weather conditions.
PAR  Still another object of this invention is to provide an optical reflective
      device which needs no airborne or balloon instrumentation and there is no
      requirement for the development of pointing and tracking systems just to
      make static measurements.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, an optical reflective device is provided
      that includes a laser source mounted relative to a first optical device so
      as to illuminate said device and cause laser energy to be transmitted
      therefrom in a back focal plane and to be focused onto a second optical
      device mounted relative to said first optical device to receive said laser
      energy in a front focal plane of the second optical device. A target is
      mounted in a back focal plane of the second optical device and a beam
      splitter is mounted between said first and second optical device so that
      laser energy reflected from said target and onto said beam splitter will
      be displayed on the detector in forms of far field pattern of the target.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawing:
PAR  FIG. 1 is a block diagram of the optical reflective device according to
      this invention,
PAR  FIG. 2 is a diagrammatic optical layout with reflective optics according to
      this invention,
PAR  FIG. 3 is a diagrammatic illustration of an optical layout with
      transmissive optics according to this invention, and
PAR  FIGS. 4 and 5 are other diagrammatic embodiments of reflective and
      transmissive optics according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a block diagram illustration of the invention is
      depicted which includes an electromagnetic energy source 10 such as a
      laser that delivers electromagnetic energy to two-way spatial transform
      apparatus 12 with a target 14 placed in the output transform plane from
      two-way spatial transform apparatus 12 and a detector 16 in an off-set
      input transform plane. The details and operation of the two-way spatial
      transform apparatus is more particularly described hereinbelow.
PAR  Referring now to FIG. 2, this embodiment utilizes laser source 10 and a
      two-way spatial transform apparatus 12 that utilizes reflective optics.
      Laser source 10 transmits a beam 11 onto converging mirror 18 and mirror
      18 reflects beam 11 away in a back focal plane in the form of illustrated
      beam 20 to converging mirror 22. Mirror 22 receives beam 20 in its front
      focal plane and reflects beam 24 away toward target 14 in its back focal
      plane. Plate 26 with aperture or pinhole 28 is located at the point of
      convergence of beam 20 and plate 26 with aperture or pinhole 28 may be
      omitted if desired. Pinhole 28 acts to filter out stray light when
      desired. A beam splitter 30 is placed between mirrors 18 and 22 so that
      energy reflected back from target 14 onto mirror 22 will be reflected onto
      off-set front focal plane detector 16 so as to dipict forms of far field
      pattern of the target. Mirror 22 is preferrably located one focal length
      from the point of convergence of beam 20 at pinhole 28 and target 14 is
      preferrably located approximately one focal length from mirror 22 in order
      to obtain accurate phase data.
PAR  In operation, laser beam 11 from laser 10 shines onto mirror 18 and is
      reflected through pinhole 28 as beam 20 onto the front focal plane of
      mirror 22 to deliver beam 24 from the back focal plane of mirror 22 to
      target 14. Energy from beam 24 is reflected back from target 14 to mirror
      22 and onto beam splitter 30 and finally onto off-set front focal plane
      detector 16.
PAR  Referring now to FIG. 3, another embodiment of the invention is illustrated
      that utlizes transmissive optics in two-way spatial transform apparatus
      12. Laser 10 transmits beam 11 to converging lens 18a and passes beam 20
      to converging lens 22a. Plate 26 with pinhold or aperture 28 is placed in
      the back focal plane of lens 18a at the point of optical convergence of
      beam 20. Plate 26 with pinhole 28 therein may be omitted if desired, but
      when used, pinhole 28 filters out stray light beams. Lens 22a is mounted
      approximately one optical focal length from convergence of beam 20 at
      pinhole 28 and beam splitter 30 is mounted between plate 26 and lens 22a
      to reflect the returned energy onto off-set front focal plane detector 16.
      Lens 22a transmits beam 24 in its back focal plane to target 14 which
      reflects a portion of beam 24 back through lens 22a onto beam splitter 30
      and finally to off-set front focal plane detector 16. Target 14 is
      preferrably mounted approximately one focal length from lens 22a when
      accurate phase data is required.
PAR  In operation, beam 11 from laser 10 shines through converging lens 18a and
      is focused on pinhole 28. The diverging light of beam 20 then passes
      through converging lens 22a and emerges as parallel beam 24 which
      illuminates target 14. Although the far field of element 14 as a true
      target is far away, with target 14 one focal length from lens 22a the
      illumination is a true far field function of pinhole 28. The light
      reflected or scattered from target 14 passes back through lens 22a, is
      partially reflected by beam splitter 30 and forms the far field pattern of
      the target on detector 16.
PAR  It should be noted that the aperture or pinhole and the target are in the
      focal planes of the optical elements, and thus do not form images, but
      instead form Fourier transformations. It has been demonstrated that the
      Fourier transformation converts an illumination function into its far
      field pattern.
PAR  An alternate way of explaining the operation is to consider that in the
      near field, light from two points on an aperture travels along two sides
      of a triangle, and thus goes different distances. When the triangle is
      made sufficiently long, the sides become almost parallel and are the same
      length within a wavelength of light. But one focal length from a
      converging optical element, parallel beams of light are bent to a common
      focus, and thus travel the same distance, satisfying the far field
      criterion.
PAR  Referring now to FIGS. 4 and 5, other embodiments of reflective and
      transmissive optics are shown in which diverging mirror 18b of FIG. 4 has
      been substituted for converging mirror 18 and plate 26 of the FIG. 2
      embodiment and diverging lens 18c of FIG. 5 has been substituted for
      converging lens 18a and plate 26 of FIG. 3. In these embodiments,
      diverging mirror 18b or diverging lens 18c are located so that there is
      one focal length from the virtual focus of beam 20b to converging mirror
      22 or converging lens 22a. The far field image of the target is reflected
      back in the same manner as in the other embodiments.
PAR  The diverging substituted mirror or lens embodiments are preferable for
      high energy systems because there is no focus as with the pinholes of the
      embodiments in FIGS. 2 and 3.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optical reflective device comprising a laser source, a first optical
      device mounted to receive a laser beam from said laser source and transmit
      said laser beam in a back focal plane, a second optical device mounted for
      receiving said laser beam in said back focal plane in the front focal
      plane of said second optical device and transmitting said beam in a back
      focal plane, a target mounted in said back focal plane of said second
      optical device for receiving said laser beam from said second optical
      device, a detector mounted in an off-set front focal plane of said second
      optical device, and a beam splitter mounted relative to said first and
      second optical devices so that laser energy light reflected from said
      target back to said second optical device will be reflected by said beam
      splitter onto said detector in forms of far field pattern of said target.
NUM  2.
PAR  2. An optical reflective device as set forth in claim 1, wherein said first
      optical device and said second optical device are converging mirrors.
NUM  3.
PAR  3. An optical reflective device as set forth in claim 2, wherein said
      target is mounted approximately one focal length from said second optical
      device and said second optical device is mounted one focal length from the
      point of convergence of the laser beam in the back focal plane of said
      first optical device.
NUM  4.
PAR  4. An optical reflective device as set forth in claim 3, wherein a plate
      with a pinhole therein is mounted at said point of convergence.
NUM  5.
PAR  5. An optical reflective device as set forth in claim 1, wherein said first
      optical device and said second optical device are converging lenses.
NUM  6.
PAR  6. An optical reflective device as set forth in claim 5, wherein said
      target is mounted approximately one focal length from said second optical
      device and said second optical device is mounted one focal length from the
      point of convergence of the laser beam in the back focal plane of said
      first optical device.
NUM  7.
PAR  7. An optical reflective device as set forth in claim 6, wherein a plate
      with a pinhole therein is mounted at said point of convergence.
NUM  8.
PAR  8. An optical reflective device as set forth in claim 1, wherein said
      target is mounted approximately one focal length from said second optical
      device and said second optical device is mounted one focal length from the
      virtual focus of the image reflected from said first optical device.
NUM  9.
PAR  9. An optical reflective device as set forth in claim 8, wherein said first
      optical device is a diverging mirror and said second optical device is a
      converging mirror.
NUM  10.
PAR  10. An optical reflective device as set forth in claim 8, wherein said
      first optical device is a diverging lens and said second optical device is
      a converging lens.
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PAL  This highly portable, self-contained timing system includes photoelectronic
      start-stop gates which employ a pulsed invisible light beam as a means for
      communicating a condition of elapsed time and for aligning each gate.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to photoelectric timing systems, and particularly to
      such systems employing pulsed invisible light beams for communicating a
      condition of time.
PAR  Timing systems for measuring elapsed times having light-beam activated
      start-stop gates are well known in the art. The design of these well known
      systems has proved disadvantageous for many applications and in certain
      situations these systems if usable are extremely inconvenient to use. For
      example, prior art timing systems using incandescent lamps for generating
      the light beam, normally require an external electrical power source to be
      connected to each start-stop gate, because incandescent lamps of
      sufficient intensity to provide an adequate light beam require large
      amounts of power. It is a great inconvenience to extend electrical power
      cables over the long distances which may separate the start and stop
      gates, particularly when the terrain is rugged or inaccessible, such as
      with a ski slope. For example, it may prove entirely impractical to supply
      electrical power when the gates are separated by stretches of water.
      Batteries of sufficient power to supply the incandescent lamps are bulky,
      heavy and difficult to transport and the use of such batteries as a power
      source is also inconvenient.
PAR  In prior art systems having incandescent light beams, the beam may not be
      of sufficient intensity to accurately communicate elapsed time in a
      variety of different atmospheric, weather or ambient conditions. An
      incandescent beam cannot penetrate fog or rain without diffusing. High
      intensity floodlights or bright sunshine may override the incandescent
      lamp beam preventing accurate registration of light-beam interruption. If
      timing must occur in total darkness, an incandescent system is not
      suitable since its light beam is visible and produces illumination. In
      addition, the incandescent beam generally lacks sufficient intensity to
      accurately penetrate the long distances necessary to form a wide start or
      finish line essential in some vehicle racing contests, for example.
      Another disadvantage of previous systems is that the incandescent lamps
      may easily burn out, resulting in an unnecessarily high probability of
      system malfunction. Accordingly, it is an object of this invention to
      provide an improved timing system which overcomes the foregoing
      disadvantages of the prior art.
PAR  It is another object of this invention to provide a timing system having
      start-stop gates which are portable, self-contained, internally energized
      and simple to handle, set-up and operate.
PAR  It is a further object of this invention to provide a timing system having
      start-stop gates employing a light beam of a quality and intensity which
      yields highly accurate timing even over long distances and in a variety of
      atmospheric, weather and ambient conditions.
PAR  It is still another object of this invention to provide a timing system
      which requires little attention, service or maintenance.
PAR  Briefly, in carrying out the objects of this invention in one embodiment
      thereof, each start-stop gate of the present invention employs a source of
      invisible light and at least one receiver for the invisible light. A light
      beam is formed by directly light from the light source to the light
      receiver, and when an object crosses and interrupts the light beam, the
      light receiver senses the interruption and communicates a signal to a
      counter-timer which indicates a condition of elapsed time. The light
      source includes solid state circuitry for providing a pulsating or
      modulated beam of high intensity, semi-coherent, invisible light. The
      light receiver, also of solid state circuitry, is a device adjusted for
      optimum reception of the light beam. The light receiver filters out all
      light signals other than the pulsating or modulating light beam and
      converts the light beam signal to a voltage. Interruption of the light
      beam has the effect at the light receiver of altering the pulsating
      frequency of the beam, and the light receiver rejects the altered
      frequency causing the voltage level to drop. A logic circuit monitoring
      the voltage level yields a digital signal when the voltage level drops
      which is communicated over a single conductor or over a radio
      communication link to the counter-timer for indicating a condition of
      elapsed time. The system includes means for facilitating the alignment of
      the light beam from the light source to the light receiver. Such means may
      provide an audible sensory signal of high volume when optimum alignment is
      attained, and it may also include a light emitting device for providing a
      visual sensory indication that the light source and light receiver are out
      of alignment.
DRWD
PAR  The features of novelty which characterize this invention are pointed out
      with particularity in the claims annexed to and forming a part of this
      specification. The invention itself, however, both as to its organization
      and manner of operation, together with further objects and advantages
      thereof, will be best understood upon reference to the following
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic circuit diagram of a light beam source comprising a
      portion of the present invention;
PAR  FIG. 2 is a schematic circuit diagram of a light beam receiver comprising a
      portion of the present invention;
PAR  FIG. 3 is a block diagram of various components used in conjunction with
      the light source and light receiver to form one embodiment of a timing
      system comprising the present invention;
PA1  Fig. 4 is a radio transmitter which may optionally be used as a part of the
      present invention;
PAR  FIG. 5 is a radio receiver which is used in conjunction with the radio
      transmitter of FIG. 4; and
PAR  FIGS. 6, 7 and 8 are illustrations of components of the timing system
      embodying the present invention which used in an advantageous form.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, there is illustrated a solid state light source or
      means for generating a beam of light which may be connected to a source 10
      of direct voltage, such as a small, inexpensive three volt battery. A
      conventional relaxation oscillator circuit is formed by transistors 11 and
      12; variable resistors 13; fixed resistors 14, 15, 16 and 17; and
      capacitor 18. Capacitor 19 stabilizes the voltage of source 10. The
      oscillator circuit is connected to provide high peak current pulses or
      modulated current to a light emitting device 20 which preferably may be an
      infrared light emitting diode or infrared semiconductor laser diode.
      Optical equipment, such as a reflector 21 and lens 22, may be used to
      direct the light from device 20 in a beam across a predetermined path.
      Variable resistance 13 adjusts the operating frequency of the relaxation
      oscillator to match a selected response frequency of a light receiver
      which will be explained in detail subsequently. Additional frequency
      adjustment may be provided by changing the values of resistor 16 and
      capacitor 18. Resistor 17 sets the duty cycle of the oscillator. In
      operation, current pulses delivered to device 20 cause the infrared light
      emitting diode or infrared semiconductor laser diode to emit pulses of
      semicoherent infrared light near 9000 angstroms in wavelength. As a result
      of the pulsed operation, the light intensity of device 20 is up to five
      times its nominal level. The increased light output and the semi-coherent
      nature of the light provide a light beam of high intensity and quality
      which is able to penetrate a variety of weather, atmospheric and ambient
      conditions in addition to being sufficient to communicate long distances
      and provide very accurate timing.
PAR  Referring now to FIG. 2 one embodiment of a light receiver or light beam
      receiving means is located in an optimum position in the path of the light
      beam originating from the light source. Optical equipment, for example a
      lens 23, a light shielded tube 24, and an infrared filter 25, is used to
      direct the light beam from its predetermined path causing it to impinge on
      a light responsive amplifying device 26. Device 26 is preferably a
      phototransistor, photodiode, or photo-field effect transistor, any of
      which have a peak sensitivity response for light of wavelength near 9000
      angstroms. The peak sensitivity response of device 26 matches the
      wavelength of the light emitted from the light source thereby providing
      for sensitive and accurate system performance.
PAR  Device 26 and the remainder of the light receiver circuitry in FIG. 2 are
      connected to a direct voltage source 10', which may be, for example, a
      small, inexpensive nine volt battery. Device 26 is connected to a
      preamplifier and automatic dynamic load circuit comprising transistor 27,
      resistors 28 and 29 connected for biasing transistor 27, resistor 30
      connected as a load for transistor 27, and a bias voltage stabilizing
      capacitor 31. Ambient light could cause device 26 to saturate and thereby
      render it uneffected by the light beam were it not for the automatic
      dynamic load circuit which keeps the device 26 out of saturation. As the
      current through device 26 increases as a result of ambient light,
      resistors 28 and 29 bias transistor 27 more conductive to divert the
      ambient-light-induced current from device 26 to resistor 30, thus
      eliminating any possibility of saturation. Stabilizing capacitor 31
      renders transistor 27 uneffected by current pulses produced by device 26.
      Summarizing, the automatic dynamic load circuit negates the effect of
      ambient light while having no effect on any pulsating electrical signal
      caused by the corresponding pulsating light beam impinging on device 26.
PAR  The light receiver circuitry described thus far is connected by a coupling
      capacitor 32 to a 120 Hz signal filter such as a well known parallel "T"
      filter illustrated. One branch of the parallel "T" filter comprises
      resistors 33 and 34 connected in series and capacitor 35 connected between
      the junction of the resistors 33 and 34 and reference potential. The other
      "T" of the filteer includes capacitors 36 and 37 connected in series and
      resistor 38 connected between the junction of capacitors 36 and 37 and
      reference potential. The values of resistors 33, 34 and 38 and capacitors
      35, 36 and 37 are determined by well known methods so as to eliminate any
      120 Hz frequencies from the electrical signal conducted through the
      filter. Arranged in this manner the effect on the light receiver of 120 Hz
      light pulses produced by a conventional 60 Hz electrical supply is
      eliminated. The values of the components of the parallel "T" filter may be
      changed to produce a frequency filter for light pulses originating from
      power supplies of any frequency.
PAR  A coupling capacitor 39 is arranged to transmit signals from the 120 Hz
      filter to the input of a first amplifying stage 40 contained within an
      integrated circuit 41. The integrated circuit 41 also contains second and
      third amplifying stages 42 and 43, respectively. The integrated circuit 41
      is an ultra high gain, low noise, wide band device having small current
      drain and being capable of maintaining performance over wide temperature
      ranges and changes in supply voltage.
PAR  The first amplifying stage 40, used as a pulse amplifier, amplifies the
      pulsating signal conducted through the 120 Hz filter and supplies the
      amplified pulsating signal to a capacitor 44 and a resistor 45 connected
      in series. Capacitor 44 and resistor 45 as well as the first amplifying
      stage 40 also serve to provide impedance matching for maintaining maximum
      signal strength.
PAR  The output from the first amplifying stage 40, after being conducted
      through capacitor 44 and resistor 45, is applied to the input of the
      second amplifying stage 42. Seecond amplifying stage 42 operates as a
      selected frequency signal amplifier as a result of a filtering feedback
      network 46 connected between its input and output. The filtering feedback
      network 46 may be arranged in a parallel "T" configuration illustrated
      having one "T" formed by resistors 47 and 48 connected in series and
      capacitor 49 connected between the junction of resistors 47 and 48 and
      reference potential. The other "T" is formed by capacitors 50 and 51
      connected in series and resistor 52 connected between the junction of
      capacitors 50 and 51 and reference potential.
PAR  The choice of values of the resistors and capacitors of the filtering
      feedback network 46 allows the second amplifying stage 42 to pass only a
      selected response frequency at which it is desired that the light source
      pulse or modulate the light beam. By changing the values of the components
      of the filtering feedback network, the frequency of light beam pulses to
      which the light receiver responds may be changed. As previously described
      the pulsing frequency of the light source may readily be adjusted so as to
      match the selected response frequency of the light receiver.
PAR  The selected response frequency may be predetermined by considering factors
      such as the size of the object which interrupts the light beam and the
      estimated maximum speed at which the object passes through the light beam.
      However, for the majority of applications, including sporting events, a
      selected response frequency in the audio frequency range is sufficient and
      preferred for accurate timing.
PAR  The output signal of the second amplifying stage 42 is applied to resistor
      53, and a portion of this signal is conducted by an adjustable wiper arm
      54 to a coupling capacitor 55 connected in series with the input of the
      third amplifying stage 43. The wiper arm 54 is a gain or sensitivity
      control, and the third amplifying stage 43 provides final amplification of
      the signal of the selected response frequency.
PAR  Power for the integrated circuit 41 is supplied from source 10' through a
      series connected resistor 56. Resistor 56 and capacitor 57, connected
      between the junction of resistor 56 and integrated circuit 41 and
      reference potential, stabilizes the source voltage.
PAR  The amplified signal of the selected response frequency passes to a voltage
      doubling circuit also serving as a pulse signal detector circuit. The
      voltage doubling circuit is arranged in the conventional manner and
      comprises diodes 59 and 60, capacitors 61 and 62, and resistor 63. The
      output of the third amplifying stage 43 is rectified by the voltage
      doubling circuit in a manner which doubles the alternating voltage and
      stores the voltage at capacitor 62. The presence of a voltage at junction
      64 indicates the light receiver is responding to the selected frequency of
      pulsation of the light beam. Whenever the light receiver is not responding
      to the selected frequency of light beam pulsation, the voltage at junction
      64 dissipates due to the current draining resistor 63 connected in
      parallel with capacitor 62. Thus the voltage doubling circuit acts as a
      pulse detector circuit by providing a voltage at junction 64 indicating
      that the light receiver is responding to the selected response frequency
      of light beam pulsation.
PAR  Means for facilitating optimum alignment of the light receiver and the
      light source is also connected to the output of the third amplifying stage
      43. Such means may include an inductor 65 and a closed-circuit jack 66
      connected serially between the source 10' and the output of the third
      amplifying stage 43. Inductor 65 is a high impedance load for the third
      amplifying stage 43. An audible signal for facilitating alignment may be
      provided when headphones (not shown) are plugged into jack 66. As
      previously discussed, a light beam pulsating in the audio frequency range
      is sufficient for a majority of timing system applications, and this
      selected response frequency signal in the audio frequency range causes a
      tone in the headphones. Under conditions of optimum alignment, the loudest
      audio tone will be present. Since the strength of the tone indicates the
      accuracy of alignment, physical placement of the light source and the
      light receiver may be altered to secure the strongest tone. Likewise the
      headphones may be employed to adjust the pulse frequency of the light
      source to match the selected response frequency of the light receiver
      since the audio tone will only be present when matching is attained.
PAR  A voltage level digital detector 67 monitors the voltage level at junction
      64. The voltage level digital detector 67 comprises four two-input NAND
      gates 68, 69, 70 and 71 of the complimentary symmetry, metal oxide
      semiconductor type. The NAND gates are of positive logic and logically
      connected in series with both inputs of NAND gates 69, 70 and 71 wired
      respectively to the outputs of NAND gates 68, 69 and 70. One input of NAND
      gate 68 directly conducts the voltage level at junction 64, and the other
      input is conditioned by serially connected diodes 72, 73 and 74. The sum
      of the threshold conduction voltages of diodes 72, 73 and 74 results in an
      off-set or voltage difference between the two inputs of NAND gate 68. The
      off-set or voltage difference may be controlled by varying the number of
      serially connected diodes in the diode-conditioned input of NAND gate 68.
      Resistor 75 is connected to provide feedback of the same logic level
      between the output of NAND gate 69 and the diode-conditioned input of NAND
      gate 68. All the circuitry of the voltage level digital detector 67 may be
      formed as a single integrated circuit.
PAR  In operation the logic state of each NAND gate of the voltage level digital
      detector is opposite that of its immediate logically-preceeding NAND gate
      as a result of the method in which the NAND gates are connected. Thus the
      logic states of the inputs of NAND gate 68 control the output of the
      voltage level digital detector 67. When voltage at junction 64 is present
      and of high level, indicating optimum alignment and no beam interruption,
      the cumulative threshold voltage of diodes 72, 73 and 74 is overcome and
      two similar logic states are present at the inputs of NAND gate 68,
      resulting in logical 0 outputs from NAND gates 68 and 70 and logical 1
      outputs from NAND gates 69 and 71. Upon interruption of the light beam,
      the effect as sensed by the light receiver is an alteration of the pulse
      frequency from the light source. The light receiver rejects the altered
      frequency and the voltage at junction 64 drops rapidly. The decreased
      voltage at junction 64 is no longer sufficient to overcome the cumulative
      threshold voltage of diodes 72, 73 and 74, and the diode-conditioned input
      of NAND gate 68 is then of logic state 0 and the direct-conducting input
      is of logic state 1. At this instant the output logic states of all the
      NAND gates change, resulting in a 0 logic state output from NAND gate 71.
      Thus it can be seen that an interruption of the light beam results in an
      output logic state of 0 from the voltage level digital detector 67, and
      jack 76 is provided for monitoring this output.
PAR  The means for facilitating alignment may include a visual signal and may
      also serve to indicate light beam interruption. The previous explanation
      illustrating the change of logic output states from the voltage level
      digital detector 67 upon interruption of the light beam is equally
      applicable when the light source and the light receiver are out of
      alignment, because the out-of-alignment condition results in no light beam
      being received by the light receiver, in no selected response frequency
      signal being conducted through the light receiver, in no voltage present
      at junction 64, and in the output logic state of the voltage level digital
      detector being a 0 with a voltage level near reference potential. In this
      condition biasing resistor 77, connecting the output of NAND gate 71 and
      the base of PNP transistor 78, causes transistor 78 to be conductive
      thereby directing current from source 10' through resistor 79 to a light
      emitting diode 80. When the output logic state of the voltage level
      digital detector 67 is 1, indicating proper alignment and no beam
      interruption, transistor 78 is biased nonconductive and the light emitting
      diode 80 is inoperative.
PAR  Referring now to FIG. 3, a timing means is illustrated in block diagram
      form. The components are all low current drain, semiconductor types which
      may be suitably powered by a small, inexpensive low-voltage battery shown
      as source 10". The timing means includes a reference oscillator 81 for
      providing clock pulses to be registered on a counter-timer 82 which may
      also include a numerical display. A start and stop electronic switch 83
      controls the counter-timer 82 by conducting clock pulses from the
      reference oscillator 81 at the instant of the beginning of the timed event
      and terminating the clock pulses at the instant of interruption of the
      light beam at the termination of the timed event. On and off controls for
      switch 82 are respectively provided by two outputs from a J K flip flop
      84. A reset 85 is provided to clear and condition counter-timer 82 and J K
      flip flop 84. Both output states of the J K flip flop 84 change each time
      a digital change of state occurs at its input 86. A one shot multivibrator
      87 receiving its input as jack 88 may be employed to drive the J K flip
      flop 84.
PAR  A change of logic state occurs at jack 76 upon interruption of the light
      beam, as previously explained. In one embodiment of the timing system a
      shielded coaxial cable is connected between jack 76 of FIG. 2 and jack 88
      of FIG. 3. The shielded coaxial cable communicates changes of logic state
      from the voltage level digital detector 67 to the one shot multivibrator
      87 which accentuates the changes of logic state and triggers the J K flip
      flop 84. The outputs of the J K flip flop 84 effect the switch 83
      resulting in a change of condition in the counter-timer 82, either turning
      it on or off to initiate or terminate a timing period.
PAR  The voltage level digital detector 67 of FIG. 2 may optionally be contained
      within an enclosure housing the electronic components illustrated in FIG.
      3. Under such circumstances the one shot multi-vibrator 87 is unnecessary.
      The voltage output from junction 64 is conducted through a shielded
      coaxial cable to the input of the voltage level digital detector, and the
      output of NAND gate 71 directly drives the input 86 of the J K flip flop
      84. Arranged in this manner the shielded coaxial cable communicates the
      voltage level from the light receiver circuitry located at the position of
      the light beam to the voltage level digital detector and circuitry for
      actuating the light emitting diode 80 contained within the timing means.
PAR  A further optional embodiment of the present invention eliminates the
      necessity for any shielded interconnecting cable whatsoever. In this
      embodiment the cable is replaced by a radio transmitter 89 shown in FIG. 4
      and a radio receiver 90 shown in FIG. 5 to provide a radio communication
      link between the light receiver and the timing means. The radio
      transmitter 89 of FIG. 4 is contained within the light receiver unit of
      FIG. 2 and powered by the source 10'. Input 91 to radio transmitter 89 is
      derived from the output of the voltage level digital detector 67. Radio
      transmitter 89 is arranged to be activated only when the output logic
      state of the voltage level digital detector 67 goes to 0, indicating light
      beam interruption. Operating in this manner, there is little current drain
      from source 10', allowing the small, low-voltage battery to provide
      adequate electrical power for the radio transmitter and the light
      receiver. The radio signal indicating light beam interruption is
      communicated from antenna 92 of radio transmitter 89 to antenna 93 of
      radio receiver 90 in FIG. 5. Radio receiver 90 operates only when
      activated by the radio signal and thus causes little current drain from
      source 10". The output 94 from radio receiver 90 is applied to the one
      shot multivibrator 87 of FIG. 3, resulting in operation of the timing
      system as previously described.
PAR  Referring now to FIGS. 6, 7 and 8 the present invention is illustrated in a
      very advantageous form. As shown in a side view in FIG. 6 and in a top
      view in FIG. 7, the self-contained light source emits a light beam which
      impinges on the self-contained light receiver, with the path of the light
      beam defining a point at which a timing condition is to be measured. Upon
      interruption of the light beam the radio transmitter sends a signal from
      antenna 92 to the antenna 93 of the radio receiver forming a part of the
      timing means. The condition of the timed event is thus measured at the
      counter-timer 82.
PAR  Light sources and light receivers of the present invention may be used in a
      variety of applications. Although shown in FIGS. 6 and 7 as separated by
      the path in which the object travels when interrupting the beam, the light
      source and light receiver may be located on the same side of the path. In
      this situation a mirror or deflector on the opposite side of the path is
      used to communicate the beam from the light source to the light receiver.
      With such an arrangement the light source and light receiver may be
      located within the same enclosure and powered by the same electrical
      source. It is also possible that a multi-faced reflector could be used to
      communicate the light beam from a single light source to a plurality of
      light receivers, each of the light receivers being positioned to measure a
      different condition of time by effecting its own separate timing means.
PAR  From the foregoing, many advantages of the present invention are apparent.
      Each element of the invention employs solid state circuitry and is
      designed to be self-contained so that small batteries may be used as
      electrical power sources. the solid-state components are extremely
      reliable and also provide very high quality and intensity of invisible
      light for accurate timing in a variety of atmospheric weather and ambient
      conditions. The present invention eliminates the necessity of any
      interconnecting cables, or if desired, eliminates all cables except one.
      Furthermore, the components of the present system are highly portable and
      easy to handle and operate.
PAR  Although the invention has been described in connection with specific
      circuits and circuit components, various modifications and other
      applications will occur to those skilled in the art. Therefore it is not
      desired that the invention be limited to the details illustrated and
      described and it is intended by the accompanying claims to cover all
      modifications which fall within the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A readily portable timing system for sporting events and the like
      comprising:
PA1  means for generating pulsed invisible light,
PA1  means for directing light from said generating means in a beam across a
      predetermined path,
PA1  light beam receiving means,
PA1  said receiving means including means for utilizing the impingement thereon
      of light from said generating means for producing a sensory signal to
      facilitate optimum alignment of said receiving means with said beam along
      said path,
PA1  means associated with said receiving means for detecting an interruption of
      said beam,
PA1  timing means having a start and stop control, and
PA1  means dependent upon interruption of said beam for actuating said start and
      stop control to change the condition of operation of said timing means.
NUM  2.
PAR  2. A readily portable timing system for sporting events and the like
      comprising:
PA1  means for generating a beam of infrared light,
PA1  means for pulsing said beam at a predetermined frequency,
PA1  light beam receiving means,
PA1  means for providing a light beam communication path between said generating
      means and said light beam receiving means,
PA1  said receiving means including means for utilizing the predetermined
      frequency of pulsation of said beam for producing a sensory signal to
      facilitate optimum alignment of said generating means and said receiving
      means in the light beam communication path,
PA1  means associated with said light beam receiving means for detecting
      interruption of said beam,
PA1  timing means having a start and stop control, and
PA1  means responsive to interruption of said beam for activating said start and
      stop control to change the condition of operation of said timing means.
NUM  3.
PAR  3. The timing system as recited in claim 2 wherein said means for utilizing
      the predetermined frequency of pulsation produces an audio frequency
      sensory signal.
NUM  4.
PAR  4. The timing system as recited in claim 2 wherein said means for utilizing
      the predetermined frequency of pulsation produces a visible sensory
      signal.
NUM  5.
PAR  5. The timing system as recited in claim 2 wherein said means for actuating
      said start and stop control includes a radio communication link.
NUM  6.
PAR  6. A readily portable timing means for sporting events and the like
      comprising:
PA1  means for generating a beam of light and for directing it across a
      predetermined path,
PA1  means for pulsing said beam at an audio frequency,
PA1  light beam receiving means for positioning in the path of said beam,
PA1  means associated with said receiving means for detecting an interruption of
      said beam,
PA1  said receiving means including means for utilizing the audio frequency
      pulses of said beam for facilitating alignment of said receiving means
      with said beam along said path,
PA1  timing means having an "on" and "off" control, and
PA1  means responsive to interruption of said beam for actuating said "on" and
      "off" control to change the condition of operation of said timing means.
NUM  7.
PAR  7. The timing system as recited in claim 6 wherein said means for
      generating a beam of light generates invisible light.
NUM  8.
PAR  8. The timing system as recited in claim 6 wherein:
PA1  said means for generating a beam of light and a source of electrical power
      for operating said generating means are contained within a single
      enclosure, and
PA1  said light beam receiving means and a source of electrical power for
      operating said receiving means are contained within a single enclosure.
NUM  9.
PAR  9. The timing system as recited in claim 6 wherein said means for
      facilitating alignment includes means for producing a tone whose strength
      increases until optimum alignment is attained.
NUM  10.
PAR  10. The timing system as recited in claim 6 wherein said means for
      facilitating alignment includes means for producing a visual signal of an
      out-of-alignment condition.
NUM  11.
PAR  11. A readily portable timing system for sporting events and the like
      comprising:
PA1  means for generating invisible light,
PA1  means for directing light from said generating means in a beam across a
      predetermined path,
PA1  light beam receiving means,
PA1  said receiving means including means for utilizing the impingement thereon
      of light from said generating means for producing a sensory signal to
      facilitate optimum alignment of said receiving means with said beam along
      said path,
PA1  means associated with said receiving means for detecting an interruption of
      said beam,
PA1  timing means having a start and stop control, and
PA1  means dependent upon interruption of said beam for actuating said start and
      stop control to change the condition of operation of said timing means,
PA1  said light beam receiving means including means for negating the effect of
      ambient light upon said light beam receiving means.
NUM  12.
PAR  12. The timing system as recited in claim 11 wherein said negating means
      includes a transistor biased by ambient-light-induced current.
NUM  13.
PAR  13. The timing system as recited in claim 2 wherein said light beam
      receiving means includes means for eliminating the effect of light pulsed
      at frequencies other than said predetermined frequency.
NUM  14.
PAR  14. The timing system as recited in claim 13 wherein said means for
      eliminating the effect of light pulsed at frequencies other than said
      predetermined frequency includes a frequency filter.
NUM  15.
PAR  15. The timing system as recited in claim 14 wherein the frequency filter
      suppresses 120 Hertz signals.
NUM  16.
PAR  16. The timing system as recited in claim 13 wherein said light beam
      receiving means further includes means for negating the effect of ambient
      light upon said light beam receiving means.
NUM  17.
PAR  17. The readily portable timing system as recited in claim 2 wherein said
      light generating means, said light receiving means and said start and stop
      control comprise low current drain semi-conductor elements and including a
      battery as the source of power.
NUM  18.
PAR  18. The readily portable timing system as recited in claim 16 wherein said
      light generating means, said light receiving means and said start and stop
      control comprise low current drain semi-conductor elements and including a
      battery as the source of power.
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ABST
PAL  In accordance with an illustrative embodiment of the present invention,
      apparatus for furnishing a desired borehole environment in nonfluid-filled
      borehole logging operations when radioactivity logging methods are being
      employed includes a member covering a portion of a sonde, which portion
      has at least one radiation detector. The member is fabricated of a
      material selected to simulate a particular borehole environment and is
      arranged for attachment to the sonde to prevent longitudinal and
      rotational movement therebetween. The outer surface of the member conforms
      generally to the borehole.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is concerned with radioactive well logging and, more
      particularly, logging operations that are performed in a nonfluid-filled
      borehole.
PAR  2. Description of the Prior Art
PAR  Commonly, radioactive well logging in cased, air or gas-filled boreholes
      requires either special equipment or, at a minimum, extensive corrections
      to the log produced by a sonde intended for use under fluid-filled
      borehole standard conditions. Generally, the magnitude of the correction
      required increases with the inner diameter of the borehole. The change
      from a fluid-filled to a substantially air-filled borehole, however, is
      frequently such a significant departure from the design conditions of the
      sonde that correction of the log with acceptable accuracy is usually not
      possible, regardless of the borehole inner diameter.
PAR  It is desirable, therefore, that the sonde be compensated for the lack of
      fluid in the borehole, so that the combined result of other borehole
      variables, such as temperature and pressure, requires only a small
      correction to the log.
PAR  Prior art well logging systems have used displacement sleeves in
      fluid-filled, cased-hole radioactive logging. When chlorine logging in
      large, cased-holes using a neutron source, for example, it is desirable to
      use a displacement sleeve when the casing is filled with salt water. The
      sleeve serves the purpose of minimizing, to the greatest extent possible,
      the effects of the neutron capture by the chlorine in the borehole fluid
      by physically displacing the fluid located between the sonde and the
      casing in the source/detector area. Such fluid displacement sleeves are
      generally formed to slide over a sonde and are clamped or otherwise held
      in position to displace borehole fluid from around the sonde to the
      outside diameter of the sleeve, which is less than the casing inside
      diameter by an amount adequate to provide the required sleeve/casing
      clearance and borehole fluid bypass space.
PAR  Also known, is the use of a sleeve on the outside of a sonde to shield the
      sonde from certain types of radioactive emissions. It may be desirable,
      for example, to shield a sonde having a detector that measures neutron
      capture gamma rays of a selected energy range from all arriving neutrons
      in order to limit the effects on detected gamma ray count rates of neutron
      capture by sonde materials. Such a shielding sleeve would be manufactured
      of a material containing a good neutron absorber, such as boron carbide,
      in sufficient quantity to absorb any expected incidence of neutron
      irradiation. Commonly, both fluid displacement and shielding functions are
      required of a single sleeve, and assignee of the present invention has had
      such sleeves in commercial use for a number of years. However, such
      shielding sleeves have not been directed to the problem of compensating a
      sonde for a lack of fluid in a borehole.
PAC  SUMMARY OF THE INVENTION
PAR  There is provided, in accordance with the present invention, apparatus for
      furnishing a desired borehole environment in nonfluid-filled logging
      operations when radioactivity logging methods are being employed. In a
      preferred embodiment, an elongated sleeve covers a portion of a sonde that
      includes at least one radiation detector. The sleeve is fabricated of a
      material that provides a particular borehole environment and is arranged
      for attachment to the sonde to prevent longitudinal and rotational
      movement therebetween. The sleeve has, in transverse cross-section, an
      outer surface that conforms generally to the borehole and an inner surface
      that conforms generally to the sonde. As an alternative to providing a
      separate sleeve for attachment to the sonde, it may be desirable to
      provide a zone of the sonde or exploring device that is enlarged with
      respect to the sonde diameter and is fabricated of a material selected to
      provide a particular borehole environment. The enlarged zone encompasses a
      portion of the sonde that includes the radiation detector and has an outer
      surface that conforms generally to the borehole.
PAR  It is, therefore, an object of the present invention to provide apparatus
      that gives a desired borehole environment for radioactivity logging
      operations in non-fluid filled boreholes.
PAR  It is a further object of the present invention to provide apparatus for
      easily and conveniently modifying a radioactivity logging sonde intended
      for use in a fluid-filled borehole to operate properly in a nonfluid
      environment.
PAR  It is a still further object of the present invention to provide apparatus
      for furnishing a hydrogenous environment in a nonfluid-filled borehole to
      a neutron logging sonde.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects will become more apparent and a better
      understanding of the invention will be gained from a consideration of the
      following description of the preferred embodiments, taken in conjunction
      with the appended figures of the drawing, in which:
PAR  FIG. 1 is a representational view in longitudinal section showing a sonde,
      modified in accordance with the present invention, traversing a borehole;
PAR  FIG. 2 is a view in transverse cross-section of a sleeve according to the
      present invention secured to a sonde;
PAR  FIG. 3 is a partial, cross-sectional view of a magnetic positioning device,
      and
PAR  FIG. 4 is a view of a sleeve, according to the present invention, partially
      broken away to show a means for securing the sleeve to a sonde.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the representative embodiments of the invention described hereinafter, a
      desired borehole environment is provided for radioactivity logging
      operations conducted in nonfluid-filled boreholes. When apparatus
      providing the particular environment is formed as a sleeve, separate from
      a sonde intended for use in a fluid-filled borehole, it is possible easily
      and conveniently to modify the sonde for proper operation in a non-fluid
      environment.
PAR  Referring to FIG. 1, apparatus that embodies the present invention for use
      in a cased borehole is indicated generally by the numeral 10 and is
      adapted for suspension in casing 12 by means of a cable 14 and a winch
      (not shown) located at the earth's surface. The cable and winch are used
      to lower and raise the apparatus 10 through the casing in a conventional
      manner. Information from the apparatus 10 is transmitted to the surface
      via cable 14 to conventional surface indicating means 18, such as a
      recorder.
PAR  The indicating means 18 may be mechanically driven in a well-known manner
      by a drive connection, indicated by a dashed line 20 from a rotating wheel
      16 that is mechanically driven by the cable 12 so that the information
      from the apparatus 20 is recorded against a depth base as the apparatus is
      passed along the casing.
PAR  Casing 12 is disposed in a borehole 22 and cemented thereto by a column or
      body of cement 24, and is devoid of all fluids, such as drilling mud or
      water.
PAR  Apparatus 10 generally includes an exploring device or sonde 26 intended
      primarily for use in fluid-filled borehole conditions and having an upper
      head section 28, a main section 30 and a lower nose section 32. The sonde
      26 is enclosed within a pressure resistant housing 34, shown in
      cross-section in FIG. 2, and within the sonde main section 30 is located a
      radiation source 36 and one or more radiation detectors 38.
PAR  The type of radiation emitted by the source 36 into the surrounding earth
      formation, the required number and spacing of detectors 38, and thee
      nature of the radiation detected by the detectors 38 will depend upon the
      particular formation parameter that has been selected for evaluation. For
      example, if an indication of formation porosity is desired, the source 36
      may be a conventional plutonium-beryllium or actinium-beryllium neutron
      source, two detectors 38 at different spacings from the source may be
      required, and the detectors 38 may be conventional devices for detecting
      thermal neutrons.
PAR  Alternatively, it may be possible to obtain an indication of formation
      porosity with a sonde in which the detectors are devices for detecting
      either epithermal neutrons or gamma rays, and it is not intended that the
      present invention be limited either to any particular radiation source, to
      any number and spacing of detectors or to any particular detector type.
PAR  In accordance with the present invention, the main section 30 also includes
      an enlarged zone or sleeve 40 that encompasses a portion of the sonde
      including the radiation detectors 38. The zone or sleeve 40 may either be
      integral with the sonde 26, for example, as a special section of housing
      34, or be a separate sleeve that can be secured to the sonde when
      nonfluid-filled borehole operation of the sonde is contemplated. Although
      the zone or sleeve 40 may cover the source and other portions of the main
      section 30, it is important that at least the radiation detector or
      detectors be covered to insure that the proper borehole environment is
      provided for operation of the sonde.
PAR  While the present invention may be embodied in either an expanded zone of
      the sonde or exploring device 26 or a separate sleeve intended for
      attachment to the sonde, FIGS. 2, 3 and 4 disclosure the invention in the
      form of a covering member or sleeve 42. As shown in FIG. 2, the outer
      surface 44 of sleeve 42 conforms generally to the inner surface of the
      casing 12. A clearance space between the sleeve and the casing is
      required, but the space required is not large since it is not necessary to
      provide notches or channels in the sleeve to bypass fluid as the sleeve is
      intended for use in nonfluid-filled cased hole logging.
PAR  The sleeve 42 is fabricated of a material selected to simulate a particular
      borehole environment. For example, with a sonde that is intended for use
      in a hydrogenous environment and either has a neutron source for
      irradiating the surrounding earth formation or has a neutron source and
      one or more neutron detectors, it will be desirable to fabricate the
      sleeve of a hydrogenous material, since the cased hole will be devoid of
      fluid and the sonde may not perform properly in the absence of a
      hydrogenous medium. Under such circumstances, a particularly advantageous
      material is a high molecular weight, high density polyethylene since it
      has a hydrogen density very close to that of water and possesses unusually
      good mechanical properties, which simplifies the manufacture of the sleeve
      since it is possible to machine a sleeve from the polyethylene that will
      retain its shape without other means of support.
PAR  More specifically, a sleeve 42 that is fabricated of high density
      polyethylene and positioned as shown in FIG. 1 on a Schlumberger Well
      Services dual-spacing neutron sonde recording a Compensated Neutron Log
      provides excellent results. The sonde is designed for use in a hydrogenous
      medium and has a neutron source and two thermal neutron detectors, each at
      a different spacing from the source. Since the sonde does not perform
      properly in the absence of a hydrogenous medium, the sleeve 42, which is
      formed to enclose only the two detectors, provides the necessary
      hydrogenous environment and, with the source uncovered, results in a
      slight improvement in porosity resolution. The polyethylene sleeve is
      effective with the neutron source/neutron detector combination since the
      overwhelming contribution to the detector count rates comes directly from
      source neutrons in the absence of a hydrogenous medium in the borehole.
      However, it is not the function of the sleeve to absorb all source
      neutrons, but to simulate the fluid environment normally found around the
      sonde while logging operations are being conducted in a fluid-filled
      borehole. The use of a sleeve for furnishing the desired environment has
      the added advantage of providing a simple modification to the sonde that
      permits logging in a nonfluid-filled, cased borehole yet leaves the basic
      sonde unchanged in its ability to operate in other environments.
PAR  For sonde radiation sources other than neutron sources or for sonde
      source/detector combinations other than neutron source/neutron detector
      combinations, materials for fabrication of the sleeve other than
      polyethylene may be desirable. The choice of the proper material will
      depend on the environment that is required in the nonfluid-filled cased
      borehole for proper operation of the particular sonde 26 being employed.
PAR  The sleeve 42 may be of any size depending on the diameter of the casing in
      which the logging operations are to be performed, the objective being to
      occupy as much of the nonfluid-filled borehole as possible with the
      desired environment. Commonly, casings of either 5.5 inches or 7 inches
      diameter are encountered and suitable sleeve diameters providing the
      proper clearance with such casings might be 4.62 inches and 5.75 inches,
      respectively.
PAR  Referring to FIG. 2, the sleeve 42 has an inner surface 46 that conforms
      generally to the sonde housing 34. The sleeve 42 may be fabricated so that
      the outer surface 44 and the inner surface 46 are concentric, that is, so
      that the sonde passes generally through the center of the casing.
      Particular sondes, however, may have a preferred azimuthal orientation or
      it may be desirable for other reasons, for example, to achieve improved
      detector sensitivity, to eccenter the sonde within the casing by
      fabricating the sleeve 42 so that the inner and outer surfaces are
      eccentric with respect to one another.
PAR  Further, it may be advantageous to provide that the sonde housing 34 passes
      through the borehole in contact with the casing in order to obtain the
      highest detector count rates possible. In such a case, shown in FIG. 3,
      the sleeve 42 will be generally crescent shaped in transverse
      cross-section. Thereby, a longitudinal strip 48 of the housing 34, as
      shown in FIG. 4, will be uncovered between the generally parallel edges 50
      and 52 of the crescent shaped sleeve 42. It has been determined that the
      configuration shown in FIGS. 2 and 4 is the most advantageous for use with
      the dual-spacing neutron sonde identified above.
PAR  Attachment of the sleeve 42 to the sonde may be accomplished in any
      conventional manner that prevents longitudinal and rotational movement
      between the sleeve and the sonde, the prevention of such movement being
      especially desirable if sonde azimuthal orientation or eccentering are
      important considerations.
PAR  One suitable method is to provide one or more pins 54 that pass through the
      sleeve 42 and engage the housing 34. At each pin location, the housing 34
      has a notch 56, which the body 58 of the pin engages. The pin head 60 is
      threaded and the sleeve 42 is correspondingly drilled and tapped so that
      the pin 54 may be put in place and tightly secured once the sleeve 42 and
      housing 34 are in proper alignment.
PAR  Again, the advantageous mechanical properties of polyethylene simplify the
      manufacture of the sleeve 42, since the required drilling and tapping may
      be performed directly in the polyethylene without the necessity of
      providing an insert of metal or other rigid material.
PAR  If, for the reasons indicated above, it is desirable that the sonde 26 pass
      through the borehole while in contact with the casing 12, the sleeve may,
      in accordance with the present invention, be combined with apparatus for
      holding the longitudinal strip 48 in contact with the casing. Such
      apparatus might include one or more magnetic positioning devices or
      magnets 62.
PAR  The use of magnetic positioning devices to hold a sonde against the wall of
      a cased borehole is known, (see, for example, U.S. Pat. Nos. 3,191,144, to
      Pardue, issued June 22, 1965 and 2,530,308 to Martin, issued Nov. 14,
      1950) and, referring to FIG. 3, such devices generally include a magnet 64
      within a sonde housing 66. Between the magnet and the housing is a filler
      68, which may consist of a mixture of aluminum oxide and epoxy or any
      other material suitable for maintaining the pressure integrity of the
      sonde. If required, the magnetic position device 62 may also include a
      central passageway 70, through which are run the control and power cables
      necessary to operate and obtain information from the sonde.
PAR  With the dual-spacing neutron sonde referred to above, two magnetic
      positioning devices 62 are employed. As shown in FIG. 1, one device is
      located in the upper head section 28 and the second is located in the
      lower nose section 32. Thereby, the sonde detector count rates will be the
      highest rates possible.
PAR  When a magnetic positioning device 62 is used to hold the sonde against the
      borehole casing 12, abrasion of the longitudinal strip of the sonde
      housing 34 may result, and it will be desirable to provide an abrasion
      resistant coating 72 on the strip to minimize the wearing down of the
      housing 34. Suitable protection is provided by a 10 to 15 mil coating of
      tungsten carbide applied to the sonde 26 in a conventional manner.
PAR  In operation, the sleeve 42 is attached to the sonde 26 at the earth's
      surface and the log is run in the conventional manner, with no other
      modification to the sonde required to correct for the nonfluid-environment
      in the borehole even though the sonde is designed and intended for use in
      a fluid-filled borehole environment.
PAR  Although the invention has been described with reference to specific
      embodiments thereof, many other variations and modifications of the
      invention will be apparent to those skilled in the art without departing
      from the spirit and scope of the invention. For example, the enlarged zone
      or sleeve 40 may be used on a sonde designed and intended for use in a
      fluid-filled uncased borehole environment. The above described embodiments
      are, therefore, intended to be merely exemplary, and all such variations
      and modifications are intended to be included within the scope of the
      invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An elongated sleeve for use with a sonde in logging a subsurface earth
      formation transversed by nonfluid-filled borehole to determine a selected
      formation parameter, which sonde has a portion adapted to house a source
      for emitting radiation into the earth formation and a portion adapted to
      house at least one radiation detector spaced from the source for use in
      determining a selected formation parameter comprising a covering member
      formed to cover a detector portion of a sonde and fabricated of a material
      selected to provide a particular borehole environment, the member being
      adapted for attachment to the sonde to prevent substantial longitudinal
      and rotational movement therebetween and having, in transverse
      cross-section, (1) an outer surface that conforms generally to a portion
      of a borehole and (2) an inner surface that conforms generally to the
      portion of a sonde.
NUM  2.
PAR  2. An elongated sleeve according to claim 1, wherein the outer and inner
      surfaces are, in transverse cross-section, generally eccentric with
      respect to one another whereby the sonde is eccentered within a borehole.
NUM  3.
PAR  3. An elongated sleeve according to claim 2, wherein the outer and inner
      surfaces intersect and form a sleeve that, in transverse cross-section, is
      crescent shaped to partially cover the sonde whereby a longitudinal strip
      of the sonde is uncovered for the extent of the sleeve.
NUM  4.
PAR  4. An elongated sleeve according to claim 1, wherein the covering member is
      fabricated of a high density polyethylene material.
NUM  5.
PAR  5. In an apparatus for logging in a nonfluid-filled borehole traversing a
      subsurface earth formation that includes an exploring device having (1) a
      diameter smaller than the inner diameter of the cased borehole (2) a
      portion adapted to house a source for emitting radiation into the earth
      formation and (3) a portion adapted to house at least one radiation
      detector spaced from the source for use in determining a selected
      formation parameter, the improvement comprising the provision of a zone of
      the device that is enlarged with respect to the device diameter and is
      fabricated of a material selected to provide a particular borehole
      environment, the enlarged zone encompassing a portion of the device that
      includes the detector portion and having an outer surface that, in
      transverse cross-section, conforms generally to a portion of a borehole.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein there are two radiation
      detectors at different spacings from the source and the outer surface of
      the enlarged zone is, in transverse cross-section, eccentric with respect
      to the diameter of the device.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein the eccentricity of the enlarged
      zone with respect to the device is such that a longitudinal strip of the
      zone coincides, in transverse cross-section, with the diameter of the
      device.
NUM  8.
PAR  8. Apparatus according to claim 6, wherein the radiation emitting source is
      a neutron source and the enlarged zone is fabricated of a hydrogenous
      material.
NUM  9.
PAR  9. In apparatus for logging in a nonfluid-filled bore-hole traversing a
      subsurface earth formation that includes a sonde having a portion adapted
      to house a source for emitting radiation into the earth formation and a
      portion adapted to house at least one radiation detector spaced from the
      source for use in determining a selected formation parameter, the
      improvement comprising an elongated covering member fabricated of a
      material selected to provide a particular borehole environment and
      covering a selected portion of the sonde that includes the detector
      portion, the member having, in transverse cross-section, (1) an outer
      surface that conforms generally to a portion of a borehole and (2) an
      inner surface that conforms generally to a portion of the sonde, the
      member adapted to be secured to the sonde to prevent longitudinal and
      rotational movement therebetween.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein there are two radiation
      detectors at different spacings from the source and the outer and inner
      surfaces are, in transverse cross-section, generally eccentric with
      respect to one another.
NUM  11.
PAR  11. Apparatus according to claim 10, wherein the radiation emitting source
      in a neutron source and the covering member is fabricated of a hydrogenous
      material.
NUM  12.
PAR  12. Apparatus according to claim 10, wherein the outer and inner surfaces
      intersect and form a covering member that, in transverse cross-section, is
      crescent shaped and partially covers the sonde whereby a longitudinal
      strip of the sonde is uncovered for the extent of the member.
NUM  13.
PAR  13. Apparatus according to claim 12, for use in a non-fluid-filled cased
      borehole wherein the apparatus further includes means for holding the
      longitudinal strip in contact with a borehole casing.
NUM  14.
PAR  14. Apparatus according to claim 13, wherein the longitudinal strip is
      provided with an abrasion resistant coating and the holding means includes
      at least one magnetic positioning device.
NUM  15.
PAR  15. Apparatus according to claim 9, further including means for securing
      the covering member to the sonde.
NUM  16.
PAR  16. Apparatus according to claim 15, wherein:
PA1  the covering member is formed to receive at least one transversely oriented
      pin that intersects the outer and inner surfaces, and
PA1  the securing means includes at least one slot at a transverse orientation
      in said selected sonde portion and at least one pin, each pin extending
      transversely through the covering member to engage one slot.
NUM  17.
PAR  17. In apparatus for logging in a nonfluid-filled bore-hole traversing a
      subsurface earth formation that includes a sonde having a portion adapted
      to house a neutron emitting source for irradiating the earth formation and
      a portion adapted to house at least one radiation detector spaced from the
      source for use in determining a selected formation parameter, the
      improvement comprising:
PA1  a covering member fabricated of a hydrogenous material and covering a
      selected portion of the sonde that includes the detector portion, the
      member having, in transverse cross-section, (1) an outer surface that
      conforms generally to a portion of a borehole and (2) an eccentric inner
      surface that conforms generally to a portion of the sonde, a longitudinal
      strip of the sonde being uncovered by the member along the length thereof,
      and
PA1  means for securing the covering member to the sonde to prevent longitudinal
      and rotational movement therebetween.
NUM  18.
PAR  18. Apparatus according to claim 17, wherein the member is crescent shaped
      in transverse cross-section and partially covers the sonde to leave the
      longitudinal strip of the sonde uncovered.
NUM  19.
PAR  19. Apparatus according to claim 17, wherein the securing means includes at
      least one slot in the sonde at a transverse orientation in the selected
      sonde portion and at least one pin, each pin extending transversely
      through the member to engage one slot.
NUM  20.
PAR  20. Apparatus according to claim 17, wherein the sonde includes two
      detectors at different spacings from the source and the member covers only
      the detector portion of the sonde.
NUM  21.
PAR  21. Apparatus according to claim 20, wherein the member is fabricated of a
      high density polyethylene material.
NUM  22.
PAR  22. Apparatus according to claim 17 for use in a non-fluid-filled cased
      borehole and further including means for holding the longitudinal strip in
      contact with a borehole casing.
NUM  23.
PAR  23. Apparatus according to claim 22, wherein the longitudinal strip is
      provided with an abrasion resistant coating and the holding means includes
      at least one magnetic positioning device.
NUM  24.
PAR  24. In apparatus for logging in a nonfluid, cased bore-hold traversing a
      subsurface earth formation that includes a sonde having a portion adapted
      to house a neutron emitting source for irradiating the earth formation and
      a portion adapted to house at least one radiation detector spaced from the
      source for use in determining a selected formation parameter, the
      improvement comprising:
PA1  a covering member fabricated of a hydrogenous material and covering a
      selected portion of the sonde that includes the detector portion, the
      member being crescent shaped in transverse cross-section and having (1) an
      outer surface that conforms generally to a portion of a borehole and (2)
      an eccentric inner surface that conforms generally to a portion of the
      sonde, a longitudinal strip of the sonde being uncovered by the crescent
      shaped member along the length thereof;
PA1  means for securing the covering member to the sonde to prevent longitudinal
      and rotational movement therebetween including (1) two slots in the sonde
      in said selected sonde portion, each slot being at a transverse
      orientation to the sonde and (2) two pins that extend transversely through
      the member each pin engaging one of the slots, and
PA1  means for holding the longitudinal strip in contact with the borehole
      casing including one magnetic positioning device at each end of the sonde.
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ABST
PAL  Method of determining the distance between an area under fire and the
      muzzle of the weapon by means of autoradiography of the irradiated firing
      residues on this area. Several carrier areas are fired at from various
      distances. The carrier areas are subsequently activated by neutron
      irradiation and subsequently contacted with a film sensitive to nuclear
      radiation. The series of autoradiographs produced after development on the
      film are compared with the autoradiograph, produced in the same way, of
      the firing trace to be investigated on the area fired at and used as a
      distance standard for that trace.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of determining the distance
      between an area under fire and the muzzle of the weapon by means of
      autoradiography of the irradiated firing residues on this area.
PAR  Determining the distance between a fire arm and the point of impact is a
      very important problem in criminal investigation. In doubtful cases of
      suicide, justifiable self-defense, or even when determining whether a
      specific hole was caused by the impact of a bullet, the immediate
      environment of the point of impact is a very important source to be
      investigated.
PAR  A large number of methods of identification of traces of shots are known;
      but, so far neither chemical analysis nor purely quantitative
      determination through neutron activation analysis (NAA) permit a
      satisfactory assessment of the distance to be made. Among other
      disadvantages, these methods do not operate in the non-destructive mode
      because the irradiated filters with the traces of shots had to be
      destroyed for measurement so that the spurious activity of the matrix was
      removed.
PAR  Autoradiography has already been used to identify impacts of bullets as
      such by irradiating a piece of material fired at and afterwards contacting
      it with X-ray film. This film was then processed into prints or
      radiographs, respectively. However, this type of investigation of the hole
      made by a bullet does not allow any conclusions to be drawn as to the
      range from which a shot was fired.
PAC  SUMMARY OF THE INVENTION
PAR  The method according to the present invention in a general sense relates to
      the detection of the traces of antimony following the bullet and ejected
      by the weapon. These are always contained in the primer or in the bullet
      in addition to barium and lead. These particles accumulate on the material
      stopping a bullet as the bullet penetrates, and are retained and partly
      burned into this area. The characteristic distribution of such particles
      in the area around a bullet hole is unambiguous and cannot be placed there
      in any other way.
PAR  As has been shown in qualitative analyses of the bullet, powder, primer and
      shell, the main source of the traces of antimony is the bullet, some of it
      stemming from the powder as well as the primer. Most probably a certain
      quantity is rubbed off the bullet as the bullet very rapidly passes the
      rifling on the inside of the barrel, follows the bullet as a powder or in
      molten form and is precipitated around the point of impact. As far as the
      analysis of traces at the point of impact is concerned, it is a
      particularly fortunate coincidence that the element antimony is very easy
      to ascertain after neutron activation.
PAR  The present invention is concerned with a non-destructive and thus
      reproducible method which can be used to determine the distance between
      the point of impact of a bullet and a weapon. The structure of the
      background at which the bullet was fired should not be able to falsify the
      result, and the evaluation should be very simple and quick.
PAR  In the present invention, this problem is solved in the method outlined
      above in that several carrier areas are fired at from various distances.
      The carrier areas afterwards are activated by neutron irradiation and then
      contacted with a film sensitive to nuclear radiation. The series of
      autoradiographs produced after development of the film are compared with
      the autoradiograph produced in the same way of the trace on the area under
      fire of the shot to be investigated and are used as a distance standard
      for that trace. In this method the carrier areas may be made out of the
      same material as the area under fire. For the case of a highly radioactive
      carrier area containing, for instance, antimony, it is suggested in
      accordance with the present invention that the residues of the shot after
      irradiation are transferred from the carrier areas and/or the area under
      fire onto a new carrier which is then used to produce the autoradiographs.
      In accordance with the present invention a very advantageous method of
      transfer is contacting the area containing the residues of the shot with
      an adhesive foil under pressure, afterwards separating the area and the
      foil from each other and covering the adhesive side of the foil with
      another foil. It is furthermore suggested in the present invention that
      the total density and the number of particles be measured either visually
      or by means of image analyzers in evaluating the autoradiographs as the
      distance standard.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the radiographs of several carrier areas made of filter paper,
      fired at from a distance of 10 to 200 cm (upper left to bottom right), an
      unsheathed lead bullet.
PAR  FIG. 2 shows the radiographs of shots fired at cotton areas, on the
      right-hand side a photograph of the area in which the bullet was stopped,
      on the left-hand side the photograph of the traces transferred by means of
      the stripping technique to a new area and foil, respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The distances are 2 .times. 100 and 50 cm, respectively, and one control
      sample of the material not fired at. FIG. 2 very clearly shows the
      influence of cotton and the radiating background, respectively, and also
      the identity of traces of the shot after transfer to another foil and
      area, respectively, by the new stripping technique that is the method by
      which the firing traces are transferred from the object being tested to
      another carrier.
PAR  Now the series according to FIGS. 1 and 2 are compared with the radiograph
      of the shot to be determined, the assignment to a specific shooting range
      being made either visually or by other methods of evaluation. It can be
      shown by means of the photographs that the precipitates were mainly two
      types of particles. The coarse particles leave the muzzle independently
      together with the bullet and are characterized by a rapidly decreasing
      precipitation density on the impact area and a large amount of scatter. In
      addition, the bullet wave carries along small particles of the primer
      which have a much longer range. Both the size of particles and their range
      turn out to be important characteristics of the combination of weapon and
      ammunition. Making the traces of the shot around the bullet hole visible
      by means of autoradiography greatly aids the quantitative determination of
      these traces, prevents wrong analytical conclusions due to contamination,
      and operates practically non-destructively.
PAR  The method proposed in the present invention is outlined below on the basis
      of its various steps:
PAR  Preparation of Shooting Test Samples
PAR  The material used for shooting was selected from among various grades of
      filter paper for tests of the procedure. One of the main criteria of
      selection was a low barium and antimony content, but also that sulfur and
      phosphorus should cause only minimum matrix effects. The trial shots were
      then fired at the filter paper and at colorless cotton twill to optimize
      the stripping technique. A series of shots were fired at distances ranging
      from 5 to 200 cm. The weapon used was caliber 0.22. The bullets were
      unsheathed lead ammunition. The weapon was cleaned after each shot. The
      impact areas with the shot impacts were punched with a stencil,
      concentrically around the impact hole. The scraper ring of the bullet was
      not removed.
PAR  Activation
PAR  Several test shot specimens individually packed in polyethylene bags were
      irradiated in polystyrene tanks in the thermal column of a nuclear reactor
      of the FR 2 type. The neutron flux was 2 .times. 10.sup.11 cm.sup.-.sup.2
      sec.sup.-.sup.1, the in-pile time amounted to 7 days. Under these
      conditions the temperature does not rise above 80.degree.C, and there is
      practically no flux gradient. The paper and cloth samples do not change in
      color, elasticity and strength.
PAR  Because of the sodium content of the samples irradiation was followed by a
      decay of approximately 10 days until the autoradiographs were made and the
      gamma activity was counted. Thee analysis was specifically tuned to the
      long lived antimony 124 (halflife 60 days). In this way it is not
      necessary to rush the analytical measures and there is ample time to carry
      out series of exposures and measurements.
PAR  Preparation of Autoradiographs
PAR  After variation of the different parameters, i.e., type of film, developer,
      exposure time and contact pressure of the activated samples, the following
      pattern was developed for the method according to the present invention
      resulting in the most advantageous ratio between background and density:
PA1  Activation: Integral n-flux approximately 10.sup.-.sup.7 cm.sup.-.sup.2
PA1  Decay period: approximately 10 days
PA1  Film material: Curix RP 1 clear base
PA1  Exposure time: approximately 10 hours
PA1  Contact pressure: approximately 25 g/cm.sup.2
PA1  Developer: Tenetal Eukobrom paper developer at a maximum temperature of
      20.degree.C, developing time 5 min.
PAR  Exposure is made with an intermediate foil of 50 .mu. of polyethylene to
      avoid chemigraphy of the films. The contact pressure is sufficiently high
      for optimum contact between the material under fire and the film material.
      Higher pressures might result in damage and hence falsify the density of
      the film emulsion.
PAR  Ten shooting samples each are simultaneously exposed on a special plate and
      afterwards subjected to the same chemical treatment of tank development in
      a common holder.
PAR  Since in practice the samples of cloth and the carriers made of different
      materials, respectively, exhibit different matrix activities, it is
      necessary and very important to separate the matrix from the trace of the
      bullet. Especially polyester material and other mixed fabrics contain
      major amounts of antimony as a catalyst. Detergents and finishers contain
      sulfur and phosphorus which are also activated to a long halflife during
      neutron irradiation. Hence, a reproducible separation must be made also
      for the gamma count.
PAR  In this new method according to the present invention approximately 50% of
      the residue after activation can be transferred to an inactive carrier.
PAR  A hydraulic press is used to establish the contact between the cloth
      specimen and an adhesive foil for a period of 1 min. under a contact
      pressure of approximately 50 kg/cm.sup.2. Then the two layers are slowly
      separated under an angle of 180.degree.. The strip is covered with a
      polyethylene foil of 50 .mu. on the adhesive side and stored under slight
      pressure until the autoradiographs are made. The adhesive foil used is a
      commercial type of book foil. The data indicated apply to a firm smooth
      carrier material and may be different depending on the type of fabric.
      However, the stripping technique may be performed also prior to neutron
      activation in order to transfer the characteristic pattern of traces also
      of immovable objects. A suitable type of carrier material is high purity
      polyethylene foil which should be equipped with an adhesive containing no
      heavy metals.
PAR  Activity Measurement
PAR  The activity was measured non-destructively by means of solid state
      detectors. The gamma spectra are evaluated by a computer. The 0.603 MeV
      line of antimony-124 was used for evaluation. At ranges of 200 cm the
      measuring time ran up to 30 min., the activity of the scraper rings and
      the carrier materials was subtracted. The gamma spectrum of the traces of
      the shot merely showed the desired antimony-122/124 activity and a small
      fraction of barium-131.
PAR  Total Density and Number of Particles
PAR  The total density of the autoradiographs and the number of particles were
      measured by means of an electronic image analyzer. A specially designed
      illuminated table transmits the autoradiograph onto a monitor by means of
      an image tube. The sensitized image area is converted into pulse counts by
      means of an electronic scan. Care had to be taken to keep the mask area
      and the setting of intermediate shades constant over the entire series of
      measurements, both for a weakly exposed shot at 200 cm and an over-exposed
      shot at 10 cm. Several measurements of the same object were performed
      successively throughout one scanning cycle and a desk calculator connected
      to the system printed out the percent of density, the statistical error of
      the measurement and the number of separate particles counted.
PAR  At short shooting ranges, the total density greatly deviates from the
      linear relationship between the activity and the autoradiographic density
      as a consequence of overexposure. The curves of the three parameters
      obtained analytically, i.e., activity measurement, total density and
      number of particles, are characteristic of the combination of weapon and
      ammunition and may be used to determine the range.
PAR  Visual Intercomparison Method
PAR  The ability of the human eye to classify two-dimensional differences in
      particle number, particle size, density and distribution offers a number
      of advantages relative to the photometric method of measurement so far
      used in comparing unknown samples with a reference series. The human
      assessment of errors committed by the measuring equipment will be
      explained by two examples. Activity measurement and the measurement of
      total density produce the same result, irrespective of whether this
      concerns a few large points of antimony-124 or a multitude of small
      points. However, visual observation of the autoradiographs shows a clear
      ditinction between the two shooting distances. Also contamination of the
      reference samples by fingerprints of the person who had held the weapon or
      the powder smoke obviously produces wrong results in a measurement of only
      density and activity.
PAR  If a self-contained reference series of the type suggested by the present
      invention is available, it is relatively easy for the human observer to
      classify the unknown sample correctly. In a combination of weapon and
      ammunition the assignment of an unknown firing sample up to a range of
      1.20 m is possible with an accuracy of .+-. 10 cm. This makes the method
      according to the present invention a very important means of avoiding
      errors in the evaluation of analytical results of measurements performed
      to determine shooting ranges.
PAR  One important advantage of the method according to the present invention is
      the simplicity of the method and its economy. While activity counts
      require the purchase of a multi-channel semi-conductor measuring setup or
      radiochemical operations to separate the matrix and the firing residue,
      the method suggested according to the present invention merely requires a
      darkroom, which will often be available anyway, which can easily be
      converted for work on low level radioactivities.
PAR  In summary, the present invention shows a method of determining the
      shooting range, not only by the quantitative determination of antimony
      from the firing residue but also by making visible the traces of the shot
      around the point of impact. For a given combination of ammunition and
      weapon this results in characteristic distributions from which the
      shooting range can be determined in an advantageous way even by visual
      comparison. The new stripping technique suggested allows a separation of
      the carrier from the firing trace to be made without falsifiyng the
      characteristic distribution. This technique is particularly important and
      very advantageous if the carrier material of the firing trace shows strong
      activity of the matrix. The method suggested in accordance with the
      present invention works non-destructively, i.e., the firing sample is
      retained as evidence. Besides the advantages mentioned above it is also
      possible to produce a catalog of firing traces of various weapons and
      different types of ammunition by means of which unknown firing traces can
      be measured even more quickly and simply. In addition, the stripping
      technique can be performed also in advance on non-activated areas. The
      next steps will remain unchanged.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of determining the distance between an area under fire and the
      muzzle of the weapon by means of autoradiography of the irradiated firing
      residues on this area, comprising (a) firing at several carrier areas from
      various distances, (b) subsequently activating the carrier areas by
      neutron irradiation, (c) subsequently contacting the carrier areas with a
      film sensitive to nuclear radiation, (d) developing the film, (e)
      preparing an autoradiograph of a firing trace to be investigated by
      following steps (b) through (d), (f) comparing the series of
      autoradiographs produced after development on the film with the
      autoradiograph produced of the firing trace to be investigated.
NUM  2.
PAR  2. Method as claimed in claim 1, wherein the carrier areas are made of the
      same material as the area under fire.
NUM  3.
PAR  3. Method as claimed in claim 1, wherein the firing residues are
      transmitted from the carrier areas and the area under fire after
      activation onto to a new carrier from which the autoradiographs are made.
NUM  4.
PAR  4. Method as claimed in claim 3, wherein the area with the firing residues
      is contacted with an adhesive foil under pressure, subsequently area and
      foil are separated from each other and the adhesive side of the foil is
      covered with another foil.
NUM  5.
PAR  5. Method as claimed in claim 4, wherein the distance standard used for
      evaluation of the autoradiographs is the total density measured together
      with the number of particles by means of image analyzers.
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ABST
PAL  Electron gun having a source of electrons, means for forming the electrons
      into a beam directed along an axis, and an output electrode comprising a
      plurality of semi-cylindrical plates disposed coaxially of the axis of the
      beam. This electrode is part of the final lens of the gun, and voltages
      for deflecting the beam and correcting astigmatism are superposed on the
      plates of this electrode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to electron guns and more particularly to
      an electron gun which is particularly suitable for use in an Auger
      spectrometer.
PAR  In Auger analysis, where an electron beam is directed at a sample to be
      analyzed, it is essential that the beam be sharp and well defined to
      provide high resolution and freedom from distortion. Toward this end, it
      is desirable that the final lens in the gun producing the beam be
      positioned as close to the sample as possible.
PAR  Electron guns generally include deflection plates for deflecting the beam
      to effect scanning of the sample and some means for correcting astigmatism
      in the beam. In the guns of the prior art, the deflection plates and
      astigmatism corrector are commonly located between the final lens and the
      sample, and they prevent the lens from being positioned as close to the
      sample as would otherwise be desirable.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  In the electron gun of the invention, the functions of the deflection
      plates and astigmatism corrector are combined in one element of the final
      lens which can be positioned as close to the sample as desired. This
      electrode comprises a plurality of semi-cylindrical plates disposed
      coaxially of the beam axis, and voltages for deflecting the beam and
      correcting astigmatism are superposed on these plates.
PAR  It is in general an object of the invention to provide a new and improved
      electron gun.
PAR  Another object of the invention is to provide an electron gun in which the
      functions of the final lens, deflection plates and astigmatism control are
      combined in one element of the final lens.
PAR  Additional objects and features of the invention will be apparent from the
      following description in which the preferred embodiments are set forth in
      detail in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a center line sectional view of one embodiment of an electron gun
      according to the invention.
PAR  FIG. 2 is an enlarged cross sectional view taken along line 2--2 in FIG. 1.
PAR  FIG. 3 is a circuit diagram illustrating the application of operating
      voltages to the electron gun of FIG. 1.
PAR  FIG. 4 is a schematic illustration of an eight pole output electrode for
      use in the electron gun of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As illustrated in FIGS. 1-3, the electron gun includes a filament assembly
      11 comprising a filament element 12 fabricated of a suitable material such
      as tungsten ribbon and a Wehnelt electrode 13. Pins 14 are connected to
      the filament and are adapted to be received in a socket to which power for
      heating the filament is applied. The filament assembly is supported by a
      mounting bracket 16 which is spaced from a circular base 17 by a spacer
      18. Bracket 16 is connected electrically to one side of filament 12 and to
      a connector pin 19 mounted on base 17. The connection to pin 19 is made by
      a conductor 21 which is attached to the bracket by suitable means such as
      spot welding.
PAR  An anode assembly 23 accelerates the electron beam from filament assembly
      11 along an axis 24. The anode assembly is of known design, and it
      includes an axially elongated tubular body 26, an end cap 27, and circular
      aperture plate 28 having an axially disposed aperture 29. The anode
      assembly is supported by a mounting bracket 31 affixed to tubular body 26.
PAR  Means is provided for dissipating heat produced by electrons which strike
      plate 28 instead of passing through aperture 29. This means includes an
      annular ring 32 which is supported between mounting brackets 16 and 31 by
      annular spacers 33 and 34. Ring 32 is fabricated of a thermally conductive
      material such as copper, and it is positioned to be engaged by a cylinder
      36 in the spectrometer in which the electron gun is used. This cylinder is
      likewise fabricated of a thermally conductive material, and its forward
      end is slotted, as indicated at 37, to form fingers for gripping ring 32.
      The other end of the cylinder is connected to a cooling duct or heat sink
      in the spectrometer.
PAR  An electrostatic lens element 41 is disposed coaxially of the electron beam
      adjacent to anode assembly 23. This element comprises an annular tube 41
      which is supported by a mounting bracket 42 separated from bracket 31 by
      an annular spacer 43.
PAR  A second anode and blanking assembly 44 is positioned adjacent to lens 41.
      This assembly comprises an axially elongated tubular body 46 in which
      aperture plates 47 and 48 are mounted. These plates are formed to include
      axially disposed rear and front apertures 51 and 52, respectively.
      Assembly 44 also includes a ramp member 53 which is electrically connected
      to the body and aperture plates and a modulation electrode 54 which is
      insulated therefrom. Electrode 54 is mounted on an insulative spacer 56
      carried by body 46, and electrical connections to the electrode are made
      by a conductor 57 which is connected to a pin similar to pin 19 in base
      17. Assembly 44 is supported by mounting brackets 58 and 59 which are
      separated from bracket 42 by an annular spacer 61.
PAR  A second electrostatic lens element 62 is positioned along the beam axis in
      front of anode and blanking assembly 44. This element is similar to lens
      41, and it is supported by a mounting bracket 63 which is separated from
      bracket 59 by an annular spacer 64.
PAR  A deflector and astigmatism correcting electrode 70 is mounted in front of
      lens 62. This electrode consists of four semi-cylindrical plates 71-74
      disposed in quadrature about beam axis 24. Plates 71-74 are provided with
      radially extending mounting lugs 71a-74a which are secured to an annular
      mounting ring 76 by screws 77. Ring 76 is mounted on a conical nose block
      78 by screws 79, and portions of the block are cut away, as indicated at
      81, to provide clearance for the heads of screws 77. An annular spacer 82
      is disposed between bracket 63 and an axially facing annular shoulder
      formed on block 78, and a cover 83 having an axial aperture 84 is mounted
      on the outside of the block.
PAR  Lens element 41 and the adjacent end sections 26a and 46a of tubular
      members 26 and 46 cooperate to form a first three element cylindrical
      lens, and lens element 62 cooperates with the adjacent end section 46b of
      tubular member 46 and electrode 70 to form a second three element
      cylindrical lens.
PAR  The gun is held together by elongated rods 86, the front ends of which are
      threadedly mounted in nose block 78. In the preferred embodiment, three
      such rods are provided, and they are spaced equally about beam axis 24.
      The rear ends of rods 86 pass through openings in base 17, and nuts 87 and
      spring washers 88 are mounted thereon. The nuts are tightened to draw base
      17 and nose block 78 together, thereby clamping the annular spacers,
      mounting brackets and cooling ring 32 securely together to form a rigid
      structure.
PAR  In the preferred embodiment, the annular spacers, spacer 56 and mounting
      ring 76 are all fabricated of an electrically insulative material such as
      a high temperature ceramic material; the mounting brackets, anode
      assemblies, lenses, electrode plates 71-74, nose block 78 and rods 86 are
      fabricated of stainless steel; and aperture plates 28, 47 and 48 are
      fabricated of molybdenum. Connections to anode 23, lenses 41 and 62 and
      electrode plates 71-74 are made by conductors connected to pins similar to
      pin 19 mounted in base 17. External connections to the pins on the base
      and to filament pins 14 are made by sockets forming a part of the
      spectrometer or other apparatus with which the gun is used.
PAR  Means is provided for applying potentials to electrode plates 71-74 to
      deflect the elctron beam and to correct astigmatism in the beam. This
      means includes an adjustable source 91 with astigmatism correction
      potentiometers 92 and 93 connected in series therewith. The junction of
      these potentiometers is grounded, and deflection potentiometers 96 and 97
      are connected in series with the wipers of potentiometers 92 and 93. The
      wipers of potentiometers 96 and 97 are connected to plates 71 and 73. A
      similar source and set of potentiometers can be provided for plates 72 and
      74, if desired.
PAR  Operation and use of the electron gun can be described with reference to
      FIG. 3. A suitable voltage source 101 is connected to filament 12, and a
      source 102 is connected between filament 12 and Wehnelt electrode 13 to
      maintain that electrode at a more negative potential than the filament.
      The filament is maintained at a high negative potential, commonly known as
      the beam voltage, by a source 103 connected between the filament and
      ground, and anodes 23 and 44 are grounded. Negative potentials are applied
      to lenses 41 and 62 by voltage dividing potentiometers 106 and 107
      connected to source 103. In the preferred embodiment, the voltage produced
      by source 91 is derived from the beam voltage produced by source 103 and
      is proportional thereto.
PAR  Electrons emitted by filament 12 are formed into an axially directed beam,
      accelerated and focused by Wehnelt electrode 13, first anode 23, lens 41
      and second anode 44. Additional focusing of the beam is provided by lens
      62, and the beam is directed toward a specimen 108. Potentiometers 106 and
      107 are adjusted to adjust the focusing provided by lenses 41 and 62.
PAR  Blanking or interruption of the beam can be effected by applying a negative
      potential -V to modulation electrode 54 via conductor 57. When this
      potential is applied, the electron beam which normally passes through
      aperture 52 will be deflected so that it strikes plate 48 and is blocked
      or interrupted.
PAR  Astigmatism in the beam is corrected by adjusting potentiometers 92 and 93
      to apply potentials of the same magnitude and polarity to plates 71 and
      73. If the beam is elongated in the direction of a plane intersecting
      plates 71 and 73, the astigmatism can be corrected either by applying a
      negative potential to plates 71 and 73 or by applying a positive potential
      to plates 72 and 74. Likewise, if the beam is elongated in the direction
      of an axial plane intersecting plates 72 and 74, this astigmatism can be
      corrected either by applying a positive potential to plates 71 and 73 or
      by applying a negative potential to plates 72 and 74.
PAR  Scanning of sample 108 is effected by moving the wipers of potentiometers
      96 and 97 to vary the potential applied to plates 71 and 73 at the desired
      scanning rate. Potentiometers 96 and 97 are preferably ganged together,
      and in the absence of astigmatism, they apply deflection voltages of equal
      magnitude and opposite polarities to plates 71 and 73. The deflection and
      astigmatism correction potentials are superposed, and when potentiometers
      92 and 93 have been adjusted to correct an astigmatism, the voltages
      delivered to the plates differ in magnitude by an amount corresponding to
      the voltage required to eliminate the astigmatism. For example, with
      deflection voltages of +200V and -200V and a correction voltage of -50V,
      the net voltages applied to the plates are +150V and -250V.
PAR  FIG. 4 schematically illustrates an output electrode 110 having eight
      semi-cylindrical plates 111-118 spaced equally about beam axis 24. This
      eight pole electrode can be utilized in place of electrode 70 in the
      electron gun of the invention. Plates 111-118 are mounted in a manner
      similar to plates 71-74, and they are provided with deflection and
      astigmatism correcting potentials in a manner similar to plates 71-74. The
      eight plate electrode provides somewhat greater flexability of operation
      than the four plate electrode. For deflection, adjacent pairs of plates
      are connected together, and potentials of equal magnitude and opposite
      polarity are applied to diametrically opposed pairs of plates. For
      example, plates 111 and 118 can be connected together, as can plates 114
      and 115, and deflection potentials of equal magnitude and opposite
      polarities can be applied to the two pairs of plates. An astigmatism
      consisting of an elongation of the beam in the direction of an axial plane
      intersecting diametrically opposed plates can be corrected either by
      applying equal negative potentials to the intersected plates or by
      applying equal positive potentials to the plates in quadrature with the
      intersected plates. For example, an elongation of the beam in the
      direction indicated by line 122 can be corrected by applying equal
      negative potentials to plates 111 and 118 and to plates 114 and 115. This
      elongation can also be corrected by applying equal positive potentials to
      plates 112 and 113 and to plates 116 and 117.
PAR  While in the preferred embodiment deflection and astigmatism correction are
      combined in the final element 70 of the three element lens, the
      astigmatism correction can be incorporated into the first element of the
      lens, namely section 46b of tubular member 46, by forming that section as
      a plurality of semi-cylindrical plates similar to plates 71-74.
PAR  The invention has a number of important features and advantages. Electrode
      70 forms a part of the final lens of the gun, and this lens can be
      positioned very close to a sample to provide a beam which is sharp and
      well defined. The semi-cylindrical plates assure that axial symmetry is
      maintained in the lens region in the absence of deflection or correction
      voltages. The gun is highly compact and particularly suitable for use in
      an Auger spectrometer.
PAR  It is a apparent from the foregoing that a new and improved electron gun
      has been provided. While only the preferred embodiments have been
      described, as will be apparent to those familiar with the art, certain
      changes and modifications can be made without departing from the scope of
      the invention as defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electron gun: a source of electrons, means for forming the
      electrons into a beam directed along an axis, a three element cylindrical
      lens having an output electrode comprising a plurality of semicylindrical
      plates disposed coaxially of the beam at a predetermined location along
      the axis, means for applying a deflection potential to the plates to
      deflect the beam from the axis, and means for applying a correction
      potential to the plates to correct astigmatism in the beam.
NUM  2.
PAR  2. The electron gun defined by claim 1 wherein the deflection potential and
      the correction potential are superposed concurrently on the same plates.
NUM  3.
PAR  3. The electron gun defined by claim 1 wherein the output electrode
      comprises four semi-cylindrical plates disposed in quadrature about the
      axis of the beam.
NUM  4.
PAR  4. The electron gun defined by claim 1 wherein the output electrode
      comprises eight semi-cylindrical plates spaced equally about the axis of
      the beam.
NUM  5.
PAR  5. The electron gun defined by claim 1 further including an aperture
      through which the beam normally passes disposed between the means for
      forming the beam and the output electrode and means for deflecting the
      beam away from the aperture to interrupt the beam.
NUM  6.
PAR  6. In an electron gun: a source of electrons, means for forming the
      electrons into a beam directed along an axis toward a target, a first
      cylindircal lens assembly comprising a plurality of axially spaced apart
      cylindrical electrodes disposed coaxially of the beam between the source
      and the target for focusing the beam along the axis, a second cylindrical
      lens assembly disposed coaxially of the beam between the first lens
      assembly and the target and including an electrode comprising a plurality
      of semi-cylindrical plates at a predetermined location along the axis,
      means for applying a deflection potential to the plates to deflect the
      beam from the axis, and means for applying a correction potential to the
      plates to correct astigmatism in the beam, the deflection and correction
      potentials being superposed concurrently on the same plates.
NUM  7.
PAR  7. The electron gun of claim 6 further including a blanking assembly
      disposed between the first and second lens assemblies comprising an
      aperture aligned with the axis through which the beam normally passes and
      means for deflecting the beam away from the aperture to interrupt the beam
      at the target.
NUM  8.
PAR  8. The electron gun of claim 6 wherein the electrode comprising a plurality
      of semi-cylindrical plates is the output electrode of the second
      cylindrical lens assembly.
PATN
WKU  039327507
SRC  5
APN  4300432
APT  1
ART  256
APD  19740102
TTL  Ray converter
ISD  19760113
NCL  5
ECL  1
EXA  Anderson; B. C.
EXP  Lawrence; James W.
NDR  1
NFG  3
INVT
NAM  Reiss; Karl-Hans
CTY  Erlangen
CNT  DT
ASSG
NAM  Siemens Aktiengesellschaft
CTY  Munich
CNT  DT
COD  03
CLAS
OCL  250315A
XCL  250315
EDF  2
ICL  H01J 3150
FSC  250
FSS  315;326;315 A
UREF
PNO  3603790
ISD  19710900
NAM  Cleare
OCL  250315
UREF
PNO  3653890
ISD  19720400
NAM  Seimiya et al.
OCL  250315
UREF
PNO  3710125
ISD  19730100
NAM  Jacobs et al.
OCL  250315
UREF
PNO  3772010
ISD  19731100
NAM  Weiss
OCL  250315
UREF
PNO  3803411
ISD  19740400
NAM  Reiss
OCL  250315
FREF
PNO  1,963,980
ISD  19690600
CNT  DT
OCL  250315
LREP
FR2  Scher; V. Alexander
ABST
PAL  In a radiographic system a converter is used for changing image forming
      intensity distribution in a bundle of penetrating rays into a flow of
      electrically charged particles by electrodes located in a gas space and
      partly latticed (grids) which lie at potentials stepped from cathode to
      anode. The invention is particularly characterized by the provision of at
      least two grids extending between and parallel to the cathode and the
      anode. The electrical field which lies between two electrodes lies at
      least between the grids located closest to the cathode being to the extent
      of between 1 and 10%, in the average preferably 3% below the electrical
      break down field in the gas in a homogenous electrical field.
BSUM
PAR  This invention relates to a converter for changing image forming intensity
      distribution in the cross-section of a bundle of penetrating rays like
      X-rays, gamma-rays etc. into an image-divided flow of charged particles.
PAR  Such converters are used, for example, for making visible pictures of a
      distribution of (invisible) penetrating rays, such as X-ray and gamma ray
      images. This can take place, for example, in devices wherein the current
      density of charged particles becomes visible by means of alluminous layer.
      Another use is in devices producing stationary X-ray images, namely,
      documents. In that case the current of charged particles is collected for
      a certain time (exposure time) upon a suitable insulating layer and then
      the collected electric field distribution is made visible by a suitable
      development process. For example, the layer is introduced in a dark box
      and exposed to a powder cloud an aerosol etc. like known in electric
      photography. However, the collected charges of particle currents, for
      example, can be also converted into video signals to be used in a known
      manner to produce visible X-ray images.
PAR  The usual systems to take X-ray or gamma ray etc. pictures operate
      practically solely in the roundabout way by luminescence (luminescent
      screens). The inner photo effect (photoconduction) which would produce
      electronic signals by itself, is used only rarely. At the present time no
      mechanism is known to intensify in a plane inner electrons uniformly.
PAR  It has been known for some time that images can be produced also by a third
      effect provided by nature, the outer photo effect (photoemission). It is
      used in ionography and electrography. There it is possible to intensify in
      a simple manner with an electrical gas discharge avalanche the number of
      primary released electrons which are produced image-like by X-rays or
      gamma rays. For that purpose a suitable gas is subjected to the action of
      ray distribution in a homogeneous electrical field of suitably high
      electrical field strength.
PAR  In case of the above-mentioned third process, the use of outer photo effect
      with avalanche amplification, a series of solution suggestions have become
      known for producing visible images. They refer to make visible the images
      of charges for documentation (images on paper etc.), as well as images
      having the form of high speed fluoroscopic images and finally the
      electronic delivery in the form of a series of impulses, for example,
      video signals. Up to now, these suggestions could not be carried out for
      representing radioscopic images etc., as used in X-ray and isotope
      diagnosis. The extent of efficiency in changing X-ray and gamma quanta
      into outer photo electrons is very small. For example, in changing
      diagnostic X-rays in photo electrons when using a heavy metal layer of
      optimal thickness, the quantum efficiency amounts to only 0.5%. This means
      that the larger part of information located in the X-ray quanta is lost
      during the conversion. While losses in charged amounts can be conveniently
      balanced by amplification by avalanches, the image is very strongly
      affected by information loss through noise, namely, statistic quantum
      noise.
PAR  An object of the present invention is to provide means constituting a rule
      by which the quantum efficiency of image changers or converters can be
      increased for conversion the image forming intensity distribution of
      X-rays or gamma rays distributed in the cross-section of a ray bundle into
      electronic information which may be evaluated as images.
PAR  Other objects of the present invention will become apparent in the course
      of the following specification.
PAR  In the accomplishment of the objectives of the present invention, the
      conversion of X-ray or gamma-ray pictures is made by a series of grids or
      layers of wires with appropriate electric fields between them. It was
      found desirable to provide at least grids as lattice-shaped parallel
      electrodes extending between and parallel to the cathode and the anode,
      whereby the electrical field formed between the electrodes lies at least
      between the electrode located closest to the cathode below the electrical
      break-field strength of gas in a homogeneous electrical field to the
      extent of between 1 and 10%, in the average preferably 3%. As a rule, in
      an X-ray converter of the present invention, a current of charged
      particles, the particle density of which corresponds to the distribution
      of X-ray intensity, is produced by a large number of parallel flat opposed
      latticetype electrodes which at least partly provide passage for charge
      carriers in gaseous space, namely, have the shape of, for example, grids,
      lattice, nets, layers of wires or perforated sheets, etc. of sufficiently
      fine distribution. The gas space between the individual nets is brought to
      an electrical field strength the size and token of which are sufficient to
      multiply the corresponding charge carriers between two nets at least to
      such an extent that the unavoidable losses by diffusion of charge carriers
      at the electrodes are at least partly covered. For that purpose, the
      individual nets, etc. must be only placed at graded potentials which are
      produced by voltage sources applied from the outside. The field strength
      between the electrodes must be so great that a weak surge strengthening
      takes place, this being the case between 1 and 10%, perferably 3% below
      the break field strength of gas in the homogeneous electrical field.
PAR  In another arrangement, when about 10 grids are used, the potential
      distribution is so selected that the potentials are smaller at the side of
      the cathode where the rays enter the system than at the electrodes located
      close to the anode. A larger step of potential is particularly
      advantageous between the last grid and the grid before last. This produces
      more freedom for the parallel arrangement of the image surface, because
      the amplification with avalanches takes place preferably in the space
      between these two grids, while the space between the anode and the last
      grid has only saturation field strength.
PAR  As suitable gases can be used noble gas in so-called self-quending gas
      mixtures known for use in ionization chambers, as, for example, mixtures
      or argon and methane or xenon and methylol. Also carbon dioxide or frigen
      may be used.
PAR  In the devices of the present invention, the surface of the converter is
      separated into a plurality of thin cathodes, whereby the thickness of the
      corresponding metal layer is at most the double range of the released
      electrons (in the range of X-ray energies and depending on the metal used
      this is from 1 to 10 .mu.m). The X-ray absorption is increased with the
      number of grids and the produced electrons can also pass into the gas
      space, somewhat multiplied, and become effective. Through a sufficiently
      fine distribution of grids, through a sufficiently close arrangement of
      the grids and through the use of gas wherein the electrons have a small
      range, it is possible to keep the image information in comparison with the
      desired release ahd the known radiographic arrangements, since the side
      extension of charge carriers is low.
PAR  A coating of the grids with heavy metal, such as gold, improves the output
      of electrons and increases the scattering of quick electrons. Thus, this
      procedure can be also used to produce good image release, since then, the
      average reach width of electrons is diminished. Upon the last net is
      produced for at least each effectively absorbed X-ray quantum an
      adjustably increased number of charge carriers. In general, the quantum
      efficiency is greatly increased by this arrangement in comparison to known
      devices.
PAR  A use of the present invention is hereinafter described in greater detail
      for a further explanation of its principle. It refers to a foundation
      study which by no means reaches the limits of the process.
PAR  Wire grids of V2A steel with fine meshes and having a mesh width of 56
      .mu.m and a wire thickness of 40 .mu.m (cross wiring) were stretched over
      a number of concentric rings fitting into each other. These rings were
      electrically insulated from each other by thin pieces of polycarbonate
      foil and maintained at a distance of 0.20 mm. The usable diameter was that
      of the innermost ring, in this case, 90 mm. This arrangement of 7 nets of
      the same type was used as a cathode in an ionization chamber filled with
      argon having atmospheric pressure. When from 450 v. to 500 v. were applied
      between the electrodes, it was found that the ionization action in all
      nets provided an amount to total ionization. By finely varying the voltage
      between the individual grids, it is possible to operate the total
      ionization current in the chamber. The quantum output was determined by
      counting the charging impulses and by counting the incoming X-ray quanta.
      It was found that even in this simple experimental arrangement, a quantum
      output of about 5% was produced (as compared to 0.5% in known devices with
      an optional gold cathode).
DRWD
PAR  The invention will appear more clearly from the following detailed
      description when taken in connection with the accompanying drawing,
      showing, by way of example only, preferred embodiments of the inventive
      idea.
PAR  In the drawing:
PAR  FIG. 1 is partly a diagrammatic sectional view and partly a circuit diagram
      of a device wherein the charged particles produced in the converter are
      collected upon an insulation foil which is then used for xerox development
      of the latent electric image.
PAR  FIG. 2 is a diagram showing the control effect produced by changing the
      applied voltage.
PAR  FIG. 3 is a diagrammatic sectional view of an X-ray photographing device
      with a converter in accordance with the present invention.
DETD
PAR  The chamber of the construction shown in FIG. 1 consists of an aluminum
      casing 1 having a gas inflow 2 and a gas outflow 3. The casing is closed
      by a cover 4 through a seal 5 to build a dark box. The individual nets 7
      which are shown diagrammatically all extend over voltage dividers 9 to 15
      (each 500 k.OMEGA.) and protective resistances 16 to 21 (each 10 M.OMEGA.)
      at the direct voltage source 8. The measuring instrument 21 shows
      ionization currents and impulse sequences which are produced when the
      X-ray flow 23 is switched on. To avoid edge effects, the cover 4 is
      provided with an insert 24 which is isolatedly fixed to the cover 4 by a
      ring 25 of polytetrafluorethylene.
PAR  The experimental program which can be measured with this device is stated
      herein in a small extract which shows the functioning of the device.
PAR  FIG. 2 is a diagram showing the ionization current measured by the
      instrument 22 depending upon the voltage between the sixth and the seventh
      net, i.e., between the nets 26 and 27 (U.sub.6-7), consequently the
      voltage between the voltage dividers 9 and 10. The ionization chamber is
      filled with pure argon. The X-rays amounted to 15 mR/sec. They were the
      so-called ICRU ray emission, i.e., X-rays of 7 mm Al half value layer. The
      curve of FIG. 2 shows that above a certain voltage, in this case 450 v.,
      starts an avalanche amplification in the gas gap between the nets 26 and
      27, and that the currents there produced evidently work through the other
      six nets into the space between the uppermost net 28 and the measuring
      electrode 24.
PAR  The illustrated construction additionally may be tested by the insulating
      layer 6 shown in FIG. 1. When this insulating layer is inserted into the
      ionization chamber, a continuous current measurement is not possible any
      more. However, it is possible to catch charges upon such an insulating
      layer, consisting, for example, of a polycarbonate foil which is 200 .mu.m
      thick. The charges can be made visible with known electrophotographic
      processes (powder, aerosol dust, etc. development). In that case, it is
      also possible to investigage the image-wise distribution of X-rays 23.
PAR  A further embodiment of the present invention is a large picture
      photographing system, a so-called full-size radiographic device shown
      diagrammatically in section in FIG. 3. The device uses very many finely
      wired nets 29 to 33 in the normal X-ray image size of 30 .times. 40
      cm.sup.2 which are held at a distance from each other not only at the
      edges but also through the entire surfaces with thin wired insulating nets
      34 to 38 with fine meshes of polytetrafluorethylene. The metallic nets 29
      to 33 consist of V2A and have a mesh width of 25 .mu.m (so-called 540 mesh
      nets). The distance holding nets 34 to 38 consist of a cross-wiring with
      individual threads having a thickness of 10 .mu.m in a mesh spacing of 25
      .mu.m. Between the nets 29 to 33 lie through connections 43 to 49 voltages
      of 200 to 250 v. In addition to the arrangement 20 between the nets 26 to
      32 shown by broken lines, such nets are placed in layers one over the
      other and held at the edge by gluing with epoxyde resin. The gas filling
      of this chamber consists of argon with an addition of 10% methylol. Prior
      to their insertion, the nets can be improved by a layer of gold deposited
      by vacuum evaporation onto the surface of the nets so as to produce a
      still greater X-ray quantum efficiency. This arrangement produces a
      resolution of about 8 Per/mm for diagnostically used X-rays dropping from
      a focal distance of 100 cm. The quantum efficiency amounts to about 12% as
      compared to known devices wherein it amounted to 0.5%. The total
      absorption of these nets for X-rays amounts to 45%. By comparison, a
      better quantum efficiency could not be attained in the usual combination
      of X-ray film and intensification foil.
PAR  Further combinations of a fast imaging device or a nuclear medical gamma
      camera differ from the illustrated and described devices solely in the
      reproduction section connected to the converter of the present invention
      for producing a charging image of penetrating rays. For that purpose, the
      insulating layer 6 can be replaced by the target of a television pickup
      tube for producing video signals. The dimensions and constructive shapes
      can be modified to adapt them to the desired uses.
PAR  In applying the above-indicated principle, the devices were subjected to
      voltages of 180 to 300 v. By selecting the voltage dividers, they were so
      applied that, between the inlet electrode 39 and the first net 29, there
      was a voltage of 180 v., to the second net 185 v. and continuously 190 v.
      moved up to the net 32 before last. The remaining 300 v. then produce in
      the space 38 before the net 33a  an avalanche intensifying by the factor
      30 to 150. In the space 42, there is an electric field in the saturation
      range. This produces the advantages already described in the
      specification. The insulating layer 41 to collect the charged particles is
      attached inside the cover 40 like the insulating layer 4 of FIG. 1.
CLMS
STM  I claim:
NUM  1.
PAR  1. A converter device for producing a stream of electrically-charged
      particles in which the particle distribution over the cross-section of the
      stream varies in dependence upon the intensity distribution over the
      cross-section of a beam of penetrating radiation directed on to the
      device, the device comprising an anode, a cathode, an ionization chamber
      having a plurality of gridform electrodes arranged one after another along
      a path from the anode to the cathode, said grid-form electrodes being
      substantially parallel to the anode and the cathode, and means connected
      with the grid-form electrodes for applying thereto working voltages, which
      increase in the direction from the cathode to the anode, whereby when the
      device is in use with gas in the chamber under given working conditions
      there is produced between two of the gridform electrodes which are
      adjacent to the cathode an electric field having a strength between 1% and
      10% below the minimum strength of a homogeneous electric field that would
      be required to bring about electrical break-down in said gas under the
      given working conditions.
NUM  2.
PAR  2. A converter in accordance with claim 1, wherein said field is 3% below
      the break-down field.
NUM  3.
PAR  3. A converter in accordance with claim 1, wherein said cathode consists of
      aluminum foil, the converter having ten grids extending in a row at a
      distance of 0.25 mm. from each other, the first of said grids extending at
      a distance of 0.25 mm. from the cathode, the last of said grids extending
      at a distance of 1 mm. from the anode, an electrically insulating foil
      upon said anode, the gas consisting of a filling of argon-methane, said
      electrical field having voltages between the cathode and the first grid
      and between individual grids amounting to 450-5000 v. and between the last
      grid closest to the anode and the grid before last amounting to 650 v.
NUM  4.
PAR  4. A converter in accordance with claim 3, wherein the grids have a coating
      of heavy metal.
NUM  5.
PAR  5. A converter in accordance with claim 3, having insulating nets extending
      between the first-mentioned grids.
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ABST
PAL  A method of recording an electrostatic charge image or pattern representing
      information to be recorded, such discharge pattern being generated in the
      interior of an envelope or chamber comprising as a portion of its wall a
      dielectric target towards which the charges are projected, characterised
      in that a corresponding electrostatic charge image is produced externally
      of the envelope on the exterior surface of the dielectric target by
      projecting such charges against the target while the exterior surface of
      the target is electrostatically charged with charges of a polarity
      opposite to the interior charge pattern or is being exposed to such
      opposite charging from an external charging source. Optionally, a separate
      dielectric material is arranged outside the chamber in contact with the
      exterior target surface and the external charge pattern is produced on the
      separate dielectric material which can be removed.
BSUM
PAR  This invention relates to the formation of electrostatic charge patterns
      upon a substrate and devices for producing such patterns.
PAR  An important technique in the production of photographic images is known as
      electrophotography. In electrophotography a visible image of the
      information or original to be recorded and reproduced is formed by first
      uniformly charging and then exposing a photoconductive insulating material
      to a light pattern. The electrostatic image remaining in the unexposed or
      insufficiently exposed areas of the photoconductive material is developed
      with an electrostatically attractable material, which is fixed directly on
      the photoconductive material or transferred to a receiving material on
      which it is fixed to form a permanent image print.
PAR  From the German Patent No. 1,497,093 filed Nov. 8, 1962 by Siemens A. G. an
      imaging technique is known in which a photocathode is used to produce an
      electrostatic charge pattern on a non-photosensitive insulating material.
      In this technique an air-tight chamber is filled with an ionizable gas,
      e.g. a mixture of argon and monobromotrifluoromethane (1:5), and is
      provided with a photocathode and an anode, the latter being covered by an
      insulating recording material, e.g. an insulating resin sheet.
      Simultaneously with an object-wise X-ray exposure, modulated by the object
      being X-rays, a direct current potential is applied across the electrodes
      so that photoelectrons, which are ejected image-wise from the
      photocathode, are strongly intensified by an avalanching process in the
      ionizable gas. The electrons are collected on the insulating material in
      an image pattern corresponding to the intensity of the imaging radiation
      absorbed in the photocathode.
PAR  It is apparent that the above described technique, although advantageous
      for high electron multiplication, is less attractive because each printing
      operation requires the opening of the air-tight chamber and the air
      entering the opened chamber must be replaced by a special ionizable gas
      composition at a well-defined pressure.
PAR  The present invention aims to provide a method for recording an electron
      image as an electrostatic charge pattern, which can be utilized much more
      easily for the production of readable copies of the transmitted
      information.
PAR  According to the present invention, a method of recording an electrostatic
      charge image or pattern ions representing an envelope or chamber including
      as a portion of the wall thereof a dielectric target towards which the
      charges are projected, is characterised in that a corresponding
      electrostatic charge image is produced externally of the envelope on the
      exterior surface of the dielectric target, or optionally the exterior
      surface of a separate dielectric material, in exterior contact with the
      target, by projecting the internal charge pattern against the target while
      such external surface is electrostatically charged with a polarity
      opposite to the internal charge pattern is being exposed to such opposite
      electrostatic charging from an external charging source, such as a corona.
PAR  The method can be used not only for producing copies of information
      represented by graphic matter, but also for recording information
      transmitted in the form of information-wise modulated electrical or other
      signals.
PAR  The electrostatic charge pattern can be developed on the surface on which
      it is formed, e.g., using development techniques commonly used in the
      xerographic art or can be transferred to, or used for inducing a
      corresponding or inverted charge pattern in, another insulating surface.
      Techniques for transferring or reproducing charge patterns one from
      another are also well known in the xerographic art.
PAR  The charge pattern can be produced in various ways. For example use can be
      made of an information-wise modulated scanning electron beam which is
      projected either directly against the target or onto a source of secondary
      electron emission from which a pattern of secondary electrons is projected
      onto the target. In other words, use may be made of a cathode ray type
      unit comprising an exposed dielectric target plate on which the
      electrostatic charge pattern can be produced and developed directly or
      alternatively, which may be arranged in contact with a separate dielectric
      plate in which the electrostatic charge pattern is induced by subjecting
      such separate plate to external electrostatic charging while the cathode
      ray beam is being projected on the target plate. Particulars about
      cathode-ray tubes useful in electrostatic recording are disclosed in the
      U.S. Pat. No. 2,200,741 of Frank Gray issued May 14, 1940, in J.Appl.Phys.
      Vol. 30; December 1959, pp. 1870-1873 and in Electr.Eng., June 1961, pp.
      439-442.
PAR  As an alternative to the use of an information-wise modulated electron
      beam, the charge pattern may be produced by means of a photo-electron
      emissive member or medium, e.g. a photo-electron-emitting gas or
      photocathode or photocathode system, by information-wise exposing such
      member or medium to a pattern of radiant energy representing the
      information to be recorded thereby to cause electrons to be projected
      either directly against the target or onto a source of secondary electron
      emission from which secondary electrons forming the charge pattern are
      projected onto the target.
PAR  An X-ray recording technique wherein a solid photocathode is used is
      described, e.g., in the U.S. Pat. Nos. 2,221,776 of Chester F. Carlson
      issued Nov. 19, 1940 and 3,526,767 of Walter Roth and Alex F. Jvirblis
      issued Sept. 1, 1970, the United Kingdom Pat. No. 778,330 filed Apr. 15,
      1955 by Cie. Franc.Thomson-Houston, the German Pat. No. 1,497,093 filed
      Nov. 8, 1962 by Siemens A. G., and the published German Patent Application
      Nos. 2,231,954 filed June 29, 1972 and 2,233,538 filed July 7, 1972 both
      by Diagnostic Instruments.
PAR  An X-ray recording technique using a gas such as xenon, which absorbs
      X-rays and produces photo-electrons and positive ions under a pressure
      above atmospheric pressure is described, e.g. in the Belgian Pat. No.
      792,334 filed Dec. 6, 1972 by Xonics Inc., corresponding to U.S. Pat. No.
      3,774,029.
PAR  In general it is envisaged that the production of the electrostatic charge
      pattern will be dependent on the deposition on an insulating target of
      electrons projected directly from a photo-electron emitter or cathode or
      from a source of secondary electron emission bombarded with such directly
      projected electrons. However, in certain cases the electrostatic charge
      pattern can be built up by the deposition of positive ions formed through
      ionization in an electrical discharge in a gas present under atmospheric
      or above atmospheric pressure in the aforesaid envelope. The discharge in
      the gas may be the result of an image-wise X-ray exposure as described in
      the Belgian Pat. No. 792,334 as mentioned above.
PAR  If the information is transmitted in the form of an information-wise
      distributed electron discharge pattern of sufficient intensity from a
      cathode or photocathode structure, this discharge can be directly used as
      the electron image projected onto the target. However, particular
      attention is presently given to embodiments of the invention in which an
      initial information-wise distributed electron discharge pattern is
      multiplied to produce an electron image of greater intensity.
PAR  Various types of amplifiers or multipliers may be used, with or without the
      interposition of an electron optical system for focusing and/or
      accelerating the primary electrons onto the multiplier.
PAR  As an example of a suitable type of intensifier, use can be made of a
      component comprising a material having the property of multiplying
      secondary electrons by transmission. Such a property according to the U.S.
      Pat. No. 3,660,668 of Adolph J. Wolski issued May 2, 1972 is exhibited by
      various materials, e.g., zinc sulphide, potassium chloride, potassium
      bromide, magnesium fluoride and calcium fluoride. When electrons impinge
      upon the surface of a layer of such a material with a velocity exceeding a
      certain minimum value, the electrons penetrate the layer and produce
      secondary electrons greater in number than the impinging electrons.
PAR  Another type of intensifier which can be used is a so-called channel
      multiplier of intensifier in which incident electrons are accelerated
      under the influence of an electric field and undergo multiplication on
      impact against the walls of the channel. In certain cases a channel
      intensifier can be constructed so as to incorporate a photocathode, in
      which case the intensifier can be directly exposed to a light image to
      generate photoelectrons which are then subject to multiplication in the
      intensifier. Various image intensifiers of this kind and methods of
      producing them are described in United Kingdom Pat. Nos. 1,064,072 filed
      Jan. 3, 1964, 1,064,072 filed Dec. 6, 1963, 1,064,074 filed Dec. 6, 1963
      and 1,064,075 filed Apr. 7, 1964 all by Mullard Ltd.
PAR  Indeed, in certain preferred embodiments of the invention, a photocathode
      is information-wise irradiated to produces a pattern to photoelectrons
      which are introduced into an electron-multiplying device including a
      plurality of electron-multiplying narrow passages (microchannels) that are
      arranged in substantially parallel relationship in a vacuum or reduced
      pressure atmosphere in which the electrons are accelerated in an electric
      field and, by their interaction with the inner coating material of the
      microchannels or bulk material of the microchannels, are multiplied by
      secondary emission. The secondarily emitted electrons are ejected from
      these passages onto a dielectric material or target to form an
      electrostatic charge pattern on the interior surface of the target inside
      the reduced pressure atmosphere. Simultaneously, with the production of
      this charge pattern, a positive corona discharge is directed onto the
      exterior side of the dielectric target or, optionally, onto the exterior
      side of a separate dielectric material removably contacting the dielectric
      target which carries the interior electron charge pattern on its inner
      side, thereby producing a positive charge pattern on the outer side of the
      dielectric target or optionally on the exterior side of the separate
      dielectric material.
PAR  Very interesting results can be obtained by combining a secondary electron
      transmission multiplication material as aforesaid, with a channel
      intensifier, e.g., as described in U.S. Pat. No. 3,660,668 as mentioned
      above.
PAR  It will be evident that the method according to the invention affords
      important potential advantages in the field of information recording,
      e.g., in the recording of graphic information. The method lends itself to
      rapid repetitive operation, since there is no need for repeatedly filling
      the chamber with an ionizable gas as is required in the prior proposed
      method mentioned above.
PAR  In order that the method shall be rapidly repeatable, the target material
      should preferably be so composed that it can be made electrically
      conductive by uniform irradiation with electromagnetic radiation or by
      uniform phononexcitation (effecting molecular and/or atomic vibration),
      e.g., using infra-red radiation. In the case that the target forms part of
      a photocathode ray device, it should be possible to render the target
      conductive without the necessity for it to be irradiated with
      electromagnetic radiation of a wavelength to which the photocathode is
      sensitive.
PAR  The invention also includes apparatus suitable for performing the method
      according to the invention as hereinbefore defined.
DRWD
PAR  The basic elements of one recording apparatus of the present invention and
      the steps of the related recording method are illustrated by the
      accompanying schematic drawings wherein
PAR  FIG. 1 is a cross-sectional representation of a recording system structure
      of the present invention,
PAR  FIGS. 2 to 4 and 6 and 7 are cross-sectional representations of alternative
      imaging structures and
PAR  FIG. 5 is an illustration of one way for enclosing a recording device
      according to the present invention in a vacuum envelope.
DETD
PAR  It should be understood that in these figures some dimensions of the
      layers, photocathode, microchannel plate, etc., have been greatly
      exaggerated to show the details of construction. No inferences should be
      drawn as to the relative dimensions of the layers or of the distances
      separating the various elemental parts of the imaging apparatus.
PAR  Referrring to FIG. 1 the imaging apparatus comprises a photocathode 1, a
      microchannel plate 4, a dielectric charge receiving member 5 or insulating
      target whose exterior side is exposed the ambient atmosphere. The inner
      side of the photocathode 1 and the inner side of the electron-charge
      receiving dielectric member 5 directed to the microchannel plate 4 are in
      contact with a vacuum or reduced pressure atmosphere. The vacuum or
      reduced pressure atmosphere is maintained in an air-tight envelope or
      chamber of the type encountered e.g., in electronic tubes and other
      gas-filled or vacuum devices, with the proviso that the photocathode 1 has
      to be arranged in the chamber in such a way that it can be exposed to
      information-wise modulated activating radiation producing photo- and/or
      secondary emission electrons. Supporting members and envelope walls are
      not shown in FIG. 1.
PAR  According to the embodiment represented in FIG. 1, photoelectrons are
      image-wise generated in the photocathode 1 by exposure to an original or
      object 2, e.g. a silver image transparency or step wedge irradiated with
      electromagnetic radiation 3.
PAR  During and/or after the information-wise photoexposure of the photocathode
      1, the charge-receiving dielectric member 5 is subjected to a corona
      charging originating from an optionally movable corona charge source 6
      that projects onto the outer wall of the dielectric member 5 positive
      charges modulated in density according to the negative charges received
      from the direction of the photocathode 1.
PAR  During the information-wise exposure of the photocathode a DC-potential
      difference is applied between the upper and the lower ends of the
      microchannel plate 4. These ends are covered (e.g. by vapour-deposition)
      without closing the openings of the individual microchannels with
      electroconductive layers 8 and 10 between which a DC-potential source 7 is
      connected with the minus pole to the conductive layer 8, facing the
      photocathode 1, and with the plus pole to the conductive layer 10, which
      is directed to the dielectric layer 5.
PAR  The conductive layers 8 and 10 may be covered with an insulating layer not
      shown in FIG. 1.
PAR  FIG. 2 represents a modified embodiment of the device of FIG. 1 wherein the
      microchannel plate 4 having conductive layers 8 and 10 is bonded to the
      photocathode 1 and the dielectric member 5 through electrically insulating
      layers 9 and 11 respectively. The layers 9 and 11 are composed of, e.g.,
      insulating silicon monoxide or dioxide, which may be applied according to
      techniques known in the production of micro-electronic circuits
      (integrated circuits).
PAR  FIG. 3 represents another modified embodiment of the device of FIG. 1. In
      this device a photo-cathode 1, which is sensitive to ultraviolet radiation
      and/or visible light is covered with a fluorescent coating 12 in which
      substances are incorporated emitting ultraviolet radiation and/or visible
      light under the influence of an X-ray irradiation 3.
PAR  FIG. 4 represents a device operating as represented in FIG. 2 with the
      difference, however, that during the image-wise exposure of the
      photocathode the dielectric member 5 is held in contact with a separatable
      electrically polarizable insulating member 19 onto which the
      corona-discharge is directed. The electrostatic charge image is developed
      and optionally fixed on the separatable member 19, which may have the form
      of a flexible sheet or tape. According to this embodiment direct contact
      of developer material with the dielectric member 5 of the device is
      excluded and smudging of the dielectric member 5 with developer material
      is prevented.
PAR  FIG. 5 illustrates how a recording device according to the present
      invention may be enclosed in a vacuum envelope.
PAR  The photocathode layer 1 is directly coated by techniques known in the art
      onto the upper surface of a ground and polished glass plate 13.
PAR  The assembly of the microchannel plate 4 in intimate contact between the
      photocathode 1 and the dielectric member 5 as represented in FIG. 5 takes
      place under vacuum conditions. Under these conditions the microchannel
      plate 4 is positioned on the photocathode layer 1 and a glass cover 14,
      which is in the form of an inverted deep dish and contains the dielectric
      member 5, is placed over the microchannel plate 4. It should be noted that
      for the sake of clarity neither the electroconductive layers 8 and 10 nor
      the insulating layers 9 and 11 in accordance with FIG. 2 have been shown
      in the FIG. 5. The sealing of the device proceeds under vacuum conditions,
      e.g. by pressure welding, electron-beam welding or laser-beam welding of
      the rims 15 and 16 of the glass cover 14 and glass plate 13 respectively.
PAR  The production of the microchannel plate 4 as conceived for the use in
      electron multiplier tubes is restricted to plates of rather limited
      dimensions, having a plate diameter of e.g. 53 mm. Larger area plates are
      obtained by juxtaposition of single polygonal plate units by known
      production techniques which include the steps of cutting, grinding,
      polishing, and sealing of the polygonal, e.g. hexagonal, plate units in
      juxtaposition. The envelope may contain a getter as indicated by numeral
      18, which may be activated for bonding gas molecules remaining in the
      envelope.
PAR  Connecting pins 17 permit electric connection to be made with the
      conductive layers at the upper and lower extremity of the microchannel
      plate 4.
PAR  It has been established that the development of the charge pattern on the
      outer side of the dielectric material (i.e. the external charge pattern)
      proceeds particularly well when during the supply of electrostatically
      attractable developing material to the outer side the charges of the
      electrostatic charge pattern inside the envelope are allowed to leak off.
PAR  For that purpose according to one embodiment of the present invention the
      target received the internal charge pattern is made of a so-called "double
      layer" of two photoconductive insulating layers of different spectral
      sensitivity that stand in intimate contact or are sealed together.
PAR  During the formation of the internal and external charge pattern both
      photoconductive layers should be kept in insulating condition. During the
      development of the external charge pattern with an electrostatically
      attractable, that the photoconductive layer facing the inner side of the
      envelope is connected to ground and is overall irradiated simultaneously
      with electromagnetic radiation of a wavelength that increases its
      conductivity without substantially increasing the conductivity of the
      other photoconductive layer carrying the external charge pattern.
PAR  After transfer of the image-wise deposited electrostatically attractable
      material from the photoconductive layer carrying the external charge
      pattern to a receiving material, e.g. plain paper or resin film material,
      the residual external charge pattern is removed by overall exposing the
      last mentioned photoconductive layer to electromagnetic radiation
      increasing its conductivity while connecting it to the ground to allow the
      remaining charges to leak off.
PAR  Only when both the internal and external charge pattern on the target are
      removed is a new discharge pattern, e.g. electron discharge pattern,
      formed in the imaging envelope and used for producing a new external
      charge pattern.
PAR  The photoconductive layers forming the double layer may be made of two
      photoconductive chalcogenide glass sheets or films of different spectral
      sensitivity that are fused together directly. This double layer forms part
      of the wall of the imaging envelope or chamber and should thus have a
      thickness giving the required mechanical strength for maintaining reduced
      pressure conditions in the envelope.
PAR  It has been established further that a developed image of improved
      sharpness and of better conformity with the original is obtained when in
      the embodiment using the corona discharge for producing the external
      charge pattern the charging of the external face of the target proceeds in
      the presence of a grid placed between the corona discharge-producing means
      and the external face. The ion sources including corona discharge
      electrodes may be in the form of needles or wires as well known in the art
      and any of these may be used in the present invention.
PAR  According to a particular embodiment a corona discharge apparatus is used
      in which the corona wires are kept at a positive potential of 6 kV with
      respect to the ground and wherein the grid wires are kept at a positive
      potential of +800 V with respect to ground. The electric field in the
      screen openings of the grid that are parallel with the target counteract
      the lateral diffusion of the ions of the corona. In order to avoid the
      reproduction of the screen pattern of the grid on the target the grid is
      kept moving parallel to the target during the corona charging.
PAR  The term "grid" as used in the present description is intended to encompass
      any and all electrode configurations that allow for the passage of ions
      therethrough; the term "grid" thus encompasses such constructions as are
      also known by the terms "screen", "mesh", "perforated plate" or "slot".
PAR  When a conductive grid is used, a part of the ions is attracted to that
      grid at a lower potential and is removed from the flow of ions. When a
      non-conductive grid or conductive grid coated with an insulating material,
      e.g. insulating resin, is used, the ions first build up a surface charge
      on the insulating surface of the grid and partially repel the ions passing
      through the central part of the openings of the grid. The coating of the
      grid may be photoconductive so that the charges built up on the grid
      during the formation of the external charge pattern after the formation of
      said pattern can be allowed to leak off by overall photo-exposing the grid
      while connected to ground.
PAR  According to one embodiment of the present invention the grid is made of
      crossing metal wires forming a line screen pattern. Alternative grid
      constructions can be formed by etching or electroforming e.g. are in the
      form of a perforated metal plate. The openings or holes in the grid are
      preferably in the order of 2 to 20 lines per millimeter.
PAR  A device suited for use according to the present invention containing the
      photoconductive double layer and the grid for improving the image quality
      is represented in FIG. 6.
PAR  According to FIG. 6, the imaging apparatus comprises a photocathode 1
      applied to an electrode 19 that is transparent for the electromagnetic
      radiation 3 used in the reproduction of the original 2. The microchannel
      plate 4 has conductive layers 8 and 10. The layer 8 is bonded through the
      electrically insulating layer 9 to the photocathode 1 and layer 10 is
      bonded through the insulating layer 11 to the first photoconductive layer
      5 of the double layer in which the second photoconductive layer is
      represented by the element 20. The photoconductive layers 5 and 20 are
      spectrally sensitive each for a different wavelength range so that the
      exposure of the layer 5 with electromagnetic radiation of a particular
      wavelength range does not substantially increase the conductivity of the
      other layer 20. During the information-wise exposure of the photocathode 1
      and the simultaneous ion generation by the corona device comprising the
      grounded corona shield 6 and the wires 21 connected to the positive pole
      of the high potential DC-source 22, no conductivity-increasing radiation
      impinges on the photoconductive layers 5 and 20. During the exposure of
      the photocathode 1 an electron-accelerating potential difference is
      applied between the electrode 19 and the conductive input opening layer 8
      of the microchannel plate by means of the DC-voltage source 23. During
      this exposure a DC-potential difference is also applied by a potential
      source 7 between the conductive input and output electrode layers 8 and 10
      of the microchannel plate 4.
PAR  The ion spray for the corona wires proceeds through a grid 24 that is kept
      with the DC-potential source 25 at a lower potential than the corona
      wires.
PAR  After the formation of the internal and external charge patterns, the
      corona apparatus (6,21) and the grid 24 are removed to allow the
      application of electrostatically attractable material to the surface of
      the photoconductive layer 20 carrying the external charge pattern. As the
      developing material, e.g. toner particles in an aerosol or insulating
      liquid, are contacted with the photoconductive layer 20, the
      photoconductive layer 5 is simultaneously overall exposed to
      conductivity-increasing electromagnetic radiation (h.nu..sub.1) while the
      switch 26 is closed and connects the exposed layer to ground allowing the
      internal charge pattern to leak off.
PAR  The electromagnetic radiation (h.nu..sub.1) is of such wavelength that only
      the conductivity of the photoconductive layer 5 is substantially
      increased. The electromagnetic radiation h.nu..sub.1 is produced e.g. with
      a radiation source positioned in front of the layer 20 and provided with
      the necessary optical filter to have light of the desired wavelength pass
      through.
PAR  Following the development of the external charge pattern on the
      photoconductive layer 20, the image wise-deposited material is transferred
      by a technique known in the art to a receptor material, e.g. plain paper
      or resin film, and fixed thereon.
PAR  Residual charges of the external charge pattern are removed by overall
      irradiating the photoconductive layer 20 with electromagnetic radiation
      (h.nu..sub.2) under the influence of which it becomes conductive and the
      residual charges can leak off to the ground through the switch 27 closed
      at that moment. After the initial dark-resistivity has been regained in
      the photoconductive layers 20 and 5 the apparatus is ready for a next
      imaging step.
PAR  The present invention include the use in the imaging apparatus of a
      combination of a photoconductive layer 5 and non-photoconductive
      insulating layer fixed thereto instead of a photoconductive insulating
      layer 20.
PAR  The neutralization of a residual charge pattern on the non-photoconductive
      insulating layer proceeds in that case with an alternating current corona
      discharge commonly known in the art.
PAR  The removal of the internal charge pattern from the target of the electron
      discharge image during the development of the external charge pattern is
      likewise advantageous when operating the imaging device represented in
      FIG. 4. According to one embodiment the latter imaging device is operated
      as described in connection with the accompanying FIG. 7. In that device
      the elements 1 to 11 and 19, 21, 22, 23 and 26 are the same and have the
      same function as described in connection with FIG. 6. During exposure of
      the photocathode 1 the photoconductive layer 5 (forming the top wall of
      the imaging envelope) is kept in intimate stationary contact with the
      insulating sheet material 18 during the exposure of the photocathode 1.
      The sheet material 18, e.g. an electrically insulating resin film web, is
      supplied from a supply reel (not shown in the drawing) and after
      development moved into a cutting device comprising, e.g., a movable knife
      and a stationary knife, to obtain the formed print on a transparent sheet
      that can be viewed or inspected with transmitted light like a common X-ray
      radiograph.
PAR  According to the embodiment represented in FIG. 7 direct contact of
      developer material with the photoconductive target wall 5 of the imaging
      device is excluded and consequently smudging of the imaging envelope with
      developer material can not take place.
PAR  The dielectric target material in the imaging envelope has preferably an
      electric resistivity of at least 10.sup.11 ohm.cm in the dark.
      Furthermore, it is preferably a highly polarizable medium in order to make
      it possible to built up a strong charge pattern. Indeed, a dielectric
      material with a high dielectric constant (.epsilon..sub.1), preferably
      larger than 10, offers a larger capacity (C) so that a charge pattern of
      higher strength can be built up before reaching electrical break-down.
      This can be learned from the following equation:
      ##EQU1##
      wherein: .epsilon..sub.1 is the relative dielectric coefficient of the
      dielectric medium,
PA1  .epsilon..sub.o is the electric vacuum space constant viz. 8.85 .times.
      10.sup.-.sup.12 newton per meter,
PA1  S is the surface area (m2) of the capacitor, and
PA1  d is the thickness (m) of the dielectric medium.
PAR  The charge (Q) that can be accumulated by the capacitor can be computed
      from the following equation:
EQU  Q = C .times. V
PAL  wherein:
PA1  V is the potential difference, expressed in volts, between both sides of
      the dielectric medium,
PA1  Q is expressed in coulomb, and
PA1  C is expressed in farad.
PAR  Bearing in mind the importance of the dielectric constant, preference is
      given to photoconductive layers containing highly polarizable substances,
      e.g. strontium titanate (.epsilon..sub.1 = 310) and titanium dioxide
      (rutile) (.epsilon..sub.1 = 173 or 86, depending on the direction of the
      crystal axis).
PAR  According to a preferred embodiment the dielectric member 5 is made of
      semi-conducting glass, e.g., so-called chalcogenide glass. Semiconducting
      glasses and their properties have been described, e.g., by B. T.
      Kolomiets, T. N. Manontova and T. F. Nazarova in "Electrical properties of
      chalcogenide glasses" (The Structure of Glass, Consultants Bureau, New
      York, 1960) pp. 418-422; B. T. Kolomiets, Vitreous semiconductors, Physica
      Status Solidi 7 (1964) 2, 7 (1964) 3; J. L. Hartke, P. Regensburger,
      Elektronische Zustaende in glasfoermigem Selen, Phys. Rev. (2) 139 (1965);
      B. T. Kolomiets, G. I. Stepanov, Impurity photoconductivity in
      single-crystalline and vitreous arsenic selenide, Fizika Tverdogo Tela 7
      (1965) 9; L. J. Graham, R. Chang, Einige mechanische Eigenschaften von
      glasartigem Selen nahe dem Glasumwandlungsstadium, J. Appl. Phys. 36
      (1965) 10;  V. I. Kruglov et al., Photoconductivity of glass-like As.sub.2
      Se.sub.3, Vestnik Leningr. Univ.Fiz. & Khim (1966) no. 3; J. D. Mackenzie,
      Halbleitende Glaser, Umschau 67 (1967) 8; Yu. A. Cherkasoy, I. Yurkan,
      Thermally stimulated conductivity of glassy selenium films, Fiz.Techn.
      Poluprovodnikov (USSR) 2 (1968) no. 7; Orlova G. M., Nikandrova G. A.,
      Ostapenko L. V., Photoconductivity of vitreous AsSe.sub.x compositions,
      Izv.Akad.Nauk SSSR Neorg.Mater 4 (1968) (10); Ovshinsky S. R., 1968
      Phys.Rev. Lett. 21, 1450; Sigeru Iizima, Electrical and thermal properties
      of semiconducting glasses As--Te--Ge, Solid State Communications 8 (1970)
      no. 3; Kruglov V. I., Strakhov L. P., Photosensitivity of a vitreous
      arsenic-selenium system, Fiz.Tekh.Poluprov. 4 (1970) (8); Namikawa, Glassy
      semiconductors, Kagaku Kogyo 21 (1970) (11); Ugai Ya A. et al.,
      Semiconductor glasses in the ZnAs.sub.2 --CdAs.sub.2 -system, Izv.Akad.
      Nauk SSSR Neorg. Mater 6 (1970) (2); Boer K. W., Ideal semiconducting
      glasses, Physica Status Solidi 45 (1971) no. 2; Strickler D. W., Roy R.,
      Neue Familie photoleitender glasartiger Oxidmaterialien, J.Mater.Sci. 6
      (1971) no. 3; Kolomiets B. T., Ruklyadev Yu. V., Shilo V. P., Effect of
      copper and silver on the conductivity and photoelectric properties of
      arsenic selenide glasses, J.Non-Cryst.Solids 5(1971) (5); Namikawa S.,
      Glassy semiconductors, Kagaku Kogyo 22 (1971) (2); G. B. Thomas et al.,
      The switching behaviour of thin films of chalcogenide glass, Royal Radar
      Establishment, Great Malvern, Worcestershire, U.K., 11 March 1972; and in
      the U.S. Pat. Nos. 2,930,999 of Johannes Gerrit van Santen and Hendrik,
      Jacobus Maria Joormann issued Mar. 29, 1960 and 3,397,982 of Richard L.
      Lane issued Aug. 20, 1968 as well as in the published German Patent
      Application Nos. 1,916,609 filed Apr. 1, 1969 by Varian Associates and
      2,010,706 filed Mar. 6, 1970 by Matsushita Electric Ind. Comp.
PAR  The thickness of the dielectric member 5 serving as a part of the wall of
      the vacuum envelope is preferably in the range of 0.1 to 1 mm with the
      proviso that it must be sufficiently strong to withstand the external
      atmospheric pressure. The dielectric member 5 may be supported by the
      microchannel plate (see FIG. 2) or reinforced, e.g., with glass fibers or
      glass fiber fabric.
PAR  The material of the photocathode 1 may be any type of
      photo-electron-emitting substance or composition known in the art. For
      example, it may be directly sensitive to X-rays, visible light and/or
      ultraviolet or infrared radiation.
PAR  A non-limitative survey of photocathode material is given by H. Bruining in
      his book Physics and Applications of Secondary Electron Emission --
      Pergamon Press Ltd. -- London (1954).
PAR  The secondary emissive electron multiplier device suited for the purpose of
      the present invention may be defined as a resistive matrix including
      narrow passages arranged in substantially parallel relationship to each
      other with the end openings constituting the input output faces of the
      matrix, and which are each coated with an electrically conductive layer,
      the conductive layer on the input face of the matrix serving as an input
      electrode, a separate conductive layer on the output face of the matrix
      serving as an output electrode, the distribution and cross-sections of the
      narrow passages (micro-channels) and the resistivity and the
      secondary-emissive properties of the matrix being such that the resolution
      and electron multiplication characteristic of any one channel unit area of
      the device is substantially similar to that of any other channel unit area
      in order to avoid image distortion.
PAR  In the operation of the channel electron multiplier device a suitable
      D.C.-potential difference, e.g. 0.5-5 kV, is applied between the electrode
      materials 8 and 10 so as to set up an electric field to accelerate the
      electrons (photo-electrons and secondary emission electrons), thereby
      establishing a potential gradient over and a current flowing through the
      electron-emissive material present on the inside surface of the channels
      or, if such channel inner coating is absent, through the bulk material of
      the matrix.
PAR  Secondary-emissive multiplication takes place in the channels and the
      output electrons may be acted upon by a further accelerating field, which
      may be set up between the dielectric material 5 and the output openings of
      the microchannels of the plate 4, and/or between the positive corona 6 and
      the output openings of the plate 4.
PAR  Between the photocathode and the plate input an electric field is
      preferably applied. When that field is so strong that the photoelectrons
      are travelling along straight lines, i.e. nearly parallel to the tube axis
      at the input, no multiplication or only poor multiplication takes place,
      for an insufficient number of collisions is produced. It is possible to
      correct for this by tilting the channels of the plate, e.g., at an angle
      in the range of 1.degree. to at about 10.degree. to the perpendicular on
      the photoelectron-emitting surface.
PAR  Secondary-emissive electron multiplier devices of the type of the plate
      used in the present invention are described e.g., in the United Kingdom
      Patent Specification Nos. 1,064,072, 1,064,073, 1,064,074, 1,064,075 as
      mentioned hereinbefore and 1,137,018 filed June 30, 1967 by Mullard Ltd.
      and in the Canadian Pat. Nos. 750,037 filed Mar. 31, 1964; 779,996 filed
      May 1, 1964 and 866,923 filed Mar. 26, 1968 all by Phillips
      Gloeilampenfabrieken.
PAR  The length-to-diameter ratio of the narrow passages or microchannels is
      preferably in the range of 100:1 to 50:1. The diameter of the channels
      determining the image resolution of the system preferably does not exceed
      200 .mu.m. Microchannels of 40 .mu.m diameter are commercially available
      in the form of discs specified as channel electron multiplier plates G
      40-25 and G 40-5 from Industrial Electronic Division, Mullard Ltd.,
      Mullard House, Torrington Place, London, W.C. 1 E 7 HD.
PAR  If the channels do not have resistive inner surfaces, the bulk material of
      the matrix preferably has a resistivity in the range 10.sup.9 -10.sup.11
      ohm.cm; the actual value is determined by the maximum output current that
      will be drawn from the device.
PAR  The manufacturing techniques for channel plates are quite similar to those
      used for fibre optics (see United Kingdom Pat. No. 1,064,072 as mentioned
      hereinbefore and KAPANY, N. S., "Fibre Optics: principles and
      applications", Academic Press, New York 1967).
PAR  Tubing of poorly conductive glass is drawn to the required diameter in one
      or more stages. Channels of already small diameter, e.g., 500 .mu.m, are
      assembled whereupon the bundle is drawn down to the required size, e.g.,
      40 .mu.m. When large plates are made, e.g., of 30 cm .times. 40 cm, the
      individual channels or multiple units (bundles) may be sticked or fused
      together to make up the required area. Small bundles are sliced, whereas
      large bundles are ground and/or polished to obtain the required area. The
      input and/or output area of the plate may be curved but in order to avoid
      image distortion the curvature should be the same for both window faces.
PAR  The inner surface of the thin glass tubes is preferably covered with a
      substance having secondary electron-emission properties (see Physics and
      Applications of Secondary Electron-Emission by H. Bruining -- Pergamon
      Press Ltd., London (1954) page 17).
PAR  In the J.Sci.Inst. (J.Phys.) 1969, Series 2, Vol. 2, pp. 825-828, channel
      electron multipliers have been described in which the inner surface of the
      glass tubes is coated with lead or vanadium oxide. The inner surface of
      the tubes is prepared before or after reaching the final diameter.
PAR  The individual electron multiplying channels are connected electrically in
      parallel by evaporating, e.g., a thin Nichrome film at an oblique angle
      onto the two open channel window faces of the plate, but leaving each
      multiplier channel itself open. A peripheral ring electrode may be pressed
      against each face of the plate in order to establish electric contact.
PAR  The open area of suitable plates is preferably not smaller than 60 percent.
PAR  The channels may contain some amount of gas molecules. In operation
      residual gas molecules near the output of the plate are accelerated back
      down the channels and may start additional cascades by striking the
      channel wall near the input. The incidence of ionic feedback depends on
      the residual gas pressure and the electron density. At sufficiently high
      pressures and electrical gains a self-sustaining discharge can occur; but
      should be avoided when operating with the microchannel plate. With
      pressures below 10.sup.-.sup.5 mm Hg channel electron-multiplier plates
      can be operated with gains in excess of 10.sup.5 without trouble, while at
      10.sup.-.sup.3 mm Hg plates have been operated successfully with gains of
      several thousands (see Mullard Technical Communications No. 107, November
      1970, p. 170-176).
PAR  The invention is not limited to any type of development of the externally
      obtained electrostatic charge pattern.
PAR  The development of the electrostatic charge image obtained on the outerside
      of the dielectric material may proceed with finely divided
      electrostatically attractable material that is preferably sufficiently
      non-transparent to visible light to give an opaque image.
PAR  According to a common technique the development proceeds by dusting the
      dielectric element bearing the electrostatic image with finely divided
      solid particles that are image-wise electrostatically attracted or
      repulsed so that a powder image in conformity with the charge density is
      obtained.
PAR  The expression "powder" denotes here any solid material e.g., finely
      divided in liquid or gaseous medium, that, can form a visible image in
      conformity with an electrostatic charge image.
PAR  Well-established methods of dry development of electrostatic latent images
      include cascade, powder-cloud (aerosol), magnetic brush, and fur-brush
      development. These are all based on the presentation of dry toner to the
      surface bearing the electrostatic image where coulomb-forces attract or
      repulse the toner so that, depending upon electric field configuration, it
      settles down, i.e., deposits, in the electrostatically charged or
      uncharged areas. The toner itself preferably carries a charge applied by
      triboelectricity.
PAR  The present invention, however, is not restricted to the use of dry toner.
      Indeed, it is equally possible to apply a liquid development process
      (electrophoretic development) according to which dispersed particles are
      deposited by electrophoresis from a liquid medium. In that case the
      dielectric recording element surface bearing the electrostatic charge
      pattern is preferably smooth (non-porous) and possesses only a weak
      adhesion for the electrophoretically deposited toner particles so that
      these particles before or after evaporation of the developing liquid can
      be transferred easily to a final support. Organic photoconductive
      recording layers or chalcogenide glasses are particularly suited for that
      purpose.
PAR  The electrophoretic toner may be any powder forming a suspension in an
      insulating liquid. The particles acquire a negative or positive charge
      when in contact with the liquid due to the zeta potential built up with
      respect to the liquid phase. The outstanding advantages of these liquid
      developers are the almost unipolarity of the dispersed particles and their
      appropriateness for very high resolution work when colloidal suspensions
      are applied.
PAR  Preferably a transferable toner is applied so that the powder deposit
      forming the developed image may be transferred from the support containing
      the electrostatic charge image to, e.g., a flexible support such as
      transparent film or paper. In the latter case, any known process for
      transferring powder image-wise from one support to another can be used;
      such powder transfer processes are well known in the art of
      electrophotography. If an electrostatically attractable powder is used the
      powder image can be transferred by electrostatic attraction, e.g.,
      according to the method disclosed in the United Kingdom Pat. No. 658,699
      filed Apr. 14, 1949 by Battelle Memorial Inst. Further details are
      contained in the U.S. Pat. Nos. 3,384,488 of Vsevolod Tulagin and Leonard
      M. Carreira issued May 21, 1968 and 3,565,614 of Leonard M. Carreira, Ira
      S. Stein and Vsevolod Tulagin issued Feb. 23, 1971. If a powder with
      ferromagnetic properties is used for developing the electrostatic latent
      image, the powder can be transferred by magnetic attraction. The transfer
      can likewise be carried out by adhesive pick-off with an adhesive tape or
      sheet, e.g., SCOTCH brand cellophane tape.
PAR  The final powder image is fixed, e.g., by heat or solvent treatment.
PAR  Suitable electrophoretic developers are described, e.g., in the U.S. Pat.
      No. 2,907,674 of Kenneth Archibald Metcalfe and Robert John Weight issued
      Oct. 6, 1959 and the United Kingdom Pat. No. 1,151,141 filed Feb. 4, 1966
      by Gevaert-Agfa N.V.
PAR  The electrostatic image can likewise be developed according to the
      principles of wetting development as described, e.g., in the United
      Kingdom Pat. Nos. 987,766 filed Apr. 18, 1962 by Agfa A. G., 1,020,505
      filed Nov. 8, 1961 and 1,020,503 filed Nov. 8, 1951 both by Gevaert
      Photo-Producten N.V.
PAR  According to a particular embodiment the charge pattern is developed in
      direct relation to the magnitude of the charge, instead of to the gradient
      of the charge (fringe effect development). Therefore the developer
      material is applied while a closely spaced conductor is situated parallel
      to the dielectric member 5. In that embodiment this conductor is connected
      electrically to the output electrode of the channel plate, e.g., through a
      source of electrical potential (see for such type of development e.g.,
      PS&E, Vol. 5, 1961, p. 138).
PAR  The transferred charge pattern may be formed on any type of electrographic
      recording material e.g., a recording web consisting of an insulating
      coating of plastic on a paper base having sufficient conductivity to allow
      electric charges to flow from the backing electrode to the paper-plastic
      interface.
PAR  For a particular electrographic paper reference is made to the U.S. Pat.
      No. 3,620,831 of Floyd T. Could issued Nov. 16, 1971.
PAR  As substances particularly suited for enhancing the conductivity of the
      rear side of a transparent resin web or sheet can be mentioned antistatic
      agents preferably antistatic agents of the polyionic type, e.g., CALGON
      CONDUCTIVE POLYMER 261, a trade mark of Calgon Corporation, Inc.
      Pittsburgh, Pa., U.S.A. for a solution containing 39.1% by weight of
      active conductive solids, which contain a conductive polymer having
      recurring units of the following type:
      ##SPC1##
PAL  and vapour-deposited films of chromium of nickel-chromium about 3.5 .mu.m
      thick which are transparent for about 65 to 70 % in the visible range.
PAR  Copper(I) iodide conducting films can be made by vacuum depositing copper
      on a relatively thick resin base and a subsequently treating with iodine
      vapour under controlled conditions (see J.Electrochem.Soc., 110-119, Feb.
      1963). Such films are over 90 percent transparent and have surface
      resistivities as low as 1500 ohms per square unit area. The conducting
      film is preferably overcoated with a relatively thin insulating layer as
      described e.g., in the J.Soc.Motion Picture Television Engrs. Vol. 74, p.
      667.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of recording information as a pattern of electrostatic charges
      capable of xerographic development which comprises:
PA1  a. exposing to a pattern of electromagnetic radiation corresponding to said
      information a closed imaging chamber adapted to produce therein upon such
      exposure electrostatic charges of a given polarity in a pattern
      corresponding to such exposure, said chamber having a wall section thereof
      coextensive in area with the charge pattern formed therein constituted of
      dielectric material,
PA1  b. electrically biasing said pattern of charges against the inner surface
      of said dielectric wall section, and
PA1  c. concurrently with said radiation exposure, generating from a source
      exteriorly of said chamber a corona discharge opposite in polarity to the
      charges in said pattern and directing such discharge uniformly toward the
      exterior side of said dielectric wall section to produce adjacent said
      exterior side an array of corona generated charges modulated in density in
      a pattern according to the pattern of charges of opposite polarity present
      on the interior surface of said dielectric wall section.
NUM  2.
PAR  2. The method of claim 1 including the step of developing said external
      charge pattern by contacting the same with electrostatically attractable
      developing material and concurrently discharging the internal pattern of
      charges from said interior dielectric wall surface.
NUM  3.
PAR  3. The method of claim 1 including the step of interposing between said
      corona discharge source and said exterior dielectric wall surface an
      electrical field acting parallel to said dielectric wall section to reduce
      lateral diffusion of said corona discharge.
NUM  4.
PAR  4. The method of claim 1 including the step of multiplying the number of
      charges in said pattern by means of a source of secondary charge emission
      disposed within said chamber and responsive to said pattern of primary
      charges.
NUM  5.
PAR  5. The method of claim 1 including the step of arranging in contact with
      the exterior surface of said dielectric wall section a layer of insulating
      charge receiving material movable independently of said wall section, said
      layer receiving said corona discharge to form said modulated array of
      corona generated charges thereon, whereby said receiving material can be
      contacted with xerographic developing material to develop the charge
      thereon.
NUM  6.
PAR  6. The method of claim 5 wherein said wall section is photoconductive and
      including the steps of developing said modulated charge array by
      contacting the exterior surface of said receiving material with
      xerographic developing material while the same is in contact with side
      dielectric wall section after termination of said corona discharge and
      concurrently with said developing step uniformly exposing said wall
      section to light to dissipate the internal charge pattern thereon.
NUM  7.
PAR  7. An imaging system for reproducing information as an electrostatic charge
      pattern comprising:
PA1  a. a closed imaging chamber adapted when exposed to a radiation image of
      said information to produce therein a pattern of electrostatic charges of
      given polarity corresponding to said image, said chamber including a wall
      section constituted of dielectric material of an area coextensive with
      said radiation image;
PA1  b. means for exposing said imaging chamber to said radiation image; and
PA1  c. means for biasing said pattern of charges against the internal surface
      of said dielectric wall section comprising
PA2  1. electrode means disposed in said chamber in spaced relation to said
      dielectric wall section and
PA2  2. a corona discharge source disposed exteriorly of said chamber in spaced
      relation to said dielectric wall section to direct uniformly toward the
      exterior surface of said wall section corona generated charges of polarity
      opposite to said internal charge pattern, said latter charges being
      modulated in density by said internal charge pattern and forming adjacent
      said exterior wall section surface a charge array in a pattern
      corresponding to said internal charge pattern.
NUM  8.
PAR  8. The system of claim 7 wherein said chamber contains a photocathode for
      emitting said pattern of electrostatic charges upon exposure to activating
      radiation and means disposed between said photocathode and said dielectric
      wall section for multiplying the primary photocathode emitted charge
      pattern by emitting secondary charges in response to said primary charges.
NUM  9.
PAR  9. An imaging system as in claim 8 wherein said secondary emission
      multiplier means comprises a plurality of electron-multiplying narrow
      passages arranged in substantially parallel relationship in a reduced
      pressure medium.
NUM  10.
PAR  10. An imaging system according to claim 8, wherein the secondary emission
      multiplier is a resistive matrix including narrow passages arranged in
      substantially parallel relationship to each other and whose end openings
      constitute the input and output faces of the matrix and of which the two
      surfaces of said matrix where the passages open out are coated with an
      electrically conductive layer, the conductive layer on the input face of
      the matrix serving as an input electrode, a separate conductive layer on
      the output face of the matrix serving as an output electrode, the
      distribution and cross-sections of the narrow passages and the resistivity
      and the secondary-emissive properties of the matrix being such that the
      resolution and electron multiplication characteristic of any one channel
      unit area of the device is substantially similar to that of any other
      channel unit area.
NUM  11.
PAR  11. An imaging system according to claim 10, wherein said input and output
      faces serving as electrodes have means for connection with a
      D.C.-potential source.
NUM  12.
PAR  12. An imaging system according to claim 10, wherein one of the conductive
      layers is bonded through an electrically insulating layer to the
      photocathode and the other conductive layer is bonded through an
      electrically insulating layer to the dielectric material, and wherein said
      insulating layer do not block the openings of said passages.
NUM  13.
PAR  13. An imaging system according to claim 10, wherein the photocathode emits
      photoelectrons when struck with X-rays.
NUM  14.
PAR  14. An imaging system according to claim 10, wherein the length-to-diameter
      ratio of the passages is in the range of 100:1 to 50:1.
NUM  15.
PAR  15. An imaging system according to claim 10, wherein the dielectric wall
      section material is photoconductive and has a resistivity of at least
      10.sup.11 Ohm.cm in the dark.
NUM  16.
PAR  16. An imaging system according to claim 15, wherein said dielectric wall
      section is a double layer of photoconductive materials having a different
      spectral sensitivity, whereby after formation of said external charge
      pattern, said internal charge pattern can be selectively dissipated by
      uniformly radiating said wall section with radiation to which only the
      innermost of said double layer is sensitive.
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ABST
PAL  A shutter assembly for a radioactivity measuring apparatus having a sample
      counting chamber, the assembly having a bulky solid lead cylinder with a
      sample access port extending therethrough for alignment with the sample
      chamber. The cylinder is rotated by a Geneva wheel arrangement having a
      drive wheel with a plurality of equi-angularly disposed pins perpendicular
      to the surface thereof engaging radially extending open-ended slots in a
      driven wheel secured to the lead cylinder for concurrent rotation
      therewith. The drive wheel is rotated at a constant speed with the driven
      wheel accelerating as a pin traverses the slot from the open end toward
      the driven wheel center and then decelerating as the pin traverses the
      reverse direction to provide precise positioning with adjacent pins
      engaging the open ends of adjacent slots in the stop position of the
      cylinder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a shutter assembly, and more particularly to a
      shutter assembly for an automatic gamma counting instrument.
PAR  In radioactivity analyzing systems, such as gamma counting systems, the
      trend has been toward automatic systems wherein a plurality (sometimes 300
      or more) radioactive samples traverse a common plane by such means as a
      link chain conveyor (see U.S. Pat. No. 3,604,935), the conveyor being
      automatically incremented to place a vial containing a sample in position
      for lowering into a sample counting chamber. The sample so counted is then
      elevated and the next sample in sequence is then lowered into the counting
      chamber. As the number of samples handled by the automatic counting
      apparatus increase, the probability of the counting chamber receiving
      spurious signals from the samples not being counted substantially
      increases.
PAR  In beta counting instruments a disc member has often been employed for
      rotation (see U.S. Pat. No. 3,626,190) about an axis parallel to the
      counting chamber axis, the disc being of relatively thin construction with
      an aperture extending therethrough for positioning in alignment with the
      sample chamber during insertion of a sample and out of alignment with the
      sample chamber during the measuring cycle. However, such discs are not
      effective for radioactivity or gamma counting instruments. Ideally, to
      provide effective shielding to the sample chamber during the counting
      process in a gamma instrument, solid lead of substantial configuration
      must be used. With such large lead shutters, problems associated with
      moving and precisely positioning the lead shutters have been encountered
      due to the high inertial forces encountered with a large moving mass.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a new and
      improved shutter assembly.
PAR  It is another object of this invention to provide a shutter assembly
      utilizing a substantially configured lead cylinder in a radioactivity
      analyzing system.
PAR  It is a further object of this invention to provide a drive system for the
      shutter assembly minimizing the inertial force problem associated with a
      bulky cylindrical mass.
PAR  The foregoing and other objects of the invention are accomplished by
      providing a cylindrical lead shutter adapted for rotation about an axis
      parallel to the sample counting chamber of the radioactivity analyzing
      instrument. The shutter is provided with an access port positionable
      between a first position in alignment with the sample chamber and a second
      diametrically opposed position out of alignment with the sample chamber
      during the counting or radioactivity measuring cycle. The shutter is
      connected by means of a shaft to a driven wheel of a Geneva wheel
      arrangement, the driven wheel having a plurality of equi-angularly
      displaced radially extending slots formed therein, the slots being open
      ended adjacent the periphery of the driven wheel. The drive wheel of the
      Geneva wheel arrangement is positioned parallel to and beneath the driven
      wheel, the drive wheel having a plurality of equi-angularly positioned
      pins disposed perpendicular to the surface thereof for engaging the
      radially extending slots of the driven wheel. Adjacent pin positions are
      such that two adjacent pins engage the open ends of adjacent slots in the
      driven wheel in the stop position of the cylindrical shutter. The drive
      wheel of the Geneva wheel arrangement is coupled through a conventional
      gear reduction system to a permanent magnet drive motor which rotates at
      constant speed, the driven wheel accelerating as a pin traverses the slot
      from the open end toward the driven wheel center and then decelerating as
      the pin traverses the reverse direction to provide precise positioning of
      the cylindrical shutter in the stop position with adjacent pins engaging
      the open ends of adjacent slots.
PAR  The novel features which are believed to be characteristic of the invention
      are set forth with particularity in the specification which can best be
      understood by reference to the following description taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view partially sectioned, of the shutter assembly
      according to the invention;
PAR  FIG. 2 is a plan view taken along line 2-2 of FIG. 1; and
PAR  FIG. 3 is an exploded isometric view of the shutter assembly of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing and particularly to FIG. 1, there is shown a
      portion of a radioactivity analyzer with a shutter assembly in proximity
      to a sample counting chamber 10. Mounted for rotation immediately above
      the sample counting chamber 10 is a lead cylinder or shutter 12 adapted
      for rotation about an axis or shaft 14 which is offset from the axis of
      the counting chamber 10 and parallel thereto, the diameter of shutter 12
      being such that the periphery thereof extends beyond chamber 10. The lead
      shutter 12 is secured to the shaft 14 by means of a locking pin 16
      extending through the shutter and through the shaft.
PAR  Extending between the parallel surfaces of shutter 12 is an aperture 18
      parallel to the shaft 14 and positioned for alignment with counting
      chamber 10. The aperture or access port 18 has a sleeve lining 20 which,
      for example, can be made from a polycarbonate plastic material of low
      radioactive content. The lead shutter 12 rotates within a cavity 22 formed
      in the lead shielding material 24 which generally surrounds the sample
      counting chamber 10 and the radiation measuring means (not shown). The
      cavity 22 is generally cylindrical in form to receive the shutter 12 with
      close tolerance to provide maximum shielding.
PAR  The shutter 12 is a bulky lead structure which can have typical dimensions
      of 2 inches thick by 4 1/2 inches in diameter with the aperture 18 being
      approximately 1 1/4 inches. The total weight of the shutter 12 is between
      12 and 15 pounds which thereby creates a high inertial force upon
      rotation, rendering precise positioning of the aperture 18 in alignment
      with the counting chamber 10 a problem, especially if the diameter of the
      access port 18 is to be kept within close tolerance limits to provide
      maximum lead shielding with a sample in the counting chamber 10. The
      rotation of the shutter 12 occurs with two positions, that shown in FIG. 1
      and a second position in which the access port 18 is diametrically
      opposite the illustrated position.
PAR  To overcome the problems of high inertia, the drive mechanism of the
      shutter assembly employs a Geneva wheel arrangement (see also FIG. 2)
      which includes a drive wheel 26 coacting with a driven wheel 28 secured to
      the same shaft 14 as the lead shutter 12.
PAR  As shown in FIGS. 1, 2 and 3, the Geneva wheel arrangement is mounted
      within a shutter housing 30 which has a first circular recess 32 of a
      diameter slightly larger than the driven wheel 28 and a second circular
      recess 34 overlapping and deeper than the first recess 32. As seen in FIG.
      2, the shaft 14 and shutter 12 are suspended through an aperture 36 by
      means of a thrust bearing 38 encircling the shaft 14 with the driven wheel
      28 being secured to the shaft 14 by suitable means, such as a spring pin
      fastener 40.
PAR  The drive wheel 26 is also secured to the housing 30 by means of a bearing
      42 positioned within a centrally located aperture in recess 34, with the
      surface of drive wheel 26 parallel to and beneath driven wheel 28.
      Upwardly extending from drive wheel 26 is a shaft 44 having secured to the
      upper end thereof a gear 46 coacting with a smaller gear 48 operating from
      the shaft of motor 50. Gears 46 and 48 are selected to provide a 2:1 speed
      reduction from the motor to the drive wheel 26. The motor 50 is an
      alternating current permanent magnet motor, selected for the
      characteristic that such motors stop very rapidly when the voltage is
      removed.
PAR  Also secured to shaft 44 is a sensing disc 52 which is basically an
      aluminum disc with a sensing aperture or slot 96 (see FIG. 3) adjacent the
      outer edge thereof. As shaft 44 turns sensing aperture 96 in the disc 52
      passes by a sensing device 54 attached to an L-shaped bracket mounted
      printed circuit board 56 secured to the housing top plate 58 which covers
      the shutter housing 30. The sensing device 54 is generally U-shaped with
      the disc 52 passing through the open end of the U, the lower arm of the
      U-shaped photosensing means 54 having, for example, a light source with
      the upper arm thereof having a photosensitive device actuable upon
      impingement of light on the surface thereof.
PAR  The housing top plate 58 is flush with the adjacent sample conveying
      platform 60 over which sample containers 62 pass enroute to a sample
      loading hole 64 in housing top plate 58, the sample loading hole 64 being
      in alignment with a sample loading aperture 66 within housing 30 and
      further in alignment with access port 18 of shutter 12 and sample counting
      chamber 10. As can be seen in FIG. 2, the driven wheel 28 is also provided
      with an arcuate cut out 68 for passage of the sample 62 therethrough in
      the loading position.
PAR  Referring now particularly to FIGS. 1 and 2, the details of the Geneva
      wheel arrangement will be described. The drive wheel 26 is provided with
      three upwardly extending pins 70, 72 and 74 positioned on a like radius
      from the shaft 44 and equi-angularly disposed about the circumference
      120.degree. apart. The pins are press fit into apertures within the drive
      wheel 26 with the radius of the pins from the shaft 44 being selected so
      that (as viewed in FIG. 2) pins 70 and 72 have the centers thereof
      coincident with the outer circumference of driven wheel 28. Driven wheel
      28 is provided with a plurality of radially extending slots, three of
      which are numbered 76, 78 and 80, respectively, the slots having a radial
      length sufficient to permit full travel of one of the pins 70, etc., into
      and out of the slot as drive wheel 26 rotates. Furthermore, the slots are
      open at the circumference of driven wheel 28 to permit entry of the pins
      in sequential fashion into the coacting slot. Six such slots are shown to
      provide a further 2:1 reduction in speed from the drive wheel 26 to the
      driven wheel 28 and ultimately the shutter 12. The slots 70, 72, etc., are
      equi-angularly disposed 60.degree. apart with one segment between adjacent
      slots being cut away as shown at 68 to provide sample access to the
      counting chamber 10.
PAR  The advantage of the Geneva wheel arrangement is to prevent high inertial
      force build-up in the shutter 12. Viewing FIG. 2 and assuming a clockwise
      rotation of drive wheel 26, pin 70 commences its travel down slot 78 with
      the speed of driven wheel 28 in the counterclockwise direction gradually
      increasing until the pin 70 is located on a line between shaft 14 and
      shaft 44. As drive wheel 26 continues rotating, pin 70 begins traversing
      slot 78 outwardly to the open end with the rotating speed of driven wheel
      28 decelerating as pin 70 reaches the position previously occupied by pin
      72 in FIG. 2. At this point, pin 74 is now commencing engagement with slot
      80 in the same position illustrated by pin 70 within slot 78. The drive
      wheel 26 rotates one complete turn until pins 70 and 72 are in the same
      position as illustrated in FIG. 2 with the cutaway segment 68 positioned
      180.degree. from its original loading position. Consequently, as a result
      of this arrangement driven wheel 28 along with shutter 12 will encounter
      three acceleration-deceleration cycles for one complete rotation of drive
      wheel 26, thereby precluding high inertial force build-up in the shutter
      12.
PAR  As shown in FIG. 1, a motor controller 82 is connected to a source of
      alternating current power to drive motor 50 by means of conductors 84 and
      to provide power to the light source of sensing device 54 by means of
      conductors 86 and also to receive the signal from the photosensitive
      device by means of conductors 88. The motor controller 82 will contain
      sequencing electronics also coupled to the conveyor means (not shown) to
      first position driven wheel 28 with the access cutaway segments 68 in
      alignment with the counting chamber 10, whereupon a sample 62 is passed
      into alignment with the counting chamber 10 with the elevator mechanism 11
      in the raised position in alignment with housing top plate 58, the
      platform 13 associated with the elevator means 11 coacting with the bottom
      surface of sample 62. The sample 62 is then lowered into the counting
      chamber 10, this condition being sensed and transmitted to the motor
      controller 82 to initiate power over conductors 84 to thereby energize
      motor 50. At this point, the sensing aperture 96 of disc 52 is in
      alignment with the photosensing means 54 and normal delay circuitry is
      provided to permit motor 50 energizing means to latch and hold for one
      rotational cycle of drive wheel 26. As drive wheel 26 completes one
      rotation, the sensing aperture 96 passes between the jaws of photosensing
      means 54 to provide a signal over conductors 88 indicative of the
      180.degree. rotation drive wheel 28 along with shutter 12, at which
      position motor 50 is de-energized, and being of a permanent magnet type,
      stops very rapidly when the voltage is removed. At this particular
      location pins 70 and 72 of drive wheel 26 are engaging the slots
      diametrically opposite slots 76 and 78 respectively of driven wheel 28
      with the cutaway segment 68 positioned between the pins 70 and 72. The
      radial displacement of pins 70 and 72 is such that the driven wheel 28 and
      shutter 12 are locked in position by pins 70 and 72. At this point the
      de-energization of motor 50 is sensed by the motor controller which then
      energizes the sample counting mechanism for the time duration selected to
      measure the radioactive content of the sample. At the conclusion of the
      sample counting mechanism the motor controller then receives a signal to
      energize motor 50 to rotate drive wheel 26 one complete revolution and
      driven wheel one-half revolution with the result being the locking of
      driven wheel 28 in the position shown in FIG. 2 by means of pins 70 and 72
      to thereby prevent the shutter 12 from partially blocking the sample
      entrance hole. As previously explained, the radius of the displacement of
      the pins 70, 72 and 74 from the center of shaft 44 is such that the
      centers of the pins are in alignment with the outer circumference of
      driven wheel 28 so that two adjacent pins perform the locking function.
PAR  Further structural details are more fully shown in FIG. 3, this basically
      relating to the mounting of motor 50 to a motor mounting plate 90 which is
      secured to housing top plate 58 by means of spacers 92 and 94. Also the
      segmented disc 52 is better illustrated showing the sensing aperature 96
      in better detail. Additional structure such as bearing 98 and bearing 100
      are also shown for mounting shaft 44 within recess 34.
PAR  While there has been shown and described a preferred embodiment, it is to
      be understood that various other adaptations and modifications may be made
      within the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A radioactivity measuring system having a sample counting chamber and
      means for inserting a sample into and removing the sample from the
      counting chamber through an entrance thereof comprising:
PA1  a high inertia shutter impervious to radioactive emissions and mounted over
      the entrance to the sample counting chamber and rotatable between first
      and second shutter positions which, respectively, open and close the
      sample chamber entrance, the shutter having a sample access port extending
      therethrough which, in the first shutter position, is aligned with the
      sample chamber entrance to permit insertion and removal of the sample into
      and out of the sample chamber; and
PA1  drive means for rotating the shutter between the first and second shutter
      positions including cooperating driven and drive members rotatable about
      parallel axes, the driven member being coupled to the shutter and having a
      radial slot therein, the drive member including a drive element radially
      offset from the axis of rotation of the drive member and sliding radially
      inward and outward of the slot with rotation of the drive member to
      accelerate and then decelerate the driven member and hence t shutter in
      response to rotation of the drive member and to loc the shutter in place
      when the drive member is stopped.
NUM  2.
PAR  2. The system of claim 1 including radioactivity shielding means
      substantially surrounding the sample chamber and having a recess therein
      situated at the sample chamber entrance, the shutter being supported
      within the recess for rotation between the first and second shutter
      positions.
NUM  3.
PAR  3. The system of claim 1 wherein the drive means cyclically accelerates and
      decelerates the shutter during rotation between the first and second
      shutter positions.
NUM  4.
PAR  4. The system according to claim 1 wherein the driven member includes a
      plurality of equi-angularly disposed radial slots and the drive element
      comprises a pin for engaging successive ones of said slots.
NUM  5.
PAR  5. The system of claim 4 wherein the drive member includes a plurality of
      equi-angularly disposed pins for engaging successive ones of the slots.
NUM  6.
PAR  6. The system of claim 5 wherein the number and position of the pins and
      slots is such that with the shutter in either of its first or second
      shutter positions at least two pins engage two corresponding slots.
NUM  7.
PAR  7. The system according to claim 5 wherein the second shutter position is
      displaced 180.degree. from the first shutter position.
NUM  8.
PAR  8. The system according to claim 5 wherein the driven member is disposed
      generally parallel to the shutter and includes a sample passage
      therethrough between two adjacent slots aligned with the access port
      through the shutter.
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ABST
PAL  A device which includes proximately disposed electrodes in side-by-side
      relationship on a surface of a pyroelectric material which electrodes
      serve to transmit a signal. The electroded surface preferably contains the
      c-axis, or is parallel to it, and the performance of the detector is
      determined, apart from material parameters, by the parallel length of
      oppositely disposed electrodes and the separation therebetween.
      Pyroelectric detectors fabricated with essentially single surface coplanar
      electrodes are more economical and achieve better responsivity than
      electrodes disposed in opposed planes normal to the c-axis, as in
      conventional devices. Poling requirements of materials useful in
      pyroelectric detectors of this invention are similar to the requirements
      of materials used with conventional c-face (i.e., c-axis normal)
      electroded devices.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION:
PAR  This application is a continuation-in-part application of Ser. No. 406,812
      filed Oct. 16, 1973 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Certain crystals have the property of becoming charged at opposite ends
      when their temperatures change. This phenomenon is known as
      pyroelectricity and results from the anharmonic ionic vibrations possible
      in those crystal classes lacking a center of symmetry. Crystals displaying
      this effect are said to be pyroelectric and display pyroelectricity only
      along a polar axis, called the c-axis, a crystallographic direction in
      which the axial direction and its opposite are non-equivalent in a
      crystallographic sense. For those skilled in the art, the optical axis
      along which there is zero birefringence is termed the c-axis (see Crystals
      and Light, Elizabeth A. Wood, D. Van Nostrand Co., Inc., Princeton, N.
      Jersey 1964). Non-cubic crystal systems require four indices to specify a
      plane. The c-axis in Miller-Bravais indices is (0001). Pyroelectric
      materials are generally uniaxial crystals. In biaxial crystals the c and z
      axes are parallel. This zero birefringence axis (c-axis) may be determined
      by standard optical x-ray techniques such as with a goniometer. The
      phenomenon of pyroelectricity in a substantially single domain body of
      material is well described in the literature.
PAR  To be useful, any pyroelectric material must be poled such that the
      majority of the electric dipoles are aligned in one direction. The only
      direction in a pyroelectric material along which this can occur is the
      same direction as the optical c-axis. The material is poled by determining
      the direction of the optical c-axis and cutting the ingot to have opposite
      faces normal to the c-axis. Electrodes are then applied to each opposite
      face. When a bias or voltage is applied between two of these planes or
      faces to pole the material, current is directed along this c-axis and the
      dipoles are induced to align themselves in the same direction. Elevating
      the temperature of the material facilitates alignment of the dipoles.
      Because the materials are ferroelectric there is a transition temperature
      or temperature region where the pyroelectric dipoles are freed and may be
      aligned more easily than at 25.degree. C. This transition temperature is
      called the Curie temperature and pyroelectric materials are generally
      poled near or above the Curie temperature. Polyvinyl fluoride films do not
      exhibit a Curie temperature but increased temperature does aid in poling
      them. In any usable device, it is necessary for a pyroelectric material to
      be poled to exhibit pyroelectric properties.
PAR  In a conventional pyroelectric device, poled as described hereinabove, a
      poled crystal with electrodes on opposed faces normal to the c-axis is
      connected into an appropriate electronic circuit where it will behave as a
      variable capacitor in parallel with an impedance. In operation, one can
      consider a rapid change of temperature of the crystal which induces a
      change in voltage drop across the crystal as a shift in the direction of
      the c-axis. However, in the specification we use the term c-axis in a
      manner conventionally used by those skilled in the art, which is, to refer
      to the optical axis of zero birefringence for an unpoled material. The
      shift which occurs as a result of chopped radiation impinging upon the
      crystal is transient. When the intensity of the radiation is no longer
      changing the c-axis will return to its original direction. In other words,
      a user would refer to the c-axis as being that direction the c-axis would
      take when the crystal is experiencing no change in radiation intensity.
PAR  The voltage generated in a pyroelectric material undergoing a rapid change
      in temperature is proportional to the change of temperature. Thus a rapid
      rise or fall in temperature would generate a large voltage, but a constant
      temperature, even if high, will generate no voltage. Voltage changes may
      be measured by attaching electrodes to a pyroelectric crystal thus forming
      a detector that can detect any type of radiation which increases the
      crystal temperature in a short time span. Unlike other types of thermal
      detectors such as the bolometer, the output of pyroelectric detectors does
      not depend on them attaining thermal equilibrium with incident radiation,
      and therefore they can operate at higher frequencies. Also, they need not
      be cooled to obtain efficient operation.
PAR  Our device may be grounded in a conventional manner and in a circuit it has
      similar overall characteristics as a conventionally electroded device. It
      should be clear that the net result of utilization of the coplanar
      electrodes of this invention makes one surface of a crystal independent of
      any other surface. Thus one may have plural coplanar electrodes on a
      single surface or plural coplanar electrodes on plural surfaces, the
      electrodes on one surface being independent of those electrodes on another
      surface.
PAR  A good pyroelectric material should have high responsivity and low minimum
      detectable power. However good the responsivity, and the material
      parameters, the accuracy with which one can measure the change in the
      temperature of the crystal depends largely on the electrodes used and the
      associated circuitry.
PAR  To date, all pyroelectric crystals are generally provided with two faces
      both of which are normal or perpendicular to the c-axis of the crystal and
      thus disposed in parallel planes in spaced apart relationship with each
      other. Each face is provided with an electrode. Thus the electrodes are
      oppositely disposed on opposite faces of the crystal in parallel planes
      perpendicular to the c-axis. The electrodes are referred to as c-face
      electrodes. When the electrodes are disposed on opposed edge surfaces of a
      chip they are more particularly referred to as edge type electrodes, and
      when they are disposed on opposed faces, as described, they are referred
      to as face-type electrodes. It will be recognized that both types are
      c-face electrodes.
PAR  In contrast with prior art devices, the pyroelectric detector element of
      this invention has both electrodes on the same surface or side of the
      pyroelectric material, and are called coplanar electrodes. As will be
      explained hereinafter, the coplanar electrodes are preferably disposed in
      a plane which contains the c-axis. Such a plane containing the c-axis is
      defined by a plane normal to the conventional c-face electroded planes of
      a pyroelectric device.
PAR  A pyroelectric device having a pair of electrodes adjacent to one another
      on the top surface of a crystal is shown in U.S. Pat. No. 3,480,777 to
      Astheimer. The crystal is poled in a direction normal to the plane in
      which the electrodes lie and the pyroelectric response conveyed
      therebetween is not independent of electrodes on other surfaces. The pairs
      of electrodes are deployed to split up the material into plural
      conventionally c-face electroded devices, to reduce total capacitance. No
      pair of coplanar electrodes as used therein contains, or is parallel to,
      the c-axis of the material.
PAR  Electrodes in my device may be made of any conductive material, for
      example, gold, platinum, molybdenum, silver, tantalum, silicon, etc. Gold
      and silver are convenient to use and can be prepared by any one of
      numerous methods which result in a thin, e.g., less than about 0.2 .mu.
      (micron) layer, but may be thicker if desired. If the radiation is to pass
      through the electrode, the electrode must be thin enough to be transparent
      to the radiation. Whenever the radiation wavelength lies within the
      transparency region of the crystal, an absorbing coating must be used on
      at least one face of the crystal through which the radiation is to enter.
      Those skilled in the art will recognize that a pyroelectric device is not
      generally designed to perform under conditions where the radiation causes
      a temperature increase which melts or destroys the crystal. The usual
      temperature increase during operation is less than 1.degree. C. and
      destruction of the crystal is seldom a problem.
PAR  Typically electrodes, whether edge-type electrodes or face-type electrodes,
      cover a relatively large portion of the surface of the material in order
      to collect maximum current. Because edge-type electrodes have a higher
      resistance and a lower capacitance than do face-type electrodes, they give
      a faster response and are therefore preferred for those applications such
      as signal receiving where fast response time is desirable. Face-type
      electrodes may give better results for applications such as thermicon
      imaging devices. The output of a pyroelectric detector is amplified if
      necessary, by a suitable amplifier and is displayed, for example, with an
      oscilloscope.
PAR  It is known that particularly where one wishes to scan, or when the beam is
      small, a pyroelectric detector must necessarily be a small-area device.
      Particularly in the closely-spaced elements of an array, it is necessary
      that these small-area devices be, in addition, as uniform as possible.
      Thus, most arrays presently comprise a multiplicity of detectors each on a
      separate element. It is recognized that ideally, better performance could
      be achieved if all electrodes were deposited on a single element. To date,
      this is possible only at the expense of high levels of cross-talk and
      other difficulties related to non-uniformity of the thickness of the
      element.
PAR  In conventional devices, cross-talk is generated by proximity of electrodes
      and arises particularly with plural electrodes when the distance between
      electrodes on one surface is not sufficiently large in relation to the
      distance between oppositely disposed electrodes. As a rule of thumb, the
      distance between electrodes on one surface must be at least ten times
      greater than the thickness of material which separates oppositely disposed
      electrodes. Thus, when an array is desired as for a vidicon, a thermal
      spectrophotometer, a thermograph, or the like, the relatively large
      separation required even for a thin material (say 100 .mu. thick) poses a
      difficult problem of size. To decrease separation and thus size, it
      becomes necessary to resort to even thinner materials. It will be evident
      that to obtain material less than 100 .mu. thick is not an easy task, and
      to grind or polish such thin materials uniformly is even more difficult.
      Predictably, the cost of conventional arrays made with plural separate
      detector elements, limits their application to devices where cost is not a
      factor, irrespective as to whether the array is a face-type or edge-type
      array. Arrays made in accordance with this invention are particularly
      suited to the fabrication of large area arrays of arbitrary size, having
      the advantages of edge-type arrays but which, surprisingly, do not have
      the difficulty of control normally associated with edge-type arrays.
PAR  The pyroelectric devices of this invention make an unexpectedly
      advantageous use of the factors which determine voltage responsivity
      R.sub.v in the simplified formula applicable to them:
      ##EQU1##
      where .eta. = emissivity
PA1  .lambda. = pyroelectric coefficient
PA1  .omega. = measuring frequency
PA1  k' = dielectric constant
PA1  .rho. = density
PA1  C.sub.p = specific heat
PA1  A = electrode area
PA1  .epsilon. = permittivity of free space
PAL  From the above equation it is clear that, since for any given material, the
      separation between electrodes has little impact, the dominant factor is
      electrode area. In a device having coplanar electrodes this electrode area
      is determined by the length of each edge of each oppositely disposed
      electrode and an "effective thickness", greater than the actual thickness
      of the electrode deposited, which thickness might be considered an
      "effective penetration depth" due, possibly, to a fringing effect. This
      fringing effect may explain why, though electrode separation is not
      important in theory, it is important in the device, because greater
      separation requires deeper fringing. This effective penetration depth
      extends beneath the electrode edge into the material. This effective
      penetration depth, in practice, appears to be a function both of electrode
      separation, and, possibly material parameters locked into the element, but
      is unrelated to the depth of penetration of absorbed radiation. With this
      coplanarly electroded device it is practical to achieve very small
      effective areas with greater ease, better control, and, with more
      attractive economics than with conventional c-face electroded devices.
PAR  It is not essential that oppositely disposed coplanar electrodes be
      disposed in one to one correspondence, but only that a portion of each
      electrode be oppositely disposed with respect to the other. Only these
      correspondingly oppositely disposed portions of the electrodes determines
      the responsivity of the device. The actual geometry of electrodes used may
      be chosen for considerations other than responsivity. If a section of
      pyroelectric material has plural interconnecting electrodes on opposing
      c-faces, electrodes placed on the same surface can be used to pole the
      material, but the direction of polarization will lie normal to the plane
      of the poling electrodes and the device will behave as two or more
      capacitors electrically in series but thermally in parallel. The direction
      of polarized material can generally be determined by optical methods. This
      invention does not include any device in which a pair of poling electrodes
      are disposed on opposed surfaces. Briefly, a coplanar or single surface
      electroded pyroelectric detector is one in which essentially single poled
      domains have been aligned between electrodes on a single or individual
      surface of a pyroelectric material irrespective of other surfaces of the
      material.
PAR  Pyroelectric devices, according to this invention, combine the advantages
      of both conventional edge-type and face-type electrodes without some of
      the disadvantages of either, and the manner in which they are fabricated
      makes it possible for the first time to obtain high performance
      inexpensively. Moreover, these detector elements permit their more
      versatile use with standard amplifiers and circuitry. In normal
      applications, problems of humidity, microphonics, noise, dirt accumulation
      and other technical problems will be no worse than with conventional
      devices.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore, a general object of this invention to provide a
      pyroelectric detector in which the electrodes are proximately disposed in
      side-by-side relationship on the same surface of a pyroelectric material.
PAR  It is another general object of this invention to provide a pyroelectric
      detector with coplanar electrodes disposed in close side-by-side
      relationship in a plane containing the c-axis in such a manner as to
      behave as a very thin edge-type pyroelectric detector.
PAR  It has been discovered that coplanar electrodes disposed in side-by-side
      relationship on the surface of a pyroelectric material perform in a manner
      analogous to conventional edge-type pyroelectric detectors without some of
      their disadvantages.
PAR  It is still another object of the instant invention to provide small area
      devices with high signal-to-noise ratio and with high voltage
      responsivity, which devices may be adapted for use in the fabrication of
      arrays.
PAR  It is yet another specific object of this invention to provide pyroelectric
      devices having small area which may be fabricated for a fraction of the
      cost of conventional detector assemblies with c-face electrodes.
PAR  It is still another object of this invention to provide a pyroelectric
      device which may be utilized for the fabrication of arrays by depositing a
      multiplicity of closely-spaced coplanar electrodes on a non-c-face of a
      pyroelectric material by masking the electrodes to obtain precision of
      spacing.
PAR  It is a particular object of this invention to utilize a relatively thick
      crystalline material to form a device in which a first pair of coplanar
      electrodes are operatively disposed on one non-c-face of the material and
      a second pair of coplanar electrodes are operatively connected on an
      oppositely disposed generally parallel non-c-face of the material, the
      first pair being in non-interfering relationship with the second, so that
      signals from the first pair may be compared with signals from the second
      pair.
PAR  These and other objects, features and advantages of the coplanar electrode
      pyroelectric device of this invention and the method of making it, will
      become apparent to those skilled in the art from the following description
      of preferred forms thereof and the illustrative examples set forth herein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a conventional c-face electroded
      pyroelectric detector element illustrated with edge-type electrodes.
PAR  FIG. 2 is a perspective view of a conventional c-face electroded
      pyroelectric detector element illustrated with face-type electrodes.
PAR  FIG. 3 is a diagrammatic perspective view of a pyroelectric device
      including a non-c-face electroded pyroelectric detector element
      illustrated with coplanar electrodes in a plane containing the c-axis, as
      used according to this invention, to detect radiation.
PAR  FIG. 4 is a perspective view of an illustrative form of pyroelectric
      detector element in which a pair of non-c-face electrodes is disposed
      coplanarly in a plane containing the c-axis, and another pair of
      non-c-face electrodes is oppositely disposed in a parallel spaced apart
      plane containing the c-axis.
PAR  FIG. 5 is a plan view of the pyroelectric detector element of FIG. 4.
PAR  FIG. 6 is a perspective view of an illustrative form of an array of
      detector elements, useful, for example, for image reproduction and beam
      positioning.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The pyroelectric detectors of this invention are particularly directed to
      small area devices which are difficult and expensive to fabricate in
      conventional detector assemblies with c-face electrodes oppositely
      disposed in c-axis normal faces of a pyroelectric material.
PAR  In a preferred embodiment of this invention, coplanar electrodes of this
      invention are preferably disposed in a plane containing the c-axis, or in
      a plane parallel to the c-axis. This preference is predicated upon the
      c-axis sensitivity of any pyroelectric material. It is not critical that
      the coplanar electrodes of this invention be disposed in a plane
      containing the c-axis. They may be disposed in any non-c-face plane, and
      even a c-face plane. A usable pyroelectric detector is obtained provided
      the electrodes are disposed on a surface in a manner so that there is some
      material in a straight line in the c-axis direction between the
      spaced-apart electrodes. It is found that coplanar electrodes disposed on
      a face which does not contain the c-axis will generally exhibit lower
      responsivity but, possibly less noise.
PAR  As stated hereinbefore, conventional pyroelectric devices have c-face
      electrodes disposed in spaced-apart, essentially parallel planes which are
      normal to the c-axis of the material. Simply moving one c-face electrode
      next to the other will give a usable device, but the voltage responsivity
      is poor, possibly because there is very little material between the
      electrodes in a straight line in the c-axis direction.
PAR  Referring now to FIG. 1, there is shown a crystal 1 of pyroelectric
      material such as strontium barium niobate, which has been cut, ground and
      polished into a rectangular shape. The arrow marked C indicates the c-axis
      (the polar axis) of the crystal, and the arrow marked R indicates the
      direction of the incident radiation. The other figures are similarly
      marked. Two edge faces of the crystal 1 are normal or perpendicular to the
      c-axis, and are coated with electrodes 2 and 3 respectively which sense a
      pyroelectric voltage generated within the crystal, thus forming a
      conventional edge-type pyroelectric detector element.
PAR  Referring now to FIG. 2 there is shown another rectangular crystal 7 of a
      pyroelectric material with two faces perpendicular to the c-axis which are
      coated with electrodes 8 and 9 respectively to form a conventional
      face-type pyroelectric detector element. Each pair of electrodes in the
      detector elements of FIGS. 1 and 2 are c-axis normal or c-face electrodes
      and the detector is said to be c-face electroded.
PAR  Referring now to FIG. 3, there is shown diagrammatically, a source of
      radiation 11 which may be any source of radiation capable of generating a
      pyroelectric response. Portions of a beam 12 pass through a rotatable
      chopper 13 which produces pulses of light 14 which impinge upon a crystal
      15 of pyroelectric material. Any pyroelectric material may be used but
      inorganic crystalline materials, such as strontium barium niobate, sodium
      barium niobate, thallium arsenic selenide, lithium niobate and the like,
      and organic materials such as triglycine sulfate (TGS) are preferred. Each
      pulse raises the temperature of the crystal 15 a fraction of a degree for
      a fraction of a second. The temperature pulse generates a pyroelectric
      voltage which is sensed by electrodes 16 and 17 and sent to voltage
      amplifier 18 where it is amplified. The amplified voltage is sent to
      oscilloscope 19 and is displayed on screen 20 of the oscilloscope.
PAR  The performance of the coplanarly electroded detector of this invention is
      determined by the separation therebetween. The shorter the length and the
      closer the electrodes, the higher the voltage responsivity. Thus, these
      devices behave as very thin edge-type pyroelectric detectors. Surprisingly
      however, where one electrode is disposed in a c-face normal plane such as
      is shown in phantom outline at 17', and, another electrode in a non-c-face
      plane as shown in phantom outline at 16', a useful detector element is not
      obtained.
PAR  Referring now to FIGS. 4 and 5 there is shown a single pyroelectric
      crystalline section 21 of a pyroelectric material, in a right
      parallelepiped. The direction of its c-axis is indicated by the arrow
      marked c. One of two parallel faces has a pair of non-c-face electrodes 22
      and 23 disposed coplanarly in a plane containing the c-axis and an
      opposite parallel face has another pair of non-c-face electrodes 24 and 25
      disposed coplanarly in another plane containing the c-axis, as shown in
      FIG. 4. Each pair of electrodes is adapted to send a sensed pyroelectric
      voltage to an amplifier by means of suitable connections (not shown). The
      device so formed is a differential detector element capable of comparing
      signals generated by radiation R.sub.1 on one side and radiation R.sub.2
      on the other. It will be understood that in such a device the crystalline
      section 21 must be of sufficient thickness so as to absorb the radiation
      on one face without permitting it to affect the electrodes on the opposite
      face. Though useful for the comparison of two sources, as described, it is
      not necessary that both pairs of electrodes be irradiated. For example one
      pair of electrodes may be used to monitor only background radiation as a
      reference, though such background radiation may not be always present. In
      other words, each pair of electrodes is in electrically non-interfering
      relationship with one another, or each pair is electrically essentially
      independent of the other. Other uses for a differential detector element
      of this invention will be apparent to those skilled in the art who will
      appreciate the advantage of having such a device on one crystalline
      section, rather than going to the greater expense of fabricating and
      matching two, or more, individual detector elements. In the most
      advantageous use of this invention the c-axis lies in the plane of the
      electrodes. If this were the case in a conventional device, a
      pyroelectrical voltage between 22 and 24, or 23 and 25, (see FIG. 5) could
      not be developed, even if a poling voltage had been applied, because the
      magnitude of the theoretical voltage would be multiplied by the cosine of
      the angle between the c-axis and the direction of the current flow between
      the electrodes. Since a line drawn between 22 and 24, or 23 and 25 would
      be 90.degree. from the c-axis, the voltage developed would be zero.
PAR  The device of FIG. 6 is a simple array, useful, for example, in detecting
      and centering a pulsed or otherwise modulated infrared beam. An array such
      as this may be used in a thermograph or vidicon, or simply to position a
      coherent laser. The array shown is made up of a single pyroelectric
      crystalline section 20 in which the polar or c-axis is in the direction of
      the arrow identified by the letter C. The direction of impinging radiation
      is marked by the letter R. Four pairs of electrodes 31-32, 33-34, 35-36
      and 37-38 are deposited on the surface of the crystal 20 and are
      essentially coplanar in a plane parallel to the c-axis. Edge-electrical
      connections are made with individual electrodes 32, 34 36 and 38 which are
      grounded, and with individual electrodes 31, 33, 35 and 37 which are
      connected to an amplifier. An array of this structure may be fabricated in
      an arbitrary size on a single crystalline section, limited only by the
      size of section available. Plural arrays, each on a single crystalline
      section, may be combined to provide even larger arrays. It is found that
      these arrays exhibit surprisingly little fringing and cross-talk, have low
      capacitance and enhanced rise time. Most importantly, an array may be
      tailored to give desired characteristics by modifying the electrode
      geometry.
PAR  The following examples serve to illustrate this invention and demonstrate
      the considerations outlined hereinabove.
PAC  EXAMPLE 1
PAR  A. A device is assembled, according to the teachings of this invention,
      using a chip 2 mm. .times. 2 mm. .times. 0.25 mm. having a mixed crystal
      composition of 75 strontium niobate/25 barium niobate, such as is
      disclosed in U.S. Pat. No. 3,571,592, on which is electrodeposited 2 gold
      electrodes in side-by-side relationship on one face of the chip as shown
      in FIG. 3, that is, in a non-c-face plane which contains the c-axis. The
      electrodes are typically rectangular, having dimensions of 0.34 mm.
      .times. 0.34 mm. and a separation of about 0.34 mm. The active area
      between the electrodes is thus 0.12 mm.sup.2. The electrodes are connected
      to an oscilloscope and the detector element is exposed to a beam of
      chopped infrared radiation directed between the electrodes. The voltage
      responsivity (R.sub.v) is noted.
PAR  B. A chip of the same material used in Example 1A hereinabove, and having
      the same dimensions, i.e., 2 mm. .times. 2 mm. .times. 0.25 mm. is
      edge-electroded in a conventional manner, with gold electrodes on
      oppositely disposed c-axis-normal faces of the chip. The electrodes are 1
      mm. .times. 0.25 mm. The detector element is tested with the same source
      of radiation as that used hereinabove and the voltage responsivity
      (R.sub.v) noted.
PAR  A comparison of the R.sub.v obtained in Examples 1A and 1B hereinabove
      indicates that the conventionally edge-electroded device of Example 1B
      displays less than one-tenth the R.sub.v of the coplanar electrodes,
      because of the greater effective area.
PAC  EXAMPLE 2
PAR  In an analogous manner, additional detector elements are fabricated and
      tested utilizing different stoichiometric proportions of strontium barium
      niobate for each pyroelectric chip. The voltage responsivity obtained for
      each detector element indicates that the expected relationships between
      material composition and the R.sub.v obtained, for example, the
      theoretical R.sub.v of 50/50 SBN is 4 times greater than that of 75/25 SBN
      for detectors of the same physical area and configuration.
PAC  EXAMPLE 3
PAR  A. In a manner analogous to that described in Example 1 hereinabove, gold
      electrodes 1 mm. .times. 0.5 mm. are electrodeposited in a non-c-face
      plane with a separation of 1 mm. on a chip of lithium niobate. Another
      chip of lithium niobate of the same dimensions has also electrodeposited
      thereupon, in a non-c-face plane, a pair of electrodes of the same size,
      i.e., 1 mm. .times. 0.5 mm. having a separation of 1 mm. The R.sub.v
      obtained for each device is the same.
PAR  B. A conventionally edge-electroded lithium niobate chip, that is,
      c-axis-normal face electroded, is used as a detector element and the
      R.sub.v obtained. It is found that the voltage responsivity of the
      conventionally edge-electroded detector element is less than one-tenth
      that obtained in the non-c-face electroded detector elements tested in
      Example 3A hereinabove.
PAC  EXAMPLE 4
PAR  A. A chip 2 mm. .times. 2 mm. .times. 0.25 mm. of 50/50  SBN is
      conventionally c-face electroded with face type electrodes such as those
      shown in FIG. 2 of the accompanying drawings. The detector element is
      tested and the R.sub.v noted.
PAR  B. A chip 2 mm. .times. 2 mm. .times. 0.25 mm. of 50/50 SBN is electroded
      with a pair of gold electrodes deposited in side-by-side relationship on a
      c-axis-normal plane. The electrodes are deposited about 0.25 mm. apart.
      The chip is exposed to a beam of infrared radiation directed between the
      electrodes and the R.sub.v of the detector element obtained.
PAR  A comparison of the R.sub.v obtained in Examples 4A and 4B hereinabove
      indicates that the R.sub.v of coplanar electrodes is better than those of
      conventionally c-axis normal oppositely exposed electrodes.
PAC  EXAMPLE 5
PAR  Various arrays having different numbers of coplanar electrodes on a single
      piece of crystalline pyroelectric material have been fabricated, and they
      behave as expected in light of the discovery of the advantages of coplanar
      electrodes.
PAR  It will be appreciated that practical applications of the instant invention
      will generally be influenced by the physical considerations of the manner
      in which the detector elements are to be used, the particular material
      parameters locked into the pyroelectric material, and the limitations of
      equipment and technical skill of those wishing to produce the elements.
PAR  Modifications, changes and improvements to the preferred forms of the
      invention herein disclosed, described and exemplified may occur to those
      skilled in the art who come to understand the principles and precepts
      thereof. Accordingly the scope of the patent to be issued herein should
      not be limited to a slavish imitation of the particular embodiments of the
      invention set forth herein, but rather should be limited by the advance of
      which the invention has presented the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A single surface pyroelectric detector comprising in combination a
      substantially single domain body of ferroelectric material provided with a
      pair of electrodes to convey therebetween a pyroelectric response of said
      material, said electrodes being proximately disposed in a spaced-apart
      relationship on a generally planar single surface of said material which
      has been poled by a polarizing voltage between said electrodes, said
      response conveyed between said pair of electrodes being essentially
      independent of other responses conveyed between other electrodes on said
      material.
NUM  2.
PAR  2. The pyroelectric detector of claim 1 wherein said surface is orthogonal
      to the c-axis of said material.
NUM  3.
PAR  3. An array or mosaic comprising in combination single crystalline body of
      pyroelectric material, plural pairs of electrodes approximately disposed
      in spaced-apart relationship on a generally planar surface of said
      material wherein each pair of electrodes directly conveys therebetween
      pyroelectric response of said material and said response of one pair of
      electrodes in independent of another pyroelectric response of another pair
      of electrodes on another opposed surface.
NUM  4.
PAR  4. A pyroelectric detector comprising a single body of relatively thick
      crystalline material capable of generating a pyroelectrical response, a
      first pair of coplanar electrodes operatively disposed on one face
      inclined to the c-axis of the material at an angle other than 90.degree.,
      a second pair of electrodes operatively connected on an oppositely
      disposed face of said material, said first pair being electrically
      essentially independent of said second pair, so that signals from said
      first pair may be compared with signals from said second pair.
NUM  5.
PAR  5. A single surface pyroelectric detector comprising in combination a
      substantially single domain body of ferroelectric material provided with a
      pair of electrodes to convey therebetween a pyroelectric response of said
      material, said electrodes being proximately disposed in a spaced-apart
      relationship on a generally planar single surface parallel to a plane
      containing the c-axis of said material which has been poled by a
      polarizing voltage between said electrodes, said response conveyed between
      said pair of electrodes being essentially independent of other responses
      conveyed between other electrodes on said material.
NUM  6.
PAR  6. An array or mosaic comprising in combination a single crystalline body
      of pyroelectric material with plural pairs of electrodes proximately
      disposed in spaced-apart relationship on a generally planar surface
      parallel to a plane containing the c-axis of said material wherein each
      pair of electrodes directly conveys therebetween a pyroelectric response
      of said material and said response of one pair of electrodes is
      independent of another pyroelectric response of another pair of electrodes
      on another opposed surface.
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ABST
PAL  A multiple gas analyzer is disclosed utilizing the infrared absorption
      principle for determining the quantity of two or more gases with a sample
      tube and a reference tube in parallel orientation with an infrared source
      between one end of the two tubes, and an infrared detector assembly
      between the other end of the tubes. Immediately opposed to each end of the
      tubes are a pair of mirrors, one being a transmitting mirror remote from
      the infrared source and directing the infrared beam in parallel paths
      through the reference tube and sample tube, and a receiving mirror
      opposite the infrared detector assembly to focus the infrared beam after
      passing through the tubes on to the infrared detectors. A chopper disc is
      interposed between the infrared source and the transmitting mirror to
      provide intermittently direct pulses to the infrared beam through the
      reference tube and sample tube to the infrared detectors, and a circuit is
      provided to compare the differential of signal strength from the two
      signals generated by each of the detectors and to calibrate the same with
      regard to the gas content being read. Filters are provided in the infrared
      detector assembly for that particular wave length in which the gas finds
      its signature for photon absorption. In the circuit, provision is made to
      first calibrate the unit for ambient variables, and thereafter to
      calibrate the unit against a factory determined span gas sample by means
      of vignetting the sample chamber to simulate a convenient up-scale reading
      of the particular gas being calibrated. Further adjustment is provided for
      comparing the high scale with the low scale in the course of sampling to
      thereby fully calibrate the unit and check the same during its operation.
PARN
PAR  This is a continuation of application Ser. No. 325,729, filed Jan. 22,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to gas analyzers which operate on the
      principle that at a given wave length, photons are absorbed by a gas in
      direct proportion to its concentration. By transmitting infrared rays
      through a sample chamber and reading the same through a filtered detector,
      the drop in the output of the detector is calibrated to the concentration
      reading of the gas, such as carbon monoxide (CO) or unburned hydrocarbons
      (HC). Such instruments appear in Class 250, Subclass 43.5.
PAR  2. Description of Prior Art
PAR  The prior art is best set forth in Chapter 10 of Mullard, pages 129-142,
      the book title being:
PAR  Applications of Infrared Detectors, printed in 1971, by Wightman and Co.,
      Ltd., London SW9 6DS, England To be noted in particular with regard to the
      proposals made by Mullard, particularly on page 132, Figures A, B, and C,
      is the disclosure of a reference tube and a sample tube, and yet the
      discussion of a prototype beginning at page 136 relates only to a single
      tube unit. The problems encountered in the field, particularly in garages
      where temperature variables in cold weather can be between 70.degree. and
      -40.degree.C, illustrated the futility of using a single gas sample tube
      without a reference chamber. Furthermore, the unit shown is capable of
      reading for only one gas or ingredient at a time, whereas automotive
      emissions standards proposed require the simultaneous reading for CO and
      unburned HC since the two are to a degree interrelated in the adjustments
      required to reduce the concentration to acceptable levels. Where
      commercial units have been developed, such as illustrated in U.S. Pat. No.
      3,562,522, they have been slow to warm up, such as one-half hour to an
      hour. In addition, continued variables have required almost constant
      tuning. Also lacking commercially is an inexpensive unit which will read
      out more than one gas or component simultaneously.
PAC  SUMMARY
PAR  A multiple gas analyzer employing the infrared absorption calibration
      technique is illustrated in the present invention, and includes a pair of
      parallel tubes, one a sample tube through which gas is pumped, and the
      other a reference tube in close parallel relationship to the sample tube
      which is filled with ambient air although it can be sealed and even
      reduced to a vacuum. An infrared source is positioned adjacent the two
      ends of one portion of the tubes, and a plurality of infrared detectors
      are fixedly positioned, with filter overlays, adjacent the other two ends
      of the tubes and therebetween. An opposed transmitting mirror concavely
      opposed to the infrared source reflects the infrared beams backwardly
      through the two tubes and on to a receiving concave mirror opposite the
      detectors. A chopper disc is provided between the infrared source and the
      transmitting mirror to alternatively deliver signals through the sample
      and reference tube to the detectors, the latter each being in circuit
      amplified relationship with a readout meter which compares the signal
      received by the detectors when passing through the sample chamber with the
      signal passing through the reference tube, and calibrating that
      differential to the concentration of the particular gas or gases being
      read. The circuit includes an amplifier, gain control, reference clamp,
      automatic gain control amplifier, and comparison means to direct a signal
      to a meter proportioned to the signal variation between the reference tube
      and sample tube signal. Multiple detector-filter combinations with
      parallel circuit and multiple meters permit the reading of two or more gas
      components simultaneously.
PAR  It is a particular object of the present invention to provide an accurate,
      reliable, fast starting, moderately priced gas analyzer which has
      particular value in reading exhaust gas pollutants and determining whether
      their level falls within certain limits. The subject analyzer can read two
      or more such pollutants simultaneously.
PAR  A more detailed object of the present invention but consonant with the
      objective set forth above is the provision of calibration adjustments
      which are not only reliable, but susceptible of operation by a
      semi-skilled person with brief training as to the calibration of the unit.
PAR  Still another advantage and objective of the present invention is to
      provide a gas analyzer which is lightweight, portable, and sufficiently
      temperature insensitive so that the same may be used out of doors or
      indoors in a garage or testing lane.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  Further objects and advantages of the present invention will become
      apparent as the following description of an illustrative embodiment
      proceeds taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a view generally illustrating the flow path of the sample gas to
      the sample tube, through the filter, pump, condenser and flow switch;
PAR  FIG. 2 is a top plan view, partially sectionalized and partially broken
      away, of the optical bench portion of the gas analyzer;
PAR  FIG. 3 is a sectional view of the optical bench portion of the gas
      analyzer; taken along lines 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view of the optical bench taken along lines 4--4 of
      FIG. 2;
PAR  FIG. 5 is a plan view generally illustrating the manner in which the
      infrared beam is reflected through the sample and reference tubes;
PAR  FIG. 6 is a schematic generally illustrating the circuit means of the gas
      analyzer;
PAR  FIG. 7 is a schematic further illustrating the circuit means of the gas
      analyzer;
PAR  FIGS. 8 and 9 are a front plan and a side plan view of the infrared
      detector assembly, respectively;
PAR  FIG. 10 is a sectional view taken along lines 10--10 of FIG. 8;
PAR  FIG. 11 is a front plan view of the chopper disc;
PAR  FIG. 12 is a sectional view taken along lines 12--12 of FIG. 11;
PAR  FIG. 13 illustrates the waveform of the reference sync pulse;
PAR  FIG. 14 illustrates the waveform of the sample sync pulse;
PAR  FIG. 15 illustrates the waveform of the composite sample and reference
      signal;
PAR  FIG. 16 is a front plan view of the calibration flag and motor assembly;
PAR  FIG. 17 is a side plan view, partially sectionalized, of the calibration
      flag and motor assembly.
DETD
PAR  Similar reference characters refer to similar parts throughout the several
      views of the drawings.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, in FIGS. 2, 3 and 4, the optical bench
      portion of a multiple gas analyzer utilizing the infrared absorption
      principle for determining the quantity of two or more gases in a sample is
      shown. The gas analyzer includes as its principal components a frame 10
      upon which are supported a sample tube 11, a reference tube 12, an
      infrared source 14, an infrared detector assembly 15, a transmitting
      mirror 20, a receiving mirror 21, a chopper disc and motor assembly 22,
      and a calibration flag and motor assembly 23. Associated with the optical
      bench of the gas analyzer are readout meters 24 and 25 (FIG. 6) in circuit
      relationship with the infrared detector assembly 15, for determining the
      quantity of various gases in a sample gas, all as more fully described
      below.
PAR  More particularly, the gas analyzer includes a pair of parallel tubes, one
      being the sample tube 11 through which the sample gas is pumped, and the
      other being the reference tube 12 in close parallel relationship to the
      sample tube 11. The reference tube 12 is filled with ambient air although
      it can be sealed and even reduced to a vacuum. The infrared source 14 is
      positioned between and adjacent the ends of the sample tube 11 and
      reference tube 12, while the infrared detector assembly 15 is similarly
      positioned at the opposite end of the sample and reference tubes.
PAR  As can be seen in FIGS. 2-4, and particularly 5, the infrared beams
      generated by the infrared source 14 impinge on the transmitting mirror 20,
      and the latter is located and concavely configured to reflect the infrared
      beams back through the sample tube 11 and the reference tube 12, onto the
      receiving mirror 21. The receiving mirror 21 likewise is located and
      concavely configured to reflect the infrared beams onto the infrared
      detector assembly 15. The chopper disc 33 is provided between the infrared
      source 14 and the transmitting mirror 20 to alternately reflect the
      infrared beams through the sample tube 11 and the reference tube 12. The
      arrangement also is such that the infrared beams are alternately impinged
      on the various infrared detectors supported by the detector assembly 15.
      The infrared detectors are coupled to readout meters, such as the readout
      meters 24 and 25 shown in FIG. 6, through circuit means arranged to
      compare the signals received by individual ones of the infrared detectors
      when passing through the sample tube 11 and reference tube 12,
      respectively. The difference in the two signals is displayed by the
      readout meter, with the circuit means  and the readout meter being
      calibrated such that the readout is an indication of the concentration of
      a particular gas in the sample.
PAR  In the illustrated embodiment, the gas analyzer is arranged for detecting
      and determining the quantity of concentration of two different gases,
      namely, carbon monoxide (CO) and unburned hydrocarbons (HC). From the
      description below, however, it will be apparent that the gas analyzer can
      be arranged to determine the concentration of additional gases, such as
      nitric oxide (NO) and other similar gases, simply by providing the
      necessary infrared detectors and filters in the focal plane of the
      transmitting and receiving mirrors 20 and 21, so that the infrared beams
      are impinged on them, as more particularly described below.
PAR  In a particular application, the choice of infrared detectors depends on
      the spectral signature of the gas to be analyzed. In the illustrated
      embodiment, lead selenide (PbSe) detectors are used to detect both the CO
      and the HC. As the infrared beams travel from the infrared source 14
      through either the sample gas or air, the irradiance at the infrared
      detector will be proportional to the transmission of the medium over a
      specific narrow spectral range which is selected as the most favorable
      signature of the constituent gas component in the sample gas. To provide
      this narrow spectral window, a filter 27 (FIG. 10) is placed over the
      infrared detector. These filters, in this particular application are a
      silicon substrate having a 4.70 micron wavelength and a bandwidth of
      0.2.mu..+-.0.05 for the CO detector, and a water free quartz substrate
      having a 3.45 micron wavelength and a bandwidth of 0.15.mu. .+-. 0.05 for
      the CO detector, and a water free quartz substrate having a 3.45 micron
      wavelength and a band width of 0.15.mu. .+-. 0.05 for the HC detector.
PAR  The infrared detector assembly 15 is shown in FIGS. 8, 9 and 10, and can be
      seen to include a bracket 28 for securing it to the frame 10 of the gas
      analyzer. The bracket 28 supports a CO detector-filter assembly 29 and a
      HC detector filter assembly 30, with the CO and HC detectors being
      vertically aligned and in close proximity to one another. As can be best
      seen in FIG. 10, the filters are supported in front of the detectors, and
      electrical connections are established from the detectors to a pair of
      connector terminals 31 and 32, for coupling the detectors to the circuit
      means described more fully below. The layout or arrangement of the
      detectors is important to the invention in that they must be disposed in a
      position such that the infrared beams can be impinged on each of them,
      whether detecting two or more gases. While the detectors, in the
      illustrated embodiment, are vertically disposed, they could as well be
      horizontally or otherwise disposed.
PAR  The infrared source 14 can be a conventional source which will emit
      radiation and, in the illustrated embodiment, the infrared source is
      operated at approximately 1100.degree.K.
PAR  In FIGS. 11 and 12, the chopper disc 33 interposed between the infrared
      source 14 and the transmitting mirror 20 is shown, and it can be seen to
      be generally circular-shaped, with a 45.degree. arcuate-shaped sync slot
      34 formed in its peripheral edge. Diametrically opposed to the sync slot
      34 is a modulator slot 35 which is generally arcuate-shaped. The modulator
      slot 35 is spaced inwardly from the peripheral edge of the chopper disc
      33, and extends approximately 105.degree.. The chopper disc 33 can be
      formed of black nylon with a matte finish. A hub 36 is provided for
      affixing it to the shaft of an AC motor 37 (FIG. 2). The chopper disc 33
      is rotated by the motor 37, at a speed of approximately 3000 rpm.
PAR  In FIGS. 2 and 5, it can be seen that a pair of sync light assemblies 39
      and 40 are supported on the frame 10 of the gas analyzer in operative
      relationship with the chopper disc 33, and more particularly, with the
      sync slot 34 therein, to provide output sync pulses as the chopper disc 33
      rotates. These sync light assemblies each may be formed of a light
      emitting diode 41 and a phototransistor pickup 42 diposed on opposite
      sides of the chopper disc 33, such that the light from the light emitting
      diode 41 impinges on the phototransistor 42 only when the sync slot 34 is
      positioned between them. These sync light assemblies 39 and 40 are
      illustrated in dotted lines in FIG. 11, as are the ends of the sample tube
      11 and reference tube 12. The arrangement is such that the modulator slot
      35 is disposed in front of the reference tube 12 when the sync slot 34 is
      disposed in front of its associated sync light assembly 39, so that a sync
      pulse is generated each time the modulator slot 35 is positioned to permit
      the infrared beams to pass through the reference tube 12. The sync light
      assembly 40 is associated with the sample tube 11, and is correspondingly
      positioned to generate a sync pulse when the modulator slot 35 is
      positioned to permit the infrared beams to pass through the sample tube
      11.
PAR  In FIGS. 13, 14 and 15, the relationship between the reference sync pulse,
      the sample sync pulse and the times the sample and reference tubes are
      exposed are shown. It can be seen that the sample tube and the reference
      tube both are exposed for 165.degree. of rotation of the chopper disc 33,
      and that there is a dead zone of the 15.degree. of rotation between them.
      The sync pulses are generated at the times that the sample and reference
      tubes are fully exposed, that is, for example, in the case of the sample
      tube 11, when it has rotated 60.degree. and until it has rotated
      105.degree..
PAR  Referring now to FIGS. 5 and 6, the manner in which the detector outputs
      and the sync pulses are used in determining the quantity of HC or CO in a
      gas sample can be described. As the chopper disc 33 rotates, the infrared
      beams are alternately reflected through the sample tube 11 and the
      reference tube 12, onto the HC and the CO detectors. The infrared beams
      from the lower part of the infrared source 14 are reflected onto the upper
      or HC detector, while the infrared beams from the upper part thereof are
      reflected onto the lower or CO detector. This arrangement provides for
      comparing the absorption of two gases simultaneously.
PAR  In FIG. 6, with reference to the HC detector, its output signals are
      coupled to a pre-amplifier 44 which may be a two-stage AC coupled
      amplifier with a high input impedance. From the pre-amplifier 44, the
      composite signal resulting from the infrared beams passing through the
      sample tube 11 and the reference tube 12 is coupled to a gain control
      circuit 45. The output of the gain control circuit 45 is clamped to common
      by means of a switch transistor (not shown) during each reference sync
      pulse which is coupled to the switch transistor via the sync pickup and
      amplifier 49 to yield a clamped and amplitude stabilized composite signal
      at the output of the reference clamp 46. The AGC control 47 is adjusted
      for a 1 volt PP signal to allow the AGC a greater dynamic range in the
      presence of temperature induced changes in detector signal output. Another
      switch transistor (not shown) at the output of the reference clamp 46
      samples the composite signal during each sample sync pulse which is
      coupled to it via the sync pickup and amplifier 50. The sampled signal
      level is stored in an integrating capacitor (not shown), and coupled to an
      output integrator 48 which is a signal gate and amplifier with zero and
      span control suitable for driving an indicator such as the meter 24. The
      sampled composite signal level is a signal proportional to the absorption
      of the infrared beam by the medium through which the beams were passed
      and, in view of the HC filter, is related to the spectral signature of HC,
      hence it is a measure of the concentration of HC in the sample gas. The
      output signals from the CO detector are similarly sampled, to obtain a
      sampled composite signal level proportional to the concentration of CO in
      the sample gas.
PAR  In FIG. 7, the calibration adjustments for the gas analyzer are shown. The
      gas analyzer initially is factory calibrated with span gases of known
      concentration, by filling the sample tube 11 with the span gas. The
      HIGH-LOW range switch 52 is set to its HIGH position, so that contacts 53
      and 54 are open. At this time, the contacts 57-61 of the calibration
      switch 56, more particularly described below, also are open. The ZERO
      adjustment controls 63 and 64, and the SPAN adjustment controls 65 and 66
      are adjusted to properly zero and to set the range of the meters 24 and
      25. During this adjustment a span gas having a high concentration
      substantially corresponding to the maximum concentrations expected to be
      analyzed preferably is used, so that the meters are capable of reading
      such concentrations of HC and CO. In calibrating the gas analyzer in the
      LOW range, the sample tube 11 is filled with a span gas of a known low
      concentration, and the calibration switch 56 is switched to close its
      contacts 57-61. These contacts switch in respective ones of the trimmer
      resistors 68-71, to permit fine adjustments to be made to properly
      calibrate the gas analyzer's circuitry and meters.
PAR  It has been found that in calibrating the gas analyzer using span gases of
      known concentrations, when actual exhaust gases are analyzed, there is a
      slight variation in the readings indicated by the readout meters 24 and
      25. The reason for this is the presence in the exhaust gas of several
      constituents which differ slightly from the spectral signatures of the
      pure gases, but whose contributions are conventionally included in the
      total measurement. Accordingly, after pre-calibrating the gas analyzer in
      the above-described fashion, an exhaust gas is passed through the sample
      tube 11, and the trimmer resistors 72 and 73 are adjusted to compensate
      for the variation in readings for the span gases and the exhaust gases.
      The adjustments of the trimmer resistors 67-73 all are factory adjustments
      to calibrate the gas analyzer, and thereafter the only adjustments made by
      the operating personnel are the ZERO and SPAN adjustment controls 63, 64,
      65 and 66, with these adjustments being made upon energizing the gas
      analyzer and prior to conducting any tests. The trimmer resistors 72 and
      73 also are arranged to be removed from the circuitry during subsequent
      calibrations of the gas analyzer, as more fully discussed below.
PAR  The gas analyzer also includes a calibration flag and motor assembly 23
      which is used by the operating personnel for calibrating it upon being
      energized and prior to conducting tests. This calibration flag and motor
      assembly 23, as can be best seen in FIGS. 16 and 17, includes a
      calibration flag 75 which is an opaque paddle secured for rotation to the
      shaft 77 of a shaded pole motor 76. A return spring 78 is affixed to the
      calibration flag 75 and to a support bracket (not shown) for returning the
      calibration flag 75 to an inoperative position when not in use. The
      calibration flag and motor assembly 23 is supported upon the frame 10 of
      the gas analyzer, and is positioned such that the calibration flag 75 is
      rotated against a stop 79, into the optical path for partial obscuration
      of the infrared beams through the sample tube 11 in simulation of span
      gas. The motor 76 is energized through the contact 61 of the calibration
      switch 56, when the latter is operated. The contacts 57 and 59 of the
      calibration switch 56 likewise are closed when the latter is operated, to
      place both the HC and CO channels of the gas analyzer into the LOW range,
      overriding the range switch 52. Upon releasing the calibration switch 56,
      its contacts all automatically restore to an open position, and the latter
      motor 76 is de-energized. The return spring 78 rotates the calibration
      flag 75 to its normally inoperative position. Accordingly, it can be seen
      that the gas analyzer can be easily and quickly calibrated in the field,
      simply by operating the calibration switch 56 and by adjusting the ZERO
      and SPAN adjustment controls 63-66.
PAR  During normal testing operations, the sample gas is pumped through the
      sample tube 11 of the gas analyzer, at a flow rate of approximately 20
      cubic feet per hour. For this purpose, a pump 82 (FIG. 1) driven by a
      motor 83 (FIG. 7) is provided. The motor 83 is energized and runs
      continuously as long as the gas analyzer is energized, thus the pump 86
      runs continuously. In most cases, and particularly in testing automotive
      exhaust gases, the sample gas is filtered, cooled and dried before being
      passed through the sample tube 11. Accordingly, as can be seen in FIG. 1,
      a pickup hose 85 is provided for picking up the sample gas and, in the
      case of an exhaust gas, the pickup hose 85 is adapted to be extended into
      the tail pipe of a vehicle. The gas then is passed through a filter 86 to
      the pump 82. From the pump 82, the gas passes through a condenser 87 and a
      flow switch 88 to the input of the sample tube 11. Water removed from the
      gas by the condenser 87 drains therefrom through a drain hole or holes in
      the bottom end thereof. From the sample tube 11, the gas is exhausted
      through the outlet hose 89. In a specific application, the above-described
      flow path for the sample gas has built-in leaks so that only approximately
      20 percent of the sample gas actually is passed through the sample tube
      11. The flow switch 88 is a pressure switch which indicates flow to the
      sample tube.
PAR  During initial factory calibration with span gases, the motor 83 is
      de-energized and hence the pump 82 stopped, by disconnecting the source of
      power to the motor 83. This allows using just enough span gas to fill the
      sample tube 11, and avoids pumping and wasting large volumes of calibrated
      gases. Also, as indicated above, the trimmers 72 and 73 are arranged to be
      disconnected from the circuitry during subsequent calibrations of the gas
      analyzer with span gases. This is to prevent individuals other than
      factory authorized personnel from upsetting these previously set trimmer
      resistors which compensate for the difference in meter readings in testing
      span gases and actual sample gases such as exhaust gas. This is
      accomplished by connecting these resistors through a terminal or junction
      block 92. the energizing circuits for the pump motor 83 and the motor 76
      of the calibration flag and motor assembly 23 likewise are connected
      through this junction block 92. By unplugging the junction block 92, the
      sample tube 11 can be filled with a span gas for calibrating the gas
      analyzer, and will not be pumped through it since the energizing circuit
      for the pump motor 83 is opened. The calibration flag 75 is not used
      during the calibration, hence its motor 76 likewise is opened when the
      junction block 92 is unplugged. It may also be seen that the trimmer
      resistors 72 and 73 are taken out of the circuit and thus will have no
      effect when subsequent calibrations are made. Accordingly, the net effect
      is that the gas analyzer is re-calibrated with the span gas, but as soon
      as the junction block 92 is plugged in again, the trimmer resistors 72 and
      73 are connected back into circuit relationship and provide the necessary
      compensating values for other exhaust gases.
PAR  From the above description, it can be seen that once factory calibrated,
      the gas analyzer can be easily re-calibrated prior to use, or during use,
      to correct for any variations due to drift or temperature variations,
      simply by operating the calibration switch 56 and making the appropriate
      adjustments. Furthermore, the gas analyzer is capable of providing
      simultaneous indications of two constituents such as HC and CO of a sample
      gas, hence it is particularly applicable for testing sutomotive emissions
      to determine whether they comply with set standards. The gas analyzer
      further has been found to have a fast warm up time, and to provide
      relatively constant readings so that it does not have to be continuously
      tuned or calibrated. Further still, it is relatively inexpensive in
      comparison to existing gas analyzers and is readily portable.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and
      certain changes may be made in the above construction. Accordingly, it is
      intended that all matter contained in the above description or shown in
      the accompanying drawings shall be interpreted as illustrative and not in
      a limiting sense.
CLMS
STM  Now that the invention has been described, what is claimed as new and
      desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A gas analyzer of the infrared absorption character comprising, in
      combination,
PA1  a frame,
PA1  a sample tube,
PA1  a reference tube,
PA1  said sample and reference tubes both being supported by the frame,
PA1  an infrared source positioned at one end of the tubes,
PA1  a detector means comprising a plurality of detectors and a filter over each
      of said detectors appropriate to a component to be analyzed positioned at
      a spot remote from the infrared source,
PA1  a transmitting mirror remote from the infrared source and said tubes
      proportioned optically to receive, to split, and to image the split parts
      of the infrared beam back through each the sample tube and the reference
      tube in substantially equal intensity,
PA1  a receiving mirror remotely opposed to said transmitting mirror and
      opposite the detector means optically proportioned to direct the
      respective imaged split parts of the infrared beam from said tubes toward
      the respective ones of said plurality of detectors,
PA1  the path lengths of said infrared beam from said infrared source to said
      sample tube and to said reference tube and from said sample tube and said
      reference tube to said detector means being identical and the length of
      said sample and reference tubes being identical, and wherein all elements
      of the optical system are identical, whereby the optical system of said
      gas analyzer is completely balanced,
PA1  chopper means interposed in said pathway between the infrared source and
      detector means to alternatively direct the path of the imaged parts of the
      infrared beam through the sample tube and reference tube so apertured that
      energy never passes through both tubes simultaneously but rather passes
      through each tube for less than one half the time for one rotation of the
      chopper means thereby alternately gating energy through the reference tube
      and the sample tube with a time gap therebetween,
PA1  and readout means in circuit relationship to each of said detectors to
      compare the signal attenuation through the sample chamber with the
      reference chamber and calibrate the same to read the concentration of gas
      specific to the wave length of the detector's associated filter
      proportional to the signal differential between the reference tube and the
      sample tube, thereby enabling the gas analyzer to read out two or more
      components simultaneously without time sharing, said readout means in
      circuit relationship to each of said detectors comprising,
PA1  amplifier means for amplfying the output signal from said detector,
PA1  gain control means directly coupled to said amplifier means,
PA1  a reference clamp for clamping to ground the output signal during the time
      the infrared beam passes through the reference tube,
PA1  an automatic gain control amplifier for providing a peak-to-peak signal of
      a pre-established value, the clamped and amplitude stabilized signal from
      said gain control means and said reference clamp being coupled to said
      automatic gain control amplifier,
PA1  means for sampling the signal amplitude as said infrared beam passes
      through said sample tube,
PA1  means for storing said sampled output, and
PA1  means for coupling said stored sampled output to meter means for indicating
      the variation in signals between said reference tube and said sample tube
      from the same detector as the copper alternately directs signals through
      each of said tubes.
NUM  2.
PAR  2. In the gas analyzer of claim 1,
PA1  said chopper means being positioned between the infrared source and the
      transmitting mirror.
NUM  3.
PAR  3. In the gas analyzer of claim 1 said detectors are aligned in close
      proximity one to another, and the related filters are positioned in close
      proximate relationship to each detector.
NUM  4.
PAR  4. In the gas analyzer of claim 1,
PA1  vignetting means positionable to a stationary position to interrupt the
      path of radiation from said source through the sample chamber,
PA1  said vignetting means being proportioned to a desired full meter reading
      equivalent to the concentration of the particular gas involved thereby
      simulating the photon absorption of that particular gas as the same passes
      through the sample tube, whereby said gas analyzer is provided with means
      for calibrating the same to full meter strength, based upon a simulation
      of a known standard span gas.
NUM  5.
PAR  5. In the gas analyzer of claim 1, each of said meter means comprising,
PA1  means providing for a high range scale reading and a low range scale
      reading,
PA1  switch means for presetting the meter for the high range or low range scale
      reading,
PA1  an adjustment means on the low range scale reading whereby, when a
      particular reading is observed on the high range scale reading, the low
      range scale reading may be switched into operation, and calibrated to read
      the same reading as noted on the high range scale reading.
NUM  6.
PAR  6. In the gas analyzer of claim 5,
PA1  the ratio between the high range and low range scale readings being two to
      one.
NUM  7.
PAR  7. In the gas analyzer of claim 1, further including trimmer resistance
      means for calibrating said readout means to compensate for variations in
      the readings thereof for span gases and exhaust gases, whereby the
      presence in the exhaust gases of several constituents which differ
      slightly from the spectral signatures of the pure span gases but whose
      contributions are conventionally included in the total measurement can be
      compensated for when actual exhaust gases are analyzed.
NUM  8.
PAR  8. In the gas analyzer of claim 7, wherein said trimmer resistance means
      are arranged to be disconnected from circuit relationship with said
      readout means during calibration of the gas analyzer using span gases.
NUM  9.
PAR  9. In the gas analyzer of claim 7, pump means for positively directing the
      exhaust gas through the sample tube, said pump means arranged to be
      rendered inoperative during calibration of the gas analyzer using span
      gases, said trimmer resistance means being arranged to be automatically
      disconnected from circuit relationship with said readout means when said
      pump means is rendered inoperative.
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ABST
PAL  An apparatus for detecting the feeding of piled sheets along a sheet
      feeding path. The apparatus includes a first reflection plate of high
      reflectivity and a second reflection plate of low reflectivity. Means are
      provided for irradiating each of the plates with radiant rays. Means are
      provided for detecting the quantity of radiant rays reflected from each of
      the plates. Means are coupled to the detecting means for generating a
      signal indicating piled sheets being fed when the difference between the
      quantity of reflective rays from the first plate and the quantity of
      reflective rays from the second plate are below a predetermined level.
BSUM
PAR  The present invention relates to an apparatus for detecting piled sheets
      which are being fed for use in a printing machine, duplicating machine, or
      the like. Heretofore, double sheet detectors and devices for detecting the
      thickness of paper sheets mechanically or from the change in the quantity
      of transmitted or reflected light have been used. There are drawbacks,
      however, to those devices as they are required to be adjusted very
      carefully to match them to the thickness of the paper to be used or the
      color of the paper to be used. Moreover, their operation is not
      necessarily accurate and readjustment may be required each time the sheets
      of paper are changed.
PAR  An example of a prior art double sheet detection system is set forth in
      U.S. Pat. No. 3,278,754. This patent is believed to be representative of
      the broad prior art involving the use of photosensitive double sheet
      detectors. The detector disclosed therein employs an optical assembly
      including a lamp as a source of light and a solar cell responsive to
      reflected light for generating a variable current which is proportional to
      the distance of the sheet from the detector. Fiber optic bundles
      communicating with the light source and the detector are separated from
      the vertical by a specific angle which determines the distance of an
      object from the detector at which the maximum current is obtained from the
      assembly. A variable threshold amplifier is preset to turn on in response
      to a predetermined current corresponding to a detection range. Preferably,
      a pair of detector assemblies positioned on opposite sides of a feed
      channel and a control circuit responsive to the output signals of the
      detector assemblies is employed. The operation of this type of detector is
      extremely sensitive to the distance of the sheet from the detector. This
      distance being utilized for generating the different levels of output
      signals for distinguishing between a single sheet being fed and a double
      sheet being fed. Therefore, as previously described, the detector must be
      positioned with a high degree of accuracy in order for it to properly
      operate, and it may need to be repositioned for different thicknesses of
      documents being employed.
PAR  It is an object of this invention to provide an improved double sheet or
      piled sheet detector which does not suffer from the aforementioned
      drawbacks.
PAR  In accordance with the present invention an apparatus for detecting the
      feeding of piled sheets along a sheet feeding path is provided. The
      apparatus includes a first reflecting plate positioned in the sheet feed
      path wherein the first plate has a high reflectivity. The first plate can
      be formed of a material such as white art paper and is used as a standard.
      A second reflecting plate positioned in the sheet feed path is provided
      having a low reflectivity. A suitable material for the second plate would
      comprise light shielding paper, such as black paper. Means are provided
      for irradiating each of the plates with radiant rays. The radiant ray
      could comprise an infrared ray. Means are also provided for detecting the
      quantity of radiant rays reflected from each of the plates as a sheet
      passes over them. Means coupled to the detecting means are provided for
      generating a signal indicating a piled sheet condition when the difference
      between the quantity of reflected rays from the high reflectivity plate
      and the quantity of reflected rays from the low reflectivity plate is
      below a predetermined level. When paper passes between the detecting means
      and the plates the quantity of reflected rays from each of the reflecting
      plates is greatly different when a single sheet is being fed, but there is
      little difference in the quantity of the reflected rays from each of the
      plates when piled sheets are being fed.
DRWD
PAR  The FIGURE is a schematic illustration of one embodiment in accordance with
      the present invention.
DETD
PAR  Referring now to the FIGURE, a sheet 1, for example of paper, is shown
      passing over the high reflectivity plate 3 and the low reflectivity plate
      4 positioned in the sheet feed path 2. In the embodiment shown the high
      reflectivity plate 3 comprises white art paper and the low reflectivity
      plate 4 comprises a light shielding paper. Luminous diodes 5 and 6 are
      provided to irradiate the reflecting plates through the paper sheet 1, and
      comprise the source of radiant rays. Luminous diodes having a peak wave
      length of 940 millimicrons could be used. The detecting means comprises
      photocells 5', 6', the difference in the output from the photocells is
      provided as a signal by any desired circuit 7. For example, one could
      employ a conventional threshold comparator circuit. The particular type of
      circuit employed does not form a part of the present invention. When the
      level of the signal falls below a predetermined trigger level an alarm 8
      for piled sheet feeding is sounded by employing a suitable conventional
      circuit, for example, a trigger circuit. It should also be apparent to
      those skilled in the art that a circuit similar to that described with
      reference to FIG. 5 of the above-noted U.S. Pat. No. 3,278,754 could be
      employed with the detectors 5' and 6' of this invention.
PAR  Detection of piled or double fed sheets can be readily obtained with the
      apparatus of the present invention. The apparatus of the present invention
      utilizing as it does the reflected rays from the reflection plates 3 and 4
      positioned behind the sheet 1 and utilizing two detectors 5' and 6'
      eliminates the influence of sheet thickness or sheet color. Also, as
      compared to conventional systems the effects of the mounting position of
      the light receiving elements 5' and 6' is diminished while still allowing
      the use of small sized detectors.
PAR  U.S. Pat. No. 3,278,754 is intended to be incorporated by reference into
      the description of this application.
PAR  It is apparent that there has been provided in accordance with this
      invention, a device for detecting double sheet feeding which fully
      satisfies the objects, means and advantages set forth hereinbefore. While
      the invention has been described in conjunction with specific embodiments
      thereof, it is evident that many alternatives, modifications and
      variations will be apparent to those skilled in the art in light of the
      foregoing description. Accordingly, it is intended to embrace all such
      alternatives, modifications and variations as fall within the spirit and
      broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for detecting the feeding of piled sheets along a sheet
      feed path comprising:
PA1  a first reflection plate positioned in said sheet feed path, said first
      plate having a high reflectivity;
PA1  a second reflection plate positioned in said sheet feed path, said second
      plate having a low reflectivity as compared to said first plate;
PA1  means for irradiating each of said plates with infrared rays, said
      irradiating means being positioned to irradiate said plates through said
      sheets;
PA1  means for detecting the quantity of infrared rays reflected from each of
      said plates; and
PA1  means coupled to said detecting means for generating a signal indicating
      piled sheets being fed when the difference between the quantity of
      reflected rays from said first plate and the quantity of reflected rays
      from said second plate is below a predetermined level.
NUM  2.
PAR  2. An apparatus as in claim 1 wherein said irradiating means comprise
      luminous diodes and wherein said detecting means comprise photocells.
NUM  3.
PAR  3. An apparatus as in claim 2 wherein said first plate comprises white
      paper and wherein said second plate comprises black paper.
NUM  4.
PAR  4. An apparatus as in claim 3 wherein said diodes have a peak wavelength of
      940 millimicrons.
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ABST
PAL  An X-ray detector for converting X-ray energy into electrical energy which
      contains a X-ray sensitive fluorescent screen optically coupled to a
      photovoltaic energy conversion cell. An electrostatic shield is provided
      at the input of said fluorescent screen to shield the detector from both
      background electrical noise and ambient light. Mechanical configurations
      and electrical flexibility make the detector particularly well suited for
      the control of panoramic X-ray machines.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to X-ray detectors and more particularly
      concerns X-ray detectors for the control of panoramic X-ray machines.
PAR  X-ray detectors known and used in the prior art are subject to deficiences.
      Previous X-ray detectors have been bulky, expensive and prone to
      instability and parametric drift. These detectors include a fluorescent
      screen which upon excitation by X-rays emit light which is directed to a
      photo sensitive electronic tube. Electrical characteristics of the tube
      are such as to require a high impedance load, as well as requiring
      external high voltage power supplies. Photo-electric tubes are relatively
      bulky and are fixed in shape. The sensitive area of the tube is only a
      small portion of the body of the tube. Some applications require that an
      X-ray detector meet certain geometric configurations. The use of
      photosensitive vacuum tubes preclude the flexibility required by these
      applications.
PAR  One such application is a panoramic X-ray machine. A panoramic X-ray
      machine is used to take full mouth X-rays in one continuous operation.
      This is accomplished by providing a X-ray source on one side of the
      patient's skull and arranged diagonally opposite of the patient's skull, a
      film cassette or holder for transporting a filmstrip for recording X-ray
      images obtained thereby. The X-ray source and the film cassette rotate
      about the patient's skull in a predetermined path maintaining an area of
      the patient's teeth in the focal plane of interest. When the front teeth
      are being X-rayed, the X-ray source must be positioned behind the
      patient's neck while the film cassette is located in the proximity with
      the patient's lips. When side teeth are being X-rayed, the X-ray source on
      one side of the patient's face, while the cassette is on the other. While
      X-raying through the patient's neck, the X-ray beam must pass through the
      skull, vertibra and other X-ray absorbing tissue. Conversely, when
      X-raying teeth on the side of the patient, the X-ray encounters
      appreciably less attenuation. X-ray film has very limited range of
      exposure latitude. Thus, without compensation, a given panoramic X-ray
      might be overexposed as to the side teeth, but underexposed as to the
      front teeth. For this reason, it would be desirable for an X-ray detector
      to be mounted in proximity to the film cassette for providing a signal
      corresponding to the amount of X-rays passing through the skull. The
      signal may be used to amplitude modulate the X-ray source or to control
      the speed of rotation of the X-ray source and the film cassette. The X-ray
      beam passing through the skull is typically 4 or 6 inches in height and
      one-eighth or one-fourth inches wide at the image receptor area where
      detection must take place. It would, therefore, be highly desirable to
      provide a detector that met this geometric configuration while being
      devoid of external power supply or unnecessary bulk. Since devices such as
      the panoramic X-ray are often intended for commercial use, economy is also
      an important consideration.
PAC  SUMMARY OF THE INVENTION
PAR  An X-ray detector has an electrical output signal that corresponds to a
      detected X-ray signal. The detector is comprised of a fluorescent screen
      which emits light in response to X-rays and at least one semiconductor
      photovoltaic energy conversion cell arranged in optical communication with
      the fluorescent screen for generating an electrical output in response to
      light emitted by the fluorescent screen. The photovoltaic energy
      conversion cell and the fluorescent screen are chosen to have matching
      spectral characteristics so that the visible light emitted by said
      fluorescent screen is optimumly converted by said photovoltaic cell. A
      feature of the invention, is that a electrostatic shield of metallic foil
      is arranged across the receiving side of said fluorescent screen for
      protection of the X-ray detector from un-wanted electrical signals and
      ambient light. In some applications, the X-ray source may produce a
      modulated X-ray signal. For these applications the output signal of the
      X-ray detector is directed through a low band filter means having a
      cut-off frequency above the modulation frequency and therefrom through a
      band pass filter means having a center frequency substantially that of the
      modulation frequency. Both the low band filter means and the band pass
      filter means may be active filter circuits having gain. The detector and
      associated circuitry described may be used in conjunction with a servo
      motor control of a scanning panoramic X-ray unit so as to control the
      speed of the scan.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the invention will become apparent upon
      reading the following detailed description and upon reference to the
      drawings in which:
PAR  FIG. 1 is a view of the X-ray detector including the invention;
PAR  FIG. 2 is another view of the X-ray detector;
PAR  FIG. 3 is an optical diagram of the X-ray detector of FIGS. 1 and 2;
PAR  FIG. 4 is a schematic of a signal conditioning circuitry for the output of
      the X-ray detector of FIG. 1; and,
PAR  FIG. 5 is a diagram of a panoramic X-ray unit which includes the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 and FIG. 2 are two views of a X-ray detector 10 suitable for
      practicing the invention and are described concurrently. A fluorescent
      screen 12 is used to convert incident X-rays 14 into light. The
      fluorescent screen 12 can have an X-ray transparent base 18, such as for
      example plastic with a coating 20 of a fluorescent material such as
      calcium tungstate or other known material which has a property of a
      emitting light upon excitation by X-rays. It is preferred that the
      fluorescent material have a short persistance so that the amount of
      emitted light corresponds to the immediate intensity of the exciting
      X-ray. Such fluorescent screens are commercially available.
PAR  One or more semiconducter photosensitive cells 22 are mounted on a
      fiberglass board 24 for rigidity. Photovoltaic energy conversion cells are
      preferable to the photoconductor cells presently available as the geometry
      and response speed of the former are superior to that of the latter.
      Conductive epoxy can be use to affix the photovoltaic energy conversion
      cell 22 to the board 24 and to make electrical contact with printed wiring
      on the board. A plurality of cells may be used. If more than one
      photovoltaic energy conversion cell is used, it is preferable to connect
      them in shunt so as to present the lowest output impedance, an important
      consideration to avoid generating electrical noise. The cells are
      preferably those of the silicon type. Silicon type cells have better noise
      characteristics than selenium type presently available.
PAR  The photovoltaic energy conversion cell has an active surface 26 and
      generates electrical current upon receipt of light upon said active
      surface 26. In the present invention, the active surface is in optical
      communication with the fluorescent screen 12. The simplest arrangement is
      for the active surface to be in proximity to the coated side 20 of the
      fluorescent screen 12. The photovoltaic energy conversion cell 22 can be
      selected to have a spectral response corresponding to the optical emission
      of the fluorescent sceen 12.
PAR  An electrostatic shield 28 interposed between the fluorescent screen and
      the X-ray source. The shield 28 is constructed of conductive material to
      shield the photovoltaic energy conversion cell 22 from both background
      electrical noise and ambient light. Copper and aluminum foil have been
      found to be satisfactory. The foil must be thin enough so as to avoid
      excessive attenuation or scattering of the incident X-rays. Foil 1 mil.
      thick performs well. The detector 10 may be retained in a housing for
      protection.
PAR  FIG. 3 is an optical diagram for explaining the operation of the X-ray
      detector including the invention, the elements are as heretofore
      described. Incoming X-rays 14 pass through the electrostatic shield 28 and
      excite the fluorescent material 20 which emits light 16. The light is
      received by the photovoltaic energy conversion cell 22 and converted to
      electrical energy available at the ouput terminals 30. In the case of a
      very low impedance load, the output of the photovoltaic conversion cell
      will be an electrical current corresponding to the magnitude of the
      detected X-ray.
PAR  Important advantages are obtained by the disclosed X-ray detector. The
      effective area of the detector may be shaped to fit any need. For example,
      in a panoramic X-ray unit, a rectangular detector is required to intercept
      the X-ray beam, which is approximately 6 inches in height and one-eighth
      or one-fourth inches wide at the image recovery area where the detection
      must take place. This geometry may easily be met with the disclosed
      apparatus. The thickness of the detector is less than that of the tube
      detector. An important electrical consideration for low noise application
      is the low output impedance obtained from silicon cells.
PAR  In some applications, the X-ray source is an X-ray tube driven by a high
      voltage 60-cycle source. The voltage is rectified by a diode bridge
      circuit or the X-ray tube itself. The tube generates X-rays which have a
      120 cycle envelope or a 60 cycle envelope respectively.
PAR  FIG. 4 is a block diagram of detector circuitry used for detecting X-rays
      which energy is contained within such modulation envelopes. The response
      of the detector must be fast enough to follow the envelope of the X-ray.
      Upon receipt of a modulated X-ray, the detector responds accordingly with
      an output signal having an amplitude that is a function of the energy of
      X-rays received and also being cyclic at the same frequency as that of the
      envelope. The presence of an alternating component of the output signal is
      an advantage as it is well known AC amplifiers are more immune to drift
      than DC amplifiers.
PAR  The output of the detector is amplified by DC amplifier 32. The first
      amplifier has a very low input impedance, appoaching that of a short
      circuit which causes the detector to behave as a current source. The low
      impedance across the amplifiers input is a decided advantage in minimizing
      electrical noise pick up. The first amplifier contains a low noise,
      operational amplifier 34 that has a feedback network 36 including a
      resistor 38 and a capacitor 40 in shunt. The feedback network 36 has the
      effect of reducing the gain at higher frequencies. Therefore, the
      amplifier acts as an low pass filter having a cut off point chosen to be
      above the frequency of the detected envelope. This arrangement stablizes
      the gain of the circuit and further reduces high frequency noise that may
      have been generated. The output of the first amplifier is an amplified
      signal the magnitude of which is equal to the resistor 38 times the signal
      current produced by the photovoltaic energy conversion cell 22 of the
      detector.
PAR  The output signal of the first amplifier 12 is applied across the input of
      an AC amplifier 42. The second amplifier 42 including resistors 43 and
      capacitors 45 are arranged so as to act as a band pass filter, the center
      frequency of which being the same as the frequency of the detected
      envelope of the modulated X-ray source. The band pass characteristics of
      the second amplifier eliminates noise outside the pass band, as well as
      any DC component of the signal as present on the envelope of the received
      X-ray. A peak rectifier 44 converts the signal into a DC voltage, the
      magnitude of which is equal to the peak voltage amplitude of the output
      signal of the detector 10 and is a function of the intensity of the X-rays
      energy.
PAR  FIG. 5 is a block diagram of a panoramic X-ray unit which includes the
      present invention. An X-ray source 46 and a film cassette or holder 48 are
      placed on opposite sides of a patient's skull 50. Both elements 46, 48
      rotate about the skull in a predetermined manner keeping a portion of the
      dental arch in focus. The purpose is to obtain a panoramic or continuous
      X-ray strip of substantially all the patient's teeth and jaw in one
      exposure.
PAR  As the elements simultaneously rotate, the film strip recording produces in
      the cassette a continuous X-ray record of the passage around the patient's
      jaw. The X-rays will be a attenuated by the amount of bone and tissue
      interposed between the source and the film. When X-raying the patient's
      front teeth, the X-ray source 46 is behind the patient's neck while the
      film cassette 48 is in front of the patient's lips resulting in high
      attenuation of the X-ray beam. In X-raying the patient's side teeth, the
      X-ray source 46 is on one side of the patient's head and the film cassette
      48 is on the other resulting in low attenuation.
PAR  X-ray film has only a moderate exposure range. It is therefore, necessary,
      to alter the amount of exposure on a given amount of film in relation to
      the portion of the skull being X-rayed. By placing the detector 10 of the
      invention in proximity of the film cassette 48 a signal may be obtained
      corresponding to the intensity of the X-ray. This signal is used to
      control either the intensity of the X-ray source or the speed of the
      rotating source. In some applications, it is generally undesirable to vary
      the intensity of the tube, because of the high voltage involved therein
      and because the compensation circuitry, used to minimize source line
      fluctuations, do not generally lend themselves easily to intensity control
      schemes. It is, therefore, generally preferred to vary the speed of the
      unit.
PAR  In the panoramic X-ray unit of FIG. 5 a variable speed servomotor 52 is
      used to move both the X-ray source 46 and the corresponding film cassette
      48 about the patient's skull by means of a mechanical drive 54. A feedback
      circuit 56 senses the rotational speed of the servomotor 52 and applies a
      feedback signal to a summing circuit 58. The output of the detector 10 is
      amplified by amplifiers 32, 42, rectified by the rectifier circuit of FIG.
      4, and applied to summing circuit 58. The difference between the amplitude
      of the feedback signal and the signal from the rectifier is amplified by a
      servo amplifier 60 which controls the speed of the servomotor.
PAR  When, for instance, the X-ray is looking through the side of the patient's
      skull where the X-ray attenuation is the lowest the detector output will
      be at a high level and the speed of the servo-motor will be increased to
      drive the unit faster thereby reducing exposure time. At the opposite
      extreme, when X-raying the front teeth, the X-ray beam must pass through
      the base of the skull and vertibra where attenuation is higher, this
      produces a lower level from the detector output which causes the
      servomotor to drive slower resulting in a higher exposure time.
PAR  The disclosed X-ray detector may be fabricated to meet any desired
      geometric configuration. It does not require external high voltage power
      supplies and is free from undesirable bulk. The X-ray detector may be
      manufactured for moderate cost. It is rugged and reliable and is suitable
      for many applications, including application for requirements requiring a
      low noise X-ray detector. One such application is a panoramic X-ray
      machine as heretofore described.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for detecting the intensity of X-ray radiation received from
      an amplitude modulated X-ray source, said apparatus comprising:
PA1  solid state X-ray radiation detection means responsive to X-ray radiation
      to generate an electrical output signal the magnitude of which is a
      function of the intensity of the X-ray radiation wherein the response time
      of said detector means is sufficiently fast enough to follow the changes
      in X-ray intensity so that said output signal follows the amplitude of the
      envelope of the modulated X-ray; and
PA1  bandpass filter circuit means for transmitting signals at the modulation
      frequency while rejecting the signals having frequencies substantially
      higher and lower than said modulation frequency.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said detection means has an
      output impedance of a magnitude so that said detection means approximates
      a current source.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein said bandpass filter circuit
      means includes:
PA1  a DC amplifier with low pass filter means feedback;
PA1  a AC amplifier with band pass filter means feedback, said DC amplifier
      having an input being connected to the detection means and an output
      connected to said AC amplifier.
NUM  4.
PAR  4. In combination with an X-ray scanning system, wherein a modulated X-ray
      radiation source and an X-ray receiving means are moved by variable speed
      drive, a control system for controlling the rate at which the source and
      the receiver are moved as a function of the intensity of the X-ray
      radiation received which comprises:
PA1  an X-ray detection means responsive to X-ray radiation to generate output
      signal the magnitude of which is a function of the intensity of the X-ray
      radiation;
PA1  feedback circuit means for providing a feedback signal that is a function
      of the rate at which said source and receiver are moved;
PA1  comparing means for comparing the feedback signal to the X-ray detector
      signal for providing a control signal for changing the rate at which said
      source and said receiver are to be moved; and
PA1  control circuit means for applying the control signal to said variable
      speed drive in relation to said control signal which corresponds to the
      intensity of the detected X-ray radiation.
NUM  5.
PAR  5. In combination with an X-ray scanning system having a X-ray radiation
      source and an X-ray receiving means movable about a target, a control
      system for controlling the dosage of X-ray radiation in response to the
      intensity of X-ray radiation received, which comprises:
PA1  an X-ray detector in proximity to said receiving means for generating an
      output signal representative of the intensity of the X-ray radiation
      received; and
PA1  control means responsive to said output signal for adjusting the dosage
      accordingly during the excursion of said source and receiving means about
      said target.
NUM  6.
PAR  6. A control system as set forth in claim 5 wherein said control means
      varies the speed at which said radiation source and receiving means are
      moved about the target, thereby adjusting the X-ray dosage.
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PAL  Apparatus is disclosed for providing a visual representation of the
      absorption or transmission coefficients of the elements of a two
      dimensional matrix of elements notionally defined in a cross-sectional
      plane through a body. The representation is in the form of an analogue
      display comprising superimposed lines of information scanned on the
      surface of a suitable screen, the brightness of each line being indicative
      of the absorption suffered by penetrating radiation on traversing a
      respective path through said plane of the body. The orientation of each
      scanned line depends on the orientation of the respective path with
      respect to the body.
BSUM
PAR  This invention relates to apparatus for examining a body by means of
      penetrating radiation such as X- or .gamma.- radiation.
PAR  It has been proposed to form a radiograph of a region of a body by
      measuring the absorption of each of a plurality of rays of said radiation
      passed through the region in a precisely determined manner such that at
      least some of the rays intersect. Our United States Pat. No. 3,778,614
      describes and claims apparatus for (and a method of) forming such
      radiograph, by computing the absorption (or transmission) coefficients of
      different ones of a plurality of elements in a matrix of elements
      notionally delineated in the region, from measured absorptions of the rays
      by a calculation including a series of successive approximations.
PAR  In this specification, the measured absorption of a ray will be referred to
      as an edge value, and the absorption (or transmission) coefficient
      assigned to a particular element in said matrix will be referred to as a
      mesh value.
PAR  The main object of the present invention is to provide apparatus for
      examining a body by means of radiation such as X- or .gamma.- radiation
      including means for deriving, from a planar region of the body, electrical
      signals indicative of the absorption suffered by the radiation on
      traversing a plurality of sets of linear paths through the body, and
      having improved means for transforming said electrical signals into a
      visible display of the absorption coefficients of the elements of said
      planar region.
DRWD
PAR  In order that the invention may be fully understood and readily carried
      into effect, one embodiment thereof will now be described with reference
      to the accompanying drawings of which:
PAR  FIG. 1 shows part of one example of apparatus in accordance with the
      invention for examining a body,
PAR  FIG. 2 shows a display arrangement for use with the apparatus shown in FIG.
      1,
PAR  FIG. 3 shows an alternative arrangement suitable for use as part of the
      apparatus shown in FIG. 1, and
PAR  FIG. 4 shows apparatus for displaying signals derived by the apparatus
      shown in FIG. 3.
DETD
PAR  FIG. 1 shows apparatus for passing sets of parallel rays of radiation
      through a region, defined by an aperture 1, in a plurality of different
      directions. Two such sets of ray paths are shown as hatched lines. A frame
      member 2 locates a source 3 of X-radiation and a radiation detector 4 on
      opposite sides of the aperture. The source 3, which conveniently comprises
      a Coolidge tube, is arranged to pass a collimated ray to detector 4, which
      detector, in this example of the invention, comprises a sodium iodide
      scintillation crystal with an associated photomultiplier tube. The frame 2
      is arranged to perform a reciprocating motion relative to a discoidal
      backplate member 5, the frame 2 being driven by a reciprocating motor 6
      and an associated connecting rod 7. In the position shown, the frame
      performs a right-left-right motion. The backplate 5 is capable of rotating
      in the plane of reciprocation of frame 2, being driven by a gear wheel 8a,
      which itself is driven by a motor 8. Motor 8 operates in a stepwise manner
      in response to electrical pulses from clock 9, and motor 6 is controlled
      by the same pulses. The photons detected by detector 4 are counted in a
      counter 10, the contents of which are read out in response to pulses from
      the clock 9, and are applied to a logarithmic converter which produces
      analogue signals of amplitude indicative of the logarithms of numbers read
      out of the counter 10.
PAR  In operation, the frame 2 is arranged to move in a regular manner across
      the aperture such that tube 3 produces a sweep of parallel rays through
      the region. The detector 4 detects, in turn the photon intensity of each
      ray after traversing the region, the pulse output of the photomultiplier
      for each ray being counted in counter 10 during the movement of frame 2.
      When the sweep is completed, motor 8 rotates the backplate 5 through an
      angular step, and a similar sweep is performed at an angle to the first
      sweep, but with the direction of motion of the frame reversed. A series of
      such sweeps is performed at a plurality of different angles.
PAR  It will be realised that the output of the logarithmic converter 11
      comprises a series of signals indicative of edge values. Each of the
      signals has an amplitude indicative of the overall amount of the radiation
      absorbed by the notional elements through which the corresponding ray
      traverses. Sets of said edge value signals, each set corresponding to one
      of the sweeps of rays, are applied sequentially to a convolution computer
      12. In this example of the invention, the convolution computer computes a
      set of signals representative of edge values from each of the
      aforementioned sets of edge values, which comprise convoluted edge values
      in accordance with the proposal elucidated in copending U.S. Pat.
      application Ser. No. 462,104. However, the computer 12 may alternatively
      be programmed in accordance with any other suitable transformation
      process.
PAR  As explained with reference to FIG. 8b, c and d of our U.S. Pat. No.
      3,778,614, the range of absorption coefficients to be displayed depends on
      the overall absorption of radiation by the body and it is thus convenient
      to display the absorption coefficients as positive and negative values
      relative to a threshold or datum level. To achieve this end, output
      signals from the computer 12, indicative of the convoluted edge values,
      are applied to a threshold circuit 13 which processes the signals to
      become positive or negative signals relative to the threshold level. The
      threshold level may be varied depending upon the required range of
      absorption to be investigated. The positive and negative signals are
      arranged to modulate sources of ultra-violet (U.V.) and infrared (I.R.)
      energy respectively by means of respective modulators 14 and 15. These
      modulators may comprise, for example, Kerr Cell arrangements or means for
      controlling the supply voltages to the said sources of energy. The
      modulated energy is displayed as will now be described with reference to
      FIG. 2.
PAR  The display apparatus comprises a rotatable screen 16 having a phosphor
      coating which has the property of accumulating an afterglow when
      irradiated with U.V. radiation, the afterglow being reduced when the
      screen is irradiated with I.R. radiation. The phosphor layer may comprise
      zinc sulphide. Coincident lines of U.V. and I.R. radiation from the
      modulated sources shown as 17 and 18 are focussed on the screen 16 by
      means of a cylindrical lens 19, and are arranged to be scanned over the
      screen by means of a rotatable mirror drum 20. The rotation of the mirror
      drum is arranged to display a series of parallel lines on the screen 16
      which have a relative spacing corresponding to rays of X-radiation in one
      of said sweeps through the body, and the screen 16 is rotated such that
      several series of parallel lines are displayed at different angles
      corresponding to different ones of said sweeps. The rotation of the screen
      16 is effected by a drive from motor 8 and the mirror drum 20 may be
      driven by a motor controlled by the clock pulses from clock 9.
PAR  In operation, the screen 16 is exposed to an U.V. source such that a
      uniform afterglow is established in the phosphor layer. This may be
      achieved by scanning the line of U.V. radiation from source 17, when
      unmodulated, by means of mirror drum 20. The abovementioned sets of lines
      are then displayed on the screen, the uniform afterglow of the screen
      being enhanced or degraded for each line in dependence upon the modulation
      signals applied to either of the modulators 14 or 15. Thus each line has a
      relative disposition corresponding to a particular one of said rays of
      X-radiation and has a uniform intensity afterglow indicative of the
      convoluted edge value attributed to the ray.
PAR  The afterglow of intersecting lines tend to sum at the intersections
      thereof so as to provide a spatial sum of the convoluted edge values in
      accordance with the previously mentioned Patent Application. The afterglow
      is liberated as visible light by directing a beam of I.R. radiation to the
      screen, for example by scanning the source 18, when unmodulated across the
      screen by means of mirror drum 20. The visible light released from the
      screen is recorded by an adjacent camera 21 to provide a photographic
      record indicative of a map of the variations in absorption coefficient in
      a section of the body defined by the locus of the rays of X-radiation.
PAR  Instead of computing the convoluted edge values by means of computer 12,
      the convolution may be performed in analogue manner with further beams of
      radiation arranged to be incident on screen 16. Referring now to FIG. 3,
      signals from an arrangement for scanning the body are processed by a
      counter 10 and log converter 11 in the manner described with reference to
      FIG. 1, and are subsequently applied to a threshold circuit 22
      substantially similar to threshold 13. Positive and negative signals from
      the threshold 22 indicative of edge values are each applied to a
      respective pair of modulators, each pair including a modulator for a
      source of I.R. radiation and U.V. radiation, i.e., modulators 23, 24, 25
      and 26. FIG. 4 shows a schematic arrangement for displaying such modulated
      radiation. References 27 and 28 show respectively sources of I.R. and U.V.
      radiation (modulated by modulators 25 and 26 respectively) which are
      focussed by means of a cylindrical lens 19 and via a mirror drum 20 to a
      rotatable screen 16 as described before. The I.R. source 27 is placed
      further from the lens 19 than the U.V. source 28 such that the former
      forms a broad line on the screen, while the latter forms a narrow line
      thereon as described with reference to FIG. 2. The intensity distribution
      across the broad beam is modified by a variable density filler 27b located
      as shown close to the source 28, to provide an intensity distribution
      across the plane of the screen 12 indicative of a convolution
      distribution, for example of the kind disclosed in aforementioned
      copending Patent Application. Considering first only positive edge values
      relative to the threshold level, the U.V. source 28 is modulated, by
      modulator 26, to augment by varying amounts a preset uniform afterglow on
      screen 16 in series of parallel lines, in a similar manner to that
      described before. The broad beam from I.R. source 27, however, degrades
      the afterglow for parallel lines adjacent and including that described by
      source 28 at any instant, so as to provide a correction to those lines in
      accordance with the proposals of the aforementioned Patent Application. A
      similar set of sources comprising a U.V. source 27a and an I.R. source 28a
      are placed beneath sources 27 and 28 and are modulated by negative signals
      from the threshold 22 thereby imparting an afterglow indicative of
      negative edge values relative to the threshold on the screen. Thus when
      all the edge values in a set of edge values have been displayed as a
      series of parallel lines, together with their corrections, a spatial
      afterglow distribution is recorded on the screen indicative of
      corresponding convoluted edge values. After several such series of
      parallel lines have been recorded on the screen 16, a map of the
      absorption ceefficients described by the retained afterglow is recorded by
      camera 21 in the manner described with reference to FIG. 2.
PAR  The signals indicative of edge values derived from the body need not
      necessarily be obtained by means of the scanning arrangement shown in FIG.
      1, and may be derived from any other suitable apparatus. The display
      apparatus described with reference to FIG. 2 need not necessarily display
      convoluted edge values. To provide a crude display, the signals indicative
      of edge values with no other transformation than that produced by the log
      converter 11 may be processed directly in a threshold circuit such as 13
      and then applied to the modulators 14 and 15.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Apparatus for examining a body by means of radiation such as X- or
      .gamma.- radiation including means for deriving, from a planar region of
      the body, electrical signals indicative of the absorption suffered by the
      radiation on traversing a plurality of sets of linear paths through the
      body, means for transforming said electrical signals in accordance with a
      convoluting function, visual display means including a screen device for
      displaying, in respect of each of said paths, a visible line of brightness
      determined by the transformed electrical signal derived from that path,
      each displayed line being oriented upon said screen device at an angle
      corresponding to the angle of the corresponding linear path through said
      region of the body.
NUM  2.
PAR  2. Apparatus for examining a body by means of radiation such as X- or
      .gamma.- radiation including means for deriving, from a planar region of
      the body, electrical signals indicative of the absorption suffered by the
      radiation on traversing a plurality of sets of linear paths through the
      body, means for transforming said electrical signals in accordance with a
      desired function, a screen device, sources of energy of two different
      wavelengths, means for focussing the energy of both wavelengths as
      coincident lines on said screen device, the screen device including
      material which stores energy when bombarded by energy of one of said
      wavelengths and releases energy when bombarded by energy of the other,
      means for comparing each transformed electrical signal with a threshold
      level, means for utilising signals in excess of said threshold level to
      control the strength of the energy of said one wavelength as incident on
      the screen device and for utilising the signals which do not exceed said
      threshold level to control the strength of the energy of said other
      wavelength as incident on the screen device, and means for scanning said
      coincident lines relative to said screen device to cause said lines to
      represent successively said sets of linear paths.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said one wavelength lies in the
      ultra-violet band of the electromagnetic spectrum, and said other
      wavelength lies in the infra-red band of said spectrum.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein the material included in said
      screen device is zinc sulphide.
NUM  5.
PAR  5. Apparatus according to claim 4 including means operative subsequently to
      the bombardment of the screen device by the energy from said sources to
      cause energy of said other wavelength and of uniform strength to be
      incident on the screen to liberate residual energy stored thereon as
      visible light.
NUM  6.
PAR  6. Apparatus according to claim 2 including further sources of energy of
      said two different wavelengths so positioned that said focussing means
      causes energy from said source to impinge on said screen device as broad
      lines, variable density filter means to provide an intensity distribution
      of energy across said broad lines, and means for utilising the signals
      which do not exceed said threshold to control the strength of the energy
      from said further sources of said one wavelength as incident on said
      screen device and for utilising the signals in excess of said threshold
      level to control the strength of the energy from said further sources of
      said other wavelength as incident on said screen device, said scanning
      means being operative to scan said broad lines together with said first
      mentioned lines.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said scanning means includes a
      rotatable mirror drum having a plurality of facets, the energy being
      incident thereon through a cylindrical lens.
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ABST
PAL  A method is provided for determining the dose value of neutrons leaving a
      body as thermal and intermediate neutrons after having been scattered in
      the body. A first dose value of thermal and intermediate neutrons are
      detected on the surface of the body by means of a first detector for
      neutrons which is shielded against thermal and intermediate neutrons not
      emerging from the body. A second detector is used to measure a second dose
      value of the thermal and intermediate neutrons not emerging from the body.
      A first correction factor based on the first and second values is obtained
      from a calibration diagram and is applied to the first dose value to
      determine a first corrected first dose value.
BSUM
PAR  The present invention relates to a method of determining the dose value of
      neutrons leaving a body as thermal and intermediate neutrons after having
      been scattered in it and detected on the surface of the body by means of a
      detector for neutrons which is shielded against the thermal and
      intermediate neutrons not leaving the body.
PAR  This method of measurement, which is also called albedo dosimetry, is based
      on the principle that high-energy neutrons leave a body as thermal and
      intermediate neutrons after having been scattered in it and are detected
      on the surface of the body by means of a detector for thermal neutrons.
      From theoretical and experimental studies the albedo factor for thermal
      neutrons, defined as the thermal neutron fluence scattered by the body
      relative to the total neutron fluence entering the body, shows an
      over-sensitivity of up to a factor of 4 to directly incident thermal
      neutrons as against intermediate neutrons. When using a cadmium or boron
      shield, albedo dosimeters do furnish an approximately equivalent-dose
      correct reading of thermal and intermediate neutrons up to energies of 10
      keV, but albedo dosimeters will be able to detect fast neutrons only with
      a low sensitivity corresponding to some 1-5% of the sensitivity to
      intermediate neutrons. Hence, it is not meaningful in the opinion of
      experts to use this type of detectors for the detection of fast neutrons.
PAR  On the other hand, it is known that fast neutrons can be detected by
      nuclear emulsions allowing a measurement to be made of the equivalent dose
      in the energy range between 0.6 and 5 MeV within .+-.60% (Atompraxis, 9,
      p. 179, 1963). However, the high gamma sensitivity, the small range of
      measurement and the fading, especially at low neutron energies, very much
      reduce the applicability of this kind of personnel monitoring system.
PAR  Non-photographic nuclear track detectors are now increasingly being
      introduced in routine monitoring surveys. The wide dose range together
      with optimum gamma discrimination, on the one hand, and the relatively
      high gamma background of thick layers of fissile material (U, Th, Np) and
      the insufficient sensitivity of these detectors with thin detectors
      layers, on the other hand, indicate the advantages especially in accident
      dosimetry. One major disadvantage of nuclear track detectors, however, is
      the energy threshold, which would allow only fast neutrons above 0.7 MeV
      to be detected, if at all. With albedo dosimeters, however, due to the
      detection of low-energy neutrons backscattered by the body, this energy
      threshold does not exist. This method of neutron detection therefore has
      been preferred for the detection of thermal and intermediate neutrons
      (Dennis, I. A. et al., Proc. IAEA Scint., Neutron Monitoring, Vienna 1967,
      p. 547). It has been found that cadmium covered films and nuclear track
      emulsions under certain conditions may also detect thermal and
      intermediate neutrons.
PAR  An albedo dosimeter has also been developed (Korba, A., Hoy, J. E., Health
      Physics 18, p. 581, 1970) which consists of a combination of two LiF
      dosimeter pairs arranged within a polyethylene hemisphere partly covered
      with Cd. This dosimeter is able to measure the equivalent dose of neutrons
      of a .sup.252 Cf and Pu-Be source and neutrons of various critical
      assemblies. However, if the radiation field, scattered or unscattered
      neutrons, is known, as in the range of intermediate neutrons close to
      reactors, the equivalent dose can be determined with sufficient accuracy
      only by means of a location dependent calibration factor.
PAR  Further reasons for difficulties involved in the measurement of fast
      neutrons are caused by the fact that studies conducted with .sup.252 Cf
      neutrons indicated that the influence of scattered neutrons from the
      environment is relatively small in the case of open air exposure, but that
      these detection conditions change as the fraction of neutrons
      backscattered by the ground, the wall and the shielding of the source,
      respectively, increases.
PAR  Now, it is the purpose of the present invention to create a light-weight
      and simply designed albedo dosimeter for measuring the equivalent dose of
      fast neutrons which requires no additional information about the radiation
      conditions encountered on the spot and which indicates the equivalent dose
      almost independent of the neutron energy and the direction of radiation
      incidence even in the presence of a continuous spectrum.
PAR  One possible solution to this problem consists in the fact that another
      detector is used to measure another dose value of the thermal and
      intermediate neutrons not leaving the body, the two dose values are
      coupled, a first correction factor is taken from a calibration diagram,
      and that the correct dose value is calculated from the dose value of the
      first detector. In this case, the first correction factor for the first
      does value can be determined as a function of the quotient of the two dose
      values.
PAR  Another possible solution of the problem is characterized in that a second
      detector is used to measure a second dose value of the thermal and
      intermediate neutrons not leaving the body, the second and the first dose
      value are coupled, and a first correction factor is taken from a first
      calibration diagram, that a third dose value is measured by a third
      detector completely shielded against thermal neutrons, that this dose
      value and the second dose value are coupled and that a second correction
      factor is taken from a second calibration diagram corresponding to the
      first calibration diagram and that in this way the correct dose value is
      calculated from the dose value of the first detector. In this case, the
      first correction factor may be determined as a function of the quotient of
      the first and second dose values and the second correction factor may be
      determined as a function of the quotient of the difference of two of the
      dose values and one of the dose values. In one embodiment, the second
      correction factor can be determined as a function of the quotient of the
      difference of the second and third dose values and the third dose value.
PAR  A possible device for the execution of the first possible method is
      characterized in that the first detector is arranged on the inner bottom
      of pan-shaped form whose opening can be placed upon the body and that the
      second detector is arranged on the outer bottom of the form. The form may
      have an edge resting upon the body, the form and the edge themselves being
      made of a material absorbing thermal and intermediate neutrons.
PAR  One device for the execution of another possible method is characterized in
      that the interior of a cylinder, whose bottom opening faces towards the
      body, contains two disks arranged at a certain distance from each other so
      as to form two cross sectional planes, the outer surface of one disk
      carrying the second detector, the space between the two disks holding the
      third detector and the outer surface of the second disk, which is close to
      the bottom opening of the cylinder, carrying the first detector and the
      cylinder and the second disk constituting a pan-shaped form. The cylinder
      and the outer surface of the first disk and the inner space of the
      pan-shaped form may be surrounded by and lined with a plastic form. In one
      embodiment the plastic form at the level of the bottom opening of the
      cylinder may have a support edge surrounding said cylinder. In a preferred
      embodiment, the cylinder and the disks are made of a material absorbing
      thermal and intermediate neutrons, such as boron or a material containing
      boron.
PAR  According to the present invention it is ensured in this way that the
      relatively high sensitivity to backscattered neutrons of the albedo
      dosimeter is reduced so that an equivalent dose correct reading can be
      obtained.
PAR  In the first possible method, this is achieved by covering the dosimeter
      pair with a boron capsule on the side facing away from the body so as to
      absorb incident neutrons and by separate measurement of the incident
      neutrons and the neutrons backscattered by the body by one dosimeter each
      on both sides of the boron encapsulation. The ratio of readings of the two
      dose values is used to determine a frst correction factor. In addition, it
      is possible by measuring the dose both on the front and the back of the
      body by means of one dosimeter each to reduce the directionality of the
      dosimeter reading. In this "albedo dosimeter system" the readings of both
      dosimeters are added and assigned their first correction factor which is
      determined from the corresponding ratio of readings.
PAR  As has been shown by results of measurements, these measures were
      sufficient to reduce the dependence on energy and direction of the
      dosimeter reading for measurement of the equivalent dose of fast neutrons
      in the range of energy between some 100 keV and 14 MeV. In the other
      possible method, a corresponding procedure is adopted. The present
      invention is explained in greater detail below by examples on the basis of
      FIG. 1-6.
PAR  In a preferred embodiment the detectors used are pressed LiF-dosimeters of
      3 .times. 3 .times. 1 mm.sup.3 size which can be obtained commercially as
      TLD 600 and TLD 700 dosimeters. The detectors were calibrated with a
      .sup.137 Cs radiation. The maximum annealing temperature during the
      measurement is 240.degree.C. In order to allow the detectors, hereinafter
      called dosimeters for short, to be reused, regeneration was performed at a
      temperature of 400.degree.C (1 h) and 100.degree.C (2 h). Because of
      non-uniform sensitivities of the single dosimeters differing by more than
      .+-.5% within a batch, each dosimeter was calibrated individually before
      the beginning of the series of measurements. Moreover, it was ensured that
      the individual calibration factor is not changed by regeneration.
PAR  One TLD 600/TLD 700 dosimeter pair and detector pair, respectively, each
      was used for separation of the gamma dose fraction. The TLD 700 dosimeter
      is regarded as being sufficiently insensitive to thermal neutrons for the
      measurements anticipated. Its reading is a measure of the gamma dose. By
      contrast, TLD 600 besides the gamma radiation also indicates thermal
      neutrons, because of its high .sup.6 Li-content. The difference in
      readings between TLD 600 and TLD 700 indicates the neutron fraction of the
      radiation.
PAR  Both TLD 600 and TLD 700 show a similar supralinear behavior to gamma
      radiation above 200 rem. In this case, the fraction of the reading
      simulated as a neutron fraction in difference formation by the small
      differences in the gamma sensitivities of TLD 600 and TLD 700 is less than
      10% for gamma doses up to 1000 rem and less than 20% of the measured gamma
      dose up to 10.sup.5 rem.
PAR  The difference in readings between TLD 600 and TLD 700 is proportional to
      the equivalent dose for neutrons in the dose range between 20 rem and 1000
      rem and above this dose shows a more favorable supralinear behavior in
      contrast to the gamma dose reading. After correction of the supralinear
      reading of the difference in measured values by a maximum factor of 1.75
      it is possible to extend the neutron dose range up to 10.sup.5 rem. Gamma
      and neutron dose fractions can be separated as long as either of the two
      dose fractions contributes at least 10% to the total dose. The albedo
      dosimeter containing TLD 600 and TLD 700 as the detectors accordingly is
      able to detect fast neutrons, for instance of a .sup.252 Cf source, over a
      dose range between 20 mrem and 10.sup.5 rem. Of course, given the right
      calibration, also the energy dose can be measured instead of the
      equivalent dose.
PAR  A detector system of this type according to the present invention is
      outlined in greater detail below by means of FIG. 1.
PAR  As a shield against incident scattered neutrons a familiar pan-shaped form
      1 was used as a boron capsule which represents an optimization of the
      capsule size (dia. 48 mm) and the depth of the first detector D.sub.1 on
      the inner bottom 2 in capsule 1 (9 mm) with respect to discrimination of
      the neutrons incident from the body 3. The wall thickness is 3 mm and
      corresponds to an attenuation factor of 1000 for thermal neutrons. The
      opening 4 rests upon the body 3, as does an edge 5 surrounding it to
      shield against neutrons incident from the side.
PAR  The second detector D.sub.2 freely rests on the outside bottom 6 of the
      form and capsule 1, respectively (incidentally, it is possible to use for
      each detector D.sub.1, D.sub.2 and detector D.sub.3 in FIG. 4-6 two LiF
      (.sup.6 Li, .sup.7 Li) platelets each positioned side by side).
PAR  This detector D.sub.2 is used to measure the neutron fraction scattered by
      the environment (intermediate and thermal neutrons) without absorption.
PAR  The reading of this albedo dosimeter 7 on the surface of the phantom 3 was
      referred to the equivalent dose which was ascertained in the same place by
      means of a rem-counter. Calibration with 14 MeV neutrons and thermal
      neutrons was done by means of additional activation and fission detectors
      (neptunium, sulfur, gold).
PAR  For calibration of the albedo dosimeter 7 in the range of fast neutrons a 1
      mg .sup.252 Cf source with an effective source flux of 2.1 .times.
      10.sup.9 n/sec was used together with a 10 Ci .sup.238 Pu-Be source.
      Exposures were made at 1.4 m height above ground (concrete) in a hall of
      10 .times. 20 m.sup.2 size and 10 m height and at distances of 5, 3, 2, 1
      and 0.5 m from the source. Exposures to the .sup.252 Cf source were made
      in the open air and behind various shieldings. The materials selected for
      the 5 cm thick shield were PVC, concrete aluminum, and iron.
PAR  The influence of the neutrons backscattered from the ground for source
      distances between 0.5 and 5 m and the change in energy distribution caused
      by the source being shielded on all sides resulted in a dose reading which
      was proportional to the equivalent dose within .+-. 30% for the three
      directions of radiation incidence selected under 0.degree., 90.degree.,
      and 180.degree.. The mean detection sensitivity of the albedo dosimeter
      systen 7 is 0.54 R/rem for the neutron spectra at hand. Open air exposure
      without any shielding resulted in a sensitivity of 0.4 R/rem for .sup.252
      Cf neutrons, the corresponding value being 0.3 R/rem for Pu-Be neutrons
      and 0.71 R/rem for 14 MeV neutrons.
PAR  The additional detection of neutrons backscattered from the environment
      changes the relative dosimeter sensitivity of the albedo dosimeter 7 by a
      factor of up to 4. Hence, a dose measurement is possible only by
      additional correction of the neutrons incident from the outside, e.g. by
      separate measurement of the incident and the backscattered neutrons, for
      instance, through the ratio of readings of the dose values D.sub.2
      /D.sub.1.
PAR  FIG. 2 shows the dose values of the detector D.sub.1 indicated in R/rem
      plotted over the quotient of the dose values, measured by means of
      detectors D.sub.1 and D.sub.2 of the albedo dosimeter system 7. On the
      assumption that the increased sensitivity of the albedo dosimeter 7 is due
      to backscattered neutrons not only in the thermal but also in the
      intermediate energy range, no correspondingly higher ratio of readings of
      the detectors D.sub.2 /D.sub.1 is expected for an increased dosimeter
      sensitivity of the detector D.sub.1. The fraction of intermediate neutrons
      increases the dosimeter sensitivity by the same margin as thermal neutrons
      do, but without increasing the ratio of readings D.sub.2 /D.sub.1. The
      measured results of the .sup.252 Cf and .sup.238 Pu-Be exposures, however,
      show that there is a functional relationship between the dosimeter
      sensitivity of the detector D.sub.1 and the ratio of readings of the
      detectors D.sub.2 /D.sub.1. The deviation of the readings from a mean
      straight line G.sub.1 is within .+-. 20%. The assignment by means of
      straight line G.sub.2 of the dosimeter sensitivity of the detector D.sub.1
      to the corresponding ratio of readings D.sub.2 /D.sub.1 is a factor of 2.5
      smaller for 14 MeV neutrons. The increased dose sensitivity to the
      occurence of fast neutrons obviously and exclusively is due to thermal
      neutrons. The reading for thermal neutrons is approximately on the same
      straight line as the results obtained for .sup.252 Cf neutrons (ratio of
      readings D.sub.2 /D.sub.1 = 22). Because of these results, a first
      correction factor k.sub.1 [=f(D.sub.2 /D.sub.1)] was determined as a
      function relative to the ratio of readings of detectors D.sub.1, D.sub.2,
      which is shown in FIG. 3 for fast neutrons as the straight line G.sub.3,
      and for the 14 MeV neutrons as the straight line G.sub.4, and which is
      used for correction of the reading D.sub.1 (first calibration diagram).
      The correction in this case turns out to be D.sub.n = k.sub.1 .sup..
      D.sub.1, where D.sub.n is the reading true to the equivalent dose.
PAR  Considerable advantage has been achieved in the measurement of fast
      neutrons from the use of the albedo dosimeter system 7 by using the first
      correction factor k.sub.1. Without any correction of the backscattered
      fraction the sensitivity of the dosimeter reading in the range of energies
      between 14 MeV neutrons and backscattered .sup.252 Cf neutrons is between
      0.17 and 2.2 R/rem. After correction of the reading of the detector
      D.sub.1 by means of the ratio of readings D.sub.2 /D.sub.1, a mean
      dosimeter sensitivity of 0.54 R/rem is obtained with a maximum deviation
      of only .+-. 30%. This total error influence was determined for the
      directions of radiation incidence under 0.degree., 90.degree. and
      180.degree..
PAR  The over sensitivity of the albedo dosimeter system 7 to intermediate and
      thermal neutrons limits the application of the dosimeter in personnel
      monitoring to three main cases:
PA1  1. Handling of spontaneously fissioning neutrons and (.alpha.,n)- neutron
      sources: Correction of the backscattered radiation fraction through
      D.sub.2 /D.sub.1 requires no additional information about the neutron
      spectrum.
PA1  2. Handling 14 MeV neutrons: Again, a correction of the backscattered
      radiation fraction through D.sub.2 /D.sub.1 is possible.
PA1  3. Control at reactors: On the basis of local dose measurements for given
      shielding conditions a corresponding calibration factor can be used as the
      basis. Evaluation of dosimeter 7 requires additional information about the
      neutron spectrum.
PAR  In order to be able to measure also intermediate neutrons true to the dose
      equivalent, albedo dosimeters have been build which include a third
      detector according to the present invention and are represented in FIG.
      4-6.
PAR  FIG. 4 shows one embodiment in which a cylinder open on both sides and made
      of a neutron absorbing material, e.g., materials containing boron or
      lithium, or Cd, is surrounded by a plastic form 9. The interior 10 of the
      cylinder 8 is subdivided by two disks 11 and 12 forming two cross
      sectional planes. Also these two disks 11 and 12 are made of a material
      absorbing neutrons, such as boron. The outside surface 14 of the upper
      disk 11 carries the detector D.sub.2, the space 15 between the two disks
      11 and 12 the third detector D.sub.3, and the outside surface 16 of the
      disk 12 facing towards the opening 13 the detector D.sub.1. The third
      detector D.sub.3 thus is completely surrounded by neutron absorbing
      material, while detector D.sub.2 is unprotected and detector D.sub.1 can
      be hit only by thermal neutrons energing from the body not shown in
      greater detail.
PAR  The whole arrangement is surrounded by the plastic form 9 which also closes
      the bottom opening 13 and at the same time supports the detector D.sub.1
      with a pan-shaped structure 17. Around the bottom opening 13 of the
      cylinder 8 the plastic form 9 forms an edge 18 which is placed upon the
      body not shown in greater detail. The outside surface 14 of the disk 11 is
      covered by a slide lock and bayonet catch, respectively, also made of
      plastic. After opening of this lock 19 the components of the albedo
      dosimeter 7 can be taken from the plastic form 9.
PAR  FIG. 5 shows another embodiment which has a rectangular shape in cross
      section. (The same reference symbols are used for the corresponding
      parts). Instead of the cylinder 8 with its circular cross section there is
      a shielding 20 made of a neutron absorbing material, e.g. boron, which has
      a rectangular cross section. The interior 10 again is subdivided by the
      two disks 11 and 12, the third detector D.sub.3 being installed in the
      interim space 15. The outside surface 14 of the disk 11 again carries the
      detector D.sub.2, the surface 16 of the disk 12 carries the detector
      D.sub.1, which may be coupled with another detector D.sub.4 for
      measurement of the gamma component of the incident radiation. The same
      arrangement may be made for the other detectors D.sub.2 and D.sub.3. The
      two disks 11 and 12 again are made of a neutron absorbing material.
PAR  The shielding 20, as the disks 11 and 12, are again surrounded by a plastic
      form 21 adapted to the cross sectional shape of the shielding 20 and the
      cross sectional shape, now rectangular, of the disks 11 and 12 (see FIG.
      6). This plastic form 21 has an edge extending all around its
      circumference as shown in the arrangement according to FIG. 4, but the
      bottom opening 13 of the shielding 20 again is closed by the pan-shaped
      structure 17 which constitutes a support for detectors D.sub.1 and D.sub.4
      and has a bottom 22 resting upon the surface of the body not shown in
      greater detail. This embodiment can be used for automatic evaluation,
      because the detectors D.sub.1, D.sub.2 and D.sub.3, and D.sub.4,
      respectively, can be arranged on evaluation cards.
PAR  FIG. 6 shows a view of this embodiment according to FIG. 5. In addition, it
      can be seen from this diagram that the plastic form 21 has two extensions
      23 and 24 in which holes 25 and 26 are provided. These extensions 23, 24
      and these holes 25, 26, respectively, are used for the attachment of a
      belt.
PAR  Evaluation and measurements, respectively, with the two albedo dosimeters 7
      shown in FIGS. 4 and 5 work like this: The detector D.sub.1 is used to
      detect dose values which correspond to the dose of the incident neutrons
      by measurement of the neutrons backscattered by the body, especially
      thermal neutrons. The detector D.sub.2, which rests on the outer surface
      of the albedo dosimeter 7, measures the incident thermal and intermediate
      neutrons and, to a certain percentage, also the incident fast neutrons.
      The detector D.sub.3, which is surrounded on all sides by neutron
      absorbing material, detects dose values of intermediate neutrons which may
      impinge upon it through the boron shielding. All the thermal neutrons are
      retained by the boron shielding.
PAR  In determining the equivalent dose, the dose value of the detector D.sub.1
      is used and corrected by means of correction factors. First of all, the
      first correction factor k.sub.1 from the calibration diagram according to
      FIG. 3 is determined for it from the quotient of the dose values of the
      detector D.sub.2 relative to the detector D.sub.1 for the thermal neutron
      fraction. Next, another correction factor, k.sub.2, is applied to it for
      the intermediate neutron fraction, which is a function of the quotient of
      the difference of two dose values of two detectors and one dose value of
      one of the detectors. In particular, this is the difference of the dose
      value of the second detector D.sub.2 and the dose value of the third
      detector D.sub.3 which is divided by the dose value of the detector
      D.sub.3. For the correction factor k.sub.2 a second calibration diagram is
      elaborated which approximately corresponds to the first calibration
      diagram according to FIG. 3 (but is not shown in more detail). The
      equivalent dose D.sub.n of the neutrons over the entire energy range then
      results from the dose value of the detector D.sub.1 to which first the
      first correction factor k.sub.1 and then the second correction factor
      k.sub.2 is applied, or vice versa.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Method for determining the dose value of neutrons leaving a body as
      thermal and intermediate neutrons after having been scattered in the body,
      comprising the steps of:
PA1  detecting on the surface of the body a first dose value of thermal and
      intermediate neutrons leaving the body by a first detector which is
      shielded against thermal and intermediate neutrons not emerging from the
      body,
PA1  detecting a second dose value of thermal and intermediate neutrons not
      emerging from the body by a second detector,
PA1  determining a first correction value based on the first and second values
      from a calibration diagram, and
PA1  applying said first correction factor to said first dose value to determine
      a corrected first dose value.
NUM  2.
PAR  2. Method as claimed in claim 1 wherein the first correction factor for the
      dose value of the first detector is determined as a function of the
      quotient of the second dose value of the second detector with respect to
      the first dose value of the first detector.
NUM  3.
PAR  3. Method of determining the dose value of neutrons leaving a body as
      thermal and intermediate neutrons after having been scattered in the body,
      comprising the steps of:
PA1  detecting on the surface of the body a first dose value of thermal and
      intermediate neutrons leaving the body by a first detector which is
      shielded against thermal and intermediate neutrons not emerging from the
      body,
PA1  detecting a second dose value of thermal and intermediate neutrons not
      emerging from the body by a second detector,
PA1  determining a first correction value based on the first and second values
      from a first calibration diagram,
PA1  detecting a third dose value by a third detector completely shielded
      against thermal neutrons,
PA1  determining a second correction factor based on the second and third values
      from a second calibration diagram, and
PA1  applying said first and second correction factors to said first dose value
      to determine a corrected first dose value.
NUM  4.
PAR  4. Method as claimed in claim 3 wherein the first correction factor is
      determined as a function of the quotient of the second dose value of the
      second detector with respect to the first dose value of the first
      detector, and the second correction factor is determined as a function of
      the quotient of the difference between two of the dose values and one of
      the dose values.
NUM  5.
PAR  5. Method as claimed in claim 4 wherein the second correction factor is
      determined as a function of the quotient of the difference of the second
      and the third dose values of the second and the third detectors and the
      third dose value of the third detector.
NUM  6.
PAR  6. The method of claim 5 wherein the first correction factor is applied to
      the first dose value to obtain a first corrected first dose value and then
      the second correction factor is applied to the first corrected first dose
      value.
NUM  7.
PAR  7. The method of claim 5 wherein the second correction factor is applied to
      the first dose value to obtain a first corrected first dose value and then
      the first correction factor is applied to the first corrected first dose
      value.
NUM  8.
PAR  8. A device for determining the dose value of neutrons leaving a body as
      thermal and intermediate neutrons after having been scattered in the body
      comprising:
PA1  a. a pan-shaped form having an opening which can be placed on the body and
      a wall having an inner surface facing toward the body and an outer surface
      facing away from the body,
PA1  b. a first detector on the inner surface of said pan-shaped form for
      measuring thermal and intermediate neutrons emerging from the body, said
      first detector being shielded by said form from thermal and intermediate
      neutrons not emerging from the body; and
PA1  c. a second detector on the outer surface of said pan-shaped form for
      measuring thermal and intermediate neutrons not emerging from the body.
NUM  9.
PAR  9. Device as claimed in claim 8 wherein the opening is surrounded by an
      edge.
NUM  10.
PAR  10. Device as claimed in claim 9 wherein the pan-shaped form and the edge
      are made of a material which absorbs thermal and intermediate neutrons.
NUM  11.
PAR  11. Device as claimed in claim 10 wherein the material is boron or lithium
      bearing material or Cd.
NUM  12.
PAR  12. Device as claimed in claim 8 including a gamma radiation detector
      arranged beside at least one of said first and second detectors.
NUM  13.
PAR  13. A device for determining the dose value of neutrons leaving a body as
      thermal and intermediate neutrons after having been scattered in the body
      comprising:
PA1  a. a cylinder having an open interior with the bottom of the open interior
      facing toward the body,
PA1  b. first and second disks in the interior of the cylinder and arranged at a
      spaced distance from each other to form two cross-sectional planes in the
      cylinder, with said second disk being closer to the bottom of the open
      interior than said first disk,
PA1  c. a first detector on the outer surface of the second disk which outer
      surface faces toward the body, said first detector measuring thermal and
      intermediate neutrons emerging from the body, said first detector being
      shielded against thermal and intermediate neutrons not emerging from the
      body, said cylinder and second disk forming a pan-shaped form,
PA1  d. a second detector arranged on the outer surface of the first disk which
      outer surface faces away from the body; said second detector measuring
      thermal and intermediate neutrons not emerging from the body, and
PA1  e. a third detector arranged in the space between the first and second
      disks, said third detector measuring intermediate neutrons and being
      shielded against thermal neutrons.
NUM  14.
PAR  14. Device as claimed in claim 13 wherein the cylinder, the outer surface
      of the first disk, the outer surface of the second disk, and portions of
      the inner wall of the cylinder are encapsulated and lined with a plastic
      form.
NUM  15.
PAR  15. Device as claimed in claim 14 wherein the plastic form has a support
      edge which surrounds said cylinder at the level of the bottom of the
      opening of the cylinder, said support edge having two extensions.
NUM  16.
PAR  16. Device as claimed in claim 14 wherein the plastic form is designed as a
      locking mechanism in the area of the outer surface of the first disk.
NUM  17.
PAR  17. Device as claim in claim 16 wherein the locking mechanism is designed
      as a bayonet catch.
NUM  18.
PAR  18. Device as claimed in claim 16 wherein the locking mechanism is designed
      as a slide lock.
NUM  19.
PAR  19. Device as claimed in claim 13 wherein the cylinder and the disks
      consist of a material which completely absorbs thermal neutrons and partly
      absorbs intermediate neutrons.
NUM  20.
PAR  20. Device as claimed in claim 19 wherein the material is boron.
NUM  21.
PAR  21. Device as claimed in claim 13 including a gamma radiation detector
      arranged beside at least one of said detectors.
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ABST
PAL  An X-ray diagnostic installation including means for the unrestricted and
      for the programmed, in conformance with particular organs of a patient,
      adjustment or setting of the exposure data. The installation includes data
      input storage associated with the means for the organ-programmed data
      setting in which, for each operating key, there is contained an input or
      storage cell for the particular desired exposure data program, and in
      which upon depression of the respective key and through actuation of a
      programming switch there is storable the currently set exposure data at
      the panel for free or unrestricted data setting, and which are operatively
      connected with the setting means for the transmission of their information
      to the setting means for the X-ray generator upon depression of the
      associated operating key and for an unactuated programming switch.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an X-ray diagnostic installation including
      means for the unrestricted and for the, in conformance with the particular
      organ of a patient, adjustment or setting of the exposure data.
PAC  DISCUSSION OF THE PRIOR ART
PAR  An X-ray diagnostic installation of this type has become known through a
      publication in the Journal "Electromedica" 1971, pages 83 through 86. Each
      examining instrument has an instrument board or panel associated therewith
      which includes operating keys for the programming setting of exposure
      data, related to the organ of a patient. The number of instrument panels
      in this X-ray diagnostic installation corresponds with the number of X-ray
      examining instruments which are fed by a common or central X-ray
      generator. A central panel is consequently selectable from the instrument
      panels for effecting the unhindered or free setting of the exposure data.
      The programming is carried out in the electronic portion through the aid
      of transmission conduits which are switched between dividers corresponding
      to a particular desired program. In order to change an exposure program
      dependent upon one of the operating keys of an instrument panel, it is
      necessary to also change the transmission conduit connections within the
      electronic portion. Accordingly, programming cannot be carried out by the
      physician alone, but for the programming of new exposure data it is
      necessary that the physician obtains the services of a technician who will
      then implement the required switching modifications. Furthermore, even for
      minor and for extensive changes in the organ program, there is need for a
      special expenditure. For this purpose, presently known X-ray diagnostic
      installations require correction knobs which serve, for example, for
      correcting the degree of exposure darkening.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an X-ray
      diagnostic installation of the type mentioned, in which the programming is
      so simplified in comparison with the state of the technology, as to be
      rendered capable of being unassistedly effected by the physician.
PAR  The object of the invention is inventively carried out in that there is
      provided a data input storage associated with the means for the data
      setting programmed pursuant to the organs of a patient, in which, for each
      operating key, there is contained an input or storage cell for the
      particular desired exposure data program, and in which upon depression of
      the respective key and through actuation of a programming switch, there is
      storable the currently set exposure data at the panel for free or
      restricted data setting, and which are operatively connected with the
      setting means for the transmission of stored information to the setting
      means for the X-ray generator upon depression of the associated operating
      key and for an unactuated programming switch. Through the invention there
      thus is rendered possible a programming in a simple manner by means of
      adjustment or setting of the desired exposure data for a predetermined
      operating key, and upon the actuation of a programming switch at a
      depressed operating key. The physician consequently may alone assume,
      without the aid of a technician, the programming sequence. Changes and
      corrections of a singly set program may, in a similar manner, be simply
      carried out by only the physician.
PAR  A further feature of the invention lies in that, for the setting of the
      X-ray generator, there is employed an adjustment or setting storage means
      which is controllable from the operating elements for unrestricted data
      setting and in response to the depression of an operating key of the
      program storage. The setting storage means may also afford, upon the
      depression of an operating key, indication of the exposure data associated
      with that particular operating key on the panel for effecting unrestricted
      data setting or adjustment.
PAR  The program switch may be constituted of a key switch, thereby providing
      assurance that an unintentional change of a previously singly selected
      program cannot be effected.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further details of the invention may be ascertained from the following
      description of an exemplary embodiment thereof, taken in conjuction with
      the accompanying drawings, in which:
PAR  FIG. 1 illustrates a circuit diagram of an X-ray diagnostic installation in
      accordance with the present invention; and
PAR  FIG. 2 illustrates a detailed circuit diagram of a means for focal setting
      of the installation of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, there is illustrated a central control panel 1, on
      which there are provided two knobs 2 and 3 for, respectively, the setting
      of the X-ray tube voltage and the mAs-product. The X-ray tube voltage is
      indicated in an indicator window 5 and the mAs-product in an indicator
      window 5. Furthermore, the central panel 1 includes keys or push buttons 6
      through 9 for the setting of additional exposure data, for example, for
      the selection of the focus of an X-ray tube, and the dominants of the
      field of measurement of the beam measuring chamber of an automatic
      illuminating device. The visual indication of the particular depressed key
      is obtained by means of lights 10 through 13.
PAR  The central panel 1 has a setting storage 14 associated therewith, which
      includes a storage cell for each of the setting organs of the central
      panel 1. These storage cells are designated in the drawing by reference
      numerals 15 through 20. The storage cells 15 through 20 also effect the
      control of the indicating arrangements 4, 5 and 10 through 13.
      Furthermore, the storage cells 15 through 20 through the intermediary of a
      cable 21 adjust operation of the X-ray generator 22. The X-ray generator
      22 serves for the supply and control of a schematically illustrated X-ray
      examining apparatus 23.
PAR  The X-ray examining apparatus 23 has an instrument panel 24 associated
      therewith which, in the illustrated exemplary embodiment, includes
      operating keys or push buttons 25 through 32, which facilitate the setting
      of the exposure data for the X-ray examining apparatus 23 in programmed in
      conformance with the organs of a patient manner. Upon depression of one of
      the operating keys 25 through 32, a completely determinate exposure data
      combination is set thereby.
PAR  A program storage 33 is associated with the instrument panel 24 and which
      includes a storage cell 34 through 42 for respectively each of the
      operating keys 25 through 32. Each of the storage cells 34 through 42
      includes six single storages in correspondence with the setting elements
      2, 3 and 6 through 9 on the central panel 1. The single storages are
      designated in the drawings by 341 through 346, 351 through 356, and so
      forth. The program storage 33 has a key switch 43 associated therewith for
      the programming sequence.
PAR  If operation is effected with the central panel 1, in effect meaning that
      none of the operating keys 25 through 32 are depressed, then the exposure
      data which have been set by means of the setting or adjusting elements 2,
      3 and 6 through 9, are transmitted into the storage cells 15 through 20 of
      the setting storage 14. The supply cells 15 through 20, through the
      intermediary of cable 21, effect the setting of the X-ray generator 22 in
      conformance with the exposure data which has been preselected on the
      central panel 1. The X-ray generator 22 includes a number of adjusting
      elements 44 through 49 corresponding in number with exposure data which is
      to be set and which are influenced by the storage cells 15 through 20.
PAR  For programming of the exposure data, one of the operating keys 25 through
      32 is depressed, and the key switch 43 actuated. If, for example, the
      operating key 25 is depressed, then the exposure data set at the central
      panel 1 are transmitted to the storage cell 34 through the setting storage
      14. The programming of the exposure data for the operating keys 26 through
      32 is carried out in a similar manner. After completion of the
      programming, the key switch 43 is again returned into its inoperative or
      at-rest position.
PAR  If the control of the X-ray generator 22 is to be effected from the
      instrument panel 24, one of the operating keys 25 through 32 is depressed
      pursuant to a particular desired exposure condition or, respectively, the
      organ, without actuating the key switch 43. In that manner, the content of
      the associated storage cells 34 through 42 is transmitted to the setting
      storage 14 so that the X-ray generator 22 is set or adjusted in accordance
      with the preprogrammed exposure data. The storage cells of the setting
      storage 14 effect a control of the indicating installations 4, 5 and 10
      through 13, so as to afford indication of the preprogrammed exposure data
      at the central panel 1. Minute corrections of the exposure data may be
      carried out at the central panel 1 without the need for changing the
      storage program, if the key switch 43 is not actuated.
PAR  In order to vary or change a program, as previously described, the
      respective operating keys 25 through 32 are depressed, and the key switch
      43 actuated. The change is then effected through actuation of the setting
      elements 2, 3 and 6 through 9.
PAR  Within the scope of the invention there may also be contemplated the
      provision of more than one instrument panel. Each key or push button of
      the instrument panel may have a program storage cell associated therewith.
      Each cell may also be utilized for a plurality of boards when the
      identical programming is desired. The switching-in of the program storage
      at the setting storage 14 follows through the application of more than one
      instrument panel corresponding to the selection of the instrument panels,
      in effect, in conformance with the particular instrument panel which is
      being operated. For this purpose, a special key or push button may be
      provided for each instrument panel.
PAR  Also within the scope of the invention, the number of setting elements on
      the central panel 1 is without any particular significance. In lieu of six
      setting elements there may also be provided fewer or more setting elements
      as required.
PAR  The above described exemplary embodiment allows the physician by himself to
      carry out a programming sequence. For this purpose, he need only actuate
      the key switch 43 and the respective operating keys 25 through 32, and
      then set the desired exposure data on the central panel 1. In the
      illustrated embodiment, there further follows at the central panel 1
      indication of the adjusted exposure data dependent upon the depression of
      one of the operating keys 25 through 32. Changes in the set exposure data
      responsive to depression of an operating key without changing the program
      is enabled at the central panel 1 through the intermediary of setting
      elements which are located thereon. In that instance the content of the
      storage 14 is changed, while the content of storage 33 remains unchanged,
      inasmuch as the key switch 43 has not been actuated.
PAR  As shown in FIG. 2, the setting and storage sequences are explained as
      follows:
PAR  In FIG. 2 the keys 6 and 7, as well as the associated lights 10 and 11 are
      schematically indicated on the central panel 1. The keys 6 and 7 serve for
      the selection of the focus of the X-ray tube of the X-ray examining
      apparatus 23. This X-ray tube possesses two different focuses. It is
      assumed that the focus associated with the key 7 is fed into the single
      storage 344, in effect, the key 25 should be correspondingly programmed.
      The key 25, pursuant to FIG. 2, has a plurality of contacts, of which the
      contact 50 effects the control of the single storage 344.
PAR  If the key 7 is depressed then a 1-signal is supplied to the set-input S of
      the single storage 18. The 1-signal is stored in the setting storage 18,
      and at the output Q there is provided an adjusting signal. The 1-signal at
      the output Q switches in the light 11 and controls the relay 51 which, in
      a known manner, selects the focus associated with the key 7.
PAR  At the I-input of the program storage 344 there is also formed an 1-signal.
      When the operating key 25 is depressed, and consequently contact 50
      closed, an 1-signal is transmitted to the address input A1. The infeed of
      the 1-signal at the input I in the single storage 344 first follows, when
      a 1-signal is present at the W-input of the single storage 344, in effect
      meaning, that the programming switch 43, which is similarly schematically
      illustrated in FIG. 2, is closed. Only then is the 1-signal recorded in
      the single storage 344. If the infeed of the 1-signal is effected in the
      single storage 344, and were the operating key 25 to be actuated, then
      this 1-signal lies at the output 0 of the single storage 344. Upon closing
      of the contact 50, a pulse is transmitted to the clock-input C of the
      setting storage 18 through a differentiating element 52 and a level
      detector 53, which causes that the same signal lies at the Q-output of the
      setting storage 18, as well as at the D-input. This signifies that the
      1-signal is transmitted from the single storage 344 to the central panel 1
      and to the generator 22. The signal also illuminates light 11, and relay
      51 switches-in the respective focus of the X-ray tube. When the focus
      associated with the key 7 is programmed into the single storage 344, it is
      thereby automatically selected upon actuation of the operating key 25,
      without need for depression of the key 7.
PAR  If the key 6 is actuated during depression of operating key 25, then a
      return setting signal is transmitted to the resetinput R of the single
      storage 18, which converts the 1-signal at the output Q into an 0-signal.
      It is also possible to select for a depressed operating key 25, through
      actuation of key 6, another focus then that which has been programmed by
      means of key 7. The focus programmed in the single storage 344 does,
      however, remain stored so that, after opening of the key 7, the focus
      associated with key 7 is again automatically selected.
PAR  In FIG. 2, for purposes of clarity of viewing, only one-half of the single
      storage 354 is illustrated, having the operating key 26 associated
      therewith. The programming of the operating key 26 is obtained in the same
      manner as the programming of the operating key 25. Concurrently with the
      introduction of the 1-signals to the input I of the setting storage 344,
      this signal is also transmitted to the corresponding input of the single
      storage 354.
PAR  In FIG. 4 there is shown only the storage of the focus of the X-ray tube
      associated with key 7, and the programming of the operating key 25. In a
      similar manner a single storage is associated with the key 6, and the
      programming of the focus associated with key 6 is correspondingly
      effected. Also the storage of the other exposure data and the
      corresponding programming of the operating keys follows in the same
      manner.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An X-ray diagnostic installation comprising means for the unrestricted
      setting and for setting of exposure data which are programmed dependent
      upon predetermined organs of a patient; an instrument panel; operating key
      means mounted on said instrument panel; data storage means connected to
      said data setting means; storage cell means in said storage means each
      having a particular exposure data program stored therein and associated
      with a respective one of said operating key means; and a programming
      switch connected to said instrument panel, said storage cell means adapted
      to store the currently set exposure data for an unrestricted data setting
      responsive to depression of the operating key associated therewith and the
      actuation of said program switch, and with said storage cells being
      connected with said setting means for the transmission of their stored
      contents to said setting means for an X-ray generator upon depression of
      the therewith associated operating key and with the programming switch
      being in a non-actuated position.
NUM  2.
PAR  2. An installation as claimed in claim 1, said setting means being utilized
      for adjustment of said X-ray generator; and operating keys being connected
      to said setting means for the unrestricted data setting thereof, said
      setting means being controlled by said data storage means through said
      operating keys responsive to depression of one of said operating keys and
      with said programming switch being in an inoperative condition.
NUM  3.
PAR  3. An installation as claimed in claim 1, said storage cell means in said
      data storage means corresponding in number to the number of said operating
      keys, each of said storage cell means including a number of single
      storages corresponding to the number of the exposure data being stored.
NUM  4.
PAR  4. An installation as claimed in claim 3, said setting storage including a
      number of storage cells corresponding to the number of exposure data
      connected to the single storages of the data setting means and to the
      operating elements for unrestricted data setting, and and storage cells
      being in contact with corresponding setting elements of said X-ray
      generator.
NUM  5.
PAR  5. An installation as claimed in claim 1, said programming switch
      comprising a key switch.
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ABST
PAL  Apparatus for activation of metallic powders by subjecting the powder to
      bombardment with electrons, ions, or molecules in an inert or reductive
      atmosphere. Improved densities result in sintering, as do improved
      catalytic actions. Simultaneous pulverization of course particles or
      bodies is also achieved where desired. The pretreatment is, in some
      instances, combined with loading the activated particles directly into a
      mold, for compaction or sintering, preferably with some additional
      activation, all done in an integrated system.
PARN
PAR  This is a division of Ser. No. 60,070 filed July 31, 1970, which was a
      continuationin-part of application Ser. No. 692,960 filed Dec. 22, 1967
      now U.S. Pat. No. 3,598,566.
BSUM
PAR  This invention relates to metallic powder activation. More particularly, it
      relates to an improved method of and apparatus for the removal of
      impurities such as oxide film and moisture, as well as other
      contamination, from the surfaces of discrete metallic particles by
      utilizing impact energy. The result is to modify such surfaces to an
      activated powder that may be used for cold or warm pressing to form
      densified green compacts or for hot pressing to produce coherent sintered
      objects or for interparticle chemical reactions or for catalyst.
PAR  Conventionally, two powder activation processes have been available: (a)
      heating in a reductive atmosphere and (b) reaction with particular
      chemical agents. Each of these processes has had only limited efficiency.
PAR  The present invention comprises introducing powder into an inert or
      reductive atmosphere and there subjecting it to bombardment with
      high-energy impact force by electrons, ions, or molecules or combinations
      thereof.
PAR  Electron and ion bombardment for purposes of this invention may be effected
      through an electrical space discharge, e.g., corona or glow discharge,
      created through the inert or reductive medium between a pair of electrodes
      or among adjacent or close discrete particles fluidized in the inert or
      reductive medium. Molecular bombardment, probably with some accompanying
      ion bombardment, may be accomplished by shock waves, such as result from
      detonation in a shock gun, as by spark generation of impulses.
PAR  I have discovered that the electron, ion or molecular bombardment
      advantageously removes oxide films, moisture, adsorptive gaseous particles
      and other impurities normally firmly adherent to and coated on the
      substrate of each discrete particle, apparently by decomposing these
      impurities into gaseous substances, thereby cleaning the surfaces of the
      particles. In addition to removal of the coated films by the action of
      such bombardment, marked increases of surface tension and free energy of
      the cleaned surfaces are achieved as a result of the formation of strain
      and distortion. By continuous circulation of the inert or reductive
      medium, i.e., its replenishment by introducing fresh inert or reductive
      gas into and evacuating the contaminated atmosphere from the treatment
      chamber in which the bombardment is effected, the decomposed gaseous
      impurities are prevented from recombining with the material forming the
      particle substrate.
PAR  In addition to removal of the coated films, marked increases of surface
      tension and free energy of the cleaned surfaces are achieved, and this
      action is especially remarkable with ions or heavy particles of suitably
      regulated energy. Thus, the beam particles act as high-energy impact media
      and strike atoms at the surface region of each particle substrate, and by
      scattering they thereby product strain and distortion in the powder
      particles without fusion.
PAR  The power supply for the production of effective corona and glow discharge
      may be a source of DC, AC, DC-pulse or pulsating current. Experimentation
      has demonstrated that a high-frequency and unidirectional current is
      preferable in promoting powder activation. An electron beam or ion beam
      gun may be employed.
PAR  For many applications, it is preferred to use a beam of ions (i.e., heavy
      particles or particles of atomic or molecular size and mass) as a
      corpuscular beam for impact powder activation.
PAR  The invention is applicable not only to metal powders and to powders of
      metal alloys, but also, in some aspects to powdered metal oxides, other
      metallic compounds, and also to non-metals such as carbon.
PAR  A highly activated powder, which exhibits excellent performance in
      metallurgical, chemical or electrochemical utilization (i.e., in terms of
      metallurgical bondability, physical properties, chemical or
      electrochemical activity) is obtained by bombardment of corpuscular
      particles, especially ions or particles at least in part formed by ions,
      particles of atomic or molecular size and mass, which when they are
      imparted impact energy sufficient to form lattice defects (e.g., of
      Frenkel type) and accompanying lattice dislocations in the individual
      particles of powder.
PAR  In accordance with another aspect of the invention, simultaneously with
      activation, pulverization of relatively large-sized particles or bodies
      (wire, block, etc.) into smaller sized particles can be effected by means
      of impulses of discharge energy. For this purpose, fluidized powder may be
      held between a pair of electrodes in a non-oxidizing atmosphere so as to
      be subjected to inter-particle discharges of impulsive character under the
      external application of a succession of impulses across the electrodes.
      Alternatively, a spark gap of relatively small spacing may be surrounded
      by floating powder so that upon the generation of impulse discharge at the
      gap, mechanical collisions may be induced among particles and propagated
      radially out from the spark gap. The particle size resulting from such
      pulverizing may be controlled by regulation of the discharge energy.
PAR  The present invention also provides an improved powder loading system
      wherein powder is pre-treated as described above, and is thereafter
      immediately loaded in a mold for compaction or sintering. Such a system
      offers the opportunity for further bombardment and purification during
      loading.
PAR  Other objects and advantages of the invention will appear from the
      following description of some preferred embodiments.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic view of a system embodying the invention,
      including a treatment chamber shown in elevation and in section and an
      electrical circuit.
PAR  FIG. 2 is a fragmentary and diagrammatic view of a portion of a modified
      form of treatment chamber of the invention with a different means for
      applying the electrical circuit to the chamber.
PAR  FIG. 3 is a view similar to FIG. 2 of another modified form of the
      invention, employing a magnetic field in combination with the apparatus of
      FIG. 1.
PAR  FIG. 4 is a view similar to FIG. 1 of another modified form of the
      invention, employing a spark-discharge gap between the electrodes of FIG.
      1.
PAR  FIG. 5 is a diagrammatic view of a portion of another modified form of the
      invention, employing an electron or ion beam gun.
PAR  FIG. 6 is a view similar to FIG. 1 of another modified form of the
      invention which also pulverizes material into small particles.
PAR  FIG. 7 is a diagrammatic view in elevation and in section of a modified
      form of the invention which provides an integrated system for both
      pre-treating the material and loading it into a mold, as for sintering.
PAR  FIG. 8 is a fragmentary view of a portion of the apparatus of FIG. 7 with a
      modification of one portion thereof.
PAR  FIG. 9 is a diagrammatic view of a modified form of the bottom of the
      apparatus of FIG. 7.
PAR  FIG. 10 is a view like FIG. 9 of another modified form of the bottom of the
      apparatus of FIG. 7.
PAR  FIG. 11 is a diagrammatic view of a system also embodying the principles of
      the invention for treating the powder with a shock wave.
PAR  FIG. 12 is a diagrammatic view of a fuel cell in which material treated by
      the system of FIG. 11 may be used after sintering.
PAR  FIG. 13 is a view in perspective of another ion-beam treatment apparatus
      embodying the principles of the invention.
PAR  FIG. 14 is a view in section partly diagrammatic taken along the line
      14--14 in FIG. 13.
PAR  FIG. 15 is a partly diagrammatic view in section of a modified form of
      ion-beam treatment apparatus embodying the principles of the invention.
PAR  FIG. 16 is a fragmentary view in elevation and in section of a
      laser-actuated ion beam gun.
DETD
PAR  The system shown in FIG. 1 comprises a treatment chamber 20 and a power
      supply 21. The chamber 20 is provided with an inlet 22 for introducing a
      non-oxidizing, i.e., an inert or reductive atmosphere into a treatment
      region 23 of the chamber 20 and an outlet 24 communicating with a
      conventional vacuum pump 28 for evacuating contaminated atmosphere from
      the chamber 20. A powder 25 to be activated is fluidized by the introduced
      gas within the treatment region 23 and contained between retaining screens
      26 and 27, which form a pair of electrodes for the electrical-discharge
      powder activation process.
PAR  The power supply 21 is connected across the screen electrodes 26 and 27
      and, in this embodiment, comprises a source 30 of unidirectional current
      of relatively high amperage capable of effecting sufficient flow or corona
      discharge between the screen electrodes 26 and 27 (the source 30 may be a
      battery 31 in series with a high-energy coil 32) and a source 33 of
      high-frequency AC of relatively low amperage adapted to promote
      high-frequency discharge among the particles of the powder 25. The AC
      source 33 may be coupled to the DC source 30 and the electrodes 26 and 27
      through a transformer 34 and a condenser 35. When discharges are developed
      between the electrodes 26 and 27 and among close discrete particles of the
      powder 25, through the gaseous medium, each of the discrete particles is
      subjected to electron and ion bombardments with resulting impact forces,
      thermal effect and induced interparticle collisions of relative particles.
      After sufficient activation of the powder 25, the power supply 21 may be
      disconnected from the electrodes 26 and 27 as by a switch 36.
PAR  In the modified system shown in FIG. 2 the chamber 20, which may be similar
      to that illustrated in FIG. 1, is surrounded by a winding 40 connected
      across a high-frequency AC or pulse source 41. In operation, the powder 25
      is exposed to pole-less high-frequency discharge created through the inert
      or reductive atmosphere among discrete particles floating in that
      atmosphere.
PAR  FIG. 3 shows a modified system of the invention employing a magnetic field,
      either static or movable, either unidirectional or alternating, as across
      poles 42 and 43, in combination with the electrical field produced by the
      power supply 21 of FIG. 1. As shown, the magnetic field MF may be at right
      angles to the electrical field EF, and is designed thus to deflect the
      flow lines of bombarding electrons and ions or to induce additional
      movements of the discrete particles of the powder 25 when it is charged or
      magnetized, the exact operation depending on specific procedures desired
      to augment the activation effect.
PAR  FIG. 4 shows a modified system wherein a spark-discharge gap 45 is provided
      in the treating area 23 between screen electrodes 46 and 47, and a power
      supply 48 produces repeated impulses which are propagated through the
      surrounding inert or reductive atmosphere and the particles of powder 25
      fluidized therein. Thus, shock-like mechanical interparticle collisions
      are caused which facilitate the effect of the electrodes 26 and 27. I have
      found that such mechanical-force impulses effectively impart distortions
      and strains to the surface of each particle, thereby giving storage of
      energy thereat that raises the surface energy. In this embodiment,
      however, the mechanical impulse source may be replaced by other means.
PAR  FIG. 5 illustrates yet another embodiment of the invention, in which an
      electron or ion beam gun 50 is substituted for the glow or corona
      discharge means described in previous embodiments. Powder 25 to be
      activated is placed in a container 51 within a treatment chamber 52, which
      is provided with an inlet duct 53 having a stopcock or valve 54 for
      introducing an inert gas into the chamber 52. An outlet duct 55 has
      another stopcock 56 connected with a vacuum pump 57 for maintaining the
      interior of the treatment chamber 52 at a predetermined low pressure. The
      container 51 for retaining the powder 25 may be vibrated at a sonic or
      ultrasonic frequency to agitate the powder 25 in a desired manner.
PAR  FIG. 6 shows an embodiment of the invention for effecting the pulverization
      of relatively large bodies, i.e. particles, wires, or chunks, into smaller
      sized particles, simultaneously with the activation thereof. In this
      system, a treatment chamber 60 is provided with a side wall 61 composed of
      insulating material such as ceramic, and a pair of electrodes 62 and 63,
      the electrode 63 being movable by a rod or a shaft 64. The side wall 61 of
      the chamber 60 is provided with an inlet 65 for supplying and an outlet
      for evacuating an inert or reductive atmosphere into and from the chamber
      60, in which powder 67 is fluidized. An inlet valve 68 and an outlet valve
      69 control flow. Connected across the electrodes 62 and 63 is a charge and
      discharge capacitor 70, which is connectable across a DC source 71 by a
      switch 72, for establishing a single impulse discharge or repeated impulse
      discharges in the chamber 60 between the electrodes 62 and 63. In
      practice, upon closing the switch 72 while maintaining the interior of the
      chamber 60 at a predetermined pressure, a spark discharge is developed
      across the electrodes 62 and 63. If the powder 67 is conductive material,
      it provides a conductive path to create dispersive spark discharges
      between adjacent or nearby particles. If the powder is of dielectric
      property, charges formed on discrete particles similarly cause the
      dispersion of electrical energy. In any case, the interparticle spark
      discharges thus created are sufficient to produce impact force due to
      electron and ion bombardments, thermal energy, and spark discharge
      pressure which, in combined fashion, decompose the contamination coated on
      the discrete particles of the material 67 and, in addition, pulverize
      these particles into smaller pieces, imparting to the smaller particles
      distortions or other energy storage. It will be apparent that the present
      embodiment affords particular advantage in the metallurgical field, in
      that only a single process is required to prepare activated powder from
      any raw material. As mentioned previously, the size of pulverized
      particles can be controlled by the amount of the discharge energy, the
      pulse width, and/or other discharge parameters.
PAR  FIG. 7 represents an integrated activation system and an improved
      powder-loading system, wherein the principles and steps of the
      above-described method are adapted to perform the activation of raw
      powdery material and also for loading the activated powder into a mold for
      compacting or sintering. The system essentially comprises three parts: an
      activation treatment chamber 80, an evacuation chamber 81 and a powder
      compacting unit 82. The powder compaction unit 82 in this case is shown to
      employ a so-called rubber press, although the system is adapted to any
      type of compaction or sintering process.
PAR  The activation chamber 80 is provided with a rawmaterial inlet 83, through
      which unactivated powder 84 is introduced, a gas inlet 85 with a valve 86
      for delivering an inert or reductive atmosphere into the chamber 80, and a
      gas evacuating duct 87 communicating with a vacuum pump 88. A discharge
      treatment zone 90 is provided with a needle electrode 91 and a screen
      electrode 92 for exposing the fluidized powder 84 of raw material to
      corona and/or glow discharge in the manner described hereinbefore, while
      inert gas comes in through the conduit 95. For this purpose, terminals 93
      and 94 are supplied with any suitable discharge power supply.
PAR  After treatment by electron and ion bombardment in the zone 90, the powder
      84 is fed to a heating stage 96, at which contamination, if any, remaining
      on the particles can be removed by heating emanating from a heater 97.
      Thereafter, the treated powder is fed to a vibrating screen 98, preferably
      equipped with a sonic or ultrasonic vibrator 99, which preferably sets up
      a frequency ranging from 100 Hz. to 200 kHz. The vibrating screen 98 forms
      means for separating contaminated or decomposed substances from the
      particles and also serves as a filtering means. The filtered-out particles
      and the decomposed and separated gaseous substances are then evacuated
      through the duct 87 by the vacuum pump 88. In this connection, the
      pressure within the activation chamber 81 can be reduced to 10.sup..sup.-2
      to to 10.sup..sup.-5 mm Hg without decreasing activation efficiency.
PAR  Disposed under the vibrating screen 98 is a feeder tube 100, preferably
      having a spiral configuration, through which the activated powder is
      progressively fed. A conduit 101 may communicate with a vacuum pump 108 to
      keep the zone 81 also at a low pressure. The feeder 100 is preferably made
      porous, so that the powder passing therethrough may be completely
      de-gassed by the negative pressure in the zone 81 applied via the conduit
      101. The lower end of the conduit 101 introduces the powder into the
      compaction unit 82.
PAR  The unit 82 in this instance may comprise an external vessel 102 provided
      with a fluid inlet 103 having a valve 104. A mandrel 105 forms a solid
      die, and one or more deformable membranes 106 and 107 form another die.
      The membranes 106 and 107 may be composed of natural rubber, synthetic
      rubber or other elastomeric material and, alternatively, may be deformable
      but non-elastic material. Upon sufficient loading of the powder that has
      been cleaned and activated in accordance with the present invention,
      hydraulic or pneumatic fluid may be introduced through the inlet 103 into
      the cavity formed by the side wall 102, the die 105 and the deformable
      membranes 106 and 107, to compress the loaded powder substantially
      isostatically.
PAR  In FIG. 8 the system is the same as in FIG. 7, except that a magnetic field
      is applied by a magnet 109 to the activated powder in the evacuating zone
      81 at the de-gassing stage, or at the loading stage. The magnetic field,
      whose strength may be in the range from 50 to 5,000 gauss, depending on
      the specific application, is here provided to cause disturbance in the
      movement of the powder being fed along the spiral passage 100, thereby
      promoting inter-particle collision and repulsion, which further augment
      the de-gassing effect. The magnetic field is also advantageous to achieve
      closer packing of the loaded powder in the mold 83. This system is
      particularly suited for powders of magnetizable material.
PAR  FIG. 9 diagrammatically illustrates a special powder-loading system adapted
      to be used with the system of FIG. 7. In this embodiment, the outlet 110
      of the feeder 100 is used to form an electrode connected to a power supply
      111, for establishing an electrostatic field in the region where the
      activated powder is delivered under gravitational force into a mold 112
      which forms the counterelectrode. The electrostatic field is used to
      pre-charge the powder passing through the outlet 110 of the feeder 100
      with the accompanying electrical space discharge, here a corona discharge,
      and to accelerate uniformly the speed of the powder as it falls toward the
      mold 112 with increased coulomb force. Thus, the loading or piling state
      of the powder in the mold 112 can be controlled by the intensity of the
      electrostatic field.
PAR  FIG. 10 shows another powder loading system practicable with the present
      invention. This embodiment employs an electron or ion beam gun 113 for
      accomplishing additional powder activation when the powder is packed in
      the mold 112. A focusing coil 114 is used to accelerate the electron beam.
      It has been found that an electron beam of about 5 to 150 milliamperes and
      5 to 150 volts is satisfactory.
PAR  Another aspect of the invention shown in FIG. 11, involves the utilization
      of a shock wave or pressure for powder activation. In practice with the
      present improvement, a shock gun 120 is provided inside with an impulse
      spark generator 121 as a detonation source, comprising a needle electrode
      122 and a tubular gun electrode 123 and a spark generator circuit 124.
      Opposite the gun 120 is a mass 125 of discrete particles or a solid body
      to be activated supported upon a retainer 126, such as a plate, all in an
      evacuated treatment vessel 127. Upon ignition, the gun 120 exerts
      impulsive pressure to the mass 125 to be activated. Alternatively, the
      discrete particles may be propelled by impulsive pressure to impinge with
      ultrasonic velocity on a rigid target. In either case, the resultant
      particles have shown high degrees of activation. Powder so treated, when
      subsequently sintered and used as a battery electrode, has shown high
      efficiency.
PAR  FIG. 12 shows a fuel cell 130 employing electrodes made from actuated
      particles, namely an electrode 131 of sintered silver for the oxygen
      electrode and an electrode 132 of sintered nickel for the hydrogen
      electrode. An electrolyte 133 lies in between.
PAR  The activation of powder by a high-energy ion beam, briefly described above
      may advantageously be accomplished with the apparatus 150 illustrated in
      FIG. 13. The apparatus 150 comprises a treatment chamber 151, which may be
      formed of a transparent material such as glass and mounted on a table 152.
      Within the chamber 151 is a rotary disk 153, which may, for example, be
      formed of tungsten, on which a powder 154 to be treated is continuously
      supplied from a hopper 155 shown extending through an upper wall 156 of
      the chamber 151. The disk 153 carrying the powder 154 is rotated on a
      shaft 157 by a motor (not shown). As the disk 153 rotates, the powder 154
      supplied from the hopper 155 is fed in a layer to a treatment zone 158 to
      which a beam of ions is projected from an ion gun 160 extending through
      the upper wall 156 of the chamber 151. To insure coolant appropriate
      thickness of the powder layer 154 a metering dam 161 may be provided as
      shown. The chamber 151 is under a suitable vacuum pressure (i.e.,
      10.sup..sup.-2 to 10.sup..sup.-5 mmHg or less), maintained through a
      vacuum connection 162. A small vibration may be imparted to the disk 153
      by well known vibrators, to provide more uniform surfaces of particles for
      ion impingement as the powder layer 154 passes under the beam gun 160.
      Also, the disk 153 may be formed with an internal cavity (not shown here)
      for circulation of a collant fluid although such cooling is not always
      essential inasmuch as the powder 154 is caused to pass the treatment zone
      swiftly.
PAR  The ion gun 160 may be of a conventional form as shown in FIG. 14, having a
      duoplasmatron 163 and a lens system 164 mounted in a vacuum tight tube 165
      which extends downwardly into the treatment chamber 151. In the
      duoplasmatron 163, an inert gas such as argon or xenon is introduced
      through a capillary 166 to the vicinity of a cathode 167 which is
      maintained at a moderate negative potential and heated by a filament
      supply 168. Surrounding the cathode is a solenoid 170 and an intermediate
      electrode 171 which together serve to provide a magnetic field to confine
      the ion plasma in well known manner. An anode 172 having a central opening
      173 is located beyond the intermediate electrode 171 and in line with it
      and the cathode 167. The voltage between the anode 172 and the cathode 167
      causes the gas to ionize, forming the positive gas ions. The gas ions are
      withdrawn from the duoplasmatron 163 and accelerated through the focusing
      lenses 164 under a high-voltage supply 174 and projected as a beam into
      the chamber 151 to impinge onto the layer of powder 154 carried on the
      rotating disk 153.
PAR  The layer of powder 154 is fed on the disk 153 past the bombarding zone to
      a collecting dam 175, at which it is recovered through a funnel-shaped
      collector 176 mounted on the table 152, dropping into a container 177 (or
      a mold) connected to the collector 176 at the table 152. To facilitate the
      collection, the upper surface of the disk 153 may be slightly conically
      shaped. After a predetermined amount of powder 154 is treated, the
      container 177 is suitably sealed. It will be understood that the treated
      powder may be directly supplied into a utilization area such as into a
      compacting or sintering mold.
PAR  FIG. 15 shows another form of beam-treatment apparatus constructed in
      accordance with the present invention. In this system, powder 180 for
      treatment is supplied from a hopper 181 onto an endless belt 182 carried
      by a pair of rollers 183 and 184 rotated on respective shafts 185 and 186
      within a housing 187 which is evacuated at a vacuum pressure. The powder
      180 being carried on the belt 182 is fed to a treatment zone 188 at which
      is is subjected to the bombardment by an ion beam 190 from an ion gun 191
      shown here as integral with the treatment chamber 187. The powder 180
      which has been subjected to ion bombardment is shown to drop by gravity
      for collection in a container 192. The treated powder may be returned to
      the hopper 181 or directly to the belt 182 for repeated treatment by the
      system. A suitable metering member 193 may be provided to adjust the width
      as well as thickness of the powder layer 180 as it is introduced on the
      belt 182 from the hopper 181. Also, a vacuum connection 194 may be
      provided through the barrel of the ion gun 191.
PAR  The ion-beam source may be of the type shown in FIG. 14 but is here shown
      diagrammatically comprising a gas supply 195 containing an inert gas such
      as argon, xenon or the like mentioned earlier. The gas is supplied into a
      discharge chamber 196 where it is subjected to arc or glow discharge for
      removal of oxigens or moisture which may be present. The purified gas is
      introduced through an opening 197 into a plasma chamber 198 formed with a
      needle electrode 199 and a centrally perforated disk electrode 200 coaxial
      therewith within a bell-shaped housing. The gas is ionized within the
      plasma chamber 198 maintained at a vacuum pressure and is extracted
      through the central opening 201 of the disk electrode 200 into space
      maintained at a vacuum pressure through the vacuum connection 194, a
      pressure less than that in the plasma chamber 198. The ions are focused
      for impingement and accelerated onto the powder 180 through a lens system
      202 with a power supply 203 as shown with one terminal electrically
      connected by a lead 204 with the roller 184 which displaces the belt 182
      in contact.
PAR  For energy of the ion beam 190, 5 to 100 KeV or more are found suitable to
      provide an activated powder 180 by stripping contaminates from and
      imparting substantial vacancies in the lattice of material of the
      individual particles. The displacement of the belt retainer 182 and the
      flux of the ion beam 190 are adjusted so that the powder 180 is held in a
      solid state or without fusion while being bombarded by the ion beam 190. A
      suitable cooling arrangement may be provided for the powder being treated,
      although a room temperature is found generally sufficient in carrying out
      the process.
PAR  In FIG. 16 is shown diagrammatically an alternative example of an ion
      generator 210 suitable to form ions of solid elements for deposition on
      and bombardment of powder. In this case, a beam of coherent light 211 from
      a laser means 212 is directed through a transparent window 213 into an ion
      chamber 214. Within the chamber 214 and in the path of the light beam 211
      there is provided a target body 215 of a material containing an element or
      elements whose ions are to be generated. As the high-energy light beam 211
      impinges on the tip of this material 215, atoms or molecules are liberated
      therefrom by vaporization and form plasma or a cloud 216 of ions adjacent
      the vaporizing tip 215 between the latter (forming the anode) and a
      tubular cathodic electrode 217 which forms an extractor electrode by its
      opening 218. The extracted ions are accelerated as mentioned earlier under
      a relatively low voltage, say, 3KV for deposition on the powder or under a
      relatively high voltage, say, 30 KV for formation of lattice vacancies in
      the powder particles by bombardment.
PAR  The invention is further illustrated by the following specific examples.
PAC  EXAMPLE I
PAR  Nickel powder of a fineness of 250 mesh was activated in argon atmosphere
      (as in FIG. 1) by exposing it to 60 KV glow discharge for 5 minutes in
      accordance with the present invention. To sinter the resulting activated
      powder in hydrogen atmosphere, a pressure of only about 450 kg/cm.sup.2
      and a sintering period of only about 24 minutes were required. In
      comparison, the non-activated powder required a pressure of 1,850
      kg/cm.sup.2 and a sintering period of 43 minutes.
PAC  EXAMPLE II
PAR  To obtain oxidized powder by heating non-activated 60-mesh beryllium powder
      in a carbon-dioxide atmosphere, required a heating temperature of about
      621.degree.C. Activated powder of the same was prepared, in accordance
      with the present invention, by exposing it in a hydrogen atmosphere to 85
      KV glow discharge for 5 minutes; this activated powder was oxidized in
      carbon dioxide at only about 140.degree.C.
PAC  EXAMPLE III
PAR  Beryllium powder of 100 mesh fineness was pre-treated by passing it only
      through the de-gassing stage 81 of FIG. 7 under 10.sup.-.sup.4 mmHg
      evacuation, while eliminating the discharge treatment stage 80. The
      treated powder was compacted into a green compact and the latter was
      sintered to a body having 97% density, 10% increase in density over those
      obtained without the de-gassing treatment.
PAC  EXAMPLE IV
PAR  Beryllium powder, again 100 mesh, was pre-treated by exposing it to glow
      and corona discharge through the stage 80 of FIG. 7 and then treated as in
      Example III. With this powder thus activated, the compaction pressure
      required was reduced to one-twentieth of the amount formerly required, and
      the density of the sintered product was elevated to 99%. It has been found
      that the glow and corona discharge can be altered by electron or ion beam
      or by impulsive discharge, as described thereinbefore.
PAC  EXAMPLE V
PAR  Beryllium powder of 100 mesh fineness was activated by exposing it to
      electrical discharge through the stage 80 of FIG. 7 and thereafter was
      subjected to an electrostatic field of 150 KV through the stage of FIG. 9,
      as it was packed in the mold 112. The packed density of the powder was
      identical to that obtained with a mechanical press of 1.5 tons/cm.sup.2
      pressure. In another instance, beryllium powder of the same mesh was, upon
      the discharge activation, subjected to electrostatic field of 40 KV
      strength. The packed density of the loaded powder in this case was
      identical to that obtained with a mechanical press of 200 kg/cm.sup.2
      pressure.
PAC  EXAMPLE VI
PAR  For use in fuel cells as electrode material, 400 mesh nickel powder was
      processed according to FIG. 11 with a shock energy of 11,000 joules, which
      is about four Mach. It was given three shocks at a distance of 10
      centimeters and then sintered into a plate 1 by 20 by 20 milliameters
      having a density of 70%.
PAR  Three hundred mesh silver was given the same shock treatment and also
      compressed to 70% density in a plate 1 by 20 by 20 milliameters.
PAR  These plates were then used in the fuel cell of FIG. 12 with the nickel
      side to oxygen, the silver side to hydrogen, and with potassium hydroxide
      as the electrolyte. (Calcium oxide was used on both plates prior to their
      use in the fuel cell, for activation only.) An exact duplicate of the fuel
      cell employing sintered nickel and silver which were made from the same
      powder but by ordinary sintering was also made and was found to produce a
      voltage of 0.9 v. and a current of 120 milliamps in the fuel cell. Under
      the same conditions the material activated by the shock energy produced a
      potential of 1.1 volts and a current of 340 milliamps.
PAR  In addition to the inert gases named in the examples, nitrogen, helium,
      neon, krypton, xenon, and admixtures of two or more with each other or
      with argon or carbon dioxide may be used. Hydrogen is the best reducing
      gas, when that is desired, especially hot hydrogen. Reduced-pressure air,
      e.g., near vacuum, can be used. Which gas is best depends partly on the
      powder being treated. The term metallic powder is intended to include not
      only actual metal powders but also metal carbides, carbon, other metallic
      compounds, even in some instances metal oxides, nitrides, sulfides, etc.
      It will be apparent that the process may be varied to suit the exact
      material; for example, reducing atmospheres are desirable sometimes and
      not others, for example where oxides are a desired end product.
PAC  EXAMPLE VII
PAR  Using apparatus as shown in FIG. 13, titanium powder of particle size of
      200 mesh was treated. The powder 154 supplied from the hopper 155 was
      layered at a width of 5 mm and a thickness of 0.2 mm on a tungsten disk
      153 of 250 mm diameter rotated at 2 rpm (two revolutions per minute). The
      powder 154, as it continuously passed the treatment zone 158, was
      subjected to bombardment of argon ions projected from the ion gun 160 and
      then continuously collected into the container 177. In the ion gun 160,
      the filament heater supply 168 was at 50 volts, and the anode-to-cathode
      voltage was 250 volts with 5 Kilovolts being applied across each lens gap
      maintained at a vacuum pressure of 10.sup.-.sup.3 mmHg and ion current at
      300 .mu.A. The pressure within the treatment chamber 1 was 10.sup.-.sup.4
      mmHg. The activated powder was sintered to form a coherent body only for a
      period two-thirds of that normally required for untreated powder and the
      elongation of the sintered body from the activated powder was increased
      two times that of a body sintered from the untreated powder.
PAC  EXAMPLE VIII
PAR  In hydrogen-addition petroleum desulfurization process, it is common
      practice to use as catalyzer carrier, particles of metal oxides such as
      zinc oxide, alumina and magnesia. For example, using these catalyst
      particles, the sulfur content of a petroleum oil containing 4.2% sulfur
      can be reduced to 1.2% by contacting hydrogen at a pressure 42 atm. to the
      oil heated at a temperature of 420.degree.C. In accordance with the
      present invention, these metal oxide particles were treated, with a system
      as shown in FIG. 13, by a high-energy beam of argon ions accelerated at 88
      KeV and with a current of 2.8 milliamperes. Lattice defects were observed
      in the treated particles. When these activated particles were used as
      catalyzer carrier particles in desulfurizing an untreated oil mentioned
      above, heating the oil only at 312.degree.C and hydrogen feed at 11 atm.
      was found sufficient to achieve the same sulfur reduction.
PAC  EXAMPLE IX
PAR  Titanium powder of 99.3% purity and 300 mesh particle size was treated
      using an apparatus like that shown in FIG. 15, wherein argon was
      introduced at a pressure of 10.sup.-.sup.1 mmHg into plasma chamber 198
      where it was subjected to an electric discharge at 160 volts and 25
      milliamperes for ionization. The argon ions were extracted from the
      chamber 198 through the aperture 201 centrally formed in the disk
      electrode 200 and accelerated under 30 KV and at 10 microamperes against
      the titanium powder 180 carried on the moving belt 182. The vacuum
      pressure within the treatment chamber was maintained at 10.sup.-.sup.5
      mmHg. The treated powder, with imparted lattice vacancies in individual
      particles, was electrically sintered to a coherent body which showed a
      density of 99.4%, a tensile strength of 24.9 Kg/cm.sup.2 and an elongation
      of 23%. In comparison, a body sintered under the same condition from
      untreated titanium powder showed 98% density, 16.5 Kg/cm.sup.2 tensile
      strength and 15% elongation.
PAR  Ions, when not properly energized, tend to materially adhere on individual
      particles rather than knocking on substrate atoms and it is found
      desirable, for the purpose of activation by formation of lattice
      vacancies, that powder be subjected to bombardment of ions accelerated
      under at least 5 KV. However, such tendency of adherence is advantageously
      found useful sometimes, especially when ions are of substance which it is
      desired to form a coating on the individual particles. Thus, according to
      this discovery of the invention, it is possible to prepare a highly
      purified, activated powder of composite particles thereby preparing an
      alloy product through subsequent sintering. To this end, the discharge
      electrode system 197, 198 can be made from a desired material with which
      the surfaces of individual particles of powder are to form alloy layers
      and a suitable power applied to these electrodes to vaporize and ionize
      the material. The ions thus formed are subjected to a relatively low
      acceleration voltage for deposition on the receiving particles. The
      alloyed particles after removal from the treatment zone are then
      re-introduced to that zone for activation by a high-energy ion beam as
      mentioned earlier to form lattice vacancies and distortions here in the
      alloyed surfaces.
PAC  EXAMPLE X
PAR  The particles of titanium powder received beryllium layers and were then
      activated. Argon was introduced at a pressure of 10.sup.-.sup.1 mmHg into
      a plasma chamber 198 maintained at a pressure of 10.sup.-.sup.3 mmHg and
      there subjected to arc discharge at 160 volts and 25 milliamperes. The
      electrodes were formed from berryllium. Argon and beryllium ions generated
      were extracted through a central aperture of 0.1 mm diameter of the disk
      electrode and accelerated under 3 kilovolts and at 12 microamperes against
      the titanium powder 180 of 400 mesh carried on the belt 182. The treatment
      continued until a beryllium layer of 1.6 to 2.0 micron thickness was
      formed on each particle. Subsequently, the alloyed powder was subjected to
      ion bombardment under 30 kilovolts within the chamber 187 maintained at an
      argon pressure of 10.sup.-.sup.5 mmHg. The activated powder was placed in
      a graphite mold and electrically sintered by receiving the passage of an
      electric current therethrough between a pair of graphite electrodes and
      under pressures, initially 6 Kg/cm.sup.2 and finally 500 Kg/cm.sup.2. The
      required electric power and sintering period were only 121 kilowatts and 6
      seconds, respectively. The density of the sintered article was 98%. In
      comparison, untreated titanium and beryllium powders were mixed by
      conventional procedure requiring considerable lapse of time and, as they
      were uniformly mixed, the mixture was electrically sintered under the same
      conditions as used for the activated powder. The resultant sintered body
      was of only 85% density and the required power and sintering period was
      160 kilowatts and 40 seconds, respectively.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for activating metallic powder to improve its purity and to
      clean its surfaces from oxide film, moisture, and other impurities so that
      it becomes more chemically active and also is able to form denser blocks
      upon compacting or sintering, comprising
PA1  a treatment vessel,
PA1  means for holding the powder in said vessel in a fluidized state in a
      non-oxidizing gaseous atmosphere, and
PA1  means for bombarding said powder in said vessel with high energy particles
      chosen from the class consisting of ions and molecules.
NUM  2.
PAR  2. The apparatus of claim 1 having means for continuously withdrawing the
      gases within said vessel separate from the metal powder and for
      continuously adding further non-oxidizing gases.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said means for bombarding includes a
      pair of electrodes between which the fluidized powder is located, and
      means for applying across said electrodes a high-amperage direct current
      and a low-amperage alternating current to promote high-frequency discharge
      among the particles.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said electrodes comprise screens for
      retaining the powder between them.
NUM  5.
PAR  5. The apparatus of claim 3 having magnet means for applying a magnetic
      force at substantially right angles to the electrical force to the powder
      while it is between the electrodes.
NUM  6.
PAR  6. The apparatus of claim 3 having means for providing a series of spark
      discharges to the powder while it is between the electrodes.
NUM  7.
PAR  7. The apparatus of claim 2 having an electron gun for bombarding said
      powder by a beam of electrons.
NUM  8.
PAR  8. Apparatus for activating metallic powder to improve its purity and to
      clean its surfaces from oxide film, moisture, and other impurities so that
      it becomes more chemically active and also is able to form denser blocks
      upon compacting or sintering, comprising
PA1  a treatment chamber having a treatment zone,
PA1  support means for holding a layer of the powder in said chamber,
PA1  means for moving said support means to move said powder into, through, and
      beyond said treatment zone,
PA1  means for supplying said chamber with a non-oxidizing gaseous atmosphere in
      contact with said powder, and
PA1  means for bombarding said powder at said treatment zone with high energy
      particles chosen from the class consisting of sub-atomic particles, ions,
      and molecules.
NUM  9.
PAR  9. The apparatus of claim 8 having means for continuously withdrawing the
      gases within said chamber, separately from the metal powder.
NUM  10.
PAR  10. The apparatus of claim 8 wherein said means for bombarding comprises an
      ion gun.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said ion gun comprises a
      duoplasmatron and an electrical lens system, with means for feeding an
      inert gas to said duoplasmatron, said lens system then accelerating and
      focusing the ion particles leaving said duoplasmatron.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said electrical lens system has means
      for accelerating said ion beam to an energy of at least 5 KeV.
NUM  13.
PAR  13. The apparatus of claim 10 wherein said ion gun comprises laser means, a
      target upon which said laser means focuses a laser beam, thereby
      liberating a plasma or cloud of ions, means for extracting said ions from
      the area of said target, and means for accelerating them to a voltage of
      at least 5 KeV.
NUM  14.
PAR  14. The apparatus of claim 8 wherein said support means comprises a
      rotating disc.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said support disc is made from
      tungsten.
NUM  16.
PAR  16. The apparatus of claim 14 having means for vibrating said disc.
NUM  17.
PAR  17. The apparatus of claim 8 wherein said support means comprises a moving
      belt.
NUM  18.
PAR  18. The apparatus of claim 8 wherein said support means is provided with
      feeding means for continuously providing powder thereto.
NUM  19.
PAR  19. The apparatus of claim 18 wherein said support means is provided with
      metering means for assuring a substantially constant thickness of said
      powder on said support means from said feeding means.
NUM  20.
PAR  20. Apparatus for activating metallic powder to improve its purity and to
      clean its surfaces from oxide film, moisture, and other impurities so that
      it becomes more chemically active and also is able to form denser blocks
      upon compacting or sintering, comprising
PA1  a treatment vessel providing a treatment chamber with a gas inlet at one
      end and a gas outlet at an opposite end,
PA1  retaining means for holding the metallic powder within said vessel,
PA1  means for supplying said inlet with a non-oxidizing gas, passing said gas
      through said metallic powder to place said powder in a fluidized state,
      and withdrawing said gas from said outlet while leaving said metallic
      powder in said retaining means as a fluidized bed, and
PA1  means for bombarding said powder in said vessel with high energy particles
      chosen from the class consisting of sub-atomic particles, ions, and
      molecules.
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ABST
PAL  A fiber coupled light emitting diode module is provided which may be
      utilized for plug-in incorporation into a fiber optical communications
      system and for easy connection to a driving voltage source. Means are
      included in the module for facilitating manufacture since the location of
      the light emitting diode is not critical within the device and the device
      may be operated efficiently since the heat which is generated at the light
      emitting diode is conducted away to the exterior of the module for
      dissipation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to fiber optical communications
      systems and is more particularly concerned with a fiber coupled light
      emitting diode module for incorporation into such systems.
PAR  A recent development in communications systems involves the use of optical
      fibers for communication channels sometimes having very high bandwidth.
      The use of such optical fibers, which carry light energy distributed over
      an area, has led to a need for light sources which can be conveniently and
      efficiently coupled into such an optical fiber communications system. One
      of the difficulties encountered in accomplishing this end is directly
      attributable to the small cross-sectional dimensions of the light-carrying
      portions of typical optical fibers utilized.
PAR  A number of light sources have been suggested for use in such, optical
      fiber communications systems including various lasers and light emitting
      diodes. The light emitting diode is an excellent candidate for such a
      purpose because of its small size and relatively efficient operation.
      Although numerous suggestions may be found in the art for the use of light
      emitting diodes in such systems, these devices are not readily
      incorporable into actual systems.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a light
      emitting diode source for fiber optical communications systems which is
      housed in modular form for plug-in incorporation.
PAR  It is another object of the present invention to provide such a modular
      form of light emitting diode which has means incorporated therein for
      conducting heat generated at the light emitting diode away from the diode
      so that operation of the device may be at the highest possible power
      consistent with a reasonable lifetime for the device.
PAR  It is another object of the present invention to provide such a modular
      unit which includes means for directly indexing the output of the light
      emitting diode into the fiber optical communications system.
PAR  It is still a further object of the present invention to provide such a
      novel light emitting diode module to a suitable source of driving voltage.
PAR  Briefly, the invention in its broadest aspect is a fiber coupled light
      emitting diode module. The module has a generally cylindrical,
      electrically conductive center support element. A light emitting diode is
      electrically, thermally and mechanically connected at its base to a first
      end surface of the support element. A length of optical fiber is optically
      coupled and mechanically affixed to the emitting area of the light
      emitting diode and extends generally axially away from the support
      element. An adapter element which is formed from an electrically
      conductive material has a generally axial through bore therein and an
      external surface to which accurate position indexing of the module may be
      made. The support element is positioned in one end of the through bore and
      is electrically insulated from and thermally connected to the adapter
      element. The optical fiber exits from the other end of the through bore.
      An inner cylindrical sleeve is provided which has a generally axial
      through bore therethrough sized to enable the end of the optical fiber
      exiting from the adapter element to be fixedly adhered therein with the
      optical fiber positioned generally parallel with sleeve axis. The inner
      sleeve is positioned in and affixed to the end portion of the through bore
      in the adapter element so that the end of the optical fiber is located in
      a known relationship relative to the external surface so that efficient
      optical coupling may be accomplished to another optical fiber. Means are
      provided for electrically connecting the other electrode of the light
      emitting diode to the adapter element. Finally, means are provided for
      connecting the center support center and the adapter element to a suitable
      voltage source so that a voltage may be impressed across the light
      emitting diode whereby the light emitting diode module may be easily
      coupled to an optical fiber and operated efficiently as the heat generated
      is conducted away from the light emitting diode.
DRWD
PAR  These and other objects, advantages and features of the invention will be
      apparent from the following detailed description of the preferred
      embodiment taken together with the accompanying drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is an isometric view of a preferred embodiment of the fiber coupled
      light emitting diode module according to the present invention; and
PAR  FIG. 2 is an enlarged longitudinal cross-sectional view of the fiber
      coupled light emitting diode module shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In referring to the various figures of the drawing hereinbelow, like
      reference numerals will be utilized in referring to identical parts of the
      apparatus.
PAR  Referring now to the drawing, there is shown a preferred embodiment of a
      fiber coupled light emitting diode module according to the present
      invention which is designated generally by the reference numeral 10. In
      this embodiment, a light emitting diode 12 is mounted to the top surface
      14 of a center support element 16. Either a metallic pedestal mount or a
      type IIA diamond mount may be used. For reasons which will be more fully
      apparent hereinbelow, the light emitting diode 12 is electrically,
      thermally and mechanically connected to the surface 14. The center support
      element 16 is formed of a thermally and electrically conductive material.
      The center support element 16 is attached physically within a primary
      adapter body 18 by cementing the center support element within a through
      bore 20 by means of a suitable cement 22. The cement to be utilized at
      this point in the apparatus is a thermally conductive, electrically
      insulating cement. Many such cements are commercially available and may be
      cured at either elevated temperatures or at room temperature. A specific
      commercial example satisfying these requirements and which has been used
      successfully is that manufactured by Epo-TEC Manufacturing Company under
      the designation H-72 type epoxy. As a result of this form of mounting, a
      relatively short heat flow path is established from the light emitting
      diode 12 to the exterior of the primary adapter body 18 via the thermally
      conducting cement 22. The establishment of this heat flow path allows the
      light emitting diode to be operated continuously and at optimal efficiency
      whereas without such a provision, the heat generated at the light emitting
      diode might prevent continuous use thereof and, at a minimum, the
      operating efficiency and/or operating life would be deleteriously
      affected.
PAR  The other electrode of the light emitting diode 12 is connected
      electrically to the primary adapter body 18 which forms the outer
      conductor of a coaxial construction via a suitable means of connection 24
      such as a wire of gold or aluminum. The wire 24 may be attached to a
      recessed shoulder 26 on the primary adapter body 18.
PAR  Additionally, primary adapter body 18 has a means thereon such as a pair of
      opposed flats or a hexagonal form by which primary adapter body 18 may be
      held during assembly to some of the reamaining parts of the module 10. The
      primary adapter body 18 also includes a pair of threaded shank portions 30
      and 32 to which other parts to be described below of the adapter module 10
      are attached.
PAR  On the upper end of the primary adapter body 18 is mounted a means for
      coupling the light energy emitted by the light emitting diode 12 into an
      optical fiber system. An optical fiber aligning member 28 is disposed on
      the upper end of the primary adapter body 18. The member 28 has a
      generally axial through bore 30 therein through which a length of optical
      fiber 32 passes from the light emitting diode 12 to the exterior of the
      member 28. The member 28 has an external surface 34 thereon which may be
      utilized for indexing the location of the end of the optical fiber 32 so
      that efficient optical coupling may be achieved to a fiber optical
      communications system. in the preferred embodiment, the surface 34 is
      circularly cylindrical and may be utilized to couple the output from the
      light emitting diode via an optical fiber coupler such as shown in
      copending United States patent application Ser. No. 498,803 which is also
      assigned to the assignee of the present invention.
PAR  The light emitting diode 12 may be of any standard form; however, the
      presently preferred form thereof is of a type in which the emitting area
      of the diode is restricted to a size such that a maximum amount of light
      may be collected for transmission by the length of optical fiber 32 to be
      utilized therewith. An example of such a light emitting diode is shown in
      an article entitled "Efficient Small-Area Ga As-Ga.sub.1.sub.-X Al.sub.X
      As Heterostructure Electroluminescent Diodes Coupled To Optical Fibers,"
      by Burrus et al., Proceedings of the IEEE (Letters), Vol. 59, pp. 1263-4,
      August 1971.
PAR  The bottom end of the optical fiber 32 is bonded to the light emitting
      diode 12 with a suitable optical cement. The other end of the length of
      optical fiber 32 is affixed in a through bore 36 of an inner rigid sleeve
      38. The sleeve 38 is of generally circularly cylindrical form and is
      disposed in an enlarged portion 40 of the through bore in the aligning
      member 28. The cylindrical inner sleeve 38 has its bottom surface 42
      disposed in contact with a shoulder 44 at the end of the enlarged portion
      40 of the bore 30. The bore 36 in the sleeve is sized to enable the end
      portion of the length of optical fiber 32 exiting through the aligning
      member 28 to be fixedly adhered therein with a suitable cement. In
      addition, it is preferable that the bore 36 be sufficiently close in
      diameter to the diameter of the optical fiber 32 so that while the optical
      fiber 32 may lie along a wall of the bore 36 that it is oriented
      essentially parallel to the axis of the bore 36, yet space for the cement
      is present. The length of the inner sleeve 38 is preferably such that the
      end of the optical fiber which is terminated essentially at the upper
      surface 46 of the inner sleeve 38 protrudes from the upper surface 48 of
      the member 28. In this manner, the terminating end of the optical fiber 32
      may be brought into close proximity with a mating optical fiber in the
      aforementioned coupler for efficient optical coupling. The end of the
      optical fiber 32 at the surface 46 is positioned in a known relationship
      relative to the surface 34 on the aligning member 28 for indexing
      purposes. Once this relationship is established, a suitable fast drying
      cement 50 is utilized to bond the inner sleeve 38 securely to the member
      28. That relationship may, depending on the application, be, in the case
      where the external surface 34 is a circularly cylindrical surface, either
      coaxial or slightly eccentric. In the presently preferred embodiment, the
      end surface 46 of the inner sleeve is ground and polshed normal to the
      axis to allow a maximum percentage of the light generated in the module 10
      to be transmitted out of the module.
PAR  The aligning member 28 is attached to the upper threaded shank portion 30
      of the primary adapter body 18 through a threaded collar portion 54 on
      which a set of flats 56 or other means of securely holding the aligning
      member 28 are found. In addition, an opening 52 is provided in the
      aligning member 28 so that venting of the contained gas volume may be had
      during assembly and use of the device.
PAR  The foregoing arrangement of the light emitting diode 12 and the length of
      optical fiber 32 is such that a large portion of the length of optical
      fiber 32 is unsupported laterally. This is beneficial in the device since
      the precise location of the light emitting diode 12 on the upper surface
      14 of the center support element 16 is not at all critical. The inherent
      flexibility of the optical fiber 32 allows for the positioning of the
      light emitting diode 12 at any point on the surface 14 while yet allowing
      the exiting end of the optical fiber 32 to be positioned precisely with
      respect to the indexing external surface 34. This provision greatly
      facilitates the manufacture and assembly of the fiber coupled light
      emitting diode module 10.
PAR  Although the foregoing description has utilized a pair of threadedly mating
      members, the primary adapter body 18 and and optical fiber aligning member
      28, it is within the purview of the invention that only a single adapter
      element may be substituted for these two members and yet perform the total
      function accomplished by these two members in the preferred embodiment.
PAR  A connector body member 58 is attached to the lower threaded shank portion
      32 of the primary adapter body 18. The member 58 is essentially a
      conversion member from the primary adapter body 18 to a standard coaxial
      outer conductor member, such as a BNC coaxial connector. The member 58 has
      a center conductor 62 which mates with the center support element 16 and
      is disposed within an insulator 64. The insulator 64 is pressed into
      position within the member 58. The center conductor 62, in this
      embodiment, mates with a reduced diameter appendage 66 of the center
      support element 16. This appendage 66 is pressed into place in a bore 68
      in the upper end of the center conductor 62. A second insulator serves to
      partially support and to align these members. In this manner, connection
      may be made between a standard coaxial cable and connector and the module
      10 so that a driving voltage may be imposed across the light emitting
      diode 12.
PAR  It may thus be seen that a fiber coupled light emitting diode module is
      provided which is simple in its construction and readily lends itself to
      modern manufacturing techniques. The device is insertable readily into a
      operational fiber optical system and utilizes only standard interfacial
      connections. Furthermore, continuous highly efficient operation of the
      device is attainable without resort to special cooling techniques because
      of the short heat flow path provided by the module to conduct heat away
      from the light emitting diode 12.
PAR  While there has been shown and described what is presently considered to be
      a preferred embodiment of the invention, it will be obvious to one
      ordinarily skilled in the art that various changes and modifications may
      be made therein without departing from the spirit of the invention as
      defined by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fiber coupled light emitting diode module comprising
PA1  a generally cylindrical, electrically conductive center support element,
PA1  a light emitting diode having two electrodes and being electrically,
      thermally and mechanically connected at its base electrode to a first end
      surface of the support element,
PA1  a length of optical fiber optically coupled and mechanically affixed to the
      emitting area of the light emitting diode and extending generally axially
      away from the support element,
PA1  an adapter element formed of an electrically conductive material and having
      a generally axial through bore therein and an external surface to which
      accurate position indexing of the module may be made, the support element
      being positioned in one end of the through bore and being electrically
      insulated from and thermally connected to the adapter element, the optical
      fiber exiting from the other end of the through bore,
PA1  an inner rigid cylindrical sleeve having a generally axial bore
      therethrough sized to enable the end of the optical fiber exiting from the
      adapter element to be fixedly adhered therein with the optical fiber
      positioned generally parallel to the sleeve axis, the inner sleeve being
      positioned in and affixed to the end portion of the through bore in the
      adapter element so that the end of the optical fiber is located in a known
      relationship relative to the external surface so that efficient optical
      coupling may be accomplished to another optical fiber,
PA1  means for electrically connecting the other electrode of the light emitting
      diode to the adapter element, and
PA1  means for connecting the center support element and the adapter element to
      a suitable voltage source so that a voltage may be impressed across the
      light emitting diode whereby the light emitting diode module may be easily
      coupled into an optical fiber and operated efficiently as the heat
      generated is conducted away from the light emitting diode.
NUM  2.
PAR  2. A fiber coupled light emitting diode module according to claim 1,
      wherein the means for connecting the center support and adapter elements
      to a suitable voltage source is a coaxial connector, the outer conductor
      of which is attached to the adapter element and the center conductor of
      which is attached to the center support element.
NUM  3.
PAR  3. A fiber coupled light emitting diode module according to claim 2,
      wherein a major portion of the length of optical fiber is suspended
      between the light emitting diode and the inner sleeve.
NUM  4.
PAR  4. A fiber coupled light emitting diode module according to claim 3,
      wherein a thermally conductive cement is interposed between the adapter
      element and the center support element.
NUM  5.
PAR  5. A fiber coupled light emitting diode module according to claim 4,
      wherein the external surface of the adapter element is a right circular
      cylindrical surface.
NUM  6.
PAR  6. A fiber coupled light emitting diode module according to claim 5,
      wherein the inner sleeve is nested in an enlarged portion of the bore of
      the adapter element and protrudes therefrom, the optical fiber terminating
      essentially at the exposed end surface of the inner sleeve.
NUM  7.
PAR  7. A fiber coupled light emitting diode module according to claim 6,
      wherein the optical fiber terminates essentially on the axis of the
      external surface.
NUM  8.
PAR  8. A fiber coupled light emitting diode module according to claim 7,
      wherein the means for electrically connecting the top surface of the light
      emitting diode to the adapter element is a length of gold wire.
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PAL  Apparatus for measuring the angular dependence of radiation scattered from
      a volume, including a local resolution radiation detector having a
      radiation-sensitive surface, and an optical system directing the radiation
      onto the radiation-sensitive surface in such a manner as to establish a
      single-value relationship between the angular direction of radiation from
      the volume and the location of impingement thereof on the
      radiation-sensitive surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for measuring radiation angle
      dependence of scattered light, and particularly to apparatus capable of
      achieving very short time resolutions.
PAR  Apparatus is already known for measuring the angular dependence of light
      scattered from small particles, as described, for example, in J. Chem.
      Phys. 51, 1931 (1969). In this apparatus a laser beam is directed onto a
      narrow stream of particles at a constant angle and the angular dependence
      of the scattered radiation is measured with the aid of a detector fastened
      to an arm which is pivotal about the scattering volume. The measurement of
      this angular dependence then makes it possible to determine the size of
      the particles contained in the scattering volume.
PAR  Because, at the present day, the angular dependence of light scattered from
      small particles is to be recorded as a function of rapidly varying
      parameters or during very short time intervals, there is a need for a
      method which can take measurements in very short periods. With
      commercially available apparatus of the type described above the
      measurement of the angular dependence of the scattered light intensity of
      a suspension, for example, takes about 1 minute. For reasons of stability,
      the measurement time cannot be reduced by increasing the speed of rotation
      of the detector about the scattering volume by several orders of
      magnitude.
PAR  However, in many technical areas there is an increasing need for a much
      faster method, for example, for measuring short-time changes in the size
      of the droplets during formation of a fog, or the dependency of the
      cluster size upon inlet parameters, the monitoring of production in the
      manufacture of fibers, dies or colloids, testing of emulsification and
      coagulation processes, recording of the local and/or time variation in the
      size of aerosol particles in air, exhaust emission control for
      automobiles, examination of bacteria or rapid analysis of series thereof,
      analysis of the ejected matter in colloid drive mechanisms and measuring
      the change in size of plasma clusters. Particularly these last-mentioned
      measurements of changes in time require a method capable of making
      measurements in the nanosecond range.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to measure the complete light
      angular dependence in as short a measuring time as possible.
PAR  This problem is solved, according to the present invention, by disposing
      optical elements to conduct the radiation divergently emanating from a
      radiating volume onto the radiation-sensitive surface of a local
      resolution radiation detector in such a manner as to establish an
      unequivocal correspondence between the radiation scattering angle and the
      locus of the radiation appearing on that surface.
PAR  Time resolution can be achieved either by pulsing the radiation source or
      by actuation of an electronic shutter in the local resolution radiation
      detector. A parabolic mirror whose focal point coincides with the locus of
      the scattering volume can be used for this purpose, where the parabolic
      mirror encloses the scattering volume over an angle of about 180.degree.,
      transforming the scattered light into a collimated beam, while a lens
      system optically reproduces this collimated beam on the
      radiation-sensitive surface.
PAR  According to a further embodiment of the present invention, a cylindrical
      surface whose center of curvature coincides with the locus of the
      scattering volume encloses the scattering volume over an angle of about
      180.degree., individual radiation conducting fibers are connected to that
      surface and are disposed to optically transform the cylindrical surface
      into a plane, and a lens system reproduces the collimated beam emanating
      from that plane on the radiation-sensitive surface. In a preferred form of
      construction of this embodiment of the invention, the radiation conducting
      fibers may be light conductive fibers and the beam to produce the
      scattered light may be a laser beam, for example.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1 and 2 are pictorial views of two preferred embodiments of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A significant component of the apparatus for measuring particularly the
      scattered light angular dependence according to the invention by means of
      a parabolic mirror 1 and an optical multi-channel analyzer 2 is the
      multi-channel analyzer 2 shown in FIG. 1 as the local resolution radiation
      detector. The analyzer is a vidicon tube whose light-sensitive surface 3
      is not homogeneously sensitive but is divided into approximately 500
      parallel, juxtaposed, slit-type surface elements giving a total area of
      12.5 .times. 9 mm.sup.2 e.g., an Optical Multichannel Analyzer (OMA) of
      SSR Instruments, Santa Monica, Calif., USA. To this planar surface, the
      output of an optical system (to be described below) is applied and this
      output is thus resolved into 500 intervals. The conversion of the stored
      information is effected, as usual, by scanning with an electron beam. The
      resulting current pulses are processed by an appropriate electronic system
      not shown in detail.
PAR  In the scattered light measurements effected with the aid of the present
      invention the information is obtained as energy current density I
      (.theta.) as a function of the scattering angle .theta.. I (.theta.) could
      also be measured by detectors arranged on a cylindrical jacket. Since a
      vidicon tube is planar, however, a suitable optical arrangement must
      effect the transformation from the cylindrical surface to the plane. An
      advantageous arrangement for achieving this is shown in FIG. 1.
PAR  Referring to FIG. 1, a scattering medium S, for example a volume of certain
      size with small particles which may be contained in a vessel or as a
      component of a flowing stream of particles, is illuminated by a stationary
      laser beam 4. The scattered light, e.g., the partial beams 5 and 6,
      divergently emanating from the scattering volume S is transformed into a
      collimated beam 7 by a parabolic mirror 1 whose focal point coincides with
      the location of the scattering volume S. The diameter of this light beam 7
      is modified by a telescope 8 including the optical lenses 9 and 10 to
      match the dimensions of the image window, or entrance aperture, 3 of the
      vidicon 2.
PAR  An aperature 11 is disposed to block essentially all of the scattered light
      which might travel directly to the vidicon 2, i.e. without reflection at
      the parabolic mirror 1. The size of the opening 12 in aperture 11 also
      determines, together with the laser beam 4 and the scattering particles,
      the effective size of the scattering volume S. Aperture 12 in stop 11
      defines the extension of the scattering volume S in the direction of the
      laser beam, as indicated by the broken lines. The extension of S
      perpendicular to the beam is determined by the cross section area of the
      beam. Generally the individual scattering particles are small compared
      with the extension of S.
PAR  A further aperture 13, for example a slit aperture, is disposed between the
      parabolic mirror 1 and the optical lens 9 in the front focal plane of lens
      9. Aperture 11 is spaced from lens 9 by a distance corresponding to its
      focal length f.sub.1 and from lens 10 by a distance corresponding to its
      focal length f.sub.2. Lens 10 itself is spaced from the viewing window 3
      of the vidicon 2 by a distance corresponding to its focal length f.sub.2.
PAR  The angle (.theta.) is with reference to the direction of the laser beam 4.
      Thus .theta. = 180.degree. corresponds to the top of the scattering volume
      S and .theta. = 0.degree. is diametrically opposed thereto. The angle
      .theta. is the angle between each partial beam, or ray, 5 or 6 and the
      axis of laser beam 4.
PAR  Employing the vertex equation for a parabola, particularly parabola 1, the
      relationship between the scatter angle .theta. and a linear coordinate s
      as defined in FIG. 1 is as follows:
EQU  s = .alpha..sup.. p .sup.. (1-sin .theta.) / cos .theta.   (1)
PAL  where p is the two times the distance between vertex and focal point of the
      parabola 1 and .alpha. is the image size reduction, or magnification, of
      telescope 8 and has a value between 0 and 1.
PAR  The function s (.theta.) is not linear, but this can be easily corrected,
      particularly when the evaluation is effected with a computer. The function
      is strictly single-valued, so that it can be concluded that a point
      s.sub.O on window 3 of the vidicon 2 unequivocally corresponds to a
      particular angle .theta..
PAR  The reciprocal resolution capability is given by
EQU  d.theta./.pi. = (d.theta./ds) ds/.pi.                      (2)
PAL  Differentiating equation (1) with respect to s and giving the width of the
      window 3 a value of 1, yields:
EQU  d.theta./ds = - (1 + sin .theta.)/1                        (3)
PAL  From equation 2 the reciprocal resolution capability is thus:
EQU  d.theta./.pi. = [(1 = sin .theta.)/ 1.pi.].sup.. ds        (4)
PAR  This function is, as expected, symmetrical with respect to .theta. =
      90.degree. and varies in toto by a factor 2. The value of d.theta./.pi. is
      determined by the vidicon property 1/ds .congruent. number of channels. It
      is a minimum value in the sense that the effective reciprocal resolution
      capability, which also includes the diameter of the opening 12 of aperture
      10 and the geometry of the scattering arrangement, must not become any
      smaller.
PAR  FIG. 2 shows a further embodiment for measuring the scattered light angular
      dependence and including an image conductor and optical multi-channel
      anlayzer 2. The arrangement of vidicon 2 with its image window 3 as well
      as telescope 8 and the collimated beam 7 corresponds to that described in
      connection with FIG. 1.
PAR  Aperture 11 also operates in the same manner as aperture 11 of FIG. 1. The
      scattering particles in the scattering volume S are again excited by the
      laser beam 4 whose direction determines the angle direction .theta. =
      0.degree. to 180.degree.. Two special partial beams, or rays, 5 and 6 are
      again considered which form the angle .theta. with the direction of laser
      beam 4.
PAR  The transformation of the energy current density I (.theta.) is here
      effected, however, with the aid of a fiberoptic image conductor 14. The
      scattered volume S is enclosed by a cylindrical surface 15 whose center of
      curvature determines the location of volume S. Extending from this
      cylindrical surface 15 is a plurality of individual light conductive
      fibers 16 which end on or at a planar surface 17. This surface 17
      corresponds approximately to the cross section of the beam 7 which is
      reproduced on the viewing window 3 of the vidicon 2.
PAR  The light conductor bundle 14 with the individual light conductive fibers
      16 is arranged so that one fiber which begins at angular position .theta.
      ends at point s = r (- .pi./2 + .theta.).sup.. .theta. is the scattering
      angle, r the radius of the cylindrical surface and s a coordinate of a
      point located on the front end of the vidicon or image intensifier.
PAR  The intensity distribution on the planar surface 17 exactly corresponds to
      the development of the intensity distribution on the cylindrical surface
      15; the transformation is linear. The further transmission of the
      collimated beam 7 is analogous to that described in connection with FIG.
      1.
PAR  One main advantage of the device according to the present invention resides
      in the use of a vidicon multi-channel device as the analyzer. Such a
      device is able to record events of as short a duration as desired provided
      the number of light quanta per channel is sufficient. The time resolution
      can be given by the duration of the primary light flash, i.e. the duration
      of the light beam 4, or by electric gating of an image intensifier 18 part
      integrated in vidicon 2. The laser beam comes e.g. from a commerical gas
      laser 19. Its cross section together with aperture 12 determines the
      extension of the scattering volume S, as previously described. The
      dimensions of the scattering volume S are small compared the parameter p
      of the parabola or the radius r of the cylindrical surface of the
      fiberoptics. Characteristic dimensions are of the order: for the area of
      surface 3 12.5 mm in the direction of s and 9 mm perpendicular to s, for
      the focal lengths of lens 9 and 10 20 cm and 5 cm resp., for the distance
      between focal point and vertex of the mirror 12.5 mm, for the radius r of
      the fiberoptics 16 mm, for the aperture 12 a fraction of a millimeter.
      Aperture 13 is a slit of about 50 mm length and 10 mm height. Short time
      resolution is achieved either by means of the provided scanning operation
      of the mentioned Optical Multichannel Analyzer which has a repetition
      frequency of ca. 30 Hz or by actuating the electrooptical shutter 20 or
      the image intensifier which in principle allows to define nanosecond time
      intervals.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for rapidly measuring the angular dependence of radiation
      emanating from a volume disposed at a predetermined location, comprising:
      a local resolution radiation detector having a radiation-sensitive
      surface; means directing a laser beam through the volume; and an optical
      system disposed between the predetermined location and said
      radiation-sensitive surface to have its optical axis transverse to the
      axis of the beam, and constituting means creating an unequivocal
      correspondence between the angular direction of radiation from such volume
      and the point of impingement thereof on said radiation-sensitive surface.
NUM  2.
PAR  2. An arrangement as defined in claim 1 wherein said optical system
      comprises: a parabolic mirror disposed with its focal point coincident
      with the location of such volume and subtending an angle of about
      180.degree. about such location for transforming radiation from such
      volume into a collimated beam; and a lens system disposed for optically
      reproducing such collimated beam on said radiation-sensitive surface.
NUM  3.
PAR  3. An arrangement as defined in claim 1 wherein said optical system
      comprises: an array of radiation conducting fibers disposed adjacent one
      another with their input ends lying on a cylindrical surface whose center
      of curvature corresponds to such location and subtends an angle of about
      180.degree. around such location, and with their output ends extending
      parallel to one another to convert radiation from the volume into a
      collimated beam, with the radiation intensity distribution in such
      collimated beam corresponding exactly to the radiation intensity
      distribution on said cylindrical surface; and a lens system disposed for
      optically reproducing such collimated beam on said radiation-sensitive
      surface.
NUM  4.
PAR  4. An arrangement as defined in claim 3 wherein said fibers are light
      conductive fibers.
NUM  5.
PAR  5. An arrangement as defined in claim 1 wherein said radiation detector
      comprises an electronic shutter for enabling the radiation measurement to
      be performed during a predetermined time interval.
NUM  6.
PAR  6. An arrangement as defined in claim 1 further comprising means for
      pulsing the radiation from the volume in order to limit the radiation
      measuring time.
NUM  7.
PAR  7. An arrangement as defined in claim 1 wherein said detector comprises an
      optical multi-channel analyzer and said radiation-sensitive surface of
      said detector comprises a plurality of parallel, juxtaposed, slit-type,
      radiation-sensitive surface elements.
NUM  8.
PAR  8. An arrangement as defined in claim 7 wherein said radiation-sensitive
      surface is planar.
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ABST
PAL  A detector for tubular transparent articles employs a light beam directed
      across an opening in a housing, along a path offset from a diameter of
      that opening. When a tubular article is present in the opening, the light
      is glazingly deflected by a curved surface of the article, optimally at
      the critical angle of maximum light reflection. The resultant reduction in
      beam intensity is sensed by a photodetector to indicate the presence of
      the article.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to apparatus for detecting the presence of a
      transparent tubular article such as a test tube.
PAR  2. Description of the Prior Art
PAR  In automatic blood sample analysis systems, a test tube containing a blood
      sample that has been treated with radioisotopes is lowered into a nuclear
      detector that measures the radiation level. The test tube is handled by
      machine, to minimize the human exposure to radiation. Some indication must
      be provided to the system that a test tube has been lowered into place and
      that nuclear radiation detection should begin. An object of the present
      invention is to provide such an indicator.
PAR  Mechanical or electrical detectors are to be avoided as they may interfere
      with the isotope analysis. Magnetic detection cannot be used as the test
      tubes are non-ferrous. Optical detection is preferred, but is complicated
      because test tubes usually are made of highly transparent glass. Thus a
      beam of light sent directly through the test tube will not be attenuated
      sufficiently to permit reliable detection. Another object of the present
      invention is to provide an optical detector capable of sensing the
      presence of a highly transparent tubular article.
PAC  SUMMARY OF THE INVENTION
PAR  These objectives are achieved by providing an optical detector for tubular
      transparent articles that senses the reduction in intensity resultant from
      glazing deflection of a light beam by the curved article surface. In a
      preferred embodiment the detector uses a light emitting diode to project a
      beam across a circular opening in a housing. The beam is parallel to, but
      offset from, the transverse axis of the opening. When a test tube or like
      tubular article is present in the opening, the beam intersects a curved
      surface and is reflected or refracted therefrom, optimally at the critical
      angle of maximum reflection. As a result, the beam intensity reaching a
      photodetector is substantially reduced, resulting in positive detection of
      the transparent article.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A detailed description of the invention will be made with reference to the
      accompanying drawings wherein like numerals designate corresponding
      elements in the several figures. These drawings, unless described as
      diagrammatic or unless otherwise indicated, are to scale.
PAR  FIG. 1 is a pictorial view of a preferred embodiment of the inventive
      apparatus for detecting the presence of a tubular transparent article.
PAR  FIG. 2 is a longitudinal sectional view of the apparatus of FIG. 1, as
      viewed along the line 2--2 thereof.
PAR  FIG. 3 is a bottom view of the apparatus of FIG. 1.
PAR  FIG. 4 is a transverse sectional view of the apparatus of FIG. 1, as seen
      along the line 4--4 of FIG. 2.
PAR  FIG. 5 is a sectional view of the apparatus of FIG. 1 as seen along the
      line 5--5 of FIG. 2, and indicating diagrammatically the operation of the
      invention.
PAR  FIG. 6 is a fragmentary sectional view similar in aspect to FIG. 5, but
      showing another embodiment of the invention.
PAR  FIG. 7 is a fragmentary sectional view, similar in aspect to FIG. 5,
      showing an embodiment of the invention employing a porro prism.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following detailed description is of the best presently contemplated
      modes of carrying out the invention. This description is not to be taken
      in a limiting sense, but is made merely for the purpose of illustrating
      the general principles of the invention since the scope of the invention
      best is defined by the appended claims.
PAR  Operational characteristics attributed to forms of the invention first
      described also shall be attributed to forms later described, unless such
      characteristics obviously are inapplicable or unless specific exception is
      made.
PAR  The apparatus 10 of FIGS. 1 - 5 contains three identical detectors 11 in
      accordance with the present invention. The detectors 11 are situated in a
      housing 12 that forms the top of a unit 13, for example, a blood analysis
      system. Each detector has an opening 14 through which a test tube 15 may
      be inserted into the unit 13. Preferably the opening 14 is circular and
      has a diameter just slightly larger than the test tube 15. This insures
      that the light beam of the detector 11 will strike the test tube 15 at an
      angle that will give optimum glazing deflection. A tapered section 14a
      guides the test tube 15 into the opening 14.
PAR  Each detector 11 uses a light emitting diode 17 to project a beam of light
      18 (FIG. 5) across the opening 14. The path of the beam 18 is parallel to,
      but spaced from, the diameter or transverse axis 19 of the opening 14.
      Thus when a test tube 15 is present in the opening 14, a substantial
      portion of the beam 18 will be deflected by the curved surface of the test
      tube 15. This is illustrated in FIG. 5, where the arrow 18' indicates the
      direction of light that has been glazingly deflected by reflection and/or
      refraction from the curved surface of intersection 15'. The spacing
      between the light path 18 and the opening axis 19 is selected to optimize
      the percentage of light that is deflected by the test tube 15.
      Advantageously this distance is selected so that the light beam strikes
      the area 15' of intersection at the critical angle of total light
      reflection.
PAR  As a result of the glazing deflection of the light beam, the intensity of
      the residual light passing through the test tube 15 is substantially
      reduced. This intensity reduction is sensed by a photodetector 20, the
      reduced output signal level of which indicates the presence of a test tube
      15 in the opening 14.
PAR  To optimize the difference in the intensity of light reaching the
      photodetector 20, the light path 18 advantageously traverses the opening
      14 twice. To this end, there are provided a pair of mirrors 21, 22 (FIGS.
      3 and 5) situated at 45.degree. with respect to each other and to the path
      18 from the light source 17. As a result, the beam 18 is reflected back
      along a path 18a across the opening 14. This path 18a also is parallel to,
      but spaced from the opening axis or transverse diameter 19. Again, this
      spacing is selected so that optimum defection occurs when the beam 18a
      intersects the test tube 15. This deflection, indicated by the arrow 18"
      of FIG. 5, is optimized by situating the beam 18a so as to intersect the
      curved section 15" of the test tube 15 at the critical angle.
PAR  The photodetector 20 is situated at the end of the light path 18a. With
      this arrangement, the output signal from the photodetector 20 will be
      relatively high when no test tube is present in the opening 14. However,
      when a test tube 15 is present in the opening 14, the very substantial
      light deflection at the intersections 15' and 15" causes a very
      significant reduction in the amount of light striking the photodetector
      20, with a concomitant reduction in output signal level. Error-free
      detection is obtained, even though the test tube 15 is made of highly
      transparent glass.
PAR  The housing 12 may be made of plastic colored black to optimize light
      absorption. The light emitting diode 17 and the photodetector 20 are
      mounted in corresponding recesses 23, 24 formed in the housing 14.
      Channels 25, 26 lead from these recesses to the opening 14, and serve in
      part to direct the light along the path 18. Similarly, the mirrors 21, 22
      are mounted in a common recess 27 having channels 28, 29 leading to the
      opening 14 along the light path 18. Windows 30 of glass or transparent
      plastic cover each channel 25, 26, 28, 29 to prevent the entry of dust or
      dirt. Electronic circuitry 31, such as a power supply for the light
      emitting diodes 17 and amplifiers for the photodetectors 20, may be
      mounted in another recess 32 in the housing 12. Electrical connectors 33
      to this circuitry 31 pass through an elongate recess 34.
PAR  In the alternative embodiment of FIG. 6, the detector 11A employs a single
      mirror 36 to reflect the light beam 18 directly back along a path 18b to
      the photodetector 20a. When a test tube 15 is inserted in the opening 14A,
      the light beam 18 is glazingly deflected, as described above in
      conjunction with FIG. 5. However, the reflected light beam 18b passes
      through the test tube 15 approximately along a diameter, and hence is
      deflected only minimally if at all. However, the substantial deflection of
      the beam 18 still is sufficient to provide positive detection of the
      presence of a test tube within the opening 14A.
PAR  In the embodiment of FIG. 7, the detector 11B functions identically to that
      described in connection with FIG. 5. However, the two mirrors 21, 22 have
      been replaced with a single porro prism 38. In such a prism, the
      45.degree.-45.degree.-90.degree. configuration results in substantially
      total internal reflection, so that the light beam 18 is reflected back
      along the desired path 18a.
PAR  In the foregoing description, the detected article is a test tube 15. Of
      course, the invention is not so limited, and the inventive detector 11 can
      be used to sense the presence of any transparent tubular or curved
      article.
CLMS
STM  Intending to claim all novel, useful and unobvious features shown or
      described, the applicant claims:
NUM  1.
PAR  1. Apparatus for detecting the presence of a tubular transparent article in
      an opening through a housing, comprising;
PA1  light source means for projecting a light beam across said opening along a
      path offset from a transverse diameter of said opening, and
PA1  detector means, situated to receive said beam after it has traversed said
      opening, for detecting the intensity of said beam, said light beam being
      glazingly deflected by the curved surface of a tubular article in said
      opening, the resultant reduction in intensity detected by said detector
      means indicating the presence of said article in said opening.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein;
PA1  said light source means comprises a light emitting diode mounted in said
      housing, wherein
PA1  said detector means comprises a photodetector mounted in said housing on
      the same side of said opening as said light emitting diode, together with
PA1  reflector means situated on the opposite side of said opening for
      reflecting light from said diode back to said photodetector, said diode
      and reflector being situated so that the light path therebetween is along
      a path approximately parallel to, but offset from, a transverse diameter
      of said opening.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said reflector means is
      configured to reflect said light beam back to said photodetector along a
      second path parallel to said first path and offset on the other side of
      said opening transverse diameter so that when a tubular transparent
      article is present in said opening, said beam will be glazingly reflected
      from two surfaces of said article.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said reflector means comprises a
      porro prism.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein said reflector comprises a pair
      of mirrors mounted in said housing and situated at 45.degree. with respect
      to each other and with respect to said diode and photodetector
      respectively.
NUM  6.
PAR  6. Apparatus according to claim 3 wherein said opening is circular, and of
      slightly larger diameter than said article, wherein said diode, said
      reflector means, said photodetector and an amplifier for said
      photodetector all are mounted in said housing, said there being a tapered
      section adjacent said opening to aid the insertion of an article into said
      opening.
NUM  7.
PAR  7. Apparatus according to claim 3 wherein there are narrow channels in said
      housing between said opening and said diode, said reflector means and said
      photodetector respectively for limiting and directing light along said
      spaced parallel paths.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said article comprises a glass
      test tube, and wherein said parallel paths are situated so that light in
      each path will strike the glass surface of a test tube present in said
      opening at approximately the critical angle, so that maximum light
      deflection is achieved.
NUM  9.
PAR  9. A detector for tubular transparent articles comprising;
PA1  an opaque housing,
PA1  a circular opening in said housing,
PA1  a light source in said housing and situated to project a beam of light
      along a first path parallel to but spaced from a diameter of said opening,
PA1  reflector means situated in said housing to reflect said light beam back
      along a second path parallel to said first path but spaced on the other
      side of said opening diameter, and
PA1  a photodetector situated in said housing to receive light from said second
      path,
PA1  said paths being spaced from said diameter by an amount so that the light
      beam intersects the curved surfaces of a tubular article present in said
      opening at approximately the critical angle at which total reflection
      occurs.
PATN
WKU  039327647
SRC  5
APN  4702840
APT  1
ART  217
APD  19740515
TTL  Transfer switch and transient eliminator system and method
ISD  19760113
NCL  3
ECL  1
EXA  Ginsburg; M.
EXP  Scott; James R.
NDR  3
NFG  6
INVT
NAM  Corey; Philip D.
CTY  Raleigh
STA  NC
ASSG
NAM  ESB Incorporated
CTY  Philadelphia
STA  PA
COD  02
CLAS
OCL  307 85
XCL  307 87
EDF  2
ICL  H02J  900
FSC  307
FSS  85;87;64;66;136;70
FSC  340
FSS  253 H
UREF
PNO  3300651
ISD  19670100
NAM  Larsen
XCL  307 64
UREF
PNO  3750004
ISD  19730700
NAM  Walker
OCL  321 14
UREF
PNO  3753002
ISD  19730800
NAM  Jacobson et al.
OCL  307 87
LREP
FR2  Rossi; Anthony J.
FR2  Robinson; Robert H.
ABST
PAL  A method and apparatus is disclosed for transferring an electrical load to
      an inverter from a utility A.C. power source without causing transient
      changes in the voltage and current fed to the load when such transfer is
      effected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a static switching system and method for
      transferring an electrical load from a first electric power supply to a
      second electric power supply and to retransfer the load back to the first
      electric power supply, all as dictated by operating conditions and also
      eliminating transients in such retransferring.
PAR  2. Description of the Prior Art
PAR  It may be explained here that in applications of uninterruptible power
      supplies (UPS) to larger critical loads, e.g., a digital computer, there
      is a requirement that the electrical power supplied to the load be
      maintained at predetermined specifications in spite of (1) load step
      transients of all types, (2) failures of the UPS, (3) overloads of all
      types and (4) branch faults in the load equipment.
PAR  A typical prior art switching system is illustrated in block diagram form
      in FIG. 1. Thyristor switching is shown, however, other switching devices,
      including electromechanical, can be and are often employed. In the system
      shown in FIG. 1, the critical loads are fed normally from the power
      conditioning equipment, which typically comprises a static inverter
      supplied from a continuously available source such as a battery and
      charger. Upon failure of the utility source, the energy stored in the
      battery is converted to regulated alternating current by the inverter, so
      that power continuity at the critical loads is maintained, with switching
      means S.sub.1 remaining closed and S.sub.2 open.
PAR  The transfer switch is used to supply the load from the utility during
      events such as:
PA1  A. loss of the inverter to an internal failure, or routine maintenance of
      other modules in the power conditioner chain; and
PA1  B. need to use the large power capacity of the utility to start very high
      in rush loads or to clear load faults, both beyond the normal capability
      of the uninterruptible power conditioning equipment.
PAR  During utility operation, S.sub.1 is opened, and S.sub.2 closed. When
      operation from the inverter is again desired, the transfer switch poles
      are restored to their original state, S.sub.1 closed and S.sub.2 open.
PAR  A serious problem has heretofore occured at the instant of transfer from
      the utility to the inverter output, namely, the well known transient
      voltage dip which results when a sudden load step is applied to a power
      source, such as a static inverter, which contains inherent and unavoidable
      internal impedances with its transformers, filters, wiring, etc., FIG. 2
      illustrates the typical transient voltage dip effect.
PAR  In the past, various means have been used in attempts to minimize this
      problem including:
PA1  A. oversizing the inverter or other power conditioning means so as to
      reduce the per-unit load step, so that the percent transient amplitude
      will also be reduced;
PA1  B. using special inverter designs such as step-wave or pulse width
      modulation approaches which tend to reduce the internal impedances within
      the power conditioning equipment. This approach again only reduces the
      effect by a given amount; the transient on transfer still occurs; and,
PA1  C. inserting special compensating controls which transmit an impulse to the
      inverter voltage regulator at precisely the right time and in the precise
      amount necessary to minimize the transient on load application. While
      special controls such as this can sometimes be "tuned" to produce
      significant transient improvement on retransfer, very careful trimming
      adjustments are necessary for each individual equipment and application,
      seriously impairing the practicality of this approach.
PAR  Hence, for previous attempts to solve the transfer transient problem, the
      transient event illustrated in FIG. 2 still applies (to a greater or
      lesser degree, of course, depending on the success of approaches outlined
      above). Contrasting with prior art, the transfer switching system, in
      accordance with the present invention, has the capability of completely
      eliminating the transfer transient, even when applied in conjunction with
      conventional types of power conditioning equipment which may be inherently
      slow in control response and contain relatively high internal electrical
      impedances, and therefore be particularly prone to transients due to step
      loading were it not for the apparatus and method of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, there is provided a method and apparatus
      for transferring an electrical load to a first electrical supply
      comprising an inverter and including voltage and phase regulating means,
      from a second electrical supply comprising a utility A.C. source. Static
      switching is provided and is operated to connect the inverter and utility
      in parallel across the load prior to such transfer. The output current of
      the utility is sensed and used to effect operation of the voltage
      regulating and phase control means of the inverter to adjust the output
      voltage of the inverter and its relative phase so as to null the output
      current of the utility and cause the entire energy of the load to be
      supplied by the inverter. Thereafter, the static switching provided is
      operated to disconnect the load from the utility.
DRWD
PAR  A more complete understanding of the invention will become apparent from
      the following detailed description, taken in conjunction with the
      accompanying drawings which form a part of this specification.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a typical prior art inverter and transfer switching
      system;
PAR  FIG. 2 illustrates a typical operating condition transient in a prior art
      inverter and transfer switching system;
PAR  FIG. 3 illustrates a block diagram of an inverter and transfer switching
      system in accordance with the invention;
PAR  FIGS. 4 and 5 are diagrams useful to explain the invention; and,
PAR  FIG. 6 illustrates that there is no transfer transient in the inverter and
      transfer switching system in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In order to lay a foundation of the description of operation of transient
      eliminator for UPS with critical load transfer in accordance with the
      invention, a brief outline of the characteristics thereof will first be
      given together with a partial description of the functions of certain of
      the components shown in FIG. 3. The functions of various components not
      given in this brief outline will, however, become evident or appear in the
      description of operation of the transfer switching system of the
      invention.
PAR  In the embodiment of FIG. 3, line 10 represents the output from a preferred
      supply, namely, the inverter 12, while line 14 represents the output from
      a non-preferred supply, namely, the utility 16. A load component is
      indicated at 18 which is normally to be energized from the preferred
      supply or inverter 12 but which in the event of failure or other dictated
      operating condition of the preferred supply, is to receive energy from the
      non-preferred supply or utility 16. A static transfer switch component is
      illustrated at 19. Simple single pole switches are illustrated in FIG. 3
      as they represent the function performed, however, other switching devices
      such as thyristors may actually be employed in implementing the transfer
      switching system of the invention. As for example, there is illustrated in
      FIG. 1 various thyristor components for use in implementing the transfer
      switching system of the invention.
PAR  In FIG. 1, a preferred thyristor component 20 represents suitable
      controllable static switch components such as silicon controlled
      rectifiers 22 and 24 and a non-preferred thyristor component 26 may
      comprise any suitable static switch components such as silicon controlled
      rectifiers 28 and 30.
PAR  In FIG. 3, a gate drive logic component 32 is illustrated as being coupled
      to the static transfer switch 19 by means of a line 34. It should be
      pointed out here that in practice two gate drive logic components can be
      provided, one for the preferred thyristor component and one for the
      non-preferred thyristor component.
PAR  Preferred and non-preferred thyristor components as well as static transfer
      switch components are well-known in the art, and a further description and
      diagram thereof may be found in U.S. Pat. No. 3,300,651 which is hereby
      incorporated herein by reference. The basic principles and mode of
      operation of these latter type components are fully set forth in U.S. Pat.
      No. 3,300,651. For the present discussion, however, it is only necessary
      to understand that in prior art systems, when the preferred supply 12
      fails, for example, gate drive component 32 automatically shuts off the
      preferred thyristor component, represented in FIG. 3 as S.sub.1, and
      activates the non-preferred thyristor component, represented in FIG. 3 as
      S.sub.2, to supply load 18 from the utility 16. Upon return of the
      preferred supply 12, gate drive component 32 automatically activates the
      preferred thyristor component and, following a smoothly controlled
      transfer of load to the inverter as described herein, automatically shuts
      off the non-preferred thyristor component.
PAR  Turning now to the inverter portion of FIG. 3, namely, that portion
      represented by the block 12, the inverter 12 includes a power section 41
      which comprises, inter alia, a Leading Power Stage 42 and a Lagging Power
      Stage 44. The outputs of these two stages are summed and filtered in the
      Summing & Filtering Network 46 whose output in turn appears as the
      inverter output on line 10. The inverter output voltage and current are
      sensed by normal analog means. The voltage regulating function of the
      inverter 12 is provided by Voltage Regulator 47. The output voltage of the
      inverter 12 is sensed at point 48 in line 10 and is coupled to AC to DC
      Sensing Network 50 via impedance Z.sub.2, normally closed contacts 1K101
      and line 200. The sensed voltage is compared to a reference, as provided
      by Voltage Reference Network 51, in Summing Network 52. The output of the
      Summing Network 52 is coupled via line 202 to LEAD-LAG Displacement
      Controller Network 54 which in turn is coupled to Leading Driver Network
      56 via line 204 and Lagging Driver Network 58 via line 206.
PAR  The frequency of the inverter output is determined by a Master Oscillator
      60 and the synchronization of the inverter to the utility AC source 16 is
      determined by the Phase Comparator Network 62.
PAR  For a more complete description of the inverter portion 12 of FIG. 3, see
      U.S. Pat. No. 3,750,004 which is hereby incorporated herein by reference.
      The principles and mode of operation of the inverter 12 are fully set
      forth in U.S. Pat. No. 3,750,004. For the present discussion, however, it
      is only necessary to understand that the output of the inverter 12 is
      formed by two waves, one produced by the LEADING Power Stage 42 and one by
      the LAGGING Power Stage 44. The two waves are operated at variable phase
      displacement from one another, and the resulting waves are combined to
      produce an output wave whose amplitude is controlled by the value of the
      relative phase displacement. The Voltage Regulator 47 of the inverter 12
      causes changes in the output waveform of each of the Leading and Lagging
      Power Stages 42 and 44, respectively, such that the waveforms of each of
      them remain substantially identical to each other at all positions of the
      voltage regulating function.
PAR  The operation of transient eliminator aspect of the present invention will
      now be described, however, it should be pointed out here that the
      components making up the transient eliminator feature of the invention are
      interposed essentially in the voltage and phase regulating loops of the
      inverter 12 and, except for the modifications they provide, as will be
      described hereinafter, operation of the inverter 12 and transfer switch
      component 19, function in the manner as essentially described in the above
      mentioned two U.S. patents.
PAR  The components making up the transient eliminator aspect of the invention
      comprise the current transformer CT501, burden impedances Z.sub.1 and
      Z.sub.2, parallel control or "over-lap" relay coil K101 and its associated
      contacts, normally closed contacts 1K101 and normally open contacts 2K101,
      all connected as indicated in FIG. 3. Energizing or control current for
      relay coil K101 is derived from Gate Drive Logic component 32 via line
      210. In addition to providing gate signals, in response to control logic
      commands, to cause conduction of the SCR's of the transfer switch
      component 19, the Gate Drive Logic 32 provides mechanization of the
      Boolean logic function K101=S.sub.1.sup.. S.sub.2 which expression simply
      means: energize relay coil K101 whenever both sections of the static
      switch are gated into conduction, i.e., both S.sub.1 and S.sub.2 closed.
      Further, Gate Drive Logic component 32 provides desired system sensing via
      lines 209 and 211 to initiate static switch transfer action. This may
      suitably be functionally of the form described in U.S. Pat. No. 3,300,651
      cited above. More complex system control logic is, of course, possible in
      Gate Drive Logic component 32, as for example, it may provide blown
      inverter fuse sensing, syncronizing verification sensing, utility
      over/under voltage sensing, utility over/under frequency sensing, inverter
      over/under voltage sensing and load current surge sensing. Each of these
      functions would initiate appropriate static switch transfer action, i.e.
      effecting opening and closing of the switches S.sub.1 and S.sub.2.
PAR  The transient eliminator aspect of the invention will now be described. In
      operation, during transfer from the utility to the inverter power supply
      an intentional "overlap" or "make-before-break" operation is effected such
      that both switches S.sub.1 and S.sub.2 of the transfer switch component 19
      are held closed for a predetermined time interval. Before describing the
      operation of the transient eliminator aspect of the invention further, it
      should be pointed out that the Gate Drive Logic component 32 is providing
      gating signals to the utility or non-preferred side thyristors (S.sub.2)
      during utility operation. Under these conditions and, with the utility
      current not yet nulled, as will be explained, this provides the logic for
      the "overlap" wherein Gate Drive Logic component 32 provides gating
      signals to both preferred and non-preferred thyristors, i.e., S.sub.1 and
      S.sub.2 closed, thus connecting the inverter and utility in parallel
      during the interval when the load is being smoothly transferred from the
      utility to the inverter.
PAR  Continuing with the operation of the transient eliminator aspect of the
      invention and still referring to FIG. 3 a current transformer CT 501
      senses the utility current by generating a current-proportional voltage
      across burden impedance Z.sub.1 when enabled by the parallel control relay
      K101. This current-proportional voltage is simply connected in series with
      the voltage sensed by the inverter Phase Comparator circuit 62 and the
      Voltage Regulator 47.
PAR  When the load 18 is supplied by either inverter or utility alone, relay
      coil K101 is de-energized, therefore, contacts 1K101 and 2K101 are as
      shown in FIG. 3, current transformer CT501 is shorted out and dummy burden
      impedance Z.sub.2 is inserted in the sensing line 200.
PAR  During the parallel operating "overlap" interval, relay coil K101 is
      energized by Gate Drive Logic 32, shorting out the dummy burden impedance
      Z.sub.2 and inserting the utility current signal into the return path for
      the Voltage Regulator and Phase Comparator circuit 47 and 62,
      respectively.
PAR  Referring now to FIGS. 4 and 5 it can be seen that the signals so generated
      cause the inverter voltage and phase to be biased in the directions to
      zero, or "null", the utility current. With the utility current nulled the
      non-preferred SCR's (S.sub.2) can be allowed to turn off without load
      distrubance, since the nulling action transfers all load to the inverter,
      and there is therefore no transient when the non-preferred thyristor
      gating is removed. Essentially, in accordance with the invention, the
      non-preferred thyristors (S.sub.2) are maintained on until the utility
      current is effectively brought to a null when transferring from the
      utility to the inverter.
PAR  In further explanation of FIGS. 4 and 5 and first referring to FIG. 4,
      assume the following condition for relay K101 energized and both S.sub.1
      and S.sub.2 closed, that is, all thyristors gated on: the inverter's
      internal voltage is low, therefore, assuming resistive internal impedance
      the utility supplies a corresponding magnitude of real current. As such,
      the voltage sensed, that is, the voltage between points A and G of FIG. 3
      (V.sub.AG.sub.-sensed) appears low to the inverter Voltage Regulator 47;
      the voltage of the utility V.sub.BG.sub.-utility appears between points B
      and G of FIG. 3 and the voltage across impedance Z.sub.1,
      V.sub.AB.sub.-Z.sbsb.1, appears across points A and B of FIG. 3. Since
      V.sub.AG.sub.-sensed appears low to the inverter Voltage Regulator 47, the
      Voltage Regulator 47 will up the voltage of the inverter 12 to "null " or
      zero the utility current. For simplicity there is no phase error in this
      first assumption.
PAR  Referring now to FIG. 5, assume the following condition: the voltages of
      the Utility and Inverter are matched, therefore, the Utility is supplying
      lagging current. As such, V.sub.AG-sensed appears all right to the Voltage
      Regulator 47, there is negligible error. However, the Phase Comparator 62
      will under these conditions sense an apparent error, resulting in the
      proper bias to retard the phase of the inverter to "null" or zero the
      utility current.
PAR  It should be noted that FIGS. 4 and 5 illustrate the special case wherein
      the inverter internal impedance is predominantly resistive; hence, Z.sub.1
      and Z.sub.2 are selected to be resistance elements to produce the proper
      biasing action on the voltage and phase controllers. As will be evident to
      one skilled in the art, if the teachings of the present invention are
      applied to an inverter of predominantly reactive internal impedance,
      proper control is obtained by making Z.sub.1 and Z.sub.2 corresponding
      reactive components; therefore, the teachings of the present invention are
      quite easily applied to inverters of general internal impedance, not
      specialized as shown here for ease of explanation.
PAR  FIG. 6 shows operation and the waveforms of current and voltage of the
      inverter and utility with the transient eliminator aspect of the
      invention. Comparing FIGS. 2 and 5 it can be seen that in FIG. 5 the
      typical transient voltage dip effect of FIG. 2 is not present.
PAR  It will be understood to those skilled in the art that each of the
      components shown in block form in the various figures of the drawing can
      be readily implemented with commerically available components or can be
      readily implemented utilizing standard text book knowledge since the
      function of each block in the various drawings has been set forth.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. In an electrical system for supplying electrical energy to a load from a
      first electrical supply and a second electrical supply and including first
      switch means for switching the load from the first electrical supply to
      the second electrical supply and second switch means for switching the
      load from the second electrical supply to the first electrical supply and
      wherein the first electrical supply comprises an inverter including
      voltage regulating means for regulating the output voltage of the inverter
      and phase control means for synchronizing the inverter to the second
      electrical supply the improvement comprising:
PA1  a. switch control means operatively connected to the first and second
      switch means for actuating the first and second switch means either
      alternately or simultaneously such that either the first or the second or
      both the first and second electrical supplies may be utilized to supply
      electrical energy to the load;
PA1  b. current sensing means operatively connected to the voltage regulating
      and phase control means of the inverter and to the second electrical
      supply for sensing the current of the second electrical supply when both
      the first and second electrical supplies are simultaneously supplying the
      load and for providing control signals to the voltage regulating and phase
      control means of the inverter in response to sensed output current of the
      second electrical supply;
PA1  c. said voltage regulating and phase control means each being responsive to
      control signals from the current sensing means for adjusting the output
      voltage of the inverter and its relative phase so as to null the output
      current of the second electrical supply such that the first electrical
      supply is supplying the entire energy of the load; and
PA1  d. said switch control means being further operable to effect operation of
      the second switch means for switching the load from the second electrical
      supply solely to the first electrical supply when the current of the
      second electrical supply has been nulled.
NUM  2.
PAR  2. In an electrical system for supplying electrical energy to a load from a
      first electrical supply and a second electrical supply and including first
      switch means for connecting the load to the first electrical supply and
      second switch means for connecting the load to the second electrical
      supply and wherein the first electrical supply comprises an inverter
      including voltage regulating means for regulating the output voltage of
      the inverter and phase control means for synchronizing the inverter to the
      second electrical supply, a method for transferring the load from the
      second electrical supply to the inverter without causing transient changes
      in the voltage and current fed to the load comprising the following steps
      in sequence:
PA1  a. with the load connected to the second electrical supply, effecting
      operation of the first switch means for paralleling the inverter to the
      load;
PA1  b. sensing the output current of the second electrical supply for providing
      control signals to the voltage regulating and phase control means of the
      inverter in response to sensed output current of the second electrical
      supply;
PA1  c. varying the output voltage of the inverter and its relative phase in
      response to the control signals thereby nulling the output current of the
      second electrical supply such that the inverter is supplying the entire
      energy of the load; and
PA1  d. effecting operation of the second switch means when the output current
      of the second electrical supply has been nulled thereby disconnecting the
      load from the second electrical supply.
NUM  3.
PAR  3. The method of claim 2 wherein the second electrical supply comprises a
      utility power supply.
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ABST
PAL  A polyphase rectifier system which provides two output current-voltage
      ranges upon the system direct current output circuitry. Each phase of a
      polyphase potential source is rectified by a respective rectifier circuit
      having the alternating current input circuit thereof electrically
      connected to the output electrical coil of the corresponding phase of the
      polyphase potential source and the direct current output circuit thereof
      connected in parallel with the direct current output circuit of all of the
      other rectifier circuits. An electrical switching means operable to the
      electrical circuit open and closed conditions is provided for electrically
      interconnecting one terminal end of all of the output electrical coils of
      the polyphase potential source when operated to the electrical circuit
      closed condition.
BSUM
PAR  This invention is directed to a polyphase rectifier system for providing
      two output current-voltage ranges and, more specifically, to a rectifier
      system of this type employing a simplified switching arrangement.
PAR  As is well known and practiced in the electrical power art, more than one
      current-voltage range is available from a single polyphase source by
      appropriately interconnecting the phase output windings in a wye or a
      delta configuration. In the prior art, the transformation of the polyphase
      output circuit coils from a wye to a delta configuration and vice versa is
      accomplished by a complex multiple switching arrangement in the main
      current paths. Therefore, if it is necessary to transform the output
      circuit coils from one configuration to another under load conditions,
      switching devices which are capable of interrupting and establishing load
      current are required. As load break switching devices are expensive, a
      polyphase rectifier system for providing two output current-voltage ranges
      with a simplified switching system employing simple switching devices
      which are not required to interrupt and establish load current is
      desirable.
PAR  It is, therefore, an object of this invention to provide an improved
      polyphase rectifier system capable of two output current-voltage ranges.
PAR  It is another object of this invention to provide an improved polyphase
      rectifier system having two output current-voltage range capabilities with
      simplified switching.
PAR  In accordance with this invention, a polyphase rectifier system having two
      output current-voltage ranges is provided wherein each phase of a
      polyphase alternating current potential source is rectified by a rectifier
      circuit having the input circuitry thereof connected to the terminal ends
      of the corresponding output electrical coil and the direct current output
      circuitry connected in parallel with the direct current output circuitry
      of the other rectifier circuits in combination with an electrical
      switching device operable to the electrical circuit open and closed
      conditions for electrically interconnecting one terminal end of all of the
      output electrical coils of the source of polyphase potential when operated
      to the electrical circuit closed condition.
DRWD
PAR  For a better understanding of the present invention, together with
      additional objects, advantages and features thereof, reference is made to
      the following description and accompanying drawing in which:
PAR  FIG. 1 sets forth the polyphase rectifier system of this invention in
      schematic form; and
PAR  FIG. 2 schematically sets forth a prior art switching system in the input
      circuitry of a three-phase, full-wave bridge rectifier circuit for
      transformation between wye and delta connections.
DETD
PAR  FIG. 1 of the drawing sets forth the polyphase rectifier system of this
      invention for providing two output current-voltage ranges upon the system
      direct current output circuit. This novel system includes a source of
      polyphase alternating current voltage of the type having an output
      electrical coil having two accessible terminal ends corresponding to each
      phase, a rectifier circuit corresponding to each phase of the source of
      polyphase alternating current voltage having alternating current input
      circuitry electrically connected to the terminal ends of the output
      electrical coil of the phase to which it corresponds and a direct current
      output circuit and an electrical switching device operable to the
      electrical circuit open and closed conditions for electrically
      interconnecting one terminal end of all of the output electrical coils of
      the source of polyphase alternating current voltage when operated to the
      electrical circuit closed condition.
PAR  The source of polyphase alternating current voltage of the type having an
      output electrical coil having two accessible terminal ends corresponding
      to each phase may be a conventional three-phase transformer 6 having three
      wye connected primary windings 6A, 6B and 6C and three separate output
      electrical coils 10, 20 and 30. Output electrical coil 10, having two
      accessible terminal ends 10a and 10b, corresponds to phase A, output
      electrical coil 20, having two accessible terminal ends 20a and 20b,
      corresponds to phase B and output electrical coil 30, having two
      accessible terminal ends 30a and 30b, corresponds to phase C. The primary
      input windings 6A, 6B and 6C may be supplied by a conventional alternator
      3. An alternative configuration would connect an alternator, which has
      both ends of each output phase winding accessible, directly to the
      rectifier circuits in like manner to that shown for the illustrated
      transformer.
PAR  Full-wave bridge type rectifier circuit 19 having two positive polarity
      diodes 11 and 13, two negative polarity diodes 12 and 14, alternating
      current input circuitry, which may be terminals 15 and 16, and direct
      current output circuitry which may be terminals 17 and 18 corresponds to
      phase A of the supply potential; full-wave bridge type rectifier circuit
      29 having two positive polarity diodes 21 and 23, two negative polarity
      diodes 22 and 24, alternating current input circuitry, which may be
      terminals 25 and 26, and direct current output circuitry which may be
      terminals 27 and 28 corresponds to phase B of the supply potential and
      full-wave bridge type rectifier circuit 39 having two positive polarity
      diodes 31 and 33, two negative polarity diodes 32 and 34, alternating
      current input circuitry, which may be terminals 35 and 36, and direct
      current output circuitry, which may be terminals 37 and 38, corresponds to
      phase C of the supply potential. Although the rectifier circuits 19, 29
      and 39 are illustrated in the drawing as being of the full-wave, four
      diode bridge type, it is to be specifically understood that alternate
      rectifier circuits may be employed without departing from the spirit of
      the invention.
PAR  The terminal ends 10a and 10b of output electrical coil 10 are connected,
      respectively, to the alternating current input terminals 15 and 16 of
      rectifier circuit 19; the terminal ends 20a and 20b of output electrical
      coil 20 are connected, respectively, to the alternating current input
      terminals 25 and 26 of rectifier circuit 29 and the terminal ends 30a and
      30b of output electrical coil 30 are connected, respectively, to the
      alternating current input terminals 35 and 36 of rectifier circuit 39.
PAR  The direct current output circuit terminals 17 and 18 of rectifier circuit
      19, the direct current output terminals 27 and 28 of rectifier circuit 29
      and the direct current output terminals 37 and 38 of rectifier circuit 39
      are connected in parallel across the system direct current output circuit,
      which may be terminals 41 and 42 or any other electrical circuit device or
      arrangement suitable for connection to external circuitry, through
      respective leads 44 and 45. The external load is illustrated in the
      drawing as a resistor 40, however, it is to be specifically understood
      that resistor 40 is representative of any type electrical load which may
      be connected across a direct current power supply.
PAR  The electrical switching device may be a conventional double pole, single
      throw electrical relay 50 having an operating coil 51, two movable
      contacts 52 and 54 and two respective corresponding stationary contacts 53
      and 55. One terminal end of one of the output electrical coils of the
      source of polyphase alternating current voltage may be connected to both
      of the movable contacts 52 and 54 of relay 50 and one terminal end of each
      of the other two output electrical coils of the source of polyphase
      alternating current voltage may be connected to a respective one of the
      stationary contacts 53 and 55 of electrical relay 50. In the drawing,
      terminal end 20b of output electrical coil 20 is shown to be connected to
      both movable contacts 52 and 54 of electrical relay 50 through lead 61 and
      interconnecting lead 62, terminal end 10b of output electrical coil 10 is
      connected to stationary contacts 53 through lead 64 and terminal end 30b
      of output electrical coil 30 is connected to stationary contact 55 through
      lead 65. It is to be specifically udnerstood that the terminal end of any
      one of the output electrical coils 10, 20 or 30 may be connected to both
      movable contacts 52 and 54 of relay 50 and the terminal end of each of the
      other output electrical coils may be connected to a respective one of
      stationary contacts 53 and 55 without departing from the spirit of the
      invention.
PAR  Alternatively, one terminal end of one of the output electrical coils 10,
      20 and 30 may be connected to both stationary contacts 53 and 55 of
      electrical relay 50 and one terminal end of each of the other two output
      electrical coils may be connected to a respective one of movable contacts
      52 and 54 of the electrical relay 50. This connection is not specifically
      shown in the drawing as it is obvious to anyone skilled in the electrical
      circuit art.
PAR  It is to be specifically understood that other electrical switching
      devices, including manually operated switches, may be substituted for
      relay 50.
PAR  With relay 50 in the electrical circuit open condition, as illustrated in
      FIG. 1 of the drawing, a circuit of three, phase displaced, single phase
      full-wave bridge type rectifier circuits having their output circuits
      connected in parallel to the direct current system output circuit is
      provided. Because of the phase displacements of the inputs, an output
      current-voltage characteristic very close to that of a standard
      three-phase delta connection to a full-wave rectifier circuit results.
PAR  When it is desired to change the current-voltage range, movable contact 71
      of switch 70 may be operated into electrical contact with stationary
      contact 72 to complete an energizing circuit for operating coil 51 of
      relay 50 which may be traced from output terminal 41 of the rectifier
      circuit, through lead 73, switch 70, lead 74, operating coil 51 and lead
      75 to terminal 42 of the rectifier circuit. Upon the energization of
      operating coil 51, electrical relay 50 is operated to the electrical
      circuit closed condition with movable contacts 52 and 54 in electrical
      engagement with respective stationary contacts 53 and 55. With electrical
      relay 50 operated to the electrical circuit closed condition, one terminal
      end of all of output coils 10, 20 and 30 of the source of polyphase
      alternating current voltage are electrically interconnected to provide a
      true wye or star configuration. In this configuration, the source of
      polyphase alternating current potential is full-wave rectified by a diode
      bridge type rectifier circuit comprising diodes 11, 21 and 31 in the
      positive polarity bank and diodes 12, 22 and 32 in the negative polarity
      bank.
PAR  FIG. 2 illustrates the prior art switching arrangement for the
      transformation from one configuration to another. This transformation
      requires three gang-operated single pole, double throw switches or, in the
      alternative, a three pole, double throw relay. With movable contacts 81,
      82 and 83 in electrical contact with corresponding stationary contacts 84,
      85 and 86, as illustrated in FIG. 2, output electrical coils A, B and C
      are connected in a wye configuration and with movable contacts 81, 82 and
      83 in electrical contact with respective stationary contacts 87, 88 and
      89, output electrical coils A, B and C are connected in a delta
      configuration. It may be noted that with this arrangement, the switching
      devices are located in the main current paths to full-wave bridge
      rectifier circuit 90, consequently, these switching devices must be
      capable of interrupting load current.
PAR  The novel system of this invention provides a distinct advantage over that
      of the prior art illustrated in FIG. 2 in that only a double pole, single
      throw relay is required and, since the relay contacts switch only the
      neutral connection of wye connected output electrical coils 10, 20 and 30,
      they need not be designed to interrupt load current.
PAR  While a preferred embodiment of the present invention has been shown and
      described, it will be obvious to those skilled in the art that various
      modifications and substitutions may be made without departing from the
      spirit of the invention which is to be limited only within the scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polyphase rectifier system for providing two output current-voltage
      ranges upon the system direct current output circuit comprising in
      combination with a source of polyphase alternating current voltage of the
      type having an output electrical coil having two accessible terminal ends
      corresponding to each phase; a rectifier circuit corresponding to each
      phase of said source of polyphase alternating current voltage having
      alternating current input circuit means electrically connected to said
      terminal ends of said output electrical coil of the phase to which it
      corresponds and direct current output circuit means; means for connecting
      said direct current output circuit means of said rectifier circuits in
      parallel across said system direct current output circuit; and electrical
      switching means operable to the electrical circuit open and closed
      conditions for electrically interconnecting one said terminal end of all
      of said output electrical coils of said source of polyphase alternating
      current voltage when operated to the electrical circuit closed condition.
NUM  2.
PAR  2. A polyphase rectifier system for providing two output current-voltage
      ranges upon the system direct current output circuit comprising: a source
      of polyphase alternating current voltage of the type having an output
      electrical coil having two accessible terminal ends corresponding to each
      phase; a full wave rectifier circuit corresponding to each phase of said
      source of polyphase alternating current voltage, each having alternating
      current input circuit means and direct current output circuit means; means
      for connecting said two terminal ends of each said output electrical coil
      of said source of polyphase alternating current voltage to said
      alternating current input circuit means of the corresponding one of said
      full wave rectifier circuits; means for connecting said direct current
      output circuit means of said full wave rectifier circuits in parallel
      across said system direct current output circuit; and electrical switching
      means operable to the electrical circuit open and closed conditions for
      electrically interconnecting one said terminal end of all of said output
      electrical coils of said source of polyphase alternating current voltage
      when operated to the electrical circuit closed condition.
NUM  3.
PAR  3. A polyphase rectifier system for providing two output current-voltage
      ranges upon the system direct current output circuit comprising: a source
      of polyphase alternating current voltage of the type having an output
      electrical coil having two accessible terminal ends corresponding to each
      phase; a full wave rectifier circuit corresponding to each phase of said
      source of polyphase alternating current voltage, each having alternating
      current input circuit means and direct current output circuit means; means
      for connecting said two terminal ends of each said output electrical coil
      of said source of polyphase alternating current voltage to said
      alternating current input circuit means of the corresponding one of said
      full wave rectifier circuits; means for connecting said direct current
      output circuit means of said full wave rectifier circuits in parallel
      across said system direct current output circuit; and an electrical relay
      having movable and stationary contacts operable to the electrical circuit
      open and closed conditions for electrically interconnecting one said
      terminal end of all of said output electrical coils of said source of
      polyphase alternating current voltage when operated to the electrical
      circuit closed condition.
NUM  4.
PAR  4. A three-phase rectifier system for providing two output current-voltage
      ranges upon the system direct current output circuit comprising: a source
      of three-phase alternating current voltage of the type having three output
      electrical coils, each having two accessible terminal ends; a full wave
      rectifier circuit corresponding to each phase of said source of
      three-phase alternating current voltage having alternating current input
      circuit means electrically connected to said terminal ends of said output
      electrical coil of the phase to which it corresponds and direct current
      output circuit means; means for connecting said direct current output
      circuit means of said full wave rectifier circuits in parallel across said
      system direct current output circuit; an electrical relay having two
      movable contacts and stationary contact corresponding to each said movable
      contact; means for connecting one said terminal end of one of said output
      electrical coils of said source of three-phase alternating current voltage
      to both of said movable contacts of said electrical relay; and means for
      connecting one said terminal end of each of said other two output
      electrical coils of said source of three-phase alternating current voltage
      to a respective one of said stationary contacts of said electrical relay.
NUM  5.
PAR  5. A three-phase rectifier system for providing two output current-voltage
      ranges upon the system direct current output circuit comprising: a source
      of three-phase alternating current voltage of the type having three output
      electrical coils, each having two accessible terminal ends; a full wave
      rectifier circuit corresponding to each phase of said source of
      three-phase alternating current voltage having an alternating current
      input circuit means electrically connected to said terminal ends of said
      output electrical coil of the phase to which it corresponds and a direct
      current output circuit means; means for connecting said direct current
      output circuit means of said full wave rectifier circuits in parallel
      across said system direct current output circuit; an electrical relay
      having two movable contacts and a stationary contact corresponding to each
      said movable contact; means for connecting one said terminal end of one of
      said output electrical coils of said source of three-phase alternating
      current voltage to both of said stationary contacts of said electrical
      relay; and means for connecting one said terminal end of each of said
      other two output electrical coils of said source of three-phase
      alternating current voltage to a respective one of said movable contacts
      of said electrical relay.
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ABST
PAL  An improved control system for providing firing pulses to an externally
      controlled converter in which the firing pulses are formed by comparing a
      comparison voltage which is proportional to the voltage time area of the
      synchronizing voltage with a variable DC control voltage to thereby
      decrease the sensitivity of the control system to frequency changes,
      harmonics on the line voltage and commutation interference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to control systems for externally controlled
      converters in general and more particularly to an improved control system
      which has less sensitivity to variations in line frequency, harmonics in
      the line voltage and commutation interference.
PAR  Various control systems for such externally controlled converters have been
      previously developed for example see German Auslegeschrift No. 1,021,025
      or a handbook by G. Moeltgen entitled "Line Controlled Converters with
      Thyristors", edited and published by Siemens AG 1967 pages 275 and 280.
      These previous systems have triggered on the zero crossing of a
      synchronization voltage which is typically the line voltage. This voltage
      however can sometime shift several degrees if harmonics are present.
      Sometimes because of harmonics or other interferences, a plurality of zero
      crossings can occur successively. Such can occur, for example, if other
      converters are coupled to the same line when their respective commutation
      occurs. Thus, under certain conditions the prior art control systems do
      not perform in a satisfactory manner, particularly when they are used for
      controlling thyristors in positioning control circuits and are connected
      to a synchronizing voltage which has a variable frequency and heavy
      distortion of the line voltage wave shape. In attempts to overcome these
      problems filters made up of resistors and capacitors or inductors and
      capacitors have been used. However these filters are considerably
      expensive and do not work in a completely adequate manner. In particular
      such a solution is not effective where the frequency of the
      synchronization voltage changes. Thus there is a need for an improved
      control system for externally controlled converters which is less
      sensitive to the above described effects of frequency variation, harmonics
      and interference from other converters.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a control system which is less sensitive to
      the type of disturbances noted above. The circuit of the present invention
      integrates the synchronization voltage to develop a comparison voltage
      representing the voltage time area of the synchronization voltage which is
      then compared with a variable DC voltage to generate the firing pulses.
      Through the use of the integrator the system is insensitive to frequency
      changes, harmonics of the synchronizing voltage and to commutation
      interference. This permits it to operate satisfactorily with distorted
      synchronizing voltages. When used to control an AC control element, good
      symmetry of the voltage time areas produced are obtained which are
      independent of frequency changes and of heavy distortion of the line
      voltages. Systems in which assymetry does not exceed plus or minus 0.5
      percent of the voltage time area of the line voltage can be achieved
      without difficult.
PAR  In the perferred embodiments two comparators are provided. The output of
      the integrator is connected through a decoupling capacitor and a limiting
      stage to each of the comparators which have as their respective inputs a
      DC control voltage; one being fed the control voltage directly and the
      other being fed the control voltage after inversion. The respective
      comparators will each provide an output as the integrator output (which is
      in the form of a sign wave) crosses their DC control voltage. One
      comparator outputs a pulse when this voltage is crossed in the positive
      direction and the other when it is crossed in the negative direction. In
      addition, the system includes a circuit which determines the polarity of
      the synchronization voltage and provides pulses indicative thereof. These
      pulses are combined with the comparator outputs and then provided, through
      appropriate pulse amplifiers, as the firing pulses for the thyristors in
      the converter. This assures that control pulses are provided only to the
      thyristors which have a positive voltage applied thereto.
PAR  A number of embodiments having improved circuits which include additional
      logic and memory elements and which increases the ability of the system to
      operate satisfactorily in the present of disturbances are shown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a first embodiment of the invention.
PAR  FIG. 2 is a schematic diagram of a second embodiment with a different type
      of limiter circuit.
PAR  FIG. 3 is a third embodiment of the invention wherein additional logic
      circuits including memory circuits are provided.
PAR  FIG. 4 is a further embodiment similar to that of FIG. 3 which includes
      additional circuit elements.
PAR  FIG. 5 is a wave-form diagram illustrating the voltages at various portions
      of the circuits of FIGS. 1 through 4.
PAR  FIG. 6 is a similar wave-form diagram showing the effects of interference
      on the synchronizing wave-form.
PAR  FIGS. 7 through 11 are curves illustrating the improved performance of the
      control system of the present invention in comparison with prior art
      systems.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The first and simplest embodiment of the present invention is shown on FIG.
      1. A synchronizing voltages U.sub.1 is provided into input terminal 1 of
      the circuit. This will normally be the sinusoidal line voltage as
      illustrated by the voltage wave-form U.sub.1 on FIG. 5. It is provided
      through a resistor 2 to an operational amplifier 5 having a capacitor 3 in
      its feedback path to cause it to operate as an integrator 4. The output of
      integrator 4 will be a voltage U.sub.2 as shown on FIG. 5. As is evident
      thereon, at the beginning of the wave-form, the input voltage U.sub.1 has
      just finished its negative cycle which after inversion in amplifier 5
      resulted in an output therefrom which is a maximum in the positive
      direction. Now with the increasing voltage U.sub.1 the integrator 4 begins
      to integrate toward zero, crossing zero approximately at the peak of the
      wave-form U.sub.1. Integration continues in a negative direction reaching
      a neagtive peak as the wave-form U.sub.1 crosses zero. Now with a negative
      input voltage on U.sub.1 an integration in the other direction commenses
      with the output voltage decreasing until it crosses zero at approximately
      the peak of the input wave-form and then increases to a maximum in the
      positive direction. This cycle then repeats in well known fashion. Since
      the output voltage U.sub.2 is the integral of the input voltage U.sub.1 it
      is proportional to the voltage - time area of the input voltage. Any
      unsymmetry in the input wave-form and the input offset voltage can result
      in a DC voltage component at the integrator output. To overcome the effect
      of the input offset voltage, a resistor 6 with a fairly large resistance
      value is shunted across the capcitor as negative feedback for the
      amplifier 5. Through the use of resistor 6 the residual area of the input
      offset voltage will be negligible. The output of integrator 4 is provided
      through a capacitor 7 to one input of a comparator 8. Similarly it is
      provided through a decoupling capacitor 9 to a comparator 10. The value of
      capacitors 7 and 9 preferably should be equal. Each of the capacitors has
      at its output a limiting diode with a limiting diode 11a being provided at
      the output of capacitor 7 and a limiting diode 12a at the output of
      capacitor 9. These are indicated generally as limiting stages 11 and 12
      respectively. Diode 11a is biased such that it will permit the full
      positive peak voltage to reach the comparator 8 but will limit any
      negative portion of the voltage. Similarly diode 12a limits the positive
      voltage and permits the full negative peak to be provided to comparator
      10. Each of the voltage U.sub.3 and U.sub.4 is arranged so that its
      respective negative or positive peak nominally occurs at the limiting
      voltage. Thus the comparison voltage U.sub.3 input to comparator 8 will
      always be positive and the voltage U.sub.4 to comparator 9 always
      negative. Although shown as limiting these voltages at zero volts using
      diodes, limiting at other voltages is also possible.
PAR  The second input to the controller is a variable DC voltage provided as an
      input teminal 13. In conventional fashion, this DC voltage can be varied
      to select the point on the synchronizing wave-form at which the thyristors
      are fired. This DC voltage is provided directly to the comparator 8 and
      through an inverter comprising amplifier 14, input resistor 15 and
      feedback resistor 16 to the second input of comparator 10. The resistors
      15 and 16 will be chosen to be equal to obtain unity gain with inversion
      through the amplifier 14. Preferably the resistors 15 and 16 should have a
      tolerance of plus or minus 0.1 percent. The output U.sub.8 of comparator 8
      will remain at zero until the voltage U.sub.3 falls below the reference
      voltage U.sub.5 from terminal 13. Similarly the output of comparator 10
      will remain at 0 until the negative portion of the voltage U.sub.2 at the
      comparator input U.sub.4 rises above the inverted reference voltage
      U.sub.6 at the second comparator or input. The various voltages are shown
      on FIG. 5. Thus it can be seen that as the positive voltage U.sub.3 falls
      below the reference voltage U.sub.5 the output U.sub.8 goes from a zero
      value to a positive voltage value. It remains at this value until the
      value of U.sub.3 again exceeds the value of U.sub.5 which point it returns
      to zero. Similarly when U.sub.4 becomes more positive than U.sub.6 the
      output voltage U.sub.9 goes from zero to a positive voltage. When U.sub.4
      voltage becomes more negative than U.sub.6 the voltage U.sub.9 again goes
      to zero. Thus, the rising and falling edges of the voltages pulses U.sub.8
      and U.sub.9 correspond with the points of intersection of their respective
      comparison and DC reference voltages.
PAR  The synchronization voltage at terminal 1 is also provided to an amplifier
      17 which is adapted to provide a positive output voltage whenever the
      input voltage is positive and a 0 output voltage when the input voltage is
      negative. This output U.sub.7 is provided to a Nand gate 18 which has as
      its second input the output of comparator 8. The output U.sub.7 is also
      provided through a Nand gate inverter 19 to a Nand gate 20 having as a
      second input the output of comparator 10. Thus, gate 18 will have a
      positive voltage input during the positive half of the cycle of the
      voltage U.sub.1 and, because of the inversion, Nand gate 20 will have a
      positive voltage input during the negative half of the cycle. The truth
      tables of the Nand gates 18 and 20 are as follows:
TBL  NAND Gate 18      NAND Gate 20                                            

     U.sub.7                                                                   

            U.sub.8  U.sub.10  U.sub.7                                         

                                      U.sub.9                                  

                                             U.sub.11                          

     ______________________________________                                    

     0      0        1         0      0      1                                 

     0      1        1         0      1      1                                 

     1      0        1         1      0      1                                 

     1      1        0         1      1      0                                 

     ______________________________________                                    

PAL  These output voltages designated U.sub.10 and U.sub.11 respectively are
      also shown on FIG. 5. The pulses obtained on wave forms U.sub.10 and
      U.sub.11 can then be used as the firing pulses for the control thryristors
      after being amplified in pulse or chopper amplifiers. As shown on the
      illustrated embodiment, these pulses are provided respectively to
      terminals 21 and 22 of a converter [rectifier] 23 having input terminals
      24 which are supplied with AC voltage and providing a DC output at
      terminals 25. In the illustrated embodiment, only a single phase is
      provided to the converter 23. For three phase operation, the circuit shown
      on FIG. 1 would be tripled with the respective phase voltages being
      provided as inputs to the terminals 1 of the three circuits.
PAR  FIG. 2 is a schematic diagram of an improved embodiment of the system
      according to FIG. 1. The primary difference in the system of FIG. 2 is in
      the type of limiter stages 11 and 12 which are provided. As shown thereon,
      operational amplifiers 11b and 12b respectively having diodes 11d and 12d
      in their feed-back paths in the appropriate direction are used herein. The
      use of the amplifiers 11b and 12b results in overcoming the threshold
      value of the diodes with the limiting stage now cutting off the voltages
      U.sub.3 and U.sub.4 exactly at 0.
PAR  A further embodiment of the invention is illustrated by FIG. 3. In the
      embodiment of FIG. 3 additional logic circuits which increase the ability
      of the system to withstand interference at its input are included. A
      switch 26 having a negative voltage at its input is coupled to the one
      input of the comparator 8. Similarly a switch 28 is coupled to the one
      input of the comparator 10. Switch 28 however, obtains a positive voltage
      from a terminal 29. As shown, the switches will preferably be transistor
      switches controlled in a manner to be described below. Switch 26 is an NPN
      transistor having its emitter connected to the terminal 27 and its
      collector to the comparator 8 input. Switch 28 is a PNP having its emitter
      coupled to a positive voltage at terminal 29 and its collector to
      comparator 10. The use of the transistor switches 26 and 28 assured that
      once the respective comparator voltages U.sub.8 and U.sub.9 has gone from
      a zero level to a positive voltage level in response to its input U.sub.3
      or U.sub.4 crossing the DC reference voltage, any disturbances on the line
      will not cause it to go back to zero. For example, if on FIG. 5 at the
      point where U.sub.3 crosses U.sub.5 a disturbance or two occur causing a
      number of crossings at that point, with nothing further, the comparator 8
      would respond to these oscillations and output a series of pulses which
      would be transmitted through the gate 18 to the thyristor firing circuits.
      The logic circuits to now be described in effect cause the comparators to
      be latched once they change state avoiding problems of this nature. The
      logic circuits driving the transistors 26 and 27 include a flip flop 30
      made up of two Nand gates 31 and 32 cross coupled in conventional fashion.
      The set input of the flip flop designated by line 30a is obtained from the
      amplifier 11b after being inverted through a Nand gate inverter 11c. The
      reset input of the flip flop 30 designated 30b is obtained directly from
      the amplifier 12d. The output of the flip flop 30 designated U.sub.16 is
      provided to a Nand gate 32 and the other output designated U.sub.17 to a
      Nand gate 34. Nand gate 33 has as its second input the output of
      comparator 10 and Nand gate 34 as its second input the output of
      comparator 8. The output U.sub.20 of Nand gate 33 is provided to the base
      of transistor 28. The output of Nand gate 34, after inversion through a
      Nand gate inverter 35 and designated U.sub.21, is provided to the base of
      transistor 26.
PAR  Operation of the circuit can best be understood by following through an
      example with reference to the wave-form diagram of FIG. 5. As the voltage
      U.sub.3 which is one input to comparator 8 reaches the level of the DC
      voltage U.sub.5, the comparator output U.sub.8 will go from a zero level
      (or logic "0") to a positive voltage level [also designated herein as a
      logic "1"]. Flip-flop 30 will be in a condition where it is providing a
      logic 1 at its output U.sub.17. With a second 1 being provided into Nand
      gate 34 when the output of comparator 8 changes, its output will go to a 0
      and this 0 will be inverted through Nand gate 35 to result in a U.sub.21
      signal of a 1. This will turn on transistor 26 and cause the input to
      comparator 8 to be driven toward zero as shown by the solid line on
      waveform U.sub.3 of FIG. 5. The 1 output of comparator 8 is being fed back
      through the gate 34 and 35 and transistor 26 to hold it in this state.
      Because of this, should the voltage U.sub.3 oscillate and go above the
      voltage U.sub.5 again no effect will be felt at the comparator 8 as long
      as the transistor 26 remains on. The voltage U.sub.3 while still positive
      will cause at the output of amplifier 11b, after inversion therethrough, a
      negative voltage. This results in gate 11c providing an output at a logic
      1 level on line 30a into the flip flop 30. However, when the voltage
      U.sub.3 drops down to the limit of zero and begins to go negative, the
      amplifier 11b will have a positive output which is fed back to clamp the
      voltage at ground, as described above, holding it there. This positive
      voltage into gate 11c will result in a 0 output which will cause the flip
      flop 30 to be set in turn causing the voltage U.sub.17 to go to 0 and the
      voltage U.sub.16 to go to a 1. Transistor 26 will be turned off but
      comparator U.sub.8 will continue to have a 1 output because of the clamped
      voltage U.sub.3 which is held at zero.
PAR  As the synchronizing voltage U.sub.2 increases the voltage U.sub.4 at the
      input of comparator 10 will increase above the DC level U.sub.6 causing
      the comparator 10 output to go from a 0 to a logic 1 level. This output is
      provided as the second output to the Nand gate 33 which has as its other
      input the voltage U.sub.16 from flip flop 30 which as just described is
      now at a 1 level. Thus, the output U.sub.20 of Nand gate 33 will go to 0
      turning on transistor 28. In the manner described above in connection with
      comparator 8, the positive voltage into comparator 10 will cause it to be
      driven toward zero and its output to remain at a logic 1 despite
      variations in the voltages U.sub.2 and U.sub.4. When the voltage U.sub.4
      reaches the point where it is limited by the limiting stage 12, the output
      of amplifier 12d will go from being positive to a negative voltage which
      in turn will cause the flip flop 30 to be reset with the output U.sub.17 a
      1 and the output U.sub.16 a 0. The flip flop is now ready for the next
      output from the comparator 8. Thus, this circuit assures that any
      interference which occurs in the area where the voltages U.sub.3 or
      U.sub.4 respectively are crossing the reference voltages U.sub.5 or
      U.sub.6 will not effect the operation of the circuit. The truth tables of
      gates 33, 34 and 35 and flip flop 30 are as follows:
TBL  Flip Flop 30                                                              

     U.sub.14    U.sub.15  U.sub.16 U.sub.17                                   

     ______________________________________                                    

     0           1         1        0                                          

     1           1         no change                                           

     1           0         0        1                                          

     O           0         no change                                           

     NAND Gate 34 with NAND Gate 33                                            

     Inverter Stage 35                                                         

     U.sub.8                                                                   

            U.sub.17 U.sub.21  U.sub.9                                         

                                      U.sub.16                                 

                                             U.sub.20                          

     ______________________________________                                    

     0      0        0         0      0      1                                 

     0      1        0         0      1      1                                 

     1      0        0         1      0      1                                 

     1      1        1         1      1      0                                 

     ______________________________________                                    

PAR  A further improved circuit is illustrated by FIG. 4. This embodiment avoids
      the inadvertent turning off of transistors due to disturbances from
      commutation or the like which can cause collapse and even a reversal of
      polarity on the synchronizing voltage. To avoid the effects of such
      disturbances time delays 36 and 37 are included in this embodiment.
PAR  The output of amplifier 11b is connected to the base of a transistor 33,
      having its emitter grounded and its collector connected as an input to the
      input 30a of the flip flop 30. Gate 33 has a third input, designated as
      the voltage U.sub.18, obtained from a resistor having its other side
      connected to a positive voltage. The gate input is also connected through
      a diode 36b to the input of 30c of the flip flop. A capacitor 36c is
      provided from the junction of resistor 36a and diode 36b to ground. If the
      output of amplifier 11b momentarily goes to a positive voltage, it will
      turn on the transistor 33 effectively shorting it out to ground. Normally
      this would set the flip flop 30. However, the voltage on capacitor 36c
      will prevent the flip flop from immediately being set as it slowly
      discharges through the transistor 33. Thus, if the interruption is only
      momentary, the input 30a will remain at a logic 1 as will the input to
      gate U.sub.18 to gate 33 and the flip flop will not be set. Thus, the
      voltage U.sub.17 will remain at a logic 1 and transistor 26 will remain
      turned on keeping the comparator 8 at logic 1. A subsequent voltage
      U.sub.3 which goes above the voltage U.sub.5 will then have no effect on
      the comparator 8 which remains in a locked condition. The delay 37 is
      constructed in similar fashion using a resistor 37a, a diode 37b and a
      capacitor 37c. Here however, a pair of transistors 38 and 39 are required
      since the output U.sub.13 is not inverted at the input 30b to the flip
      flop. Thus two transistors to perform a double inversion are required.
      Transistors 38 and 39 are coupled through conventional load and biasing
      resistors 40, 41 and 42. Operation is similar to that described above with
      the capacitor 37 discharging through the transistor 39 to prevent
      resetting of the flip flop improperly. Thus brief interruptions of the
      voltages which cause the outputs of the amplifiers 11b and 12a in the
      limiters to change state improperly will not effect the operation of the
      transistors 26 and 28 and the outputs of the comparators 8 and 10 will not
      be affected. Through a circuit of this nature, the effects of commutation
      interruptions of durations up to 1 millisecond can be handled.
PAR  FIG. 6 is a wave-form diagram similar to FIG. 5, showing the effects at
      various points in the circuit of commutation interference. Note the
      smoothing effect at the integrator has on the voltage U.sub.2 and also the
      effect of the delay circuits as illustrated by the voltages U.sub.18 and
      U.sub.19.
PAR  As noted above the system of the present invention operates without
      disturbance in the presence of frequency changes, commutation
      interruptions, an harmonics on the synchronizing voltage. One manner of
      determining the accuracy of the system is from the asymmetry which occurs
      in the control pulses generated. A study has been made of the system of
      the present invention when operating in single phase AC control. The DC
      voltage component at the output of the control system resulting from
      asymmetry was in the example tested a maximum of plus and minus 0.43
      percent of the mean value of a half period of the line voltage at the
      system input. The error components for nominal operation with sinusoidal
      voltage are shown on FIG. 5 as a function of control angle alpha. Curve 43
      illustrates the error component due to the input zero voltage, curve 44
      the error component due to the asymmetry of the control voltage resulting
      form the difference in the resistors 15 and 16, and curve 45 the error
      component caused by the discharge of the capacitors 7 and 9 through the
      inputs of the comparators 8 and 10 and the amplifiers 11b and 12 b. On the
      ordinate of FIG. 7 an error value .DELTA. F is plotted which is obtained
      from the following relationship:
      ##EQU1##
      F.sub.1, F.sub.2 and F.sub.3 denote the portions of the area which are
      indicated in FIG. 7a. In this Fig. the wave form .mu. [t] of the output
      voltage of the AC control element is shown.
PAR  In FIG. 8 the asymmetries of different commercially available control
      systems are compared with that of the present invention. In these curves
      an undistorted sinusoidal synchronizing voltage is assumed. The curve 46
      corresponds to the assymmetry of the control system of the present
      invention as illustrated in FIG. 4. Curve 47 shows the error of a control
      system with a constant control angle asymmetry of plus or minus 3.degree.,
      el, curve 48 the asymmetry of a control system with a constant control
      angle asymmetry of plus or minus 1.degree. el, and curve 49 an error for
      the control system with an asymmetry which is proportional to the control
      angle and which has a maximum of plus or minus 3.degree. el. FIG. 9
      illustrates for the same cases as in FIG. 8 the DC voltage component
      refered to the mean value of a half period of the output voltage of the
      control systems tested.
PAR  FIG. 10 shows the asymmetry of the control pulses at the beginning and the
      end of the control range for the four systems compared. The asymmetry of
      the control pulses as shown on curve 46b for the control system of the
      present invention appears large at the beginning and end of the control
      range. This, however, has no large effect on the voltage time area since
      as shown on FIG. 8 as asymmetry of, for example, 10.degree. el results,
      within the control limits, in an error of only 0.85 percent in the control
      voltage. At the end of the control range [alpha approximately 180.degree.]
      the output voltage is very small and the relative asymmetry is therefore
      large.
PAR  In a control system according to the present invention the asymmetry for a
      control angle of 0.degree. is shown by the curve 50 and that for a control
      angle of 180.degree. by the curve 51. The change of asymmetry takes place
      because of the change in the voltage time area which occurs with frequency
      change. Commutation interference decreases the voltage time areas. The
      relative area therefore becomes larger, but the absolute DC voltage
      component at the output of the control remains constant.
PAR  If the input voltage to the control system of the present invention is not
      purely sinusoidal but is a voltage distorted by commutation interference
      its operation is still superior to that of prior art systems. In RC
      filtered control systems of conventional design the pulse asymmetries are
      increased by the width of the commutation breaks and in the LC filtered
      control system by approximately half the width of a commutation break. In
      comparison, the control system of the present invention can be operated
      with a synchronizing voltage with commutation breaks of up to
      approximately 1 millisecond. Thus the control system of the present
      invention, with its voltage time area control is particularly advantageous
      for operation with distorted voltages and variable frequencies.
PAR  Thus an improved control system for externally control converters has been
      shown. Although specific embodiments have been illustrated and described,
      it will be obvious to those skilled in the art that various modifications
      may be made without departing from the spirit of the invention which is
      intended to be limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a control system for an externally controlled converter controlled by
      means providing an alternating current synchronizing voltage the
      improvement comprising:
PA1  a. a first input terminal for accepting the alternating current
      synchronizing voltage for said converter;
PA1  b. a second input terminal for accepting a variable d.c. control voltage
      representative of the desired converter output;
PA1  c. means coupled to said first terminal to develop a comparison voltage
      output which output is proportional to the voltage time area of
      synchronizing voltage; and
PA1  d. a first comparator having as an input said comparison voltage output and
      coupled to said second terminal to obtain said d.c. control voltage as a
      second input, the output of said comparator being coupled to provide
      firing pulses to the converter.
NUM  2.
PAR  2. The invention according to claim 1 wherein said means to develop a
      voltage proportional to the voltage-time area of the synchronizing voltage
      comprises an integrator having the synchronizing voltage as an input and
      providing its output to said comparator.
NUM  3.
PAR  3. The invention according to claim 2 and further including potential
      decoupling means between the output of said integrator and said
      comparator, and a limiting stage at the input to said comparator adapted
      to limit the comparison voltage provided thereto to a predetermined value.
NUM  4.
PAR  4. The invention according to claim 3 wherein said predetermined limiting
      value is zero.
NUM  5.
PAR  5. Apparatus according to claim 3 and further including a second comparator
      having the output of said integrator as an input and means for inverting
      coupling said second input terminal to a second input of said second
      comparator and wherein said intergrator is scaled to provide positive and
      negative peak values equal to said predetermined limiting voltage.
NUM  6.
PAR  6. The invention according to claim 5 and further including a circuit
      having the synchronizing voltage as an input and providing a pulse
      sequence output which is indicative of the polarity of the synchronizing
      voltage, and logic means having the output of said circuit and the outputs
      of said first and second comparators as inputs and combining said inputs
      to provide firing pulse outputs.
NUM  7.
PAR  7. The invention according to claim 5 and further including first and
      second switching elements connected respectively to the comparison voltage
      inputs of said first and second comparators said first switch being
      adapted, when on, to provide a negative voltage to said first comparator
      and said second switch adapted, when on, to provide a positive voltage to
      said second comparator; and means for controlling said first and second
      switches such that said first switch in turned on in response to the
      comparison voltage in the first comparator falling below the DC reference
      voltage provided thereto and turned off in response to the limiter
      associated with said first comparator limiting the comparison voltage to
      said predetermined value and such that said second switch is turned on in
      response to the comparison voltage input to said second comparator rising
      above the DC reference voltage provided thereto and turned off in response
      to the limiter associated with said second comparator limiting said
      comparison voltage at said predetermined limiting voltage.
NUM  8.
PAR  8. The invention according to claim 7 wherein said means for turning said
      first and second switches on and off comprises:
PA1  a. a flip flop having as respective set and reset inputs the outputs of the
      limiting stages associated with said first and second comparators;
PA1  b. a first gate having as inputs one output of said flip flop and the
      output of said first comparator and providing its output as a control
      input for said first switch; and
PA1  c. a second gate having as inputs the other output of said flip flop and
      the output of said second comparator and providing its output as the
      control input to said second switch.
PATN
WKU  039327671
SRC  5
APN  3815501
APT  1
ART  254
APD  19730723
TTL  Filter-discriminator circuit
ISD  19760113
NCL  4
ECL  1
EXP  Zazworsky; John
NDR  2
NFG  3
INVT
NAM  Gomm; Thiel J.
CTY  Castle Rock
STA  CO
INVT
NAM  Price; Stephen E.
CTY  Lakewood
STA  CO
ASSG
NAM  Continental Charter Corporation
CTY  Arvada
STA  CO
COD  02
CLAS
OCL  307235R
XCL  328117
XCL  328120
XCL  328151
EDF  2
ICL  H03K  520
FSC  328
FSS  58;110;115-117;119;120;151
FSC  307
FSS  235 R
UREF
PNO  3116458
ISD  19631200
NAM  Margopoulos
XCL  328151
UREF
PNO  3508158
ISD  19700400
NAM  Marchese
XCL  328151
LREP
FR2  Cornaby; K. S.
ABST
PAL  A train of pulses introduced into a filter-discriminator circuit is
      processed therein, the amplitudes of adjacent pulses in the input train
      being compared against one another deriving an output signal from that
      comparison whose amplitudes equal the differences in amplitude between
      adjacent pulses. Adjacent pulses in the train of like amplitude, produce
      only low amplitude transient signals that are mostly blanked out by
      circuitry within the discriminator. By connecting a second
      filter-discriminator circuit in series with the first, the output
      therefrom will produce a signal having peak or spike pulses therein whose
      amplitudes equal the double derivative of unlike pulses in the train of
      pulses. The output peak of spike pulses can then be used as trigger pulses
      keying timer and associated circuitry.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to circuitry for comparing adjacent pulses in a
      train of pulses.
PAR  2. Prior Art
PAR  The present invention provides simple circuitry for discriminating between
      repetitive signals whose individual amplitudes vary according to certain
      sensed data or conditions. While circuits such as that shown in U.S. Pat.
      No. 3,586,864, and some of the other patents disclosed in our co-pending
      application for U.S. Patent for our Perturbation Detector, are capable of
      storing data and even comparing that data against model or other data,
      none of the circuits within our knowledge, prior to the present invention,
      provides circuitry like that of the present invention. Specifically,
      unlike the prior art, the present invention involves first and second
      sample and hold circuits whose products are compared against one another
      by a difference amplifier that will output a signal containing pulses
      whose amplitudes are the product of comparing differences in amplitude of
      adjacent input signal pulses.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide circuitry for
      separating amplitude modulated signals off from a carrier.
PAR  Another object is to provide circuitry for comparing adjacent pulses in a
      train of pulses thereby producing a signal output from that comparison
      having pulses whose amplitudes reflect differences in amplitude between
      adjacent input pulses in the train.
PAR  Another object is to provide circuitry for shifting in time an input signal
      such that the pulses in the input signal can be compared against adjacent
      pulses in that signal, the product of which comparison being signal pulses
      having amplitudes that equal the differences between adjacent input pulses
      in the train.
PAR  Still another object is to provide a circuit formed from commonly known and
      commercially available components, which components are connected together
      into a new and unique circuit.
PAR  Still another object is to provide a filter-discriminator circuit that will
      produce an output signal that is useful for appropriately triggering
      connected electrical devices, which filter-discriminator circuit can be
      connected in series to a second such circuit to provide further signal
      refinement equalizing a double derivative of the input signal.
PAR  Principal features of the present invention in a filter-discriminator
      circuit include, a first sample and hold circuit receiving a signal
      consisting of a train of pulses. The first sample and hold circuit
      provides a signal processing whereby the pulses are extended individually
      into a signal made up of block waves. Circuitry is provided in the present
      invention for passing the output of the first sample and hold circuit to
      one side of a difference amplifier and simultaneously to a second sample
      and hold circuit. Within the second sample and hold circuit the received
      signal is delayed by approximately the time period of one pulse, and
      thence travels into the difference amplifier, entering opposite to the
      input signal from the first sample and hold circuit.
PAR  Within the difference amplifier the signals from the first and second
      sample and hold circuits are compared, adjacent pulses of different
      amplitudes in the pulse train being examined at specific time intervals to
      produce a signal output having peaks or spikes whose amplitude equals the
      amplitude differences sensed in the comparison of adjacent pulses. The
      output from the difference amplifier is then further processed to
      eliminate transient signals. A clock is provided to synchronize the input
      train of pulses with the signal as it is processed within the first and
      second sample and hold circuits and for synchronizing blanking pulses that
      are generated to eliminate transient signals from the output of the
      difference amplifier. The clock of the present invention is the same as or
      is timed with the clock of the Perturbation Detector of our copending
      application for patent that provides signals for serially interrogating a
      scanning array of photo sensitive devices that will produce from such
      interrogation, a train of pulses for discrimination within the circuit of
      the present invention.
PAR  Further objects and features of the present invention will become apparent
      from the following detailed description, taken together with the
      accompanying drawings.
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PAC  THE DRAWINGS
PAR  FIG. 1, is a block schematic view of two series connected
      filter-discriminator circuits of the present invention, the first such
      filter-discriminator circuit arranged to receive an input signal
      consisting of a train of pulses from a Perturbation Detector;
PAR  FIG. 2, a circuit diagram of the first filter-discriminator circuit of FIG.
      1; and
PAR  FIG. 3, a number of representations of signals identified as (A) through
      (E), each representing signal conditions measured at selected points in
      the block schematic view of FIG. 1.
DETD
     DETAILED DESCRIPTION
PAR  Referring now to the drawings:
PAR  In FIG. 1 is shown a block schematic view of two filter-discriminator
      circuits 10 of the present invention serially connected to one another,
      the first filter-discriminator connected to receive an input train of
      pulses like those shown in (A) of FIG. 3, from a perturbation detector 11.
      The perturbation detector 11, shown herewith should be understood to be
      like that shown and described in my co-pending application for U.S. Patent
      application Ser. No. 381,549 that is filed simultaneously with the present
      application for U.S. Patent.
PAR  While, as shown herein, a preferred utilization of the filter-discriminator
      circuit of the present invention is for processing a train of signal
      pulses emanating from the perturbation detector, it should be readily
      apparent from the discussion to follow that the invention should not be
      limited to an application to any particular train of pulses generation
      means. Rather, the circuit of the present invention is uniquely suited for
      processing and discriminating signal pulses of unequal amplitude,
      amplitude modulated signals, off from a carrier. Conceivably, the circuit
      of the present invention could be used as a very sharp high pass filter
      capable of separating most amplitude modulated signals, or the like, off
      from a variety of carriers. Some such carriers that could be processed by
      the present invention could include radio frequencies and even laser
      beams.
PAR  Referring to FIG. 1, while two serially connected filter-discriminator
      circuits 10 are shown as a preferred arrangement of the present invention,
      providing in that hook up relatively large amplitude signal pulses per
      changes in amplitude of adjacent input signal pulses, it should be
      realized that a single filter-discriminator circuit 10 could provide a
      satisfactory signal output for many triggering functions. Therefore, the
      second filter-discriminator 10 is shown herein enclosed in a box formed of
      broken lines to indicate that it is an optional inclusion. Also, as the
      two filter-discriminator circuits are identical, the explanation of one
      should be taken as an explanation of the other also.
PAR  The perturbation detector 11 supplies a train of pulses as represented by
      (A) of FIG. 3. That train of pulses (A) is shown to contain pulses A' of
      like amplitude and one pulse A" of lesser amplitude than its neighboring
      pulses, which train of pulses (A) is representative of a signal output
      from a scanning array 12 of the perturbation detector 11, FIG. 1. The
      single lesser amplitude pulse A" in that train of pulses (A) represents a
      lesser amount of light striking a photo sensitive device in the scanning
      array 12 than the amount of light striking the other photo sensitive
      devices therein. A lens, FIG. 1, is arranged opposite to a face 12a of the
      scanning array, focusing light passing through the lens onto photo
      sensitive devices, not shown located on the scanning array face 12a. The
      passed light, prior to its entering the lens 13, is emitted from a light
      source, not shown, and travels through a transparent or translucent item
      under inspection, not shown. Should a crack, flaw, blemish, foreign
      object, or the like, be present in that item, then the light passing
      through such an obstruction would either be dissipated or gather light
      passed therethrough into that obstruction. The lens receiving light from
      that item, focuses that light onto the photo sensitive devices, one or
      more of the devices receiving that lesser or greater light from that
      portion of the item wherein the obstruction is present, producing when
      serially interrogated with the other photo sensitive devices, a signal or
      pulse output having an amplitude that is either greater or lesser in
      amplitude than adjacent pulses produced in the interrogation. As will be
      explained later herein, the circuitry of the present invention compares
      differences in signal pulse amplitude and therefore can sense either
      pulses of greater or lesser amplitude compared to adjacent pulses.
PAR  A clock is provided and connected through line 14a to the scanning array
      12, passing signals thereto that serially interrogate the photo sensitive
      devices, not shown, producing the train of pulses (A) of FIG. 3. The train
      of pulses (A) then pass from the scanning device and are amplified by
      amplifier 15. Thereafter, the signal output passes into a first sample and
      hold circuit 16 of the first filter-discriminator circuit 10.
PAR  Within the first sample and hold circuit 16, as will be explained in detail
      later herein, the train of pulses (A) is processed, the output therefrom
      being a square wave signal (B), FIG. 3, wherein the uniform spike pulses
      A' of the train of pulses (A) are processed into uniform block waves B',
      and the lesser amplitude pulse A" appears as the lesser amplitude block
      wave pulse B".
PAR  The signal (B) output from the first sample and hold circuit 16 then passes
      to a junction 17, whereat the signal is passed through line 18 into one
      side of a difference amplifier 19, and into a second sample and hold
      circuit 20. The block wave signal is held for approximately the time
      interval between pulses, with the period of the block wave signal also
      being somewhat extended, and is thereafter passed to the opposite side of
      the difference amplifier 19, entering opposite to the signal input from
      the first sample and hold circuit 16. The output block wave signal from
      the second sample and hold circuit 20 is shown as (C) in FIG. 3.
PAR  The difference amplifier 19, shown as a triangular shaped block in FIG. 1,
      receives, at opposite points, the output signals of the first and second
      sample and hold circuits, comparing the signals against one another. The
      signal comparison produces an output signal containing signal spikes whose
      amplitudes equal the differences between the signal strength or amplitude
      of adjacent block wave signals passed from the first and second sample and
      hold circuits. This signal output is represented by (D) of FIG. 3. In (D)
      the straight line portion D' represents point of like amplitude in the
      compared signals and the spikes D" are the resultants of comparisons of
      points of different amplitude in the compared signal, it being realized
      that such comparisons are actually between adjacent pulses in the original
      train of pulses input (A). Shown in FIG. 3, broken lines F and G are drawn
      between the block wave signals (B) through (E) to indicate time increments
      whereat comparisons of points of equal amplitude on the two signals are
      made, and broken lines H and I represent time increments whereat
      comparisons of points of unlike amplitude are made.
PAR  It should be noted that, in actual practice, perfect signal filtering in
      the difference amplifier 19 is impossible with a number of undesirable
      transient signals emerging along with the desired pulses D". The straight
      line portion D' of signal (D) would therefore, in actuality, contain a
      number of low amplitude pulses, which pulses are due to imperfect
      filtering and to the fact that different portions of the item under
      inspection may pass light differently. To eliminate such low amplitude
      transients, the circuit provides a blanker signal from a blanker 21, shown
      as a block, that receives timing signals from the clock 14 and imposes its
      output onto the output from the difference amplifier to eliminate
      transients therein.
PAR  The product of the first filter-discriminator circuit 10 signal (D), of
      course, contains individual pulses D" as the product of signal comparison,
      which pulses can be used to perform switching or trigger function, for
      operating related equipment, as for example, devices for removing the item
      sensed as having an imperfection from a moving line of such items. Pulses
      D" may however, not be sufficiently refined to assure that they will have
      sufficient signal strength to perform such functions. This deficiency can
      be corrected by serially adding a second filter-discriminator circuit 10
      to the first, which addition is shown in FIG. 1 and is surrounded by a box
      formed of a broken line to indicate that it is an optional inclusion.
PAR  With the second filter-discriminator circuit 10 installed to the first, as
      shown in FIG. 1, the product of the signal (D) passage therethrough will
      be like the signal (E) of FIG. 3. In such passage the signal pulses D" are
      converted into signal pulses E" shown to extend well above and below the
      signal axis E', which signal pulses E" represent double derivatives of the
      comparison of the lesser amplitude pulse A" with the pulses A' on either
      side thereof in the train of pulses (A).
PAR  FIG. 2 shows a schematic diagram of the filter-discriminator circuit 10.
      For purposes of this discussion we will assume that this circuit
      represents the first filter-discriminator circuit 10, that receives the
      train of pulses (A), FIG. 3, as an input onto the base of an emitter
      follower device 25 thereof. The emitter follower device 25, and the
      resistor and diode components shown associated therewith make up a direct
      current level shifter 26, wherein the input signal is shifted. From the
      direct current level shifter 26, the train of pulses (A) pass into an
      amplifier 27, having a near unity gain. Continuing through the circuit,
      between the amplifier 27 and a solid state device 28, is arranged a
      capacitor 29, which capacitor, along with the amplifier 27 and solid state
      device 28 make up the first sample and hold circuit 16. In the first
      sample and hold circuit 16, as shown in the signal representation (B) of
      FIG. 3, the pulses A' and A" of the train (A) are stretched horizontally
      into B' and B" respectively. This is accomplished by the capacitor 29
      holding each incoming pulse A' and A" until a dumping signal is received
      whereat the charge on the capacitor is dumped, generating the block wave
      signal (B). The dumping signal is provided by a dumping circuit 30
      connected thereto that consists of a mono-stable multi-vibrator integrated
      circuit device 31, solid state device 32, and associated components
      connected together and receiving signals from the clock 14 to synchronize
      dumping signal outputs with the input train of pulses (A). The clock 14 is
      shown herein as a circle connected to another mono-stable multi-vibrator
      integrated circuit 14b, and associated components, each clock pulse
      produced therein triggering a time of desired output pulse from the
      integrated circuit 14b. Signals generated in the dumper circuit 30 flow
      therefrom through line 33a, intersecting the signal path of the train of
      pulses (A) and causing the signal stored in the capacitor 29 to be dumped.
PAR  The dumper circuit 30 provides the impetus for rapidly discharging the
      capacitor 29 back to its starting potential, which discharge produces
      block wave signal (B) that passes from the solid state device 28, shown
      herein as an NPN device, into a junction 33. At the junction 33, the
      signal enters a line 34 that connects at its opposite end to one side of
      the difference amplifier 19. The difference amplifier 19, shown here,
      consists of two NPN solid state devices 16a and 16b, whose emitters are
      each connected in series to an NPN solid state device 16c and related
      components.
PAR  The block wave signal (B) in addition to traveling directly to the
      difference amplifier travels also from the junction 33 into another solid
      state device 35 that is shown herein as a PNP device. Different types of
      junction devices, i.e. NPN and PNP devices are used as solid state devices
      28 and 35 to avoid a D.C. signal drop when passing the signal (B)
      therethrough.
PAR  The solid state device 35, in turn, connects to the base of an NPN solid
      state device 36 and in series with a capacitor 37 that, like the capacitor
      29, has its opposite side at ground potential. The solid state devices 35
      and 36 and capacitor 37 make up the second sample and hold circuit 20,
      which circuit receives dumping pulses through a line 38 from a dumper
      circuit 39, blocker pulses through a line 40 from a solid state device 41,
      and connects to filter circuit 42.
PAR  The dumper circuit 39, like the already described dumper circuit 30,
      consists of a mono-stable multi-vibrator integrated circuit device 42,
      solid state device 43, and associated components. Clock pulses are passed
      from the clock 14, through the mono-stable multi-vibrator device 31 and
      through a line 44 and into the mono-stable multi-vibrator device 42 of the
      dumper circuit. Simultaneously, clock pulses are also supplied to the
      blocker pulse generating solid state device through line 45 and branch
      45a, which line 45 supplies also a branch 45b that connects to another
      integrated circuit 46 that supplies blanker pulses, as will be explained
      in detail later herein, to the output of the difference amplifier 19.
PAR  The signal (B) passing from the solid state device 35 has blocker signal
      pulses imposed thereon that are timed so as to oppose a voltage buildup
      across the capacitor 37. The blocker signals hold the collector emitter of
      the device 35 at ground potential except during periods in which it is
      desirable that the capacitor 37 take a charge. At such times, assuming a
      potential difference exists between the device 35 and capacitor 37, a flow
      therebetween will occur. That flow, passing through diode gates 38A will
      charge the capacitor 37 to its peak value. At that peak value, even should
      the potential on device 35 decrease, a reverse flow is blocked by diodes
      38a. The capacitor 37 will thereby hold its charge until the dumped
      circuit 39 generates a signal that is passed to the capacitor 37 to cause
      it to immediately discharge, which discharge is like the discharge from
      the first sample and hold circuit 16, appearing like the block wave signal
      (C) of FIG. 3.
PAR  The block wave signal (C) thereafter passes to another solid state device
      47, effecting signal transfer therebetween without any direct current
      signal drop because the solid state devices 36 and 47 are different types
      of junction devices, i.e. device 36 is an NPN device and device 47 is a
      PNP device. The signal from the second sample and hold circuit 20, that
      has passed through the solid state device 47, is then imposed on the base
      of one of the solid state devices of the difference amplifier, opposite to
      the wave form signal received directly from the first sample and hold
      circuit 16. Shown in FIG. 2, the signal from the first sample and hold
      circuit 16 enters the base of the solid state device 16b and the signal
      from the second sample and hold circuit 20 flows into the base of the
      solid state device 16a.
PAR  Within the difference amplifier 19, the signal inputs to the solid state
      devices are compared, the output therefrom reflecting differences sensed
      in the comparison of signal amplitudes. Should no differences exist, then
      the output would be a straight horizontal line D'. The signal either a
      straight line D' or a signal containing pulses D", (D) shown in FIG. 3,
      passes from the difference amplifier 20 and onto the base of an emitter
      follower 48 and thence to the base of a second emitter follower 49. The
      emitter follower devices 48 and 49 make up a level shifting circuit
      wherein the signal is attenuated.
PAR  The signal passed out from the emitter of the emitter follower 49 has a
      blanker signal imposed thereon at a junction 50. The blanker signal
      emanates, as has already been mentioned herein, from the integrated
      circuit 46, which, of course, has received timed pulses from the clock 14.
      The purpose of which blanker signal so generated is to blank out
      transcient signals that may be present in the output from the emitter
      follower 49. Specifically, although the difference amplifier is intended
      to eliminate all signals but those of different amplitude, in practice,
      the output therefrom will contain a number of low amplitude interference
      signals. These signals are undesirable as they could possibly interfer
      with later sensing of the pulses representative of differences in input
      pulse amplitudes. Therefore, it is desirable to provide a blanker signal
      that is timed to provide a sample gate through which the signal will pass
      at intervals when comparison is desired. Broken lines I, F, G, and H in
      FIG. 3 represent such sample intervals.
PAR  Should a second filter-discriminator circuit be serially coupled to the
      described first filter-discriminator, as is preferred, the output
      therefrom will be a double derivative of the input train of pulses (A).
      Such a signal output is shown at (D) in FIG. 3, pulses E" having much
      greater signal amplitudes than do the pulse outputs D" from the first
      filter-discriminator circuit, and therefore would be significantly more
      reliable for use in triggering apparatus. Such triggering apparatus could
      involve a timer or kicker arrangement, not shown, to eliminate the item
      having the imperfection therein, from the other items that are not so
      marred.
PAR  Thus far, the present invention in a filter-discriminator circuit has been
      described as being useful for detecting flaws, foreign objects, and the
      like in transparent or translucent items, implying bottles constructed of
      glass or even plastic. It should also be realized that the present
      invention, along with the perturbation detector of my co-pending
      application for U.S. patent could be useful in examining a moving
      film-type tape or the like. Such an inspection process could involve
      passing the tape in front of a light source, light passing therethrough
      and into the lens 13 of FIG. 1, producing a train of pulses like that
      already described for later processing.
PAR  It should also be understood that addition to flaw and foreign object
      detection in transparent and translucent bottles and film, the present
      invention could have a variety of signal discrimination applications.
      Conceivably, the present invention could be used to separate amplitude
      modulated signals off from a carrier signal. The present invention should
      therefore not be limited to any particular application or use.
PAR  Although a preferred embodiment of our invention has been herein described,
      it is to be understood that the present disclosure is made by way of
      example and that variations are possible, without departing from the scope
      of the hereinafter claimed subject matter, which subject matter we regard
      as our invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A filter-discriminator circuit comprising:
PA1  means for providing a train of pulses, the amplitude of each of which
      pulses is to be compared against adjacent pulses in the train;
PA1  a first sample and hold circuit that receives the train of pulses and
      extends the period of the pulses in said train;
PA1  a second sample and hold circuit adapted to receive the signal output from
      said first sample and hold circuit and having means for delaying the
      signal passage therethrough by approximately the period of one input
      pulse;
PA1  a difference amplifier that receives the signal outputs from both the first
      and second sample and hold circuits comparing these signal outputs with
      one another producing, from that comparison, an output signal having
      pulses whose amplitudes equal the differences in amplitudes between
      compared pulses; and
PA1  clock means connected to said means for providing a train of pulses and to
      the difference amplifier for synchronizing the signal outputs with the
      input train of pulses.
NUM  2.
PAR  2. A filter-discriminator circuit as recited in claim 1, further including
PA1  means for providing a signal for blanking out transient signals from the
      signal output of the difference amplifier.
NUM  3.
PAR  3. A first filter-discriminator circuit as recited in claim 1, including
PA1  a second filter-discriminator circuit connected in series with a said first
      filter-discriminator circuit, the signal output from said first
      filter-discriminator circuit being further compared within said second
      filter discriminator circuit, producing a signal output equal to the
      double derivative of the input train of pulses.
NUM  4.
PAR  4. A filter-discriminator circuit as recited in claim 1, wherein
PA1  the first and second sample and hold circuits each contain capacitors that
      are charged by each incoming pulse, which charge is held, and then dumped
      by the introduction of a dumping pulse; and
PA1  means connected to the clock means and in series with each said capacitor
      for providing timed dumping pulses.
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ABST
PAL  A limiting amplifier comprises a first differential amplifier having a
      transistor to which an input signal is applied and a transistor to which a
      constant voltage is applied. A second differential amplifier amplifies the
      output of the first differential amplifier. A DC component of the output
      of the second differential amplifier is applied as a negative feedback to
      the input side of the first differential amplifier. A limiting circuit is
      connected between a point which is connected to the output side of the
      second differential amplifier and a terminal for supplying constant
      voltage. The resulting differential amplifier is especially well suited
      for incorporation in a monolithic circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a limiting amplifier for
      limiting the amplitude of input signals exceeding predetermined
      amplitudes. More particularly, the invention relates to a limiting
      amplifier suitable for incorporation in a monolithic integrated circuit
      (IC).
PAR  In general, various circuits are being widely used as limiting amplifiers
      for limiting the amplitude and amplifying input signals exceeding
      respective predetermined amplitudes. When an attempt is made to
      incorporate these known limiting amplifiers in an IC, it is found that it
      cannot be done completely. A large number of external circuit must be
      connected outside of the IC. For this reason, a limiting amplifier of this
      known type has the disadvantage that it is unadaptable to integrated
      circuits having a limited number of pins for making the connections to the
      external circuits.
PAR  In accordance with the present invention, a novel circuit is provided for a
      limiting amplifier, which is highly suitable for incorporation in an
      integrated circuit. By this circuit arrangement, moreover, it is possible
      to accomplish a symmetrical amplitude limiting above and below a center
      level.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to provide a novel and
      useful limiting amplifier.
PAR  A specific object of the invention is to provide a limiting amplifier
      particularly well suitable for incorporating in a monolithic integrated
      circuit (IC). The limiting amplifier of this invention comprises only
      circuit elements such as transistors and resistors. With the sole
      exception of a low-pass filter for negative feedback, the elements are
      readily incorporated in an IC. In this case, only the low-pass filter is
      connected outside of the IC.
PAR  Another object of the invention is to provide a limiting amplifier which is
      capable of amplitude limiting accurately and positively, in a symmetrical
      manner, above and below a center level without offset of the DC level in
      the output voltage.
PAR  Still another object of the invention is to provide a limiting amplifier
      wherein a current flowing at the time of amplitude limiting does not
      influence the other circuits. By the use of the limiting amplifier of the
      present invention, it is possible to attain an effect which is
      substantially equivalent to a lowering of the internal resistance of a
      constant-voltage power supply. Voltage fluctuation does not occur at the
      output point at the time of amplitude limiting. Furthermore, it is
      possible to incorporate this limiting amplifier effectively within an IC,
      having a limit to the number of pins, without the necessity of placing a
      terminal of the constant-voltage power supply outside of the IC chip.
PAR  Other objects and further features of the invention will be apparent from
      the following detailed description with respect to preferred embodiments
      of the invention when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a circuit diagram showing the essential circuit organization of
      one embodiment of a limiting amplifier according to the present invention;
PAR  FIG.2 is a circuit diagram of another embodiment of one part of the circuit
      illustrated in FIG.1; and
PAR  FIG.3 is a circuit diagram showing the essential circuit organization of
      another embodiment of the limiting amplifier according to the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  In one embodiment, as illustrated in FIG.1, an input signal is introduced
      to the limiting amplifier through an input terminal 11 and is applied to
      the base of a transistor Q2 of a first differential amplifier 12,
      comprising the transistor Q2 and a transistor Q3. The emitters of these
      transistors Q2 and Q3 are connected together at a junction point. A
      constant-current circuit 13 comprising a transistor Q1 and a resistor R5
      is connected between ground and the junction point. The base of the
      transistor Q1 is connected to a bias power supply terminal 14, on which a
      voltage of approximately 1 volt is impressed.
PAR  The collectors of the transistors Q2 and Q3 of the above mentioned
      differential amplifier 12 are connected to load circuits 15a and 15b,
      respectively. These loads comprise transistors Q5 and Q6, the emitters of
      which are connected to the collector of a transistor Q7 and to the base of
      a transistor Q8. Transistors Q7, Q8 and Q9 form a current-mirror circuit
      16. A transistor Q4 is provided to impart a bias to the transistors Q5 and
      Q6. The emitter of this transistor Q4 is connected to the bases of the
      transistors Q5 and Q6. The base and collector of the transistor Q4 are
      connected respectively to the collector of the transistor Q5 and ground
      (earth).
PAR  The bases of the transistors Q7 and Q9 of the above mentioned current
      mirror circuit 16 are connected together. The emitters thereof are
      connected commonly to a terminal 22 on which a voltage of 12V is
      impressed, the outputs being respectively led out of the collectors
      thereof. The base and emitter of the transistor Q8 are connected
      respectively to the collector of the transistor Q7 and to the bases of the
      transistors Q7 and Q9, while the collector of the transistor Q8 is
      grounded. By this connection arrangement, the values of the collector
      currents i7 and i9 of the transistors are maintained constant.
PAR  The collectors of the transistors Q2 and Q3 of the first differential
      amplifier 12 are connected respectively to the bases of transistors Q10
      and Q11, which together form a second differential amplifier 17. The
      emitters of these transistors Q10 and Q11 are connected commonly to the
      collector of the transistor Q9 of the above mentioned current mirror
      circuit 16. Furthermore, the collector of the transistor Q10 is grounded,
      while the collector of the transistor Q11 is connected to a load circuit
      18 and to the base of a transistor Q13.
PAR  The load 18 comprises transistor Q12 and a resistor R6 connected from its
      emitter to ground. The transistor Q13 functions to lower the output
      impedance of the second differential amplifier 17. The collector of this
      transistor Q13 is connected to the terminal 22, while its emitter is
      connected to the collector of a transistor Q14, which together with a
      resistor R7 constitutes a load circuit 23. Transistor Q13 functions as an
      emitter-follower arrangement. The bases of the transistors Q1, Q12, and
      Q14 are connected commonly to the above mentioned bias power supply
      terminal 14.
PAR  The emitter of the transistor Q13 is connected through a resistor R2 to an
      output terminal 19b and, at the same time, through a low-pass filter 21
      comprising resistors R3 and R4 and a capacitor C1, to the base of the
      transistor Q2 of the first differential amplifier 12, in a manner to
      effect negative feedback.
PAR  If circuits other than this low-pass filter 21 are incorporated together to
      form an integrated circuit (IC), this low-pass filter is not included in
      the IC, but is connected as an outside circuit. The resistors R3 and R4
      impart a bias to the transistor Q2. The decoupling capacitor C1 causes
      only a direct-current signal to be applied as this bias.
PAR  Between output terminals 19a and 19b, parallel connected diodes D1 and D2
      are poled in mutually opposite directions. The output terminal 19a is
      connected to a terminal 20 which is supplied with approximately 4 volts
      from a constant-voltage power supply. The terminal 20 is connected by way
      of a resistor R1 to the base of transistor Q3 of the first differential
      amplifier 12, whereby a constant bias is applied to the transistor Q3.
PAR  The limiting amplifier of the above described circuit arrangement,
      according to the invention, operates as described below.
PAR  An input signal is introduced through the input terminal 11 and applied to
      the base of the transistor Q2 of the first differential amplifier 12. The
      difference amplifier 12 amplifies the difference between this input signal
      and the constant voltage of a constant level applied from the terminal 20
      through the resistor R1 to the base of the transistor Q3. The amplified
      difference is applied to the bases of the transistors Q10 and Q11 of the
      second differential amplifier 17.
PAR  The resulting signal which has been further amplified by the differential
      amplifier 17 is led out from the collector of the transistor Q11 through
      the emitter-follower transistor Q13. An output from the emitter of the
      transistor Q13 is applied through the resistor R2 and amplitude limited by
      the diodes D1 and D2. Signals which have been so limited do not rise above
      levels above and below first and second predetermined levels,
      respectively. The limited signals are led out of the output terminals 19a
      and 19b.
PAR  On one hand, the potential variation of the output point B of the emitter
      of the transistor Q13 is applied by way of the low-pass filter 21 as a
      100-percent DC negative feedback to the base of the transistor Q2 of the
      first differential amplifier 12. Furthermore, the potential variation of
      the point B is opposite to the variation of the base potential of the
      transistor Q2. Accordingly, when viewed under normal stabilized steady
      state conditions, the DC potentials E2 and E3 become equal at the bases of
      the transistors Q2 and Q3.
PAR  When the base potential of the transistor Q2 of the first differential
      amplifier 12 rises, the collector potential of the transistor Q11 of the
      second differential amplifier 17 decreases, whereby the emitter potential
      of the transistor Q13 decreases. On the other hand, when the base
      potential of the transistor Q2 decreases, the collector potential of the
      transistor Q11 rises, whereby the emitter potential of the transistor Q13
      rises.
PAR  Since the emitter potential of the transistor Q13 is impressed by way of
      the low-pass filter 21 on the base of the transistor Q2, a DC negative
      feedback is applied. Accordingly, a balance is attained to hold the
      potential of point B equal to the potential of the constant-voltage power
      supply terminal 20. The bias of the transistor Q2 is maintained constant.
PAR  Particularly, in the case where the circuit is in the form of an IC, the
      current amplification factors Hfe of the transistors Q2 and Q3 can be made
      substantially equal. Since the emitter DC currents of these transistors Q2
      and Q3 are also equal, the very small DC currents Ib2 and Ib3 flowing
      through their respective bases are also equal. Accordingly, when the
      values of the resistors R1, R3, and R4 are so selected that the
      relationship R1 = R3 + R4 is satisfied. The potential DC (which is equal
      to E3 + (R1 .times. Ib3), where Ib3 is the base DC current of the
      transistor Q3) of point A becomes equal to the DC potential (which is
      equal to E2 + (R3 + R4) .times. Ib2, where Ib2 is the base DC current of
      the transistor Q2) of point B.
PAR  For this reason, there is no DC potential difference between the terminals
      of the diodes D1 and D2. Therefore, both of these diodes are cut-off. When
      the input signal of the terminal 11 is of a very low level, signals of
      waveform similar to that of this input signal appear at the output
      terminals 19a and 19b. On the other hand, when the level of the input
      signal is high, and the positive or negative level of the output signal
      exceeds the threshold value of the diodes D1 and D2, these diodes conduct
      and carry out their limiting functions.
PAR  The circuit becomes stable when the DC potentials of the points A and B are
      substantially equal, as described above. An output signal can be obtained
      with an accurate amplitude limiting of the waveform symmetrically above
      and below a predetermined level.
PAR  In the instant embodiment, the current mirror circuit 16 is used to drive
      the first and second differential amplifiers 12 and 17 with equal and
      constant currents. More specifically, when the base currents ib10 and ib11
      of the transistors Q10 and Q11 in the second differential amplifier 17 are
      very small, the sum of the collector currents i2 and i3 of the transistors
      Q2 and Q3 becomes equal to the collector current i1 (constant current) of
      the transistor Q1. Since this sum of the currents i2 and i3 is
      substantially equal to the current i7 of one of the outputs of the current
      mirror circuit 16, this current i7 becomes equal to the current i1.
PAR  On one hand, since the two output currents i7 and i9 of the current mirror
      16 are always maintained mutually equal because of the nature of this
      circuit, the current i7 becomes equal to i9 and to i1. Therefore, the
      differential amplifiers 12 and 17 are both driven by equal, constant
      currents.
PAR  In the circuit of the present invention as described above, transistors and
      resistors make up the circuits such as: the first and second differential
      amplifiers 12 and 17, the load circuits 15a, 15b, 18, and 23, the
      constant-current circuit 13, the current mirror 16, the bias circuit Q4,
      and limiting circuits. Elements such as transistors and resistors can be
      readily incorporated within an integrated circuit. Therefore, this circuit
      is highly suitable for incorporation into a monolithic IC, for example.
      Furthermore, a constant potential is applied from a constant-voltage power
      supply to one transistor Q3 of the first differential amplifier 12. A
      100-percent negative feedback of the DC component of the output of the
      second differential amplifier 17 is applied to the other transistor Q2.
      The DC potential (potential at point A) of the constant-voltage power
      supply is thus held equal to the output DC potential (potential at point
      B) of the second differential amplifier 17. Therefore, an output is
      amplitude limited, symmetrically, without offset of DC levels in the
      output voltages at the terminals 19a and 19b.
PAR  An improvement in the circuit above described will now be described. In the
      preceding embodiment, the internal impedance of the constant-voltage power
      supply is very small, that is, it is ideally zero. In actual practice,
      however, the internal impedance of the constant-voltage power source is of
      an order which is not negligible. Thus, amplitude cannot be ideally
      limited symmetrically above and below a predetermined level. At the time
      of amplitude limiting, the voltage E.sub.A, at the point A is expressed by
      E.sub.A = E - I.r, where E is the voltage of the constant-voltage power
      source, r is the internal resistance thereof, and I is the current flowing
      from the power supply at the time of amplitude limiting. Voltage E.sub.A
      fluctuates responsive to the amplitude the amplitude limiting current.
      When voltage fluctuates at the point A, this fluctuation component passes
      through the resistor R1 and enters the first differential amplifier 12,
      where it is amplified and appears in the output thereof. As a consequence,
      the output signal produced by this differential amplifier 12 becomes
      undesirable.
PAR  A solution to this problem is a lowering of the internal impedance of the
      constant-voltage power supply to a value which is negligible. However, if
      an emitter follower circuit, for example, is used for lowering this
      impedance, the resistance value of the resistor connected to the emitter
      becomes a value which cannot be neglected. Furthermore, it is very
      difficult in actual practice to hold the above mentioned impedance below a
      certain value in an IC chip of a specific size. In addition, a capacitor
      may be connected between the point A and ground in order to remove the
      voltage fluctuation component of the point A. However, this connection of
      the capacitor requires an outside constant-voltage power supply and the
      terminal 20 must be taken out of the IC chip. In an IC, however, there is
      a limit to the number of pins. It is very difficult to provide a pin for
      the above described purpose.
PAR  The above described problem is effectively solved in an improved circuit
      according to the present invention, an essential part of which is
      illustrated in FIG. 2. This circuit part, shown in FIG. 2, corresponds to
      that part in the circuit shown in FIG. 1 which includes the resistors R1
      and R2, diodes D1 and D2, terminals 19a, 19b, and 20, and the transistor
      Q13.
PAR  This improved circuit has an NPN transistor Q21, the base of which is
      connected to the above mentioned point A, terminals 19a and 20, and the
      resistor R1. The collector of this transistor Q21 is connected to a +B
      power supply terminal 31. The base of a PNP transistor Q22 is connected to
      the point A, and the collector is grounded. The emitters of these
      transistors Q21 and Q22 are connected together at a junction point, which
      is connected to the output terminal 19b.
PAR  In the circuit of the above described arrangement, the DC potentials at the
      points A and B are equal when the amplitude of the input signal is small.
      Consequently, the transistors Q21 and Q22 are both cut-off. For this
      reason, signals of wave forms similar to the input signal waveform are
      obtained from the output terminals 19a and 19b.
PAR  When the negative part of an AC input signal is applied to the input
      terminal (11), this input signal is amplified and phase inverted by the
      first differential amplifier (12), and a positive AC signal appears at the
      point B. When the level of this AC signal becomes higher than the voltage
      V.sub.BE (.apprxeq. 0.7 V) in the forward direction between the base and
      emitter of the transistor Q22, the transistor Q22 is switched from "OFF"
      to "ON". The output appearing at the point B is grounded by way of
      transistor Q22. As a consequence, the amplitude of the output is limited
      below a specific level, and applied to the output terminals 19a and 19b.
PAR  The potential at the point A fluctuates somewhat because of the current
      flowing through the base of the transistor Q22; however, this base current
      is 1/Hfe of the emitter current. Therefore, the fluctuation component of
      this potential is also reduced to 1/Hfe. The stability, with respect to
      fluctuation, is increased Hfe times.
PAR  Similarly, when the positive part of an AC input signal is applied to the
      input terminal 11, a negative AC signal appears at the point B. When the
      level of this signal becomes lower than the voltage V.sub.BE in the
      forward direction between the base and emitter of the transistor Q21, the
      transistor is changed over from OFF to ON. Consequently, a current flows
      from the terminal 31 through the transistor 21. The potential of the
      output terminal 19b is maintained at a constant value. As a result, the
      amplitude of the output is limited above a parts above a specific level
      and applied to the output terminals 19a and 19b. The base current of the
      transistor Q21 is 1/Hfe of the emitter current, and the voltage
      fluctuation at the point A is reduced to 1/Hfe.
PAR  In the circuit of the instant embodiment, transistors are used as limiting
      elements. Their bases are connected to a constant-voltage power supply
      terminal. For this reason, when the limiting elements assume the ON state,
      the current flowing through the constant-voltage power supply terminal can
      be made very small. Accordingly, it is possible to achieve an effect which
      is substantially equivalent to that in the case where the internal
      resistance of the constant-voltage power supply is lowered. Hence, the
      voltage fluctuation component is greatly reduced at the output point, at
      the time of amplitude limiting. It is possible to obtain an output which
      does not contain unnecessary components, and which has been amplitude
      limited accurately and symmetrically above and below predetermined levels.
      Furthermore, there is no necessity of placing the constant-voltage power
      source terminal outside of the IC chip. The circuit can be readily
      incorporated within an IC chip, while employing a small number of pins.
      Moreover, although the circuit is incorporated in an IC, the current
      flowing at the time of amplitude limiting has little influence on the
      other circuits.
PAR  A specific embodiment combines the circuit of FIG. 2 with the circuit shown
      in FIG. 1, which combination can be used as illustrated in FIG. 3. The
      parts in the circuit shown in FIG. 3 which are the same as corresponding
      parts in FIGS. 1 and 2 are designated by like reference numerals and will
      not be described in detail again. Only the points on which the circuit of
      FIG. 3 differs from the circuits shown in FIGS. 1 and 2 will be described.
PAR  The load circuits 15a and 15b comprise resistors R11 and R12. The
      differential amplifier 17 comprises four transistors Q31 through Q34 and
      resistors R13 and R14. Transistors Q35 and Q36 constitute a buffer
      amplifier an emitter follower configuration. To their respective emitters,
      a transistor Q37 and a resistor R16 and a transistor Q38 and a resistor
      R17 are connected. The point A is connected by way of a resistor R15 to
      the base of the transistor Q35, while the point B is connected by way of
      the resistor R2 to the base of the transistor Q36. The emitters of the
      transistors Q35 and Q36 are connected to the output terminals 19b and 19a.
      The low-pass filter 21 is connected, as an outside-connected circuit, to
      terminals 41 and 42 of the IC.
PAR  An example of the constants of the circuit elements of the above described
      arrangement is, as follows:
TBL  Resistors                                                                 

     ______________________________________                                    

     R1          10 K.OMEGA.                                                   

                           R2      15 K.OMEGA.                                 

     R3          5 K.OMEGA.                                                    

                           R4      5 K.OMEGA.                                  

     R5          500  .OMEGA.                                                  

                           R6      1.2K.OMEGA.                                 

     R7          360  .OMEGA.                                                  

     R11         4.3K.OMEGA.                                                   

                           R12     4.3K.OMEGA.                                 

     R13         300  .OMEGA.                                                  

                           R14     300  .OMEGA.                                

     R15         11 K.OMEGA.                                                   

                           R16     1.5K.OMEGA.                                 

     R17         1.5K.OMEGA.                                                   

     Capacitor                                                                 

     C1          0.01 .mu.F                                                    

     ______________________________________                                    

PAR  While, in the above described embodiment, the bases of the transistors Q21
      and Q22 are commonly connected to the constant-voltage power supply
      terminal 20, the limiting amplifier according to this invention is not so
      limited. It is also possible to impress, respectively, on the bases of
      these transistors center voltages which are respectively greater or less,
      by a predetermined voltage, than the constant voltage.
PAR  If the above described circuit in IC form is to be used merely as an
      amplifier, an output may be led out of the terminal 42.
PAR  Further, this invention is not limited to these embodiments but variations
      and modifications may be made without departing from the scope and spirit
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A limiting amplifier comprising: a first differential amplifier means
      including an input, an output and a pair of transistors therebetween; a
      circuit point for applying therethrough an input signal to the base of one
      of said pair of transistors; a circuit point for supplying therethrough a
      constant voltage to the base of the other of said pair of transistors; a
      second differential amplifier means including an input and an output, said
      second amplifier means being connected for amplifying the output of said
      first differential amplifier; a circuit point for applying as negative
      feedback a DC output component of said second differential amplifier to
      the base of said one of said pair of transistors of the first differential
      amplifier; and a limiting circuit means connected between an output point
      and the output side of said second differential amplifier and said
      constant voltage supplying circuit point for producing a limited output
      from said limiting amplifier.
NUM  2.
PAR  2. A limiting amplifier as claimed in claim 1 which further comprises a
      low-pass filter circuit means connected between said circuit point for
      negative feedback and the input side of said one of the pair of
      transistors of the first differential amplifier.
NUM  3.
PAR  3. A limiting amplifier as claimed in claim 1 which further comprises a
      constant-current circuit means for driving said first differential
      amplifier with a constant current and a current mirror circuit means for
      supplying to said second differential amplifier an operating current which
      is substantially equal to the output current of said constant-current
      circuit.
NUM  4.
PAR  4. A limiting amplifier as claimed in claim 1 in which the voltage of said
      constant-voltage supplying circuit point and the voltage at the output
      side of said second differential amplifier are substantially equal.
NUM  5.
PAR  5. A limiting amplifier as claimed in claim 4 in which said limiting
      circuit comprises a pair of diodes connected in parallel, with polarities
      of mutually opposite directions.
NUM  6.
PAR  6. A limiting amplifier as claimed in claim 1 in which said limiting
      circuit comprises a PNP transistor and an NPN transistor having their
      emitters connected together, means for supplying different voltages to
      their collectors, and means for applying specific voltages in accordance
      with said constant voltage to the bases of said PNP and NPN transistors,
      and means connected between the bases and emitters of the two transistors
      for supplying an output signal.
NUM  7.
PAR  7. A limiting amplifier as claimed in claim 6 in which the bases of the two
      transistors are connected commonly to said constant-voltage supply point.
NUM  8.
PAR  8. A limiting amplifier as claimed in claim 1 which is incorporated in an
      integrated circuit, and in which said circuit point for negative feedback
      is a terminal for connection of said integrated circuit to an external
      circuit, a low-pass filter for negative feedback being connected to said
      terminal.
NUM  9.
PAR  9. A limiting amplifier comprising:
PA1  first differential amplifier means including first and second transistors
      connected in a differential circuit configuration;
PA1  second differential amplifier means including third and fourth transistors,
      the base electrode of the third transistor being connected directly to the
      collector electrode of the first transistor, the base electrode of the
      fourth transistor being directly connected to the collector electrode of
      the second transistor;
PA1  means comprising a fifth transistor connected in an emitter follower
      circuit configuration, the base electrode of the fifth transistor being
      connected directly to the collector electrode of the fourth transistor;
PA1  an input circuit means for supplying a signal to the base electrode of the
      first transistor;
PA1  means comprising a first power supply terminal for supplying the collector
      electrodes of the first, second and fifth transistors and the emitter
      electrodes of the third and fourth transistors respectively;
PA1  means comprising a second power supply terminal connected through a first
      resistor to the base electrode of the second transistor for supplying a
      bias voltage thereto;
PA1  means comprising an output terminal connected through a second resistor to
      the emitter electrode of said fifth transistor;
PA1  limiting circuit means connected to said second power supply terminal and
      said output terminal for amplitude-limiting signals appearing at the
      emitter electrode of said fifth transistor;
PA1  low-pass filter means connected between said input terminal and the emitter
      electrode of said fifth transistor for supplying to the base electrode of
      the first transistor a direct current component of the signal appearing at
      the emitter electrode of said fifth transistor so that the direct current
      potential on the emitter electrode of said fifth transistor is
      substantially equal to the direct current potential on said second power
      supply terminal whereby a signal appearing at said output terminal becomes
      a symmetrically amplitude limited signal without offset of direct current
      level thereof.
NUM  10.
PAR  10. A limiting amplifier as claimed in claim 9 wherein said low-pass filter
      means comprises a series branch of third and fourth resistors and a shunt
      branch including a capacitor connected from the junction point of the
      third and fourth resistors to ground, a sum of the resistance values of
      the third and fourth resistors being substantially equal to the resistance
      value of the first resistor.
NUM  11.
PAR  11. A limiting amplifier as claimed in claim 9 further comprising a
      constant-current circuit means connected to the emitter electrodes of the
      first and second transistors for driving of said first differential
      amplifier means with a constant-current, and a current mirror circuit
      means connected to said first power supply terminal for supplying
      therethrough to said second differential amplifier means a current which
      is substantially equal to a current passing through said constant-current
      circuit means.
NUM  12.
PAR  12. A limiting amplifier as claimed in claim 9 wherein said limiting
      circuit means comprises a pair of diodes connected in parallel and poled
      in mutually opposite directions.
NUM  13.
PAR  13. A limiting amplifier as claimed in claim 9 wherein said limiting
      circuit means comprises a PNP transistor and an NPN transistor having
      their emitter electrodes connected to said output terminal, the collector
      electrode of said NPN transistor being connected to said first power
      supply terminal, the collector electrode of said PNP transistor being
      connected to ground, the base electrodes of the PNP transistor and NPN
      transistor being connected to said second power supply terminal.
NUM  14.
PAR  14. A limiting amplifier as claimed in claim 9 incorporated into an
      integrated circuit with said low-pass filter means externally connected
      thereto, and feedback means connected to the emitter electrode of said
      fifth transistor, said low-pass filter means being connected between said
      input terminal and said feedback terminal.
NUM  15.
PAR  15. A limiting amplifier comprising:
PA1  a first differential amplifier means comprising a pair of transistors for
      producing a differentially amplified output;
PA1  means for applying an input signal to the base of one of said pair of
      transistors;
PA1  means for supplying a constant voltage to the base of the other of said
      pair of transistors;
PA1  a second differential amplifier means for amplifying the output of said
      first differential amplifier and producing a differentially amplified
      output thereof including a DC output component;
PA1  negative feedback means for applying the DC component in the output of said
      second differential amplifier to the base of said one of said pair of
      transistors of the first differential amplifier;
PA1  output means connected to the output side of said second differential
      amplifier and for producing an output signal having a limited amplifier;
      and
PA1  a limiting circuit connected between said output means and said constant
      voltage supplying means.
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ABST
PAL  A circuit arrangement in a line which transfers a condition by means of a
      semiconductor switching arrangement which produces a logic condition
      associated with monitored data processing equipment. The semiconductor
      switching arrangement has a thyristor characteristic and consists of a
      pair of transistors which form a control circuit with one of the
      transistors, particularly the emitter thereof forming the anode point of
      the semiconductor arrangement. This one transistor is also provided with a
      base-emitter resistor which is dimensioned corresponding to the sum of the
      collector-base residual currents of the pair of transistors in the control
      circuit when the semiconductor switching arrangement is in the blocked or
      non-conducting condition.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a circuit arrangement for producing a defined
      logic condition on a line which transfers this condition by means of
      semiconductor switches for the purpose of characterizing a logic condition
      which is to be monitored, particularly for the monitoring signal output in
      data processing equipment.
PAC  BACKGROUND OF THE INVENTION
PAR  A circuit arrangement of this type is particularly required in digitally
      operating devices in order to deliver a monitoring signal which is used as
      a switch-off criteria for such devices which may be controlled only
      through defined logic conditions. If, for example, the operating voltage
      varies in data processing equipment, logic conditions which are defined
      below a pregiven nominal operating voltage cannot be maintained in the
      individual operating units. Output equipment, which are controlled by such
      a disturbed logic condition, can generate undefined outputs and thus give
      false data. It is, for example, possible to operate in an uncontrolled
      manner a recording instrument or also a core storage device whereby the
      stored information is possibly destroyed.
PAR  If digital operating units of data processing equipment, which units
      interact with one another, are fed through several supply voltages, it is
      possible, aside from the described power-supply voltage variations, during
      switching off or switching on of the current supply net for the individual
      supply voltages to drop off with different time constants or to reach
      their nominal value. Thus, the case may occur that an operating unit
      receives its full supply voltage, however, is controlled by a different
      operating unit with an undefined variable digital input.
PAR  Thus, it is necessary to produce as quickly as possible a characterizing
      signal for operations of the described type which cause errors and to thus
      characterize the logic condition which is to be monitored, thus, for
      example, the voltage condition of a current supply device at a pregiven
      deviation. The signal is to deliver a fixed pregiven logic condition which
      is independent from an operating voltage and reliably assures the
      switching off of faultily operating or faultily controlled operating
      units.
PAR  Within data processing equipment such a characterizing signal is produced
      on a special signal line. Same could, for example, consist of a chain
      circuit of switches which are each associated with an operating unit or
      current supply unit and are closed when the respective orderly function
      exists. When a faulty mode of operation occurs in one of the monitored
      devices, the switch which is associated with it would be opened and the
      entire chain circuit would become currentless so that therewith
      simultaneously a criteria which characterizes the faulty condition of a
      device would be produced. However, the use of a chain circuit has the
      disadvantage that a change of a unit, for example, the removal of or the
      additional insertion of a device which is to be monitored, always results
      in electrical and structural changes of the described chain circuit.
PAR  The purpose of the invention is to produce a circuit arrangement for
      producing a defined logic condition, which is fed alone through the logic
      system which must be monitored and thus operates without any special or
      separate operating voltage. The circuit arrangement furthermore permits a
      simple signal output which requires no changes of the  electrical or
      structural type when changes occur in the entire monitored unit.
PAR  A circuit arrangement of the above-named type is constructed inventively to
      attain this purpose in such a manner that the condition which is to be
      monitored is connected to the control path of a switch device which is
      conductively controlled therethrough, the switch path of the switch device
      being connected into a control circuit of a semiconductor arrangement
      having thyristor characteristics, which semiconductor arrangement emits
      the defined condition at its anode-cathode path, and that the anode point
      of this semiconductor arrangement is connected to its control electrode
      through an ohmic resistor.
PAR  This circuit arrangment operates without any operating voltage and can be
      connected through only two different logic conditions which appear at its
      control input and if the control current does not exist can carry
      comparably strong currents. It then produces the criteria U = 0 on a
      signal line. Thus, an arrangement is realized which, independent from a
      special operating voltage and its variations, is switched alone by the
      signal controlling it and has thereby a switching characteristic of an
      inactive contact. The arrangement can therefore be operated together with
      other similarly operating circuits connected in parallel on one signal
      line without influencing same through the switching characteristics of the
      other circuits. Contrary to a pure thyristor circuit, the circuit
      arrangement of the invention can also be quenched at its control input,
      for which only the control current must be switched on. A particular
      advantage of this circuit arrangement consists in that the voltage which
      is required at its anode-cathode path for carrying out a switching
      operation can be lowered to values which are paractically equal to the
      saturation voltage and which drops off from it in the conductive
      condition. This is due to the fact that through an ohmic resistor, a
      current flow is possible to the semiconductor element which it does not
      by-pass and which must be only large enough to start a conducting
      operation and that this semiconductor element has a current amplification
      factor which is greater than 1.
PAR  A circuit arrangement according to the invention can be associated with a
      unit which must be monitored with respect to its operation. Thus, the unit
      may be part of a current supply device or other units of data processing
      equipment. Several existing conitoned circuits of this type can then be
      connected in parallel with one another to a common signal line or common
      main, to which they deliver the defined logic condition which they each
      produce and the common line can be connected to a control device which
      effects the switching off of sensitive operating units to undefined input
      values.
PAR  According to a further construction embodied within the scope of the
      invention, the ohmic resistor is preferably dimensioned corresponding to
      the voltage which, in conducting condition of the semiconductor
      arrangement, exists across it and the current which flows during a blocked
      or nonconductive anode-cathode path of the circuit arrangement flows
      through the control path of the semiconductor element which is not
      by-passed by this resistor. In the case of such a dimensioned ohmic
      resistor, the conducting voltage of the semiconductor arrangement is
      practically equal to the saturation voltage which in the conductive
      condition exists across it. The current which is needed for conduction
      lies for both semiconductor arrangements in the order of magnitude of some
      microamperes so that a common line which is connected to the anode-cathode
      path is loaded at a minimum.
PAC  SUMMARY OF THE INVENTION
PAR  The circuit arrangement according to the invention can advantageously and
      at the least possible output be constructed in such a manner that the
      semiconductor arrangement having thyristor characteristics consists of a
      second transistor which forms the control circuit and a third transistor
      which with its emitter forms the anode point and that the third transistor
      is provided with a base-emitter resistor which is dimensioned
      corresponding with the sum of the collector-base residual currents of the
      second and the third transistors, which collector-base residual currents
      flow at a blocked or nonconducting semiconductor arrangement.
PAR  With such a construction of the circuit arrangement, the practical
      correspondence of saturation voltage and conduction voltage can be
      achieved particularly simply, because the named ohmic resistor and the
      base-emitter resistor can be adjusted to various transistor types due to
      their construction separate from the transistors and thus permit a
      maintaining of the advantages achievable with the invention for
      practically all outputs of known classes of transistors used.
DRWD
PAR  One exemplary embodiment of a circuit according to the invention will be
      described hereinafter in association with the single FIGURE in the drawing
     .
DETD
PAC  DETAILED DESCRIPTION
PAR  The electrical circuit in the drawing illustrates, as an exemplary
      embodiment, a circuit in which the semiconductor arrangement having
      thyristor characteristics is realized by the use of two transistors of
      which the base electrode and the collector electrode are interconnected.
      Such an arrangement of two transistors is actually known as an equivalent
      circuit for a thyristor. A thyristor also has the characteristic of a
      four-layer diode. When the voltage which is applied across its
      amode-cathode path exceeds a pregiven value, an conducting operation takes
      place and the anode-cathode path changes into the conducting condition. An
      conduction current is required on its control electrode at a constant
      anode-cathode path voltage. Said conduction current is independent from
      the anode-cathode path voltage and the anode-cathode path current. The
      quenching operation of a thyristor is caused by lowering the anode-cathode
      path current to a pregiven value. A quenching through the control
      electrode would require, if necessary, a control current in the order of
      magnitude of the respective anode current in the direction which is
      opposite to the conduction current. Therefore, quenching is usually not
      carried out in the control circuit.
PAR  Differing from this mode of operation of a thyristor or a four-layer diode,
      a circuit arrangement according to the invention operates in all
      characteristics practically independent from the anode-cathode path
      voltage and the anode-cathode current. This is assured in such a manner
      that additional resistors, which are dimensioned in a certain manner which
      will yet be described, are associated with the semiconductor arrangement
      having thyristor characteristics.
PAR  The circuit arrangement which is illustrated by the drawing has a pair of
      input terminals designated by the reference I and a pair of output
      terminals designated by the reference II. The logic condition which is to
      be monitored is connected to the input terminals I, the defined logic
      condition which is produced with the circuit arrangement appears at the
      output terminals II. The arrangement which is illustrated in the drawing
      consists of three transistors T1, T2 and T3, of which the transistors T2
      and T3 are interconnected according to a thyristor equivalent circuit.
      This means that the collector of the transistor T2 is connected to the
      base of the transistor T3 and the collector of the transistor T3 is
      connected to the base of the transistor T2. Thus one of these connecting
      points corresponds to the control electrode for the thyristor arrangement
      formed of the transistors T2 and T3. In the exemplary embodiment
      illustrated in the drawing, this is the base of the transistor T2 coupled
      with the collector of the transistor T3. The collector of a controlling
      transistor T1 is connected to the control electrode point G, the emitter
      of said transistor T1 and also the emitter of the transistor T2 being
      connected to a common line L having a predetermined reference potential
      thereon. The base of the transistor T1 is connected to one of the
      terminals of the control input I. The common line L is connected to the
      other terminal of the control input I.
PAR  One of the pair of output terminals at II is connected to the emitter of
      the transistor T3 and is connected additionally to the base of the
      transistor T3 and to the collector of the transistor T2 through ahmic
      resistor R2 and to the control electrode point G through an ohmic resistor
      R3. The other terminal at the output II is defined by the aforementioned
      common line L.
PAR  The circuit arrangement which is illustrated in the drawing is blocked when
      an input current is impressed into the transistor T1. Through this, said
      transistor T1 is put into a conducting condition so that the base of the
      transistor T2 is at the reference potential on line L and same is thus
      blocked. By blocking the transistor T2, the base of the transistor T3 is
      also practically at the potential of its emitter so that the transistor T3
      is also blocked. In this condition, the sum of the collector-base residual
      currents of the two transistors T2 and T3 flow through the resistor R2 and
      thereby determine the value of the resistor R2 in a manner which will be
      described hereinbelow.
PAR  If now the condition which is reproduced by the current which is impressed
      at the input I is changed and the controlling current drops off so far
      that the transistor T1 is rendered nonconductive, a current will flow
      through the resistor R3 and the base-emitter path of the transistor T2.
      Through this the transistor T2 becomes conductive and effects a current
      flow through the base-emitter path of the transistor T3. This causes a
      collector current to flow in the transistor T3, which collector current is
      added to the base-emitter current of the transistor T2 and thus
      consequently has the effect of a positive regeneration (positive
      feedback).
PAR  The conduction operation of the circuit arrangement is explained in detail
      hereinafter in order to make more clear an operation which is independent
      from any operating voltage. The conduction voltage of the arrangement
      occurs when a nonconductive condition exists on the transistor T1
      ##EQU1##
PAR  The saturation voltage V.sub.sat of the circuit arrangement can be stated
      for the blocked or nonconductive condition of the transistor T1 in the
      following manner:
EQU  V.sub.sat =  V.sub.BE2 +  V.sub.CE3sat                     (2)
PAR  From these relationships one can see that the conduction voltage can be
      kept very small through a suitable dimensioning of the resistors R2 and
      R3. The conduction voltage can be adjusted in such a manner that it
      corresponds with a very high ohmic resistor R3 practically to the
      saturation voltage V.sub.sat of the entire circuit at the switched
      current.
PAR  To further explain this behavior, a numerical example will be given
      hereinafter. It is assumed that the output terminals II of the circuit
      arrangement is connected to a signal line which represents a resistor of
      100 ohms at a voltage of 10 volts. The current which must be switched is
      then 100 mA. In order to find the saturation voltage of the circuit, it
      must be assumed that the current which is to be switched flows through the
      base-emitter paths of the transistors T2 and T3 and for this reason
      results in a high base-emitter voltage. For an exemplary value of the
      respective base-emitter voltage of 1 volt and the respective
      collector-emitter voltage of 0.2 volt, the saturation voltage is then
EQU  V.sub.sat =  1 V + 0.2 V = 1.2 V                           (3)
PAR  As has been described earlier, the resistor R2 is dimensioned corresponding
      to the sum of the maximum collector-base residual currents of the
      transistors T2 and T3 for the blocked or nonconductive condition of the
      circuit arrangement, because said currents flow in the blocked condition
      through the resistor R2. If each of the current values, for example, is
      0.05 mA and a voltage drop at the resistor R2, for example, is 0.2 volts
      and is still sufficient for blocking of the transistor T3, then a
      resistance value of 2 kiloohms is obtained for the resistor R2.
PAR  If during the transition into the conducting condition, the base-emitter
      voltage of the transistor T3 is for example 0.7 volts, the transistor T2
      must, in this condition, conduct a collector current which is calculated
      from the mentioned voltage and the resistor R2 for the assumed example
      with 0.35 mA. The corresponding base current has then at a current
      amplification of this transistor T2 of B = 20 a value of 0.02 mA.
PAR  If the conduction voltage of the circuit arrangement is equal to the
      saturation voltage, the resistor R3 must be dimensioned such that at the
      voltage difference V.sub.sat - V.sub.BE2 a current of 0.02 mA flows
      therethrough. When the base-emitter voltage of the transistor T2 has at
      the earlier assumed current of 0.35 mA a value of 0.6 volts, then the
      resistor R3 is calculated to 30 kiloohms.
PAR  From this one can see that the inner resistance for the blocked condition,
      which inner resistance appears at the output terminals II of the circuit
      arrangement, has a value of 30 kiloohms and is therefore very highly ohmic
      compared with the resistance of the line which is to be switched, which
      resistance was assumed to be 100 ohms.
PAR  The connection of also several circuit arrangements of the aforedescribed
      type to a signal line is therefore not connected to influence the
      potential condition produced on this line. If one of the connected circuit
      arrangements is conductive due to a condition change at its input, then
      the signal line reaches a defined condition which corresponds practically
      to the line voltage 0 volt, whereby this condition is maintained
      independently from the number of conductive circuit arrangements until all
      units which are connected to the signal line are again nonconductive.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A circuit arrangement for transferring a logic condition, comprising:
PA1  means defining a pair of input terminals and means defining a pair of
      output terminals, one of said input terminals being connected by a common
      line to one of said output terminals;
PA1  first semiconductor switching means having a means defining a first current
      path therethrough, said first current path being connected between said
      pair of output terminals;
PA1  a first control electrode and a second control electrode for said first
      semiconductor switching means;
PA1  second semiconductor switching means having a third control electrode
      connected to one of said input terminals remote from said common line,
      means defining a second current path through said second semiconductor
      switching means, said second current path being connected between said
      first control electrode and said common line, said third control electrode
      and said common line thereby defining said pair of input terminals;
PA1  means for applying a reference potential to said common line; and
PA1  control means for effecting a conduction of said first semiconductor
      switching means in response to a nonconduction of said second
      semiconductor switching means and a nonconduction of said first
      semiconducting switching means in response to a conduction of said second
      semiconductor switching means, said control means comprising first
      resistance means connected between said first control electrode and one of
      said output terminals separate from said common line and second resistance
      means connected between said second control electrode and said one of said
      output terminals separate from said common line whereby the impedence of
      said circuit arrangement across said pair of output terminals is
      controlled by a predefined change in signal input to said pair of input
      terminals to change the state of conduction of said second semiconductor
      switching means to cause said circuit arrangement to deliver a defined
      logic condition at said pair of output terminals.
NUM  2.
PAR  2. A circuit arrangement according to claim 1, wherein said first
      semiconductor switching means consists of a first transistor having a
      first base, first emitter and first collector electrodes and a second
      transistor having a second base, second emitter and second collector
      electrodes, said first base electrode, defining said first control
      electrode, being connected to said second current path, one side of said
      first resistance means and said second collector electrode means, said
      first emitter electrode being connected to said common line, said first
      collector electrode being connected to said second base electrode, which
      defines said second control electrode, and one side of said second
      resistance means, said second emitter electrode being connected to said
      one of said output terminals separate from said common line and the
      opposite sides of said first and second resistance means.
NUM  3.
PAR  3. A circuit arrangement according to claim 2, wherein said second
      semiconductor switching means consists of a third transistor having a
      third base, third emitter and third collector electrodes, said third
      collector electrode being connected to said first control electrode, said
      third emitter electrode being connected to said common line and said third
      base electrode being connected to said one of said input terminals remote
      from said common line.
NUM  4.
PAR  4. A circuit arrangement for transferring a logic condition, comprising:
PA1  means defining a pair of input terminals and means defining a pair of
      output terminals, one of said input terminals being connected by a common
      line to one of said output terminals;
PA1  first semiconductor switching means having a means defining a first current
      path therethrough, said first current path being connected between said
      pair of output terminals;
PA1  a first control electrode and a second control electrode for said first
      semiconductor switching means, said second control electrode being
      connected to one of said output terminals separate from said common line;
PA1  second semiconductor switching means having a third control electrode
      connected to one of said input terminals remote from said common line,
      means defining a second current path through said second semiconductor
      switching means, said second current path being connected between said
      first control electrode and said common line, said third control electrode
      and said common line thereby defining said pair of input terminals;
PA1  means for applying a reference potential to said common line; and
PA1  first resistance means connected between said first control electrode and
      said one of said output terminals separate from said common line whereby
      the impedence of said circuit arrangement across said pair of output
      terminals is controlled by a predefined change in signal input to said
      pair of input terminals to change the state of conduction of said second
      semiconductor switching means to cause said circuit arrangement to deliver
      a defined logic condition at said pair of output terminals.
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ABST
PAL  A circuit comprising an A.C. source, a load and a TRIAC for supplying A.C.
      power to the load from the source. The TRIAC includes first, second, and
      gating electrodes with the first electrode being connected in series with
      the load. The A.C. source is applied across the TRIAC and the load. A
      trigger circuit is provided for the TRIAC comprising a photodarlington
      circuit and a circuit for biasing the photodarlington circuit to its
      quiescent state in the absence of a light signal and for making the
      photodarlington circuit conductive and enabling it to apply a negative
      voltage to the gate electrode of the TRIAC to make the TRIAC conductive in
      the presence of a light signal.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation application of U.S. patent application Ser. No.
      338,808, filed on Mar. 7, 1973 now abandoned.
BSUM
PAR  This invention relates to a digital trigger for an AC switch and, in
      particular, to an improved triac AC switch.
PAR  A triac switch has become a very useful device as an AC switch. Triac is a
      coined mnemonic expression that stands for a triode (three electrode) AC
      switch. The triac is triggered in its conduction very much in a manner
      similar to the well known action as SCR. The triac differs from the SCR in
      that it conducts in both directions of current flow, once triggered into
      conducting state. Because of the foregoing characteristics, a triac has
      been used as an AC switch element to control AC power supply to a load. In
      applying the triac as an AC switch, ie., in triggering the triac into
      conduction, various attempts have been used with a degree of satisfaction.
      For example, a dry reed switch has been used as a trigger for applying a
      line voltage through a limiting circuit to the gate electrode of the triac
      to switch it into its conductive state. While the dry reed is satisfactory
      to a degree, it is bulky, requiring more printed circuit board area for
      the device itself. It is also more difficult to interface the dry reed
      because its coil which may be interfaced with conventional digital logic
      operated by a low voltage (e.g., 5 volts) requires substantially higher
      current than that used by the digital logic. It is also more costly.
PAR  It is an object of the present invention to provide an improved trigger
      circuit for an AC switch and, more specifically, to provide an improved
      circuit for switching a triac.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The foregoing and other objects of the present invention are achieved by
      using a photodarlington circuit as a buffer or interface element between a
      signal source consisting of a light emitting diode (LED) and the AC load
      switching triac. The foregoing and other features of the present invention
      will be understood more clearly from the following detailed description of
      an illustrative embodiment of the present invention in conjunction with
      the accompanying drawings, in which:
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PAR  FIG. 1 shows a dry reed switch used to trigger a traic AC switch according
      to the prior art.
PAR  FIG. 2 shows a photodarlington transistor circuit interposed between an
      input source with an LED and a triac AC switch according to the present
      invention.
PAR  FIG. 3 shows a set of wave forms useful in explaining the operation of the
      circuit shown in FIG. 2.
PAR  FIG. 4 shows quardrature relationship of the gate voltage and the load
      voltage.
PAR  FIG. 5 shows a bank of triacs and photodarlington circuits for controlling
      a plurality of corresponding AC loads.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENT OF THE INVENTION
PAR  As shown in FIG. 1, a triac AC switch 1 is used to switch AC power source,
      for example, 120 v. AC, on and off from the load 3. Thus, when the triac
      is switched into conducting state the AC source is applied across the load
      3. But, when it is switched off, it becomes open and cuts the AC power off
      from load 3.
PAR  For triggering the triac into its conducting state, according to the prior
      art, a dry reed switch 5 is used. As shown in FIG. 1, the reed switch is
      connected between the AC source and the trigger electrode 7 of the triac.
      A resistor 9 establishes voltage level applied to the gate electrode 7 The
      dry reed switch closes its normally open contact when a current is applied
      to its windings 11 in the well known manner.
PAR  According to the present invention, as shown in FIG. 2, instead of the dry
      reed switch, a circuit 21 arranged in a darlington configuration is used
      to switch the triac. The circuit includes a phototransistor 13 connected
      to detect a light signal generated by a light emitting diode 14. The
      circuit also includes a transistor 15 connected to amplify the current to
      a level compatible with triac gate current requirements.
PAR  The transistor 15 amplifies the current from the phototransistor and causes
      the amplified current to flow through its emitter and collector. This
      causes a DC current to flow through the gate resistor 17 and power supply
      bridge 23. This current establishes a negative gating potential to the
      gating electrode 18 which is sufficient to trigger the triac as long as
      the photodarlington circuit remains in its conductive state.
PAR  The photodarlington circuit 21 may be biased to its quiescent operating
      state by applying a suitable negative DC bias voltage (not shown) at the
      emitter electrode of the transistor 15. The DC bias voltage may be
      generated from the same AC power source, for example, 110 v. 60 AC used
      for the load. As shown in FIG. 2, this is done by using a step down
      transformer 22 which taps off a portion of the AC source. The AC from the
      secondary is rectified by a suitable bridge circuit 23 such as that shown
      and its DC output is smoothed out to a desired level by an RC circuit 25
      and 27 in a conventional manner. A resistor 17 of a suitable magnitude is
      used to adjust the current to a level necessary to bias the
      photodarlington circuit into its appropriate quiescent operating state.
PAR  As shown, the phototransistor may be triggered into operation by a light
      signal coming from the light emitting diode 14 normally biased in
      non-conducting state by a suitable circuit such as a conventional digital
      logic state 31. The circuit is connected such that switching of the gate
      to its logic "O" (positive logic) state forward biases the diode 14. In
      turn, the light emitting diode conducts and emits light 16 which triggers
      the phototransistor into conduction. A resistor 33 is used to limit the
      current flowing through the diode 14 to a certain acceptable level of
      amplitude.
PAR  The circuit according to the present invention operates as follows. The
      input signal wave may be in the form of a digital signal which causes the
      logic gate 31 to produce an output in a digital wave form, V.sub.01, as
      shown in FIG. 3. The input to the logic gate 31 may be negative going or
      positive going digital waves. Regardless, the output can be made to go
      from a positive voltage to zero as shown by using inverting or
      non-inverting digital logic gate. As shown, when the logic gate changes
      its output to a ground level from the positive level at time t.sub.1 in
      response to the input signal, the light emitting diode 14 conducts and
      emits the light 16. This light triggers the phototransistor 13 and causes
      it to conduct. This, in turn, causes transistor 15 to conduct and amplify
      the current from the phototransistor 13 to a level which switches the
      triac 19 into its conducting state. The current I.sub.p driving the triac
      and the DC potential applied to the gate electrode 18 during these
      operations appear in the wave forms I.sub.p and V.sub.OG in FIG. 3. A
      capacitor 27 connected in parallel with the resistor 25 forms an RC
      circuit which filters the full wave rectified voltage from the bridge
      rectifier 23 before the rectified voltage is applied to the triac via the
      darlington circuit 21 to prevent the triac from switching into
      non-conducting state due to the ripple that would otherwise be present in
      the rectified voltage.
PAR  The triac 19 does not conduct as long as the photodarlington circuit does
      not detect light from LED. In this state, the voltage across the triac
      remains the same as the AC power source potential as shown by V.sub.02.
      Current is allowed to flow therethrough as the triac becomes conductive in
      response to the gating voltage applied to the gate electrode 18. The
      potential drop thereacross becomes negligible and remains so as shown by
      V.sub.02 as long as the conducting photodarlington circuit keeps the gate
      electrode at a negative potential.
PAR  While the triac remains in its conductive state, the AC power is
      effectively applied to the load. When the light emitting diode turns off
      at time t.sub.2, the photodarlington circuit 21 turns off and this, in
      turn, causes the triac to open and prevents current from flowing
      therethrough. This turns off the triac and causes it to return to its
      non-conductive state and thereby cut off the AC power from the load.
PAR  It is to be noted that an inherent nature of the triac is such that it can
      be triggered with either positive or negative voltage applied to its gate.
PAR  However, in accordance with an aspect of the present invention, preferably
      the photodarlington circuit is arranged so that it applies negative
      voltage to trigger the triac. This is made possible by using the NPN
      transistor as shown and biasing the emitter 35 of the phototransistor
      negative using the DC from the rectifier 23. By driving gating electrode
      negative, the triac is driven into conductive state either in the second
      (II) or third (III) quadrature as shown in FIG. 4. That is, when the
      negative voltage from the darlington circuit is applied, the gate
      electrode 18 conducts while the AC voltage is in its positive cycle. This
      can be seen as driving the triac in its second quadrant (II). When the
      same takes place except that the AC voltage is in its negative cycle this
      can be seen as driving the triac conducting in its third quadrant (III).
      The triac could be driven in the first (I) or fourth (IV) quadrant with
      positive voltage from the photodarlington as stated before. However, it
      has been found here that the triac requires more gating current to trigger
      it to conduct. Thus, it is preferable to trigger the triac in its second
      and third quadrant in that it requires less amount of gating current.
PAR  In the foregoing, the present invention is illustrated in terms of a
      specific embodiment shown in FIG. 2. Various other modifications and
      changes may be made to the embodiment without departing from the spirit
      and scope of the present invention. For example, as shown in FIG. 5, a
      bank of triacs 19A, 19B . . . 19N may be controlled by corresponding
      photodarlington circuits 21A, 21B . . . 21N with the AC power supply
      providing a common DC bias voltage to all of the photodarlington circuits
      via the bridge rectifier.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a circuit comprising: an A.C. source; a load; and a TRIAC for
      supplying A.C. power to said load from said A.C. source, said TRIAC
      including first and second gating electrodes, said first electrode being
      connected in series with said load and said A.C. source being applied
      across said TRIAC and said load, the improvement wherein, a trigger
      circuit is provided for said TRIAC comprising:
PA1  a photodarlington circuit,
PA1  means for biasing said photodarlington circuit to its quiescent state in
      the absence of a light signal; and
PA1  means for making said photodarlington circuit conductive and for enabling
      it to apply a negative voltage to the gate electrode of said TRIAC to make
      said TRIAC conductive in the presence of a light signal applied to said
      photodarlington circuit.
NUM  2.
PAR  2. A circuit as in claim 1, comprising a plurality of loads, a plurality of
      corresponding TRIACS for supplying said A.C. power to respective loads, a
      plurality of photodarlington circuits connected to the gating electrodes
      of the corresponding ones of said plurality of TRIACS, said biasing means
      biasing said plurality of photodarlington circuits into their quiescent
      states in the absence of light signals, and plural means for selectively
      making said photodarlington circuits conductive to enable them to apply
      said negative voltage to the gate electrode of the corresponding TRIAC to
      make the corresponding TRIAC conductive in the presence of a light signal
      applied to the photodarlington circuit.
NUM  3.
PAR  3. The according to claim 1, including a light emitting diode and logic
      gating means for applying input signal to said light emitting diode so
      that the diode becomes conductive and emit light for actuating said
      photodarlington circuit.
NUM  4.
PAR  4. The circuit according to claim 1 wherein said biasing means includes a
      rectifying means interposed between said photodarlington circuit and said
      AC source for providing a DC bias voltage to said photodarlington circuit.
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ABST
PAL  A solid state trigger circuit provides variable period output signals
      within a timed sequence of signals for controlling conduction angle firing
      of thyratron type switching devices in an A.C. phase line. A bi-stable
      multivibrator receives timing signals derived from the alternating current
      in the phase line which are out of phase with each other. The timing
      signals oscillate the multivibrator at a desired timing rate to produce an
      output of the multivibrator which has voltage transition spikes at the
      beginning of each positive circle of the timing signals. A saw tooth wave
      form with a linear voltage input control signal indicative of a desired
      time period pulse width provides a square wave trigger output signal with
      signal pulse periods equal to the desired pulse width.
PARN
PAR  This is a division, of application Ser. No. 238,141, filed Mar. 27, 1972,
      now U.S. Pat. No. 3,826,928, which was a division of application Ser. No.
      62,869, filed Aug. 11, 1970, now U.S. Pat. No. 3,678,355, which are both
      incorporated by reference herein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As disclosed by U.S. Pat. Nos. 3,678,355 and 3,826,928, it is desirable to
      provide an A.C. motor control using solid state technique to acquire a
      tight, sophisticated control of motor acceleration, deceleration and
      programmed speed which, to all intents and purposes, eliminates lag in
      motor response to change speed signals in the control system. The desired
      result is instantaneous response in motor power or electrical braking,
      such as could be advantageously utilized in elevator motors.
PAR  The control circuit therefore provides motor directional and speed
      reference signals as voltages shaped into a smooth linear ramp summed with
      a feedback signal which is responsive to motor speed and direction. It is
      desirable for the amplitude and polarity of the amplified error to control
      the current flow and reversing of phase rotation, respectively, in at
      least two of the three phase motor inputs through fast responding, solid
      state trigger circuits controlling thyristor switches. Motor direction and
      speed conditions are sensed by a special A.C. tachometer and feedback
      circuit which feeds into the feed control circuit, as described above. The
      A.C. tachometer with a direction and speed sensing circuit is the subject
      matter of and is fully disclosed in a copending application Ser. No.
      875,193, filed Nov. 10, 1969, now U.S. Pat. No. 3,614,616.
PAC  SUMMARY
PAR  Accordingly, a primary object of the present invention resides in providing
      a universal solid state trigger circuit which provides positive going
      output trigger pulses for turning on an independent thyristor for each
      half cycle of an alternating phase load channel. The trigger circuit
      includes a bi-stable, multi-vibrator circuit whose "set" and "reset"
      inputs are controlled by timing pulses derived from each half-cycle of the
      phase input to the controlled phase channel Speed signals are compared,
      shaped and via AND gates and amplifier circuits provide cycle chopping
      trigger output pulses for each one-half cycle to control current flow
      through thyristor circuits during each half-cycle of an input phase.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a block diagram illustrating a control circuit for a three phase
      A.C. elevator motor in which the present invention may be utilized.
PAR  FIG. 2 is a schematic diagram of the preferred triggering circuit of the
      present invention.
PAR  FIG. 3 is an exemplary wave form chart illustrating timed signals at
      various points in the trigger circuit.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention of U.S. Pat. Nos. 3,826,928 and 3,678,355 is described as
      incorporated in a control system for use with a three phase A.C. motor
      elevator drive and eliminates the motor generator set used to convert A.C.
      power to D.C. power for operating a D.C. elevator drive as is used in most
      high speed elevators. It is to be understood that the system can be used
      to control other three phase A.C. motor applications.
PAR  The control system for the A.C. motor drive involves starting, running and
      stopping the elevator lifting motor in a manner which avoids the
      discomfort of abrupt transitions in speed. The motor control will be
      described primarily with reference to the block diagram seen in FIG. 1
      although specific references will, at times, be made to the triggering
      circuitry in the schematic drawing FIG. 2 and the timing chart of FIG. 3.
      A more detailed understanding of the entire circuitry for the motor
      control is provided in U.S. Pat. Nos. 3,678,355 and 3,826,928 as mentioned
      hereinabove.
PAR  Referring to FIG. 1, an elevator run will be initiated by the supervisory
      system by depressing a control button (not shown) in the elevator car or
      at a landing. This actuates the elevator switching logic 20 which produces
      a predetermined D.C. voltage signal on its output 22, which is connected
      to and provides an input to the function generator error amplifier 24. The
      amplitude of the voltage output signal developed by switching logic
      control 20 will determine the maximum speed to which the car can
      accelerate during the desired run and the slower levelling speed as the
      car approaches the selected landing. For multi-floor runs the elevator
      logic signal will have an amplitude which permits the elevator to
      accelerate to its highest speed. For single floor run the control voltage
      amplitude will be less, permitting acceleration to a fraction of the
      highest speed. The supervisory control also provides an output signal at
      other predetermined levels indicative of approach or levelling speeds;
      also provides a signal indicative of zero speed or stop condition and
      which applies and releases the elevator floor holding brake; and also
      provides via, up and down relays 26 and 28, a direction control for
      elevator drive.
PAR  The output on line 30 from the function error amplifier 24 is integrated in
      a function generator 32 at an adjustable preset rate. As the function
      generator signal on output 33 integrates upward in amplitude, that output
      signal on a parallel connection 34 is fed back to the function error
      amplifier 24 to oppose the input signal at a summing junction. The output
      signal of the function generator then remains at a level indicative of
      desired until the elevator logic dictates otherwise.
PAR  The function generator output signal, designated as the output ramp, is fed
      on line 33 to the ramp switching circuit 36 which includes relay contacts
      which, depending upon which of the "up" and "down" relays 26 and 28 is
      energized, provides a control signal to one or the other input of an
      amplifier inverter stage 38. Depending on the condition of the "up-down"
      relay contacts in the ramp switching circuit 36, the inverter output
      signal will either be a positive ramp or a negative ramp.
PAR  Coupled directly to the three phase drive motor shaft is a two phase A.C.
      tachometer 61 which supplies both motor speed and motor direction
      information to the system. An output signal proportional to motor speed is
      obtained by rectifying and combining the two phase tachometer output, as
      is fully described in the aforedescribed copending application. This
      signal is positive for one direction of rotation of motor 60 and negative
      for the other direction of rotation. The polarity reversal is accomplished
      by the tachometer switching circuit 50. The tachometer feedback signal is
      fed to a summing junction, at the input to the error regulator amplifier
      42.
PAR  The system can be best described in conjunction with an example. If the
      elevator is programmed to go up one floor by the elevator switching logic,
      that condition will produce a positive going ramp of a predetermined
      amplitude as the output on line 39 from the amplifier/inverter stage 38.
      This signal is fed to the summing junction at the input of the regulator
      amplifier 42. As was previously described, also fed to this same summing
      junction is a D.C. feedback signal on line 44 from the tachometer
      switching circuit. The polarity of the tachometer feedback signal is
      determined by the tachometer direction sensing circuit 48 and tachometer
      switching circuit 50, such that it will buck out the positive ramp on line
      39 from inverter 38 when the elevator is programmed to go up. When the
      elevator is programmed to run the opposite direction, via the supervisory
      logic relays 26 and 28, and associated up or down relay switching
      contacts, the polarity of both of these signals is reversed and the
      tachometer signal will still buck out the ramp from inverter 38.
PAR  The difference signal from this summing process, which can be positive or
      negative, is amplified and inverted through the regulator amplifier 42. In
      all cases if the output signal from the regulator amplifier 42 is negative
      it is an effective up signal and if positive it is an effective down
      signal to the motor power controlling circuits. It should be noted that an
      up signal from the regulator 42 will not necessarily drive the elevator
      up, but can be a braking signal during a downward elevator drive. During a
      normal run the drive motor 60 might be receiving both up and down signals
      even though the elevator is moving in one direction. This provides the
      required control of the system.
PAR  A three-phase power source, through suitable circuit brakers and switches,
      provides A.C. drive power and, via transformers and rectifier circuits
      provides power and timing for the control system. The main lines for
      phases A, B and C, designated 62, 64 and 66, are connected through
      thyristor control and switching circuits to the three-phase input lines
      68, 70 and 72 to motor 60. Each of at least two of the main lines, e.g.,
      phases A and C, can be selectively connected to an associated pair of the
      three input lines to the three-phase motor 60, or can be reversely
      connected to the same pair of input lines to respectively provide drive or
      braking power in both directions of motor rotation.
PAR  The three phase A.C. input, via the transformers and full wave rectifier
      circuits, provides a regulated D.C. supply for the control system. Center
      tapped secondaries in transformer phases A and C provide cycle timing
      signals used by the thyristor trigger circuits, as will be further
      described.
PAR  Phase A, via power line 62, connects through dual inverse parallel
      thyristor control circuits 74 and 76 to respective motor input leads 68
      and 72 and phase C, via line 66, connects through dual inverse parallel
      thyristor control circuits 78 and 80 to respective motor input leads 72
      and 68. Each dual thyristor control circuit has two thyristors connected
      in parallel, but in opposed directions to enable controlled current flow
      in both directions, i.e., during each half cycle, if an appropriately
      timed trigger pulse is applied to the control electrode of the thyristor
      for that half cycle of that phase channel.
PAR  Circuit 74 includes inverse parallel thyristors 82 and 84 and is designated
      up control for phase A. Circuit 76 includes inverse parallel thyristors 86
      and 88 and is designated the down control for phase A. Circuit 72 includes
      thyristors 90 and 92 in inverse parallel arrangement and is designated the
      up control for phase C. Circuit 80 includes thyristors 94 and 96 in
      inverse parallel arrangement and is designated the down control for phase
      C.
PAR  Each thyristor has trigger (or control) leads connected to associated
      trigger circuits, as will be more fully described hereinafter.
PAR  It is necessary to prevent both the up channel and the down channel in each
      of the phase A and phase C current supplies to both the A and C phase
      windings of the motor 60 from being turned on at the same time. If that
      were to happen, the three-phase input line currents would become
      excessively large, and possibly damage the thyristors in the up and down
      phase switching channels. To prevent that from happening, the motor drive
      or braking current is sensed by current transformers 100 and 102 in the up
      and down channel of one of input phases A or C. The sensed up or down
      current flow information is fed via a logic circuit 104 or 106,
      respectively, to associated safety lockout circuits 108 and 110 which
      operate to prevent turning on of the down channel while the up channel is
      turned on and vice versa.
PAR  The amplitude of the output signal from the error (or regulator) amplifier
      42, the amplitude of which represents the variation in high or low motor
      speed relative to the desired speed is connected, via line 112, through
      directional diodes as inputs to one or the other of the lockout circuits
      108 and 110 and thence, as permitted by one of the lockouts 108 or 110, to
      up trigger circuits 114 and 118 of down trigger circuits 116 and 120. A
      negative or up signal on input 112 provides a signal from the up lockout
      circuit 110, via its amplifier on parallel connection lines 122 and 124,
      to drive the two up channel trigger circuits 114 and 120 directly, while a
      positive or down signal from the regulator amplifier 42 to the down
      lockout 108 provides a signal on its output which must be inverted through
      inverter amplifier 128 and thence, via parallel connection lines 130 and
      132, to drive the down channel trigger circuits 116 and 118.
PAR  Rectified signals from the up and down channel current transformers 100
      (up) and 102 (down) ground any incoming signals to respective lockout
      circuits 108 (down) and 110 (up), so the function error signals on line
      112 can have no effect on the signal lockout amplifier if current is
      sensed in the down channel and vice versa. Each of the lockout amplifiers
      when subjected to a signal output will provide an amplified output signal
      between fixed positive and negative levels which, in the exemplary control
      system, is selected as from +10V to -10V. When either circuit 108 or 110
      is locked out, or the error signal on line 112 is zero, the respective
      amplifier of the circuit will transmit a maximum positive level signal,
      and for a full power error signal on line 112 (either full negative or
      full positive) the safety interlock output signal from the appropriate one
      or the other of amplifiers will be full negative. Adjustable resistors in
      the input circuits of respective interlock amplifiers enable adjustment of
      their outputs for a zero signal input.
PAR  The safety interlock down output is parallel connected via lines 130 and
      132 to the two trigger circuits 116 and 120 of trigger boards 1 and 3 to
      drive in appropriate timed relationship to the phase cycles, the down
      thyristors (86 and 88) (94 and 96) in each channel of the respective A and
      C phase input lines to motor 60, to provide variable down power in two
      legs of the three-phase line power connection to the motor. Similarly, the
      safety interlock up output is parallel connected via lines 122 and 124 to
      the two trigger circuits 114 and 118 of trigger boards 2 and 4 to drive,
      in appropriate timed relationship to the phase cycles, the up thyristors
      (82 and 84) (90 and 92) in each channel of the respective A and C phase
      input lines to motor 60 to provide variable up power in two legs of the
      three-phase inputs to the motor.
PAR  The trigger circuits 118, 120, 116 and 114 of respective trigger boards 1,
      2, 3 and 4 are identical and the boards are interchangeable. The circuit
      components are assembled on a printed circuit board with plug-in
      terminals. For convenience in drawing disclosure, boards 1, 2 and 3 are
      shown in block form and the trigger board circuit 114, which is the same
      as the circuit for all trigger boards, is disclosed in detail for trigger
      board 4 in FIG. 2. All boards have identical plug-in terminals and similar
      letter references are shown for comparison purposes on trigger boards 1,
      2, 3 and 4. Terminals D, E, F, P, R and T are terminal connections to
      various voltage levels (as indicated on the drawing) from the power
      supply. Terminals N and V provide connections to selected phase channels
      for receiving cycle timing signals corresponding to the A.C. wave forms of
      the respective phases. Terminal J provides the connection for the input
      control signal (from the safety interlocks) to the trigger board.
      Terminals X and Y are isolated output terminals for one-half cycle
      thyristor triggering, while terminals C and B provide the isolated output
      circuit for the other half cycle triggering of the opposed thyristor in
      the associated up or down thyristor switching device for that phase
      channel.
PAR  A wave form timing chart for a trigger board is seen in FIG. 3. The voltage
      wave form at the top represents the sine wave for a specific A.C. phase
      channel applied to the thyristor switching device and to the primary
      windings of the power supply transformer corresponding to that phase. An
      associated center tap secondary for that phase transformer provides a pair
      of independent sine wave signals, 180.degree. out of phase with each
      other, via connections to respective terminals N and V, the input timing
      terminals for a registor 160 (bi-stable multivibrator) on the trigger
      board.
PAR  Assuming an input signal on terminal N will set the registor, an
      appropriate input signal applied to terminal V will reset the register.
      Thus, every time a positive half cycle is applied to terminal N, the
      register will go to a set condition, its transistor Q1 will be turned on
      and its output junction A1 will go from positive to ground. Each time the
      cycle signal applied to terminal V gear positive, transistor Q2 is turned
      on and transistor Q1 is turned off, causing junction A2 to go from
      positive to ground and junction A1 to go from ground to positive.
PAR  Via differentiating capacitor-diode circuits 162 and 164, the negative
      going transitions appearing at junction A1 and A2 provide a signal wave
      form at junction A, having negative going timing spikes corresponding to
      the beginning of each half cycle of the associated A.C. phase. The
      negative going timing pulses at junction A are used to control an
      integrator reset circuit 166 which includes transistor Q3. Viewing FIGS. 2
      and 3, each time a negative going spike appears at junction A, the
      integrator reset transistor Q3 is turned on and provides a positive
      voltage level (+10V) at junction C which resets the threshold voltage of
      integrator 168 at that positive level. The integrator integrates from +10
      to -10 Volts during the time period for a half cycle. The amplified speed
      error control signal, from the up interlock circuit 108, which is
      transmitted on line 124 to terminal J, modifies the integrated saw tooth
      voltage output from integrator 168 at a summing junction E.
PAR  If the control signal applied to terminal J indicates a no power condition,
      a fully amplified positive signal (e.g., -10V in this specific case) from
      the safety interlock up circuit 110, that voltage level applied to summing
      junction E will keep integrated (saw tooth) voltage levels above ground
      level during the entire integrating period. Junction E is connected to the
      inverting input of an operational (high gain) amplifier 170 whose output
      has a range from negative (-10V) to positive (+10V). As long as the
      voltage signal at junction E is positive, the output of the comparator
      inverter 170 at junction G is at negative saturation, i.e., -10V. Whenever
      the signal level at junction E goes below zero to negative, the output of
      the comparator 170, junction G, goes full positive (+10V).
PAR  The wave form at the comparator output (junction G) is a square wave, the
      widths of the positive periods of which represent the desired conduction
      angle with the time correlated A.C. half cycles in the associated phase
      channel.
PAR  When the signal on input terminal J represents full power, (right hand
      portion of FIG. 3), in other words, it is at its -10V level, the effective
      integrated saw tooth wave form applied to comparator inverter 170 is
      negative during the entire integrating time period, causing the comparator
      170 to provide a fixed positive level output for the entire half cycle
      time period.
PAR  Any intermediate signal level applied to terminal J of the trigger board
      will modify the saw-tooth wave form at the summing junction E to form
      somewhere between the full off and full on conditions shown in FIG. 3. The
      middle portion of the FIG. 3 chart shows an example of such an
      intermediate condition, a half conducting angle condition, wherein the (0)
      Volt control signal at terminal J causes a wave form at junction E which
      is negative during the last half of each half cycle. That negative input
      to the comparator 170 provides positive square waves on its output to
      junction G during the last half of each cycle period.
PAR  The square wave signals from the trigger circuit comparator 170 are applied
      through amplifier transistor Q4 and the resulting positive level signals
      on the emitter of Q4 are used to provide appropriately timed trigger
      signals to both of the inverse parallel thyristors in an associated
      thyristor switching device, e.g., device 76. The emitter of Q4 is
      connected to drive respective power amplifiers 172 (transistor Q5) and 174
      (transistor Q6) via a parallel input circuit. Transistor Q5 is inhibited
      by an Inhibit Gate 176 whenever the junction A.sub.2 is positive (during a
      negative half cycle of the associated A.C. phase) and transistor Q6 is
      inhibited by an Inhibit Gate 178 whenever the junction A.sub.1 is positive
      (during a positive half cycle of the associated A.C. phase). Power
      transistor Q5 can only be turned on during one (positive) half cycle of
      the associated A.C. phase and is only turned on during the related period
      when the output transistor Q4 is on. Similarly, Power transistor Q6 can
      only be turned on during the other (negative) half cycle of the associated
      A.C. phase and is only turned on during the related period when the output
      transistor Q4 is on.
PAR  As shown in FIG. 3, the outputs of power amplifiers 172 and 174 are square
      waves, the positive voltage levels of which occur for desired, controlled
      periods during associated half cycles and always terminate at the end of a
      half cycle. As shown in FIG. 2, the collector-emitter circuits of each
      power amplifier transistor Q5 and Q6 is series connected with the primary
      winding of an associated isolation square wave transformer. Q5 operates
      transformer 180 and Q6 operates transformer 182. The two leads of the
      secondary winding of transformer 180 connect through plug board terminals
      C and B to the trigger circuit of the half cycle (in the example, the
      positive half cycle) switching thyristor 92 and the two leads of the
      secondary winding of transformer 182 connect through plug board terminals
      x and y to the trigger circuit of the other of the half cycle (e.g., the
      negative half cycle) switching thyristor 90.
PAR  The isolation transformers 180 and 182 are square wave transformers and
      thus provide square wave trigger signals to turn on the associated
      thyristors 92 and 90 substantially instantaneously with the positive going
      transition of the isolation transformer output to its full positive
      voltage level, providing accurate control over desired conduction angle of
      the associated phase half cycle.
PAR  The foregoing trigger circuit description was made in connection with the
      up channel of phase C and shown how each half cycle of the A.C. phase wave
      in that channel will be controlled through its associated thyristor to
      provide a conduction angle determined by the output signal from the
      trigger board comparator 170, as driven by the control signal on the up
      interlock output lines 122 and 124. The same control signal is used to
      drive the phase A up trigger board circuit which, in accord with phase A
      cycle timing signals, will trigger the inversed parallel thyristor 82 and
      84 of the phase A up channel thyristor switching device 74, at appropriate
      desired periods, within the positive and negative half cycles. If the
      interlock output control signal calls for down power the two down trigger
      board circuits 116 and 118 will trigger their associated thyristor devices
      in accord with associated phase cycle timing signals.
PAR  The various values of voltage resistance and capacitance in the described
      embodiment are exemplary of an operative circuit and can be changed in
      known manner by persons skilled in electrical circuitry and remain within
      the inventive concept.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A solid state trigger circuit to provide variable period output signals
      within a timed sequence of signals for controlling conduction angle firing
      of thyratron type switching devices in an A.C. phase line comprising:
PA1  a bi-stable multivibrator with a first and a second input and a first and a
      second output which are coupled to form a third output;
PA1  timing means providing successive timing signals derived from the
      alternating current in said phase line to be 180.degree. out of phase with
      each other, said timing signals respectively being alternately applied to
      a corresponding one of said first and said second inputs of said
      multivibrator to oscillate said multivibrator at a desired timing rate,
      said first and said second outputs of said multivibrator providing a
      voltage transition spike at said third output at the beginning of each
      positive half cycle of said timing signals;
PA1  means responsive to said voltage transition spike to provide a saw tooth
      wave form with periods corresponding to said timing rate; means providing
      a linear voltage input control signal indicative of a desired time period
      pulse width; and
PA1  means comparing said control signal with said saw tooth wave form and
      providing corresponding square wave trigger output signals with signal
      pulse periods equal to said desired pulse width.
NUM  2.
PAR  2. A trigger circuit as claimed in claim 1 further including a triggering
      output circuit which includes two branch circuits, one for each half cycle
      of said alternating current of said phase line; wherein said trigger
      output signals are applied to both of said branch circuits; each said
      branch circuit includes inhibit gates having inhibit inputs connected to
      respective different ones of said first and said second outputs of said
      multivibrator to inhibit transmission of said trigger output signals,
      alternatively, on said branch circuits, so that transmission occurs
      through one said branch circuit only when its related said half cycle is
      occurring in said phase line.
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ABST
PAL  A high voltage switching generator for rapidly changing the voltage across
      a load capacitance. A first DC voltage source connected in series with
      non-linear device and switch units together with a second DC voltage
      source is connected across the load capacitance. Each non-linear device
      and switch unit includes a series of zener diodes providing a non-linear
      device having a threshold voltage equal to the sum of the threshold
      voltages of the individual diodes. During current flow therethrough the
      series of zener diodes has a voltage drop equal to its threshold voltage.
      Each non-linear device and switch unit includes a transistor by-pass
      switching arrangement which can be closed to short circuit the associated
      series of zener diodes so that there is no voltage drop thereacross. By
      selectively opening and closing the by-pass switching arrangements of the
      non-linear device and switch units the voltage across the load capacitance
      can be changed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to high voltage switching apparatus. More
      particularly, it is concerned with apparatus for switching rapidly between
      selected high voltage levels.
PAR  Beam penetration cathode ray tubes are well known for use in electronic
      information displays in order to provide multi-colored display of data.
      Typically these devices utilize two different phosphors and produce
      particular colors depending upon the anode voltages employed to accelerate
      the electron beam which strikes the phosphors. In a typical example the
      accelerating anode voltages for a four color beam penetration cathode ray
      tube are 12 kilovolts for yellowish-green, 10 kilovolts for yellow, 8
      kilovolts for orange, and 6 kilovolts for red.
PAR  The accelerating voltage is obtained by charging and maintaining the charge
      across a capacitance. It is desirable that apparatus for changing the
      voltage across the capacitance operate quickly and be capable of operating
      at a high repetition rate. For example, the electron beam repositioning
      time of a cathode ray tube typically may be from 5 to 15 microseconds. It
      is desirable to be able to change voltage levels within this period of
      time and also to be able to change voltage levels frequently.
PAR  Various types of high voltage generators for switching high voltages have
      been employed in the operation of beam penetration cathode ray tubes.
      Vacuum tube type apparatus have been used satisfactorily in certain
      applications, but have the typical disadvantages of vacuum tubes of
      limited life, high power consumption, and size. Solid state high voltage
      switching generators heretofore available have been limited to relatively
      slow switching speeds. The difficulties of withstanding the high voltages
      employed and of handling the power requirements at the desired switching
      speeds and frequency have not been satisfactorily overcome with previously
      available solid state apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  Voltage switching apparatus which permits rapid changes of high voltages in
      accordance with the present invention includes a pair of input terminals
      and a pair of output terminals. A source of DC voltage is connected
      between the input terminals and a load capacitance means is connected
      between the output terminals. A non-linear means is connected in series
      between one of the input terminals and one of the output terminals. The
      non-linear means has a current-voltage characteristic with a threshold
      voltage below which its conductance is low and above which its conductance
      increases steeply. Zener diodes are well known solid state devices having
      such a characteristic. A switch means is connected in parallel with the
      non-linear means. A switch driving means produces energizing pulses, and a
      control means selectively applies energizing pulses from the switch
      driving means to the switch means.
PAR  When energizing pulses from the switch driving means are applied to the
      switch means, the non-linear means is short-circuited. This action causes
      the voltage across the load capacitance means to be increased by an amount
      equal to the threshold voltage of the non-linear means. When energizing
      pulses are not being applied to the switch means, the switch means
      provides an open circuit across the non-linear means. In this situation
      the voltage across the load capacitance means is decreased by an amount
      equal to the threshold voltage of the non-linear means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Additional objects, features, and advantages of high voltage switching
      apparatus in accordance with the present invention will be apparent from
      the following detailed discussion together with the accompanying drawings
      wherein:
PAR  FIG. 1 is a simplified representation of a high voltage switching generator
      for explaining the principles involved in the present invention;
PAR  FIG. 2 is a current-voltage characteristic curve of non-linear devices
      which are employed in the apparatus of the invention;
PAR  FIG. 3 is a circuit diagram of a unit including a non-linear device and
      by-pass transistor switch which is employed in the apparatus of the
      invention; and
PAR  FIG. 4 is a diagram showing a high voltage switching generator in
      accordance with the present invention which employs the non-linear device
      and switch unit of FIG. 3 and is particularly suitable for use with beam
      penetration cathode ray tubes.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is a representation of a high voltage switching generator utilizing
      the principles of the present invention. The apparatus includes a first
      high voltage DC source 10 having an output voltage E1, for example, of 6
      kilovolts. A second DC source of high voltage 11 produces an output
      voltage E2, also of 6 kilovolts, for example. The E2 voltage source 11 is
      connected between one terminal 12 of output terminals 12 and 13 and an
      intermediate point labelled A. A load capacitance CL1 is connected across
      the output terminals 12 and 13 and an output voltage EL appears across the
      capacitance. The negative terminal of the E1 voltage source 10 is
      connected to the other output terminal 13.
PAR  Connected in series between the positive terminal of the E1 voltage source
      10 and point A are three units 21, 22, and 23. Each of the three units 21,
      22, and 23 includes a non-linear device 24, 25, and 26, respectively,
      connected in series, and a by-pass switch S1, S2, and S3, respectively,
      connected in parallel with its associated non-linear device. A fourth
      switch S4 is connected between intermediate point A and output terminal
      13. A bleeder resistor RB1 is also connected between point A and output
      terminal 13.
PAR  The non-linear devices 24, 25, and 26 each have a current-voltage
      characteristic such that their conductance is low until a threshold
      voltage ET is reached. Above the threshold voltage conductance increases
      very steeply. This characteristic is illustrated by the current-voltage
      curve of FIG. 2. In the apparatus of FIG. 1 the bleeder resistor RB1 is
      provided to draw the bias current necessary to establish the threshold
      voltage ET across the non-linear devices during operation of the
      apparatus.
PAR  For purposes of discussion it is assumed that the threshold voltage ET of
      each of the non-linear devices 24, 25, and 26 is 2 kilovolts so that the
      total of the threshold voltages in series is 6 kilovolts, the same as the
      output voltage of the E1 voltage source 10. A summary of the operation of
      the apparatus of FIG. 1 as controlled by switches S1, S2, and S3 is
      illustrated by the accompanying table.
      ##EQU1##
PAR  When all of the series switches S1, S2, and S3, are open a voltage drop
      equivalent to its threshold voltage ET of 2 kilovolts occurs across each
      of the non-linear devices 24, 25, and 26. The resulting voltage at point A
      is zero. The output voltage EL across the load capacitance CL1 between the
      output terminals 12 and 13 is equal to the voltage at point A plus E2,
      that is, E2 (6 kilovolts). Under these operating conditions the shunt
      switch S4 is closed to prevent a voltage rise at point A due to leakage
      current flowing through the non-linear devices 24, 25, and 26.
PAR  When one of the by-pass switches, for example S3, is closed and switch S4
      is opened, current flows through non-linear devices 24 and 25, around
      non-linear device 26, and through the bleeder resistor RB1. The voltage
      drop between the positive terminal of the E1 voltage source 10 and point A
      is thereby reduced by 2 kilovolts (the threshold voltage ET of non-linear
      device 26), and thus the voltage at point A is increased by 2 kilovolts
      (E1/3). The resulting output voltage EL across the load capacitance CL1 is
      8 kilovolts (E1/3+E2). The table shows the voltage obtained at point A and
      the resulting output voltage EL as determined by the conditions of by-pass
      switches S1, S2, and S3 so as to selectively provide output voltage EL of
      6, 8, 10, or 12 kilovolts.
PAR  FIG. 3 is a circuit diagram of a unit 30 in accordance with the present
      invention which provides the combination of a high voltage non-linear
      device and a by-pass switch equivalent to each of the units 21, 22, and 23
      of FIG. 1. A high voltage non-linear device is provided between device
      terminals 31 and 33 by a stack or series of non-linear elements,
      specifically zener diodes, D1 through DN. Each of the zener diodes has a
      current-voltage characteristic of the same form as the curve of FIG. 2.
      The characteristic of the series of zener diodes D1 through DN is also of
      similar form with the threshold voltage ET of the series being equal to
      the total of the threshold voltage ET of the individual diodes of the
      series. The number (N) of diodes in the series is determined by the
      threshold voltage ET of each of the diodes and the threshold voltage ET
      desired for the entire unit between the device terminals 31 and 33.
PAR  A by-pass switch in parallel with the series of zener diodes D1 through DN
      is provided by a series of individual switching elements employing NPN
      switching transistors T1 through TN. The relationship of the number of
      diodes to the number of switching transistors depends upon the threshold
      voltage of each diode and the voltage that each transistor can withstand.
      In the embodiment shown, each zener diode is connected in parallel with a
      transistor between the collector and the emitter of the transistor. The
      emitter of each transistor in the series of transistors is connected to
      the collector of the next transistor in the series. Each transistor T1
      through TN has a biasing arrangement including a resistor R1 through RN,
      respectively, connected between the base and emitter of the associated
      transistor. The secondary winding of a transformer TR1 through TRN is also
      connected between the base and emitter of each transistor T1 through TN,
      respectively. The primary windings of the transformers are connected in
      series between switch control terminals 32 and 34. Thus, each zener diode
      and its associated switching transistor together with its biasing
      arrangement is an isolated independent switching element.
PAR  In the absence of energizing signals being applied to the primary windings
      of the transformers TR1 through TRN by way of terminals 32 and 34, the
      transistors T1 through TN are normally biased in a non-conducting
      condition. With the transistors T1 through TN non-conducting, the by-pass
      switch formed by them is, in effect, open. The series of zener diodes D1
      through DN can then provide a voltage drop thereacross equal to the total
      of the threshold voltages ET of all the diodes as long as the proper
      biasing current is allowed to pass therethrough between the device
      terminals 31 and 33.
PAR  The by-pass switch is, in effect, closed by biasing all the transistors T1
      through TN to conduction thus providing a short circuit around each
      associated diode D1 through DN, respectively. The transistors are biased
      to conduction by a suitable energizing current passing through the primary
      windings of the transformers TR1 through TRN between the switch control
      terminals 32 and 34. The energizing signal may be a squarewave or other
      alternating signal. Although the transistors are non-conducting during the
      negative half cycles, because of the low impedance charging path and high
      impedance discharge path of the load capacitance, the by-pass switch in
      parallel with the diodes can be considered as being closed by the
      application of an alternating signal to the switch control terminals 32
      and 34.
PAR  FIG. 4 illustrates a high voltage switching generator in accordance with
      the present invention employing the non-linear device and switch units
      illustrated in FIG. 3. The apparatus is particularly useful for supplying
      accelerating anode voltages of 6, 8, 10, or 12 kilovolts to a beam
      penetration cathode ray tube. The apparatus includes a first high voltage
      DC source 40 producing an output voltage E1 of 6 kilovolts and a second
      high voltage DC source 41 producing an output voltage E2 of 6 kilovolts.
      The output voltage EL of 6, 8, 10, or 12 kilovolts is produced across a
      load capacitance CL2 connected between output terminals 42 and 43.
PAR  The non-linear device terminals of three non-linear device and switch units
      45, 46, and 47 are connected in series between the positive terminal of
      the E1 voltage source 40 and point B at the negative terminal of the E2
      voltage source 41. For purposes of discussion of a specific embodiment,
      the threshold voltage ET of the series of zener diodes of each unit 45,
      46, and 47 is 2 kilovolts. The positive terminal of the E1 voltage source
      40 is connected to the device terminal of the unit 45 through a series
      resistor RA1 and inductor L1 in parallel with a diode CR1.
PAR  The switch control terminals of the non-linear device and switch units 45,
      46, and 47 are also connected in series. An energizing source, for
      example, an oscillator 44 producing a squarewave output at 100 kilohertz,
      is connected to one of the switch control terminals of unit 45. A control
      arrangement for applying an energizing signal from the oscillator 44 to
      one, two, or three of the units is represented symbolically by switches
      S11, S12, and S13 which are, in effect, connected between the switch
      control terminals and ground. If switch S13 is closed, the by-pass
      switches in all three units 45, 46, and 47 are closed. If switch S12 is
      closed, the by-pass switches in units 45 and 46 are closed and the by-pass
      switch in unit 47 is open. If switch S11 is closed, the by-pass switch in
      unit 45 is closed and the by-pass switches in units 46 and 47 are open. If
      all the switches S11, S12 and S13 are open, the by-pass switches in all
      units 45, 46, and 47 are open.
PAR  Three non-linear device and switch units 49, 50 and 51 are connected in
      shunt between point B and output terminal 43. The non-linear devices of
      these units are connected in series between point B and output terminal
      43. The total threshold voltage of the three shunt units is slightly
      greater than the total theshold voltage of the three series units 45, 46,
      and 47. A resistor RA2 and an inductor L2 in parallel with a diode CR2 are
      connected in series with the units 49, 50, and 51. The switch control
      terminals of units 49, 50 and 51 are connected in series between an
      oscillator 48 which produces an alternating signal and a control
      arrangement indicated symbolically by switch S14 to ground.
PAR  A bleeder resistor RB2 is also connected between point B and output
      terminal 43. A diode CR3 is connected between point B and output terminal
      43 to provide short circuit protection for the units 49, 50, and 51.
PAR  The apparatus of FIG. 4 operates as follows to increase the voltage across
      the output terminals 42 and 43 assuming that the starting voltage is 6
      kilovolts as established by the E2 voltage supply 41. Under these
      conditions the switches S11, S12 and S13 are all open so that the by-pass
      switches in each of units 45, 46, and 47 are open and a total voltage drop
      of 6 kilovolts (the output voltage of the E1 voltage source 40) occurs
      across the three units 45, 46, and 47 together. Switch S14 is closed so
      that oscillator 48 provides alternating signals to the primary windings of
      the switch transformers in units 49, 50, and 51 short circuiting the zener
      diodes stacks therein and causing the voltage at point B to be the same as
      at the output terminal 43.
PAR  When the output voltage between output terminals 42 and 43 is to be
      increased, switch S14 is opened and one of switches S11, S12, or S13 is
      closed permitting the output of oscillator 44 to close the by-pass
      switches of unit 45, of units 45 and 46, or of units 45, 46, and 47,
      respectively. When the by-pass switch in one or more of the units 45, 46,
      and 47 is closed, a higher voltage is present at point B and the sum of
      the voltage at point B and the 6 kilovolts from the E2 power supply 41 is
      applied across the capacitance CL2 raising the output voltage EL to the
      desired level. The biasing arrangements of the switching transistors T1
      through TN as illustrated in FIG. 3 bias the transistors to produce a
      short circuit only during positive half cycles of the squarewave signal
      from oscillator 44. However, since the impedance of the current path to
      charge the capacitance CL2 is very low, the capacitance charges very
      rapidly. Since the impedance of the discharge path of capacitance CL2 as
      provided by a cathode ray tube is very high, very little discharging
      occurs during the negative half cycles of the squarewave signal when the
      transistors are biased to non-conduction. Thus, although there is some
      ripple in the output voltage EL (typically less than a fraction of a
      percent), the by-pass switch in a unit may be considered as closed when
      the alternating signal from the oscillator 44 is applied to a unit.
PAR  The switching generator as illustrated in FIG. 4 offers advantages in rapid
      switching to a higher output voltage less than the maximum voltage, for
      example, from 6 kilovolts to 8 kilovolts. If switch S13 is closed, the
      rate of charging the load capacitance CL2 is much greater than if switch
      S11 were closed. If the period during which switch S13 is closed is
      properly timed, it can be opened and switch S11 closed at the instant the
      voltage across capacitance CL2 reaches 8 kilovolts.
PAR  The apparatus of FIG. 4 also provides for rapidly reducing the voltage
      across the capacitance CL2, for example from 12 kilovolts (with swtich S13
      closed) to 10 kilovolts (with switch S12 closed). Switch S13 is opened
      thus completely disconnecting the E1 voltage source 40 from point B. At
      the same instant switch S14 is closed thereby closing the by-pass switches
      in units 49, 50, and 51 and shorting point B to output terminal 43.
      Capacitance CL2 thus discharges rapidly through a very low impedance path.
      At the proper instant when capacitance CL2 has discharged to 10 kilovolts,
      switch S14 is opened and switch S12 is closed to maintain the 10 kilovolt
      voltage level at the output terminals.
PAR  Short circuiting of all the zener diodes in units 45, 46, and 47 when
      increasing the output voltage EL and of all the zener diodes in units 49,
      50, and 51 when decreasing the output voltage, prevents high currents
      pulses from flowing through the diodes during voltage transitions. Thus,
      excessive heating of the diodes is avoided. Consequently, the frequency at
      which the output voltage EL may be changed is high.
PAR  During switching of the apparatus between different output voltages either
      the inductor L1 and resistor RA1 or the inductor L2 and resistor RA2 limit
      the peak current. This limiting protects the switching transistors T1
      through TN of each unit preventing secondary breakdown due to high
      collector current pulses while the collector voltage is high. The parallel
      diodes CR1 and CR2 serve as inductor discharge paths to prevent the
      voltage between the inductor and its adjacent unit from exceeding the
      voltage at the respective terminal of the E1 supply voltage.
PAR  The high voltage switching generator of FIG. 4 may be employed to provide
      the accelerating anode voltages of 6, 8, 10, or 12 kilovolts for a beam
      penetration cathode ray tube. Suitable control logic in the display system
      operates in response to the incoming data to control the electronic
      equivalent of switches S11, S12, S13, and S14. As explained hereinabove
      the apparatus as described responds rapidly to effect the changes in
      voltage called for and may be operated to change voltages frequently.
PAR  One specific embodiment of the apparatus of FIG. 4 for supplying output
      voltages EL of 6, 8, 10, or 12 kilovolts employed E1 and E2 voltage
      sources of 6 kilovolts each. Each of the non-linear device and switch
      units employed a series of IN528IA zener diodes each having a threshold
      voltage ET of 200  volts. Thus, the threshold voltage ET of each unit was
      2000 volts. The transistors T1 through TN were TR2754 NPN transistors, and
      the resistors R1 through RN were 820 ohms. Each transformer TR1 through
      TRN had a ferrite core number 266T125/3E2A made by Ferroxcube with a
      single primary turn of high voltage wire and 30 secondary turns of No.
      28AWG enamel wire. The oscillators 44 and 48 produced squarewave output
      pulses of 5 volts at a frequency of 100 kilohertz. The load capacitance
      CL2 was 500 picofarads, the bleeder resistor RB2 was 18 megohms, the
      inductors L1 and L2 were 14 millihenries each, and resistors RA1 and RA2
      were 4 kilohms each.
PAR  The apparatus produced a steady state output current of up to 1
      milliampere, and the maximum ripple of the output voltage was 0.1 percent.
      The maximum time to swtich output voltages was 12 microseconds. The
      maximum frequency at which output voltages could be changed was 3
      kilohertz, but this limitation was imposed by the particular voltage
      sources employed.
PAR  The apparatus as described can obviously be modified as desired for
      specific applications. For example, the threshold voltage of each unit in
      a series may be different by employing a different number of zener diodes
      and parallel transistor switching arrangements in each unit. Each of the
      units may be individually controlled by having separate connections to the
      oscillator rather than having the switch control terminals, oscillator,
      and switches connected as in FIG. 4.
PAR  Thus, apparatus for providing an available selection of a wide variety of
      output voltages can be obtained by combining a series of a number of units
      having a variety of different threshold voltages together with a control
      arrangement for selectively closing and opening the by-pass switches in
      each of the units.
PAR  While there has been shown and described what is considered a preferred
      embodiment of the present invention it will be obvious to those skilled in
      the art that various changes and modifications may be made therein without
      departing from the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Voltage switching apparatus including
PA1  a pair of input terminals;
PA1  a pair of output terminals;
PA1  a source of DC voltage connected between the input terminals;
PA1  load capacitance means connected between the output terminals;
PA1  a plurality of non-linear means connected in series between one of said
      input terminals and one of said output terminals, the current-voltage
      characteristic of each of said non-linear means having a threshold voltage
      below which conductance is low and above which conductance increases
      steeply;
PA1  a plurality of switch means, each connected in parallel with a different
      one of said plurality of non-linear means;
PA1  switch driving means for producing energizing pulses;
PA1  control means for selectively applying the energizing pulses from said
      switch driving means to the switch means of said plurality;
PA1  each switch means being operable when energizing pulses from said switch
      driving means are applied thereto to short-circuit the non-linear means in
      parallel therewith whereby the voltage across said load capacitance means
      is increased by an amount equal to the threshold voltage of the non-linear
      means in parallel with a short circuit and said switch means being
      operable in the absence of energizing pulses from said switch driving
      means to provide an open circuit across the non-linear means in parallel
      therewith whereby the voltage across said load capacitance means is
      decreased by an amount equal to the threshold voltage of the non-linear
      means in parallel with an open circuit;
PA1  additional non-linear means coupled between said one of said output
      terminals and the other of said output terminals, the threshold voltage of
      said additional non-linear means being greater than the total of the
      threshold voltages of said plurality of non-linear means;
PA1  additional switch means connected in parallel with said additional
      non-linear means; and
PA1  additional switch driving means for selectively applying an energizing
      signal to said additional means;
PA1  said additional switch means being operable in the absence of an energizing
      signal from said additional switch driving means to provide an open
      circuit across said additional non-linear means, and said additional
      switch means being operable in response to an energizing signal from said
      additional switch driving means to short-circuit said additional
      non-linear means whereby the voltage across said load capacitance means is
      rapidly reduced.
NUM  2.
PAR  2. Voltage switching apparatus in accordance with claim 1 wherein
PA1  each of said switch means of said plurality includes transistor means
      connected across the associated non-linear means and coupled to said
      switch driving means, each of said transistor means being normally biased
      to nonconduction and being biased to conduction by energizing pulses from
      said switch driving means; and
PA1  said additional switch means includes transistor means connected across the
      additional non-linear means and coupled to said additional switch driving
      means, the transistor means being normally biased to nonconduction and
      being biased to conduction by pulses from said additional switch driving
      means.
NUM  3.
PAR  3. Voltage switching apparatus in accordance with claim 2 wherein
PA1  each non-linear means including said additional non-linear means includes a
      plurality of zener diodes connected in series whereby the threshold
      voltage of each non-linear means equals the total of the threshold
      voltages of the plurality of zener diodes includes therein.
NUM  4.
PAR  4. Voltage switching apparatus in accordance with claim 3 wherein
PA1  said transistor means of each of said switch means includes
PA2  a plurality of transistors connected in series with the emitter of each
      transistor connected to the collector of the next transistor in the
      series, each transistor being connected in parallel with zener diodes of
      the plurality of zener diodes connected between its collector and emitter;
      and
PA2  biasing means coupled between the base and emitter of each of said
      transistors and to the switch driving means, each biasing means being
      operable normally to bias the associated transistor to nonconduction, and
      being operable to bias the associated transistor to conduction in response
      to energizing pulses from the switch driving means; and
PA1  said transistor means of each of said additional switch means includes
PA2  a plurality of transistors connected in series with the emitter of each
      transistor connected to the collector of the next transistor in the
      series, each transistor being connected in parallel with zener diodes of
      the plurality of zener diodes connected between its collector and emitter;
      and
PA2  biasing means coupled between the base and emitter of each of said
      transistors and to the additional switch driving means, each biasing means
      being operable normally to bias the associated transistor to
      nonconduction, and being operable to bias the associated transistor to
      conduction in response to energizing pulses from the additional switch
      means.
NUM  5.
PAR  5. Voltage switching apparatus in accordance with claim 4 wherein
PA1  each of said biasing means includes a transformer having a secondary
      winding connected between the base and emitter of the associated
      transistor and having a primary winding;
PA1  the windings of the biasing means associated with each plurality of
      transistors being connected in series.
NUM  6.
PAR  6. Voltage switching apparatus in accordance with claim 1 including
PA1  first inductive means connected in series with said plurality of non-linear
      means between said one of said input terminals and said one of said output
      terminals for limiting current flow during switching of a switch means
      from providing an open circuit to providing a short circuit across the
      associated non-linear means; and
PA1  second inductive means connected in series with said additional non-linear
      means between said one of said output terminals and said other of said
      output terminals for limiting current flow during switching of the
      additional switch means from providing an open circuit to providing a
      short circuit across the additional non-linear means.
NUM  7.
PAR  7. Voltage switching apparatus in accordance with claim 6 including
PA1  an intermediate terminal;
PA1  said plurality of non-linear means being connected in series between said
      one of said input terminals and said intermediate terminal; and
PA1  a second source of DC voltage connected between said intermediate terminal
      and said one of said output terminals whereby the voltage across said load
      capacitance means is equal to the voltage of the second source of DC
      voltage plus the voltage of the first-mentioned source of DC voltage minus
      the threshold voltages of non-linear means of the plurality in parallel
      with associated switching means providing an open circuit.
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ABST
PAL  Two pairs of serially connected insulated-gate field-effect transistors
      (IGFETs) are bridged in parallel across a d-c supply, the junction of the
      drain and source electrodes of the first pair of IGFETs being tied to the
      gate of one of the IGFETs of the second pair whose junction is connected
      to a capacitive load circuit to be periodically energized under the
      control of at least one train of trigger pulses of low duty ratio applied
      to the gate of at least one of the IGFETs of the first pair. The gates of
      the IGFETs of the second pair are alternately triggered through the
      intermediary of a further IGFET, or pair of serially interconnecred
      IGFETs, controlling the other IGFET of the second pair. The input
      capacitances of these latter IGFETs are small compared with that of the
      load, and their transconductance is low with reference to the load
      capacitance whereby the rise and fall of the load voltage at the junction
      of the second IGFET pair outlasts the duration of a trigger pulse; this
      feature is utilized in some embodiments to make the same train of trigger
      pulses alternately effective to switch conduction between the second pair
      of IGFETs.
BSUM
PAC  FIELD OF THE INVENTION
PAR  Our present invention relates to an electronic control system serving for
      the periodic energization of a capacitive load with a recurrent sustained
      binary signal under the control of trigger pulses which are substantially
      shorter than that signal.
PAC  BACKGROUND OF THE INVENTION
PAR  Control systems are known in which a load is driven by a set of
      field-effect transducers of the insulated-gate type (IGFET) which are
      connected in a so-called bootstrap circuit. Thus, a capacitor is inserted
      between the gate and a main electrode (source) of an IGFET to feed back
      changes in the output voltage to its input; this requires, of course, that
      the input inpedance of the load connected to the source be high enough to
      cause a significant instantaneous change of the IGFET output voltage in
      response to a corresponding input signal. As a result, the output voltage
      applied to the load follows closely the input signal (or combination of
      input signals) delivered to the driving IGFET so that a system of this
      character is incapable of performing a switching function changing the
      load voltage for a prolonged period in response to a short trigger pulse.
PAC  OBJECTS OF THE INVENTION
PAR  The principle object of our invention, therefore, is to provide a system of
      the general type set forth, adapted to be realized with integrated
      circuitry, which enables such switching to be performed on a load with low
      input impedance, specifically a substantially purely capacitive load
      circuit.
PAR  Another object is to provide means in such a system for minimizing the
      expenditure of electrical energy in the operation thereof.
PAC  SUMMARY OF THE INVENTION
PAR  A control system according to our invention comprises a generator or
      periodic trigger pulses whose duration is a small fraction of their
      repetition period (i.e., which have a low duty ratio) and also of the
      length of the output signals to be produced. A set of IGFETs are connected
      between the pulse generator and the capacitive load to be energized by
      these output signals, this set including two pairs of transistors with
      main electrodes (source and drain) serially connected across the poles of
      a direct-current supply. One transistor of the first pair has its gate
      connected to the pulse generator for periodic triggering and has one of
      its main electrodes, i.e., its drain, connected to the same pole of the
      supply as the corresponding electrode of one transistor of the second
      pair, the latter transistor having its gate connected to the junction of
      the first transistor pair whereas the junction of the second pair is
      connected to the load. Additional circuitry, which may include one or two
      further IGFETs, is connected to the gates of the other transistors of
      these pairs for making same conductive between periods of conduction of
      the triggered transistor of the first pair, thereby periodically changing
      the potential of the second junction between a lower and a higher voltage
      level as the gate of the corresponding transistor of the second pair
      follows the voltage changes of the first junction. The input capacitance
      of the last-mentioned transistor, effective between its gate and the
      second junction tied to the load, is small compared to the load
      capacitance whereby the potential of the second junction changes
      substantially more slowly than that of the first junction.
PAR  Advantageously, pursuant to another feature of our invention, each
      transistor of the second pair in its conductive state forms with the load
      a network whose time constant is long enough to make the transition of the
      load voltage between its lower and higher levels outlast the duration of
      the trigger pulses. This time constant, of course, is determined by the
      product of the load capacitance and the resistance of the conducting
      transistor, this resistance being reciprocally related to its
      transconductance which therefore should be relatively low. In such a
      system it is possible, according to still another feature of the
      invention, to make successive trigger pulses of the same pulse train
      effective to switch to load voltage alternatively to its higher and its
      lower level by connecting the aforementioned further IGFET with its main
      electrodes between the second junction and a third junction formed by the
      interconnected gates of the other transistors of the first and second
      pairs, i.e., those transistors which have main electrodes (sources) tied
      to the other pole of the supply.
PAR  In accordance with a feature of our invention, the additional circuitry for
      the triggering of the other transistors of the first and second pairs
      includes a third pair of IGFETs connected across the supply and forming a
      third junction therebetween, the gates of the transistors of the first and
      third pairs being connected to the pulse generator for triggering in an
      invariable order whereas the gate of the other transistor of the second
      pair (i.e., the IGFET whose gate is not connected to the first junction)
      is connected to the third junction. The trigger pulses in this case may
      form four interleaved pulse trains, for individually energizing the gates
      of the four transistors of the first and third pairs, or two interleaved
      pulse trains for jointly energizing two transistors at a time, one from
      each of these pairs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of our invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a circuit diagram of a first embodiment of our improved control
      system;
PAR  FIG. 2 is a set of graphs relating to the operation of the system of FIG.
      1;
PAR  FIG. 3 is a circuit diagram of a second embodiment;
PAR  FIG. 4 is a set of graphs relating to the operation of the system of FIG.
      3;
PAR  FIG. 5 is a circuit diagram of a modification of the embodiment of FIG. 3;
PAR  FIG. 6 is a set of graphs relating to the operation of the system of FIG.
      5;
PAR  FIG. 7 is a circuit diagram of a third embodiment;
PAR  FIG. 8 is a set of graphs relating to the operation of the system of FIG.
      7;
PAR  FIG. 9 is a circuit diagram of a fourth embodiment; and
PAR  FIG. 10 is a set of graphs relating to the operation of the system of FIG.
      9.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  The system shown in FIG. 1 is designed to form periodic signals for the
      energization of a capacitive load circuit A under the control of four
      interleaved trigger-pulse trains i.sub.1 to i.sub.4 of the same frequency
      and low duty ratio (FIG. 2) delivered by a pulse generator G with output
      terminals E.sub.1 -E.sub.4.
PAR  It comprises six field-effect transistors, T.sub.1 to T.sub.6, of the
      insulated-gate type (IGFET), connected together in the manner described
      below.
PAR  The transistors are divided into three series-connected pairs T.sub.2 and
      T.sub.3, T.sub.1 and T.sub.4, and T.sub.5 and T.sub.6 connected in
      parallel across a supply of d.c. voltage V.sub.p, shown as a battery,
      whose negative pole is grounded at M. The transistors are all of N-channel
      type with a P-type crystal body.
PAR  The gates of the transistors T.sub.1, T.sub.2, T.sub.3 and T.sub.4 are
      connected to terminals E.sub.1 to E.sub.4, each receiving one of the
      aforementioned pulse trains i.sub.1 to i.sub.4 shown in FIG. 2. More
      particularly the terminal E.sub.1 receives series i.sub.1, terminal
      E.sub.2 receives series i.sub.2, the terminal E.sub.3 receives series
      i.sub.3 and the terminal E.sub.4 receives series i.sub.4.
PAR  The gates of the transistors T.sub.5 and T.sub.6 are respectively connected
      to the junction point b of the main electrodes (source and drain) of the
      transistors T.sub.2 and T.sub.3 and, to a similar junction point c of the
      transistors T.sub.4 and T.sub.1. The junction point a of the transistors
      T.sub.5 and T.sub.6 constitutes the output terminal of the system, one of
      the inputs of the load circuit A being connected to this terminal while
      the other input thereof is connected to ground M.
PAR  The transistor T.sub.5 is so dimensioned that the capacitance C.sub.5
      between its gate and its source to which the load circuit A is connected
      (point a) is much less than the input capacitance of this load circuit
      e.g. 10 times less.
PAR  Furthermore, if it is desired that the rise and fall of the output V.sub.2
      signal on the terminal a take place slowly with moderately inclined pulse
      flanks, as seen in FIG. 2, the ratio of the transconductance of the
      transistor T.sub.5 to the capacitance of the circuit A as well as that of
      the transconductance of the transistor T.sub.6 to the capacitance of the
      circuit A should be small.
PAR  Moreover all the transistors have narrow channels so as to present a low
      input capacitance. In the case of transistors T.sub.5 and T.sub.6, this
      capacitance is represented, in broken line, by virtual capacitors C.sub.5
      and C.sub.6.
PAR  In describing the operation of the system of FIG. 1, we will assume that,
      before the arrival of the first pulse of series i.sub.1 at the terminal
      E.sub.1, the capacitance C.sub.6 is charged and that therefore the
      transistor T.sub.6 is open and the capacitance of the circuit A is
      discharged, the point a being grounded.
PAR  The first pulse of the series i.sub.1 unblocks the transistor T.sub.1 so
      that the capacitance C.sub.6 discharges across it; the transistor T.sub.6
      is blocked.
PAR  Thereupon, since the capacitance of circuit A is much higher than the input
      capacitance C.sub.5 of the transistor T.sub.5, the major part of the
      supply voltage from the battery V.sub.p will appear across the terminals
      of this virtual capacitor when transistor T.sub.2 receives a trigger pulse
      i.sub.2. From this moment on, the transistor T.sub.5 conducts and remains
      conductive so that the current passing through this transistor charges the
      capacitance of the circuit A and the voltage increases at point a up to
      the value of the battery voltage V.sub.p as indicated at V.sub.a in FIG.
      2. Simultaneously voltage V.sub.b rises to a value exceeding that of
      voltage V.sub.a since the electric charge of the capacitance C.sub.5 is
      preserved.
PAR  As the ratio of the transconductive of the transistor T.sub.5 to the
      capacitance of the circuit A is small, this increase in load voltage is
      relatively slow, which is desirable when the frequency of the control
      signal for circuit A is relatively low, particularly when the load is of
      the so-called "capacitor pull-up circuit" type (see for instance Robert H.
      Crawford and Bernard Bazin: "Theory and Design of MOS Capacitor Pull-Up
      Circuits, IEEE. Journal of Solid-State Circuits, Vol. SC-4, No. 3, June
      1969 ). From FIG. 2 it will be noted that the duration of any trigger
      pulse i.sub.1 - i.sub.4 is substantially less than that of the rise or
      fall of load voltage V.sub.a.
PAR  When the first pulse of the series i.sub.3 arrives at the input E.sub.3 of
      the system, the transistor T.sub.3 conducts so that the potential V.sub.b
      of the point b becomes 0. The source of the transistor T.sub.5 will then
      have a positive potential with respect to its gate and this transistor is
      therefore blocked.
PAR  If the load constituted by the circuit A is purely capacitive, the voltage
      at point a remains substantially at the supply level V.sub.p until the
      arrival of a pulse i.sub.4 at the input E.sub.4. This pulse unblocks the
      transistor T.sub.4 whereby the input capacitance C.sub.6 of the transistor
      T.sub.6 is charged and this transistor conducts since it is energized by
      the voltage of the battery V.sub.p across the transistor T.sub.4. Thus,
      the capacitance of the circuit A is discharged through transistor T.sub.6
      at a relatively slow rate since the transconductance of the transistor
      T.sub.6 is low with reference to the capacitance of load A. The
      capacitance C.sub.6 remains charged until the arrival of the following
      pulse i.sub.1 which causes the discharge thereof (see curve V.sub.C, FIG.
      2) whereupon, the cycle described can start all over again.
PAR  From FIG. 2 it will be noted that the voltage V.sub.b on the first junction
      b, netween IGFETs T.sub.2 and T.sub.3, changes more slowly than the
      voltage V.sub.a of the second junction a, between IGFETS T.sub.5 and
      T.sub.6. This is due, of course, to the fact that capacitance C.sub.5 is
      substantially lower than the capacitance of load circuit A which greatly
      attenuates the steep flanks of signal V.sub.b in their transmission from
      point b to point a.
PAR  Alternatively the source of the transistor T.sub.3 could be connected to
      the junction point a than to ground M as shown in FIG. 1. In such case, it
      will be necessary that the peak gate voltage of the transistor T.sub.3
      exceed the voltage of the battery V.sub.p sufficiently for enabling the
      input capacitances of the transistor T.sub.5 to be discharged. On the
      other hand, the polarity of the charge on this input capacitance will
      never be reversed in that instance.
PAR  In FIG. 3 we have shown a system designed to form periodic control signals
      for a capacitive load circuit A from two relatively offset trains of
      trigger pulses i.sub.5 and i.sub.6 of the same frequency (see FIG. 4).
PAR  This system comprises six IGFETs, T.sub.11 to T.sub.16, connected in pairs
      in the same manner as the transistors T.sub.1 to T.sub.6 of the embodiment
      shown in FIG. 1. However, the system shown in FIG. 3 has only two inputs
      E.sub.5 and E.sub.6, the first input E.sub.5 receiving the pulse train
      i.sub.5 while the second input recieves the pulse train i.sub.6. The
      transistors T.sub.11 and T.sub.12 on the one hand, and T.sub.13 and
      T.sub.14, on the other hand, have their gates connected in parallel to the
      input terminals E.sub.5 and E.sub.6, respectively.
PAR  The capacitance C.sub.15 between the gate of the transistor T.sub.15 and
      its source forming a junction a with the drain of transistor T.sub.16, is
      again considerably smaller than the capacitance of the load circuit A.
      Furthermore, the transconductance of the transistors T.sub.15 and T.sub.16
      is again so small that the signal voltage V.sub.a rises and falls slowly
      at the point a.
PAR  The operation of the system of FIG. 3 is as follows:
PAR  Let us assume first that the input capacitance C.sub.16 of the transistor
      T.sub.16 is charged and that, therefore, this transistor conducts; the
      voltage at point a is zero.
PAR  When the first pulse of series i.sub.5 arrives at the input terminal
      E.sub.5, it causes the simultaneous conduction of the transistors T.sub.11
      and T.sub.12. As a result, on the one hand, the capacitance C.sub.16
      discharges to cut off the transistor T.sub.16 and, on the other hand, the
      potential V.sub.b (FIG. 4) at the point b increases to a value at most
      equal to that of the voltage of the battery V.sub.p. Since the capacitance
      of the load circuit A is much higher than the input capacitance C.sub.15
      of transistor T.sub.15, the major part of the supply voltage V.sub.p will
      be present across the terminals of capacitance C.sub.15 when the
      transistor T.sub.12 is unblocked by the pulse from i.sub.5. Transistor
      T.sub.15 now conducts and remains conductive until the arrival of the
      first pulse i.sub.6 at the input E.sub.6; the variation of the potential
      V.sub.a at point a can be noted from FIG. 4.
PAR  When a trigger pulse of series i.sub.6 arrives at the input E.sub.6, this
      pulse brings about simultaneously the conduction of the transistors
      T.sub.13 and T.sub.14. It follows, on the one hand, that the potential at
      point b becomes zero (curve V.sub.b - FIG. 4) and, on the other hand, that
      the capacitance C.sub.16 is charged (curve V.sub.c) so that the transistor
      T.sub.16 conducts. From this moment, the potential at point a decreases to
      a value of zero (curve V.sub.a), the capacitance of circuit A discharging
      through the transistor T.sub.16. It will be noted in this connection that
      the drops of potential at junction a takes place relatively slowly in view
      of the small transconductance of the transistor T.sub.16.
PAR  The capacitance C.sub.16 remains charged, and accordingly the transistor
      T.sub.16 remains conductive (curve V.sub.c), until the appearance of the
      following pulse of series i.sub.5 at the input E.sub.5, whereupon the
      cycle can start over again.
PAR  FIG. 5 shows a modification of the embodiment FIG. 3, designed to permit
      balanced energization of a capacitive load circuit (not shown in FIG. 5)
      by means of two-relatively phase-inverted signals generated at two
      conjugate points a and a' of the system.
PAR  As can be seen, this system differs in substance from the preceding one by
      the addition of a pair of transistors T.sub.25 ' and T.sub.26 ' which are
      connected in series across the battery V.sub.p). The gate of the first
      supplemental FET, T.sub.25 ' is connected to the gate of the transistor
      T.sub.26 (point c'), which is the counterpart of transistor T.sub.16  in
      FIG. 3, and the gate of the second FET, T.sub.26 '  is connected to the
      gate of the transistor T.sub.25 (point b') which is the counterpart of the
      transistor T.sub.15 in FIG. 3.
PAR  The capacitances between the gates and the sources (i.e. junction points a
      and a') transistors T.sub.25 and T.sub.25 ' are again much smaller than
      the capacitance of the load circuit connected by its control inputs to the
      points a and a'.
PAR  By virtue of the connections described, the capacitances C.sub.25 and
      C.sub.26 ', charge concurrently with the capacitances C.sub.25 ' and
      C.sub.26, respectively, so that the transistors T.sub.25 and T.sub.25 ',
      conduct at the same time as the transistors T.sub.26 ' and T.sub.26,
      respectively. It follows that, upon the arrival of any trigger pulse
      i.sub.7 at the input E.sub.7, there occurs at the same time
PA1  at the point a, the appearance of a potential V.sub.a,
PA1  at the point a', the disappearance of a potential V.sub.a '.
PAR  Upon the arrival at the input E.sub.8 of any trigger pulse i.sub.8, which
      is staggered in time with respect to the pulses of series i.sub.7, there
      occurs at the same time
PA1  at the point a, the disappearance of the potential V.sub.a,
PA1  at the point a', the appearance of a potential V.sub.a '.
PAR  There are thus generated, at a and a', two mutually complementary signals
      of the same amplitude and frequency.
PAR  The embodiment shown in FIG. 7 is designed to form signals for the
      energization of the load A from two interleaved series of pulses i.sub.9
      and i.sub.10 illustrated in FIG. 8.
PAR  This system comprises five IGFETS T.sub.32, T.sub.33, T.sub.34, T.sub.35
      and T.sub.36 which are connected in the following manner:
PAR  The transistors T.sub.32 and T.sub.33, on the one hand and T.sub.35 and
      T.sub.36, on the other hand, are serially connected in pairs across a
      supply battery V.sub.p whose negative terminal is again connected to
      ground M.
PAR  The gate of transistor T.sub.32 is connected to an input terminal E.sub.9
      receiving the pulses of the train .sub.9 (FIG. 8). The gate transistor
      T.sub.35 is connected to the junction point b of the main (source and
      drain) electrodes of transistors T.sub.32 and T.sub.33.
PAR  The gate of the transistor T.sub.33 is connected to that of the transistor
      T.sub.36 via junction c.
PAR  The gate of transistor T.sub.34 is connected, to an input terminal E.sub.10
      receiving the pulses of the train i.sub.10 ; its drain is tied to the
      junction point c while its source is connected to the common junction
      point a of the transistors T.sub.35 and T.sub.36 with the load circuit A
      whose other input is again connected to ground M.
PAR  Here, too the transistor T.sub.35 in series with the load has a gate 1
      source capacitance C.sub.35 which is substantially smaller than the
      capacitance of the circuit A. The combined input capacitance of the
      transistors T.sub.36 and T.sub.33, schematically represented by a virtical
      capacitor C.sub.36, is also far less than the capacitance of the circuit
      A.
PAR  Furthermore, the transistors T.sub.35 and T.sub.36 are of low
      transconductances
PAR  We shall now describe the operation of this system with the assumption that
      the capacitances C.sub.35 and C.sub.36 are discharged when the first pulse
      of the series i.sub.9 arrives at the input terminal E.sub.9.
PAR  Upon the arrival of this first pulse, the transistor T.sub.32 conducts and,
      since the capacitance of the circuit A is much higher than the capacitance
      C.sub.35 of the transistor T.sub.35, it is essentially across the
      terminals of the latter capacitance that the major part of the voltage of
      battery V.sub.p appears when the transistor T.sub.32 receives the pulse of
      series i.sub.9.
PAR  As of this moment, the transistor T.sub.35 conducts and remains conductive
      so that the voltage V.sub.a rises at the point a up to the value of the
      voltage V.sub.p (FIG. 8) in the manner already discussed with reference to
      FIGS. 1, 3 or 5. The capacitance of the circuit A is thereby charged.
PAR  Upon the arrival at the input E.sub.10 of the first pulse of the train
      i.sub.10, the transistor T.sub.34 conducts for a short time so that the
      capacitance C.sub.36 is charged through this transistor and by the charge
      stored in the circuit A without substantial reduction of the voltage at
      the point a (see curve V.sub.c in FIG. 8). This turns on the transistors
      T.sub.33 and T.sub.36 which causes the dropping to zero of the potential
      V.sub.b at the point b as well as a relatively slow discharge of the
      capacitance of the circuit A (curve V.sub.a) to zero potential.
PAR  The following pulse of series i.sub.9, arriving at the gate of the
      transistor T.sub.32, causes the transistor to conduct but as the
      capacitance C.sub.36 is still charged and as, accordingly, the transistors
      T.sub.33 and T.sub.36 are still conductive, the potential V.sub.b at the
      point b becomes zero again once the pulse i.sub.9 has passed and the
      potential at the point a remains at zero, the capacitor C.sub.35 and the
      load capacitance of the circuit A not being able to charge since the
      transistor T.sub.35 remains blocked.
PAR  When the following pulse of series i.sub.10 arrives at the input E.sub.10
      of the device, the transistor T.sub.34 conducts so that the charge stored
      in the capacitance C36 is transferred, via this transistor, to the point
      a. As the capacitance C.sub.36 is substantially smaller than that of the
      circuit A, this shift of charge does not substantially modify the value of
      the potential at the point a. As a result, the transistors T.sub.33 and
      T.sub.36 are cut off as voltage V.sub.c goes to zero.
PAR  The system is thus again in the condition in which it was upon the arrival
      of the first pulse of series i.sub.9 and the cycle described can therefore
      start all over again.
PAR  As can be seen, the system which has just been described is not limited to
      forming long periodic signals from two series of short pulses but
      furthermore effects a binary division of the frequency of these signals,
      the output signals produced appearing and disappearing once every two
      pulses received at the inputs E.sub.9 and E.sub.10 of the system.
PAR  The embodiment shown in FIG. 9 is designed to permit energization of a
      capacitive circuit A by means of a single periodic signal formed by a
      series of pulses i.sub.11 (FIG. 10).
PAR  This system is structuarlly identical with the embodiment illustrated in
      FIG. 7 from which it differs only by the fact that the gate of the
      transistor T.sub.44 is connected, like that of the transistor T.sub.42, to
      a single input terminal E.sub.11 receiving the pulses i.sub.11.
PAR  The operation of this embodiment will now be described with the assumption
      that in unput capacitance of the circuit A is discharged and that the
      capacitance C.sub.46 is charged, the transistors T.sub.43 and T.sub.46
      being accordingly conductive.
PAR  Upon the arrival at the input E.sub.11 of the first pulse of the series
      i.sub.11, the transistors T.sub.42 and T.sub.44 conduct which causes, on
      the one hand, a transfer of the charge from the terminal c of capacitance
      C.sub.46 to the point a through the transistor T.sub.44, the potential
      V.sub.a at the point a remaining practically unchanged the resulting
      cutoff of transistors T.sub.43 and T.sub.46, and, on the other hand, the
      charging of the capacitance C.sub.45 of the transistor T.sub.45 and,
      therefore, the unblocking of this transistor (see curve V.sub.b FIG. 10)
      and accordingly the rise of the potential V.sub.a to the value of the
      supply voltage V.sub.p in the manner already described with reference to
      FIG. 7.
PAR  The following pulse arriving at the input E.sub.11 drives the transistor
      T.sub.44 to conduction and, therefore, causes the charging of the
      capacitance C.sub.46 through this transistor. When the potential V.sub.c
      at the point c reaches the value of the threshold voltage of the
      transistors T.sub.43 and T.sub.46, these transistors conduct so that the
      capacitance C.sub.45 of the transistor T.sub.45 and the capacitance of the
      circuit A discharge through the transistors T.sub.43 and T.sub.46,
      respectively. This same pulse also turns on the transistor T.sub.42 which
      does not exert any particular influence since the transistors T.sub.43 and
      T.sub.46 are conductive. The voltage V.sub.a at the point a drops to O. 0.
PAR  The divider is now ready for a new operating cycle.
PAR  As can be seen, the system which has just been described also effects a
      binary division of the frequency of the pulses i.sub.11, the signals
      appearing at the point a of the device being produced at the rate of one
      output signal every two trigger pulses i.sub.11 received at the terminal
      E.sub.11 of the device.
PAR  The different electronic components of the described system will
      advantageously be made in integrated form. In this connection, it may be
      mentioned that although we have shown in the drawing circuits in which the
      transistors are FETs of the N-channel type, integrated in a P-type crystal
      body, one can obviously design the same structures with the use of
      P-channel FETs integrated in an N-type crystal body provided that in this
      case the battery V.sub.p will be connected to ground by its positive
      terminal.
PAR  Also, our system operates with signals of rather high frequency so that the
      discharges due, for instance, to the reverse currents of the junctions do
      not adversely affect its operation.
PAR  Moreover, it will be noted that the crystal in which the electronic
      components of the devices described are integrated can advantageously be
      biased, for example, by means of a circuit of the type illustrated in
      Swiss Pat. application No. 9644/72 of June 27, 1972. This, on the one
      hand, assures better control of the threshold voltage of the integrated
      transistors and, on the other hand, decreases the value of the parasitic
      capacitances, particularly the capacitances due to the junctions of the
      integrated elements.
PAR  The invention is not limited to what has been described or shown; in
      particular, it will be understood that it would be entirely possible to
      apply the balanced circuitry shown in FIG. 5 to the system illustrated in
      FIG. 1, as well as to any related system.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electronic control system comprising:
PA1  a capacitive load to be energized with a recurrent sustained binary signal;
PA1  a generator of periodic trigger pulses of a duration representing a small
      fraction of their repetition period;
PA1  a supply of direct current with a positive and a negative pole; and
PA1  a set of field-effect transistors connected between said generator and said
      load, each of said transistors having a pair of main electrodes and a gate
      insulated from said main electrodes, said set including a first pair of
      transistors with main electrodes serially connected across said supply
      forming a first junction therebetween, a second pair of transistors with
      main electrodes serially connected across said supply forming a second
      junction therebetween, and a further transistor, one transistor of said
      first pair having its gate connected to said generator for periodic
      energization by said trigger pulses, said one transistor of said first
      pair having a main electrode connected to one pole of said supply, one
      transistor of said second pair having its gate connected to said first
      junction and having a main electrode connected to said one pole, said load
      being connected to said second junction;
PA1  said one transistor of said second pair having an input capacitance
      effective between its gate and said second junction which is small
      compared to the capacitance of said load whereby the potential of said
      second junction changes substantially more slowly than the potential of
      said first junction, each transistor of said second pair in its conductive
      state forming with said load a network of a time constant long enough to
      make the transition between said levels outlast the duration of said
      trigger pulses;
PA1  the other transistors of said pairs having main electrodes connected to the
      other pole of said supply and having their gates interconnected by a third
      junction, said further transistor being connected with its main electrodes
      between said second and third junctions for making same conductive between
      periods of conduction of said one transistor of said first pair due to the
      trigger pulses applied to the gate thereof, thereby periodically changing
      the potential of said second junction between a lower and a higher voltage
      level, and having its gate connected to said generator for triggering
      thereby after every change in the voltage level of said second junction.
NUM  2.
PAR  2. An electronic control system comprising:
PA1  a capacitive load to be energized with a recurrent sustained binary signal;
PA1  a generator of periodic trigger pulses of a duration representing a small
      fraction of their repetition period;
PA1  a supply of direct current with a positive and a negative pole; and
PA1  a set of field-effect transistors connected between said generator and said
      load, each of said transistors having a pair of main electrodes and a gate
      insulated from said main electrodes, said set including a first, a second
      and a third pair of transistors each with main electrodes serially
      connected across said supply, said first, second and third pairs
      respectively forming a first, a second and a third junction therebetween,
      the gates of the transistors of said first and third pairs being connected
      to said generator for periodic energization by said trigger pulses in an
      invariable order, one transistor of each pair having a main electrode
      connected to one pole of said supply, the other transistor of each pair
      having a main electrode connected to the other pole of said supply;
PA1  said one transistor of said second pair having its gate connected to said
      first junction and said other transistor of said second pair having its
      gate connected to said third junction for periodically changing the
      potential of said second junction between a lower and a higher voltage
      level said load being connected to said second junction, said one
      transistor of said second pair having an input capacitance effective
      between its gate and said second junction which is small compared to the
      capacitance of said load whereby the potential of said second junction
      changes substantially more slowly than the potential of said first
      junction.
NUM  3.
PAR  3. A control system as defined in claim 2 wherein said set further includes
      a fourth pair of transistors with main electrodes serially connected
      across said supply forming a fourth junction therebetween, one transistor
      of said fourth pair having a main electrode connected to said one pole and
      having its gate connected to said third junction, the other transistor of
      said fourth pair having its gate connected to said first junction, said
      load having two balanced inputs respectively connected to said second and
      fourth junctions.
NUM  4.
PAR  4. An electronic control system comprising:
PA1  a capacitive load to be energized with a recurrent sustained binary signal;
PA1  a generator of periodic trigger pulses of a duration representing a small
      fraction of their repetition period;
PA1  a supply of direct current with a positive and a negative pole; and
PA1  a set of field-effect transistors connected between said generator and said
      load, each of said transistors having a pair of main electrodes and a gate
      insulated from said main electrodes, said set including a first pair of
      transistors with main electrodes serially connected across said supply
      forming a first junction therebetween, a second pair of transistors with
      main electrodes serially connected across said supply forming a second
      junction therebetween, and a further transistor, one transistor of said
      first pair having its gate connected to said generator for periodic
      energization by said trigger pulses, said one transistor of said first
      pair having a main electrode connected to one pole of said supply, one
      transistor of said second pair having its gate connected to said first
      junction and having a main electrode connected to said one pole, said load
      being connected between said second junction and the other pole of said
      supply;
PA1  said one transistor of said second pair having an input capacitance
      effective between its gate and said second junction which is small
      compared to the capacitance of said load;
PA1  the other transistors of said pairs having main electrodes connected to
      said other pole and having their gates interconnected by a third junction,
      said further transistor being connected with its main electrodes between
      said second and third junctions and having its gate connected to said
      generator.
NUM  5.
PAR  5. A control system as defined in claim 4 wherein said generator has a
      first terminal connected to the gate of said one transistor of said first
      pair and a second terminal connected to the gate of said further
      transistor, said trigger pulses forming two interleaved pulse trains
      alternately appearing on said first and second terminals.
NUM  6.
PAR  6. A control system as defined in claim 4 wherein said further transistor
      has its gate connected to the gate of said one transistor of said first
      pair for joint triggering therewith.
NUM  7.
PAR  7. An electronic control system comprising:
PA1  a capacitive load to be energized with a recurrent sustained binary signal;
PA1  a generator of periodic trigger pulses of a duration representing a small
      fraction of their repetition period;
PA1  a supply of direct current with a positive and a negative pole; and
PA1  a set of field-effect transistors connected between said generator and said
      load, each of said transistors having a pair of main electrodes and a gate
      insulated from said main electrodes, said set including a first, a second
      and a third pair of transistors each with main electrodes serially
      connected across said supply, said first, second and third pairs
      respectively forming a first, a second and a third junction therebetween,
      the gates of the transistors of said first and third pairs being connected
      to said generator for periodic energization by said trigger pulses in an
      invariable order, one transistor of each pair having a main electrode
      connected to one pole of said supply, the other transistor of each pair
      having a main electrode connected to the other pole of said supply, said
      load being connected between said second junction and said other pole;
PA1  said one transistor of said second pair having its gate connected to said
      first junction and said other transistor of said second pair having its
      gate connected to said third junction, said one transistor of said second
      pair having an input capacitance effective between its gate and said
      second junction which is small compared to the capacitance of said load.
NUM  8.
PAR  8. A control system as defined in claim 7 wherein said generator has a
      first terminal connected to the gate of said other transistor of said
      third pair, a second terminal connected to the gate of said one transistor
      of said first pair, a third terminal connected to the gate of said other
      transistor of said first pair, and a fourth terminal connected to the gate
      of said one transistor of said third pair, said trigger pulses forming
      four interleaved pulse trains consecutively appearing on said first,
      second, third and fourth terminals.
NUM  9.
PAR  9. A control system as defined in claim 7 wherein said generator has a
      first terminal connected to the gate of said one transistor of said first
      pair and the gate of said other transistor of said third pair, and a
      second terminal connected to the gates of said other transistors of said
      first pair and said one transistor of said third pair, said trigger pulses
      forming two interleaved pulse trains alternately appearing on said first
      and second terminals.
NUM  10.
PAR  10. An electronic control system comprising:
PA1  a capacitive load to be energized with a recurrent sustained binary signal;
PA1  a generator of periodic trigger pulses of a duration representing a small
      fraction of their repetition period;
PA1  a supply of direct current with a positive and a negative pole; and
PA1  a set of field-effect transistors connected between said generator and said
      load, each of said transistors having a pair of main electrodes and a gate
      insulated from said main electrodes, said set including a first, a second,
      a third and a fourth pair of transistors each with main electrodes
      serially connected across said supply, said first, second, third and
      fourth pairs respectively forming a first, a second, a third and a fourth
      junction therebetween, the gates of the transistors of said first and
      third pairs being connected to said generator for periodic energization by
      said trigger pulses in an invariable order, one transistor of each pair
      having a main electrode connected to one pole of said supply, the other
      transistor of each pair having a main electrode connected to the other
      pole of said supply, said load having balanced inputs respectively
      connected to said second and fourth junctions;
PA1  said one transistor of said second pair having its gate connected to said
      first junction and said other transistor of said second pair having its
      gate connected to said third junction, said one transistor of said second
      pair having an input capacitance effective between its gate and said
      second junction which is small compared to the capacitance of said load;
PA1  one transistor of said fourth pair having a main electrode connected to
      said one pole and having its gate connected to said third junction, the
      other transistor of said fourth pair having its gate connected to said
      first junction.
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ABST
PAL  A contactless motion detector, including an oscillator and an amplifier,
      has an energizing circuit connected across a Zener diode in a section of a
      voltage divider also comprising a current-sensing resistor, another
      section of this divider comprising an output thyristor in parallel with a
      resistive branch which may be a constant-current unit. The voltage divider
      receives pulsating direct current from a supply circuit including a load;
      an ancillary thyristor has its gate and cathode connected across the
      current-sensing resistor so as to fire when the load current exceeds a
      certain limit, the two thyristors being so coupled to each other that
      conduction of the ancillary thyristor cuts off the output thyristor.
      Normally, the output thyristor is controlled by a switching transistor
      responding to an output signal from the motion detector; the ancillary
      thyristor, when conducting, may directly lower the gate potential of the
      output thyristor or may remove normal operating potential from a
      deactivating input of the detector to disable a switching transistor which
      controls the output thyristor in response to an output signal from the
      detector.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application contains subject matter disclosed in my copending
      applications Ser. No. 325,953, filed 22, January 1973 as a
      continuation-in-part of application Ser. No. 290,866 (now U.S. Pat. No.
      3,747,010), and Ser. No. 478,682, filed 12 June 1974.
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to an electronic monitoring system, e.g., as
      used in a proximity sensor, incorporating a preferably contactless
      detector sensitive to an ambient condition for generating an output signal
      which varies with a change in that condition, e.g., with the approach of a
      metallic element.
PAC  BACKGROUND OF THE INVENTION
PAR  In my copending applications identified above, as well as in my prior U.S.
      Pat Nos. 3,747,010, 3,747,011 and 3,747,012, I have disclosed a system of
      this type wherein a contactless motion detector includes an oscillator and
      an amplifier connected to a load via a two-wire circuit which serves both
      for the actuation of that load and for the energization of the oscillator
      and amplifier. An output thyristor, triggerable by a detector-controlled
      switching transistor, is connected across all or part of a
      voltage-generating network that includes an electronic breakdown device,
      specifically a Zener diode, in series with a high-ohmic resistor which is
      short-circuited upon the firing of the thyristor (either in the absence or
      in the presence of the object whose approach is to be monitored), the
      voltage drop across the Zener diode insuring the availability of a
      sufficient operating voltage for the detector in either state of
      conductivity of the thyristor. My copending applications also teach the
      inclusion in the voltage-generating network of a storage capacitor
      connected in parallel with the breakdown device and separated therefrom by
      a decoupling diode, this capacitor serving to smooth the ripples of the
      raw-rectified supply voltage which insures prompt cutoff of the thyristor
      upon de-energization of its gate.
PAR  It has already been proposed (see German published specification No.
      2,149,063) to protect a system of this general type against overloads or
      short circuits by inserting a current-sensing resistor in series with the
      output thyristor, this resistor being shunted by a charging capacitor
      connected to it through a diode. The charging capacitor lies in the
      emitter-base circuit of a transistor whose emitter-collector circuit is
      connected across the gate-cathode path of the output thyristor. When the
      sensing resistor is traversed by an abnormally high current, the voltage
      drop thereacross turns on the transistor and shorts the thyristor gate to
      its cathode. However, the short-circuiting transistor conducts only for a
      limited period determined by the time constant of an R/C circuit which
      includes the charging capacitor and the transistor base. As the base
      current of the saturated transistor is substantial, the capacitor
      eventually discharges since the monitoring current-sensing resistor -- and
      therefore the voltage drop across it -- must be relatively small in order
      to avoid untimely conduction. After the transistor has been cut off, the
      output thyristor can fire on the next half-cycle of the supply voltage
      even if the overload condition still exists. Thus, the short-circuit
      protection afforded by such circuitry is of limited duration.
PAC  OBJECT OF THE INVENTION
PAR  It is, therefore, the object of my present invention to provide lasting
      overload and short-circuit protection in a system of the character set
      forth.
PAC  SUMMARY OF THE INVENTION
PAR  This object is realized, pursuant to my present invention, by the use of a
      bistable electronic switch such as an ancillary thyristor as a device for
      stopping the current flow through an output thyristor, or other
      semiconductive variable-impedance device, on being triggered by excessive
      current flow through a current-sensing resistor, this resistor forming
      part of a voltage divider connected across the supply of raw-rectified
      voltage. The voltage divider comprises a first impedance network, which
      includes the output thyristor or other semiconductive device, and a second
      impedance network of which the current-sensing resistor forms a part. The
      power-input terminals of the oscillator and its amplifier, or some other
      detector sensitive to an ambient condition, are connected across at least
      part of the second impedance network which preferably includes a Zener
      diode in series with the monitoring resistor; thus, the power supply for
      the detector may be taken either from across the zener diode alone or from
      across the entire second impedance network.
PAR  In order to supply the Zener diode in the second impedance network with the
      necessary operating current when the output thyristor is cut off, this
      thyristor is advantageously shunted by a resistive branch which may
      comprise a constant-current unit designed to stabilize the operating
      voltage for the detector in the face of widely varying input voltages, as
      more fully described in my prior application Ser. No. 478,682.
PAR  The semiconductive device to be protected against overloads and short
      circuits, in accordance with my present invention, need not be a binary
      electronic switch such as a thyristor or a triac; it could also be a
      variable-impedance device (e.g., a transistor) responsive to an analog
      signal, with a conductivity changing gradually over a predetermined range.
      Instead of an oscillator, therefore, the detector may include other
      sensing means such as a magnetic diode, a field plate, a photoresistor, a
      photodiode, a phototransistor, a resistive or reactive bridge circuit, or
      the like.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my present invention will now be described
      in detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a block diagram of an electronic monitoring system embodying my
      invention;
PAR  FIG. 2 is an overall circuit diagram of a proximity sensor similar to that
      shown in my copending applications referred to but illustrating the
      present improvement; and
PAR  FIGS. 3 and 4 are circuit diagrams of different modifications of a network
      for the detector stage of the system of FIGS. 1 and 2 provided with
      protective circuitry according to the present invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  FIG. 1 shows the basic components of a monitoring system according to my
      invention, namely an oscillator 6 and a trigger amplifier 9 together
      constituting a detector, a current-responsive load 5 such as a relay in a
      supply circuit whose two conductors 2, 3 are connected via respective bus
      bars 7, 8 across an a-c source 4, a full-wave rectifier 16 inserted
      between the supply conductors 2, 3 and a pair of leads 35, 36 extending to
      a variable-impedance network 12' whose impedance controls the load current
      in response to signals from oscillator 6, and a voltage-generating network
      14 also receiving the output of rectifier 16 by way of leads 35 and 36.
      Network 14 is connected to amplifier 9 by leads 20, 11 and 22 which serve
      on the one hand to control a field-effect transistor 40 (FIG. 2) within
      that network and on the other hand to supply the detector stages 6 and 9
      with operating voltage. Components 6, 9, 12', 14 and 16 form part of a
      proximity sensor 1 of the general type described in my prior U.S. Pat.
      Nos. 3,747,010, 3,747,011 and 3,747,012.
PAR  As shown in FIG. 2, the oscillator 6 comprises an NPN transistor 6a whose
      collector circuit includes a parallel-resonant network 6b consisting of a
      capacitor 6b' and an inductor 6b". A feedback inductor 6c is connected
      between the base of the transistor 6a and a common terminal 6d of a pair
      of resistances 6e, 6f forming a voltage-divider network; the two coils
      6b", 6c are inductively coupled as diagrammatically indicated in the
      drawing. Resistance 6e is bridged by a shunt capacitor 6g. A resistance 6h
      is connected between the emitter of transistor 6a and negative bus bar 20
      also tied to the resistance 6f. This oscillator generates an output of a
      frequency determined by the tank circuit 6b and at a level depending, in a
      manner known per se, on the damping induced by the proximity of metal
      parts to the oscillator (specifically to its tank circuit 6b) which lowers
      the Q of circuit 6b and therefore reduces the effective collector
      resistance of transistor 6a along with the amplification factor K so as to
      attenuate the oscillator output.
PAR  Component 9 is an amplification stage triggerable by the output of the
      oscillator 6 when the loop gain KV of the amplifier 6a thereof makes the
      transition between values greater and less than unity. The trigger stage 9
      comprises a transistor 9a of the NPN type whose base is tied to the
      collector of transistor 6a by a d.c.-blocking coupling capacitor 9b. The
      base of transistor 9a is biased postively in the nonconductive state of a
      transistor 9c whose base is connected to the negative bus bar 20 of the
      circuit. The output of transistor 9a, whose amplitude decreases upon the
      approach of a metallic element as described above, is applied by an
      emitter impedance, in the form of an R/C network consisting of resistors
      9e and 9f bridged by a storage capacitor 9g, via lead 11 to the base of
      the aforementioned field-effect transistor 40 included in the
      voltage-generating network 37. Transistor 40 has its source tied to
      negative bus bar 20 and has its drain connected through a resistor 39 to
      the positive bus bar 36 energized by rectifier bridge 16 with
      raw-rectified voltage; this drain, in the embodiment of FIG. 2, is further
      connected to a gate lead 24 of an output thyristor 12 forming part of the
      variable-impedance network 12'. This output thyristor, whose anode is
      connected to positive bus bar 36, further has a cathode lead 29 connected
      through a decoupling diode 41 to the lead 22 which extends to the positive
      power-input terminal +V of detector 6, 9 whose negative power-input
      terminal -V is tied to bus bar 20. A storage capacitor 42, serving to
      smooth the pulsating half-cycles of the raw-rectified voltage from bridge
      16, is connected across conductors 20 and 22 in parallel with the series
      combination of rectifying diode 41 and a Zener diode 43; the junction J of
      these two diodes is connected through a constant-current unit 31 to
      positive bus bar 36 which is thus shunted by the anode/cathode path of
      thyristor 12.
PAR  As long as oscillator 6 operates normally, which in this instance may be
      the case whenever there is no extraneous metallic element in its vicinity,
      FET 40 is cut off so that its collector/emitter resistance is high
      compared with the resistance of Zener diode 43 in its conductive state.
      Gate lead 24 is then positively biased with reference to cathode lead 28
      so that thyristor 12 fires periodically. The resulting current,
      supplementing that which is generated by unit 31, passes through rectifier
      bridge 16 and relay 5 which controls a nonillustrated position indicator
      for the monitored element. When that element comes close to the detector
      oscillator 6, the latter is disabled and de-energizes the gate lead of FET
      40 which conducts and drives the lead 24 negative with reference to
      cathode lead 28, blocking the thyristor 12. The reduced current now drawn
      through bridge 16 and load circuit 2, 3, limited by the internal circuits
      of unit 31, releases the relay 5 to indicate the approach of the monitored
      element. The voltage drop across Zener diode 43, however, is not
      materially affected by this change in conductivity of binary switch 12 so
      that an operating voltage for detector 6, 9 remains available at terminals
      +V and -V.
PAR  In accordance with an important feature of my present invention, a
      current-sensing resistor 13 is connected in series with Zener diode 43
      between junction J and the negative input lead 35. This resistor 13 is
      bridged, through a further resistor 37, across the gate and the anode of
      an ancillary thyristor 18 which cuts off the current flow through output
      thyristor 12 when the voltage drop across current-sensing resistor 13 is
      high enough to fire the thyristor 18. This thyristor is shunted by a
      storage capacitor 32 designed to prevent its extinction between
      half-cycles of the raw-rectified supply voltage.
PAR  In the embodiment of FIG. 2, thyristor 18 has an anode lead 21 extending to
      the emitter 23 of transistor 9c which normally is biased positive from bus
      bar 22 through a high-ohmic resistor 44. When the thyristor 18 breaks
      down, transistor 9c  conducts and turns off the transistor 9a whereby the
      gate of FET 40 is driven negative and the transistor connects the gate
      lead 24 to negative bus bar 20, thereby effectively short-circuiting the
      gate and cathode of output thyristor 12. Emitter 23 of transistor 9c may
      thus be regarded as a deactivating terminal for the proximity sensor 1.
PAR  Constant-current unit 31 may have the construction described in my
      copending application Ser. No. 478,682 filed June 12, 1974.
PAR  Whereas in FIG. 2 the negative and positive supply conductors 20, 22 (and
      therefore the associated terminals +V and -V) are connected only across
      the Zener diode 43, I have shown in FIG. 3 a modified voltage-generating
      network 14a wherein the power for the detector is taken from across the
      series combination of current-sensing resistor 13 and Zener diode 43. In
      this network, therefore, negative supply terminal -V is common to
      conductors 20 and 35 whereas positive supply terminal +V is common to
      conductor 22 and anode lead 21 of thyristor 18. Through a resistor 29 the
      anode lead 21 is connected to the cathode lead 28 of thyristor 12, the two
      thyristors being thus connected in series between bus bars 35 and 36.
PAR  When resistor 13 senses an overload and fires the thyristor 18, positive
      bus bar 22 is virtually grounded so that transistor 9a (FIG. 2) cannot
      conduct. This again closes the electronic switch represented by FET 40,
      with negative voltage applied to gate lead 24 of thyristor 12 to
      deactivate the latter. Anode lead 33 of thyristor 12 is here shown to
      include a current-limiting resistor 32 which of course could also be used
      in other embodiments.
PAR  FIG. 4 shows a voltage-generating network 14b which is generally similar to
      network 14 of FIG. 2, except that the field-effect transistor 40 has been
      replaced by an NPN transistor 40' whose collector is tied to the gate lead
      24 of thyristor 12 as well as to resistor 39. The anode lead 21 of
      thyristor 18 is also connected to the gate lead 24 so as to cut off the
      output thyristor 12 in the presence of an excessive voltage drop across
      sensing resistor 13, regardless of the condition of switching transistor
      40'.
PAR  The operation of the system of FIG. 4 differs from that of FIGS. 2 and 3 in
      that the thyristor 12 fires when lead 11 goes negative, i.e., when the
      oscillator 6 is deactivated by the proximity of an object to be detected.
PAR  The use of a constant-current unit 31, while advantageous for the reasons
      noted above, is not essential for the operation of my improved
      overload-protection circuit as herein disclosed. Thus, unit 31 could be
      replaced by a simple resistor where reasonably constant supply voltages
      are available.
PAR  In all the disclosed embodiments the conductive state of the ancillary
      thyristor 18 is terminated when the supply voltage is cut off, as by the
      opening of a master swtich in series with the load 5. If the overload or
      short-circuit condition is removed when power is reapplied, the system
      will operate normally.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electronic monitoring system comprising:
PA1  detector means sensitive to an ambient condition for generating an output
      signal varying with a change in said condition, said detector means being
      provided with a pair of power-input terminals;
PA1  a voltage divider consisting of a first impedance network and a second
      impedance network in series, said first impedance network including a
      voltage-controlled semiconductive device in parallel with a resistive
      branch, said second impedance network including a current-sensing
      resistor, said power-input terminals being connected across at least part
      of said second impedance network;
PA1  a supply circuit including a source of direct current connected across said
      voltage divider;
PA1  electronic control means coupled to said detector means and connected to
      said semiconductive device for altering the conductivity thereof in
      response to changes in said ambient condition, thereby modifying said
      output signal with maintenance of a sufficient voltage drop across said
      second impedance network to keep said detector means operative regardless
      of changes in the conductivity of said semiconductive device; and
PA1  a bistable electronic switch operatively coupled to said first impedance
      network and provided with a trigger circuit connected across said
      current-sensing resistor for open-circuiting said semiconductive device in
      response to a current flow through said second impedance network exceeding
      a predetermined limit.
NUM  2.
PAR  2. A system as defined in claim 1 wherein said semiconductive device is a
      first thyristor and said electronic switch is a second thyristor.
NUM  3.
PAR  3. A system as defined in claim 2 wherein said source comprises an
      alternating-current supply and rectifier means in series therewith for
      delivering a pulsating direct current to said voltage divider, conduction
      of said second thyristor preventing energization of said first thyristor
      by said pulsating direct current.
NUM  4.
PAR  4. A system as defined in claim 3 wherein said second impedance network
      includes a Zener diode in series with said current-sensing resistor, a
      storage capacitor in shunt with said Zener diode, and a decoupling diode
      inserted between said storage capacitor and a junction of said Zener diode
      with said first impedance network.
NUM  5.
PAR  5. A system as defined in claim 4 wherein said second thyristor has an
      anode and a cathode connected between said power-input terminals.
NUM  6.
PAR  6. A system as defined in claim 5, further comprising a series resistor
      inserted between said anode and said decoupling diode.
NUM  7.
PAR  7. A system as defined in claim 3 wherein said detector is provided with a
      deactivating input for said control means, said second thyristor having an
      anode connected to said deactivating input.
NUM  8.
PAR  8. A system as defined in claim 3 wherein said second thyristor has an
      anode connected to a gate of said first thyristor.
NUM  9.
PAR  9. A system as defined in claim 3 wherein said resistive branch includes a
      constant-current unit.
NUM  10.
PAR  10. A system as defined in claim 3, further comprising a shunt capacitor
      connected across said second thyristor.
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ABST
PAL  Charges initially are stored in each half I.sub.a and I.sub.b of each stage
      of a charge coupled device (CCD) array. A first field is obtained from the
      charges stored during a first time period by combining the charges in the
      halves I.sub.a and I.sub.b of each stage. A second field which may be
      interlaced with the first is obtained from the charges stored during a
      second time period by combining the charge in the I.sub.b half of each
      stage with the charge in the I.sub.a half of the following stage. The
      combining of charges may be performed within the photosensing array to
      obtain vertical interlacing and within the system output register to
      obtain horizontal interlacing.
BSUM
PAR  Interlacing the patterns read from a charge transfer image sensing array
      such as one of the charge coupled device (CCD) type provides the
      advantages of improved resolution and decreased Moire pattern effects. The
      present application deals with methods and apparatus for achieving
      vertical and horizontal interlacing of such patterns. One embodiment of
      the invention includes, in addition, means for reducing blooming.
DRWD
PAR  The invention is illustrated in the drawing of which:
PAR  FIG. 1 is a schematic showing of a known charge coupled device image
      sensing system;
PAR  FIG. 2 is a cross section through a portion of a channel of the system of
      FIG. 1;
PAR  FIGS. 3a, 3b and 3c illustrate schematically a way in which vertical
      interlacing may be achieved in the system of the present application;
PAR  FIG. 4 is a drawing of electrodes and of surface potential profiles to
      further illustrate vertical interlacing;
PAR  FIG. 5 is a drawing of waveforms employed in the operation depicted in FIG.
      4;
PAR  FIG. 6 is a schematic showing of the structure employed for obtaining
      horizontal interlacing in accordance with an embodiment of the present
      invention;
PAR  FIG. 7 is a schematic showing of the electrode structure for the output
      register of FIG. 6 and potential profiles obtained during the operation;
PAR  FIG. 8 is a somewhat simplified, more realistic showing of an output
      register which may be employed in an embodiment of the invention;
PAR  FIG. 9 is a drawing of waveforms employed in the operation of embodiments
      of the invention; and
PAR  FIG. 10 is a schematic showing of the electrode structure and potential
      profiles produced in an embodiment of the invention where a degree of
      blooming control is achieved.
DETD
PAR  The prior art system of FIG. 1, sometimes known as a "frame transfer"
      charge coupled device (CCD) image sensing system, includes a photosensing
      array 10, a temporary storage array 12 having the same number of locations
      as the array 10, and an output register 14 having a number of stages equal
      to the number of columns in the arrays 10 and 12. Elements 10, 12 and 14
      are sometimes known as the A, B and C registers, respectively. In the two
      phase system illustrated, each stage or location comprises two electrode
      means K and L. As shown in FIG. 2, an electrode means such as K may, in a
      two phase system, comprise a pair of electrodes k.sub.1 and k.sub.2.
      Electrode k.sub.2 may be formed of polysilicon and k.sub.1 of polysilicon
      or aluminum and both are driven by the same voltage phase O.sub.A1.
      Electrode means L is similar and driven by the other phase O.sub.A2. Here
      and in the figures which follow, the substrate is assumed to be of N type
      but it may instead be of P type provided the operating voltages employed
      are properly chosen.
PAR  In the conventional non-interlaced (neither vertical nor horizontal) mode
      of operation, during the so called "integration" time, comparable to the
      exposure time in the camera art, the electrode means K may be held at a
      voltage level to cause potential wells to form at the surface of the
      substrate. Electrode means L may be held at a voltage level to form
      potential barriers between the potential wells. Channel "stops", not shown
      explicitly, are present to prevent the charge in one channel from passing
      to the next channel. Under those conditions, the radiant energy image,
      such as a light or an infrared image, as examples, projected onto the
      array causes the generation and accumulation of charge signal at the
      respective photosensing locations. The number of charge carriers which
      accumulate at each location during the integration time is proportional to
      the amount of radiant energy reaching that location and this, in turn, is
      proportional to the radiation intensity and the duration of the
      integration time. The array 12 and register 14 are masked to prevent
      radiation from reaching these structures.
PAR  At the termination of the integration time, the charge carriers are shifted
      from the photosensing array 10 to the temporary storage array 12. The
      shifting is accomplished, in the example illustrated, by the two sets of
      two phase voltages O.sub.A1, O.sub.A2 and O.sub.B1, O.sub.B2. (Four phase
      operation also would be possible with essentially the same type of gate
      structure.) During this shifting operation, O.sub.A1 =O.sub.B1 and
      O.sub.A2 =O.sub.B2. After the information detected by the array 10 has
      been shifted in its entirety to the temporary storage array 12, it is
      shifted a line (row) at a time, from the temporary storage array 12 to the
      output register 14. During the shifting of signals from array 12 to
      register 14, the photosensing array 10 may be placed in condition again to
      receive a light image.
PAR  The shifting of the contents of array 12 into the register 14 is
      accomplished by the O.sub.B1, O.sub.B2 two-phase voltages. After each line
      of information is shifted, in parallel, from array 12 to output register
      14, it is then shifted in serial fashion from the output register to the
      output lead 20 by the two-phase voltages O.sub.C1, O.sub.C2. These, of
      course, are at a much higher frequency than the two-phase voltages
      O.sub.B1, O.sub.B2 to insure that register 14 is emptied before the next
      line of information arrives.
PAR  In practice, the contents of the photosensing array 10 may be shifted into
      the temporary storage array 12 during a period corresponding to the
      vertical blanking time in commercial television, that is, during a period
      such as 900 microseconds. The output register 14 may be loaded in say 10
      microseconds, the horizontal retrace time, and its contents shifted to the
      output terminal a bit at a time, during the horizontal line time -50
      microseconds.
PAR  Vertical interlacing of the information read from the system of FIG. 1 may
      be achieved in a manner similar to that described by C. H. Sequin in the
      article "Charge-Coupled Imaging Devices" IEEE, Trans-Elec. Devices, Vol.
      ED-20, No. 6, June, 1973. During alternate field times, integration of
      charge takes place under the K electrode means and the L electrode means
      are held at a voltage level to create barriers between the K electrode
      means. After the accumulation of charge during the integration time, this
      charge is shifted, in its entirety, from array 10 to array 12 and then
      from array 12 to the output register 14, a row at a time, as already
      discussed.
PAR  During the readout of array 12, a second field of information is permitted
      to accumulate at the photosensing array 10. During this second field, the
      charge accumulates beneath electrode means L rather than beneath electrode
      means K, electrode means K being held at a voltage level to create
      barriers between the electrode means L.
PAR  In the system just described, either vertically interlaced or not, there
      are the same number of stages in output register 14 as there are columns
      in the array. Thus, in the example shown in FIG. 1, there are Q columns in
      the array and Q stages in register 14. Each I'th column of the array is
      shifted into the I'th register stage, where I is an integer having the
      value of 1, 2, . . .Q.
PAR  FIG. 3 illustrates schematically how vertical interlacing is achieved. Each
      electrode means is illustrated by a single block with the major part of
      the block, beneath which charge accumulation occurs, legended k.sub.2 or
      1.sub.2 and with a small portion of each block, beneath which the
      potential barriers are formed, legended k.sub.1. FIG. 3a shows the
      situation during the charge integration time. FIG. 4 shows the same thing
      at a. The O.sub.A1 and O.sub.A2 potentials are such during the integration
      time that charge accumulates beneath each polysilicon electrode. Thus,
      charge accumulates beneath the l.sub.2 electrodes and beneath the k.sub.2
      electrodes. The aluminum electrodes k.sub.1 and l.sub.1 are spaced
      sufficiently from the substrate that at the O.sub.A1 and O.sub.A2
      potentials employed, potential barriers are present between the potential
      wells, as illustrated in FIG. 4.
PAR  Note that in the present arrangement there are twice the number of
      potential wells present during the integration time as in the prior art.
      As will be discussed shortly, after integration the charge present in each
      pair of wells is combined into a single well. This means that each initial
      potential well must be relatively shallow (not more than one half that of
      the well in which each pair of charge signals is later combined). The
      voltage required to produce these shallow wells is relatively low and this
      is an important operating advantage. Low voltage employed during the
      integration time results in relatively small "dark currents." (Dark
      current refers to the generation of charge signal in response to a
      stimulus other than the radiation of interest. It can be caused, for
      example, by heat and it results in what is known as "white video defects"
      -- a form of noise, in the reproduced image.) It has been found
      experimentally that as the voltage employed during the integration time
      increases, the dark current spikes increase very rapidly and in non-linear
      fashion.
PAR  FIGS. 3c and 4b illustrate how the information for alternate fields,
      arbitrarily designated "Field 1" is obtained. At the end of the
      integration time, voltage applied to the phase one electrodes K is
      increased while the voltage applied to the phase 2 electrodes L remain
      unchanged. This is illustrated in the waveforms of FIG. 5 by the arrow
      legended "SHIFT CHARGE TO K WELLS." The result in this charge in voltage
      level is to shift the charge formerly present beneath the L electrodes to
      beneath the K electrodes as indicated by the cross hatching in FIG. 3c.
PAR  The field interlaced with the field just described is obtained in similar
      fashion. Charge is permitted to integrate during a second integration time
      in the same way as shown in FIGS. 3a and 4a and then is shifted in the
      manner shown in FIGS. 3b and 4c. Such shifting is accomplished by
      increasing the voltage applied to the L electrodes while leaving the
      voltage applied to the K electrodes unchanged. This is also shown in FIG.
      5 by the double headed arrow legended "SHIFT CHARGE TO L WELLS."
PAR  The last portion of FIG. 4 illustrates schematically at d the vertical
      interlacing obtained in the manner just described. The crosses represent
      the "centers of gravity" for the fields arbitrarily designated "Fields 2"
      and the circles represent the "centers of gravity" for the fields
      arbitrarily designated "Fields 1".
PAR  FIG. 6 illustrates in a schematic way the structure by which horizontal
      interlacing is achieved in the present invention. A portion of the last
      two rows of the array 12 is shown and a portion of the output register 14
      is shown. In the prior art there is one register stage per channel. In the
      arrangement of the present invention, there is one register stage per two
      channels, that is, one half register stage per channel. The operation is
      depicted in FIG. 7. Initially, the O.sub.C1 and the O.sub.C2 voltages are
      relatively high and are such that potential wells form beneath each
      electrode which is relatively close to the substrate, and potential
      barriers form between these wells, that is, beneath each electrode spaced
      relatively far from the substrate. The surface potential profile is as
      shown in FIG. 7 at a. When a line of information is transferred to the
      output register, each potential well becomes filled to an extent dependent
      upon the amount of charge transferred from the column.
PAR  After the initial transfer to the output register 14 of one horizontal line
      of field 1, the O.sub.C1 and O.sub.C2 voltages first are somewhat reduced
      (the well and barrier surface potentials both go down but the relative
      depth of each well remains the same); then the voltage O.sub.C1 is
      increased while the voltage O.sub.C2 remains at its reduced value. This
      results in the transfer of charge from each output register half stage
      subscripted a to the following register half stage subscripted b as shown
      in FIG. 7 at b. For example, the contents of half stages J.sub.a and
      J.sub.b are combined in a potential well at the J.sub.b half stage. The
      charges so accumulated are subsequently shifted out of the output register
      at high speed, as indicated schematically in FIG. 9. The process continues
      until the entire field 1 has been shifted, one line at a time, into the
      output register and then serially shifted out of the output register.
PAR  The horizontal field interlaced with the field above is obtained in a
      fashion similar to that described above. After a second integration time,
      the initial transfer is the same as shown in FIG. 7a. However, the charges
      accumulated next are shifted to beneath the half stages subscripted a from
      the preceding half stages subscripted b. For example, as shown in FIG. 7
      at c, the contents of the (J -1).sub.b half stage is shifted to the
      J.sub.a half stage and the shifting is accomplished by first reducing
      O.sub.C1 and O.sub.C2, then making the O.sub.C2 voltage relatively high
      while retaining the O.sub.C1 voltage at its reduced value. This process
      continues until the entire field 2 has been shifted one line at a time
      into the output register and then serially shifted out of the output
      register.
PAR  FIG. 7 illustrates at d the horizontal interlacing obtained in the manner
      just discussed. The circles represent the "centers of gravity" of
      alternate fields arbitrarily designated "Fields 1" and the crosses
      represent the "centers of gravity" of the fields arbitrarily termed
      "Fields 2".
PAR  FIG. 8 illustrates the output register in a more realistic fashion then the
      previous figures. The polysilicon electrode of the last row of the
      temporary storage array 12 is shown at 80. This electrode is overlapped by
      a second electrode 82 which may be formed of polysilicon or aluminum, as
      examples. The output register comprises polysilicon or aluminum electrodes
      such as 84-87 and polysilicon electrodes such as 88-91. The output
      register also may include a floating diffusion 92, a drain diffusion 94
      and a gate electrode 96.
PAR  In the discussion of the operation of FIG. 8 which follows, both FIGS. 8
      and 9 should be referred to. When a row of charge signal reaches the last
      polysilicon electrode 80, the transfer electrode 82 receives a negative
      voltage pulse O.sub.BC as shown, for example, at 100 in FIG. 9. This pulse
      100 goes negative during the time O.sub.B2 is negative and remains
      negative after O.sub.B2 goes relatively positive. Timing in this way
      prevents charge which has transferred to the output register from
      propagating back toward the channels. Both O.sub.C1 and O.sub.C2 are
      negative during at least some part of the negative pulse O.sub.BC. This
      assures that at the end of the negative pulse O.sub.BC, the row of charge
      transfers to the output register 14. The voltage level at 100 may be such
      that the potential well beneath electrode 82 is shallower than that
      beneath the polysilicon electrodes of the output register and deeper than
      that beneath the polysilicon electrode 80.
PAR  After the pulse 100 terminates, the O.sub.C2 voltage goes relatively
      positive while the O.sub.C1 voltage remains relatively negative. The
      effect is to shift the contents of the half stage driven by the O.sub.C2
      electrodes to beneath the O.sub.C1 electrodes. This is somewhat different
      than the operation depicted in FIG. 7 but the effect is the same. In FIG.
      7 the surface potential under all electrodes subscripted b  initially
      high. Combining is achieved by first decreasing O.sub.C1 and O.sub.C2 to
      decrease the surface potentials under the b electrodes then increasing one
      of the phase voltages (making it more negative) while the other phase
      voltage remains at its reduced value; in FIG. 9 combining is achieved by
      decreasing one of the phase voltages (making it relatively more positive)
      while the other phase voltage remains unchanged.
PAR  After the combining of the charge just described, the combined charges are
      shifted at high speed out of the register 14. Each time a charge reaches
      the floating diffusion 92, it causes a signal to be present at output lead
      102 which leads to an output amplifier stage (not shown). A short time
      later, the gate electrode 96 is activated to form a conduction channel
      between the floating diffusion 92 and the drain diffusion 94 to reset the
      drain diffusion 92 to a reference level. The remainder of the operation is
      believed to be clear from the waveforms of FIG. 9.
PAR  The start of the transfer of rows which comprise field 2, to the output
      register is indicated by the O.sub.BC pulse 104. The combining of the
      transferred charge from the two half stages subscribed b to those
      subscripted a is as depicted in the region 106 of the O.sub.C2 wave of
      FIG. 9. The remainder of the operation is believed to be self-evident from
      FIG. 9.
PAR  FIG. 10 illustrates structure for reducing blooming during the vertical
      interlacing discussed in connection with FIGS. 3 - 5. The substrate still
      is assumed to be of N type. In the arrangement of FIG. 10, during the
      integration time the aluminum electrodes are held at a voltage V which is
      sufficiently relatively positive to cause accumulation of majority
      carriers (electrons) to occur in the substrate. This voltage may be of
      value such as zero volts (assuming the substrate to be at zero volts) or
      as some small positive value (say 1 - 5 volts). Should intense radiation
      occur as indicated by the legend, then some of the minority carriers
      (diodes) which would otherwise tend to overflow a potential well to the
      adjacent potential wells will start recombining with the majority carriers
      in the accumulation regions beneath the aluminum gates, as indicated in
      FIG. 10. When it is desired to combine and then propagate the charge
      signals, as already described, the aluminum electrodes are connected to
      the multiple phase voltage terminals, as indicated schematically by the
      mechanical switches. In practice, of course, electronic switches and
      circuits are employed, rather than mechanical switches.
PAR  While in the discussion above, both horizontal and vertical interlacing of
      charge patterns are considered, it is to be understood that the present
      invention is applicable to each individually and to both in combination.
      Thus, it is useful just to vertically interlace without horizontally
      interlacing and just to horizontally interlace without vertically
      interlacing. However, in practice, the preferred mode of operation is to
      employ both horizontal and vertical interlacing because it results in
      improved resolution in two dimensions and in a reduction in both
      vertically and horizontally induced Moire patterns.
PAR  While the present invention has been described in terms of a CCD image
      sensing system using a N type substrate, it is to be understood that it is
      equally applicable to systems using P type substrates. The invention is to
      be understood to be applicable both to surface channel and buried channel
      CCD systems, except for the embodiment of FIG. 10 which is mainly
      applicable to surface channel systems. Also, while the invention has been
      illustrated in terms of a two-phase system, the concepts are applicable
      also to four-phase systems that can be constructed with a similar gate
      structure.
PAR  While the invention has been illustrated in terms of a particular form of
      two-phase electrode structure, it is to be understood that this is given
      by way of example only. A number of other alternatives are possible. For
      example, the asymmetrical potential wells required for insuring
      unidirectional signal propagation, may be obtained by placing one
      electrode of each pair at a different direct voltage bias level then the
      other electrode of each pair. In this configuration, the aluminum
      electrodes may be spaced the same distance from the substrate as the
      polysilicon electrodes or further from the substrate then the polysilicon
      electrodes. Asymmetric potential wells also may be achieved by placing
      charge either in the substrate beneath one of the electrodes of each
      electrode pair or by employing suitable insulation with built in charge
      which is a different value beneath one electrode of a pair then beneath
      the other electrode of a pair. A two-phase CCD with ion implanted barriers
      is an example of this type. It is also to be understood that while in the
      present example the electrodes are shown to be formed all of polysilicon
      or of aluminum and polysilicon, other alternatives are available. For
      example, metals other than aluminum may be employed. When all polysilicon
      electrons are employed, aluminum connections may be used for the
      electrodes as well as for the source and drain diffusions and substrate.
      It is also to be understood that the array can be illuminated through the
      electrodes, or the substrate can be thinned and the arrays illuminated
      from the bottom surface.
PAR  In the operation of arrays such as discussed, it is important that the
      fields, when they are displayed on a display device such as a kinescope,
      appear in the same relative positions as the centers of gravity of the
      fields during the integration times for the respective fields. Such
      operation may be obtained by relatively delaying the fields 2 with respect
      to the fields 1 prior to displaying the fields by an amount such that each
      second field interlaces with each first field; that is, each line of a
      second field lies half way between two adjacent lines of a first field.
      The same effect may be achieved by appropriate timing of the
      synchronization pulses for the lines of the respective fields. All of this
      is similar, in principle to what is done in commercial television.
PAR  In the embodiments of the invention discussed above which employ horizontal
      interlacing, each line of a given field is in the same horizontal position
      but one field is shifted horizontally relative to the other. It is also
      possible in the present invention to change the horizontal position of the
      lines from one line to the next during a single field in the manner
      suggested in the concurrently filed U.S. application Ser. No. 491,836,
      titled Interlaced Readout of Charge Stored in Charge-Coupled Image Sensing
      Array, by Peter A. Levine and James E. Carnes, assigned to the same
      assignee as the present application.
CLMS
STM  WHAT IS CLAIMED IS:
NUM  1.
PAR  1. A method for obtaining interlaced fields of charge signal from an array
      of charge signal stages, where each such stage includes two half stages
      I.sub.a and I.sub.b comprising the steps of:
PA1  initially storing charge signal at each half I.sub.a and I.sub.b of each
      stage of the array;
PA1  for a first field, combining the charge in the halves I.sub.a and I.sub.b
      of one stage into one of these half stages before shifting the combined
      charge signal out of the array; and
PA1  for a second field, to be interlaced with the first, combining the charge
      signal in the I.sub.b half of one stage with the charge signal in the
      adjacent I.sub.a half of an adjacent stage, before shifting the combined
      charge signal out of the array.
NUM  2.
PAR  2. The method of claim 1 wherein said array comprises a change coupled
      image sensing array having channels extending in the column direction
      along which the charge signals are shifted, and wherein there is an output
      register having a number of stages equal to half the number of columns in
      the array, each half stage of the register coupled to a different column
      of the array, including the further steps of:
PA1  shifting, a row of information at a time, derived from the array, into the
      output register, with the charge signal from each column passing to a
      different half stage of the output register;
PA1  for a first field to be horizontally interlaced with a second field defined
      below, combining the charge signal in the halves J.sub.a and J.sub.b of
      each register stage before shifting the charge signal out of the register;
PA1  for said second field to be horizontally interlaced with the first,
      combining the charge signal in the half J.sub.b of one register stage with
      that in the half J.sub.a of the following register stage before shifting
      the charge signal out of the register.
NUM  3.
PAR  3. A charge coupled image sensing system comprising:
PA1  an array of stages, each including a half stage I.sub.a and a half stage
      I.sub.b, each half stage including means responsive to radiation for
      producing a charge signal;
PA1  means for applying voltages to each half stage during first and second
      integration times for causing each half stage to store charge signal;
PA1  means for producing a first field, after said first integration time,
      comprising means for controlling the value of said voltages for shifting
      the charge signal stored in each half stage I.sub.a to the following half
      stage I.sub.b, and for shifting the combined charge signals stored in the
      half stages
PA1  means, after said second integration time, for producing a second field
      which may be interlaced with the first, comprising means for controlling
      the value of said voltages for shifting the charge signal stored in each
      half I.sub.b of one stage to the half I.sub.a of the following stage, and
      then shifting the combined charge signals stored in the half stages
      I.sub.a out of the array.
NUM  4.
PAR  4. A system as set forth in claim 3, wherein said array includes a
      semiconductor substrate and wherein each half stage comprises two
      electrodes, the first for forming a potential well in the substrate and
      the second for forming a potential barrier between the well of that half
      stage and the well of the adjacent half stage.
NUM  5.
PAR  5. A system as set forth in claim 4 further including means for maintaining
      each second electrode, during each integration time, at a voltage such
      that the accumulation of majority carriers occur in the regions of the
      substrates beneath these second electrodes, whereby the tendency for
      blooming to occur is lessened.
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ABST
PAL  An energy source for a heat-utilizing device which includes a source of
      gamma radiation, an absorber of such radiation and a heat-utilization
      device in heat-transfer relationship with the absorber of gamma radiation.
      The enclosure of the energy source is so constructed that additional
      heat-utilizing device may also be energized from the same source of gamma
      radiation.
BSUM
PAR  This invention relates in general to energy conversion systems using
      isotope fuels and in particular to "cold" isotope fuel converters.
PAR  The feasibility of utilizing radiation from isotopes to generate heat has
      been proven in several environments. For example, systems have been
      designed in which the alpha radiation of the isotope is used to provide
      bursts of energy which are converted to heat. There has also been some
      experimentation with the conversion of gamma radiation to heat, heat from
      such systems being developed on a more sustained basis.
PAR  However, the fact that the isotope fuel itself reaches temperatures
      anywhere from 500.degree.C. to 2000.degree.C. as the gamma radiation is
      absorbed in the fuel has seriously limited the possible applications to
      which this type of fuel may be put. In such areas as thermionics where it
      is desired to convert the heat to electricity, the high temperatures are
      desirable to operate the emitter, but they cause extreme difficulty in the
      isotope fuel itself.
PAR  Obviously, the fuel must be kept in a container and as the fuel reaches
      high temperatures, chemical and metallurgical incompatibilities between
      fuel and container arise or are aggravated. The expansion of the fuel, the
      container and the device to which the heat is being supplied cause
      dimensional instabilities.
PAR  The problems outlined are common to practically all converters, but they
      are magnified and increased in number in connection with thermionic
      converters. Examples of some of these other problems are the complexities
      and difficulties of joining the fuel with the emitter of the thermionic
      converter and the difficulty of controlling the temperature of the emitter
      with decreasing emission from the isotope as it decays. Control of emitter
      temperature has also been found to be troublesome when changes are made in
      the load placed upon the output of the thermionic converter.
PAR  It is, therefore, the broad general object of the present invention to make
      efficient and practical the use of isotope fuel in a broad range of
      converter applications.
PAR  It is another object of the present invention to simplify and reduce costs
      in the use of isotope fuels.
PAR  Still another object of the present invention is the improvement of
      thermionic converters by the provision of a practical isotope fuel heat
      source.
PAR  A further object of the present invention is the operation of energy
      converters including thermionic converters with a relatively cold heat
      source.
PAR  Generally, the present invention consists in a system the heart of which is
      a capsule of isotope fuel emitting primarily gamma radiation. A sink is
      provided to absorb the major portion of the gamma radiation emitted by the
      fuel. This sink is disposed in proximity to, or in contact with, the basic
      heat utilization device of the converter system. In the case of a
      thermionic converter, the basic element is, of course, the emitter. By
      proper design and selection of materials, approximately 70% of the total
      gamma radiation from the fuel can be converted to useful thermal energy.
      Moreover, the design of the system is such that it is possible to provide
      semi-cascaded power conversion or generation.
DRWD
PAR  For a better understanding of the present invention, together with other
      and further objects, features and advantages, reference should be made to
      the following specification which should be read in conjunction with the
      appended drawing, the single FIGURE of which is a sectional view in
      elevation of a thermionic conversion system embodying the present
      invention.
DETD
PAR  In the drawing there may be seen a generally cylindrical housing 11 made
      preferably of a material having both structural strength and relatively
      high thermal conductivity. A sandwich-type of arrangement of copper and
      stainless steel or a cobalt alloy such as Haynes-25, made by Union Carbide
      Company has proven suitable. Surrounding the circumferential surface of
      the housing and enclosing its lower end is a layer of thermal insulating
      material 12. Any one of several materials such as MIN-K, made by Johns
      Manville Corporation, is suitable for the layer 12, the only requirement
      being that the loss of heat from the generator housing 11 be minimized.
      The top of the housing 11 is recessed from the circumferential walls and
      it consists of an integral or welded disc-shaped plug 13 having an axial
      opening from which there depends a relatively thin-walled capsule sleeve
      14 having a closed lower end. Parenthetically, it should be noted that the
      cylindrical configuration of the housing and its overlying thermal
      insulating layer 12 is not essential to the practice of the invention. Any
      one of numerous configurations might equally well be used.
PAR  Centrally disposed in the shell 14 adjacent the top of the housing, is a
      capsule 15. The capsule 15 contains a quantity of isotope fuel 16 and a
      coolant 17. The material of which the capsule is made may also be similar
      to that of the housing but it should be non-reactive with the isotope
      fuel. The type of isotope fuel used has as its essential characteristic
      the capacity for emitting gamma radiation. Such typical gamma radiators as
      Co.sup.60 or Sr.sup.90 are suitable. Insofar as the coolant 17 is
      concerned, it may be a simple liquid, gas, or solid or a combination of
      the three. As obvious examples, either water or liquid metal might be used
      and natural circulation within the coolant would serve to transfer heat
      generated by gamma absorption in the fuel to the upper end of the capsule.
      Alternatively, a "heat pipe" might be utilized as the convective
      mechanism. Actually, only a relatively small fraction of the gamma
      radiation emitted by the isotope fuel is absorbed by the fuel and the
      capsule wall.
PAR  Quite important to the operation of the invention is the handling of the
      larger fraction of the gamma radiation emitted by the fuel and primarily
      absorbed by a heat sink 18 which substantially surrounds the capsule. The
      heat sink 18 is preferably composed of a metal such as tungsten and may
      have the configuration of an open-ended heavy-walled cylinder. The heat
      sink 18 is totally enclosed in a multi-foil thermal insulating layer 20
      except for a central lower portion to which the upper surface of an
      emitter 19 is bonded in intimate contact and good heat-transfer
      relationship.
PAR  Because of the arrangement of the heat sink 18 which serves as a receptacle
      for and substantially surrounds the capsule 15 but which does not
      interfere with the conduction of heat from the fuel 16 and the capsule 15
      upwardly, the isotope fuel temperature remains essentially independent of
      the emitter temperature and may be as low as 100.degree.C. while heating
      the emitter to a temperature of more than 2000.degree.C.
PAR  The emitter 19 has the general shape of a disc from the circumferential
      walls of which there extends downwardly a shell 21 which terminates in an
      outwardly flaring collar 22. Cooperating with the emitter 19 to form the
      other basic component of a thermionic converter is a collector 23 which
      projects upwardly within the shell 21 to terminate in a flat surface
      closely spaced from the active lower surface of the emitter 19. The
      collector 23 includes a flared collar 24 corresponding generally to the
      flared collar 22 on the shell of the emitter. The two collars are sealed
      together by means of a ceramic-to-metal seal indicated by the ceramic
      member 25. A passage 26 is formed through the collector 23 and it may be
      formed by radial and axial bores intersecting roughly centrally of the
      collector 23. A tubular reservoir 27 of liquid cesium is sealed through
      the housing 11 and the insulating layer 12 to place the enclosed cesium in
      communication with the passage 26, whereby cesium vapor is made available
      in the emitter-collector space.
PAR  Necessary electrical connections may be made in the one case directly to
      any convenient point on the housing 11 and, in the other case, to the
      emitter 19 by means of a lead 29 welded to the collar 22. The lead 29 is
      bent at a right angle to extend through an opening formed in the generator
      housing 11 and the insulating layer 12. The lead 29 is physically and
      electrically isolated from the housing 11 as by means of a
      ceramic-to-metal feed-through. This latter device may include a metallic
      sleeve 30 welded into the opening in the generator housing and sealed to a
      ceramic member 31 which, in turn, is sealed to a tapered closure 33 having
      its narrow end welded back upon the lead 29.
PAR  In order not to waste the heat which does not find utilization at the
      emitter 19, there is provided a threaded connection 34 on the inner
      surface of the circumferential wall at the top of the generator housing.
      This connection may serve as the input to another power conversion device
      such as a steam engine, a thermoelectric generator, a Brayton cycle engine
      system or the like for semi-cascaded operation.
PAR  As was noted previously, the largest fraction of the gamma radiation
      emitted by the fuel is absorbed by the emitter sink 18. Most of this heat
      generated by the absorption is conducted down the sink to the emitter 19.
      Some of the heat is lost by thermal radiation and conduction through the
      insulating layer 20 and another small fraction of the gamma radiation is
      absorbed by the portion of the thermally insulating layer 20 adjacent the
      capsule. Also, of course, a small portion of the gamma radiation is
      absorbed by the capsule sleeve 14. Most of the heat lost in this fashion
      is transferred ultimately to the upper end of the generator housing 11 or
      to the upper end of the capsule 15. Finally, a small fraction of the gamma
      radiation emitted by the fuel is absorbed by the upper end of the fuel
      capsule and the generator housing. However, by proper design and selection
      of suitable materials, approximately 70% of the total gamma radiation
      emitted by the fuel can be transmitted to the emitter 19 as thermal
      energy. In practice, then, the 30% of the gamma radiation which does not
      reach the emitter may be withdrawn as useful power for a secondary device
      at the top of the generator housing.
PAR  Assuming that two-thirds of the gamma radiation reaches the emitter as
      thermal energy, if both the thermionic converter and the secondary device
      have efficiencies of 15%, and if the outer insulating layer 12 has a
      negligible heat loss, the overall efficiency of the generator may be
      expressed as follows:
PA1  n = 0.15 (2/3) + 0.15 [1 - 0.15 (2/3)]
PA1  = 0.10 + 0.15 (0.9)
PA1  = 0.235
PA1  n = 23.5%
PAR  Although what has been disclosed constitutes a preferred embodiment of the
      invention, numerous modifications and alternatives will suggest themselves
      to those skilled in the art upon a reading of the foregoing specification.
      By way of example, although not in a limiting sense, one might remove heat
      directly from the circumferential surface of the housing 11.
      Alternatively, coolant tubes might be distributed throughout the device to
      remove heat, or multiple thermionic converters of the same or different
      configurations might be operated from a single fuel capsule and connected
      in series-parallel combinations. Still other arrangements are possible
      such as the use of multiple fuel capsules and thermionic converters
      operated with the emitter heat sinks close together but electrically
      insulated one from another to reduce thermal losses from the heat sinks.
      Generally, the utilization of gamma radiation for heating the conversion
      device and the thermal insulation of the fuel capsule from the object to
      be heated are at the heart of the invention which should be limited only
      by the spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An energy conversion system comprising an externally insulated housing,
      a heat sink in the shape of an open-ended receptacle, a capsule of isotope
      fuel disposed in said heat sink and having a portion thereof extending
      beyond said, said heat sink being thermally insulated from said capsule
      and disposed in said housing to receive gamma radiation from said capsule,
      and a heat utilization device disposed in heat-transfer relationship to
      said heat sink for deriving heat therefrom, said housing including a
      portion thereof in heat-transfer relationship with said portion of said
      capsule extending beyond said heat sink.
NUM  2.
PAR  2. An energy conversion system comprising an externally insulated housing,
      a capsule containing a quantity of isotope fuel and a coolant disposed in
      said housing said isotope fuel emitting gamma radiation, a heat sink
      substantially surrounding and thermally insulated from said capsule also
      disposed in said housing for absorbing gamma radiation and a heat
      utilization device disposed in heat-transfer relationship to said heat
      sink for deriving heat therefrom.
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ABST
PAL  The disclosure is directed to a method for processing quartz used in
      fabricating crystal resonators such that transient frequency change of
      resonators exposed to pulse irradiation is virtually eliminated. The
      method involves heating the crystal quartz in a hydrogen-free atmosphere
      while simultaneously applying an electric field in the Z-axis direction of
      the crystal. The electric field is maintained during the cool-down phase
      of the process.
GOVT
PAC  GOVERNMENT CONTRACT
PAR  The invention described herein was made in the course of, or under, a
      contract with the United States Atomic Energy Commission.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of and material produced by electrolysis
      of quartz in a vacuum. Specifically, this invention relates to a method of
      treating crystal resonator quartz rendering it insensitive to transient
      frequency offset due to bursts of ionizing radiation.
PAR  2. Description of the Prior Art
PAR  Accumulated performance data on the stability of quartz resonators in earth
      orbiting satellites, as well as similar information gained from deep space
      probes, underscore the importance of reducing the effects of ionizing
      radiation on these critical system components.
PAR  Prior to the last decade, studies of the effect of ionizing radiation on
      crystal resonators dealt exclusively with the change in frequency
      resulting from exposure to continuous or steady state radiation. In
      general, natural quartz resonators, such as 5th overtone 5-MHz crystal
      units, exhibit a change in frequency withh irradiation. For example,
      optical grade natural Brazilian quartz resonators exhibit a negative
      change in frequency with irradiation, as much as 10 to 50 parts per
      million (ppm) on exposure to 10.sup.6 rad. Conversely, electronic Z-growth
      synthetic quartz resonators usually exhibit a positive offset of less than
      10 ppm on exposure to 10.sup.6 rad.
PAR  Swept quartz is relatively unaffected by steady-state ionizing radiation.
      The term swept quartz refers to quartz treated by a method described in
      U.S. Pat. No. 3,113,224 to J. C. King on Dec. 3, 1963. This method
      generally comprises subjecting a quartz crystal in air to an electric
      field of at least 500 V/cm at a temperature of at least 400.degree.C for a
      period of at least 12 hours. Such air-swept quartz in resonators commonly
      yields frequency offsets of no greater than 0.1 ppm after a cumulative
      exposure of 10.sup.6 to 10.sup.7 rad.
PAR  Thus means have been found to process quartz to render its use in a
      resonator relatively immune to steady-state radiation. However, it is also
      extremely important to assure that resonators are not adversely affected
      by pulses of radiation. On exposure to a pulse of ionizing radiation, it
      has been observed that virtually all quartz, whether natural, synthetic or
      swept synthetic, experiences a transient negative frequency shift which
      anneals within a few minutes after the pulse toward a relatively stable
      offset.
PAR  Following exposure to a 70-nanosecond X-ray pulse, natural quartz
      resonators approach a stable offset in 100 to 1,000 seconds. The
      post-irradiation stable resonant frequency is lower than its pre-pulse
      radiation value. Unswept synthetic quartz also experiences a transient
      negative frequency shift and the annealing continues for several hours
      until a stable positive offset results. While the transient offset for
      swept synthetic crystal is virtually identical to unswept and natural
      material, it anneals substantially to its pre-irradiation frequency.
PAR  In addition to air swept electrolysis of quartz, researchers have
      experimented with vacuum sweeping of quartz for a variety of purposes.
      U.S. Pat. No. 3,337,439 issued Aug. 22, 1967, to D. B. Fraser discloses
      vacuum sweeping of quartz to reduce acoustic absorption of high Q
      synthetic quartz at room temperature. U.S.S.R. researchers L. G.
      Chentsova, et al. in Kristallografiya, 17, 374-378 (1972) Eng. Transl.
      [Soviet Phy. (Cryst.) 17, 317 (1972)], report that A-band color centers
      can be induced in quartz by subjecting it to vacuum electrolysis at a
      temperature where the quartz is in the beta phase; i.e., above
      573.degree.C.
PAR  The prior art has been silent as to the theoretical aspects or a practical
      means for treating quartz to assure that after pulse irradiation, a quartz
      resonator will experience an acceptably small frequency offset.
PAR  It is an object of this invention to provide methods of treating quartz
      useful in resonator circuits so that when subjected to pulse irradiation,
      virtually no transient frequency offset occurs.
PAC  SUMMARY OF THE INVENTION
PAR  This object is met by maintaining the quartz at thermal equilibrium at a
      temperature of 500.degree.C to 570.degree.C in an atmosphere substantially
      free of hydrogen while applying an electric field along the Z-axis of the
      quartz crystal of a strength from 1 to 5 kV/cm for a period of 72 to 120
      hours and maintaining the electric field while the crystal is cooled. An
      alternative method is disclosed whereby the quartz is heated above the
      inversion point to a temperature of 700.degree.C to 900.degree.C in an
      atmosphere substantially free of hydrogen while simultaneously applying an
      electric field along the Z-axis of the beta phase crystal quartz of a
      strength from 1 to 5 kV/cm for a period of 6 to 12 hours, and cooling the
      quartz while maintaining the electric field along the Z-axis and applying
      a compression stress or electric field along the X-axis as the quartz
      cools through the inversion region.
PAR  Simultaneous exposure to X-irradiation of the quartz while it is in the
      alpha phase with the electric field directed along the Z-axis is an
      additional step which aids in the removal of certain impurities from the
      quartz latice sites.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing shows frequency offset as a function of time after an X-ray
      pulse for two quartz resonators, one of which the quartz has been
      subjected to electrolysis in a vacuum and another which is untreated
      natural quartz.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  It has generally been held that sweeping quartz in a hydrogen-free
      environment removes Li.sup.+ and Na.sup.+ ions and, in the absence of
      protons for compensation, there is a counter-flow of electrons to maintain
      charge neutrality in the crystal. The theoretical result is that A-band
      color centers, namely, hole-compensated A13+, are induced by sweeping the
      crystal in an electric field. The electrically formed A-band centers are
      unusually thermally stable i.e., quite resistant to bleaching at
      temperatures well above 800.degree.C.
PAR  It has been discovered that electrolysis in a hydrogen-free environment
      renders quartz resonators immune to transient .DELTA.f/f after intense
      pulse irradiation. It is believed that this result is achieved because
      hydrogen-free sweeping eliminates the room temperature unstable part of
      the A-band defect precursor. Out of over 70 crystal units comprising both
      natural and air-swept synthetic crystals, crystals which have been swept
      by electrolysis in a vacuum are the only ones in which the transient
      .DELTA.f/f is negligibly small.
PAR  The drawing shows actual test rests of .DELTA.f/f versus time after an
      X-ray pulse for two different crystals used in a resonator circuit. Each
      crystal was subjected to a pulse of X-radiation of amount 3 .times.
      10.sup.4 rad. The curve labeled "V" represents the response for a crystal
      which was vacuum-swept according to the method of this invention. The
      curve labeled "N" represents the response of an unswept natural quartz
      resonator. It is apparent that the vacuum-swept crystal resonator
      experiences far less initial transient and total offset in frequency than
      does the natural quartz. This same result is true when vacuum-swept
      crystal resonators are compared with those using natural, synthetic or
      air-swept crystals.
PAR  It has been found that the efficiency of the vacuum sweeping depends in
      large measure on how it is carried out. It has been discovered that
      crystal quartz can be vacuum-swept in either of the alpha or beta
      crystalline phases of quartz; alpha phase wherein the crystal temperature
      is below 573.degree.C, and beta phase wherein the crystal temperature is
      above 573.degree.C.
PAR  Vacuum sweeping in the alpha phase is achieved by maintaining the quartz at
      thermal equilibrium at a temperature of 500.degree.C to 570.degree.C in an
      atmosphere substantially free of hydrogen. Rather than a vacuum condition,
      it is sufficient that the atmosphere be one in which the element H is not
      present in any substantial amount. Gas atmospheres of helium neon, argon
      and nitrogen can be used. With the crystal so heated, an electric field is
      applied along the Z-axis of the crystal of a strength from 1 to 5 kV/cm
      for a period of 72  to 120 hours. After maintaining the field for that
      period of time, the crystal is then allowed to cool, but with the electric
      field remaining. This prevents defects which have become segregated at or
      near the cathode from back diffusing through the crystal lattice during
      the cooling phase.
PAR  The preferred process operating temperatures are a thermal equilibrium of
      550.degree.C and an electric field strength of 2 kV/cm.
PAR  In applying the electric field, electrodes are attached to the faces
      perpendicular to the Z-axis of the crystal. These electrodes are
      preferably of thin platinum sheet stock of 99.9 to 99.99% purity. Other
      metals in the platinum series may be used as electrode material. The
      crystal block to be treated should preferably be dimensioned oversize in
      the Z direction, relative to the final size of the ultimate resonative
      blank to be sectioned from the block because as will be explained,
      portions of the original block should be cut away.
PAR  It is preferred that the crystal to be treated be pure Z-growth material
      containing no X or Y-growth material. This can be determined by subjecting
      the block to between 10.sup.4 to 10.sup.6 rad ionizing radiation. The
      X-growth and Y-growth material contains a higher concentration of
      color-center precursors and will therefore darken more. Colored regions
      are a clear indication that the block is not pure Z-growth.
PAR  It has been pointed out that the electric field is applied in the
      Z-direction in an inert atmosphere. If synthetic quartz is being
      processed, care should be taken to attach the cathode electrode to that
      surface which was nearest the seed plate during synthesis of the quartz.
      Since growth near the seed crystal has a higher concentration of
      dislocations misaligned quartz segments, etc, impurities are best driven
      in that direction, particularly since it is from this region that material
      will be discarded. If synthetic quartz is used, care should be taken that
      the material to be processed be taken from one particular region of the
      grown crystal; i.e., no part of the seed crystal should be used because of
      the discontinuities of the crystal which often occur between the seed
      crystal and synthetic crystal grown thereon.
PAR  Multiple electrolysis improves the quality of the quartz from a frequency
      offset standpoint when pulsed with radiation. After the crystal is removed
      from the furnace, it is desirable to remove as much as 10 to 40
      thousandths of an inch from the cathode surface. Following this, clean
      platinum plates are reapplied, and the electrolysis process is repeated as
      before. It is usually unnecessary to conduct electrolysis on the same
      block of quartz more than three times.
PAR  Vacuum electrolysis can be conducted in a shorter period of time if the
      electrolysis is done while the crystal is in the beta phase. The severe
      problem of cooling a block through the alpha-beta inversion without
      causing optical or electrical twinning can be mitigated by subjecting the
      quartz block to a compression stress in the X-direction during the cooling
      cycle, or impressing either an ac or dc electric field along the X axis as
      the quartz cools through the inversion region. The strain achieved in the
      quartz should be about 10.sup.-.sup.4 for either mechanical or electric
      field induced stress. Both of these techniques predispose the quartz to
      assume singlehandedness and no 180.degree. rotation about the Z-axis
      between adjacent regions within the block. The length of time during which
      the electric field is maintained along the Z-axis while the crystal is at
      elevated temperature is preferably from 6 to 12 hours.
PAR  In quartz containing a reasonably high concentration of A-band color-center
      precursors, the thoroughness of the vacuum electrolysis, or the degree of
      completeness of the treatment, can be gaged by the extent to which the
      A-band color cloud has progressed from the anode to the cathode. In some
      quartz, a distinctive color front progresses from anode to cathode as the
      electrolysis proceeds. The colored region will be found basically devoid
      of OH absorption; whereas the clear region is sometimes found to have an
      enhanced integrated OH absorption. Samples of high purity quartz will show
      very little, if any, discoloration upon vacuum electrolysis; and, hence,
      in such material it is futile to try and gage the effectiveness of
      electrolysis by A-band absorption.
PAR  The thoroughness of the vacuum electrolysis process can also be gaged or
      measured by infrared absorption in the 3-.mu.m range. If vacuum
      electrolysis has gone to completion, then the integrated OH
      absorption--that is, the actual area under the absorption in the 3-.mu.m
      region, should be considerably reduced in comparison with the pretreatment
      value. It is particularly significant to observe a reduction in the 2.77
      .mu.m and the 2.87 .mu.m absorption peaks. In essence, prolonged
      electrolysis in vacuum effectively removes the OH spectrum.
PAR  Vacuum electrolyzed quartz substantially eliminates those defects which
      when subjected to pulse ionization give rise to a transient color center
      (i.e., room temperature unstable) and the attendant transient frequency
      offset. Hence radiation of vacuum swept material will not produce color
      centers which will anneal at room temperature, and therefore the
      steady-state irradiation-induced .DELTA.f/f offset will not anneal at the
      operating temperature of a crystal resonator. (normally 60.degree. to
      80.degree.C)
PAR  Those colorable defect centers which are difficult to generate by vacuum
      electrolysis at elevated temperatures can be activated by subjecting the
      quartz at 10.sup.5 to 10.sup.6 rad simultaneously to the electrolysis
      process. In simpler terms, the ionizing radiation can very effectively
      dissociate certain impurities from lattice sites which with time will
      drift in the direction of the electric field and be removed.
PAR  In addition to the advantages of a much superior transient response of a
      crystal resonator in which the crystal has been subjected to vacuum
      sweeping according to the methods of this invention, it has been found
      that the Q of the quartz crystal has improved following exposure to
      approximately 10.sup.5 rad pulse X-irradiation of about 20 percent. In
      addition, by using the methods of this invention, synthetic quartz
      resonators are rendered normalized in terms of the uniformity of its
      frequency versus temperature characteristic curve, for a particular
      crystallographic angle of cut, between samples of quartz from different
      runs and suppliers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of processing crystal quartz material comprising the steps of,
PA1  maintaining the quartz at thermal equilibrium at a temperature of
      500.degree.C to 570.degree.C in an atmosphere substantially free of
      hydrogen, while
PA1  applying an electric field along theh Z-axis of the crystal quartz between
      anode and cathode electrodes of a strength from 1 to 5 kV/cm for a period
      of 72 to 120 hours, and
PA1  maintaining said electric field while said crystal is cooled.
NUM  2.
PAR  2. The method of claim 1 wherein said temperature equilibrium is
      550.degree.C and said electric field is 2 kV/cm.
NUM  3.
PAR  3. The method of claim 1 further comprising the subsequent step of,
PA1  removing from 10 to 40 thousandths of an inch of the crystal perpendicular
      to the Z axis from the surface adjacent to said cathode electrode, and
      then
PA1  repeating the steps of claim 1.
NUM  4.
PAR  4. The method of claim 3 further comprising the subsequent step of,
PA1  removing from 10 to 40 thousandths of an inch of the crystal perpendicular
      to the Z-axis from the surface adjacent to said cathode electrode, and
      then
PA1  repeating the steps of claim 1.
NUM  5.
PAR  5. The method of claim 1 wherein the atmosphere is a dry gas selected from
      the group consisting of helium neon, argon and nitrogen.
NUM  6.
PAR  6. The method of claim 1 wherein said crystal quartz is natural quartz.
NUM  7.
PAR  7. The method of claim 1 wherein said crystal quartz is synthetic quartz.
NUM  8.
PAR  8. The method of claim 7 wherein said synthetic quartz is of homogeneous
      Z-growth material.
NUM  9.
PAR  9. The method of claim 1 further comprising the step of
PA1  subjecting the crystal quartz to ionizing radiation of 10.sup.5 to 10.sup.6
      rad simultaneously to said step of applying an electric field to said
      crystal quartz.
NUM  10.
PAR  10. A method of processing crystal quartz material comprising the steps of
PA1  maintaining the quartz at thermal equilibrium in the beta phase at a
      temperature of 700.degree. to 900.degree.C in an atmosphere substantially
      free of hydrogen while
PA1  applying an electric field between anode and cathode electrodes along the
      Z-axis of the crystal quartz of a strength from 1 to 5 kV/cm for a period
      of 6 to 12 hours, and
PA1  cooling said quartz while maintaining said electric field and applying a
      compression stress which induces a strain no less than 10.sup.-.sup.4 in
      the X direction of said crystal as the quartz cools from the beta phase
      through 573.degree.C to the alpha phase.
NUM  11.
PAR  11. The method of claim 10 wherein said thermal equilibrium temperature is
      800.degree.C and wherein said electric field strength is 2 kV/cm.
NUM  12.
PAR  12. A method of processing crystal quartz material comprising the steps of
PA1  maintaining the quartz at thermal equilibrium in the beta phase at a
      temperature of 700.degree. to 900.degree.C in an atmosphere substantially
      free of hydrogen, while
PA1  applying an electric field between anode and cathode electrodes along the Z
      axis of the crystal quartz of a strength from 1 to 5 kV/cm for a period of
      6 to 12 hours, and
PA1  cooling said quartz while maintaining said electric field along the Z axis
      and applying an electric field along the X axis sufficient to create a
      strain no less than 10.sup.-.sup.4 as the quartz cools from the beta phase
      through 573.degree.C to the alpha phase.
NUM  13.
PAR  13. The method of claim 1 wherein said electrodes are thin platinum sheets
      of 99.9 to 99.99% purity.
NUM  14.
PAR  14. A quartz crystal for use in a crystal resonator comprising a quartz
      crystal which has been treated by the steps of,
PA1  maintaining the quartz at thermal equilibrium at a temperature of
      500.degree.C to 570.degree.C in an atmosphere substantially free of
      hydrogen, while
PA1  applying an electric field between anode and cathode electrodes along the Z
      axis of the crystal quartz of a strength from 1 to 5 kV/cm for a period of
      72 to 120 hours, and
PA1  maintaining said electric field while said crystal is cooled.
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ABST
PAL  A plurality of salient poles and a stator are adapted to be cooled only by
      cooling gas which is passed through a plurality of fluid passageways
      formed in a yoke of a rotor. By the arrangement that all the cooling gas
      discharged through the fluid passageways is used for cooling the rotor and
      the stator, cooling efficiency can be increased due to enhanced flow
      characteristics of the cooling gas.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in or relating to cooling devices
      for electric rotary machines, and more particularly it is concerned with a
      cooling device for an electric rotary machine of the type including a
      water-wheel generator which has salient poles.
PAR  As is well known, an electric rotary machine of the salient-pole type
      popularly used nowadays in formed with a yoke rotating with the rotary
      shaft and having a plurality of salient poles affixed to its outer
      periphery and varying in number depending on the number of poles.
      Generally, the salient poles rotate within the stator.
PAR  It is not too much to say that the output power of an electric rotary
      machine may generally vary depending on the maximum temperature at heat
      generating sections of the machine, particularly the portions of the
      stator and rotor in which coils are disposed. Thus, an electric rotary
      machine of the aforementioned type is provided with a cooling device
      therefor.
PAR  In an electric rotary machine of the type described, heat is usually
      generated in field coils wound on the salient poles and stator coils. It
      is usual practice to cause a stream of cooling gas to move through the
      portions in which these coils are disposed to effect cooling.
PAR  It may seem easy to cause streams of cooling gas to move through heat
      generating portions, but the problem involved is not so simple as it
      seems. If the heat generating portion were disposed in the center of a
      large space, it would be easy to select as desired the volume of gas used
      and the directions in which the streams of gas are directed. What is
      important is to effect cooling with the highest degree of efficiency by
      utilizing a small space and a limited paths for the movement of the
      streams of cooling gas. Thus, cooling of an electric rotary machine of the
      type described poses a problem difficult to obviate in actual practice.
PAR  An example of the cooling device now in use which is considered to operate
      with the highest degree of efficiency with a machine of the medium
      capacity will be described first of all. Such cooling device is provided
      with a radial fan mounted at each axial end of the yoke of the rotor for
      supplying a stream of cooling gas used to cool the coils of the stator. On
      the other hand, coils wound on the poles of the rotor are cooled either by
      streams of gas discharged through gas passageways disposed between the
      poles and formed in the yoke or by a portion of the streams of gas
      produced by each fan which is caused to move axially between the adjacent
      poles.
PAR  The coils of the rotor and the stator can be cooled sufficiently to enable
      the machine to operate without failure by the aforementioned arrangement
      if the electric rotary machine is of a small or medium capacity. If the
      machine is 500 MVA or a greater capacity which has come to be used widely
      in recent years, however, the amount of heat generated in the machine
      increases and the volume of cooling gas required increases in proportion
      to the increase in the capacity of the machine.
PAR  It is not easy to increase the volume of cooling because the space employed
      for cooling must be increased. An increase in the capacity of an electric
      machine does not necessarily entail an increase in the space available for
      effecting cooling. Besides, an increase in the volume of cooling gas
      causes the production of a windage loss and a noise, which is not
      desirable in increasing the capacity of an electric rotary machine.
PAR  Cooling of the stator coils (coil ends) can be effected relatively easily
      beacuse they are disposed in a relatively large space. If a sufficiently
      large volume of gas to cool the coils wound on the poles is caused to flow
      between the adjacent poles, it will be possible to cool the poles but
      there will be an increase in the overall volume of gas used, thereby
      causing the production of an windage loss or a noise as aforementioned.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, which has been made in view of the aforementioned
      disadvantages of the prior art, has succeeded in obviating them once and
      for all and provides an ideal cooling device.
PAR  Accordingly, the invention has as its object the provision of a cooling
      device for an electric rotary machine which is capable of accomplishing
      the object of cooling the machine with a high degree of efficiency so as
      to permit the output power of the machine to be increased, without
      increasing the overall volume of cooling gas employed and without
      rendering the construction of the machine complex.
PAR  The outstanding characteristics of the invention which enable an electric
      rotary machine to be cooled with a high degree of efficiency are that an
      end of the inner peripheral surface of each end cover enclosing a coil end
      of the stator is disposed nearer to an end surface of the yoke than
      heretofore, and that cooling of the stator is effected by streams of
      cooling gas discharged through gas passageways formed in the yoke after
      such streams of gas have cooled the poles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional side view of an electric rotary machine
      provided with a cooling device according to the present invention;
PAR  FIG. 2 is a sectional view taken along the line A--A of FIG. 1;
PAR  FIG. 3 is a fragmentary perspective view, with certain parts being cut
      away, of the electric rotary machine shown in FIG. 1;
PAR  FIG. 4 and FIG. 5 show paths of movements of the streams of cooling gas of
      the cooling devices of the prior art and according to the invention
      respectively; and
PAR  FIG. 6 and FIG. 7 are systematic views showing the movements of cooling gas
      through a rotary machine.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The invention will now be described in detail with reference to an
      embodiment thereof.
PAR  In FIG. 1 to FIG. 3, 1 designates stator iron cores formed therein with a
      plurality of axially arranged fluid passage ducts 2. The stator cores 1
      have stator coils built therein which include coil ends 3. 4 designates
      end plates for axially clamping the stator cores 1 and holding the same in
      place. 5 designates core keys which support and radially hold in place the
      stator iron cores 1 affixed to main plates 7a, 7b of a housing 6 and a
      partition wall 8.
PAR  The housing 6 is formed at its upper wall with ventialtion windows 9 and
      ventilation windows 10, with blowers 11 being mounted at the outside of
      the latter.
PAR  The blowers 11 perform the function of reducing, below atmospheric
      pressure, the pressure in an exhaust chamber 12 defined between the
      partition wall 8 and the main plate 7b of the housing 6 when the machine
      is in operation.
PAR  12a designates a plurality of fluid passage tubes maintaining communication
      between a pressure chamber 14 defined between the main plate 7a and an end
      cover 13a and the exhaust chamber 12. A pressure chamber 15 disposed
      oppositely to the pressure chamber 14 and defined between another end
      cover 13b and the main plate 7b is maintained in communication with the
      exhaust chamber 12 through a plurality of fluid passage openings 16 formed
      in the main plate 7b.
PAR  17 designates fluid collecting duct walls each mounted, as can be clearly
      seen in FIG. 2, between the peripherally adjacent core keys 5 so as to
      maintain a fluid inlet chamber 20 and a fluid collected chamber 12c
      airtight.
PAR  Communication is maintained between the exhaust chamber 12 and the fluid
      collecting chamber 12c through fluid passage grooves 19a formed in the
      partition wall 8. Fluid collecting duct walls 18 arranged in staggered
      relationship with respect to the fluid collecting duct walls 17 peripherly
      of the machine are each disposed between the peripherally adjacent core
      keys 5 as can be clearly seen in FIG. 3. The interior of each fluid
      collecting duct wall 18 is maintained in communication with the fluid
      inlet chamber 20 through fluid passage grooves 19b formed in the partition
      wall 8.
PAR  On the other hand, 21 designates salient poles disposed on the rotor side.
      As shown in FIG. 2, a field coil 22 is wound on each salient pole 21, and
      salient poles 21 are arranged peripherally of the machine alternately to
      constitute north and south poles. The salient poles 21 are affixed to a
      yoke 23, and axially arranged ducts 24 are each formed between the
      peripherally adjacent salient poles 21.
PAR  A cylindrical member 25 mounted on the outer periphery of each salient pole
      21 is effective to maintain the ducts 24 and a space 26 between the rotor
      and stator airtight. It is preferred that the cylindrical member 25 be
      employed to maintain the ducts 24 and space 26 airtight as described with
      reference to the embodiment shown and described herein. However, if
      difficulty is experienced in fabricating a cylindrical member of the type
      described which can withstand high centrifugal forces exerted thereon, an
      opening of each duct 24 on the side of the space 26 may be closed by a
      suitable sealing member.
PAR  27 designates a plurality of fluid passageways formed in the yoke 23 and
      arranged axially thereof to maintain communication between the ducts 24
      and ducts 30 each defined between spiders 28, a rotary shaft 29 and the
      yoke 23, so that cooling gas can flow therethrough.
PAR  31a and 31b designate seal rings of the L-shaped cross-section mounted at
      axially opposite ends of the yoke 23. The seal rings 31a and 31b are
      arranged such that they are juxtaposed against inner end portions 13c and
      13d of the end covers 13a and 13b respectively, with a small clearance
      formed therebetween radially of the machine so as to preclude drawing of
      air by suction from outside into the machine. Preferably, the clearances
      are minimized in value. They are generally set at about 5 millimeters by
      taking into consideration the wobbling or elongation of the shaft. 32
      designates stator coils, 33, spacers defining the fluid passage ducts 2 in
      the stator, and 34, coil supports.
PAR  The paths of movements of streams of cooling fluid in the electric rotary
      machine constructed as aforementioned will now be described. Upon the
      blowers 11 being actuated to vent air from the machine, streams of cooling
      gas circulate through various parts of the machine as indicated by arrows
      to effect cooling thereof.
PAR  Cooling of the rotor will first be described. Streams of cooling gas each
      introduced into each duct 30 through a space between opposite end portions
      of the spiders 28 as shown in FIG. 1 move through the fluid passageways 27
      into the ducts 24 between the poles 21, from which the streams of cooling
      gas move into the pressure chambers 14 and 15 after axially moving through
      the machine to cool the field coils 22. The streams of cooling gas
      reaching the pressure chamber 14 cool the coil ends 3 and move through the
      fluid passage tubes 12a into the exhaust chamber 12 from which the gas is
      vented to atmosphere from the machine by the blowers 11. The streams of
      cooling gas reaching the pressure chamber 15 move through the fluid
      passage openings 16 into the exhaust chamber 12 from which the gas is
      likewise vented to atmosphere from the machine by the blowers 11.
PAR  On the other hand, cooling of the stator is effected by producing streams
      of cooling gas which move as indicated by arrows in FIG. 2 and FIG. 3
      through the multitude of fluid passage ducts 2 formed peripherally by the
      stator iron cores 1, stator coils 32 and spacers 33. More specifically,
      streams of cooling gas introduced through the ventilation windows 9 of the
      housing 6 into the fluid inlet chamber 20 flow therefrom into all the
      axially arranged fluid passage ducts 2 interposed between the fluid
      collecting duct walls 17 from the outer side of the stator iron core 1
      toward the inner side thereof. From the ducts 2, the cooling gas moves
      into the space 26 where it moves peripherally of the machine and is
      divided into several streams which are introduced into the fluid passage
      ducts 2 covered with the fluid collecting duct walls 17 and move
      therethrough from the inner side of the machine to the outer side thereof.
      Thus, the streams of cooling gas enters the fluid collecting chamber 12c
      from which the cooling gas is vented to atmosphere from the machine
      through the ventilation windows 9 and an exhaust chamber (not shown but
      corresponding to the exhaust chamber 12 shown in FIG. 1) by the blowers
      11. In this way, the stator iron core 1 and the stator coils 32 built in
      the stator 1 can be cooled.
PAR  The features characteristic of the invention are that the cylindrical
      member 25 is mounted on the outer periphery of the salient poles 21, that
      the inner peripheral ends of the end covers 13a and 13b are spaced apart
      from the corresponding axial ends of the yoke 23 a very small distance so
      as to seal the machine gastight, and that the streams of cooling gas
      discharged from the fluid passageways 27 cool the coils of the salient
      poles 21 and the stator coils 32. By virtue of these features, the volume
      of cooling gas used for cooling the poles 21 can be increased, so that it
      is possible to cool the poles satisfactorily. At the same time, the coils
      of the stator can also be cooled satisfactorily, thereby enabling to
      increase the output power of the electric machine.
PAR  The embodiment shown and described hereinabove is provided with the blower
      11 mounted at the outside of the stator. It is to be understood, however,
      that the provision of the blowers is not essential to the invention, and
      that the blowers can be done without if the cooling gas can be circulated
      satisfactorily in the machine by the fluid passageways 27 provided in the
      yoke 23 and serving as fans.
PAR  In the embodiment shown and described hereinabove, cooling of the stator
      iron cores 1 is effected by streams of cooling gas which move through
      channels different from the channels through which the streams of cooling
      gas for the rotor flow. This is because water may be used for cooling the
      stator or the stator may be cooled independently of other parts of the
      machine when the machine is of a large capacity. Needless to say, the
      stator as well as the rotor can be cooled by the cooling gas discharged
      from the fluid passageway 27 formed in the yoke 23 according to the
      invention.
PAR  As aforementioned, the volume of gas used for cooling the poles can be
      increased and the stator coils can be cooled satisfactorily even if the
      gas used for cooling the poles is also used for cooling the stator coils.
      One may wonder why this is so. To enable this feature to be better
      understood, the feature will be discussed in detail with reference to FIG.
      4 to FIG. 7 in which the movement of gas is shown schematically.
PAR  FIG. 4 and FIG. 5 are schematic views of an electric rotary machine of the
      prior art and the electric rotary machine according to the invention
      respectively, with arrows indicating the paths of movements of the streams
      of cooling gas.
PAR  In FIG. 4 which shows a conventional electric rotary machine, the coils 32
      of the stator are cooled by radially oriented streams of cooling gas
      produced by radial fans 53 provided in the rotor, the cooling gas being
      vented out of the machine through the ventilation windows 9 formed in the
      outer wall of the stator frame.
PAR  On the other hand, the poles 21 of the rotor are cooled by the streams of
      cooling gas as such gas moves axially between the poles. The streams of
      gas emerging from between the poles are combined with the streams of gas
      which have cooled the stator coils as aforementioned.
PAR  The aforementioned arrangement of the prior art has a disadvantage in that
      the poles are not cooled satisfactorily. If the volume of gas supplied to
      the poles is increased in order to increase the degree of efficiency with
      which the poles are cooled, the volume of gas discharged axially of the
      machine from between the poles will be increased. When the cooling gas of
      increased volume discharged from between the poles is combined with the
      streams of cooling gas radially moving from the fans 53, a turbulent flow
      of cooling gas will be produced at the point of confluence of the streams
      of gas, and a noise will be produced. Particularly, the overall volume of
      gas moving through the stator will be increased, and it will be necessary
      to provide flow passageways of a larger diameter if the gas of the
      increased volume is made to flow at a perdetermined speed. As a result, it
      will become necessary to provide means to obviate this problem by altering
      the shape of the frame of the stator.
PAR  The aforementioned disadvantages of the prior art can be obviated once and
      for all by the present invention.
PAR  More specifically, as shown schematically in FIG. 5, the streams of cooling
      gas used for cooling the stator and the poles of the rotor move linearly.
      That is, a large volume of cooling gas discharged from the gas passageway
      27 formed in the yoke 23 all moves by the poles and then is directly
      introduced into the stator to cool the same.
PAR  The machine in which the present invention is incorporated is free from
      noise because there is no confluence of streams of gas of a large volume.
      Particularly, there is no increase in the overall volume of gas moving
      through the machine when the cooling device according to the invention is
      employed. Thus, it is possible to cool the poles satisfactorily without
      paying any attention to the shape of the frame of the stator.
PAR  Attention is drawn to the fact that there is no substantial reduction in
      the degree of efficiency with which cooling of the stator is effected when
      the temperature of gas used for cooling the stator is slightly increased
      as the result of it moving by the poles than when there is no reduction in
      the temperature of gas. The reason why this is the case will now be
      explained.
PAR  FIG. 6 systematically shows the movements of cooling gas and the members to
      be coooled thereby (pole coils and stator coils) in a cooling device of
      the prior art. FIG. 7 is a systematic view of the cooling device according
      to the invention.
PAR  In the figures, Q is the total volume of fluid used for cooling purposes, A
      the members to be cooled (pole coils), B the members to be cooled (stator
      coils), W.sub.A the amount of heat (loss) generated in a unit time in the
      members to be cooled or A in a unit time, and W.sub.B the amount of heat
      generated in a unit time in the members to be cooled. Ta1 and Ta2 are the
      temperatures of the cooling fluid at the inlets, Tb1 and Tb2 the
      temperatures of the cooling fluid at the inlets to the members to be
      cooled or B, Tc1 and Tc2 are the temperatures of the cooling fluid at the
      outlets, and T.sub.A1 and T.sub.A2 are the temperatures of the members to
      be cooled or A.
PAR  It will now be demonstrated that the temperatures of the members to be
      cooled A are such that T.sub.A1 &gt; T.sub.A2 and that there are not much
      differences between the temperatures of the members to be cooled or B.
PAR  First of all, the temperatures at the inlets to the members to be cooled or
      B or Tb1 and Tb2 are equal to each other. That is, when the members to be
      cooled which produce heat of the amount W in a unit time are exposed to
      and cooled by a fluid of the total volume Q, a rise .DELTA.T in the
      temperature of the cooling fluid can be expressed by the following formula
      irrespective of the process during which cooling is effected:
      ##EQU1##
      where Cp is the specific heat and r is the specific weight. Accordingly,
      when there are no changes in the amount of heat W produced and the volume
      of fluid Q, the following relation will hold:
EQU  .DELTA.T = Tb1 - Ta1 = Tb2 - Ta2.
PAL  Since Ta1 = Ta2, then Tb1 = Tb2. It will thus be seen that the members to
      be cooled or B can be cooled with the same degree of efficiency because
      they are exposed to the cooling gas of the same volume and cooled thereby.
PAR  On the other hand, a rise .DELTA.T in the temperature of the members to be
      cooled or A (in terms of the temperature of the cooling gas) can be
      expressed by the following formula:
      ##EQU2##
      where S is the surface area to be cooled, Av is the sectional area through
      which the fluid passes, Q is the volume of fluid, .alpha. is the
      co-efficient of heat-transfer, and vi is the speed of movement of the
      fluid or Q/Av.
PAR  .alpha. can generally be expressed by the following formula:
      ##EQU3##
      where K is the constant. Therefore,
      ##EQU4##
PAR  .DELTA.T can be expressed by the following formula in the case of FIG. 6
      when the situation is in a state of perfect balance:
      ##EQU5##
EQU  Q = Q.sub.2 P = W.sub.A
PAR  .DELTA.T can be expressed by the following formula in the case of FIG. 7:
      ##EQU6##
      Other values being equal, the following relation can be established from
      the formulas (3), (4) and (5):
      ##EQU7##
      Since Q &gt; Q2, and Tb1 - Ta1 = Tb1 - Ta1, then T.sub.A1 &gt; T.sub.A2. Thus
      the temperature of the members to be cooled is lower in the case shown in
      FIG. 7 than in the case shown in FIG. 6.
PAR  Experiments were carried out to ascertain to what degree the efficiency can
      be increased by the device according to the invention. The temperatures
      were measured in various parts of an electric rotary machine incorporating
      therein, the cooling device according to the invention and a similar
      machine of the prior art, and the results were compared with each other.
      The results obtained are shown in the table shown below.
PAR  The table shows the volumes of fluid, the temperatures of the streams of
      cooling fluid, and the temperatures of the members to be cooled at several
      points shown in FIG. 4 and FIG. 5. A comparison of the results obtained
      with the two machines shows the differences between them.
TBL  ______________________________________                                    

                    Prior Art   The invention                                  

      Items         (FIG. 4)    (FIG. 5)                                       

     ______________________________________                                    

                Qt      12      m.sup.3 /s                                     

                                      12    m.sup.3 /s                         

     Volume of                                                                 

     Gas in     Qp      8.4     "     12    "                                  

     Various Parts                                                             

                Qe1     3.6     "     0     "                                  

                Qe2     2.4     "     2.4   "                                  

                Qs      9.6     "     9.6   "                                  

     Tempera-   Tal     40.degree.C   40.degree.C                              

     ture of Gas                                                               

                Ta2     45 "          45 "                                     

                Ta3     60 "          60 "                                     

     Coil Tem-  Tp      105 "         98 "                                     

     perature   Tc      100 "         100 "                                    

     ______________________________________                                    

PAL  It will be evident in the table that, although there is no difference
      between the two machines in the temperature of the stator coils, the
      temperature of the rotor coils of the machine according to the invention
      which was 98.degree.C was lower than that of the machine of the prior art
      which was 105.degree.C, in spite of the fact that the total volume of
      fluid used for cooling was not increased. It may seem that a reduction of
      7.degree.C in temperature has no significance. This is not so; it is very
      difficult to reduce temperature by 1.degree.C when the electric rotary
      machine is of a large capacity. For example, attempts have hitherto been
      made to increase the efficiency of cooling by affixing pins to the poles
      or shifting the conductors of coils so as to increase the surface area
      exposed to a cooling medium. It is only by 1.degree. to 2.degree.C that
      the temperature can be reduced as the result of these attempts.
PAR  In light of past experiences, a reduction of 7.degree.C in temperature must
      be said to represent a splendid achievement in increasing the efficiency
      of cooling. When a machine incorporating the invention therein was placed
      on a test operation, it has been ascertained that a reduction of
      7.degree.C in temperature enables the exciting ampere-turn of the field
      coils to be increased by about 10% under conditions of the same coils and
      the same temperature rise. This results in an increase of about 0.1% in
      the output power of the machine.
PAR  It will be evident that the increase of 0.1% in output power is a great
      merit in the case of an electric rotary machine of large capacity for
      which the invention is intended, when one takes into consideration the
      fact that it corresponds to an increase of 1 MW in output power in the
      case of an electric rotary machine of 1,000 MW.
PAR  From the foregoing description, it will be appreciated that the cooling
      device according to the invention offers the advantage of enabling to
      increase the degree with which cooling of an electric rotary machine can
      be effected by causing all of the gas including the gas used for cooling
      the stator to pass between the poles, without increasing the overall
      volume of gas used for cooling the machine and without using a complex
      mechanism. Stated differently, the invention permits the output power of
      an electric rotary machine to be increased as compared with a similar
      machine of the same capacity of the prior art or permits to obtain a
      compact overall size in an electric rotary machine as compared with a
      similar machine of the same output power of the prior art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cooling device for an electric rotary machine comprising a rotor
      adapted to rotate together with a rotary shaft, said rotor including a
      plurality of salient poles affixed to a yoke and having a plurality of
      radially oriented fluid passageways formed in the yoke and each interposed
      between the adjacent poles, a stator including coils and cores and mounted
      around an outer periphery of said rotor with a predetermined clearance
      interposed between them, and a plurality of end covers each mounted on one
      of axial opposite ends of said stator in such a manner as to enclose end
      portions of said coils and each including an inner peripheral portion
      which is in spaced juxtaposed relationship with respect to one axial
      opposite ends of the yoke with a very small clearance interposed
      therebetween.
NUM  2.
PAR  2. A cooling device for an electric rotary machine comprising a rotor
      adapted to rotate together with a rotary shaft, said rotor including a
      plurality of salient poles affixed to a yoke and having a plurality of
      radially oriented fluid passageways formed in the yoke and each interposed
      between the adjacent poles, said rotor further including a cylindrical
      member affixed to an outer periphery of each of said poles, a stator
      including coils and cores and mounted around an outer periphery of said
      rotor with a predetermined clearance interposed therebetween, and a
      plurality of end covers each mounted on one of axial opposite ends of said
      stator in such a manner as to enclose end portions of said coils and each
      including an inner peripheral portion which is in spaced juxtaposed
      relationship with respect to one of axial opposite ends of the yoke with a
      very small clearance interposed therebetween.
NUM  3.
PAR  3. A cooling device for an electric rotary machine comprising a rotor
      adapted to rotate together with a rotary shaft, said rotor including a
      plurality of salient poles affixed to a yoke and having a plurality of
      radially oriented fluid passageways formed in the yoke and each interposed
      between the adjacent poles, said rotor surther including a cylindrical
      member affixed to an outer periphery of each of said poles, a stator
      including coils and cores and mounted around an outer periphery of said
      rotor with a predetermined clearance interposed therebetween, a plurality
      of end covers each mounted on one of axial opposite ends of said stator in
      such a manner as to enclose end portions of said coils and each including
      an inner peripheral portion which is in spaced juxtaposed relationship
      with respect to one of axial opposite ends of the yoke with a very small
      clearance interposed therebetween, and a plurality of blowers mounted on
      an outer periphery of said stator and peripherally spaced apart from one
      another a predetermined distance to discharge gas from the machine to
      outside.
NUM  4.
PAR  4. A cooling device for an electric rotary machine comprising a rotor
      adapted to rotate together with a rotary shaft, said rotor including a
      plurality of salient poles affixed to a yoke and having a plurality of
      radially oriented passageways formed in said yoke, each pair of adjacent
      poles being separated by a different one of said passageways, said yoke
      including seal rings mounted at axially opposite ends thereof; a stator
      including coils and cores, said stator being mounted around the outer
      periphery of said rotor; and a plurality of end covers, each of said end
      covers being mounted at axially opposite ends of said stator so as to
      enclose end portions of said coils in a chamber and each of said end
      covers including an inner peripheral portion positioned opposite said seal
      rings so as to form a substantially gastight seal therewith.
NUM  5.
PAR  5. A cooling device as defined in claim 4, further comprising a cylindrical
      member affixed at the outer periphery of each of said salient poles of
      said rotor, the cooling gas which has passed through said plurality of
      radially oriented passageways formed in said yoke being directed around
      the ends of said cylindrical member into the chambers formed by said end
      covers.
NUM  6.
PAR  6. A cooling device as defined in claim 4, wherein said rotor and said
      stator are both cooled by the cooling gas which has passed through said
      plurality of radially oriented passageways.
NUM  7.
PAR  7. A cooling device as defined in claim 4, further including a plurality of
      blower means mounted on the outer periphery of said stator for discharging
      gas from said machine, said blower means being peripherally spaced a
      predetermined distance apart from one another.
NUM  8.
PAR  8. A cooling device as defined in claim 4, wherein each said substantially
      gastight seal precludes the drawing of air into said machine at its
      respective location.
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PAL  A turbo-generator with a rotor winding includes a plurality of slots in
      which the rotor windings are inserted and a plurality of slot wedges, at
      least two slot wedges lying in each slot on the outside of the winding and
      being electrically connected with each other. A plurality of relatively
      thin pressure tubes of a deformable material such as copper are positioned
      in the slots between the wedges and the windings. Thereafter, the pressure
      tubes are supplied with a thermosetting resin through feed tubes, the
      resin being supplied at a sufficient pressure and in a sufficient amount
      to produce an expansion of the space within the tube by at least 50 per
      cent. The feed tube is then subjected to heat in a localized area, thus
      accelerating the curing of the resin in this area of the tube and forming
      a plug, after which the supply of pressure to the pressure tube is
      disconnected. After the resin in the pressure tube has hardened, the feed
      tube is removed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a turbo-generator rotor provided with a
      plurality of winding slots in which a rotor winding is secured by means of
      a plurality of axially and consecutively arranged metallic slot wedges, a
      plurality of slot wedges, lying in one and the same slot, being
      electrically connected to each other by means of an elongated
      short-circuiting member lying in the slot.
PAR  Furthermore, the invention relates to a method of securing the winding in
      the winding slots of a rotary electrical machine by injecting a pressure
      medium into an elongated hollow body arranged between the winding and the
      slot wedge.
PAR  2. The Prior Art
PAR  The use of a fluid as pressure medium with a view to exerting a pressure on
      the winding of a synchronous machine, and thus securing the winding in the
      slot, is known from the German "Offenlegungschrift" 1,816,283, Swiss Pat.
      No. 393,505 and French Pat. No. 1,501,011.
PAR  In all known cases, it is a question of retaining stator windings. Elastic
      tubes are used, which are blown up with a pressure of 2- 5 kg/cm.sup.2.
      The pressure medium is gas or fluid, and the pressure system is
      permanently connected to a pump and a pressure regulator.
PAR  An arrangement of this kind cannot be used, however, for securing the
      winding of a rotor, and especially not when it is a question of
      turbo-generator rotors, since these rotors are subjected to extremely
      great centrifugal forces. Furthermore, it would hardly be possible to
      control the pressure of the pressure medium during operation.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention a reliable securing of the winding of a turbo
      rotor is achieved without the use of hydraulic means which operate during
      machine operation.
PAR  One object of the invention is an improved securing means for the rotor
      winding of a turbo-generator.
PAR  Another object of the invention is a damping winding comprising said
      securing means.
PAR  A third object of the invention is a method for the manufacturing of a
      machine furnished with the securing means mentioned above.
PAR  These results are achieved according to the invention by providing, in each
      of the slot windings, in which the coils of the winding are arranged, a
      plurality of slot wedges which are spaced along the length of the slot and
      which are electrically connected to each other. Between the slot wedges
      and the windings there are arranged thin pressure tubes of a deformable
      material such as copper, each of these pressure tubes bridging two or more
      of the slot wedges. The pressure tubes are supplied through feed tubes
      connected to the interior thereof from a source of thermosetting resin
      under a sufficient pressure and in a sufficient quantity to cause the
      space within the pressure tube to increase by at least 50 per cent. This
      then applies a pressure on the coils of the winding.
PAR  When sufficient resin has been introduced, the feed tube is heated locally
      to form a plug of solid resin therein and the pressure supply of resin is
      disconnected. When the resin in the pressure tube has hardened, the feed
      tube is removed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the following, the invention will be described with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 shows an axial section through a rotor according to the invention;
PAR  FIG. 2 shows in radial view a pressure tube included in the rotor in FIG. 1
      before injection of liquid plastic has started;
PAR  FIG. 3 shows the same pressure tube in a side view;
PAR  FIG. 4 in cross-section and FIG. 5 a sectional detail of the pressure tube
      along V -- V in FIG. 2;
PAR  FIG. 6 shows a cross-section of the pressure tube in filled condition; and
PAR  FIG. 7 shows the high-pressure equipment utilized in the method according
      to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawing, 1 designates the rotor body of a turbo-generator and 2 are
      winding slots for the rotor winding. Each slot contains one side of a
      multiple-turn rotor coil 3. Each winding slot 2 is sealed by means of a
      plurality of axially and consecutively arranged slot wedges 4 of
      non-magnetic material with high electrical conductivity, for example
      brass. The slot wedges lying in the same slot are connected in series with
      each other by means of low-resistive connections, namely pressure tubes 5,
      of copper or aluminium, which are filled with solidified thermosetting or
      room temperature curing resin 6. At each end of the rotor, the slot wedges
      of the slot ends are electrically joined to each other by means of the
      stainless steel winding capsules 7, which then act as short-circuit rings
      and together with the slot wedges form a damping winding.
PAR  The pressure tube necessary for the method is suitably manufactured by
      providing an annealed copper tube having a circular cross-section with a
      filling tube 8 welded on to a side surface and flat-pressing the tube with
      such a degree of compression that the inner cross-sectional area is less
      than 20 per cent of the original, preferably less than 5 per cent of this
      cross-section.
PAR  During the final flat pressing of the pressure tube, stops 10 (FIG. 4) are
      used for the vertically acting press tool (not shown) with a view to
      preventing total compression. The horizontally positioned gap 11 shown in
      FIG. 4 should have a vertical dimension of at least 1 mm. Otherwise the
      radius of curvature at the edge would be so small and the local
      deformation, both during compression and the subsequent blowing up of the
      pressure tube, so great that the tube would crack along one side. Similar
      problems arise at the ends of the pressure tube, and therefore this should
      be constructed as shown in FIG. 5, with yokes 9 which are welded on to the
      flat-pressed pressure tube at the ends. Using only one weld seam at the
      outermost tube end is not sufficient, since the sharp V-shape the pressure
      tube end would then attain during high-pressure injection of liquid
      plastic would produce a risk of fracture. As an extra precautionary
      measure, the pressure tube should be given a last annealing after the
      shapes shown in FIGS. 2 and 4 have been achieved.
PAR  When a yoke 9 is welded on to the pressure tube end, a razor blade 12 or
      the like should be inserted into the pressure tube and the yoke, as shown
      in FIG. 5, to prevent the two legs of the yoke from being welded together.
PAR  The pressure tubes 5 are arranged below the slot wedges 4 in such a way
      that the filling tubes 8 are positioned between two immediately
      consecutively located slot wedges. Further, the pressure tubes 5 are
      arranged so that these slot wedges are subjected to radial pressure from
      the same pressure tube when this tube is put under pressure. Preferably
      only the pressure tubes are used as connecting members between the slot
      wedges, but a method according to the invention also comprises cases where
      strips of high-conductivity material are placed between the wedges 4 and
      the pressure tubes 5. The wall thickness of the pressure tubes 5 is
      normally at least one and one-half mm when the material is copper. It may
      be assumed that it is always advantageous to choose a wall thickness
      greater than 0.7 mm.
PAR  When a pressure tube has been placed in the winding slot with a correct
      position in relation to the slot wedges, the filling tube is connected by
      a screw connection 13 to a pressure container 14 containing liquid room
      temperature curing resin. The container 16 contains oil which is pumped
      into the pressure cylinder 14 under high pressure. In the cylinder 14 a
      separation into two layers is caused by the fact that the oil 17, which is
      lighter than plastic, settles in the top part of the cylinder.
PAR  The liquid plastic is pressed into the pressure tube with a pressure chosen
      within the range of 200 - 800 bar. Lower pressures may also give an
      acceptable result in certain cases, but not lower than 50 bar. When the
      pressure of the injected plastic has stabilized at the desired value, a
      short zone of the filling tube 8 is heated by means of a surrounding
      electric heating element 18 so that a plug of hardened plastic is formed
      in the filling tube 8. The connection between the filling tube 8 and the
      pressure container 14 is broken, and the remaining plastic with additional
      hardeners is discharged. When all the injected plastic has solidified, the
      filling tube 8 is cut at the slot wedge surface.
PAR  It is of course possible to use a pressure tube which, immediately before
      insertion in the slot, has an air gap greater than the 1 mm gap shown in
      FIG. 4, without the air contained involving any considerable
      inconvenience.
PAR  Generally, at least 85 per cent of the increase in volume which occurs when
      the tube 5 is put under pressure is a plastic deformation of the pressure
      tube 5. The increase in volume, that is, the increase in the inner volume
      of the tube, can very well amount to as much as 700 per cent. If a
      relatively greater inner volume is used at the beginning, the increase
      will be smaller, but is should not be less than 50 per cent.
CLMS
STM  I claim:
NUM  1.
PAR  1. A turbo-generator rotor provided with a plurality of rotor slots,
      comprising a rotor winding in the slots, a plurality of axially and
      consecutively arranged slot wedges of a material of high electrical
      conductivity and at least one mechanically securing and electrically
      connecting member for said wedges, said member comprising a metal pressure
      tube (5), which is closed at both ends and filled with a solidified resin
      (6), each pressure tube electrically bridging over transition zones
      between the axially and consecutively arranged slot wedges, and
      short-circuiting means electrically connecting the end wedges of the slots
      with each other so that a damping winding is formed.
NUM  2.
PAR  2. Rotor according to claim 1, having an end part (9) welded to each end of
      the pressure tube, said end part having a yoke-line section in axial
      section through the central line of the metal pressure tube.
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PAL  A selected part of the envelope of a fabricated electric lamp is made
      light-reflecting by spraying it with a coating composition that contains
      aluminum flakes of such minute size that they inherently arrange
      themselves in planar relationship and form a specular film as the
      composition dries. A protective coating of a suitable heat-resistant
      material, such as silicone plastic, is then sprayed over the reflective
      film and cured. The protective coating can also contain aluminum particles
      in order to fill voids that may be left in the thin specular film and to
      make the latter more opaque.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The subject matter of the pressent application is related to that which is
      disclosed and claimed in application Ser. No. 407,727, entitled
      "Incandescent Reflector Lamp Having A Halogen-Containing Atmosphere" filed
      Oct. 18, 1973 by A. R. DeCaro and assigned to the assignee of this
      application.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to electric lamps and has particular reference to an
      improved incandescent lamp of the reflector type.
PAR  2. Description of the Prior Art
PAR  Electric lamps which employ a gaseous discharge or an incandescent filament
      as a light source and have an envelope that is partly coated with a
      light-reflective material which controls the light rays are well known in
      the art. In the case of reflector lamps of the incandescent type, the
      integral reflector usually comprises a thin coating of a metal such as
      aluminum, silver, etc., that is deposited on the inner or outer surface of
      the bulb either by a wet-coating process or by vacuum deposition
      techniques utilizing vaporized metal. While the prior art coating methods
      produced reflective coatings that were satisfactory, they were slow and
      quite costly and provided optimum results when used to coat lamp envelopes
      before they were sealed and made into finished lamps. When they were
      employed to refelectorize the bulbs of finished lamps, such processing was
      generally not performed by the lamp manufacturer but by an outside vendor
      who specialized in that art. This necessitated shipment of the fabricated
      lamps to and from the vendor -- a very inefficient and costly arrangement
      since it required careful handling of the lamps and inherently complicated
      production and shipment schedules due to the long lead times needed to get
      the lamps coated and returned to the factory.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing cost and other disadvantages encountered in the manufacture
      of reflector type electric lamps are obviated in accordance with the
      present invention by spraying the finished lamps right in the factory with
      a coating composition that deposits a specular film of aluminum particles
      on the outer surface of the lamp bulbs.
PAR  Briefly, the sprayed coating composition contains dispersed aluminum flakes
      of such size that they lie "flat" one beside the other on the outer
      surface of the glass bulb and form a thin film which is specular and
      highly reflective at the glass-film interface. The aluminum flakes are
      suspended in a liquid vehicle composed of a volatile solvent and a
      resinous binder which allows the aluminum flakes to orient themselves in
      the aforesaid manner before the coating dries. The thin specular film of
      aluminum particles is then protected by spraying it with a heat-resistant
      material such as silicone resin which cures to a hard smooth finish
      without impairing the reflective properties of the film. The protective
      coating is preferably doped with aluminum particles of such size and
      configuration that they fill any voids in the specular aluminum film and
      also make it more opaque.
PAR  The reflective and protective coatings can readily be confined to a
      selected portion (or portions) of the lamp envelope by suitable masking
      techniques or the entire surface of the envelope can be sprayed and the
      coatings removed from the light-emitting face of the envelope by chemical
      or mechanical means such as sandblasting.
PAR  While the present invention can also be utilized to spray-reflectorize
      glass envelopes before they are sealed and made into electric lamps, its
      greatest advantage lies in the fact that it permits finished lamps to be
      reflectorized in a very simple and inexpensive manner by the lamp
      manufacturer without detracting in any way from the lamp quality. Finished
      electric lamps of any type, shape and size can thus be provided with an
      efficient and integral reflective coating on a mass production basis right
      in the lamp factory -- thus greatly reducing the manufacturing cost of the
      lamps and eliminating the production and inventory control problems
      heretofore encountered when finished lamps had to be sent to an outside
      vendor for reflectorizing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A better understanding of the invention will be obtained by referring to
      the exemplary embodiments shown in the accompanying drawing, wherein:
PAR  FIG. 1 is a side elevational view of an R12 type incandescent reflector
      lamp that has been provided with an exterior refelective coating in
      accordance with the invention, portions of the envelope being broken away
      and a part of the bulb wall being shown in enlarged cross-section for
      illustrative purposes;
PAR  FIG. 2 is a flow chart of the various operations for spray-depositing a
      protected specular film of a aluminum particles on the envelope of a
      finished lamp in accordance with one embodiment of the invention;
PAR  FIG. 3 is a side elevational view of a sealed-beam type lamp which has been
      spray-reflectorized in accordance with the invention; and,
PAR  FIG. 4 is a tubular incandescent lamp which has been similarly
      reflectorized.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The embodiment shown in FIG. 1 comprises a 20 watt 28 volt R12 type
      incandescent lamp 10 having a vitreous envelope 12 of suitable glass that
      has a dome-shaped end, a paraboloidal-shaped medial portion and a
      cylindrical neck portion which is fitted with a suitable base member 14
      that includes the usual insulated end contact or terminal 16. The envelope
      12 contains a coiled-coil filament 18 that is supported in a centralized
      position within the paraboloidal segment of the envelope by a pair of lead
      wires 19 and 20 which are attached to the ends of the filament 18 and
      sealed through a glass stem 21 that is fused to the neck of the envelope.
      Lead wire 19 is connected to the metal shell of the base 14 and the other
      lead wire 20 is connected to the end contact 16 in the usual manner. The
      envelope 12 is evacuated and filled with a suitable inert gas, such as
      nitrogen, through a vitreous exhaust tube 13 which is then tipped off in
      the customary fashion before the base 14 is attached to the envelope neck.
PAR  If desired, the envelope 12 can also be dosed with a halogen additive such
      as bromine or iodine that is initially introduced in the form of a
      thermally-decomposable compound (methylene bromide, for example) to
      provide a halogen-type incandescent lamp of the type disclosed in the
      aforementioned application Ser. No. 407,727, the lamp construction
      teachings whereof are incorporated into the present application by
      reference. Of course, when the lamp 10 is of this type then the filament
      18 will be composed of coiled tungsten wire and the lead wires 19 and 20
      will also be composed of tungsten or a similar metal that will not be
      attacked by the halogen additive.
PAR  As illustrated in FIG. 1, and particularly in the enlarged cross-sectional
      view of the envelope segment which is shown, the paraboloidal medial
      segment of the envelope 12 is provided with an integral reflector
      component consisting of a thin specular film 22 of aluminum and a thicker
      protective layer 24 of a suitable heat-resistant material such as cured
      silicone resin or a similar plastic. The thin aluminum film 22 and
      protective layer 24 are both sprayed onto the outer surface of the glass
      envelope 12 in such a manner that they are both of substantially uniform
      and controlled thickness.
PAR  The specular film 22 is formed by spraying aluminum flakes onto the bulb 12
      as hereinafter described. Since the flaked aluminum is rather expensive,
      the film 22 is made as thin as possible consistent with the objective of
      obtaining an efficient specular light-reflective surface. Good results
      have been obtained with aluminum films approximately 100 microns thick but
      aluminum films having at thickness of from about 10 to 650 microns can be
      employed. The protective layer 24 is, in contrast, much thicker and a
      layer of cured silicone plastic approximately 0.025 millimeter thick
      (25,000 microns) is satisfactory. The thickness of the protective layer 24
      is not critical, however, and can vary within a range of from about 0.010
      millimeter to 0.40 millimeter (10,000 to 400,000 microns), depending upon
      the material that is used.
PAR  In the case of the R12 incandescent lamp 10 shown in FIG. 1, the overlying
      protective layer 24 consisted of a heat-resistant plastic resin such as
      silicone and the specular film 22 of aluminum was deposited on the
      envelope 12 by suspending the aluminum flakes in a coating composition
      containing a small amount of a resinous binder and a vaporizable organic
      solvent. The reflector coating composition containing the dispersed
      aluminum flakes contained about 0.5 percent resin solid and the protective
      coating composition contained about 20 percent resin solid. The ratio of
      the thickness of the dried reflector coat and that of the dried protective
      coat was thus approximately 1 to 40 so that the protective layer 24, in
      this case, was about 40 times as thick as the aluminum film 22. In
      contrast, the wall thickness of the R12 type bulb employed in the lamp 10
      was approximately 12 times the thickness of the protective coating 24. In
      this specific example, the bulb wall had a thickness of about 0.30
      millimeter (300,000 microns), the aluminum film 22 had a thickness of
      about 630 microns and the protective layer of silicone had a thickness of
      approximately 0.025 millimeter (25,000 microns). In the enlarged
      cross-sectional view shown in FIG. 1, the aluminum film 22 is thus much
      too thick relative to the protective layer 24. The drawing thus only
      approximates the true relative thickness of these layers.
PAC  REFLECTORIZING METHOD
PAR  The sequence of steps in providing the finished lamp 10 of FIG. 1 with an
      integral reflector coating is shown in FIG. 2. The first step consists of
      spraying the outer surface of the lamp envelope 12 of the finished lamp 10
      with a reflector coating composition that contains dispersed aluminum
      flakes to form a thin specular film of aluminum. As a specific example of
      a suitable reflector coating composition, about 0.5 percent by weight of
      aluminum flakes having an average particle size of approximately 100
      microns is uniformly dispersed in a vaporizable organic vehicle consisting
      of about 99 percent by weight toluene and 0.5 percent by weight of
      silicone or ethyl cellulose which serves as a binder. The particle size of
      the individual aluminum flakes is in the range of from about 10 to 200
      microns. Reflector coating compositions containing aluminum flakes of such
      configuration and size are marketed by the Dow Chemical Company under the
      trade name "Dow Instant Mirror" reflectorizing suspension.
PAR  After the reflector coating composition has been sprayed onto the envelope
      12 and the aluminum flakes have automatically oriented themselves in flat
      or substantially planar relationship to form a thin adherent film of
      aluminum that is specular at the glass-film interface, the coated lamp 10
      is subjected to a fast drying operation to dry and set the reflector
      coating. This is accomplished by exposing the coated lamp to heated air
      (temperature of about 100.degree.C) for 2 minutes or so.
PAR  The lamp 10 is then subjected to a second spray-coating operation wherein a
      coating composition containing dispersed aluminum particles (of granular
      configuration) and silicone resin is deposited to form the heat-resistant
      protective layer 24. The protective coating composition contains from
      about 1 to 10 percent by weight of granular aluminum particles suspended
      in a vaporizable vehicle consisting of from 15 to 35 percent by volume of
      silicone resin and from about 65 to 85 percent by volume of a suitable
      solvent such as toluene. As a specific example, the protective coating
      composition contains about 3 percent by weight of granular aluminum
      particles dispersed in a vehicle composed of about 25 percent by volume of
      silicone resin and about 75 percent by volume of toluene. The granular
      aluminum particles have an average particle size range of from about 10 to
      50 microns and are of such configuration that they fill minute voids that
      may be left in the specular film of aluminum and give the protective layer
      a dull grayish-metallic color. They also make the specular aluminum film
      more opaque and prevent light "leakage" through the film -- an important
      factor when very thin specular films are used.
PAR  Upon completion of the second spray-coating operation, the lamps are placed
      in an oven and baked for approximately 25 minutes at 200.degree.C to cure
      and harden the protective layer of aluminum-doped silicone resin.
PAR  While the domed light-emitting end face of the lamp envelope 12 can be
      masked during the spraying operations to confine the coatings to the
      paraboloidal medial segment of the envelope, it has been found more
      practical from a production standpoint to spray the entire exposed surface
      of the envelope 12 and remove the coatings from the end face of the
      envelope by sandblasting after the coatings have been baked and cured.
      This automatically provides a frosted finish on the light-transmitting end
      face of the lamp envelope 12 which diffuses the light rays and reduces
      glare.
PAR  The aforementioned fast-drying operation can also be eliminated and the
      reflector coating containing the aluminum flakes dried at room temperature
      for about 4 or 5 minutes if the reflector coating employs ethyl cellulose
      instead of silicone resin as a binder. For this reason, reflector coating
      compositions containing ethyl cellulose are preferred over those
      containing silicone resin since the latter takes much longer time to dry
      at room temperature.
PAR  The protective coating is not limited to silicone resin but can also
      consist of a layer of polyimide resin such as that marketed by the
      Westinghouse Electric Corporation under the trade name of "Doryl" resin.
      This material also has good heat-resistant properties. Polyester and alkyd
      resins can also be employed as the protective coating although they are
      not as heat resistant as silicone and polyimide resins. If the "hot spot"
      or maximum wall temperature of the envelope during operation of the
      electric lamp is less than 200.degree.C, then the protective coating can
      consist of a layer of polyurethane, epoxy and similar resins.
PAC  FIG. 3 EMBODIMENT
PAR  The invention is not limited to reflector type incandescent lamps having
      dome-shaped bulbs with paraboloidal medial segments (such as that shown in
      FIG. 1) but can be used with equal advantage in making sealed-beam lamps
      of the type shown in FIG. 3 that are used on motor vehicles. As
      illustrated, a lamp 10a of this type has a vitreous envelope 12a that
      consists of the usual concave member 15 of molded glass and parabolic
      shape that is hermetically sealed along its periphery to a suitable glass
      lens 17. The envelope 12a contains a coiled tungsten filament 18a that is
      supported at or near the focal point of the paraboloidal member 15 by a
      pair of lead wires 19a and 20a which are brazed or otherwise joined to
      metal ferrules 25 and 26 sealed into the back of the concave member 15.
      The ferrules are provided with metal terminals 27 and 28 which facilitate
      connection of the lamp 10a to the power supply of the car or other vehicle
      on whcih the lamp is used. In accordance with the present invention the
      outer surface of the glass member 15 is purposely contoured so that it
      provides a substantially parabolic surface and the exterior specular film
      of aluminum 22a is spray-coated onto this part of the envelope 12a and
      then protectively coated with the layer 24a of heat-resistant plastic or
      other suitable material in accordance with the reflectorizing operation
      described above.
PAR  Since the glass lens 17 directs the transmitted rays of light into a beam
      pattern of the desired configuration by means of flutes or prisms, no
      useful purpose would be derived from sandblasting this portion of the
      envelope 12a and providing it with a light-diffusing frosted finish. Thus,
      the optional sandblasting operation is not used in this embodiment and the
      reflector coating is restricted to the outer surface of the paraboloidal
      member 15 by suitable masking means. The lamp 10a can contain an
      additional filament or filaments, shields, etc. It can also be a
      halogendosed type sealed-beam lamp such as that described in the
      aforementioned application Ser. No. 407,727.
PAC  FIG. 4 EMBODIMENT
PAR  In FIG. 4 there is shown another type of lamp 10b which can be
      spray-reflectorized in accordance with the present invention. Lamps of
      this kind are used in showcase lighting or for lighting aquariums and
      consist of a tubular glass envelope 12b that contains an axially disposed
      coiled filament 18b. The filament 18b is held in centralized position
      within the envelope 12b by a pair of lead wires 19b and 20b and a pair of
      support wires 30 and 31 that are anchored to the long lead wire 19b by
      glass beads 32 and 33 which are sealed to the lead wire. The lead wires
      are hermetically sealed through the usual glass stem 21b that is sealed to
      the neck of the envelope 12b and the latter is fitted with a suitable
      screw-type base 14b that has an insulated end contact 16b. The filament
      mount structure is rigidified by a bowed support wire 34 that is fastened
      to lead wire 19b and resiliently engages the domed end of the envelope
      12b.
PAR  In accordance with this embodiment of the invention, the exterior specular
      film 22b of aluminum flakes extends around only about half of the
      circumference of the envelope 12b  and along its entire length and is
      protected by an overlying layer 24b of silicone or other suitable
      heat-resistant plastic or material, as shown in FIG. 4. The light rays are
      thus reflected by the specular aluminum film 22b through the uncoated
      clear half of the envelope 12b which thus serves as the light-transmitting
      window for the lamp 10b. This "window" half of the envelope can also be
      given a frosted finish by sandblasting the glass, if desired.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. An electric lamp comprising:
PA1  a sealed envelope of vitreous light-transmitting material,
PA1  a light source within said envelope that also generates heat when the lamp
      is energized and thereby heats said envelope to an elevated temperature
      when the lamp is operated and is in use,
PA1  an adherent film of minute aluminum particles on the exterior surface of a
      selected portion of said envelope, said film being of such thickness and
      said aluminum particles being of such configuration and size and being so
      oriented that the surface of the film which is in contact with the
      envelope is specular and thereby constitutes an integral reflector for
      impinging light rays produced by said light source, and
PA1  means protecting said specular light-reflecting film of aluminum particles
      comprising an overlying coating of a material that is sufficiently
      heat-resistant to withstand the elevated temperature to which the
      underlying selected portion of said envelope is heated when the lamp is
      energized,
PA1  a portion of said envelope that is not covered by said specular
      light-reflecting film of aluminum particles being disposed in the path of
      reflected light rays and thereby constituting the light-transmitting
      portion of said envelope.
NUM  2.
PAR  2. The electric lamp of claim 1 wherein said protective coating comprises a
      layer of cured plastic resin.
NUM  3.
PAR  3. The electric lamp of claim 2 wherein said plastic resin is a material of
      the group consisting of silicone, polyimide, polyester, alkyd,
      polyurethane and epoxy resins.
NUM  4.
PAR  4. The electric lamp of claim 1 wherein;
PA1  said specular-reflective film of aluminum particles has a thickness of from
      about 10 to 650 microns,
PA1  said protective coating comprises a substantially uniform layer of cured
      heat-resistant type plastic resin that has a thickness of from about
      10,000 to 400,000 microns, and
PA1  said aluminum particles are of flake-like configuration, have a particle
      size within the range of from about 10 to 200 microns, and are disposed in
      substantially planar relationship with one another.
NUM  5.
PAR  5. The electric lamp of claim 2 wherein said protective coating of cured
      plastic resin includes dispersed aluminum particles of granular
      configuration.
NUM  6.
PAR  6. The electric lamp of claim 1 wherein said light source comprises a
      refractory-wire filament that is supported within said envelope and the
      lamp thus comprises an incandescent lamp, and said specular
      light-reflecting film consists essentially of minute flakes of aluminum
      that are disposed in substantially planar relationship with one another.
NUM  7.
PAR  7. The electric incandescent lamp of claim 6 wherein said protective
      coating comprises a layer of cured plastic resin that includes dispersed
      aluminum particles.
NUM  8.
PAR  8. The electric incandescent lamp of claim 7 wherein said plastic resin is
      silicone and the dispersed aluminum particles therein are of substantially
      granular configuration and of such size that the protective coating is
      non-specular and gray colored.
NUM  9.
PAR  9. Theh electric incandescent lamp of claim 6 wherein;
PA1  said envelope has an arcuate segment the outer surface whereof is disposed
      in predetermined optical relationship with said filament, and
PA1  said specular light-reflective film of aluminum flakes and protective
      coating are located on the outer surface of said arcuate segment of the
      envelope.
NUM  10.
PAR  10. The electric incandescent lamp of claim 9 wherein:
PA1  said envelope is of tubular configuration, and
PA1  the said arcuate segment of the envelope comprises a longitudinally
      extending portion thereof.
NUM  11.
PAR  11. The electric incandescent lamp of claim 9 wherein said arcuate segment
      of the envelope is of paraboloidal configuration and constitutes the
      medial portion of said envelope.
NUM  12.
PAR  12. The electric incandescent lamp of claim 9 wherein;
PA1  said lamp is of the sealed-beam type and thus has an envelope which
      consists of a concave vitreous member that is sealed along its periphery
      to a vitreous lens member, and
PA1  said light-reflective specular film of aluminum flakes and protective
      coating are located on the outer surface of said concave member.
NUM  13.
PAR  13. The electric lamp of claim 1 wherein the exposed surface of the
      light-transmitting portion of said envelope has a sandblasted frosted
      finish which diffuses the transmitted light rays and thus inhibits glare.
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ABST
PAL  A device for controlling the termination of light emission by a flash
      device including means for detecting the light reflected from the subject
      being illuminated by the flash, integrating means connected to the
      detecting means for providing a flash termination signal when the total
      amount of light received by the detecting means reaches a predetermined
      value, and flash termination means connected to the integrating device and
      to the flash device for terminating the delivery of electrical energy to
      the flash device when the signal from the integrating device reaches its
      predetermined value. The flash termination device is preferably
      constituted by a novel gas-filled, arc-producing element having identical,
      unpolarized electrodes and an internal or external triggering electrode.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 275,886, filed July
      27, 1972, now U.S. Pat. No. 3,818,266which is a division of application
      Ser. No. 244,279, filed Apr. 14, 1972 and itself a continuation of
      application Ser. No. 799,544, filed Feb. 13, 1969 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention concerns a device, circuit and method for controlling the
      impulses generated by the discharge of a capacitor placed either in series
      or in parallel with the load and, in the case of a parallel connection,
      having no more than one electronic switch. The invention further concerns
      a novel switching tube for use as such switch and having other uses and
      equipped with at least one important further device or circuit.
PAR  The invention is intended above all for application to electronic flashes,
      stroboscopes and lasers.
PAR  Such devices are now only known for effecting such control in an automatic
      manner and with the capacitor causing the impulse to bypass the load.
      Apparatus of such kind is disclosed in U.S. Pat. No. 3,033,988 and is
      composed of a device which controls the light of a photographic enlarger
      and in which a gas-discharge switching triode with an external firing
      electrode or a mercury tube is provided as a second switch, always with an
      impedance of about 0.1 ohm. Concerning the light sensor of this patent,
      U.S. Pat. No. 3,350,604 states, at column 3, lines 27-32: "In order to
      achieve the high photocell dark impedance with the required high light
      sensitivity, the light sensitive element must be a photomultiplier tube.
      Such tubes require a rather complex power supply. This results in a
      package which is sufficiently bulky as to preclude its use in portable,
      camera mounted flash equipment." Another known device of the same kind is
      disclosed in U.S. Pat. No. 3,350,604, which is essentially based on the
      disclosure of U.S. Pat. No. 3,033,988, and represents a modification
      thereof in that this device makes use of a nonreactive light integrator,
      i.e. one without a capacitor, and the patent states that the use of this
      is more advantageous than that of the integrator of U.S. Pat. No.
      3,033,988.
PAR  These known devices, which can only operate in an automatic manner, i.e. by
      being coupled permanently to a sensor, always have two or more switches.
      The switch of the second patent (3,350,604) is a xenon gas-filled
      discharge tube, a variant of the well-known xenon gas-filled photoflash
      tube, equipped with an internal firing electrode and having a pressure of
      about 100 mm Hg. The internal resistance of this tube is mentioned as
      being 0.1 ohm.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an improved control is achieved by a
      control device serving to arrest the discharge of a capacitor, and thus
      extinguish the flash tube.
PAR  A modified embodiment of the invention involves a control device which is
      used only to extinguish the flash tube. In this case, we use only one
      electronic switch or a gas-filled switching tube of new design, which
      relies on an arc operation and is thus different from the gas discharge
      tubes of the two U.S. patents discussed above, and which consumes the
      residual electrical energy of the capacitor, not used by the flashtube,
      the switch then being in a bypass circuit. In addition, we use at least
      one important complementary device or circuit, such as a special
      electronic gate, a device for the regulation of the sensitivity, etc.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram of a control circuit according to the
      invention.
PAR  FIG. 2 is a view similar to that of FIG. 1 of another form of construction
      of a control device according to the invention.
PAR  FIG. 3 is a view similar to that of FIG. 1 of a further control device
      according to the invention.
PAR  FIG. 4 is a view similar to that of FIG. 1 of still another control device
      according to the invention.
PAR  FIG. 5 is a schematic circuit diagram of a modified type of control circuit
      according to the invention.
PAR  FIG. 6 is a view similar to that of FIG. 5 of another embodiment of the
      modified type of control circuit according to the invention.
PAR  FIG. 7 is a view similar to that of FIG. 5 of a further embodiment of the
      modified type of control circuit according to the invention.
PAR  FIG. 8 is a view similar to that of FIG. 5 of still another embodiment of
      the modified type of control circuit according to the invention.
PAR  FIG. 9 is a view similar to that of FIG. 5 of a still further embodiment of
      the modified type of control circuit according to the invention.
PAR  FIG. 10 is a view similar to that of FIG. 5 of yet another embodiment of
      the modified type of control circuit according to the invention.
PAR  FIG. 11 is a view similar to that of FIG. 5 of yet a further embodiment of
      the modified type of contol circuit according to the invention.
PAR  FIG. 12 is a view similar to that of FIG. 5 of a further embodiment of the
      modified type of control device according to the invention.
PAR  FIG. 13 is a view similar to that of FIG. 5 of another embodiment of the
      modified type of control device according to the invention.
PAR  FIG. 14 is a view similar to that of FIG. 5 of a further embodiment of the
      modified type of control device according to the invention.
PAR  FIG. 15 is a view similar to that of FIG. 5 of a further embodiment of the
      modified type of control device according to the invention.
PAR  FIG. 16 is an elevational view of a manually adjustable setting unit for
      use with control circuits according to the invention.
PAR  FIG. 17 is an elevational view of another embodiment of the unit of FIG.
      16.
PAR  FIG. 18 is a view similar to that of FIG. 5 of a still further embodiment
      of the modified type of control circuit according to the invention.
PAR  FIG. 19 is a pictorial view of a self-regulating control device according
      to the invention.
PAR  FIG. 20 is an elevational view of one embodiment of a novel arc-operated
      switch according to the invention.
PAR  FIG. 20a is a cross-sectional view of the embodiment of FIG. 20.
PAR  FIG. 21 is a view similar to that of FIG. 20 of another embodiment of the
      switch according to the invention.
PAR  FIG. 21a is a cross-sectional view of the embodiment of FIG. 21.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention concerns devices and circuits for controlling impulses
      generated by the discharge of a capacitor. These impulses are controlled
      by components placed in series and/or parallel with the load and including
      an integrator which receives the energy of the impulses. This control
      device may be operated in a manual and/or an automatic manner. All these
      devices are combined preferably with several other devices and circuits.
      The invention is especially related to electronic photoflashes,
      stroboscopes, lasers and the like, the reflected light of which is to be
      received by a light sensor whose output signal is to be integrated. When
      the light sensor has received a predetermined quantity of light, a
      threshold amplifier consisting of a uni-junction transistor, a four-layer
      diode or any other suitable component and placed after the integrator
      generates impulses which control one or several semiconductor switches
      and/or one or several gas-filled tubes and/or one or several lightning
      arresters, preferably of the gas-filled type, and/or, most particularly,
      one or several gas-filled arc arresters of special construction to be
      described later in a detailed manner, and/or other similar components.
PAR  These components control the electrical supply of a flash tube, the
      impedance of which is higher than that of the switch, with or without
      arresting the discharge of the photoflash capacitor. Another essential
      element of this invention is the abovementioned new type of arc arrester
      component of the gas-filled type, having an impedance of about 0.01 ohm
      when in its conduction state, fitted with at least two electrodes,
      preferably unpolarized and even of identical size, and internally or
      externally completed with a firing electrode. This new type of gas-filled
      switching tube differs from other gas-filled switching tubes above all
      because it functions on the basis of an arc and not as a gas-discharge
      tube of the type used in the prior art. The tube according to the present
      invention has the following advantages over all other gas-filled switching
      tubes, such as those of the two above-cited U.S. patents: lower impedance;
      larger range of current intensities and voltages; higher resistance to
      overloads; easier firing, and this over a more extended range; lower light
      emission; possibility of utilization at faster switching rates; increased
      ruggedness; extended lifetime, smaller sizes; and lower cost.
PAR  Furthermore, this new component is suitable for use in fields where
      thyratrons and thyristors are presently used or where no convenient
      component is available.
PAR  We remark that our control device, when using only one electronic switch or
      the gas-filled, arc-operation tube according to the invention is
      considerably smaller than all other similar devices, which is of the
      greatest importance in the case of portable devices.
PAR  We describe the supplementary devices and circuits intended to be combined
      with the control device.
PAR  The control device may be completed by one or several electronic gates. The
      function of the electronic gate is to conduct current from the electric
      supply of the control device only during the period of the flash
      discharge. The supply current is initiated by the discharge of a capacitor
      associated with the electronic gate. This capacitor was previously charged
      by the photoflash discharge capacitor through a resistive, inductive,
      semiconductor, or other element. The supply voltage is controlled by a
      Zener diode, a gas-filled tube, a capacitor, a resistance, or another
      element.
PAR  It is the electronic gate which starts and maintains this control device
      for the duration of each flash of the photoflash and which sets the
      control device back to its starting point right after the flash is
      terminated. Thus, it is not possible for the control device to be actuated
      by any other source of light.
PAR  On the other hand, the control device may be completed with a device that
      regulates its own sensitivity, namely, by an adjustable optical device,
      such as a diaphragm, a set of filters, or others, placed in front of the
      light sensor of the control device, or by an adjustable electric or
      electronic device, such as fixed and/or variable capacitances, resistances
      and inductances.
PAR  These controls can be operated manually or else by coupling to a part or
      accessory of the camera, such as to the diaphragm, the film cassette, e.g.
      a coded Kodapak cassette, etc. Of course, in the case of a control coupled
      to the camera, both apparatuses should be constructed together.
PAR  The regulating components, being designed to be manipulated by the user,
      are completed with scales graduatd in film sensitivities and/or in
      diaphragm apertures. The selected positions could be ratcheted or locked.
      The components to be manipulated and the scales are preferably
      interchangeable and reversible. This same device could be completed by a
      "focal length-aperture" calculator. This same device and its scales can be
      lighted.
PAR  Another mode of operation consists of controlling the quantity of light
      produced by the flash tube by a manual regulation of the control device of
      the integrator, without intervention by a light sensor, i.e. without
      taking into account the quantity of reflected light, based on the
      camera-to-subject distance, the film sensitivity, etc. In this case, the
      light sensor of the control device is replaced by at least one adjustable
      component, e.g. the setting element of the threshold amplifier of the
      integrator, etc. The controls of this device may be graduated in distance,
      flash-duration, guide-numbers, etc.
PAR  Another control function is a determination of whether the operation of the
      control device was completed or not. This control consists of a suitable
      electric or electronic circuit or else a light sensor, such as a
      photosensitive element, etc., or a conductor of visible or nonvisible
      light, such as fiber optics, transparent material, etc., or a heat
      conductor, i.e. responsive to infrared radiation, used in conjunction with
      a gas-filled switching tube, or with any other component of the control
      device having the kind of emission as described above.
PAR  The control device can be completed with a circuit having an electric or
      electronic measuring instrument which allows the light integrator to
      function as a photometer, a chronometer, etc., and thus to execute
      different measurements, such as the amount of light reflected, the
      duration of the flash, etc.
PAR  A photoflash equipped with a control device may be advantageously completed
      with a compensation device, e.g. and induction coil and/or a suitable
      circuit, connected in series with the flash tube to modify the discharge
      impulses to the flash tube, for instance to slow down the discharge of the
      capacitor, which means to reduce the rate of increase of the current
      density of the capacitor discharge. FIG. 1 shows the circuit of an
      electronic photoflash equipped with a control device having only one
      switch whose purpose is to arrest the capacitor discharge when a
      predetermined amount of light has been produced.
PAR  The arrangement of such a unit is as follows:
PAR  An energy storage capacitor 100 is charged through a voltage source 101. A
      flash tube 102 of the usual type is connected to the capacitor terminals
      through a switch 103 which is preferably a gate-turn-out thyristor or
      thyratron, etc., provided, if necessary, with suitable supplementary
      circuitry. A light sensor 104, composed of a photodiode, phototransistor,
      photoresistance, or other, is connected to an integrating circuit 105 of
      any well-known type. A firing circuit 106 triggers the firing of the flash
      tube 102. This device works as follows:
PAR  The capacitor 100 having been charged by the source 101, the ionization of
      the flash tube 102 is induced by the action of the firing circuit 106. The
      light sensor 104 supplying an instantaneous current proportional to the
      illumination on subject 107, to the integrating circuit 105, the latter,
      when the total amount of light received by the light sensor 104 reaches a
      predetermined value, causes a circuit to "swing", thus supplying an
      impulse to the switch 103 which then interrupts the discharge of the
      capacitor 100.
PAR  Thus, the light emission of the flash tube is arrested after producing the
      requisite amount of light, without any energy being withdrawn from the
      capacitor other than that used for producing the light, and possibly for
      commutating the circuit.
PAR  The arrangement of FIG. 1 may be completed in the following manner: by
      connecting a voltmeter 108 to the terminals of the integrator circuit 105,
      which is designed for such a connection, an integrating photometer, or
      chronometer, can be produced, which device has scales in different
      measuring units.
PAR  Another variant is illustrated in FIG. 2 in which we describe a control
      device connected both in series and parallel with the load and combined
      with a compensating device, capable of also being used with the preceding
      embodiment, constituted by an induction coil.
PAR  The discharge capacitor 200 is charged through the voltage source 201. The
      flash tube 202 is connected to the terminals of the capacitor 200 through
      the intermediary of the induction coil 203. A thyratron 204 is connected
      in parallel with the flash tube 202. A light sensor 205 is coupled to the
      intergrating circuit 206, receives reflected light from subject 209 and
      controls the firing electrode 207 of the thyratron 204. A firing circuit
      208 acts to fire the flash tube 202. Meter 210 is connected to circuit
      206.
PAR  The operation of the circuit of FIG. 2 differs from that of FIG. 1 as
      follows:
PAR  After reaching the predetermined signal value, the circuit of the
      integrator 206 triggers the firing electrode 207 of the thyratron 204 in
      parallel with the flash tube 202. The induction coil 203 allows for a
      short period during which the thyratron is practically in short-circuit.
      Consequently, the flash tube 202 has enough time to deionize, and hence to
      become extinguished.
PAR  A modification is illustrated in FIG. 3. This control device is combined
      with both an electronic gate and an optical device of regulation of the
      sensitivity.
PAR  The control device consists of an electronic device 30 which is identical
      with the device 50 of FIG. 5, of the photoflash unit 31 and of an
      electronic switch 32.
PAR  In this device, a light sensor 301 generates a current proportional to the
      reflected light from the subject. This current is integrated by a
      capacitor 302 to give a voltage proportional to the amount of the
      reflected light. This voltage is applied to a unijunction transistor 304
      or to a four-layer diode or to some other element or device which would
      serve as suitable substitute, which develops a positive impulse in the
      resistance 305 as soon as the threshold "swing" or switching level, of
      this component 304 has been reached.
PAR  This impulse is conducted by the capacitor 306 to open a semiconductor
      switch, or other gate element, 308 by means of its firing circuit which
      controls the electronic switch 32 so as to terminate the capacitor
      discharge and thereby extinguish the flash tube of the photoflash 31.
PAR  As soon as the cycle is ended, the voltage across a resistance 303 sets the
      system back to its initial condition. A resistance 307 prevents a
      premature opening of the semiconductor switch 308. The unit 31 contains
      the elements of the photoflash which are not individually referenced. The
      electronic device 30 contains as its principal element a semiconductor
      switch, such as a thyristor (SCR), or else a gas-filled switching tube,
      preferably of the arc arrester type or a special arc arrester, or another
      suitable component.
PAR  An inprovement of the flash control device consists in equipping this
      device with a voltage applying circuit for the reflected light sensor
      circuit.
PAR  FIG. 3. also illustrates this circuit arrangement. When the flash tube is
      fired, the voltage at the flash tube terminals decreases sharply. This
      results in a current in the circuit of the capacitor 309, the resistance
      310 and the diode 311. A voltage equal to that across the zener diode
      appears at the terminals of the light sensor circuit so as to place it in
      operation. The current intensity depends on the resistance value of
      resistor 310. The period during which operating voltage is applied to the
      light sensor circuit depends on the value of the capacitor 309.
PAR  The regulation of the sensitivity of the control device is effected by the
      user with the help of an adjustable optical device 315 composed of a
      diaphragm, a set of filters, or others, placed in front of the light
      sensor 301 of the control device.
PAR  A further explanation is given with reference to FIG. 4 which shows a light
      control device for the flash of an electronic photoflash, consisting of
      the electronic device 40, which is similar to the device 30 of FIG. 3 and
      the device 50 of FIG. 5 and which is therefore only partially shown, of
      the photoflash 41, which is similar to the device 31, and of an electronic
      switch 42, which is similar to the device 32, connected in series with the
      flash tube circuit.
PAR  This device and its operation are essentially identical to those described
      and illustrated previously, namely:
PAR  The thyristor 421, which is fired upon closing of the camera
      synchronization contacts, applied the voltage of the discharge capacitor
      411 across the flash tube 412, the latter having received previously a
      fraction of this voltage, the value of which fraction is determined by the
      resistances 404 and 423, and to the tube firing circuit consisting of a
      capacitor 413 and a transformer 414, thus firing the flash. When the
      thyristor 401 becomes conductive due to the subject having been
      sufficiently illuminated, it discharges the capacitor 402, which was
      previously charged, into the thyristor 421, which results in reversing the
      anode voltage of the thyristor for a short period so as to cause it to
      block and thus arrest the discharge of the capacitor 411. The capacitance
      value of the capacitor 402 is selected so as to obtain an impulse of
      sufficient duration to allow the extinction, or blocking, of the thyristor
      421. The capacitance value of the capacitor 422 is selected so as to
      obtain the shortest possible impulse so that the extinction of the
      thyristor 421 may occur as rapidly as possible. The resistance 424 and 425
      are used to polarize the capacitor 422. The value of resistance 403 must
      be selected in order to give a current lower than the maintenance current
      of the thyristor 401 so as to prevent the capacitor 411 from continuing to
      discharge itself through the thyristor 401. A compensation device, such as
      an induction coil, 415 modifies the discharge impulse in the flash tube.
      Among other things, it lengthens the discharge duration, etc.
PAR  FIG. 5 shows a control device combined with an electronic gate and with an
      optical device for the regulation of sensitivity. This control device
      consists of an electronic device 50 and the photoflash 51.
PAR  The components and operation of this device are identical to those
      described with reference to FIG. 3, with the difference that an impulse
      transmitted by the capacitor 506 opens a semi-conductor switch, or a
      special arc arrester, etc., 508, via its firing circuit and thereby
      extinguishes the flash tube 512 of the photoflash while discharging the
      capacitor 513 of the latter.
PAR  In FIG. 6, we describe another embodiment equipped with a special arc
      arrester combined with an electronic gate and with an electric device
      having several capacitors for the regulation of sensitivity. A special arc
      arrester 611 and its firing device, which consists of the thyristor 606,
      the resistances 607 and 608, the capacitor 609 and the transformer 610,
      serve as a substitute for the thyristor 508 of FIG. 5. Here, we make use
      of an electric circuit for adjusting the sensitivity, the circuit
      consisting of a switch 615 connected to select one of the capacitors 603
      and 604 having different capacitance values.
PAR  In FIG. 7 there is shown another embodiment in which the photodiode is
      replaced by a phototransistor 702 in order to give a higher sensitivity to
      the light integrator than is possible with the photodiode. In FIG. 8 the
      photodiode 802 has an amplification circuit composed essentially of an npn
      transistor 803 which allows the selection of a very high sensitivity, as a
      function of the gain of the transistor.
PAR  In FIG. 9 a pnp transistor 903 replaces the npn transistor.
PAR  In FIG. 10 the light sensor is a photovoltaic cell, such as a solar cell,
      etc., 1002, the current of which is amplified by a transistor 1003.
PAR  In FIG. 11 the firing of the thyristor 1106 is effected by a threshold
      amplifier which consists of the transistor 1114 and the resistances 1103,
      1105, 1115 and 1116. The switching threshold may be adjusted or regulated
      internally and/or externally by means of the resistance 1103. The
      threshold voltage determines the control device sensitivity.
PAR  In FIG. 12 the threshold amplifier contains two transistors 1214 and 1216.
      The switching threshold may be adjusted by selecting suitable values for
      the resistances 1215 and 1203.
PAR  In FIG. 13 we use a circuit with a four-layer diode constituting a
      unilateral, bilateral switch, etc, as the level detector and at the same
      time as the firing impulse generator for the thyristor 1306.
PAR  In FIG. 14 the control device contains a voltage divider circuit which
      consists of the capacitors 1401 and 1403 instead of a Zener diode, a
      capacitor and a resistance as in the previous arrangements.
PAR  In FIG. 15 the control circuit contains a phototransistor 1502 and an
      electric device for regulating the sensitivity. The latter device consists
      of a switch 1516 which permits a selection of either one of the
      resistances 1503 and 1504, the value of the resistance selected
      determining the effective sensitivity of phototransistor 1502 and,
      therefore, the device sensitivity.
PAR  In FIG. 16 there is shown a scale device intended for permitting an
      external regulation of the sensitivity, i.e. related to focal distance, or
      range, and/or diaphragm apertures. Moreover, we have combined this device
      with the usual "focal distance -- aperture" calculator of electronic
      photoflashes and with other improvements as well. This regulating device
      consists of a fixed interchangeable disc 1601 and a rotatable and
      self-locking disc 1604 coupled to the device for regulating the
      sensitivity of the control device.
PAR  Graduated in degrees DIN, scale 1603 on disc 1601 is provided for setting
      the film sensitivity, and graduated in meters, scale 1602 is provided for
      setting distances. In the case of a photographic camera fitted with an
      adjustable diaphragm, the disc 1604 is to be rotated so as to bring the
      desired aperture indication on scale 1607 right opposite the sensitivity
      figure on the scale 1603 for the film being utilized. The zone 1605 of
      disc 1604 shows on scale 1602 the range of distances for which the control
      device will work accurately.
PAR  Another way of using this same device is to select the focal distance, or
      range, and read the aperture to be used opposite the sensitivity figure
      for the film being used.
PAR  For use with a photographic camera fitted with a fixed diaphragm, as for
      example the "Minox" camera with a 3.5 aperture, the disc 1604 is rotated
      so as to bring the "Minox" pointer 1609 opposite the sensitivity for the
      film being used on scale 1603. The zone 1605 of the disc 1604 shows on
      scale 1602 the range of distances for which the control device can work
      accurately.
PAR  If the control device is not to be used, one must rotate the disc 1604 so
      as to bring the "NA" pointer (="nonautomatic") 1606 opposite the
      sensitivity figure of the film used on scale 1603.
PAR  The scales 1608 and 1602 are used in the same manner as those of a
      customary "distance -- aperture" calculator. This operation results in
      setting the control device sensitivity to the starting, or zero point,
      which means that it is out of action.
PAR  This device may advantageously be combined with a light source 1610 which
      allows easier use and reading.
PAR  The same device may also be combined with the following luminous
      indicators:
PA1  for the charge of the photoflash capacitor 1611;
PA1  for the control device, to indicate whether it functions or not,
      (functioning 1612, not functioning 1613);
PA1  for the achievement of the functioning of the control device 1614.
PAR  FIG. 17 shows essentially the same device as FIG. 16, but the device of
      FIG. 17 is in the shape of a fixed and interchangeable guide strip 1701
      and a sliding and self-locking slider 1704.
PAR  In FIG. 18 there is shown a control device which is fundamentally identical
      to that of FIG. 15, but equipped for manual regulation. In this case, the
      light sensor is replaced by a variable resistance 1801 whose setting
      determines the period required for the capacitor 1802 of the integrator to
      reach its triggering charge.
PAR  In FIG. 19 there is shown an optical control and indicator device for
      operating the control device. This optical device consists of a
      fiber-optic element 1902 one end of which is placed on the special arc
      arrester 1901 which emits light when actuated. The other end of the fiber
      optic is covered with a fluorescent, luminescent, or phosphorescent
      material 1903, or else the fiber optic touches a part of the photoflash
      which is covered with such a material, and in both cases, it is set in a
      place easily viewed by the user, such as in or on the sensitivity
      regulation scale unit.
PAR  Possibly, a complementary optical system 1904 can be used to further
      increase the visibility of this indicator.
PAR  In FIG. 20 there is shown one embodiment of the abovementioned special
      gas-filled tube of the arc arrester type. This consists of an electrically
      isolating enclosure 2003, which can be transparent, translucent or opaque,
      whose interior 2005 is filled with a gas, preferably argon and contains
      two preferably identical and unpolarized electrodes 2001 and 2002. A third
      firing electrode 2006 is arranged outside the enclosure 2003 and is
      extended by the connecting wire 2007. The electrodes 2001 and 2002 are
      located and formed in such a way, and the filling and the pressure of the
      gas are chosen in such a manner, that this tube will function to perform
      an arc operation. The modified embodiment of FIG. 21 has a firing
      electrode 2106 which protrudes into the gas-filled interior 2105 of the
      enclosure 2103.
PAR  As can be seen from FIGS. 20a and 21a, which show modified embodiments of
      the devices of FIGS. 20 and 21, the enclosures 2003 and 2103 are formed in
      the shape of tubes and are delimited by two electrodes of the "socket"
      type, and of large surface area. The length of this tube is about the same
      as its diameter.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended with the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A gas-filled switching tube for use with a photographic flash tube of an
      electronic flash device for providing a low impedance current path to
      enable control of current flow through the flash tube, comprising a hollow
      enclosure having a length substantially the same as the width thereof, two
      unpolarized main electrodes disposed within the enclosure along with a
      mass of gas filling the enclosure, the gas and its pressure and the
      location and form of the electrodes permitting an arc discharge current to
      flow between, and completely outside said electrodes, firing electrode
      means disposed around the exterior wall of said enclosure for triggering
      the flow of such arc discharge current between said main electrodes, and
      said main electrodes comprising a pair of electrodes forming opposed large
      electrode surfaces within said enclosure, the spacing between said
      surfaces being smaller than the spacing across the internal surface of
      said enclosure.
NUM  2.
PAR  2. A gas-filled switching tube for use with a photographic flash tube of an
      electronic flash device for providing a low impedance current path to
      enable control of current flow through the flash tube, comprising a hollow
      enclosure having a length substantially the same as the width thereof, two
      unpolarized main electrodes disposed within the enclosure along with a
      mass of gas filling the enclosure, the gas and its pressure and the
      location and form of the electrodes permitting an arc discharge current to
      flow between said electrodes, firing electrode means disposed around the
      exterior wall of, and completely outside said enclosure for triggering the
      flow of such arc discharge current between said main electrodes, and said
      main electrodes comprising a pair of cup-shaped electrodes forming opposed
      large electrode surfaces within said enclosure, the spacing between said
      surfaces being smaller than the spacing across the internal surface of
      said enclosure.
NUM  3.
PAR  3. A gas-filled switching tube for use with a photographic flash tube of an
      electronic flash device for providing a low impedance current path to
      enable turn-off of the flash tube, comprising a hollow substantially
      cylindrical enclosure having a length substantially the same as the
      diameter thereof, two unpolarized main electrodes disposed within the
      enclosure along with a mass of gas filling the enclosure, the gas and its
      pressure and the location and form of the electrodes permitting an arc
      discharge current to flow between said electrodes, firing electrode means
      disposed around the exterior wall of, and completely outside, said
      enclosure, to be isolated by said enclosure from the gas filling said
      enclosure for triggering the flow of such arc discharge current between
      said main electrodes, and said main electrodes comprising a pair of
      electrodes coupled with the respective ends of said enclosure and having
      portions extending into said enclosure forming opposed electrode surfaces
      within said enclosure, the spacing between said surfaces being smaller
      than the spacing across the internal surface of said enclosure.
NUM  4.
PAR  4. A gas-filled switching tube for use with a photographic flash tube of an
      electronic flash device for providing a low impedance current path to
      enable turn-off of the flash tube, comprising a hollow substantially
      cylindrical enclosure having a length substantially the same as the
      diameter thereof, two unpolarized main electrodes disposed within the
      enclosure along with a mass of gas filling the enclosure, the gas and its
      pressure and the location and form of the electrodes permitting an arc
      discharge current to flow between said electrodes, firing electrode means
      disposed around the exterior wall of, and completely outside said
      enclosure for triggering the flow of such arc discharge current between
      said main electrodes, and said main electrodes being connected and sealed
      with the respective ends of said enclosure and having opposed electrode
      surfaces disposed within said enclosure, the spacing between said surfaces
      being smaller than the spacing across the internal surface of said
      enclosure.
NUM  5.
PAR  5. A gas-filled switching tube for use with a photographic flash tube of an
      electronic flash device for providing a low inpedance current path to
      enable turn-off of the flash tube, comprising a hollow enclosure of
      substantially cylindrical shape and having a length substantially the same
      as the external diameter thereof, two unpolarized main electrodes disposed
      within the enclosure along with a mass of gas filling the enclosure, the
      gas and its pressure and the location and form of the electrodes
      permitting an arc discharge current to flow between said electrodes, a
      firing electrode in the form of a band disposed around the exterior wall
      of, and completely outside said enclosure for triggering the flow of such
      arc discharge current between said main electrodes, and said main
      electrodes comprising a substantially identical pair of cup-shaped
      electrodes engaging the respective ends of said enclosure and having
      portions extending into said enclosure forming opposed large electrode
      surfaces within said enclosure, the spacing between said surfaces being
      smaller than the spacing across the internal surface of said enclosure.
NUM  6.
PAR  6. A gas-filled switching tube for use with a photographic flashing tube of
      an electronic flash device for providing a low impedance current path to
      enable turn-off of the flash tube, comprising a hollow cylindrical
      enclosure having a length substantially the same as the diameter thereof,
      two unpolarized main electrodes disposed within the enclosure along with a
      mass of gas filling the enclosure, the gas and its pressure and the
      location and form of the electrodes permitting an arc discharge current to
      flow between said electrodes, firing electrode means disposed around the
      exterior wall of, and completely outside said enclosure for triggering the
      flow of such arc discharge current between said main electrodes, and said
      main electrodes comprising a substantially identical pair of cup-shaped
      sockets engaging the respective ends of said enclosure and forming opposed
      electrode surfaces within said enclosure, the spacing between said
      surfaces being smaller than the space across the internal surface of said
      enclosure.
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ABST
PAL  A high pressure sodium vapor lamp contains a monolithic arc tube, the ends
      of which have a smaller inside diameter than has the body of the arc tube.
      Current-supply metal members are directly sealed in the ends of the arc
      tube.
PARN
PAR  This is a continuation of application Ser. No. 352,970, filed Apr. 20,
      1973, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  This invention relates to arc discharge lamps and, in particular, to high
      pressure sodium vapor lamps.
PAR  2. Description of the Prior Art
PAR  Within the past few years, high pressure sodium vapor lamps have become
      commercially useful, especially for outdoor lighting applications, because
      of their high efficiency, generally in excess of 100 lumens per watt. The
      sodium operating vapor pressure in such lamps is of the order of about 50-
      100 millimeters Hg.
PAR  Such lamps are called high pressure in order to distinguish them from low
      pressure sodium vapor lamps in which the sodium operating vapor pressure
      is in order of a few microns. Low pressure sodium lamps have been in use
      for about 30 or 40 years, but, although efficient, they produce an
      unattractive monochromatic yellow light. The color of light from high
      pressure sodium lamps is considerably improved over that from low pressure
      sodium lamps.
PAR  High pressure sodium lamps generally comprise an alumina ceramic arc tube
      and an arc tube fill of sodium, mercury, and an inert gas. Examples of
      such lamps are shown in the following U.S. Pat. Nos.: 3,248,590;
      3,363,113; 3,384,798; 3,385,463; 3,428,846; 3,448,319; 3,453,477;
      3,474,277; 3,485,343; 3,519,406; 3,520,039; 3,521,108; 3,558,963;
      3,604,972; 3,609,437; 3,622,217; 3,650,593; 3,682,525; 3,708,710;
      3,716,743; 3,716,744.
PAR  One of the problems of such lamps concerns the ceramic to metal seals at
      the ends of the alumina arc tube. Generally, a double seal is used. For
      example, a metal end cap is sealed to the end of a uniform diameter arc
      tube and a metal tube, usually niobium, is sealed to the metal end cap.
      Such seals are shown in U.S. Pat. Nos. 3,248,590; 3,384,798; 3,448,319;
      3,479,170; 3,519,406; 3,588,577; 3,598,435; 3,450,927; 3,474,277;
      3,480,823; 3,497,756; 3,682,525; 3,520,039; 3,385,463; 3,428,846;
      3,604,972; 3,716,744; 3,721,845; and 3,721,846.
PAR  The metal end cap seal has been widely used commercially, but suffers from
      the very high cost of the metal end caps which are made of nobium metal.
      In addition, the high temperature glass-like frit which seals the metal
      end cap to the alumina tube is not capable of operating above about
      800.degree. C for thousands of hours and this places an upper limit on the
      temperature on the seal and within its vicinity.
PAR  Another type of end cap widely used, particularly in Europe, is a ceramic
      end plug disposed in the end of a ceramic arc tube while both the arc tube
      and end plug are in an unsintered state such that, upon high temperature
      sintering, the end plug forms a gas tight seal with the arc tube. A
      secondary end plug can be sealed to this configuration by a high
      temperature glass-like frit. This art is disclosed in U.S. Pat. Nos.
      3,564,328 and 3,609,437. This type of seal is expensive because of the
      need of closely dimensioning the unsintered end plug to the unsintered arc
      tube such that on sintering they diffuse together. It is apparent that in
      both the metal cap construction and the ceramic cap construction, double
      seals are needed which are both expensive and lend themselves to potential
      difficulties because of the added processing.
PAR  It is an object of this invention to eliminate such double seals and to
      reduce the ceramic-to-metal seal area in order to provide a more reliable
      longer-life arc tube.
PAC  SUMMARY OF THE INVENTION
PAR  A high pressure sodium lamp in accordance with this invention comprises a
      polycrystalline alumina arc tube containing a fill of sodium, mercury and
      inert gas and having electrodes at each end. The arc tube is of monolithic
      construction and has ends which have a smaller inside diameter than that
      of the body of the arc tube. This is accomplished by the use of internal
      mandrels, during manufacture of the arc tubes, which have fairly low
      melting points and can thus be removed from the inside of the pressed tube
      by melting. Current-carrying and electrode-supporting metal members are
      sealed in and extend beyond the ends of the arc tube.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational view, partly in section, of an arc tube of a high
      pressure sodium lamp in accordance with this invention.
PAR  FIG. 2 is an expanded view, partly in section, of the end portion of the
      arc tube of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Arc tube 1 has a generally tubular shape with a substantially uniform
      inside diameter throughout most of its length except at its ends 2, which
      have a smaller inside diameter. Arc tube 1 is made from high purity
      alumina powder which contains small amounts of grain growth inhibiting
      materials and is of monolithic construction. That is to say, before
      firing, arc tube 1 is pressed into a reduced end diameter shape, instead
      of being pressed into a uniform cylinder, as in the prior art.
PAR  Sealed in ends 2 of arc tube 1 are metal members 3. Metal members 3 are
      supports and lead-in conductors for electrodes 4 which are disposed within
      arc tube 1. Members 3 have a diameter close to the inside diameter of ends
      2 in order to be a slip fit therein and to permit provision of a reliable
      seal therebetween. Seals between members 3 and ends 2 are formed by known
      sealant materials.
PAR  Prior to sealing of member 3 in end 2, the usual lamp fill, such as
      mercury, sodium and inert gas, is placed in arc tube 1. The lamp is
      completed in the usual manner by disposing arc tube 1 within an outer
      glass envelope (not shown) and by electrically connecting members 3 to the
      usual screw-type base at one end of said envelope.
PAR  In a 400 watt high pressure sodium lamp in accordance with this invention,
      arc tube 1 was 4.4 inches long and had inner and outer diameters along its
      length between ends 2 of 0.288 and 0.350 inches, respectively. Ends 2 of
      arc tube 1 extended longitudinally about 0.2 inches and had inner and
      outer diameters of 0.162 and 0.300 inches, respectively.
PAR  Each metal member 3 was a thin wall niobium tube having an outer diameter
      of 0.160 inches. The inner end of member 3 was sealed and had a 41 mil
      tungsten rod 5 welded thereto, protruding axially into arc tube 1.
      Supported on the inner end of rod 5 was the usual electrode 4.
PAR  In the manufacture of arc tube 1, a thick-wall cylindrical tube made of a
      hard rubbery material, such as polyurethane, is used as a mold for the
      alumina powder to be isostatically pressed. Axially positioned within the
      mold is a pattern the shape of which corresponds to the inside shape of
      arc tube 1 but somewhat enlarged to compensate for shrinkage of the
      pressed arc tube during processing. The pattern for the arc tube described
      above was a low melting alloy (such as Cerrobend) with a diameter of 0.387
      inches except at the ends where it tapers to 0.225 inches; it is 7 inches
      long. The Cerrobend alloy consists of 50% bismuth, 26.7 % lead, 13.3 %
      tin, and 10 % cadmium and has a melting point of 150 .degree. F.
PAR  The pattern was axially positioned within the rubbery mold, which had an
      I.D. of 0.585 inches, and the space between the pattern and mold was
      filled with alumina powder. The mold was isostatically pressed at 12,500
      psi and the pressed alumina tube was then removed from the mold. In order
      to remove the pattern from within the pressed alumina tube, heat is
      applied thereto until the Cerrobend material melts and flows out of the
      alumina tube. Next, the pressed tube is fired, first at a temperature of
      about 1000.degree.- 1200.degree.C and, subsequently, at a higher
      temperature, 1600.degree.- 1800.degree.C, to achieve maximum densification
      and strength. The firing also eliminates any shell material impurity in
      the alumina.
PAR  There are other ways of accomplishing the internal shaping of the arc tube
      in addition to the use of a low melting alloy: hard waxes may be used or
      plastics which can be melted. In addition, the pattern can be made of a
      perforated metal tube whose diameter is equal to the diameter of the arc
      tube ends. The perforated tube is filled internally with the low melting
      material and externally shaped to the internal configuration of the arc
      tube. After isostatically pressing the alumina powder onto this pattern
      within the rubber mold, this pattern can be removed by heating in which
      the low melting material runs out through the perforated tube on melting
      and the tube will then readily slide out. To date, the Cerrobend alloy has
      been found easiest to use, but the wax pattern is potentially slightly
      less expensive.
PAR  In this example, seal 6 between niobium tube 3 and end 2 of arc tube 1 was
      generally peripheral around niobium tube 3, which had a diameter of 0.160
      inches. Without the reduced diameter end of this invention, a seal in
      accordance with the prior art would have included a larger periphery, at
      least 0.288 inches diameter for a 400 watt lamp. This is a reduction of
      about 45% in the length of the seal line.
PAR  For minimum seal area, the hole through end 2 should be as small as
      possible. However, said hole must be large enough to permit electrode 4 to
      be inserted therethrough. In this example the diameter of electrode 4 was
      0.160 inches.
CLMS
STM  I claim:
NUM  1.
PAR  1. A high pressure sodium vapor lamp comprising a monolithic
      polycrystalline alumina arc tube having electrodes disposed at the ends
      thereof and containing a fill including sodium, mercury and inert gas,
      said arc tube consisting of a tubular body portion and two end portions,
      the outside diameter of said end portions being smaller than the outside
      diameter of said body portion, there being no sealing region between said
      end portion and said body portion, said body portion having a uniform
      inside diameter throughout its length, each of said end portions having an
      axial hole therethrough, the diameter of said axial hole being smaller
      than the inside diameter of the body portion, cylindrical metallic members
      extending through and sealed to said end portions, said electrodes being
      supported on metal rods extending from the internal ends of said metallic
      members.
NUM  2.
PAR  2. The lamp of claim 1 wherein said metallic member is a niobium tube
      sealed at its internal end.
NUM  3.
PAR  3. The lamp of claim 1 wherein the diameter of said axial hole exceeds only
      slightly the diameter of said electrode.
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PAL  An indium oxide coating is used on the inside surface of a vapor electric
      discharge lamp, such as a fluorescent lamp, to reduce the starting
      voltage. The coating is especially effective at low temperatures, but also
      reduces the voltage even at room temperatures. It is particularly useful
      also in lamps using certain mixed inert gases with the mercury, since the
      mixtures used generally require a higher starting voltage than the
      ordinary fluorescent lamps containing argon and mercury vapor.
PARN
PAR  This is a continuation of application Ser. No. 788,509, filed Jan. 2, 1969,
      now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to electric discharge lamps, for example,
      fluorescent lamps, particularly to those having a coating of phosphor on
      the inside surface of an elongated light-transmitting envelope. Such lamps
      usually have an electrode at each end, and a filling of inert gas and
      mercury vapor in the envelope.
PAC  SUMMARY OF PRIOR ART
PAR  The presence of the usual small amount of mercury vapor not only
      facilitates the emission of light, but also aids the starting of the lamp
      at ordinary temperatures by lowering the starting voltage. However, at low
      temperature, such as outdoor temperatures in a Northern winter, and
      especially at temperatures as low as 20.degree. below zero Fahrenheit, the
      usual lamp is very difficult to start, and requires a much higher starting
      voltage, with consequent special ballasts. The normal starting voltage for
      a 40 -watt fluorescent lamp is about 178 volts, at 77.degree.F, but
      increases to about 257 volts at --22.degree. F.
PAR  Moreover, it is sometimes desirable to adjust the operating characteristics
      of the lamps by mixing two or more inert gases together in considerable
      percentages, and this increases the starting voltage even at ordinary
      temperature. This is true despite the fact that the addition of no more
      than a fractional percentage of a rare gas such as argon to a filling of
      neon may actually reduce the voltage somewhat, in the absence of mercury,
      in accordance with the so-called Penning effect. But certain mixtures of
      rare gases, for example, as in the 40% krypton 60% argon lamps, actually
      increase the starting voltage, when used with a small amount of mercury.
PAR  The use of a coating applied as stannous chloride in the well-known manner
      for producing transparent conductive coatings, has been tried to improve
      starting, but these coatings are difficult to apply in production and are
      erratic in performance.
PAC  BRIEF SUMMARY OF INVENTION
PAR  We have found that the presence of a coating of indium oxide on the inside
      surface of the light-transmitting envelope will greatly reduce the
      starting voltage, especially at low temperatures or with mixed gases,
      although it will also be reduced even at room temperature or with a single
      gas. The coating can be applied in a lacquer, dried and heated at several
      hundred degrees, say 600.degree.C, to burn off the lacquer and leave a
      coating of indium oxide. The fluorescent coating, if one is to be used,
      can be then applied over the indium oxide. A reflecting coating of a
      material such as titanium dioxide, can be used between the two coatings,
      if desired.
PAR  It is interesting to note that indium metal will not achieve the same
      effect, but will instead alloy with the mercury in the tube, thus reducing
      the mercury vapor pressure and actually increasing the starting voltage.
      In fact, the presence of a coating of indium oxide as in our invention
      will greatly facilitate the starting of discharge lamps containing indium
      metal to form an alloy with mercury.
PAR  The indium oxide coating can be very easily applied in production in the
      same manner as it the phosphor coating, that is by suspending indium
      naphthenate in a lacquer and afterward heating the lamp envelope to burn
      off the lacquer, leaving only the indium oxide on the envelope. But
      whereas in the case of the phosphor, a coating of particles remains on the
      glass to form a diffuse or translucent coating, in the case of the indium
      naphthenate the coating that remains on the glass is actually transparent.
      As a result, the loss in light transmission is negligible, only about 25
      lumens out of the 3200 lumens of a 40 -watt cool white fluorescent lamp,
      that is, less than 1%.
PAR  The exact state of oxidation of the indium oxide present in the coating is
      not known, but it is believed to be one of the lower states of oxidation,
      because a coating that may have a resistance of only 10.sup.4 --10.sup.5
      ohms when in the lamp, will have a resistance of 10.sup.9 ohms if the end
      of the lamp is opened to admit oxygen. In other words, the indium oxide
      would appear to be InO or In.sub.2 O rather than In.sub.2 O.sub.3.
DRWD
PAC  BRIEF SUMMARY OF DRAWINGS
PAR  Other objects, features and advantages of the invention will be apparent
      from the following specification taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is an elevational view of the lamp partly borken away to show the
      interior coatings; and
PAR  FIG. 2 is an enlarged cross section of the lamp taken on line 2--2 of FIG.
      1.
DETD
PAR  In FIG. 1 the hermetically-sealed tubular glass envelope 1 has an electrode
      2 at each end, and a filling of inert gas. The electrode 2 can be the
      usual coiled-coil or triply-coiled tungsten filament, carrying the usual
      coating of electron-emitting alkaline-earth oxides. The electrode 2 is
      electrically and mechanically connected to the lead-in and support wires
      3, 4, which after being hermetically sealed through the end portion or
      stem 5 of envelope 1, are connected to the contact pins 6, 7 in the base
      cap 8 of the lamp. The cap is generally attached to the case with a
      bakelite cement.
PAR  A coating of indium oxide 9, shown in the cross-sectional view of FIG. 2 is
      on the interior surface of glass envelope 1, and the phosphor coating 10
      is over it. The phosphor can be, for example, the usual calcium
      halophosphate.
PAR  If desired, a reflecting coating of titanium dioxide can be present between
      the indium oxide coating 9 and the phosphor coating 10. Such coatings
      around a portion of the circumference of a lamp envelope are used in
      so-called reflector fluorescent lamps and aperture fluorescent lamps. The
      titanium coating itself would tend to increase the starting voltage rather
      than to decrease it.
PAR  One example which displayed the beneficial starting charactertistics of
      indium oxide as a precoating for fluorescent lamps using mixed inert fill
      gases was manufactured in the following manner. Glass bulbs, 47 inches
      long and 11/2 inches in diameter, were washed and dried in the usual
      manner. A coating was prepared by mixing 10 percent by volume of indium
      naphthanate to 90 percent by volume of ethyl cellulose laquer which
      contained roughly 75 percent by volume xylol as a solvent. The
      naphthanate-ethyl cellulose mixture was then applied directly to the clear
      glass bulb by pouring the solution in from one end and rotating the bulb
      until the entire interior bulb surface was covered and the excess solution
      was poured out. After the coating was completely dry and the ends of the
      bulb were wiped out up to 2 inches to facilitate bulb sealing, the bulb
      was baked at a temperature of 600.degree. centigrade for 3 minutes in air
      in order to remove the ethyl cellulose material and to convert the indium
      naphthanate to indium oxide. Fluorescent phosphor was then applied over
      the indium oxide coating by pouring a mixture of fluorescent phosphor,
      such as calcium halophosphate containing antimony and manganese additives,
      and ethyl cellulose laquer which has been thinned with xylol as a solvent.
      The phosphor solution is applied in a similar manner by pouring the
      solution into one end. After the phosphor coating has completely dried the
      bulb is again baked at a temperature of 600.degree.  for three minutes and
      the bulb is manufactured into a fluorescent lamp in the usual manner
      except that a mixture of 40 percent krypton gas and 60 percent argon gas
      is used as a fill gas instead of the standard fill.
PAR  Lamps which were used as control lamps were processed in exactly the same
      manner except that the indium oxide coating was omitted. Lamp starting
      voltages were then measured on both the indium oxide coated fluorescent
      lamps and their controls by applying a continuously increasing voltage
      across the lamps and recording the voltage at which the lamp lights. Coil
      heat is applied to both cathodes to make them thermionic emissive during
      the start cycle. The test result shows 257 starting volts are required to
      start fluorescent lamps containing argon 60 percent, and krypton 40
      percent plus mercury; and only 185 volts are required to start lamps
      containing the same argon and krypton fill gas mix plus mercury, but
      having a coating of indium oxide applied beneath the phosphor coating.
      These results were at -22.degree. F.
PAR  At room temperature of 77.degree. F, the lamps with the indium oxide
      coating started at 160 volts whereas the lamps without the indium oxide
      coating required 260 volts.
PAR  The lamps with the indium oxide coating appear to produce less radio
      interference than lamps without the coating. It is interesting to note
      that a lamp coated halfway along its length will light up if the end on
      the uncoated side is place in contact with a terminal of a radio frequency
      oscillator of sufficient power, whereas it will remain dark if the end on
      the side coated with indium oxide is placed in contact with the same part
      of the oscillator. We have found that a lamp having a conductive coating
      produced by the application of stannous chloride in the well-known manner
      will not remain dark, but will light up all along its length, indicating
      that it is not shielded from radio frequency by the coating.
PAR  In the starting tests described, each lamp was operated in the usual rapid
      start circuit and the voltage gradually raised until starting occurred.
      The total inert gas pressure in the lamp was 2.00 mm of mercury.
PAR  Other indium compounds may be used to produce the desired coating of indium
      oxide such as: indium resinate, indium octoate, indium stearate, indium
      nitrate, and indium oxide directly. Other inert gases which may be used
      with the indium oxide coating are helium, neon, xenon, and mixtures of
      these gases with each other or with argon and krypton.
PAR  Although I have described a particular embodiment of the invention, various
      modifications will be apparent to a worker skilled in the art without
      departing from the spirit and scope of the invention, which is set forth
      in the claims.
PAR  The indium oxide if applied directly, or as the nitrate, that is, mixed
      with a laquer which is afterward burnt off, will produce a translucent,
      rather than transparent coating, and the coating will not be a continuous
      film. If will be less effective than the continuous coating or film
      resulting from use of the naphtanate, resinate, octoate or similar metal
      organic salts.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A tubular fluorescent lamp comprising a sealed light-transmitting
      envelope, electrodes therein, a gaseous filling therein, mercury vapor
      therein, and a substantially transparent coating of indium oxide on the
      inside surface of said envelope, said indium oxide having the indium in a
      state of oxidation lower than in In.sub.2 0.sub.3.
NUM  2.
PAR  2. A lamp as in claim 1 and a coating of phosphor on said coating of indium
      oxide.
NUM  3.
PAR  3. A lamp as in claim 1, in which the envelope is an elongated glass tube,
      and the electrodes are at opposite ends thereof.
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ABST
PAL  A carbon electrode includes an elongate body having first and second
      sections. One section has a diameter substantially greater than the other
      section, and the two sections are joined by a radially extending annular
      shoulder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to an improved carbon electrode for use
      in a carbon arc lamp, particularly of the type used for weathering
      testers.
PAR  There are known weathering testers of the carbon arc lamp type wherein a
      plurality of carbon electrodes are grasped in a bottom holder which is
      connected to an electric source, and wherein a further plurality of carbon
      electrodes are held by an upper holder. The two holders are moved toward
      and away from each other by suitable means to permit discharge between the
      two groups of carbon electrodes. Samples to be subjected to weathering
      tests are placed around this type of arc lamp.
PAR  Known carbon electrodes employed in such devices generally have a uniform
      outer diameter and are comprised of carbon having a central core of a
      suitable luminous agent and an outer coating of a suitable metal such as
      copper or aluminum. When such carbon electrodes are attached to a lower
      holder and the lamp is discharged during use, ashes, molten oxides and
      molten metal will fall downwardly onto the lower holder. This results in
      corrosion of the contact parts of the lower holder with the obviously
      undesirable further result of poor quality electrical contact.
PAR  Past attempts to correct this problem have necessitated the complicated
      fabrication of devices such as shields to prevent such corrosion.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the present invention to provide an improved
      carbon electrode of the type described above which eliminates the
      disadvantages of prior art electrodes without the necessity and expense of
      fabricating shielding structures.
PAR  It is a further object of the present invention to provide such an improved
      carbon electrode of such a nature to provide a longer electrode life while
      being used in previously known holders.
PAR  The above objects are achieved in accordance with the present invention by
      the provision of a longitudinal carbon electrode having two longitudinal
      sections. The first, relatively short section, has a diameter equal to
      that of previously known carbon electrodes and is employed as the part of
      the electrode to be fastened to the holder. The second relatively long
      section of the electrode is the discharge portion thereof and has a
      substantially greater diameter than the first section. Preferably, the
      diameter of the second section is approximately 1.8 times the diameter of
      the first section. The two sections are separated by a radially extending
      shoulder. When the electrode is assembled into the lower support of the
      carbon arc lamp, the radially extending shoulder covers the contact areas
      between the support and the first section of the electrode. Therefore,
      when the device is in use, and when ashes, molten oxides and molten metals
      fall downwardly, they are prevented from contacting the contact surfaces
      between the electrode and the support. This prevents the corrosion of the
      contact surfaces and insures a continued satisfactory electrical contact.
      Further, due to the fact that discharge section of the electrode has a
      substantially greater diameter than prior art electrodes, the life of the
      electrode is substantially increased, without the necessity of developing
      and constructing an entirely new support.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the invention will be described in more detail below with
      reference to the accompanying drawings wherein:
PAR  FIG. 1 is a partial perspective view of a known carbon arc lamp for use as
      a weather tester;
PAR  FIG. 2 is a cross-sectional view of a prior art carbon electrode used in
      the device of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of the improved carbon electrode of the
      present invention; and
PAR  FIG. 4 is a schematic view of a lower support of the device of FIG. 1
      having connected therewith three prior art electrodes and one electrode of
      the present invention, thereby illustrating the effectiveness of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 illustrates a carbon arc lamp employed in a weather tester wherein
      discharge is created between a group of upper electrodes and a group of
      lower electrodes to thereby test samples of material placed around the
      lamp. In FIG. 1 the upper support is not shown but is substantially the
      same as the lower support, and means (not shown) are provided for moving
      the two groups of electrodes toward and away from each other to cause
      discharge therebetween.
PAR  With further reference to FIG. 1, a plurality, normally four, of carbon
      electrodes 2 are supported at the lower ends thereof in a lower support
      which includes a main body 1 having suitable shaped notches therein to
      receive the carbon electrodes and which is attached to a source of
      electrical power. Plates such as 3 are fastened together by fastening
      means 4 and press the carbon electrodes against main body 1. Normally in
      such devices, there are provided three contacting surfaces for holding
      each electrode.
PAR  FIG. 2 illustrates in cross-section the structure of previously known
      carbon electrodes 2. A rod of carbon material 6 has centrally embedded
      therein a core 7 of a material such as a luminous agent. Surrounding the
      carbon 6 is a jacket 5 of a suitable material such as copper or aluminum.
      The upper tip of the carbon 6 is not jacketed with metal, to facilitate
      initiation of discharge.
PAR  With reference to the lower right-hand portion of FIG. 4, the attachment of
      prior art carbon electrode 2 is shown. Main body 1 of the lower support
      has a plurality of notches 11 about the outer edges thereof. The lower end
      of carbon electrode 2 is held within notch 11 by plates 3 and fastening
      means 4. In the embodiment of the holder illustrated, main body contacts
      electrode 2 at two positions, i.e. positions B and D. Plate 3 contacts
      carbon electrode at a single area, i.e. area F. It will be apparent that
      during use of the device, that is during discharge and consumption of
      electrode 2, ashes, molten oxides and molten metal will fall downwardly to
      plug up and agglomerate clearance areas A, C, and E. This results in very
      poor electrical contact between main body 1 and the electrode, thereby
      resulting in corrosion of the contact areas of the support.
PAR  The above disadvantages are completely eliminated in accordance with the
      present invention. With reference to FIG. 3 of the drawings, an improved
      carbon electrode 16 includes a lower support section 9 having a diameter
      equal to the diameter of known carbon electrodes, e.g. 13 mm, such that
      the improved carbon electrode of the present invention may be used in
      previous supports. However, the main portion of electrode 16 of the
      present invention has a section 8 which has a very substantially increased
      diameter. Carbon element 6 in FIG. 3 is preferably a carbonaceous tube
      formed by extrusion molding. Preferably, the diameter of section 8 is
      approximately 1.8 times the diameter of section 9, i.e. the diameter of
      conventional carbon electrodes, e.g. 23 mm.
PAR  With reference to the lower left-hand portion of FIG. 4, the advantages of
      the improved carbon electrode of the present invention will become readily
      apparent. Carbon electrode 16 is supported at section 9 thereof in the
      lower support in the same manner as prior art electrode 2. However, the
      outer diameter of section 8 is of such a dimension that the radially
      extending surface joining sections 8 and 9 acts as a shield to completely
      cover the contact areas B', D' and F' between the support and section 9.
      Therefore, during use, falling ashes, molten oxides, and molten metal are
      entirely prevented from agglomerating or plugging up clearance areas A',
      C' and E'. Accordingly, the electrical contact between the support and the
      carbon electrode remains regular, and the contact areas are not corroded.
      It will be apparent then that the operation of a weathering tester
      employing the carbon electrode of the present invention is much more
      stable than is possible employing prior art electrodes.
PAR  Even further, due to the fact that the discharge section of the carbon
      electrode has a substantially greater diameter, the life of the electrode
      will be much greater, while still being able to employ already acquired
      supports.
PAR  It will be apparent to those skilled in the art that many modifications of
      the above specifically described apparatus may be made without departing
      from the spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A carbon electrode for use in carbon arc lamps of the type wherein a
      plurality of electrodes are clamped to a support which is connected to a
      power source, said carbon electrode comprising:
PA1  an elongate electrode body of carbon material having imbedded therein a
      core of luminous material and having about the outer surface thereof a
      metal coating;
PA1  said electrode body having a first section of uniform diameter and a second
      section of substantially greater diameter than said first section, said
      second section having a solid uniform thickness throughout the entire
      length thereof.
NUM  2.
PAR  2. A carbon electrode as claimed in claim 1, wherein said first and second
      sections are joined by a radially extending annular shoulder.
NUM  3.
PAR  3. In an arc lamp of the type including at least one carbon electrode
      grasped by a support to provide discrete contact areas between said
      support and said at least one carbon electrode, the improvement wherein
      said at least one carbon electrode comprises:
PA1  an elongate electrode body of carbon material having imbedded therein a
      core of luminous material and having about the outer surface thereof a
      metal coating;
PA1  said electrode body having a first support section of uniform diameter
      providing means to be grasped by said support, there being discrete
      contact areas between said support and said first support section;
PA1  said electrode body further comprising a second discharge section of a
      diameter substantially greater than the diameter of said first support
      section, said second discharge section having a solid uniform thickness
      throughout the entire length thereof.
NUM  4.
PAR  4. The improvement claimed in claim 3, further comprising a radially
      extending annular shoulder joining said first and second sections, said
      shoulder providing shield means for covering said discrete contact areas.
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ABST
PAL  A support includes a support element having two electrode contact areas for
      each electrode to be clamped. Each contact area has fixed thereto a
      conductive carbon plate. A clamping device has a non-conductive clamping
      surface for clamping each electrode against its respective pair of carbon
      plates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to an improved holding device for
      clamping or supporting in position carbon electrodes of a carbon arc lamp,
      particularly of the type employed in weathering testers.
PAR  There are presently known weathering testers of the type formed by a carbon
      electrode arc discharge lamp. In this type of device, a plurality of
      carbon electrodes are mounted in a lower support, and an equal number
      plurality of electrodes are mounted in an upper support directly above the
      lower electrodes. A frame of the device allows the lower electrodes and
      upper electrodes to be moved toward and away from each other. When the
      device is connected to a source of power, there are discharges across
      adjacent electrodes of the upper and lower groups, thereby creating light,
      whereby material positioned around the device may be weather tested.
PAR  In the past, the holder or support devices for both the upper and lower
      groups of electrodes have consisted primarily of a metallic element such
      as a copper alloy or stainless steel element presenting contact surfaces
      with a metallic coating, such as a copper coating, on each carbon
      electrode. However, although copper alloys have good electrical
      conductivity, they are easily oxidized and corroded, thereby decreasing
      the efficiency of the device. Stainless steel has a large contact
      resistance. Also, most metals are good conductors of heat and thereby
      excess heat is produced in the support or holder element.
PAC  SUMMARY OF THE INVENTION
PAR  With the above discussion in mind, it is a primary object of the present
      invention to provide an improved support or holder device for grasping a
      plurality of carbon electrodes for use in an arc discharge lamp,
      particularly of the type employed in weathering testers.
PAR  In accordance with the present invention, the above object is achieved by
      the provision of a support device including a support element, normally of
      metal, having two contact areas for the contact with each carbon electrode
      to be supported. Each contact area is formed by a contact plate of
      conductive carbon which is fastened to the support element, thereby
      providing a contact surface with each electrode.
PAR  Each electrode to be supported or held is positioned against two of the
      carbon plates on the support element. This support element has a terminal
      for attachment to a source of electric power. A clamping unit is operable
      to contact at one surface of each carbon electrode and to clamp it against
      its two respective contact surfaces of the support element, thereby
      insuring that the support grasps or holds each electrode in place. The
      elements of the clamping device which contact the carbon electrodes are
      formed of a heat resistant non-conductive material, such as a ceramic
      material. Preferably, the holder of the present invention will hold four
      carbon electrodes, and the clamping device has two elements each having
      two contact surfaces, one each for contacting one carbon electrode.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described in more detail in the following description
      below, taken together with the accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of a carbon electrode arc discharge lamp, such
      as employed for weathering testers;
PAR  FIG. 2 is a plan view of the electrode holding device of the present
      invention; and
PAR  FIG. 3 is an exploded perspective view with portions broken away of the
      support device of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference to FIG. 1 there is shown a weather tester which is formed by
      a carbon electrode arc discharge lamp. Specifically, four upper carbon
      electrodes 1 are held in an upper support 2, and four lower carbon
      electrodes 1 are held in a lower support 2. The two supports are held
      together in a frame which is operable by suitable means not shown to move
      the upper and lower carbon electrodes toward and away from each other.
      When the device is connected to a source of electric power, an arc
      discharge will occur across adjacent electrodes of the upper and lower
      groups, thereby creating light. Material to be weather tested is
      positioned around the device. It is of course to be understood that
      although in the present invention each of the upper and lower groups of
      electrodes includes four carbon electrodes, the present invention is not
      intended to be specifically limited to this number.
PAR  With reference to FIGS. 2 and 3 of the drawings, the novel electrode
      support device will now be described. The support device includes a
      support element 2 of any suitable material, but normally of metal. Support
      element 2 is formed in a suitable shape, such as the generally H-shape
      shown in FIG. 2, to provide two electrode contact areas for each electrode
      to be supported thereby. As shown in FIG. 2 of the drawings, the
      specifically illustrated support element has two cut-out areas to provide
      two support areas for each electrode, the support areas of each electrode
      being generally at right angles to each other. It should be understood
      that this specific configuration is not intended to be limiting to the
      present invention. Rather, the present invention is intended to provide
      any suitable configuration of support element 2 wherein there are provided
      two support areas for each electrode to be held thereby.
PAR  At each electrode contact area there is attached by suitable means such as
      counter-sunk screws 4 a contact plate 3 formed of conductive plate shaped
      carbon. Each carbon plate 3 provides an outer contact surface for contact
      with an electrode 1. Thus, a plurality of pairs of carbon plates 3 provide
      a plurality of pairs of contacts with a plurality of electrodes, in the
      illustrated embodiment such plurality being four.
PAR  Support element 2 has integral therewith an element providing suitable
      attachment means such as opening 5 for attachment to a terminal to be
      connected to a source of electric power.
PAR  It will be apparent from a review of FIG. 2 that each pair of carbon plates
      3 are not alone sufficient to hold an electrode 1 in place. Therefore, the
      present invention further includes a clamping element which provides a
      third contact surface for each carbon electrode to clamp such carbon
      electrode against its two contact surfaces formed by each pair of carbon
      plates 3.
PAR  In accordance with the present invention, the elements of the clamping
      device which form the third contact surface are formed of a heat resistant
      non-conductive material. In a particularly preferable embodiment of the
      present invention, such elements are formed of a ceramic material.
PAR  As shown in FIG. 2, the clamping device includes two carbon electrode
      contacting elements 6 and 6'. In the embodiment illustrated, these
      elements are formed generally as truncated prisms having surfaces 12 which
      are oblique to the contact surfaces of carbon plates 3. One clamping body
      6 has a shaft or rod 8 fastened thereto, the shaft 8 passing through
      support element 2 and the other clamping element 6'. Suitable biasing
      means such as nut 11, washer 10, spring 9, and plate 7 urge the two
      clamping elements 6 and 6' toward each other, and thereby toward carbon
      electrodes 1 which are positioned against their respective pairs of carbon
      contact plates 3. It will be apparent from a review of FIG. 2 of the
      drawings that this structural arrangement results in a clamping of each
      carbon electrode 1 by three contact surfaces, two of which are conductive,
      and one of which is non-conductive.
PAR  It will be readily apparent that the provision of the present invention
      prevents the flow of current through the elements of the clamping device,
      thereby insuring a more efficient current flow. It will be further
      apparent that in view of the fact that the conductive contact surfaces
      between each electrode and the support element are formed of carbon, there
      will be achieved good electrical conductivity without previously known
      dangers of oxidation and resultant corrosion of the contact surfaces. It
      will be still further apparent that at such time as carbon plates 3 become
      worn, they may be readily and easily replaced by the simple removal of
      counter-sunk screws 4.
PAR  It will be understood to those skilled in the art that various
      modifications of the specific configuration illustrated can be made
      without departing from the spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A holding device for clamping at least a plurality of carbon electrodes,
      particularly for use in a carbon arc lamp, said holding device comprising:
PA1  a support element having two support areas for each electrode to be
      clamped;
PA1  each said pair of support areas having fixed thereto a pair of conducting
      means for forming a pair of contact surfaces for contacting an electrode;
      and
PA1  clamping device means, having a third non-conductive contacting surface for
      each electrode to be clamped, for clamping each electrode against its
      respective pair of conducting means, said clamping device means comprising
      a first clamping body having thereon plural non-conductive contacting
      surfaces, a second clamping body having thereon plural non-conductive
      contacting surfaces, and means for biasing said first and second clamping
      bodies toward each other.
NUM  2.
PAR  2. A holding device as claimed in claim 1, wherein each of said conducting
      means comprises a carbon plate.
NUM  3.
PAR  3. A holding device as claimed in claim 1, wherein each of said conducting
      means of each of said pair of conducting means provide said contact
      surfaces thereof at right angles to each other.
NUM  4.
PAR  4. A holding device as claimed in claim 1, wherein said third
      non-conductive contacting surface is formed of ceramic material.
NUM  5.
PAR  5. A holding device as claimed in claim 1, wherein said holding device
      clamps four electrodes; and wherein said first clamping body has thereon
      two non-conductive contacting surfaces, and said second clamping body has
      thereon two non-conductive contacting surfaces.
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ABST
PAL  The disclosed apparatus is a multiple beam electron gun having a wide
      focusing lens gap. The lens gap has a plurality of metal elements, spaced
      therein, each successive element of which has a successively greater
      voltage applied to it. The application of the voltages creates an
      electrostatic field which focuses a plurality of beams generated by the
      gun.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an electron gun for producing and
      directing a plurality of electron beams, and more specifically to the
      means for focusing the beams on a target.
PAR  In a conventional color television picture tube having a multiple beam
      electron gun, each electron beam is passed through a separate electron
      lens which focuses each beam to a point on the target screen. The lens is
      essentially an electrostatic field which deflects the individual rays of
      the electron beam toward a common point as they pass through the lens.
      This field is normally established between two spaced electrodes
      positioned transverse to the beam paths. The electrodes have a series of
      apertures through which the electron beams pass. The characteristics of
      the lenses may be altered by changing the electrostatic field, which is
      usually accomplished by varying the voltage between the electrodes, the
      size of the apertures, the separation distance of the electrodes, or a
      combination of the above.
PAR  In some cases in order to reduce spherical aberration, it is desirable to
      have a long focal length electron lens. Since the voltage of the focus
      electrode must be restricted to values which do not cause arcing at the
      picture tube base, the focal length can most easily be lengthened by
      increasing the aperture size and/or the electrode spacing. However, if the
      spacing between the electrodes becomes too large (in excess of about 1.5
      mm), the electrostatic focusing field becomes susceptible to interference
      from other electrostatic fields within the electron gun. Conversely, each
      focusing field created by the large spacing also interferes with the
      adjacent electrostatic focusing fields. Ideally therefore, the electron
      lens should have a relatively large diameter aperture, about 8 mm and a
      small electrode spacing about 1.5 mm.
PAR  The physical design of the electron gun also places several restraints on
      this configuration. In an in-line electron gun, as shown in U.S. Pat. No.
      3,772,554 issued on Nov. 12, 1973 to Richard Hughes, there is a very close
      spatial relationship between the electron beams. Due to this close
      relationship, the lens characteristics may be adjusted only by varying the
      spacing of the electrodes since the aperture size is already maxmized.
      Therefore, in order to duplicate the characteristics of the ideal large
      aperture lens in an in-line electron gun, the electrode spacing must be
      several times the maximum tolerable limit of 1.5 mm.
PAC  SUMMARY OF THE INVENTION
PAR  An electron gun has a control grid electrode, a screen electrode, and two
      accelerating and focusing electrodes spaced along the electron beam path
      from a cathode. Between the two accelerating and focusing electrodes is a
      wide gap. Within the gap are several electrode plates, each having an
      aperture therethrough aligned with the beam path.
PAR  Included within the electron gun is a resistor having two ends each
      attached to a different accelerating and focusing electrode. The resistor
      has a series of taps which are connected to the electrode plates.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the appended drawings:
PAR  FIG. 1 is a side view of the improved electron gun.
PAR  FIG. 2 is a top view of the improved electron gun.
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The embodiment of the present invention, as shown in FIGS. 1 to 3, depicts
      an in-line electron gun; however, the present invention may be used on any
      geometrical gun configuration employing a wide-gap electron lens.
PAR  Refering to FIGS. 1 through 3, an electron gun 10 comprises two parallel
      glass support rods 28 between which various gun elements are mounted. At
      one end of the glass support rods 28 are mounted several support straps 14
      on which three cathodes 12 are fastened. Following the support straps 14
      are a control grid electrode 16, a screen grid electrode 18, a first
      accelerating and focusing electrode 24, and a second accelerating and
      focusing electrode 26 mounted in that order. The three cathodes project
      electron beams along three coplanar beam paths 30. The control grid
      electrode 16 and screen grid electrode 18 are closely spaced flat metal
      elements each containing three apertures 17 and 19 respectively, which are
      aligned with a different beam path 30, as shown in FIG. 3. The first
      accelerating and focusing electrode 24 is closely spaced from the screen
      grid electrode 18 and comprises two rectangular shaped cups 20 and 22
      joined at their open ends. The closed ends of cups 20 and 22 each have
      three apertures such that each aperture is aligned with a different beam
      path 30. The apertures 21 in first cup 20 are larger than those in screen
      grid electrode 18 and the apertures 32, 34, and 36 in the second cup 22
      are slightly larger than those in first cup 20.
PAR  Spaced from first electrode 24 is the second accelerating and focusing
      electrode 26 in the shape of a rectangular cup having a base 27. The base
      27 faces toward the first electrode 24 and has three apertures 38, 39, and
      40, preferably slightly larger than the apertures of the second cup 22.
      Middle aperture 39 is aligned with middle aperture 34 in the second cup
      22. The two outer apertures 38 and 40 are slightly offset outwardly with
      respect to the corresponding aperture 32 or 36 respectively, in second cup
      22. A shield cup 42 with a base 43 is attached to the second electrode 26
      so that the base covers the open end of the second electrode. The shield
      cup 42 has three apertures 41 through its base 43, each aligned with one
      of the beam paths 30. The shield cup 42 also has three bulb spacers 44
      attached to and extending from its open end.
PAR  Six metal plates 46 are mounted on the glass suppport rods 28 between the
      first electrode 24 and the second electrode 26 so that the spacing between
      each pair of plates does not exceed 1.5 mm. Each of said plates 46
      includes three apertures 48 approximately equal in size to the apertures
      32, 34, and 36 in the second cup 22. Each aperture 48 is aligned with a
      separate beam path 30. A resistor 50 is mounted on one of the glass
      support rods 28, adjacent to the position of the plates 46. Resistor 50 is
      a thin cermet film 49 deposited on a substrate 51 which is bonded to one
      of the glass support rods 28. In order to operate within the cathode ray
      tube, the resistor 50 must have a very small temperature coefficient of
      resistivity and must be able to withstand a high voltage (approximately
      32,000 volts) that is applied to the second electrode 26. One end of the
      resistor 50 is electrically connected to the first electrode 24 by means
      of a first conductor 54. The other end of the resistor 50 is electrically
      connected by means of second conductor 56 to the second electrode 26. Each
      plate 46, successively spaced from the first electrode 24, is electrically
      connected, by means of electrical taps 52, to the resistor 50 at a point
      of successively greater resistance with respect to the one end of the
      resistor 50.
PAR  After the electron gun 10 is assembled inside a cathode ray tube (not
      shown), the bulb spacers 44 contact the inside surface of the tube
      establishing an electrical contact between that surface and the second
      electrode 26. When the electron gun 10 is operating, a first voltage, of
      about 4,000 volts, is applied to the first electrode 24 and a second
      voltage, in the range of 25,000 to 32,000 volts, is applied to the inside
      surface of the cathode ray tube. All of the voltages are with reference to
      the control grid electrode 16. The second voltage is also applied to the
      second electrode 26 by means of bulb spacers 44 and shield cup 42,
      creating a voltage difference between said first and second electrodes.
      This voltage difference is distributed to each plate 46 by means of
      resistor 50, the two conductors 54 and 56, and the taps 52 so that each
      plate 46, spaced successively further from the first electrode 24, is at a
      higher voltage than the previous plate. The distribution of the voltages
      is such that each plate 46 is maintained at approximately the same
      potential as the equipotential line at that point in an electrostatic
      field established in a large aperture electron lens.
PAR  There are two basic arrangements for establishing the electrostatic field
      between the first and second electrodes 24 and 26. The first arrangement
      forms a uniform electrostatic field in which the equipotential lines are
      equally spaced. In forming this field, the voltage applied to each plate
      46 is proportional to the spacing of that plate from the two focusing
      electrodes 24 and 26. In this case, the taps 52 are spaced on resistor 50
      proportionally to the plate spacing. The uniform field closely
      approximates the electrostatic field in the large aperture lens. However,
      in the large aperture lens the field is not exactly uniform. In fact, the
      equipotential lines near the beam path are closer to one another near the
      center of the lens gap than elsewhere between the first and second
      electrodes 24 and 26. A second arrangement more accurately duplicates this
      non-uniform field by applying the voltage disproportionately to the plate
      spacing. This can be accomplished by spacing either the plates 46 in the
      gap or the taps 52 on the resistor 50 evenly while spacing the other
      unevenly. In the second arrangement, the plates 46 are maintained at a
      voltage equivalent to the potential at their position in the electrostatic
      field of the large aperture lens.
PAR  The improved electron gun 10 has a focusing lens with the same properties
      as the large aperture electron focusing lens. The inclusion of the plates
      46 stabilizes the field permitting a large focusing gap while minimizing
      external interference to within acceptable limits. This large focusing gap
      increases the focal length of the lens which reduces the aberration caused
      by the lens. By placing the resistor 50 within the cathode ray tube and
      electrically connecting the resistor to the first and second electrodes 24
      and 26, the need for additional high voltage leads extending through the
      tube envelope is eliminated. This also eliminates possible lead insulation
      problems which could exist in small neck diameter cathode ray tubes where
      the leads would be closely spaced, to one another.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electron gun structure for producing and directing at least one
      electron beam along a beam path, said gun including a cathode, a control
      grid electrode, a screen grid electrode, a first accelerating and focusing
      electrode and a second accelerating and focusing electrode, spaced
      respectively along the beam path, the improvement comprising:
PA1  a plurality of spaced electrode plates positioned between said first
      focusing and accelerating electrode and said second focusing and
      accelerating electrode for expanding the focusing lens fields in the path
      of the beam, each plate having an aperture therethrough aligned with said
      beam path;
PA1  supporting means connecting said electrode plates; and
PA1  resistive means attached at one end to said first accelerating and focusing
      electrode and at a second end to said second focusing and accelerating
      electrode and attached to said spaced electrode plates at spaced points
      between the ends of said resistive means, said resistive means being on
      said support means.
NUM  2.
PAR  2. The device as in claim 1 wherein said device includes:
PA1  a plurality of cathodes for producing a plurality of electron beams; and
PA1  each of said spaced electrode plates having a plurality of apertures
      therethrough, each aperture being aligned with a respective beam path.
NUM  3.
PAR  3. The device as in claim 1 wherein said resistive means comprises a thin
      film cermet resistor.
NUM  4.
PAR  4. The device as in claim 1 wherein the cathode, electrodes and electrode
      plates are mounted between a plurality of parallel support rods.
NUM  5.
PAR  5. The device as in claim 4 wherein the resistive means is mounted on one
      of said support rods.
NUM  6.
PAR  6. The device as in claim 5 wherein the resistive means comprises a thin
      film cermet resistor bonded to a substrate, said substrate being mounted
      on one of said support rods.
NUM  7.
PAR  7. The device as in claim 1 wherein said spaced electrode plates are
      connected to the resistive means so that the resistance between said
      spaced electrode plates is proportional to their spacing.
NUM  8.
PAR  8. The device as in claim 1 wherein said spaced electrode plates are
      connected to the resistive means so that the resistance between said
      spaced electrode plates is disproportional to their spacing.
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PAL  This relates to coaxial magnetrons and to a tuning arrangement for the
      stabilizing cavity including a fixed tuning element and a movable tuning
      element which is continuously and unidirectionally displaceable for
      repetitive cooperation with the fixed element. The arrangement is
      particularly suitable for "ditherable" or frequency-agile megnetrons.
BSUM
PAR  This invention relates to coaxial magnetrons. "Spin-tuning" of magnetrons
      is effected by rotating a member in the vicinity of the anode cavities,
      but this arrangement raises practical problems. For "frequency-agile"
      coaxial magnetrons a reciprocally movable tuning member has been proposed.
      This proposal has the disadvantage of needing an eccentric cam with a
      large variation of thrust to produce the large accelerations of the tuning
      member for rapdi tuning. Another proposal for coaxial magnetrons is
      "gyro-tuning" using a number of elements rotating about separate axes but
      the geared drive is complex. A further proposal, in U.S. Pat. No. 3412285,
      is to place within the stabilizing cavity a set of fixed vanes projecting
      from an end wall and a set of movable vanes extending through an end wall
      to adjacent the fixed vanes, the movable vanes being rotatable in the
      cavity to vary the frequency of the magnetron.
PAR  According to the present invention there is provided a coaxial magnetron
      including a resonator cavity and a coupled stabilizing cavity, and a
      stabilizing cavity tuning means including a fixed dielectric portion to
      support a fixed conductive tuning element at the middle of the cavity and
      a movable dielectric portion to support a movable tuning element for
      rotation through the middle of the cavity to overlap or not overlap the
      fixed element, neither conductive tuning element extending to the wall of
      the cavity, the movable tuning element being capable of continuous
      unidirectional rotational displacement to vary said overlap and thereby
      vary the frequency of the magnetron.
PAR  According to the invention there is provided a coaxial magnetron including
      a resonator cavity and a coupled stabilizing cavity and a stabilizing
      tuning means, including a fixed window tuning element formed in a wall of
      the cavity and a movable tuning element adjacent said wall to variably
      restrict said window, said movable tuning element not extending to the
      middle of the cavity and capable of continuous unidirectional rotational
      displacement for repetitive cooperation with the fixed element vary the
      frequency of the magnetron.
DRWD
PAR  In order that the invention may be clearly understood and readily carried
      into effect it will now be described by way of example with reference to
      the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic, partly cut-away, perspective view of a coaxial
      magnetron embodying the invention,
PAR  FIG. 2 shows a rotatable tuning member of FIG. 1, and
PAR  FIG. 3 is a diagrammatic, partly cut-away, perspective view of another
      embodiment of the invention.
DETD
PAR  Referring to FIGS. 1 and 2 this shows a coaxial magnetron comprised of the
      usual known elements, namely a cathode 1 surrounded by a cylindrical anode
      2 having vanes such as 3 and a surrounding coaxial stabilizing cavity 4.
      Coupling slots such as 5 are provided in the anode 2 between alternate
      pairs of vanes. Microwave energy is coupled out of the stabilizing cavity
      4 through a slot 6 and an output waveguide 7 having a dielectric window 8.
PAR  Additionally a tuning means for the magnetron is disposed in the
      stabilizing cavity 4 and at least one element of the tuning means is
      rotatable about the axis of the magnetron. The tuning means shown
      comprises a plurality of fixed arcuate electrically conductive elements
      such as 9 spaced along the circumference of a circle coaxial with the
      cavity 4. In the present example, the conductive elements 9 extend over an
      arc length of 30.degree. and are spaced apart by 30.degree.. The fixed
      tuning elements 9 are secured to an annular channel member 10 which forms
      a re-entrant space in the cavity 4. The channel member 10 is formed of a
      dielectric material, e.g. glass or ceramics which is sealed to the
      magnetron casing to maintain the vacuum in the magnetron. The tuning means
      shown also comprises a plurality of arcuate electrically conductive
      elements such as 11 which are rotatable about the axis of the magnetron.
      In this example, the conductive elements 11 also extend over an arc length
      of 30.degree. and are spaced apart by 30.degree.. They are carried by
      fingers or blades such as 12, also of a material which is substantially
      transparent to microwave energy, and which are disposed about a
      cylindrical surface in the annular channel member 10. The blades 12 depend
      from a disc 13 having a rod 14 secured thereto which forms an axis of
      rotation coaxial with the axis of the magnetron. The rod 14 is rotatably
      mounted in a suitable bearing (not shown) and may carry indexing means to
      determine the angular position of the tuning elements 11 and/or may be
      motor driven.
PAR  In operation, the stabilizing cavity 4 is excited in the TE.sub.011 mode in
      which the E-field is circular and has no circumferential variation of
      phase, but, both radially and axially, the E-field is a maximum in the
      middle of the stabilizing cavity 4. The H-field is a minimum in this
      region. The tuning elements 9 and 11 are positioned close to the maximum
      E-field and produce pertubations in the E-field which reduce the resonant
      frequency of the cavity 4, the amount of the reduction depending upon the
      effective arc length of the perturbing elements. The effective arc length
      of the fixed tuning elements 9 is varied by rotation of the movable tuning
      elements 11 so as to vary the overlap of the elements 9 and 11.
PAR  By shaping the tuning elements the perturbation of frequency can be
      arranged to be required function of the angle of rotation of the shaft 14.
PAR  In the TE.sub.011 mode, there are no electric current lines radially across
      the end walls of the cavity and so the annular gap formed by the mouth of
      channel member 10 does not upset the operation of the magnetron. However,
      in cases where the perturbations produced by the tuning elements 9 and 11
      give rise to radial currents, the slot may be choked by any suitable
      means.
PAR  For high power magnetrons, the power density stored in the stabilizing
      cavity 4 is large and voltage breakdown may tend to occur. In order to
      avoid this, a suitable medium such as a fluorocarbon low loss liquid may
      be provided in the channel member 10.
PAR  Various modifications will be apparent to anyone skilled in the art. For
      example, the perturbing elements, namely the tuning elements 9 and 11, may
      be formed of a high dielectric content material instead of electrically
      conductive material. Also, the fixed perturbing elements may be supported
      on the vacuum side of the channel member 10. Furthermore, the number of
      fixed and rotatable tuning elements may be other than six. If desired, the
      magnetron may also be provided with a conventional, axially adjustable,
      annular piston tuner.
PAR  FIG. 3 shows another embodiment of the invention in which the usual parts 1
      - 8 similar to those of FIG. 1 are prefixed by "3" in the references. The
      tuning means in the embodiment of FIG. 3 includes a conductive disc 40
      which has several recesses such as 41 in one face 43 and forms the movable
      element. The wall of the stabilizing cavity 34 has several "windows" 39
      forming the fixed element. These windows are vacuum tight but of suitable
      material to permit the adjacent face of disc 40 to form part of the wall
      and thus determine the volume and resonant frequency of the cavity. A
      suitable material for the windows is a dielectric material such as glass
      or ceramic which can be made part of the wall in any known manner. The
      windows and recesses are arranged in the same chosen relationship. In the
      illustrated embodiment there are six windows 39 and recesses 41 equally
      spaced on the same pitch circle diameter and of such size that each recess
      can coincide with a window or not overlap any window, depending on the
      relative angular position of the disc.
PAR  Disc 40 is supported for rotation about an axis through 42, by means not
      shown. The rotation must be arranged so that the disc is stable in its
      separation from the cavity 34.
PAR  In operation when a recess 41 coincides with a window 39 the volume of
      cavity 34 is increased by a small amount, the cavity now effectively
      extending to the bottom of the recess 41. The resonant frequency of cavity
      34 is thus slightly reduced and thereby the frequency of the magnetron
      itself reduced. The magnetron is operated in the TE.sub.011 mode as before
      with the H-field maximum and E-field minimum adjacent the wall of the
      cavity. The H-field is thus perturbed by the presence of the recess, the
      amount depending on the size of the recess. When by rotation of disc 40
      face 43 is outside a window the volume of cavity 34 is at the minimum
      value and the magnetron frequency at the highest value for the illustrated
      embodiment. Clearly the number, size and shape of the recesses and windows
      and the spacing of disc 40 from the cavity wall will affect the highest
      frequency and the reduction of this frequency on rotation of disc 40.
PAR  By rotation of the disc at a suitable speed, the operating frequency of the
      magnetron can be "dithered" in a regular manner. For example a magnetron
      operating at a frequency in the order of 10,000 MHz can be dithered by
      some 400 MHz at 1000 cycles per second.
PAR  In the illustrated embodiment the tuning element is outside the magnetron
      vacuum chamber. However the movable tuning element may be in the vacuum
      chamber although the drive may then be more complicated.
PAR  An important advantage of the embodiments described above is that the
      tuning element may be rotated continuously at constant speed. This
      unidirectional movement is an advantage over reciprocal movement of the
      tuning element in which reversal of the direction of movement causes wear
      and irregularity of operation.
PAR  The invention thus provides a frequency-agile coaxial magnetron which is of
      relatively simple construction and in which it is not essential to have a
      bearing for the rotatable tuning element within the vacuum system.
PAR  The tuning of the single stabilizing cavity as opposed to the many cavities
      of the resonator portion avoids variations in the tuning caused by
      inevitable minor differences in the resonator geometry.
PAR  The invention is also applicable to the so-called inverse magnetron in
      which the resonant cavity surrounds the stabilizing cavity.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A coaxial magnetron including a resonator cavity and a wall means
      forming a coupled stabilizing cavity, and a stabilizing cavity tuning
      means including a fixed dielectric portion supporting a fixed conductive
      tuning element at the middle of the cavity and a movable dielectric
      portion supporting a movable conductive tuning element for rotation
      through the middle of the cavity to either overlap or not overlap the
      fixed element, neither the fixed tuning element or the movable tuning
      element extending to the wall of the stabilizing cavity, the movable
      tuning element being capable of continuous unidirectional rotational
      displacement to vary said overlap and thereby vary the frequency of the
      magnetron.
NUM  2.
PAR  2. A magnetron as claim in claim 1 in which the fixed tuning element is
      spaced sections of a conductive ring supported in the stabilizing cavity
      while the movable tuning element is similar spaced sections of a ring
      supported for displacement to be alternately adjacent a corresponding
      fixed section or not adjacent a fixed section.
NUM  3.
PAR  3. A magnetron as claimed in claim 2 and in which the stabilizing cavity
      includes a re-entrant channel of dielectric material extending to the
      region of the maximum of the electric field and supporting said fixed
      tuning element, and a cup-shaped dielectric member supporting said movable
      tuning element for rotation with respect to the fixed element.
NUM  4.
PAR  4. A coaxial magnetron including a resonator cavity and a coupled
      stabilizing cavity and a stabilizing cavity tuning means, including a
      fixed window tuning element formed in a wall of the stabilizing cavity and
      a movable tuning element adjacent said wall to variably restrict said
      window, said movable tuning element not extending to the middle of the
      stabilizing cavity and being capable of continuous unidirectional
      displacement for repetitive cooperation with the fixed window to vary the
      frequency of the magnetron.
NUM  5.
PAR  5. A magnetron as claimed in claim 4 in which the fixed tuning element is
      formed by a conductive circular end wall of the stabilizing cavity with a
      group of windows therein and the movable tuning element is a disc having a
      similarly spaced group of recesses below a surface of said disc supported
      for displacement to progressively restrict said windows with the plate
      surface or extend the windows with the recesses.
NUM  6.
PAR  6. A magnetron as claimed in claim 5 and in which the stabilizing cavity
      has said windows closed by dielectric material and a metal plate formed
      with said recesses rotable adjacent said end wall windows.
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PAL  A lighting circuit and switch for an automobile which provides an
      additional switch ON position for the daytime operation of the headlights
      which ensures that the headlights are turned off when the vehicle engine
      is stopped. The additional ON position of the lighting switch places the
      headlight circuit in series with the accessory contacts of the vehicle
      ignition switch.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to an automobile headlight circuit and switch, and
      particularly to a switch which provides an additional ON position for
      daytime operation of the headlamps that insures automatic turning off of
      the headlights when the engine is stopped. The additional switch position
      connects the headlights in series with the accessory contacts of the
      vehicle ignition switch.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING:
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is a sectional view of the headlight switch of the invention; and
PAR  FIG. 2 is a schematic diagram of the circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT:
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 1
      illustrates the switch 10 which mounts through panel 12, and is held in
      place by a mounting nut 13 that engages a threaded bushing 11 of the
      switch body 30. A header 14, with four terminals 15A, 15B, 15C and 15D for
      external connections is mounted on the end of the switch body 30. An
      insulated shaft 16 mounts through an opening 18 in the bushing 11 and is
      fitted with a knob 17. The internal end of the shaft contains spherical
      electrical contact 19, which contacts and spreads over the internal switch
      contacts 20A and 21, or 20B and 22A, or 23 and 22B as determined by the
      position of switch shaft 16 and contact 19.
PAR  In the OFF position, as shown in FIG. 1, no contacts are closed by the
      switch contact 19.
PAR  Pulling shaft knob 17 one position out, results in contact 19 bridging
      switch contacts 20A and 21 to energize the parking lights and tail light
      24 connected to switch terminal 15B, to the battery circuit connected to
      terminal 15C.
PAR  Pulling shaft knob a further position outward results in contact 19
      bridging switch contacts 20B and 22A and also spreading contact 22A into
      engagement with contact 31, to energize the parking and tail light circuit
      through switch terminal 15B and the normal headlight circuit through
      contact 15A. Switch contacts 20A and 20B are directly connected to the
      battery 26 through terminal 15C.
PAR  Pulling shaft knob fully outwards to a final position disconnects the
      previously made contacts and makes contacts 23 and 22B connecting the
      headlights 25, connected to terminal 15A, to terminal 15D joined to the
      ignition switch accessory contacts 27 which are in series with the battery
      26 when the ignition switch is ON. In this position flange 31 of contacts
      21 also engages contact 22B, spread apart by shaft contact 19, to energize
      the tail light 24 and parking lights when the ignition accessory switch
      contacts 27 are closed.
PAR  Ignition switch accessory contacts 27 are mounted in conventional fashion
      to close when the ignition key is rotated to the ON position for ignition
      or the ON position for "Accessory". Alternately, the headlight circuit in
      series with switch contact 23 may be connected in series with the ignition
      switch contacts of the ignition lock that are connected only when the
      ignition key is rotated to the Engine ON position.
PAR  In this manner, the operator of the equipped vehicle may safely use his
      headlights during daytime, with full security that when he stops his
      vehicle and removes the ignition key, his headlights have been
      automatically turned OFF.
PAR  The normal night time use of headlights, with the engine halted, may be
      continued with either the lighting switch in the middle ON position, with
      the ignition switch turned to only close the accessory contacts of the
      ignition switch.
PAR  A relay may be employed in series with the headlight circuit to reduce the
      current flow across the ignition switch, if desired.
PAR  It is to be noted that many test programs have indicated that reduced
      accident rates occur to vehicles which have their headlights turned ON in
      daytime use. Motorists have been afraid to turn the lights on during the
      day because they frequently do not remember with conventional switches to
      turn them off, upon leaving the vehicle. This invention, when installed
      with encourage the practice of daytime use of headlights with consequent
      greater safety.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A light switch fitted with an operating arm for controlling various
      lights of a vehicle controlled by an ignition switch which provides for a
      first position of the operating arm in which all lights of the vehicle are
      OFF, a second position of the operating arm in which only the parking
      lights and taillights are ON, a third position of the operating arm in
      which only the headlights and taillights are ON and a fourth position in
      which only the headlights and taillights of the vehicle are ON when the
      ignition switch of the vehicle is also ON,
PA1  said light switch formed of an enclosure in which concave metal contacts
      are individually mounted about an operating arm mounted to move in an
      axial direction with respect to the enclosure, with one end of the arm
      projecting beyond an end of the enclosure and fitted with a knob as a
      manual grip,
PA1  said arm fitted with an enlarged section of the arm inside the enclosure,
      with the exterior of said enlarged section formed of electrically
      conducting material,
PA1  said enlarged section fixed in position on said arm, and said concave metal
      contacts fixed in position to said enclosure such that when the operating
      arm is slid axially to a first position of the operating arm, the enlarged
      section does not touch any of the contact members, when the operating arm
      is slid to
PA1  a second position of the operating arm, the enlarged section contacts both
      a first and a second metal contact, when the operating arm is slid to
PA1  a third position of the operating arm, the enlarged section contacts both a
      third and a fourth metal contact, and when the operating arm is slid to
PA1  a fourth position of the operating arm, the enlarged section contacts both
      a fifth and a sixth metal contact,
PA1  said metal contact being spring mounted to the enclosure to move in a
      direction perpendicular to the axis of the arm towards the enclosure when
      contacted by the enlarged section of the arm, with
PA1  the second and third contact members electrically connected together and
      connected to an external terminal for electrical connection to the battery
      circuit of the vehicle,
PA1  the first contact member electrically connected to an external terminal for
      connection to the taillight and parking light circuit of the vehicle,
PA1  the fourth and fifth metal contact members electrically connected together
      and connected to an external terminal for connection to the headlight
      circuit of the vehicle,
PA1  the sixth metal contact electrically connected to an external terminal for
      connection to an accessory contact of the ignition switch of the vehicle,
PA1  said first contact member formed with a flange that extends adjacent to the
      fourth and the fifth contact members between said contact members and the
      enclosure, with said flange located so as to be electrically contacted by
      either the fourth or the fifth contact member when the fourth or the fifth
      contact member is contacted by the enlarged sections of the arm,
PA1  said accessory contact of the ignition switch being connected to the
      battery circuit when the ignition switch is in the ON position.
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ABST
PAL  The specification discloses a system for preventing current overload in a
      three phase dual speed A. C. motor in both high and low speed modes. The
      system includes current transformers for sensing the current level in each
      of the three phases applied to the motor. Circuitry is provided to detect
      the occurrence of a current level above each of a plurality of levels
      depending upon the speed of the motor. Circuitry is responsive to the
      detection of an overload current level in order to operate a switching
      transistor to terminate conduction of a triac in order to terminate the
      current flow through the phases. A light emitting device is connected to
      the switching transistor to emit light upon the occurrence of the overload
      condition. A light sensor senses operation of the light emitting device
      and initiates a timing cycle by a timing circuit during which the triac
      may not be rendered conductive.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 412,809, filed Nov. 5, 1973 and entitled "MULTILEVEL CURRENT SENSING
      DETECTOR SYSTEM FOR OVERCURRENT PROTECTION OF MULTI-SPEED A. C. MOTORS."
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to motor protection systems and more particularly
      relates to a system for providing protection to an A. C. motor and for
      preventing operation of the motor for a predetermined time interval after
      the occurrence of a malfunction.
PAC  THE PRIOR ART
PAR  A variety of different types of systems have been heretofore developed in
      order to prevent damage to electrical motors due to excessive current.
      Specifically, electrical circuits have been previously developed for
      sensing the current level applied to a three phase A. C. electrical motor
      and for terminating the supply of current to the motor when the sensed
      current rises above a predetermined level. However, more sophisticated
      multi-speed motors are currently becoming widely used, and a need has thus
      arisen for a system for providing current overload protection to a
      multi-speed motor in each different speed mode. Moreover, a need has
      arisen for timing circuitry operable upon the occurrence of an overload in
      order to prevent re-energization of the motor during a specified time
      period after the overload occurrence.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a system is provided for
      protecting an alternating current phase line from current above a
      plurality of different levels during various operating modes. Circuitry is
      provided to sense the current level on the phase line and a detection
      system detects the occurrence of the current level above each of the
      plurality of levels. Overload protection circuitry is responsive to the
      detection system for terminating current flow through the phase line upon
      detection of current level above any one of the plurality of predetermined
      levels. A timing circuit is operable upon the occurrence of an overload
      condition in order to prevent re-energization of the system for a
      predetermined time interval.
PAR  In accordance with another aspect of the invention, a system is provided
      for preventing current overload in a multiphase multi-speed motor in low
      and high speeds which includes circuitry for sensing the current level in
      each of the phases of the motor. A resistor divider network is connected
      to each of the sensors and includes a low speed configuration and a high
      speed configuration. Circuitry is responsive to low speed operation of the
      motor for connecting the outputs of each of the low speed configurations
      to a summing location and is further responsive to high speed operation of
      the motor for connecting the output of each of the high speed
      configurations to the summing location. Circuitry is responsive to the
      voltage at the summing location for generating an overload signal upon the
      occurrence of an overload current in any of the phases. A triac is
      connected to control flow through the phase. A switching transistor is
      operable in response to the overload signal for switching the triac to
      terminate current flow through the phases. A light emitting device is
      connected to the switching transistor for emitting light upon the
      occurrence of the overload signal. A timing circuit is connected to the
      switching transistor and a sensor is provided to sense light from the
      light emitting device and to initiate a timing cycle by the timing
      circuit. The triac may not be switched to again allow current flow through
      the phases during the timing cycle.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference is now made to the following
      description taken in conjunction with the accompanying drawing, in which
      the FIGURE illustrates a schematic diagram of the preferred embodiment of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the FIGURE, a three phase A. C. line includes phase lines 10,
      12 and 14 which are connected to supply alternating current three phase
      voltage to a multi-speed A. C. motor 16. While it will be understood that
      the motor 16 could have any number of operating speeds, in the preferred
      embodiment the present system will be described for use with a motor 16
      having a low and a high speed mode of operation. A current transformer 18
      is connected to phase line 10 and is connected to a voltage divider
      network including resistors 20, 22, 24 and 26. The juncture of resistors
      20 and 22 is connected to the anode of a diode 28 which is connected in
      series with a resistance 30 connected to a terminal 32. A diode 33 is
      connected to the juncture of resistors 24 and 26 and is connected in
      series with the resistance 34 connected to a terminal 35.
PAR  A second current transformer 36 is disposed adjacent the phase line 12 and
      is connected to a resistance divider network including resistances 37, 38,
      40 and 42. A diode 44 is connected to the juncture of resistors 37 and 38
      and is connected through a resistance 46 to the terminal 32. A diode 48 is
      connected to the juncture of resistors 40 and 42 and is connected through
      a resistor 50 to the terminal 35.
PAR  A third current transformer 52 is disposed adjacent the phase line 14 and
      is connected to a resistor network including resistors 54, 56, 58 and 60.
      A diode 62 is connected to the juncture of resistors 54 and 56 and is
      connected through a resistor 64 to the terminal 32. A diode 66 is
      connected to the juncture of resistors 58 and 60 and is connected through
      a resistor 68 to the terminal 35.
PAR  A motor speed sensor 70 is responsive to the speed of operation of motor 16
      in order to operate a relay 72 between two positions. The relay 72 is
      operable to close the relay switch 74 between either terminal 32 or 35.
      When the motor 16 is operating at the high speed, the sensor 70 operates
      relay 72 in order to place the switch 74 in contact with terminal 32. When
      the sensor 70 senses that the motor 16 is operating at the low speed, the
      sensor 70 operates the relay 72 to place the switch 74 in contact with
      terminal 35. The divider networks connected to the current transformers
      thus provide two resistive configurations in order to enable overload
      sensing of the motor 16 in both the high and low speed modes.
PAR  The relay switch 74 is connected via lead 76 through a resistor 78 to the
      base of a transistor 80. The emitter of transistor 80 is connected with
      the emitter of a transistor 82 to form a differential amplifier. The
      emitter of transistor 80 is connected to circuit ground through a resistor
      84, while the base of transistor 82 is connected through resistances 86
      and 88 to circuit ground. A capacitor 90 is connected across resistor 88.
      Capacitor 92 is connected between circuit ground and terminal 32. A
      capacitor 94 is connected between circuit ground and terminal 35. Three
      series resistors 96 are connected in series between terminal 35 and
      circuit ground, while three series connected resistors 98 are connected
      between circuit ground and terminal 32.
PAR  A transformer 100 is connected across phase lead 14 to provide a source of
      bias voltage for operation of the system. The output of the transformer is
      connected to a rectifying diode bridge 102 which supplies approximately 10
      volts D. C. bias voltage via resistors 104 and 106 to the protection
      circuitry of the invention.
PAR  The base of transistor 80 is connected through a resistor 108 to the source
      of bias voltage, while the collector of transistor 80 is tied directly to
      the source of bias voltage. The collector of transistor 82 is connected
      through a resistor 110 and a diode 112 to the source of bias potential.
      The juncture of resistors 86 and 88 is tied through a resistor 114 to the
      source of bias voltage.
PAR  The output of the differential amplifier comprising transistors 80 and 82
      is connected through a resistor 118 to the base of a transistor 120. The
      base of transistor 120 is tied to circuit ground via resistor 122. The
      emitter of transistor 120 is tied directly to circuit ground, while the
      collector of transistor 120 is applied via resistor 123 to the base of a
      transistor 124. The collector of transistor 120 is tied through resistor
      126 to the source of bias potential. The base of transistor 124 is
      connected to circuit ground through a resistor 128, while the emitter of
      transistor 124 is tied directly to circuit ground. Transistors 120 and
      124, as will be subsequently described, comprise a digital circuit to
      provide fast switching of the system and to provide the correct logic for
      driving the timer of the invention.
PAR  The collector of transistor 124 is tied through a feedback loop 130
      including a resistor 132 to the emitter of transistor 82 in order to
      provide stabilization to eliminate drifting of the circuit from
      temperature changes and fluctuations in the line voltage. The collector of
      transistor 124 is also connected through a resistor 134 to a charging
      capacitor 136. A terminal of capacitor 136 is connected to the gate of a
      field effect transistor (FET) 138, which may comprise for example a 2N4343
      transistor. A resistor 140 and diode 142 are connected in parallel between
      the FET 138 and the source of bias voltage. The drain of FET 138 is
      connected to the source of bias potential, while the source of the FET 138
      is connected to the base of a transistor 144.
PAR  The emitter of transistor 144 is tied to the collector of transistor 124.
      The collector of transistor 144 is connected to the base of a switching
      transistor 146 and is also connected through a resistor 148 to the source
      of bias voltage. The emitter of transistor 146 is connected via lead 150
      to a light emitting diode (LED) 152. The LED 152 is connected through a
      diode 154 to the collector of transistor 124. The LED 152 is optically
      coupled with a light sensitive transistor 156. Transistor 156 has its
      collector tied to the source of bias voltage and its emitter connected via
      lead 158 to the juncture of resistor 134 and capacitor 136.
PAR  The collector of transistor 146 is connected to the source of bias voltage
      through a resistor 160 and is tied via lead 162 to the base of a
      transistor 164. The collector of transistor 164 is connected to the
      juncture of resistors 104 and 106 to receive bias voltage. A capacitor 166
      is connected between the collector of transistor 164 and circuit ground.
      The emitter of transistor 164 is connected through a resistor 168 to the
      gate of a semiconductor triac 170. Triac 170 is connected between the
      circuit ground and a terminal of the contractor relay 172. The opposite
      terminal of the relay 172 is connected to phase line 14. The contactor
      relay operates contactor switches 176, 178 and 180 respectively connected
      in phase lines 10, 12 and 14. In normal operation, the triac 170 is
      energized, thereby energizing relay 172 in order to maintain the switches
      176, 178 and 180 in their closed positions to enable normal operation of
      the motor 16. As will be subsequently described, upon detection of an
      overload condition, the transistor 164 is de-energized, thereby
      de-energizing triac 170. This causes the de-energization of relay coil 172
      in order to open the switches 176-180 to prevent further current flow to
      the motor 16 to provide overload protection thereto.
PAR  In operation of the circuitry shown in the FIGURE, alternating current
      three phase voltage is applied via phase leads 10, 12 and 14 and through
      the closed relay switches 176, 178 and 180 in order to operate the motor
      16. If the motor is operating at the low speed, the sensor 70 operates the
      relay 72 in order to connect the switch 74 with the terminal 35. This
      connects a portion of the three divider networks to the terminal 35 which
      serves as a summing point. The current transformers 18, 36 and 52 sense
      the current flowing through the phase lines 10, 12 and 14 and thus the
      resistive networks generate voltages across the resistor divider networks
      which are applied to the summing point 35. Under normal operating
      conditions, the resulting voltage at terminal 35 is below a reference
      voltage established by resistors 114 and 88. Capacitor 90 is provided to
      reduce noise from line transients and the like. During normal operation,
      transistor 80 is nonconductive and transistor 82 is turned on. Transistor
      120 is normally off and transistor 124 is normally on. The FET 138 and
      transistor 144 are normally on, while switching transistor 146 is normally
      off. As previously noted, transistor 164 and triac 170 are normally on.
PAR  However, upon the occurrence of an overload condition on any of the phase
      lines 10, 12 and 14, the summed voltage at terminal 35 will increase. This
      increase in voltage is applied to the differential amplifier comprising
      transistors 80 and 82. When the increase in voltage becomes greater than
      the reference voltage determined by resistors 114 and 88, the differential
      amplifier flips and transistor 80 is turned on and transistor 82 is turned
      off. The collector of transistor 82 becomes positive and the positive
      voltage is coupled to turn transistor 120 on. The collector of transistor
      120 goes to essentially zero voltage and thus transistor 124 is turned
      off. The collector of transistor 124 then goes high. Transistors 120 and
      124 thus act as a digital logic circuit to provide fast switching and to
      provide the correct logic to drive the timing circuitry of the invention.
PAR  The high voltage at the collector of transistor 124 is then applied to back
      bias the drain of the FET 138 and the base of the transistor 144, thereby
      turning the FET 138 and transistor 144 off. In normal operation, capacitor
      136 is charged through the diode 142 such that approximately 10 volts is
      maintained across the capacitor 136. The resistor 140 has a high value,
      and thus the capacitor 136 is not able to quickly discharge in the reverse
      direction. Thus, when the collector of transistor 124 goes high, the
      voltage across the capacitor is essentially doubled, thereby back biasing
      FET 138 and transistor 144. When transistor 144 becomes nonconductive, the
      voltage across resistor 148 is applied to the base of transistor 146,
      thereby turning transistor 146 on.
PAR  The conduction of transistor 146 causes transistor 164 to become
      nonconductive, thereby de-energizing triac 170. This causes the contactor
      relay 172 to drop out, thereby opening the relay switches 176, 178 and
      180. This interrupts the power to the motor 16 and the motor 16 is stopped
      in order to prevent damage to the motor.
PAR  When transistor 146 becomes conductive, current is applied through the LED
      152 and light is emitted to the light sensor 156. Sensor 156 then becomes
      conductive and essentially applies a short to a terminal of the capacitor
      136. Capacitor 136 then discharges until the FET 138 and transistor 144
      are no longer back biased and again become conductive. At this point, the
      transistor 146 is turned off and the LED 152 no longer emits light and the
      discharge of the capacitor 136 is terminated. The time for the capacitor
      136 to discharge determines the timing cycle of the circuit. In one
      embodiment, a timing period of approximately 51/2  minutes was provided.
      During this timing cycle, the motor 16 cannot again be energized.
PAR  The above-described operation of the circuit also occurs when the power in
      any one of the phase leads 10, 12 or 14 is temporarily interrupted. When
      the motor 16 is operating in the high speed, the sensor 70 operates the
      relay 72 in order to move the switch 74 into contact with terminal 32.
      Different portions of the resistor divider networks are then connected to
      the system in order to provide high speed sensing. The operation of the
      timing circuit and switching and protection portion of the circuit is
      identical to that previously described.
PAR  An important aspect of the invention is that the operation of the voltage
      sensing section of the circuit is identical regardless of whether or not
      the motor 16 is operating in the high or low speed mode. This eliminates
      the requirement of two separate voltage level detecting sections and
      thereby decreases the complexity and improves the reliability of the
      system.
PAR  Although it will be understood that the component values of the present
      system may be varied in accordance with the desired operating
      capabilities, the following component values have been found to work well
      in practice:
TBL  C90        20.mu.f     R20        4.7K ohms                               

     C92        20.mu.f     R24        4.7K ohms                               

     C94        20.mu.f     R30        27K ohms                                

     C134      100.mu.f     R34        27K ohms                                

     C166      220.mu.f     R37        4.7K ohms                               

     R22       200 ohms     R40        4.7K ohms                               

     R26       200 ohms     R46        27K ohms                                

     R38       200 ohms     R50        27K ohms                                

     R42       200 ohms     R54        4.7K ohms                               

     R56       200 ohms     R58        4.7K ohms                               

     R60       200 ohms     R64        27K ohms                                

     R104      4.7 ohms     R68        27K ohms                                

     R106       75 ohms     R84        1K ohms                                 

     R108       1 Meg       R88        10K ohms                                

     R132       1 Meg       R110       100K ohms                               

     R140      3.3 Meg      R114       18K ohms                                

     R148       1K          R118       10K ohms                                

     R160       1K          R122       27K ohms                                

     R168       1K          R123       10K ohms                                

                            R126       10K ohms                                

                            R128       47K ohms                                

                            R134       2.7K ohms                               

PAR  An important aspect of the invention is that the LED 152 and light sensor
      156 provides a high degree of isolation to the timing circuit when the LED
      152 is not energized.
PAR  The present system thus provides an efficient and accurate system for
      continuously detecting overload conditions and line interruptions in
      multi-phase motors. As previously noted, the present system may be
      utilized with slight modifications on single speed motors or on
      multi-speed motors having more than two operational speeds. The present
      system requires sensing only in the primary three phase lines applied to
      the motor and does not require any sensing of the secondary leads of the
      motor. While the present system works well in preventing overload on
      multi-speed motors driving air conditioning systems or the like, it will
      be apparent that the present system is also applicable for use with any A.
      C. motor.
PAR  Whereas the present invention has been described with respect to specific
      embodiments thereof, it will be understood that various changes and
      modifications will be suggested to one skilled in the art, and it is
      intended to encompass such changes and modifications as fall within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for preventing current overload in a multiphase multi-speed
      alternating current motor in low and high speeds comprising:
PA1  current transformers for sensing the current level in each of said phases
      of said motor,
PA1  a resistor divider network connected to each of said sensing means and
      including a low speed configuration and a high speed configuration,
PA1  means responsive to low speed operation of said motor for connecting the
      outputs of each of said low speed configurations to a summing location and
      further responsive to high speed operation of said motor for connecting
      the outputs of each of said high speed configurations to the summing
      location,
PA1  a differential amplifier responsive to the voltage at the summing location
      for generating an overload signal upon the occurrence of an overload
      current in any of said phases,
PA1  a triac connected to control current flow through said phases,
PA1  a switching transistor operable in response to said overload signal for
      switching said triac to terminate current flow through said phases,
PA1  a light emitting device connected to said switching transistor for emitting
      light upon the occurrence of said overload signal,
PA1  a timing circuit including a field effect transistor connected to control
      said switching transistor and a timing capacitor for controlling the state
      of the field effect transistor, and
PA1  light sensor means for sensing said light and for initiating a timing cycle
      by said timing circuit during which said triac may not be switched to
      allow current flow through said phases.
NUM  2.
PAR  2. The system of claim 1 and further comprising:
PA1  a voltage transformer connected to one of said phases, and
PA1  a diode bridge connected to said voltage transformer for providing direct
      current voltage to said triac.
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ABST
PAL  A ground fault interrupter (GFI) provided with a reversed line polarity
      lamp indicator to indicate proper installation of the GFI. The reversed
      line polarity lamp indicator includes a push button and a lamp connected
      in series between the line conductor of the GFI and ground. In a wiring
      system having a ground conductor, the series connection is between the
      line and the ground conductor in which case the reversed line polarity
      lamp indicator may also be used to check for open circuits in the ground
      conductor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to ground fault interrupters (GFIs) and more
      particularly to a GFI provided with an indicator for indicating whether
      the GFI has been properly installed.
PAR  GFIs are devices which detect ground leakage currents of such small
      magnitudes that normal overload and short circuit breakers or fuses are
      not responsive thereto, but which could well be lethal currents to human
      beings. Although the sensitivity of such devices varies, they have
      typically been designed to open the circuit if the leakage current exceeds
      5 milliamps. Their importance in protecting human life is readily apparent
      when one considers that currents in excess of 60 milliamps are generally
      lethal and, depending on the physical condition of the person and the
      electrical path which is created, substantially smaller currents can also
      be lethal or, at the least, quite painful and dangerous.
PAR  It is, therefore, quite important to encourage the installation and use of
      GFIs in industrial and residential use, especially under specific
      circumstances where the likelihood of potential hazards is greater or the
      possibilities of lethal currents are more probable. One such use would be
      in electrical circuits for home swimming pools.
PAR  To encourage their use, it is desirable to provide less expensive GFIs as
      well as reducing the size of such models for more convenient installation.
      It is also apparent that, although in many instances GFIs will typically
      be installed by trained technicians, it is a good possibility that many
      home owners and amateur electricians will endeavor to reduce their cost
      and install GFIs themselves.
PAR  In GFIs, it is only necessary to provide a circuit breaker in series with
      the line conductor of the wiring system to safely disconnect the circuit
      should leakage current occur. However, if the interrupter is improperly
      installed and the circuit breaker is connected in series with the neutral
      conductor, rather than the line conductor, then the interrupter will not
      provide the protection it is designed for. For this reason, circuit
      breakers are included in series with both the line and neutral conductors
      in units likely to be installed by the amateur to provide adequate
      protection even if the lines are reversely connected during installation.
      In fact, the Underwriters Laboratories has required such dual circuit
      breakers in GFIs likely to be installed by an amateur. This, however,
      needlessly increases the cost of the item by necessitating the provision
      of an additional circuit breaker and also increases the space requirements
      of the interrupter, inasmuch as a circuit breaker occupies a substantial
      volume in relation to the other components of a GFI.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes these problems by providing a GFI with a
      reversed line polarity lamp indicator which may be used to test whether
      the installation is proper. The reversed line polarity lamp indicator
      includes a lamp and push button connected in series between ground and a
      conductor of the GFI which includes a circuit breaker in series therewith.
      Thus, the present invention provides a convenient check of the
      installation to insure that the conductor of the GFI having the circuit
      breaker has been connected to the line conductor of the wiring system for,
      if not, upon depression of the push button the lamp will not be
      illuminated. A further advantage of the present invention results when it
      is used with a wiring system having a ground conductor. In such a system
      the reversed line polarity lamp indicator is connected to ground through
      the ground conductor. If the potentially hazardous condition of an open
      ground conductor exists, the lamp will fail to illuminate upon depression
      of the push button even though the installation of the GFI may have been
      proper. Thus, the present invention allows the cost and size of the GFI to
      be reduced, prevents improper installation and provides a check of the
      ground conductor of the wiring system.
PAR  It is, therefore, a general object of the present invention to provide an
      improved GFI which obviates the problems and disadvantages of previously
      known GFIs.
PAR  It is a more specific object of the present invention to provide a GFI
      having an indicator for testing the correctness of installation.
PAR  It is another object of the present invention to provide a GFI having an
      indicator for checking the continuity of the ground conductor.
PAR  It is still another object of the present invention to provide a GFI of
      reduced size and cost while still assuring proper installation and
      operation of the GFI.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These as well as other objects and advantages of the present invention will
      become apparent to those skilled in the art from a perusal of the appended
      claims and the following detailed description when read in conjunction
      with the attached drawing which is a schematic diagram of a preferred
      embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Now, referring to the drawing, the present invention is applied to a power
      source including a line and a grounded neutral. The GFI includes a
      conductor 10 to be connected to the line, and a conductor 12 to be
      connected to the neutral. For convenience and clarity of description, the
      conductors 10 and 12 will hereinafter be referred to as the GFI line and
      neutral conductors, respectively. The GFI neutral conductor 12 is grounded
      as is shown at 14. In reality this ground will be on the neutral of the
      source and is typically placed at the panel box.
PAR  Both the GFI line and neutral conductors 10 and 12 pass through the winding
      window of a core 16 of a differential transformer 18. The differential
      transformer 18 includes a multiturn secondary wiring 20 provided on the
      core 16 which is connected to a GFI detection and actuating circuit 22
      which may be any conventional type of which many variations exist. An
      output of the detection and actuating circuit 22 controls a single circuit
      breaker 24 connected in series with the GFI line conductor 10. The GFI
      line and neutral conductors 10 and 12 terminate in output terminals 26
      across which a load 28 may be connected.
PAR  As described thus far, the circuit is nothing more than a conventional GFI
      circuit except for the fact that if amateur installation is probable a
      second circuit breaker would be included in the GFI neutral conductor 12
      so that if the GFI line and neutral conductors were reversed during
      installation the GFI would still function properly. The present invention
      lies in the combination of this conventional GFI circuit with a reversed
      line polarity lamp indicator. This includes a current limiting resistor
      30, a lamp 32, which for long life may be a conventional neon lamp, and a
      push button 34 connected in series between the GFI line conductor 10 and
      ground. As shown in the drawing, the connection to ground is provided
      through a ground conductor 36, if such a ground conductor is included in
      the wiring system. If the ground conductor 36 is not available, the
      connection may be made to any suitable ground.
PAR  In operation, the GFI will function in a conventional manner with the GFI
      detection and actuating circuit 22 responding to induced voltage in the
      secondary winding 20 due to an imbalance in the current flowing in the GFI
      line and neutral conductors 10 and 12. If the current imbalance is of
      sufficient magnitude, the GFI detection and actuating circuit 22 will
      cause the circuit breaker 24 to open to disconnect the load 28 from the
      power source.
PAR  The reversed line polarity lamp indicator acts as a check to make sure the
      wiring of the GFI is proper and also provides a permanently available
      check of the continuity of the ground conductor 36 is the wiring system
      includes a ground conductor.
PAR  In use, when the GFI with reversed line polarity lamp indicator is
      connected to the wiring of the system, the push button 34 will be actuated
      to close the circuit between ground and conductor 10. If conductor 10 has
      been properly wired to the power source line, then current will flow
      through current limiting resistor 30 and the lamp 32 to illuminate the
      lamp 32 thereby indicating proper installation of the GFI. If the lamp 32
      is not illuminated, then it is most likely that the conductors of the GFI
      have been incorrectly connected to the power source and the wiring may be
      corrected and the push button 34 again actuated to make sure that the GFI
      is now properly installed.
PAR  It will also be apparent that failure of the lamp 32 to illuminate can also
      be due to an open condition in the ground conductor 36 or possibly could
      be due to failure of the lamp or an open circuit condition in the
      indicator circuit. In any case, failure of the lamp to operate is an
      important warning signal that a potential hazard may exist and corrective
      maintenance should be undertaken. An open circuit in the ground wire 36 is
      a potentially hazardous condition and should be corrected. Similarly,
      failure of the reversed line polarity lamp indicator should also be
      corrected so that future checking of the continuity of the ground
      conductor is available and at the least that the installation of the GFI
      is proper.
PAR  Once the GFI is properly installed, the reversed line polarity lamp
      indicator may be used thereafter to check the continuity of the ground
      conductor 36 from the point of installation of the GFI to the source of
      grounding. It should be noted that the provision of the push button 34
      permits current to flow through the lamp only when the circuit is being
      tested thereby eliminating any potentially hazardous currents from
      continuously flowing, eliminating an otherwise continuous power drain, and
      preserving the operational life of the lamp 32.
PAR  Without the reversed line polarity lamp indicator circuit in combination
      with the GFI, it would be necessary to provide a circuit breaker in both
      the GFI line and neutral conductors inasmuch as if the GFI were improperly
      installed and the circuit breaker were in series with the power source
      neutral, no protection against ground leakage currents would be provided.
      By the provision of the reversed line polarity lamp indicator, the
      correctness of the installation may be checked to insure that the GFI line
      conductor 10 in which the circuit breaker is connected is properly
      connected to the power source line. Thus, the need for a second circuit
      breaker in series with the GFI neutral conductor is obviated and the
      additional cost and space requirements of such a circuit breaker are
      avoided.
PAR  Thus, an improved GFI has been provided which is reduced in cost and size,
      and provides a fail-safe indication of proper installation. The improved
      GFI also provides a fail-safe indication of an open condition of a ground
      conductor where the wiring system includes such a conductor.
PAR  It will be apparent to those skilled in the art that various changes and
      modifications may be made in the present invention without departing from
      the spirit and scope of this invention. Therefore, the foregoing
      description should be construed as illustrative only rather than limiting.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ground fault interrupter comprising:
PA1  a pair of conductors having input terminals adapted to be connected to an
      AC power supply having a line and a grounded neutral, and output terminals
      adapted to be connected to a load;
PA1  circuit breaker means connected in series with a first of said conductors;
PA1  current sensing means for sensing differences in current flowing in said
      conductors and generating a signal responsive thereto;
PA1  detection and actuation means for receiving said signal and opening said
      circuit breaker means when said signal indicates a difference current of a
      predetermined magnitude, and
PA1  reversed line polarity indicating means associated with said conductors for
      indicating proper connection of said first of said conductors to said line
      of said AC power supply, said reversed line polarity indicating means
      including circuit means for giving an indication of whether or not said
      first of said conductors is connected to said line of said AC power
      supply, and actuating means for selectively connecting said circuit means
      between one of said conductors and ground.
NUM  2.
PAR  2. The ground fault interrupter of claim 1 wherein said circuit means is
      selectively connected to said first of said conductors.
NUM  3.
PAR  3. The ground fault interrupter of claim 1 wherein said actuating means is
      a manually operable push button.
NUM  4.
PAR  4. The ground fault interrupter of claim 1 wherein said circuit means
      includes a lamp for indicating whether or not said first of said
      conductors is connected to said line of said AC power supply.
NUM  5.
PAR  5. The ground fault interrupter of claim 4 wherein said circuit means
      further includes a current limiting resistor in series with said lamp.
NUM  6.
PAR  6. A ground fault interrupter comprising:
PA1  a pair of conductors having input terminals adapted to be connected to an
      AC power supply having a line and a grounded neutral, and output terminals
      adapted to be connected to a load;
PA1  circuit breaker means connected in series with a first of said conductors;
PA1  current sensing means for sensing differences in current flowing in said
      conductors and generating a signal responsive thereto;
PA1  detection and actuation means for receiving said signal and opening said
      circuit breaker means when said signal indicates a difference current of a
      predetermined magnitude; and
PA1  reversed line polarity indicating means associated with said conductors for
      indicating proper connection of said first of said conductors to said line
      of said AC power supply, said reversed line polarity indicating means
      including a lamp and selectively operated actuating means for connecting
      said lamp between one of said conductors and ground, the illumination or
      nonillumination of said lamp being indicative of which of said conductors
      is connected to said line of said AC power supply.
NUM  7.
PAR  7. The ground fault interrupter of claim 6 wherein said actuating means
      selectively connects said lamp to said first of said conductors, thereby
      rendering illumination of the lamp an indication of proper connection of
      said first of said conductors to said line of said AC power supply.
NUM  8.
PAR  8. The ground fault interrupter of claim 6 wherein said AC power supply
      further includes a ground conductor and wherein said actuating means
      selectively connects said lamp to ground through said ground conductor.
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ABST
PAL  An electronic circuit breaker for use in A.C. power circuits is provided
      with means for varying the overload current response level at which the
      circuit breaker removes power from the load. The load current is conducted
      through a primary winding of a transformer, and a circuit breaker switch
      is responsive to voltage across the secondary winding of the transformer
      exceeding a predetermined magnitude corresponding to the selected overload
      current level to remove power from the load. A lockout circuit prevents
      reapplication of power other than by a manual reset switch. The overload
      current response level corresponding to the predetermined magnitude of the
      voltage across the secondary winding is variably selected by varying the
      inductive coupling between the primary winding and the secondary winding.
      The primary winding is wound about one leg of a magnetic core and the
      secondary winding is wound about another leg of the magnetic core. In one
      embodiment, the inductive coupling is varied by altering a reluctance gap
      between the first and second legs of the core. In another embodiment, the
      inductive coupling is varied by changing the effective reluctance of a
      third leg of the core in parallel magnetic circuit with the first and
      second legs of the core. Both means for varying the gap and means for
      varying the effective reluctance of a third leg of the core may be
      combined to provide different ranges of selectibility. The overload
      current response level may also be adjusted by varying a reluctance gap in
      the first leg of the transformer core.
PARN
PAC  CROSS REFERENCE
PAR  This application is a continuation-in-part of my application Ser. No.
      325,812 filed Jan. 22, 1973, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electronic A.C. overload current-responsive
      electronic circuit breakers and, more particularly, to such a circuit
      breaker with means for selecting the overload current response level at
      which the circuit breaker disconnects power from a load.
PAR  In many applications where A.C. power is provided to a load, it is
      necessary to protect the load from overload current in excess of the
      current-carrying capabilities of the load. Numerous electro-mechanical
      circuit breakers are known which provide this protection by monitoring the
      load current and disconnecting power from the load in response to load
      current exceeding a predetermined overload level. However, due to inherent
      short-comings such as mechanical lag, potential for mechanical failure and
      general lack of accuracy, such devices are not always satisfactory,
      especially where over-current sensitive circuit components may be
      involved.
PAR  While in most applications the current-carrying capability of the load
      remains fixed, as thus does the overload level to which the circuit
      breaker is responsive, in some other applications the current-carrying
      capabilities of the load varies. For instance, the load may comprise a
      rectifier type power supply which, in turn, may serve a widely varying
      load that may pose surge and/or short-circuit load hazards to the
      rectifier elements or other over-current sensitive circuit components of
      the power supply which may not be absorbed much beyond a one-cycle time
      interval. Numerous other situations call for a highly sensitive circuit
      breaker which can be adjusted to respond to different overload current
      levels.
PAR  Known solutions of this problem have included the use of multiple fuses,
      each responsive to a different current level to remove power from the
      load. The use of multiple circuit breakers is generally prohibited by cost
      and space limitations. Known electronic circuit breakers, however, are
      generally designed to be responsive to only one particular overload
      current level.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the present invention is to provide an electronic
      circuit breaker which may be readily adjusted to be responsive to
      different overload current levels to remove A.C. power from a load.
PAR  Briefly, this object is achieved in accordance with the invention by
      providing an electronic switch that monitors the voltage across a
      secondary winding of a transformer, the primary of which carries the load
      current, and means associated with a magnetic core of the transformer for
      varying the ratio of the magnitude of the voltage induced in the secondary
      winding to the load current conducted through the primary winding.
PAR  According to the preferred embodiment, the magnetic core has two or three
      legs, with the primary winding being wound about a first of the legs and
      the secondary winding being wound about a second one of the legs. In one
      embodiment, means are provided for varying a reluctance gap between the
      first and second legs of the magnetic core. In another embodiment directed
      to monitoring load current in the multi-hundred ampere levels, the output
      of the secondary winding is varied by varying a reluctance gap in the
      first leg of the core about which the primary winding is wound. In a
      further embodiment, when the magnetic core is provided with three legs, an
      auxiliary winding about the third leg closed about itself through a
      variable resistor generates counter ampere turns to alter the division of
      magnetic flux generated by the primary winding between the third leg of
      the core and second leg of the core about which the secondary winding is
      wound. All three means for varying the relationship between the secondary
      winding output and the primary winding load current can be used together.
PAR  Thus, an important feature of the present invention is the provision of an
      electronic circuit breaker in which the overload current level at which
      the circuit breaker removes power from the load can be selectively varied
      by transformer means used to monitor the load current.
PAR  The electronic circuit breaker includes a semiconductor switch connected in
      series with the primary winding and the load, a trigger circuit for
      rendering the semiconductor switch conductive, and a switch control
      circuit for turning off the switch upon detection of an overload
      condition. The switch control circuit is connected across the secondary
      winding and is responsive to a voltage developed thereacross exceeding a
      predetermined magnitude corresponding to the selected overload current
      level to disable the trigger circuit and thereby render the switch
      nonconductive to remove power from the load. Means are provided such that
      when the circuit breaker is actuated to remove power from the load, power
      cannot be reapplied until the circuit breaker is reset by means of a
      manually operable switch. Although actuation of the reset switch causes
      the circuit breaker to reapply power to the load, the circuit breaker is
      "trip-free," i.e., the switch control circuitry is insusceptible to
      external interference with recycling the circuit breaker back into the off
      state under persistent over-current conditions.
PAR  In a preferred embodiment, two unidirectional conductive switches connected
      in inverse, parallel relationship are used to apply current to the load
      during opposite half wave cycles of A.C. A separate trigger disable
      circuit associated with each switch is connected with its own secondary
      winding, and the switches are turned off sequentially in successive half
      waves of the A.C. A lockout circuit is provided to prevent the reduction
      in load current through the primary winding when power is removed from
      reducing the voltage output of the secondary windings below the
      predetermined level necessary to keep the trigger circuits disabled.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing features and advantages will be made more apparent and
      further features and advantages will be illustrated in the following
      detailed description of a preferred embodiment of the electronic circuit
      breaker of the present invention taken together with the following
      drawings, in which:
PAR  FIG. 1 is a circuit schematic of an electronic circuit breaker of the prior
      art;
PAR  FIG. 2 is a circuit schematic of a preferred embodiment of the present
      invention in which the overload current level may be varied by means of an
      auxiliary coil wound about a third leg of the transformer core;
PAR  FIG. 3 is a schematic illustration of a preferred mode of construction of
      the transformer used in the electronic circuit breaker of the present
      invention;
PAR  FIG. 4 is a schematic diagram of another embodiment of the electronic
      circuit breaker with the control circuit and switch shown in block form in
      which overload current level may be adjusted by varying a high reluctance
      gap in the first leg of the transformer core; and
PAR  FIG. 5 is a schematic diagram illustrating a preferred means for adjusting
      a reluctance gap between the first and second legs of the magnetic core to
      adjust the degree of inductivity between the primary and secondary
      windings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBDODIMENT
PAR  Shown in FIG. 1 is a known electronic switch of the general type which
      could be used in an electronic circuit breaker. This circuit is shown and
      described in the fifth edition of the General Electric SCR manual at
      Chapter 8, FIG. 8.1b, pages 195-197. Briefly, silicon controlled
      rectifiers, SCR1 and SCR2, connected in inverse parallel relationship with
      one another and in series with the load across an A.C. voltage supply,
      conduct current to the load when provided with trigger signals generated
      by circuitry associated with their respective gates. When switch S is
      closed, part of the current through the load is conducted through
      resistors R1, R2 and R3 in series with the switch. A resultant voltage
      developed between resistors R1 and R3 is connected to the gate of SCR1
      which causes it to conduct during the half waves of the A.C. power supply
      that it is forward biased. Likewise, the voltage developed between
      resistors R2 and R3 is applied to the gate of SCR2 which causes it to
      conduct during the opposite half waves of the A.C power supply. Diodes D1
      and D2 connected across the gate-anode junction of SCR1 and SCR2,
      respectively, prevent reverse voltage from being applied to the gate-anode
      junctions during the half waves that the respective SCR's are
      nonconductive. Resistor R3 is selected to prevent the maximum permissible
      forward gate voltage and current of SCR1 and SCR2 from being exceeded.
PAR  When switch S is opened, gate signals to both SCR1 and SCR2 are terminated,
      and when the current through the conducting one of the SCR's is reduced to
      zero at the end of the half cycle, it assumes a nonconductive state. The
      SCR's will not again turn on until trigger signals are again applied to
      their respective gates. If switch S opens in response to a predetermined
      overload current level being exceeded, the circuit of FIG. 1 functions as
      an overload circuit breaker.
PAR  Referring to FIG. 2, the basic circuit of FIG. 1 as modified in accordance
      with the present invention is shown. As in the circuit of FIG. 1, a
      semiconductor switch, generally designated by reference numeral 10,
      includes a pair of silicon-controlled rectifiers, SCR's 11a and 11b,
      connected in parallel with one another but poled in opposite directions
      and connected in series with a load L to be protected, across an A.C.
      power supply. Also, like the circuit of FIG. 1, a voltage divider
      comprised of series resistors 12a, 13 and 12b, is connected in parallel
      with the SCR's 11a and 11b to provide trigger signals to the respective
      gates thereof. Gate current for SCR 11a is taken off a wiper contact 41a
      of resistor 12a, and gate current for SCR 11b is taken off a wiper contact
      41b of resistor 12b. Diodes 16a and 16b, respectively connected across
      resistors 12a and 12b, serve the same function as diodes D1 and D2 in the
      circuit of FIG. 1 of preventing reverse polarity voltages from being
      applied to the gate-anode junctions of the SCR's 11a and 11b respectively
      associated therewith. Zener diodes 15a and 15b connected across the
      gate-anode junctions of SCR's 11a and 11b, respectively, protect these
      junctions from excessive forward voltages due to transient surges or the
      like.
PAR  A manually operable on-off switch 14 in series with resistors 12a, 13 and
      12b is provided to reset the circuit breaker to permit it to reapply
      current to the load after it has removed power from the load in response
      to an overload current. Like switch S of the circuit of FIG. 1, switch 14,
      if opened, will turn off SCR's 11a and 11b. It is therefore available as a
      manual means to conveniently operate the circuit breaker under normal or
      non-overload circumstances. Other circuitry removes trigger signals from
      the gates of the SCR's automatically in response to an overload current as
      will appear hereinafter.
PAR  As seen in FIG. 2, the load L and semiconductor switch 10 are connected in
      series with a primary winding 32 of a transformer generally designated by
      reference numeral 30. Transformer 30 has a magnetic core 31 with one leg
      about which primary winding 32 is wound and another leg in magnetic
      circuit therewith about which secondary winding means 35a and 35b are
      wound. In accordance with the present invention, various means are
      provided for altering the relationship between load current through
      primary winding 32 and the resultant voltage induced in secondary windings
      35a and 35b which overload varying means will be described hereinafter.
      Regardless of the ratio between load current magnitude and secondary
      winding voltage magnitude, the voltage induced in the secondary winding is
      directly proportional to the load current conducted through primary
      winding 32 in.
PAR  As mentioned earlier, switch control circuitry, other than reset switch 14,
      is provided to terminate conduction of SCR's 11a and 11b in response to
      detection of an overload current. The switch control circuitry includes
      two trigger disable circuits, one responsive to the voltage across
      secondary winding 35a exceeding a predetermined magnitude corresponding to
      the overload current level to remove trigger signals applied to SCR 11a
      and the other responsive to the voltage induced across secondary winding
      35b to remove trigger signals from SCR 11b.
PAR  The trigger signal disable circuit associated with SCR 11a includes an SCR
      17a connected across resistor 12a and adapted to receive gate current from
      secondary winding 35a. If the voltage across secondary winding 35a exceeds
      a predetermined magnitude, SCR 17a will receive sufficient gate drive to
      turn on at the beginning of the half wave of A.C. during which SCR 11a
      normally conducts. At the overload current level, the secondary winding
      voltage does exceed the predetermined magnitude and SCR 17a does turn on,
      and shunts gate current away from the gate of SCR 11a. With the resistor
      12a disabled from applying trigger signals to SCR 11a, SCR 11a will not
      conduct load current and power is thereby removed from the load.
PAR  One side of secondary winding 35a is directly connected to the cathode of
      SCR 17a. The other side of secondary winding 35a is connected to the gate
      of SCR 17a through a series circuit including a diode 20a and, a variable
      resistor 21a. A Zener diode 18a connected in parallel between the gate and
      cathode of SCR 17a with resistor 19a protects the gate cathode junction
      from excessive forward voltages. Diode 20a is provided to prevent reverse
      voltage from being applied to the gate junction.
PAR  The trigger disable circuit associated with SCR 11b functions in an
      identical fashion as the trigger disable circuit associated with SCR 11a
      and corresponding elements of the two circuits bear the same numerical
      prefixes. The difference of course is that the trigger disable circuit for
      SCR 11b is responsive to voltage induced in secondary winding 35b, whereas
      the trigger disable circuit for SCR 11a is responsive to the voltage
      induced in secondary winding 35a. Diode 20b prevents gate current from
      being applied to SCR 17b other than during the half-cycle of A.C. that SCR
      11b is forward-biased and SCR 11a is reverse-biased.
PAR  Thus, SCR's 17a and 17b may not be triggered into conduction
      simultaneously, but rather can only be turned on in successive half cycles
      of the A.C. Likewise, load current-carrying SCR's 11a and 11b do not
      conduct simultaneously but alternately conduct during successive half
      cycles of the A.C., and are disabled from conducting in like sequence.
      Variable resistors 21a and 21b may be adjusted to insure that SCR's 17a
      and 17b will be turned on at the same level. This eliminates the necessity
      of matching the characteristics of SCR's 17a and 17b.
PAR  To prevent the reapplication of power in response to reduction of load
      current below the overload level, a latching circuit, including auxiliary
      winding 36, is provided. Auxiliary winding 36 is wound about the second
      leg of the magnetic core, and is connected to resistor 13 by means of
      resistor taps 40a, and 40b through Zener diodes 22a and 22b, respectively.
      The auxiliary winding 36 is wound about the same leg of the magnetic core
      as secondary windings 35a and 35b and becomes progressively energized from
      current through resistor 13 as first one and then the other of SCR's 11a
      and 11b of semiconductor switch 10 turns off to offset the canceled ampere
      turns of primary winding 32. Therefore, auxiliary winding 36 maintains the
      voltage output across secondary windings 35a and 35b above the
      predetermined level necessary to gate on SCR's 17a and 17b during
      alternate half cycles. Thus, once semiconductor switch 10 has been turned
      off in response to an overload current, it will remain off until reset by
      means of manually operable switch 14, even though the load current may be
      reduced below the overload level.
PAR  The circuit breaker is reset when switch 14 is opened at least momentarily.
      When switch 14 is opened, the current through the auxiliary winding 36 is
      temporarily terminated and the trigger signals induced in secondary
      windings 35a and 35b therefrom interrupted. When switch 14 is again
      closed, SCR's 11a and 11b will be successively turned on to reapply power
      to the load. If an overload condition still exists, it will be detected
      within one cycle of the A.C. current by the trigger disable circuitry to
      again turn off the load current-carrying semiconductor switch 10. If the
      overload condition is no longer present, the semiconductor switch 10 will
      continue to apply power to the load. An important feature of the switch
      control circuitry is that the circuit breaker is "trip-free", i.e., as
      stated hereinbefore, the disabling function of the switch control
      circuitry is insusceptible to external interference. If the switch is
      open, normal power is removed and if the switch is closed, abnormal power
      will be automatically removed within one cycle of overlaod current.
PAR  To prevent parasitic current from being developed in winding 36 when power
      is being applied to the load which might interfere with a uniform response
      of the circuit breaker, the auxiliary winding 36 is connected to resistor
      13 through Zener diodes 22a and 22b. Zener diodes 22a and 22b prevent the
      relatively low voltage induced in winding 36 during the power-applying
      state of semiconductor switch 10 from being applied across resistor 13. In
      effect, when semiconductor switch 10 is conducting, auxiliary winding 36
      is open-circuited. However, as indicated above, once switch 10 is turned
      off, the full A.C. voltage is coupled across resistor 13. This raises the
      voltage across Zener diodes 22a and 22b above their breakover voltage to
      permit the conduction of latching current through the auxiliary winding.
PAR  Zener diodes 23a and 23b connected in series across auxiliary winding 36 in
      opposite polarity with one another function as a voltage regulator to
      limit the total voltage applied across auxiliary winding 36 to prevent the
      application of excessive forward gate voltages to SCR's 17a and 17b.
PAR  As indicated above, the control circuit for semiconductor switch 10 is
      responsive to the voltage developed across secondary windings 35a and 35b
      exceeding a predetermined value to terminate conduction. The voltage
      developed across secondary windings 35a and 35b is directly proportional
      to the load current, and the predetermined magnitude of secondary winding
      voltage at which power of the load is terminated corresponds to the
      selected overload current level. In accordance with the present invention,
      means are provided for varying the overload current response level by
      varying the relationship between the magnitude of the load current and the
      voltage developed across the secondary windings. This may be done by
      varying the ampere turns of primary winding 32 by changing the number of
      turns in the primary winding. Thus, as seen in FIG. 3, primary winding 32,
      shown in block form, may have multiple taps through which different
      numbers of turns may be selected. The overload current level may also be
      selectively varied by varying the inductive coupling between the primary
      winding and the secondary windings.
PAR  Various means are shown for varying the inductive coupling between the
      primary winding and the secondary windings in the embodiments of the
      present invention in FIGS. 2, 4 and 5. The semiconductor switch 10 and
      control circuit therefor of FIG. 2 is used in the circuit breakers of
      FIGS. 4 and 5, but for purposes of brevity are shown only in block form in
      these latter two embodiments.
PAR  One means of altering the inductive coupling between the primary winding
      and the secondary windings comprises one or two high reluctance gaps R
      between the second leg of the magnetic core about which the secondary
      windings are wound and the remaining portion of the magnetic core
      including the leg about which the primary winding is wound, and means for
      setting and securing the gap or gaps R. The magnitude of the magnetic flux
      generated by the load current conducted through primary winding 32 is
      dependent upon the number of ampere turns of the primary winding and the
      reluctance of the magnetic circuit including the magnetic core. The total
      reluctance of the magnetic circuit is determined to a minor degree by the
      reluctance of the magnetic core, including that of both the first leg and
      second leg thereof, by chiefly by the dimensions of the reluctance gaps R.
PAR  The voltage induced in secondary windings 35a and 35b is directly
      proportional to the magnetic flux through the second leg of the magnetic
      core about which they are wound. Thus, by adjusting the dimensions of the
      reluctance gaps R, the magnitude of the magnetic flux through the
      secondary windings for a given load current can be pre-set. If the
      reluctance gaps are increased, the voltage induced in the secondary
      winding for a given load current decreases, and accordingly the overload
      level increases. Conversely, if the dimension of the reluctance gap is
      decreased, the overload current level is decreased.
PAR  A convenient means for varying the reluctance gap is shown in FIG. 5, in
      which particular embodiment it is provided that selection of the overload
      current response level may be achieved solely through the selective
      adjustment of the reluctance gap R. There the portion of the magnetic core
      31 having the first leg thereof about which the primary winding 32 is
      wound is secured to a support member 40, and the portion of the magnetic
      core 31 comprising the second leg thereof about which the secondary
      windings are wound is secured to another support member 42. Support
      members 42 and 40 are adjustably secured together at their ends by means
      of screws 44 and nuts 46 and 48. The separation between support members 40
      and 42, and thus the dimension of reluctance gaps R, may be adjusted by
      turning screws 44 in either a clockwise or counterclockwise direction.
      While this means for varying the reluctance gap is shown only in the
      embodiment of FIG. 5, it should be understood that the same means may be
      used to pre-set and secure the reluctance gaps R of the embodiments of
      FIGS. 2 and 4.
PAR  Another means for altering the inductive coupling between primary winding
      32 and secondary windings 35a and 35b is shown in FIG. 4. There,
      reluctance gaps G are provided in the first leg of the magnetic core and
      the gaps G may be pre-set and secured by suitable adjustment means,
      generally designated by reference numeral 50. If the gaps G are decreased
      in dimension, the total reluctance of the magnetic circuit is decreased to
      lower the overload current response level. When the gaps G are increased,
      the total reluctance of the magnetic circuit is increased to raise the
      overload current response level. The dimension of the reluctance gaps G
      may be selected to accommodate and monitor load currents ranging into the
      multi-hundred ampere levels. At such high current levels, the dimension of
      gaps G are selected to prevent saturation of the core and to lower the
      flux through secondary windings 35a and 35b to a level coming within the
      scope of control achievable by adjusting the series resistance of the
      control winding 33, as will be explained in more detail hereinafter.
PAR  A third means referred to hereinabove for varying the inductive coupling
      between the primary winding and the secondary windings is shown in the
      embodiments of FIGS. 2 and 4. There, the magnetic core, in addition to
      having first and second legs, is provided with a third leg 54 about which
      an auxiliary winding 33 is wound and closed upon itself through a variable
      resistor 34. The total magnetic flux developed by primary winding 32 when
      conducting load current is divided between magnetic circuit path X through
      the third leg 54 and magnetic circuit path Y through the second leg of the
      core about which the secondary windings are wound. The magnetic flux
      developed by the primary winding is divided between the second leg, or Y
      path, and the third leg, or X path, in indirect proportion to the relative
      reluctances of the two paths.
PAR  Control winding 33 and variable resistor 34 provide means for varying the
      effective reluctance of the X path, thereby varying the proportion of the
      total flux through the Y path. If the variable resistor 34 in series with
      winding 33 is increased, the magnitude of the counter ampere turns
      generated by control winding 33 will decrease to lower the effective
      reluctance of the third leg 54 of the magnetic core. This will cause a
      lesser proportion of the total magnetic flux to pass through the second
      leg of the core and the secondary windings to raise the overload current
      response level. Conversely, if the resistance 34 is decreased, the
      resulting induced current circulating in the closed circuit of control
      winding 33 and resistor 34 generates an increased number of counter ampere
      turns to raise the effective reluctance of the third leg 54. When the
      effective reluctance of the third leg is increased, the proportion of the
      total magnetic flux through the second leg and the secondary windings is
      increased to lower the overload current level at which power is removed.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electronic circuit breaker having semiconductor switch means
      connectible between a source of power and a load for removing power from
      the load when current therethrough exceeds a selected overload level, a
      circuit for selectively varying said overload response level, comprising:
PA1  a transformer having a primary winding connected in series with said
      semiconductor switch and a secondary winding inductively coupled with said
      primary winding, a voltage being developed across said secondary winding
      directly proportional to the current through said primary winding and
      semiconductor switch, the proportional factor depending upon the inductive
      coupling between the primary and secondary winding;
PA1  a switch control circuit responsive to the voltage developed across said
      secondary winding exceeding a predetermined magnitude to cause said
      semiconductor switch to assume a nonconductive state, thereby removing
      power from the load; and
PA1  means associated with said transformer manually operable to selectively
      vary the inductive coupling between the primary winding and the secondary
      winding whereby the overload level corresponding to said predetermined
      voltage magnitude across the secondary winding may be selectively varied,
      said inductive coupling varying means including
PA2  a magnetic core for said transformer having a first leg around which the
      primary winding is wound, a second leg around which the secondary winding
      is wound in parallel magnetic circuit with said first leg, and a third leg
      in parallel magnetic circuit with said first and second legs,
PA2  a control winding wound around said third leg and closed upon itself
      through a variable resistor for varying the effective reluctance of said
      third leg, and
PA2  means for varying the reluctance of one of said first and second legs
      including a reluctance gap in one of said first and second legs and means
      for selectively varying said gap.
NUM  2.
PAR  2. The overload level varying circuit of claim 1 wherein said reluctance
      gap is between the second leg and the other two legs of the magnetic core.
NUM  3.
PAR  3. The overload level varying circuit of claim 2, wherein the magnetic flux
      developed in the first leg by the load current through the primary winding
      is divided between the second leg and third leg in indirect proportion to
      the relative reluctances thereof.
NUM  4.
PAR  4. The overload level varying circuit of claim 2, in which said inductive
      coupling varying means includes a reluctance gap between the first leg and
      the other two legs of the magnetic core.
NUM  5.
PAR  5. The overload level varying circuit of claim 1 in which said reluctance
      gap is between said first leg and the other two legs of the magnetic core.
NUM  6.
PAR  6. In an electronic circuit breaker having a semiconductor switch means
      connectible between a source of power and a load for removing power from
      the load when the current therethrough exceeds a selected overload level,
      a circuit for selectively varying said overload level, comprising:
PA1  a transformer having a primary winding connected in series with said
      semiconductor switch and a secondary winding inductively coupled with said
      primary winding, a voltage being developed across said secondary winding
      directly proportional to the current through said primary winding and
      semiconductor switch;
PA1  means for controlling said switch including
PA2  means for applying trigger signals to the semiconductor switch to render it
      conductive,
PA2  trigger disabling means connected with said secondary winding means for
      disabling said trigger signal applying means when the voltage developed
      across the secondary winding is greater than a predetermined magnitude
      corresponding to the selected overload level to disconnect power from the
      load,
PA1  lockout means responsive to said semiconductor switch assuming a
      nonconductive state to maintain the voltage across said secondary winding
      above said predetermined magnitude, said trigger signal applying means
      thereby being kept disabled; and
PA1  means associated with said transformer operable to vary the inductive
      coupling between the primary winding and the secondary winding whereby the
      overload level at which power is removed may be selectively varied.
NUM  7.
PAR  7. The overload level varying circuit of claim 6, wherein said trigger
      applying means includes an impedance connected in parallel with said
      switch and said lockout means includes an auxiliary winding inductively
      coupled with said secondary winding and connected with said impedance,
      current from said impedance being conducted through said auxiliary winding
      inducing a voltage in said secondary winding in excess of said
      predetermined magnitude when said semiconductor switch is rendered
      nonconductive.
NUM  8.
PAR  8. The electronic circuit breaker of claim 6 including
PA1  a resistive circuit connected across said semiconductor switch means for
      providing power to both said trigger signal applying means and said
      lockout means, and
PA1  a manually operable reset switch connected with said resistive circuit, and
      having one position which terminates the application of power to said
      lockout means to permit the reapplication of power to the load, said reset
      switch having one position in which said power is not provided and both
      said trigger applying means and said lockout means are disabled, and
      another position in which said power is provided.
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ABST
PAL  A completely sealed magnetically driven pump having a piston armature
      driven by electrical windings. Unique electrical driving circuits are
      provided for the pump embodying feedback windings magnetically coupled
      with the driving windings of the pump for controlling the reciprocation.
      The drive circuits are such as to facilitate driving rates, embodying
      particularly solid state bistable flip-flop components adaptable to be
      embodied in or associated with computers or other low power logic devices.
PARN
PAR  This application is a division of copending U.S. application Ser. No.
      308,044 filed on Nov. 20, 1972, now U.S. Pat. No. 3,846,682, which is a
      division of U.S. application Ser. No. 113,321 filed Feb. 8, 1971, now U.S.
      Pat. No. 3,754,154.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a completely sealed electromagnetically driven pump. The
      need for a sealed pump is emphasized by the many forms of flexible tube
      roller pumps and vibrating diaphragm pumps on the market. The limitations
      of crank-driven piston pumps are well known and include: seal problems
      around rotating shafts, bearings, mass balance problems, belt or coupling
      means, and the necessity of including a driving motor of some form with
      the attendant efficiency reduction and maintenance requirements. The three
      step conversion of energy in a motor driven piston pump, electricity to
      rotating pulley to belt to reciprocating piston, shows the large number of
      opportunities for energy losses, maintenance requirements, and production
      cost. Associated with the device is the possibility of escape of noxious,
      corrosive, or lethal materials through the fenestrations of the pump house
      for shafts and controls.
PAR  The flexible tube and roller pump and the diaphragm pump minimize the
      leakage problem up to the point where the flexible material fails from
      fatique or over-pressure.
PAR  The herein described pump minimizes or eliminates most of these problems
      and achieves objects described more fully in the above-referred to
      application which is incorporated herein by reference.
PAR  The pump is electrically (magnetically) driven, and this application is
      directed primarily to electrical drive circuits. The herein pump offers
      the following salient advantageous features.
PAR  The pump can be made pressure limiting by design of the input power
      circuit, and the pressure limit can be varied by change of the input
      voltage to a given pump.
PAR  The pump can be made to operate on a "single pulse" basis with no power
      consumed between pulses. Thus, two or more pumps, operated by suitable
      proportioning pulse logic circuits can be made into a proportioning
      assembly.
PAR  The basic pump is DC operated, but suitable operating controls described
      below make the pump usable on AC sources. The pump, in one specific
      mechanical size and configuration, can be designed for a broad variety of
      operating voltages by a change in the pump coil design. Since these coils
      are "bobbin wound" and separate parts, it is entirely practical to
      disassemble the pump, slip off the coils, and replace them with coils
      designed for a different operating voltage. Control circuitry can be
      modified for the new operating voltage.
PAR  A basic characteristic and advantage of the pump as referred to is that
      operation requires merely control of the windings. The windings of the
      pump are adapted for control from different types of electrical power or
      feed circuitry. Embraced within the invention are concepts of controlling
      and/or driving the pump from particular electrical circuits which combine
      in them certain windings associated with the pump itself which form
      feedback windings magnetically associated with the drive windings of the
      pump.
PAR  The primary object of the invention, is to provide control circuitry for
      primary windings and feedback windings embodying solid state bi-stable
      flip flop means to realize the purpose of making the system compatible
      with low power loding devices such as computers. A corollary object is to
      make the control system adaptable for utilization or associated with
      integrated circuit logic used in a wide variety of industrial machinery
      controls.
PAR  A further object is to provide on circuitry as in the foregoing object
      adapted to drive from a pulse source circuitry embodying the solid state
      flip flops connected to precisely control the primary actuating windings
      and the feedback windings which inturn exercise control over actuation of
      the solid state flip flops.
PAR  A further object is to realize a means for realizing a precise metering
      device adaptable for utilization in mixing processes, in hydraulic
      control, and in delivery and rate control.
PAR  A further object is to realize adaptability to control and response to
      pulses, or in a rate of metering or delivery is proportional to pulsing
      rate, thus, making possible control from a computer in response to a
      prepared program.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and additional advantages of the invention will become
      apparent from the following detailed description and annexed drawings,
      wherein:
PAR  FIG. 1 is a cross sectional view of a basic form of the pump;
PAR  FIG. 2 is a schematic view illustrating magnetic switching control of the
      windings of the pump;
PAR  FIG. 2a is a schematic view of the circuitry involved in FIG. 2;
PAR  FIGS. 2b and 2c are views of the arrangement of FIG. 2;
PAR  FIG. 3 is a view of a manually actuable switch for controlling the pump.
PAR  FIG. 4 is a graph of magnetization curves associated with the pump of FIG.
      1;
PAR  FIG. 4a is a graph of a demagnetization curve of a permanent magnet;
PAR  FIG. 5 is a circuit diagram of a modified multivibrator circuit with
      feedback windings;
PAR  FIG. 5a is a circuit diagram of a component of the circuit of FIG. 6;
PAR  FIG. 6 is a circuit diagram of the dual SSR control circuitry for the pump
      windings; and
PAR  FIG. 7 is a circuit diagram of the binary logic control circuitry for the
      pump windings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The pump in basic form is shown in FIG. 1. The mechanical parts of the pump
      consist of: piston/armature 1 of ferromagnetic material; cylinder 2 of
      nonmagnetic material; two cylinder head/pole pieces 3 and 4 of
      ferromagnetic material; magnetic core (back iron) material 6 that
      magnetically connects the two pole pieces; permanent magnet 7 properly
      interposed to couple the armature/piston to the magnetic core; and
      suitable seals 5 between the cylinder and the cylinder head/pole pieces.
      Assembly means may take any desirable configuration, such as tension rods
      to cross bars on the outside of the pole pieces to pull the assembly
      together or screw threads between the cylinder and the cylinder head,
      including tapered pipe threads, screwed together with plumbers pipe dope.
      The pole pieces and the back iron are not necessarily one part, preferably
      not, for reasons to be explained below.
PAR  The electrical portion of the basic pump consists of coils 11 and 12 which
      drive the pump. These coils are actually wound around the cylinder and
      preferably cover air gaps 15 and 16 that constitute the pump displacement.
      Coils 13 and 14 are not power coils, and their function will be explained
      later.
PAR  The cylinder head/pole pieces of the pump contain inlet and outlet ports 8
      and 9 to admit and release the pumped material. Suitable valves of any
      type, i.e., reed, plug, flapper, or ball valves are applicable. The valves
      are spring loaded, pressure operated in response to pressure differentials
      across the valves. The valves are of non-magnetic material to minimize
      sticking due to magnetic forces. (There may be a state of operation where
      ferromagnetic valves are desirable, particularly inlet valve 9.)
PAR  The pump operates in the following manner. The permanent magnet supplies a
      magnetic flux to piston/armature 1 through non-magnetic cylinder wall 2.
      Two paths exist for the magnetic flux through two pole pieces 3 and 4. The
      magnetic flux divides between two paths 17 and 18. The division of the
      flux between 17 and 18 is a function of the relative permeance of each
      circuit. Permeance is that function which relates to the ease with which
      magnetic flux passes through a circuit under the influence of a given
      magnetomotive force, P = .phi./F. (Units used in magnetic design are
      strange and wonderful to behold. There are three different systems of
      units, two of which are in common use in the United States. An explanation
      of these two is in order here.
PAR  A. Mixed English units are based on the inch system.
PA1  1. Flux is expressed in lines per square inch or maxwells.
PA1  2. Magnetomotive force is expressed in ampere turns per inch.
PA1  3. The permeability of a vacuum is 3.192 in this system.
PAR  B. C.G.S. units are metric based.
PA1  1. Flux is expressed in gausses.
PA1  2. Magnetomotive force is expressed in oersteds.
PA1  3. The permeability of a vacuum is 1 in this system.
PAL  The ratio between the two systems is conversion from inches to centimeters,
      with exceptions. Mixed English units will be used herein.)
PAR  FIG. 4 shows the magnetization curve. The ordinate is flux in lines
      (maxwells) for the particular circuit. Kilolines is the generally used
      term because of the large numerical values. The abscissa is magnetomotive
      force in ampere turns. The magnetization curve for a specific magnetic
      circuit is developed in parts. One-half the ferromagnetic material (one
      side of the pump) is represented by curve 30 showing the high permeability
      of the ferromagnetic material up to the knee of the curve, called
      saturation. The magnetization curve of an air gap is a straight line. The
      slope of the line is proportional to the area divided by the length of the
      air gap. Line 31 represents a short air gap (closed gap) such as 16 in
      FIG. 1, with a relatively high permeance. Line 32 represents a long air
      gap (open gap) such as 15 in FIG. 1 with a relatively low permeance. The
      total magnetization curve for the two sides of the pump is represented by
      line 33 for the closed gap plus the iron and line 34 for the open gap plus
      the iron. These curves are developed by summing the magnetomotive force
      for a given flux quantity.
PAR  Line 39 represents the external magnetomotive force of the permanent magnet
      under a specific condition. FIG. 4a shows the internal demagnetization
      curve of a permanent magnet of a specific size. The permeance of the total
      external magnetic circuit is represented by line 65. The intersection of
      this line with demagnetization curve 275 defines MMF 276 and flux 84, the
      permanent magnet will develop in the external circuit. MMF 276 of FIG. 4a
      is the inverse of MMF 39 of FIG. 4. Flux 38 in the closed gap circuit is
      found at intersection 82 of lines 39 and 33 (FIG. 4). Flux 37 in the open
      air gap circuit is found at intersection 83 of lines 39 and 34 of FIG. 4.
      The sum of the two fluxes 37 and 38 of FIG. 4 is equal to flux 84 in FIG.
      4a. It can be seen that there is a large difference between the flux in
      the closed air gap circuit 16 of FIG. 1 and open air gap circuit 17. The
      mechanical force in pounds in an air gap is equal to .phi..sup.2 /72A,
      where .phi. is in kilolines and A is the effective gap in square inches,
      allowing for air gap fringing which increases the area. The net force on
      the piston is the difference between the two force values. Thus, it is
      apparent that a large differential force exists to hold the piston in the
      closed gap position, since most of the flux flows in that gap. No external
      power is required to hold the piston in this position. This covers the
      static or starting position of the pump.
PAR  With respect to the operation of the pump, if a voltage is applied to coil
      11 in such a direction as to aid (increase) the flux in the open gap, flux
      will be diverted to that gap 15 of FIG. 1. This will tend to pass more
      flux through the permanent magnet and reduce the magnetomotive force of
      the magnet along lines 275 of FIG. 4a. Thus flux of the permanent magnet
      moves from line 84 to line 86 as the magnetomotive force moves from lines
      276 to line 85. The effect of the decrease in permanent magnet MMF is to
      decrease the flux in air gap 16, curve 33 of FIG. 4. The addition of an
      electrical MMF is to impress a high MMF on open air gap 15. This produces
      an increase in flux along line 34 of FIG. 4 while the flux in the closed
      gap decreases along line 33 of FIG. 4 to a level where the greater amount
      of flux is in the open air gap. At this point, the balance of force is
      shifted in accordance with the force equation, and the piston starts to
      move to close gap 15.
PAR  With the constant value of electric MMF, the flux in open gap 15 increases
      with movement of piston 1. At the same time, the flux in the closed gap
      decreases. This produces an increasing force to move the piston to close
      gap 15. As the gap closes, the movement of the piston reduces the volume
      in gap 15 and displaces any material out through outlet port 8. The pump
      has completed one pumping stroke. As gap 15 decreases in volume, gap 16
      increases in volume, drawing material in for the next pumping stroke.
PAR  If power is now removed from coil 11 and applied to coil 12, the same
      action takes place; and the piston displaces the material drawn into gap
      16 and draws more material into gap 15, ready for the next pump stroke.
      The pump has now completed one cycle, two pumping strokes.
PAR  Alternate application of a voltage to coils 11 and 12 will cause the piston
      to move from one pole piece 3 to the other 4. In the process, the piston
      alternately increases and decreases the volume of air gaps 15 and 16, thus
      drawing material in through inlet port 9 and expelling material through
      outlet port 8, controlled by the logic of normal spring-loaded valves. To
      establish means of generating the voltage on alternate coils 11 and 12, a
      60 hertz constant volume pump may be used. It is possible to design the
      magnetic and electric circuits to operate on the positive and negative
      half cycles of a 60 cycle power source. Coils 11 and 12 are connected so
      that current through the corresponding diodes will generate a flux to aid
      flux 17 or 18 in the corresponding coil. This is a highly limited
      application. The utility of this type of operation can be extended by
      using a variable frequency AC power source, such as a transistor inverter
      for driving the unit.
PAR  If single shot manual operation is desired, a manual springloaded,
      single-pole, double-throw switch 40 will suffice, as in FIG. 3. The switch
      is spring loaded in the center position with neither position connected.
      The switch is manually pushed from one contact to the other, and the pump
      will respond with one stroke per switch contact. This might be a desirable
      method for laboratory test application where precise pressure or air
      quantities are desired.
PAR  A method of automatic lever switch operation is shown in FIG. 2. Spring 20
      is a ferromagnetic and conductive leaf spring carrying back side contact
      27 and front side contact 21. A similar spring is installed in relation to
      air gap 16. Referring to the magnetization curves of FIG. 4, curve 30 is
      the magnetization curve of the iron only. Curve 32 is the magnetization
      curve of the open air gap. The two combine into curve 34. At the flux
      level 37, it can be seen that most of the magnetomotive force is across
      air gap 16. Now with reed switch 20' close to piston 1 (separated only by
      the non-magnetic cylinder 2) as compared to the spacing between armature 1
      and pole face 3 (air gap 15) and with a similar magnetic material 19
      supporting a contact 22 in close proximity to pole face 3, it is seen that
      a high MMF will be impressed across magnetic circuit 1, 20', 19', 4. This
      will produce a corresponding high flux in the air gap between 19' and 20',
      diverting flux from air gap 16. An equation can be used to design a
      sufficient force to move reed spring 20', open contacts 27' and 28', and
      close contacts 21' and 22'. From FIG. 2a, it is seen that this will place
      power on coil 12 through leads 24 and 29 and contacts 28 and 27, moving
      the piston to close gap 16. As gap 15 opens, the magnetization curve
      shifts along line 39 (with deviations) to the intersection with line 34,
      which is now the curve for gap 15 (the open gap). At the point, contacts
      27 and 28 are opened, removing power from lead 23a and coil 12. Contacts
      21 and 22 are closed by the large MMF across gap 15. As gap 16 is closed,
      the MMF moves to the intersection of line 39, the permanent magnet MMF,
      and line 33, closed gap. Since the MMF across gap 16 is now small and with
      appreciable air gaps in the reed switch magnetic circuit at the two
      penetrations of tube wall 2, reed switch 20' will move and close contacts
      27' and 28' and complete the power circuit to lead 23 and coil 11. This
      will move the piston back to close gap 15, and the cycle will continue.
PAR  During the interval that contacts 21, 22 and 21' 22' are both closed with
      gap 16 closing, the change of flux in coil 12 due to movement of the
      piston will be such as to produce a current in coil 11 which reduces the
      flux in gap 15. This will keep the MMF across gap 15 reduced but not low
      until the piston stops moving, and there is no further change of flux and
      corresponding induced voltage in coil 12.
PAR  Mounting rings 19b, 19b', 20b, and 20b' support the various contacts and
      increase the area of air gap 19c, 20c between the magnetic portions of the
      reed switch parts and the pole pieces and the piston/armature. This
      reduces the reluctance (increases the permeance) of the air gaps and
      allows more magnetic flux to flow through the reed switch magnetic circuit
      at any point in the operation. This is typical and not the only method of
      support of the reed switch contacts. Coils 11, 12, 13, and 14 can be
      placed at any point on the iron circuit (around the "loop") as long as the
      coils enclose all the circuit cross section. The preferred location is
      along some portion of the pole piece/piston region to minimize leakage
      flux.
PAR  Permanent magnet material is hard and difficult to cut or machine. Since
      cast bars are more efficient than similar material pressed and sintered
      from powder, it is desirable to use flatsided magnet sections. This does
      not adapt well to the round configuration of the center of the pump.
PAR  Further, the energy obtainable from a magnet is a function of cross
      sectional area and length in relation to the external magnetic circuit.
      The external magnetic circuit has a permeance characteristic of the cross
      section and the length of the various elements. It is desired to operate
      the external magnetic circuit at a given flux (flux density times area at
      the critical point-- in this case, working air gaps 15 and 16). The
      required cross sectional area of the permanent magnet is selected to
      provide the desired flux when operated at the optimum point. The length of
      the magnet is selected to provide the required MMF to force the flux
      through the external circuit, again operating at the optimum point on
      curve 275 (FIG. 4a ). It is now apparent that the dimensions of the
      permanent magnet may be entirely independent of all of the other
      parameters of the magnetic system, i.e., coil cross section, central tube
      diameter, etc.
PAR  For the above reasons, it is often desirable to provide "coupling" of the
      permanent magnet to the iron circuit by a shoe 270 as shown in FIGS. 2b
      and 2c. The permanent magnet is designated at 7. This is usually a
      material more adapted to machining operations and much cheaper than
      permanent magnet material. The designer is now free to design his
      permanent magnet in any desired configuration. It may be one or more
      magnets in parallel, as shown in FIG. 2b, or it may be one magnet only.
      The pump design may be such as to have only one "external leg" and thus, a
      position for only one permanent magnet. The core is designated at 6 and
      6'. The permanent magnet should be close to the "iron" in all cases. The
      use or omission of a shoe is optional with the design.
PAC  Drive Circuits
PAR  FIG. 5 shows the operation of the pump on a modifiedsemiconductor, free
      running switching circuit. A free running (astable) multivibrator 60,
      commonly known as the Eccles-Jordan circuit, contains semiconductor
      (transistor) switches 51 and 52. The timing circuits consisting of
      resistor/capacitor circuits 53/55 and 54/56 are designed to turn on
      switches 51 and 52 alternately. The load on the switches consists of pump
      coils 11 and 12. The rest of resistors 57, 57', 58, 58', and 59 in the
      circuit are typical of this configuration of a multivibrator (flip-flop).
      The circuit of FIG. 5 will be considered in some detail in relation to its
      feedback implications.
PAR  When switch 51 is on, resistance 55 and capacitor 53 are designed so that
      sufficient base current is supplied to switch 51 through the capacitor but
      not through the resistor. Switch 52 is off, and the collector is at a high
      potential since no current flows through the circuit. Capacitor 53 charges
      from the high potential at a time constant determined by resistor 55, the
      base bias resistors of switch 51 and the resistance of the base to
      collector junction of switch 51. When capacitor 53 is charged to the
      potential of the collector of switch 52, no further current flows through
      the capacitor. This reduces the current through the base of switch 51 and
      correspondingly reduces the current through switch 51. This reduction in
      current in switch 51 causes a rise in potential of the collector of switch
      51. This rise in potential causes capacitor 54 to start charging and
      supplying current to the base of switch 52. This in turn causes current to
      start flowing in switch 52 and reduces the collector voltage, further
      reducing the base current to switch 51. This feedback continues until
      switch 51 turns off and switch 52 is on. Since capacitor 53 was charged to
      a high potential prior to the switch and cannot rapidly discharge when the
      collector of switch 52 drops in potential, the base of switch 51 is driven
      hard off (positive as shown) and fully cuts off switch 51. The cycle now
      repeats in the opposite direction.
PAR  It will be noted that the loads on the two switches are operating coils 11
      and 12 of the pump. Thus, the coils are powered alternately and cause the
      pump to operate.
PAR  This circuit is designed to operate from direct current. It can be designed
      to operate over a wide range of voltage levels. The limit on power
      capability is the current carrying capacity of switches 51 and 52.
      Transistors (as shown) now are available with very significant voltage
      ratings and power capabilities. Operation in a saturated switching mode,
      such as this, increases the current carrying capability of the switches.
      NPN transistors are shown, but PNP transistors are equally applicable. If
      greater power is required or higher voltages are available, the circuit
      can be converted to use silicon-controlled rectifiers (SCR). Additional
      components are required to turn the SCR switches off, but circuits of this
      nature are available in most handbooks on SCR operation.
PAR  A typical Eccles-Jordan astable multivibrator circuit operates at a fixed
      frequency established by the time constants of the passive components of
      the circuit. It is possible to add feedback coils to the pump which will
      speed up operation of the multivibrator as a function of the pump air gap
      closure and to modify such circuit to include the feedback coils. In FIG.
      5 are shown the pump and astable multivibrator with the addition of
      feedback coils 13 and 14 to the pump. These coils are magnetically coupled
      to the power coils and sense the flux (not current) changes therein (see
      FIG. 1). When switch 51 is on and supplying power to move the piston to
      close gap 16, capacitor 53 is charging at some rate toward a value that
      will turn off switch 51. Now, it is desirable to switch the feedback
      multivibrator 60 when the piston reaches the end of travel. Coil 14 is so
      connected that the large change of flux with respect to time at the end of
      travel (d.phi./dt) will induce a voltage in coil 14 such as charge
      capacitor 53 at a higher rate than the normal power circuit. Now coil 14
      tends to receive a voltage "spike" near the end of piston travel due to
      the increasing rate of flux change with respect to piston movement and the
      increasing acceleration on the piston with the increased flux and
      resultant force. This voltage spike can be adjusted to charge capacitor 53
      very rapidly near the end of piston travel, thus decreasing the effective
      time constant of the circuit and hastening the switch time of switch 51.
      This feedback circuit speeds up operation of the pump by making the
      multivibrator switch as the piston reaches the end of travel instead of
      waiting for the full time constant of the MV circuit.
PAR  The lower part of the network of FIG. 5 is simply that part of an
      Eccles-Jordan circuit. The semiconductor-operated circuit is highly
      desirable for power requirements from miniscule to moderate. Where AC
      power only is available, a simple rectifier or transformer/rectifier
      circuit with moderate filtering will supply the required DC.
PAR  One class of magnetic core amplifying devices is called by a variety of
      names. The term self-saturating reactor (SSR) will be used. The "direct
      current" form of SSR unit operates on AC and provides a pulsating DC to
      the load. Two common types are the center tap SSR and the bridge SSR. FIG.
      5a shows a center tap SSR. The basic circuit consists of two magnetic
      cores 101 and 102 which may be interconnected magnetically so as to look
      like one core. AC power is supplied through a center tapped transformer
      116. Each SSR core has a load-carrying winding, commonly called gate
      winding 103 and 104, and a control winding 105 and 106. An AC supply is
      connected across gate windings 103 and 104 in series with a load 108. Two
      rectifiers 110 cause the SSR to pass pulsating DC through load 108. The
      inductance of a coil wound on a ferromagnetic core is well known as an
      impedance to the flow of alternating current. Thus within the limits of
      the core and coil design, the two gate windings act to limit the flow of
      current in the load to that small amount known as exciting current
      necessary to supply the core excitation. Referring to FIG. 4, if the core
      is operating on line 30 for ferromagnetic material and operating below the
      knee of the curve (saturation), the flux in the core (instantaneous and
      varying value) is proportional to the voltage across the winding. The
      current through the coil is proportional to the magnetizing force
      expressed in ampere turns. It can be seen that the current will be very
      small for core operation below saturation. With the core windings
      connected as shown in FIG. 5a, each gate winding limits the current on
      one-half cycle of the alternating voltage, one gate limiting the
      "positive" half cycle, the other limiting the "negative" half cycle.
PAR  Referring to the control windings on cores 105 and 106, these windings are
      connected in series and are powered by a DC power source 107. The DC
      source can be varied in magnitude, varying the current through the control
      windings. (All devices in this class of magnetic core amplifiers are
      current control and limiting devices as compared to voltage control of
      vacuum tubes.) If a small amount of DC is passed through control windings
      105 and 106 of the two cores, the ampere turns of the control winding will
      cause the magnetic flux of the cores to move up on magnetization curve 30
      to some level such as 87 shown in FIG. 4. If the alternating voltage is
      now impressed on the gate windings, the total flux in the core will be the
      sum of that produced by the control winding and the peak value of one-half
      cycle of AC. This flux will reach a value such that the core passes over
      the knee of the magnetization curve. At that point, the alternating
      voltage supply can push a large amount of current through the gate
      windings since a small change in flux is caused by a large change in
      ampere turns. The same effect will be repeated in the other core on the
      next half cycle. Thus, impressing a small amount of DC power on the
      control windings causes the gate windings to pass some significant amount
      of AC power during a portion of each half cycle. The portion of the half
      cycle during which the gate winding conducts is a function of the amount
      of control winding ampere turns impressed on the core. This is a
      simplified explanation of the operation. The basic law is that of equal
      ampere turns in control and gate windings, neglecting the exciting current
      required for the core.
PAR  Series connected and parallel-connected saturable reactors operate in the
      same manner. The final results are slightly different. The load has AC
      passed through it which is a function of the amount of control ampere
      turns impressed on the two magnetic cores. Control windings 105 and 106,
      gate windings 103 and 104, magnetic cores 101 and 102, and control DC
      power supply 107 are similar to the saturable reactor. There are several
      significant differences.
PAR  In the typical operation curve of an SSR, AC or DC type, if no control
      current is supplied, a load current will flow at a particular point on the
      characteristic curve. To bring the load circuit to minimum output, a
      reverse bias current must be supplied. The ampere turns for this bias are
      normally supplied by a separate windings(s) similar to control windings
      105 and 106 (FIG. 5a). A constant DC supply to this bias winding will
      place the operating point of the SSR at the minimum current level. This
      bias winding is not illustrated. It should be noted that there are many
      core and coil mechanical configurations for both saturable reactors and
      SSR's. One form has cores 101 and 102 so placed that control windings 105
      and 106 can be replaced by a single winding. Two gate windings 103 and 104
      are required. Another version uses the typical transformer E-I core in the
      form called the three-leg reactor.
PAR  A modification of the SSR has an additional winding(s) placed on cores 101
      and 102. This is called an extrinsic positive feedback winding (not
      shown). It can be connected in series or in parallel with load 108. This
      winding is connected so that when power is applied to the load, ampere
      turns in the positive feedback windings aid the ampere turns of control
      windings 105 and 106. This added control increases the power supplied to
      the load and increases the ampere turns in the winding. The winding can be
      designed to be of the snap-action type. This is, when power is applied to
      control windings 105 and 106, the positive feedback winding supplies the
      increasing ampere turns to move the SSR to full output. The snap-action
      SSR is a two-state device.
PAR  The center tap SSR 115 with DC output as shown in FIG. 5a with positive
      extrinsic feedback added will produce a snap-action SSR. Bias ampere turns
      are required from some source. The unique capability of this type of SSR
      lies in the ability of transformer 116 to change the operating voltage to
      any desired level. Thus, devices designated to operate from automotive
      battery voltages can be readily operated from commercial AC line voltages.
PAR  FIG. 6 shows the application of the SSR to operation of the pump, i.e., two
      snap-action SSR's 117a and 117b to drive of a pump. The bridge type SSR's
      shown have four rectifiers 110. Positive extrinsic feedback windings 111
      provide the snap action. Bridge type SSR's are shown, but center tap SSR's
      are equally applicable. (For detailed description of the SSR, see Magnetic
      Amplifiers by H. F. Storm, John Wiley & Sons, 1955.) The load 108 of each
      SSR is operating coil 11 or 12 of the pump. A negative feedback winding
      120 is added to each SSR. Control windings 105 and 106 and DC supply 107
      of each SSR are used as a bias winding and adjusted so that each SSR is
      on, that is, operating at a point on the upper limb of the control
      characteristic curve of the SSR. This method of operation is chosen to
      assure that the SSR multivibrator will start when power is applied. Other
      methods of operation are possible.
PAR  Since the SSR's are snap action, negative feedback ampere turns on either
      SSR will cause it to snap from the upper limb of its characteristic curve
      to the lower limb. When power is applied, current will immediately flow in
      both power coils of pump 11 and 12.
PAR  Now assume that SSR 117b and coil 12 are operating on a closed gap 16. The
      high permeance of the circuit will produce high magnetic coupling between
      load coil 12 and feedback coil 14. The in-rush current in coil 12 will
      produce a large transient voltage on coil 14. SSR 117a and coil 11 are
      operating on an open gap 15. The coupling between coil 11 and feedback
      coil 13 is low and a minimum pulse will be induced in coil 13. The large
      pulse in coil 14 will pass readily through capacitor 122 and negative
      feedback coil 120 on SSR 117a, causing this SSR to snap off. SSR 117a will
      remain off until capacitor 122 is charged and the current is limited by
      resistor 121. If this current is properly adjusted, SSR 117a will snap on.
      In the absence of a negative feedback pulse from coil 14, coil 13 will
      produce sufficient negative feedback ampere turns in coil 120 on SSR 117b
      through capacitor 122 to snap off SSR 117b. The current through load coil
      108a will move piston 1 and produce a continuing large feedback pulse due
      to the flux switching described above. This large pulse will rapidly
      charge capacitor 122 on SSR 117b so that as soon as the flux change stops
      due to end of piston travel, no added current flows in negative feedback
      coil 120 on SSR 117b. This will permit SSR 117b to snap on since that is
      the normal, quiescent state. Further in the absence of further voltage
      input from coil 13, capacitor 122 on SSR 117b will discharge in the
      reverse direction through coil 120 on SSR 117b providing positive feedback
      to further speed the turn on of SSR 117b. The process becomes fully
      oscillatory in a repetition of the above cycle.
PAR  The normal ultra-high gain SSB uses wound tape ferromagnetic cores of high
      nickel content and special processing to secure maximum gain and linear
      operation. These are expensive cores. An adequate SSR can be made from E-I
      transformer laminations of high grade, non-nickel bearing transformer
      iron. This can be made in the form of a typical three leg reactor. The
      fabrication of such a reactor lends itself to the mass production, cost
      competitive techniques used in the manufacture of commercial transformers.
      The final appearance of each SSR is that of a single unit with a single
      core and requiring a single mounting means.
PAR  Two-state circuits of the type commonly known as binary logic can be used
      to operate the pump, as shown in FIG. 7. A bistable device known as a
      flip-flop is shown at 130, 131, and 132. The R-S flip-flop is shown, but a
      type D, type T, or type J-K flip-flop can be used. The R-S flip-flop has
      the characteristic that if a pulse is applied to the S (set) terminal, a
      continuous output is developed at the X terminal even after the pulse is
      removed from S. If a pulse is now applied to the R (reset) terminal, a
      continuous output is developed at the X (not X) terminal. Terminals X and
      X are mutually exclusive. If a driving source alternately applies pulses
      to terminals R and S of flip-flop 130, pulses will be applied to the S
      terminals of flip-flops 131 and 132 alternately. The use of capacitors 133
      and 134 (with suitable discharging and loading resistors 138 and 138')
      assure that only pulses reach the set terminal of flip-flops 131 and 132.
      When a pulse reaches the set terminal of flip-flop 131, a continuous
      output is developed on X. This output of low power capability is used to
      operate switch 135 to control power to load coil 11 of the pump. Piston 1
      will move to close gap 15. Coil 13 will have an induced pulse generated by
      the change of flux in the gap, as explained above. This pulse will reach
      the reset terminal of flip-flop 131 and cause the X terminal to be active
      and the X terminal to be turned off. X is not used. When the reset
      terminal flip-flop 130 is pulsed, the X terminal is activated which pulses
      the set terminal of flip-flop 132. This causes switch 136 to be turned on,
      and coil 12 operates to move the piston to close gap 16. Coil 14 pulses
      the reset terminal of flip-flop 132 and turns off power as soon as the gap
      is closed. Power for coils 11 and 12 is from lines 139 and 139' controlled
      by switches 135 and 136.
PAR  Pulses from some clock source 137 may be used to drive flip-flop 130. The
      unit may be made free running by coupling the leads from coils 13 and 14
      back to 137. This may require some external pulse to generate the first
      movement of the piston. The prime advantage here is the ready availability
      and low price of monolithic integrated circuit (IC) flip-flops in small
      sizes and standard packages. The power switch can be electromechanical
      relay or semiconductor or other type which is compatible with the output
      of IC flip-flops.
PAR  Computer control of mixing processes is becoming widely used. The logic
      drive form of the pump lends itself to this system. Since the pump has a
      constant displacement for each stroke (half cycle), the quantity of a mix
      component can be varied in a continuous mix process by computer control of
      the pump rate. A type T flip-flop has a single input and changes the X and
      X state with each pulse on the input. If a type T flip-flop is used at
      130, the computer can command the required component flow by timing the
      pulses to the input. Thus, with a pump for each component which may be
      used in a variety of mixtures, the computer can accurately and
      continuously control the mix ratios by proper pulse rate on the logic
      input of each pump. If the mix ratio of a component varies over a wide
      range, two parallel pumps of widely different stroke volumes can be used.
PAR  Other logic forms are possible to generate the required operating pulses.
      Variable rate is possible with most of such circuits. Clocked operation is
      possible with type D and J-K flip-flops. Type J-K is a universal type
      which will perform the functions of all other generally classified
      flip-flops.
PAR  From the foregoing, those skilled in the art will readily understand the
      nature and construction of the invention and the manner in which it
      acheives the objects set forth in the foregoing. As a pump, the device is
      unique in that it is completely sealed and uniquely adapts itself to drive
      from particular types of electrical control circuits.
PAR  While the specific embodiments of the drive circuits disclosed herein are
      shown as adapted to the drive of a sealed pump, it is to be understood
      that the electromagnetic drive windings and magnet may be utilized to
      drive other mechanisms and instrumentalities.
PAR  The foregoing disclosure is representative of preferred forms of the
      invention, preferred forms of drive of the pump, and preferred
      applications and adaptations of it; and it is to be interpreted in an
      illustrative rather than a limiting sense, the invention to be accorded
      the full scope of the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reciprocating electrical machine comprising: a magnetically actuatable
      reciprocatable armature and means supporting it for movement; permanent
      magnet means associated with the armature and supporting means; electrical
      winding means disposed to produce a magnetic field for reciprocating the
      armature in association with the field of the permanent magnet; driving
      means comprising a source of electrical pulses; means for applying pulses
      alternately to each of said winding means to cause said armature to be
      reciprocated; switch means controlling power to each of said windings; an
      additional pair of windings in coupling relationship with said first
      windings; first and second flip-flop means connected to control the switch
      means associated with said first windings; said additional pair of
      windings being connected to said first and second flip-flop means; and
      said source of electrical pulses being connected to said first and second
      flip-flop means.
NUM  2.
PAR  2. A machine as in claim 1, wherein said flip-flop means are R-S
      flip-flops.
NUM  3.
PAR  3. A machine as in claim 2, wherein an input terminal of each of the
      flip-flops is connected to said source of electrical pulses; the output
      terminals of the flip-flops are connected to the said switch means and
      said additional windings are connected to input terminals of the
      flip-flops.
NUM  4.
PAR  4. A machine as in claim 3, wherein said source of electrical pulses
      includes an additional flip-flop means having output terminals connected
      to input terminals of said first mentioned flip-flop means.
NUM  5.
PAR  5. A machine as in claim 4, including a source of clock pulses connected to
      said additional flip-flop means.
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PAL  To obtain in a brushless d-c motor a speed control signal which is
      dependent both on rotational speed and on armature current in a
      predetermined mix, each of n armature winding has a diode connected
      thereto with one terminal, all terminals of the diodes being connected
      together to provide a first control voltage which coupled out from the
      windings during current flow therethrough and is representative of a
      composite of the emf induced by the field of the rotor in the n armature
      windings and of resistance voltage drop due to the current flow through
      the respective armature windings; resistors have one terminal, each,
      connected to the same n respective armature windings and the other
      terminals together to provide a common resistor junction at which a second
      control voltage is derived representative of 1/n of the resistance voltage
      drop due to current flow through said n armature windings. The two control
      voltages are normalized or weighted with respect to each other, compared,
      and the comparison is applied to a speed control circuit which will be
      responsive to armature current and to induced voltages. Positive or
      negative feedback can be introduced, in dependence on armature current, by
      affecting the normalization or weighting ratio.
BSUM
PAR  Cross reference to related application:
PA1  U.s. ser. No. 363,290, filed May 23, 1973, now U.S. Pat. No. 3,873,897;
PA1  U.s. ser. No. 363,291, filed May 23, 1973, now U.S. Pat. 3,840,761;
PA1  U.s. ser. No. 402,259, filed Oct. 1, 1973;
PA1  U.s. ser. No. 408,781, filed Oct. 23, 1973;
PA1  U.s. ser. No. 419,416, filed Nov. 27, 1973.
PAR  The present invention relates to a speed control circuit for d-c motors,
      and more particularly to control the speed of a brushless d-c motor having
      a permanent magnet rotor, in which the armature windings are connected in
      series or, if multi-phase, in star connection, and in which control
      voltages are derived from the armature windings to form a comparison value
      for the speed control.
PAR  It has previously been proposed (see "Siemens Journal", 1966, vol. 9, pages
      690 to 693) to derive voltages induced in the rotor from armature windings
      which, at a given time do not have armature current flowing therethrough,
      by means of diodes. The output voltage derived from the diodes is a wavy,
      undulating d-c voltage, having an amplitude which is roughly proportional
      to speed, and independent of the value of the armature current. It has
      also been proposed to control speed by adding a signal representative of
      armature current to the counter electromotive force (emf) derived from the
      armature of the motor (see U.S. Pat. No. 2,236,086, particularly FIG. 3,
      with respect to a customary collector d-c motor). It is difficult to apply
      the concept described in U.S. Pat. No. 2,236,086 to a brushless d-c motor
      without additional circuit components which, in many instances, is
      undesired. If the armature current is to be considered for control,
      measuring resistors have to be included in the armature circuit as
      described in U.S. Pat. No. 3,231,808. This causes additional losses and,
      even if these measuring resistors are cold conductors (positive
      temperature coefficient conductors), it is difficult to provide an output
      signal which is truly representative of armature resistance, since the
      armature winding changes its temperature, in operation, in accordance with
      different characteristics than the measuring resistor. It is, then,
      necessary to hold amplification in the control loop to such a low level
      that the controller will operate stably even under worst conditions. Upon
      high loading, the speed control becomes unsatisfactory since the speed
      will drop, so that the capability of the controller to provide a constant,
      or level output speed of the motor, is impaired.
PAR  It is an object of the present invention to provide a speed control circuit
      which is simple and has excellent control characteristics.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, a first control voltage is derived by means of diodes, sensing
      voltage half-waves from at least a portion of the armature windings to
      obtain control voltages representative of the induced emf due to rotation
      of a permanent magnet rotor during current flow through the windings, as
      well as of the ohmic voltage drop arising in the respective armature
      winding due to such current flow. One diode, each, is connected to the
      armature windings which are connected in series, or in star connection.
      The second control voltage is derived by means of likewise series, or star
      connected ohmic resistors, connected to the same armature windings as the
      diodes. When using n armature windings, the resistors will provide output
      voltages which are representative of 1/n of the voltage drop due to
      current flow in the armature windings. By means of a normalizing or
      weighting network (reducing the first control voltage, or amplifying the
      second control voltage, by a factor of n, respectively) and deriving a
      difference between weighted, normalized voltages, then permits control of
      a speed controller, as known, to command energization of the armature
      windings. The armature windings, themselves, are used sequentially as the
      measuring resistors in order to determine the armature current flowing
      therein, so that the armature current is accurately measured.
      Amplification within the control loop thus need not consider
      non-linearities in measuring elements, or analog elements which are to
      simulate armature current.
PAR  The armature current signal, as sensed, can be applied with feedback in
      negative, or positive direction, as desired. This is particularly
      advantageous when building a control circuit, and considering the values
      of the components thereof. Positive feedback permits high loop
      amplification with a minimum number of components. Intermittent on-off
      control may be obtained, thereby, if the motor is suitable for this type
      of operation. On-off control results in a torque characteristic which is
      somewhat non-uniform; such operation may not be suitable for all
      applications, for example may not be desirable for audio drives.
PAR  Negative feedback can be used in order to provide linearity in the control
      loop. Many brushless d-c motors use control elements and circuit
      components which are more or less non-linear, such as transistors, diodes,
      or Hall generators. The non-linear characteristics of these elements
      prevent high uniform amplification over a wide control range.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a highly schematic block diagram of a control circuit, showing
      the motor winding schematically, for use with a single-phase brushless
      permanent magnet d-c motor arranged to provide for auxiliary reluctance
      torque;
PAR  FIG. 2 is a schematic cross-sectional view of a motor constructed to
      provide for reluctance torque;
PAR  FIG. 3 is a series of graphs illustrating voltage relationships of signals
      arising in the circuit of FIG. 1;
PAR  FIG. 4 is another embodiment of the basic circuit of FIG. 1, for use with
      the motor of FIG. 2;
PAR  FIG. 5 is a detailed schematic circuit diagram of the circuit of FIG. 1;
PAR  FIG. 6 is a series of graphs illustrating signals and torque relationships
      arising in motors and the control system of FIG. 5;
PAR  FIG. 7 is a highly schematic transverse diagram of a three-phase brushless
      d-c motor, having three armature windings;
PAR  FIG. 8 is a detailed circuit diagram of a control system for the motor of
      FIG. 7;
PAR  FIG. 9 illustrates signals arising in the circuit of FIG. 8;
PAR  FIG. 10 shows a speed-torque characteristic upon increasing of loading of a
      motor connected in the circuit of FIG. 8; and
PAR  FIG. 11 illustrates a speed-torque curve which can be obtained for a motor
      connected in the circuit of FIG. 8, upon change of circuit parameters and
      change of feedback relationships in the circuit of FIG. 8.
DETD
PAR  The circuit of FIG. 1 is used to control the speed of a single-phase
      brushless d-c motor, in which a reluctance torque is provided, during
      operation. With respect to the motor construction, and a basic speed
      control circuit, reference is made to application Ser. Nos. 363,290
      363,291, now U.S. Pat. Nos. 3,873,897 and 3,840,761 both filed May 23,
      1973, assigned to the assignee of the present application. The motor of
      FIG. 2 which is shown as a nonlimitative example is illustrated as an
      external rotor motor 10, having an external permanent magnet rotor 11,
      which is radially polarized. As illustrated, it is formed with two poles
      rotating, in operation, in the direction of arrow 12.
PAR  The stator 13 of motor 10 is a double T-armature having an upper role 14
      and a lower pole 15. Both are mushroom-shaped and span almost the entire
      arc of the respective pole. Stator 13 is wound with two serially connected
      windings 16, 17, having a center tap, connected to a terminal 18. The free
      terminals of the windings are shown at 19, 20. A Hall generator 23 is
      located at the opening of the right-side slot 24 formed in the stator for
      windings 16 and 17.
PAR  The air gap 25 above pole 14 and the air gap 26 above pole 15 are
      non-uniform. Looked at in the direction of rotation of the motor, the air
      gap decreases over a first angle .alpha. and then increased over a second
      angle .beta.. The rotor 11, therefore, has the tendency to align in
      accordance with the chain-dotted lines L, in which its two poles are
      opposite the smallest, or shortest air gap. If the rotor is rotated out of
      this position by electromagnetic force (connection of winding 16, or
      winding 17 to a source of current), then magnetic energy is stored in the
      magnetic system of the motor 10. Upon disconnection of the electromagnetic
      force, the stored energy provides a reluctance torque which drives the
      rotor until it has again reached the chain-dotted line L, which may be
      referred to as a 2 o'clock or 8 o'clock position. It is immaterial if the
      Northpole N of rotor 11 is at the 2 o'clock or 8 o'clock position, since
      both positions are stable, equilibrium positions of the rotor 11.
PAR  The angles .alpha., .beta. and .gamma., as well as the rate of decrease and
      increase of air gap, are preferably so selected that the overall resulting
      torque, in operation of the motor, is effectively constant or even.
      Preferably, the rotor 11 has a generally trapezoidal magnetization.
PAR  The reluctance auxiliary torque is proportional to change in magnetic
      energy with respect to the angle of rotation. The magnetic energy is
      roughly proportional to the length of the air gap. Broadly speaking, upon
      increase of the air gap under the rotor poles in the direction of
      rotation, a braking torque is applied, resulting in a net decrease in
      drive torque. The extent of the reluctance auxiliary torque can be
      controlled in wide limits, and matched to requirements, by selection of an
      appropriate difference between .delta..sub.2, the maximum air gap and
      .delta..sub.1, the minimum air gap (FIG. 2).
PAR  Motors of this type, operating with a reluctance auxiliary torque, can be
      controlled by a speed control circuit as illustrated in FIG. 1. The speed
      control circuit is independent of the type of motor with which it is to be
      used and, as illustrated and discussed below with respect to FIG. 8, the
      same principle may be used for motors with more than two windings, with
      motors which do not use an auxiliary reluctance torque, that is, with
      motors which are driven solely by electromagnetically derived torques, and
      motors which are of the permanent magnet rotor type, as well as those
      which are extraneously energized, for example over slip rings. The system
      is, however, preferably used with permanent magnet rotors, since all
      moving contacts are thereby avoided.
PAR  Referring now to FIG. 1: The two windings 16, 17 of motor 10 are
      schematically shown, having their central tap connection 18 connected to
      the positive terminal of a d-c source, for example 24 V. Terminal 19 of
      winding 16 is connected to the cathode of a diode 30, to one terminal of a
      resistor 31, and to the collector of the collector-emitter path of an npn
      transistor 32, forming a control switch for the winding 16. Similarly,
      terminal 20 of winding 17 is connected to the cathode of a diode 33, one
      terminal of a resistor 34, and to the collector of a transistor 35. The
      anodes of diodes 30, 33 are connected together to a junction 38, shown as
      a connecting line, and connected to one terminal of a potentiometer
      resistor 36. The slider or tap 37 of the potentiometer 36 is set
      approximately in the center of the potentiometer resistance, so that the
      potentiometer 36 is sub-divided into approximately equal resistance
      portions. Slight shift of the tap or slider 37 in the one or the other
      direction from exact center changes the operation of the circuit by
      providing either positive or negative feedback, as will be described in
      detail below. The other terminal of the potentiometer resistor 36 is
      connected to the positive connection and to center tap terminal 18 of the
      windings.
PAR  The second terminals of resistors 31, 34 are connected to a common resistor
      junction 39, shown as a control line which is connected to one input
      terminal of a speed controller 42. The other terminal of the speed
      controller 42 is connected over line 43 with the slider 37 of
      potentiometer 36.
PAR  The output of speed controller 42 is connected over line 44 with the
      control input of Hall generator 23 (see FIG. 2), the other terminal of
      which is connected to a common negative bus 46, to which also the emitters
      of transistors 32, 35 are connected. The bases of the transistors 32, 35
      are connected to the two control terminals of the Hall generator 23.
PAR  Upon rotation of the rotor 11 (FIG. 2), voltages are induced in the
      windings 16, 17, which are in opposite phase with respect to each other
      and, depending on the form or shape of the magnetic circuit, may be
      sinusoidal. Let it be assumed that rotor 11 (FIG. 2) is driven; junction
      or terminal 19 will become positive with respect to terminal 18 when the
      terminal 20 becomes negative with respect to terminal 18, and vice versa.
      Due to symmetry, the changes in voltages will be symmetrical. If the two
      resistors 31, 34 are of equal value then, as can be seen from FIG. 2 due
      to the symmetrical arrangement, and upon driving the rotor 11, terminals
      18 and junction 39 must have the same voltage; in other words, the
      terminal 39 is an artificial, or imaginary, or phantom null or zero of the
      system.
PAR  If the arrangement operates as a motor, the voltage of junction 39 differs
      with respect to that of the voltage at the terminal 18, and the positive
      terminal 18' of the system, if one of the transistors 32 or 35 is
      connected, so that current will flow through the associated winding 16, or
      17.
PAR  Operation, with reference to FIG. 3: Graph a in the upper row of FIG. 3
      shows the voltages which arise in the windings which carry current. The
      voltage indicated by E is the emf-induced voltage due to rotation of rotor
      11 in any one of the windings. The voltage i.sub.a .sup.. R.sub.a is the
      voltage drop which is caused by flow of current i.sub.a through the
      winding having a resistance R.sub.a. If the motor runs slowly, E may, for
      example, be 5 V and the iR drop may, for example, be 20 V approximately.
PAR  Voltage drop i.sub.a .sup.. R.sub.a thus causes junction 39 to have a
      negative voltage u.sub.39, with respect to line 18. The voltage
      distribution, in time, at the junction 39 is proportional to i.sub.a
      .sup.. R.sub.a, but has only half the value due to the presence of the two
      parallel connected resistors 31, 34, that is, has an absolute value of 0.5
      .sup.. i.sub.a .sup.. R.sub.a. This voltage is seen in graph c of FIG. 3.
PAR  Curves for the voltages u.sub.18-19 and u.sub.18-20, as well as the voltage
      u.sub.18-39 are also illustrated in FIG. 1. The voltage notation is
      conventional -- the subscript denoting the terminals or junctions across
      which the voltages are taken. The voltages at terminals 19 and 20 are
      symmetrical (except due to the iR drop resulting from armature current) so
      that line 39 will have a signal thereat which is proportional to the
      voltage drop across the respective current-carrying winding.
PAR  The voltage u.sub.18-38, illustrated in FIG. 3 in the top graph a, is
      sensed by the diodes 30 and 33, and is available at the diode junction 38.
      To permit sensing the voltage u.sub.18-38 during current flow, diodes are
      poled to be conductive during such current flow through the respective
      winding. Potentiometer 36 reduces this voltage to half, so that the tap 37
      of the potentiometer provides about half of this voltage. The half-value
      is illustrated in the second row (b) in FIG. 3. The half-voltage is
      applied to controller 42 over line 43. The voltage representative of the
      iR drop (graph c, FIG. 3) is applied to the controller 42 directly by
      junction 39. Controller 42 includes a comparator, in which the difference
      between the voltages at junctions 43 and 39 is derived. The voltage at
      junction 38, before being applied to the controller 42 is weighted, or
      normalized with respect to the voltage at junction 39. This weighting or
      normalization is effected in the potentiometer 37. By changing the
      position of the tap or slider 37, the voltage at line 43, or the voltage
      at line 39, can be made to predominate.
PAR  FIG. 3, graph d (lowest graph) illustrates the change obtained by changing
      the position of the tap point or slider 37. If the slider 37 is shifted
      slightly upwardly, that is, if the weighting or reduction ratio is greater
      than 2 : 1, the halfwaves shown in graph d will have a slight end
      depression 48 formed therein. As the armature current increases, the
      extent of depression will increase, so that the d-c portion of the output
      voltage 47 will become less, which simulates to the controller a lower
      actual value, when motor current increases.
PAR  If the reduction ratio is selected to be less than 2 : 1, that is, changing
      the slider position slightly downwardly, a bump will form in the graph d
      of FIG. 3, as shown in dashed lines 49 (with respect to the first
      half-wave only). This results in negative feedback, since the d-c
      component of the voltage 47 is increased. The potentiometer 36 can be set
      exactly in center, and then there will be neither bump nor dip at the peak
      point of the half-wave; since the armature current is measured directly on
      the armature windings, this setting will be valid for all operating
      conditions of the motor.
PAR  Controller 43 so controls the current through Hall generator 23, in
      dependence on voltages applied to controller 42, that the speed of the
      motor will be held constant. If the motor should increase speed, current
      in line 44 is reduced. If the speed would become too low, the current is
      increased so that transistors 32, 35, respectively, will conduct current
      for longer periods of time, thus increasing motor speed. The exact
      controller action will be described in detail in connection with FIG. 5.
PAR  The weighting of the control voltages derived from the resistors 31, 34 and
      the diodes 30, 33, respectively, with respect to each other, depends on
      the number of resistors which are connected to the common junction and,
      hence, to the number of windings to which the resistors are connected.
      Thus, for a two-winding motor as illustrated in FIGS. 1 and 2, that is,
      having a number n of windings n = 2, the weighting factor is 2. In the
      example of FIG. 1, the voltages derived from the diodes 30, 33 are reduced
      by one half. FIG. 4 illustrates an embodiment in which, rather, the
      voltages derived from the resistors 31, 34 are amplified.
PAR  In the circuits to follow, similar parts have been given the same reference
      numerals and will not be described again.
PAR  The circuit of FIG. 4 is effectively identical to the circuit of FIG. 1,
      and only those parts which are not identical will be described.
PAR  In the circuit of FIG. 1, the two voltages are weighted by use of
      potentiometer 36. In FIG. 4, an amplifier 50 is provided which has an
      amplification factor of two, that is, it amplifies by the number n of the
      windings used, that is, n = 2. The controller 42 will now have voltages
      applied at its input which are twice that of the voltages applied to the
      input of the controller 42 of FIG. 1. This has advantages particularly
      with motors which operate at very slow speed, since the induced voltages
      in slow-speed motors have low values.
PAR  Amplifier 50 is connected to amplify the voltage from junction 39, that is,
      the signal which is proportional to the iR drop due to armature current.
      This signal is amplified to the approximate true value of this voltage
      drop, and thus the true value of the voltage at line 38 can be utilized
      and directly applied to the other input of the controller 42.
PAR  Operation: One input of the controller obtains the voltage shown in line a
      of FIG. 3. The other input to the controller has a voltage applied thereat
      which is twice that of the voltage shown in line c of FIG. 3. The voltage,
      upon subtraction (formation of the difference) in the controller 42,
      therefore, will have the shape of the voltage shown in FIG. 3, lined, but
      with twice the amplitude.
PAR  Positive feedback in the system is obtained when the amplifier 50 has an
      amplification which is greater than two; negative feedback if the
      amplification is less than two. The same wave shape as shown in graph d of
      FIG. 3 will result, that is, dips 48 or peaks 49 will form in the wave
      forms applied to the controller itself upon formation of the difference
      between the signals shown in graphs a and c of FIG. 3.
PAR  Referring now to FIG. 5, where the detailed circuit of the control system
      of FIG. 1, to operate a motor for example as shown in FIG. 2, is
      illustrated:
PAR  Transistors 32, 35 have their emitters connected by an emitter resistor 54
      to negative supply bus 46. The control outputs of Hall generator 23 are
      connected to the bases of the emitters 32, 35. One of the line terminals
      of Hall generator 23 is connected through resistor 55 to bus 46, the other
      line terminal is connected to the emitter-collector path of an npn
      transistor 56, the collector of which is connected over a resistor 57 to
      positive bus 18'. Transistor 56 thus acts as a variable resistor in the
      Hall generator supply line.
PAR  Two series connected fixed resistors 58, 59 are used instead of the
      potentiometer 36. Resistor 58 may have, for example, 740 Ohms, and
      resistor 59, 750 Ohms. The junction point 60 of the resistors is connected
      to the cathode of Zener diode 63, forming a constant voltage source.
      Further, the junction point 60 is connected to the emitter of a pnp
      transistor 62 and to one terminal, each, of two capacitors 63, 64, each of
      which may have, for example 2 .mu.F. Junction 39 is connected over a cold
      conductor (PTC) resistor 65 to the other electrode of the capacitor 63
      and, over a resistor 66 (for example 15 k .OMEGA.) with the other
      electrode of capacitor 64 and to the base of transistor 62. The base of
      the transistor 62 is further connected over a resistor 67, which
      determines the controlled speed setting for the motor, to the anode of
      Zener diode 63 and further over a resistor 68 (for example 68 k .OMEGA.)
      to negative bus 46. The collector of transistor 62 is connected with its
      line 69 to the base of the transistor 56, in circuit with Hall generator
      23.
PAR  The command value for speed of the motor is formed by means of the circuit
      comprising Zener diode 63, the voltage divider chain 67, 66, 65 and 31 and
      34, respectively. The resistor 65 in this circuit is
      temperature-dependent, in order to compensate for temperature dependence
      of induction derived from the permanent magnet rotor 11 (FIG. 2) of the
      motor.
PAR  Capacitors 63, 64 and resistors 31, 34, respectively, and 65, 66, form a
      phase-shifting filter which decreases the waviness of the voltage 47,
      applied to the control system as the voltage representing actual speed --
      see graph d of FIG. 3, and graph a of FIG. 6. Further, the phase of the
      voltage 47 (FIGS. 3, 6) is changed by about 180.degree. (for a detailed
      discussion see U.S. patent application Ser. No. 408,781, filed Oct. 23,
      1973, assigned to the assignee of the present application). Smoothing and
      phase-shifting the voltage u.sub.70 with respect to the voltage 47 is
      illustrated in FIG. 6, graph b. This is done in order to connect the
      transistors 32, 35 only during those time periods when the windings 16, 17
      have approximately the maximum voltage E induced therein due to the rotor
      11, that is, when the best efficiency to drive the motor is obtained. The
      transistors are turned off, or blocked, during those time periods in which
      the motor supplies energy in the form of a reluctance torque, which energy
      has been stored previously during energization of the one or the other of
      the transistors 32, 35. The motor, then, can provide an essentially
      constant, or even torque, without gaps in supplied output power or drive
      power over its rotation through a full 360.degree.-electrical.
PAR  Operation: The command voltage of the controller 42 is basically determined
      by the Zener diode 63. The controller command voltage changes its voltage
      position periodically with respect to the operating voltage between lines
      18' and 46 in rhythm with the voltage which is illustrated in graph b of
      FIG. 3. A mechanical analogy would be a block which is suspended in a
      frame from above and from below by a spring, and in which the frame is
      periodically moved upwardly and downwardly.
PAR  Assume the motor to be at rest. Upon connection of a supply voltage
      u.sub.B, windings 16, 17 will have practically no voltages induced therein
      and only the ohmic voltage drop will arise therein. The voltage at
      junction 60 as well as the voltage at junction 39 will have the identical
      wave shape, as illustrated in line c of FIG. 3, that is, will have the
      form u.sub.18-39. Expressed differently, the input to the controller will
      not have any voltage applied thereto under these operating conditions. The
      transistor 62 will have base current applied over resistor 67, is
      continuously conductive, and thus holds transistor 56 continuously
      conductive. Commutation is solely commanded by the Hall generator 23,
      which will provide maximum motor current.
PAR  As the commanded speed is approached, and then reached, the voltage drop
      across resistors 66, 65 and 31, 34, respectively, will increase. As soon
      as the voltage drop across the resistors 66, 65 and 31, 34, respectively,
      (due to current through resistor 67) is approximately equal to the d-c
      component to the input voltage of the controller between junctions 39 and
      43 (in the embodiment of FIG. 6 between junctions 39 and 60) Hall
      generator 23 will no longer function solely as a commutation element, but
      now has the function of an AND-gate by connecting, on the one hand, the
      respective transistors 32, 35 in accordance with rotor position and, on
      the other hand, affecting this connection only for a period of time
      provided by the data supplied by the controller 42; that is, Hall
      generator 23 will logically act on information derived from the controller
      42 with the information derived from the induction of the rotating rotor
      11 (FIG. 2) of motor 10.
PAR  When nominal speed is reached, the voltage of junction 60 approaches that
      of the base voltage of transistor 62 during the negative half-wave of the
      voltage. Transistor 62, during these maxima, gradually shifts to blocking
      condition, and then gradually shifts over to conductive condition, as
      shown in FIG. 6 during time periods t.sub.1 and t.sub.2. Transistor 62
      becomes conductive at time t.sub.2 until time t.sub.3, then blocks again,
      and so on, as the cycle is repeated.
PAR  If the speed of the motor increases, the time interval shown at T.sub.4
      (FIG. 6, graph b) between the time periods t.sub.1 and t.sub.2 increases;
      the time interval T.sub.5 between time periods t.sub.2 and t .sub.3
      decreases. If speed drops, the inverse will occur, that is, T.sub.4 will
      decrease. T.sub.5, that is, the time during which current is commanded to
      flow through transistor 56 and hence, by Hall generator 23, through the
      one or the other transistor 32, will increase.
PAR  The angle of current flow, thus, decreases or increases to hold motor speed
      constant. Current will flow always at the proper time, namely when,
      approximately, voltage 47 will have a maximum (compare FIG. 6, graph a).
      The reluctance torque 73 generated in the motor 10 is so selected, by
      choice of the angles .alpha., .beta. and .gamma., and the dimensions of
      the air gap, that the gaps in torque between the electrical torque
      portions (FIG. 6) are filled. The motor can readily be so designed that
      the drive torque applied thereby is practically constant, even, and
      without any torque gaps. Such a motor is self-starting with full torque,
      can drive a load without nonuniform torque-speed characteristics to supply
      a load with that torque for which it is designed. Such a motor is
      excellently suited to drive fans, ventilators, blowers, phonographs and
      record changers, magnetic tape recording equipment of various types, and
      the like. The commutation of current between windings 16 and 17 is
      controlled, in operation, by the transistors 56 and 62. The filters 63,
      64; 31, 34; 65, 66 can be so designed that the transistors 32, 35 are
      controlled to switch gradually, that is, transistors 32, 35 change between
      blocked and conductive condition gradually. This is particularly desirable
      when audio equipment is being driven, and especially phonographs and
      record changers, since thereby rumble and wow are avoided.
PAR  FIG. 6, graph c, illustrates torque relationships of the motor, driving a
      load. The cross-hatched area 75 illustrates that portion of the torque in
      which magnetic drive energy is stored in the motor; the cross-hatched area
      76 shows that portion in which the torque is released, and becomes
      effective in the gaps between the electrical drive torque 74. The areas
      75, 76 are equal (neglecting losses).
PAR  FIG. 7 illustrates a brushless d-c motor having three windings, to be used
      with a control circuit of FIG. 8. The windings 81, 82, 83 are 120.degree.
      offset electrically, and star-connected. The star connection is shown at
      84, connected to a positive source indicated by the + terminal. The free
      terminals of windings 81, 82, 83 are shown at 85, 86, 87. The rotor 88 has
      two poles, is permanently magnetic, and three field plates 91, 92, 93 are
      provided to control commutation. Field plates 91, 92, 93 are magnetically
      affected resistors which, under the influence of a magnetic field, change
      their resistance value to become a high resistance.
PAR  The control circuit for the motor, schematically shown in FIG. 7, is best
      seen in FIG. 8. The field plates 91 to 93 are connected to negative bus 94
      with one terminal, and with the other terminal to the base of an
      associated npn transistor 95, 96, 97, respectively. The emitters of the
      transistors 95, 96, 97 are connected together and through a resistor 98 to
      negative bus 94. The collectors of transistors 95 to 97 are connected to
      the terminals 85, 86, 87 of the respective coils 81, 82, 83. Terminals 85,
      86, 87 are also, each, connected to the cathodes of diodes 104, 105, 106,
      and to one terminal of a resistor 101, 102, 103, respectively. The anodes
      of diodes 104, 105, 106 are connected together to a common junction or
      line 107; the other terminals of the resistors 101, 102, 103 are connected
      together to a junction, or line 110. Junction 107 is connected through a
      potentiometer 108 which is also connected to positive + plus terminal and
      to the common star connection 84 of the windings.
PAR  Junction or line 110 forms a phantom, or artificial null. If rotor 88 (FIG.
      7) is artificially driven, junction 110 has the same voltage as that of
      the star connection 84 which is the real zero or center or null conductor
      of the three-phase system 81, 82, 83. In actual operation, conductor or
      junction 110 will have a voltage applied with respect to the star
      connection 84 which is equal to one third of the voltage i.sub.a .sup..
      R.sub.a, that is, is equal to one-third of the ohmic voltage drop of the
      respective winding 81, 82 or 83 which, at the time, carries current. Thus,
      the voltage between junction 107 and star connection 84 must likewise be
      normalized with respect to the voltage at junction 110, by reduction by
      one-third, in order to compensate for the number of windings, n = 3
      (corresponding to the phases in this instant) so that the two voltages can
      be compared with the same scale. This reduction of the voltage across the
      windings, or amplification of the voltages across the resistors (FIG. 4)
      is referred to as weighting, or normalization. Of course, the voltage at
      junction 110 could be amplified by a factor of n = 3, similarly to the
      circuit shown in FIG. 4. Potentiometer 108 is shown in FIG. 8, to reduce
      the winding voltage. Potentiometer 108 has an upper resistance of, for
      example 400 Ohms, and a lower resistance of about 810 Ohms, between which
      resistance values slider 113 can be changed, in order to permit negative,
      or positive feedback, respectively.
PAR  The slider 113 of potentiometer 108 is connected to the cathode of Zener
      diode 114, and to one terminal of a capacitor 115 as well as to the
      emitter of transistor 116. Elements 114, 115, 116 form the controller 117.
      Junction 110 is connected over a cold conductive resistor 120 with the
      other electrode of capacitor 115 and to the base of transistor 116, and to
      a resistor 123 which determines the command speed of the system which, in
      turn, is connected to the anode of Zener diode 114 and through a resistor
      124 to negative bus 94. Variable temperature resistor 120 has the same
      function as resistor 65 in FIG. 5, that is, it compensates for temperature
      dependence of induced voltages.
PAR  The collector of transistor 116 is connected to the base of npn transistor
      125, the collector of which is connected to the star terminal 84 and hence
      to the positive bus 18'. The emitter of transistor 125 is connected over a
      resistor 126, 127, 128, each, with the base of a respective transistor 95,
      96, 97, to which also the magnetic plates or magnetic resistors 91-93,
      respectively, are connected.
PAR  Operation: Controller 117 operates practically identically to that of
      controller 42 (FIG. 5), so that the detailed operation need not be
      described again. It is not necessary to phase-shift the voltage applied as
      an actual operation voltage to the controller in the embodiment of FIG. 8,
      since at any instant of time (that is, in any one rotor position) one of
      the transistors 95, 96, 97 can be conductive. A slight phase-shift of, for
      example, 60.degree. which may be effected by the capacitor 115, is highly
      desirable to improve the efficiency of operation. Depending on the value
      of the voltage effective between emitter and base of transistor 116,
      transistor 116 will be conductive or will block. The transistor 116, upon
      start of the motor, will be held to be conductive over resistor 123.
      Control of the speed will be obtained when the resistor pairs 126-91;
      127-92; 128-93 will have more or less current applied thereto so that the
      transistor, whose field resistor 91, 92, 93, at any instant, is in the
      high-resistance condition, will have more or less high base current
      applied. Since the motor is driven only by electromagnetically derived
      torques, transistor 116 may be controlled by a d-c voltage, commutation of
      current being effected by the magnetic resistors, or field plates 91-93,
      and the common resistor 98.
PAR  The tap point 113 must be shifted upwardly to obtain positive feedback,
      that is, towards junction 84. To obtain negative feedback, the tap point
      113 of potentiometer 108 is shifted downwardly. This arrangement is
      particularly suitable to obtain data for proper dimensioning of the
      components of the controller during design, for example when setting up a
      "breadboard" in the laboratory; after suitable resistance values have been
      determined, the potentiometers 108, 113 can be replaced by fixed resistors
      with predetermined voltage division ratio.
PAR  The number of windings with which the motor is supplied can be suitably
      selected, depending on motor design. The motor will, for example, have
      four, five, six and more armature windings. In all cases, the armature
      winding current is precisely and directly sensed at the associated
      winding. Motor and controller are so matched to each other that only the
      armature winding which is used to control the speed of the motor has
      current flowing therethrough at any one time -- that is, only one of the
      windings has current flowing therethrough to obtain proper control. In
      motors with more than three windings, it may be sufficient to sense
      voltages at only a portion of the windings in order to effect proper
      control. Experiments have shown that a motor with four windings, as shown
      for example in the initially referred-to "Siemens Journal" literature, it
      suffices to sense the voltage at two windings, while still obtaining
      excellent and suitable speed control. The present invention is
      particularly suitable with single phase motors of the type shown in FIGS.
      1, 2, 4 and 5, and of the type referred to in cross-reference applications
      Ser. No. 363,290 and 363,291, both filed May 23, 1973, now U.S. Pat. Nos.
      3,840,761 and 3,873,897 assigned to the assignee of the present
      application. As described in connection with FIGS. 5 and 6, the waviness
      of the phase-shifted voltage u.sub.70 controls motor current so that the
      motor current, and thus the electromagnetic torque 74 (FIG. 6) is
      effective only during those angular positions of the motor in which
      substantial and efficient coupling between the rotor 11 (FIG. 2) and the
      stator windings 16, 17 (FIG. 2) occurs.
PAR  The output signal of the controller, that is, the current through Hall
      generator 23 (FIG. 5) has a current-time area which increases
      approximately quadratically with the input signal. Referring to FIG. 9:
      Hall current 130, 131 is illustrated for different input signals, of
      different amplitude. Hall current 130 (FIG. 9, graph a) illustrates the
      condition in which a small input signal is present, that is, a signal in
      which the speed N of the motor corresponds approximately to the command
      speed N.sub.o . In graph b, the Hall current 131 is shown corresponding to
      a greater input signal, that is, in which the actual motor speed N is less
      than commanded motor speed N.sub.o. The Hall current increases, and the
      time during which the Hall current flow also increases, thus leading to
      the exponential relationship between energy applied to the Hall generator
      and speed.
PAR  The exponential change of the time-current area, typically quadratic, has
      as a result that the speed-torque characteristic 132, shown in FIG. 10,
      initially flattens out as the load increases. In other words, the
      controller, at first, opposes a drop in speed only little, but then much
      more since, upon increasing torque, the loop amplification in the control
      loop increases due to the above-described quadratic relationship. At very
      high torques, the internal resistance of windings 16, 17 limits the motor
      current so that the speed drops rapidly, as shown in FIG. 10 at the curved
      portion 132'. The overall speed-torque curve 132 is approximately
      S-shaped.
PAR  It is desirable to limit the overall loop amplification in the control loop
      to a certain maximum for stability of the loop. As a result, the
      amplification of transistors 62 and 56 (FIG. 5) or 116, 125 (FIG. 8)
      cannot be increased over a limiting value, in order to still maintain
      stability of operation of the controller. This would be undesirable for
      many applications, for example for phonograph or record changer drives,
      since the required torque, in operation, is low. The operating point of
      the motor which is required would not coincide with the flattest portion
      133 of the curve, indicated by the dotted line in FIG. 10. For stable
      operation, the operating point of the motor, at the desired speed, should
      preferably be at a point of the overall operation curve which is flat.
PAR  The present invention permits adjustment of the operating characteristics
      of the motor so that the flat point of the operating curve can be placed,
      selectively, at suitable torque positions. FIG. 11 illustrates curve 134
      suitable, for example, for a turntable or record changer, in which the
      flattest point 135 of curve 134 coincides with the torque M.sub.do
      required for a turntable. This characteristic is obtained by suitable,
      mutual setting of the parameters in the control loop, in two respects:
PAR  1. The current-dependent feedback is set to be a negative feedback, by
      adjustment of the relative proportion of resistors 58, 59 (or of the
      resistors 36, 37, FIG. 1; or of the amplification factor of the amplifier
      50, FIG. 4) to be relatively high;
PAR  2. the loop amplification in the control loop is selected to be relatively
      high by suitable dimensioning of the components therein.
PAR  Together, the flat point 135 in the operating characteristic 134 is shifted
      in the direction of low motor torque. High loop amplification becomes
      rapidly effective whereas upon higher motor loading, the quadratic, or
      exponential change of the current-time area (see FIG. 9) is
      over-compensated by the current-dependent negative feedback, so that
      instabilities are avoided (which might otherwise result due to the high
      loop amplification). The change in slope at point 135 of the S-shaped
      curve 134 can, therefore, be selectively adjusted, as desired, to the
      operating torque for which the motor is to be designed. Of course, if the
      change in slope, that is, the flat point (slope zero) is to be shifted to
      a higher operating torque, then loop amplification is reduced and negative
      feedback is likewise reduced.
PAR  Various changes and modifications may be made within the scope of the
      inventive concept.
PAR  The change in the normalization or weighting ratio from precisely the
      factor n, corresponding to the number of windings, to the actual ratio
      used, to thereby introduce positive, or negative feedback (depending on
      the direction of change) is small; a variation in resistance, for example,
      of potentiometer 36 (FIG. 1) from the exact center position of 5 to 10
      percent in either direction has been found to introduce sufficient
      feedback to obtain all desired speed-torque characteristics (FIGS. 10,
      11), without introducing instability or detracting from proper operation
      of the controller 42. Likewise, a change in the amplification factor of
      amplifier 50 (FIG. 4) of 5 to 10 percent beyond the factor n is suitable.
PAR  When reference is made to "multiplying" by a factor which includes n,
      direct multiplication or multiplication by the reciprocal of n is deemed
      equally included.
PAR  A typical resistance ratio for a controller for a turntable as shown in
      FIG. 5 would be 560 ohms for resistor 58 and 510 ohms for resistor 59,
      resulting in a reduction ratio of 1.92 .div. 1 (i.e., 1070 .div. 560) and
      a corresponding negative feedback. Such a ratio is called an 8 percent
      variation in resistance. Typically, such a ratio would reduce the torque
      at flat point 135 to about one fifth of the starting torque; if the
      reduction ratio is exactly 2 : 1, the flat point torque typically would be
      about 50 percent of the starting torque.
CLMS
STM  I claim:
NUM  1.
PAR  1. A speed control circuit for a constant field d-c motor having armature
      windings ( 16, 17; 81, 82, 83),
PA1  controlled switch means (32, 35; 95, 96, 97) connected in series with the
      armature windings and a source of power (18'; +, - ) to control
      energization of the armature windings,
PA1  a controller (42-56; 117-125) providing control signals to the controlled
      switch means to effect such energization,
PA1  and a diode (30, 33; 104, 105, 106), each, having first like respective
      terminals connected to a respective winding and second like terminals
      connected together at a common diode junction (38);
PA1  characterized in that
PA1  the diodes are poled to be conductive during current flow from the source
      through respective switch means to the respective windings to derive,
      across the respective n windings, a first control voltage (u.sub.18-38)
      which is representative of a composite of the emf (E) induced by the field
      of the rotor in the respective windings, and the resistance voltage drop
      (i.sub.a .sup.. R.sub.a) due to current flow through the respective n
      armature windings;
PA1  a resistor (31, 34; 101, 102, 103), each, is provided having first
      respective terminals connected to a respective winding of said n windings
      and second terminals connected together to a common resistor junction (39)
      to derive, across the respective winding, a second control voltage
      (u.sub.18-39) which is representative of 1/n of the resistance voltage
      drop (i.sub.a .sup.. R.sub.a) due to current flow through the n armature
      windings;
PA1  means (36, 37; 50; 58, 60; 113) weighting and normalizing said first and
      second control voltages with respect to each other by the factor of n;
PA1  and means (42; 62, 116) comparing said first and second normalized,
      weighted control voltages and forming a difference control signal
      (u.sub.39-43 ; u.sub.51-38),
PA1  the controller (42-56; 117-125) controlling energization of the controlled
      switch means (32, 35; 95, 96, 97) under command of said difference control
      signal.
NUM  2.
PAR  2. Circuit according to claim 1, wherein the normalization means comprises
PA1  means multiplying an electrical quantity by a function including the value
      n.
NUM  3.
PAR  3. Circuit according to claim 2, wherein, to introduce armature current
      feedback to the controller (42), the multiplying means multiply by a
      factor slightly different from n, or its reciprocal, 1/n.
NUM  4.
PAR  4. Circuit according to claim 1, wherein the normalizing means comprises
      means reducing the first control voltage (u.sub.18-38) at the diode
      junction (38) by a factor of about 1 : n before being applied to the
      comparison means.
NUM  5.
PAR  5. Circuit according to claim 4, wherein the means reducing the first
      control voltage comprises
PA1  a voltage divider (36; 58, 59; 108) connected to the diode junction (38);
PA1  and the comparison means has applied thereto a voltage derived from the
      resistor junction (39) and the voltage derived from the voltage divider
      connected to the diode junction (38).
NUM  6.
PAR  6. Circuit according to claim 5, wherein the voltage divider connected to
      the diode junction (38) has a voltage division ratio which is somewhat
      greater than n : 1 to introduce positive feedback, representative of
      armature current (i.sub.a) flow to the controller.
NUM  7.
PAR  7. Circuit according to claim 5, wherein the voltage divider connected to
      the diode junction (38) has a voltage division ratio which is less than n
      : 1 to introduce negative feedback representative of armature current
      (i.sub.a) to the controller.
NUM  8.
PAR  8. Circuit according to claim 1, wherein the normalizing means comprises
      means (50) amplifying the second control voltage (u.sub.18-39) by a factor
      of about n before being applied to the comparison means.
NUM  9.
PAR  9. Circuit according to claim 8, wherein the amplifying means has an
      amplification factor somewhat greater than n to introduce positive
      feedback, representative of armatue current (i.sub.a) flow to the
      controller (42).
NUM  10.
PAR  10. Circuit according to claim 8, wherein the amplifying means (50) has an
      amplification factor somewhat smaller than n to introduce negative
      feedback representative of armature current (i.sub.a) flow to the
      controller (42).
NUM  11.
PAR  11. Circuit according to claim 1, wherein the controller (42) includes a
      constant voltage element (63; 114);
PA1  the difference control signal varying simultaneously, with respect to d-c
      supply, due to the emf component of the first control signal, said
      difference control signal being applied to a terminal of the constant
      voltage element to provide a constant comparison voltage to the controller
      varying with respect to d-c supply cyclically and in synchronism with the
      emf induced in the motor windings.
NUM  12.
PAR  12. Circuit according to claim 11, wherein the motor (10) has two armature
      windings (16, 17) alternately supplied with current, and includes means
      generating a reluctance torque;
PA1  and wherein the controller (42) comprises a phase shifter (31, 34, 63, 64,
      65, 66) to provide signals commanding current flow through the windings of
      the motor at positions of the rotor of the motor with respect to the
      windings which are an optimum to generate driving torque in the motor.
NUM  13.
PAR  13. Circuit according to claim 11, wherein the motor is a permanent rotor
      motor and
PA1  wherein the controller (42) includes a temperature-dependent element (65,
      120) to compensate for temperature dependence of induction due to the
      permanent magnet rotor.
NUM  14.
PAR  14. Circuit according to claim 11, wherein the motor has a commutating
      element (23) sensing angular rotor position, said commutating element
      being connected to the output of the controller (42) and to energize the
      motor windings in accordance with sensed position of the rotor and the
      output of the controller (42).
NUM  15.
PAR  15. Circuit according to claim 14, wherein the commutating element is a
      Hall generator (23), the control current to said Hall generator being
      supplied by the output of the controller (42), whereby the Hall generator
      will operate as an AND-gate and provide energization to the respective
      motor winding when
PA1  a. the magnetic field to which the Hall generator is exposed, due to
      presence of the rotor, has a proper polarity for conduction of the Hall
      generator, and
PA1  b. the controller (42) provides an output signal to the Hall generator,
      said output signal being connected to the controlled switch means (32, 35)
      by the Hall generator.
NUM  16.
PAR  16. Circuit according to claim 3, wherein the controller (42) comprises an
      amplifying means;
PA1  wherein the sign and extent of feedback obtainable by changing the factor
      to differ from n and the amplification factor of the amplifying means in
      the controller are independently adjustable and selectable to obtain,
      selectively and controllably, different speed-torque characteristics of
      the motor.
NUM  17.
PAR  17. Circuit according to claim 3, wherein the controller (42) comprises an
      amplifying means;
PA1  wherein the sign and extent of feedback obtainable by changing the factor
      to differ from n and the amplification factor of the amplifying means in
      the controller are adapted to provide negative feedback dependent on
      armature current (i.sub.a) and high amplification to thereby obtain a
      speed-torque characteristic (134) which is flat at low torques (FIG. 11).
NUM  18.
PAR  18. Circuit according to claim 17, in combination with a permanent magnet
      motor (10) having two armature windings (16, 17) alternately supplied with
      current pulses by, and under command of said controlled switch means (32,
      35), and having means generating a reluctance torque which is effective
      during gaps in the current flow through the armature winding.
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ABST
PAL  A controller, such as for maintaining a selected constant rotational speed
      of a controlled unit, uses analog signals and circuits for fast coarse
      correction and uses slower digital signals and circuits for additional
      fine correction. A device is provided for conveniently and accurately
      changing the setting of the reference analog and digital signals used in
      the controller.
PARN
      This is a continuation of application Ser. No. 369,128 filed June 12,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  One common technique used in process control is to set the desired value of
      a process parameter, to monitor the actual value of that parameter as the
      process is taking place, to compare the actual value of the parameter with
      the set value thereof in order to derive an error signal, and to correct
      the actual value of the parameter depending on the error signal in order
      to make it approach the set value and stay equal to it. For example, if
      the parameter of interest is the rotational speed of a shaft, the actual
      speed of the shaft is monitored, the monitored actual speed is compared
      with a set value and, depending on the difference, if any, the device
      which rotates the shaft is speeded up or is slowed down.
PAR  Process controls, and specifically revolution speed controls, are
      classifiable as analog and digital. For analog control, an analog signal
      representing the actual value of a monitor parameter is derived and is
      compared with an analog signal representing the set value of that
      parameter. The difference is an analog signal (often called an error
      signal) which is applied to a control device in order to make the
      monitored value approach the set value. Analog process control is usually
      fast, but it is sometimes not sufficiently accurate. In digital process
      control, the actual monitored value of the parameter of interest is
      expressed in digital form and it is compared with a digital representation
      of the set value. The difference between the monitored and the set values
      is a digital error signal which is utilized by a digital control device.
      Digital control is generally more accurate than analog control, but it is
      somewhat slower, and is sometimes more expensive to implement.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is in field of process controllers, and relates specifically
      to a revolution speed controller which combines analog and digital
      controls. An additional feature of the invention relates to a device for
      conveniently changing the setting of analog and digital reference signals.
PAR  An object of the invention is to provide a revolution speed controller
      which uses analog control for fast coarse correction, and uses digital
      control for an additional fine control which may be slower but is more
      accurate. An additional object of the invention is to provide a device for
      conveniently and accurately changing the setting of analog and digital
      reference signals.
PAR  These and other objects of the invention are embodied in a revolution speed
      controller which comprises means for generating a monitored analog signal
      reflecting the current value of the rotational speed of a unit, and a
      monitored digital signal reflecting the same current value of the
      rotational speed of the same unit. Means are provided for generating a
      reference analog signal and a reference digital signal. The monitored
      analog signal and the reference analog signal are compared to generate an
      analog error signal which is applied to a control device that immediately
      starts the correction indicated by the analog error signal. Meanwhile, the
      monitored digital and the reference digital signal are compared by a
      suitable network including counters and a digital comparator to provide a
      digital error signal. The digital error signal is combined with the analog
      error signal to make, if necessary, an additional fine correction.
PAR  A device is provided for conveniently and accurately changing the setting
      of the reference signals. The device includes a modified version of the
      means for generating a reference analog signal and of the counter forming
      a part of the means for comparing the reference digital signal with the
      monitored digital signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a revolution speed controller according to
      the invention.
PAR  FIG. 2 is a circuit diagram of a device for chaning the setting of
      reference signals used in the embodiment of FIG. 1.
PAR  FIG. 3 is a perspective view of a device incorporating the circuit of FIG.
      2.
PAR  FIG. 4 is a circuit diagram of a modified device for changing the setting
      of reference signal of the type used in the embodiment of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  The invention is described as embodied in a process controller for
      maintaining the rotational speed of a follower unit at a selected value,
      but it should be clear that it is applicable to controlling other
      processes.
PAR  Referring to FIG. 1, a follower unit 110 is rotated by a motor 8 through an
      adjustable change gear 10. The motor 8 operates at a constant speed and
      the rotational speed of the follower unit 10 may be varied by adjusting
      the change gear 10. The change gear 10 is adjusted by a bidirectional
      operating motor 9 so as to speed up or to slow down the follower unit 110.
PAR  The parameter of interest, namely, the rotational speed of the follower
      unit 110, is monitored by a follower transmitter 3 which includes a
      digital signal transmitter 31 and an analog signal transmitter 32. The
      digital signal transmitter 31 may be a transducer which generates a series
      of pulses at a frequency that is directly proportional to the rotational
      speed of the follower unit 110; and the analog signal transmitter 32 may
      be a transducer generating an electrical signal whose voltage level is
      directly proportional to the rotational speed of the follower unit 110.
      For example, the digital signal transmitter 31 may comprise a conventional
      shaft encoder (not shown) incuding a perforated disc rotating with the
      follower unit 110 and interrupting the light impinging on a photocell at a
      rate that is directly proportional to the rotational speed of the follower
      unit 110. The analog signal transmitter may be any suitable transducer
      coupled with the follower unit 110 and may be for example, a coil (not
      shown) magnetically coupled with a suitable rotating portion of the unit
      110 to generate an electrical signal whose voltage is directly
      proportional to the rotational speed of the unit 110.
PAR  The desired value of the monitored parameter is set by a reference
      transmitter 2 which includes a reference pulse transmitter 21, a reference
      voltage transmitter 22 and a reference signal setter 23. The reference
      pulse transmitter may be, for example, a voltage controlled or a crystal
      controlled oscillator which generates pulses at a selected fixed
      frequency, and the reference voltage transmitter may be a fixed voltage
      source. The level of the voltage signal from the reference voltage
      transmitter 22, and the frequency of the pulses from the reference pulse
      transmitter 21 are set by the reference signal setter 23.
PAR  The purpose of the illustrated network is to compare the signals from the
      follower transmitter 3 with the signals from the reference transmitter 2
      and to generate error signals applied to an operating motor control 7
      which determines, on the basis of the sense and level of the error signals
      applied to it, the direction and the amount by which the operating motor 9
      should adjust the change gear 10.
PAR  The analog signal from the follower transmitter 32 and the reference signal
      from the reference voltage transmitter 22 and voltage divider 12 are
      compared by an analog comparator 6 which may be, for example, a
      differential amplifier. It is noted that the voltage signal which is
      applied to the analog comparator 6 from the reference voltage transmitter
      passes through a voltage divider 12 whose purpose is explained below.
PAR  The pulse signals from the follower transmitter 31 and from the reference
      transmitter 21 are compared with the help of digital counters 11 and 4 and
      a digital comparator 5. Each of the counters 11 and 4 may be a binary
      counter, with the outputs of selected binary stages of each counter gated
      such that the counter provides an output signal to the comparator 5 only
      upon the accumulation of a selected number of pulses. The comparator 5 may
      be a gating network providing an output whose polarity depends on which of
      its two inputs arrives first, and whose duration is the difference between
      the arrival times of its two inputs. The output of the digital comparator
      5 is applied to the operating motor controller 7, and serves as a fine
      adjustment of the error signal applied to the operating motor controller 7
      from the analog comparator 6. The operating motor controller 7 includes a
      network (not shown) which translates the duration of the signal from the
      comparator 5 into a voltage signal and algebraically adds that voltage
      signal to the voltage signal applied to the operating motor controller 7
      from the analog comparator 6. The difference between the two voltage
      signals is the fine adjustment, if any, which the operating motor
      controller 7 applies to the operating motor 9.
PAR  The network shown in FIG. 1 goes through a sequence of calibration cycles,
      each calibration cycle starting with the resetting of the counters 11 and
      4 and the turning on of the comparators 5 and 6. Each cycle starts with a
      cycle start signal generated by the operating motor 9 and applied to the
      counters 4 and 11 to clear them, and to the comparators 5 and 6 to enable
      them. This cycle-start signal is generated when the operating motor 9
      stops rotating.
PAR  The counter 11 and the voltage divider 12 are ganged such that the ratio
      between the voltage at the reference voltage transmitter 22 to the voltage
      that is actually appled to the analog comparator 6 (i.e., the ratio
      between the voltages e.sub.s to e.sub.n) is the same as the ratio between
      the count at which the counter 4 provides an output signal to the
      comparator 5 and the count at which the counter 11 provides an output
      signal to the comparator 5. The ganged relationship between the voltage
      divider 12, which is in fact a variable resistor, and the counter 11 is
      such that the specified ratio is maintained as the resistance of the
      variable resistor 12 is changed.
PAR  In operation, before a calibration cycle starts, the counters 11 and 4 are
      reset to zero and the comparators 5 and 6 are disabled. At the start of a
      calibration cycle, pulses start accumulating in the counters 11 and 4 and
      the comparators 5 and 6 are turned on. As soon as the comparator 6 is
      turned on, it provides an analog error signal which reflects the sense and
      magnitude of the difference, if any, between the voltage signals applied
      to it from the follower transmitter 32 and the reference tranmitter 22
      (through the voltage divider 12). This analog error signal is immediately
      utilized by the operating motor controller 7 to make the operating motor 9
      rotate in the desired direction, if any, and by the desired amount to
      thereby adjust the changge gear 10 to speed up or slow down the follower
      unit 110 as necessary. Also at the start of the same calibration cycle,
      the counters 11 and 4 start accumulating pulses, and the first counter
      which accumulates the number of pulses to which it is set puts out a
      signal to the comparator 5. At that time the comparator 5 starts applying
      its output signal to the operating motor controller 7, the sense of this
      signal depending on which one of the counters 11 and 4 first accumulates
      its set number of pulses. The output signal from the comparator 5 to the
      operating motor controller 7 terminates when the second one of the
      counters 4 and 11 accumulates the set number of pulses. If the follower
      unit 110 rotates at exactly its desired speed, then the error signal from
      the analog comparator 6 should be zero, and there should be no error
      signal from the digital comparator 5. Any difference between the
      respective values of the error signals from the analog comparator 6 and
      from the digital comparator 5 is used as a fine adjustment of the
      correction provided on the basis of the error signal from the analog
      comparator 6 alone. That is, for each calibration cycle, the controller 7
      algebraically adds the analog error signal from the comparator 6 and the
      voltage equivalent of the duration and sense of the error signal from the
      comparator 5 to generate an additional fine correction signal, if any, for
      the operating motor 9.
PAR  It may be desirable in some circumstances to change the desired speed of
      the follower unit 110, i.e., it may be desirable to change the set values
      applied to the comparators 5 and 6 from the reference transmitter 2. One
      way to do this is by changing both the reference voltage e.sub.s provided
      by the reference voltage transmitter 22 through the voltage divider 12 and
      by changing the frequency of the pulses provided by the reference pulse
      transmitter 21. However, changing the frequency of the pulses from the
      reference pulse transmitter 21 may not always be carried out very
      accurately or very conveniently. Therefore, in accordance with the subject
      invention, the change in the set value of the parameter of interest is
      accomplished simply, efficiently, and accurately by changing the voltage
      e.sub.s provided from the reference voltage transmitter 22 through the
      voltage divider 12 and simultaneously, in a ganged relationship, changing
      the setting of the counter 11 by a corresponding amount.
PAR  To do this, the counter 11 and the reference voltage transmitter 22 of FIG.
      1 are replaced by the network illustrated schematically in FIG. 2.
      Referring to FIG. 2, the counter 11 is illustrated, for simplicity, as a
      decimal counter comprising three stages 11a, 11b, and 11c which are
      respectively the hundreds decade, the tens decade, and the units decade of
      the decimal counter 4. The reference voltage divider (potentiometer) 12 is
      shown as comprising resistors 12, 12b, 12c, 12'c, 12'b, and 12'a, which
      are connected in series across the constant voltage source E.sub.s of the
      transmitter 22. The voltage which is across the series connection of the
      resistors 12, 12b, and 12c is the voltage e.sub.s which is the reference
      analog voltage and is applied to the comparator 6 of FIG. 1.
PAR  Each of the resistors forming the reference voltage divider 12 shown in
      FIG. 2 is a variable resistor. The pair of variable resistors 12a and 12'a
      are ganged such that the sum of their resistances remains constant; the
      pair of resistors 12b and 12'b, and the pair of resistors 12c and 12'c are
      similarly ganged.
PAR  The counter 11 in FIG. 1 may be a decimal counter of the type shown in FIG.
      2. In FIG. 2, the counter 11 comprises a hundreds decade 11a, a tens
      decade 11b and a units decade 11c. The units decade 11c receives pulses
      from the follower pulse transmitter 31, and carry connections are provided
      between the decades 11c and 11b, and between the decades 11b and 11a. Each
      of the decades 11a, 11b, and 11c has ten outputs, each output
      corresponding to the one of the stages of the decade. The outputs of the
      hundreds decade 11a are ganged with the moveable contacts of the resistors
      12a and 12'a through a setting shaft 51 such that the output of the
      hundreds decade 11a which is applied as one input of an AND-gate 11d
      corresponds to the setting of the moveable contacts of the resistors 12a
      and 12'a. The tens decade 11b and the units decade 11b  are similarly
      ganged with their corresponding resistors through setting shafts 52 and 53
      respectively.
PAR  In operation, the setting of the shafts 51, 52 and 53 simultaneously sets
      the voltage which provides the analog reference signal e.sub.s and the
      setting of the counter 11 at which it provides a signal to the comparator
      5 shown in FIG. 1. For example, assume that the variable resistors 12 and
      12'a each have a maximum resistance of 900 units and are ganged such that
      the sum of their resistances, if they were to be placed in series is
      always 900 units, e.g., when the moveable contract of 12a is set such tht
      the resistance of 12a is 300 units, the moveable contact of 12'a is set
      such that the resistance of 12'a is 600 units. Assume that the resistros
      12b and 12'b each have a maximum value of 90 units and are ganged in a
      similar manner, and that the resistors 12c and 12'c each have a maximum
      value of 9 units and are ganged in a similar manner. Then, the resistance
      which is across the voltage source E.sub.s is always 999 units, and the
      current through the series connection of the resistors is constant.
PAR  Also assume that the resistor 12a and the hundreds decade 11a are ganged
      through the shaft 51 such that the resistance of 12 is 100 units when the
      100 output of the decade 11a is connected to the AND-gate 11d, that the
      resistance of 12a is 200 units when the 200 output of the decade 11a is
      connected to the AND-gate 11d, etc. Assume that the resistor 12b is ganged
      with the tens decade 11b through the shaft 52 in a similar manner, and
      that the resistor 12c is ganged to the units decade 11c through the shaft
      53 in a similar manner.
PAR  Then, assuming that the voltage of the source E.sub.s is 9.99 volts, and
      that the AND-gate 11d is enabled when the counter 11 accumulates a count
      of 328 pulses from the pulse transmitter 31, the voltage e.sub.s, which is
      the voltage across the series connection of the resistors 12, 12b, and 12c
      at that setting if the counter 11 is 3.28 volts. If the setting of the
      counter 11 is changed by rotating one or more of the shafts 51, 52, and
      53, the voltagte e.sub.s is changed in a proportional manner. Thus, no
      human error can be introduced in changing the desired analog and digital
      signals in the circuit of FIG. 1.
PAR  An embodiment of the networ schematically shown in FIG. 2 is illustrated in
      FIG. 3. Referring to FIG. 3, the variable resistor 12a consists of a
      series connection of resistors 115, each of which may have 100 units of
      resistance, and a moveable contact 113 is affixed to a shaft 117 that in
      turn is affixed to the setting shaft 51. The variable resistor 12'a is
      similarly constructed and similarly operated by the shaft 117. The
      remaining variable resistors are similarly constructed and similarly
      operated by the shafts 127 and 137 which are affixed to the setting shafts
      52 and 53 respectively, except that the portions 125 of the resistors 12b
      and 12'b have resistance value of, for example, 10 units of resistance,
      and the portions 137 of the resistors 12c have resistance values of, for
      example, 1 unit of resistance. The decades 11a, 11b, and 11c of the
      counter 11 are operated by the setting shafts 51, 52, and 53 respectively
      in the manner discussed in connection with FIG. 2. The electrical
      connections are not shown in FIG. 3, these electrical connections being of
      the type shown and discussed in connection with FIG. 2.
PAR  The purpose of having pairs of resistors 12a and 12'a, 12b and 12'b and 12
      and 12'c is to keep the total resistance across the voltage source E.sub.s
      constant in order to assure constant drainage of the source E.sub.s.
      However, it is possible to eliminate the resistor 12'c, because of the
      relatively low change due to varying the resistance of the variable
      resistor 12c. In the example discussed in connection with FIG. 2, the
      value of the resistor 12c changes from 0 to 9 units of resistance, as
      compared to the total possible resistance change of 0 to 999 units of
      resistance. When the resistor 12'c is eliminated from the network shown in
      FIG. 2, the result is the network shown in FIG. 4, which is otherwise
      identical to that of FIG. 2. The elements of the network shown in FIG. 4
      are the same in structure and in operation as the correspondingly numbered
      elements of FIG. 2.
CLMS
STM  I claim:
NUM  1.
PAR  1. A revolution speed controller for a rotatable follower unit having a
      defined range of operating revolution speeds, comprising:
PA1  means for monitoring the revolution speed of the follower unit and for
      providing a monitored analog signal and a monitored digital signal each
      indicating the value of said revolution speed at a selected time;
PA1  means for providing a reference analog signal and a reference digital
      signal of selected values indicating a desired revolution speed of the
      follower unit;
PA1  means for comparing the monitored analog signal with the reference analog
      signal and for providing a first error signal reflecting the difference
      therebetween;
PA1  means for comparing the monitored digital signal and the reference digital
      signal and for providing a second error signal reflecting the difference
      therebetween;
PA1  wherein each of said first and second error signal ranges in value over
      substantially the entire range of the operating revolution speeds of the
      follower units; and
PA1  means for combining the first and the second error signal to provide a
      combined control signal reflecting the difference, if any, between the two
      error signals, said control signal indicating the degree of correction
      needed to conform the actual revolution speed of the follow unit to the
      desired revolution speed thereof.
NUM  2.
PAR  2. A revolution speed controller as in claim 1 wherein the means for
      providing a monitored digital signal and a reference digital signal each
      comprise means for generating a series of pulses whose frequencies
      indicate respectively the actual and desired speeds of said follower unit.
NUM  3.
PAR  3. A revolution speed controller as in claim 2 wherein the means for
      comparing the two digital signals comprise a monitor counter receiving the
      monitored digital signal pulses and a reference counter receiving the
      reference digital signal pulses, each counter accumulating a count of the
      received pulses and each providing an output signal upon the accumulation
      of a selected number of pulses, and wherein the means for comparing the
      two digital signals comprise means for receiving the output signals of the
      two counters and for providing said second error signal reflecting the
      difference between the times at which said counter output signals are
      provided and reflecting the order in which the counter output signals are
      provided.
NUM  4.
PAR  4. A revolution speed controller as in claim 3 wherein the means for
      combining the first and second error signals comprise means for receiving
      the first error signal and for providing a first control signal reflecting
      said first error signal, and means for receiving said second error signal
      and providing a second control signal reflecting the difference, if any,
      between the first and the second error signal.
NUM  5.
PAR  5. A revolution controller as in claim 1 wherein the means for combining
      the first and the second error signal comprise means for receiving the
      first error signal and for providing a first control signal reflecting the
      value of said first error signal and means for receiving the second error
      signal, for combining it with the first error signal and for providing a
      second control signal reflecting the difference, if any, between the first
      and second error signal.
NUM  6.
PAR  6. A revolution speed controller as in claim 1 wherein the means for
      providing a reference analog signal and a monitored digital signal
      comprise:
PA1  a monitored pulse generator providing pulses at a frequency which is
      function of the revolution speed of the follower unit;
PA1  a digital counter connected to count said pulses and having a plurality of
      outputs each providing an output signal upon the accumulation of a defined
      count in the counter;
PA1  counter output means connectable to selected outputs of the digital
      counter;
PA1  a variable voltage source providing an output voltage signal and means for
      selectively varying the level of said output voltage signal; and
PA1  setting means connected to the counter output means and to means for
      varying the output voltage signal to maintain a selected ratio between the
      count in the digital counter at which the counter output means provides an
      output signal and the level of the output voltage signal.
NUM  7.
PAR  7. A revolution speed controller as in claim 1 wherein the means for
      monitoring the revolution speed of the follower unit and for providing a
      monitored digital signal includes a pulse generator providing pulses at a
      frequency which is a function of the revolution speed and a monitor
      counter for accumulating a count of said pulses and for providing an
      output upon the accumulation of a selected number of pulses, the means for
      providing a reference digital signal comprises a pulse generator providing
      pulses at a selected frequency and a reference counter for accumulating a
      count of the last recited pulses and for providing an output upon the
      accumulation of a selected count of pulses, the means for comparing the
      monitored digital signal and reference digital signal comprises a means
      for generating a signal whose duration reflects the difference, if any,
      between the generation of the output signals of the two counters and whose
      sense reflects the order in which said counter output signals are
      generated, said last recited signal being said second error signal, and
      wherein the means for combining the first and second error signal includes
      means for algebraically adding a representation of each of said first and
      second error signal to provide said combined control signal.
NUM  8.
PAR  8. A revolution speed controller as in claim 7 including setting means for
      selectively setting the accumulated count at which the monitor counter
      provides an output and for setting the level of the reference analog
      signal to maintain a selected ratio between the set count and the set
      reference analog signal.
NUM  9.
PAR  9. A process controller comprising:
PA1  means for monitoring a process parameter ranging in value over a selected
      operating range and for providing a monitored analog signal and a
      monitored digital signal each indicating the value of said process
      parameter at a selected time;
PA1  means for providing a reference analog signal and a reference digital
      signal of selected values each indicating a desired value of said process
      parameter;
PA1  means for comparing the monitored analog signal with the reference analog
      signal and for providing a first error signal reflecting the difference
      therebetween;
PA1  means for comparing the monitored digital signal and the reference digital
      signal and for providing a second error signal reflecting the difference
      therebetween,
PA1  each of said first and second error signal ranging in value over the entire
      operating range of said process parameter; and
PA1  means for combining the first and second error signal to provide a combined
      control signal reflecting the difference, if any, between the two error
      signals,
PA1  said difference indicating the degree of correction needed to conform the
      actual to the desired value of said process parameter.
NUM  10.
PAR  10. A process controller as in claim 9 wherein the monitored digital signal
      is a pulse train whose frequency represents the value of the monitored
      process parameter, and the means for providing a monitored digital signal
      includes a digital counter providing an output at the accumulation of a
      selected number of pulses forming said pulse train, and including means
      for setting the number of pulses at which said counter provides an output
      and for setting the level of said reference analog signal at a selected
      ratio between the number of pulses at which said counter is set and the
      level at which the analog signal is set.
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ABST
PAL  Apparatus for effecting relative positioning between two mechanical members
      in accordance with digital (or analog) commands includes a standing wave
      supporting, electrical wave propagating structure terminated other than by
      its iterative impedance. The wave structure is mechanically fixed to one
      mechanical member, and a probe is coupled to the wave structure and fixed
      for translation with the other mechanical member.
PAL  A voltage controlled oscillator excites the wave structure developing a
      standing electrical wave therein -- the wave pattern node positioning
      being determined by the input digital command. Feedback servomechanism
      apparatus then responds to the potential induced in the probe (or, by
      superposition, that on the wave structure) for positioning the probe at
      the requisite standing wave null point.
PAL  In accordance with one aspect of the present invention, the wave
      propagating structure is sealed, and the probe disposed external thereto,
      to preserve measuring accuracy.
BSUM
PAC  DISCLOSURE OF THE INVENTION
PAR  This invention relates to electronic instrumentation and control apparatus
      and, more specifically, to an improved position transducer - transducer
      controlled position implementing servomechanism organization.
PAR  In many applications of present day interest, it is necessary to determine
      the relative position of two mechanical members along one or more axes of
      a coordinate axis system. Thus, for example, it is important to accurately
      determine the relative positioning between a work piece and certain tool
      assemblies. Such tools may comprise a drilling, cutting, milling or other
      mechanical process element; an electrical printed circuit board component
      assembler or back plane wiring head; an integrated circuit wafer testing
      probe assembly; an X-Y plotter; or the like.
PAR  As below discussed, existing position reporting transducers are not
      entirely satisfactory. For example, for the machine tool context; relative
      positioning between a work supporting table and the tool is effected via a
      lead screw and follower nut, or equivalent mechanical apparatus, also
      having a position reporting scale mechanically coupled thereto. However,
      the lead screw or other actuator exhibits lost mechanical motion or
      backlash, i.e., a "dead zone" or lag between the inception of actuation
      (with a concommitant change in output position reading), and actual
      movement of the controlled member. This hysteresis limits the accuracy of
      the output position display, and comprises a major source of positional
      error and uncertainty.
PAR  My U.S. Pat. No. 3,749,999 issued July 31, 1973 for "Position Sensing
      Transducer Including An Electrical Wave Propagating Structure of Varying
      Electrical Length" discloses a certain wave propagating apparatus which
      effects position sensing and implementation. The disclosure of said patent
      is included herein by reference. The instant case is directed to certain
      improvements and alternative physical realizations with respect to the
      general transducing principles set forth in said patent.
PAR  It is thus an object of the present invention to provide improved position
      implementing apparatus.
PAR  More particularly, an object of the present invention is the provision of
      automated/manual position effecting apparatus which obviates mechanical
      hysteresis and other errors; and which may be reliably employed to
      position two mechanical members with a high degree of accuracy.
PAR  The above and other objects of the present invention are realized in a
      specific illustrative position implementing apparatus for controlling the
      relative displacement of two mechanical members in accordance with an
      input command.
PAR  The input command (e.g., a parallel digital word from a machine controlling
      central processor) acts through feedback apparatus to control the output
      of a voltage controlled oscillator which excites a mismatched electrical
      wave propagating structure, developing standing waves thereon. The
      particular standing wave node positioning is, of course, dependent upon
      the voltage controlled oscillator output frequency, and thus proximately
      upon the input command.
PAR  A probe is coupled to the wave propagating structure, the structure and the
      probe being mechanically fixed for translation with a different one of two
      subject mechanical members. A feedback - servomechanism loop responds to
      the voltage developed in the probe (or, in an alternative embodiment, on
      the wave structure) by automatically positioning the probe at the standing
      wave node thus controlling the displacement of the mechanical members.
PAR  In accordance with one aspect of the present invention, the wave supporting
      structure - e.g., slab or strip line, slotted waveguide or coaxial cable,
      or the like, is fully sealed and enclosed, and the probe mounted to
      translate external thereto, to preserve accuracy under changing, and
      sometimes debilitating ambient conditions.
DRWD
PAR  The above and other features of the present invention will become more
      clear from a detailed description of specific, illustrative embodiments
      thereof, described below in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 schematically depicts position transducing - implementing apparatus
      embodying the principles of the present invention;
PAR  FIG. 2 illustrates a standing wave pattern characterizing a wave
      propagating structure 110 in the FIG. 1 embodiment; and
PAR  FIG. 3 depicts a standing wave pattern for an alternative excitation
      arrangement.
DETD
PAR  Referring now to FIG. 1, there is illustrated automated positioning
      apparatus comprising a wave propagating structure 105 terminated with
      other than its characteristic impedance -- e.g., a short circuit 118. The
      structure 105 is showed as comprising a wave guide-like conducting outer
      surface 112, and a mechanically compound (for rigidity) center conductor
      116. Other wave supporting structures such as slab or strip line, coaxial
      cable or the like may be employed as well. The structure 105 is preferably
      sealed to isolate the interior thereof from the surrounding environment
      which may often be quite uncontrolled (as in a machine tool application),
      and which may disturb the standing wave pattern in the line, causing
      inaccuracies. For purposes discussed below, the circumferential outer
      surface 112 of the composite line 105 includes an axial slot 114 which may
      be sealed by a suitable nonconductive sheet, such as quartz. Further, and
      preferably, end plates may completely seal the structure 105 and also
      provide support for the center conductor 116, one of said end plates being
      conductive (to form termination 118) and one being nonconductive.
PAR  An electrical probe 122 is disposed to translate along the axial slot 114
      of the slab line 105 while being electrically coupled to the lining, the
      end of the probe moving just above the quartz sheet 114.
PAR  The probe 122 and the wave supporting structure 105 are fixed for relative
      translation with differing ones of two mechanical members to be controlled
      - e.g., a machine tool active element (e.g., a drill bit) and a workpiece
      supporting and conveying table. Thus, at any time, the position of the
      probe 122 vis-a-via the axis of the line 105 reflects tool (e.g., drill)
      positioning vis-a-via the workpiece. Further, the workpiece positioning
      apparatus shown in the drawing includes a servomechanism actuator 190 for
      selectively moving the tool (and probe 122) relative to the workpiece (and
      slab line 105).
PAR  A voltage controlled oscillator (VCO) 130 energizes the line 105 via an
      output port 132 with a particular frequency which, for reasons set forth
      below, corresponds to a desired and specific position for the probe 122
      along the line 105. The VCO output frequency is established by an input
      digital command word in a position source register 152. The register 152
      may comprise for example, an output register of a machine tool controlling
      computer central processor. Of course, the register 152 may be manually
      loaded as well.
PAR  The VCO frequency is controlled by the contents of register 152 by
      straightforward feedback principles well known to those skilled in the
      art, and depicted in detail in the drawing. In brief, a counter 142 counts
      the number of VCO output pulses over a timed interval (under control of a
      clock source 144), and the maximum count (just before counter clearing) is
      strobed (for preservation) into the latch 146. A digital comparator 150
      and following amplifier 160 compare the contents of the registers 146 and
      152, and automatically supply the requisite steady state control signal to
      VDO control port 132 to slave the VDO 130 output frequency to the command
      word contents of the register 152.
PAR  The output of the voltage controlled oscillator 130 drives the short
      circuit terminated line 105 and, by reason of the non-iterative impedance
      termination, induces a standing wave distribution pattern thereon. The
      particular standing wave pattern is shown in FIG. 2. (As discussed below,
      the line 105 may be driven as well via the probe 122, developing the
      standing wave line distribution of FIG. 3.). The particular location of
      the zero voltage node(s) depends on VCO output frequency, that shown in
      the drawing resulting from a line energization of frequency f.sub.o.
PAR  In accordance with the underlying principles of the present invention, a
      second feedback loop (i.e., one distinct from the VCO frequency
      controlling loop) operates to position and maintain the probe 122 at the
      node point. To this end, the VCO output frequency is deviated in equal
      amounts about the center frequency f.sub.o by a switching source 170
      (e.g., any relaxation oscillator). A capacitor 172 superimposes the A.C.
      voltage perturbation developed by source 170 on the essentially D.C.
      control signal supplied by the amplifier 160. It is observed at this point
      that the VCO controlling feedback loop is too slow to respond to the
      varying VCO - averaging its frequency to the value f.sub.o. This may be
      effected by simply providing a counting period for counter 142 which is
      long compared to the period of the switching signal provided by source
      170.
PAR  The voltage induced in the probe 122 is peak detected (at element 180) to
      obtain a measure of the standing wave (i.e., the envelope curve of FIG.
      2). This peak voltage - an analog level which may vary between two values
      as the VCO alternates between its two frequencies, is gated into and
      preserved by two sample and hold circuits 184 and 186. Due to an inverter
      182 between the source 170 and the sample-and-hold circuit 186, the
      circuits 184 and 186 are alternately gated into their sampling mode by the
      same switching source 170 which deviates VCO frequency so that the
      circuits 184 and 186 store the standing wave amplitude at the two
      differing frequencies. The outputs of circuits 184 and 186 are then
      compared by a difference amplifier 188. The output of the difference
      amplifier is of a polarity to energize the servomechanism 190 to
      mechanically move the probe 122 (and thereby also the connected machine
      tool component) in a direction to obviate any difference between the
      outputs of circuits 184 and 186. The elements 184, 186 and 188 comprise a
      synchronous detector, many embodiments of which are well known to those
      skilled in the art.
PAR  The feedback loop just described serves to automatically position the probe
      and connected mechanical member to the desired position (i.e., the node
      point in FIG. 2). To illustrate, assume first that the probe is properly
      located at the node location. The VCO 130 will supply frequencies f.sub.1
      and f.sub.2 equally spaced from f.sub.o. Since the standing wave curve is
      symmetrical about f.sub.o, equal voltages vo will be detected by the probe
      122 at f.sub.1 and f.sub.2, such that the outputs of storage circuits 184
      and 186 will be equal. Accordingly, there is a zero output from difference
      amplifier 188 and the servo driver 190 is not activated.
PAR  Assume now that the probe 122 is positioned too far to the left -- either
      because a new location (to the right) has been commanded or because the
      workpiece or machine tool head has shifted. The resulting effective VCO
      deviated frequencies f.sub.3 and f.sub.4 (FIG. 4) are skewed to the left,
      and produce unequal outputs V.sub.1 and V.sub.3. This results in unequal
      inputs to the amplifier 188 which produces an output potential of a
      polarity which drives the probe to the right. Similar action occurs to
      correct or institute a left shift of the probe 122 relative to the slab
      line 105 when required.
PAR  It will be understood in the above discussion, of course, that the standing
      wave pattern shifts with frequency, and that the frequencies f.sub.o
      -f.sub.3 and the corresponding voltages V.sub.0 -V.sub.3 represent the
      probe position vis-a-vis the then effective standing wave pattern.
PAR  The arrangement of FIG. 1 has thus been shown by the above to comprise an
      improved automated positioning arrangement, i.e., to respond to input
      commands by both effecting and maintaining a prescribed relative
      displacement between two mechanical members (and of the probe axially 122
      along the slab line 105).
PAR  Several observations are made at this point. First, analog positional
      commands may be employed in place of the digital input word, as from a
      potentiometer. For such case, an analog-to-digital converter may be used
      to load register 152; or elements 150 and 152 may become analog versions
      thereof (e.g., a sample/hold circuit and an analog comparator-difference
      amplifier) and circuitry 140 either replaced by a low pass filter or
      followed by a digital-to-analog converter.
PAR  Then also, it is observed that the slab line 105 was excited at one end,
      and the signal output taken at the probe 122. By superposition, these may
      be reversed - i.e., the line excited by connecting the output of VCO 130
      to probe 122, and connecting the input detector 180 to the line 105. When
      excited by the probe 122, the standing wave pattern on the line 105 is
      depicted in FIG. 3. At steady state the standing waves are developed
      essentially only between the probe 122 and the short circuit termination.
      As the switching source 120 deviates VCO frequency, the probe 122 no
      longer resides at a node. Accordingly, the waves traveling to the right
      along the line do not effectively cancel - and an output is produced and
      supplied to the peak detector 180. As before, if the probe is properly
      positioned, the two line excitation frequencies produce equal outputs at
      the sample/hold circuits 184 and 186. If the probe is not where commanded,
      the inputs to the difference amplifier 188 become imbalanced in a polarity
      causing the servo 190 to institute the requisite repositioning action.
PAR  The above-described arrangements are merely illustrative of the principles
      of the present invention. Numerous modifications and adaptations thereof
      will be readily apparent to those skilled in the art without departing
      from the spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination in automated positioning apparatus, an electrical wave
      propagating structure having a characteristic impedance, means terminating
      said wave propagating structure in other than its characteristic
      impedance, probe means coupled to said electric wave propagating structure
      and adapted for relative movement with respect thereto, a voltage
      controlled oscillator for supplying an electrical wave to said wave
      propagating structure, said voltage controlled oscillator thereby
      impressing a standing wave on said wave propagating structure, first
      feedback means, including input command means, for controlling the output
      frequency of said voltage controlled oscillator, thereby also determining
      node positioning for said standing wave pattern, and second feedback loop
      means for positioning and maintaining said probe means at a standing wave
      pattern node, said second feedback means including means for detecting the
      position of said probe relative to a node of said standing wave pattern,
      and actuator means responsive to the output of said detecting means for
      selectively moving said probe means relative to said electric wave
      propagating structure.
NUM  2.
PAR  2. A combination as in claim 1 wherein said electrical wave propagating
      structure is completely enclosed, and wherein said probe means translates
      external thereto.
NUM  3.
PAR  3. A combination as in claim 1 wherein said relative position detecting
      means comprises means for deviating the output frequency of said voltage
      controlled oscillator between plural states, and synchronous detector
      means responsive to said deviating means.
NUM  4.
PAR  4. A combination as in claim 3 wherein said synchronous detector means
      comprises plural gated storage circuits, and difference amplifier means
      connected to said storage circuits.
NUM  5.
PAR  5. A combination as in claim 1 wherein said voltage controlled oscillator
      is connected to said probe, and said relative position detecting means is
      connected to said wave propagating structure at a point distinct from said
      noncharacteristic impedance termination.
NUM  6.
PAR  6. A combination as in claim 1 wherein said voltage controlled oscillator
      is connected to said wave propagating structure, and said relative
      position detecting means is connected to said probe means.
NUM  7.
PAR  7. A combination as in claim 1 further comprising first and second
      mechanical means respectively fixed for translation with said probe means
      and with said wave propagating structure.
NUM  8.
PAR  8. A combination as in claim 1 wherein said electrical wave propagating
      structure is completely enclosed and said probe means translates external
      thereto, said relative position detecting means comprises means for
      deviating the output frequency of said voltage controlled oscillator
      between plural states, and synchronous detector means responsive to said
      deviating means, said synchronous detector means comprises plural gated
      storage circuits, and difference amplifier means connected to said storage
      circuits, and further comprising first and second mechanical means
      respectively fixed for translation with said probe means and with said
      wave propagating structure.
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ABST
PAL  A multi-axis machine tool or the like employing controls for an open loop
      stepping motor system of two or more axes in which variable frequency
      feedrate clock pulses are generated to ultimately control the speed of the
      various stepping motors. The frequency of the feedrate clock pulses is
      modified in accordance with programmed information; additional information
      defines the tool path which can either be straight line or circular arc
      segments and characteristically the feedrate clock pulse generation means
      increases pulse frequency at the beginning of a segment in such manner as
      to increase motor speed in accordance with system inertial limitations
      from a speed below to a speed above the slewing rate of the stepping
      motors. Thereafter upon sensing a predetermined distance from the end of
      the segment, pulse frequency is reduced to reduce the stepping motor speed
      below the slewing rate. Override means is provided to permit an operator
      to selectively increase or decrease pre-programmed rate to compensate for
      variable machining factors such as differences in materials, and dullness
      of tool.
PARN
PAR  This application is a divisional application of our U.S. application, Ser.
      No. 224,752, filed Feb. 9, 1972 now U.S. Pat. 3,767,990 and entitled
      Control System for Producing Multi-Axis Contour Movement for a Stepping
      Motor Drive.
BSUM
PAR  This invention relates to automatically controlling the motion of machine
      tool slides and other multi-axis mechanisms by using step motors.
      Considering the machine tool application as typical, a control system is
      provided for causing tool movement relative to a work piece to achieve two
      or three dimensional contouring of the work piece to a predetermined shape
      in accordance with a predetermined program.
PAR  A stepping motor effectively consists of a rotor magnetically detented at
      fixed positions of a stator. In carrying out the present invention,
      particular consideration has to be given to the characteristics of
      commercially available stepping motors. In particular a change in
      energization of the windings of a stepping motor in a proper sequence
      effects an incremental rotative movement or step; moreover, the sequence
      of the change of energization will determine whether the motor will rotate
      in one direction or the other. At low-step rates, the rotor will move in
      increments from one fixed position to the next and be held by the magnetic
      detent. However, at higher step rates, the inertia of the rotor and its
      coupled load are such that if the step commands are instantaneously
      removed, the rotor will overdrive the magnetic detent of the next position
      and thus mis-step. In an open loop system, a mis-step cannot be corrected
      and thus the system will permanently lose position and be inaccurate. At
      this high step rate, the step motor is said to be "slewing", i.e., the
      magnetic force of the stator is sufficient to drive the rotor from
      position to position, but not sufficient to overcome the inertia of the
      rotor and its load.
PAR  In accordance with the present invention in order to achieve high speed
      stepping rates, means is provided to cause the step motor to be gradually
      accelerated to, and decelerated from, the slew rate; moreover, step
      commands, once slewing is achieved, must be evenly spaced in time.
PAR  More specifically, the present invention provides pulse generator means for
      generating a train of pulses of variable frequency including means for
      varying the frequency of pulses generated by said pulse generator means
      both above and below the slewing range of said step motor. Acceleration
      means causes the pulse generator means to modify pulse frequency upon
      demand. Particularly at the beginning of each of the successive segments
      which together approximate the predetermined path the pulse frequency is
      increased from below slewing range into slewing range at a predetermined
      rate accomodating the inertial load on the step motor. Also toward the end
      of such segments ordinarily means is provided for sensing the number of
      steps remaining to be taken to the end of that segment and to act upon
      said acceleration means at discrete distances before the end of the
      pattern to decrease pulse frequency to below the slewing range before the
      end of the segment. The discrete distances are also a function of the
      feedrate clock pulse frequency.
PAR  Also in accordance with the present invention means is provided to prevent
      stopping the system at any time until the stepping motor speeds are below
      the slewing rate.
PAR  In accordance with the present invention in order to achieve uniformity of
      pulse frequency input into each stepping motor, the interpolation pulses
      themselves are not used but step motor pulses are derived from the
      interpolation pulses. This is of particular significance with respect to
      the minor axes in which the interpolation pulses may occur in an irregular
      pattern. The step motor pulses derived from minor axis step motor pulses
      are more evenly speced in time than their corresponding interpolation
      pulses, depending upon and reflecting the rate of generation, and
      therefore are more readily accepted by the minor axis stepping motors
      without error.
PAR  More specifically, in accordance with the present invention, logic means is
      provided to select as a major axis that one of the axes having the greater
      number of steps to be taken over at least the segment next to be followed.
      An interpolation pulse train of evenly spaced pulses representing the
      major axis length of the segment is generated. A train of interpolation
      pulses is also generated for each minor axis representative of the length
      of that minor axis segment. Therefore, each minor axis pulse train is
      composed at most of no more pulses than the major axis pulse train and
      ordinarily fewer pulses, in which event the pulses most commonly are
      unevenly spaced from one another. Separate means are provided for each of
      said axes receiving interpolation pulses from said logic means and
      producing a step motor pulse for a predetermined number of interpolation
      pulses such that the variations in spacing of the minor axis interpolation
      pulse output is averaged and pulses representing a fixed speed occur at
      regular intervals. This means generating step pulses also has the effect
      of decreasing the potential error in resolution.
PAR  Therefore, the present invention, in addition to supplying the number and
      sequence of commands to each step motor to produce the movement of the
      parts to the required location by following a linear or arcuate path, also
      supplies those commands in such a manner as to provide for the dynamic
      characteristics of the step motor, even at slewing rates of the motor.
PAR  Other features and advantages will hereinafter appear.
DRWD
PAR  For a better understanding of the present invention reference is made to
      the accompanying drawings in which
PAR  FIG. 1 is a schematic block diagram of a programmable voltage to frequency
      convertor used to generate feedrate clock pulses;
PAR  FIG. 2 is a chart of the voltage input to the voltage to frequency
      oscillator plotted against the distance the axes are away from the home
      position;
PAR  FIG. 3 is a representation of the output pulses from the voltage to
      frequency converter.
PAR  FIG. 4 is a schematic block diagram of the breakpoint register.
PAR  FIG. 1 shows a block diagram of a variable frequency pulse generator that
      provides the basic clock timing for the system. The programmed feedrate
      means input 10 takes input data from a punched or magnetic tape, for
      example, or from manual means in a form capable of being stored in binary
      coded decimal (BCD) form in a register 11. The outputs of this register
      are pulse trains which pass through gate 13. Gate 13 passes the binary
      coded decimal signal when the output of deceleration breakpoint register
      12 provides a signal on its control terminal. If the deceleration
      breakpoints have not been detected, the digital information stored in the
      feedrate register is converted by digital to analog (D/A) converter 14 to
      an analog voltage that is directly proportional to the numerical feedrate
      number. A manually set feedrate override 15 enables an operator to
      visually observe what is happening and make manual adjustments to override
      the programmed digital feedrate by .+-.50% of that feedrate at run time by
      proportionally adjusting the adjusting means 16 to modify the voltage
      level of the output of the programmed D/A converter 14. Adjusting means 16
      may be a transistor used for variable gain, where the manual override
      adjusts the gain. The adjusted voltage is then summed at summing junction
      18 with the output of the deceleration breakpoint register 12 as modified
      by D/A convertor 17, similar to D/A convertor 14. If no breakpoint has
      been detected, the output of deceleration breakpoint D/A convertor 17 is
      equal to 0. The summed voltage becomes the set point to a ramp generator
      19 that has two ramp rates, one for positive voltage changes and another
      for negative voltage changes. Axis ramp adjustment 20 may, for example,
      employ a Texas Instrument SN7274 dual operational amplifier. Additionally,
      there is provision for an external signal from axis ramp adjustment means
      20 to adjust the value of the positive going ramp rate. The output of the
      ramp generator is converted to a pulse rate by a voltage to frequency
      oscillator 21 that provides the clock timing pulses for the rest of the
      control system 22. The output of the ramp generator is also monitored by
      several level detectors 23. Level detectors 23 may be, for example, Texas
      Instrument SN72747. The outputs of the level detectors are applied to gate
      25 to control logic signals from a register 24 that contains discrete
      logical representation of the number of units the major axis is away from
      the point to which it is programmed to travel.
PAR  The deceleration breakpoint register 12 contains the digital
      representations of a predetermined inter-relationship based on comparison
      between actual feedrate, as determined by the level detectors 23, and the
      distance left to be travelled, as determined by the home distance register
      24. The contents of the deceleration breakpoint register is converted to a
      voltage level by a D/A convertor 17 for using an opposing the analog
      signal from adjusting means 16. Breakpoints are preselected. For example,
      typical successive breakpoints for a preferred predetermined deceleration
      profile could be set as follows:
PA1  a. Feedrate greater than 24 inches per minute and distance from home less
      than 400 units.
PA1  b. Feedrate greater than 16 inches per minute and distance from home less
      than 200 units.
PA1  c. Feedrate greater than 8 inches per minute and distance from home less
      than 100 units.
PAR  FIG. 2 is intended to represent an acceleration deceleration pattern based
      on these figures. Assume the maximum programmed feedrate is 30 inches per
      minute and the programmed travel distance is 1,000 units. Referring to
      FIG. 2, there is shown a plot of voltage vs. distance to be travelled
      showing the inter-relationship between the home distance and the voltage
      input to the voltage to frequency convertor 21. Immediately after the
      programmed values are input, the output of the ramp generator ramps up
      from a residual value at point a, less than the slew rate of the motor (in
      the example shown equivalent to 6 inches per minute) to a point b and a
      value equivalent to the program feedrate, e.g., here 30 inches per minute.
      The ramp rate (slope shown by projections 29 along coordinates) is
      selected and set at a value at which the step motors used in the system
      can safely pick up the inertial load it is driving. Since the inertial
      load from axis to axis may vary considerably, an axis ramp adjustment 20
      is provided to adjust the ramp rate as a function of the most heavily
      loaded axis. The output of the ramp generator is clamped at 30 inches per
      minute until the home distance is less than 400 units at point c, at which
      point the first deceleration breakpoint is detected. The output of the
      feedrate register 11 is then negated by the breakpoint register 12 by
      removal of the control signal on gate 13 and the voltage value of the
      programmed D/A converter 14 goes to zero. At the same time, a voltage
      equivalent to slightly less than 24 inches per minute is output by the
      deceleration breakpoint D/A convertor 17 and input at the summing junction
      18 of the ramp generator 19. The ramp generator then ramps down from point
      c to point d leveling off at 24 inches per minute. In a similar manner,
      breakpoints occur at points e and f in FIG. 2, causing the deceleration
      profile shown. The residual value g is set below the "slew" rate of the
      step motor. The number of required breakpoints is a function of the
      inertia of the step motor and its load, and the system friction. FIG. 3
      shows an approximate representation of the resultant pulse rate at system
      output 22.
PAR  The deceleration breakpoint register is expanded in FIG. 4 which shows
      components employed in a typical system. The deceleration breakpoint
      register consists of a latch flip-flop 33, 34 and 35 preceded by a NAND
      gate 33, 37 and 38, respectively, for each discreet breakpoint required.
      In the diagram three breakpoint levels are shown corresponding to three
      breakpoint levels shown in FIG. 2, the levels being designated by the
      letters d, f, g. Input to one terminal of each of the respective NAND
      gates 36, 37 and 38 are differential amplifier 40, 41 and 42 to one
      terminal of which is applied voltage derived from the voltage to frequency
      converter 21. The differential amplifiers 40, 41 and 42 are in effect the
      level detectors 23 which give individual outputs as shown to control the
      different latches of the deceleration breakpoint register. Applied to the
      other terminals of the differential amplifier are the check voltages
      corresponding to levels d, f and g in FIG. 2, so that when the check
      voltage is matched by the voltage to frequency converter no signal output
      will be produced from the respective differential amplifier. The NAND
      gates correspond to gate 25 and receive reference signals from the home
      distance register 24 indicated as DLT 400, DLT 200 and DLT 100 to
      correspond to the respective designated distances in FIG. 2. Each latch
      33, 34 and 35 is held open by its NAND gate as long as signals appear at
      both terminals. Loss of either or both signals at the NAND input causes
      the NAND output to drop to zero, which causes its output latch flip-flop
      to set. The output then acts upon the digital to analog converter 17 to
      control the output level to summing junction 18 and at the same time a
      signal is applied through the OR gate 39 to gate 13 to disable the
      programmed feed rate from program input 10 and BCD feed rate register 11,
      so that this signal no longer passes through gate 13 to digital to analog
      converter 14 to control drive motor speed.
PAR  Thus, when the distance left to be traveled is less than the breakpoint
      check distance (for example, 400 units shown a point c in FIG. 2) and the
      velocity of that point is greater than the predetermined required amount
      (level at d in FIG. 2), then latch 33 is set by gate 36. Latch 33 sets
      digital to analog converter 17 to produce a voltage output equivalent to
      level d at the input of voltage to frequency converter 21. Simultaneously,
      latch 33 through gate 39 acts to disable the BCD feed rate register 11
      through gate 13 so that the frequency of the oscillator pulses from
      control system output 22 is determined by digital to analog converter 17
      and, therefore, set at a value d.
PAR  The same procedure is followed at other levels as the distance left to be
      traveled successively reaches the next breakpoont. In this case when
      distance left to be traveled is 200 gate 37 trips latch flip-flop 34.
      Latch flip-flop 34 then sets the second deceleration voltage value f into
      the digital to analog converter 17 and unlatches flip-flop 33 with the
      disable signal to gate 39 which replaces that removed by latch 33. The
      differential inputs at NOR gate 36 are not able to relatch flip-flop 33.
PAR  In this manner successively the profile shown in FIG. 2 is generated.
      Specifically when the distance left to be traveled is 100, gate 38 trips
      latch flip-flop 35. Latch 35 then sets the third deceleration voltage
      value g into the digital to analog converter 17, replaces the disable
      signal and unlatches latch 34.
PAR  As seen in FIG. 1 an additional input means 27 is used to negate the output
      of the home distance register 24 so that no deceleration breakpoints
      occur. This is desirable when consecutive moves are approximately
      tangential so that deceleration is not necessary. Note that, if feedrates
      below the slew rate of the step motor, e.g., 8 inches per minute, are
      programmed, an acceleration - deceleration pattern does not occur, the
      input to the voltage to frequency converter 21 is always the adjusted
      output by adjustment means 16 of the programmed D/A converter 14.
PAR  An important advantage of the clock system of FIG. 1 is that the level
      detectors used in conjunction with the home distance to determine the
      deceleration breakpoints are constantly monitoring the actual input to the
      voltage to frequency convertor.
PAR  Another important advantage is that the use of many discrete breakpoints
      enable the step motors to operate with infinitely variable feeds within
      the slewing range of the step motor.
PAR  Another important advantage is that the level detectors are used to enable
      stopping the step motors without mis-stepping. It has been heretofore
      indicated that if the step motors are stepping at a pulse rate above their
      slew rate, the motors will mis-step if the command pulses to the step
      motor are instantaneously removed. In the present invention, depressing a
      stop button 28 will cause the ramp generator 19 to ramp down from its
      previously commanded rate to a residual rate below the slew rate of the
      step motor. Pulse output to the step motors will continue until the level
      detectors detect that the pulse rate has decreased to a rate below the
      step motor slew rate, at which time a stop enable command 29 will be
      output.
PAR  As appears in our U.S. Pat. No. 3,767,990, dated Oct. 23, 1973 for Control
      System For Producing MultiAxis Contour Movement For A Stepping Motor
      Drive, a multiaxis system is compatible with the present invention. In
      particular the multi-axis system described in that patent is preferred for
      use with the present invention inasmuch as the control of that axis
      selected as the major axis will automatically provide control of the minor
      axes. Thus in accordance with the present invention, there need be no
      duplication of the speed control system.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a system capable of movement of one part relative to another by
      relative movement of at least three series connected relatively movable
      members along a predetermined path and having step motors acting between
      said relatively movable parts to move said parts in discrete increments
      along a series of successive segments approximating said predetermined
      path, the improvement comprising a control circuit for generating a chain
      of pulses at variable frequencies for driving said step motors at variable
      speeds in accordance with system needs having:
PA1  pulse generator means in the form of a voltage to frequency convertor which
      responds to a voltage input through a voltage adjustment means for
      generating a train of pulses of variable frequency including means for
      varying the pulse frequency of pulses generated by said pulse generator
      means both above and below the slewing range of said step motors;
PA1  acceleration means for causing said pulse generator means to modify pulse
      frequency upon demand and particularly at the beginning of each segment
      exceeding a predetermined length to increase the pulse frequency from
      below slewing range into slewing range at a predetermined rate according
      to the inertial load on the step motors;
PA1  sensing means for sensing the number of steps remaining to be taken to the
      end of each such segment together with means for sensing the adjusted
      programmed feed-rate frequency and acting upon said acceleration means at
      some predetermined distance before the end of the segment to decrease
      pulse frequency to below the slewing range before the end of the segment,
      and
PA1  stop enable means to prevent stopping of step motors until voltage is
      decreased below a predetermined level representative of the slewing speed
      of the step motor including means to sense voltage at the voltage to
      frequency convertor input and employ this voltage against the standard of
      said predetermined level.
NUM  2.
PAR  2. The system of claim 1 in which the acceleration means causes the pulse
      frequency to increase to a predetermined maximum and the sensing means
      acts to adjust the acceleration means downward in steps causing the pulse
      frequency to be reduced from the maximum to an intermediate level at a
      first predetermined distance from the end of the pattern and to be further
      decreased at a shorter distance before the end of the pattern.
NUM  3.
PAR  3. The system of claim 2 in which the sensing means acts to adjust the
      acceleration means downward successively to at least two different
      intermediate predetermined pulse frequency rates and a final pulse
      frequency rate below the slewing rate, respectively, at predetermined
      distances before the end of the pattern.
NUM  4.
PAR  4. The system of claim 1 in which voltage level is fed back to means
      monitoring the remaining distance to a segment end point and at
      predetermined remaining distances decreasing the voltage input to the
      voltage adjustment means.
NUM  5.
PAR  5. The improved system of claim 1 in which the sensing means for sensing
      the number of steps remaining acts upon said acceleration means to
      decrease pulse frequency at a fixed preprogrammed rate of decrease.
NUM  6.
PAR  6. The improved system of claim 5 in which override means is provided to
      permit an operator to selectively increase or decrease said fixed
      preprogrammed rate of decrease to compensate for variable machining
      factors.
NUM  7.
PAR  7. The system of claim 6 in which override means is a manual voltage
      adjustment means to permit an operator to manually increase or decrease a
      pre-programmed rate.
NUM  8.
PAR  8. The system of claim 1 in which digital input information about the
      length of each segment is provided in connection with each successive
      segment along said predetermined path of movement including feedrate
      information which is converted to analog voltage level representative of
      feedrate.
NUM  9.
PAR  9. The system of claim 7 in which digital information about the remaining
      length of a segment together with analog detectors which sense actual
      velocity is used as input to a deceleration breakpoint register which is
      programmed to provide reduced voltage input at predetermined distances
      from the segment end point and thereafter control the voltages applied to
      the voltage to frequency convertor.
NUM  10.
PAR  10. The system of claim 1 in which manual stop means is provided which acts
      through deceleration means to decelerate step motors from a slewing speed
      at a predetermined rate of deceleration until the step motor speed is
      below the slewing speed at which point immediate stop is permitted by said
      stop enable means.
NUM  11.
PAR  11. The system of claim 1 in which a ramp generator is employed to generate
      an acceleration rate analog signal, the rate being variable as a function
      of system inertia.
NUM  12.
PAR  12. The system of claim 11 in which the ramp generator is variable by means
      of a sensed logic signal which is activated by preprogrammed information
      appropriate to the system.
NUM  13.
PAR  13. The method of generating pulses at a variable frequency to control the
      speed of a step motor employing a voltage to frequency converter to
      generate such pulses, comprising generating an input voltage signal
      profile for the voltage to frequency converter proportional to a desired
      programmed step motor startup and steady state feed rate, adjusting the
      programmed feed rate to achieve an operator selected motor speed, counting
      down the remaining distance of travel to an end point, providing a
      pre-programmed digital input to reduce the motor speed in incremental
      steps at predetermined distances from the end point, sensing actual pulse
      feedrate as adjusted, and, dependent upon actual feedrate, modifying said
      pre-programmed digital input and in accordance with pre-programmed
      feedrate criteria substituting different inputs to reduce the motor speed
      in a modified pattern of incremental steps.
NUM  14.
PAR  14. A system for generating pulses to control the speed of a step motor
      comprising a voltage to frequency converter, a pre-programmed digital
      input to generate an input voltage signal to such voltage to frequency
      converter, means to manually adjust said input voltage signal from a
      programmed to a selected value to achieve a selected speed, deceleration
      means responding to the pre-programmed digital input to select a discrete
      number of points situated a predetermined distance from an end point at
      which said digital input acts to sequentially and incrementally reduce the
      speed of said motor from the selected speed, means for sensing the
      selected input voltage signal to the voltage to frequency converter, and
      means responsive to said input voltage dependent upon selected feedrate
      frequency to modify the number and position from the end point of the
      discrete points in accordance with a predetermined program.
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ABST
PAL  The voltage of a battery connected to a load is automatically indicated
      with respect to two voltage levels. A first indicating means indicates
      that the battery voltage is greater than a first voltage level, and a
      second indicating means indicates that the battery voltage is less than
      the first voltage level but greater than a second voltage level. A third
      indicating means indicates that the battery voltage is less than both the
      first and second voltage levels and disables the load connected to the
      battery.
PAL  Means are provided for selectively generating a control signal either in
      response to the battery voltage or at a decay rate independent of the
      battery voltage. In a normal operating mode, the control signal is
      determined by the actual decay rate of the battery voltage whereas, in a
      self-test mode, the control signal decays at a fixed decay rate
      independent of the actual battery voltage. The first, second and third
      indicating means operate in response to the control signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a battery discharge indicator. More
      particularly, the present invention relates to a battery discharge
      indicator which indicates the voltage of the battery and automatically
      disconnects a load connected to the battery when the battery voltage drops
      below a predetermined value. Furthermore, the present invention relates to
      battery discharge indicators having a self-test capability and
      tamper-proof features.
PAR  Various devices for sensing the state of charge of a battery and for
      disconnecting a load connected to the battery are known in the prior art.
      A battery connected to a load will drive the load until the battery is
      incapable of supplying the current necessary for proper operation of the
      load. For example, a truck battery connected to a lift pump will drive the
      pump until the continued loading of the battery causes the battery charge
      to be depleted so that the battery can no longer supply the required
      voltage for operating the pump.
PAR  Although devices are known for sensing the state of charge of a battery and
      for disconnecting a load connected to the battery when the charge drops
      below a predetermined discharge level, these devices do not disconnect the
      load until the charge on the battery drops below the predetermined
      discharge level for a specified period of time. Many of the foregoing
      devices provide no visual indication of the state of charge of the battery
      so that the load continues to drain the battery of its charge until the
      load is automatically after the specified interval of time has expired.
      Accordingly, an operator is not given the opportunity to disconnect the
      load from the battery and to re-charge the battery before it becomes
      substantially depleted of its charge.
PAR  Additionally, continued operation below the predetermined discharge level
      for the specified interval of time before disconnection of the load
      results in further draining of the battery and, unless the discharge level
      is chosen to be sufficiently modest, the battery may become damaged by the
      time disconnection takes place.
PAR  Furthermore, conventional devices for indicating the state of charge of a
      battery do not have a self-test capability. That is, these devices operate
      only in response to the actual rate of decay of the battery charge.
      Consequently, a conventional device may be defective, as manufactured, or
      may malfunction during the course of operation, and be unable to
      disconnect the load from the battery when the predetermined discharge
      level is reached. As a result, the battery may become damaged permanently
      due to the continued operation below the discharge level.
PAR  For these reasons, a battery discharge indicator device is needed for
      automatically indicating the state of charge of the battery and for
      providing the operator with an opportunity to disconnect the battery from
      the load so that it can be removed and recharged. During automatic
      operation, such a device should be capable of disconnecting the load when,
      due to component failure, the defice is unable to provide an indication
      that the battery voltage has dropped below the predetermined discharge
      level. Further, during automatic operation, the device should be
      relatively immune to sudden disconnection and reconnection of the battery.
      The device should also have a self-test capability to forewarn the
      operator that the device will not operate to indicate the state of charge
      of the battery or disconnect the load when the battery charge is
      sufficiently depleted.
PAR  Moreover, it is desirable that the self-test capability operate under a
      variety of fortuitous conditions. For example, it is desirable that the
      self-test capability remain operative despite the level of discharge of
      the battery; regardless of the presence of a load at the output terminals
      of the battery; and despite operator error in prolonging the self-test
      operation of the device. In addition, the self-test feature of the device
      should be operable at any time during the automatic operation of the
      device without interrupting that operation.
PAR  A principal advantage of the present invention is that it automatically
      indicates the state of charge of a battery with respect to two voltage
      levels, thereby permitting the operator to remove the battery and
      re-charge it before the load is automatically disconnected.
PAR  Another advantage of the present invention is that the battery can be
      safely operated under load, although the opportunity for removing and
      re-charging the battery has passed, and then automatically disconnected
      from the load as soon as the battery voltage reaches the predetermined
      discharge level.
PAR  Yet another advantage of the present invention is that it can automatically
      disconnect a load connected to the battery when, due to component failure,
      the indication that the battery voltage has dropped below the
      predetermined discharge level cannot be provided.
PAR  An additional advantage of the present invention is that it can operate
      automatically to indicate the state of charge of the battery despite
      sudden disconnection and reconnection of the battery.
PAR  A further advantage of the present invention is that the battery voltage
      need not remain below the predetermined discharge level for a preselected
      period of time before the load can be automatically disconnected.
PAR  A still further advantage of the present invention is that it can
      automatically test itself.
PAR  A still further advantage of the present invention is that it can
      automatically test itself despite the level of discharge of the battery;
      regardless of the presence of a load at the output terminals of the
      battery; and despite operator error in prolonging the self-test operation
      of the invention.
PAR  Other advantages appear below in the detailed disclosure of the invention.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly, in the present invention, means are provided for selectively
      generating a control signal either at a fixed decay rate independent of
      the actual decay rate of the battery voltage or at a decay rate in
      response to the actual decay rate of the battery voltage. Under normal
      operating conditions, the control signal decays at a rate determined by
      the actual decay rate of the battery voltage; but operating in a self-test
      mode, the control signal decays at a fixed rate independent of the actual
      decay rate of the battery voltage. In response to the control signal, a
      sensing means senses that the battery voltage is greater than a first
      voltage level, less than the first voltage level or greater than a second
      voltage level, or less than both the first and second voltage levels, and
      generates two control signals which take on different values according to
      the foregoing conditions.
PAR  The two control signals generated by the sensing means control the
      operation of means for selectively energizing first, second, and third
      indicating means. If the battery voltage is greater than the first voltage
      level, the two control signals generated by the sensing means cause the
      selectively energizing means to energize the first indicating means. If,
      however, the battery voltage is less than the first voltage level but
      greater than the second voltage level, the two control signals cause the
      selectively energizing means to energize the second indicating means. And,
      if the battery voltage is less than both the first and second voltage
      levels, the two control signals cause the selectively energizing means to
      energize the third indicating means. In addition to indicating that the
      battery voltage is less than both the first and second voltage levels, the
      third indicating means automatically disables the load.
PAR  It should be understood that, although the sensing means has been described
      as sensing the battery voltage, the sensing means is controlled by the
      control signal generated by the selectively generating means, and this
      control signal may decay at a fixed rate independent of the actual voltage
      of the battery or at a rate determined by the actual voltage of the
      battery. That is, under normal operating conditions, the sensing means is
      controlled by a control signal which is derived from the actual battery
      voltage so that the sensing means senses indirectly the actual decay rate
      of the battery voltage. On the other hand, in the self-test mode, the
      control signal decays at a fixed decay rate independent of the actual
      decay rate of the battery voltage so that the sensing means senses the
      decay rate of an ideal battery voltage rather than the actual battery
      voltage. In either case, however, the sensing means is described as
      sensing a battery voltage.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B together form a schematic diagram of a self-testing battery
      discharge indicator circuit constructed in accordance with the principles
      of the present invention.
PAR  FIG. 2 is a schematic diagram of a load connected to the present invention.
PAR  FIGS. 3A and 3B together are a schematic diagram of an alternative
      embodiment of a self-testing battery discharge indicator constructed in
      accordance with the principles of the present invention.
DETD
PAR  For the purpose of illustrating the invention, there are shown in the
      drawings forms which are presently preferred; it being understood,
      however, that this invention is not limited to the precise arrangements
      and instrumentalities shown.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, wherein like numerals indicate like elements, a
      battery, such as a vehicle battery used in a fork lift truck, is connected
      to a load 70 and to a battery discharge indicator and self-test circuit
      constructed in accordance with the principles of the present invention and
      designated generally as 10 in FIGS. 1A and 1B. More specifically, the
      battery is connected to circuit 10 which includes an input and timing
      circuit 12, a threshold circuit 14, a gating logic circuit 16, and an
      output indicator and driving circuit 18.
PAR  Typically, a vehicle battery contains eighteen cells and supplies a nominal
      dc voltage of 36 volts. Actually, the battery does not supply exactly 36
      volts; instead, it supplies approximately 32 to 39 volts. For purposes of
      the following description of the invention, it is assumed that the battery
      shown in FIG. 1A and 1B supplies a normal dc voltage of 36 volts, that is,
      an actual voltage of approximately 32 to 39 volts. It should be
      understood, however, that the present invention can operate in connection
      with other batteries having different numbers of cells and nominal
      voltages. For instance, the present invention can also be used in
      connection with batteries having nominal dc voltages of 12, 18, 24, 36,
      48, 72 or 96 volts.
PAR  Referring to FIGS. 1A and 1B, the battery is connected through a double
      pole, single throw switch 20 in input and timing circuit 12 to threshold
      circuit 14. In particular, switch 20 includes three terminals, 22, 24 and
      84, and a contact arm S1 connected to terminal 24. The switch 20 may be
      any suitable two position switch; by way of example, it may be a momentary
      contact switch which, in one position, connects terminals 24 and 22, and
      in the other position connects terminals 24 and 84. Operating under normal
      load conditions, switch 20 connects switch terminal 22 to switch terminal
      24 which is connected to the gate terminal of an IGFET device 26 in
      threshold circuit 14.
PAR  The IGFET 26 is a two-gate, four terminal, depletion type, n-channel field
      effect transistor, andd the two gate terminals of IGFET 26 are connected
      together and to switch terminal 24. That is, IGFET 26 is connected to
      operate as a three terminal device with unity circuit gain and fixed
      voltage offset. The source terminal of IGFET 26 is connected through
      resistors R5 and R4 to ground, and the drain terminal is connected through
      resistor R11 to the battery and through Zener diode D8 to ground.
      Accordingly, a positive voltage is established between the drain and
      source terminals of IGFET 26. In addition, since the battery is connected
      to input and timing circuit 12, a positive voltage appears at switch
      terminal 22 and, therefore, at the gate input terminals of IGFET 26, and
      current flows through the drain-to-source channel of the IGFET.
PAR  The battery is also connected to load 70, and with time the battery becomes
      drained and the battery voltage decreases. As the battery voltage
      decreases, the gate-to-source voltage of IGFET 26 decreases as well. As a
      result, the current in the drain-to-source channel of IGFET 26 decreases,
      causing a drop in the potentials across resistors R4 and R5. The decreases
      in potential across resistors R4 and R5 are sensed, respectively, by
      differential amplifiers 28 and 30 in threshold circuit 14.
PAR  The differential amplifier 30 is connected according to principles
      well-known in the art to operate as a high gain dc comparator with
      positive feedback for a controlled amount of hysteresis to prevent
      chattering during switching. Specifically, output terminal 32 of
      differential amplifier 30 is connected to its input terminal 35 through
      resistor R9, and input terminal 35 is connected through resistor R7 to
      terminal 34. In addition, input terminal 36 of differential amplifier 30
      is connected to the source terminal of IGFET 26.
PAR  The output signal at terminal 32 of differential amplifier 30, therefore,
      is switched between two voltage levels in response to the difference
      between the voltages appearing at terminal 34 and input terminal 36. In
      particular, the two voltage levels at the output terminal 32 correspond to
      the "high" and "low" voltage levels used in the digital logic circuitry to
      be described hereinafter. Thus, differential amplifier 30 provides a
      digital logic output in response to the amplitude relationship between two
      analog input signals.
PAR  Terminal 34 is connected through a resistor R6 to the battery, and through
      Zener diode D7 to ground. Therefore, a relatively constant voltage signal
      appears at terminal 34. In contrast, the voltage signal at input terminal
      36 fluctuates in response to a decrease in the battery voltage.
PAR  As mentioned previously, as the battery voltage decreases so does the
      gate-to-source voltage of IGFET 26. Further, the current through the
      drain-to-source channel of IGFET 26 decreases with decreasing
      gate-to-source voltage so that the voltage at input terminal 36 also
      decreases, providing an indication of the battery voltage. The difference
      signal developed between terminals 34 and 36 therefore fluctuates with
      decreasing battery voltage. Accordingly, the output signal of differential
      amplifier 30, developed at terminal 32, switches between the "high" and
      "low" digital voltage levels in response to the decreasing battery
      voltage.
PAR  Differential amplifier 28 is also connected to operate as a high gain dc
      comparator with positive feedback for a controlled amount of hysteresis to
      prevent chattering during switching. In particular, resistor R10 is
      connected to output terminal 40 and to input terminal 37, which is
      connected through resistor R8 to Zener diode D7 and resistor R6. Input
      terminal 38 is connected through resistor R5 to the source terminal of
      IGFET 26. When the drain-to-source current in IGFET 26 decreases, the
      potential developed at input terminal 38 also decreases, and the output
      signal at terminal 40 switches between the high and low voltage levels. In
      other words, the output signal of differential amplifier 28, developed at
      terminal 40, switches in response to decreasing battery voltage.
PAR  Although the output signals of differential amplifiers 28 and 30 switch in
      response to decreasing battery voltage, the output of differential
      amplifier 28 switches before the output of differential amplifier 30. More
      particularly, the voltage developed at input terminal 36 of differential
      amplifier 30, due to the flow of drain-to-source current through IGFET 26
      and resistors R4 and R5, exceeds the voltage developed at input terminal
      38 of differential amplifier 28 due to the flow of the same current
      through resistor R4. Therefore, although the difference signals at the
      inputs to differential amplifiers 28 and 30 decrease at the same rates
      with decreasing drain-to-source current through IGFET 26, the voltage at
      terminal 38 will trigger differential amplifier 28 before the voltage at
      terminal 36 triggers differential amplifier 30. The output signal
      developed by differential amplifier 28, at terminal 40, switches before
      the output signal developed at terminal 32 of differential amplifier 30
      does.
PAR  The output signals of differential amplifiers 28 and 30 appear,
      respectively, at the input terminals 41 and 44 of gating logic circuit 16,
      since output terminal 32 of differential amplifier 30 is connected to
      input terminal 44 and output terminal 40 of differential amplifier 28 is
      connected to input terminal 41. As mentioned previously, the outputs of
      differential amplifiers 30 and 28 change suddenly in response to changing
      input voltages. Specifically, when a fresh battery is used, the voltage at
      terminals 36 and 38 will be sufficiently great to cause the outputs 32 and
      40 of differential amplifiers 30 and 28 to be at digital logic low voltage
      levels. As shown more fully hereinafter, as the voltages at terminals 36
      and 38 decrease with decreasing battery voltage, the outputs 32 and 40
      switch in sequence from the digital logic low voltage level to a digital
      logic high voltage level.
PAR  Gating logic circuit 16 comprises NOR gates 46 and 48 and an inverter 50,
      and it controls the operation of output indicator and driving circuit 18,
      see FIG. 1B. Gates 46 and 48 are digital logic devices which produce high
      or low level output voltage signals depending upon the levels of the
      voltage signals appearing at their inputs. Specifically, if both inputs of
      either NOR gate 46 or 48 are at the low level, the NOR gate will generate
      a high level output signal; for all other combinations of input signals,
      the NOR gate output will be low. A high voltage level corresponds to a
      binary logic state usually designated as 1, and a low voltage level
      corresponds to a binary logic state usually designated as 0. In general,
      all voltage levels below a specified logic threshold voltage are
      considered to be low, and all voltage levels above that threshold voltage
      are considered to be high. Consequently, when a voltage signal crosses the
      logic threshold voltage, there is a transition between the low and high
      levels; in other words, there is a transition between binary logic states.
PAR  Initially, as described above, the voltages at output terminals 32 and 40
      are below the threshold voltage which separates the high and low logic
      levels. That is, the signals at output terminals 32 and 40 are initially
      low. As the drain-to-source current through IGFET 26 decreases with
      decreasing battery voltage the voltages at terminals 32 and 40 switch in
      sequence from a low to a high voltage level. The voltage at terminal 40
      switches to the high level before the voltage at terminal 32 does since
      the voltage at terminal 38 triggers differential amplifier 28 before the
      voltage at terminal 36 triggers differential amplifier 30. Stated
      otherwise, as the battery voltage decreases, the output voltage at
      terminal 40 first undergoes a transition in logic levels--from low to
      high--while the output voltage at terminal 32 of differential amplifier
      amplifier 30 remains at the low logic level.
PAR  The transition in logic levels from low to high at terminal 40 appears at
      terminal 41 which is connected to input terminal 42 of inverter 40 and
      input terminal 60 of NOR gate 46. Inverter 50 inverts a logic level
      appearing at its input, and it produces a logic level transition from high
      to low at input terminal 52 of NOR gate 48 in response to the low to high
      level transition at terminal 40. At the same time, the output signal at
      terminal 32 of differential amplifier 30 is at the low logic level, and
      this signal appears at input terminal 58 of NOR gate 46 and input terminal
      54 of NOR gate 48, terminals 58 and 54 being connected together and to
      terminal 32 through terminal 44.
PAR  Before the transition in logic levels described above, the output of
      inverter 50 is high, the input signal at terminal 54 is low, and the NOR
      gate 48 output at terminal 56 is low, keeping transistor Q.sub.2, see FIG.
      1B, off. At the same time, the input terminals 58 and 60 to NOR gate 46
      are low and, therefore, the output of NOR gate 46 at terminal is high,
      turning transistor Q.sub.1 on.
PAR  Referring to FIG. 1B, transistor Q.sub.1 is provided with a lamp 64 in its
      collector circuit, and since transistor Q.sub.1 is initially turned on
      when the outputs 32 and 40 of differential amplifiers 30 and 28 are low,
      current flows in its collector circuit, thereby energizing lamp 64.
      Transistor Q.sub.2 is provided with a lamp 66 in its collector circuit,
      and since transistor Q.sub.2 is initially off, no current flows in its
      collector circuit and lamp 66 is not energized. When transistor Q.sub.1 is
      initially on, its collector terminal is effectively clamped to ground and
      diode D.sub.2 is forward biased. In addition, since transistor Q.sub.2 is
      off, its collector terminal is effectively at the battery voltage, and
      diode D.sub.3 is reverse biased. Further, diode D.sub.4 is also reverse
      biased when the collector of transistor Q.sub.1 is clamped to ground so
      that transistor Q.sub.3 is also off. Transistor Q.sub.3 is provided with a
      lamp 68 in its collector circuit, but since transistor Q.sub.3 is off at
      this time the lamp 68 is not energized.
PAR  Therefore, when the battery is not sufficiently drained to cause a
      transition in logic levels at terminals 32 or 40, transistor Q.sub.1 and
      lamp 64 are turned on, and transistors Q.sub.2 and Q.sub.3, and lamps 66
      and 68, are off. In a preferred embodiment of the invention, for a battery
      having a nominal output voltage of 36 volts, this condition is realized
      when the battery voltage is above approximately 36.45 volts. The battery
      may be recharged whenever the battery voltage drops below approximately
      36.45 volts. But, when the battery voltage is above the 36.45 volt level,
      lamp 64 indicates that the battery need not be recharged. Although a level
      of 36.45 volts has been specified for determining when the battery should
      be recharged, it should be understood that it is obvious to a person of
      ordinary skill in the art to modify the circuit described herein to
      operate the circuit in the same fashion at voltage levels greater or less
      than 36.45 volts. In the preferred embodiments shown in FIG. 1 and
      described further hereinafter, a level of approximately 36.45 volts is
      used to indicate that the battery requires charging, without limiting the
      spirit or scope of the invention.
PAR  When, in the preferred embodiment, the battery voltage drops below
      approximately 36.45 volts, the voltage at terminal 38 triggers
      differential amplifier 28. The output signal at terminal 40 of
      differential amplifier 28, therefore, undergoes a transition in logic
      levels from low to high. This transition appears, through terminal 41, at
      input terminal 60 of NOR gate 46 and, in inverted form at input terminal
      52 of NOR gate 48. The logic level transition at terminal 60 is from low
      to high, and the logic level transition at input terminal 52 is from high
      to low due to the presence of inverter 50. In response to the transition
      at terminal 60, the signal appearing at output terminal 62 of NOR gate 46
      undergoes a logic level transition from high to low which turns off
      transistor Q.sub.1. When transistor Q.sub.1 turns off, current ceases to
      flow in its collector circuit and lamp 64 is de-energized or extinguished.
      Simultaneously, in response to the transition at terminal 52, the signal
      appearing at output terminal 56 of NOR gate 48 undergoes a logic level
      transition from low to high and transistor Q.sub.2 is turned on. When
      transistor Q.sub.2 is turned on, current flows through its collector
      circuit and energizes lamp 66. Moreover, with transistor Q.sub.2 turned
      on, its collector terminal is effectively clamped to ground and diode
      D.sub.3 is forward biased. At this time, however, transistor Q.sub.1 is
      turned off, so that its collector terminal is effectively at the battery
      voltage and diode D.sub.2 is reverse biased. Diode D.sub.4, which was
      reverse biased before the foregoing transition in logic levels, remains
      reverse biased so that transistor Q.sub.3 remains off. Lamp 68, therefore,
      remains de-energized.
PAR  Following the transition in logic levels due to the drop of the battery
      voltage below approximately 36.45 volts, the circuit 10 remains in the
      foregoing condition with transistors Q.sub.1 and Q.sub.3 turned off, lamps
      64 and 68 de-energized, and transistor Q.sub.2 turned on and lamp 66
      energized. The load 70 continues to draw current from the battery, even
      though the battery has been drained sufficiently to cause its voltage to
      drop below approximately 36.45 volts. Thus, lamp 66, when energized,
      indicates that the battery has been drained and should be recharged
      although it can still safely drive the load 70. At this point, the
      operator should disable the load 70 and remove the battery for recharging.
      The operator, however, may overlook the warning provided by lamp 66 and
      not remove the battery for recharging. In that case, the battery continues
      to drive load 70 until the battery voltage reaches a second level, lower
      than 36.45 volts, described hereinafter.
PAR  Continued loading of the battery will eventually result in its drainage
      below a tolerable level, making recharging of the battery mandatory. At
      this point, circuit 10 automatically disconnects load 70 from the battery
      and indicates, by energizing lamp 68, that the battery voltage had dropped
      below the tolerable level. More particularly, in the preferred embodiment,
      when the battery voltage drops below approximately 35.91 volts, load 70 is
      automatically disconnected from the battery and lamp 68 is energized.
      Although a tolerable voltage level of approximately 35.91 volts is
      specified in the preferred embodiment described herein, it should be
      obvious that other voltage levels may also be used within the spirit and
      scope of the invention. As the battery voltage drops below 35.91 volts,
      the gate-to-source voltage of IGFET 26 decreases, causing the
      drain-to-source current in IGFET 26 to drop sufficiently to trigger
      differential amplifier 30. The signal at output terminal 32, therefore,
      undergoes a transition in logic levels from low to high. This is the
      second transition in logic levels to appear at the input of circuit 16.
      This second transition in logic levels appears at input 58 to NOR gate 46
      and input 54 to NOR gate 48. At the time of this transition, the logic
      level at terminal 60 of NOR gate 46 is high, and the logic level at
      terminal 52 of NOR gate 48 is low. Consequently, the signal at output
      terminal 62 of NOR gate 46, which was previously at the low level, remains
      low, and the signal at output terminal 56 of NOR gate 48, which was
      previously at the high level, undergoes a transition to the low level. As
      a result, transistor Q.sub.1 remains off, and transistor Q.sub.2 is
      switched from the on condition to the off condition.
PAR  With transistor Q.sub.1 off, diode D.sub.2 is reverse biased, and with
      transistor Q.sub.2 turned off, diode D.sub.3 is reverse biased. Current,
      therefore, flows through resistor R16 and diode D.sub.4, which is now
      forward biased, to turn on transistor Q.sub.3. Since transistor Q.sub.3 is
      now conducting, current flows through its collector circuit, energizing
      lamp 68.
PAR  Referring to the portion of the output indicator and driving circuit 18
      which is connected to the collector terminal of transistor Q.sub.3 and the
      load 70, resistor R19 is connected to diac 72 which, in turn, is connected
      to the gate terminal of SCR 74. SCR 74 is connected, at its anode, to load
      70 and, at its cathode, to ground. As mentioned previously, until the
      battery voltage drops below approximately 35.91 volts, transistor Q.sub.3
      is off and its collector terminal is effectively at the battery voltage.
      The voltage at the collector of transistor Q.sub.3, then, exceeds the
      forward breakover voltage of diac 72. Diac 72, then, is forward biased in
      the direction from the collector terminal of transistor Q.sub.3 to the
      gate of SCR 74. As a result, SCR 74 is enabled and load 70 continues to
      operate in connection with the battery. When, however, the battery voltage
      drops below 35.91 volts, transistor Q.sub.3 is turned on and its collector
      terminal is effectively clamped to ground. Accordingly, diac 72 becomes
      reverse biased in the direction from the collector terminal of transistor
      Q.sub.3  to the gate terminal of SCR 74. Current, therefore, ceases to
      flow into the gate terminal of SCR 74, and SCR 74 is prevented from
      firing. The load 70, then, is disabled, and this condition is indicated by
      lamp 68, which is energized. Removal of the battery for recharging is
      therefore mandatory, since circuit 10 will disable load 70.
PAR  It should be noted that, if the battery has been discharged below the
      predetermined discharge level, designated herein as the approximate 35.91
      volt level, transistor 93 will remain on until the discharged battery is
      replaced with a charged one. By a charged battery, it is meant a battery
      having a voltage greater than the predetermined discharge level.
PAR  Referring to FIG. 2, in a preferred application of the invention, the anode
      of SCR 74 is connected to a pump switch 76 which is connected, in turn, to
      a pump contact coil 78 and pump switch 79. When load 70 is connected to
      the circuit 10, switches 76 and 79 are closed. When the SCR 74 is enabled,
      current flows through the pump contact coil 78, causing pump contacts 80
      to close. With pump contacts 80 closed the pump motor 82 is energized.
      When the SCR 74 is prevented from firing, pump contacts 80 open, thereby
      de-energizing pump motor 82. Other switch arrangements, similar to that
      shown in FIG. 2, may also be used in connection with circuit 10 to disable
      load 70 when SCR 74 is prevented from firing.
PAR  Representative values of the components of circuit 10, which provide
      operation as described above, are given in Table 1, below.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

                                      Differential                             

     Diodes Resistors                                                          

                   Capacitor                                                   

                         Transistors                                           

                                IGFET Amplifiers   Diac   SCR   Lamps          

     __________________________________________________________________________

     D1 1N4002                                                                 

            R1 200.OMEGA.                                                      

                   C1 10.mu.f                                                  

                         Q1 MPSU05                                             

                                26 40841                                       

                                      28 Fairchild 741 TC                      

                                                   72 MBS100                   

                                                          74                   

                                                                24 PSB         

     D2 1N4002                                                                 

            R2 12,1K                                                           

                   C2 10.mu.f                                                  

                         Q2 MPSU05    30 Fairchild 741 TC       24 PBS         

     D3 1N4002                                                                 

            R3 M4K       Q3 MPSU05    88 Fairchild 741 TC       24 PBS         

     D4 1N4002                                                                 

            R4 10K                                                             

     D5 1N4002                                                                 

            R5 120.OMEGA.                                                      

     D6 1N4002                                                                 

            R6 5.6K                                                            

     D7 1N5232B                                                                

            R7 1K                                                              

     D8 1N4744A                                                                

            R8 1K                                                              

            R9 100K                                                            

            R10 100K                                                           

            R11 1.3K                                                           

            R12 5.6K                                                           

            R13 5.6K                                                           

            R14 47.OMEGA.                                                      

            R15 47.OMEGA.                                                      

            R16 6.8K                                                           

            R17 22K                                                            

            R18 47.OMEGA.                                                      

            R19 3.9K                                                           

            R20 1K                                                             

            R21 22M                                                            

            R22 1M                                                             

            R23 2.21K                                                          

            R24 220.OMEGA.                                                     

     __________________________________________________________________________

PAL  It should be understood, however, that other components having other values
      may also be used to produce the transition in logic levels required to
      operate output indicator and driving circuit 18 within the spirit and
      scope of the present invention.
PAR  An additional feature of circuit 10 is that, during the normal operating
      mode, if the battery is suddenly disconnected from circuit 10, the circuit
      will memorize the last battery condition. Therefore, when the battery is
      reconnected to the circuit, the circuit will resume operation in the
      normal mode, continuing from the memorized condition. More specifically,
      if the battery is disconnected from the circuit during the normal
      operating mode, capacitor C1 will hold terminal 24 at the voltage
      corresponding to the battery condition at the time of disconnection.
      Capacitor C1 is chosen to ensure that the voltage at terminal 24, when the
      battery is disconnected, decays relatively slowly. Consequently, the
      voltage at terminal 24 remains relatively stable while the battery is
      disconnected. When the battery is reconnected, then, the voltage at
      terminal 24 will be approximately at the value at the time of
      disconnection, and the circuit 10 will resume operation in the normal
      mode. Thus, circuit 10 is relatively immune to disconnection of the
      battery and, to that extent, is tamper-proof.
PAR  Additionally, circuit 10 automatically provides protection against a
      component failure therein. In particular, if either lamp 64 or 66, or
      transistors Q.sub.1 or Q.sub.2, is defective, circuit 10 will disable load
      70. Thus, if lamp 64 or transistor Q.sub.1 is defective so that current
      does not flow in the collector circuit of transistor Q.sub.1 when NOR gate
      output 62 goes high, diode D4 will be forward biased and transistor Q3
      will be driven on to disable SCR 74. Similarly, if lamp 66 or transistor
      Q.sub.2 is defective so that current does not flow in the collector
      circuit of transistor Q.sub.2 when NOR gate output 56 goes high, diode D4
      will be forward biased and SCR 74 will, therefore, be disabled. In both
      instances, lamp 68 will indicate the defective condition.
PAR  Furthermore, in light of the preceding disclosure it should be obvious
      that, in the normal operating mode, the circuit 10 can commence operation
      with transistor Q.sub.2 on and transistors Q.sub.1 and Q.sub.3 off or with
      transistor Q.sub.3 on and transistors Q.sub.1 and Q.sub.2 off. In the
      former case, the battery voltage is less than 35.45 volts when it is first
      connected to circuit 10, and the circuit keeps transistor Q.sub.2 on until
      the battery voltage drops below 35.91 volts. At that point, the circuit
      turns off transistor Q.sub.2 and turns on transistor Q.sub.3, as
      previously described. In the latter case, the battery voltage is already
      less than 35.91 volts when it is first connected to circuit 10. Circuit
      10, therefore, keeps transistor Q.sub.3 on and transistors Q.sub.1 and
      Q.sub.2 off. Thus, circuit 10 will operate in the normal operating mode
      for a wide variety of initial battery conditions.
PAR  A further feature of the present invention is a selftest capability. That
      is, with the battery connected to circuit 10, the operation of the circuit
      can be tested either under load or no-load conditions. Under load
      conditions, the circuit can be tested while the battery voltage is at any
      of the aforementioned levels, including the predetermined discharge level
      which has been designated, by way of example, as approximately 35.91
      volts.
PAR  Referring to the input and timing circuit 12, in the normal operating mode,
      switch terminal 22 is connected to switch terminal 24, and terminal 24 is
      connected to the gate terminal of IGFET 26 in threshold circuit 14. The
      connection between switch terminals 22 and 24 is provided by switch
      contact arm S1. In the self-test mode, however, switch 20 is temporarily
      depressed to disconnect switch terminals 24 and 22, and to connect switch
      terminals 24 and 84. Switch 20 remains depressed for the duration of a
      test cycle, and it may be released thereafter. Terminal 24 is connected to
      ground through capacitor C1, and terminal 84 is connected to ground
      through resistor R22. Therefore, when terminals 24 and 84 are connected,
      capacitor C1 and resistor R22 form an R-C discharge circuit. Assuming that
      terminals 22 and 24 have been connected for a sufficient period of time to
      charge capacitor C1, when terminals 24 and 84 are connected, capacitor C1
      discharges through resistor R22 to provide an exponentially decaying
      voltage signal at terminal 24 and the gate terminal of IGFET 26. The IGFET
      26 is controlled by this exponentially decaying signal when the system is
      in the self-test mode. Although, in a preferred embodiment, an R-C circuit
      is used to generate an exponentially decaying signal, it should be
      understood that other signals and circuits having predictable voltage
      decay rates may also be used within the spirit and scope of the invention.
PAR  Assuming that the battery is a fresh one, that is, assuming that the
      battery voltage is above 36.45 volts when it is initially connected to
      circuit 10, when switch 20 is initially depressed, capacitor C1 will be
      charged and the current flowing in the drain-to-source channel in IGFET 26
      will be sufficient to maintain the output signal at terminal 32 of
      differential amplifier 30 and the output signal at terminal 40 of
      differential amplifier 28 at low voltage levels. In accordance with the
      operation of circuit 16 previously described in connection with the normal
      operating mode, then, transistor Q.sub.1 will be on, and transistors
      Q.sub.2 will be off. As a result, only lamp 64 will be energized. As the
      capacitor C1 discharges through the resistor R22, the voltage signal at
      terminal 24 decays exponentially. The voltage at terminal 38 gradually
      drops and triggers differential amplifier 28. The voltage at output 32,
      then, switches from low to high. At this time, the voltage at terminal 36
      has also dropped, but not enough to trigger differential amplifier 30. The
      output signal at terminal 32 of differential amplifier 30 will therefore
      be low. As a result, transistor Q.sub.1 and lamp 64 are driven off,
      transistor Q.sub.2 and lamp 66 are turned on, and transistors Q.sub.3 and
      lamp 68 remain off. In the preferred embodiment having the component
      values designated in Table 1 above, lamp 64 remains energized for
      approximately three seconds before it is turned off and lamp 66 is turned
      on.
PAR  While lamp 66 is on, capacitor C1 continues to discharge through resistor
      R22, and the voltage signal at terminal 24 continues to decay
      exponentially. After lamp 66 has been on for approximately one second, the
      voltage at terminal 36 will have dropped enough to trigger differential
      amplifier 30. The output signal at terminal 32 of differential amplifier
      30, therefore, will switch from low to high. As a result, transistor
      Q.sub.2 and lamp 66 turn off. At this time, transistor Q.sub.3 and lamp 68
      turn on, and SCR 74 is prevented from firing. As previously mentioned, the
      self-test operation of circuit 10 can take place with or without the load
      connected to the battery. If the load is connected to the battery, pump
      contacts 80 will open and pump motor 82 will be deenergized when
      transistor Q.sub.3 goes on. The operator can then verify that pump motor
      82 is, in fact, turned off when he observes that lamp 68 is on. The
      circuit 10 will remain in this condition until switch 20 is released to
      disconnect terminals 24 and 84 and re-connect terminal 24 to terminal 22.
      With terminals 22 and 24 connected, capacitor C1 recharges, the signals at
      output terminals 32 and 40 return to the low voltage levels, transistors
      Q.sub.2 and Q.sub.3 turn off, and transistor Q.sub.1 and lamp 64 turn on.
      The self-test procedure may then be repeated by releasing switch 20 to
      permit capacitor C1 to recharge to the battery voltage and by again
      depressing switch 20 to reconnect terminals 84 and 24.
PAR  In the preferred embodiment described, the battery may be sufficiently
      discharged so that, when it is first connected to circuit 10 its voltage
      will be less than 36.45 volts or even 35.91 volts. In both instances, the
      capacitor C1 cannot be charged enough to keep both differential amplifier
      outputs 32 and 40 low when operation in the self-test mode commences. In
      particular, if the initial battery voltage is less than 36.45 volts, when
      self-test operation begins differential amplifier 28 will be triggered
      while differential amplifier 30 will not. In that case, as already
      explained, the differential amplifier output 40 will be high while the
      differential amplifier output 32 will be low. Consequently, transistor
      Q.sub.2 will be on while transistors Q.sub.1 and Q.sub.3 are off. As
      capacitor C1 discharges, differential amplifier 30 will trigger and its
      output 32 will go high. Consequently, transistor Q.sub.3 will go on and
      transistors Q.sub.1 and Q.sub.2 will be off. Circuit 10 will remain in
      this state until switch 20 is released. If the initial battery voltage is
      less than 35.91 volts, when operation in the self-test mode commences,
      capacitor C1 cannot be charged sufficiently to keep either differential
      amplifier outputs 32 or 40 low. In that case, as already explained, both
      differential amplifiers 28 and 30 will be triggered and outputs 40 and 32
      will be high. Transistor Q.sub.3, then, will be on while transistor
      Q.sub.1 and Q.sub.2 are off. Transistor Q.sub.3 will remain in this state
      until switch 20 is released.
PAR  Thus, should the battery be so discharged at the commencement of self-test
      operation that capacitor C1 cannot keep both differential amplifiers 28
      and 30 from being triggered, full self-test operation will not take place.
      Instead, as described above, only a partial self-test operation takes
      place wherein either transistors Q.sub.2 and Q.sub.3 are turned on in
      sequence while Q.sub.1 remains off, or transistor Q.sub.3 is the only
      transistor to turn on. To allow full self-test operation despite the state
      of discharge of the battery, circuit 10 in FIGS. 1A and B may be modified,
      as explained in detail hereinafter with reference to circuit 10' in FIGS.
      3A and B.
PAR  Additionally, although full self-test operation is possible in circuit 10
      if the battery has not been discharged below the approximate 36.45 volt
      level, it should be noted that, following the completion of a full
      self-test cycle, another self-test cycle cannot be run until switch 20 is
      released to allow capacitor C1 to recharge toward the battery voltage. If
      the operator keeps switch 20 depressed following the completion of a
      self-test cycle, capacitor C1 will remain discharged and transistor
      Q.sub.3 will remain on while transistors Q.sub.1 and Q.sub.2 remain off.
      To provide an indication to the operator that he must release switch 20
      before another self-test cycle can be run, circuit 10 may be modified, as
      explained more fully below with reference to circuit 10' in FIGS. 3A and
      B.
PAR  The preceding description refers to an embodiment of the invention shown in
      FIGS. 1A and 1B of the drawings. Another embodiment of the present
      invention is shown in FIGS. 3A and 3B. In describing the embodiment shown
      in FIGS. 3A and 3B, primed numerals indicate portions of the invention
      similar but not necessarily identical to the portions labeled by
      corresponding unprimed numerals in FIG. 1A and 1B, and like numerals
      indicate like elements.
PAR  Referring to FIG. 3A, the vehicle battery is connected to input and timing
      circuit 12'. Under normal operating conditions, the contact arm S1 of
      switch 20 connects switch terminal 24 to switch terminal 22. Switch
      terminal 24 is connected to input terminal 92 of differential amplifier
      88. Differential amplifier 88 is connected to operate as a follower
      circuit to provide high input impedance and low output impedance for
      driving differential amplifiers 28 and 30. The signal at the output
      terminal 90 of differential amplifier 88 follows the signal at input
      terminal 92.
PAR  Switch 20 is mechanically coupled to switch 86 so that when contact arm S1
      of switch 20 connects switch terminals 22 and 24, contact arm of S2 of
      switch 86 connects switch terminals 100 and 102. Switch terminal 102 is
      electrically connected to the battery through resistor R11, and to Zener
      diode D8. In the normal operating mode, capacitor C3 charges up through
      Diode D6, and capacitor C4 charges up through resistors R25 and R22'.
      Capacitor C5 serves as a noise immunity device, to prevent high frequency
      noise from appearing at differential amplifier output 90. Assuming the
      same approximate voltage levels designated previously for indicating
      drainage of the battery, namely, 36.45 volts and 35.91 volts, when the
      battery voltage is above 36.45 volts the output signal at terminal 90 of
      differential amplifier 88 does not trigger differential amplifier 30 or
      differential amplifier 28. Therefore, the outputs 40 and 32 of
      differential amplifiers 28 and 30 are both low. Accordingly, the signals
      at input terminal 58 of NOR gate 46 and terminal 42 of inverter 50 are
      low. Since input terminal 54 of NOR gate 48 is connected to terminal 58,
      the signal at terminal 54 is also low. In addition, the output of inverter
      50 appears at input terminal 52 of NOR gate 48 and is high. As a result,
      the output signal at terminal 56 of NOR gate 48 is low and the output
      signal at terminal 62 of NOR gate 46 is high. NOR gate 46 is connected to
      transistor Q.sub.1, see FIG. 3B, and NOR gate 48 is connected to
      transistor Q.sub.2. Consequently, transistor Q.sub.1 and lamp 64 are on,
      and transistor Q.sub.2 and lamp 66 are off.
PAR  The output signal of NOR gate 46 appears at input terminal 98 of NOR gate
      94, and the output signal of NOR gate 48 appears at input terminal 96 of
      NOR gate 94. Therefore, when terminal 62 is high and terminal 56 is low,
      the output signal at terminal 104 of NOR gate 94 is low. Since terminal
      104 is connected to transistor Q.sub.3, see FIG. 3B, transistor Q.sub.3 is
      kept off, and lamp 68 does not go on. That is, with transistor Q.sub.3
      turned off, no current flows through lamp 68, and the collector terminal
      of transistor Q.sub.3 is open, that is, the collector of transistor
      Q.sub.3 is effectively at the battery voltage. With the collector of
      transistor Q.sub.3 open, the forward breakover voltage of diac 74 is
      exceeded. Current, therefore, flows through diac 72 and enables SCR 74.
PAR  As the battery is drained, the voltage at terminal 92 decreases. Since
      differential amplifier 88 is connected to behave as a follower, the
      voltage at terminal 90 also decreases. Eventually, the battery voltage
      drops below 36.45 volts and the voltage at terminal 38 triggers
      differential amplifier 28. The output 40 of differential amplifier 28 will
      then go high. At the same time, the voltage at terminal 36 does not yet
      trigger differential amplifier 30 so that the voltage at terminal 32 of
      differential amplifier 30 remains low. The transition in logic levels at
      terminal 40, from low to high, is detected by gating logic circuit 16'. In
      particular, the signal at input terminal 42 of inverter 50, which was
      previously at a low level, undergoes a transition to a high level. The
      same transition appears at input terminal 60 of NOR gate 46, and the
      inverted transition, that is, from a high level to a low level, appears at
      terminal 52 due to inverter 50.
PAR  As already mentioned, the signal at output terminal 32 of differential
      amplifier 30 is still low and, therefore, the signals at input terminals
      58 and 54 of NOR gates 46 and 48 remain low. As a result, the output
      signal at terminal 56 of NOR gate 48 undergoes a transition from a low
      level to a high level, and the output signal at terminal 62 of NOR gate 46
      undergoes a transition from a high level to a low level. Accordingly,
      transistor Q.sub.1 is driven off, and transistor Q.sub.2 is switched on.
      As transistor Q.sub.1 is driven off, lamp 64 is extinguished, and as
      transistor Q.sub.2 is switched on, lamp 66 is energized.
PAR  The low output signal of NOR gate 46 at terminal 62 appears at input
      terminal 98 of NOR gate 94, and the high output signal of NOR gate 48 at
      terminal 56 appears at input terminal 96. The output signal at terminal
      104 of NOR gate 94, therefore, remains low, and transistor Q.sub.3 remains
      off. The SCR 74, then, remains enabled, pump contacts 80 remain closed,
      and pump motor 82 remains energized.
PAR  As drainage of the battery continues, the voltage at terminal 92 drops
      further, and the decrease in voltage at terminal 92 is followed by the
      signal at output terminal 90 of differential amplifier 88. Eventually, the
      battery will be sufficiently drained so that its voltage drops below the
      35.91 volt level. At this time, the signal at terminal 36 triggers
      differential amplifier 30. Consequently, output 32 of differential
      amplifier 30 goes from low to high. The transition in logic levels at
      terminal 32, from low to high, is detected by gating logic circuit 16'.
PAR  More specifically, the signals at input terminals 58 and 54 of NOR gates 46
      and 48 undergo a transition in logic levels from a low level to a high
      level. During this transition, the signal at terminal 52 remains low, and
      the signal at terminal 60 remains high. The signals at input terminals 58
      and 60 of NOR gate 46, then, are both high and the output of NOR gate 46
      at terminal 62 remains low. On the other hand, the signal at terminal 54
      is now high while the signal at terminal 52 is low, and the output of NOR
      gate 48 at terminal 56 undergoes a transition from a high level to a low
      level.
PAR  Since the signal at terminal 62 remains low, transistor Q.sub.1 and lamp 64
      remain off and since the signal at terminal 56 is now low, transistor
      Q.sub.2 is switched off and lamp 66 is extinguished.
PAR  Simultaneously, the output signals at terminals 62 and 56 of NOR gates 46
      and 48 appear at the input terminals 96 and 98 of NOR gate 94. The output
      of NOR gate 94 at terminal 104, therefore, undergoes a transition in logic
      levels from a low level to a high level. Consequently, transistor Q.sub.3
      is switched on and lamp 68 is energized. With transistor Q.sub.3 switched
      on, current flows through its collector circuit, and its collector
      terminal is effectively clamped to ground. Until this time, diode D9 has
      been reverse biased since transistor Q.sub.3 was off. When Q.sub.3 turns
      on its collector drops to ground and diode D9 becomes forward biased.
      Consequently, the voltage at capacitor C2 is pulled down by the clamping
      action of diode D9. Thus, once Q.sub.3 is turned on, if the battery is
      disconnected, intentionally or otherwise, and then reconnected the voltage
      at terminal 22 of switch 20 will be sufficiently low to cause both
      differential amplifiers 30 and 28 to be triggered, and transistor Q.sub.3
      and lamp 68 will remain on. Stated otherwise, lamp 68 will not go off
      until the discharged battery is replaced with a charged one. Further, when
      Q.sub.3 turns on, its collector drops below the forward breakover voltage
      of diac 72. Therefore, diac 72 is reverse biased and SCR 74 is prevented
      from firing.
PAR  A further feature of circuit 10' is its ability to reset at the beginning
      of the normal operating mode. That is, at the beginning of the normal
      operating mode, circuit 10' can be reset so that both of the transistors
      Q.sub.2 and Q.sub.3 do not go on until transistor Q.sub.1 goes off. More
      specifically, when the battery is first connected to circuit 10',
      capacitors C2 and C3 are initially discharged. Consequently, with switches
      86 and 20 in the position for connecting terminals 100 and 102 and
      terminals 22 and 24, respectively, the voltage at terminal 24 is low
      enough to cause outputs 32 and 40 of differential amplifiers 30 and 28 to
      be high. Accordingly, transistor Q.sub.3 turns on upon connection of the
      battery, and capacitors C2 and C3 charge.
PAR  Since transistor Q.sub.3 is on, diode D9 will be forward biased and will
      pull down the voltages at capacitors C2 and C3. Therefore, capacitors C2
      and C3 are prevented, by diode D9, from charging sufficiently to cause
      output 32 of differential amplifier 30 to go low. As a result, transistor
      Q.sub.3 stays on. To initiate operation in the normal mode, switches 86
      and 20 are momentarily thrown to connect terminals 100 and 106 and
      terminals 84 and 24, respectively. Since, when transistor Q.sub.3 is on,
      NOR gate output 104 and terminal 106 are high, capacitors C4 and C5 will
      charge through resistors R22' and R25 to the high voltage at terminal 106.
PAR  As capacitor C4 charges, the voltage at terminal 84 rises sufficiently to
      cause output 32 of differential amplifier 30 to go low. Consequently, NOR
      gate output 104 and the voltage at terminal 106 go low, and transistor
      Q.sub.3 goes off. As transistor Q.sub.3 goes off, diode D9 becomes reverse
      biased and capacitors C2 and C3 are free to charge toward the battery
      voltage. Switches 80 and 26 may now be released to connect terminals 100
      and 102 and terminals 84 and 24, respectively. Due to the charging of
      capacitors C2 and C3 toward the battery voltage, the voltage at terminal
      24 will be sufficiently high--assuming that the battery has not been
      discharged below the approximate 36.45 volt level--to cause both outputs
      32 and 40 of differential amplifiers 30 and 28 to go low, turning
      transistors Q.sub.2 and Q.sub.3 off and transistor Q.sub.1 on.
PAR  Of course, if the battery has been discharged so that its voltage is below
      the approximate 36.45 volt level but above the approximate 35.91 volt
      level, circuit 10' will be reset so that transistors Q.sub.1 and Q.sub.3
      are off while transistor Q.sub.2 is on. If the battery has been discharged
      below the predetermined discharge level, designated herein as
      approximately 35.91 volts, circuit 10' will reset so that transistors
      Q.sub.1 and Q.sub.2 are off while transistor Q.sub.3 is on. In that case,
      transistor Q.sub.3 will remain on, due to diode D9, as already explained,
      until the discharged battery is replaced with a charged one.
PAR  The foregoing description of circuit 10', shown in FIGS. 3A and 3B,
      pertains to its operation in the normal mode. Circuit 10', however, can
      also be operated in a self-test mode. In the self-test mode, switches 20
      and 86 are temporarily depressed to connect switch terminal 24 to switch
      terminal 84, and switch terminal 100 to switch terminal 106. When circuit
      10' has been reset, as explained above, output terminal 104 of NOR gate 94
      is low. Terminal 104 is connected to terminal 106. Since terminal 100 is
      connected to terminal 106 in the self-test mode, the side of resistor R25
      connected to terminal 100 will be clamped to this low level. Prior to
      operation in the self-test mode, capacitor C4 charges toward the Zener
      diode D8 voltage through switch terminals 102 and 100. When terminal 24 is
      connected to terminal 84, capacitor C4 will discharge through resistors
      R22' and R25. The discharge of capacitor C4 results in an exponentially
      decaying signal at terminal 92. The signal at terminal 90 follows the
      signal at input terminal 92 of differential amplifier 88 and, therefore,
      exponentially decaying signals appear at input terminals 36 of
      differential amplifier 30 and at input terminal 38 of differential
      amplifier 28. Initially, the voltages at terminals 36 and 38 are high
      enough to keep the signals at output terminals 40 and 32 of differential
      amplifiers 28 and 30 below the logic threshold voltage. The gating logic
      circuit 16', then, detects no transition in logic levels and transistor
      Q.sub.1 and lamp 64 are kept on while transistors Q.sub.2 and Q.sub.3 and
      lamp 66 and 68 are off. Diode D9, then, is reverse biased. Also, diac 72
      is conducting since Q.sub.3 is off, and SCR 74 is enabled.
PAR  As the voltage at terminal 90 exponentially decreases, the voltage at
      terminal 38 drops sufficiently to trigger differential amplifier 28. The
      voltage at terminal 40 therefore goes from a low level to a high level. At
      this time, the voltage at terminal 36 has not dropped enough to trigger
      differential amplifier 30. Therefore, the output signal of differential
      amplifier 30 at terminal 32 remains low. The gating logic circuit 16',
      then, detects a transition in logic levels, from low to high, at input
      terminal 41, and NOR gate 46 drives transistor Q.sub.1 and lamp 64 off
      while NOR gate 48 switches transistor Q.sub.2 and lamp 66 on. The output
      of NOR gate 94 is still low, and transistor Q.sub.3 and lamp 68 remain
      off. The collector terminal of transistor Q.sub.3 is high enough to exceed
      the breakover voltage of diac 72, so diac 72 conducts and SCR 74 is
      enabled. Consequently, if the load is connected in the self-test mode,
      pump contacts 80 and pump motor 82 remain energized.
PAR  As capacitor C4 continues to discharge, the voltage at terminal 90
      decreases sufficiently to trigger differential amplifier 30. The voltage
      at terminal 32, therefore, goes high. Gating logic circuit 16' will
      therefore detect a transition in logic levels from low to high at terminal
      58. As a result, the output of NOR gate 48 at terminal 56 is low, and NOR
      gate 48 drives transistor Q.sub.2 and lamp 66 off. In addition, the output
      of NOR gate 46 remains low, and transistor Q.sub.1 and lamp 64 remain off.
PAR  Due to the low outputs of NOR gates 48 and 46, the input terminals 96 and
      98 of NOR gate 94 are both low and, consequently, the output of NOR gate
      94 is driven high, thereby turning on transistor Q.sub.3 and lamp 68. With
      transistor Q.sub.3 on, its collector terminal is driven to ground and
      diode D9 becomes forward biased and diac 74 becomes non-conducting. The
      SCR 74, therefore, is prevented from firing. This condition of circuit 10'
      is indicated to the operator by lamp 68.
PAR  Moreover, when the output of NOR gate 94 at terminal 104 changes to the
      high level, the voltage at terminal 106 of switch 86 changes identically.
      Thus, capacitor C4 recharges toward the high voltage at terminal 106. To
      put circuit 10' through another complete self-test cycle, switches 86 and
      20 are momentarily released. Terminals 102 and 100, and terminals 22 and
      24, therefore, respectively, are reconnected. Capacitor C4 will therefore
      charge towards the Zener diode D8 voltage. The self-test cycle may then be
      repeated by depressing switches 86 and 20 to reconnect terminals 100 and
      106 and terminals 84 and 24, respectively.
PAR  With capacitor C4 charged, the voltage at terminal 84 causes the voltage at
      terminal 90 to increase sufficiently to drive the outputs 32 and 40 of
      differential amplifier 30 and 28 low. Consequently, as previously
      explained, the NOR gate output 104 will go low, as will the voltage at
      terminal 106. Capacitor C4, then, continues to discharge towards the low
      voltage at terminal 106, and the entire self-test cycle is repeated. Thus,
      the self-test feature of circuit 10' is operative even though the battery
      may have discharged below the predetermined discharge level. It should be
      noted that, in FIG. 1A, once the battery has discharged below the
      predetermined discharge level, the self-test feature of the circuit 10 is
      no longer operative. That is, once the battery has discharged below the
      predetermined discharge level, capacitor C1 cannot be recharged
      sufficiently to cause the outputs 32 and 40 of differential amplifiers 30
      and 28 to go low. In contrast, in FIG. 3A, capacitor C4 can be recharged
      through switch 86, terminals 100 and 106 to the voltage at Zener diode D8.
      Thus, the self-test feature of circuit 10' remains operative despite the
      fact that the battery may have discharged below the predetermined
      discharge level.
PAR  Another tamper-proof feature of the circuit 10' shown in FIG. 3A is that
      lamps 66 and 68 will provide an indication that the operator is not
      correctly utilizing the self-test feature of the circuit. In particular,
      the operator may fail to release switches 86 and 20 following the
      completion of a self-test cycle. As mentioned previously, to repeat the
      self-test cycle for circuit 10', it is necessary to release switches 86
      and 20 to charge capacitor C4 toward the voltage at Zener diode D8. If
      switches 86 and 20 are not released following the completion of a
      self-test cycle, terminals 100 and 106 and terminals 84 and 24,
      respectively, will remain connected. As a result, capacitor C4 will charge
      towards the voltage at terminal 106. Following the completion of a
      self-test cycle, the voltage at terminal 106 will be high. However, the
      voltage at terminal 106 is less than the voltage at diode D8 and,
      accordingly, capacitor C4 cannot recharge sufficiently to cause the
      outputs 32 and 40 of differential amplifiers 30 and 28 to both go low.
      Transistor Q.sub.1 and lamp 64, then, will not go on if switches 86 and 20
      are not released following the completion of a self-test cycle.
PAR  As capacitor C4 charges toward the high voltage at terminal 106, the
      voltage at terminal 84 will increase sufficiently to cause output 32 of
      differential amplifier 30 to go low although the output 40 of differential
      amplifier 28 will remain high. Accordingly, transistor Q.sub.3 and lamp 68
      will go off while transistor Q.sub.2 and lamp 68 will go on. Transistor
      Q.sub.1 and lamp 64 remain off When transistor Q.sub.3 goes off NOR gate
      output 104 goes low, and so does terminal 106. Since the operator has
      failed to release switches 86 and 20, terminal 100 remains connected to
      terminal 106, and capacitor C4 discharges through resistors R22' and R25
      toward the low voltage at terminal 106. The voltage at terminal 84, then,
      drops sufficiently to cause the output 32 of differential amplifier 30 to
      go high again. The output 40 of differential amplifier 28 remains high, so
      transistor Q.sub.3 and lamp 68 go back on while transistor Q.sub.2 and
      lamp 68 go off. Transistor Q.sub.1 and lamp 64 remain off.
PAR  When transistor Q.sub.3 goes back on NOR gate output 104 and terminal 106
      go high, as previously explained. Since terminal 100 is still connected to
      terminal 106, capacitor C4 recharges toward the high voltage at terminal
      106. As capacitor C4 charges toward the high voltage at terminal 106, the
      voltage at terminal 84 rises sufficiently to drive the output 32 of
      differential amplifier 30 low while the output 40 of differential
      amplifier 28 remains high. Transistor Q.sub.3 will then go off and
      transistor Q.sub.2 will go on. Thus, if switches 86 and 20 are not
      released at the end of a complete self-test cycle, lamps 68 and 66 will be
      alternately energized to provide a flashing indication that the operator
      has failed to release the switches. It should be noted that, in FIG. 1A,
      if switch 20 is not released following the completion of a self-test
      cycle, transistor Q.sub.3 will remain on while transistors Q.sub.1 and
      Q.sub.2 remain off. Thus, circuit 10, in FIG. 1A will not provide a
      flashing indication that the operator has failed to release switch 20 at
      the completion of a full self-test cycle.
PAR  It should be also be noted that the circuit 10' shown in FIGS. 3A and B
      permits switching from a normal mode to a selftest mode and switching back
      to the normal mode without disturbing the normal operating cycle. That is,
      circuit 10' has a memorizing capability. In particular, if the operator
      suddenly switches from the normal operating mode to a self-test mode,
      capacitor C3 will retain its charge for a relatively long duration of
      time. That is, capacitor C3 will retain its charge while the circuit 10'
      operates in the self-test mode. Following completion of the self-test
      cycle, the operator may return circuit 10' to the normal operating mode,
      and the circuit will resume operation in the normal mode at its state
      prior to switching to the self-test mode.
PAR  This memorizing capability of circuit 10' may also be employed to safeguard
      against sudden disconnection and reconnection of the battery during the
      normal operating mode. Thus, if the battery is suddenly disconnected from
      circuit 10', capacitor C3 will retain its charge and, when the battery is
      reconnected, circuit 10' will resume operation in the normal operating
      mode at its state prior to disconnection of the battery. Thus, if, during
      the normal operating mode, the battery voltage drops below the 35.91 volt
      level and is then suddenly disconnected, when the battery is reconnected
      circuit 10' will return to the state immediately prior to disconnection of
      the battery. That is, transistor Q.sub.3 will remain on. This is a
      tamper-proof feature of circuit 10' in FIGS. 3A and 3B similar to that of
      circuit 10 in FIGS. 1A and 1B.
PAR  Representative values for the components of circuit 10', shown in FIGS. 3A
      and B, are provided in Table 2, below. It should be understood, however,
      that equivalent components, having other values, may be substituted in the
      circuit within the spirit and scope of the invention.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

                         Differential                                          

     Diodes Resistors                                                          

                   Capacitors                                                  

                         Amplifiers  Transistors                               

                                            Diac   SCR    Lamps                

     __________________________________________________________________________

     D1 1N4002                                                                 

            R1' 1K C5 0.1.mu.f                                                 

                         28 Fairchild 741 TC                                   

                                     Q1 MPSU05                                 

                                            72 MBS4991                         

                                                   74 C106D1                   

                                                          24 PSB               

     D6 1N4002                                                                 

            R2' 22.1K                                                          

                   C2 10.mu.f                                                  

                         30 Fairchild 741 TC                                   

                                     Q2 MPSU05            24 PBS               

     D7 1N5232B                                                                

            R4' 8.2K                                                           

                   C3 10.mu.f                                                  

                         88 Fairchild 741 TC                                   

                                     Q3 MPSU05            24 PSB               

     D8 1N4744A                                                                

            R5' 180.OMEGA.                                                     

                   C4 10.mu.f                                                  

     D9 1N4002                                                                 

            R6 5.6K                                                            

     D10 1N4002                                                                

            R7 1K                                                              

            R8 1K                                                              

            R9 100K                                                            

            R10 100k                                                           

            R11 1.3K                                                           

            R12 5.6K                                                           

            R13 5.6K                                                           

            R18 1K                                                             

            R19 3.9K                                                           

            R22' 2.2M                                                          

            R23' 4.75K                                                         

            R25 2.2M                                                           

            R26 4.3K                                                           

            R27 120.OMEGA.                                                     

            R28 180.OMEGA.                                                     

            R29 5.6K                                                           

     __________________________________________________________________________

PAR  In operation, referring to the embodiments of the present invention shown
      in FIGS. 1 and 3, an input and timing circuit 12 (12') is connected to a
      vehicle battery and generates a decreasing voltage derived from the
      decreasing voltage of the battery. The output of the input and timing
      circuit controls a threshold circuit 14 (14') which detects the decrease
      of the battery voltage below two separate and distinct voltage levels. As
      the battery voltage drops below each of the aforesaid voltage levels, the
      threshold circuit 14 (14') generates a digital signal. The digital signal
      is detected by a gating logic circuit 16 (16') which drives an output
      indicator and driving circuit 18 (18'). The output indicator and driving
      circuit 18 (18') indicates the moment at which the battery voltage drops
      below each of the aforesaid voltage levels, and when the battery voltage
      drops below the lower of the two voltage levels the output indicator and
      driving circuit 18 (18') disables the load 70.
PAR  Furthermore, each of the embodiments of the present invention, shown in
      FIGS. 1 and 3, operates in a self-test mode. In the self-test mode, an R-C
      discharge circuit in input and timing circuit 12 (12') generates an
      exponentially decaying voltage which controls the operation of threshold
      circuit 14 (14'). As the exponentially decaying voltage decreases below
      each of two voltage levels, circuit 14 (14'), 16 (16'), and 18 (18')
      operate to indicate the moment at which the exponentially decaying voltage
      drops below each of the aforementioned two voltage levels. And if the load
      70 is connected to circuit 10 (10') in the self-test mode, when the
      exponentially decaying voltage drops below the lower of the two voltage
      levels, the output indicator and driving circuit 18 (18') disables the
      load. The operator can verify that the load 70 has in fact been disabled
      and that the circuit 10 (10') is functioning properly. The operation of
      circuit 10 (10') in the self-test mode may be repeated, permitting the
      operator to further verify that circuit 10 (10') is operating correctly.
PAR  In the embodiments of the invention described with respect to FIGS. 1 and
      3, lamps 64, 66 and 68 are used as visual alarm devices to indicate the
      condition of the battery. It should be understood, however, that other
      alarm devices are also suitable for use in the invention. For example,
      audible alarm devices may be used in conjunction with, or in place of,
      lamps 64, 66 and 68 within the spirit and scope of the invention.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for indicating the voltage of a battery and for disabling a
      load connected to the battery, comprising:
PA1  first indicating means for indicating that the battery voltage is greater
      than a first voltage level;
PA1  second indicating means for indicating that the battery voltage is less
      than said first voltage level but greater than a second voltage level,
      said second indicating means being electrically connected to said first
      indicating means so that when said first indicating means is energized
      said second energizing means is not, and when said second indicating means
      is energized said first indicating means is not;
PA1  third indicating means for disabling said load when the battery voltage is
      less than said first and second voltage levels and for indicating that the
      battery is less than said first and second voltage levels, said third
      indicating means being electrically connected to said first and second
      indicating means so that when either of said first and second indicating
      means are energized said third indicating means is not, and when said
      third indicating means is energized said first and second indicating means
      are not;
PA1  means for selectively energizing said first, second and third indicating
      means in response to first and second control signals;
PA1  means for sensing that the battery voltage is greater than said first
      voltage level, less than said first voltage level but greater than said
      second voltage level, and less than said first and second voltage levels
      and for generating said first and second control signals in response to a
      third control signal, said sensing means being electrically connected to
      said selectively energizing means; and
PA1  means for selectively generating said third control signal either at a
      fixed decay rate independent of the actual battery voltage or in response
      to the actual battery voltage, said generating means being electrically
      connected to said sensing means.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said selectively generating
      means includes first generating means for generating said third control
      signal in response to the actual battery voltage, second generating means
      for generating said third control signal at a fixed decay rate independent
      of the actual battery voltage, and means for selectively connecting said
      first generating means or said second generating means to said sensing
      means.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 wherein said fixed decay rate is an
      exponential decay rate.
NUM  4.
PAR  4. Apparatus in accordance with claim 2 wherein said selectively connecting
      means is a push-button switch connected to said first and second
      generating means and said sensing means.
NUM  5.
PAR  5. Apparatus in accordance with claim 3 wherein said second generating
      means is an R-C circuit.
NUM  6.
PAR  6. Apparatus in accordance with claim 1 wherein said sensing means
      includes:
PA1  third generating means for generating fourth and fifth control signals in
      response to said third control signal, said third generating means being
      electrically connected to said selectively generating means;
PA1  first comparator means for generating said first control signal in response
      to said fourth control signal, said first comparator means being
      electrically connected to said third generating means; and
PA1  second comparator means for generating said second control signal in
      response to said fifth control signal, said second comparator means being
      electrically connected to said third generating means.
NUM  7.
PAR  7. Apparatus in accordance with claim 6 wherein said third generating means
      is an insulated gate field effect transistor, and said first and second
      comparator means are differential amplifiers.
NUM  8.
PAR  8. Apparatus in accordance with claim 1 wherein said selectively energizing
      means includes:
PA1  first energizing means for energizing said first indicating means when said
      first and second control signals are below a logic threshold voltage and
      for de-energizing said first indicating means when said second control
      signal is greater than the logic threshold voltage, said first energizing
      means being electrically connected to said sensing means and to said first
      indicating means; and
PA1  second energizing means for energizing said second indicating means when
      said second control signal is greater than the logic threshold voltage and
      for de-energizing said second indicating means when said first control
      signal is greater than the logic threshold voltage, said second energizing
      means being electrically connected to said sensing means and to said
      second indicating means.
NUM  9.
PAR  9. Apparatus in accordance with claim 8 wherein said first energizing means
      includes a first NOR gate, and said second energizing means includes an
      inverter and a second NOR gate, said inverter being electrically connected
      to said second NOR gate and said sensing means, and said second NOR gate
      being electrically connected to said second indicating means.
NUM  10.
PAR  10. Apparatus in accordance with claim 1 wherein said first indicating
      means includes a first transistor and a first lamp electrically connected
      to the first transistor, said first transistor being electrically
      connected to said selectively energizing means; said second indicating
      means includes a second transistor and a second lamp electrically
      connected to the second transistor, said second transistor being
      electrically connected to said selectively energizing means; and said
      third indicating means includes a third transistor and a third lamp
      electrically connected to the third transistor, said third transistor
      being electrically connected to said first and second transistors so that
      when said first and second transistors are de-energized said third
      transistor is energized, and means for disabling said load when said third
      transistor is energized, said disabling means being electrically connected
      to said third transistor.
NUM  11.
PAR  11. Apparatus in accordance with claim 10 wherein said disabling means
      includes a diac and a silicon controlled rectifier, said diac being
      electrically connected to the gate of said silicon controlled rectifier.
NUM  12.
PAR  12. Apparatus for indicating the voltage of a battery and for disabling a
      load connected to the battery, comprising:
PA1  a first transistor and a first lamp electrically connected to the first
      transistor for indicating that the battery voltage is greater than a first
      voltage level;
PA1  a second transistor and a second lamp connected to the second transistor
      for indicating that the battery voltage is less than said first voltage
      level but greater than a second voltage level, said second transistor
      being electrically connected to said first transistor so that when said
      first transistor is energized said second transistor is not, and when said
      second transistor is energized said first transistor is not;
PA1  a third transistor and a third lamp connected to the third transistor for
      indicating that the battery voltage is less than said first and second
      voltage levels, said third transistor being electrically connected to said
      first and second transistors so that when either of said first and second
      transistors are energized said third transistor is not, and when said
      third transistor is energized said first and second transistors are not;
PA1  a diac and a silicon controlled rectifier electrically connected at its
      gate to the diac for disabling said load when the battery voltage is less
      than said first and second voltage levels, said diac being electrically
      connected to said third transistor;
PA1  a first NOR gate for selectively energizing said first transistor in
      response to first and second control signals, said first NOR gate being
      electrically connected to said first transistor;
PA1  a second NOR gate and an inverter electrically connected to said second NOR
      gate for selectively energizing said second transistor in response to said
      first and second control signals, said second NOR gate being electrically
      connected to said second transistor;
PA1  a first comparator for generating said first control signal in response to
      a fourth control signal, said first comparator being electrically
      connected to said first and second NOR gates;
PA1  a second comparator for generating said second control signal in response
      to a fifth control signal, said second comparator being electrically
      connected to said inverter and said first NOR gate;
PA1  an insulated gate field effect transistor for generating said fourth and
      fifth control signals in response to a third control signal, said
      insulated gate field effect transistor being electrically connected to
      said first and second comparators; and
PA1  means for selectively generating said third control signal either at a
      fixed decay rate independent of the actual battery voltage or in response
      to the actual battery voltage, said selectively generating means being
      electrically connected to the gate of said insulated gate field effect
      transistor.
NUM  13.
PAR  13. Apparatus in accordance with claim 12 wherein said selectively
      generating means includes first generating means for generating said third
      control signal in response to the actual battery voltage, an R-C circuit
      for generating said third control signal at a fixed decay rate independent
      of the actual battery voltage, and a switch for selectively connecting
      said first generating means or said R-C circuit to the gate of said
      insulated gate field effect transistor.
NUM  14.
PAR  14. Apparatus for indicating the voltage of a battery and for disabling a
      load connected to the battery, comprising:
PA1  first indicating means for indicating that the battery voltage is greater
      than a first voltage level;
PA1  second indicating means for indicating that the battery voltage is less
      than said first voltage level but greater than a second voltage level;
PA1  third indicating means for disabling said load and for indicating that the
      battery voltage is less than said first and second voltage levels;
PA1  means for selectively energizing said first, second, and third indicating
      means in response to first and second control signals, said selectively
      energizing means being electrically connected to said first, second and
      third indicating means;
PA1  means for sensing that the battery voltage is greater than said first
      voltage level, less than said first voltage level but greater than said
      second voltage level, and less than said first and second voltage levels
      and for generating said first and second control signals in response to a
      third control signal, said sensing means being electrically connected to
      said selectively energizing means; and
PA1  means for selectively generating said third control signal either at a
      fixed decay rate independent of the actual battery voltage or in response
      to the actual battery voltage, said selectively generating means being
      electrically connected to said sensing means.
NUM  15.
PAR  15. Apparatus in accordance with claim 14 wherein said selectively
      generating means includes first generating means for generating said third
      control signal in response to the actual battery voltage, second
      generating means for generating said third control signal at a fixed decay
      rate independent of the actual battery voltage, and means for selectively
      connecting said first generating means or said second generating means to
      said sensing means.
NUM  16.
PAR  16. Apparatus in accordance with claim 15 wherein said fixed decay rate is
      an exponential decay rate.
NUM  17.
PAR  17. Apparatus in accordance with claim 15 wherein said selectively
      connecting means includes first and second switches, said first and second
      switches being mechanically coupled, said first switch being electrically
      connected to said selectively energizing means and said second generating
      means, and said second switch being electrically connected to said first
      and second generating means and said sensing means.
NUM  18.
PAR  18. Apparatus in accordance with claim 15 wherein said second generating
      means is a R-C circuit.
NUM  19.
PAR  19. Apparatus in accordance with claim 14 wherein said sensing means
      includes:
PA1  third generating means for generating fourth and fifth control signals in
      response to said third control signal, said third generating means being
      electrically connected to said selectively generating means;
PA1  first comparator means for generating said first control signal in response
      to said fourth control signal, said first comparator means being
      electrically connected to said third generating means and said selectively
      energizing means; and
PA1  second comparator means for generating said second control signal in
      response to said fifth control signal, said second comparator means being
      electrically connected to said third generating means and said selectively
      energizing means.
NUM  20.
PAR  20. Apparatus in accordance with claim 19 wherein said third generating
      means is a follower circuit, and said first and second comparator means
      are differential amplifiers.
NUM  21.
PAR  21. Apparatus in accordance with claim 14 wherein said selectively
      energizing means includes:
PA1  first energizing means for energizing said first indicating means when said
      first and second control signals are below a logic threshold voltage and
      for de-energizing said first indicating means when said second control
      signal is greater than the logic threshold voltage, said first energizing
      means being electrically connected to said sensing means and to said first
      indicating means;
PA1  second energizing means for energizing said second indicating means when
      said second control signal is greater than the logic threshold voltage and
      for de-energizing said second indicating means when said first control
      signal is greater than the logic threshold voltage, said second energizing
      means being electrically connected to said sensing means and to said
      second indicating means; and
PA1  third energizing means for energizing said third indicating means when said
      first and second control signals are both greater than the logic threshold
      voltage and for de-energizing said third indicating means when either said
      first control signal or said second control signal is less than the logic
      threshold voltage, said third energizing means being electrically
      connected to said third indicating means and to said first and second
      energizing means.
NUM  22.
PAR  22. Apparatus in accordance with claim 21 wherein said first energizing
      means includes a first NOR gate, said second energizing means includes an
      inverter and a second NOR gate, said inverter being electrically connected
      to said second NOR gate and said sensing means and said second NOR gate
      being electrically connected to said second indicating means, and said
      third energizing means includes a third NOR gate.
NUM  23.
PAR  23. Apparatus in accordance with claim 14 wherein said first indicating
      means includes a first transistor and a first lamp electrically connected
      to the first transistor, said first transistor being electrically
      connected to said selectively energizing means; said second indicating
      means includes a second transistor and a second lamp electrically
      connected to the second transistor, said second transistor being
      electrically connected to said selectively energizing means; and said
      third indicating means includes a third transistor and a third lamp
      electrically connected to the third transistor, said third transistor
      being electrically connected to said selectively energizing means, and
      means for disabling said load when said third transistor is energized,
      said disabling means being electrically connected to said third transistor
      and said selectively generating means.
NUM  24.
PAR  24. Apparatus in accordance with claim 23 wherein said disabling means
      includes a diac and a silicon controlled rectifier electrically connected
      at its gate to said diac.
NUM  25.
PAR  25. Apparatus for indicating the voltage of a battery and for disabling a
      load connected to the battery, comprising:
PA1  a first transistor and a first lamp electrically connected to the first
      transistor for indicating that the battery voltage is greater than a first
      voltage level;
PA1  a second transistor and a second lamp electrically connected to the second
      transistor for indicating that the battery voltage is less than said first
      voltage level but greater than a second voltage level;
PA1  a third transistor and a third lamp electrically connected to the third
      transistor for indicating that the battery voltage is less than said first
      and second voltage levels;
PA1  a diac and a silicon controlled rectifier electrically connected at its
      gate to said diac for disabling said load, said diac being electrically
      connected to said third transistor;
PA1  a first NOR gate for selectively energizing said first transistor in
      response to first and second control signals, said first NOR gate being
      electrically connected to said first transistor;
PA1  an inverter and a second NOR gate electrically connected to the inverter
      for selectively energizing said second transistor in response to said
      first and second control signals, said second NOR gate being electrically
      connected to said second transistor;
PA1  a third NOR gate for selectively energizing said third transistor in
      response to said first and second control signals, said third NOR gate
      being electrically connected to said third transistor and to said first
      and second NOR gates;
PA1  a first comparator for generating said first control signal in response to
      a fourth control signal, said first comparator being electrically
      connected to said first and second NOR gates;
PA1  a second comparator for generating said second control signal in response
      to a fifth control signal, said second comparator being electrically
      connected to said inverter and said first NOR gate;
PA1  a follower circuit for generating said fourth and fifth control signals in
      response to a third control signal, said follower circuit being
      electrically connected to said first and second comparators; and
PA1  means for selectively generating said third control signal either at a
      fixed decay rate independent of the actual battery voltage or in response
      to the actual battery voltage, said selectively generating means being
      electrically connected to said follower circuit.
NUM  26.
PAR  26. Apparatus in accordance with claim 25 wherein said selectively
      generating means includes first generating means for generating said third
      control signal in response to the actual battery voltage, an R-C circuit
      for generating said third control signal at a fixed decay rate independent
      of the actual battery voltage, and means for selectively connecting said
      first generating means or said R-C circuit to said follower circuit.
NUM  27.
PAR  27. Apparatus in accordance with claim 26 wherein said selectively
      connecting means includes first and second switches, said first and second
      switches being mechanically coupled, said first switch being electrically
      connected to the output of said third NOR gate and to said R-C circuit,
      and said second switch being electrically connected to said first
      generating means, said R-C circuit, and said follower circuit.
NUM  28.
PAR  28. Apparatus in accordance with claim 26 including means for connecting
      said selectively generating means to said battery, and resetting means for
      de-energizing said second and third transistors when said battery is first
      connected to said selectively generating means.
NUM  29.
PAR  29. Apparatus in accordance with claim 26 including means for alternately
      energizing said second and third transistors to provide an indication that
      said selectively connecting means connects said R-C circuit to said
      follower circuit.
NUM  30.
PAR  30. Apparatus in accordance with claim 28 including means for preventing
      said third transistor from being de-energized after said battery voltage
      drops below both of said first and second voltage levels until said
      battery is replaced with a battery having a voltage at least greater than
      said second voltage level.
NUM  31.
PAR  31. Apparatus in accordance with claim 26 wherein said first generating
      means includes storage means for storing said third control signal when
      said means for selectively connecting disconnects said first generating
      means from said follower circuit and connects said R-C circuit to said
      follower circuit.
NUM  32.
PAR  32. Apparatus in accordance with claim 26 including means for connecting
      said selectively generating means to said battery wherein said first
      generating means includes storage means for storing said third control
      signal when said means for selectively connecting connects said first
      generating means to said follower circuit and said battery is disconnected
      from said selectively generating means.
NUM  33.
PAR  33. Apparatus in accordance with claim 2 including means for connecting
      said selectively generating means to said battery wherein said first
      generating means includes storage means for storing said third control
      signal when said means for selectively connecting connects said first
      generating means to said sensing means and said battery is disconnected
      from said selectively generating means.
NUM  34.
PAR  34. Apparatus in accordance with claim 26 wherein said means for
      selectively connecting includes means for sequentially energizing said
      first, second and third transistors although said battery voltage is less
      than either said first or second voltage levels.
NUM  35.
PAR  35. Apparatus in accordance with claim 10 including means for energizing
      said third indicating means when either said first or second indicating
      means is defective.
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ABST
PAL  An electrical inverter comprises positive and negative supply lines, first
      and second thyristors the anodes of which are connected to the positive
      line and the cathodes of which are connected respectively to the anodes of
      third and fourth thyristors. An oscillatory commutating circuit including
      a capacitor and an inductor is provided and which is connected between the
      anodes of the third and fourth thyristors and also a firing circuit is
      provided to provide gate signals to the first, fourth, third and second
      thyristors in that order. In addition, means is provided to over-damp the
      oscillatory circuit thereby to limit the commutating voltage.
BSUM
PAR  This invention relates to inverters.
PAR  An inverter according to the invention comprises in combination positive
      and negative supply lines, first and second thyristors having their anodes
      connected to the positive line and their cathodes connected respectively
      to the anodes of third and fourth thyristors the cathodes of which are
      connected to the negative line, an oscillatory commutating circuit
      connected between the anodes of the third and fourth thyristors, a firing
      circuit providing gate signals to the first, fourth, third and second
      thyristors in that order, and means for over damping the oscillatory
      circuit.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 is a circuit diagram illustrating one example of the invention,
PAR  FIG. 2 illustrates a modification of the arrangement shown in FIG. 1,
PAR  FIG. 3 illustrates a waveform obtained with the circuits of FIG. 1 or FIG.
      2, and
PAR  FIG. 4 illustrates another example as applied to a three phase inverter.
DETD
PAR  Referring to FIG. 1, there are provided positive and negative supply lines
      11, 12, the line 11 having connected thereto the anodes of a pair of
      thyristors 13, 14 having their cathodes connected to the anodes of
      thyristors 15, 16 respectively. The cathodes of the thyristors 15, 16 are
      connected to the line 12. The anode-cathode paths of the thyristors 14 and
      16 are bridged by the cathode-anode paths of diodes 17 and 18
      respectively, the anode of the thyristor 16 is connected through a load 19
      fed by the inverter to a point at a potential intermediate the lines 11,
      12 and the anodes of the thyristors 15, 16 are interconnected through an
      oscillatory commutating circuit comprising an inductor 21 and a capacitor
      22 in series.
PAR  The arrangement thus far described is known and operates in the following
      manner. Consider a point in the cycle at which the thyristor 14 is
      conducting and feeding the load 19, then previously the capacitor 22 will
      have been charged with its right-hand plate positive. At a later point in
      the cycle the thyristor 13 is fired, discharging the capacitor 22
      resonantly to turn off the thyristor 14. Shortly afterwards, the thyristor
      16 is fired, and the load 19 is fed through the thyristor 16 or diode 18.
      The capacitor 22 now completes charging through the thyristor 13 and the
      thyristor 16 or the load and the thyristor 13 then turns off. Later in the
      cycle, the thyristor 15 is fired to turn off the thyristor 16, and shortly
      afterwards the thyristor 14 is fired again and the load 19 being fed
      through the thyristor 14 or the diode 17. The capacitor 22 completes
      charging through the thyristor 15 and the thyristor 14 or the load, the
      thyristor 15 turns off and the cycle is then repeated.
PAR  Using such an arrangement, the capacitor 22 charges to substantially above
      the voltage between the lines 11, 12, and in some arrangements this can be
      a disadvantage, because the thyristors 13 and 15 and the capacitor 22 must
      be rated for this elevated voltage, and furthermore, the full commutation
      ability of the circuit is not available when the circuit is first switched
      on.
PAR  In order to overcome this problem, the oscillatory commutation circuit is
      over damped at the end of each commutation. This can be achieved in a
      number of ways, but in FIG. 1, the lines 11, 12 are interconnected through
      the cathode-anode paths of a pair of diodes 23, 24 in series, the junction
      of the diodes 23, 24 being connected to the anode of the thyristor 15
      through a resistor 25 and an inductor 26 in series. In many circuits the
      inductor 26 is not necessary, and FIG. 3 shows the waveform obtained with
      the arrangement of FIG. 1 where the inductor 26 is omitted. As will be
      seen in FIG. 3, during the commutation interval `A` the capacitor 22
      charges to a voltage in excess of the supply voltage. During the interval
      `B`, the over damping causes the capacitor voltage to reduce to a value in
      excess of the supply voltage by a chosen amount in a given time. It should
      be noted that it is extremely important that the oscillatory commutating
      circuit is over damped at the end of each commutation, as distinct from
      being under damped. Under damping would cause an oscillatory discharge of
      the capacitor 22 during the period `B`, and it would then be possible to
      trap on the capacitor 22 a charge at a voltage less than the supply
      voltage, which of course would mean that the circuit could possibly fail
      to commutate.
PAR  The arrangement of FIG. 2 is similar to that off FIG. 1, the series circuit
      25, 26 now being returned to the junction of the inductor 21 and capacitor
      22. The operation is unaffected.
PAR  Referring now to FIG. 4, a three phase inverter feeding a load 19 in the
      form of a motor is shown. Apart from the over damping circuit, the
      inverter is the same as that shown in FIG. 1 and FIG. 2 in triplicate. The
      three phases have been indicated by the same reference numerals as in
      FIGS. 1 and 2 but with the suffixes a, b and c. The over damping circuit
      comprises an inductor 31 and a resistor 32 connected in series between the
      line 11 and the cathodes of three diodes 33a, 33b and 33c. The anodes of
      the diodes 33a, 33b, 33c are connected respectively to the junctions of
      the capacitors 22a, 22b, 22c and their respective inductors 21a, 21b, 21c,
      and are further connected to the cathodes of three diodes 34a, 34b and
      34c. The diodes 34a, 34b and 34c have their anodes connected through a
      resistor 35 and inductor 36 in series to the line 12. The circuit operates
      in exactly the same way as FIG. 1 and FIG. 2, and it will be seen that two
      inductors 31, 36 and two resistors 32, 35 are needed, rather than three if
      the arrangements of FIG. 1 and FIG. 2 were merely triplicated. As in FIG.
      1 and FIG. 2, the inductors 36 and 31 are not always necessary.
PAR  It will be appreciated that the components in FIG. 4 can be arranged in a
      number of ways to achieve the desired effect. For example the junctions of
      the two associated pairs of thyristors could be connected through the
      capacitor and inductor in series with the junction of the associated pair
      of diodes being connected to the junction of the thyristors 13a, 15a.
PAR  Moreover, it is common in inverter circuits to employ suppressors to
      control the rate of rise of voltage and/or current at various points in
      the inverter. Although such suppressors may be important in some
      applications, they are not important to an understanding of the present
      invention, and so are not described.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrical inverter comprising in combination positive and negative
      supply lines, first and second thyristors having their anodes connected to
      the positive line and their cathodes connected respectively to the anodes
      of third and fourth thyristors the cathodes of which are connected to the
      negative line, an oscillatory commutating circuit connected between the
      anodes of the third and fourth thyristors and comprising a capacitor and
      an inductor connected in series, a firing circuit providing gate signals
      to the first, fourth, third and second thyristors in that order, and means
      for over damping the oscillator circuit, comprising a resistor which
      effects a reduction in the voltage of the capacitor during the intervals
      between commutations, means for electrically connecting one end of said
      resistor to one or the other of said supply lines during the intervals
      between commutations, said last-mentioned means comprising a pair of
      diodes connected in series across said supply lines, the other end of said
      resistor being connected to a point intermediate said inductor and
      capacitor.
NUM  2.
PAR  2. An electrical inverter as claimed in claim 1 including a further
      inductor connected in series with said resistor.
NUM  3.
PAR  3. An electrical inverter circuit for supplying a three phase load, the
      inverter circuit comprising three inverters, each inverter comprising in
      combination positive and negative supply lines, first and second
      thyristors having their anodes connected to the positive line and their
      cathodes connected respectively to the anodes of third and fourth
      thyristors the cathodes of which are connected to the negative line, an
      oscillatory commutating circuit connected between the anodes of the third
      and fourth thyristors, a firing circuit providing gate signals to the
      first, fourth, third and second thyristors in that order, and means for
      over damping the oscillatory circuit, the oscillatory commutating circuits
      each comprising a capacitor connected in series with an inductor, and the
      means for damping the oscillatory circuits including two sets of three
      diodes, the cathodes of one set of diodes being connected to points
      intermediate said inductors and capacitors respectively, the anodes of the
      other set of diodes being connected respectively to said points, and a
      pair of resistors through which the cathodes of the one set of diodes are
      connected to the positive supply line and the anodes of the other set of
      diodes are connected to the negative supply line respectively.
NUM  4.
PAR  4. An electrical inverter circuit as claimed in claim 3 including inductors
      connected in series with said resistors respectively.
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PAL  A load levelling system for connection to an alternating current network
      includes an electro-chemical direct current source and line-commutated
      controllable convertor means having DC terminals connected to the supply
      source and AC terminals for connection to the network. A continuously
      reactive power generating system composed of a fixed capacitor battery and
      a line-commutated reactive convertor is connected to the AC terminals. The
      convertor means may include a first convertor and a second convertor, the
      first convertor having a higher rated voltage than the second, with a
      control angle arrangement for the first convertor. The convertors are
      series-connected through their DC terminals and have a transformer
      connecting their AC terminals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present application relates to a peak load levelling system in an AC
      network.
PAR  2. The Prior Art
PAR  It is known that there is normally a considerable difference between the
      greatest and the smallest output power from a power supply network during,
      for example, 24 hours. In principle the power-generating members in the
      network as well as the network itself (lines, transformers, etc.) must be
      dimensioned for the highest power which may occur, which involves, on the
      one hand, high investment costs, and, on the other, a reduced efficiency
      of the generating members which work with part load for the greater part
      of the time. By levelling the load output, i.e. reducing the difference
      between maximum and minimum power output, essential advantages can be
      obtained. For one thing, the power-generating members can then be
      dimensioned for lower rated power, and, for another, these members will
      work with a higher and more constant load, which results in a higher
      degree of efficiency. If, in addition, the levelling of the load output
      can be made in the power supply network near the consumers, further
      advantages are obtained in the form of reduced demands on the
      power-transmitting capacity of the network.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of the invention is to provide a load levelling system by means
      of which the said advantages are obtained.
PAR  The invention is further based on the fact that the peak loads as a rule
      are short and that they therefore represent relatively small amounts of
      energy. It is therefore possible to obtain a considerable levelling of the
      total load output from the network with the aid of energy-storing or
      energy-generating means of reasonable capacity.
PAR  A system according to the invention comprises means of this kind, which are
      arranged to take up and/or give off energy in the form of electrical DC
      energy. Preferably, these means are of an electrochemical kind, for
      example accumulator batteries, which are adapted to take up energy during
      a low-load period and emit energy during a high-load period.
      Alternatively, fuel cells can be used which are then arranged to emit
      energy during high-load periods.
PAR  For converting DC energy to AC energy and vice versa it is conventional to
      use controllable static convertors. A conventional line-commutated
      convertor, however, consumes a considerable amount of reactive power
      whenever it is not working with full maximum positive or negative direct
      voltage. In a system to which the invention relates the direct voltage may
      vary by .+-. 20-30 % and the alternating voltage by .+-. 5 % in a typical
      case. This means that as a rule the convertor would work with considerably
      less than full maximum positive or negative direct voltage, and thus have
      a high reactive power consumption. This would therefore necessitate great
      and cost-demanding measures to compensate for this comsumption.
PAR  It is known per se that the reactive power consumption can be reduced or
      eliminated by the use of self-commutated convertors. However, such
      convertors are complicated and for this and other reasons they will be
      very expensive at the high powers which will occur in a system of a type
      to which the invention relates.
PAR  One further object of the invention is to obtain a system in which the
      advantages of the line-commutated convertor, in the form of simple and
      compact construction, reliability and a low price, are combined with the
      low reactive power consumption of the self-commutated convertor.
PAR  According to the invention, a load levelling system includes
      electro-chemical direct current energy supply means to which are connected
      the DC terminals of a line-commutated controllable electronic power
      convertor means. The AC terminals of the convertor means are connected to
      the AC network. A continuously controllable reactive power generating
      means composed of a fixed capacitor battery and a line-commutative
      reactive power convertor is connected to the AC terminals. The convertor
      means may comprise first and second convertors which are series-connected
      through their DC terminals and have transformer means connecting their AC
      terminals. The first convertor has a higher rated voltage than the second
      convertor, and is provided with means for setting the control angle to
      either of one or two substantially fixed values, corresponding to full
      direct voltage in rectifying and in inverting operation, respectively.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the following the invention will be described with reference to the
      accompanying drawings. FIG. 1 shows a block diagram of a system according
      to the invention. FIG. 2 shows the power circuits and FIG. 3 the control
      circuits of the system. FIG. 4a shows a block diagram of the main circuits
      of an alternative embodiment, and FIG. 4b shows the design of the
      transformer used in FIG. 4a. FIG. 5 shows a version of the system
      according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 the energy-storing and/or energy generating means 1 has been
      shown symbolically as a DC voltage source. It is connected to the two
      convertor connections A and B by way of a pole reversal switch E and a
      smoothing reactor R1. Said convertor connections are DC
      voltage-series-connected, i.e. the sum of their DC voltages is equal to
      the voltage across the means 1. Their AC voltage terminals are connected
      to a winding each of a transformer TR, which also has a winding connected
      to the terminals R, S and T. These terminals are intended for connecting
      the system to the AC network the load variations of which are to be
      levelled. To these terminals the means C and D for reactive power
      compensation are connected. The means C consists of a capacitor battery
      and the means D of a reactive power convertor. Measuring means 2, 3 and 4,
      known per se, are arranged to generate signals which correspond to the
      active current component I.sup.P, to the reactive current component
      I.sup.Q and the mains voltage U, and said signals can be used for
      controlling the system in a manner which is to be described in the
      following.
PAR  FIG. 2 shows the main circuits of the system. In the example the convertor
      connection A comprises two three-phase line-commutated thyristor bridges I
      and II of conventional type. The bridge I is connected to a star-connected
      winding 8 of the transformer TR and the bridge II to a delta-connected
      winding 9. These two bridges are arranged to be controlled with a
      substantially constant delay angle .alpha., which is the same for both
      bridges. The delay angle is arranged either to correspond to substantially
      maximum direct voltage in rectifying operation (e.g. .alpha. equal to
      10.degree.-30.degree.) or to maximum direct voltage in inverting operation
      (e.g. .alpha. equal to 150.degree.).
PAR  In the example the convertor connection B comprises one single bridge of
      the same type as the bridges I and II. This bridge is continuously
      controllable between full direct voltage in rectifying operation (e.g.
      .alpha. = 10.degree.) and full direct voltage in inverting operation (e.g.
      .alpha. = 155.degree.). It is connected to a winding 10 on the transformer
      TR.
PAR  Because the windings 8 and 9 are differently connected, the direct voltages
      from the windings will have different phase positions, i.e. the windings
      have different circuit angles. This results in a reduction of those
      current and voltage harmonics in the AC network which are generated by the
      convertors I and II.
PAR  When the pole reversal switch E is in the position shown in the figure,
      power is fed from the source 1 to the convertor connection and from there
      by way of the transformer TR and the terminals R, S, T out on the network.
      The convertor connection A then works in full inverting operation with
      constant control angle and with the constant direct voltage U.sub.A. If
      also the convertor B works in inverting operation its direct voltage
      U.sub.B has the polarity shown in the figure. If it works in rectifying
      operation U.sub.B has the opposite polarity. The greatest resulting direct
      voltage from the convertor connections will be U.sub.A plus the maximum
      value of U.sub.B in inverting operation. The smallest resulting direct
      voltage will be U.sub.A minus the maximum value of U.sub.B in rectifying
      operation.
PAR  In a typical case the direct voltage of the source 1 may vary by .+-.25 %.
      The convertor connection A is then dimensioned so as to give a direct
      voltage which is equal to the nominal value of the voltage of the source
      1. The convertor B is then dimensioned to give a maximum direct voltage of
      about 25% of said value. The total direct voltage can then always be
      controlled to be in agreement with the voltage of the source 1.
PAR  In practice voltage drops in the DC circuit and the AC circuit must also be
      taken into account when determining the dimensions, as well as variations
      in the voltage of the AC network and the fact that the maximum direct
      voltage in inverting operation as a rule is somewhat lower than the
      maximum voltage in rectifying operation.
PAR  When the direction of power is the opposite to what has been described
      above, i.e. power is fed (during low-load periods) from the AC network to
      the energy-storing device 1, the pole reversal switch E is placed in a
      direction opposite to the direction shown in the figure. The convertor
      connection A then has maximum direct voltage in rectifying operation and
      its direct voltage has a polarity opposite to that shown in the figure. By
      continuously controlling the convertor B, the resulting direct voltage can
      be controlled to the desired value also in this case.
PAR  Since the convertor connection A always works with full direct voltage (in
      rectifying or inverting operation) its consumption of reactive power is
      very low. The convertor B is dimensioned for considerably lower voltage
      and therefore has a low rated power, and its maximum consumption of
      reactive power is low.
PAR  The means for emitting a controllable reactive power consist of the
      three-phase capacitor battery C and the reactive power convertor D. The
      capacitor battery is adjusted so as to be able to generate the maximum
      reactive power consumed by the convertors. The reactive power convertor D
      consists, in a manner known per se, of a line-commutated controllable
      convertor, the DC terminals of which are connected to each other by a
      reactor R2. The convertor will always work with a control angle which is
      close to 90.degree.. By small alterations in the control angle the
      current, and therefore the consumed reactive power, can be controlled
      continuously between zero and a maximum value. The latter is chosen in
      principle to be as great as the power of the capacitor battery. This makes
      it possible to continuously control the total reactive power emitted by
      the means C and D to the network between zero and said maximum value, and
      in this way the reactive power consumed by the system from the network can
      be maintained at zero at any moment, if desired.
PAR  Since the rated power of the capacitor battery as well as of the reactive
      power convertor is determined by the rated power of the convertor B, which
      is low, the rated power of the reactive-compensating means will be low,
      which results in low investment costs, low losses and small
      space-requirements.
PAR  If desired, the capacitor battery and also the reactive power convertor can
      be given more ample dimensions than what is required according to the
      above, so that the system will be able to generate an excess of reactive
      power to the network for compensation of other reactive power consumers
      connected to the network.
PAR  FIG. 3a illustrates how the control of the convertor B can be carried out.
      A signal U.sub.ref, corresponding to the desired mains voltage, is
      compared in the comparison circuit 12 with the value of the actual mains
      voltage U obtained from the measuring device 4. The difference, i.e. the
      voltage error, is supplied to the voltage regulator 13. This emits a
      signal to the comparison device 14, said signal being a desired value of
      the current and being compared with the value of the active component
      I.sup.P of the current obtained from the measuring device 2. The
      difference between said two values is supplied to the current regulator
      15, the output signal of which is supplied to the convertor B where it
      affects the control angle by way of the control pulse device of the
      convertor.
PAR  The voltage regulator 13 is provided with an adjustable limitation of the
      output signal of the regulator. The regulator is supplied with a signal
      I.sub.ref.sup.P which determines to which value the output signal is
      limited. The output signal which is the desired value of the active
      component of the current, as mentioned above, can thus be smaller than but
      not greater than the value I.sub.ref.sup.P.
PAR  The regulating system thus strives to maintain the desired value
      (U.sub.ref) of the mains alternating voltage, the active current fed on to
      the network, however, being limited upwards to the value I.sub.ref.sup.P.
      In the normal case, when the system is connected to a rigid network, it is
      possible, by a suitable adjustment of U.sub.ref, to make the system work
      constantly with an active current which is equal to I.sub.ref.sup.P. By
      means of I.sub.ref.sup.P the active power fed from the system to the
      network can thus be adjusted to the desired value.
PAR  The mains alternating voltage in the vicinity of the system will be
      automatically limited upwards to the value U.sub.ref. In this way security
      against too great voltage deviations is obtained, which would otherwise
      occur during low-load periods in the network combined with a high value of
      I.sub.ref.sup.P. The voltage control shown can alternatively be performed
      with the aid of the reactive power convertor D.
PAR  FIG. 3b shows an example of how the controlling of the convertor D can be
      performed. A desired value I.sub.ref.sup.Q is compared in a comparison
      device 16 with the value, obtained from the measuring device 3, of the
      total reactive current I.sup.Q fed from the system to the network. The
      difference is supplied to a reactive current regulator 17, the output
      signal of which, which is limited to a suitable value, constitutes the
      value of the desired current of the convertor D. This desired current
      value is compared in the comparison device 18 with the value of the
      convertor current I.sup.D obtained from the measuring device. The
      difference is supplied to the current regulator 19, the output signal of
      which is supplied to the convertor D where it effects the control angle of
      the convertor.
PAR  Thus, bearing in mind that the allowable maximum current of the convertor
      must not be exceeded, the control system for the convertor D will feed a
      reactive power from the system to the network corresponding to the desired
      value I.sub.ref.sup.Q. I.sub.ref.sup.Q can of course be set to zero, and
      no reactive power will then be consumed or generated by the system.
PAR  FIG. 4 shows a block diagram of an alternative embodiment of a system
      according to the invention. The designations correspond to those used in
      FIGS. 1 to 3. The convertor portion is here divided into two
      parallel-working parts. One part consists of the convertor connections A1
      and B1 which are direct voltage-series-connected and connected to the
      source 1 by way of the reactor R'1. Each convertor connection is connected
      to a winding, 22 and 20, respectively, of the transformer TR. The reactive
      power convertor D1 is connected to the same winding as A1. The DC
      terminals of D1 are short-circuited over the reactor R'2. The second part
      is identical with the first and comprises the reactor R"1, the convertor
      connections A2 and B2, and the reactive power convertor D2 with the
      reactor R"2. Like A in FIGS. 1 to 3, the convertor connections A1 and A2
      are designed for higher voltage than B1 and B2 (B in FIGS. 1 to 3). A1 and
      A2 are arranged to work with a substantially fixed control angle,
      corresponding to either full inverting operation or full rectifying
      operation. B1 and B2 are continuously controllable between full inverting
      and full rectifying operation. The capacitor battery C, for example, has
      such a rated power that it is able to compensate the combined reactive
      power consumption from the convertors A1, A2, B1 and B2.
PAR  The controlling is performed in the same manner as in the example according
      to FIGS. 1 to 3. The two parts (A1, B1, D1 and A2, B2, D2, respectively.)
      are suitably provided each with a current regulating system to ensure that
      the total current is distributed equally between the two halves.
PAR  The convertor B1 is connected to a star-connected winding 20 on the
      transformer TR and the convertor B2 to a delta-connected winding 21. These
      two windings are galvanically separated from each other and from the other
      windings of the transformer. The alternating voltages to B1 and B2 will be
      mutually offset 30.degree. in phase, and the harmful influence on the AC
      network from these two convertors will be minimized.
PAR  Similarly, the windings 22 and 23 may be galvanically separated windings,
      of which one is star-connected and one delta-connected, the harmful
      influence on the AC network from the convertors A1, D1, A2 and D2 thus
      being minimized.
PAR  According to one embodiment of the invention the rated power of the
      transformer can be considerably reduced by constructing the windings 22
      and 23 and the winding 24, which is connected to the network, in
      accordance with FIG. 4b. The transformer has terminals for three
      three-phase systems. The terminals R, S, T are intended for connection to
      the network, the terminals XYZ for connection to the convertors A1 and D1,
      and the terminals UVW for connection to the convertors A2 and D2. The
      transformer has three legs, each having two windings. The winding voltages
      are shown in vector form in FIG. 4b. A first transformer leg has a winding
      Ia between the terminals Y and W and a winding Ib between terminals X and
      U with a centre connected to the terminal R. A second transformer leg has
      a winding IIa between the terminals Z and U and a winding IIb between the
      terminals V and Y with a center tap connected to the terminal S. The third
      transformer leg has a winding IIIa between the terminals X and V and a
      winding IIIB between the terminals W and Z with a center tap connected to
      the terminal T. The number of turns of the windings are so adjusted that
      the angles shown in FIG. 4b are obtained, i.e. the ratio between the
      voltage from the greater and the smaller winding of each transformer leg
      is to be sin 45.degree./sin 15.degree.. The systems XYZ and UVW then form
      two symmetrical three-phase voltage systems which are mutually displaced
      30.degree.. The windings Ia, IIa and IIIa may alternatively be connected
      between the points S and T, T and R and S, respectively.
PAR  If it is desirable for the system to maintain the supply to the network in
      case the mains alternating voltage is cut off, this can be achieved by
      completing the control equipment of the system in the manner disclosed in
      the U.S. Pat. No. 3,699,425. In case of AC voltage drop-out a free-running
      oscillator takes over the convertor control, and the connection will work
      as a self-commutated unit (inverter) in the manner described in the patent
      specification mentioned. In this mode of operation the principles
      disclosed in U.S. Pat. Nos. 3,740,638, 3,768,001 and 3,829,759 may be
      used.
PAR  In such embodiments of the invention where only one of the directions of
      power flow (from the source 1 to the network) is to be used, the pole
      reversal switch E can of course be omitted.
PAR  In the preferred embodiments described above the convertors B have been
      assumed to be continuously controllable between full inverting operation
      and full rectifying operation. In principle it it sufficient if the
      convertors B are made controllable within only part of this range.
      Similarly, they may be discontinuously controllable in a number of steps.
PAR  Instead of the fixed capacitor battery C and the reactive power convertors
      D other means generating variable reactive power may be used, for example
      capacitor batteries which are controllable in steps by means of contactors
      or thyristors.
PAR  In the connection shown in FIG. 2 the convertors I, II and B may of course
      be direct voltage series-connected in an arbitrary order. The convertor B,
      for example, may be connected between the two convertors I and II.
PAR  As an alternative, the two convertors I and II in FIG. 2 may be connected
      to the network by way of a separate transformer each. The AC side of each
      of these two convertors may then be connected each to a means for emitting
      a controllable reactive power, and the reactive power-generating means on
      the network side of the transformer in FIG. 2 may therefore be omitted.
      Each of these means may then consist of a fixed capacitor battery which is
      AC-parallel-connected to a reactive power convertor. A harmonic filter may
      be connected in parallel with the capacitor battery.
PAR  If, as has been mentioned now, the convertors I and II have separate
      transformers, "the second convertor connection" (B in FIG. 2) may be
      connected to an extra winding on one transformer in series with an extra
      winding on the second transformer.
PAR  As mentioned above the DC supply means (1 in FIG. 2) may consist of an
      accumulator battery. It is then possible to charge the battery during the
      night, when the load of the AC network is low. The main convertor (A and B
      of FIG. 2) is then run as a rectifier. In the daytime, when there is a
      high load on the AC network, the main convertor is run as an inverter and
      energy from the battery is supplied to the network. Generally, the
      low-load period at night is fairly short, in a typical case of only 4 to 8
      hours' duration. The rate of charging of the battery, therefore, must be
      higher than the maximum rate of discharge. According to one aspect of the
      invention the desired high charging rate is obtained without an increase
      in the rated power of the convertors of the system. This effect is
      obtained by using the reactive power convertor D for charging the battery
      during the low-load periods. The DC terminals of this convertor are then
      connected in series with the reactor R2 to the battery (1). Preferably a
      simple switching means is arranged for connecting the convertor (D) and
      the reactor R2 to the battery during night-time charging. The convertor D
      is then controlled by a current or charging control means, such as are
      well known per se. During this mode of operation the continuous control of
      reactive power is not possible. This is, however, no appreciable
      disadvantage as the AC network is lightly loaded when the battery is
      charged. For discharge of the battery when the high-load period starts the
      convertor D and reactor R2 are switched back to the connection shown in
      FIG. 1, and the convertor is then used for reactive power control as
      disclosed above.
PAR  The reactive power convertor (D) and the main convertor (A, B) have rated
      powers of the same order of magnitude. It is therefore possible in this
      way to obtain a charging rate which is approximately double the
      discharging rate and this corresponds fairly well to the practical need.
PAR  The mode of operation now described is of course not limited to the case
      where the DC supply means is a battery, but the DC supply may comprise any
      other known means for storing electrical DC energy.
PAR  In cases of emergency, such as when one of the power plants supplying the
      AC network breaks down, it may be advantageous to use the load levelling
      system according to the invention for temporarily supplying larger amounts
      of power into the AC network than during normal operation. In such cases
      the power factor control is of secondary importance. It is, according to
      one aspect of the invention, possible then to connect the reactive power
      convertor (D) to the DC supply means in parallel with the main convertor
      (A, B). The ability to supply power to the AC network may then be doubled
      if the main convertor and the reactive power convertor have equal rated
      powers.
PAR  FIG. 5 shows a version of the system according to the invention, by means
      of which a high charging rate (when the DC supply means is a battery) and
      a temporary high power flow from the DC supply means to the AC network may
      be obtained. A transformer TR is connected to the AC network R, S, T. To
      the low-voltage side of the transformer there are connected the capacitor
      battery (C), the main convertor (A) and the reactive power convertor (D).
      The main convertor may comprise a single convertor of several parallelor
      series-connected convertors, such as convertors A and B of FIG. 1. The
      same applies to the reactive power convertor (D). An advantage of having
      the capacitor battery (C) and the reactive power convertor (D) connected
      to the low-voltage side of the transformer (TR) is that the reactive power
      of the main convertor (A) is compensated on the same side of the
      transformer as it is consumed. It does not, therefore, have to flow
      through the transformer (TR), the rating of which may then be
      significantly lowered.
PAR  The main convertor (A) is connected, through the reactor R1 and the pole
      reversal switch (E), to the DC supply means 1, which may be an accumulator
      battery. The reactive power convertor (D), through its reactor R2 and a
      switch SW, also connected to the pole reversal switch E.
PAR  When the switch SW is, in the position shown in FIG. 5, the reactive power
      convertor (D) is connected in parallel with the main convertor (A). It is
      then possible to obtain a high charging rate of the battery (1) with the
      switch (E) in one position, and a correspondingly high rate of power flow
      from the battery (1) into the AC network.
PAR  Continuous control of the reactive power is not possible in this mode, but
      this is of no practical consequence, as mentioned above.
PAR  If the DC supply means is, for example, a battery of fuel cells, only the
      high rate of power flow from the cells to the AC network is, of course, of
      interest.
PAR  If, as mentioned above, the load levelling system according to the
      invention is provided with control means (for instance a free-running
      oscillator means) enabling it to work as a self-commutated unit to supply
      power to the AC network in case of the AC voltage being cut off, then the
      reactive power convertor (D) will normally have a higher rating than the
      main convertor (A). In this case the rate of power flow, when convertors A
      and D are connected in parallel, will be more than twice that of "normal"
      operation, when convertor A alone handles the power flowing into or out of
      the DC supply means 1.
PAR  When the switch SW is in the opposite position to that shown in FIG. 5, the
      DC terminals are short-circuited through reactor R2, in the same way as
      disclosed in FIGS. 1 and 2, and continuous reactive power control is
      possible as described in connection with these figures.
PAR  When working in parallel with the main convertor (A) the control system of
      the reactive power convertor (D) will have to be of the type shown in FIG.
      3a, instead of the system of FIG. 3b, which is used when convertor D is
      used for reactive power control. Simple switching means may be used to
      switch over between the two control systems at the same time as switch SW
      is actuated.
PAR  If desired, two or more pairs of convertors (A and D in FIG. 5 form one
      pair) may be used, each with its own transformer. The transformers of the
      various groups may then have different connections (one may be star-star
      and another delta-star connected). In this way the pulse number of the
      system may be raised and thus the harmful influence on the AC network from
      the convertors of the system may be reduced.
CLMS
STM  We claim:
NUM  1.
PAR  1. Load levelling system for connection to an alternating current network
      (RST), said system comprising electrochemical direct current energy supply
      means (1), line-commutated controllable electronic power convertor means
      (A, B) having DC terminals connected to said energy supply means and AC
      terminals for connection to said AC network, and continuously controllable
      reactive power generating means (C, D) connected to said AC terminals,
      said reactive power generating means comprising a fixed capacitor battery
      (C) and a line-commutated reactive power convertor (D), the convertor
      means comprising a first (A) and a second (B) line-commutated thyristor
      convertor connection, each convertor connection having DC and AC
      terminals, said convertor connections being series-connected through their
      DC terminals and having transformer means (TR) connecting their AC
      terminals, said first convertor connection (A) having a higher rated
      voltage than the second convertor connection (B), means for setting the
      control angle of said first convertor connection (A) to either one of two
      substantially fixed values, corresponding to full direct voltage in
      rectifying and in inverting operation, respectively, and means for
      controlling said second convertor connection (B) with a variable control
      angle.
NUM  2.
PAR  2. Load levelling system according to claim 1, comprising a pole reversal
      switch (E) connected between said energy supply means (1) and said
      convertor means (A, B).
NUM  3.
PAR  3. Load levelling system according to claim 1, including means for
      connecting the DC terminals of said reactive power convertor (D) to the
      energy supply means for supplying power to or from said energy supply
      means in parallel with said controllable electronic power convertor means
      (A, B).
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ABST
PAL  A DC to DC power converter of the chopper-type includes a reverse
      conducting main thyristor device, or equivalent, and a saturable
      autotransformer in the power path of the main thyristor device, the
      autotransformer being in the saturated state when the main thyristor
      device is conducting, and a gated capacitor commutating circuit to
      desaturate the autotransformer for commutating the main thyristor device
      out of conduction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates in general to apparatus for supplying controlled
      direct current power to a load and more particularly to an improved
      circuit of the chopper-type using solid state controlled rectifiers. The
      use of SCR devices in DC to DC power converters is known: see for instance
      "Principles Of Inverter Circuits" B. D. Bedford and R. G. Hoft -- John
      Wiley 1964, pages 340-357. Chopper circuits are used for the purpose of
      controlling the flow of power from a DC source to a load, which may be a
      DC motor. One important element of a chopper circuit is the commutating
      circuit. While SCR devices are used to switch a load current in the power
      path from the DC source to the load, control and regulation require
      controlled conduction of the main power switch. When gated the SCR device
      is turned on, however, a commutating circuit is necessary to turn off
      again the conducting SCR device. Generally, a commutating circuit
      comprises a commutating capacitor and a commutating thyristor. Some
      problems arise for an efficient use of the commutating capacitor. For
      instance, it is known to use an autotransformer in association with the
      commutating capacitor to insure that the capacitor is always charged up
      whenever load current starts to flow (see General Electric Silicon
      Controlled Rectifier Manual, 1964, page 169, FIG. 9.2.11 "The Jones
      Chopper").
PAR  Still the circuits of the prior art are not always satisfactory from the
      point of view of reliability, efficiency, or cost.
PAR  An object of the present invention is to provide a circuit for controlling
      DC power which is stable in operation, capable of increasing the upper
      limit for the frequency range of operation, of broadening the range of
      control of the DC power for a given size of the commutation capacitor and
      of reducing the size of the commutation capacitor for a given range of
      power control.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention apparatus is provided for
      supplying controlled direct current power to a load from a direct current
      power source, comprising reverse conducting controlled rectifier means for
      switching current from the source to the load in the forward direction,
      gated capacitor means for commutating the rectifier means out of
      conduction, with the provision of saturable transformer means having an
      unsaturated state between two saturated states, the power path including
      said rectifier means and said transformer means when the latter is in one
      of the saturated states; and in which said gated capacitor means is
      operative to apply a commutating voltage to said transformer means for
      changing the state thereof into said unsaturated state and for applying
      therethrough a reverse current to said rectifier means, thereby to
      terminate the conduction thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a chopper circuit of the prior art used in conjunction with a
      load illustrated as a direct current motor with a field winding;
PAR  FIG. 2 shows curves A through G illustrating the operation of the circuit
      of FIG. 1;
PAR  FIG. 3 illustrates the circuit according to the present invention;
PAR  FIG. 4 shows curves A through I illustrating the operation of the circuit
      of FIG. 3;
PAR  FIG. 5 represents the magnetic flux characteristic of the saturable
      autotransformer shown in FIG. 3;
PAR  FIG. 6 shows a typical anode voltage to anode current characteristic of a
      reverse conducting thyristor device such as shown in FIG. 3;
PAR  FIG. 7 is a circuit combining a thyristor and an antiparallel diode which
      is equivalent to the reverse conducting thyristor device of FIG. 3.
PAR  This invention provides a circuit for controlling a DC power wide in a
      range of control of DC output powers, and stable in operation upon a
      variation of load while requiring only a small capacitor for commutating a
      main thyristor.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  FIG. 1 is a diagram illustrating one example of a circuit for a
      conventional apparatus for controlling a DC power (which is called a
      chopper hereinafter). This circuit includes: a source of direct current 1,
      a main thyristor 2, a thyristor 3 for turning off the main thyristor 2
      (hereinafter called a commutation thyristor), a thyristor 4 for charging a
      commutation capacitor 5 (called hereinafter a charging thyristor), a
      reactor 6, a load 7 (shown, by way of example, as being a direct current
      motor 9 having a field winding 8) and a rectifier diode 10.
PAR  FIG. 2 is a diagram explaining the operation and illustrating voltage and
      current waveforms for various portions in the circuit of FIG. 1 in the
      steady-state operation. Curves A and B show waveforms of voltage and
      current for the main thyristor 2. Curves C and D show waveforms of voltage
      and current for the commutation thyristor 3. Curve E shows a waveform
      illustrating the voltage across the commutation capacitor 5. Curve F is a
      current waveform for the charging thyristor 4, and curve G shows a current
      waveform for the rectifier diode 10.
PAR  In FIG. 1, it is now assumed that the capacitor 5 is charged to a voltage
      V.sub.DC across the DC source 1 with the polarity reversed from that
      illustrated. If the gates of the thyristors 2 and 4 are triggered at a
      point in time t.sub.1 (FIG. 2), then those thyristors are turned on to
      supply power from source 1 to load 7. Simultaneously, a resonance current,
      such as in curve F, flows through a closed circuit comprising the DC
      source 1, thyristor 2, capacitor 5, reactor 6, and thyristor 4, and
      returned to the DC source 1 due to the resonance of the capacitor 5 and
      the reactor 6. When this flow of resonance current terminates after one
      half cycle (at a point in time t.sub.2), the voltage across the capacitor
      5 is charged to a voltage equal to three times the voltage across the DC
      source (3V.sub.DC) with the polarity as illustrated (see curve E), while a
      reverse voltage is applied to the thyristor 4 to turn thyristor 4 off.
PAR  Then, when the gate of the commutation thyristor 3 is triggered at a
      predetermined point in time t.sub.3, thyristor 3 is turned on causing a
      current, shown by curve D, to flow through a closed circuit back to the DC
      source 1 comprising the DC source 1, the thyristor 3, the capacitor 5 and
      the load 7. In this case, load 7 is a series winding motor and therefore
      it is assumed that the thyristor 3 has flowing therethrough a current
      having a peak magnitude identical to that immediately before the firing of
      the thyristor due to the action of the inductive component of that motor.
      As a result, a voltage across capacitor 5 is rectilinearly changed as
      shown by curve E. When the voltage across capacitor 5 is charged to
      V.sub.DC with a polarity reversed from that illustrated at a point in time
      t.sub.5, charging terminates. At that moment, the main thyristor 2 is
      applied with a reverse voltage as shown by curve A. If the time interval
      (t.sub.r =t.sub.4 -t.sub.3) during which this reverse voltage is applied
      is longer than the turn-off time of the main thyristor, then the main
      thyristor is turned off. Thereafter, the load current flows through the
      diode 10 at and after the time t.sub.5 due to the action of the inductance
      of the load 7.
PAR  The foregoing describes the operation for one cycle in the normal
      operation.
PAR  Upon starting, an initial voltage charged on capacitor 5 is null and
      therefore the thyristors 2 and 4 are triggered. After the capacitor has
      been charged with the resonance current, a voltage thereacross is
      approximately of 2V.sub.DC. However, it is charged up to 3V.sub.DC in the
      second cycle, as previously explained.
PAR  Conventional circuits such as above described are disadvantageous in the
      following respects:
PAR  i. Since, during the commutation the current charging the capacitor 5 (a
      current flowing through the main thyristor 3) is substantially equal to
      the load current at time t.sub.3, the charging time is much changed by any
      variation in the load. More specifically, the reverse bias time (t.sub.r
      =t.sub.4 -t.sub.3) of the main thyristor may be so affected by a variation
      in the load that the reverse bias time becomes short under heavy loading.
      Thus there is a danger that the main thyristor fails to be commutated (or
      fails to be turned off). On the other hand, because the load current is
      small under light loading, the capacitor has a long charging time (t.sub.3
      -t.sub.5). If the charging time is too long and if the commutation
      thyristor 3 is in its conducting state or in such state that it does not
      recover the blocking power in the next cycle and even immediately before
      the thyristors 2 and 4 are turned on, then a short-circuiting circuit is
      formed consisting of the DC source 1 the thyristor 3, the reactor 6 and
      the thyristor 4 and it is disabled to perform the further operation.
PAR  ii. As the operating frequency of the circuit and the operating duty of the
      main thyristor are affected by both the turn-off time of each thyristor
      and the load current, as above described, the maximum operative frequency
      is low.
PAR  Also for similar reasons, the operating duty of the main thyristor is
      narrow in its variable range, which causes a narrow range within which an
      electric power supplied to the load can be controlled. Therefore, if a DC
      motor, for example, is the load, it has the disadvantage that the range
      within which the speed can be varied is narrow.
PAR  iii. For the commutation capacitor 5 a relatively high magnitude is
      required.
PAR  In contrast, the present invention provides a circuit for controlling a DC
      power, stable in operation and capable of increasing the upper limit of
      the operating frequency while being capable of broadening the range of
      control of DC power and still requiring the magnitude of the commutation
      capacitor to be relatively small.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 3 is a circuit diagram illustrating one embodiment of the present
      invention. Reference numerals identical to those in FIG. 1 designate
      components identical or corresponding to those shown in FIG. 1. The
      circuit comprises a main thyristor 11 consisting in a reverse conducting
      triode thyristor, a rectifier diode 12, a resistance 13, and a saturable
      current transformer 14 having an intermediate tap, defining a primary
      winding 15 and a secondary winding 16.
PAR  A reverse conducting triode thyristor (reverse conducting 3-terminal
      thyristor) such as the main thyristor 11 of FIG. 3 is a thyristor having
      the switching function in the forward direction like a reverse blocking
      triode thyristor (reverse blocking 3-terminal thyristor) as shown in FIG.
      6 but not having the blocking power in the reverse direction so that a
      reverse current comparable to the forward current can flow through the
      thyristor. An equivalent circuit is shown in FIG. 7.
PAR  FIG. 4 includes curves explaining the operation and illustrating voltage
      and current waveforms for various portions of the circuit of FIG. 3 in
      normal operation. Curves A and B indicate an anode voltage and a current
      waveform for the main thyristor 11. Curves C and D indicate an anode
      voltage and an anode current waveform for the commutation thyristor 3.
      Curve E indicates an anode current waveform for the voltage charging
      thyristor. Curve F is a voltage waveform for the commutation capacitor 5.
      Curve G is a current waveform for diode 12. Curve H is a current waveform
      for diode 10 and curve I indicates the waveform of the magnetic flux in
      the saturable current transformer 14.
PAR  In FIG. 3 it is assumed that capacitor 5 has been initially charged to
      substantially a source voltage of V.sub.DC with the polarity reversed from
      the one illustrated, and also that the saturable current transformer 14 is
      in its saturated state, while a current is flowing through a closed
      circuit including load 7, diode 10 and saturable current transformer 14.
PAR  Further, the saturable current transformer 14 has generally hysteresis but
      it is here assumed that it has no hysteresis in order to facilitate the
      analysis. Also it is assumed that at the inductance no saturation is
      infinitely high and the inductance at saturation is constant with a
      linearity by approximation such as shown in FIG. 5. It is assumed that the
      current transformer has primary and secondary windings wound with the
      polarity illustrated and under close coupling.
PAR  First, the gates of the main thyristor 11 and the charging thyristor 4 are
      triggered at a time t.sub.11. This causes the turning on of those
      thyristors. At that time, since the saturable current transformer 14 is in
      its saturated state, electric power from the DC source 1 is supplied to
      the load 7 through the main thyristor 11 and the saturable current
      transformer 14. Also a resonance current from the source 1, due to
      capacitor 5 and the saturation inductance of the saturable current
      transformer, flows through a closed circuit including the main thyristor
      11, the primary winding 15 of the saturable current transformer 14, the
      capacitor 5 and the charging thyristor 4, (see curve E, FIG. 4), and
      capacitor 5 becomes charged up to substantially 3V.sub.DC with the
      polarity illustrated. Upon the charging of the capacitor 5 being
      terminated, the flow of the resonance current terminates (at a time
      t.sub.12), and the charging thyristor 4 receives a reverse voltage to be
      turned off.
PAR  Then, after the lapse of a predetermined time interval, the gate of the
      commutation thyristor 3 is triggered at a time t.sub.13 (FIG. 4),
      whereupon the commutation thyristor 3 is turned on to initiate the charge
      of the capacitor 5 to discharge through the primary winding 15 of the
      saturable current transformer 14, the main thyristor 11, and the
      commutation thyristor 3. Thereupon, the saturable current transformer 14
      is returned from its saturated region back to the unsaturated region to
      limit the capacitor current by current transformer action. More
      specifically, assuming that a turn ratio between the primary winding 15
      and the secondary winding 16 is of 1:n (n&lt;1), the current ic flowing
      through the capacitor 5 is the sum of the load current Io and a reverse
      current i.sub.R (= nIo) through the main thyristor.
PAL  Therefore,
EQU  ic = Io + i.sub.R = (1 + n)Io
PAL  is obtained. Accordingly, the voltage across the capacitor is rectilinearly
      decreased to swing a magnetic flux in the current transformer in the
      negative direction.
PAR  Then, when the magnetic flux in the saturable current transformer 14
      reaches its saturatd magnetic flux .PHI.m at a time t.sub.14 as shown by
      curve I, the current transformer is saturated leading to a flow of
      resonance current due to both the saturation inductance thereof and the
      capacitance of the capacitor 5 (t.sub.14 -t.sub.15).
PAR  If the resonance current decreases to (1 + n)Io at a time t.sub.15, then a
      negative current is applied to the current transformer 14 to again swing
      the transformer into its unsaturated region. Therefore, the magnetic flux
      goes from -.PHI.m to +.PHI.m. At that time, the current through capacitor
      5 is reduced to (1 + n)Io.
PAR  Upon the magnetic flux in the saturable current transformer 14 reaching the
      saturated magnetic flux, the current transformer is saturated thus
      deprived of current transformer action. Thus, the reverse current through
      the main thyristor 11 becomes null at a time t.sub.16 to terminate the
      bias time interval of the main thyristor. Between time points t.sub.16 and
      t.sub.17 the capacitor is overchanged due to both the impedance of the
      source and the impedance of the wiring, not shown in FIG. 4.
PAR  At time t.sub.17, the capacitor is charged to substantially 3V.sub.DC with
      a polarity reversed from that illustrated. This charge is discharged
      through resistance 13, diode 12, DC source 1, diode 10 and the primary
      winding 15 of the current transformer 14. By selecting a magnitude R of
      the resistance 13 so that R.gtoreq.2.sqroot.L/C holds (where L is the
      inductance of the current transformer 14, and C is the capacitance of the
      capacitor 5), the discharge current does not oscillate. At a time t.sub.18
      the voltage across capacitor 5 equals the voltage V.sub.DC across the DC
      source thereby to stop the discharge.
PAR  Where the load 7 is inductive, a current flows through a closed circuit
      including load 7, diode 10 and the current transformer 14 at and after
      time t.sub.16.
PAR  The foregoing describes the operation during one cycle in the normal
      operation.
PAR  As described for the conventional system, initial voltage across the
      capacitor is null at the start. Therefore, when the main thyristor 11 and
      the charging thyristor 4 are first triggered, the capacitor is charged up
      to twice the source voltage (2V.sub.DC) with the polarity illustrated.
      Thereafter the triggering of the commutation thyristor 3 causes the
      capacitor 5 to charge to about 2V.sub.DC with the polarity reversed from
      that illustrated, in an operation similar to the one hereabove described,
      after which it is discharged to V.sub.DC. Thus, the capacitor is charged
      to about 3V.sub.DC, with the polarity illustrated, in the second cycle.
PAR  The foregoing description of the commutation of the main thyristor 11 has
      been made in the case when the magnetic flux in the saturable current
      transformer 14 reaches the saturated magnitude -.PHI.m at time t.sub.14
      when the voltage across the capacitor is still positive. However, for high
      magnitudes of the load current Io, the magnetic flux in the current
      transformer reaches -.PHI.m at such time that the voltage across the
      capacitor 5 has just become null. In such event, both the saturation
      inductance of the current transformer and the resonance current portion
      through the capacitor during t.sub.14 and t.sub.15 disappear thereby to
      give the current through the capacitor, that is the current through the
      commutation thyristor 4 (curve D) a trapezoidal waveform. For a further
      increase in the load current Io, the magnetic flux in the current
      transformer does not reach -.PHI.m. In such case the current through
      capacitor 5 (the current through the commutation thyristor 4) has a
      conduction time t.sub.13 -t.sub.16 which decreases with an increase in the
      load current. Accordingly, the capacitance of the capacitor and the
      dimension and the number of turns of the saturable current transformer may
      be selected so that for a maximum load current, the magnetic flux in the
      current transformer reaches the saturated magnetic flux of -.PHI.m when
      the voltage across the capacitor is null.
PAR  The current characteristics in the circuit according to the present
      invention offers the following excellent features:
PAR  If during the conduction of the load current Io, the magnetic flux in the
      saturable current transformer 14 has reached -.PHI.m when the voltage
      across the capacitor 5 is null upon commutation, at that time, the
      saturation inductance of the current transformer and the capacitor cause
      no resonance and the capacitor current approximates a trapezoidal wave.
      Therefore, the main thyristor has a reverse bias time (t.sub.r =t.sub.16
      -t.sub.13) given by the following equation:
EQU  (1 + n)Io .sup.. t.sub.r = 2 .sup.. (3V.sub.DC) .sup.. C
PAL  Therefore
      ##EQU1##
      assuming now that n = 0.2 it follows that
      ##EQU2##
      In contrast, the prior art circuit of FIG. 1 has the capacitor charging
      with the constant load current Io during the commutation of the main
      thyristor. Therefore, the reverse bias time (t.sub.r =t.sub.4 -t.sub.3) of
      the main thyristor is given by the following equation:
EQU  Io .sup.. t.sub.r = C.sup.. 3V.sub.DC
PAL  Therefore:
      ##EQU3##
      Comparing equation (1) with equation (2) the circuit of the present
      invention has a reverse bias time, which is applied to the main thyristor,
      increased by 5/3 times as compared with the prior art circuit for a
      capacitor of the same magnitude. As a result, it is possible to use a
      thyristor having a correspondingly long turn-off time. On the other hand,
      if a thyristor having the same turn-off time is used, then it is seen that
      the capacitance of the capacitor of the present invention may be reduced
      to 3/5 of the capacitance of the capacitor in the prior art.
PAR  Also by setting the reverse bias time t.sub.r of the main thyristor 11 to
      be equal to, or greater than, the turn-on time thereof for both a maximum
      load and a minimum load, it is possible to maintain a stable operation of
      the circuit of the present invention independently of a variation in load.
      Also by ensuring that the reverse bias time is equal to or greater than
      the turn-off time as above described with a maximum source voltage, the
      operation can be performed independently of a change in the source
      voltage.
PAR  In contrast, prior art circuits are subject to limitations as to the load
      requirements because the capacitor increases in both discharging and
      charging times (t.sub.3 -t.sub.5 in FIG. 2) under light loading to
      increase the conduction time of the commutation thyristor 3. Also a
      decrease in the source voltage causes the main thyristor to decrease in
      the reverse bias time.
PAR  It appears that the circuit according to the present invention can perform
      with stable operation despite variations in both source voltage and load.
PAR  It also appears that the circuit according to the present invention is not
      affected by either load and source voltage and therefore, the range within
      which the operating duty is variable can be broadened while the operating
      frequency can still be increased toward the upper limit. If a DC motor is
      used as the load (as the case is with the above-mentioned embodiment),
      then broadening of the range within which control is possible means that a
      broad range of speed control is possible. That the operating frequency is
      high means that a direct current of relatively slow ripple can be supplied
      to the motor.
PAR  Furthermore, the voltage across the commutation capacitor is returned to
      the source voltage V.sub.DC with a polarity reversed from that illustrated
      in FIG. 3 at the end of each cycle. Thus the capacitor is charged up to
      substantially 3V.sub.DC with the polarity illustrated for the next cycle.
PAR  Accordingly, the voltage across the capacitor is rarely raised to a voltage
      in excess of three times the source voltage.
PAR  As can be realized from the above description, the circuit according to the
      present invention can be used for controlling DC power under a stable
      operation and capable of raising the upper limit of the operating
      frequency with a simple circuit configuration while, broadening the range
      of DC power control is provided and while keeping the magnitude of the
      commutation capacitor relatively low.
PAR  The description has been made in the case of a reverse conducting triode
      thyristor device being used as the main switch. It is possible to replace
      such reverse conducting thyristor device by a combination of a reverse
      blocking triode thyristor 21 and a rectifier diode 22 in antiparallel
      configuration as shown in FIG. 7.
CLMS
STM  We claim:
NUM  1.
PAR  1. In apparatus operative with a direct current power source for supplying
      current through a predetermined power path to a load, the combination of:
PA1  reverse conducting controlled rectifier means for switching said load
      current from said source to said load in the forward direction;
PA1  a commutating thyristor and a capacitor in series connection thereto for
      commutating said rectifier means out of conduction;
PA1  a charging thyristor and a resistor in series connection thereto for
      initially charging said commutating capacitor from said source with a
      predetermined initial potential;
PA1  a saturable autotransformer having an unsaturated stated between two
      saturated states, said autotransformer including a first winding connected
      to said rectifier means, a second winding connected to said load, and a
      tap terminal common to said first and second windings and connected to
      said commutating capacitor with said first winding having more turns than
      said second winding;
PA1  said power path including said rectifier means and said first and second
      winding of said autotransformer in one of said saturated states; and
PA1  said commutating thyristor and capacitor being connected in parallel to
      said first winding and said rectifier means and being operative to apply a
      commutating voltage to said auto-transformer for changing the state
      thereof into said unsaturated state and for applying therethrough a
      reverse current to said rectifier means for terminating the conduction of
      said rectifier means.
NUM  2.
PAR  2. The apparatus of claim 1 with means for gating said rectifier means for
      conduction for resonantly charging said capacitor from said initial
      potential to a commutation potential and for initiating an operation
      period for said load, said autotransformer being in a saturated state.
NUM  3.
PAR  3. The apparatus of claim 2 with means for gating said commutating
      thyristor at an instant selected for the termination of said operation
      period, said commutating potential being applied to said first winding to
      desaturate said autotransformer up to the other said saturated state, and
      said commutating capacitor being further operative through said first
      winding to return said autotransformer to said one saturated state.
NUM  4.
PAR  4. The apparatus of claim 3 with said capacitor means being discharged back
      to said initial potential following the return of said rectifier means to
      non-conduction.
NUM  5.
PAR  5. The apparatus of claim 3 with the provision of diode means connected in
      parallel to said autotransformer and said load for allowing circulation of
      inductive energy following the return of said rectifier means to
      nonconduction.
NUM  6.
PAR  6. An apparatus for supplying controlled direct current power to a load,
      said apparatus comprising a first serial network including main reverse
      conducting thyristor means and saturable transformer means having an
      intermediate tap, said first serial network being in series with said
      load; a second serial network including charging thyristor means and
      commutating thyristor means serially connected in the forward direction,
      and connected in parallel to said first serial network; a third serial
      network including a commutating capacitor connected between said
      intermediate tap and the junction point between said charging and
      commutating thyristors, charging diode means and charging resistor means
      serially connected across said commutating thyristor means; and second
      diode means connected at one end to the junction point between said main
      thyristor means and said saturable transformer means and at the other end
      to the junction point between said charging thyristor means and said load.
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ABST
PAL  An induction heating unit including inverter circuit means comprised by a
      gate controlled thyristor and commutation circuit coupled together in
      circuit relationship and excited from a set of power supply terminals
      connected to a source of excitation potential. An induction heating coil
      is coupled to and excited by the inverter circuit means in a manner such
      that the loading on the induction heating coil determines at least in part
      the operating frequency at which the inverter circuit means operates.
      Gating circuit means comprised by a gating signal generator and enabling
      circuit means are coupled to and control turn-on of the gate control
      thyristor with the gating circuit means comprising a feedback sensing
      circuit coupled to the induction heating coil for deriving a feedback
      trigger signal synchronized with the frequency of operation of the
      commutation circuit.
PARN
PAR  This is a division of application Ser. No. 354,764, filed Apr. 26, 1973,
      now U.S. Pat. No. 3,886,342.
BSUM
PAR  Wide range power control including capability of operation at low power
      levels is made possible for the chopper inverter comprised by the
      thyristor and commutation circuit wherein the commutation circuit
      comprises serially connected capacitor and inductor commutating reactor
      components connected in parallel circuit relationship across the gate
      control thyristor. Wide-range control of the output power from the circuit
      is achieved at low cost utilization of a plurality of commutating
      capacitor elements and commutating capacitor element switching means for
      switching different value commutating capacitor elements into operating
      circuit relationship in the commutation circuit. Shunt capacitor elements
      are provided together with shunt capacitor element switching means for
      switching certain ones of the commutating capacitor elements in shunt
      capacitor relationship across at least a part of the inductor commutating
      component at low power levels whereby current normally flowing through the
      inductor commutating reactive is shared with the shunt capacitor allowing
      the circuit to operate safely at low power levels.
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention relates to a new and improved induction cooking unit capable
      of safe operation with metal base pans of all types having a wide range
      control of the power level at which the induction cooking unit operates.
PAR  More particularly, the invention relates to an improved induction cooking
      unit of the type intended for use with kitchen ranges having a cool
      insulating top surface. At least one pancake-shaped planar induction
      heating coil disposed below the insulating surface and produces magnetic
      lines of flux that are coupled to a pan or other metal base cooking vessel
      placed on the insulating surface over the coil. The coil is excited by
      high frequency currents supplied to the coil by an improved chopper
      inverter supply constructed in accordance the present invention, and which
      makes it possible to operate safely metal-base cookware of all types
      including highly conductive aluminum, copper and other pans without
      endangering the induction cooking unit. Further the unit may be operated
      safely over a wide range of power levels including quite low power levels,
      of the order of 1/24 of the maximum level of power available from the
      unit.
PAC  Background of the Invention
PAR  U.S. Pat. No. 3,710,062 issued Jan. 9, 1973 for Metal Base Cookware
      Induction Heating Apparatus, etc Philip H. Peters, Jr. Inventor assigned
      to the Environment/One Corporation, of Schenectady, New York, describes an
      induction heating apparatus for metal base cookware. The apparatus
      utilizes a solid state silicon control rectifier chopper inverter circuit
      to electrically excite a pancake shaped, planar induction heating coil at
      comparatively high frequencies of the order of 20 kilohertz. The induction
      heating coil is disposed below a cooktop smooth insulating surface on
      which metal base cookware to be heated is placed. Magnetic lines of flux
      produced by the induction heating coil are tightly coupled to and generate
      heat in the metal base cookware. Due to the periodic build-up and collapse
      of the magnetic lines of flux at a relatively high rate of 20 kilohertz,
      high frequency currents are induced in the surface of metal base cookware.
      Because of the high surface resistivity of the metal base cookware at this
      high frequency, relatively efficient heating of the metal base cookware is
      achieved.
PAR  While the induction heating apparatus disclosed and claimed in U.S. Pat.
      No. 3,710,062 is satisfactory in many respects, it is desirable that the
      apparatus be capable of being safely operated with all types of metal base
      cookware such as highly conductive pans of aluminum, copper, etc.; that
      the rf power produced by the apparatus be capable of being controlled over
      a wide range of power including very low power levels; and that soft
      starting and shut-down of the induction heating unit to minimize high
      transient voltages and currents be incorporated in an induction heating
      apparatus that is relatively simple and inexpensive to manufacture and
      reliable in operation, and easy to maintain.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of the present invention is to provide a new and improved
      induction cooling unit which is capable of all pan operation and which
      includes a pan safety control feature that allows the unit to be operated
      safely with aluminum, copper or other highly conductive pans that
      inadvertnetly inadvertently be used by a housewife or other operator of
      the unit.
PAR  Another feature of the invention is the provision of a new and improved
      induction heating unit which is capable of operation over a very wide
      range of power levels including quite low power levels while still
      providing adequate commutating time intervals for the thyristor used in
      the inverter circuit to excite the induction heating coil which are within
      the rate of recovery time of the thyristor.
PAR  A still further feature of the invention is the provision of the new and
      improved induction heating unit having the above characteristics which is
      capable of operation with a minimum stressing of circuit components with
      voltage and high transients.
PAR  In practicing the invention, a new and improved induction heating unit is
      provided which includes inverter circuit means comprised by a gate control
      thyristor and a commutation circuit coupled together in circuit
      relationship and excited from a set of power supply terminals that are
      designed for connection to a source of excitation potential that may
      comprise a conventional residential, commercial or industrial source of
      alternating current. An induction heating coil is coupled to and excited
      by the inverter circuit in a manner such that the loading and unloading of
      the induction heating coil determines at least in part the frequency at
      which the inverter circuit means operates. Gating circuit means are
      coupled to and control turn-on of the gate controlled thyristor comprising
      a part of the inverter circuit means and comprises a feedback sensing
      circuit means coupled to the induction heating coil for deriving a
      feedback trigger signal that is synchronized with changes in the resonant
      frequency of the commutation network. The gating circuit means further
      includes a gating signal pulse generator for generating high frequency
      signal pulses having a repetition rate determined by a desired operating
      frequency for the chopper-inverter circuit and of sufficient energy to
      insure turn-on of the gate control thyristor. Enabling means are coupled
      to and enable initiation of operation of the gating signal pulse generator
      and is responsive to an alternating signal coupling circuit means
      comprising a differentiating network which intercouples the last mentioned
      enabling means with the feedback sensing circuit for synchronizing
      operation of the gating signal pulse generator with changes in the
      resonant frequency of the commutating network of the inverter circuit due
      to loading and unloading of the induction heating coil.
PAR  Wide range control over the power output level of the inverter circuit
      means including operation at low power level, is achieved by switching
      means for a plurality of commutating capacitor elements that comprise the
      serially connected commutating capacitor reactive component connected in
      series circuit relationship with an inductor reactive component to form
      the commutation circuit for the inverter. The gate controlled thyristor is
      connected in parallel circuit relationship across the serially connected
      capacitor and inductor commutating reative components. The capacitor
      commutuating element switching means is provided for connecting different
      values of commutating capacitance in operating circuit relationship in the
      commutation circuit means to thereby control the output power level
      generated by the circuit. Shunt capacitor means are provided along with
      shunt capacitor switching means for switching certain ones of the
      commutating capacitor elements in shunt circuit relationship across at
      least a part of the inductor reactive component at low power levels
      whereby the shunt capacitor components share current flowing through the
      inverter with the inductor component coupled to the pan load at low power
      levels. This results in reducing the effective inductance of the inductive
      reactive component and increasing the effective capacitance of the
      capacitor reactive component so as not to reduce the circuit commutating
      turn-off time below a value which is less than the rated recovery time for
      the gate control thyristor used in the circuit.
PAR  Start-up and shut-down transients in the induction heating unit are kept to
      a minimum in a low cost construction by the provision of zero point pulse
      generator means coupled to the power supply terminals for producing an
      enabling output pulsed signal at the occurrence of each zero point in the
      periodic undulating excitation potential supplied to the inverter circuit
      means. Zero point coincidence circuit means are coupled and control
      operation of the gating signal generator in response to the output from
      the zero point pulse generator means so as to condition the circuit for
      turn on as well as turn off of the gating signal generator means only at
      or near the periodic zero points in the periodic undulating excitation
      potential.
DRWD
PAR  These and other objects, features and advantages of the invention, will be
      appreciated more readily as the same becomes better understood by
      reference to the following detailed description when considered in
      connection with the accompanying drawings, wherein like parts in each of
      the several figures are identified with the same reference character; and
      wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a functional block diagram of a new and improved induction
      heating unit constructed in accordance with the invention;
PAR  FIG. 2 is a detailed schematic circuit diagram of the new and improved
      induction heating unit shown schematically in FIG. 1;
PAR  FIG. 2A is a functional schematic sketch showing a preferred construction
      for the pancake-shaped heating coil disposed below a smooth and cool
      cooktop insulating surface and on which a pan or other metal base cooking
      vessel is disposed during cooking operations;
PAR  FIG. 3(a) through FIG. 3(g) comprise a series of voltage wave from versus
      time characteristic curves illustrating the manner of operation of the
      circuit shown in FIG. 2 at several points in the circuit;
PAR  FIGS. 4, 4A, 4B and 4C are functional schematic sketches showing the
      construction of the capacitor commutating reactive components and the
      switching assembly employed to selectively connect such components in the
      circuit shown in FIG. 2 to achieve wide range power control;
PAR  FIG. 5(a) through 5(f) comprise characteristic wave shapes illustrating the
      current through the thyristor power control device for various settings of
      the power control switching element shown in FIGS. 4A through 4C;
PAR  FIG. 6 is a detailed schematic circuit diagram of a low cost version of the
      improved induction heating unit circuit which does not employ zero point
      starting and turnoff; and
PAR  FIG. 6A is a schematic circuit diagram of a modification of the FIG. 6 as
      well as FIG. 2 circuits and illustrates the manner of connection of a pan
      temperature control to the circuits.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a functional block diagram of a preferred form of a new and
      improved induction heating unit constructed in accordance with the
      invention. In FIG. 1, an induction heating coil L3 is shown at the right
      hand side of the drawing, and upon excitation its near induced field can
      be magnetically coupled to a pan 11 thereby causing the pan to be heated.
      A preferred physical construction for the induction heating coil L3 is
      shown in FIG. 2A of the drawings wherein it is seen that the coil L3
      consists of one spirally wound coil or several such coils stacked one
      above the other to form a planar pancake. The coil L3 is disposed under an
      insulated cool top surface 12 which physically supports the pan 11. The
      desirability and benefits of a cooking range utilizing such an induction
      heating coil and electrostatic shield arrangement are described more fully
      in the above referenced U.S. Pat. No. 3,710,062, and in copending U.S.
      Ser. No. 263,639, be repeated in detail.
PAR  The induction heating coil L3 is excited from an inverter circuit means 13
      that in turn is coupled to and excited from a pair of power supply
      terminals 14 and 15 that in turn are adapted to be connected a source of
      excitation potential. The source of excitation potential comprises a main
      power rectifier 16 that is designed to be connected to a conventional
      source of industrial, commercial or residential alternating current
      through a fast acting magnetic circuit breaker MCB and operator control
      switch S3. The main power rectifier 16 preferably comprises a full wave
      rectifier that supplies a full wave rectified potential across the power
      supply terminals 14 and 15 to the chopper inverter circuit means 13 whose
      construction will be described more fully hereinafter. Filtering of the
      high frequency component appearing between the power supply terminals 14
      and 15A is achieved with the filter and inverter charging inductor L2 in
      conjunction with filter-capacitor C2 connected across terminals 14 and 15.
      The full wave rectified 120 hertz potential of main power rectifier 16
      appearing across terminals 14 and 15 also is filtered somewhat
      (semifiltered) by the C2 filter capacitor.
PAR  The inter-relationship of the L2 inductor and the C2 filter capacitor and
      their role in the operation of the inverter circuit with a semi-filtered
      dc supply is described more fully in the above referenced U.S. Pat. No.
      3,710,062.
PAR  Power control of the output power generated by the inverter circuit means
      13 is achieved by C1/C0 power control switch means 17 that is ganged to
      operate in conjunction with an operator's on-off control switch 18, as
      indicated by the dotted line connection 19. Upon appropriate setting of
      the C1/C0 power control switch 17, and turn on of the inverter circuit
      means 13, the inverter will thereafter operate in the normal manner of a
      series commutated chopper inverter to produce output power pulses of
      current having a frequency of the order of 20 kilohertz which are supplied
      to the induction heating coil L3. For a more detailed description of the
      construction and operation of the inverter circuit means 13, reference is
      made to the above-noted U.S. Pat. No. 3,710,062, the disclosure of which
      hereby is expressly incorporated by reference. Briefly, however, it can be
      stated that upon the silicon control rectifier thyristor comprising a part
      of the inverter circuit means being gated on, the circuit automatically
      will discharge and then recharge a commutating capacitor with current
      flowing through the induction heating coil L3, and thereafter will
      commutate (turn off) the thyristor. Repeated turn on and turn off of the
      thyristor in this manner operates to produce the high frequency output
      pulses of current that are used to excite a current flow the induction
      heating coil L3 at the 20 kilohertz rate.
PAR  Gating-on of the thyristor in the inverter circuit 13 is controlled by an
      all pan dv/dt t.sub.2 timing gating control circuit 21 which in turn is
      controlled at least in part by the operators on off control switch 18. The
      dv/dt t.sub.2 timer 21 is itself excited from a low voltage direct current
      supply shown at 20 and which may derive its power from the main power
      terminals 14 and 15 connected across the output from the main power
      rectifier 16. Alternatively, the low voltage dc supply 20 may be provided
      by the alternating current source from the line side of rectifier 16 via a
      separate small transformer and rectifier arrangement in a conventional
      well known manner.
PAR  In operation the dv/dt t.sub.2 timer produces gating on signal pulses
      having a repetition rate related to the no load operating frequency of the
      inverter circuit 13. As will be explained more fully hereinafter, the
      loading and unloading of the L3 induction heating coil be the presence or
      absence of pan 11 will affect the operating frequency of the inverter
      commutation circuit. In the case of highly conductive pans fabricated from
      aluminum, copper, alloys of such materials and the like, the effect of the
      pan load is such that the commutating frequency of the inverter circuit is
      raised to a much higher value than it otherwise would be in the absence of
      a load, or in the presence of a suitable, or proper load such as a pan of
      iron, stainless steel or other lossy metal base cooking vessel. In order
      to follow changes in the commutating frequency of the commutating circuit
      due to loading and unloading, feedback circuit means in the form of a
      feedback resistor network including resistor R3, is connected across the
      L3 induction heating coil, and supplies a synchronizing signal back to the
      dv/dt t.sub.2 timer gating control circuit 21 to lock its frequency of
      operation with the instantaneous operating frequency of the commutating
      circuit as is determined by its loading condition. As a result, changes in
      the commutating frequency of the commutation circuit due to loading and
      unloading of the L3 induction heating coil will not result in misfiring of
      the thyristor by the gating circuit with consequent improper operation of
      the inverter circuit as will be appreciated more fully following a reading
      of the detailed description of FIG. 2 of the drawings.
PAR  In addition to the measure of control provided by the operators on-off
      control switch 18, and the synchronizing signal from feedback resistor R3,
      the dv/dt t.sub.2 timer gating control circuit 21 also is controlled by
      the output from a zero point coincidence circuit 22 that in turn is
      controlled by the output from a zero point sensing and pulse generator
      circuit 23. The zero point pulse generator circuit 23 is connected to the
      main power rectifier 16, and produces a timing signal pulse upon the
      occurrence of the each substantial zero point in the full wave rectified
      output potential appearing across the main power supply terminals 14 and
      15. The zero point timing signal pulse is supplied to a zero point
      coincidence circuit 22 which operates to condition the circuit for turn-on
      or turn-off of the dv/dt t.sub.2 timer gating control circuit 21 only at
      or near substantial zero points of the undulating full wave rectified
      excitation potential appearing across the power supply terminals 14 and
      15. By this means, the high frequency chopper inverter circuit means 13,
      is allowed to turn-on or turn-off only at or near the substantial zero
      points of the full wave rectified undulating excitation potential
      appearing across main power supply terminals 14 and 15 thereby reducing to
      a minimum high voltage and a high current start-up and turn-off transients
      normally produced during start-up and turn-off of the circuit.
PAR  In addition to the above features, a more sophisticated cooking range may
      include a pan temperature sensor and amplifier control circuit 24. The pan
      temperature sensor employs an infra red temperature sensor which views the
      bottom of pan 11 and thereafter operates to control turn-on and turn-off
      of the dv/dt t.sub.2 timer gating control circuit 21 whereby pan 11 may be
      maintained at some desired preset temperature level. For a more detailed
      description of the sensor amplifier 24, reference is made to U.S. Pat. No.
      3,710,062 and to FIG. 6A described hereinafter.
PAR  In operation, after the circuit of FIG. 1 is turned-on by the housewife or
      other operator of the induction heating unit and set for achieving a
      desired amount of heating of the pan 11 as determined by the setting of
      the C1/C0 power control switch 17, at which point the line switch S3 and
      operators on-off control switch 18 have been closed in the sequence named
      to commence operation of the circuit. It is assumed that the circuit
      breaker MCB stays closed unless tripped by a fault. The fact of closure of
      the operators on-off control switch 18 is not of itself sufficient to
      initiate operation of the inverter circuit 13 for that can not occur until
      such time that a zero point is detected by the zero point pulse generator
      23. Upon this occurrence the zero point coincidence circuit 22 conditions
      dv/dt t.sub.2 timer gating control circuit 21 to initiate operation.
      Thereafter the gating control circuit 21 will generate output gating
      pulses at a frequency synchronized with the frequency of operation of the
      inverter circuit commutation network as determined by the loading and
      unloading on the L3 induction heating coil as described above.
PAR  While the dv/dt t.sub.2 timer gating control circuit 21 is precondition for
      operation by closure of the operators on-off control switch 18 with an
      appropriate presetting of the C1/C0 power control switch, actual operation
      does not take place until the occurrence of a zero point of the undulating
      full wave rectified excitation potential appearing across power supply
      terminals 14 and 15. By reason of this feature, start-up voltage and
      current transients are maintained at a minimum. By reason of the
      synchronized feedback through the feedback resistor R3 to control turn-on
      of the dv/dt t.sub.2 timer gating control circuit 21, proper and safe
      operation of the inverter circuit 13 under all conditions of loading and
      for all types of pans is assured. Finally, the design of the C1/C0 power
      control switch 17 as described hereinafter provides a large range of power
      control of the output control produced by the inverter circuit 13
      including very low levels of output power such as is required in cooking
      applications and yet allows safe operation of the inverter circuit over
      the full range of output power levels.
PAR  FIG. 2 is a detailed schematic circuit diagram of the new and improved
      induction heating unit constructed in accordance with the invention. In
      FIG. 2, it will be seen that the induction heating coil L3 is connected in
      series circuit relationship with a capacitor C3 with the series circuit
      thus comprised connected in parallel circuit relationship across a
      commutating capacitor C1. The commutating capacitor C1 in turn is
      connected in series circuit relationship with a commutating inductor L1
      and the series circuit thus comprised is connected across the power supply
      terminals 14 and 15A. Power supply terminals 14 and 15A are supplied with
      the undulating, full wave rectified excitation potential supplied from the
      output of the main power rectifier 16 comprised by a diode bridge D4, D5,
      D6 and D7 connected in a conventional full wave rectifier bridge network.
      A power rated thyristor comprised by a silicon control rectifier (SCR) Q1
      has its anode connected to the positive polarity power supply terminal 14
      and its cathode connected to the negative polarity power supply terminal
      15A. A feedback diode D1 is connected in reverse polarity, parallel
      circuit relationship with the SCR Q1. A suitable current sensing resistor
      R27 is connected in series with Coil L3. A conventional snubbing network
      comprised by a capacitor C7 and series connected resistor R17 is connected
      in parallel across the SCR Q1 and feedback diode D1. A pilot SCR Q2 is
      connected across the main power SCR Q1 through a current limiting resistor
      R15 and a common coupling resistor R16 that serves to transfer a gating-on
      pulse of sufficient magnitude to the control gate of Q1 to assure safe
      turn-on of Q1 even at very low levels of semi-filtered rectified supply
      potential across terminal 14 and 15A of the order of 10 volts.
PAR  In operation, upon the Q2 pilot SCR receiving a gating on pulse from the
      dv/dt t.sub.2 timer gating pulse generator 21 to be described hereinafter,
      Q2 turns on and couples a gating on pulse through the common load resistor
      R16 to the control gate of the main power thyristor Q1. It is assumed at
      this point in the operation, that the circuit breaker MCB has been closed
      as well as the S3 line switch and that excitation power from the full wave
      rectifier 16 is being supplied to power supply terminals 14 and 15. Under
      these conditions the commutating capacitor C1 (as well as the filter
      capacitor C3) will be charged substantially to the average rectified line
      voltage Vs of the power supply terminals 14 and 15. Ignore for the time
      being the shunt capacitor C0.
PAR  Upon gating on of the main power SCR Q1 the charge on the commutating
      capacitor C1 will be oscillated through the conducting SCR Q1 producing a
      current flow through the commutating inductor which at the end of one half
      t.sub.1 cycle will cause the polarity of the charge on the commutating
      capacitor C1 to reverse. Thereafter, the reverse polarity charge on the
      commutating capacitor C1 will cause current to flow back through the
      inductor L1 and reverse connected feedback diode D1 to return the charge
      on capacitor C1 to substantially its initial polarity and charged
      condition minus any circuit losses due to loading, etc. During this
      reverse conduction interval through feedback diode D1, the reverse
      polarity across SCR Q1 will cause it to commutate off (turn off) so that
      upon completion of the oscillation and return of the C1 commutating
      capacitor to substantially its original charged condition, current flow
      through the D1 feedback diode will be blocked and the circuit will assume
      its original charged condition ready for another pulsed oscillation. It
      will be appreciated that the interval of time in which the feedback
      current flows back through the feedback diode D1 determines the amount of
      commutating turn off time available in which to turn off SCR Q1.
PAR  Because of its nature and design the SCR Q1 requires some predetermined
      minimum turn off time in order to assure that it will regain its current
      blocking capabilities well in advance of the forward potential appearing
      across the power supply terminals 14 and 15A being reapplied across it
      upon the feedback diode D1 ceasing conduction. Because of this
      requirement, the C0 shunt capacitor, and its appropriate switching
      circuitry S0 (described hereafter with relation to FIG. 4), has been
      included to assure adequate turn off time for the SCR Q1 while operating
      under low power output conditions as well will be explained more fully
      hereinafter in connection with FIG. 4 of the drawings.
PAR  The above brief description of the chopper inverter circuit operation
      ignores the effect of the induction heating coil L3, which in conjunction
      with its series connected smoothing capacitor C3 functions also as a
      smoothing capacitor C3 functions also as a smoothing filter to produce an
      essentially sinusoidal wave form current flowing through the L3 induction
      heating coil as explained more fully in the above referenced U.S. Pat. No.
      3,710,062. The value of inductance of the L3 induction heating coil and
      the value of capacitance of capacitor C3 are adjusted so that the
      reactance of the parallel network comprised by L3, C3 and C1 always
      remains capacitive in nature at any frequency at which the inverter
      oscillates The frequency of oscillation of the charge on the C1
      commutating capacitor is determined primarily by the net capacitance of
      the parallel combination of the capacitor C1 and the reflected capacitance
      of the L3 C3 C0 network in series with the inductance of L1. This
      frequency, known as the commutating frequency, is changed by loading and
      unloading of the L3 induction heating coil upon a pan 11 being brought
      into inductive relationship with L3 or removed from it. Hence, loading and
      unloading of the L3 induction heating coil results in changing the natural
      resonant frequency of the entire commutating network. To accommodate this
      change in resonant frequency of the commutating network due to loading and
      unloading in a relatively simple and inexpensive manner, the present
      invention was devised.
PAR  Briefly stated, dynamic changes in the resonant operating frequency of the
      commutating network caused by tuning and detuning of the L3 induction
      heating coil due to loading and unloading with a pan, are accommodated by
      appropriate synchronization of the operation of the gating pulse signal
      generator 21 with a synchronizing feedback signal.
PAR  Synchronization of the operation of the gating pulse signal generator 21 is
      achieved by means of a synchronizing feedback signal derived from a
      feedback circuit means comprised by a pair of sensing resistors R2 and R3
      connected in series circuit relationship across the L3 induction heating
      coil. The junction of the sensing resistors R2 and R3 is coupled through
      alternating current signal coupling circuit means comprised by a capacitor
      C4 coupled to the base electrode of an enabling switching transistor Q4.
      Capacitor C4 and mainly resistors R2 comprise a differentiating network
      for differentiating the synchronizing feedback signal VL3 derived from
      across the induction heating coil L3, and apply the differentiated signal
      to the base electrode of the switching transistor Q4. A biasing resistor
      R4 is connected between the base of Q4 and the power supply terminal 14
      and a capacitor C4' is connected in parallel across the R4 biasing
      resistor and integrates so as to delay or prolong the turn-on period of
      conduction for the transistor Q4.
PAR  The switching transistor Q4 comprises an enabling means for enabling
      operation of the gating pulse generator signal 21. Gating pulse signal
      generator 21 is comprised by a programable unijunction transistor Q3
      (hereinafter referred to as a PUT). PUT Q3 has its anode connected through
      a variable resistor R7 and a fixed resistor R36 to the collector of PNP
      enabling switching transistor Q4 whose emitter is connected to positive
      power supply terminal 14. The cathode of PUT Q3 is connected through the
      primary winding of a pulse transformer T1 to the negative terminal 25 of a
      -20 volt low voltage direct current power supply 20.
PAR  The low voltage direct current power supply 20 is comprised by a zener
      diode Z1 having a filter capacitor C8 and filter resistor R8 connected in
      parallel across it with the circuit thus comprised being connected in
      series circuit relationship with a voltage dividing resistor R1 across the
      main power supply terminals 14 and 15. As a consequence of this
      arrangement, as voltage builds up on the main power supply terminals 14
      and 15, a corresponsing self derived direct current low voltage of 20
      volts will be produced across the low voltage power supply terminal 25
      relative to the main power supply terminal 14. This low voltage 20 volt
      direct current supply provides excitation potential for all of the gating
      subcircuits comprising a part of the induction heating unit. It is
      believed obvious to one skilled in the art that a separate low voltage
      direct current supply could be provided by means of a separate ac
      transformer and rectifier arrangement connected to the input ac supply.
PAR  The gating pulse generator 21 is further comprised by a timing capacitor C5
      which is connected in parallel circuit relationship wth PUT Q3 and primary
      winding of transformer T1 and in series with the resistor R7 and fixed
      resistor R36. A pair of biasing resistors R9 and R10 are connected in
      series circuit relationship across the serially connected resistors R7 and
      R36 and PUT Q3 with the juncture of the biasing resistors R9 and R10 being
      connected to the anode gate of PUT Q3. Upon switching transistor Q4 being
      turned on, timing capacitor C5 will be charged positively from the 20 volt
      supply through resistors R36 and R7 at a rate determined by the overall
      time constant of C5 and resistors R36 and R7. This rate is adjustable
      through the medium of variable resistor R7. Assuming no other interaction
      or interruption of the charging of timing capacitor C5, charging of C5
      will continue until ultimately it will reach a value where it will cause
      PUT Q3 to breakdown and conduct at a charging level determined by the
      value of the biasing potential supplied to the anode gate of PUT Q3 from
      the biasing resistors R9 and R10.
PAR  FIG. 3(g) of the drawings illustrates the buildup of charge on timing
      capacitor C5 under conditions that provide an overall t.sub.2 ' time at
      the end of which a gating pulse will be produced across the primary
      winding of pulse transformer T1. The gating pulse is supplied by the
      secondary winding of T1 across load resistor R38 and applied to the gating
      electrode of the Q2 pilot SCR thereby to initiate one oscillation of the
      chopper inverter circuit as described previously. At this point in the
      description it would be good to note that as the charge on the timing
      capacitor C5 builds up towards its ultimate firing value determined by R9
      and R10, should conduction of the enabling transistor Q4 be terminated,
      the biasing potential to the anode gate of PUT Q3 from biasing resistors
      R9 and R10 will disappear and PUT Q3 automatically will conduct to produce
      a gating on pulse at some intermediate point indicated at t.sub.2 in FIG.
      3(g) of the drawings. Thus, it will be appreciated that control of the
      buildup of charge on the timing capacitor C5 by turn on and turn off of
      the enabling transistor Q4, provides control over the timing of production
      of the t.sub.2 timing pulse and is exercised by turning off the enabling
      transistor Q4 at some intermediate point short of the full t.sub.2 ' time
      determined by the RC time constant of C5 and R36, R7.
PAR  In order to control turn on and turn off of the induction heating unit an
      operators on off control switch S2 is provided. Switch S2 is operated only
      after a line switch S3 connected in the AC line side of the full wave
      rectifier power supply 16 has been closed through mechanical
      interconnection of the switches to provide power to the low voltage DC
      power supply 25. Switch S2 is ganged to and operates in conjunction with
      the C1/C0 capacitor switching arrangement S1 and S0 which will be
      described hereinafter. Switch S2 is connected in series circuit
      relationship with a normally closed contact of an over temperature limit
      switch 26 and with a resistor R5 across the low voltage DC power supply
      terminals 14 25. The normally closed over temperature limit switch 26 may
      comprise a bi-metal temperature sensitive switch, PTC thermistor or other
      thermally sensitive element which is physically disposed adjacent to a
      current sensing resistor 27 connected in series circuit relationship with
      the induction heating coil L3. The current sensing resistor 27 will heat
      up in the presence of excessive current flow through the induction heating
      coil L3 and will cause the bimetal or other normally closed contacts to
      over temperature switch 26 to open to thereby interrupt operation of the
      induction heating unit in the same manner as will be described hereinafter
      when the S2 operators control switch is opened. Alternatively, the
      thermally sensitive element could be arranged to sense the temperature of
      the L3 induction heating coil, the temperature of the insulating counter
      top, or other part where minimum temperature leads during operation are to
      be maintained.
PAR  Series resistor R5 is in effect part of the voltage dividing resistor
      network comprised by resistor R5, resistor R13 and resistor R14 the
      juncture of R5 and R13 being connected through normally closed switch
      contacts 26 and the operators control switch S2 down to the negative
      terminal 25 of the low voltage direct current power supply. The juncture
      of resistors R13 and R14 is connected to the base electrode of an NPN
      switching transistor Q5 having its emitter connected to the power supply
      terminal 25 and having its collector connected in series circuit
      relationship with a pair of limiting resistors R11 and R12 to the power
      supply terminal 14. The juncture of resistors R11 and R12 is connected to
      the base electrode of a PNP switching transistor Q6 whose emitter is
      connected to the power supply terminal 14 and whose collector is connected
      through a limiting resistor R13A back to the base of the NPN switching
      transistor Q5. Thus it will be appreciated that the resistors Q5 and Q6
      are connected in a hooked manner so that turn on of the transistor Q5
      results in turn on of transistor Q6 which further feedsback to the base of
      Q5 and latches it on in a conducting condition. This positive latching on
      and off of Q5 and Q6 switching transistors locks out any transient voltage
      spikes that might be caused by erratic operation of the operator switch S2
      and/or normally closed over temperature switch 26.
PAR  In the circuit of FIG. 2, closure of the on-off operators switch S2 is not
      of itself sufficient to initiate operation of the induction heating unit
      chopper inverter 13 because of the inclusion of a zero point starting and
      stopping control in the arrangement. Zero point control over the operation
      of the chopper inverter is achieved by means of a zero point pulse
      generator shown generally at 23 and comprised by a zener diode Z2
      connected between the power supply terminal 14 and through a limiting
      resistor R19 to the common connected anodes of a pair of diodes D9 and
      D10. Diodes D9 and D10 are connected across the diode rectifier bridge D4
      through D7 in a manner so as to assure the absence of a potential across
      Zener diode Z2 and its corresponding load resistor R20 only upon the
      occurrence of the recurring zero point in the undulating, unidirectional,
      semifiltered full wave rectified excitation potential appearing across the
      output terminals of the full wave rectifier bridge D4 through D7. On
      either side of the recurring zero points, either D9 or D10 will be
      conductive and will result in the production of a negative polarity bias
      potential across Z2 and load resistor R20. This negative bias potential is
      supplied through limiting resistor R21 to the base electrode of a PNP
      switching transistor Q7. Transistor Q7 has its emitter connected directly
      to power supply terminal 14 and its collector connected through a limiting
      resistor R22 to the negative terminal 25 of the low voltage direct current
      power supply. The collector of Q7 also is connected to the base of a
      second PNP switching transistor Q8 having its emitter connected to the
      power supply terminal 14 and having its collector connected to a common
      switching terminal 28 of the zero point pulse coincidence circuit 22.
PAR  In operation, on either side of the zero point of the full wave rectified
      excitation potential supplied across the main power supply terminals 14
      and 15 as shown in FIG. 3(a), a bias potential will be developed across
      zener diode Z2 and load resistor R20 which keeps switching transistor Q7
      turned on the conducting. With Q7 turned on a positive polarity bias
      potential will be applied to the base of the second switching transistor
      Q8 which maintains this transistor turned off. However, upon the
      occurrence of a zero point in the full wave rectified excitation
      potential, no bias potential appears across the Z2 zener diode and its
      load resistor R20 and Q7 turns off. Hence Q8 is allowed to turn on due to
      a negative bias potential supplied to its base through a resistor R22 from
      the 20 volt negative terminal 25 of the low voltage direct current power
      supply 20 as shown in FIG. 3(b).
PAR  The zero point pulse coincidence circuit 22 is comprised by a pair of PNP
      switching transistors Q9 and Q10 having their emitter electrodes connected
      in common to a switching terminal bus bar 28 that is excited only in
      response to the switching transistor Q8 being turned on. The emitters of
      switching transistors Q9 and Q10 are connected through the limiting
      resistors R23, R24 and R30 and R31 respectively, to the 20 volt low
      voltage direct current power supply terminal 25. The juncture of the
      emitter resistors R23 and R24 is connected to the base electrode of an NPN
      switching transistor Q11 having its emitter connected through a common
      cathode load resistor R29 to the low voltage power supply terminal 25.
      Common cathode load resistor R29 also is connected to the emitter of a
      second NPN switching transistor Q12 in a manner such that the transistors
      Q11 and Q12 comprise a bistable multivibrator having common cathode
      coupling and two stable states of operation. The collector of Q11 is
      connected through a limiting resistor R25 to the main power supply
      terminal 14 and through a coupling resistor R27 back to the base of the
      Q12 transistor, and the collector of Q12 is connected through a limiting
      resistor R26 to the main power supply 14 and through a resistor R28 back
      to the base of the transistor Q11. The collector of Q11 also is connected
      through a limiting resistor R33 to the junction of feedback sensing
      resistors R2 and R3 for a purpose to be described hereinafter.
PAR  From the above description it will be appreciated that when the latching
      transistor Q5 is turned on, the base of Q10 will be clamped through
      resistor 32 to the potential of the low voltage negative power supply
      terminal 25 thereby rendering transistor Q10 conductive. Simultaneously
      because of the latching turn on action through feedback to the base of Q6
      by resistors R11 and R12, Q6 will be rendered conductive and will clamp
      the base of NPN transistor Q9 through resistor R35 to the positive
      polarity potential power supply terminal 14. Thus, it will be appreciated
      that positive switching action of the operation of transistors Q9 and Q10
      is obtained in response to the conduction or non-conduction of the
      latching transistors Q5 and Q6. With transistor Q12 switched on, a lock
      out condition is imposed on the charging of the timing capacitor C5 due to
      capacitor C5 being clamped very near the potential of terminal 25 through
      a diode D3 and conductor 29 and the emitter collector of transistor Q12.
PAR  As described earlier, prior to operator control switch S2 being closed and
      with line switch S3 closed, transistors Q5 and Q6 are latched on in the
      conducting condition due to a positive polarity turn on potential applied
      to the base of Q5 by resistors R5, R13 and R14. Conduction through Q5
      connects the base of switching transistor Q10 to the negative terminal 25
      of the low voltage direct current power supply thereby condition Q10 for
      turn-on, and upon the occurrence of a zero point in the supply potential
      across power supply terminals 14 and 15, Q10 is allowed to conduct.
      Conduction through Q10 applies a positive polarity turn on potential to
      the base of Q12 rendering Q12 conductive and locking out or blocking
      conduction of Q9 and Q11 by reason of the common cathode coupling through
      resistor R29 and the feedback to the base of 29 from the collector of Q12.
      With Q12 conducting, timing capacitor C5 is clamped to the potential of
      terminal 25, and gating signal pulses cannot be generated for application
      to the control gate of pilot SCR Q2. Thus operation of the induction
      heating unit is inhibited.
PAR  Thereafter, should the operators on off switch S2 be closed by a housewife
      or other operator of the circuit, the base of Q5 will be driven negative
      toward the potential of terminal 25 causing Q5 to turn off and this in
      turn causes Q6 to turn off in the previously described manner. This
      results in applying a negative turn on signal to the base of transistor Q9
      causing it to turn on at the next succeeding zero point. Turn on of Q9
      under these conditions will apply a positive turn on potential to the base
      of Q11 to cause it to turn on and to turn off Q12 due to the common
      cathode coupling through R29 as shown in FIG. 3(c) and 3(d). Turn off of
      Q12 is assured due to Q10 being maintained off at the current zeros by
      reason of the positive polarity inhibit potential at its base with Q5 off.
      Turn-off of Q12 removes the clamp across the timing capacitor C5 through
      coupling diode D3 and conductor 29 thereby allowing C5 to charge and
      conditions the gating pulse generator to commence operation.
PAR  For some arbitrary period after the on-off switch S2 has been closed the
      collector voltage of Q12 remains at the -20 volt level of low voltage DC
      power supply terminal 25 as shown in FIG. 3(c). However, upon the
      occurrence of the next successive zero point of the supply potential the
      collector voltage Vce of Q12 rises toward the potention of terminal 14 and
      conduction through Q12 ceases. At the same instant Q11 turns-on and the
      collector of Q11 drops to near the -20 volt level of DC power supply
      terminal 25 as shown in FIG. 3(d). This results in the production of an
      initial gating on signal pulse that is supplied through the resistor R33,
      conductor 31 and differentiating capacitor C4 to the base of the enabling
      transistor Q4. Turn on of Q4 results in the production of a gating on
      signal pulse from the dv/dt t.sub.2 timer gating circuit 21 and is
      supplied through pulse transformer T1 to gate on pilot SCR Q2 and the main
      power SCR Q1 as described previously to initiate sustained chopper
      inverter oscillations.
PAR  FIG. 3(f) of the drawings illustrates schematically the nature and general
      wave shape of the high frequency oscillatory output of the chopper
      inverter appearing across the main SCR between terminals 14 and 15A and
      modulated with the envelope of the full wave rectifier excitation
      potential appearing across the main power supply terminals 14 and 15. The
      high frequency oscillatory output is produced as a result of the high
      frequency t.sub.2 gating pulses shown in FIG. 3(e) and supplied to pilot
      SCR Q2 by the dv/dt t.sub.2 timer 21 through pulse transformer T1. FIG.
      3(g) of the drawings illustrates the wave shape of the feedback
      synchronizing potential V.sub.2 appearing across the sensing resistor R2
      at a point in time different from the wave shapes shown in FIGS. 3A
      through 3F and at a point in one oscillatory cycle where this voltage
      swings from negative to positive polarity and then back through the zero
      point to assume a negative polarity. This Vr.sub.2 potential is
      substantially in phase with the potential VL3 of heating inductor L3, and
      is used to initiate the start of the  t.sub.2 charging time of capacitor
      C5. The positive going half cycle of the V.sub.2 potential shown in FIG.
      3(g) corresponds to the conduction interval t.sub.1 of the main SCR Q1 and
      power feedback diode D1. As the Vr.sub.2 potential passes through zero and
      starts to go negative and a current is injected into the base of Q4 by the
      differentiating action of capacitor C4 causing Q4 to turn on and initiate
      the t.sub.2 charging time as described previously. Thereafter, due to the
      smoothing action of the capacitor C4' and resistor R4, Q4 will be
      maintained on and conducting over the t.sub.2 charging interval and timing
      capacitor C5 will be charged towards the positive polarity of the DC
      supply potential 25 in the manner indicated by the increasing ramp voltage
      marked VC5. If charging of C5 were determined only by the RC time constant
      of the circuit, C5 would be charged for the full period t.sub.2 ' time
      indicated in dotted outline, form in FIG. 3(g). However, the Vr.sub.2
      voltage which tracks the voltage across the L3 induction heating coil will
      reach some maximum negative value and then starts toward zero in the
      positive going direction. Hence, the differentiated value of Vr.sub.2
      likewise will go positive so that the base of Q4 is driven positive
      relative to its emitter and Q4 will turn off sharply. Turn off of Q4
      removes the inhibiting potential supplied to the anode gate of Q3 by
      voltage dividing resistors R9 and R10 so that at this point PUT Q3 fires
      and produces a gating on signal pulse which is synchronized exactly with
      the natural resonant frequency of the commutating network. It is this
      operating characteristic that gives the circuit its "frequency pushing"
      capability so that as tuning and detuning of the commutating network
      occurs due to placement and removal, of pan loads, synchronization of the
      gating pulses shown in FIG. 3(e) with changes in the natural resonant
      frequency of the commutating network is assured.
PAR  In the presence of an aluminum, copper or other highly conductive pan, the
      natural commutating frequency of the chopper inverter increases due to the
      effect the highly conductive pan has in lowering the inductance value of
      the inductive heating coil L3. Consequently, the frequency of the
      synchronizing pulses appearing across the feedback sensing resistors R3
      and R2 and coupled to the base of Q4 through differentiating capacitor C4,
      likewise will increase correspondingly to assure synchronization of the
      generation of the gating signal pulses with the changes in frequency due
      to such loading.
PAR  If as a consequence of this condition, current flow through the L3
      induction heating coil becomes excessive, the excessive current will be
      sensed by the current sensing resistor 27 and thermally sensitive contacts
      26 shown in FIG. 2A. Opening of thermally sensitive contacts 26 will turn
      off the induction heating unit for a short interval to allow the unit to
      cool in a manner to be described hereinafter and then turn back on
      automatically in a cyclic fashion.
PAR  In addition to assuring soft turn on of the induction cooking unit at
      substantially only the zero points of the undulating supply excitation
      potential appearing across power supply terminals 14 and 15 the zero point
      coincidence circuit 22 also functions to assure soft turn off of the unit
      upon an operator causing the operators on off switch S2 to be moved to the
      off or open position, or upon opening of the thermally sensitive over
      temperature contact 26. Additionally, should a pan temperature and sensor
      amplifier unit 24 shown in block diagram form in FIG. 1 call for turn off
      of the induction heating unit for pan temperature controlling purposes,
      such turn off can be made to occur at only the substantial zero points of
      the undulating supply excitation potential appearing across terminals 14
      and 15. This zero point turn off is achieved by means of the clamp placed
      across the timing capacitor C5 of the dv/dt t.sub.2 timer gating control
      circuit 21 through diode D3.
PAR  Assume that the induction cooking unit has been operating for some time and
      that the housewife operator causes the on off switch S2 to be moved to its
      off position. Upon this occurrence, a positive polarity turn on potential
      is applied to the base of transistor Q5 causing Q5 and its latching
      transistor Q6 to turn on and latch on in the conducting condition. It will
      be noted in FIG. 2 that the collector of Q5 is connected through resistor
      R32 to the base of transistor Q10 and the collector of Q6 is connected
      through R35 to the base of transistor of Q9 of the zero point coincidence
      circuit 22. Thus, it will be seen that upon Q5 and Q6 being rendered
      conductive upon opening of switch S2, Q9 is conditioned to conduct.
      However, assuming that opening of the S2 switch occurs at some
      intermediate supply voltage level between the zero points of the
      undulating supply excitation potential appearing across power supply
      terminals 14 and 15, then Q9 and Q10 cannot conduct due to the lack of an
      enabling potential on their emitter electrodes. However, upon the
      occurrence of the next successive zero point, the zero point pulse
      generator 23 will turn on transistor Q8 thereby allowing transistor Q10 to
      turn on while transistor Q9 is maintained off due to the positive polarity
      bias potential supplied to its base by Q6. This results in causing the
      bistable multi-vibrator comprised by Q11 and Q12 to be switched whereby
      Q12 is conducting and Q11 is maintained off by reason of the common
      cathode coupling through the resistor R29. With transistor Q12 conducting,
      a clamp will be maintained across the timing capacitor C5 in the gate
      pulse generator 21 through diode D3 thereby preventing the gating pulse
      generator from producing gating on pulses. Since this occurs at only the
      substantial zero points in the undulating excitation supply potential
      appearing across power supply terminals 14 and 15, soft turn off of the
      chopper inverter circuit is assured thereby reducing to a minimum high
      transient voltages and currents through the circuit components during the
      shutdown process.
PAR  FIGS. 4, 4A, 4B and 4C illustrate in greater detail a preferred
      construction for the power controlling capacitor switching arrangement
      used with the chopper inverter circuit. It should be noted that while the
      capacitor switching arrangement herein described is preferred for power
      controlling purposes, other arrangements such as using a separate variable
      inductor L3' in series with the induction cooking coil L3, could be used
      satisfactorily for power control purposes. FIG. 4A of the drawings
      illustrates a plurality of capacitor elements a, b, c, d, e, f, which are
      connected to a common B+ power supply terminal that in fact with the
      circuit of FIG. 2 could constitute the power supply terminal 14. The upper
      end of the capacitor elements are shown connected to a row of contact
      points numbered 1 through 10 which constitute one set of fixed contacts
      points of a two deck rotary switch of conventional, commercial
      construction. FIG. 4 of the drawings is a schematic illustration of the
      manner in which the wiper contacts of the two deck rotary switch make
      contact with and electrically connect together the various fixed contacts
      in each of the S0 and S1 switching decks, respectively, of the two element
      rotary switch. From a consideration of FIG. 4, it will be seen that at the
      zero power level setting, the S0 deck serves to connect in circuit
      relationship the various capacitor elements (a) through (f) so that these
      capacitor elements comprise a desired amount of capacitance for the C0
      shunting capacitor for each operating condition of the circuit. Similarly,
      the S1 switching deck connects in appropriate numbers of the capacitor
      elements (a) through (f) so as to comprise a predetermined amount of C1
      commutating capacitance at a particular desired power output level. FIG.
      4B of the drawings constitutes a table listing which ones of the capacitor
      elements (a) through (f) are connected in circuit relationship through
      their associated S0 and S1 switching decks in order to comprise the
      required amount of either C0 shunt capacitance of C1 commutating
      capacitance. From FIG. 4B, it will be seen that for power step (1)
      capacitor elements (d) and (e) will be connected in circuit relationship
      through the S0 switching deck to form a desired amount of shunt
      capacitance C0 and capacitor element (a) will be connected through the S1
      switching deck to form the C1 commutating capacitance.
PAR  FIG. 4C of the drawings is an operating characteristic curve illustrating
      the operating characteristics of the power controlling circuit depicted in
      FIG. 2 of the drawings which include the C0 and C1 capacitor switching
      circuit arrangement of FIG. 4 and 4A. In FIG. 4C power output level is
      plotted against the term off time t.sub.off of the main power thyristor Q1
      used in the chopper inverter circuit 13. As shown in FIG. 4C there is a
      minimum value of turn off time indicated as MIN t.sub.off below which it
      is not safe to operate the chopper inverter due to the fact that
      insufficient off time will provide to assure safe recombination of the
      current carriers in the main power controlling thyristor Q1 so that it
      safely will regain its current blocking capabilities intermediate each
      conduction interval. It is seen that this Min t.sub.off time occurs at the
      nadir of the essentially U-shape characteristic curve wherein for
      increasing values of commutating capacitance C1, power output increases
      going from left to right from the nadir point; and that for increasing
      values of C0 shunt capacitance going from right to left from the nadir
      point and decreasing values of power towards zero, the t.sub.off time of
      the circuit increases with increasing C0 values. Hence, it will be seen
      that a wide range of power control level can be provided with a minimum
      number of capacitor elements wherein the capacitor elements through an
      appropriate switching scheme can comprise either the C0 shunt capacitance
      or the C1 commutating capacitance depending upon the setting of the
      switching arrangement. Accordingly, wide range control of power output
      level is achieved with a relatively simple and low cost capacitor bank and
      switching arrangement requiring a minimum number of capacitor elements.
PAR  FIG. 5 of the drawings is a series of current versus time characteristic
      wave shapes illustrating the thyristor SCR and diode current flowing
      through the chopper inverter SCR and diode pair for each of the different
      power levels listed in the chart shown in FIG. 4B of the drawings. In
      these characteristic wave shapes, time is plotted as the abscissa with
      each division block representing 10 microseconds and current is plotted as
      the ordinate with each division mark respresenting about 28 amperes per
      division. To the right of each of the current versus time wave shapes the
      corresponding C1 commutating capacitance and C0 shunt capacitance values
      are listed together with the resulting t.sub.1 and t.sub.2 operating
      periods that result from the particular C1 commutating capacitance and C0
      shunt capacitance values switched into operating circuit relationship
      through appropriate setting of the S1 and S0 switch decks. From a
      consideration of these values, as well as by observation of the
      characterictic wave shapes, it will be appreciated that the power that can
      be delivered by the circuit to the pan load by the induction heating coil
      increases for increasing values of commutating capacitance C1.
PAR  FIG. 6 is a detailed schematic circuit diagram of a lower cost version of a
      new and improved induction cooking unit constructed in accordance with the
      invention and which does not include the zero point soft turn on and turn
      off characteristic of the FIG. 2 circuit. Accordingly, the circuit in FIG.
      6 will exhibit higher levels of start and shut down voltage and current
      transients: however, in certain applications, this characteristic is not
      objectional. For such applications, the lower cost circuit of FIG. 6 is
      preferred.
PAR  Many of the components of FIG. 6 correspond to the same numbered element of
      the FIG. 2 circuit, and hence have been identified by the same reference
      character accordingly, it is not believed necessary to describe in detail
      the common similiar parts of circuit construction in the belief that the
      following description of operation will suffice to point out the
      distinctions of FIG. 6 over the FIG. 2 circuit. To begin with, the
      operators on-off switch S2 normally will be in the open condition shown so
      that a positive polarity turn on potential is supplied through resistors
      R5 and R14 to the base of the Q5 switching transistor. Q5 and Q6 have
      their bases interconnected so that upon Q5 being turned on, both Q5 and Q6
      latch on in the same manner as was described with reference to FIG. 2.
      Upon Q5 being turned on, no voltage can be built up across the C5 timing
      capacitor of the gating pulse generator 21 due the clamp imposed across
      the timing capacitor through the diode D3 and Q5 in the conducting
      condition. Hence, the circuit is maintained in a clamped off condition.
      Upon the operators on off switch S2 being closed, the base of Q5 is placed
      at the -20 volt potential level of the low voltage direct current power
      supply terminal 25 and Q5 will be maintained off. This will result in
      turning off Q6 so that both Q5 and Q6 are latched off, and will remove the
      clamp from across the C5 timing capacitor in the gating pulse generator.
PAR  Upon the latching transistor Q6 being turned off, its collector will assume
      rapidly the negative potential of terminal 25 so that a negative going
      turn on pulse will be coupled through a capacitor C6 to the base of the
      enabling transistor Q4 causing Q4 to turn on and initiating the production
      of an initial gating on pulse from the gating pulse generator 21. This
      initial gating pulse will be coupled through the pulse transformer T1
      having its primary connected in the cathode circuit of the PUT Q3 and its
      secondary connected to the gating electrode of the pilot SCR Q2. This
      results in gating on the main power control SCR Q1 and initiating
      oscillation of the chopper inverter as described previously with reference
      to FIG. 2.
PAR  As the chopper inverter circuit 13 oscillates through one cycle of
      operation, the voltage appearing across the L3 induction heating coil will
      be sensed and fed back by the feedback voltage dividing resistors R2 and
      R3 and supplied through differentiating capacitor C4 to the base of Q4 in
      the manner described above with reference to FIG. 2. Consequently, the
      generation of gating pulses by the dv/dt t.sub.2 gating pulse generator
      21, will be sustained thereby causing operation of the chopper inverter
      circuit 13 to continue in the manner previously described. As loading and
      unloading of the L3 induction heating coil occurs due to the placement and
      removal of a pan load 11, changes in commutating frequency due to tuning
      and detuning of the L3 induction heating coil will again change the
      frequency of repetition rate of the gating pulses being generated by the
      gating pulse generator circuit 21 to thereby cause the circuit to exhibit
      the above-described desired "frequency pushing" characteristic that is
      necessary to allow it to be used safely with all types of pans including
      highly conductive pans of copper, aluminum, and the like, Changes in
      output power levels of the circuit can be achieved with C0 and C1
      switching arrangement similar to that described in reference to FIG. 4 of
      the drawings although other types of power control is possible. It should
      be noted that when switching from one power level to the next, there is a
      mechanical or other type of interconnection between the S0 and S1 switch
      contacts and the S2 operators on off switch so that oscillations of the
      inverter are stopped during each switching operation. In this way, arcing
      and deterioration of the S0/S1 switch contacts is prevented by not
      allowing the switching to occur when high frequency, high voltage currents
      are flowing. For a more complete description of the construction of a
      suitable switch whereby an interlocking switching characteristic is
      achieved reference is made to the above-identified U.S. Pat. No.
      3,710,062.
PAR  It should be noted from the above description, that the point in the supply
      voltage cycle where the gating pulse generator 21 is enabled to initiate
      operation of the main Q1 SCR and the chopper inverter circuit 13, is in no
      way controlled relative to the zero points in the supply voltage and occur
      at any point in the cycle of the input supply voltage. Start-up transient
      levels will depend on the point in the cycle where oscillations of the
      chopper inverter 13 are initiated. However, in certain applications, this
      characteristic may cause no problem, so that the added cost of the zero
      point pulse generator and zero point coincidence circuit can be avoided.
      In other respects, the circuit of FIG. 6 is entirely similar to that of
      FIG. 2 and possesses many of its desirable operating characteristics and
      features including the capability for "frequency pushing" with changes in
      loading.
PAR  With the circuit arrangement of FIG. 6, as well as that of FIG. 2, it may
      also be desirable to include a metal oxide transient voltage suppressor
      device ZNR connected across the power supply terminals 14 and 15A for
      suppressing or limiting transient voltages appearing across the chopper
      inverter circuit to some predetermined maximum safe value depending upon
      the characteristics of the main power controlling SCR Q1. The metal oxide
      transient voltage suppressor device ZNR may comprise one of the relatively
      new semiconductor voltage suppressor devices made available in Japan by
      the Matsushita Electric Industrial Co. and in this country by the
      Semiconductor Products Department of the General Electric Company.
PAR  FIG. 6A of the drawings is a detailed schematic circuit diagram of a
      modification to the circuits shown in FIG. 6 and FIG. 2 whereby the
      circuits can be adapted to use a pan temperature sensor for exactly
      controlling the temperature of the pan being inductively heated. A
      preferred pan temperature sensor would comprise an infra red sensing
      device that looks directly at the pan being heated so as to maintain its
      temperature at a precise set value and may be constructed in the manner
      described in U.S. Pat. No. 3,710,062. In a preferred form of the pan
      temperature sensing arrangement a conventional, commercial integrated
      circuit operational amplifier is connected to operate as a bistable
      threshold switch and receives its excitation power from across a pair of
      voltage dividing resistors R51 and R52 connected across the low cost
      voltage direct current excitation power supply 14, 25. The output of the
      op-amp threshold switch supplied through load resistors R53 and R54 to the
      base of a gating transistor Q31. Gating transistor Q31 is in effect
      connected in series electrical circuit relationship with the operators
      on-off control switch S2 so that when it is gated on and conducting it
      functions in precisely the same manner as S2 when it is closed to turn on
      the chopper inverter. This assumes that the S2 switch previously was
      closed by an operator of the equipment so that control over operation of
      the chopper inverter is surrendered to the temperature sensing amplifier
      arrangement. Conversely, upon the gating transistor Q31 being turned off
      by a positive output signal from threshold switch 51, the end effect will
      be the same as if the operator on-off switch S2 were opened thereby
      causing the chopper inverter to turn-off. The output of threshold switch
      51 is designed to go positive only when the sensed pan temperature exceeds
      a preset level. Hence, the pan temperature sensor controls or modulates
      the induction cooking unit on and off in accordance with the sensed pan
      temperature. By this simple modification, the circuit of FIG. 6, readily
      can be adapted to include the desirable pan temperature sensing feature
      described previously in detail in U.S. Pat. No. 3,710,062.
PAR  If incorporated into a complete cooking range with a number of other
      induction heating coils, each of the individual induction heating coils L3
      and its associated chopper inverter power supply and gating circuitry,
      will function in precisely the same manner as was described with
      relationship to FIG. 2 and/or FIG. 6 of the drawings. If desired, the
      particular induction heating coils L3 may be designed to provide either a
      greater or smaller amount of power by appropriate design of the coil to
      produce a larger or smaller induction magnetic field. As was described
      more fully in the above-referenced U.S. Pat. No. 3,710,062 this is
      accomplished by increasing or decreasing the number of turns in
      constructing the induction heating coils, the size and diameter of the
      coils, and of the wire used in forming the coils, and of course, the size,
      and voltage and current ratings of the chopper inverter power supply
      components employed to excite the coils. Since it is believed that
      individual design of the various branch circuits to provide desired levels
      of output power in respective ones of the branches would be obvious to one
      skilled in the art, in view of the foregoing teachings, a further
      description thereof is thought to be unnecessary.
PAR  From the foregoing description, it will be appreciated that the present
      invention provides new and improved induction cooking units which are
      capable of safe operation with pans or other metal base cookware of all
      types including highly conductive pans made of aluminum, cooper, or other
      materials which advertently may be used by a housewife or other operator
      of the unit. The improved induction cooking unit is capable of operation
      over a wide number of output power levels including quite low power levels
      while providing adequate commutating off time intervals for the SCR power
      thyristor used in the inverter circuit to excite the induction heating
      coil thereby assuring that the commutating time off intervals are well
      within the rate of recovery time of the thyristor. Further, the circuit by
      appropriate design is capable of operation with the production of a
      minimum of startup and shut down voltage and current transients to assure
      safe operation. Having described several embodiments of a new and improved
      induction heating unit for metal base cookware according to the invention,
      it is believed obvious that other modifications and variations of the
      invention are possible in the light of the above teachings. It is
      therefore, to be understood that changes may be made in the particular
      embodiments of the invention described which are within the full intended
      scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A chopper-inverter power supply comprising gate controlled thyristor
      means and commutation circuit means coupled in circuit relationship to and
      excited from a set of power supply terminals for connection to a source of
      excitation potential, gating circuit means coupled to and controlling
      turn-on of said gate controlled thyristor means and power control means
      for controlling the output power level of the chopper inverter power
      supply, said commutation circuit means comprising serially connected
      capacitor and inductor commutating reactive components connected in
      parallel circuit relationship across said gate controlled thyristor means
      and said power control means comprising a plurality of commutating element
      switching means for switching in different values of commutating
      capacitance in operating circuit relationship in the commutation circuit
      means, shunt capacitor means, and shunt capacitor switching means for
      switching certain one of ones of said commutating capacitor elements in
      shunt circuit relationship across at least a part of the inductor
      commutating reactive component at low power levels.
NUM  2.
PAR  2. A chopper inverter power supply according to claim 1 wherein the chopper
      interter circuit further includes a filter inductor having an inductance
      L2 and the gate controlled thyristor means is connected in a series
      circuit relationship with the filter inductor across the power supply
      terminals for connection to a source of energizing potential and wherein
      the inductor and capacitor commutating reactor components have an
      inductance L1 and a capacitance C1, respectively, and are connected in
      series circuit relationship across the gate controlled thyristor means and
      are tuned to series resonance at a desired commutating frequency that
      provides a combined thyristor conduction and commutating period t.sub.1
      during each cycle of operation, and the gating circuit means controlling
      turn-on of the gate controlled thyristor means renders the thyristor means
      conductive at a controlled frequency of operation that provides and
      operating period T for the chopper-inverter circuit including a quiesent
      charging period t.sub.2 in each cycle of operation wherein T = t.sub.1 +
      t.sub.2 such that the value .omega..sub.2 t.sub.2 equals substantially
      .pi./2 radians at the operating frequency or greater and wherein
EQU  .omega..sub.2 = 1/29 L.sub.2 C.sub.1
PAL  whereby the reapplied forward voltage across the gate controlled thyristor
      means following each conduction interval is maintained substantially
      independent of load.
NUM  3.
PAR  3. A chopper inverter power supply according to claim 2 further including a
      smoothing inductor having an inductance L3 and a smoothing capacitor
      having a capacitance C3 connected in series circuit relationship across
      one of the capacitor and inductor commutating reactive components and
      having impedance values such that the combined reactive impedance of the
      capacitor commutation components including the smoothind inductor and
      smoothing capacitor is capacitive in nature and series resonates with the
      inductor commutating components to establish a combined thyristor
      conduction and commutating period t.sub.1, and wherein the smoothing
      inductor and capacitor shape the output current flowing through the
      smoothing inductor to substantially a sinusoidal wave shape having little
      or no radio frequency interference emission effects and the smoothing
      inductor supplies the load.
NUM  4.
PAR  4. An inverter power supply comprising gate controlled thyristor means and
      commutation circuit means coupled together in circuit relationship and
      excited from a set of power supply terminals for connection to a source of
      periodic undulating excitation potential, a load coupled to and excited by
      said inverter circuit means in a manner such that the load determines at
      least in part the operating frequency at which the inverter circuit means
      operates, and gating circuit means coupled to and controlling turn-on of
      said gate controlled thyristor means, said gating circuit means comprising
      feed back sensing circuit means coupled to said inverter circuit means for
      deriving a feedback trigger signal synchronized with the frequency of
      operation of the inverter circuit means, gating signal generator means for
      generating high frequency signal pulses have a repetition rate determined
      by a predetermined natural operating frequency for the inverter circuit
      means and of sufficient energy to insure turn-on of said gate controlled
      thyristor means enabling means coupled to and enabling initiation of
      operation of said gating signal coupling circuit means intercoupling said
      last mentioned enabling means with feedback sensing circuit means for
      synchronizing the operation of the gating signal generator means with
      changes in frequency due to loading and unloading of the inverter circuit
      means, and zero point pulse generator means coupled to the power supply
      terminals for producing enabling pulsed output signals at the occurrence
      of each substantial zero point in the periodic undulating excitation
      potential, and zero point coincidence circuit means coupled to and
      controlling operation of said enabling means and in turn coupled to and
      controlled by said zero point pulse generator means for enabling operation
      of said gating signal generator means only at or near the periodic zero
      point in the periodic undulating excitation potential.
NUM  5.
PAR  5. An inverter power supply according to claim 4 wherein said zero point
      coincidence circuit means comprises a bilateral on-off latching switch
      circuit means having two stable states of operation and capable of being
      switched from one to the other of its stable states of operation only at
      or near a zero point in the periodic undulating excitation potential and
      inhibit circuit means intercoupling said bilateral on-off latching switch
      circuit means to the gating signal generator means for inhibiting further
      operation of said gating signal generator means upon the bilateral on-off
      latching switch means being switched to an off condition only at or near a
      zero point of the periodic undulating excitation potential.
NUM  6.
PAR  6. An inverter power supply according to claim 5 further including operator
      controlled on-off switch means, and lock out circuit means controlled by
      said operator controlled on-off switch means and in turn coupled to and
      locking out operation of said gating signal generator means in response to
      the on-off condition of said operator controlled on-off switch means.
NUM  7.
PAR  7. An inverter power supply according to claim 6 wherein the alternating
      circuit signal coupling circuit means comprises differentiating circuit
      means for differentiating the sensed value of the voltage appearing across
      the induction heating coil and supplying the same back to synchronize
      operation of the gating signal generator means with the changes in
      frequency of operation of the inverter circuit means due to loading and
      unloading of the induction heating coil.
NUM  8.
PAR  8. An inverter power supply according to claim 7 wherein the inverter
      circuit means comprises a high frequency chopper-inverter circuit means
      including inductor and capacitor commutatint reactive components having an
      inductance L1 and capacitance C1, respectively, connected in series
      circuit relationship across the gate controlled thyristor means in
      parallel circuit relationship therewith and with the chopper-inverter
      circuit means thus comprised being connected across the set of power
      supply terminals for connection to the source of excitation potential
      through a filter inductor having an inductance L2, said commutating
      inductor and capacitor being tuned to series responance at a predetermined
      natural commutating frequency that provides a combined thyristor
      conduction and commutating period t.sub.1 during each cycle of operation
      and said gating circuit means controlling the turn-on of the gate
      controlled thyristor means so as to render the thyristor conductive at a
      controlled frequency of operation that provides an operation period T for
      the chopper-inverter circuit means including a quiescent charging period
      t.sub.2 in each cycle of operation where T = t.sub.1 + t.sub.2 such that
      the value .omega..sub.2 t.sub.2 equals substantially .pi./2 radians at the
      operating frequency or greater and where W2 equals L2C2 whereby the
      reapplied forward voltage across the thyristor means following each
      conduction interval is maintained substantially independent of load.
NUM  9.
PAR  9. An inverter power supply according to claim 8 further including a smooth
      inductor having an inductance L3 and a smoothing capacitor having
      capacitance C3 connected in series circuit relationship across at least
      one of the capacitor and inductor commutating reactive components, said
      smoothing inductor and capacitor having values such that the combined
      reactive components, impedence of the capacitor commutating reactive
      component including the smoothing inductor and the smoothing capacitor is
      capacitive in nature and series resonates with the inductor commutating
      components to establish the combined thyristor conduction-commutating
      period t.sub.1, and wherein the smoothing inductor and capacitor shape the
      output current flowing through the smoothing inductor to a substantially a
      sinusoidal wave shap having little or not radio frequency interference
      emission effects, and the smoothing inductor supplies the load.
NUM  10.
PAR  10. An inverter power supply according to claim 9, further including shunt
      capacitor means and shunt capacitor switching means for switching said
      shunt capacitor means in parallel circuit relationship across said L3
      smoothing inductor at low power levels of operation for the power supply
      whereby the current flowing through the L3 smoothing inductor is reduced
      and the effective commutating capacitance C1 of the commutating capacitor
      is increased to thereby increase the t.sub.1 conduction and commutating
      time of the gate controlled thyristor means.
NUM  11.
PAR  11. An inverter power supply according to claim 10, wherein the commutating
      capacitance C1 is comprised by a plurality of different capacitor elements
      and further includes C1 switching means for switching in different
      combinations of capacitor elements in accordance with a desired power
      level at which the power supply is to operate, and wherein the shunt
      capacitor means is formed by utilizing appropriate ones of said capacitor
      elements switched into shunt circuit relationships with L3 power supply
      smoothing inductor at low power levels of operation by the shunt capacitor
      switching means.
NUM  12.
PAR  12. An inverter power supply according to claim 11 wherein the source of
      excitation potential for the power supply comprises full wave rectifier
      means designed for connection to a source of conventional commercial or
      residential alternating current and having the output thereof connected
      across a filter capacitor of a relatively small capacitance value C2, said
      parallel connected series commutated chopper-inverter circuit means being
      connected through the L2 filter inductor across the filter capacitor and a
      metal oxide thyristor transient voltage supressor device connected in
      parallel circuit relationship across the chopper-inverter circuit means.
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ABST
PAL  A power transferring method and device of the controlled reactance type
      designed to regulate or control the application of alternating current
      electric power to a load. Reactance is controlled by using the signal to
      be controlled to develop a controlled magnetic flux in opposition to the
      reactive magnetic flux, the resulting flux cancellation effectively
      eliminating reactance. The device includes a reactance means with a core
      and a first coil around the core to be connected into the circuit in which
      power transfer is to be controlled. The opposing magnetic flux in the core
      is developed by a second coil around the core and having one end connected
      to one end of the first coil. Controllable means, such as an SCR, connect
      the other end of the first coil to the other end of the second coil to
      place the two coils in parallel. The coils are arranged on the reactor
      core so that parallel currents through the coils produce opposing magnetic
      fluxes in the core. By selective operation of the controllable means, the
      reactance of the device can be varied over a wide range with efficient
      power transfer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the field of power transferring devices of
      the type used to regulate or control the application of alternating
      current electric power to a load such as a motor, a heater, an instrument,
      or another device consuming electrical power. Typically such regulation or
      control of electric power is either manually adjusted according to
      precalibrated settings, or is automatically provided in response to a
      sensed load condition such as voltage, current, temperature, speed,
      humidity, or the like.
PAR  More particularly, the present invention relates to power transferring
      devices of the controlled reactance type inserting a variable reactance in
      a circuit to control the flow of power.
PAR  2. Description of the Prior Art
PAR  Various known arrangements utilize controlled reactances in order to
      provide controlled power transfer. One well known arrangement, providing
      independently controlled saturation of a reactor in response to a control
      signal, is described in various forms in the following U.S. Pat. Nos.
      2,767,364; 3,061,770; 3,182,249; 2,497,218; 3,065,399; 3,263,158; and
      2,725,508. Other known arrangements continuously vary reactance of a
      primary coil by varying the impedance of a secondary, as shown for example
      in U.S. Pat. No. 2,907,946.
PAR  These known arrangements have not proven entirely satisfactory. Although
      they control power transfer, they often require complicated,
      power-consuming controls which add cost and reduce efficiency in terms of
      power transfer. Such devices function to vary reactance by controlling the
      extent of magnetization to the point of saturation of a reactor core, and
      thus their performance is strongly influenced by the magnetization
      characteristics of the magnetic materials used and at times by the history
      of prior magnetization.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of the present invention is to provide an improved power
      transferring device of the controlled reactance type for regulating or
      controlling the application of alternating current electric power to a
      load. A specific object of the present invention is to provide such a
      power transferring device which can be controlled simply and with low
      power consumption, which achieves efficient power transfer, and which
      functions largely independently of core magnetization characteristics.
      Still another object of the invention is to provide a power transferring
      device which is more suitable for commercial use.
PAR  In accordance with the present invention, the power transferring device is
      of the controlled reactance type and is characterized by an arrangement
      which controls reactance by developing a controlled magnetic flux in
      opposition to the reactive magnetic flux, the resulting flux cancellation
      effectively eliminating reactance. Advantageously, the opposing magnetic
      field is developed by the signal to be controlled. The device includes a
      reactance means including a reactive core and a first coil encircling the
      reactive core and arranged to be connected into a circuit in which power
      transfer is to be controlled. The means for developing an opposing
      magnetic flux in the core includes a second coil encircling the reactive
      core and having one end connected to one end of the first coil.
      Controllable means, preferably a thyristor switch such as an SCR or triac,
      connect the other end of the first coil to the other end of the second
      coil to place the two coils in parallel. The first and second coils are
      arranged on the reactor core so that when they are connected in parallel,
      the magnetic flux which is produced by a current in the second coil
      opposes and cancels the magnetic flux produced by the parallel current in
      the first coil, thereby decreasing the amount of reactance of the two
      parallel coils from the amount of reactance of the first coil alone and
      increasing the amount of power transferred. By selective operation of the
      controllable means, the reactance of the device can be varied through a
      wide range. Advantages of this arrangement are that control is achieved
      simply and precisely with only the little power consumption occurring in
      the circuit through the second coil and controllable means, thereby
      enabling efficient power transfer. A further advantage is that the mode of
      operation, based on flux cancellation rather than controlled
      magnetization, reduces the importance of selection of magnetic materials.
PAR  In further aspects of the invention the controllable means connecting the
      two coils includes a variable resistance arranged to vary reactance by
      varying the amount of current flowing in the first and second coils, and
      the controllable means is operated in response to a sensed condition of
      the load.
DRWD
PAR  Other objects, aspects and advantages of the invention will be pointed out
      in, or apparent from, the detailed description hereinbelow, considered
      together with the following drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram illustrating a power transferring device in
      accordance with the present invention;
PAR  FIG. 2 is a graphic representation of typical waveforms appearing in the
      device of FIG. 1; and
PAR  FIGS. 3 and 4 are schematic diagrams of further power transferring devices
      in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates schematically a controlled power transfer device 10
      constructed according to the present invention and arranged to transfer
      controlled amounts of power from a source 12 of alternating current
      electric power, such as standard line voltage, to a load L, such as a
      motor, an instrument, a heater, or other power consuming element.
PAR  The controlled power transfer device 10, as shown in FIG. 1, varies
      reactance in order to control transfer of electric power. Device 10
      comprises a reactive core 14 of magnetic material and a first coil C1
      encircled around the reactive core 14 and connected into the circuit in
      which power is to be controlled, i.e., in series with the A.C. source 12
      and load L.
PAR  A second coil C2 also encircles core 14 and has one of its ends 16
      connected to one end 18 of the first coil. A controllable
      short-circuiting-switch element S, such as the illustrated SCR, connects
      the other end 20 of coil C2 to the other end 22 of coil C1. As shown in
      FIG. 1, the switch element S is connected to respond to control or gating
      signals supplied by a control circuit 24, typically in response to a
      sensed load condition such as the load voltage as depicted in FIG. 1, or
      current, motor speed, temperature, humidity, or the like.
PAR  When gated into conduction, switch element S places coils C1 and C2 in
      parallel; when it is not conducting, switch element S open-circuits coil
      C2. Coils C1 and C2 are arranged on the core 14 so that when they are
      connected in parallel, and parallel currents I1 and I2 flow through the
      coils, the magnetic flux F2 which is produced by current I2 in coil C2
      opposes and cancels the magnetic flux F1 produced by current I1 in coil
      C1.
PAR  The operation of controlled power transfer device 10 is as follows. When
      switch element S is open-circuited, coil C2 is disconnected, and device 10
      presents the reactance developed by coil C1 and core 14 standing alone.
      Core 14 and coil C1 function as a reactive choke: current I1 passing
      through coil C1 creates a magnetic flux F1 in core 14 which develops a
      counter electromotive force that opposes the flow of current and thereby
      limits the transfer of power. Core 14 and coil C1 are designed, therefore,
      to together provide sufficient reactance to block power flow down to the
      minimum level desired. Power transfer rates of as low as 0.5 percent
      generally may be obtained.
PAR  Power control is achieved by selectively short-circuiting switch element S.
      When switch element S is short-circuited, parallel currents I1 and I2 flow
      in coils C1 and C2. The resulting opposing magnetic fluxes cancel F1 and
      F2, thereby reducing counter electromotive forces and reducing the amount
      of reactance presented by device 10. The amount of power transferred to
      load L therefore increases. Power transfer rates during conduction of as
      high as 99.5 percent generally can be obtained.
PAR  By suitable controlling short-circuiting switch element S to provide
      different ratios of time for the conducting and non-conducting conditions
      of operation, power transfer rates may be arbitrarily selected in a
      continuously variable wide range of control.
PAR  The currents I1 and I2 in coils C1 and C2 will tend to divide so that the
      ampere turns in coil C1 will equal the ampere turns in coil C2 to provide
      maximum flux cancellation. Accordingly, coils C1 and C2 may be designed
      with appropriate numbers and ratios of turns to obtain desired levels of
      coil currents.
PAR  A particular advantage of the present invention is that control is achieved
      with little power loss. When switch element S is short-circuited, the only
      power losses in device 10 are those due to the passage of current through
      the small resistances in the coils C1 and C2, and those occurring in the
      switch element S. Accordingly, high efficiency in terms of power transfer
      can be obtained, without complex or expensive equipment. Moreover, the
      switch element S can control the application of large amounts of power to
      the load without being required to withstand a high rate of power
      dissipation itself.
PAR  The controllable short-circuiting switch element S preferably has a low
      impedance and low power consumption during conduction, and high impedance
      otherwise. SCR's, triacs, and other devices in the thyristor family, as
      well as transistor switches, are suitable for various applications. The
      control circuit 24, which may be of various known constructions, supplies
      a gating signal to the switch to control its conduction. The control
      circuit typically gates the switch S into conduction at a selected phase
      angle during each cycle of operation, with so-called "phase angle firing",
      the phase angle being selected either manually, or automatically in
      accordance with control circuitry. Other known control circuits, such as
      those using zero volt firing techniques, also are suitable.
PAR  Waveforms showing an example of operation of power transfer device 10 are
      shown in FIG. 2 with a common horizontal time scale. In this example, the
      short-circuiting switch S is gated at a 90.degree. phase angle to provide
      approximately a 50 percent power transfer rate. Curve A indicates the
      sinusoidal input voltage provided by voltage source 12. Curve B indicates
      the current through load L, which is I1 + I2. Curve C indicates the
      voltage across coil C1, and curve D the voltage across load L. Switch S is
      short-circuited at time Ts, and it can be seen that the voltage across
      coil C1 drops to a low value while load current and voltage rise and then
      follow the input voltage to transfer power to the load L.
PAR  It will be noted that even though switch S is a unilaterally conducting
      element, such as an SCR, which can conduct only in one-half of a cycle,
      the residual magnetization of core 14 in the second half of the cycle will
      produce a second output wave D2 of opposite polarity, thus affording
      essentially full wave or A.C. control. A particular advantage of the
      present invention results from this phenomenon: As shown in FIG. 3, the
      load L may include a transformer T with a primary P in series with power
      transferring device 10, and a secondary S' in series with load L'. Because
      full wave control results, no steady D.C. magnetizing current (as is
      produced for example by simple series SCR half-wave regulation) exists to
      saturate the transformer primary P and render it useless for supplying
      power to load L'. Accordingly, power transferring device 10 has a broad
      range of applications not open to other control devices and systems.
PAR  FIG. 4 illustrates a power transferring device 10A similar to that shown in
      FIG. 1 but employing a controlled transistor Q in place of switch S to
      control reactance. Transistor Q may be operated as a switching device,
      being changed between cutoff and saturation by control circuit 24 in a
      manner similar to switch S. Transistor Q also may be operated as a
      variable resistor to control the flux cancellation that occurs in core 14,
      thereby controlling the reactance presented by the parallel coils C1 and
      C2.
PAR  FIG. 4 further illustrates a variable resistor R connecting the two ends 20
      and 22 of coils C1 and C2. Variable resistor R may be used in parallel
      with transistor Q (or switch S) and adjusted to reduce the maximum
      reactance of device 10 when that is desired in order to provide particular
      waveshapes for load L, or resistor R may be used alone to provide a
      variable reactance. Control of resistor R can be obtained manually, or
      through the operation of a motor, such as a servomotor responding to a
      sensed condition of load L.
PAR  Although specific embodiments of the invention have been disclosed herein
      in detail, it is to be understood that this is for the purpose of
      illustrating the invention, and should not be construed as necessarily
      limiting the scope of the invention, since it is apparent that many
      changes can be made to the disclosed structures by those skilled in the
      art to meet particular applications.
CLMS
STM  I claim:
NUM  1.
PAR  1. A power transferring device of the controlled reactance type used to
      regulate or control the transfer of alternating current electric power
      from a source to a load, characterized by:
PA1  reactance means including a reactive core and a first coil encircling the
      reactive core and arranged to be connected into a circuit in which the
      transfer of power is to be controlled, the reactive core and first coil
      presenting a reactance blocking the transfer of power in the circuit;
PA1  a second coil encircling the reactive core and being connected at one end
      to one end of the first coil;
PA1  controllable switch means for selectively connecting the other end of the
      first coil to the other end of the second coil to place the two coils in
      parallel;
PA1  the first and second coils being arranged on the reactive core so that when
      they are connected in parallel, the magnetic flux which is produced by a
      current in the second coil opposes and cancels the magnetic flux produced
      by the parallel current in the first coil, whereby a small amount of
      reactance is presented to the circuit by the two parallel coils and power
      is freely transferred in the circuit;
PA1  the controllable switch means selectively switching the reactance of the
      device between the large blocking reactance provided by the first coil
      alone and the small reactance of the two parallel coils;
PA1  whereby the transfer of power is efficiently controlled by selectively
      connecting and disconnecting the two coils with little power dissipation
      occurring in the device in either condition of operation.
NUM  2.
PAR  2. A power transferring device as claimed in claim 1 wherein the first and
      second coils have the same number of turns.
NUM  3.
PAR  3. A power transferring device as claimed in claim 1 wherein the
      controllable switch means comprises a thyristor.
NUM  4.
PAR  4. A power transferring device as claimed in claim 3 wherein the thyristor
      is an SCR.
NUM  5.
PAR  5. A power transferring device as claimed in claim 1 wherein the
      controllable switch means comprises a transistor.
NUM  6.
PAR  6. A power transferring device as claimed in claim 1 further comprising
      control circuit means providing a signal for controlling the switch means
      in response to a sensed load condition.
NUM  7.
PAR  7. A power transferring device as claimed in claim 1 wherein the load
      comprises a transformer primary coil connected in series with the first
      coil.
NUM  8.
PAR  8. A power transferring method of the type which controls a reactance to
      regulate or control the transfer of alternating current electric power in
      a circuit from a source to a load, characterized by:
PA1  generating a first blocking reactance across a coil for blocking the
      transfer of power in the circuit by producing a first magnetic field in a
      core within the coil;
PA1  connecting one end of a second coil to one end of the first coil, the
      second coil being around the core and arranged to produce a second
      magnetic field in the core opposing and cancelling the first magnetic
      field in the core when parallel currents flow in the two coils; and
PA1  controllably operating switch means for selectively connecting the other
      end of the second coil with the other end of the first coil thus placing
      the coils in parallel and thereby cancelling flux in the core and
      generating a second small reactance for the two parallel coils which
      permits power to be transferred freely in the circuit;
PA1  the controllable switch means selectively switching reactance between the
      large blocking reactance provided by the first coil alone and the small
      reactance of the two parallel coils;
PA1  whereby the transfer of power is efficiently controlled by selectively
      connecting and disconnecting the two coils with little power dissipation
      occurring in either condition of operation.
NUM  9.
PAR  9. A power transferring method as claimed in claim 8 further comprising the
      step of monitoring a selected condition of the load, and controllably
      connecting the two coils in response to the monitored condition.
NUM  10.
PAR  10. A power transferring method of the type which controls a reactance to
      regulate or control the application of alternating current electric power
      to a load, as claimed in claim 8, wherein the step of controllably
      connecting the other ends of the first and second coils to place the coils
      in parallel comprises connecting said other ends during alternate half
      cycles of the alternating current electric power, thereby to produce a
      first output wave, and maintaining said other ends disconnected during the
      opposite half cycles of alternating current, whereby the demagnetization
      of the core during the opposite half cycles produces a second output wave
      of opposite polarity, thus affording a full wave controlled output and
      efficient power transfer.
NUM  11.
PAR  11. A power transferring method as claimed in claim 10 wherein the step of
      controllably connecting the two coils comprises switching the two coils
      between connected and disconnected conditions.
NUM  12.
PAR  12. A power transferring method as claimed in claim 11 wherein the step of
      switching the two coils between connected and disconnected conditions
      comprises gating an SCR joining said other ends of the first and second
      coils to cause the SCR to become conductive and connect the two coils in
      parallel.
NUM  13.
PAR  13. A power transferring device of the controlled reactance type for
      controlling the transfer of power in a circuit from a source to a load,
      comprising:
PA1  means forming a core;
PA1  first coil means for developing a reactive flux in the core for blocking
      the transfer of power;
PA1  second coil means for developing a second flux in the core opposed to the
      reactive flux and cancelling the reactive flux to diminish the reactance
      through the coil means to freely transfer power therethrough, and
PA1  switch means for selectively connecting and disconnecting the second coil
      means into the circuit to alternately block and freely transmit power
      through the circuit.
NUM  14.
PAR  14. A power transferring device as claimed in claim 13 wherein a signal
      across the first coil means develops the reactive flux in the core, and
      wherein the second coil means for selectively developing a second flux in
      the core is operated by the same signal.
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ABST
PAL  A contactless motion detector, including an oscillator and an amplifier,
      has an energizing circuit connected across an electronic breakdown device
      lying in series with a contant-current unit, this series combination
      receiving pulsating direct current from a supply circuit in parallel with
      an output thyristor which bridges either the entire series combination or
      only the constant-current unit. The output thyristor is controlled by a
      switching transistor responding to an output signal from the motion
      detector; even when the output thyristor fires to actuate a load in the
      supply circuit, a sufficient voltage drop is maintained across the
      breakdown device to keep the oscillator and the amplifier operating.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application contains subject matter disclosed in my copending
      application Ser. No. 325,953 filed Jan. 22, 1973.
PAC  Field of the Invention
PAR  My present invention relates to an electronic monitoring system, e.g. as
      used in a proximity sensor, incorporating a preferably contactless
      detector sensitive to an ambient condition for generating an output signal
      which varies with a change in that condition, e.g. with the approach of a
      metallic element.
PAC  Background of the Invention
PAR  In my copending application identified above, as well as in my prior U.S.
      Pat. Nos. 3,747,010, 3,747,011 and 3,747,012, I have disclosed a system of
      this type wherein a contactless motion detector includes an oscillator and
      an amplifier connected to a load via a two-wire circuit which serves both
      for the actuation of that load and for the energization of the oscillator
      and the amplifier. An output thyristor, triggerable by a
      detector-controlled switching transistor, is connected across all or part
      of a voltage-generating network that includes an electronic breakdown
      device, specifically a Zener diode, in series with a high-ohmic resistor
      which is short-circuited upon the firing of the thyristor (either in the
      absence or in the presence of the object whose approach is to be
      monitored), the voltage drop across the Zener diode insuring the
      availability of a sufficient operating voltage for the detector in either
      state of conductivity of the thyristor. My copending application also
      teaches the inclusion in the voltage-generating network of a storage
      capacitor connected in parallel with the breakdown device and separated
      therefrom by a decoupling diode, this capacitor serving to smooth the
      ripples of the raw-rectified supply voltage which insures prompt cutoff of
      the thyristor upon de-energization of its gate.
PAC  Objects of the Invention
PAR  The general object of my present invention is to provide an improved
      electronic monitoring system of the class referred to in which the
      operating voltage for the detector, derived from the aforementioned
      voltage-generating network, is substantially stable even in the presence
      of widely varying supply voltages ranging, for example, between 40 and
      250V.
PAR  Another object is to provide means in such a system for reducing the power
      consumption of the voltage-generating network and, consequently, the
      amount of resulting waste heat.
PAC  Summary of the Invention
PAR  I realize these objects, pursuant to my present invention, by replacing the
      high-ohmic resistor of the voltage-generating network of my copending
      application and prior patents with a constant-current unit in series with
      the associated electronic breakdown device. The constant-current unit
      maintains the necessary voltage drop across the breakdown device under all
      operating conditions, i.e. regardless of changes in the conductivity of
      the output thyristor or of some other variable-impedance means in its
      place, even if the pulsating supply voltage is very high. Naturally, such
      a unit maintains the substantial constancy of its current only if the
      supply voltage is sufficient to drive that current through the circuit
      elements in series therewith, specifically through the electronic
      breakdown device in the present instance; for supply voltages above this
      minimum level, the unit acts as a current limiter.
PAR  Such a current-limiting unit may comprise an output transistor with a
      biasing circuit for its base connected across its collector and emitter,
      this biasing current forming a voltage divider with a resistive first
      branch lying between collector and base and with at least partly
      semiconductive second branch inserted between base and emitter. In a
      simple case, this second branch consists essentially of a Zener diode. For
      greater current stability, this second branch may comprise an ancillary
      transistor whose input circuit includes an emitter resistor of the output
      transistor and whose conductivity is thereby controlled to compensate for
      changes in current flow through that emitter resistor. This compensatory
      action can be intensified, according to a further feature of my invention,
      with the aid of a transistorized shunt circuit having an input connection
      to a tap on the voltage divider of the biasing circuit and an output
      connection to the emitter of the output transistor, advantageously with
      interposition of a threshold-responsive diode inserted in the forward
      direction between the emitter of the output transistor and the associated
      emitter resistor.
PAR  In a particuarly usesful embodiment of such a constant-current unit,
      facilitating its realization by integrated circuitry even with high power
      requirements, the transistorized shunt circuit comprises two complementary
      transistors (PNP and NPN) connected in tandem with each other.
PAR  As disclosed in my copending application Ser. No. 325,953, the switching
      transistor responsive to the output signal of the detector may have its
      collector connected either to a gate lead or to a cathode lead of the
      output thyristor. In the latter instance, as likewise disclosed in that
      copending application, a supplemental bias may be imparted to the
      thyristor gate by connecting the gate lead to that collector through an
      inverter stage.
PAR  The breakdown device need not be a simple Zener diode but may comprise,
      instead, an ancillary thyristor with a nonlinear passive impedance (which
      may be a Zener diode) connected between its gate and anode, as known per
      se from my German published patent specification No. 2,127,956. Since the
      voltage drop across such an ancillary thyristor in its conductive state is
      considerably less than that across a conducting Zener diode in the same
      position, the energy dissipation in such a modified breakdown device
      during conduction of the principal or output thyristor (or of an
      equivalent electronic binary switch) is significantly reduced.
PAR  It should be noted, however, that the basic principles of my invention are
      not limited to a system in which the constant-current unit (or, possibly,
      the entire voltage-generating network including that unit) is shunted by a
      binary electronic switch such as a thryistor or a triac; on the contrary,
      that switch should also be replaced by a variable-impedance device (e.g. a
      transistor) responsive to an analog signal, with a conductivity changing
      gradually over a predetermined range. Instead of an oscillator, therefore,
      the detector may include other sensing means such as a magnetic diode, a
      field plate, a photoresistor, a photodiode, a phototransistor, a resistive
      or reactive bridge circuit, or the like.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my present invention will now be described
      in detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a block diagram of an electronic monitoring system embodying my
      invention;
PAR  FIG. 2 is an overall circuit diagram of a proximity sensor similar to that
      shown in my copending application Ser. No. 325,953 but illustrating the
      present improvement;
PAR  FIGS. 3, 4, 5 and 6 are circuit diagrams of different modifications of a
      voltage-generating network included in the system of FIG. 2;
PAR  FIG. 7 is a circuit diagram of a simple constant-current unit adapted to be
      used in any of the voltage-generating networks of FIGS. 2 - 6; and
PAR  FIG. 8 is a circuit diagram of a more elaborate constant-current unit
      adapted to be substituted in any of these networks for the unit of FIG. 7.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  FIG. 1 shows the basic components of a monitoring system according to my
      invention, namely an oscillator 6 and a trigger amplifier 9 together
      constituting a detector, a current-responsive load 5 such as a relay in a
      supply circuit whose two conductors 2, 3 are connected via respective bus
      bars 7, 8 across an a-c source 4, a full-wave length rectifier 14 inserted
      between the supply conductors 2, 3 and a pair of leads 18, 21 extending to
      a variable-impedance network 12' whose impedance controls the load current
      in response to signals from oscillator 6, and a voltage-generating network
      13 also receiving the output of rectifier 14 by way of leads 18 and 21.
      Network 13 is connected to amplifier 9 by leads 10, 11 and 21 which serve
      on the one hand to control a switching transistor 20 (FIG. 2) within that
      network and on the other hand to supply the detector stages 6 and 9 with
      operating voltage. Components 6, 9, 12', 13 and 14 form part of a
      proximity sensor 1 of the general type described in prior U.S. Pat. Nos.
      3,747,010, 3,747,011 and 3,747,012.
PAR  As shown in FIG. 2, the oscillator 6 comprises an NPN transistor 6a whose
      collector circuit includes a parallel-resonant network 6b consisting of a
      capacitor 6b' and an inductor 6b". A feedback inductor 6c is connected
      between the base of the transistor 6a and a common terminal 6d of a pair
      of resistances 6e, 6f forming a voltage-divider network; the two coils
      6b", 6c are inductively coupled as diagrammatically indicated in the
      drawing. Resistance 6e is bridged by a shunt capacitor 6g. A resistance 6h
      is connected between the emitter of transistor 6a and a negative bus bar
      21 also tied to the resistance 6f. This oscillator generates an output of
      a frequency determined by the tank circuit 6b and at a level depending, in
      a manner known per se, on the damping induced by the proximity of metal
      parts to the oscillator (specifically to its tank circuit 6b) which lowers
      the Q of circuit 6b and therefore reduces the effective collector
      resistance of transistor 6a along with the amplification factor K so as to
      attenuate the oscillator output.
PAR  Component 9 is an amplification stage triggerable by the output of the
      oscillator 6 when the loop gain KV of the amplifier 6a thereof makes the
      transition between values greater and less than unity. The trigger stage 9
      comprises a transistor 9a of the NPN type whose base is tied to the
      collector of transistor 6a by a d.c.-blocking coupling capacitor 9b. The
      base of transistor 9a is biased positively by a transistor 9c connected as
      a diode to the negative bus bar 21 of the circuit. The output of
      transistor 9a, whose amplitude decreases upon the approach of a metallic
      element as described above, is applied by an emitter impedance, in the
      form of an R/C network consisting of resistors 9e and 9f bridged by a
      storage capacitor 9g, via lead 11 to the base of the aforementioned
      switching transistor 20 included in the voltage-generating network 13.
      Transistor 20 has its emitter tied to negative bus bar 21 and has its
      collector connected through a resistor 17 to the positive bus bar 18
      energized by rectifier bridge 14 with raw-rectified voltage; this
      collector, in the embodiment of FIG. 2, is further connected to a gate
      lead 16 of an output thyristor 12 forming part of the variable-impedance
      network 12'. This output thyristor, whose anode is connected to positive
      bus bar 18, further has a cathode lead 27 connected through a decoupling
      diode 28 to the lead 10 which extends to the positive power-input terminal
      +V of detector 6, 9 whose negative power-input terminal -V is tied to bus
      bar 21. A storage capacitor 29, serving to smooth the pulsating
      half-cycles of the raw-rectified voltage from bridge 14, is connected
      across conductors 10 and 21 in parallel with the series combination of
      rectifying diode 28 and a Zener diode 22; the junction J of these two
      diodes is connected through a constant-current unit 15 to positive bus bar
      18 which is thus shunted by the anode/cathode path of thyristor 12.
PAR  As long as oscillator 6 operates normally, which in this instance may be
      the case whenever there is no extraneous metallic element in its vicinity,
      switching transistor 20 conducts so that its collector/emitter resistance
      19 is small compared with the resistance of Zener diode 22 in its
      conductive state. Gate lead 16 is then negatively biased with reference to
      cathode lead 27 so that thyristor 12 is cut off. Only a relatively small
      current, limited by the internal circuitry of unit 15, is then drawn
      through rectifier bridge 14 and relay 5 which controls a nonillustrated
      position indicator for the monitored element. When that element comes
      close to the detector oscillator 6, the latter is deactivated and cuts off
      the transistor 20 whereby gate lead 16 is driven positive with reference
      to cathode lead 27, causing thyristor 12 to fire. The additional current
      now drawn through bridge 14 and load circuit 2, 3 actuates the relay 5 to
      indicate the approach of the monitored element. The voltage drop across
      Zener diode 22, however, is not materially affected by this change in
      conductivity of binary switch 12.
PAR  FIG. 3 shows a modified network 13a which differs from the network 13 of
      FIG. 2 by the replacement of Zener diode 22 with an ancillary thyristor 23
      having a nonlinear passive impedance 25, here a Zener diode, connected
      between its gate 24 and its anode which is tied to junction J and
      therefore to the cathode lead 27 of the thyristor 12. In this instance the
      Zener diode 25 draws current only during a brief instant in each
      half-cycle, i.e. until the previously quenched thyristor 23 conducts;
      thus, for the greater part of the cycle, the Zener breakdown voltage of
      about 5 or 6 V present at junction J (with reference to bus bar 21) in the
      system of FIG. 2 is replaced by the substantially lower voltage drop
      developed across the conducting thyristor 23. The presence of decoupling
      diode 28 between junction J and capacitor 29 insures in both instances the
      periodic cutoff of breakdown device 22 or 23, 25.
PAR  FIG. 4 shows a network 13b, generally similar to network 13 of FIG. 2,
      wherein the switching transistor 20 has its collector connected through a
      resistor 31 to junction J and thus to the lead 27 extending from the
      cathode of thyristor 12. Gate lead 16 is here connected through a resistor
      34 to the positive supply conductor 10 for the detector 6, 9 and therefore
      also to junction J by way of decoupling diode 28 in cascade with a further
      diode 35, the latter diode lying between junction J and Zener 22.
PAR  In this instance, thyristor 12 fires whenever transistor 20 conducts so
      that its collector/emitter resistance 19 becomes negligible. With
      transistor 20 cut off, cathode lead 27 is more positive than gate 16 by
      the voltage drop across diodes 28 and 35 due to the operating current of
      the detector 6, 9 (FIGS. 1 and 2). If transistor 20 conducts when the
      ocillator 6 of the detector is deactivated, this oscillator may draw
      sufficient current through lead 10 in the nonconductive state of
      transistor 20 to obviate the need for a second diode 35 in cascade with
      diode 28.
PAR  In FIG. 5 I have shown another modified network 13c in which the junction J
      between constant-current unit 15 and Zener diode 22 as well as storage
      capacitor 29 is no longer tied to the cathode lead 27 of thyristor 12,
      wherefore the decoupling diode 28 has been relocated to lie in parallel
      with gate resistor 34 between leads 16 and 10. Lead 27 is here connected
      to bus bar 21 through another Zener diode 36 in parallel with the series
      combination of resistor 31 and collector/emitter resistance 19 of
      switching transistor 20. The breakdown voltage of Zener 36 must in this
      case be not less than that of Zener 22 in order to prevent an untimely
      firing of thyristor 12.
PAR  In FIG. 6 I have shown at 13d a modification of the network of FIG. 5 in
      which the relationship between the breakdown voltages of Zener diodes 22
      and 36 is no longer critical. For this purpose the gate of thyristor 12 is
      provided with a biasing circuit 39 including an inverter stage 38 inserted
      between the collector of transistor 20 and the base of emitter-follower
      ancillary NPN transistor 40 whose collector is connected to lead 10 and
      junction J and whose emitter is tied to lead 16 through a resisitor 37.
      The base of transistor 40 is also connected through resistor 34 to
      junction J. Thus, when cathode lead 27 is driven positive in the
      nonconductive state of switching transistor 20, the base of transistor 40
      goes negative along with junction J and gate lead 16. The presence of
      emitter-follower transistor 40 enables effective control of the voltage
      swing on lead 16 even with a high-ohmic gate resistor 34 which in turn
      allows the constant-current unit 15 to be adjusted for a relatively low
      output current.
PAR  Reference will now be made to FIG. 7 where I have shown at 15a a possible
      circuit for the constant-current unit designated 15 in the preceding
      Figures. This circuit includes an output transistor 41 of NPN type having
      its collector 72 tied to positive bus bar 18 and having its emitter 45
      connected to junction J through a resistor 46, transistor 41 and resistor
      46 being shunted by a voltage divider comprising a resistor 43 in series
      with a Zener diode 44. The base of transistor 41 is connected to the
      junction of impedance elements 43 and 44, the potential of this junction
      being held constant with reference to junction J by the Zener 44. Since
      the voltage drop across the base/emitter path 47 of transistor 41 is also
      substantially constant, the current flowing through transistor 41 is
      essentially stable as long as the voltage on lead 18 is high enough (e.g.
      upward of 40V) to saturate that transistor. However, a parasitic current
      flow through voltage divider 43, 44 is not independent of the supply
      voltage so that the total throughput of unit 15a varies somewhat with
      voltage. The magnitude of this parasitic current can be reduced by
      choosing a sufficiently high resistor 43, yet this requires a high gain
      for transistor 41 which is difficult to realize where this transistor is
      to tolerate supply voltages up to, say, 250V.
PAR  In FIG. 8 I have shown an improved constant-current unit 15b which avoids
      this drawback. Here the emitter resistor 46 of transistor 41 is connected
      across the base 50 and the emitter 51 of an ancillary transistor 52
      replacing the Zener diode 44 of the voltage divider of FIG. 7; the
      collector 54 of transistor 52 is connected to resistor 43 through another
      resistor 68. Furthermore, a transistorized shunt circuit 49 is connected
      across part of the voltage divider 43, 68, 52, this shunt circuit
      including a supply connection 48 tied to the base lead of transistor 41,
      an input connection 53 extending from the collector 54 of transistor 52,
      and an output connection 55 extending to a junction K on the emitter side
      of the resistor 46 and through a Zener diode 74 to the base of transistor
      52; Zener 74, which provides a threshold for the energization of base 50,
      makes the dimensioning of emitter resistor 46 less critical but may be
      omitted in some instances. A damping capacitor 69 bridges the collector 54
      and base 50 of transistor 52. Transistor 41 is provided with a protective
      collector resistor 73 and has its emitter 45 connected to resistor 46
      through a threshold-responsive diode 70 represented by an NPN transistor
      having its base returned to its collector.
PAR  Shunt circuit 49 comprises two complementary transistors in tandem, namely
      an PNP transistor 60 and an NPN transistor 61. Transistor 60 has an
      emitter 62 tied to lead 48, a base 63 tied to lead 53 and a collector 65
      tied to the base 66 of transistor 61 whose collector 67 is joined to lead
      48 and whose emitter 64 is joined to lead 55.
PAR  The magnitude of emitter resistor 46 is so chosen that the voltage drop
      there across is just insufficient to initiate conduction to transistor 52
      when the current through transistor 41 is of the desired value. When the
      supply voltage on lead 18 begins to rise, this voltage drop increases and,
      after breaking down the Zener 74, turns on the transistor 52 so as to
      drive negative the potential on the base lead 53 of transistor 60, thereby
      causing shunt circuit 49 to conduit. This conduction lowers the base
      potential of transistor 41 whose conductivity is therefore diminished, the
      resulting reduction in the current flow through this transistor being
      partly compensated by the additional current from shunt circuit 49 now
      traversing the resistor 43. Thus, the gains of the several transistors can
      be so chosen that a highly sensitive control of the output current is
      achieved. Threshold device 70 insures that the voltage drop between base
      42 and junction K is always greater than that between this junction and
      lead 48, thereby enabling the transistor 60 and 61 to saturate in a
      condition of virtual cutoff of transistor 41.
PAR  Damping capacitor 69 serves to suppress transients occurring during
      switchover.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electronic monitoring system comprising:
PA1  detector means sensitive to an ambient condition for generating an output
      signal varying with a change in said condition, said detector means being
      provided with a pair of power-input terminals;
PA1  a voltage-generating network including an electronic breakdown device and a
      constant-current unit in series therewith, said terminals being connected
      across said breakdown device in an energizing circuit for said detector
      means;
PA1  a source of direct current connected across said network for supplying
      operating current for said detector means to said energizing circuit via
      said constant-current unit;
PA1  a current-responsive load in series with said source and said
      constant-current unit;
PA1  a voltage-controlled variable-impedance means connected in shunt with at
      least part of said network across said source in series with said load;
      and
PA1  electronic control means coupled to said detector means and connected to
      said variable-impedance means for altering the conductivity thereof in
      response to changes in said output signal, thereby modifying the flow of
      current through said load with maintenance of a sufficient voltage drop
      across said breakdown device via said constant-current unit to keep said
      detector means operative regardless of changes in the conductivity of said
      variable-impedance means.
NUM  2.
PAR  2. A system as defined in claim 1 wherein said source comprises an
      alternating-current supply and rectifier means in series therewith for
      delivering a pulsating direct current to said network and to said
      variable-impedance means, further comprising a storage capacitor bridged
      across said terminals in shunt with said breakdown device.
NUM  3.
PAR  3. A system as defined in claim 2 wherein said energizing circuit includes
      a series diode inserted between said breakdown device and said storage
      capacitor.
NUM  4.
PAR  4. A system as defined in claim 2 wherein said breakdown device comprises a
      Zener diode.
NUM  5.
PAR  5. A system as defined in claim 2 wherein said breakdown device comprises a
      thyristor and a nonlinear impedance, said thyristor having an anode and a
      cathode respectively connected to said terminals and further having a gate
      connected to said anode through said nonlinear impedance.
NUM  6.
PAR  6. A system as defined in claim 5 wherein said nonlinear impedance is a
      Zener diode.
NUM  7.
PAR  7. A system as defined in claim 2 wherein said variable-impedance means
      comprises a binary electronic switch.
NUM  8.
PAR  8. A system as defined in claim 7 wherein said electronic switch is a
      thyristor with a cathode lead and a gate lead, one of said leads being
      connected to a junction of said constant-current unit with said breakdown
      device, the other of said leads being connected to an output electrode of
      said electronic control means.
NUM  9.
PAR  9. A system as defined in claim 8 wherein said electronic control means is
      a switching transistor, said output electrode being a collector of said
      switching transistor.
NUM  10.
PAR  10. A system as defined in claim 9 wherein said one of said leads is said
      gate lead and the connection thereof to said junction includes a diode,
      said collector being connected through a resistor to said junction and to
      said cathode lead.
NUM  11.
PAR  11. A system as defined in claim 10 wherein said diode is inserted in said
      energizing circuit between said breakdown device and said storage
      capacitor.
NUM  12.
PAR  12. A system as defined in claim 11, further comprising a second diode in
      cascade with the first-mentioned diode interposed between said cathode
      lead and said breakdown device.
NUM  13.
PAR  13. A system as defined in claim 9 wherein said other of said leads in said
      cathode lead, further comprising biasing means for said gate lead
      including an inverter stage inserted between said gate lead and said
      collector.
NUM  14.
PAR  14. A system as defined in claim 13 wherein said biasing means further
      includes an ancillary transistor having an emitter connected to said gate
      lead, a base connected to said inverter stage and a collector connected to
      said junction.
NUM  15.
PAR  15. A system as defined in claim 9 wherein said switching transistor is
      provided with an emitter tied to said energizing circuit and with a shunt
      circuit across its emitter/collector path including a collector resistor
      and a Zener diode in series, said gate lead being connected to said
      junction, said cathode lead being connected to said shunt circuit between
      said collector resistor and said Zener diode.
NUM  16.
PAR  16. A system as defined in claim 15 wherein said Zener diode has a
      breakdown voltage at least equal to the voltage drop across said breakdown
      device.
NUM  17.
PAR  17. A system as defined in claim 1 wherein said constant-current unit
      comprises an output transistor with a collector, an emitter and a base,
      and a biasing circuit for said base forming a voltage divider connected
      across said collector and emitter between said breakdown device and said
      load.
NUM  18.
PAR  18. A system as defined in claim 17 wherein said voltage divider has a
      resistive first branch connected between said collector and said base,
      said biasing circuit further having an at least partly semiconductive
      second branch inserted between said base and said emitter.
NUM  19.
PAR  19. A system as defined in claim 18 wherein said second branch comprises a
      Zener diode.
NUM  20.
PAR  20. A system as defined in claim 18 wherein said second branch comprises an
      ancillary transistor, said output transistor being provided with an
      emitter resistor in an input circuit of said ancillary transistor for
      controlling the conductivity of the latter to compensate for changes in
      current flow through said emitter resistor.
NUM  21.
PAR  21. A system as defined in claim 20, further comprising shunt transistor
      means with an input connection to a tap on said voltage divider and with
      an output connection to said emitter.
NUM  22.
PAR  22. A system as defined in claim 21 wherein said shunt transistor means
      comprises a pair of complementary transistors in tandem.
NUM  23.
PAR  23. A system as defined in claim 21, further comprising a damping capacitor
      bridging said input and output connections.
NUM  24.
PAR  24. A system as defined in claim 21, further comprising
      threshold-responsive diode means inserted in a forward direction between
      said output transistor and said emitter resistor, said output connection
      terminating at a junction of said diode means with said emitter resistor.
NUM  25.
PAR  25. A system as defined in claim 17 wherein said output transistor is
      provided with a protective collector resistor.
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ABST
PAL  A neutralizing transformer arrangement having its primary winding connected
      in series with a D.C. blocking capacitor. The primary circuit is
      preferably series resonant at the power frequency (60 HZ), the capacitance
      of the series resonant circuit being provided by the D.C. blocking
      capacitor and, to some extent, by inter-turn, interwinding and distributed
      winding capacitances. The neutralizing transformer includes an input cable
      composed of one or more twisted pairs of wires over which communication
      frequencies signals pass. Each wire of a twisted pair is wound on opposite
      outer legs of the core of the transformer. A similar pair of isolating
      windings is wound on the same outer legs. The primary winding is wound
      about the central leg of the core of the transformer as is the one or more
      twisted pairs.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a neutralizing transformer arrangement. The
      invention relates, more particularly, to a neutralizing transformer
      arrangement useful in electric power transmission systems which depend
      upon communication facilities to effect proper operation and control.
PAR  An example of a known electric power transmission system associated with a
      neutralizing transformer having its primary winding connected between two
      different ground points and including secondary windings constituted by at
      least one twisted pair is disclosed in the U.S. Pat. No. 3,453,494 to
      Gordon Y. R. Allen, entitled "Neutralizing Transformers" granted July 1,
      1969.
PAR  Neutralizing transformers are used to neutralize the effects of ground
      potential changes and longitudinally induced voltages due to proximity to
      power lines on communication lines which enter power substations. There
      are usually further circuits and equipment for drainage of high voltages
      induced in the communication cable as a result of being struck by
      lightning and for isolating terminal equipment to prevent such surges and
      changes in potential due to lightning strikes from damaging the terminal
      equipment.
PAR  Neutralizing transformers are usually built up on a shell-type of
      transformer core in which the primary winding is wound on the center leg
      as is the communication cable, representing the secondary, the output of
      the secondary being the communication frequency input to the terminal
      equipment. The primary winding is grounded to the substation mat at one
      end and to a remote ground outside of the influence of the substation
      ground at the other end, usually taken all the way back to the central
      telephone office. Thus, when changes in ground potential do arise, the
      primary winding is excited and bucks out similar changes which have
      occurred in the communication line which is used to carry control and
      audio signals. The flux lines circulate through the center leg of the
      core, split passing through the outer legs in magnetically opposite
      directions and join again as they enter the center leg of the transformer
      core.
PAR  It has been found that because the flux passes through the outer legs of
      the core in magnetically opposite directions, this flux direction provides
      a way of utilizing the outer legs for additional isolation windings
      without interference between the neutralizing windings and the isolation
      windings.
PAR  Electric power transmission systems, particularly high voltage systems,
      depend upon communication facilities to effect proper operation and
      control. In this instance the discussion relates to a wire line pair or
      pairs facility serving an electric power station. Such a facility, if used
      for protective relaying purposes, must remain uninterrupted prior to a
      fault on the power system, during the fault and immediately after the
      fault has been cleared. Power system faults vary in degree, phase angle
      and duration and are cause for a rise in power station ground potential,
      with respect to a remote ground point.
PAR  A fault can be initiated at any point on the 60 HZ current wave, i.e.
      anywhere from zero to maximum in each half cycle. Obviously, the fault can
      therefore be initiated at any point on the voltage wave. Power system
      faults consist of a symmetric A.C. component and the transient component
      which is essentially a D.C. component, decaying exponentially from its
      maximum to zero. Depending upon the X/R ratio of the power system and the
      precise point on the wave form at which the fault was initiated, the
      transient component can be very large and can result in a current nearly
      double that of the A.C. symmetric fault current or steadily state value of
      fault current.
PAR  Thus, under the worst case combination of factors the fault current,
      returning through ground, does in fact contain a large D.C. component,
      often called the D.C. offset. The decay time of this offset component is
      called the transient time period and the time is essentially controlled by
      the X/R ratio of the system and has, in fact, a duration of several
      cycles. Of course, it is the intent, in the operation of the system, to
      have the line cleared by the circuit breakers in as short a time as
      possible. This time element varies from about 3 cycles to 10 cycles or so
      before a backup relaying system comes into operation.
PAR  It is well known in the industry how a neutralizing transformer is used to
      protect a communication pair or pairs which serve or enter an electric
      power station, from the effects of power station ground potential rise
      and/or an induced voltage. One of the problems, however, is that since a
      neutralizing transformer has a steel core, it exhibits unacceptable
      exciting current characteristics in certain instances. Since the ground
      potential rise (G.P.R.) which is used to excite the primary of the
      neutralizing transformer contains, under worst case conditions, a D.C.
      component, the magnetic steel core can become magnetically saturated. The
      transformer will then require a very large increase in exciting current.
      Since in the neutralizing transformer secondary circuit the
      un-neutralizing voltage is, for practical purposes, the IR drop across the
      resistive impedance of the neutralizing transformer primary, it can be
      seen that this un-neutralized or remanent voltage can be very large if the
      exciting current becomes excessive due to an impedance drop in the
      transformer primary circuit, which occurs as a result of the reduction of
      the inductance of the transformer core, as a result of a polarization or
      saturation.
PAR  If a way could be found to prevent the D.C. component in the neutralizing
      transformer primary circuit from actually entering the transformer
      primary, then the transformer would not saturate under transient
      conditions. If saturation cannot occur, then the resulting damaging high
      remanent voltage cannot occur.
PAR  Theoretically, therefore, if the D.C. component could be prevented from
      entering the neutralizing transformer primary circuit, the transformer
      core would then not become saturated. Thus, the exciting current would
      remain that for a symmetrical wave form, and hence the remanent voltage in
      the secondary circuit would not increase over the design value on a
      symmetric basis and be cause for damage.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the invention to provide a neutralizing
      transformer arrangement which eliminates the D.C. component of current
      which otherwise would flow in the primary winding of the transformer.
PAR  It is another object of the invention to provide a neutralizing transformer
      arrangement which avoids the problem of remanence from a D.C. produced
      asymmetric wave in a closed core neutralizing transformer having a steel
      core.
PAR  It is a further object of the invention to provide a neutralizing
      transformer arrangement which reduces the possibility of core saturation
      during faults.
PAR  It is an additional object of the invention to provide a neutralizing
      transformer arrangement which assures that communication and/or control
      signals can be supplied effectively to a substation prior to a fault,
      during a fault, and immediately after a fault.
PAR  It is still a further object of the present invention to provide a
      neutralizing transformer arrangement which need not include a gapped core
      structure.
PAR  The foregoing objects, as well as others which are to become clear from the
      text below, are accomplished in accordance with the present invention by
      providing a neutralizing transformer arrangement which includes a
      plurality of windings on a core, one of the windings being the
      neutralizing primary winding. A D.C. blocking capacitor is connected in
      series with the neutralizing primary winding.
PAR  In a preferred embodiment the neutralizing primary winding forms part of a
      series resonant circuit at the power frequency, the series capacitance
      being provided, at least in part, by the D.C. blocking capacitor.
PAR  Essentially, the blocking of the D.C. component from the primary winding is
      effected by the series connected capacitor. It is this concept which forms
      the basis of the invention. In closed core transformers core steel
      remanence becomes a serious contributing factor to the drastic increase in
      exciting current due to saturation. The elimination of the D.C. component
      thus reduces the core steel remanence problem to that only resulting from
      the symmetric wave, which is almost negligible. It is well understood by
      those skilled in the art just how core steel remanence comes about. If an
      asymmetric wave form leaves a transformer core polarized or with core
      steel remanence, the exciting current consequently becomes quite large.
      There is of course a 50/50 chance that the polarity of the exciting
      current at any one instant is additive or subtractive with respect to a
      previous core steel history. Nevertheless, the problem is significant.
PAR  Reference is made to the transient analysis, of the neutralizing
      transformer and particularly the saturation problems compounded by core
      steel remanence. Since the problem of core steel remanence can largely be
      eliminated by the use of a gapped core structure, it must also be
      recognized that such a gapped core structure must, of necessity, be
      considerably larger than a conventional core structure in order to retain
      the same original value of exciting current. Apart from an overall
      increase in size of the core, resulting in increased costs, the gapped
      core type of structure is itself considerably more costly to manufacture
      than a conventional construction thus compounding the cost increases. The
      capacitor blocking concept of the present invention reduces this cost
      increase to a negligible value; particularly when used with bifilar
      winding techniques wherein these are large values of inter-turn,
      interwinding, and distributed winding capacitances.
PAR  Since the frequency of the symmetric voltage of the original fault current
      is 60 HZ, it becomes obvious that the most efficient design will be one
      where the A.C. impedance of the primary winding is not materially altered
      and where the D.C. resistance of the entire primary circuit is very high.
      Therefore, if the size of the series capacitor is so chosen as to provide
      a series resonant L.C. circuit, then these conditions could be fulfilled.
      Since it is desirable to keep the value of the capacitor as small as
      possible, the value of the series capacitor should be designed considering
      the effective addition of resultant parallel capacitance of the
      transformer winding.
PAR  In operation, therefore, since the D.C. component of ground potential rise
      (G.P.R.) cannot pass through the capacitor, the exciting current of the
      transformer cannot increase. In addition, since no D.C. can pass through
      the transformer primary, there is no need to provide for air gaps in the
      transformer core. Therefore, the remanent of the secondary circuit will
      not be increased, the protector blocks will not operate and therefore the
      communication channel will not be disabled. A core steel remanence due to
      the D.C. transient current will not be generated.
PAR  In preferred embodiments of the present invention, the transformer
      arrangement includes the structure of a combined isolating and
      neutralizing transformer.
PAR  The use of a single core for two separate transformer functions reduces
      space requirements within the substation and otherwise necessary cabling
      which would be associated with installations using separate units for
      these separate functions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a transformer arrangement showing
      neutralization and isolation windings, a D.C. blocking capacitor being
      connected in series with the neutralizing primary winding in accordance
      with the present invention.
PAR  FIG. 2 is a schematic view of the transformer core of the transformer
      arrangement of FIG. 1 showing the flux path due to isolation transformer
      action.
PAR  FIG. 3 is a schematic view of the transformer core of the transformer
      arrangement of FIG. 1 indicating the flux path due to the neutralizing
      transformer action.
PAR  FIG. 4 is a schematic view of the isolation windings of the transformer
      arrangement of FIG. 1 illustrating their function as drainage reactors.
PAR  FIG. 5 is a schematic view of a further embodiment of a transformer
      arrangement according to the present invention illustrating the isolation
      of a multiple pair input cable.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, one embodiment of a neutralizing transformer
      arrangement according to the present invention includes a transformer
      shell core 10 having a primary winding 11 would around its center leg 12.
      One end of the primary winding 11 is grounded to a substation grounding
      mat 13 via a D.C. blocking capacitor 9. The other end of winding 11 is
      connected, via a cable 14, to a remote ground mat 15. The remote ground
      mat 15 is advantageously located outside of the influence of substation
      grounding mat 13 at a considerable distance therefrom. Usually the ground
      mat 15 is disposed at the central telephone office, while the local ground
      mat 13 is disposed at the substation at which the neutralizing transformer
      is located. Originating from the telephone central office 16 is a balanced
      twisted pair of a communication frequency cable 17. This cable is wound
      around the center leg 12 of transformer core 10.
PAR  The D.C. blocking capacitor 9, in accordance with a characteristic
      preferred feature of the present invention provides sufficient capacitance
      to assure that the primary circuit of the neutralizing transformer is
      series resonant at the power frequency, which generally is 60 HZ in
      commercial power systems used in the United States. It is to be understood
      that some of the capacitance may result from the effects of inter-turn,
      interwinding and distributing winding capacitances of the neutralizing
      transformer as these effects appear in the primary circuit.
PAR  The individual wires 21, 22 of cable 17 are divided at point 19 which, in
      many installations, would be connected to the communication output in the
      event the isolation function of the transformer arrangement was not used.
      The wire 21 is wound around an outer core leg 20, forming a winding 25,
      and the other wire 22 is wound around an outer core leg 23, forming a
      winding 26. The remaining free ends of the windings 25 and 26 are
      connected together at a point 24, thus effectively placing both of the
      windings 25 and 26 in series.
PAR  Wound on the outer core leg 20 is a winding 27, which is similar to the
      winding 25 below it, as viewed in the drawing. In a similar manner, a
      winding 28 is wound on the outer core leg 23. The winding 28 is similar to
      the winding 26. The upper ends of the windings 27 and 28, as viewed in the
      drawing, are connected together at a point 29 effectively putting the
      windings 27 and 28 in series. The other ends of the windings 27 and 28 are
      brought out to the power station and provide a cable 30 which carries the
      control and communication frequency signals to the power station.
PAR  The direction of the windings 25 and 26 and the windings 27 and 28 is
      important in that each of the pairs of windings must reinforce rather than
      buck each other. It will also be observed that the communication frequency
      intelligence originating at a remote telephone central office 16 will be
      inductively coupled by the windings 25 and 26 to the windings 27 and 28 by
      normal transformer action to the output cable 30. Thus, the points 16 and
      30 are electrically isolated from each other. If the windings 25 and 26
      are made identical, a point 24 represents an accurate center tap position.
      Similarly, if the windings 27 and 28 are made identical, a point 29
      represents an accurate center tap position.
PAR  Referring now to FIG. 2, there are shown flux paths 31 established when the
      communication frequency current is present in the windings 25 and 26. It
      will be noted that the flux is confined to the outer periphery of the core
      10 and does not pass through the center core leg 12. It therefore induces
      a current in the windings 28 and 27, but not in the primary winding 11 or
      the secondary windings constituted by the twisted pair on the central leg
      12 of the neutralizing section of the transformer.
PAR  Referring now to FIG. 3, there is shown a flux direction 31a due to
      neutralizing transformer action through the center leg 12 of the core 10.
      The flux lines divide into a flux path 32 through the outer core leg 20
      and a flux path 33 through the outer core leg 23. The flux lines through
      the pair of series connected windings 27 and 28 also cut through the
      windings 25 and 26 and are in opposite directions and therefore cancel
      each other. Consequently, the 60 cycle current which may be present in the
      windings on the center core leg 12 will not be coupled into the windings
      25, 26, 27 and 28 on the outer legs 20 and 23.
PAR  Because of the isolation effect developed by using the core 10 and winding
      arrangement described, any disturbing frequencies and/or the communication
      frequencies may be of any value without interference between the
      neutralizing and isolation sections of the transformer.
PAR  The transformer may also be used to provide the action of drainage
      reactors. Referring to FIG. 4, there is shown a schematic of the series
      windings 25 and 26 connected across the communication input wires 21 and
      22 with the center tap point 24 grounded. One can readily see that if
      lightning strikes, a shunting effect is provided by the incoming cable 17
      which is composed of wires 21 and 22, and which originated at the remote
      central telephone office 16.
PAR  The windings 25 and 26 shunt the voltage to ground at the grounded junction
      point 24. The windings also act as inductors limiting the current to safe
      levels. The windings 28 and 29 can perform the same function for the
      output side of the isolating section of the transformer if the center tap
      29 is grounded, as indicated in FIG. 4.
PAR  An input cable may consist of more than one pair of conductors rather than
      just one pair, and all pairs or at least some, may be isolated by using a
      separate isolation winding.
PAR  To accomplish this requires the use of a carrier or audiotone system in
      which the intelligence is superimposed on the carrier or otherwise coded
      to fall within a specific filterable bandwidth.
PAR  Referring now to FIG. 5, there is shown a transformer core 10 with a
      primary winding 11 wound on a center leg 12 as hereinbefore described. A
      control and communication frequency input cable 47 includes two twisted
      pairs 48 and 49 instead of one as illustrated previously in FIG. 1 and is
      wound in the same manner on the center core leg 12 to provide
      neutralization. The cable 49 divides at a point 34, one wire 35 of the
      cable 48 being wound around the outer core leg 20, forming a winding 36,
      and the outer wire 37 of the cable 49 being wound around an outer core leg
      23, forming a winding 38. The free ends of each of the windings 36, 38 are
      connected together at a point 39 effectively putting the windings 36 and
      38 in series. In a similar manner, the cable 48 is divided at a point 40
      and wound on the outer core legs 20 and 23, forming windings 41 and 42,
      which are connected in series at a point 43.
PAR  In a like manner to that in FIG. 1, the output windings 27 and 28 are wound
      respectively around the core legs 20 and 23.
PAR  In this arrangement, the windings 27 and 28 will have induced in them the
      combined signals due to the windings 36 and 38 and the windings 41 and 42,
      thereby effectively isolating an output cable 44 from the input cable 47;
      the signals are intermixed. The output cable 44 is divided into two
      parallel paths, one entering a filter 45 and the other entering a filter
      46. The filter 45 is tuned to pass the carrier frequency and intelligence
      entering the transformer on twisted pair 49, and the filter 46 is tuned to
      pass the carrier frequency and intelligence entering the transformer on
      twisted pair 48, and therefore the intelligence is effectively separated
      into the two original channels.
PAR  One can easily deduce from the above description that any number of
      incoming pairs may be isolated, limited only by the ability to separate
      the channels at the output by filtering.
PAR  It is to be understood that modifications may be made in the windings of
      the isolation portion of the transformer without departing from the
      novelty and scope of this invention. For example, the windings may be
      placed on the lower or upper legs following the same principles heretofore
      described. Further, the core may be constructed with multiple outer legs
      providing not only additional space for multiple windings, but elimination
      of the need for filtering between windings on different sets of legs.
PAR  Although the foregoing description and accompanying illustrations disclose
      the present invention as applied to combined isolating and neutralizing
      transformers, it is to be appreciated that the invention can be equally
      well applied to combined isolating and neutralizing transformers of
      different constructions, and also to transformers which do not involve the
      isolating function, but only a neutralizing function.
PAR  It is to be understood that the term "saturation" as used in this
      specification does not mean exclusively a condition of flux density in the
      transformer core which would result in a permeability substantially the
      same as that of air, but also any condition of flux density in the
      transformer core which would result in its excitation at any point above
      the knee of the saturation characteristic of the core. Such points are
      below the point of maximum saturation.
PAR  It is to be appreciated that the foregoing description and accompanying
      illustrations set forth non-limiting exemplary embodiments which do not
      limit the spirit and scope of the invention, the scope of the invention
      being defined in the appended claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A neutralizing transformer arrangement for use in a power system
      comprising, in combination: a transformer core, a plurality of windings on
      said transformer core, one of said windings being a primary neutralizing
      winding which is to be connected between two spaced-apart points in the
      power system, and means for preventing saturation of said transformer
      core, which means include a D.C. blocking capacitor connected in series
      with said neutralizing winding for preventing a transient direct current
      component of an asymmetrical fault or switching current from flowing
      through said neutralizing winding and saturating the transformer core.
NUM  2.
PAR  2. A neutralizing transformer arrangement for use in a power system
      comprising, in combination: a transformer core, a plurality of windings on
      said transformer core, one of said windings being a primary neutralizing
      winding which is to be connected between two spaced-apart points in the
      power system, and a D.C. blocking capacitor connected in series with said
      neutralizing winding for preventing direct current from polarizing the
      transformer core, wherein ends of said primary neutralizing winding are
      coupled to two respective spaced-apart system ground points, one of said
      ends being coupled via said D.C. blocking capacitor.
NUM  3.
PAR  3. A neutralizing transformer arrangement as defined in claim 2, wherein
      said capacitor and said primary neutralizing winding comprise a series
      circuit series resonant at a power frequency of a power system.
NUM  4.
PAR  4. A neutralizing transformer arrangement as defined in claim 3, wherein
      said series resonant circuit includes, as its series capacitance,
      capacitance of said capacitor and capacitance provided by interturn,
      interwinding and distributed winding capacitances.
NUM  5.
PAR  5. A neutralizing transformer arrangement as defined in claim 2, wherein
      said series circuit is resonant at a frequency of 60 HZ.
NUM  6.
PAR  6. A neutralizing transformer arrangement as defined in claim 5, wherein
      said series resonant circuit includes, as its series capacitance,
      capacitance of said capacitor and capacitance provided by interturn,
      interwinding and distributed winding capacitances.
NUM  7.
PAR  7. A neutralizing transformer arrangement as defined in claim 2, wherein
      said two respective spaced-apart system ground points are respectively a
      substation grounding mat, and a second grounding mat spaced at a
      substantial distance from said substation grounding mat.
NUM  8.
PAR  8. A neutralizing transformer arrangement as defined in claim 7, wherein
      one plate of said D.C. blocking capacitor is connected to said substation
      grounding mat, its other plate being connected to one end of said primary
      neutralizing winding.
NUM  9.
PAR  9. A neutralizing transformer arrangement as defined in claim 7, wherein
      said second grounding mat is disposed at a central communication office.
NUM  10.
PAR  10. A neutralizing transformer arrangement as defined in claim 9, wherein
      one plate of said D.C. blocking capacitor is connected to said substation
      grounding mat, its other plate being connected to one end of said primary
      neutralizing winding.
NUM  11.
PAR  11. A neutralizing transformer arrangement as defined in claim 2, wherein
      said core comprises a central leg and a pair of outer legs, said primary
      neutralizing winding being wound about said central leg, an additional
      winding of said plurality of windings being wound about said central leg,
      said additional winding being formed by at least one twisted pair of
      conductors, one of said conductors being wound about one outer leg, the
      other of said conductors being wound about the other outer leg, free ends
      of said conductors being connected together; and a respective isolating
      winding on each other leg, one of said isolating windings having one of
      its ends connected to one end of the other of said isolating windings, the
      other ends of said isolating windings being adapted to provide a
      communication output takeoff.
NUM  12.
PAR  12. A neutralizing transformer arrangement as defined in claim 11, wherein
      said free ends of said conductors are connected together, and said
      connected ends of said isolating windings include means for providing a
      common ground connection.
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ABST
PAL  This invention relates to a method of obtaining internal information of the
      body to be investigated (target) by the application to the target of a
      nuclear magnetic resonance phenomenon, in which the measuring target is
      placed in a homogeneous magnetic field Ho and a static or scanning
      magnetic field H.sub.s is superimposed on the homogenous magnetic field Ho
      within a specified area of the target; from the inside or outside thereof.
      A high frequency field H.sub.1 of a frequency determined by the static
      field H.sub.o +.DELTA.H.sub.s in the measuring target area (MT) is applied
      uniformly to the body thereby obtaining information of a nuclear magnetic
      substance disposed within the specified area of the body, i.e., the
      measuring target in accordance with detection of a resonance frequency
      defined by H.sub.o +.DELTA.H.sub.s. Alternatively, the scanning field
      .DELTA.H.sub.s may be applied to the body only outside of the target
      region and a resonance frequency defined by H.sub.o only then is detected
      as to the target MT. The high frequency field may be constant or pulsed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of obtaining internal information of a
      measuring target to be investigated from the outside by the application of
      a nuclear magnetic resonance phenomenon. More particularly, the invention
      relates to a method of obtaining information on nuclear magnetic
      substances (such, for example, as H, F, Mg, Na, I, P and so on) disposed
      in specified areas in the body of a living or lifeless target mainly from
      the outside thereof by the application of the nuclear magnetic resonance
      phenomenon (hereinafter referred to as the NMR).
PAR  2. Description of the Prior Art
PAR  For this object, there has heretofore been proposed a method of using a
      nuclear magnetic resonance apparatus for measuring samples taken from
      specified areas of a measuring target or presuming the NMR properties of
      the specific areas, by measuring those of the whole target. Further, a
      method for measuring moving protons (such as blood flow) has also been
      considered in which the moving protons magnetized by a strong magnetic
      field established at a point upstream of the measuring point are measured
      in a homogeneous weak field.
PAR  Of these conventional methods, the first one has such defects that the
      measuring target is inevitably injured and that, in the case of a living
      thing, the sampling process inflicts pain on the lining target, and that
      since the samples are taken from the body, the measurements are carried
      out under different conditions from those in the body, resulting in
      errors.
PAR  For the presumption of the information on the specified areas from the
      whole measured value in accordance with the second method, it is necessary
      to clarify the correlation between the information of the measured areas
      and the whole. For example, in the case of detecting an abnormality within
      a living body, conditions therein with this method are too complicated to
      make this presumption.
PAR  The third method is apparently applicable only to moving protons and cannot
      be used for obtaining information on stationary protons. Further, this
      method has a problem to solve, that is, to provide a method of
      quantization in a living body or the like where corrections are extremely
      difficult.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a method of obtaining NMR
      information in specified areas of a measuring target to be investigated
      mainly from the outside thereof, which is free from the defects
      encountered in the prior art.
PAR  In accordance with this and other objects, this invention provides a method
      of obtaining internal information of a body to be investigated (target) by
      the application to the target of a nuclear magnetic resonance phenomenon,
      in which the target is placed in a homogeneous magnetic field Ho and a
      static or scanning field is superimposed on the homogeneous magnetic field
      within a specified area of the target from the inside or outside thereof,
      thereby obtaining information of a nuclear magnetic substance disposed
      within the specified area in the target.
PAR  Other objects, features and advantages of this invention will become
      apparent from the following description taken in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified diagram, for explaining this invention;
PAR  FIG. 2 shows one example of the electrode arrangements in this invention;
PAR  FIG. 3 is a diagram, for explaining the mechanism of generation for a
      scanning magnetic field with respect to three orthogonal axes;
PAR  FIGS. 4 and 5 are an arrangement diagram of a Helmholtz coil and one
      example of a graph for the calculation of a homogeneous field,
      respectively;
PAR  FIG. 6 is a diagram, for explaining a method of generating .DELTA.Hs for
      magnetic field scanning in another example of this invention;
PAR  FIG. 7 is a diagram, for explaining the detection of information derived
      from the interior of a measuring target;
PAR  FIGS. 8A, 8B, 9A and 9B show other examples of this invention in which a
      strong static field is periodically applied to blood flow in an on-off
      manner;
PAR  FIG. 10 is a diagram, for explaining a magnetic field impression mechanism
      for measuring a specified area in a measuring target area according to
      this invention;
PAR  FIGS. 11A and 11B show the relationships between the blood flow rate and a
      detected output;
PAR  FIG. 12 is a diagram for explaining a system of measuring NMR information
      from the specified area.
PAR  FIG. 13 is a diagram, for explaining a method of compensation for a
      pseudo-signal;
PAR  FIGS. 14A and 14B are diagrams, for explaining an illustrative
      two-magnetic-field method embodying this invention; and
PAR  FIGS. 15A and 15B are schematic diagrams, for explaining other examples of
      this invention in which a strong magnetic field and a homogeneous weak
      field are applied by utilizing a magnetic shield.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Where nuclear magnetic substance such as water is placed in a homogeneous
      static field (having an intensity of Ho gauss), its resonance angular
      frequency .omega.o is given by the following equation: .omega.o =
      .gamma.Ho                                                 (1)
PAL  where .gamma. is the nuclear gyromagnetic ratio of a measuring substance
      and is naturally constant. Further, it is also well-known from the Bloch's
      equation that when the nuclear magnetic substance shifts from its thermal
      equilibrium state to another equilibrium state, it exhibits a transient
      state in which the so-called spin-lattice relaxation time (T.sub.1) and
      spin-spin relaxation time (T.sub.2) are time constants. It is well known
      that this equation quantitatively explains the NMR phenomenon particularly
      when a liquid is an object. It is also well known that these relaxation
      times vary with the concentration of the paramagnetic molecules or ions
      (hereinafter referred to as ions) mixed in the nuclear magnetic substance
      as expressed by the following equation:
PAR  1/T.sub.2 .apprxeq. 1/T.sub.1 = 16.pi. .sup.2 .gamma. .sup.2 .eta. Nion
      .mu. ion/15kt                                             (2)
PAL  where Nion is the number of ions in 1cc of the magnetic substance,
PA1  .eta. is the viscosity of the magnetic substance,
PA1  .mu.ion is the magnetic moment of ions,
PA1  k is Boltzmann's constant,
PA1  .gamma. is the nuclear gyromagnetic ratio,
PA1  T is the absolute temperature, and
PA2  I = spin peculiar to a nucleus = 1/2
PAR  Further, it has recently been reported that these relaxation times T.sub.1
      and T.sub.2 differ within the range of about several percent to 100%
      percent between a normal tissue and an abnormal tissue (a tumor tissue) as
      of cancer. The difference between relaxation times T.sub.1 and T.sub.2 is
      believed to be caused by the difference in the coupling states of inter
      and intra water of the tissues and protein combining thereto; but this
      rationale has not been studied extensively to be generally accepted.
      However, it has been experimentally determined that, where water includes,
      as in the case of impurities in water, paramagnetic ions or in the case of
      combining of protein with water, the relaxation times change
      distinguishably.
PAR  A first embodiment of this invention utilizes the fact that the resonance
      frequency in a specified area or measuring target area which includes not
      only a specified area but also a target volume or position to be measured
      and is sometimes referred to as "MT," is proportional to the intensity of
      a magnetic field applied to that area as will be seen from the foregoing
      equation, and a specific magnetic field .DELTA.Hs is superimpared only on
      the specific area.
PAR  In the case of one specified area, the magnetic field .DELTA.Hs is
      statically applied to the area. However, in the case of making
      measurements in many specified areas or over the entire area of a
      measuring target, the magnetic field .DELTA.Hs is scanned by suitable
      means described later on. For the sake of convenience, the .DELTA.Hs or
      the magnetic field will hereinafter be referred to in short as the
      scanning field, including the static and dynamic measurements. The
      relation between the magnetic field .DELTA.Hs for scanning and a magnetic
      field hs for sweeping will be described with regard to an example of a
      measuring system described later, which is necessary for the practice of
      this invention.
PAR  An illustrative case is shown in FIG. 1. Reference numerals 1 and 1'
      indicate magnets for establishing a magnetic field Ho therebetween; 2
      refers to a measuring target or object to be measured, that is a human, a
      living thing or a lifeless thing; 3 and 3' identify scanning coils; 4
      relates to a detector coil; and 5 and 5' refer to terminals for the
      connection with a power source for magnetic field scanning. Whereas the
      body, or object to be measured (e.g., human body, or any live or dead
      thing) is termed the "measuring target", the term "specified area" or
      "measuring target area" ("volume", or "portion"), referenced to as MT, is
      the portion thereof which is to be measured independently of the remainder
      of the target. "Area" is to be understood as inclusive of "region",
      "volume", or "position" of the target to be measured. In FIG. 1, the
      magnetic field Ho of the magnets 1 and that .DELTA.Hs of the scanning
      coils 3 and 3' superimposed on each other in a measuring target area 6
      having a field intensity of (Ho + .DELTA.Hs), to that a resonance angular
      frequency .omega.s of that area is given by the following equation:
EQU  .omega.s = .gamma.(Ho + .DELTA.Hs) = .omega..sub.o (1 + .DELTA.Hs/Ho) =
      .omega..sub.o (1 + .DELTA.s)                              (3)
PAL  where .DELTA.s = .DELTA.Hs/Ho. Accordingly, the problem is whether it is
      possible or not to discriminate the resonance frequency of the specified
      area having a deviation of .DELTA.s with respect to the resonance
      frequency of the neighboring regions, and whether it is possible or not to
      apply the magnetic field .DELTA.Hs to the specified area. As to the
      former, it is possible to employ an appropriate narrow band filter or a
      method such that after the difference between the proper frequencies fr
      and fs = .omega.s/2.pi., the signal frequency components are selected.
PAR  As to the generation of the magnetic field .DELTA.Hs, a magnetic field of
      selected (for example, cylindrical or spherical) configuration can be
      generated, for example, by a Hermholtz coil pair or a combination of such
      pairs. Consequently, assuming that the homogeneity of the magnetic field
      (field intensity at a maximum deviation vs. mean field intensity) required
      by the NMR apparatus is 10.sup.-.sup.5, that the magnetic field Ho is
      entirely homogeneous and of an intensity of 5KG, and that .DELTA.Hs = 50G,
      the homogeneity of the magnetic field .DELTA.Hs required is
      10.sup.-.sup.3. Namely, it is desired that .DELTA.Hs (1 + .delta.),
      .vertline..delta..vertline..ltoreq.10.sup.-.sup.3 covers the measuring
      target area and that the value of its neighboring regions differ greatly
      from the above one. If the above numerical value is assumed and if water
      is the nuclear magnetic substance to be measured in the body (assuming
      that the substance to be measured is protons unless specified),
PA1  f.sub.o = .omega.o/2.pi..apprxeq.20MHz,
PA1  .DELTA.f.sub.o = .DELTA.S..omega.o/2.pi. =
      (.omega.s.apprxeq..omega.o)/2.pi..apprxeq.200KHz, and
PA1  df.sub.s = .DELTA.f.sub.s (.delta.).apprxeq..+-.200Hz. Accordingly, if the
      frequency "fr" of a local oscillator for beat frequency is selected as
      follows:
EQU  fr = fo + .DELTA. fs + 200Hz,
PAL  it is sufficient to select the amplification band of a signal detecting
      amplifier to range from 0 to 400Hz. If fr = fo + .DELTA.fs, the band may
      be 0 to 200Hz.
PAR  Errors in this band are caused by the extent of the spreading, or skirt, of
      .DELTA.Hs scanning field and noises which enter the signal band. Namely,
      the probability of the signal detection depends upon the SN ratio of the
      noises and the signal. This problem may well be solved either by
      increasing the intensity of the magnetic field Ho, by using a computer for
      signal processing, by selecting the frequency of .DELTA.Hs modulated at an
      appropriate frequency, or by using various electronic circuit techniques
      such as a lowpass or bandpass amplifier of an appropriate frequency.
PAR  A first magnetic field scanning method is to move the magnetic field and
      the measuring target relative to each other, by which the measuring target
      area can easily be scanned. A second method is to shift the magnetic field
      for scanning by appropriately changing the ratio of currents I.sub.1 and
      I.sub.2 applied to the Helmhaltz coil pair generally changing the absolute
      values of the coils while maintaining the ratio of their ampere turns, for
      providing the magnetic field for scanning. In a third method, an
      appropriate frequency is used as the magnetic field .DELTA.Hs, three coils
      providing the magnetic field are disposed about a specified point while
      being spatially phased 120 degrees apart, and by generating a rotating
      mangetic field due to currents of the same frequency applied to the coils,
      a specified time is caused to correspond to a specified position and a
      special magnetic field .DELTA.Hs is produced thereby and detected, by
      which the magnetic field scanning can be achieved in a flat or spherical
      plane. It is possible, of course, to use one of such methods or a
      combination of them as desired.
PAR  Other magnetic field scanning methods will be described. For example, a DC
      current or a current with an appropriate frequency is applied in a living
      body, and the resulting magnetic field is used in place of the aforesaid
      .DELTA.Hs. The problem which must be taken into account in this case is
      whether it is possible or not to direct a current large enough to
      establish a required magnetic field without causing the living body pain.
      However, an appreciably large current can be applied by selecting an
      appropriate low frequency, so that, in this case, it will also be
      necessary to improve the SN ratio by selectively amplifying the current
      signal.
PAR  In some cases, a living thing as well as a lifeless thing do not require so
      strong magnetic field, and accordingly a DC current can also be used. In
      relation to this method, however, the following problem must be
      considered. Namely, since the current path is through a portion of the
      body having a low impedance, the positions of the electrodes must be
      properly selected in such a manner that the measuring target area may be
      included in the current path, and since the magnetic field is subjected to
      an attractive or repulsive force due to the electromagnetic force Ho and
      the magnetic field of the current, the attractive or repulsive force must
      be dealt with properly. The following solution may be used for these
      problems. It is possible to employ a method which utilizes the
      electromagnetic force between Ho and the magnetic field of the current;
      although the application of this method presents a problem where the
      current for .DELTA.Hs is difficult to direct through the measuring target
      area even if the positions of the electrodes are selected. It is necessary
      to properly select a method according to the particular measuring target.
PAR  With only one magnetic field established by such an induced current in the
      body, it is not clear whether the resulting signal is derived from the
      specified area or a neighboring area in the current path. To avoid this,
      it is desired to employ N's(N.gtoreq.1) number of current paths and
      dispose opposing electrodes in manner shown in FIG. 2. This figure is
      explanatory of the generation of the scanning magnetic field due to the
      current induced in the body. Reference characters a and a' designate
      opposing electrodes on the skin surface, and b and b' refer to other
      opposing electrodes. Reference numeral 10 indicates one portion of a human
      body and 12 refers to the area of the scanning magnetic field. The
      opposing electrodes are disposed so that their current paths may run
      through the same point which is the measuring target area. For scanning
      the target area, it is possible to fix the one current path and to use the
      other for scanning. In some cases, it is also possible to limit or reduce
      the target area by establishing a current induced from an injection needle
      inserted into the body. Further, it is also possible to make the
      frequencies and phases of the currents different from each other and apply
      magnetic fields of particular configurations to particular areas, thereby
      facilitating their detection. For providing .DELTA.Hs, two scanning
      magnetic fields may be formed to cross each other at right angles, or
      three magnetic fields may similarly be formed with three orthogonal axes.
      This method will hereinbelow be described.
PAR  FIG. 3 is explanatory of the mechanism for generation of a scanning field
      with the three orthogonal axes, showing the case where .DELTA.Hs.sub.1,
      .DELTA.Hs.sub.2 and Ho are applied on the three axes as shown. The
      scanning magnetic field is expressed by a composite value .DELTA.Hs of the
      fields .DELTA.Hs.sub.1 and .DELTA.Hs.sub.2 taken along the orthogonal
      axes, and a composite magnetic field Hr of these axes and Ho is given by
      the following equation:
      ##EQU1##
      where Ho is the main homogeneous field intensity,
PA1  .DELTA.Hs is the scanning magnetic field,
PA1  .DELTA.Hs.sub.1 and .DELTA.Hs.sub.2 are the field intensities of magnetic
      fields crossing each other at right angles in a plane perpendicular to Ho,
      and
PA1  .DELTA.H.sup.2 s .div. .DELTA.H.sup.2 s.sub.1 + .DELTA.H.sup.2 s.sub.2, Ho
      &gt;&gt; Hs.
PAL  From the equation (4), the effective scanning magnetic field becomes
      .DELTA.H.sup.2 s/2Ho. This can be altered with (.DELTA.H.sup.2 s.sub.1 +
      .DELTA.H.sup.2 s.sub.2), since Ho is homogeneous and constant.
PAR  Where it is necessary that Hr is in the same direction as Ho, if coils are
      disposed symmetrically with respect to the magnetic field Ho so that they
      may cancel their orthogonal components in the direction of the magnetic
      field Ho, components other than those in the magnetic field Ho direction
      of Ho disappear. Generally, it is sufficient only to rotate the axes of
      the fields .DELTA.Hs.sub.1 and .DELTA.Hs.sub.2 through angles
      corresponding to their magnitudes. An advantage of this method resides in
      that .DELTA.Hs of an appropriate configuration can be formed by utilizing
      the two magnetic fields .DELTA.Hs.sub.1 and .DELTA.Hs.sub.2. For example,
      in FIG. 4, if the radius of each of the coils 14 and 16 is taken as a, if
      the width of the coil is taken as 2l, if the distance between the opposing
      end faces of the coils 14 and 16 is taken as 2(Z - l) and if l/2 = 0.4 and
      (Z - l)/a = 0.195, the homogeneous magnetic field H in the axial direction
      of a Helmholtz coil pair at a point P has such characteristic as shown in
      FIG. 5. Where it is desired that only a specified area intermediate
      between the coils is a homogeneous magnetic field, if two Helmholtz coils,
      which cross each other at an appropriate angle, for example at right
      angles, are employed, a substantially homogeneous scanning magnetic field
      .DELTA.Hs can be formed only intermediate the coils. This can also be
      achieved by using a plurality of coils, for example, three coils crossing
      each other at right angles.
PAR  To make .DELTA.Hs homogeneous, a method of producing the scanning magnetic
      field .DELTA.Hs composed of an area .DELTA.Hs = 0 and a neighboring area
      .DELTA.Hs .noteq. 0 will be described (Modifications of this method will
      be described later). The simplest method is to reverse the direction of
      the current of one of the coils so that the magnetic fields generated by
      the two coils may cancel each other to zero at the origin 0 in the central
      portion of such a Hermholtz coil pair as depicted in FIG. 4. In this case,
      the magnetic fields at the origin 0 and in a plane including it and
      perpendicular to the center axis of the coil are all cancelled and
      extinguished, so that this plane can be used as a scanning plane where of
      .DELTA.Hs = 0. Further, where it is desired to achieve scanning in a
      linear (cylindrical) or dot-like (spherical) magnetic field, two or three
      orthogonal coil pairs may be used. A field where .DELTA.Hs = 0 on a
      straight line is formed by crossing of two planes of .DELTA.Hs = 0, and
      where dot-like .DELTA.Hs = 0 is desired, it can be produced by using three
      planes of .DELTA.Hs = 0 having the origin in common to them. It will be
      apparent that such a method of producing .DELTA.Hs = 0 is not limited
      specifically to the same two coils disposed symmetrical with respect to
      the origin as shown in FIG. 4 but may be used with a plurality of
      different coils, if suitable design conditions are met. As to these
      conditions, appropriate parameters such, for example, as currents, numbers
      of turns of the coils and the distance between the coils are selected so
      that the composite value of the magnetif field of each coil produced at
      the target area may be zero. Further, parameters of the overall coils are
      determined together with other conditions necessary in practice such as
      enlargement of the area of .DELTA.Hs or enhancement of the field intensity
      of .DELTA.Hs .noteq. 0.
PAR  Another method will hereinbelow be described. As shown in FIG. 6, three
      identical coils C.sub.1, C.sub.2 and C.sub.3 are disposed in the same
      plane while being spaced 120.degree. apart. Their axes cross each other at
      the origin 0 and if the coils are turned through 120.degree.  about the
      intersecting point, they lie one on the other. Supplying the same current
      to the coils C.sub.1, C.sub.2 and C.sub.3, the field intensity at the
      origin 0 becomes zero. Further, due to the mutual influence of the three
      coils, field intensities are added along the broken lines, too, and since
      the field intensities except that at the origin 0 are definite values, the
      dot-like magnetic field .DELTA.Hs = 0 can be provided. Moreover, if AC
      currents which are of appropriate frequencies and displaced 120.degree.
      apart in phase are applied to the coils C.sub.1, C.sub.2 and C.sub.3, a
      rotating magnetic field is produced; this method provides an advantage in
      that, by scanning the entire areas other than the origin 0 with a strong
      magnetic field, pseudo-signals produced in those areas can be erased.
PAR  With the above method, the identical coils are spaced apart 120.degree. for
      convenience of description but this is not always necessary. It is
      possible to make a design such that the composite value of the magnetic
      field produced by each coil has a predetermined value of .DELTA.Hs = 0,
      for example, at a certain target point, as in the method of generating the
      magnetic field .DELTA.Hs = 0 by the use of the Helmholtz coil pair.
PAR  Another method of generating a strong magnetic field and a low magnetic
      field adjacent to each other is by arranging magnetic coils such as
      Helmholtz coils with their central axes in parallel with each other and by
      making the coils opposite in polarity to each other. With this
      arrangement, a magnetic field of zero intensity and a magnetic field of
      finite intensity are formed in the area between the two coils and in the
      other area, respectively. For observing the NMR phenomenon, it is
      desirable that the static magnetic field used be homogeneous. To this end,
      a method of spinning a sample at a constant speed is usually employed. In
      the present invention, homogeneity of the magnetic field can be improved
      by spinning not only an object to be measured, but also a magnet
      generating the static magnetic field or a scanning magnetic field
      .DELTA.Hs generator. The first embodiment of this invention has been
      described in connection with the case where the homogeneous magnetic field
      Ho and the scanning magnetic field .DELTA.Hs are generated separately, for
      convenience of description. However, these magnetic fields may be produced
      by the same means. It has been described above that, with the symmetrical
      three coil method of FIG. 6, the field intensity at the origin 0 can be
      made zero and that the field intensity of the other area can be made high.
      In addition, a homogeneous weak field can be formed in the neighborhood of
      the origin by selecting the positions and the numbers of turns of the
      three coils differing slightly from the aforesaid values. However, a
      strong magnetic field substantially equal to the aforementioned can be
      provided in the neighboring area, so that the region about the origin can
      be used as a scanning magnetic field. In this case, the strong magnetic
      field except in the region about the origin can be used for the
      magnetization of protons or rapidly erasing the pseudo-signal in the area
      by applying at 90.degree. pulse utilizing the fact that the homogeneity of
      the magnetic field is not so high. The same is true of the case of the
      Hermholtz coil pair which generates magnetic fields of opposite
      polarities. It is also possible to use only the aforesaid magnetic field
      .DELTA.Hs with Ho = 0, and a selected frequency to be scanned; and such a
      magnetic field .DELTA.Hs can be used in common to Ho but, needless to say,
      it is also possible to use only one coil and utilize a substantially
      homogeneous magnetic field of maximum intensity as produced on the central
      axis of the coil. In short, it is apparent that the magnetic fields need
      not always be formed separately but may be simultaneously generated by the
      same means.
PAR  A second embodiment of this invention is a method of tagging the measuring
      target area by suitable means. One method of this embodiment is to make
      the relaxation time of the target area different from that of the
      neighboring regions by the injection of appropriate paramagnetic ions and
      to detect a signal of the target area by making use of the difference. In
      the case of applying this method to the human body, safety is an extremely
      important problem, so that examination of the paramagnetic material for
      use in the human body is time-consuming. However, no problem would occur
      if the paramagnetic material would be selected from those materials which
      have been proved harmless to the human body. Where the measuring target is
      an animal or a lifeless thing, such a problem is not so important.
      Similarly, by mixing a nuclear magnetic substance harmless to the living
      body and by directly detecting its movement, a blood flow signal of the
      corresponding area can also be obtained. Further, by injecting a
      ferromagnetic powder such as ferrite into the specified area together with
      a proper liquid, for example a non-nuclear magnetic liquid, to make the
      field intensity of that area different from the neighboring regions,
      discrimination of the resonance frequency of that area can be facilitated.
      In this case, it is also possible to apply the magnetic tagging to the
      specified area by a minute magnetic field generating coil inserted into
      the tip of an injection syringe (or a heart catheter) or a minute
      permanent magnet loaded at the top thereof. Further, it is also possible
      to employ such a method that a ferrite powder or the like is mixed in food
      and the NMR information emanating from the path along which the ferrite
      powder moves in the body is thereby made distinguishable from that of the
      neighboring regions. However, whether the ferrite powder can be mixed or
      not in blood is a problem to be studied in association with the problem of
      safety.
PAR  Further, in order for the detector to approach the area to be measured for
      detecting the resonance signal of the specified area with high SN ratio,
      it is also possible to load the detector in a capsule as is the case with
      a known radio capsule. If necessary, the scanning magnetic field .DELTA.Hs
      and the high-frequency magnetic field generating mechanisms can also be
      contained in a capsule. Further, it is also possible, of course, that, by
      applying the magnetic field Ho to the object to be measured from the
      outside thereof and by alternately inverting the polarity of the scanning
      magnetic field .DELTA.Hs generating coil in the capsule, signal detection
      is effected and also the capsule is moved or stopped in the body due to
      the interaction of the magnetic fields .DELTA.Hs and Ho. Where a strong
      magnetic field by super-conduction is used, the resonance frequency
      becomes extremely high, so that it is also possible to insert a hollow
      resonator as the detector in the object to be measured, for example, in
      the aforesaid capsule.
PAR  In the signal detecting method in this example, since the resonance
      frequency varies corresponding to the charge of the field .DELTA.Hs
      provided by the aforementioned various methods, the purpose can be served
      by detecting this deviation with a filter or the like.
PAR  However, even in the case where the scanning magnetic field .DELTA.Hs is
      not applied to the measuring target, if the detector is inserted in an
      injection syringe to detect a signal in its vicinity, its relaxation time
      can be measured. Also, in the case where two or three kinds of substances
      of different relaxation times are present in the adjoining area and if
      their values are different, the substances can be distinguished by simple
      data processing utilizing the fact that the effects of the difference in
      their relaxation times on the relaxation phenomena are produced while
      overlapping and attenuation of the overlapping relaxation phenomena with
      respect to time. However, when these relaxation times are close to each
      other, an error is likely to be introduced in the discrimination. As is
      seen from the aforesaid theoretical equation expressing the relaxation
      time in the case of paramagnetic ions being mixed in a liquid, this
      relaxation time is in inverse proportion to the viscosity of the liquid
      containing the paramagnetic ions. This indicates that the viscosity of the
      area to be examined can be measured by the measurement of the relaxation
      time. The viscosity thus obtained can be used for measuring hardening of
      blood vessel of a living body but this indicates the possibility of
      measurement of the relaxation time and hardening or viscosity and
      elasticity of the blood vessel or living body tissue in the case where no
      paramagnetic ions are mixed. This can be understood from the fact that the
      reason why the relaxation times of a normal tissue and a malignant tumor
      are different from each other is considered to lie in the difference
      between their coupling states with protein and water. The aforementioned
      theoretical equation is one in which an appreciable amount of paramagnetic
      ions is mixed in the liquid. Where a very small amount of paramagnetic
      ions is mixed, the resulting relaxation time is a function of the original
      relaxation time of the liquid and that affected by the paramagnetic ions.
      This relaxation time can be experimentally calibrated with ease, so that,
      by using it, it is possible to know from the amount of paramagnetic ions
      inserted, the relexation time inherent in the liquid present at the place
      of insertion of the paramagnetic ions.
PAR  A third embodiment of this invention is a method which facilitates the
      detection of the NMR signal by making use of possible features of the
      measuring target.
PAR  A first method is to utilize ripples of the blood. Namely, the blood
      ripples produces corresponding ripples or variations of the same waveform
      (hereinafter referred to as a frequency) in the NMR signal. The magnitude
      of the blood ripples is detected by selecting the frequency, and by
      obtaining information on the blood flow velocity, expansion or shrinkage
      of the blood vessel, the pulsatile flow velocity and so on. A second
      method is to utilize a respiration period. Namely, utilizing the period of
      motion given by respiration to respective parts in the body, signals of
      specified areas are selected. In this case, both natural and forced
      respiration periods can be utilized. This method appears to be of
      particular utility when employed for obtaining the NMR information of
      respiratory organs. In the case of detecting the NMR signal of only the
      specified area in the above measuring target, an error due to deviation of
      the specified area restricted by the scanning magnetic field .DELTA.Hs and
      resulting from ripple in blood, respiration and heart throbbing, presents
      a problem. However, this problem can be settled by detecting the signal in
      a time-sharing manner while using, as a synchronizing signal, a living
      body signal such as an electrocardiogram or respiration rhythm. It is also
      possible to apply appropriate vibration to the inside of the body from the
      outside and, in this case, the use of ultrasonic waves of excellent
      convergence is advisable. In such a case, for example, two or more
      ultrasonic wave sources are arranged so that ultrasonic waves emitted
      therefrom may cross each other at a specified area, thus facilitating the
      selection of the area. This method makes use of the fact that the
      oscillation of proton molecules by the ultrasonic wave in the magnetic
      field of the intensity (Ho + .DELTA.Hs) produces an electromotive force;
      and the magnetic field by its current serves as a substitute for the
      magnetic field .DELTA.Hs or as auxiliary means therefor. It is also
      possible to change the frequency and phase of the ultrasonic waves
      properly and detect a beat frequency or an appropriate phase ultimately.
      Where the nuclear magnetic resonance frequency of the specified area and
      the frequency of the ultrasonic waves are equal to each other, transfer of
      energy between them is expected, so that measurement of the specified area
      can be made easy by making use of this phenomenon.
PAR  A fourth embodiment of this invention is concerned with measurements taken
      from the outside of specified stationary protons in the body or moving
      protons such as blood. This will be described with reference to FIG. 7. In
      FIG. 7, let it be assumed that a blood vessel 18 indicated by broken lines
      passes through a one-dot chain lined spherical target area Op in one
      portion of the body of the measuring target. In FIG. 7, reference
      characters Cp, C.sub.1 and C.sub.2 designate a coil to which a
      high-frequency pulse is applied and receiving coils disposed on the skin
      surface, respectively. The blood flow velocity and the cross sectional
      area of the blood vessel are taken as v and s,  respectively. The diameter
      of the target area Op and the distances between the coils Cp, C.sub.1 and
      C.sub.2 are taken as L, l.sub.1 and l.sub.2 respectively. The periods of
      time in which blood flows from the center of the area Op immediately below
      the coil Cp to the points immediately below the coils C.sub.1 and C.sub.2
      are represented by t.sub.1 and t.sub.2, respectively. Let it be assumed
      that the measuring target is placed in the homogeneous magnetic field Ho
      and that only the area Op is placed in a magnetic field (Ho + .DELTA.Hs)
      in which the magnetic field .DELTA.Hs is superimposed on the field Ho. If
      the measuring target is protons, the resonance frequency of the area Op is
      given by the equation (3) and that of the neighboring regions is given by
      the equation (1). .gamma. represents the nuclear gyromatic ratio of the
      protons.
PAR  The blood flow rate q in the blood vessel is expressed as follows:
EQU  q = sv                                                     (5)
PAL  Upon application of a 90.degree. pulse of high frequency (fo +
      .DELTA.f.sub.s) to the coil Cp for magnetization, as in the case of the
      known relaxation time measuring method, if initial magnetization of the
      protons per unit volume is taken as M.sub.o, magnetization Mp of the blood
      in the area Op is given as follows:
EQU  M.sub.p = M.sub.o sL                                       (6)
PAL  the resonance signal of the area Op becomes gradually attenuated with its
      peculiar relaxation time being a time constant. However, since the
      resonance frequency of the neighboring regions is very different from that
      of the area Op, its resonance signal becomes non-resonant and immediately
      disappears. Accordingly, if the magnetic field .DELTA.Hs is scanned
      downstream at the blood flow velocity v measured previously or if the body
      is moved upstream at the velocity v, signals corresponding to the blood
      flow rate in the area Op appear in the coils C.sub.1 and C.sub.2 after the
      periods of time t.sub.1 and t.sub.2 as follows. In the detection of
      magnetization M.sub.1 with the receiving coil C.sub.1, attenuation is
      determined by the coupling coefficient of the coil C.sub.1 and the blood
      vessel is disposed under the coil C.sub.1. Since the attenuation is
      determined by the whole arrangement and the surrounding conditions, assume
      that the coupling coefficient is 1. The same is true of the detection of
      magnetization M.sub.2 by the other coil C.sub.2.
EQU  M.sub.1 =  M.sub.p . e.sup..sup.-t.sbsp.1/T, M.sub.2 = M.sub.p .
      e.sup..sup.-t.sbsp.2/T                                    (7)
PAL  T= (t.sub.2 - t.sub.1)[log(M.sub.1 /M.sub.2)].sup..sup.-1
      ##EQU2##
      where
EQU  v = l.sub.1 /t.sub.1 = l.sub.2 /t.sub.2, 1/T = 1/T.sub.2 + 1/T.sub.2,
      T.sub.2 = 1/.GAMMA..sup.. .DELTA.h, .DELTA.h
PAL  is the deviation from the homogeneous magnetic field (Ho + .DELTA.Hs) and
      T.sub.2 is the spin-spin relaxation time of protons. Since the diameter L
      of the area Op can be presumed from the shape of the area Op, the
      cross-sectional area s of the blood vessel can be determined from the
      equation (6), and consequently the blood flow rate q can be calculated
      from the equation (5).
PAR  In the above, the position for detecting the signal is right under below
      the coil C.sub.1 or C.sub.2 but this is not always required. If the
      detected signal is known to have been derived from the specified area, the
      coupling coefficient between that area and the receiving coil can be
      calculated, so that the signal may be quantitively measured. Consequently,
      it is necessary to make measurements at the two instants t.sub.1 and
      t.sub.2 but either one of the coils C.sub.1 and C.sub.2 may be dispensed
      with. The problems which must be taken into account here are to raise the
      SN ratio and how the specified area is presumed.
PAR  In order to increase the signal component of the flowing blood, the flowing
      blood is exposed to a magnetic field stronger than the field Ho, at a
      point upstream of the area Op to provide for increased magnetization M.
      Then the above-described treatment is carried out in the area Op, by which
      the SN ratio can be improved.
PAR  In the measurement of stationary protons unlike in the case of measuring
      the blood flow, the magnetic field .DELTA.Hs is not moved in accordance
      with the blood flow velocity but fixed. Where the magnetization of the
      area Op is measured after a period of time t.sub.3, if the volume of
      protons in the area Op is taken as Q and if Mp in the equation (6) is
      taken as Mo(Q-sL), the volume Q can be obtained from the following
      equation. The magnetization in this case is represented by M.sub.3.
EQU  M.sub.3 = Mo(Q - sL).e.sup..sup.-t.sbsp.3/T                (9)
EQU  q = (m.sub.3 /mo)e.sup.t.sbsp.3/T + sL                     (10)
PAL  assume that t.sub.3 is a period of time beginning when the blood present in
      the area Op at the time of impression of a pulsed field flows out
      therefrom and terminating when the measurement of the magnetization
      M.sub.3 in which a signal of the blood does not appear in a detecting coil
      placed in the position of the coil C.sub.p or in the coil C.sub.p used as
      a detecting coil, too. This assumption will be allowable from the presumed
      value of the aforementioned time constant.
PAR  The measuring methods of the moving and stationary protons may be variously
      modified. For example, the magnetic field Ho is applied to the area Op,
      the magnetic field (Ho + .DELTA.Hs) is applied to the neighboring regions
      and the magnetic field .DELTA.Hs is removed immediately after the
      impression of a pulsed field by a 90.degree. pulse of a frequency fo for
      mutating magnetization by 90.degree.; in this case there is no need of
      scanning the magnetic field .DELTA.Hs. Namely, the magnetic field
      .DELTA.Hs is applied simultaneously with or prior to the pulsed field (of
      the frequency fo). When a forced resonance signal of the non-resonating
      area in the neighborhood of the area O.sub.p has attenuated rapidly and
      when the blood flow still remains almost stationary, the magnetic field
      .DELTA.Hs is removed; after which, the signal is received by the coils
      C.sub.1 and C.sub.2 as described previously.
PAR  The advantage of the addition of such a 90.degree. pulse as mentioned above
      is that the relaxation time of the measurement target can also be measured
      at the same time. The problem which must be taken into consideration in
      this case is a pseudo-signal due to the stationary protons contained in
      the area O.sub.p. This pseudo-signal can be extinguished by moving the
      magnetic field .DELTA.Hs downstream in accordance with the blood flow
      velocity to put the pseudo-signal generating area in such a state that
      .DELTA.Hs.noteq.0. Further, it is also possible to erase the pseudo-signal
      by employing a distance differentiation method such that the difference
      between the signal outputs from the coils C.sub.1 and C.sub.2 becomes a
      signal; the pseudo-signal of the area O.sub.p is erased; and only
      neighboring signals are picked up.
PAR  A modification of the method employing the 90.degree. pulse will
      hereinbelow be described. This method has been described previously in
      connection with the case where the scanning field .DELTA.Hs = 0 is
      generated only in the specified area. The present example employs such a
      combination of coils that a high-frequency magnetic field H.sub.1 may be
      zero in the specified area. Namely, if the coil characteristics are of
      good design, their field intensities may be regarded as substantially the
      same both in DC and at high frequencies. Accordingly, it will be apparent
      that if .DELTA.Hs = 0 may be generated in DC in the specified area, the
      high-frequency magnetic field H.sub.1 may similarly be produced. In the
      design of this example, it is necessary to pay consideration to those
      factors which impair the winding capacitance and neighboring
      high-frequency characteristic and this inevitably limits the upper
      frequency.
PAR  Assume that H.sub.1 = 0 in the area O.sub.p and that H.sub.1 is extremely
      strong in the neighborhood. If this H.sub.1 is produced by the aforesaid
      90.degree. pulse, protons in the area O.sub.p are not affected by the
      90.degree. pulse; but those in the neighboring regions are affected
      thereby and rotated through 90.degree.. Then, a second 90.degree. pulse is
      produced by an appropriate coil and applied to the entire area including
      O.sub.p to which the aforementioned magnetic field H.sub.1 has been
      applied. In such a case, the protons in the area of H.sub.1 .noteq. 0 are
      rotated through 180.degree. and cannot be detected. However, the protons
      in the area O.sub.p of H.sub.1 = 0 are supplied with the 90.degree. pulse
      only once, so that the tagged magnetization similarly remains as in the
      foregoing example and becomes attenuated at a time constant of T.sub.2.
      Accordingly, if a detecting coil is disposed at the position of the coil
      C.sub.p, a signal from the area O.sub.p is induced in the detecting coil
      and this signal is the sum of the stationary protons and the blood flow
      rate in the area O.sub.p. Since the blood flows, an examination of this
      time relation will reveal the stationary protons and the aforesaid blood
      flow rate. Otherwise, in the case of FIG. 7, the blood in the area O.sub.p
      is detected with the coil C.sub.1 or C.sub.2. Namely, in order to remove
      the pseudo-signal in the area O.sub.p, it is possible, of course, to
      obtain a differential output between the coils C.sub.1 and C.sub.2 or to
      dispose a compensating coil at a place upstream from the coil C.sub.p,
      which is symmetrical to coil C.sub.1 with respect to coil C.sub.p. A
      significant advantage of this example lies in that the 90.degree. pulse is
      used twice to erase tagging of a certain area and to produce a signal of
      the specified area. This enables the following developments.
PAR  First, when the first 90.degree. pulse is applied, the protons in the area
      O.sub.p are not affected, so that the relaxation time is T.sub.1 and
      magnetization of that area becomes attenuated at the time constant of
      T.sub.1. However, the protons in the neighboring regions are rotated by
      the 90.degree. pulse through 90.degree., their relaxation time is T.sub.2,
      which is usually smaller than T.sub.1. Where the unhomogeneity of the
      magnetic field is large, T.sub.2 becomes extremely smaller than T.sub.1.
      Consequently, the high-frequency magnetic field in the area other than
      O.sub.p disappears relatively rapidly. However, the blood flow in the area
      O.sub.p proceeds downstream while being gradually attenuated at the large
      relaxation time T.sub.1. For example, when the blood flow has reached
      C.sub.1 or C.sub.2 in FIG. 7, the second 90.degree. pulse is applied to
      the entire area. In such a case, the protons other than those present in
      the area O.sub.p at the time of applying the first 90.degree.  pulse are
      all subjected to the 90.degree. pulse twice, that is, they are rotated
      through 180.degree. and the tagged magnetization is almost extinguished.
      In addition, since T.sub.2 is small, attenuation due to it is also large.
      However, longitudinal components produced during the recovering process
      after the first 90.degree. pulse produce a pseudo-signal with the second
      90.degree. pulse. Where relaxation time T.sub.1 is large, the longitudinal
      components do not rapidly recover, and hence have little influence. If
      necessary, the influence can be further lessened by the use of a
      compensating coil described previously with regard to the fourth
      embodiment. With this method, since relaxation time T.sub.1 is larger than
      T.sub.2, the distance between C.sub.p and C.sub.1 or C.sub.2 shown in FIG.
      7 is longer than that required in the fourth embodiment, and consequently,
      from this viewpoint, too, this method is advantageous with regard to the
      pseudo-signal.
PAR  The first 90.degree. pulse is applied to the measuring target except
      specified area and the second 90.degree. pulse is applied to the entire
      area of the measuring target. This can be achieved by the same coil group.
      For this purpose, the coils for providing .DELTA.Hs = 0 can all be used
      and in the case of providing H.sub.1 .noteq. 0 over the entire area of the
      measuring target, the polarities of the coils are selectively combined so
      that the composite magnetic field may not be zero. For example, the
      polarity in which the two coils of the Hermholtz coil pair are
      interconnected for the application of the first 90.degree. pulse is
      reversed for the application of the second 90.degree. pulse. For providing
      H.sub.1 = 0, it is also possible to turn on and off an appropriate
      magnetic shield instead of using such coils. However, shielding with a
      usual ferromagnetic substance is likely to be accompanied with isolated
      magnetic poles, which makes it impossible to generate an unhomogeneous
      magnetic field and, further, in the case of a living body, it is
      impossible to embed the ferromagnetic substance in the measuring target
      area. To avoid this, it is possible to wind a short-circuit coil having an
      extremely low resistance, on a portion to be shielded and generate in the
      coil a current which shileds the target portion from an external magnetic
      field, thereby making the composite magnetic field substantially zero in
      the coil. The magnetic flux produced by an induced current in a one-turn
      coil is opposite in phase to that produced by the transmitter coil C.sub.p
      and they cancel each other. This produces the same effect as shielding.
      For this purpose, the coil need not always be a one-turn coil and, in
      accordance with the range of the shielding effect, the number of turns may
      be properly increased, a number of short-circuit coils may be
      appropriately disposed or a wide conductor lead may be employed. However,
      where a signal is desired to be picked up in the vicinity of H.sub.1 = 0,
      it is necessary to open the n-turn coil and this can easily be achieved by
      means of a switching circuit.
PAR  Since recent developments permit the easy obtaining of ultra-low
      temperatures, it is possible to employ the coil utilizing a
      superconduction phenomenon. A strong static magnetic field due to a
      superconductive magnet can easily be produced by such a device. In the
      case of applying the 90.degree. pulse once or twice, it is desired to
      increase static magnetization for the purpose of increasing the signal
      strength. To perform this, a homogeneous magnetic field is not always
      necessary, so that an appropriate magnet is disposed at the upstream
      position of the blood flow and when the blood exposed to the static strong
      magnetic field intensity enters a homogeneous low field, the magnetization
      of the blood is difficult to attenuate because the time constant T.sub.1
      is large. This characteristic is utilized. Accordingly, the magnetic field
      in the vicinity of the area O.sub.p may be a homogeneous low field having
      an appropriate resonance frequency which is difficult to be affected by
      the dielectric loss in the body. In such a case, magnetization of the
      blood is large and that of the stationary protons in the neighborhood of
      the area O.sub.p is low, so that the pseudo-signal often discussed above
      is extremely small. The so-called two magnetic fields method employing the
      strong magnetic field and the homogeneous low field in combination is
      applicable not only to the blood flow measurement but also to measurements
      of stationary substances. For example, motion corresponding to the blood
      flow velocity may be given to a living body. Alternatively, after the
      neighboring regions of the specified area are magnetized by a strong
      magnetic field, a homogeneous low field is applied to the neighboring
      regions and its resonance frequency is measured. This may be also applied
      by the same magnet in a time-divisional manner. Where the detecting
      section can be disposed near or in contact with the measuring target area,
      the two magnetic fields method is not always required but a one magnetic
      field method may be used for the measurement. A practical method employing
      a permanent magnet will be described later as an example of the measuring
      system.
PAR  In the example of utilizing the 90.degree. pulse, it is sufficient only
      that the magnetization has the transverse component. Generally, if the
      total angle rotated by the two pulses is an integral multiple of
      180.degree., the above example can be realized. Accordingly, the purposes
      can be served, if the total angle rotated by the first and second pulse
      or, in some cases, N's pulses, is an integral multiple of 180.degree..
PAR  To ensure easy removal of the pseudo-signal and detecting the signal, it is
      sometimes better to employ another method rather than simply applying the
      90.degree. pulse twice.
PAR  Then, an on-off, strong static magnetic field where the off-state takes
      either a zero or a definite value, is applied to a blood vessel from the
      skin surface. As shown in FIG. 8A, if blood flowing in a blood vessel 20
      is magnetized by a magnet 24 disposed near the skin surface 22 with an
      appropriate period in such a static magnetic field as depicted in FIG. 8B,
      the magnetization of the blood flow is effected in an on-off manner in its
      flowing direction. The magnetization is detected downstream by an
      appropriate NMR measuring method in a homogeneous low magnetic field and
      the detected output is a signal having the aforesaid period. Therefore,
      the SN ratio can be improved by selectively amplifying this periodical
      signal and by computer averaging the transient of the signal of each
      period. With this method, where the blood flow velocity is low, the
      selected frequency is low, so that amplifier noise is large and response
      speed becomes slow. Such defect can be avoided by the following method.
      Namely, as shown in FIG. 9A, an N number of strong magnetic field
      generators 24 are disposed close to the skin surface 22 along the blood
      vessel 20. In the illustrated example, three field generators are used
      (N=3). The field generators 24 are designed so that magnetization thereby
      applied to the blood may be superposed on that applied upstream of them
      and intensified, as indicated in FIG. 9B.
PAR  To this end, the on-off period is selected to be l/v, by which the
      magnetization may be intensified and a consequently large signal output
      can be obtained. By selecting the period T so that this output may be
      maximum, v can be measured from T=l/v and if the signal output and
      attenuation between the detector and the blood vessel is known, the blood
      flow rate can also be determined. This attenuation is determined by the
      relative positions of the blood vessel and the detector to each other and
      the living body tissue between them but it is evident that they can be
      presumed by experiments.
PAR  In another pseudo-signal compensating method, a compensating coil C.sub.1 '
      (not shown) identical with that C.sub.1 is disposed upstream at a position
      symmetrical with C.sub.1 with respect to the coil C.sub.p, as shown in
      FIG. 7 and the difference between outputs from the coils C.sub.1 and
      C.sub.1 ' is measured. In this case, the coils are disposed exactly
      symmetrical with each other with respect to the pseudo-signal source and
      are connected in opposite polarities while the distances to both of the
      coils are greatly different, so that this method is of particular utility
      in the case of blood vessels deep in the body.
PAR  These methods are selectively employed in view of given conditions and
      economical considerations of each method.
PAR  Instead of applying the 90.degree. pulsed field, a 270.degree. pulsed field
      equivalent thereto or other pulsed field containing these components can
      be used. Further, by using not only the above-mentioned pulse but also a
      high-frequency magnetic field capable of rotating the magnetization to
      have a y component, similar measurement is possible.
PAR  In the foregoing, the coils C.sub.1 and C.sub.2 are described to be
      disposed on the skin surface for convenience of description but when it is
      particularly desired to improve the SN ratio or measure only the signal of
      the specified area, it is possible to mount a receiving coil on the tip of
      an injection needle and insert it into the body.
PAR  A fifth embodiment of this invention is directed to a blood flow measuring
      method different from the fourth one. A typical example of this method is
      one which makes use of the magnetic field scanning employing the
      construction depicted in FIG. 1. FIGS. 10, 11A and 11B are a schematic
      diagram of a measuring target area and graphs showing the relationships
      between the blood flow rate and a detected output.
PAR  For the sake of brevity, let it be assumed that the neighborhood of the
      measuring target (the area 30 indicated by the one-dot chain line in FIG.
      10) is a body tissue in which water distributes uniformly, that the inside
      and outside of this area are exposed to different magnetic fields
      necessary for flow rate measurement, that the inside of the area is
      exposed to a homogeneous field Ho when .DELTA.Hs = 0 and that where a
      single arterial blood vessel 32 exists in the area, the scanning magnetic
      field .DELTA.Hs is applied in the broken line cylindrical area 31.
PAR  The area to which the magnetic field .DELTA.Hs is applied is set relatively
      wide so that the measuring target area may be included therein. To this
      end, the magnetic field and the living body (the measuring target) are
      moved relative to each other in such a manner that the known measuring
      target area may be located in the area to be exposed to the magnetic field
      .DELTA.Hs. This condition may be assured by a method of detecting ripples
      contained in the arterial blood flow or like method. When the ripples
      reach a maximum by shifting the magnetic field .DELTA.Hs or the living
      body, the blood vessel is entirely covered with the area of the magnetic
      field .DELTA.Hs. Accordingly, if the area of the magnetic field .DELTA.Hs
      is minimized by adjusting only its cross sectional area while retaining
      the maximum value, the diameter of the cylindrical area to which the
      magnetic field .DELTA.Hs is applied becomes equal to the diameter of the
      blood vessel. Thus, the cross sectional area of the blood vessel can be
      measured. Further, since the typical relation between the blood flow rate
      and the detecting signal is known as shown in FIG. 11A, the tendency can
      be known from the high-frequency magnetic field H.sub.1 to be applied. In
      FIG. 11A, V.sub.o indicates a detected output in the case where the blood
      vessel is filled with blood but the flow rate is zero, and V.sub.t
      indicates a certain flow rate (cross sectional area x flow velocity) and,
      in this case, corresponds to all signals including ripples. In practice,
      the arterial blood flow rate V.sub.t exists as shown in FIG. 11B, so that
      its maximum and minimum values (V tmax and V tmin) can be obtained. Such
      velocity of the arterial blood flow in the blood vessel can be used as a
      information for diagnosis and, further, serves as an index for the
      following flow velocity measurement. Namely, if another magnetic field
      .DELTA.Hs' is applied across the measuring target area and another area of
      the same blood vessel and if the correlation between the signal due to the
      ripple of the target area and that of the ripple of the said other area is
      detected, the time for propagation of the blood flow rate between two
      points can be determined. Since the distance therebetween is known from
      the design condition for applying the magnetic field .DELTA.Hs and
      .DELTA.Hs', the blood flow rate can also be determined. Accordingly, the
      flow rate on the abscissa in FIG. 11A can be obtained as the product of
      the cross sectional area of the blood vessel and the blood flow velocity
      obtained as a result of the measurement.
PAR  In order to obtain such a characteristic as shown in FIG. 11A in actual
      measurement, the linear characteristic in FIG. 11A can be determined, if
      the flow velocity or the flow rate corresponding to Vtmax and Vtmin as
      shown in FIG. 11B. The problem is that the maximum and minimum values
      Vtmax and Vtmin of the arterial blood flow depend upon not only the flow
      velocity but also the cross sectional area of the blood vessel. In this
      case, if the cross sectional area of the blood vessel can be disregarded,
      the characteristic curve in FIG. 11A can be determined by causing the
      values Vtmax and Vtmin to correspond to the maximum and minimum values of
      the flow velocity measured, for example, by the correlation method.
PAR  A sixth embodiment of this invention is concerned with a system for
      measuring the internal information of the measuring target from the
      outside by means of NMR phenomena. Before entering into a description of a
      typical construction therefor, a description will be given of the relation
      or difference between the scanning magnetic field .DELTA.Hs providing an
      important effect of this invention and a known sweep magnetic field "hs"
      for magnetic field sweeping.
PAR  By the homogeneous magnetic field Ho applied to the measuring target area,
      a resonance phenomenon at a resonance frequency .omega.o = .gamma.Ho of
      that area is very sharp and does not show itself until it becomes almost
      coincident with a high frequency .omega. to be applied for detecting the
      resonance frequency. In order that the resonance phenomenon may easily be
      detected without fine frequency adjustment, the magnetic field "hs" having
      an intensity far smaller than that of the field Ho is superimposed on the
      latter and is continuously changed, by which a point .gamma.(Ho + hs) =
      .omega.  is readily found. Accordingly, the magnetic field "hs" is only
      superposed on the field Ho and is not applied only to a specified area of
      the sample unlike the aforesaid magnetic field .DELTA.Hs. Therefore, the
      same result can also be obtained by sweeping the frequency near the
      resonance frequency .omega./2.pi. instead of the magnetic field "hs"; this
      method has also been practised for a long time. However, in the case of
      sweeping an angular frequency corresponding to the magnetic field
      .DELTA.Hs, it is unknown from what area the resonance phenomenon is
      derived, so that it is impossible to discriminate the signal from the
      specified area, which problem is solved by the present invention.
PAR  Now, concrete problems will be discussed. Namely, also in the present
      invention, the use of such a magnetic field sweep method as described
      above is necessary for facilitating the measurement. For this object, such
      methods as follows are considered: To superimpose the known sweep magnetic
      field "hs" on the magnetic fields Ho and .DELTA.Hs, or to employ such a
      frequency sweep as mentioned above in place of the sweep magnetic field
      "hs", or to apply a magnetic field of a specified magnitude representing a
      specified area to the magnetic field .DELTA.Hs and cause the magnetic
      field .DELTA.Hs to perform the magnetic field sweep. Since the first and
      second methods have different functions, the difference between their
      objects is apparent. Here, a description will be made of the third method
      in which the magnetic field .DELTA.Hs is caused to perform magnetic field
      scanning and sweep. Usually, a maximum value of the magnetic field "hs"
      for the magnetic field sweep is two to twelve times as large as the
      unhomogeneity dHo of the magnetic field Ho.
PAR  If Ho = 10.sup.4 G and if dHo = 10.sup.-.sup.1 G, the maximum value of the
      magnetic field hs may be considered to be less than several gausses.
      Accordingly, if the magnetic field .DELTA.Hs is dozens of gausses and if
      about 1 to 10% of the field .DELTA.Hs is varied for magnetic field sweep,
      it is possible to designate a specified area due to .DELTA.Hs and provide
      the function of the magnetic field sweep. A modification of this method is
      to utilize the aforementioned rotating magnetic field and cause a
      specified place and time to correspond thereto, thereby providing the
      function of the magnetic field .DELTA.Hs. However, for designating the
      specified area with less errors, it is desired to apply the magnetic field
      "hs" to the measuring target substantially homogeneously and cause the
      magnetic field .DELTA.Hs to perform the function of only designating the
      specified area. In short, the method employed is determined dependent upon
      the extent to which an error is permissible. It will be seen that the
      magnetic field scanning method by .DELTA.Hs is essentially different in
      object and function from the magnetic sweep method by "hs".
PAR  Therefore, the following description will be given mainly of the magnetic
      field .DELTA.Hs.
PAR  Principal problems of the measuring system for obtaining the NMR
      information of a specified area by the use of the magnetic field scanning
      are as follows:
PA1  1. Arrangement of a .DELTA.Hs generating element.
PA1  2. Removal of pseudo-signals derived from non-measuring target areas.
PA1  3. Others
PAR  The first problem is encountered in the cases where a ferromagnetic
      substance is used for an electromagnet for generating the magnetic field
      Ho; the measuring target is a large one such as the human body; and it is
      desired to miniaturize the device. This is because of the fact that even
      where a predetermined .DELTA.Hs is produced, if a ferromagnetic substance
      exists, the magnetic field distribution is thereby disturbed. To avoid
      this, the present inventors consider the following method. As described
      previously, the magnetic field .DELTA.Hs has often such a spatial
      configuration as dot, line or plane symmetry. While, the ferromagnetic
      substance for generating the magnetic field Ho is also symmetrical with
      respect to a certain plane or a straight line about an air gap, as will be
      analogized from a horseshoe-shaped magnet or the like. Where the axes or
      planes of symmetry of the both are made coincident with each other, even
      if the shape of the magnetic field .DELTA.Hs is disturbed, the disturbance
      is symmetrical. Especially when a homogeneous area of the magnetic field
      .DELTA.Hs is produced at the axes or planes of symmetry, this area is
      spaced usually relatively apart from the ferromagnetic substance and the
      disturbance is small. It is relatively easy to employ a compensating coil,
      if necessary, or make designs in anticipation of the disturbance.
PAR  One simple example is shown in FIG. 12. In FIG. 12, reference characters N
      and S indicate poles of an electromagnet formed of a ferromagnetic
      material, by which a homogeneous magnetic field Ho is generated in an air
      gap between magnetic poles. Assume that three orthogonal axes X, Y and Z
      indicated by one-dot chain lines cross each other at the origin 0 and that
      the magnetic cores are disposed symmetrical with respect to these axes
      respectively. A Helmholtz coil pair for providing .DELTA.Hs = 0 in a plane
      YZ comprises coils HC.sub.1 and HC.sub.2, which are disposed about the
      X-axis symmetrically with respect to the plane YZ. It will also be
      apparent from the foregoing that if it is desired to provide dot-like
      .DELTA.Hs = 0, a Helmholtz coil pair similar to HC.sub.1 and HC.sub.2 are
      disposed about Y-and Z-axes or three coils for producing a rotating
      magnetic field are disposed about the origin O in the plane YZ.
PAR  Also in the case of making use of such symmetry, a small disturbance occurs
      due to design values but it can easily be measured by the NMR detecting
      method at the air gap between the magnetic poles, so that compensation for
      the disturbance of the magnetic field .DELTA.Hs can be easily achieved.
      For the scanning of the magnetic field .DELTA.Hs, the coils for generating
      the magnetic field may be moved while maintaining the aforesaid axis of
      symmetry. However, in usual cases, the measuring target 41 is moved, or
      the aforesaid axis of symmetry or the like is held unchanged and the
      ampere turns of the coils are selectively changed. However, it is desired
      to dispense with such operation, if possible, so that it is naturally
      desirable to employ a method of generating the magnetic field by
      superconductive coils or air-core coils which do not require the
      ferromagnetic material.
PAR  The problem of miniaturization of the device is not peculiar to this
      invention, and hence will not be described in detail; but two detectors
      singular to this invention will be described. They are to use, as a
      receiving coil, and include a minute coil mounted in an injection needle
      or a heart catheter such as a heart catheter tip type electromagnetic
      blood flow meter; unlike the above-described method of generating the
      magnetic field .DELTA.Hs by the injection needle or the heart catheter. In
      order to serve as a receiving coil, its cover must not have a shielding
      effect, so that it is formed of an insulating material at the necessary
      places. However, it is also possible to cover the coil with a metal only
      when it is inserted and remove the metal after inserted. This coil may
      also be used for generating a magnetic field for .DELTA.Hs and the other
      coil may be provided separately inside of the inserting device.
PAR  The second problem is to provide another detecting element for suppressing
      the pseudo-signal, by means of which the pseudo-signal is compensated.
      This can be achieved by several methods, one example of which is shown in
      FIG. 7. Namely, the coils C.sub.1 and C.sub.2 are spaced apart as far from
      the coil C.sub.p as the SN ratio permits and the distance between the
      coils C.sub.1 and C.sub.2 is selected about L. As described previously
      with regard to FIG. 7, the signal component in the blood flow in the area
      O.sub.p given by the coil C.sub.p and the pseudo-signal by the stationary
      protons in the area O.sub.p are received by the coils C.sub.1 and C.sub.2.
      Since the distances between the area O.sub.p and the coil C.sub.1 and
      between the coils C.sub.1 and C.sub.2 are substantially equal to each
      other, the pseudo-signal components are attenuated in accordance with the
      relaxation time and the absolute value of the signals detected by the
      Coils C.sub.1 and C.sub.2 are substantially equal to each other. For the
      sake of brevity, the attenuation with the relaxation time will not be
      neglected. While, the blood having the signal components flows down to
      approach the coils C.sub.1 and C.sub.2, so that until the blood flow
      reaches the point immediately below the coil C.sub.1, inputs to the two
      receivers are increased and while the blood flow exists between the coils
      C.sub.1 and c.sub.2, the input to the coil C.sub.1 is decreased and that
      to the coil C.sub.2 is increased. When the blood flow is downstream of the
      coil C.sub.2, the signal components are decreased. Accordingly, by
      reviewing the effect of differentiating the outputs from the coils C.sub.1
      and C.sub.2, it is seen that there is a tendency that while the blood
      having the signal components stays between the coils C.sub.1 and C.sub.2,
      for the input to the one coil increases and that to the other decreases is
      more marked than in the case where the blood flow lies in other areas.
      Therefore, by detecting the difference between the inputs to the coils
      C.sub.1 and C.sub.2, the influence of the stationary protons of the area
      O.sub.p can be greatly lessened and, further, 1/2 of the output may be
      regarded as the signal component from the coil C.sub.1 or C.sub.2, so that
      not only the signal component but also the blood flow velocity can be
      measured.
PAR  In accordance with a modification of this method, a detector for
      compensation is provided upstream of the area O.sub.p as a detector for
      only one of the coils, for example coil C.sub.1 and this detector is
      disposed at such a position that the pseudo-signal of the area O.sub.p may
      equally enter the coil C.sub.1 and this detector. With such an
      arrangement, the differential output from these two detectors
      substantially eliminates the influence of the stationary protons. Since
      the output becomes maximum when the blood having the signal reaches a
      position substantially immediately below the coil C.sub.1, it is possible
      to erase the pseudo-signal to detect only the signal component and,
      further, to measure the blood flow velocity, as described above. To employ
      such a method in practice, it is desired that the SN ratio is sufficient
      to detect and that the coils C.sub.1 and C.sub.2 are placed close to the
      blood vessel to cause a great increase in the signal component due to the
      blood flow. Consequently, this method cannot inevitably produce
      satisfactory effects unless used with a blood vessel close to the skin
      surface.
PAR  Next, a more ordinary method of compensating for the pseudo-signal is shown
      in FIG. 13. The figure illustrates three basic and typical constitutional
      methods for arranging detector coils. Detector coils A and B are disposed
      at right angles to a high-frequency magnetic field H.sub.1 and they are
      difficult to receive the pseudo-signal input due to the magnetic field
      H.sub.1, so that these coils may not be used. Instead, a detector coil C
      disposed at an appropriate position for detecting the signal component is
      liable to receive a large input induced by the magnetic field H.sub.1.
      Therefore, in such a case, a coil C' is disposed at a position symmetrical
      with the coil C with respect to the static field Ho through the measuring
      target. Namely, the coil C' is placed at such a position that, while
      compensating for the direct influence of the magnetic field H.sub.1 by
      detecting a difference output between the coils C and C', the influence of
      the signal component on the coil C' is reversed in direction to that on
      the coil C so that such influence is not ever exerted on the coil C'. If
      such a position cannot be found, it is advisable to derive a compensating
      power source of appropriate amplitude and phase from the power source of
      the magnetic field H.sub.1 and to cancel the pseudo-input. For removing
      the influence by the magnetic field H.sub.1, a combined use of a bridge
      balance method and a modulation method usually employed is also possible
      with this method. It will be self-explanatory that the rotating magnetic
      field method described as the third method in the first embodiment can be
      used as the modulation method.
PAR  The third problem relates to the manner in which the inventions described
      in the foregoing are combined with the measuring system. However, since
      they can be incorporated in the present measuring system singularly or in
      combination, no description will be given.
PAR  With reference to FIGS. 14A and 14B, a two magnetic fields method using a
      permanent magent will hereinbelow be described as a concrete system
      associated with the above second and third problems. Fig. 14A shows the
      case of measuring a specified cross-sectional area in a living body which
      is relatively close to the skin surface or a specified area such as the
      stomach or the uterus into which the measuring instrument can be inserted.
      Assume that the specified area is exposed to a specified scanning field
      .DELTA.Hs by a Helmholtz coil pair indicated by numerals 44 and 46 in FIG.
      14A. A permenent magnet 48 in FIG. 14A is brought close to the specified
      area to magnetize it and then the magnet 48 is removed. Next, a signal of
      the specified area is detected by a nuclear magnetic resonance apparatus
      such as an NMR spectrometer or a spin-echo NMR apparatus; which is placed
      close to the specified area or brought close thereto after the permanent
      magnet is removed. The method depicted in FIG. 14A includes the following
      steps. For example, the Helmholtz coil pair can be removed in such a
      manner that when the permanent magnet 48 is moved, the magnetic field
      applied by the permanent magnet 48 to the specified area may be a
      homogeneous low field applied by the Helmholtz coils 44 and 48. In this
      case, it is also possible to generate a homogeneous magnetic field by a
      magnetic pole piece or to generate a homogeneous low field by revolving
      the magnet 48.
PAR  In FIG. 14B, the permanent magnet is not moved but instead a ferromagnetic
      core 50 is inserted into or drawn out from the magnet air gap to alter the
      gap length of a permanent magnet 52, thereby providing a strong magnetic
      field and a homogeneous low field properly. In FIG. 14B, it is effective
      to wind a detecting coil 54 on the core 50 to use it as a detector, too,
      and to provide a pair of short-circuit coils 56 and 58 at the tips of the
      permanent magnet 52 so that the high-frequency magnetic field may be
      applied to a predetermined living body without entering the ferromagnetic
      member. In both cases of FIGS. 14A and 14B, where the permanent magnets
      are close to the high-frequency magnetic field, ferrite magnets having a
      relatively small high-frequency loss may be used as the permanent magnets
      so as to reduce a loss by the magnets. Where the strong magnetic field and
      the homogeneous low field are produced by coils in place of the permanent
      magnets, the high-frequency loss is little.
PAR  FIGS. 15A and 15B shows a method of producing a strong magnetic field and a
      homogeneous low field by utilizing a magnetic shield. In FIG. 15A, a
      shield plate 60 is inserted at a required distance from a magnet 62, and
      this plate 60 is punched out at its center and has a cylindrical portion
      60a for facilitating the generation of a homogeneous low field. In such a
      case, the field intensity is minimum in the neighborhood of the center of
      the cylindrical portion 60a, providing a substantially homogeneous
      magnetic field. The shape of this punched-out portion need not always be
      cylindrical and its size may be changed by selecting its shape. In FIG.
      15B, the shield plate 60' and the cylindrical portion 60'a in FIG. 15A are
      disposed apart so as to further facilitate the generation of the
      homogeneous low field. It will be understood that various similar
      shielding methods and homogeneous low field generating methods may be
      employed. For example, shield plates are placed one on another; shield
      plates of low flux density are used to facilitate the production of the
      homogeneous low field; the so-called scanning magnetic field .DELTA.Hs is
      produced by such methods or the field .DELTA.Hs is prepared separately. No
      description will be given of them. It is a matter of course that
      measurement is possible even if the permanent magnet is not removed in the
      foregoing description.
PAR  Now a description will be given of an example equivalent to the case of
      special scanning or the case of applying N's magnetic field .DELTA.Hs.
      Namely, in the foregoing, the magnetic field Ho is made homogeneous over
      the entire range of measurement of the measuring target. In this case,
      however, the magnetic field Ho is gently graded and the range of the
      magnetic field Ho is divided into individual regions within the allowable
      changing ratio (for example, 10.sup.-.sup.5) of the magnetic field
      .DELTA.Hs and the regions are sequentially measured. The alternative is to
      simultaneously apply to a detecting system signals of appropriate regions
      in such a form that resonance frequencies corresponding to respective
      areas are mixed, to amplify the signals altogether and to separate the
      signal corresponding to the measuring target by means of a filter. This
      method enables simultaneous measurement of the entire area, and hence is
      advantageous not only in that the scanning time can be saved but also in
      that, for example, measurement of abnormality of a relaxation time can be
      achieved in a short time by using a method of detecting whether the
      specified relaxation time is present or not in the area to be measured.
      Such a magnetic field Ho as mentioned above can also be provided by making
      use of the Helmholtz field .DELTA.Hs in this invention. The most desirable
      method for improving the SN ratio is to utilize an extremely strong
      magnetic field Ho. In this case, however, the detecting coil becomes
      inevitably larger with an increase in the size of the measuring target and
      the resonance frequency of this coil system is often lowered below the
      resonance frequency by the winding capacity and stray capacity. This leads
      to deterioration of the SN ratio but, in order to alleviate this, negative
      capacitance is produced by an electronic circuit and connected in parallel
      with the electrostatic capacitance. Namely, the circuit system including
      this negative capacitance is readjusted to thereby improve the SN ratio.
      It is also possible to use a hollow resonator and coupling of the hollow
      resonator with a capsule is also considered. The latter method has an
      advantage that the detecting system can be brought close to the signal
      source, and is of particular utility when employed in such a case.
PAR  The foregoing examples are not always used in connection with the living
      body but, in the case of a measuring target having the nuclear magnetic
      resonance substances and of an appropriate size in relation to the area of
      the magnetic field Ho, a NMR signal of the measuring target can be
      detected in a manner to be non-invasive and this feature has an advantage
      that, in the case of a living body information can be obtained without
      giving it pain. It will be seen that even if invasion as by an injection
      needle may be permitted, this invention is excellent as compared with the
      way of obtaining information by laparotomy or the like.
PAR  It will be apparent that many modifications and variations may be effected
      without departing from the scope of the novel concepts of this invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A method of obtaining internal information of a specified area of a
      measuring target by use of a nuclear magnetic resonance phenomenon,
      including the steps of:
PA1  providing a homogeneous magnetic field H.sub.0,
PA1  disposing the measuring target in said homogeneous magnetic field,
PA1  generating a scanning magnetic field .DELTA.H.sub.s and applying said
      scanning magnetic field .DELTA.H.sub.s in superimposed relationship with
      said homogeneous magnetic field H.sub.0 to establish a level of field
      intensity in the specified area to be examined which differs substantially
      from the level of field intensity of the remaining portion of the
      measuring target,
PA1  providing a high-frequency magnetic field H.sub.1 of a resonance frequency
      of a nuclear magnetic substance in the measuring target area, said
      high-frequency being determined by the level of field intensity in the
      said target area, and applying the high-frequency magnetic field in a
      direction perpendicular to the field H.sub.0 so as to encompass at least
      said specified area of the measuring target and regions adjacent said
      specified area of said measuring target, to produce a signal
      representative of a nuclear magnetic substance in said specified area, and
      detecting and processing said signal for obtaining information of said
      nuclear magnetic substance of said specified area of said measuring
      target.
NUM  2.
PAR  2. A method according to claim 1 wherein the step of generating and
      applying said magnetic field .DELTA.H.sub.s comprises:
PA1  generating and applying a magnetic field .DELTA.H.sub.s of a field
      intensity .DELTA.H.sub.s = 0 to said specified area of said measuring
      target, and
PA1  generating and applying said scanning magnetic field .DELTA.H.sub.s of a
      substantially different level in the remainder of the measuring target,
      including the said regions adjacent the said specified area.
NUM  3.
PAR  3. A method according to claim 1 wherein the step of generating the
      scanning magnetic field comprises generating a scanning field
      .DELTA.H.sub.s having an intensity value equal to that of said homogeneous
      magnetic field H.sub.0 but of opposite sense, and
PA1  applying said scanning magnetic field .DELTA.H.sub.s to said specified area
      to be examined so as to establish a field intensity of the superimposed
      fields H.sub.o and .DELTA.H.sub.s in the said specified area which is
      substantially lower than that of the intensity of the homogeneous magnetic
      field H.sub.0 as applied to the remainder of the measuring target.
NUM  4.
PAR  4. A method as recited in claim 1 wherein said homogeneous magnetic field
      H.sub.0 is reduced to a very low intensity,
PA1  said scanning magnetic field .DELTA.H.sub.s is applied only to the
      measuring target area to be examined,
PA1  whereby the field intensity in the measuring target area is substantially
      greater than that in the remainder of the measuring target.
NUM  5.
PAR  5. A method as recited in claim 1 wherein said scanning magnetic field and
      said measuring target are moved relatively one to the other to apply the
      scanning magnetic field .DELTA.H.sub.s selectively to different, specified
      areas of the measuring target.
NUM  6.
PAR  6. A method as recited in claim 5 wherein said scanning magnetic field is
      generated by selective energization of a plurality of coils, including the
      step of sequentially and selectively changing the ampere turns of the
      coils to effect movement of said scanning field relatively to said
      measuring target thereby to selectively apply said scanning field to
      selected areas of the measuring target.
NUM  7.
PAR  7. A method according to claim 1 including the step of providing an
      injection device having scanning field generating means, and manipulating
      said injection device to introduce said scanning field generating means
      into selected portions of said measuring target for applying said scanning
      magnetic field to said selected areas.
NUM  8.
PAR  8. A method as recited in claim 1 wherein the scanning magnetic field is
      generated by a plurality of pairs of electrodes disposed exteriorally of
      the measuring target, including the step of selectively energizing said
      plurality of pairs of electrodes at selected current intensities for
      applying said scanning magnetic field to a desired, specified area of the
      measuring target.
NUM  9.
PAR  9. A method as recited in claim 1 wherein the generating and applying of
      said scanning magnetic field is performed by introducing a ferromagnetic
      powder into said specified area of the measuring target, said homogeneous
      magnetic field H.sub.0 applied to said measuring target including said
      specified area thereof, causing said ferromagnetic powder introduced
      therein to respond thereto and to generate the scanning magnetic field
      .DELTA.H.sub.s in said specified area.
NUM  10.
PAR  10. A method as recited in claim 1 wherein the step of detecting the signal
      representative of a nuclear magnetic substance in said specified area
      includes introducing a ferromagnetic substance into the specified area of
      the measuring target for altering the relaxation time of the said
      specified area, detecting a signal from the said specified area and
      detecting a signal from regions of said measuring target outside of said
      specified area, and said processing step includes processing the signals
      detected for the said specified area and for the said outside regions of
      said measuring target and determining the relative relaxation times
      represented thereby.
NUM  11.
PAR  11. A method as recited in claim 1 wherein the generation of the
      homogeneous magnetic field includes the use of a ferromagnetic substance,
      and wherein the homogeneous magnetic field is generated to have magnetic
      symmetry, and the scanning magnetic field is generated to have magnetic
      symmetry, and the said scanning and homogeneous magnetic fields are
      applied to the measuring target with the symmetries of the respective
      fields coinciding.
NUM  12.
PAR  12. A method according to claim 1 wherein said measuring target includes a
      moving member and including the step of applying a high-frequency magnetic
      field to said moving member to produce a nuclear magnetic resonance
      phenomenon in said moving member and wherein said detecting step includes
      detecting the presence of said nuclear magnetic resonance phenomenon in
      said moving member at a remote location from where said high-frequency
      field is applied for measuring said phenomenon.
NUM  13.
PAR  13. A method according to claim 12 wherein said high-frequency magnetic
      field is applied in the form of a pulse.
NUM  14.
PAR  14. A method according to claim 12 including the step of exposing the
      moving member to a static magnetic field at a position upstream of the
      measuring point where said homogeneous magnetic field is applied and of
      greater strength than said homogeneous magnetic field for increasing the
      signal received during said detecting step and rotating the angle
      N+90.degree. by a pulsed field, where N is an integral number, to
      facilitate the measuring of said phenomenon.
NUM  15.
PAR  15. A method according to claim 1 wherein said measuring target includes
      both stationary and moving protons, including the steps of applying a
      selected high-frequency magnetic field to a region adjacent the specified
      area including said protons, permitting said moving protons to leave said
      specified area, and measuring the nuclear magnetic resonance phenomenon of
      the stationary protons remaining in said specified area to thereby obtain
      information on said stationary protons.
NUM  16.
PAR  16. A method as recited in claim 1 further including the step of producing
      mechanical vibrations in the measuring target area of a given frequency
      thereby to produce motion of a nuclear magnetic substance in the measuring
      target area having a frequency correspoding to the frequency of the said
      produced mechanical vibrations, and the step of detecting includes
      selectively amplifying the said signal representative of a nuclear
      magnetic substance in said specified area at the said magnetic vibration
      frequency thereby to enhance the signal to noise ratio of the detected
      signal.
NUM  17.
PAR  17. A method as recited in claim 16 including the step of generating a
      plurality of ultrasonic beams and applying the said beams so as to cross
      one another in the said measuring target area, the generating of the
      ultrasonic beams including controlling the relative phases of the beams
      thereby to effect corresponding control of the combination of the
      ultrasonic beams in the said measuring target area and corresponding
      vibration of protons in the said measurihg target area, the vibrating
      protons in the magnetic target area in accordance with the homogenous
      magnetic field H.sub.0 thereby generating the said scanning field
      .DELTA.H.sub.s for application thereof to the said measuring target area.
NUM  18.
PAR  18. A method as recited in claim 1 providing compensation for
      pseudo-signals derived from regions of said measuring target other than
      the said specified measuring target area, including
PA1  detecting pseudo-signals from regions of said measuring target other than
      the said specified measuring target area at two positions exteriorly of
      the said measuring target wherein the pseudo-signals are of the same
      polarity and the resulting output signals are opposite in polarity, and
      said processing includes combining the outputs from the detectors so as to
      cancel the pseudo-signals and improve the signal to noise ratio of the
      said signal representative of a nuclear magnetic substance in said
      specified area.
NUM  19.
PAR  19. A method according to claim 1 wherein said scanning magnetic field
      generating step is carried out by generating a plurality of magnetic
      fields and synthesizing said plurality of magnetic fields to provide a
      scanning magnetic field intensity of zero at a central space in said
      measuring target area.
NUM  20.
PAR  20. A method according to claim 19 wherein said measuring target includes a
      moving member and including the step of applying a pulsed high frequency
      field to the measuring target except in the measuring target specified
      area whereby the total rotated angle of the moving member is an integral
      multiple of 180.degree..
NUM  21.
PAR  21. A method according to claim 1 including the step of applying a high
      intensity field in the vicinity of the specified area to strongly
      magnetize that area for raising the signal level of the specified area in
      the measuring target and detecting the resonance signal determined by a
      homogeneous magnetic field superimposed on said high intensity magnetic
      field.
NUM  22.
PAR  22. A method according to claim 1 including the step of applying a strong
      magnetic field and an adjacent, homogeneous, low magnetic field, providing
      a ferromagnetic substance and shielding said strong and low magnetic
      fields from each other with said ferromagnetic substance.
NUM  23.
PAR  23. A method according to claim 1 including the step of providing a
      short-circuit coil and shielding the specified area of said measuring
      target with said short-circuit coil.
NUM  24.
PAR  24. A method as recited in claim 1, wherein said scanning magnetic field is
      applied statically to the said specified area.
NUM  25.
PAR  25. A method as recited in claim 1 wherein said scanning magnetic field is
      scanned across the said specified area.
NUM  26.
PAR  26. A method as recited in claim 2 wherein the step of generating and
      applying said scanning magnetic field comprises generating a scanning
      magnetic field of substantially spherical configuration and applying said
      magnetic field to a corresponding spherical, predetermined volume
      comprising the specified area of said measuring target.
NUM  27.
PAR  27. A method as recited in claim 2 wherein the step of generating and
      applying said scanning magnetic field comprises generating a scanning
      magnetic field of substantially cylindrical configuration and applying
      said magnetic field to a corresponding cylindrical, predetermined volume
      comprising the specified area of said measuring target.
NUM  28.
PAR  28. A method as recited in claim 2 wherein the intensity of the scanning
      magnetic field is generated to be substantially zero in the said specified
      area and wherein the differential synthesis of the scanning magnetic field
      and the homogeneous magnetic field in the remaining regions of the
      measuring target establish an intensity of the magnetic field in the said
      remaining regions of the measuring target such that the intensity of the
      field in the said specified area is substantially lower than that of the
      remaining regions of the measuring target.
NUM  29.
PAR  29. A method as recited in claim 11 wherein the said symmetry is plane
      symmetry.
NUM  30.
PAR  30. A method as recited in claim 11 wherein the said symmetry is line
      symmetry.
NUM  31.
PAR  31. A method as recited in claim 11 wherein the said symmetry is dot
      symmetry.
NUM  32.
PAR  32. The method as recited in claim 16 wherein the said mechanical vibration
      is produced by respiration of a living body comprising the measuring
      target.
NUM  33.
PAR  33. A method as recited in claim 16 wherein the said corresponding
      vibration of the nuclear magnetic substance comprises rippling of the
      moving protons therein.
NUM  34.
PAR  34. A method as recited in claim 1 wherein the step of applying said
      scanning magnetic field includes applying a strong said scanning magnetic
      field to the said specified area thereby to raise the signal level of the
      nuclear magnetic substance in the said specified area of the measuring
      target and, thereafter, removing the said scanning magnetic field and
      detecting the resulting signal from the measuring target area as
      established by the said superimposed homogeneous and high frequency
      magnetic fields.
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PAL  Low voltage pulses are applied to a pulse transformer to produce high
      voltage pulses, which are in turn applied through a capacitor and a diode
      to the coil under test and to a standard reference coil. The waveforms of
      the resulting surge currents through the test and reference coils are
      superimposed on a cathode ray tube, and the test coil is judged defective
      if the waveforms are substantially different. A resistor is connected in
      parallel with the capacitor to discharge the capacitor between pulses, and
      the diode prevents the capacitor from discharging through the coils. The
      high voltage pulses may be applied alternately to the coils and the
      waveforms displayed on a single beam cathode ray tube, or simultaneously
      and the waveforms displayed on a dual beam cathode ray tube.
BSUM
PAR  The present invention relates to a surge comparison type coil tester to
      test an electrical coil for defects.
PAR  Surge comparison type coil testers are known in the art for testing
      electrical coils for defects such as improper connections, shorts, opens,
      corona discharge, poor insulation, wrong number of turns and the like.
      Electrical coils to which these testers are applicable are found in
      transformers, electric motors, relays, and a number of other electrical
      devices. In such testers, a capacitor is charged to a high voltage and
      subsequently discharged through the coil under test and also through a
      standard reference coil of the same specifications as the test coil and
      which is free from defects. The waveforms of the resulting surges of
      current through the two coils are superimposed on a cathode ray tube, and
      the test coil is judged defective if the waveforms are substantially
      different. Generally, the capacitor is discharged alternately through the
      test and reference coils by means of thyratron tubes or semiconductor
      controlled rectifiers (SCR's). It is to be noted that thyratron tubes
      contain mercury, which is undesirable as an atmospheric pollutant.
      Regarding the use of SCR's, they are generally applicable to voltages of
      up to 2 kilovolts, and it is often necessary to apply voltages of higher
      than 2 kilovolts to coils using a surge comparison type coil tester.
      Although two or more SCR's may be connected in series to increase the
      voltage capacity, serious problems are encountered in triggering the SCR's
      simultaneously. Also, the SCR's must be perfectly matched in electrical
      characteristics. SCR's are generally delicate in construction, and subject
      to breakage under the severe conditions in which a portable coil tester is
      required to operate. Naturally, the failure of one SCR in a series circuit
      will result in failure of the entire circuit as an operable unit. Abnormal
      current flow at the instant of conduction of SCR's also results in
      abnormal surge currents flowing through coils being tested by such a
      comparison tester.
PAR  It is therefore an object of the present invention to provide a novel and
      effective method of testing electrical coils for defects which overcomes
      the drawbacks of the prior art described above.
PAR  It is another object of the present invention to provide a surge comparison
      type coil tester comprising a novel surge current generating circuit
      embodying the above method which is more effective in operation than prior
      art coil testers of similar types and which does not include thyratrons or
      SCR's.
PAR  It is a still further object of the present invention to provide the novel
      surge current generating circuit mentioned above which may be
      advantageously incorporated into known coil testers.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will become more clear from the following detailed description
      taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram of a prior art surge comparison type coil
      tester;
PAR  FIG. 2 is a schematic diagram of another prior art coil tester;
PAR  FIG. 3 is a schematic diagram of the main portion of the coil tester of
      FIG. 2;
PAR  FIG. 4 is a schematic diagram of a surge comparison type coil tester
      embodying the present invention;
PAR  FIG. 5 is a timing diagram of the tester of FIG. 4;
PAR  FIG. 6 is a schematic diagram of a modification of the tester of FIG. 4;
PAR  FIG. 7 is a schematic diagram of another modification of the tester of FIG.
      4;
PAR  FIG. 8 is a schematic diagram of another modification of the tester of FIG.
      4; and
PAR  FIG. 9 is a schematic diagram of still another modification of the tester
      of FIG. 4.
DETD
PAR  Referring now to the drawings and particularly to FIG. 1, a prior art surge
      comparison type coil tester comprises an AC power source 10 connected to
      the primary winding of a transformer 12.
PAR  The secondary winding of the transformer 12 is connected in series with a
      diode 14 and a capacitor 16, with the anode of the diode 14 connected to
      the capacitor 16. In operation, the AC voltage from the source 10 is
      stepped up by the transformer 12 to a high voltage which is rectified by
      the diode 14 and charges the capacitor 16 so that the junction between the
      capacitor 16 and diode 14 assumes a high negative voltage with respect to
      the grounded side of the capacitor 16 and secondary winding of the
      transformer 12.
PAR  The junction of the capacitor 16 and diode 14 is connected to the cathodes
      of thyratrons 18a and 18b, the grids of which are connected to a trigger
      circuit 20. The plate of the thyratron 18a is connected to one end of an
      electrical coil 22 under test (test coil), the other end of which is
      grounded. The plate of the thyratron 18b is connected to one end of a
      reference coil 24, the other end of which is grounded. The coils 22 and 24
      have the same electrical specifications (are of identical type), but the
      reference coil 24 has been previously tested and found to be without any
      defects. The trigger circuit 20 receives an input from the AC source 10.
      Capacitors 26a and 26b are connected in series to the plates of the
      thyratrons 18a and 18b respectively. A cathode ray tube 28 is connected to
      the junction of the capacitors 26a and 26b which serves as a display unit.
PAR  In operation, the trigger circuit 20 is activated at a rate of 50 or 60
      times per second by the power source 10 (the power source 10 may be a
      public power station) and applies a voltage alternately to the grids of
      the thyratrons 18a and 18b causing the same to conduct. The capacitor 16
      will thereby discharge through the coils 22 and 24 alternately and charge
      in the time intervals between activations of the trigger circuit 20. The
      waveforms of the resulting surge currents through the coils 22 and 24 will
      appear alternately on the cathode ray tube 28 in superimposed form. If the
      electrical characteristics of the coils 22 and 24 are identical (the test
      coil 22 is not defective), the surge current waveforms will be
      substantially identical and appear in superimposed form as a single
      waveform. If, however, the coil 22 is defective in some way, the current
      waveforms will be different. A defect in the coil 22 can be identified
      from the shape of the resulting waveform of the coil 22.
PAR  FIG. 2 shows a modified version of the prior art testor of FIG. 1, in which
      like elements are designated by the same reference numerals. The
      thyratrons 18a and 18b are replaced by a single thyratron 18c, which is
      triggered by a trigger circuit 20' at 50 or 60 times per second. The
      cathode ray tube 28 is connected to the plate of the thyratron 18c through
      a capacitor 26c. A movable contact of a switch 30 is connected to the
      plate of the thyratron 18c, and is arranged to contact fixed contacts of
      the switch 30 connected to the coils 22 and 24. The switch 30 is
      preferably actuated by a synchronous motor (not shown) driven by the power
      source 10 in such a manner that the switch 30 alternately connects the
      coils 22 and 24 to the thyratron 18c in simultaneity with the activation
      of the trigger circuit 20' which causes the thyratron 18c to conduct. As a
      result, surge currents are alternately produced in the coils 22 and 24,
      and the waveforms appear on the cathode ray tube 28 as described with
      reference to FIG. 1. FIG. 3 shows the discharge circuit of the capacitor
      16 in enlarged scale, and the numeral 23 designates the coils 22 and 24
      and switch 30 as a unit.
PAR  FIG. 4 shows a preferred embodiment of the present invention in simplified
      form to illustrate the principle thereof. A low voltage pulse generator 40
      is connected to the primary winding of a pulse transformer 42, one end of
      the secondary winding of which is connected to one end of a capacitor 44.
      A resistor 46 is connected in parallel with the capacitor 44. The other
      end of the capacitor 44 is connected to the anode of a rectifying element
      or diode 48, the cathode of which is connected to the coils 23. The other
      end of the pulse transformer secondary winding is connected to the coils
      23 to complete a series circuit. The capacitor 44 and coils 23 constitute
      a differentiating circuit, and if the impedance of the coils 23 is low, a
      resistor (not shown) may be connected in series therewith to increase the
      time constant.
PAR  In operation, the pulse generator 40 generates low voltage pulses such as
      shown in FIG. 5a, which are stepped up by the pulse transformer 42 to
      provide high voltage pulses as shown in FIG. 5b. A high positive pulse
      voltage appearing at a point P in FIG. 4 causes the diode 44 to conduct
      and current to flow in the circuit to charge the capacitor 44 as shown in
      FIG. 5c. A high initial current flows through the coils 23, but decreases
      rapidly as the capacitor 44 charges as shown in FIG. 5d. The capacitor 44
      discharges through the resistor 46 in the time interval between pulses,
      and discharge through the coils 23 in prevented by the diode 48.
PAR  It will be recognized by one skilled in the art that if the resistor 46
      were omitted, the capacitor 44 had the same value as the capacitor 16 of
      FIG. 1 and the charge voltage across the capacitor 16 were identical to
      the voltage of the pulses shown in FIG. 5b, the current flowing through
      the coils 23 produced by the embodiment of the present invention shown in
      FIG. 4 would have the same waveform as that produced by the prior art
      tester shown in FIG. 1. The present invention, however, provides this
      waveform without thyratrons, SCR's or trigger circuits, and is therefore a
      major improvement over the prior art. In practice, due to the provision of
      the resistor 46, the waveforms of the testers of FIGS. 1 and 4 are
      slightly different depending on the value of the resistor 46, but they are
      quite similar, and the waveform produced by the present testor of FIG. 4
      is highly suitable for the application.
PAR  Referring now to FIG. 6, the embodiment of FIG. 4 is shown in more detail,
      and the additional components are those shown and described with reference
      to FIG. 2. In operation, a slightly modified synchronous motor (not shown)
      is driven in synchronism with the pulses from the pulse generator 40 to
      actuate the switch 30, and the high voltage pulses from the pulse
      transformer 42 are differentiated by the combination of the capacitor 44
      and coils 23. The pulses are applied alternately to the coils 22 and 24 by
      means of the switch 30 similar to the prior art tester of FIG. 2.
PAR  FIG. 7 shows a modified version of the present invention in which the
      pulses are applied simultaneously rather than alternately to the coils 22
      and 24. A first series circuit comprises the secondary winding of the
      pulse transformer 42, a capacitor 44a, a diode 48a and the coil 22
      connected as described with reference to FIG. 4. A second series circuit
      in parallel with and similar to the first series circuit comprises a
      capacitor 44b, a diode 48b and the coil 24. Resistors 46a and 46b are
      connected in parallel with the capacitors 44a and 44b respectively. In
      this embodiment, a dual beam cathode ray tube 28' is provided, and the two
      beams are connected to the cathodes of the diodes 48a and 48b through
      capacitors 50a and 50b respectively.
PAR  In operation, the high voltage pulses of FIG. 5b are applied across the
      first and second series circuits, causing surge currents to flow through
      the coils 22 and 24 simultaneously. The waveforms of these currents are
      superimposed on the cathode ray tube 28' by the two beams respectively.
PAR  FIG. 8 is identical to FIG. 4 except that a diode 60 and resistor 62 are
      connected in series with each other and in parallel with the coils 23.
      More specifically, the anode of the diode 60 is connected to the anode of
      the diode 48 and the resistor is connected to the junction between the
      pulse transformer 42 and coils 23. The charging time constant of the
      capacitor 44 can be reduced to a selected value by selection of the value
      of the resistor 62, and the diode 60 prevents the capacitor 44 from
      discharging through the resistor 62 and pulse transformer 42.
PAR  Within the scope of the present invention, the pulses shown in FIG. 5b may
      be produced by any means, such as illustrated in FIG. 9. Here, the pulse
      transformer 42 is omitted. Instead, the AC power source 10 is connected to
      a high voltage power supply 70, which comprises a high voltage transformer
      and rectifier (not shown) to produce a high DC voltage from the AC input.
      The output of the power supply 70 is connected to a pulse generator 72
      which is triggered by the AC voltage from the source 10. The pulse
      generator 72 comprises high voltage switching elements (not shown) which
      are triggered by the AC from the source 10 to produce the pulses shown in
      FIG. 5b, which are fed to the coils 23 as described with reference to FIG.
      4.
PAR  Although in the preferred embodiment of the invention shown in FIG. 4 the
      differentiating circuit to produce the surge currents through the coils 23
      is constituted by the capacitor 44 and the coils 23 themselves, any
      alternate differentiating circuit may be provided within the scope of the
      present invention. A surge current generator according to the present
      invention comprises a source of electrical pulses (preferably high
      voltage) and differentiating means to differentiate the pulses and apply
      the differentiated pulses to the coils.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a surge comparison type coil tester in which surges of electrical
      current are passed through a reference coil and a test coil and the
      current waveforms compared using display means, the test coil being judged
      free from defects if the waveforms are substantially identical and
      defective if the waveforms differ substantially from each other, the
      improvement of a surge current generator for generating and passing the
      surges of current through the reference coil and test coil, said surge
      current generator comprising:
PA1  an electrical pulse generator; and
PA1  differentiating means connected to the pulse generator arranged to
      differentiate the electrical pulses generated by the pulse generator and
      apply the differentiated pulses to the reference coil and the test coil to
      cause the surges of current to pass therethrough, the display means being
      adapted to be connected to the reference coil and the test coil to display
      the current waveforms thereof.
NUM  2.
PAR  2. A method of testing an electrical coil for defects, comprising the steps
      of:
PA1  generating electrical pulses;
PA1  differentiating the electrical pulses;
PA1  applying the differentiated pulses to the electrical coil and also to a
      reference coil of identical specifications as the electrical coil, the
      reference coil being free from defects, to produce surges of electrical
      current through the electrical coil and reference coil; and
PA1  comparing the waveforms of the current through the electrical coil and
      reference coil, the electrical coil being judged free from defects if the
      current waveforms are substantially identical and defective if the current
      waveforms substantially differ from each other.
NUM  3.
PAR  3. A surge comparison type coil tester for testing an electrical coil for
      defects, comprising:
PA1  an electrical pulse generator;
PA1  a capacitor and a resistor connected in parallel with each other;
PA1  a rectifying element;
PA1  means operative to connect the electrical coil in series with the pulse
      generator, capacitor and resistor and rectifying element, the means also
      being operative to connect a reference coil in series with the pulse
      generator, capacitor and resistor and rectifying element, the reference
      coil having the same specifications as the electrical coil and being free
      from defects; and
PA1  a display unit operatively adapted to be connected to the electrical coil
      and the reference coil to display the waveforms of the current
      therethrough; whereby
PA1  electrical pulses from the pulse generator are applied through the
      capacitor, resistor, rectifying element and means to the electrical coil
      and reference coil and the resulting surges of current through the
      reference coil and electrical coil are displayed using the display means,
      the capacitor discharging through the resistor between electrical pulses
      and being prevented from discharging through the reference and electrical
      coils by the rectifying element, the electrical coil being judged free
      from defects if the current waveforms of the reference coil and the
      electrical coil are substantially identical and defective if the waveforms
      substantially differ from each other.
NUM  4.
PAR  4. A tester according to claim 3, in which the pulse generator comprises a
      low voltage pulse generator and a pulse transformer connected to step up
      the low voltage pulses from the low voltage pulse generator to produce
      high voltage pulses.
NUM  5.
PAR  5. A tester according to claim 3, in which the means is arranged to
      alternately connect the reference coil and electrical coil in series with
      the pulse generator, capacitor and resistor and rectifying element in
      simultaneity with respectively alternating electrical pulses.
NUM  6.
PAR  6. A tester according to claim 3, further comprising a second rectifying
      element and a second resistor connected in series with each other in
      parallel with the reference coil and electrical coil, the second
      rectifying element being connected to prevent the capacitor from
      discharging through the second resistor; whereby
PA1  the time constant of the tester may be set to a desired predetermined value
      by selection of the value of the second resistor.
NUM  7.
PAR  7. A tester according to claim 5, in which the means comprises a switch.
NUM  8.
PAR  8. A tester according to claim 5, in which the display unit is arranged to
      superimpose the waveforms of the current through the reference coil and
      electrical coil.
NUM  9.
PAR  9. A surge comparison type coil tester for testing an electrical coil for
      defects, comprising:
PA1  an electrical pulse generator;
PA1  a first capacitor, a first resistor and a first rectifying element, the
      first capacitor being connected in parallel with the first resistor and in
      series with the first rectifying element, the electrical coil and the
      pulse generator;
PA1  a second capacitor, a second resistor and a second rectifying element, the
      second capacitor being connected in parallel with the second resistor and
      in series with the second rectifying element, the pulse generator and a
      reference coil, the reference coil having the same specifications as the
      electrical coil and being free from defects; and
PA1  a display unit connected to the electrical coil and the reference coil and
      operative to display the waveforms of the current therethrough; whereby
PA1  the electrical pulses from the pulse generator are applied simultaneously
      through the first capacitor, first resistor and first rectifying element
      to the electrical coil and through the second capacitor, second resistor
      and second rectifying element to the reference coil, and the resulting
      surges of current through the electrical coil and reference coil are
      displayed using the display means, the first and second capacitors
      discharging through the first and second resistors respectively between
      electrical pulses and being prevented from discharging through the
      electrical coil and reference coil by the first and second rectifying
      elements respectively, the electrical coil being judged free from defects
      if the current waveforms of the reference coil and the electrical coil are
      substantially identical and defective if the waveforms substantially
      differ from each other.
NUM  10.
PAR  10. A tester according to claim 9, in which the display unit is a dual beam
      cathode ray tube, and the two beams are connected to display the current
      waveforms of the electrical coil and the reference coil respectively.
NUM  11.
PAR  11. A tester according to claim 10, in which the two beams are arranged to
      superimpose the waveforms of the electrical coil and the reference coil
      respectively.
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PAL  In a system for detecting a gas or vapour by virtue of its effect on the
      electrical conductivity of a semiconducting material which is maintained
      at a suitable operating temperature by an electric resistance heater, the
      heater has an appreciable temperature coefficient of resistance and is
      connected in a bridge circuit, the current supplied to the bridge being
      automatically controlled in response to variations of its out-of-balance
      voltage so as to maintain constancy of the resistance of the heater and
      hence of the operating temperature.
BSUM
PAR  This invention relates to gas detection systems of the kind comprising a
      gas-sensitive resistor consisting of semiconducting material exposed for
      contact with an atmosphere under test, an electric resistance heater
      closely juxtaposed with the gas-sensitive resistor and operable to heat it
      to temperatures at which the electrical conductivity of the semiconducting
      material is dependent on the concentration of a particular gaseous
      substance in an atmosphere to which the material is exposed, and detecting
      means responsive to changes in the resistance of the gas-sensitive
      resistor. The detecting means may be arranged to provide a continuously
      variable measure of the concentration of the relevant substance in an
      atmosphere under test, or may be arranged to give an alarm or operate a
      control in response to the occurrence of specific values of this
      concentration.
PAR  In known systems of this kind, it has been usual to employ very simple
      arrangements for supplying power to the heater from a source of nominally
      constant voltage. While such arrangements may be satisfactory when using
      conventional semiconducting materials of low sensitivity (ie exhibiting
      relatively small changes in conductivity for a given change in
      concentration of the relevant gaseous substance), they have been found to
      be inadequate if accurate results are to be obtained when using recently
      developed semiconducting materials of high sensitivity, for example such
      as are described in the Specification of copending U.S. patent application
      Ser. No. 409,453 filed Oct. 25, 1973 now U.S. Pat. No. 3,865,550. This is
      because in such a case the operation of the detecting means is likely to
      be materially affected by variations in the temperature of the
      gas-sensitive resistor, which may arise either from variations in the
      ambient temperature or changes in the actual voltage of the source from
      which power is supplied to the heater; the latter possibility is
      particularly relevant in connection with systems used in portable
      instruments having a power source constituted by an internal battery.
PAR  It is therefore an object of the present invention to provide a gas
      detection system of the kind specified incorporating an improved
      arrangement for supplying power to the heater.
PAR  According to the invention, in a gas detection system of the kind specified
      the heater has an appreciable temperature coefficient of resistance and is
      connected in one arm of a bridge circuit having input terminals via which
      current is arranged to be supplied to the bridge circuit in operation and
      output terminals between which a voltage appears when current is supplied
      to the bridge circuit with the bridge circuit unbalanced, the system
      including means operative in response to variations in said voltage for
      automatically controlling the current supplied to the bridge circuit so
      that in normal operation the resistance of the heater is maintained
      substantially constant at a value corresponding to a desired operating
      temperature of the gas-sensitive resistor.
PAR  Preferably the detecting means in a system according to the invention
      includes a further circuit connected between said input terminals and
      incorporating the gas-sensitive resistor, the further circuit being
      operative to provide an output voltage dependent on the resistance of the
      gas-sensitive resistor.
DRWD
PAR  One arrangement in accordance with the invention will now be described by
      way of example with reference to the accompanying drawings, in which:
PAR  FIG. 1 shows a gas-sensitive device; and
PAR  FIG. 2 is a circuit diagram of a gas detection system incorporating a
      device as shown in FIG. 1 and suitable for embodiment in a portable
      instrument.
DETD
PAR  The device shown in FIG. 1, which in use is mounted so that it can be
      exposed to an atmosphere to be tested, incorporates a gas-sensitive
      resistor 1 in the form of a film of semiconducting material deposited on
      the surface of a fused glass bead 2 which is of approximately spherical
      shape of diameter 1 mm, the resistor 1 being provided with leads 3 and 4
      constituted by wires partly embedded in the bead 2. The device further
      incorporates an electric resistance heater 5 for maintaining the resistor
      1 at a suitable operating temperature; the heater 5 is constituted by a
      length of platinum-rhodium wire the central part of which is in the form
      of a coil embedded in the bead 2, and at normal temperatures has a
      resistance of about 1.4 ohms. The material of the resistor 1 is chosen so
      that at the operating temperature its electrical conductivity will be
      strongly dependent on the concentration in the atmosphere under test of a
      specific gas or vapour to be detected, the material preferably being an
      activated metal oxide such as is disclosed in the Specification referred
      to above. When using such an activated oxide, a suitable operating
      temperature will normally lie in the range 400.degree.-700.degree.C, the
      value in a particular case being dependent on the composition of the oxide
      and the gas or vapour to be detected, and the resistance of the resistor 1
      at the operating temperature will typically be of the order of thousands
      or tens of thousands of ohms. Heating of the device to a temperature in
      the quoted range requires a voltage in the range 0.9-1.6 volts to be
      applied across the heater 5, the resultant increase in the resistance of
      the heater 5 bringing it to a value in the range 2-3 ohms.
PAR  Referring now to FIG. 2, the gas detection system is arranged to be
      energised by a battery 6 consisting of three nickel-cadmium cells, which
      in operation is connected between a positive supply terminal 7 and a
      negative supply terminal 8; the voltage of the battery 6 when fully
      charged is 4.05 volts, but this drops to a value of 3.35 volts as the
      battery 6 discharges. The heater 5 of the device shown in FIG. 1 is
      connected in a bridge circuit ABCD, the terminals A and C of the bridge
      circuit being respectively connected to the terminal 7 and to the
      collector of an N-P-N transistor 9 (Motorola type MPS U06) having a power
      rating of one watt; the emitter of the transistor 9 is connected to the
      terminal 8, so that in operation there is supplied to the bridge circuit
      via the terminals A and C a current whose value is dependent on the base
      current of the transistor 9. The heater 5 is connected in the arm AB of
      the bridge circuit, a resistor 10 being connected in series with the
      heater 5 in this arm in cases where the heater voltage necessary to give
      the required operating temperature is less than 1.4 volts; the resistor 10
      is omitted in cases where the required heater voltage is above this value.
      The remaining arms BC, CD, and DA of the bridge circuit respectively
      consist of a resistor 11, the series combination of a variable resistor 12
      (maximum value 20 ohms) and a fixed resistor 13 (having a value selected
      in the range 150 to 200 ohms), and a resistor 14 (240 ohms).
PAR  The arrangement is suitable for operating the heater 5 at any chosen
      temperature in the range 400.degree.-700.degree.C; for any desired
      operating temperature, the values of the resistors 10 (if present), 11 and
      13 are chosen, in each case from a small number of standard values, so
      that when the heater 5 has a resistance corresponding to the desired
      operating temperature the bridge circuit can be accurately balanced by
      appropriate adjustment of the resistor 12. It will be appreciated that the
      required values for the resistors 10 and 11 will always be relatively
      small, so that most of the current supplied to the bridge circuit will
      flow through arms AB and BC.
PAR  The base current of the transistor 9 is arranged in normal operation to be
      controlled automatically in response to the voltage appearing between the
      terminals B and D, by means of a servo loop comprising a differential
      operational amplifier 15 (Intersil type 8021C) and a P-N-P transistor 16
      (Mullard type BCY72). The terminal B is connected via a resistor 17 (100
      ohms) to the inverting input terminal of the amplifier 15, while the
      terminal D is connected directly to the non-inverting input terminal of
      the amplifier 15. The positive and negative supply terminals of the
      amplifier 15 are respectively connected to the terminals 7 and 8, the
      current set terminal of the amplifier 15 is connected to the terminal 8
      via a resistor 18 (100 kilohms), the input offset adjustment terminals of
      the amplifier 15 have connected between them a variable potentiometer 19
      (100 kilohms) whose tapping point is connected to the terminal 8, and a
      feedback resistor 20 (1 Megohm) is connected between the output and
      inverting input terminals of the amplifier 15. The amplifier 15 will not
      operate satisfactorily if the voltage between its positive supply and
      input terminals falls below about 1.4 volts, and it is for this reason
      that the resistor 10 is included in the bridge circuit when the required
      heater voltage is less than this amount. The output terminal of the
      amplifier 15 is connected via a resistor 21 (240 ohms) to the base of the
      transistor 16, whose emitter is connected to the terminal 7, and the
      collector of the transistor 16 is connected via a resistor 22 (75 ohms) to
      the base of the transistor 9; a capacitor 23 (0.1 microfarad) is connected
      between the base and collector of the transistor 16 to suppress any
      tendency to oscillation. It will be noted that the system includes an
      N-P-N transistor 24 having its collector and emitter respectively
      connected to the base and emitter of the transistor 9; the purpose of the
      transistor 24 will be explained below, it being sufficient to observe here
      that in normal operation of the system the transistor 24 is in a virtually
      cutoff condition so that its presence may be disregarded.
PAR  In normal operation, the servo loop functions to control the current
      supplied to the bridge circuit in such a manner as to maintain the
      resistance of the heater 5 substantially constant at a value,
      corresponding to the desired operating temperature, determined by the
      values of the resistors 10 (if present), 11 and 13 and the setting of the
      resistor 12. Ideally the arrangement would be such as to maintain the
      bridge circuit perfectly balanced, but in practice it is preferable, in
      order to ensure stability, to set the potentiometer 19 which constitutes
      the input offset control of the amplifier 15 so that the terminal D is
      held approximately one millivolt positive with respect to the terminal B.
      The stability of the temperature control system is dependent on the
      stability of the resistors incorporated in the bridge circuit. Since the
      resistors 10 (if present) and 11 carry an appreciable current, they are
      preferably wound from wire having a low temperature coefficient of
      resistivity and are made physically large enough to ensure that their
      temperatures in normal operation are not greatly above ambient
      temperature. The resistors 13 and 14 may suitably be of metal film types,
      while the resistor 12 may suitably be of the "Cermet" type.
PAR  The resistor 1 of the device shown in FIG. 1 is connected in a second
      bridge circuit EFGH, the terminals E and G of which are respectively
      connected to the terminals A and C; the arms EF, FG, GH and HE of the
      second bridge circuit respectively consist of the resistor 1, the series
      combination of two variable resistors 25 (maximum value 5 kilohms) and 26
      (maximum value 1 kilohm) and a fixed resistor 27, a resistor 28 (470 ohms)
      and a resistor 29 (470 ohms). The bridge circuit EFGH is arranged so that
      in normal operation it will be balanced if the resistor 1 is exposed to an
      atmosphere from which the gas or vapour to be detected is absent, this
      requiring appropriate selection of the value of the resistor 27 in
      accordance with the composition and desired operating temperature of the
      resistor 1, and appropriate adjustment of the coarse and fine balance
      controls constituted respectively by the resistors 25 and 26. The
      terminals H and F are respectively connected via resistors 30 (10 kilohms)
      and 31 (1 kilohm) to the inverting and non-inverting input terminals of a
      second differential operational amplifier 32 (Intersil type 8021C). The
      positive and negative supply terminals of the amplifier 32 are
      respectively connected to the terminals 7 and 8, the current set terminal
      of the amplifier 32 is connected to the terminal 8 via a resistor 33 (100
      kilohms), the input offset adjustment terminals of the amplifier 32 have
      connected between them a variable potentiometer 34 (100 kilohms) whose
      tapping point is connected to the terminal 8, and a feedback resistor 35
      (10 kilohms) is connected between the output and inverting input terminals
      of the amplifier 32. A current meter 36 and variable resistor 37 (maximum
      value 10 kilohms) are connected in series between the output terminal of
      the amplifier 32 and the terminal H, the potentiometer 34 being adjusted
      so that the current flowing through the meter 36 will be zero when the
      bridge circuit EFGH is balanced. When the resistor 1 is exposed to an
      atmosphere in which the gas or vapour to be detected is present, the
      resultant change in its resistance will cause an out-of-balance voltage to
      appear between the terminals F and H, thereby causing to flow through the
      meter 36 a current whose magnitude will depend on the concentration of the
      relevant gas or vapour; the calibration of the reading of the meter 36 in
      terms of this concentration may be set by adjustment of the resistor 37.
PAR  The arrangement described above has the advantage of providing a much more
      stable voltage supply for the bridge circuit EFGH than would be the case
      if this circuit were energised directly from the battery 6, since the
      operation of the servo loop is such that the voltage appearing between the
      terminals A and C is substantially independent of the voltage of the
      battery 6. Thus, while avoiding the complexity of providing a separate
      voltage stabiliser the arrangement ensures that the reading of the meter
      36 for a given concentration of the gas or vapour to be detected will not
      be significantly affected by changes in the voltage of the battery 6. The
      operation of the servo loop will of course cause some variation in the
      voltage appearing between the terminals A and C as the ambient temperature
      varies, but the range of variation of the voltage from this cause is
      sufficiently small for the resultant effect on the reading of the meter 36
      to be tolerable in practice.
PAR  The description so far has dealt only with the normal operating condition
      of the system, in which the gas-sensitive device is maintained at an
      elevated temperature; it remains to consider what happens when the system
      is switched on with the gas-sensitive device initially at ambient
      temperature. Rapid heating up of the device to its normal operating
      temperature can cause a temporary change in the resistance characteristics
      of the resistor 1, requiring the allowance of an appreciable recovery time
      (possibly up to 15 minutes) before the instrument will give correct
      readings. The length of this recovery time can be reduced by restricting
      the rate of heating, and in the present case this is achieved by providing
      a system which is operative to limit the current supplied to the bridge
      circuit ABCD so that the voltage appearing between the terminals A and C
      when the heater 5 is below the desired operating temperature will only
      slightly exceed the voltage appearing between the terminals A and C when
      the heater 5 is at the desired operating temperature; in the absence of
      such a system, the relatively large out-of-balance voltage initially
      appearing between the terminals B and D when the system is switched on
      would cause the transistor 9 to be driven into a saturated condition so
      that the voltage appearing between the terminals A and C would be nearly
      equal to the voltage of the battery 6.
PAR  The limiting system includes the transistor 24 (Mullard type BC109) and a
      P-N-P transistor 38 (Mullard type BCY71) whose collector is connected to
      the base of the transistor 24 and via a resistor 39 (ten kilohms) to the
      terminal 8. The emitter and base of the transistor 38 are respectively
      connected to points on two potential dividers connected between the
      terminals A and C, the arrangement being such that the transistor 38, and
      hence also the transistor 24, will conduct if the voltage appearing
      between these terminals exceeds by about 0.1 volt the value which it has
      when the heater 5 is at the desired operating temperature. Thus the
      emitter of the transistor 38 is connected to the terminal A via a
      reference diode 40 (Mullard type BZY88-ClV3), and is connected to the
      terminal C via a resistor 41 (330 ohms); the base of the transistor 38 is
      connected to the terminal A via a resistor 42 (12 kilohms) in series with
      the parallel combination of a thermistor 43 (Standard Telephones and
      Cables Type G14) and a resistor 44 (39 kilohms), and is connected to the
      terminal C via a fixed resistor 45 (5.6 kilohms) in series with a variable
      resistor 46 (maximum value 5 kilohms) whose setting determines the precise
      point at which the transistor 38 will conduct. The limiting system
      operates so that any tendency for the voltage appearing between the
      terminals A and C to exceed the value at which the transistor 38 conducts
      results in a reduction in the drive to the transistor 9 brought about by a
      low-impedance shunt constituted by the transistor 24, thereby
      appropriately limiting the current supplied to the bridge circuit ABCD. A
      capacitor 47 (0.1 microfarad) is connected between the collector and base
      of the transistor 24 to suppress any tendency to oscillation.
PAR  As noted above, the voltage appearing between the terminals A and C in the
      normal operating condition will vary with the ambient temperature, and it
      is therefore necessary for the limiting system to have an approximately
      matching temperature coefficient so that as the ambient temperature varies
      the differential between that voltage and the voltage at which the
      limiting action occurs will be maintained approximately constant. This is
      achieved in the circuit described by virtue of an appropriate balance
      between the characteristics of the diode 40 and the impedance network
      constituted by the thermistor 43 and resistors 42 and 44.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gas detection system comprising:
PA1  a gas-sensitive resistor consisting of semiconducting material exposed for
      contact with an atmosphere under test;
PA1  a bridge circuit in one arm of which is connected an electric resistance
      heater having an appreciable temperature coefficient of resistance, said
      heater being closely juxtaposed with the gas-sensitive resistor and being
      operable to heat the gas-sensitive resistor to temperatures at which the
      electrical conductivity of the semiconducting material is dependent on the
      concentration of a particular gaseous substance in an atmosphere to which
      said material is exposed;
PA1  means for enabling current to be supplied to said bridge circuit via a pair
      of input terminals of the bridge circuit, said bridge circuit having a
      pair of output terminals between which a voltage appears when current is
      supplied to the bridge circuit via said input terminals with the bridge
      circuit unbalanced;
PA1  means operative in response to variations in said voltage for automatically
      controlling the current supplied to said bridge circuit via said input
      terminals so that in normal operation the resistance of said heater is
      maintained substantially constant at a value corresponding to a desired
      operating temperature of said gas-sensitive resistor; and
PA1  detecting means responsive to changes in the resistance of said
      gas-sensitive resistor.
NUM  2.
PAR  2. A gas detection system according to claim 1, in which said detecting
      means includes a further circuit connected between said input terminals
      and incorporating said gas-sensitive resistor, said further circuit being
      operative to provide an output voltage dependent on the resistance of said
      gas-sensitive resistor.
NUM  3.
PAR  3. A gas detection system according to claim 1, further including means,
      operative in a starting condition of the system in which said heater is
      being heated up to its normal operating temperature, for automatically
      limiting the current supplied to said bridge circuit via said input
      terminals so that the voltage which appears between said input terminals
      in said starting condition is only slightly greater than the voltage which
      appears between said input terminals in the normal operating condition of
      the system.
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PAL  A power factor correcting means for connection to an AC voltage network
      includes a transformer with high voltage terminals for connection to the
      network and low voltage terminals. A capacitor battery is provided for
      connection to the network, and a controllable inductive element is
      connected to the low voltage terminal of the transformer. The capacitor
      battery includes a first part connected to the high voltage terminal of
      the transformer, and a second part connected to the low voltage terminal
      of the transformer. The total rated power of the capacitor battery is
      substantially as great as the maximum reactive power of the inductive
      element, and the rated power of the second portion of the capacitor
      battery is between 0.3 and 0.7 times as the maximum reactive power of the
      inductive element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a device for power factor correction for
      connection to an AC voltage network, comprising a transformer with, on the
      one hand, high-voltage terminals for connection to the network and, on the
      other, low-voltage terminals, a capacitor battery for connection to the
      network, and a controllable inductive element connected to the low-voltage
      terminal of the transformer.
PAR  2. The Prior Art
PAR  FIG. 1a shows a known arrangement of this type. To an AC voltage network 1
      there is connected a capacitor battery C. To the network there is also
      connected a reactor R by way of a transformer TR. The current through the
      reactor can be controlled continuously between zero and the rated current
      by phase angle control of the anti-parallel-connected thyristors 2 and 3
      connected in series with the reactor. The transformer steps down the mains
      voltage to a lower working level suitable for the thyristors and the
      reactor. Arrangements of this type are used for compensating the reactive
      power consumed by load objects B connected to the network 1. The capacitor
      C generates reactive power, and this reduces the total reactive power
      taken from the network. The reactive power consumption of the load object
      frequently varies, and it is then desirable that the reactive power
      generated by the power factor correcting means should correspond at each
      moment as closely as possible to the reactive power consumed by the load
      object.
PAR  This is achieved in the device according to FIG. 1a. Its mode of operation
      is shown in FIG. 1b. The reactive power consumption of the load object is
      expected to vary between zero and a maximum value Q.sub.max. If full
      compensation is to be obtained, at each moment the rated powers (rated
      voltage x rated current) of the capacitor battery and the reactors are
      chosen to be equal to Q.sub.max. FIG. 1b shows the reactive powers,
      Q.sub.C and Q.sub.R, respectively, of the capacitor battery and the
      reactor as functions of the total inductive power Q.sub.T generated by the
      correcting device. The reactive power Q.sub.TR flowing through the
      transformer is of course equal to Q.sub.R, and the rated power of the
      transformer is Q.sub.max. In general Q.sub.T will be lower than Q.sub.max,
      in certain typical modes of operation (such as correction of arc furnaces)
      essentially lower. As a rule, therefore, a considerable amount of power
      (Q.sub.TR) flows through the transformer, the losses of which will
      therefore be relatively high.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is constructed to provide a power factor or correcting
      arrangement in which the rated power and losses of the transformer are
      considerably  lower than in earlier known arrangements, thus achieving a
      considerable reduction of the purchase price and operating costs of the
      arrangement.
PAR  According to the invention, a reactor is connected to the network by two
      anti-parallel-connected thyristors and a transformer. A capacitor battery
      has a first portion which is connected to the high voltage terminal of the
      transformer and a second portion which is connected to the low voltage
      terminal of the transformer. The total rated power of the capacitor
      battery is substantially as great as the maximum reactive power of the
      inductive element, and the rated portion of the second part of the
      capacitor battery is between 0.3 and 0.7 times as great as the maximum
      reactive power of the inductive element.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the following the invention will be explained with reference to the
      accompanying FIGS. 1 and 2, in which
PAR  FIG. 1, as already mentioned, shows a previously known device,
PAR  FIG. 2a a device according to the invention and
PAR  FIGS. 2b and 2c the power ratios in such a device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the device according to FIG. 2a, the reactor R is connected to the
      network 1 by way of the two anti-parallel-connected thyristors 2 and 3 and
      the transformer TR. A capacitor battery has a first portion C.sub.1, which
      is connected to the high-voltage terminal of the transformer, and a second
      portion C.sub.2 which is connected to the low-voltage terminal of the
      transformer. As mentioned in connection with FIG. 1, the maximum
      requirement of reactive compensating power is assumed to be Q.sub.max, and
      the total generated reactive power (Q.sub.T) of the device is desired to
      be variable between zero and Q.sub.max. The rated power of each of C.sub.1
      and C.sub.2 can then be chosen to be equal to 0.5 Q.sub.max, and the rated
      power of the reactor R is then chosen to be Q.sub.max.
PAR  In FIG. 2b the reactive powers flowing through the reactor (Q.sub.R), the
      capacitor batteries (Q.sub.C.sbsb.1 and Q.sub.C.sbsb.2) and the
      transformer (Q.sub.TR) are shown as functions of the total generated
      reactive power Q.sub.T of the device. As will be seen from the diagram,
      Q.sub.TR reaches a maximum of 0.5 Q.sub.max, and the rated power of the
      transformer is therefore chosen to have this value, which is only half of
      the required rated power of the transformer in the previously known
      arrangement according to FIG. 1. In this way a considerable reduction of
      the price and space requirements of the arrangement is achieved.
PAR  Q.sub.T can be assumed to vary more or less at random and will only seldom
      lie at the extreme values zero or Q.sub.max. As a rule, the power Q.sub.TR
      flowing through the transformer will therefore be considerably lower than
      0.5 Q.sub.max and for a considerable part of the time it will be
      relatively close to zero. Since the load losses of the transformer vary
      with the square of Q.sub.TR, a very strong reduction of the transformer
      losses and thus of the operating costs of the device is obtained in an
      arrangement according to the invention.
PAR  In the foregoing it was assumed that C.sub.1 and C.sub.2 had rated powers
      of equal magnitude. In some cases, for example when the load object B is
      an arc furnace, the need of compensating power (Q.sub.T) lies at a value
      which is less than 0.5 Q.sub.max for the greater part of the time, and
      Q.sub.T reaches Q.sub.max only seldom and for short periods. It may then
      be advantageous to choose the rated power of C.sub.2 to be somewhat higher
      than 0.5 Q.sub.max, for example 0.6 Q.sub.max, and to give the rated power
      of C.sub.1 a correspondingly lower value, such as 0.4 Q.sub.max. FIG. 2c
      shows the power flows for this case. As will be seen, Q.sub.TR =
      Q.sub.C.sbsb.2-Q.sub.R will be equal to zero when Q.sub.T = 0.4 Q.sub.max.
      The maximum power through the transformer will be somewhat higher here,
      0.6 Q.sub.max, than when dimensioning according to FIG. 2b . Since the
      maximum power probably occurs only seldom and for short periods, the rated
      power of the transformer need not be higher than 0.5 Q.sub.max provided it
      has a sufficient overload capacity.
PAR  As is clear from the above examples, the rated power of the transformer
      will be lowest if the rated power of the capacitor battery C.sub.2 is half
      the rated power of the reactor R. The transformer losses, however, will be
      lowest if C.sub.2 is chosen so that Q.sub.TR is as close to zero as
      possible for as great a part of the operating time as possible. The
      dimensioning of C.sub.2 therefore depends on how transformer losses and
      acquisition costs are evaluated in each individual case. However, it has
      been found that in practice the best possible result is obtained if the
      rated power of C.sub.2 is chosen within the range of from 0.3 to 0.7 times
      the rated power of the reactor R.
PAR  As is clear from the above, the total rated power of the capacitor
      batteries is determined by the maximum need of compensating power. The
      rated power of the reactor is determined by the magnitude of the interval
      within which it is desirable to control the compensating power. The rated
      power of the battery (C.sub.2) connected on the low-voltage terminal of
      the transformer is determined by the rated power of the reactor and, if
      consideration is only paid to minimizing of the rated power of the
      transformer, it will be half of the rated power of the reactor. The rated
      power of the capacitor battery (C.sub.1) connected on the high-voltage
      terminal of the transformer is the difference between the maximum need of
      compensating power and the rated power of the capacitor battery C.sub.2.
PAR  If, for example, the maximum need of compensating power is 1 MVAr and it is
      desirable to control the power between 0.4 and 1 MVAr, the rated power of
      the reactor is chosen to be 0.6 MVA. The rated power of the capacitor
      battery C.sub.2 can then be chosen to be, for example, 0.3 MVA, which
      provides the lowest possible rated power for the transformer (0.3 MVA).
      The rated power of the capacitor battery C.sub.1 will then be 1 - 0.3 =
      0.7 MVA.
PAR  Instead of the reactor R and the phase angle-controlled rectifiers 2 and 3
      it is of course possible to use other types of controllable inductive
      elements. One example of such an element is a reactor battery in which
      each reactor can be switched on and off with the help of a mechanical
      switch or a semiconductor contactor. Another example is a static
      convertor, the DC side of which is short-circuited over a reactor, and
      which is controlled with a control angle which is close to 90.degree..
CLMS
STM  I claim:
NUM  1.
PAR  1. Power factor correcting means for connection to an AC voltage network
      (1) comprising a transformer (TR) with high-voltage terminals for
      connection to the network and low-voltage terminals, a capacitor battery
      (C.sub.1, C.sub.2) for connection to the network, and a controllable
      inductive element (R, 2,3) connected to the low-voltage terminal of the
      transformer, in which the capacitor battery comprises a first part
      (C.sub.1) connected to the high-voltage terminal of the transformer and a
      second part (C.sub.2) connected to the low-voltage terminal of the
      transformer, and in which the rated power of the second portion (C.sub.2)
      of the capacitor battery is between 0.3 and 0.7 times as great as the
      maximum reactive power of the inductive element.
NUM  2.
PAR  2. Power factor correcting memans according to claim 1, in which the total
      rated power of the capacitor battery is substantially as great as the
      maximum reactive power of the inductive element.
NUM  3.
PAR  3. Power factor correcting means according to claim 1, in which the rated
      power of the second portion (C.sub.2) of the capacitor battery is half as
      great as the maximum reactive power of the inductive element.
NUM  4.
PAR  4. Power factor correcting means according to claim 1, in which the two
      portions of the capacitor battery have rated powers of substantially the
      same magnitude.
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PAL  A galvanometer structure is disclosed for high speed deflection of a light
      beam, such as that from a laser source. A flexible member is secured at
      one end in a mount of electrically insulating and magnetically inert
      material, for example, a plastic block. At the free end of the flexible
      member, a rotor is secured and this, in turn, has fixed thereto a
      reflecting element, such as a mirror. The flexible member also carries a
      variable magnetic field producing means which is arranged relative to the
      flexible member and at the back side of the mirror. A controllable
      variable current source is connected to the coil on the flexible member. A
      portion of the flexible member is reduced in cross section at a distance
      that is intermediate the ends thereof for greater flexibility in the
      direction of the reduced cross section. When the flexible member is caused
      to flex relative to the reduced cross section by a variable current
      applied to the coil, the mirror at the end and carried by the rotor moves
      therewith to cause a beam of light incident thereon to be deflected at an
      angle corresponding to the amount of flexure.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a galvanometer and, more particularly, to a
      galvanometer that is suitable for use in high speed data recording and
      retrieval systems.
PAC  BACKGROUND OF THE INVENTION
PAR  Many prior art galvanometers are of the suspension type and rely on
      tortional stress to provide movement for angularly displacing a
      light-deflecting mirror. Such a galvanometer is chiefly used in measuring
      devices and is not adaptable to the high accuracy and speed requirements
      desired for use in conjunction with computers.
PAR  Laboratory galvanometers are also known in the prior art. However, this
      type of galvanometer also does not readily lend itself to the high speed
      systems required today for information storage and retrieval.
PAR  The most commonly used galvanometers have an operating life of about 100
      hours at 700 to 1500 Hz. The operating precision and efficiency of such a
      galvanometer decreases as it is operated throughout this life span to the
      point where adjustments are continuously necessary in order to maintain an
      established accuracy within certain limits. This is one of the reasons why
      the use of a mirror- or a prism-wheel has been advocated because such a
      multiple-element arrangement avoids the problems encountered by
      galvanometers of presently known structure. Accordingly, there is a dire
      need for a galvanometer structure that will continuously and accurately
      operate over long periods of time without adjustment or degradation of
      image quality.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the invention is to provide a galvanometer structure that can
      be readily used with a light modulating device and which is relatively
      simple to manufacture.
PAR  Another object of the invention is to provide a galvanometer structure
      which permits accurate deflection of a light beam incident thereon and
      which is capable of operating at very high speeds for use in the field of
      information storage and retrieval.
PAR  Another object of the invention is to provide a galvanometer that is
      capable of direct interfacing with a computer for reading out data, that
      is, with no intermediate buffer or storage device for the data being
      needed.
PAR  Another object of the invention is to produce a long wearing, electrically
      stable galvanometer which has an operating lifetime that is several orders
      of magnitude longer than that of presently known galvvanometers.
PAR  Yet another object of the invention is to provide a galvanometer structure
      having only one moving part that is a flexible member specifically
      designed for a particular size mirror scan which can be readily
      ascertained by simple calculations and techniques known in the art.
PAR  These and other objects of the invention will be apparent to those skilled
      in the art when read in conjunction with the disclosure set forth
      hereinbelow.
PAR  In accordance with the invention, there is provided a galvanometer
      structure adapted for high speed deflection of a light beam, such as that
      from a laser source. In the galvanometer, a flexible member is secured at
      one end in a mount of electrically insulating and magnetically inert
      material, for example, a plastic block. At the free end of the flexible
      member, a rotor is secured and this, in turn, has fixed thereto a
      reflecting element, such as a mirror. The flexible member also carries a
      variable magnetic field producing means which is arranged relative to the
      flexible member and at the back side of the mirror. A controllable
      variable current source is connected to the coil on the flexible member.
      This component comprising the mirror, rotor and flexible member is
      arranged relative to a permanent magnet comprising soft iron poles of
      conventional galvanometer design, such that the rotor is within the
      electrical field produced by the pole pieces and with one end of the
      flexible member extending at least beyond the pole members and the
      electrical field produced thereby. A portion of the flexible member is
      reduced in cross section at a distance that is intermediate the ends
      thereof. This area of reduced cross section provides for greater
      flexibility in the direction of the reduced cross section. The area of
      reduced cross section is positioned or effected relative to the center of
      mass of the component so that the movement, when a varying current is
      applied to the coil, is about an axis of rotation which passes generally
      through the center of mass. When the varying current is applied to the
      coil, a magnetic field is produced which moves the flexible member because
      of the forces caused by the reaction of the varying magnetic field with
      the field produced by the surrounding permanent magnet. Thus, the flexible
      member is caused to flex, in the one allowable dimension, an amount
      corresponding to the variation in the magnetic field. When the flexible
      member flexes in this manner, the mirror carried by the rotor moves
      therewith to cause a beam of light incident thereon to be deflected at an
      angle corresponding to the amount of flexure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made to the accompanying drawings wherein like referenced
      numerals and characters designate like parts and wherein:
PAR  FIG. 1 is a cross sectional view of a portion of the armature mirror
      assembly of a galvanometer in accordance with one embodiment of the
      invention;
PAR  FIG. 2 is a perspective view of the armature mirror assembly of the
      invention shown as positioned in a typical galvanometer housing;
PAR  FIG. 3 is a partial cross sectional view of a preferred embodiment of the
      invention showing the arrangement of the armature mirror assembly relative
      to the pole pieces;
PAR  FIG. 4 is a schematic diagram showing one type of circuitry that can be
      utilized for driving the galvanometer disclosed herein;
PAR  FIG. 5 is a schematic view showing a correction feedback system that can be
      incorporated in the galvanometer of the invention; and
PAR  FIG. 6 is a graph showing the optical deflection of a galvanometer in
      accordance with the invention when damped and undamped in degress per
      ampere as a function of the driving voltage in kilohertz.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Reference is now made to the embodiment of the invention as disclosed more
      specifically in FIG. 1 of the drawings. The component or assembly
      designated by the numeral 12 comprises a mirror 13, a flexible member 14,
      and a variable magnetic field producing means comprising iron cores 15 and
      a coil 18 associated with each of the cores. Mirror 13 and cores 15 are
      fixed to the free end of the flexible member 14 by an adhesive, such as
      epoxy, designated by the numeral 16. The end 19 of flexible member 14 is
      secured in a block 22 of an electrically insulating and magnetically inert
      material, such as plastic. When an electromagnetically inert mount, such
      as one of plastic, is used, the flexing action of the flexible member 14
      can be accurately established in accordance with any selected variation in
      the current applied to the coils 18. As shown in FIG. 1, the coils 18 are
      preferably formed by a continuous wire wound about the
      core-flexible-member arrangement. The coil 18 has lead lines, not shown,
      connecting the coil to a source of variable electric current, also now
      shown. It will be appreciated that the individual windings of coil 18 are
      also not shown for the sake of clarity. The flexible member 14 has an
      effective axis of rotation designated by the numeral 26 which is
      essentially perpendicular to the plane of the drawing and is located
      substantially at the center of mass of the component or assembly
      designated by the numeral 12. Since the flexible member does not bend only
      at one well defined point, the term "effective axis of rotation" has been
      used to serve as a designation of the central point about which flexure
      can be said to take place. Hence, when the term "axis of rotation" is
      used, it should be understood that the term refers to the "effective axis
      of rotation."
PAR  A portion 21 of the flexible member 14 that is generally intermediate the
      fixed and free ends thereof is reduced in cross section to provide greater
      sensitivity to flexure. It will be noted that the reduced cross section 21
      is in the region in and about the axis of rotation 26 which, in effect, is
      also the center of mass of the total or complete component 12. The
      assembly or component 12 flexes about the axis of rotation 26 indicated by
      the doubleheaded arrow A. There is no movement in the direction
      perpendicular to the plane of the paper. As a result, the mirror 13 is
      moved and can be moved up to about 7.degree. in each direction from its
      center or rest position. If the swing is greater than about 7.degree., the
      life of the flexible member 14 is shortened. A preferred swing is within
      the range of about 3.degree. to about 5.degree. in each direction.
PAR  As shown in FIG. 2, the component or assembly 12 shown in FIG. 1 can be
      positioned in a standard galvanometer-type housing. Such a housing,
      designated generally by the numeral 28, comprises a mounting stud 29 which
      is secured to a base plate 30. The plate 30 supports a base 31 of soft
      iron as well as magnets 32, 33 and pole pieces 34, 35 which are of the
      general shape and are arranged as shown in FIG. 2. Between the magnets 32
      and 33, there is arranged plastic block 36 which is provided with a slit
      37 in which the end 19 of the flexible member 14 is fixedly mounted in any
      well known manner. With reference to FIG. 1, the mirror 13 is shown in
      FIG. 2 in a position in which the angular deflection is in a horizontal
      plane. However, the galvanometer assembly can be mounted so as to place
      the mirror 13 in a position such that the deflection will be in a vertical
      or any other desired plane.
PAR  FIG. 3 discloses a preferred embodiment of the armature mirror component in
      accordance with the present invention. A plastic mount 22 is used because
      it does not have electrical or magnetic characteristics which would cause
      unwanted deviations in the applied variable and permanent magnetic fields.
PAR  Flexible member 14 is preferably made of spring steel but can be made of
      stainless steel, beryllium, spring brass, bronze spring stock, and the
      like. Spring steel is preferred because of the high quality etch
      obtainable and its superior resistance to fatigue, although it is not as
      corrosion resistant as some other metals. The flexible member 14 comprises
      spring steel 0.008 to 0.0015 inch thick except in its etched or reduced
      portion 21. The width of the hinge perpendicular to the paper is about
      one-half inch but can be from one-fourth to five-eighth inch, more or
      less, depending upon the weight of the mirror, coil and cores as well as
      the desired operating frequency. The thickness should be sufficient to
      support the weight of the assembly or component 12 during oscillation and
      can be determined by experimentation for a particular combination of
      elements. The mirror 13 can have a diameter of about 0.2 inches and a
      thickness of approximately 0.015 inches and is secured by an epoxy
      adhesive to the free end of the flexible member 14. The cores 15 are also
      secured to the free end of the flexible member 14 by an epoxy adhesive and
      set a short distance behind the mirror 13 to locate the center of mass of
      the components essentially on the effective axis of a rotation 26 of the
      member 14. The cores 15 are soft iron 0.080-0.100 inches long and have
      about 40 windings of No. 40 lacquered, copper wire. The outer surface of
      the armature 23 formed by cores 15 and coils 18 requires only sufficient
      clearance with respect to the concave edge 38 of each of the pole pieces
      34, 35 to permit free movement thereof. The concave edges 38 are circular
      and concave to accommodate the armature 23 and have a diameter of the
      order of 0.100-0.120 inches. The plastic mount 22 clears the pole pieces
      34, 35 by about 0.015 inches. The center of rotation 26 of the assembly or
      component 12 is located within a region of the flexible member 14 having a
      cross section parallel to the plane of the paper reduced to a thickness of
      the order of 0.001 inches, which is preferably obtained by selectively
      etching the region 21 near and about the effective axis of rotation 26 of
      the flexible member 14. The etched or bending region of member 14 is about
      0.03-0.05 inches long.
PAR  The galvanometer as shown in FIGS. 2 and 3 can be damped by applying to the
      space between plastic block 36 and the soft iron cores 32, 33, and the
      pole pieces 34, 35 and/or around the coil wound cores 18, a damping agent,
      designated generally by the numeral 24, comprising silicone rubber diluted
      with about 50-75% dilutant of Freon 113, or a similar substance, Freon 113
      being a refrigerant (trichlorotrifluoroethane) and a registered trademark
      of E. I. duPont de Nemours & Co.
PAR  The curves shown in FIG. 6 relate the optical deflection obtained with a
      galvanometer of the type shown in FIG. 4 with and without a damping agent.
      The undamped galvanometer is characterized by two resonant frequencies.
      The primary resonant frequency of about 1.18 KHz, that is the stronger
      resonance shown by B, the higher of the two peaks on the curve, is
      attributable to the fundamental rotary restoring force of the flexible
      member 14. The smaller or second peak C on the curve, appearing at about
      3.15 KHz, indicates that a highly tuned, strong, secondary resonance
      appears as a small multiple of the fundamental frequency. Undesired higher
      frequency secondary resonance occurs because of the displacement of the
      axis of rotation from the center of mass of the assembly or component 12.
      It is apparent that the galvanometer as set forth hereinabove has a
      slightly inductive characteristic and a single strong resonance.
PAR  Because of the resonance, the incoming signal (current to coils 18) must be
      corrected to produce a desired movement of the member 14, such as a
      sinusoidal scan. This is usually accomplished by using an electrical
      wave-shaping network to generate a desired periodic wave form. Such a
      network for producing a selected input signal is shown in FIG. 4. A
      synchronization signal is applied to the wave forming circuit generally
      designated by the numeral 45 which comprises a bistable multivibrator 46
      which provides an output signal through a resistor 47 to an operational
      amplifier 48. The amplifier 48 provides an output through a resistor 49 to
      a second operational amplifier 50. Amplifier 48 has a capacitor feedback
      network 53 and operational amplifier 50 has a resistor feedback 54. Each
      of the amplifiers 48 and 50 are grounded as indicated respectively at 55
      and 56. The input synchronization signal is also transmitted to a gate 57
      having positive and negative square wave outputs as represented by block
      58 and 59, respectively. The resulting alternating square wave signal is
      imposed on the bistable multivibrator output at point 60. This circuitry
      generates a complex output signal represented by wave form 61 for driving
      the galvanometer indicated by the numeral 62. In response to the complex
      input wave form 61, the galvanometer 62 produces a substantially
      sinusoidal scan as represented by the output scan line 63.
PAR  The circuit shown in FIG. 5 can also be used to provide a selected scanning
      deflection. An input signal represented by the sawtooth wave form 65 is
      applied to an amplifier 66 which provides an output to a galvanometer 67
      in accordance with the invention. With a position sensing device 68, the
      deflection of the galvanometer in response to the input signal is sensed
      and any resulting error signal is fed to a compensation network 69 which
      corrects the input signal to amplifier 66 to provide the desired scan.
      Position sensing devices in compensation networks are well known to those
      skilled in the art so that no further disclosure need be made at this
      point.
PAR  The flexible member 14, as shown in FIGS. 1 and 3, flexes about the
      effective axis of rotation 26. In accordance with the invention, the
      flexible member is of reduced bulk or cross section in the immediate
      proximity of such effective axis of rotation. This is done to reduce
      stiffness, stiffness being related to the cube of thickness. The bulk can
      be reduced by etching. By limiting the amount of flexure to about plus or
      minus 7.degree. as the maximum movement relative to the zero or normal
      point, metal fatigue is essentially eliminated. The manner in which the
      portion 21 can be reduced in cross section by etching or other processes
      is well known to those skilled in the art and no further description
      thereof is deemed to be necessary.
PAR  The criteria for establishing spring failure is well established. For
      instance, if a spring will flex 1,000 times at twice its normal flexing
      rate, then spring failure is not directly related to the amount of use.
      The flexible members disclosed herein have been tested without a single
      failure for millions of cycles at twice the expected scan rate with and
      without damping.
PAR  The preferred deflection of the mirror 13 in the embodiment of the
      invention shown in FIGS. 1 and 3 is plus or minus 3.degree. to plus or
      minus 5.degree.. This sweep is sufficient for high speed data read-write
      applications. However, plus or minus 7.degree. is available within the
      limitation of the construction of the galvanometer disclosed herein. In
      the preferred embodiment, unwanted stray modes of vibration are eliminated
      along the length of the flexible member 14. This is accomplished by
      establishing the center of mass of the assembly or component 12 relative
      to the effective axis of rotation 26. It is, of course, important that the
      mirror 13 be attached securely to the flexible member 14 so that it will
      not be subject to any movement other than that of the flexible member 14
      and armature 23.
PAR  There is an optimum choice for mirror dimensions. The size, of course,
      depends upon the shape of the mirror, on the actual application, the
      torque to be placed upon the assembly or component, and the moments of
      inertia of the assembly and the mirror. The moment of inertia of the
      mirror 13 should be between about 0.200 and 0.333 of the moment of inertia
      of the assembly or component 12 to obtain the maximum number of resolvable
      spots in a scan.
PAR  There is an advantage in using a mirror that is plano on the reflecting
      surface and convex on its back so that the edges of the mirror are very
      thin. Also, a mirror that is wide perpendicular to the flexure but
      extremely narrow along the flexure axis is also advantageous. Both shapes
      provide a larger optical width for a given moment of inertia and
      deflection. Therefore, more resolvable spots are obtainable with such
      mirrors than with the simple biplanar disc mirror.
PAR  It will be appreciated that for extremely small armatures, the iron core
      can be eliminated and the coil can be formed about the hinge, an adhesive
      or polymer can then be used to make the assembly rigid. The loss of
      torque, because no ferromagnetic material is present, is compensated for
      by the reduction in the moment of inertia.
PAR  The invention has been described in detail with particular reference to
      certain preferred embodiments thereof but it will be understood that
      variations and modifications can be effected within the spirit and scope
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a galvanometer comprising means for producing a first magnetic field
      and a component having a center of mass and mounted at least partially
      within the first field for movement relative thereto, means associated
      with the component for producing a second magnetic field, and means
      associated with at least one of the magnetic field producing means for
      varying its respective magnetic field to control movement of the
      component, the improvement wherein:
PA1  the component comprises a flexible member fixedly mounted at one end
      without the first field and a rotor fixedly mounted on the other end
      within the first field, the rotor being moved angularly about an axis of
      rotation that passes generally through the center of mass and in response
      to interaction of the magnetic fields.
NUM  2.
PAR  2. The galvanometer in accordance with claim 1 wherein the flexible member
      is provided with a portion of reduced cross section in the environs of the
      axis of rotation.
NUM  3.
PAR  3. The galvanometer in accordance with claim 1 wherein the flexible member
      is a thin, elongated strip of resiliant metal having a portion of reduced
      cross-section intermediate the ends thereof.
NUM  4.
PAR  4. The galvanometer in accordance with claim 3 wherein the portion of
      reduced cross section extends in the direction of the axis of rotation.
NUM  5.
PAR  5. The galvanometer in accordance with claim 1 including means for
      surrounding and engaging at least that part of the component within the
      first field for damping the movement of the component.
NUM  6.
PAR  6. The galvanometer in accordance with claim 5 wherein the damping means is
      a diluted solution of silicone rubber.
NUM  7.
PAR  7. The galvanomter in accordance with claim 1 wherein a mirror is fixedly
      mounted on the rotor and angularly displaced relative to the center of
      mass with movement of the rotor.
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ABST
PAL  The combined current and voltage measuring apparatus has a cast resin body
      which supports the current measuring unit. The voltage measuring unit
      includes a capacitive voltage divider with an amplifier connected thereto.
      The cast resin body is also utilized as dielectric for the capacitor on
      the high-voltage side of the capacitive voltage divider. Embedded in the
      cast resin body is an auxiliary capacitor with a dielectric which, with
      respect to temperature dependence, corresponds to the dielectric of the
      high-voltage capacitor. The auxiliary capacitor, in series with a
      resistor, is connected to an auxiliary generator. The voltage dropped
      across the resistor is supplied, after rectification, to an input of a
      differential amplifier; the other input of the differential amplifier is
      connected to the terminal away from ground of the capacitor on the
      low-voltage side of the capacitive voltage divider. With respect to the
      capacitors of the capacitive voltage divider, a warming of the capacitor
      on the high-voltage side different from the warming of the capacitor on
      the low-voltage side does not influence the measuring accuracy of the
      capacitive voltage measuring unit of the apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a combined current and voltage measuring apparatus
      with a cast resin body which supports the current measuring unit and is
      also utilized as dielectric for the capacitor on the high-voltage side of
      the capacitive voltage divider equipped with an amplifier of a capacitive
      measuring unit.
PAR  A combined current and voltage transformer is known from Deutsche
      Auslegeschrift No. 1,114,921 wherein the voltage transformer unit contains
      a capacitive divider. The dielectric of the winding insulation of the
      current transformer unit is also utilized as dielectric for the capacitor
      on the high-voltage side of the capacitive divider in that there are
      applied to the winding insulation conducting coatings forming the
      electrodes of the high-voltage capacitor.
PAR  In the combined current and voltage transformer of the known construction,
      inaccuracies of the voltage measurement may result because the divider
      ratio determined by the selection of the high-voltage and the low-voltage
      capacitors can change because of different temperature changes in these
      respective capacitors. The cause for different warming of the high-voltage
      and the low-voltage capacitors can be attributed to the condition that the
      primary conductor of the current transformer unit, heated by the current
      flowing through it, heats up and transfers its heat to the adjacent
      winding insulation which is utilized at the same time as dielectric of the
      high-voltage capacitor; this results in a variation of the capacitance of
      the high-voltage capacitor and, hence, to a variation of the divider ratio
      of the capacitive voltage which, in turn, leads to measuring inaccuracies.
PAR  Accordingly, it is an object of the invention to provide a combination
      current and voltage measuring apparatus wherein a cast resin body serving
      as dielectric for the high-voltage capacitor is configured in such a
      manner that a warming of the high-voltage capacitor different from the
      warming of the low-voltage capacitor does not influence the measuring
      accuracy of the capacitive voltage measuring unit of the apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  The temperature compensated combined current and voltage measuring
      apparatus according to the invention realizes the above object by
      providing an auxiliary capacitor having a dielectric corresponding to the
      dielectric of the high-voltage capacitor of the capacitive voltage divider
      with respect to temperature dependence. The auxiliary capacitor is
      embedded in the cast resin body of the combined current and voltage
      measuring apparatus of the type described above. The auxiliary capacitor,
      in series with a resistor, is connected to an auxiliary generator and the
      voltage dropped across the resistor is supplied, after rectification, to
      an input of a difference amplifier. The other input of the differential
      amplifier is connected to the terminal of the low-voltage capacitor of the
      capacitive voltage divider opposite from ground.
PAR  The combined current and voltage measuring apparatus according to the
      invention offers the advantage that the voltage processed by the
      differential amplifier is decreased more or less by a direct-current
      voltage of greater or lesser magnitude generated at the one input of the
      differential amplifier as a function of the warming of the cast resin
      body, as compared to the voltage dropping at the low-voltage capacitor as
      a function of the variation of the capacitance of the high-voltage
      capacitor due to heating. This leads to the condition that the divider
      ratio, disturbed such as by relatively severe heating of the high-voltage
      capacitor, exerts no influence on the accuracy of the voltage measurement
      because the disturbed divider ratio is compensated in the differential
      amplifier by the auxiliary voltage applied to the one input of the
      differential amplifier. The condition that only an auxiliary voltage of
      positive amount is supplied to the one input of the differential amplifier
      of the current and voltage measuring apparatus according to the invention
      in no way impairs the mode of operation with respect to the compensation
      of a disturbed divider ratio, because the dimensioning of the apparatus
      according to the invention can be based on a suitable assumed temperature
      as reference point.
PAR  The current measuring unit of the combined current and voltage measuring
      apparatus according to the invention may be of various configurations. It
      is considered advantageous, however, if a sensor consisting of a winding
      without ferrous core is used as sensor for the current measuring unit and
      that at least one device with an iron core and applied winding is present
      which forms a saturation current transformer with the conductor of the
      high-voltage switch gear carrying the current to be measured; the ends of
      the winding without ferrous core are connected to the input of an
      amplifier, the operating voltage of which is supplied by the winding of
      the saturation current transformer. This configuration of the current
      measuring unit has the advantage that, because of the elimination of the
      iron core, the precautionary measures for the prevention of influences on
      the core due to the shrinkage of the cast resin are unnecessary which has
      a beneficial effect on the production costs. An additional operating
      voltage source for the amplifier of the current measuring unit is not
      required because the operating energy needed is made available by the
      saturation current transformer. One significant advantage of the current
      measuring unit according to the invention is seen in the fact that
      saturation phenomena in the winding without ferrous core cannot occur;
      this has an advantageous effect on the transmission accuracy in the event
      of excess currents.
PAR  The device with the iron core and applied secondary winding for the
      formation of the saturation current transformer may be disposed in a
      separate cast resin current and voltage measuring apparatus; however, it
      appears more advantageous, if only for reasons of production, if the
      device with the iron core and applied winding is also embedded in the same
      cast resin body.
PAR  Although the invention is illustrated and described herein as a temperature
      compensated combined current and voltage measuring apparatus, it is
      nevertheless not intended to be limited to the details shown, since
      various modifications may be made therein within the scope and the range
      of the claims. The invention, however, together with additional objects
      and advantages will be best understood from the following description and
      in connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic diagram, partially in section, of a temperature
      compensated combined current and voltage measuring apparatus according in
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The current and voltage measuring apparatus according to the invention
      contains a body 1 of casting resin which is provided with ribs 2 to
      lengthen the surface leakage path. The casting resin body 1 is penetrated
      by a conductor 3 to which the voltage to be measured is applied and which
      carries the current to be measured.
PAR  Embedded in the cast resin body 1 is a high-voltage capacitor 4 of a
      capacitive divider. The low-voltage capacitor 5 of the divider is disposed
      outside of the cast resin body 1. The capacitive voltage divider is
      followed by a differential amplifier 6, the one input 7 is connected to
      external components as described below in greater detail; the other input
      8 of the amplifier 6 is connected to the terminal 9 of the low-voltage
      capacitor 5 opposite from ground. The differential amplifier 6 is followed
      by another amplifier 10, to the output of which a resistor 11 is
      connected. Connected parallel to the resistor 11 is aa voltmeter 12 from
      which a voltage proportional to the voltage on conductor 3 can be read.
PAR  In addition to the capacitor 4 on the high-voltage side of the capacitor
      voltage divider, there is embedded in the cast resin body 1 an auxiliary
      capacitor 13 which is fed by an auxiliary generator 15 through a resistor
      14. The auxiliary capacitor 13 has a dielectric, the temperature
      dependence of which corresponds to that of the high-voltage capacitor 4.
      Consequently, the capacitance of the auxiliary capacitor 13 varies in the
      same manner as that of the high-voltage capacitor 4 when the cast resin
      body 1 heats up. This affects the level of the voltage dropped across the
      resistor 14 so that the voltage at the resistor 14 decreases as the
      capacitance of the auxiliary capacitor 13 decreases.
PAR  The voltage dropped at the resistor 14 is rectified through a precision
      rectifier 16 is smoothed by means of a succeeding capacitor 17. The
      direct-current voltage thus obtained is supplied to the one input 7 of the
      differential amplifier 6.
PAR  Suppose, for example, the cast resin body 1 heats up more than the
      low-voltage capacitor 5 because the conductor 3 heats up; this condition
      will lead to a lowering of the dielectric characteristic of the dielectric
      of the high-voltage capacitor 4 which, in turn, manifests itself in a
      variation of the divider ratio so that the voltage which can be taken from
      the low-voltage capacitor 5 is now lower, this being so even though the
      same voltage is on the conductor 3. However, the heating up of the cast
      resin body 1 also has the effect of a corresponding variation of the
      dielectric characteristic of the dielectric of the auxiliary capacitor 13
      so that, because of the reduced capacity of the auxiliary capacitor 13,
      less current flows through the resistor 14 which, in turn, reduces the
      voltage supplied to the input of the differential amplifier 6. The
      influence of the direct-current voltage supplied to this input is thereby
      diminished so that the differential voltage formed by the differential
      amplifier 6 corresponds to the value prior to the heating up of the cast
      resin body 1. Therefore, the divider ratio which was changed because of
      heating is in this way compensated. The influence on the reading of the
      voltmeter 12 because of temperature changes of the high-voltage capacitor
      4 is thus avoided.
PAR  In addition to the high-voltage capacitor 4 and the auxiliary capacitor 13,
      the cast resin body 1 of the combined current and voltage measuring
      apparatus according to the invention contains a current measuring unit
      which comprises a winding 18 without ferrous core and at least one device
      19 containing an iron core 20 with a winding 21. The device 19 with iron
      core 20 and winding 21, together with the conductor 3, form a saturation
      current transformer. By utilizing a rectifier 22 connected to the winding
      21, the device 19 assures that an amplifier 23 connected to the ends of
      the coreless winding 18 can be supplied with operating energy. The
      amplifier 23 then furnishes a voltage which is a measure of the current in
      the conductor 3 and which, if applicable, can be processed further in an
      electronic protective device. If long-range transmission of the output
      voltage of the amplifier 23 is desired, it is expedient to have the
      amplifier 23 followed by an analog-digital converter 24 which furnishes at
      its output 25 is a frequency proportional to the current in the conductor
      3 when a voltage-frequency converter is utilized.
PAR  To asssure that the amplifier 23 and, if applicable, the analog-digital
      converter 24, are supplied with current also when the currents in the
      conductor 3 are small, several devices with iron core and winding may be
      provided, each such device forming a saturation current transformer with
      the conductor 3. Only one such additional device 26 is shown in the
      drawing. At small currents in the conductor 3 it is expedient to connect
      this device 26 in series with the device 19 and, if applicable, other
      devices, it being possible to use electronic switches (not shown) for this
      series arrangement.
PAR  As has already been expressed in the foregoing, the invention is applicable
      not only to combined current and voltage measuring apparatus in which the
      cast resin body is co-utilized as dielectric for the capacitor on the
      high-voltage side of the capacitive voltage divider, but also to devices
      in which a complete capacitor is embedded in the cast resin body. These
      two configurations of the capacitor on the high-voltage side of a
      capacitive divider should be considered as equivalent constructions within
      the scope of the present invention.
PAR  A combined current and voltage measuring apparatus is taught by the
      invention which, with respect to the voltage measuring unit, offers the
      advantage that temperature changes of the cast resin body accommodating
      the high-voltage capacitor, or temperature changes of the cast resin body
      co-utilized as dielectric, exert no influence on the voltage measurement.
      With respect to the current measuring unit, the current and voltage
      measuring apparatus according to the invention is advantageous inasmuch as
      it makes a very compact configuration of the cast resin body possible
      because the current measuring unit functions without iron core;
      transmission inaccuracies due to saturation phenomena cannot occur.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A temperature compensated combined current and voltage measuring
      apparatus for measuring voltage and current on a conductor for conducting
      current at an upper potential comprising: a body of cast resin disposed in
      surrounding relation to the conductor; current measuring means carried by
      said body of cast resin for sensing the current in the conductor; a
      capacitive voltage divider having upper and lower potential capacitors and
      extending between the upper potential and a lower potential; said upper
      potential capacitor being arranged with respect to said cast resin body as
      to cause said cast resin to be the dielectric thereof; and, a temperature
      compensating arrangement including: an auxiliary capacitor embedded in the
      cast resin body and having a dielectric subjected to the same temperature
      changes as the dielectric of said upper potential capacitor whereby the
      capacitance of said auxiliary capacitor changes in the same manner as the
      capacitance of said upper potential capacitor; a resistor serially
      connected to said auxiliary capacitor; a generator connected across the
      serial combination of said auxiliary capacitor and said resistor thereby
      causing a voltage to drop across said resistor having magnitude indicative
      of the capacitance of said auxiliary capacitor; rectifying and smoothing
      means for rectifying and smoothing said voltage; and, a differential
      amplifier having first and second inputs, said first input being connected
      to receive the smoothed rectified voltage dropped across said resistor,
      and said second input being connected to said capacitive voltage divider
      at the terminal of said low-voltage capacitor away from said lower
      potential whereby a change in the divider ratio of said capacitive voltage
      divider caused by changes in the temperature of said upper potential
      capacitor is compensated.
NUM  2.
PAR  2. The apparatus of claim 1 comprising an amplifier connected through said
      differential amplifier to said lower potential capacitor of said
      capacitive voltage divider to conjointly define with said capacitive
      voltage divider and said temperature compensating arrangement a
      temperature compensated capacitive voltage measuring unit for supplying a
      voltage proportional to the voltage on the conductor.
NUM  3.
PAR  3. The apparatus of claim 2, said current measuring means comprising: a
      coreless winding carried by said cast resin body for sensing the current
      in the conductor; a further amplifier having input terminals connected to
      said coreless winding whereby said further amplifier supplies an
      electrical quantity proportional to the current conducted by the
      conductor; and, a wound member made up of an iron core having a winding
      wound thereon, said wound member and the conductor conjointly defining a
      saturation current transformer for supplying an operating supply voltage
      to said further amplifier.
NUM  4.
PAR  4. The apparatus of claim 3, said wound member being embedded in said cast
      resin body.
NUM  5.
PAR  5. The apparatus of claim 4 comprising a voltage-frequency converter
      connected to the output of said further amplifier.
NUM  6.
PAR  6. The apparatus of claim 3 comprising a voltage-frequency converter
      connected to the output of said further amplifier.
NUM  7.
PAR  7. The apparatus of claim 1, said upper potential capacitor of said
      capacitive voltage divider being embedded in said body of cast resin.
NUM  8.
PAR  8. The apparatus of claim 7 comprising an amplifier connected through said
      differential amplifier to said lower potential capacitor of said
      capacitive voltage divider to conjointly define with said capacitive
      voltage divider and said temperature compensating arrangement a
      temperature compensated capacitive voltage measuring unit for supplying a
      voltage proportional to the voltage on the conductor.
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PAL  Gildersleeve, N.; "Nine Performance Tests . . .";  General Electric Review;
      August 1945; pp. 52-56.
ABST
PAL  Apparatus and method for testing windings, as for determining proper
      winding connections, by sensing the magnetic fields produced at the
      windings when energized by a time varying signal. Output signals are
      produced in dependence upon the polarity or direction of the magnetic
      fields. These signals are compared with a clock signal synchronized to the
      energizing signal to obtain an indication as to the phase relationship of
      the magnetic fields.
BSUM
PAR  This invention relates to the art of electrical testing and, more
      particularly, to testing windings or the like by sensing the magnetic
      field produced at a winding and determining the phase relationship of the
      magnetic field relative to that of an applied magnetic field producing
      signal, or to the magnetic field produced at a second winding.
PAR  The invention is particularly applicable for use in testing motor windings,
      such as the winding connections of a single or multi-phase A.C. motor, for
      determining whether the windings are properly connected for obtaining a
      given motor rotation; although, the invention has broader applications and
      may be used in various testing applications where, for example, it is
      desired to obtain knowledge of the phase relationship between the magnetic
      field produced at a given winding relative to an energizing signal, or to
      the magnetic field produced at a second winding.
PAR  One of the sources of error in the manufacture of an electrical motor is an
      incorrect connection between the windings. For example, if the termination
      between the start winding and the main winding of a single phase,
      fractional horsepower motor is not correct, the motor will run in the
      wrong direction. Consequently, it is desirable to conduct a test prior to
      final assembly of a motor to determine if the windings have been properly
      connected. One test which has been employed in the prior art is to insert
      a dummy rotor into the bore of the motor and then energize both the start
      and main windings. The dummy rotor will then rotate in the direction of
      the rotating field, thereby providing an indication as to the accuracy of
      the winding connections. However, this test procedure requires very close
      mechanical tolerances. Unless the air gap is held very close to the actual
      motor air gap the test may be defective.
PAR  Another test employed in the prior art for testing windings of a motor has
      included the application of a D.C. voltage to the stator windings. A
      magnetic compass is then positioned so as to determine the polarity of
      each adjacent pole. The motor will rotate in the direction of similar
      polarities of adjacent poles. This is a very time consuming and expensive
      process since the test must be performed manually and the operator must
      accurately interpret the test results.
PAR  The present invention is directed toward apparatus and method for testing
      windings, or the like, by which a determination of proper winding
      direction may be obtained from the phase relationship between a magnetic
      field produced at a winding, and the signal causing the magnetic field or
      with the magnetic field produced at a second winding. As applied to
      testing motor windings, the invention obtains a determination as to
      whether the windings have been properly connected for a given motor
      rotation without the requirement of a dummy rotor or magnetic compass and
      the like.
PAR  It is therefore an object of the present invention to provide an improved
      apparatus and method for testing motor windings and the like for proper
      winding connections to obtain desired motor rotation without the use of
      dummy rotors or magnetic compasses and the like.
PAR  It is a still further object of the present invention to provide apparatus
      and method for testing motor windings and the like to provide a GO or NO
      GO type indication as to whether the windings have been properly or
      improperly connected to obtain the results desired.
PAR  It is a still further object of the present invention to test magnetically
      coupled windings for desired electrical relationships by sensing the phase
      relationship between the magnetic fields produced at the windings in
      response to electrical energy applied thereto.
PAR  It is a still further object of the present invention to test for
      anticipated electrical characteristics of a winding or the like by
      applying thereto a time varying electrical signal and then sensing the
      magnetic field produced and determining whether phase relationship between
      that magnetic field and the time varying signal is as expected.
PAR  It is a still further object of the present invention to test for desired
      electrical characteristics of a pair of magnetically coupled windings by
      applying a time varying electrical signal to the windings and then
      determining the phase relationship of the magnetic fields produced at the
      windings.
PAR  In accordance with one aspect of the present invention, apparatus and
      method are provided for testing electrical characteristics of a winding in
      dependence upon a determination as to the phase relationship of the
      magnetic field produced with respect to an applied magnetic field
      producing signal. In this context, a time varying electrical input signal
      is applied to the winding so as to produce a varying magnetic field. An
      output signal is developed from the magnetic field, as with a sensing
      coil, so that the output signal varies in magnitude and direction with
      that of the field. A pair of control signals are developed, with one of
      the signals being substantially in phase with the output signal and the
      other signal displaced in phase by substantially 180.degree. with respect
      to the output signal. The phase relationship of each of these two signals
      is determined relative to a third signal, which is substantially in phase
      with the input signal, for purposes of providing an output indication as
      to the phase relationship between the magnetic field producing input
      signal and the sensed output signal obtained from the magnetic field.
PAR  In accordance with another aspect of the present invention, apparatus and
      method are provided for testing first and second windings for determining
      the relative phase relationship of the magnetic fields produced at the
      respective windings when they are energized by application of voltage
      thereto to obtain first and second magnetic fields. The two magnetic
      fields are sensed so as to provide first and second output signals which
      are respectively representative of the phases of the two magnetic fields.
      These two output signals are then compared for purposes of providing an
      output indication indicative of the phase relationship of the windings in
      dependence upon the phase relationship of the first and second output
      signals.
DRWD
PAR  The foregoing and other objects and advantages of the invention will become
      more readily apparent from the following description of the preferred
      embodiment of the invention as taken in conjunction with the accompanying
      drawings which are a part hereof and wherein:
PAR  FIG. 1 is a schematic illustration of one application of the invention in
      context with determining proper winding connections of both the main
      winding and the start winding on the stator of a fractional horsepower
      motor;
PAR  FIG. 2 is a fragmentary perspective view illustrating the positioning of a
      sensing coil with respect to the magnetic field produced at a winding on
      the stator shown in FIG. 1;
PAR  FIG. 3 is a simplified schematic-block diagram illustration of one
      embodiment of the testing apparatus employed in the present invention;
      and,
PAR  FIG. 4 is a more detailed schematic-block diagram illustration of the
      preferred testing apparatus employed in the present invention.
DETD
PAR  Referring now to the drawings wherein the showings are for purposes of
      illustrating a preferred embodiment of the invention and not for purposes
      of limiting same, there is shown in FIGS. 1 and 2 one application of the
      invention as applied to testing the stator windings of a fractional
      horsepower motor. FIGS. 1 and 2 present a simplified illustration of a
      stator 10 of a fractional horsepower motor. Stator 10 is illustrated as
      having four poles, with main windings 12 being disposed on diametrically
      opposed stator poles and start windings 14 as being disposed on a second
      pair of diametrically opposed stator poles. As is well known, once the
      motor assembly has been completed, the direction of motor rotation will be
      dependent upon the direction in which windings 12 and 14 have been wound
      on their respective poles. It is desirable in the manufacture of such a
      motor that an indication be obtained as to the accuracy of the winding
      connections prior to final assembly.
PAR  The present invention recognizes that in a motor stator some of the
      magnetic field produced will not be contained within the stator, but will
      be external and have a fringing effect. Thus by "Lenz's" law, as the field
      is collapsing and expanding an alternating voltage may be produced in an
      adjacent conductor. Consequently, if a sensing coil be positioned within
      the magnetic field the induced voltage will either be in phase or out of
      phase, with the exciting voltage, depending on the direction of the stator
      windings.
PAR  Briefly, in accordance with the present invention, a test circuit TC is
      employed for purposes of applying a test signal to the stator windings to
      produce time varying magnetic fields. Sensing coils 16 and 18 are
      respectively positioned adjacent to the end turns of the main and start
      windings and located within the magnetic fields produced, as is shown in
      FIG. 2 with respect to sensing coil 18. Voltages are induced in the
      sensing coils and they exhibit a phase relationship dependent upon the
      phase relationship of the respective magnetic fields and, hence, dependent
      upon the winding connections. As will be developed in greater detail
      hereinafter, the test circuit TC may be selectively programmed to
      recognize a particular phase relationship of these induced voltages as
      being in an accept condition or a reject condition, depending upon the
      results desired. If an accept condition is determined, then the test
      circuit actuates a GO indicator 20. Conversely, if a reject condition is
      determined, then the test circuit serves to actuate a NO GO indicator 22.
      Consequently, a relatively unskilled operator may be employed to conduct a
      winding test. Once the sensing coils are positioned in the magnetic
      fields, preferably adjacent to the end turns of the main winding and the
      start winding, the operator need only actuate a simple pushbutton 24 and
      then observe whether a GO indication is presented or a NO GO indication is
      presented.
PAR  The description presented herein is with respect to the test circuit TC
      applying an alternating voltage to the main and start windings from an
      alternating current voltage source V. This is necessary in order to obtain
      magnetic fields which expand and collapse so that voltages may be induced
      in the sensing coils. It is contemplated that a D.C. test signal may be
      applied if it is a transient signal. In either case, a time varying signal
      is used and, hence, a time varying magnetic field is developed which can
      be sensed by a sensing coil.
PAR  The application of the invention to be described herein is with respect to
      testing main and start stator windings of a single phase fractional
      horsepower motor. The invention may also be used for testing the winding
      connections of a multi-phase motor, such as 3 phase, 6 phase or 12 phase.
      It is to be appreciated that the test may be made with respect to various
      types of magnetically coupled windings other than the windings of a motor.
      Also, the windings to be tested need not be magnetically coupled. For
      example, the test circuit may be employed for determining whether or not a
      polarized relay is properly wound by comparing the magnetic field
      developed at the relay winding with a known reference winding to determine
      the phase relationship of the magnetic fields and, hence, whether the
      polarized relay has its winding properly connected.
PAR  In the description which follows, the main windings and start windings are
      energized at different points in time and the magnetic fields produced are
      sensed at different points in time. These time spaced tests are conducted
      since if the start and main windings are in close prosimity, and if both
      windings are energized simultaneously, overlapping fields will result.
      However, if the fields are sufficiently spaced apart, then the tests may
      be conducted simultaneously. Also, if the sensing coils are positioned in
      close proximity to the end turns, then the magnetic fields may not overlap
      to the point that they are both sensed by each of the sensing coils.
PAR  Reference is now made to the simplified schematic-block diagram
      illustration of the test circuit TC as shown in FIG. 3. It will be assumed
      that an acceptable test is one in which the magnetic fields in the main
      winding and the start winding are in phase. If the test circuit determines
      this phase relationship is present, then the accept or GO indicator 20
      will be energized. The test is divided into two parts, with the first part
      being conducted by energizing main winding 12 and comparing the induced
      voltage in the sensing winding 16 with a clock signal synchronized to the
      energizing voltage source. Depending upon whether these signals are in
      phase or out of phase, one of two relay coils is energized. The start
      winding is then energized in the same fashion and the induced voltage in
      the sensing winding 18 is compared with another clock signal synchronized
      to the energizing voltage source, and one of two other relay coils is
      energized depending on whether the signals are in phase or out of phase.
      Thus, during each test portion oen of two relay coils is energized.
      Depending on which combination of two relay coils has been energized,
      either the accept or GO indicator 20 is energized or the reject or NO GO
      indicator 22 is energized.
PAR  Referring more specifically to the operation which ensues, a test procedure
      is commenced upon closure of switch 24 to apply an alternating voltage to
      energize main winding 12 from source V through a set of normally closed
      relay contacts K5-1. The magnetic field produced by energization of
      winding 12 is sensed by coil 16 since a voltage signal will be induced in
      the sensing coil dependent upon the polarity or direction of the magnetic
      field. This signal is applied through another set of normally closed relay
      contacts K5-3 to a saturating amplifier which serves as a squaring circuit
      SC to obtain a substantially square wave output signal from the somewhat
      distorted sinusodial signal induced in winding 16. The square wave signal
      is then inverted by an inverter amplifier I so as to obtain a square wave
      signal which is displaced in phase by 180.degree. from that provided by
      squaring circuit SC. The inverted square wave output provided by the
      inverter amplifier I is applied to a main winding comparator circuit MC1
      through normally closed relay contacts K5-5, and the square wave signal
      obtained from the output of the squaring circuit SC is applied to a second
      main winding comparator circuit MC2 through normally closed relay contacts
      K5-6. These comparing circuits serve to compare the phase displaced square
      wave signals with a synchronizing signal, and provide an output indication
      as to which square wave signal is in phase with the synchronizing signal.
PAR  The synchronizing signal is obtained from a pulse generator PG connected to
      the energizing alternating voltage source V and serves to provide clock
      pulses synchronized to the positive half cycle of the alternating voltage
      source. Clock pulses obtained from the pulse generator PG are applied
      through a diode 30 and then to one input each of AND gates 32 and 34 in
      the respective comparator circuits MC1 and MC2 by way of diodes 36 and 38,
      respectively. Thus, AND gates 32 and 34 are clock enabled gates and each
      serves to provide a positive output signal only if the second input of the
      AND gate receives a positive signal during the period that the gate is
      enabled by a clock pulse. The square wave outputs from the inverter
      circuit I and the squaring circuit SC have their negative portions removed
      by diodes 40 and 42 so that positive signals are applied to AND gates 32
      and 34. However, the positive signal applied to AND gate 32 from the
      inverter circuit I is 180.degree. out of phase with respect to that
      applied to AND gate 34 from the squaring circuit SC. Consequently, if we
      assume that the voltage induced in sensing coil 16 is in phase with the
      alternating current voltage source, then at the point in time that AND
      gates 32 and 34 are enabled only AND gate 34 will provide a positive
      output signal. This signal is applied through a diode 44 to energize relay
      coil K3-C through normally closed relay contacts K4-2. Relay coil K3-C
      will now lock-up through a holding circuit including the now closed,
      normally open set of relay contacts K3-1 to a B+ voltage supply. Had the
      voltage induced in the sensing coil 16 been out of phase with voltage
      source V, then during the time that AND gates 32 and 34 are enabled, only
      AND gate 32 would have provided a positive output signal. In such case,
      the positive output signal would have been applied through a diode 46 to
      energize relay coil K4-C through a set of normally closed relay contacts
      K3-2. When relay coil K4 is thus energized it locks-up through its own
      holding circuit including a set of now closed, but normally opened, relay
      contacts K4-1 connected to a B+ voltage supply source.
PAR  In the example given, only one of the relay coils K3 or K4 is energized in
      response to a comparison function. If relay coil K3 becomes energized then
      its normally closed contacts K3-2 in the energizing circuit for relay coil
      K4-C will open to prevent energization of that relay coil. Conversely, had
      relay coil K4-C become energized, its normally closed relay contacts K4-2
      in the energizing circuit for the relay coil K3-C would have opened to
      prevent energization of that relay coil.
PAR  It is assumed that relay coil K3-C has become energized and, consequently,
      all of its normally open contacts now become closed and its normally
      closed contacts become open. A logic circuit LC is interposed between the
      comparison circuits MC1 and MC2 and the GO, NO GO indicators 20 and 22.
      This logic circuit includes normally open K3-3 and K4-3 relay contacts.
      Energization of relay coil K3-C causes the relay contacts K3-3 to become
      closed to partially complete a circuit for energizing one of the indicator
      lamps 20 or 22. If, in the second portion of the test, relay coil K8-C
      becomes energized then its normally open contacts K8-4 in the logic
      circuit LC will become closed so that a circuit is completed from the B+
      power supply source through the now closed relay contacts K3-3 to energize
      the reject lamp 22. This would be indicative that the voltages induced in
      windings 16 and 18 are out of phase. If, however, in the succeeding test
      portion it is relay coil K7-C that becomes energized, then its normally
      open contacts K7-3 in the logic circuit LC will become closed so that the
      accept lamp 20 is energized indicative that the windings have been
      connected properly.
PAR  Continuing in the description of operation, once relay coil K3-C becomes
      energized all of its normally open contacts become closed so that relay
      coil K5-C in the change-over circuit CO becomes energized. This relay
      serves to provide a change-over or transfer function for the second test
      operation during which winding 14 is energized and the voltage induced in
      coil 18 is sensed.
PAR  During the second portion of the test, relay coil K5-C is energized so that
      the start winding 14 is energized through the now closed, normally open
      relay contacts K5-2. Consequently, a voltage signal is induced in the
      sensing coil 18 and this signal is now applied through a set of normally
      open, but now closed, relay contacts K5-4 to be squared by the squaring
      circuit SC. As in the previous test procedure, the square wave output
      signal from the squaring circuit SC is displaced in phase by approximately
      180.degree. by the inverter amplifier I. The square wave signals from
      inverter amplifier I and the squaring circuit SC are respectively applied
      through normally open, but now closed, relay contacts K5-7 and K5-8 to one
      input each of respective AND gates 60 and 62 located in the start
      comparator circuit SCl and the start comparator circuit SC2. As in the
      previous test portion, only the positive portions of these two square
      waves are applied to the AND gates 60 and 62 through respective diodes 64
      and 66. The AND gates are enabled in synchronism with the positive half
      cycle of the alternating voltage source V by means of clock pulses applied
      from the clock pulse generator PG through diodes 68 and 70 to the
      respective second inputs of the AND gates 60 and 62. As shown in FIG. 3,
      the output circuit of AND gate 60 is taken through a diode 70, poled as
      shown, to a relay coil K8-C connected in series with a set of normally
      closed relay contacts K7-2 to ground. The junction point of relay coil
      K8-C and diode 70 is also connected to the B+ voltage supply source
      through a set of normally open relay contacts K8-1. Similarly, the output
      circuit of AND gate 62 is connected through a diode 72 to a relay coil
      K7-C connected in series with a set of normally closed relay contacts K8-2
      to ground. The junction of diode 72 and relay K7-C is connected to the B+
      voltage supply source through a set of normally open relay contacts K7-1.
PAR  As stated hereinbefore, if the second test portion results in energization
      of relay coil K7-C then the accept indicator 20 will become energized,
      whereas if relay coil K8-C is energized then the reject indicator 22 will
      become energized. Consequently, for an accept condition to prevail, relay
      coil K7-C must become energized, indicative that the positive portion of
      the square wave output signal from the squaring circuit SC is in phase
      with the clock signal obtained from the pulse generator PG. If so, then
      when AND gate 62 is enabled by a clock pulse a positive signal is also
      applied through diode 70 to the second input of the AND gate so that relay
      coil K7-C becomes energized. This will result in an accept indication at
      indicator 20. If, however, the windings are incorrect then the voltage
      induced in coil 18 would have been out of phase with that induced in
      winding 16. This would have resulted in relay coil K8-C becoming
      energized, causing energization of the reject indicator 22.
PAR  An accept condition may also be one in which the voltages at windings 12
      and 14 are out of phase. In the description given thus far, an accept
      condition has been assumed as being one in which the voltages in the main
      winding 12 and start winding 14 are in phase. Consequently, switch S2 in
      the logic circuit LC has been positioned as shown in FIG. 3. If, however,
      an accept condition required that the voltages at windings 12 and 14 be
      out of phase, then switch S2 would be positioned to the opposite condition
      from that shown in FIG. 3. An accept condition would then require that
      relay coils K3-C and K8-C become energized or that relay coils K4-C and
      K7-C become energized.
PAR  Reference is now made to FIG. 4 which illustrates a more detailed combined
      block diagram-schematic circuit of the preferred embodiment of the test
      circuit. The test circuit in FIG. 4 is quite similar to that shown in FIG.
      3 and, hence, for purposes of simplification like components in both
      circuits are identified with like character references and those
      components which have been changed only slightly in FIG. 4 are referred to
      with a primed character reference. Also, only the differences in circuitry
      and operation will be described herein for purposes of simplifying the
      description of the invention.
PAR  Referring now to FIG. 4, test circuit TC' like test circuit TC serves to
      apply an alternating voltage test signal to either the main winding 12 or
      the start winding 14. After closure of switch 114 alternating voltage
      obtained from the voltage source V is applied to the main winding 12
      through a saturating transformer 100, a set of normally open contacts K1-2
      and normally closed relay contacts K5-1. Pulse generator PG is transformer
      coupled to the voltage source V through a transformer 102 and the pulse
      generator serves to provide clock pulses which are synchronized to the
      source. Only positive clock pulses are applied through diode 30 and these
      are amplified by a pulse amplifier 104 to provide the clock enabling
      signals for AND gates 32', 34', 60'  and 62'.
PAR  The logic circuit LC' in FIG. 4 is essentially the same as logic circuit LC
      in FIG. 3 with the exception that indicator lights 20 and 22 are replaced
      by an accept relay coil K9-C and a reject relay coil K10-C. Relay K9-C has
      a set of normally open contacts K9-1 connected in series with an indicator
      lamp 20' across the alternating voltage source V. Similarly, the reject
      relay coil K10-C has a set of normally open contacts K10-1 connected in
      series with an indicator light 22' across the alternating voltage source
      V. Consequently, the major distinction here is that the indicator lamps
      20' and 22' are energized by alternating current voltage rather than D.C.
      voltage. Another indicator lamp 23 is connected across voltage source V so
      that upon closure of switch 24', light 23 is energized to indicate that
      power has been applied to the test circuit TC'.
PAR  With switch 114 closed, a full wave rectifier 110, coupled to source V
      through a transformer 112, serves to provide operating D.C. power for the
      test circuit. A distinction here over that shown in FIG. 3 is that
      rectifier 110 provides ground and B- operating potential. If desired, the
      operating potential may be ground and B+ as shown in FIG. 3. A charged
      smoothing capacitor 113 is connected across the full wave rectifier
      circuit 110 to provide the B- and ground potentials to the test circuit
      TC'.
PAR  The test circuit TC' commences its operation function in response to
      closure of switch 24'. With this switch closed relay coil K1-C will become
      energized when its series connected silicon controlled rectifier, SCR, 116
      is gated into conduction from a positive clock pulse provided by the pulse
      generator PG. This sets up a condition to energize relay coil K2-C through
      the now closed, but normally opened, relay contacts K1-1 once SCR 118 is
      gated into conduction. This will occur during the same half cycle of
      operation or during the next half cycle when relay coil K1-C is energized.
PAR  With relay coil K2-C energized, a condition is satisfied by closure of its
      normally open relay contacts K2-1 for comparator circuits MC1' and MC2' to
      perform the phase comparison functions in the same manner as described in
      detail with respect to FIG. 3. Thus, the positive half cycle of the square
      wave obtained from squaring circuit SC is passed through diode 120 and
      thence through a series resistor 122 and a set of normally closed relay
      contacts K5-6 to one input of AND gate 34' in the main comparing circuit
      MC2'. Similarly, the positive half cycle of the square wave signal
      obtained from the inverter amplifier I is passed by diode 130 through a
      series resistor 132 and a set of normally closed relay contacts K5-5 to
      one input of AND gate 32' in the second main winding comparator circuit
      MC1'.
PAR  The comparator circuits MC1' and MC2' operate in the same fashion as
      comparators MC1 and MC2 described previously with reference to FIG. 3. AND
      gates 32' and 34' perform the same functions as AND gates 32 and 34. AND
      gates 32', 34', 60' and 62' in the test circuit TC' are identical and
      consequently only AND gate 34' will be described herein in detail, it
      being understood that the other AND gates are constructed in the same
      fashion and operate in the same manner.
PAR  AND gate 34' includes a NPN transistor 140 having its collector connected
      through a resistor 142 and the now closed relay contacts K2-1 to ground.
      The emitter of transistor 140 is connected to the andoe of an SCR 144 with
      the cathode of the SCR being connected to the B- voltage supply source.
      The clock enabling signal for the AND gate is applied to the gate
      electrode of SCR 144 and when a positive signal is concurrently applied to
      the base of transistor 140, through normally closed relay contacts K5-5,
      the transistor will become conductive so that current flows through its
      collector to emitter path and through the enabled SCR 144. Relay coil K3-C
      is connected in parallel with resistor 142 and becomes energized once a
      circuit has been completed through SCR 144. Relay coil K3-C is locked up
      through its own holding circuit including relay contacts K3-1, in the same
      manner as described before with reference to FIG. 3.
PAR  A modification over the circuit shown in FIG. 3 is the omission in circuit
      MC2' of normally closed relay contacts K4-2 and the substitution therefor
      of a set of normally open relay contacts K4-2' connected between the B-
      voltage supply source and the gate of SCR 144. Similarly, circuit MC1' is
      provided with a set of normally open relay contacts K3-2' connected
      between gate electrode of the SCR in the AND gate and the B- voltage
      supply source. Relay contacts K3-2' and K4-2' serve essentially the same
      function as relay contacts K3-2 and K4-2 in FIG. 3. Thus, if the phase
      comparators operate such that relay coil K3-C becomes energized then its
      normally open contacts K3-2' close to prevent energization of relay coil
      K4-C. Similarly, if the comparators operate such that relay coil K4-C
      becomes energized, then its normally open contacts K4-2' operate to
      prevent energization of relay coil K3-C.
PAR  The change over circuit CO' of FIG. 4 is similar to that of the change over
      circuit CO described previously with reference to FIG. 3. However, an
      additional set of normally open relay contacts K5-9 is connected from the
      junction of relay contacts K4-4 and K3-4 to a relay coil K11-C. This relay
      becomes energized when SCR 160 is gated into conduction, as during the
      positive portion of the second cycle of alternating voltage from source V.
      Energization of relay coil K11-C serves essentially the same purpose as
      energization of relay coil Kl-C in that its normally open contacts K11-1
      become closed to energize relay coil K6-C through an SCR 162 during the
      same half cycle of operation or in the next positive half cycle that relay
      coil K11-C is energized. The transfer function is now complete since all
      of the normally open K5 relay contacts have become closed and all of the
      normally closed K5 contacts have become opened. Energization of relay coil
      K6-C causes its normally open relay contacts K6-1 to become closed to
      activate the start comparator circuits SC1' and SC2'.
PAR  The start comparator circuits SC1' and SC2' in FIG. 4 serve the same
      functions as circuits SC1 and SC2 described previously with reference to
      FIG. 3. AND gates 60' and 62' serve the same function as AND gates 60 and
      62 of FIG. 3 and these gates are constructed and operate in the same
      manner as AND gate 34' previously described in detail. A modification made
      in circuit SC1'over circuit SC1 is the omission of normally closed relay
      contacts K7-2 and the inclusion in circuit SC1' of normally open contacts
      K7-2' connected between the B- voltage supply source and the gate of the
      SCR in AND gate 60'. Similarly, circuit SC2' omits normally closed relay
      contacts K8-2 and includes a set of normally open relay contacts K8-2'
      connected between the B- voltage supply source and the gate of the SCR in
      AND gate 62'. Relay contacts K7-2' and K8-2' serve essentially the same
      function as relay contacts K7-2 and K8-2 in FIG. 3. Thus, upon
      energization of relay coil K7-C in circuit TC' its normally open contacts
      K7-2' become closed to prevent energization of relay coil K8-C. Similarly,
      if relay coil K8-C had become energized then its normally open relay
      contacts K8-2' would have become closed to prevent energization of relay
      coil K7-C. The operation of comparator circuits SC2' is essentially the
      same as that of circuits SC1 and SC2 and, hence, no detailed description
      of this operation is deemed necessary for complete understanding by one
      skilled in the art. During the operation, the positive portion of the
      output signal from the squaring circuit SC is applied through diode 120
      and thence through a resistor 123 and the now closed relay contacts K5-7
      to one input of the AND gate 62' in circuit SC2'. Similarly, the positive
      output from the inverter amplifier I is applied through diode 130 and
      thence through a resistor 133 and the now closed relay contacts K5-8 to
      one input of AND gate 60' in circuit SC1'.
PAR  In summary, the invention has been described herein with respect to a
      preferred embodiment as shown in the simplified circuitry of FIG. 3 or in
      the more detailed circuitry of FIG. 4. The disclosed test circuit serves
      to provide a relatively simple readout or indication of whether a pair of
      windings in a motor or the like have been properly connected to obtain a
      desired direction of motor rotation. With respect to this specific
      embodiment, a time varying test signal obtained from an alternating
      voltage source is applied to the main and start windings to produce first
      and second varying magnetic fields. These fields are sensed, as with
      sensing coils 16 and 18, for purposes of developing first and second
      output signals which vary in magnitude and direction with the magnetic
      fields developed at the main winding 12 and start winding 14. A pair of
      output signals is obtained from the squaring circuit SC in the inverting
      circuit I for each signal sensed by coils 16 and 18. The control signals
      of each pair are displaced in phase by substantially 180.degree.. A third
      signal in the form of clock pulse, developed by a pulse generator PG, is
      provided having a known phase relationship with respect to the test
      signal. The two pairs of control signals obtained from the squaring
      circuit and the inverting circuit for each of the signals sensed by coils
      16 and 18 are compared with the clock pulse signal by means of the four
      comparator circuits. Depending on results of the comparison the logic
      circuit, LC or LC', serves to actuate an indicator representative that the
      magnetic field at windings 12 and 14 are either in phase or out of phase.
PAR  Whereas the invention has been described with respect to a preferred
      embodiment, it is to be appreciated that the invention is not limited
      thereto as various modifications in components and methods may be made
      without departing from the spirit and scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of testing motor stator windings prior to final motor assembly
      for proper winding connections of at least first and second windings to
      obtain a given motor direction and comprising the steps of applying
      alternating voltage to said windings to respectively produce first and
      second magnetic fields, electrically sensing each of said magnetic fields
      and electrically determining whether each field has a first phase
      relationship or a second phase relationship with respect to said
      alternating voltage and independently of the relative magnitudes of said
      fields and said alternating voltage, and providing an output indication of
      whether the winding connections are proper or not dependent upon said
      phase relationships.
NUM  2.
PAR  2. Apparatus for testing first and second windings of an electrical motor
      to determine if the windings have been properly assembled for a given
      motor direction and comprising means for applying a time varying
      energizing signal to said windings to produce varying magnetic fields at
      said windings, means for electrically determining the phase relationship
      of said magnetic fields independently of the relative magnitudes of said
      magnetic fields, and indicator means for providing an output
      representation of whether said windings have been properly assembled to
      obtain said given motor direction dependent upon said magnetic field phase
      relationship.
NUM  3.
PAR  3. Apparatus as set forth in claim 2, wherein said phase relationship
      determining means includes magnetic field sensing means for sensing each
      said magnetic field and developing an output signal exhibiting a
      characteristic representative of the polarity or direction of the sensed
      magnetic field.
NUM  4.
PAR  4. Apparatus as set forth in claim 2, wherein said indicator means includes
      at least one lamp adapted for energization to provide a visual indication
      dependent upon said magnetic field phase relationship.
NUM  5.
PAR  5. Apparatus as set forth in claim 2, wherein said indicator means includes
      first and second winding condition indicating means for respectively
      providing indications of accept and reject conditions in dependence upon
      said magnetic field relationship.
NUM  6.
PAR  6. Apparatus as set forth in claim 2, wherein said phase relationship
      determining means includes means for determining whether said magnetic
      fields are respectively in phase or out of phase.
NUM  7.
PAR  7. Apparatus as set forth in claim 6, wherein said indicator means includes
      first and second condition indicating means for respectively indicating
      first and second conditions of said windings and logic circuit means
      interposed between said determining means and said indicator means for
      controlling energization of said first and second condition indicating
      means in dependence upon whether said fields are in phase out of phase.
NUM  8.
PAR  8. Apparatus for testing first and second windings of an electrical motor
      to determine if the windings have been properly assembled for a given
      motor direction and comprising means for applying a time varying
      energizing signal to said windings to produce varying magnetic fields at
      said windings, means for electrically determining the phase relationship
      of said magnetic fields, indicator means for providing an output
      representation of whether said windings have been properly assembled to
      obtain said given motor direction dependent upon said magnetic field phase
      relationship, said indicator means includes first and second condition
      indicating means for respectively indicating first and second conditions
      of said windings and logic circuit means interposed between said
      determining means and said indicator means for controlling energization of
      said first and second condition indicating means in dependence upon
      whether said fields are in phase or out of phase, and programmable
      switching means interposed between said logic means and said indicator
      means so that either one of said condition indicator means may be selected
      to be energized for either one of said phase conditions.
NUM  9.
PAR  9. Apparatus as set forth in claim 8, wherein said first and second
      condition indicating means includes a winding accept lamp and a winding
      reject lamp for respectively indicating accept and reject winding
      conditions, said programmable switching means being actuatable for
      associating either one of said lamps with either an in phase condition or
      an out of phase condition of said windings.
NUM  10.
PAR  10. Apparatus as set forth in claim 2 including test change over circuit
      means having first and second conditions for respectively controlling
      application of a said time varying signal to one of said windings and then
      to the other of said windings, said phase determining means including
      first phase determining circuit means operable during said first condition
      for determining whether the magnetic field produced at said first winding
      exhibits a first or second phase relationship with respect to said
      energizing signal and second phase determining circuit means operable
      during said second condition for determining whether the magnetic field
      produced at said second winding exhibits a first or second phase
      relationship with respect to said energizing signal.
NUM  11.
PAR  11. Apparatus for testing a winding and comprising: means for applying a
      time varying energizing signal to said winding to produce a varying
      magnetic field; and means for electrically determining whether said
      magnetic field is in phase or out of phase with said energizing signal and
      including means for developing a control signal having a fixed phase
      relationship to said magnetic field, circuit means for providing a
      reference signal synchronized to said energizing signal, and phase
      comparator circuit means for electrically determining the phase
      relationship between said reference signal and said control signal
      independently of the relative magnitudes of said reference signal and said
      control signal.
NUM  12.
PAR  12. Apparatus as set forth in claim 11 including indicator means for
      providing an indication of said phase relationship determination.
NUM  13.
PAR  13. Apparatus as set forth in claim 12, wherein said indicator means
      includes light means for providing a visual indication of said
      determination.
NUM  14.
PAR  14. Apparatus for testing first and second windings for electrically
      determining the relative phase relationship of the magnetic fields
      produced at said respective windings when said windings are energized by
      application of voltage thereto, and comprising means for applying
      energizing voltage to said first and second windings to respectively
      produce first and second magnetic fields, first and second magnetic field
      sensing means positioned to respectively sense said first and second
      magnetic fields and provide first and second output signals respectively
      representative of the phases of said first and second magnetic fields, and
      circuit means for providing an output indication representative of the
      relative phase relationship of said first and second fields in dependence
      upon the phase relationship of said first and second output signals and
      independent of the relative magnitudes of said first and second output
      signals.
NUM  15.
PAR  15. Apparatus as set forth in claim 14, wherein each said first and second
      magnetic field sensing means includes coil means to be positioned within
      one of said magnetic fields so as to provide an output signal in
      accordance therewith.
NUM  16.
PAR  16. Apparatus as set forth in claim 14, wherein said circuit means includes
      comparator means for comparing said first and second output signals to
      determine the relative phase relationship of the magnetic fields
      represented thereby.
NUM  17.
PAR  17. A method of electrically testing a winding for determining the magnetic
      field phase relationship thereof with respect to an applied magnetic field
      producing signal and comprising the steps of:
PA1  applying a time varying current input signal to a said winding so as to
      produce a varying magnetic field,
PA1  developing an output signal from said magnetic field so that said output
      signal varies in magnitude and direction with that of said field,
PA1  developing first and second phase displaced signals with said first signal
      being substantially in phase with said output signal and said second
      signal being substantially 180.degree. out of phase with said output
      signal,
PA1  developing a third signal substantially in phase with said input signal;
      and
PA1  comparing the phase relationship of said first and second signals with said
      third signal for providing an output indication of the phase relationship
      between said input signal and said output signal in dependence upon said
      comparison.
NUM  18.
PAR  18. A method as set forth in claim 17, wherein said step of applying said
      input signal comprises applying an alternating current signal of a
      relatively constant frequency from an alternating current voltage source
      to said winding so that the magnetic field produced thereby alternately
      collapses and expands in dependence upon said frequency and that said
      output signal varies as said field varies.
NUM  19.
PAR  19. A method as set forth in claim 18, wherein said step of developing said
      third signal comprises developing a said third signal synchronized with
      that of said voltage source.
NUM  20.
PAR  20. A method of electrically determining the relative phase relationship of
      variable magnetic fields produced at first and second windings and
      comprising the steps of:
PA1  applying a time varying test signal to said first and second windings to
      produce first and second varying magnetic fields;
PA1  developing first and second output signals from said respective magnetic
      fields so that said output signals respectively vary in magnitude and
      direction with said first and second magnetic fields;
PA1  for each of said first and second output signals, developing first and
      second pairs of control signals with each pair being displaced in phase by
      substantially 180.degree. with one of said control signals of each pair
      having a given phase relationship to the associated output signal,
PA1  providing a third signal having a known phase relationship with respect to
      said test signal; and
PA1  comparing said first and second pairs of control signals with said third
      signal for providing an output indication of the phase relationship of
      said first and second magnetic fields in dependence upon said comparison.
NUM  21.
PAR  21. A method as set forth in claim 20, wherein said step of applying a time
      varying test signal comprises applying current signals from an alternating
      current voltage source and wherein said third signal is in synchronism
      with said voltage source.
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PAL  Apparatus for indicating when a change has taken place in a desired
      operating condition of a device using retriggerable multivibrators which
      are adjusted to represent particular periods with respect to the desired
      operating rate of the device. In the case of a motor, the multivibrators
      indicate when the motor is operating at, below or above a desired
      operating speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the indication of changes in a desired operating
      condition and, more particularly, to the indication of when a motor is
      operating at, above or below a desired speed.
PAR  The operating condition of a device is frequently represented by a signal
      which is compared with a reference to provide a measure of the departure
      of the signal from a desired condition.
PAR  Such an arrangement has the disadvantages of requiring a precision
      reference source. It also requires a precision, high gain comparitor that
      typically acts either on frequency or amplitude levels.
PAR  Accordingly it is an object of the invention to provide a suitable
      indicator for changes in a specified operating condition.
PAR  Another object is to provide a suitable indicator for departures from a
      desired motor speed condition.
PAR  A further object is to provide an indicator which does not require a
      precision reference source, or a precision comparitor for frequency or
      amplitude level.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides an indication of departures from a desired operating
      condition. A signal is generated in accordance with the actual operation
      of a device and used to activate respective units which give a measure of
      two different departures from the desired condition, for example, slow and
      fast operation.
PAR  Each unit, when activated, has its own independent period of operation. The
      periods of the units are respectively greater and less than the desired
      period. If the period of actual operation falls below the period of the
      first unit, a "slow" condition is indicated. Conversely if the period of
      actual operation is is above the period of the second unit, a "fast"
      condition is indicated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other aspects of the invention will become apparent after considering an
      illustrative embodiment, taken in conjunction with the drawings which:
PAR  FIG. 1 is a schematic and block diagram of a motor speed indicator system
      in accordance with the invention;
PAR  FIG. 2 is a set of waveforms illustrating the operation of the motor speed
      indicator system of FIG. 1; and
PAR  FIG. 3 is a schematic diagram of the slow speed detector portion of the
      indicator system of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Turning to the drawings, an indicator system 10 according to the invention
      is shown in FIG. 1. Signals that represent the speed of a source unit 20
      are produced by a speed signal generator 30 and applied to both a slow
      speed detector 40 and a fast speed detector 50. Outputs from the detectors
      40 and 50 are then applied to a unit 60 which provides an indication of
      whether the unit 20 is "out of speed", i.e., operating either at too slow
      a speed or too fast a speed.
PAR  The unit can be any device that rotational or linear motion. Illustrative
      devices are A.C. and D.C. electric motors, reciprocating engines, turbine
      engines, solenoids, diaphragms, and air-actuated pistons.
PAR  The particular unit 20 of FIG. 2 is an electric motor for which the speed
      signal generator 30 is a tachometer that produces pulses representing the
      motion of the motor 20. The particular tachometer of FIG. 1 is formed by
      an apertured disc 31 and a lined disc 32 on a motor shaft 21. The lines on
      the disc 32 serve to make and break a light beam from a light source 33,
      through an aperture 31a to a photo sensitive device 34, such as a photo
      conductor, photo diode, or photo transistor. The output of the device 34
      is a series of pulses representative of its motion. Other tachometers,
      such as switch tachometers (not shown) may be employed as well, consisting
      of a wheel, tape or bar with conductors evenly spaced. The conductors
      serve as contacts for a pickup arm and provide an electrical path each
      time the arm passes over one of the conductors.
PAR  Magnetic pickup tachometers may also be employed in which pulses are
      provided by sensing a series of magnets attached to either a rotating or
      linear device. The pickup can be of the type which senses a change in flux
      or of the type which senses the presence of an electromagnetic field, e.g.
      Hall generator, magnetic diode, or other magnetic or magneto-striction
      device.
PAR  After being amplified (by amplifier 35) the tachometer pulses S - O, with
      an illustrative waveform shown in FIG. 2, are applied jointly to the
      detectors 30 and 40.
PAR  The detectors 30 and 40 include retriggerable monostable (one-shot)
      multivibrators, the outputs of which are adjusted to represent particular
      periods with respect to the desired motor speed. To sense that the motor
      is running slower than a desired speed, a first one-shot multivibrator 41
      of the slow speed detector 40 is set so that its time-out period T.sub.1
      is just longer than the period T.sub.o of regular speed pulses from the
      tachometer 30, thus maintaining the Q output of the first one-shot
      multivibrator in a steady or "high" state and maintaining the Q output in
      a "low" state as indicated by waveform S-1 over the interval from t.sub.o
      to t.sub.1 in FIG. 2.
PAR  Should the motor speed decrease, e.g., as shown at time t in FIG. 2, the
      period between tachometer pulses increases and exceeds the time period
      T.sub.1 of the first one-shot multivibrator 41. The output of the first
      multivibrator thereafter changes state and excites a second one-shot
      multivibrator 42. The second multivibrator has a time period T.sub.2 which
      is much greater than the time period T.sub.1 of the first multivibrator
      and is used to extend the detected below speed or "out-of-sync" condition
      so that it will be observable by a human operator. The applicable waveform
      is S-2 shown in FIG. 2. This output is applied to a slow speed indicator
      64 of the indicator unit 60 through an amplifier 46. It is also applied
      through an OR gate 61 to an out of speed indicator 62. The indicators 64
      and 62 are of conventional construction.
PAR  To sense whether and when the speed of the motor has exceeded a specified,
      syncronous speed, the pulses from the tachometer 30 are applied, in the
      fast speed detector 50, to a third retriggerable one-shot multivibrator 53
      with a period T.sub.3 shorter than the period T.sub.o of regular
      tachometer pulses. When the motor runs fast, e.g. during the interval from
      t.sub.3 to t.sub.5 in FIG. 2, the third multivibrator switches and remains
      at its high state on its direct output Q as shown by the waveform S-3 in
      FIG. 2.
PAR  To eliminate any indication from the third multivibrator when the motor 20
      is operating at or below speed, a fourth multivibrator 54 is employed in
      the fast speed detector 50, having a period T-4 which is sufficiently
      greater than the regular period T.sub.o so that there is no inadvertent
      indication by the fast speed detector 50 when the motor 20 falls below
      speed; as shown by the waveform S-4. A fifth multivibrator 55,
      corresponding to the second multivibrator 42 in the slow speed detector 40
      is used to extend the fast speed indicator interval as shown by the
      waveform S-5. The output from the fifth multivibrator is applied through
      an amplifier 56 to a fast speed indicator 65 and an out-of-speed indicator
      unit 60. Because of the OR gate 61, the out of speed indicator 63 responds
      to either out of speed condition, as shown by the waveform S-6 of FIG. 2.
PAR  Illustrative details for the slow speed detector 40 are shown in FIG. 3.
      The first and second retriggerable multivibrators 41 and 42 are formed by
      a single integrated circuit chip. Such a chip may be the TTL 9602 "Dual
      Retriggerable Resettable Monostable Multivibrator" which is available from
      Stewart-Warner Microcircuits of Sunnyvale, California.
PAR  The dual chip 41-42 has numbered pin connectors as set forth in FIG. 3,
      with the input from the speed signal generator 30 applied to pin 4 and the
      Q output to the amplifier 46 applied from pin 10. The dual chip 41-42 is
      energized by a bias source 43. The time contact of the first multivibrator
      41 is controlled by an adjustable resistor 41r and a capacitor 41c; while
      the time constant of the second multivibrator is controlled by an
      adjustable resistor 42r and a capacitor 42c.
PAR  The amplifier 46 is formed by a transistor 46.sub.t with its emitter at
      ground 46g and bias from a source 46b through a resistor 46c. The input to
      the transistor 46 is by way of a resistor 46r.
PAR  While various aspects of the invention have been set forth by the drawings
      and the specification, it is to be understood that the foregoing detailed
      description is for illustration only and that various changes in parts and
      circuitory, as well as the substitution of equivalent constituents for
      those shown and described, may be made without departing from the spirit
      and scope of the invention as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for indicating whether a motor is operating out of speed,
      comprising:
PA1  a slow speed detector;
PA1  a high speed detector; and
PA1  an indicator unit;
PAL  said slow speed detector including a first retriggerable multivibrator
      having a time period greater than the desired operating speed, and a
      second retriggerable multivibrator having a time period greater than that
      of said first multivibrator to provide a slow speed indicator signal for
      said indicator unit; and said high speed detector including a third
      retriggerable multivibrator having a time period less than said desired
      operating speed, a fourth retriggerable multivibrator coupled to said
      third multivibrator and having a time period greater than said desired
      operating speed, and a fifth multivibrator coupled to said fourth
      multivibrator and having a time period greater than that of said fourth
      multivibrator to provide a high speed indicator signal for said indicator
      unit.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein the retriggerable multivibrators
      are formed by integrated circuits.
NUM  3.
PAR  3. Apparatus as defined in claim 2 wherein the first and second
      multivibrators are formed on a single integrated circuit.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein the second multivibrator is
      connected to said indicator unit by an inverting amplifier.
NUM  5.
PAR  5. Apparatus as defined in claim 1 wherein the time constants of the
      multivibrators are adjustable.
NUM  6.
PAR  6. Apparatus as defined in claim 5 wherein the time constants of the first
      and second multivibrators are controlled by adjustable resistors.
NUM  7.
PAR  7. Apparatus as defined in claim 1 wherein said indicator unit includes
      separate slow speed and high speed indicators.
NUM  8.
PAR  8. Apparatus as defined in claim 1 wherein said slow speed detector and
      said high speed detector are jointly connected to an out of speed
      indicator through an OR gate.
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ABST
PAL  An E-shaped magnetic core with a sensing coil wound around each outer leg,
      these coils being connected in series and the center leg made of a magnet
      to establish a symmetrical magnetic field. When a conductive but
      non-magnetic material is passed through the flux field established in the
      air gap between the center and outer legs, eddy currents are induced in
      the material which oppose and momentarily change the magnetic field
      inducing a detectable voltage in the coils.
PARN
PAR  This is a continuation of application Ser. No. 245,863, filed Apr. 20,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The speed of turbine engines in aircraft is critical and must be determined
      with great precision. Commonly, the speed is sensed by an electronic
      pickup which senses the passage of multiple metallic protrusion from the
      shaft or a gear coupled auxiliary shaft, as a string of pulses which are
      then electronically reduced to a visual readout of engine speed
PAR  The most common type of sensor system in the past has been an electronic
      oscillator which drives a resonant A.C. circuit in the sensing head at a
      high R.F. frequency. Passage of metal near the sensing head changes the Q
      of the inductance thereby changing the resonant point which is detected as
      a pulse. One will appreciate that the sensing head and circuitry of such a
      system is complex and susceptible to damage due to shock and vibration.
      Further, this type of system requires careful shielding and design to
      reduce the effects which may be introduced by stray fields and the like.
      The sensing head is also temperature limited by its electronics and
      therefore must be placed in an environment which is not detrimental to its
      proper functioning.
PAR  A second type of sensor utilizing eddy current principles is used, however,
      it is provided with a single pickup coil which makes it susceptible to
      stray noise pickup which interferes with the signals being produced by the
      shaft protrusions. This type of unit does have the advantage of having a
      rugged sensing head which can be placed within the engine utilizing the
      turbine for blades which are mounted directly on the shaft as the
      conductive protrusions for the sensing of speed. The presence of noise
      requires more complex circuitry to filter the signal to obtain the
      intelligence required.
PAR  The eddy current sensor revealed in the following specification represents
      an improvement in the art by introducing dual coil differential voltage
      construction which cancels most of the common mode noise voltages due to
      stray fields, vibration, shock, etc.
PAR  Also because of the very severe environments within a turbine engine in
      which this device is to be used, the physical design of the unit is
      critical. The very high temperatures and high vibration levels require a
      unit which is very rigid and can provide the stability and support for
      proper sensor operation.
PAC  OBJECTS OF THIS INVENTION
PAR  It is the principal object of this invention to provide a sensor which will
      detect the passing of non-magnetic but conducting materials in close
      proximity and at high speed.
PAR  It is another object of this invention to provide a sensor which will
      detect the passing of non-magnetic but conducting materials in close
      proximity and at high speed and is constructed so as to cancel the effects
      of stray magnetic fields and random noise.
PAR  Still another object of this invention is to provide a sensor which is
      rigid and vibration resistant for use in aircraft turbine engines.
PAR  Yet another object of this invention is to provide a sensor which will
      withstand the internal temperature of aircraft engines for inclusion
      therein.
PAR  These and other objects of this invention will become clear upon careful
      study of the following specification together with the drawings and
      appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic representation of the sensor and its relationship
      to the fan blade of a turbine engine;
PAR  FIG. 2 shows a graph of the induced eddy currents in the blade and the
      change in the flux in each pole with respect to sensor and blade position
      during the passage of the blade and the voltages induced in the windings;
      and
PAR  FIG. 3 depicts the flux change and induced voltage due to stray fields.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 there is shown sensor core 10 having backing plate
      11 made of ferro-magnetic material of rectangular cross section to which
      is rigidly and perpendicularly attached at one end by welding or other
      permanent means leg 12, also made of ferro-magnetic material. Similarly
      attached in the opposite end of backing plate 11 and extending in the same
      direction as leg 12 is leg 13 also made of ferro-magnetic material, legs
      12 and 13 being of precisely the same length and cross section. Precisely
      centered between legs 12 and 13 and rigidly affixed to backing plate 11 is
      magnet 14 which establishes a quiescent magnetic flux and which is also
      rectangular in cross section and precisely the length of the legs 12 and
      13, thus forming magnetic air gaps 15 and 16. It will be obvious to those
      skilled in the art that a flux field 17 and 18 is established by magnet 14
      and that if the uppermost end of the magnet 14 is a north pole that the
      flux 17 will pass clockwise through the right-hand magnetic loop and the
      flux 18 will pass counterclockwise through the left-hand magnetic loop as
      clearly indicated. Tightly wound around leg 12 is winding 19 wound of a
      single conductor insulated wire, one end of which is connected to the
      first wire of output cable 20.
PAR  Similarly wound on leg 13 is winding 21 which is identical to winding 19
      and connected, as shown, in series with winding 19 so that the two
      windings aid each other, the purpose for which will presently become
      clear. The other end of winding 21 is connected to the second wire of
      output cable 20.
PAR  When the flux field is undisturbed so that there is no change in the
      established quiescent magnet flux, no voltage is developed in the windings
      and there is no output voltage at cable 20.
PAR  Passing across the face of sensor core 10 from left to right cutting
      through the magnetic flux 17 and 18 is fan blade 22 made of electrically
      conducting but non-magnetic material which is attached to rotating turbine
      shaft 23 which is perpendicular to the plane of sensor core 10.
PAR  When fan blade 22 enters the flux field 18 of sensor core 10 eddy currents
      24 are induced into the blade 22 which opposes the field 18 and as the
      blade 22 passes across the face of magnet 14 and into field 17, the eddy
      currents reverse since the field reverses again to oppose the established
      fields, thus when the quiescent flux is disturbed a magnetic change is
      first induced in flux loop 18 and therefore a voltage is induced in coil
      21 and then a magnetic change is induced in flux loop 17 and a voltage is
      induced in coil 19, the effects of which will presently become clear.
PAR  The sensor 10 is preferably mounted, using conventional means, in a wall 32
      of a fan housing forming part of a turbine engine.
PAR  Referring to FIG. 2, there is shown sensor core 10 with flux fields 17 and
      18 established across the air gaps 15 and 16, respectively. Directly below
      the pole faces of sensor core 10 are graphically depicted the effects of
      the eddy current disturbances with respect to the relative position of fan
      blade 22 or any conducting but non-magnetic material passed through flux
      field 17 and 18 in the direction indicated by arrow 25.
PAR  As the fan blade enters the flux field 18 eddy currents are induced which
      oppose the field and diminishes the flux density in leg 13 of sensor core
      10, as depicted in curve 26 which is a graph of flux density changes in
      leg 13. This induced field being opposed to field 18 aids the flux field
      17 in leg 12 of sensor core 10, thus the flux increases as shown in curve
      27 which is a graph of flux density changes in leg 12.
PAR  As fan blade 22 leaves the flux field 18 and enters flux field 17, the eddy
      currents are reversed again to oppose the field and therefore diminishes
      the flux density in leg 12 of sensor core 10 and increases the flux
      density in leg 13 as clearly shown in curves 26 and 27. In these
      illustrations changes in the flux field are shown.
PAR  The voltages induced in windings 21 and 19 are shown in curves 28 and 29,
      respectively, and can be described as follows. As fan blade 22 enters flux
      field 18 the effective flux induced by the eddy currents in fan blade 22
      in the leg 13 is upwardly which induces a voltage in winding 21 making the
      upper end positive and is illustrated by curve 28. The effective flux
      induced in leg 12 is downwardly inducing a similar voltage in winding 19
      making its lower end positive, as illustrated by curve 29, thus because of
      being connected in series aiding the two voltages are additive as shown in
      curve 30 which illustrates the output voltage at cable 20. As the fan
      blade 22 passes into flux field 17, the eddy currents reverse causing the
      effective flux in leg 12 to be upward which induces a voltage in winding
      19 making its upper end positive, as illustrated in curve 29, and the
      effective flux induced in leg 13 is downwardly inducing a similar voltage
      in winding 21 making the voltages additive but in the opposite direction
      as is clearly shown in curve 30.
PAR  The output cable may be connected to any one of a number of available
      frequency counting circuits shown at box 32 in FIG. 1 with conversion to a
      visual readout of speed on meter means 33 in FIG. 1. Such circuits are
      commonplace and well known to the art and are not shown since they are not
      the subject of this invention.
PAR  The novel construction described above allows the winding voltages induced
      by the fan blade to add, however, in general, other unwanted disturbances
      will subtract resulting in a sensor with a high signal to noise ratio.
      This result is very desirable since noise voltages due to shock, vibration
      and strong fields are greatly attenuated. This attenuation is accomplished
      in the manner now to be described.
PAR  Referring to FIG. 3, there is shown the eddy current sensor with a stray
      flux field denoted by arrows 31. In this case the field opposes the flux
      in leg 12 of sensor core 10 inducing a voltage in leg 12 making the upper
      end of winding 19 positive and also opposes the flux in leg 13 inducing a
      voltage in leg 13 making the upper end of winding 21 also positive, the
      two voltages subtracting and resulting in an output of zero.
PAR  It will be obvious to those skilled in the art that any noise flux, no
      matter what the frequency or wave shape that impinges equally upon both
      windings at once will be entirely cancelled and the only noise that will
      be transmitted will be due to tolerances in manufacture or to flux fields
      which impinge upon the windings unequally which, because of the small size
      of the sensor, is unlikely to occur.
PAR  Because of its mode of operation the sensor can be completely enclosed in
      metal resulting in a sensor which is not susceptible to damage through
      abrasion or impact.
PAR  It should be obvious that this invention is not limited to speed sensing of
      turbines, but can be also used for counting of any conductive but
      non-magnetic materials.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. An eddy current sensing arrangement for developing a representation of
      velocity of a turbine engine by sensing eddy currents, which arrangement
      is substantially insensitive to common mode noise voltages due to stray
      fields, vibrations, shocks and the like, comprising, in combination:
PA1  a. a plurality of fan blades of said turbine engine made from non-magnetic,
      conductive material,
PA1  b. a magnetic core having an integrated back plate and a pair of outer legs
      offstanding in a plane normal to said back plate, each of said outer legs
      having a respective longitudinal axis,
PA1  c. a central leg having a longitudinal axis and including magnet means
      interposed between and spaced from said outer legs, to thereby provide an
      air gap between said central leg and respective ones of said outer legs,
      said central leg establishing a magnetic flux clockwise through one leg of
      said outer legs and counter-clockwise through other leg of said outer
      legs,
PA1  d. a first winding wound about one of said outer legs and a second winding
      wound about the other of said outer legs, said windings have respective
      winding axes and being connected in series, such that magnetic flux
      changes passing in opposite directions parallel to said winding axes
      through said first and second windings induce voltages in said first and
      second windings which reinforcingly add, and flux changes passing in the
      same direction parallel to the axes of said windings and through said
      windings induce voltages in the first and second windings which cancel,
      and
PA1  e. means for rotatably mounting said plurality of fan blades made from
      non-magnetic, conductive material about an axis substantially
      perpendicular to a plane containing said longitudinal axis of said central
      legs for passage one after another in close proximity to said legs, each
      of said fan blades passing in close proximity to a first one of said outer
      legs, said central leg and the other of said outer legs in that order,
PA1  f. said windings further including leads and an output cable, said legs of
      said magnetic core being positioned so that when any one of said
      non-magnetic fan blades made from non-magnetic, conductive material pass
      through the flux field of the first air gap, and then through the flux
      field of the second air gap, it induces a voltage in the first winding in
      one direction and a voltage in the second winding in the opposite
      direction, and as each of said members pass into the second air gap it
      induces a reverse voltage in said first and second windings thereby
      creating a discernible change in voltage which can be transmitted to a
      counter, whereby a representation of the velocity of said members may be
      developed substantially free from the influence of common mode noise, and
PA1  g. a fan housing of said turbine engine having a wall wherein said magnetic
      core is mounted.
NUM  2.
PAR  2. An arrangement as claimed in claim 1, wherein said windings are
      connected to a means for counting said fan blades per given interval of
      time as they pass the sensor to thereby determine the speed of rotation of
      said turbine engine.
NUM  3.
PAR  3. A sensing arrangement for developing a representation of velocity of a
      driven fan by detecting the passage of fan blades of said driven fan made
      from a non-magnetic, electrically conductive material, which arrangement
      is substantially insensitive to common mode noise voltages due to stray
      fields, vibration, shock and the like, comprising, in combination:
PA1  a core of magnetic material having at least one longitudinal axis and two
      ends;
PA1  a permanent magnet member having a longitudinal axis and having one end
      affixed to said core intermediate said two ends of said core and its other
      end spaced from said core to thereby provide a first and a second air gap
      respectively between each of said two ends of said core and said other end
      of said magnet members, said permanent magnet member establishing a
      quiescent magnetic flux forming a first flux path from said other end
      through said first air gap and through one end of said core and back to
      said one end of said magnet and a second flux path from said other end
      through said second air gap and through the other end of said core and
      back to said one end of the magnet;
PA1  means for mounting said core and said permanent magnet member to a fan
      housing wall of said fan;
PA1  means for movably mounting said fan blades made from a non-magnetic,
      electrically conductive material about an axis substantially perpendicular
      to a plane containing said longitudinal axis of said magnet member and
      said at least one longitudinal axis of said core for passing them one
      after another through said first air gap and said second air gap in that
      order; and
PA1  a differential voltage measuring arrangement comprising dual coils which
      are wound about said core on opposite sides of said magnet member and
      connected in series to add voltages induced in the coils due to passage of
      said members made of said non-magnetic, electrically conductive material
      through said first flux path and thence through said second flux path and
      to attenuate common mode voltages induced in said coils.
NUM  4.
PAR  4. An arrangement as set forth in claim 3, further including means
      connected to said coils for detecting voltages induced in said coils and
      for counting number of passages of said fan blades of said non-magnetic
      conductive materials per given interval of time to thereby measure the
      speed of said driven fan.
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ABST
PAL  An input signal and a local oscillator signal are supplied to a harmonic
      mixer. The local oscillator signal is swept over a frequency range. The
      output from the harmonic mixer is supplied to an intermediate frequency
      filter having a preselected frequency response, which provides an output
      signal when the difference formed by subtracting one of the input signal
      frequency and one harmonic frequency of the local oscillator signal from
      the other is equal to the intermediate frequency or when the difference
      formed by subtracting the other frequency from said one frequency is equal
      to the intermediate frequency as the local oscillator frequency is swept.
      By choosing a time interval between the times when the pair of
      intermediate frequency output signals are obtained, the order of that
      harmonic of the local oscillator signal with which the intermediate
      frequency output signal is obtained is determined depending on the
      frequency of the input signal. Thus, with a chosen time interval, when the
      frequency sweep of the local oscillator signal is interrupted with the
      later occurring one of the pair of the intermediate frequency output
      signals, the frequency of the local oscillator permits, together with the
      order of selected harmonic which corresponds to the chosen time interval
      and the direction of the frequency sweep, the frequency of the input
      signal to be determined. By using a definite time interval between the
      pair of intermediate frequency signals obtained and adjusting the rate of
      the frequency sweep, the order of the harmonic which is effective to
      obtain the intermediate frequency signals can be varied.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a heterodyne receiver system incorporating a
      harmonic mixer, and more particularly to such system which is adapted to
      receive a sum or difference conversion with a specified order of harmonic
      automatically.
PAR  When determining the frequency of an input signal by counting it in a
      counter, the operational limit of flipflops involved imposes a practical
      limit on the order of 1000 MHz. A signal of higher frequency can not be
      directly counted for the determination of the frequency. Where it is
      desired to determine a frequency in excess of 1000 MHz by means of a
      counter, a crystal oscillator is used to produce harmonics, one of which
      is selected by a tuning circuit for the purpose of the frequency
      conversion of the input signal, with the converted signal of lower
      frequency being supplied to the counter in order to determine the
      frequency of the input signal from the count thereof. Generally, the
      frequency of the input signal is unknown, rendering it impossible to
      choose any particular harmonic to be supplied to the frequency conversion
      circuit. Consequently, the tuning frequency of the tuning circuit is
      varied from a lower order to a higher order harmonic to provide a
      frequency output which may be used in a sequential operation, which
      requires an increased time length for the determination of the frequency.
      Another proposal has been to supply the input signal and a local
      oscillator signal to a harmonic mixer so that the difference between the
      input signal frequency and the frequency of the local oscillator or a
      harmonic thereof may be obtained. As understood, when representing the
      frequency of the input signal by Fs, the frequency of the local oscillator
      signal by Fl and the frequency of the converted intermediate frequency by
      Fi, the following relationship applies:
EQU  Fs = nFl .+-. Fi
PAL  In this equation, n represents a positive integer which indicates the order
      of harmonic of the local oscillator signal, and n = 1 for the fundamental
      wave. Where the frequency determination is based on such relationship, it
      is necessary to know the particular value of n and the sign appearing in
      the equation, and for this purpose it has been the practice in the prior
      art to vary the frequency of the local oscillator signal Fl by a small
      frequency increment .DELTA.f to see the resulting variation of Fi or .+-.n
      .DELTA.f when an approximate expected value of the input signal frequency
      Fs is used in combination with several values of Fl and n. However, the
      procedure is complicated and in addition involves the possibility that the
      determination of n and the sign may be inaccurate.
PAR  It is therefore an object of the invention to provide a heterodyne receiver
      system incorporating a harmonic mixer in which the order of harmonic of
      the local oscillator signal and the sign in the mixing process may be
      determined in a simple and reliable manner.
PAR  It is another object of the invention to provide a heterodyne receiver
      system capable of receiving input signals over an extensive frequency
      range.
PAR  It is a further object of the invention to provide a heterodyne receiver
      system which automatically traps an input signal.
PAR  It is still another object of the invention to provide a heterodyne
      receiver system which permits the frequency of an input signal to be
      determined accurately and which operates in a stable manner.
PAR  It is a still further object of the invention to provide a heterodyne
      receiver system which is free from the influence of noises to trap an
      input signal and to determine the frequency thereof.
PAR  It is an additional object of the invention to provide a heterodyne
      receiver system in which the order of harmonic of the local signal is
      automatically switched.
PAR  It is a still additional object of the invention to provide a heterodyne
      receiver system which traps an input signal and determines its frequency
      by an arithmetic operation.
PAR  It is a further object of the invention to provide a heterodyne receiver
      system capable of displaying the input signal alone or in combination with
      accompanying signals.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, an input signal and a local oscillator
      signal which is swept over a frequency range are both supplied to a
      harmonic mixer. The harmonic mixer provides an intermediate frequency
      output at distinct, spaced times in response to the same order of harmonic
      of the local oscillator frequency which is being swept. The one of the
      intermediate frequency outputs signals which occurs later in time is used
      to interrupt the frequency sweep of the local oscillator signal. In one
      embodiment, a single local oscillator of the type in which the frequency
      is swept over a frequency range is used together with a single harmonic
      mixer, and the order of harmonic is determined by choosing a time interval
      from the instant when the local oscillator frequency or its harmonic
      assumes a frequency of Fs - Fi (or Fs + Fi) to the instant when it assumes
      a frequency of Fs + Fi (or Fs - Fi), while the sign in the frequency
      conversion process is determined depending on whether the frequency sweep
      is interrupted at the frequency of Fs + Fi or Fs - Fi,  or in other words,
      whether the frequency sweep proceeds from the higher to lower frequency or
      in the opposite direction. When the frequency sweep of the local
      oscillator is interrupted by the one of the intermediate frequency signals
      which occurs later in time, the prevailing frequency of the local
      oscillator permits the frequency of the input signal to be determined in
      combination with the order of harmonic which is determined by the chosen
      time interval as well as the sign determined in the manner described
      above.
PAR  The frequency sweep of local oscillator may be achieved by using a sawtooth
      wave generator, and a voltage controlled oscillator having a variable
      oscillation frequency which is controlled by the sawtooth wave voltage.
      The sawtooth wave voltage generator may be arranged such that it responds
      to clock pulses to produce an output voltage which varies in the manner of
      a step function, varying by one step for each clock pulse applied, the
      stepped wave voltage providing an equivalent sawtooth wave voltage. Such a
      stepped wave voltage may be produced by a counter which counts the clocks,
      and a D-A converter which converts the counter output into a corresponding
      analog voltage. The frequency swept local oscillator signal and the input
      signal are supplied to a harmonic frequency converter in which the input
      signal and the local signal as well as its harmonic signal are subjected
      to frequency conversion, and the resulting intermediate frequency signal
      is selected by a filter, the output of which is detected subsequently. The
      frequency sweep of the local oscillator is interrupted by the later
      occurring one of the pair of the intermediate frequency signal outputs
      which are obtained at a chosen time interval with respect to each other
      determined by the order of harmonic. To this end, a time counter is
      provided to initiate the counting of clock pulses from an initial
      condition when the first intermediate frequency output is obtained. When a
      predetermined count is reached, it opens an output election gate for a
      given period of time for passing the next occurring intermediate frequency
      output after it has been detected. The passed output interrupts the
      counting operation in the time counter and also interrupts the operation
      of the overall system, thus interrupting the frequency sweep. By choosing
      a given count at which an output is obtained from the time counter, the
      order of harmonic which functions to provide the pair of intermediate
      frequency outputs is determined. By using the same clock for feeding the
      time counter and the sawtooth wave generator, it is assured that the
      operation is not influenced by the fluctuations in the clock frequency.
      Also, it is possible to determine the frequency of the input signal in an
      accurate manner by sweeping the local oscillator frequency at a high rate
      until the input signal is trapped, whereupon the sweep is reversed and
      continued at a lower rate. In addition, the use of a high precision
      oscillator such as a crystal oscillator for the clock oscillator is
      avoided and a more inexpensive oscillator having a poor frequency
      stability may be used.
PAR  The order of harmonic selected may be varied by the choice of a count of
      the time counter at which an output is obtained therefrom, or
      alternatively by maintaining such count constant and changing the period
      of time over which the frequency sweep is effected, or by changing the
      slope of the sawtooth wave relative to the number of clocks supplied. To
      this end, the sawtooth wave voltage supplied to the voltage controlled
      oscillator may be divided in a variable voltage divider to change the
      voltage division ratio in accordance with the selection of the order of
      harmonic. Alternatively, the clock supplied to the sawtooth wave generator
      may be frequency divided, with the ratio of the frequency division being
      varied with the selection of the order of harmonic. It is also possible to
      change the ratio of the frequency division of the clock supplied to the
      time counter in accordance with the selection of the order of harmonic.
      The order of harmonic selected may be automatically changed where a
      counter is used in the sawtooth wave generator, by supplying the output
      from the final stage of that counter or so-called carry output to the
      counter which determines the order of harmonic, as a count pulse thereto.
      If the determination of the frequency of the input signal fails for a
      selected order of harmonic, that is, if no intermediate frequency output
      is obtained when a given count is reached in the time counter, the system
      is not interrupted but the counter within the sawtooth wave generator
      reaches the full count, whereupon it recycles the counting from 0. The
      carry pulse which is produced at such time advances by one step the
      counter which determines the order of harmonic. The content in this
      counter modifies the ratio of voltage division for the sawtooth wave
      voltage. In this manner, the order of harmonic selected is automatically
      changed until a pair of intermediate frequency signals corresponding to
      the input signal frequency are obtained in a time interval determined by
      the given count in the time counter.
PAR  The oscillation frequency of the local oscillator at the time the system is
      interrupted by an output derived from the output electron gate is
      determined, and such frequency is multiplied by a number equal to the
      order of harmonic selected. On the other hand, the intermediate frequency
      is determined, and used in combination with the local oscillator frequency
      multiplied by the order of harmonic to calculate the frequency of the
      input signal in an arithmetic unit for digital display. Instead of
      interrupting the system operation by the output from the output electron
      gate, such output or an intermediate frequency detected output
      corresponding thereto may be supplied to a vertical deflection circuit for
      a cathode ray tube, the horizontal deflection circuit of which may be
      supplied with the sawtooth wave voltage to provide the display by the
      tube. In a modification of such display using a cathode ray tube, the
      intermediate frequency detected output may be supplied to the vertical
      deflection circuit while the output from the output electron gate may be
      used to provide a brightness modulation so that the input signal may be
      displayed with an increased brightness against the background signals.
PAR  Where the sweep of the local oscillator involves an inertia effect or
      tendency to continue its frequency change after the signal to interrupt
      the sweep is applied, the sweep may be effected at a high rate to search
      for the input signal, and the sweep of the local oscillator may be
      reversed when an output is obtained from the output election gate,
      concurrently with a reduction in the frequency of clocks supplied thereto
      to reduce the sweeping rate. When the intermediate frequency output is
      obtained under the condition, the time counter is reset, and at the next
      time another output is obtained from the output election gate, the system
      is interrupted to determine an accurate frequency of the local oscillator
      which corresponds to the frequency of the input signal.
PAR  As a further alternative, a frequency swept oscillator and a harmonic mixer
      may be used in combination in a manner such that the output intermediate
      frequencies from the harmonic mixer are different from each other, which
      may be considered as Fia and Fib. The order of harmonic of the local
      oscillator signal as well as the sign in the frequency conversion process
      can be determined from the direction of sweep as well as the time interval
      from the instant the frequency of the local oscillator or its harmonic
      frequency is equal to Fs + Fia (or Fs - Fia) to the instant it becomes
      equal to Fs + Fib (or Fs - Fib). In either case, a choice is made of the
      time interval from the instant the local oscillator frequency assumes a
      first frequency to the instant it assumes a second frequency, at both of
      which the intermediate frequency signals are obtained, which are reception
      outputs corresponding to the order of harmonic of the local oscillator
      frequency associated with the time interval chosen as well as the sign of
      .+-.. By interrupting the frequency sweep of the local oscillator with one
      of the intermediate frequency outputs which occurs later in time, the
      signal which has been subjected to frequency conversion with that order of
      harmonic and the sign continues to be received.
DRWD
PAC  Brief Description of the Drawings
PAR  FIG. 1 is a block diagram of one embodiment of the heterodyne receiver
      system according to the invention;
PAR  FIGS. 2A to 2J show waveforms for illustrating the operation of the system;
PAR  FIG. 3 is a circuit diagram showing one example of the noise elimination
      circuit;
PAR  FIG. 4 is a diagram of frequency spectrum showing the relationship between
      the input signal frequency and the harmonic of the local oscillator signal
      which is used for the frequency conversion;
PAR  FIG. 5 is a circuit diagram showing one example of an attenuator
      determining the order of harmonic;
PAR  FIGS. 6 to 8 are block diagrams showing other embodiments of the heterodyne
      receiver system according to the invention; and
PAR  FIG. 9 is a diagram of frequency spectrum showing the relationship between
      the input signal frequency and the harmonic of the local oscillator signal
      used for the frequency conversion in the embodiment shown in FIG. 8.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 initially, an input signal having a frequency Fs to be
      determined is supplied to an input terminal 1 and fed thence to a
      frequency converter 2, which is also supplied with a local oscillator
      signal having a frequency of Fl from a frequency swept local oscillator 3.
      The frequency converter 2 is a so-called harmonic mixer which utilizes the
      non-linearity of a diode or transistor, for example, and the input signal
      and the local oscillator signal or its harmonic is frequency mixed in the
      converter 2 to provide an intermediate frequency signal having a frequency
      of Fi = Fs - nFl, which is supplied to a bandpass filter 4, n being a
      positive integer. The intermediate frequency signal is detected in a
      detector 5, the output of which is passed through a noise elimination
      circuit 6 for elimating noises below a given level, and is subsequently
      supplied to an output election gate 7 and another gate 8, respectively.
PAR  In the present example, the frequency swept local oscillator 3 comprises a
      sawtooth wave generator 10 and a voltage controlled oscillator 11 having a
      variable oscillation frequency which is controlled by the output voltage
      from the generator 10. The output of the sawtooth wave generator is passed
      through a variable attenuator circuit 12 before being supplied to the
      oscillator 11. The attenuator circuit 12 serves to chose an order of
      harmonic. In the example shown, the sawtooth wave generator 10 produces an
      equivalent sawtooth wave in the form of stepped voltage, and comprises a
      reversible counter 13 having its output connected with a D-A converter 14
      for conversion into an analog voltage. A conventional D-A converter 14 may
      be used. By way of example, a plurality of current sources having
      respective weights corresponding to the digits of a binary code are
      provided in series with switches which are connected with the
      corresponding binary digits of the counter 13, thereby providing a voltage
      of a level which corresponds to the count in the counter 13. For example,
      the stepped wave voltage may vary over 10 volts by counting (2.sup.16 - 1)
      clocks.
PAR  The filter 4 provides the intermediate frequency outputs at different times
      which correspond to the instants when the same order of harmonic of the
      oscillation output is produced from the local oscillator 3 as its
      frequency is swept, and the frequency sweep of the local oscillator 3 is
      interrupted by one of these outputs which occurs later in time. To this
      end, in the arrangement of FIG. 1, when one of the intermediate frequency
      outputs is obtained, the time counter 15 initiates counting the clocks,
      and when a given count is reached therein, the output election gate 7 is
      opened for a given period of time for passing any subsequent output from
      the noise elimination circuit 6, that is, the later occurring intermediate
      frequency output, if it occurs, thereby interrupting the operation of the
      overall system. To perform such an operation, the output of the time
      counter 15 is applied to a pair of decoders 17 and 18 which provide
      outputs at values of the count in the counter 15 which are slightly less
      and greater than the given count, respectively. In this manner, the output
      from the counter 15 when it has reached the given count represents an
      output having a time width which is centered about the given count. The
      pair of decorders may be replaced by a single monostable multivibrator
      which produces an output pulse of a given width in response to a given
      count. The outputs from the decoders 17, 18 are supplied to the set input
      and the reset input of a flipflop 19, respectively. The reset output Q of
      the flipflop 19 is supplied to the gate 8 as a gating signal, and the
      output of the gate 8 is supplied to the set input of a flipflop 20. The
      set output Q of the flipflop 20 is supplied to a gate 21, as a gating
      signal. The output from the output election gate 7 is applied to the reset
      input of flipflops 20, 22, and the set output Q of the flipflop 22 is
      supplied to a gate 23, as a gating signal. The gate 23 is supplied with a
      clock from a terminal 24. The output clock from the gate 23 is supplied as
      a count input to the counter 13 in the sawtooth wave generator 10, and is
      also supplied as a count input to the time counter 15. A start signal from
      a terminal 25 rests the counter 13 and the flipflops 19, 20, and sets the
      flipflop 22.
PAR  When the start signal 26 is supplied from the terminal 25, as shown in FIG.
      2A, the flipflop 22 is set, with its set output assuming a high level as
      shown in FIG. 2B, whereby the gate 23 is opened to pass the clock pulse
      P.sub.c from the terminal 24, as shown in FIG. 2C, to be supplied to the
      counter 13 in order to be counted therein. As a result, an increasing
      sawtooth wave voltage in the form of a stepped function is produced by the
      D-A converter 14. The increment of one step in the sawtooth wave voltage
      is very small, and accordingly the output from the converter 14 is shown
      in FIG. 2D as a continuous sawtooth wave voltage. Assuming that the
      attenuation in the attenuator 12, which operates to select the order of
      harmonic as will be described later, is preset to zero, the voltage shown
      in FIG. 2D is supplied to the oscillator 11, the oscillation frequency of
      which increases gradually beginning from a frequency F.sub.1, for example,
      thereby sweeping the frequency of the oscillator 11. The local oscillator
      signal and its harmonics as well as the input signal are frequency mixed
      in the frequency converter 2, and the component in its output which has
      the frequency Fi is passed through the intermediate frequency filter 4 to
      be detected by the detector 5, thereby providing a pulse output as shown
      in FIG. 2E. Noises in the detected output which are below a given level
      are eliminated by the circuit 6.
PAR  The noise elimination circuit 6 may be constructed as shown in FIG. 3, for
      example, wherein the output of the detector 5 is supplied through an
      impedance translating circuit 28 to a peak rectifier 31 which comprises a
      diode 29 and a compactitor 30. The peak rectified output is fed to an
      amplifier 32 having the gain of unity and thence to a voltage divider 33
      which reduces the output level to 80 percent before supplying it to the
      inverting input terminal of an operational amplifier 34 which forms a
      conparator. The output of the detector 5 is also directly supplied to the
      non-inverting input terminal of the amplifier 34. In actuality, the
      capacitor 30 in the peak rectifier 31 is not fully charged, and because of
      the presence of leakage, the voltage divider 33 may be omitted. An
      electronic switch in the form of a field effect transistor 35 is connected
      in shunt with the capacitor 30, and the start signal 26 from the terminal
      25 (FIG. 1) is applied to the gate of the transistor 35 to turn it on,
      thereby discharging the capacitor 30 to a null level. While not shown, a
      bias is applied to the comparator 34 in order to assure that the output
      thereof assumes a lower level of 0 when the output of the detector 5 is at
      zero level even though the output from the amplifier 32 may be zero.
      Consequently, as shown in FIG. 2F, upon application of the start signal
      26, the inverting input terminal of the comparator 34 receives zero input
      and is charged substantially to the peak value of the output pulse from
      the detector 5 at time t.sub.1, but the level prevailing at the
      non-inverting input terminal is higher, whereby the output assumes a high
      level of 1. However, the output pulse from the detector 5 at time t.sub.1
      collapses rapidly, so that the level at the inverting input terminal of
      the comparator 34 changes to a high level immediately, whereby the output
      assumes a low level of 0, thus producing a pulse as shown in FIG. 2G. In
      this manner, the inverting input terminal of the comparator 34 receives a
      signal as shown in FIG. 2F, and its output will be pulses of a constant
      level as shown in FIG. 2G, which correspond to pulses exceeding a given
      level in the ouput (FIG. 2E) of the detector 5 obtained in response to the
      intermediate frequency signal. This output of the comparator 34 provides
      the output of the noise elimination circuit 6.
PAR  Where the local signal frequency of the local oscillator 3 is swept at a
      constant rate of t (seconds) per Hertz so as to increase the frequency
      from F.sub.1 to a gradually higher frequency, it will be appreciated from
      FIG. 4 that when the local oscillator frequency assumes a frequency of
      Fl.sub.1, n times such frequency minus the input signal frequency Fs
      becomes equal to the intermediate frequency Fi, and subsequently when the
      local signal frequency becomes equal to Fl.sub.2 which is higher than
      Fl.sub.1, the difference between the frequency, nFl.sub.2, of the same
      order of harmonic thereof and the input signal frequency Fs will be again
      equal to Fi, thus producing the intermediate frequency output again. Thus,
EQU  Fs = nFl.sub.1 + Fi                                        (2)
EQU  Fs = nFl.sub.2 - Fi                                        (3)
PAL  Substration of the equation (2) from the equation (3) yields:
EQU  n(Fl.sub.2 - Fl.sub.1) = 2Fi                               (4)
PAL  On the other hand, the time interval T.sub.1 required from the initiation
      of the sweep until the swept frequency reaches Fl.sub.1 is equal to
      (Fl.sub.1 - F.sub.1)t while the time interval T.sub.2 until Fl.sub.2 is
      reached is equal to (Fl.sub.2 - F.sub.1)t, so that the time interval
      .DELTA.T required to pass from Fl.sub.1 to Fl.sub.2 is represented as
      follows:
EQU  .DELTA.T = T.sub.2 - T.sub.1 = t(Fl.sub.2 - Fl.sub.1)      (5)
PAR  Substituting this relationship into equation (4) yields:
      ##EQU1##
      As mentioned previoualy, T.sub.2 and T.sub.1 represent the time when the
      intermediate frequency signal is obtained by the same order of harmoincs
      of the local oscillator signal, it will be understood that when Fi and t
      are predetermined, there is a one-to-one correspondence between n and
      .DELTA.T, so that if the time interval .DELTA.T = T.sub.2 - T.sub.1 is
      fixed, the order of harmonic, n, of the local oscillator signal which is
      to be frequency mixed with the input signal in order to obtain the
      intermediate frequency signal can be determined. Since the value of n is
      decided once the time interval .DELTA.T is fixed, the reception frequency
      is limited by such relation to Fs = nFl .+-. Fi. For example, when the
      input signal frequency Fs is equal to 12.5 GHz, the frequency range over
      which the local oscillator frequency is swept is from F.sub.1 = 2 GHz to
      F.sub.2 = 4 GHz (F.sub.2 being the maximum frequency in the frequency
      sweep range), and Fi is equal to 0.02 GHz, it will be appreciated that the
      intermediate frequency signals can be obtained for values of n which are
      listed in the Table 1 below, namely for n = 4, 5 and 6.
TBL                Table 1                                                     

     ______________________________________                                    

     Fl(GHz)                 n                                                 

     ______________________________________                                    

     2.08                    6                                                 

      2.496                  5                                                 

     3.12                    4                                                 

     ______________________________________                                    

PAL  However, it will be also noted that the time interval T.sub.2 = T.sub.1
      required from the first acquistion until the next acquisition of the
      intermediate frequency signals, which are represented by .DELTA.T.sub.1,
      .DELTA.T.sub.2 and .DELTA.T.sub.3 in FIG. 2G for n = 4, 5 or 6, is reduced
      progressively. Consequently, if the time interval .DELTA.T.sub.1
      corresponding to n = 4 is chosen for the time interval .DELTA.T from the
      initiation of the counting in the time counter 15 until a given count is
      reached therein to cause the output of the decoder 17 to set the flipflop
      19 to enable the gate 7, only the intermediate frequency signal which is
      produced as a result of the frequency mixing of the input signal with the
      fourth harmonic of the local oscillator signal will be obtained from the
      output election gate 7 of FIG. 1. Specifically, referring to FIG. 2, when
      the frequency sweep of the local oscillator 3 has proceeded to a point
      such that at time t.sub.1 the sixth harmonic corresponding to n = 6 is
      produced, the difference between the frequency of such harmonic or 6
      .times. 2.08 GHz and the input signal frequency 12.5 GHz becomes equal to
      Fi = Fs - 6Fl.sub.1 = 0.02 GHz, whereby an output is obtained from the
      bandpass filter 4. As a result, at time t.sub.1, a pulse P.sub.1 from the
      circuit 6 passes through the gate 8 to reset the time counter 15 and also
      resets the flipflop 20, whereby the gate 21 is enabled as shown in FIG.
      2H. This permits the clock to be passed therethrough, and the counter 15
      initiates its counting from zero. The gate 8 is enabled by the reset
      output Q of the flipflop 19 when it is reset by the start signal 26. At
      time t.sub.2  which is before the elapse of .DELTA.T.sub.1 from the time
      t.sub.1 or before a given count is reached in the counter 15, the local
      oscillator frequency Fl becomes equal to 2.086 GHz, so that Fi = 6Fl.sub.2
      - Fl becomes equal to 0.02 GHz, thereby producing an intermediate
      frequency signal from the filter 4. Because the output election gate 7 is
      not opened at this time, the counter 15 is reset by a pulse P.sub.2
      obtained at this time t.sub.2 from the circuit 6, thus re-initiating the
      counting from zero. After the elapse of .DELTA.T.sub.1 from the time
      T.sub.2 when the given count is reached in the counter 15, an output is
      obtained from the decoder 17 which sets the flipflop 19. As shown in FIG.
      2I, the gate 7 is enabled. Subsequently when the counter 15 goes on its
      counting for a few clocks, the output from the decoder 18 resets the
      flipflop 19 to disable the gate 7. During the period when the gate 7 is
      enabled, no detected intermediate frequency output is obtained from the
      circuit 6. When the gate 7 is disabled, the output from the decoder 18
      resets the flipflop 20, whereby the gate 21 is disabled to interrupt the
      supply of clocks to the counter 15.
PAR  As the sweep of the local oscillator frequency Fl goes on, the intermediate
      frequency output is obtained at time t.sub.3 for the fifth harmonic, and
      the resulting detected output pulse P.sub.3 resets the time counter 15 in
      the same manner as mentioned above, the counter initiating its counting
      from zero. However, at time t.sub.4 which is before the given count is
      reached therein, another intermediate frequency output for the fifth
      harmonic is obtained and the resulting pulse P.sub.4 from the circuit 6
      resets the counter 15. After .DELTA.T.sub.1 corresponding to the counting
      of the given count, the gate 7 is enabled, but no intermediate frequency
      output is obtained in such interval.
PAR  However, at time t.sub.5 when Fl becomes equal to 3.12 GHz, the
      intermediate frequency output corresponding to the fourth harmonic or n =
      4, is obtained. The resulting detected output pulse P.sub.5 resets the
      time counter 15 and also sets the flipflop 20, whereby the clock is
      supplied to the counter 15 to initiate its counting. By the time the given
      count is reached to set the flipflop 19 to thereby enable the output
      election gate 7, the time interval .DELTA.T.sub.1 has elapsed since the
      time t.sub.5, and at such time t.sub.6, the output pulse P.sub.6 is
      obtained from the circuit 6 as a result of the detection of the
      intermediate frequency signal, and is passed through the gate 7 as shown
      in FIG. 2J, the pulse being fed through a normally closed switch 37 to the
      reset terminals of the flipflops 20, 22 to thereby reset these flipflops.
      Such resetting operation disables the gate 21, 23, so that the clock from
      the terminal 24 is no longer supplied to the entire system, whereby the
      operation of the overall system is interrupted, including the frequency
      sweep of the local oscillator 3. Since the choice of .DELTA.T.sub.1 is
      such that the harmonic which was effective to produce the intermediate
      frequency output for the given input signal was the fourth harmonic or n=
      4, and since the frequency sweep has been in the direction of increasing
      frequency, it will be noted from the equations (2) and (3) that the pulse
      P.sub.5 is obtained when the frequency of the local oscillator reaches a
      frequency Fl.sub.1 of value such that 4Fl.sub.1 + Fi = Fs and the pulse
      P.sub.6 is obtained when the frequency of the local oscillator reaches a
      frequency Fl.sub.2 of the value such that 4Fl.sub.2 + Fi = Fs at which
      time the sweep is interrupted, thus allowing the oscillator 3 to continue
      its oscillation at the frequency of Fl.sub.2. By the measurement of the
      frequency Fl.sub.2, the known values of n and Fi permits the input signal
      frequency Fs to be determined according to the equation (3).
PAR  In order for the input signal frequency to be determined automatically, the
      arrangement of FIG. 1 includes a pair of gates 38 and 39 which are enabled
      by the reset output Q of the flipflop 22 when it is reset by the pulse
      from the output election gate 7. The output of the intermediate frequency
      filter 4 is supplied through the gate 38 to an intermediate frequency
      measuring unit 40 which is operative to determine the output frequency Fi
      of the intermediate frequency filter 4. The output of the oscillator 11 is
      supplied through the gate 39 to another frequency measuring unit 41 which
      is operative to determine the oscillation frequency Fl.sub.2. The value
      determined in the measuring unit 41 is supplied to a multiplier 42 where
      it is multiplied by a number corresponding to the prevailing order of
      harmonic, n, the multiplier 42 receiving a conditioning signal from a
      circuit 43 which presets an order of harmonic for the order of harmonic
      choosing attenuator 12. The multiplied output nFl.sub.2 and the measured
      value Fi from the circuit 40 are supplied to an arithmetic unit 44 to
      calculate nFl.sub.2 - Fi = Fs according to the equation (3). The resulting
      Fs is displayed in a digital display 45. The measuring unit 40 may
      comprise a counter, for example. Since the value of Fl.sub.2 is
      significantly lower as compared with nFl.sub.2, the measuring unit 41 may
      also comprise a counter. Alternatively, the local oscillator frequency may
      be converted into a lower frequency before it is counted, as desired.
      While not shown, the circuits 40, 41, 44 and 45 may be reset to the
      respective initial condition by the start signal from the terminal 25, if
      required. While the frequency which is to be passed through the filter 4
      is previously established, it is impossible in actuality to restrict the
      passband to a single frequency, so that the intermediate frequency Fi
      which prevails in the operation of the system actually has a certain
      width, and it is such frequency which is determined in the measuring unit
      40.
PAR  In this manner, the order of harmonic n is determined, and any input signal
      having the frequency Fs which satisfies the relationship of the equations
      (2) and (3) during the frequency sweep for such value of n can be trapped
      to thereby interrupt the operation of the system. However, when an input
      signal of a frequency band which is determined by the order of harmonic n
      does not exist, the frequency sweep of the oscillator 3 will be continued
      until the maximum oscillation frequency F.sub.2 is reached or the counter
      13 for producing the sawtooth wave in FIG. 1 reaches a full count,
      whereupon the following clock resets it to zero, whereby the counting is
      repeated. In other words, the sawtooth wave voltage will return to zero
      and begins to increase again for performing the frequency sweep of the
      oscillator 3 again. During the repeated frequency sweep, the order of
      harmonic will be increased to either n + 1 or n - 1. For example, n = 5 is
      chosen in the above example. To this end, the decoders 17 and 18
      associated with the time counter 15 may be chosen such that the time
      interval .DELTA.T.sub.2 from the pulse P.sub.3 to pulse R.sub.4 shown in
      FIG. 2G is equal to a period of time from the initiation of the counting
      operation of the counter 15 until the set output of the flipflop 19 is
      obtained as a gating signal. The higher the order of harmonic established,
      the broader the frequency range across which the input signal can be
      trapped. However, in order to permit this, the values of count at which
      the output is obtained from the decoders 17 and 18 must be switched over
      an increasing number of steps. To this end, a plurality of sets of
      decoders 17 and 18 in which the output is obtained at different values of
      the count may be provided and switched by the established order of
      harmonic for connection with the time counter 15. The provision of a
      plurality of sets of decoders 17 and 18 may result in a complicated
      arrangement, which can be avoided by alternative means of choosing the
      order of harmonic.
PAR  As will be understood by reference to FIGS. 2D and G, in the above
      description, the order of harmonic has been established by choosing the
      time interval .DELTA.T.sub.1, .DELTA.T.sub.2 or .DELTA.T.sub.3 between the
      instants at which a pair of intermediate frequency outputs are obtained
      while maintaining the rate of the frequency sweep or the slope of the
      sawtooth wave shown in FIG. 2D constant, but alternatively by choosing a
      fixed time interval, for example, .DELTA.T.sub.1, between the instants at
      which the pair of intermediate frequency outputs are obtained, the rate of
      the sweep or the slope of the sawtooth wave shown in FIG. 2D may be
      varied. In this instance, even though the position in time at which the
      time counter 15 has counted to a given count corresponding to the same
      time interval .DELTA.T.sub.1 may be fixed, there may be obtained the
      intermediate frequency which passes through the gate 7, and thus the order
      of harmonic which is effective varied. By way of example, when changing
      the order of harmonic from n = 4 to n = 5, the rate of the frequency sweep
      may be reduced. A change in the rate of the frequency sweep can be
      achieved by varying the clock frequency supplied to the sawtooth wave
      generated counter 13 in accordance with the established order of harmonic
      while maintaining the frequency of the clock to the time counter 15
      constant. Alternatively, the control voltage supplied to the voltage
      controlled oscillator 11 may be attenuated by means of the attenuator 12
      in accordance with the established order of harmonic, as shown in FIG. 1.
PAR  Specifically, an example of the attenuator 12 is shown in FIG. 5 wherein
      the D-A converter 14 has its output connected to the control input
      terminal of the voltage controlled oscillator 11 through a resistor 47
      having a resistance R. The junction between the resistor 47 and the
      oscillator 11 is connected to ground through parallel paths each including
      resistor 48, 49 or 50 connected in series with a switching element in the
      form of a field effect transistor 51, 52 or 53, respectively. The
      resistance of the respective resistors 48, 49 and 50 is chosen to be R,
      R/2 and R/4, respectively. The arrangement is such that the input
      impedance which is presented when the D-A converter 14 is viewed from the
      attenuator 12 is substantially null while the output impedance when the
      oscillator 11 is viewed is substantially infinity. Assuming that all of
      the transistors 51, 52 and 53 are non-conductive, the output of the D-A
      converter 14 will be directly supplied to the oscillator 11. When the
      transistor 51 is conductive alone, the output of the D-A converter 14 will
      be attenuated to one-half before being supplied to the oscillator 11,
      while when both of the transistors 51 and 52 become conductive, the
      control voltage supplied to the oscillator 11 will be attenuated to
      one-third. Finally, when the transistor 53 is conductive alone, the
      control voltage to the oscillator 11 will be attenuated to a quarter. In
      this manner, the amount of attenuation depends on the conductive and
      non-conductive conditions of the transistors 51 to 53. The amount of
      attenuation is varied in accordance with the established order of
      harmonic, and it is also possible to update the established order of
      harmonic automatically where one established order of harmonic fails to
      trap the input signal.
PAR  The arrangement to perform this may comprise an order of harmonic
      presetting counter 43 which receives, as a count input, a carry output
      from the sawtooth wave generating counter 13 as it reaches its full count.
      The counter 43 is adapted to be reset by the start signal from the
      terminal 25. The counter 43 includes a plurality of stages, three in the
      example shown, the output of which has a weight coded in a binary fashion
      and which are connected through switches 54, 55, 56 to the gate of
      respective transistors 51, 52, 53. The arrangement is such that when the
      count in the counter 43 is zero, the transmission coefficient is unity;
      when the count is 1, the transmission coefficient is one-half; when the
      count is 2, the transmission coefficient is one-third and so on. In the
      above example, the count in the counter 43 is 3, so that n = 4 is chosen.
      If the system fails to trap the input signal under this condition, at the
      end of the period for the frequency sweep, a carry output is produced by
      the counter 13 and is supplied to the counter 43, advancing its count to
      4, whereby the order of harmonic is established to be n = 5. During the
      subsequent frequency sweep, that intermediate frequency which is obtained
      by mixing with the fifth harmonic can be passed through the gate 7. In
      this manner, the established order of harmonic is successively updated.
      When it is desired to establish the order of harmonic manually, the
      switches 54 to 56 may be thrown to be connected with a manual setting
      circuit 57 incorporating a plurality of manual switches (not shown) which
      may be selectively operated to produce an output in the similar manner as
      the output from the counter 43.
PAR  The established order of harmonic may also be varied by changing the
      frequency of the clock supplied to the time counter 15 while maintaining
      the rate of the frequency sweep constant. This can be achieved by
      inserting in the input side of the gate 21 means for varying the clock
      frequency, for example, a clock frequency multiplying circuit, the
      multiplication factor of which may be varied in accordance with the
      established order of harmonic. By such an arrangement, the circuits 17 and
      18 for decoding the count of the time counter 15 may be same and still the
      time interval .DELTA.T until the given count is reached can be varied
      depending on the clock frequency, thus choosing a particular order of
      harmonic.
PAR  In order to provide a display of the input signal frequency on a cathode
      ray tube, the output of the output election gate 7 may be applied to the
      vertical deflection means 60 of a cathode ray tube 59, with the output
      sawtooth wave voltage from the generator 10 applied to the horizontal
      deflection means 61 thereof, as shown in FIG. 1. By turning the switch 37
      off, the operation of the overall system is prevented from being
      interrupted when the output is obtained from the gate 7, but can be
      repeated in an identical manner as before such output is obtained. A
      transparent dial having a horizontally extending frequency scale
      calibrated in terms of the orders of harmonic may be mounted on the
      faceplate of the cathode ray tube 59 to permit a reading of the input
      signal frequency. The frequency read from the frequency scale is offset
      from the input signal frequency by an amount corresponding to the
      intermediate frequency Fi, but the scale can be corrected previously to
      provide a direct reading of the input signal frequency. The transparent
      dial may be replaced as the established order of harmonic is changed. The
      set output of the flipflop 19 may be supplied as a gating signal to a gate
      62, which when enabled, passes the output from the detector 5 to be fed to
      the vertical deflection means 60 of the tube 59 for displaying the pulse
      waveform prevailing at time t.sub.6 of FIG. 2E, which corresponds to the
      waveform and level of the input signal. Alternatively, FIG. 6 shows that
      the output of the detector 5 is directly supplied to the vertical
      deflection means 60 and that the output of the gate 7 (or 62) is applied
      to a brightness modulation terminal 90 for a brightness modulation of the
      tube 59 so that the entire waveform shown in FIG. 2E is displayed, with
      the waveform occurring at time t.sub.6 which corresponds to the input
      signal being displayed with an increased brightness. When a display by the
      tube 59 is used, since the switch 37 is turned off to repeat the frequency
      sweep, the abscissa of the display is swept between the minimum and
      maximum frequencies of the frequency sweep. The above mentioned display is
      advantageous in that only the input signal is displayed or it is displayed
      in a manner distinguishing it from the remainder as contrasted with the
      display provided by a conventional spectral analyzer in which all of the
      output from the detector 5 is displaced to make it difficult to discern
      which is the input signal.
PAR  With the heterodyne receiver system according to the invention, the means
      43 permits a choice of only that output of the harmonic mixer 2 which is
      produced in response to a particular harmonic of the local oscillator
      signal. Such a choice and the sign in the frequency conversion processs
      which is determined by the direction of the frequency sweep enable an
      accurate determination of the frequency of the trapped input signal. Where
      the input signal can not be trapped, the setting in the means 43 is
      changed to permit a determination, over an extended frequency range, of
      which frequency the input signal is or to permit the input signal to be
      trapped and received with an extremely simple procedure and within a short
      period of time, together with the possibility that the frequency thereof
      may be displayed, if required. As mentioned above, the use of the clock
      control permits the established order of harmonic to be updated
      automatically in a facilitated manner. While the clock supplied to the
      counters 13 and 15 need not be identical, but if the same clock is used,
      the counting in the time counter 15 proceeds in a manner corresponding to
      a change in the oscillation frequency which is determined by the sawtooth
      wave counter 13 in response to the clock supplied, so that a variation in
      the time interval of the time counter 15 in reaching its given count which
      would result from a variation in the clock period accompanies a
      corresponding change in the local oscillator frequency to thus eliminate
      an error thereof, thus avoiding the need of an expensive crystal
      oscillator for the clock source. This feature permits the search of the
      input signal to be performed at a high rate and the rate to be switched to
      a lower one once the input signal is found, so as to trap the signal
      correctly to permit the determination of its frequency with a high
      accuracy.
PAR  Such an arrangement is illustrated in FIG. 6 wherein corresponding parts
      are designated by like numerals. In this instance, the sawtooth wave
      counter 13 comprises a reversible up-down counter, and operates as an up
      counter after it has been reset by the start signal from the terminal 25,
      thereby causing a frequency sweep of the oscillator 11 in the same manner
      as mentioned previously in connection with FIG. 1. If an input signal is
      trapped with a chosen order of harmonic, an output is obtained from the
      output election gate 7 and resets the flipflop 20 in the same manner as in
      FIG. 1, but the flipflop 22 is not reset immediately and instead the
      output of the gate 7 sets a flipflop 64. The flipflop 64 is reset by the
      start signal from the terminal 25, and its set output Q is supplied
      through a delay circuit 68 to a gate 65 as a gating signal. Thus the gate
      65 is initially closed. The reset output Q of the flipflop 64 is applied
      as a gating signal to a gate 66, which therefore is enabled initially to
      pass a high rate clock from a terminal 24h to be supplied to the gate 23,
      thus allowing the frequency sweep at a high rate. When later occurring one
      of the intermediate frequency outputs obtained during such sweep by virtue
      of the presence of the input signal is passed through the gate 7 in the
      manner mentioned above to set the flipflop 64, the set output Q thereof
      resets the flipflop 19 and also enables a gate 67, whereby a low rate
      clock from a terminal 24l is passed through the gate 67 to be supplied to
      the gate 23. The set output Q of the flipflop 64 is supplied to the
      up-down switching terminal of the reversible counter 13, whereupon it is
      switched to operate as a down counter. As a consequence, where the
      oscillator 11 has a tendency such that the oscillation frequency will move
      past Fl.sub.2 when the output is obtained from the output election gate 7
      during the high rate sweep, the oscillation frequency is controlled to be
      reduced from such a frequency in excess of Fl.sub.2 at a rate which is
      lower than that of the previous frequency sweep. When the frequency of the
      local oscillator 11 reaches Fl.sub.2, the time counter 15 is reset and
      starts to count the clock which is supplied at a lower rate. When the
      given count is reached, a gating signal is supplied from the flipflop 19
      to the gate 7, which produces the output since the oscillation frequency
      of the oscillator 3 is equal to Fl.sub.1. The set output Q of the flipflop
      64 is supplied through the delay circuit 68 as a gating signal to the gate
      65, which passes the output derived from the gate 7 to reset the flipflop
      22, thereby interrupting the operation of the overall system. AT this
      instant, the rate of the frequency sweep is low and the operation is
      interrupted at the moment the oscillator 11 has just reached Fl.sub.1,
      without moving past it, and the oscillation is maintained at the frequency
      of Fl.sub.1. In this manner, it is assured that the input signal frequency
      Fs be accurately determined. If the clock of a lower rate alone were used
      to operate the system, the rate with which the input signal is searched
      will be substantially retarded to thereby require a prolonged period of
      time, but the switching between the two kinds of clocks as mentioned above
      permits the input signal to be trapped with a short period of time and its
      frequency to be determined accurately. Additionally, because the sweep of
      the oscillator 11 is interrupted at the moment the equation (2) applies or
      when the input signal frequency is equal to nFl.sub.1 + Fi, the arithmetic
      operation within the arithmetic unit 44 is an addition rather than a
      subtraction, whereby the arrangement required may be simplified. The use
      of both the high rate and low rate clocks by switching is permitted
      because the same clock is supplied to the both counters 13 and 15, thereby
      rendering the operation independent of fluctuations in time. The time
      delay in the delay circuit 68 is chosen such that when the flipflop 64 is
      set, the output obtained at that time from the gate 7 is prevented from
      being immediately passed through the gate 65.
PAR  While in the above description, the time counter 15 has been used to choose
      one of the pair of the intermediate frequency outputs obtained in response
      to the input signal which occurs later in time, it may be replaced by a
      monostable multivibrator. This is illustrated in FIG. 7 wherein
      corresponding parts to FIG. 1 are designated by like reference numerals.
      The output pulse of the noise elimination circuit 6 (FIG. 2G) drives a
      monostable multivibrator 70 having a variable time from its drive until it
      is reset. The value of such time length is adjusted in accordance with the
      chosen order of harmonic, for example, adjusted equal to .DELTA.T.sub.1 in
      FIG. 2. The trailing edge of the output from the multivibrator 70 drives
      another monostable multivibrator 71, producing a gate pulse having a
      suitably narrow width which enables a gate 72. If an output pulse is
      obtained from the circuit 6 during the period the gate 72 is enabled or
      during the time interval .DELTA.T.sub.1 since the monostable multivibrator
      70 is driven, that output pulse is passed through the gate 72 to set a
      flipflop 73. The set output of the flipflop 73 resets a flipflop 74,
      whereby an integrator 75 which has been integrating the set output Q
      thereof no longer receives an input to be integrated, thus maintaining its
      integral. The output from the integrator 75 controls the voltage
      controlled oscillator 11. The interruption of the integrating process
      effectively interrupts the frequency sweep. To return the integrator 75 to
      its initial condition, a reset signal is applied from a terminal 69 to a
      negative voltage generator 77, which produces a negative voltage supplied
      to the integrator 75, causing it to integrate such negative voltage. The
      decreasing output of the integrator is compared in a comparator 78 with a
      reference potential from a terminal 79, for examaple, ground potential,
      and when the equality applies therebetween, the comparator 78 produces an
      output which interrupts the supply of the output of the negative voltage
      generator 77 to the integrator 75. The start signal from the terminal 25
      sets the flipflop 74, the set output of which is intrgrated in the
      integrator 75 for causing the frequency sweep of oscillator 11. In this
      example, the output election gate 7 is enabled by the set output of the
      flipflop 73.
PAR  In FIGS. 1, 6 and 7, where it is desired to use an integrating circuit for
      the sawtooth wave generator 10, the time constant of the integrating
      circuit or the voltage to be integrated can be varied in accordance with
      the established order of harmonic.
PAR  As a further modification, FIG. 8 shows the use of a single local
      oscillator 3 in combination with a pair of bandpass filters 4a and 4b
      providing different intermediate frequencies. The output from the
      respective filters 4a and 4b are detected by detectors 5a and 5b,
      respectively, and one of the outputs having the higher intermediate
      frequency Fia sets a flipflop 80 while the other output having the lower
      intermediate frequency Fib resets the flipflop 80 and also sets the
      flipflop 73 which functions to interrupt the frequency sweep. Assuming
      that Fia is obtained by the n-th harmonic of the local oscillator
      frequency Fl.sub.1 and Fib is obtained by the n-th harmonic of the local
      oscillator frequency Fl.sub.2, the following relationships apply:
EQU  Fs = Fia + nFl.sub.1
EQU  Fs = Fib + nFl.sub.2
PAL  Such relationships are illustrated in FIG. 9. The time interval .DELTA.T
      required for the sweep from Fl.sub.1 to Fl.sub.2 is .DELTA.T = (Fl.sub.2 -
      Fl.sub.1)t, and therefore the following relationship is obtained:
      ##EQU2##
      indicating a correspondence between .DELTA.t aand n. By measuring the time
      interval .DELTA.T from the acquistion of Fia to the acquisition of Fib,
      the order of harmonic, n, can be determined. Also in this arrangement, the
      output of the detector 5a or 5b may be supplied to the gate 72 and
      monostable multivibrator 70 in FIG. 7 to choose a particular value of
      .DELTA.T, thereby receiving only that input signal which corresponds to a
      desired value of n.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. A heterodyne receiver system for determining the frequency of an input
      signal, comprising means for receiving an input signal the frequency of
      which is to be determined, a frequency swept local oscillator for
      generating a local oscillator signal and harmonics thereof, a frequency
      converter responsive to said local oscillator signal and to said input
      signal and operative to provide a frequency mixing of the input signal
      frequency with the local oscillator signal frequency and its harmonic
      frequency, an intermediate frequency filter coupled to said converter for
      passing those outputs of the frequency converter which are of a
      predetermined intermediate frequency, an intermediate frequency detector
      coupled to said filter for detecting the occurrence of signals at said
      intermediate frequency, said filter producing a pair of time spaced
      signals at said intermediate frequency at different times in response to a
      same input signal and for a given order of harmonics of the local
      oscillator signal, means for extracting one signal of said pair of
      signals, which occurs at a given time interval after a first occurring one
      of said intermediate frequency signals thereby to elect said one of said
      pair of intermediate frequency signals which occurs later in time, and
      means response to the occurrence of said elected signal within said given
      time interval for determining the frequency of said input signal.
NUM  2.
PAR  2. Heterodyne receiver system according to claim 1, further including a
      cathode ray tube having a vertical deflection means to which an output
      signal from said extracting means is supplied, and means for supplying a
      sweep control voltage to both the local oscillator and to a horizontal
      deflection means associated with the cathode ray tube.
NUM  3.
PAR  3. Heterodyne receiver system according to claim 1, further including a
      cathode ray tube having a vertical deflection means, a horizontal
      deflection means, and a brightness modulation circuit, the output of the
      intermediate frequency detector being supplied to the vertical deflection
      means, means for supplying a sweep control voltage to both the local
      oscillator and to said horizontal deflection means, and means for coupling
      the elected one of said pairs of signals to the brightness modulation
      circuit.
NUM  4.
PAR  4. Heterodyne reciver system according to claim 1 wherein said filter
      includes first and second intermediate frequency filters of different
      passband frequencies, means reponsive to the one of the outputs from the
      filters which occurs first in time for detecting the presence of the other
      intermediate frequency output at a given time interval after the
      occurrence of said one output, means for interrupting the sweep of the
      local oscillator in response to an output from the last mentioned means,
      and means for varying said time interval in accordance with a particular
      harmonic.
NUM  5.
PAR  5. Heterodyne receiver system according to claim 1 in which the local
      oscillator comprises a sawtooth wave generator responsive to clock
      supplied for producing a stepped, sawtooth wave voltage in accordance with
      the number of clocks supplied, and a voltage controlled oscillator having
      a variable frequency which is controlled by the stepped output voltage
      from the sawtooth wave generator.
NUM  6.
PAR  6. Heterodyne receiver system according to claim 5 in which the sawtooth
      wave generator comprises a counter for counting clocks, and a D-A
      converter for converting the count in the counter into an analog voltage.
NUM  7.
PAR  7. Heterodyne receiver system according to claim 1, further including a
      noise elimination circuit for reciving the detector output and for
      eliminating signals below a given level.
NUM  8.
PAR  8. Heterodyne receiver system according to claim 7 in which the noise
      elimination circuit comprises a peak detector to which the output of the
      intermediate frequency detector is supplied, and a comparator for
      comparing the output of the peak detector against the direct output of the
      intermediate frequency detector.
NUM  9.
PAR  9. Heterodyne receiver system according to claim 1 wherein said last-named
      means includes means response to an output from said extracting means for
      interrupting the frequency sweep of the local oscillator.
NUM  10.
PAR  10. Heterodyne receiver system according to claim 9, further including a
      first circuit coupled to said filter for determining the frequency of the
      output signal from said filter when the sweep of the local oscillator is
      interrupted, a second circuit coupled to said local oscillator for
      determining the oscillation frequency of the local oscillator when its
      sweep is interrupted, a multiplier coupled to said second circuit for
      multiplying the local oscillator frequency by a number corresponding to
      the established order of harmonic, an arithmetic unit coupled to said
      first circuit and to said multiplier and responsive to the product
      obtained in the multiplier and the determined value of the filter output
      signal frequency for calculating the frequency of the input signal, and
      means for providing a digital display of the result obtained in the
      arithmetic unit.
NUM  11.
PAR  11. Heterodyne receiver system according to claim 9, further including a
      time counter for initiating counting of clocks in response to an output
      from said detector, an output election gate for receiving the output of
      the detector, and means for enabling said gate for a given period of time
      when the time counter has counted to a given count, and means for
      interrupting the sweep of the local oscillator being responsive to an
      output from the gate to interrupt said sweep.
NUM  12.
PAR  12. Heterodyne receiver system acccording to claim 11 in which the local
      oscillator comprises a sawtooth wave generator for receiving a clock and
      for producing a voltage dependent on the supply of clocks thereto, and a
      voltage controlled oscillator having a variable frequency which is
      controlled by the output voltage from the generator, the clock supplied to
      the sawtooth wave generator being the same as that supplied to the time
      counter.
NUM  13.
PAR  13. Heterodyne received system according to claim 11 in which the frequency
      swept local oscillator is operative to produce both an increasing voltage
      and a decreasing voltage by switching, said switching being effected by an
      output from the output election gate, and means for resetting the time
      counter, said means for interrupting the sweep of the local oscillator
      being responsive to an output obtained from the output election gate
      subsequent to the resetting of the time counter.
NUM  14.
PAR  14. Heterodyne received system according to claim 13, furhter including
      means responsive to a change in the direction in which the output voltage
      of said local oscillator varies, to switch the clock supplied to the
      counter from a previous clock to a clock of lower rate and for
      concurrently reducing the rate of the sweep of the local oscillator.
NUM  15.
PAR  15. Heterodyne receiver system according to claim 1, further including
      means couplled to said local oscillator for establishing the order of
      harmonic of the local oscillator signal which controls the operation of
      the system.
NUM  16.
PAR  16. Heterodyne receiver system according to claim 15 in which the means for
      establishing the order of harmonic comprises means for varying a time
      interval between the occurrence of the signals in said pair of signals
      which are obtained with the same order of harmonic of the local oscillator
      signal as it is frequency swept.
NUM  17.
PAR  17. Heterodyne receiver system according to claim 15, further including a
      time counter for initiating a counting of clock in response to the
      occurrence of an output from the detector, an output election gate for
      receiving the detector output, and means for enabling said gate for a
      given period of time when the time counter has counted a given count, said
      means for establishing the order of harmonic including means for varying
      the frequency of the clock supplied to the time counter in accordance with
      a choice of an order or harmonic.
NUM  18.
PAR  18. Heterodyne receiver system according to claim 15, further including
      means for detecting the end of each frequency sweep period of the local
      oscillator, and means for updating an order of harmonic to be established
      by the order of harmonic establishing means in response to an output from
      the detecting means.
NUM  19.
PAR  19. Heterodyne receiver system according to claim 15 in which the means for
      establishing the order of harmonic comprises means for varying the rate
      with which the local oscillator is swept.
NUM  20.
PAR  20. Heterodyne receiver system according to claim 19 in which the local
      oscillator comprises a sawtooth wave generator for receiving a clock and
      for producing a sawtooth wave voltage which varies with the number of
      clocks supplied, and a voltage controlled oscillator having a variable
      frequency which is controlled by the sawtooth wave voltage, said means for
      establishing the order of harmonic comprising means operative to vary the
      frequency of the clock supplied to the sawtooth wave generator in
      accordance with a selected order of harmonic.
NUM  21.
PAR  21. Heterodyne receiver system according to claim 19 in which the local
      oscillator comprises a sawtooth wave generator, and a voltage controlled
      oscillator having a variable frequency which is controlled by the output
      of the generator, said means for establishing the order of harmonic
      comprising a variable attenuator for attenuating the sawtooth wave voltage
      supplied to the voltage controlled oscillator in accordance with the
      established order of harmonic.
NUM  22.
PAR  22. Heterodyne receiver system according to claim 21 in which the sawtooth
      wave generator comprises a counter for counting a clock, and a D-A
      converter for producing a voltage which correspond to the count in the
      counter, and further including another counter for counting the final
      carry output of the first mentioned counter to establish an order of
      harmonic, said attentuator having an attenuation coeffecient which is
      varied in accordance with the count in said another counter for
      attenuating the sawtooth wave voltage.
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ABST
PAL  A broadband waveguide mixer suitable for the microwave and millimeter wave
      regions is described. The mixer is characterized by having a unique
      dual-guide mixer mount through which extends two parallel and spaced
      waveguides. The RF wave and the local oscillator wave are respectively
      impressed on the two waveguides via a hybrid coupler. A pair of crossbars
      extend through each waveguide. A pair of diodes connected back-to-back are
      disposed in each waveguide and are connected to the respective crossbars.
      Each pair of diodes has a polarity opposite to that of the other pair. The
      output is derived from a coaxial cable connected to the adjacent ends of
      the two crossbars. The input signals may be applied by a folded hybrid tee
      or a short slot hybrid coupler to simplify the input structure. The mixer
      has low noise and broadband performance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to broadband waveguide mixers and
      particularly to a mixer suitable for use in the microwave and millimeter
      wave regions.
PAR  Various mixers have been proposed in the past for high frequency operation
      such as the microwave and millimeter regions. Thus in the paper to Dickens
      et al. which appears in the IEEE-GMTT Microwave Symposium on page 188-190
      May 19, 1971, there is disclosed a mixer which operates in the microwave
      region which extends roughly from 1 - 300 gigahertz (GHz). The mixer is
      provided with back-to-back diodes mounted on a crossbar, that is on an
      element extending longitudinally through the structure. However the two
      diodes are connected in a back-to-back configuration operating as a
      single-ended mixer.
PAR  On the other hand, the paper to Mouw which appears in IEEE Transactions,
      Volume MTT-16, No. 11 November 1968, pages 911 - 918 discloses a star
      modulator and particularly FIG. 8a shows a doubly balanced, four diode,
      star mixer or modulator. This structure consists of two pairs of
      back-to-back diodes, each pair having a polarity opposite to that of the
      other pair. However, the input connections to this star mixer are rather
      complicated and the proposed hybrid junction is not easily adapted for
      millimeter wave operation. The patent to Mouw U.S. Pat. No. 3,512,090
      discloses the same type of four star mixer, see for example FIG. 6.
PAR  Concerning the patented art, reference is made to the patent to Saad U.S.
      Pat. No. 3,532,989. The mixer shown in FIG. 2 does not have the convenient
      crossbar structure and requires three hybrids for its inputs. In addition
      the structure does not operate in the gigahertz region. A similar mixer is
      disclosed in the patent to Tenenholtz U.S. Pat. No. 3,706,042.
PAR  The patent to Gawler U.S. Pat. No. 3,665,508 discloses a balanced diode
      mixer which, however, requires more than two input transformers. Also, the
      structure is not adapted for the microwave region. The patent to Walsh,
      Jr. U.S. Pat. No. 3,553,584 relates to an up-converter and modulator for
      relatively low frequency applications. For the up converter of FIG. 6,
      only one diode is required and the pairs of diodes of FIG. 4 do not have
      reverse polarity. Finally, the patents to Spacek U.S. Pat. Nos. 3,584,306
      and 3,638,126 both relate to high frequency converters having a crossbar
      but only a single pair of diodes which are connected in series.
PAC  SUMMARY OF THE INVENTION
PAR  A broadband waveguide mixer in accordance with the invention is suitable
      for use in the microwave and millimeter wave regions and comprises a
      unique dual-guide mixer mount. Two waveguides, extending through the
      waveguide mount are substantially parallel and spaced from each other.
      Furthermore, two elongated conductive elements or crossbars extend each
      transversely through the two waveguides. Means may be provided for
      insulating the crossbars from the waveguide mount. Further, two pairs of
      diodes are arranged back-to-back. Each pair is disposed in one of the
      waveguides and is in contact with its associated crossbar. One pair of
      diodes has a polarity opposite to that of the other pair of diodes.
      Finally, a coaxial conductor such as a cable is connected to the adjacent
      elements of the crossbars to derive an output signal corresponding to the
      difference frequency of the two input waves impressed on the two
      waveguides.
PAR  For the purpose of applying the two input waves to the mixer, there may be
      provided a folded hybrid tee or a short slot hybrid coupler and an
      adaptor. The adaptor consists of two outwardly diverging waveguides to
      match the waveguides of the mixer mount. Such an adaptor is sometimes
      referred to as a sidewall panty adaptor.
PAR  The novel features that are considered characteristic of this invention are
      set forth with particularity in the appended claims. The invention itself,
      however, both as to its organization and method of operation, as well as
      additional objects and advantages thereof, will best be understood from
      the following description when read in connection with the accompanying
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevational view of the broadband waveguide mixer of the
      invention;
PAR  FIG. 2 is a top plan view of the mixer of FIG. 1 taken on line 2 -- 2 of
      FIG. 1; and
PAR  FIG. 3 is an equivalent circuit of the mixer of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A preferred embodiment of the broadband waveguide mixer of the invention is
      illustrated in FIGS. 1 and 2 to which reference is now made. The mixer
      includes a mixer mount generally indicated at 10 which may consist as
      shown of two identical mixer portions 11 and 12 or else it might be made
      in a single unit. The mixer mount 12 may be consist of a suitable
      conductive material such as metal. Extending through the mount portion 11
      is a first waveguide 14. A second waveguide 15 extends through the second
      mount portion 12 in such a manner that the two waveguides are parallel to
      each other and are spaced from each other.
PAR  A conductive rod or crossbar 16 extends transversely through the waveguide
      14 and through the walls of mount portion 11. The crossbar 16 may be
      electrically insulated from the two walls of the waveguide mount by a
      ceramic sleeve or pedestal 17 and 18. Similarly a second conductive rod or
      crossbar 20 extends transversely through the second waveguide 15. It in
      turn is electrically insulated from the walls of the mount portion 12 by
      insulating sleeves 21 and 22 which may, for example, also consist of an
      insulating ceramic material. The two adjacent ends of the crossbars 16 and
      20 extend into a common opening 24 provided in the waveguide mount 10.
      Optionally capacitors 25 may be secured to the adjacent ends of the
      crossbars 16 and 20 for a purpose to be described hereinafter. However, it
      is to be understood that the capacitors may be omitted.
PAR  Further, in accordance with the present invention, there is provided a
      first pair of diodes 27 and 28 connected back-to-back and in contact with
      the crossbar 16. Each diode 27 and 28 may in turn be mounted on a
      conductive rod 30, 31 extending through suitable apertures in the mount
      portion 11 and insulated therefrom by an insulating sleeve 32.
PAR  Similarly, a second pair of diodes 33 and 34 is connected back-to-back but
      in a polarity opposite to that of the first pair of diodes 27, 28. Each of
      the diodes 33 and 34 is in contact with its associated crossbar 20.
      Further, each of the diodes 33 and 34 is mounted respectively on a
      conductive rod 35, 36 extending through suitable apertures in the
      waveguide mount 12. Again each of the rods 35 and 36 is insulated from the
      waveguide mount by a suitable insulating sleeve 37. Thus, as shown, the
      cat whiskers of diodes 27 and 28 are connected to their respective rods 30
      and 31. On the other hand, the cat whiskers of diodes 33 and 34 are
      connected to their associated crossbar 20.
PAR  Means may be provided for separately biasing each of the two pairs of
      diodes, that is diodes 27, 28 and diodes 33, 34. To this end there may be
      provided a battery 40 connected across a resistor 41 having a fixed tap 42
      which is connected through a choke 43 to the free end of the crossbar 16
      to provide a reference potential. A movable tap 44 on the resistor 41 is
      connected to the rod 31 of the diode 28. Hence by moving the tap 44 the
      potential applied between the crossbar 16 and the diode 28 can be varied
      or adjusted. It will be understood that a similar bias circuit may be
      applied to the diode 27, but has not been shown for the sake of clarity.
      The choke 43 serves the purpose to prevent RF and IF signals from leaking
      out to the bias circuit. The capacitors 25 act as blocking capacitors to
      prevent the direct currents from reaching the output circuit.
PAR  A similar bias circuit is provided for the diode 34 and includes a battery
      46 connected across a resistor 47. A fixed tap 48 on the resistor 46 is
      connected through a choke 50 to the outer end of the crossbar 20. A
      variable tap 51 is connected to the rod 36 of the diode 34. It will be
      understood that a similar bias circuit may be provided for the diode 33.
PAR  The purpose of the bias circuits is to provide fine tuning of the diodes,
      that is to bring each diode to its proper operating point. The same
      purpose could be effected by raising the local oscillator power, but this
      would be wasteful of the local oscillator energy.
PAR  The two pairs of diodes 27, 28 and 33, 34 preferably are Schottky barrier
      diodes. They may either be silicon or gallium arsenide diodes.
PAR  The output signal, that is the mixed or difference signal, is obtained from
      a coaxial conductor or cable 53 having a center conductor 54 connected to
      the two capacitors 25 or in the absence thereof to the adjacent ends of
      the two crossbars 16 and 20.
PAR  Two signals to be mixed are applied to the two waveguides 14 and 15. By way
      of example, the two signals may consist of a radio frequency wave and a
      local oscillator wave, in which case the output wave is the intermediate
      frequency or difference wave. The two input waves may be impressed on a
      folded hybrid tee or a short slot hybrid coupler or any other form of
      hybrid tee.
PAR  Such a hybrid tee will deliver two output waves which are 180.degree. out
      of phase or in phase, one of which is the radio frequency signal while the
      other is the local oscillator. The two waves may be impressed on the two
      waveguides 14 and 15 by an adaptor 56. The adaptor has two outwardly
      diverging waveguide sections 57 and 58 and is sometimes referred to as a
      sidewall panty adaptor.
PAR  The operation of the waveguide mixer of FIGS. 1 and 2 will now be
      explained. The two waves are delivered separately to the two waveguides 14
      and 15. As previously explained, they may be either in phase or
      180.degree. out of phase. Preferably, the waves are in the microwave and
      millimeter wave region which is approximately from 1 to approximately 300
      GHz. Specifically, the mixer of FIGS. 1 and 2 has been operated in the Ka
      band which is from 26.5 to 40 GHz. The diodes 27, 28 or 33, 34 are now
      matched to the impedance of the waveguide. Thus, the impedance of the
      waveguide is on the order of 400 - 500 ohms while that of each diode is
      about 100 ohms. However, the pair of diodes, say diodes 27, 28 is
      connected in series with respect to the signal impressed on each of the
      waveguides and therefore the two serially connected diodes provide an
      improved impedance match condition to the waveguide impedance.
PAR  The output signal is not obtained from the coaxial line 53 which has an
      impedance of say about 50 ohms. However, looking at each pair of diodes
      from the output lead 54, they are connected in parallel and therefore
      again their impedance is matched to that of the output line.
PAR  The output signal is obtained through the side wall of each waveguide 14 or
      15. At this physical location the radio frequency field is at a minimum
      which substantially eliminates leakage of either the radio frequency
      signal or the local oscillator power. This is the reason that it is not
      necessary to use radio frequency chokes at the output coaxial line 53.
      Such a choke would tend to increase the noise and detract from the
      broadband performance.
PAR  It should be noted that since the polarity of each pair of diodes is
      reversed with respect to that of the other pair and because the input
      signal is 180.degree. out of phase, the difference frequency as seen from
      the coaxial line 53 is in phase. The chokes 43 and 50 can be so selected
      as to form an anti-resonant circuit together with the distributed
      capacitance of the structure.
PAR  Reference may now be made to the equivalent circuit of FIG. 3. Input lead
      60 shows how the RF signal is applied while the lead 61 serves to impress
      the local oscillator wave. The structure 62 generally represents the
      hybrid coupler. Accordingly, the radio frequency signal is delivered by
      the lead 64 and the local oscillator wave 65 180.degree. out of phase. The
      transformer 66 schematically represents how the local oscillator wave is
      impressed on the two diodes 27, 28. Similarly, the transformer 67
      schematically represents how the radio frequency signal is applied to the
      diodes 33, 34. The capacitors 25 are connected respectively between the
      junction points of the two pairs of diodes 27, 28 and 33, 34 and the
      output lead 70 from which the intermediate frequency wave is derived.
PAR  The mixer of FIGS. 1 and 2 has been operated in the Ka band, that is from
      26.5 - 40 GHz. With a bandwidth of 6 GHz the voltage standing wave ratio
      of the radio frequency signal is 2 to 1 and the IF center frequency 600
      mhz. The i.f. bandwidth is 400 mhz and the double sideband noise figure at
      38 GHz is 5.9 db. It should, of course, be noted that the mixer will work
      equally well in other frequency ranges.
PAR  There has thus been disclosed a broadband waveguide mixer which is double
      balanced and characterized by a double crossbar configuration. Due to the
      fact that the four mixer diodes are symmetrically disposed in a double
      waveguide mount, low noise and broadband mixer performance is achieved.
      The structure permits the use of a folded magic tee or short slot hybrid
      coupler which much simplifies the input circuitry and the hardware design
      problem. The output signal is obtained through the common wall of the
      waveguide mount, thereby obviating the necessity of an output choke with
      its attendant disadvantages. Finally, the diodes may be individually
      supplied with suitable bias for fine tuning, thereby to reduce the local
      oscillator power demands.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A broadband waveguide mixer suitable for use in the microwave and
      millimeter wave regions comprising:
PA1  a. a first waveguide;
PA1  b. a second waveguide, said waveguides being disposed substantially
      parallel and spaced from each other;
PA1  c. a first elongated conductive element extending transversely through said
      first waveguide;
PA1  d. a second elongated conductive element extending transversely through
      said second waveguide, said elements being disposed substantially on a
      common axis and being spaced from each other;
PA1  e. a first pair of diodes arranged back-to-back and disposed in said first
      waveguide and in contact with said first element;
PA1  f. a second pair of diodes arranged back-to-back and disposed in said
      second waveguide and in contact with said second element, said first pair
      of diodes having a polarity opposite to that of said second pair of
      diodes; and
PA1  g. a coaxial conductor connected to the adjacent ends of said elements,
      whereby when a first wave is impressed on said first waveguide and a
      second wave of different frequency is impressed on said second waveguide,
      the difference frequency wave is derived from said coaxial conductor.
NUM  2.
PAR  2. A mixer as defined in claim 1 wherein means is provided for insulating
      each of said elements from its respective waveguide.
NUM  3.
PAR  3. A mixer as defined in claim 2 wherein a capacitor is connected to the
      adjacent ends of each of said elements to provide coupling and direct
      current isolation.
NUM  4.
PAR  4. A mixer as defined in claim 3 wherein means is provided for individually
      biasing said diodes.
NUM  5.
PAR  5. A mixer as defined in claim 1 wherein means is provided for impressing a
      radio frequency wave on one of said waveguides and additional means for
      impressing a local oscillator wave on the other waveguide, said waves
      being out of phase, whereby the intermediate frequency wave is derived
      from said coaxial cable.
NUM  6.
PAR  6. A mixer as defined in claim 5 wherein a waveguide adaptor is connected
      to said waveguides.
NUM  7.
PAR  7. A broadband waveguide mixer suitable for use in the microwave and
      millimeter wave regions comprising:
PA1  a. a mixer mount;
PA1  b. a first waveguide extending through said mount;
PA1  c. a second waveguide extending through said mount and disposed
      substantially parallel to and spaced from said first waveguide;
PA1  d. a first elongated conductive element extending transversely through said
      mount and said first waveguide;
PA1  e. a second elongated conductive element extending transversely through
      said mount and said second waveguide, said elements being disposed
      substantially on a common axis and having their adjacent ends spaced from
      each other;
PA1  f. means for insulating said conductive elements from said mount;
PA1  g. a first pair of diodes arranged back-to-back and disposed in said first
      waveguide and in contact with said first element;
PA1  h. a second pair of diodes arranged back-to-back and disposed in said
      second waveguide and in contact with said second element, said first pair
      of diodes having a polarity opposite to that of said second pair of
      diodes; and
PA1  i. a coaxial conductor connected to the adjacent ends of said elements,
      whereby when a first wave is impressed on said first waveguide and a
      second wave of different frequency is impressed on said second waveguide,
      the difference frequency wave is derived from said coaxial conductor.
NUM  8.
PAR  8. A mixer as defined in claim 7 wherein a conductive member is provided
      for each of said diodes, each of said conductive members extending through
      said mixer mounts, and means for insulating each of said members from said
      mount.
NUM  9.
PAR  9. A waveguide mixer as defined in claim 8 wherein a capacitor is connected
      between each of the adjacent ends of said elements and said coaxial
      conductor.
NUM  10.
PAR  10. A mixer as defined in claim 9 wherein means is connected between each
      of said conductive elements and an associated one of said conductive
      members for individually biasing said diodes.
NUM  11.
PAR  11. A mixer as defined in claim 7 wherein an opening is provided through
      said mixer mount through which said coaxial conductor extends.
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ABST
PAL  Apparatus for selectively producing at a single output terminal one of a
      plurality of pulse repetition frequencies (PRF) in response to a set of
      control signals. After decoding the control signals, the apparatus
      contains networks for delaying and gating affected clock drive pulse
      repetition frequencies. Apparatus output is a train of pulses whose PRF
      varies from time to time, but within a relatively narrow spectrum, under
      control of the decoded control signals. Such output signals are
      particularly useful for driving logical components in a computer system
      with highly specialized and sensitive system specifications.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to apparatus for producing clock drive
      signals and in particular to apparatus for selectively producing one clock
      drive frequency from a plurality of frequencies for driving logical
      components with different timing requirements but within a common computer
      system.
PAR  2. Description of the Prior Art
PAR  Modern data processing systems include a plurality of subsystems and/or a
      plurality of different types and generations of peripheral devices. The
      operation of the subsystems and the peripherals is often asynchronous with
      respect to a central processing unit (CPU). Typically, a cluster of
      peripheral devices are controlled and driven by a common control unit
      which may be connected directly to the CPU or may be more likely connected
      indirectly to the CPU by means of a peripheral control unit (PCU). In
      either event, the control unit operates asynchronously from a CPU (and/or
      the PCU).
PAR  Despite the general asynchronous operation of the control unit and its
      associated peripheral devices, the CPU nonetheless imposes system timing
      requirements on the operation of the control unit in the driving of the
      peripherals. Consequently, drive clocks for driving peripheral units
      (typically contained within the control unit) have to be built to satisfy
      two divergent, though non-conflicting, sets of parameters. First, the
      drive frequency for controlling the operation of a specific peripheral
      unit has to be the frequency which matches the timing requirements of the
      peripheral unit. Secondly, the initialization and termination of the drive
      frequency has to be coordinated with the master system clock so as to
      properly communicate with other system apparati.
PAR  Typical prior art solutions to this problem involved building a drive clock
      on a printed circuit board, and including the drive clock in a magnetic
      tape controller (MTC). The MTC was then coupled to a plurality of tape
      drives with identical drive frequency requirements. Control of the
      single-frequency clock drive was coordinated with the master system clock
      to assure satisfaction of the system timing requirements.
PAR  The problem was complicated, however, by the evolution of new peripheral
      units with slightly different drive frequency requirements from older
      versions of similar components. (An example is the evolution of tape
      drives). Prior art solutions to this problem required attaching only
      peripheral devices with identical timing requirements to any
      single-frequency control unit. This required building different control
      units capable of emitting different drive frequencies for each set of
      peripheral devices with different timing requirements. However, it is
      clearly desirable to have control units capable of driving components with
      different timing requirements, thereby obtaining much greater flexibility
      and interchangeability of system components.
PAR  The overall system timing requirements include the following limitations.
      First, a pulse train of the desired frequency must begin with a full-width
      pulse. Secondly, each of the pulse trains must also end with a full-width
      pulse. Thirdly, the delay or gap between pulse trains of different
      frequencies must be greater than or equal to the slowest (or widest) pulse
      width spacing. Meeting these system requirements is essential for
      coordination with the master system clock while operating asynchronously
      to it. Meeting these specifications and simultaneously selectively
      choosing between a variety of pulse trains with different frequencies
      poses a compounded problem. Prior art methods of producing a plurality of
      clock pulses with different frequencies includes providing a plurality of
      freerunning drive clocks. However, the different frequencies of these
      free-running clocks necessarily implies a continually changing phase
      relationship between the pulse trains which makes the task of meeting the
      system requirement much more complex.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention therefore to provide a
      multifrequency drive clock logically responsive to a set of control
      signals.
PAR  It is a further object of the invention to provide a multifrequency drive
      clock which is capable of driving a plurality of logical units, each with
      different timing requirements within the system requirements of an
      asynchronous data processing system.
PAR  It is another object of the present invention to provide an apparatus for
      selectively producing one of a plurality of drive clock frequencies within
      the system timing requirements of an asynchronously operating data
      processing system.
PAR  Other objects of the invention will become readily apparent when read in
      conjunction with the drawings contained herein.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of the invention receives externally generated control
      signals which contain coded information directing the choice of which
      output drive frequency and/or peripheral units is desired. The control
      signals are passed through a decoding network which selectively signals
      one of the mutually exclusive drive clocks to become operational, and
      another of the mutually exclusive operational clocks to become
      non-operational. The apparatus contains a plurality of delay chain
      circuits, one for each of the possible output drive clocks. The delay
      train circuit for the frequency which is to become non-operational delays
      the decoded signal such that the pulse train is turned off after
      completion of a complete pulse width. The delay train circuit for the
      frequency which is to be turned on delays another decoded signal such that
      there will be suitable delay between pulse trains and that the beginning
      of the new pulse train will start with a complete pulse width. The output
      of each of the delayed trains and each of the drive clocks pass through a
      buffering network which contains a plurality of logic gates which allows
      only one of the clock frequencies to be passed through as an output
      signal. In this manner, a plurality of clock frequencies may result as
      output from the multidrive clock in response to a series of control
      signals.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the apparatus according to the invention.
PAR  FIG. 2 is a diagram of one of the single frequency clock circuits shown in
      FIG. 1.
PAR  FIG. 3A is a diagram of one of the delay chain circuits shown in FIG. 1.
      FIGS. 3B and 3C are timing waveform diagrams associated with the operation
      of FIG. 3A.
PAR  FIG. 4 shows the timing relationship between pulses of interest within the
      apparatus.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the apparatus of the invention is shown in block
      diagram form. Input control signals IN are connected to input terminal 16
      of a decoding network 10. Although shown as a single line, the input
      signals IN may be passed through a plurality of wires. Decoding network 10
      could be any standard one-of-two, one-of-four, or, in general, one-of N
      decoding network for converting coded input signals into a single signal
      on one of the N output lines of the decoding network. In the preferred
      embodiment, decoding network 10 is a one of four decoder. (Those of
      ordinary skill in the art will readily recognize how the invention can be
      modified to utilize a one-of-N decoder.) Output wires from decoding
      network 10 are lines 12, 13, 14, 15. Since the decoding network 10 is a
      one-of-four decoder, only one of the four output lines 12, 13, 14, 15
      carry a positive output signal at any one time. The decoding network must
      therefore assure that there is relative timing synchronization between the
      changing of signals sent over output lines 12, 13, 14, 15.
PAR  Line 12 is connected to an input terminal of delay chain circuit A, block
      22, which is associated with clock circuit A, block 21. Similarly, line 13
      is connected to an input terminal of delay chain circuit B, block 24, line
      14 is connected to an input terminal of delay chain circuit C, block 26,
      and line 15 is connected to an input terminal of delay chain circuit D,
      block 28, each of which is associated with the commonly labelled clock
      circuit, blocks 23, 25, 27 respectively. Before continuing with the
      description of FIG. 1, it is desirable to describe clock circuits A, B, C,
      D and delay chain circuits A, B, C, D.
PAR  Referring to FIG. 2, a clock circuit for producing a single frequency is
      shown with appropriate values and interconnections. (Each of the resistive
      values is in ohms and the transistor numbers correspond to conventional
      trade numbers.) The characteristics of crystal 1 determine the drive
      frequency emitted by the circuit. Since four frequencies are considered in
      the preferred embodiment, four typical crystal frequencies for tape drives
      would be as follows:
PA1  4.800000 Mhz .+-. 0.005 percent
PA1  4.583333 Mhz .+-. 0.005 percent
PA1  4.704000 Mhz .+-. 0.005 percent
PA1  4.607999 Mhz .+-. 0.005 percent
PAL  Therefore the circuit shown in FIG. 2 corresponds to clocks A, B, C, and D
      (block 21, 23, 25, 27 respectively in FIG. 1). Each of clocks A, B, C, D
      would have one of the above-mentioned crystal frequencies. It should be
      noted that these frequencies, although different, are within a relatively
      narrow spectrum. NAND-gate 2 causes a slight delay in the generation of
      the inverted clock signal F with respect to the primary signal F, although
      there is a constant phase difference between the two outputs F and F of
      each of the circuits.
PAR  Referring now to FIGS 3, delay chain circuit A (block 22 in FIG. 1) and the
      time-relationship of various pulses for clock A and delay chain circuit A
      are shown. (It should be noted that delay chain circuits B, C, D are
      identical to delay chain circuit A (except for the crystal frequency) and
      have the same time-relationships between corresponding pulses.) In FIG.
      3A, flip-flops 54, 55, 56 are all D-type flip-flops. The clock inputs 51,
      52, 53 of the three flip-flops are commonly connected to clock signals
      F.sub.A. The input 50 of the delay chain circuit A receives a signal over
      line 12 from the decoding network. The positive output 57 of flip-flop 54
      sends a signal called A01 and is connected to input 58 of flip-flop 55.
      The positive output 59 of flip-flop 55 sends a signal called AOM and is
      connected to input 60 of flip-flop 56. Positive output 61 of flip-flop 56
      is the output terminal for delay chain circuit A and sends a signal called
      A02.
PAR  FIGS. 3B and 3C show the timing relationships between the various signals
      for setting or resetting flip-flops 54, 55, 56. The D-type flip-flops
      selected for use change state only upon detecting the rising front edge of
      a clock pulse. The serial linkage of the flip-flops 54, 55, 56 causes a
      delay in the propagation of a signal through the delay chain circuit,
      i.e., a delay in passing a signal from line 12 to output lines A01 and
      A02. As can be seen in FIG. 3B, clock F.sub.A is free-running. The raising
      of a signal on line 12 results in the raising of signal A01 upon the
      detection of the rising front edge of a clock signal at clock input 51 of
      flip-flop 54. Similarly, one cycle later, signal A0M is raised and two
      cycles later A02 is raised. Also similarly, FIG. 3C shows the delay
      between the turning off of an input signal on line 12 and the turning off
      of delay chain signals A01, A0M, A02.
PAR  Referring back to FIG. 1, buffer network logic is shown. Input terminals of
      AND-gate 30 are connected to clock A to receive clock signals F.sub.A and
      to delay chain circuit A to receive signals A01 and A02. Similarly,
      AND-gate 31 receives signals F.sub.B, B01, B02; AND-gate 32 receives
      signals F.sub.C, C01, C02; and AND-gate 33 receives signals F.sub.D, D01,
      D02. The output terminal of each of the AND-gates 30, 31, 32, 33 is
      connected to an input terminal of OR-gate 34. From the output terminal of
      OR-gate 34, the desired clock signal called OUT is sent.
PAR  Referring now to FIG. 4, timing relationships between signals for changing
      from drive clock A to drive clock B are shown. It is assumed that the
      input control signal IN has been decoded by the decoding network 10, and
      that the desired result is for clock A to be turned off and clock B to be
      turned on.
PAR  Before decoding network 10 changes the signal on line 12 to low and the
      signal on line 13 to high, the output signal OUT from the apparatus
      corresponds to clock A. (Actually OUT has a constant lag in phase
      relationship to F.sub.A due to AND-gate 30 and OR-gate 34). When line 12
      goes low, signal A01 will follow it upon detection of the rising front
      edge of a clock signal F.sub.A. The falling of signal A01 causes the
      output from AND-gate 30 to fall and, in turn, remove clock A from passing
      to output. It should be noted that use of F.sub.A as the clock signal for
      the flip-flops of delay chain circuit A assures that clock A is turned OFF
      after completion of an entire pulse width. (Similarly, use of F.sub.B
      assures that clock B is turned on at the beginning of a pulse so as to
      produce a complete pulse width.) Signal A02 is not shown since it is of
      interest only when changing to pass clock A to output, not when changing
      to remove clock A from passing to output.
PAR  The signal on line 13 goes high in approximate simultaneity with line 12
      going low. (Differences from this assumption are discussed below.) Due to
      delay chain circuit B, signal B02 goes high upon receipt of the third
      rising front from clock circuit F.sub.B. (Signal B01 is not shown since it
      is not of critical interest only for removing clock B from passing to
      output.) Consequently, signal OUT effectively becomes clock signal F.sub.B
      (with slight delay and phase difference). The apparatus will continue to
      operate in this state until a new control signal is received by the
      apparatus.
PAR  Clock B is not turned on until one or two cycles after clock A is turned
      off. Clearly, there must be a one-cycle delay or else there would be an
      overlap of pulses which would be in conflict of the system specifications.
      However, an additional cycle delay is imposed by the delay chain circuits
      so as to avoid any problems of possible "slippage" between pulses due to
      less than idealistic performance of apparatus elements, particularly the
      decoding network. It was assumed that line 12 goes low and line 13 goes
      high at the same instant. However, in practice, there may be a 7 to 10
      nano-second difference between these changes. This delay may cause this
      slippage between pulses, thereby causing clock A not to go off on the
      first cycle (with respect to clock B) but on the second cycle. This is
      best explained with reference to lines 12 and A01 of FIG. 4.
PAR  The signal over line 12' falls slightly after the signal on line 13 rises.
      If the rising front of clock signal F.sub.A occurs within this delay
      period (as in FIG. 4), delay chain circuit A "misses" one rising front
      which it has been assumed to receive.
PAR  System specifications often require spacing between pulse trains of
      different frequencies to be greater than a minimum amount. Therefore,
      overlap of clock pulses, which would occur due to slippage, fails to
      satisfy system requirements, whereas excessive spacing poses no problem.
      Consequently, the apparatus imposes a three-cycle delay to assure that
      such slippage will not interfere with obtaining clean, non-interferring
      pulses from the buffer network and over output line OUT'.
PAR  Those of ordinary skill in the art will recognize other embodiments of the
      present invention. It is readily apparent that although the preferred
      embodiment shows a "quad-frequency" drive clock, the invention teaches a
      multi-frequency drive clock. Furthermore, although the use of such a
      multi-frequency drive clock is of particular utility in the case of
      driving peripheral units such as tape drives in a data processing system,
      other uses both within and without a computer environment are contemplated
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for selectively generating at a single output terminal one of
      a plurality of clock drive frequencies in response to a control signal
      comprising:
PA1  decoding means responsive to said control signal for generating decoded
      signals over a plurality of decode output lines;
PA1  a plurality of clock circuits, each of said clock circuits generating a
      first and a second clock pulse train, said second clock pulse train being
      substantially the negation of said first clock pulse train;
PA1  a plurality of delaying means corresponding to said clock circuits, each of
      said delaying means responsive to one of said second clock pulse trains
      and coupled to a respective one of said decode output lines for generating
      delayed signals; and
PA1  logical selection means coupled to each of said clock circuits for
      receiving said first clock pulse trains, said selection means responsive
      to said delayed signals for selectively passing one of said first clock
      pulse trains to said output terminal.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said plurality of first clock
      pulse trains are within a relatively narrow band of frequencies.
NUM  3.
PAR  3. Apparatus as recited in claim 1 wherein said delay chain means comprises
      three serially connected flip-flops.
NUM  4.
PAR  4. Apparatus as recited in claim 1 wherein said logical selection means
      comprises:
PA1  a plurality of AND-gates, each of said AND-gates coupled to a respective
      one of said delaying means to receive said delayed signals, each of said
      AND-gates also coupled to a corresponding one of said clock circuits for
      receiving a first clock pulse train; and
PA1  Or-gating means responsive to the output signals of said AND-gate, output
      signals of said OR-gating means coupled to said output terminal.
NUM  5.
PAR  5. Apparatus for generating one of a plurality of clock drive frequencies
      comprising:
PA1  a plurality of clock circuits,
PA1  a plurality of input terminals for receiving mutually exclusive control
      signals,
PA1  logical means coupled to said clock circuits and responsive to delayed
      control signals for selectively passing signals from one of said clock
      circuits to an apparatus output terminal; and
PA1  a plurality of delay means each coupled to a respective one of said input
      terminals and responsive to signals from one of said clock circuits, said
      delaying means coupled to said logical means for sending said delayed
      control signals to said logical means.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 wherein said delay means comprises a
      plurality of flip-flops interconnected in series.
NUM  7.
PAR  7. Apparatus as claimed in claim 6 wherein said clock circuits each
      generate a first pulse train of a different frequency and a second pulse
      train which is the inverse of said first pulse train, said frequencies
      being within a narrow spectrum of frequencies.
NUM  8.
PAR  8. Apparatus as claimed in claim 7 wherein clock input terminals of said
      flip-flops receive signals from said second pulse trains and said logical
      means receive said first pulse train signals from said clock circuits.
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ABST
PAL  A high-voltage-level Miller circuit is employed, with capacitive coupling
      between the input current source and the amplifying device, and between
      the output terminal of the amplifying device and the deflection plate
      being driven. The coupling capacitors and integrating capacitor lie in a
      feedback loop, which greatly reduces output waveform distortion introduced
      by these capacitors, permitting the use of much smaller capacitor values.
      A small grid current provides a low-frequency amplitude constraint which
      stabilizes the operating point and prevents oscillations which would
      normally result from the oscillatory phase-shift characteristic produced
      by the use of the smaller capacitors.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to electronic circuits, and particularly to a
      circuit which is especially adaptable for driving the deflection plates of
      devices such as particle accelerators, where a uniform scanning rate is
      desirable.
PAC  BACKGROUND OF THE INVENTION
PAR  It has been known in the past to use the Miller integrator principle to
      provide a triangular waveform to apply to the deflection plates of various
      scanning devices. The Miller integrator integrates a square-wave input to
      produce a triangular output waveform, usually at low voltage levels.
      Amplifiers were then provided to raise the output triangular waveform to
      the voltage levels necessary to sweep the scanning plates.
PAR  Linearity of the sweeping triangular waveform has long been an important
      design objective in such circuits. In the past, however, elimination of
      distortion from the output coupling network was previously achieved by the
      use of high capacitance, high-voltage output coupling capacitors, which
      are expensive and bulky, or by the use of special compensating networks
      that require adjustment for changing load conditions, a complication which
      is particularly undesirable in ion-implantation systems.
PAR  The employment of negative feedback to reduce distortion has, of course,
      been common practice for many years Its application, however, has been
      severely limited in systems which include more than two networks having a
      leading (or lagging) phase characteristic, because of the resulting strong
      tendency to oscillate. The design compromises required to attain dynamic
      stability in such systems frequently render their practical execution
      unfeasible.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In the circuit of the present invention, the feedback capacitor is
      connected directly from the load to the current source, so as to include
      both the input and output coupling networks within the feedback loop,
      thereby eliminating the introduction of waveform distortion from these
      networks. The use of capacitive coupling from the current source to the
      input terminal of the amplifier allows the DC operating levels of the
      current source and the amplifier to be established independently. The
      current source may therefore be operated at any convenient voltage level
      upon which no critical stability requirement is imposed.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an illustration of the output circuit of the present invention.
PAR  FIG. 2 is an illustration of the input waveform to the Miller circuit.
PAR  FIG. 3 is an illustration of the on-off switching waveform.
PAR  FIG. 4 is an illustration of the load circuit of the present invention.
PAR  FIG. 5 is an illustration of the driving circuit of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Considering first FIG. 1 of the drawings, there is shown the output circuit
      of the present invention.
PAR  For best understanding of the operation of this circuit, first assume that
      the input terminal 1 is maintained at ground potential, and that amplifier
      2 and capacitors 3 and 4 are not yet connected into the circuit; further
      assume that transistor 31 and resistor 34 are not yet connected into the
      circuit. The control grid 25 of a high-voltage pentode 5 is connected to a
      psoitive voltage source through resistor 6. Resistor 6 may be, for
      example, 80 megohms. Since no AC driving voltage is applied, the coupling
      capacitor 13, which may be, for example, 0.1 microfarads, effectively
      isolates the control grid 25 from the rest of the circuit.
PAR  A small positive grid current will flow through the resistor 6 to hold the
      tube in a state of plate voltage saturation. The plate potential will,
      therefore, stabilize at a low value, typically about 60 volts.
PAR  Consider now the condition of that part of the circuit shown to the left of
      coupling capacitor 13, with input terminal 1 still being held at ground
      potential. A current will flow from the positive charging supply 14,
      through resistors 15 and 16 (which may have values of 30 kilohms and 470
      kilohms, respectively), through the steering diodes, 8, 9, 10 and 11, and
      resistors 17 and 18 (which may have values of 470 kilohms , and 30
      kilohms, respectively). From here the current flows to the negative
      charging supply 19. In flowing through the steering diodes, the current
      divides equally between the parallel paths provided by diodes 8 and 9 and
      diodes 10 and 11. With reasonably well matched charging supply voltages,
      resistors and diodes, the voltage at point 12 will be substantially equal
      to 0, because of the symmetrical circuit configuration.
PAR  A symmetrical square-wave drive signal, illustrated in FIG. 2 of the
      drawings, may now be applied to point 1. For explanatory purposes, assume
      that the signal is applied exactly at the beginning of a negative
      alternation a, although it will be shown later that the driving signal may
      in fact be applied at any part of its cycle, or may be applied
      continuously. In the latter case, the sweep output is turned on and off by
      jeans to be later described.
PAR  As point 1 is driven negatively, diodes 9 and 10 are reverse biased and
      therefore cease conducting. The output current of the positive charging
      supply 14 now flows through diode 8 into the low impedance driving signal
      source 21, which serves at this time as a current sink. At the same time
      point 12 is connected to the negative charging supply 19, through diode 11
      and resistors 17 and 18. The negative current flow to point 12 tends to
      cause point 12 to shift downward in potential.
PAR  The time constant of the coupling network comprised of capacitor 13 and
      resistor 6 is very long compared with the period of the sweep output. The
      potential shift at point 12 is, therefore, accurately reproduced at the
      control grid 25 of the pentode 5.
PAR  The output coupling capacitor 23, which may be, for example, 0.001
      microfarads, blocks the dc component of the plate voltage from the load.
      The capacitor 23 and the deflection plate resistor 24 (see FIG. 4) form a
      coupling network, again having a long time constant. The resistor 24 may
      have a value of 50 megohms. The ac component of the plate voltage, which
      is a highly amplified, inverted version of the grid signal, is thus
      applied to the load and the feedback capacitor 22, which may have a value
      of 10 picofarads. The other side of the feedback capacitor 22 is coupled
      to the control grid 25, through capacitor 13.
PAR  In accordance with the familiar Miller feedback principal, the pentode
      plate potential rises at a rate just sufficient to supply a charging
      current to the feedback capacitor 22, which is equal to the current
      flowing from point 12 to the negative charging supply 19. If the control
      grid excursion of the pentode is small compared with the charging supply
      voltage, the charging current may be regarded as being constant and
      proportional to the charging supply voltage. The output voltage therefore
      rises nearly linearly to maintain the required constant charging current
      for the duration of the negative driving signal alternation. The charging
      supply voltage is adjusted to produce a charging current of such magnitude
      that the plate voltage will reach the level required to yield the desired
      peak sweep voltage at the end of the charging period. The peak plate
      voltage is limited to one-half the supply voltage at maximum output, so
      that there will always be a large enough voltage drop across the plate
      load resistor 7, which may have a value of 1.5 megohms, to provide the
      required output current.
PAR  High-voltage clamping diode 26 is provided to protect the tube and
      capacitors against damage from excessive voltage, in the event of a
      circuit malfunction which might tend to drive the plate voltage to an
      abnormally high value.
PAR  When the drive signal voltage reverses, as shown in FIG. 2, alternation b,
      steering diodes 8 and 11 become reverse biased. The negative charging
      supply current now flows through resistors 18 and 17 and diode 9 to the
      drive signal generator 21, and point 12 is connected to the positive
      charging supply 14 through diode 10 and resistors 16 and 15. The plate
      voltage, now at its positive peak value, is driven downward as the
      feedback capacitor 22 is discharged by current from the positive charging
      supply 14. This process continues through the duration of alternation b,
      at the end of which the plate voltage will have returned to its saturation
      value and a complete cycle of operation will have been completed.
PAR  It should be noted that the operating point, i.e., the voltage about which
      the plate swings symmetrically to produce the desired peak-to-peak output,
      is such that the plate voltage just reaches the saturation value at its
      lowest point. This choice of operating point yields several important
      advantages. First, both the plate dissipation and peak plate voltage have
      the lowest possible values for any given sweep voltage requirement,
      allowing the most economical choice of tube. Second, the voltage drop
      across the plate load resistor 7 is maximized, thus providing the highest
      possible sweep current and voltage capability from a given value of plate
      supply voltage, again providing an economic advantage. Third, the tube is
      always operating at the highest possible plate current and the smallest
      fractional range of plate current variation for a given output
      requirement. In this condition its transconductance is highest, a
      condition most favorable for a highly linear output voltage waveform. In
      the forgoing explanation, the charging and discharging currents applied to
      point 12 were assumed to remain constant throughout the operating cycle.
      To produce the required grid voltage swing, however, the potential at
      point 12 must swing through a small range during each plate voltage
      excursion. The voltage drops across resistors 15 and 16 or 17 and 18,
      therefore, decrease slightly during the negative and positive output
      voltage excursions respectively. The resulting small variations in the
      charging and discharging currents, if not corrected, would introduce a
      linearity error in the output voltage. Assume now that the feedback
      amplifier 2 and capacitors 3 and 4 are connected into the circuit as shown
      in FIG. 1 of the drawings. The above-mentioned nonlinearity effect is
      reduced to negligible proportions by the application of positive feedback,
      which greatly increases the dynamic resistance of the current source, as
      in the following description.
PAR  A voltage follower 2, of extremely high input impedance and low output
      impedance, applies an accurate replica of the control grid voltage to
      point 39, which is capacitively coupled to points 27 and 28 via capacitors
      4 and 3. These capacitors may be, for example, 20 microfarads each. A long
      time constant is again chosen so that the signals at points 27 and 28
      faithfully represent the ac component of the grid voltage. The voltage
      drops across resistors 16 and 17, and therefore the charging and
      discharging currents, remain almost perfectly constant throughout the
      operating cycle. Since the maximum grid voltage swing is only a few volts
      and the output current required from the voltage follower 2 is small, a
      very inexpensive integrated circuit device provides an excellent follower.
PAR  As was stated earlier, the driving signal need not be applied to point 1 at
      any particular point in its cycle to insure proper operation. If, for
      example, the drive signal source is connected at an instant when
      alternation a has been partially completed, the plate potential will rise,
      but the charging period, having started late, will be shorter than normal
      and at its termination the plate voltage will not have had time to reach
      the correct peak value.
PAR  When alternation b commences, the plate potential will begin its downward
      excursion from a value which is too low. Under these conditions, the plate
      will "bottom" at its saturation voltage before the end of alternation b.
      At this point the plate can no longer provide a feedback signal to the
      grid through the feedback capacitor 22, and the grid quickly rises to a
      small positive potential at which point it becomes conductive, preventing
      any further rise. The grid end of capacitor 13 is effectively clamped to
      ground, and the current from the positive charging supply 14, which
      continues to flow for the remainder of alternation b, results in the
      accumulation of charge in capacitor 13.
PAR  When the next negative alternation of driving voltage commences, the charge
      in capacitor 13 causes point 12 to be at a higher potential than it was
      previously, thus increasing the voltage drop, and therefore the current,
      through resistor 17. The increased current causes the plate potential to
      increase at a faster rate and thus reach a higher peak potential than in
      the previous cycle.
PAR  The operation described above will be repeated in subsequent cycles until
      the accumulated charge in capacitor 13 reaches a value such that a plate
      potential just bottoms at its saturation value when the negative drive
      signal alternation arrives to start the upward plate excursion.
PAR  If the drive signal happens to be applied at an instant when it is in
      alternation b, the plate potential, which was already at its saturation
      value in the quiescent state, cannot move downward. As before, current
      from the positive charging supply will charge capacitor 13 for the
      remainder of alternations b, again adjusting the voltage across capacitor
      13 toward the value required for proper operation. The optimum operating
      point for the tube is thus established automatically.
PAR  Because of the high charging rate of capacitor 13 through resistors 15 and
      16 when the grid is in conduction, the process occurs quickly, never
      requiring more than two or three cycles of operation to reach completion.
PAR  The small current flowing through resistor 6 causes capacitor 13 to
      discharge slightly during each cycle of operation, resulting in a tendency
      for the operating point (average plate voltage) to drift slowly downward.
      In normal operation, no such drift can occur, because the self-regulating
      process just described causes the charge deficiency in capacitor 13 to be
      replenished by a very short pulse of grid current which flows at the end
      of each negative plate voltage excursion. Should the operating point be
      higher than the optimum value, resulting in failure of the plate voltage
      to reach its saturation value on the negative sweep voltage peaks, the
      downward drift of the operating point caused by the current injected by
      resistor 6 will take place until the optimum operating point is
      established. This action is required in the following situation:
PAR  The sweep voltage amplitude may be varied over a wide range (at least 15 to
      1) by simultaneous adjustments of the positive and negative charging
      supply voltages. If these voltages are reduced while the circuit is in
      operation, the new value of sweep output voltage, being lower, calls for
      an operating point lower than that which has been established. Under these
      conditions the current flow in resistor 6 will cause the operating point
      to move downward until the plate voltage again bottoms to the saturation
      value on the negative output peaks.
PAR  Since the operating point is automatically established and maintained for
      any output amplitude up to the maximum, to critical accuracy or stability
      requirements are imposed upon any of the circuit components or voltage
      values.
PAR  Unbalance in the negative and positive charging supplies, which may be
      caused by drifts in component values or by tracking errors when their
      voltages are changed, results in a shift of the dc voltage level at point
      12 so as to restore symmetry. This self-regulating process is effective as
      long as the imbalance is not so large as to require the dc voltage at
      point 12 to exceed the positive or negative limit of the driving signal
      voltage swing. At this point, the current-switching function of the diodes
      could no longer be accomplished. With the circuit parameters shown,
      matching errors approaching 10 percent in the charging supplies and their
      associated resistors could be tolerated before such malfunction would
      occur. This degree of matching is easily achieved using standard
      techniques and inexpensive components.
PAR  It was previously noted that, to replenish the charge bled from capacitor
      13 through resistor 6, a short pulse of grid current flows at the end of
      each downward plate voltage excursion. The negative output voltage peaks
      are therefore slightly flattened, resulting in a loss in available sweep
      voltage. It is desirable that the current in resistor 6 be as small as
      possible to minimize this loss. The smaller this current is, however, the
      slower will be the rate at which the operating point will readjust
      following a reduction of the sweep output voltage.
PAR  At low sweep voltages a comparative slow rate of readjustment is tolerable,
      because the already low operating point does not have as far to go if the
      output is reduced to the minimum. A low value of injected current will
      thus suffice at low outputs.
PAR  Fortunately, at higher sweep voltages where a higher readjustment rate is
      desirable, the relative effect of a given amount of negative peak clipping
      is smaller, allowing the injection of a larger current through resistor 6.
      The optimum value of the injected current is therefore proportional to the
      output sweep voltage, which in turn is proportional to the charging supply
      voltages. Connecting the upper end of resistor 6 to the positive charging
      supply 14 rather than to a point of fixed potential causes the injected
      current to vary with the sweep amplitude in precisely desired manner. With
      this arrangement, circuit voltage equilibrium will be restored within two
      seconds following a 15:1 reduction in sweep amplitude. The negative peak
      clipping loss does not exceed one percent of the peak-to-peak value at any
      setting within this range.
PAR  In the foregoing description of operation, the sweep output voltage was
      turned on and off by connecting point 1 to the driving signal source or to
      ground, respectively. For practical reasons it is preferable to keep the
      driving signal source 21 in operation and connected to point 1
      continuously, and to turn the sweep off by grounding the pentode control
      grid 25. This function is performed by the PNP transistor 31, which now
      may be assumed to be connected as shown.
PAR  When negative base current is provided to the base of transistor 31 by the
      on-off control signal, shown in FIG. 3 of the drawings, the transistor
      effectively connects the pentode control grid 25 to ground, holding the
      tube in the desired state of plate voltage saturation. When the control
      signal transits to O volts, the transistor cuts off, releasing the control
      grid from its grounded condition. Operation then commences and the proper
      operating point for the tube is quickly established, as in the previous
      desciption. The signal is applied through resistor 34, which may have a
      value of 5.1 kilohms.
PAR  In the quiescent condition, the pentode is operating in a condition of
      plate voltage saturation. This condition is conducive to a heavy flow of
      screen current. The resulting large voltage drop across the screen supply
      resistor 29 (which may have a value of 36 kilohms) protects the screen
      from excessive power dissipation in the quiescent condition, by allowing
      the screen potential to fall to a low value.
PAR  The average plate current in the active state can never be as high as the
      quiescent value of plate current, because the average voltage across the
      load resistor, with an output signal present, can never be as great as it
      is when the plate potential is constantly at its lowest value. The plate
      current which flows during the downward plate voltage excursions, however,
      can approach twice the quiescent value, because the plate must conduct the
      discharge current from the load capacitance in addition to the current in
      the load resistor. The increased plate current in this part of the cycle
      demands that the tube have a higher screen grid voltage than that required
      merely to hold it in quiescent saturation.
PAR  In this circuit, the characteristics of the tube itself are used to adjust
      the screen voltage.
PAR  As soon as the tube is driven out of plate voltage saturation to produce a
      sweep output, a redistribution of space current in the tube takes place,
      causing a sharp reduction in screen current. The resulting smaller voltage
      drop in resistor 29 allows the screen voltage to rise to the required
      value. The value selected for screen by-pass capacitor 30, which may be,
      for example, 20 microfarads, is sufficiently large to hold the screen
      voltage essentially constant over the operating cycle, but not so large as
      to prevent the screen voltage from promptly adjusting its average value to
      changes in operating conditions.
PAR  Referring now to FIG. 5 of the drawings, the driving circuit for the
      present invention is shown.
PAR  In this embodiment, the sweep generator has a frequency range of 1
      kilohertz to 4 kilohertz and an amplitude range of 300 volts to 4
      kilovolts. These ranges, selected for illustrative purposes, are not to be
      construed as limiting values. It is desirable for the frequency and
      amplitude to be separately and independently controllable. This result is
      accomplished in the following manner.
PAR  The frequency is established by a pulse generator 51, whose output
      frequency varies linearly with the rotational displacement of a
      potentiometer section A of the dual potentiometer 52. The output pulses
      trigger a toggling flip-flop circuit 21, which produces a two-phase, plus
      and minus 15 volt square wave output at one-half of the trigger frequency.
      The transistor flip-flop circuit employs clamped collector load resistors
      to enable it to perform either as a current source or sink. One output
      phase, O.sub.1, of the flip-flop applies the required driving signal to
      point 1 of FIG. 1. The other phase, O.sub.2, is connected to the
      corresponding point of another output circuit, not shown, which supplies
      the antiphase sweep voltage to the opposite deflection plate. It should be
      understood, therefore, that the circuit of FIG. 1 may actually be one-half
      of an output circuit, the other half being a mirror image connected to the
      other deflection plate.
PAR  As noted previously, the rate of change of the sweep voltage and therefore
      its amplitude, is proportional to the charging supply voltages. For the
      amplitude of the sweep output to remain constant over the frequency range,
      however, its rate of change must be proportional to the operating
      frequency as well as to the desired amplitude. The magnitudes of the
      charging supply voltages must therefore be proportional to the product of
      the desired sweep amplitude and the operating frequency.
PAR  The amplitude control signal 54, a dc voltage, variable from perhaps +0.75
      to +10 volts, representing the desired sweep amplitude, is applied to the
      upper end of section B of the dual potentiometer 52. Since the fraction of
      this voltage selected by section B of the potentiometer 52 is proportional
      to the fractional setting of the frequency control potentiometer (section
      52A) with which it shares a common shaft, the voltage at point 53 is
      proportional to the product of the amplitude control voltage and the
      frequency control setting.
PAR  The positive and negative charging supplies 14 and 19 are, respectively,
      noninverting and inverting dc amplifiers having identical absolute values
      of amplification. As shown in the example of FIG. 5, they may amplify the
      signal at point 53 (0.186 volts to 10 volts) by factors of +16 and -16,
      respectively. Their outputs, proportional to the voltage at point 53,
      provide the required complementary charging currents, which are fed to
      points 32 and 33 of the output circuit (FIG. 1).
PAR  The potentiometer resistors 52A and 52B may have values, for example, of 10
      kolohms each, and the series resistors 104 and 105 may each have values of
      3.3 kilohms.
PAR  In ion-implantation systems, the energy of the accelerated ions is
      variable, and in some cases must be changed substantially during
      operation. To maintain a constant scanning geometry, the sweep amplitude
      must vary in direct proportion to the beam energy. It is desirable for the
      sweep amplitude to track the energy automatically, so that manual
      adjustment is unnecessary. This result may be accomplished by applying the
      accelerator energy controlling signal 57, or an appropriate fraction
      thereof, to the sweep amplitude signal input 54. If manual control of the
      sweep amplitude is desired, it is obtained by deriving the amplitude
      control signal from the manually adjustable potentiometer 55, connected to
      a suitable voltage source. The potentiometer 55 may have, for example, a
      value of 50 kilohms, with the series resistor 106 having a value of 4
      kilohms. The voltage follower 56, having a high input impedance and the
      unity gain, is included to prevent loading of the sweep amplitude control
      signal by potentiometer 52B.
PAR  The scanner described herein uses a feedback loop which includes three
      phase-advancing networks. Oscillation is prevented by a novel method which
      avoids the design compromises formerly associated with this practice.
PAR  The capacitors used for the input and output coupling, together with their
      associated resistive loads, can each produce a leading phase shift
      approaching 90.degree. at low frequencies. A third leading phase
      characteristic is contributed by the feedback capacitor whose load
      consists of the dynamic resistance of the current source. Normally the
      inclusion in a feedback loop of three such phase-shifting elements will
      produce oscillations rendering it useless unless the values of their time
      constants are widely separated. The greater the amplification in the loop,
      the greater must be the time constant separation to achieve dynamic
      stability. The large value of loop gain needed for the highly linear
      output achieved here would normally require that the time constants of two
      of the phase-shifting elements be several thousand times greater than that
      of the third.
PAR  An additional requirement for high linearity is that the dynamic resistance
      of the input current source be very large, a condition satisfied here by
      the separate application of positive feedback.
PAR  The high impedance of the current source causes the time constant formed by
      it and the feedback capacitor to be at least several times greater than
      the sweep period at the lowest operating frequency. Once this time
      constant is established, the usual rules for the achievement of dynamic
      stability would dictate the use of input and output coupling networks
      having time constants thousands of times greater. The use of time
      constants of such magnitude would create unacceptably slow transient
      recovery characteristics and would require a high-voltage output coupling
      capacitor of such large capacitance as to be even more expensive and bulky
      than if it were not included in the feedback loop.
PAR  An unusual feature of the circuit of the present invention is that the
      three relevant time constants within the feedback loop are selected to
      yield a composite gain-phase characteristic which is not non-oscillatory,
      but rather has an oscillatory frequency which is approximately three
      orders of magnitude below the lowest operating frequency. Oscillation is
      then suppressed by the application of an amplitude constraint which is
      effective at the oscillatory frequency but not at the operating frequency.
PAR  The time constants referred to above are determined in the manner now to be
      described. The output coupling time constant is established by the
      selection of a high-voltage coupling capacitor of capacitance value just
      large enough to avoid excessive attenuation at the lowest operating
      frequency. Its size and cost are thus minimized.
PAR  The time constant produced by the feedback capacitor and the current source
      impedance is dictated by the output linearity, amplitude, and frequency
      requirements and is not subject to manipulation for other purposes.
PAR  The third and remaining relevant time constant is that of the network
      formed by the input coupling capacitor and grid resistor. A capacitance
      value is selected here to yield the desired low oscillatory frequency.
      Since this capacitor, unlike the output coupling capacitor, operates at
      low voltage, its selection to meet the above requirement incurs no
      significant penalty in cost or physical size.
PAR  The amplitude constraint which prevents oscillation occurs as a consequence
      of the method by which the operating point of the tube is established and
      maintained. The injection, through the grid resistor, of a small positive
      current, tends constantly to force the average plate voltage downward
      against a lower limit. This limit is imposed when the average plate
      voltage is such that the tube is driven momentarily into plate voltage
      saturation on the negative peaks of the output waveform. When this level
      is reached, a very short pulse of grid current flows at each negative
      output voltage peak. The grid current pulses deposit charge in the input
      coupling capacitor, so as to shift the bias point as required to check any
      further drop in the average plate voltage.
PAR  The time constant formed by the input coupling capacitor and a composite of
      the grid and current source resistors is very long compared to the sweep
      period. The regulatory mechanism described above thus responds so slowly
      as to have no effect upon the output waveform, except for a slight
      clipping of the negative peaks.
PAR  Recall now that the value of the input coupling capacitor has been selected
      to make the oscillatory frequency of the feedback loop thousands of times
      lower than the sweep frequency. At the resulting very low oscillatory
      frequency, which is the only frequency at which oscillations of the type
      under consideration could occur, the process which stabilizes the
      operating point is effective in spite of its comparatively slow response.
      Variations of the plate voltage at a rate commensurate with the
      oscillatory frequency are therefore strongly opposed and oscillations
      cannot occur.
PAR  The scanner as described employs both a positive and a negative charging
      current supply, each with a maximum output of 160 volts. A somewhat
      simpler configuration is possible, in which a positive supply of twice the
      output voltage is applied to the upper end of resistor 15 (FIG. 1), and
      the lower end of resistor 18 is connected to ground. The square wave
      applied to point 1 would then be applied to execute its plus and minus 15
      volt excursions around a base line of one-half the charging supply
      voltage, rather than around zero volts as in FIG. 2.
PAR  Since the current source is capacitatively coupled to the amplifier,
      circuit operation is unaffected by changing the dc level at which the
      current source operates.
PAR  Two supplies were used in the disclosed embodiment, because at prevailing
      component prices a single supply of twice the output voltage might be more
      expensive than the two lower-voltage supplies.
CLMS
STM  I claim:
NUM  1.
PAR  1. A triangular waveform generator circuit suitable for driving a
      deflection plate load, comprising:
PA1  an amplifying device having an output electrode and a control electrode;
PA1  a two-level current source;
PA1  first capacitive coupling means connected between said current source and
      the control electrode of said amplifying device;
PA1  second capacitive coupling means connected between the output electrode of
      said amplifying device and the load;
PA1  an integrating capacitor connected between said current source and the
      load; and
PA1  means connected to the control electrode of said amplifying device for
      automatically establishing and maintaining the operating point of said
      amplifying device.
NUM  2.
PAR  2. The circuit of claim 1, further comprising positive feedback means
      connected between said amplifying device and said current source for
      raising the dynamic resistance of said current source.
NUM  3.
PAR  3. The circuit of claim 1, wherein said amplifying device comprises a
      pentode.
NUM  4.
PAR  4. The circuit of claim 2, wherein said amplifying device comprises a
      pentode.
NUM  5.
PAR  5. The circuit of claim 3, further comprising a resistor, and a constant
      charging source, for supplying current to the screen grid of said pentode
      through said resistor.
NUM  6.
PAR  6. The circuit of claim 4, further comprising a resistor, and a second
      constant-charging source, for supplying current to the screen grid of said
      pentode through said resistor.
NUM  7.
PAR  7. The circuit of claim 1, wherein said integrating capacitor, said first
      capacitive coupling means, said second capacitive coupling means, and said
      amplifying device in combination form a feedback loop.
NUM  8.
PAR  8. The circuit of claim 7, wherein said feedback loop yields a gain-phase
      characteristic that is oscillatory at a frequency below the lowest
      operating frequency of the circuit.
NUM  9.
PAR  9. The circuit of claim 8, wherein said means for automatically
      establishing and maintaining the operating point of said amplifying device
      applies an amplitude constraint which is effective at the oscillatory
      frequency to suppress oscillation.
NUM  10.
PAR  10. The circuit of claim 1, wherein said means for automatically
      establishing and maintaining the operation point of said amplifying device
      comprises a resistor connected between said current source and said
      amplifying device to provide a current pulse to the control electrode of
      said amplifying device.
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ABST
PAL  Disclosed is an adaptive filter for suppressing interfering narrow-band
      signals in a composite signal containing a desired broad-band signal. The
      adaptive filter is useful in a system which uses a broad-band signal and
      signal processing apparatus to derive information from the broad-band
      signal. In one embodiment the system makes use of a delay line to provide
      a delayed replica of the composite signal which is used to provide a
      correction signal to cancel the interfering narrow-band signal. The
      desired broad-band signal is not canceled by the adaptive filter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to systems for receiving broad-band signals
      and, in particular, to an adaptive filter for suppressing narrow-band
      interference in such systems.
PAR  Modern communications and radar systems often use a broad-band signal
      format for transmission of information or for the radar function. By phase
      coding or frequency hopping the transmitted signal it is possible to
      spread the transmitted energy over a bandwith much larger than required by
      the modulation content of the signal. Since the effectiveness of the
      communications link is determined by the total amount of energy in the
      transmitted signal, it is possible to use a broad-band signal, wherein the
      total energy is spread over a large frequency band, to limit the amount of
      energy at any particular frequency and thereby obtain a communications
      signal which is largely indistinguishable from background noise.
PAR  Such broad-band signals are also useful to eliminate mutual interference
      between signals in a communications system, such as the one described in
      Grossman's U.S. Pat. No. 3,714,573 entitled "Spread-Spectrum Position
      Monitoring System," which is assigned to the same assignee as the present
      application.
PAR  In a radar system it is desirable to use a large amount of energy for
      target detection. By use of a spread-spectrum transmitted signal the total
      energy may be spread in time as well as in frequency, thereby eliminating
      the need for a high peak power pulse which may cause breakdown in the
      radar transmitting equipment. Upon reception the spread-spectrum signal
      may be compressed in time to form an output pulse which would be
      equivalent to a radar pulse of higher peak power than actually used in the
      transmitter. The most common form of spread-spectrum signal used in radar
      systems probably is the frequency modulated "chirp" pulse. In this type of
      system a signal is transmitted which varies in frequency from the
      beginning of the pulse to the end of the pulse. Upon reception this
      frequency variation is used in a pulse compression filter to achieve a
      high energy pulse of relatively short duration.
PAR  In both radar and communications systems phase modulation may be used to
      achieve a spread-spectrum signal. In a phase-modulated, spread-spectrum
      system the transmitted signal is rapidly switched in phase to produce a
      signal which has a wide frequency band. Upon reception the signal is
      sampled by a "matched filter" which decodes the transmitted signal and
      developes a short output pulse in response to the correct phase coded
      signal. The matched filter provides no output for an incorrectly coded or
      uncoded signal.
PAR  In any of the above-described systems, or similar systems which utilize a
      broad-band signal, narrow-band signals, such as CW or narrow-band FM can
      interfere with proper system operation. The high signal level of such
      narrow-band signals, compared to the noise-like broad-band, desired
      signal, can cause the narrow-band signal to activate an automatic gain
      control circuit in the receiver, thereby suppressing the desired
      broad-band signal.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an adaptive
      filter for suppressing interference by narrow-band signals in a system for
      receiving a desired broad-band signal.
PAR  It is a further object of the present invention to provide such a filter
      wherein the interfering signal is substantially canceled by a time-delayed
      replica of the received signal.
PAR  In accordance with the present invention there is provided an adaptive
      filter for suppressing an interfering narrow-band signal in a composite
      signal containing a desired broad-band signal. The adaptive filter
      includes means, responsive to supplied signals, for combining the signals
      to form an output signal. There is further provided means for supplying
      the composite signal to the combining means and means responsive to the
      composite signal for providing a delayed replica of the composite signal.
      Finally there is provided means, jointly responsive to the delayed replica
      and to the output signal for developing a correction signal and for
      supplying the correction signal to the combining means to cause
      suppression of the interfering narrow-band signal in the output signal.
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is had to the following description
      taken in conjunction with the accompanying drawings, and its scope will be
      pointed out in the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified block diagram of an adaptive filter constructed in
      accordance with present invention.
PAR  FIG. 2 is an illustration of the frequency spectra of signals occurring in
      the embodiment of FIG. 1.
PAR  FIG. 3 is an illustration of the time response of the signal processing
      means in FIG. 1 to the signals illustrated in FIG. 2.
PAR  FIG. 4 is a detailed block diagram of another embodiment of the present
      invention.
PAR  FIG. 5 is a detailed diagram of the base band filter utilized in the FIG. 4
      embodiment.
PAR  FIG. 6 is still another embodiment of the present invention.
DETD
PAC  DESCRIPTION AND OPERATION OF THE EMBODIMENT OF FIG. 1
PAR  FIG. 1 is a simplified block diagram of an adaptive filter 10 constructed
      in accordance with the present invention. For purposes of illustration,
      adaptive filter 10 is shown operating at a convenient intermediate
      frequency (IF) and as including a conversion between an input frequency of
      50 MHz and an output frequency of 30 MHz. Signals supplied to adaptive
      filter 10 by input 12 are supplied to mixer 18 which is also supplied from
      local oscillator 20 with a suitable local oscillator signal at 20 MHz. The
      output of mixer 18 is supplied to combiner 22 and thereafter to output
      amplifier 32 and output signal processor 33. At mixer 18 the supplied
      signal is converted from an input IF frequency of 50 MHz to the output IF
      frequency of 30 MHz. It will be evident to those skilled in the art that
      other convenient IF frequencies may be used and that other conventional
      components not illustrated, such as amplifiers and filters, may be
      included in the circuit.
PAR  The signal from input 12 is also supplied by switch 14a to delay means 16a.
      The output of delay means 16a is a delayed replica of the signal supplied
      to input 12. The delay period .tau. of means 16a is generally selected to
      be the inverse of the bandwidth of a supplied desired signal as will be
      further explained below. The delayed replica of the input signal is
      supplied to limiter 28a and mixer 26a. Mixer 30a is also provided with a
      sample of the output of combiner 22 and amplifier 32. The output of mixer
      30a is a control signal which is supplied by integrating circuit 34a to
      mixer 26a. The combination of the delayed replica of the input signal
      supplied to mixer 26a and the integrated control signal supplied to mixer
      26a forms a correction signal which is supplied to summer 22 by switch
      36a.
PAR  Adaptive filter 10 also includes delay means 16b, limiter 28b, integrator
      34b, and mixers 26b and 30b which are connected by switches 14b and 36b in
      a similar manner to the output of delay means 16a and summer 22. It will
      be recognized that switches 14a, 14b, 36a and 36b are not required in the
      adaptive filter 10, but have been included to facilitate explanation of
      the operation of the adaptive filter 10. Illustrated in FIG. 1 is also
      signal processing means 33 which is not a part of adaptive filter 10.
      Signal processing means 33 is to be selected in accordance with the
      particular type of broad-band signal being used and is shown in FIG. 1 to
      facilitate explanation of the operation of adaptive filter 10.
PAR  FIG. 2A illustrates the spectral properties of a broad-band signal which
      may be used in connection with the present invention. The broad-band
      signal of FIG. 2A has a bandwidth L which may typically be as much as 50
      MHz. This signal, by reason of its extremely broad bandwidth, is usually
      not easily detected without apriori knowledge of the signal format because
      the total energy contained in the signal is spread over a broad range of
      frequencies and consequently the signal itself resembles background noise.
      This signal may typically be formed by rapid frequency changing of the
      transmitted signal or rapid phase change of the transmitted signal.
      Detection of such a broad-band, spreadspectrum signal is facilitated by
      use of signal processing means 33 of FIG. 1 commonly known as a "matched
      filter."  The matched filter may in some cases include a delay line which
      has taps associated with known phase change intervals in the
      spread-spectrum code. The output of the signal processing means 33 in
      response to the desired signal of FIG. 2A is illustrated in FIG. 3A.
      Signal processing means 33 causes the spread spectrum signal of FIG. 2A to
      be compressed in time and results in a relatively short duration output
      pulse having a pulse width which is typically the reciprocal of the signal
      bandwidth L.
PAR  2B 2BB illustrates a narrow-band signal having a high peak energy. This is
      typical of a narrow-band FM or CW signal having a relatively narrow
      bandwidth M. When such a signal is applied to signal processing means 33
      the resulting output is a noise-like signal caused by the decoding action
      of signal processing means 33. Since the narrow-band signal of FIG. 2B
      does not correlate with the signal code for which signal processing means
      33 is designed the resulting output is merely noise.
PAR  FIG. 2C illustrates the spectral response of a composite signal which
      includes the broad-band desired signal of FIG. 2A and the narrow-band
      signal of FIG. 2B. Because the relatively high peak value, narrow-band
      signal of FIG. 2B tends to cause activation of automatic gain control
      circuits usually found in signal processing means 33, there tends to be a
      suppression of the desired broad-band signal in signal processing means 33
      and the resulting output signal illustrated in FIG. 3C is primarily
      representative of the narrow-band interference signal and has the same
      noise-like characteristic as the output illustrated in FIG. 3B.
PAR  Referring to FIG. 1 it will be seen that with switches 14a, 14b, 36a and
      36b in the open position the adaptive filter 10 behaves similar to a
      conventional IF receiver stage. Signals supplied to input terminal 12 are
      provided to combiner 22 after frequency conversion in mixer 18. The output
      of combiner 22 is provided by amplifier 32 to signal processing unit 33.
      All signals supplied to input port 12 are provided in similar form to
      signal processing means 33 except for a change in IF frequency, for
      example, as illustrated from 50 to 30 MHz.
PAR  When switches 14a and 36a are closed, the adaptive fiter 10 contains a
      single adaptive loop. When only the desired signal of FIG. 2A is applied
      at input 12 of the adaptive filter, there is little effect on the output
      signal as a result of the presence of the adaptive loop. The supplied
      signal is provided to combiner 22 by mixer 18 following frequency
      conversion. Delay means 16a supplies a delayed replica of the supplied
      signal to mixer 26a and mixer 30a by way of limiter 28a. At mixer 30a the
      delayed replica is mixed with the output signal, representing the
      undelayed supplied signal. Since the delayed replica has undergone a delay
      of .tau., the inverse of the bandwidth of the supplied signal, there is no
      correlation between the signals supplied to mixer 30 and the resulting
      output control signal is a noise-like signal which is substantially
      eliminated by integrating circuit 34a. The control signal supplied to
      mixer 26a is therefore very weak, and mixer 26a supplies substantially no
      output correction signal to combiner 22.
PAR  When the signal supplied to input 12 is a composite, such as illustrated in
      FIG. 2C, containing both the desired broad-band signal and an intefering
      narrow-band signal, the adaptive loop of adaptive filter 10 acts to cause
      suppression of the interfering narrow-band signal in the output signal. In
      this case, the composite signal is supplied to combiner 22 and to delay
      means 16a. The output of means 16a is a delayed replica of the composite
      signal which is supplied to mixer 26a and mixer 30a by limiter 28a. Also
      supplied to mixer 30a is a sample of the output signal from combiner 22
      which initially comprises the originally supplied composite signal. In
      mixer 30a there is a correlation between the narrow-band interfering
      signal in the originally supplied composite signal and the narrow-band
      interfering signal in the delayed replica which causes an output signal
      from mixer 30a at the frequency of local oscillator 20. This output is
      representative of the phase and amplitude of the interfering signal
      component in the output signal with respect to the phase and amplitude of
      the interfering signal component in the limited delayed replica supplied
      to mixer 30a. The output of mixer 30a is integrated by integrator 34a to
      form a control signal. Integrator 34a is typically a narrow-band filter
      and its bandwidth is determined by the desired response time of the
      adaptive filter. The bandwidth of integrator 34c does not limit the
      bandwidth of the interfering signal to be suppressed, but merely
      determines the response time of the adaptive filter 10. The output of
      integrator 34a is a control signal, which is developed by limiter 28a,
      mixer 30a and integrator 34a in response to the delayed replica of the
      composite signal and the output of combiner 22. The control signal and
      delayed replica are combined in mixer 26a. The control signal supplied by
      integrator 34a modulates the delayed replica of the composite signal in
      mixer 26a to form a correction signal. Since the control signal is
      representative of the phase and amplitude of the narrow-band interfering
      signal component in the output signal with respect to the narrow-band
      component in the delayed replica, the resulting correction signal is
      suitable for canceling the interfering signal in the output at combiner
      22. It will be evident to those skilled in the art that the phase between
      the delayed replica and output signals supplied to mixer 30a may require
      adjustment to achieve the correct phase reference for the correction
      signal to cause cancellation of the interfering signal at combiner 22.
PAR  Since mixer 30a provides an output signal which is the product of the
      delayed replica of the input signal and the sampled output of amplifier
      32, it will be evident that the output control signal of mixer 30a will be
      proportionate to the square of the narrow-band interfering signal supplied
      at input port 12. In order to provide a system having a more linear
      control signal characteristic, and therefore greater dynamic range,
      limiter 28a is provided to cause the control signal output of mixer 30a to
      be approximately linear over a wide dynamic range. Therefore, as the power
      level of the interfering signal increases the sampled output from
      amplifier 32 will increase linearly while the output of limiter 28a will
      be stabilized at a maximum level thereby providing a control signal output
      from mixer 30a which varies linearly with the amplitude of the interfering
      signal.
PAR  There is also provided in adaptive filter 10 a second adaptive loop which
      may be connected by closing switches 14b and 36b. It will be evident from
      FIG. 1 that the second adaptive loop is similar in form and in operation
      to the first adaptive loop described above. When both adaptive loops are
      connected by closing all switches shown, a single interfering signal will
      be canceled by operation of either one or both of the adaptive loops in
      the circuit. Which particular adaptive loop will operate is generally the
      result of fine variations in the circuitry, for example, the gain of each
      of the loops, the time constant which is controlled by integrating
      circuits 34 and the phase of the output and delayed replica signal
      provided to mixers 30. When there are present two narrow-band interfering
      signals, both adaptive loops will be activated and both signals will be
      canceled. When no interfering signal is present, there is no correlation
      of signals in mixers 30 and the control signal output from mixers 30
      consists of wideband noise, which is removed by integrating circuits 34;
      and, therefore, little or no power is supplied in the control circuit to
      mixer 26. In this case the adaptive loops are effectively shut off.
PAR  FIG. 2D shows the output signal of amplifier 32 which would be provided to
      signal processing means 33 when composite signal of FIG. 2C is supplied to
      input port 12. It will be observed that the adaptive filter 10 has caused
      there to be a notch in the spectrum of the input signal at the frequency
      of the narrow-band interfering signal, thereby removing a portion of the
      desired wideband signal as well as the interfering narrow-band signal.
      There is also a notch in the desired wideband signal at a frequency which
      is separated from the frequency of the narrow-band interfering signal by
      the inverse of the delay time of the delay line 16a. Since the information
      provided in the desired wideband signal is spread over the entire
      frequency band L, these notches in the spectrum of the signal supplied to
      signal processing means 33 do not significantly interfere with the
      reception of the desired information. It will be recognized that because
      the filtering notch provided by adaptive filter 10 is provided in response
      to the interfering narrow-band signal, the filtering notch will change in
      accordance with changes in the narrow-band signal and will totally
      disappear when the narrow-band signal ceases to be present.
PAR  Since the desired wideband signal is supplied to the signal processing
      means 33 directly and by the adaptive loop which includes delay means 16a,
      when there is activation of the adaptive loop by the presence of an
      interfering signal, there will be provided two wideband signals at the
      input of signal processing means 33 which are separated in time by the
      delay .tau. and therefore there will be two pulse-type outputs of signal
      processing means 33 as illustrated by the two pulses in FIG. 3D separated
      in time by the delay .tau..
PAR  In a case where the signal supplied to input 12 has two narrow-band
      interfering signals and both adaptive loops of adaptive filter 10 are
      connected, each of the adaptive loops will independently tend to cancel
      one of the narrow-band interfering signals. In this case there will be a
      notch or notches in the spectrum of the output of amplifier 32 associated
      with each of the interfering narrow-band signals. There will also be a
      pulse type signal output from processing means 33 associated with the
      undelayed input signal and each of the two delayed signals coupled to
      summing circuit 22 by each of the adaptive loops.
PAC  DESCRIPTION OF THE EMBODIMENTS OF FIGS. 4 AND 6
PAR  FIG. 4 is a more detailed block diagram of another embodiment of the
      present invention. The FIG. 4 embodiment shows a complete receiving and
      processing system 39 incorporating an adaptive filter in accordance with
      the present invention. Processing system 39 includes a receiving antenna
      40, low noise amplifier 41, and band pass filter 42 for processing the
      received signal at the carrier frequency. There is also illustrated mixer
      45 and local oscillator 44 for converting the received signal to a
      convenient IF frequency. In receiving system 39 the first IF frequency
      illustrated is 135 .+-. 25 MHz. Those skilled in the art will recognize
      that this may be either a first or second IF stage and other components
      may be included which have not been illustrated. To facilitate the
      explanation of receiving system 39 frequencies and bandwidths of the
      signals present in the various portions of the system have been indicated
      by a number encircled in an oval. All of the frequencies indicated in FIG.
      4 are in MHz. In the receiving apparatus 39 it has been assumed that the
      desired signal has a 50 MHz bandwidth and therefore the received signal
      following the first IF conversion inmixer 45 is indicated as having a
      frequency of 135 MHz .+-. 25 MHz. Following conversion in mixer 43 there
      is illustrated a standard IF band pass filter 45 and IF amplifier 46 which
      supply the received signal to input terminal 47 of the adaptive filter
      portion of the signal receiving apparatus 39.
PAR  The IF signal from terminal 47 is supplied by signal splitter 48 to signal
      splitter 50 and limiter 54. Signal splitter 50 has four outputs, three of
      which are coupled to delay means 52a, 52b and 52c. The remaining output of
      signal splitter 50 is supplied to mixer 18.
PAR  The output of signal splitter 48 which is supplied to limiter 54 is
      thereafter supplied to signal splitter 62 by amplifier 56, band pass
      filter 58 and delay matching means 60. Signal splitter 60 has three
      outputs which are supplied to time delay means 64a, 64b and 64c. As
      indicated in FIG. 4 delay means 64a has a delay of 20 microseconds which
      is equal to the delay of delay means 52a. Likewise, delay means 64b and
      52b have an equal delay of 40 microseconds and delay means 52c and 64c
      have an equal delay of 60 microseconds. Delay match means 60 is provided
      to equalize the delay of signals reaching mixer 30a, at which signal
      correlation takes place, by two diverse paths. The first path is the path
      taken by the signal which is to be used for comparison, that is, by way of
      limiter 54, power splitter 62 and delay means 64a. The second path is the
      path taken by the feedback signal which is via signal splitter 50, time
      delay 52a, mixer 26a, amplifier 84a, summing circuit 22, splitter 68,
      phase shifting circuit 70 and power divider 72, as well as other
      intermediate components.
PAR  In the receiving apparatus 39 there is provided a combining circuit 22 for
      combining supplied signals to form an output signal. One of the signals
      supplied to combining circuit 22 comprises the signal supplied to the
      adaptive filter by terminal 47, signal splitter 48, signal splitter 50,
      converted in mixer 18 and amplified in amplifier 53. The remaining three
      inputs to combiner circuit 22 are provided by the three illustrated
      adaptive loops, having components with number designations a, b and c. The
      output of summing circuit 22 is supplied to splitting circuit 68 by band
      pass filter 66 and amplifier 32. One of the outputs of signal splitter 68
      is supplied to signal processing circuit 33 to form the desired output
      signal. The other output of signal splitting means 68 is used as feedback
      for the three adaptive loops in the adaptive filter in receiving circuit
      39 and is supplied by phase shifting circuit 70 to power splitter 72. The
      output signal has a frequency of 65 .+-. 25 MHz due to the conversion in
      mixer 18, which uses the output of local oscillator 20 supplied by power
      splitter 21 for conversion. The feedback signal which is supplied to power
      splitter 72 has the identical intermediate frequency and is thereafter
      supplied to mixers 30a, 30b and 30c, each in one of the adaptive loops of
      the receiving system.
PAR  Also supplied to mixers 30a, 30b and 30c are delayed replicas of the
      received signal provided at the outputs of time delayed means 64a, 64b and
      64c. It will be evident from the diagram that in receiving circuit 39
      there are provided three identical adaptive loops and so for reasons of
      simplicity only one of these will be described in detail. The output of
      mixer 30a is supplied to base band filter 78a by band pass filter 74a and
      amplifier 76a. Base band filter 78a is a very narrow band filter and is
      further described in FIG. 5. As illustrated in FIG. 4 base band filter 78a
      requires the use of a signal from local oscillator 20 for proper
      operation. The output of base band filter 78a is a control signal which is
      supplied by band pass filter 80a and amplifier 82a to mixer 26a. Also
      supplied to mixer 26a is a delayed replica of the received signal provided
      at the output of delay means 52a. The combination of these signals in
      mixer 26a causes an output correction signal which is at the same
      frequency as the output signal of mixer 18 to be supplied to combining
      means 22 by amplifier 84a.
PAR  Illustrated in detail in FIG. 4 is phase shifting circuit 70. Phase
      shifting circuit 70 utilizes mixer 86 which is supplied by local
      oscillator 88 via power splitter 90 to convert the feedback signal from
      and IF frequency of 65 MHz to an IF frequency of 430 MHz. This conversion
      is required to facilitate phase shifting of the relatively broadband
      feedback signal. Following filtering in band pass filter 92 the 430 MHz
      signal may be conveniently phase shifted by phase shifter 94 and then
      converted back to a 65 MHz signal in mixer 96. Filtering and amplification
      are provided by filter 98 and amplifier 100 to provide a clean phase
      shifted signal having a center frequency of 65 MHz. This phase shifting
      circuit is used to fine trim the phase of the feedback signal supplied to
      mixer 30a so that it is equal to the phase of the sampled signal supplied
      to mixer 30a via limiter 54 and signal splitter 62. In tuning the
      receiving system 39, gross errors in delay caused by the different signal
      paths would be accommodated in delay matching means 60 while fine trim of
      phase would be achieved by phase shifting circuit 70.
PAR  FIG. 5 illustrates a detailed block diagram of base band filter 78 which is
      used in all of the adaptive loops of receiving circuit 39. The purpose of
      base band filter 78 is to provide a very narrow band filtering operation
      with a Q approaching 50,000. This filtering operation is desirable as an
      integrating operation in the adaptive loop. The general operation of base
      band filter 78 is to convert the 200 MHz signal which is the output of
      mixer 30 to a base band video signal, filter the base band video signal,
      and reconvert the signal to a 200 MHz IF. In order to achieve proper
      output from the base band filter it is necessary to preserve both the
      in-phase and quadrature phase signal components. Illustrated in FIG. 5 is
      base band filter 78 having three terminals. Terminal 102 is the input
      terminal for the signal to undergo filtering and terminal 104 is the
      signal output terminal. There is also provided terminal 112 to which is
      supplied a 200 MHz local oscillator signal. By use of signal splitter 114
      and phase shifter 116 there is provided an in-phase component of the local
      oscillator signal to power splitter 118 and thereafter to mixers 108 and
      126. There is also provided a quadrature phase component of the local
      oscillator signal to power splitter 120 and thereafter to mixers 110 and
      128. The intermediate frequency signal to be filtered is supplied to
      signal splitter 106 from terminal 102 and thence to mixers 108 and 110.
      The output of mixer 108 is a base band video signal representative of the
      in-phase components of the signal supplied to input terminal 102. The
      output of mixer 110 is a base band video signal representative of the
      quadrature phase components of the signal supplied to terminal 102. The
      in-phase and quadrature phase base band signals are filtered by low-pass
      filters 122 and 124 and supplied to mixers 126 and 128. Low-pass filters
      122 and 124 are selected to have a band pass commensurate with the desired
      response time of the adaptive loop. The lower the band pass of the filter,
      the slower will be the response of the adaptive loop. The outputs of
      low-pass filters 122 and 124 are video signals which may be used to
      directly control the phase and amplitude of the delayed replica of the
      received signal as described below. It has been found however to be more
      convenient to convert the outputs of low-pass filters 122 and 124 back to
      the 200 MHz IF signal and control the amplitude and phase of the delayed
      replica of the received signal by mixing this 200 MHz IF signal with the
      delayed replica in mixer 26. The IF signal is reconstructed by use of
      mixers 126 and 128 and summing circuit 130 to provide a 200 MHz IF signal
      to the output 104 of base band filter 78 to be eventually supplied to
      mixer 26.
PAR  Those skilled in the art will recognize that the operation of receiving
      circuit 39 is very similar to the operation of adaptive filter 10
      illustrated in FIG. 1. In receiving circuit 39, the received signal at
      terminal 47 is supplied directly to summing circuit 22 by mixer 18 after
      conversion using local oscillator 20. The signal is also supplied to
      summing circuit 22 by delay lines 52a, 52b and 52c after frequency
      conversion in mixers 26a, 26b, and 26c. The frequency conversions in
      mixers 26a, 26b and 26c includes an adjustment of amplitude and phase of
      the outputs of the delay lines 52 in accordance with the conditions of the
      three adaptive loops. The output of combining means 22 is supplied to
      signal processing means 33 and also supplied to mixers 30a, 30b and 30c
      for correlation with delayed replicas of the received signal provided by
      delay lines 64. It will be recognized that a basic difference between the
      adaptive filter included in receiving circuit 39 and adaptive filter 10 is
      that only a single limiter 54 is provided and there are provided separate
      delays for the signal supplied to mixer 26 and the signal supplied to
      mixer 30. This arrangement is often convenient because limiter 54 must be
      very linear in phase and may therefore be considerably expensive. By using
      two sets of delay means 52 and 64 it is possible to use only a single
      limiter 54. As in the adaptive filter 10 illustrated in FIG. 1 a delayed
      replica of the received signal is mixed with the output signal of
      combining means 22 in mixer 30. When a narrow-band signal is present in
      the desired signal band there is a correlation of the output signal and
      the delayed signal, resulting in the generation of a constant frequency,
      200 MHz IF control signal, which is used in mixer 26a to provide phase and
      amplitude control of the delayed replica of the received signal to
      generate a correction signal for use in canceling the interfering
      narrow-band signal.
PAR  Illustrated in FIG. 6 is a simplified block diagram of another embodiment
      of the present invention. The embodiment of FIG. 6 shows a technique of
      implementing the invention without the use of IF conversion. Illustrated
      in FIG. 6 is adaptive filter 131 which may be operated at either an IF or
      a carrier frequency. In adaptive filter 131 the orginally supplied signal
      is directly connected from input 12 to combining means 22 without
      frequency conversion. The signal is also supplied to delay means 16 to
      form a delayed replica of the supplied signal. The delayed replica is
      supplied to mixers 136 and 138 and also to amplitude control device 132.
      The delayed replica is supplied to combining means 22 by amplitude control
      device 132 and phase control device 134. It will be recognized that proper
      adjustment of the amplitude and phase control devices will enable
      adjustment of the amplitude and phase of the delayed replica to effect the
      cancellation of interfering narrow-band signals in the output of combiner
      22.
PAR  Amplitude and phase control devices 132 and 134 are supplied with control
      signals to achieve adjustment of the amplitude and phase. In mixer 136 the
      delayed replica supplied by delay means 16 is mixed with the output of
      combiner 22 to form a base band video signal representative of the
      in-phase components of the output signal with respect to the delayed
      replica supplied by delay means 16. The output of combiner 22 is supplied
      to mixer 138 by 90.degree. phase shifter 140. In mixer 138 there is
      generated a base band video signal representative of the quadrature
      components of the output signal with respect to the delayed replica
      supplied by delay means 16. The in-phase and quadrature video signals
      generated in mixers 136 and 138 represent error signals resulting from the
      presence of narrow-band components in the signal supplied to input 12.
      There is provided circuitry 142 and 144, which may be either digital or
      analog, to effect a coordinate conversion of the in-phase and quadrature
      error signals into signals representative of the amplitude and phase of
      the output signal with respect to the delay replica.
PAR  The amplitude component of the control signal is determined by taking the
      square root of the sum of the squares of the in-phase and quadrature
      signal components. The phase component is determined by the ratio of the
      in-phase component to the quadrature component and the polarity of the
      respective signals. The amplitude and phase representative control signals
      are then supplied to amplitude and phase control devices 132 and 134 to
      achieve control of the delayed replica and thereby generate a correction
      signal to be supplied to combiner 22.
PAR  Alternative to the arrangement illustrated in FIG. 6, amplitude and phase
      control of the delayed replica may be achieved by forming quadrature
      components of the delayed replica and using the in-phase and quadrature
      control signals to directly control the amount of each of the delayed
      replica components supplied to combiner 22.
PAR  While there have been described what are at present considered to be the
      preferred embodiments of this invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention and it is, therefore, aimed
      to cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adaptive filter for suppressing an interfering narrow-band signal in
      a composite signal containing a desired broad-band signal, comprising:
PA1  means, responsive to supplied signals, for combining said signals to form
      an output signal;
PA1  means for supplying said composite signal to said combining means;
PA1  means, responsive to said composite signal, for providing a delayed replica
      of said composite signal;
PA1  and means, jointly responsive to said delayed replica and to said output
      signal, for developing a correction signal and for supplying said
      correction signal to said combining means to cause suppression of said
      interfering narrow-band signal in said output signal.
NUM  2.
PAR  2. An adaptive filter as specified in claim 1 wherein said means for
      developing a correction signal comprises:
PA1  means, responsive to said delayed replica and to said output signal, for
      developing a control signal;
PA1  means, jointly responsive to said delayed replica and to said control
      signal, for controlling the amplitude and phase of said delayed replica,
      thereby to develop said correction signal;
PA1  and means for supplying said correction signal to said combining means.
NUM  3.
PAR  3. An adaptive filter as specified in claim 2 wherein said means for
      developing said control signal includes means for limiting the amplitude
      of said delayed replica and means, jointly responsive to said output
      signal and to said limited delayed replica, for developing said control
      signal.
NUM  4.
PAR  4. An adaptive filter as specified in claim 3 wherein said means for
      developing said control signal includes a mixer for combining said output
      signal with said limited delayed replica, and a filter connected to the
      output of said mixer.
NUM  5.
PAR  5. An adaptive filter as specified in claim 1 wherein said means for
      supplying said composite signal to said combining means includes means for
      converting the frequency of said composite signal.
NUM  6.
PAR  6. An adaptive filter as specified in claim 1 wherein said means for
      supplying a delayed replica of said composite signal comprises means for
      providing a delay having a period greater than the inverse of the
      frequency bandwidth of said desired broad-band signal.
NUM  7.
PAR  7. An adaptive filter as specified in claim 1 wherein there are a plurality
      of said means for developing delayed replicas of said composite signal,
      each of said means for developing a delayed replica having a different
      period of delay, and there are a plurality of said means for developing
      correction signals, each responsive to one of said delayed replicas, and
      each for supplying a correction signal to said combining means, thereby
      causing suppression of a plurality of said interfering narrow-band signals
      in said output signal.
NUM  8.
PAR  8. An adaptive filter for suppressing an interfering narrow-band signal in
      a composite signal containing a desired broad-band signal, comprising:
PA1  means, responsive to supplied signals, for combining said signals to form
      an output signal;
PA1  means, including a local oscillator, for converting the frequency of said
      composite signal and supplying said frequency converted composite signal
      to said output means;
PA1  means, responsive to said composite signal, for providing a delayed replica
      of said composite signal, said means having a delay period greater than
      the inverse of the bandwidth of said desired broad-band signal;
PA1  means, responsive to said delayed replica, for limiting the amplitude of
      said delayed replica;
PA1  means, responsive to said amplitude limited delayed replica and to said
      output signal, for providing a control signal having a frequency
      substantially equal to the frequency of said local oscillator;
PA1  means, responsive to said control signal and to said delayed replica, for
      controlling the amplitude and phase of said delayed replica and for
      converting the frequency of said delayed replica thereby providing a
      correction signal;
PA1  and means for supplying said correction signal to said combining means to
      cause suppression of said interfering narrow-band signal in said output
      signal.
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ABST
PAL  A filter performs a dual filtering function by connecting an input terminal
      through a first impedance such as a resistor to a first output terminal.
      The input terminal is connected to a virtual earth at the input to a
      current amplifier through the first impedance and a second impedance such
      as a tuned circuit. The output of the amplifier is connected to a second
      output terminal and also to ground through a third impedance such as a
      resistor. The characteristics at the first and second output terminals may
      be complementary band stop and band pass characteristics.
PARN
PAR  This is a division of application Ser. No. 346,629, filed on Mar. 30, 1973.
BSUM
PAR  This invention relates to filters adapted to split an input signal into two
      signals occupying different parts of a frequency band. One situation in
      which such a filter may be employed is the separation of chrominance and
      luminance signals from a colour television signal. The normal technique
      for effecting this is to employ a band-stop filter with a notch at the
      colour sub-carrier frequency to extract the luminance signal, slightly
      contamined with sidebands of the chrominance signal, and a bandpass filter
      with a pass band centred on the colour sub-carrier frequency and
      complementary to the notch to extract the chrominance signal, contaminated
      with such upper sidebands of the luminance signals as may be present.
      However, there are situations, such as those explained below, in which
      noise reduction techniques are to be applied separately to different parts
      of the frequency spectrum, in which the relationship between the two
      separated signals is critical in that the signals have subsequently to be
      recombined.
PAR  The object of this invention is to provide a filter which can provide both
      of the separated signals with a precisely determined relation therebetween
      and which is easier to adjust and more stable than circuits employing
      separate filters to extract the two signals.
PAR  According to the present invention there is provided an electrical filter
      comprising an input terminal connected to a first output terminal through
      a first impedance and through the first impedance and a second impedance
      to the input of a current amplifier, which input constitutes a virtual
      earth, the output of the amplifier being connected to a second output
      terminal and through a third impedance to earth, at least one of the
      impedances being reactive.
PAR  Because of the virtual earth at the input to the current amplifier, the
      filter characteristics applicable to the signal derived at the first
      output terminal are determined solely by the first and second impedances.
      However, the characteristics applicable to the signal derived at the
      second output terminal are determined by all three impedances and the
      different locations which the second impedance has relative to the two
      output terminals renders the type of characteristics applicable to the two
      terminals different.
PAR  In applying the invention to the specific problem of creating complementary
      band pass and band stop characteristics, the first and third impedances
      can be substantially pure resistance. If the second impedance is a tuned
      circuit, which is in the shunt arm of the filter so far as the first
      output terminal is concerned, but in the series arm so far as the second
      output terminal is concerned, it is possible by correct selection of the
      component values to make the pass and stop characteristics truly
      complementary, so that the sum of the signals at the two output terminals
      reconstitutes the spectrum of the input signal. This property is of
      particular value in separating chrominance and luminance signals.
DRWD
PAR  The invention will be described in more detail, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a circuit diagram of a generalized embodiment of the invention,
PAR  FIG. 2 shows how the frequency band of a colour television signal may be
      split up for noise reduction purposes,
PAR  FIG. 3 is a circuit diagram of a specific embodiment of the invention for
      obtaining the pass bands of FIG. 2,
PAR  FIG. 4 illustrates a known circuit for comparison with the circuit of FIG.
      3, and
PAR  FIG. 5 shows the circuit of FIG. 3 included in a colour television noise
      reduction system.
DETD
PAR  In FIG. 1 an input terminal 10 is connected to a first output terminal 11
      through a first impedance Z.sub.1 followed by a buffer amplifier 12 such
      as an emitter follower. The terminal 10 is also connected to a second
      output terminal 13 through Z.sub.1 followed by a second impedance Z.sub.2
      and a current amplifier 14.
PAR  Ideally the amplifier 14 has zero input impedance and infinite output
      impedance; in practice these properties are achieved only approximately
      but the input 15 of the amplifier nevertheless constitutes a virtual
      earth. The amplifier may comprise a feedback pair amplifier or grounded
      base transistor amplifier. The terminal 13 is connected to earth through a
      third impedance Z.sub.3 which is the output load impedance of the
      amplifier 14.
PAR  If the voltages at the terminals 10, 11 and 13 are designated V.sub.IN,
      V.sub.A and V.sub.B as in FIG. 1, it can be seen that, because point 15 is
      a virtual earth,
      ##EQU1##
      Furthermore, if the current gain of the amplifier 14 is A,
      ##EQU2##
      which reduces to
      ##EQU3##
      when A is approximately unity, as in the case of a grounded base current
      amplifier.
PAR  Provided at least one of Z.sub.1, Z.sub.2 and Z.sub.3 is reactive, a filter
      circuit results with different frequency characteristics applicable to the
      two output terminals. This will readily be seen when considering the
      subsequent description of the specific circuit of FIG. 2. As explained in
      the aforementioned specifications, effective noise reduction requires
      different parts of an overall frequency spectrum to be dealt with
      separately, and it is also necessary, when a carrier signal is present, to
      prevent this from choking the noise reduction action. Accordingly, the
      bandsplitting scheme illustrated in FIG. 2 may be employed to handle the
      frequency spectrum of a colour television signal. FIG. 2 is shown for the
      specific case of a colour sub-carrier frequency of 4.43 MHz, as employed
      in European PAL standards, but the same kind of scheme may obviously also
      be employed with other standards using a different sub-carrier frequency.
      Peak pass level is shown as OdB. The -3dB points of the filter
      characteristics are taken as defining the limits of the various bands. The
      illustrated characteristics are the passive filter characteristics. It
      will subsequently appear that the filters defining the various bands are
      disposed in feedback or feed-forward loops with limiters connected
      thereto; the filter characteristics obviously then vary in a dynamic
      manner.
PAR  The frequency spectrum from about 250 KHz upwards is split into four bands
      labelled W, X, Y and Z. The band W from 250 KHz (say) to 1.6 MHz can be
      selected by a conventional bandpass filter. Ignoring the low frequency
      cut-off at 1.6 MHz, the characteristic X consists of a pass band with a
      notch therein 0.9 MHz wide extending from 4 to 4.9 MHz. The characteristic
      Y, ignoring the sharp notch therein at 4.43 MHz, consists of a pass band
      extending from 4 to 4.9 MHz, Y thus being complementary to X. It is these
      two characteristics which are provided by the part of the circuit of FIG.
      2 embodying the present invention for splitting a signal into two bands.
      The low frequency cut-off of X at 1.6 MHz is superimposed by means of a
      high pass filter, while the notch in Y is superimposed by means of a
      sharply tuned sub-carrier trap. Finally, band Z is a sharply tuned pass
      band for handling the colour sub-carrier and its immediate sidebands.
PAR  Band W thus handles relatively low frequency luminance components, band X
      handles high frequency luminance components and outer chrominance
      sidebands, band Y handles closer chrominance sidebands and the luminance
      sidebands interleaved therewith, and band Z handles the sub-carrier and
      immediate chrominance sidebands. This scheme makes no provision for
      handling the lowermost luminance sidebands although, if required, the band
      from, say, 5 to 250 KHz can be treated as described in our application
      corresponding to British Patent application No. 15484/72.
PAR  Referring now to FIG. 3, the part thereof corresponding to FIG. 1 will
      firstly be described. In FIG. 3, Z.sub.1 is constituted by a resistor
      R.sub.1, Z.sub.2 is constituted by the series combination of a capacitor
      C.sub.1 and inductor L.sub.1, and Z.sub.3 is constituted by a resistor
      R.sub.2.
PAR  Equation (1) now becomes
      ##EQU4##
      where C and L are written for C.sub.1 and L.sub.1.
PAR  In other words, so far as the terminal 11 is concerned, the filter is a
      band-stop or notch filter tuned to the frequency w/2.pi. at which jwL +
      1/jw0 = 0. At this frequency Z.sub.2 provides a direct short to the
      virtual earth at the input to the amplifier 14.
PAR  On the other hand, equation (2) becomes
      ##EQU5##
      from which it can be seen that, so far as the terminal 13 is concerned,
      the filter is a bandpass filter tuned to the same frequency as the notch
      filter. Furthermore, if R.sub.1 = AR.sub.2 it can be seen that,
      irrespective of the values of C and L, V.sub.A + V.sub.B = V.sub.IN. In
      other words, the Qs of the band-stop and the bandpass filters are the
      same. This is also in fact true when R.sub.1 .noteq. AR.sub.2, the effect
      of which is merely to introduce a scaling factor between V.sub.A and
      V.sub.B.
PAR  Although equations (3) and (4) have been written in jw notation to present
      the steady state conditions at any angular frequency w, it will be
      appreciated that the same equations hold with jw replaced by the general
      operator p to describe transient conditions, as well as the steady state
      conditions.
PAR  By way of comparison with FIG. 3, FIG. 4 shows a conventional circuit for
      separating luminance and chrominance components, again represented as
      V.sub.A and V.sub.B respectively. Separate trap and bandpass filters 17
      and 18 are used, preceded by emitter follower buffers 19. The two filters
      have different phase delays and the trap filter has to be followed by
      delay equalization 20. The known circuit is substantially more complex
      than that of FIG. 3 and yet has a poorer performance.
PAR  It should be noted that the circuit of FIG. 4 is equivalent only to that
      part of FIG. 3 which has thus far been described.
PAR  Reverting to FIG. 3, the input colour signal at terminal 10 is split into
      band X by the notched filter R.sub.1, C.sub.1, L.sub.1 and a 1.6 MHz high
      pass filter C.sub.2, R.sub.3 and into band Y by the bandpass filter
      R.sub.1, C.sub.1, L.sub.1, R.sub.2 and a sub-carrier trap filter 28. This
      trap filter is preceded by a buffer amplifier 21 and is of a bridged-T
      configuration with two series capacitors C.sub.3 and C.sub.4 bridged by an
      inductor I.sub.2 and the junction of C.sub.3 and C.sub.4 connected to
      ground by resistor R.sub.4. This resistor can be so adjusted that there is
      complete rejection at the trap frequency (4.43 MHz). It should be noted
      that the various ground points shown in FIG. 3 are essentially a.c.
      grounds; in detailed circuit design it may be convenient for some of them
      to have different d.c. levels.
PAR  The sub-carrier trap 28 is followed by a buffer amplifier 29 and high pass
      filter C.sub.7, R.sub.7 which does not play any part in defining the Y
      band but which provides a phase advance compensating for the phase advance
      introduced by C.sub.2, R.sub.3 in the X path.
PAR  Band W is selected by a 250 KHz high pass filter C.sub.5, R.sub.5 and a 1.6
      MH.sub.z low pass filter R.sub.6, C.sub.6.
PAR  The signals in bands W, X and Y are recombined by a buffering and combining
      circuit 22 to provide the output at terminal 23. Each channel includes an
      instantaneous diode limiter providing limiting for signal excursions of
      either polarity. Diodes 24 in the X channel and diodes 25 in the Y channel
      are returned to fixed bias points x and y which establish a limiting
      action with an onset at a very low level in the dynamic range of the
      signals handled by the channels. Diodes 26 in the W channel have a
      similarly low limiting level but are returned to the output of an
      inverting amplifier 27 responsive to the input signal and accordingly
      acting so as to reduce the limiting threshold even more at high input
      signal levels. Diodes 30 prevent the signal from amplifier 27 becoming so
      large as to forward bias the diodes 26.
PAR  The location of the circuit of FIG. 3 in the block diagram of FIG. 5 will
      be apparent from the terminals 10 and 23 correspondingly numbered in both
      figures. The circuit of FIG. 3 is a block 31 labelled F.P. in FIG. 5 to
      represent the further paths whose output at terminal 23 boosts the signal
      in a main path during recording to effect compression and bucks the signal
      in the main path during playback to effect expansion. The main path
      extends from point 32 to point 33 through mixers M1 and M2. Selection
      between record mode R and playback mode P is effected by ganged switches
      RL1 etc.
PAR  In the record made with all switches changed over from the illustrated
      setting, a colour video signal from input 34 and gain setting circuit 35
      passes through the switch RL1 via amplifier A1 to the main path and from
      the output of the main path via amplifier A2 and switch RL2 to a terminal
      36 for feeding a video tape recorder. The signal at the output 33 of the
      main path is applied to the input of the further paths via RL3B. The
      output from the further path adds to the signal in the main path via RL5B
      and mixer M2. When only low level signal components are present in band W,
      X or Y, the gain round the feedback loop from M2 through the further path
      and back to M2 causes such components to be boosted by 10dB. At higher
      signal levels the actions of the limiters eliminate any significant
      boosting action.
PAR  In the playback mode with the switches as shown, the output from the
      recorder is applied from terminal 37 via gain setting circuit 38, RL1 and
      amplifier A1 to the main path. The output from the main path passes via
      amplifier A2 and RL2 to a video output terminal 39. The input to the
      further path is now taken from the main path input 32 via RL3A while the
      output from the further path passes via RL4A and an inverting amplifier A3
      to M1 so as now to buck the main path signal.
PAR  Thus, utilizing the terminology established in British patent specification
      No. 1,253,031 the compressors and expanders are Type 2 with the input to
      the further path connected to the output of the main path in the case of
      the compressor and to the input of the main path in the case of the
      expander. The further paths of FIG. 3 may equally well be embodied in Type
      1 devices in which the input to the further path is connected to the input
      of the main path in the case of the compressor and to the output of the
      main path in the case of the expander.
PAR  Although forming no part of the present invention, the remainder of FIG. 5
      contained within block 40 will be briefly described for the sake of
      completeness, demonstrating how the band Z of FIG. 2 is dealt with. A
      further description is given in the aforementioned copending application.
      Block 40 comprises a mixer M3 fed from an intermediate point in the main
      path, i.e. between M1 and M2 via an inverting amplifier A4. The output of
      the mixer is fed through a chroma filter-limiter 41 whose output is added
      to the main path signal in the record mode, to achieve compression, A3
      being an inverting amplifier to achieve this situation, such addition
      being via RL5A, A3 and M1. The output of the limiter is subtracted from
      the main path signal in the playback mode via RL4B and M2. In this way
      Type 2 compressor and expander configurations are established for the
      chroma signal.
PAR  However, M3 is employed effectively to subtract from the signal provided by
      A4 a second signal component which is provided from the main path input 32
      via RL3A in the record mode and from the main path output 33 via RL3B in
      the playback mode and which is subjected to a two line delay in chroma
      delay 42 in the case of a PAL system signal. This delay has the effect
      that the chroma sub-carrier is cancelled at the output of the mixer M3 and
      does not therefore cause the limiter 41 permanently to limit, which would
      choke the noise reduction action. For a simple NTSC system, the delay 42
      can be one line or two lines. Longer delay times can be used if required.
CLMS
STM  I claim:
NUM  1.
PAR  1. A circuit for modifying the dynamic range of a signal, comprising a main
      signal path arranged to transmit a main signal component with dynamic
      range linearity from an input terminal to an output terminal, a filter
      having an input terminal connected to a point in the main path, a first
      output terminal connected to the input terminal through a resistive
      impedance, a second output terminal connected to the input terminal
      through the series combination of the resistive impedance, reactive
      impedance means and a current amplifier whose input constitutes a virtual
      earth, first and second limiting means for limiting the two signals at
      said first and second output terminals, and combining means for combining
      the said two signals with the main signal component so that the said two
      signals jointly boost or jointly buck the main signal component.
NUM  2.
PAR  2. A circuit according to claim 1, further comprising a high pass filter
      coupling the first output terminal to said combining means.
NUM  3.
PAR  3. A circuit according to claim 1, wherein said reactive impedance means is
      a tuned circuit.
NUM  4.
PAR  4. A circuit according to claim 3, further comprising a trap circuit
      coupling the second output terminal to said combining means, the trap
      circuit being tuned more sharply than said tuned circuit.
NUM  5.
PAR  5. A circuit according to claim 4, wherein said trap circuit comprises two
      capacitors in series in a series arm, an inductor bridging the two
      capacitors, and a resistive shunt arm connected to the junction of the two
      capacitors and providing a resistance value such that the signal passed by
      the trap circuit at the tuned frequency thereof is substantially nil.
NUM  6.
PAR  6. A circuit according to claim 1, wherein the output of said current
      amplifier is connected to ground through another resistive impedance.
NUM  7.
PAR  7. A circuit for modifying the dynamic range of a signal, comprising a main
      signal path arranged to transmit a main signal component with dynamic
      range linearity from an input terminal to an output terminal, a further
      signal path having an input connected to a point in the main path and an
      output for providing a further signal component limited above a limiting
      threshold by limiting means in the further path, and means for combining
      the further signal component with the main signal component so as either
      to boost or buck the main signal component, wherein the further signal
      path includes a trap circuit for rejecting a carrier frequency, the trap
      circuit comprising two capacitors in series in a series arm, an inductor
      bridging the two capacitors, and a resistive shunt arm connected to the
      junction of the two capacitors and providing a resistance value such that
      the signal passed by the trap circuit at the tuned frequency thereof is
      substantially nil.
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ABST
PAL  The noise in a crossed field amplifier output is reduced by providing a
      non-uniform magnetic field across the surface of the cathode. This may be
      achieved by providing a curved magnetic field across the cathode or by
      providing a concave shaped cathode. Additionally the cathode may be tilted
      with respect to the cross magnetic field.
BSUM
PAR  This invention relates to crossed field amplifiers generally and to
      injected beam crossed field amplifiers in particular.
PAR  In these injected beam amplifiers, electrons emitted from a cathode
      interact with a radio frequency electromagnetic wave i.e. RF signals to
      cause an amplification of the RF signal. Such amplifiers are capable of a
      high power output, for example 500 kW peak pulsed power, and have compact
      overall dimensions. This is particularly useful in modern radar
      transmitters.
PAR  A crossed field amplifier, as used herein, is defined as a structure along
      which RF signals pass while interacting with an electron stream from the
      emitting surface of a cathode which stream imparts energy to the RF
      signals thereby amplifying the signals, the structure being arranged in a
      magnetic field which crosses the direction of movement of RF signal and
      electron stream, the majority of the interaction region being bounded by
      two spaced electrodes between which a potential difference is maintained,
      such electrodes being so arranged that the resulting electric field is
      perpendicular both to the magnetic field and to the general direction of
      movement of the RF signal and electron stream.
PAR  For some time it had been assumed that a highly uniform magnetic field was
      necessary for satisfactory operation of the amplifier. Even with such a
      uniform magnetic field and careful design the predicted high gain and
      efficiency of crossed field amplifiers was not realized because of broad
      band noise found in the RF output. Consequently little use has been made
      of these amplifiers in modern radar systems.
PAR  It has previously been found that, for low power crossed field amplifiers,
      a reduction in noise is obtained by causing a uniform component of
      magnetic field normal to the cathode or emitting surface. This was
      achieved by tilting the cathode or by small solenoids. Such tilt gives a
      uniform component of magnetic field normal to the cathode across the whole
      of its surface.
PAR  An object of this invention is to reduce the broad band noise in crossed
      field amplifiers.
PAR  According to this invention a crossed field amplifier, as defined herein,
      includes a shaped cathode and anode, means for causing the cathode to emit
      a stream of electrons for interaction with RF signal, and means for
      causing a non-uniform magnetic field across the surface of the cathode.
PAR  The non-uniform magnetic field may include a component normal to the
      surface of the cathode which component varies across the width of the
      cathode. This variation of the component may be arranged to give a maximum
      at the side edges of the cathode and a minimum at its center.
PAR  The non-uniform field may also include a variation in strength or intensity
      of magnetic field across the surface of the cathode.
PAR  A crossed field amplifier of this invention comprises two spaced
      electrodes, between which an electric potential field may be applied, a
      radio frequency signal input for feeding input signals between the two
      electrodes at one end thereof, a radio frequency signal output for
      collecting the signal from between the electrodes, a cathode emitter and
      anode between which an electric potential field may be applied to cause
      the cathode to emit electrons from a surface, an evacuated envelope
      containing the two electrodes, the cathode, and the anode, a magnetic
      field system for causing a uniform magnetic field perpendicular to the two
      electric potential fields, whereby electrons emitted from the cathode are
      caused to travel between the two electrodes perpendicular to the magnetic
      field to interact with the radio frequency signals and provide
      amplification thereof, and further comprises means for causing a
      non-uniform magnetic field component normal to the cathode emitting
      surface which component varies across the cathode surface whereby noise in
      the radio frequency signal output is reduced.
DRWD
PAR  The invention will now be described by way of example only with reference
      to the accompanying drawings in which:
PAR  FIG. 1 shows diagrammatically an injected beam crossed field amplifier and
      circuit;
PAR  FIG. 2 is a view on the line II--II of FIG. 1;
PAR  FIG. 3 is a view on the line III-III of FIG. 1;
PAR  FIG. 4 is a sectional view showing an alternative construction to that of
      FIG. 3; and
PAR  FIG. 5 shows a modification to FIG. 3.
DETD
PAR  As shown diagrammatically in FIGS. 1, 2 and 3, an injected beam crossed
      field amplifier comprises two sections, an interaction section 1 and a gun
      section 2, both mounted in an evacuated envelope 3.
PAR  The interaction section 1 has guiding structures for electromagnetic waves
      consisting of an electrode line plate 4 from which water cooled rungs 5
      are dependent. Below the line plate 4 and spaced therefrom is an electrode
      or sole plate 6 provided with a grooved surface (not shown) to reduce
      secondary electron emission. Side plates 7 are provided (as seen in FIG.
      2) to contain electrons. RF signals enter via an inlet 8 and after
      amplification leave via an outlet 9. A collector 18 is arranged across the
      end of the interaction section 1. The whole of the travelling wave section
      1 is located within a uniform magnetic field, typically 2,000 Gauss, as
      indicated at 10.
PAR  The gun section 2 comprises a cathode 11 heated by a heater 21, and an
      anode 12 with side, beam confining, electrodes 13 arranged at
      approximately cathode potential. The cathode 11 may be inclined at about
      10.degree. to the length of the travelling wave section 1. The magnetic
      field as shown at 10, extends across the gun section 2.
PAR  The poles 14 and 15 of magnets for supplying the magnetic field in the
      travelling wave and gun sections are shown in FIGS. 3 and 4. The shape and
      position of these poles may be modified in the gun section 2 in a manner
      which produces curvature of the magnetic field as shown in FIG. 3 or to
      produce a variation in intensity across the width of the cathodes 11, 19.
      The poles may be stepped in the gun section 2 to provide the curved field.
      The variation in intensity may be produced by reducing the height of the
      poles in the gun section 2.
PAR  In the presence of magnetic field 10 a voltage, typically 15kV, is applied
      between the anode 12 and heated cathode 11. This results in a stream of
      electrons 16 directed into the travelling wave section 1 where they
      interact with the RF signal 17. The RF signal is thus amplified and
      extracted. Electrons not previously interacted with the RF signal are
      collected by the collector 18.
PAR  One problem with the injected beam crossed field amplifier is noise in the
      RF signal output. This noise is believed to originate, to a large extent,
      in the gun section 2, particularly in the vicinity of the cathode 11
      surface.
PAR  As shown in FIGS. 1, 3 the emitting surface or cathode 11 is planar. Above
      it and at an angle is a shaped anode 12. As seen in FIG. 1 the applied
      magnetic field strength is constant over the length of the cathode (i.e.
      constant along the general direction of electron flow). However, as shown
      by FIG. 3, the magnetic field is non-uniform across the surface of the
      cathode 11, the lines of magnetic field being indicated at 10 as curved.
PAR  FIG. 4 shows an alternative construction in which the cathode 19 and the
      anode 20 are curved while the applied magnetic field 10 is straight.
      However, relative to the surface of the cathode 19 the magnetic field 10
      is curved.
PAR  Thus as shown in FIGS. 3, 4 the cathode 11 (or 19) experiences a
      non-uniform magnetic field component perpendicular to its emitting
      surface. This perpendicular component is seen to be at a maximum at the
      sides of the cathode and a minimum at its center. The curvature of
      magnetic field has been found to give maximum noise reduction when the
      magnetic field vector at the sides of the cathode 11, 19 is about
      1.degree..
PAR  Arrangement of the cathode to experience a non-uniform magnetic field
      across its surface as shown in FIGS. 3 and 4 has been found to reduce
      noise in the RF output by, typically, up to 15dB.
PAR  The non-uniform field across the cathode may be achieved in other ways, for
      example by variation in the windings of the magnets, additional magnets
      and shaping of the poles of the magnets.
PAR  FIG. 5 shows (in an exaggerated style) how noise may further be reduced by
      tilting the cathode 11 and also applying a non-uniform magnetic field
      across the cathode 11. The angle of tilt has been found, on the devices so
      far tested, to show a maximum noise reduction of up to 15dB at a tilt
      angle of 1.degree. when the magnetic field is uniform across the cathode
      11. Such tilting of course produces a uniform magnetic field normal to the
      cathode 11. When in addition to tilt the magnetic field is non-uniform,
      e.g. curved, the noise reduction has been found to be up to 30 dB. The
      cathode may be concave as in FIG. 4 and a straight magnetic field used.
PAR  Instead of tilting the cathode a uniform magnetic field, normal to the
      cathode 11, may be obtained by use of a solenoid mounted outside the
      envelope 3 to give a vertical magnetic field of about 30 Gauss (when the
      cross field is about 2,000 Gauss).
PAR  Further improvements in noise reduction may be achieved by holding the side
      electrodes 13 at about -300V relative to the cathode 11 potential. This
      reduces noise by up to 15 dB. Unfortunately insulation between cathode 11
      and side electrodes 13 is difficult.
PAR  An amplifier constructed as described above may be used with continuous
      wave or pulsed wave RF input. The power output is typically several
      Megawatts peak down to several watts continuous power with an RF
      amplification of about 20 dB, and signal to noise ratio around 75 dB.
PAR  Experiments have been made with magnetic field 10 curved the opposite way
      to that shown in FIG. 3, and also with cathodes made convex as opposed to
      the concave cathode 19, FIG. 4. Such constructions gave no reduction in
      noise.
CLMS
STM  I claim:
NUM  1.
PAR  1. A crossed field amplifier comprising two spaced electrodes means for
      applying a first electric potential field between said two electrodes, a
      radio frequency signal input for feeding input signals between said two
      electrodes at one end thereof, a radio frequency signal output for
      collecting the signal from between the electrodes, a cathode and anode
      disposed in spaced relation to one another adjacent one end of said two
      spaced electrodes, means for applying a second electric potential field
      between said cathode and anode to cause the cathode to emit electrons from
      a surface thereof, an evacuated envelope containing the two electrodes,
      the cathode, and the anode, a magnetic field system for producing a
      uniform magnetic field perpendicular to each of said first and second
      electric potential fields, whereby electrons emitted from the cathode are
      caused to travel between the two electrodes perpendicular to said magnetic
      field to interact with the radio frequency signals and provide
      amplification thereof, said magnetic field system including means for
      producing a non-uniform magnetic field component normal to said electron
      emitting surface of said cathode which component varies across said
      cathode surface whereby noise in the radio frequency signal output is
      reduced.
NUM  2.
PAR  2. A crossed field amplifier according to claim 1 wherein the cathode
      emitter surface is flat and the magnetic field across the cathode emittor
      surface is curved.
NUM  3.
PAR  3. A crossed field amplifier according to claim 1 wherein the cathode
      emitter surface is concave.
NUM  4.
PAR  4. A crossed field amplifier according to claim 1 wherein means are
      provided to produce an additional uniform magnetic field component
      perpendicular to the cathode emitter surface.
NUM  5.
PAR  5. A crossed field amplifier according to claim 4 wherein the additional
      uniform magnetic field component is produced by shaped pole pieces in said
      magnetic field system.
NUM  6.
PAR  6. A crossed field amplifier according to claim 4 wherein the additional
      uniform magnetic field component is produced by a solenoid.
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ABST
PAL  In a radio synthesizer adapted for use in an aircraft transceiver, an out
      of lock detector which enables or inhibits output from the synthesizer
      depending upon whether the synthesizer phase lock loop is in or out of
      lock. Under normal in lock operating conditions the oscillator output is
      coupled to the input of an output amplifier. When the loop is out of lock,
      pulse signals are generated at the loop phase detector and peak integrated
      to produce a signal which inhibits transmission of the oscillator output
      to the output amplifier, so that no output is produced while the
      synthesizer searches for a selected frequency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention lies in the field of radio synthesizers and, more
      particularly, detectors for determining when a phase lock loop synthesizer
      is out of lock.
PAR  2. Description of the Prior Art
PAR  The circuit of this invention finds particular use in connection with a
      phase lock loop synthesizer utilized within an aircraft radio transceiver.
      The assignee of this invention has recently designed an avionics
      transceiver to meet the 720 channel selectivity requirement, which
      transceiver utilizes a synthesizer module employing the latest digital
      techniques to assure accurate lock-on. While lock-on is quickly and
      efficiently achieved with this apparatus, there is a period of search
      following each selection of a new frequency, during which search period
      the oscillator is being tuned to the newly selected frequency. During this
      search period when the loop is out of lock, the oscillator output does not
      correspond to any desired channel frequency, and it is during this period
      that the detector of this invention inhibits transmission from the
      oscillator through to either the receiver or transmitter portion of the
      apparatus, so that extraneous communication is avoided. As soon as the
      loop is in lock, assuring that the oscillator has been tuned to precisely
      the desired frequency corresponding to a selected channel, the output
      circuit is enabled so that the transceiver function proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide efficient means for inhibiting
      synthesizer output in an aircraft radio transceiver when the synthesizer
      output is not locked at the selected frequency.
PAR  It is another object of this invention to provide an out of lock detector
      for a phase lock loop synthesizer, such out of lock detector providing for
      rapid inhibiting action when the synthesizer is out of lock.
PAR  It is another object of this invention to provide, for use with a phase
      lock loop synthesizer system, means for inhibiting transmission of the
      output of such system when the loop is not phase/frequency locked, and
      which inhibiting means interfaces with the synthesizer efficiently and
      reliably, and requires a minimum of components.
PAR  In accordance with the above objectives, there is provided, in a phase lock
      loop system for generating a pulse signal at a selected frequency, out of
      lock detector apparatus for generating a signal representative of the in
      lock/out of lock status of the system loop, a signal output circuit for
      normally transmitting the output of the synthesizer oscillator, and
      enabling means for normally enabling said output circuit and for
      disenabling said output circuit when the system is out of lock. The out of
      lock circuit produces a DC signal representative of the in lock/out of
      lock status of the loop, which signal responds quickly to a loop change
      from in lock to out of lock, and relatively slowly to a change from out of
      lock to in lock.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a phase lock system which incorporates the
      circuit of this invention.
PAR  FIG. 2 is a circuit diagram of the out of lock detector of this invention,
      in combination with a phase detector and output amplifier.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a block diagram of a radio
      synthesizer for providing a signal of a selected radio frequency. A
      voltage controlled oscillator 30 is utilized to produce the desired radio
      frequency signal. The output of oscillator 30 is a pulse signal, and as
      that term is used herein it refers to a continuous train of pulses at a
      preselected frequency.
PAR  The output of oscillator 30 is connected to a divider shown schematically
      at 32, which comprises frequency selection means with which an operator
      can manually select a desired frequency. For example, the frequency
      selection means enables an operator to select a desired one of 720
      communication channels each separated by 25 KHz. The divider comprises a
      counter which is preset by the frequency selection, to produce an output
      signal designated as a variable signal, which divider output is maintained
      at 25 KHz when the system is in the stable "in lock" condition. The 25 KHz
      variable signal is compared with a reference 25 KHz signal generated by
      reference generator 34, preferably a crystal controlled high precision
      oscillator. This comparison is accomplished in a phase/frequency detector
      35. As used in this application, phase detection and frequency detection
      are used interchangeably. In the phase lock loop system which forms the
      environment of this invention, when the loop is in lock the phase and
      frequency of the variable signal are maintained precisely together with
      that of the reference signal.
PAR  The output of phase/frequency detector 35 is connected to loop filter 36,
      which produces a DC type signal which is returned to oscillator 30 as the
      tuning signal, whereby oscillator 30 is positioned to produce an output
      pulse signal of such a frequency that the variable (divided) signal is 25
      KHz. At the same time, an output of the phase/frequency detector 35 is
      connected to out of lock detector 39, which produces a DC type signal
      which represents the in lock/out of lock condition of the loop. In other
      words, this signal is effectively a two-state signal, carrying information
      as to whether the loop is in lock or out of lock. As used herein, the term
      DC signal is meant to be either a signal of zero frequency or a very slow
      changing signal relative to the pulse signals involved. Also, when the
      variable 25 KHz signal and the reference agree in both phase and
      frequency, the loop is considered to be in lock.
PAR  The output of detector 39 is shown to be symbolically inputted to gate 40,
      along with an output from oscillator 30. Gate 40 enables the oscillator
      output to be transmitted through to an output amplifier 42 when the loop
      is in lock, and blocks transmission when the loop is out of lock, thus
      providing that when the system is searching for a newly selected
      frequency, or otherwise out of lock, no output is transmitted through to
      other portions of the radio equipment which utilized the synthesized radio
      frequency output. In practice, the circuitry of blocks 39, 40 and 42 may
      be combined, even though the functions are shown separately in FIG. 1.
PAR  Referring now to FIG. 2, there is shown a specific circuit diagram of the
      apparatus of this invention. The reference 25 KHz signal is shown as being
      provided by reference generator 34 and inputted to terminal 1 of an
      integrated circuit (IC) designated as 65, and specifically to portion 65A
      thereof. The divided, or variable 25 KHz signal is inputted to terminal 3
      of IC 65 at node 60. Integrated circuit 65 is manufactured by Motorola,
      and carries the designation MC4044. The portion designated schematically
      as 65A comprises the phase/frequency detector, and the portion 65B carries
      out certain logic operations which are discussed hereinafter. When the
      overall synthesizer loop is in lock, such that the VCO is producing a
      stable output, very narrow negative pulses appear at terminals 2 and 4 of
      65A, or 11 and 13 of 65B. These pulses are not sufficient to discharge
      capacitor 73, but merely function to maintain the system in lock. However,
      if the synthesizer is out of lock, wider negative pulses are present at
      terminals 11 and 13, which pulses are processed in 65B to produce an
      output at joint terminal 5, 10 which is connected to node 69, to which is
      connected the loop filter (block 36 in FIG. 1).
PAR  Portion 65B of the integrated circuit 65 has its terminal 14 connected to a
      suitable power source through resistor 67, and is connected to ground
      through capacitor 66. Terminal 7 is connected to ground, and terminals 11
      and 13 are connected to the cathodes of diodes 68B and 68A respectively.
      The anodes of these diodes are connected together, and connected through
      resistor 71 to a suitable power source. The anode connection is also
      connected through resistor 72 and capacitor 73 to ground. Transistor 70
      has its collector connected to resistor 71, its base connected to the
      junction between resistor 72 and capacitor 73, and its emitter connected
      to a resistor 74. The other side of resistor 74 is connected through diode
      75 to ground, as well as to a first winding of transformer 51. The other
      winding of transformer 51, shown having designated terminals 30' and 30"
      is connected to receive an output from oscillator 30. The first winding of
      transformer 51 is connected to the base of transistor 52, which transistor
      has its emitter connected through resistor 55 to ground and its collector
      connected to the input winding of transformer 53. The emitter is also
      connected through capacitor 54 to resistor 56 and to the other terminal of
      the input winding of transformer 53. Resistor 56 is also connected to a
      suitable supply. The output winding of transformer 53 is shown as being
      connected to terminals 57A and 57B, which constitute the output terminals
      of amplifier 42, which constitutes an isolation amplifier.
PAR  In operation, transistor 70 is normally in a conducting state, such that
      diode 75 is conducting and transistor 52 is likewise turned on. Diode 75
      is chosen of a value so as to properly bias transistor 52, and presents
      insignificant impedance to the high frequency signal which is inputted to
      transistor 52. If the loop frequency is higher than the 25 KHz reference
      signal, negative going pulses appear at pin 11, and if the loop frequency
      is lower than 25 KHz, negative pulses appear at pin 13. These negative
      pulses are peak integrated by the RC combination of resistor 72 and
      capacitor 73, such that a negative DC signal appears across capacitor 73
      and at the base of transistor 70, thereby turning off the transistor. When
      this happens, transistor 52 is likewise turned off, inhibiting
      transmission of the oscillator output through the output amplifier which
      comprises transistor 52.
PAR  In summary, applicant provides unique means for operating on signals which
      represent the in lock/out of lock status of the synthesizer loop, and
      generating from such operation a signal which either gates through the
      synthesizer output or inhibits transmission of the synthesizer output. It
      is to be noted that the IC utilized is part of the basic loop, providing
      the phase/frequency detection, and that the out of lock detector apparatus
      interfaces with the phase lock loop without affecting the design of the
      loop in any way. The out of lock detector comprises a minimum number of
      components and is extremely reliable in carrying out its function.
CLMS
STM  I claim:
NUM  1.
PAR  1. A radio synthesizer system for generating a plurality of selectable
      radio frequency signals, comprising:
PA1  a. oscillator means for generating a periodic signal, being tunable such
      that the frequency of said periodic signal can be varied as a function of
      a tuning signal;
PA1  b. divider means for dividing the frequency of said periodic signal, said
      divider means having selecting means for determining the selected system
      frequency;
PA1  c. frequency reference means, for generating a reference signal of a
      predetermined frequency and phase;
PA1  d. phase detector means, connected to said oscillator means, for comparing
      said divider signal and said reference signal and producing said tuning
      signal as a function of the comparative phase of said signals, said phase
      detector means also being characterized by producing a pulsed out of lock
      signal when said divider and reference signals are out of phase and said
      system is out of lock;
PA1  e. output means for providing the system output signal, having an input
      circuit connected to said oscillator means; and
PA1  f. out of lock detector means for turning off said output means when said
      system is out of lock, having an input circuit connected to said phase
      detector means and which receives said pulsed out of lock signal, and an
      output circuit connected to said output means input circuit, whereby no
      output signal is produced by said system when it is out of lock.
NUM  2.
PAR  2. The system as described in claim 1, wherein said phase detector is
      characterized by producing said pulsed out of lock signal so long as said
      system is out of lock.
NUM  3.
PAR  3. The system as described in claim 2, wherein said out of lock detector
      comprises circuitry for integrating said pulsed out of lock signal, said
      integrated signal holding said output means off.
NUM  4.
PAR  4. The system as described in claim 3, wherein said output means input
      circuit has an on-off device which is normally on and is biased off by
      said out of lock detector in response to said integrated signal.
NUM  5.
PAR  5. In a phase lock loop system for generating a pulse signal at a given
      frequency, apparatus for generating a DC signal representative of when
      said system is in lock and when out of lock, comprising detector means for
      comparing a loop signal with a reference signal and producing pulses as
      long as said system is out of lock, and means for generating a DC signal
      having a polarity which is a function of whether said system is in lock,
      said DC signal means having a non-linear circuit connecting to said
      detector means for receiving said out of lock pulses, wherein said DC
      signal generating means comprises a capacitor in combination with a
      voltage source of a first polarity, said capacitor normally being charged
      through said source with said first polarity, and wherein said non-linear
      circuit comprises at least one diode.
NUM  6.
PAR  6. The apparatus as described in claim 5, wherein said DC generating means
      comprises circuitry to charge said capacitor with a second polarity upon
      the occurrence of one of said pulses.
NUM  7.
PAR  7. The apparatus as described in claim 6, wherein said DC signal means
      comprises a relatively slow charging circuit for charging said capacitor
      from said voltage source and a relatively fast charging circuit for
      charging said capacitor from said out of lock pulses.
NUM  8.
PAR  8. The apparatus as described in claim 7, comprising a signal output
      circuit for providing a system output signal, and further comprising
      enabling means connected to said DC generating means to enable said signal
      output circuit in the absence of said out of lock pulses.
NUM  9.
PAR  9. The apparatus as described in claim 8, wherein said enabling means
      comprises a two state device having a normal first state when said system
      is in lock, and which is connected to said generating means such that it
      is switched to a second state when said out of lock pulses are received,
      whereby said output circuit is disenabled.
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ABST
PAL  An orthogonal mode waveguide junction having a dual mode common arm capable
      of receiving or transmitting energy simultaneously in two orthogonally
      related directions of polarization, an E-arm, and an H-arm meeting in a
      common junction region. Matching structure is included entirely within the
      junction region. The junction is usable over a great part of the band
      normally usable with a waveguide designed to the same center frequency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to waveguide junctions and particularly to a
      three-port junction in which one of the ports will accept energy in two
      orthogonally related directions of polarization and the other two ports
      are E- and H-arm ports.
PAR  2. Description of the Prior Art
PAR  Past three-port junctions in which one port accepts two orthogonally
      related modes have been commonly designed for operation over a narrow
      frequency range. For example, the present junction was obtained in
      designing a junction for use between 5,200 and 5,800 MHz. Beyond a design
      frequency band with a frequency ratio of about 1.1 to 1, voltage standing
      waves commonly produced by junctions of this type become excessively high.
PAR  A voltage standing wave ratio over 1.5 is normally considered unacceptable
      and waveguide will normally propagate energy with acceptable efficiency
      over a frequency band having a ratio of about 1.5. Thus, in order to use
      the same waveguide junction over the whole useful frequency range of a
      particular waveguide, the junction desirably introduces less than a 1.5
      VSWR over a frequency ratio of 1.5 to 1.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention was the result of experimenting with variations of
      orthogonal mode junction configurations to find one economical to produce
      that operated well over a frequency ratio of 1.1 to 1. Upon arriving at a
      satisfactory design, it was found quite unexpectedly to operate broad
      band.
PAR  The inventive junction has a square cross section orthogonal mode common
      arm which meets E and H arms at a junction such that the orthogonal mode
      arm is as the upright of a Tee and the other arms form the top of the Tee.
PAR  One broad wall of the E-arm is substantially coextensive with one narrow
      wall of the H-arm. The coextensive narrow wall of the H-arm is interrupted
      by a lateral protrusion while the coextensive broad wall of the E-arm is
      interrupted beyond the narrow width of the H-arm by protrusions beginning
      in stepped fashion and leading into a 45.degree. sloped juncture of the E
      and H arms slanting toward the other narrow wall of the H-arm. On the wall
      where the common arm meets the other broad wall of the E-arm, a protruding
      button is positioned. These various protrusions providing the matching
      structure are all within a roughly cubical junction space where the three
      arms meet.
PAR  Thus it is an object of the invention to provide a broad band orthogonal
      mode waveguide junction.
PAR  Further objects and features will become apparent upon reading the
      following description together with the drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the inventive junction.
PAR  FIG. 2 is a section taken along 2--2 of FIG. 1.
PAR  FIG. 3 is a section taken along 3--3 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The orthogonal mode tee of the invention is depicted standing on common arm
      port 10 in FIG. 1. The three arms are common arm 11, E-arm 12 and H-arm
      14. For reference purposes, E-arm 12 is defined as the arm having a broad
      wall meeting a wall of the common arm directly at right angles while H-arm
      12 is defined as the arm having a narrow wall meeting a wall of the common
      arm directly at right angles. A roughly cubical region indicated by dashed
      lines in FIG. 1 is defined as junction region 15. Region 15 starts as a
      cross section of arm 11 where it meets arm 14 and extends to coextensive
      wall 16 of both arms 12 and 14. Arm 12 terminates in port 17 facing the
      opposite direction from port 18 which terminates arm 14. Ports 10, 17 and
      18 may be fitted directly to waveguide or other mating components or may
      terminate in flanges (not shown) for choke or similar coupling to mating
      components.
PAR  The internal structure in junction region 15 is the most critical to the
      invention and is depicted in the sectional drawing FIG. 2. Since it is
      difficult in a structure such as this to determine exactly the nature of
      the contribution provided by each part of the matching structure, the
      present description provides the necessary disclosure in actual dimensions
      for an "X-band" junction rather than theoretically critical relationships
      of various structural parts. Junctions for other frequencies can be scaled
      to provide comparable results. The Drawing is scaled 1 to 1 and Table I
      gives the internal dimensions of the junction region.
PAR  Protrusion 28 is in essence an inductive iris providing matching for the
      H-arm while the configuration of juncture 21 together with step 30 and
      capacitive button 24 provides E-arm matching.
PAR  Additional buttons 35 on the front and back interior walls of the junction
      region can be added to provide additional tailoring on an empirical basis
      for particular junctions. Buttons 35 are capacitive buttons effecting the
      H-arm primarily.
PAR  Table II gives the response obtained with the orthogonal mode junction
      dimensioned in Table I. The Table II data was obtained with common arm 11
      terminated with its characteristic impedance and the generator connected
      to the arm being measured. No terminations were provided to the third arm
      in either case since it was beyond cutoff for the polarization of the
      applied frequency.
TBL                TABLE I                                                     

     ______________________________________                                    

     Internal Dimensions                                                       

     Arm 10-- 1.372 in. .times. 1.372 in.                                      

     Arm 17 -- 1.372 in. .times.  .622 in.                                     

     Arm 18 --  .622 in. .times. 1.372 in.                                     

     Angle a                 45.degree.                                        

     Button Diameter b       .375 in.                                          

     Button Height c         .192 in.                                          

     Button Curvature radius d                                                 

                             .093 in.                                          

     Button center distance e from                                             

                             1.147 in.                                         

      coextensive wall                                                         

     Protrusion width f      .332 in.                                          

     Protrusion depth g      .332 in.                                          

     Step depth h            .190 in.                                          

     Step length p           .190 in.                                          

     Distance k of protrusion                                                  

                             .418 in.                                          

      center from extended line                                                

      of common wall 31                                                        

     Protrusion curvature radius i                                             

                             .156 in.                                          

     Distance m from the extended                                              

                             1.150 in.                                         

      line of wall 31 to the                                                   

      intersection of wall 16                                                  

      and the extended line                                                    

      of juncture 21                                                           

     Distance n from wall 16 to                                                

                             1.150 in.                                         

      intersection of                                                          

      juncture 21 and wall 31                                                  

     ______________________________________                                    

TBL                TABLE II                                                    

     ______________________________________                                    

     Frequency Characteristics                                                 

     ______________________________________                                    

     Freq., MHz  E-Arm VSWR     H-Arm VSWR                                     

     ______________________________________                                    

     4500        1.18           1.27                                           

     4600        1.21           1.30                                           

     4800        1.11           1.25                                           

     5000        1.10           1.18                                           

     5200        1.07           1.16                                           

     5400        1.05           1.07                                           

     5600        1.03           1.03                                           

     5800        1.02           1.02                                           

     6000        1.11           1.04                                           

     6200        loses          1.10                                           

     6400        mode           1.15                                           

     6600        discrimination 1.25                                           

     6800                       1.35                                           

     7000                       1.5                                            

     ______________________________________                                    

PAR  The present orthogonal mode junction is readily cast in one integral piece.
      However, it is the present practice to add capacitive button 24, as well
      as buttons 35 when used, after casting. It is to be noted that button 24
      is spaced more than one-half inch on center from the interior intersection
      of the common arm wall with the broad E-arm wall. This spacing is
      substantially different from past practice and it is believed to have
      particular benefit in obtaining the broad band results described.
PAR  In considering the performance as indicated in Table II, it will be noted
      that the E-arm is useful only over a frequency ratio of 1.33 while the
      H-arm is useful over a frequency ratio of 1.5. The wider frequency range
      of the H-arm is not rendered valueless beyond the useful range of the
      E-arm. In some applications the E-arm will actually require little band
      width. Where the E-arm performance is important, the useful range of the
      E-arm is still unusually large in this type of junction.
PAR  While the invention has been described in relation to a particular
      embodiment, it can readily be scaled to meet other frequency band
      requirements and may be terminated with ports for specific uses that are
      much different from the simple connecting ports depicted herein. Thus it
      is intended to cover the invention as set forth in the full scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A three-arm microwave junction comprising:
PA1  a. a first arm of waveguide that will propagate a fundamental mode in two
      orthogonally related directions of polarization;
PA1  b. a second arm of waveguide that will propagate a fundamental mode in only
      one of said two directions of polarization,
PA1  c. a third arm of waveguide that will propagate a fundamental mode only in
      the second of said two directions of polarization;
PA1  d. a junction region joining said first, second and third waveguide arms
      together so that energy in a first of said two orthogonally related
      directions of polarization will couple between said second arm and said
      first arm only and energy in the second of said two orthogonally related
      directions of polarization will couple between said third arm and said
      first arm only; and,
PA1  e. matching structure in said junction region comprising a protruding ridge
      across a narrow wall proximate said third arm, a step structure protruding
      from a broad wall coextensive with said narrow wall and proximate said
      second arm, said step structure extending into slanting junctures joining
      said second and third arms along a diagonal within said junction region,
      and a protruding button in the center of a wall coextensive with a wall of
      said first arm said button being in spaced proximity to said second arm.
NUM  2.
PAR  2. A three-arm microwave junction according to claim 1 wherein said first
      arm has a square cross section and each of said second and third arms have
      an oblong cross section with one dimension the same as a cross section
      dimension of said first arm and the other dimension smaller, the second
      and third arms connected to said junction region facing in opposite
      directions with their larger cross-sectional dimensions rotated at right
      angles to each other.
NUM  3.
PAR  3. A three-arm microwave junction according to claim 2 wherein a broad wall
      of said second arm is coextensive with a narrow wall of said third arm
      across said junction region and it is this wall in the junction region
      from which said step structure and said ridge protrude.
NUM  4.
PAR  4. A three-arm microwave junction according to claim 3 wherein said
      slanting junctures lie along a 45.degree. diagonal.
NUM  5.
PAR  5. A three-arm microwave junction according to claim 2 wherein said second
      arm is an E-plane arm, said third arm is an H-plane arm and said junction
      region is the region of said junction within the extended walls of said
      first arm commencing at the intersection with said H-plane arm and ending
      at said broad wall coextensive with said narrow wall, said junction region
      containing all matching structure of said microwave junction.
NUM  6.
PAR  6. A three-arm microwave junction according to claim 5 wherein said button
      is a capacitive dome located in spaced proximity to a broad wall of said
      second arm.
NUM  7.
PAR  7. A three-arm microwave junction according to claim 6 wherein said step
      structure is for matching said second arm at said junction region and said
      ridge is an inductive iris for matching said third arm at said junction
      region.
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PAL  A method for permitting the use of "drop-in" waveguide structures in
       micrrip applications comprising the steps of: inserting a heavily loaded
      waveguide that is compatible in size to the stripline into a longitudinal
      hole cut in the stripline to accommodate the waveguide so that these two
      components are end-to-end;
PA1  Attaching the ground plane of the stripline directly to one of the
      broad-walls of the waveguide; and
PA1  Impedance matching the top, narrow conductor of the stripline to the
      waveguide completely external to said waveguide and attaching it to the
      remaining waveguide broad-wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to microwave energy transfer
      apparatus and in particular to an improved transition structure for
      transferring microwave energy from a strip-type transmission line to a
      loaded waveguide.
PAR  2. Decription of the Prior Art
PAR  Microstrip transmission lines comprising flat, narrow conductors etched or
      otherwise suitably fixed on a printed circuit board (which provides a
      spaced ground plane) have come into common use at radio frequencies. These
      transmission lines are particularly advantageous because of their light
      weight, small volume, and ease of printing. Furthermore, microstrip
      circuitry is easily coupled to electrical components and has wide band,
      low loss characteristics.
PAR  Generally, systems involving the combination of waveguide and microstrip
      are uncommon due to the physical size of the waveguide that is required to
      transmit the frequency bands normally used in microstrip lines.
PAR  Where both waveguide and microstrip lines must be used in the same system a
      probe structure is usually employed which effects a conversion of the
      microwave energy from its waveguide mode to a coaxial mode and then to a
      microstrip mode. Usually such probe transition devices are placed at right
      angles to the waveguide and protrude up through a wall into the waveguide.
PAR  There are, however, system applications where a simple, direct transition
      from microstrip to waveguide is desirable. For example, most ferrite
      phase-shifters made for microstrip are sensitive to dimensional
      characteristics and thus are extremely frequency-sensitive devices. In
      contra distinction, waveguide, ferrite phase-shifters have inherent,
      low-loss properties thus making them almost frequency independent. Clearly
      a small, direct-transition device that could be used to convert back and
      forth between microstrip and waveguide lines is highly desirable. For
      then, any frequency-sensitive microstrip device could be easily replaced
      by its frequency-independent, waveguide counterpart.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention provides a direct, in-line, single
      ground-plane, microstrip-to-waveguide transition method which eliminates
      the need for a coaxial mode transition. This method makes feasible the use
      of waveguide structures in microstrip circuitry. The method comprises
      attaching the single, ground plane of the microstrip to one of the
      broad-walls of a physically compatible waveguide to be inserted into the
      microstrip system. The microstrip, narrow conductor is then impedance
      transformed external to the waveguide and directly attached to the
      remaining waveguide broad-wall. Such a transition can be effected by
      merely cutting a hole in the microstrip, setting the waveguide containing
      the desired circuit component into this hole so that the two lines are
      end-to-end, and connecting the two lines as stated above. This small,
      drop-in, waveguide must be heavily loaded in order to allow it to
      propagate the R.F. energy present in the microstrip line while remaining
      physically compatible with the stripline.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to eliminate the need for a
      coaxial-mode, transition step in waveguide microstrip transitions.
PAR  A further object of the present invention is to permit a direct, in-line
      transition between waveguide and microstrip lines.
PAR  A still further object is to make feasible the substitution of waveguide
      circuit components in microstrip circuitry.
PAR  Yet a still further object is to utilize drop-in waveguide structures in
      microstrip systems.
PAR  Other objects, advantages, and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1a is a sectioned, side view of one embodiment of the
      waveguide-microstrip adapter of the present invention.
PAR  FIG. 1b is a top view of the embodiment of the present invention shown in
      FIG. 1a.
PAR  FIG. 1c is a sectioned end view of the heavily loaded waveguide 20 of the
      present invention.
PAR  FIG. 2 is a top view of a drop in waveguide phase shifter inserted into a
      microstrip line.
DETD
PAC  DETAILED DESCRIPTION OF THE PRESENT INVENTION
PAR  Referring now to the drawings, FIGS. 1a, 1b, and 1c show the basic,
      stripline-to-waveguide transition of the present invention.
PAR  The basic problem in providing a transition between a stripline structure
      supporting an energy mode which is essentially TEM and and a waveguide
      structure, such as a rectangular waveguide supporting a TE.sub.10 mode, is
      to obtain a propagation transition therethrough with a minimum of
      radiation and reflection losses at the transition. Thus a transition
      structure must be provided that effects both an impedance transformation
      and a radiation field-pattern transition.
PAR  The typical stripline comprises two flat stripconductors separated by a
      layer of dielectric material 14. The strip conductor 12 is considerably
      wider than the top, strip conductor 10 in order to present thereto a
      planar, conducting, base surface. The dielectric layer which may be of
      polyethylene, polystyrene, "Teflon", fiberglass, or other suitable
      material of high dielectric quality, is utilized as a supporting medium
      for the strip conductors 10 and 12 which may be applied thereto in the
      desired configuration by known printing techniques. Generally, such
      striplines have impedances on the order of 50 ohms. (Determined by the
      width of the conductor 10 and its spacing from the planar conductor 12 and
      the dielectric constant of the material 14 disposed therebetween).
PAR  Generally, waveguides must have width dimensions of several inches in order
      to propagate electro-magnetic energy at radio frequencies (R.F.). In order
      to obtain a waveguide that is physically compatible with the typical
      stripline dimensions (.5 inches wide, 40 thousandths inch spacing) while
      yet propagating R.F. energy, the waveguide must be heavily loaded with
      high dielectric material 16. This dielectric material 16 may be of
      alumina, styrene, plastic, or any other suitable material of high,
      dielectric constant or a composite thereof.
PAR  A common method of manufacture for such loaded waveguides is to use a
      composite of a high dielectric material and a low dielectric support
      material such as styrene and ceramic foam, respectively. The low
      dielectric material gives the composite material a good strength
      characteristic. The metallic walls 18 of the waveguide are then plated to
      a thickness of approxiamtely 0.001 to 0.002 inches around this composite
      loading material thus forming a loaded waveguide.
PAR  It should be understood at this point that although the present method may
      be used only with heavily loaded waveguides, these waveguides need not be
      completely filled with dielectric material. Such a complete filling of the
      waveguide provides added mechanical support to the waveguide and ease of
      manufacture, but it is not essential to the present invention. The
      waveguide 20 need only be heavily loaded dielectrically. No particular
      loading configuration is required.
PAR  The heavily loaded, waveguide section 20 is attached to the stripline in
      the following manner. The microstrip dielectric 14 and the narrow
      conductor 10 may be cut so that a hole of the dimensions of the waveguide
      section 20 to be inserted is obtained. The ground plane 12 of the
      microstrip is then attached to one of the broad walls 22 of the waveguide
      20. The narrow conductor 10 of the microstrip line is then impedance
      transformed and directly attached to the remaining one of the waveguide
      broad walls 22.
PAR  The connection of the stripline conductors to the waveguide may be
      accomplished by any of the well-known techniques. For example, the
      stripline and waveguide may be butted up against each other and a metal
      jumper ribbon 28 (frequently of gold) connected across the two lines to
      effect a good electrical contact. The jumper 28 may be soldered,
      spot-welded, or pressure bonded across the stripline-waveguide interface.
PAR  Common microwave matching techniques may be employed to effect the
      impedance match between the stripline and the waveguide 20. For instance,
      the technique of transformer impedance steps may be employed. In this
      technique the band-width and VSWR are determined by the number of
      intermediate matching steps 24 that the narrow conductor 10 makes before
      it connects to one of the waveguide broad walls 22.
PAR  It should be noted that the embodiment shown in FIGS. 1a, 1b, 1c results
      typically in an impedance transformation from 50 ohms in the stripline 11
      to 5-10 ohms in the waveguide 20. This type of downward transformation
      from the stripline to the waveguide is highly unusual and is caused by the
      heavy loading of the waveguide 20. (Typical characteristic impedances for
      R.F. waveguides range from 100 to 300 ohms and thus an upward impedance
      transformation is generally required). The amount of downward
      transformation can be reduced by increasing the waveguide height dimension
      26 which has the effect of increasing the waveguide impedance.
PAR  The actual impedance transformation from the stripline to a waveguide is
      effected in the stripline approach to the waveguide. This transformation
      is accomplished in the stripline completely external to the waveguide and
      may be a combination of any of the well-known transformation techniques
      such as:
PA1  a. varying the spacing of the narrow conductor 10 above the ground plane 12
      in a continuous fashion or in steps;
PA1  b. varying the width of the narrow conductor 10;
PA1  c. varying the dielectric constant of the strip-line dielectric 14 as the
      waveguide 20 is approached so that there is not an abrupt dielectric
      constant change at the stripline waveguide interface. This transition
      section of the stripline may be manufactured as a separate piece to be
      added, or formed during the manufactue of the stripline itself with
      well-known manufacturing techniques.
PAR  The primary advantage obtained from the foregoing transition method is the
      ability to use drop in waveguide structures for microstrip applications.
      This ability comes from the fact that the waveguide structure to be
      inserted has a small enough size so that it may be physically inserted
      into the stripline either by making a hole in the stripline or splitting
      the stripline. Thus any type of waveguide component could be inserted into
      the stripline so long as it is small in size. For example, phase shifters,
      mixers, or circulators could be easily dropped in to the stripline circuit
      without any disruption of the energy propagation in the stripline. FIG. 2
      shows a drop-in phase-shifter component that may be used in microstrip
      applications. The only change from FIG. 1b is the distribution of the
      dielectric. The long, centrally positioned block 30 is a high dielectric
      material such as ferrite. The filler material 32 on either side of this
      block 30 is generally a low dielectric support material.
PAR  Although this technique is most suited to waveguide, drop-in, component
      applications, the technique may be applied to straight
      stripline-to-waveguide transitions. For example, the small, heavily loaded
      waveguide may be tapered out while reducing the dielectric loading so that
      a normal size, empty waveguide is formed.
PAR  Dimensions for a typical, loaded waveguide are 0.004 to 0.1 inches in
      height to 0.75 to 1 inches in width. Dimensions for a typical stripline
      are 0.5 inches wide with a 40 thousand of an inch spacing. The dielectric
      constants for the composite materials used for waveguide loading generally
      have dielectric constants varying from 2 to 50. No definite width has been
      shown for the stripline dielectric 14 since this is a design consideration
      depending on the surrounding components. Although the heights of the
      stripline and waveguide have been set equal in FIGS. 1a, 1b, 1c for
      convenience, this dimension may be varied for either component as stated
      previously.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for converting between a microstrip line with a small-width
      conductor suspended above a ground plane and a small waveguide with at
      least two broad walls comprising the steps of:
PA1  heavily loading said small waveguide so that it can propagate the R.F.
      energy being conducted in said microstrip line;
PA1  directly attaching end-to-end the ground plane of said microstrip line to
      one of the broad walls of said waveguide;
PA1  matching the impedance of the small-width conductor of said microstrip line
      to the impedance of the other of said broad walls of said waveguide; and
PA1  directly attaching end-to-end said impedancedmatched, small-width conductor
      to said other broad wall of said waveguide.
NUM  2.
PAR  2. A method for converting between a microstrip line and a waveguide as
      defined by claim 1 wherein said step of attaching the ground plane to a
      broad wall comprises the steps of:
PA1  cutting a hole in the center of said microstrip line with the appropriate
      dimensions so that said waveguide fits into the hole longitudinally;
PA1  fitting said waveguide in said hole in said microstrip line so that it lays
      end-to-end with said microstrip line;
PA1  directly attaching the ground plane of said microstrip line to the broad
      wall of said waveguide that is closest to it.
NUM  3.
PAR  3. A waveguide to microstrip adapter for permitting the insertion of
      waveguide circuit components in a microstrip system comprising:
PA1  microstrip means with one, wide, ground-plane conductor and a strip
      conductor of narrow width relative to said ground-plane conductor laying
      on a supporting medium above said ground plane conductor; and
PA1  waveguide means with at least two broad walls and having a small size
      relative to said microstrip means, said waveguide means being heavily
      loaded dielectrically so that it can propagate the R.F. energy that is
      being propagated by said microstrip means;
PA1  said microstrip means and said waveguide means being connected end-to-end
      so that energy propagating in said stripline means will propagate in said
      waveguide means, said ground-plane conductor being connected directly to
      one of the broad walls of said waveguide means, said narrow conductor
      being impedance-matched to said waveguide means and connected to the other
      of said broad walls.
PATN
WKU  039328244
SRC  5
APN  5155053
APT  1
ART  256
APD  19741017
TTL  Signal selective circuit
ISD  19760113
NCL  13
ECL  1
EXP  Gensler; Paul L.
NDR  6
NFG  6
INVT
NAM  Wycoff; Keith H.
STR  P.O. Box 308
CTY  Lexington
STA  NB
ZIP  68850
RLAP
COD  71
APN  17233
APD  19700306
PSC  03
RLAP
COD  84
APN  666645
APD  19670911
PSC  01
PNO  3597690
CLAS
OCL  333 70R
XCL  334 56
EDF  2
ICL  H03H  710
FSC  333
FSS  70 R
FSC  334
FSS  56-58;71;72-77
FSC  336
FSS  107;147;150
FSC  339
FSS  18 R;18 P;18 C;222
UREF
PNO  1127738
ISD  19150200
NAM  Coughenour
OCL  336150
UREF
PNO  1463304
ISD  19230700
NAM  Bingay
XCL  336147
UREF
PNO  1971872
ISD  19340800
NAM  O'Brien
XCL  336150
UREF
PNO  2310797
ISD  19430200
NAM  Lea
XCL  334 56
UREF
PNO  2761066
ISD  19560800
NAM  Robinson
XCL  334 56
UREF
PNO  2995656
ISD  19610800
NAM  Sneath
OCL  334 56
UREF
PNO  3264566
ISD  19660800
NAM  Kaufman et al.
XCL  334 56
UREF
PNO  3281747
ISD  19661000
NAM  Winsand
XCL  336107
UREF
PNO  3427569
ISD  19690200
NAM  Abramson
OCL  334 56
UREF
PNO  3486076
ISD  19691200
NAM  Abbott et al.
XCL  339 18C
FREF
PNO  110,547
ISD  19400500
CNT  AU
OCL  334 56
LREP
FRM  Prangley, Dithmar, Vogel, Sandler & Stotland
ABST
PAL  In one aspect, the circuit has a first impedance element which preferably
      is in the form of a tapped inductor with a plurality of taps thereon, and
      a second impedance element which preferably is in the form of a capacitor.
      One terminal of the capacitor is connected to a terminal of the inductor,
      the other terminal of the capacitor is movably connected to a selected one
      of the taps. The circuit is tuned to a resonant frequency determined by
      the value of the capacitor and the value of inductance associated with the
      selected tap. The taps are located on the inductor to cause each resonant
      frequency to be a substantially fixed percentage greater than the next
      lower one of the resonant frequencies. In one embodiment, a connector plug
      is provided, having a first portion with a terminal connected to the
      capacitor; a second portion with terminals connected to the taps on the
      inductor; and a third portion matable with the second and third portions.
      The third portion is provided with means to cause the terminal on the
      first portion to be connected to a selected one of the terminals of the
      second portion.
PARN
PAR  This application is a continuation of application Ser. No. 17,233 filed
      3-6-70 for TAPPED FILTER, now abandoned which in turn, is a divisional of
      Application Ser. No. 666,645 filed 9-11-67 for TONE CONTROL CIRCUIT HAVING
      A FREQUENCY-CONTROLLABLE FILTER, now U.S. Pat. No. 3,597,690.
BSUM
PAR  An important object of the invention is to provide an improved filter for
      use in a selective calling communication receiver.
PAR  Another object is to maximize the use of a given frequency spectrum by
      maximizing the number of usable tones therein.
PAR  Still another object is to provide a tapped filter which is tunable to a
      plurality of resonant frequencies, each resonant frequency being a fixed
      percentage greater than the next lower resonant frequency.
PAR  Yet another object is to provide a resonant circuit having a connector
      plug, which can be set up to tune the resonant circuit to a desired
      resonant frequency.
PAR  A yet further object is to provide a connector plug which can be programmed
      to establish the response characteristics of a sequential signal selective
      circuit.
PAR  In summary, there is provided a tapped filter for use in a communications
      receiver and comprising a first impedance element having an input terminal
      and a plurality of taps thereon providing a corresponding plurality of
      impedances respectively between the taps and the input terminal, a second
      impedance element having an output terminal and having an input terminal
      connected to the input terminal of the first impedance element, and a
      movable connection for interconnecting the output terminal of the second
      impedance element to a selected one of the taps, thereby to cause the
      filter to be tuned to a resonant frequency determined by the value of the
      second impedance element and the value of the impedance between the input
      terminal of the first impedance element and the selected tap thereon, the
      taps being located on the first impedance element to cause each resonant
      frequency to be a substantially fixed percentage greater than the next
      lower one of the resonant frequencies.
PAR  In a preferred form, the first impedance element is an inductor having a
      plurality of taps thereon, and the second impedance element is a
      capacitor. In another form of the invention, the connections between the
      first and second impedance elements are made by electronic switching
      devices.
PAR  In still another form, there is provided a connector plug including first
      and second and third portions, the first portion having a plurality of
      terminals fixedly coupled respectively to the taps on the inductor, the
      second portion having a terminal fixedly coupled to the capacitor output
      terminal, the third portion having a plurality of first terminals
      respectively matable with the terminals of the first portion and having a
      second terminal matable with the terminals of the second portion, and
      means associated with the third portion for connecting the first terminal
      to a selected one of the second terminals, whereby mating the third
      portion with the first and second portions operates to connect a selected
      tap of the inductor to the capacitor output terminal.
PAR  Further features of the invention pertain to the particular arrangements of
      the elements of the signal selective circuit, thereby to achieve the above
      outlined and additional objects thereof.
DRWD
PAR  The invention, both as to its organization and method of operation,
      together with further objects and advantages thereof will best be
      understood by reference to the following specification taken in connection
      with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic and block diagram of a receiver including tapped
      filters made in accordance with and embodying the principles of the
      present invention;
PAR  FIG. 2 is a schematic electrical diagram of the tone control circuits
      forming a part of the receiver of FIG. 1;
PAR  FIG. 3 is a schematic and block diagram of a second form of a receiver
      including tapped filters made in accordance with and embodying the
      principles of the present invention;
PAR  FIG. 4 is a schematic electrical diagram of the filters and inverter
      forming a part of the receiver illustrated in FIG. 3;
PAR  FIG. 5 is a schematic and block diagram of a third form of a receiver
      including filter devices made in accordance with and embodying the
      principles of the present invention; and
PAR  FIG. 6 is a schematic electrical diagram of the filters and the NOR circuit
      forming a part of the receiver of FIG. 5.
DETD
PAR  The principles of the present invention are equally applicable to
      communication systems utilizing wire lines, modulated supersonic signals,
      AM radio signals, and FM radio signals. For illustrative purposes, the
      following explanation refers to a receiver responsive to FM radio signals.
      Those skilled in the art will readily understand that the various
      principles to be described hereinafter in conjunction with the system
      employing FM radio signals can be readily adjusted to the other types of
      communication systems using other forms of transmission such as those set
      forth above.
PAR  Referring now to FIG. 1 of the drawings, there is shown a communication
      receiver 100 adapted to respond to a radio frequency carrier wave
      modulated by a sequence of tones. The transmitter which produces that
      carrier wave can generate a sequence of tones, for example, a sequence of
      two tones, three tones, . . . seven tones, etc., the tone sequence being
      preferably generated automatically after being encoded therein.
      Furthermore, alternate tones in the tone sequence are selected from two
      different groups of tones in two different bands of audio frequencies. For
      example, the first, third, fifth, etc. tones would be selected from a
      first group of tones in a first band of frequencies, while the second,
      fourth, sixth, etc. tones in the sequence of tones would be selected from
      a second group of tones in a second band of frequencies separate and
      distinct from the first band of frequencies. Preferably the two bands of
      frequencies are separated from each other by a substantial frequency gap.
      In an illustrative example of a typical system providing ten tones in each
      group of tones, the first group of tones would have the following
      frequencies providing 10 different channels: 1177, 1219, 1261, 1306, 1352,
      1400, 1449, 1500, 1553 and 1608; while the second group of tones would
      have the following frequencies providing 10 different channels: 1980,
      2049, 2121, 2196, 2274 2354, 2437, 2523, 2612 and 2704. It will be noted
      that each tone is spaced from the adjacent tones in an amount equal to
      approximately 3 1/3% of the frequency thereof, while there are five tones
      missing between the two groups of tones, thus constituting the frequency
      gap between the nearest adjacent tones in the two groups of tones. In a
      typical illustration, the odd numbered tones in the sequence of tones
      would be selected from the first group of frequencies, while the even
      numbered tones in the sequence of tones would be selected from the second
      group of frequencies. Selecting one tone from each group of tones to
      provide a two-tone sequence permits 100 different codes, while choosing
      four tones from one group of tones and three tones from the other group of
      tones to provide seven tones can provide 10,000,000 different codes. If
      the frequency groups are reversed in sequence an additional 100, or
      10,000,000 codes can similarly be provided for 227 tone sequences. Each
      tone may, for example, have a time duration of 15 to 100 milliseconds, a
      typical time duration being 30 milliseconds, for a seven tone sequence or
      75 milliseconds for a two tone sequence, while the time gap between
      adjacent tones in the sequence should be as short as possible; as a
      consequence, for a 7 tone sequence, response times as low as 100
      milliseconds are available, all while providing greater security against
      false activation, as will be explained more fully hereinafter. Further
      details of the carrier wave and the equipment for producing it may be
      obtained by referring to U.S. Pat. No. 3,597,690 .
PAR  The modulated carrier signal is picked up on the antenna 101 and is
      conveyed by the conductor 102 to the input of a radio frequency amplifier
      103. The output of the radio frequency amplifier 103 is supplied by a
      conductor 104 as one of the inputs to the mixer 105, the usual local
      oscillator 106 being provided and having the output thereof connected by a
      conductor 107 as a second input to the mixer 105. The intermediate
      frequency which is the output of the mixer 105 is applied by a conductor
      108 as the input to the IF amplifier 109, the output of which is
      transmitted by the conductor 110 to the input of a limiter 111. The output
      of the limiter 111 appears on a conductor 112 and is the input to the
      discriminator 113, the output of the discriminator 113 being an audio
      frequency signal appearing on the conductor 114. The audio signal on the
      conductor 114 is amplified by an audio amplifier 115 and is then conveyed
      by a conductor 116 to an audio output amplifier 117. The output from the
      amplifier 117 is applied to an output transformer 120, and specifically to
      the primary winding 121 thereof, a secondary winding 122 being provided
      having one terminal connected by a conductor 123 to one of the input
      terminals of a loud speaker 125, and the other terminal being connected to
      a conductor 124. The conductors 123 and 124 are also connected as an input
      to the limiter 150 which provides a signal for a first tone control
      circuit 200 and a second tone control circuit 300. Before there is any
      output derived from the loud speaker 125, the tone control circuits 20-300
      must be activated by a proper sequence of control tones, the output then
      being applied to a control relay 130 including a coil 131 to which are
      connected the conductors 134 and 139, respectively. The armature of the
      relay 130 controls a movable switch contact 132 which cooperates with a
      fixed switch contact 133 connected to the conductor 124. A conductor 126
      interconnects the other input terminal of the loud speaker 125 and the
      switch contact 132. A proper output from the tone control circuits 200-300
      operates the relay 130 to close the contacts 132-133 thereby to connect
      the loud speaker 125 across the output terminals of the transformer
      secondary winding 122, thus to provide an audio output from the receiver
      100.
PAR  The first tone control circuit 200 has as an input thereto a first control
      tone as the output of the limiter 150 that appears on the conductor 165,
      the input being a series of pulses of essentially square wave form that
      are applied as an input to a tapped filter 201, the output of the tapped
      filter 201 being a sinusoidal wave form appearing on a conductor 209,
      provided that the frequency of the input pulse is that to which the tapped
      filter 201 is tuned. The conductor 209 connects to a rectifier 220 which
      serves to rectify the input and to provide a D.C. output voltage on a
      conductor 227 that is connected as one input to a Schmidt trigger circuit
      230. Another input to the Schmidt trigger 230 is a suitable bias from a
      D.C. voltage that is applied on a conductor 155. The output of the Schmidt
      trigger 230 is connected by a conductor 244 to a delay circuit 260, and if
      the D.C. voltage on the conductor 244 persists for a predetermined period
      of time, an output is derived from the delay circuit 260 upon cessation of
      the first control tone. The output of the circuit 260 appears on a
      conductor 262 that is connected to the input of the monostable
      multivibrator 270. The multivibrator 270 is effective to produce an output
      pulse on a conductor 296 which is applied as one of the inputs to the
      second tone control circuit 300.
PAR  The second tone control circuit 300 has as one of the inputs thereto a
      second control tone as the output of the limiter 150 that appears on the
      conductor 165, this input being a series of pulses of essentially square
      wave form that are applied as an input to a tapped filter 301, the output
      of the tapped filter 301 being a sinusoidal wave form appearing on a
      conductor 309, provided that the frequency of the input pulses is that to
      which the tapped filter 301 is tuned. The conductor 309 connects to a
      rectifier 320 which serves to rectify the input and to provide a D.C.
      voltage on a conductor 327 that is connected as one input to a Schmidt
      trigger circuit 330. Another input to the Schmidt trigger circuit 330 is
      the pulse on the conductor 296 from the monostable multivibrator 270
      described above. The output of the Schmidt trigger 330 is connected by a
      conductor 344 to a delay circuit 360, and if the control voltage on the
      conductor 344 persists for a predetermined period of time, an output is
      derived from the delay circuit 360 on a conductor 366 that is connected as
      the input to the control circuits 370 that is sufficient to control 370.
      The output of the control circuits 370 appears on the conductors 134 and
      139 that apply an energizing potential to the relay 130 to connect the
      loud speaker 125 to the audio output of the receiver 100 after the proper
      sequence of tones has been received. There further is provided a holding
      circuit 335 that has the input connected to the conductor 344 and has the
      output connected by a conductor 298 as one of the inputs to the monostable
      multivibrator 270.
PAR  Referring to FIG. 2 of the drawings, there is illustrated in detail a
      portion of the tone control circuits, and specifically the limiter 150 and
      the two tapped filters 201 and 301. The output from the audio output
      amplifier 117 is coupled via the output transformer 120 and the conductors
      123-124 to the input of the limiter 150, and specifically to the input
      terminals of a transformer 151. More specifically the transformer 151 has
      a primary winding 152 and a secondary winding 153, the terminal of the
      primary winding 152 being connected respectively to the conductors
      123-124. The secondary winding 153 is center-tapped and has connected to
      the center-tap one terminal of a limiting resistor 154, the other terminal
      of the resistor 154 being connected to the conductor 155. It will be
      understood that the +D.C. source circuit of which the conductor 155 is the
      output terminal provides a fixed D.C. voltage of for example 12 volts
      positive, the value of the voltage being regulated to a stable value as by
      a Zener diode, for example.
PAR  The upper terminal of the secondary winding 153 is connected as an input to
      a transistor 160, and particularly to the base 161 thereof, the collector
      162 being connected as an output to a conductor 165 and through a resistor
      167 to the +12 volt D.C. conductor 155; and the emitter 163 is connected
      to a conductor 166. The lower terminal of the secondary winding 153 is
      connected by a conductor 168 has an input to a second transistor 170, and
      specifically to the base 171 thereof. The collector 172 is connected by a
      conductor 174 to the +12 volt D.C. conductor 155, while the emitter 173 is
      connected to the conductor 166. There also is provided in the limiter 150
      a bias circuit in the form of a transistor 180, the base 181 of the
      transistor 180 being connected by a conductor 184 to one terminal of a
      potentiometer 185, the other terminal of the potentiometer 185 being
      connected to the +12 volt conductor 155, the potentiometer being provided
      with the usual arm 186 having one end connected to the conductor 184 and
      the other end contacting an adjusted point on the resistive member of the
      potentiometer 185. The collector 182 is connected to the conductor 166,
      while the emitter 183 is connected by a conductor 187 to one terminal of a
      resistor 188, the other terminal of the resistor 188 being grounded as at
      N.
PAR  The output from the limiter 150 is a train of essentially square waves
      appearing on the conductor 165, the train of square waves being coupled to
      the filters 201 and 301 by the conductor 165.
PAR  Considering now the construction of the tapped filter 201, there is
      provided an input capacitor 208 and an inductor in the form of a coil 202
      having associated therewith a magnetic core 203, at least a portion of the
      core 203 being movable and adjustable, whereby the inductor 202 can be
      slug tuned. The inductor 202 has an input terminal 204 that is connected
      by a conductor 209 to one terminal of a capacitor 205, the other terminal
      of the capacitor 205 being grounded as at N, the output being on the
      conductor 209. As illustrated, the inductor 202 has a plurality of taps
      thereon, and specifically 10 taps that are connected to contacts numbered
      210 through 219. Associated with the contacts is a movable contact arm 206
      which is also grounded via the conductor N. The series resonance impedance
      of the filter 201 can be readily changed by moving the contact arm 206
      from one contact to another, whereby to change the frequency at which the
      parallel circuit consisting of the tapped coil 202 and the capacitor 205
      becomes series resonant with the capacitor 208. At resonance the output
      from the filter 201 will be a maximum and the output will be sinusoidal.
PAR  The construction of the tapped filter 301 is identical to that of the
      tapped filter 201, whereby like reference numerals in the 300 series have
      been applied to like parts thereof, and in the interest of brevity, no
      further description of the tapped filter 301 will be given, except to
      point out that the output therefrom is a sinusoidal wave on the conductor
      309, and that the output will be a maximum when the audio input pulse rate
      is at the frequency to which the output filter 301 is tuned. Further
      details of the construction of the remainder of the tone control circuits
      200 and 300 may be obtained by referring to the above-cited parent patent.
PAR  Considering now the operation of the receiver 100, in order to obtain an
      output from the loud speaker 125, a two-tone sequence of control tones
      must be applied to the receiver 100, each tone preferably having a time
      duration of at least about 15 milliseconds without any gap therebetween.
      Furthermore, the first tone received must be that to which the tapped
      filter 201 is tuned, and the second tone received must be that to which
      the tapped filter 301 is tuned. Upon the reception of the first tone, an
      audio signal corresponding to the first tone is applied along the
      conductors 123-124 as an input to the limiter 150. The transistors 160-170
      provide in essence a differential amplifier, the total current that can
      flow through the transistors 160-170 being that which flows through the
      transistor 180 which is in turn controlled by the setting of the
      potentiometer 185. The potentiometer 185 is adjusted so that the current
      through the transistor 180 is not sufficient to allow one of the
      transistor 160-170 to be driven to saturation when the other is
      non-conducting. The incoming control tone on the conductors 123-124
      alternately increases the conduction of one of the transistors 160-170 and
      decreases to cut-off the conduction of the other, the conduction through
      the conducting transistor 160-170 being limited by the conduction through
      the transistor 180. Therefore the output on the conductor 165 is a square
      wave whenever the amplitude of the incoming audio signal is more than a
      certain minimum determined by the gain of the limiter 150 and the
      adjustment of limiting level by the potentiometer 175. Assuming that the
      amplitude of the first control tone appearing at the input of the limiter
      150 is sufficient to cause limiting a square wave output is provided on
      the conductor 165. It is pointed out that once the limiter 150 operates,
      the filter control band width will be constant if the limiter is
      symmetrical, i.e., if the circuits for the transistors 160 and 170 are
      balanced and symmetrical. An important feature of the limiter 150 resides
      in the fact that with a carefully controlled D.C. bias potential on the
      conductor 155 such as that provided by a Zener diode supply, there is no
      change of the band width as a result of a change in the amplitude of the
      incoming tone control signal, since above limiting, the voltage level to
      the output tone filters will be constant. When the amplitude of the
      incoming signal is below the limiting level, the band width will narrow;
      however this narrowing portion will be very small. By adjusting the
      limiting level of the limiting amplifier 150 by means of the slider 186,
      the maximum band width can be readily adjusted.
PAR  The series of square wave pulses on the conductor 165 are then supplied to
      the tapped filters 201 and 301 and assuming that the contact 206 is
      positioned so as to be at resonance for the first tone voltage, the output
      at the conductor 209 will be a sinusoidal wave having a frequency equal to
      that of the first control tone. It is pointed out that the tapped filter
      201 responds to the selected one of the ten tones in the first group of
      tones that are all disposed in a first band of frequencies extending from
      1,177 cycles per seconds to 1,608 cycles per second, while the tapped
      filter 301 responds to the elected one of the ten tones in the second
      group of tones that are disposed in a second band of frequencies extending
      from 1,980 cycles per second to 2,704 cycles per second. It is further
      pointed out that when the band width for a single tone is adjusted as a
      percentage of its resonant frequency by slug tuning of the inductors 202
      or 302, as the case may be, the percentage of band width remains constant
      for all other taps. This results from the fact that the frequency of an LC
      circuit varies directly with the number of turns on the coil and because
      the Q also varies in a fashion such as to hold the band width as a
      constant percentage of the particular frequency selected. This results in
      substantial savings in manufacturing costs since a single frequency or
      band width adjustment adjusts the band width for all frequencies. Stating
      the matter in another way, in the resonant circuit such as the tapped
      filter 201, when the capacitance of the capacitors 208 and 205 are held
      constant and the inductance of the inductor 202 is varied, by the tap
      selection, the Q varies proportionately to the number of effective turns
      used in the inductor 202, the resonant frequency varies inversely as the
      number of effective turns in the inductor 202, and the Q varies
      proportionately to the frequency. If the resonant frequency is varied by
      changing the number of effective turns on the inductor 202, the circuit Q
      will remain constant at resonance for each selected frequency i.e., if the
      turns are doubled, the resonant frequency will be halved while the Q will
      be doubled by the turns increase at the same frequency but halved by the
      frequency change, thereby to leave the Q unchanged. The voltage as a
      percentage of the peak voltage gives a band width which is a predetermined
      percentage of the resonant frequency for any given Q. If Q is held
      constant, as explained above, the band width will remain a constant
      percentage of the resonant frequency as the resonant frequency is varied,
      for example +2% preferred channel separation is that wherein the spacing
      between adjacent frequencies is a uniform percentage of resonance, the
      31/3 % spacing, for example referred to previously.
PAR  The sinusoidal wave corresponding in frequency to the first control tone is
      applied along the conductor 209 as the input to the rectifier 220, and
      there appears as the output from the rectifier 220 a positive going
      voltage on the conductor 227 that is applied as an input to the Schmidt
      trigger circuit 230. The resulting output from the Schmidt trigger renders
      the monostable multivibrator 270 operative to produce a voltage on the
      conductor 296 for application to the Schmidt trigger 330 so as to render
      the second tone control circuit 300 operative, all as previously
      explained.
PAR  Assuming now that a proper second control tone is applied to the receiver
      100 and passes through the limiter 150 and the tapped filter 301, there is
      provided on the conductor 309 a sinusoidal wave form having the frequency
      of the second control tone. This input is applied to the rectifier 320
      thereby to produce a positive going output on the conductor 327 that is
      applied to the Schmidt trigger circuit 330. This causes a potential to
      appear on the conductor 366 which renders operative the control circuits
      370, all as previously explained.
PAR  It is further pointed out that upon receiving the second control tone so as
      to provide the negative going voltage on the conductor 344, a pulse is
      transmitted via the holding circuit 395 and the conductor 298 to the
      monostable multivibrator 270 to hold the multivibrator 270 in a cndition
      such that the Schmidt trigger circuit 330 will continue to be held in a
      condition to transmit the signals generated by the second control tone. In
      this manner it will be appreciated that the Schmidt trigger 330 also
      serves as an "AND" circuit wherein the output from the first tone control
      circuit 200 must be applied thereto before the application of the second
      control tone output from the rectifier 320 is effective.
PAR  Further the feedback of the HOLD ON voltage permits the second tone to
      continue for as long as desired, so long as it appears soon enough after
      the first tone period to cause the hold on voltage to be generated,
      thereby controlling the multivibrator 270 in the "on" condition. The
      multivibrator 270 may, for example, be on for only 15 or 20 milliseconds
      in the absence of a HOLD ON voltage. During this period, control tone two
      must be applied, and the filter output must rise to a voltage sufficient
      to produce the HOLD ON voltage.
PAR  An important feature of the tone control circuit of the receiver 100
      resides in the freedom from falsing, i.e., the freedom from operation by
      false and spurious signals that may be applied as an input thereto. The
      freedom from falsing results from several factors. First, by utilizing the
      tone filter circuitry (including the limiter 150, the tapped filters
      201-301, the rectifiers 320-330) having the characteristics as described;
      there positively can be no response to signals that lie out of the filter
      band pass, regardless of the false signal duration or intensity. Second,
      by requiring that subsequent tones in a tone sequence be spaced apart in
      frequency by several tone channels, together with requiring substantially
      instantaneous switching between successive tones, a signal of smoothly
      varying pitch such as might be produced by a heterodyne circuit, a siren
      near a microphone or like source, cannot actuate the tone control
      circuits, this resulting from the fact that the tone control circuits
      require a sudden jump or change in frequency between successive tones.
PAR  It is further pointed out that the described tone control circuit is
      readily adaptable to and compatible with a decimal numbering system, at
      ten different frequencies in each group of tones corresponding to and
      representing the ten different digits, with successive tones being
      selected alternately from the two groups of tones. If only ten frequencies
      were utilized (rather than the twenty frequencies of the present system),
      to represent the 10 digits, i.e., with no change or jumping between bands
      of frequencies on successive digits, it would not be possible to utilize
      codes such as 22, 55, etc. in two tone sequence systems. Although it has
      been suggested that an eleventh tone be utilized as a repeat tones in such
      sequence, the frequency spectrum utilized if five channels are to separate
      adjacent tones would be substantially greater than that required for the
      present system, and the circuitry would be substantially more complicated.
      It is pointed out that utilizing this present system wherein alternate
      tones are selected from two groups of tones wherein the groups are
      separate at a minumum gap of five tones, only a 25 channel spectrum is
      required to produce any pair of digits in sequence while still maintaining
      a minimum gap of five channels therebetween.
PAR  Referring now to FIG. 3 of the drawings, there is illustrated a second
      embodiment of the present invention wherein a sequence of four tones is
      required to actuate the receiver, the receiver being designated by the
      numeral 400 and being illustrated in schematic and block diagram form. The
      receiver 400 utilizes the input circuits and components from the antenna
      101 through the limiter 150 and onto the conductor 165, from the receiver
      100, whereby the same reference numerals have been applied to these
      components and the description thereof will not be here repeated in the
      interest of brevity.
PAR  The output of the limiter 150 on the conductor 165 is fed to two tone
      control circuits, the lower tone control circuit including a special
      tapped filter 401 identified by the legend "FILTER No. 1" of a
      construction to be described hereinafter, the input to the filter 401
      being a series of square waves and the output thereof appearing on a
      conductor 409 in the form of a sinusoidal wave having a frequency of the
      selected control tone. The conductor 409 connects to a rectifier 440 which
      serves to rectify the input thereto and which has the same construction as
      the rectifier 220 described above. The output from the rectifier 440 is a
      positive voltage that is supplied along a conductor 441 as one of the
      inputs to an AND circuit 445. The output from the AND circuit 445 appears
      on a conductor 446 that is connected to the input of a Schmidt trigger
      circuit 450, the AND circuit 445 and the Schmidt trigger circuit 450
      having the construction of the Schmidt trigger circuit 330 described
      above. The output from the Schmidt trigger circuit 450 is connected by a
      conductor 451 to a delay circuit 452 of the same construction as the delay
      circuit 260, and the output from the delay circuit 452 is connected by a
      conductor 453 as one input to a monstable multivibrator 455 of the
      construction described above with respect to the monostable multivibrator
      270. The output from the multivibrator 455 appears on a conductor 525 that
      connects into the upper tone control channel. Also associated with the
      lower tone control channel is an inverter 460 having an input thereto from
      a conductor 435 and having an output on a conductor 425 that connects as
      an input to the filter 401, and to provide the second input to the AND
      circuit 445.
PAR  The upper tone control channel includes a special tapped filter 501
      identified as FILTER No. 2 also to be described more fully hereinafter,
      one of the inputs to the filter 501 being from the conductor 525 and
      another being from the conductor 165. The output from the filter 501
      appears on a conductor 509 connected to a rectifier 540 of the same
      construction as the rectifier 320 described above. The output from the
      rectifier 540 is on a conductor 541 that supplies one input to an AND
      circuit 545, the output of which appears on a conductor 546 connected as
      an input to a Schmidt trigger circuit 550; the AND circuit 545 and the
      Schmidt trigger circuit 550 together having the construction of the
      Schmidt trigger circuit 330 described above. The output from the Schmidt
      trigger circuit 550 appears on a conductor 551 and is supplied as an input
      to a delay circuit 552 having the construction of the delay circuit 260
      described above. The output from the delay circuit 550 appears on a
      conductor 553 and is an input to a monostable multivibrator 555 having a
      construction like the monostable multivibrator 270.
PAR  The outputs on the conductors 435 and 441 are applied as inputs to an AND
      circuit 560, the output from the AND circuit 560 being on the conductor
      561 that is connected to a Schmidt trigger circuit 565 of the construction
      of the Schmidt trigger circuit 330 described above. The conductor 561 also
      connects to the monostable multivibrator 555, and the conductor 475 also
      connects to the Schmidt trigger circuit 565. The output from the Schmidt
      trigger circuit 565 appears on the conductor 566 and is applied to a delay
      circuit 570 having the construction of the delay circuit 260 described
      above, the output from the delay circuit 570 being on the conductor 571
      connected to a monostable multivibrator 575. The monostable multivibrator
      575 is of the same construction as the monstable multivibrator 270 and is
      connected by a conductor 576 to a combination Schmidt trigger and AND
      circuit 580, of the construction of the circuit 330, the output of which
      is connected to a delay circuit 585 of the construction of the delay
      circuit 260, the output of the delay circuit 585 being on a conductor 586
      connected to an output control circuit 590 having the same construction
      and arrangement as the control circuits 370 described above. The conductor
      576 also connects via a conductor 535 as an input to the filter 501, the
      conductor 541 is also connected as an input to the AND circuit 580 and the
      HOLD ON circuit is provided interconnecting the conductor 581 and a
      monostable multivibrator 575.
PAR  Referring now to FIG. 4 of the drawings, there are illustrated the further
      details of the filters 401 and 501 and the inverter 460. As illustrated,
      the filter 401 includes an inductor in the form of a coil 402 having
      associated therewith a magnetic core 403, at least a portion of the core
      403 being movable and adjustable, whereby the inductor 402 can be slug
      tuned. The inductor 402 has an input terminal 404 that is connected by a
      conductor 409 to one terminal of a capacitor 405, and through a capacitor
      408 to the conductor 165, the other terminal of the capacitor 405 being
      grounded as at N, the output from the filter 401 appearing on the
      conductor 409. The inductor 402 has a plurality of taps thereon, and
      specifically 10 taps that are identified by the numerals 410 through 419.
      Associated with selected ones of the taps are two transistors 420 and 430.
      More specifically, the transistor 420 has a base 421 that is connected to
      one terminal of a resistor 426 by means of a conductor 404, the other
      terminal of the resistor 426 being connected to the conductor 425. The
      transistor 420 has a collector 422 that is connected to the tap 419 on the
      inductor 402, while the emitter 423 is connected to ground potential.
PAR  The transistor 430 has a base 431 that is connected to one terminal of a
      resistor 436, the other terminal of the resistor 436 being connected to
      the conductor 435. The transistor 430 has a collector 432 that is
      connected to the tap 412 on the inductor 402, while the emitter 433 is
      connected to ground potential.
PAR  The tapped filter 501 includes an inductor in the form of a coil 502 having
      associated therewith a magnetic core 503, at least a portion of the core
      503 being movable and adjustable whereby the inductor 502 can be slug
      tuned. The inductor 502 has an input terminal 504 that is connected by a
      conductor 509 to one terminal 504 that is connected by a conductor 509 to
      one terminal of a capacitor 505 and through a capacitor 508 to the
      conductor 165, the other terminal of the capacitor 505 being grounded as
      at N, the output from the filter 501 appearing on the conductor 509. The
      inductor 502 has a plurality of taps thereon, and specifically 10 taps
      that are identified by the numerals 510 through 519. Associated with the
      selected ones of the taps are two transistors 520 and 530. More
      specifically, the transistor 520 has a base 521 that is connected by a
      conductor 524 to one terminal of a resistor 526, the other terminal of the
      resistor 526 being connected to the conductor 525. The transistor 520 has
      a collector 522 that is connected to the tap 511 on the inductor 502,
      while the emitter 523 is connected to ground potential.
PAR  The transistor 530 has a base 531 that is connected to one terminal of the
      resistor 536, the other terminal of the resistor 536 being connected to
      the conductor 535. The transistor 530 has a collector 532 that is
      connected to the tap 518 on the inductor 502, while the emitter 533 is
      connected to ground potential.
PAR  Associated with the tone control circuits is the inverter 460 that is also
      illustrated in detail in FIG. 4, the inverter being in the form of a
      transistor 470 having a base 471 connected through a resistor 562 to the
      conductor 435. The transistor 470 further has its emitter 473 grounded and
      the collector 472 is connected to the conductor 425 and through a resistor
      461 to the +D.C. conductor 155.
PAR  Considering now the operation of the receiver 400, in order to obtain an
      output from the loud speaker 125, a four tone sequence of the proper
      selected control tones must be applied to the receiver 400, each tone
      preferably having a time duration of at least about 40 milliseconds and
      adjacent tones having substantially no gaps therebetween. Furthermore, the
      first and third tones received must be those to which the filter 401 is
      tuned when the transistors 420 and 430, respectively, are conducting, and
      the second and fourth tones received must be those to which the filter 501
      is tuned when the transistors 520 and 530, respectively, are conducting.
      Upon the reception of the first tone, an audio signal corresponding to the
      first tone is applied along the conductors 123-124 as an input to the
      limiter 150, and there appears on the conductor 165 a series of square
      wave forms. The transistor 470 in the inverter 460 is off at this time so
      as to allow the transistor 420 to be conducting and thus to tune the
      filter 401 for reception of the first control tone. Accordingly, the
      output on the conductor 165 is developed across the resonance circuit and
      the output of filter 401 as a sinusoidal wave form appears on the
      conductor 409. The sinusoidal wave form on the conductor 409 is rectified
      by the rectifier 440 and is applied as one of the positive inputs to the
      AND circuit 445, the other required positive input being applied along the
      conductor 425.
PAR  The output of the AND circuit 445 is a positive voltage which triggers the
      Schmidt trigger 450, thus to cause a negative going voltage to be applied
      along the conductor 451 to the delay circuit 452 which after a
      predetermined time interval cause a trigger pulse to be applied on removal
      of tone to the monostable multivibrator 455. Upon the removal of the first
      tone from the receiver 400, a positive output is derived from the
      multivibrator 455 that is applied along the conductor 525 to select the
      second tone in the filter 501 by rendering the transistor 520 conductive
      in the filter 501 and also to provide one of the necessary positive inputs
      to the AND circuit 545.
PAR  Assuming that the second control tone in the sequence is now received, the
      filter 501 is resonant to the input frequency and thereby develops a
      sinusoidal wave form at conductor 509 of the second control tone frequency
      thereon which is applied to the rectifier 540. The output from the
      rectifier 540 is a positive voltage that provides the second required
      positive input to the AND circuit 545, thereby to cause an output
      therefrom that is applied to the Schmidt trigger circuit 550. The output
      from the AND circuit 545 is fed back along the conductor 546 to the
      multivibrator 455 to hold it in the active condition for the duration of
      the second tone, regardless of the time duration of the second tone. The
      output from the AND circuit 545 also trips the Schmidt trigger circuit 550
      and the output is applied to the delay circuit 552, whereby if the output
      from the Schmidt trigger circuit persists for the predetermined delay
      period, the multivibrator 555 will provide an output on the interruption
      of the second control tone. The output of the multivibrator 555 is applied
      along the conductor 435 to select the proper tone No. 3 in the filter 401
      by rendering the transistor 430 conductive, and the output for the
      multivibrator 555 is also applied along the conductor 435 as a positive
      input to the AND circuit 560 and to the inverter 460. The inverter 460 now
      conducts so as to cause the transistor 420 to cease conduction and thus
      effectively to remove the connection thereof in the filter 401, and at the
      same time positive voltage is removed from the conductor 425 to the AND
      circuit 445 preventing it from operating.
PAR  If the proper third control tone is now received on the conductor 165, the
      filter 401 will pass the third control tone to the rectifier 440 which
      will now apply the third control tone as a positive input to the AND
      circuit 445 (there being no output from circuit 445 since there is now no
      input on conductor 425) and also to provide a second input to the AND
      circuit 560, whereby a potential is applied along the conductor 561 to the
      multivibrator 555 to hold it in the active condition so long as the third
      tone is received.
PAR  Output of the AND circuit 560 is also applied to the Schmidt trigger
      circuit 565, the output of which is supplied along the conductor 566
      through the delay circuit 570 and the conductor 571 to the multivibrator
      575. Provided that the third tone persists for a time inverval, determined
      by the delay circuit 570, upon the release or removal of the third tone,
      the multivibrator 575 causes an output pulse to appear on the output
      conductor 576 which is fed back to select the proper filter for tone No. 4
      along the conductor 535, and this signal is also applied as one of the
      positive inputs to the AND circuit 580.
PAR  Assuming that the proper fourth tone in the sequence of tones is now
      received, there will be an output from the filter 501 and the rectifier
      540 which is applied along the conductor 541 as a second positive input to
      the AND circuit 580, thereby to provide an output therefrom that is fed
      via the conductor 581, the delay circuit 585 and the conductor 586 to the
      output control circuits 590, whereby the circuits 590 are energized if the
      time duration of the fourth tone is longer than the delay provided by the
      delay circuit 585. It is noted that a HOLD ON potential is applied from
      the output of the AND circuit 580 along the conductor 581 to the
      multivibrator 575 to hold it in the active condition so long as the fourth
      tone is received. The output signal on the conductor 586 is operative to
      cause operation of the circuits 590 in the same manner as the control
      circuits 370 described above, thereby to energize the relay 130 and to
      connect the loud speaker 125 to the output of the transformer 120.
PAR  It is further pointed out that in the receiver 100 of FIG. 1 a fixed bias
      has been applied to the first Schmidt trigger circuit, which circuit is
      designed that a full output is obtained therefrom whenever the fixed
      voltage bias is exceeded. If the fixed voltage bias is not exceeded, the
      circuit is completely inoperative. The limiter 150 provides a square wave
      as an input to the filters, which square wave is of constant amplitude,
      whereby there is a constant output voltage from the filters for any given
      tone frequency. These features provide frequency band width for the
      limited signal, i.e., the upper and lower frequency that will trip the
      Schmidt trigger circuit is predetermined by the inter-relationship between
      the filter curve, the limiting level, and the D.C. bias level. As
      explained above, the limiting or bias level can be varied to alter the
      response band width. On all other Schmidt triggers the bias is supplied by
      the monostable multivibrator feeding its AND input when it is triggered to
      the on condition.
PAR  Referring now to FIGS. 5 and 6 of the drawings, there is illustrated a
      third embodiment of the present invention wherein a sequence of 7 tones is
      required to actuate the receiver, the receiver being designated by the
      numeral 600 and being illustrated in schematic and block diagram form in
      FIG. 5. The receiver 600 utilizes the input circuits and components from
      the antenna 101 through the limiter 150 and onto the conductor 165 from
      the receiver 100, whereby the same reference numerals have been applied to
      these components and the description thereof will not be here repeated in
      the interest of brevity.
PAR  The output of the limiter 150 on the conductor 165 is fed to two tone
      control circuits, the lower tone control circuit including a special
      tapped filter 601 identified by the legend FILTER No. 1 of a construction
      to be described hereinafter, the input to the filter 601 being a series of
      square waves and the output thereof appearing on a conductor 609 in the
      form of a sinusoidal wave having the frequency of the selected control
      tone. The conductor 609 connects to a rectifier 670 which serves to
      rectify the input thereto and which has the same construction as the
      rectifier 220 above. The output from the rectifier 670 is a positive
      voltage that is supplied along a conductor 671 as one of the inputs to an
      AND circuit 672. The output from the AND circuit 672 appears on a
      conductor 673 that is connected to the input of a Schmidt trigger circuit
      675, the AND circuit 672 and the Schmidt trigger circuit 675 together
      having the construction of the Schmidt trigger circuit 330 described
      above. The output from the Schmidt trigger circuit 675 is connected by a
      conductor 676 to a delay circuit 680 of the same construction as the delay
      circuit 260, and the output from the delay circuit 680 is connected by a
      conductor 681 as one input to a monostable multivibrator 685 of the
      construction described above with respect to the monostable multivibrator
      270. The output from the multivibrator 675 appears on a conductor 725 that
      connects into the upper tone control channel.
PAR  The upper tone control channel includes a special tapped filter 701
      identified as FILTER No. 2, also to be described more fully hereinafter;
      one of the inputs to the filter being from the conductor 165 and other
      inputs being from the conductor 725, 735 and 745, to be described more
      fully hereinafter. The output from the filter 701 appears on the conductor
      709 connected to a rectifier 770 of the same construction as the rectifier
      320 described above. The output from the rectifier 770 is on a conductor
      771 that supplies one input to an AND circuit 772, the output of which
      appears on a conductor 773 connected as an input to a Schmidt trigger
      circuit 775; the AND circuit 772 and the Schmidt trigger circuit 775
      together having the construction of the Schmidt trigger circuit 330
      described above. The output from the Schmidt trigger circuit 775 appears
      on a conductor 776 and is supplied as an input to a delay circuit 780
      having the construction of the delay circuit 260 described above. The
      output from the Schmidt trigger circuit 775 appears on a conductor 776 and
      is supplied as an input to a delay circuit 780 having the construction of
      the delay circuit 260 described above. The output from the delay circuit
      780 appears on a conductor 781 and is an input to a monostable
      multivibrator 775 having a construction like the monostable vibrator 270.
PAR  The output from the monostable multivibrator 785 appears on a conductor 635
      and is applied as an input to the filter 601 and as an input to a NOR
      circuit 800. Other inputs to the NOR circuit 800 are applied by the
      conductors 645 and 655, while the output from the NOR circuit 800 appears
      on the conductor 625.
PAR  The outputs on the conductors 635 and 671 are applied as inputs to the
      first of four tone selecting and responding circuit 870, each of which
      includes an AND circuit 872, a Schmidt trigger circuit 875, a delay
      circuit 880 and a monostable multivibrator 885, the AND circuit 872 in
      combination with the Schmidt trigger circuit 875 having the construction
      of the Schmidt trigger 330, the delay circuit 880 having the construction
      of the delay circuit 260 and the monostable multivibrator 885 having the
      construction of the mulvibrator 270, all described heretofore.
PAR  More specifically, the inputs on the conductors 635 and 671 are applied as
      inputs to such a tone selecting and responding circuit 870A including an
      AND circuit 872A. The output from the AND circuit 872A appears on a
      conductor 873A which is connected to the input of a Schmidt trigger
      circuit 875A, and also as an input to the monostable multivibrator 785.
      The output from the Schmidt trigger circuit 875A is connected by a
      conductor 876A to a delay circuit 880A, the output of which is applied
      along a conductor 881A as an input to a monostable multivibrator 885A. The
      output of the monostable multivibrator 885A, which is also the output of
      the tone selecting and responding circuit 870A, is applied along the
      conductor 735 as a tone selecting signal to the filter 701 and as an input
      to the next tone selecting and responding circuit 870B.
PAR  The tone selecting and responding circuit 870B has the same essential
      construction and arrangement as the tone selecting and responding circuit
      870A, and therefore in the interest of brevity will not here be repeated,
      it being pointed out that one of the outputs therefrom appears on a
      conductor 873B which is a HOLD ON circuit for the multivibrator 885A, and
      the output from the circuit 870B appears on the conductor 645 and is
      applied as a tone selecting signal to the filter 601 and as the input to
      the next tone selecting and responding circuit 870C.
PAR  The tone selecting and responding circuit 870C likewise has the same
      essential construction and arrangement as the circuit 870A, and therefore
      will not be described in detail, except to point out that one of the
      outputs therefrom is along the conductor 873C to the multivibrator 885B to
      serve as a HOLD ON signal therefor, and the output from the circuit 870C
      appears on the conductor 745 and is applied as the signal to the filter
      701 to select control tone No. 6.
PAR  The output from the circuit 870C is applied also as an input to the circuit
      870D which has the same essential construction and arrangement as the
      circuit 870A, it merely being pointed out that one of the outputs thereof
      is a HOLD ON signal appearing on the conductor 873D which is applied to
      the multivibrator 885C, the output of the circuit 870D appearing on the
      conductor 655 and being applied as a signal to the filter 601 to select
      the control tone No. 7.
PAR  The output of the circuit 870D is also applied as one of inputs to a
      combination Schmidt trigger and AND circuit 980 of the construction of the
      circuit 330 described above, the signal on the conductor 671 also being
      applied thereto. The output from the circuit 980 is applied along a
      conductor 981 to a delay circuit 985 of the same construction as the delay
      circuit 260, the output of the circuit 980 also being applied to the
      multivibrator 885D as a HOLD ON signal therefor. The output of the delay
      circuit 985 is applied along a conductor 986 to an output control circuit
      990 having a same construction and arrangement as the control circuits 370
      described above.
PAR  Referring now to FIG. 6 of the drawings, there are illustrated the further
      details of the filter 601 and 701 and of the NOR circuit 800. As
      illustrated, the filter 601 includes an inductor in the form of a coil 602
      having associated therewith a magnetic core 603, at least a portion of the
      core 603 being movable and adjustable, whereby the inductor 602 can be
      slug tuned. The inductor 602 has an input terminal 604 that is connected
      by a conductor 609 to one terminal of a capacitor 605 and through a
      capacitor 608 to the conductor 165, the other terminal of the capacitor
      605 being grounded as at N, the output from the filter 601 appearing on
      the conductor 609. The inductor 602 has a plurality of taps thereon, and
      specifically ten taps that are identified by the numerals 610 through 619,
      each of the taps as illustrated being connected by a suitable conductor to
      a female terminal in a plug 660. Associated with selected ones of the taps
      are four transistors 620, 630, 640 and 650. More specifically, the
      transistor 620 has a base 621 that is connected to one terminal of a
      resistor 626 by means of a conductor 624, the other terminal of the
      resistor 626 being connected to the conductor 625. The transistor 620 has
      a collector 622 which is connected by a conductor 627 to a female terminal
      in a connector 669. The emitter 623 is connected to ground potential.
PAR  The transistors 630, 640 and 650 each have the same construction and
      arrangement as the transistor 620 whereby the various parts thereof and
      the circuit elements connected thereto have had applied thereto like
      reference numerals in the correspondind series of numerals. In order to
      connect the several collectors to selected ones of the taps on the
      inductor 602, a connector 665 has been provided having selected
      connections 666, 667 and 668 which selectively interconnect certain of the
      female terminals on the connector 660 to selected female terminals on the
      connector 669. As illustrated, the conductor 666 connects the collector
      632 to the tap 610; the conductor 667 connects the connector 662 to the
      tap 616; and the conductor 668 connects both the collector 622 and the
      collector 652 to the same tap 616.
PAR  The tapped filter 701 includes an inductor in the form of a coil 702 having
      associated therewith a magnetic core 703, at least a portion of the core
      703 being movable and adjustable, whereby the conductor 702 can be slug
      tuned. The inductor 702 has an input terminal 704 that is connected by a
      conductor 709 to one terminal of a capacitor 705 and through a capacitor
      708 to the conductor 165, the other terminal of the capacitor 705 being
      grounded as at N, the output from the filter 701 appearing on the
      conductor 709. The inductor 702 has a plurality of taps thereon, and
      specifically 10 taps are identified by the numerals 710 through 719, each
      of the taps being connected to a female terminal in a connector 750.
      Associated with selected ones of the taps are three transistors 720, 730
      and 740. The transistor 720 has a base 721 that is connected by a
      conductor 724 to one terminal of a resistor 726, the other terminal of the
      resistor 726 being connected to the conductor 725. The transistor 720 has
      a collector 722 that is connected by a conductor 727 to a female terminal
      in a connector 759 and has an emitter 723 connected to ground potential.
PAR  The transistors 730 and 740 have the same construction and essentially the
      same circuit connections as the transistor 720, and accordingly, in the
      interest of brevity, like reference numerals have been applied to like
      parts thereof in the appropriate number series. It is pointed out that
      each of the collectors terminates in a female terminal in the connector
      759. In order to connect the several collectors to the required tap on the
      inductor 702, a connector 755 has been provided having conductors 756, 757
      and 758 therein arranged to connect selected ones of the female terminals
      in the connector 750 and 759. More specifically, the conductor 756
      connects the collector 732 to the tap 711; the conductor 757 connects the
      collector 740 to the tap 715; and the conductor 758 connects the collector
      722 to the tap 719.
PAR  From the above, it will be seen that by suitable selection of connections
      within the connectors 665 and 755, any one of the taps on the inductors
      602 and 702, respectively, can be connected to any one of the tone
      selecting transistors associated in the respective filters 601 or 701. In
      other words, selection of the desired tap is made by a simple wire
      connection, whereby the selection of the desired tone frequency in a tone
      sequence is effected entirely by the conductors or jumper wires 666, 667,
      etc. which connect the two connectors 660-669 and 750-759, respectively.
      Thus the provision of two tapped coils and the connectors suitably wired
      as explained above will permit the selection of any one of 20,000,000 tone
      combinations in a seven digit tone control circuit of the type illustrated
      by the receiver 600. It will be appreciated that the connection
      arrangement may be provided in the tapped filters in the receivers 100 and
      400, thereby to permit like simple selection of the desired code by means
      of replacing only the connector such as the connectors 665 and 755
      described above.
PAR  Associated with the tone control circuits, and useful in selecting the
      proper tone to be passed by the filters 601 and 701, is the NOR circuit
      800, the NOR circuit as illustrated including three transistors 810, 820
      and 830. The transistor 810 has a base 811 that is connected by a
      conductor 814 to one terminal of a resistor 815, the other terminal of the
      resistor 815 being connected to the conductor 635 which is the third tone
      selector conductor. The transistor 810 also has a collector 812 connected
      to the conductor 625 which is the first tone selector conductor, and has
      an emitter 813 that is grounded as at N. The transistor 820 has a base 821
      connected by a conductor 824 to one terminal of the resistor 825, the
      other terminal of the resistor 825 being connected to the resistor 815
      which is the fifth tone selector conductor. The transistor 820 also has a
      collector 822 connected to the conductor 625 and an emitter 823 connected
      to ground potential. The transistor 830 has a base 831 connected by a
      conductor 834 to one terminal of a resistor 835, the other terminal of the
      resistor 835 being connected to the resistor 655 which is the seventh tone
      selector conductor. The transistor 830 also has a collector 822 connected
      to the conductor 625 and an emitter 833 connected to ground potential. It
      also is pointed out that the conductor 625 is connected by a resistor 836
      to the plus 12 volts D.C. conductor 155.
PAR  Considering now the operation of the receiver 600, in order to obtain an
      output from the loud speaker 125, a seven-tone sequence of the proper
      selected control tones must be applied to the receiver 600, each tone
      preferably having a time duration of at least about 25 milliseconds and
      adjacent tones having substantially no gaps therebetween. Furthermore, the
      first and third and fifth and seventh tones received must be those to
      which the filter 601 is tuned when the transistors 620, 630, 640 and 650,
      respectively, are conducting; and the second and fourth and sixth tones
      received must be those to which the filter 701 is tuned when the
      transistors 720, 730 and 740, respectively, are conducting. Upon the
      reception of the first tone, and audio signal corresponding to the first
      tone is applied along the conductors 123-124 as an input to the limiter
      150, and there appears on the conductor 165 a series of square wave forms.
      The transistors in the NOR circuit 800 are all non-conducting, whereby a
      high potential is applied from the conductor 155 via the resistor 836 and
      the conductor 625 to the base 621 of the transistor 620. As a result, the
      transistor 620 is conducting thereby to connect the associated tap 619 as
      the effective tap on the inductor 602 in the filter 601. Assuming that the
      first control tone is of the proper frequency as selected by the
      transistor 620, an output is developed on the conductor 609 in a form of a
      sinusoidal wave of the frequency of the first control tone. The sinusoidal
      wave on the conductor 609 is rectified by the rectifier 670 and is applied
      as one of the positive inputs to the AND circuit 672, the other required
      positive input being applied from the conductor 625 as explained above.
PAR  The output of the AND circuit 672 is a positive voltage which triggers the
      Schmidt trigger circuit 675, thus to cause a negative going voltage to be
      applied along the conductor 676 to the delay circuit 680, which after a
      predetermined time interval is in condition such that the cessation of the
      first control tone causes a trigger pulse to be applied to the monostable
      multivibrator 685. Upon the removal or cessation of the first tone,
      positive output is thus derived from the multivibrator 635 that is applied
      along the conductor 725 to select the second tone in the filter 701 by
      rendering the transistor 720 conductive, and also to provide one of the
      necessary positive inputs to the AND circuit 772.
PAR  Assuming that the second control tone in the sequence is now received and
      the filter 701 is resonant thereat, there is developed a sinusoidal wave
      form on the conductor 709 having a frequency corresponding to that of the
      second control tone, which output is then applied to the rectifier 770.
      The output from the rectifier 770 is a positive voltage that is applied
      along the conductor 771 as the second required input to the AND circuit
      772, thereby to provide an output from the AND circuit 772. The output of
      the AND circuit 772 is applied along the conductor 773 to the
      multivibrator 685 to hold it in the active condition for the duration of
      the second tone, regardless of the time duration of the second tone; and
      the output is also applied to the Schmidt trigger circuit 775 to cause an
      output therefrom to appear on the conductor 776 that is applied to the
      delay circuit 780. Assuming that the second control tone persists for a
      time that exceeds the delay time of the circuit 780, then upon cessation
      of the second control tone, the multivibrator 785 is triggered to provide
      an output on the conductor 635. The positive going output on the conductor
      635 is applied to the base of the transistor 630 in the filter 601, thus
      to select the filtering frequency for the third control tone, and the
      output is also applied as one of the two required inputs to the AND
      circuit 872A in the tone selecting and responding circuit 370A.
      Furthermore, the output from the multivibrator 785 is applied to the NOR
      circuit 800, and specifically to the base of the transistor 810 therein,
      thus to cause the heavy conduction thereof and to drop the potential on
      the conductor 625, thereby effectively to remove the transistor 620 by
      causing the transistor to become non-conductive, thus leaving only the
      transistor 630 and that portion of the inductor 602 associated therewith
      as active elements in the filter 601.
PAR  The circuit is now in condition for the reception of the third control
      tone, which if applied at this time and at the proper frequency causes a
      sinusoidal output of a corresponding frequency on the conductor 609. The
      sinusoidal wave for the third tone on the conductor 609 is supplied to the
      rectifier 670 where it is rectified to provide a positive going voltage on
      the conductor 671. Although the positive going voltage on the conductor
      671 is applied to the AND circuit 672, there is no output from the AND
      circuit 672 at this time because the second required positive potential
      thereto has been removed from the conductor 625 by the operation of the
      NOR circuit as described above. The positive going voltage on the
      conductor 671 is however applied as an input to the AND circuit 372A, thus
      to provide a second positive input thereto which causes an output
      therefrom to appear on the conductor 873A. The output on the conductor
      873A is applied to the multivibrator 785 as a HOLD ON potential to hold
      the multivibrator 785 active so long as the third control tone persists.
      The output on the conductor 873A is also applied to the Schmidt trigger
      875A which applies the output thereof to the delay circuit 880A. Assuming
      that the third control tone persists for a time interval greater than the
      time duration of the delay from 880A, then upon cessation of the third
      control tone, the multivibrator 885A is tripped to provide an output on
      the conductor 735A. The output on the conductor 735A is a positive going
      voltage that is applied as an input to the filter 701, and specifically to
      the base of the transistor 730 to ready the filter 701 for reception of
      the fourth control tone. It is further noted that the multivibrator 685 at
      this time has assumed its normal condition, whereby to remove the positive
      potential from the base of the transistor 720, thus to remove this
      connection to the inductor 702, thus leaving the selection by the
      transistor 730 as the only connection to the inductor 702.
PAR  The circuit is now in condition for reception of the fourth control tone
      which is applied from the limiter 150 as a square wave on the conductor
      165 to the filter 701. Assuming that the fourth tone is of the frequency
      selected by rendering the transistor 730 conducting, an output will be
      obtained on the conductor 709 that will be a sinusoidal wave having the
      frequency of the fourth control tone. This sinusoidal wave will be applied
      along the conductor 709 to the rectifier 770 and the output therefrom will
      be a positive going voltage applied to the conductor 771. Although this
      positive going voltage applied to the AND circuit 772, there will be no
      output therefrom since the second required output from the multivibrator
      685 is now missing. The positive going voltage on the conductor 771 will
      be applied as a second input to the AND circuit 872B, the first positive
      input being from the multivibrator 885A as described above. There now is
      an output from the AND circuit 872B which appears on the conductor 873B,
      this output being applied back to the multivibrator 885A as a HOLD ON
      potential therefor in order to render this circuit active so long as the
      fourth tone is being received. The conduction from the AND circuit 872B
      also is applied to the Schmidt trigger circuit 875B, the output of which
      is applied to the delay circuit 880B. If the fourth tone persists for a
      time duration that exceeds the delay time of the circuit 880B, then upon
      the cessation of the fourth tone, the multivibrator 885B is tripped to
      provide a positive going output therefrom on the conductor 645. The output
      on the conductor 645 is applied to the filter 601, and specifically to the
      base of the transistor 640 to select tone No. 5, and is applied to the NOR
      circuit 800, and specifically to the base of the transistor 820 to cause
      conduction thereof so as to be sure that the transistor 620 is
      non-conducting, the transistor 630 being rendered non-conducting by the
      return of the multivibrator 785 to the normal condition thereof, whereby
      the only active connection in the filter 602 is that provided by the
      transistor 640 which selects the frequency of the fifth control tone. The
      output on the conductor 645 is also applied as one of the positive inputs
      to the circuit 872C forming a part of the tone selecting and responding
      circuit 870C.
PAR  Assuming that the fifth control tone of proper frequency is now received,
      it will be applied along the conductor 165 to the filter 601 that will
      provide an output on the conductor 609 in the form of a sinusoidal wave
      having a frequency of the fifth control tone. This output is rectified by
      the rectifier 670 to provide a positive voltage on the conductor 671, the
      AND circuits 672 and 872A not responding at this time since neither has
      the second positive voltage applied thereto. The positive going output is
      also applied as the second required input to the AND circuit 872C so as to
      provide an output therefrom on the conductor 873C. This output is applied
      to the multivibrator 885B to hold it in the active condition so long as
      the fifth tone is received, and is also applied as the input to the
      Schmidt trigger circuit 875C, which circuit operates to provide an input
      to the delay circuit 880C. Assuming that the fifth tone persists for a
      time duration greater than the time delay of the circuit 880C, then upon
      cessation of the fifth control tone, the multivibrator 885C operates to
      provide a positive going voltage on the output conductor 745. The positive
      going voltage on the conductor 745 is applied to the filter 701, and
      specifically, to the base of the transistor 740 to render the transistor
      740 conductive, and thus to select the frequency for the sixth control
      tone. It is noted at this time that the multivibrator 885A has returned to
      its normal condition whereby to remove the potential from the conductor
      735 so as to render the transistor 730 non-conducting. The output on the
      conductor 745 is also applied as one of the postive inputs to the AND
      circuit 872D forming a part of the tone selecting and responding circuit
      870D.
PAR  Assuming that the sixth control tone of the proper frequency is now
      received, an output is applied along the conductor 165 to the filter 701
      and there is derived therefrom a sine wave on the conductor 709 having a
      frequency corresponding to that of the sixth control tone. This sine wave
      is rectified by the rectifier 770 and applied to the conductor 771, the
      only AND circuit now in condition to act therefrom being the AND circuit
      872D that now provides an output on the conductor 873D that is applied to
      the Schmidt trigger circuit 875D, the output from the Schmidt trigger
      circuit 875D being applied to the delay circuit 880D. It also is pointed
      out that the output on the conductor 873D is applied as a HOLD ON
      potential to the multivibrator 885C so that it is held in the active
      condition so long as the sixth control tone is received. Assuming that the
      sixth control tone persists for a time duration that exceeds the time
      delay of the circuit 880D, upon cessation of the sixth control tone the
      multivibrator 885D operates to provide a positive voltage on the conductor
      655. The positive voltage on the conductor 655 is applied to the filter
      601, specifically to the base of the transistor 650 to render it
      conducting, and is also applied to the NOR circuit 800 to ensure that the
      transistor 620 is rendered non-conducting by causing the transistor 830 to
      conduct. As a consequence, the only active connection in the filter 601 is
      that provided by the conducting transistor 650. The positive going signal
      on the conductor 655 is also applied as one of the positive required
      inputs to the combined Schmidt trigger and the AND circuit 980.
PAR  Assuming that the seventh control tone of the proper frequency is now
      received, an output is provided on the conductor 165 that is applied to
      the filter 601. Since the transistor 650 is now conducting to select the
      proper seventh control tone frequency, a sine wave output is obtained on
      the conductor 609 having a frequency corresponding to that of the seventh
      control tone. This output is rectified by the rectifier 670 to provide a
      positive voltage on the conductor 671. The only AND circuit now in
      condition to be activated by the application of the positive voltage from
      the conductor 671 is that in the combination Schmidt trigger and AND
      circuit 690 which is now operated to provide an output therefrom on the
      conductor 981. The output on the conductor 981 is applied as the HOLD ON
      potential for the multivibrator 885D, thereby to hold this circuit in the
      active condition so long as the seventh tone persists. The output on the
      conductor 981 is also applied to the delay circuit 985. If the seventh
      tone persists for a time interval that exceeds the time delay of the
      circuit 985, the delay circuit 985 operates to provide an output signal on
      the conductor 986 which will cause operation of the output control circuit
      990. The output signal on the conductor 986 is operative to cause
      operation of the circuit 990 in the same manner as the control circuit 370
      described above, thereby to energize the relay 130 and to connect the loud
      speaker 125 to the output of the transformer 120.
PAR  From the above, it will be seen that there has been provided an improved
      selective signal circuit generally and a tapped filter specifically and
      improved components therefor which will fulfill all of the objects and
      advantages set forth above.
PAR  Although there have been illustrated and described certain preferred
      embodiments of the invention, it is to be understood that various changes
      and modifications can be made therein without departing from the spirit
      and scope of the invention, and it is intended that all such changes and
      modifications be covered as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sequential-signal selective circuit for use in a communication system
      and comprising a signal responsive circuit having a plurality of terminals
      for varying the response characteristics of the signal responsive circuit,
      a first connector having a plurality of terminals fixedly coupled
      respectively to the terminals of said signal responsive circuit, a second
      connector having terminals matable with the terminals of said first
      connector, means associated with said second connector for substantially
      permanently interconnecting selected ones of the terminals thereof, said
      means being selectively arrangeable to interconnect selected terminals of
      said second connector and thereby interconnect corresponding terminals of
      said signal responsive circuit to establish the response characteristics
      thereof, and output circuit means coupled to said signal responsive
      circuit and responsive to a signal therefrom to produce a control signal,
      said signal responsive circuit having control input means for receiving a
      control signal to change the response characteristics of said signal
      responsive circuit in accordance with the arrangement of said
      interconnecting means.
NUM  2.
PAR  2. A resonant circuit comprising impedance means having a plurality of
      terminals so as to provide different impedances between the terminals of
      said impedance means, a first connector having a plurality of terminals
      fixedly coupled respectively to the terminals of said impedance means, a
      plurality of electronic switching devices adapted to receive control
      signals to be controlled thereby, a second connector having a plurality of
      terminals fixedly coupled to said electronic switching devices, a third
      connector having first terminals matable with the terminals of said first
      connector and having second terminals matable with the terminals of said
      second connector, and means associated with said third connector for
      connecting selected ones of said first terminals to selected ones of said
      second terminals to establish the response characteristics of said
      resonant circuit.
NUM  3.
PAR  3. A resonant circuit comprising first impedance means having an input
      terminal and a plurality of output terminals so as to provide different
      impedances between said input terminal and said output terminal, second
      impedance means having an output terminal and an input terminal, the input
      terminal of said second impedance means being connected to the input
      terminal of said first impedance means, a first connector having a
      plurality of terminals fixedly coupled respectively to the terminals of
      said first impedance means, a plurality of electronic switching devices
      each having a control eletrode and an output electrode and an input
      electrode, said control electrode being adapted to receive a control
      signal to cause said electronic switching device to switch and
      substantially couple said output electrode to said input electrode, a
      second connector having a plurality of terminals respectively fixedly
      coupled to the output electrode of said electronic switching devices, the
      input electrodes of said electronic switching devices being coupled
      together and to the output terminal of said second impedance means, a
      third connector having first terminals matable with the terminals of said
      first connector and having second terminals matable with the terminals of
      said second connector, and means associated with said third connector for
      connecting selected terminals to establish the response characteristics of
      said resonant circuit.
NUM  4.
PAR  4. A tapped filter for use in a communications system and comprising an
      inductor having an input terminal and a plurality of taps thereon
      providing a corresponding plurality of inductances respectively between
      said taps and said input terminals, a capacitor having an output terminal
      and an input terminal, the input terminal of said capacitor being
      connected to said inductor input terminal, a first connector having a
      plurality of terminals fixedly coupled respectively to the taps on said
      inductor, a second connector having at least one terminal fixedly coupled
      to said capacitor output terminal, a third connector having a plurality of
      first terminals respectively matable with the terminals of said first
      connector and having at least one second terminal matable with said one
      terminal of said second connector, and means associated with said third
      connector for connecting said one second terminal to a selected one of
      said first terminals, whereby mating said third connector with said first
      and second connectors operates to connect a selected tap of said inductor
      to said capacitor output terminal, thereby to cause said filter to be
      tuned to a resonant frequency determined by the value of said capacitor
      and the value of the inductance between said inductor input terminal and
      said selected tap.
NUM  5.
PAR  5. The tapped filter set forth in claim 4, wherein said taps are located on
      said inductor to cause each of said resonant frequencies to be a
      substantially fixed percentage greater than the next lower one of said
      resonant frequencies.
NUM  6.
PAR  6. A tapped filter for use in a communications system and comprising an
      inductor having an input terminal and a plurality of taps thereon
      providing a corresponding plurality of inductances respectively between
      said taps and said input terminal, a capacitor having an input terminal
      connected to said inductor input terminal and having an output terminal,
      and a movable connection for interconnecting said capacitor output
      terminal to a selected one of said taps, thereby to cause said filter to
      be tuned to a resonant frequency determined by the value of said capacitor
      and the value of the inductance between said inductor input terminal and
      said selected tap, said taps being located on said inductor to cause each
      resonant frequency to be a substantially fixed percentage greater than the
      next lower one of said resonant frequencies.
NUM  7.
PAR  7. The tapped filter set forth in claim 6, wherein said fixed percentage is
      about 31/3%.
NUM  8.
PAR  8. A resonant circuit comprising a first impedance element having an input
      terminal and a plurality of taps therein providing a corresponding
      plurality of impedances respectively between said taps and said input
      terminal, a second impedance element having an output terminal and having
      an input terminal connected to the input terminal of said first impedance
      element, and a movable connection for interconnecting the output terminal
      of said second impedance element to a selected one of said taps, thereby
      to cause said resonant circuit to be tuned to a resonant frequency
      determined by the value of the impedance between the input terminal of
      said first impedance element and said selected tap thereon, said taps
      being located on said first impedance element to cause each resonant
      frequency to be a substantially fixed percentage greater than the next
      lower one of said resonant frequencies.
NUM  9.
PAR  9. A tapped filter for use in a communications system and comprising a
      first impedance element having an input terminal and a plurality of taps
      therein providing a corresponding plurality of impedances respectively
      between said taps and said input terminal, a second impedance element
      having an output terminal and having an input terminal connected to the
      input terminal of said first impedance element, and a movable connection
      for interconnecting the output terminal of said second impedance element
      to a selected one of said taps, thereby to cause said filter to be tuned
      to a resonant frequency determined by the value of said second impedance
      element and the value of the impedance between the input terminal of said
      first impedance element and said selected tap thereon, said taps being
      located on said first impedance element to cause each resonant frequency
      to be a substantially fixed percentage greater than the next lower one of
      said resonant frequencies.
NUM  10.
PAR  10. A tapped filter for use in a communications system and comprising an
      inductor having an input terminal and a plurality of taps thereon
      providing a corresponding plurality of inductances respectively between
      said taps and said input terminal, a capacitor having an output terminal
      and an input terminal, the input terminal of said capacitor being
      connected to said inductor input terminal, and a plurality of electronic
      switching devices each having first and second output electrodes and a
      control electrode, said first output electrodes being respectively coupled
      to said taps, and said second output electrodes being coupled to said
      capacitor output terminal, a selected electronic switching device being
      responsive to the application of a bias signal to the control electrode
      thereof to cause said filter to be tuned to a resonant frequency
      determined by the value of said capacitor and the value of the inductance
      between said inductor input terminal and the tap associated with the
      selected electronic switching device, said taps being located on said
      inductor to cause each of said resonant frequencies to be a substantially
      fixed percentage greater than the next lower one of said resonant
      frequencies.
NUM  11.
PAR  11. The tapped filter set forth in claim 10, wherein said fixed percentage
      is about 31/3 %.
NUM  12.
PAR  12. The tapped filter set forth in claim 10, wherein each of said
      electronic switching devices is a transistor having emitter and collector
      electrodes corresponding to said output electrodes and having a base
      electrode corresponding to said control electrode.
NUM  13.
PAR  13. A tapped filter for use in a communications system and comprising an
      inductor having an input terminal and a plurality of taps thereon
      providing a corresponding plurality of inductances respectively between
      said taps and said input terminal, a capacitor having an input terminal
      connected to said inductor input terminal and having an output terminal,
      and a movable connection for interconnecting said capacitor output
      terminal to a selected one of said taps, thereby to cause said filter to
      be tuned to a resonant frequency determined by the value of said capacitor
      and the value of the inductance between said inductor input terminal and
      said selected tap, the number of turns of wire between each tap and said
      inductor input terminal being a fixed percentage greater than the number
      of turns of wire between an adjacent tap and said inductor input terminal,
      thereby to cause each resonant frequency to be a substantially fixed
      percentage greater than the next lower one of said resonant frequencies.
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PAL  Circuit-breaker system having a response time to shortcircuits of less than
      4 milliseconds have multiple coordinated pole units wired in series in
      each phase. The system is able to clear a fault where the available
      current is high, for example 100,000 amperes at 240 volts AC although each
      pole unit may be of conventional construction having a
      current-interruption rating of only 5 or 10 thousand amperes. The
      operation exhibits current limiting properties, and the interruption
      process leaves the pole units remarkably free of arc damage.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to molded-case circuit breakers and to
      circuit-breaker panels, including so-called panelboards and load centers.
PAC  BACKGROUND OF THE INVENTION
PAR  Two-pole circuit breakers used with individual loads or as the main of
      so-called "panels" (panelboards and load centers) commonly have a 5 or
      10,000 ampere current-interruption rating at 240 volts AC. However, the
      available current from a single phase 240 volt AC source is often greatly
      in excess of 10,000 amperes, often five or ten times as much.
PAR  Fuses have recently come into use as the "main" protective device or
      interrupter for panels of residential-class circuit breakers energized by
      AC lines having high levels of available current. However, unlike circuit
      breakers, fuses have the usual disadvantages that they must be replaced
      when blown, and they cannot be operated like a switch to turn the power
      service on and off. This practice is illogical, but it has been adopted
      for lack of molded-case circuit breakers of reasonable proportions having
      high current-interrupting capacity. Conventional circuit breakers have
      been used for years as the main breaker of a panel even in installations
      where the available current exceeds the interruption capacity of the
      breaker; but in that case, a much larger circuit breaker upstream in the
      distribution system is actually relied on for clearing extreme faults in
      the panel.
PAR  A molded-case circuit breaker of the so-called quick-lag type is available
      having a 75,000 Amp interruption rating. That particular circuit breaker
      (in common with the usual molded-case circuit breakers rated at 5,000 or
      10,000 Amp interrupting capacity) dependes for arc-interruption upon the
      AC voltage crossing zero after the incidence of a short-circuit. Moreover,
      the current through such circuit breakers tends to rise to approximately
      the same peak level that would occur were the breaker to remain closed
      after incidence of the fault. Consequently, a very high level of arcing
      energy develops in such breakers when interrupting short circuits.
      Relatively severe arcing damage to the contacts and in and near the arc
      chute results in such circuit breakers. Special high-strength molded cases
      are required. Seemingly, they depend upon electrodynamic effects in the
      particular configuration of the current path through the conductive parts
      identified with the contacts for promoting contact-opening operation. Such
      high values of electrodynamic contact-opening force is not available for
      short circuits substantially below the 75,000 Amp rating of such circuit
      breakers. Whether for this reason or becuase of the severe arcing damage
      that must occur during severe short circuits, these circuit breakers have
      apparently attained only limited acceptance.
PAR  The circuit breakers involved here are known as molded-case in the
      industry. The operating mechanism and the arc chambers are enclosed in
      cases of molded insulation. The arcs that develop after the contacts open
      under short circuit conditions are interrupted in the air of the arc
      chambers. Low voltage breakers of the so-called "air breaker" class are
      far too bulky and expensive for purposes of the present invention.
      Parenthetically, even such air breakers generally have inferior
      current-interruption capacities, compared to that which can be attained
      pursuant to the invention.
PAC  SUMMARY OF THE INVENTION
PAR  In the novel circuit breaker system as applied to a singlephase source,
      plural coordinated individual "pole units" are connected in a series
      configuration between a corresponding load terminal and each side of a 240
      volt 60 hertz source having a high value of available current, e.g.
      100,000 amperes. The pole units have a response time of the order of
      one-fourth cycle at 60 hertz between the incidence of a severe overcurrent
      and operation of the contacts to full open position. The coordination of
      the pole units provides essentially simultaneous operation. Pole units of
      conventional construction may be used, even though the interrupting
      capacity of two such pole units when connected to a 240-volt single-phase
      AC source may be no more than 5 or 10,000 amperes of available current.
PAR  The term pole unit is used herein to designate a set of contacts including
      moving and companion contacts, means enclosing the set of contacts for
      providing space for arcing upon separation of the contacts, and a
      component part of the contact operating mechanism which carries a moving
      one of said set of contacts. Each series configuration of pole units with
      its overcurrent-responsive device or devices constitutes a "pole" of the
      novel circuit breaker system.
PAR  The term "coordinated" is used herein to designate either the truly
      concurrent or the nearly simultaneous release of the companion pole units
      of a circuit breaker system or, more briefly, an "interrupter", upon the
      release of one of the pole units of the interrupter. Truly concurrent
      release occurs when the over-current sensing devices of the poles of an
      interrupter are arranged to activate a single release mechanism for all
      the pole units of the interrupter. Nearly simultaneous release occurs when
      the over-current sensing device of each pole of the interrupter or each
      pole unit causes the release of its associated series configuration and of
      the companion series configuration of pole units. In the latter case, the
      opening of that associated pole unit causes the opening of the companion
      pole units.
PAR  In the novel circuit breaker system, a series configuration and essentially
      simultaneous operation of these fast acting pole units is capable of
      driving the available current to zero without depending on the voltage
      reaching zero. Such a coordinated series configuration of breaker units
      also serves to limit the peak current flowing through the pole units to a
      level that is much lower than that which would flow with the circuit
      breaker units restrained in their closed condition. Thus, the amount of
      arcing energy in each pole unit that is generated between the times of
      contact separation and arc extinction is greatly reduced, and
      correspondingly the arcing damage to the contacts and the arcing chamber
      is minimized.
PAR  A particular configuration of the novel circuit breaker system for
      single-phase power service utilizes two commerically standard 3-pole
      circuit breakers. Each 3-pole breaker has a common tripping mechanism. If
      an over-current detector associated with one of the pole units in one
      3-pole breaker detects an overcurrent condition, all three pole units are
      tripped. A pair of the pole units in each 3-pole breaker and the third
      pole unit of the other circuit breaker are connected in series between
      each of two line conductors and each of the two load terminals. One pole
      unit (or both pole units) of each said pair and said third pole unit in
      series therewith have overcurrent tripping means, and all 3 pole units of
      each 3-pole circuit breaker are cross-coupled for coordinated essentially
      simultaneous release.
PAR  Another configuration of the novel circuit breaker system utilizes three
      standard 2-pole circuit breakers, with 1 pole of each of the three
      breakers connected in series between each line conductor and the load side
      of the system. The pole units of each 2-pole breaker are cross-coupled for
      coordinated essentially simultaneous tripping, and each pole unit includes
      overcurrent response means.
PAR  In either of the above configurations, a fault would cause all 6 pole units
      to open, clearing the line of the fault. A still further configuration of
      the novel circuit breaker system utilizes a single breaker of 6 pole
      units, 3 of the pole units connected in series between each line conductor
      and each of the two load terminals of the system. All 6 pole units are
      coordinated for essentially simultaneous tripping.
PAR  Any of the breaker configurations described above may be used alone to
      protect the supply against faults. In particular, any of the foregoing
      breaker configurations may serve as the main interrupter of a panelboard
      or load center. When used as part of a panelboard or load center, the main
      interrupter is connected between the line conductors and the panel bus
      assembly to which the branch circuit-breakers are connected. Standard
      residential-class breakers of the usual 5,000 Amp or 10.000 Amp
      interruption capacity may be used as branch breakers, and yet the
      coordinated pole units of the system are effective to clear faults in the
      panel or at the branch circuits, in cases where the available current is
      considerably higher than the interruption capacity of the branch circuit
      breakers.
PAR  In each case, it is desirable yet not essential for the manual operating
      handles of the pole units forming the main interrupter to be connected
      together, both for common manual opening and closing, and for greater
      assurance that all of the pole units will open when any pole unit opens in
      response to an overcurrent.
PAR  In each of the examples above, two sets of three pole units are coordinated
      and connected in series to serve as the interrupter for clearing even
      severe faults of a single-phase supply, including line-to-neutral and
      line-to-line faults, where the line has a particularly high level of
      available current. Those standard pole units have the requisite fast
      response time, but as made commercially, their arc chutes have no ferrous
      arc splitter plates. Other forms of commercial pole units have a
      substantial assembly of arc-quenching splitter plates. When such pole
      units are used, two series-connected pole units (rather than three) may
      suffice between each line terminal of the supply and a corresponding load
      terminal. Where two standard 2-pole circuit breakers of that type are
      used, having pole units coupled in pairs for coordinated tripping, they
      lack mechanical means for coupling all pole units together for common
      tripping. As in the other examples above involving plural multi pole
      breakers, one pole unit of each multi pole breaker and 1 pole unit of the
      other multi pole breaker are connected in series between each line
      terminal and each load terminal, respectively.
PAR  The novel circuit breaker system may utilize two standard 2-pole circuit
      breakers as the main circuit interrupter of a panel. As before, the series
      connection berween each line conductor and the panel bus includes one pole
      unit of each breaker. A branch breaker acts as a third pole between the
      line conductor and the fault where the fault occurs at the load side of
      the branch circuit breaker. Except for particular forms of 2-pole circuit
      breakers, such a configuration would not satisfy specifications requiring
      protection evan as against short circuits in the panel bus.
PAR  The novel circuit breaker system is discussed herein for simplicity as
      applied to a single-phase supply, but it will be apparent that it is
      readily adaptable for three-phase protection.
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PAC  DETAILED DESCRIPTION
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic view of a circuit breaker panel including main and
      branch circuit breakers;
PAR  FIG. 2 is a schematic of the panel of FIG. 1;
PAR  FIGS. 3, 4 and 5 are lateral views of three different circuit breaker pole
      units, useful for present purposes, parts being broken away or removed and
      in FIGS. 4 and 5, parts being shown in cross section;
PAR  FIGS. 6A, 6B and 6C is a series of oscillogram traces, two three-pole
      breakers of the -pole in FIGS. 3, 4 and 5, connected as a novel 2-pole
      breaker system;
PAR  FIGS. 7A, 7B and 7C is a series of oscillogram traces representing the
      performance of the panel in FIGS. 1 and 2;
PAR  FIGS. 8, 9 and 10 are various additional configurations of pole units
      useful as the main interrupter of the panel illustrated in FIG. 1.
PAR  FIG. 11A and 11B is a series of oscillogram traces representing the
      performance of the panel illustrated in FIG. 10;
PAR  FIG. 12 is a series of traces of the actual and hypothetical interrupted
      currents of FIG. 5A, and corresponding energies.
DETD
PAR  Referring now to the drawings, two circuit breakers 10 and 12 are shown in
      FIG. 1. Each of these circuit breakers is a 3-pole circuit breaker so that
      circuit breaker 10 includes pole units 10A, 10B and 10C, and circuit
      breaker 12 includes pole units 12D, 12E and 12F. Alternating current
      supply terminals 14 and 16 are here assumed to provide 240 volts, single
      phase, and to have an available current greatly in excess of 10,000
      amperes, 100,000 amperes as an example. In FIG. 1, circuit breaker 10 has
      three upper terminals and three lower terminals, and the same is true of
      circuit breaker 12. In the normal application of such three-pole circuit
      breakers, the upper terminals in the drawing might be called "line"
      terminals and the lower terminals might be called "load" terminals.
      However, here the designation "first" and "second" terminals are used to
      refer to the aligned terminals shown at the top and at the bottom of each
      circuit breaker in FIG. 1. Line terminal 14 is connected to the first
      terminal of pole unit 10A; the second terminals of pole units 10A and 10B
      are connected together, the first terminal of pole unit 10B is connected
      to the first terminal of pole unit 12D and the second terminal of pole
      unit 12D is connected to one terminal 22 of the panel bus assembly (or
      "bus") 24 of FIG. 2 to which the branch circuit breakers 18 are connected.
      Correspondingly, alternating current supply terminal 16 is connected to
      the first terminal of pole unit 12F, the second terminals of pole units
      12E and 12F are connected together, and the first terminal of pole unit
      12E is connected to the first terminal of pole unit 10C whose second
      terminal is connected to another terminal 20 of the panel bus 24. Two rows
      of circuit breakers 18 (FIG. 1) are assembled to the bus (FIG. 2) for
      energization by the second terminals of pole units 10C and 12D. Circuit
      breakers 18 provide branch-circuit protection. The bus is sequence-phased
      as usual, so that either single-pole circuit breakers or 2-pole circuit
      breakers may be used in such a panel, as required by the nature of the
      branch circuits involved.
PAR  The several pole units of circuit breakers 10 and 12 are arranged in a kind
      of symmetry such that alternating current supply terminals 14 and 16 are
      connected to the outermost pole units, physically, of circuit breaker 10
      and 12, whereas the connections from those circuit breakers to the panel
      bus extend from the second terminals of the innermost pole units 10C and
      12D. Other interconnections of similar nature, will be apparent for
      aligning the load terminals of the main interrupter with the main bus
      terminals.
PAR  Notably, there are 3 pole units 10A, 10B and 12D connected in series
      between alternating current supply terminal 14 and terminal 22 of the
      panel bus, and correspondingly, there are three pole units 12F, 12E and
      10C connected in series between alternating current supply terminal 16 and
      the other terminal 20 of the panel bus.
PAR  In operation it may be imagined that a short circuit develops between bus
      terminal 20 and neutral or "ground" (since the neutral is grounded) or
      between bus terminals 20 and 22. In the case of a line-to-ground short
      circuit, the available current from the line at half of the line voltage,
      is safely interrupted by three series-connected circuit breaker pole units
      in their open condition. In the case of a line-to-line short circuit
      between bus terminals 20 and 22, there are 6 circuit breaker pole units in
      their open condition connected in series for interrupting the fault at
      full line voltage.
PAR  Pole units 10A, 10B and 10C are mechanically coupled to each other for
      coordinated tripping. In one kind of circuit breaker that is commonly
      available, each pole unit when tripped as a result of an overload sensing
      device within the breaker, releases its own mechanism to cause parting
      operation of the contacts and the initial part of such contact-opening
      operation activates a trip bar which mechanically trips the companion
      poles of that three-pole circuit breaker. In other types of commonly
      available three-pole circuit breakers, sensing of an overload condition in
      one or more of the poles results in a common trip bar releasing the common
      operating mechanism of the individual contact-operating mechanisms of the
      three pole units of that circuit breaker, for what may be more precisely
      called simultaneous release. In both kinds of circuit breakers, the pole
      units operate essentially simultaneously in response to an overcurrent.
      Both types of circuit breakers are referred to conveniently as having
      common release. Both types of circuit breakers also have common manual
      means including handles 10a and 12a for operating breakers 10 and 12 into
      their "open" and "closed" conditions.
PAR  As an alternate embodiment to that shown in FIG. 1 instead of two 3-pole
      circuit breakers, the main interruption of the panel could consist of
      three 2-pole circuit breakers, as for example breakers, 240, 242, and 244
      (FIG. 8). It is to be noted that the interruption includes 6 pole units,
      240A, 240B, 242C, 242D, 244E, 244F having their operating handles tied
      together, and that the pole units are series connected in two sets of
      three pole units in each set. The first terminals of pole units 240B and
      242D are connected together, the first terminals of pole units 242C and
      244E are connected together, the second terminals of pole units 240B and
      244F are connected together, the second terminals of pole units 240A and
      244E are connected together. As before, the two outermost first terminals
      240A and 244F are connected to the line alternating current supply
      terminals 14 and 16, while the two innermost second terminals are
      connected to the bus terminals 20 and 22. As before, a fault across bus
      terminals 20 and 22, or between either bus terminal and neutral causes all
      6 pole units to open, clearing the circuit.
PAR  A still further alternate embodiment to the two breakers 10 and 12
      schematically illustrated in FIG. 1 is a single six pole breaker 246 shown
      in FIG. 9. Since there is only one breaker with a common tripping
      mechanism, there is no need for special connections of pole units of
      different breakers as in FIGS. 1 and 8. As shown, the first terminals of
      pole units 246B and C are connected together, the first terminals of pole
      units 246D and E are connected together, the second terminals of pole
      units 246A and B are connected together, and the second terminals of pole
      units 246E and F are connected together. As before, the two outermost
      first terminals 246A and F are connected to the line alternating current
      supply terminals 14 and 16 and the two innermost second terminals are
      connected to the bus terminals 20 and 22. As before, a fault across bus
      terminal 20 and 22 or between either bus terminal and neutral causes all
      six pole units to open, clearing the circuit.
PAR  Any of the breakers illustrated in FIGs. 1, 8 or 9 can be used for
      protecting a supply line connected to a load; and in particular the load
      as a panelboard or load center as shown in FIGS. 1 and 2.
PAR  Another panel configuration is shown in FIG. 10. Two 2-pole breakers 248
      and 250 constitute the main breaker providing four pole units and a 2-pole
      branch breaker 252 provides additional two poles available to clear a
      fault across the load terminals of the branch breakers. The first
      terminals of pole units 248A and 250D are connected to the terminals 14
      and 16, the first terminals of pole units 248B and 250C are connected to
      the second terminals 250D and 248A respectively, and the second terminals
      of pole units 248B and 250C are connected to bus terminals 20 and 22 of a
      bus assembly 24. This bus assembly is (as in U.S. pat. No. 3,041,505,
      issued to A. R. Norden) sequence-phased so that portions 24a and 24b are
      connected to bus terminals 20 and 22 alternately. Pole units 252E and 252F
      of the two-pole breaker 252 are connected to bus terminals 20 and 22,
      respectively, and (as usual) pole units 252E and 252F have a coordinating
      trip means to trip both poles in case of a fault in either pole. Because
      of the arrangement of the terminals, the outermost first terminals 248A
      and 250D are connected to the line alternating current supply terminals 14
      and 16 and the innermost second terminals 248B and 250C are connected
      through the panel bus to the first terminals of branch breaker pole units
      252E and F, respectively. The second terminals of branch breaker pole
      units 252E and F form the load terminals of the circuit. Should a severe
      fault occur between the second terminals of branch breaker 252, or between
      either second terminal of breaker 252 and neutral, all six breaker pole
      units would open clearing the circuit, provided that breakers 248, 250 and
      252 have reasonably equal response characteristics to faults of short
      circuit magnitude. Breakers 248 and 250 should have reasonably equal
      sensitivities to moderate overcurrents, but the overcurrent sensitivity of
      branch breaker 252 may be much lower than that of breakers 248 and 250.
PAR  Due to inclusion of over-current responsive devices in each of its pole
      units, both halves of the main interrupter 248-250 of the panel would open
      in case of a load-to-neutral fault. However, breakers 248 and 250 form a
      main interrupter that can provide protection against a short-circuit in
      the panel itself only where those breakers alone are of suitably effective
      construction. This factor is discussed further below.
PAR  The circuit breakers and panel of FIg. 1 are schematically illustrated in
      FIG. 2. Description of the corresponding parts is not repeated here.
      Handles 10a and 12a are represented in FIG. 2 by dotted lines. Each pole
      of the three-pole circuit breakers 10 and 12 includes a thermal and
      magnetic overload release device represented by a small x 10b and 12b.
      FIG. 2 includes a diagrammatic illustration of the panel bus 24. This bus
      may be designed for plug-in circuit breakers, or the bus may be adapted
      for use with branch circuit breakers having screw-in line terminals.
PAR  Coupling is provided between the operating handles 10a and 12a to enforce
      common manual operation for all the pole units, so that both sides of the
      bus assembly will be energized and deenergized concurrently. The same
      handle coupling is included for all the pole units of the main interrupter
      in FIGS. 8, 9 and 10. This coupling between the handles of separate
      devices constituting the main interrupter also provides a further
      safeguard. It may be considered that the short-circuit characteristics of
      pole units 10A and 10B are matched but that the matched short-circuit
      characteristic of pole units 10A and 10B is slightly different from that
      of pole unit 12D. If a fault should occur within the marginal difference
      between the sensitivity of pole units 10A and 10B and the sensitivity of
      pole unit 12D, only breaker 10 or 12 would open. The handle coupling
      between all the pole units of the main interrupter provides assurance of
      the desired operation even under unusual fault conditions.
PAR  Circuit breakers 10 and 12 may be the commercially available 3-pole
      100-Ampere "STAB-LOK" circuit breakers, generally described in U.S. Pat.
      No. 3,134,871, issued on May 26, 1964 to A. R. Norden. A portion of a pole
      unit 10A of such a circuit breaker 10 (FIG. 1) is illustrated in FIG. 3.
PAR  The pole unit 10A includes a main molded part and a cover, the cover being
      broken away partly to reveal the internal mechanism. Contact arm 34 on a
      pivot 35 in each of the poles, carries bell crank 32 pivotally at one
      extremity, and at the opposite extremity of contact arm 34 there is a
      moving contact 36. Current-sensing bimetal 40 and magnetic yoke or pole 42
      are electrically and mechanically united to contact arm 34 at their left
      extremity as viewed in FIG. 3, and bimetal 40 has a flexible copper braid
      44 connecting it to the lower or "second" terminal 46 of pole unit 10A.
PAR  When handle 10a is moved counter-clockwise about its pivot (not shown) a
      toggle mechanism (also not shown) causes bell crank 32 to engage one end
      of armature 52. Armature 52 is pivoted on magnetic yoke 42, and is biased
      counter-clockwise by a suitable spring (not shown). Once bell crank 32
      engages armature 52 further counter-clockwise movement of handle 10a
      causes contact arm 34 to pivot clockwise on pivot 35 causing contact 36 to
      be raised against an intermediate contact 54 which is forced upward
      against a "stationary" contact 38 connected to upper or first terminal 57
      of FIg. 1. Contact 38 is biased downward by spring 53. Intermediate
      contact 54 is carried on an arm biased by spring 55 that biases the
      contact toward the position shown in FIG. 3. Closing motion of contact arm
      34 drives contact 54 upward, to bear against contact 38.
PAR  When the circuit breaker is closed and carrying current, a moderate
      overload current will cause a gradual downward deflection of bimetal 40
      pulling armature 52 with it. In the event of a severe overcurrent, a
      magnetic attraction between yoke 42 and armature 52 will cause a sudden
      downward deflection of armature 52. When deflected downward due to either
      of these conditions, armature 52, which acts as a latch for bell crank 32,
      will move out of the clockwise path of the lower extremity of bell crank
      32. When that occurs, spring 48 becomes free to drive contact arm 34
      counter-clockwise and thereby drives moving contact 36 to its open
      position while spring 55 moves contact 54 to its open position.
PAR  In the open position of the circuit breaker, the combined distances
      represented by the separation between contacts 38 and 54 and contacts 36
      and 54 is about one-fourth inch in the commercial 100 Amp Stab-lok circuit
      breaker of FIG. 3. This is approximately the same, in aggregate, as the
      contact separation between contacts of other similar Stab-lok circuit
      breakers having only contacts 36 and 38 and having a lower load current
      ratings such as the type in U.S. Pat. No. 2,923,788, issued on Feb. 2,
      1960 to A. R. Norden. Moreover, in commercial practice both types have
      essentially the same kind of operating mechanism. The operating mechanics
      of each of the pole units includes a pivoted contact-carrying arm,
      articulated to the operating mechanism. The arm carries the overcurrent
      release means. The length of the contact arm from its pivot to the remote
      end of its moving contact in the commercial form of both breakers is about
      13/8 inches. Both breakers have a response time, measured between the
      incidence of a severe overcurrent and complete contact parting travel of
      the moving contact, of less than about one-fourth cycle at 60 hertz. Their
      arc chutes are of the same kind, in that they consist of urea molded
      enclosures and they do not depend on assembled ferrous deionizing plates
      for arc extinction. In both commercial forms (Norden '871, FIG. 3 and
      Norden "788) they have the same current interruption rating, either 5,000
      amperes or, with some modification, 10,000 amperes. The term pole unit
      defined above comprises the contacts, the enclosed arcing space identified
      with the contacts of the circuit breaker in FIG. 3, and the contact arm.
      It is not always necessary for an overcurrent release to be included in
      every pole unit. For example, overcurrent release 10b could be replaced in
      pole unit 10B by a copper strip fixed to arm 34 to act as a fixed latch
      replacing bimetal 40 and armature 52. In any case, all the pole units are
      coordinated for release in response to a severe overcurrent.
PAR  The bimetals in four of the 6 pole units forming the main interrupter shown
      in FIG. 1 were replaced by sold copper bars in a test circuit breaker
      system on the form in FIG. 3, leaving one bimetal in each series of pole
      units between each line terminal 14, 16 and its corresponding load
      terminal 20, 22. The test results were the same with bimetals in all six
      poles as with bimetals in only two pole units, demonstrating that
      interruption of high available current does not depend upon the resistance
      introduced by six bimetals when present in all 6 pole units.
PAR  Another form of 3-pole circuit breaker useful in FIG. 1 is shown in FIG. 4.
      This is of the so-called quick-lag type of mechanism in U.S. Pat. No.
      2,811,607, issued to H. D. Dorfman et al on Oct. 29, 1957. In this
      mechanism, a contact arm 60 has its upper extremity received pivotally in
      a recess in handle 62. Coil spring 64 tensions contact arm 60 up into its
      pivotal recess, the upper extremity of spring 64 being received in a hole
      in cradle 66. All three cradles 66 of the 3-pole circuit breaker are
      attached to a tie bar 68 which is pivoted at its ends. The cradle 66 of
      the middle pole unit, 10B or 12E in FIGS. 1 and 2, is latched by an
      overcurrent release mechanism 69. The cradles of the pole units on either
      end of the breaker 10A, 10C, 12D or 12F do not have latched ends. The
      overcurrent release mechanism, by latching the middle cradle restrains the
      cradles against clockwise movement about the end pivots of tie bar 68.
      Cradle 66 is illustrated in its latched condition and the circuit breaker
      is shown with the contact closed. The overcurrent release means 69
      includes a bimetal 69a in each pole unit, the lower end of which deflects
      to the right when heated by moderate persistent overcurrent. Armature 69c
      is carried by a J-shaped member 69d which serves as the latch for cradle
      66 in the center pole unit. J-shaped members of the companion pole units
      are united by rotatable rod 69e to member 69d. Deflection of the bimetal
      69a causes release of cradle 66. A sudden severe overcurrent causes
      armature 69c to be shifted toward pole-piece 69b, as another means of
      releasing cradle 66.
PAR  In the event of an overload or short circuit in any pole unit of the 3-pole
      breaker, mechanism 69 releases middle cradle 66 for clockwise motion of
      all the cradles about the tie bar pivot and the upper end of each spring
      64 shifts across the line between the pivotal end of contact arm 60 and
      the hooked connection of spring 64 to arm 60. The result is a snap-opening
      of the contact arm. During the opening motion of contact arm 60, an arc is
      drawn between each moving contact 70 and its stationary contact 72 and
      this arc is quenched by arc chute 74, which, as illustrated, includes a
      series of mutually separated ferrous arc-splitter plates. Handle 62 is
      constrained to rotate clockwise around its pivot 76 to a "tripped"
      position between the "off" and "on" positions.
PAR  Release of the middle cradle in a 3-pole circuit breaker of this
      construction due to an overcurrent condition in any of the pole units of
      the breaker causes all of the pole units to operate virtually
      concurrently. Cross coupling among the pole units is well known and is
      illustrated for example in U.S. Pat. No. 3,550,047, issued Dec. 22, 1970,
      to F. L. Gelzheiser. The opening of the contacts in a circuit breaker of
      this type as commercially made is commonly of the order of 9/16 of an
      inch.
PAR  Circuit breakers of the type illustrated in FIGS. 3 and 4 are known
      industrywise as residential mold-case breakers. They are of a type having
      a single-pole current interruption rating of 5 to 10,000 amperes at 120
      volts.
PAR  Molded case circuit breakers larger than residential breakers are often
      called industrial breakers. Their maximum rating is usually 600 volts. A
      common type of 480-volt AC industrial breaker, the E-frame breaker, is
      described in U.S. Patent No. 2,673,264, issued on Mar. 23, 1954 to T. M.
      Cole, and also in U.S. Pat. No. 3,274,357, issued on Sept. 20, 1966 to A.
      E. Maier et al, both patents assigned to Federal Pacific Electric Company,
      the assignee hereof. A portion of the central pole unit of a commercial
      form of such a 3-pole industrial breaker is illustrated in FIG. 5, an
      NEJ-frame breaker made by Federal Pacific Electric Company (assignee
      hereof) in ratings of 125 Amp to 225 Amp at 240 volts, with a single-pole
      current interrupting capacity of 10,000 Amps.
PAR  As viewed in FIG. 5, the breaker cover is removed and the molded base is
      shown partly in cross section to reveal details of the mechanism. A
      contact arm 131 carries a movable contact 133 which engages companion
      contact 135 when the breaker is closed, as illustrated. Companion contact
      135 is connected to a first terminal 136. Contact arm 131 is carried by
      pivot 137 on contact arm carrier 139 which in turn is mounted on insulated
      shaft 140. A conductive flexible braid 141 conducts current from the
      contact arm to bimetal 143, which bimetal 143 is connected to a second
      terminal 144. Deflection of bimetal 143 to the left as a result of
      sustained moderate overcurrent shifts primary latch 145 to the left,
      releasing secondary latch 147 and cradle 151. Primary latch 145 is part of
      a trip bar extending across like regions in the companion pole units, for
      activation by the overcurrent responsive means of those pole units. Pivot
      149 of latch 147 and pivot 153 of cradle 151 are carried by a frame 155
      which frame is fixed to the breaker base 156 in a manner not illustrated.
      A pair of toggle links 157, 159 extend from pivot 137 to a pivot 161 on
      cradle 151, the links being pivotally connected to each other at knee 163.
PAR  An operating lever 165 pivotally mounted on frame 155 carries an operating
      handle 167. Springs 169 extend from the top of the operating lever to a
      bracket 171 at the toggle knee 163.
PAR  With the latch 147 and cradle 151 secured by primary latch 145, the
      operating handle 167 and operating lever 165 can be moved clockwise on
      frame 155 to close the breaker. At the point where the springs shift to
      the right of pivot 161 they act on the toggle knee 163 to pull the toggle
      links 157, 159 into an erect position. The toggle, acting on pivot 137,
      forces contact arm carrier 139 and contact arm 131 and insulated shaft 140
      to pivot into the closed position shown. The contact arm carriers and
      contact arms of the companion poles breaker (not shown) are also mounted
      on the insulated shaft 140, so that moving the operating handle clockwise
      causes all the pole units of the breaker to close.
PAR  After movable contact 133 engages companion contact 135, the carrier 139
      continues to pivot clockwise. Thereafter, contact arm 131 rotates
      counter-clockwise around pivot 137, using the point of contact between
      contacts 133 and 135 as a fulcrum. Compression coil spring 175 acts
      between part 179 of contact arm 131 and carrier 139 to provide assurance
      that each of the movable contacts will make the proper engagement with its
      companion contact.
PAR  To open the breaker manually, the operating handle 167 is moved to the
      left. Operating arm 165 rotates counterclockwise, shifting springs 169 to
      the left of pivot 161, causing collapse of the toggle. The contact arm
      carrier 139 rotates counter-clockwise arount pivot 173, causing shaft 140
      to rotate similarly. As contact arm carrier 139 rotates counter-clockwise,
      spring 175 forces contact arm 131 to maintain contact 133 in engagement
      with contact 135 and to rotate clockwise around pivot 137 until stop 177
      engages carrier 139. Further counterclockwise rotation of the carrier 139
      and the contact-carriers of the companion pole units (not shown) causes
      the pole units to open.
PAR  If the breaker were in a closed position and a sustained moderate
      overcurrent condition were to occur, the bimetal 143 would deflect to the
      left causing the primary latch 145 to rotate counter-clockwise around
      pivot 181. A severe overcurrent condition would cause armature 183 to be
      attracted toward current-carrying bimetal 143, similarly activating
      primary latch 145. In either case, latch 147 would be released, releasing
      cradle 151 and causing springs 169 to cause the toggle to collapse and the
      breaker to open. With the over-current condition removed, movement of the
      operating handle 167 and operating lever 165 to the left causes the
      operating lever 165 to engage the cradle, rotating it counter-clockwise to
      re-engage the secondary latch 147, causing this latch to re-engage the
      primary latch 145. With the cradle latched, movement of the operating
      handle to the right will close the breaker, as described above.
PAR  Two three-pole NEJ frame breakers of the form illustrated in FIG. 5 have
      been connected to serve as breakers 10 and 12 of FIG. 1 and operated
      successfully in interrupting very high levels of available current, as
      discussed more fully below. The reason for using the NEJ breaker here is
      that it can be used to provide a nominal main circuit breaker rating of
      225 Amps. Other E-frame breakers having similar dimensions and lighter
      contact arms may well provide high available-current interruption
      capacity. However, such other E-frame breakers are usually limited in
      nominal ratings to 100 Amps. Since E-frame breakers are inherently more
      bulky and more expensive than the residential molded case breakers
      discussed above, and since three-pole residential breakers are commonly
      available in the nominal 100 Amp rating, the smaller residential breakers
      would be used in the system of FIG. 1 except where the higher nominal
      rating of the 225 Amp NEJ breaker is needed.
PAR  An important distinction between residential molded case breakers of the
      form having pivoted contacts and industrial molded case or "frame"
      breakers is in the comparative lengths and masses of their contact arms,
      from the pivot to the remote end of the movable contact in each case.
      Contact arms of residential breakers are normally less than 11/2  inches
      long and about 0.04 inch thick whereas the contact arms of E-frame
      breakers are substantially longer and they are more massive.
PAR  Residential breakers and the NEJ frame breaker have a common feature that
      is important here, namely, their "response time". As stated above, this is
      the time between the incidence of a severe overcurrent condition and the
      full open position of the contacts. In these breakers, the response time
      is less than about 4 milliseconds or one-fourth cycle at 60 hertz.
PAR  The short length of contact arms of residential breakers and the relatively
      small mass of metal in such arms result in a low moment of inertia. This,
      in turn contributes towards establishing full opening of the contacts of
      each pole unit in a very short time interval. The large total contact
      opening space of three such pole units in series is thus realized
      remarkably fast. Additionally, the enclosure of each pole unit provides a
      contained arc chamber for the contacts of each pole unit which is
      physically isolated from the heat, gas pressure and ionization of the two
      other series sets of contacts and arc chambers of the other pole units.
      These factors make it possible for these breakers, when connected as
      breakers 10 and 12 of FIG. 1, to protect a circuit where the available
      current is enormously greater than that for which the circuit breakers
      were designed.
PAR  By way of comparison, each pole unit of a commercial NEJ frame circuit
      breaker such as that illustrated in FIG. 5, has a much heavier and longer
      combined contact arm carrier and contact arm and a heavier moving contact
      and a correspondingly greater moment of inertia. In addition, the NEJ
      frame breaker has approximately the same aggregate contact separation as
      three sets of contacts in residential molded case breakers such as those
      represented in FIG. 3. Additionaly, the multipole NEJ frame breaker has
      larger arc chambers and they are equipped with ferrous arc-splitter
      plates. In spite of all these features, the rated single-pole current
      interruption capacity of the NEJ breaker is only 10,000 amperes at 240
      volts A.C. When utilized as in FIGS. 1 and 2, two NEJ 3-pole breakers are
      capable of clearing a circuit where the available current is about 100,000
      amperes at 240 volts A.C.
PAR  Quick-lag circuit breakers of the type shown in FIG. 4 have been reputed to
      operate and interrupt a circuit whose voltage is 240 A.C., where there is
      a short-circuit available current of the order of 65,000 RMS symmetrical
      amperes. The current path through such a circuit breaker inherently
      produces electro-dynamic contact-parting forces during moments of high
      instantaneous current, which greatly accelerate the opening speed of the
      contacts. However, even in the case of a circuit breaker proportioned for
      electro-dynamic contact parting, where the available current is
      appreciably less than 65,000 amperes the electrodynamic contact-opening
      force is sharply reduced so that current interruption below the 65,000 Amp
      level may be marginal. In any case, the arc interruption process depends
      upon the current wave crossing zero, the arcing energy is great, and the
      damage and erosion tend to be relatively great.
PAR  Unlike the above described quick-lag type of breaker used in the usual way,
      two 3-poel circuit breakers, when connected in the configuration described
      in FIGS. 1 and 2 are not only capable of arc interruption when the
      available current is 100,000 amperes and higher, but are equally effective
      for all levels of available current below 100,000 amperes. Additionally,
      the limited arcing energy minimizes the damage and erosion to the circuit
      breakers.
PAR  The effectiveness of two three-pole circuit breakers configured as
      illustrated in FIGS. 1 and 2, in interrupting a short circuit when the
      available current is much greater than the rated current interrupting
      capacity of the individual breaker is demonstrated by the oscillograms of
      FIGS. 6 and 7. Each test was run under the following conditions: Each line
      terminals was connected to the source voltage by 4 feet of copper wire.
      The simulated short circuit consisted of two 10 inch copper wires bolted
      together to form a twenty-inch short across the load terminals. The size
      of the line and load wires used depended on the nominal current rating of
      the breakers to which they were attached, according to the following
      listing:
TBL  BREAKER          WIRE USED                                                

     ______________________________________                                    

     100      amp         No. 1 copper                                         

     70       amp         No. 4 copper                                         

     50       amp         No. 6 copper                                         

     40       amp         No. 8 copper                                         

     30       amp         No. 10 copper                                        

     15       amp         No. 14 copper                                        

     ______________________________________                                    

PAR  Reactance was inserted in the connection of the source to the breakers to
      simulate a line having a predetermined lagging power factor. The voltage
      source was 240 volts A.C. at 60 hertz. As a preliminary of the test, the
      breakers were manually closed and then a closing switch in the source was
      closed as the voltage passed through a predetermined angle.
PAR  The oscillograms of FIGS. 6A, 6B and 6C represent the response of the
      breakers where the simulated short circuit was connected across the load
      terminals of breakers 10 and 12 and the available current was 15,000
      amperes at 240 volts A.C. A 45% power factor was established by
      appropriate reactance.
PAR  The oscillograms of FIGS. 7A, 7B and 7C represent the response of the
      breakers where the simulated short was connected across two of the branch
      breakers and the available current was 100,000 amperes. A 90% power factor
      was established.
PAR  FIG. 6A represents the response of two 3-pole circuit breakers of the form
      of breaker shown in FIG. 3, involving 6 poles in series across a 240 volt
      line where the available current was 15,000 amperes. Trace 80 represents
      the voltage wave developed across the line terminals of the breaker, and
      trace 82 represents the current through the breaker. The closing switch
      was closed at 0 degrees, point 82a, and the current started to rise,
      reaching a peak at point 82b. Up to that moment in this test the contacts
      of the circuit breaker were closed. As evidenced by the break in the
      voltage wave, the contacts started to open at point 80a, causing arcing in
      each of the 6 series pole units. The current was interrupted at point 82c.
PAR  Trace 220 provides a representation of the source voltage. It will be noted
      that the current was interrupted at point 82c, which is before the source
      voltage crossed the zero axis. Naturally, after the current was
      interrupted, the voltage across the line terminals picked up and followed
      the source voltage. This early interruption of the current is remarkable.
      For comparison purposes the shape of a current wave 82d is shown as a
      dotted line, representing the current that would flow if the breaker were
      replaced by a solid conductor having an impedance equal to that of the
      breaker. As shown, current wave 82d follows the source voltage current
      rise, continuing after the voltage peaks and reaching zero point 82e after
      the voltage, due to the reactive quality of the supply circuit. Yet here,
      the six sets of contacts opened and quenched the arcs to force
      interruption of the current at point 82c, in advance of the zero
      cross-over of the voltage wave. In addition, at the time of current
      interruption, the voltage wave had a value represented by point 80b, and
      had not yet decreased to zero.
PAR  The energy dissipated at the six sets of contacts is equal to the integral
      of I.sup.2 dt during arcing, that is, from point 82a to 82c. The fact that
      interruption was forced in advance of zero cross-over of the voltage wave
      signifies a reduction in the arcing time as compared to interruption at or
      after zero cross-over. The area under the actual current wave 82 is
      substantially smaller than the area under curve 82d. This is clearly shown
      in FIG. 12 where besides reproducing curves 82 and 82d of FIG. 5, the
      curves 82' and 82d' represent the square of the instantaneous values of
      currents 82 and 82d. The area under curve 82' represents the arcing energy
      in the actual interruption, and the area under 82d' represents the energy
      of the current involving no current limitation. The current wave 82 has a
      peak 82b whose value was 8345 amperes in a typical test. Since the time of
      arcing and the peak value of the current (as well as its RMS value
      represented by the area under curve 82' ) were both reduced as compared to
      those developed in the course of usual interruption of short-circuit
      current where current limitation is not significantly involved, it follows
      that the total energy to be dissipated at the six sets of contacts is
      remarkedly reduced, and the energy to be dissipated at any one set of
      contacts is dramatically reduced.
PAR  A breaker interrupting a specified circuit, which severely limits the
      magnitude of the arcing current to a level much lower than that which is
      normally achieved by the breaker pole units, and which in addition has the
      capability of driving the current to zero without depending on the source
      voltage reaching zero, is defined herein to be a "current limiting
      breaker." It will be understood that where the incidence of the
      over-current develops late in the voltage wave, there may not be time for
      the breaker to demonstrate its ability to force the current to zero. Even
      then, typically, the rise of current is restricted and the current will be
      interrupted as the voltage decreases to zero.
PAR  FIG. 6B represents the interruption of current of two 3-pole circuit
      breakers of the type shown in FIG. 4. At point 92a on current curve 92,
      the closing switch placed all 6 poles of the breaker in series across the
      line. The closing angle was 0.degree. and the current started to rise. At
      point 90a on voltage curve 90, the breaker contacts parted and arcing was
      started. The current reached its peak value of 5,625 amperes at point 92b.
      Thereafter it decreased until point 92c at which time it was interrupted.
      At the moment of arc interruption, a momentary spike 90b appeared in the
      voltage wave, which resumed its decrease to zero.
PAR  Repeating the same test where the closing angle was 90.degree. in the
      voltage wave, the same curve shapes resulted, the current rising to a peak
      value of only 5,400 amperes.
PAR  FIG. 6C illustrates typical performance of a two-pole residential breaker,
      for comparison with the above tests. A similar test was run with a
      standard commercial 2-pole circuit breaker of the type shown in U.S. Pat.
      No. 2,662,949 issued on Dec. 15, 1953 to P. M. Christensen et al. Under
      the above test conditions (240-volt circuit with 15,000 amperes of
      available current, 45% power factor, with the breaker initially in closed
      condition), the closing switch was closed at the 0.degree. crossing of the
      alternating current supply. As shown in FIG. 6C, current started to flow
      at point 86a. Tripping of the mechanism followed shortly afterward, the
      contact-separation starting at point 84a and arcing continuing until
      current interruption at point 86c. Notably the voltage wave has approached
      and (due to the lagging power factor of the supply) the voltage had
      crossed zero when current interruption was effected. The peak value 86b of
      the arcing current was 11,025 amperes and the duration of the arcing
      current (points 84a to 84b) was much longer than that of FIG. 6A (points
      80a to 80b) or FIG. 6B (points 90a to 90b). Consequently, the integral of
      I.sup.2 dt  was much greater for the two sets of contacts in this test
      breaker than the aggregate energy distributed among six sets of contacts
      in the case of FIG. 6A or 6B. In this test, the current interruption
      rating of this circuit breaker was actually exceeded, but it helps to
      demonstrate, by contrast, the importance of forcing the current to zero,
      without awaiting a zero-crossing time in the operation of usual breakers
      of this class.
PAR  Tests were run on a panel as shown in FIGS. 1 and 2 where the available
      current was 100,000 amperes and the fault was across the load terminals of
      the branch breakers. Tests were run with two NB 3P 100 amp breakers, of
      the type shown in FIG. 3, as the main interrupter 10 and 12 in FIGS. 1 and
      2, and with two NEJ 3P 225 amp breakers, such as shown in FIG. 5, as the
      main interrupter. Various breakers were used for the branch breakers. The
      following table shows the equipment used in each test and the results
      thereof:
TBL                TABLE I                                                     

     ______________________________________                                    

     CURRENT LIMITING CIRCUIT BREAKER TEST                                     

     Main Circuit Breaker - Two NB 3P 100A                                     

     TEST   BRANCH    CLOSING                                                  

     No.    BREAKER   ANGLE     I.sub.LT I.sup.2 t                             

     ______________________________________                                    

     1      NA 2P70H  0.degree. 9,206.99 144,106.66                            

     2      NA 2P70H  90.degree.                                               

                                11,358.63                                      

                                         94,709.47                             

     3      NA 2P70H  90.degree.                                               

                                8,981.82 145,211.57                            

     4      NC015     90.degree.                                               

                                7,205.47 57,110.67                             

     5      NC015     0.degree. 5,954.52 81,549.51                             

     6      NA015     0.degree. 6,630.04 87,913.80                             

     7      NA015     0.degree. 6,504.94 84,628.49                             

     8      NA2P50    0.degree. 8,981.82 112,942.33                            

     9      NA2P50    90.degree.                                               

                                10,007.60                                      

                                         62,016.17                             

     10     NA2P50    0.degree. 9,081.89 131,969.16                            

     Main Circuit Breaker - Two NEJ 3P 225A                                    

     11     NA2P70H   0.degree. 8,786.67 146,523.68                            

     12     NA2P70H   90.degree.                                               

                                13,935.58                                      

                                         135,940.28                            

     13     NA2P125   90.degree.                                               

                                15,887.07                                      

                                         201,919.19                            

     14     NA2P125   0.degree. 12,809.73                                      

                                         262,542.69                            

     15     NC015     90.degree.                                               

                                7,205.47 62,302.61                             

     16     NC015     0.degree. 6,805.17 83,358.62                             

     17     NC030     0.degree. 8,706.61 121,288.09                            

     18     NC015     135.degree.                                              

                                4,903.73 14,427.94                             

     19     NC030     90.degree.                                               

                                10,282.81                                      

                                         74,015.33                             

     20     NA2P125   0.degree. 12,384.41                                      

                                         276,072.50                            

     ______________________________________                                    

PAR  All of the breaker configurations listed above cleared the circuit, and in
      all of the tests except No. 18, the current reached zero without depending
      on the voltage reaching zero. FIG. 7A, which is the trace of test No. 11,
      is illustrative of all the tests where the closing angle was 0.degree..
      FIG. 7B, which is the trace of test No 12, is illustrative of all the
      tests where the closing angle was 90.degree.. As before, traces 102 and
      106 are the voltage waves developed across the line terminals of the main
      interrupter. The current through the panel started to rise at points 104a
      and 108a. Since the available current was 100,000 amperes, the large
      current passing through the panel caused an immediate voltage drop 102a,
      106a across the line terminals. This makes it difficult to determine the
      exact point when arcing started, but the current reached its peak at
      points 104b and 108b and was interrupted at points 104c and 108c, while
      the voltage 102b, 106b was approaching zero.
PAR  In test No. 18, FIG. 7C, the panel with its closed breakers was energized
      at a closing angle of 135.degree.. The current started to rise at point
      112a on current trace 112, and voltage started an immediate rise at point
      110a on voltage trace 110. Because of the angle of closing, the arc drawn
      by the opening of the breakers peaked at point 112b, and was extinquished
      at point 112c, when the line voltage reached zero, point 110b. The angle
      of closing was too close to the end of the voltage wave for the breaker to
      force the current to zero before the voltage reached zero. Still, as shown
      by FIGS. 7A and 7B, the breaker is a current limiting breaker.
PAR  The panel configuration of FIG. 10 was tested under 100,000 amperes
      available current conditions. Two 2-pole 100 amp quick-lag breakers, of
      the type shown in FIG. 4, were used as the main interrupter. Tests were
      run with a 70 amp 2-pole breaker as the branch breaker, and with a 15 amp
      2-pole breaker as the branch breaker, these branch breakers also being
      similar to that of FIG. 4, made by the Square D Company. Although 3-pole
      breakers were used as the main interrupter in the test, only two of the
      pole units of each breaker were connected in series. Since the test was a
      fault across the load terminals of the branch breakers in which the four
      main breaker pole units and the two branch breaker pole units were in
      series, the breakers forming the main interrupter were not interconnected.
      The breakers collectively cleared the circuit, evidencing current limiting
      operation. FIGS. 11A and 11B are representative of all the tests, where
      the closing angle was 0.degree. and 90.degree. respectively. As before,
      traces 260 and 262 represent the voltage wave developed across the line
      terminals of the main interrupter and traces 264 and 266 represent the
      current through the breakers. With the branch manually closed, the
      alternating current source was applied across the line terminals of the
      main. The current through the breakers started to rise at points 264a and
      266a, and since the available current was 100,000 amperes, the voltage
      across the line terminals started to rise at points 260a and 262a. Current
      reached its peak 6,450 amperes at 264b and 15,400 amperes at 266b and was
      extinguished at points 264c and 266c while the voltage 260b, 262b was
      approaching zero. Although there were spiked voltages and a fairly large
      current at point 266b, the tests show this breaker configuration to be a
      current limiting interrupter.
PAR  Tests were also run on the main interrupter configuration shown in FIGS. 1
      and 2 where the available current was 100,000 amperes at 265 volts and the
      fault was across the load terminals 20 and 22 of the main interrupters. No
      branch breakers were utilized in these tests.
PAR  One series of tests were run with two NB 3P 100 Amp breakers of the type
      shown in FIG. 3 as the interrupter 10 and 12 of FIGS. 1 and 2; a second
      series of tests were run with a new sample of the same type of
      interrupter; a third series of tests were run with two NEJ 3P 225 Amp
      breakers, of the type shown in FIG. 5 as the interrupter; and a fourth
      series of tests were run with two NEJ 3P 125 Amp breakers of the type
      shown in FIG. 5 as the interrupter. Each test series started with the
      breakers manually closed. The alternating current source was then applied
      across the line terminals of the interrupter. After the breaker had
      responded to the over-current condition by opening, it was manually reset.
      Again, the over-current condition would cause the interrupter to open and
      again it would be manually reset. The successful opening of the breaker
      for the third time, concluded each test. In all four series of tests the
      breakers cleared the circuit each time they opened, and each time they
      opened the current reached zero without depending on the voltage reaching
      zero. The following table shows the results of each test:
TBL                TABLE II                                                    

     ______________________________________                                    

     Current Limiting Circuit Breaker Test                                     

     with 100,000 Ampere Available Current                                     

     at 265 Volts                                                              

     INTERRUPTER - Two NB 3P 100A                                              

     TEST No.    I.sub.1t (ka)                                                 

                              t(milliseconds)                                  

     ______________________________________                                    

     1           14.0                                                          

     2           8.4          6.0                                              

     3           9.7          8.4                                              

     INTERRUPTER - Two NB 3P 100A                                              

     4           9.8          5.4                                              

     5           8.1          1.2                                              

     6           7.0          1.2                                              

     INTERRUPTER - Two NEJ 3P 225A                                             

     7           17.2         4.8                                              

     8           23.1         3.6                                              

     9           21.0         3.8                                              

     INTERRUPTER - Two NEJ 3P 125A                                             

     10          16.8         5.4                                              

     11          14.0         5.4                                              

     12          15.7         1.2                                              

     ______________________________________                                    

PAR  The two common forms of residential molded-case circuit breakers shown and
      described are utilized in achieving enormously increased current
      interrupting capacity, with current-limiting characteristics and
      remarkably reduced arcing damage. Those described residential breakers
      have pivoted contact arms. However, like results can be achieved with
      series-connected pole units of other well-known inherently compact
      residential molded-case breakers having inherent fast response times and
      interruption ratings comparable to those described above. For example,
      such other breakers include those wherein each pole unit compresses a pair
      of stationary contacts and a reciprocating structure bearing a bridging
      contact member, and those wherein each pole unit comprises a moving
      contact carried by a structure that reciprocates in closing the breaker
      but wherein the moving contact is carried by an overcurrent responsive
      member pivoted to the reciprocating structure. Moreover, while two groups
      of series-connected coordinated pole units are described above as
      constituting a two-pole interrupter, it is evident that like results can
      be achieved with three groups of series-connected coordinated pole units
      of the types described constituting a three-pole interrupter for a
      three-phase supply. These and other variations of the illustrative
      embodiments detailed above will be readily apparent to those skilled in
      the art and consequently the invention should be construed broadly in
      accordance with its full spirit and scope.
CLMS
STM  I claim:
NUM  1.
PAR  1. A circuit interrupter for a three-wire single phase, 240-volt
      alternating current supply comprising first and second line terminals and
      a neutral and having an available current greatly in excess of 10,000
      amperes, said interrupter including a plurality of pole units of the
      molded case air breaker class, each pole unit having at least a movable
      contact and a companion contact engaged thereby and each pole unit having
      a molded case of insulation containing said contacts and providing
      enclosed arcing space for the contacts thereof two of such pole units
      where arranged as a two-pole breaker having an interruption capacity of
      5,000 Amps at 240 volts A.C., operating means for said movable contacts of
      said plurality of pole units, a first half of said plurality of pole units
      being connected in series in a first circuit for interposition between the
      first line terminal and a first load terminal and a second half of said
      plurality of pole units being connected in series in a second circuit for
      interposition between the second line terminal and a second load terminal,
      means for effecting coordinated release of said operating means in
      response to a fault and for effecting coordinated opening operation of the
      movable contacts of all said pole units, said release means including at
      least one overcurrent sensing device in each of said first and second
      series circuits, said coordinated pole units limiting the rise of fault
      current and driving the fault current to zero without dependence on the
      A.C. source voltage decreasing to zero.
NUM  2.
PAR  2. A circuit interrupter as claimed in claim 1, wherein the movable contact
      of each of said plurality of pole units is operable by said operating
      means upon release in response to an overcurrent for effecting full
      opening of said contacts in less than about 4 milliseconds.
NUM  3.
PAR  3. A circuit interrupter as claimed in claim 2, wherein said movable
      contact in each of said plurality of pole units is mounted on a pivoted
      contact arm and wherein the length of said movable contact arm is less
      than about one and one-half inches from the pivot to the movable contact.
NUM  4.
PAR  4. A circuit interrupter as claimed in claim 3, wherein said movable
      contact arm in each of said pole units has its own actuating mechanism.
NUM  5.
PAR  5. A circuit interrupter as claimed in claim 3, wherein said contacts of
      each of said plurality of pole units include a main movable contact, an
      intermediate movable contact and a companion contact.
NUM  6.
PAR  6. A circuit interrupter as claimed in claim 2, wherein said movable
      contacts in each of said half of said plurality of pole units are
      supported by movable contact carriers connected together by a pivoted tie
      bar.
NUM  7.
PAR  7. A circuit interrupter as claimed in claim 1, wherein all of the pole
      units are united so as to constitute a single molded case circuit breaker.
NUM  8.
PAR  8. A circuit interrupter as claimed in claim 1, wherein said plurality of
      pole units are constituted of first and second 3-pole molded case circuit
      breakers and wherein said first half of said plurality of pole units
      includes two of the 3 pole units of said first 3-pole circuit breaker and
      one pole unit of said second 3-pole circuit breaker, and wherein the
      second half of said plurality of pole units includes the remaining two
      pole units of the second 3-pole circuit breaker and the remaining pole
      unit of said first 3-pole circuit breaker.
NUM  9.
PAR  9. A circuit interrupter as claimed in claim 1, wherein all of the pole
      units are contained in first, second and third 2-pole molded case circuit
      breakers, and wherein said first half of said plurality of pole units
      includes one pole unit from each of said first, second and third 2-pole
      circuit breakers, and wherein said second half of said plurality of pole
      units includes the second pole unit from each of said first, second and
      third 2-pole circuit breakers.
NUM  10.
PAR  10. A circuit interrupter as claimed in claim 1, wherein all of the said
      pole units are arranged in a side-by-side relationship and wherein each of
      said pole units includes a line terminal and a load terminal, and wherein
      said first and second supply line terminals are the outermost of said pole
      unit line terminals, and wherein said first and second load terminals are
      the innermost of said pole unit load terminals.
NUM  11.
PAR  11. A circuit interrupter as claimed in claim 1, wherein said release means
      is responsive to either of said overcurrent sensing devices to open the
      circuit interrupter in the event of a fault between load-terminal and
      neutral.
NUM  12.
PAR  12. A circuit interrupter as claimed in claim 1, further including a panel
      having first and second panel buses and plural branch circuit breakers
      connected to said panel buses, said circuit interrupter forming the main
      protection device of the panel with the first and second load terminals of
      said interrupter being connected to said first and second panel buses,
      respectively.
NUM  13.
PAR  13. A circuit interrupter panel for a three-wire single phase 240-volt
      alternating supply, having an available current of the order of 100,000
      amperes and including two oppositely phased line conductors and a neutral
      conductor, said circuit breaker panel including first and second
      molded-case 3-pole circuit breakers, jointly providing 6 pole units
      connected in two series circuits constituting a main two-pole circuit
      interrupter having two line terminals for said line conductors and two
      load terminals, a first panel bus and a second panel bus connected to said
      load terminals, respectively, and a plurality of branch breakers connected
      to said first and second panel buses, each said pole unit including an
      overcurrent sensing device and each said 3-pole breaker having
      quick-release means for all the poles thereof, each of said series
      circuits including 1 pole unit of each of said 3-pole circuit breakers and
      two pole units of the other of said 3-pole circuit breakers, said 3-pole
      breakers having a response time of less than about 4 milliseconds between
      instantaneous current overload and full opening of the contacts thereof.
NUM  14.
PAR  14. A circuit breaker panel as claimed in claim 13, wherein each of said
      pole units has a movable contact mounted on a movable contact arm and
      wherein the length of said movable contact arm from pivot point to the
      remote end of the movable contact is less than about one and one-half
      inches.
NUM  15.
PAR  15. A circuit protector for a 240-volt alternating current supply having
      plural line conductors and having an available current of the order of
      100,000 amperes, said circuit protector including a plurality of
      coordinated molded case pole units comprising plural groups of three of
      said pole units connected in series between a load terminal and a line
      terminal and including one group for each said line conductor,
      respectively, each of said series-connected pole units including at least
      one overcurrent sensing means and each of said series-connected pole units
      having quick release means responsive to the overcurrent sensing means,
      thereof all of the pole units being coupled together for causing
      coordinated tripping thereof in response to a fault detected by any of
      said overcurrent responsive means, said coordinated pole units providing a
      current-limiting circuit interrupter capable of driving the fault current
      to zero without dependence on the source voltage decreasing to zero.
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ABST
PAL  A dashpot solenoid is provided having a thin-walled well with a support
      ring around an accurately sized and shaped slightly reduced mouth portion
      and an adjustable air metering orifice at the bottom or opposite end. A
      plunger coated with a polyfluoro hydrocarbon is sized and shaped to fit
      within the well such that the clearance between the plunger and the mouth
      portion of the well provide a functionally airtight sliding fit. In
      operation the plunger is drawn into the well and air captured therein is
      permitted to escape through the adjustable metering orifice at a rate
      which damps the plunger motion.
PARN
PAR  This is a division of application Ser. NO. 402,477, filed Oct. 1, 1973, now
      U.S. Pat. No. 3,852,871, issued Dec. 10, 1974.
BSUM
PAR  The invention relates to air damped or dashpot solenoids and more
      particularly to a new development for the accurate and economical
      construction and manufacture of the well and plunger units for such
      solenoids.
PAR  It is known that damping or shock-absorbing devices may be applied to or
      constructed integral with a solenoid apparatus. Various dampers that
      cushion the plunger by metering escaping fluid, using resilient bumpers,
      and creating friction or resistance between cooperating members are
      disclosed in the prior art. The U.S. Pat. Nos. to Flentge 3,400,351,
      Hallgreen 3,326,511, Dube 3,159,774, Jamieson, 2,931,617, Kouyoumjian
      2,377,244, Wetzel 2,111,232 and Wetzel 2,207,082 are representative of
      various approaches and constructions. Heretofore, dashpot solenoids having
      a substantially sealed well and/or a tightly fitting plunger required
      expensive manufacturing techniques and sophisticated sealing members to
      assure reliable and adjustable operation. Minimum clearance between the
      plunger and the well is necessary in order to prevent cocking, chatter and
      seizure. In order to give the required fit, careful, accurate and
      expensive machines and machining techniques have been necessary.
      Similarly, reliability and uniformity of such close tolerance components
      have always been a problem.
PAR  The instant invention provides a technique and construction which minimizes
      the expense of manufacture and assembly of such dashpots while affording
      the necessary functionally airtight fit between the plunger and the well
      tube. Moreover, in the presently preferred embodiment disclosed herein in
      detail, the high tolerance components are easily separable from lower
      tolerance components.
PAR  Previous dashpot solenoids have failed to include desirable features which
      allow inexpensive manufacture and maintenance in an adjustable dashpot
      solenoid which gives uniform reliable performance.
PAR  It is an object of the subject invention to overcome the disadvantages and
      complexities of the prior art.
PAR  It is a more specific object of this invention to consistently provide
      accurately sized solenoid well devices in an economical manner.
PAR  It is another object of the present invention to provide an improved
      dashpot solenoid which can be easily and inexpensively manufactured to
      give substantially identical performance or plunger motion for every unit
      manufactured.
PAR  It is a further object of this invention to provide solenoid wells of
      thin-walled tubular stock with sufficiently accurate and consistent
      tolerances to provide effectively airtight sliding fits with
      armature/plungers.
PAR  It is yet another object of the present invention to provide a
      manufacturing technique which is simple and economical, requiring
      relatively inexpensive tools, and also allowing for a high degree of
      accuracy and reliability in the manufacture and assembly of air damped
      solenoid units.
PAR  Additional objects and advantages of the present invention will become
      apparent as the following description proceeds and the features of novelty
      which characterize this invention are pointed out with particularity in
      the claims annexed to and forming a part of this specification.
PAR  In carrying out the invention in one embodiment, a dashpot solenoid is
      constructed with a well having a thin-walled tube for its body and a plug
      closure for its bottom end. A reinforcing ring is pressed onto the top or
      mouth end of the tube. After the ring is pressed onto the tube, but before
      the plug is attached, a series of successively larger balls are pushed
      through the tube to expand and form the ringed portion to an accurate
      inner diameter and uniform shape (circular), and simultaneously to insure
      adequate sizing and truing of the balance of the tube. The plug is press
      fit, being an interference fit and also having a circular shape, thus
      acting to close the bottom end. The ring and the plug maintain the size
      and shape of the tube body. A plunger having a ground cylindrical outer
      surface and a polyfluoro hydrocarbon nonstick coating slidably fits in the
      sized and shaped well. The plunger fits closely within the inner diameter
      of the well, particularly within the ringed portion, such that when the
      plunger is drawn into the well, air captured therein will not readily
      escape between the plunger and the tube wall. A valve for air bleeding is
      provided in the plug to adjustably vent the captured air. This valve has
      an air passage and a bleed screw intersecting the passages to meter the
      amount or rate of air flow. The plunger and tube assembly with the valve
      is a separate and distinct subassembly which may be used with a winding or
      coil of wire and related electromagnetic components to form an electrical
      solenoid. A simple connection is provided between the dashpot and winding
      to permit convenient assembly and ready interchangeability. For that
      purpose there is a threaded exterior on the dashpot plug which is easily
      and securely held within the solenoid winding by a nut.
PAR  For a more complete understanding of this invention, reference should now
      be had to the embodiment illustrated in greater detail in the accompanying
      drawing and described below by way of an example of the invention.
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PAR  In the drawing:
PAR  FIG. 1 is a perspective view of a dashpot solenoid embodying teachings of
      this invention, with a portion cut away for illustrative purposes;
PAR  FIG. 2 is an end view of thin-walled seamless tubing from which the dashpot
      body is made;
PAR  FIG. 3 is an end view of the combination of reinforcing ring and tube;
PAR  FIG. 4 is a perspective view of the ringed tube with sizing balls in a
      schematic presentation of the ball sizing process; and
PAR  FIG. 5 is an exploded perspective of the dashpot assembly.
DETD
PAR  Referring to the drawings, a solenoid and dashpot apparatus is shown in
      FIG. 1 and is generally indicated by the numeral 10. This apparatus 10
      includes a winding or coil 11 covered by a cylindrical sleeve or outer
      shell 12 of high magnetic permeability material and a pair of washer-like
      end plates of high magnetic permeability material comprising plate 13 for
      the front and plate 14 for the rear. To secure the coil 11 within the
      outer shell 12 the front and rear edges of the shell are turned inward as
      shown in FIG. 1 at 15. The coil 11 comprises a number of turns of
      insulated wire wound on a spool-shaped bobbin 16 of a low permeability,
      high dielectric insulative material, as in a known construction. Captured
      within the inturn edges 15 of shell 12 are from front to rear the front
      end plate washer 13, the bobbin 16 with the coil 11 and the rear end plate
      washer 14. A terminal board 17 which is also washer-like in shape is
      riveted to the outer face of plate 14 and includes a pair of terminals 18
      attached thereto. The terminal board can be made of a known material such
      as phenolic impregnated linen which has both strength and a high
      dielectric. Aligned openings 19 in the rear end plate 14, the terminal
      board 17 and the bobbin 16 allow the extremeties of the coil wire to pass
      therethrough so that it may be soldered to the terminals 18.
PAR  In FIG. 1, two techniques for mounting the dashpot solenoid apparatus 10
      are shown by way of example. Elongated bracket 20 is a Z-shaped member
      with an extended mounting flange having mounting holes 21, only one of
      which is shown. Bracket 20 is secured to outer shell 12 as by welding in
      the area 20a near the top of one leg of the Z and by tack welding at 20b
      near the ends of one angle of the Z. The other or second feature for
      mounting consists of a series of tapped mounting holes 13a in end plate
      13. Thus, by means of cooperating screws the solenoid apparatus 10 may be
      mounted cantilever fashion off of front end plate 13.
PAR  The dashpot plunger assembly generally labeled 22, includes a plunger 23
      with a right circular cylindrical body. The illustrated plunger has a
      truncated leading end portion 24. Other shapes of the leading end portion
      will provide different operating characteristics of the solenoid. As shown
      in FIG. 1, plunger 23 has a hexagonal nut-like attaching end portion 25
      having a threaded opening 26. As is common practice with solenoid
      armatures or plungers for electromagnets, the plunger 23 is of highly
      magnetically permeable ferric material. In order to provide the
      cylindrically-shaped body, plunger 23 typically is ground on a centerless
      grinder. The ground-shaped plunger 23 preferably is coated with a
      permanent lubricant such as polyfluoro hydrocarbon material, e.g., the
      product sold by Du Pont Company, under the trademark "Teflon," so that
      surface binding and friction are minimized. The anti-stick properties of
      such materials are well known and they perform well in this particular
      application.
PAR  The dashpot assembly 22 also includes the well 27 which comprises a
      thin-walled, non-magnetic tube 28, a reinforcement ring 29 and an end plug
      35. The tube 28 may be cut from a length of seamless thin wall standard
      stock brass tubing 30, best shown in FIG. 2. The tube 28 is cut to length
      and the corners are broken before assembly with the ring 29. The ring has
      an accurately machined circular inside diameter and is of a slightly less
      nominal inside diameter than the outside diameter of the tube to provide a
      press fit between these components. Ring 29 may be steel or other
      appropriate malleable material. A slight chamfer is provided at 29a to
      facilitate assembly on the tube 28. It has been found that about a 0.005
      inch interference fit between the ring 29 and the tube 28 is sufficient to
      size and shape the ringed end of the tube as described further below, and
      to secure these components together.
PAR  In order to obtain the desired sliding seal dashpot cooperation of the
      plunger 23 and the well 27 without relying on sealing rings, gaskets or
      other added sealing elements, it is important to provide a close tolerance
      sliding fit between the tube and the plunger. Plungers can be accurately
      and consistently formed within close tolerances by known production
      processes, e.g., centerless grinding. As to the tube 28, size and
      functional parameters make it highly preferable to use a thin-walled
      seamless member, e.g., brass tubing on the order of 0.020 inch to 0.035
      inch wall thickness. Cost factors also render it highly desirable to use
      stock tubing material for this tube. However, it has been found that stock
      brass seamless thin wall tubing of a given nominal inside diameter often
      varies significantly in actual inside diameter and particularly in
      cylindricity or cross-sectional configuration, tending to be slightly oval
      in many instances. More particularly, such tubing often varies
      sufficiently from a true and accurate right circular cylindrical cross
      section to preclude consistently obtaining the requisite sliding fit with
      a cylindrical plunger 23. Moreover, apparently due to the inherent low
      strength of the thin walls and internal stresses as well as external loads
      which may be applied inadvertently, such tubing does not reliably retain
      the necessary cross-sectional uniformity following reworking to prescribed
      tolerances.
PAR  The aforenoted problems and requirements are met in assembly 27 by
      press-fitting the accurately machined ring 29 over one end of the tube 28
      and thereby constricting the tube portion 28a within the ring, then
      contouring and sizing the tube and the applied ring as necessary to
      provide an accurately-sized cylindrical inner bore, and then closing the
      opposite end of the tube 28 with a plug 35, as will be described further
      below.
PAR  In the sizing of the tube 28 in the ring 29, the inner diameter is adjusted
      and contoured such that the final inner diameter of the tube will provide
      a close effective air-seal sliding fit with plunger 23, at least within
      the ringed end portion. In this regard, the force fit of ring 29 may cause
      the tube 28 initially to have a slightly reduced inner diameter in the
      region of the ring 29. In any event, the wall of the tube 28 is formed and
      expanded as necessary to provide a circular bore of the correct inner
      diameter for the plunger clearance within the ringed end portion 28a, with
      the ring in compressive contact with the sized tube portion 28a
      therewithin. A plunger-tube clearance in this area which has been found to
      be satisfactory for present air-control purposes is on the order of 0.0005
      inch, with the ovality or variation of diameters of the plunger and of the
      tube within the ring being less than about 0.0001 inch. The remainder or
      main body portion 28b of the tube 28 also is sized and trued in the same
      general operation as the sizing of the ringed end portion. However, a
      somewhat greater tolerance of diameter oversize and ovality is allowable
      beyond the ring end in this main body portion 28b. In this latter area, a
      relatively close fit will enhance the overall air-seal effect, but the
      primary consideration is to insure sufficient physical clearance of the
      tube wall from the armature/plunger to prevent physical interference with
      reciprocating operation of the armature as by binding or jamming. Thus a
      somewhat greater nominal inner diameter of the finished tube is provided
      in this area as necessary to allow for any residual ovality of the tube.
PAR  An inexpensive and accurate method of sizing the ringed tube 28 without
      distorting the tube is by passing a series of balls through the tube as
      illustrated in FIG. 4, wherein balls 31 through 34 are shown. As is
      apparent, each succeeding ball is slightly larger than the predecessor
      such that the initial inner diameter of tube 28 will at least pass ball
      31, and that diameter can be increased and trued to that of ball 34 by, in
      turn, pushing each ball through tube 28. The tube 28 may be checked for
      tolerances and for fit with a given plunger 23 after each ball pass. If
      further ball sizing is necessary the next larger ball may be used. Balls
      made of tungsten carbide and having incremental size variations of 0.00025
      inch have worked satisfactorily in production. The ball sizing will have a
      somewhat different effect at the ringed-end portion as contrasted to the
      balance of the tube body because of the reinforcing effect of the ring.
      That is, the ringed end will be expanded somewhat less than the tube body
      such that the closest clearance between the tube 28 and the plunger 23
      normally will be established at the ringed-end section 28a.
PAR  After the ball sizing or "ballizing" operation, the stopper or plug 35 is
      applied. This plug is formed of material having high magnetic permeability
      and has a generally cylindrical shape with a nose end portion 36 for
      insertion in tube 28 at the end opposite the ringed end, see FIG. 5. The
      outer diameter of end 36 is slightly larger, e.g., approximately 0.005
      inch larger, than the inner diameter of tube 28 to provide an interference
      fit, but there may be a chamfer or transition section 36a of lesser
      diameter at the leading end to facilitate assembly. Thus, it can be
      appreciated that the plug 35 is held securely and assists in maintaining
      the main body portion of the tube 28 circular and at the proper size. An
      annular shoulder 35a is included on plug 35 and is of an outer diameter
      which is substantially identical to the outer diameter of tube 28. The
      shoulder 35a is of a length to extend the overall length of assembly 27 to
      correspond to the coil 11. It will be appreciated that closures of other
      configurations may be used.
PAR  On the end of plug 35 opposite nose 36 there is an elongated boss 37 with
      external threads 38 and an axial threaded bore 39 therethrough. The bore
      39 communicates with a further axial bore 39a extending to the inside of
      nose 36 which is provided with a concave recess 36b to receive truncated
      conical end 24 of plunger 23. A lateral bleed port 40 is cut into the
      shank of boss 37 so that it communicates with threaded bore 39. For
      valving purposes a bleed port adjustment screw 41 is threaded into bore
      39. A compression spring 42 fits about the outwardly-extending end of
      screw 41 for resiliently locking screw 41 in any selected position.
PAR  The outer diameter of the tube 28 and shoulder 35a of assembly 22 are
      slightly smaller than the inner diameter of bobbin 16 and an aligned
      central opening in end plate 13. Consequently, dashpot assembly 22 is
      readily inserted into the bobbon 16 during assembly and will fit snugly
      within the bobbin. However, a close tolerance fit is not required between
      these assemblies. To secure the dashpot assembly 22 to the winding 11,
      threaded boss 37 extends through an appropriately-sized center opening in
      end plate 14 and terminal board 17 and receives a nut 44 which engages the
      outer surface of plate 14, see FIG. 1. If either the winding 11 or the
      dashpot assembly 22 is defective, damaged, or in need of repair, it is
      simple to remove and replace either of these assemblies by removing nut 44
      and withdrawing the dashpot assembly 22. Thus the close tolerance dashpot
      subassembly is easily separable from the coil subassembly.
PAR  The operation and construction of the dashpot assembly 22 should be
      apparent from the foregoing, however, certain details of the air damper
      and its adjustment will be reviewed. Since a close sliding fit is provided
      between plunger 23 and well 27, at least at the ringed end portion of well
      27, air cannot easily escape at that point. Thus, when plunger 23 is moved
      into well 27, a substantially sealed chamber is created in the inner end
      of tube 28. The primary escape exit for air captured within this chamber
      is through the bore 39 and communicating port 40, provided that air bleed
      adjustment screw 41 is positioned to allow the captured air to escape
      along this passage. The cooperation of adjustment screw 41, bore 39 and
      port 40 provides an accurate and inexpensive valve which is easily
      adjusted. Therefore, the rate of air bled from well 27 and consequently
      the motion of plunger 23 is set by the adjustment of screw 41.
PAR  By way of a more specific example of an actual commercial embodiment of the
      invention, assemblies have been produced utilizing half-hard seamless
      brass tubing of 0.750 inch nominal outside diameter and 0.031 inch wall
      thickness for tube 28, and a ring 29 formed of Bill3 steel with an outside
      diameter of 0.985 inch, an inside diameter of 0.744/0.746 inch, and a
      thickness of 0.125 inch. Here "thickness" refers to the axial dimension,
      i.e., as measured parallel to the length of tube 28. The ring 29 is
      pressed onto one end of tube 28 as described and results in a reduction of
      the inside diameter of the tube by a few thousandths of an inch, e.g.,
      0.004 inch, as well as shaping of the tube end. A series of balls are
      forced through the tube in a ballizing operation to size and true the tube
      and particularly to accurately size and true the bore at the ringed end by
      expansion of the portion 28a to increase its inner diameter, e.g., by
      0.003 inch, in the manner described. The armature/plungers are of 0.6865
      inch nominal diameter including the lubricant coating. However, the
      coating thickness and thus the final diameter vary somewhat. Accordingly,
      in present practice, the tubes are ballized to slightly different sizes
      and the plungers are sorted by size and matched with the appropriate size
      of the tube for best fit. During the tube sizing operation, the outer
      diameter of the ring increases slightly, demonstrating that the ring also
      is expanded during the sizing expansion of the tube bore. It is believed
      that there also may be some flowing of the metal of the tube out of the
      ringed zone. In any event, the entire inner surface of the support ring is
      in compressive contact with the tube wall, which permits the forming and
      maintenance of the tube of this portion to the necessary close tolerances
      of the circularity and size of the bore for the functionally air-tight
      sliding seal with the armatures. The ballizing operation also trues and
      sizes the remainder of the tube 28 adequately for free movement of the
      plunger, with the main body portion 28b of the tube beyond the reinforced
      end at ring 29 being of slightly greater inner diameter. The plug 35 also
      is formed of steel, with shoulder 36 being 0.692- 0.694 inch in diameter.
PAR  In addition to diameter tolerance control of the armatures, the coating
      thickness is controlled as accurately as possible. However, a selection
      process also has been beneficial in the final mating of armatures and tube
      wells as noted for best results.
PAR  By making ring 29 of steel or another material which is of high magnetic
      permeability, the ring enhances the magnetic characteristics of the
      solenoid as well as serving the sizing and reinforcing functions.
PAR  It will be appreciated, particularly by those skilled in the art, that many
      modifications and variations may be made in the embodiment shown and
      described without departing from the spirit and scope of the invention. By
      way of examples, certain alternatives have been noted within the foregoing
      description. As to other examples, the tube may be sized and trued by use
      of a mandrel or other similar expanding and truing means in place of the
      ballizing, other types of metering valves may be used, and other mounting
      arrangements may be provided, both for securing the dashpot assembly
      within the coil and for mounting the entire solenoid on other apparatus.
      Moreover, while the described separable dashpot assembly embodiment is
      preferred for the reasons noted, the manufacturing techniques and
      reinforcing arrangement may be used for solenoids in which the tube
      becomes an integral, nonremovable part of a solenoid unit.
PAR  It will be appreciated that improvements have been provided which meet the
      aforestated objects.
PAR  While there has been shown and described a preferred embodiment of the
      present invention, it will be apparent to those skilled in the art that
      further changes and modifications may be made without departing from the
      invention in its broader aspects. It is, therefore, contemplated in the
      appended claims to cover all such changes and modifications as fall within
      the true spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An air damped solenoid dashpot assembly for mounting within the coil of
      a solenoid comprising a thin-walled tubular member, the inner surface of
      which defines a cylindrical bore, a cylindrical plunger of a predetermined
      diameter extending into said tubular member through one end thereof for
      serving as an armature of such a solenoid, said plunger being reciprocable
      in said bore and effectively closing said end, a reinforcing member
      circumscribing said tubular member adjacent said end thereof and in
      circumannular compressive engagement with the external surface of the
      circumscribed portion of said tubular member, said reinforcing member
      supporting the wall of said tubular member and maintaining said bore
      within said portion in a cylindrical configuration of an accurate
      predetermined diameter, said portion of said tubular member thereby being
      maintained in effectively fluid-tight sliding annular sealing engagement
      with the outer cylindrical surface of said plunger during such
      reciprocating movement of said plunger, a closure member closing the other
      end of said tubular member, and means for metering passage of air through
      said closure member, whereby a substantially air-tight damping chamber is
      provided within said bore between said plunger and said closure member
      during such reciprocating movement.
NUM  2.
PAR  2. An air damped solenoid dashpot assembly as in claim 1 wherein said
      reinforcing member comprises an annular ring, and said closure member
      includes a cylindrical plug fit within the opposite end of said tubular
      member for internal circumannular expansive engagement with the inside
      surface of said tubular member for substantially closing said other end of
      said tubular member whereby said annular ring imparts a slight radially
      directed inward deformation to said tubular member and said cylindrical
      plug imparts a slight radially directed outward deformation to said
      tubular member for establishing predetermined diameters at the opposite
      ends of said tubular member.
NUM  3.
PAR  3. An air damped solenoid dashpot assembly as in claim 1 wherein said
      closure member includes a portion having an interference fit with the
      respective end portion of said tubular member.
NUM  4.
PAR  4. An air damped solenoid dashpot assembly as in claim 3 wherein said
      closure member fits within such end portion.
NUM  5.
PAR  5. An air damped solenoid dashpot assembly as in claim 1 including securing
      means on said closure member for retaining said dashpot assembly in a
      solenoid assembly.
NUM  6.
PAR  6. An air damped solenoid dashpot assembly as in claim 1 including
      adjustable metering means associated with said closure member for
      controlled flow of fluid into and out of said chamber.
NUM  7.
PAR  7. An air damped solenoid dashpot assembly as in claim 6 wherein said
      adjustable metering means includes a portion of said closure member having
      a radially extending slot therein and an axially extending passage
      communicating with said slot and extending through said closure member to
      said chamber, and an elongated metering screw threaded in said passage and
      intersecting said slot whereby the rate of flow of fluid to and from said
      chamber is adjustable by adjusting said screw.
NUM  8.
PAR  8. An air damped solenoid assembly comprising a coil unit including an
      electrical coil and having an opening within said coil, and a dashpot
      assembly as in claim 1 removably mounted in said opening.
NUM  9.
PAR  9. An air damped solenoid assembly as in claim 8 wherein said coil unit
      includes an end plate at one end of said opening and having an aperture
      through said end plate, said closure member including a threaded portion
      extending through said aperture, and a nut engaging said threaded portion
      externally of said end plate for retaining said dashpot assembly in said
      coil unit.
NUM  10.
PAR  10. An air damped solenoid dashpot assembly as in claim 1 wherein said
      portion of said tubular member circumscribed by said reinforcing member
      defines a portion of said bore which is of a lesser inner diameter than
      the remainder of said bore.
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ABST
PAL  A magnetic field drive coil arrangement includes a hollow rectangular coil
      form having a pair of rectangular openings at opposite ends of the
      longitudinal axis of the form, a first coil wound around the coil form
      such that the turns of the coil in the central region of the coil form are
      parallel to the longitudinal axis and a second coil wound over the central
      portion of the first coil. The portion of the turns of the first coil
      which are between the access openings and the second coil curve away from
      the longitudinal axis of the coil form so as not to interfere with the
      access openings. The access openings facilitate the access to the
      cylindrical domain memories disposed within the coil form and the flow of
      a coolant through the form. Advantageous methods of fabricating the coil
      arrangement are described.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a magnetic drive field coil arrangement
      for producing a rotating magnetic field to induce propagation of
      cylindrical domains in bubble memories disposed therein and, or more
      specifically, to a coil arrangement having access openings to the central
      region of the coil arrangement.
PAR  The storage of digital data by means of cylindrical magnetic domains in
      thin, single crystal films of certain orthoferrite or garnet materials has
      been known for some time. Such so called bubble memories can utilize
      domain propagation via localized fields from current pulsed conductors in
      contact with the film or more commonly from an etched pattern in a
      magnetic overlay pattern excited by an applied rotating magnetic field.
      This rotating magnetic field consists of two mutually perpendicular
      components, both in the plane of the magnetic film domain material. They
      are sinusiodial in their time variations and are nominally 90.degree.
      apart in time phase. The coils used to produce this rotating field must be
      designed to accommodate the physical dimensions of the bubble memory and
      to produce a sufficiently uniform field over the required region. Also,
      their electrical properties must be such that sufficient currents can be
      maintained at the desired frequency without excessive voltage or heating
      problems. Thus, the inductance and resistance of the coils must be
      maintained as low as possible. It is also most desirable that the coils be
      constructed so there is easy access to the useable field volume to
      facilitate inserting and removing the bubble domain memory and its
      associate lead wiring without disassembling the coils. The coils should be
      sufficiently open to allow circulation of a coolant, such as air, to the
      magnetic film and also be designed such that they can be wound or
      otherwise formed readily.
PAR  Bubble memory devices are usually constructed from a non-ferrimagnetic
      crystalline wafer substrate which is about one millimeter thick and which
      is covered on one side with an epitaxially grown ferrimagnetic ferrite
      film. The permalloy pattern used to accomplish domain propagation and any
      conductor patterns required for domain control or detection are either
      deposited on top of the magnetic film or on a separate glass plate pressed
      in contact with the magnetic film. In either case, the assembly is about
      one millimeter thick, but it can cover an area of a few square
      centimeters. This area can be occupied by one wafer or an assembly of
      several wafers side by side. They are nominally mounted in some manner on
      a flat support board composed of ceramic or fiberglass-epoxy composite.
      Leads to carry electrical signals to and from the wafers are usually
      formed by photoetching leads on this support board. The required magnetic
      fields must therefore be produced uniformly throughout a volume which is
      high enough to clear the relatively flat support board and its attached
      wafers and of sufficient area to include the entire surface area of the
      bubble memory devices. In addition to providing such uniform fields, the
      coil geometry should allow exit of the required leads and provide easy
      access for the insertion of the memory wafers and the flow of a coolant
      medium. Flat rectangular solenoids which fit together with their axes
      perpendicular are known, but such solenoid arrangements usually fail to
      satisfy one or more of the desirable requirements outlined above. More
      specifically, the solenoid arrangement does not have open sides. Thus, the
      arrangement must be disassembled to gain access to the bubble memories
      disposed therein. Additionally, a cooling medium can not readily flow past
      the memory devices while they are in use within the closed coil
      arrangement.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a magnetic
      field drive coil arrangement which accomplishes the desirable features
      previously mentioned. More specifically, the coils are disposed around a
      coil form which has openings at opposite ends of the longitudinal axis of
      the coil form. The coils are perpendicular to each other throughout the
      central region of the coil form which contains the bubble memory device.
      At least one coil has turns which are directed toward the access openings.
      At the ends of the form where the openings are located, the turns of such
      coils are disposed at an angle to the longitudinal axis such that the
      turns diverge away from the access openings. By this coil arrangement,
      ready access to the central region is provided without the need to
      disassemble the coils, as was the requirement in prior art devices of
      which the inventor is aware. Additionally, the access openings define a
      path along the longitudinal axis for a cooling medium, thereby permitting
      adequate means for removing heat from the bubble memory device while it is
      in use. In the central region of the coil form, the coils are
      perpendicular to each other so that the proper rotating magnetic field may
      be developed. Between each of the access openings and the central region
      of the overlapping coils, is a region in which only portions of the turns
      of one coil are present. This area is not suited for creating a rotating
      magnetic field of the desired uniformity and is maintained as small as
      possible by causing the turns to diverge sharply away from the
      longidudinal axis. Thus, the slight increase in the inductance and
      resistance of the coil due to the pressure of turns in these regions is
      more than off set by the desirable features of the access openings and can
      be minimized by increasing the length to width ratio of the coil form.
PAR  In a preferred embodiment of the invention, a first coil is disposed around
      the coil form such that the turns of the coil are parallel to the
      longitudinal axis in the central region of the coil form. The portion of
      the turns of this coil on either side of the longitudinal axis and between
      the access openings and the central region curve away from the
      longitudinal axis and toward the sides of the coil form. In this manner,
      an opening is provided to the interior of a coil from a direction which is
      parallel to the turns of the coil in the central, useable region. A second
      coil is disposed perpendicularly around the portion of the first coil
      where turns are parallel to the longitudinal axis. Preferably, the
      portions of the turns of the first coil which are curved abut one another
      so that the length between an access opening and the edge of the second
      coil is not substantially greater than a half the width of the coil form.
      The advantage of this feature is that the amount of conductor in the
      diverging regions is maintained as low as possible, thereby minimizing the
      resistance and inductance of the first coil. The coil arrangement is
      preferably mounted within an open ended metallic housing. The housing,
      which may be made of aluminum, is thermally and electrically conductive.
      Thus, the housing can serve as part of the heat sink for the coils and
      acts as a shield for confining the coils' electromagnetic fields. The
      housing does not act as a shield to steady or DC magnetic fields and,
      therefore, the means for creating the DC bias field for the magnetic
      bubble memory device need not be located within the housing. The region
      between the coil arrangement and the housing may be filled with a
      thermally conductive material to enhance the conduction of heat from the
      coils to the housing.
PAR  There are several unique features about the manner of fabricating the coil
      arrangement of the present invention. A coil form is provided whose length
      is equal to what eventually will be the length of the central region of
      the coil arrangement. A pair of coil winding blocks are each inserted into
      opposite ends of the coil form; the outer end of each block is triangular
      shaped, and a number of steps, corresponding to the desired number of
      turns for the first coil, are formed in the sloping sides of the
      triangular shaped end of the block. The first coil is then wound around
      the blocks and the coil form such that the length of the turns at the
      center are greater than those at each side of the first coil. Then, the
      second coil is wound over the central region of the first coil at an angle
      to the first coil of 90.degree.. Preferably, a castable thermally
      conductive film is coated on the first coil before the second coil is
      wound. Next, the ends of the turns of the first coil are bent toward the
      sides of the coil form and away from the coil blocks so that each block
      may be removed. More importantly, the turns result in the desired curved
      arc such that the access openings are formed. The concept of using the
      coil block and inserting it into the coil form has made the fabrication of
      the coil arrangement relatively fast and effective.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of a known coil arrangement comprising a pair
      of coils which do not have access openings;
PAR  FIG. 2 is a perspective view of the preferred embodiment of the present
      invention;
PAR  FIG. 3 is a sectional view of the preferred embodiment taken along lines
      3--3 of FIG. 2 with the addition of a housing which is not shown in FIG.
      2;
PAR  FIG. 4 is a plan view of a block assembly used to fabricate the coil
      arrangement of FIG. 2;
PAR  FIG. 5 is a perspective view of an alternative embodiment of the present
      invention;
PAR  FIG. 6 is a plan view of a mask pattern which may be used in the method of
      fabricating one coil of the embodiment of FIG. 5.
PAC  THE PRIOR ART
PAR  Referring now to the drawings, FIG. 1 illustrates a prior art coil
      arrangement for developing the rotating magnetic field for the propagation
      of cylindrical magnetic domains. The coil arrangement, designated
      generally by the reference numeral 10, comprises an outer solenoid 12 and
      an inner solenoid 14. Each solenoid has a number of turns of an
      appropriate electrical conductor. The solenoids have a generally
      rectangular shape as viewed from their respective open ends. As viewed
      from the top in FIG. 1, the solenoids have a generally square shape or,
      stated differently, the length to width ratio is approximately 1. The
      solenoid 14 has slightly smaller dimensions than those of the solenoid 12
      so that the solenoid 14 may be positioned within the region (not shown)
      enclosed by the turns of solenoid 12. The solenoid 12 and 14 are disposed
      perpendicular to each other and are connected electrically by lead wires
      16. The solenoid 14 may project a slight distance away from the side edge
      of the solenoid 12 to provide openings for lead wires 18 which must carry
      all the control signals to and from the memory devices. If there are
      parallel etched conductors on a circuit board, as is desirable to minimize
      problems due to crosstalk and inductive pick-up from the rotating field,
      the required opening is substantial, and this requires at least one of the
      coils to be much larger than indicated in FIG. 1. As may be observed from
      FIG. 1, the solenoids must be separated to obtain access to the bubble
      memory. Also, in operation, the coil arrangement 10 does not have a
      convenient means for passing a coolant through the central region (not
      shown) of the coil arrangement.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In an exemplary embodiment of the present invention, as shown in FIG. 2, a
      coil arrangement 20 is illustrated and incorporates the feature of having
      access openings to the region in which the cylindrical magnetic domain
      memories are disposed. The coil arrangement 20 includes a coil form 22, a
      first coil 24 and a second coil 26. The coil form 22 supports the coils
      and constitutes a flat surface upon which the magnetic memories may be
      positioned. As will be described later, the form 22 actually includes
      three separate forms which abuts each other but for the purposes herein,
      the form is functionally equivalent to a single structure. The form may be
      made of any material which has adequate physical strength and is
      electrically nonconductive; a typically suitable material is fiberglass
      reinforced epoxy. As viewed from the ends, the form 22 has a generally
      rectangular shape; the width dimension is large enough to accommodate the
      physical dimension of the magnetic memories, and the height dimension is
      adequate to accommodate the substrate thickness of the memory, some
      additional size being allowed to avoid the field non-uniformities due to
      edge effects. The length of the coil form, hereinafter referred to as
      being along the longitudinal axis 28, is greater than the width of the
      form; thus, the length of width ratio is substantially greater than 1.
PAR  The coil 24 comprises a single length of an insulated electrical conductor
      which is wound along the longitudinal axis 28 of the coil form 22, as
      shown in FIG. 2. All of the turns of the coil 24 are parallel to the
      longitudinal axis 28 in the region which has disposed therearound a
      coating 30; this may be observed in the broken away portion of the coating
      30 in FIG. 2. The turns then diverge away from the longitudinal axis 28
      and become disposed adjacent to the side edge 32 of the coil form 22. The
      coil 26 is wound over the coil 24 such that the turns of the coils are
      perpendicular to each other. Preferably, a film of plastic material is
      applied over the turns of the coil 24 before the coil 26 is wound. This
      coating, as well as the coating 30, is a castable plastic containing a
      filler which has high thermal conductivity. Leads 33 and 34 for the coils
      24 and 26 emerge out of the coating 30. Referring to FIG. 3, the coil
      arrangement may be located in a housing 36; the region between the housing
      and the coils is filled with a heat conductive, castable plastic material
      38. The housing 36, which may be of aluminum material, is thermally
      conductive and primarily shields the surrounding environment from the
      electromagnetic fields of the coils. Another feature of the housing is
      that it does not shield DC magnetic fields, and thus, the means for
      generating the bias field for the bubble memories may be located outside
      the housing 36.
PAR  Typical physical dimensions and coil information for the coil arrangement
      are as follows:
TBL  coil form                                                                 

             height      0.7      centimeters                                  

             width       2.9      centimeters                                  

             length      12.0     centimeters                                  

             thickness   0.08     centimeters                                  

     coil 24                                                                   

             No. of turns                                                      

                         32                                                    

             No. of layers                                                     

                         1                                                     

             wire size   No. 20   gauge 0.082 centimeters                      

     coil 26                                                                   

             length      7.5      centimeters                                  

             No. of turns                                                      

                         92                                                    

             No. of layers                                                     

                         1                                                     

             wire size   No. 20   gauge 0.082 centimeters                      

PAR  The coils provide a rotating magnetic field of about 30 oersteds when
      excited by peak currents of 2.5 amperes at a typical frequency of 100KHz.
      The two currents applied to the leads of the coils 24 and 26 are
      90.degree. out of phase and are provided by resonant circuits driven by
      appropriate 100KHz power sources. Each coil has an inductance of
      approximately 21 microhenries.
PAR  The coil arrangement 20 has a pair of access openings 44. These openings
      permit the passage of a cooling medium, such as air, through the coil form
      22 to reduce the heating of the bubble memories by the heat created by the
      current in the coils 24 and 26. More important, the openings facilitate
      access to the field region for inserting and removing the bubble memory
      devices and for carrying in and out along an etched circuit board the
      various electrical signals needed for their operation. Since the coil
      assembly does not have to be disturbed for these operations, it can be
      permanently cast in place in a thermally conductive medium to provide a
      high degree of conduction cooling through the metal shield to an
      appropriate heat sink. One of the desirable features of any coil
      arrangement is maintaining the total inductance and resistance of the
      coils as low as possible and yet still obtaining the desired field
      strength with the adequate uniformity over a specified volume. The higher
      the inductance, the greater must be the voltage which excites the coil.
      Further, the heat generated by the coil is directly related to the coil
      resistance. While the diverging portions of the coil 24 do not contribute
      materially to the strength or uniformity of the magnetic field within the
      central region of the coil arrangement, their relative effect on the total
      inductance and resistance is maintained quite low. On the other hand,
      these diverging portions facilitate access to the bubble memories. It has
      been found that by making the width of the coil form smaller than the
      length, the relative contributions of the total inductance and resistance
      of the diverging portion of the coils can be maintained minimal. For
      example, increasing the length of the coil form increases the volume in
      which the memories may be disposed. The volume which is increased by the
      diverging portions of the coil 24 is directly related only to the width of
      the coil form and is independant of the length. For example, where the
      turns of the coil 24 at the diverging region abut each other, the
      dimensions along the longitudinal axis over which the diverging coils are
      present is equal to about one half the width of the coil form.
PAR  FIGS. 2, 3 and 4 in combination illustrate the various steps in the
      fabrication of the coil arrangement. In FIG. 4, a pair of coil winding
      blocks 50 and 52 have a shank 54 and a triangular member 56. The shank 54
      has dimensions which conform to the inner dimensions of a coil form
      22.sub.a. The shanks of each block are inserted into the coil form so that
      the triangular members protrude out of the ends of the coil form. Coil
      form 22.sub.a forms the central region of the form 22 shown in FIG. 2. In
      FIG. 2, coil form 22.sub.a (not shown) is surrounded by the coil 26 and
      the coating 30. The coil form 22 includes two more elements which are
      described later.
PAR  The triangular members 56 have along their tapered sides a plurality of
      steps 58. The coil 24 is wound onto the blocks, and each turn is located
      on one of the steps except for the center two which are located on the end
      flat of the blocks. Thus, the length of a turn at the center is the
      greatest, and the smallest length is at the sides. After the coil is
      wound, a thermally conductive film is coated on the turns which cover the
      coil form 22.sub.a. Then, the coil 26 is wound over the coil 24.
      Preferably, the coating 30 is applied over the coil 26 to hold the shape
      of the two coils. The blocks are then removed by bending each of the turns
      toward the side. After the blocks are removed, additional coil forms
      having a length equal to the length of the diverging portion of the coil
      24 are each inserted into one end of the coil 24. The result is the
      assembly shown in FIG. 2.
PAR  Referring now to FIG. 5 which illustrates another embodiment, a coil form
      60 has wound therearound a coil 62 which is perpendicular to the
      longitudinal axis 28 and a coil 64 which in the central region of the coil
      arrangement is parallel to the longitudinal axis 28. Beyond the central
      region, the turns of the coil 64 diverge away from the longitudinal axis
      28, thereby not interfering with the access openings in the coil form.
      Coil leads 66 and 68 carry current to the two coils.
PAR  FIG. 6 illustrates one method of making the coil 64 shown in FIG. 5. This
      coil 63 is not actually wound on the coil form 60, as is the case with the
      coil 62. Instead, one technique which is suitable makes use of a copper
      clad flexible insulating film, such as mylar, with a thickness of a few
      thousandths of an inch. A conductor pattern is formed in the copper side
      using photoetching techniques using a mask pattern 70, such as shown in
      FIG. 6. The thin copper film is then increased in thickness by
      electroforming additional copper or silver to form a conductor with lower
      resistance and greater current carrying capacity. The flexible film is
      then wrapped around the coil form 60 with a seam along the center of one
      face and with the insulating side outward to form insulation between the
      etched conductor and the outer coil 62. The coil 62 is composed of
      insulated copper wire wound with turns perpendicular to the longitudinal
      axis of the coil form 60.
PAR  An alternate method of constructing the coil arrangement shown in FIG. 5 is
      to wrap a sheet of copper around the insulated coil form 60 with the seam
      along the center of one face and cement it in place with a suitable
      adhesive. The slots can be milled through the copper to leave a conductor
      pattern similar to that in FIG. 6. In this way, a sufficiently thick
      conductor is provided without electroforming. An insulating layer would
      then be applied before the outer coil 62 is wound around the coil 64.
PAR  The embodiments of the present invention are merely exemplary and those
      skilled in the art will be able to make numerous variations and
      modifications without departing from the spirit of the present invention.
      All such variations and modifications are intended to be included within
      the scope of the present invention as defined in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A magnetic field drive coil arrangement for field accessed cylindrical
      domain memories, including:
PA1  a. a coil form having a length to width ratio greater than unity and an
      access opening formed in each end of the length of the form, the coil form
      further having a central region adapted to house therein the cylindrical
      magnetic memories, peripherial regions on either side of the central
      region and a longitudinal axis extending along the length of the form to
      each of the access openings,
PA1  b. a first field drive coil disposed around the coil form at the central
      region and a portion of the peripheral regions, and the portions of the
      turns of the first coil within the central region being parallel to the
      longitudinal axis,
PA1  c. a second field drive coil disposed around the central region and
      overlapping the first coil, the turns of the two coils in the central
      region being perpendicular to each other, the portion of the turns of the
      first coil disposed around the peripheral regions of the coil form being
      aligned at an angle greater than zero degrees to the longitudinal axis so
      that the turns of the first coil diverge away from the access openings.
NUM  2.
PAR  2. The coil arrangement according to claim 1 wherein the portions of the
      turns of the first coil within the peripheral region being curved through
      an arc to diverge away from the longitudinal axis, and the turns of the
      second coil being perpendicular to the longitudinal axis.
NUM  3.
PAR  3. The coil arrangement of claim 2 further including a thermally conductive
      castable plastic material disposed between the first and second coils, a
      metallic shield disposed around the coils and a castable, thermally
      conductive plastic material disposed between the shield and the coils.
NUM  4.
PAR  4. The coil arrangement according to claim 2 wherein the length to width
      ratio is greater than 2.
NUM  5.
PAR  5. The coil arrangement according to claim 2 wherein the dimension of each
      peripheral region along the longitudinal axis is substantially equal to
      one half the width of the coil form.
NUM  6.
PAR  6. The coil arrangement according to claim 2 wherein both coils are formed
      of single layers of conductor.
NUM  7.
PAR  7. The coil arrangement according to claim 1 wherein the access openings
      have a rectangular shape.
NUM  8.
PAR  8. The coil arrangement according to claim 2 wherein the first coil
      includes a sheet of an electrically insulating material disposed around
      the coil form, the side of the sheet adjacent to the coil form having the
      conductor pattern of the first coil affixed thereto.
PATN
WKU  039328287
SRC  5
APN  4950348
APT  1
ART  213
APD  19740805
TTL  Encapsulated coil and method of making the same
ISD  19760113
NCL  5
ECL  1
EXP  Kozma; Thomas J.
NDR  1
NFG  4
INVT
NAM  Plunkett; James P.
CTY  West Dundee
STA  IL
INVT
NAM  Latchford; Joseph T.
CTY  Bowmanville
CNT  CA
ASSG
NAM  Coils, Inc.
CTY  Huntley
STA  IL
COD  02
RLAP
COD  71
APN  408766
APD  19731023
PSC  03
CLAS
OCL  336 96
XCL   29602
XCL  336192
XCL  339276C
EDF  2
ICL  H01F 1510
FSC  336
FSS  107;96;205;192;198;208
FSC  339
FSS  276 C;220 C;220 R;217 S
FSC   29
FSS  602;605
FSC  174
FSS  87;90
UREF
PNO  1813154
ISD  19310700
NAM  Franz
XCL  336107
UREF
PNO  2802193
ISD  19570800
NAM  Biba, Jr. et al.
XCL  336192
UREF
PNO  3054027
ISD  19620900
NAM  Barrick et al.
XCL  336192
UREF
PNO  3315198
ISD  19670400
NAM  Biesma et al.
OCL  336192
UREF
PNO  3359520
ISD  19671200
NAM  Foerster
OCL  336192
UREF
PNO  3450828
ISD  19690600
NAM  Joly
XCL  174 90
UREF
PNO  3544940
ISD  19701200
NAM  Davis
XCL  336208
UREF
PNO  3566322
ISD  19710200
NAM  Horbach
XCL  336192
UREF
PNO  3609616
ISD  19710900
NAM  Dumeige
XCL  336208
UREF
PNO  3660791
ISD  19720502
NAM  Davis
XCL  336205
UREF
PNO  3800172
ISD  19740300
NAM  Artin et al.
XCL  336192
FREF
PNO  585,783
ISD  19470200
CNT  UK
OCL  336192
FREF
PNO  52,684
ISD  19420100
CNT  NL
OCL  336192
LREP
FRM  Dressler, Goldsmith, Clement & Gordon, Ltd.
ABST
PAL  A plastic bobbin for the coil is formed with a terminal-receiving block
      extending out from the bobbin axially from one bobbin flange. The bobbin
      is wound with a coil the end wires of which are temporarily secured in
      slits in the edge of a bobbin flange. Terminal tubes which are in the form
      of eyelet-blanks, each having one end headed, are inserted through the
      block so that the unheaded end projects from the block into planar
      alignment with the coil. A tongue is cut axially from the end of each tube
      and bent back to form a hook. The end wires are slipped under the hooks
      and welded. Lead wires are inserted into the eyelets which are crimped
      upon the lead wires to secure the lead wires and make a good connection. A
      quick-setting cement is applied between the lead wires and the block, into
      which they extend. The bobbin, and the portion of the block in planar
      alignment with it are then encapsulated with plastic.
PARN
PAR  This is a continuation of application Ser. No. 408,766, filed Oct. 23,
      1973, abandoned upon filing this application.
BSUM
PAC  INTRODUCTION
PAR  The present invention relates particularly to the inexpensive production of
      coils of fine wire, such as coils which are used on timer motors for
      example. No doubt there have been many forms of terminal anchoring and
      connecting structures. One of the most widely used has involved securing
      to a coil a tab or card of insulative material to which the two terminals
      had been secured as by riveting or upsetting. These, or at least those
      known, have not been well adapted for automatic production of the coil
      assemblies. According to the present invention, a coil structure, and an
      assembly method for it, have been worked out which facilitate very low
      cost of production of coil assemblies, partly because of being well suited
      for production by machinery with only a minimum of human intervention.
PAR  To this end, the construction includes, as one piece molded of plastic, a
      bobbin with a terminal-receiving thread or block extending axially away
      from the periphery of one flange of the bobbin. Terminals in the form of
      eyelet-blanks which have been upset at one end, only, to form heads
      thereon, are inserted through stepped apertures in the terminal block, so
      that the unheaded end of the tube extends into planar alignment with the
      coil. On the side of each tube most remote from the coil, and hence most
      accessible, a tongue is cut and bent outwardly and doubled back on the
      tube to form a retaining hook or lug. The two coil ends may now be
      applied, one under each such lug, preferably being secured and connected
      by spot welding. Two lead wires are now connected, one being inserted into
      the headed end of each terminal tube, extending nearly through the tube,
      with the insulation of the lead extending into the aperture of the
      terminal block and against the head of the terminal. The tube can be
      crimped against the wire of the lead wire to make a good electric contact
      and hold the lead wire in the terminal.
PAR  The advantages and objects of the invention may be more apparent from the
      following description and from the drawings.
DRWD
PAC  DESIGNATION OF FIGURES
PAR  FIG. 1 is a view, of perspective nature, of a coil of the present invention
      before encapsulating.
PAR  FIG. 2 is a view on a much larger scale of one of the terminals as shown in
      FIG. 1 and immediately adjacent parts.
PAR  FIG. 3 is a fragmentary vertical sectional view approximately through one
      of the terminals.
PAR  FIG. 4 is a view similar to FIG. 1 but showing the coil encapsulated.
DETD
PAC  INTENT CLAUSE
PAR  Although the following disclosure offered for public dissemination is
      detailed to ensure adequacy and aid understanding, this is not intended to
      prejudice that purpose of a patent which is to cover each new inventive
      concept therein no matter how others may later disguise it by variations
      in form or additions or further improvements. The claims at the end hereof
      are intended as the chief aid toward this purpose, as it is these that
      meet the requirement of pointing out the parts, improvements, or
      combinations in which the inventive concepts are found.
PAC  BACKGROUND OF INVENTION
PAR  The invention concerns the economical and reliably satisfactory connecting
      of relatively heavy lead wires 11 to the wire ends 12 of a fine-wire coil
      13 on a bobbin such as the bobbin portion 14 of the present invention.
PAC  DESCRIPTION OF PREFERRED FORM OF PRESENT INVENTION
PAR  According to the present invention the bobbin portion 14 is molded in one
      piece with a terminal block portion 16. As seen best in FIG. 1, the
      terminal block portion 16 has two apertures 17 therethrough for the lead
      wires 12 and their terminals. As seen best in FIG. 3, each aperture is
      stepped, including a larger diameter portion 18 and a smaller diameter
      portion 19. A tubular terminal 21 is headed at one end only and is
      inserted small end first through an aperture in the terminal block 16
      until its head 22 comes to rest on the step 23 of the aperture. While held
      in this position, a tongue 24 is cut from the small end of the tubular
      terminal 21 and folded back approximately as seen in FIG. 3, thus
      providing a hook. A wire end 12 is secured under each hook or tongue 24,
      the coil 13 having been prewound on the bobbin or spool portion 14.
      Preferably spot welding is used through the tongue 24 to secure each coil
      end 14 permanently in place and ensure an electrically excellent
      connection.
PAR  Into each tubular terminal 21, from its headed end, is inserted one of the
      lead wires 11. The strands of the wire preferably extend almost through
      the terminal 21 and are secured therein by crimping 26 at one side as seen
      in FIG. 2. The crimping also ensures a good electrical connection.
      Preferably the insulation 11a of lead wire 11 extends into the larger
      portion 18 of the aperture, into which it fits snugly, and is secured
      therein by an adhesive at the interface 27.
PAR  The coil thus protected is preferably given a protective encapsulation 31,
      as seen in FIG. 4. The encapsulation preferably extends along a small part
      of the length of the terminal block 16, at least on the under side, and
      sides thereof (as seen at 32 in FIG. 4), giving structural reinforcement
      for the connection of the terminal block 16 to the rear flange 33 of the
      bobbin. The rear flange 33, the front flange 34, and the sleeve portion 35
      are of course parts of a one-piece bobbin or spool.
PAC  MACHINE PRODUCTION
PAR  The encapsulated coil of this invention is well adapted for a very low-cost
      production on a turret machine. The bobbins, prewound with the coil 13,
      can be loaded into the machine at one station. Preferably one or more
      slots 37 is provided at the periphery of one of the flanges 33 or 34, into
      which the relatively free coil end of coil 12 may be secured. Both may
      thus be secured if desired, but the starting end is inherently secured and
      in fact is protected from the coil by a strip of insulating tape 30 which
      may be an adhesive tape to secure the starting end initially. At another
      station or stations the eyelets are inserted, preferably automatically. At
      successive stations, the hook 24 is formed on the eyelet, the lead wires
      11 are inserted into the terminal tubes 21, the tubes are inwardly crimped
      to clamp against the strands of the lead wires, and the coil assembly is
      positioned for access to the hooks 24. At the present time it is
      contemplated that the threading of the coil ends 12 under the hooks 24
      will be a manual operation. Next, the machine applies welding electrodes
      to each terminal 21 and its tongue 24 to spot weld through the tongue and
      the wire end 17 to the terminal. Finally, it is preferred that the machine
      connect the two exposed ends of the lead wires 11 to test facilities for
      testing the coil, the machine ejecting those which have short circuits or
      other defects. Finally, the coils may be transferred, preferably
      automatically, to encapsulating facilities.
PAR  The machine preferably applies a droplet of adhesive to the junction of
      terminal block 16 and the insulation portion of each lead wire therein, to
      cement the insulation firmly to the terminal block 16.
PAC  FURTHER DETAILS
PAR  The material at present preferred for the bobbin is Nylon (Dupont's Zytel
      101 or equivalent).
PAR  Preferably the walls of the spool portion of the bobbin are very thin, and
      tapered toward their edges. Low flat ribs 39 may be provided on the outer
      side of the flange carrying terminal block 16 for aiding in closing the
      mold on the bobbin for encapsulation.
PAR  The adhesive at present preferred for bonding the leadwire insulation
      (polyvinyl chloride) within the terminal block 16 is Loctite cyanoacrylate
      adhesive (X 407) or equivalent.
PAR  The preferred encapsulating plastic is a thermo-setting resin, such as an
      epoxy molding compound.
PAR  The bare ends of the lead wires 11 have preferably been tinned for easy
      insertion through the terminals and to improve the electrical contact.
      Heat from the welding mentioned may cause some fusion bonding to the
      terminal, and can be made to if found necessary.
PAR  Pull-out tests indicate that the leadwire will break before the wire will
      pull out. This is not attributed so much to the adhesive as to the
      gripping or bonding of the strands, and the positive lock-in of the
      terminal 2 by the tongue 24, especially when welded down. It forms an
      enlargement preventing withdrawal, i.e. preventing excessive return or
      rearward movement of the terminal in terminal block 16.
CLMS
STM  We claim:
NUM  1.
PAR  1. A coil assembly including a bobbin and a coil of wire thereon; the
      bobbin comprising a one-piece molding of plastic insulating material
      having parallel annular flanges extending radially outwardly from a
      sleeve-like portion jointly forming a spool on which the coil is wound
      between the flanges, and a terminal block extending outwardly in an axial
      direction from the peripheral portion of one of the flanges with a pair of
      terminal-receiving stepped apertures each having a reduced diameter
      portion adjacent said flange and an enlarged diameter portion on an
      opposite end of said block; a tubular terminal having an enlarged head at
      one end received in said enlarged diameter portion and extending through
      said reduced-diameter portion of each aperture into the zone in planar
      relationship with the coil; each terminal having a tongue cut backwardly
      from an opposite end of the tubular portion thereof and folded back and
      receiving a coil end; a lead wire extending into each terminal with its
      insulation extending into the larger-diameter portion of the aperture
      receiving that terminal and adhered to the wall of said aperture, each
      terminal being inwardly crimped to secure the lead wire therein and make
      good contact with the lead wire.
NUM  2.
PAR  2. The method of assembling a bobbin, a coil of wire thereon and lead
      wires, comprising supplying a wound bobbin comprising a one-piece molding
      having parallel annular flanges extending radially outwardly from a
      sleeve-like portion jointly forming a spool on which the coil is wound
      between the flanges, and a terminal block extending outwardly in an axial
      direction from the peripheral portion of one of the flanges with a pair of
      terminal-receiving stepped apertures each having a reduced diameter
      portion adjacent said flange and an enlarged diameter portion on an
      opposite end of said block; inserting a terminal having an enlarged head
      at one end received in said enlarged diameter portion and extending
      through said reduced-diameter portion of each aperture into the zone in
      planar relationship with the coil; cutting each terminal backwardly from
      the end of the tubular portion to form a tongue and folding the tongue
      outwardly and rearwardly, securing of a coil-wire end under each tongue,
      forming a reliable connection of each coil-wire end to its terminal,
      inserting a lead wire into each terminal with its insulation extending
      into the larger-diameter portion of the aperture receiving that terminal
      and adhering it to the wall of said aperture, and crimping each terminal
      inwardly to secure the lead wire therein and make good contact with the
      conductive portion of the lead wire.
NUM  3.
PAR  3. A coil assembly as defined in claim 1, further including encapsulating
      material enclosing the coil and exposed portions of said terminals.
NUM  4.
PAR  4. A coil assembly as defined in claim 3, in which said terminal block is
      devoid of encapsulating material leaving the terminal block partly
      exposed.
NUM  5.
PAR  5. The method as defined in claim 2, further including encapsulating said
      coil and exposed portion of said terminals with a thermo-setting resin.
PATN
WKU  039328295
SRC  5
APN  5142814
APT  1
ART  212
APD  19741011
TTL  Excess current switch
ISD  19760113
NCL  8
ECL  1
EXP  Harris; G.
NDR  3
NFG  5
INVT
NAM  Ellenberger; Jakob
CTY  Altdorf near Nurnberg
CNT  DT
ASSG
NAM  Ellenberger & Poensgen GmbH
CTY  Altdorf near Nurnberg
CNT  DT
COD  03
PRIR
CNT  DT
APD  19731025
APN  2353415
CLAS
OCL  337 49
XCL  337 75
XCL  337 77
EDF  2
ICL  H01H 7116
FSC  337
FSS  49;75;77;100;102;105
UREF
PNO  2247194
ISD  19410600
NAM  Frank et al.
OCL  337 75
UREF
PNO  2247195
ISD  19410600
NAM  Frank et al.
XCL  337 75
UREF
PNO  3873955
ISD  19750300
NAM  Bauer
XCL  337 75
LREP
FRM  Spencer & Kaye
ABST
PAL  This invention relates to an excess current switch. Such a switch includes
      a housing, a contact bridge, a bimetal strip for providing a thermal trip,
      switch actuating means and a slide bar. These components are arranged in a
      simple and space saving manner to allow the switch to be used as an ON/OFF
      switch which retain the characteristics of instantaneous switching ON and
      OFF and trip free release.
BSUM
PAR  The invention relates to an excess current switch, and more especially to
      such a switch having a bimetal strip for thermal trip purposes.
PAR  Excess current switch which has the advantage of having instantaneous
      switching ON, instantaneous switching OFF and trip-free release facilities
      are known. In one form of known switch a slide bar is formed by a
      connecting bridge which is rigidly connected, via a switching rod, with a
      switch-ON push button. A switch-OFF push button is provided for manually
      switching the known excess current switch OFF.
PAR  According to the present invention there is provided an excess current
      switch comprising a housing, a contact bridge, a bimetal strip for
      providing a thermal trip, switch actuating means movable between an ON
      position and an OFF position, and a slide bar, the bimetal strip including
      a retaining member for retaining the contact bridge in a first position
      which represents the switched ON condition of the switch, the slide bar
      being adapted to be guided in the housing and supporting a spring which
      biases the contact bridge so that when the contact bridge is released by
      the retaining member it is moved under the bias of the spring to a second
      position which represents the switched OFF condition of the switch, the
      contact bridge including a stop which is adapted to be engaged by the
      slide bar and brought into engagement with the retaining member of the
      bimetal strip during a switching ON operation, the actuating means being
      coupled to the slide bar and being pivotally mounted about an axis which
      is perpendicular to the direction of movement of the slide bar, the slide
      bar including a protuberance adapted to engage a stop on the bimetal strip
      during a switching OFF movement of the actuating means whereby the
      retaining member of the bimetal strip is disengaged from the contact
      bridge.
PAR  The present excess current switch can be selectively switched ON or OFF by
      suitable actuation of the actuating means. Since the slide bar is directly
      coupled with the actuating means a space-saving design of the excess
      current switch is thereby made possible.
PAR  For the purpose of guiding the slide bar, the slide bar has a respective
      flange at oppositely situated sides thereof, which flanges engage into
      guide grooves of the switching housing. One of the flanges may have a cut
      out portion into which an arm of the actuating means engages with a
      spherically shaped end. A simple coupling of the actuating means with the
      slide bar is thereby obtained.
PAR  The actuating means may either be formed as rocker lever or as toggle
      lever. In one form in which the actuating means is formed as a rocker
      lever, the actuating member is provided with a rocker member having a
      surface adapted to engage a corresponding surface of the actuating means
      in the region of its pivotable axis, the rocker further including two
      resiliently yieldable retaining protuberances which are adapted to engage
      corresponding projections on the actuating means whereby the rocker member
      can be snap fitted onto the actuating means.
PAR  In order to simplify manufacture the contact bridge is formed as an angled
      lever which is pivotably and displaceably mounted in a recess of
      rectangular cross-section in the switch housing. For the purpose of
      further simplification of manufacture the slide bar with the protuberance
      and the flanges is made as a single piece of plastics material.
PAR  In a further modification one arm of the angled lever is provided with a
      free end which is bent over to form the stop of the contact bridge.
DRWD
PAR  Illustrative embodiments of the invention will now be described with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 shows in cross-section one form of the present excess current switch
      which is open in its switched ON position;
PAR  FIG. 2 shows a section taken along line II--II of FIG. 1;
PAR  FIG. 3 shows a view similar to FIG. 1 of the excess current switch in its
      switched OFF position;
PAR  FIG. 4 shows a section taken along line IV--IV of FIG. 3; and
PAR  FIG. 5 shows a front elevation of another form of closed excess current
      switch having a toggle lever.
DETD
PAR  Referring now to the drawings, there is shown an excess current switch
      having a housing consisting of two housing halves 1 and 2 made of plastics
      material which are rigidly connected to each other, preferably by means of
      hollow rivets engaging into the bores 3 of both housing halves 1 and 2. A
      sheet metal fixing bracket 4 having two fixing flanges 5 with suitable
      bores 6 is rigidly connected to the housing half 1. As shown in FIGS. 1
      and 3 each housing half 1, 2 has an upwardly projecting, triangular flange
      7 made in one piece therewith. The flange 7 has a bore 8 into which a
      pivot shaft 9 in the form of a pin is inserted. An actuating element 10
      carries a rocker 11 which may consist of a thermoplastics synthetic
      material, for example. The actuating element is arranged so that a surface
      12 thereof engages a corresponding surface 13 on the rocker 11. The
      actuating element 10 has two protuberances 14 which are engaged by
      corresponding resilient retaining projections 15 of the rocker 11. When
      the rocker 11 is positioned on the actuating element 10 the resilient
      retaining projections 15 engage behind the protuberances 14 of the
      actuating element 10. On the pivot shaft 9 there is further provided a
      torsion spring 16 having a first arm 17 which is supported by a projection
      18 on the flange 7 and a second arm 19 which is supported by a projection
      20 on the actuating element 10. The actuating element 10, which may also
      be made of a thermoplastics synthetic material, includes an arm 21 made in
      one piece with the actuating element and having an end portion 22 of
      spherical configuration.
PAR  A slide bar 23 made of insulating material is mounted between the two
      housing halves 1 and 2. The slide bar 23 is provided with flanges 24 and
      25 which engage into corresponding guide grooves formed between the two
      housing halves 1, 2. The flange 24 includes a slot 26 into which the
      spherical end 22 of the arm 21 engages.
PAR  In suitable recesses of the housing half 1 there is secured, by resilient
      clamping, a substantially V-shaped bimetal carrier 27 with which a bimetal
      strip 28 is rigidly connected, e.g. by welding. The bimetal strip 28 is
      provided with an insulating sleeve 29 onto which a heating coil 30 is
      wound. At its righthand end, as shown in FIG. 2, the bimetal strip 28 has
      a contact member 31 the median portion of which serves as retaining tab
      for a contact bridge 32 formed as an angled lever. At either side of this
      median portion the contact member 31 has two bent portions which
      constitute a stop or catch 33 and with which projections 23' of the slide
      bar 23 are adapted to co-operate. The contact bridge 32 has two arms 34
      and 35. A compression spring 36 which is supported at the bottom of a
      suitable cavity of the slide bar 23 biases the arm 34. This compression
      spring 36 effects the contact pressure. In the ON position the arm 35 of
      the contact bridge 32 bears on a stationary contact member 37 which is
      connected to a terminal 38. One end of the heating winding 30 is connected
      to a further terminal 39 while the other end is directly connected to the
      bimetal strip 28. In the ON position as shown in FIGS. 1 and 2 electric
      current flows from the terminal 38 to the stationary contact member 37,
      via the contact bridge 32 to the contact member 31 of the bimetal strip
      28, and thence via the heating winding 30 to the terminal 39. The circuit
      may also include the bimetal strip 28 so that the bimetal strip 28 is
      directly heated. The terminals 38, 39 may be formed as clamping connectors
      or as flat pin connectors.
PAR  When an excess current occurs the bimetal strip 28 is heated by the heating
      coil 30 and is bowed in the direction of the arrow 40 (FIG. 2) whereby the
      retaining tab of the contact member 31 releases the free end of the arm 34
      of the contact bridge 32 and under the action of the compression spring 36
      the contact bridge 32 is moved into the OFF position shown in FIG. 4 in
      which position the contact bridge contacts with its arm 34 a sloping
      surface 41 of both housing halves 1 and 2. In the OFF position of FIG. 4
      an entrainment portion 42 of the slide bar 23 is within range of a
      perpendicularly bent portion of the arm 35 of the contact bridge 32 which
      bent portion serves as stop or catch 43. The perpendicularly bent portion
      thus forms a catch 43 for the portion 42 whereby the contact bridge 32 is
      entrained by the portion 42 during the switching ON movement. During this
      switching ON movement the free end of the arm 34 of the contact bridge 32
      is engaged behind the retaining tab of the contact member 31 of the
      bimetal strip 28. When the rocker 11 is released after the switching ON
      movement, then the contact bridge 32, the arm 34 of which bears with its
      free end on the retaining tab of the contact member 31, is pivoted by the
      compression spring 36 using the retaining tab as a fulcrum. During this
      anticlockwise pivoting movement the perpendicularly bent portion of the
      arm 35 of the contact bridge 32, which portion serves as catch 43, is
      brought out of engagement with the entrainment portion 42 of the slide bar
      23, so that the contact bridge 32 then abruptly, under the action of the
      compression spring 36, comes to contact with its arm 35 against the
      stationary contact piece 37.
PAR  Instantaneous switching ON is thereby obtained. Instantaneous switching OFF
      under the action of the compression spring 36 is obtained when upon the
      bimetal strip 28 bowing in the direction of the arrow 40 the retaining tab
      of the contact piece 31 releases the free end of the arm 34 of the contact
      bridge 32.
PAR  Such a trip also results when the slide bar 23 is constrained in the
      switching ON position of FIG. 2 by the arm 21 of the actuating element 10.
      Thus the excess current switch also exhibits trip-free release.
PAR  When the excess current switch is to be switched from its ON position to
      its OFF position, manually, by means of the rocker 11, then it is merely
      necessary to rock the rocker 11 anticlockwise from the FIG. 1 position to
      the FIG. 3 position. A displacement of the slide bar 23 to the right by
      the arm 21 results thereby. The protuberances 23' of the slide bar 23 then
      impinge on the bent portions of the contact piece 31 of the bimetal strip
      28 which portions serve as stop or catch 33, whereby the bimetal strip 28
      is so bowed in the direction of the arrow 40 that the retaining tab of the
      contact member 31 releases the free end of the arm 34 of the contact
      bridge and the contact bridge 32 is brought into the OFF position of FIG.
      4 under the effect of the compression spring 36. Thus the excess current
      switch can also be used as ON and OFF switch.
PAR  The excess current switch shown in FIG. 5 is similar in general
      construction to that shown in FIGS. 1 to 4. However, the switch of FIG. 5
      has a toggle lever 44 by way of actuating element which is rigidly
      connected with the actuating element 10 or may be made in one piece with
      the latter.
PAR  The toggle lever 44 is mounted in a threaded sleeve 45 which is rigidly
      secured in the two housing halves 1, 2.
CLMS
STM  I claim:
NUM  1.
PAR  1. An excess current switch comprising a housing, a contact bridge, a
      bimetal strip for providing a thermal trip, switch actuating means movable
      between an ON position and an OFF position, spring means and a slide bar,
      the bimetal strip including a retaining member and a stop, the retaining
      member being arranged for retaining the contact bridge in a first position
      which represents the switched ON condition of the switch, the slide bar
      being adapted to be guided in the housing and supporting the spring means
      which biases the contact bridge so that when the contact bridge is
      released by the retaining member it is moved under the bias of the spring
      to a second position which represents the switched OFF condition of the
      switch, the contact bridge including a stop, said stop being adapted to be
      engaged by the slide bar and brought into engagement with the retaining
      member of the bimetal strip during a switching ON operation, the actuating
      means being coupled to the slide bar and being pivotally mounted about an
      axis which is perpendicular to the direction of movement of the slide bar,
      the slide bar including a protuberance, said protuberance being adapted to
      engage said stop on the bimetal strip during a switching OFF movement of
      the actuating means whereby the retaining member of the bimetal strip is
      disengaged from the contact bridge.
NUM  2.
PAR  2. A switch according to claim 1, in which the slide bar includes opposed
      flanges which are arranged to engage means defining guide grooves in the
      housing.
NUM  3.
PAR  3. A switch according to claim 2, in which one of the flanges includes
      means defining a cut out portion and the actuating means includes an arm,
      one end of the arm engaging in the cut out portion to provide the coupling
      between the slide bar and actuating means.
NUM  4.
PAR  4. A switch according to claim 2, in which the slide bar, its protuberances
      and flanges are made in one piece from a synthetic material.
NUM  5.
PAR  5. A switch according to claim 1, in which the actuating means is provided
      with a rocker member.
NUM  6.
PAR  6. A switch according to claim 5, in which the rocker member is provided
      with a surface, said surface being adapted to engage a corresponding
      surface of the actuating means in the region of its pivotable axis, the
      rocker further including two resiliently yieldable retaining
      protuberances, said protuberances being adapted to engage corresponding
      projections on the actuating means whereby the rocker member can be snap
      fitted onto the actuating means.
NUM  7.
PAR  7. A switch according to claim 1, in which the contact bridge is formed as
      an angled lever which is pivotably and displaceably mounted in means
      defining a recess of rectangular cross-section in the housing.
NUM  8.
PAR  8. A switch according to claim 7 in which one arm of the angled lever has a
      free end which is bent over to form the stop of the contact bridge.
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ABST
PAL  A thermal cycling switch such as is used to control surface units on
      domestic cooking ranges is provided with a compression spring arrangement
      urging the cam controlling the switch in one direction and a shaft axially
      movable relative to the cam in an opposite direction, and detent means are
      provided to prevent the shaft and cam from being rotated until the shaft
      is first shifted axially relative to the cam.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to art of thermal cycling switches.
PAR  2. Description of the Prior Art
PAR  While the idea of providing a switch arrangement in which a switch knob
      must first be pushed before it can be rotated is considered to be known,
      special problems can arise in connection with incorporating a push-to-turn
      arrangement in a thermal cycling switch intended to control periods of
      time during which current flows through a cooking surface unit. This is so
      because of the movements effected by the bimetal assembly in such a switch
      are relatively small and the problem of getting accurate control at
      relatively low wattage input, such as at 5 percent, is especially
      difficult when some of the cooperating parts are of molded plastic. For
      example, the moding tolerances of these parts may be in the order of
      0.002-0.003 inches (0.0508-0.0762mm) while a variation in movement of the
      adjustable spring arm relative to the bimetal assembly of 0.002-0.004
      inches (0.0508-0.1016mm) may result in a variation of the desired 5
      percent input of 2 to 12 percent. While the initial calibration of the
      switch can compensate for most of this variation in range, it is important
      that the parts when once calibrated will give the desired repeatability of
      a particular input thereafter. The problem of repeatability is basically
      only experienced at a low input, because at a higher inputs the setting of
      the switch itself by the user can compensate to obtain the desired input.
PAR  The desirability of having a push-to-turn arrangement for a thermal cycling
      switch used on cooking ranges is of course for purposes of safety. One
      aspect of the invention is the provision of an arrangement which is
      adapted to be incorporated in the standard thermal cycling switch of my
      assignee, as disclosed in U.S. Pat. No. 3,634,802, without a significant
      cost being incurred in tool changes and new piece costs.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with my invention, there is provided in such a thermal
      cycling switch an arrangement including a rotatable shaft received in a
      hollow cam in axially shiftable relation, with means at the upper end of
      the bore of the cam fixing the shaft and cam for rotation together,
      compression spring means in the bore of the cam urging the shaft toward an
      upper position and the cam downwardly to seat its lower end on a tapered
      collar on the base of the switch casing, and detent means locking the
      shaft against rotation when the shaft is in the upper position and
      permitting the rotation upon shifting the shaft axially downwardly a
      predetermined amount.
PAR  In the preferred arrangement, the means fixing the cam and shaft for
      rotation together comprises a member having a square outline fixed to the
      shaft and received within a complementary square recess in the cam bore so
      that the shaft and cam can be indexed at four equiangularly displaced
      positions.
PAR  In the currently preferred form, the detent means comprises a washer fixed
      to the shaft immediately below the cover of the casing, and provided with
      a notch which registers with a tab bent down out of the cover.
DRWD
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a front elevation of the thermal cycling switch incorporating the
      invention with the front cover removed;
PAR  FIG. 2 is a sectional view corresponding to one taken along the line II--II
      of FIG. 1; and
PAR  FIG. 3 is an exploded isometric view, broken in part, of the main parts of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The arrangement according to the invention is illustrated as being
      incorporated in basically the same type of thermal cycling switch as is
      disclosed in detail in U.S. Pat. No. 3,634,802, to which reference should
      be had for details as to construction and operation of those parts not of
      direct concern with this invention.
PAR  The thermal cycling switch includes an open-top, box-shaped casing 10 of
      square shape formed of rigid insulating plastic material and including a
      base wall 11 and four sidewalls 12-15. The main cycling switch portion of
      the switch assembly as a whole includes a cycling contact 16 facing an
      adjusted contact 17. The cycling contact is carried at the free end of a
      deflectable main bimetal assembly generally designated 18. The adjusted
      contact is carried on a cam adjusted spring arm 19.
PAR  An ambient compensating bimetal arrangement is indicated at 21 (FIG. 1),
      and an adjusting screw 22 is provided for initial calibration. A pilot
      light and a main line contact 23 is controlled by spring arm 24 on the
      opposite side of the centered cam arrangement 25 from the other spring arm
      19.
PAR  The cam 25 (FIG. 2) is hollow and has an upper circumferential cam face 26
      for adjusting the one spring arm 19 and a lower cam face 27 for adjusting
      the other spring arm 24. The bore of the cam 25 is internally configured
      to include: an upper, square drive chamber 28; a central, circular,
      compression-spring chamber 29 bounded at the bottom by the annular
      shoulder 30; and a bottom end portion provided with a downwardly and
      outwardly tapering interior wall 31 which seats upon an exteriorly tapered
      collar 32 of the base 11. The shaft 33 of the switch is received within
      the cam bore and the tapered collar in axially shiftable relation
      therewith.
PAR  The arrangement includes means at the upper end portion of the cam bore for
      fixing the shaft and cam for rotation together, such means comprising a
      drive plate (FIGS. 2 and 3) which is fixed to the shaft 33 and has a
      square exterior outline dimensioned to fit closely in the square drive
      chamber 28 but adapted to be movable up and down therewithin. A spring 35
      in a compressed condition is located in the spring chamber 29 with its
      lower end bearing against the shoulder 30 and its upper end bearing
      against the lower side of the square drive plate 34.
PAR  In the currently preferred embodiment, the shaft 33 is prevented from being
      forced by the spring 35 up out of the cam by the switch cover 36 against
      which a washer 37, fixed to the shaft 33, bears. The cover and washer also
      serve to form the detent means which lock the shaft against rotation until
      it is shifted axially downwardly a predetermined. The detent means
      comprise a tab 38 in the cover 36 turned down to project below the lower
      face of the cover, and a notch 39 in the washer 37 located radially from
      the axis of the shaft the same distance as the location of the tab 38.
PAR  In the illustrated arrangement, the upper end of the cam is steadied
      against wobble by a plate 40 (FIGS. 1 and 2) having a central opening
      receiving the circular upper end portion 41 of the cam for rotation.
PAR  It will be appreciated that arrangements other than the specific one
      disclosed in the drawing may be used for holding the shaft from going
      beyond its upper position to which it is biased by the compression spring
      35. One such arrangement would be, for example, a shaft projecting below
      the lower face of the base 11 of the casing and carrying a washer which
      would be separable from the shaft for assembly, but which is locked to the
      shaft for rotation therewith. The washer would have a radial projection on
      its circumference which would seat in a recess molded in the casing wall,
      the projection and recess serving as the detent means locking the shaft
      against rotation with the shaft in its upper position. Then when the shaft
      is shifted axially downwardly, the projection comes out of the recess and
      is adapted to ride on an annular surface. Such an arrangement may also
      include a stop at one end of the annular surface to ensure that the switch
      can be rotated only in a direction corresponding to increasing power
      inputs. The arrangement just described is currently considered to be less
      preferable than the arrangement illustrated in the drawing for several
      reasons. First, the illustrated arrangement provides a metal-to-metal
      contact and avoids the possibility of a metal tab shearing off a molded
      plastic stop. Secondly, the illustrated arrangement does not require a
      change in the tooling for the basic switch casing.
PAR  Some aspects of the invention may be better appreciated in view of the
      following. The compression spring 35 which urges the shaft to the upper
      position and at the same time urges the cam downwardly enhances the
      repeatability of a given setting of the switch. That is, the compression
      spring insures a firm seating of the lower end portion of the cam on the
      tapered collar 32 to avoid problems of lateral shifting of the lower end
      of the cam. The force of the seating is emphasized when the switch is
      turned on by shifting the shaft axially downwardly since the spring is
      further compressed in this condition.
PAR  The use of the relatively large drive plate 34 reduces the chance of
      angular slop between the shaft and the cam. In this connection it is noted
      that non-circular outlines other than a square could be used for the drive
      plate and recess. The square arrangement is preferred in that it gives
      four angles of reference to accommodate different models of cook tops
      having different locations of indexing. While a triangular drive plate, or
      simply a cross bar could be used as a drive plate, with a complementary
      shaped recess in the cam in these cases only three and two angles of
      reference would be available.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a thermal cycling switch including a casing with a base wall having
      an exteriorly tapered collar with a central bore, a cover opposite the
      base wall, a bimetal assembly carrying one switch contact and a spring arm
      carrying an opposite switch contact movable toward and away from the
      bimetal assembly, a switch controlling arrangement comprising:
PA1  a rotatable shaft having its lower end journaled in said base wall and its
      upper end projecting out of said cover;
PA1  a hollow cam having circumferential cam faces thereon for adjusting said
      spring arm, said cam having a bore receiving said shaft therethrough in
      axially shiftable relation;
PA1  means at the upper end of said bore fixing said shaft and cam for rotation
      together;
PA1  compression spring means in said bore urging said shaft toward an upper
      position and said cam downwardly to seat its lower end portion on said
      tapered collar; and
PA1  detent means locking said shaft against rotation when said shaft is in said
      upper position and permitting said rotation upon shifting said shaft
      axially downwardly a predetermined amount.
NUM  2.
PAR  2. In a switch according to claim 1 wherein:
PA1  said means fixing said shaft and cam together for rotation comprise a
      member of non-circular outline fixed to said shaft, and a recess in said
      cam having a shape in outline complementary to said member for receiving
      said member.
NUM  3.
PAR  3. In a switch according to claim 2 wherein:
PA1  said member has a square outline to accommodate indexing of said shaft to
      said cam at four equiangularly displaced positions.
NUM  4.
PAR  4. In a switch according to claim 1 wherein;
PA1  said lower end portion of said cam includes a tapered portion complementary
      in angular shape to said tapered collar.
NUM  5.
PAR  5. In a switch according to claim 1 including:
PA1  a washer carried by said shaft adjacent said cover: and said detent means
      comprises a tab in either said washer or said cover and a cooperating slot
      in the other.
NUM  6.
PAR  6. In a thermal cycling switch having a casing with a base wall, a cover
      for the opposite side of the casing, a bimetal assembly carrying a switch
      contact, and a cam adjusted spring arm carrying another switch contact, a
      push-to-turn arrangement comprising:
PA1  a rotatable shaft having its lower end journaled in said base wall;
PA1  an inwardly-directed, exteriorly-tapered, hollow collar at said base wall
      to receive in its bore a lower end portion of said rotatable shaft;
PA1  a rotatable hollow cam having exterior cam face means for positioning said
      spring arm relative to said bimetal assembly, said cam having a central
      bore for receiving said shaft therethrough in axially shiftable relation,
      said bore including a lower part having an interior taper received on said
      collar, a central part forming a spring chamber encircling said shaft, and
      an upper part including means for engaging said shaft in non-rotatable
      relation;
PA1  a compression spring in said spring chamber biasing said shaft toward an
      upper position and said cam downwardly;
PA1  means to retain said shaft against upward movement beyond said upper biased
      position of said shaft; and
PA1  means including a detent at an off angular position of said shaft to
      prevent its rotation when said shaft is in said upper biased position so
      that said shaft must be pushed downwardly before being rotated.
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ABST
PAL  A variable resistor including a resistance element, a housing supporting
      the element, and rotary means including a shaft located within the
      housing. Means are provided to restrain rotational movement of the rotary
      means except upon application of a relatively large magnitude
      predetermined force. The restraining means includes a resilient member and
      a second member operable to develop a frictional force to prevent
      undesired rotation of the rotary means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a variable resistance device, and in particular
      to such a device having means to restrain rotation of the shaft thereof
      except upon application of a relatively large magnitude rotational force.
PAR  Variable resistance devices, such as potentiometers, are employed in many
      varied applications. In many applications, the resistance device is
      positioned adjacent operating machinery whereat the device is exposed to
      vibrational forces.
PAR  Additionally, in numerous applications, many resistance devices are often
      installed adjacent each other in an operating panel or console. In such
      applications, there is constant movement of personnel about the panel or
      console. In the course of such personnel movement, inadvertent and
      undesirable readjustment of the setting of the device may occur as a
      result of unintentional contact between personnel and device.
      Additionally, many times a person or operator, in attempting to set a
      resistance device to a desired resistance value, may accidentally disturb
      the setting of an adjacent resistance device.
PAR  To prevent accidental changes in the resistance value of a variable
      resistance device, many of such devices employ means to prevent rotation
      of the device except upon application of a predetermined rotational force
      to the shaft thereof. Many of such rotation preventing means include means
      to provide an axial load on the shaft or other rotary components of the
      variable resistance device to prevent the undesired rotation. Although,
      such axial load producing means effectively prevent undesired rotation,
      the axial loading tends, in some instances, to push the various components
      of the resistance device apart. Accordingly, it has been found that it is
      more desirable to provide radially acting forces to prevent undesired
      setting changes.
PAR  Heretofore, the known means for producing radial restraining forces have
      been installed and become operational prior to the total assembly,
      calibration, and inspection of the resistance device.
PAR  During calibration and inspection procedures, the rotary assembly of the
      resistance device is rotated many times to insure a high degree of
      accuracy. The additional force required during calibration and inspection
      to overcome the frictional force created to prevent undesired rotation
      decreases production and has a tendency to increase worker fatigue.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the invention to prevent undesired rotation
      of the rotary means of a variable resistance device without producing
      worker fatigue and adversely affecting production schedules.
PAR  It is a further object of this invention to prevent undesired rotation by
      creation of radially acting frictional forces.
PAR  It is a further object of this invention to create such radially acting
      forces after all other parts are assembled and the resistance device has
      been tested and calibrated.
PAR  These and other objects of the present invention are obtained in a variable
      resistance device of the type having a resistance element enclosed by a
      housing and further having a contact element adaptable to slidably engage
      the resistance element in response to rotary movement of a rotary assembly
      of the resistance device. Movement of the rotary assembly is restrained
      except upon application of a relatively large magnitude predetermined
      force, the restraining means including resilient means and a member
      operable to urge the resilient means radially into firm contact with the
      rotary means whereby a relatively large magnitude frictional force is
      developed between the engaging surfaces of the urging member, resilient
      means and rotary assembly. The magnitude of the rotation producing force
      must exceed the magnitude of the frictional force in order to reset the
      resistance device to a different resistance value.
PAR  In a first embodiment, the frictional force is of a fixed magnitude. In a
      second embodiment of the instant invention, the magnitude of the
      frictional force may be varied.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of a variable resistance device
      including the present invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view illustrating a detail of the present invention;
PAR  FIG. 4 is a view similar to FIG. 3, taken along line 4--4 of FIG. 1,
      providing a further view of the instant invention;
PAR  FIG. 5 is a longitudinal sectional view of a variable resistance device
      illustrating a second embodiment of the present invention;
PAR  FIG. 6 is a view similar to FIG. 5 further illustrating the second
      embodiment of the invention;
PAR  FIG. 7 is a longitudinal sectional view illustrating a second alternative
      embodiment of the instant invention; and
PAR  FIG. 8 is a perspective view illustrating details of the second alternative
      embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and in particular to FIGS. 1 and 2, there is
      shown a variable resistance device including the invention herein
      disclosed. In referring to the various Figures of the drawings, like
      numerals shall refer to like parts.
PAR  The variable resistance device includes a housing 10 comprising a tubular,
      substantially cylindrical body member 11, formed from a non-conductive
      material such as glass filled phenolic. Member 11 preferably has a helical
      retaining groove formed on the major portion of its internal cylindrical
      surface. The helical groove is provided for receiving therewithin a
      helically wound resistance element 14 which is secured by conventional
      techniques, for example by welding.
PAR  Housing 10 further includes a rear annular plate 12 formed from a
      non-conductive material such as glass filled nylon and having a bore 16
      provided therethrough. At the opposite or front end of the housing, there
      is provided a filler piece 13, formed from a suitable non-conductive
      material such as glass filled nylon. The filler piece is joined to
      cylindrical member 11 via retaining ring 15, which is crimped over both
      the filler piece and cylindrical member in the manner illustrated.
PAR  The variable resistance device further includes a rotor assembly 20
      comprising shaft 22 centrally located within housing 10 and extending
      longitudinally thereof. Shaft 22 includes slot 24 at one end thereof. Slot
      24 is provided to receive a tool, for example a screwdriver, for adjusting
      the resistance device to obtain desired resistance value therefrom. The
      shaft includes axial groove 26 in which retaining ring 28 is placed to
      prevent axial movement of shaft 22. A machined, threaded panel placement
      and shaft bearing stud 27 is located between retaining rings 15 and 28,
      the stud being joined to tubular member 11 via ring 15. Stud 27 has a bore
      29 through which shaft 22 extends.
PAR  Rotor assembly 20 further includes a substantially cylindrical rotor 30
      formed from a suitable non-conductive material such as glass filled nylon
      and having a bore 32 provided therethrough for receiving the shaft. Bores
      16, 29 and 32 are coextensive. The shaft and rotor are united so that
      rotation of the shaft causes similar rotation of the rotor.
PAR  As more clearly shown in FIG. 2, rotor 30 has an axially extending groove
      34 formed in the top surface thereof. A conductor element 36 is disposed
      within axially extending groove 34. Conductor element 36 functions as a
      collector. As is also more clearly illustrated in FIG. 2, rotor 30 further
      includes two additional axially extending grooves 38 and 40. Grooves 38
      and 40 are provided on opposed surfaces of rotor 30.
PAR  Grooves 38 and 40 are provided for receiving tabs 42 and 44 extending
      radially inward from slider block 46, formed from a suitable
      non-conductive material such as plastic. Slider block 46 is substantially
      cylindrical in configuration and includes wiper element 48 adapted to
      slidably engage resistance element 14 in response to rotary movement of
      the slider block. The slider block further includes a second contact 50
      adapted to contact conductor 36. Conductor 36 terminates in a slip ring
      (not shown) which provides means for externally connecting the conductor
      to an electrical conduit. The slider block further includes outwardly
      extending fins 52 and 54 which are provided to engage stops formed at
      either end of the housing to prevent further rotation of the rotor
      assembly after the slider block has traversed the entire length of the
      resistance element in response to rotation of the shaft in either
      clockwise or counter clockwise directions. Terminals 56 and 58 are
      connected to either end of the resistance element via conventional means,
      for example welding.
PAR  The construction of the resistance device hereinabove described is
      conventional within the art. As is manifest, rotation of shaft 22, results
      in rotor 30 united therewith to similarly rotate, causing slider block 46
      to translate along the axial length of the resistance element whereby the
      resistance value of the device may be varied.
PAR  As previously noted, resistance devices of the type herein disclosed are
      employed in many applications where they are subjected to vibrational
      forces or other forces which may produce unwarranted rotation of the rotor
      assembly to thereby change the resistance value of the device. Obviously,
      accidental or inadvertent changing of the resistance value may go
      unnoticed and thereby provide undesirable results.
PAR  To overcome the foregoing, it has been the practice within the art to
      provide means whereby unwarranted movement of the rotary assembly is
      prevented. However, as noted before, there have been some drawbacks in the
      prior art devices heretofore employed to prevent unwarranted rotation of
      rotor assemblies.
PAR  With particular reference to FIGS. 1, 3 and 4, there is disclosed a first
      embodiment of the instant invention which obviates the defects of the
      prior art. In particular, there is provided within bore 32 of rotor 30 a
      spring-like member 62 formed in the shape of an equilateral triangle.
PAR  After the resistance device has been assembled and calibrated, a pin or
      similar device 64 is inserted through bore 16 of housing 10. If desired,
      pin 64 may be inserted before assembly and calibration; however prior to
      the completion of the foregoing manufacturing steps, pin 64 is maintained
      in spaced relation relative to spring 62. Pin 64 urges the sides of spring
      62 radially outward. Pin 64 is axially movable relative to spring 62 and
      rotor assembly 20; however once the pin has been brought into engagement
      with the spring, it is thereafter stationary relative to the rotor
      assembly. A frictional force is developed between the outer surface of
      stationary pin 64, spring 62 and the inner surface of rotor 30. The
      frictional force restrains rotation of rotor assembly 20 except upon
      application of a force of relatively large magnitude to shaft 22. Thus,
      the restraining means comprising the spring and pin prevents accidental or
      unwarranted rotation of the rotor assembly due to vibration or other
      relatively small magnitude forces as applied to the resistance device.
PAR  FIG. 3 illustrates the restraining means of the instant invention in a
      relaxed state prior to insertion of pin 64. FIG. 4 illustrates the
      restraining means after insertion of the pin whereby the sides of the
      spring member 62 have been urged radially outward to accommodate the pin
      whereby the desired frictional force is developed.
PAR  Referring now to FIGS. 5 and 6, there is disclosed an alternative
      embodiment of the instant invention. The resistance device in which the
      alternate embodiment is provided is identical to that disclosed in FIGS. 1
      and 2 and repetition of the description is not deemed necessary. In lieu
      of spring means 62, an O-ring 66 is provided within bore 16. FIG. 5 shows
      the O-ring in a relaxed state, with pin 68 in spaced relation thereto.
      FIG. 6 illustrates the O-ring after it has been compressed between the
      outer surface of pin 68 and the inner surface of rotor 30. Pin 68 is
      axially movable relative to bores 16 and 32. The insertion of the pin
      through the O-ring compresses the O-ring between the inner surface of the
      rotor and the outer surface of the pin to develop a relatively large
      magnitude frictional force between the pin's outer surface, and the inner
      surface of the rotor. The frictional force prevents the rotor and thus the
      slider block having contact element 48 in engagement with resistance
      element 14 from rotating except upon application of a relatively large
      magnitude force to the shaft. Preferably pin 68 has a tapered surface 69
      at the end engaging O-ring 68 to permit insertion of the pin without
      damaging the O-ring. The invention as illustrated in FIGS. 3, 4, 5 and 6
      provides a relatively constant magnitude frictional force to prevent
      unwarranted rotation of the rotor assembly.
PAR  Referring now to FIGS. 7 and 8 there is disclosed a second alternate
      embodiment of the instant invention. Again, except for differences
      hereinafter noted, the resistance device disclosed in FIG. 7 is similar to
      the resistance device hereinbefore described in detail. As shown in FIG.
      8, shaft 22 has a bore 70 centrally located therein. The shaft has a
      groove 74 formed in the bore. A resilient member 76, for example a member
      formed from nylon or other material having characteristics of relatively
      great strength, light weight and a high degree of resilience is provided
      within groove 74 of shaft 22. Bore 72 preferably includes threads 79 for
      receiving a set screw 78 or similar device. The end of the set screw
      facing outwardly towards bore 16 has an opening 80 for receiving a tool
      such as a screwdriver. After the resistance device is assembled and
      calibrated, an operator may insert the tool into opening 80 of set screw
      78 for adjusting the position of the set screw relative to resilient
      member 76. Prior to final calibration and assembly, the set screw is
      spaced from the resilient member so that the resilient member is
      substantially in a relaxed state and shaft 22 may be easily rotated by the
      application of forces of only small magnitude. After calibration, when it
      is desired to produce a relatively high frictional force to prevent
      undesired rotation of the rotor assembly, the set screw is moved into
      engagement with the resilient member to thereby radially expand the
      resilient member to increase the frictional force developed between the
      resilient member and the sides of bore 29 of stud 27. The frictional force
      thus developed may be varied by adjusting the position of the set screw
      relative to the resilient member. As the set screw is brought axially
      towards the resilient member to increase the contact therebetween, the
      resilient member is expanded to a greater degree radially outward to
      increase the frictional force thus obtained. If a smaller magnitude
      frictional force is desired, the set screw may be moved axially away from
      the resilient member to decrease the contact pressure between the set
      screw and resilient member.
PAR  Particularly, the rotor assembly may be positioned within the housing and
      the resistance device fully calibrated and inspected prior to moving pins
      64 and 68, or set screw 78 into contact with their respective resilient
      means 62, 66 and 76. Thus, the rotor assemblies may be freely rotated
      during calibration and inspection procedures. The desired frictional force
      may thereafter be developed by engagement of the force producing members
      in the manner heretofore used.
PAR  The instant invention prevents undesired rotation of the rotor assembly of
      a variable resistance device yet accomplishes this desirable result
      without causing production problems as heretofore encountered with prior
      art devices.
PAR  While preferred embodiments of the instant invention have been described
      and illustrated, the invention should not be limited thereto, but may be
      otherwise embodied within the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a variable resistor including a resistance element, a housing
      supporting the resistance element, a rotary assembly including shaft means
      located within said housing, contact means carried by said rotary assembly
      and being adaptable to slidably engage the resistance element in response
      to rotary movement of said assembly, and electrical conductor means
      supported by said housing in engagement with spaced positions on said
      resistance element, the improvement comprising:
PA1  means to restrain rotational movement of said rotary assembly except upon
      application of a relatively large magnitude predetermined force to said
      assembly, said restraining means including resilient means disposed
      radially inward of said rotary assembly and a member having first and
      second operating positions, said member when in said first operating
      position being spaced apart from said resilient means to permit
      substantially free rotation of said assembly, and when in said second
      operating position being in engagement with said resilient means to expand
      said resilient means radially outward to develop a relatively large
      magnitude frictional force between opposed surfaces of said resilient
      means, said rotary assembly and said member whereby the magnitude of said
      frictional force determines the magnitude of said predetermined force.
NUM  2.
PAR  2. The combination in accordance with claim 1, wherein said member
      compresses said resilient means between a first surface thereof and a
      surface of said rotary assembly to develop said relatively large magnitude
      frictional force.
NUM  3.
PAR  3. The combination in accordance with claim 2, wherein said resilient means
      comprises an O-ring.
NUM  4.
PAR  4. The combination in accordance with claim 1, wherein said resilient means
      comprises an O-ring.
NUM  5.
PAR  5. The combination in accordance with claim 2, wherein said resilient means
      comprises a triangular member having resilient sides to accommodate
      engagement by said member when said member is placed in said second
      operating position.
NUM  6.
PAR  6. The combination in accordance with claim 1, wherein said resilient means
      comprises a triangular member having resilient sides to accommodate
      engagement by said member when said member is placed in said second
      operating position.
NUM  7.
PAR  7. The combination in accordance with claim 1, wherein the magnitude of
      said frictional force may be varied by selectively positioning said member
      relative to said resilient means.
NUM  8.
PAR  8. The combination in accordance with claim 7, wherein said resilient means
      comprises a member formed from nylon and said other member comprises a set
      screw.
NUM  9.
PAR  9. The combination in accordance with claim 1, wherein said resilient means
      comprises a member formed from nylon.
NUM  10.
PAR  10. In a variable resistor including a resist-element, a housing supporting
      the resistance element and having a bore extending through one end
      thereof, a rotary assembly including shaft means located within said
      housing, contact means carried by said rotary assembly and being adaptable
      to slidably engage the resistance element in response to rotary movement
      of said assembly, and electrical conductor means supported by said housing
      in engagement with spaced positions on said resistance element, the
      improvement comprising:
PA1  means to restrain rotational movement of said assembly except upon
      application of a relatively large magnitude predetermined force thereto,
      said restraining means including resilient means disposed radially inward
      from said rotary assembly and a member having first and second operating
      positions, said member being axially movable relative to said bore of said
      housing, said member when in its first operating position being spaced
      apart from said resilient means to permit substantially free rotation of
      said rotary assembly, said member in its second operating position, being
      moved axially relative to said bore into engagement with said resilient
      means to expand said resilient means radially outward to develop a
      relatively large magnitude radially acting frictional force between the
      opposed surfaces of said resilient means, said rotary assembly and said
      member, whereby the magnitude of the frictional force determines the
      magnitude of said predetermined force.
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ABST
PAL  A plug-in shaft is provided for insertion into a noncircular opening
      provided in a driver and integral hub of a variable resistance control
      providing a means to alter the rotational torque of the control. Integral
      with the hub is a dish shaped abuttment section and a driver engagement
      portion of the shaft supports a plurality of nubbins engaging the
      abuttment section of the hub upon insertion of the shaft into the
      noncircular opening to secure the shaft in a predetermined position within
      the slot. The nubbins engaging the dish shaped abuttment section provide
      radial pressure on the hub and restrain the axial movement of the shaft
      within the noncircular opening. An alignment portion of the shaft
      contiguous with the driver engagement portion rigidly prealigns the shaft
      in an upright and intact manner within the noncircular opening before the
      engagement portion and nubbins engage the noncircular opening.
BSUM
PAR  The present invention relates to electrical controls, and more
      particularly, to an electrical control such as a variable resistor
      operable with a plug-in shaft.
PAR  When altering the rotational torque of a variable resistance control, such
      as the control described in U.S. Pat. No. 3,375,478 assigned to the same
      assignee as the present invention, it is generally necessary to alter the
      heat swaging process or the process of securing the driver to the
      collector ring of the control. Normally, to secure the driver to the
      collector ring and provide the necessary turning torque for this type of
      control, the end of a hub integral with the driver is inserted into an
      aperture provided in the collector ring and heat swaged against the
      surface of the collector ring. To increase the rotational torque, for
      example, for the above mentioned control, a button or raised portion is
      provided in the center of the surface supporting the driver of the control
      in the heat swaging process to urge the hub further into the aperture
      provided in the collector ring. However, changes in the heat swaging
      process in the assembly of a control merely to alter the rotational torque
      are uneconomical. It would therefore be desirable to provide a shaft for a
      variable resistance control having means for altering the rotational
      torque of the variable resistance control without altering the heat
      swaging process.
PAR  Plug-in shafts have often been employed with electrical controls such as
      the shaft disclosed in U.S. Pat. Nos. 2,669,634 and 3,382,473 assigned to
      the same assignee as the present invention. Prior art plug-in shafts
      generally have nubbins integral with the shaft for securing the shaft to
      the control and have extensions beyond the nubbins providing the means to
      actuate the control from alternate sides. However, the nubbins do not
      provide the means to alter the rotational torque of the control nor do the
      extensions beyond the nubbins provide the means to rigidly hold the shaft
      in an upright and intact manner within a slot in the control before the
      nubbins engage the slot to secure the shaft to the control. It would
      therefore be desirable to provide a plug-in shaft for a variable
      resistance control with integral nubbins and a shaft extension beyond the
      nubbins providing the means to alter the rotational torque of the control
      and to rigidly prealign the shaft within the control.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved variable resistance control with a plug-in shaft.
PAR  Another object of the present invention is to provide a new and improved
      plug-in shaft for a variable resistance control that provides a means to
      alter the rotational torque of the variable resistance control.
PAR  Another object of the present invention is to provide a new and improved
      plug-in shaft for a variable resistance control having an engagement
      portion and an elongated alignment portion extending beyond the engagement
      portion for rigidly prealigning the shaft upright and intact within one
      end of a slot in a driver in the control before insertion of the
      engagement portion into the slot.
PAR  Still another object of the present invention is to provide a plug-in shaft
      for a variable resistance control having a driver and integral hub with an
      abuttment section and a dish shaped surface defining a portion of the
      abuttment section and wherein each side of the shaft is provided with an
      integral resilient nubbin engaging the dish shaped surface to attach the
      shaft to the driver and exert outward radial pressure on the abuttment
      section.
PAR  Further objects and advantages of the present invention will become
      apparent as the following description proceeds and the features of novelty
      characterized in the invention will be pointed out with particularity in
      the claims annexed to and forming a part of this specification.
PAR  Briefly, the present invention is concerned with a variable resistance
      control having a rotatable driver operable with a plug-in shaft. The
      driver is provided with a hub having an abuttment section disposed therein
      and a dish shaped surface defining a portion of the abuttment section and
      a noncircular opening extends through the driver and integral hub for
      receiving the plug-in shaft. The plug-in shaft comprises an engagement
      portion having a plurality of sides with a resilient nubbin integral with
      each of the sides for engaging the dish shaped surface of the abuttment
      section upon the insertion of the shaft into the driver. The engagement of
      the resilient nubbins with the dish shaped surface secures the shaft to
      the driver restricting axial movement and exerts outward radial pressure
      on the abuttment section of the hub. An alignment portion contiguous with
      the engagement portion provides an extension of the shaft beyond the
      resilient nubbins and the sides of the alignment portion interfit with the
      sides of the noncircular opening to hold the shaft upright and intact
      within the opening before the engagement portion of the shaft and the
      resilient nubbins engage the noncircular opening.
DRWD
PAR  For a better understanding of the present invention, reference may be had
      to the accompanying drawings wherein the same reference numerals have been
      applied to like parts and wherein:
PAR  FIG. 1 is an isometric view of an improved electrical control built in
      accord with the present invention;
PAR  FIG. 2 is a sectional view of the control shown in FIG. 1;
PAR  FIG. 3 is a fragmentary isometric view of the driver and the plug-in shaft
      shown in FIG. 2 with a section of the driver removed to show the inner
      configuration of the slot provided therein;
PAR  FIG. 4 is a fragmentary isometric view of the driver with engaged plug-in
      shaft; and
PAR  FIG. 5 is an enlarged view of the engagement of the driver and the plug-in
      shaft.
DETD
PAR  Referring now to the drawings, there is illustrated a variable resistance
      control, generally indicated at 10, comprising a mounting bracket 12 with
      an integral collector ring 14 embossed from the plane of the mounting
      bracket 12, a rotatable member or driver 16 of suitable electrically
      nonconductive heat deformable material such as nylon journaled in an
      aperture 18 provided in the collector ring 14, and a suitable electrically
      nonconductive base 20 supporting a suitable resistance element 22, e.g., a
      carbon composition resistance element, in spaced relationship with the
      collector ring 14. The ends of the resistance element 22 are connected to
      a pair of terminals 24 suitably secured to the base 20 and the mounting
      bracket 12 is provided with a depending snapin finger 26 for mounting and
      electrically connecting a portion of the variable resistance control 10 to
      a panel or the like. A contactor 28 constrained to rotate with the driver
      16 wipingly engages and electrically connects the collector ring 14 and
      the resistance element 22. It is to be understood that the mounting
      bracket 12 could be provided with rearwardly extending snap-in fingers for
      an alternate mounting of the variable resistance control to a panel.
PAR  Integral with the driver 16 and extending rearwardly therefrom are a skirt
      32 rotatably bearing upon a portion of the base 20 and a spindle or hub 34
      journaled in the aperture 18 of the collector ring 14. The edge of the hub
      34 projecting outwardly from the collector ring is heat swaged to the
      collector ring forming a rolled over portion 36 of the hub against the
      rear surface 38 of the collector ring to assure a tight bearing fit
      between the hub 34 and the aperture 18 of the collector ring 14 and to
      eliminate longitudinal movement of the hub 34.
PAR  In accord with the present invention the hub 34 comprises an abuttment
      member 39 provided with a dish-shaped or chamfered surface 40, the
      abuttment member being integral with the rolled over portion 36 as best
      seen in FIG. 5 and defining a portion of the noncircular opening 42
      extending through the driver 16 and hub 34. The noncircular opening 42
      extending through the center of the driver 16 and hub 34 is defined by the
      walls 44 extending through the driver and the hub and by the rolled over
      portion 36 of the hub 34, in addition to the chamfered surface 40 of the
      hub 34, as best seen in FIG. 3. To actuate the driver 16, a plug-in shaft
      50 preferably of a molded material such as nylon is provided for insertion
      into the noncircular opening 42 in the driver 16 and hub 34 and the shaft
      50 is provided with an actuator portion 52 containing a knurled section 54
      and a groove 56 to facilitate the rotation thereof.
PAR  In accord with the present invention, the shaft 50 is also provided with a
      hexagonally shaped driver engagement portion 58 integral with the actuator
      portion 52 defining a shoulder 60 and supporting a plurality of resilient
      nubbins 62 and is provided with an alignment portion 64 contiguous with
      the driver engagement portion 58. Upon insertion of the driver engagement
      portion 58 of the shaft into the slot 42 as best seen in FIGS. 2 and 4,
      the shoulder 60 abuts a bearing surface 46 embossed from a surface of the
      driver 16 and limits the inward axial movement of the shaft 50 into the
      noncircular opening 42. Each of the sides 66 of the hexagonally shaped
      driver engagement portion 58 supports a molded resilient nubbin 62
      disposed between the shoulder 60 and the end of the alignment portion 64
      and the sides 66 of the driver engagement portion engage the sides of the
      noncircular opening 42 to interfit the driver engagement portion 58 within
      the noncircular opening 42. Preferably, with the shaft inserted into the
      noncircular opening 42 and the shoulder 60 of the shaft abutting the
      bearing surface 46 of the driver, the driver engagement portion 58 of the
      shaft 50 extends into the noncircular opening 42 with the resilient
      nubbins 62 abutting the chamfered surface 40 of the abuttment member 39.
      The resilient nubbins 62 engage the chamfered surface 40 to secure the
      shaft 50 to the driver 16 and to restrict the outward axial movement or
      withdrawal of the shaft 50 from the noncircular opening 42 in the
      direction of the actuator portion 52 of the shaft 50. The engagement of
      the resilient nubbins 62 against the chamfered surface 40 of the abuttment
      member 39 exerts pressure on the abuttment member 39 and a degree of
      outward radial pressure on the hub 34 in the direction of the surface of
      the aperture 18 of the collector ring 14 due to outward axial movement of
      the shaft and to the slope of the chamfered surface 40, as best seen in
      FIG. 5. The outward radial pressure exerted by the hub 34 against the
      surface of the aperture 18 of the collector ring 14 affects the rotational
      torque of the driver 16 of the control. The size of the resilient nubbins
      62 can also be arranged to provide a plug-in pull-out shaft or a plug-in
      non-pull out shaft depending upon the particular application.
PAR  Preferably, in the assembly of the shaft to the driver, the shaft 50 is
      first aligned and partially inserted into the noncircular opening 42 in
      the driver 16 by an operator and then the shaft 50 is completely inserted
      into the driver 16 with the shoulder 60 abutting the bearing surface 46
      and the nubbins 62 engaging the chamfered surface 40 of the abuttment
      member 39. Preferably, the shaft 50 is press fit into the slot 42 and as
      the shaft 50 is inserted in the noncircular opening 42, the resilient
      nubbins 62 and the walls 44 of the noncircular opening 42 flexing
      sufficiently to permit the nubbins 62 to pass beyond the walls 44 into
      engagement with the chamfered surface 40. The alignment portion 64 of the
      shaft 50 provides an alignment means for prealigning the shaft with the
      noncircular opening 42. With reference to FIG. 3, the shaft is partially
      inserted into the noncircular opening 42 with the nubbins 62 free from
      engagement with the sides 44 of the noncircular opening 42, the alignment
      portion 64 holding the shaft upright and intact within the slot.
      Preferably, the sides of the alignment portion 64 conform to the sides 44
      of the noncircular opening and the alignment portion 64 is press fit into
      the noncircular opening. With the insertion of the shaft 50 completely
      into the noncircular opening 42, alignment portion 64 extends outwardly
      from the end of the noncircular opening 42 and provides a means to actuate
      the driver 16 from the other side of the control as seen in FIG. 4.
PAR  In a device built in accord with the present invention, each of the sides
      of the hexagonally shaped driver engagement portion 58 of the shaft 50
      contained a nubbin about 0.020 inches wide and 0.003 inches high and the
      driver engagement portion 58 of the shaft 50 and the alignment portion 64
      were dimensioned to press fit within the noncircular opening 42 in the
      driver 16, the sides of the alignment portion being an extension of the
      sides of the driver engagement portion. When a metal shaft, e.g., of steel
      or brass, is employed, it is merely necessary to form the nubbins on the
      shaft. This can be done by turning the shaft on a suitable tool or
      machine. The walls of the slot in the driver will provide sufficient
      resiliency to be able to press the nubbins 62 on the metal shaft through
      the slot 42 into engagement with the chamfered portion 40 of the hub 34.
PAR  While there has been illustrated and described what is at present
      considered to be a preferred embodiment of the present invention, it will
      be appreciated that numerous changes and modifications are likely to occur
      to those skilled in the art, and it is intended in the appended claims to
      cover all those changes and modifications which fall within the true
      spirit and scope of the present invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A variable resistance control comprising a resistance element and a
      collector in spaced relationship, a rotatable member, a hub integral with
      the rotatable member and containing an abuttment member, the rotatable
      member and hub being provided with a noncircular opening, the edge of the
      hub engaging one of the collector and the resistance element, the
      abuttment member being provided with a dish shaped surface circularly
      disposed about the opening, a contactor constrained to rotate with the
      rotatable member for wiping contact with the collector and the resistance
      element, a shaft secured to the rotatable member, said shaft comprising a
      shoulder, a noncircular first shaft portion disposed within the opening
      and connected to the shoulder, and a noncircular second shaft portion
      contiguous with the first shaft portion, said first and second shaft
      portions having substantially the same surfaces conforming to said
      opening, and a plurality of discrete nubbins supported on said first shaft
      portion and engaging said abuttment member, said nubbins projecting from
      said surface of said first shaft portion whereby the second shaft portion
      prealigns the shaft upright and rigidly within the noncircular opening,
      said nubbins resiliently engaging the dish shaped surface and providing
      outward radial pressure on the hub.
NUM  2.
PAR  2. The control of claim 1, wherein the first shaft portion is hexagonally
      shaped and interfits the sides of the noncircular opening and wherein one
      of said plurality of discrete nubbins is integral with each of the sides
      of the first shaft portion and abuts said abuttment member.
NUM  3.
PAR  3. The control of claim 1, wherein said hub exerts an outward radial
      pressure against one of said resistance element and collector thereby
      affecting the rotational torque of the rotatable element.
NUM  4.
PAR  4. The variable resistance control of claim 1, wherein said noncircular
      opening is hexagonally shaped and extends through said rotatable member,
      the sides of the first and second shaft portions conforming to the sides
      of said opening and being disposed in an interference relationship
      therewith.
NUM  5.
PAR  5. A variable resistance control comprising a mounting bracket, a collector
      ring embossed from the plane of the mounting bracket and provided with an
      aperture, a heat deformable hub containing an abuttment member provided
      with a dish shaped surface rotatably journaled in the aperture, an
      electrically nonconductive rotatable member integrally secured to the hub
      in spaced relationship to the mounting bracket, an electrically
      nonconductive base carried by the mounting bracket and disposed between
      the mounting bracket and the rotatable member, a skirt depending from the
      rotatable member and rotatably engaging a portion of the base, a
      resistance element mounted on the base, a contactor constrained to rotate
      with the rotatable member wipingly engaging and electrically connecting
      the collector ring and the resistance element, the rotatable member and
      the hub being provided with a noncircular opening extending therethrough,
      a hexagonally shaped first shaft portion disposed within the noncircular
      opening, an actuator integral with the first shaft portion and forming a
      shoulder therewith, a hexagonally shaped second shaft portion having sides
      contiguous with the sides of the first shaft portion, a bearing member
      integral with the rotatable member, said shoulder abutting the bearing
      member at one end of the noncircular opening, said second shaft portion
      extending outwardly from the other end of the noncircular opening and a
      plurality of discrete nubbins integral with the first shaft portion and
      abutting the dish shaped surface, one of said nubbins being disposed on
      each of the sides of said first shaft portion, said nubbins providing
      outward radial pressure on said hub against said collector ring to thereby
      affect the rotational torque of the rotatable element.
NUM  6.
PAR  6. A variable resistance control comprising a resistance element and a
      collector in spaced relationship, a rotatable member, a hub integral with
      the rotatable member, the edge of the hub engaging one of the collector
      and the resistance element, the rotatable member providing a first
      hexagonal surface, the hub providing a second hexagonal surface
      communicating with the first hexagonal surface, an abuttment surface, and
      a rolled-over portion communicating with the abuttment surface, said
      abuttment surface being disposed intermediate the second hexagonal surface
      and the rolled-over portion, said rolled-over portion and surfaces
      defining an opening, a surface of the rolled-over portion being circularly
      disposed about the opening and being substantially parallel to the
      hexagonal surfaces, a contactor constrained to rotate with the rotatable
      member for wiping contact with the collector and the resistance element, a
      shaft secured to the rotatable member, said shaft comprising a shoulder, a
      hexagonal first shaft portion disposed within the opening and connected to
      the shoulder, and a hexagonal second shaft portion contiguous with the
      first shaft portion, said first and second shaft portions having
      substantially the same surfaces conforming to the first and second
      hexagonal surfaces, and a plurality of discrete nubbins supported on said
      first shaft portion and engaging the abuttment surface.
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ABST
PAL  This invention provides an expendable velocimeter probe. High frequency
      transmitting and receiving transducers are mounted opposite to one another
      in axial alignment on the probe body and on a frame in front of the body.
      The mounting includes means for accurately adjusting the distance between
      the transducers in order to provide low cost, but highly reliable, means
      for calibrating the velocimeter during large scale manufacture of the
      instruments.
PARN
PAR  Reference is made to co-pending applications entitled "EXPENDABLE
      BATHYTHERMOGRAPH", Ser. No. 790,965, filed Jan. 14, 1969, now U.S. Pat.
      No. 3,561,268; and "INSTRUMENT FOR DIRECT MEASUREMENT OF THE VELOCITY OF
      SOUND IN A FLUID", Ser. No. 798,310, filed Feb. 11, 1969, now U.S. Pat.
      No. 3,611,276 by Frank Massa and assigned to the assignee of this
      invention. The present application is a continuation-in-part of these
      co-pending applications.
BSUM
PAR  This invention relates to instruments for measuring the velocity of sound
      in water and more particularly to expendable free-falling probes for
      sending telemetering signals giving the velocity of ambient sound in the
      water surrounding the probe.
PAR  A velocimeter is an instrument for instantaneously converting the velocity
      of sound in a liquid into an electrical signal which may be read out in
      terms of such velocity. The signal may have a frequency which is directly
      proportional to the instantaneous value of the ambient velocity of sound
      in the region of the instrument. In the above-identified co-pending
      applications, the frequency of the signal is established by a "sing
      around" repetition technique. More particularly, a high frequency pulse of
      an acoustic tone signal is transmitted from a first transducer to a second
      transducer via a path reflected from an acoustic target. At the instant
      when the reflected signal is received, the transmitting transducer again
      transmits another pulse of acoustic tone signal.
PAR  The repetition rate of the successive pulses of tone is determined by the
      speed of sound in the water and the length of the path between the
      transducers and the reflecting target. Thus, there is a problem of
      establishing a path which is free of the kind of interference that might
      alter the triggering of the next pulse. For example, a close proximity
      between a transmitting transducer and a receiving transducer might
      introduce a cross talk of energy which does not follow the prescribed
      reflection path between the two transducers, but which does follow a
      direct path from the transmitting to the receiving transducers. Also,
      there must be an extremely precise and stable mechanical structure which
      establishes the length of the path. If the acoustic target is allowed to
      shift or rotate, the path length or other characteristics might change to
      produce false readings.
PAR  To solve these and other problems, one of the co-pending applications uses
      a transmitting transducer and a receiving transducer spaced along the
      outside hull of a streamlined body. This way, there is no short path for
      cross talk between the transmitting and receiving transducers. However,
      this configuration of transducers spaced along the body is not too well
      suited to low cost mass production.
PAR  In order to provide an expendable instrument, a preferred probe has a size
      which is between 1 and 3 inches in diameter. If the probe is made smaller,
      some sub-miniature parts are required, and that increases the costs so
      much that expendability is lost. If the probe is made larger, the cost of
      material (especially the nose weight) increases too much. Thus, the
      overall probe size becomes a very important factor to consider. This, in
      turn, tends to limit the spacing between the transducers to certain
      maximum and minimum distances. These distances must be related to the
      frequency of the sonic energy radiated. Therefore, the geometry of the
      probe becomes an important and critical consideration.
PAR  Accordingly, an object of this invention is to overcome some of the
      limitations in the structural designs which have tended to limit previous
      velocimeters. Stated another way, an object is to present a probe with a
      configuration which lends itself to low cost mass production techniques.
      Therefore, it is an object of this invention to provide improved means for
      and methods of measuring the velocity of sound in deep water. In
      particular, an object is to provide means for directly measuring the speed
      of sound in water or other fluids.
PAR  A further object of this invention is to generate an acoustic signal which
      is transmitted outwardly in all directions from a velocimeter. Here, an
      object is to generate a signal having a frequency which is an
      instantaneous function of the velocity of sound in the water surrounding
      the velocimeter.
PAR  A still further object of this invention is to provide a low cost,
      expendable instrument for directly measuring the velocity of sound in
      water in the vicinity of the instrument, as it falls freely through the
      water.
PAR  In keeping with an aspect of the invention, these and other objects are
      accomplished by a probe having a streamlined hull configuration with a
      weighted nose section that causes it to drop through a body of water at a
      fixed rate of fall. A transmitting transducer is mounted at the tip of the
      nose of the hull. A receiving transducer is mounted on a support held by
      an open rigid frame structure at a point in space which is directly
      opposite to and axially aligned with the transmitting transducer. The
      transmitting transducer sends repeated pulsed high frequency ultrasonic
      signals to the receiving transducer. Each successively transmitted pulse
      is triggered by the acoustic signals as they arrive at the receiving
      transducer. Thus, the repetition rate of the pulsed signals is a function
      of the time required for the sound to travel from the transmitting
      transducer to the receiving transducer. That time depends upon the speed
      of sound in the water and the distance between the two transducers.
PAR  The tone burst signals have a repetition rate which is directly
      proportional to the ambient velocity of sound near the probe. These
      signals are utilized to establish an amplified electrical telemetering
      signal of the same repetition rate. That signal is applied to a
      cylindrical omnidirectional transducer mounted flush into the main body of
      the probe. Thus, the acoustic telemetering signals, which are transmitted
      from the probe, correspond to the instantaneous velocity of sound. These
      acoustic telemetered signals may be picked up at a remote point in the
      water and applied to a direct measurement instrument which records a
      profile of the manner in which the velocity of sound changes as the probe
      falls through the water.
DRWD
PAR  These and other objects are accomplished in a preferred embodiment of the
      invention which may be understood from a study of the following
      description when taken in conjunction with the accompanying drawing in
      which the single FIGURE is a longitudinal cross section of a streamlined
      probe.
DETD
PAR  Referring more particularly to the FIGURE, the probe comprises a
      streamlined nose section 10, a central transducer section 11, and a tail
      section 12. The nose section 10 may be a zinc die casting, for example.
      The central transducer section 11 is a hollow cup-shaped structure with a
      ring-shaped flange portion 13 near its open end. The outside diameter of
      cup 11 is flush with the outer body diameter of the assembled probe
      structure. The cup-shaped member 11 is fastened to the nose section 10 by
      means of a screw 14. Preferably, the head of the screw is recessed within
      an off-set cavity 15 formed in the bottom surface of the cup 11. The
      horizontal cross-sectional shape of the outside of the off-set portion 15
      is preferably rectangular. Thus, it nests into a similarly shaped recess
      in the base of the nose section 10 to prevent rotation of the cup-shaped
      member 11, with respect to the nose 10.
PAR  A polarized piezoelectric ceramic cylinder 16 is concentrically fitted over
      the flange 13. A low acoustic impedance isolating gasket 18 is fitted
      between the ceramic cylinder and the hull parts 10 and 11. Thus, the
      cylinder is equatorially mounted within a recessed cavity formed by the
      recessed peripheral portion at the base end of the nose section 10 and the
      outer wall surface of the cup-shaped member 11. The outer diameter of the
      ceramic 16 is preferably made smaller than the full body diameter of the
      assembled probe structure. Therefore, a sound transmitting potting
      material 19, such as polyurethane, may be applied over the hull after
      assembly. This potting waterproofs the ceramic and provides a smooth
      blending of the outer surface of the body surface.
PAR  Into a recessed cavity 25 at the tip of the nose section, is assembled a
      small piezoelectric ceramic plate 26. One electrical connection to the
      plate is schematically illustrated by the wire 27. A second electrical
      connection is made by way of another wire 28 which passes through the
      center hole 29, and the angular communicating slot 30, and into the inside
      space 32 of the cup member 11. The electrical connection represented by
      the wire 27 could be either a common connection to the metal nose piece
      10; or, the wire 27 could be an insulated wire which also passes through
      hole 29. After the piezoelectric ceramic plate 26 is assembled into place,
      a waterproof potting material, such as epoxy or polyurethane, is applied
      to completely cover and protect it, together with the connecting wires 27,
      28. Thus, a proper waterproof insulation is provided for the assembly.
PAR  Each piezoelectric ceramic material may be a polarized barium titanate or
      lead zirconate titanate, made in a known manner.
PAR  A superstructure comprising three tubular or rod-like members 35, 36 are
      symmetrically spaced around and fastened into the streamline nose section
      10. These members form a rigid frame structure with an opposite end of the
      tubular frame rigidly secured to a streamlined base member 39. A hexagonal
      rod 41 is fitted into the open end portion of the base member 39 to face
      the streamline nose section 10. The hexagonal shape is used for the member
      41 because it fits into a mating hexagonal opening in the base member 39
      to prevent any rotation of the structure 41 after here is a final
      adjustment of its position. The tip of the rod 41 contains a polarized
      piezoelectric ceramic plate 42, which is countersunk into the face
      thereof, in a manner which is similar to the countersunk ceramic plate 26.
PAR  One of the wires schematically shown at 45 is electrically connected to the
      outer electrode face of the ceramic 42 and a second wire 46 is similarly
      connected to the recessed electrode surface. The wire 45 could be
      connected to the metal frame as a common ground, if desired. Or, it could
      be a separately insulated wire connected from the ceramic plate 42 to the
      inside space 32 of the probe. The wiring to the ceramic plate 42 is
      preferably arranged to pass through the tube 36 and the hole 48 through
      the nose section 10 and into the compartment 32.
PAR  A set screw 50 is threaded into the base of the member 41. A helical spring
      51 is provided to prevent any backlash against the screw threads. Thus,
      the position of the screw 50 holds the surface of the ceramic transducer
      42 at a precise and exact position in space.
PAR  In order to minimize any change in distance between the ceramic plates 26
      and 42, responsive to changes in temperature, the frame members 35, 36 are
      made of a material having a coefficient of thermal expansion which is
      lower than the corresponding coefficient of the nose section 10 material.
      For example, the nose section 10 may be made from zinc, which has a
      relatively high coefficient of thermal expansion. The frame members 13 may
      be made from steel, which has a coefficient that is much lower than the
      coefficient of zinc.
PAR  The compartment 32 contains the electronic components (not shown) and any
      other assembly which may be necessary for the operation of the
      velocimeter. After this electronic assembly is arranged within the
      compartment 32, a cup-shaped lid 60 is used to seal the open end of the
      cup member 11. The lid 60 may be made from molded Bakelite or the like.
      The open cup or base section of the member 60 contains the electrical
      terminals with spring contacts 61, 62 which make contact with the mating
      terminals on a battery 63.
PAR  The streamlined tail piece shell 12 may be molded from Bakelite, cast from
      zinc, or any other suitable material. At its open end, the tail piece
      contains threads which mate with corresponding threads, provided at the
      outer edge of the member 11. A waterproof gasket 65 is provided between
      the end face of parts 11 and 12. Thus, a waterproof seal is realized when
      the tail piece is screwed into position to the part 11. The inside surface
      of the tail piece 12 contains several fins 67 which locate and center the
      battery 63. A soft rubber button 68 is held in position by inside
      structural fins 69. The button 68 applies axial pressure to securely hold
      the battery 63 when the tail piece 12 is secured in place.
PAR  A practical requirement to be met for the achievement of a low cost
      expendable probe design is that it should be kept as small as possible. We
      have found that the optimum diameter for the probe structure is preferably
      in the range between 1 and 3 inches. If the structure has a diameter which
      is less than 1 inch, the cost increases due to the necessity of using
      subminiature electroninc components. Another disadvantage of small probes,
      having less than 1 inch diameter, is that the transducer element 16 has a
      resonant frequency which is greater than about 60 kHz. As a result, there
      would be an excessive attenuation of the sound transmitted through the
      water. This attenuation limits the useful range of the velocimeter.
PAR  If the probe diameter is greater than 3 inches, the weight and cost of the
      probe increases rapidly. Also, the resonant frequency of the transducer
      cylinder element 16 is less than 15 kHz. There is an additional
      disadvantage in this large size because the distance between the nose
      mounted transducer element 26 and the transducer element 42 must be
      greater than about 4 inches to establish the resulting lower repetition
      rate. Thus, the probe becomes too large, too fragile and too expensive
      when the diameter exceeds 3 inches.
PAR  The optimum range of choices for the preferred frequency of operation of
      the probe lies between 15 kHz and 60 kHz. A choice of the 30 kHz region
      has proved to be very satisfactory. Such a choice offers an additional
      advantage since it permits the transducer elements 26 and 42 to be spaced
      apart by a distance which may be adjusted to 1/20 meter or to 1/20 yard.
      Then, the transmitted frequency will be exactly 20 times the velocity of
      sound in terms of m/sec or yds/sec. Other suitable adjustments might be
      distances such as 0.2 feet. These parameters are convenient for the direct
      interpretation of the velocity from a direct frequency reading. For
      example, it may only be necessary to divide the frequency by two and move
      the decimal. This arrangement coincides with the velocity of sound in the
      region of 1500 m/sec, which is the approximate velocity of sound in the
      ocean.
PAR  In order to obtain a sufficiently fast rise time for the transducer
      elements 26 and 42, it is necessary for the resonant frequency of the
      elements to be much higher than the repetition rate frequency of the
      system. For the frequency range of operation considered optimum, the
      resonant frequency of the transducer elements 26 and 42 should be greater
      than 100 kHz and preferably at least an order of magnitude greater than
      the repetition rate frequency.
PAR  While a specific embodiment of the present invention has been shown and
      described, it should be understood that various modifications and
      alternative constructions may be made without departing from the true
      spirit and scope of the invention. Therefore, the appended claims are
      intended to cover all such equivalent alternative constructions that fall
      within their true spirit and scope.
CLMS
STM  We claim:
NUM  1.
PAR  1. A velocimeter for directly measuring the velocity of sound in a body of
      water, said velocimeter comprising a structure having a streamlined shape
      with a weighted streamlined nose section having a circular base, a
      transducer means comprising a piezoelectric ceramic cylinder coaxially
      mounted on said circular base, low acoustic impedance insulation means
      interposed between the end surface of said ceramic cylinder and said base
      of said nose section, a cup-shaped member with an extended flange section
      at its open end, said cup member having a body diameter smaller than the
      inside diameter of said ceramic cylinder and an outer flange diameter
      substantially equal to the main body diameter of said nose section, means
      for rigidly fastening said cup-shaped member to the base of said nose
      section whereby said cup-shaped member and flange serve as a nest for
      locating said ceramic cylinder with its outer surface in alignment with
      the outer surfaces of said nose section and said extended flange section,
      a low acoustic impedance insulation material between the end surface of
      said ceramic cylinder and said mating extended flange section of said cup
      member, a hollow tapered tail section with means for removably attaching
      said tail section to said extended flange section of said cup member,
      means for establishing a waterproof seal between said tail section and
      said flange section, and a waterproof coating covering the exposed ceramic
      cylinder and the adjoining regions of said flange section and said nose
      section which confine the ends of said ceramic cylinder.
NUM  2.
PAR  2. The invention in claim 1 and electronic components assembled within said
      cup member.
NUM  3.
PAR  3. The invention in claim 2 and a battery within said hollow tail section.
NUM  4.
PAR  4. The invention in claim 3 and means comprising a first electroacoustic
      transducer mounted at the tip of the streamlined nose section.
NUM  5.
PAR  5. The invention in claim 4 including a superstructure frame member
      attached to said nose section and projecting an axial distance away from
      said nose section, a second electroacoustic transducer mounted on said
      projecting frame, and means included in said mount for adjusting the
      distance between said first and said second transducer.
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ABST
PAL  This invention relates to seismic transducer assemblies for converting
      compressional wave motion or acoustic energy into electric energy in a
      fluid medium such as is encountered in marshy terrains. It also relates to
      an improved method of manufacturing such transducers. The transducer
      includes a rigid hollow casing having a conical end cap to facilitate
      planting the casing into the ground. At least one pressure transducer
      element is mounted in the casing. A water-impervious,
      pressure-transmitting, insulating core fills the casing's cavity. The
      material rigidly holds the transducer in place and allows transfer of
      pressure energy from the fluid medium in which the transducer assembly is
      submerged, to the inner surfaces of the transducer element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Seismic pressure transducer assemblies adapted for marshy terrains are
      known and widely used. One such pressure transducer assembly comprises a
      rigid cylindrical perforated casing defining an inner cavity. An
      air-filled bag or bladder containing a pressure transducer element is
      mounted inside the cavity. The bag is made from a sound-transmitting
      material such as rubber. When the transducer assembly is submerged in
      shallow water or marshy ground, the water fills the cavity through the
      perforations of the casing. Seismic pressure waves from the liquid are
      transmitted to the pressure transducer through the wall of the bag and the
      air therein.
PAR  Such known seismic transducer assemblies have certain drawbacks chief among
      which are: the wall of the rubber bladder has to be relatively thin in
      order not to unduly attenuate the arriving seismic pressure waves. But, a
      thin-walled bladder is susceptible of becoming easily damaged by sharp
      objects piercing through the perforations of the casing. When the bladder
      becomes ruptured, the air therefrom escapes, water enters the inner volume
      of the bladder and damages the transducer element. Another serious problem
      with such prior art transducer assemblies is that mud enters the cavity of
      the casing and forms a "cake" around the bladder, thereby preventing
      effective acoustic coupling between the external fluid medium and the
      transducer element.
PAC  SUMMARY OF THE INVENTION
PAR  The transducer assembly of this invention comprises a casing defining a
      cavity and having sound-transmitting windows for acoustically coupling the
      cavity with a fluid medium surrounding the casing. At least one pressure
      transducer element or hydrophone is mounted inside the cavity. A flexible
      cable containing at least a pair of electric conductors extends through a
      center opening of an end cap. The cable is electrically connected to the
      hydrophone. A core completely fills the cavity and rigidly supports the
      transducer element in place. A bottom end cap has a conical configuration
      to allow the unit to be inserted into the ground. The core's material
      transmits the pressure wave energy from the fluid medium to the transducer
      element.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view in elevation of the transducer assembly of
      this invention; and
PAR  FIG. 2 is a partly-sectional view of the transducer assembly shown in FIG.
      1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The transducer assembly, generally designated as 10, comprises a hollow
      cylindrical casing 12 made of a rigid material which could be metal or
      plastic. Casing 12 defines an inner cavity 14 and a plurality of
      sound-transmitting windows 16. In the embodiment shown, each window is a
      circular opening through the cylindrical wall of the casing.
PAR  Mounted inside cavity 14 is a conventional pressure transducer element or
      hydrophone 18 which may be of the ceramic or crystal type. Casing 12 has
      an upper end cap 20 defining a center opening 22 for receiving an electric
      cable 24 having at least a pair of electric conductors 26--26'.
PAR  A strain cord portion 29 inside the top end cap prevents tension to be
      transmitted by cable 24 to the hydrophone.
PAR  While in the embodiment shown it is desired to connect the output terminals
      27--27' from the hydrophone 18 to the electric conductors 26--26' through
      a transformer 30, the transformer can be eliminated or additional
      elements, such as pre-amplifiers may be coupled to the output of the
      transformer.
PAR  Casing 12 is provided with a conically-shaped bottom end cap 32 preferably
      having a pointed tip 34 to allow the transducer assembly to more easily
      penetrate into the marshy ground.
PAR  The entire cavity 14 is filled with a sound-transmitting,
      electrically-insulating, solid flexible material forming a core 15. The
      material should be sufficiently flexible, relatively incompressible and
      have a hardness in the approximate range of 40 to 90 on the Shore A scale.
      It should have good thermal stability between -50.degree.F. and
      200.degree.F. Typical of sound-transmitting materials that might be
      employed are natural rubber, synthetic rubber, silicon rubber, urethanes,
      flexible epoxys, etc. In the preferred embodiment silicon rubber was
      employed having a hardness of 45 on the Shore A Scale, a tensile strength
      of 400 psi., and an elongation of 180%. The material should be
      water-impervious to prevent water penetration into cavity 14. Silicon
      rubber can be purchased as a two-part liquid. Prior to pouring into the
      cavity, the liquids are mixed together and the entrapped air is removed as
      by using vacuum techniques. Thereafter, the liquid mixture is cured using
      well-known methods.
PAR  The filling material should have sufficient rigidity to withstand the
      hydrostatic pressure to which the transducer assembly is subjected.
PAR  The material provides mechanical isolation among the elements and the
      electric terminals while rigidly holding the elements within the casing.
PAR  Core 15 completely fills the inner cavity and becomes exposed through the
      windows 16 to the outside fluid medium. There is thus established a smooth
      profile to the outside. Neither mud nor water can penetrate into cavity
      14. Even if the filling material were cut or scratched through the
      windows, the operation of the hydrophone 18 would not be impaired. The
      hydrophone would continue to convert acoustic energy transmitted by the
      solid core into electric energy.
PAR  Although this invention has been described with reference to an
      illustrative embodiment, it will be apparent to those skilled in the art
      that the principles of this invention can be embodied in other forms but
      within the scope of the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A seismic transducer assembly for detecting pressure variations in a
      surrounding liquid medium of a marshy terrain, said assembly comprising:
PA1  a flexible cable including at least a pair of electric conductors,
PA1  a hollow, rigid, cylindrical casing having an inner cavity, the casing
      defining in its cylindrical wall a plurality of sound-transmitting
      windows,
PA1  a substantially conically-shaped, rigid bottom end cap for the casing to
      assist the casing to penetrate into the ground,
PA1  at least one hydrophone mounted inside said cavity and having a pair of
      output terminals,
PA1  means in said housing for electrically coupling said terminals to said
      conductors, and
PA1  a sound-transmitting, flexible solid core material completely filling said
      cavity, said material being adapted to support and protect said hydrophone
      against mechanical damage while solely transmitting pressure variations
      from said liquid medium to said hydrophone, said pressure variations
      becoming converted by said hydrophone into corresponding electric signals.
NUM  2.
PAR  2. The transducer assembly of claim 1 and further comprising a top end cap
      for said casing, said top end cap having a center opening for receiving
      said cable and a strain cord portion inside said top end cap.
NUM  3.
PAR  3. A seismic transducer assembly for detecting pressure variations in a
      surrounding water medium of an abrasive marshy terrain, said assembly
      comprising:
PA1  a hollow, rigid casing having an inner cavity, the walls in the casing
      defining a plurality of openings,
PA1  at least one hydrophone mounted inside said cavity and having a pair of
      output terminals,
PA1  a sound-transmitting, flexible solid core material completely filling said
      cavity, said material serving to (1) support said hydrophone, (2) be in
      direct contact with said water through said openings, and (3) solely
      transmit pressure variations from said water to said hydrophone for
      conversion by said hydrophone into corresponding electric signals on said
      output terminals, and
PA1  cable means extending through said casing and being electrically connected
      to said output terminals.
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ABST
PAL  An improved line array transducer increases its effectiveness by ensuring a
     ore responsive trailing as it is towed through the water. An elongate
      sleeve contains a number of longitudinally spaced transducer elements
      which are responsive for the transmission or reception of acoustic energy.
      An interconnected, flexible bladder carried inside of a towing is coupled
      to the elongate sleeve. As the paravane leads the line array to its
      predetermined operational depth, the more compliant bladder yields to the
      pressure and is compressed. This compression of the bladder forces a
      contained gas into the interior of the elongate sleeve and the
      transducer's interiors to pressure compensate the array. By suitably
      choosing the materials and appropriately dimensioning the bladder, sleeve
      and transducer elements, an essentially neutrally buoyant line array is
      fabricated for deployment at the predetermined operational depth. Such an
      array trails responsively and does not generate excessive flow noise.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Transducers of acoustic energy are many and varied in design. Seismic
      explorations and a variety of military applications resulted in the
      development of the so-called line array transducer, which optionally
      functions in the active mode, passive mode, or a combination of both. The
      usual procedure relies on a surface ship towing a paravane device at a
      preset depth via a towing cable. Behind the paravane, a hose-like line
      array is played out a predetermined distance and electrical conductors
      pass signals back-and-forth between the ship and the array. However, most
      arrays possess an inherent defect which limits the level of performance,
      particularly when they function in the passive mode. This defect resides
      in their inability to trail responsively. That is to say, the tail-end of
      the array does not lie in the same horizontal plane as the head of the
      array, due to inadequate, or the lack of, responsive buoyancy
      compensation. Having the tail-end fall below or rise above the head of the
      array generates an excessive amount of turbulance and flow noise and
      seriously degrades the array's performance. Fluid-fulled arrays fabricated
      with flotation elements along their length have been designed and, since
      they are nearly neutrally buoyant, responsive trailing will result within
      predetermined operational depths. Yet, sensitivity is sacrified employing
      fluid-filled transducers as compared to the gas-filled type. One
      noteworthy attempt to produce a pressure compensated towed array is
      disclosed in a U.S. Pat. No. 3,868,623 "Towable Sonar Array". In that
      patent the present inventor discloses a scheme for transferring a heavy
      liquid, such as mercury, along the array to weight compensate the array as
      gas contained within the array is compressed or expanded in response to
      changing depths. While this approach is sound, a less complicated pressure
      compensation arrangement might be desirable under certain circumstances.
      Thus, there is a continuing need in the state-of-the-art for a sensitive,
      towed line array which trails responsively at a predetermined depth and
      which is not overly complicated to enhance reliability.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to providing an improved transducer of acoustic
      energy. An elongate sleeve enclosing a gas-filled space, having a first
      stiffness, contains a number of transducer elements, each of which have a
      hollow interior communicating with the gas-filled space. A flexible
      bladder defines a gas-filled chamber and is coupled to the elongate
      sleeve. The bladder has a stiffness which is more compliant than the first
      stiffness of the elongate sleeve. As a consequence, when the elongate
      sleeve and flexible bladder are subjected to identical ambient pressure
      changes, the more compliant bladder yields before the elongate sleeve and
      gas is transferred between the bladder and the elongate sleeve to pressure
      compensate all the transducer elements.
PAR  A prime object of the invention is to provide an improved towed line array.
PAR  Another object is to provide an array which is essentially neutrally
      buoyant at a predetermined depth.
PAR  Still another object is to provide a line array which creates less flow
      noise as it is towed through the water.
PAR  Yet another object is to provide a relatively uncomplicated pressure
      compensation technique for increasing the reliability and effectiveness of
      a towed line array.
PAR  Still another object of the invention is to provide an essentially
      neutrally buoyant towed line array which pressure compensates hollow
      transducer elements for increased sensitivity.
PAR  These and other objects of the invention will become more readily apparent
      from the ensuing specification when taken with the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 depicts the invention towed by a surface ship.
PAR  FIG. 2a shows a cross-sectional representation of the invention taken
      generally along lines 2--2 in FIG. 1, as it is deployed near the surface.
PAR  FIG. 2b is a cross-sectional view of the invention taken generally along
      lines 2--2 in FIG. 1, as it approaches its operational depth.
PAR  FIG. 2c is a cross-sectional representation of the invention taken
      generally along lines 2--2 in FIG. 1 as it is deployed at its operational
      depth.
PAR  FIG. 2d is a cross-sectional representation of the invention taken
      generally along lines 2--2 in FIG. 1 as the invention sinks below its
      preset depth.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, FIG. 1 shows the invention, a line array
      sonar 10, trailing a paravane-like device 11, which is, in turn, pulled
      through the water by a ship 12 via an interconnecting cable 13.
PAR  The paravane is generally of conventional design, having an elongate body
      which maintains a controlled attitude by reason of vanes 11a, which are
      coupled to instrumentation 11b  carried in the head of the paravane. As
      such, the instrumentation is well into the state-of-the-art and has been
      employed for some time to articulate the vanes properly to locate the
      paravane at a preselected depth. In addition, varying the towing speeds
      and cable length are alternate means for placing the paravane at its
      desired depth. A compartment 11c is included in an extended portion of the
      paravane and a number of holes 11d allow the flooding of the compartment,
      the reason for which will be elaborated on below.
PAR  The line array contains a number of elements which, at first glance, appear
      to be rather conventional in design. An elongated protectve sheath 140 is
      provided with a number of pressure compensating holes 14a for permitting a
      pressure transfer between the water medium and internally carried
      elements. The outer surface of the protective sheath is free from
      proturbences and normally presents a streamlined outer configuration to
      reduce the problems associated with flow noise and turbulance. The sheath
      is fashioned from a rubber-like material having a sufficient toughness to
      protect the other elements of the array from damage during deployment and
      retrieval. The sheath also is selected to have suitable properties for
      transmitting and receiving acoustic energy.
PAR  A cap member 15 and a cone-shaped tail member 16 close opposite ends of the
      sheath and all together they complete the exposed surfaces of the line
      array. Both members are rigid and, preferably, are molded or machined from
      stock which resists the corrosive effects of the surrounding water. A pad
      eye linkage 17 integrally extends from, or is otherwise suitably connected
      to the cap member to couple the array and the paravane.
PAR  Inside the sheath a plurality of transducer elements 18 are tandemly
      arranged in a spaced relationship. Irrespective that the drawings show
      only a few transducer elements, it is to be understood that as few as 2,
      or more than 50 elements are employed in a typical towed array within the
      scope of the invention. The exact number chosen, and their type, i.e.
      gas-filled or fluid-filled, is determined by the requirements of the job
      at hand.
PAR  The exact transducer element chosen for inclusion in the towed line array
      is not overly critical. Any of a number of transducer designs are selected
      which convert radial displacements to representative electrical signals
      when functioning in the passive mode, or project acoustic energy by
      reciprocal radial excursions in response to applied diving signals. In any
      event, the transducer element should fit snugly inside the protective
      sheath and have some sort of longitudinal passageway for electrical
      conductors and for allowing a gas transfer throughout the array.
PAR  One highly satisfactory design for transducer element 18 is disclosed in
      the U.S. Pat. No. 3,718,897 entitled "High Fidelity Underwater Music
      Projector", issued to the present inventor, Dr. Frank R. Abbott on Feb.
      27, 1973. When this transducer functions in the active mode, appropriate
      diving signals impart axial excursions to a ferroelectric stack which are
      translated to radially displace circumferentially disposed outer surfaces.
      When operation in the passive mode is called for, impinging acoustic
      energy causes reciprocal radial displacements of the outer surfaces which
      are transferred to axial excursions and the generation of responsive
      signals. The hollow interior of the Abbott transducer is either
      liquid-filled or gas-filled. The end cap members are either closed or
      open, the latter for defining a longitudinal passageway.
PAR  In the present invention, the open-ended configuration is selected so that
      a hollow interior forming an axial passageway 18a, runs the entire length
      of each transducer element. The axial passageway serves a two-fold
      purpose. First, it provides an opening through which the interior of the
      transducer element is pressure compensated and secondly, it serves as a
      passageway for a bundle of electrical conductors 19 electrically
      interconnecting successive ones of the transducer elements along the
      length of the array. For this purpose, each of the transducer elements has
      a pair of terminals 18b operatively interconnecting each transducer
      element to a remote control-monitor station on the surface.
PAR  To this point, if holes 14a in elongate protective sheath 14 are plugged or
      disregarded, what has been described is conventional and in general use.
      Obvious shortcomings are readily apparent. If the array is gas-filled, it
      trails responsively only at one preset depth. Above this depth, the array
      arcs upwardly and taken below this depth, the array collapses and droops.
      The consequent turbulance and flow noise renders such an array generally
      unacceptable. A fluid-filled array, which tends to trail more
      satisfactorily, sacrifices sensitivity. Because of these factors, there is
      a tendency to give line arrays a wide berth and to pursue other designs.
PAR  Immediately inside sheath 14 an elongate sleeve 20 extends between cap
      member 15 and the tail member 16. The sleeve is appropriately coupled to
      seal a gas-filled interior 20a from the ambient water medium. The sleeve's
      inner diameter is dimensioned to abut the circumference of each of the
      transducer elements 18 and is suitably affixed to the cap and tail
      members.
PAR  The sheath has a degree of elasticity to bulge outwardly when gas filled
      interior 20a is coupled to a pressurized gas source. A semi-rigid tubulate
      21 accomplishes this as it extends through cap number 15 to join the
      gas-filled interior in fluid communication with a compliant bladder 22
      carried in compartment 11c of the paravane.
PAR  The walls of th compliant bladder are selected from any one of a variety of
      commercially available watertight elastomers such as rubber. It is at the
      essence of the present invention that the stiffness of the elastomer
      bladder 22 be less than the stiffness of the elongate sleeve 20. Having
      the bladder be less stiff than the elongate sleeve ensures that it
      collapses first as greater depths are reached. This passes pressure
      compensating gas to the array and prevents any distortion in the line
      array as it is deployed to a predetermined operational depth.
PAR  This reduced stiffness is created by using different materials having
      varying degrees of stiffnesses. In the alternative, the same materials is
      used for the elongate sleeve and the compliant bladder if the walls are
      made thinner in the bladder with respect to the sleeve.
PAR  Looking to the drawings, FIG. 2a shows the invention at the surface.
      Compliant bladder 22 is nearly completely filled with gas and a slight
      over-pressure is transmitted to gas-filled interior 20a via tublet 21.
PAR  As the paravane is pulled through the water, suitable articulation of vanes
      11a by interconnected instrumentation section 11b begins to lead the array
      down toward its operational depth, see FIG. 2b. The less stiff bladder 22
      begins to collapse as it is compressed by the increasing ambient pressure
      transmitted through several holes 11d in the paravane structure. Gas from
      the compliant bladder interior is forced into gas-filled interior 20a via
      tublet 21. The slight over pressure in the array causes the tail end of
      the array to arc upward. Turbulance and flow noise are at objectionable
      levels.
PAR  FIG. 2c depicts the array being towed at its operational depth and trailing
      the paravane responsively. At this depth the vanes are actuated to
      maintain a level attitude and the gas remaining in the compliant bladder
      is sufficient to offset the weight of the paravane. At the same time, the
      buoyancy of gas-filled interior 20a supports the weight of the other
      elements of the array. It is noted that there is a sufficient pressure in
      thee gas-filled interior to streamline the array's shape and to thereby
      avoid the problems associated wth excessive flow noise.
PAR  The predetermined operational depth is established by the designing of
      relative volumes inside the array and the bladder with respect to the
      weights they must support. If, for example, a deeper operational depth is
      required for a particular application then obviously the internal volume
      of the compliant bladder 22 is made greater to provide the volume of
      compressed gas necessary to maintain the elongate sleeve 20 in a filled,
      streamline appearance. Of course, the total length of cable 13 and the
      towing speeds must be considered.
PAR  FIG. 2d depicts the invention operating below its operational depth. Notice
      that all the gas has been evacuated from the compliant bladder and it is
      totally collapsed. Notice also that a series of constrictions are formed
      along the line array. These constrictions by themselves contribute to the
      generation of excessive flow noise and because the line array is no longer
      self buoyant along its length, the tail end of the array droops to create
      more noise.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings, and it is therefore
      understood that within the scope of the disclosed inventive concept, the
      invention may be practiced otherwise than specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved transducer of acoustic energy comprising:
PA1  an elongate sleeve enclosing a gas-filled space and having a first
      stiffness;
PA1  a plurality of cylindrically shaped transducer elements longitudinally
      spaced in the elongate sleeve each sized to occupy the inner diameter of
      the elongate sleeve having a hollow interior in communication with the
      gas-filled space;
PA1  means coupled to the elongate sleeve for compliantly defining a gas-filled
      chamber and having a second stiffness which is more compliant than the
      first stiffness of the elongate sleeve means, as the elongate sleeve and
      the chamber defining means are subjected to the same ambient pressure
      changes, the more compliant chamber defining means yields before the
      elongate sleeve to transfer gas between its chamber and the hollow
      interior of each transducer element thereby pressure compensating each
      transducer element and the material forming the elongate sleeve having the
      first stiffness and the material forming the chamber defining means having
      the second stiffness are selected to render the improved transducer
      essentially neutrally buoyant at a preset depth; and
PA1  means coupled to the elongate sleeve for towing the elongate sleeve at the
      present depth in a water medium, the chamber defining means is carried
      within the towing means and is in communication with the water medium.
NUM  2.
PAR  2. An improved transducer according to claim 1 in which the towing means is
      a paravane provided with openings for putting the chamber defining means
      in communication with the water medium and the chamber defining means is a
      flexible bladder.
NUM  3.
PAR  3. An improved transducer according to claim 2 further including:
PA1  an elongate sheath co-extensively carried on the outer surface of the
      elongate sleeve and having holes spaced along its length for putting the
      elongate sleeve in communication with the water medium.
NUM  4.
PAR  4. An improved transducer according to claim 3 in which the elongate
      sleeve, elongate sheath and flexible bladder are rubber having
      respectively different degrees of stiffness.
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PAL  In a system for logging while drilling, a downhole turbine is rotated by
      the hydraulic power in the circulating drilling fluid to provide
      mechanical power that is converted to regulated DC power. The DC power is
      converted to two-phase AC power by a DC/AC motor drive. The frequency of
      the two-phase AC power output of the DC/AC motor drive is modulated by the
      output of a downhole transducer which monitors a selected downhole
      condition. A two-phase AC induction motor is driven by the DC/AC motor
      drive at a speed which changes with the frequency modulation of the
      two-phase AC power. The induction motor drives an acoustic transmitter
      which interrupts the circulating drilling fluid to produce an acoustic
      wave in the drilling fluid that is frequency modulated in response to
      changes in the condition being measured by the downhole transducer.
PARN
PAR  This is a continuation, division of application Ser. No. 433,029, filed
      Jan. 14, 1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to logging while drilling wherein
      measurements of downhole conditions within a borehole are telemetered to
      the surface of the earth by means of a downhole acoustic transmitter which
      produces a continuous acoustic wave that passes upward through the
      drilling fluid. More particularly, it relates to a DC/AC motor drive that
      converts a DC power source to an AC power source for operating a two-phase
      AC induction motor in the downhole acoustic transmitter.
PAR  In the past, a conventional practice in the logging of a borehole has been
      to apply electric current from a suitable source aboveground through an
      insulated conductor extending into the borehole to sensing apparatus. The
      sensing apparatus provides a signal in the insulated conductor
      representative of the characteristic measured within the borehole. The
      provision and maintenance of such an insulated conductor for logging the
      borehole while simultaneously drilling the borehole has been found to be
      impractical.
PAR  More recently, logging-while-drilling systems have been employed which do
      not require an insulated conductor in the borehole at any time for logging
      operations. In one such system, the sensing apparatus located within the
      borehole transmits the logging measurements by means of an acoustic wave
      passing upward through the drill string. An example of such a system is
      disclosed in U.S. Pat. No. 2,810,546 to B. G. Eaton et al. In another such
      system the drilling liquid within the borehole is utilized as the
      transmission medium for the information-bearing acoustic waves. An example
      of such a system is disclosed in U.S. Pat. No. 3,309,656 to John K.
      Godbey. In the Godbey systems, drilling fluid is continuously circulated
      downward through the drill string and drill bit and upward through the
      annulus provided by the drill string and the borehole wall, primarily for
      the purpose of removing cuttings from the borehole. An acoustic
      transmitter located downhole continuously interrupts the flow of the
      drilling fluid, thereby generating an acoustic wave in the drilling fluid.
      The acoustic wave is modulated with information measured downhole by
      sensing apparatus, and the modulated acoustic wave is telemetered uphole
      through the drilling fluid to suitable recording equipment.
PAC  SUMMARY OF THE INVENTION
PAR  In the logging of a well a drilling fluid is circulated through a housing
      inserted into a borehole. A rotary-driven turbine is driven by the
      hydraulic power in the fluid and generates mechanical power that is in
      turn converted to a direct-current voltage source by an alternator and
      regulator.
PAR  A transducer located within the borehole provides an output signal
      representative of a selected downhole condition. This output signal from
      the transducer is utilized to modulate the frequency of clock pulses
      provided by a pulse generator. These clock pulses are then utilized to
      produce first, second, third, and fourth square wave signals which are
      sequentially 90.degree. out of phase with each other, the frequency of
      these four square wave signals being proportional to the frequency of the
      clock pulses.
PAR  The direct-current voltage source and the four square wave signals control
      the operation of a two-phase AC induction motor. The motor is driven from
      the direct-current voltage source by alternating the direction of the
      current flow from the voltage source through the first-phase winding of
      the motor in response to the first and third square wave signals, which
      being 180.degree. out of phase, are complementary signals and by
      alternating the direction of current flow from the voltage source through
      the second-phase winding of the motor in response to the second and fourth
      square wave signals which are also complementary signals. In this manner,
      the two-phase AC induction motor is supplied with alternating-current flow
      through both its 90.degree.-phase windings, such alternating-current flow
      being frequency modulated by the output signal from the transducer in
      accordance with the measured downhole condition.
PAR  The induction motor drives an acoustic transmitter which periodically
      interrupts the flow of drilling fluid through the housing to produce a
      continuous acoustic wave in the drilling fluid which is frequency
      modulated in response to changes in the downhole condition being measured
      by the transducer. After passing upward through the drilling fluid to the
      surface of the earth, the acoustic signal is demodulated to provide a
      readout of the measured downhole condition.
PAR  In a further aspect, the four square wave signals are provided by a pair of
      flip-flops connected to form a ring counter. The ring counter is clocked
      by the clock pulses from the pulse generator. Both flip-flops of the ring
      counter provide a pair of complementary output square waves, the pair of
      square waves from the second flip-flop of the ring counter being shifted
      90.degree. from the complementary pair of square waves from the first
      flip-flop of the ring counter.
PAR  In a still further aspect, the direct-current voltage source is connected
      to the two-phase AC induction motor through two pair of switches. The
      first pair of switches operate alternately to reverse the polarity of the
      connection of the direct-current voltage source to the first-phase winding
      of the induction motor to thereby provide for an alternating-current flow
      through the winding. One of the first pair of switches is closed during
      the positive transition of the first square wave signal, and the other of
      the first pair of switches is closed during the positive transition of the
      third square wave signal. A second pair of switches operate to alternately
      reverse the polarity of the connection of the direct-current voltage
      source to the second-phase winding of the induction motor to thereby
      provide for an alternating-current flow through the winding. One of the
      second pair of switches is closed during the positive transition of the
      second square wave signal and the other of the second pair of switches is
      closed during the positive transition of the fourth square wave signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a borehole logging tool utilized in a
      logging-while-drilling system.
PAR  FIG. 2 is a flow diagram illustrating the components housed within the
      borehole logging tool of FIG. 1.
PAR  FIG. 3 is a block diagram schematic of the DC/AC motor drive unit of FIG.
      2.
PAR  FIGS. 4 and 5 are detailed electrical schematics of the units of the DC/AC
      motor drive unit of FIG. 3.
PAR  FIG. 6 illustrates the waveforms of various signals appearing at the
      designated points in the electrical schematic of FIGS. 4 and 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with the present invention a DC/AC motor drive converts DC
      power to AC power for starting and operating a downhole acoustic
      transmitter in a logging-while-drilling system. The digital signals
      representing downhole condition measurements control the frequency of the
      AC power. As the frequency is changed, the acoustic transmitter is
      modulated to provide an acoustic signal representing the downhole
      condition measurements. The DC/AC motor drive of the present invention is
      particularly suitable for inclusion in a logging-while-drilling system
      which utilizes conventional rotary drilling apparatus. A brief description
      of a conventional rotary drilling apparatus with which this invention can
      be used will be given prior to the detailed description of the invention
      itself.
PAR  In FIG. 1 there is shown a downhole logging tool 10 formed by an inner
      housing 11 located within an outer housing 12. The inner and outer
      housings define an annulus 13 through which drilling mud passes during
      drilling operations. The upper and lower ends of the outer housing 12 are
      threaded for connection into a drill string. Within the inner housing 11
      are contained the operating parts of the logging-while-drilling system,
      the power source, the modulation section, the acoustic transmitter, and
      the transmitter controller.
PAR  The power requirements for the acoustic transmitter are derived from a
      power source comprising the mud turbine 15, the alternator 16, the voltage
      regulator 35, and the DC/AC motor drive 36. The mud turbine 15 is located
      immediately below the lower section 14, and the alternator 16 is located
      within the lower section 14. During the drilling operations, drilling
      fluid, preferably "mud", is continuously circulated through the drill bit
      by a positive displacement pump located aboveground, primarily to remove
      cuttings from the hole. There is substantial hydraulic power in this
      drilling mud. In the logging-while-drilling system, this drilling mud is
      passed through the annulus 12, and the hydraulic power is converted to
      mechanical power by means of the mud turbine 15. Mud turbine 15 drives the
      alternator 16 to convert the mechanical power to AC electrical power.
      Located within a middle section 17 is the voltage regulator 35 which
      rectifies and filters the AC power output from the alternator 16 and
      provides a regulated DC power output. The DC/AC motor drive 36 converts
      the DC power into suitable AC power for starting and operating the
      acoustic transmitter. The middle section 17 is sealed from the lower
      section 14 by means of bulkhead 29. The electrical connection from the
      alternator 16 to the voltage regulator 35 passes through this bulkhead.
PAR  Also located near and in communication with middle section 17 are the
      various types of transducers used to convert such downhole conditions as
      fluid pressures and temperatures, drilling conditions and parameters, and
      formation characters into analog electrical signals. These analog signals
      are applied to the modulation section 18 for conversion into digital
      signals for use in modulating the acoustic transmitter. The collar 19
      surrounding the outer housing 12 provides a compartment 20 within which
      the transducers may be located. The transducers communicate with the
      modulation section 18 by means of the channel 21 leading from compartment
      20 into the middle section 17.
PAR  Located within an upper section 22 is an induction motor 23 and a drive
      train 24. An acoustic generator comprising a fixed stator 25 and a rotary
      valve 26 is located immediately above the upper section 22. These four
      components, induction motor 23, drive train 24, stator 25, and rotary
      valve 26, comprise the acoustic transmitter. Rotary motion of the rotary
      valve 26 is initiated and maintained by the induction motor 23 which is
      connected rigidly to the rotating valve through the drive train 24. The
      induction motor 23 is electrically connected to the DC/AC motor drive 36
      through the bulkhead 30 which seals the middle section 17 from the upper
      section 22. The stator 25 and the rotary valve 26 have complementing slots
      27 and 28. The rotor is in an open position when the slot 28 is rotated to
      a position which is in communication with the slot 27 of the stator 25. In
      this open position, the drilling mud will pass through the slots in the
      rotor and stator and through the annulus 13 to drive the turbine 15. The
      hydraulic power in the drilling mud is converted by the turbine 15 to
      mechanical power which in turn is converted to electrical power for
      rotating the rotary valve 26. As the valve 26 is rotated, it continuously
      interrupts the flow of mud, thereby generating the acoustic signal which
      travels upward through the mud column to the surface of the earth.
PAR  This acoustic signal may be modulated with the digital signals which
      represent the downhole condition measurements from the transducers. These
      digital signals are utilized within the modulation section 18 to control
      the frequency of the AC power applied to the induction motor 23 and,
      consequently, the speed of the induction motor 23. As it is the speed of
      the induction motor which determines the frequency of the acoustic signal,
      the acoustic signal is therefore frequency modulated in response to the
      digital signals representing the downhole conditions measured by the
      logging transducers. In this manner, modulated, continuous, acoustic waves
      travel uphole in the drilling mud and are received at the earth's surface
      and demodulated to provide a readout of the downhole conditions.
PAR  Referring now to FIG. 2, there is illustrated in flow diagram the details
      of the borehole logging tool illustrated in FIG. 1. As previously
      described, the mud turbine 15 converts the hydraulic power in the drilling
      mud to mechanical power for driving the alternator 16 which, preferably,
      is a three-phase, six-pole alternator. The three-phase, AC power from the
      alternator 16 is applied to a voltage regulator 35 which rectifies and
      filters the AC power output from the alternator and provides a regulated
      DC voltage output. This regulated DC voltage is converted by a DC/AC motor
      drive 36 into suitable AC power for starting and operating the induction
      motor 23 in the acoustic transmitter.
PAR  The downhole measurements of the transducers 34, in analog form, are coded
      into binary digital words by an A/D converter 37. Each digital word is
      converted into serial binary bits by an encoder 38 and applied to motor
      control 39 which in turn regulates the frequency of the AC power applied
      from the DC/AC motor drive 36 to the induction motor 23, consequently
      varying the speed of the induction motor 23 and thereby modulating the
      acoustic signal output from the acoustic generator 27 in accordance with
      the digital information applied to the motor control circuit 39.
PAR  An example of the type of borehole logging tool illustrated in FIGS. 1 and
      2 is set forth in copending United States patent application Ser. No.
      213,061 of Bobbie J. Patton, filed Dec. 28, 1971, the disclosure of which
      is incorporated herein by reference. As previously pointed out, it is the
      specific feature of the present invention to provide a new and improved
      DC/AC motor drive for use in such a borehole logging tool.
PAR  Referring now to FIG. 3, there is illustrated in block diagram the DC/AC
      motor drive of the present invention comprising a voltage-controlled pulse
      generator 41 which generates clock pulses at a basic frequency which is
      then regulated by the DC input voltage from the motor control 39 of the
      modulation section 18, a 90.degree.-phase shifter 42 which converts the
      clock pulses from the voltage-controlled pulse generator 41 into four
      square wave signals which are sequentially 90.degree. out of phase and of
      a frequency equal to one-fourth the frequency of the clock pulses, a
      positive-edge delay 43 which time delays the positive edges of the square
      waves from the 90.degree.-phase shifter 42, and a DC/AC inverter 44 that
      converts a regulated DC power to a two-phase AC power for driving the
      induction motor 23 of the acoustic transmitter, this AC power being
      modulated by the time-delayed square waves from the positive-edge delay
      43. Each of the units 41-44 will now be individually described in detail
      in conjunction with the detailed schematic diagrams of FIGS. 4 and 5.
      Waveforms of various signals of each of these units are illustrated in
      FIG. 6.
PAR  The voltage-controlled pulse generator is illustrated in detail in FIG. 4
      and comprises an integrator 50, a comparator 51, and an electronic switch
      52. The integrator 50 is an operational amplifier which functions as a
      summing-type integrator to provide the signal e.sub.d which is defined by
      the following equation:
      ##EQU1##
      where, e.sub.1 = the control signal from a variable voltage source,
PA1  e.sub.2 = a positive reference voltage selected to set the basic frequency
      of the voltage-controlled pulse generator when e.sub.1 is zero,
PA1  e.sub.3 = a negative reference voltage switched to the input of integrator
      50 by the switch 52 to reset its output to a predetermined positive level
      determined by the characteristics of the comparator 51, and
PA1  R.sub.s = resistance of switch 52.
PAR  The comparator 51 is an operational amplifier which compares the signal
      e.sub.d to the negative reference voltage e.sub.3 to provide for the
      output signal e.sub.e. Signal e.sub.e is defined by the following:
EQU  e.sub.e = [e.sub.f - (e.sub.3 + e.sub.d)] A.sub.o          (2)
PAL  where,
PA1  e.sub.f = positive feedback of comparator 51 through capacitor C.sub.2 and
      resistor R.sub.4, and
PA1  A.sub.o = open loop gain of comparator 51.
PAR  More particularly, when power is initially applied to the
      voltage-controlled pulse generator, the signal e.sub.e of comparator 51
      becomes a pulse of positive voltage, as illustrated in FIG. 6, sufficient
      to turn switch 52 ON through resistor 53. Switch 52 is a field effect
      transistor which when turned ON applies the current developed by e.sub.3
      through resistor R.sub.3 and the inherent saturation resistance R.sub.S of
      the field effect transistor itself to the input of the integrator 50.
      Voltage e.sub.3 is provided by the resistor 55 and the Zener diode 56 in
      series with the power supply -V.sub.B. This current is substantial in
      comparison to the currents generated by e.sub.1 through resistor R.sub.1
      and e.sub.2 through resistor R.sub.2, thereby causing the signal e.sub.d
      of integrator 50 to ramp positive, as illustrated in FIG. 6, at a rate
      determined by the expression of Equation (1).
PAR  When e.sub.d becomes greater than e.sub.3, the comparator 51 switches its
      output signal e.sub.e to a negative voltage sufficient to turn switch 52
      OFF. This removes e.sub.3 from being input to the integrator 50.
      Consequently, the integrator's output e.sub.d ramps negative at the rate
      determined by e.sub.1 and e.sub.2 in Equation (1). It will be remembered
      that e.sub.1 is the control voltage supplied from a variable voltage
      source, while e.sub.2 is the positive reference voltage supplied by the
      voltage divider resistors 57 and 58 in series with the power supply
      +V.sub.A. With no control voltage input, that is, with e.sub.1 equal to
      zero, the current flow from the positive reference voltage e.sub.2 through
      the resistor R.sub.2 sets the basic frequency of the output pulses
      e.sub.e. When a positive control voltage e.sub.1 is provided, the current
      flow through resistor R.sub.1 increases the current input to the
      integrator 50 and thereby increases the basic frequency of the output
      pulses e.sub.e. Conversely, a negative control voltage e.sub.1 provides a
      current flow through resistor R.sub.1 that decreases the current input to
      the integrator 50 and thereby decreases the basic frequency of the output
      pulses  e.sub.e. Upon e.sub.d becoming less than e.sub.3, the comparator
      again switches its output signal e.sub.e to a pulse of positive voltage
      sufficient to turn switch 52 ON. In this manner the frequency of the
      output signal is representative not only of the magnitude of the control
      voltage e.sub.1 but also of the sign of the control voltage e.sub.1.
PAR  Frequency stability of the pulses of the output signal e.sub.e is often
      important in operations such as logging while drilling where changes in
      the borehole environmental conditions can cause nominal values of the
      circuit components in the voltage-controlled pulse generator to drift,
      thereby causing the frequency of the integrator output e.sub.d to drift.
      Such drifts due to temperature variations can be attributed to leakage
      currents of the field effect transistor 52, the temperature coefficient of
      the Zener diode 56, and changes in the values of the resistors and
      capacitors. These drifts are cumulative and in a direction that decreases
      the clock pulse frequency as the temperature increases. Consequently,
      resistor R.sub.3 has a positive temperature coefficient resistance which
      changes linearly with temperature to thereby achieve the desired frequency
      stability. In one embodiment, the resistance of resistor R.sub.3 includes
      a fixed resistor R.sub.3 ' and a positive temperature coefficient
      sensistor R.sub.3 ".
PAR  In order to operate a two-phase AC motor, it is necessary to apply power
      from two sources that are 90.degree. out of phase. Consequently, the
      output e.sub.e of the comparator 51 is applied by way of the diode 60 and
      resistors 61 and 62 as the signal e.sub.e ' to the 90.degree.-phase
      shifter unit 42 which is illustrated in detail in FIG. 5.
PAR  Referring now to FIG. 5, the 90.degree.-phase shifter 42 comprises
      dual-type D flip-flops 65 and 66 connected in the form of a ring counter
      such that they provide for the four square wave signals g, h, i, and j
      which are, as illustrated in FIG. 6, 90.degree. out of phase sequentially
      with respect to each other and are of a frequency which is one-fourth of
      the frequency of the signal e.sub.e of the voltage-controlled pulse
      generator 41.
PAR  These four signals g, h, i, and j are applied to the positive-edge delay 43
      which comprises four type-D flip-flops 67-70 and four 100-microsecond
      monostable multivibrators 71-74. Each flip-flop inserts a positive-edge
      delay into the signals g, h, i, and j, respectively, to prevent race
      problems associated with the switching transistors of the DC/AC inverter
      44 as will be more fully explained during the detailed description of the
      DC/AC inverter 44. Only the operation of flip-flop 67 and multivibrator 71
      will now be described, as the operation of the other flip-flops and
      multivibrators is identical. The signal g is applied to the data input D
      of flip-flop 67. The signal h is applied to the reset input R of the
      flip-flop 67 and also to the multivibrator 71. On the negative transition
      of signal g, the output l of flip-flop 67 is reset to zero by the signal
      h. On the positive transition of signal g, the multivibrator 71 is
      triggered by the negative transition of the signal h and generates the
      100-microsecond pulse k, as illustrated in FIG. 6, that clocks the
      flip-flop 67 at the end of the 100-microsecond period to transfer the
      signal g to the output of the flip-flops as the positive transition square
      wave signal l. In like manner each of the other signals h, i, and j are
      positive-edge delayed to provide for the square wave signals m, n, and p,
      respectively. Each of the signals l, m, n, and p are illustrated in FIG.
      6.
PAR  These four positive-edge, delayed signals l, m, n, and p are applied to the
      DC/AC inverter 44 and control its operation to convert the regulated
      32-volt DC power into the necessary 2-phase AC power for driving the
      2-phase AC induction motor of the acoustic transmitter. Signals l and m
      are applied to a phase A inverter 44a and signals n and p are applied to a
      phase B inverter 44b. Both phase A and phase B inverters are identical in
      configuration and operation. Accordingly, only the phase A inverter will
      now be described in detail. Phase A inverter 44a includes a pair of
      switches which are alternately opened and closed by the signals l and m.
      When the first switch of the pair is closed, the second switch is open,
      and current flow from the inverter to the induction motor winding is in a
      first direction. Conversely, when the second switch of the pair is closed,
      the first switch is open, and current flow from the inverter to the
      induction motor winding is in the opposite direction. Therefore, by
      alternately operating the two switches, the DC power source is converted
      into the desired AC power source.
PAR  More particularly, the first switch includes transistors 80-83, while the
      second switch includes transistors 85-88. Also provided are two emitter
      follower transistors 90 and 91 which are provided for matching the output
      impedance of the positive-edge delay unit 43 to the input impedance of the
      DC/AC inverter 44.
PAR  Upon the generation of signal l by the positive-edge delay 43, transistor
      90 is turned ON and conducts through resistor 92. When turned ON,
      transistor 90 provides for the current flow through resistor 93 for
      turning ON transistors 80 and 81. Transistor 81 saturates and forward
      biases transistor 82 through resistor 84. This saturates transistor 83.
      With the first switch, including transistors 80-83, now all turned ON,
      current flows from the collector of transistor 83 to the phase A winding
      of the induction motor 23 by way of line 94. The current then flows
      through the phase A winding in a first direction and returns by way of
      line 95 to the collector of transistor 81.
PAR  To reverse the direction of current flow through the phase A winding, the
      signal l is terminated and the signal m generated. When signal l is
      terminated, the first switch of transistors 80-83 is turned OFF. Then,
      when m is generated, the second switch of transistors 85-88 is turned ON.
      In similar fashion to the operation of the first switch, the signal m is
      applied by emitter follower 91, resistor 96, and resistor 97 to turn ON
      transistors 85 and 86 which in turn cause transistors 87 and 88 to turn ON
      by way of resistor 89. Collector current flow from transistor 88 passes by
      way of line 95 to the phase A winding. The current thereby flows through
      the phase A winding and returns by way of line 94 to the collector of
      transistor 86. Consequently, with the second switch of transistors 85-88
      turned ON, the current flow through the phase A winding is in a second
      direction opposite to that of the current flow when the first switch of
      transistors 80-83 is turned ON. Reverse current protection is provided for
      transistors 81, 83, 86, and 88 by means of the shunt diodes 100- 103,
      respectively.
PAR  When signal m is terminated, the signal l is again provided to switch the
      current flow back to the first direction through the phase A winding.
      Therefore, by repeatedly alternating the opening and closing of the two
      switches, the current flow from the 32-VDC power source is converted into
      an alternating-current flow through the phase A winding of the induction
      motor 23.
PAR  In similar fashion, the signals n and p, which are 90.degree. out of phase
      with respect to signals l and m, are alternately provided by the
      positive-edge delay 43 to a pair of switches in the phase B inverter 44b
      to repeatedly switch the direction of current flow from the 32-VDC power
      supply through the phase B winding of the induction motor 23.
PAR  Having now described the DC/AC motor drive of the present invention in
      conjunction with the circuitry illustrated in FIGS. 4 and 5, it is to be
      understood that such circuitry is merely representative of one embodiment.
      In accordance with such embodiment, the following sets forth specific
      types and values of the circuit components.
TBL  ______________________________________                                    

     Reference Designation    Description                                      

     ______________________________________                                    

     Operational amplifiers 50                                                 

      and 51                1556 (Motorola)                                    

     Field effect transistor 52                                                

                            2N4857   "                                         

     Zener diode 56         1N823    "                                         

     Transistors 80 and 85  2N3716   "                                         

     Transistors 81 and 86  2N5686   "                                         

     Transistors 82 and 87  2N3792  "                                          

     Transistors 83 and 88  2N5684  "                                          

     Transistors 90 and 91  2N3019   "                                         

     All type D flip-flops  4013 (R.C.A.)                                      

     All NAND gates         4011   "                                           

     Sensistor R.sub.3 "    TM 1/4 -150 .OMEGA.                                

                             (Texas                                            

                             Instruments)                                      

     Diodes 60, 100-103     1N914 (Fairchild)                                  

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. A logging-while-drilling tool comprising:
PA1  a. an elongated housing adapted for insertion into a borehole, and through
      which drilling fluid is circulated during drilling operations,
PA1  b. a rotary-driven member responsive to the hydraulic power in said
      drilling fluid for generating mechanical power,
PA1  c. means for converting said mechanical power to a direct-current voltage
      source,
PA1  d. at least one downhole transducer providing an output representative of a
      selected condition within the borehole,
PA1  e. a pulse generator providing clock pulses, the frequency of said clock
      pulses being modulated in response to the output of said transducer,
PA1  f. means responsive to said clock pulses for producing first, second,
      third, and fourth signals which are sequentially 90.degree. out of phase
      with respect to each other, the frequency of said signals being
      proportional to the frequency of said clock pulses,
PA1  g. a two-phase AC induction motor having first- and second-phase windings
      90.degree. out of phase with respect to each other,
PA1  h. means for driving said two-phase AC induction motor from said
      direct-current voltage source by alternating the direction of current flow
      from said voltage source through the first-phase winding of said motor in
      response to said first and third signals and by alternating the direction
      of current flow from said voltage source through the second-phase winding
      of said motor in response to said second and fourth signals, and
PA1  i. an acoustic transmitter driven by said induction motor to periodically
      interrupt the flow of said drilling fluid through said housing so as to
      produce a continuous acoustic wave in the drilling fluid, whereby said
      acoustic wave is frequency modulated in response to changes in the
      downhole condition being measured by said transducer and, after passing
      upward through the drilling fluid to the surface of the earth, is
      demodulated to provide a readout of the measured condition.
NUM  2.
PAR  2. The logging-while-drilling tool of claim 1 wherein said means for
      producing said signals comprises:
PA1  a pair of flip-flops connected in the form of a ring counter with their
      clock inputs supplied by said clock pulses, the complementary outputs of
      the first flip-flop of said ring counter being said first and third
      signals and the complementary outputs of the second flip-flop of said ring
      counter being said second and fourth signals, the complementary outputs of
      said second flip-flop being 90.degree. out of phase respectively with the
      corresponding complementary outputs of said first flip-flop.
NUM  3.
PAR  3. The logging-while-drilling tool of claim 1 wherein said means for
      driving said two-phase AC induction motor from said direct-current voltage
      source includes:
PA1  a. a first pair of switches which alternately operate to reverse the
      connection of said first-phase winding to said direct-current voltage
      source to thereby provide for an alternating-current flow through said
      winding, one of said first pair of switches being closed during the time
      period of said first signal and the other of said first pair of switches
      being closed during the time period of said third signal, and
PA1  b. a second pair of switches which alternately operate to reverse the
      connection of said second-phase winding to said direct-current voltage
      source to thereby provide for an alternating-current flow through said
      winding, one of said second pair of switches being closed during the time
      period of said second signal and the other of said second pair of switches
      being closed during the time period of said fourth signal.
NUM  4.
PAR  4. In a borehole logging operation employing a drilling string through
      which a drilling fluid is circulated, the method of converting the
      hydraulic power in the drilling fluid into alternating-current electrical
      power for driving a two-phase induction motor in a downhole acoustic
      transmitter, comprising the steps of:
PA1  a. rotating a rotary member in response to the hydraulic power of said
      circulating drilling fluid to convert said hydraulic power into a source
      of mechanical power,
PA1  b. converting said source of mechanical power into a direct-current voltage
      source,
PA1  c. generating clock pulses,
PA1  d. generating four signals at a frequency proportional to said clock
      pulses, said signals being sequentially time shifted 90.degree. with
      respect to each other,
PA1  e. applying said direct-current voltage source in a first polarity across
      both first- and second-phase windings of said motor in response to said
      first and second signals respectively such that the current flow through
      said second-phase winding lags the current flow through said first-phase
      winding by 90.degree., and
PA1  f. reversing the polarity of said voltage source across both said first-
      and second-phase windings in response to said third and fourth signals
      respectively such that the direction of the current flow through said
      windings is reversed 180.degree. from the direction of the current flow in
      step (e), thereby providing an alternating-current flow through said
      windings in which the current flow through said second-phase winding
      continually lags the current flow through said first-phase winding by
      90.degree..
NUM  5.
PAR  5. A logging-while-drilling tool comprising:
PA1  a. an elongated housing adapted for insertion into a borehole, and through
      which drilling fluid is circulated during drilling operations,
PA1  b. a rotary-driven member responsive to the hydraulic power in said
      drilling fluid for generating mechanical power,
PA1  c. means for converting said mechanical power to a source of direct-current
      voltage,
PA1  d. an alternating-current motor,
PA1  e. means for producing first signals corresponding in number and in phase
      to the phase windings of said motor,
PA1  f. means for producing second signals corresponding in number and in
      complementary phase to the phase windings of said motor,
PA1  g. means for driving said motor from said source of direct-current voltage
      by alternating the direction of current flow from said source through each
      phase winding of said motor in response to those ones of said first and
      second signals that have the same phase and complementary phase
      respectively as the phase winding, and
PA1  h. an acoustic transmitter driven by said motor to periodically interrupt
      the flow of said drilling fluid through said housing so as to produce a
      continuous acoustic wave in the drilling fluid.
NUM  6.
PAR  6. The logging-while-drilling tool of claim 5 wherein said means for
      driving said motor from said source of direct-current voltage includes a
      plurality of pairs of switches, one such pair connecting each phase
      winding of said motor to said source of direct-current voltage, the
      switches in each of said pairs being alternately operated in response to
      those ones of said first and second signals that have the same phase and
      complementary phase respectively as the phase winding.
NUM  7.
PAR  7. The logging-while-drilling tool of claim 5 wherein said means for
      producing said first signals and said second signals comprises:
PA1  a. a pulse generator providing clock pulses, and
PA1  b. a plurality of dual output flip-flops connected in the form of a ring
      counter with their clock inputs supplied by said clock pulses, the
      complementary outputs of said flip-flops being said first signals and
      second signals.
NUM  8.
PAR  8. The system of claim 7 further including:
PA1  a. at least one downhole transducer providing an output representative of a
      selected condition within the borehole, and
PA1  b. means for changing the frequency of the clock pulses from said pulse
      generator in response to the output of said transducer, whereby the
      acoustic wave generated by said acoustic transmitter is frequency
      modulated in response to changes in the downhole condition being measured
      by said transducer and, after passing upward through the drilling fluid to
      the surface of the earth, is demodulated to provide a readout of the
      measured condition.
NUM  9.
PAR  9. In a borehole logging operation employing a drilling string through
      which a drilling fluid is circulated, the method of converting the
      hydraulic power in the drilling fluid into alternating-current electrical
      power for driving an alternating-current motor in a downhole acoustic
      transmitter, comprising the steps of:
PA1  a. rotating a downhole member in response to the hydraulic power of said
      circulating drilling fluid to convert said hydraulic power into a source
      of mechanical power,
PA1  b. converting said source of mechanical power into a source of
      direct-current voltage,
PA1  c. generating a plurality of first signals, one for each phase of said
      motor, said signals being sequentially time shifted with respect to each
      other by the number of degrees between the phases of said motor,
PA1  d. generating a complementary signal for each of said first signals,
PA1  e. sequentially applying said source of direct-current voltage in one
      polarity across the windings of said motor in response to the sequence of
      occurrence of said plurality of first signals, and
PA1  f. sequentially applying said source of direct-current voltage in an
      opposite polarity across said windings in response to the sequence of
      occurrence of said complementary signals.
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ABST
PAL  A vehicle lamp assembly, particularly a headlamp assembly has a body
      including a reflector, a bulbholder and a lens. The body is mounted on the
      vehicle by means of a first bracket portion which is attached to the body
      by means of a vertical pivot and a second bracket portion which is
      intended to be secured to the vehicle and which is pivotally attached to
      the first bracket portion by means of two pivots lying on a horizontal
      axis. A first adjusting screw acting between the body and the first
      bracket portion serves to effect movement of the body relative to the
      first bracket portion about the vertical pivot and a second adjusting
      screw acting between the vehicle and the body serves to effect relative
      pivotal movement between the bracket portions about the horizontal axis.
BSUM
PAR  This invention relates to a vehicle lamp assembly and is more particularly,
      though not exclusively, concerned with a vehicle headlamp assembly.
PAR  It is an object of the present invention to provide an improved vehicle
      lamp assembly which is relatively easy to manufacture and install on a
      vehicle.
PAR  According to the present invention, there is provided a vehicle lamp
      assembly comprising a body, a mounting bracket including a first portion
      which is attached to the body for relative pivotal movement about a first
      axis and a second portion which is adapted to be mounted on a vehicle, the
      first and second bracket portions being connected together for relative
      pivotal movement about a second axis which is substantially perpendicular
      to the first axis, first adjusting means connected between the first
      bracket portion and the body for effecting relative pivotal movement about
      said first axis, and second adjusting means for effecting relative pivotal
      movement between the first and second bracket portions about said second
      axis.
PAR  Most preferably, each bracket portion comprises an intermediate portion and
      a pair of upstanding ends, each end of one of the bracket portions being
      attached to an adjacent end of the other bracket portion by means of a
      pivot, the two pivots lying on said second axis.
PAR  Conveniently, guide means are provided on the body for guiding movement of
      the first bracket portion relative to the body.
PAR  Advantageously, the first adjusting means comprises a first adjusting screw
      mounted for relative rotation but against axial movement on one of the
      body and the first bracket portion and engaging a screw-threaded formation
      on the other of the body and the first bracket portion.
PAR  Conveniently, the screw-threaded formation is provided in a bush mounted in
      a flange secured to the body adjacent the first bracket portion.
PAR  The second adjusting means may comprise a second adjusting screw pivotally
      mounted on the body for movement about a third axis parallel to the second
      axis, and an internally screw-threaded member mounted on the second
      adjusting screw, said internally screw threaded member being adapted to
      abut against a portion of the vehicle, in use.
DRWD
PAR  An embodiment of the present invention will now be described, by way of
      example, with reference to the accompanying drawings in which:
PAR  FIG. 1 is a rear view of a vehicle headlamp assembly according to the
      present invention, and
PAR  FIG. 2 is a longitudinal sectional view of the lamp assembly of FIG. 1.
DETD
PAR  Referring to the drawings, the vehicle headlamp assembly comprises
      generally a body 10, a mounting bracket 11, and first and second screw
      adjusting devices 12 and 13 respectively.
PAR  The body 10 comprises a reflector 14 having a bulb holder 15 attached
      thereto, a sleeve 16 on one end of which the reflector 14 is mounted, and
      a lens element 17 overlying the sleeve 16 at the opposite end thereof to
      the reflector 14.
PAR  The mounting bracket 11 comprises a first bracket portion 18 which extends
      transversely of the body 10 and which is pivotally attached thereto by
      means of a first pivot 19. The mounting bracket 11 also comprises a second
      bracket portion 20 which is provided with apertures 21 in an intermediate
      portion 22 thereof to enable the second bracket portion 20 to be secured
      by screws (not shown) on a vehicle body part 23. The first bracket portion
      18 has longitudinally opposed, upstanding ends 24 which are connected with
      corresponding, upstanding ends 25 on the second bracket portion 20 by
      means of a pair of second pivots 26. The second pivots 26 both lie on an
      axis which is perpendicular to that of the first pivot 19. Movement of the
      lamp body 10 relative to the first bracket portion 18 by pivoting about
      the axis of the first pivot 19 causes the body to move about a vertical
      axis, there being a pair of laterally spaced guide plates 27 riveted to
      the sleeve 16 of body 10 which guide the body 10 in its pivotal movement.
PAR  The first screw adjusting device 12 comprises a first adjusting screw 28
      which is engaged with a plate 29 fixed to one end 24 of the first bracket
      portion 18. The first adjusting screw 28 engages with an internally screw
      threaded bush 30 which is press fitted into a plate 31 secured to the
      sleeve 16. The first adjusting screw 28 is engaged with the plate 29 in
      such a manner that rotation thereof relative to the plate is permitted but
      axial movement is prevented. This is effected by providing a shoulder 32
      on the adjusting screw against which one side of the plate 29 abuts.
      Abutting against the opposite side of the plate 29 to the shoulder 32 is a
      plurality of slightly resilient tines 33. The adjusting screw 28 is
      engaged with the plate 29 by passing the former through an aperture in the
      plate 29 until the shoulder 32 abuts against the plate 29. During this
      operation, the tines 33 have been compressed radially inwardly in order to
      pass through the aperture and have then sprung apart on the opposite side
      of the plate 29 to the shoulder 32 to hold the adjusting screw 28 in
      position. Rotation of a knob 34 on adjusting screw 28 causes the bush 30
      to move therealong. This alters the distance between bush 30 and plate 29
      and causes the body 10 to pivot about the first pivot 19 relative to the
      first bracket portion 18. As can be seen from the drawings, the first
      screw adjusting device 12 is mounted, together with the mounting bracket
      11 on the underside of the lamp assembly.
PAR  On the upper side of the lamp assembly, the second screw adjusting device
      13 is provided. This device 13 comprises a second adjusting screw 35 which
      is attached to the sleeve 16 of the body 10 by means of a third pivot 36
      whose axis is parallel to the axis on which lie the second pivots 26. At
      the opposite end of the second adjusting screw 35 to the third pivot 36,
      there is provided an internally screw threaded adjusting knob 37 which has
      an abutment portion 38 engaged with a portion 39 of the vehicle which is
      fixed relative to vehicle body part 23. It will be manifest that rotation
      of knob 37 causes it to be advanced along the second adjusting screw 35.
      Since the shoulder 38 on the knob 37 is engaged with body part 39, the
      third pivot 36 is moved either towards or away from the part 39 depending
      upon the direction of rotation of the knob 37. Such a movement of the
      third pivot 36, is, of course, accompanied by movement of the body 10 and
      first bracket portion 18 relative to the second bracket portion 20, such
      movement being effected about the axis of second pivot 26. Thus,
      adjustment of the body 10 about a horizontal axis is effected by rotation
      of knob 37 and about a vertical axis by rotation of knob 34.
PAR  The present invention provides a convenient arrangement for mounting a lamp
      body adjustably on a motor vehicle and enables the usual headlamp nacelle,
      intermediate adjusting and mounting plate and rim to be dispensed with.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle lamp assembly comprising a body, a mounting bracket including
      a first portion which is attached to the body for relative pivotal
      movement about a first axis and a second portion which is adapted to be
      mounted on a vehicle, the first and second bracket portions being
      connected together for relative pivotal movement about a second axis which
      is substantially perpendicular to the first axis, first adjusting means
      connected between the first bracket portion and the body for effecting
      relative pivotal movement about said first axis, and second adjusting
      means for effecting relative pivotal movement between the first and second
      bracket portions about said second axis.
NUM  2.
PAR  2. An assembly as claimed in claim 1, wherein each bracket portion
      comprises an intermediate portion and a pair of upstanding ends, each end
      of one of the bracket portions being attached to an adjacent end of the
      other bracket portion by means of a pivot, the two pivots lying on said
      second axis.
NUM  3.
PAR  3. An assembly as claimed in claim 1, wherein guide means are provided on
      the body for guiding movement of the first bracket portion relative to the
      body.
NUM  4.
PAR  4. An assembly as claimed in claim 1, wherein the first adjusting means
      comprises a first adjusting screw mounted for relative rotation but
      against axial movement on one of the body and the first bracket portion
      and engaging a screw threaded formation on the other of the body and the
      first bracket portion.
NUM  5.
PAR  5. An assembly as claimed in claim 4, wherein the screw threaded formation
      is provided in a bush mounted in a flange secured to the body adjacent the
      first bracket portion.
NUM  6.
PAR  6. As assembly as claimed in claim 1, wherein the second adjusting means
      comprises a second adjusting screw pivotally mounted on the body for
      movement about a third axis parallel to the second axis, and an internally
      screw threaded member mounted on the second adjusting screw, said
      internally screw threaded member being adapted to abut against a portion
      of the vehicle, in use.
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PAL  The potential errors introduced by contact bounce are eliminated by a
      system which accepts applied key data. The system will accept key data
      provided first, that it is a proper logic code; second, that the system is
      in a state to accept new data; and, finally, that it is either different
      than the previous acceptable logic code or that it is preceded by a no key
      period measurably exceeding the contact bounce time and shorter than the
      normal human response time of the typist.
PARN
PAR  This is a continuation, of application Ser. No. 136,853, filed Apr. 23,
      1971 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the operation of circuitry in response to
      electrical signals developed by the selection of keys or switches; and
      particularly to resolving errors in operation resulting from improper key
      selection as, for example, by the operator of a keyboard printer.
PAR  2. Description of the Prior Art
PAR  Oftentimes, electronic keyboards generate an undesirable bounce or
      transient in the electrical signal output due to limitations in key design
      or improper selection or operation of the keys by an operator. The bounce
      appears as transient impulses which occur within the key generated
      electrical signals. A problem arises due to the fact that the electronic
      implementing circuitry associated with key operation or switching is
      frequently able to function at much greater speeds than either the
      operator or the mechanical apparatus. Consequently, when a signal bounce
      occurs due to improper key operation, the succeeding electronic equipment
      may respond to both the desirable switching action and the undesirable
      transient effects. To avoid this erroneous interpretation, it has
      previously been necessary to resort to expensive and complicated methods
      for eliminating the bounce in the key originated signals or to unduly
      limit the speed of response of such successive electronic equipment to
      such signals.
PAR  One of the areas in which this problem oftentimes arises involves keyboard
      control systems for printers, tape punches, typewriters, etc. In such
      systems, an operator selects or operates one of a plurality of possible
      switches or keys by depressing keys on a keyboard. The rate at which
      successive keys are depressed depends upon the reaction time of both the
      operator and the apparatus. Tests indicate that the repetitive actuation
      of the same key with the same finger on standard electric typewriters, for
      example, involves about 80 milliseconds. On the other hand, an operator
      may select successively different keys using different fingers within a
      releatively shorter interval of time, such as 5 or so milliseconds.
PAR  To date, potential ambiguity introduced by signal bounce and other short
      term imperfect switching operations has been eliminated by blanking the
      signal responsive circuitry for a predetermined time interval following
      key operation - for example, an interval of the order of 30 or so
      milliseconds. Thus, any additional transients are assumed to occur before
      the sensing circuitry is again permitted to function. As explained
      hereinafter, this technique limits the rapid selection of keys by certain
      operators. Furthermore, it does not avoid certain problems, such as
      ambiguity, which arise in the event of flutter upon release of a key or
      other similar problems.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention takes into consideration the fact that an operator
      has a predictable reaction time which will permit that operator to carry
      out identical operations within some minimum period of time. With this
      knowledge, circuitry has been designed to detect erroneous operations by
      the operator and/or contact bounce, and effect a delay in the event that
      such erroneous operations arise. On the other hand, non-duplicate
      successive switch operations may occur at any time and any frequency
      depending on the operator's speed and the maximum design speed of the
      machine, and these nonduplicate selections will be processed at the
      maximum speed within the capabilities of the succeeding electronic
      circuitry.
PAR  An object of the present invention is to provide an improved multiple
      switch control system.
PAR  Another object of the present invention is to provide an improved multiple
      switch control system wherein the erroneous effects of contact bounce are
      eliminated.
PAR  Another object of the present invention is to provide an improved keyboard
      control system wherein successive keys may be selected and responded to
      without interposition of a delay before processing.
PAR  A further object is to resolve ambiguities or problems associated with
      improper operation of keys in an electronic keyboard by resorting to
      improved logic circuitry.
PAR  In accordance with one aspect of the invention there is provided a method
      of controlling circuitry in response to operation of individual ones of a
      plurality of switching means, comprising storing a signal uniquely
      identifying each of the switching means in a first storage unit upon
      operation thereof; transferring the stored signal to a second storage unit
      only when it correctly represents any one of the switching means and it is
      not identical to a signal previously stored in the second storage unit;
      controlling circuitry in response to said signal previously stored in the
      second storage unit; and thereafter controlling circuitry in response to
      the transferred signal stored in the second storage unit.
PAR  In accordance with another aspect of the invention there is provided
      apparatus for controlling circuitry in response to operation of individual
      ones of a plurality of switching means, comprising means for generating
      discrete signals in response to operation of each of the switching means,
      first means for storing these discrete signals when generated, second
      means for storing these discrete signals, means for transferring a signal
      stored in the first means into the second means only when it correctly
      represents operation of any one of the switching means and it is not
      identical to the signal previously stored in the second means, and means
      for controlling said circuitry in accordance with the transferred signal
      stored in the second means only after said circuitry has responded to said
      signal previously stored in the second storage unit.
PAR  The aforecited general objects and the various unique features of the
      present invention will be more clearly appreciated from the following
      description of a particular illustrative embodiment which is made in
      conjuction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block illustrating an embodiment of the invention in conjuction
      with a keyboard control system;
PAR  FIG. 2 comprises a plurality of waveforms showing the effect in prior
      systems of successive key actuations within less time than the present
      bounce delay;
PAR  FIG. 3 comprises a plurality of waveforms showing the effect in prior
      systems of contact bounce upon closure of a second key before release of a
      first key;
PAR  FIG. 4 comprises a plurality of waveforms showing the effect in prior
      systems of a wiggle or a tremble on the part of an operator during release
      of a key;
PAR  FIG. 5 comprises a plurality of waveforms showing the effect in prior
      systems of a change in key operation during the period between successive
      samplings of the key associated signals;
PAR  FIG. 6 is a logic diagram of certain details of the structure of FIG. 1;
PAR  FIG. 7 is a logic flow diagram for the inventions disclosed in FIG. 1; and
PAR  FIG. 8 illustrates a further embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before describing the operation of the present invention, attention may be
      given to the problems encountered with keyboard control systems which
      accept the operation of the switch or key, and then ignores any change in
      the associated signal output, such as that due to signal transients
      associated with key operation, for a fixed period of time. After said
      fixed period of time new signals will be accepted provided that the
      signals are initiated after the period of time. Because of the nature of
      the signals developed, this latter condition is recognized because these
      new signals are preceded by an invalid character condition which is either
      a no key operation or a multiple key operation. The fixed delay must be
      long enough to accommodate the worst bounce conditions anticipated. It
      will be understood that such systems include means for converting each key
      selection into a signal or signals discretely representative of the
      particular key selected. This signal representing a keyboard character, is
      checked to confirm that it is valid and represents a single key operation
      only, and then it is used to control the succeeding utilization circuitry.
PAR  In such an arrangement, several conditions giving rise to erroneous control
      indications may be recognized. First, the fixed time delay may be overrun
      by selection of succeeding keys within less than the allowed bounce
      interval. Second, the bounce may occur on the closing of a second key
      before the first key is released and yet after elapse of the fixed delay
      initiated by the first key. Third, multiple closures may result from
      wiggle or tremble of the operator upon release of the key. Fourth, in
      keyboards where the data is strobed, i.e., periodically sampled at a high
      rate compared to the duration of the key operation, the data is presented
      for utilization only during the short periods of time of the strobes. It
      is possible for an operator to change keys during this interim period
      between strobes, presenting to the logic circuitry neither a no key nor a
      multiple key condition. This then results in the logic responding as if
      the new data is a continuation of the previous data. The errors introduced
      by these operating conditions are demonstrated by the waveforms shown in
      FIGS. 2 through 5.
PAC  Overrunning the Bounce Delay
PAR  Tests have shown that a competent typist averages approximately 80 words
      per minute and thereby produces the selection of about one character every
      0.125 second. The stated time is an average and, of course, keys are
      frequently struck at a more rapid rate for certain character sets. The
      situation arising when two keys are struck in rapid succession is
      illustrated in FIG. 2. The operation of a first key at time t.sub.1 is
      shown by waveform A. The logic circuitry reacts immediately as shown in
      waveform C. Simultaneously, as shown by waveform D, a fixed delay (e.g.,
      of the order of 30 milliseconds) is initiated. Concurrent with the leading
      edge of waveform D, the character is accepted for processing.
PAR  At a later time t.sub.2, within the delay interval, a second key is struck
      as shown by waveform B. With respect to the problem being considered, it
      is inconsequential as to whether the first key has been released at this
      time; but, it is required that the first key be released within the bounce
      eliminator delay period. When the second key is depressed, the logic
      circuitry detects an invalid input because of the multiple key condition.
      At time t.sub.3, the multiple key condition is removed by the release of
      the first key, however, since the delay is still in effect, the new
      character is not recognized.
PAC  Bounce on Closing of the Second Key
PAR  FIG. 3 illustrates the effect of contact bounce upon closure of a second
      key. Consider the operation of fixed delay circuits when an operator
      selects the second key after elapse of the delay interval and before
      release of the first key. Under such conditions, the first key is selected
      at time t.sub.1, as shown by waveform A. Processing of the corresponding
      character is begun, and the first delay is initiated. At time t.sub.2 the
      delay is completed and new keys can be recognized; however, since the
      first key is still depressed, when the second key is selected at time
      t.sub.3, a multiple key condition, representing an invalid signal
      condition, occurs. This conditions the system to accept a new character
      for processing.
PAR  Let us assume that operation of the second key has associated with it a
      transient signal occurring at time t.sub.4 due to switch bounce. The
      reopening at time t.sub.4 will create a one key condition and accordingly
      restart the delay. In addition, the circuitry will again detect the first
      character and process it as a new character. Thus, the first character
      will be improperly doubled. Subsequently, on release of the first key, the
      system will recognize the validity of the second key character and will
      process it.
PAR  The fixed delay system may also introduce an additional error if the delays
      initiated at time t.sub.4 by the bounce of the second key mask the release
      of the first key. When this happens, the second key will not be
      recognized.
PAC  Wiggle or Tremble on Releasing Key
PAR  During the release of a key, it sometimes occurs that an operator's fingers
      tremble. This may be caused by many conditions, including indecision or
      natural body tremors. Regardless of cause, the effect of this condition is
      to produce a second indication that the key has been selected. Waveform A
      in FIG. 4 illustrates the opening and reclosure of a key upon release. The
      operation of the character processing circuitry responsive to such an
      opening and reclosure of a key is illustrated in waveform B and the
      functioning of the bounce eliminator delay circuitry is illustrated by
      waveform C. Under such conditions, the delay blanks out the effect of
      bounces occurring during an initial period of key operation, i.e., switch
      closure. After this delay, any transition which occurs, due to bounce or
      otherwise, is interpreted as a new character and processed by the
      equipment. Any tremor or wiggle on release of a key not only causes
      processing of the character again, but may also cause a blanking of the
      next character if the restarted bounce delay has not elapsed by the time
      the next key is selected.
PAC  Key Change During Keyboard Blind Time
PAR  In some keyboard control systems, such as the system disclosed in copending
      application (45-SL-01033), Ser. No. 734,501 filed June 4, 1968 by Clifford
      M. Jones and Earle B. McDowell and application Ser. No. 735,499 filed June
      4, 1968 by Clifford M. Jones and Charles E. Atkinson, the mechanical
      closure of a key is converted into a corresponding discrete code by
      coupling a pulsed driving line to selected ones of a plurality of code
      lines. These code lines control the utilization circuitry. The driving
      line is pulsed at some fixed repetition rate by a pulse generator and
      consequently the detection rate of a key closure is limited to this
      repetition rate. If an operator strikes one key at time t.sub.1 and
      changes to another key at time t.sub.2 within the period between the
      pulses P1 and P2 at this repetition rate, the system will respond only to
      the first key and ignore the second key operation. It is desirable to
      respond to both key operations.
PAR  The present invention constitutes an improvement in the solution of the
      problems enumerated above. As previously noted, when an operator
      deliberately types a double character, for example, ee, mm, tt, the
      physical action of lifting the finger and restriking the key quite
      consistently requires a time running in the neighborhood of 80
      milliseconds. Knowing this, any no key condition that exists for a period
      in the order of 30 milliseconds may be considered a request to process the
      next character, whether or not it is the same as the one just processed.
      With this theory of operation, a method and means has been developed
      wherein the equipment accepts and processes any discrete character
      different from its predecessor, with no special time delay provided to
      accommodate contact bounce or signal transients. The invention provides
      that a no key condition must exist for a period longer than the maximum
      time attributed to a key bounce or signal transients associated therewith
      and a period shorter than the normal time for an operator to actuate the
      same key with the same finger, as previously described. In a preferred
      embodiment, this period was selected to be of the order of 30
      milliseconds. In such a case, even a duplicate succeeding character will
      be processed. A system for the implementation of this theory of operation
      is disclosed in FIG. 1.
PAR  FIG. 1 illustrates a keyboard 10 supplying signals to input gates 11. These
      signals may be in the form of selective binary enablement of a plurality
      of code lines, producing digitally coded signals representative of the
      particular key selected at a recurrence rate established by a pulse
      generator. In a particular embodiment, each key represented a symbol and
      the operation of any key produced digital signals of 8 binary bits
      representing the particular key operation. The signals on the input gates
      11 are stored in a buffer or input register 12, after being passed by
      normally open input gate 11, wherein they are examined or sensed in order
      to determine whether or not the coded information designates a valid
      character. If it is assumed that the equipment is functioning properly,
      the cause of an invalid character will be a multiple key condition, i.e.,
      a plurality of keys operated in an overlapping time sequence, or no
      operated key condition. Detection circuits 16 and 17 are connected to
      input register 12 and evaluate the stored data to determine whether or not
      there is a multiple key condition or a no operated key condition,
      respectively. These may comprise comparator circuits as shown in FIG. 7.
      If either condition is detected, the data in the input register 12 is not
      processed because it is not a valid input. Since we are seeking valid
      data, OR gate 20 insures the production of an inhibit signal to the input
      gates on lead 22 when these invalid code conditions appear to enable the
      next data to be applied to input register 12 for evaluation. If the data
      received from 10 is found to be valid and different from that stored in
      register 14 by the operation of block 18, then, OR gate 20 blocks gate 11
      from applying further data to the input register 12 for evaluation in
      order that the valid and different data may be processed. If the data in
      12 has been evaluated as being valid and different from that stored in
      register 14, then the data on 12 is applied through gates 13 for storage
      in 14 in response to an Enable signal to be described, but only after the
      previously stored data in 14 has been utilized by utilization means 25,
      such as a tape recorder, printer, etc. which is defined by a Processing
      Complete Signal to be described. The input gate remains closed because of
      the operation of OR gate 20 until the data stored in 12 is transferred to
      register 14. This transfer is prevented by the action of the gates 13.
      When system logic 15 applies the data previously stored in 14 to the
      utilization means 25, a processing complete signal is applied over lead 24
      to AND gate 21. The detailed circuitry for system block logic 15 form no
      part of the present invention. The function of this block is to apply the
      data from the final register 14 to the utilization means 25 and to produce
      a signal on lead 24 to indicate the signal has been transferred. In
      response to a logic signal on 23 indicating blocking of input gate 11 and
      a logic signal on 24 indicating that the previously stored data in 14 has
      been transferred to 25, AND gate 21 will supply an enabling signal to
      transfer gates 13. In response to this enabling signal from AND gate 21,
      transfer gates 13 apply the data stored in initial register 12 into the
      final register 14. At this instant, there appears on the input to the
      character same circuitry 18 the information stored in 12 and 14 and
      indicates at its output lead a logic signal indicating that the characters
      represented by signals stored in 12 and 14 are the same. OR gate 20
      responds to the output of 18 to unblock the input gate 11 permitting the
      next data to be applied from keyboard 10 to the input register 12 for
      evaluation. In addition, the output from OR gate 20 is inverted by 26 and
      applied over lead 23 to AND gate 21 to produce a change in logic level to
      block the gates 13 and prevent transfer of the data in 12 to the final
      register 14.
PAR  The OR gate 20 also functions to place input gates 11 in the unblock
      position in response to an indication from 16 that the multiple key code
      has been detected in 12 or from 17 that a no operated key code has been
      detected from 12 or from 18 that the data stored in 12 and 14 represent
      the same character. Only when all three conditions do not occur is the
      gate 11 blocked to prevent transfer of data from keyboard 10 to register
      12.
PAR  Time delay unit 19 generates a time delayed signal in response to the
      occurrence of a no operated key signal detected by 17. This may be due to
      either lack of keying activity or a bounce following key selection. At the
      end of the selected delay, e.g., of the order of 30 milliseconds, the
      final register 14 is cleared of its stored data by being set to a null or
      clear condition. This clear condition may be any discrete condition which
      differs from the valid data inputs produced by the keyboard. Thus, when
      final register 14 has been set to the clear condition, character
      comparator 18 will always indicate a lack of duplication of the data
      stored in 12 and 14, and permit transfer of the data from input register
      12 to final register 14 provided it is a valid code. If further data is
      received by input register 12 before the delay established by 19 times
      out, device 19 is reset to its initial condition by the change in logic
      state at the output of 17. The further data is examined as previously
      described to determine whether it should be processed for utilization.
PAR  Referring to FIG. 6, there are shown logic diagrams for implementing the
      functions defined by blocks 16, 17 and 18. Operation of the keyboard 10
      produces a first and second set of digitally coded signals representing
      the symbol associated with the key operation.
PAR  In one particular embodiment, the code involves seven binary bits. One
      method of generating such a code is disclosed in a copending application
      filed in the names of Clifford M. Jones and Charles E. Atkinson and
      assigned to the General Electric Company, Ser. No. 735,499, filed June 4,
      1968. Depression of any key completes a magnetic circuit for the magnetic
      core positioned adjacent each key. Electrical conductors thread the cores
      in combination to provide a digital code, with the threading pattern being
      unique for each key and representing a particular information code
      representative of a separate encoded item of information. A second set of
      electrical conductors thread the cores in a sense different from the
      threading of the first-mentioned set of electrical conductors to provide a
      second digital code which represents the complement of the first digital
      code.
PAR  The codes are so arranged that the code and the inverse code are made
      available over leads to the input gates 11. Because of the direct and
      inverse code aspects of the outputs available from keyboard 10, the input
      register 12 consists of 14 storage circuits represented in FIG. 6 for the
      bit one position as channel one. Channel one storage circuits are 1T and
      1R where the T and R represent the direct or true code and the inverse or
      reverse code, respectively. Thus, for example, 5T and 5R represent the bit
      five storage circuits and the T and R would represent the direct and
      inverse code aspects of the same coded signals. Each storage circuit
      develops, in response to an input signal from its associated gate 11, a
      pair of signals 1T and 1T, or 1R and 1R.
PAR  Let us consider the situation where there is no multiple key nor a no
      operated key condition, namely that a valid code is being processed. In
      the case of the first channel, the inputs to the NAND gate 16 include, a
      1T and a 1R signal which are complements of one another. In such a
      situation, the input to NAND gate 16 would be a logic 0 and a logic 1
      state such that the output of NAND gate 16 would be a logic 1 establishing
      that no multiple key operation is present. In a similar manner, the NAND
      gate 17 would process the 1T and the 1R to produce a logic 1 output
      indicating that a single key is being operated.
PAR  On the other hand, if there is a multiple key operation, then the inputs,
      for example to the first channel, would both be a logic 1 causing NAND
      gate 16 to produce a logic 0. The 1T line and the 1R line are no longer
      complements since they are both in the logic 1 state, and the output of 16
      being a logic zero state indicates that there is a multiple key being
      detected.
PAR  Similarly, under a no key condition and assuming this is indicated at the
      input to NAND gate 17 by signals 1T and 1R being received which are not
      complementary to one another, then the NAND gate 17 responds, for example,
      to their logic states both being logic 1 to produce an output logic state
      zero signaling a no key operation.
PAR  The character same function 18 is performed by applying the outputs of one
      of the storage circuits, for example the T circuit, from the input
      register 12 to separate AND gates of circuit 18 as the signals 1T and 1T
      together with the outputs from the final register 14 as a 1 annd 1 signal
      respectively. The upper AND gate responds to the 1T and the 1 signal as
      the lower AND gate responds to the 1 and the 1T signals. If the outputs of
      the register 12 and the final register 14 present the same character, then
      the inputs to the upper and lower AND gates would be both complementary
      sets resulting in a 1 state signal being generated at the output of
      circuit 18 indicating the characters stored in 12 and 14 are the same. On
      the other hand, if the characters are not the same, then both of the AND
      gates will be receiving two noncomplementary signals which will cause the
      NOR gate to produce a logic zero at the output indicating the characters
      are not the same.
PAR  Consider the manner in which the present invention operates under each of
      the potentially ambiguous conditions discussed hereinabove.
PAR  Obviously, it is not possible to select a second key within a delay
      interval initiated by a valid preceding non-duplicate character. As each
      character appears in input register 12, it is examined and OR gate 20
      produces an output over lead 23 which is passed by AND gate 21 to enable
      the transfer gates 13 to pass the character into final register 14. In
      addition, it enables the system logic 15 to accept the character and pass
      it on to the utilization circuitry. No delay has been introduced in the
      described sequence of operations. The time interval between acceptance and
      the passing of each character is determined solely by the speed with which
      the system logic is able to handle individual characters.
PAR  Consider next the situation where there is a bounce upon closure of a
      second key. With previously existing fixed delay systems, this bounce gave
      rise to the possibility that the first character would be recognized and
      printed twice and that perhaps the second key would not be recognized.
PAR  Since there is no fixed delay automatically operative upon selection of a
      key in the present invention, the manner in which data is processed
      responsive to one key does not affect the data presented by another key.
      Thus, upon actuation of the first key, the corresponding character is
      placed into input register 12 and is duly examined and transferred into
      final register 14 for processing. Then, upon the initial activation of the
      second key, the composite signals of the first and second keys will be
      placed in the input register 12 and examined. The result is that a
      multiple key condition will be detected and there will be no action taken.
      As a consequence of contact bounce, the second key signal will be removed,
      and the first key signal will remain in the input register 12. The
      contents will be examined and found to be a valid code, but the same as
      the final register, therefore not processed. The return of the second key
      signal will again present a multiple key condition. However, the eventual
      release of the first key will leave the signals for the second key in the
      input register 12. These second key signals will be examined and found to
      be both valid and different for the code in the final register 14.
      Assuming the signals stored in the final register 14 have been processed,
      the transfer gates 13 will transfer the signals from 12 to the final
      register 14 and processing will begin.
PAR  Let us next consider the situation when the operator wiggles or trembles
      upon releasing the key. It will be recalled that this tremble, if it takes
      place following the initial fixed delay period of prior systems, results
      in duplication of the initial character. With the present invention the
      processing is identical to that discussed in connection with a bounce
      condition and no erroneous operation occurs.
PAR  When a true duplicate character condition is intended, the second character
      must be represented after elapse of the delay. This criteria is met
      automatically by the operator, since the average competent operator is not
      physically capable of producing duplicate characters with a spacing of
      much less than 80 milliseconds. If the delay is established to be in the
      order of 30 milliseconds, for example, when a duplicate character is
      selected, the time delay unit 19 will have timed out and cleared the final
      register of the preceding character and a favorable comparison of the two
      registers will result.
PAR  Thus far, we have considered the problems of successive key operation
      within less time than the preset bounce delay, of contact bounce upon
      operation of a second key before release of a first key and of wiggle or
      tremble on the part of an operator during release of a key. We shall now
      consider the effect of change in key operation, that is, operating
      different keys during the period between successive samplings of the
      signals produced by the key operation. Since the present invention
      requires only that the data in the initial register be valid (not a no key
      operation and not a multiple key operation) and different from that in the
      final register to be processed - the system will respond to all data
      regardless of how rapidly the different keys are operated in succession.
      Any key bounce, wiggle or tremor is resolved by the character same
      function 18 as previously described. The time delay unit 19 provides a
      time delay for resolving the operation of same key in succession but is
      sufficiently long in duration as to prevent timing out and clearing of the
      final register due to bounce, wiggle or tremor.
PAR  FIG. 7 is a logic flow diagram useful in illustrating the various logic
      steps involved to achieve the purposes of the present invention.
PAR  FIG. 8 illustrates a further embodiment wherein the output of keyboard 10
      differs from that shown in FIG. 1 in that output signals representing an
      operated key are continuously available as long as a key is depressed or
      being operated. Under these circumstances, there is no need for the input
      gates 11 or the input register 12. The blocks 16, 17 and 18 operate on the
      data directly available from the keyboard to perform these respective
      functions as before - except there no longer is a need to gate the
      keyboard data into the system as with input gate 11. Otherwise, the system
      operates as before.
PAR  A particular embodiment of the invention has been described in connection
      with a keyboard selection control circuit. Generically, the invention
      deals with the problem of contact bounce and the actuation of succeeding
      circuits from a plurality of control switches. It will be appreciated by
      those skilled in the art that the particular utilization of the invention
      in environments other than those affiliated with keyboards may be
      developed. All such modifications as come within the spirit and scope of
      the appended claims are intended to be embraced within the confines of the
      present invention.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A method for controlling the operation of circuitry in response to an
      analysis of the operation of individual ones of a plurality of switching
      means wherein said switching means produces at its output a respective
      signal in response to operation of individual ones of said switching means
      comprising the steps of storing a first produced signal in a second
      storage unit, storing a second produced signal in a first storage unit,
      replacing the contents of said second storage unit with the contents of
      said first storage unit, said replacing step comprising sensing the
      contents of said first storage unit to provide a first indication only in
      response to the contents of said first storage unit being sensed as
      representing the operation of only a single switching means, sensing the
      contents of said first and second storage unit and comparing the sensed
      contents of said first and second storage units to provide a second
      indication only in response to the contents of said first storage unit
      being different from that of the second storage unit, replacing the
      contents of said second storage unit with the contents of said first
      storage unit in response to said first and second indications, and
      controlling the operation of said circuitry in response to the contents of
      said second storage unit.
NUM  2.
PAR  2. A method as defined in claim 1 further comprising sensing the completion
      of said operation of said circuitry in response to the contents of said
      second storage unit and enabling said replacing only in response to said
      sensed completion.
NUM  3.
PAR  3. A method as defined in claim 1 wherein said first mentioned sensing
      comprises sensing the contents of said first storage unit to provide an
      indication of an invalid signal produced in response to coincident closure
      of more than one switching means and blocking storage in said second
      storage unit of said invalid signal in response to said last named
      indication.
NUM  4.
PAR  4. A method of controlling circuitry as defined in claim 3 wherein said
      first mentioned sensing also includes sensing the contents of said first
      storage unit to provide an indication of an invalid signal produced in
      response to the non-operated condition of all said switching means and
      blocking storage in said second storage unit of said last mentioned
      invalid signal in response to said last named indication.
NUM  5.
PAR  5. A method of controlling circuitry as defined in claim 1, including
      initiating a predetermined time delay in response to the sensed contents
      of said first storage unit providing an indication of the non-operated
      condition of all said switching means, and setting said second storage
      unit to a discrete condition upon elapse of said predetermined time delay.
NUM  6.
PAR  6. A method of controlling circuitry as defined in claim 5, including
      overriding said time delay in response to signals being stored in said
      first storage unit before elapse of said time delay.
NUM  7.
PAR  7. Apparatus for controlling circuitry in response to operation of
      individual ones of a plurality of switching means, comprising means for
      producing a respective signal in response to operation of each of said
      switching means wherein each signal represents the operation of a
      particular switching means, first storage means for storing said signals,
      second storage means for storing said signals after being stored in said
      first storage means, means for sensing signals stored in said first and
      second storage means, means for replacing signals stored in said second
      storage means with signals stored in said first storage means in response
      to signals sensed in said first storage means representing operation of
      only any one of said switching means and said signals sensed in said first
      storage means not being identical to the signals sensed in said second
      storage means, and means for operating said circuitry in response to
      signals stored in said second storage means.
NUM  8.
PAR  8. Apparatus for controlling circuitry as defined in claim 7 further
      comprising means for producing time delayed signals in response to signals
      sensed in said first storage means representing a non-operated condition
      of all of said switching means, and means for clearing signals stored in
      said second storage means in response to said time delayed signals.
NUM  9.
PAR  9. Apparatus for controlling circuitry as defined in claim 8 comprising
      means responsive to signals sensed in said first storage means for
      disabling said means for producing time delayed signals.
NUM  10.
PAR  10. Apparatus for controlling circuitry as defined in claim 7 wherein said
      means for sensing comprises means for providing a first control signal in
      response to sensed concurrent signals in said first and second storage
      means representing stored signals which are identical, means for providing
      a second control signal in response to a sensed signal in said first
      storage means representing a non-operated switching means, means for
      providing a third control signal in response to a sensed signal in said
      first storage means representing more than one concurrent operated
      switching means, and means for blocking said replacing of signals in
      response to any one of said first, second or third control signals.
NUM  11.
PAR  11. A method of controlling the operation of circuitry in response to an
      analysis of respective signals representing operation of individual ones
      of a plurality of switching means comprising, storing a first one of said
      signals in a storage device, sensing said stored first signal, sensing a
      second one of said signals, replacing said second signal with said first
      signal in said storage device in response to said sensed second signal
      representing operation of only any one of said switching means and said
      sensed stored first signal being different than said sensed second signal
      and controlling the operation of said circuitry in response to said stored
      signal.
NUM  12.
PAR  12. A method according to claim 11 comprising sensing said controlling
      step, and blocking said replacing step until said last named sensing
      indicates that control of said circuitry has been effected in response to
      the signal stored in said storage unit.
NUM  13.
PAR  13. A method of controlling circuitry according to claim 11 wherein
      operation of each switching means generates a discrete binary coded
      character, said sensing a second one of said signals comprises sensing an
      invalid signal generated by coincident closure of more than one switching
      means, and blocking said replacing step in response to said sensed invalid
      signal.
NUM  14.
PAR  14. A method of controlling circuitry as defined in claim 13 wherein said
      sensing a second one of said signals further comprises sensing the
      non-operated condition of all of said switching means, and blocking said
      replacing step in response to said sensed non-operated condition.
NUM  15.
PAR  15. A method of controlling circuitry according to claim 11 wherein said
      sensing of a second one of said signals comprises sensing the non-operated
      condition of all said switching means, initiating a predetermined time
      delay in response to said sensed non-operated condition, and setting said
      storage unit to a discrete condition upon an elapse of said predetermined
      time delay.
NUM  16.
PAR  16. A method of controlling circuitry as defined in claim 15 including
      overriding said time delay in response to the operation of a switching
      means.
NUM  17.
PAR  17. Apparatus for controlling the operation of circuitry in response to
      operation of individual ones of a plurality of switching means comprising
      means for producing at its output a respective signal in responses to
      successive operation of individual ones of said switching means wherein
      each signal represents the operation of a particular switching means, a
      signal storage means, means for applying a first one of said produced
      signals to said storage means for storage, means for sensing said stored
      first produced signals, means for sensing a second one of said produced
      signals, means for replacing said second signal with said first signal in
      said storage means in response to said sensed second signal representing
      operation of only any one of said switching means and not being identical
      to said sensed first signal, and means for controlling the operation of
      said circuitry response to the signals stored in such storage means.
NUM  18.
PAR  18. Apparatus for controlling circuitry as defined in claim 17 wherein said
      means for replacing comprises means for comparing said sensed second
      signal with said sensed stored second signal to generate a first control
      signal when said sensed signals are identical, means responsive to a
      sensed second signal representing the condition when none of the switching
      means are operated to generate a second control signal, means responsive
      to a sensed second signal representing the condition when more than one of
      said switching means are operated to generate a third control signal, and
      logic means for blocking said means for replacing in response to any one
      of said first, second and third control signals.
NUM  19.
PAR  19. Apparatus as defined in claim 17 further comprising means for sensing
      said output for produced signals before application to said storage means
      to detect the non-operated condition of all of said switching means, time
      delay means, means responsive to said sensed non-operated condition for
      enabling said time delay means, said time delay means setting said storage
      means to a discrete condition upon the elapse of a predetermined time
      delay.
NUM  20.
PAR  20. Apparatus for controlling circuitry according to claim 19 further
      comprising means for disabling said time delay means in response to a
      sensed operated condition of said switching means.
NUM  21.
PAR  21. Apparatus for controlling circuitry in accordance with claim 17 wherein
      said switching means comprises a plurality of keys on a keyboard and said
      means for producing a respective signal comprises means for generating a
      respective signal in response to operation of each of said keys.
NUM  22.
PAR  22. In combination, a set of keyboard keys, means for operating each of
      said keys to produce a respective valid data signal representative of the
      operation of each of such keys, a signal storage device, means for gating
      each produced signal from said set of keys to said storage device for
      storage therein, a utilization circuit, means for applying each produced
      signal stored in said storage device to said utilization circuit, means
      responsive to concurrent operation of multiple keys or to nonoperation of
      any keys to provide a first and second control signal respectively, means
      for comparing a second produced signal prior to being gated with a first
      produced signal stored in said storage device to provide a third control
      signal only when said last named compared signals are identical, means
      responsive to said first, second or third control signals for blocking the
      gating of signals from said set of keys to said storage device by said
      gating means, means responsive to said second control signal for providing
      a fourth control signal after a predetermined time delay, means for
      clearing any signal stored in said storage means in response to said
      fourth control signal, and means responsive to a data signal being
      produced before said time delay has transpired for terminating the
      production of said fourth control signal.
NUM  23.
PAR  23. An arrangement according to claim 22 further comprising means
      responsive to the absence of a first, second or third control signal and
      that second produced signals stored in said storage device have been
      applied to said utilization means for enabling said gating means to gate a
      third produced signal from said set of keys to said storage device.
NUM  24.
PAR  24. An arrangement according to claim 22 wherein said time delay is greater
      than the period for key bounce and shorter than the normal human response
      time for operating the same key twice in succession.
NUM  25.
PAR  25. An arrangement according to claim 24 wherein said time delay is in the
      order of 30 milliseconds.
NUM  26.
PAR  26. In combination, a set of keyboard keys, means for operating each of
      said keys to produce a respective valid digital data signal representative
      of the proper operation of each of such keys and an invalid digital data
      signal representing concurrent multiple key operation or no-key operation,
      a signal storage register, means for gating each produced signal from said
      set of keys to said storage register for storage therein, a utilization
      circuit, means for applying each produced signal stored in said storage
      register to said utilization circuit, means responsive to a produced
      signal representing concurrent operation of multiple keys or to
      non-operation of any keys to provide a first and second control signal
      respectively, means for comparing a second produced signal prior to being
      gated with a first produced signal stored in said storage register to
      provide a third control signal only when said last named compared signals
      are identical, means responsive to said first, second or third control
      signals for blocking the gating of signals from said set of keys to said
      storage register by said gating means, means responsive to said second
      control signal for providing a fourth control signal after a predetermined
      time delay, means for clearing any signal stored in said storage register
      in response to said fourth control signal, and means responsive to a data
      signal being produced before said time delay has transpired for
      terminating the production of said fourth control signal.
NUM  27.
PAR  27. An arrangement according to claim 26 further comprising means
      responsive to the absence of a first, second or third control signal and
      that second produced signals stored in said storage register have been
      applied to said utilization means for enabling said gating means to gate a
      third produced signal from said set of keys to said storage device.
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ABST
PAL  Method and apparatus for providing data values characteristic of objects
      having many different levels of light remissivity, or shades of grey,
      includes scanning an object to derive density and density gradient
      signals, accumulating signals falling within each of a plurality of
      gradient ranges either separately or in terms of predetermined
      combinations of gradient ranges, accumulating signals within a given
      density range which are substantially simultaneously accompanied by, or
      with a predetermined delay accompanied by signals falling within each of a
      plurality of gradient ranges either separately for each gradient range or
      in terms of combinations of gradient ranges, and accumulating signals
      within a given density gradient range which are substantially accompanied
      by, or with a predetermined delay accompanied by, signals falling within
      each of a plurality of density ranges either separately for each density
      range or in terms of predetermined combinations of density ranges.
BSUM
PAR  This invention relates to method and apparatus for analyzing or classifying
      patterns, typified by biological samples, which contain much fine detail
      and elemental areas having many different optical remissivities, or shades
      of grey. In many respects the present invention is an improvement to
      method and apparatus disclosed in U.S. Pat. No. 3,705,383.
PAR  Various prior art systems have been proposed, for use in making
      differential counts of blood cells, for example, in which an object such
      as a blood cell is optically scanned through a microscope with a
      television camera. In order that fine cell features be detected the cell
      is scanned with high resolution (e.g. a fraction of a micron) and numerous
      (e.g. 255) different optical density levels were detected. Scanning with
      such resolution provided a very large number (many thousands) of elemental
      areas, the individual optical densities of which were detected and
      recorded, and then analyzed by digital computer processing. The large mass
      of data provided by use of such a technique required such large amounts of
      data storage, such complex programming and so much computer time that it
      was impractical for routine, real-time or on-line use. The system of U.S.
      Pat. No. 3,705,383 overcame that problem to some extent by use of a method
      which consolidates some of the information contained in the scanned
      pattern. More specifically, the patent discloses a process of detecting
      the instants during scanning when a video signal lies within each of a
      plurality of ranges representing density ranges, and accumulating signals
      for each of those ranges, so that upon the completion of scanning a
      plurality of count values characteristic of the pattern are obtained, one
      count value for each density range. The system of the patent has the
      advantage over the first-mentioned system that only a few dozens, or at
      most several hundred data values, rather than many thousands of data
      values, need be recorded and then computer analyzed. However, by
      consolidating the scanning-derived data in such a manner, the systems of
      the patent ignore a large percentage of the data detectable from scanning
      the pattern.
PAR  To better distinguish or discriminate between different classes of
      patterns, such as between different types of blood cells, for example, it
      is often desirable that somewhat more data be made available for
      processing, but desirable that it be made available without reverting to
      the first-mentioned type of system wherein far too much data had to be
      stored and manipulated. A primary object of the present invention is to
      provide pattern analysis method and apparatus wherein useful data in
      addition to that provided by the system of U.S. Pat. No. 3,705,383 may be
      obtained at very little added cost, or data different from that obtained
      by the prior patented system may be obtained.
PAR  The amount of data which it is desirable to provide to characterize the
      scanned item depends largely upon the nature of the item to be scanned,
      and upon how closely the scanned item must be found to resemble or differ
      from other items of a class. For example, a set of data sufficient to
      distinguish a scanned item from one set of known items may be insufficient
      to allow the item to be distinguished from each of a larger set of known
      items. For some applications the system of U.S. Pat. No. 3,705,383 may be
      deemed to make too severe a reduction, in a step-like fashion, in the
      amount of available data. In order that a given piece of equipment be
      useful for varied applications, such as widely different types of
      biological samples, it is desirable that one be able to vary the amount of
      data which is produced to suit the analysis task at hand, and another
      object of the present invention is to provide improved method and
      apparatus which may provide different amounts of data, in gradual
      increases, as gradually more difficult analysis tasks are encountered.
PAR  The data values provided by the system of the prior patent comprise values
      of a histogram characteristic of the pattern scanned, with the number of
      data values equal to the number of density ranges which are detected. The
      number of density ranges which are detected substantially affects the
      total cost and/or the operating time of systems constructed in accordance
      with the patent. One object of the present invention is to provide
      improved method and apparatus by means of which second, third and even
      many more histograms also characteristic of the scanned pattern may be
      provided at little added cost.
PAR  The systems of U.S. Pat. No. 3,705,383 process a video signal e.sub.v to
      determine the time intervals during which the signal lies within each of a
      plurality of different voltage ranges, with each voltage range
      representing a respective range of densities. The density ranges may be
      identified as r.sub.0, r.sub.1, r.sub.2, - - - r.sub.n. Signals are fed to
      a respective accumulator while signal e.sub.v lies within a respective
      range, and after the area containing the object has been scanned, the
      counts tallied in the counters each represent the total amount or area of
      the scanned field having elemental areas falling within a respective
      density range. The amount of scanned area falling within density range
      r.sub.0 may be designated as the quantity A.sub.r0, that falling within
      range r.sub.1 as quantity A.sub.r1, etc. Thus the system of the prior
      patent provides, in order to characterize the scanned pattern, the set of
      quantities A.sub.r0, A.sub.r1, A.sub.r2, - - - A.sub.rn which form a
      single histogram. Increasing the number n of density ranges requires an
      increased amount of equipment, or if time-sharing is used, an increased
      operating time.
PAR  In accordance with a first aspect of the present invention, a second set of
      histogram values is provided by differentiating density signal e.sub.v to
      provide density gradient signal e.sub.d, detecting the time intervals
      during which signal e.sub.d lies within each of a plurality of m ranges of
      density gradients, separately accumulating signals for each respective
      range of density gradients. The density gradient ranges may be designated
      g.sub.0, g.sub.1, g.sub.2, - - - g.sub.m. At the end of scanning, the
      invention thus may provide a second set of values A.sub.g0, A.sub.g1,
      A.sub.g2, - - - A.sub.gm, each of which represents the total amount or
      area of the scanned field having density gradients falling within a
      respective one of gradient ranges g.sub.0 - - - g.sub.m. Thus it is an
      additional object of the present invention to provide method and apparatus
      for analyzing an object which includes detecting the time intervals during
      which a signal commensurate with the rate of change of density of a
      scanned object lies within each of a group of different ranges of density
      gradients, and accumulating signals either separately for each respective
      range of density gradients or in terms of predetermined combinations of
      density gradient ranges.
PAR  The quantity A.sub.r0 representing the total amount of scanned area falling
      within density range r.sub.0 may be deemed to be comprised of a plurality
      of components, each component being associated with a different density
      gradient, as stated by the following relationship.
EQU  A.sub.r0 = A.sub.r0g0 + A.sub.r0g1 + A.sub.r0g2 - - - A.sub.r0gm ( 1)
PAR  Similarly, the other area quantities A.sub.r1 to A.sub.rn may be expressed
      as:
EQU  A.sub.r1 = A.sub.r1g0 + A.sub.r1g1 + A.sub.r1g2 - - - A.sub.r1gm ( 2)
PAL  to
EQU  A.sub.rn = A.sub.rng0 + A.sub.rng1 + - - - A.sub.rngm      ( 3)
PAR  In accordance with a second aspect of the present invention, n further
      histograms (or more or less) may be provided by detecting, whenever
      density signal e.sub.v lies within a given range, such as a range of the
      group r.sub.0 to r.sub.n, which of the density gradient ranges of the
      group g.sub.0 to g.sub.m it simultaneously falls within, and separately
      accumulating signals for the different density gradient ranges. Thus it is
      an additional object of the present invention to provide method and
      apparatus for analyzing an object which includes detecting the time
      intervals during which a signal commensurate with the density of a scanned
      object and falling within predetermined range of density levels
      simultaneously has a density gradient which falls within each of a
      plurality of density gradient ranges, and accumulating signals separately
      for the different density gradient ranges, or in terms of predetermined
      combinations of density gradient ranges.
PAR  The quantities A.sub.g0 to A.sub.gm each representing the amount of scanned
      area falling within a respective range of gradients also may be deemed to
      be comprised of plural components, each of which components is associated
      with a different density range, as indicated by the following
      relationships.
EQU  A.sub.g0 = A.sub.r0g0 + A.sub.r1g0 + A.sub.r2g0 - - - A.sub.rng0 ( 4)
PAL  to
EQU  A.sub.gm = A.sub.r0gm + A.sub.r1gm + A.sub.r2gm - - - A.sub.rngm ( 5)
PAR  In accordance with a third aspect of the present invention, m further
      histograms may be provided by detecting, whenever density gradient signal
      e.sub.d lies within a given range of the group g.sub.0 to g.sub.m, which
      of the density ranges of the group r.sub.0 to r.sub.n it simultaneously
      falls within, and separately accumulating signals for the different
      density ranges. Thus it is a further object of the present invention to
      provide method and apparatus for analyzing an object which includes
      detecting the time intervals during which a signal commensurate with the
      density gradient of a scanned object falls within a predetermined range of
      density gradient levels simultaneously with the presence of a second
      signal commensurate with the density of the object falling within each of
      a plurality of density ranges, and either separately accumulating signals
      for the density ranges or accumulating signals for predetermined
      combinations of density ranges.
PAR  Thus, rather than providing merely one histogram comprising in values to
      characterize the pattern, use of the above procedures allows the present
      invention to provide as many as (2 + m + n) histograms, including (m + 1)
      histograms each having n values and (n + 1) histograms each having m
      values, and, in fact, many more, as will be seen below. This ability to
      provide much more data characteristic of the scanned object may be
      obtained with very little added cost. Certain applications will not
      require, of course, that complete data for all of the (2 + m + n)
      histograms be provided. In many applications of the invention the number n
      of density ranges conveniently will be made to equal the number m of
      density gradient ranges, although that is not at all a requirement in the
      present invention.
PAR  As will be seen below, the method and apparatus of the present invention
      also may use, but need not use, the method of prior patent, since certain
      data values provided in accordance with the methods of the present
      invention may be readily manipulated, if desired, to provide the values
      provided by the prior art technique, such as by simple addition steps.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the several steps and the relation of
      one or more of such steps with respect to each of the others, and the
      apparatus embodying features of construction, combinations of elements and
      arrangement of parts which are adapted to effect such steps, all as
      exemplified in the following detailed disclosure, and the scope of the
      invention will be indicated in the claims.
DRWD
PAR  For a fuller understanding of the nature and objects of the invention
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram, largely in block form, illustrating one
      exemplary form of apparatus constructed in accordance with and adapted to
      use the methods of the present invention.
PAR  FIG. 2a is a geometrical diagram of a theoretical portion of an object to
      be scanned where the object is comprised of elemental areas having
      numerous different density levels.
PAR  FIGS. 2b and 2c are sets of histograms based on analysis of FIG. 2a and
      useful in understanding some concepts of the present invention.
PAR  FIG. 3 is a schematic diagram illustrating one form of modifications which
      may be made to the apparatus of FIG. 1.
PAR  FIG. 4 is a schematic diagram illustrating another modification which may
      be made to the apparatus of FIG. 1.
PAR  FIGS. 4a and 4b are block diagrams illustrating two alternative
      modifications which may be made to the apparatus of FIG. 1.
DETD
PAR  In FIG. 2a the large matrix of squares may be deemed to represent a portion
      of an object being scanned, with each of the smaller squares representing
      an individual elemental area. The large numeral in the middle of each
      elemental area represents an assumed density for that elemental area,
      numerals 0 through 4 being related to density ranges r.sub.0 through
      r.sub.4, respectively. Only five ranges are assumed, for sake of
      simplicity. The small numeral in the upper right-hand corner of each
      elemental area represents an assumed density gradient for that area, the
      value being determined by noting the density change between each elemental
      area and the adjacent area to its left. Determining gradients in such a
      fashion does not, of course, provide the actual gradient across a given
      area but it provides an approximation and allows a simplified analysis. If
      one performs the process which is performed by the prior patent, and also
      shown below being performed by the present invention during a first
      scanning field, of detecting and totalizing the number of elemental areas
      falling within each density range, one derives the following count values
      from FIG. 2a, which values are shown plotted as histogram #1 in FIG. 2b.
TBL  ______________________________________                                    

     A.sub.r0 A.sub.r1  A.sub.r2  A.sub.r3                                     

                                          A.sub.r4                             

     6        22        13        12      3                                    

     ______________________________________                                    

PAL  If one then performs a further process in accordance with the invention,
      separately totalizing gradient values for each density gradient range, one
      derives the following count values, which are shown plotted as histogram
      #2 in FIG. 2b.
TBL  ______________________________________                                    

     A.sub.g0                                                                  

             A.sub.g1                                                          

                     A.sub.g2                                                  

                             A.sub.g3                                          

                                   A.sub.g4                                    

                                         A.sub.g5                              

                                               A.sub.g6                        

     2       1       15      13    21    3     1                               

     ______________________________________                                    

PAL  where gradient values from -3 to +3 are listed as falling within gradient
      ranges g.sub.0 through g.sub.6, respectively. If one then performs a
      series of further processes in accordance with the invention, detecting
      for each density range how much area of a given density gradient value is
      present, one may obtain the following sets of quantities.
TBL  ______________________________________                                    

     A.sub.r0g0                                                                

             A.sub.r0g1                                                        

                     A.sub.r0g2                                                

                             A.sub.r0g3                                        

                                   A.sub.r0g4                                  

                                         A.sub.r0g5                            

                                               A.sub.r0g6                      

     1       0       3       2     0     0     0                               

     A.sub.r0g0                                                                

             A.sub.r1g1                                                        

                     A.sub.r1g2                                                

                             A.sub.r1g3                                        

                                   A.sub.r1g4                                  

                                         A.sub.r1g5                            

                                               A.sub.r1g6                      

     1       1       4       7     9     0     0                               

     A.sub.r2g0                                                                

             A.sub.r2g1                                                        

                     A.sub.r2g2                                                

                             A.sub.r2g3                                        

                                   A.sub.r2g4                                  

                                         A.sub.r2g5                            

                                               A.sub.r2g6                      

     0       0       6       2     5     0     0                               

     A.sub.r3g0                                                                

             A.sub.r3g1                                                        

                     A.sub.r3g2                                                

                             A.sub.r3g3                                        

                                   A.sub.r3g4                                  

                                         A.sub.r3g5                            

                                               A.sub.r3g6                      

     0       0       2       2     5     2     1                               

     A.sub.r4g0                                                                

             A.sub.r4g1                                                        

                     A.sub.r4g2                                                

                             A.sub.r4g3                                        

                                   A.sub.r4g4                                  

                                         A.sub.r4g5                            

                                               A.sub.r4g6                      

     0       0       0       0     2     1     0                               

     ______________________________________                                    

PAR  These five sets of values are plotted as histograms #3 through #7 in FIG.
      2b.
PAR  If one then performs a further process in accordance with the invention,
      detecting for each density gradient range how much area of a given density
      gradient is present, one may obtain the following sets of values, which
      are plotted as histograms #8 through #14 in FIG. 2b.
TBL  ______________________________________                                    

             1    1      0      0    0                                         

             0    1      0      0    0                                         

             3    4      6      2    0                                         

             7    2      2      2    0                                         

             5    4      5      5    2                                         

             0    0      0      2    1                                         

             0    0      0      1    0                                         

     ______________________________________                                    

PAR  It should be noted that the rows of values in the last table correspond to
      the columns of values in the preceding table. In the above geometrical
      exercise the number n of density ranges assumed was only five and the
      number m of gradient ranges assumed was only seven, for sake of
      simplicity, and much larger values may be used for either n or m in actual
      practice. It will be readily apparent that the additional histogram sets
      of data values provide considerably more information useful in classifying
      the scanned object than the single histogram set (#1) provided by the
      prior art patent.
PAR  It should be noted that histograms #3 through #7, if all added together
      will give histogram #2, and that histograms #8 through #14, if all added
      together will give histogram #1.
PAR  In FIG. 2a the numeral in the lower left corner of each square represents a
      density gradient determined in a different fashion, being determined for
      each elemental area by taking the difference between the density values on
      the left and right sides of each small square, with all values outside the
      matrix assumed to be zero. Designating the gradient values -4 to +3 as
      falling with gradient ranges g.sub.0 to g.sub.7, and then following the
      same processes used in connection with FIG. 2b one may obtain the
      histograms of FIG. 2c. Histogram #1 of FIG. 2c corresponds exactly to that
      of FIG. 2b, since no change was made in the density values, but the other
      histograms of FIG. 2c will be seen to differ from those of FIG. 2b. As
      previously though, histogram #2 in FIG. 2c is the sum of histograms #3
      through #7 of FIG. 2c, and histogram #1 is the sum of histograms #8
      through #15 of FIG. 2 c. One more histogram is shown in FIG. 2c than in
      FIG. 2b because one more density gradient range was used in FIG. 2c. From
      a comparison of the histograms of FIGS. 2b and 2c one may deduce that the
      density gradient histogram (#2 in each of FIGS. 2b and 2c), and all of the
      other histograms except the two density histograms (#1 in each of FIGS. 2b
      and 2c) differ between the two Figures, from which one may readily deduce
      that all the histograms, except the type of the prior patent, are very
      dependent upon the manner in which the density gradient values are
      obtained. As will be shown below, this fact allows one to derive many
      further histograms characteristic of a scanned pattern at little increased
      equipment cost.
PAR  In FIG. 1 a leukocyte or other biological sample (not shown) carried on
      glass slide 10 and illuminated by illuminator 11 is viewed through a
      microscope 12 by optical scanning means 13 such as a conventional
      television camera, which, when unblanked during each horizontal scan line,
      provides the video output signal e.sub.v. The magnitude of signal e.sub.v
      will vary in accordance with the light sensed at a given instant, and in
      accordance with Lambert's law, will thus tend to vary logarithmically with
      the optical density or absorption of the elemental area of the pattern
      being scanned at a given instant. Camera 13 may be arranged to provide
      either more positive output or more negative output for a given change in
      the light which it senses, and camera 13 may include non-linear
      amplification, if desired, to provide any desired linear or non-linear
      output voltage versus received light characteristic. Thus signal e.sub.v
      is deemed to vary in accordance with optical density of the elemental area
      being scanned at a given instant, though not necessarily linearly, and for
      sake of convenience signal e.sub.v will be termed a density signal. Signal
      e.sub.v is applied to a differentiating circuit 14, shown as a simple
      block in FIG. 1, to derive signal e.sub.d which varies, at least
      approximately, in accordance with the time rate of change signal e.sub.v.
      Signal e.sub.d will be termed the density gradient signal.
PAR  General control of the system shown in FIG. 1 is accomplished by control
      means shown as comprising ring counter CC, which is shown connected to be
      advanced to successive count conditions at the end of each scanning field,
      as by means of pulses obtained by differentiating the retrace (assumed to
      be positive) of the camera 13 vertical sweep waveform. To provide (2 + n +
      m) histogram counter CC ordinarily will be provided with at least (2 + n +
      m) count conditions, each of which control the system operation during a
      respective scanning field. A group of m + 1 output lines which are high
      during respective ones of the first m + 1 count conditions of counter CC
      are connected to OR gate OGA, thereby closing electronic switches ES1 and
      ES2. Thus density signal e.sub.v is applied during the first m + 1
      scanning fields to signal-processor circuit 16, while density gradient
      signal e.sub.d is applied to signal-processor circuit 18. It will become
      clear below that more or less than m + 1 fields may be scanned under these
      conditions if desired.
PAR  Signal-processor circuit 16 is shown as comprising a group of n comparator
      amplifiers, only the first three (A0 to A2) and last three (A14 to A16) of
      which are shown, each of which amplifiers is connected to receive the
      e.sub.v density signal via switch ES1 as its non-inverting input terminal,
      and connected to receive a respective reference voltage at its inverting
      input terminal, from means shown as comprising voltage divider VD. Each of
      the comparator amplifiers is operated open-loop so that its output swings
      rapidly between its maximum positive and negative values as the sign of
      the sum of its pair of input voltages changes. Whenever signal e.sub.v is
      more positive than the reference voltage applied to a given comparator
      amplifier the output signal of the amplifier is positive so that it
      conditionally enables a respective gate of the group partially shown at G0
      to G2 and G14 to G15, but each amplifier (other than the first) also
      applies an inhibiting signal to the gate associated with the adjacent
      lower comparator. Clock pulses are applied to the gates by means shown as
      comprising oscillator 19. Assuming line 20 which also feeds each of the
      gates is high, it will be seen that clock pulses will pass through gate G0
      to advance counter C0 whenever signal e.sub.v lies between voltages
      e.sub.0 and e.sub.1, clock pulses will instead pass through gate G1 to
      advance counter C1 whenever signal e.sub.v lies between levels e.sub.1 and
      e.sub.2, etc. With density signal e.sub.v applied to amplifiers A0 to A16,
      the voltages at adjacent pairs of taps of the voltage divider define
      respective density ranges, voltages e.sub.0 and e.sub.1 defining range
      r.sub.0, voltages e.sub.1 and e.sub.2 defining range r.sub.1, etc. During
      further operation of the system in a later mode to be described below, the
      voltages at adjacent pairs of taps will instead define respective density
      gradient ranges, such as g.sub.0, g.sub.1 - - - g.sub.m, for example.
      During the first scanning field the high 1 output line of counter CC
      applies a signal through OR gate OGB to maintain line 20 high, and thus
      during the first scanning field counts will be tallied in counters C0
      through C15. At the end of the first field the count in each of counters
      C0 to C15 will represent the total amount or area of the scan field
      falling within a respective range of densities. Thus if signal-processor
      16 has 16 channels as assumed, sixteen count values comprising a density
      histogram will be provided, of the nature of histograms #1 in each of
      FIGS. 2b and 2c. The values will comprise the quantities A.sub.r0,
      A.sub.r1, - - - A.sub.rn in terms of the terminology heretofore used. At
      the end of each field the count values are read out of counters C0 to C15
      to a storage device (not shown) and the counters are then reset to a
      reference count condition such as zero. Readout and resetting of the
      counters also may be timed by the camera vertical retrace in simple
      fashion needing no explanation. Such a set of count values as that
      described is the total amount of data which the system of U.S. Pat. No.
      3,705,383 provides to characterize the scanned object.
PAR  During the first field signal-processor 18 which receives the e.sub.d
      density gradient signal is inactive, and it actually need not receive the
      e.sub.d signal. Gate OGB raises line 20 irrespective of the nature of the
      e.sub.d signal. During the second scanning field, however, and each
      successive field up to and including the m + 1 field, for example, the
      condition of line 20 is controlled by signal-processor 18, with processor
      18 raising line 20 only when the density gradient signal lies between a
      pair of variable reference voltages e.sub.b and e.sub.c applied to
      comparator amplifiers AA and AB. The output lines of counter CC are
      connected to control digital-to-analog converter DAC, so that successive
      count conditions of counter CC cause converter DAC to apply successive
      different currents to amplifier AC, providing a different reference
      voltage e.sub.b to amplifier AA during successive fields. Potentiometer PO
      is shown applying a fixed input to amplifier AE, so that reference voltage
      e.sub.c from amplifier AE is always a fixed amount greater than reference
      voltage e.sub.b. Thus with density gradient signal e.sub.d applied to
      comparators AA and AB, voltages e.sub.b and e.sub.c define a range of
      density gradients, and as counter CC and the DAC vary the input current to
      amplifier AC during successive fields, voltages e.sub.b and e.sub.c define
      successive ranges of density gradients, such as ranges g.sub.0, g.sub.1,
      g.sub.2, etc. Use of a fixed input from potentiometer PO results in
      uniform size density gradient ranges, but varying sizes of density
      gradient ranges may be defined by a simple modification to be discussed
      below. During a later operating mode, voltages e.sub.b  and e.sub.c will
      define a density range rather than a density gradient range, as will be
      seen below as the description proceeds.
PAR  Assuming voltages e.sub.b and e.sub.c define gradient range g.sub.0 during
      the second scanning field, line 20 will be raised only while portions of
      the object having a density gradient within range g.sub.0 are being
      scanned. Thus counter C0 will accumulate counts only when the density
      signal lies within density range r.sub.0 and the gradient signal lies
      within gradient range g.sub.0, for example, while counters C1 through C15
      will accumulate counts when the density within other density ranges, but
      only while the gradient lies within range g.sub.0. Thus at the end of the
      second field counters C0 to C15 will provide counts of the quantities
      A.sub.r0g0, A.sub.r1g0 - - - A.sub.rng0, providing a second histogram,
      generally of the nature of histogram #2 in FIG. 2b or FIG. 2c. These
      values will be seen to correspond to the first values on the right-hand
      sides of expressions (1) to (3). Operation then may proceed in similar
      fashion during the third field, with counters C0 to C15 providing the
      quantities A.sub.r0g1, A.sub.r1g1, A.sub.r2g1, - - - A.sub.rng1 defining a
      third histogram, etc. It should be noted that any number of further fields
      may be scanned in similar fashion, with reference voltages e.sub.b and
      e.sub.c being increased (or decreased, if desired) during successive
      fields in steps as large or small as desired. Thus while it has been
      assumed that m fields are scanned after the first field with
      signal-processor 18 detecting m successive gradient ranges, it will be
      apparent that any other number of fields can instead be used. A set of
      data values defining a further histogram are provided at the end of each
      field.
PAR  After a desired number of histogram values have been provided in the manner
      described, counter CC will have been advanced to a count condition (m + 2
      with the assumptions previously made), which causes the gate OGA output to
      open switches ES1 and ES2. The m + 2 and successive higher order output
      lines of counter CC are connected to OR gate OGC, so that switches ES3 and
      ES4 are closed during the m + 2 field and following fields. The m + 2
      output line of counter CC is also connected to gate OGB to raise line 20
      during the m + 2 field. Thus during the m + 2 field the density gradient
      signal e.sub.d is applied vis switch ES3 to signal processor 16, and the
      density signal e.sub.v is applied to signal-processor 18 via switch ES4.
      With counter CC applying an input to gate OGB during the m + 2 field, it
      will be seen that signal processor 18 is inactive, just as it was during
      the first field.
PAR  During the m + 2 field, with line 20 raised irrespective of the
      instantaneous level of the density signal, counters C0 to C16 will tally
      the quantities A.sub.g0, A.sub.g1, - - - A.sub.gm (assuming m does not
      exceed 16, the number of channels provided in signal-processor 16)
      providing a further histogram of the nature of histogram #2 in FIG. 2b or
      2c, each value of which histogram represents the total scanned area
      falling within a respective range of density gradients. During the next
      and following fields, line 20 will be raised only when, for a given field,
      the density signal value lies within a respective range, and during each
      of these fields counter CC and the DAC control the reference voltages
      e.sub.b and e.sub.c in the same manner as previously described, though
      with different values in many cases. Thus if the reference voltages
      e.sub.b and e.sub.c are arranged to define density range r.sub.0 during
      the m + 3 field, counters C0 to C15 will provide values at the end of the
      field of A.sub.r0g0, A.sub.r0g1, A.sub.r0g2, - - - A.sub.r0gm, i.e. values
      of the nature indicated by the first terms on the right sides of
      expressions (4) and (5). Similarly, if reference voltages e.sub.b and
      e.sub.c are arranged to define density range r.sub.1 during the m + 4
      field, counter C0 to C15 will provide the quantities A.sub.r1g0,
      A.sub.r1g1, A.sub.r1g2, - - - A.sub.r1gm. Again, it is not necessary that
      the e.sub.b and e.sub.c voltage pairs define the same size density ranges
      as those previously defined by pairs of voltages from voltage divider VD,
      although it is contemplated that the same ranges may be used in many
      applications of the invention. At each field is scanned a further set of
      values providing a histogram characteristic of the scanned object may be
      provided, of the nature of those shown at #3, #4, etc. in FIG. 2b or 2c.
      After as many fields as desired are scanned in such a fashion counter CC
      arrives at a count condition which may be sensed to reset the system to
      its original condition, and if desired, to further transmit all of the
      data which has been stored to a digital computer, or to any common form of
      further data storage device.
PAR  The fact that signal processor 18 need not use density gradient ranges of
      uniform size or density ranges of uniform size is illustrated in FIG. 1 by
      considering switch S2 thrown, so that amplifier AE receives a variable
      input from digital-to-analog converter DAC2 via amplifier AF rather than
      the fixed input from potentiometer PO. Counter CC controls DAC2 in
      generally the same manner as it controls converter DAC. Counter CC need
      not comprise a ring counter and may comprise a simple binary (or other
      radix) counter, with gates OGA, OGB and OGC appropriately connected to
      decode the counter contents in a manner which will be readily apparent to
      those skilled in the art. The digital-to-analog converters each may
      comprise simple arrangements of switch-controlled resistor networks, and
      inexpensive switching may be used in these DACs since they need not switch
      at video speeds, but only between scanning fields. Counters C0 to C15 may
      comprise ordinary binary pulse counters, decimal pulse counters, or
      various other known types. Furthermore, rather than comprising digital
      pulse counters, each of accumulator devices C0 to C15 can instead comprise
      an electronic switch adapted to be closed by an output of a respective one
      of gates G0 to G15 to apply a predetermined voltage to a respective analog
      (Miller) integrator, thereby to provide output data in analog rather than
      digital form.
PAR  During those scanning fields when signal-processor 18 is active, counters
      C0 to C15 will tend, for most patterns which are scanned, to receive only
      small fractions of the numbers of counts they receive during the two
      fields when processor 18 is inactive. If desired, the clock rate may be
      increased when processor 18 is active so that the quantities tallied have
      greater resolution. In FIG. 1 gate OGD is connected to vary the oscillator
      19 pulse rate for such a purpose. The oscillator 19 circuit preferably
      will include a crystal-controlled oscillator, and rather than varying the
      basic frequency of such an oscillator, the output of gate OGD may switch
      in and out one or more frequency divider flip-flops (not shown).
PAR  As thus far described, it has been assumed that fixed voltages are applied
      to the ends of voltage divider VD throughout the operation. It will be
      apparent that, if desired, in order to define desired density ranges
      and/or density gradient ranges, the voltages applied to divider VD may be
      changed for certain fields. As an extreme one can provide two more
      digital-to-analog converters (not shown) controlled by counter CC so as to
      provide different exciting voltages during every scanning field if
      desired. Less elaborately, one can use the output of gate OGA to control a
      pair of switches (not shown) to excite divider VD with one pair of
      voltages during those fields when divider output voltages represent
      density ranges, and use the output of gate OGC to control a further pair
      of switches (not shown) to apply a different pair of voltages to the ends
      of divider VD during those fields when divider output voltages represent
      density gradient ranges. Similar switching controlled by counter CC
      outputs may be used to vary attenuation or gain and/or the average DC
      level of either or both density signal e.sub.v and density gradient signal
      e.sub.d.
PAR  While the output signals of gates G0 to G15 are shown connected to operate
      individual counters C0 to C15, so that each counter receives pulses from a
      single one of the gates, it is important to note that the system of FIG. 1
      may be modified to utilize one or more alternative techniques fully
      disclosed in my prior copending application Ser. No. 444,951 filed on Feb.
      22, 1974. For example, a counter such as counter C1 may comprise a
      bidirectional counter having its "up" input line connected to receive
      pulses from gate G1 and its "down" input line connected to receive pulses
      from gate G0, so that it would tally a difference between two of the
      quantities previously mentioned, tallying the quantity (A.sub.r1 -
      A.sub.r0) during the first field, for example. As explained in the prior
      application, each of the other accumulators similarly may be reversible
      and converted to receive pulses from a pair of the gates (of group G0 to
      G15). As also explained in the prior application, reversible counters may
      be connected to receive different inputs during two or more fields without
      being reset between fields to provide desired count values characteristic
      of the scanned object.
PAR  While the signal-processor 16 in FIG. 1 comprises a bank of comparators A0
      to A16 capable of simultaneously sensing either sixteen density ranges or
      sixteen gradient ranges, it is within the scope of the invention to
      provide fewer channels in processor 16 to detect as few as a single
      density range or density gradient range during a given scanning field.
      FIG. 3 illustrates portions of FIG. 1 modified so that processor 16 need
      include but a single pair of comparator amplifiers. In FIG. 3 rather than
      being connected to vary e.sub.b and e.sub.c reference voltages for each
      successive field, counter CC is arranged to apply the same pair of
      reference voltages to processor 18 for r.sub.n fields in succession when
      processor 16 is detecting density ranges, and to apply the same pair of
      reference voltages to processor 18 for m fields in succession when
      processor 16 is detecting gradient ranges. Digital-to-analog converter DAC
      3 is controlled by counter CC to vary the voltages applied to divider VD
      of signal processor 18 during successive ones of each group of successive
      fields in which processor 18 receives the same voltages. Thus the single
      channel in processor 16 is time-shared between density ranges and then
      time-shared between density gradient ranges. A single count value will be
      provided by counter C0', of course, at the end of each scanning field. The
      arrangement of FIG. 3 requires the use of many more scanning fields, of
      course, to obtain the same data provided by the system of FIG. 1, and that
      more count conditions be provided in counter CC.
PAR  While the description thus far has assumed that successive scanning fields
      were arranged to provide output data in a particular sequence, one should
      note that such a sequence is in no way essential to the present invention.
      It will be apparent that the different fields may be made to occur in any
      desired sequence by mere re-connection of the counter CC output lines. In
      some applications it may be desirable to arrange the sequence so that the
      groups of histograms which should total to equal a given other histogram
      immediately precede or follow the other histogram, so that the stored data
      later may be manipulated in very simple fashion, by addition or
      subtraction, to determine whether such groups do indeed add up to equal
      the other histogram within given limits, thereby providing a check useful
      to indicate whether the apparatus operated properly and uniformly during a
      group of successive scanning fields.
PAR  In FIG. 3 the digital-to-analog converters are shown connected to counter
      CC via a selective switching means SSM, which may comprise, for example, a
      plurality of switches controlled by a punched card or a digital register
      which may be controlled by an external computer. Other gates shown
      directly controlled in FIG. 1 by counter CC also may be controlled by
      output lines from the selective switching means. By substituting different
      punched cards, or revising the register contents, the system may be
      readily re-adjusted for different classes of scanned objects, so as to
      provide different numbers of scanning fields, and to differently define
      density and/or density gradient ranges. The lines 27,28 leading from
      switching circuit SSM back into counter CC are to point out that the
      switching circuit may be arranged to cause counter CC to skip (or, if
      desired, to repeat) certain scanning fields.
PAR  It has been previously pointed out in connection with FIGS. 2b and 2c that
      the histograms obtained may vary substantially depending upon the manner
      in which the density gradient values are obtained. In a modification of
      FIG. 1 partially illustrated in FIG. 4, the output of differentiator 14 is
      passed through one or more portions of a tapped delay line DL before being
      applied to processor 16 or processor 18, and selective operation of
      switches DS1 and DS2 determine how much delay is inserted. Switches DS1
      and DS2 are shown controlled by decoded outputs from counter CC, but could
      instead be controlled manually. Thus, in addition to the set of available
      histograms previously mentioned, further sets of histograms may be
      provided using different amounts of delay. The variable delay circuit can,
      if desired, be inserted in other configurations, with different data
      values being obtained in each case. In the position shown, the insertion
      of a slight delay advantageously tends to slightly integrate noise and
      extremely sharp spikes which may occur upon differentiation. Other
      possible locations of the delay are diagrammatically shown in FIGS. 4a and
      4b. In FIG. 4a the camera 13 output signal is applied directly to switches
      ES1 and ES4, but delayed by device DL before being differentiated, so that
      the signal applied to switches ES2 and ES3 represents the gradient of a
      portion scanned slightly before the portion for which the camera 13 output
      represents the density gradient. In FIG. 4b the camera 13 output signal is
      applied to switches ES1 and ES4 through delay device DL, but applied
      directly to differentiator 14, so that the signal applied to switches ES1
      and ES4 represents the density of a portion scanned slightly before the
      portion for which the differentiator 14 represents the density gradient.
PAR  To derive an even greater number of histograms characteristic of the
      scanned object, the system of the present invention may be expanded to
      incorporate the technique, shown in my further prior copending application
      Ser. No. 445,340 filed Feb. 25, 1974 and entitled "Pattern Analysis Method
      and Apparatus" of scanning the object with successively different scanning
      patterns, such as successive rasters oriented in different directions. In
      FIG. 1 knob 26 attached to slide 10 is deemed to represent a simple means
      for rotating the slide and scanned object in small angular increments
      about an axis such as the optical axis of microscope 12, though the axis
      of rotation need not accurately correspond to the optical axis, it only
      being required that the entire scanned object remain within the scanning
      field as the slide is turned in successive directions. It will be apparent
      that a stepping motor (not shown) may be arranged to rotate the slide.
      Alternatively, slide 10 may remain stationary and a stepping motor may be
      arranged to rotate a resolver (not shown) connected in known fashion to
      rotate the camera raster, or any of a number of all-electronic raster
      rotation techniques may be employed. For each different angular position
      of slide 10 relative to the direction of the scan lines, a further
      complete set of any or all of the previously-described histograms may be
      obtained, although there ordinarily will be no need to use a further
      scanning field for each angular direction while merely separately
      totalizing densities in the manner of the prior patent, since that method,
      in the absence of noise and system limitations will provide exactly the
      same histogram with the slide oriented in any direction.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained. Since
      certain changes may be made in carrying out the above method and in the
      constructions set forth without departing from the scope of the invention,
      it is intended that all matter contained in the above description or shown
      in the accompanying drawings shall be interpreted as illustrative and not
      in a limiting sense.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Apparatus for analyzing a fixed pattern, comprising, in combination:
      scanning means for optically scanning said pattern to provide a first
      electrical waveform substantially commensurate with the light-remissivity
      of the portions of the pattern being scanned at a given instant and to
      provide a second electrical waveform substantially commensurate with the
      light-remissivity gradient of a portion of the pattern scanned
      substantially at said given instant; first detecting means for detecting
      those portions of said first electrical waveform which lie within a first
      pair of levels to provide signals of a first group, each of said signals
      of said first group having a duration commensurate with the time during
      which a respective one of said portions of said first electrical waveform
      lies within said first pair of levels; second detecting means for
      detecting those portions of said second electrical waveform which lie
      within a second pair of levels to provide signals of a second group, each
      of said signals of said second group having a duration commensurate with
      the time during which a respective one of said portions of said second
      electrical waveform lies within said second pair of levels; and
      accumulator means connected to be advanced throughout each simultaneous
      occurrence of a signal of said first group and a signal of said second
      group.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said scanning means includes
      means for differentiating said first electrical waveform to provide said
      second electrical waveform.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said scanning means includes
      delay means for providing a predetermined relative delay between said
      first and second electrical waveforms, whereby said second electrical
      waveform is commensurate with the light-remissivity gradient of a portion
      of said pattern displaced from said portion of said pattern scanned at
      said given instant.
NUM  4.
PAR  4. Apparatus according to claim 3 having means for varying the delay period
      of said delay means.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein said scanning means includes
      means for differentiating said first electrical waveform to provide a
      third electrical waveform, and said delay means is operative to delay said
      third waveform to provide said second waveform.
NUM  6.
PAR  6. Apparatus according to claim 3 wherein said scanning means is operative
      to provide a third electrical waveform substantially commensurate with the
      light-remissivity of the portion of the object being scanned at a given
      instant, said delay means is operative to delay said third waveform to
      provide said first electrical waveform, and said scanning means includes
      means for differentiating said first electrical waveform to provide said
      second electrical waveform.
NUM  7.
PAR  7. Apparatus according to claim 3 wherein said delay means is operative to
      delay said first electrical waveform to provide a third electrical
      waveform, and said scanning means includes means for differentiating said
      third electrical waveform to provide said second waveform.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein said first detecting means is
      operative to detect those portions of said first electrical waveform which
      lies within each of a plurality of three or more ranges each defined by a
      respective pair of levels to provide a respective signal of said first
      group for each of said ranges, and said accumulator means comprises a
      plurality of accumulator devices each connected to be advanced during
      simultaneous occurrence of a signal of said second group and a respective
      one of said signals of said first group.
NUM  9.
PAR  9. Apparatus according to claim 1 wherein said second detecting means is
      operative to detect those portions of said second electrical waveform
      which lie within each of a plurality of three or more ranges each defined
      by a respective pair of levels to provide a respective signal of said
      second group for each of said ranges, and said accumulator means comprises
      a plurality of accumulator devices each connected to be advanced during
      simultaneous occurrence of a signal of said first group and a respective
      one of said signals of said second group.
NUM  10.
PAR  10. Apparatus according to claim 1 wherein said scanning means is operative
      to scan said pattern with a plurality of successive scanning fields each
      comprising a plurality of successive scan lines, and said apparatus
      includes field-counting control means for automatically varying at least
      one of said pairs of levels to different values for successive ones of
      said scanning fields.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein said control means comprises
      counter means and digital-to-analog converter means responsive to the
      count condition of said counter means.
NUM  12.
PAR  12. Apparatus according to claim 11 having selective switching means for
      varying the response of said converter means to said contents of said
      counter means.
NUM  13.
PAR  13. Apparatus according to claim 11 having selective switching means for
      varying the counting sequence of said counter means.
NUM  14.
PAR  14. Apparatus according to claim 1 which includes clock pulse generating
      means and gating means responsive to said signals of said first and second
      groups for routing pulses from said pulse generating means to said
      accumulator means during each simultaneous occurrence of a signal of said
      first group and a signal of said second group.
NUM  15.
PAR  15. Apparatus according to claim 14 wherein said scanning means is
      operative to scan said object with a plurality of successive scanning
      fields and said apparatus includes control means for varying the pulse
      repetition rate of said clock pulse generating means during successive
      scanning fields.
NUM  16.
PAR  16. Apparatus according to claim 1 wherein said scanning means comprises a
      television camera arranged to view said pattern through a microscope as
      said pattern is illuminated by illuminator means positioned on the
      opposite side of said pattern from said microscope.
NUM  17.
PAR  17. Apparatus according to claim 1 wherein said scanning means is operative
      to scan said pattern with a plurality of scan lines and said apparatus
      includes means for varying the direction of each of said scan lines across
      said pattern.
NUM  18.
PAR  18. Apparatus according to claim 1 wherein said first detecting means is
      operative to detect those portions of said first electrical waveform which
      lie within each of a plurality of three or more ranges each defined by a
      respective pair of levels to provide a respective signal of said first
      group for each of said ranges, and said accumulator means comprises a
      plurality of accumulator devices, at least one of said accumulator devices
      comprising a reversible accumulator device connected to be driven in one
      direction during simultaneous occurrence of a signal of said second group
      and one of said signals of said first group and to be driven in an
      opposite direction during simultaneous occurrence of a signal of said
      second group and a second one of said signals of said first group.
NUM  19.
PAR  19. Apparatus according to claim 1 wherein said second detecting means is
      operative to detect those portions of said second electrical waveform
      which lie within each of a plurality of three or more ranges each defined
      by a respective pair of levels to provide a respective signal of said
      second group for each of said ranges, and said accumulator means comprises
      a plurality of accumulator devices, at least one of said accumulator
      devices comprising a reversible accumulator device connected to be driven
      in one direction during simultaneous occurrence of a signal of said first
      group and one of said signals of said second group and to be driven in an
      opposite direction during simultaneous occurrence of a signal of said
      first group and a second one of said signals of said second group.
NUM  20.
PAR  20. The method of analyzing a pattern comprised of a plurality of elemental
      areas arranged in a fixed geometrical relationship which comprises the
      steps of optically scanning said pattern to provide a first electrical
      waveform substantially commensurate with the light-remissivity of the
      portion of the pattern being scanned at a given instant and to provide a
      second electrical waveform substantially commensurate with the
      light-remissivity gradient of a portion of the object scanned
      substantially at said given instant; detecting those portions of said
      first electrical waveform which lie between a first pair of levels to
      provide respective first signals; detecting those portions of said second
      electrical waveform which lie between a second pair of levels to provide
      respective second signals; and combining said first and second signals to
      advance an accumulator means during a period during which one of said
      first signals coincides with one of said second signals.
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ABST
PAL  A system for reading bar codes having characters formed by a plurality of
      bars and inter-bar spaces wherein each bar and each inter-bar space of a
      character signifies a bit of information is provided with means for
      detecting too many or too few single bar signals in a quantized character
      signal and for detecting and correcting sequence errors.
PARN
PAR  This is a continuation, of application Ser. No. 406,518, filed Oct. 15,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The patent application of John F. Taplin, filed June 23, 1973, Ser. No.
      265,637 for PRINTING AND PROCESSING INFORMATION IN BINARY FORM, now U.S.
      Pat. No. 3,896,917, discloses means for printing information in form of
      bars of equal height and variable width and inter-bar spaces of variable
      width wherein each bar and each inter-bar space signifies a bit of
      information. The patent application of Leland J. Hanchett, filed Sept. 17,
      1973 Ser. No. 398,035 for BAR CODE PROCESSING AND DETECTING SYSTEM, now
      U.S. Pat. No. 3,900,832, discloses in a general way a system for
      processing bar coded information of the kind disclosed in the above patent
      application of John P. Taplin. This invention is more particularly
      concerned with the stage in the above patent application of Leland J.
      Hanchett intended for error detection and sequence check. This stage
      precedes the code conversion stage in the system which is disclosed in the
      above patent application of Leland J. Hanchett.
PAR  The most important code to be processed is one wherein each character is
      made up of four bars of equal height and three inter-bar spaces, and
      wherein each of the bars may have one of two possible widths, and each of
      the inter-bar spaces may have one of two possible widths, so that 128
      different combinations may be formed of the four bars and the three
      inter-bar spaces of which each character is constituted.
PAR  While the present invention is not limited to error detection and sequence
      checking of information which is coded in the aforementioned manner, it is
      particularly useful in connection with processing information which is
      coded in that way and the processing of information which is coded in this
      fashion will be considered below with particularity.
PAC  SUMMARY OF THE INVENTION
PAR  A system embodying this invention comprises means for establishing bar edge
      signals including a bar signal differentiator, and a bar edge counter
      supplied with said bar edge signals. Such a system further comprises a
      first logic gate having a first input of said bar edge signals and a
      second input formed by a predetermined count of said bar edge counter and
      producing an output signal indicative of too many bars. Systems embodying
      this invention further include a clock-controlled character interval
      counter and a second logic gate having a first input formed by a
      predetermined count of said bar edge counter and a second input formed by
      a predetermined count of said character interval counter and producing an
      output signal indicative of too few bars. Systems embodying this invention
      further include a third logic gate having a first input of bar edge
      signals and a second input of bar signals, and a third input being the
      first bar edge count of said bar edge counter to produce an output signal
      indicative of a sequence error.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates an error which may occur on account of a printing defect
      in quantizing a bar code character;
PAR  FIG. 2 illustrates another error which may be caused by the same reasons;
PAR  FIG. 3 shows two bar character sets each being formed of four bars and
      three inter-bar spaces and explains the concept of character presence
      signal as applied to the instant system;
PAR  FIG. 4 illustrates the detection of a missing bar in a printed character;
PAR  FIG. 5 is a logic circuit diagram for error detection; and
PAR  FIG. 6 is a logic circuit diagram supplementing that shown in FIG. 5 and
      showing the means for sequence maintenance.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and more particularly to FIG. 1 thereof,
      that figure includes three superimposed levels. The top level shows two
      bar coded characters of which each is made up of four bars and three
      inter-bar spaces. The first character includes two wide bars, two narrow
      bars, and three narrow inter-bar spaces. The second character includes
      three narrow bars, one wide bar, two narrow inter-bar spaces, and one wide
      inter-bar space. Brackets drawn in FIG. 1 indicate the constituents of
      each of the two characters or bar sets shown therein. FIG. 1 indicates
      diagrammatically that the first bar of the left bar set - which is a wide
      bar - has been mutilated, or not been properly printed. The second level
      of FIG. 1 from the top shows the electric analog signal resulting from
      scanning, or optically reading, the two characters shown on the top level
      of FIG. 1. All analog signals have the same amplitude, except the first
      analog signal resulting from reading of the mutilated bar of the first
      character seen from the left. The signal amplitude of the mutilated bar is
      much less than the signal amplitudes of the non-mutilated bars. The bottom
      level of FIG. 1 shows the same signal as shown at the intermediate level
      upon quantizing thereof. Quantizing may be effected by the quantizing
      circuitry disclosed in the above referred-to patent application of Leland
      J. Hanchett, or by any other well known quantizing circuitry. By whatever
      means quantizing is effected, the first mutilated wide bar of the first
      character will not produce any corresponding quantized signal. This is a
      defect which ought to be detected.
PAR  Referring now to FIG. 2, including three levels corresponding to the three
      levels of FIG. 1, the uppermost level of FIG. 2 shows a four bar character
      the constituent bars and inter-bar spaces of which have been bracketed.
      The character includes a wide bar, three narrow bars, and three narrow
      inter-bar spaces. To the left of the wide bar there is a spot, or smudge,
      not forming part of the following character. Spot s, when read, results in
      an amplitude not quite as high as that resulting from reading of a normal
      code bar, but sufficiently high to result in a spurious bar signal s' when
      the train of analog pulses has been quantized, or converted into digital
      pulses. This is another defect which ought to be detected.
PAR  In FIG. 1 the time of the leading edge of the first quantized bar pulse has
      been marked t.sub.1 and the time of the trailing edge of the fourth bar
      signal has been marked t.sub.2. The interval of time between t.sub.2 and
      t.sub.1 may be made a criterion for error detection. To be more specific,
      if this interval of time exceeds a critical duration this fact may be used
      as a criterion for an error signal.
PAR  In a like fashion the error illustrated in FIG. 2 may be detected by
      applying the criterion that there are too many bars within a predetermined
      period of time.
PAR  FIG. 3 illustrates two consecutive bar coded characters of which each
      comprises four binary bars and three binary inter-bar gaps. The
      constituent parts of each character have been bracketed. The first
      character includes one wide bar, three narrow bars, two wide interbar
      spaces, and one narrow inter-bar space. The second character includes one
      wide bar, three narrow bars, and three narrow inter-bar spaces. The time
      elasping from the leading edge of the first bar of the first character to
      the trailing edge of the last bar thereof has been marked T.sub.1 and the
      corresponding interval of time for the second character has been marked
      T.sub.1 '. The signal shown in FIG. 3 referred-to therein as characters
      presence signal CP is obtained by adding a fixed time T.sub.2 to the times
      T.sub.1 and T.sub.1 ', respectively. The reference character T.sub.3 has
      been applied in FIG. 3 to indicate an interval of time during which the
      character presence signal CP is turned off. It is desirable to maximize
      the interval of time T.sub.3 by turning off the character presence signal
      CP as soon as possible after character recognition. The interval of time
      T.sub.3 may be referred-to as a time slot.
PAR  Referring now to FIG. 4, the upper level of that figure shows two
      consecutive character sets each defined by a bracket. Each of the two
      character sets is made up of four bars and three inter-bar spaces. One of
      the bars of one of the bar sets, i.e. the bar to the left of the first bar
      set, is missing. Consequently the pulse in the quantized pulse train
      representing that bar will be also missing. As a result the duration of
      the character presence signal CP will be too long, and this may be used as
      a test or criterion for detection of an error.
PAR  The various quantities which determine presence or absence of an error are
      defined below in Boolean terms.
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PAR  The invention is predicated on the presence of a flip-flop to the states of
      which all recognition operations are keyed. This flip-flop will
      hereinafter be referred-to as the character presence flip-flop. The first
      leading edge signal of a code bar sets the character presence signal.
      Normally the character presence flip-flop stays set during the period of
      time T.sub.1 plus T.sub.2, as explained in the context of FIG. 3. To be
      more specific, the character presence flip-flop normally stays set until a
      count of e.g. 2.sup.5 =32 of the master clock following detection of the
      last bar edge of a character set, i.e. in the instant case the 2.sup.3
      =8th bar edge. Under certain error conditions the character presence
      flip-flop is reset prior to completion of reading of a character. These
      conditions are:
PA1  1. Detection of too wide a space following detection of a smaller number of
      bars than the number of bars pertaining to a character set having a fixed
      number of bars. Since in the code under consideration each character set
      has four bars, the character present flip-flop must be reset if too long a
      time interval follows a count of but two or but three bars.
PA1  2. The absence of enough bars to complete recognition of a character during
      a predetermined interval of time. In the instance under consideration
      there must be four bars to complete recognition of a character during a
      predetermined interval of time.
PAR  The condition of not being on the page with the scan should also preclude
      setting of the character presence flip-flop.
PA2  a. The condition of too many bars is defined by the Boolean term b.d (A bar
      egde occurs after 8 bar edges have been observed);
PA2  b. The condition of too few bars is defined by the Boolean term f.d;
PA2  c. The condition of sequence error is defined by the Boolean term a.c.b;
PA2  d. The condition of the character presence flip-flop to set is defined by
      the Boolean term b.e;
PA2  e. The condition for the character presence flip-flop to reset is defined
      by the following Boolean term k.d.g+f.d+i.j+h.
PAR  Referring now to FIGS. 5 and 6 implementing the above, reference character
      B has been applied to indicate a channel carrying a quantized bar signal.
      That signal is inverted in inverter 1 and supplied to the J terminal of a
      J-K flip-flop 2. The non-inverted bar signal is supplied to the K terminal
      of flip-flop 2. The flip-flop 2 is synchronized and clocked by the clock
      signal O. The output of flip-flop 2 at its Q terminal is a train of
      rectangular pulses. These are supplied to the J terminal of a
      differentiator including the J-K flip-flop 4. Reference characters 5 and 6
      have been applied to indicate a pair of NAND-gates of which the former is
      conductively connected to the Q terminal of flip-flop 4, and the latter is
      conductively connected to the O terminal of flip-flop 2. Other inputs of
      NAND-gate 5 are the character presence signal CP and the state of the Q
      terminal of flip-flop 4. The output of NAND-gate 5 are the bar leading
      edge signals prevailing during the character presence time T.sub.1 plus
      T.sub.2, as explained in the context of FIG. 3. How the character presence
      signal CP is generated will be explained below in connection with FIG. 6.
      The output of NAND-gate 6 are the bar trailing edge signals derived from
      the bar signal B. The OR-gate 7 combines the leading edge signal and the
      trailing edge signal, and its output is the bar edge signal BE which forms
      the input for the bar edge counter 8. Reference numerals 9, 10 and 11 have
      been applied to indicate three NAND-gates. The output of these NAND-gates
      are the too many bars signal TMB, the too few bars signal TFB, and the
      sequence error signal SE. These signals are formed in accordance with the
      Boolean terms set forth above, as will be explained below in more detail.
      NAND-gate 9 has two inputs. One of them is the bar edge signal BE, and the
      other the bar edge count signal derived from bar edge counter 8. There are
      too many bars in the instant case if counter 8 has counted up to eight and
      NAND-gate 9 is still supplied with bar edge signals BE. NAND-gate 10 has
      two inputs. One is the inverted output of bar edge counter 8, and the
      other is the output character interval counter 13. The latter is achieved
      by the clock signals O counts up to 2.sup.8 =256, and then transmits a
      signal to one of the inputs of NAND-gate 10. Both the bar edge counter 8
      and the character interval counter are cleared in response to the
      condition or state of the signal CP. The NAND-gate 11 has three inputs of
      which one is the bar edge signal BE, one is the clock signal O, and one is
      the count 1 of bar edge counter 8.
PAR  Summarizing the above, the quantized bar signal is synchronized to a master
      clock (not shown) at the first flip-flop 2. The second or differentiator
      flip-flop provides edge signals for both the leading edges and the
      trailing edges of the bar signals. To ensure a valid start up on only a
      leading edge signal, the character presence signal inhibits all trailing
      edges until a leading edge is detected. Each bar edge signal is counted in
      bar edge counter 8 only during character presence time.
PAR  Referring now to FIG. 6, numeral 14 has been applied to indicate the above
      referred-to character presence flip-flop which generates the character
      presence signal CP. This flip-flop 14 is a J-K flip-flop, its J terminal
      being connected to a line carrying the bar edge signal BE which is the
      output signal of gate 7 shown in FIG. 6. Reference character O has been
      applied in FIG. 6 to indicate an input line for flip-flop 14 carrying the
      clock signal O. 15 is a NAND-gate having two inputs and 16 is an inverter
      for inverting the output of gate 15. NAND-gate 15 has two inputs. One
      input CTN8 is the output signal derived from bar edge counter 8 of FIG. 5
      when completing its count up to 8, i.e. to the last of eight edges. The
      other input is BI 32 derived from bar interval counter 17 when completing
      its count to 32. The inverted output of NAND-gate 15 forms the K input of
      character presence flip-flop 14. Reference numeral 18 has been applied to
      indicate a flip-flop for generating a signal indicative of a too wide bar
      space which may be referred to as too wide zone flip-flop. The J terminal
      of flip-flop 18 is supplied with the bar edge signal BE and flip-flop 18
      is under the control of clock signal O. The K terminal of flip-flop 18 is
      connected to the 2.sup.6 = 64 output of bar interval counter 7. The too
      wide bar space signal of flip-flop 18 is derived from its Q terminal and
      forms one of the inputs of NAND-gate 19. The other input CTN4 of gate 19
      is derived from bar edge counter 8 when reaching the count of 4. Reference
      numeral 20 has been applied to indicate an OR-gate having three inputs.
      The output of OR-gate 20 when inverted by inverter 21 clears, or resets,
      character presence flip-flop 14. The output of NAND-gate 19, OR-gate 20
      and inverter 21 causes clearing or reset of character presence flip-flop
      14. This occurs in response to detection of too wide a space following an
      incomplete number of bars, i.e. less than four bars. The second input TFB
      of OR-gate 20 is the output of NAND-gate 10 shown in FIG. 5 occurring when
      there are too few bars in a character set. OR-gate 20 may have a third
      input which is a not on page signal NOP.
PAR  The state of character presence flip-flop 14 is the key for all character
      recognition operations.
PAR  Summarizing the above, character presence flip-flop 14 is set by the first
      leading edge signal of a bar set and normally remains in that state until
      a count of 32 master clocks following detection of the eighth bar edge of
      the bar set. The character presence flip-flop may under certin conditions
      be reset prior to completion of reading of a character or bar set. These
      conditions are (1) detection of too wide a space following less than four
      bars, or (2) presence of less than four bars to complete recognition of
      the character or bar set during a predetermined interval of time.
PAR  It will be apparent from the above that the quantized bar signal carried by
      line B is needed to generate bar edge signals BE and character presence
      signals CP. On the other hand, the character presence signal CP is used to
      reset the threshold signal channel necessary to obtain the quantized
      signal carried by line B as shown more in detail in the aforementioned
      copending patent application of Leland J. Hanchett for BAR CODE PROCESSING
      AND DETECTING SYSTEM. These conditions can be met by closed loop
      circuitry. In this way a stored threshold signal is maintained only during
      character presence time. Between characters the threshold is reset in
      preparation for the next character in the printed line.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An error detection system for bar coded information wherein each
      character set is a member of a group made up of a predetermined number of
      bars and a predetermined number of inter-bar spaces of which each bar and
      each inter-bar space may have one of two different widths, said system
      comprising
PA1  a. means for establishing bar edge signals including means for sensing bars
      in terms of electric bar signals and a bar signal differentiator;
PA1  b. a bar edge counter supplied with said bar edge signals;
PA1  c. a first logic gate having a first input formed by said bar edge signals
      and a second input formed by a predetermined count of said bar edge
      counter and producing an output signal indicative of too many bars;
PA1  d. a clock-controlled character interval counter;
PA1  e. a second logic gate having a first input formed by a predetermined count
      of said bar edge counter and a second input formed by a predetermined
      count of said character interval counter and producing as output a too few
      bars signal;
PA1  f. a third logic gate having a first input formed by said bar signals, a
      second input formed by said bar edge signals and a third input formed by
      the first bar edge count of said bar edge counter to produce an output
      signal indicative of a sequence error;
PA1  g. a bar interval counter;
PA1  h. a fourth logic gate responsive to a predetermined count of said bar
      interval counter and to said predetermined count of said bar edge counter;
PA1  i. a character presence flip-flop for producing a character presence signal
      connected to be set by said bar edge signal and to be reset by the output
      of said fourth logic gate; and
PA1  j. additional means for resetting said character presence flip-flop
      including logic circuitry resetting said character presence flip-flop
      either in response to said too few bars signal or in response to
      coincidence of a count of said bar edge counter and a count of said bar
      interval counter.
NUM  2.
PAR  2. A system as specified in claim 1 wherein said additional means for
      resetting said character presence flip-flop include an OR-gate having more
      than two inputs.
NUM  3.
PAR  3. A system as specified in claim 1 including means for clearing said bar
      edge counter and means for clearing said character interval counter by
      said character presence signal.
NUM  4.
PAR  4. In an error detection system for bar coded information wherein each
      character set is a member of a group made up of a predetermined number of
      bars and a predetermined number of interbar spaces of which each bar and
      each inter-bar space may have one of two different widths a circuitry for
      generating character presence signals including
PA1  a. a master clock generating master clock signals;
PA1  b. a bar sensor generating bar signals and a differentiator supplied by
      said sensor and generating bar edge signals;
PA1  c. a clocked character presence flip-flop set by said bar edge signals;
PA1  d. means for counting said bar edge signals and means for resetting said
      character presence flip-flop upon a predetermined count of said bar edge
      signals and upon a predetermined count of said master clock signals; and
PA1  e. additional means for resetting said character presence flip-flop, said
      additional means including logic circuitry for detection of a critically
      wide space following a number of bars smaller than said predetermined
      number of bars in a complete bar set, and said additional means further
      including logic circuitry for detection of the occurrence of a number of
      bars smaller than said number of bars in a complete bar set within a
      predetermined period of time.
NUM  5.
PAR  5. A circuitry as specified in claim 4 including
PA1  a. a J-K flip-flop generating character presence signals with its J input
      terminal connected to said bar edge signals carrying line;
PA1  b. a bar edge counter supplied with signals from said bar edge signals
      carrying line and a bar interval counter supplied with signals from said
      master clock signal carrying line, said bar edge counter being connected
      to be cleared by output signals derived from said character presence
      flip-flop and said bar interval counter being connected to be cleared by
      signals derived from said bar edge signals carrying line;
PA1  c. a first gate for combining counts of said bar edge counter and of said
      bar interval counter and having an output supplied to the K terminal of
      said character presence flip-flop;
PA1  d. a second gate for combining counts of said bar edge counter and signals
      indicative of too wide an interval between bars; and
PA1  e. a third gate having at least two inputs, one of said inputs being the
      output of said second gate and said third gate being connected to clear
      said J-K flip-flop by the output signals thereof.
NUM  6.
PAR  6. A circuitry as specified in claim 5 including an additional clocked J-K
      flip-flop connected with its J terminal to said bar edge signal carrying
      line, connected with its K terminal to said bar interval counter,
      connected with its Q terminal to one of the input terminals of second
      gate, and connected to be cleared by character presence signals forming
      the output of said J-K flip-flop.
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ABST
PAL  An arrangement is shown for controlling transmission of blocks of
      information to and from a plurality of major components of a digital
      computer system interconnected by common buses. The disclosed arrangement
      operates so that any component of the system may normally seize, on a
      nonpriority basis, one of the buses at the beginning of any time slot
      defined by two successive clock pulses generated by a single source and
      applied to all components simultaneously; however, if a special
      instruction is encountered during execution of a program, any component
      may retain a bus for more than one time slot. The disclosed arrangement
      also permits error checking of transmitted information from a given major
      component without interfering with transmission from any other major
      component and automatically causes retransmission of any block of
      information found to be improperly transmitted originally. Still further,
      the disclosed arrangement permits buses to be dedicated during execution
      of a program or, if desired, any complete major component to be replaced
      without affecting any other major component.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to data processing systems and
      specifically to digital computer systems adapted to be modified to be used
      in many different applications.
PAR  It has been a prime objective of designers of digital computer systems to
      arrange the major components of such systems in a manner that the
      particular types of major components actually incorporated in a given
      system may be changed as desired for different applications. To permit
      such desired flexibility, it is well known to interconnect selected major
      components of a digital computer to terminals on a common bus and to
      provide bus control signals to direct the flow of data between selected
      ones of such components in a manner required for execution of a given
      program. With major components so interconnected, changes in the character
      and number of major components may easily be made as desired.
PAR  Although the principle of connecting major components of a digital computer
      system to a common bus is extremely simple, implementation of such a
      concept, without degradation of speed or accuracy of the system, is very
      difficult. First of all, operational characteristics of different types of
      major components, e.g. memory, arithmetic unit and peripheral equipment,
      of any digital computer system differ radically. It follows then, even in
      the simplest case, that the bus control signals generated during execution
      of a program must be adapted to the diverse operating characteristics of
      such different major components as are incorporated in any given digital
      computer system. Further, it is evident that, during execution of any
      program, the amount and character of information transferred between
      different major components by way of a common bus varies as any particular
      program is being executed. Obviously, therefore, the bus control signals
      generated during execution must be such that the order and manner of
      transmission of information may be varied to attain the most efficient
      execution of the program. The more sophisticated the computer system, the
      more important it is that the order of transmission of information between
      major components be properly controlled. Still further, it is mandatory in
      any digital computer system that the process of transferring each "unitary
      block" of information, say each digital word, from one major component to
      another includes verification procedures. That is, whenever a unitary
      block of information is to be transferred from one major component, say a
      memory, to another major unit, say an arithmetic unit, it is necessary to
      verify the fact that the desired transfer has been properly effected. Such
      verification may be accomplished by causing an "acknowledgment" signal to
      be returned over the common bus from the receiving component to the major
      component transmitting a unitary block of data. In response to the
      particular acknowledgment signal so returned to the transmitting major
      component, operation of such component (or the complete system) may then
      be continued or modified. Still further, if a digital computer system of
      any type is to be operated under adverse environmental conditions, it is
      necessary that means be provided to reduce the probability of system
      failure due to failure of the common bus.
PAR  In addition to the foregoing general requirements for any digital computer
      system incorporating different major components on a common bus, other
      requirements arise when operational speed is high or the major components
      are separated by any appreciable distance. In either such case,
      transmission delays suffered by synchronizing clock pulses between major
      components may become an appreciable portion of the time between
      successive ones of such clock pulses. To avoid difficulty, therefore, it
      is necessary that the common bus control signals be unaffected by
      transmission delays. Still further, when complex operations, as a "matrix
      multiply" operation, are to be executed it is highly desirable that only
      the major components used to execute such an operation be interconnected
      over a bus to interchange blocks of information. That is, there are
      occasions when a bus should be "dedicated"; it is highly desirable,
      therefore, that any bus control arrangement be adapted to permit many
      blocks of information to be transferred between designated major
      components to the exclusion of other major components in a digital
      computer system.
PAR  Many different approaches have been taken to solve the practical problems
      connected with common bus arrangements for digital computer systems. For
      example, it is known to provide a bus control arrangement based on a
      so-called "handshaking" principle. In arrangements of this type if
      information is to be transmitted from one major component to another, the
      receiving component is addressed so that an acknowledgment signal, i.e. a
      "busy" or "not busy" signal, may be generated and returned. Whether or not
      information may be transferred, time it taken to establish the status of
      the receiving major component, thus reducing the length of time for the
      desired transfer for information. To put it another way, the speed of
      operation of the system is reduced. To eliminate the delays inherent in
      "handshaking" it is known to provide bus control arrangements based on a
      so-called "time-slot" principle. In some known arrangements of such sort,
      each major component is permitted to transmit during a period between
      common synchronizing pulses applied to all, i.e. during a time slot. The
      simplest way to determine which major component may be transmitting is to
      assign, or dedicate, particular time slots to each different component. It
      follows, then, that in any given time slot, one (and only one) major
      component is allowed to transmit information. Such an approach results in
      faster operation than is possible with handshaking but is not ideal.
      Obviously, there will be many occasions in the execution of a program of
      almost any complexity when bus use requirements differ between the major
      components. It follows, then, that there are time slots during which the
      bus may not be used even though a major component is conditioned to
      transfer information. To increase efficiency in a "time-slot" bus control
      arrangement, it is known to provide a bus control arrangement based on a
      "nondedicated time-slot" principle. In such known arrangements the
      requisite bus control circuitry is ordinarily disposed in a so-called
      central controller and is arranged: (a) to poll the major components in a
      digital computer system to determine which ones of such components are
      conditioned to send or receive; and, then, (b) to provide an enabling
      signal to the major component next permitted to transmit. Known circuitry
      to accomplish such operations is, however, relatively complex and subject
      to failure. Further, with a central bus control arrangement, the physical
      location of the various components may limit operation. Because of
      transmission time delays suffered by any signal passing from one point to
      another, the distance of the major components in a digital computer system
      operating at high speed and using a central bus control arrangement may
      result in excessive delays affecting synchronization of the various major
      components.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is an object of this invention to provide an improved common
      bus control arrangement for a digital computer system.
PAR  Another object of this invention is to provide an improved common bus
      control arrangement whereby the operational speed of a digital computer
      system may be increased to an optimum.
PAR  Another object of this invention is to provide an improved distributed bus
      control arrangement whereby information may be transferred between major
      components of a digital computer system over any one of a plurality of
      common buses.
PAR  Still another object of this invention is to provide an improved bus
      control arrangement whereby a common bus interconnecting major components
      of a digital computer system may be dedicated, as desired during execution
      of a program, to permit communication between selected ones of such major
      components.
PAR  Still another object of this invention is to provide an improved
      distributed bus control arrangement whereby time delays inherent in
      transmitting synchronizing pulses between major components of a digital
      computer system may vary within wide limits.
PAR  These and other objects of this invention are attained by providing, for
      each major component of a digital computer system in which a common bus
      arrangement interconnects a plurality of such components, at least
      duplicate common buses to which all of such major components are
      connected. Associated with each one of the major components is a bus
      control arrangement and a transmit controller periodically actuated by
      synchronizing clock pulses from a single source, to permit, in accordance
      with the program being executed (ordinarily on an equal priority basis), a
      particular one of the major conponents normally to transfer a block of
      information (meaning a digital word) to all other major components over
      the first available bus. Also associated with each one of the major
      components is a receiving controller, responsive to an address code
      included in each transmitted block of information, to permit only a single
      one of the receiving major components to process each block of information
      and to return an acknowledgment signal to the transmitting major
      component. Each receiving controller is adapted to store a plurality of
      blocks of information, the number of such blocks being related to the
      characteristics of the associated major component. The bus control
      arrangements and transmit controllers are responsive to the acknowledgment
      signal, if such signal indicates improper transmission of a block of
      information, to retransmit, i.e. "retry," such block and are also adapted,
      in accordance with a program being executed, to dedicate a common bus
      during the time required to transmit a plurality of consecutive blocks of
      information.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of this invention, reference is now made
      to the following description of the accompanying drawings, wherein:
PAR  FIG. 1 is a block diagram of an exemplary digital computer system according
      to the concepts of this invention;
PAR  FIG. 2 is a block diagram of an exemplary bus control arrangement according
      to this invention;
PAR  FIG. 2A is a modification of the block diagram shown in FIG. 2;
PAR  FIGS. 3A, 3B, 3C taken together make up a block diagram of an exemplary
      transmit controller for transmitting a block, or blocks, of information
      over a common bus; and
PAR  FIG. 4 is a block diagram of an exemplary receive controller to receive
      information transmitted over a common bus and to produce an acknowledgment
      signal.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Before reference is made to the detailed discussion of the drawings,
      several points should be observed. First, the drawings have been
      simplified in the interest of clarity by representing multi-line buses as
      a single line. It is deemed obvious that the number of lines in a bus and
      associated circuitry may be changed as desired by a designer to adapt the
      disclosed arrangement to parallel digital words of any given length.
      Further, positive logic has been adopted for convenience of exposition.
      That is, a logic one has been chosen to represent positive conditions,
      e.g. a bus is available or a major component is in condition to transmit.
      Conversely, a logic zero has been chosen to represent negative conditions,
      e.g. a bus is unavailable or a major component is not in condition to
      transmit. Again, it is deemed obvious that a designer may choose to use
      negative or mixed logic in an operating system. Further, the term "major
      component" should be taken to mean conventional digital computer
      subassemblies, such as: Memories of any configuration ranging in speed of
      operation between wide limits; data processing elements adapted to perform
      any required operations on data; input/output devices; and, even complete
      auxiliary computers. Necessary portions of such subassemblies, as program
      counters and instruction registers and the like, have not been explicitly
      shown. Again, it is deemed obvious that one of skill in the art would
      incorporate such elements in any conveniently located major component.
PAR  It should also be borne in mind throughout the following that the
      illustrated bus control arrangement exemplifies the contemplated idea that
      information may ordinarily be transferred between major components of a
      digital computer system over one of a plurality of normally nondedicated
      buses, the operation of such buses and major components being controlled
      to allow any one given major component to transmit a signal digital word
      on a nonpriority basis between two successive synchronizing clock pulses
      applied to all major components. The illustrated bus control arrangement
      further exemplifies the idea that, if desired, any bus may be dedicated
      for any length of time desired to permit blocks of digital words to be
      transmitted. In this connection it should be noted that the length of time
      any bus is dedicated may be controlled by an instruction code and not by
      change in wiring of the bus control arrangement. Conversely, the
      illustrated bus control arrangement permits major components to be
      "switched" in or out of the digital computer system, thereby allowing
      defective components to be replaced. Finally, it should be noted that the
      illustrated bus control arrangement also exemplifies the idea that
      receiving circuitry may be provided at each major component so that no
      handshake is required and an error check, as parity, may be made after the
      transmitting major component has released the bus and a different major
      component may be transmitting information over the same bus.
PAR  Referring now to FIG. 1, it may be seen that our inventive concept
      encompasses the idea of providing: (a) a first plurality of buses (here
      two, indicated as bus A and bus B terminated in appropriate loads 19
      interconnecting each one of a second plurality of major components (here
      indicated as major component A . . . major component N) of a digital
      computer system; (b) a second plurality of bus controllers, here indicated
      as bus controller A . . . N (an exemplary one being shown in detail in
      FIG. 2) operative to control the voltage level on availability lines 12A,
      12B, thereby finally, in a manner to be described, to permit information
      (normally in the form of a single digital word) to be transmitted from a
      particular one of the major components to all other major components; (c)
      a second plurality of transmit controllers, as transmit controllers, A . .
      . N (an exemplary one being illustrated in detail in FIGS. 3A, 3B and 3C),
      actually to control the transmission of information, whether directly from
      the associated major component or from an auxiliary store (if an error in
      transmission is detected); (d) a second plurality of receive controllers,
      as receive controllers A . . . N (an exemplary one being illustrated in
      FIG. 4) adapted: (i) to receive all information transmitted over either
      bus A or bus B; (ii) to respond only to information addressed to the
      corresponding major component in a manner that such information is
      accepted (if properly received) or is rejected (if improperly received);
      and (iii) to return an acknowledgment signal to the transmitting major
      component during a following time slot; and (e) a clock pulse generator 10
      for synchronizing the operation of the various elements.
PAR  As will become clear for reasons set forth hereinafter, the bus controllers
      A . . . N are arranged to respond, at each clock pulse, to the state of
      availability lines 12A, 12B, the state of the associated line drivers
      (here indicated as availability line drivers A . . . N) and the state of
      the associated major components A . . . N (or the state of error checking
      circuitry to be described). Suffice it to say here the result is that,
      immediately after each clock pulse, "normal" operation of the next
      following (here in a counterclockwise direction) bus controller associated
      with a major component conditioned to transmit information causes either
      bus A or bus B to be seized and information from such component to be
      transmitted until the next following clock pulse occurs. It may be seen
      from the foregoing that normal operation of the contemplated bus control
      arrangement permits a single block of information, i.e. a digital word, to
      be transmitted in any time slot, meaning the interval between successive
      clock pulses from any given major component. Before a second block of
      information may be transmitted from that major component all other major
      components which are conditioned to transmit must transmit a single block
      of information. In some situations, as when a double precision word or the
      elements of a matrix are to be transmitted by a major component, normal
      operation may not be desirable. In such situations, then, the control
      signals to a given bus controller may be changed so that the bus
      controller, having once seized a bus, "dedicates" that bus as two or more
      blocks of information to be transmitted during successive time slots
      before any other bus controller may seize the bus. In the rare case when
      all buses (here bus A and bus B) are being used to transmit information,
      no bus controller (other than the two actuated ones) may then seize a bus.
PAR  Referring now to FIG. 2, it may be seen that each one of the bus
      controllers A through N here includes a bus A controller section 20A and a
      bus B controller section 20B having similar components. For this reason,
      only bus A controller section 20A will be completely described in detail.
      Thus, availability line 12A is connected through an A availability input
      terminal (not numbered) to a load resistor 21a, a buffer amplifier 23a and
      an AND gate 25a. The buffer amplifier 23a in turn is connected to an AND
      gate 27a and an inverter 29a. The latter in turn is connected to an AND
      gate 31a. If it be assumed that bus A is available for transmission by the
      major component associated with the bus controller being discussed, then
      it follows that no other one of the bus controllers has seized bus A and a
      logic one signal exists at the A availability terminal. A logic one is
      then impressed on AND gates 25a, 27a and a logic zero is impressed on AND
      gate 32a (by reason of the inversion of the logic one at the A
      availability terminal by an inverter 29a). If it be assumed that the
      associated major component is in condition for transmission, i.e. "wants"
      to transmit, a logic one signal exists at the want terminal (not
      numbered). Such logic one is passed to an AND gate 33, in addition to AND
      gates 27a, 35a. If, under conditions to be detailed hereinafter, all other
      inputs to AND gate 35a are logic ones, the output signal of that gate is
      changed by an inverter 37a to a logic zero applied to AND gate 25a. The
      signal out of the latter then is a logic zero, which is applied to an OR
      gate 39a.
PAR  The second input to the AND gate 33 is a logic one when, for reasons to be
      explained, it is permitted to transmit a single digital word, or a number
      of successive words from the associated major component. This signal is
      referred to as a "keep" signal. It follows that, with both a "want" and a
      "keep" signal existing, the associated major component is in condition to
      transmit either one or more digital words and that a logic one is applied
      to the inputs of an inverter 49. A logic zero, therefore, is passed to AND
      gates 31A, and to AND gates 51A, as long as the want and keep conditions
      exist.
PAR  It will be noted that AND gates 27A, 31A are internal gates of a J-K
      flipflop 53A. It will further be noted that under the assumed conditions,
      i.e. a logic one on the availability availabiliy input terminals, the want
      and keep terminals also having a logic one impressed thereon, a logic one
      appears on the J input of the J-K flipflop 53a and a logic zero appears on
      the K input of that flipflop. The J-K flipflop 53a is, therefore, in its
      preset condition, i.e. a logic one appears at the Q output and a logic
      zero appears at the Q output. The logic one is applied to AND gate 51a
      (without effect because a logic zero from inverter 49 is also applied).
      The second input to OR gate 39a is, therefore, a logic zero (because AND
      gate 25a also produces a logic zero) a logic zero is impressed on the next
      following bus controller. An AND gate 55a is, however, enabled during the
      interval, c.p.(a), between clock pulses c.p.(a).
PAR  Referring now also to FIG. 1, it may be seen that, because the operation of
      the just described bus A controller section 20A is effective to force a
      logic zero on the A availability output terminal (not numbered), a logic
      zero then is passed over availability line 12A to the A availability input
      terminal of the next following bus controller (here bus controller B, not
      shown in FIG. 1). The effect of a logic zero on the next following bus
      controller will now be explained by demonstrating the effect of such a
      logic zero on bus A controller section 20A. Thus, very simply, if a logic
      zero is impressed on the A availability input terminal, AND gate 25a is
      inhibited so a logic zero appears at its output. At the same time a logic
      zero appears at the J input of the J-K flipflop 53a because AND gate 27a
      is also inhibited by the logic zero at the A availability input terminal.
      Inverter 29a operates to convert the logic zero at the A availability
      input terminal to a logic one on AND gate 31a. The second input to the
      latter gate is derived from inverter 49. Therefore, that second input may
      be either a logic one (if a want and a keep signal exist simultaneously)
      or a logic zero (if both a want and a keep signal are not present). It
      follows, then, that either a logic one or a logic zero is impressed on the
      K input of the J-K flipflop 53a. Whatever the level of the signal on the K
      input of the J-K flipflop 53a, that element is forced to its clear
      condition. This in turn means that AND gates 51a and 55a are inhibited,
      thus preventing transmission of information and making the second input to
      OR gate 39a also a logic zero.
PAR  It will be remembered, however, that initially, i.e. when a logic one was
      impressed on the A availability input terminal of bus A controller 20A
      that the signal, along with a want signal on the J terminal of the J-K
      flipflop 53a, caused that element to produce a logic one at its Q output.
      The fact that a logic zero is impressed on the J input (by reason of a
      logic zero on the A availability input terminal) has no effect in changing
      the state of J-K flipflop 53a, nor does the next clock pulse, c.p.(a).
      Thus, the logic one is passed from the Q output of J-K flipflop 53a and
      remains on the AND gate 51a even though the logic one initially impressed
      on the A availability input terminal of bus A controller 20A changes from
      a logic one to a logic zero. At the same time AND gate 51a is inhibited by
      reason of a logic zero from inverter 49. Therefore, a logic zero remains
      on the A availability output terminal of bus A controller section 24A.
PAR  After one, or more, clock pulses have occured, depending upon the number of
      blocks of information to be transmitted from the major component
      associated with bus A controller section 20A, either (or both) the want
      and keep signals may be changed from a logic one to a logic zero. The
      output of the inverter 49 then changes to a logic one. This change in turn
      causes a logic one to be applied to the K input of the J-K flipflop 53a
      and to the AND gate 51a. The output of the latter then is a logic one
      which passes through the OR gate 39a to appear first at the A availability
      input terminal of the next following bus A controller section. If that
      section has a want signal impressed on it, then it operates as described
      to seize bus A; on the other hand, if no want signal is present, AND gate
      25a of that section passes the logic one to the next section. Therefore,
      each one of the bus A controller sections B . . . N is successively
      actuated either to seize bus A or to allow the next following one to seize
      bus A. After a logic one is applied to the K input of the J-K flipflop
      53a, the next following clock pulse, c.p.(a), resets that flipflop so that
      it is conditioned to operate again when the proper actuating signals are
      applied.
PAR  The interconnections between bus A controller section 20A and 20B will now
      be explained. Thus, the output of inverter 29a is connected to AND gates
      27b and 35b. It may be seen that such connections: (a) permit a logic one
      to be applied to the J input of J-K flipflop 53b and a want signal to
      enable AND gate 35b only when bus A has been seized by one of the bus A
      controller sections 20A . . . 20N. This simply means that, if both bus A
      and bus B are available, bus A will be chosen to be used.
PAR  The interconnections from the Q outputs of the J-K flipflops 53a, 53b
      simply prevent both bus A controller section 20A and bus B controller
      section 20B from simultaneously seizing bus A and bus B. Thus, if bus A
      has been seized, J-K flipflop 53a will be in its preset condition as
      previously described. A logic zero will then exist at the Q output of J-K
      flipflop 53a. Such logic zero is then applied to AND gate 27b and AND gate
      33b, inhibiting both regardless of any other signals applied to either.
      J-K flipflop 27b, as a result cannot be forced into its preset condition,
      with the result that AND gates 51b, 55b cannot be enabled. The connection
      of the Q output of J-K flipflop 53a to AND gate 35b simply stops
      propagation of a logic one on the B availability line 12b (FIG. 1), if a
      logic one is impressed on the B availability input terminal. If it is
      desired that synchronism between the two bus controller sections not be
      maintained, the connection from the Q output of J-K flipflop 53a to AND
      gate 35b need not be made. In such case, bus B controller section 20B will
      still be inhibited from seizing bus B when J-K flipflop 53a is conditioned
      to seize bus A, but a logic one of the B availability line 12b will be
      passed and a bus B controller section associated with a different major
      component may seize bus B. The connections from the Q output of J-K
      flipflop 53b similarly are efffective to inhibit operation of bus A
      controller section 20A when J-K flipflop 53b operates.
PAR  The control line designated as enable and connected to AND gates 35a, 35b,
      51a, 51b, 55a, 55b simply may be considered to provide a kind of
      electrical interlock. As long as a logic one is applied to the enable
      line, the bus controller sections may operate as described. If a logic
      zero is applied to the enable line, then neither bus A controller section
      20A nor bus B controller section 20B may seize a bus. That is, with a
      logic zero on the enable line, AND gate 25A is always enabled so that
      whenever a logic one is applied to either the A or the B availability
      input terminal, a logic one appears at the corresponding availability
      output terminal. Such a condition, it may be seen, is required when it is
      desired to remove a major component from the contemplated system without
      disturbing any other. Further, by impressing a logic one on the enable
      line in sequence when the contemplated digital computer system is first
      actuated (as by an instruction to initiate operation), any one of the bus
      controllers A . . . N may be selected to be the first one to seize a bus,
      thereby eliminating the possibility of instability between the various bus
      controller sections A . . . N.
PAR  Referring now to FIG. 2A, it may be seen that the bus controller shown in
      FIG. 2 easily may be modified to allow information from selected ones of
      the major components to be transmitted on either bus A or bus B and to
      allow information from other ones of the major components to be
      transmitted on only a single one of such buses. That is, if the lines
      interconnecting bus A controller section 20A and bus B controller section
      20B are removed and the circuitry now to be described inserted,
      transmission on either bus A or bus B may be permitted or inhibited. Thus,
      in FIG. 2A separate want and keep terminals are provided for each
      controller section. Each separate want and keep terminal is connected as
      shown (to replace the corresponding connections shown in FIG. 2) to
      elements within bus A controller section 20A and bus B controller section
      20B. In this connection, AND gate 33 and inverter 49 (FIG. 2) are replaced
      by AND gates 33a, 33b and inverters 49a, 49b. It will be recognized that,
      absent any other changes, the just mentioned changes would separate the
      two bus controller sections into two independently operating sections. To
      allow, as described in connection with FIG. 2, selection between bus A and
      bus B, (or conversely to inhibit operation of either) the want A and want
      B terminals are connected to an AND gate 60, which in turn is connected to
      AND gates 62, 64, 66. It may be seen that, if a logic one is impressed on
      both the want A and the want B terminals, AND gates 62, 64, 66 are enabled
      so that either the bus A controller section 20A (FIG. 2) or the bus B
      controller section 20B may operate in the manner described in connection
      with FIG. 2. If, on the other hand, a logic zero is impressed on the want
      A terminal and a logic one is impressed on the want B terminal, the output
      of AND gate 60 is a logic zero, thereby inhibiting operation of AND gates
      62, 64, 66. When the latter gates are inhibited, the bus A and bus B
      controller sections are, as noted above, effectively separated from each
      other. It follows then, that the want signals applied to such separated
      sections determine whether or not either (or both or neither) may seize
      its associated bus. For example, if a logic zero is applied to the want A
      terminals of the bus controller sections, except those associated with
      major components A and N, then information may be transmitted on bus A
      only between major components A and N. That is, bus A is dedicated to
      major components A and N (although bus B may also be used for such
      communication). Further, if a logic zero is applied to both the want A and
      the want B terminals of any given bus controller the associated major
      component is, in effect, disconnected from the digital computer system.
PAR  Having described the construction of an exemplary bus control arrangement,
      it will now become evident that, as shown in FIG. 1, the resulting
      assembly is a closed loop constituting a distributed nonpriority
      controller operating on a time slot principle. Each bus control
      arrangement is partially responsive to the condition of the preceding bus
      control arrangement in the closed loop and to control signals from an
      associated major component. The condition of the preceding bus control
      arrangement indicates whether or not a bus is available. The control
      signals from the associated major component indicate (by the want signal,
      here being a logic one) that the major component is conditioned to
      transmit a block of information and (by the keep signal, here being a
      logic one) that the block of information is to be transmitted during the
      next available time slot. It will be obvious to one of skill in the art
      that the want and keep signals may normally be generated by providing
      stages in an output register for each major component, and by loading, in
      any convenient manner, logic ones into such stages whenever a block of
      information is to be transmitted and is being transmitted.
PAR  Referring now to FIGS. 3A, 3B and 3C together, it is noted that the details
      of only the portion of a transmit controller for bus A are shown because
      the details of the remaining portion of such controller for bus B are
      similar. Thus, each time a bus A transmit gate (from AND gate 55a, FIG. 2)
      is applied to an input terminal 70, each one of a plurality of AND gates
      71a through 71x is partially enabled. If, for reasons to be described
      hereinafter, such gates are not then inhibited by reason of an error
      signal, a block of information (meaning a digital word containing
      operation and operand address codes and the like) to be transmitted from
      major component A is passed through a like plurality of OR gates 73a . . .
      73x to bus A, thereby being transmitted during a given time slot to all
      other major components. At the same time, the block of information is also
      impressed on a register 75 (designated register #1, FIG. 3C) through AND
      gates 77a . . . 77x. The bus A transmit gate also causes a flipflop 79 to
      be set and an AND gate (FIG. 3B) to be partially enabled. Thus, each time
      a transmit gate occurs, AND gate 81 is fully enabled and successively
      occurring clock pulses, c.p.(b), from the clock pulse generator 10 (FIG.
      1) cause a logic one to be shifted through a recirculating register 83
      (designated recirculating register #1 in FIG. 3C). A logic one in the
      first stage of such register then causes: (a) a flipflop 85 (FIG. 3A) to
      be set, through an AND gate 87, by the next clock pulse, c.p.(b), to
      occur; and (b) the block of information in register 75 to be transferred
      to a register 89 (designated register #2 in FIG. 3C) by operation of an OR
      gate 91, an OR gate 92 (FIG. 3B) and AND gates 93a . . . 93x. At the end
      of the first A transmit gate flipflops 79, 85 remain set to partially
      enable, respectively, AND gate 81 and an AND gate 95. Full enabling of AND
      gate 81 is then accomplished by conversion of the logic zero in stage
      three of recirculating register 83 to a logic one and applying such logic
      one, through OR gate 101, to AND gate 81. Thus such logic zero is applied
      to an AND gate 97, FIG. 3C, (to produce a logic zero regardless of the
      second input to such gate) and is changed to a logic one in an inverter
      99. Full enabling of AND gate 95 is accomplished in a generally similar
      manner to be described. The next following clock pulse, c.p.(b), causes:
      (a) the logic one in stage one of the recirculating register 83 to be
      shifted to stage two of that register, thereby causing the contents of
      register 89 to be shifted to register 103 (designated register #3 in FIG.
      3C) by operation of AND gates 105a . . . 105x through OR gate 107 and OR
      gate 108 (FIG. 3B); (b) a logic one to be impressed on stage one of
      recirculating register 109. When the next transmit gate occurs: (a) a
      flipflop 111 (FIG. 3A) is set through an AND gate 113, thereby partially
      enabling an AND gate 115, which controls a recirculating register 117
      (designated recirculating register #3 in FIG. 3C); (b) the contents of
      register 75 are shifted to register 89; (it is noted here that if bus A
      transmit gates had been impressed on terminal 70 during two successive
      clock periods the contents of register 75 shifted to register 89 would be
      the second block of information transmitted; otherwise only logic zeros
      would be transferred to register 89); and (c) the contents of register 89
      are shifted to register 103. As the foregoing occurs, AND gates 95, 115
      are fully enabled: The former through operation of AND gate 119, inverter
      121, AND gate 123 and OR gate 125; and the latter through operation of AND
      gate 127, inverter 129, AND gate 131 and OR gate 133.
PAR  After the first transmitted block of information is in register 103, but
      before such information is shifted out of that register, an acknowledgment
      signal indicating either "proper receipt of the first transmitted block of
      information by the addressed major component for such block" or "failure
      of such receipt" is received. The manner in which the acknowledgment
      signal is generated will be discussed hereinafter. Suffice it to say here
      that such signal in its simplest form is a logic zero if receipt has been
      properly effected and a logic one if receipt has not been properly
      effected.
PAR  If receipt is properly effected: (a) a logic zero is applied to AND gates
      97, 119 and 127; (b) a logic one is applied to AND gates 135, 137, 139;
      and (c) a logic one is applied to AND gates 71a . . . 71x and to AND gates
      77a . . . 77x. It may be seen that with the just mentioned gates all
      enabled, operation of the transmit controller continues as described. That
      is, each successive clock pulse, c.p.(b), simply shifts the blocks of
      information in registers 103, 89, 75 sequentially through registers 141 .
      . . 147 by reason of operation of the associated OR gates 141a, 142 (FIG.
      3B), 143a, 145a, 147a and AND gates 141 ba . . . 141 bx, 143 ba . . . 143
      bx, 145 ba . . . 145 bx, 147 ba . . 147 bx. After each shift a new block
      of information may be inserted in register 75 to correspond with a
      transmitted block of information if a transmit gate is applied to terminal
      70. As the logic one in each one of the recirculating registers 83, 109,
      117 reaches the sixth stage, AND gates 149, 151, 153 are successively
      enabled. The next following clock pulse, c.p.(a), applied to each one of
      such gates then successively resets flipflops 79, 85, 111, thereby placing
      the entire transmit controller back in its original condition. It is noted
      here that, if it be desired to transfer a plurality of blocks of
      information, as, for example, a number of digital words making up a
      matrix, it would be desirable to inhibit reset of the flipflops 79, 85,
      111. In such case it is obvious that the clock pulses, c.p.(a), passing
      over the lines to the reset terminals of flipflops 79, 85, 111 should be
      inhibited until all of the individual blocks of information have been
      transmitted. Such inhibition may be accomplished in any convenient manner.
      For example, because a want signal is maintained while any plurality of
      blocks of information are to be transmitted, a logic one (representative
      of want out of the major component) may be passed through an inverter (not
      shown) to AND gates 149, 151, 153. Consequently, the logic ones in the
      recirculating registers 83, 109, 117 would be recirculated continuously
      until all of the blocks of information are transmitted.
PAR  When the acknowledgment signal is a logic one (indicating that the block of
      information corresponding to the block in register 103 was not properly
      received by the addressed major component), a logic one is applied to AND
      gates 97, 119, 127 and a logic zero is applied to AND gates 135, 137, 139,
      AND gates 71a . . . 71x and to AND gates 77a . . . 77x. The effect of such
      signals is to prevent transmission of a new block of information from the
      major component A until the block of information in register 103 has been
      transmitted. To put it another way, major component A is inhibited from
      transmitting new blocks of information until an improperly received block
      of information is "retried". Thus, when an "error" occurs in the
      transmission of the block of information in register 103, all of the
      inputs to OR gates 141a, 107, 91 are forced to become logic zeroes and AND
      gates 81, 95, 115 are (absent a transmit gate) inhibited. At the same
      time, the mode of control for the shifting of blocks of information
      through the registers 75, 89, 103, 141, 143, 145, 147 is changed in a
      manner to be described until the blocks of information in registers 103,
      89, 75 have been retransmitted, i.e. retried.
PAR  Referring now to FIGS. 3A and 3B in particular, it may be seen that the
      contemplated retry circuitry is actuable during the second following time
      slot after a block of information is transmitted. Thus, whenever any block
      of information is transmitted, a logic one is passed through an OR gate
      151 to enable an AND gate 153 to allow a logic one to be loaded into the
      first stage of a shift register 155. On the other hand, if no block of
      information is transmitted, a logic zero is, in effect, loaded into such
      first stage. The second stage of the shift register 155 is connected to
      enable a pair of AND gates 159, 161. It follows, therefore, that AND gates
      159, 161 are enabled during the time slot after the time slot following
      transmission of a block of information, whether such transmission is for
      the first time or retried. When AND gates 159, 161 are enabled their
      second inputs are, respectively, an error (or no error) signal and a retry
      (or no retry) signal from bus A. It will become clear hereinafter that,
      because of the construction of the receive controller (FIG. 4) and the
      delay in enabling the AND gates 159, 161 after transmission of a block of
      information, the outputs of the AND gates 159, 161 are indicative of
      proper, or improper, receipt of a block of information by the particular
      major component addressed in the originally transmitted or retried block
      of information. Any signal out of AND gate 159 is impressed on a register
      163 so that it may be decoded in a decoder 165. Therefore, if an error is
      sensed, whether in an originally transmitted or a retried block of
      information, decoder 165 here produces a logic one; otherwise such decoder
      produces a logic zero. Similarly, the output of AND gate 161 is impressed
      on a register 167; in this case a logic zero is indicative of an
      originally transmitted block of information and a logic one is indicative
      of a retried block.
PAR  Register 167 is connected, through an inverter 171, to one input of an AND
      gate 173. The second input to the last mentioned gate is taken from the
      decoder 165. The output, then, of AND gate 173 is a logic one only if an
      error signal is received in connection with an originally transmitted
      block of information. The register 167 and the output of the decoder 165
      are connected directly to an AND gate 175. The output of that gate is a
      logic one only if an error signal is received in connection with a retried
      block of information. As shown, a logic one at the output of AND gate 175
      causes the enable line from the major component (FIG. 1) to the bus
      controller (FIG. 2) to be inhibited because two unsuccessful attempts to
      transmit a particular block of information have been made.
PAR  A logic one from AND gate 173 causes, inter alia, a flipflop 177 (normally
      reset) to be set. The normal output of flipflop 177 is connected to an AND
      gate 179 and a flipflop 181 to cause that normally reset flipflop to be
      set. As long as the latter flipflop is set, i.e. during the retry cycle
      now being described, a logic one is impressed on the want terminal (FIG.
      2). On the occurrence of the next following clock pulse, c.p.(b), a shift
      signal is passed through AND gate 179, via an OR gate 183, to a
      recirculating register 185. A logic one is then shifted into stage #1 of
      that register, thereby setting a flipflop 187 (FIG. 3B). Because flipflop
      177 causes AND gate 179 to remain enabled for the next two clock pulses,
      c.p.(b), the logic one in stage #1 of the recirculating register 185 is
      shifted successively to stages #2 and #3, thereby successively enabling
      AND gates 189, 191 (FIG. 3B). When a logic one is shifted into stage #3 of
      recirculating register 185, AND gates 193, 195 are also enabled. With
      these latter two gates enabled the next following clock pulse, c.p.(a),
      causes flipflop 177 to be reset and the logic one in stage #3 of
      recirculating register 185 to be shifted to stage #4.
PAR  It will be noted that registers 163, 167 are cleared by each successive
      clock pulse, c.p.(a), and that, when a logic one is shifted into stage #4
      of recirculating register 185, AND gates 159, 161 are inhibited by reason
      of the fact that a logic zero must then be in the second stage of register
      155. This means, in turn, that once an error signal associated with an
      originally transmitted block of information is received, only that block
      and the blocks (if any) in the next two time slots may be retried. If no
      block of information was transmitted in either of the two following time
      slots, then a logic zero is produced by the decoder 165 in the two time
      slots following the first error signal. This means that neither AND gate
      189 nor AND gate 191 ever may pass a logic one to the set terminal of
      flipflops, 201, 203. On the other hand, if a block of information was
      transmitted from the associated major component in either one of the two
      time slots immediately following the one containing an improperly received
      block of information, then decoder 165 may, or may not, produce an error
      signal to enable (on the inputs marked p and q) AND gate 189 or AND gate
      191. Therefore, flipflops 201, 203 may, or may not, be set as the logic
      one is shifted through the first three stages of the recirculating
      register 185, depending upon whether or not an error signal is received.
      In other words, flipflop 187 is always set because the originally
      transmitted block of information in register 103 (FIG. 3C) was not
      properly received; flipflop 201 is set if the block of information in
      register 89 was improperly received; and flipflop 75 is set if the block
      of information in register 75 was improperly received.
PAR  When the logic one is recirculating register 185 is shifted to stage #4,
      AND gate 205 (FIG. 3B) is partially enabled. That gate is fully enabled
      during the next following transmit gate, thereby enabling AND gates 207a .
      . 207x. The contents of register 103 (FIG. 3C) are, therefore, transferred
      through OR gates 209a . . . 209x to a retry register 211. The contents of
      register 103 are, at the same time, transferred to register 141 (FIG. 3C)
      by reason of a logic one from AND gate 205 passing through OR gate 142 to
      enable AND gates 141 ba . . . 141 bx. The contents of the retry register
      211 are, during this transmit gate, transferred to OR gates 73a . . . 73x
      (FIG. 3A) through enabled AND gates 213a . . . 213x. The latter gates are
      partially enabled by reason of logic one from an AND gate 215, (FIG. 3A),
      such logic one resulting from the then existing states of flipflop 177 and
      flipflop 181. As may be seen, AND gate 215 is enabled only when a logic
      one is in stage #4, #5 or #6 of recirculating register 185 and a retry is
      in process. At the end of the transmit gate, flipflop 187 is reset by
      reason of the next occurring clock pulse, c.p.(a), passing through an AND
      gate 219 enabled for sufficient time through a time delay 221. The same
      clock pulse, c.p.(a), causes (through OR gate 183) the logic one in stage
      #4 of recirculating register 185 to be shifted to stage #5 and the retry
      register 211 to be cleared through OR gate 216.
PAR  The next occurring transmit gate then fully enables either of two AND gates
      (AND gate 223 or AND gate 225) connected also to the output terminals of
      flipflop 201. If that flipflop is set, AND gate 223 is so enabled thereby
      causing AND gates 227a . . . 227x to be enabled and a logic one to be
      applied to OR gate 108. The contents of register 89 are therefore shifted
      to the retry register 211 and to register 103. If flipflop 201 is reset,
      AND gate 225 is fully enabled, without effect on the contents of the retry
      register 211 and without shifting the contents of register 89 to register
      103. At the end of the transmit gate, whether or not flipflop 201 was set,
      the logic one in stage #5 of the recirculating register 185 is shifted to
      stage #6, a reset signal is applied to flipflop 201 and a clear signal is
      applied to retry register 211. This action occurs by reason of operation
      of a time delay 229, an OR gate 231 and an AND gate 232.
PAR  With a logic one in stage #6 of the recirculating register 185, either AND
      gate 233 or AND gate 235 is fully enabled during the next transmit gate.
      It may be seen that, if AND gate 233 is fully enabled because flipflop 203
      is set, AND gates 237a . . . 237x are enabled and a logic one is applied
      to OR gate 92. If flipflop 203 is not set, such gates are not enabled and
      a logic zero is applied to OR gate 92. That is, if the block of
      information in register 75 (FIG. 3C) was incorrectly received when first
      transmitted, it is retried, otherwise not. At the end of this transmit
      gate, flipflop 181 (FIG. 3A) is reset(by operation of OR gate 238, time
      delay 240 and AND gate 242) and retry register 211 is cleared, but no
      shift signal is applied to recirculating register 185 through OR gate 183.
      With flipflop 181 reset, the transmit controller is now in condition to
      continue normal operation. That is, the next occurring transmit gate is
      effective to start the transfer of blocks of information through the
      registers 75, 89, 103, 141, 143, 145, 147 in the manner described
      hereinbefore.
PAR  Referring now to FIG. 4, an exemplary arrangement for a receive controller
      may be seen to include means: For accepting and storing a plurality (here
      three) of blocks of information; for determining whether or not each
      received block of information has been correctly received; and then,
      either for transferring a correctly received block of information to the
      associated major component or for inhibiting such transfer transmitting an
      error signal back to the originating major component. For convenience,
      only the receive controller associated with one bus, say bus A, is shown
      because the second receive controller is similar. Thus, each block of
      information transmitted over the bus, whether or not addressed to the
      major component associated with the illustrated receive controller, is
      impressed on input terminals (not numbered). It will be recognized that an
      address code is included in each block of information and that such code
      is impressed on a register 250. The received address then in the register
      250 is applied to a conventional address decoder 252 to produce a logic
      one if the block of information is to be processed by the receive
      controller. Such logic one causes a flipflop 254 to be set and AND gates
      256, 258 to be enabled along with AND gates 260, 262, 264. With the
      flipflop 254 set, AND gates 266a . . . 266x, AND gates 268a . . . 268x and
      AND gates 270a . . . 270x are partially enabled. The just-mentioned gates
      are successively fully enabled as a logic one is shifted through a
      recirculating register 272 by each clock pulse c.p.(a) passing through the
      AND gate 258. Each such clock pulse also causes flipflop 254 to be reset.
      In consequence, then, the data code (including a parity bit) for a block
      of information is impressed on one of three registers 274, 276, 278,
      depending upon the position of the logic one in the recirculating register
      272. AND gates 260, 262, 264 are correspondingly enabled. The outputs of
      AND gates 260, 262, 264 are passed through an OR gate 280 to enable an
      error detector 282 to which is also applied, through an OR gate 284, an
      "error or no error" signal, here simply a parity bit from the selected one
      of the registers 274, 276, 278. To select the parity bit from the proper
      register, AND gates 286, 288, 290 are enabled as shown. It is noted here
      that if the error detector 282 is to be responsive to a single parity bit
      it may simply be an AND gate receiving the outputs of OR gates 280, 284
      (to produce a logic one if parity exists) and an inverter (to produce a
      logic one if no parity exists). A logic one out of the error detector sets
      a flipflop 292 and actuates an error encoder 294. When the flipflop is
      set, AND gates 296a . . . 296x, AND gates 298a . . . 298x and AND gates
      300a . . . 300x are inhibited, regardless of any other inputs thereto.
      That is, if no parity exists, no data code may be passed through OR gates
      302a . . . 302x to the associated major component. At the same time a
      logic one is impressed on AND gates 304, 306, 308, thereby impressing a
      "clear" signal on the one of the registers 274, 276, 278 without parity.
      The output of the error encoder 294 is applied to a register 310 along
      with the logic zero (representing an original transmission) or a logic
      zero (representing a retry) from AND gate 256.
PAR  Having described a preferred embodiment of our contemplated control
      circuitry, it will now be clear to one of skill in the art that many
      changes may be made without departing from our inventive concepts. For
      example, it will be clear that the storage registers shown in out transmit
      and receive controllers may be replaced by queues. Further, the logic of
      out control arrangement could be changed without departing from our
      inventive concepts. For example, because there is no absolute requirement
      that acknowledgment signals be returned during the second time slot after
      transmission of a block of information, the transmit and receive
      controllers could be modified so as to have such acknowledgment signals
      returned during some other time slot. In addition, the format of the
      acknowledge signals could be changed from the simple one bit signal used
      to explain our concepts to multibit signals to permit different causes for
      failure of proper transmission to be communicated. Still further, as
      alluded to briefly in the specification, the acknowledgment signals may be
      used to initiate diagnostic or corrective actions. That is, the
      acknowledgment signals could be used to switch standby major components
      into a digital computer system whenever it is determined that an operating
      major component has failed. Still further, it is within our inventive
      concepts that the disclosed bus control arrangement may even be used to
      interconnect independent digital computers through appropriate interfaces.
PAR  In view of the foregoing it is felt therefore that this invention should
      not be restricted to its disclosed embodiment but rather should be limited
      only by the spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a digital computer system wherein a plurality of components is
      interconnected through a common bus, the operation of each one of such
      components being synchronized by clock pulses from a system clock pulse
      generator to produce, during the execution of a program and in intervals
      between clock pulses, a block of information to be transmitted over the
      bus, the improvement comprising:
PA1  a. selector means, associated with each one of the plurality of components,
      for producing, during any given interval between successive clock pulses,
      a transmit gating signal for its associated component to enable
      transmission of a block of information only from that single one of the
      components;
PA1  b. transmitting control and storage means having an independent controller
      portion and a storage portion associated with each different one of the
      plurality of components, each one of such portions being responsive to a
      transmit gating signal simultaneously to couple information from the
      corresponding one of the components to the bus and also to store such
      information within such storage portion;
PA1  c. receiving means, associated with each one of the plurality of components
      and the bus, for accepting and storing information transmitted on the bus
      en route to and addressed to an associated component;
PA1  d. means associated with each of the plurality of components for checking
      parity of information addressed to the associated component and for
      producing, when parity is not correctly obtained, an error signal
      transmitted back to the transmitting components control and storage means;
      and,
PA1  e. means, responsive to the error signal, for inhibiting transmission of
      further information directly from the corresponding one of the components
      and for retransmitting the information stored in the transmitting
      components control and storage means during the next occurring transmit
      gating signal.
NUM  2.
PAR  2. The improvement as in claim 1 wherein the last-named means includes,
      additionally, means for transmitting, along with the stored information, a
      retry signal indicating that stored information is being retransmitted.
NUM  3.
PAR  3. The improvement as in claim 2 wherein the receiving means is responsive
      to the retry signal to cease generation of an error signal.
NUM  4.
PAR  4. In a digital computer system wherein pairs of components in a plurality
      of components are operatively interconnected through at least a pair of
      common buses, the operation of each one of such components being
      synchronized by clock pulses from a clock pulse generator so that, at any
      given interval between successive clock pulses, any or all of the
      components may produce information to be transmitted over one of the
      common buses, the improvement comprising:
PA1  a. a like plurality of bus selector assemblies, each one thereof being
      connected to one of the plurality of components, each one of such bus
      selector assemblies including
PA2  i. a number, corresponding to the number of buses interconnecting said
      components, of bus selectors, corresponding ones of such bus selectors in
      each one of the bus selector assemblies being serially connected to form a
      different closed loop of bus selectors each selector corresponding to one
      of the buses, the bus selectors, in each different closed loop being
      normally responsive to a signal representative of the condition, at each
      clock pulse, of the preceding bus selector and to control signals from an
      associated component to permit, in any one closed loop, only a single one
      of the bus selectors to produce a transmit gating signal during any
      interval between successive clock pulses, and
PA2  ii. interlocking means, disposed between the bus selectors in each one of
      the bus selector assemblies, for inhibiting, during the interval between
      any two successive clock pulses, more than one bus selector in the same
      assembly thereof from producing a transmit gating signal; and
PA1  b. a transmit gate disposed between each bus selector and its corresponding
      bus, each one of such transmit gates being responsive to a transmit gating
      signal and to a block of information from the associated component, for
      impressing such block of information on a selected one of the buses.
NUM  5.
PAR  5. The improvement as in claim 4 having additionally: means, responsive to
      a first and a second control signal from selected ones of the components,
      for inhibiting operation of the interlocking means and of selected ones of
      the bus selectors in the selector assembly of the selected ones of the
      components.
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ABST
PAL  A terminal device is disclosed which includes a typewriter and a keyboard
      in which the actuation of each key generates a signal in a first code
      which signal is temporarily stored. Also included is a code converter
      which translates the signal into a second code suitable for actuating the
      typewriter so as to print a character, corresponding to each actuated key,
      in a first location. Provision is also made for typewriting a message from
      a remote computer in a second location.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to terminal devices for use with a
      computer and particularly to such devices in which data entered by means
      of a keyboard can be transmitted to the computer and in which data is
      received from the computer in the form of a hard copy automatically
      printed or typewritten at the terminal.
PAC  BACKGROUND OF THE INVENTION
PAR  Terminal devices employing keyboards for communication with a computer may
      take various forms. Perhaps the simplest is one in which the actuation of
      each key immediately transmits a signal to the computer and substantially
      simultaneously prints a representation thereof at local terminal. Other
      known terminals provide a memory device so that several characters can be
      entered and stored before being printed at the terminal and transmitted to
      the computer. Other terminal devices allow many characters to be stored
      and displayed locally for verification, after which the group is
      transmitted to the remote computer. The present invention relates to the
      latter kind of terminal.
PAR  In certain operations, it is desired to enter an inquiry on the keyboard,
      visually verify it, correct it if necessary, and transmit it to the
      computer together with a request that, provided that goods or services are
      available on suitable terms, a record of the transaction, such as a bill
      of sale or the like, be printed at the local terminal by the computer. The
      provision of such a terminal device would seem, at first glance, to be a
      simple matter but certain difficulties arise. If the actuation of each key
      is to both print the character and transmit a signal indicative thereof to
      the computer, it is frequently necessary that two types of signals, or
      codes, be generated, one suitable for transmission to the computer and one
      suitable for actuating the printing mechanism. Another problem is that it
      often becomes difficult to separate the areas in which the inquiry is
      displayed for verification and which the reply from the computer is
      printed.
PAR  It is a general object of the present invention to provide an improved
      terminal device.
PAR  Another object is to provide an improved terminal device including a
      keyboard in which an entry can be displayed for verification in a first
      predetermined location before transmission to the computer and in which
      the response from the computer is displayed in a second predetermined
      location.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, a terminal device incorporating the present invention
      includes an encoder actuated by a keyboard for generating first signals in
      a first code indicative of that character corresponding to the actuated
      key. A memory is provided for temporarily storing signals representing a
      group of characters. As each character is stored, it is automatically read
      out and passed through a code converter which generates a second signal in
      a second code which in turn is passed to a printing mechanism which prints
      the character at a first predetermined location for the purpose of
      verification. Means are provided for transmitting signals representing a
      group of characters from the memory to the computer, after they have been
      verified as above. The response from the computer, which is in the first
      code, is also passed through the code converter and sent to the printing
      mechanism which prints the response in a second predetermined location.
DRWD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  For a clearer understanding of the invention, reference may be made to the
      following detailed description in the accompanying drawing in which:
PAR  FIG. 1 is a diagram partly pictorial and partly in block form, showing a
      terminal device in accordance with the present invention and its
      connection to a computer;
PAR  FIG. 2 is a schematic diagram showing certain components of the operator's
      console;
PAR  FIG. 3 is a block schematic diagram of the memory and logic unit of FIG. 1;
PAR  FIGS. 4a and 4b taken together constitute a view, partly in elevation and
      partly in section, of the split platen in the operator's console;
PAR  FIG. 5 is a fragmentary cross section view taken on the line 5--5 of FIG.
      4b;
PAR  FIG. 6 is a fragmentary elevation view of a portion of the platen; and
PAR  FIG. 7 is a fragmentary cross section taken on the line 7--7 of FIG. 6.
DETD
PAR  Referring first to FIG. 1, there is shown an operator's console 11 which is
      used to enter data for transmission to the computer and which also
      receives information from the computer. The console 11 is connected by
      means of a cable 12 to a memory and logic unit 13 which in turn is
      connected by means of a suitable communication link 14, such as a radio
      channel or telephone line, to a remotely located computer 15.
PAR  The console 11 contains most of the parts of a standard electric typewriter
      plus a few additional components and modifications. For example, the
      console 11 preferably contains additional keys to enable it to communicate
      more readily with the computer. Also, the platen is split into two
      sections, one of which may be operated independently of the other. The
      section on the left is provided with a roll of paper 16, such as that used
      for adding machines, which is sometimes referred to as the scratch pad.
      The section on the right is preferably the larger of the two and is
      normally used to hold the paper upon which the computer types its
      messages. The two sections may be connected together by means of an
      electrically operated clutch, as will be more fully explained.
PAR  Referring now to FIG. 2, the operator's console 11 is shown schematically
      including a plurality of keys 17 which actuate an encoder 18. In response
      to the actuation of each key, the encoder 18 generates a unique signal
      indicative of the character or symbol corresponding to the actuated key.
      The console 11 also includes a printing mechanism 19 which performs the
      usual typewriter functions of printing, character spacing, line spacing,
      etc. The printing mechanism 19 includes a printing actuator 20 as a part
      thereof. In the typical electric typewriter, the actuator 20 responds to a
      code indicative of the various keys and actuates the mechanism 19
      accordingly. If the console 11 were to be used solely as a typewriter,
      then the encoder 18 would generate directly the code required by the
      actuator 20. However, the code ordinarily used in electric typewriters
      leaves something to be desired for the purpose of transmitting information
      to a computer and accordingly, it is preferred that the encoder 18
      generate the usual 7 bit ASCII code. This code is adequate for the purpose
      and, since it is widely used, increases the flexibility of the device. The
      keyboard including the keys 17 and the encoder 18 may be any of several
      well known kinds, one suitable example being a keyboard and encoder
      available commercially as a single unit, designated "Mark III", from
      Control Research Corporation, Garden Grove, California, 92641. The
      printing mechanism 19 including the actuator 20 may be those of a standard
      commercial electric typewriter, one suitable example being the IBM
      "Selectric" typewriter, such as that described in U.S. Pat. No. 2,879,876.
PAR  Referring now to FIG. 3 the memory and logic unit 13 is shown in schematic
      block form. The unit includes a data bus 23, a control bus 24, memory unit
      25, a code converter 26, and a timing and control circuit 27. The unit 13
      includes additional elements but since a discussion of them is not
      necessary to an understanding of the present invention and since they are
      all conventional, they have not been shown in detail but have been
      indicated generally as "additional circuits" by the reference character
      28. Each of the units 25, 26, 27 and 28 is connected to both the data bus
      23 and the control bus 24. It will be understood that both of these
      busses, as well as the schematically indicated connecting lines, may
      consist of many conductors each and that the lines shown merely represent
      symbolically the flow of signals. It will also be understood that each of
      the units 25, 26, 27 and 28 includes the various logic gates necessary for
      proper operation. The data bus 23 and the control bus 24 are also
      connected to both the operator's console 11 and to the computer 15 so that
      the operation of all of these units may be coordinated.
PAR  The memory unit 25 may be any of several well known types, for example, a
      series of flip flop circuits. The unit is of a kind which is capable of
      having additional information entered, of having information deleted, and
      having information read out without deletion. Such memories are well known
      to those skilled in the art and accordingly the details thereof have not
      been shown, although they may be similar to those described in the
      descriptive literature published by Intel Corporation, Santa Clara,
      California, as of July, 1971 describing the "Silicon Gate MOS LSI RAM
      1103". The code converter 26 is a logic unit which accepts a code word as
      an input and in response thereto delivers a different code word as an
      output. Such a code converter may, for example, comprise a Read Only
      Memory but the details thereof have not been shown since they are well
      known to those skilled in the art and may be similar to those described in
      an article by John Linford entitled "ROM at the Top" appearing in "The
      Electronic Engineer" for May, 1969, beginning at page 64. The timing and
      control circuit 27 includes the clock generators, timing pulse generators
      and gate generators necessary to control and coordinate the operation of
      the various units all as well known to those skilled in the art.
PAR  The overall operation of the terminal may be described before considering
      the details of the platen. The operator enters data by means of the keys
      17. As each key is actuated, it operates the encoder 18 to generate a
      signal, preferably in the ASCII code, indicative of the character
      corresponding to that key. This signal is sent over the cable 12 to the
      memory and logic unit 13. Under control of the timing and control circuit
      27, the signal is sent to the memory 25 and stored. It is immediately read
      out and passed through the code converter 26 which, in response to the
      ASCII code, generates a second signal indicative of the same character in
      what is herein called the "typewriter" code. This "typewriter" code is
      sent back over the cable 12 to the console 11 and applied to the actuator
      20 which causes the printing mechanism 19 to print the character on the
      left hand side of the platen on the "scratch pad" 16. All of these
      operations, although occurring successively under control of timing and
      enabling waveforms generated by the circuit 27, occur so rapidly that, to
      the eye of the operator, the character is printed immediately upon
      actuation of the key. The operator actuates successive keys, thereby
      storing and printing the message. It can be visually verified on the
      "scratch pad" after which the operator may depress a "send" key whereupon
      the entire message is read out of the memory 25 and sent over the
      communication link 14 to the computer. Messages from the computer are sent
      in the ASCII code over the link 14 to the unit 13 where they are passed
      through the code converter 26 and then sent to the console 11. This
      message, which is now in the "typewriter" code is passed to the actuator
      20 which controls the print mechanism 19 so as to print the message on the
      right hand side of the console 11.
PAR  Referring now to FIGS. 4a and 4b, the platen is principally of conventional
      construction, being modified only as necessary for the purposes of the
      present invention. It includes a main shaft 31 which extends throughout
      most of the length of the platen. At its left end, it is fastened to a
      knob 32 by which the operator can rotate the shaft. The platen itself
      includes a cylindrical shell 33 of resinous material fastened to an inner
      metallic cylindrical shell 34. As shown in FIG. 4a, these two shells are
      split into two sections, the left hand sections being designated 33a and
      34a respectively and the right hand sections being designated 33b and 34b
      respectively. The portions 33a and 34a are fastened together and to a hub
      35 which in turn is fastened to the shaft 31 by a pin and slot arrangement
      so as to permit limited axial movement of the shaft 31 relative to the hub
      35 while constraining the hub and shaft to rotate as a unit.
PAR  The two portions of the platen may be selectively joined together by means
      of an electrically operated clutch 36. The left portion of the clutch,
      designated 36a, is securely fastened to the interior of the cylindrical
      shell 34a by any suitable means, such as an adhesive. The right hand
      portion of the clutch, designated 36b, is similarly fastened to the
      interior of the shell 34b. Both portions make a sliding fit with the shaft
      31. A pair of lead wires 37 connect the clutch portion 36a to a pair of
      slip rings 38 mounted on the hub 35. The slip rings 38 are engaged by a
      pair of brushes 38' which are connected, through a switch 39, to a source
      of power shown schematically as comprising a pair of terminals 40. The
      switch 39 is preferably an electronic switch so that it can be actuated
      readily by the computer and/or by a key on the operator's console 11. The
      clutch 36 is normally disengaged so that the sections 33a of the platen
      can be rotated without rotating the section 33b. Closure of the switch 39
      energizes the clutch to join these sections of the platen together.
PAR  The platen shells 33b and 34b are rotatably supported on the shaft 31 by
      means of bushings 41 and 42. Each of these bushings is securely fastened
      to the inner surface of the metal shell 34b and each makes a sliding fit
      with the shaft 31. The shaft 31 terminates short of the end of the shells
      33b and 34b. A coupling 43 is fastened to the end of shaft 31 and in turn
      has fastened thereto a pair of pins 44 and 45 parallel to the axis of the
      shaft 31 but on diametrically opposite sides thereof. These pins make a
      sliding fit in two bores of a member 46 which acts as the inner race of a
      roller bearing two of the rollers of which are shown at 47 and 48. A stub
      shaft 51 is fastened to the member 46 coaxial with the shaft 31 and
      extends to the right beyond the ends of the platen shells 33b and 34b. A
      knob 52 is fastened at the end of the shaft 51 and a ratchet wheel 53 is
      fastened to the shaft at a point just beyond the end of the platen shell
      33b. Two pins 54 and 55 are fastened to the wheel 53 on opposite sides of
      the shaft 51 and extend inwardly. A generally cup shaped member 56 has a
      central aperture through which the shaft 51 extends and also is formed
      with a relatively wide flange. This flange contains two apertures which
      make a sliding fit with the pins 54 and 55. The outer edge of the rim of
      the member 56 is formed with serrations which engage corresponding
      serrations on the inner cylindrical surface of the member 46. A spring 57
      surrounding the shaft 51 urges the member 56 away from the ratchet wheel
      53. A washer 58 separates the base of the member 53 from the ends of the
      pins 44 and 45. The ratchet wheel 53 and a pawl 59, shown in FIG. 5, form
      a part of the usual ratchet mechanism by which the platen is rotated by
      predetermined amounts to constitute one, or two, or three line spaces. The
      remainder of the mechanism has not been shown since it is in all respects
      conventional. During normal operation, the wheel 53 is rotated an amount
      corresponding to, say, one line space and drives through the pins 54 and
      55, the cup shaped member 56, the serrations, the member 46, the pins 44
      and 45, and the coupling 43 so as to rotate the main shaft 31. The main
      shaft in turn rotates the left section of the platen 33a and will also
      rotate the right hand section 33b but only provided the clutch 36 is
      energized. When the knob 32 (FIG. 4a) is pushed to the right, the shaft 31
      will also be moved to the right and push ahead of it the coupling 43, the
      pins 44 and 45, the washer 58 and the member 56 sufficiently so that the
      serrations on the members 46 and 56 become disengaged. This permits the
      platen to be rotated in increments different from a multiple of one line
      space. This operation, and, in fact, the mechanism by which it is
      accomplished, is well known and is not a part of the present invention
      except insofar as the inclusion of the roller bearing allows all this
      mechanism to operate without affecting the platen section 33b unless the
      clutch 36 is engaged.
PAR  Referring now to FIG. 6, there is shown the right end of the platen 33b and
      a bracket 61 which supports a rod 62 which in turn carries the usual
      rollers 63 which hold the paper against the platen. Fastened to the end of
      the bracket 61 is an auxiliary bracket 64 which, as best shown in FIG. 7,
      is formed with a bent over portion 65 which bears lightly against the
      outer edge of the platen section 33b. The purpose of this bracket is to
      prevent the platen 33b from drifting out of position inadvertently when
      the clutch 36 is not engaged. The friction is adequate for this purpose
      but not sufficient to interfere with normal operation when the clutch is
      engaged.
PAR  In operation, when the console 11 is to be used to interrogate the
      computer, the paper upon which the message is to be written may be
      inserted into the console on the right hand side. The clutch 36 is
      normally disengaged and the operator enters the data and inquiries by
      actuating the keys 17. Each character is transmitted in the ASCII code to
      the logic unit where it is stored, read out, and transmitted back to the
      actuator 20 and print mechanism 19 so as to print the inquiry on the
      "scratch pad" 16. Upon verification, the operator depresses a "send" key
      which sends the inquiry to the computer. When the computer replies, it
      sends coded messages which in passing through the memory and logic unit 13
      are converted from the ASCII code to the "typewriter" code and applied to
      the actuator 20 and print mechanism 19. One of the signals will cause the
      closure of switch 39 and the energization of the clutch 36. The message
      will normally be printed on the paper inserted on the right hand side of
      the platen 33, although, if desired, it would be possible to use the
      entire platen for this message.
PAR  From the foregoing it will be apparent that Applicant has provided a novel
      terminal device which utilizes a first optimum code for data transmission
      to and from a computer and a second optimum code for actuation of a
      printing mechanism. Additionally, the present invention permits the ready
      separation of the display of characters for verification and the written
      reply from a remote location. Only those portions of the apparatus
      necessary for an understanding of the present invention have been shown in
      detail. It will be understood that a complete, commercially satisfactory
      system requires many components which either are not shown herein at all
      or are shown only schematically or in block form. For example, the timing
      and control circuit preferably includes circuitry to prevent attempted
      actuation of the printing mechanism simultaneously by both the keyboard
      and the computer. Similarly, although pertinent portions of preferred
      embodiment has been described in considerable detail for illustrative
      purposes, many modifications can be made within the spirit of the
      invention. For example, the platen may be split in any desired proportions
      and either the right or left side may be the "scratch pad". Many other
      modifications will occur to those skilled in the art. It is therefore
      desired that the protection afforded by Letters Patent be limited only by
      the true scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A terminal device for communicating with a computer, comprising
PA1  a first generally cylindrical platen section,
PA1  a second generally cylindrical platen section,
PA1  a keyboard having a plurality of keys corresponding to various characters,
PA1  means responsive to the actuation of said keys for generating a first
      series of signals in a first code indicative of the corresponding
      characters,
PA1  a memory for storing said first series of signals,
PA1  a code converter for receiving said first series of signals from said
      memory and for generating therefrom a second series of signals in a second
      code also indicative of said corresponding characters,
PA1  means responsive to said second series of signals for printing said
      characters on paper held against said first platen section,
PA1  a communication link,
PA1  means including said code converter for receiving signals over said
      communication link in said first code and for generating therefrom a third
      series of signals in said second code, and
PA1  means responsive to said third series of signals for printing characters
      indicative thereof on paper held against said second platen section.
NUM  2.
PAR  2. A terminal device in accordance with claim 1 in which said first and
      second platen sections are mounted coaxially and adjacent to each other,
      and which includes selectively actuable means for alternatively joining
      said sections for unitary rotation or for detaching said sections for
      independent rotation.
NUM  3.
PAR  3. A terminal device in accordance with claim 2 including a shaft, means
      for mounting said first platen section for rotation with said shaft and
      means for mounting said second platen section for rotation about said
      shaft.
NUM  4.
PAR  4. A terminal device for communicating with a computer, comprising,
PA1  a keyboard including a plurality of keys corresponding to various
      characters,
PA1  means responsive to the actuation of said keys for generating first signals
      in a first code indicative of the corresponding characters,
PA1  a memory for storing said first signals,
PA1  a code converter for receiving said first signals from said memory and for
      generating therefrom second signals in a second code also indicative of
      said corresponding characters, and
PA1  means responsive to said second signals for printing said characters.
NUM  5.
PAR  5. A terminal device in accordance with claim 4 including a communication
      link and means for transmitting the contents of said memory over said
      communication link.
NUM  6.
PAR  6. A terminal device in accordance with claim 4 including a communication
      link, means for converting signals received over said communication link
      in a first code into a second code, and means responsive to said signals
      as converted for printing the information content thereof.
NUM  7.
PAR  7. A terminal device for communicating with a computer, comprising,
PA1  a first generally cylindrical platen section,
PA1  a second generally cylindrical platen section adjacent to and coaxial with
      said first section,
PA1  a shaft extending along the axis of both sections,
PA1  means for mounting said first section for rotation with said shaft and with
      limited axial movement with respect thereto,
PA1  means for mounting said second section for rotation about said shaft and
PA1  means for selectively connecting said first and second sections for unitary
      rotation.
NUM  8.
PAR  8. A terminal device in accordance with claim 7 in which said means for
      mounting said second section includes first and second bushings fastened
      to the inner surface of said second section and freely rotatable about
      said shaft, and which includes a ratchet wheel, means mounted principally
      within the interior of said second section for selectively connecting said
      ratchet wheel to said shaft, and a roller bearing mounted between said
      last named means and said second platen section for allowing relative
      rotation therebetween.
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ABST
PAL  A simulation device including a simulation computer is used to simulate
      peripheral equipment of a real-time system having two stored program
      computers operating on a load-sharing basis to check and contribute to the
      development of the two-computer system program. The simulation device
      includes a time control arrangement containing counters cooperatively
      arranged with respect to each other and the three computers to check and
      develop a normally continuously running program by a simulating process
      which operates in a step-by-step manner and yet maintains the real-time
      and duration concepts when simulated peripheral equipment is involved in
      the simulation process and when any time consuming process is simulated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a real-time control arrangement for a
      simulation device designed for checking a program used in real-time system
      which is monitored on a load-sharing basis by two stored program
      computers, and more particularly where the simulation device includes a
      third computer connected to the two real-time system computers so as to
      simulate real-time system peripheral equipment by exchanging with the
      real-time system computers data which is normally exchanged between
      real-time system computers and their actual peripheral equipment.
PAR  In a known manner, such simulation devices are particularly of interest
      when it is designed to simultaneously check hardware and software of a
      complex system such as, for example, a stored program control electronic
      system. These simulation devices particularly permit the testing of the
      chain of the elementary programs forming the system stored program. They
      reveal, on the one hand, conflicts between elementary programs and, on the
      other hand, certain faults caused by rare event configurations, such
      faults being too difficult to reproduce by another method.
PAR  A known simulation process utilizes a single more powerful computer than
      those belonging to the system being programmed. This single computer is
      provided with programs written for the system and with a simulation
      program, the run of all these programs permitting the desired check.
      However, such a process does not always permit the running of the programs
      in real-time conditions. Particularly, it is not easy to simulate the
      interlacing of input and output instructions, respectively, corresponding
      to a request and response system.
PAR  A second simulation process consists in using an additional simulation
      computer connected to the two system computers so as to simulate their
      environment and to permit information exchange identical to information
      exchange between the two system computers and their peripheral equipment.
      The second process has the advantage of permitting the running of the
      programs close to the real run and it is particularly fitted to real-time
      system development.
PAR  However, the use of three computers implies synchronization requirements
      since it is of particular importance that the sequence of the operations,
      wherein two computers at least are involved, is respected, such as, for
      example, data input and output operations. Also, it is important to be
      able to know the actual duration of these operations.
PAR  To enable an easier test and program development, it appears of interest
      that the run of an operation may be stopped or performed step by step, if
      necessary, while maintaining real-time and duration concepts. Thus, it is
      necessary to provide the system with that real-time concept and to
      interrupt a real-time run, which necessarily results in possibilities of
      differentiated stops for the three computers.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, an object of the present invention is to provide a real-time
      control arrangement for use in a simulation device designed to develop by
      means of three computers the program of a real-time system which is
      operated on a load-sharing basis by a so-called operational group of two
      stored program operational computers.
PAR  A feature of the present invention is the provision of a simulation device
      designed for the development of a program to be used in a real-time
      operated system including first and second computers operating on a
      load-sharing basis, the simulation device comprising a third computer
      coupled to the first and second computers to simulate their peripheral
      equipment in a real system by exchanging with the first and second
      computers data which would normally be exchanged between the first and
      second computers and their real system peripheral equipment; and a
      real-time control arrangement including a real-time counter coupled to the
      first, second and third computers to count real operation time of a
      program for the real-time system, to subdivide the real operation time
      into equal steps and to transmit a predetermined signal at the end of each
      of the steps, a shift counter coupled to the first, second and third
      computers to delay the turning on of one of the first and second computers
      with respect to the turning on of the other of the first and second
      computers by a time equal to the time elapsed between a stopping of the
      one of the first and second computers and a stopping of the other of the
      first and second computers when both stoppings occurred after a
      simultaneous operating period of the first and second computers, two
      timing counters, each of the timing counters being coupled to a different
      one of the first and second computers and the third computer to delay the
      turning on of an associated one of the first and second computers with
      respect to the turning on of the other of the first and second computers
      by a time equal to a simulated selected real system peripheral equipment
      response time after the associated one of the first and second computers
      was stopped due to the transmission of a data input-output order to a
      simulated selected real system peripheral equipment, and a clock to
      synchronize the operation of the first, second and third computers, the
      real-time counter, the shift counter and the two timing counters.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above-mentioned and other features and objects of this invention will
      become more apparent by reference to the following description taken in
      conjunction with the accompanying drawing, in which:
PAR  FIG. 1a is a simple block diagram of a system operating on a real-time
      basis and monitored on a load-sharing basis by two stored program
      computers;
PAR  FIG. 1b is a block diagram of a simulation device designed for developing
      the program of the system shown in FIG. 1a in accordance with the
      principles of the present invention;
PAR  FIGS. 2a and 2b are timing diagrams relative to the sequence of the events
      in the real system and in the simulation device according to this
      invention; and
PAR  FIG. 3 is a more detailed diagram of the simulation device of FIG. 1b and,
      more particularly, of the time control arrangement used in this device in
      accordance with the principles of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The block diagram of FIG. 1a illustrates the main elements of a stored
      program control system for use in a real-time assembly.
PAR  The control system conventionally comprises two operational computers 1A
      and 1B and an interconnection equipment 2 which permits the transfer of
      information needed for operating computers 1A and 1B on a load-sharing
      basis.
PAR  Computers 1 are connected, via an interface equipment 3, to peripheral
      equipment 4 which permits the transmission of orders to and the reception
      of data from the control system.
PAR  Moreover, each computer 1 is connected to an individual conventional
      peripheral equipment 5 which enables data to be manually entered into and
      to be read out of each computer 1.
PAR  Peripheral equipment 4 comprises, for example, scanners and distributors
      while peripheral equipment 5 comprises, for example, teleprinters,
      magnetic or punched tape devices and drums.
PAR  The block diagram of FIG. 1b illustrates the simulation device designed for
      the development of the program of a system as illustrated in FIG. 1a.
PAR  Operational computers 1A and 1B, and their interconnection equipment 2 are
      shown again. However, peripheral equipment 4 and 5 are replaced by a
      simulation computer 6 connected to computers 1A and 1B by a simulation
      interface 7 so as to simulate the connection between the peripheral
      equipment 4 and 5 and computers 1A and 1B.
PAR  Computer 6 has an individual conventional peripheral equipment 5C which
      permits, on the one hand, to enter data into computer 6, and, on the other
      hand, to deliver results at the output of computer 6.
PAR  Simulation interface 7 thus performs data exchanges between operational
      computers 1A and 1B and the simulation computer 6. Interface 7 to carry
      out these data exchanges includes a time control arrangement 11 for
      synchronizing the exchanges and memory arrangement 13 capable of
      temporarily storing exchanged data.
PAR  In a known manner, the development of a program by a simulation method
      enables the splitting into a step-by-step manner a sequence of operations
      which necessarily are performed in a continuous manner in an actual
      operation. This splitting operation enables the control of each step, and
      to check whether the conditions foreseen by the programmer are coherent
      with the result. These resulting conditions are the consequences of
      previous events. In a real-time basis system, the event sequence order may
      not be perfectly known in advance to the extent that certain events have a
      random nature and are mixed with other events which are foreseeable
      consequences of the previous events. Thus, in a system, the starting time
      of a random process comprising several known operations cannot be normally
      foreseen. The starting time of a random process can only be detected
      because the following operations are known and are necessarily following
      the initial operation.
PAR  A system simulation, such as hereinabove defined, normally eliminates
      random external events since these external events are simulated by the
      simulation computer within the scope of the assumed known simulation
      program and since the time of occurrence of a given event is selected,
      while it may occur in the actual system at any time.
PAR  Indeed, if an event E1 having occurred at a time A (FIG. 2a) is followed,
      on the one hand, by an independent event E2 having occurred at a time B
      following time A by a time interval t1 and, on the other hand, by a
      dependent event E3 necessarily following after a time interval t2 &gt; t1,
      that is, at time C, and if the system is stopped at the time D (FIG. 2b)
      following time A by a time interval t3 &lt; t1, the operation is unchanged to
      the extent that event E2 occurs at a time F after a time interval equal to
      t1 - t3 following the time R at which time the system started again and
      that event E3 occurs at time G after a time interval equal to t2 - t3
      after the time R regardless of the system stop duration t4.
PAR  The time elapsed between event E1 and event E3 is equal to the sum of times
      t2 + t4 and has no importance for the simulated system because its real
      operation time between E1 and E3 remains always t2 as in the real
      corresponding system.
PAR  To take into account the possibility of stopping, the real-time control
      arrangement according to this invention includes a real-time counter 9
      (FIG. 3) which produces the sum of the operation periods for the group of
      operational computers 1 in accordance with the programs of the real
      system.
PAR  The control arrangement according to this invention also includes a clock 8
      to provide the time base for operational computers 1A and 1B and counter
      9. Computers 1A and 1B have means for inhibiting real-time counter 9 in a
      certain number of predetermined cases which will be described hereinbelow.
PAR  Due to the proper arrangement of the environment simulation device and to
      the previously mentioned consideration concerning the possibilities to
      interrupt the simulated system, a stop of an operational computer results
      in stopping real-time counter 9 and the second operational computer, which
      enables knowing correctly the system condition at that time.
PAR  A computer can be stopped only in a certain number of given conditions and
      the most frequent of these conditions is at the end of a sequence. As a
      result, there is a variable time interval from the stopping of one of
      operational computers 1 to the stopping of the other one. To maintain a
      correct real-time concept, it is necessary to take into account the lead
      time gained by one operational computer 1 with respect to the other
      operational computer 1. This is accomplished by means of a shift counter
      10 controlled by clock 8. As a principle of operation, the first one of
      the two computers 1 which is stopped inhibits counter 9 and triggers
      counter 10 which is stopped after a time delay "t" by the stopping of the
      second computer 1. When operation is resumed, counter 10 and the first
      stopped computer 1 are simultaneously turned on, and, after a time delay
      "t", the second computer 1 is allowed to resume operation.
PAR  Typically, operational computers are also stopped for data input or output
      operations in connection with their peripheral equipment, therefore,
      simulation computer 6 is also stopped within the scope of environment
      simulation device, such a stop being called a "hang-up stop".
PAR  For having a perfect synchronism of data exchanges between the system
      computers, the time base of simulation computer 6 is also provided by
      clock 8. To avoid data transmission errors between operational computers 1
      and simulation computer 6, there is never a simultaneous operation of
      computers 1 and computer 6.
PAR  When computers 1 are operative, computer 6 is inoperative. Computer 6 runs,
      for example, on an internal loop. When computer 6 is operative, computers
      1 are preferably stopped, and the alternate operation of computers 1 and
      computer 6 are controlled by the real-time control arrangement according
      to this invention.
PAR  Simulation computer 6 normally does not have the real-time concept as
      previously mentioned. However, it has to perform input and output
      operations for data either provided to or received from programmers, via
      conventional peripheral equipment, symbolized by a teleprinter 12. Thus,
      it is necessary that computer 6 is capable of dating data that it
      delivers. For that purpose, real-time counter 9 cyclically transmits a
      stop order to computers 1, which turns simulation computer 6 on for a time
      depending on the operation to be performed. It is this cyclic stop order
      that provides computer 6 with the real-time concept. At each of those
      cyclic stop orders triggered by counter 9, computer 6 receives information
      of the cause of the real-time interrupt, which corresponds in that case to
      the elapse of one time unit, and computer 6 can receive information, if
      necessary, of input and output data of the two computers 1 at the time of
      their respective stops, these data being stored in the memory arrangement
      13 which particularly stores the values of the cause of the real-time
      interrupt.
PAR  Memory arrangement 13 comprises, in particular, a register 13A capable to
      temporarily storing control data exchanged between operational computer 1A
      and control arrangement 11. A register 13B has the same function relative
      to computer 1B and control arrangement 11. Register 13C has the same
      function with respect to simulation computer 6 and control arrangement 11.
      Two registers 13AC and 13BC, respectively, store temporarily data
      exchanged between each of the two operational computers 1 and computer 6,
      these data being identical to those exchanged between computers 1 and
      their peripheral equipment in the real system. The interconnection
      equipment 2, FIG. 1, has not been shown in FIG. 3, because it may be
      simulated or not by the computer 6.
PAR  Memory arrangement 13 is connected to computers 1 by common connections,
      usually called a "bus", identical to those connecting computers 1 to their
      peripheral equipment in the real system. Computer 6 also utilizes a common
      connection of this type for connection to memory arrangement 13. Real-time
      control arrangement 11 is connected to the three computers by registers
      13A, 13B, 13C and by direct connections, not shown.
PAR  Indeed, it must be understood that memory arrangement 13 may be
      constituted, if necessary, by memory means fitted to the various types of
      utilized connections, these memory means being constituted, for example,
      by flip-flops in the case of pulsed data, or by amplifiers in the case of
      DC (direct current) data.
PAR  Conventionally, in a real system, an operational computer is in a hang-up
      condition after having transmitted a data input or output order to a
      peripheral equipment to wait a response from the peripheral equipment
      which requires a certain time delay.
PAR  In the described simulation system, one of the computers 1 transmits an
      input-output order. When this occurs, said one of the computers 1 is
      triggered to a hang-up condition and also stops the other one of computers
      1 so that computer 6 can consider the data which is associated with the
      input-output order so as to establish response information which would
      have been given by the simulated peripheral equipment.
PAR  When response information is ready to be transmitted, it is necessary to
      delay their transmission by a time equal to the response time of the
      concerned peripheral equipment in the real system, after having resumed
      the real-time.
PAR  For this purpose, the time control arrangement 11 comprises a timing
      counter for each operational computer such as timing counter 14A for
      computer 1A and timing counter 14B for computer 1B.
PAR  Each of counters 14 is selected when its associated computer 1 is triggered
      to a hang-up condition. Counters 14 are controlled by clock 8 and may be
      loaded by simulation computer 6 with a value corresponding to simulated
      peripheral equipment response time. When real-time counter 9 is turned on
      again by computer 6, counter 9 causes the concerned counter 14 to be
      counted down. The associated computer 1 is maintained in a hang-up
      condition up to the time of receiving an acknowledge signal from
      associated counter 14 at the end of the count-down.
PAR  Since two operational computers are utilized and several computer stops are
      possible, the time control arrangement comprises logic circuitry
      associated with the various counters to enable the time control
      arrangement to handle various events. This logic circuitry will be briefly
      described hereinafter in conjunction with FIG. 3 to illustrate the
      operation of various components of the logic circuitry in view of the
      causes or events which render their use necessary.
PAR  A first stop event, which directly results from the use of real-time
      counter 9, is the stopping of computers 1 by an order from counter 9. This
      stop order is controlled, in particular, by the elapse of a selected
      real-time unit and, in the embodiment shown in FIG. 3, it results in
      sending binary type stop signal MILIN from counter 9, when counter 9 fed
      by clock 8 has measured the selected real-time unit, that is, for example,
      1 ms (millisecond).
PAR  Stop signal MILIN is, on the one hand, stored in memory register 13C for
      simulation computer 6 and, on the other hand, is coupled to logic circuit
      15 which sends a stop order at the end of a binary type sequence SBS to
      each of the computers 1 thereby stopping computers 1.
PAR  Circuits shown in FIG. 3 will not be described with many details because
      they are conventionally embodied by means of conventional integrated
      circuit logic components combined in a manner that is easily conceivable
      by people skilled in the art. The two stop orders ASBS and BSBS to
      computers 1A and 1B are transmitted to those computers via store memory
      arrangement 13 and the involved connections. The first operational
      computer 1 which is stopped transmits a binary type stop data CPUH to time
      control arrangement 7. Assuming that computer 1A is the first stopped,
      stop data ACPUH is first received and transmitted to one input of
      collection logic circuit 16 connected to output connections from computers
      1 via registers 13A and 13B, which are respectively associated with
      computers 1A and 1B.
PAR  On the one hand, data ACPUH activates one output of circuit 16 which
      delivers a pulsed binary signal AH to stop real-time counter 9 and, on the
      other hand, data ACPUH activates a second output of circuit 16 which
      delivers a stable binary signal ARDC to start shift counter 10, signal
      ARDC being, for example, produced at an output of a flip-flop activated by
      data ACPUH. Signal AH is specific to computer 1A and signal BH is specific
      to computer 1B. Both signals AH and BH may be applied via an OR gate 17,
      on the one hand, to an inhibit input of counter 9 and, on the other hand,
      to the input of monostable multivibrator 21 to interrupt simulation
      computer 6. Multivibrator 21 transmits an interrupt order SINTO.
PAR  Signal ARDC is applied to the triggering input of counter 10 via NAND gate
      18, which causes a time counting at the rate of clock 8.
PAR  The stopping of the second operational computer, that is computer 1B in the
      present example identically results in transmitting binary data BCPUH from
      computer 1B via register 13B. Data BCPUH produces stable binary signal
      BRDC in circuit 16 which is applied to the second input of NAND gate 18.
      Gate 18 now has its two inputs simultaneously activated, which results in
      stopping counter 10. Thus, counter 10 has measured a time equal to the
      time interval between the stop times of the two operational computers 1.
PAR  When receiving interrupt signal SINTO, computer 6 drops the internal loop
      in operation and will receive information of the cause that produced the
      present interrupt signal. For this purpose, it reads register 13C which
      connects computer 6 to time control arrangement circuit 11.
PAR  Binary data MILIN, specific to real-time unit elapse which is contained in
      register 13C indicates, in the described example, the cause of the
      interrupt.
PAR  After having read such data -- and possibly having made other operations,
      such as reading registers 13AC and 13BC wherein data from operational
      computers to be sent to their peripheral equipment are stored, -- computer
      6 transmits a start order in the form of two signals CIRQ and DEM for,
      respectively, starting again and addressing interface 7.
PAR  These two data signals are applied to start-again synchronization circuit
      19 which delivers three binary signals T0, T1, TN, which are shifted in
      time with respect to each other so as to synchronously start the various
      counters and the operational computers taking into account the
      geographical position of these components and the simulation devices, and
      the control logic which are involved for turning each of computers 1 on
      again.
PAR  Signal TN is applied to the on-input of counter 9 and causes real-time to
      be counted in counter 9, signal T0 is applied to down-count control input
      of counter 10 and causes counter 10 to count down from the value reached
      at the time computer 1B is stopped.
PAR  Signal T1 is applied to the input of reactivation circuit 20 which stored
      in a memory the order of the sequence of stops of computer 1 under the
      control of time control arrangement, these stops being made known to
      circuit 20 by signals AH and BH. Circuit 20 transmits a start order ST
      when receiving signal T1 to the first stopped operational computer, that
      is in the example employed herein the order AST to computer 1A, which then
      resumes its normal operation.
PAR  At the end of the count-down in counter 10, counter 10 delivers signal TZ
      to circuit 20. Then circuit 20 delivers a binary start order ST to the
      still stopped computer 1, that is in the example employed herein the order
      BST to computer 1B which resumes its operation.
PAR  A second stop event occurs when a computer 1 transmits an input-output
      order to peripheral equipment, that is, to computer 6 in the environment
      simulation arrangement of the present invention.
PAR  In this case, the involved computer, for example, computer 1A
      simultaneously transmits an order -- which, for example, comprises the
      address of the concerned peripheral equipment, possibly data to be
      transmitted to that peripheral equipment and control bits -- and an
      accompanying binary data AIRQ which validates binary data forming the
      order. The said order is transmitted to register 13AC in the described
      example, and data AIRQ is transmitted to register 13A and, hence, to time
      control arrangement 11 so as to signal the hang-up condition of computer
      1A. Data AIRQ activates, on the one hand, one output of circuit 16 which
      delivers a pulsed binary signal AR specific to computer 1A and the second
      output of circuit 16 which delivers stable binary signal ARDC.
PAR  Signal AR is applied to counter 9 and to circuits 15 and 21 via OR circuit
      17. Thus, signal AR controls real-time count stop, transmission of stop
      signal BSBS to computer 1B still in operation and transmission SINTO to
      computer 6.
PAR  Signal ARDC is applied to the input of counter 10 via NAND gate 18 and
      causes counter 10 to count on at the rate of clock 8.
PAR  As before, computer 1B is stopped at the end of the sequence and transmits
      data BCPUH via register 13B. Data BCPUH produces signal BRDC which is
      added to ARDC at the inputs of NAND gate 18, which causes counter 10 to
      stop, counter 10 having measured a time interval equal to the time from
      the hang-up time of the first computer 1A to the sequence end stop of
      computer 1B.
PAR  Simulation computer 6 reads data from register 13AC, after information as
      to the nature of the interrupt as represented here by binary data AIN in
      register 13C, where such data is stored after having been written in in a
      conventional manner, not shown, for simplification purposes.
PAR  In the described embodiment, if the concerned input-output operation
      corresponds to a data transmission to peripheral equipment, computer 6
      reads data from register 13AC and must transmit response data IARQ to the
      involved operational computer who has to acknowledge receipt.
PAR  If the concerned input-output operation corresponds to a request for data
      from peripheral equipment, computer 6 reads request data from register
      13AC or 13BC and transmits response data and data IARQ to validate this
      data.
PAR  In each case, signal IARQ and accompanying signals, if any, are transmitted
      after a certain delay which corresponds to the peripheral equipment
      response time. Computer 6 transmits orders CIRQ and DEM to circuit 19 to
      cause it to start again. Circuit 19 then sequentially delivers signals T0,
      T1, TN, in the described example. Signal TN controls real-time counting in
      counter 9 and signal T0 controls counting down in counter 10. Signals T1
      and TN are applied to the two inputs of a reactivation circuit 22 which
      stores hang-up sequence orders for computers 1, such hang-up conditions
      being indicated by data AR and BR. Circuit 22, which has previously
      received data AR in the described example and now receives signal T1,
      delivers a signal ADC which causes counter 14A to count down.
PAR  When count-down has ended in counter 14A, it transmits reconnaissance data
      AIARQ to computer 1A. Data AIARQ validates data contained in register 13AC
      and controls the turning on of computer 1A, that is in a hang-up
      condition. In the described embodiment, data contained in either register
      13AC or 13BC corresponds, on the one hand, to data relative to the
      simulated peripheral equipment condition code, that is to its condition in
      the case of response to an order transmitting data to the simulated
      peripheral equipment and, on the other hand, to data relative to the
      simulated peripheral equipment condition code and to data delivered from
      it, in the case of response to a data request from the computer.
PAR  As previously, during the time of the foregoing operation, counter 10
      counts down and, when it is reset it transmits signal TZ to circuit 20
      which delivers order BST to computer 1B. It must be understood that in
      this case start order for computers 1 depends only on initial values of
      count-down in counters 10 and 14A, these values being obviously
      independent.
PAR  A third stop event occurs when the two computers 1 are quasi simultaneously
      set in a hang-up condition so that each computer can transmit an
      input-output order.
PAR  The computer 1, for example computer 1A, which is first turned to a hang-up
      condition, delivers data AIRQ to circuit 16, which causes signals AR and
      ARDC to be generated. Signal AR stops counter 9, controls transmission of
      order BSBS and interrupt SINTO. Order BSBS has no effect on computer 1B,
      which itself has turned to a hang-up condition in order to transmit an
      input-output order and has deliver data BIRQ. Circuit 16 produces signals
      BR and BRDC. Signal BRDC stops counter 10.
PAR  Computer 6 will read the interrupt reason in register 13C, which stores in
      this case data AIN and BIN as well as their arrival rank indicated by
      their indicia 1 or 2. After having read data stored in register 13AC for
      computer 1A, computer 6 prepares a response for supplying register 13AC
      with suitable information and loads timing counter 14A to the value
      corresponding to the involved simulated peripheral equipment response
      time, such a loading being made through data IFD validated by data ATIF.
PAR  Then computer 6 prepares a response for computer 1B by providing register
      13BC with suitable information and loads counter 14B to the value of the
      desired peripheral equipment response time via data IFD different from the
      first one and validated by data BTIF.
PAR  Computer 6 transmits to circuit 19 orders CIRQ and DEM. Circuit 19
      sequentially delivers signals T0, T1, TN which control counters 9 and 10
      and are applied to circuit 22.
PAR  Circuit 22 has stored the order of the successive hang-up conditions for
      computers 1A and 1B, such conditions having been successively indicated by
      data AR and data BR. Then circuit 22 delivers a count-down order signal DC
      to counter 14 associated with the first computer turned to a hang-up
      condition, that is in the described example signal ADC to counter 14A.
      Signal ADC causes counter 14A to begin to count down from the value
      previously set by computer 6 and transmitted in the form of data IFD.
PAR  During that time, shift counter 10 is continuing to count down and the end
      of the count-down is indicated by signal TZ. Signal TZ is applied to
      circuit 20, where it has no effect, and to circuit 22. After having
      received signal TZ, circuit 22 delivers a second signal DC to counter 14
      associated with the second computer turned to a hang-up condition in order
      to cause the counter to count down, that is signal BDC to counter 14B in
      the described example.
PAR  At the count-down end, each counter 14 transmits data IARQ to the computer
      with which it is associated in accordance with a process described in
      conjunction with the previously mentioned case.
PAR  A fourth stop event occurs when one of the computers 1 is turned to hang-up
      condition while the other computer is waiting for a read signal IARQ, that
      is for the count-down period of one of the counters 14.
PAR  Computer 1, for example computer 1A, which is in a hang-up condition, while
      the other computer 1B is itself in a hang-up condition for waiting a read
      signal -- that is BIARQ -- delivers data AIRQ, indicating its hang-up
      condition with respect to circuit 16. Information AR delivered from
      circuit 16 stops real-time counter 9 and controls the transmission of
      interrupt data SINTO to computer 6.
PAR  Data AR applied to circuit 22 suppresses data BDC, which allowed counter
      14B to count down. As previously, computer 6 is operated to read the
      interrupt reason, that is AIN in register 13C, then it reads data stored
      in register 13AC, it prepares the response to be transmitted to computer
      1A and loads register 13AC and counter 14A.
PAR  Circuit 19 delivers T0, T1, TN when receiving orders CIRQ and DEM. Signal
      TN starts real-time counter 9, signal T0 has no effect on counter 10 which
      is at rest. Signal T1 controls the transmission from circuit 22 of
      count-down order signal DC to the counter 14 which is associated with the
      computer 1, which has delivered the last hang-up data, that is the
      transmission of signal ADC to counter 14A in the described example. Signal
      TN controls the transmission via circuit 22 of count-down order signal DC
      to counter 14 which has been interrupted, that is signal BDC to counter
      14B in the described example.
PAR  The time duration elapsed between those two count-down conditions, that is
      between T1 and TN is provided to take into account the time shift from
      hanging-up computer 1, which has already turned on, that is computer 1A in
      the described example, and count-down stop of counter 14B as a result of
      that hang-up condition.
PAR  As previously, the two computers 1 are started again by counters 14
      according to a process similar to the previously mentioned one.
PAR  According to an alternative of the device according to this invention, the
      time control arrangement comprises at least a stop control counter 24 for
      controlling a stop at the end of a sequence and at that time, to cause the
      operational group to stop at any selected time following a predetermined
      time.
PAR  Counter 24 is controlled by clock 8 and controls circuit 15 in the same
      manner as real-time counter 9 at the end of a step.
PAR  Counter 24 is selected by data CTIF delivered from computer 6, for example,
      at the occurrence of a stop caused by counter 9 at the end of a step. It
      is loaded via data IFD validated by data CTIF. Counter 24 is started by
      the same signal as counter 9 and transmits at count-down end a stop signal
      MICIN to circuit 15 to control sequence end stop of computers 1 and
      register 13C in order to indicate the interrupt reason to computer 6.
      Counter 24 produces a finer analysis of those steps by allowing a stop at
      a time equal to a step fraction and, for example, to a multiple of 1
      microsecond. Moreover, it must be understood that several identical
      counters 24 can be employed so as to be able to program several successive
      stops inside a short step.
PAR  While we have described above the principles of our invention in connection
      with specific apparatus, it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of our invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A simulation device designed for the development of a program to be used
      in a real-time operated system including first and second computers
      operating on a load-sharing basis, said simulation device comprising:
PA1  a third computer coupled to said first and second computers to simulate
      their peripheral equipment in a real system by exchanging with said first
      and second computers data which would normally be exchanged between said
      first and second computers and their real system peripheral equipment; and
PA1  a real-time control arrangement including
PA2  a real-time counter coupled to said first, second and third computers to
      count real operation time of a program for said real-time system, to
      subdivide said real operation time into equal steps and to transmit a
      predetermined signal at the end of each of said steps,
PA2  a shift counter coupled to said first, second and third computers to delay
      the turning on of one of said first and second computers with respect to
      the turning on of the other of said first and second computers by a time
      equal to the time elapsed between a stopping of said one of said first and
      second computers and a stopping of said other of said first and second
      computers when both stoppings occurred after a simultaneous operating
      period of said first and second computers,
PA2  two timing counters, each of said timing counters being coupled to a
      different one of said first and second computers and said third computer
      to delay the turning on of an associated one of said first and second
      computers with respect to the turning on of the other of said first and
      second computers by a time equal to a simulated selected real system
      peripheral equipment response time after said associated one of said first
      and second computers was stopped due to the transmission of a data
      input-output order to a simulated selected real system peripheral
      equipment, and
PA2  a clock to synchronize the operation of said first, second and third
      computers, said real-time counter, said shift counter and said two timing
      counters.
NUM  2.
PAR  2. A device according to claim 1, wherein
PA1  each of said first and second computers is turned to a hang-up condition
      when it transmits a data input-output order;
PA1  said first and second computers and said third computer are alternately
      operated; and
PA1  said control arrangement further includes
PA2  a computer stop logic circuit coupled to said real-time counter and said
      first and second computers, said computer stop logic circuit being
      activated by said predetermined signal to transmit a first sequence end
      stop order to one of said first and second computers and a second sequence
      end stop order to the other of said first and second computers and being
      activated by said data input-output order transmitted by one of said first
      and second computers to transmit one of said first and second sequence end
      stop orders to said other of said first and second computers,
PA2  a third computer interrupt means coupled to said first, second and third
      computers, said interrupt means being activated by stop data from the
      first of said first and second computers to stop in response to the
      associated one of said first and second sequence end stop orders to
      transmit an interrupt order to said third computer which has become
      operative and being activated by said data input-output order from one of
      said first and second computers to transmit said interrupt order to said
      third computer which has become operative, and
PA2  reactivation means coupled to said shift counter and said first, second and
      third means for reactivating said first and second computers, said
      real-time counter and said two timing counters upon receipt of start data
      from said third computer after said third computer has completed its
      operation started by receiving said interrupt order.
NUM  3.
PAR  3. A device according to claim 2, wherein
PA1  said control arrangement further includes
PA2  real-time counter stop means coupled to said real-time counter, said first
      and second computers, said real-time counter stop means being activated by
      stop data from the first of said first and second computer stopped by the
      associated one of said first and second sequence end stop order to hold
      said real-time counter at the count it had achieved when it is stopped and
      being activated by a data input-output order from either of said first and
      second computers to hold said real-time counter at the count it had
      achieved when it is stopped.
NUM  4.
PAR  4. A device according to claim 3, wherein
PA1  said control arrangement further includes
PA2  shift counter start means coupled to said shift counter and said first and
      second computers, said shift counter start means being activated by stop
      data from the first of said first and second computers stopped by the
      associated one of said first and second sequence end stop order to start
      said shift counter and being activated by a data input-output order from
      either of said first and second computers to start said shift counter, and
PA2  shift counter stop means coupled to said shift counter and said first and
      second computers, said shift counter stop means being activated by one of
      said stop data and said hang-up data transmitted by that one of said first
      and second computers that is still operative after having started said
      shift counter to stop said shift counter at a count after a time elapse
      corresponding to the difference in time between the stopping of both said
      first and second computers.
NUM  5.
PAR  5. A device according to claim 4, wherein
PA1  said control arrangement further includes
PA2  first means coupled to said two timing counters and said third computer,
      said first means being responsive to data from said third computer to
      select one of said two timing counters, said data from said third computer
      being produced in response to interrupt data received at said third
      computer because of a data input-output order being transmitted by one of
      said first and second computers associated with the selected one of said
      two timing counters, and
PA2  second means coupled to said two timing counters and said third computer to
      set said selected one of said two timing counters at a count corresponding
      to a simulated selected peripheral equipment response time, said count of
      said selected one of said two timing counters being set by data from said
      third computer.
NUM  6.
PAR  6. A device according to claim 2, wherein
PA1  said reactivation means includes
PA2  a synchronization circuit coupled to said third computer to produce output
      signals in response to said start data, said output signals being spaced
      in time to start said first and second computers, said shift counter and
      said two timing counters in the proper sequence to maintain
      synchronization thereof, the time spacing of said output signals taking
      into account the geographic location of said first and second computers,
      said shift counter and said two timing circuits and the circuits employed
      therein.
NUM  7.
PAR  7. A device according to claim 6, wherein
PA1  said reactivation means further includes
PA2  a first reactivation circuit coupled to said first and second computers,
      said synchronization circuit and said shift counter, said first
      reactivation circuit storing sequence end stop data transmitted from said
      first and second computers and to transmit a start order to either of said
      first and second computers, on one hand, when a count end signal is
      received from said shift counter and said first and second computers to be
      started has transmitted the last stored stop data and, on the other hand,
      when a signal is received from said synchronizing circuit and said first
      and second computers to be started have transmitted the first of two
      simultaneously stored stop data, said signal from said synchronizing
      circuit being earlier than said count end signal, and
PA2  a second reactivation circuit coupled to said first and second computers
      and said two timing counters, said second reactivation circuit storing
      accompanying data indicating that one of said first and second computers
      is in a hang-up condition and to transmit a reset order to said one of
      said first and second computers when receiving said count end signal from
      an associated one of said two timing counters and said one of said first
      and second computers has transmitted said still stored accompanying data.
NUM  8.
PAR  8. A device according to claim 7, wherein
PA1  said second reactivation circuit further includes
PA2  first and second connections each coupled to a different one of two outputs
      from said synchronization circuit,
PA2  a third connection to the output of said shift counter,
PA2  said first and second connections activating one of said two timing
      counters associated with said first and second computers whose
      accompanying data is stored, on the one hand, when receiving a signal from
      said synchronization circuit if the associated one of said first and
      second computers has transmitted the first stored accompanying data and,
      on the other hand, when receiving said count end signal from said shift
      counter if the associated one of said first and second computers has
      transmitted the last accompanying data out of two simultaneously stored
      accompanying data.
NUM  9.
PAR  9. A device according to claim 2, wherein
PA1  said control arrangement further includes
PA2  at least one sequence end stop control counter coupled to said stop and
      said computer stop logic circuit to produce, at any selected real-time, a
      sequence end stop order to activate said computer stop logic circuit.
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ABST
PAL  The common control equipment of a switching system including a plurality of
      functional block circuits is comprised of equipment for selectively
      actuating said functional block circuits in a desired sequence, which
      sequence is stored in a memory in said equipment. Several memories are
      provided to enable several sequences to be stored simultaneously so that
      any stored sequence can be actuated. In compliance with the type of
      connection requested by a call, the control equipment selects the memory
      equipment which stores the sequence that establishes the requested
      connection.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a common control switching system including a
      plurality of functional block circuits and, more particularly, to a
      control circuit for selecting desired ones of the functional block
      circuits and putting the selected functional block circuits into
      operation.
PAR  It is already known that a common control switching system including wired
      logic generally comprises a plurality of functional block circuits in the
      common control equipment. Examples of the functional block circuits are
      call detection circuits, line selection circuits, trunk equipment
      selection circuits, trunk class specification circuits, channel selection
      circuits, speech channel switch driving circuits, and busy test circuits.
      In this connection, it is to be remembered that a common control switching
      system comprises a common control equipment and a plurality of connection
      operation equipment, which are the peripheral equipment in some sense.
      Examples of the connection operation equipment as called herein are line
      circuits, links, switches, trunk equipment, and registers. The connection
      operation equipment may thus be classified into a plurality of groups
      according to the connection operations carried out thereby. The connection
      operation equipment forming each of the groups are coupled to at least one
      of the functional block circuits. Each connection operation equipment of
      the line circuit group is capable of delivering a signal to the common
      control equipment in response to a call originating with a local
      subscriber. Each connection operation equipment of the register group is
      capable of delivering a signal of one of predetermined levels or codes to
      the common control equipment in compliance with a numerical signal, such
      as a series of dial pulses or a multifrequency signal, registered therein.
      The predetermined levels are representative of types of connection known
      or pretranslated from the numerical signals. It may therefore be said that
      each connection operation equipment of at least two of the groups
      comprises an initiation signal circuit, responsive to a call arriving
      thereat and requesting a connection to be established by the switching
      system, for delivering an initiation signal to the common control
      equipment.
PAR  It has been the practice that the functional block circuits are accompanied
      by fixed wired logic which serve altogether as a control for the
      functional block circuits and, responsive to an initiation signal, select
      some of the functional block circuits required to establish a connection
      requested by a call responsive to which the initiation signal has been
      produced. Under the control of the wired logic, the selected functional
      block circuits in turn select connection operation equipment one from each
      group of connection operation equipment coupled to the selected functional
      block circuits, and make the selected connection operation equipment
      sequentially carry out their respective connection operations to establish
      the requested connection. It should therefore be noted that the connection
      of a type, as called herein, such as a dial tone connection, a tone trunk
      connection, a recorded announce trunk connection, a charging trunk
      connection, a dial pulse incoming trunk connection, an outgoing
      connection, an incoming connection, an intra-office connection, or a
      transit connection, is established by a sequence of connection operations
      caused to be carried out by a set of selected functional block circuits.
PAR  Because of the fixed wired logic, conventional common control switching
      systems of the type described are capable of accomplishing only the
      connections of the types for which the wired logics are designed. Changes
      and/or additions of the wired logics affect the mutual effects between
      some of the functional block circuits. It has therefore been troublesome
      to change the connection control capablilities of the wired logics and/or
      to add some new connection control capabilities and/or services.
PAR  On the other hand, electronic switching systems of the stored program types
      are known. Although very flexible, such electronic switching systems have
      been expensive and particularly uneconomical for medium and small-scale
      central offices.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a common
      control switching system that is far less expensive than a conventional
      electronic switching system and yet more flexible than a conventional
      common control switching system including functional block circuits.
PAR  It is another object of this invention to provide a common control
      switching system including functional block circuits and yet operable in
      accordance with programs.
PAR  It is still another object of this invention to provide a common control
      switching system in which changes and/or additions are relatively easily
      affected in the connection control capabilities and/or the services.
PAR  According to this invention there is provided a switching system comprising
      common control equipment and a plurality of connection operation equipment
      groups, each consisting of a plurality of connection operation equipment,
      the connection operation equipment of each of said groups being capable of
      carrying out a connection operation specific to each group, the connection
      operation equipment of at least two of said groups comprising an
      initiation signal circuit responsive to a call reaching thereto and
      requesting a connection to be established by said switching system for
      producing an initiation signal, the connections to be established by said
      switching system being classified into a plurality of types, said
      initiation signal being of a level representative of the type of
      connection requested by a call responsive to which said initiation signal
      is produced, a connection of each of said types being established by
      making said connection operation equipment, sequentially carry out
      connection operations specific thereto, said common control equipment
      comprising a plurality of functional block circuits and control means, the
      connection operation equipment of each of said groups being coupled to at
      least one of said functional block circuits, said control means being
      coupled to the initiation signal circuits and to said functional block
      circuits and responsive to the level of an initiation signal produced by
      one of said initiation signal circuits being capable of selecting
      functional block circuits in compliance with the type of connection
      represented by the last-mentioned level and for causing the selected
      functional block circuits to select connection operation equipment, from
      each of connection operation equipment coupled to the selected functional
      block circuits and to make the selected connection operation equipment
      sequentially carry out connection operations specific thereto to establish
      the connection of the type represented by the last-mentioned level,
      wherein the improvement comprises:
PAR  end signal means in each of said functional block circuits for producing an
      end signal upon completion of the connection operation of connection
      operation equipment selected by said each functional block circuit,
PAR  start signal means in each of said functional block circuits responsive to
      a start signal delivered thereto for initiating operation of said
      functional block circuits,
PAR  a plurality of start signal generating means, each being connected and
      adapted for applying start signals in sequence and in preselected order to
      start signal means in said functional block circuits, each said generating
      means comprising a memory means for storing information indicia
      representative of said respective preselected order, and
PAR  a control circuit responsive to the level of said initiation signal for
      selecting in accordance with said level one of said start signal
      generating means, and further responsive to said initiation signal and
      each said end signal for stepping said selected start signal generating
      means to cause said selected start signal generating means to generate the
      next start signal in its preselected order.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a first embodiment of the instant invention;
PAR  FIGS. 2 and 3, when put into side by side relation show more in detail the
      first embodiment generally depicted in FIG. 1; and
PAR  FIG. 4 is a block diagram of a second embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  Referring to FIG. 1 and also to FIGS. 2 through 4, a common control
      switching system in general comprises a switching network SWN having a
      primary side P, a secondary side S, a plurality of links (only one link
      being depicted in FIG. 3 with three dashed lines), and a plurality of
      switches (not shown); a plurality of line circuits, such as LC, connected
      to subscriber stations, respectively, represented herein by a telephone
      substation TEL, and to the primary side P of the switching network SWN; a
      plurality of trunk equipment, such as TRK, connected to the secondary side
      S of the switching network SWN and to a plurality of interoffice trunk
      lines (not shown), a plurality of intra-office trunk lines (not shown), if
      any, and the primary side P of the switching network SWN through
      connections (not shown); a smaller number of registers, such as REG,
      connected to the secondary side S of the switching network SWN in the
      manner known in the art; and common control equipment represented by a
      marker MKR responsive to initiation signals, as called herein, supplied
      primarily from the line circuits and the registers for effecting
      connection control primarily on the switching network SWN to make a link
      and a set of accompanying switches establish a connection between
      concerned ones of the line circuits and trunk equipment as shown. The
      marker MKR comprises a plurality of functional block circuits FC0, FC1,
      FC2, . . . , and FCn, each effecting specific connection control on the
      line circuits, the switching network SWN, the trunk equipment, and
      registers. In a conventional common control switching system including the
      functional block circuits, the functional block circuits are accompanied
      by fixed wired logics (not shown). Each of the functional block circuits
      FC0, FC1, FC2, . . . , and FCn has an input terminal S and an output
      terminal E and is capable of starting a specific connection control
      operation responsive to a start signal supplied to the input terminal S in
      the manner later described and of producing an end signal at the output
      terminal E upon completion of the specific connection control operation.
PAR  Referring in particular to FIG. 1, the marker MKR used in a first
      embodiment of the present invention comprises program operation means
      composed of a plurality of program memory devices PG0, PG1, . . . , and
      PGm having program memories PM0, PM1, . . . , and PMm, respectively, and a
      program decoder DEC. Each of the program memories PM0, PM1, . . . , PMm
      memorizes a program corresponding to one of the types of connections and
      sequentially specifying some or all of the functional block circuits FC0,
      FC1, FC2, . . . , and FCn in compliance with the said one type of
      connection and has a plurality of memory connections, at least equal in
      number to the number of functional block circuits specified by the
      program. In the example being illustrated, the program memory devices PG0,
      PG1, . . . , and PGm comprise memory connections MC00, MC10, MC20, MC30,
      and MC40; MC01, MC11, MC21, MC31, and MC41; . . . ; and MCOm, MC1m, MC2m,
      MC3m, and MC4m; respectively. The corresponding memory connections, such
      as MC00, MC01, . . . , and MC0m, are united together into decoder
      connections MC0, MC1, MC2, MC3, and MC4 leading to the program decoder
      DEC. It will be appreciated in connection with the depicted example that
      each program memory energizes selected ones of the memory connections
      connected thereto in the order specifying the functional block circuits.
      The first embodiment further comprises program control means PC having an
      initiation or key signal input terminal K coupled to the initiation signal
      circuits of the line circuits and of the registers, an end signal or pulse
      input terminal P connected to the end signal output terminals E of the
      functional block circuits FC0, FC1, FC2, . . . , and FCn, and a control
      signal output terminal C coupled to the program memories PM0, PM1, . . . ,
      and PMm. Responsive to the level of an initiation signal supplied to the
      initiation signal input terminal K, the program control means PC delivers
      a program start signal to the program memories. The program start signal
      may be of a program code specific to the level of the initiation signal
      and consequently to the type of connection requested by a call and be
      received only by one of the program memories that memorizes the program
      corresponding to the type of connection. Alternatively, the program
      control means PC may supply the program start signal only to one of the
      program memories that memorize a program corresponding to the type of
      connection. Responsive to the end signals, the program control means PC
      delivers program step signals from the control signal output terminal C to
      the program memories. The program step signals are effective only in the
      program memory keyed by the program start signal. Alternatively, the
      program control means PC supplies the program step signals only to that
      program memory to which the program start signal has most recently been
      supplied. Responsive to the program start and the program step signals,
      the pertinent program memory delivers program output signals to the
      selected program connections coupled thereto in the order complying with
      the type of connection requested by the call. In response to the program
      output signals, the program decoder DEC supplies the start signals to the
      start signal input terminals S of the pertinent functional block circuits
      to make the latter sequentially carry out their respective connection
      control operations. In case the total number of the functional block
      circuits FC0, FC1, FC2, . . . , and FCn are 32 or less, each of the
      program memories PM0, PM1, . . . , and PMm may produce a five-bit parallel
      binary program output signal to its five memory connections in response to
      each of the program start and program step signals. Each program memory
      may be a core memory, or an integrated circuit read only memory.
PAR  Referring more particularly to FIGS. 2 and 3, the marker MKR used in the
      first embodiment of the instant invention comprises a plurality of program
      memory devices, such as PG0 and PGm, for memorizing programs,
      respectively. Each of the program memory devices has two input terminals
      for application thereto of the control signals described below and,
      responsive to the control signals applied thereto and in compliance with
      the program memorized therein, produces a signal of serial operation codes
      successively specifying those of the functional block circuits FC0, FC1, .
      . . , and FCn which carry out the sequence of connection control
      operations specified by the memorized program. The marker MKR further
      comprises a program decoder DEC having a plurality of output leads
      connected to the start signal input terminals S of the respective
      functional block circuits FC0, FC1, . . . , and FCn. In accordance with
      each of the serial operation codes supplied from the program memory
      devices, the decoder DEC delivers a start signal to one of the functional
      block circuits that is specified by the supplied operation code. By way of
      example, the specific connection operations of the functional block
      circuits FC0, FC1, FC2, FC3, and FCn are call originating line circuit
      selection circuit, channel selection circuit, switch driving circuit,
      trunk selection circuit, and trunk class specification circuit,
      respectively. As an example, it may be assumed that the zeroth program
      memory device PG0 memorizes a program for the dial tone connection.
      Responsive to the serial operation codes supplied from the dial tone
      connection program memory device PG0, the decoder DEC successively
      supplies the start signals to the call originating line circuit selection
      circuit FC0, the trunk class specifying circuit FCn, the trunk selection
      circuit FC3, the channel selection circuit FC1, and then the switch
      driving circuit FC2. The marker MKR still further comprises program
      control means PC having a first input terminal K connected to the
      initiation signal circuits of the line circuits and of the registers, a
      second input terminal P connected to the end signal output terminals E of
      the functional block circuits, and a control signal output terminal, here
      divided into first and a second terminals CA and CB, connected to the
      input terminals of the program memory devices. Responsive to an initiation
      signal supplied to the first input terminal K from one of the line
      circuits and the registers and representative of the type of connection
      requested, the program control means PC delivers a program start signal to
      the program memory devices. Responsive either to production of a program
      start signal or to application of an end signal to the second input
      terminal P from one of the functional block circuits that has just carried
      out the connection control operation specific thereto, the program control
      means PC delivers from the second output terminal CB a program step signal
      to the program memory devices. More particularly, the program control
      means PC comprises an encoder COD, responsive to the initiation signals
      representative of various types of connection requested, for delivering
      the program start signals of specific program codes indicative of the
      respective programs and a counter PCNT put into operation by each program
      start signal and stepped by each end signal for delivering a step signal
      to the program memory devices. Each program memory device comprises a
      control decoder, such as DCO or DCm, responsive to the program start
      signal of the specific program code indicative of the program memorized
      therein for producing a gate signal and holding the same for a duration
      corresponding to the time required to complete the sequence of connection
      operations specified by the program, a gate circuit, such as GO, or Gm,
      enabled by the gate signal for allowing the program step signals to pass
      therethrough, and program memory, such as MEMO or MEMm, responsive to the
      program step signals supplied thereto for delivering the signal of the
      serial operation codes to the program decoder DEC.
PAR  Further referring to FIGS. 2 and 3, a dial tone connection will be
      described in conjunction with the example illustrated with reference
      thereto. When a local subscriber originates a call by going off-hook at
      the telephone substation TEL of the rotary dial type, a conventional line
      relay L operates in the line circuit LC connected to the call originating
      telephone substation TEL in the known manner through break contacts
      co.sup.0 and co.sup.1 of a conventional cutoff relay CO. The line relay L
      closes a zeroth and a first make contact 1.sup.0 and 1.sup.1 to deliver
      ground as the level of a dial tone connection initiation signal to the
      program control means PC and to enable a line gate LA, respectively.
      Responsive to the dial tone connection initiation signal, the encoder COD
      delivers a program start signal of a specific code specifying the dial
      tone connection program memory device PG0 to the program memory devices
      and makes the counter PCNT deliver a first program step pulse also to the
      program memory devices. Responsive to this program start signal, only the
      control decoder DCO of the dial tone connection program memory device PG0
      produces a gate signal to enable the associated gate circuit G0 for a
      duration corresponding to the time required to complete the sequence of
      connection operation specified by the memorized program. Responsive to the
      first program step pulse supplied through the enabled gate circuit G0, the
      program memory MEMO delivers the first one of the serial codes for the
      dial tone connection that specifies the call originating line circuit
      selection circuit FC0 to the program decoder DEC. In compliance with the
      last-mentioned code, the program decoder DEC delivers a start signal to
      the last-mentioned functional block circuit FC0 to make therein a line
      circuit scanner LSCN step to successively supply a series of line circuit
      test pulses to the line circuits starting at a predetermined line circuit
      whose equipment number is, for example, zero. In the service requesting
      line circuit LC, the line circuit test pulse supplied thereto passes
      through the enabled line gate LA back to a service requesting line circuit
      detector DETL of the call originating line circuit selection circuit FC0,
      which sends an end signal to the program control means PC and stops the
      stepping of the line circuit scanner LSCN to retain therein the equipment
      number of the service requesting line circuit LC. Responsive to this end
      signal, the counter PCNT produces a second program step pulse to make the
      memory MEMO of the dial tone connection program memory device PG0 produce
      the second one of the serial codes, which makes the program decoder DEC
      deliver a start signal to the trunk class specifying circuit FGn, which is
      capable of setting therein the register class as the trunk class. As soon
      as the register class is set, the register class specifying circuit FCn
      produces an end signal. Each of the trunks and the registers comprises a
      conventional B position relay operable in the known manner through a make
      contact of a conventional A position relay connected to the so-called A
      and B wires and energized while the trunk equipment or the register is
      busy to close a make contact b.sup.0 and a break contact b.sup.1 to place
      ground on the so-called C wire and to disable a trunk gate or a register
      gate TA, respectively. The register class set in the register class
      specifying circuit FCn enables those register gates of the registers, such
      as REG, which are not disabled by the register B position relays.
      Responsive to the end signal produced by the register class specifying
      circuit FCn, a start signal is sent to a trunk and register scanner TSCN
      of the trunk and register selection circuit FC3 which now begins to step
      and successively supply a series of trunk and register test pulses to the
      trunk equipments and the registers in the manner the line circuit scanner
      LSCN does. In an idle register REG, the trunk and register test pulse
      supplied thereto passes through the enabled register gate TA back to an
      idle trunk and register detector DETT of the trunk and register selection
      circuit FC3, which sends an end signal to the program control means PC and
      stops the stepping of the trunk and register scanner TSCN to retain
      therein the equipment number of the selected trunk equipment or register,
      in the present case, the equipment number of the register REG. A start
      signal is now delivered to the channel selection circuit FC1, which
      selects an idle link with reference to the ground placed on the C wires of
      the busy links in a conventional manner from those links preselected in
      consideration of the equipment number of the service requesting line
      circuit LC supplied from the line circuit scannen LSCN and of the
      equipment number of the trunk equipment or register, such as the equipment
      number of the register REG, supplied from the trunk and register scannen
      TSCN. As soon as the channel information is obtained, the channel
      selection circuit FC1 retains the information therein and produces an end
      signal. Supplied with a start signal, the switch driving circuit FC2
      operates the switch selected in accordance with the equipment numbers
      supplied from the line circuit scanner LSCN and the trunk and register
      scanner TSCN and with the channel information supplied from the channel
      selection circuit FC1 to establish a connection between the service
      requesting line circuit LC and the selected register REG and then to
      produce an end signal. In the selected register REG which has been seized
      or reserved up to the establishment of the connection, the A position
      relay operates to energize the B position relay. Upon energization of the
      B position relay, ground is placed on the C wire to hold the connection
      and to operate the cutoff relay C0 in the service requesting line circuit
      LC, thereby switching the A and the B wires from the line relay L to the
      call originating telephone substation TEL for dialing.
PAR  Still further referring to FIGS. 2 and 3, let it now be assumed that a
      register REG for dial pulses has received a series of dial pulses
      representative of a called subscriber. A counter COUNT provided in the
      register REG registers the dial pulses through a make contact a.sup.1 of
      the A position relay. The registered count is pretranslated by a
      pretranslator PTLR, which applies to the encoder COD of the program
      control means PC an initiation signal of a level predetermined according
      to the type of connection requested by the service requesting register
      REG, such as an outgoing call, an incoming call, an intra-office call, or
      a transit call.
PAR  Referring more particularly to FIG. 4, the marker MKR used in a second
      embodiment of this invention comprises a plurality of program memory
      devices PG0, PG1, . . . , and PGm, each connected to the start signal
      input terminals S of a predetermined number (x + 1 for the zeroth program
      memory device PG0, y + 1 for the first program memory device PG1, . . . ,
      and t + 1 for the m-th program memory device PGm, each of x, y, . . . ,
      and t being representative of zero or a positive integer that is equal to
      n or less) of the functional block circuits FC0, FC1, . . . , and FCn and
      adapted to memorize a program specifying a sequence of connection control
      operations of the predetermined number of the functional block circuits
      FC0, FC1, . . . , and FCn. More specifically, the program memory devices
      PG0, PG1, . . . , and PGm comprise a plurality of program drive circuits
      PD0, PD1, . . . , and PDm, respectively, each having an input terminal and
      a predetermined number of output terminals and operable in the manner
      described later, and a plurality of jumpers or drive lines DL0i, DL1i, . .
      . , and DLui (i being representative of one of zero and positive integers
      0, 1, . . . , and m and u being representative of one of x, y, . . . , and
      t) interconnecting the output terminals of the program drive circuits PD0,
      PD1, . . . , and PDm and the input terminals S of the functional block
      circuits FC0, FC1, . . . , and FCn in a prescribed manner described
      hereunder. The marker MKR further comprises program control means PC
      having a first input terminal K connected to the initiation signal
      circuits of the line circuits and of the registers, a second input
      terminal P connected to the end signal output terminals E of the
      functional block circuits FC0, FC1, . . . , and FCn, and a control signal
      output terminal C connected to the input terminals of the program drive
      circuits PD0, PD1, . . . , and PDm. Responsive to an initiation signal
      supplied to the first input terminal K from one of the line circuits and
      the registers and representative of the type of connection requested, the
      program control means PC delivers from the output terminal C a program
      start signal to a program driving circuit PDi selected in compliance with
      the type of connection requested. The selected program circuits PDi now
      supplies a start signal to one of the functional block circuits FC0, FC1,
      . . . , and FCn that is connected to the zeroth drive line DLOi of the
      selected program memory device PGi. Responsive to an end signal supplied
      to the second input terminal P from the said one functional block circuit,
      the program control means PC delivers from the output terminal C a program
      step signal to the selected program drive circuit PDi, which supplies a
      second start signal to the other one of the functional block circuits FC0,
      FC1, . . . , and FCn that is connected to the drive line DL1i of the
      program memory device PGi. Responsive to the subsequent end signals
      supplied from those of the functional block circuits FC0, FC1, . . . , and
      FCn which are connected to the first through the (u - 1)-th drive lines
      DL1i through DL(u - 1)i (not shown) of the selected program memory device
      PGi, respectively, the program control means PC successively delivers
      program step signals to the selected program drive circuit PDi.
      Consequently, the program drive circuit PDi successively supplies start
      signals to those of the functional block circuits FC0, FC1, . . . , and
      FCn which are connected to the second through the u-th drive lines DL2i
      (not shown) through DLui of the selected program memory device PGi. A
      predetermined time after an end signal is supplied to the second input
      terminal P, the program control means PC is reset for reception of another
      initiation signal. Thereupon a sequence of connection operations specified
      by the program memorized in that program memory device PGi comes to an end
      which was selected by the most recent initiation signal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A telecommunications switching system comprising common control
      equipment and a plurality of connection operation equipment groups, each
      group consisting of a plurality of connection operation equipment, each
      connection operation equipment in said groups being capable of carrying
      out a connection operation specific to each said group, each connection
      operation equipment of at least two of said groups comprising an
      initiation signal circuit responsive to a call reaching thereto and
      requesting a connection to be established through said switching system
      for producing an initiation signal, the connections to be established
      through said switching system being classified into a plurality of types,
      said initiation signal being of a level representative of the type of
      connection requested by a call responsive, to which said initiation signal
      is produced, a connection of each of said types being established by
      making selected connection operation equipment, selected in compliance
      with said each type of connection, sequentially carry out connection
      operations specific thereto, said common control equipment comprising a
      plurality of functional block circuits and control means, connection
      operation equipment of each of said groups being coupled to at least one
      of said functional block circuits, said control means being coupled to the
      initiation signal circuits and to said functional block circuits and
      responsive to the level of an initiation signal produced by one of said
      initiation signal circuits for selecting functional block circuits in
      compliance with the type of connection represented by the said level and
      for causing the selected functional block circuits to select connection
      operation equipment, one from each of the groups of connection operation
      equipment coupled to the selected functional block circuits, thereby
      causing the selected connection operation equipment to sequentially carry
      out connection operations specific thereto to establish the connection of
      the type represented by said initiation signal level, wherein the
      improvement comprises:
PA1  a. end signal means in each of said functional block circuits for producing
      an end signal upon completion of the connection operation of one of
      connection operation equipment selected by said each functional block
      circuit,
PA1  b. start signal means in each of said functional block circuits responsive
      to a start signal delivered thereto for initiating operation of said
      functional block circuits,
PA1  c. a plurality of start signal generating means, each being connected and
      adapted for applying start signals in sequence and in preselected order to
      start signal means in said functional block circuits, each said generating
      means comprising a memory means for storing information indicia
      representative of said respective preselected order, and
PA1  d. a control circuit responsive to the level of said initiation signal for
      selecting in accordance with said level one of said start signal
      generating means, and further responsive to said initiation signal and
      each said end signal for stepping said selected start signal generating
      means to cause said selected start signal generating means to generate the
      next start signal in its preselected order.
NUM  2.
PAR  2. A switching system as claimed in claim 1, wherein said plurality of
      start signal generating means further comprises a decoder coupled to and
      common to all said memory means and to said functional block circuits,
PA1  each of said memory means being capable of memorizing a sequence of
      operation coded signals that corresponds to one of said types of
      connection and, responsive to a control signal delivered to said memory
      means from said control circuit in compliance with the last-mentioned type
      of connection, for sequentially delivering said memorized operation coded
      signals to said decoder, the coded signals of said sequence corresponding
      to functional block circuits,
PA1  said decoder responsive to said operation coded signals delivered thereto
      for sequentially delivering start signals to the start signal means of
      functional block circuits specified by said operation coded signals.
NUM  3.
PAR  3. A switching system as claimed in claim 2, wherein:
PA1  said control circuit comprises encoder means coupled to said initiation
      signal circuits and responsive to the level of an initiation signal
      delivered thereto for producing an initiation code representative of the
      type of connection represented by the last-mentioned level,
PA1  each of said start signal generating means comprising a control decoder
      coupled to said encoder means and responsive to a respective one of said
      initiation codes delivered thereto for producing a gate signal,
PA1  said control circuit further comprising counter means, coupled to said
      encoder means and to said end signal means of said functional block
      circuits and responsive to an initiation code and to end signals for
      producing program step signals,
PA1  each of said start signal generating means further comprising a gate
      circuit, coupled to the control decoder and the memory means of said start
      signal generating means and to said counter means, said gate circuit being
      enabled by a gate signal produced by said last-mentioned control decoder,
      and responsive to program step signals delivered to the said gate circuit
      from said counter means, for allowing the last-mentioned step pulses to
      pass therethrough to the last-mentioned memory means,
PA1  said memory means of each of said start signal generating means being
      responsive to program step signals having passed through the respective
      gate circuit for sequentially delivering operation coded signals stored
      therein to said decoder.
NUM  4.
PAR  4. A switching system as claimed in claim 1, wherein each of said start
      signal generating means comprises a drive circuit and a plurality of
      jumpers,
PA1  said drive circuit having an input terminal coupled to said control circuit
      and a plurality of output terminals and, being responsive to a control
      signal delivered thereto from said control circuit responsive to the level
      of an initiation signal produced by one of said initiation signal
      circuits, for producing drive signals successively at the output terminals
      of said drive circuit,
PA1  said jumpers interconnecting the output terminals of said drive circuit and
      said start signal means of said functional block circuits whereby the
      interconnections may be physically altered to provide any desired sequence
      of operation of said functional block circuits.
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ABST
PAL  A specialized digital computer, adapted to carry out a specific and
      delimited range of functions with respect to its application, comprises
      separate and functionally different stores including: a program store, an
      input-output buffer store, a permanent-data store and a working store. The
      computer further comprises a long-operation arithmetic unit and a
      short-operation arithmetic unit which may operate simultaneously. It may
      also comprise circuits intended for making program branches by indirect
      addressing and also self-checking circuits of high efficiency.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a specialized digital computer.
PAC  BACKGROUND OF THE INVENTION
PAR  Generally speaking a computer is a general-purpose machine in view of its
      ability to process information in accordance with a designed processing
      program. Thus, there is no problem in instructing the machine to adopt the
      procedure for the specific task which it is desired to entrust to it at
      any given moment, and it is equally easy to instruct it immediately
      afterwards to switch to a new procedure so that it can carry out a new
      task which may be radically different from the preceding one. Admittedly,
      the second assertion must be qualified in that, because a program or
      operating procedure has to be fed in, the machine is only able to
      undertake rigidly predetermined processing operations from which there is
      no room for departure. However, even with this limitation, the range of
      functions open to computers is still enormous and extends to practically
      all economic, industrial, technical, political and social activities.
PAR  In particular applications, for example in the case of an airborne
      navigation system, the functions required of them are fairly well
      delimited and defined, and it is therefore sufficient to have a
      specialized numerical calculator, that is to say one with a more
      restricted performance and one which consequently is of average or low
      versatility. The versatility of a computer depends on various factors and
      in particular on the speed of processing, on the capacity of its storage
      means, on the maximum possible number of simultaneous instructions and on
      the computer code selected; it enables equipment of this type to be
      defined from the performance point of view.
PAR  Thus, digital computers are designed to be able to carry out a wide
      diversity of tasks. To this end, it is necessary to reduce each of the
      tasks to a series of elementary basic operations. These basic operations
      are described by programs which, depending on the way in which the machine
      is designed, may be recorded either in the general store (which is the
      case with sub-programs) or in a back-up store (which is the case with
      micro-programming). In the first case the general store must carry out all
      the basic instructions. In the second case the general store is used only
      to carry out more general instructions, with the micro-programming store
      looking after elementary operations.
PAR  The advantages of such a technique are numerous; thus if the versatility of
      the computer can be increased by altering the configuration of the
      micro-programming back-up store, the operating speed is increased and it
      is possible to work with multi-processors, and so on.
PAR  These advantages are mainly the result of the fact that the store, which in
      a conventional computer contains the programs, the sub-programs, the data,
      the results, and the information required to monitor and supervise the
      machine, has been divided into two parts, i.e. the micro-programming
      back-up store and the general store.
PAR  Nevertheless, it may be pointed out that, in order to produce a
      general-purpose computer, it is necessary to make the processing circuits
      as universal as possible, with the consequence that a very large number of
      instructions has to be stored. This means that such a computer contains a
      file memory for storing information, which is expensive. For simple
      applications, where the range of functions is limited, such equipment is
      generally too large, in particular with respect to the high capacity of
      its file memory.
PAR  Moreover, finding the failures of the computer is difficult to carry out in
      real time, inasmuch as checking all the digits in the memory devices calls
      for a special and relatively lengthy test.
PAC  OBJECT OF THE INVENTION
PAR  The object of my present invention is to overcome the afore-mentioned
      drawbacks with a specialized digital computer whose complexity depends on
      the type of application envisaged and on the range of intended functions
      and which, in addition, comprises self-checking circuits of high
      efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention I provide, in a digital computer, memory
      means including a program store and additional storage means addressable
      by the program store for readout instructions to calculating means
      including a short-operation and a long-operation arithmetic unit, the
      readout occurring through interposed multiplexing means under the control
      of the program store. The latter is triggered by clock means, connected to
      a timing input thereof, for activating the aforementioned memory,
      multiplexing and calculating means in a correlated manner.
PAR  According to a more particular feature of my invention, the operation of
      the several stores of the memory means may be tested by a systematic
      readout of the contents thereof to the calculating means by way of the
      aforementioned multiplexing means.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will now be further described with reference to the
      accompanying drawing in which:
PAR  FIG. 1 is a diagram of an embodiment of a specialized digital computer
      according to the invention;
PAR  FIG. 2 is a diagram of the computer of FIG. 1 arranged to allow program
      branching and indirect addressing; and
PAR  FIG. 3 is a diagram of the computer of FIG. 1, provided with self-checking
      circuits enabling machine failures to be detected.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  A specialized digital computer according to my invention includes storage
      means subdivided into several separate storage units having different
      functions. The storage units may for example consist of the following
      circuits:
PA1   a program store,
PA1   a permanent-data store,
PA1   a buffer store for input and output data,
PA1   a working store, and
PA1   an on-off store for input and output of binary information also called
      discrete signals.
PAR  This combination of storage units enables the separation of relatively
      complex operations, which take a long time, from relatively simple
      operations which can be carried out in a short time.
PAR  These two types of operation are performed by separate arithmetic units
      which operate simultaneously. These units, which are also known as
      "operators" or as "computing units," either are micro-programmed or have
      logic-wired circuits, thus being able to carry out relativley complex
      tasks without outside assistance.
PAR  Since the time required to carry out the operations is different, it is
      possible to interfit the times at which these two types of operators have
      access to the various storage circuits.
PAR  The simultaneous execution of a plurality of operations enables either the
      overall processing speed to be increased or, if the processing speed
      remains the same, the structure of the operators themselves to be
      simplified for certain applications, for example by adopting
      series/parallel processing, or even series processing, in place of
      parallel processing.
PAR  Finally, the breakdown of the storage means into functional units enables
      the size of these units to be precisely matched to the application
      concerned and also enables any possible machine failures to be easily
      detected by means of suitable self-checking circuits.
PAR  In fact, the storage units for the program and the permanent data, which
      contain invariant values may be checked while the program is being carried
      out.
PAR  As regards the input-output buffer store and the working store, these are
      generally small in size and may be tested either by feeding control words
      to all the possible successive locations or by creating a specific, fairly
      brief, testing sequence.
PAR  The following description applies to a computer designed to be fitted into
      a self-contained complex system which requires a digital processing
      facility. This situation is frequently encountered in avionics where the
      pieces of equipment making up a complete airborne system are highly
      specialized from the functional point of view. (For example, the
      navigation system, or the central aerodynamic system, the automatic
      pilot.) In this type of application, the digital computer needs to be a
      sub-assembly fitted into the piece of equipment from which it receives
      input data and signals which convey functional binary instructions
      (discrete signals), and to which it feeds the results of its computation
      in suitable form. Generally speaking, the demands for calculations made by
      equipment having closely defined functions are rather modest, but call for
      highly varied types of numerical processing.
PAR  FIG. 1 shows a functional diagram of a specialized digital computer in
      accordance with the invention.
PAR  A clock generator 1, or time-base circuit, enables the logic operations
      carried out in the various sub-assemblies to be sequenced, and the
      equipment to be synchronized.
PAR  The memory units of the computer are formed by separate storage circuits 2,
      3, 6, 7 and 8. The operators comprise two arithmetic units 4 and 5.
PAR  The two operators 4 and 5 are designed for short and long operations
      respectively. They carry out the tasks defined by instructions coming from
      a program store 2 and receive data coming to them via a multiplexing
      circuit 9 at times determined by the clock generator 1. The time required
      to carry out the operations is different for each of the operators and
      consequently the data and the results are processed at different times in
      the respective cases.
PAR  An input-and-output buffer store 6 is a high-speed memory which may be
      formed, for example, from semi-conductors and whose addresses may be
      scanned twice by each of the elementary time units of the clock signal
      (this period being that required to process, one digit). In this way, data
      coming from outside may be inscribed in this store at a predetermined
      address and, during the same basic unit of time, another value may be read
      from a different address given by the program store 2 and may be directed
      via the multiplexing circuit 9 to the arithmetic units 4 and 5. The same
      applies to the results of calculation, which may be entered in this store
      6 while awaiting a request for their outward transmission. The address at
      which the calculated result is written into the input-output store 6 is
      supplied by the program store 2 and outward transmission takes place when
      the appropriate address and the read-out request are supplied by members
      external to the computer. Switching to the outside is accomplished by a
      double-pole two-position switching device 11 which is controlled by the
      clock generator 1.
PAR  A permanent-data store 7 is a lower-speed memory than the input-output
      buffer store 6 since it is only actuated at the clock frequency; store 7
      may be of the "Read-Only Memory" type composed of semiconductors, cores or
      the like. This store 7 is addressed by the program store 2 and the data
      which it contains are fed to the arithmetic units 4 and 5 via the
      multiplexing circuit 9.
PAR  A working store 8 is addressed for read-out and read-in under the control
      of the program store 2. The performance of this store 8 may be
      substantially the same as that of the permanent-data store 7 and
      consequently may be carried out according to the same techniques.
PAR  The multiplexing circuit 9, formed by controllable switches, enables the
      store of interest at any given time (6, 7 or 8) to be selected under the
      control of the program store 2. The program store 2 may be similar in
      design to the permanent-data store 7 and is examined under the control of
      the clock generator 1. The information stored in it comprises the data and
      result addresses and the instruction codes which define the types of
      operation to be performed by the arithmetic units 4 and 5. In the case of
      simple applications, the program progresses according to an unbroken
      sequence regulated by the clock generator, as in the computer shown in
      FIG. 1. More complex applications require branching instructions to
      produce program jumps at specific addresses, i.e., nonsequential indirect
      addressing, and this makes it necessary to carry out predetermined
      operations on the instructions themselves.
PAR  The functional diagram of FIG. 2 shows a modification of the structure of
      FIG. 1 to allow the emission of program-branching instructions. These
      modifications consist in adding a selecting channel 20 to the multiplexing
      circuit 9 so that the instructions may be processed in the arithmetic
      units, and in providing the program store 2 with an alternate input
      enabling it to be addressed not only directly by the clock generator 1 but
      also by the outputs of the arithmetic units, via a controlled changeover
      switch 21 having contacts connected to internal data-input channel 17.
PAR  An input-output on-off store 3 and an ancillary multiplexing circuit 10 are
      associated with the short-operation arithmetic unit 4. The short
      operations include tasks of a logical nature, such as comparisons and
      conditional operations, based either on external logical conditions or on
      previous results. In all cases, a binary information or "discrete signal"
      is provided and formed by a single digit and not by a word as in the case
      of the data. The store 3 and the multiplexing circuit 10 are controlled by
      the program store 2. The multiplexing circuit 10 enables the discrete
      input signals coming from outside, over input connection 12, to be
      selected and the store 3 is used to retain the results of previous logical
      operations. The appropriate logic states are maintained during the whole
      of the time required to carry out the operation and consequently the
      access time of the store 3 may be longer than that of the other storage
      circuits 2, 6, 7 and 8. It may consist either of cores or of "MOS"
      semiconductors.
PAR  As shown in the drawing, store 3 has an output connection 13 with a
      feedback branch 14 leading to the ancillary multiplexer 10 alongside the
      outside input connections 12 thereof. Thus, arithmetic unit 4 can be
      selectively loaded with external instructions and with the contents of
      store 3, the latter being connected to unit 4 via a transfer connection
      15.
PAR  Buffer store 6 is alternately addressable, under the control of switchover
      means 11, from program store 2 via an internal address channel 16' or from
      the outside via an external address channel 16", being loaded at the same
      time with the contents of calculating means 4, 5 by way of an internal
      data-input channel 17' or with outside information by way of an external
      data-input channel 17". An internal data-output channel 18' of store 6
      terminates at multiplexer 9, an external data-output channel 18" leading
      outwardly. Channel 17' also extends to working store 8.
PAR  The computer operates as follows: the clock generator 1 controls the
      successive codes to be read out from the program store 2. These codes may
      be either instructions defining the operations to be carried out by the
      arithmetic units 4 and 5, addresses for stores 3, 6, 7 and 8, or control
      data for multiplexing circuits 9 and 10. Each program advance corresponds
      to a specific operation on the values in store, which may be either a
      read-out or a read-in operation.
PAR  By way of example, a succession of instructions may correspond to the
      following sequence:
PA1  "Read-out of a value A from permanent-data store 7 and writing thereof in
      the long-operation arithmetic unit 5,
PA1  read-out of a value B from input-output buffer store 6 and writing thereof
      in the long-operation arithmetic unit 5,
PA1  read-out of the operation code for the long-operation to be carried out,
PA1  read-out of a value C from working store 8 and writing thereof in the
      short-operation arithmetic unit 4,
PA1  read-out of the operation code for the short-operation to be carried out,
PA1  storage of the result D coming from the short-operation arithmetic unit 4
      in working store 8 at address X,
PA1  storage of the result F coming from the long-operation unit in input-output
      buffer store 6 at address Y."
PAR  It is normally possible to fit in several short operations during the
      period taken by one long operation.
PAR  A particular code indicates that the cycle has been completed, i.e.,
      indicates the length of the program which is under way, and orders a
      return to the beginning of the program or a changeover to be made to a
      following program depending on the application and the instructions which
      have been recorded (program renewal or program change).
PAR  The way in which the arithmetic units 4 and 5 operate may easily be
      appreciated if they are assumed to be of conventional form, namely that of
      arithmetical units with micro-programmed logic circuits. On the basis of
      the data which they receive and the operation codes transmitted by the
      program store 2, they carry out the prescribed operations independently
      and feed out their results at specific times determined by the clock
      generator 1 so that the results may be stored at the addresses given by
      the program store 2 in the appropriate storage circuits.
PAR  As mentioned above, this combination also allows the computer to be
      continuously and very effectively monitored with the aid of simple means
      and enables possible failures to be rapidly detected.
PAR  FIG. 3 shows the modifications required to allow this self-checking. They
      comprise checking circuits 30 and 31 for the program store 2 and the
      permanent-data store 7, these being of the "read-only" type, and
      address-indexing circuits 32, 33 and 34 for stores 3, 6 and 8, these being
      of the "read-in and read-out" type. In the first case, since the contents
      of the stores do not change, the check may consist, for example, of a test
      of the "parity check" type, the complexity of which depends on a
      predetermined monitoring rate. The test may consist for example in
      counting the bits 1. In the second case, indexing the addresses each time
      a program cycle is carried out enables one or more test words to be
      shifted in the appropriate stores. In both cases the results (parity
      condition, and the integrity of the test words) are checked by the
      arithmetical units 4 and 5. The latter are themselves checked by carrying
      out a testing sub-program each time a program cycle takes place, this
      sub-program causing all the possible calculating operations to be
      performed.
PAR  The address-indexing circuits and self-checking circuits may be constructed
      according to known techniques.
PAR  In order not to overload the Figures, the multi-wire connections between
      the various block circuits are each drawn as a single line and those
      running from the clock generator 1 to the various block circuits are not
      drawn, except that by which it addresses the program store 2.
PAR  A specialized digital computer as described is suitable for applications
      where a small or moderate amount of digital and logical processing is
      required, this being the case particularly with ground or airborne
      equipment in the following areas: navigation, display, automation and
      military systems.
PAR  In the flight-navigation application, the store capacity, in comparison
      with that of a conventional digital computer, may be reduced at least by
      40%. Also to be borne in mind is the simplification of the circuits and
      the increased efficiency of the self-checking means.
PAR  Of course the invention is not limited to the embodiment described and
      shown which has been given solely by way of example.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A digital computer comprising:
PA1  memory means including a program store and additional storage means, said
      program store being provided with a timing input;
PA1  calculating means including a short-operation arithmetic unit and a
      long-operation arithmetic unit, said additional storage means being
      addressable by said program store for reading out instructions for said
      calculating means;
PA1  multiplexing means inserted between said additional storage means and said
      calculating means for selectively directing said instructions to said
      short-operation and long-operation arithmetic units under the control of
      said program store; and
PA1  clock means connected to said timing input for triggering said program
      store into correlated activation of said memory, multiplexing and
      calculating means.
NUM  2.
PAR  2. A computer as defined in claim 1 wherein said additional storage means
      includes an on-off store with an output connection and with a transfer
      connection for data read out only from said short-operation arithmetic
      unit, said multiplexing means including an ancillary multiplexer with
      outside input connections and with a feedback branch from said output
      connection for selectively loading said short-operation arithmetic unit
      with external instructions and with the contents of said on-off store.
NUM  3.
PAR  3. A computer as defined internal address channel originating at said claim
      2 wherein said additional storage means further includes a buffer store
      with internal and external data-input channels, internal and external
      address channels, and internal and external data-output channels, said
      internal data-input channel originating at said calculating means, said
      originating at said program store, said internal data-output channel
      terminating at said multiplexing means, further comprising switchover
      means for alternately connecting said internal and said external
      data-input and address channels to said buffer store.
NUM  4.
PAR  4. A computer as defined in claim 3 wherein said program store is provided
      with a selection channel for carrying branching instructions via said
      multiplexing means to said calculating means, further comprising
      changeover means for switching said timing input from said clock means to
      said internal data-input channel during emission of said branching
      instructions.
NUM  5.
PAR  5. A computer as defined in claim 3 wherein said additional storage means
      further includes a read-only store for permanent data and a working store
      loadable from said internal data-input channel.
NUM  6.
PAR  6. A computer as defined in claim 5, further comprising test means for
      systematically reading out the contents of said memory means to said
      calculating means for checking the performance of said stores.
NUM  7.
PAR  7. A computer as defined in claim 6 wherein said test means comprises
      checking circuits connected to receive the contents of said program store
      and said read-only store for transmission to said calculating means via
      said multiplexing means, and address-indexing circuits connected to
      address inputs of said buffer, working and on-off stores.
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ABST
PAL  An electronic calculator system of the type having a keyboard input and a
      visual display is implemented in MOS/LSI semiconductor chips having a data
      memory, an arithmetic unit, a read-only-memory for storing instruction
      words, and control circuitry for operating the system in response to
      keyboard inputs by selecting addresses for instructions from the
      read-only-memory, all of which is located in monolithic semiconductor
      units. A technique is provided for turning off the display after a
      selected time period by holding an instruction word in an instruction
      register while repeatedly incrementing an address register for the ROM
      until it overflows, then branching to an address defined in such
      instruction word. This is repeated until the selected time period is
      reached.
BSUM
PAC  RELATED CASES
PAR  The subject matter of this application is related to that disclosed and
      claimed in the following U.S patent applications:
PAR  Ser. No. 400,437, filed Sept. 24, 1973, by Jerry L. Vandierendonck, Roger
      Fisher, and Glenn A. Hartsell, entitled "Electronic Calculator with
      Display and Keyboard Scanning Signal Generator in Data Memory".
PAR  Ser. No. 400,299, filed Sept. 24, 1973, by John D. Bryant and Glenn A.
      Hartsell, entitled "Electronic Calculator Chip Having Test Input and
      Output".
PAR  Ser. No. 400,473, filed Sept. 24, 1973, by John D. Bryant, entitled "Digit
      Mask Logic Combined with Sequentially Addressed Memory in Electronic
      Calculator Chip".
PAR  Ser. No. 400,472, filed Sept. 24, 1973, by Jerry L. Vandierendonck,
      entitled "Electronic Calculator System Having Serial Transfer of
      Instruction Word Fields to Decode Arrays".
PAR  Ser. No. 400,471, filed Sept. 24, 1973, by Roger Fisher and Gerald D.
      Rogers, entitled "Read-Only-Memory for Electronic Calculator".
PAC  BACKGROUND OF THE INVENTION
PAR  Electronic calculator systems of the type wherein all of the main
      electronic functions are integrated in a single large-scale-integrated
      semiconductor chip, or a small number of chips, are described in the
      following prior applications which are assigned to the assignee of this
      invention:
PAR  Ser. No. 317,493, filed Dec. 21, 1972, now U.S. Pat. No. 3,819,921
      (originally filed Sept. 29, 1967), Ser. No. 671,777 by Jack S. Kilby et
      al, for "Miniature Electronic Calculator".
PAR  Ser. No. 163,565, filed July 19, 1971, now abandoned, by Gary W. Boone and
      Michael J. Cochran, for "Variable Function Programmed Calculator".
PAR  Ser. No. 255,856, filed May 22, 1972, by Michael J. Cochran and Jerry L.
      Vandierendonck, for "Electronic Calculator".
PAR  The concepts of these prior applications have made possible vast reductions
      in cost of small personal sized calculators. Continuing efforts to reduce
      the cost of these products include reducing the power drain so that the
      battery requirements are minimized and incorporating more of the external
      circuits into the semiconductor chip, as well as making the chip more
      versatile for performing different functions with a minimum change in the
      manufacturing steps. The purpose of the system of this application is
      generally related to lowering the power used by a calculator chip,
      simplifying the system to save space on the chip to facilitate
      manufacture, simplify programming, incorporate more of the functions such
      as clock generators and segment drivers into the chip, and/or provide
      improved functions from a user's standpoint.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features believed characteristic of the invention are set forth
      in the appended claims. The invention itself, however, as well as further
      objects and advantages thereof, will be best understood by reference to
      the following detailed description of an illustrative embodiment, when
      read in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a pictorial view of a portable, battery-operated electronic
      calculator which may employ features of the invention;
PAR  FIG. 2 is a simplified block diagram of the calculator system of the
      invention;
PAR  FIGS. 3A-3C are timing diagrams showing voltage vs. time graphs for timing
      signals used in various parts of the system of the invention;
PAR  FIGS. 4A-4B are diagrams and tables of the display output format;
PAR  FIG. 5 is a representation of the makeup of the instruction word used in
      the system of the invention;
PAR  FIG. 6 is a layout map for FIGS. 6A-6U;
PAR  FIGS. 6A-6U are a composite electrical diagram of the circuit of the
      calculator system of the invention;
PAR  FIGS. 7A-7S are detail electrical diagrams of logic functions used in the
      diagram of FIGS. 6A-6U;
PAR  FIG. 8 is a representation of the keyboard input matrix used with the
      system of FIGS. 2 and 6A-6U;
PAR  FIG. 9 is a table of digit and flag masks which may be used in one
      embodiment of the invention;
PAR  FIG. 10 is an enlarged view of a photomask used for the metallization level
      in the manufacture of an MOS/LSI semiconductor chip incorporating the
      entire electronic system of the invention; and
PAR  FIGS. 11A-11H are logic flow diagrams for one example of a program which
      may be implemented in the calculator described herein.
DETD
PAC  INTRODUCTION
PAR  The calculator system of the invention is designed primarily for use in a
      hand-held, battery-powered, pocket-sized electronic calculator generally
      as seen in FIG. 1. The calculator is contained within a small housing 10
      of molded plastic or the like, and includes a keyboard 11 of the ten-key
      type having 10 decimal number keys 0 to 9 along with a decimal point key
      and several function keys such as plus (+), minus (-), equal (=), multiply
      (.times.), divide (.div.), clear (C), etc. A display 12 is provided,
      usually in the form of a segmented light emitting diode (LED), gas
      discharge panel, or fluorescent type display. Eight digits plus a ninth
      "annotator" digit for minus sign, error or overflow indication are shown,
      this being typical for personal calculators. Each digit includes seven
      segments plus a decimal point in a typical design; usually the calculator
      would operate in floating point mode so the decimal point could be in any
      of the eight digit positions. An off-on switch 13 would be conveniently
      located on the top face or side of the housing.
PAR  The design of the electronic system of the invention is primarily for the
      purpose of minimizing power drain so that long battery life is provided
      and a minimum of batteries are needed. Ideally, non-rechargeable
      throw-away batteries are used; this saves on initial cost of the batteries
      and saves the cost of the battery charge circuit or AC/DC implementation
      which would include cord, plug, transformer, rectifier, switch, etc. Of
      course, the electronic system or MOS chip to be described may be used in
      desk top, AC powered calculators, even though the design objective is for
      personal calculators with throw-away batteries. A large part of the power
      drain in a calculator of this type is in the display 12; little can be
      done to reduce the basic power drain inherent in the LED's or other
      display elements, at least within the scope of this invention. However,
      various features as will be described assure that the display is turned on
      a minimum of time and the display drive circuitry is optimized. The main
      way of minimizing power according to the invention is in the design of the
      main electronic system as implemented in a single MOS/LSI chip.
PAC  SYSTEM BLOCK DIAGRAM
PAR  The major components of the calculator system of the invention are shown in
      block diagram form in FIG. 2. All of the system components to the right of
      dotted line 15 are within a single MOS/LSI chip which contains perhaps
      5,000 transistors, mounted in a standard 28 pin package. An important
      factor in system design is minimizing the pin count for the package, and
      the present design allows several extra pins compared to prior chips. The
      main input/output pins at the interface 15 are eight display outputs 16,
      labeled SA et seq., nine keyboard/display strobe or scan outputs 17,
      labeled D1 to D9, and three keyboard inputs 18, labeled KN, KO and KP. The
      display outputs 16 are applied directly (without segment drivers) to the
      segments of the display 12. All similar segments in the various digits are
      connected together, and all decimal points are connected together, in the
      usual manner. The digits of the display are actuated one at a time by a
      scanning arrangement using the outputs 17, and these scan signals D1 to D9
      are also used to poll the keyboard which is in the form of a matrix of key
      switches. All of the number keys 1 to 9 are on a single one of the input
      lines 18 called the KN line, the number key "0" is on the KO line, and the
      operation keys are on KO and KP lines. So, all of the keyboard information
      comes in encoded on three lines 18, correlated internally with the
      "D-times" or keyboard/display strobes D1 to D9 on lines 17.
PAR  The calculator chip includes three working registers, called registers A, B
      and C, located within a sequentially addressed memory 20 which is referred
      to as a S.A.M. This device, as described in copending application, Ser.
      No. 163,683, filed July 19, 1971, is a random access memory array which is
      addressed in sequence by a state counter 21. The state counter is a ring
      counter which generates "state times" or "S times" used to address the
      rows of cells in the memory array and also for other purposes. Various
      calculations are made by processing the numerical data in the registers
      through an arithmetic logic unit 22, which basically consists of a
      bit-parallel serial-digit binary adder, a carry/borrow circuit, and a
      binary-coded-decimal (BCD) corrector. The latter is needed because numbers
      are stored in the SAM 20 in BCD, yet the adder works in binary, so the
      output of the adder must be corrected before re-entering a result into the
      registers of the SAM 20. Selector gates 23 on the right-hand side of the
      SAM 20 control which registers of the SAM are fed into the ALU 22 and what
      register the result is entered into. Also, the selector gates 23 provide a
      right-shift function for any register if desired. Left shift may be
      implemented by a shift left circuit in the ALU 22. Selector gates 24 on
      the left side of the SAM provide for recirculation of the data in the
      registers or exchange of data from one register to another. All of these
      selector gates and the parts of the ALU 22 are under control of the
      outputs from arithmetic control programmable logic array 25.
PAR  In addition to the working or data registers A, B and C, the SAM contains
      two eleven bit flag registers 26 and 27, or Flag A and Flag B. These are
      used for temporary storage of status information during the program. The
      bits in the flag registers may be set, zeroed, exchanged, recirculated,
      etc., under control of flag logic array 28 which is connected to the SAM
      via lines 29.
PAR  The program for operating the calculator is stored in a read-only memory or
      ROM 30 which contains 3,520 bits of storage, arranged in 320 words with 11
      bits per word. One word at a time is read out of the ROM into an
      instruction register 31, and the 11 bit word existing in this register
      defines what happens in the calculator during a given instruction cycle. A
      part of the instruction word is applied serially from register 31 via line
      32 to a register 33 which is connected to both the arithmetic control
      array 25 and the flag logic array 28 in common. Another part of the
      instruction word is applied via line 34 to a register within a digit mask
      logic array 35 in the SAM 20, as will be explained. The particular
      instruction word read out of the ROM at a given time is defined by X and Y
      address registers 36 and 37. The X and Y registers 36 and 37 control X and
      Y address decoders 38 and 39. The ROM is partitioned into eleven segments
      so that for a given six bit X address and three bit Y address, eleven bits
      are addressed and read out from the ROM into the instruction register 31.
      The word in the instruction register 31 defines the current operation of
      the system and, along with input and condition logic 40, produces the next
      address for the ROM. The address registers 36 and 37 may be incremented,
      one location at a time, or may jump or branch to a specified location
      (loaded from the instruction register 31) under control of input and
      condition logic 40. This logic unit 40 receives the keyboard inputs 18 and
      generally initiates control or operation of the various parts of the
      system and provides for data input, along with the program in the ROM. In
      general terms, operation of the system is totally defined by generating a
      ROM address by the logic arrangement 40 in conjunction with the
      instruction register 31, in response to a particular key in the keyboard
      11 having been pressed, then jumping to that address in the ROM and
      reading out the instruction word into the register 31 and implementing it.
      Then, the X and Y address registers are incremented to the next address or
      perhaps caused to branch to a remote address until the function
      represented by that key has been completed, which may take several or a
      dozen instruction words, then the system goes back into a wait mode until
      another key is punched. In the wait mode, the system is cycling through
      instruction words which in effect scan the keyboard and at the same time
      cause the number entered or the result to be shown on the display 12.
PAR  The A register in the SAM 20 is always the source of data displayed in the
      display 12. A number being entered is always displayed, so it is entered
      in the A register; a result from a calculation is displayed, so it goes
      into the A register upon completion of a calculation. So, output from the
      SAM 20 to the display 12 is from the A register and is coupled via lines
      41 through a segment decoder and output PLA 42 which functions to change a
      BCD number, one digit at a time, to a selected combination of segments on
      the lines 16 going to decimal digit display 12. This is accomplished
      generally by means of a programmable logic array. Zero suppression means
      43 is included in the output PLA.
PAR  The "D-times" used for keyboard/display strobe via the lines 17 are
      generated in a digit scan register 44 which operates in conjunction with a
      D-scan register 45 that is part of the SAM 20. The display 12 is strobed
      most significant digit or MSD first to allow leading zero suppression,
      whereas the registers in the SAM are sequentially addressed beginning with
      least significant digit or LSD because the adder or ALU 22 must operate
      digit-by-digit starting with LSD. So, the digit scan arrangement must
      count in one direction while the state counter 21 is counting in the other
      direction.
PAC  SYSTEM TIMING
PAR  The basic timing element of the system is the clock input 0 as seen in FIG.
      3A. This clock is at a rate of about 100 to 160 KHz. a clock generator 46
      within the chip (see FIG. 2) generates four clocks 01, 02, 03, 04 as
      illustrated in FIG. 3A. A set of four clocks represents one state time or
      S time, so state times are at a 25 to 40 KHz rate or 24 to 40 microseconds
      in length. The state times are generated from the clocks 01 to 04 in the
      SAM address counter 21. There are eleven state times S.sub.0 to S.sub.10
      as seen in FIG. 3B, corresponding to the eleven digits per data word in
      the SAM registers, one state time for each digit. A full set of eleven
      state times represents one "digit time" or D time, and also corresponds to
      one instruction cycle. So, an instruction cycle is about 264 to 400
      microseconds long, or instruction cycles occurring at a rate of roughly 2
      to 4  KHz. D times are used for keyboard and display scan, and there are
      nine digits in the display; FIG. 3C illustrates the sequence of D times
      used for strobing the display and keyboard. Note that there is one dead
      time, D10. A complete scan of the display and keyboard referred to as a
      "scan time" occurs once every ten D times or instruction cycles, i.e.,
      once every 2640 to 4000 microseconds or 2.6 to 4 milliseconds. That is,
      the display or keyboard is completely scanned about 200 to 400 times a
      second. A person operating the calculator would manually depress a key for
      at least a few tenths of a second or more, so it is seen that at least
      about 50 or more complete scans would occur during the time a key is down.
      This would represent more than 500 instruction cycles, so almost any
      calculation or operation within the calculator would be completed faster
      than a person could punch the keys. Considering the display 12, a given
      digit such as the right-hand digit which is LSD will be turned on or lit
      up only during D9 or once every scan time, i.e., for say 300 microseconds
      every 3000 microseconds, a duty cycle of one-tenth. It will blink on and
      off 200 to 400 times a second, which is far above the rate which the eye
      can perceive, so the display seems to be steady rather than being scanned
      in sequence.
PAR  In FIG. 3C, it is seen that the digit times progress from MSD to LSD, going
      from D1 to D9 as seen in FIG. 2. The data in one digit of the A register
      in the SAM 20 is brought out through the segment decoder 42 for display
      during each D time. FIG. 3C shows that the information at S10 of register
      A comes out during D1, S9 during D2 and proceeding on to S2 at D9. S10 is
      the annotator; that is, the minus sign, low-battery indicator, etc. S9 is
      the MSD and S2 the LSD. S1 is dead or blanked; only eight numerical digits
      are displayed. The SAM contains eleven digits per register in locations
      S10 to S0. Thus, since the scan repeats every ten instruction cycles, but
      there are eleven locations, S0 is never brought out. And the scan sequence
      precesses or counts backwards, S10 to S1 or MSD to LSD, while the SAM is
      addressed S0 to S10, or in a direction of LSD to MSD. This arrangement
      readily permits leading zero suppression in the segment decoder 42. It is
      desirable that the display show no zeros to the left of the first non-zero
      digit or the decimal point. Thus, if the number 6.25 is entered, the
      display shows 6.25 and not 000006.25. The zero suppress circuit 43
      functions to blank the display in this example for the first five digits
      coming out since these are zeros, then unblank when the "six" is detected
      which is the first non-zero digit it sees.
PAR  Ordinarily, (depending upon programming) the information in the S0 position
      in each of the A, B and C registers in the SAM 20 is the decimal point or
      DPT position, the S1 position contains an exponent, S2 to S9 is the
      mantissa with S10 for overflow. So, when the number 6.25 is entered by the
      keyboard, the A register will contain 00000625 as a mantissa in positions
      S9 to S2, and a "2" in S0 meaning that the decimal point is two places to
      the left. As seen in FIG. 3C, there is no S0 brought out for display, nor
      S1. The exponent at S1 is used internally, and the DPT is accounted for,
      as will be explained.
PAC  THE DISPLAY
PAR  Referring to FIG. 4A, the display 12 is shown in more detail. Three of the
      nine digits are shown. Each digit is made up of seven segments A to G plus
      a decimal point P. The outputs 16 from the chip are labeled SA to SP
      corresponding to the segments in the display. All of the A segments are
      connected together by a line 47, all B's are connected together by a line
      48, etc., and all decimal points P are connected together by a line 49.
      The segments represent cathodes in a LED unit, or in a gas discharge
      panel. The D-scan outputs D1 to D9 are separately connected to anodes 50
      which represent transparent metal film covering the cathodes in a gas
      discharge panel display or anodes common to all cathode segments in a
      digit for LED displays. Digit drivers 51 couple the D lines 17 to the
      anodes 50; these are merely amplifiers to provide the proper voltage
      levels for actuating the display elements. All of the drivers 51 may be
      contained in a pair of bipolar integrated circuits.
PAR  In FIG. 4B, one code for actuating the display of FIG. 4A is shown. For
      example, to show a zero, all segments except SG are actuated. To show a
      one, segments SA and SB are actuated. The code of FIG. 4B is programmed
      into the segment decoder output PLA 42; this PLA is gate programmable so
      that different codes could be used for different types of displays. In a
      preferred embodiment, overflow is indicated by blinking the entire
      display, instead of the symbols shown.
PAC  THE INSTRUCTION SET
PAR  The instruction words stored in the ROM 30 and read into the instruction
      register 31 are of the format shown in FIG. 5. The eleven bits of the word
      are labeled I0 to I10. For jump instructions, nine bits are used for the
      jump address. For register and flag operations, the word contains three
      fields, a mask field made up of I0 to I3 called Ma to Md, an OPCODE field
      made up of I4 to I8 called Oa to Oe, and a class field made up of I9 and
      I10 called Ca and Cb. The bits from the mask field are connected from the
      instruction register 31 via line 34 to a register in the mask logic 35
      seen in FIG. 2. The OPCODE field is connected to a register 33 via line 32
      from which the flag logic 28 and the arithmetic control logic 25 are both
      driven. This is an important feature of the system, as it greatly
      simplifies the layout and programming. The class field is connected to
      input and condition logic 40 as it is concerned with branch and
      conditional branch instructions. The input and condition logic 40 contains
      a condition latch 47 which is responsive to various operating situations
      in the system such as a flag condition or a keyboard input, and a branch
      is executed if the condition latch is set but not if the latch is not set
      or at reset. If the class field is "00", i.e., I9 and I10 are 00, the
      instruction word is for a "jump" if the condition latch has not been set,
      that is, at reset. If the class field is at "01", a jump is executed if
      condition is set. For jump instructions, the I0 to I8 bits are the address
      of the next instruction word, so these bits are loaded from the
      instruction register 31 to the address registers 36, 37. If the class
      field is "11", the instruction is for a register operation, and the OPCODE
      and mask fields are used as mentioned above. A class field of "10"
      indicates either a flag instruction or a "jump if key down" operation; the
      first two bits of the OPCODE field determine which type of operation is
      executed. "1000" causes a jump to the address of I0 to I8 if a key is down
      on the KO line. "1001" causes a jump to the I0-I8 address if a key is down
      on the KP line. "101" results in a flag operation, i.e., the OPCODE field
      gives a flag instruction which is decoded in the flag logic array 28. In
      Table I at the end of this specification, a more detailed list of program
      instructions possible within the constraints of the format of FIG. 5 is
      given for illustration. Note that the flag logic unit 28 is also referred
      to as a program logic unit. These instructions will be referred to in more
      detail later.
PAC  DETAILED DESCRIPTION OF SYSTEM LOGIC DIAGRAM
PAR  The various parts of the system of FIG. 2 will now be described with
      reference to FIGS. 6A through 6U which in composite is a complete logic
      diagram of the calculator chip.
PAC  THE S.A.M. AND SELECTOR GATES
PAR  The main A, B and C registers of the calculator system are contained within
      a random access memory arrangement 20 which is operated in a manner
      similar to a set of shift registers, as set forth in copending
      application, Ser. No. 163,683. The SAM 20 includes an A register which is
      comprised of four separate rows A1, A2, A4 and A8, in BCD format.
      Likewise, the B and C registers each comprise four rows B1, B2, etc.;
      these are interleaved to save space in interconnecting the registers and
      the ALU through the selector gates on the chip. Each row includes eleven
      cells 100, or one for each digit or character, with each cell being a
      conventional three-transistor MOS RAM memory cell. All of the memory cells
      100 in the SAM are exactly the same, and there are a total of 11 .times. 4
      .times. 4 .times. or 132 cells in the main A, B and C registers. The SAM
      also includes two flag registers 26 and 27 and a D-scan register 45, each
      of which are eleven bit rows, or 33 more cells, for a total of  165 cells
      in the SAM. Vertical lines in the SAM are address lines 101 of which there
      are twelve, these bit address lines being driven by a commutator 21 made
      up of an eleven stage ring counter which circulates a zero in synch with
      state times. Indeed, the commutator 21 generates the state times S0-S10
      for use throughout the system. Only one of the address lines 101 is
      energized at any one time (except S0 as will be explained), and the
      energized line shifts from right to left in the order S0, S1, S2, . . .
      S10, S0, etc., one at a time, producing the signals seen in FIG. 3B. In
      the commutator 21, a recirculate signal is coupled back to the beginning
      stage by a line 102 when the zero propagating through the commutator
      reaches S10; this indication on line 102 is also used in the power up
      clear circuit as will be explained.
PAR  When an S0 energizing voltage or "0", a negative voltage, appears on the S0
      address line, all of the MOS transistors 103 (looking now at the S0 cell
      for the A1 row in the A register) which act as the output switches for the
      memory cells 100 in the S0 vertical columm will be made conductive, so the
      gate storage capacitor of a cell will, if it is charged negative, cause
      the transistor 104 of the cell to be also conductive, and the output line
      105 will be grounded. Thus, if an "0" is stored, a "1" will appear on
      output line 105. Throughout the system; "1" is ground or V.sub.SS, "0" is
      a negative voltage or V.sub.DD. This output line 105 is inverted or is in
      "false" rather than "true" logic; bits are stored in true and read out in
      false or complementary logic. Input to the cell is on a line 106 through a
      transistor 107. When the S1 address line 101 goes negative, the transistor
      107 cuts on and a negative voltage on line 106 will be stored as a charge
      in the gate of transistor 104. The inputs to the line 106 may be from the
      ALU 22, from a recirculate path in the selector gates 24, or from a
      transfer path from another register via the gates 24. The output line 105
      may go to the ALU 22, to a right shift path in selector gates 23, to a
      recirculate path in gates 24, or to a transfer path in the gates 24. For
      recirculate, the left-hand end of the output line 105 goes into a one-bit
      delay circuit 108. Each one-bit delay includes two inverters clocked at
      02, 03 and 04, 01, respectively. Depending upon the settings of the
      selector gates 23 and 24 and other conditions, the bit on line 105 can be
      either recirculated, or passed through the ALU, left-shifted,
      right-shifted, etc. If the bit is to be merely recirculated, the gates 24
      are set by the OPCODE field of the then-present instruction word in the
      I-Reg 31 via ALU logic 25 so the bit will pass through a complex gate 109
      to appear inverted on line 106, delayed by one and one-half state times;
      that is, the bit leaves its storage capacitor in cell 100 on 01 of a given
      state time, then that state time proceeds through 01-02-03-04 as defined
      in FIG. 3A as the bit propagates through the delay 108. The S0 address
      line becomes de-energized or goes to ground at the end of 03, and S1 goes
      negative on 01 of the next state time as the commutator 21 switches to the
      next stage to the left. On 03 of this next state time, gate 109 is enabled
      by 03 which is one of its inputs, so the bit can proceed to line 106. Back
      at the cell, the transistor 107 is now conductive, and the bit will be
      re-entered into the same cell it came out of, i.e., the S0 cell. All bits
      in all cells 100 of this first vertical column S0 will be recirculated or
      refreshed during S0-S1 time, during every instruction cycle, unless they
      are being transferred or operated on in the ALU or shifted. If the bits in
      B register are being transferred to the A register, the gates 24 are
      activated by part of the decoded instruction word appearing on line 110 in
      such manner that the bit on output line 105 will not go through gate 109
      for the A1 row, but instead will go by line 111 through gates 109 in the
      B1 row to the B1 input line 112. As before, when line S1 comes on in the
      next state time, the bit will go back into a memory cell, but this time it
      will go into cell 113 in B1. The bit that was in cell 113 will, during
      this same time, travel via output line 114 for B1 through a delay circuit
      108 then into gate 109 for A1 by a line 115. Transfer of all bits in A1 to
      B1, and all in B1 to A1, would thus proceed for a cycle of S0 to S10. The
      remainder of the A and B registers, i.e., A2-B2, A4-B4 and A8-B8 would be
      exchanged during the same cycle by the same mechanism.
PAR  The gates 109 have the function of defining which output lines from the
      rows of the SAM are connected to the row input lines. For the A register,
      the gates 109 pass either the output of delay 108 of the A1, A2, etc. rows
      for recirculate, or the delayed outputs from the B1, B2, etc. rows for
      "exchange A and B" or A .revreaction. B. The same applies for the B
      register. The C register cannot be exchanged and so gates 116 for rows C1,
      C2, etc. only receive delayed C output lines and a recirculate command
      from a line 117. A decoder 118 produces the recirculate commands A
      .fwdarw. A, B .fwdarw. B, C .fwdarw. C from T .fwdarw. C, T .fwdarw. B, T
      .fwdarw. A signals on lines 119 which come directly from the arithmetic
      control PLA 25. The exchange command A .revreaction. B on line 110 comes
      directly from PLA 25, and also goes into decoder 118. Logically, the
      effect of this control arrangement is that the A, B and C registers will
      be recirculated when not being exchanged A .revreaction. B or the ALU
      output T is not being written into the register. That is, if a register is
      not being written into, it defaults to recirculate.
PAR  At all times, the output lines 105, etc. from rows A1, A2, A4, A8 are
      connected via lines 120 to the inputs of the segment decoder 42. One digit
      from register A is selected during each instruction cycle, as set forth in
      FIG. 3C, to be gated into the decode 42 as will be later explained, but
      the register A outputs always appear at the decoder 42 inputs 120. The B1
      and B2 row output lines are also connected to the decoder 42 inputs and
      these are used for outputting the decimal point and outputting a blanking
      signal, as for overflow indication. During calculations, the decimal point
      position is in the S0 bit locations in each register, then upon display
      the DPT position is manifested by a 1 in the row B1, which is thus fed to
      the segment decoder 42 via line 121. Row B2 output is connected via line
      122 to the decoder 42 to permit an indication such as flashing the display
      to be implemented.
PAR  The selector gates 23 on the right-hand side of the SAM 20 control the
      output of the A, B and C registers into the ALU 22 and the entry of data
      from the ALU 22 back into the A, B and C registers. Also, constants are
      selected by the gates 23, and right shift may be performed. The adder
      inputs to the ALU 22 are X1, Y1, X2, Y2, X4, Y4, X8 and Y8. Register A or
      register C outputs can be applied to the X inputs to the adder, and
      register B output can only be applied to the Y inputs; X input select
      gates 122 and Y input select gates 123 determine this in response to
      controls on lines 125, 126 and 127 which represent C .fwdarw. X, A
      .fwdarw. X and B .fwdarw. Y commands that are produced in the arithmetic
      control logic array 25. The gates 123 also control entry of a constant K
      into the Y inputs to the adder, and for this purpose receive a K .fwdarw.
      Y command on line 128 which is generated in array 25. The constants K,
      which may be K1, K2, K4 or K8, are generated in the digit mask logic 35 on
      lines 129. The K1 line goes only to the gate 123 for the B1 row, K2 line
      goes only to the gate 123 for the B2 row, etc. Thus, to perform the
      function of "add one to A", the K .fwdarw. Y line 128 would be energized
      and the logic 35 would produce K1 on one line 129, while the data from B1
      row output 114 on line 130 would be blocked at gate 123, since B .fwdarw.
      Y command would not appear on line 127. Usually a digit mask would occur
      during this operation, but regardless of the mask the constant is to be
      added on only the first digit, not all digits. This is accomplished by the
      gates 218 which receive a 'DM or leading edge of digit mask signal on line
      219.
PAR  The outputs from the ALU 22 are on lines 131 labeled T1, T2, T4, T8. These
      are applied as inputs to twelve identical complex gates 132, each of which
      has its output directly connected to the input line of one of the twelve
      rows of the SAM 20. The T1 line goes to gates 132 for the A1, B1, C1 rows,
      the T2 line goes to gates 132 for the A2, B2, C2 rows, etc. These gates
      receive commands T .fwdarw. A, T .fwdarw. B, T .fwdarw. C on lines 119 to
      define whether the ALU output T is entered into the A, B or C register.
      Each gate arrangement 132 also receives an input 133 from one of the row
      output lines, for right shift purposes.
PAR  A right shift command SRM on line 134 causes the gates 132 to complete the
      connection from lines 133 back to the row input lines 106, etc. with only
      one-half state time delay. A particular register is selected for right
      shift by a command on one of the lines 119, e.g., T .fwdarw. A, along with
      an SRM command on the line 134. SRM is generated from SR line 135 in the
      arithmetic control array 25 via gate 136 in the ALU 22. SR on line 137,
      which is inverted as an input to gate 136, is also applied as an input 138
      to complex gates 140 which determine the T outputs from the ALU. The input
      138 functions to disenable the T output upon a right shift command so
      nothing in the adder gets applied back into the SAM. The gate 136 which
      generates SRM also receives a timing signal DM' on line 141 which is a
      modified digit mask. DM' occurs at the falling edge of the digit mask
      which may be S2 to S10 or mantissa mask, for example, and lasts for one
      state time or S0 in this example. The function here is to insert a zero in
      MSD upon right shift; in the right shift operation the LSD is lost and is
      not coupled back to be inserted in the MSD position. During calculations,
      numbers are stored in the register "left justified", meaning that the most
      significant digit is in the leftmost position; this is to preserve MSD,
      since the LSD is always truncated upon overflow. Then, upon display, a
      number is shifted all the way to the right, to eliminate insignificant
      trailing zeros. Also, right shift is used to normalize two numbers being
      added, e.g., 123.45 plus 6.789 would be left-justified and normalized to
      123.45000 and 006.78900. These are merely examples of right shift
      operations.
PAR  The flag registers 26 and 27, the D-scan register 45, the state timing
      matrix and the digit mask 39 are also part of the SAM, and will be
      described later.
PAC  THE ARITHMETIC LOGIC UNIT
PAR  The ALU 22 basically consists of a bit-parallel, serial-digit, binary adder
      150 and a BCD corrector 151, along with the left shift arrangements 138 as
      noted above. Each parallel stage of the adder includes a carry/borrow
      circuit 152. The adder performs subtraction by twos complement addition.
PAR  The four parallel stages 153, 154, 155, 156 process the "1" bit on inputs
      X1, Y1, the "2" bit on inputs X2, Y2 from the SAM, the "4" bit on X4, Y4
      and the "8" bit on X8, Y8, respectively, and ultimately produce the
      outputs T1, T2, T4 and T8 on lines 131 going back to the SAM. Each stage
      153-156 receives a subtract command SUB on line 157, and SUB on line 158.
      SUB is generated in arithmetic control array 25 at output 159. The stages
      153-156 perform straight binary addition unless SUB is present, then they
      perform subtraction by two's complement addition. Considering stage 153
      for the "1" bit, a complex gate 160 produces an output 161 which is
      logically X1 .sup.. Y1, i.e., the inverse of X1 "and " Y1. A complex gate
      162 produces an output 163 which is in logic notation X, .sym. Y1, i.e.,
      the inverse of X1 "exclusive OR'd" with Y1. The Y inputs to the complex
      gates 160 and 162 are selected between Y and Y for addition or
      subtraction. The outputs 161 and 163 go through a precharge-discharge
      carry/borrow circuit 152, which receives a carry input on line 164 from a
      prior digit (if any) and propagates a carry output C1 to the next stage or
      bit 2 on line 165, and carries are propagated from bit 2 to bit 4 on line
      166 and from bit 4 to bit 8 on line 167. A true carry indication appears
      on line 164 for bit 1, which is an input to complex gate 168 that produces
      an output on line 170 as the adder output. The complex gate 168 produces
      the inverse of the "exclusive OR" of information on lines 163 and 164,
      that is X .sym. Y and Cin. The adder stage 153 including complex gates
      160, 162, 168 and carry circuit 152 produces a binary 1 output at 170 when
      X or Y inputs are 1 and Cin is 0, or when X and Y are 0 and Cin is 1, or X
      and Y are 1 and Cin is 1, this being standard binary addition. Likewise, a
      binary 0 is produced at 170 when X and Y are 0 and Cin is 0, when X and Y
      are 1 and Cin is 0, and if X or Y is 1 and Cin is 1. Stages 154, 155 and
      156 operate the same way, with complex gates the same as 160, 162, 168, to
      produce sums on lines 171, 172, 173. A carry or borrow output is produced
      at line 174 as an output of gate 175. The gate 175 receives the carry
      output 176 from the precharge-discharge carry/borrow circuit 152 of the
      bit 8 stage 156 of the adder, and also receives SUB on line 158, so the
      gate functions to produce an inverted carry (which is a borrow) for
      subtraction and a true carry for addition. The adder outputs 171-173 and
      the carry output 174 are applied as inputs to a complex gate 177 which
      examines the adder output to see if a valid BCD code appears. If not, it
      causes the BCD corrector to add 6 for addition or add 10 for subtraction.
      For example, addition of decimal number X = 5 and Y = 3 in the adder 150
      produces binary output 1000 on lines 170-173, which is a valid 8 in BCD.
      But adding X = 5 and Y = 7 produces an output 1100, which is invalid in
      BCD. Adding 6 or 0110 to 1100 in BCD corrector 151 produces an output on
      T1-T8 lines of 10010 with the MSD being a carry and executed via C/B
      circuitry. So, two plus a carry is the result, this being proper for BCD.
      The BCD corrector 151 includes three binary adder stages 178, 179, 180.
      Note that the 1 bit never needs to be BCD corrected so the output 170 from
      1's bit adder stage 153 goes directly to complex gate 140 or T output
      (with delays and clocking, of course). Stage 178 includes a carry
      generator 181 but no carry in, and the carry out from this stage goes to a
      carry generator 182 in stage 179 via line 183. A carry out from stage 179
      goes to stage 180 via line 184. Stage 180 includes no carry generator
      since this function is accounted for in the BCD control and C/B generator.
      Outputs 185, 186 and 187 from the BCD generator adder stages 178, 179, 180
      are applied to inputs to the complex gates 140, to produce T2, T4, T8
      outputs.
PAR  A 0, 6 or 10 is added in the corrector 151 by circuits 188 at the inputs of
      adder stages 178-180. If line 189 is actuated by BCD corrector control
      190, then all the stages receive a V.sub.DD or "0" input; this happens
      when circuit 177 detects a valid BCD output, i.e., when the numbers added
      do not exceed 9 or 1001, or when a "corrector kill" command is present on
      line 191 from the arithmetic logic array. Corrector kill would be used
      when the floating minus sign, e.g., a hexadecimal 14 (1110) or 15 (1111),
      is processed through the ALU, or when the exponent digit is processed
      since this might be in hexadecimal. SUB line 157, gated at 04, is another
      input to control 190, and is inverted as an input to one gate and is a
      direct input to the other, so that one of the lines 192 and 193 is
      actuated to turn on a combination of transistors in the circuits 188 to
      add in either 1010 (10 ) or 0110 (6) by connecting selected inputs of the
      adder stages 178-180 to V.sub.SS or "1"or to V.sub.DD, which is "0".
PAR  The carry or borrow input 164 to the 1's stage 153 of the adder is
      generated in a complex gate 195 which is responsive to SUB input 157, to
      an input 196 which is the 01-clocked output 197 of the circuit 177 that
      detects a carry out at 174 or an invalid BCD code, and to 'DM on line 198
      which is the leading edge of digit mask. The circuit 195 produces a Cin
      when the prior digit produces a carry in addition, and also adds a 1 to
      the first bit by introducing a carry Cin upon subtraction to implement the
      2's complement. The 2's complement is done by inverting all of input bits
      and adding a 1 to the 1's stage 153 of the adder. Also, the circuit 195
      implements "borrow" in subtraction by inverting the "add 1" just
      described, so in effect 1 is subtracted.
PAR  Shift left is implemented in the complex gates 140 by causing the BCD
      corrector outputs 179, 185, 186 and 187 from the adder to go through the
      03, 04 and 01, 02 clocked gates, in response to actuation of SL command on
      line 199 from the arithmetic control array 25. This delays the adder
      output bits for one state time, making two and one-half state times delay
      for left shift.
PAR  Timing through the ALU may be understood by tracing a bit from a location
      in the SAM to the ALU and back. A bit stored on the gate of transistor 104
      in the A1 row of the SAM is read out through transistor 103 at S001 when
      the SO address line 101 goes negative. The bit comes out on line 105
      inverted or false. It goes into gate 122 where it is delayed one clock
      time; that is, it leaves gate 122 on SO02 since this gate is clocked 0102.
      Then the bit goes into the X1 inputs to complex gates 160 and 162 in bit 1
      stage 153; these gates are not clocked so it subsists in the adder for
      S002 through S004 when it is clocked out of output line 170. The carry
      circuits 152 are clocked or precharged on 03, as the output must subsist
      through 04 to be valid, i.e., to allow the carry circuit to conditionally
      discharge. Some delay occurs in the complex gates 160, 162, 168 of the
      adder. The output 170 of the adder goes through an inverter clocked at
      0401 so the bit arrives at the input of gate 140 at S101. With no left
      shift command, there is no delay in the gate 140, so the bit comes back to
      T1 line 131 to the selector gate 132 for row A1, and this gate is clocked
      at 0203, so the bit reaches the row A1 input line 106 at S103 which is one
      and one-half state times after it left. Now, the S1 address line 101 is
      negative, which turns on the transistor 107 and writes the bit back into
      the gate capacitance of the same transistor 104 that it left at SO01. Data
      is always read out of the SAM on 01, and written into the SAM on 03. If a
      shift right operation is being implemented, the bit would leave a cell
      such as S5 in A1 row at S501, go into input 133 of gate 132 at S501, be
      delayed as gate 132 is clocked 0203, then appear on input line 106 at S503
      which is only one-half state time delay. S5 address line is still
      actuated, so the bit cannot be written into the S5 position. This, it
      would be right shifted and go into the S4 cell. For shift left, the bit
      would leave at S501 and be delayed two and one-half state times so it
      would come back at S703 and be written into the S6 cell.
PAR  Upon right shift, the LSD is lost rather than "end-around"  shifted. The SO
      digit is used for DPT or EXP, so it should never be shifted to S10 in
      shift right. Thus, the circuit 136 causes a zero to be inserted at SO on
      right shift, or at the end of digit mask, so the SO bit is not written
      into the S10 cell.
PAC  THE DIGIT MASK LOGIC
PAR  The digit mask logic 35 is a part of the SAM or is tied to it and uses the
      same SO-S10 lines 101. This circuitry generates sixteen possible masks
      MO-M15 as seen in FIG. 9 each of which may have one of sixteen possible
      constants associated with it, as produced on lines K1, K2, K4, K8, and all
      masks and constants are gate programmable. The sixteen masks and constants
      are defined by four bits of the instruction word in instruction register
      31. These four bits I0, I1, I2, I3 are read out of the instruction
      register into a four bit register 200 which is interleaved with the bit
      address lines 101 of the SAM. The shift register consists of a sequence of
      eight conventional inverters 201 with coupling between stages being
      clocked at 01, 02 to read in four bits in four state times as supplied
      serially on input line 202 from I Reg 31. The shift register produces true
      and inverted representations of I0-I3 on parallel output lines 203; these
      output lines are labeled I0, I0, I1, I1, I2, etc. The outputs 203 are
      gated into the encoder portion 204 of the PLA by devices 205 by an S1O03
      signal generated in gate 206. The encoder portion 204 includes sixteen
      horizontal lines 207 which are P-diffusions, while the vertical lines 203
      represent metallization stripes, as do the bit address lines 101 for the
      SAM with which the lines 203 are interleaved. Each of the lines 207 is
      connected to a separate load on the left end, and the right end is gated
      at 03 into a decoder array 208. A four bit code on I0 to I3 selects one of
      the sixteen lines 207, defined by the pattern of gates 209 or "thinned
      oxide" which forms operable MOS transistors between the P-diffusions 207
      and V.sub.SS. For example, if the digit mask part of the instruction word
      is "13" or 1101, the line 210 coded 1101 will be actuated and no others
      will be. This line will be actuated only when certain state times are
      present, however, as defined by gates 211 on the lines 101. For example,
      mask 13 or M13 may be for the exponent at S0 and S1, so gates would be on
      all the address lines 101 except S10 and S0; this produces an output on
      line 212 in the decoder 208 only during S0 and S1 time when I0 to I3 are
      at 1101. A line 213 produces an output for any of the digit mask signals
      on the lines 207 since gates are at all locations. This output is gated at
      01 and becomes a DM or digit mask signal on line 214 which goes to digit
      mask logic gates 25 and other locations. Also, a constant or K input to
      the lines 129 in the selector gates 23 is produced. In this example, a
      constant of "1" or K1 is generated by a gate 216 above line 217; line 212
      represents a metallization stripe and line 217 is a P-diffusion. The
      output on line 217, clocked at 01, is applied to one of a set of NAND
      gates 218 and thence to K1 line 129. Another input 219 to gates 218 is a
      digit mask signal. Usually the constant should only be added in during the
      first digit of the mask, so this gating arrangement prevents entry of the
      constant at unwanted times.
PAR  An ungated digit mask signal is provided on line 220 which is connected to
      line 213. This signal goes to flag logic 28.
PAR  The digit mask logic 35 can produce sixteen different masks, each with a
      selected constant K1, K2, K4, K8 or no constant, in any combination. The
      masks and constants are gate-programmable in the encoder and decoder
      arrays 204 and 208. FIG. 7 shows one way that the digit mask logic 35 may
      be programmed.
PAC  THE STATE TIMING MATRIX
PAR  The state timing matrix 222 is also an integral part of the SAM 20. This
      device generates timed signals like the mask generator, but these occur
      every instruction cycle rather than only on command from the I0 to I3 part
      of the instruction word. A line 223 produces an S10 signal which is used
      at several point in the system, such as an inverted input 224 to the digit
      mask logic gate 215 to provide mask-to-mask protection and as input to the
      flag logic 28. A line 225 provides an S9 signal which is inverted and
      gated at 226 to provide an input 227 to the digit scan 44. An S10 signal
      produced on line 229 is used in the input and condition logic circuit 40.
      An S10 to S7 signal on line 230 is used in the display output arrangement.
      An SBL or S blank signal on line 231 is a "0" at S10 to S0 and a "1" at S1
      to S9; this is used as the display scan and output as will be explained.
      An important point is that all of these signals are gate programmable in
      manufacture, so the timing may be selected in accord with system
      requirements. The structure of the state timing matrix is set forth in
      application, Ser. No. 255,856, filed May 22, 1972, by Michael J. Cochran
      et al. This device is referred to as a push-pull matrix. The output lines
      223, 225, etc., are P-diffusions which may be connected to V.sub.SS or
      V.sub.GG by programmable gates at each intersection with metallization
      lines 101. A circle represents a gate or area of thinned oxide under the
      metal line 101 between the P-diffusion line 223, et seq., and an adjacent
      P-diffusion line which is connected to V.sub.SS. A square represents a
      gate to a P-diffusion line which is connected to V.sub.GG. Thus, the
      output line is driven to either V.sub.SS or V.sub.GG ("1" or " 0") during
      each state time depending on the position of the gate.
PAR  Note that signals such as S10 may be obtained directly from the address
      lines 101, such as at line 232, but such connections are not
      gate-programmable and do not provide high level signals.
PAC  THE S.A.M. ADDRESS COUNTER
PAR  The address counter 21 is made up of eleven identical stages 235, each of
      which contains two inverters stages 236 with interstage clocking at 02 and
      04. The output of the second inverter is connected to a device 237 and
      also through a clocked inverter 238 to a device 239. The devices 237 and
      239 alternately connect the output or address line to .theta. or V.sub.SS.
      .theta. is generated in a circuit 240 such that it is a level near
      V.sub.GG except during 04; this circuit prevents power drain during 04
      when .theta. is at ground.
PAR  The gates on the line 102 cause the address counter to circulate a O which
      advances from right to left and starts over after it reaches the S10 line.
      The state time signals produced on lines 101 or S0 to S10 subsist only
      during 01, 02, 03 of a state time cycle.
PAC  DIGIT SCAN GENERATION
PAR  The digit scan is generated in the digit scan register 44 along with the
      D-scan register 45 which is part of the SAM. The register 45 contains
      eleven bits, like the flag registers, and is sequentially addressed by
      S0-S10 signals like the remainder of the SAM. This register functions to
      circulate a single bit, right shifting each D time, to generate the
      display scan or data out sequence of FIG. 3C. Right shift is implemented
      by connecting output line 241 from the SAM cells of this row through gate
      242 clocked at 02, 03 so that a bit read out of a cell on line 241 is
      written back into the adjacent cell via line 243 during the same state
      time that it was read out, so it is right shifted. Only one bit in the
      register will contain a "0"; this is part of the function of the power up
      clear circuit which produces inputs on lines 244 and 245. Once each D
      time, a bit will come out on line 241 at an S time dependent on the status
      of register 45. This state time signal on line 241 is connected through
      two inverters to line 246 which is connected to three places. First, it is
      used to gate digits into the segment decoder by devices 247. That is, as
      the SAM is sequentially addressed, all of the digits in the A register are
      presented to the input lines 120 to the segment decoder 42, but only one
      digit gets gated through the devices 247 to go into the decoder. The
      particular digit depends upon the S time at which an output from register
      45 appears on output line 241 and thus on line 246. Secondly, the signal
      on line 246 is used to start the digit scan register 44. When an output
      occurs on line 246 at S9 in coincidence with S903 on line 248, a bit is
      started into the first stage of a nine stage register 259 made up of
      stages 251. The bit does not generate an output on D1 until SO01 when the
      other gating line 252 of the shift register stages 251 is actuated. All
      other outputs from the D-scan register 45 except at S9 do not affect the
      digit scan register 44. The third function of the output on line 246 is to
      generate a D10 signal for use in the segment decoder on a line 253 in the
      output PLA 42. D10 is generated by first detecting coincidence between the
      output on line 246 and S10 by device 254, then gating at (S0 .fwdarw. S8)
      01 and S1003 at devices 255 and 256. A D1 signal is also generated from
      D10 on a line 257. These D1 and D10 signals and their complements are used
      to reset the zero suppress latch and other functions such as assuring
      blanking on certain digits.
PAR  The digit scan register 44 includes nine shift register stages 251 with
      interstage clocking at S903 on line 248 and (S1 .fwdarw. S8) 01 on line
      252. The register counts to nine, beginning after coincidence of an output
      on line 246 from the D-scan register 45 and S9, to produce D1 .fwdarw. D9
      signals on outputs 258. Output buffers 259 are needed to provide a proper
      signal level to drive the large capacitance of the keyboard switch matrix,
      the output connections, etc. A D10 signal on line 410 is also generated in
      the register 44 at output stage 260; this signal does not exist during
      time out, so it differs from the D10 generated at 253. Inputs to the NAND
      gates in the stages 251 for D3 to D9 from a line 261 function to blank D3
      to D9 during "Wait DK", so none of the key switches except on D1 and D2
      will function to produce inputs on the K lines. A wait DK signal is
      produced on line 262 which originates in decoder 263 for the four special
      instructions in logic array 28. Wait DK and the SBL signal on line 231 are
      used as inputs to a gate 264.
PAR  The wait DK buffer 265 generates a DK signal during time out or wait DK in
      response to a signal on line 262. DK is a continuous or D.C. voltage
      rather than a timed signal. A single key switch is thus actuated during
      time out to restore the display. This saves power by eliminating the need
      to drive all the D output circuitry. This pin out may also be used in the
      test mode. When TEST exists on line 266, then the word in the instruction
      register may be read out via line 336.
PAC  THE SEGMENT DECODER
PAR  The output to the display is provided through a segment decoder 42 which is
      a programmable logic array having a first encode portion 268 and a second
      decode portion 269. The programmable logic array is of the type described
      in U.S. Pat. No. 3,702,985, assigned to the assignee of this invention.
      The encoder 268 of the PLA receives as inputs the A register outputs on
      lines 120, and B1, B2 on lines 121, gated in at S1003, with specific
      digits being selected in decending order as mentioned above. Thus, the
      input data and its complements appear as inputs 270 to the encoder portion
      268. Also, D10 and D1 inputs appear on lines 253 and 257 along with
      complements. Other inputs include wait DK on line 271 from line 262, and
      part of the zero suppress latch on line 272, along with complements of
      these. A direct low voltage indication, such as an L on the display, is
      provided by a line 273. The array is programmed by gates to actuate
      selected ones of the lines 274 depending upon the desired output segment
      code such as set forth in FIG. 4B. To conserve power, the lines 274 are
      energized only at S1003 by clocked loads 275, and the lines 274 are only
      connected to decode part 269 on S1003 which turns on devices 276. S1003 is
      generated on line 277 from the S10 output 223 from the push-pull matrix
      222. The zero suppress function is implemented by a latch including a line
      278 in decoder part 269 which feeds back to line 272 and blanks everything
      until a zero or decimal point code occurs then the latch flips to display
      everything after that on the particular scan cycle. Zero suppress is reset
      every scan cycle, and also is inoperative at the left most digit so that a
      minus sign or other annotator is shown, as well as on D9 so that a zero
      will show in the last place if nothing is in the A register except zeros.
      The output 269 is gate-programmed to produce the code of FIG. 4B. The low
      battery indication is provided via line 273 on the SH segment through an
      output buffer 279.
PAR  Segment outputs are provided by segment buffers 280 which provide signal
      levels high enough so that no segment drivers are needed. These are
      programmable to provide either 1 or 0 outputs. Display blanking is
      provided by both series devices 281 and shunt devices 282 which are driven
      from a blanking signal on line 283. Output is permitted only when series
      devices 281 are on, i.e., o is on line 283, and shunt devices 282 are off.
      The blanking signal is generated in logic gate 284 which is responsive to
      wait DK on line 271 or D1 on line 257, and a "display on" signal on line
      285 which is generated in the input and condition logic 40 from a "display
      on" latch 286 responsive to special instruction SNO and branch on KO and
      KP (as well as TEST), and SBL on line 231.
PAC  POWER UP CLEAR
PAR  A power up clear latch 288 functions to cause the address register 36, 37
      to go to all zeros and to place a bit in the D-scan register 45. The latch
      always comes up in the set condition when power is turned on, producing
      CLEAR on line 244 and CLEAR on line 289. Also, the "and" of D1 on line 257
      and KO on line 290 sets the clear latch. That is, the clear key "C"
      appears on the keyboard matrix at D1KO. The clear latch 288 is reset by
      the occurrence of CLEAR on line 289, S10 on line 232, feedback to the SAM
      address counter 21 on line 102, and S9 on line 291. Thus, to reset, the
      state counter must cycle through more than one complete sequence. This
      gives time for all zeros to be added into the address register 36, 37 via
      CLEAR line 289 which cause the gate 292 in the Add-1 or recirculate loop
      for the address register to add in zeros. After the address register is
      returned to the all zero position, the program is such that it cycles
      through a series of instructions which zero the A-Reg, B-Reg, flags, etc.
PAC  THE READ ONLY MEMORY
PAR  The ROM 30 consists of 3520 identical memory elements 300, each of which is
      defined by the presence or absence of a gate or thin oxide at a location
      where an X line 301 intercepts a Y line 302. The X lines 301 are
      metallization stripes, and the Y lines are P-diffusions. In conventional
      ROMs, a ground line is provides for each pair of Y lines or output lines,
      but in this invention, there is only one ground or V.sub.SS line 303 for
      five (or ten if shared) Y lines 302. Thus, the ROM can be much smaller in
      area because perhaps 40% of the P-diffusion lines are not needed. The
      Y-decode logic 39 provides the usual function of selecting one of the Y
      lines in a group, and also provides the function of connecting the
      selected Y-line to an output line 304, and connecting an adjacent
      P-diffusion line 302 to the V.sub.SS line 303. These functions are
      produced in the Y-decode logic 39 by a number of MOS transistors 305
      arranged in an appropriate pattern, with the gates of these transistors
      being connected to receive outputs from the Y address register 37 on lines
      306. The three Y address bits A6, A7, A8 are used to select one-of-five of
      the Y lines 302 in each of the eleven portions of the ROM; to this end,
      these address bits and their complements A6, A7 and A8 appear on six
      output lines 307 from the Y address register 37. The address signals on
      line 307 are gated into the lines 306 via inverters 308 which are clocked
      at S304 to S403 by a signal appearing on line 309. The lines 307 are
      forced to V.sub.DD or "0" at all times except S304 to S403 by devices 310.
      The X decode section 38 functions to select one out of sixty-four X lines
      301 using six X address bits and their complements existing at twelve X
      address lines 312. These are gated into the lines 312 of the X decode
      section 38 at S401 by devices 313. The lines 312 are metallization,
      overlying sixty-four P-diffusion lines 314. The lines 314 are are charged
      to V.sub.GG through devices 315 which are turned on at all times except
      S503 to S403, using the signal from line 316 which has been twice inverted
      to appear on line 317. The timed signal on line 317 also functions to
      connect all of the lines 312 to V.sub.SS at all times except during S304
      to S403 via devices 318. This timed signal on line 317 also functions to
      precharge all of the Y-lines 302 to V.sub.DD via devices 319 during all
      times except S304 to S403. During S304 to S403, the Y-lines 302 are
      floating, i.e., devices 319 are off, and the selected Y-lines are
      conditionally discharged. The X-lines 301 are not all precharged, thus
      saving power. Only one of the X-lines 301 will be at logic O or a negative
      voltage, depending upon which one of the lines 314 was selected in
      X-decode 38, and this will occur only during S40203 when a line 320 is at
      V.sub.GG level. The X-lines 301 are connected to line 320 via devices 321.
      P-diffusion lines 314 are connected to metallization on the gates of
      devices 321, then P-diffusion drains of the devices 321 become
      metallization as lines 301. Only one of the devices 321 will have V.sub.GG
      on it for a given X address, the remainder will be shorted to V.sub.SS via
      the pattern of gates in the decoder. The line 320 is switched between
      V.sub.SS and V.sub.GG by logic 322 which receives the S304-S403 signal on
      line 316 and a signal on line 323 which is at V.sub.SS on 0203 and at
      V.sub.DD on 0401.
PAR  The cycle of operation of the ROM will now be explained. During each
      instruction cycle or D time, at a point just prior to S304, all of the
      lines 314 will be charged to a "0" or V.sub.GG, all of the lines 312 will
      be at 1 V.sub.SS, all of the Y-lines 302 will be at a 0 or V.sub.DD, all
      of the X-lines 301 will be at 1 or V.sub.SS via line 320, all the lines
      306 will be at 1 or V.sub.SS, and all of the Y-decode transistors 305 will
      be turned off. At S304 the line 316 goes to a 1 or V.sub.SS, isolating
      lines 314 from V.sub.GG by devices 315, isolating lines 312 from V.sub.SS
      by devices 318, isolating Y-lines 302 from V.sub.DD by devices 319, and
      removing V.sub.DD from lines 317 by devices 310. The X-lines 301 are all
      still at 1 or V.sub.SS so none of the cells 300 will conduct. Next, at
      S401, the X and Y addresses will be applied to lines 312 and 307 via
      devices 313 and 325. The X address on lines 312, due to the pattern of
      gates 326, will cause of the lines 314 to be connected to V.sub.SS except
      one which is the selected one-of-sixty-four X line that remains charged to
      V.sub.GG. Thus, the gate of only one of the devices 321 will have a 0 or
      V.sub.GG on it. At this time, the lines 306 in Y-decode 39 will have 1's
      and 0's on them to selectively turn on devices 305 in a pattern to select
      one-of-five of the Y-lines 302 in each of the eleven Y segments of the
      ROM. Four of the lines 302 will discharge to V.sub.SS at this point, i.e.,
      those on the V.sub.SS side of the selected Y-line. The remainder will
      still be charged to V.sub.DD. Next, at the beginning of S40203, the line
      320 goes to V.sub.GG as determined by logic 322, and so the selected X
      line 301 will go to V.sub.GG or "0", the remainder staying at V.sub.SS
      because all but one of the devices 321 are turned off. This will turn on
      the gates 300 in each of the eleven parts of the ROM 30 for this
      particular X line 301. As determined by the pattern of gates 300, some of
      the output lines 304 will be discharged to "1" or V.sub.SS through gates
      300 and devices 305 and others will remain at V.sub.DD or logic "0",
      producing an eleven bit instruction word on lines 304 which stays through
      the time period S40203. This word is loaded into the instruction register
      31 via devices 328 upon the occurrence of a Load I signal on line 329.
      Load I occurs at S403 of every instuction cycle, unless a special
      instruction exists which prevents a word from being read out of the ROM
      and allows the existing word in the instruction register to recirculate.
      At the end of the S304-S403 signal, the ROM goes back into the mode that
      exists just prior to the beginning of S304. That is, all the lines 306 are
      at 1, all devices 305 are turned off, all the devices 315, 318 and 319 are
      turned on, the line 329 is at V.sub.SS, etc. Thus, the ROM and its address
      circuitry operates only during the S304-S403 window, and operates in a
      unique precharge-discharge mode, which along with the conservation of
      space for ground lines, provides a good compromise of speed, size and
      power requirements.
PAC  THE INSTRUCTION REGISTER
PAR  The instruction register or I Reg 31 comprises eleven identical shift
      register stages 330, with each stage including two inverters, the first of
      which is clocked at 01, 02 and the second is clocked at 03, 04. The stages
      are labeled I0 to I10 corresonding to the eleven bits of the instruction
      word as illustrated in FIG. 5. The register 31 will recirculate via a path
      331, with the bits advancing one stage for each state time, so the same
      word remains in the I Reg until a new word is forced in from the ROM 30 on
      output line 304 via devices 328. Outputs from the I Reg include lines 332
      which connect I1 to I5 to the X address register 36 as address bits A1 to
      A5, and lines 333 which connect I6, I7 and I8 to Y address register 37 as
      address bits A6, A7, A8; these lines 332 and 333 are coupled to the
      address register through devices 334 which are gated on only when a JUMP
      signal occurs on line 335. JUMP occurs during S30102 so that the address
      may be loaded into the address register, shifted one stage at S30304, and
      then gated into the X and Y decode on S401. Other outputs from I Reg
      include a connection from I0 via line 336 which is an input to the wait DK
      logic, by which an instruction may be read out of the I Reg during Test,
      via the DK pin. Also, I3 is connected via line 337 to a five stage shift
      register 336 for flag and arithmetic control logic arrays 28 and 25, so
      that bits I4 to I8 can be read out serially from I Reg to be decoded in
      these logic arrays; this read out operation requires five state times,
      S601 to S1001, then at S100304 a signal on line 339 gates the bits I4 to
      I8 into the flag and arithmetic logic arrays for decoding. Another output
      from I Reg is a set of four lines 340 connecting I7, I8, I9 and I10 to the
      input and condition logic circuits 40 to implement the class functions of
      FIG. 5. I9 is also connected via line 341 to the input 202 of the register
      200 in the digit mask logic 35 so that I0, I1, I2 and I3 may be read into
      this register for decoding, I0 comes out on line 341 at S701, and this
      continues to I3 at S1001, then the bits are gated into the array 204 at
      S1003 by devices 205. The other output from I Reg is a line 342 connecting
      I9 to an input to the Y address register 37, note that the nine bit
      address is loaded from I Reg 31 to the address register 36, 37 on S30102,
      then shifted once before loading into the address decode. Thus, no bit is
      loaded directly to A0.
PAR  The sequence of operation of the instruction register will now be
      described. At S10 of each instruction cycle, an instruction word will have
      been serially read into the registers 200 and 338, and so is dumped into
      the decode portions of the mask, flag and ALU logic arrays 35, 28 and 25,
      respectively, at S1003 for decoding and execution beginning at S0 of the
      next instruction cycle. Then at S30102, if a jump is to occur, the address
      to which the program is to jump to is transferred from I Reg to the
      address registers 36 and 37 via lines 332, 333 and 342. The address is
      shifted once decoded starting at S401, and the 11-bit instruction word
      found in the ROM at the decoded address is loaded into I Reg via lines 304
      at the occurrence of Load I at S403. Or, if a jump is not to be executed,
      the address register is incremented by one starting at S401 and finishing
      just prior to S401 of the next cycle, and the new address is decoded in
      the same manner, a new instruction word is loaded into I Reg of S403, etc.
      The remainder of the cycle is used for serially loading the instruction
      word from the I Reg into the registers 200 and 338 as the word
      recirculates in I Reg.
PAC  THE ADDRESS REGISTER
PAR  The address register is made up of two parts, the X address register 36 and
      the Y address register 37, which operate as one eleven-stage shift
      register, each stage having two inverters 343 with interstage clocking at
      03 and 04. The output of the last stage of Y register 37 is connected
      directly to the input of the first stage of register 36 via line 344; a
      bit entered at the LSD or A0 will eventually propagate to the MSD of Y
      register 37. The address register is usually incremented by one, except
      when a jump or branch is executed, and incrementing is accomplished by
      connecting the output of the LSD stage or A0 stage of the X register 36
      via a line 345 to a logic arrangement 346 in the input and condition logic
      40, and connecting the output of logic 346 via a line 347 to the input of
      the Y register 37. An important feature of this sytem is that the address
      register 36, 37 may be repeatedly incremented until it overflows while the
      same instruction stays in the I Reg 31; this permits the address register
      to be used as a counter to provide the display time-out function.
PAC  THE INPUT AND CONDITION LOGIC
PAR  The input and condition logic circuitry 40 receives the keyboard inputs 18
      and the four MSD bits of the instruction word on lines 340, and controls
      branch operations and functions of this nature. The keyboard inputs 18
      include KN on line 350, on which all numbers 1 to 9 appear, the KO line
      351, on which zero and function keys appear, and the KP line 351 which is
      unused in some versions depending on programming. Each of these is
      inverted to produce KN, KO and KP on lines 353, 354 and 355, respectively.
      This keyboard input information is used in various places as will be
      explained. The lines 340 apply I7, I8, I9 and I10 to a set of inverters,
      the outputs of which are gated at devices 356 by a timed signal on line
      357 which is generated from the S304 to S403 signal on line 316, inverted
      and clocked at 02 and 04 to produce an S404 gating signal. The gated I7
      and I10 signals appear on lines 358 which to to logic arrangements 359 and
      360 that determine "branch on 1" and branch on KO or branch on KP. Another
      input to the "branch on 1" logic 359 is from a condition latch 361. The
      condition latch is a latch or bistable circuit which is set by a number of
      possible inputs. One is a C/B signal on line 362 from gate 363 in the ALU
      22; the condition latch is set by this path at the falling edge of a mask
      if there is a carry (or borrow), as for example if there is overflow or in
      checking to see of the mantissa is zero. Another input to set condition
      latch is a F signal on line 364 from flag logic 28, as when a certain flag
      exists. The third input 365 to set condition latch is from gate 366 which
      is responsive to SNO and an indication of any key down from line 367. The
      condition latch is reset via an input 368 which is I10; that is, the latch
      is reset by an instruction for branch. I9 and I10 from lines 358 are also
      applied as inputs to a control circuit 370 which functions to actuate the
      ACU PLA 25 via line 371 and the flag PLA 28 via line 372; as explained in
      reference to FIG. 5, if I10 and I9 are 00 or 01, a branch operation is
      executed, if they are at 10 it is a flag opeation, and if they are at 11,
      it is an arithmetic operation. These signals on lines 371 and 372 are
      gated by an S001 timing signaal on line 373, so that the control is
      implemented at the beginning of an instruction cycle. The ACU control on
      line 371 is applied along with the mask signal on line 214 to a gate 374
      in the ALU 22 to generate a signal on line 375 to disenable certain
      outputs from the ACU logic 25. Specifically, shift left, shift right,
      exchange A and B, and T to A, B or C are all disenabled, while A, B or C
      to X or Y, etc., need not be disenabled because these functions do not
      disturb data in the registers. The flag logic control on line 372 is
      applied to a gate 376 in flag logic 28, the output 377 of which functions
      to disenable all flag operations except the operation of "recirculate
      flags A and B"; which is disenabled by line 378 only when other flag
      operations are enabled. The flag enable gate 376 also receives the mask on
      line 220 from the mask logic 35.
PAR  The jump logic will now be described. The JUMP signal on line 335 is
      generated in a gate 380 which is clocked by a timed signal on line 381 so
      JUMP occurs at S30102. Timing is also determined by input 382 which is at
      V.sub.SS at 01, 02 and at V.sub.DD at 03, 04. The main input 383 to gate
      380 is from gate 384 which is responsive to a large number of conditions
      including the following: overflow of address register indicated on line
      385; an indication of any key down on line 386; "Wait NO" instruction on
      line 387; "Wait DK" on line 388; the output of "branch on KO or KP" logic
      360 appearing on line 389; and the output of "branch on 1 or 0" logic 359
      appearing on line 390. The output on line 389 is responsive to a number of
      conditions including: KO on line 391 from line 354 gated at S202; I7 on
      line 392 and I7 on one of the lines 358; KP on line 355 gated at S202; I8
      on one of the lines 358; I9 and I10 from lines 358. This arrangement
      causes JUMP to occur if I10, I9, I8, I7 is at 1000 and a key is down on
      KO, or if I10, I9, I8, I7 is at 1001 and a key is down on KP. Likewise,
      the output 390 of "branch on 1 or branch on 0" logic 359 is responsive to
      the following: output 393 from condition latch 361; I9 and I10 on the
      lines 358. Thus, when I10, I9 are 00, JUMP will occur if condition latch
      is reset, when I10, I9 are 01, JUMP will occur if condition latch 361 is
      set.
PAR  Another part of the input and condition logic 40 is an arrangement for
      generating the Load I command on the line 329 which allows the instruction
      word read out of the ROM 30 at the addressed location to be loaded into
      the instruction register. Load I is generated from a gate 400 which is
      responsive to the S304-S403 timing signal on line 316 and to the output of
      read logic 401. The inputs to read logic 401 include the following: an
      input 402 from gate 403 responsive to address register overflow indication
      on line 385 or any key down indication on line 386; "Wait NO" on line 387;
      "Wait DK" on line 388; any key down indication on line 367; the inverted
      indication on line 404 from gate 405. Gate 405 is responsive to: an
      indication on line 406 from gate 407 in the ACU PLA 25 (gated by S001 from
      line 373) which is responsive to ACU enable on line 371 and Scan N on line
      408; an indication of SYNC or SCAN NO on line 409; D10 on line 410 from
      the digit scan generator 44; and an indication on line 411 of a KN key
      down from line 353 gated at S202.
PAR  The control arrangement 346 for the address register 36, 37 is responsive
      to the indication on line 404 which indicates whether or not to add one.
      When SYNC is decoded in logic 263, add-1is not done until D10, so the
      address register stays on the address of one past the SYNC address until
      D10. The same occurs for special instruction SNO. Likewise, the same
      occurs for SN except incrementing starts again if a KN input occurs, i.e.,
      if a number key is down.
PAC  THE FLAG REGISTERS AND FLAG LOGIC
PAR  A flag A register 26 and flag B register 27 contained in the SAM 20 are
      eleven bit registers which contain one-bit status information. The output
      lines 440 and 441 from the SAM 20 are directly connected to Flg A and Flg
      B inputs to the flag logic 28, thus the flags are continuously read out
      each instruction cycle, one at a time, in synchronization with the state
      times. Likewise, Flg A and Flg B outputs 442 and 443 are connected from
      flag logic to the input lines 444 and 445 in the SAM. So, during each
      instruction cycle, the flags are transmitted through flag logic, to be
      set, reset, compared, etc., or merely recirculated, depending upon the
      flag instructions on bits I4 and I8 on lines 446 which are metallization.
      The horizontal lines such as 447 are P-diffusions which are broken where a
      diamond is shown and continuous where none is shown. Set Flg A and Flg B
      are provided by separate lines 447, Reset A and B by lines 448, toggle A
      and B by lines 449, recirculate by all of the lines 450, B to A by line
      451, A to B by line 452, compare A and B by lines 453, test A by line 454
      and test B by line 455. The result of a flag test or compare produces an F
      signal on line 364 going to the condition latch 361, by logic 456.
PAR  Special instructions Wait NO, Wait DK, SYNC and SCAN NO are handled in the
      logic 263 which produces outputs 460 going to input and condition logic
      40.
PAC  THE ARITHMETIC CONTROL LOGIC
PAR  The ACU logic array 25 consists of a programmable logic array having inputs
      446 which are I4 and I8 and their complements. The gates on line 446 in
      first portion 470 of the array function to select one of thirty two lines
      471. These lines 471 have loads 472 clocked at S1004 on line 473 generated
      from S10 output 223 from the push-pull matrix 220, to conserve power. The
      lines 471 which are P-diffusions, become input metallization lines 474 to
      second part 475 of the array. Gates are selectively positioned under the
      lines 494 to produce outputs on lines 476 to provide the controls to the
      selector gates and arithmetic unit 22 as on lines 125-128, etc. The lines
      476 are clocked at either SO01 on line 477 or S101 on line 478, by devices
      479 or 480 on both input and output, again to conserve power.
PAC  TIME OUT
PAR  The display output is turned off after a given period of time such as 15 to
      20 seconds to save power and extend battery life. This is accomplished by
      disenabling the load I signal on line 329 so that the same instruction
      will stay in I Reg 31, while the address register continues to increment,
      once each instruction cycle, until it overflows. This counts to 2.sup.11 D
      times or about 1/2 second. Upon overflow, the I Reg is loaded into the
      address register 36, 37 as the next address which will cause a location in
      one of the SAM registers to the incremented and the cycle to repeat for
      perhaps 40 times, thus 20 seconds.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic calculator system having data storage means, arithmetic
      means for executing arithmetic operations on data in the data storage
      means, a read-only-memory for storing a large number of program
      instruction words, instruction register means for receiving instruction
      words from the read-only-memory, first gating means for controlling
      transfer of instruction words from the read-only-memory to the instruction
      register, address register means for defining a location in the
      read-only-memory, second gating means for controlling transfer of parts of
      the instruction word from the instruction register to the address register
      means, control means for receiving parts of the instruction word from the
      instruction register means and for controlling operation of the arithmetic
      means and other parts of the system, one instruction word being executed
      during each machine cycle, means for incrementing the address register
      means by one upon command, characterized in that first control circuitry
      is provided to inhibit said first gating means for transferring
      instruction words from the read-only-memory to the instruction register
      for a plurality of machine cycles whereby the same instruction word is
      repeatedly executed, and second control circuitry is provided to cause the
      address register means to be repeatedly incremented during said plurality
      of machine cycles, and third control circuitry is provided to actuate the
      second gating means when the address register means overflows.
NUM  2.
PAR  2. An electronic calculator system according to claim 1 wherein means are
      provided for displaying data from the data memory, and means are provided
      for shutting off the display after a selected time period generated from
      detecting overflow of the address register.
NUM  3.
PAR  3. In an electronic calculator system of the type having a data memory, an
      arithmetic unit for executing operations on data and returning it to the
      data memory, a display for providing a visual representation of selected
      data in the data memory, means for generating a specific time period,
      means associated with the data memory and the arithmetic unit for counting
      a selected number of said time periods, and means for turning off the
      display after said selected number is reached.
NUM  4.
PAR  4. In an electronic calculator according to claim 3, a keyboard scanned in
      timed sequence with the display, and means for turning off scanning of the
      keyboard and display after the selected number is reached.
NUM  5.
PAR  5. In an electronic calculator according to claim 3, a read-only-memory for
      storing program instructions, an address register for defining locations
      in the read-only-memory, said address register providing the means for
      generating a specific time period.
NUM  6.
PAR  6. In an electronic calculator according to claim 5, means for incrementing
      the address register while holding a word in the instruction register.
NUM  7.
PAR  7. In an electronic calculator according to claim 6, means for detecting
      overflow of the address register for actuating the means for counting a
      selected number.
NUM  8.
PAR  8. In a digital data processing system of the type having a basic timing
      period, means for generating a time period much longer than said basic
      timing period, comprising: address register means for defining a specific
      location in a read-only-memory, incrementing means for changing the number
      contained in the address register means according to a predetermined
      sequence, circuit means for receiving an instruction word from the
      read-only-memory and controlling the operation of the system based on the
      instruction word, characterized in that control means are provided for
      initiating generation of said time period, said control means being
      connected to said incrementing means for initiating repeated operation
      thereof, and means are provided for detecting when the number in the
      address register means reaches a predetermined number for indicating that
      the end of the time period has been reached.
PATN
WKU  039328473
SRC  5
APN  4132963
APT  1
ART  237
APD  19731106
TTL  Time-of-day clock synchronization among multiple processing units
ISD  19760113
NCL  5
ECL  1
EXA  Sachs; Michael C.
EXP  Shaw; Gareth D.
NDR  3
NFG  5
INVT
NAM  Smith; Ronald Morton
CTY  Wappingers Falls
STA  NY
ASSG
NAM  International Business Machines Corporation
CTY  Armonk
STA  NY
COD  02
CLAS
OCL  3401725
EDF  2
ICL  G06F  104
FSC  340
FSS  172.5;146.1 D
UREF
PNO  3715729
ISD  19730200
NAM  Mercy
OCL  340172.5
UREF
PNO  3761884
ISD  19730900
NAM  Ausan et al.
OCL  340172.5
LREP
FR2  Goldman; Bernard M.
ABST
PAL  Circuits and method for synchronizing and checking a plurality of
      time-of-day (TOD) clocks in a multiprocessing system. Unique hardware
      synchronizes the low order part of the TOD clocks and a unique method
      synchronizes the high order part in the same clocks by using carry pulses
      derived from an intermediate bit position in each TOD clock. The carry
      pulses from all TOD clocks are combined in an OR circuit with each clock
      to provide common carry pulses for synchronizing each TOD clock in the
      system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to obtaining synchronization among the
      time-of-day (TOD) clocks in a plurality of processing units, commonly
      called CPUs, which may be interconnected at a single installation, such as
      in a multiprocessing system.
PAR  For example, the TOD clock in an IBM S/370 CPU operates on a calendar
      basis, e.g. 143 years without recycling, and it is generally set to
      provide the calendar date and time with an accuracy of about a second from
      a standard time origin, which usually is Jan. 1, 1900, 0 AM Greenwich Mean
      Time (GMT). In using the standard epoch, the highest-order bit of the TOD
      clock is flipped to its set state on May 11, 1971 at 11:56:53.685248 A.M.
      GMT. A program can test the highest-order bit to determine if the TOD
      clock is using the standard epoch.
PAR  The operation of any TOD clock must not be affected or inhibited by any
      normal activity or event in the system. The clock continues to run whether
      its CPU is in wait to stop state or in the instruction-step, single cycle,
      or test mode; and the clock operation is not affected by system clear
      resets, initial program load procedure, or any programmed operation except
      the protected set clock operation. In some implementations the clock can
      even run with CPU power off.
PAR  A synchronization problem occurs when plural TOD clocks exist in a
      multiprocessing system; this usually occurs because CPUs are manufactured
      to operate in a uniprocessing system as well as in a multiprocessing
      system and hence each CPU may contain a TOD clock. It is not considered a
      satisfactory solution to have the clocks operate independently in separate
      CPU's in a multiprocessing system, because their different time values
      would be a source of error in CPU intermixed time computation. Nor is it
      satisfactory to have one clock for all CPUs, because the system time must
      be totally reliable at all times, and if one clock fails at least one
      other must be available.
PAR  Thus in a multiprocessing system, such as an IBM S/370 MP system, it is
      desirable that all of its TOD clocks provide the identical time-of-day.
      Each CPU's separate TOD clock must be integrated into the multiprocessing
      system in such a manner that all TOD clocks provide the same time. Thus
      the crystal oscillator of one of the TOD clocks is converted as a single
      source of oscillator pulses provided to all TOD clocks, so that they will
      stay in synchronism, once gotten into synchronism by operation of this
      invention.
PAR  It is essential in a multiprocessing system to have precisely the same time
      available to any CPU from the TOD clock in the same or any other CPU in
      the system.
PAR  It is well known in the art that a TOD clock in a uniprocessing system may
      be set within a one second accuracy by manually starting the clock at a
      predetermined time set into it. In an IBM S/370 system, this is done by a
      computer operator initiating a program to continuously attempt to set a
      TOD clock to an operator requested time. The operator then manually
      depresses the handle of a TOD clock switch on the system console to its
      "enable-set" position at the predetermined time. When the switch is
      depressed it enables the program to set the time into the TOD clock and
      starts it running. The switch is then put in its "secure" position so that
      the state of the TOD clock cannot thereafter be changed by any program
      operation.
PAR  This manual time setting method cannot be used to synchronize the TOD
      clocks in a multiprocessing system, because the manual operation only has
      an accuracy of about one second, and synchronization requires the TOD
      clocks to have the same time within one millionth of a second, which is
      well beyond the time in which a human can react. Thus the manual method
      can be used to set one of the TOD clocks in the system to an external
      standard, e.g. radio station WWV; but then the other clocks must be
      synchronized with the set clock by another method, such as by this
      invention.
PAR  If the above procedure were modified such that the TOD clocks in the system
      can be set when the switch is depressed, but do not start until the switch
      is released, then it would be possible to set all clocks to the same value
      and then let them start simultaneously. However, such a procedure requires
      that all clocks be set in order to get them in synchronism. If a CPU with
      an unsynchronized clock is configured into the system, the real time
      continuity of the clocks already in the configuration is severly affected
      if the operator must be depended upon to reset all the clocks.
PAR  Some of the situations which can be solved by this invention are the
      following:
PA1  1. When a multiprocessing system is initially installed, or when power has
      been off on all clocks, all clocks in the system are synchronized to the
      identical date and time value.
PAR  2. When an additional CPU is configured into the system, or when circuit
      failure, maintenance, or redesign requires any TOD clock to be temporarily
      removed from system operation, the TOD clock is synchronized to the
      operational TOD clock(s) in the system without affecting their current
      settings.
PAR  While the multiprocessing system is normally operating, it does not make
      much difference which operational clock is selected for use by any
      program, since the operational clocks are synchronized together.
PAC  SUMMARY OF THE INVENTION
PAR  The embodiment described herein synchronizes a plurality of TOD clocks in a
      multiprocessing system. Each TOD clock includes sequentially connected
      bistable circuits and provides a time output in the form of a fixed point
      binary number; the clock circuit per se is not unique in this invention. A
      common crystal oscillator is connected to the lowest order bistable
      circuit in every clock to maintain them in synchronism, after this
      invention has put them in synchronism with each other.
PAR  This invention provides unique hardware and software that enables any TOD
      clock in the system to be set to the identical state of every other TOD
      clock in the system. The unique hardware synchronizes the low order digits
      of any TOD clock, and the unique program synchronizes the high order
      digits in the same clock.
PAR  The invention synchronizes the TOD clocks by using carry pulses derived
      from an intermediate bit position in each TOD clock, called the break
      point position because it divides the clock into two parts which are
      simultaneously synchronized by the hardware and software mechanisms. The
      break point pulses from all TOD clocks are combined in an OR circuit which
      provides common carry pulses for synchronizing all TOD clocks.
PAR  The invention selects as a break point position the intermediate bit
      position in each TOD clock having a carry pulse rate of about a one pulse
      per second rate. This break point rate is chosen because it is low enough
      to give the program ample time in the setting and checking of the high
      order positions of the clock. However the rate is high enough to avoid
      significant delay in establishing and checking synchronization when the
      operator requests that the clocks be set or requests configuration
      changes. The periodicity of the break point carry pulses has a stability
      of better than one-millionth of a second, which determines the degree of
      synchronization for the part of the TOD clock having a lower order than
      the break point position. Also, the invention provides the break point
      carry pulses to continuously check the synchronism among TOD clocks in the
      system. The carry pulse from the break point position is an inherently
      simple criteria to use because its timing indicates the instant when all
      of the low order positions are zero in all TOD clocks in the system. Only
      the high order positions need to be particularly set.
PAR  The invention provides a novel method that permits synchronization of any
      TOD clock to other TOD clocks currently running as a system clock without
      affecting its accuracy. The low order part of the clocks are synchronized
      through a hardware connected common break point carry pulse selected by
      the program which is synchronizing the higher order part of the clock.
DRWD
PAR  The foregoing and other objects, features and advantages of the invention
      will be more apparent from the following more particular description of
      the preferred embodiments of the invention illustrated in the accompanying
      drawings of which:
PAR  FIGS. 1A and 1B are drawings of hardware connections provided for an
      embodiment of the invention.
PAR  FIG. 2 shows an example of common communication areas used in the operation
      of an embodiment of the invention.
PAR  FIG. 3A and 3B show examples of pulses in the synchronization check circuit
      in the described embodiment.
PAR  FIG. 4 is a timing diagram illustrating an example of carry pulses from TOD
      clocks being synchronized in a multiprocessing system.
DETD
PAR  FIG. 1A illustrates a multiprocessing system containing an embodiment of
      the invention. It includes N number of CPUs, i.e. CPU "A", CPU "B", CPU
      "C" . . . CPU "N", connected through a memory data bus to an electronic
      memory. Each CPU has a respective time-of-day circuit 9A through 9N, of
      which circuit 9C is shown in detail in FIG. 1B. Each circuit of 9A through
      9N is identical to that shown in FIG. 1B. Each circuit 9A - 9N has an
      output carry pulse line shown in FIG. 1A as having an input connection to
      every other CPU in the multiprocessing system.
PAR  Once one TOD clock is operating with the correct time in the
      multiprocessing system, the other TOD clocks can be synchronized to its
      time value by using the subject invention.
PAR  In circuit 9C in FIG. 1B, the TOD clock 10 comprises 52 binary connected
      flip-flop circuits, 0 through 51. A crystal oscillator and pulse former 15
      generates a pulse having about a 100 nano-second duration once each
      microsecond, thus it drives the lowest order position 51 at a one
      megahertz rate. At this rate a carry pulse occurs out of bit position 32
      into position 31 every 2.sup.20 microseconds, which is approximately once
      a second, i.e. it is precisely 1.048576 second. The one-second pulse rate
      is the reason for chosing clock position 32 as a break point position for
      TOD synchronization.
PAR  FIGS. 1A and 1B use the break point position's carry pulses to synchronize
      the part of any TOD clock having less than the one second resolution, i.e.
      the 20 bit positions from 32 to 51 having a lower order than position 31.
      A program described later herein synchronizes the high order 32 bit
      positions in any TOD clock.
PAR  The break point carry pulses from position 32 in each TOD clock 10 in each
      CPU is connected through a pulse former 11 to a line 12. Pulse former 11
      generates a pulse having about a one microsecond duration upon the rise of
      the carry voltage from bit position 32. Inputs to an OR circuit 16 and an
      AND circuit 17 are connected to the respectively carry pulse line 12 in
      CPU "C" and to the carry pulse lines from all other CPUs in the
      multiprocessing system.
PAR  Common carry pulses are provided on output line 18 from OR circuit 16 to
      AND circuits 26 and 41.
PAR  The common carry pulses are used for two purposes: (1) to put any stopped
      clock into synchronism with any other operational clock being used as a
      standard and (2) to continuously check to determine if the TOD clocks are
      in synchronization.
PAR  For checking, the common carry pulses are time compared in a
      synchronization check circuit comprising OR circuit 16, AND circuits 17,
      26 and 27, inverter 28, and trigger circuit 29. Outputs of circuits 26 and
      27 respectively control the set (S) and reset (R) inputs of trigger
      circuit 29, which provides a TOD clock synch-check signal, indicating that
      the TOD clocks are not in synch, on its true (t) output line 31. The
      snychronization check circuit is, in effect, a phase detector which
      detects when all inputs are in-phase or out-of-phase with each other.
      Thus, if any input is out-of-phase, a synch-check signal is provided as an
      interrupt signal to its processor to signal execution of a SET CLOCK
      instruction.
PAR  FIGS. 3A and 3B illustrate signals relating to the synchronization check
      circuit. If all carry pulses to AND 17 coincide within the limits of their
      propagation delay and pulse width, all TOD clocks are considered to be in
      synchronism. FIG. 3A illustrates in-synchronism situation. Coincidence
      among the carry pulses in AND 17 provides an output signal which enables
      AND 27 to reset the TOD clock synch check trigger 29. The output of AND 17
      is inverted by circuit 28 thus blocking the output of AND 26. FIG. 3B
      illustrates an out-of-synchronism situation. AND 26 also receives (in
      addition to the inverted output of AND 17) the common carry pulses from OR
      18, and the sampling pulses from oscillator 15. An output is provided by
      inverter 28 to enable AND 26 if coincidence is lacking among the inputs to
      AND 17 due to lack of synchronism in one or more of the inputs provided to
      it from any of the TOD clocks in the system.
PAR  Thus, when any TOD clock is out of synch in any of TOD circuits 9A . . .
      9N, the TOD clock sync-check trigger in all CPUs signals an interrupt
      condition, which alerts the program that synchronization action is
      required, thus initiating the clock synchronization program.
PAR  Hence the broadcasting of the carry pulses from all TOD clocks in the
      system to AND 17 in each TOD circuit in each CPU obtains the sync checking
      operation, which (via the interrupt signal from trigger 29) calls the
      program when needed to synchronize the out-of-sync clock. The program
      stops each operator-identified out-of-sync clock, sets into it the time
      which will occur at the next rounded second, and the circuit in FIG. 1B
      then synchronously starts that clock within a fraction of one-microsecond
      upon the occurrence of the preset time being signalled by the next common
      carry pulse.
PAR  The program issues a S/370 SET CLOCK instruction with the TOD clock synch
      control bit set to 1 to stop a TOD clock and set the high order part of
      the clock to the next value which will occur in the "standard" clock in
      which all zeros occur in its low order part. Hence the next provided carry
      pulse from the "standard" clock indicates that it has reached that
      predetermined time in its high order part and that all zeros are in its
      low order part; therefore that carry pulse causes the stopped clock to
      commence counting in synchronism with the "standard" clock.
PAR  The interrupt condition causes an interrupt code to be set in the external
      program status word (PSW) in a preassigned PSW area in the electronic
      memory for all CPU's. All PSW areas can be sensed by any CPU executing
      privileged instructions.
PAR  The synchronization program can be initiated by any operational CPU in the
      system, and therefore an arbitrary rule for selecting a CPU is used, such
      as by having the operator select the CPU having a clock to be used as a
      standard.
PAR  The following method synchronizes any out-of-sync TOD clock to a TOD clock
      selected by the operator, or the program, as being the standard.
PAR  Assume that the operator has just manually configured one or more CPUs,
      each with a TOD clock, into the system, and has typed a message requesting
      the control program to begin to use the added CPUs. The new clocks added
      will now be running at the same rate as the other clocks in the system but
      very likely do not have the same value.
PAR  There is a possibility, however, that all of the CPUs added have previously
      been in the system and have been operating on the same oscillator during
      the time not included in the system. In order to reduce the operator
      interaction, the program checks to see if the clocks are actually in
      synch. The program can easily detect a difference of a second or more by
      means of interprocessor communication. The synchronization detection part
      of the invention may be used to detect differences that are not an exact
      multiple of 2.sup.20 microseconds, and such differences are communicated
      to the program by means of the TOD clock synch check interruption. In the
      following example it is assumed that the clocks added are not in synch and
      therefore the operator must be requested to enable the new clocks to be
      set and the program uses the invention to snychronize the clocks.
PAR  In a similar situation, the operator types in the identifier of a CPU
      having standard TOD clock, and the identifier for each CPU having a TOD
      clock to be synchronized, and then requests that the clocks be
      synchronized.
PAR  Let us call the CPU with the clock to which others will be synchronized,
      the standard CPU. Let us call the CPU, or CPUs, which have clocks to be
      synchronized, the slave CPUs. Any CPU's in the system which are known to
      be in synchronism with the master do not have to take part in the
      following program and may continue to perform other work. Such CPUs must
      be disabled for TOD clock synch check interruptions until signaled to
      re-enable in Step 9.
PAR  Slave CPUs cannot perform useful work and must wait for instructions from
      the standard CPU.
PAR  (The repetition of steps 3 and 4 is required only if more than one clock
      requires synchronization to a group of one or more synchronized clocks.
      This is in order to guard against an initial false synchronization which
      could occur from a carry pulse from an unsynchronized TOD clock which has
      not yet been stopped by the set clock instruction in Step 4, due to an
      execution delay in its CPU. The repetition causes all clocks requiring
      synchronization to be stopped after it is assured that no false carries
      will occur. Steps 3 and 4 of the program are not required to be repeated
      if only two clocks are in the system configuration, but no harm is done by
      the repetition.) The selected operational CPU then executes the following
      synchronization program:
PA1  Step 1. The program in the standard CPU causes this message to be typed on
      the operator console: "TOD clocks added to system must be synchronized,
      please hold TOD clock key in ENABLE SET position." If the operator has
      directly requested the synchronization, only the second phrase of the
      message is typed. Note that in the following steps it is assumed that the
      operator has responded by depressing the key. If he has not, the SET CLOCK
      instructions will cause condition code 1 to be set indicating that the
      clock, is secure. The program must loop in this case, waiting for the
      switch to be depressed. If the switch is not depressed after a reasonable
      time has elasped, the program will return to this step and remind the
      operator.
PA1  Step 2. The program in the standard CPU executes a STORE CLOCK instruction
      to put the current time from its standard TOD clock into a location A1.
      The time in location A1 is then rounded to its next higher "seconds" value
      by adding one to its high order bit position 31 and setting zeros in its
      low order bit positions 32-63. Then the rounded value is stored in bits
      0-63 at a location A2. (This rounding generates the future time which will
      occur upon the next carry pulse from the standard TOD clock when it
      provides a carry pulse from its bit position 32. This carry pulse will be
      provided as a common carry that is expected to synchronously start all
      out-of-synch clocks.)
PA1  Step 3. The program in the standard CPU then sends a message to each slave
      CPU, that is, each CPU having a TOD clock to be synchronized. This is
      accomplished by first placing the message "REQUEST NO. 1, SYNCHRONIZE
      CLOCK" in a common communication area assigned to the standard CPU (See
      FIG. 2) in the electronic memory. Then the standard CPU executes a
      sequence of SIGP instructions, sending an order code signal to each such
      identified slave CPU. The eight bit order code sent to each slave CPU
      represents the order "emergency signal".
PA1  Step 4. The program in each slave CPU, on receiving the emergency signal
      interruption from the standard CPU, looks in the communication area
      assigned to the standard CPU. On seeing the message, the slave CPU sets to
      1 its control register 0, bit 2, TOD clock synch control bit, which sets
      its trigger 40 to the 1 state. This enables later starting of the TOD
      clock in that CPU under the control of the next common carry pulse on line
      18 via AND circuit 41. The slave CPU then executes a SET CLOCK instruction
      before the occurrence of the next pulse on line 18. The TOD clock switch
      of any CPU to be synchronized is set in the ENABLE SET position, and then
      AND circuit 33 provides a signal on line 34 which sets the next pulse
      standard time from storage location A2 into the TOD clock (AND circuits
      55-0 through 55-51). Signal 34 also resets the TOD clock run state TGR 43
      to stop its TOD clocks, so that the next common carry pulse can start that
      TOD clock. The rounded time value in location A2 was set into this stopped
      clock by this SET CLOCK instruction. Immediately following the execution
      of the SET CLOCK instruction, the slave CPU places the message: "REQUEST
      NO. 1 COMPLETE" in its common communication area and then enters a loop
      waiting for an emergency signal from the standard CPU for the next
      request.
PA1  Step 5. The program in the standard CPU performs a checking procedure
      waiting for all slave CPU communication areas to be flagged with the
      message "REQUEST NO. 1 COMPLETE". When all slaves have completed request
      No. 1, steps 3 and 4 are repeated, however this time with the message and
      response being "REQUEST NO. 2". Again the standard CPU performs a checking
      procedure waiting for all slave CPUs to be flagged with the message
      "REQUEST NO. 2 COMPLETE".
PAR  Since steps 3 and 4 execute asynchronously in each of the slave CPU's, it
      is possible that the TOD clock in one slave CPU will be stopped before the
      non-synched TOD clock in another slave CPU, with the possible consequence
      that the latter TOD clock will provide a non-synched common carry pulse
      that will incorrectly start the stopped clock. The repetition of steps 3
      and 4 before the true carry occurs guarantees that all TOD clocks to be
      stopped are actually stopped even though they may have been incorrectly
      started by a false carry.
PA1  Step 6. The program in the standard CPU, executes a STORE CLOCK instruction
      which records the current time of the standard TOD clock into a common
      location A3.
PA1  Step 7. The program in the standard CPU executes a COMPARE followed by a
      CONDITIONAL BRANCH, to compare the times in A3 and A2 to test if the A3
      time is less than the A2 time. If not true, the standard CPU branches to
      step 2 to repeat steps 2 through 7. If true, the standard CPU proceeds to
      step 8. (If the synchronization is being successfully done, the next carry
      pulse from the standard clock has not yet occurred, and the time in
      location A3 should therefore be less than the time in location A2. The
      entire execution of steps 2 through 7 takes approximately 3 or 4
      milliseconds on an IBM S/370 M158, which is less than 1% of the carry
      pulse period, but it is possible for the current synchronization attempt
      to be unsuccessful if step 2 started too close to the next common carry
      pulse from the standard CPU.)
PA1  Step 8. The program in the standard CPU executes the following steps (8a
      through 8e).
PA2  a. Adds a 1 in bit position 31 to the value in location A2 and places the
      result in location A4. The value in location A4 represents a time of one
      second beyond the time when all clocks will start. This is the time when
      the TOD synch check circuits in all CPUs in the system will accurately
      indicate no synch check.
PA2  b. Store clock in A5;
PA2  c. Compare A5 to A4;
PA2  d. If the value in A5 is less than the value in A4 go to step 8b otherwise
      continue to step 8e.
PA2  e. Sends a message to every CPU by placing the message "REQUEST NO. 3,
      ENABLE TOD SYNCH CHECK AND PROCEED" in the common communication area
      assigned to the standard CPU, and then executes a series of SIGP
      instructions sending an order code "emergency signal" to each CPU.
PA1  Step 9. The program in each slave CPU, and all other CPUs if any, on
      receiving the emergency signal interruption from the standard CPU, looks
      in the communication area assigned to the standard CPU. On seeing the
      message each CPU enables TOD clock synch check interruptions, places the
      message "REQUEST NO. 3COMPLETE" in its common communication area, and then
      goes back to performing useful work.
PA1  Step 10. The program in the standard CPU performs a checking procedure
      waiting for all other CPU communication areas to be flagged with the
      "REQUEST NO. 3 COMPLETE " message. When all CPUs have responded the
      program in the standard CPU prints a message to the operator:
      "Synchronization complete".
PAR  The setting of the control register TOD clock control bit trigger 40 in any
      CPU determines how its TOD clock starts. When trigger 40 is reset to 0,
      the TOD clock is started by the next oscillator pulse, i.e. at the next
      microsecond. When trigger 40 is set to 1, the TOD clock is not started
      until the next common carry pulse, i.e. at the next second.
PAR  Thus control register trigger 40 is set to 1 to enable this invention to
      operate in FIG. 1B, in which case it enables an AND circuit 41 to pass the
      next common carry pulse from OR circuit 16. During the one second period
      between carry pulses, the clock synchronization program has executed,
      taking about 4 milliseconds, and its SET CLOCK instruction in conjunction
      with the TOD clock switch in the enable set position on any CPU activates
      AND circuit 33 providing a pulse on line 34. Line 34 has reset the run
      state trigger 43 that drops the signal on line 52 which deactivates an AND
      circuit 53 to block any further oscillator pulses from reaching the clock.
      The clock is then in stopped state. The signal on line 34 also activates
      gates 55-0 through 55-51 to set the TOD clock 10 to the rounded clock time
      provided in the memory data register (MDR), as a result of the SET CLOCK
      instruction. When the next common carry pulse occurs on line 18, it passes
      a pulse through AND 41, OR 42 to set run trigger 43 which enables AND 53
      so that the next oscillator pulse increments the clock.
PAR  FIG. 4 illustrates a clock synchronizing operation in a multiprocessing
      system having CPUs A, B and C. Assume that in the above program, the
      operator identifies the TOD clock in CPU A as the standard, and the TOD
      clocks in CPU's B and C to be synchronized.
PAR  At the A2 time indicated in FIG. 4, step 2 of the program in CPU A sets
      into location A2 the "rounded second" time value after which the next
      carry pulse 116 is expected to occur from the standard clock in CPU A.
PAR  In the example in FIG. 4, the clock in CPU C stops before the clock in CPU
      B due to its earlier execution of step 4. As a result a CPU B carry pulse
      111 occurs after CPU C has stopped its clock, but before CPU B has stopped
      its TOD clock. Consequently, carry pulse 111 is provided as a next common
      carry pulse on line 18 which falsely starts the TOD clock in CPU C at the
      time of pulse 111 to incorrectly put it in synch with CPU B but not with
      the standard CPU A. Therefore, a synch check signal is again provided in
      all CPU's by the next carry pulse of CPU A to generate synch interrupt
      signals in all CPUs to begin another synch operation.
PAR  Step 4 is repeated by CPU C, (and CPU B) to cure this type of situation,
      because CPU B has now had time to complete Step 4 and its clock is
      stopped. (In FIG. 4, the next common pulse will be provided by pulse 116
      from the standard clock, at which time the clocks will be stopped in both
      CPUs B and C.)
PAR  After the repetition by step 5 is completed by CPUs B and C, CPU A senses
      this by scanning for the "REQUEST NO. 2 COMPLETE" message being flagged in
      the common communication areas for both CPUs B and C. Then CPU A performs
      step 6 by executing a STORE CLOCK instruction to store the current value
      of the standard TOD clock into a location A3; this is shown in FIG. 4 at
      the time in A3 when the TOD clocks in CPUs B and C are stopped.
PAR  Clocks B and C are started at time A2 in FIG. 4 in synchronism with the CPU
      A clock upon the occurrence of standard carry pulse 116 from the TOD clock
      in CPU A as the next common carry pulse. After pulse 116, all TOD clocks
      in the system are synchronized.
PAR  Thus when step 7 compares the times in locations A3 and A2, the time in
      location A3 is less than the time in location A2. This is because the time
      in A3 was recorded while the clocks were stopped and before they were
      started at the later time A2. If step 7 finds that this comparison is not
      true (which could occur if the standard clock pulse occurred during the
      execution of steps 2 through 7) the procedure is repeated from step 2
      through step 7.
PAR  The time for the execution of steps 2 through 7 takes perhaps 3 or 4
      milliseconds on an IBM S/370 Model 158, so that this program ordinarily
      has time to execute many times, if necessary, in the 1 second period
      between the carry pulses from the standard TOD clock in CPU A. If the
      procedure failed the first time through steps 2-7, the circumstances
      causing the failure will not exist during the second repetition, and it
      will provide TOD clock synchronism.
PAR  Step 8 is necessary to insure that all slave clocks have started and have
      been in operation for at least one second. This is to prohibit slave CPUs
      in the multiprocessing system from doing any work until the system is
      assured that all clocks have been started and are synchronized, since
      normal programs might use the content of any TOD clock. The one additional
      second after starting is necessary to ensure that the TOD clock synch
      check TGR 29 in each CPU has been reset by the concurrent carries from all
      CPUs enabling AND circuit 17 and AND circuit 27. Thus step 8 provides a
      program loop to wait until the time of the next following pulse 117 from
      the standard TOD clock in CPU A. The time for pulse 117 is generated by
      step 8a.
PAR  Then steps 8b through 8d loop until the current time obtained by the last
      execution of step 8b is equal to or greater than the pulse 117 time in A4.
      When step 8d finds pulse 117 to have occurred, all CPUs in the system are
      requested to enable TOD sync check interruptions and step 10 is executed,
      which prints a message to the operator: "synchronization complete".
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that the foregoing and other changes in form and
      detail may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A synchronization system for time-of-day (TOD) clocks in a
      multiprocessing system, in which all said clocks receive driving pulses
      from a common oscillator, each TOD clock including a plurality of
      sequentially arranged bistable circuits, a synchronization circuit
      associated with each respective TOD clock, each synchronization circuit
      including
PA1  carry output means connected to a selected bistable circuit of an
      associated TOD clock, the selected bistable circuit having a pulse period
      which is longer than human physical reaction time, the carry output means
      providing a carry pulse output,
PA1  a synch check circuit including
PA1  phase detector means having inputs connected to carry pulse outputs of all
      carry output means in the synchronization system to detect when all
      received carry pulses are in-phase with each other, the phase detector
      providing an output signal when any received carry pulse is out-of-phase
      with another received carry pulse to provide a TOD synch check interrupt
      signal to an associated processor,
PA1  a TOD clock synch switch,
PA1  a first AND circuit having one input conditioned by a setting of the TOD
      clock synch switch and another input enabled in response to an output of
      the synch check bistable circuit,
PA1  means for blocking driving pulses to the associated TOD clock in response
      to an output of the first AND circuit to stop the operation of the
      associated TOD clock,
PA1  Tod gating means connected to an output of the first AND circuit for
      transferring into the associated TOD clock a stored predetermined future
      time setting relating to another TOD clock used as a standard TOD clock,
      the future time setting indicating the time to occur at a predetermined
      subsequent carry pulse of the standard TOD clock,
PA1  means for unblocking the driving pulses to the associated TOD clock in
      response to the predetermined subsequent carry pulse from the output of
      the OR circuit, in order to start the associated TOD clock at the time
      occurrence of the future time setting transferred by the TOD gating means,
PA1  whereby the associated TOD clock is started in time synchronization with
      the standard TOD clock.
NUM  2.
PAR  2. A synchronization system for TOD clocks in a multiprocessing system, in
      which the phase detector means further comprises,
PA1  an OR circuit and a second AND circuit each having inputs connected to
      carry pulse outputs of all carry output means in the synchronization
      system,
PA1  a third AND circuit having inputs connected to an output of the OR circuit,
      an inverted output of the second AND circuit, and a gating pulse source,
PA1  a fourth AND circuit having inputs connected to an output of the second AND
      circuit and a gating pulse source, and
PA1  a synch check bistable circuit having set and reset inputs connected to
      outputs of the third and fourth AND circuits, an output of the synch check
      bistable circuit providing a TOD synch check interrupt signal to an
      associated processor when the synch check bistable circuit is set.
NUM  3.
PAR  3. A synchronization system for TOD clocks, as defined in claim 1, in which
      the means for blocking further comprises,
PA1  a run state bistable circuit having a stop input actuated by an output of
      the fourth AND circuit,
PA1  a fifth AND circuit having one input conditioned by an output of the run
      state bistable circuit and having another input receiving the driving
      pulses, the output of the fifth AND circuit being connected to the input
      of the associated TOD clock,
PA1  whereby disablement of the fifth AND circuit blocks the driving pulses to
      the associated TOD clock to cause it to have a stopped condition.
NUM  4.
PAR  4. A synchronization system for TOD clocks, as defined in claim 3, in which
      the means for unblocking further comprises
PA1  a sixth AND circuit having a synch control input and another input
      connected to an output of the OR circuit, the synch control input
      controlling whether TOD synchronization is permitted for the associated
      TOD clock,
PA1  connecting means between an output of the sixth AND circuit and a start
      input of the run state bistable circuit,
PA1  whereby enablement of the sixth AND circuit unblocks the passage of driving
      pulses through the fifth AND circuit to start the associated TOD clock.
NUM  5.
PAR  5. A synchronization system for TOD clocks, as defined in claim 4, the
      synchronization circuit further includes
PA1  a synch control bistable device, the bistable device being set and reset
      under the control of an associated processor, an output of the bistable
      device being connected to an input of the sixth AND circuit to condition
      an output of the sixth AND circuit when the associated processor sets the
      bistable device,
PA1  the connecting means including a second OR circuit having one input
      connected to the output of the sixth AND circuit and a second input
      connected to a complementary output of the synch control bistable device,
PA1  an output of the second OR circuit being connected to the start input of
      the run state bistable circuit, the start input controlling the output
      state of the run state bistable trigger,
PA1  whereby setting the synch control bistable device enables a synchronization
      operation to be performed on the associated TOD clock, and resetting the
      synch control bistable device maintains the associated TOD clock in a
      continuously running state to disable any synchronization operation on the
      assoicated TOD clock until the associated processor sets the synch control
      bistable device.
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ABST
PAL  A feedback circuit for feeding back a signal to control the charging of a
      sense node in a static MOS memory. A signal from a sense amplifier is fed
      back to prevent the node from dropping below a predetermined potential and
      to prepare the node to be recharged. This in turn allows the pull-up
      transistor to have a higher resistance allowing the node to be more
      quickly discharged.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the field of sensing circuits in memories,
      particularly in MOS static memories.
PAR  2. Prior Art
PAR  In static metal-oxide-silicon (MOS) memories a sensing node which is
      selectively coupled to column lines in the array is charged through a
      pull-up transistor. When the column lines in the array are coupled to a
      selected cell the charge on the sensing node may discharge depending upon
      the binary state stored in the cell. A sense amplifier coupled to the
      sense node senses the drop in potential or the discharge of the node if it
      occurs, thereby producing an output signal representative of the binary
      state of the cell.
PAR  In such prior art circuits it is apparent that if the pull-up transistor
      has a low conductive resistance, it will charge the sense node more
      quickly, thereby allowing more frequent reading. However, a low conductive
      resistance of the pull-up transistor results in slower discharging of the
      sense node since the pull-up transistor will resist the discharge. During
      discharge it is desirable then to have a pull-up transistor having a high
      impedance. In general, a compromise is necessary to obtain both acceptable
      charging and discharging times.
PAR  The problem of selecting a compromise conductive resistance becomes more
      difficult where a plurality of column lines are coupled to a single sense
      node or where the memory cells are current limited. The larger capacitance
      associated with the plurality of memory lines require that the resistance
      of the pull-up transistor be low to compensate for this added capacitance,
      whereas the higher impedence, current limited cells, require a higher
      resistance pull-up transistor to achieve rapid discharge of the sense
      node.
PAR  As will be seen, the present invention provides a feedback circuit which
      provides an alternate current path for charging the sense node. When the
      potential on this node drops below a predetermined level the alternate
      current path prevents the node from further dropping in potential and,
      moreover, since there is an alternate charging path the pull-up transistor
      may have a higher impedance.
PAC  SUMMARY OF THE INVENTION
PAR  An improvement is disclosed for a static memory having a charged sense node
      which is selectively coupled to memory cells in the memory for sensing the
      state of the cells in the memory, a charging means for charging the
      sensing node, and a sense amplifier having its input coupled to the sense
      node. A control means for controlling the flow of current is coupled to
      the sensing node. A feedback means coupled between the sense amplifier and
      the control means controls the flow of current at the node. This allows
      the node to be both rapidly charged and discharged since the voltage swing
      at the node is restricted.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram of one embodiment of the invention illustrating
      a single feedback path.
PAR  FIG. 2 is a circuit diagram illustrating an alternate embodiment of the
      present invention wherein two feedback paths are utilized.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention provides a control means for controlling the flow of
      current at a sense node in a static memory. The control means is
      controlled by a feedback path originating at a sense amplifier. In the
      presently preferred embodiment, by way of example and not by way of
      limitation, the feedback path is utilized in a metal-oxide-silicon (MOS)
      read-only memory (ROM). In one case (FIG. 1) the memory is an 8k ROM,
      while the other case (FIG. 2) the memory is a 16k ROM. In the presently
      preferred embodiment all the transistors utilized are n-channel,
      enhancement mode (unless otherwise stated), field-effect transistors
      employing polycrystalline silicon gates.
PAR  Referring first to FIG. 1, the sense node or critical node 10 is
      illustrated coupled to column lines 11 and 12 through Y-select transistors
      14 and 16. The column lines 11 and 12 may be directly coupled to cells in
      a memory array, or may be each selectively coupled to a plurality of
      column lines in a memory through additional Y-select transistors. As will
      be appreciated, the number of column lines coupled to the sense node 10 is
      not critical for the present invention, although the invention becomes
      more useful where more column lines are coupled to a single sense node.
      The column lines are selectively coupled to cells (not illustrated) by
      decoder circuits and as is customary, each cell is also coupled to an
      X-line in the array, thereby allowing random access of any cell. The
      particular structure of the cell is not critical to the present invention
      in any one of a plurality of known cells may be utilized.
PAR  The sense node 10 is coupled to a sense amplifier shown within the dotted
      line 18. The output of sense amplifier, line 20, is fed-back to the gate
      of the feedback transistor 22. Feedback transistor 22 is coupled between a
      source of potential, line 24, and the sense node 10. A pull-up transistor,
      transistor 26, is likewise coupled between line 24 and node 10. The gate
      of this transistor is coupled to the transistor's drain thereby rendering
      the transistor continually conductive.
PAR  The particular configuration of the sense amplifier is not critical to the
      present invention. The sense amplifier of FIG. 1 includes input
      transistors 28 and 32 and output transistors 30 (double bootstrap) and 34
      (push-pull). The gate of the output transistor 30 is bootstrapped by the
      bootstrap capacitor 29 when transistors 28 and 32 cease to conduct. When
      this occurs it is apparent that line 20 will rise in potential, to the
      potential applied to line 24. When this occurs transistor 22 conducts
      thereby providing a flow of current from line 24 to node 10.
PAR  In operation assume first that column lines 11 and 12 are not coupled to
      cells in the memory. Node 10 is charged to the potential of line 24, less
      the threshold drop of transistor 26, through the pull-up transistor 26.
      The potential on node 10 causes transistor 32 to conduct, thereby clamping
      the feedback path, line 20, to ground. Assuming now that a column line is
      coupled to a cell, and the cell is programmed such that node 10 begins to
      discharge, the discharging of node 10 will produce an output signal on
      line 20, thereby causing transistor 22 to conduct. This in turn will
      prevent node 10 from continuing to discharge. Thus anytime node 10 drops
      below a predetermined voltage level, such level being sufficient to cause
      an output signal on line 20, the signal on line 20 prevents node 10 from
      continuing to drop in potential since transistor 22 conducts.
PAR  When the column is deselected (that is, decoupled from node 10) the voltage
      on node 10 rises. When this rise is sufficient to cause the output on line
      20 to drop, transistor 22 ceases to conduct. Since transistor 22 prevented
      node 10 from dropping below a predetermined potential (as it does in the
      prior art) the pull-up transistor 26 may rapidly recharge the node even
      though transistor 26 has a higher resistance than the prior art pull-up
      transistors. This higher resistance of transistor 26, off course, allows
      node 10 to quickly discharge. By way of example, the Z/L ratio of the
      pull-up transistor for a prior art circuit was 6/12. With the addition of
      the feedback path and transistor 22, the pull-up transistor 26 was reduced
      to 6/18 with a Z/L ratio of 7/6 for the feedback transistor 22. With the
      circuit of FIG. 1 typical charging times were decreased by over 50
      percent, and discharging times were improved by more than 30 percent.
PAR  Referring to FIG. 2, the sense node 36 in the presently preferred
      embodiment is coupled to cells in the memory array through a plurality of
      column select transistors as is commonly done in the art. Node 36 is
      coupled to the source of potential, line 60, through a pull-up transistor
      42 which has its gate coupled to line 60. The node 36 is also coupled to
      line 60 through the feedback transistor 44. The gate of transistor 44 is
      coupled to node 52 of a sense amplifier.
PAR  The sense amplifier includes a first stage comprising transistors 38, 39
      and 40 which is coupled between nodes 36 and 46. In this first stage
      transistors 39 and 40 are utilized to adjust the threshold level of
      transistor 38 as is known in the art. Node 46 includes a depletion load
      pull-up transistor 49 which is coupled between line 60 and node 46, the
      gate of transistor 49 is coupled to node 46. Also, node 46 includes a
      feedback transistor 48 which is coupled between line 60 and node 46. The
      gate of this transistor is coupled to the feedback path, which includes
      node 52. Node 46 is also common with the gate of transistor 50.
PAR  Transistors 50 and 51 comprise a second stage of the sense amplifier and
      include an output at node 52. The gate of the depletion load transistor 51
      is coupled to node 52. The sense amplifier also includes an output stage
      comprising transistor 53 and the depletion load transistor 54. The common
      junction between these transistors also includes the gate of transistor 54
      and the output line 55. In the presently preferred embodiment feedback
      transistors 44 and 48 are depletion mode devices.
PAR  The depletion load device 49 charges node 46 to the potential of line 60;
      pull-up transistor, on the other hand, charges node 36 to the potential of
      line 60, less the threshold drop of transistor 42. Prior to the time that
      a cell is coupled to node 36, transistor 38 does not conduct since its
      gate is coupled to ground through transistor 39.
PAR  The operation of the feedback system and sense amplifier shown in FIG. 2 is
      somewhat similar to the operation of the circuit of FIG. 1. When the
      potential on node 36 drops below a predetermined level transistor 39
      ceases to conduct. This causes the potential on the gate of transistor 38
      to rise, turning on transistor 38. The potential on node 46 then begins to
      drop since this node is now coupled to the column line through transistor
      38. When the potential on node 46 drops below a predetermined level,
      transistor 50 turns-off, thereby providing an output signal on node 52.
      This causes transistors 44 and 48 to conduct thus preventing the
      potentials on nodes 36 and 46 from continuing to drop in potential, that
      is their voltage swing is limited. After the column line is decoupled
      nodes 36 and 46 are recharged, turning on transistor 50, causing node 52
      to drop. In actual practice substantial increases in both the charging
      rate and discharging rate of the nodes have been obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a static memory having a charged sense node which is selectively
      coupled to memory cells in the memory for sensing the state of such cells,
      a charging means for charging said sense node, and a sense amplifier
      having its input coupled to said sense node, an improvement comprising:
PA1  control means for controlling the flow of current coupled to said sense
      node; and
PA1  feedback means coupled between said sense amplifier and said control means
      for controlling the flow of current at said sense node;
PA1  whereby said sense node may be rapidly charged and discharged since the
      voltage swing at the node is restricted.
NUM  2.
PAR  2. The improvement defined by claim 1 wherein said control means includes a
      field-effect transistor coupled between a source of potential and said
      sense node and wherein the gate of said field-effect transistor is coupled
      to said feedback means.
NUM  3.
PAR  3. The improvement defined by claim 2 wherein said charging means comprises
      a pull-up transistor coupled between said sense node and said source of
      potential.
NUM  4.
PAR  4. The improvement defined in claim 1 wherein said sense amplifier includes
      a node which is charged through a second charging means and wherein said
      node is coupled to a source of potential through a feedback transistor
      having a gate, said gate of said feedback transistor being coupled to said
      feedback means.
NUM  5.
PAR  5. The improvement defined by claim 4 wherein said charging means and said
      second charging means each comprise pull-up transistors.
NUM  6.
PAR  6. The improvement defined by claim 5 wherein said control means comprises
      a depletion mode field-effect transistor.
NUM  7.
PAR  7. An apparatus for sensing potential on a sense node where said sense node
      is coupled to static memory cells comprising:
PA1  a source of potential;
PA1  a first transistor coupled between said source of potential and said sense
      node;
PA1  a sense amplifier having its input coupled to said sense node;
PA1  a second transistor having a gate and two terminals, said terminals being
      coupled between said sense node and said source of potential; and
PA1  a feedback line coupled between said gate of said second transistor and
      said sense amplifier for feeding back a signal from said sense amplifier;
PA1  whereby when said potential on said sense node drops said second transistor
      conducts thereby limiting the drop in potential on said sense node.
NUM  8.
PAR  8. The apparatus defined by claim 7 wherein said first and said second
      transistors are n-channel, field-effect transistors.
NUM  9.
PAR  9. The apparatus defined by claim 7 wherein said first transistor includes
      a gate coupled to said source of potential.
NUM  10.
PAR  10. The apparatus defined by claim 7 wherein said static memory is a
      read-only memory.
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ABST
PAL  A self-contained, temperature responsive alarm control circuit uses a
      battery as an energy source. A solid state, free-running multivibrator
      provides a square wave of audio frequency which provides the pulse to turn
      on an emitter follower also at an audio frequency so as to energize a
      Wheatstone bridge across the battery at the same audio frequency. One of
      the legs of the Wheatstone bridge includes a temperature sensitive
      thermistor. A programmable unijunction transistor serves as a threshold
      detector for the bridge circuit which, upon its being gated into conditon
      upon the reaching of a predetermined, preset temperature sensed by the
      thermistor, provides a signal to turn on an audio amplifier at the same
      audio frequency thereby to energize a speaker now essentially coupled
      across the battery to produce an audible sound.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a self-contained, condition responsive
      circuit and more particularly to a battery portable,
      temperature-responsive alarm control circuit useful for providing a signal
      when a predetermined temperature to be sensed has been reached.
PAR  2. Description of the Prior Art
PAR  This invention was conceived as a complement to the food temperature
      monitoring apparatus disclosed in application Ser. No. 124,325 -- Stanley
      B. Welch, filed Mar. 15, 1971, now U.S. Pat. No. 3,815,113, and U.S. Pat.
      No. 3,778,798--Heit, both assigned to the same assignee as the present
      invention. These food temperature monitoring devices were developed for
      use in monitoring the temperature of food being cooked in a baking or
      roasting oven. These devices provide a needle-like probe enclosing a small
      sensing thermistor, the probe being adapted to be driven into food, in
      circuit with a programmable unijunction transistor employed as a detector
      of a Wheatstone bridge having a low voltage AC supply and a signal alarm
      buzzer to be actuated upon the reaching of a desired temperature within
      the food.
PAR  The need arises however for some type of a food temperature monitoring
      device, preferably self-contained, which can be used as an add-on to an
      already existing cooking oven and for another application, that of use
      with an outdoor cooking grill. The present invention provides such a
      self-contained temperature monitoring device wherein a battery supplies
      the needed electrical energy which in turn is converted into a square wave
      voltage of audio frequency for operating the temperature monitoring
      apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a self-contained, condition
      responsive circuit of the type having impedance means for supplying an
      indication of a predetermined external condition to be sensed includes a
      pair of input supply terminals adapted to be coupled to an electrical
      energy source for supplying direct current. Means are provided coupled
      across the input supply terminals for generating a repetitive pulsed
      signal at an audio frequency rate and a four-leg impedance bridge network
      is provided having first and second common terminals arranged to be
      coupled across the input supply terminals and two comparison terminals
      intermediate respectively the first and second legs of the bridge network
      and the third and fourth legs. Means are provided associated with the
      circuit for coupling the bridge network across the input supply terminals
      at an audio frequency rate in response to the audio frequency pulsed
      signal. A threshold device is coupled to the comparison terminals of the
      bridge network to function as a threshold detector therefor and the
      condition sensing impedance means is coupled in circuit with one of the
      legs of the bridge network. Also included are means for giving an
      indication when a predetermined external condition is sensed and means for
      coupling the indication means across the input supply terminals in
      response to a switched-on state of the threshold device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing:
PAR  FIG. 1 is a block diagram of the preferred embodiment of the condition
      responsive circuit of the present invention; and
PAR  FIG. 2 is a schematic representation of the preferred embodiment of the
      temperature-responsive alarm control circuit of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In accordance with the present invention and referring generally to FIGS. 1
      and 2, there is shown self-contained, condition responsive circuitry such
      as a temperature-responsive alarm control circuit 10 in the form of a
      battery portable, food temperature monitoring device. The device is of the
      type having impedance means in the form of a thermistor 12 located in a
      probe 14, the probe to be inserted into food being cooked for supplying an
      indication when a predetermined temperature therein has been reached.
      Probe 14 may be of the type disclosed in application Ser. No.
      124,325--Welch, now U.S. Pat. No. 3,815,113 hereinbefore mentioned.
      Circuit 10 includes a pair of input supply terminals 16 and 18 adapted for
      coupling to a DC power source such as battery 20. A manually operable
      switch 22 is included for ease of uncoupling the battery from the circuit
      when not in use.
PAR  Means are provided for generating a repetitive pulsed signal at an audio
      frequency rate in the form of a rectangular wave of audio frequency such
      as free running multivibrator 24 coupled across input supply terminal 16
      and 18. Multivibrator 24 is of the type well known in the art and has been
      chosen to provide a square wave of a suitable audio frequency such as 500
      Hz. Multivibrator 24 is a two stage amplifier and includes a pair of
      transistors 26 and 28, a series of resistors 29, 30, 32 and 34 and a pair
      of cross-coupling capacitors 36 and 38.
PAR  Also included is a four-leg impedance bridge network such as Wheatstone
      bridge 40 having first and second common terminals 42 and 44 respectively,
      the first common terminal 42 being coupled to the input supply terminal 16
      and the second common terminal 44 arranged to be coupled to input supply
      terminal 18. Wheatstone bridge 40 comprises a first leg including a fixed
      resistor 46, a second leg including a fixed resistor 48, a third leg
      including fixed resistor 50 and a fourth leg including fixed resistor 52.
      The first and second legs and the third and fourth legs form,
      respectively, voltage divider networks having first and second comparison
      terminals 54 and 56. Temperature sensing thermistor 12 of probe 14 is
      electrically coupled in circuit, preferably removably, with the fourth leg
      so as to be in parallel with fixed resistor 52. A variable resistor 58 is
      electrically connected in circuit with the fourth leg so as to be in
      series with the parallel combination of thermistor 12 and fixed resistor
      52. A variable resistor 60, a calibration device, is serially connected
      with fixed resistor 50 in the third leg.
PAR  A threshold device, such as programmable unijunction transistor (PUT) 62
      functions as a threshold detector for the bridge and has its anode 64
      connected to first comparison terminal 54 and a gate 66 connected to
      second comparison terminal 56.
PAR  A PUT is a PNPN device with characteristics such that, when the diode
      (anode to gate) becomes forward biased, (i.e., when the anode is slightly
      more positive than the gate) it conducts, and the regeneration inherent in
      such a device causes it to switch on; a negative resistance characteristic
      is generated from anode to cathode. Thus, the PUT 62 functions as a
      detector for the bridge network as described above.
PAR  A follower amplifier such as an emitter follower in the form of an NPN
      transistor 68 has its emitter coupled to the second common terminal 44 of
      bridge 40 and its collector 72 coupled with input supply terminal 18. Base
      74 of transistor 68 is coupled to multivibrator 24 such that transistor 68
      is responsive to the square wave signal generated by the multivibrator to
      become turned on so as to effect coupling of second common terminal 44 and
      thereby the Wheatstone bridge 40 to the input supply terminal 18, this
      serving to energize the bridge at the audio frequency rate of 500 Hz.
PAR  Means for giving an indication that a predetermined temperature has been
      sensed by thermistor 12 is in the form of an electromagnetic speaker 76
      which includes an impedance matching transformer 78 having a coil 80, one
      side of which is coupled to input supply terminal 16, the other side being
      arranged to be coupled to input supply terminal 18 when a predetermined
      temperature has been sensed to effect energization of the speaker 76 to
      give an audible signal at 500 Hz. An audio amplifier in the form of an NPN
      transistor 82 has an emitter 84 coupled to coil 80, a collector 86 coupled
      to input supply terminal 18, and a base 88 coupled to cathode 90 of PUT
      62. The junction of the transistor base 88 and cathode 90 of the PUT is
      coupled serially with a fixed resistor 92 to input supply terminal 16,
      resistor 92 serving as a means for establishing a switching level for the
      turning on of transistor 82.
PAR  Thermistor 12, as used here in the fourth leg of the bridge, has a negative
      temperature coefficient. As the temperature of the thermistor rises, its
      resistance drops; the voltage therefore at terminal 56, the PUT gate
      voltage, becomes less positive. When the anode voltage becomes slightly
      more positive than the PUT gate voltage, the PUT will be gated into
      conduction with a voltage drop from anode to cathode of approximately 1
      volt. This switching signal from the PUT will cause NPN transistor 82 to
      be turned on to allow current to flow through thereby activating speaker
      76 to produce an audible signal. Coil 80 then is essentially across the
      power supply input terminals 16 and 18 and current therethrough is limited
      only by the coil impedance and the capabilities of the energy source, here
      battery 20.
PAR  Turning now to the operation of the circuit 10 as a battery portable, food
      temperature monitoring device, a control knob (not shown) associated with
      the variable resistor 58, a temperature setting device, is provided for
      presetting the predetermined temperature at which the speaker 76 will be
      activated thereby giving an indication that the predetermined temperature
      has been reached. The value of variable resistor 58 is set such that the
      anode-cathode voltage of the PUT 62 exceeds its gate-cathode voltage by
      just enough to fire the PUT, when the temperature sensitive variable
      resistor, thermistor 12, reaches a value which corresponds with
      temperature set by the control knob associated with variable resistor 58.
PAR  A thermistor shunt resistor 52 is included to linearize the thermistor
      characteristics so as to yield a reasonably linear temperature scale when
      using a linear variable resistor 58.
PAR  The critical point of the circuit is reached when the instantaneous applied
      voltage across the bridge 40 is a maximum; at this point, the equivalent
      impedance of resistors 50, 58, 52 and 12 is some constant value and the
      circuit is calibrated to be critical at this value by means of the
      variable resistor 60 in the third leg of the bridge network.
PAR  The temperature set knob associated with the variable resistor 58 may be
      provided with an appropriate scale (not shown) calibrated to read a range
      of temperatures such that the setting of the control knob provides the
      variable resistor 58 with a resistance value such that the firing of the
      PUT 62 will coincide with the reaching of that preset temperature within
      the food into which the temperature sensing probe 14 has been placed,
      which temperature is being sensed by the thermistor 12 in the tip of that
      probe. Therefore upon inserting the probe 14 into the food being cooked,
      and after having adjusted the temperature set knob and thereby variable
      resistor 58, to place the circuit into operation switch 22 is manually
      closed by the operator. This serves then to supply DC voltage to the
      multivibrator 24 which in turn supplies a 500 Hz. square wave pulse to the
      base 74 of transistor 68. Transistor 68 then is turned on at the square
      wave rate of 500 Hz. to supply DC voltage from battery 20 to the bridge 40
      at a 500 Hz. rate. When the temperature sensed by thermistor 12 reaches or
      corresponds to that temperature preset by the adjustment of variable
      resistor 58, PUT 62 will be gated into conduction to give a signal at the
      500 Hz. rate to the base 88 of the transistor 82. Transistor 82 then will
      be turned on at that same 500 Hz. rate to couple coil 80 of the speaker 76
      essentially across the DC supply at the rate of 500 Hz. The net result
      then is the production by speaker 76 of a 500 Hz. audible signal
      indicating that the predetermined temperature sensed by thermistor 12 has
      been reached.
PAR  This electric thermometer alarm system is a "slide back" system which
      sounds the alarm when the internal food temperatures reaches that preset
      temperature but does not indicate the existing temperature directly.
      Should the operator desire to know the internal food temperature during
      the cooking cycle, he may determine this by moving the control knob down
      the temperature scale until the alarm sounds, then reading the indicated
      temperature on that scale.
PAR  The circuit components of the present invention are easily adapted to be
      mounted upon a printed circuit board (not shown). Sufficient space may
      also be provided for mounting a temperature indicating scale thereon, and
      a simplified interconnection with a suitable cable for coupling
      temperature sensing probe 14 and thereby transistor 12 with the printed
      circuit board may also be provided.
PAR  Components found to be satisfactory in the illustrated embodiment of the
      present invention are:
TBL  Thermistor 12      National Lead type                                     

                        2H103, 10 K ohms                                       

                        at 77.degree. F                                        

     ______________________________________                                    

     Battery 20         9 v DC                                                 

     NPN transistors    2N2926                                                 

      26, 28, 68, 82                                                           

     Resistors 29       3.3 K ohms                                             

     Resistor 30        10 K ohms                                              

     Resistors 32, 34   100 K ohms                                             

     Capacitors 36, 38  .02 .mu.F                                              

     Resistor 46        4.7 K ohms                                             

     Resistor 48        6.8 K ohms                                             

     Resistor 50        1.5 K ohms                                             

     Resistor 52        3.3 K ohms                                             

     Variable resistor  0-2.5 K ohms                                           

      58                                                                       

     Variable resistor  0-1 K ohms                                             

      60                                                                       

     PUT 62             2N6027                                                 

     Coil 80            8 ohms                                                 

     ______________________________________                                    

PAR  It should be noted, that while a battery has been shown as the DC energy
      source, any suitable means for supplying a DC voltage may be used. Also,
      although a programmable unijunction transistor is used as the threshold
      detector, other suitable devices may be used in lieu thereof.
PAR  While that which has been heretofore described refers to a battery powered,
      solid state circuit device for monitoring the temperature of food being
      cooked and for giving an indication when a predetermined temperature has
      been reached therein, it will be obvious that such a device has further
      novel applications. It may for example be used by fishermen to ascertain
      water temperature and may be used as a fire detection system. Thermistor
      12 may be replaced by a photosensitive resistor thereby allowing the
      device to be used to activate lighting systems, and when used in
      conjunction with a small light source, it may be used as a smoke detection
      system or a burglar detector.
PAR  It should be apparent to those skilled in the art that the embodiment
      described heretofore is considered to be the presently preferred form of
      this invention. In accordance with the patent statutes, changes may be
      made in the disclosed apparatus and the manner in which it is used without
      actually departing from the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self-contained, condition responsive circuit of the type having
      condition sensing impedance means for supplying an indication of a
      predetermined external condition to be sensed, the circuit comprising:
PA1  a pair of input supply terminals adapted to be coupled to an electrical
      energy source for supplying direct current;
PA1  means coupled across the input supply terminals for generating a repetitive
      pulsed signal at an audio frequency rate;
PA1  a four-leg impedance bridge network having first and second common
      terminals arranged to be coupled across the input supply terminals and two
      comparison terminals intermediate respectively the first and second legs
      of the bridge network and the third and fourth legs;
PA1  means associated with the circuit for coupling the bridge network across
      the input supply terminals at an audio frequency rate in response to the
      audio frequency pulsed signal;
PA1  a threshold device coupled to the comparison terminals of the bridge
      network to function as a threshold detector therefor;
PA1  the condition sensing impedance means being coupled in circuit with one of
      the legs of the bridge network;
PA1  means associated with the circuit for giving an indication when a
      predetermined external condition is sensed; and
PA1  means associated with the circuit for coupling the indication means across
      the input supply terminals in response to a switched-on state of the
      threshold device.
NUM  2.
PAR  2. The circuit of claim 1 wherein the condition sensing impedance means is
      a temperature sensing thermistor removably coupled in circuit with the
      fourth leg of the bridge network.
NUM  3.
PAR  3. The circuit of claim 2 further including a manually variable resistor
      connected serially in circuit with the thermistor in the fourth leg to
      serve as a temperature setting device.
NUM  4.
PAR  4. The invention of claim 3 wherein the circuit is a temperature-responsive
      alarm control circuit of the type having a probe, including the
      thermistor, to be inserted into food being cooked for supplying an
      indication when a predetermined temperature therein is reached.
NUM  5.
PAR  5. The circuit of claim 1 wherein the means for generating an
      audio-frequency pulsed signal is a free-running multivibrator and the
      pulsed signal is a rectangular wave.
NUM  6.
PAR  6. The circuit of claim 1 wherein the means for coupling the bridge network
      across the input supply terminals is a follower amplifier coupled between
      the second common bridge terminal and one of the input supply terminals,
      and is further coupled to the pulsed signal generating means.
NUM  7.
PAR  7. The circuit of claim 6 wherein the follower amplifier is an emitter
      follower.
NUM  8.
PAR  8. The circuit of claim 1 wherein the threshold device is a programmable
      unijunction transistor having a cathode coupled to the first common bridge
      network terminal, an anode coupled to the comparison terminal intermediate
      the first and second legs, and a gate coupled to the comparison terminal
      intermediate the third and fourth legs.
NUM  9.
PAR  9. The circuit of claim 8 wherein the indication means is an
      electromagnetic speaker having a coil and the means for coupling the
      indication means across the input supply terminals is a load switching
      device coupled serially with the coil across the input supply terminals,
      the load switching device being responsive to a signal from the threshold
      detector to become gated into conduction.
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ABST
PAL  An improved warning device having means for sensing or detecting a
      predetermined danger or phenomenon has a compensation circuit for the
      sensing means, including compensating means connected to the sensing
      means, amplifier means connected to the junction of the sensing and
      compensating means, and a feed-back circuit connected to the output of the
      amplifier means and the input of the compensating means for maintaining
      the output voltage of the amplifier means substantially constant despite
      slowly occurring changes in the voltage drop across the sensing means.
      Means, such as a resistance-capacitance network, is provided in the
      feedback circuit for rendering the amplifier means non-responsive to
      slowly occurring changes in the voltage drop across the sensing means and
      for maintaining the amplifier means responsive to rapidly occurring
      changes in the voltage drop across the sensing means, as occurs in the
      presence of the danger or phenomenon to be detected.
BSUM
PAC  BACKGROUND
PAR  1. Field of Invention
PAR  This invention relates generally to warning devices, and especially to fire
      or smoke detectors employing sensing or detecting devices responsive to
      changes in the ambient atmosphere produced by the products of combustion.
      The invention particularly provides an electronically compensated,
      rate-of-change sensing device which is non-responsive to slow changes in
      natural conditions, such as changes in the relative humidity or the
      pressure of the ambient air, while maintaining the device fully responsive
      to rapid changes, such as occur in the ambient air due to combustion.
PAR  2. Prior Art
PAR  Several techniques for compensating rate-of-change sensing devices are
      known. One such system utilizes a pair of similar sensing devices
      connected in a bridge circuit. One of the sensing devices is constructed
      to allow a free flow of air thereto, whereas the other sensing device is
      shielded to restrict or prevent the flow of air thereto. In the event of a
      slowly occurring change in an atmospheric condition, both sensors respond
      similarly so that the changes detected by the sensors effectively cancel
      each other. In the event of a rapidly occurring change, as in the event of
      fire, the unshielded sensor responds more rapidly than the shielded
      sensor, and a warning signal will be provided.
PAR  Another compensating system, described in U.S. Pat. No. 3,548,205, issued
      Dec. 15, 1970, to Wilbur L. Ogden, utilizes a MOSFET transistor connected
      to the sensing device. The transistor is self-biased and includes a filter
      capacitor which allows the conductivity of the MOSFET to vary to
      compensate for slowly occurring changes in the impedance of the detecting
      device, but prevents compensation of rapidly occurring changes.
PAR  Though both these prior techniques provide ways to compensate warning
      devices for slowly changing parameters sensed by the sensor device, they
      require the use of individually selected and carefully matched components.
      The particular sensing device chosen must have electrical characteristics
      that are compatible with the characteristics of the particular components
      of the amplification circuitry connected to that sensing device. As can be
      appreciated selecting and matching the various components for assembly on
      a production basis is difficult, time consuming and requires considerable
      skill.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved
      compensating circuit for sensing devices.
PAR  It is a further object of this invention to provide a compensating circuit
      requiring only minimal matching of components.
PAR  Yet another object of this invention is to provide a compensation circuit
      that provides compensation over broad ranges of the chosen electrical
      characteristic of the sensing device, such as the voltage drop
      thereacross.
PAR  Still another object of the invention is to provide a compensating circuit
      that has increased sensitivity to small, rapid, but critical, changes.
PAR  In accordance with a preferred embodiment of the invention, a sensing
      device, such for example as a resistance grid combustion sensor, is
      connected to the input of a sensing amplifier. A compensating transistor
      is also connected to the sensing device to provide compensating means for
      the sensing device. A feedback circuit, preferably comprising a Darlington
      connected transistor pair and a resistance-capacitance low pass network,
      is connected between the output of the sensing amplifier and the gate of
      the compensating transistor to provide a negative feedback path. Slowly
      occurring changes in the resistance of the sensing device which cause a
      change in the output voltage of the sensing amplifier are fed back through
      the feedback network to the compensating transistor to thereby change the
      conductivity thereof to compensate for the slowly occurring change in the
      resistance of the sensing device. The low pass network or filter in the
      feedback circuit prevents rapidly occurring voltage changes, produced by
      the sensor in the presence of products of combustion, from being fed back
      to the compensating transistor, thereby effectively preventing the
      compensation of rapidly occurring changes to maintain full sensitivity to
      the small but rapid changes in conductivity caused by products of
      combustion. In order to minimize the current drain of the system, in a
      quiescent state, another transistor provides a regulated bias voltage
      source for the compensating transistor which draws a very low current.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  The single FIGURE is a schematic diagram of a fire detecting system
      utilizing the compensation circuit according to the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawing, and more particularly to the circuitry contained
      within the boundaries of the dotted line 10, variable resistor R1
      comprises a resistance grid sensing device, transistor Q1 comprises a
      sensing amplifier that provides an output voltage representative of the
      resistance of the grid R1, and transistors Q2, Q8, Q9 and associated
      components provide a compensating circuit for the grid R1.
PAR  The sensing means R1 may comprise any device which produces variations in
      an electrical characteristic, such as a change in the voltage drop
      thereacross, upon exposure to a predetermined change or phenomenon to be
      detected and which operates on a response, such as rate-of-change. In the
      illustrated embodiment, the circuit is designed to cause the sensing means
      to detect the rate of change of products of combustion in the ambient air.
      The sensor comprises a variable impedance means which includes a grid of
      conductive paths, freely open to the atmosphere and mounted on a substrate
      of insulating material, such as glass. For a detailed disclosure of the
      resistance grid, see U.S. Pat. No. 3,594,751. As explained in that patent,
      the surface resistivity of the insulating substrate, and hence the
      resistance between the terminals of the grid R1, varies as a function of
      the conductivity of the ambient air. For example, for the grid R1, the
      resistance can vary from a maximum value of approximately 10.sup.13 ohms
      to a minimum value of approximately 10.sup.5 ohms. Among the factors that
      influence the surface resistivity of the substrate are the products of
      combustion, such as water vapor and particulate matter. However, such a
      grid is also responsive to ordinary or usually expected changes in the
      ambient atmosphere, such as changes in relative humidity and the
      accumulation of dirt or smog. For this reason, the device is designed to
      operate on a rate of change basis and therefore must be compensated to
      respond only to rapid changes, such as occur with combustion, and not to
      slowly occurring changes, such as occur with changes in ambient condition.
PAR  It is the purpose of the circuit comprised of transistors Q2, Q8, Q9 and
      associated components to provide such compensation. The transistors Q2 and
      Q9, and also Q1 are preferably MOSFET transistors. The transistor Q1, Q2
      and Q9 are an amplifying transistor, a compensating transistor, and a
      biasing transistor, respectively. The transistor Q8 serves as a feedback
      transistor and is preferably a Darlington amplifier pair.
PAR  Referring again to the drawing, one side of the resistance grid R1 is
      connected to a source of negative potential, comprising diodes D1, D2 and
      D3. The other side of the grid resistance R1 is connected to a source of
      reference potential via the drain to source path of the transistor Q2 and
      the common potential line or conductor 12. The amplifier transistor Q1 has
      an input or gate electrode connected to the junction of the resistance
      grid R1 and the drain electrode of the compensating transistor Q2. The
      source of the transistor Q1 is connected to the common potential line 12,
      and the drain thereof is connected to one side of a load resistor R31 and
      to the input of the feedback transistor Q8, via a resistor R30. The output
      of the Darling transistor Q8 is connected to the gate of the compensating
      transistor Q2, via resistors R29 and R26. The other electrode of the
      Darlington transistor Q8 may be connected through a resistor Rx to the
      other side of resistor R31, the provision of resistor Rx serving to reduce
      the gain of the feedback circuit and prevent possible oscillations
      thereof. A capacitor C13 is connected between the common potential line 12
      and the gate of the transistor Q2, and thus in parallel with the source to
      gate path of the transistor Q2.
PAR  The biasing transistor Q9 has its source to drain path connected in series
      with a resistor 27, both being between the junction of resistors R26 and
      R29 and the common line 12 with the resistor R27 being adjacent the
      junction of R26 and R29. The gate of transistor Q9 is connected to its
      drain.
PAR  A bleed off resistor R28 is also connected between the junctions of R26,
      R27, and R29 and the common line 12.
PAR  In operation, when the circuit is initially energized, the capacitor C13 is
      completely discharged and the transistor Q2 is rendered substantially
      non-conductive. As a result, the voltage at the junction of the resistance
      grid R1 and the transistor Q2 is sufficiently negative to render the
      transistor Q1 substantially conductive. Rendering the transistor Q1
      conductive causes current to flow through the resistor R31. The current
      flowing through resistor R31 causes a voltage of sufficient magnitude to
      appear across resistor R31 to render the transistor Q8 conductive.
      Rendering the transistor Q8 conductive allows current to flow through the
      resistor Rx, transistor Q8, and resistors R29 and R26 to charge the
      capacitor C13. As the capacitor C13 is charged, the voltage appearing at
      the gate of transistor Q2 gradually becomes more negative, thereby tending
      to render the transistor Q2 conductive. As transistor Q2 is rendered
      conductive, transistor Q1 will be rendered less conductive, thereby
      rendering transistor Q8 less conductive and reducing the charging current
      applied to the capacitor C13. As capacitor C13 continues to charge, the
      transistor Q1 is gradually turned off and transistor Q2 is gradually
      turned on until a quiescent point or state is reached where the current
      flowing through the resistor R31 is insufficient to turn on the transistor
      Q8. At the quiescent point, the total current drawn by the circuit is
      generally less than 10 microamperes and possibly less than one
      microampere, depending upon the resistance of the grid R1 and the valve of
      R31.
PAR  As was mentioned, the biasing transistor Q9 has its source electrode
      connected to the common potential line 12 and its gate and drain
      electrodes connected together to cause a relatively low fixed voltage
      (known as the knee voltage) to appear between the source and drain
      electrodes in response to current flow therethrough. The voltage appearing
      at the drain of the transistor Q9 is applied to the gate of the
      compensating transistor Q2 via the resistors R27 and R26. The transistor
      Q9, thus, serves as an efficient regulating bias voltage source for the
      compensating transistor Q2 in that it provides a relatively constant
      voltage to the gate of transistor Q2 drawing a minimum current (in the
      microampere range).
PAR  When the resistance of the grid R1 changes slowly as a result of a slowly
      occurring ambient change to which it is responsive, such as a change in
      the relative humidity of the ambient air, the voltage at the junction of
      the grid R1 and the drain electrode of the transistor Q2 tends to change,
      thereby tending to change the conductivity of the amplifier transistor Q1.
      Any change in the conductivity of the transistor Q1 causes a change in the
      amount of current flowing through the resistor R31, thereby changing the
      conductivity of the feedback transistor Q8. Change in the conductivity of
      the transistor Q8 changes the amount of charge on the capacitor C13,
      thereby changing the voltage thereacross, the last mentined voltage
      causing a change in the conductivity of the compensating transistor Q2 by
      an amount necessary to compensate for the change in the resistance of the
      grid R1 to define a new quiescent operating point.
PAR  When a fire starts, even in its incipient stage, there is a sudden, sharp
      increase in the moisture and particulate matter content of the ambient
      air. These increases cause a sharp reduction in the resistance of the grid
      R1. The reduction in the resistance of the grid R1 causes the amplifier
      transistor Q1 to be rendered conductive, thereby rendering the feedback
      transistor Q8 conductive. However, since the time constant of the resistor
      R26 and capacitor C13 is chosen to be relatively long, the conductivity of
      the compensating transistor Q2 will not change sufficiently rapidly to
      compensate for the change in the resistance of the grid R1, and the
      transistor Q1 will remain conductive.
PAR  The transistor Q1 is connected to the gate of a trigger device, in this
      embodiment a silicon controlled rectifier or SCR Q5 via resistors R23 and
      R31. When the transistor Q1 is sufficiently conductive, the current from
      Q1 applied to the gate of the SCR Q5 cause SCR Q5 to be conductive. Thus,
      the SCR Q5 serves as a switch to complete the circuit between a source of
      power, such as a battery B, and an alarm transducer, such as a horn H.
PAR  Thus, when a sharp or rapid change occurs in the ambient constituents
      sought to be detected, a warning signal or alarm is promptly given.
      However, slowly occurring natural or normal changes do not trigger the
      alarm (i.e., do not cause a false alarm) because of the functioning of the
      compensating circuit.
PAR  Having thus described what is regarded to be the preferred form of the
      invention, it should be appreciated that various changes, rearrangements
      and modifications may be made therein without departing from the scope and
      spirit of the invention, as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a detecting device having a sensor subject to change in its
      electrical conductivity upon the occurrence of a predetermined condition
      and to emit a sensible electrical signal upon the occurrence of a given or
      greater magnitude of change in its conductivity within a period of time,
      the improvement comprising impedance means controllable between high and
      low impedance connected in series circuit with said sensor, amplifier
      means having an input and an output with said input coupled to the
      junction of said impedance means and said sensor, and a feedback circuit
      connecting said output of said amplifier means to said impedance means for
      causing said impedance means to compensate for slow changes in the
      electrical conductivity of said sensor, said feedback circuit including
      time delay means for delaying the response of said impedance means to
      changes in the output of said amplifier means, whereby said sensor can
      emit a sensible electrical signal only upon occurrence of said given or
      greater magnitude of change of the conductivity of said sensor within said
      period of time.
NUM  2.
PAR  2. In a device as recited in claim 1, wherein said impedance means has
      source, drain and gate electrodes, said source to drain electrodes being
      connected in series with said sensor, and said gate electrode being
      connected to said output of said amplifier means.
NUM  3.
PAR  3. In a device as recited in claim 2, said time delay means comprising
      resistance and capacitance selected to provide a time delay equal to said
      period of time.
NUM  4.
PAR  4. In a device as recited in claim 3, said capacitance being connected in
      parallel with said source to gate electrodes of said impedance means.
NUM  5.
PAR  5. In a device as recited in claim 2, said feedback circuit comprising a
      Darlington amplifier pair having an input and an output, said Darlington
      amplifier pair input being connected to said output of said amplifier
      means, and said Darlington amplifier pair output being connected to said
      gate electrode of said impedance means.
NUM  6.
PAR  6. In a device as recited in claim 5, said time delay means comprising
      resistance and capacitance connected in circuit with the output of said
      Darlington amplifier pair and said gate electrode of said impedance means.
NUM  7.
PAR  7. In a device as recited in claim 2, further including means for biasing
      said impedance means, said biasing means comprising another controllable
      impedance means, first means coupling said biasing means to said gate
      electrode of said first mentioned impedance means, and second means
      connected to said biasing means for supplying energizing current thereto.
NUM  8.
PAR  8. In a device as recited in claim 7, wherein said other controllable
      impedance means includes source, drain and gate electrodes, said gate and
      drain electrodes of said other impedance means being connected by said
      first means, and said source electrode being connected by said second
      means.
NUM  9.
PAR  9. In a device as set forth in claim 2, said impedance means comprising a
      first MOSFET transistor having its source to drain electrodes connected in
      series circuit with said sensor, said amplifier means comprising a second
      MOSFET transistor having source, drain and gate electrodes with its gate
      electrode connected to the junction of said sensor and the drain electrode
      of said first MOSFET transistor, said feedback means including a third
      transistor comprising a Darlington amplifier pair having its input
      connected to the drain electrode of said second MOSFET transistor and its
      output connected to the gate electrode of said first MOSFET transistor.
NUM  10.
PAR  10. In a device as recited in claim 9, further comprising a third MOSFET
      transistor having source, drain and gate electrodes with its drain and
      gate electrodes connected together and connected to the gate electrode of
      said first MOSFET transistor, said source electrode of said third MOSFET
      transistor being connected to a current supply for biasing said first
      MOSFET transistor.
NUM  11.
PAR  11. In a warning device having a sensor for sensing a predetermined
      condition and thereupon emitting a signal, amplifier means having an input
      connected to said sensor and an output for transmitting the amplified
      signal, and compensating means for said sensor comprising first impedance
      means controllable from low to high impedance and connected in circuit
      with said sensor, the improvement comprising feedback means including
      delay means having a predetermined time rate of response, said feedback
      means being connected between said impedance means and said output of said
      amplifier means and sensing the output of said amplifier means and
      automatically responding thereto in delayed time to vary the impedance of
      said first impedance means, whereby the output of said amplifier means is
      maintained substantially constant except when the time rate of change of
      said output exceeds the time rate of response of said delay means.
NUM  12.
PAR  12. In a device as recited in claim 11, further including means for biasing
      said first impedance means to match a nominal impedance of said sensor,
      said first impedance means having a gate, said biasing means comprising a
      second controllable impedance means having source, drain and gate
      electrodes, means for connecting said drain and gate electrodes together,
      and means coupling the drain electrode of said second impedance means to
      said gate of said first impedance means.
NUM  13.
PAR  13. In a detecting device having a sensor subject to change an electrical
      property upon the occurrence of a predetermined condition and adapted to
      emit a sensible electrical signal upon the occurrence of a given magnitude
      of change in said electrical property within a finite period of time, the
      improvement comprising impedance means connected to said sensor and
      capable of matching the impedance of said sensor over a wide range of
      changes of said electrical property, amplifier means connected to the
      junction of said sensor and said impedance means, said amplifier means
      having an input and an output and amplifying said changes in the
      electrical property, and feedback means connecting said output of said
      amplifier means to said impedance means, said feedback means having time
      delay means for delaying feeding the amplifier output to said impedance
      means.
NUM  14.
PAR  14. In a detecting device having a sensor subject to change an electrical
      property upon occurrence of one or more predetermined conditions and
      adapted to emit a sensible electrical signal upon occurrence of a given
      rate of change of the electrical property, the improvement comprising
      compensating means connected in series circuit with said sensor, amplifier
      means having an input and an output with said input being connected to the
      junction of said compensating means and said sensor, and a feedback
      circuit connecting the output of said amplifier means to said compensating
      means for causing said impedance means to compensate for changes in the
      electrical property of said sensor, said feedback circuit including time
      delay means for delaying the response of said compensating means to
      changes in the amplifier output, whereby a sensible electrical signal is
      given only upon the occurrence of said given rate of change of the
      electrical property.
PATN
WKU  039328511
SRC  5
APN  4764420
APT  1
ART  234
APD  19740605
TTL  Aerosol detector
ISD  19760113
NCL  9
ECL  1
EXA  Myer; Daniel
EXP  Caldwell; John W.
NDR  1
NFG  6
INVT
NAM  Rayl; Martin
CTY  Trenton
STA  NJ
INVT
NAM  Hanson; Harold Duane
CTY  East Brunswick
STA  NJ
ASSG
NAM  RCA Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  340237S
XCL  178  79
EDF  2
ICL  G08B 1710
FSC  340
FSS  237;227 R
FSC  250
FSS  324;325;326
FSC  324
FSS  33
FSC  178
FSS  7.9
UREF
PNO  2932966
ISD  19600400
NAM  Grindell
UCL  324 33
UREF
PNO  3823372
ISD  19740700
NAM  Hanson et al.
XCL  324 33
LREP
FR2  Whitacre; E. M.
FR2  Emanuel; P. M.
ABST
PAL  An ion current is produced between two spatially separated electrodes by
      creating a corona discharge about one of these electrodes and causing ions
      to flow to the other electrode. Aerosols introduced into the region
      between the two electrodes interact with the flowing ions causing a
      resultant decrease in ion current. A decrease in ion current is sensed to
      indicate the presence of aerosols. A reflecting member reflects aerosols
      towards the electrodes causing a relatively lengthy interaction between
      the aerosols and the ion current.
BSUM
PAR  This invention relates generally to apparatus for detecting the presence of
      aerosols in gases and particularly to aerosol detectors suitable for
      detecting particles evolved from a combustion.
PAR  Aerosol detectors generally may be categorized into two classifications:
      those which sense molecules that interrupt a light beam and those which
      sense the interaction of molecules with an ion current. In the operation
      of an optical aerosol detector, aerosol particles interrupt a light beam,
      changing the electrical output of an associated light detector. The output
      change of the light detector is sensed and an alarm signal generated. The
      optical aerosol detector has the main disadvantage of requiring a
      significant amount of aerosol particles in front of its detecting device
      in order to provide a usable signal. A design consideration in the
      construction of optical aerosol detectors is the requirement that an
      associated light source which forms part of the detector mechanism be
      shielded from ambient light. Relatively elaborate arrangements for
      shielding the detector mechanism from ambient light generally hamper
      ingress of aerosols to the detector typically resulting in relatively long
      delays prior to providing an output signal. Such aerosol detectors further
      have the problem of increased degradation in sensitivity as dust particles
      and other aerosols cover the detecting mechanism.
PAR  The second type of aerosol detector mentioned above utilizes the effect of
      smoke particles upon the current flow in an ionization chamber. In such
      devices, two electrodes are arranged in the path of the aerosol. A source
      of electrical potential is applied across the two electrodes. Thereafter,
      ion pairs are introduced in the region between the electrodes, producing a
      current flow in an associated external circuit. The introduction of
      aerosols into the region between the two electrodes causes a decrease in
      the mobility of the ions which causes a decrease in the current flow in
      the external circuit. This decrease in current flow is thereafter utilized
      to activate additional alarm circuitry.
PAR  The prior art is replete with ionization devices, such as the one mentioned
      above. These ionization devices, although varied in geometry, generally
      have at least one source of radioactive material for producing ion pairs
      in the region of the electrodes. Radioactive materials, when utilized with
      aerosol detectors such as those found in the prior art, have the
      disadvantage of being a potential health hazard in that alpha particles
      are generally radiated and, in addition, have the disadvantage of
      providing a relatively small amount of ionization in the region between
      the electrodes. As a result of the relatively small amount of ionization,
      the current in the external circuit is extremely small, requiring
      relatively elaborate signal amplification apparatus to achieve a desirable
      sensitivity. Shielding is generally necessary to decrease noise effects
      caused by external radiation upon the relatively sensitive signal
      detecting circuitry. Furthermore, periodic recalibration of both the
      optical aerosol detector and the radioactive source ionization type of
      aerosol detector is frequently required.
PAR  It is therefore desirable to provide an aerosol detector which has a
      relatively large output current along with a high degree of sensitivity
      and, furthermore, which is free of the health hazards that might be
      associated with a radioactive source. In a co-filed application entitled
      HIGH VOLTAGE AEROSOL DETECTOR, Ser. No. 476,445, in the names of Rayl et
      al., an aerosol detector having the above-mentioned desirable qualities is
      disclosed. High voltage aerosol detectors disclosed in this latter
      application incorporate two electrodes between which an ion current is
      caused to flow. Aerosol particles that enter the region between the two
      electrodes interact with the ion current causing a signal to be generated
      in associated circuitry.
PAR  In accordance with the present invention, an improved embodiment of the
      above-mentioned high voltage aerosol detector which is suitable for
      sensing small intermittent quantities of aerosols incorporates three
      electrodes. The first electrode is a discharge means about which a corona
      discharge is developed when coupled to a source of given electric
      potential. The second electrode is a receiving means arranged for
      receiving the charged particles provided by the discharge means. The third
      electrode is a reflecting means, located adjacent the receiving means for
      reflecting aerosols towards the receiving means. A current sensing means,
      which is coupled to the receiving means, detects a resultant current flow
      caused by the corona discharge. The discharge means, the receiving means
      and the reflecting means are arranged in a gas in which aerosols may be
      present.
DRWD
PAR  A better understanding of the invention will be derived from the following
      detailed description and the accompanying drawings of which:
PAR  FIG. 1 is a schematic representation of a two-element aerosol detector and
      associated electronic circuitry as disclosed in the above-referenced
      application;
PAR  FIG. 1a is a perspective drawing of a two-element aerosol detector;
PAR  FIG. 2 is a schematic representation of a three-element aerosol detector
      suitable for use with the circuitry of FIG. 1 in accordance with the
      present invention;
PAR  FIG. 3 is a cutaway view of the apparatus of FIG. 2;
PAR  FIG. 4 is an arrangement of the apparatus of FIG. 3 in a television
      receiver; and
PAR  FIG. 5 illustrates an apparatus suitable for providing a line corona
      discharge in an aerosol detector.
DETD
PAR  In the apparatus of FIGS. 1 and 1a, a source of high voltage 10 is coupled
      through a terminal 18 to a probe 12. Probe 12 operates in conjunction with
      a receiving electrode 16 to form an aerosol detector 14. Illustratively,
      probe 12 is formed in a rod-like shape with a substantially blunt end
      portion that is free of sharp points or edges. A hemispherically shaped
      blunt end is particularly well suited for this application. Probe 12 is
      desirably comprised of material having a relatively high thermal
      conductivity such as tungsten, gold, copper, etc.
PAR  The receiving electrode 16 may be of a disc-shape having a relatively large
      diameter with respect to the diameter of the blunt end of probe 12. In
      FIG. 1a, probe 12 is illustratively mounted by an insulating block 13 to a
      wall of a perforated housing 15. A disc-shaped receiving electrode is
      mounted by a rod 17 to a wall of housing 15 opposite probe 12. Other
      configurations or shapes of receiving electrode 16 may operate suitably
      well, for example, a hemisphere, paraboloid, rectangular plate, etc. The
      blunt end portion of probe 12 is desirably positioned a predetermined
      distance from electrode 16 along an axial line passing through the center
      of this electrode. The diameter of the blunt end of probe 12 is chosen
      such that its radius of curvature is small in comparison with the radius
      of curvature of electrode 16 when such radius of curvature is measured
      along a line passing through the major axis of the probe and the center of
      this electrode. By properly selecting the respective radii of curvature of
      probe 12 and receiving electrode 16 and the spacing of these electrodes, a
      corona discharge may be formed about the blunt end of the probe. Spacing
      between probe 12 and receiving electrode 16 is such that the receiving
      electrode is out of the corona discharge region and in a space charge
      limited current region.
PAR  Electrode 16 is coupled through a terminal 19 to circuitry suitable for
      sensing a change in current and responsively providing an alarm signal.
      One example of a circuit that provides these and other desirable features
      is illustrated in FIG. 1. In this circuitry, terminal 19 is coupled to an
      amplifier 20, a resistor 22 and a capacitor 24. Resistor 22 is selected,
      in accordance with the current flow between probe 12 and electrode 16,
      such that the voltage thereacross is of the order of several volts, for
      example, 1 to 4 volts. Capacitor 24, coupled across resistor 22, operates
      as a filter to smooth the voltage across this resistor. Amplifier 20 is an
      operational amplifier arranged to sense the current flowing between probe
      12 and electrode 16. A feedback resistor 26 is coupled between the output
      of amplifier 20 and an inverting input terminal 21 and is utilized to
      adjust the gain of amplifier 20. An integrating capacitor 28, coupled
      across resistor 26, operates to integrate current changes provided from
      aerosol detector 14. A compensating circuit is also coupled to inverting
      input 21 of amplifier 20 for decreasing the effect on the detector output
      of changes in the voltage provided by high voltage source 10. The
      compensating circuit includes a voltage divider comprised of the series
      combination of resistors 30 and 34 and potentiometer 32 coupled across the
      output of high voltage source 10. An output from this voltage divider is
      provided at the adjustable terminal of potentiometer 32 to which a
      capacitor 36 and resistor 38 are coupled. Capacitor 36 operates to reduce
      ripple in the voltage provided at the output of this voltage divider, and
      resistor 38 couples this output voltage to inverting input terminal 21 of
      amplifier 20. A further voltage divider comprised of potentiometer 40 and
      resistor 42 is coupled to terminal 21 of amplifier 20 for providing a
      desired offset voltage at the output of this amplifier.
PAR  Signals appearing at the output of amplifier 20 are coupled to a buffer
      amplifier 44. The purpose of amplifier 44 is to provide sufficient signal
      gain to drive an alarm circuit 46. Alarm circuit 46 may comprise an
      electronic or electromechanical sounding device, such as a bell or
      electronic tone alarm and may further incorporate circuitry for disabling
      other electrical apparatus or operating a fire extinguisher.
PAR  In the operation of the above-described circuitry, the high voltage source
      10 is set at a voltage sufficient to provide a corona discharge at the
      blunt end of probe 12. Ions provided by the corona discharge flow within
      the region between the blunt end of probe 12 and the receiving electrode
      16 creating a current flow in the associated external circuitry coupled to
      terminals 18 and 19. The current flow created in the external circuitry is
      of a relatively large magnitude of the order of 1 microampere. This
      relatively high current which is caused by the correspondingly large
      quantity of ions produced by the corona discharge allows circuitry to be
      used with this aerosol detector which is substantially free of electrical
      shielding requirements.
PAR  The spatial region in which the ions flow may be categorized into two
      specific regions, a corona discharge region adjacent the blunt end of
      probe 12 and a space charge limited current region or passive zone between
      the latter region and the receiving electrode. Ions in the passive zone
      move at a relatively slow velocity towards receiving electrode 16 creating
      an ion current flow in this zone. The direction of ion current flow in the
      passive zone is determined by the polarity of the voltage applied to probe
      12 and electrode 16. For purposes of explaining the operation of this
      aerosol detector, it may be assumed that a positive potential is applied
      to probe 12 and a negative potential applied to electrode 16. The
      relatively large molecules comprising the aerosols introduced into the
      region between probe 12 and receiving electrode 16 appear to adhere to the
      flowing ions in the passive zone decreasing their mobility. This decrease
      in ion mobility results in a corresponding decrease of the current flow in
      the associated external circuitry. Amplifier 20 senses this decrease in
      current flow and provides a corresponding change in output voltage. The
      relatively high degree of sensitivity of this smoke detector to small
      quantities of aerosols appears to be due to some combination of the
      relatively large quantity and low velocity of ions in the passive zone. In
      the event that the aerosol flowing between the probe and receiving
      electrode occurs in relatively small, intermittent quantities rather than
      a continuous flow, the integrating effect of amplifier 20 allows a smooth
      output signal to be developed at the output of this amplifier rather than
      a series of output signals corresponding to the peak aerosol quantities
      between the probe and receiving electrode. Hence, a relatively steady
      output signal may be derived from amplifier 20 in the presence of a
      plurality of small quantities of aerosols making it easier to discern the
      presence of an aerosol from, for example, noise transients. In some
      applications, however, it may be desirable to detect small, intermittent
      aerosol quantities. In such cases, the integrating capacitor may be
      eliminated and the alarm circuitry adjusted to respond to signals of
      relatively short duration.
PAR  In some particular applications of the abovedescribed circuitry, the high
      voltage source 10 may be relatively unstable. If the high voltage from
      source 10 varies, the ion current in the passive zone will change
      proportionately causing a correspondingly changed current to flow into
      terminal 23 of amplifier 20. Unless compensation is made to amplifier 20
      for such changes in high voltage, false alarms may be created in response
      to decreases in high voltage. To minimize the effect of high voltage
      fluctuation, a compensating network is utilized. The compensating network
      operates in the following manner. The voltage level provided at the output
      of high voltage source 10 is sampled at potentiometer 32 and fed into an
      inverting input of amplifier 20. By providing a current into the inverting
      input of amplifier 20 that is proportional to the high voltage level,
      amplifier 20 may be made to have an output that is substantially unrelated
      to changes in voltage output from source 10. If output signals from
      amplifier 20 are made to be substantially unrelated to fluctuations in
      output voltage from source 10, then the changes in output voltage from
      amplifier 20 can be attributed substantially only to changes in aerosol
      quantities in the passive zone adjacent to receiving electrode 16. Voltage
      changes at the output of amplifier 20 may be coupled through a buffer
      amplifier 44 to an alarm circuit 46. Alarm circuit 46 may be arranged to
      operate in response to a predetermined voltage level provided at the
      output of amplifier 20.
PAR  The aerosol detector 14, as described above, is relatively sensitive to the
      presence of aerosols; however, small and infrequent amounts of aerosols in
      the passive zone adjacent electrode 16 may create signals at the output of
      amplifier 20 which are relatively brief in duration and indistinguishable
      from noise transients. An improved version of the above-described aerosol
      detector that is effective in aiding distinction between small quantities
      of aerosols and transient signals is illustrated in FIGS. 2 and 3. In
      accordance with this improved embodiment, a probe 50 is arranged in line
      with a screen 52 and a plate or cup member 54. This particular aerosol
      detector configuration may be coupled to the circuitry illustrated in FIG.
      1 by substituting this apparatus at respective terminals 18 and 19. The
      apparatus of FIGS. 2 and 3 has the particular advantage of entrapping
      aerosols in the region between screen 52 and plate 54. Entrapment of
      aerosols in this region causes the aerosols to interact for a relatively
      long duration with the charged particles in the adjacent passive zone. A
      long interaction of aerosols with charged particles in the passive zone of
      the aerosol detector results in a correspondingly lengthy output signal
      from amplifier 29. Hence, relatively small amounts of aerosols in the
      passive zone of the aerosol detector 56 cause a correspondingly lengthy
      output signal which may be more easily distinguished from signal
      transients than could a signal generated, for example, from aerosol
      detector 14. As a result, relatively small quantities of aerosols may be
      reliably detected.
PAR  In a further arrangement of aerosol detectors 14 and 56, the apparatus of
      FIG. 5 is substituted for respective probe members 12 and 50. FIG. 5
      illustrates apparatus for producing a line corona discharge and is
      comprised of a wire 102 fastened to screws 103 on a "C" shaped insulating
      bracket 104. Wire 102 is maintained straight and taut, by a spring member
      106 coupled in series with it. A mounting bracket 108 fastened to bracket
      104 may be utilized to fasten this apparatus in an aerosol detector in
      place of, for example, insulating block 58 (see FIG. 3). When the
      apparatus of FIG. 5 is substituted for either probe 12 or 50 and an
      appropriate potential applied to terminal 18, a corona discharge may be
      produced along a portion of wire 102. The corona discharge produced by
      this means is effective in providing ions for an aerosol detector.
PAR  In one particular embodiment of the apparatus illustrated in FIG. 3, an
      aerosol detector 56 is mounted within a television receiver as shown in
      FIG. 4. This arrangement is particularly advantageous for detecting smoke
      caused by smoldering components within a television receiver and may be
      utilized with circuitry, not shown, for disabling the television receiver
      in the event such smoke occurs. It should be noted that a television
      receiver utilizes a high voltage power supply for providing an
      accelerating potential to an electron beam in an associated image display
      device. This high voltage power supply generally provides adequate voltage
      for operating the above-described aerosol detector and may be coupled, for
      example, to the probe of this detector through a voltage divider at the
      output of the high voltage power supply or to a tap on the associated high
      voltage transformer. If the high voltage power supply in the television
      receiver is utilized with the aerosol detector, the circuitry illustrated
      in FIG. 1 may be advantageously employed to compensate for changes in high
      voltage when, for example, the brightness of the displayed image is
      changed.
PAR  Television receivers are generally designed so that air for cooling the
      associated components enters through vents 70 provided near the bottom of
      the receiver and exits through further vents 72 provided near the top of
      the receiver. By placing one or more aerosol detectors near the top area
      of the receiver in the path of exiting air, as shown in FIG. 4, smoke
      provided by any of the smoldering components can be caused to flow past
      the smoke detector. Furthermore, smoke and other aerosols developed
      outside the television receiver from, for example, a cigar or pipe, will
      generally not cause the aerosol detector to falsely sound an alarm. This
      is because such smoke tends to rise away from the television receiver's
      air inlets and is repelled at the air outlets. It is thus unlikely to
      enter into the receiver's cabinet. This feature allows the aerosol
      detector to be adjusted to a particularly high level of sensitivity for
      television receiver smoke sensing applications, since it will generally be
      unaffected by external sources of aerosols.
PAR  In one specific and nonlimiting example of the aerosol detector of FIG. 1,
      the probe member 16 was made of solid gold material having a length of
      about one inch, a diameter of about 0.025 of an inch and a hemispherical
      blunt end. The receiving electrode 16 was made in the shape of a disc with
      about a 1-inch diameter. Brass material was utilized for this electrode.
      The tip of the probe 12 was spaced from receiving electrode 16 by about
      7/8 of an inch. The high voltage source 10 was set at about 7500 volts
      with the positive terminal coupled to the probe. It was determined through
      experimentation that the particular geometry mentioned above provided good
      stability and high immunity to changes in temperature and humidity.
      Similarly, the apparatus of FIG. 2 was constructed utilizing the same
      probe material as that mentioned above with respect to probe 12. A block
      of Teflon material 58 was utilized to support probe 50. Screen 52 was made
      about 1 inch in diameter and spaced from a cylindrical cup shaped member
      54 by about 1/32 of an inch. Nylon screws and ceramic washers were
      utilized to support the screen from the cup. Cup member 54 was made of
      brass cylindrical material having a closed end away from the screen, an
      outside diameter of about one inch, an inside diameter of about 7/8 of an
      inch and an internal depth of about 3/8 of an inch. An outside housing 57
      supporting the aerosol detector was constructed of bakelite material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for detecting aerosols in a gas comprising:
PA1  discharge means having an electrode about which a corona discharge is
      developed when coupled to a source of given potential;
PA1  receiving means for receiving a continuous current of charged particles
      provided by said discharge means, said discharge means and said receiving
      means arranged in a gas in which aerosols may be present;
PA1  reflecting means adjacent said receiving means and separated from said
      discharge means by said receiving means for reflecting aerosols towards
      said receiving means; and
PA1  sensing means coupled to said receiving means for detecting the current of
      charged particles received by said receiving means.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein:
PA1  said receiving means comprises a perforated memeber arranged a
      predetermined distance from said discharge means for receiving charged
      particles from said discharge means.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein:
PA1  said reflecting means comprises a member having a planar surface spaced a
      predetermined distance from said receiving means for reflecting aerosols
      toward said receiving means.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein:
PA1  said member is a cylindrical cup having an open end adjacent said receiving
      means.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein:
PA1  said discharge means comprises a cylindrical probe having a substantially
      blunt end free of sharp points and edges.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein:
PA1  said sensing means includes an amplifier having a first input terminal for
      receiving current from said receiving means, a second input terminal
      coupled to said probe for compensating the output level of said amplifier
      in response to changes in the voltage level applied to said probe and an
      output terminal for providing signals in response to current provided by
      said receiving means.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein:
PA1  said receiving means comprises a wire mesh arranged a predetermined
      distance from said discharge means for receiving charged particles from
      said discharge means.
NUM  8.
PAR  8. Apparatus for detecting smoke in a cabinet enclosed television receiver
      having a high voltage power supply for providing an accelerating potential
      to an electron beam in an associated image display device comprising:
PA1  means for providing a corona discharge coupled to said high voltage power
      supply;
PA1  a receiving means spaced a predetermined distance from said discharge means
      for receiving a continuous current of charged particles provided by said
      corona discharge;
PA1  a reflecting means adjacent said receiving means and separated from said
      discharge means by said receiving means for reflecting aerosols towards
      said receiving means;
PA1  a perforated housing for enclosing said discharge means, said receiving
      means and said reflecting means, arranged within said television
      enclosure; and
PA1  sensing means coupled to said receiving means for providing an alarm signal
      in response to the presence of smoke within said television receiver
      enclosure.
NUM  9.
PAR  9. Apparatus for detecting aerosols in a gas comprising:
PA1  a wire member, a portion of which is arranged in a straight line for
      providing a line corona discharge when coupled to a source of given
      potential;
PA1  an electrode arranged in a plane parallel to said straight line portion for
      receiving a continuous current of charged particles provided by said
      corona discharge;
PA1  a reflecting member adjacent said receiving electrode and separated from
      said discharge means by said receiving means for reflecting aerosols
      towards said receiving electrode; and
PA1  alarm circuitry coupled to said electrode for providing an alarm signal in
      response to changes in charge particle current at said electrode.
PATN
WKU  039328520
SRC  5
APN  4094492
APT  1
ART  234
APD  19731025
TTL  Liquid level detection systems
ISD  19760113
NCL  1
ECL  1
EXP  Yusko; Donald J.
NDR  1
NFG  2
INVT
NAM  Hill; William Frank
CTY  Stafford
CNT  EN
ASSG
NAM  Lucas Electrical Company Limited
CTY  Birmingham
CNT  EN
COD  03
PRIR
CNT  UK
APD  19721117
APN  53085/72
CLAS
OCL  340244R
XCL  340 59
EDF  2
ICL  G08B 2100
FSC  340
FSS  59;244
UREF
PNO  3350710
ISD  19671000
NAM  Bridges
XCL  340 59
UREF
PNO  3461447
ISD  19690800
NAM  Marbouby
OCL  340244E
UREF
PNO  3644885
ISD  19720200
NAM  Radin
OCL  340244C
UREF
PNO  3760352
ISD  19730900
NAM  Marcoux
OCL  340 59
UREF
PNO  3781839
ISD  19731200
NAM  Bodge
OCL  340244R
UREF
PNO  3792456
ISD  19740200
NAM  Hill
OCL  340 59
UREF
PNO  3810143
ISD  19740500
NAM  Lawson et al.
OCL  340244R
UREF
PNO  3813629
ISD  19740500
NAM  Szeverenyi et al.
OCL  340244R
LREP
FRM  Holman & Stern
ABST
PAL  A liquid level detection system has a monitoring device which contacts the
      liquid when the liquid level is above the predetermined level, and a
      positive temperature co-efficient resistor mounted in the system at the
      position where the temperature is to be sensed. The components are
      connected up in such a way that a warning is given if the liquid level
      falls or the temperature at a given point rises beyond a predetermined
      value.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to liquid level detection systems, more particularly
      for use in road vehicles.
PAR  The object of the invention is to provide a system which not only detects
      the level of the liquid and gives a warning if the level falls below a
      predetermined value, but also gives a warning if the temperature at a
      given point in the system rises above a predetermined value.
PAC  SUMMARY OF THE INVENTION
PAR  A system according to the invention comprises in combination a monitoring
      device mounted so that it contacts the liquid when the liquid level is
      above the predetermined level, the liquid being in the container which is
      earthed, and a positive temperature coefficient resistor mounted in the
      system at a position where the temperature is to be sensed, one terminal
      of the positive temperature coefficient resistor being connected to earth
      through the monitoring device and the liquid in series, so that if the
      liquid falls below the predetermined value, the impedance to earth will be
      substantially increased, the other terminal of the positive temperature
      coefficient resistor being connected to a circuit which gives a warning if
      the impedance to earth increases substantially, and also gives a warning
      of the resistance of the positive temperature coefficient resistor changes
      as a result of excessive rise of temperature in the vicinity of said
      resistor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings,
PAR  FIG. 1 is a sectional and partly diagrammatic view of a monitoring device
      and a positive temperature coefficient resistor used in accordance with
      one example of the invention, and
PAR  FIG. 2 is a circuit diagram of a system using the arrangement shown in FIG.
      1.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, the monitoring device is indicated generally by
      the reference numeral 10 and is connected to the lid 9 of a container
      having therein the liquid, the level of which is to be monitored. In a
      road vehicle, the liquid could be coolant, lubricating oil, fuel or
      hydraulic fluid by way of example.
PAR  The unit 10 comprises an electrically insulated bush 11 which is mounted in
      the lid 9 by means of a grommet 8 and associated nut 7. Secured to the
      lower end of the bush 11 is an electrically conductive cup 12 to the base
      of which is secured a lead 15a. The other end of the lead 15a is connected
      to one terminal of a positive temperature coefficient resistor 13 mounted
      on the base of an electrically insulating housing 6 which, where the
      system is used in a road vehicle, is mounted in a cylinder head of the
      vehicle. The other terminal of the resistor 13 is connected through a
      capacitor 14 to a lead 15.
PAR  Referring now to FIG. 2, the circuit includes positive and negative supply
      lines 21, 22, and the monitoring device is shown at 10 in FIG. 2 and is of
      course connected to the line 22, the connection shown representing the
      connection through the liquid, which will have a relatively low impedance
      as long as the liquid level is correct, but a substantially increased
      impedance if the liquid level falls below the cup 12. The capacitor 14 can
      be in the container 6 as shown in FIG. 1, or can be part of the circuit.
      The lead 15 is connected through a resistor 23 to the line 21, and is
      further connected through a resistor 24 to the base of an n-p-n transistor
      25 having its emitter connected through a resistor 26 to the line 22 and
      its collector connected through a resistor 27 to the line 21. The
      collector of the transistor 25 is further connected to the base of an
      n-p-n transistor 28, the emitter of which is connected through a resistor
      29 to the line 22 and the collector of which is connected through a
      resistor 31 to the line 21. The collector of the transistor 28 is
      connected through a capacitor 32 and a resistor 33 in series to the
      emitter of the transistor 25, and the junction of the capacitor 32 and
      resistor 33 is connected through a capacitor 34 and a resistor 35 in
      series to the lead 15. The emitter of the transistor 28 is connected
      through a diode 36 and a resistor 37 in series to the lead 15.
PAR  The emitter of the transistor 28 is further connected to the base of an
      n-p-n transistor 39, the emitter of which is connected to the line 22 and
      the collector of which is connected to the line 21 through the winding 41
      of a relay, the winding 41 being bridged by a diode 42 and serving when
      energised to close a normally open contact 43 which is connected in series
      with a warning device 44 between the lines 21 and 22.
PAR  The transistors 25 and 28 constitute a multi-vibrator oscillator with
      positive feedback by way of the capacitors 32 and 34 and resistor 35 to
      the base of the transistor 25, and negative feedback by way of the
      capacitor 32 and resistor 33 to the emitter of the transistor 25. The
      amount of the positive feedback is determined by the impedance to earth of
      the path through the lead 15, capacitor 14 and unit 10, while the negative
      feedback is fixed by the resistors 33 and 26. Assuming that the level of
      the liquid is above the cup 12, and that the temperature of the resistor
      13 is not excessive, then the impedance by way of the unit 10 is low and
      the positive feedback is insufficient to overcome the negative feedback,
      so that the circuit does not oscillate. The values of the various
      resistors in the circuit are selected so that in this condition, both
      transistors 25 and 28 are on, and current also flows through the diode 36.
      The conduction of the transistor 25 is insufficient to stop the transistor
      28 from conducting, and the conduction of the transistor 28 is
      insufficient to turn on the transistor 39, so that the winding 41 is not
      energised.
PAR  If the level of liquid falls below the cup 12, then the impedance by way of
      the unit 10 is increased substantially, and there is sufficient positive
      feedback to the base of the transistor 25 to overcome the negative
      feedback and cause the circuit to oscillate. During oscillation, when the
      transistor 28 is on, the transistor 39 is provided with base current and
      is turned on to energise the winding 41. When the transistor 28 is off,
      the transistor 39 is also off, but the energy stored in the winding 41
      causes current to flow through the diode 42, the period of oscillation
      being such that the winding 41 is kept energised. The contact 43 therefore
      closes to energise the warning device 44. By virtue of the diode 36, the
      off periods of the transistor 25 are substantially in excess of the on
      periods of the transistor 25, and typically the transistor 39 is turned on
      for about 90 percent of the period of the multivibrator oscillator. As a
      result, a substantial proportion of the supply voltage appears as the
      average voltage across the winding 41.
PAR  If the liquid level is above the cup 12, but the temperature of the
      resistor 13 becomes excessive, then again the impedance through the unit
      10 increases substantially and the positive feedback becomes sufficiently
      large to cause the circuit to oscillate, so that the warning device 44 is
      energised.
PAR  The warning device 44 can take a variety of forms, and could simply be a
      lamp. However, in some cases an audible warning is to be preferred, and in
      one arrangement an audible indication can be obtained from the transistor
      39 without using the winding 41 by coupling the output from the transistor
      39 to the loud-speaker of a car radio, resulting in a high-pitched noise
      whether or not the radio is on. Alternatively a suitable electro-acoustic
      transducer may be used in place of the winding 41, and/or a warning lamp
      may be used in this circuit position. Where the liquid monitored is engine
      coolant, the relay 41 may be used to control an electrically operated
      radiator fan, in which case an audible warning device need not be used.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for monitoring both the level of a liquid in a container and
      the temperature of a component remote from said container, which
      comprises:
PA1  monitoring means in a liquid container which is electrically grounded,
      which contacts the liquid at a first location in said container when the
      liquid level is above a predetermined level;
PA1  a positive temperature coefficient resistor mounted at a second location on
      said component, remote from said container, said resistor being
      electrically insulated from said component at said second location whose
      temperature is desired to be monitored;
PA1  one terminal of said positive temperature coefficient resistor being
      connected to ground through said monitoring means and said liquid in
      series, so that if the liquid level falls below said predetermined level,
      the impedance to ground will be substantially increased;
PA1  the other terminal of said positive temperature coefficient resistor being
      connected to a circuit which includes means for providing a warning if the
      impedance to ground increases substantially as a result of either said
      liquid falling below said predetermined level at said first location or if
      the resistance of said positive temperature coefficient resistor changes
      as a result of an excessive rise in temperature at said second location.
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ABST
PAL  Apparatus for warning of the failure of a sump pump comprising an
      electrical alarm connected in an electric circuit, a switch for closing
      the circuit to activate the alarm, and a movable float positioned in the
      sump for actuating the switch when the water level in the sump reaches a
      height indicative of sump pump failure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  The present invention relates to a warning device for indicating the
      failure of a sump pump.
PAR  Description of the Prior Art
PAR  Residential buildings and other edifices frequently have incorporated in
      the lowest level thereof a sump which serves as a drain for ground water,
      rain water, etc. entering the structure through the walls or base thereof.
      In order to keep the water from overflowing the sump and entering the
      lowest floor of the structure, a sump pump is usually provided for
      draining water from the sump. This sump pump is generally either mounted
      within the sump itself or else at a distance above the sump. In order to
      conserve energy, means are generally provided for activating the sump pump
      only when a certain amount of water is detected in the sump, so that the
      water level is prevented from exceeding a predetermined level.
PAR  If the sump pump should fail, either by becoming completely inoperative or
      by operating at reduced capacity, serious damage and great inconvenience
      may occur if water overflows the sump and enters the base floor of the
      structure. The occupant of a building generally only learns of the failure
      of his sump pump when the basement becomes flooded or when by chance he
      happens to note that the sump pump has failed. Therefore, the failure of a
      sump pump is frequently accompanied by expensive repairs, both to the sump
      pump itself and to the structure in which it is used.
PAR  It is known in other arts to activate warning devices to indicate high or
      low liquid levels in tanks or compartments. For example, there are
      float-operated warning devices used in association with steam boilers,
      hulls of ships, drip pans, and oil or gasoline tanks. Nevertheless, it has
      heretofore been unknown to indicate the failure of a pump for draining the
      sump in a building through the detection of a high level of water in the
      sump.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide means for warning of
      the failure of a sump pump.
PAR  A further object of the invention is to provide an apparatus of the
      foregoing type which is effective and reliable in operation.
PAR  Another object of the invention is to provide a device for warning of the
      failure of a sump pump, which is simple in construction and economical to
      manufacture.
PAR  Other objects will be apparent from the description to follow and from the
      appended claims.
PAR  The foregoing objects are achieved according to the preferred embodiment of
      the invention by the provision of apparatus comprising an electrical alarm
      connected in a battery-energized circuit for emitting a warning signal
      when the circuit is closed, a float assembly disposed in a sump and
      movable in response to changes of the water level in the sump, and a
      switch for closing the electric circuit when the float moves to a position
      indicating that the sump pump is not removing water from the sump at a
      sufficient rate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows apparatus according to the present invention in a side view as
      used in conjunction with a sump pump.
PAR  FIG. 2 shows in schematic form the electrical circuitry incorporated in the
      apparatus shown in FIG. 1.
PAR  FIG. 3 is a detailed pictorial view of a float assembly used on the
      apparatus shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus described below comprises a housing containing an electrical
      alarm and a storage battery, a float assembly disposed in a sump and
      movable in response to changes in the level of water in the sump, and a
      mercury switch mounted on the float and arranged to close an electrical
      circuit across the alarm when the water level in the sump reaches a
      predetermined high level indicative of failure of a sump pump used for
      draining the sump.
PAR  Referring now to the drawings, there is shown in FIG. 1 a sump 1 disposed
      in the lowest level of a building for receiving drain water. The level of
      the water in the sump is indicated by the numeral 3. Should water level 3
      overflow sump 1 and flow onto the base floor 5 of the building, serious
      damage could occur. Therefore, a sump pump 7 is provided for pumping
      enough water from the sump through a discharge pipe 8 to prevent water
      level 3 from reaching a predetermined high level. Sump pump 7 can be of
      any conventional type, and can have a switch for actuating the pump only
      when water level 3 exceeds a predetermined level.
PAR  Also shown in FIG. 1 is an apparatus for warning of the failure of the sump
      pump. This apparatus comprises a housing 9 which contains an electrical
      alarm and a storage battery, a float assembly 11 which is movable in
      response to changes in water level 3 (once the water level has reached a
      certain position in the sump), and a mercury switch 13 which closes the
      electrical circuit across the alarm when float assembly 11 has moved an
      amount indicative of failure of the sump pump.
PAR  The electrical components of the warning apparatus are shown in FIG. 2.
      These components include a storage battery 15, an electrical alarm 17
      which emits an audible signal when the alarm is connected in an electrical
      circuit, an on-off switch 19 which is used to selectively activate or
      deactivate the system, and mercury switch 13 for completing a circuit
      across electrical alarm 17 in response to the movement of float assembly
      11 as described below. Under normal conditions, i.e. when the sump pump 7
      is functioning properly, mercury switch 13 keeps the circuit open. A test
      switch 23 is also incorporated in this circuit to determine whether the
      charge in storage battery 15 is sufficiently strong to operate the system.
      Each of the foregoing components is of conventional construction, and can
      be acquired with ease at many commercial establishments.
PAR  Float assembly 11 is shown in detail in FIG. 3. This assembly includes a
      float 25 which can be fabricated from any material which is buoyant in
      water such as polyurethane, a hollow plastic, wood, etc. Cost,
      availability, strength, and ease of manufacture dictate the material
      actually used. Float 25 is connected to an arm 27 by a fastener 29. Arm 27
      has a flat end portion 31 which is pivotally attached to a support plate
      33 by a fastener 34. Upper and lower flanges 35 and 36 on plate 33
      constrain the angle of rotation of arm 27. Plate 33 is held fast to
      drainage pipe 8 by a strap 37. Strap 37 is preferably fabricated from a
      corrosion resistant material such as stainless steel or a strong plastic,
      and is held tightly on generally vertically extending sump pump structure
      such as pipe 8 by an appropriate fastener 38. Each of the components of
      float assembly 11 is readily available in hardware establishments.
PAR  Mercury switch 13 is of conventional construction and comprises a glass
      bulb containing a drop of mercury and a pair of probes at one end of the
      bulb connected to electrical wires forming an electrical lead 39 included
      in the electrical circuitry of the system. Lead 39 is secured to drainage
      pipe 8 by means of a second strap 40 and is twisted about the pipe as
      shown in FIG. 1, to render it unobstructive. When the mercury switch is
      inclined so that drop of mercury connects the two probes, a circuit is
      completed through the switch, whereas when the switch is inclined in the
      opposite direction, the mercury flows away from the probes and leaves them
      disconnected. Mercury switch 13 is preferably encapsulated to protect it
      against damage. It is mounted on float arm 27 by a strap 41 and its
      inclination varies with the pivotal movement of arm 27. When arm 27 is
      inclined as shown in FIG. 3, the mercury switch remains open. Only when
      arm 27 passes the horizontal position does the mercury switch close by
      virtue of the mercury flowing towards the two probes.
PAR  Operation of the apparatus is straightforward and effective. The apparatus
      is attached to discharge pipe 8 as indicated in FIG. 1. Particular care
      must be taken to secure strap 35 around discharge pipe 8 so that float 25
      is located at a position coincidental with the highest water level
      allowable in sump 1, which normally would be the level at which pump 7
      maintains the water or prevents the water from exceeding when the pump is
      working properly. After installation of the apparatus, on-off switch 19
      should be turned on so that a circuit will be completed through electrical
      alarm 17 only when mercury switch 13 becomes inclined sufficienty to close
      the circuit including the alarm. When the pump 7 is functioning properly,
      no current will be drawn from storage battery 15. Since the apparatus may
      go for long periods without being activated, it may be desirable from time
      to time to actuate test switch 23 to complete a circuit through electrical
      alarm 17 to determine whether the alarm and the storage battery are
      functioning properly.
PAR  When sump pump 7 fails to remove water at a faster rate than the water is
      entering the sump, water level 3 rises. When water level 3 reaches float
      25, it carries float 25 upwardly causing arm 27 to pivot clockwise. When
      arm 27 passes the horizontal position, mercury switch 13 closes to
      complete a circuit across electrical alarm 17, causing the alarm to
      generate its audible signal.
PAR  Alarm 17 should be selected and placed so that occupants of the structure
      are given effective warning of sump pump failure. The use of a storage
      battery as an energy source for the alarm is preferred over the normal
      power supply to the structure, since a common source of electrical sump
      pump failure will normally be a general power failure. In household
      residences, the present apparatus would be particularly useful at night
      when occupants of the residence would be unaware of such a general power
      failure.
PAR  The apparatus described above thus provides an economical and reliable
      warning system for indicating failure of a sump pump, and achieves the
      objects set forth above. It can be constructed and installed with ease,
      and at a low expense.
PAR  The invention has been described in detail with particular reference to a
      preferred embodiment thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for warning of the failure of a sump pump for pumping water
      from a sump, the sump having a discharge pipe extending vertically from
      the sump, said apparatus comprising:
PA1  a normally open electric circuit having a storage battery as a source of
      electricity;
PA1  an electrical alarm in said electric circuit for emitting a warning signal
      in response to the closing of said electric circuit;
PA1  float means positioned in the sump for moving with the level of water in
      the sump, said float means comprising a support arm pivotally mounted at
      one end on said discharge pipe, and a float attached to the other end of
      said support arm for effecting the rotation of said support arm in
      response to changes in the level of water in the sump;
PA1  constraining means for constraining the rotation of said support arm, said
      constraining means being mounted on said discharge pipe;
PA1  a mercury switch mounted on said support arm for closing said electric
      circuit in response to movement of said float means above a position
      coincident with a water level in the sump indicative of sump pump failure,
      for closing said electric circuit to effect the emission of said warning
      signal; and
PA1  a test switch connected in said circuit for selectively closing said
      electric circuit to determine whether said storage battery is of
      sufficient strength to activate said electrical alarm.
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ABST
PAL  An apparatus and method for detecting breaks in a travelling threadline of
      a synthetic filament is described. The motion of the threadline is
      monitored for speed by means of generating an electrical current by
      passage of the threadline across an idler roll. Increases or decreases in
      the speed of the threadline change the frequency of the electrical current
      generated, thereby providing means for signaling threadline speed changes
      such as occur in breaks and wrapping of the threadline.
BSUM
PAR  The present invention relates to an apparatus for the detection of breaks
      in travelling threadlines and is particularly concerned with yarn and
      fibre processing machinery. The detection of breaks in threadlines is
      known to be necessary for the protection and control of fibre processing
      and machinery. However, the methods which have previously been used have
      either involved routine inspection which is costly or elaborate optical or
      mechanical methods which are both expensive and have at times proved
      unreliable and insufficiently sensitive.
PAR  It is an aim of the present invention to provide a comparatively simple
      technique for sensing breaks in travelling threadlines which preferably
      does not involve any additional contact with the threadline. In yarn and
      fibre processing it is common practice to use rotating rolls to control
      the speed at which yarn is travelling. For example yarn is generally drawn
      between two pairs of rolls, one pair operating at a greater peripheral
      speed than the other. Similarly when yarn is texturised it is generally
      treated while passing between two rolls or pairs of rolls. In these
      processes it is important that the yarn be subjected to a uniform
      treatment and thus the yarn must be under constant tension and not slip as
      it passes around the rolls and it is common practice to pass the yarn
      several times between the processing roll and an idler roll situated close
      thereto, which is driven by the motion of the yarn. Frequently the axis of
      this idler roll is inclined to the axis of the processing roll to ensure
      that the various strands that pass between it and the processing roll
      remain separate and do not become entangled.
PAR  Fibre processing machines of the type described above require constant
      supervision to ensure that when the yarn breaks the machine does not
      continue in operation, causing the loose end to wind onto the roll. An
      object of the present invention is therefore to provide a device which
      automatically senses a break in a travelling thread and emits a signal
      irrespective of where the break in the threadline occurs. In a preferred
      embodiment the signal also actuates a device which interrupts the thread
      supply.
PAR  According to the present invention we provide a device for detecting a
      break in a travelling threadline comprising a driven roll and an idler
      roll between which the threadline passes said idler roll being driven by
      the motion of the thread and means are provided to monitor the speed of
      rotation of the idler roll wherein said means emits a signal when said
      speed varies by at least a pre-determined amount, thus indicating a break
      in the threadline.
PAR  The process of the present invention has two principal advantages. Firstly
      in many instances it is not necessary to add additional rolls to standard
      fibre processing machinery because as already mentioned it is common
      practice to control the speed of a threadline by passing it round a driven
      roll and to minimise slippage on the driven roll by passing the yarn
      several times between the driven roll and an idler roll. Thus, standard
      apparatus may be modified to operate the present invention without any
      need to provide additional means in contact with the yarn to sense breaks.
      An added advantage of the present invention is that a break in the
      threadline is detected irrespective of the side of the driven roll it
      occurs. If the thread breaks before it reaches the driven roll the speed
      of rotation of the idler roll falls as it is no longer driven by the
      movement of the thread. If, however, the thread breaks after it has passed
      the driven rolls, the thread is quickly wound on the driven roll, thus
      increasing the effective diameter of the roll which in turn increases the
      speed of rotation of the idler roll. Thus any variation in the speed of
      rotation indicates a break in the threadline. The size of the idler roll
      is not critical but we prefer that it be of diameter such that for the
      normal threadline speeds the speed of rotation of the idler roll is
      several revolutions per minute.
PAR  In a preferred embodiment of the present invention the means which monitors
      the speed of rotation of the idler roll is more sensitive to increases in
      the speed of rotation than to decreases in the speed. This is particularly
      useful because the rate of increase in the speed of rotation of the idler
      roll is generally smaller when a break occurs beyond the driven roll than
      the rate of decrease of the speed when a break occurs before the driven
      roll. Accordingly, we prefer to use a means which can be adjusted to give
      the required sensitivity to both increases and decreases in speeds of
      rotation.
PAR  As previously mentioned it is standard practice to minimise slippage of
      yarn as it passes around a driven roll by passing the yarn several times
      between the driven roll and and idler roll. In this type of process the
      idler roll is requently known as a separator roll as in many instances it
      is mounted so that its axis is not parallel to the axis of the driven roll
      to ensure that the various yarn paths between the two rolls do not
      intertwine. We have found that the process of the present invention may be
      readily operated by monitoring the speed of rotation of this separator
      roll and that the standard processing machinery may readily be modified to
      enable this to be done.
PAR  Any suitable method may be used to monitor the speed of rotation of the
      idler roll. We prefer, however, to employ a method in which an alternating
      current is generated by the rotation of the idler roll. For example, a
      photocell or magnetic sensor may be used but our preferred method is to
      fit two small magnets onto the separator roll assembly with a coil near to
      them, so that the changes in the magnetic field due to rotation of the
      idler roll produce an alternating electric current in the induction coil.
      The frequency of this current is dependent on the frequency of changes in
      the magnetic field which is in turn dependent on the speed of rotation of
      the idler roll. Another and more preferred method of generating an
      alternating electric current is to mount two magnets on a fixed member
      close to a rotating part of the idler roll; these two magnets are joined
      by a ferromagnetic rod around which is wound an induction coil. In this
      way any change in mangetic flux along the ferromagnetic rod generates a
      current in the induction coil. A series of ferromagnetic poles are then
      situated regularly around the idler roll, the spacing of these poles being
      such that two adjacent poles will coincide with the two magnets. Thus, as
      the roll rotates the ferromagnetic poles on the roll will progressively be
      in register and out of register with the magnets. When they are in
      register a strong magnetic field will be set up through the magnets, the
      ferromagnetic rod, the ferromagnetic poles on the roll and the roll
      itself. The field will however be considerably weaker when the poles are
      out of register with the magnets. Thus, in this way the rotation of the
      roll sets up a variable magnetic field which is transformed into an
      alternating current in the induction coil. The frequency of this current
      depends on the speed of rotation of the roll and the number of poles
      situated around the roll.
PAR  When the method of detection is to set up an alternating current based on
      the speed of rotation of the roll we prefer that the alternating current
      so generated (f.sub.1) is amplified and combined with a second alternating
      current (f.sub.2) which may be provided by any type of local oscillator
      circuit whose frequency is set according to the normal speed of the
      threadline and the desired sensitivity of the detector to changes in speed
      of rotation of the idler roll. The combination of these two frequencies
      produces two frequencies, one being the sum of the two and the other the
      difference between the two. Both these combined frequencies are then fed
      to a tuning or resonance circuit which can be pre-set to select only a
      chosen input frequency, namely the resonance frequency of the resonance
      circuit, all other frequencies being rejected. Accordingly, an electric
      signal is generated by the tuning circuit only when this pre-set resonance
      frequency is applied and this electrical signal can be amplified and
      caused to operate the alarm and yarn interruption systems. As described,
      any variation in rotation of the idler roll sets up both the sum and
      difference frequencies in the detector circuit and thus this resonance
      frequency can be generated when the speed of the idler roll is greater or
      less than that of the reference local oscillator frequency. The detector
      can therefore signal both increases and decreases in the speed of the
      idler rolls, thus indicating thread breaks either side of the driven roll.
      The relative sensitivity of the device to increases or decreases in idler
      roll speed may be determined by the control frequency supplied by the
      local oscillator circuit. For example, the control frequency may be set so
      that the resonance frequency of the circuit is reached by a larger
      reduction in the speed of roll rotation but a smaller increase or vice
      versa.
PAR  The nature of the alarm signal may be chosen to suit requirements, for
      instance the signal may sound a bell or illuminate a light to indicate
      that there has been a break in a threadline. Alternatively, and as is
      preferred, the alarm signal activates a cutter which severs the threadline
      at its feed and may simultaneously illuminate a warning light.
DRWD
PAR  The present invention is illustrated but in no way limited by reference to
      the accompanying drawings in which
PAR  FIG. 1 illustrates the roll system of the present invention;
PAR  FIG. 2 gives a more detailed illustration of the separator roll;
PAR  FIG. 3 shows the mounting of the magnet on the separator roll; and
PAR  FIG. 4 is an electric circuit which is used to monitor the speed of
      rotation of the idler roll.
DETD
PAR  Referring to FIG. 1 the apparatus consists of a feed roll 1 which supplies
      the threadline 2 to the driven galette roll 3. A separator roll 4 is
      mounted close to and above the galette, with its axis 5 inclined to the
      axis 6 of the galette. As illustrated, the threadline 2 passes several
      times between the galette 3 and the separator roll 4 to minimise slippage
      of the thread around the galette. In this way the separator roll is driven
      by the motion of the thread and its speed of rotation may be monitored to
      detect breaks in the threadline.
PAR  The construction of the separator roll 4 is shown in detail in FIG. 2. The
      roll is mounted on the machine on an axle 7 on which it is held by the nut
      8, washer 9 and the screw 10. The outer sleeve 11 of the roller is
      therefore free to rotate about the axle 7 on the ball races 12. A flange
      13 is also mounted on the axle 7 which is recessed to receive the end of
      the sleeve 11. Two magnets, one of which is shown at 14, are mounted in a
      recess fromed in the flange 13 and are joined by a ferromagnetic rod
      around which is wound an induction coil 16. The flange 13 does not rotate
      with the roll. The construction of flange 13 and the seating of the magnet
      14 and the induction coil 16 are shown in more detail in FIG. 3.
PAR  A series of ferromagnetic poles 15 are mounted at the end of the sleeve 11
      and are arranged so that adjacent poles come into register with the two
      magnets 14 as the roll rotates. Thus when the roll rotates poles 15
      successively come into and out of register with the pair of magnets 14
      thus setting up a fluctuating magnetic flux along the ferromagnetic rod
      joining the magnets 14. This in turn creates an alternating current of
      frequency f.sub.1 in the coil 16 which lies in the magnetic field. The
      terminals 18 which are seated in a groove 17 formed in the flange 13 are
      connected to the coil 16 and feed the current f.sub.1 to the detection
      circuit illustrated in FIG. 4. In this circuit the current due to the
      frequency of rotation of the separator roll f.sub.1 is first amplified by
      the transistor Tr.sub.1 and then combined with a standard frequency
      f.sub.2 at the Diode D. The diode transmits the combination of f.sub.1 and
      f.sub.2 so that, in particular, frequencies corresponding to (f.sub.1 -
      f.sub.2) or f.sub.2 -  f.sub.1) are fed to the resonance circuit LC, which
      is tuned to have a frequency f.sub.3. By this means a signal is conducted
      only when f.sub.1 - f.sub.2 = f.sub.3 or when f.sub.2 - f.sub.1 = f.sub.3,
      and this signal is transmitted through the amplifying transistor TR.sub.2
      to activate the alarm.
PAR  The magnitudes of the local oscillator standard frequency f.sub.2 and that
      of the resonance frequency f.sub.3 may be varied to make the device more
      sensitive to variations in f.sub.1 - f.sub.2 or in f.sub.2 - f.sub.1,
      independently as required. For instance if the frequencies f.sub.2 and
      f.sub.3 are pre-set so that the frequency f.sub.1 during normal running is
      nearer to f.sub.2 + f.sub.3 than to f.sub.2 - f.sub.3, then the device
      will be more sensitive to increases in idler roll speed than to decreases
      in it. This is particularly advantageous because when a thread break
      occurs beyond the galette and the thread wraps around the galette in an
      indesirable way, the number of revolutions of the separating roll 4
      initially increases relatively slightly so in this instance it is
      desirable to reach the resonance frequency of the oscillatory circuit more
      quickly. If, however, a thread break occurs between the feed roll 1 and
      the galette 3, then the number of revolutions of the separating roll 4
      falls quickly to the value zero which results in an almost jumplike change
      in the frequency f.sub.1. Thus, even with a damped system the resonance
      frequency (f.sub.2 - f.sub.1) is reached practically without any loss in
      time when a break occurs beyond the galette. The oscillatory circuit LC
      itself need not be of a high quality and we have found that a relatively
      flat resonance curve suffices.
PAR  The present invention is further illustrated but in no way limited by the
      following example of the use of an apparatus of the type illustrated in
      the accompanying drawings. When the machine was working normally the
      current generated by the rotation of the idler roll had a frequency of
      5,000 cycles per second. It is desirable that the detector system should
      emit an alarm signal if this frequency either increases to 5,040 cycles
      per second or decreases to 3,820 cycles per second. Thus, if the local
      oscillator standard frequency is f.sub.2 and the resonance frequency of
      the tuning circuit is f.sub.3 they are set so that
EQU  f.sub.2 + f.sub.3 = 5040 and
EQU  f.sub.2 - f.sub.3 = 3820  which means that f.sub.2 = 4430 cycles per second
      and f.sub.3 = 610 cycles per second.
PAR  Thus, it may be seen from this example that the values of f.sub.3 and
      f.sub.2 may be chosen so that an alarm signal is emitted at any
      pre-determined combination of increase oor decrease in idler roll speed.
PAR  It should be appreciated that although the present invention has been
      described with reference to threadlines it is equally suited to detecting
      breaks in other travelling lines.
CLMS
STM  We claim:
NUM  1.
PAR  1. A device for detecting a break in a travelling threadline comprising a
      driven roll and an idler roll between which the threadline passes, said
      idler roll being driven by the motion of the thread and means to monitor
      the speed of rotation of the idler roll wherein said means emits a signal
      when said speed varies by at least a pre-determined amount thus indicating
      a break in the threadline, wherein said idler roll itself provides a means
      to monitor its speed of rotation by generating an alternating current by
      the rotation of the idler roll, the frequency of said current being
      dependent on the speed of rotation of the roll so that the speed of
      rotation may be monitored by monitoring the frequency of the alternating
      current wherein the alternating current generated by the idler roll is
      combined with a standard frequency and fed to a tuner which is tuned to
      respond to a pre-determined difference between the input frequency and the
      standard frequency.
NUM  2.
PAR  2. A device according to claim 1 in which the signal is emitted either when
      the speed of rotation increases or decreases by a pre-determined amount.
NUM  3.
PAR  3. A device according to claim 2 in which the pre-determined amount of
      increase is different in magnitude from the pre-determined decrease.
NUM  4.
PAR  4. A device according to claim 1 in which the threadline passes several
      times between the driven roll and the idler roll and the axis of the idler
      roll is inclined to the axis of the driven roll.
NUM  5.
PAR  5. A device according to claim 1 in which the idler roll itself provides
      the means to monitor its speed of rotation.
NUM  6.
PAR  6. A device according to claim 5 in which means are provided whereby an
      alternating current is generated by the rotation of the idler roll, the
      frequency of said current being dependent on the speed of rotation of the
      roll so that the speed of rotation may be monitored by monitoring the
      frequency of the alternating current.
NUM  7.
PAR  7. A device according to claim 6 wherein one or more magnets are mounted to
      rotate with the idler roll and an induction coil is mounted to transform
      the magnetic field generated by the magnet to an alternating current so
      that variations in the speed of rotation of the idler roll are shown by
      the variations in the frequency of the current.
NUM  8.
PAR  8. A device according to claim 1 which emits a warning signal when the
      combined frequency becomes equal to the tuner frequency.
NUM  9.
PAR  9. A device according to claim 8 in which the warning signal interrupts the
      yarn feed to the idler roll.
NUM  10.
PAR  10. A device according to claim 8 in which the signal transmitted by the
      tuner activates a cutter to sever the yarn feed.
NUM  11.
PAR  11. A process for the detection of breaks in travelling threadlines
      comprising passing the threadline between a driven roll and an idler roll,
      said idler roll being driven by the motion of the threadline, said idler
      roll generating electrical current based on the speed of rotation of said
      idler roll, monitoring the speed of rotation of the idler roll by
      monitoring the current generated, said monitoring being effected by
      combining the generated current with a standard electrical frequency and
      feeding the combination to a resonance circuit tuned to respond to a
      pre-determined frequency, thereby detecting pre-determined increases or
      decreases in roll speed.
NUM  12.
PAR  12. A process according to claim 11 wherein when the speed of rotation of
      the idler roll varies by a pre-determined amount an alarm signal is
      emitted.
NUM  13.
PAR  13. A process according to claim 12 in which the alarm signal is emitted by
      either a pre-determined increase or a pre-determined decrease in speed of
      rotation.
NUM  14.
PAR  14. A process according to claim 11 in which the rotation of the idler roll
      generates an alternating current, the frequency of which is monitored so
      that variations in the frequency indicate variations in roll speed.
NUM  15.
PAR  15. A process for the detection of breaks in travelling threadlines
      comprising passing the threadline between a driven roll and an idler roll
      which is driven by the motion of the threadline and monitoring the speed
      of rotation of the idler roll wherein the rotation of the idler roll
      generates an alternating current, the frequency of which is monitored so
      that variations in this frequency indicate variations in roll speed,
      combining the generated alternating current with a current of standard
      frequency and feeding the combination to a resonance circuit tuned to
      respond to certain frequencies corresponding to pre-determined increase or
      decrease in roll speeds, thereby determining a break in the travelling
      threadline.
NUM  16.
PAR  16. A process according to claim 15 in which the standard frequency and the
      resonance frequency of the resonance circuit are set so that the
      pre-determined increase in roll speed to which the circuit responds is
      less than the pre-determined decrease to which it responds.
NUM  17.
PAR  17. The process of claim 15 wherein when the speed of rotation of the idler
      roll varies by a pre-determined amount, an alarm signal is emitted.
NUM  18.
PAR  18. A process according to claim 17 in which the alarm signal is emitted by
      either a pre-determined increase or pre-determined decrease in speed of
      rotation.
NUM  19.
PAR  19. A device for detecting a break in a travelling threadline comprising a
      driven roll and an idler roll between which the threadline passes, said
      idler roll being driven by the motion of the thread and means to monitor
      the speed of rotation of the idler roll wherein said means emits a signal
      when said speed varies by at least a pre-determined amount thus indicating
      a break in the threadline, wherein said idler roll itself provides a means
      to monitor its speed of rotation by generating an alternating current by
      the rotation of the idler roll, the frequency of said current being
      dependent on the speed of rotation of the roll so that the speed of
      rotation may be monitored by monitoring the frequency of the alternating
      current wherein the means for generating the alternating current comprises
      a pair of magnets separated by a ferromagnetic rod around which is wound
      an induction coil, said magnets being fixed and mounted close to the idler
      roll and a series of interconnected ferromagnetic poles are mounted around
      the idler roll such that adjacent poles are periodically brought into
      register with said magnets due to the rotation of the idler roll, and the
      frequency of the alternating current induced in the coil is monitored to
      monitor the speed of rotation of the roll.
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ABST
PAL  A transducer is mounted on the boom to produce an electrical signal
      proportional to the angle the boom has moved in a horizontal plane. A
      resistance related to the boom length receives the output of the
      transducer and supplies a current proportional to L Cos .theta. where L is
      the boom length. A potentiometer supplies a current proportional to the
      offset distance from the boom hinge point to the rotating axis of the
      crane and an indicator means receives the current proportional to both the
      L Cos .theta. and the offset distance for indicating the operational
      radius of the crane.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to indicating and warning devices for
      cranes.
PAR  2. Description of the Prior Art
PAR  Complex and expensive crane warning devices have been known prior to my
      invention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a simple crane radius indicator and warning
      device which utilizes a cosine function potentiometer mounted to the crane
      boom so as to produce a signal cos .theta. which is supplied to an
      operational amplifier which is a differential amplifier, and passed
      through a resistance proportional to the length of the boom and then to a
      meter which also receives a current indicative of the offset distance
      between the center of the crane and the pivot point of the boom. The meter
      indicates the operating radius of the machine to the operator. An alarm is
      provided for giving a warning when unsafe conditions exist.
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of a crane, and
PAR  FIG. 2 is an electrical schematic illustrating the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The specific load capacity rating of a crane is generally given as a
      function of the operating radius or reach defined by equation (1)
EQU  R = LCos .theta. + 0                                       (1)
PAL  Where L is equal to the boom length as defined in FIG. 1, .theta. is the
      angle of the boom with respect to the earth's horizontal, LCos .theta. is
      the horizontal projection of the boom length at the angle .theta. and O is
      the offset distance from the center line of the rotating base of the crane
      to the boom hinge point.
PAR  A critical load can create a moment sufficient to cause the machine to
      topple and thus the operator of the crane must always be aware of the
      operating radius of the machine such that a moment sufficient to topple
      the crane will L exist. The present invention provides a simple electronic
      device for solving the equation R = LCos .theta. + 0 and displays the
      resulting answer R in feet (or meters) on a linear scale meter.
PAR  The device might be used primarily for gantry or locomotive type cranes
      that normally operate with a fixed boom length. However, it is to be
      realized that mobile, crawler or other types of cranes can also utilize
      the invention as long as the boom length used provides operating radii
      within the range that can reasonably be displayed on a panel meter. FIG. 1
      illustrates a crane 40 which includes a cab 46 supported about a pivotal
      axis 41. The boom 42 of the crane is pivotally supported on a horizontal
      axis from the crane offset by a distance O from the pivot axis 41 and a
      transducer 12 is mounted on the boom to produce the output proportional to
      LCos .theta. where l is the length of the boom. A hook 43 supports the
      load. FIG. 2 is a block diagram of the invention. The boom transducer unit
      12 is mounted on the crane boom and generates a precise signal voltage
      that is proportional to the cosine of the boom angle. A gravity sensitive
      pendulum 16 controls the position of a wiper contact 10 which wipes
      against a cosine function potentiometer R1. One side of the potentiometer
      R1 is connected to ground and the other side receives an input voltage
      V.sub.1. The wiper contact 10 is connected to a terminal 14 engageable
      with a movable switch contact 17. The voltage V.sub.1 is connected to a
      terminal 13 engageable with switch contact 17 and is supplied to one end
      of a resistor R2 which has its other side connected to ground. A wiper
      contact 23 is engageable with resistor R2. An operational amplifier 22 is
      connected by a switch contact 19 to a terminal 18 which is connected to
      switch 17. The operational amplifier 22 provides a high input impedance to
      prevent potentiometer loading errors. The operational amplifier is
      connected to operate as a voltage follower which converts the input cosine
      signal from switch 17 to a proportional output signal which is capable of
      supplying current to a resistive load with minimum loading errors.
PAR  The output of the operational amplifier, which is a differential amplifier,
      is supplied to one end of a variable resistor R.sub.3 which has its other
      side connected to a contact 28 engageable with switch 32 that is connected
      to meter 33. The variable series resistance R3 is a function of the length
      of the boom L Since V.sub.1 Cos .theta. .times. 1/R3 = I, the Current
      I.sub.L represents the solution to the equation LCos .theta.. Since the
      current I.sub.L also flows through the low resistance meter 33 to ground,
      the meter can be calibrated to read LCos .theta. directly in feet, meters
      or other units of linear measurement. In order to add the offset distance
      O for indicating the operating radius, there is provided a simple constant
      current source consisting of a relatively high value resistor R.sub.6
      which is connected to the wiper contact 38 so as to receive a variable
      stable voltage source from the potentiometer R7 which is driven by the
      voltage V2. The constant current I.sub.0 is fed into the meter 33 and is
      adjusted to represent the offset distance O by the necessary number of
      increments on the meter face representing the offset distance.
PAR  A second operational amplifier 24 is connected to the wiper contact 23 and
      by a lead 21 to a terminal engageable by switch 19. The output of
      operational amplifier 24 is connected to an alarm 27 and to an indicator
      light 26. The negative inputs of the operational amplifiers 22 and 25 are
      connected together by a lead 25.
PAR  The circuit solves the equation R = LCos .theta. + 0 and the result will be
      displayed on meter 33. The differential amplifier circuit compares the Cos
      .theta. voltage signal to a reference signal that is manually set by a
      wiper contact 23 on a potentiometer R.sub.2. Since the voltage Cos .theta.
      will equal or exceed the reference voltage, at some related radii, the
      resulting switch action of the differential amplifier will operate the
      audible and/or visual alarms 27 and 26 to give a warning signal to the
      machine operator. By momentarily moving the switch contact 19 to engage
      lead 21, the desired alarm set point can be adjusted by observing the
      display meter 33 as the wiper contact 23 is adjusted relative to the
      potentiometer R.sub.2.
PAR  For test purposes, switch 17 is moved to engage terminal 13 and switch 36
      to engage open circuit terminal 35, thus applying a voltage corresponding
      to 1 (cosine of 0) and removing the offset current from the meter. Under
      these conditions, the meter will indicate the boom length for the specific
      machine upon which the invention has been utilized.
PAR  Movement of the test switches 17 and 36 to engage the terminals 13 and 35
      will also normally activate the alarms 26 and 27, thus providing a test
      indicating that the alarms are operating.
PAR  In the event a machine utilizes two or more hook blocks located at
      different positions on the boom, a different resistive element such as
      variable resistors R4 and R5 can be connected between the output of the
      operational amplifier 22 and contacts 29 and 31 engageable with switch 32
      and the resistors R4 and R5 represent the boom lengths to the different
      hooks supported by the boom 42.
PAR  It is seen that this invention provides a simple and inexpensive circuit
      which allows a crane operator to monitor the operating radius of the crane
      and further provides warning signals when unsafe conditions exist.
PAR  Although the invention has been described with respect to preferred
      embodiments, it is not to be so limited as changes and modifications may
      be made which are within the full intended scope as defined by the
      appended claims.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. Means for indicating the operating radius of a crane comprising, a
      transducer mounted on the boom of said crane and producing an electrical
      signal proportional to cosine .theta., where .theta. is the angle of said
      boom with the horizontal plane, a first resistor having a conductance
      related to the length of said boom receiving the output of said transducer
      and supplying a current proportional to LCos .theta. where L is the length
      of said boom, a first potentiometer supplying a current proportional to
      the offset distance which is the distance from the boom hinge point to the
      rotating axis of said crane, and an indicator receiving the currents
      proportional to LCos .theta. and the offset distance to indicate the
      operating radius of said crane.
NUM  2.
PAR  2. Means for indicating the operating radius of a crane according to claim
      1 wherein said transducer includes a cosine wound second potentiometer and
      a gravity pendulum connected to said second potentiometer.
NUM  3.
PAR  3. Means for indicating the operating radius of a crane according to claim
      2 including an operational amplifier connected between said transducer and
      said resistor.
NUM  4.
PAR  4. Means for indicating the operating radius of a crane according to claim
      3 including a third potentiometer with a wiper contact, a first reference
      voltage source connected to said second and third potentiometers, a
      differential amplifier receiving said Cos .theta. signal and a signal from
      the wiper contact of said third potentiometer, and an alarm connected to
      the output of said differential amplifier.
NUM  5.
PAR  5. Means for indicating the operating radius of a crane according to claim
      4 including a second reference voltage source connected to said first
      potentiometer, and a second resistor connected between said first
      potentiometer and said indicator.
NUM  6.
PAR  6. Means for indicating the operating radius of a crane according to claim
      5 including first switch means for disconnecting said operational
      amplifier from said transducer and connecting it to said third
      potentiometer.
NUM  7.
PAR  7. Means for indicating the operating radius of a crane according to claim
      6 including second and third switching means with said second switching
      means for disconnecting the input of said operational amplifier from said
      transducer and connecting to said first reference voltage source, and said
      third switching means for disconnecting said indicator from said first
      potentiometer.
NUM  8.
PAR  8. Means for indicating the operating radius of a crane according to claim
      1 including means for varying said first resistor to obtain different boom
      lengths.
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ABST
PAL  This portable, self-contained alarm device for a door or window is usable
      in one position with an inwardly-opening door or window or, in a different
      position, with an outwardly-opening or sliding door or window. It has a
      pivoted lever arranged to drop by gravity and close a magnetic switch when
      the door or window is opened. The alarm device may be positioned next to
      the door or window, or remote from it for operation by a pull cord.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various door-operated alarm devices have been proposed heretofore, for
      example, those shown in the following U.S. patents: U.S. Pat. No. 834,904,
      Mahla; U.S. Pat. No. 3,029,425, Forrester; U.S. Pat. No. 3,261,010,
      Kardel; U.S. Pat. No. 2,259,696, Hulst; U.S. Pat. No. 3,175,207, Hewitt;
      U.S. Pat. No. 3,696,380, Murphy; and U.S. Pat. No. 3,427,608, Green.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a portable alarm device that can be
      readily arranged to be operated by a door or a window, whether of the
      inwardly-opening or outwardly-opening or slidably-opening type. Because it
      is self-contained and readily portable, the present alarm device is
      particularly advantageous for use by a traveler staying in a motel or
      hotel, or in an apartment for a relatively short period of time that would
      not justify installing a permanent burglar alarm system, or in a mobile
      home, trailer, recreational vehicle or car. This alarm device can be
      positioned in immediate proximity to the door or window whose opening it
      is to signal, or it may be located at some distance from that door or
      window and operated by a pull cord extending between them.
PAR  A principal object of this invention is to provide a novel and improved
      portable self-contained alarm device for operation by a door or window.
PAR  Another object of this invention is to provide such an alarm device having
      a pivoted lever which drops down to turn on the alarm when the door or
      window is opened.
PAR  Another object of this invention is to provide such an alarm device which
      may be converted from use with an inwardly-opening door or window to use
      with an outwardly-opening or sliding door or window, or vice versa, simply
      by changing its position.
PAR  Another object of this invention is to provide such an alarm device which
      may be used in immediate proximity to the door or window or remote from it
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects of this invention will appear from the following description
      and appended claims, reference being had to the accompanying drawings
      forming a part of this specification wherein like reference characters
      designate corresponding parts in the several views.
PAR  FIG. 1 is a top perspective view of the present alarm device positioned to
      be actuated by a door that opens in;
PAR  FIG. 2 is a perspective view of this alarm device folded up and presenting
      the appearance of a rectangular carrying case;
PAR  FIG. 3 is a vertical section taken along the line 3--3 in FIG. 1;
PAR  FIG. 4 is a view similar to FIG. 3, and showing in full lines the position
      of the parts after the alarm device has been actuated;
PAR  FIG. 5 is a top plan view of the actuated alarm device shown in FIG. 4;
PAR  FIG. 6 is a view similar to FIG. 3 but showing the alarm device positioned
      to be actuated by a door that opens out;
PAR  FIG. 7 shows the FIG. 6 alarm device actuated;
PAR  FIG. 8 is a perspective view of the pivoted lever and its extension in the
      present alarm device;
PAR  FIG. 9 is a section taken along the line 9--9 in FIG. 8;
PAR  FIG. 10 shows the present alarm device connected by a long flexible cord to
      a remotely located door whose opening will actuate the alarm device;
PAR  FIG. 11 is a perspective view of the alarm device positioned another way at
      an outwardly or slidably opening door; and
PAR  FIG. 12 is a vertical elevation, partly broken away for clarity, showing
      the alarm device in FIG. 11 actuated by the opening of the door.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1-3, the present alarm device is housed in a
      carrying case 10 having a flat rectangular bottom wall 11, four
      interconnected, upstanding, flat sides 12, 13, 14 and 15, and a lid or
      cover 16 which is connected by a piano hinge 17 to the upper edge of side
      wall 15. A pivoted handle 18 is attached to the side wall 14.
PAR  When the alarm device is to be used to detect and signal the unauthorized
      opening of a door that opens in, the casing is positioned as shown in FIG.
      1, with its bottom wall 11 resting on the floor and the handle 18 toward
      the door D as shown in FIG. 3.
PAR  As shown in FIG. 1, an L-shaped bracket 19 is attached to the inside of the
      casing wall 14. One leg of this bracket lies flush against the inside of
      wall 14 a short distance below its upper edge, and the other leg of the
      bracket projects inwardly perpendicularly away from wall 14 and parallel
      to the casing wall 15. A rigid lever 20 has it lower end in FIG. 1 pivoted
      at 21 to the bracket 19 near the latter's inner end (away from the casing
      wall 14).
PAR  On the side toward the casing wall 15, the lever 20 carries a permanent
      magnet 22 for operating a magnetic reed switch of known design. The switch
      proper is in a housing 23 that is bolted to the inside of the casing wall
      15, and it includes two normally spaced-apart switch contacts which are
      engageable with each other to close an electrical circuit. The two switch
      contacts are connected through terminals 24 and 25 to respective current
      conducting wires 26 and 27.
PAR  In the operation of this switch, normally the switch contacts are
      disengaged and the switch is open. However, when the permanent magnet 22
      is in close proximity to the switch housing 23 it attracts the switch
      contacts to engage each other and close the circuit through wires 26 and
      27.
PAR  This switch-closing action takes place when the lever 20 drops down from
      the upstanding position, shown in FIGS. 1 and 3, to the lowered position,
      shown in FIG. 4. In this latter position, the magnet 22 is spaced about
      one-fourth inch from the adjacent face of the switch housing, as shown in
      FIG. 5, and the switch is closed.
PAR  The magnetic switch is connected in series with an alarm bell 28 and a
      manual on-off switch 29 across a battery 30, all housed inside the casing
      10.
PAR  A weight 31 is attached to the lever 20 by means of a rigid rod 32. One end
      of this rod is screw-threadedly engaged with the weight, and its opposite
      end is screw threaded into a fitting 33 on the lever 20, as best seen in
      FIG. 9, at a location about midway along the length of lever 20. The rod
      32 extends perpendicular to the lever 20 and in a direction away from the
      door D when the rod is in its raised, door-engaging position, as shown in
      FIGS. 1 and 3.
PAR  The alarm device may be positioned next to an inwardly-opening door D as
      shown in FIG. 1, with the lever 20 raised to a position in which it bears
      against the top edge of the casing wall 14 and its outer end bears against
      the inside of the door. When the door is opened it forces the rod
      clockwise in FIG. 1 (counterclockwise in FIG. 3) until the combined center
      of gravity of the lever 20, rod 32 and weight 31 moves past the lever
      pivot 21, after which the lever drops by gravity to the switch-closing
      position shown in full lines in FIG. 4. The provision of the weight 31
      makes it possible for this over-center movement of the center of gravity
      to occur after only a slight inward movement of the door has taken place,
      so that the alarm goes off quickly in response to an unauthorized opening
      of the door.
PAR  When not in use, the alarm device is de-activated by opening the on-off
      switch 29.
PAR  As best seen in FIG. 8, the lever 20 carries a normally-retracted, pivoted
      extension 35 for increasing the length of the lever, when desired. This
      extension is pivoted at 36 to the outer end of the lever 20, and normally
      it extends alongside the lever 20 as shown in FIG. 1. In this position, a
      circular opening 37 in the extension 35 snugly receives the rounded head
      38 of a bolt 39 to releasably hold the extension against the lever 20.
      However, the user can disengage these parts by flexing the extension 35
      away from the lever 20, after which the extension can be swung around the
      pivot 36 to the extended position shown in FIG. 8, in which it is aligned
      with the lever 20 and provides a straight-line extension of the lever.
PAR  FIGS. 6 and 7 show how this same alarm device may be used with an
      outwardly-opening door or window or a sliding door or window. When so
      used, the alarm device is positioned with its side wall 12 down and with
      the handle 18 at the top.
PAR  The pivoted lever 20 extends out so that its outer, upper end bears against
      the door D.
PAR  Preferably, the weight 31 now is aligned with the lever 20. As shown in
      FIG. 8, the fitting 33 which connects the rod 32 to the lever 20 is
      pivoted at 38 to the lever. By turning this fitting one-quarter turn
      clockwise in FIG. 8, the rod 32 and weight 31 can be brought into
      alignment with the lever. A suitable clamping nut or a friction washer 40
      may be provided at this pivot for holding the fitting 33 in whatever
      angular position it has been adjusted relative to the lever 20.
PAR  With the arrangement shown in FIG. 6, the door D is the only thing that
      prevents the lever 20 from dropping down by gravity to the switch-closing
      position.
PAR  When the support which the door provides for the outer end of the lever is
      withdrawn, such as by moving out away from the alarm device, as indicated
      by the arrow in FIG. 6, or by slding past the lever (in the case of a
      sliding door), then the lever and weight assembly immediately drops down
      by gravity to close the magnetic switch, as shown in full lines in FIG. 7.
PAR  If, instead of aligning the rod 32 and weight 31 with the lever 20, the rod
      32 is kept substantially perpendicular to the lever 20, then the
      magnetically-operated switch may have a tendency to re-open as a result of
      the weight 31 rebounding from the casing wall 11 and the lever-and-weight
      assembly assuming a final position counterclockwise from the full line
      position of FIG. 7 with the magnet 22 offset from the switch casing 23. In
      that case, the alarm circuit may include a relay that closes in response
      to a momentary closing of the magnetic switch and then remains closed even
      if the magnetic switch re-opens.
PAR  As shown in FIG. 1, the casing of the alarm device has several metal "eyes"
      attached to the inside for slidably receiving a flexible pull cord. In the
      particular embodiment illustrated, a first eye 41 is attached to the
      inside of the casing wall 12 near its top edge and close to its juncture
      with the casing wall 15, a second eye 42 is attached to the inside of the
      casing wall 13 near its top edge at a location closer to the wall 14 than
      to wall 12, and a third eye 43 is attached to the inside of the casing
      wall 14 near its top edge at a location closer to wall 13 than to wall 15.
PAR  A flexible cord 44 may be slidably passed through these eyes, as shown in
      FIG. 10, with one end of the cord attached to the outer end of the lever
      and the other end attached to the door knob 45 of a remotely located door
      that opens out.
PAR  With this pull cord arrangement, the alarm device can be positioned at any
      desired location in the premises to be protected and not in immediate
      proximity to the door or window, as already described in detail with
      reference to FIGS. 1-5 and FIGS. 6 and 7.
PAR  In the use of this alarm device, the lever extension 35 may be fully
      retracted, as shown in FIGS. 1-7, or fully extended, as shown in FIGS.
      8-10, or it may be set at any intermediate angular position with respect
      to the lever 20. For this purpose, any suitable releasable clamping
      arrangement may be provided, such as a bolt and nut assembly at the pivot
      36.
PAR  FIGS. 11 and 12 show a different way of using the present alarm device with
      an outwardly opening or slidably opening door. The casing wall 11 of the
      alarm devices rests on the floor or other horizontal support, and the
      casing wall 12 is toward the door D. The lever 20 and its extension 35
      extend up from the lever pivot 21 at an acute angle to the horizontal,
      passing above the top edge of the casing wall 12 for engagement of the
      outer end of the extension 35 against the inside of the door. Instead of
      being aligned with the lever 20, the extension 35 may be set at any
      convenient angle extending upward from the outer end of lever 20.
PAR  The door provides the only restraint against the downward movement (by
      gravity) of the pivoted lever 20 and its extension 35. When this restraint
      is removed by opening the door, the lever 20 and its extension 35 drop
      down as shown in FIG. 12 to a position in which the magnet 22 on the lever
      is close enough to the switch casing 23 to operate the switch inside.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an intrusion alarm device for a door or window comprising:
PA1  a lever for engagement with a door or window when the latter is closed,
      means pivotally mounting said lever to drop down by gravity when the door
      or window is opened;
PA1  a magnetic switch having a permanent magnet on said lever and
      magnetically-operated switch means mounted in spaced relationship to said
      mounting means for the lever for operation by said magnet when the lever
      drops down;
PA1  and signalling means operable to signal an alarm when said switch means is
      operated;
PAL  the improvement wherein said switch means is positioned to one side of the
      path of movement of said lever when the latter drops down and is in close
      proximity to said magnet when the lever is down.
NUM  2.
PAR  2. In an intrusion alarm device for a door or window comprising:
PA1  a lever for engagement with a door or window when the latter is closed,
      means pivotally mounting said lever to drop down by gravity when the door
      or window is opened, a weight attached to said lever to pull the lever
      down when the door or window is opened;
PA1  a magnetic switch having a permanent magnet on said lever and
      magnetically-operated switch means mounted in spaced relationship to said
      mounting means for the lever for operation by said magnet when the lever
      drops down;
PA1  and signalling means operable to signal an alarm when said switch means is
      operated;
PAL  the improvement  wherein said weight is offset from said lever in a
      direction to pull the lever down by gravity when the door or window is
      opened.
NUM  3.
PAR  3. An alarm device according to claim 2, and further comprising a rod
      attached at one end to said lever away from the latter's pivotal mounting,
      said weight being attached to the opposite end of said rod.
NUM  4.
PAR  4. An alarm device according to claim 3, wherein said rod is threadedly
      engaged on at least one end for adjustment of its effective length between
      said lever and said weight.
NUM  5.
PAR  5. An intrusion alarm device for a door or window comprising:
PA1  a lever for engagement with a door or window when the latter is closed,
      means pivotally mounting said lever to drop down by gravity when the door
      or window is opened;
PA1  a magnetic switch having a permanent magnet on said lever and
      magnetically-operated switch means mounted in spaced relationship to said
      mounting means for the lever for operation by said magnet when the lever
      drops down;
PA1  and signalling means operable to signal an alarm when said switch means is
      operated;
PAL  the improvement which comprises a casing having peripheral sides, and
      wherein:
PA1  said means pivotally mounting the lever comprises a bracket inside the
      casing;
PA1  said lever in its raised position extends up past the edge of one side of
      the casing and outside the casing for engagement of its outer free end
      with the door or window;
PA1  and said lever when it drops down moves into the casing.
NUM  6.
PAR  6. An alarm device according to claim 5, wherein said switch means is
      positioned inside the casing to one side of the path of travel of said
      lever when the latter drops down into the casing and is closely spaced
      from said magnet when the lever is down.
NUM  7.
PAR  7. An alarm device according to claim 6, and further comprising a weight
      attached to the lever between its pivot and its outer free end, and means
      for offsetting said weight from the lever for pulling the lever by gravity
      down into the casing when the door or window is opened.
NUM  8.
PAR  8. An intrusion alarm device comprising:
PA1  a casing having a bottom wall, upstanding interconnected side walls, and a
      hinged cover;
PA1  a generally L-shaped bracket inside said casing having a leg which extends
      substantially parallel to a side wall of the casing;
PA1  magnetically-operated switch means attached to said side wall and
      projecting therefrom into the casing;
PA1  a lever pivoted at one end to said bracket leg and extending therefrom
      substantially parallel to said one side wall of the casing and beyond an
      adjoining side wall for engagement at its opposite end with a door or
      window;
PA1  a permanent magnet attached to said lever on the side toward said one side
      wall of the casing, said magnet moving with said lever into close
      proximity to said switch means for closing said switch means magnetically
      when the lever drops down pivotally from engagement with the door or
      window;
PA1  and signalling means in said casing connected electrically to said switch
      means for signalling an alarm when said switch means closes.
NUM  9.
PAR  9. An alarm device according to claim 8 wherein said signalling means
      comprises a battery and a battery-operated sounding device inside said
      casing, and a manually-operated on-off switch in said casing connected in
      series with said magnetically-operated switch means and said sounding
      device across said battery.
NUM  10.
PAR  10. An alarm device according to claim 8, and further comprising a weight
      attached to the lever between its pivot and said opposite end, and means
      for offsetting said weight from the lever for pulling the lever by gravity
      down into the casing when the door or window is opened.
NUM  11.
PAR  11. An alarm device according to claim 10, wherein said last-mentioned
      means comprises a rod attached at one end to said lever between the
      latter's ends, said weight being attached to the opposite end of said
      lever.
NUM  12.
PAR  12. An alarm device according to claim 10, wherein said lever has an
      extension pivoted to said opposite end, and means for releasably holding
      said extension retracted alongside the lever.
NUM  13.
PAR  13. An alarm device according to claim 8, and further comprising
      cord-guiding members attached to the inside of certain of said side walls
      of the casing for slidably passing a pull cord for the lever.
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ABST
PAL  An alarm sensor device having two separable portions. One portion is
      adhesively attachable to the surface of an object. The other section is
      supplied with a flow of regulated energy. A measurable energy coupling is
      provided between the two portions and the system is designed so that the
      act of physical separation of the two sections is detected so as to
      activate an alarm system. The result is a protective device in the form of
      an anti-theft alarm system for preventing unauthorized removal of an
      otherwise movable object from a specific physical location.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 159,697,
      filed July 6, 1971 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are many varieties of burglar alarms, theft alarms and protective
      alarm systems which serve to protect objects of private property by
      physically connecting to the object which requires protection, a sensor
      device which is in turn connected to a remote detecting apparatus by means
      of energy transmission. The general systems methods rely on the remote
      detection of an interruption or alteration of an otherwise constant
      pattern of energy flow which may be electrical, light, magnetic, thermal
      or fluidic energy.
PAR  The means by which a physical connection may be accomplished between such
      an energy alarm system and an object requiring protection are limited, and
      usually require that the objects have natural apertures, openings or
      holes, or that the objects be modified by introducing into them either
      apertures, appendanges or mechanisms allowing for suitable mechanical
      interconnection with the alarm system.
PAR  There exists many objects such as objects of art and tools which are
      physically shaped so as to provide no natural means of allowing suitable
      mechanical attachment to an alarm system. Frequently the physical
      modification of these type objects are objectionable and often impractical
      or destructive to the surface of the object.
PAR  Although the need is readily apparent, prior art discloses no effective
      practical method of allowing physical interconnection of an alarm system
      to an object having an unbroken, smooth or uniform surface structure.
PAR  It is also of note that presently available sensing devices for alarm
      systems are designed in one piece fashion. Consequently, if one is able to
      remove the entire sensing device from the object being monitored, without
      distrubing the alarm system, it would be possible to remove the object.
      Naturally, any structure which makes it difficult to remove the sensing
      device from the object, in particular structures which provide for alarm
      activation upon disassembly of the sensing device, would be extremely
      advantageous and desirable in the art.
PAC  SUMMARY OF THE INVENTION
PAR  With the above background in mind, it is among the primary objectives of
      the present invention to provide an improved means of attaching a energy
      transmission type alarm system to a uniform surface of an object for
      protective purposes. The present structure permits attachment of the alarm
      system to the surface of the object in a manner which requires no
      alteration or modification to the structure of the object itself.
      Additionally, the present device when interconnected to an alarm system
      and applied to an object requiring protection provides a system which
      saves time and cost by virtue of its inherent qualities of ease of
      installation. Also it should be kept in mind that the present structure
      resists tampering when it is applied to an object, particularly in
      locations which are exposed to potential tampering. The device includes
      detachable components so that removal of one component will cause a
      reaction in the system causing the alarm system to be activated.
PAR  In summary, the alarm system sensing device is compatible with alarm
      systems providing measured energy forms to external transmission paths.
      The device includes a housing with a separable portion normally energy
      coupled to the remainder of the housing and being adhesively attachable to
      the surface of an object. Energy producing means is associated with the
      device and is adapted to provide the condition of detectable energy
      coupling between the separable portion and the remainder of the housing.
      The remainder of the housing is adapted to be adhesively attached to the
      surface of the object in a manner mechanically separate from the adhesive
      attachment of the separable portion. Finally, connection means is on the
      housing for interconnection of the device to the energy transmission paths
      of an alarm system. In this manner, when the separable portion is
      separated from the remainder of the housing and there is a change in the
      condition of detectable energy coupling, the alarm system will be
      activated.
PAR  It is also contemplated that the device contain a protective component
      adapted to be adhesively attached to the surface of an object in a
      configuration whereby the adhesively attached area forms an enclosed and
      sealed barrier around a centrally located area. In this form means are
      provided for providing detection means within the centrally located area
      with the detection means being responsive to the physical presence of an
      external underlying surface. Control means for causing an alteration of
      the energy pattern established within an associated alarm system in
      response to separation of the protective component from the underlying
      object surface is also included. Finally, connection means is provided for
      permitting interconnection of the device with the energy transmission
      paths of an alarm system.
PAR  With the above objectives in mind, reference is made to the attached
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of the device of the invention as it is used
      relative to a complete alarm system;
PAR  FIG. 2 is an exploded perspective view of the device of the invention;
PAR  FIG. 3 is a side elevation view thereof with fragments of the remainder of
      an alarm system and an object to which the device is mounted;
PAR  FIG. 4 is a sectional end elevation view thereof;
PAR  FIG. 5 is a perspective view thereof depicting the results incurred upon
      removal of the device from the object;
PAR  FIG. 6 is an alternative embodiment of the device of the invention shown in
      connection with the remainder of an alarm system and mounted on a
      spherical surface;
PAR  FIG. 7 is a perspective view of a further alternative embodiment thereof
      with the device depicted mounted to a surface and in connection with a
      fragmentary portion of the remainder of an alarm system;
PAR  FIGS. 8-11 are side elevation views of alternate embodiments of the device
      of the invention in connection with the remainder of an alarm system and
      attached to an object and each embodiment depicting a different type of
      energy force structure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 depicts alarm sensing device 20 installed adhesively to the flat
      surface of an object 21. Device 20 is designed for use as part of a
      complete alarm system where the remaining components are of a conventional
      and typical design. As shown, an energy transmission path is represented
      by cable 22. One end of cable 22 is connected to device 20 with connector
      23. Energy transmission cable 22 is connected at its other end to an alarm
      instrument package 24. The alarm instrument package is a system device
      which provides a source of energy with the energy being regulated
      precisely and supplied in a constant pattern. Package 24 monitors and
      measures the energy it transmits to external system components and has the
      capability of initiating an alarm warning signal upon the occurrence of
      any unusual alteration of the energy flow pattern.
PAR  In operation of device 20, it is securely attachable to object 21 for which
      protection is desired. Capability is provides for altering the pattern of
      energy flow within the system upon the occurrence of attempted theft of
      object 21.
PAR  Device 20 provides the means of secure attachment to the surface of object
      21 with the use of a pressure sensitive adhesive substance 25 located upon
      various portions of the undersurface of device 20. The adhesive substance
      25 is capable of forming a bond of great strength between portions of
      device 20 and a surface of object 21.
PAR  Having once been installed adhesively, device 20 provides means to alter
      the pattern of energy flow within the alarm system. The energy alteration
      occurs upon the subsequent breaking of the adhesive bond previously
      established. FIGS. 2-5 depict the details of device 20 and its operation
      when installed on object 21. Device 20 is attached by bonding to object 21
      using a pressure sensitive adhesive 25 or other commonly used and
      well-known bonding agent. Device 20 includes a rectangular shaped housing
      26 having a hollow interior so as to provide an inner chamber 27. The
      undersurface of housing 26 is divided into two portions. An outer
      peripheral rectangular shaped portion 28 is integrally attached to the
      remainder of housing 26 and is provided with a rectangular central opening
      29. Normally positioned in the rectangular central opening is the inner
      solid rectangular portion 30. In assembled position on the surface of
      object 21 as depicted in FIGS. 1, 3 and 4, central portion 30 is in energy
      communication with adjacent portion 28 and the remainder of housing 21
      thereby providing an integral system. Upon forcible removal of object 21
      from device 20, the lack of mechanical connection between inner portion 30
      and peripheral portion 28 causes them to separate thereby interrupting the
      energy path therebetween. Consequently, the alteration of the energy force
      system causes the alarm system to be activated and provide an alarm
      signal. FIG. 5 depicts the condition upon interruption of the energy path
      with central portion 30 remaining on object 21 when the remainder of
      housing 26 has been forcibly detached therefrom by breaking of the bond
      created by adhesive 25.
PAR  At the time of initial installation of device 20 to surface 21, both
      portions 30 and 28 are bonded to surface of object 21 with portion 28
      forming a peripheral sealing rim for portion 30 and thereby prohibiting
      access thereto without altering the energy force system. When device 20 is
      forcibly removed from its installed position, the adhesive bond which
      holds portion 28 to object 21 is broken while the bond between central
      portion 30 and object 21 remains intact. The dimensions of inner portion
      30 and peripheral portion 28 are designed so that they fit snugly with
      respect to one another and provide the necessary energy transmission paths
      for proper operation of device 20 within the alarm system when it is
      intact.
PAR  FIGS. 3 and 4 show the interior components of device 20 which are housed in
      chamber 27 of housing 26. Connector component 23 has a portion extending
      within chamber 27 and a portion extending outside of chamber 27 passing
      through an appropriate opening 31 in the side wall of the housing.
      Conduits 32 and 33 extend through cable 22 and connector 23 into chamber
      27. Conduits 32 and 33 are directed in chamber 27 into connection with a
      proximity sensitive responder mechanism 34. This responder mechanism is
      within chamber 27 of housing 26 and is mounted in a conventional fashion
      in alignment with central portion 30 in the undersurface of the housing.
      As shown, central portion 30 provides a conductive path between conduits
      32 and 33 when normally in position in the underside of housing 26 so as
      to provide a continuous energy transmission path through device 20.
PAR  A variety of different proximity sensitive responder mechanisms can be
      employed as part of the present system and various alternatives are
      depicted in the embodiment of FIGS. 1-5 and the embodiments as depicted in
      FIGS. 8-11. The particular choice of mechanism is naturally dependent upon
      the type of energy which is being utilized with the associated alarm
      system as well as other readily apparent considerations. The mechanism
      which is utilized as a proximity sensitive responder mechanism
      incorporates the ability to establish a specific energy flow relationship
      between itself and central portion 30 of housing 26. This energy flow
      relationship remains constant under curcumstances where the actual
      physical relationship of the central portion 30 and mechanism 34 remains
      constant. When they become separated, mechanism 34 causes an alteration in
      the pattern of energy flowing through it.
PAR  In the embodiment of FIGS. 1-5, mechanism 34 is of a type which may be
      employed when the associated alarm system provides energy in the form of
      pulsating electrical current. Energy transmission paths in this type
      system are electrical conductors. Pulses of electrical energy flow through
      points 35 and 36 from conduit 32 to a flat plate 37 which is also an
      electrical conductor. A second conductive flat plate 38 lies adjacent to
      plate 37, although not in physical contact with it. The second plate 38
      connects through points 39 and 40 to conduit 33 thus providing an energy
      return path to the alarm system. Central portion 30 is positioned commonly
      below both plates 37 and 38. Central portion 30 is also an electrically
      conductive flat plate. Although the three components 37, 38 and 30 do not
      contact one another physically, they function as a capacitor, and an
      electrostatic energy field 41 is created at times when energy flows
      through the alarm system conductors. The actual amount of energy which
      will be transmitted through the electrostatic field 41 will vary according
      to the physical distance which separates portion 30 from plates 37 and 38.
PAR  FIG. 8 illustrates an alternative mechanism 34a which may be employed when
      the associated alarm system provides energy in the form of light energy.
      Energy transmission paths in such a system are optical conductors. In FIG.
      8, light energy flows through points 35a and 36a to an optical lens 37a.
      Light emission 41a from lens 37a is focussed upon the surface of portion
      30a. The surface of portion 30a is optically reflective and the light
      energy 41a is reflected so as to be transmitted to a collecting lens 38a
      and hence through the energy transmission path 39a and 40a. Having once
      established a constant pattern of energy flow through mechanism 34a, the
      subsequent physical separation of mechanism 34a and portion 30a will
      result in a change of energy flow pattern. This change will be sufficient
      to be detected remotely within the associated alarm system equipment
      thereby initiating a signal of alarm condition. Parts of this embodiment
      which are similar to parts of the previously discussed embodiment are
      identified by the same numerals with the addition of the subscript a.
PAR  FIG. 9 depicts a further embodiment for the response mechanism with like
      parts being identified with the same numerals and the addition of the
      subscript b. Mechanism 34b is employed when the associated alarm system
      provides energy in the form of low frequency alternating electrical
      current. Energy transmission paths which are electrical conductors provide
      direct connection to the alarm system through points 35b, 36b, 39b and
      40b. The portion of the conductive path between points 36b and 39b which
      is shown as point 42 forms a coil surrounding a portion of the element
      designated as element 43. Element 43 is a conductor of magnetic energy. In
      mechanism 34b, portion 30b is also a conductor of magnetic energy. As
      alternating electrical energy flows through coil 42, a related field of
      magnetic energy 41b will be created and will flow between element 43 and
      portion 30b. The magnetic field energy 41b will vary according to the
      physical distance between element 43 and portion 30b and will in turn have
      an effect on the alarm system electrical energy which flows through the
      conductive coil 42.
PAR  A further embodiment is depicted in FIG. 10 with similar elements to the
      above discussed embodiments having similar numerals with the addition of
      the subscript c. Mechanism 34c is employed when the associated alarm
      system provides energy in the form of a high frequency alternating
      current. Energy transmission paths which are electrical conductors provide
      direct connections to the alarm system through points 35c, 36c, 39c and
      40c. The portion of the conductive path between points 36c and 39c, which
      is identified as element 44 forms a coil which is adjacent to portion 30c.
      Portion 30c is an electrical or magnetic conductor. Although no physical
      contact exists between component portions 44 and 30c, the high frequency
      alternating electrical energy which flows through coil 44 will create an
      electromagnetic inductive energy field 41c, which will be reflected by
      portion 30c back to its source at coil 44. The physical distance between
      coil 44 and of portion 30c will have a measurable effect upon the pattern
      of electrical energy flowing through the coil 44 and hence through the
      alarm system.
PAR  A further embodiment is depicted in FIG. 11 with similar components having
      similar numerals with the addition of the subscript d thereafter.
      Mechanism 34d is designed for employment when the associated alarm system
      provides energy in the form of fluidic or gaseous pressure. Energy
      transmission paths in such a system are generally tubular conduits. In
      mechanism 34d, alarm system energy is transmitted directly through points
      35d, 36d, 39d and 40d. It is necessary in mechanism 34d that the physical
      structure of the energy transmission paths at points 35d and 40d be
      attached themselves physically to the interior structure of the housing
      which encloses them. The mechanical structure of the energy transmission
      paths including points 36d, 45 and 39d are specifically designed so as to
      have less mechanical strength than the relative mechanical strength
      established by the adhesive bonding which would occur if the component
      portion 30d with its adhesive undercoating were impresseed against and
      thereby attached to the surface of object 21. The medium of energy
      transmission at point 36d passes from point 35d downward through an
      aperture in component portion 30d, along beneath the physical structure of
      portion 30d, for some distance at conduit 45, and thereafter upward
      through a second aperture in portion 30d to continue at point 39d, to
      connection 40d. It should be understood that the section of the energy
      transmission path which is identified as conduit 45 becomes securely and
      permanently attached to the surface of object 21 requiring protection by
      virtue of being effectively trapped between portion 30 and the surface of
      object 21. The separation of component 30d results in a stressing and
      destructive rupture or parting of the energy transmission path at point
      36d, conduit 45, or point 36d. The purposeful impairment of the energy
      transmission path as described results in an alteration of the
      preestablished energy constant in the alarm system, and thereby initiates
      an alarm signal condition.
PAR  It should also be noted in connection with the embodiment of FIG. 11, that
      other energy forms may be employed in a mechanism of this basic structural
      design, including light energy, thermal energy, magnetic energy and
      various forms of electrical energy. It should also be recognized as
      evident, that be means of a wide variety of minor mechanical alterations,
      modifications can be developed which utilize the component portion 30d by
      incorporating it as an actual section of the energy transmission path.
PAR  FIGS. 6 and 7 depict alternative embodiments wherein the above discussed
      alternative mechanism structures can be employed within housing 26 but
      wherein the configuration of housing 26 is modified depending upon its use
      or the surface to which it is applied. In FIG. 6 device 20e is identical
      to the embodiment of FIGS. 1-5 with the exception of the configuration of
      housing 26e. The housing is designed to conform to the curvilinear surface
      of sphere 46. In this manner, it can be seen that device 20 is adapted for
      construction in a great variety of shapes and structural designs depending
      upon the application of its use.
PAR  In FIG. 7, device 20f is identical with the embodiment of FIGS. 1-5 with
      the exception of the configuration of major components including housing
      26f. The purpose is to provide major component parts of the least possible
      thickness. In order to reduce the overall height of device 20f, the
      associated transmission cable 22f is interconnected directly within the
      structure of device 20f itself and the associated connector means 23f is
      located attached to cable 22f at a point remote from the main housing in
      26f. As apparent, the design is structured for use where minimum
      projection of device 20f is acceptable.
PAR  Although the invention has been described herein, in several preferred
      embodiments, those skilled in the art will after understanding the
      principles of the invention, readily envision various other changes and
      modifications which might be employed within the scope and spirit of the
      basic invention and it is therefore intended that the claims appended
      cover all such changes and modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An attachment mechanism for use in an alarm system sensing device
      comprising:
PA1  a housing having one surface physically divided into two mechanically
      separable component parts;
PA1  the outer exposed surfaces of the two separable component parts containing
      chemically adhesive material so as to allow the device to be adhesively
      attached to the surface of an object in a manner wherein two chemical
      bonds of attachment occur between the surface of the object and the
      respective surface areas of each of the two mechanically separable
      component parts;
PA1  one of the two separable component surface parts containing means for
      mechanical interconnection to the structure of the protective housing in a
      manner which creates a mechanical strength of attachment which is superior
      to the relative strength of attachment of the adhesive bonding which
      occurs between that same separable component part and the surface of an
      object when it is attached thereto;
PA1  the second of the two separable component parts containing means for
      mechanical interconnection to the structure of the protective housing in a
      manner which creates a mechanical strength of attachment which is inferior
      to the relative strength of attachment of the adhesive bonding which
      occurs between that same separable component part and the surface of an
      object when it is attached thereto;
PA1  the relationship of relative adhesive and mechanical strengths of
      interconnections between the object surface, the two separable component
      parts, and the protective housing being such that the forceable detachment
      of the device from the surface of an object to which it has been
      adhesively attached will result in the physical displacement of the two
      separable component parts relative of one part to the other; and
PA1  the interior of the housing including the separable component parts adapted
      to receive therein and be attached thereto a variety of secondary
      component parts, said secondary parts being themselves portions of
      instrument measuring systems capable of detecting and reacting to changes
      in the relative physical positions of at least two separable component
      parts.
NUM  2.
PAR  2. The invention in accordance with claim 1 wherein the separable component
      part designated to have an inferior relative bonding strength being
      physically designated to form adhesively upon the attachment surface of an
      object, a perimeter boundary protectively enclosing and encompassing a
      central surface area occupied by the separable component part designated
      to have a superior relative bonding strength.
NUM  3.
PAR  3. The invention in accordance with claim 1 wherein the housing and
      separable component parts are configured so as to be physically adaptable
      to adhesive attachment upon the surfaces of curved or irregularly shaped
      objects.
NUM  4.
PAR  4. The invention in accordance with claim 1 wherein the housing is
      rectangular in configuration and has a minimum height so as to facilitate
      the provision of a minimum projection of the device above the surface of
      the object to which it is applied.
NUM  5.
PAR  5. The invention in accordance with claim 1 wherein the housing is provided
      with suitable apertures and connector devices so as to cause the mechanism
      to be compatible with instrument measuring and detection equipment
      utilizing physical conduits for the transmission of required energies.
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PAL  A theft communication system is particularly useful for indicating the
      unauthorized disconnection of a television set or the like from any one of
      the rooms of a hotel or motel. The communication system includes a central
      transmitter connected with a master television antenna system for
      transmitting successive querying scan pulses to sensors located on the
      antenna line at the location of each television set. Each of the sensors
      is adapted to apply a reply signal to the antenna line if its sensing
      circuitry indicates that its associated television set has been
      disconnected therefrom. The time of reply of each of the sensors is
      different from that of any other, and the system further includes a
      receiver connected to the antenna line at a central location for receipt
      of such reply signals. Such receiver is synchronized with the transmitter
      so that it can distinguish between reply signals from different ones of
      the sensors, and is adapted to generate an alarm signal if and only if a
      sensor replies to two successive querying signals, thereby making the
      generation of a false alarm due to the appearance of noise on the antenna
      line as a reply signal exceedingly unlikely.
PARN
PAR  This is a continuation, of application Ser. No. 330,598, filed Feb. 8, 1973
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a signal communication system and, more
      particularly, to such a system which is particularly useful for indicating
      at a central location, the unauthorized disconnection of an electrical
      appliance, such as a television set, at any one of a plurality of
      locations, such as from an outlet in one of the rooms of a hotel or motel.
PAR  The theft of television sets and the like from hotel and motel rooms is
      becoming increasingly common. Because such thefts represent substantial
      financial losses for the owners of such establishments, many different
      apparatuses and arrangements have been developed in an attempt to prevent
      such thefts. For example, some hotel and motel owners utilize mechanical
      arrangements which physically secure the television set at its room
      location in a manner which either prevents or inhibits removal. Most of
      such physical arrangements, however, are not satisfactory because they
      generally restrict the location from which programs on the set are
      viewable and/or are often defeatable in the long span of time in which a
      potential thief has access to the same when the thief is a registered
      guest.
PAR  In view of the deficiencies of mechanical theft prevention devices,
      generally the art has turned to use of a signalling or communication
      system of one sort or another which provides a signal at a central
      location, such as in the manager's office, whenever a television set is
      disturbed or electrically disconnected from its location. The more
      effective of such systems have required, however, that separate wiring be
      installed to each of the television locations, i.e., to each of the rooms
      of the hotel or motel. It will be appreciated that the expense of such an
      installation is major, especially if the system is to be installed in a
      hotel or motel which has previously been constructed. Attempts have been
      made to circumvent this expense by utilizing the existing electrical power
      distribution network of a hotel or the like as a communication link
      between the various television sets and a central location. The theft
      communication systems described in U.S. Pat. Nos. 3,411,150; 3,482,243,
      and 3,484,775 are examples of such systems. The use of electrical power
      lines for this purpose, however, has been found not to be satisfactory.
      For one thing, no such system has yet been developed which effectively
      prevents power surges or drains caused by the usual connection of various
      and sundry tools, appliances, etc., to the power line from adversely
      affecting the correct operation of the theft communication system.
      Moreover, the division of the power lines in the building into various
      circuits often restricts or prevents communication between certain
      locations. Such systems are also easily disabled without giving any clue
      to where a potential theft might take place, merely by interrupting the AC
      power.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a communication system capable of
      transmitting an alarm signal or the like from any one of a plurality of
      locations to a central location, without requiring the installation of
      special wiring or having to be subject to tie inaccuracies and
      deficiencies inherent in the use of an existing power line as a
      communication link. More particularly, the invention provides a system
      which utilizes a master antenna system, such as the master television
      antenna system found in hotels and motels to provide reception of a
      communication signal and distribution of the same to each of the rooms, as
      both a communication link and a power distribution network without
      interfering with or adversely affecting normal antenna reception.
PAR  In its basic aspects, the communication system of the invention includes a
      transmitting means for generating an information signal connected into an
      antenna system line for distribution of such signal by the antenna system
      to a plurality of locations, a sensor connected into the antenna system at
      each of such locations for receipt of the information signal, and
      separation means for preventing the information signal and any normal
      communication signal in the antenna system from interfering with one
      another. A power supply is also most desirably connected to the antenna
      system for the latter to convey power to the sensors for their operation.
PAR  Each of the sensors responds to the information signal by generating a
      reply information signal and applying it to the antenna line for
      conveyance to a receiver at a central location. The receiver includes
      means for distinguishing between signals from different ones of the
      sensors and indicating from which one it is receiving a signal. The
      communication system of the invention thus enables the plurality of
      locations to be checked to determine the condition of a state at each
      location, e.g., the presence or non-presence of a television set. If a
      predetermined state exists at the location, the receiver so indicates,
      specifyiny the location at which it exists.
PAR  The communication system of the invention also includes an arrangement
      which assures that neither noise nor a normal communication signal on the
      antenna line will cause a false alarm signal. More particularly, the
      receiver is adapted not to respond to any signal from a sensor indicating
      an alarm situation unless such signal is repeated by the same sensor. For
      this purpose, the receiver includes an appropriate memory and comparator
      for storing a first sensor signal indicating an alarm situation and
      comparing it with the next sensor signal which it receives. An alarm
      signal is given by the receiver only if the second sensor signal which it
      received corresponds to the first sensor signal. Thus, if noise on the
      line is responsible for what appears to be a sensor signal, the apparatus
      will not respond to it. The probability of two random noise signals
      appearing as sensor signals and occurring at successive times at which a
      sensor signal indicative of one given location is to be received by the
      receiver is statistically so remote as to be ignorable.
PAR  The invention includes other features and advantages which will become
      apparent from the following detailed description of a preferred embodiment
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  With reference to the accompanying three (3) sheets of drawings:
PAR  FIG. 1 is an electrical schematic and logic diagram of a preferred
      embodiment of the communication system of the invention;
PAR  FIG. 2 sets forth in graph form a relative timing sequence for various ones
      of the signals generated by the communication system of FIG. 1; and
PAR  FIG. 3 is a schematic electrical diagram of a preferred sensor for use as a
      part of the system of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  With reference to the accompanying drawing, FIG. 1 is an electrical
      schematic and logic diagram of a preferred embodiment of the invention.
      More particularly, a theft communication system is generally referred to
      by the reference numeral 11 in FIG. 1 and includes a conventional master
      antenna system 12 of the type used in hotel and motels for picking up a
      communication signal, such as a television signal, and distributing it to
      a plurality of wall antenna outlets, such as represented at 13, 14 and 16,
      in individual rooms 17, 18 and 19. The antenna system 12 includes the
      usual antenna 21 for picking up a television signal, and an antenna
      distribution line 22 in the form of a coaxial cable having a grounded
      shield 23 surrounding a television signal line 24.
PAR  In this particular embodiment in which the communication system is for the
      purpose of detecting the disconnection of a television set from its room
      hook-up, each of the wall antenna outlets is a conventional wall plate of
      the type to which the antenna lead of a television set is normally
      connected. Such a television set is represented at 26 in each of the rooms
      17-19. As illustrated, the tuner of each is connected by an antenna lead
      line 27 to the signal output socket 28 of its associated wall plate. Such
      socket 28 is connected through an RC isolation network 29, the purpose of
      which will be explained hereinafter, to the antenna distribution line 22.
PAR  The communication system of the invention further includes a transmitter
      for generating an information signal and distributing it over the antenna
      line to each of the wall antenna outlets. More particularly, the
      transmitter, generally referred to by the reference numeral 31, in FIG. 1,
      generates a querying scan pulse which is applied to the antenna
      distribution line 22 for distribution to a sensor 32 associated with each
      antenna signal output socket 28. To this end, the transmitter 31 includes
      a scan control 33 which is, in effect, a frequency divider which controls
      conduction of an npn transistor 34 providing a line pulse generator. As is
      illustrated, transistor 34 is connected between the negative terminal of a
      constant potential, d.c. power supply and ground. Such transistor is
      normally in the conducting state and thereby provides a connection between
      ground and the negative side of the power supply. When scan control 33 is
      activated, however, it will, after a prescribed time (the time desired
      between successive scans), bias the base of transistor 34 to the
      non-conducting state. When transistor 34 thus no longer provides a
      connection between the negative terminal of supply 36 and ground, such
      negative terminal is stepped upwardly by an amount equal to the voltage
      level set by zener diode 37 connected thereto. Such output terminal is
      maintained at the upwardly stepped voltage until such time as scan control
      33 again biases the base of transistor 34 to the conducting state to
      provide a path to ground bypassing zener diode 37.
PAR  Means are also provided for timing the scan and automatically resetting the
      scan control to periodically terminate each scan and cause generation of
      the next succeeding scan. More particularly, an oscillator 38 which is
      preferably crystal controlled for accuracy is connected with the scan
      control 33 and, through a NAND gate 39, to a pulse clock 41 for
      synchronizing their operation. That is, when the outputs of both the scan
      control 33 and the oscillator 38 are at a high state, i.e., at each
      oscillation of the oscillator during a scan, the NAND gate 39 enables the
      clock 41 to generate positive clock pulses at its output 42. As will be
      described in more detail with respect to the receiver portion of the
      apparatus, the discrete locations at which a sensor is provided are
      represented by clock pulses. That is, each sensor (room) is represented by
      a clock pulse.
PAR  The first pulse from clock 41 is gated through NAND gate 43 to a
      counter/display unit 44. In this connection, latch 46 is normally ON,
      i.e., has a high state at its output terminal which high state is applied
      to gate 43 to normally enable such gate. The resulting output of NAND gate
      43 will initiate counting by counter 44. A BCD output 48 of counter 44 is
      fed to a reset pulse code 45 which is set to generate a reset output pulse
      after the counter counts a predetermined number of clock pulses at least
      equal to the total number of sensors 32. Each scan will therefore be
      sufficiently long to enable each one of the different sensors to generate
      a reply information signal which is synchronized with an associated clock
      pulse occurring during each scan. Assuming, however, that no reply signal
      indicating the disconnection of a television set or the like has been
      received from any sensor during a count up to the BCD number to which the
      reset pulse coce is set, the reset pulse code will deliver an enabling
      pulse through one input of a dual input OR gate 49 to a dual input gate
      50. The other input of gate 50 is connected to the normally high output of
      latch 46, with the result that when latch 46 is high, the delivery of the
      reset pulse to the gate 50 will cause the output of such gate to go high.
      Such scan control will respond thereto by saturating the base of
      transistor 34 to terminate the scan and initiate another scan after a
      prescribed delay. This operation will be continually repeated to generate
      successive scans until such time as a reply information signal is received
      from a sensor.
PAR  The successive square wave scan pulses emanating from the transmitter 31
      are applied with the potential of power supply 36 to the antenna line 22
      through means which protects the transmitter and the supply from any
      communication signals on such antenna line. More particularly, the
      positive output terminal of power supply 36 is connected through a radio
      frequency choke 51 to the antenna signal line 24. The purpose of power
      supply 36 is to provide a constant d.c. potential on the antenna line 22
      to supply power for operation of the sensors 32 as will be described. The
      antenna line 22 is thus being used to provide power for the sensors and
      distribute the scan pulses thereto, as well as for picking up and
      conveying a normal television signal to each of the rooms.
PAR  FIG. 2A illustrates successive ones 52 of the scan pulses as added to the
      constant d.c. potential on line 24 caused by power supply 36. The period
      between each of the pulses 52 is determined by the delay built into the
      scan control between the time it terminates one scan pulse and the time it
      causes the next succeeding pulse to be initiated after receiving a reset
      pulse. FIGS. 2B and 2C respectively illustrate the clock pulse outputs 53
      and counter inputs 54 corresponding to the scan pulses 52.
PAR  The potential level of supply 36 and the successively generated scan pulses
      52 are distributed by the antenna line 22 to each of the sensors 32. As is
      illustrated, an rf choke 56 is interposed between each sensor and the
      antenna line 22 to protect the former from any communication signal on the
      antenna, while allowing the d.c. potential level and scan pulses to be
      received.
PAR  Each of the sensors 32 is adapted to not respond to the receipt of a scan
      pulse unless its connection via sensing line 57 and antenna lead line 27
      is tampered with. In this connection, the sensors 32 are identical except
      for the characteristic time of each during a scan at which it will so
      respond.
PAR  FIG. 3 illustrates the details of one of the sensors 32. It includes power
      supply regulating means, as set off by dotted line 59 in FIG. 3, for
      receiving the d.c. power on the antenna line and regulating it to a
      constant voltage for powering such sensor. More particularly, the d.c.
      power on line 24 is applied through an isolation resistance 61 to the
      emitter of an npn transistor 62 of the power regulator. As illustrated,
      the base of such transistor is not connected, and its collector and
      emitter terminals are connected across a capacitance 63. Such capacitance
      is further connected between ground and the emitter of such transistor 62,
      with the result that the transistor 62 acts in the avalanche mode as, in
      effect, a temperature compensated zener diode. The desired constant
      voltage level for operating the sensor thus appears at terminal 64
      irrespective of the presence of scan pulses on the incoming voltage.
PAR  Each sensor includes timing means for generating a reply signal a
      predetermined time after receipt thereby of a querying scan signal from
      the transmitter. Such timing means is, in essence, a monostable
      multivibrator, generally referred to by the reference numeral 66, having
      an rc time constant characteristic of the particular sensor. More
      particularly, a scan pulse received by the sensor from antenna line 22 is
      applied through an ac coupling capacitor 67 to a first input terminal 68
      of a two input NOR gate 69 of the multivibrator. As illustrated, input
      terminal 68 is normally maintained at a low voltage level in view of it
      being tied to ground through resistance 71. However, the receipt of a scan
      pulse by the capacitance 67 will result in a positive spike being applied
      at gate terminal 68.
PAR  The appearance of a positive spike at input terminal 68 of NOR gate 69 will
      result in the output terminal 72 thereof going from a high to a low state.
      Such output is connected through another dual input NOR gate 73 to the
      second input terminal 74 of gate 69 in a manner which maintains such low
      condition at the output terminal 72 for a preselected time. That is, the
      low state at output terminal 72 of NOR gate 69 is coupled through a
      capacitance 76 to the base of a first npn transistor 77 of a flip-flop
      drive 78. As will be described in more detail hereinafter, when such low
      state is applied to the base of transistor 77, it renders such transistor
      non-conducting and causes the flip-flop drive 78 to impress a low state on
      input terminal 79 of the second NOR gate 73. The application of such low
      state to NOR gate input terminal 79 will result in a high state at the
      output terminal 81 of such NOR gate. As illustrated, such output terminal
      is connected to the input terminal 74 of gate 69, with the result that
      such high state will be impressed on the input terminal 74 to maintain the
      output of such gate at the low state.
PAR  A variable resistance 82 and a selected fixed value resistance 83 are also
      connected between the base of transistor 77 and the output potential 64 of
      power supply regulator 59. It is the rc time constant provided by the
      capacitance 76 and the resistances 82 and 83 which determines the delay
      time characteristic of the particular sensor. More particularly, after the
      low state of NOR gate terminal 72 is first applied through capacitance 76
      to the base of transistor 77, such capacitance will charge at a rate
      dependent upon the rc time constant provided by such capacitance and the
      resistances 82 and 83. Such charging is caused by the higher potential on
      regulator terminal 64 being applied to such capacitance through the
      resistances 82 and 83 as illustrated. Upon the potential across such
      capacitance reaching the threshold level of the transistor 77, the base
      thereof will again be saturated to place such transistor in the conducting
      state. This will cause the flip-flop drive 78 to apply a high state on
      gate input terminal 79, with the result that a low state will appear at
      gate output terminal 81 and be impressed on the input terminal 74 of the
      first gate 69 to again cause its output terminal to go to a high state. It
      is this switch of the gate output terminal 72 from a low to a high state
      which initiates the sensor reply signal.
PAR  As mentioned previously, it is the characteristic time of reply of each
      sensor which is relied upon by the receiver of the system for
      distinguishing the reply of the sensor from that of another. It will
      therefore be appreciated that the particular time at which each sensor
      responds to a scan pulse with a reply signal must be carefully set and not
      allowed to drift to prevent confusion as to which sensor is replying and
      indicating that an alarm situation exists. For this reason, capacitance 76
      and the resistances 82 and 83 should be carefully chosen for their
      temperature and time stability. In general, however, the threshold level
      of monostable multivibrators dependent upon now available C MOS dual input
      NOR gates tends to drift with time. C MOS gates, however, are especially
      suited for use with the present invention because of their low power
      requirements. It is for this reason that flipflop drive 78 is included as
      part of the sensor. Such flipflop drive will assure that the multivibrator
      initiates the reply pulse at the proper time irrespective of minor changes
      in the threshold level of the multivibrator. More particularly, the
      transistor 77 is connected in a push and pull arrangement with another
      similar npn transistor 84 between the operating potential of the sensor at
      regulator terminal 64, and ground through resistance 85. The value of
      resistances 86 and 87 are chosen to normally bias the base of transistor
      84 to prevent current flow therethrough, whereas the base of transistor 77
      is biased to normally maintain such transistor in the conducting state.
      However, as discussed above, upon a low state appearing at terminal 72 of
      NOR gate 69, the base of transistor 77 is brought to a sufficiently low
      state to prevent conduction through such transistor. Because of the common
      collector and emitter connection of the two transistors between operating
      potential terminal 64 and ground, transistor 84 will be made conducting at
      such time. Conduction through transistor 84 will result in the potential
      at input terminal 79 of gate 73 going low, causing a high state to be
      impressed on input terminal 74 of gate 69 to maintain the output of such
      gate low as described previously.
PAR  Upon the potential across capacitance 76 reaching the threshold level of
      transistor 77, such transistor will again be made non-conducting and the
      input terminal 79 of NOR gate 73 toggled to a high state. The resulting
      low state formed at the output terminal of such NOR gate 73 and applied to
      the input terminal 74 of NOR gate 69 will cause the output of such NOR
      gate to again go to its high state. As stated before, it is this change of
      the potential at terminal 72 from the low to high state which is the
      initiation of the reply signal.
PAR  It will be recognized from the above that the flipflop drive 78 toggles the
      input terminal 79 of NOR gate 73 from its low to high state in a much more
      positive manner than if such input terminal were directly connected to the
      change of potential across capacitance 76. In this connection, transistors
      are available for use as transistor 77 which have threshold levels that
      are much more time and temperature stable than those of presently
      available C MOS gates. Thus, minor variations in the threshold levels of
      gates 69 and 73 can be tolerated since they will not affect the timing of
      the generation of the reply signal.
PAR  The sensor further includes means for applying the reply signal to the
      antenna line 24 in response to the condition of a portion of its circuitry
      indicating that the sensing line 57 to a television set 26 has been
      disconnected or otherwise tampered with. If the sensing circuitry does not
      indicate that the sensing line 57 has been disconnected or otherwise
      tampered with, the reply signal as initiated at output terminal 72 of gate
      69 is prevented from being applied to the antenna line for conveyance to
      the receiver. Such sensing circuitry will now be described. It first
      includes a resistance 88 which is installed within the television set
      between ground, e.g., the shield of antenna lead line 27, and the
      television sensing line 57. As illustrated, when the sensing line 57 and
      the antenna lead line are properly connected to the television set,
      resistance 88 acts with resistance 89 in the sensor as a divider to divide
      the voltage from antenna line 24 applied to the base of pnp transistor 91.
      The threshold level of transistor 91 is so chosen that when such divided
      potential is so applied to the base, the transistor is made conducting so
      as to convey current between line 24 and the base of npn transistor 92.
      The threshold level of the latter transistor is also chosen so that when
      transistor 91 is conducting, transistor 92 is also made to conduct. As
      illustrated, the collector of such transistor is connected via lead 93 to
      the output signal of gate 72 as it will appear across a capacitance 94.
      When transistor 92 thus provides a path to ground for such signal
      bypassing resistance 96, such output signal (the reply signal) will
      effectively be terminated at capacitance 94. The result is that the sensor
      is thus prevented from providing a reply to a scan pulse whenever the
      television set is properly plugged into the wall plate both via its
      sensing line 57 and antenna lead line 27.
PAR  When resistance 88 is not in the sensing circuit, i.e., when either the
      television set sensing line or the antenna lead line 27 is disconnected or
      shorted, the circuitry enables passage to the antenna line of the reply
      signal. More particularly, upon sensing line 57 being disconnected, for
      example, the normal connection to ground through resistance 88 is open,
      with the result that the potential on the base of transistor 91 increases
      through resistance 89 to a higher state determined by the voltage on
      antenna line 24. Such increase of potential on the base of transistor 91
      will render the same non-conducting, with the result that current flow to
      the base of transistor 92 will be terminated. Because of such, the output
      signal generated at the output terminal 72 of NOR gate 69 shall cause the
      discharge rate of capacitance 94 to be controlled by the rc time constant
      of such capacitance 94 and a resistance 96. The capacitance 94 thus
      couples the reply signal to a pulse shaper, generally referred to by the
      reference numeral 97.
PAR  If resistance 88 is shorted out, rather than disconnected, such as if a
      shorting line is applied between the television sensing line and ground,
      the reply signal will also be allowed to flow to the pulse shaper 97. More
      particularly, if sensing line 57 is connected directly to ground, the
      cathode of a diode 99 will be effectively grounded, with the result that
      current flowing through transistor 91 will be diverted from the base of
      transistor 92. Thus, such transistor is rendered non-conducting, with the
      result as discussed above that the capacitance 94 passes the reply signal
      appearing at gate terminal 72 to the pulse shaper 97.
PAR  Pulse shaper 97 is basically a monostable multivibrator similar to that
      provided by NOR gates 69 and 73, except that its toggling rate is much
      faster. The input terminal 101 of dual input NOR gate 102 is normally
      maintained in a low state in view of its connection via line 93 and
      transistor 92 to ground. However upon transistor 92 being rendered
      non-conducting at the same time a reply signal appears across capacitance
      94, such input terminal is toggled to a high state. The resulting low
      state at the output terminal 103 of NOR gate 102 is coupled through a
      capacitance 104 to an input terminal 106 of a second dual input NOR gate
      107. The high state thus caused at output terminal 108 is coupled through
      a capacitance divider provided by capacitances 109 and 110 to the base of
      an npn transistor 111. The result is that transistor 111 is rendered
      conducting to provide a direct connection between ground as indicated at
      112 and the antenna line 24 through resistance 113 and lead 114. The
      potential on such antenna is thus grounded, resulting in a negative spike,
      the reply signal, being applied to the antenna line. It will be noted that
      the base of transistor 111 is also connected through a voltage divider
      provided by resistances 116 and 117 to regulator terminal 64 to
      appropriately bias such base for its operation.
PAR  The duration of the reply pulse will depend upon the rc time constant of
      capacitance 104 and resistance 118. In this connection, when output
      terminal 108 of NOR gate 107 goes high, such high condition is transmitted
      to the second input terminal 119 of NOR gate 102, with the result that the
      output terminal 103 thereof is maintained in the low state. However,
      because of the connection of capacitance 104 through resistance 118 to the
      regulator terminal 64, upon NOR gate terminal 103 going low, such
      capacitance will be charged through resistance 118. When the potential
      drop across such capacitance reaches the threshold level of input terminal
      106 of second NOR gate 107, the output terminal 108 thereof will again be
      made to go low. This will terminate the reply signal.
PAR  With reference to FIG. 2, the negative reply pulse on the antenna line is
      represented in scan pulse 121 at 122. As discussed previously, the time at
      which the reply pulse appears during the duration of a scan pulse is
      different for each of the sensors. Such time of reply thus provides a mode
      of determining which sensor generated the same and, hence, from which room
      it emanates. For this purpose, the system of the invention includes a
      receiver 123 which is most conveniently connected with the transmitter as
      shown in FIG. 1. Any reply pulse on the antenna line 24 will be applied
      through a low pass filter/pulse shaper 124 to such receiver. Low pass
      filter/pulse shaper 124 not only isolates receiver 123 from any television
      signal on the antenna line, but also acts to reduce the passage of noise
      to such receiver. Receiver 123 further includes an additional safeguard to
      assure that noise does not cause the receiver to give false alarms. More
      particularly, such receiver is adapted to generate an alarm signal in
      response to receipt of a reply signal from any sensor if and only if such
      reply signal to a scan pulse is repeated in response to the next
      succeeding scan pulse. That is, again with reference to FIG. 2, two of the
      reply spikes 122 must be received by the sensor in successive scans 121
      and 126 before an alarm signal, represented at 127 in FIG. 2I of the
      timing diagram, is generated. Thus, random noise pulses, such as pulse 128
      in FIG. 2A, which may appear on the antenna line due to electrical
      apparatus in its vicinity will not cause an incorrect alarm to be given.
      Two of such random noise pulses would have to coincide at the exact time
      in successive scans before they could cause an alarm signal, an event
      which is statistically quite unlikely.
PAR  With reference to FIG. 1 again, all reply signals and any noise pulses on
      line 24 which pass through low pass filter/pulse shaper 124 will be
      applied through an inverter 129 to an input terminal 131 of a first NAND
      gate 132 in receiver 123. As illustrated, the other input terminal 133 of
      such NAND gate is connected directly with the output of clock 41. As
      discussed previously, the output of clock 41 during each scan pulse is a
      plurality of pulses. The characteristic time of reply of each of the
      sensors is corrolated in time with an associated one of the pulses in each
      scan. Clock 41 has a high duty cycle so that it will provide a relatively
      long time window associated with each sensor and within which a reply
      pulse from such sensor is receivable.
PAR  Upon a reply signal or noise pulse being applied to the gate input terminal
      131 at the same time a clock pulse is applied to terminal 133, the output
      terminal 134 of the NAND gate 132 will be made to go low for the duration
      of the reply pulse. Such low condition is utilized for various purposes in
      the receiver. For one thing, it is conveyed through delay 135, inverter
      136 and delay 137 by lines 138, 139, 141 and 142, and appears as a high
      state on one input of the dual input OR gate 49. When the output 47 of
      latch 46 is also high as it normally is, AND gate 50 will be caused to
      reset scan control 33 of the transmitter. The output of AND gate 50 is
      also directed at such time via line 140 to the counter/display 44 of the
      receiver to reset it as well.
PAR  The scan control will thus terminate the scan-pulse and initiate a
      succeeding one as previously described by appropriately biasing the base
      of transistor 34. This succeeding scan pulse is for the purpose of again
      querying the sensors to determine if the reply pulse will be repeated.
      FIG. 2G illustrates the delayed reset pulse for the scan control and
      counter/display at 143 in response to a true reply signal, and at 144 in
      response to a noise signal. The termination of the scan 121 upon receipt
      of a reply pulse 122 will be noted in FIG. 2A, as well as the termination
      of the scan by the noise pulse 128. It will be recognized that the
      resetting of the scan control and counter/display will also terminate the
      clock output and, hence, the counter input for the delay period built into
      the scan control. Such termination of the pulse train output of the clock
      and input to the counter is indicated respectively by pulse trains 146 and
      147 of FIGS. 2B and 2C. The clock output and counter input pulse trains
      corresponding to receipt of a noise pulse are indicated at 148 and 149,
      respectively.
PAR  The low state at NAND gate output terminal 134 is also conveyed via line
      138 and line 151 to strobe a comparator 152. Such comparator will only
      respond to the low strobe condition with a high output if such low
      condition represents a repeated reply signal from one of the sensors as
      will be described. Thus, assuming that the low condition fed to the
      comparator 152 is representative of a first reply signal from a sensor,
      such comparator will act as the termination of such low condition in the
      logic chain of which it is a part.
PAR  The low condition at gate output terminal 134 will also be fed via lines
      138 and 139, delay 135 and inverter 136 to one input of a dual input AND
      gate 153 where it appears as a high state. The other input of gate 153 is
      connected to the output 47 of latch 46 so that when such output is high,
      the high condition on the first input of gate 153 will cause it to strobe
      a memory 154. Such memory, preferably of the latch type, is connected to
      the BCD output 48 of counter 44 so that such strobing of the memory causes
      the BCD number in the counter/display to be inserted into such memory. The
      insertion of a BCD number into the memory will reset or clear the memory
      of any other numbers previously inserted therein. It will be recognized
      that because of the delay 136, the strobing of the memory will occur after
      the comparison by comparator 152 so that the number present in the
      counter/display is not compared with itself.
PAR  The memory strobe pulse is represented in FIG. 2F at 155 for a first reply
      signal and at 156 for a noise pulse. The times at which comparisons are
      made by the comparator are represented by pulses 157 to indicate the delay
      between the comparisons and the memory pulses.
PAR  The low condition at output terminal 134 will also be inverted by inverter
      158 and fed to a first input terminal 159 of a NAND gate 161. The other
      input terminal 162 of such NAND gate is fed by the comparator 152.
      Assuming again that the reply pulse which initiated the action in the
      receiver is the first reply pulse from the particular sensor with which it
      is associated since the memory 154 has been cleared, such NAND gate 161
      will act as the termination of the reply pulse in the logic chain of which
      the NAND gate 161 is a part. That is, it is only when comparator 152
      applies a positive output pulse on input 162 indicating a true comparison
      at the same time a positive pulse appears at input 159 that NAND gate 161
      generates a negative pulse at its output.
PAR  If on the next scan the reply pulse from the particular sensor is repeated,
      such reply pulse will again be inverted by inverter 129 and gated into the
      receiver by NAND gate 132. The low condition at the output terminal 134 of
      the gate will be inverted by inverter 158 and applied as a high state at
      input 159 of NAND gate 161. It will also be directed via lines 138 and 151
      to the comparator 152 to initiate a comparison. In this connection, the
      BCD output of the counter/display is continually fed to the comparator 152
      via line 160. Memory 154 will deliver the BDC number stored therein to the
      comparator via line 164, and if at the time a comparison is made, the BCD
      number in the memory is the same as the number then at the BCD output of
      the counter/display 44, the comparator will react thereto by delivering a
      positive pulse, represented at 166 in FIG. 2H, to the input terminal 162
      of NAND gate 161. Thus, when a reply signal from one particular sensor is
      repeated, both input terminals of the NAND gate will be brought to a high
      potential level at the same time, with the result that a low potential
      state appears at its output terminal 163.
PAR  The low potential state on the output of NAND gate 161 will toggle latch 46
      to cause a low state at its output 47, with the result that the pulse
      train from the counter will not pass disabled NAND gate 43 to the counter
      44. This will cause counter 44 to stop counting on the number of pulses
      representative of the time delay characteristic of the particular sensor
      responsible for the two succeeding reply pulses. Such count will also be
      displayed by the counter. Most desirably, the count represented by each
      sensor's reply signal is corollated with the number of the room in which
      the sensor is located so that the counter will display the number of the
      room in which the television set connection has been disturbed.
PAR  The low potential state of the output 47 of latch 46 will also be directed
      via line 167 and an inverter 168 to the base of an npn transistor 169 to
      cause it to conduct. Conduction of such transistor will complete a series
      circuit containing an audio alarm 171, with the result that such alarm
      will sound to call attention to the alarm situation. A manually operated
      switch 172 is provided in series with the audio signal to allow it to be
      disabled by an operator.
PAR  It should be noted that the low condition on latch output 47 also disables
      AND gate 50 so that neither the scan control nor the counter are reset for
      another scan whenever an alarm situation is indicated.
PAR  Means are provided for resetting the communication system once an operator
      has terminated the audio alarm and checked the room displayed by the
      counter 44. Such resetting is accomplished by the closing of one switch, a
      manually operated reset switch 174, to activate a reset pulse generator
      176. Such pulse generator will direct a reset pulse on line 177 to latch
      46 to again enable the same to allow pulses from clock 41 to reach counter
      44. The resetting of latch 46 will simultaneously direct a reset pulse to
      AND gate 50 to cause resetting of the scan control and counter/display.
      The scan control will then again initiate a scan pulse after a
      predetermined time as previously discussed. Moreover, additional scan
      pulses will continue to be initiated as previously described until such
      time as another alarm situation is detected.
PAR  It will be seen from the above that by utilizing an existing antenna
      distribution system, the theft communication system of the invention
      provides a fool-proof way of detecting a television's theft without
      requiring special wiring between each theft sensor and the central
      location at which the theft is to be reported. The apparatus of the
      invention accomplishes this function without interfering with the normal
      function of the antenna. Moreover, the system of the invention includes
      means assuring that false alarms will not be generated by electrical noise
      or the like.
PAR  It will be recognized by those skilled in the art that although a preferred
      embodiment of the invention has been described, various changes and
      modifications can be made without departing from its spirit. For example,
      although the communication system is described in connection with
      detecting possible theft of a television receiver or the like, it will be
      recognized that it can be used to convey information relating to other
      matters, either in place of or in addition to the theft alarm described.
      Moreover, it is useable with antenna designed to pick-up other signals,
      such as radio signals. It will be recognized, though, that the means of
      separating the communication signal for which the antenna is intended from
      the information signals of the present invention will have to be
      appropriately modified. In view of these and other potential variations,
      it is intended that the coverage afforded applicants be limited only by
      the language of the claims and its equivalent.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination with an antenna system having an antenna for receipt of a
      communication signal and a common antenna line connected between said
      antenna and a plurality of locations for common distribution of such
      communication signal to said plurality of locations; transmitting means
      for generating a querying information signal different from said
      communication signal directly connected into said antenna like for
      distribution of such information signal over said line to said plurality
      of locations; a plurality of sensors, each of which is connected to said
      antenna line at an associated one of said locations for receipt of said
      information signal and includes means responsive to receipt of said
      information signal by selectively generating and applying a reply
      information signal to said antenna line in response to a predetermined
      condition of the sensor circuitry; receiving means connected to said
      antenna line for generating an alarm signal in response to receipt within
      a selected time interval of a predetermined number of reply information
      signals from any one of said sensors; and means on said antenna line for
      preventing said information signal and any communication signal on said
      antenna line from interfering with one another; said transmitting means
      continually generating successive querying signals and distributing the
      same over said antenna line to said plurality of sensors, and said
      receiving means generating said alarm signal in response to receipt of a
      pair of reply signals spaced in time from one another an interval
      indicative of one of said sensors generating said reply signals in
      response to succeeding ones of said querying signals; each of said
      successive querying signals generated by said transmitting means being an
      electrical scan pulse having a predetermined time of initiation; each of
      said sensors including timing means adapted to apply a reply signal to
      said antenna line if said predetermined condition of said sensor circuitry
      exists at a predetermined time after receipt thereby of said scan pulse,
      which predetermined time is different for each of said sensors; said
      receiving means including means for distinguishing between reply pulses
      received from different ones of said sensors on the basis of the time at
      which said reply pulse is sent thereto after transmittal of an electrical
      scan pulse on said line; power supply regulating means for receiving
      electrical power on said antenna line and regulating the same to provide
      an essentially constant power level for operation of said sensor; and said
      timing means of each of said sensors including means providing a time
      constant for setting said time at which said sensor generates said reply
      signal after receiving said scan pulse signal, means for generating said
      reply signal after said predetermined time, and means responsive to the
      passage of said predetermined time as determined by said time constant
      means by causing said generating means to initiate said reply signal.
NUM  2.
PAR  2. A communication system comprising transmitting means for generating a
      querying information signal, and a sensor responsive to receipt of said
      information signal by selectively generating a reply information signal,
      said sensor including timing means for sending said reply signal a
      predetermined time after said sensor receives said information signal; and
      wherein said timing means includes means providing a time constant for
      setting said predetermined time a mono-stable multivibrator for generating
      said reply signal after said predetermined time, and a flip-flop drive
      responsive to the passage of said predetermined time as determined by said
      time constant means by driving said multivibrator to initiate said reply
      pulse, whereby minor changes in the threshold level of said multivibrator
      do not affect the timing of said reply pulse.
NUM  3.
PAR  3. The communication system of claim 2 wherein said sensor further includes
      power supply regulating means for receiving variable power input and
      regulating the same to provide an essentially constant power level for
      operation of said sensor.
NUM  4.
PAR  4. The communication system of claim 2 wherein said communication system
      includes a plurality of sensors, each one of which is located at a
      different location for receipt of an information signal from said
      transmitting means, said sensors including timing means adapted to send a
      reply signal at a predetermined time after receipt thereby of an
      information signal from said transmitting means, which predetermined time
      is different for each of said sensors; and receiving means included as
      part of said communication system for receiving said reply signals, such
      receiving means including means for distinguishing between reply signals
      received from different ones of said sensors on the basis of the time at
      which said reply signal is sent thereto after transmission by said
      transmitting means of the information signal to which said reply signal is
      responsive; and wherein said transmitting means continually generates said
      information signals and said receiving means generates an alarm signal
      after receipt thereby within a selected time interval of a predetermined
      number of reply signals from any one of said sensors.
NUM  5.
PAR  5. The communication system of claim 4 wherein said receiving means is
      adapted to generate said alarm signal in response to receipt thereby of a
      pair of reply signals spaced in time from one another an interval
      indicative of one of said sensors generating said reply signals in
      response to succeeding ones of said information signals.
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PAL  An electronic dictionary having a keyboard with a plurality of character
      keys, a clear key and a definition key; a plurality of flip-flops each
      associated with one of the character keys for indicating the characters in
      an entered word; a counter for accumulating a count indicating the number
      of entered characters; a pulse generator enabled upon operation of the
      definition key to provide a pulse train to a further counter which
      disables the pulse generator upon a given count; decoder logic receiving
      as an input the outputs of the flip-flops and the outputs of the two
      counters to produce a sequence of character codes at an output as the
      further counter is incremented, such codes being stored in a register and
      applied to a conventional display to form a definition of an entered word
      and the clear key then being operated to reset the circuitry and blank the
      display.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART AND SUMMARY OF THE INVENTION
PAR  The invention relates to an electronic dictionary for providing visual
      output defining a word which is entered manually on a keyword.
PAR  Looking up the definition of a word in a printed dictionary is a time
      consuming nuisance, particularly when learning a foreign language or the
      terms unique to some technical speciality, such as engineering, medicine
      or law. Frequent interruptions to look up definitions of words not only
      increase the time required to learn words, but also interrupt the
      concentration which is needed to efficiently learn.
PAR  Devices have been developed in the past for providing a visual display of
      the definition of a word following entrance of that word into a keyboard
      forming part of the device. The patents to Ooba et al., 3,612,676;
      Phillip, 3,457,101; Ashley, 3,414,985; Papayannopoulos, 3,302,513 and
      Rocca, 2,690,697 all show devices of this type. These devices include
      strips of microfilm or the like having a plurality of discrete regions
      each with a reduced word definition. Operating the keyboard to form a
      certain sequential combination of letters defining a word causes either
      the film strip or microfilm to be moved in line with a light source to
      project an image onto the screen or the light source to be moved to
      project light through a given part of the microfilm. Inherently these
      devices are bulky, complex and expensive because of the need for
      mechanisms for locating and projecting an image through the correct
      portion of the film.
PAR  The present invention relates to an electronic dictionary which can be made
      inexpensively, produced in a very compact, portable package, and which
      quickly and efficiently produces a visual display of a definition. This is
      accomplished as discussed below by a combination which includes a keyboard
      for entering characters which form words and other information. An
      electronic storage is connected to the keyboard and stores an indication
      for each character whether that character has been entered into the
      keyboard. A counter also counts and provides an output indicating the
      number of characters which have been entered to form a given word. After
      all the characters forming a chosen word have been manually entered into
      the keyboard by sequential operation of the appropriate character keys, a
      definition key on the keyboard is operated which in turn enables a clock
      which provides a pulse train which is in turn applied to a counter to
      provide an output indicating the stored count.
PAR  The output of this latter counter, the storage indicating which characters
      have been entered and the counter indicating the number of characters
      entered are all applied to a decoder logic which can be comprised of
      conventional logic elements. The decoder provides, for each unique
      combination, an output defining a given character code. The character
      codes thus sequentially generated as the counter connected to the pulse
      generator in incremented are applied to shift registers which store the
      character codes. The shift registers are in turn connected to conventional
      alpha-numeric display modules to provide a visual display of the
      definition of the entered word provided by the decoder logic. When the
      count in the counter connected to the pulse generator reaches a given
      predetermined number, electronic logic connected to that counter disables
      the pulse generator. The pulse generator is connected through a delay
      circuit to the shift registers to enable those registers to receive data
      from the decoder logic in parallel and through a six-for-one generator
      circuit to the shift input of the registers to effect shifting of the
      information as it is sequentially produced by the decoder logic.
PAR  Many other objects and purposes of the invention will be clear from the
      following detailed description of the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a perspective view of the keyboard and exterior housing
      of the electronic dictionary of this invention.
PAR  FIG. 2 illustrates a schematic of the electronic circuitry which responds
      to entrance of a word on the keyboard to provide a visual display of the
      definition of the entered word.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made to FIG. 1 which shows a perspective view of the
      housing 20 of the unique electronic dictionary of this invention. As can
      be seen in FIG. 1, the dictionary can be made to be compact and portable,
      operating either off an internal battery source or connected to a
      conventional power source. The keyboard is comprised of a number of
      character keys indicated generally as 22 plus a number of function keys.
      Definition key 24 is manually operated after all of the characters forming
      a given word have been entered, and as will be clear from the discussion
      of circuitry below, operation of key 24 causes a visual display of the
      word definition to appear on screen 20. Clear entry key 28 is operated
      when the information which has so appeared on screen 26 has been read and
      a new word is desired to be entered. Operation of clear key 28 resets all
      of the circuitry and blanks display 26. Keys 22, 24 and 28 can be any type
      of conventional electronic or other keyboard in which operation of a key
      by manually touching or depressing that key produces an appropriate
      electrical signal.
PAR  Reference is now made to FIG. 2 which illustrates a schematic of one
      embodiment of the electronic dictionary of this invention. As can be seen
      in FIG. 2 each of the character keys is connected to an associated
      monostable flip-flop which produces a short pulse when the associated
      character key is manually operated. Each of the flip-flops generally
      indicated as 30 are each in turn connected to an RS or JK flip-flop, those
      flip-flops indicated generally as 31. Flip-flops 31 are connected to
      decoder logic 32, forming 28 inputs to decoder logic 32. Twenty six of the
      inputs comprise the 26 letters of the alphabet, while the other two inputs
      represent a hyphen and a capital letter. Thus, each of the flip-flops 31
      indicate whether the associated character has been entered. Flip-flops 31,
      however, do not indicate the number of times that a character in one word
      has been entered. Thus, for words which have the same characters, but
      different numbers of certain of the characters, the outputs of flip-flop
      31 will be the same. Such words are differentiated by five bit counter 34.
PAR  Counter 34 is connected as illustrated to the output of the flip-flops 30
      so that counter 34 counts, and provides an output indicating the number of
      characters which have been entered for a word. The five bit output of
      counter 34 is connected to decoder logic 32, and counter 34 thus
      differentiates between almost all words having multiple letters. There may
      be a few words which can not be differentiated by this technique. However,
      this simple use of a counter will deal with almost all situations.
PAR  The character keys 22 accordingly are operated in sequence until all of the
      characters forming the word to be defined have been entered and the
      associated flip-flops 31 shifted in their output condition to indicate
      such entrance. Five bit counter 34 indicates the number of characters in
      the entered word. At this time, definition key 24 is operated to produce
      an electrical signal which shifts flip-flop 40 to its set condition
      providing a logic one output on line 42 which is applied as one input to
      AND gate 44. The second input to AND gate 44 is connected via line 46 to a
      conventional oscillator 48 providing a train of pulses at any given
      desired frequency. The third input to AND gate 44 is the output of AND
      gate 50, inverted by conventional inverter 52. At this time the inverted
      output of AND gate 50 is also a logical one so that the pulse train from
      oscillator 38 is passed through gate 34 and applied to eight bit counter
      60.
PAR  Eight bit counter 60 counts the pulses from oscillator 48 passing through
      AND gate 44 and provides an output on lines 62 indicating the stored
      count. Lines 62 are connected to decoder logic 32 providing eight inputs
      which, together with the inputs from flip-flops 31 and counter 34, define
      41 inputs. For each unique input combination, decoder logic 32 provides an
      output on six bit lines 64, each such output defining a character. The
      characters thus sequentially produced, as eight bit counter 60 is
      continuously incremented by the pulses provided by oscillator 48, in
      effect "define" the word which is represented by the inputs from flip-flop
      31 and five bit counter 34.
PAR  The pulses from oscillator 48 are also applied via a short conventional
      delay circuit 66 to the Parallel-In-Enable input to six bit shift register
      68 which accordingly receives each coded character output on lines 64. The
      output of delay circuitry 66 is also applied to a six-for-one generator 70
      which produces six pulses for each pulse received. The output of generator
      70 is applied to the shift input to registers 68 and 72 so that each
      received six bit character is shifted into the 74 bit shift register 72
      and stored therein. When the count in counter 30 reaches a given number,
      for example 130, AND gate 50 disables AND gate 44 to prevent further
      pulses from passing through gate 44.
PAR  Registers 68 and 72 are connected to 130 conventional display modules which
      provide a visual output of the characters which together make up the
      definition. For the parameters illustrated in FIG. 2, 130 such characters
      can be displayed. Obviously through the use of greater number of modules
      and greater numbers shift registers and greater storage in the decoder
      logic any number of characters forming a definition can be displayed.
PAR  When it is desired to blank the display and to clear the circuitry of FIG.
      2 in preparation for entrance of another word, clear key 28 is operated to
      provide a signal output on line 80 which is applied to flip-flop 40 to
      reset that flip-flop and disable gate 44 preventing oscillator 48 from
      applying further signals. The clear signal on line 80 is also applied to
      eight bit counter 60, five bit counter 34, flip-flops 31, registers 68 and
      70, and to the blank input to the display modules to reset all of this
      circuitry in preparation for repeating the above steps.
PAR  The decoder logic 32 can be a standard TTL combinational logic where six
      outputs are based on the 41 input states. Preferably the decoder logic 32
      is made to be a plug in logic so that one circuit could be plugged in for
      one type of dictionary, for example providing legal definitions, and
      another for another type of dictionary, for example providing medical
      definitions. The actual combinational logic can be easily designed from a
      standard truth table from the 41 input variables and six output variables.
      Logic 32 can be designed to provide any desired number of definitions.
PAR  Shift registers 68 and 70 are standard stock logic devices. Register 72 may
      be comprised of several conventional registers connected together.
PAR  Many changes and modifications in the above described embodiment of the
      invention can of course be carried out without departing from the scope
      thereof. Accordingly, that scope is intended to be limited only by the
      scope of the apppended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic dictionary comprising: keyboard means having a plurality
      of character keys for entering character symbols which form a word and
      producing an electrical signal upon each such entrance identifying the
      character thus entered, and a definition key for producing a definition
      signal upon operation thereof,
PA1  means for receiving said electrical signals and storing for each symbol
      which can be entered an electrical stored indication of whether that
      symbol has been entered,
PA1  means for receiving said electrical signals, counting the number of symbols
      entered and producing an output signal indicating that count,
PA1  pulse generator means for producing a train of pulses upon operation of
      said definition key,
PA1  counter means for receiving said train of pulse and providing a count
      output indicating the number of pulses counted,
PA1  logic means connected to said pulse generator means and to said counter
      means for disabling said pulse generator  means when the output of said
      counter means indicates a given count,
PA1  decoder logic means connected to said counter means, said receiving and
      storing means, and said receiving, counting and producing means for
      producing for each combination of said output signal indicating the count
      in said receiving, counting and producing means, said stored indication of
      whether symbols have been entered and said count output of said counter
      means a definition character signal,
PA1  register means, for receiving and storing in a given order said definition
      character signals, and
PA1  display means for displaying the characters corresponding to said stored
      definition character signals.
NUM  2.
PAR  2. A dictionary as in claim 1 wherein said receiving and storing means
      including a plurality of flip-flops each connected to and associated with
      one of said character keys for shifting from a first to second electrical
      condition when the associated character key is operated and means for
      connecting each of said flip-flops to said decoder logic means.
NUM  3.
PAR  3. A dictionary as in claim 1 wherein said register means includes shift
      register means connected to said decoder logic means and to said pulse
      generator means for entering said definition character signals.
NUM  4.
PAR  4. A dictionary as in claim 3 further including a delay circuit connected
      between said pulse generator and a parallel in enable input to said shift
      register means and a circuit producing a plurality of pulses for each
      received pulse connected between said delay circuit and a shift input to
      said shift register means.
NUM  5.
PAR  5. A dictionary as in claim 1 further including a definition flip-flop
      connected to said definition key and said pulse generator means so as to
      shift from a first to second condition upon operation of said definition
      key to enable said pulse generator means.
NUM  6.
PAR  6. A dictionary as in claim 5 wherein said keyboard includes a clear key
      connected to said definition flip-flop to so as to cause said definition
      flip-flop to shift from said second to said first condition upon operation
      of said clear key to disable said pulse generator means connected to said
      receiving and storing means to reset said receiving and storing means upon
      operation of said clear keys, connected to said receiving, counting and
      producing means to reset said receiving, counting and producing means to
      an initial count upon operation of said clear key connected to said
      counter means to reset said counter mean to an initial count upon
      operation of said clear key, connected to said register means for clearing
      said register means upon operation of said clear key and connected to said
      display means for blanking said display means upon operation of said clear
      key.
NUM  7.
PAR  7. An electronic dictionary comprising:
PA1  keyboard means having a plurality of character keys for entering character
      symbols which form a word and producing an electrical signal upon each
      such entrance identifying the character thus entered, and a definition key
      for producing a definition signal upon operation thereof,
PA1  means for receiving said electrical signals and storing for each symbol
      which can be entered, an electrical stored indication of whether that
      symbol has been entered,
PA1  means for receiving said electrical signals, counting the number of symbols
      entered and producing an output signal indicating that count,
PA1  decoder logic means connected to said receiving and storing means, and said
      receiving, counting and producing means for producing for each combination
      of said output signal indicating the count and said stored indication of
      symbols entered a definition character signal defining a plurality of
      characters and
PA1  means connected to said decoder logic means for displaying the plurality of
      characters defined by said definition character signal.
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ABST
PAL  A horological instrument includes a liquid crystal electro-optical display
      which simulates the movement of hands about a center by activating
      circumferentially spaced radial conductive segments. Generally, for the
      liquid crystal material between two corresponding segments to be activated
      an electrical potential must be applied between the segments which is,
      typically to achieve full brightness, substantially greater than the
      activation voltage of the liquid crystal material. The present invention
      effects activation of a selected segment-hand by applying an electrical
      potential, predetermined greater than the activation voltage, between the
      selected segment-hand and a corresponding segment or electrode. However,
      the deleterious effects of leakage currents and/or unwanted activation of
      a segment-hand not selected for activation is reduced by applying an
      electrical potential between all unselected segment-hands and their
      corresponding segment or electrode, which electrical potential is
      predetermined to be less than the activation voltage of the liquid crystal
      material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to horology and more particularly to an
      electro-optical device which displays the time.
PAR  At the present time, the most common types of watches are mechanical and
      electro-mechanical. The mechanical watches are powered by a spring which
      is either wound up by an external knob, or by the swinging of weights in
      an "automatic" watch. The spring operates a time standard, which is
      generally a balance wheel. The oscillatory motion of the balance wheel
      controls the rotary motion of a series of gears which rotate hands. The
      hands, usually a second hand, minutes hand and hour hand, move clockwise
      over the dial and beneath the protective transparent crystal to indicate
      time by means of cooperation with numerals or other markings on the face
      of the dial.
PAR  In the electro-mechanical watches the power source is an internal battery
      which powers a small motor, for example, a tuning fork type of motor or a
      balance wheel type of motor, which rotates the time display hands. Watches
      are also available in which the motor is synchronized by means of a quartz
      crystal oscillator circuit to obtain a higher accuracy.
PAR  Watches are also available, although at a relatively higher price, in which
      a quartz crystal oscillator is used as the time standard and the high
      frequency of the oscillator is reduced by means of a series of count-down
      circuits. The count-down circuits operate a display driver which is
      connected to an electro-optical display. The electro-optical display may
      be of the liquid crystal type in which segments are selectively activated
      by the display driver to form digital numbers. Although some consumers
      prefer a digital numerical type of display, many others, who are familiar
      with the rotation of hands, prefer to tell time by the position of two or
      three hands as they move clockwise in relationship to a dial, this latter
      type of display sometimes being called an "analog display".
PAR  One major problem which has been encountered in developing such an analog
      type of electro-optical time display has been that of leakage currents.
      Such leakage currents arise from the voltage applied to the activated
      segments. The leakage currents between the activated segments may be
      sufficient to activate other, i.e., unwanted, segments. This may give an
      incorrect time reading, may be annoying, and may waste power. The life of
      the battery cell and the liquid crystal material may be reduced because of
      such leakage currents.
PAR  Typical of the prior art are U.S. Pat. No. 3,776,615 to M. Tsukamoto which
      issued Dec. 4, 1973, and No. 3,789,388 to A. H. Medwin which issued Jan.
      29, 1974.
PAR  It is an objective of the present invention to provide a liquid crystal
      electro-optical display for a horological movement in which the appearance
      will be similar to that of the movement of two or three hands, for
      example, the seconds, minutes and hour hands, as they rotate clockwise in
      relationship to a center, thereby simulating the appearance of hands in
      conventional mechanical watches.
PAR  It is a further objective of the present invention to provide such an
      electro-optical display that is relatively simple in construction,
      relatively low in initial cost, has little likelihood of failure in use,
      and which is accurate because only the desired segments are activated.
PAR  It is still a further objective of the present invention that such an
      electro-optical display use relatively little power, so that the life of
      the battery cell within the watch case may be prolonged.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an electro-optical display is
      provided which is, in effect, the crystal and dial of a horological
      instrument such as a watch. The electro-optical display shows time by a
      series of radial segments circularly arranged about a common center. For
      example, there may be 60 segments in an outer ring which indicates seconds
      and minutes and 24 segments in an inner ring to indicate hours. This
      selective activation of the segments of the liquid crystal display will
      simulate the clockwise rotation of hands in a mechanical watch, to provide
      an analog type of display. The electro-optical display of the present
      invention is particularly suited for use in watches as its power
      consumption is relatively low and consequently the effective life of the
      battery cell within the watch case may be sufficient so that the cell need
      only be replaced once a year.
PAR  The liquid crystal display consists of a top transparent plate, such as
      glass crystal, having on its inner (bottom) face a pattern in a thin layer
      of a transparent conductive material, such as tin oxide. A bottom plate is
      spaced parallel to the top plate and is a non-conductive plate, for
      example of glass, having on its upper face a pattern in a thin layer of
      conductive material. A thin layer of liquid crystal material exhibiting
      dynamic scattering or field effect properties known in the art is placed
      between the plates. The edges of the plates are sealed to form a closed
      thin cell.
PAR  Generally, for the liquid crystal material between the segments to be
      activated, there must be a voltage, i.e., an electrical potential, applied
      between the top and the corresponding bottom conductive segments.
      Preferably the top conductive segments are relatively large and cover a
      number of the smaller bottom conductive segments, which bottom segments
      are connected in a number of string connections. These string connections
      provide a means whereby a minimum number of electrical connections can be
      made to the patterns on the glass plates to keep assembly costs at a
      minimum. However, these string connections also result in a condition that
      provides parallel electrical paths through the liquid crystal material and
      tends to activate undesired segments.
PAR  The driver display circuit of the present invention provides a means of
      preventing the undesired segments from reaching a threshold of activation.
PAR  A liquid crystal is selected with a fairly sharp threshold voltage V.sub.t
      between no reaction and activation. By applying twice the threshold
      voltage to a segment that is desired to be activated and applying a level
      of one third of this double threshold voltage to the unwanted segments in
      the prescribed manner herein described, the display operates as desired.
      For example, in particular, if a positive voltage (double threshold)
      2V.sub.t is applied to a selected string of conductive segments on the
      bottom glass plate, and ground (zero voltage) is applied to a selected
      large segment of the upper plate, the lower segment in the selected
      string, located under the selected upper segment will be activated. To
      prevent any other segments from being partially activated, all unused
      upper plate segments are returned to a voltage level V.sub.2 of two-thirds
      of the supply voltage and all unused bottom plate strings are returned to
      a voltage level V.sub.1 of one-third of the supply voltage. For the case
      where AC excitation is required, when the excitation to the desired
      segment is reversed then the V.sub.1 and V.sub.2 voltages on the bottom
      and top plate unused segments are also reversed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objectives of the present invention will be apparent from the
      following detailed description of the preferred embodiment of the present
      invention, the description being taken in conjunction with the
      accompanying drawings.
PAR  FIG. 1 is a top plan view of a portion of the top plate, i.e., the crystal
      of a watch;
PAR  FIG. 2 is a top plan view of a portion of the bottom plate;
PAR  FIG. 3 is an equivalent circuit for the circuitry of the minute segments;
PA1  Figs. 4-6 are simplified equivalent circuits of a portion of the circuit of
      FIG. 3; and
PAR  FIG. 7 is a schematic circuit diagram of the display driver circuit.
DETD
PAR  As shown by the drawings of FIGS. 1 and 2, the upper plate 12 which is the
      transparent crystal, has a number of segments 10, for example, eight,
      which are micron thin areas of vacuum-deposited indium oxide areas and
      their connecting lead strips 11, also of indium oxide are electrically
      conductive and yet sufficiently thin so that they are transparent. The
      glass back plate 13, has segments 14 of a thin layer of chrome, which is
      likewise electrically conductive, and connecting lines 14' of the same
      material.
PAR  The bottom plate 13 has 60 equidistant radial segments 14 representing
      minutes, which for purposes of description are numbered consecutively in
      the clockwise direction from 1 to 60. Segment 1 corresponds to the 12
      o'clock position of the hands on a conventional watch.
PAR  Only segments 1 through 8 are brought out to corresponding input terminals
      by connecting lines. Segment 1 is also connected to one of the segments in
      the group numbered 9 through 16, said latter segment 16 in turn being
      connected to one of the segments in the group numbered 17 through 24, and
      so on. In this way a string of eight segments is being formed, each
      segment belonging to one and only one of the group 1 through 8, 9 through
      16, ... 56 through 60. Analogous strings of eight segments start
      respectively with segments 2, 3 and 4. Strings starting with segments 5,
      6, 7 and 8 have only seven segments. Thus there are four strings of eight
      segments and four strings of seven segments. This construction results in
      leakage paths being set up in the liquid crystal material.
PAR  The top plate 12 is spaced parallel to the bottom plate 13 and sealed to
      the latter at its edges. A thin layer of liquid crystal material is
      contained between the plates. The plates 12 and 13, along with the liquid
      crystal material, form a liquid crystal electro-optical display. The term
      "liquiid crystal materials", as used herein, includes but is not
      restricted to those nematic liquid crystal compositions which are
      relatively transparent to light in a thin layer and which appear to become
      turbid upon the application of electric field above a threshold value, due
      to the scattering of light by domains of liquid crystal molecules (dynamic
      scattering). For example, suitable liquid crystal materials include
      p-n-orthoxybenzlidene-p'-aminobenzonitrile or
      p-ethoxy-benzlidene-p-n-butylaniline. The electro-optical liquid crystal
      display of the present invention may employ either dynamic scattering or
      field effect or other electro-optical effects. In the field effect, the
      orientation pattern of a suitable liquid crystal material is twisted and
      the twisted orientation rotates linearly polarized light.
PAR  The experimental program which resulted in the present invention included
      the construction of a model of an equivalent circuit based upon the
      segment layout of FIG. 3. Using such investigatory techniques, it was
      determined that the leakage current to unactivated segments could be
      reduced to a level at which it would not activate said segments by
      utilizing a display drive circuit having one bias at one-third a full
      voltage and another at two-thirds of full voltage. It was found that if
      the leakage voltages, i.e., the voltages across the liquid crystal layer
      at the unactivated segments are kept at or below one-third of the voltage
      across the liquid crystal layer at the activated segments, then unwanted
      portions of the liquid crystal material will not be activated. This
      assumes, and the liquid crystal material is so selected, that one-third of
      the supply voltage is below the threshold voltage of the liquid crystal
      material.
PAR  FIG. 3 is an equivalent circuit showing an analysis of the leakage paths,
      without the divided voltages provided by the present invention. As shown
      in FIG. 3, the top boxes (5p - 12p) represent contacts, i.e., "pins",
      which are connected to the input leads to the respective strings of lower
      segments 14. The segments 14 represent the minutes or seconds on a watch
      face and are 60 in number on the bottom plate. There are eight segments 10
      on the upper plate. Each segment 10 on the upper plate is aligned with a
      number of segments 14 on the bottom plate. There are consequently sixty
      tiny volumes of liquid crystal material which it is possible to activate.
      However, to represent the time indication for "minute" at any one instant
      only one volume of liquid crystal material should be activated and the
      other 59 volumes not activated.
PAR  The resistors of FIG. 3 are labeled RI - R60 and each resistor RI - R60
      represents the resistance of the tiny volume of liquid crystal material
      positioned between two aligned segments. For example, resistor "R60" of
      FIG. 3 is at the top of the dial and is positioned between a segment 10
      (FIG. 1) on one plate and segment 60 (FIG. 2) on the other plate. Segment
      60 is connected to a string which is connected with pin 5p. Segment 10 is
      connected to pin 13p. The volume of liquid crystal material between
      segment 10 and segment 60 has resistance denoted as the equivalent of
      resistor R60. Since the liquid crystal material is uniform, the equivalent
      resistors R1 - R60 have equal resistance.
PAR  In FIG. 3, the pins 21p, 22p, 25p, 26p, 13p, 14p, 17p and 18p correspond to
      the indium input points, i.e., inputs to the upper segments 10.
PAR  By way of explanation (FIG. 3), let it be desired that the common volume
      between the segments connected to pins 21p and 12p be activated. The
      resistance of this volume is represented by the resistor R39. It will be
      seen that the application of the voltage between pins 21p and 12p, i.e.,
      applying voltage to the line 21 L and ground to 12 L, also supplies
      voltage to all the volumes with which the segment connected to line 21 L
      is in contact, namely, represented by R39, R38, R37, R36, R35, R34, R33,
      and R32. In addition, the voltage applied across the volume represented by
      R38 will cause certain amount of leakage current to flow into the line 11
      L, which is connected to the pin 11p. That line 11L, in turn, applies a
      certain amount of leakage voltage to each of the volumes represented by
      the resistors R41, R54, R57, R6, R9, R22 and R25. To complete the circuit
      the resistors required to complete the loop back to the line 12 L are also
      included, these resistors being R40 in series with R41 and R55 in series
      with R54 and R56 in series with R57 and R7 in series with R6 and R8 in
      series with R9 and R23 in series with R22 and R24 in series with R25.
PAR  As mentioned above, it is assumed, which is a reasonable assumption in view
      of the consistency of the resistance of the segments themselves and also
      the consistency of the resistance of the liquid crystal material, that the
      equivalent resistances between each of the segments is equal.
      Consequently, the further simplification of FIg. 4 results, in which the
      resistance of the segment desired to be activated, R39, is shown separate
      from those equivalent resistances which are involved in the leakage
      current. The resistance involved in the leakage current through R38 is in
      series with seven parallel paths of two resistors each. For example, in
      this first order approximation of the resistor matrix, one of the seven
      parallel paths would be through R41 and R40 in series as shown in FIG. 4.
      Each series pair of resistors is shown in FIG. 4 as a resistance of twice
      the value. Thus all seven parallel paths provide an equivalent resistance
      of two sevenths of one segments resistance, i.e. (2R/7)
PAR  Simplifying again, as shown in FIG. 5, provides full driving voltage across
      the desired segment R39 (to activate its liquid crystal material between
      the plates) and also a driving voltage across an undesired segment (R38)
      in series with a parallel combination of segments. The driving voltage (V)
      divides across the series combination of resistors approximately as =
      ##EQU1##
PAR  Thus approximately three quarters of the supply voltage is being developed
      across R38. This magnitude can cause segment R38 to activate when it is
      not desired to do so. This analysis, it should be noted, neglects the
      effects of other paths, which effects, however, are relatively minor.
      However, this analysis does illustrate the possibility of activating many
      unwanted segments.
PAR  The voltages across the liquid crystal layer at the unwanted segments are
      forced to a definite value E by the circuit of FIG. 7 or equivalent. This
      is in contrast to the situation covered in the analysis, where such
      voltages were the result of a complex current distribution, with the
      horizontal and vertical input lines of FIG. 3 floating, except for the
      desired segments. The voltage E is selected as V.sub.1 = 1/3  V.sub.s,
      where V.sub.s is the supply voltage. The latter is the voltage seen by the
      desired activated segments. The threshold voltage V.sub.t of the liquid
      crystal material is chosen above V.sub.1 = (V.sub.s /3  ) but should be
      less than V.sub.2 =  2 V.sub.s 3. It would be possible to choose V.sub.1 =
      1/2  V.sub.s but it should be noted that the brightness vs. voltage curve
      of the liquid crystal material does not have an abrupt knee, but exhibits
      a gradual sloping increase. Thus, a voltage of twice the threshold is
      usually needed to achieve full brightness. Selecting a ratio of V.sub.1 =
      1/2  V.sub.s would entail a very critical selection of the threshold
      voltage. If V.sub.t &gt;  V.sub.1 = 1/2  V.sub.s, full brightness of V.sub.s
      may not be achieved; if V.sub.t &lt;  V.sub.1 = 1/2  V.sub.s, unwanted
      segments may light up.
PAR  As shown in FIG. 7, the driver circuit uses solid state devices which may
      be individual devices or which may be formed as part of an integrated
      circuit chip. The circuit may also be constructed using COS/MOS logic. The
      circuit (FIG. 7) consists of a three way bridge arrangement of
      trransistors whereby each liquid crystal volume between a conductive
      chromium segment (line 128) and an idium oxide segment opposite (line 126)
      can be subjected to any of three voltages of either polarity. Each of the
      two halves of the bridge circuit are mirror image circuits, each having
      three control inputs and three power supply connections. Control input 137
      is connected to the gate (No. 3) input of J-FET transistor 122. When this
      input logic signal is high (greater than +8V) plus J-FET bias), the J-FET
      conducts, allowing a voltage drop across a resistor 121 (22 megohms) to
      turn the MOS FET transistor 124 to the "On" (conducting) state. This
      condition causes the positive supply voltage, in this case chosen for
      example at 20 volts, to be applied through the current limiting resistor
      125 and MOS FET 124 to the chromium segment input to the liquid crystal
      cell via lines 126 and 128.
PAR  The second control input 136 is connected directly to the gate (No. 2)
      input of MOS FET transistor (N channel) 127. When this input logic signal
      is high then transistor 127 will conduct thus providing a direct path of
      ground for the chromium segment input to the liquid crystal cell via lines
      138, 128.
PAR  The third control input 135 is connected to gate (No. 2) of MOS FET
      transistor (N-channel) 134. When this input logic signal is high then
      transistor 134 will conduct thus dropping the voltage on line 133 and
      causing gate (No. 2) of transistor 131 to be lowered below the 20 volt
      level and allow transistor 131 (P-channel) to become conducting. This
      provides a path for the 1/3 or 2/3 voltage level at input 129 to pass
      through limiting resistor 130, through transistor 131 to line 132 and thus
      be applied to line 128 and the chromium segment input to the liquid
      crystal cell.
PAR  The selection of 1/3 or 2/3 voltage for input 129 is provided by external
      logic and transmission COS/MOS bilateral switches. The power supply 150
      and electronic reversing control 151 are coupled as in FIG. 7 to provide
      the necessary voltages.
PAR  Input control 135 is only activated if inputs 137 or 136 are not activated.
      When 135 is activated, the determination of which voltage (1/3 or 2/3
      voltage) is applied to power supply input 129 is logically dependent on
      the voltage applied to the chronium side of the segment desired to be
      displayed. If full positive voltage is applied to the chronium side of the
      segment desired to be activated, all other chromium segments not used will
      have input control 135 at a logic high and input bias voltage 129 set at
      1/3 voltage level. Conversely if the chromium segment desired is set to
      ground (indium side would be at full positive voltage in this case) then
      all other chromium segments thru bias supply input 129 would be set at 2/3
      voltage level.
PAR  As an example, the MOS field effect transistors 124 and 127 may be
      respectively types 2N4352 and 2N4351.
PAR  The circuit connected to the indium segments via lead 126' is the same as
      described above and its corresponding transistors, which are of the same
      type as those described above, are indicated by prime numbers. In this
      case the 1/3 or 2/3 voltage is to 129', the low control is 136', and the
      2/3 control is to 135' and the high control is to 137'.
PAR  As a result of the power and control inputs to the left or right side of
      the bridge circuit, each side of a liquid crystal volume can thus be
      provided with any one of four voltage potentials. These are, full positive
      voltage V.sub.s, 2/3 positive voltage, 1/3 positive voltage, or ground.
      The voltage across the liquid crystal can thus be of either polarity at
      three different voltage levels, full, 2/3 and 1/3 supply voltages.
PAR  The circuit of FIG. 7 will provide, on line 128', the 2/3 (or 1/3) voltage,
      in the magnitude of about + 14 (or + 7) volts, to the indium oxide
      segments not desired to be activated. Simultaneously it will provide the
      1/3 (or 2/3) voltage, in the magnitude of about +7(or +14) volts, to the
      chromium segments not desired to be activated. Consequently, there will be
      a voltage gradient between non-activated segments of 1/3  of the supply
      voltage, i.e. 7 volts in the example. Those segments which it is desired
      to be activated will be provided with the full voltage difference, for
      example, of ground (zero) to the chromium segments and the voltage supply
      of +20 volts to the indium oxide segments. The driver circuit has, in this
      case, a four-level output, namely, 0, 1/3, 2/3 and V.sub.s (supply
      voltage).
PAR  An alternative is to use a driver circuit providing a three-level output of
      zero, one half supply voltage and full supply voltage. For example, using
      a 20-volt supply, the one-half (10 volts) is applied to both the indium
      oxide segments and the chromium segment strings not desired to be
      activated. This will result in a maximum of one-half the supply voltage,
      i.e., 10 volts with V.sub.s at 20 volts, across some undesired segments.
      The liquid crystal material must consequently have an activation voltage
      greater than one-half the supply voltage.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electro-optical display comprising:
PA1  a first and a second plate each having on one side thereof a pattern formed
      by segments, said segments being layers of conductive material, at least
      some of said segments being electrically connected together; said plates
      being spaced from each other and with the segments on each plate aligned;
      a thin layer of liquid crystal material sandwiched between said plates,
      said liquid crystal material characterized by a threshold voltage of
      V.sub.t ;
PAR  a driver circuit connected to said segments and a voltage source of V.sub.s
      connected to said driver circuit, said driver circuit having first voltage
      supply means to provide a first selectable segments of the first plate a
      voltage V.sub.1 which is a fraction of V.sub.s and less than V.sub.2,
      second voltage supply means to provide to first selectable segments of
      said second plate with a voltage V.sub.2 greater than V.sub.1 and a
      fraction of V.sub.s, wherein V.sub.1 +  V.sub.2 =  V.sub.s and V.sub.2 &lt;
      V.sub.t &gt; V.sub.1, third voltage supply means to supply voltage V.sub.s,
      to second selectable segments of the first plate and fourth means to
      switch second selectable segments of the second plate to zero voltage,
      whereby the liquid crystal material between the first segments is not
      activated and the liquid crystal material between the second segments is
      activated.
NUM  2.
PAR  2. An electro-optical display as in claim 1 wherein said first plate and
      the segments thereon are transparent.
NUM  3.
PAR  3. An electro-optical display as in claim 1 wherein the said third voltage
      supply means and fourth voltage supply means rapidly interchange to
      provide alternating current to the segments on both plates.
NUM  4.
PAR  4. An electro-optical display as in claim 1 wherein V.sub.1 is about
      one-third of V.sub.s and V.sub.2 is about two-thirds of V.sub.s.
NUM  5.
PAR  5. An electro-optical display comprising:
PA1  a first and second plate each having on one side thereof a pattern formed
      by segments, said segments being layers of conductive material, at least
      some of said segments being electrically connected together; said plates
      being spaced from each other and with the segments on each plate aligned;
      a thin layer of liquid crystal material sandwiched between said plates;
      said liquid crystal material characterized by threshold voltage of V.sub.t
      ;
PA1  a driver circuit connected to said segments and a voltage source of V.sub.s
      connected to said driver circuit, said driver circuit having first voltage
      supply means to provide a first selectable segments of the first plate a
      voltage V.sub.1 which is a fraction of V.sub.s and less than V.sub.2,
      second voltage supply means to supply voltage V.sub.s to second selectable
      segments of the first plate voltage V.sub.s, and third means to switch
      second selectable segments of the second plate to zero voltage, whereby
      the liquid crystal material between the first segments is not activated
      and the liquid crystal material between the second segments is activated.
NUM  6.
PAR  6. An electro-optical display as in claim 5 wherein said first plate and
      the segments thereon are transparent.
NUM  7.
PAR  7. An electro-optical display as in claim 5 wherein the said second and
      third means rapidly interchange to provide alternating current to the
      segments on both plates.
NUM  8.
PAR  8. An electro-optical display as in claim 5 wherein V.sub.1 is about
      one-half of V.sub.s.
NUM  9.
PAR  9. In a wrist watch, the combination comprising:
PA1  an electrical optical display comprising first and second plates parallel
      to each other, each having on the facing sides thereof a pattern formed of
      segments, said segments being layers of a conductive material, said first
      plate having a multiplicity of relatively large segments and a plurality
      of terminals, each plate being connected to a terminal, said second plate
      having a multiplicity of smaller segments arranged in groups, one group
      each facing one segment of said first plate, corresponding segments in
      each of said groups being electrically connected together and to a
      terminal thereby forming a matrix of elements, a thin layer of liquid
      crystal material of threshold voltage V.sub.t sealed between said plates,
PA1  driver circuit means connected to said segments and to a voltage source
      V.sub.s, said driver circuits having first voltage supply means to
      selectively provide voltage V.sub.s or zero to one desired selectable
      segment of said first plate, second voltage supply means to supply
      alternately zero voltage or V.sub.s to desired selectable electrically
      connected together corresponding segments on said second plate, third
      voltage supply means to supply alternately V.sub.s 13 to all other
      segments of said first plate and fourth voltage supply means to supply
      alternately 2V.sub.s /3 to all other segments of said second plate thereby
      ensuring that the maximum voltage between any undesired segments of first
      and second plates is V.sub.s /3&lt;V.sub.t.
NUM  10.
PAR  10. A wrist watch in accordance with claim 9 wherein:
PA1  the segment pattern on the first and second plates each comprise a series
      of radial segments circularly arranged about a common center to provide an
      analog watch display.
NUM  11.
PAR  11. A wrist watch in accordance with claim 10 wherein:
PA1  24 segments are provided in an inner ring to indicate half hours and 60
      segments are provided on an outer ring to indicate minutes on one of said
      plates, wherein said 24 half-hour segments are arranged in a suitable
      matrix arrangement and said minute segments are arranged in an 8 .times. 8
      matrix with four unused matrix positions.
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PAL  A vehicle (e.g. aircraft) head-up display system having the capability of
      displaying, superimposed on an observer's view of the scene outside the
      vehicle, symbols representing information required by an observer in the
      vehicle, together with a pictorial representation of the vehicle
      environment produced by a signal source incorporating an imaging sensor.
      The signal source produces an output signal of raster scan format (e.g. a
      television type line-by-line scan format) and output signals of the same
      format representing the required symbols are developed by a storage/read
      out arrangement which stores the symbols in response to stroke writing
      mode signals and reads out the stored symbols in the same raster scan
      format as is employed by the signal source, the raster scan outputs of the
      storage/read out arrangement and the signal source being combined for
      application to the display unit of the system.
BSUM
PAR  This invention relates to head-up display systems, particularly for use in
      aircraft.
PAR  As is well known, a head-up display system consists of a semi-reflective
      combiner arranged in the line of sight of an observer, a display device,
      usually a cathode ray tube, for displaying information required by the
      observer and a collimating optical system for projecting the displayed
      information from the display device to the combiner. Thus the observer
      sees the displayed information against the background of the scene outside
      the aircraft. For the displayed information to be sufficiently bright to
      be visible against the high ambient light conditions normally pertaining
      outside an aircraft, the display device operates in a stroke writing mode.
      However, it is sometimes desirable to use the display device to display a
      pictorial representation of the enviroment as may be developed from an
      imaging sensor such as an infra red device or a low light television
      device. The outputs signals developed by such devices are of raster scan
      format and therefore it is not possible to display the normal information
      and the environmental representation at the same time.
PAR  It is an object of this invention to provide a head-up display system in
      which it is possible to display both types of information simultaneously.
PAR  According to the invention, a head-up display system for a vehicle
      comprises:
PA0  A. a semi-reflective image combiner element adapted to be installed in the
      vehicle in front of an observer on the line of sight of the observer
      forward of the vehicle;
PA0  B. a display surface;
PA0  C. activating means operable to activate substantially any portion of the
      said surface so as to cause the said portion to emit light;
PA0  D. between the combiner element and the display surface, a collimating
      optical system which, when a display is present on the display surface as
      a result of activation as aforesaid, projects a collimated image of the
      display to the combiner element for reflection to the abserver's eyes;
PA0  E. a waveform generator responsive to input data signals derived from
      sensors carried by the vehicle and representing the relationship of the
      vehicle to its environment so as to repetitively develop a time sequence
      of output signals capable of being employed for controlling the activating
      means to activate desired line segments of the display surface thereby to
      present at said surface symbols representative of the aforesaid
      relationship;
PA0  F. a signal source operable to develop a raster scan output signal
      representative of the environment sensed by an imaging sensor;
PA0  g. a symbol storage device operable in response to output signals from the
      waveform generator so as to store symbols to be presented at the display
      surface;
PA0  h. a symbol read-out arrangement operable to develop a raster scan output
      signal representative of the symbols stored in the symbol storage device,
      said output signal having the same format as the signal source output
      signal;
PA0  i. signal combiner circuitry operable to receive the output signals from
      the signal source and the symbol read-out arrangement so as to develop a
      raster scan output signal representative of both said symbols and said
      environment; and
PA0  j. means for connecting either the output of the signal combiner circuitry
      or the output of the waveform generator to the activating means.
PAR  In a preferred arrangement in accordance with the invention said symbol
      storage device and symbol read out arrangement are combined to comprise an
      arrangement including two single-ended storage tubes connected and
      arranged such that in operation, one operates in storage mode for one
      period of time to store the output signal of the waveform generator,
      whilst the other operates in a reading mode to read out another part of
      the output signal of the waveform generator in accordance with the raster
      scan format of the output of said signal source, which other part had
      previously been stored in said other single-ended tube during an earlier
      period of time.
PAR  By "single-ended storage tube" is meant a storage tube in which storage and
      reading are accomplished by the same electron gun and the same deflection
      system.
DRWD
PAR  The invention is hereinafter described with reference to the accompanying
      drawing in which:
PAR  FIG. 1 is a synoptic diagram of a head-up display system installed in an
      aircraft; and
PAR  FIG. 2 is a schematic diagram of part of the system.
DETD
PAR  The system comprises a semi-reflective image combiner element 11 installed
      in the aircraft in front of the pilot 13 on the pilot's line of sight 15
      forward of the aircraft. The aircraft windshield is depicted by the
      reference numeral 17.
PAR  There is a primary display surface 19 which is constituted by the phosphor
      screen of a cathode ray tube (crt) 21. The activating means 23 for the
      phosphor screen comprises an electron gun (not shown) for directing an
      electron beam at the crt screen and deflection and bright-up circuitries
      (not shown) therefor operable to deflect and modulate the electron beam
      intensity so as to excite any desired portion of the phosphor screen to
      emit light.
PAR  Between the combiner element 11 and the phosphor screen there is a
      collimating optical system indicated, generally, at 25. The light emitted
      from the phosphor screen is transmitted collimated to the combiner element
      11 from which it is reflected to the pilot's eyes. The light being
      collimated, the image reflected to the pilot is focussed at infinity ie.
      is focussed on the distant scene transmitted through the semi-reflective
      combiner element.
PAR  A waveform generator 27 receives input data signals from sensors S carried
      by the aircraft and representing the relationship of the aircraft to its
      environment in space or time or in both space and time. The waveform
      generator 27 is responsive to the sensor signals so as to develop a stroke
      writing mode video output signal capable of being employed in controlling
      the activating means 23 so as to cause the activating means to excite
      desired line segments of the phosphor screen of the crt so as to present
      at the screen symbols representative of the aforesaid relationship of the
      aircraft to its environment. Such waveform generators are well known and
      the development thereof is described in articles such as "The Evolution of
      Head-Up Displays", published in "Interavia" (August 1972) and "Cost
      Conscious Weapon-aiming HUD" published in "Flight" (8th June 1972).
PAR  The sensors may comprise or include such instruments as gyros,
      accelerometers and air data sensors; the range of sensors chosen is
      determined by the characteristics of the display to be presented to the
      pilot in accordance with the operational requirement of the aircraft.
PAR  The system further includes a signal source 29 including an imaging sensor.
      The source 29 is operable to develop a raster scan video output signal
      representing the environment of an imaging sensor which may or may not be
      on the aircraft. The imaging sensor may comprise an infra-red sensor or a
      low-light television sensor. The scan output signal typically has a line
      by line scan format similar to that used in television systems; but if
      desired the raster scan video output signal could have any other format
      eg. r,.theta.. Such signal source and sensors are well known and examples
      thereof are described in articles such as "Developments in U.S. Military
      Reconnaisance" published in "Interavia" (April 1972), and "New Sensors For
      Airborne Reconnaisance" published in "Interavia" (May 1972).
PAR  A symbol storage device 31 is operable in response to output signals from
      the waveform generator 27 so as to store a representation of symbols to be
      presented to the pilot. Associated with the device 31 there is a symbol
      read-out arrangement 33 operable to cyclically scan the symbol storage
      device 31 in a raster so as to develop a raster scan output signal
      characteristic of the symbols and their spatial distribution on the symbol
      storage device 31 and of the same format as the output signal of the
      signal source 29.
PAR  A signal combiner circuitry 39 receives the output of the signal source 29
      and optionally the output of the symbol read-out arrangement 33. It
      produces a raster scan output signal corresponding to the output of the
      signal source or a composite of the outputs of both the signal source 29
      and the symbol read-out arrangement 33 depending on whether the output of
      the symbol read-out arrangement is or is not required to be presented with
      the output of the signal source 29.
PAR  Switch means 41 is provided for connecting either the output of the signal
      combiner circuitry 39 or the output of the waveform generator 27 to the
      activating means so that the image presented to the pilot at the combiner
      element 11 consists either of symbols produced by light emitted from
      excited line segments of the crt phosphor screen in response to the output
      of generator 27 or light emitted from the phosphor screen in response to
      the raster scan output signal of the combiner circuitry 39.
PAR  If desired a displaceable blind may be provided between the combiner
      element and the windshield 17 to provide a dark background for the
      relatively low brightness display produced from the output of the signal
      combiner 39. The blind may be as described in United Kingdom patent
      applications 20398/73 and 24527/73. Where the signal source is of the kind
      adapted to produce a pictorial representation of the aircraft environment
      for night flying use, such a blind is clearly unnecessary.
PAR  Preferably, the symbol storage device 31 and the symbol read-out
      arrangement 33 are combined in an arrangement as described in U.K. Patent
      Specification No. 1,315,624.
PAR  Referring now to FIG. 2, the arrangement suitably comprises two
      single-ended storage tubes 51 and 53 having respective electron beam
      deflection systems 55 and 57.
PAR  The deflection system 55 and 57 are supplied via four ganged change-over
      switches 59, 61, 63 and 65 with X and Y co-ordinate deflection signals
      from a generator 67 synchronised with the output of waveform generator 27
      and with field and line scanning signals from a rectangular raster
      generator 69 synchronised with the output of the signal source 29 so that
      in one position of the switches the deflection system 55 and 57 receive
      signals from the generators 67 and 69 respectively and in the other
      position of the switches the deflection system 55 and 57 receive signals
      from the generators 69 and 67 respectively.
PAR  The beam control electrodes (not shown) of the storage tubes are connected
      via two further change-over switches 71 and 73 with the stroke writing
      mode video output signal from the generator 27 and with a source 75 of
      d.c. potential of a value such as to set the storage tube to whose beam
      control electrode it is applied in a reading mode. The switches 71 and 73
      are so connected and ganged with the switches 59 to 65 so that the video
      output of the generator 27 is applied to the storage tube whose deflection
      system is receiving signals from the generator 67 and the d.c. potential
      is applied to the other storage tube.
PAR  The targets of the storage tubes are connected via two further change-over
      switches 77 and 79 to an output terminal 81 and a further source 83 of
      d.c. potential of a value such as to set the storage tube to whose target
      electrode it is applied in a storage mode.
PAR  In operation, the switches are operated at the end of each rectangular
      raster field period. Thus, during each field period one of the tubes
      operates in a storage mode to store on its target the stroke writing mode
      signal applied to it from the waveform generator 27 whilst the other
      operates in a reading mode to read out from its target, in accordance with
      a raster scan format, the signal applied to it from the waveform generator
      27 during the previous field period. Thus the stroke writing mode output
      signal of the waveform generator 27 appears at the terminal 81 in a raster
      scan format corresponding to the raster scan format of the output of the
      signal source 29.
CLMS
STM  I claim:
NUM  1.
PAR  1. A head-up display system for a vehicle comprising:
PA1  a. a semi-reflective combiner element adapted to be installed in the
      vehicle on the line of sight of an observer in the vehicle of a scene
      outside the vehicle;
PA1  b. a display surface;
PA1  c. activating means operable to activate substantially any portion of the
      said surface so as to cause the said portion to emit light;
PA1  d. between the combiner element and the display surface a collimating
      optical system which, when a display is present on the display surface as
      a result of activation as aforesaid, projects a collimated image of the
      display to the combiner element for reflection to the observer's eyes,
      thereby effectively superimposing the image of the display on the
      observer's view of the outside scene through the combiner;
PA1  e. a waveform generator responsive to input data signals derived from
      sensors carried by the vehicle and representing the relationship of the
      vehicle to its environment so as to repetitively develop a time sequence
      of output signals capable of being employed for controlling the activating
      means to activate desired line segments of the display surface thereby to
      present at said surface symbols representative of the aforesaid
      relationship;
PA1  f. a signal source operable to develop a raster scan output signal
      representative of the environment sensed by an imaging sensor;
PA1  g. a symbol storage device operable in response to output signals from the
      waveform generator so as to store symbols to be presented at the display
      surface;
PA1  h. a symbol read-out arrangement operable to develop a raster scan output
      signal representative of the symbols stored in the symbol storage device,
      said output signal having the same format as the signal source output
      signal;
PA1  i. signal combiner circuitry operable to receive the output signals from
      the signal source and the symbol read-out arrangement so as to develop a
      raster scan output signal representative of both said symbols and said
      environment; and
PA1  j. means for connecting either the output of signal combiner circuitry or
      the output of the waveform generator to the activating means.
NUM  2.
PAR  2. A head-up display system according to claim 1 in which said symbol
      storage device and symbol read-out arrangement are combined to comprise an
      arrangement including: two single-ended storage tubes; means for operating
      said two storage tubes in reading and storage modes alternately, one tube
      being in its reading mode when the other is in its storage mode and vice
      versa; means for supplying the output signal of the waveform generator
      together with deflection signals synchronized with the waveform generator
      to the storage tube operating in its storage mode; means for supplying
      scanning signals synchronized with the output of said signal source to the
      storage tube operating in its reading mode; and means for deriving an
      output signal from the storage tube operating in its reading mode.
NUM  3.
PAR  3. A head-up display according to claim 1 in which the output signal of the
      signal source has a line by line scan format.
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PAL  A two-dimensional matrix of semiconductors is arranged in ordered array as
      a flat, light emitting and light sensing device for input and read-out of
      information from a computer. A penlight is used to activate the light
      sensing semiconductors to achieve a graphical input. Operation of the
      device can be either incremental or random.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This specification is a continuation application of Ser. No. 250,836, filed
      May 5, 1972, now abandoned, which is a division of Ser. No. 111,659, filed
      February 1, 1971, now U.S. Pat. No. 3,761,620, which is a division of Ser.
      No. 33,855, filed May 1, 1970, now U.S. Pat. No. 3,618,029, which is a
      continuation-in-part of application Ser. No. 644,756, filed May 25, 1967,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to registers and in particular to
      electrical calculators of the hybrid type.
PAR  In many computer systems, a cathode ray tube display is available which
      will produce a graphical representation of the information contained in
      the computer system. These systems may obtain their information input
      through the use of a light pen whose photosensitive cell is directed at
      the surface of the cathode ray tube.
PAR  Other graphical input-output computer systems are known which comprise a
      flat matrix of electrical terminals which are connected to the computer
      and capacitively coupled to a metal stylus which acts as a writing
      instrument.
PAC  SUMMARY OF THE INVENTION
PAR  The device of the present invention is a flat graphical input-output device
      for a computer using light sensors to receive information, with light
      emitters juxtaposed to corresponding sensors to display the information. A
      penlight, i.e., a "pen" or light emitting device held in the hand of an
      operator, is used to activate the light sensors.
PAR  It is therefore, an object of the present invention to provide a graphical
      input-output device for a computer that is flat, can be added to in order
      to increase its area, and which emits and senses light.
PAR  It is another object of this invention to provide a graphical input-output
      device that is compact, light weight and vibration resistant.
PAR  It is still another object of the present invention to provide a graphical
      input-output device for a computer having individual point control.
PAR  It is yet another object of the present invention to provide a graphical
      input-output device for a computer which operates at a low voltage.
PAR  It is another object of this invention to provide a graphical input-output
      device for a computer having an arbitrary data point density or resolution
      ability.
PAR  It is also an object of the present invention to provide a computer with
      additional information storage elements.
PAR  It is an object of the present invention to provide a graphical
      input-output device for a computer having dynamic input and output
      displays.
PAR  It is an object of the present invention to provide a light emitting device
      that is used for manual input of graphic information.
PAR  It is another object of the present invention to provide a graphical
      input-output device for a computer which can be used with conventional
      drafting tools.
PAR  Other and more particular objects of the present invention will be manifest
      upon study of the following detailed description when taken together with
      the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the graphical input-output device of the
      present invention;
PAR  FIG. 2 is an elevational view of a first embodiment of a penlight used to
      place information into the graphical device of FIG. 1;
PAR  FIG. 3 is an elevational view of a second embodiment of a penlight used to
      place information into and erase information from the graphical device of
      FIG. 1;
PAR  FIG. 4 is a plan view of a typical low density sensor-emitter module or
      pair;
PAR  FIG. 5 is a sectional elevational view of a typical low density
      sensor-emitter module or pair;
PAR  FIG. 6 is a plan view of a typical high density sensor-emitter module;
PAR  FIG. 7 is a sectional elevational view of a typical high density
      sensor-emitter module;
PAR  FIG. 8 is a circuit diagram of a typical graphical input-output device of
      the present invention for an eight point matrix; and
PAR  FIG. 9 is a block circuit diagram showing the method of connection of the
      graphical input-output device of the present invention to a typical
      computer system well known in the art.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, the graphical input-output device 10 of the
      present invention comprises basically a write and display board 11, i.e.,
      input-output drawingboard, mounted on an electronics or power supply
      cabinet 12 and having on the front thereof a control panel 14.
PAR  A penlight 16 is electrically connected to board 11 by two or more
      conductors 17 for control of the light output of the pen and, as will be
      described below, for control of the computer.
PAR  Board 11 further comprises modular circuit units 19 shown, typically, in
      greater detail in FIG. 4, through 7.
PAR  Board 11 is connected into a typical computer system generally as shown in
      FIG. 9 and, as can be seen from the Figures, provides a technique of
      placing into the computer for operation therein, information which is
      graphical in nature, i.e., information which can be displayed by means of
      coordinates, generally horizontal and vertical coordinates.
PAR  The computer elements illustrated and labeled in FIG. 9 are generally well
      known in the art and are shown for the general purpose of indicating the
      relationship of input-output device 10 with respect to a typical computer
      system.
PAR  With reference to FIGS. 4 and 5, information is placed into the computer by
      activating light sensing devices 22, while information is displayed by
      means of light-emitting devices 23, both of which are juxtaposed in
      generally the same plane in board 11 of FIG. 1.
PAR  With particular reference to FIG. 5, the circuitry for operating sensors 22
      and emitters 23 are disposed in layers 25 and 26 which may be printed
      circuits or other miniaturized circuits, i.e., intergrated circuits.
PAR  With reference again to FIG. 1, board portion 11 comprises a transparent
      surface or glass plate 28 held in place by a frame 29.
PAR  Directly under glass plate 28 is a plurality of modular circuit units 19
      previously described juxtaposed in a common plane and arranged in ordered
      array to define a matrix.
PAR  Referring again to FIGS. 4 through 7, each unit 19 may contain from one to
      50 or more sensor-emitter pairs 24. Each circuit unit 19 may contain as
      many sensors 22 and emitters 23 as are needed or that there is the
      manufacturing ability to produce.
PAR  For simplification of terminology, each sensor-emitter pair 24 will be
      referred to as a "data point" 24 or "point" 24. A typical point 24 would
      be the sensor-emitter pair shown in FIG. 4. It can be seen that each point
      represents the condition of a one-bit memory, i.e., the emitter is either
      activated ("on") or deactivated ("off") and can be visually so indicated
      by the on or off status of emitter 23.
PAR  FIG. 8 is a circuit diagram for an eight point graphical input-output
      device, using commercially available sensors 22 and emitters 23.
PAR  It can be seen that the density of points per square inch can be increased
      by merely multiplying the number of circuits, and by the use of integrated
      circuits, which method of construction is well known in the art.
PAR  With reference to FIGS. 4 and 8, sensor 22 is, for the present embodiment,
      a photodiode, that is, a solid state or metal-oxide semiconductor which is
      activated when exposed to light.
PAR  Emitter 23 is an electroluminescent light source such as Ga-As-P
      (Gallium-Arsenic-Phosphorus) diode, i.e., a crystal arranged to form a pn
      junction and having the ability to electroluminesce when a current flows
      in a particular direction across the junction. Such light emitting devices
      are well known in the art and the method of construction of such a diode
      forms no part of the present invention.
PAR  The color of light emitted by the Ga-As-P diode emitter is of red hue. By
      appropriate selection of light filters or semiconductor crystals, colors
      such as green or yellow may be obtained for the purpose of achieving
      output data in various hues and mixtures thereof.
PAR  To activate sensors 22, penlight 16, illustrated in FIG. 2 is held in a
      manner to direct light to the light sensing devices.
PAR  FIG. 2 illustrates a penlight 16 which comprises, basically a cylindrical
      holder 31 containing a light transmitting guide 32, i.e., a clear plastic
      rod utilizing internal reflection for conducting the light, having a tip
      33, protruding from one end of holder 31 and slidable therein, a light
      source 34 encased in said light transmitting guide 32, a switch 35 inside
      holder 31 proximate the end of light guide 32 and a spring 36 between
      switch 35 and light guide 32 biased to keep guide 32 from activating
      switch 35 except when sufficient pressure is applied to tip 33. Conductors
      17 are connected to light source 34 and switch 35, and are connected to a
      power source to energize light 34 and communicate with the computer (not
      shown in FIG. 2) to indicate that input is occurring.
PAR  FIG. 3 illustrates a second embodiment of a penlight 116 similar to
      penlight 16 of FIG. 2; however, provided with dual light sources and
      switches for input and erase functions.
PAR  One-half of housing 131 contains a light source 134 within a light
      transmitting guide 132 having a lens 137 in a threaded hole whose tip 133
      protrudes from one end of housing 131.
PAR  The other half of housing 131 contains a comparable arrangement of a light
      source 134a, a light transmitting guide 132a, and a threaded lens 137a.
PAR  In the center of housing 131 is a switch 135 disposed between guides 132
      and 132a with springs 136 and 136a biased to hold guides 132 and 132a,
      respectively, away from switch 135.
PAR  Switch 135, as in the case of switch 35, is connected to the computer and a
      power source (not shown in FIG. 3).
PAR  To activate penlight 16, the pen is placed with tip 33 against display
      board 11 and holder 31 is pushed down causing guide 32 to overcome the
      bias of spring 36 and activate switch 35.
PAR  Referring to FIG. 8, there is shown a circuit diagram 38 for a typical 8
      point graphical input-output device of the present invention.
PAR  Data points are individually identified by the letters W, NW, N, NE, E, SE,
      S, and SW which are abbreviations for the points of the compass and
      correspond to positions on display board 11.
PAR  Sensors 22 corresponding to emitters 23 are shown connected and are
      juxtaposed as illustrated in FIGS. 4 and 5.
PAR  In the circuit illustrated, the DATA SET 48 on the transmit side of the
      circuit is connected to a computer (not shown) by telephone lines, or this
      DATA SET may be eliminated and the circuit connected directly to the
      computer. Time delay in timing chain 61, comprising links 61W through
      61SW, which are devices common in the art, namely, monostable
      multi-vibrators, may be modified accordingly depending upon the ability of
      the computer to receive the information.
PAR  The timing chain 61 sequentially gates data, which is represented by a
      voltage on line 42, from the computer through AND gates 41 into locations
      W, NW, N, etc., i.e., in a counterclockwise manner starting at the west W
      then moving north to position NW, then N, etc., and back to W.
PAR  In particular, with reference to FIG. 8, circuit 38 is connected to a
      computer (See FIG. 9) by means of data sets 45 and 48 for circuit 38 input
      and output respectively. Data sets 45 and 48 are merely a means for
      coupling the circuit to the computer and are devices which are common in
      the art.
PAR  The symbols used in FIG. 8 are adapted from Military Standard 806B well
      known in the art, except the symbol for the "OR" gates which is a symbol
      also common in the art and easily identified by persons skilled in the
      art.
PAR  For convenience, when referring to AND gates 41, 52, 55 and 57, and OR
      gates 39 specifically, we will use the appropriate suffix letters
      corresponding to those used on bistable multivibrator or flip-flop
      circuits 59. For example, the gates controlling the flow of current
      through flip-flop circuits 59W will be identified as gates 41W, 39W, 57W,
      55W and 52W. The same notation will be used for emitters and sensors,
      e.g., 23W and 22W.
PAR  From circuit 38, it can be seen that if a sensor, (such as 22E) were
      exposed to light, and a bias voltage applied to BIAS circuit 37, (to the
      left or input side of sensor 22E) and to "WRITE" circuit 63, then a
      current will be allowed to flow through the sensor 22E and through OR gate
      39E to AND gate 57E to cause bistable multivibrator 59E to conduct a
      current through emitter 23E, (causing it to emit light) to OR gate 51 and
      apply a voltage to one side of AND gate 52E. Flip-flop 59E is then LOCKED
      in the ON condition. Hence, no computer action is required to optically
      activate the emitters.
PAR  To transmit the condition of the circuits to the computer, a data set 48 is
      used as a couple. Such DATA SET is common in the art and is used when
      transmitting information over telephone lines. A direct connection to a
      computer would be easier if the remote capability of telephone lines is
      not required. For transmitting information directly to the computer (not
      shown) the connection is made to the output, (RIGHT in the circuit
      diagram) side of AND gate 54.
PAR  To transmit, switch 62 is closed, which enables signals to pass through AND
      gate 54, and timing chain 61 is caused by clock 40 to sequentially,
      beginning with AND gate 52W and ending with AND gate 52SW, apply a voltage
      to gates 52. Since in this example only AND gate 52E has a voltage applied
      to both its input sides, a pulse of current will pass through gate 52E and
      no others, thus indicating to the computer that only emitter 23E is
      activated.
PAR  To place information into circuit 38, a computer is connected in common,
      either by data set 45 or by wires, to conductor 42, which is connected to
      one side of AND gates 41. A clock 40 is synchronized with the computer and
      used to trigger timing chain 61. A bias voltage is applied to WRITE
      circuit 63 connected in common to AND gates 57.
PAR  If, for example, it is desired to activate or turn ON emitters 23NW and
      23S, the computer would apply a voltage pulse on line 42 concurrently with
      the triggering of link 61NW and 61S in timing chain 61.
PAR  When link 61W is triggered, a voltage pulse will appear on only one side of
      AND gate 41W, thus not permitting a current to flow. However, when line
      61NW is triggered concurrently with a voltage pulse from the computer, a
      current will flow through AND gate 41NW, OR gate 39NW, and a voltage pulse
      will appear at the input side of AND gate 57NW. Since a bias voltage is
      already applied to the other side of AND gate 57NW from WRITE circuit 63,
      a current will then be permitted to flow through AND gate 57NW and
      flip-flop 59NW to activate emitter 23NW.
PAR  As timing chain 61 continues to trigger sequentially from link to link, no
      emitter 23 will be activated until the computer emits another voltage
      pulse synchronously with the firing of line 61S causing, in the manner
      described above, emitter 23S, to turn ON and remain ON.
PAR  To "erase" or turn an emitter 23 OFF a bias voltage is applied to ERASE
      circuit 49 such that flip-flop 59 will operate to turn emitter 23 OFF in a
      manner analogous to that described above for turning emitter 23 ON.
PAR  The counterclockwise order of gating in FIG. 8 is generally illustrative of
      one method. Other sequences can be used such as clockwise or back and
      forth.
PAR  In a like manner, as can be seen from FIG. 8, information can be gated into
      bistable elements 59 either through WRITE gates 57 or ERASE gates 55 when
      sensors 22 are activated by electromagnetic radiation.
PAR  To manually operate graphical input-output device 10 of the present
      invention, penlight 16 is operated as previously described to activate
      sensors 22 in any manner, or pattern desired, such as individual sensors
      22 in a random pattern, or a locus of sensors 22 in an incremental mode.
      Therefore emitters 23 can be written (activated) or erased (deactivated)
      without the computer using the penlight.
PAR  The timing chain 61 can be triggered through OR gate 60 either
      electronically by the computer or manually by pushing the RECEIVE button
      64 to pass the information as to which point has been set, (activated) to
      the computer assuming the transmit switch 62 is activated. In FIG. 8, each
      sensor-emitter pair 24 had a unique position in the eight bit data segment
      transmitted to the computer.
PAR  The flip-flops 59 are the information storage elements. A person can read
      the states of each point by observing if the lamps are on or off.
PAR  FIG. 9 illustrates the configuration of computer equipment 50 used to show
      how graphical input-output device 10 of the present invention is connected
      to a computer.
PAR  Device 10 is shown connected to a DATA SET which is a means common in the
      art for making a connection to a computer, similar to the data set of
      circuit diagram 38 of FIG. 8. The DATA SET is in turn connected to a
      general processor of the computer 50 which in turn is connected to the
      various memory modules and magnetic drum and tape units which are common
      in the art.
PAR  Thus, graphical information in device 10 as previously described enters
      computer 50 through the data set or wires in a manner acceptable to the
      particular computer. In a like manner, graphical data may be placed in
      device 10 as previously described from computer 50. Also, graphical data
      may be placed (written) or removed (erased) in device 10 as previously
      described by a man using the input device 16.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optoelectronic device comprising
PA1  a modular circuit unit having
PA1  a pn junction light emitter, and
PA1  a semiconductor light sensor juxtaposed in a common plane to permit
      emission and reception of light on one common side of said module,
PA1  said emitter and sensor positioned to operate optically independently of
      each other, and
PA1  means for electrically connecting said modular circuit unit to like modular
      circuit units, said means disposed on another side of said modular unit.
NUM  2.
PAR  2. The optoelectronic device of claim 1 wherein said light emitter
      comprises elements selected from the group consisting of gallium, arsenic
      and phosphorus.
NUM  3.
PAR  3. The optoelectronic device of claim 1 further comprising
PA1  means for activating and deactivating said light emitters, and
PA1  means for activating and deactivating said light sensors.
NUM  4.
PAR  4. The optoelectronic device of claim 1 further comprising
PA1  means for simultaneously activating and deactivating said light emitter and
PA1  means for simultaneously activating and deactivating said light sensor.
NUM  5.
PAR  5. The optoelectronic device of claim 1 further comprising
PA1  a second pn junction light emitter adapted to emit a hue of light different
      from the hue of light emitted by said first light emitter,
PA1  said first and second light emitters disposed adjacent each other in said
      module.
NUM  6.
PAR  6. An optoelectronic device comprising
PA1  a plurality of pn junction light emitters juxtaposed in a common plane and
      arranged in an ordered array,
PA1  means for sequentially activating and deactivating said emitters,
PA1  means for storing the status of said light emitters,
PA1  means for manually switching said light emitters,
PA1  means for simultaneously activating said light emitters,
PA1  means for simultaneously deactivating said light emitters, a computer, and
PA1  means for operating said light emitters by said computer.
NUM  7.
PAR  7. The device of claim 6 further comprising
PA1  a penlight, and
PA1  means for operation of said device using said penlight.
NUM  8.
PAR  8. The device of claim 6 further comprising means for connecting said
      device to a communications network including
PA1  means for transmitting electrical signals,
PA1  means for receiving electrical signals,
PA1  means for modulating electrical signals, and
PA1  means for demodulating electrical signals.
NUM  9.
PAR  9. The device of claim 6 further comprising
PA1  a low voltage power supply, and
PA1  means for energizing said light emitters using said power supply.
NUM  10.
PAR  10. An optoelectronic device comprising
PA1  a plurality of semiconductor light sensors juxtaposed in a common plane and
      arranged in an ordered array,
PA1  means for individually activating and deactivating said light sensors,
PA1  means for storing the status of activation and deactivation of said
      sensors,
PA1  a computer,
PA1  means connected to said computer for determining the activated status of
      said sensors,
PA1  a penlight, and
PA1  means for activating said sensors using said penlight.
NUM  11.
PAR  11. The device of claim 10 further comprising
PA1  a low voltage power supply, and
PA1  means for biasing said light sensors using said power supply.
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ABST
PAL  A digital-to-analog converter utilizing a set of high-speed current
      switches each comprising a buffer transistor and a switching transistor
      interconnected with a common resistor in such a fashion that the buffer
      transistor in the normal "off" state supplies the common resistor with a
      current of predetermined magnitude to bias the switching transistor to
      cut-off; a control pulse coupled through an input diode cuts off the
      buffer transistor, the bias at the switching transistor is thereby
      eliminated, and the switching transistor immediately conducts. The
      magnitude of current supplied to a summing point by each switching
      transistor is fixed in accordance with a weighted relationship determined
      by the order of the binary bit represented by the respective transistor;
      for one group of switching transistors, the current levels are determined
      by current-dividing networks individual to each transistor; in a second
      group, the current levels are determined by a ladder network
      interconnecting the transistors to the summing point; in a third group,
      each transistor is arranged to conduct the correct amount of current by
      appropriate loading of its output circuit. Special means are provided for
      assuring smooth transitions between positive and negative outputs, and to
      compensate for the effects of ambient temperature variations.
PARN
PAR  This is a continuation of application Ser. No. 207,463 filed Dec. 13, 1971,
      now abandoned, which in turn is a divisional of Ser. No. 809,700 filed
      Mar. 24, 1969, now U.S. Pat. No. 3,685,045.
BSUM
PAR  This invention relates to digital-to-analog converters. More particularly,
      this invention relates to such converters which are capable of high-speed
      conversion with stability and freedom from transient effects.
PAR  A wide variety of digital-to-analog converters have been provided for many
      purposes heretofore. Initially such converters used vacuum tubes, but as
      with most electronic devices, vacuum tubes have been replaced with later
      developed solid-state elements. Since the design criteria of solid-state
      elements are significantly different from vacuum tubes, this replacement
      process has presented a number of special problems. In addition, with the
      increasing speeds attainable by computers and other digital devices, there
      has been a corresponding demand for increased speed from digital-to-analog
      converters.
PAR  Accordingly, it is a principal object of the present invention to provide
      solid-state digital-to-analog converters with improved operating
      characteristics, particularly high-speed conversion capabilities together
      with reliable, accurate performance.
DRWD
PAR  Other objects, aspects and advantages of the invention will in part be
      pointed out in, and in part apparent from, the following description
      considered together with the accompanying drawing in which FIGS. 1A and 1B
      together show a circuit diagram of one presently preferred embodiment of
      the invention.
DETD
PAR  Referring now to the upper portions of FIG. 1B, there is shown a
      conventional storage register 10 having a series of separate binary stages
      12 (12A, etc.). Input leads 14 (14A, etc.) supply to the stages 12 the
      individual binary elements of a digital number to be converted to a
      corresponding analog signal level. These input leads may be connected to
      any digital source (not shown), such as a high-speed data processor.
PAR  The binary signals stored in the stages 12 are gated out essentially
      simultaneously by a strobe circuit 16 energized by conventional
      gate-generating means (not shown) producing periodic pulses of suitably
      high frequency. When the stages 12 are thus gated open, the stored binary
      signals are directed through respective coupling circuits comprising
      individual diodes 18 (18A, etc.). That is, each stage containing a stored
      binary bit produces a control pulse which passes through the corresponding
      coupling diode. This control pulse is of negative polarity, and is applied
      to the emitter 20 (20A, etc.) of a corresponding PNP buffer transistor 22
      (22A, etc.) arranged so as normally to conduct current.
PAR  The bases 24 (24A, etc.) of all of the buffer transistors 22 are connected
      together to a power supply lead 26 providing a regulated bias voltage
      somewhat more positive than -15 volts. The emitters 20 of all of the
      buffer transistors are connected through respective resistors 28 (28A,
      etc.) to a second power supply lead 30 having a regulated voltage of about
      +15 volts. The collectors 32 (32A, etc.) of the buffer transistors are
      connected to corresponding NPN switching transistors 34 (34A, etc.) so as
      to control the output thereof in a manner to be described hereinbelow in
      detail.
PAR  The collector 32 of each buffer transistor 22 is connected to one end of a
      corresponding load resistor 36 (36A, etc.) forming part of the output
      circuit of the associated switching transistor 34. The remote ends of
      those load resistors are connected in common to a power supply lead 38
      maintained at about -60 volts. When any buffer transistor is on, its
      output current flows through the associated load resistor 36, and the
      resulting voltage drop across this resistor causes the emitter 40 (40A,
      etc.) of the corresponding switching transistor to be biased to cut-off.
      Thus, no current will flow through a switching transistor while the
      associated buffer transistor is on.
PAR  When any buffer transistor 22 is cut off by a negative control pulse
      coupled through its input diode 18, the cut-off bias at the emitter 40 of
      the corresponding switching transistor 34 disappears, and that transistor
      therefore immediately conducts. The load circuit of each switching
      transistor is so arranged that when the transistor is turned on, the
      magnitude of its output current will be virtually equal to that of the
      current previously passing through the series resistor 36 from the
      associated buffer transistor 22. Thus, the operating conditions of the
      switching transistor will be changed but very little during the switching
      transition, e.g. the voltage of the emitter 40 may change by only a little
      more than 0.7 volts, the normal voltage drop across a conducting
      transistor. This small change in operating voltages tends to assure smooth
      and rapid switching.
PAR  The buffer transistors 22 serve the important function of substantially
      isolating the switching transistors 34 from the transient effects of the
      gating strobe control pulse. That is, such a control pulse, if applied
      directly to the switching transistor, would introduce relatively large
      momentary signal variations in the output circuit of the transistor, as a
      result, for example, of leakage capacitance coupling of the leading edge
      of the control pulse. Such transient effects introduce errors in the
      conversion operation, particularly as the conversion speed is increased to
      the point where there is insufficient time for the transient effects to
      settle out. The transient effects of a switching pulse are somewhat
      erratic, and are difficult to eliminate by conventional circuit
      arrangements.
PAR  The individual buffer transistors 22 significantly minimize the transient
      effects of capacitive coupling feed-through to the switch output. The
      result is a considerable improvement in accuracy of the conversion,
      especially at high speeds. In addition, the use of the buffer transistors
      makes it readily possible to strobe the converter with negative-going gate
      pulses, preferred in such logic circuitry.
PAR  The output currents of all of the first eight switching transistors 34A-34H
      are pre-adjusted to be of exactly the same magnitude (approximately 1
      mil), by selection of the appropriate value for the associated load
      resistors 36A-36H. A portion of the output current of each conducting
      transistor is coupled through a lead 42 to the summing input terminal 44
      (FIG. 1A) of an operational amplifier 46. The magnitude of this portion of
      current is fixed in accordance with a 2:1 weighting relationship to
      correspond to the order of the binary bit represented by the respective
      switching transistor. Specifically, the current contribution of the second
      transistor 34B is arranged to be one-half that of the first transistor
      34A, the current contribution of the third transistor 34C is one-half that
      of the second 34B, and so forth.
PAR  The output of the first switching transistor 34 is connected directly to
      the summing terminal 44 of the operational amplifier 46, and thus this
      transistor contributes its entire output. The next three switching
      transistors 34B, 34C, and 34D are connected to the summing terminal by
      individual weighting networks comprising current dividers 48, 50, and 52.
      The preferred form of divider consists of two series-connected resistors
      the common junction of which is connected to the collector electrode 54 of
      the associated switching transistor, and the remote terminals of which are
      connected respectively to ground and the summing input terminal 44 of the
      operational amplifier 46. Thus, the amount of current contributed by any
      one of these latter three switching transistors 34B, 34C and 34D is
      determined by the ratio of the two resistors in the corresponding
      current-divider network 48, 50 or 52, in such a manner as to provide the
      required 2:1 ratio from one to the next.
PAR  The next four output transistors 34E-34H form a second discrete set, all
      coupled to the summing input terminal 44 of the operational amplifier 46
      by means of a two-to-one ladder network 56 consisting of a series of four
      cascaded identical stages 58, 60, 62 and 64. The intersection points 66,
      68, 70 between the separate stages are connected respectively to the
      transistor collector electrodes 54E, 54F and 54G, and the right-hand end
      terminal 72 (serving as the input terminal for the ladder network) is
      connected to collector electrode 54H. In this ladder network, the ohmic
      resistance of each series resistance 74 is one-half that of the associated
      shunt resistance 76. Thus, visualizing the signal flow as proceeding from
      right to left, each stage of the ladder network provides a 2:1 attenuation
      of any current supplied thereto, either from the associated switching
      transistor 34, or from the preceding (right-hand) stage of the ladder
      network.
PAR  Although this ladder network 50 does introduce some distributed capacitance
      effects, and permits some interaction between the functioning of the
      associated switching transistors 34, these effects produce relatively
      small consequences in the overall conversion accuracy because the bits of
      data involved are several orders down from the most significant bit of the
      complete digital number. Moreover, such adverse effects are compensated
      for, at least to some extent, by arranging the switching transistors to
      produce the same magnitude of current output. This equal-current
      arrangement tends to minimize instability and other error effects.
PAR  The load resistors 36I-36M of the last set of five switching transistors
      34I-34M are so proportioned relative to one another as to provide the
      desired two-to-one ratio in current flow through the respective
      transistors. The load resistors 28I-28M of the corresponding buffer
      transistors 22I-22M are similarly proportioned. That is, each resistor in
      the sequence has a total ohmic resistance of approximately twice that of
      the preceding resistor of the sequence. Thus, the magnitude of the current
      supplied by each switching transistor 34I-34M is one-half that of the
      preceding transistor, e.i. the transistor to the left, as seen in the
      drawing.
PAR  The collector electrodes (54I-54M) of all five of this third set of
      switching transistors 34I-34M are connected together to the input terminal
      72 of the ladder network 56. Any one of the transistors which is gated on
      will thus supply a corresponding weighted current contribution through the
      ladder network to the summing input terminal 41 of the amplifier 46.
      Although the use of currents of different magnitude in each of the
      switching transistors 34I-34M introduces some asymmetries in the
      conversion operation, these asymmetries do not have any important effect
      on the final result because the five transistors of this third set provide
      digital bits corresponding to the lowest orders of the digital number,
      i.e. the five least significant bits of the group. The direct connection
      of this third set provides desirable economies of construction without
      important performance limitations.
PAR  For some applications, it is necessary to provide a sign-change capability,
      i.e. so as to develop either positive or negative analog outputs
      corresponding to positive or negative digital inputs. Referring to the
      lower portion of FIG. 1A, such a capability can be provided by coupling
      the output of the amplifier 46 to an inverting amplifier 80, and by
      employing a selector switch 82 having two sections 82A, 82B to select
      either the direct output or the inverted output. The switch 82 is operated
      by a conventional switch driver 84 controlled by an input lead 86 to which
      is directed a sign bit, i.e. a binary bit indicating whether the number to
      be converted is positive or negative. The sign bit is gated by a strobe
      circuit (not shown) synchronized with the converter strobe. When so gated,
      the driver 84 opens either switch section 82A or switch section 82B, but
      not both at the same time. The selected analog signal is coupled to an
      output amplifier 66 which provides the final analog output signal of the
      converter.
PAR  Since it is not readily possible to assure exact synchronism between the
      operation of the switch 82 and the strobing of the storage register 10,
      transient errors may be developed in the converter output during the
      transition between negative and positive outputs. The problem cannot be
      solved simply by arranging the circuit so that the sign switch 82 is
      always actuated slightly before or slightly after strobing of the storage
      register, because a momentary error effect such as an overshoot can result
      under either circumstance, depending upon the beginning and ending
      voltages of the analog output. In accordance with a further aspect of the
      present invention, this problem has been solved by a special arrangement
      for insuring that the analog output signal, whenever a sign change is to
      be made, will first be brought to zero potential. Since every sign change
      requires the analog voltage to pass through zero, automatically shifting
      the voltage to zero whenever a sign change is to take place insures that
      the output will not vary in the wrong direction at the outset of a change.
      Holding the output on zero until all of the switching has been completed
      prevents overshooting of the final voltage.
PAR  In more detail, the converter includes (referring now to the upper
      left-hand corner of FIG. 1A) a sign change detector 90 which in the
      present embodiment includes a conventional flip-flop 92 arranged to
      receive the sign bit as the controlling input. The set and reset contours
      of the flip-flop are coupled through respective derivative circuits 96, 98
      and isolating diodes 100, 102 to a common load resistor 104. Thus,
      whenever there is a change of sign (where the sign bit changes from "zero"
      to "one" or vice-versa), a sharp positive spike will be developed at the
      load resistor 104. This spike momentarily turns on a transistor switch 106
      which, in turn, momentarily disables a transistor 108 serving to establish
      the bias voltage for the power supply lead 26.
PAR  Power supply lead 26 thereupon goes negative and holds the buffer
      transistors 22 on, producing a flow of current through all of the
      resistors 36 for a brief period. This current flow causes all of the
      switching transistors 34 to be turned off momentarily, thereby making the
      output voltage of amplifiers 46 and 80 to be held momentarily at zero.
      Thus, even though the sign-change switch 82 is not exactly synchronized
      with the gating of the register 10, the converter output will momentarily
      be shifted to zero during a sign change.
PAR  After the spike has subsided at the input to transistor 106, the buffer
      transistors 22 all are returned to normal operating conditions, and the
      strobed control pulses fed to these transistors from register 10 will
      activate the switching transistors 34 in a pattern representing the stored
      digital number. Thus, the output of the amplifier 88 will be shifted to
      the proper level, and transient errors during the sign change transition
      avoided.
PAR  Another source of error is changes in ambient temperature, which alter the
      operating characteristics of the switching transistors 34, and tend to
      vary the magnitude of current produced thereby. In accordance with a still
      further aspect of the invention, means are provided to minimize such
      effects of ambient temperature. More specifically, all of the bases 110
      (110A, etc.) of the switching transistors 34 are connected to a bias lead
      112 the voltage of which is regulated so as to maintain the current
      through the switching transistors substantially constant with changes in
      temperature.
PAR  The voltage of the bias lead 112 is primarily determined by a transistor
      114 in series with a resistor 116. Bias lead 112 also is connected to the
      base 120 of a control transistor 122 matched to the first switching
      transistor 34A, particularly in having a "beta" which tracks the
      corresponding parameter of transistor 34A with changes in temperature. The
      emitter 124 of control transistor 122 is connected through a load resistor
      126 to the power supply lead 38, and the collector 128 of this transistor
      is connected through a resistive network 130 to a positive reference
      voltage terminal 132. The circuit elements are so selected so as to
      produce a predetermined flow of current through the resistive network 130
      and the control transistor 122, and resulting in a zero potential at a
      control point 134 between the resistive network 130 and the control
      transistor. The magnitude of the current through transistor 122 is set to
      equal the flow of current through the switching transistor 34A when the
      latter has been turned on.
PAR  If there is a change in ambient temperature, the result typically will be a
      change in operating characteristics of the switching transistor 34A, so as
      to alter the normal current flow therethrough. By positioning the control
      transistor 122 physically adjacent the switching transistor 34A, the same
      temperature effect will be experienced by the control transistor. The
      change of current produced by a change in temperature is detected by an
      operational amplifier 136 having one input terminal connected to control
      point 134, and its other input terminal connected through a resistor 138
      to ground. The output of this amplifier 136 is connected through a
      resistor 140 and an isolating diode 142 to power supply lead 38.
PAR  When there is a change in the current supplied to the amplifier 136 from
      control point 134, there will be a corresponding change in the amount of
      current drawn by this amplifier from the power supply lead 38. Since this
      power supply lead is connected through a resistor 150 to the power supply
      terminal 152, the change in current drawn by amplifier 134 will cause a
      corresponding change in the voltage of power supply lead 38. Thus, the
      amplifier 134 provides an amplified negative feedback action which
      automatically alters the voltage of lead 38 in such a way as to maintain
      constant the current flow through the control transistor 122. Since
      transistor 122 is matched to switching transistor 34A, the change in
      potential of power supply lead 38 will have a similar effect on the
      functioning of this switching transistor, i.e. it will compensate for the
      change in ambient temperature of transistor 34A, and assure that the
      current through that transistor is maintained effectively invariant with
      changes in temperature. Moreover, this result can be achieved with a power
      supply 152 of relatively modest complexity and cost, because the power
      supply need not be closely regulated internally.
PAR  The same controlling influence tends to maintain constant the current
      through the other switching transistors 34B, etc. However, as a practical
      matter these latter transistors need not be so identically matched in
      characteristics to the first transistor 34A, because they represent binary
      information of progressively less significance to the ultimate analog
      output voltage.
PAR  Typical values and types of elements used in a preferred embodiment of the
      invention as described above are as follows:
TBL  Diodes              --    1N4149                                          

     Buffer transistors 22                                                     

                         --    2N4250                                          

     Switching transistors 34                                                  

                         --    SE4010                                          

     Operational amplifiers                                                    

                         --    MC1539G                                         

     Resistors 28A-28H   --    12.7K                                           

     Resistor 28I        --    25.5K                                           

     Resistor 28J        --    51.1K                                           

     Resistor 28K        --    100K                                            

     Resistor 28L        --    200K                                            

     Resistor 28M        --    390K                                            

     Resistors 36A-36H   --    50K                                             

     Resistor 36I        --    100K                                            

     Resistor 36J        --    200K                                            

     Resistor 36K        --    400K                                            

     Resistor 36L        --    800K                                            

     Resistor 36M        --    1.6M                                            

     Current divider 48  --    2.5K and 2.5K                                   

     Current divider 50  --    5K and 1.666K                                   

     Current divider 52  --    3.5K and 1K                                     

     Series resistor 74  --    500                                             

     Shunt resistor 76   --    1K                                              

     Resistor 77         --    500                                             

PAR  It will be apparent from the foregoing description that various changes can
      be made to the preferred embodiment without departing from the spirit of
      the invention. For example, the values of elements herein disclosed should
      not be construed as limiting. Other changes suited for particular
      applications will be apparent to those skilled in this art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A digital-to-analog converter comprising a first set of
      individually-activatable transistor current sources arranged to conduct
      currents of equal magnitude producing equal current densities in the
      transistors;
PA1  said transistors each having collector, emitter and base electrodes;
PA1  a plurality of equal current-setting resistors each connected between the
      emitter of a respective transistor and a common power supply line;
PA1  means to maintain the bases of said transistors at a substantially constant
      potential, whereby when said transistors are activated they produce said
      equal current through the collector circuits of said transistors;
PA1  a second set of individually-activatable transistor current sources for
      controlling said first set of current sources;
PA1  said second set of transistors each having collector, emitter and base
      electrodes;
PA1  means connecting the collectors of said second set of transistors
      respectively to the emitters of said first set of transistors to provide
      for controlling the flow of current through the corresponding
      current-setting resistor to control the activation of the associated one
      of said first set of transistor current sources;
PA1  means connected to said second set of transistors to control the individual
      actuation thereof in accordance with an input binary number thereby to
      control the flow of current from each transistor collector through the
      corresponding one of said current setting resistors so as to control the
      activation of the associated one of said first set of transistor current
      sources;
PA1  a current summing point to which a plurality of separate currents can be
      directed to produce a combined output current corresponding to the sum of
      the separate currents;
PA1  a plurality of attenuation networks each having an input circuit and an
      output circuit and arranged, when supplied with an input current, to
      provide an output current the magnitude of which is a predetermined
      fraction of the input current;
PA1  said attenuation networks having differing attenuations in accordance with
      a predetermined weighting pattern, such that if the same current is
      supplied to said input circuits, the corresponding output currents from
      said networks will differ in accordance with said weighting pattern;
PA1  means connecting each of said input circuits directly to the collector
      circuit of a respective one of said first set of transistor current
      sources to provide equal input currents thereto from the activated current
      sources;
PA1  said attenuation networks being arranged to present equal impedances to
      each of said collector circuits in said first set of transistor current
      sources; and
PA1  means connecting all of said attenuation network output circuits together
      and to said current summing point, whereby to supply thereto currents of
      differing magnitudes in accordance with said predetermined weighting
      pattern.
NUM  2.
PAR  2. A digital-to-analog converter comprising first and second sets of
      individually-activatable transistor current sources arranged to conduct
      currents of equal magnitude producing equal current densities in the
      transistors;
PA1  said transistors each having collector, emitter and base electrodes;
PA1  a plurality of equal current-setting resistors each connected between the
      emitter of a respective transistor and a common power supply line;
PA1  means to maintain the bases of said transistors at a substantially constant
      potential, whereby to produce said equal currents from the collectors of
      said transistors effectively independently of the loads placed on the
      outputs of said transistors;
PA1  an operational amplifier including a current summing point to which a
      plurality of separate currents can be directed to produce a combined
      output current corresponding to the sum of the separate currents;
PA1  a plurality of attenuation networks each having an input circuit and an
      output circuit and arranged, when supplied with an input current, to
      provide an output current the magnitude of which is a predetermined
      fraction of the input current;
PA1  said attenuation networks having differing attenuations in accordance with
      a predetermined weighting pattern, such that if the same current is
      supplied to all of said input circuits, the corresponding output current
      from said networks will differ in accordance with said weighting pattern;
PA1  first circuit means connecting each of said input circuits directly to a
      respective current source of said first set to provide equal currents
      thereto from the activated current sources;
PA1  second circuit means connecting all of said output circuits together and to
      said current summing point, whereby to supply thereto currents of
      differing magnitudes in accordance with said predetermined weighting
      pattern;
PA1  a ladder network comprising a set of equal-resistance series-connected
      resistors and a set of equal-resistance shunt-resistors connected between
      the junctions of said series resistors and a common reference point, said
      series and shunt resistors having ohmic resistances of predetermined
      ratio;
PA1  third circuit means connecting said ladder network junctions respectively
      to current sources of said second set to provide equal currents to said
      junctions from the activated current source;
PA1  means connecting one end of said ladder network to said current summing
      point so that the currents contributed to said summing point by the
      separate current sources of said second set differe in accordance with the
      degree of attenuation developed between the respective junction and said
      one ladder network end; and
PA1  means to selectively activate said current sources in response to a digital
      input signal.
PATN
WKU  039328643
SRC  5
APN  538592&
APT  1
ART  236
APD  19750106
TTL  Circuit for converting a companded digital time-amplitude pulse code
      into a linear digital amplitude pulse code
ISD  19760113
NCL  6
ECL  1
EXP  Miller; Charles D.
NDR  3
NFG  5
INVT
NAM  Candy; James Charles
CTY  Convent Station
STA  NJ
ASSG
NAM  Bell Telephone Laboratories, Incorporated
CTY  Murray Hill
STA  NJ
COD  02
CLAS
OCL  340347DD
EDF  2
ICL  H03K 1324
FSC  325
FSS  38 R;38 B
FSC  332
FSS  11 D
FSC  340
FSS  347 DD;347 AD
FSC  235
FSS  154;183;152
OREF
PAL  henry, "IBM Technical Disclosure Bulletin", Vol. 17, No. 3, Aug. 1974, pp.
      909-910.
LREP
FR2  Phelan; C. S.
ABST
PAL  A shift-companded, or n:m, pulse code, representing on a time-amplitude
      basis the information of a conventional, amplitude companded, pulse code,
      is converted to a linear, digital, amplitude, pulse code by first
      converting the shift-companded amplitude information into 2s-complement
      form with a number of bits sufficient to yield substantially the same
      resolution of the encoded information as did the shift-companded code
      form. Thereafter half of the 2s-complement code words are loaded into an
      accumulator to be averaged. The resulting digital word representing the
      average is in 2s-complement, linear PCM format and is thus readily useful
      for data processing or for further conversion to a commercial, companded,
      transmission code.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to digital-to-digital code converters; and it
      relates, in particular to a circuit for converting a digital
      time-amplitude code to a digital amplitude code.
PAR  2. Description of the Prior Art
PAR  A copending application of R. C. Brainard and J. C. Candy, Ser. No.
      461,878, filed Apr. 18, 1974, teaches an encoding and decoding technique
      in which information is represented in a time-amplitude format. That is,
      magnitude information is represented in part in a so-called
      shift-companded, or n:m, code format and inpart in the values assumed in
      that format over recurrent intervals of time. In that format a word of w
      bits includes n most significant bit ZEROs followed in positions of
      decreasing binary significance by m least significant bit ONEs. Thus, the
      designation n:m code is hereinafter usually employed. This code format is
      conveniently generated by using a difference coded signal, such as
      delta-modulation type signal pulse train bits, to determine the direction
      of shifting of a shift register which is driven at the bit rate of the
      pulse train. The shift register is so wired that binary ONEs are injected
      in the least significant bit stage when the register shifts toward the
      most significant bit stage, and binary ZEROs are injected in the most
      significant bit stage when the register shifts toward the least
      significant bit stage -- hence the concept of a shift-companded code.
PAR  Each word of the n:m code represents a segment, or amplitude range, of a
      segmented, or linear piecewise approximation, pulse code such as a
      .mu.-law companded digital pulse code. The Brainard et al. coder circuit
      parts which restore the n:m code to analog form for feedback purposes are
      biased so that each code word actually represents an analog amplitude that
      is so chosen within the corresponding .mu.-law code segment that the
      average value of any two successive n:m code words is equal to the value,
      in terms of numbers of companded code unit-segment-sized amplitude units,
      of the intermediate .mu.-law segment boundary. Thus, it should be apparent
      that an n:m code word provides only a coarse amplitude representation.
      Greater resolution arises from the time dimension in the way that the code
      words are used. Each n:m code word corresponds to a different bit time of
      the differential pulse code train; and it has been found that, if the
      reconstituted analog step information can be averaged over a Nyquist
      period of the underlying analog information, the average will be
      substantially equal to the average magnitude of the underlying analog
      signal sample magnitude in that same period. The use of the n:m code thus
      greatly facilitates analog-to-digital and digital-to-analog conversions.
      However, that code is not convenient for direct utilization in commercial
      transmission systems which often employ digital words in a .mu.-law
      companded code format. Similarly, the n:m code is not convenient for data
      processing which often employs the linear 2s-complement pulse code
      modulation format.
PAR  Many digital-to-digital code converting techniques are known in the art for
      achieving conversion without first decoding the received signal to analog
      format prior to recoding it in the new digital format. The advantages of
      such digital conversions are well known. However, those prior techniques
      usually deal with amplitude-representative codes with one character per
      Nyquist interval for fully representing the signal amplitude during that
      interval. Such prior techniques are not useful for
      time-amplitude-representative codes such as the aforementioned n:m code in
      which plural characters in a Nyquist interval each provides a coarse
      amplitude representation that is refined by considering as a group the
      characters of that time interval. Although there are known code conversion
      techniques for translating delta modulation signals to some other format
      by direct accumulation of the increment and decrement information in the
      delta modulation pulse train, these methods are unsuitable for the n:m
      code in which each word is itself already an accumulation and not an
      increment. Furthermore, in the n:m code, the code words are only a coarse
      representation of analog information, which representation does not
      directly accumulate accurately; whereas, the delta form is a fine-grained
      incremental representation which does directly accumulate accurately. In
      addition, the delta modulation form is usually a linear representation
      which can be conveniently accumulated and not n:m companded form which
      cannot be conveniently directly accumulated.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing difficulties in converting n:m code words to a form which is
      more compatible with codes for commercial transmission and processing
      systems are overcome in an illustrative embodiment of the invention in
      which n:m  code words are first converted to a 2s-complement format, then
      a selected half of those code words are chosen to perform a preliminary
      averaging operation to recover the values of intermediate PCM segment
      boundaries. Those boundary values are then averaged over recurrent Nyquist
      periods of the underlying analog information to yield linear 2s-complement
      PCM code words.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A more complete understanding of the invention and various features,
      objects, and advantages thereof may be obtained from a consideration of
      the following detailed description in connection with the appended claims
      and the attached drawing in which:
PAR  FIG. 1 is a diagram, partly in schematic form and partly in block and line
      form, of a code translator in accordance with the present invention;
PAR  FIG. 2 is a timing diagram illustrating various clock waveforms utilized in
      the code translator of the present invention;
PAR  FIG. 3 is a diagram of illustrative relative signal levels on a .mu.-law
      companded code scale;
PAR  FIG. 4 is a table illustrating correspondence among various numerical level
      representations associated with signal levels indicated in a shift
      register of a coder in FIG. 1; and
PAR  FIG. 5 is a table illustrating the correspondence among .mu.-law segment
      boundary levels, corresponding sign-magnitude representations of the same
      numbers as found in part in the aforementioned coder shift register, and
      corresponding 2s-complement representations of the same numbers.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the diagram of FIG. 1 a coder 10, of the type disclosed in the
      aforementioned Brainard et al. application, receives analog signals on a
      lead 11 and produces corresponding differential pulse code in a bit serial
      train on a lead 12 which extends to a remote receiving station (not
      shown). The differential pulse code in this case is conceptually the same
      as a delta modulation pulse code train. However, the technique employed by
      the coder for producing that pulse train is quite different from the
      technique of the usual delta modulation coder, and this subject will be
      subsequently considered in greater detail. Also shown in FIG. 1 is a clock
      generator 13 which produces the clock signals, shown in FIG. 2, of the
      various frequencies and configurations required for operation of the coder
      10 and of the remaining circuits in FIG. 1 which comprise the code
      translator of the present invention. That translator converts multibit,
      digital, pulse coded words from the coder 10 into a linear pulse code
      modulation (PCM) format on an output lead 16.
PAR  The clock generator 13 includes a clock pulse source which is
      advantageously an oscillator 17. In order to facilitate an understanding
      of the subsequent description of the present embodiment, the various clock
      signals provided by the clock generator 13 are designated by illustrative
      frequencies rather than the more typical reference characters. These
      frequency designations appear both on the clock generator output leads and
      on various clock input connections in FIG. 1 at which those clock
      frequencies are utilized.
PAR  The output of the oscillator 17 advantageously provides a signal at 1.792
      MHz. This signal is reduced in frequency by a divide-by-seven frequency
      divider 18 to produce a 256 kHz clock signal which is thereafter delayed
      in a 50 nanosecond delay circuit 19 to produce a further signal at the
      same frequency designated 256 kHzD. A divide-by-two circuit 20 reduces the
      256 kHz signal to a 128-kHz form which is still further divided down by a
      factor of 16 in a frequency divider 21 to produce an 8-kHz clock pulse
      train. The 1.792-MHz clock signal is used for actuating a coincidence gate
      23 which is otherwise inhibited by each of the 128-kHz clock pulses. Thus,
      the output of gate 23 comprises the 1.792-MHz clock pulses appearing in
      128-kHz bursts. The duration of each burst corresponds to the duration of
      the interval between the 128-kHz pulses. This signal is delayed by 150
      nanoseconds in a delay circuit 22. Referring again to the 8-kHz clock
      signal, each pulse has an illustrative duration of 7.8 .mu.s, which
      duration corresponds to 14 clock periods at the output of the oscillator
      17. However, each burst includes only 13 pulses because the fourteenth is
      blocked by the 128 kHz inhibit on gate 23. Similarly, the interval between
      those 8-kHz clock pulses extends for 117.2 .mu.s. All of the
      aforementioned clock signals are illustrated in FIG. 2 with respect to a
      common time scale so that the phase relationships among the various
      signals may be more easily observed. Perspective vertical excursions in
      FIG. 2 represent the binary ONE signal amplitude.
PAR  Since the coder 10 is fully described in the aforementioned Brainard et al.
      application, it will be only briefly outlined here in order to facilitate
      an understanding of the time-amplitude code which is produced by the coder
      and which code is to be converted to linear PCM amplitude format. Thus,
      the analog input to coder 10 is coupled to a subtraction circuit 26 which
      produces an error signal that is indicative of the difference between the
      analog signal and a reconstituted analog signal sample, or step, obtained
      in a prior sampling interval and fed back by circuits including a feedback
      lead 27. The error signal is integrated by an integration circuit 28 and
      utilized to control the state of a bistable trigger circuit, such as the
      flip-flop circuit 29, which is periodically enabled at the coder sampling
      rate, i.e., 256 kHz. The output of flip-flop circuit 29 is complemented
      from time to time by an EXCLUSIVE OR gate 30 when the polarity of the
      digital information produced by the coder changes. Thus, the
      differentially coded pulse train in the output of gate 30 is coupled to
      the aforementioned output lead 12.
PAR  The same output on lead 12 is also employed to control the direction of
      operation of a shift register 31 which is supplied with shift clock pulses
      in the form of the 256-kHzD clock signal. When the register shifts
      downward (as illustrated) toward the least significant bit position
      thereof, binary ZEROs are injected at the top, most significant bit stage,
      of the register by a circuit schematically represented by a lead 32.
      Similarly, when the register shifts upward toward the most significant bit
      position thereof, binary ONEs are injected at the least significant bit
      stage. Bit parallel outputs A through H from the respective stages of the
      shift register 31 are coupled through polarity selection logic gates 36
      and a resistance ladder network 37 to the feedback lead 27.
PAR  Polarity information is derived in digital form by a coincidence gate 38
      which operates a toggle circuit, such as the bistable flip-flop circuit
      39. Gate 38 is inhibited by each pulse in the coder output as coupled by
      way of a lead 40; and it is further inhibited by each binary ONE signal in
      the least significant bit position of the shift register 31, as provided
      by the H output lead of the shift register. In the absence of both
      inhibiting signals, the 256-kHzD clock signal operates the gate 38 to
      toggle the flip-flop circuit 39 and thereby produce the polarity signal
      for the coder. This signal is coupled by way of a lead 41 to operate both
      the EXCLUSIVE OR circuit 30 and the polarity selection logic gates 36.
PAR  As previously indicated the usual operation of the coder 10 produces in the
      shift register an n:m code format with n least significant bit ONES
      followed in increasing binary significance by m ZEROs in the more
      significant bit positions. An identical code can also be produced at the
      aforementioned remote station by driving a shift register circuit
      flip-flop connected in a way similar to 31 and 39 and driven by the code
      transmitted on lead 12. The code format in the illustrated register 31 is
      converted to linear PCM in the manner hereinafter described.
PAR  At this point it is convenient to consider various numerical
      representations involved in the apparatus of FIG. 1. Thus, in FIG. 3 is
      shown a portion of the well known .mu.-law companding interval scale. On
      this scale each of the segments extending between numbered segment
      boundaries 1, 3, 7, et cetera, extends for a signal amplitude range which
      is twice as large as the next lower, if any, segment range down to the
      zero segment boundary. The segment between the zero and one boundaries is
      herein also called a unit segment sized segment. Each segment has only 16
      intervals of equal size within such segment. In the usual companded PCM
      code representation for commercial systems, the scale extends to .+-.255
      unit-segment-sized units; and the code word has one sign bit, three bits
      to indicate the name of a segment boundary, and four bits for identifying
      the number of additional intervals within the next larger segment.
PAR  In FIG. 4 there is a table of signal magnitude representations in terms of
      the content of shift register 31 and illustrating how that content changes
      as the register shifts in one direction or the other. The first column
      contains the n:m code words actually included in the shift register.
      Circuits in the coder feedback for deriving a correspondingly stepped
      analog form for the digital representation in the shift register are
      biased so that the stepwise analog approximation has the analog, or
      quantized, signal level values indicated in the second column of FIG. 4.
      The bias is so chosen that those values are related to one another so that
      the average of any two adjacent ones of such values in the second column
      is equal to the value, in terms of numbers of unit-segment-sized units, of
      the intermediate .mu.-law segment boundary as indicated in column 3 of
      FIG. 4. The binary representations of these latter segment boundary values
      are indicated in column 4 of FIG. 4.
PAR  The table in FIG. 5 illustrates the relationship among the .mu.-law segment
      boundary values, in terms of numbers of amplitude units (first column);
      the 9-bit binary code for both sign and magnitude as shown in column 2 of
      FIG. 5; and the corresponding 2s-complement expression (third column) of
      the same values but in a 13-bit format. Notice that the magnitude part of
      the column 2 code is an n:m code. This is a fortunate property of .mu.-law
      which will be exploited. The latter format, i.e., column 3, is capable of
      the same total resolution as the 9-bit magnitude format in column 2 plus
      the coder time information as will be described.
PAR  It has been found that the direct accumulation for averaging of the n:m
      coded digital information in shift register 31 does not yield an accurate
      result. The reason is that a digital word in register 31 does not
      represent in binary code the corresponding biased analog step value
      (column 2 in FIG. 4) that can be averaged to reconstruct the analog
      signal. However, the translating logic of FIG. 1 overcomes this problem.
PAR  Resuming consideration of the circuit in FIG. 1, the sign and n:m code,
      which we will call s,n:m code, information in the coder 10 is first
      converted to the 2s-complement form. For this purpose, the seven most
      significant bit outputs A through G of register 31 are each coupled to a
      single input of a different one of EXCLUSIVE OR gates 42 through 48. The
      eighth, or least significant, bit H of the information in register 31 is
      coupled by a lead 50 directly to an input of the least significant bit
      stage of a 13-stage shift register 49. The outputs of the EXCLUSIVE OR
      gates 42 through 48 are similarly coupled to successively more significant
      bit stages of shift register 49 in the same order that the corresponding
      signals A through H appeared in the shift register 31. In addition, the
      least significant bit H of the shift register 31 information is applied to
      an input of an AND gate 51; and the output of the latter gate is applied
      in multiple to inputs of the five most significant bit stages of the shift
      register 49.
PAR  The coder sign information on lead 41 in the output of flip-flop circuit 39
      is also coupled through an inverter 52 for application in multiple to a
      second input connection of each of the EXCLUSIVE OR gates 42 through 48 as
      well as a second input to the AND gate 51. Thus, the 13 bit-parallel
      inputs just described for the shift register 49 constitute a 2s-complement
      format of the s,n:m information in coder 10. The 2s-complement sign bit is
      then at the most significant input to register 49. It has been found that
      by providing the AND logic function of the gate 51 the usual ambiguity
      introduced by positive and negative zeros (FIG. 5, column 2) in the signal
      representation is eliminated.
PAR  It was found, in addition, that it is desirable to expand the number of
      bits in the digital code to the mentioned 13-bit size in order to end up
      with a digitally coded word in the amplitude mode which has the same
      degree of resolution as does the 9-bit sign-magnitude information in the
      time-amplitude mode in coder 10. Referring once more to FIG. 3, the
      companded scale of one polarity from 0 to 255 has 16 intervals per
      segment, but those intervals are of different sizes in the different
      segments. A linear scale having the same smallest unit amplitude size as
      does the companded scale in FIG. 3, and covering the same total amplitude
      range, would have 4,080 levels; and that many levels can be represented
      with twelve bits of linear binary code. In order to embrace the bipolar
      possibility indicated in FIG. 3, an additional bit must be added for sign
      information with the result that a total of 8.160 levels on a linear scale
      can be represented. However, the signal format at the bit-parallel inputs
      to shift register 49, as shown in the third column of FIG. 5, contains in
      each word only the digital information derived from a single,
      corresponding, coarsely-representative word in coder 10. That is, a coded
      word at the input to shift register 49 represents only instantaneous
      magnitude information, and that word does not represent accurately the
      corresponding instantaneous analog step on lead 27 of coder 10. In
      addition, each such coded word does not include the associated information
      needed for fine resolution and which is contained in the time dimension of
      total information in coder 10. Two signal averaging steps of different
      types are utilized in order to extract that time dimension information
      conveniently and accurately.
PAR  The first of the two averaging steps involves translating the code words at
      the input to shift register 49 from mere segment indications into more
      precisely representative segment boundary indications. For this purpose,
      it has been found that by loading the register 49 at one-half of the coder
      shift register 31-word rate, and by selecting which words are loaded
      according to a certain rule, each loaded word will be the average of the
      current word being presented at the inputs of shift register 49 and the
      word which was skipped because of loading at the half rate of words in
      coder 10. The mentioned rule is that when shift register 31 is to shift
      down toward its least significant bit stage at a loading clock time, the
      register 49 must be loaded before the corresponding shifting operation
      takes place. However, if the shift register 31 is to shift upward toward
      its most significant bit stage at a loading clock time, shift register 49
      must be loaded after that upward shifting operation. Stated differently, a
      word-pair averaging operation is carried out in which each word pair
      selected for averaging includes two successive words, neither of which was
      included in an immediately preceding pair unless the n:m code sequence
      represents a change in slope polarity. In the latter slope-change case,
      only one of the words of a selected pair need be different from the words
      of the preceding pair.
PAR  The operation of the foregoing rule can be confirmed by an examination of
      the table in FIG. 4. Thus, if the register 31 is initially in the
      condition representing the quantized signal level (Col. 2 in FIG. 4) one
      and two-thirds, and two shifts upward toward the most significant bit
      stage thereof are accomplished, the register 49 should be loaded by clock
      pulse information corresponding to the shift from the level four and
      one-third to the level nine and two-thirds. According to the mentioned
      rule, register 49 should be loaded after the latter shifting operation and
      will thus contain (omitting the five bits formed by the gate 51 output)
      the binary word 00000111, which is the binary representation of the
      numeral 7, which in turn is the average of the quantized levels four and
      one-third and nine and two-thirds. Similarly, in two successive down
      shifts from nine and two-thirds to one and two-thirds, the rule requires
      that register 49 be loaded before the final shift to the level one and
      two-thirds takes place. Consequently, register 49 is loaded with the
      binary character 00000011, which represents the numeral 3, which is the
      average of one and two-thirds and four and one-third. Similar results are
      produced for an up-down shift pair or a down-up shift pair.
PAR  Implementation of the aforementioned rule for the loading of shift register
      49 is achieved in FIG. 1 by utilizing the 128-kHz clock for controlling
      the loading at one-half of the word rate of 256 kHz in coder 10. For this
      purpose, the 128-kHz clock is applied directly as an actuating input for
      an AND gate 53. The same clock signal is applied through a 100 nanosecond
      delay circuit 56 to actuate a further AND gate 57. The gate 57 receives as
      an enabling input the coder differential pulse code output from lead 40 in
      the coder, and the gate 53 receives the same lead 40 signals as an
      inhibiting input. Outputs of both gates 53 and 57 are supplied in parallel
      to a load-enabling input connection of the shift register 49. A pulse at
      that input enables all stages of the shift register to receive the
      bit-parallel signal input information from EXCLUSIVE OR gates 42 through
      48, lead 50, and AND gate 51. When a pulse appears in the output of coder
      10, it normally causes an upshift in shift register 31; and it enables
      gate 57 and inhibits gate 53. Thus, the 128-kHz clock is delayed in its
      application to the loading input of shift register 49 until after the
      corresponding shifting operation, initiated by the 256-kHzD clock signal,
      has taken place in shift register 31. However, if the coder output is in a
      no-pulse state, only gate 53 is enabled and the 128-kHz clock pulse loads
      shift register 49 in bit parallel slightly before the shifting in register
      31 that is initiated by the 256-kHzD clock propagates new information to
      register 49. Thus, register 49 is loaded with the preshift information
      from register 31.
PAR  The 1.792-MHz clock bursts provide shift signals to the shift register 49
      and to an additional accumulator shift register 58. These bursts shift the
      contents of register 49 serially to one input of bit-series full adder 59.
      The contents of the other shift register 58, which are initially zero, are
      simultaneously shifted in bit series to another input of the adder 59. A
      sum output of the adder 59 is fed to gates 60 and 61 in parallel, and an
      adder carry output is fed to a one-bit shift register 100. That register
      is clocked by the 1.792-MHz clock burst output of delay circuit 22. The
      output of register 100 is fed back to the adder carry input where it is
      added to the next input bits, which are more significant. At the end of 13
      additions register 100 is set to zero by means of the 128 KHz pulse. This
      truncation of the final carry is necessary for correct addition of bipolar
      numbers in the 2s-complement format as is well known in the art. It can be
      seen from FIG. 2 that each of the mentioned shift pulse bursts lasts for a
      single output PCM word time, i.e., 7.8 .mu.s; and the interval between
      bursts lasts for 117.2 .mu.s, i.e., 15 word times. In this fashion, the
      output of adder 59 is applied to actuate an enabled one of AND gates 60
      and 61 for steering the sum words from the adder either through a feedback
      lead 62 to a bit-series input of shift register 58 or to the output lead
      16 for the code translator. The 8-kHz clock pulses inhibit gate 60 and
      enable the gate 61, and the same clock signal during the interval between
      pulses removes the inhibit from the gate 60. Thus, 15 sum words from adder
      59 are recycled to the shift register 58. Each sixteenth sum word is
      produced during a 8-kHz pulse which inhibits the gate 60 and enables gate
      61 so that such word is coupled to the output lead 16. At the same time,
      of course, register 58 is receiving shift pulses; but it is receiving no
      input data so that it finishes the word period with an all-ZERO content.
PAR  Thus, the 13-bit word on lead 16 represents the average of 16 words of the
      2s-complement segment-boundary value words from shift register 49. This
      average contains both the magnitude information from shift register 31 in
      coder 10 and the fine time information represented by a group of 32 of
      such words. Since the linear PCM words provided to lead 16 are in
      2s-complement form, they can be readily converted to companded PCM for
      application to commercial transmission systems or utilized directly in
      commercial data processing systems.
PAR  Although the present invention has been described in connection with a
      particular embodiment thereof, it is to be understood that other
      embodiments, modifications, and applications which will be obvious to
      those skilled in the art are included within the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pulse code translator for translating plural n:m coded, nultibit,
      pulse code words of a predetermined time-amplitude resolution into linear
      PCM code words each having a predetermined number of bits sufficient to
      have an amplitude resolution substantially the same as said predetermined
      time-amplitude resolution, said translator comprising
PA1  means for averaging magnitude information represented by successive pairs
      of said n:m code words, and
PA1  means for averaging a plurality w of successive words from said word-pair
      averaging means to produce a single linear PCM word.
NUM  2.
PAR  2. The code translator in accordance with claim 1 in which said word-pair
      averaging means comprises
PA1  means for converting each n:m code word to a 2s-complement format having
      said predetermined number of bits,
PA1  means for storing pulse coded words,
PA1  means for loading selected ones of said 2s-complement words into said
      storing means at a rate that is one-half the rate of production of words
      by said converting means, and
PA1  means for coupling coded words from said storing means to said w-word
      averaging means.
NUM  3.
PAR  3. The code translator in accordance with claim 2 in which said converting
      means comprises
PA1  means for providing a binary signal indicating polarity of said n:m code
      words,
PA1  means for directly coupling the least significant bit of each n:m word to
      be the least significant bit of the corresponding 2s-complement word,
PA1  means for performing an EXCLUSIVE OR function with respect to the remaining
      more significant bits of each n:m code word and said polarity signal to
      produce the (n+m-1) next, after said least significant bit, most
      significant bits of the corresponding 2s-complement word, and
PA1  means for performing the AND logic function with respect to said n:m code
      word least significant bit and said polarity signal to produce all
      remaining more significant bits of the corresponding 2s-complement word.
NUM  4.
PAR  4. The code translator in accordance with claim 2 in which
PA1  means are provided for receiving a difference modulation signal pulse train
      corresponding in information content to said n:m code words, and
PA1  said loading means comprises
PA2  first and second coincidence gates,
PA2  means for applying said pulse train to said gates so that each pulse of
      said train enables said first gate and disables said second gate and the
      absence of a pulse enables said second gate and disables said first gate,
PA2  means for applying clock pulses to actuate said second gate at said loading
      rate and to actuate said first gate at the same rate but delayed by a
      predetermined fraction of a period in said word production rate, and
PA2  means for loading said converting means output words into said storing
      means in response to a coincidence-responsive output pulse from either of
      said gates.
NUM  5.
PAR  5. The code translator in accordance with claim 1 in which
PA1  said word-pair averaging means comprises a first shift register into which
      said magnitude information is loaded, and
PA1  said w-word averaging means comprises,
PA2  a second shift register of the same signal bit size as said first shift
      register,
PA2  means for adding bit-series outputs of said shift registers together,
PA2  means for recirculating a sum output of said adding means to a bit-series
      input of said second shift register during the addition of (w-1) of said
      plurality of successive words,
PA2  means for outputting said sum output during the one of said plurality of
      successive words following said (w-1) words, and
PA2  means for supplying bursts of shift pulses to said shift registers at a
      sufficient rate to achieve addition of a complete set of bits from said
      shift registers between successive loading operations of said first shift
      register.
NUM  6.
PAR  6. A pulse code translator for translating a plurality of sequentially
      occurring, n:m coded, multibit, pulse code words into a linear PCM code
      word representing the same underlying analog information as said plural
      n:m code words, said translator comprising
PA1  means for averaging magnitude information represented by successive words
      of selected pairs of said n:m code words, each selected pair being two
      successive ones of such words neither of which was included in an
      immediately preceding selected pair unless the n:m code sequence
      represents a change in slope polarity, in which case only one of the words
      of a selected pair was included in an immediately preceding selected pair,
      and
PA1  means for averaging successive words from the first-mentioned averaging
      means to produce said PCM code word.
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ABST
PAL  An accurate, simple and compact analog-to-digital converter has been found.
      The converter comprises
PA1  A voltage divider circuit including a plurality of stepped voltage dividing
      points separated by a plurality of resistors for dividing the input
      voltage received from the analog input terminal;
PA1  A group of switches for receiving said divided voltages; and
PA1  A switching decision circuit for determining the amplitude of the voltage
      from a decision point through said switch group, the output of said
      decision circuit being applied to a logic circuit to provide digital
      signal output.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a simple, rapid and high-precision
      analog-digital converter circuit.
PAR  Generally, the well-known analog-digital (A/D) converter circuit may be
      included in two systems: the sequential comparison system and the system
      utilizing corona charging and discharging phenomena, such as an
      integration system and the like. Whereas the sequential comparison system
      permits A/D conversion of high precision and quality, it must have a
      digital-analog (D/A) converter circuit within itself as well as a feedback
      loop as an associated circuit, making circuit construction complicated and
      requiring considerable care to be paid to the set up of the circuit
      conditions. On the other hand, in the system utilizing the corona charging
      and discharging phenomena, it has been essentially impossible to stably
      maintain high precision in A/D conversion. Further, since the A/D
      converter circuit is basically a circuit which receives analog input
      signals and delivers digital output signals, systems such as the above
      have produced A/D converter circuits with the drawback in that the circuit
      elements or portions of digital function and the circuit elements or
      portions of analog function in such circuits may require complex
      relations. Moreover, such conventional A/D converter circuits have
      required elaborate matching of the circuit elements and it was impossible
      to make the circuit as a large scale integration on a single substrate.
      Any A/D converter circuit according to either of the above systems, for
      example, necessitates an analog signal voltage comparator circuit, which
      disturbs circuit integration with other digital circuit elements. This
      does not meet the requirements for accommodating electronic circuits such
      as an A/D converter circuit, etc., in products like cameras, time-pieces,
      etc., which have extremely limited space for the essential components.
PAR  The conventional A/D converter circuit has another disadvantage in that
      since the discrete signal values which are usable as the specific signals
      are limited, for example, it may be extremely difficult or impossible to
      adopt the discrete signal values with irregular intervals therebetween, or
      it may not be possible to employ the circuit technique of effecting A/D
      conversion through the discrimination of input analog signal in
      logarithmic relation.
PAR  As described above, no conventional A/D converter circuit to date has been
      free of various drawbacks and none have acheived satisfactory performance.
      Accordingly, the object of the present invention is to eliminate such
      drawbacks as mentioned above which are peculiar to the conventional
      converter circuit, by maintaining high conversion precision and quality,
      simplifying the circuit composition especially in the A/D converter
      circuit of small capacity, and by coordinating the circuitry with the
      digital circuit element side to facilitate the matching of circuit
      elements and thus, to enable circuit integration into LSI circuit and the
      like, as well as by making it possible to select any discrete signal
      values as required.
DRWD
PAR  The present invention will now be further described with reference to the
      accompanying drawings.
PAR  FIG. 1 shows schematically the principle embodiment of the A/D converter
      circuit according to the present invention;
PAR  FIGS. 2 through 6 are circuit diagrams of the practical embodiments of FIG.
      1;
PAR  FIG. 7 shows schematically the other principle embodiment of the A/D
      converter circuit according to the present invention, and FIG. 8 and FIG.
      9 are circuit diagrams of the practical embodiments of FIG. 4.
DETD
PAR  Referring to FIG. 1 illustrating the principle embodiment of the present
      invention, reference numeral 1 indicates the analog signal input terminal;
      reference numerals 2, 3, 4, 5, 6 and 7 indicate the resistances composing
      the voltage divider circuit; 8 through 12, indicate the switches to which
      signals are supplied from each resistance of the voltage divider circuit
      to transmit the signals and are provided with control terminals; 13,
      indicates the clock generator circuit; 14, the counter for the clock
      pulses from said generator; 15, the decoder to selectively control said
      switches 8 through 12 depending on the counting of the clock pulses; 16,
      the switching decision circuit to determine the divided voltage signals
      transmitted through said switches 8 through 12; 17, 18, 19, 20 and 21
      indicate the switches controllable as timed with said switches 8 through
      12 to transmit the resulting signal from the decision circuit 16; 22, 23,
      24, 25 and 26 indicate the temporary storage circuits, e.g., flip-flop
      circuits, for temporarily storing the resulting decision signal
      transmitted through said switches 17 through 21 by appropriate clock
      signals supplied from said counter 14.
PAR  The operation of the principle embodiment shown in FIG. 1 will be described
      in detail hereinbelow; first, the analog voltage signal applied to the
      analog signal input terminal 1 is divided by the voltage divider circuit
      comprised of the resistances. The divided voltages e1, e2, e3, e4 and e5
      are applied to the respective switchs 8 through 12 while the clock output
      from the clock generator circuit 13 is counted by the counter 14 and the
      control output of the decoder 15 is operated in response to the counting
      to select any one of the switches. Said control output will turn on only
      one of the switches. Accordingly, when the count is "0", for example, only
      the switch 8 of said switch group 8 to 12 may be turned on and when the
      count is 1, the control output turns on only the switch 9 and in a similar
      manner, only the switch 10 will be turned on for the count of 2, only the
      switch 11 for the count 3, and only the switch 12 will be turned on when
      the count is 4. Thus, the switch group is controlled by the control
      circuit, but of course, it is possible to select the sequence in which the
      switch is to be turned on. Now, it is assumed that only the switch 8 is
      first turned on as described above and the divided voltage e1 is applied
      to the switching decision circuit 16, then the voltage e2 is applied to
      the decision circuit 16 with only the switch 9 turned on and the voltages
      e3, e4, e5, ... are sequentially applied to the decision circuit similarly
      as above when the switch is switched on each time the counter counts the
      clock. The decision circuit permits effecting one of four possible
      inversions depending on the set conditions. That is, when the input
      voltage is at a higher level (to be referred to as "1" level hereinafter)
      than a predetermined decision voltage (to be referred to as "threshold
      voltage" hereinafter), the decision circuit may decide either to invert
      the output voltage into a higher level voltage (to be similarly referred
      to as 1 level hereinafter) or to invert the input voltage into a lower
      level voltage (to be referred to as 0 level hereinafter), depending on the
      set-up conditions. Similarly, the decision circuit may decide either to
      invert the output voltage into the 1 level or to invert it into the 0
      level depending on the circuit build-up conditions, if the input voltage
      is at lower level (0 level) than the threshold voltage.
PAR  We will now consider the case in which the decision circuit 16 is set to
      invert the output into 0 level when the input is at 0 level. To the input
      of the decision circuit 16 are applied signal voltages e1, e2, e3, e4 and
      e5, in this order. In this case, since the signal voltage e1 is higher
      than e2, e2 is higher than e3, ..., that is, e1&gt;e2&gt;e3&gt;e4&gt;e5 due to the
      property of the voltage divider circuit, the decision circuit 16 will
      proceed in the decision sequence from a higher voltage to a lower voltage.
      In the decision process, it is only when the input voltage applied to the
      decision circuit 16 is below the threshold voltage that the circuit 16
      will provide the output at 0 level and continue to give the 0 level output
      thereafter. For example, in the case where the analog input voltage is
      such that all the signal voltages e 1 through e5 are lower than the
      threshold voltage of decision circuit 16, the output from the circuit 16
      is always at 0 level, accordingly all of the outputs from the switches 17
      through 21 will be at 0 level so that the 0 level is stored equally in the
      flip-flp circuits 22 through 26. The decision circuit 16 provides the
      output of 1 level only when the switch is on if the analog input voltage
      applied to the analog signal terminal is stepped up to produce the signal
      voltage e1 at 1 level, however, the output from the decision circuit 16
      will be at 0 level in case the other switch is turned on even under the
      same conditions as above. The switches 17 through 21 are arranged to be
      turned on as timed to the switches 8 through 12, respectively, resulting
      in the appearance of the 1 level signal at the output of the flip-flop 21
      alone depending upon only the output of the switch 17. Similarly, with the
      signal voltages e1 and e2 being at 1 level, the flip-flop circuits 22 and
      23 will provide outputs of 1 level, and when the signal voltage e3 as well
      as the above voltages e1 and e2 are at 1 level, the outputs of the
      flip-flop circuits 22, 23 and 24 will also be at 1 level. Finally, when
      the signal voltages e1 through e5 are all at 1 level, all the outputs of
      the flip-flop circuits 22 through 26 will be at 1 level. This means that
      the signal states of flip-flop circuits 22 through 26 may be varied
      depending on the level of the discrete decision point in which the analog
      signal voltage falls.
PAR  Five decision points have been placed in the present embodiment of the
      present invention, although the number of the decision points may be
      increased by increasing the number of voltage dividing resistors, switches
      and temporary storage circuits utilized in such a converter circuit.
      Naturally, increasing the number of decision points will provide an A/D
      converser circuit of high discrimination precision. Also, by selecting any
      value for each resistance used in the voltage divider circuit, any value
      may be selectable for the interval between the discrimination decision
      points.
PAR  The practical embodiments of FIG. 1 are illustrated in FIGS. 2 through 6.
      Referring to FIG. 2, now, the reference numerals 27, 28, 29, 30, 31 and 32
      indicate light-emitting diodes (LED) utilized as a display means, which is
      selectively actuated corresponding to the decision points of the level
      changed as described above from 1 to 0 between two outputs adjacent to one
      another of the flip-flop circuits 22 through 26, that is, only the diode
      which corresponds to the analog input voltage value is actuated. When the
      outputs of flip-flop circuits 22 through 26 are all at 0 level, only the
      LED 27 is selected to be actuated while the LED 32 alone is actuated when
      the outputs of the flip-flop circuits 22 through 26 are all at 1 level.
      Thus, the LED 27 and 32 will show that the input voltage is larger than
      the upper limit or below the lower limit of the A/D converter.
PAR  In FIG. 3, the reference numerals 33, 34, 35, 36, 37 and 38 indicate
      tungsten lamps, the displaying functions of which are the same as the LEDs
      employed in the example shown in FIG. 2.
PAR  Referring to FIG. 4 showing a further embodiment, the reference numerals 39
      through 43 indicate inverter logic elements 44 through 47 show AND logic
      elements. In this example, when only the output of the flip-flop 22 is at
      1 level and the outputs of remaining flip-flop circuits 24 through 26 are
      all at 0 level, only the output of AND logic element 44 is at 1 level
      while the outputs of other AND logic elements are at 0 level. Further,
      when the outputs of flip-flop circuits 22 and 23 are both at 1 level and
      the outputs of other flip-flop circuits 24 through 26 are all at 0 level,
      it is only the output of AND logic element 45 that becomes 1 level.
      Accordingly, it will be understood that it is only the output
      corresponding to the input analog voltage value that will be selected to
      be at 1 level. Of course, such a logic element permits conductivity beyond
      the upper limit and below the lower limit. This is the case in which the
      circuit is arranged so that as the input signal value is increased, the
      outputs of flip-flop circuits 22 through 26 will be at 1 level in the
      sequence beginning from the greater output value. On the other hand, where
      the converter circuit is arranged so that the flip-flop circuit outputs
      are converted to 1 level in the sequence beginning from the smaller output
      value the similar function as those described before may be provided by
      modifying the arrangement of the inverter circuit.
PAR  The other terminal of the resistance type voltage divider circuit has been
      connected to the ground in the examples described with reference to FIGS.
      2, 3 and 4. In FIG. 5 said terminal may be applied with any selected
      voltage from the external terminal 48. In this case, the discrete decision
      points can be set to any value by selecting the proper voltage for
      application to the external terminal 48. Further, it is possible to
      construct the resistance type voltage divider circuit like that shown in
      FIG. 6. The possible variation shown in FIG. 6 has the resistances
      parallelly arranged at each level from the analog signal input terminal 1,
      whereby the divided voltage of the input signal may be adjusted to any
      value by changing the value of said resistance.
PAR  FIG. 7 shows the other principle embodiment of the present invention. In
      FIG. 7, reference number 1a indicates an analog signal input terminal, 2a,
      3a, 4a, 5a, 6a and 7a indicate resistors for a voltage divider, 8a, 9a,
      10a, 11a and 12a indicate switches connected to said resistors, 13a a
      clock generator, 14a a gate circuit for controlling a clock signal, 15a a
      counter for counting the number of clock pulses controlled by said gate
      circuit 14a, 16a indicates a decoder for selecting one of switches 8a
      through 12a according to the content of said counter 15a and 17a indicates
      a switching decision circuit for comparing the voltages from switches 8a,
      9a, 10a, 11a and 12a with the predetermined value. The output of said
      switching decision circuit 17a is connected to the input of said gate
      circuit 14, the output of which controls the clock signal. 18a indicates a
      monitor counter having the function of clearing the counter 15a.
PAR  Now, the operation of the A/D converter of FIG. 7 will be explained. An
      analog voltage applied to terminal 1a is divided into a plurality of
      stepping voltages by divider resistors 2a through 7a. The divided voltages
      e1, e2, e3, e4 and e5 are applied to the related switches 8a, 9a, 10a, 11a
      and 12a, respectively. On the other hand, a clock signal generated by the
      clock generator 13a is applied to the counter 15a through the gate circuit
      14a. The counter 15a, which comprises for instance, three binary bits,
      counts the number of pulses of said clock signal, and the decoder 16a
      selects and turns on one of switches 8a, 9a, 10a, 11a or 12a according to
      the content of said counter 15a. For instance, when the content of said
      counter 15a is zero, the switch 8a is turned on, and when the content is
      1, 2, 3 or 4, corresponding switch 9a, 10a, 11a or 12a is turned on. As
      mentioned above, the switches 8a through 12a are controlled on the time
      divisional basis, and the operational sequence of the switches can be
      arbitrarily determined.
PAR  It is assumed that voltage e1, e2, e3, e4 or e5 is applied to the input of
      the decision circuit 17a when the content of the counter 15a is 0, 1, 2,
      3, 4 or 5, respectively. In the embodiment of FIG. 7, the inequality
      e1&gt;e2&gt;e3&gt;e4&gt;e5 is satisfied, and the larger the content of the counter
      15a, the smaller the voltage the decision circuit 17a receives.
PAR  The decision circuit 17a functions to decide four kinds of conditions
      according to the set control of said decision circuit 17a. That is to say,
      when the input voltage to the decision circuit 17a is higher than a
      predetermined value (which will be referred to as a threshold value
      hereinafter), the decision circuit 17a provides an output voltage of a
      high level (1 level) or low level (0 level) according to the set control.
      Similarly, when the input voltage to the decision circuit 17a is lower
      than the threshold value, the decision circuit 17a provides an output
      signal of 1 level or 0 level according to the set control.
PAR  It is assumed that the decision circuit 17a is set to provide a 0 or 1
      output signal according to a 0 or 1  input signal, respectively, by the
      set control. The decision circuit 17a receives signals e1, e2, e3, e4 and
      e5 in this order. That is to say, the decision circuit 17a deals first
      with the larger voltage. If the input voltage to the decision circuit 17a
      is larger at first than the threshold value, the decision circuit 17a
      provides an output signal of 1 level. However, since the input voltage
      decreases during the operational process, said input voltage to the
      decision circuit 17a becomes smaller than the threshold value, and the
      decision circuit 17a provides a zero output signal. The zero output signal
      of the decision circuit 17a closes the gate circuit 14a, and the clock
      signal to the counter 15a is inhibited. Accordingly, the content of the
      counter 15a in its steady state corresponds to an amplitude of the analog
      input voltage if the divider resistors 2a through 7a are properly
      designed. For instance, when an analog input voltage in which e 1 and e2
      relate to 1 level and e3 through e5 relate to zero level, is applied to
      the input terminal 1a, the content of the counter 15a changes from 0 to 1
      and 2 in turn. However, when said content is 2, the switch 10a turns on,
      voltage e3 is applied to the input of the decision circuit 17a, and the
      output of the decision circuit 17a changes to zero. Thus, the gate circuit
      14a is closed and the content of the counter 15a remains at 2. When the
      counter 15a stops, its content depends of course, upon the amplitude of
      analog input signals and said content shows a value of the analog input
      voltage. The monitor counter 18a functions to clear the counter 15a
      repetitively for the succeeding A/D conversion.
PAR  An output digital signal is obtained from the counter 15a, at output
      terminals 19a, 20a and 21a.
PAR  The accuracy of the A/D converter of FIG. 7 can be improved by using many
      divider resistors and their related switches.
PAR  FIG. 8 shows one modification of FIG. 7. In FIG. 8 resistors 2'a, 3'a, 4'a,
      5'a and 6'a are connected between the input terminal 1a and each of
      switches 8a through 12a instead of to series connected resistors 2a
      through 7a of FIG. 7. According to the embodiment of FIG. 8, the input
      voltage to the decision circuit 17a can be determined arbitrarily by
      appropriate choice of values of resistors 2'a through 6'a.
PAR  FIG. 9 shows the other modification of FIG. 7. In FIG. 9, one terminal of
      the divider resistors of the resistor 7a is not connected to the ground
      but is connected to terminal 22, which receives a predetermined voltage.
      The appropriate choice of a value of said predetermined voltage provides
      an arbitrary voltage, even negative voltage, at the input of the decision
      circuit 17a.
PAR  The A/D conversion circuit according to the present invention has been
      explained in detail through the description of the principle and practical
      embodiments by way of example, which have the advantage of providing a
      simple and compact circuit utilizing the resistance type voltage divider
      circuit, switches, and switching decision circuit, based on a novel
      circuit technique which has been not attained by the conventional A/D
      converter circuit. Many other advantages permit the set-up of a number of
      discrete discrimination points and their intervals as well as levels,
      etc., for effective use of the novel A/D conversion circuit.
PAR  From the foregoing, it will now be apparent that a new and improved A/D
      converter has been created. It should be understood, of course, that the
      embodiments disclosed are merely illustrative and are not intended to
      limit the scope of this invention.
PAR  Finally, a list of important reference numbers used to indicate parts of
      FIG. 1 and FIG. 7 in this specification is given below.
TBL  ______________________________________                                    

     1,             analog signal input terminal                               

     2 through 7,   voltage divider resistance                                 

     8 through 12,  switch                                                     

     13,            clock generator                                            

     14,            counter                                                    

     15,            decoder                                                    

     16,            switching decision circuit                                 

     17 through 21, switch                                                     

     22 through 26, temporary storage circuit                                  

      1a,           analog signal input terminal                               

     2a through 7a, voltage divider resistance                                 

      8a through 12a,                                                          

                    switch                                                     

     13a,           clock generator                                            

     14a,           gate circuit                                               

     15a,           counter                                                    

     16a,           decoder                                                    

     17a,           switching decision circuit                                 

     18a,           monitor counter                                            

     19a, 20a, 21a, output terminal                                            

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An analog-digital converter circuit for converting an analog voltage
      input to a digital output comprising:
PA1  a. voltage divider means, said voltage input being applied across said
      voltage divider means, said voltage divider means producing a plurality of
      voltages having amplitudes related to said input voltage;
PA1  b. a plurality of first switch means, each first switch means being coupled
      to said voltage divider means;
PA1  c. control means coupled to each of said switch means for sequentially
      closing said first switch means in a predetermined sequence;
PA1  d. switching decision means coupled to said first switch means, wherein
      when each first switch means is closed, the voltage at the point in said
      voltage divider means to which the first switch means is coupled is
      applied to said switching decision means, said switching decision means
      comparing the amplitude of the voltage applied thereto to a predetermined
      voltage and producing a first output if the amplitude of the applied
      voltage is greater than the predetermined voltage and producing a second
      voltage if the amplitude of the applied voltage is less than the
      predetermined voltage; and
PA1  e. output means coupled to said switching decision means for providing an
      indication of whether the output of said switching decision means is said
      first output or said second output.
NUM  2.
PAR  2. The analog-digital converter of claim 1, wherein said output means
      includes:
PA1  a. a plurality of second switch means coupled to said switching decision
      means, each second switch means being coupled to said control means and
      sequentially closed thereby, each said second switch means being closed
      simultaneously with a corresponding first switch means;
PA1  b. a plurality of temporary storage means, one of said storage means being
      coupled to said switching decision means when a corresponding second
      switch means is closed, whereby the output of said switching decision
      means is stored in said storage means; and
PA1  c. indicator means for providing an indication of the output stored in said
      storage means.
NUM  3.
PAR  3. An analog-digital converter circuit for converting an analog voltage
      input to a digital output comprising:
PA1  a. voltage divider means, said voltage input being applied across said
      voltage divider means;
PA1  b. a plurality of switch means, each switch means being coupled to said
      voltage divider means, said switch means being sequentially closed;
PA1  c. switching decision means coupled to said switch means, wherein when each
      of said switch means is closed, the voltage at the point in said voltage
      divider means to which the switch means is coupled is applied to said
      switching decision means, said switching decision means comparing the
      amplitude of the voltage applied thereto to a predetermined voltage and
      producing a first output if the amplitude of the applied voltage is
      greater than the predetermined voltage and producing a second voltage if
      the amplitude of the applied voltage is less than the predetermined
      voltage;
PA1  d. clock generator means for generating clock pulses;
PA1  e. gate means having its input coupled to the output of said switch
      decision means and said clock generating means;
PA1  f. counter means coupled to the output of said gate means, said counter
      means producing an output indicative of the digital output of said
      switching decision means; and
PA1  g. decoder means coupled to said counter means, the output of said decoder
      means being coupled to said switch means for sequentially closing said
      switch means.
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ABST
PAL  A computer keyboard circuit for preventing development of fallacious
      signals by bouncing or chattering of the keyboard switch contacts, which
      circuit includes means for delivering a proper output signal to one of
      several output lines in response to actuation of one of the keyboard
      switches from a first normal condition to a predetermined actuated
      condition, and operable to then prevent delivery of an additional output
      signal to any of the output lines until complete return of the switch to
      its normal position. To achieve this result, each keyboard switch has two
      contacts responsive to actuation of the switch to its two different
      conditions respectively, and the circuitry requires that the switch return
      the entire distance from one contact to the other in order to condition
      the apparatus for production of a second output signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improved circuitry for producing computer
      controlling signals in response to the actuation of the different keys of
      a keyboard, as for instance in small electronic desk calculators and the
      like.
PAR  In certain types of computer keyboard arrangements, it is conventional to
      utilize an X-Y array of key controlled switches, each adapted to feed into
      the computer or calculator a signal representing a particular number or
      other element of data, or to deliver a predetermined command for
      commencing a desired arithmetical operation or the like. Two sets of
      intersecting input and output lines are connected to the switches, with
      each line having associated with it a series of such switches, and with
      each switch serving to connect one of the input lines to a predetermined
      one of the output lines. A series of timed pulses are supplied to each of
      the input lines, for ultimate delivery through the various output lines to
      the other circuitry of the computer when different ones of the switches
      are closed. An additional circuit, preferably including a flip flop and
      shift register, acts upon closure of any of the switches to produce a
      "Start" signal, which is utilized in reading and interpreting the output
      pulses.
PAR  One major difficulty which has been encountered with this type of keyboard
      circuitry has resided in its susceptibility to formation of spurious start
      signals as a result of chattering or bouncing of the switch contacts
      during actuation. It is extremely difficult for an operator to always
      press and release all keys with a sufficiently uniform, positive and rapid
      motion to assure only a single uninterrupted closure of the switch upon
      each actuation. If a switch in a conventional keyboard circuit first
      closes, then opens for a short interval, and then closes again, all during
      a single actuation of the switch, the circuit may produce two separate
      start signals, resulting in the delivery of incorrect data or an incorrect
      command to the remainder of the computer.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the above disadvantage of prior keyboard
      circuits by providing an arrangement in which spurious signals can not be
      produced even though the switches may be subject to chattering or bouncing
      and may conduct only intermittently during a single actuation of the
      switch. This result is achieved in part by forming each of the switches to
      have first contact means responsive to positioning of the switch in a
      first and normal condition thereof, and second contact means responsive to
      actuation of the switch to a second condition. When the switch is actuated
      to its second condition, the second contact means cause delivery of an
      output signal to one of several output lines from the keyboard assembly.
      The circuit is so designed, however, that this actuated switch can not
      then produce another output signal, even though there may be some
      chattering of the "second contact means", and unless and until the switch
      is returned fully to its normal condition in which the "first contact
      means" are again actuated. These first contact means thus serve as
      conditioning elements whose actuation is required in order to enable the
      switch to deliver a next successive output signal.
PAR  The circuitry for accomplishing this result desirably includes a two stable
      state unit, such as flip-flop, which is adapted to be set to a condition
      for producing an output signal in response to actuation of a particular
      switch from one condition to the other, and which is adapted to be reset
      for producing a next successive signal only in response to complete return
      of the switch to its normal setting. A number of such flip-flops should be
      provided for controlling the delivery of output signals to a series of
      different output lines respectively, with the different flip-flops being
      controlled by different groups of the manually actuable switches. A delay
      unit may respond to actuation of any of the flip-flops to its signal
      producing condition to automatically terminate a signal pulse produced by
      the flip-flop upon expiration of a predetermined timed interval following
      such actuation.
PAR  As in the prior art arrangements discussed above, a series of input lines
      leading to different sets of the keyboard switches carry timed input
      pulses which pass through the switches when they are actuated. In addition
      to these input lines, another line may be provided to which pulses are
      supplied at a frequency corresponding to pulses in the mentioned input
      lines, but out of phase with respect to those pulses, for use in
      conjunction with the input line pulses in controlling the setting and
      resetting of the flip-flops.
DRWD
PAC  BRIEF DISCRIPTION OF THE DRAWINGS.
PAR  The above and other features and objects of the invention will be better
      understood from the following detailed description of the typical
      embodiment illustrated in the accompanying drawings, in which:
PAR  FIG. 1 shows a preferred computer keyboard circuit embodying the invention;
PAR  FIG. 2 is a timing chart for the FIG. 1 circuit, and
PAR  FIG. 3 is another timing chart of the FIG. 1 circuit on an expanded time
      scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The electronic computer or calculator keyboard circuitry illustrated in
      FIG. 1 includes an X-Y array of switches S.sub.1, S.sub.2, S.sub.3, etc.,
      each serving upon actuation to deliver to the input section 10 of the
      computer or calculator a signal representing a particular element of data,
      or a particular command for performance of a calculating operation or the
      like by the computer. For example, the left hand column of switches
      S.sub.1, S.sub.5, S.sub.9, S.sub.13 and S.sub.17 may represent the digits
      0, 1, 2, 3, and 4, as indicated; while the second column of switches
      S.sub.2, S.sub.6, etc. may represent the digits 5, 6, 7, 8 and 9
      respectively. Switch S.sub.3 may represent a decimal point, while others
      of the switches may when actuated give commands for arithmetical addition,
      subtraction, multiplication and division operations, or commands to add a
      number to the memory, subtract it from the memory, or the like. These
      signals are interpreted by input circuit 10, which may encode any numbers
      received in BCD form, and deliver them along with the commands or
      separately from the commands, to the remainder of the computer circuitry
      represented diagrammatically at 11 in FIG. 1.
PAR  Input pulses are delivered to the various switches through a series of
      input lines designated I.sub.1, I.sub.2, I.sub.3, I.sub.4 I.sub.n.sub.-1,
      and I.sub.n. These pulses may be delivered to the input lines from an
      appropriate source represented at 12, under control of a clock which is
      designated generally at 13 and acts to control the operation of all
      portions of the computer in synchronism. The pulses which are delivered to
      the circuitry through line I.sub.1 are represented at 14a in the time
      charts of FIGS. 2 and 3. As illustrated, these pulses may be direct
      current pulses occurring at a predetermined uniform relatively high
      frequency, with the intervals between pulses being several times as long
      as the duration in time of the pulses themselves.
PAR  The streams of pulses delivered to the circuitry through input lines
      I.sub.2, I.sub.3, I.sub.4 etc. through I.sub.n may be identical with and
      of the same frequency as the discussed pulses 14a on line I.sub.1, but
      staggered in time with respect to pulses 14a, and with respect to one
      another, in the progressive scanning relation illustrated in the expanded
      time chart of FIG. 3. Thus, on each cycle of input pulses, a pulse 14b on
      line I.sub.2 commences at the same time that pulse 14a on line I.sub.1
      terminates, a pulse 14c on line I.sub.3 commences as pulse 14b terminates,
      etc., until finally as pulse 14n on line I.sub.n terminates, another cycle
      commences with a next successive pulse 14a on line I.sub.1. In the reduced
      scale time chart of FIG. 2, the out-of-phase relationship of pulses 14n
      with respect to pulses 14a has been exagerated, to facilitate an
      understanding of the operation of the circuit.
PAR  The upper portion of FIG. 3 illustrates the manner in which the clock 13
      may develop the various pulses 14a, 14b, 14c, etc. Specifically, clock 13
      may produce two basic out-of-phase high frequency timing signals
      .phi..sub.1 and .phi..sub.2, with the latter being utilized in circuit 12
      to produce and control four staggered pulse streams t.sub.1, t.sub.2,
      t.sub.3 and t.sub.4, and from t.sub.4 and .phi..sub.1 an additional lower
      frequency signal designated t.sub.4.sub..phi.1 in FIG. 3. The signal
      t.sub.4 may be used to commence and terminate the various pulses 14a, 14b,
      14c, etc., as will be apparent from FIG. 3.
PAR  Each of the switches S.sub.1, S.sub.2, S.sub.3, etc. is actuable between
      two different conditions, and has different contacts responsive to arrival
      of the switch at those two conditions. Preferably, the switches are
      actuable manually by a conventional key or push button type actuator,
      whose depression may be resisted yeildingly by an appropriate spring, to
      normally maintain each key and switch element in a predetermined one of
      its two conditions.
PAR  In the FIG. 1 circuit, these spring returned double throw switches are
      represented diagrammatically as each including a movable electrical
      contact 16 swinging upwardly and downwardly about a point 17 between
      positions of engagement with an upper normally open stationary contact 18
      and a lower normally closed stationary contact 19. The return springs are
      represented diagrammatically at 20 in FIG. 1, and yieldingly retain the
      movable contacts 16 in engagement with normally closed contacts 19.
      Depression of a particular key on the keyboard acts to swing the movable
      contact 16 of the corresponding switch upwardly against the tendency of
      the associated spring 20 to break its engagement with lower contact 19 and
      move it into engagement with upper contact 18. The switches have in effect
      been illustrated in inverted from in FIG. 1, with their movable contacts
      shown as normally urged downwardly rather than upwardly, to simplify the
      diagrammatic showing of the circuitry of that figure.
PAR  Input line I.sub.1 is connected with the upper normally open contacts of
      all of the switches in the top row of the X-Y array, typically including
      four switches in the illustrated arrangement. Similarly, input line
      I.sub.2 is connected to the stationary upper contacts of all of the
      switches in the second row, and each of the other input lines except the
      final or lower line I.sub.n is correspondingly connected to the upper
      contacts of all of the switches in one associated row. The final line
      I.sub.n is connected to all of the lower normally closed contacts of the
      bottom row of switches (S.sub.17, S.sub.18, S.sub.19 and S.sub.20 in the
      illustrated arrangement), and also is connected at 21 to one of the
      multiple inputs of an AND circuit 22. This line I.sub.n is also connected
      through a line 23 to the input of an inverter 24, whose output is
      delivered through lines 25 to the input side of a series of AND gates 26,
      27, 28 and 29. The movable contact of each of the bottom switches
      S.sub.17, S.sub. 18, etc. is connected through a line 30, 31, 32 or 33 to
      the lower normally closed stationary contact 19 of the next switch above.
      Similarly, the movable contact of that switch which is next above is
      connected through a line 34, 35, 36 or 37 to the lower normally closed
      stationary contact of the next successive switch in the same vertical
      column, etc. The movable contact in the upper switch of each vertical
      column (switches S.sub.1, S.sub.2, S.sub.3 and S.sub.4) is connected to a
      line A, B, C or D, which in turn is connected to an associated one of the
      several inputs 38, 39, 40 or 41 of AND circuit 22. The lines A, B, C, and
      D are also connected to second inputs 42, 43, 44 and 45 of the AND gates
      26 through 29 respectively.
PAR  The outputs of AND gates 26 through 29 are connected to the "set" inputs of
      four flip-flops FF.sub.1, FF.sub.2, FF.sub.3 and FF.sub.4, respectively.
      The reset inputs to these flip-flops are all connected in parallel to and
      energized by the output 46 of the previously mentioned AND circuit 22. The
      output lines from the four flip-flops are connected as inputs to four
      additional AND gates 46, 47, 48 and 49, whose outputs are delivered
      through lines C.sub.1, C.sub.2, C.sub.3 and C.sub.4 to circuit 10 of the
      computer.
PAR  The outputs from flip-flops FF.sub.1, FF.sub.2, FF.sub.3, and FF.sub.4, are
      also connected through four lines 50 to the input side of an OR gate 51,
      whose output is delivered at 52 to a shift register SR, which like
      flip-flops FF.sub.1, FF.sub.2, FF.sub.3, and FF.sub.4, is timed in
      synchronism with the other pulses by clock 13, and acts to shift a pulse
      in input line 52 progressively through the shift register for ultimate
      delivery onto output line 53 in times delayed relation to the input. This
      signal in line 53 is then reversed by an inverter 54, whose output is
      connected through line 55 to the second inputs of all of the AND circuits
      46, 47, 48 and 49.
PAR  To now describe a cycle of operation of the apparatus of FIG. 1, assume
      that the circuitry is energized and that timed staggered input pulses as
      represented at 14a, 14b, 14c, 14d, etc. through 14.sub.n in FIG. 3 are
      being supplied on input lines I.sub.1, I.sub.2, I.sub.3, I.sub.4, etc.
      through I.sub.n. Also, assume that all of the switches S.sub.1, S.sub.2,
      etc. are initially in their normal lower positions, as illustrated.
PAR  If an operator then actuates one of the switches, say for example switch
      S.sub.1, to swing its movable contact upwardly from engagement with the
      normally closed contact 19 to engagement with the upper normally open
      contact 18, the physical motion of the movable contact may be considered
      as represented by the curve 56 in the first line of FIG. 2. More
      particularly, the upward movement of contact 16 may be considered as
      commencing at the point 57, and progressing linearly to the point 58,
      until the curve reaches the level 59 representing the position in which
      the normally open contact is closed. The reversal of this motion is
      represented at 60 in the same curve.
PAR  The second line of the time chart in FIG. 2 represents the condition of the
      normally open circuit through upper contact 18 during the discussed
      actuation of the switch. Specifically, when the movable contact reaches a
      particular point 61 in its upward movement, the movable contact 16 may
      initially engage upper stationary contact 18, as represented at 62 in FIG.
      2. Some chattering or bouncing may cause the circuit to close and open
      several times just after initial contact, as represented at 63 in FIG. 2,
      with ultimate full closure as represented at 64. Frequently, additional
      chattering or bouncing may cause opening of the circuit for an interval
      even after the full closure level 64 has been reached, with one such
      interruption of the circuit being represented at 65 in FIG. 2, and
      continuing for the interval T.sub.2 before subsequent reclosure at 66.
      When the switch is finally purposely returned to its normal condition,
      additional chattering or bouncing at 67 occurs while the movable contact
      is moving out of engagement with the upper contact 18.
PAR  The third line in the time chart of FIG. 2 illustrates that just prior to
      substantial movement of contact 16 away from the normally closed
      stationary contact 19, there may be intermittent making and breaking of
      the circuit as illustrated at 68, followed by full opening at 69, and
      ultimately some chattering or bouncing at 70 when the normally closed
      contacts are again engaged. However, it is specifically noted in FIG. 2
      that there is a substantial time interval T.sub.1, during which the
      movable contact is in engagement with neither of the two stationary
      contacts 18 or 19. A similar interval T.sub.3 occurs upon return of the
      switch to its normal condition, at the other end of the curves. Further,
      it is noted that when the interruption in the circuit through upper
      contact 18 occurs at 65 in FIG. 2, the movable contact 16 does not move
      far enough to engage the normally closed contact 19, and consequently
      there is no corresponding rise or change in the normally closed circuit
      during interval T.sub.2.
PAR  Prior to movement of contact 16 out of engagement with contact 19, the
      pulses from input line I.sub.n are delivered through all of the serially
      connected normally closed contacts of the various switches and through
      line 21, to simultaneously energize all of the inputs to AND gate 22, and
      thereby maintain all of the flip-flops FF.sub.1, FF.sub.2, FF.sub.3 and
      FF.sub.4 in their reset condition. The pulses in line A, for example, at
      this time are represented at 71 in FIG. 2, and may continue up to the time
      that the switch contacts move completely out of engagement. During all or
      part of the interval T.sub.1, no pulses are supplied to the line A, until
      after the expiration of time T.sub.1 some of the pulses 14 from line
      I.sub.1 are conducted through switch S.sub.1 to line A as represented at
      72 in FIG. 2. During the fully closed interval 64 of the normally open
      contact, these pulses 14 are conducted in their entirety to line A, as
      represented at 72', but during the interruption in conduction represented
      at 65 the pulses are interrupted as illustrated at 73. Following this
      interruption interval T.sub.2, the pulses from I.sub.1 are again delivered
      to line A as represented at 72", until ultimate return of the key and
      switch to their normal condition, in which pulses 71 from line I.sub.n
      again resume in line A.
PAR  When the first pulse 72 from line I.sub.1 reaches line A, this pulse is
      conducted through line 42 to AND circuit 26, whose second input 25 is
      energized by inverter 24, since the pulse 72 occurs at a time between two
      of the pulses 15 on line 23. Thus, the out of phase relationship of the
      signals on lines I.sub.1 and I.sub.n (see broken line 74 in FIG. 2) causes
      AND gate 26 to produce an output, acting to set the flip-flop FF.sub.1,
      and produce an output or high condition as represented at 75 in the output
      line 76 from the flip-flop. At the same time, the fact that the signals
      now being supplied through line 38 to AND gate 22 are out of phase with
      the other pulses being supplied to that gate prevents the delivery of a
      reset signal to flip-flop FF.sub.1 through line 46.
PAR  At the time of initiation of the output signal in line 76 from flip-flop
      FF.sub.1, line 55 is in a high or energized state, and as a result the two
      inputs to gate 46 actuate that gate to commence a pulse in output line
      C.sub.1, as represented at 77 in FIG. 2. Also, the signal in line 76 is
      delivered through one of the lines 50 to OR circuit 51, to feed into shift
      register SR an input pulse, which is progressively shifted through that
      register and appears at its output 53 after a predetermined delay interval
      T.sub.4, with the result that the output 55 from inverter 54 is terminated
      or goes low, to turn off the AND gate 46 and block transmission of a
      further signal to line C.sub.1, thereby terminating the pulse 79 in line
      C.sub.1 at 80. A precisely shaped square wave output pulse of accurately
      predetermined duration and synchronized timed relation with respect to the
      input pulses and clock pulses is thus delivered to line C.sub.1.
PAR  When the interval T.sub.2 of FIG. 2 is reached, the pulses in line A to AND
      gate 26 are interrupted, but this does not cause resetting of flip-flop
      FF.sub.1, and consequently the output from that flip-flop continues as
      represented at 81 in FIG. 2. Since the flip-flop is not reset, this
      flip-flop and shift register SR can not act to form another pulse in line
      C.sub.1 and therefore only a single pulse is formed upon each actuation of
      the flip-flop. Not until the movable contact 16 of switch S.sub.1 (or any
      other actuated switch) is returned fully to the normal position of
      engagement with normally closed stationary contact 19 can the flip-flop be
      reset. When the actuated switch returns to its normal condition, and all
      of the switches are simultaneously in their condition of engagement with
      normally closed contacts 19, simultaneous input pulses are again supplied
      to all of the inputs to gate 22, to reset whichever of the flip-flops
      FF.sub.1, FF.sub.2, FF.sub.3 or FF.sub.4 has been actuated. Resetting of
      this flip-flop terminates the signal in the corresponding line 50, and
      introduces a low signal to the input to shift register SR, resulting in a
      high output in line 55 to return the entire circuit to its original
      condition. This resetting of the flip-flops and shift register is thus
      necessary to condition the apparatus for formation of a next successive
      output pulse in one of the lines C.sub.1, C.sub.2, C.sub.3 or C.sub.4 upon
      the next actuation of one of the switches.
PAR  While a cycle of operation of the circuitry has been described only in
      conjunction with actuation of one of the various switches, it will of
      course be apparent that operation of any the other switches acts similarly
      to set one of the flip-flops FF.sub.1, FF.sub.2, FF.sub.3 or FF.sub.4, and
      produce a shaped, timed and synchronized output pulse such as that shown
      at 79 in FIG. 2 on a corresponding one of the lines C.sub.1, C.sub.2,
      C.sub.3 and C.sub.4. The input circuit 10 of the remainder of the computer
      apparatus receives these signals, scans and examines them with relation to
      the timming of the inputs in lines I.sub.1, I.sub.2, etc., and makes a
      determination as to which of the switches has been actuated. The data thus
      supplied may then be coded to BCD form, and any commands be appropriately
      channeled for producing a desired calculating or data storing operation or
      the like, as is conventional in computer circuitry.
PAR  While a certain specific embodiment of the present invention has been
      disclosed as typical, the invention is of course not limited to this
      particular form, but rather is applicable broadly to all such variations
      as fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus comprising:
PA1  a plurality of principal input lines;
PA1  additional input line means;
PA1  a plurality of output lines;
PA1  pulse supply means for delivering out-of-phase streams of timed input
      pulses to said principal input lines, and for delivering timed additional
      input pulses to said additional input line means in out-of-phase relation
      with respect to the pulses in said principal input lines;
PA1  an array of switches for controlling the delivery of output signals to said
      output lines and each having first and second contact means responsive to
      actuation of the corresponding switch to first and second positions
      respectively;
PA1  said first contact means of said switches being adapted to receive and
      control transmission of said additional pulses from said additional input
      line means;
PA1  said second contact means of said switches being connected to said
      principal input lines to receive, and control transmission of, pulses
      therefrom;
PA1  circuits controlled by pulses transmitted from said principal input lines
      through said second contact means, and operable in response to movement of
      an individual one of said switches from said first position thereof to its
      second position to deliver an output signal to a corresponding one of said
      output lines, and
PA1  means controlled by said additional pulses transmitted from said additional
      input line means through said first contact means of said switches, and
      operable only when all of said switches are simultaneously in said first
      position to condition said apparatus for delivery of a next successive
      output signal to one of said output lines, and thereby preventing delivery
      of such a next successive signal until any previously actuated switch has
      returned to said first position thereof.
NUM  2.
PAR  2. Apparatus as recited in claim 1, in which each of said principal input
      lines is connected to said second contact means of a series of said
      switches which control delivery of output signals to different ones of
      said output lines respectively.
NUM  3.
PAR  3. Apparatus as recited in claim 1, in which said pulses delivered by said
      pulse supply means to said principal input lines and said additional input
      line means, though out-of-phase, are of a common frequency.
NUM  4.
PAR  4. Apparatus as recited in claim 1, in which said last recited means
      include a circuit connecting a plurality of said first contact means of
      different ones of said switches, whose second contact means are connected
      to different ones of said principal input lines, in a series circuit which
      must be closed to condition said apparatus for delivery of a next
      successive output signal to one of said output lines.
NUM  5.
PAR  5. Apparatus as recited in claim 1, in which said circuits include a
      plurality of gates each connected to at least one of said switches and
      said additional input line means, and responsive to simultaneous reception
      of a pulse from one of said principal lines and absence of a pulse from
      said out-of-phase additional input line means to cause production of an
      output signal.
NUM  6.
PAR  6. Apparatus as recited in claim 1, in which each of said circuits includes
      a two stable state unit operable when actuated from a first state to a
      second state to deliver an output signal to one of said output lines, and
      means responsive to said input pulses from one of said principal input
      lines to actuate said unit to said second state thereof in response to
      actuation of one of said switches to its said second position.
NUM  7.
PAR  7. Apparatus as recited in claim 1, in which said circuits include a
      plurality of two stable state units actuable from a first state to a
      second state upon movement of said switches to said second positions
      thereof, said last recited means of claim 1 including means operable by
      said additional pulses from said additional input line means to reset said
      units to said first states thereof upon return of all said switches to
      said first position.
NUM  8.
PAR  8. Apparatus as recited in claim 1, in which said circuits include a
      plurality of two stable state units each operable upon actuation from a
      first state to a second state to cause initiation of an output signal in
      one of said output lines, means for actuating said units to said second
      states in response to actuation of said switches to said second positions
      thereof, and time delay means responsive to actuation of each of said
      units and operable to terminate said output signals after a predetermined
      interval following their initiation.
NUM  9.
PAR  9. Apparatus as recited in claim 1, in which said circuits include a
      plurality of two stable state units operable upon actuation between first
      and second states to cause initiation of output signals in said output
      lines respectively, means for actuating said units to said second states
      in response to actuation of said switches to said second positions
      thereof, and a shift register energized by actuation of any of said units
      to said second state and operable after a predetermined timed interval to
      terminate an output signal.
NUM  10.
PAR  10. Apparatus as recited in claim 1, in which said last mentioned means
      include means forming a plurality of series circuits from said additional
      input line means through different groups respectively of said switches
      when the switches are in said first position thereof, and gate means
      having inputs from said series circuits and operable to prevent initiation
      of a next successive output signal unless all of said switches are in said
      first positions thereof.
NUM  11.
PAR  11. Apparatus as recited in claim 10, in which said gate means has a
      further input from said additional input line means and bypassing all of
      said switches and which must be energized simultaneously with said
      previously mentioned inputs of the gate means to actuate said gate means
      for enabling initiation of a next successive output signal.
NUM  12.
PAR  12. Apparatus as recited in claim 11, in which said circuits include a
      plurality of two stable state units each actuable from a first state to a
      second state in response to actuation of any of a group of associated ones
      of said switches to said second position thereof, and operable to produce
      an output signal in response to actuation of the unit of said second
      state, said gate means being operable to reset said units to said first
      state thereof, in response to actuation of all of said switches to said
      first positions thereof.
NUM  13.
PAR  13. Apparatus as recited in claim 12, including time delay means operable
      through a single cycle to produce only a single output signal upon each
      actuation of one of said units to its second state.
NUM  14.
PAR  14. Apparatus as recited in claim 13, in which said circuits include
      additional gates for delivering actuating signals to said units to actuate
      them to said second states thereof, each of said additional gates having a
      first input to which a signal is supplied when any of an associated group
      of said switches is actuated to said second position thereof, and having a
      second input and an inverter connected thereto which is energized by
      pulses from said additional input line means.
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ABST
PAL  The present invention relates to a television channel indicator and
      particularly to an indicator using a pair of readout devices, such as
      Nixie tubes, to give a visual indication of the selected television
      channel. A pair of coded surfaces are positioned on opposite sides of a
      disc fixed to the channel selector shaft with the voltage outputs from the
      coded surfaces being connected directly to the readout devices.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a television channel selector and
      particularly to an improved means for displaying a numerical indicator of
      the channel selected.
PAR  A primary purpose of the invention is a television channel selector of the
      type described in which the channel indicating devices, for example
      electrically-operated tubes or the like, are directly connected to coded
      surfaces rotatable with the channel selector device.
PAR  Another purpose is a simply constructed, reliably operable television
      channel indicator.
PAR  Another purpose is a television channel indicator in which a pair of coded
      surfaces are positioned on opposite sides of a rotatable disc, with the
      pickup devices cooperating with the coded surfaces being connected
      directly to the visual readout tubes.
PAR  Other purposes will appear in the ensuing specification, drawings and
      claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated diagrammatically in the following drawings
      wherein:
PAR  FIG. 1 is a front view of a television tuner with the channel indicator of
      the present invention displayed therewith,
PAR  FIG. 2 is an electrical diagram of one of the coded surfaces used to
      provide the most significant digit in the channel indicator, and
PAR  FIG. 3 is an electrical diagram of the second coded surface used to provide
      the least significant digit of the channel display.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention basically provides a pair of coded surfaces, preferably
      mounted on opposite sides of a disc fixed to the channel selector shaft.
      The pickups, associated with each of the coded surfaces, are directly
      connected to a readout device, such as a Nixie tube, thus eliminating the
      conventional character generator which has in the past been connected
      between the coded surfaces and the readout device. To provide such a
      direct connection it is necessary to increase the number of pickup devices
      associated with the coded surfaces. The shaft encoding utilizes seven-bit
      logic rather than the conventional four-bit logic.
PAR  In FIG. 1 a housing indicated at 10 may include a conventional television
      tuner. The channel selector shaft is indicated at 12 and the channel
      indicator means is indicated at 14. As shown herein, there are a pair of
      visual indicators which may take a variety of forms, for example Nixie
      tubes are satisfactory. The tubes are indicated at 16 and 18, with tube 16
      providing an indication of the most significant digit and tube 18
      providing an indication of the least significant digit. For example, if
      the channel selector shaft 12 is tuned to channel 32, indicator 16 would
      display a 3 and indicator 18 would display a 2.
PAR  FIGS. 2 and 3 show electrically conductive coded areas which may be
      positioned on opposite sides of a single disc with the disc being fastened
      to the channel selector shaft. Such coded discs may be made in a variety
      of different ways, but what is important is to provide conductive and
      non-conductive areas, as shown, so that at each position of the channel
      selector shaft a voltage will be applied to different portions of the
      readout devices to thus change the display. Although the two coded
      surfaces may be applied to opposite sides of a single disc, it should be
      realized that in some applications the coded surfaces may be applied to
      spaced discs, but yet discs which are fixed to th same channel selector
      shaft.
PAR  In FIG. 2 a coded surface is indicated generally at 20 and there are 36
      different positions indicated by the radial lines 1 through 36. The coded
      area of the electrically conductive area is indicated at 22 and has the
      particular configuration to provide the digits 1, 2 or 3. A source of
      voltage is indicated diagrammatically at 24 and is connected by a line 25
      directly to the center of the coded surface 22 or to a common point on the
      coded surface. Indicator 16 has seven different display bars designated as
      S1 through S7. Each of the display bars used has its own independent
      pickup designated at 26, 28, 30, 32, 34 and 36. The pickup devices are
      radially spaced from each other with pickup device 26 being closer to the
      center of the coded surface and pickup device 36 being furthest away. The
      coded surface of FIG. 2 has six-bit logic, rather than the seven-bit logic
      of the coded surface of FIG. 3 as bar S2 does not have to be illuminated
      for any one of the numbers 1, 2 or 3. Since coded surface 20 is only for
      the most significant digit, it is not necessary to use bar S2 of the
      indicator device 16.
PAR  In the channel positions 1-9, none of the pickup devices will be in contact
      with the electrically-conductive portions of coded surface 22 and hence
      there will be no numerical display on device 16. As soon as the channel
      selector shaft is turned to channel 10, it can be seen that pickup devices
      26 and 28 will be electrically connected to the source of voltage 24 so
      that bars S4 and S5 will receive a voltage and thus be illuminated to show
      1 on the indicator 16. In like manner, when the channel selector shaft has
      been turned to channel 20, pickup devices 28 through 36 will all be
      connected to the source of voltage to display a 2 at the indicator 16. For
      channel 30 and beyond, bars 26-34 will be connected to the source of
      voltage to display a 3 at the indicator.
PAR  Turning to FIG. 3, the coded surface indicated generally at 40 is
      substantially different from the coded surface shown in FIG. 2. The
      indicator is the same, although in this case all seven bars have a pickup
      device. A source of voltage is indicated at 42 and is connected to the
      center of the coded surface. The individual pickup devices are indicated
      at 44 through 56 with the result that the coded surface of FIG. 3 provides
      seven-bit logic. Indicator 18 will display the numbers 1 through 9 for
      channels 1-9, the numbers 0 through 9 for channels 10-19, the numbers 0
      through 9 for channels 20-29 and the numbers 0 through 6 for channels
      30-36.
PAR  Each of the coded surfaces shown in FIGS. 2 and 3 will be fixed to the
      channel selector shaft, either by being placed on opposite sides of the
      same disc, or on separate discs. The coded surfaces will rotate with the
      channel selector shaft and the diagrammatically illustrated pickup devices
      will be connected to the source of voltage, which may be the same for both
      discs, depending upon the particular position of the channel selector
      shaft. The pickup devices in turn are directly connected to the display
      device, thus eliminating the conventional character generator.
PAR  Whereas the preferred form of the invention has been shown and described
      herein, it should be realized that there may be many modifications,
      substitutions and alterations thereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a television channel indicator, a rotatable shaft, a pair of
      electricially conductive coded surfaces, means supporting said coded
      surfaces for rotation with said shaft, a pair of electricially-operated
      visual read-out devices, each having independent areas capable of being
      energized to display the digits 0-9,
PA1  a source of voltage connected to a common area on each of said coded
      surfaces, pick-up means for each of said independent areas and each of
      said pick up means being directly connected to an independent area, said
      pick-up means being positioned to contact said coded surfaces such that
      the various independent areas are energized in said readout devices to
      provide a different visual numerical indication of shaft position and TV
      channel selection at each position of the shaft.
NUM  2.
PAR  2. The structure of claim 1 further characterized in that each of said
      readout devices have seven independent areas.
NUM  3.
PAR  3. The structure of claim 1 further characterized in that said coded
      surfaces are positioned on opposite sides of a disc, with said disc being
      fixed to said shaft for rotation therewith.
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ABST
PAL  An alarm buzzer device for a bicycle, emergency call or the like,
      incorporates an electric power source, for instance, a dry cell therein.
      The device comprises a housing accomodating various elements, such as a
      buzzer element, stationary and movable contacts, and a lid for covering an
      open end of the housing and arranged floatingly relative to the housing by
      the movable contact, so that the device can be actuated by pressing any
      portion of the upper surface of the lid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an alarm buzzer device, and more
      particularly to an alarm buzzer device which incorporates an electric
      power source for actuating a buzzer element therein. The device is
      especially applicable as a stationary alarm fixed to bicycles and the like
      or as a portable alarm for emergency call and the like.
PAR  For such type alarm buzzer devices, it is generally and basically required
      to have a simple structure for facilitating repairs and to arrange
      structural elements or members therefor so as to ensure a reliable
      operation. A conventional alarm buzzer device for bicycles has, however, a
      disadvantage in that its operation is not always reliable for the
      following reason. The conventional device has an actuating push button of
      a comparatively small size, for instance, a push botton as small as the
      tip of a rider's finger. With such a small push button, a user is apt to
      fail in actuating the buzzer device when an alarm sound is necessary,
      because he has to locate the small actuating button by feeling without
      seeing it while concentrating his attention on road conditions.
PAR  In order to fulfill the requirements as referred to I have proposed an
      improved alarm buzzer device for bicycles having a pivoted actuating knob
      as disclosed in U.S. Pat. No. 3 521 275. The knob for the device as
      disclosed in the aforementioned U.S. Pat. has a configuration of a
      substantially triangular ridge-like ring mounted on a part of a lid for
      the device, so that, when a part of the ring-like knob is pressed
      downwardly by a finger of the bicycle rider, the ring swings to depress a
      flexible movable contact toward a stationary contact for completing a
      circuit with the aid of a pin fixed to the triangular knob at a portion
      near one of the three vertexes thereof and a leaf spring fixed to the pin.
      The device as disclosed in the aforementioned U.S. Patent has an advantage
      in providing a larger operating area than that of the conventional push
      button for the alarm buzzer device as referred to, but there still exists
      the possibility that the rider may push not the knob but the lid in haste.
PAC  SUMMARY OF THE INVENTION
PAR  A principal object of the present invention is to provide an alarm buzzer
      device, wherein a lid per se for the device forms a portion for actuating
      the device, so that a user can actuate the device to generate an alarm
      sound by pressing any portion of the upper surface of the lid.
PAR  Another object of the invention is to provide an alarm buzzer device which
      has a simple structure, ensures a reliable operation, and can be produced
      and assembled with a relatively low cost.
PAR  A still other object of the invention is to provide an alarm buzzer device
      which has a simple structure and can be constructed in a compact size, so
      that the device is applicable as a portable alarm for warning or emergency
      call.
PAR  Further objects of and advantages to be attained by the invention can be
      appreciated by understanding the following explanation which shall be made
      by referring to embodiments as illustrated in the drawings, in which
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a disassembled or exploded perspective view of one embodiment of
      an alarm buzzer device according to the invention;
PAR  FIG. 2 is a top plan of the device shown in FIG. 1;
PAR  FIG. 3 is a partial sectional view of another embodiment of the device
      shown in FIG. 4, obtained by cutting off the lid and taken along the line
      III -- III of FIG. 4 to show the inner mechanism of the device;
PAR  FIG. 4 is a partial sectional view of the device shown in FIG. 3 by cutting
      elements or members for the device excepting the buzzer element, taken
      along line IV -- IV of FIG. 3 to show the cooperating relation between the
      lid and flexible contact;
PAR  FIG. 5 is a partial sectional view of the device shown in FIG. 3 by cutting
      elements or members of the device excepting the buzzer element, taken
      along line V -- V of FIG. 3 to show the cooperating relation between the
      lid and the flexible contact and the gap, in normal or non-actuated
      condition, between the flexible contact and a stationary contact; and
PAR  FIG. 6 is a partial and enlarged perspective view showing the flexible and
      stationary contacts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2 which illustrate an embodiment of the present
      invention, an alarm buzzer device is generally designated by reference
      numeral 10. The device 10 comprises a housing 12, a buzzer element 14
      which is of a conventional type and is to be accommodated in the housing
      12, a keel or battery holder 16, anode side of which is to be connected
      with a lead wire 141 for the buzzer element 14, a flexible contact or
      resilient contact arm 18, one end of which is mounted insulatingly on the
      buzzer element 14, a lid 20 to cover an open end 121 of the housing 12,
      and a means 22 for detachably engaging the lid 20 with the housing 12. In
      the illustrated embodiment, the housing 12 and lid 20 have a substantially
      triangular cross section, respectively, but those members may have any
      other configuration, for instance, having a circular or rectangular cross
      section. The housing 12 has a plurality of openings 122, 123, 124, 125,
      126, a notch 127 and claws 128, 129. The opening 122 is provided to
      diffuse alarm sound generated by the buzzer element 14. The openings 123
      and 124 serve to accomodate eyelets 161, 162 to secure the battery holder
      16 through insulating rings 163, 164 made of a synthetic plastic material
      such as polyethylene. The opening 125 accomodates a rivet 221 to secure a
      ratchet 222. Through the opening 126 and an opening 222a provided to the
      ratchet 222, a ratchet screw 223 is inserted to engage with a ratchet nut
      224. The ratchet 222, ratchet screw 223 and ratchet nut 224 form the lid
      mounting means 22. The notch or slit 127 accomodates a projection or rib
      (not shown) formed on the inner surface of the lid 20. The claws 128, 129
      formed integrally to the housing 12 so as to extend outwardly and a claw
      222b formed at the free end of the ratchet 222 can loosely be accomodated
      in blind holes (not shown) formed in the inner surface of the lid 20. The
      flexible contact or resilient contact arm 18 is securedly mounted on the
      buzzer element 14 by a screw 24 which is inserted through an opening 181
      formed in the arm 18, an insulating ring 26 made of synthetic plastic
      material or fiber, an opening 165 formed in a leg portion 16a of the
      battery holder 16 and another insulating ring 28 made of synthetic plastic
      material or fiber and engaged with a screwed opening 142 formed in a
      casing for the buzzer element 14. The leg portion 16a serves as a
      stationary contact cooperating with the flexible contact 18 and as means
      for holding the buzzer element 14 in position. The lid 20 may be made of a
      suitable synthetic plastic material and may have a decorative metallic
      plate 201 to be fixed with use of an adhesive on a suitable portion of the
      outer surface of the lid 20.
PAR  On the under surface of the housing 12, a metal fixing may be secured, so
      that the buzzer device 10 can be fixed to a holding means (not shown), for
      instance to a handle pipe of a bicycle. As the metal fixing, the members
      or elements shown generally by reference numeral 30 in FIG. 1 may be used.
      The metal fixing 30 comprises a first fixing member 301 having a leg
      portion 301a, a second fixing member 302, eyelets 303 for fixing the leg
      portion 301a to the housing 12, and screws 304 for connecting the second
      member 302 to the first member 301.
PAR  In FIGS. 3 to 6, there is shown a second embodiment of the buzzer device
      according to the present invention. The device 10' of this embodiment is
      substantially the same as the device 10 in the lst embodiment, except for
      the design of the lid and housing. In the first embodiment shown in FIGS.
      1 and 2, the lid 20 has a substantially triangular decorative plate 201
      and has only one inner projection fitting into the slit or notch 127
      formed in the side surface of the housing 12, while, in the second
      embodiment, a lid 20' has a circular decorative plate (not shown) to be
      accommodated in and adhered on a central cavity formed by a ring-like
      ridge 203' on the outer surface of the lid 20' and has three projections
      or rib 204', 205', 206' --- (see FIG. 3) formed on the inner peripheral
      surface thereof to be accommodated in slits or notches 127'a, 127'b, 127'c
      --- corresponding to the single notch 127 (see FIG. 1). The configuration
      and structure of a metal fixing 30' illustrated in FIG. 4 are somewhat
      different from those of the metal fixing 30 illustrated in FIG. 1. The
      metal fixing 30' has such an advantage that the mounting of the buzzer
      device 10' to a pipe 305, for instance a handle pipe of a bicycle can be
      done with use of only one screw 304'.
PAR  As seen in FIG. 3, one of two terminals of the buzzer element 14 is
      connected to the anode side of the keel or holder 16 for a battery, for
      instance, a dry cell 32 by the lead wire 141, namely to the eyelet 162
      mounted to the battery holder 16 through an insulating fiber ring 165 and
      the insulating plastic ring 164 (see also FIG. 1), and the other terminal
      is connected to the flexible or movable contact 18. The movable contact 18
      is connected to the cathode side of the battery holder 16 by a lead wire
      34, namely to the eyelet 161 mounted to the battery holder 16 through an
      insulating fiber ring 166 and the insulating plastic ring 163 (see also
      FIG. 1).
PAR  As shown in FIGS. 4 and 5, the flexible or movable contact 18 is normally
      urged to press the lid 20' upwardly by an elastic force thereof, so as to
      floatingly hold the lid with the aid of claws 128, 129, 222b and blind
      holes 202', 203', 204' which are formed in the inner peripheral surface of
      the lid 20' to loosely accomodate the respective claw. When the lid 20' is
      fitted on the housing 12', as shown in FIGS. 3 to 5, the lid 20' can be
      pressed to contact the flexible or movable contact 18 with a stationary
      contact to complete a circuit for energizing the buzzer element 14. In the
      illustrated embodiment, the stationary contact is formed as the leg
      portion 16a of the keel or battery holder 16 but this contact may be of
      the upper surface 143 (see FIG. 1) of the buzzer element 14.
PAR  The flexible contact or resilient contact arm 18 may have a configuration
      as shown in FIG. 6. The contact 18 comprises a flat base 182 with the
      opening 181 (see FIG. 1), an inclined narrow leg 183, a flat or curved
      wide head 184 an upper surface of which contacts with inner surface of the
      lid 20' when the lid is mounted on the housing to cover the open end
      thereof, and a narrow and short end portion 185 which is inclined toward
      the stationary contact 16a. The structure of the flexible contact 18 as
      illustrated in FIG. 6 has such advantages that the resilient arm can
      easily be bent by pressing the upper surface of the lid 20' to make
      contact of a free edge 186 of the contact 18 with the stationary contact
      16a, since the leg portion 183 is made narrow and that the force for
      pressing the upper surface of the lid 20' can ensuredly be transmitted to
      the flexible contact 18, since the surface of the head 184 contacting with
      the inner surface of the lid 20' is made wide.
PAR  Since the buzzer device according to the present invention is constructed
      as referred to hereinabove, even if a user presses an edge portion on the
      upper surface of the lid in haste as shown by arrows 36, 38 in FIGS. 4 and
      5, the lid 20' moves swingingly as shown in two-dots-dash- lines in the
      Figures to make a stable contact of the tip or free end 186 of the
      flexible contact 18 with the stationary contact 16a as the leg portion of
      the battery holder 16.
CLMS
STM  I claim:
NUM  1.
PAR  1. An alarm buzzer device comprising a housing, a buzzer element
      accommodated in said housing, a battery for actuating said buzzer element,
      means for holding the battery, a resilient contact arm mounted
      insulatingly on said buzzer element, a lead wire for connecting the anode
      side of said battery holder to the input side of said buzzer element,
      another lead wire for connecting the cathode side of said battery holder
      to said resilient contact arm, a cover member for covering said housing
      and arranged floatingly by said resilient contact arm, and engaging means
      for detachably engaging said cover member with said housing, said engaging
      means comprising claws formed stationary on said housing, a movable claw
      operable from outside said housing, and blind holes formed in side walls
      of said cover member to each loosely engage with each of said claws.
NUM  2.
PAR  2. An alarm buzzer device as claimed in claim 1, wherein said movable claw
      is a ratchet with a ratchet nut, which can be operated by a ratchet screw
      engaging with said ratchet nut.
NUM  3.
PAR  3. An alarm buzzer device as claimed in claim 1, wherein said housing has
      at least one notch formed in a side wall thereof to accommodate a
      projection formed on an inner side wall of said cover member.
NUM  4.
PAR  4. An alarm buzzer device as claimed in claim 1, wherein one end of said
      resilient contact arm is securely mounted on said buzzer element by a
      screw through a ring member electrically insulating between said contact
      arm and said buzzer element, so that said resilient contact arm urges said
      cover member upwardly with its resilient force to floatingly and stably
      hold said cover member with the aid of said claws-blind holes engagement.
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ABST
PAL  A tactile numeric display apparatus comprises a plurality of concentric
      electrical conductor pairs extending from a panel of insulating material.
      The conductor pairs are arrayed in Braille groups to represent decimal
      positional notation. The conductor pairs selectively receive a periodic
      bipolar constant current pulse so that by feeling a current in the fingers
      when on particular conductor pairs a user can determine which numbers are
      displayed.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 420,956, filed Dec. 3, 1973 and now abandoned.
BSUM
PAC  THE INVENTION
PAR  This invention pertains to display devices and more particularly to devices
      for conveying information by the electrical stimulation of the finger tips
      of a user.
PAR  An object of the invention is to display in a cutaneous form information
      which is usually presented visually.
PAR  There are many blind people today who could successfully have a more useful
      role in society if they had access to usable numeric output devices such
      as calculators, computers and digital meters. While it is true that output
      devices using solenoid operated pins are available, such output devices
      are often so complex and expensive as to prohibit their use with existing
      equipment. For example, there are available today hand and desk
      calculators that retail for considerably less than One Hundred Dollars.
      Therefore, it is only reasonable to demand that the display part of such a
      calculator cost only a minor fraction of the entire cost of the system.
PAR  It is accordingly a general object of the invention to provide a display
      device which can be used by a sightless person.
PAR  It is another object of the invention to provide such a display device
      which, while being less expensive than previously available devices, is
      also more rugged and reliable.
PAR  These and other objects are satisfied by the invention which contemplates a
      tactile numeric display apparatus comprising a panel of insulating
      material carrying a plurality of concentric electrical conductor pairs.
      Each of the electrical conductors of each pair has at least one end
      extending through the top surface of the panel so that it can be touched
      by a user. The electrical conductor pairs are arrayed in decimal
      positional notation with each character in Braille representation. The
      electrical conductors are selectively energized to transmit bipolar pulses
      from a constant current source.
DRWD
PAR  Other objects, the features and advantages of the invention will be
      apparent from the following detailed description when read with the
      accompanying drawing which shows several embodiments of the invention.
PAR  In the Drawing:
PAR  FIG. 1 is a block diagram of a calculator system utilizing the invention;
PAR  FIG. 2 is a logic diagram of a translator used in the system of FIG. 1;
PAR  FIG. 3 is a logic diagram of a typical pulse generator used by the
      translator of FIG. 2;
PAR  FIG. 4 is a waveform diagram of the pulses generated by the pulse generator
      of FIG. 3;
PAR  FIG. 5 is a diagram of the locations of the indicia which define a Braille
      character;
PAR  FIG. 6 shows the Braille representations for the decimal digits;
PAR  FIG. 7 shows a modification of the representation of FIG. 6;
PAR  FIG. 8A shows an embodiment of the display device utilizing the modified
      Braille representation of the digits with FIG. 8B showing the number
      present on the display device of FIG. 8A.
PAR  FIG. 9 shows an enlarged plan view of a part of the display device of FIG.
      8A; and
PAR  FIG. 10 shows a section through the line 10--10 of FIG. 9.
DETD
PAR  In FIG. 1 there is shown a calculator system comprising a calculator 10
      having an input keyboard 12 and an output register 14 which is connected
      via a translator 16 to a tactile display device 18.
PAR  The calculator 10 can be a conventional electronic calculator having the
      usual complement of registers and an arithmetic unit. Entries are made
      into the calculator via keyboard 12 which in addition to the numberic keys
      includes the arithmetic function keys. The results of calculations are
      stored in an output register 14 which can be a flip-flop register having
      four flip-flops per decimal position wherein the results are stored in
      binary-coded decimal form. Such a calculator and its associated output
      register is well known in the art and need not further be described.
PAR  If one assumes an eight digit calculator then the output register will have
      eight stages each of four flip-flops. Therefore, each stage will have four
      output terminals and the binary coded combination of signals on those
      terminals represents the digit stored in the stage. The four terminals of
      each stage are connected via four lines to four input terminals of the
      translator 16. FIG. 1 shows only the connections from the most and least
      significant stages of the output register 14. However, it should be
      realized that there are similar connections from each of the intermediate
      stages.
PAR  In addition, line 15 represents a cable connecting the floating decimal
      point register of the calculator 10 to the tactile display device 18.
PAR  The translator 16 is basically a decoder which changes the coded
      combinations of signals received at its input terminals to a different
      coded combination of signals at its output terminal. The translator 16 has
      the same number of stages as the output register 14 with each stage of the
      translator 16 being associated with a given stage of the output register
      14. The construction of a translator stage is determined by the type of
      display device used. For example, for a tactile display device wherein
      each digit is represented by four binary bits or Braille bosses one should
      use a translator stage as shown in FIG. 2. The stage comprises
      conventional one-out-of-ten decoder 20, the diode matrix 22 and the pulse
      generators 24. When a binary coded digit is received at the inputs 21-1 to
      21-4 of decoder 20 it generates a signal on one of the lines 20-1 to 20-0.
      This signal is transferred by the diodes of the matrix to a combination of
      the pulse generators 24A to 24D. (As will hereinafter become apparent
      these combinations of four signals can be used to represent the Braille
      numeric digits.) For example, if the signals on the inputs 21-1 to 21-4 of
      decoder 20 are the binary-coded representation of the decimal digit 95,
      then decoder 20 will emit a signal of line 20-5. This signal will be fed
      via diode 22-A5 to pulse generator 24A and via diode 22-D5 to pulse
      generator 24D. The signals from pulse generators 24A and 24D are fed to
      those electrical conductors in tactile display device 18 which would
      represent the digit five in a modified Braille notation.
PAR  FIG. 5 shows a typical format for a Braille character. The character is
      represented by raised bosses in a combination of the six positions
      indicated by open circles 26A to 26F. Now it so happens that the decimal
      digits 0 through 9 do not have any bosses in positions 26E and 26F.
      Therefore, for numerics one requires four signals. These signals are
      generated by the pulse generators 24A to 24D which are in one-to-one
      correspondence with bosses 26A to 26D, respectively.
PAR  A typical pulse generator 24A is shown in FIG. 3 while the current waveform
      generated by the pulse generator is shown in FIG. 4. The amplifier
      comprises a gated free running oscillator FRO which can be a conventional
      relaxation oscillator such as an assymetrical astable multivibrator that
      is biased off when a low signal is present at its control input C and
      oscillates freely when the signal at the control input goes high to
      produce positive going pulses which periodically occur at a given rate.
      The output of the oscillator FRO is connected to the input of monostable
      multivibrator MM1. The multivibrator of conventional design is triggered
      to emit a negative going pulse of given duration each time it receives the
      negative going trailing edge of a pulse from oscillator FRO. The output of
      monostable multivibrator MM1 is connected to the input of monostable
      multivibrator MM2. This multivibrator is the same as monostable
      multivibrator MM1 and is triggered to emit a positive going pulse of the
      same given duration each time it receives the negative going trailing edge
      of a pulse from monostable multivibrator MM1. The output of monostable
      multivibrator MM2 is connected to the input of monostable multivibrator
      MM3 which is the same as monostable multivibrator MM1 and is triggered to
      emit a positive going pulse of the same duration each time it receives the
      negative going trailing edge of a pulse from monostable multivibrator MM2.
PAR  The outputs of the monostable multivibrators MM1 and MM3 are fed to the
      respective inputs of convention difference amplifier DA whose output
      transmits the composite waveform shown in FIG. 4. The voltage signal is
      fed to the constant current generator CCG comprising conventional
      operational amplifier OA, input resistor R and feedback path F with the
      point P at virtual ground. Within the feedback path is connected an
      electrical conductor pair hereinafter more fully described but for the
      present is represented by dotted line resistor E. Thus passing through the
      feedback path is a current having the waveform of FIG. 4.
PAR  It has been found that for best results the pulse repetition rate should be
      of 20 to 250 pulses per second while the width t1 and t2 of both the
      positive and negative lobes should be in the range of from 0.1 to 1
      millisecond. The negative lobe should be delayed after the positive lobe
      by a length of time t3 equal to the pulse width of either lobe. Finally
      the pulses should have a peak to peak amplitude p of from 0.5 to 10
      milliamperes.
PAR  While a decimal matrix panel can be used as a display device, it is much
      simpler and more easily readable to use a Braille type display. Before
      describing such a display there will first be a discussion of the decimal
      digits as represented in Braille. In FIG. 6 there is shown such a
      representation of the digits.
PAR  It will be recalled that there is no need to represent the pair of bosses
      in the lowest row of each character since they never occur for the decimal
      digits. Therefore, for a pure numeric display the decimal digits can be
      represented by the modified Braille configurations shown in FIG. 7. When
      using these modified Braille configurations one can construct the display
      device shown in FIGS. 8 to 10.
PAR  The display device comprises the panel 50 of insulating material carrying
      eight sets of four conductor pairs 52 wherein each set is arrayed to
      simulate the four possible bosses of a modified Braille digit. It should
      be noted that between each set of conductor pair 52 is a dual of conductor
      pairs 58 which represent a decimal point. As shown in FIGS. 9 and 10 each
      conductor pair 52 comprises a central conductor 52A and an annular
      conductor 52B concentric therewith. Each conductor has a top extending
      above panel 50 and a bottom which can be connected via wires to the
      outputs of translator 16 and more particularly to the outputs of pulse
      generators 24A to 24D (See FIG. 2).
PAR  Furthermore, the annulus 54 of insulating material which separates central
      conductor 52A from annular conductor 52B has a depression so that any
      perspiration left after touching by the user tends to accumulate in the
      trough so formed thus preventing any undesired conductive bridging of the
      gap.
PAR  It has been found that the diameter D1 of the central conductor is
      preferably from 3/64 to 1/8 inch in diameter; the width d2 of the annular
      conductor should be between 1/32 and 1/16 of an inch; and the gap D3
      between the conductors should be between 3/64 and 1/8 of an inch. Finally,
      the ratio of the exposed area of conductor 52A to that of conductor 52B
      should be less than or equal to 1:4.
PAR  In operation when the calculator system displays a character, translator 16
      transmits suitably pulsed current via A cable to the appropriate conductor
      pairs 52 and 58. A user now may sweep his forefinger from left to right
      along the sets of conductor pairs 52 and 58. The tingling sensations in
      the energized conductor pairs 52 and will be interpreted as decimal
      digits. Note in FIG. 8 the black electrode pairs are the ones being
      energized to display the number 674.98073.
PAR  While a preferred embodiment has been shown and described in detail, there
      will now be obvious to those skilled in the art many modifications and
      variations satisfying many or all of the objects of the invention but
      which do not depart from the spirit thereof as defined by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tactile numeric display apparatus comprising: a panel of insulating
      material; a plurality of sets of four electrical conductor pairs, the four
      electrical conductor pairs of each set being disposed in said panel of
      insulating material at the corners of quadrilaterals to simulate
      abbreviated Braille representation of Arabic numerals, each of the
      electrical conductor pairs including a central conductor having a diameter
      of from 3/64 to 1/8 inch, and a surrounding concentric annular conductor
      having a width of from 1/32 to 1/16 inch, with the separation of the
      conductors of the pair being from 3/64 to 1/8 inch, and the operative area
      of the central conductor being no greater than one-fourth of the operative
      area of the said annular conductor, each of the conductors of each
      electrical conductor pair having at least one end extending beyond one of
      the surfaces of said panel so that it can be touched by a user; a pulse
      generator means including a plurality of constant current sources, each of
      said constant sources having an input and an output connected to one of
      said pairs of electrical conductors, a plurality of bipolar waveform
      generators, each of said bipolar waveform generators having an input and
      an output connected to the input of one of said constant current sources,
      respectively, each of said bipolar waveform generators when activated
      generating from 20 to 250 pulse pairs per second, wherein each pair
      comprises a positive pulse of from 0.1 to 1 millisecond duration and a
      negative pulse of from 0.1 to 1 millisecond duration with a time interval
      between the positive and negative pulses of each pair being equal to the
      duration of one of said pulses and the peak to peak amplitude from the
      positive pulse to the negative pulse being such that the peak to peak
      current flowing from said constant current sources is between 0.5 and 10
      milliampere; and means for selectively energizing said bipolar waveform
      generators in accordance with the Arabic numerals to be displayed.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said sets of four electrical conductor
      pairs are disposed along a straight line in said panel and further
      comprising at least a single further electrical conductor pair disposed
      between each of said sets.
NUM  3.
PAR  3. The apparatus of claim 2 where each of said bipolar waveform generators
      comprises a gated oscillator operating at a frequency of from 20 to 250 Hz
      and having an input connected to said selectively energizing means and an
      output, three monostable multivibrators connected in cascade to the output
      of said gated oscillator, each of said monostable multivibrators when
      triggered emitting a pulse having a duration of from 0.1 to 1
      milleseconds, a difference amplifier having a positive and negative input
      and an output, one of said inputs being connected to the output of the
      monostable multivibrator directly connected to said gated oscillator, the
      other of said inputs being connected to the output of the monostable
      multivibrator most remote from said gated oscillator, and means for
      connecting the output of said difference amplifier to the input of a
      constant current source.
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PAL  For use in an intrusion alarm system, an on-line test circuit operative for
      the continuous supervision of system operation without affecting normal
      operation thereof. The transmitted signal is frequently modulated at a low
      rate to produce a detectable change in reflected energy sensed by
      sub-Doppler processing circuitry and operative to produce a failure
      indication in the absence of such sub-Doppler signal.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to intrusion alarm systems and more particularly to
      circuitry for the continuous on-line test supervision of system operation.
PAC  BACKGROUND OF THE INVENTION
PAR  Intrusion alarm systems are known for detecting the presence of a moving
      intruder or target within a zone under protection. An energy pattern,
      which may be provided from a sonic, ultrasonic or electromagnetic source,
      is provided in a protected zone and reflected energy returned from the
      zone and from objects therein is received and processed to indicate
      intruder presence. In the presence of a moving intruder, a Doppler or
      other sensible signal is received and usually is processed to discriminate
      a moving intruder from fixed background return energy, noise or spurious
      signals. In the event of a system failure it is useful to provide a
      fail-safe mode of operation in which an alarm indication is provided upon
      such failure so that prompt corrective action can be taken.
PAR  Various test systems have been proposed to monitor the operation of
      intrusion alarm systems to ascertain a failure condition. In one type of
      test system, a Doppler test signal is provided at the system receiver, or
      the transmitter is modulated with a Doppler signal to provide a
      corresponding Doppler signal at the receiver, to cause a system alarm
      indication in the presence of such a test signal. The absence of alarm
      actuation would be indicative of system failure. Such command-type testing
      is not an on-line procedure and usually requires the presence of a person
      to conduct the test and monitor the expected alarm which should appear at
      test time. In known on-line testing approaches, the transmitter output
      signal is monitored and the noise level of the receiver output is also
      monitored to indicate transmitter and receiver operability. However, such
      on-line testing does not provide a test of overall system operability to
      assure detection by the system of an intruder.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, on-line test circuitry is provided for an
      intrusion alarm system and operative for the continuous monitoring thereof
      and for the rapid indication of a system failure which would prevent
      detection of an intruder in a protected zone. A frequency modulated (FM)
      test signal is provided as part of the system transmitted signal which
      test signal is of sufficiently low modulation frequency to cause return
      energy having difference frequencies below the Doppler band of the alarm
      system. Energy reflected from the protected zone and from objects therein
      is received by the system receiver which provides a corresponding output
      signal which includes a sub-Doppler test signal detectable by a
      sub-Doppler signal processor operative to produce a failure indication in
      the event that the test signal is less than a predetermined signal level.
      Typically, the modulation rate of the FM test signal is in a
      sub-sub-Doppler range of less than 1 Hz to produce, over a selected range
      in the protected zone, typically 10-50 feet, a return signal in the
      sub-Doppler range of 1-10 Hz. The Doppler band employed by the alarm
      system for intruder detection is typically 10-400 Hz, and the test signal
      is of sufficiently low deviation such that very little noise is introduced
      into the Doppler band as a result of the test signal modulation.
PAR  The test signal processor includes a bipolar threshold circuit which
      provides a bipolar reference threshold, the exceedance of which by the
      received test signal indicates proper alarm system operability. The
      presence of a received test signal of magnitude less than the reference
      threshold or the complete absence of a test signal denotes a substantially
      degraded or failure condition, as the alarm system is not in that
      circumstance responsive to received Doppler information to enable
      detection of an intruder.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood from the following detailed
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram representation of an intrusion alarm system
      embodying the invention;
PAR  FIG. 2 is a waveform diagram of an FM test signal employed in the
      invention;
PAR  FIG. 3 is a block diagram representation of an alternative embodiment of
      the invention useful with multiple transducer intrusion alarm systems;
PAR  FIG. 4 is a block diagram representation of a further embodiment of the
      invention; and
PAR  FIG. 5 is a block diagram representation of an embodiment useful in
      multiple transducer intrusion alarm system.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention as embodied in a typical intrusion detection system is
      illustrated in FIG. 1. A transmitting transducer 10 energized by a power
      amplifier 12 provides energy within a zone being protected, and reflected
      energy from the zone and from objects therein is received by a receiving
      transducer 14 which is coupled to a preamplifier 16 which, in turn, is
      coupled to one input of a mixer 18. A local oscillator 20 provides a
      second input to mixer 18 and also provides a signal to power amplifier 12.
      The output of mixer 18 is coupled to signal processing circuitry 22, the
      output of which is applied to an alarm circuit 24. This intrusion alarm
      system is itself known in the art and the detailed operation of which is
      well understood in the art. Such a system is shown for example in U.S.
      Pat. 3,665,443 assigned to the same assignee as this invention.
PAR  In the presence of a moving intruder within a zone under protection,
      reflected energy received by transducer 14 includes Doppler information
      which is present as a Doppler signal provided by mixer 18 to signal
      processing circuitry 22. Circuitry 22 is operative to discriminate true
      moving target signals from noise or other spurious signals and provide an
      output signal to alarm circuitry 24 upon detection of a valid moving
      target. According to the invention, test circuitry is included within the
      alarm system to continuously monitor, on an on-line basis, system
      operation to provide a rapid output indication of system failure in such
      event, while not interfering with system operation in the absence of a
      failure condition.
PAR  The test circuitry shown generally at 26 includes a sub-sub-Doppler FM
      sweep generator 28 coupled to local oscillator 20 and operative to provide
      an FM signal thereto having an FM period and peak-to-peak frequency
      deviation sufficiently low that very little noise is introduced into the
      normal Doppler band as a result of this test modulation. For example, in
      an ultrasonic alarm system operating at a carrier frequency of 26 KHz and
      having a Doppler band of 10 to 400 Hz, a peak-to-peak deviation of 50 Hz,
      with a two second period will not, even in the presence of large
      reflections from a protected zone, produce any Doppler noise of
      significant magnitude. The test signal waveform is shown in FIG. 2 and is
      seen to be linearly swept in a repetitive manner symmetrically about the
      carrier frequency of the alarm system. Alternatively, sinusoidal or
      similar or similar waveform may be used. A sub-Doppler band pass amplifier
      30 is coupled to the output of mixer 18 and provides an output signal to a
      bipolar threshold circuit 32, the output of which, in turn, is coupled to
      a timing circuit 34 which provides an output signal to a failure indicator
      36.
PAR  In operation, the FM test signal provided by generator 28 causes
      corresponding modulation of the energy provided by transducer 10 to the
      zone under protection. The delay in the normal reflection or backscatter
      from this zone causes a detectable sub-Doppler signal to appear as part of
      the output signal of mixer 18. This sub-Doppler signal is detected by
      sub-Doppler bandpass amplifier 30 which provides an output signal upon
      receipt of such sub-Doppler return energy. The threshold circuit 32
      establishes a bipolar reference threshold level. If the threshold is not
      exceeded within a predetermined time interval defined by circuit 34,
      usually several cycles of the FM test signal, an output indication of
      system failure is provided by circuit 34 to failure indicator 36.
PAR  As an example of the operation of the invention, assume an FM test signal
      as described above with a primary source of backscatter in a protected
      zone at a range of 10 feet from transducers 10 and 14. The round trip
      propagation path from transducer 10 to the source of backscatter and
      thence to transducer 14 is therefore 20 feet, which results in a
      propagation delay between the transmit and receiving times of
      approximately 20 milliseconds. The transmitted FM test signal and the
      received version thereof are offset as a result of the delay time causing
      a difference frequency of approximately 1 Hz and having a polarity
      dependent upon whether detection is accomplished during the positive going
      or negative going portion of the FM test signal. The 1 Hz signal is
      detected by the sub-Doppler processing circuitry and such test signal does
      not affect the normal alarm signal processing circuitry since the test
      signal is below the frequency range of such alarm circuitry. The
      sub-Doppler frequency band contains significant energy only if the system
      senses a substantial delay in reflected energy which gives rise to a
      detectable sub-Doppler test signal. In the presence of such test signal,
      the bipolar threshold is exceeded and no failure indication is provided
      since the system is then functioning properly.
PAR  In the embodiment of FIG. 1 the invention is shown with an intrusion alarm
      system having a single transmitting transducer and receiving transducer
      such as employed in monitoring a single area or zone. Many intrusion alarm
      systems employ multiple transmitting and receiving transducers for
      monitoring plural zones, and the invention as embodied for use in such a
      multiple zone system is illustrated in FIG. 3. A transceiver 40 is
      provided for each zone under surveillance and includes a transmitting
      transducer 42, a receiving transducer 44 and a preamplifier 46. The
      preamplifier 46 is coupled to a master control unit 38 which includes an
      amplifier 50 coupled to a mixer 52 which also receives a signal from a
      local oscillator 54. Local oscillator 54 also drives a power amplifier 56
      the output of which is coupled to transducer 42 of each transceiver 40.
      The output of mixer 52 is applied to signal processing and alarm circuitry
      58.
PAR  Test circuitry 60 is associated with the master control unit 48 and
      includes a sub-sub-Doppler FM sweep generator 62 coupled to local
      oscillator 54 and a sub-Doppler bandpass amplifier 64 receiving the output
      signal from mixer 52. Bandpass amplifier 64 is coupled to bipolar
      threshold circuit 66 which in turn is coupled to timing circuit 68. Timing
      circuit 68 is coupled to a failure indicator 70. Each transceiver 40
      includes a test circuit 72 which includes a mixer 74 receiving signals
      from power amplifier 56 and from preamplifier 46 and provides an output
      signal to sub-Doppler bandpass amplifier 76 which is coupled to a bipolar
      threshold circuit 78 which is coupled to a timing circuit 80 providing an
      output signal to a failure indicator 82. A mixer 74 is provided in the
      transceiver test circuit, since the transceiver does not include an
      individual mixer as in the master control unit. The test control circuit
      72 can be physically disposed with respective transceivers or
      alternatively can be located in the master control unit and interconnected
      with the transceiver via appropriate wiring.
PAR  Operation of the system of FIG. 3 is substantially the same as described
      above. A system failure occurring in any one of the transceivers 40 or in
      the master control unit 48 will cause a failure indication to appear. In
      the event that failure occurs in the master control unit alone, only
      indicator 70 will be energized. In the event that failure occurs in one of
      the transceivers 40, such failure will be indicated by energization of the
      corresponding indicator 82 as well as indicator 70 of the master control
      unit.
PAR  FIG. 4 depicts a test circuit having an input signal thereto alternatively
      derived than in the embodiments described above. In the embodiment of FIG.
      4, the alarm system includes as part of the signal processing circuitry a
      sub-Doppler high pass filter 84 coupled to a Doppler low pass filter 86
      which, in turn, is coupled to a Doppler amplifier 88. The output of
      amplifier 88 is applied to a Doppler high pass filter 90 the output of
      which is applied to subsequent signal processing circuits for processing
      of the signals in well known manner to provide an alarm indication in the
      presence of a moving target. The amplifier output signals are also applied
      to a sub-Doppler low pass filter 92, the output of which is coupled to a
      sub-Doppler amplifier 94, both of test circuit 96. The output of amplifier
      94 is applied to a bipolar threshold circuit such as described above.
      Sub-Doppler information is present at the output of amplifier 88 for
      processing by test circuit 96 for on-line monitoring of system
      performance. Doppler information is also present at the output of
      amplifier 88 for processing to indicate target detection. This embodiment
      of FIG. 4 provides a measure of proper system operability for elements of
      the system including the Doppler amplifier, whereas in the embodiments
      described above the system is monitored only to the input of the normal
      signal processor.
PAR  The embodiment of FIG. 5 provides a test circuit which is shared with a
      plurality of transceivers to provide a failure indication upon failure of
      any one of the transceivers or the common control circuitry. An FM test
      signal is provided as in the embodiments described. Referring to FIG. 5,
      the output of respective transceivers is applied to respective gates 98,
      each of which is enabled by a signal from a sequencer 100. The output of
      each gate 98 is coupled to an input of an OR gate 102, the output of which
      is applied to sub-Doppler bandpass amplifier 104. The output of amplifier
      104 is applied to bipolar threshold 106 and thence to a timing circuit
      108, the output of which drives failure indicator 110. The output signal
      from threshold circuit 106 is also applied as an input to sequencer 100.
      The sequencer enables gates 98 in a sequential manner to observe the
      signal from respective transceivers. If a sub-Doppler output signal of
      sufficient amplitude is not present at the ouput of amplifier 104, the
      threshold level provided by circuit 106 is not exceeded and the signal
      from timing circuit 108 causes actuation of failure indicator 110. The
      presence of a signal of sufficient amplitude to exceed the reference
      threshold causes application of an input signal to sequencer 100 to cause
      cycling to the next sampling position. Thus, the test circuitry is
      sequentially operative with all of the system transceivers to monitor
      operation thereof.
PAR  Under certain circumstances, the invention can be employed to monitor
      system operability by detection of a sub-Doppler signal derived from
      energy returned from the protected zone without a test signal being
      employed. In many instances, there is sufficient air motion or turbulence
      within a protected zone to produce a sub-Doppler modulation of energy
      returned from the zone and which is sensible to derive the sub-Doppler
      signal for providing an output indication of system failure. The invention
      in this alternative mode is operative as described hereinabove but without
      need for provision of a transmitted test signal.
PAR  It will be appreciated that the invention is useful with different types of
      intrusion alarm systems including ultrasonic, radio frequency and
      microwave Doppler systems. It will also be appreciated that the invention
      can be implemented in various ways to suit specific system requirements.
      Accordingly, it is not intended to limit the invention by what has been
      particularly shown and described except as indicated in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in a Doppler intrusion alarm system having means for
      transmitting energy into a surveillance zone, means for receiving energy
      returned from said zone and from objects therein, and means for detecting
      the presence of a moving intruder in said zone, circuitry for the
      continuous on-line monitoring of system operability comprising:
PA1  means for providing an FM test signal to said transmitting means to cause
      provision of a varying energy pattern in said surveillance zone having
      difference frequencies below the Doppler band of said system;
PA1  means coupled to said receiving means for detecting a sub-Doppler signal
      derived from said energy returned from said zone and from objects therein;
      and
PA1  means for providing an output indication of system failure in the event
      that said sub-Doppler signal does not exceed a predetermined reference
      threshold.
NUM  2.
PAR  2. The invention according to claim 1 wherein said output providing means
      includes:
PA1  means for establishing said reference threshold;
PA1  means for defining a time interval within which said reference threshold
      must not be exceeded in order to provide said output indication of system
      failure.
NUM  3.
PAR  3. The invention according to claim 1 wherein said test signal providing
      means includes an FM generator coupled to the local oscillator of said
      transmitting means to vary the output frequency thereof for providing said
      varying energy pattern.
NUM  4.
PAR  4. The invention according to claim 1 wherein said sub-Doppler signal
      detecting means includes a sub-Doppler bandpass amplifier operative in
      response to signals returned from said surveillance zone to provide a
      sub-Doppler signal derived from said returned energy.
NUM  5.
PAR  5. The invention according to claim 2 wherein said threshold means is a
      bipolar threshold circuit.
NUM  6.
PAR  6. The invention according to claim 2 wherein said sub-Doppler signal
      detecting means includes:
PA1  a sub-Doppler high pass filter;
PA1  a Doppler low pass filter;
PA1  a Doppler amplifier providing output signals which may contain both Doppler
      and sub-Doppler information; and
PA1  a sub-Doppler low pass filter receiving the output signals from said
      Doppler amplifier and providing an output signal representative of the
      sub-Doppler signal content of said amplifier output signal.
NUM  7.
PAR  7. For use in a Doppler intrusion alarm system having a plurality of
      transceivers each associated with a respective surveillance zone and each
      operative to transmit energy into said zone and to receive energy returned
      therefrom, and means responsive to said returned energy for detecting the
      presence of a moving intruder in said zones, circuitry for the continuous
      on-line monitoring of system operability comprising:
PA1  means for providing an FM test signal to the transmitting means of each of
      said transceivers to cause provision of a varying energy pattern in said
      surveillance zone having difference frequencies below the Doppler band of
      said system;
PA1  a plurality of test means each coupled to the receiving means of a
      respective one of said transceivers and each including means for detecting
      a sub-Doppler signal derived from said returned energy;
PA1  means for establishing a reference threshold; and
PA1  means for providing an output indication of transceiver failure in the
      event that said sub-Doppler signal does not exceed said reference
      threshold within a predetermined time interval.
NUM  8.
PAR  8. The invention according to claim 7 including:
PA1  test means coupled to said system detecting means and having means for
      detecting a sub-Doppler signal derived from said returned energy;
PA1  means for establishing a reference threshold; and
PA1  means for providing an output indication of system detecting means failure
      in the event that said sub-Doppler signal does not exceed said reference
      threshold within a predetermined time interval.
NUM  9.
PAR  9. For use in a Doppler intrusion alarm system having a plurality of
      transceivers each associated with a respective surveillance zone and each
      operative to transmit energy into said zone and to receive energy returned
      therefrom, and means responsive to said returned energy for detecting the
      presence of a moving intruder in said zones, circuitry for the continuous
      on-line monitoring of system operability comprising:
PA1  a plurality of gates each receiving signals from a respective one of said
      transceivers derived from said returned energy and including a sub-Doppler
      signal;
PA1  means for detecting said sub-Doppler signal;
PA1  means for coupling each of said gates to said sub-Doppler signal detecting
      means;
PA1  means for establishing a reference threshold;
PA1  means for providing an output indication of system failure in the event
      that said sub-Doppler signal does not exceed said reference threshold
      within a predetermined time interval; and
PA1  means operative in response to said sub-Doppler signal exceeding said
      reference threshold to sequentially enable said gates to permit sequential
      sampling of returned energy from said zones.
NUM  10.
PAR  10. For use in a Doppler intrusion alarm system having means for
      transmitting energy into a surveillance zone, means for receiving energy
      returned from said zone and from objects therein, and means for detecting
      the presence of a moving intruder in said zone, circuitry for the
      continuous on-line monitoring of system operability comprising:
PA1  means coupled to said receiving means for detecting a sub-Doppler signal
      derived from said energy returned from said zone and from objects therein;
      and
PA1  means for providing an output indication of system failure in the event
      that said sub-Doppler signal does not exceed a predetermined reference
      threshold.
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ABST
PAL  A single FM/CW radar antenna and accompanying electronics are positioned
      within a space that is to be guarded. A moving object within the space
      under surveillance produces a doppler frequency shift in the echo return
      signal which return signal is, in turn, analyzed for signal content.
      Through FM and range gating the return signal analysis is selectively
      adjustable for moving target size and range such that moving targets of
      below minimum size and/or beyond maximum range are not detected as hostile
      objects while moving targets of or above minimum size and/or at or within
      maximum range are detected as hostile objects. Range gating is selectively
      adjustable to produce an alarm signal by selected size hostile objects
      within a predetermined range of detection, e.g., of 300 feet, such as a
      man crawling through the radar beam at a range of 300 feet within an
      enclosed fenced-in area while not producing an alarm signal by relatively
      large non-hostile objects without the range of detection, such as a large
      truck moving through the radar beam at a range of 330 feet outside the
      enclosing fence or by relatively small non-hostile objects within the
      range of detection, such as a guard dog moving through the radar beam at a
      range of 270 feet inside the enclosing fence.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a field of surveillance systems and in
      particular to those surveillance systems that utilize a radar system to
      provide the monitoring of moving objects within a predetermined space that
      is to be guarded. The prior art includes television surveillance systems
      such as that of the Kartchner U.S. Pat. No. 3,531,588 which includes an
      automatic televison apparatus for continuously scanning a
      security-protected scene for periodically storing a complete frame of live
      television signals representing the scanned scene. The live television
      signals and the stored television signals are amplitude-compared and
      pulses representing any differences are coupled by digitalized logic
      circuits to alarm devices. Upon an alarm, the pulses actuate a gated
      limiter through which the television signals are applied to a picture tube
      whereby the signals are clamped to a white level upon each actuation thus
      outlining any intrusion within the scanned scene with a white border.
      Another type of surveillance system is that of the Schwartz, et al., U.S.
      Pat. No. 3,314,066 in which a CW microwave transmitter is placed at one
      extremity of the scene to be guarded for sending energy to a reflector at
      the other extremity of the guarded scene. In this system, the intensity of
      the transmitted signal is modulated by hostile objects that enter the
      radar beam between the transmitting antenna and the reflector. The
      modulation energy of the reflected radar beam is analyzed for target size
      to produce an alarm signal when a hostile object is detected.
PAR  Still another type of surveillance system is that of the J. D. Dautel et
      al. patent application Ser. No. 202,997, now U.S. Pat. No. 3,815,131,
      assigned to the same assignee as is the present invention, in which two CW
      microwave transmitter antennas are positioned facing one another within a
      space that is to be guarded. Each transmitting antenna is located within
      the radar beam of the other facing transmitting antenna and operates at
      the same or a different CW frequency. A moving object within the
      surveillance space produces a doppler frequency shift in the echo return
      to each transmitting antenna which produces a detected target signal.
      AND/OR logic gates responsive to the detected target signals from each
      radar system provide an alarm or alert condition. The radar system has
      resultant range vs. object size characteristic over the surveillance space
      so that a small moving object, such as a small animal, will produce a
      detected signal in only one of the radar systems thereby indicating an
      alert condition while a large moving object, such as a person, will
      produce a detected signal in each of the radar systems thereby indicating
      an alarm condition. Radar signal returns from a large target, such as a
      moving vehicle, beyond the desired surveillance range will produce a
      detected signal in only one of the radars and will produce an alert signal
      but not an alarm signal.
PAC  SUMMARY OF THE INVENTION
PAR  The radar system of the present invention includes in the illustrated and
      preferred embodiment an FM/CW channel and a range channel; both channels
      modulate the same CW carrier operating at 10.525 GHz by applying separate
      modulation signals to the varactor input of a gunn oscillator. The FM/CW
      channel frequency-modulates the carrier signal at a 22 KHz rate causing a
      frequency shift that is proportional to the modulation index selected. The
      range channel is frequency shift keyed (FSK) by changing the carrier
      frequency 8.0 MHz during a 0.125 .mu.s pulse period every 12.5 .mu.s. This
      two-channel signal is transmitted throughout the area under surveillance
      the same as in a conventional radar transmitter. Energy reflected from a
      moving object is returned to the radar antenna with a shift in frequency
      that is proportional to the velocity of the moving object. The transmitted
      and received signals are then mixed together in a mixer diode and the
      J.sub.1 Bessel function (1st sideband) is selected by an active filter and
      amplified. The dopper signal is then extracted through an FM demodulator,
      amplified, compared against a reference amplitude, and sent to the alarm
      signal circuitry when the established threshold level is exceeded.
PAR  Range information is obtained by gating out dopper signals that occur
      beyond the present range of interest. Conventional radars obtain range
      information by creating a narrow pulse of transmitted energy and turning
      the transmitter OFF at all other times. This creates a time reference to
      measure the elapsed time for the pulse to return. In an FM/CW system,
      pulsing the transmitter ON and OFF would lose all of the major advantages
      of modulation. Therefore, in the present invention ranging is accomplished
      by leaving the transmitter ON continuously and shifting the frequency at a
      keyed rate. Frequency shift keying (FSK) creates a time reference to begin
      range gating, but does not affect the operation of the CW channel since
      the frequency shift is out of the pass band of the CW receiver. When
      energy is returned from a moving object, the 8.0 MHz difference signal out
      of the mixer diode is selected in a band pass filter and sampled in a
      sample-and-hold circuit. The sample-and-hold circuit is gated ON only
      during the range of interest; therefore no signal returning after the
      range gate is shut OFF will be processed. The output is then doppler
      signal proportional to the velocity of the moving target within the range
      of interest only. The output of both channels is then fed to a NAND gate
      which allows the FM/CW channel signal to initiate an alarm signal only
      when a signal is also present in the range channel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration of the radar system of the present
      invention.
PAR  FIG. 2 is an illustration of the frequency modulated carrier.
PAR  FIG. 3 is an illustration of the mixer output spectrum.
PAR  FIG. 4 is an illustration of the varactor modulator waveform.
PAR  FIG. 5 is an illustration of the range modulation and mixer output.
PAR  FIG. 6 is an illustration of the unmodulated range curve.
PAR  FIG. 7 is an illustration of a range of curves for various modulation
      indices .beta..
PAR  FIG. 8 is a block diagram of the radar system of the present invention.
PAR  FIG. 9 is a schematic diagram of the preamplifier board of the present
      invention.
PAR  FIG. 10, comprised of FIG. 10a and FIG. 10b, is a schematic diagram of the
      range channel board of the present invention.
PAR  FIG. 11, comprised of FIG. 11a and FIG. 11b, is a schematic diagram of the
      FM/CW channel board of the present invention.
PAR  FIG. 12 is a schematic diagram of the power supply board of the present
      ivention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Theory of Operation
PAR  The surveillance of intrusion radar system of the present invention
      utilizes the doppler principle relying upon the shift in signal frequency
      that occurs when a radio frequency (RF) signal bounces off or is reflected
      by a moving object. The radar system transmits a continuous wave (CW)
      signal in the X band frequency spectrum and thru the use of frequency
      modulation (FM) techniques extracts signals that are proportional to the
      size and velocity of a moving object that is detected by the RF field.
PAR  When an introducer enters the radar system's intrusion-detection zone, two
      signals are generated: the first signal, called the CW dopper signal, is
      independent of the range at which the intruder enters the RF field; the
      second signal, called the range doppler signal, is generated only when the
      intruder is within the range of interest. Both signals must be present
      before an alarm signal will be effected. The advantage of this technique
      is that the movement of non-hostile objects (intruders beyond the range of
      protection) does not generate nuisance alarm signals as in conventional
      doppler systems.
PAR  The intrusion radar system is comprised of three basic parts
      diagrammatically illustrated in FIG. 1: an RF front end; a CW channel;
      and, a range channel. The RF/CW energy is created by a solid state,
      gunn-effect oscillator 10 which is varactor tuned for frequency
      modulation. This CW energy is radiated thru a circulator 12 and a high
      gain directional antenna 14 to cover the area under surveillance. The
      returning or reflected signal is received in the same antenna 14 and
      carried thru the circulator 12 to the mixer 16. Local oscillator power is
      supplied to the mixer 16 by leakage of the transmitted signal thru the
      isolation port of the circulator 12. A small DC bias + V is also supplied
      to the mixer 16 to obtain an optimum receiver signal/noise figure. The
      mixer 16 output frequency f.sub.O will then be the difference frequency
      between the transmitted signal frequency f.sub.trans and the received
      signal frequency f.sub.rec ; f.sub.O = f.sub.trans - f.sub.rec.sup.. 1f no
      frequency modulation were applied, the mixer 16 output signal frequency
      would simply be the doppler frequency resulting from any moving target
      residing in the radar beam.
PAR  The radar system employs two FM signal waveforms to obtain unique
      performance characteristics. The first modulation signal is sinusoidal and
      is used in the FM/CW channel to aid in the discrimination between, e.g.,
      human-size intruders and small, animal-size intruders. The second
      modulation signal is in the form of frequency shift keying (FSK) and is
      used in the range channel to determine if any intruder is within the range
      of the protection area. Since each separate modulation signal presents
      little effect upon the other, they will be discussed separately below.
PAR  Two major advantages occur when frequency modulation is employed in the
      FM/CW channel:
PA1  1. A lower receiver signal/noise figure occurs, resulting in increased
      range capability and better discrimination between nuisance alarms and
      real intruders.
PA1  2. Signals returning from close-in targets are suppressed, causing a
      significant improvement in the response curve of returning signals versus
      range.
PAL  Both of these advantages will be discussed in detail in the following
      section Performance Characteristics.
PAR  This type of frequency modulation is accomplished by applying a sinusoidal
      signal to the varactor diode in the gunn oscillator 10. The varactor diode
      is designed to provide an increase in carrier frequency that is
      proportional to an increase in varactor diode voltage. The inverse is also
      true as shown in FIG. 2. If the varactor diode sensitivity is 5 MHz/volt,
      for example, and the f.sub.m is 20 KHz, then a 20 millivolt f.sub.m signal
      would shift the carrier by .DELTA.f = (5 MHz/volt) .times. 20 MV = 100
      KHz. This frequency shift .DELTA.f determines the modulation index .beta..
      For narrow band FM systems the modulation index, .beta., is defined as
      ##EQU1##
      As can be seen, .beta. can be modified at the operator's discretion by
      merely raising or lowering the voltage of f.sub.m. In general, a lower
      modulation index .beta. provides flatter range-response curves, but also
      provides less signal return. (See FIG. 7)
PAR  As this frequency modulated (FM) signal is transmitted, it receives an
      additional modulation resulting from the doppler effect. The returning
      signal is composed of three frequencies: the carrier frequency, f.sub.c,
      the modulating frequency, f.sub.m, and the doppler frequency, f.sub.d.
      This returning signal is then mixed with the transmitted signal, f.sub.t =
      f.sub.c .+-. f.sub.m. Mixer theory states that when two signals are
      superimposed across a non-linear device (such as a detector diode biased
      in the non-linear region) the original frequencies plus all of the sum and
      difference frequencies result. The mixer output thus provides f.sub.d +
      (f.sub.d + f.sub.m) + (f.sub.d + f.sub.m) + (f.sub.d + 2f.sub.m) +
      (f.sub.d - 2f.sub.m) + . . . as frequencies available for use as desired.
      This is shown in FIG. 3. By selecting the first sideband (J.sub.l)
      component, (f.sub.d + f.sub.m), called the J.sub.l Bessel function, it can
      be shown that the amplitude of this signal contains parameters that
      compensate for the adverse range effects.
PAR  The mixer 16 output is amplified, the J.sub.l component selected thru a
      band pass filter, and then inserted into a phase sensitive demodulator. To
      obtain a true FM demodulator, a reference signal must be introduced with
      the incoming signal to be demodulated. This is accomplished by amplifying
      and squaring the f.sub.m signal, then shifting the phase until it is
      90.degree. with respect to the incoming signal. The output of the
      demodulator is again the sum and difference frequencies of f.sub.d and
      f.sub.m. By use of a low pass filter, only the doppler frequency passes on
      to be processed.
PAR  After amplification, the doppler frequency signal is compared to a
      reference voltage representing a minimum threshold. This threshold
      reference is adjustable to allow exclusion of nuisance alarms, or small
      animals, etc. If the signal exceeds the threshold it is converted to a
      digital signal in a retriggerable one-shot multivibrator. The circuit
      arrangement is such that a logic level 0 occurs for the duration of the
      time that the intruder is in the radiation pattern of the radar beam.
PAR  This logic signal output of the CW channel is coupled to a NAND gate with
      the logic signal output from the range channel. If both channels provide
      as outputs a logic 0, the NAND gate provides as an output a logic 1 which
      triggers the alarm circuits. This method requires that logic 0 signals
      from both channels be concurrently present at the NAND gate to cause an
      alarm signal.
PAR  In the range channel the modulation is achieved by frequency shift keying
      (FSK) the carrier signal. This is accomplished by applying a pulse to the
      varactor diode input of the gunn oscillator 10. Since two FM waveforms are
      employed, both signals are amplitude modulated prior to insertion on the
      varactor diode input. The resulting waveform is shown in FIG. 4.
PAR  The pulse amplitude is adjusted to provide an 8 MHz shift in carrier
      frequency during the duration of the pulse. The pulse width is set at
      0.125 .mu.s. The purpose of a 125 nano-second (ns) pulse width is to
      reduce the transmitted frequency by one cycle during the pulse width. This
      effect can best be visualized by observing that the period of an 8 MHz
      sine wave is 125 ns. Then for each 125 ns of time only one cycle of the 8
      MHz wave can be seen. Each pulse will then remove one cycle from the RF
      carrier.
PAR  The frequency modulated carrier is transmitted and later received with the
      conventional doppler frequency shift, and introduced at the mixer 16 for
      comparison with the transmitted signal as in the CW channel case. The
      mixer 16 output frequency spectrum will contain all of the frequencies
      previously discussed including a new set of frequencies related to the 8
      MHz modulation. By referring to FIG. 5, it can be observed that the 8 MHz
      difference signal will be added to the mixer 16 output whenever the
      received signal is delayed in time from the transmitted signal. Since the
      modulation only occurs for 125 ns, only one cycle of the 8 MHz difference
      will appear at the mixer output. Calculations show that a range of 300
      feet provides a round trip delay time of 0.6 .mu.s. If the modulating
      pulse repetition frequency (PRF) is chosen at 80 KHz, for example, then
      12.5 .mu.s of round trip time would be allowed before ambiguous ranging
      would occur.
PAR  The entire mixer 16 output spectrum is introduced into the preamplifier
      where it is separated into the FM/CW channel 18 and the range channel 20.
      The FM/CW channel 18 selects only the FM frequency signal and the range
      channel selects the 8 MHz difference frequency signal; both frequency
      signals contain doppler frequency modulation. The range preamplifier
      contains a blanking circuit to inhibit signals being processed during the
      FSK modulation time and clears the receiver to begin receiving range
      information.
PAR  The range signal is next processed thru a gated sample and hold circuit.
      The purpose of this circuit is to sample the peak of the cycle that occurs
      during a specified range gate width and hold it until the next cycle
      arrives. The output of this circuit is then filtered in a low pass filter
      and amplified as range doppler information. The remaining circuitry is
      identical to the FM/CW channel and the signal is processed similarly.
PAC  Performance Characteristics
PAR  a. Frequency response
PAR  In a doppler-radar system the doppler effect causes the signal reflected by
      a moving target to be shifted in frequency by an amount
      ##EQU2##
      where f.sub.d = doppler frequency in Hz
PA1  v.sub.r = relative velocity between radar and target in meters/sec.
PA1  .lambda. = wavelength of carrier frequency in meters
PA1  .theta. = relative angle between moving target and radar line of sight.
PAL  At x-band frequencies, assume .lambda. = 3cm. If an object is moving in the
      direction of the radar at 10 miles/hr. then cos .theta. = 1 and
EQU  v.sub.r = 4.78 m/sec
PAL  then
      ##EQU3##
      Considering a man to be crawling at a rate of 1 inch per second then
EQU  f.sub.d = 1.7 Hz.
PAL  If a man crawls across the beam (.theta. = 90.degree.) the frequency could
      be reduced to zero.
PAR  It can be seen from the foregoing discussion that the low frequency
      response is critical. If the transmitter frequency were not at x band, but
      at a lower band (increasing .lambda.), the low frequency response would
      require considerable complexity in circuit design and would be subject to
      drift with age and temperature.
PAR  The radar system is designed for good low frequency response and presently
      has a 300 Hz signal bandwith. Field tests have shown that a man cannot
      walk, run, or crawl thru the beam at any velocity without causing an
      alarm.
PAR  b. Signal sensitivity
PAR  When a directional antenna is used both to transmit and receive an RF
      signal, the radar range equation describes the received signal power as
      ##EQU4##
      where P.sub.t = transmitted power
PA1  G = antenna gain
PA1  .lambda. = wavelength
PA1  .sigma. = radar cross section
PA1  R = range of target from antenna.
PAL  Assuming that a particular intruder presents a constant radar cross
      sectional area as he moves thru the area of coverage, the received power
      will vary only as a function of range. The received power than becomes
      ##EQU5##
      where K is a constant independent of range. This curve is shown plotted in
      FIG. 6.
PAR  The major disadvantage to an unmodulated CW radar is that small targets in
      close to the radar will reflect as much signal back as a large target at
      long range. If the alarm threshold is set to reliably alarm on a man at
      350 feet, then birds or small animals at 100 feet or less will probably
      cause an alarm also. This effect is greatly reduced by frequency
      modulation (FM) in the FM/CW channel. Since signals returning from
      close-in targets are suppressed in amplitude, the range curve flattens
      considerably and the alarm threshold can be adjusted to exclude small
      animals and yet reliably detect a man crawling at 350 feet. The range
      curves for various modulation indices are shown in FIG. 7. It should be
      noted, however, that as the modulation index .beta. is lowered to obtain a
      flatter response curve, the return signal is decreased and eventually
      becomes buried in the system noise. The noise is comprised of two basic
      parts; the receiver noise figure as defined by the radar configuration,
      and the background noise caused by movement in the environment. If there
      is a significant amount of movement due to wind, etc., the modulation
      index would have to be raised to provide a sufficient signal-to-noise
      (S/N) ratio to avoid false alarms.
PAR  A second advantage of frequency modulating the carrier is lower receiver
      noise. In the creation of an RF oscillator, an appreciable amount of
      random noise is created at or near the frequency of oscillation. If in the
      detection of the received signal, mixing can be accomplished at a
      frequency that is removed from the noisy carrier, a low noise figure can
      be obtained. By selecting the first sideband as the desired signal, mixing
      is performed at a frequency of f.sub.m from the carrier. Basically this
      effect results in greater range (since the noise is down, the signal can
      be reduced also) and less nuisance and false alarms.
PAR  c. Range gating
PAR  As stated previously, when frequency modulation is employed, particularly
      with low modulation indices, increased range results. With low noise and
      increased range, large targets as long ranges becomes significant. To
      avoid, this, range gating is introduced. As explained in the Theory of
      Operation, the range channel and the FM/CW channel operate independently.
      This allows full use of the FM capability but only allows it to alarm if a
      signal is also present in the range channel. Calculations show that the
      round trip time for 300 feet is approximately 600 nanoseconds. This
      results in a linear relationship of 0.5 feet/ns. Since the slope of the
      range gate pulse is about 20 ns, and circuit recovery time is an
      additional 10 ns, the shortest range cutoff is about 15 feet. Measurements
      show that range cutoff lies between 15 and 30 feet beyond the end of the
      range gate, depending upon the size and distance of the moving object.
PAC  Circuit Description
PAR  The following discussed figures 8, 9, 10, 11 and 12 illustrate one
      preferred method of effecting the radar system of the present invention
      disclosing the advantages and features discussed above.
PAR  Referring to the drawings and particularly to FIG. 8, the radio frequency
      (RF) energy is generated in a gunn effect oscillator 30 at a frequency of
      10.525 gigahertz (GHz). The RF energy is directed through a circulator 32
      to a highly directional antenna 34. Antenna 34 is a parabolic sector
      displaying an extremely narrow beam width in azimuth and a wide beam width
      in elevation which radiates the energy in a fence-like pattern throughout
      the area under protection. A portion of the energy reflected from a moving
      target is captured in antenna 34 and processed through circulator 32 to a
      mixer diode 36 which mixes the transmitted and received frequencies and
      creates an entire spectrum of sum and difference frequencies.
PAR  The mixer output signal is impressed simultaneously upon the FM/CW channel
      40 and the range channel 60. FM/CW channel 40 includes a continuous wave
      (CW) preamplifier 42, a band pass filter 44 to select only the J.sub.l
      Bessel component of frequency, an amplifier 46 tuned to that frequency, a
      demodulator 48, a doppler amplifier and filter 50, a threshold detector 52
      and a single shot multivibrator 54 to stretch the alarm signal. Also
      included in this channel is a NAND gate 56 and alarm circuitry 58. Range
      channel 60 contains circuits to generate frequency shift keying (FSK) 72
      and gating pulses 74. Also included in range channel 60 are a range
      preamplifier 62, a peak detecting sample-and-hold circuit 64, a doppler
      amplifier and filter 66, a threshold detector 68, and a single shot
      multivibrator 70. Power for the radar is received from a 30 VDC supply and
      is regulated in the power supply 80 to provide regulated voltages of +24
      VDC, + 9VDC and +5.6 VDC.
PAR  In particular, the components shown in the block diagram of FIG. 8 may be
      represented by the circuitry shown in FIGS. 9, 10, 11 and 12. Referring to
      FIG. 9, the preamplifier is comprised of a CW channel and a range channel.
      The mixer output is directed to both channels in parallel. The mixer
      output is amplified in the CW channel by an integrated circuit operational
      amplifier Al with approximately 60db of gain and fed through an emitter
      follower Q1 to a narrow band pass filter A2 which selects the desired
      J.sub.l sideband. Transistors Q.sub.2 and Q.sub.3 amplify the resulting
      signal about 12db for further processing.
PAR  The mixer output is amplified in the range preamplifier by multistage
      components consisting of transistors Q4, Q6, Q7 and integrated circuits
      (IC) A3 and A4 which are wideband video amplifiers. The total range
      preamplifier gain is set at 60db. Transistor Q5 is employed to gate the
      preamplifier OFF during the frequency shift keying period which precludes
      the possibility of any undesired amplitude modulation affecting the range
      signal.
PAR  Referring to FIG. 10, range channel circuitry, ranging information is
      obtained by first creating a series of reference pulses. A unijunction
      transistor oscillator, Q16, creates a reference trigger pulse at an 80
      kilohertz range. This signal is amplified in transistor Q17 and shaped in
      an IC NAND gate. This output is applied to each of the two IC single shot
      multivibrators independently. Circuit A10 generates a pulse 125 ns wide
      which is inverted in circuits A9-3 and A9-4 and used as the FSK reference
      pulse. This signal is also used as the range blocking pulse driving
      transistor Q5 in the range preamplifier of FIG. 9. This pulse is applied
      to an amplitude modulator (transistors Q23, Q24 and Q25) and modulated
      with the FM voltage (to be discussed with FIG. 11) to be used for
      frequency shift keying.
PAR  Circuit A11 generates a pulse whose width is variable depending upon the
      setting of potentiometer R95. This pulse determines the desired range of
      protection and is used to gate the sample-and-hold circuit (transistors
      Q18, Q19, Q20 and Q21) during the desired sample time only.
PAR  The output signal from the range preamplifier is inserted directly into the
      sample-and-hold circuit which detects the most positive peak occurring
      within the width of the range gate plate. Once the peak has been detected
      it is held at that potential by capacitor C53 until the beginning of the
      next cycle, at which time transistor Q21 discharges C53 and a new cycle
      begins. This signal output is filtered, extracting only the change in
      amplitude, and amplified as range doppler information. The filtering and
      amplification occurs in an integrated circuit operational amplifier, A12,
      and is inserted on circuit A13, a high speed voltage comparator for
      comparison against a reference threshold. If the signal amplitude exceeds
      the reference a pulse is applied to A14, a single shot multivibrator where
      it is stretched to approximately 1.5 seconds. Since the system is designed
      to detect a man crawling at his slowest speed, stretching of the pulse is
      necessary to provide coincidence with the CW information received from the
      same moving target. The output from circuit A14 is combined in a NAND
      gate, Q15, FIG. 11, with the FM/CW channel signal such that the signal
      must be received in both channels simultaneously to cause an alarm.
PAR  Referring to FIG. 11, FM/CW channel circuitry, transistors Q11 and Q12 form
      an oscillator which generates a frequency equal to the J.sub.l sideband
      selected in the FM/CW preamplifier of FIG. 9. This signal, called FM, is
      used to frequency modulate the gunn oscillator and is coupled through
      emitter follower Q13 to the modulator in the range channel, transistors
      Q23, Q24 and Q25 of FIG. 10. Potentiometer R36 sets the amplitude of the
      FM voltage which allows for a variable modulation index .beta.. (See FIG.
      7.) This same voltage, FM, is directed through a squaring circuit,
      transistor Q14, and used as a reference voltage for a phase sensitive
      demodulator, Q10.
PAR  The signal from the FM/CW preamplifier is amplified in a tuned amplifier,
      Q8 and Q9, and inserted into the phase sensitive demodulator, Q10. The
      doppler frequency component is extracted and amplified in an active
      filter, A5 which is an integrated circuit operational amplifier.
PAR  The resultant doppler signal is compared against a reference threshold in a
      high speed differential comparator A6. If the input signal exceeds the
      reference, a pulse is applied to A7, a single shot multivibrator where it
      is stretched to approximately 1.5 seconds. The output is combined with the
      range channel output in a NAND gate Q15 waiting for coincidence in both
      channels. When both channels are in the alarm condition, there is an
      absence of a voltage at the base of the transistor Q15 and the relay
      becomes unenergized, causing an alarm.
PAR  Referring to FIG. 12, power supply circuitry, transistors Q26 through Q30
      provides a regulated +24 VDC for all circuitry. From this voltage a +9 VDC
      is obtained through Q31 and Q32 to drive the gunn oscillator. Diodes CR23
      and CR24 provide overvoltage protection to the gunn diode. Circuit A5, an
      integrated circuit regulator, provides a regulated +5.6 volts DC for the
      integrated circuits. Transistor Q34 allows for high current outputs on the
      +5.6 volt regulated line.
PAR  To obtain frequency shifts on the gunn oscillator for frequency shift
      keying and frequency modulation on the CW channel, a varactor diode is
      inserted in the gunn oscillator cavity. Both the FM voltage and the FSK
      pulse are modulated in the modulator discussed previously and then
      superimposed upon a variable DC voltage in the varactor voltage supply,
      transistor Q33. Potentiometer R143 allows for any desired varactor voltage
      which gives optimum frequency shift.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An FM/CW surveillance radar system with range gating, comprising:
PA1  an antenna for continuously transmitting a transmitted signal and for
      receiving a received signal;
PA1  an FM/CW channel coupled to said antenna for receiving said received signal
      and including means for converting from said received signal a doppler
      signal above a threshold level to an FM/CW channel alarm signal;
PA1  a range channel coupled to said antenna for receiving said received signal
      and including:
PA2  means for frequency shift key (FSK) processing a CW signal, which is to be
      transmitted by said antenna, only during a range blanking period;
PA2  range gate blanking means for inhibiting said received signal from being
      processed by said range channel only during said FSK process; and,
PA2  means for converting from said received signal a range doppler signal above
      a threshold level to a range channel alarm signal;
PA1  alarm means coupled to the alarm signals generated by said FM/CW channel
      and said range channel for generating an alarm signal only when said FM/CW
      channel and said range channel alarm signals are concurrently coupled
      thereto.
NUM  2.
PAR  2. An FM/CW surveillance radar system with range gating, comprising:
PA1  an antenna for continuously transmitting a transmitted signal and for
      receiving a received signal;
PA1  oscillator means coupled to said antenna for generating an FM/CW signal of
      a frequency f.sub.c .+-. f.sub.m ;
PA1  an FM/CW channel coupled to said antenna for receiving said received signal
      and including:
PA2  means for passing only the doppler signal of a frequency f.sub.d from said
      received signal that is above a threshold level;
PA2  means for converting said passed doppler signal to an alarm signal;
PA1  a range channel coupled to said antenna for receiving said received signal
      and including:
PA2  means for frequency shift keying (FSK) and FM/CW signal of a frequency
      f.sub.c .+-. f.sub.m by an FSK signal of a frequency f.sub.k in which said
      FSK signal is of a pulse duration
EQU  1/f.sub.k ;
PA2  range gate blanking means for inhibiting any received signals from being
      processed by said range channel during said FSK pulse duration;
PA2  means for generating a range doppler signal from said received signal;
PA2  means for passing only a range doppler signal that is above a threshold
      level;
PA2  means for converting said passed range doppler signal to an alarm signal;
PA1  alarm means coupled to the alarm signals generated by said FM/CW channel
      and said range channel for generating an alarm signal only when said two
      alarm signals are concurrently coupled thereto.
NUM  3.
PAR  3. An FM/CW surveillance radar system with range gating, comprising:
PA1  a transmit-receive antenna;
PA1  oscillator means coupled to said antenna for generating a carrier signal of
      a frequency f.sub.c ;
PA1  modulator means coupled to said oscillator means for frequency modulating
      said carrier signal by a frequency modulating signal of a frequency
      f.sub.m ;
PA1  an FM/CW channel coupled to said antenna for receiving a received signal
      and including:
PA2  means for selecting the J.sub.l component signal of a frequency f.sub.d +
      f.sub.m of said received signal;
PA2  means for FM demodulating said J.sub.l component signal;
PA2  means for passing only a selected doppler signal of a frequency f.sub.d
      from said FM demodulated J.sub.l component signal;
PA2  means for converting said doppler signal to an alarm signal;
PA1  a range channel coupled to said antenna for receiving a received signal and
      including:
PA2  means for frequency shift keying (FSK) and frequency modulating signal of a
      frequency f.sub.m by a pulsed FSK signal of a frequency f.sub.k in which
      said FSK signal is of a pulse duration
EQU  1/f.sub.k ;
PA2  means for selecting only the FSK signal of a frequency f.sub.k from said
      received signal;
PA2  range gate blanking means for inhibiting any received signals from being
      processed by said range channel during the FSK pulse duration;
PA2  means for generating a range doppler signal from said FSK signal of a
      frequency f.sub.k ;
PA2  means for converting said range doppler signal to an alarm signal;
PA1  alarm means coupled to the alarm signals generated by said FM/CW channel
      and said range channel for generating an alarm signal only when said two
      alarm signals are concurrently coupled thereto.
NUM  4.
PAR  4. An FM/CW surveillance radar system with range gating, comprising:
PA1  an antenna for continuously transmitting a transmitted signal of a
      frequency
EQU  f.sub.trans = f.sub.c .+-. f.sub.m .+-. f.sub.k
PA1   and for receiving a received signal of a frequency
EQU  f.sub.rec = f.sub.c .+-. f.sub.m .+-. f.sub.d .+-. f.sub.k
PAL  where
PA2  f.sub.c = carrier signal frequency
PA2  f.sub.m = frequency modulating signal frequency
PA2  f.sub.d = dopper signal frequency
PA2  f.sub.k = frequency shift keyed signal frequency;
PA1  an FM/CW channel coupled to said antenna for receiving said received signal
      and including;
PA2  means for selecting the J.sub.l component signal of a frequency f.sub.d =
      f.sub.m of said receiving signal;
PA2  means for FM demodulating said J.sub.l component signal;
PA2  means for passing only the doppler signal from said FM demodulatued J.sub.l
      component signal that is above a threshold level;
PA2  means for converting said passed doppler signal to a digital signal;
PA1  a range channel coupled to said antenna for receiving said received signal
      and including;
PA2  means for frequency shift keying (FSK) said frequency modulated signal of a
      frequency f.sub.m by an FSK signal of a frequency f.sub.k in which said
      FSK signal is of a pulse duration
EQU  1/f.sub.k ;
PA2  means for selecting only the FSK signal of a frequency f.sub.k from said
      received signal;
PA2  range gate blanking means for inhibiting any received signals from being
      processed by said range channel during the FSK pulse duration time;
PA2  means for generating a range doppler signal from said digital signal;
PA1  a logic gate coupled to the digital signals generated by said FM/CW channel
      and said range channel for generating an alarm signal only when said two
      digital signals are concurrently coupled thereto.
NUM  5.
PAR  5. An FM/CW surveillance radar system with range gating, comprising:
PA1  a transmit-receive antenna;
PA1  a circulator coupled to said antenna for directing the transmitted signal
      to said antenna and for directing the received signal from said antenna to
      the receiver;
PA1  oscillator means for generating a CW signal of a carrier frequency f.sub.c
      that is coupled to said antenna for continuous transmission therefrom;
PA1  control means coupled to said oscillator means for frequency modulating
      said CW signal of a frequency f.sub.c by a frequency modulating signal of
      a frequency f.sub.m and generating an FM/CW signal of a frequency f.sub.c
      .+-. f.sub.m ;
PA1  an FM/CW channel coupled to said circulator for receiving a received signal
      and including;
PA2  filter means for selecting the J.sub.l component signal of a frequency
      f.sub.d + f.sub.m of said received signal;
PA2  demodulator means for FM demodulating said J.sub.l component signal;
PA1  filter means for passing only the doppler signal of a frequency f.sub.d
      from said FM demodulator J.sub.l component signal that is above a
      threshold level;
PA2  detector means for comparing said doppler signal to a threshold level for
      passing only a doppler signal that is above said threshold level;
PA2  means for converting said passed doppler signal to an alarm signal;
PA1  a range channel coupled to said circulator for receiving said received
      signal and including;
PA2  means coupled to said control means for frequency shift keying (FSK) said
      FM/CW signal of a frequency f.sub.c .+-. f.sub.m by an FSK signal of a
      frequency f.sub.k and of a given pulse duration;
PA2  filter means for passing only the FSK signal of a frequency f.sub.k from a
      received signal;
PA2  sample-and-hold means for storing the peak amplitude of said passed FSK
      signal received during a specified range gate width;
PA2  range gating means for gating ON said sample-and-hold means only during
      said specified range gate width;
PA2  means for generating a range doppler signal from said peak amplitude stored
      in said sample-and-hold means;
PA2  means for comparing said range doppler signal to a threshold level for
      passing only a range doppler signal above said threshold level;
PA2  means for converting said passed range doppler signal to an alarm signal;
PA1  alarm means coupled to the alarm signals generated by said FM/CW channel
      and said range channel for generating an alarm signal only when said two
      alarm signals are concurrently coupled thereto.
NUM  6.
PAR  6. An FM/CW surveillance radar system with range gating, comprising:
PA1  a transmit-receive antenna;
PA1  a circulator coupled to said antenna directing signals from the transmitter
      to said antenna and from said antenna to the receiver for transmitting a
      transmitted signal of a frequency
EQU  f.sub.t = f.sub.c .+-. f.sub.m .+-. f.sub.k
PA1   and for receiving a received signal of a frequency
EQU  f.sub.r = f.sub.c .+-. f.sub.m .+-. f.sub.d .+-. f.sub.k
PAL  where
PA2  f.sub.c = carrier signal frequency
PA2  f.sub.m = frequency modulating signal frequency
PA2  f.sub.d = doppler signal frequency
PA2  f.sub.k = frequency shift keyed signal frequency;
PA1  a mixer coupled to said antenna for mixing said transmitted signal and said
      received signal;
PA1  a gunn-effect oscillator that is varactor tuned for frequency modulation of
      a CW output signal of a carrier frequency f.sub.c that is coupled to said
      antenna and that is continuously transmitted therefrom;
PA1  a varactor supply coupled to said gunn-effect oscillator for frequency
      modulating said CW output signal of a frequency f.sub.c by a frequency
      modulating signal of a frequency f.sub.m ;
PA1  an FM/CW channel coupled to said mixer for receiving said received signal
      and including;
PA2  means for selecting the J.sub.l component signal of a frequency f.sub.d +
      f.sub.m of said received signal;
PA2  means for FM demodulating said J.sub.l component signal;
PA2  means for passing only the doppler signal of a frequency f.sub.d from said
      FM demodulated J.sub.l component signal;
PA2  means for comparing said doppler signal to a threshold level for passing
      only a doppler signal above said threshold level;
PA2  means for converting said passed doppler signal to a digital signal;
PA1  a range channel coupled to said circulator for receiving said received
      signal and including;
PA2  means coupled to said varactor supply for frequency shift keying (FSK) said
      frequency modulating signal of a frequency f.sub.m by a pulsed FSK signal
      of a frequency f.sub.k in which said FSK signal is of a pulse duration
EQU  1/f.sub.k ;
PA2  means for selecting only the FSK signal of a frequency f.sub.k from said
      received signal;
PA2  range gate blanking means for inhibiting any signals from being processed
      during said FSK pulse duration;
PA2  sample-and-hold means for storing the peak amplitude of the signal received
      during a specified range gate width as established by successive FSK
      signals;
PA2  means for generating a range doppler signal from said
      sample-and-hold-means;
PA2  means for comparing said range doppler signal to a threshold level for
      passing only a range doppler signal above said threshold level;
PA2  means for converting said passed range doppler signal to a digital signal;
PA1  a logic gate coupled to the digital signals generated by said FM/CW channel
      and said range channel for generating an alarm signal only when said two
      digital signals are concurrently coupled thereto.
NUM  7.
PAR  7. An FM/CW surveillance radar system with range gating, comprising:
PA1  a transmit-receive antenna;
PA1  a circulator coupled to said antenna directing the signal from the
      transmitter to said antenna and the received signal from said antenna to
      the receiver for transmitting a transmitted signal of a frequency
EQU  f.sub.trans = f.sub.c .+-. f.sub.m .+-. f.sub.k
PA1    and for receiving a received signal of a frequency
EQU  f.sub.rec = f.sub.c .+-. f.sub.m .+-. f.sub.d .+-. f.sub.k
PAL  where
PA2  f.sub.c = carrier signal frequency
PA2  f.sub.m = frequency modulating signal frequency
PA2  f.sub.d = doppler signal frequency
PAR  f.sub.k = frequency shift keyed signal frequency;
PA1  a gunn-effect oscillator that is varactor tuned for frequency modulation of
      a CW output signal of a carrier frequency f.sub.c that is coupled to said
      antenna for continuous transmission therefrom;
PA1  a varactor supply coupled to said gunn-effect oscillator for frequency
      modulating said CW output signal of a frequency f.sub.c by a frequency
      modulating signal of a frequency f.sub.m ;
PA1  a gunn-effect oscillator supply coupled to said gunn-effect oscillator for
      generating said CW output signal of a carrier frequency f.sub.c;
PA1  an FM/CW channel coupled to said circulator for receiving said receiving
      signal and including;
PA2  means for selecting the J.sub.l component signal of a frequency f.sub.d +
      f.sub.m of said receiving signal;
PA2  means for FM demodulating said J.sub.l component signal;
PA2  means for passing only the doppler signal of a frequency f.sub.d from said
      FM demodulated J.sub.l component signal that is above a threshold level;
PA2  means for comparing said doppler signal to a threshold level for passing
      only a doppler signal that is above said threshold level;
PA2  means for converting said passed doppler signal above said threshold level
      to a digital signal;
PA1  a range channel coupled to said circulator for receiving said received
      signal and including;
PA2  means coupled to said varactor supply for frequency shift keying (FSK) said
      frequency modulating signal of a frequency f.sub.m by an FSK signal of a
      frequency f.sub.k in which said FSK signal is of a pulse duration
EQU  1/f.sub.k ;
PA2  means for selecting only the FSK signal of a frequency f.sub.k from said
      received signal;
PA2  range gate blanking means for inhibiting any received signals from being
      processed during the FSK pulse duration;
PA2  sample-and-hold means for storing the peak amplitude of the FSK signal
      received during a specified range gate width;
PA2  means for generating a range doppler signal from said peak amplitude stored
      in said sample-and-hold means;
PA2  means for comparing said range doppler signal to a threshold level for
      passing only a range doppler signal above said threshold level;
PA2  means for converting said passed range doppler signal above said threshold
      level to a digital signal;
PA1  a logic gate coupled to the digital signals generated by said FM/CW channel
      and said range channel for generating an alarm signal only when said two
      digital signals are concurrently coupled thereto.
NUM  8.
PAR  8. An FM/CW surveillance radar system with range gating, comprising:
PA1  an antenna for continuously transmitting a transmitted signal and for
      receiving a received signal;
PA1  a CW channel coupled to said antenna for receiving said received signal and
      including means for converting said received signal to a CW channel alarm
      signal;
PA1  a range channel coupled to said antenna for receiving said received signal
      and including;
PA2  Fsk means for frequency shift keying, only over a range gate blanking
      period, a CW signal that is to be transmitted by said antenna;
PA2  range gate blanking means for enabling said received signal to be processed
      by said range channel only if said received signal is received between
      successive ones of said range gate blanking periods; and,
PA2  means for converting said processed received signal to a range channel
      alarm signal;
PA1  alarm means coupled to the alarm signals generated by said CW channel and
      said range channel for generating an alarm signal only when said CW
      channel alarm signal and said range channel alarm signal are concurrently
      coupled thereto.
NUM  9.
PAR  9. The radar system of claim 8 including oscillator means coupling said CW
      signal that is to be transmitted to said antenna, said oscillator means
      responsively coupled to said FSK means for frequency modulating said CW
      signal only over successive ones of said range gate blanking periods, said
      successive ones of said range gate blanking periods being separated by a
      range signal processing period.
NUM  10.
PAR  10. The radar system of claim 9 in which:
PA1  said CW channel includes a threshold detector for converting said received
      signal to said CW channel alarm signal only if above a preset level
      indicative of a preset target size;
PA1  said range channel includes a threshold detector for converting said
      received signal to said range channel alarm signal only if within said
      range signal processing period.
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ABST
PAL  A counterwound, magnetic core for a towed-cable, helically wound, ELF
       anta comprising a cylindrical, plastic, center insert, with or without a
      center conductor, with two strips or sets of strips of magnetic material
      counterwound about it so that a plurality of good-mechanical-contact,
      strip, crossover points are formed distributed around the circumference of
      the insert and down its length. An insulating material is then wrapped
      around these counterwound strips and a conductor helically wound around
      that. This design, by providing alternate flux paths down the core via the
      crossover points provides a lower, core reluctance and, when the core is
      under stress, provides a flux path that avoids the high-stress regions of
      the core thus reducing the amount of flux that is stress-modulated. Thus a
      substantial magnetostrictive noise reduction is obtained.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates generally to an antenna operable in the extremely low
      frequency range (ELF) of the electromagnetic energy spectrum and in
      particular to an inductive-type helix antenna operable in the extremely
      low frequency range.
PAC  PRIOR ART
PAR  Radio communication is conducted in a number of frequency bands of the
      electromagnetic energy spectrum. The lowest of the frequency ranges,
      commonly designated the extremely low frequency (ELF) range, extends to an
      upper limit of 3 kilocycles per second. Radio communication in the ELF
      range possesses several favorable characteristics. Thus the propagation of
      ground waves is subject to less attenuation, the atmospheric absorption is
      much less, and the propagation of sky waves is less affected by
      ionospheric conditions than at higher frequencies. The major advantage to
      communication in the ELF range is the ability of radio waves at this
      frequency to penetrate sea water and thereby permit communication with
      submerged vessels.
PAR  A disadvantage of communication at ELF frequencies is that the loop-type
      antennas normally used for the reception of VLF (3-30 KHZ) are extremely
      susceptible at ELF (below 3KHZ) to induced, noise voltages resulting from
      loop motion in the earth's magnetic field.
PAR  It has been determined that a distributed loop sensor such as a helical
      winding wrapped around a cable and either wound back on itself (Pat.
      application Ser. No. 503 582, filed Sept. 6, 1974, now U.S. Pat. No.
      3,913,107) or returned via the center conductor core of the cable
      substantially reduces this noise susceptibility. As the cable undergoes
      undulations and vibrations from water turbulence, the stiffness of the
      cable leads to quasi-sinusoidal deflections of the cable with the net
      result that for every turn of the loop undergoing twisting motion in one
      direction, there is another turn undergoing similar twisting motion in the
      opposite direction. Thus the noise that accumulates from the EMF's
      generated in each turn tends to be self-cancelling. Furthermore, a
      desirable figure-of-eight radiation pattern is obtained with this type of
      configuration.
PAR  Such helically wound, cable antennas may be conveniently towed behind a
      ship or submarine to provide underwater communication.
PAR  Since the H-plane component of the electromagnetic radiation is to be
      detected by the helical winding, a magnetic core may be used to enhance
      the magnetic field that the helical winding is receiving. A major problem
      arises in attempting to improve the sensitivity of such magnetic cores
      since when the effective flux permeability is increased, there is
      generally a concomitant increase in magnetostrictive self-noise.
      Furthermore, even if there is no concomitant increase in magnetostrictive
      noise, there still is a limitation on the volume and weight of the
      magnetic material that may be used in cable H-sensor design, whether the
      sensor is intended to be positively buoyant or not.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, a magnetic core is disclosed which substantially increases H-wave
      sensitivity without the normally attendant increase in magnetostrictive
      self-noise. This magnetic core is formed by two ribbons or sets of ribbons
      of magnetic material wrapped around an insulator or dielectric insert in a
      counterwound (one applied in a clockwise manner) fashion. One advantage to
      this counterwound configuration is that the crossover points in the
      winding provide a zig-zag path for the flux shorter than that along the
      normal independent helices, thus reducing the magnetic reluctance of the
      configuration. But the prime advantage arising from this configuration is
      that under core flexure these before-mentioned crossover points provide an
      alternate route for the flux through the magnetic core so that high stress
      regions of the core may be avoided. Thus the ratio of stress-modulated
      flux to the total core flux is less than unity, accounting thereby for the
      reduction of magnetostrictive noise.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to improve the sensitivity of
      distributed-loop, magnetic antennas.
PAR  A further object of the present invention is to increase the sensitivity of
      the magnetic core of a distributed loop antenna by increasing its
      effective permeability while reducing its magnetostrictive noise.
PAR  A still further object is to provide alternate paths for flux flow in the
      magnetic core for an antenna so that its reluctance is reduced and so that
      core regions under high stress may be avoided by the flux.
DRWD
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a simple, parallel-wound, helical core.
PAR  FIG. 2 is a schematic diagram of one embodiment of the counterwound,
      magnetic core of the present invention.
PAR  FIG. 3 is a schematic diagram of another embodiment of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings, FIG. 1 illustrates a typical cable-type,
      H-sensor. A conductor 10 is wound around a long, cylindrical insulator 12
      to form a series of distributed loops for sensing electromagnetic
      radiation. When the conductor 10 reaches the end of the insulator 12, it
      may either be wound back on itself (Pat. application Ser. No. 503,582 now
      U.S. Pat. No. 3,913,107) or it may be connected to a center conductor 14
      in the center of the insulator 12 (shown in FIG. 1) to complete the
      antenna circuit. Since H-component plane radiation is to be detected by
      the helical winding, a magnetic core may be inserted in the insulator 12
      to enhance the magnetic field that the winding 10 is receiving. In FIG. 1,
      this magnetic core is shown as a magnetic strip or ribbon 18 wrapped
      helically around an insulating insert 16 (which may or may not contain a
      center conductor depending on how the antenna circuit is to be completed).
      This ribbon-type magnetic core has a small enough volume and weight to
      meet most design requirements. Typically such magnetic ribbons may be made
      from a variety of magnetic materials such as, for instance, from materials
      with the tradenames permalloy and HYMU-80, and the center insert 16 may be
      an insulated conductor or solid plastic. An insulator 12 then covers this
      magnetic core 18 and provides a base for the conductor 10.
PAR  A basic problem with this type of magnetic-core sensor enhancement is that
      when the sensor is flexed, a mechanical stress is produced on the core
      which has the effect of stretching the magnetic strips 10. This stretching
      causes the material flux permeability (the ability of the material to
      carry flux) to change. This permeability change modulates the flux (in
      accordance with these flexures) resulting in the production of
      magnetostrictive noise. Merely increasing the magnetic permeability of the
      configuration does not solve this problem since a concomitant increase in
      magnetostrictive noise is also realized.
PAR  This problem is especially acute in high-flex environments such as occur
      when a cable antenna is towed behind a submarine or a ship.
PAR  FIG. 2 shows an embodiment of the magnetic core of the present invention.
      The magnetic-material core is again in the form of strips or ribbons 20
      and 22 thus providing a small-volume, small-weight core. These ribbons 20
      and 22 are counterwound, that is, ribbon 20 is applied in a clockwise or
      "right-hand thread" manner while the ribbon 22 is applied in a
      counterclockwise or "left-hand thread" manner.
PAR  A substantial improvement in core-flux permeability is obtained with an
      attendant reduction in the flux modulation (which produces
      magnetostrictive noise) from this counterwound configuration. These
      improvements are due primarily to the plurality of ribbon crossover points
      24 that are formed by this configuration, and which extend down the length
      of the insulator 16. The crossover points 24 allow a significant fraction
      of the total flux to cross over at these ribbon overlaps thus providing a
      much shorter zig-zag path then the normal, independent, helical winding of
      FIG. 1. This shorter flux path provides a much smaller reluctance (inverse
      of permeability). Thus a significant permeability improvement is realized
      under non-stress conditions. Of course, the quantity of flux crossing over
      to follow the shorter path depends on how good the mechanical contact
      between the ribbons is at the crossover points 24.
PAR  The major advantage of this core configuration is that a significant
      reduction in magnetostrictive noise produced during flexure of this
      counterwound configuration is obtained. This reduction is realized as
      follows. Any bending of the sensor-containing cable places tension in that
      part of the ribbon cores 20 and 22 occupying the outer region (along the
      outer bending radius) of the bent cable, while placing little or no
      compression on that part of the core ribbons 20 and 22 within the inner
      region (inner bending radius) because these core ribbons are not firmly
      constrained. Because all of the flux in the simple helical design (FIG. 1)
      must travel through the region of maximum tension, all of this flux is
      subject to stress-modulation. In contra distinction, the counterwound
      design provides an alternate route down the core via the zig-zag path
      formed by the ribbon 20 and 22 crossovers 24. Thus a certain portion of
      the flux may avoid the high-stress region of the ribbon core by taking
      these zig-zag paths, with the result that that flux is not subject to
      stress-induced flux modulation caused by permeability changes. Hence, in
      the counterwound design, the ratio of the stress-modulated flux to the
      total flux is less than unity, resulting in a magnetostrictive noise
      reduction.
PAR  It should be noted here that the turn rates for the two ribbons 20 and 22
      should be different so that the crossover points 24 occur at different
      locations with length (distributed around and down the circumference of
      the insulator 16) so that the sensor does not have different
      characteristics as it bends around different planes.
PAR  From the above discussion it can be seen that a completely flexible,
      cylindrical, magnetic core would be ideal for the reason that a core in
      which all flux lines travel along paths parallel to the long axis has the
      least possible reluctance for the material used (shortest path), and a
      uniform distribution of flux around the circumference of insulator 16
      ensures that only a portion of the flux would be affected by bending
      stress. A counterwound core can be made to approach this ideal by using
      many ribbons and interweaving them in a braid-like fashion down the core.
      Such a braided core is shown in FIG. 3.
PAR  By way of example only, the following dimensions could be used to construct
      embodiments of the present invention. The two-ribbon core of FIG. 2 could
      be formed with a 3/8 inch insert 16 and 1/4 inch wide - 6 mils thick
      magnetic strips. The braided core of FIG. 3 could be formed with a 3/8
      inch diameter insert 16 and 10 mils diameter magnetic wire.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic-core, flexible, H-plane sensor for ELF communications
      comprising:
PA1  small-circumference, longitudinal insert means;
PA1  first ribbon means of magnetic material wound in a clockwise fashion down
      the length of said insert means;
PA1  second ribbon means of magnetic material wound in a counterclockwise
      fashion down the length of said insert means so that said first and second
      ribbon means cross each other at a plurality of good-mechanical-contact
      points down the length of said insert means;
PA1  insulation means wrapped around said first and second ribbon means down the
      length of said insert means so that said ribbon means are insulated from
      the outer environment; and
PA1  conductor means wrapped around said insulator means down its length to form
      a distributed-loop sensor.
NUM  2.
PAR  2. A magnetic-core sensor as defined in claim 1 wherein said insert means
      is an insulator insert for support purposes only.
NUM  3.
PAR  3. A magnetic core sensor as defined in claim 1 wherein said insert means
      comprises a first wire conductor with an electrically insulating layer
      therearound for insulating said first wire conductor from said first and
      second ribbon means, and, wherein said conductor means comprises a second
      wire conductor that is helically wrapped around said insulation means down
      its length and connected at its end to said first wire conductor to
      complete the antenna circuit.
NUM  4.
PAR  4. A magnetic core for a flexible H-plane sensor for ELF communications
      comprising:
PA1  small circumference, longitudinal insert means;
PA1  a plurality of first ribbon means of magnetic material;
PA1  a plurality of second ribbon means of magnetic material, said plurality of
      first ribbon means interwoven in a braid-like fashion with said plurality
      of second ribbon means around and down the length of said insert means so
      that said first ribbon means are braidedly wound in a clockwise manner
      while said second ribbon means are braidedly wound in a counterclockwise
      fashion and a plurality of good-mechanical-contact points are formed at
      the first and second ribbon cross-over points in the braid down the length
      of said insert means;
PA1  insulation means wrapped around said plurality of braided first and second
      ribbon means down the length of said insert so that said ribbon means are
      insulated from the outer environment; and
PA1  conductor means wrapped around said insulator means down its length to for-
      a distributed-loop sensor.
NUM  5.
PAR  5. A method for forming around a long center insert a magnetic-core,
      flexible, H-plane sensor for ELF communication comprising the steps of:
PA1  winding a first conductor of magnetic material around and down the length
      of said center insert in a clockwise direction;
PA1  winding a second conductor of magnetic material around and down the length
      of said center insert in a counterclockwise direction so that said first
      and second conductors cross each other at a plurality of
      good-mechanical-contact points distributed around the circumference and
      down the length of said center insert;
PA1  wrapping an insulating material around the first and second conductor
      windings down the length of said center insert so that said conductors are
      insulated from the outer environment; and
PA1  winding a conductor means around said insulating material down its length
      to form a distributed-loop sensor.
NUM  6.
PAR  6. A sensor as in claim 5, wherein said first and second conductors are
      ribbons.
NUM  7.
PAR  7. A method for forming a magnetic-core, flexible, H-plane sensor for ELF
      communication around a long center insert comprising the steps of:
PA1  weaving a plurality of ribbons of magnetic material in a braid-like fashion
      around said center insert so that a plurality of good mechanical contact
      points between the ribbons are formed around the circumference and down
      the length of said center insert;
PA1  wrapping an insulating material around the braided ribbons down the length
      of said center insert so that said ribbons are insulated from the outer
      environment; and
PA1  winding a conductor means around said insulating material down its length
      to form a distributed loop sensor.
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ABST
PAL  A center fed dipole with a shortened aperture is described. A first
      rod-like radiator element approximately a quarter wavelength long at the
      center operating frequency of the antenna is coupled to the inner
      conductor of a coaxial transmission line. A second radiator element
      includes a hollow-conductive cylinder, coaxial with the coaxial
      transmission line, and a coil. The conductive cylinder is substantially
      less than a quarter wavelength long at the center operating frequency of
      the antenna. The conductive cylinder is coupled at one end to the outer
      conductor of the coaxial transmission line and the end of the cylinder
      remote from the one end is coupled to the coil.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract with the Department of the Navy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to dipole antennas and more particularly to a
      shortened aperture, center fed dipole antenna that may be made flexible
      enough to be efficiently packaged for storing and erecting the antenna.
PAR  It is desirable in various applications that the physical length of a
      dipole antenna to be employed be shortened, for example, due to space
      requirements or other physical constraints. It is also desirable in many
      applications that a dipole antenna be flexible enough to be wrapped around
      a drum or the like for storing. In the prior art types of shortened
      aperture, center fed dipoles, one or more of the antenna radiating
      elements includes a coil or such loading means at or near the center feed
      point. This loading coil near the center feed point causes the magnitude
      of the antenna current to rapidly drop to essentially zero, resulting in
      the performance of the prior art shortened aperture dipole antenna to be
      substantially below that of the standard dipole.
PAR  According to the present invention, a shortened aperture, center fed dipole
      antenna system is provided by a coaxial transmission line, a radiator
      element connected to the inner conductor of the coaxial transmission line,
      and a second radiator element including the combination of a hollow
      conductor cylinder, coaxial with the coaxial transmission line, and a
      coil. One end of the conductive cylinder, which is substantially less than
      one quarter wavelength in physical length at the center operating
      frequency of the antenna, is coupled to the outer conductor of the coaxial
      transmission line, and the remote end of the cylinder is coupled to the
      coil.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A more detailed description follows in conjunction with the following
      drawing wherein:
PAR  FIG. 1 is an elevation view of the antenna according to one embodiment of
      the present invention.
PAR  FIG. 2 is an expanded view of the antenna of FIG. 1 partly broken away.
PAR  FIG. 3 is an expanded view of the coaxial element in FIG. 2 as viewed in
      the direction of arrows 3--3.
PAR  FIG. 4 is a plot of relative current amplitude vs. height for a standard
      reference dipole.
PAR  FIG. 5 is a plot of relative current amplitude vs. height for the dipole
      shown in FIGS. 1 thru 3 without a capacitive sleeve.
PAR  FIG. 6 is a plot of relative current amplitude vs. height for the dipole
      shown in FIGS. 1 thru 3 with a capacitive sleeve.
PAR  FIG. 7 is a bottom view of an antenna as shown in FIGS. 1 thru 3 with the
      addition of thin wire whiskers attached to a capacitive sleeve.
PAR  FIG. 8 is a bottom view of the antenna as shown in FIGS. 1 thru 3 with the
      addition of thin wire whiskers attached to the coil.
DETD
PAR  Referring to FIGS. 1 and 2, there is illustrated a center fed dipole
      antenna 10. The dipole antenna 10 includes a narrow rod-like element 11 of
      conductive material, a coaxial conductive element 15 and an inductive
      spiral conductive element or coil 16. The rod-like element 11 is of a
      length L1 approximately one quarter wavelength long at the center
      operating frequency of the dipole antenna. The coaxial element 15 has a
      length L2, for example, on the order of 1/9th of a wavelength (.lambda./9)
      long.
PAR  The antenna 10 is center fed by a 50 ohm coaxial transmission line 20
      including an inner conductor 21 and an outer conductor 23 separated from
      each other by an insulator 22. See FIG. 3. The coaxial transmission line
      20 extends coaxially through a hollow conductive cylinder 15a with the
      inner conductor 21 being connected to a feed point connection 11a at one
      end of the element 11. The outer conductor 23 of transmission line 20
      extends coaxially through the hollow conductive cylinder 15a and forms
      with the conductive cylinder 15a the coaxial transmission line element 15.
      In order to make the antenna flexible, the conductive cylinder 15a is made
      of braided wires. The outer conductive cylinder 15a is joined with the
      outer conductor 23 of the inner coaxial transmission line 20 by a strap 9
      at one end of the cylinder 15a, forming the second feedpoint of the
      antenna. As shown in FIGS. 2 and 3, the braiding making up the conductive
      cylinder 15a is wrapped or wound about a portion of a cylindrical member
      25 of insulator material with dielectric spacers 27 and 29 centering the
      coaxial line 20 within the conductive cylinder 15a and cylindrical member
      25. An air gap exists between the inner surface of cylindrical dielectric
      member 25 and outer conductor 23. The cylindrical member 25 of insulator
      material extends beyond the conductive cylinder 15a of braided wire. A
      coil 16 is connected at one end 16a to the end 15b of the conductive
      cylinder 15a remote from the end of the cylinder 15a connected to the
      outer conductor 23. The coil 16 is wrapped or wound around the cylindrical
      member 25 of insulator material. The dimension of the coil 16 is
      determined so that, with the coaxial conductive element 15, this combined
      element operates electrically as a quarter wavelength resonant structure
      although physically shortened to thereby provide a shortened aperture
      dipole.
PAR  An improved performance of the antenna has been achieved by a cylindrical
      sleeve 30 as shown in cross section in FIG. 2 spaced about the coil 16.
      The sleeve 30 is a cylinder 31 of dielectric material that extends the
      length of the coil 16 and has a conductive outside surface layer 33 that
      extends to about 1/4 inch from the ends of the dielectric cylinder 31. The
      inner surface of sleeve 30 lies directly over the coil 16.
PAR  An antenna as discussed above made to operate at a center frequency of 304
      MHz had the following dimensions:
PA0  Length of element 11 -- (length L1) was 11 3/4 inch, dia. 0.047 inch
      semirigid wire.
PA0  Cylinder 15a -- (length L2) was 4 1/4 inch long, braided wire 0.187 inch
      internal diameter.
PA0  Coil 16 was 8/10 inch long, diameter of coil 0.187 inch, pitch -- 24 turns
      per inch, 17 turns, copper strap 0.020 inch wide and 0.002 inch thick.
PA0  Transmission line 20 was 50-ohm cable with outer conductor diameter of
      0.035 inch; cable purchased as BTX-32-4050 from Berkshire Technical
      Products, Inc., Sinking Springs, Pa.
PA0  Cylinder 31 was about 1.24 inch long, outside diameter 0.234 inch, inside
      diameter about 0.187 inch, of a material sold as Rexolite NO. 1452 by
      Rexolite Corp., Division of Americal ENKA Corp., Willimantic, Conn. The
      cylinder 31 was covered with 0.0005 inch copper over 0.86 of an inch of
      its length to form conductive sleeve 30. This copper cover 33 begins about
      1/8 inch below the braided wire. Dielectric constant of cylinder 31
      material was about 2.
PA0  Cylindrical member 25 had a 0.187 inch outside diameter, grooved at the end
      to hold coil 16. Inside diameter was about 0.100 inch. The member 25 was
      made of a material sold under the name of Noryl by the Polymer Corp. of
      Reading, Pa. Dielectric constant was about 2.
PAR  The efficiency of the above antenna was measured and compared with a
      standard dipole. Curve 35 in FIG. 4 is a plot of the relative current
      amplitude vs. height measured for a standard center fed dipole operating
      at about 304 MHz. The current amplitudes were measured by placing an R.F.
      coupling probe along the height of the antenna and by measuring the
      induced currents. The relative current amplitude values given on FIGS. 4
      thru 6 are the actual value of the measured induced currents on the probe
      in milliamperes. Note in FIG. 4 that the maximum current is about a 4.5
      level and this maximum level is near the center feed point. The overall
      height is 20 inches. Curve 36 in FIG. 5 illustrates the relative current
      amplitude vs. height of the antenna built as described above and shown in
      FIGS. 1 thru 3 without the sleeve 30 and operated at the same frequency as
      in FIG. 4. In applicant's arrangement discussed above, the current begins
      to drop off rapidly at the height where the coil 16 begins or at about 0.8
      inches from the end. However, there is relatively high current along the
      coaxial element 15 (at heights 1 to 5 inches). Although the current
      maximum is not as great as that of a standard dipole, this dipole is only
      17 inches long and does approach the current maximum of the longer
      standard dipole. The total area to the left of the curve in FIG. 5 is
      significantly greater than that exhibited by prior art shortened aperture
      dipoles. The antenna as described above provides operation with low VSWR
      (voltage standing wave ratio) to the 50 ohm transmission line over a
      fairly broad range of frequencies. For example, for a deviation of .+-.1
      MHz from the center frequency at 304 MHz the impedance varied from 40 -
      j01 to 52 + j8. For a deviation of .+-.2 MHz, the impedance varied from 34
      + j10 to 45 + j10. For a deviation of .+-.3 MHz, the impedance varied from
      32 + j15 to 30.
PAR  Curve 37 in FIG. 6 illustrates the relative current amplitude at the same
      frequency and for the same antenna described above with the sleeve 30
      about the coil 16. As can be seen the current amplitude is greatly
      improved and its maximum even appears to be greater than that of a
      standard dipole. The area to the left of the curve is greater than without
      the sleeve 30 and approximately equals a standard dipole. An explanation
      for this follows. The current through the antenna elements is dependent
      upon the capacitance between the remote ends of these elements. A
      capacitance exists between the bare coil 16 and the element 11. By the
      addition of the conductive sleeve 30 and the coupling of high current
      thereto the sleeve presents a greater surface area than the coil causing
      increased capacitance between the conductive sleeve and the element 11.
      Also improved performance has been achieved by increasing the diameter of
      the coil 16. This latter arrangement may be further improved by a
      conductive sleeve as discussed above about this larger diameter coil.
PAR  As shown in FIG. 7, improved current amplitude is possible by the use of
      four radially extending thin wire whiskers mounted on the outer conductive
      sleeve 30. These thin wire whiskers 41 are fixed at one end to the
      conductive surface 33 of sleeve 30 and extend orthogonal to the lengthwise
      axis of the sleeve about 1.5 to 2 inches. These whiskers 41 extend at
      90.degree. intervals. Also, improved performance has been achieved by four
      whiskers 43 extending at 90.degree. intervals from coil 16 near the free
      end. These whiskers 43 extend radially as shown in FIG. 8. These whiskers
      43 extend in this embodiment 11/2  to 2 inches long. The sleeve 30 has
      four apertures 30a therein, and the whiskers 43 pass through these
      apertures to connect to the coil 16.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A center fed dipole antenna adapted to operate over a given range of
      frequencies comprising:
PA1  a coaxial transmission line,
PA1  a first antenna radiator element connected at one end thereof to the inner
      conductor of said coaxial transmission line at an end of said coaxial
      transmission line,
PA1  a second antenna radiator element including a hollow cylinder of conductive
      material and a coil, said hollow cylinder being coaxial with said coaxial
      transmission line and being electrically connected at an end to the outer
      conductor of said coaxial transmission line at said end of said coaxial
      transmission line, said cylinder being electrically connected at its other
      end to said coil and
PA1  a cylindrical sleeve of conductive material spaced from said hollow
      cylinder and closely spaced coaxial with and about a substantial portion
      of said coil.
NUM  2.
PAR  2. The combination claimed in claim 1 wherein said first radiator element
      is an elongated rod-like conductor.
NUM  3.
PAR  3. The combination claimed in claim 1 wherein said first and second
      elements operate as quarter wavelength resonant elements.
NUM  4.
PAR  4. The combination claimed in claim 1, including conductive whiskers
      extending orthogonally from said cylindrical sleeve.
NUM  5.
PAR  5. The combination claimed in claim 1, including conductive whiskers
      extending orthogonal to said sleeve from said coil.
NUM  6.
PAR  6. The combination claimed in claim 1 wherein said cylinder is made of
      braided wire.
NUM  7.
PAR  7. The combination claimed in claim 1 wherein said cylinder is at least
      1/9th wavelength long at a frequency within said given range of
      frequencies.
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ABST
PAL  A broadband turnstile antenna system is provided by four triangular
      fan-shaped radiating elements spaced about a vertical tower. Each of the
      triangular radiating elements is constructed and arranged to present a
      minimum of vertical height at a feed point near the tower and a vertical
      height that increases to maximum at the end remote from the tower. The
      radiating elements are fed with equal power in the relative phase rotation
      of 0.degree., 90.degree., 180.degree. and 270.degree..
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to broadcasting antennas and more particularly to a
      turnstile antenna which provides a low voltage standing wave ratio (VSWR)
      of about 1.2 or less over a bandwidth ratio of 1.63 to 1, which makes it
      convenient as a mast-mounted television transmitting antenna over the
      frequency range from television channel 2 through channel 6 (54 to 88
      MHz).
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  A broadcasting, turnstile antenna is provided by four fan-shaped radiators
      extending horizontally from the tower at 90.degree. intervals. Each of the
      radiators has a minimum height at the feedpoint near the tower and a
      height that increases to a maximum at the end remote from the tower. Each
      of the radiators is supported to the tower by two support members
      connecting the radiator at or near the ends remote from the tower. To
      operate this antenna, equal signal energy is coupled to the feed point of
      the four radiators into relative phase rotation of 0.degree., 90.degree.,
      180.degree. and 270.degree..
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A detailed description follows in conjunction with the following drawing
      wherein:
PAR  FIG. 1 is a side view of a pair of the radiating elements mounted to a
      tower according to the present invention.
PAR  FIG. 2 is a top view of the pair of elements in FIG. 1 mounted to a tower.
PAR  FIG. 3 is a plot of the impedance of a single radiator vs h/.lambda..
PAR  FIG. 4 is a plot of V.S.W.R. on a 70-ohm coaxial line coupled to a single
      radiator vs h/.lambda..
PAR  FIG. 5 is an H-plane elevation pattern for the pair of radiators arranged
      as shown in FIGS. 1 and 2.
PAR  FIG. 6 illustrates a perspective view of a broadband turnstile radiator
      mounted to a tower according to the present invention.
PAR  FIG. 7 illustrates the relative phase between the radiators in the system
      of FIG. 1.
PAR  FIG. 8 illustrates the feed system for the turnstile system of FIG. 1, and
PAR  FIG. 9 is a plot of the fluxuation of circularity of the power in db (.+-.)
      in azimuth about the tower vs h/.lambda..
DETD
     Referring to FIGS. 1 and 2, a pair of fan-shaped radiating elements 15 and
      17 mounted to a vertically oriented square tower 13 is illustrated. The
      tower 13 has equal reflective sides 21, 22, 23, and 24. The fan-shaped
      radiating element 15 is in the form of an isosceles triangle with a side
      or base 29 extending vertically and parallel to reflective side 21 of
      tower 13 and with equal length sides 26 and 28 extending diagonally with
      respect to the side 29 toward the tower 13. The sides 26 and 28 intersect
      each other at an apex 39 closely spaced from the tower 13. The angle in
      the embodiment of FIG. 1 between the diagonal sides 26 and 28 near the
      apex 39 is 120.degree.. The feed points for this radiating element 15 is
      at the apex 39 and at the point 39b on side 21 of tower 13 adjacent apex
      39. The corner 31 between the diagonal side 26 and vertical side 29 is
      connected by a horizontal conductive support member 25 to side 21 of tower
      13, and the corner 32 between diagonal side 28 and vertical side 29 is
      connected by a horizontal conductive support member 30 to side 21 of tower
      13.
PAR  Similarly, fan-shaped element 17 is in the shape of an isosceles triangle
      that has a vertically oriented side of base 29a and two equal length
      diagonal sides 26a and 28a that join at the apex 39a near side 22 of the
      tower 13. The feed points for this radiating element 17 is at the apex 39a
      and at the point 39c on side 22 of tower 13 adjacent apex 39a. The angle
      between the equal diagonal sides 26a and 28a is 120.degree.. The corner
      31a between the diagonal side 26a and the vertical side 29a is connected
      by horizontal support member 25a to side 22 of tower 13. The corner 32a
      between diagonal side 28a and vertical side 29a is connected by horizontal
      support member 30a to side 22 of tower 13. These horizontal support
      members 25, 25a, 30, and 30a are metal and not only provide support for
      the fan-shaped radiating elements but also function to provide lightning
      protection and broadbanding characteristics to the antenna.
PAR  A bisector rod 35 extends from apex 39 perpendicular to vertical side 29 of
      radiating element 15. Similarly, a bisector rod 35a extends from apex 39a
      to vertical side 29a. Smaller sized rods 41 extend from apex 39 to equally
      spaced points on vertical side 29 to form a triangular surface
      approximating a triangular shaped sheet radiating element. The use of rods
      approximating a flat triangular conductive sheet rather than a flat sheet
      is to reduce windloading to the structure. Similarly, smaller sized rods
      41a extend from feed point 39a in element 17 to equally spaced points on
      vertical side 29a.
PAR  One example is given in FIGS. 1 and 2 of the details of the geometry for
      the pair of radiating elements 15 and 17 for operation over the wide
      frequency range from television channels 2 through 6 (54 to 88 MHz) when
      the desired impedance of each fan-shaped radiator element is about 70
      ohms. The dimensions are given in terms of h (in inches) which is the
      horizontal distance from the center 13a of the tower 13 in a horizontal
      direction to the remote vertical edge of vertical sides 29 or 29a. The
      height of the vertical sides 29 and 29a is made 2.5h. The sides of the
      tower are each made 0.44h wide. The diameters of the grounding support
      members 25, 25a, 30, and 30a, the diameter of rods making up the vertical
      sides 29 and 29a and the diagonal sides 26, 26a, 28, and 28a are made
      0.04h. The diameter of the bisector rods 35 and 35a are made 0.04 h. The
      diameter of the rods 41 and 41a are made 0.018h. The angle between the
      diagonal rods 26 and 28 and between rods 26a and 28a is 120.degree.. For
      this arrangement h .perspectiveto. 0.22.lambda., where .lambda. is a
      wavelength at channel 2. For a wavelength at channel 6, h .perspectiveto.
      0.34.lambda.. The approximate physical dimensions for such fan-shaped
      radiators and the tower designed for operation over channels 2 through 6
      are below:
PA0  Tower (0.44h .times. 0.44h): 20 .times. 20 inches
PA0  Fan height (2.5h): at 10 feet
PA0  Horizontal grounding leg 25, 25a, 30 and 30a--3 feet
PA0  Large support tubes 25, 25a, 30, 30a, 29, 29a, 35 and 35a = 2 inches dia.
      overall
PA0  Small tubes 41 and 41a = 1 inch dia. overall.
PAR  FIG. 3 shows the measured impedance of a single fan-shaped radiating
      element as described above as a function of h/.lambda.. The antenna system
      described above is adjusted to present a 70 ohm impedance over as wide a
      frequency range as possible to match the 70 ohm coaxial transmission feed
      lines 45 and 45a. The lines 45 and 45a feed the fan-shaped radiating
      elements 180.degree. out of phase by, for example, the outer conductor 49
      of line 45 being connected to reflective tower 13 and the inner conductor
      48 being connected to feed point 39. The outer conductor 49a is connected
      to the fan-shaped element 17 at feed point 39a and the inner conductor 48a
      is connected to the tower 13 at point 39c. The V.S.W.R. (voltage standing
      wave ratio) on the standard 70-ohm line with the arrangement shown in FIG.
      1 and as described above is shown in FIG. 4. The V.S.W.R. is 1.2 or less
      over the 54 to 88 MHz frequency band. The horizontally polarized field in
      the elevation plane measured for the pair of radiators illustrated in
      FIGS. 1 and 2 and described above is shown in FIG. 5. The patterns
      corresponding to channels 2 and 6 are plotted. It is seen from FIG. 5 that
      this single feed point bay has the elevation directivity of several
      stacked dipoles fed from a corporate network.
PAR  Referring to FIG. 6, the entire turnstile antenna system 11 is shown
      including the two triangular radiating elements 15 and 17 plus a second
      pair of triangular radiating elements 16 and 18 identical to the radiating
      elements 15 and 17 mounted to the vertical tower 13. The radiating
      elements 15 and 17 are mounted to the sides 21 and 22 of the tower by the
      support members 25, 30 and 25a, 30a, respectively, as discussed
      previously. The radiating elements 16 and 18 are similarly mounted to
      sides 23 and 24 by support members 25b, 30b and 25c and 30c, respectively.
      The support members 25b, 25c, 30b and 30c are identical to the members 25
      and 30 discussed above. The radiating elements 15 and 17 are mounted so
      that they extend in a common plane from diametrically opposite sides 21
      and 22 of the tower 13. Likewise, the radiating elements 16 and 18 extend
      in a common plane from diametrically opposite sides 23 and 24 of the tower
      13, as shown in FIGS. 6 and 7. The common plane of the radiating elements
      16 and 18 is orthogonal to the common plane of radiating elements 15 and
      17 and therefore these radiating elements extend at 90.degree.  intervals
      about the tower 13.
PAR  In a turnstile antenna system, the radiating elements 18, 15, 16 and 17 are
      fed with equal signal energy in the relative phase rotation of 0.degree.,
      90.degree., 180.degree. and 270.degree. as shown in FIG. 7. This may be
      achieved by the elements 15 and 17 being fed 180.degree. out of phase in
      the manner discussed above in connection with FIG. 1 with coaxial feed
      lines 45 and 45a and by elements 16 and 18 being fed 180.degree. out of
      phase by the arrangement shown in FIG. 8 using coaxial feed lines 47 and
      47a. The coaxial feed line 47 has an outer conductor 51 connected to
      radiating element 16 at feed point 16a and an inner conductor 52 connected
      to tower 13 at a point 16b adjacent feed point 16a. The coaxial feed line
      47a has an outer conductor 55 connected to tower 55 and which terminates
      at a point 18b adjacent feed point 18a and an inner conductor 57 connected
      to radiating element 18 at feed point 18a. The input power to the
      turnstile antenna system 11 is coupled to a 3db hybrid 63 at terminal 63a.
      This input power is equally power divided with one half the power at a
      reference phase coupled via output terminal 63b to power divider 65 and
      the other half of the power 90.degree. phase shifted relative to the
      reference phase coupled via terminal 63c to power divider 66. The power
      divider 65 equally divides the power between coaxial lines 47a and 47. The
      power divider 66 equally divides the power between coaxial lines 45 and
      45a. The result is that the elements 18, 15, 16 and 17 are fed in the
      relative phase rotation of 0.degree., 90.degree., 180.degree. and
      270.degree. as shown in FIG. 7. With this arrangement an almost
      omnidirectional azimuth pattern is produced. Based on the measured azimuth
      patterns of FIG. 5, the azimuth circularity for the complete turnstile is
      illustrated in FIG. 9. The worst circularity is at Channel 6 and is .+-.
      2db, a value usually considered acceptable.
PAR  In the arrangements described above, the sides 21 22, 23 and 24 of the
      tower 13 form a square tower. The tower itself may be round and the
      surface of each reflective side may be either a continuous conductive
      sheet or may be a series of rods approximating a good conductive surface
      without the windloading associated with a continuous surface.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A turnstile antenna system comprising:
PA1  a vertical tower of reflective material,
PA1  four triangle-shaped radiating elements extending horizontally from said
      tower at 90.degree. intervals, each radiating element being mounted to
      said tower with two sides of the triangle extending from an apex near the
      tower to a base parallel and remote from said tower, whereby said
      radiating element has a minimum height at the feed point near the tower
      and a height that increases linearly to a maximum at said base remote from
      said tower,
PA1  each of said radiating elements being supported to the tower by a
      conductive support member connecting the radiating element at or near said
      base to said tower, and
PA1  means for feeding equal signal energy to the feed points of said radiators
      in the relative phase rotation of 0.degree., 90.degree., 180.degree. and
      270.degree.. .
NUM  2.
PAR  2. The combination claimed in claim 1 wherein said radiating element
      includes three conductive rods arranged in a triangle.
NUM  3.
PAR  3. The combination claimed in claim 1 wherein said radiating element is in
      the shape of an isosceles triangle with the equal sides extending to the
      apex near the tower and the base being parallel to the tower.
NUM  4.
PAR  4. The combination claimed in claim 3 wherein the angle at said apex
      between said two equal sides is about 120.degree..
NUM  5.
PAR  5. The combination claimed in claim 4 wherein said radiating elements
      include a plurality of conductive rods extending between said apex and
      said base.
NUM  6.
PAR  6. The combination claimed in claim 4 wherein said support members extend
      horizontally between said tower and points on said radiator near the ends
      of said base.
NUM  7.
PAR  7. The combination claimed in claim 1 wherein the height of said radiating
      element at the base is about 2.5h, where h in inches equals the distance
      said remote end is located horizontally from the center of said tower.
NUM  8.
PAR  8. The combination as claimed in claim 7 wherein said tower has a width of
      about 0.44h.
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ABST
PAL  A single element directional antenna consisting of a cylindrical element of
      such a size compared to the wavelength of the received signal that
      measurable difference on phase are detectable at spaced output points
      around the circumferential edge of the element to provide directional
      information.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to antennas and more particularly to the
      single element VHF to UHF directional antenna.
PAR  Radio direction-finding antennas make use of the difference in the time of
      arrival of the wave front at different points of the receiving antenna
      system, whether it be a parabolic mirror focussing all parallel rays to a
      common point, or an array of discrete antenna elements. Hertz and Marconi
      used parabolic mirrors, and practical systems involving discrete elements
      were thoroughly understood and in use by the early part of the century.
PAR  Arrays of discrete elements are particularly suitable in the VHF and UHF
      range of signals, where loop systems are inefficient and parabolic
      reflectors would be too physically large for most applications. The
      following discussion is concerned principally with vertically-polarized
      waves in this portion of the spectrum.
PAR  A typical directional antenna comprises an array of quarter-wave elements
      mounted on a ground plane. Another type of directional antenna comprises
      four half wave dipoles vertically mounted on a mast. In this type of
      antenna, the signal arrives at the various elements at different times, so
      that the outputs are in varying phase relationship with each other and are
      used in a number of various ways to determine the bearing of an incoming
      signal. These systems are also useful in directional transmitting
      applications as well as for receiving.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to cylindrical antenna element of such an
      appreciable size, as compared to the wavelength of the signal being
      received, that useful and measurable differences in relative phase are
      detectable at different points on its circumference. For example, a single
      homogenous cylinder, of one-half wavelength in length, shunt-fed at pairs
      of vertically spaced points around its circumference can provide
      directional information.
PAR  A preferred embodiment is formed by splitting the cylinder into two
      quarter-wave, series-fed sections. The top portion is an inverted
      cylindrical can supported a small distance above the ground plane by an
      insulator and having four output junctions spaced 90.degree. apart around
      the lower edge of the can. The center conductor of a coaxial output cable
      is connected to the edge of the can at the junction points. The shield of
      the coaxial cable is connected to a lug on the ground point. With this
      arrangement and using appropriate circuits, directional information is
      possible.
PAR  Some of the practical advantages of the system over a conventional discrete
      arrangement of elements are noted as follows: The antenna can be simply
      fabricated, so as to be mechanically very rugged, immune to breakage and
      easily protected against lightning. The space inside the cylinder is
      usable as a weatherproof container for electronic circuitry, thereby
      allowing much of the direction finding signal processing to be done at
      that point. Only a simple, non-critical connecting cable is required to
      connect the antenna to its associated readout equipment; the system
      provides superior accuracy because the homogenity of the can arrangement
      produces uniformity of the phase differences measured at points around the
      can perimeter as a function of signal direction. This exceeds that
      attainable with discrete elements and their not-easily-predicable
      interaction with each other.
PAR  It is therefore a general object of the invention to provide an effective,
      practical and efficient directional antenna of simple mechanical design
      and superior accuracy.
DRWD
PAR  Other objects, advantages and features of the invention will be apparent in
      the following description and claims considered together with the attached
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Details of the invention and a preferred embodiment thereof, will be
      further understood with reference to the drawings wherein:
PAR  FIGS. 1 and 2 are examples of prior art directional antennas;
PAR  FIG. 3 is an isometric view of the antenna of the present invention;
PAR  FIG. 4 is a sectional view of the antenna of the present invention;
PAR  FIG. 5 is a view of a detail of FIG. 4; and
PAR  FIG. 6 is a view of an alternate embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a typical prior art directional antenna including four
      half wave dipoles 10, mounted by rods 12 on a mast 14.
PAR  FIG. 2 illustrates another prior art directional antenna including an array
      of quarter wave elements 20 mounted on a ground plane 22, which is mounted
      on a base support 24.
PAR  With both of the above types of directional antennas, the signal that is
      received arrives at the various elements at different times. This causes
      the output signals from each of the receiving elements to vary in their
      phase relationship. These phase related signals are then processed by
      means of known circuit techniques to provide the required directional
      information.
PAR  The present invention is illustrated in FIGS. 3, 4 and 5 and comprises an
      antenna formed of a cylinder split into two quarter-wave sections having
      series fed connections. A first inverted quarter wavelength cylindrical
      can 30 is supported on a second inverted quarter wavelength cylindrical
      can 32 and insulated therefrom by an annular insulator 34 of polyethylene
      or the like by suitable mounting bolts 36 preferably made of nylon. Both
      cans 30 and 32 are mounted on a mounting staff 38, attached to the top of
      the lower can 32. A circular plastic spacer 40 having a hole in its center
      to accommodate the mounting staff is secured to the lower can 32 by
      suitable fasteners to provide further structural rigidity to the device.
PAR  A coaxial cable 42 runs through the mounting staff 38 and the center
      conductor of the coaxial output cable is connected to four equally spaced
      signal pickup points 44 on the circumference of the upper can 30 which
      form the receiver elements of the antenna. The coaxial cable 42 conductors
      are connected to these pickup points by means of four transmission strip
      lines 46 and diode switches 48. The end of the strip lines 46 connected to
      the pickup points are secured to the periphery of the upper can 30 by
      suitable fasteners 50 and form a conductive path with the upper can 30 at
      that point. The strip lines are further held in position by the nylon
      bolts 36 which secure the insulator to the lower can 32. The diode
      switches 48 which are connected in the electrical circuit which includes
      switch driving circuits 52. These circuits are mounted on a printed
      circuit board 54 which in turn is mounted upon a heavy grounded bracket 56
      bridging the cable entrance.
PAR  In order to protect the system against lightning, a center ground conductor
      58 is provided. It would preferably be a rod of approximately one-half
      inch in diameter which is connected to the ground points described above.
PAR  FIG. 6 illustrates an embodiment of the invention wherein the cylinder is a
      single homogeneous element 60 shunt fed at a series of points around the
      circumference and mounted on a staff 64. In other respects this antenna
      may be similar to the antenna described above.
PAR  The length of the antenna should be of the order of one-half wavelength at
      the center frequency of interest for best efficiency and be of appreciable
      diameter as compared to the wavelength of the signal.
PAR  The arrangement of the pickup points spaced equally on the circumference of
      the upper can 30 are capable of receiving UHF and VHF signals. Each of the
      pickup points acts in the same manner as the prior art antennas to provide
      phase displaced signals to the electronic circuits to provide directional
      information. The coaxial cable 42 running through the mast carries the
      D.C. to the switch driving circuits 52 and also receives the rf and
      synchronizing information to an appropriate receiver. The switch driving
      circuits 52 act to cause the appropriate diode to conduct while the others
      remain open to provide the directional information.
PAR  Thus, it will be appreciated that the difference in distance of the signal
      pickup points from the source of the signals around the circumference of
      the antenna provides essentially the same phase displaced signals as a
      plurality of spaced antenna elements, and these signals will be a function
      of the direction of arrival of the signal because of the finite difference
      between the times of arrival of the wave front at the pickup points.
PAR  The simplicity and durability of the cylindrical shape of the antenna is
      obvious over the element array arrangement. Another feature lies in the
      fact that many more than four pickup points may be used with the addition
      of appropriate circuits.
PAR  It is to be understood that the form of the invention herewith shown and
      described are to be taken as preferred examples of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of the invention of scope
      of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A radio direction finding antenna for receiving vertically polarized
      wave signals comprising a conductive cylindrical element of one half
      wavelength in length, a mounting staff connected to said element, discrete
      signal pickup means spaced about the internal-periphery of said
      cylindrical element, circuit means including a printed circuit board
      mounted within said element and coupled to said pickup means for relating
      said signals into directional information based on the phase displacement
      of the signals at the spaced pickup points and a coaxial cable routed
      through said mounting staff and coupled to said circuit means.
NUM  2.
PAR  2. The antenna of claim 1 wherein said element comprises two inverted
      cylindrical cans each of a quarter wavelength in size and insulator means
      for mounting one of the cans above the other.
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ABST
PAL  A circularly polarized antenna having an end fed short length helical
      conductor within a conductive funnel-shaped reflector is described. A
      broad beam width and a relatively low axial ratio is achieved by the
      termination of the short length helical conductor about a conductive disk
      and by providing a reflector of shallow depth.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to circularly polarized helix antennas and more
      particularly to an antenna system for producing a substantially broad beam
      width unidirectional radiation pattern or an omnidirectional radiation
      pattern in the horizontal plane using only three such helix antennas
      mounted to a triangular mast or tower.
PAR  In radio or television broadcasting, it is particularly desirable in many
      installations to broadcast an omnidirectional pattern so that all
      receivers at a given radial distance from the broadcaster's antenna
      receive essentially the same signal strength. Often the broadcasting
      antennas are mounted or are required to be mounted to a triangular tower
      which may serve as the support for other antennas. It is therefore
      desirable for the sake of cost to provide antennas which have a beam width
      and a structure such that when one is mounted to each side of a triangular
      tower essentially omnidirectional radiation takes place. When there is a
      requirement for the provision of circularly polarized radiation,
      additional problems are encountered in mounting the antennas to the
      reflective towers.
PAR  The use of a helical antenna to provide circularly polarized radiation is
      known in the state of the art. It is also known in the art to reduce
      backlobes by placing a helix forward of a ground reflector or within a
      conical or funnel-shaped reflector. It is known in the art that a helix
      within a funnel-shaped reflector produces a beam which is approximately
      the same beam width in all planes and in all polarizations. The phase
      center of a helix in a funnel-shaped reflector is located on the helix
      axis approximately in the plane of the aperture of the reflector. In order
      to produce a broad beam width pattern especially broad enough so that
      three about a tower produce an omnidirectional pattern, it is desirable to
      place the entire helix within the conical or funnel-shaped reflector and
      to shorten the helix and to shorten the reflector. It is known in the
      literature that a short helix on the order of a few wavelengths (two for
      example) without some form of end-loading cannot produce circularly
      polarized radiation. See "Some Aspects of the Design and Use of the
      Helical Antenna" by G. Svennerus, Proc. of International Congress, Ultra
      High Frequency Circuits, Paris, France, Oct. 21-26, 1957, Vol. 2. This is
      because the open end reflection causes a secondary circularly polarized
      wave to be radiated with a sense of rotation opposite to the primary
      radiated wave. However, there is no teaching in the prior art of an
      efficient end loading structure that permits a broad beam width pattern
      with a reasonably low axial ratio.
PAC  BRIEF DESCRIPTION OF INVENTION
PAR  Briefly, an improved end-fire helical antenna of the type which produces a
      broad beam width pattern with low sidelobes and a low axial ratio is
      provided by a short helix in a funnel-shaped reflector. One end of the
      helix is connected to a feed line near the reflector base with the
      opposite end terminating in the plane of the aperture of the reflector and
      connected to an end load, where the end load is a flat conductive plate
      supported by a metal rod to the reflector.
DRWD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  A more detailed description of the invention follows in conjunction with
      the following drawings wherein:
PAR  FIG. 1 is a perspective view of an antenna according to one embodiment of
      the present invention.
PAR  FIG. 2 is a cross sectional view of FIG. 1 taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a horizontal pattern of a single short helix antenna as shown in
      FIG. 1.
PAR  FIG. 4 illustrates three of the helix antennas shown in FIG. 1 mounted on a
      triangular tower.
PAR  FIG. 5 is a horizontal pattern of three of the helical antennas of FIG. 1
      mounted to a triangular tower as illustrated in FIG. 4.
DETD
PAR  Referring to FIGS. 1 and 2, a helical antenna 10 includes a helical coil 11
      mounted within funnel-shaped reflector 13 by means of a post 15 and a
      conductive disk 17. The disk 17 has an aperture 17a in the center thereof
      and the post 15 has a threaded hole at the end 15a. A metal bolt 18 with a
      flat head is adapted to fit into the threaded hole of the post 15 and to
      hold the disk 17 to the post 15. The opposite end 15b of the post 15 is
      mounted to the base 13a of reflector 13 by similar arrangement, not shown.
      This mounting of the post 15 to the base 13a or to disk 17 may also be
      accomplished by welding or by any other well known means for fixing one
      metal part to another.
PAR  The coil 11 is mounted to disk 17 at end 11a. The coil 11 has a total
      length to its feed terminal end 11b near the base 13a equal to two
      wavelengths. All wavelengths as used herein refer to the center operating
      frequency of the antenna. The coil 11 is connected to disk 17 at points
      21, 22, 23 and 24 on disk 17. The point 21 on disk 17 is connected to the
      end 11a. Point 22 on disk 17 is located approximately one quarter of the
      length of the circumference of the disk 17 from point 21. Point 23 is
      located on disk 17 approximately one quarter of the length of the
      circumference of the disk 17 from point 22. Point 24 is located on disk 17
      approximately one quarter of the length of the circumference of disk 17
      from point 23. The diameter D of the helical coil 11 is larger than that
      of the disk 17 and equals approximately .lambda./.pi.. A conductive arm
      11d connects point 22 on disk 17 to a point 27 on coil 11 approximately
      0.25 wavelengths from the end 11a. A conductive arm 11e connects point 23
      on disk 17 to a point 29 on coil 11. Point 29 is located approximately
      0.25 wavelengths from point 27 on coil 11. Conductive arm 11f connects
      point 24 on disk 17 to point 31 on coil 11. Point 31 is located
      approximately 0.25 wavelengths from point 29 on coil 11. The coil 11
      continues for another wavelength and a quarter (5/4.lambda.) with the same
      diameter D (.lambda./.pi.) of the coil to end 11b. The coil has a pitch
      angle equal to about 8.degree.. The axial length l of the coil is about
      0.22.lambda.. The diameter d of the coil itself is about 0.03 wavelengths.
      The length of one turn is equal to .lambda. or one wavelength.
PAR  The funnel-shaped reflector 13 includes the flat base 13a with tapering
      sides 13b to the aperture at the open end thereof which is flush with the
      disk 17. The base 13a is all of conductive material except for a small
      aperture 13c through which is passed the center conductor 47 of a coaxial
      feed line conductor 45. The center conductor 47 passes through aperture
      13c and connects to coil 11 at end 11b. The outer conductor 48 is
      connected to the conductive base 13a. The coil 11 is fed near the
      periphery of the base in this arrangement as shown in FIG. 1 and hence
      this is referred to as a periphery fed end-fire helix. A center fed helix
      may also be used wherein the coil 11 is connected to the feed at
      approximately the center of the base 13a. The funnel-shaped reflector 13
      has a base diameter of 0.4 wavelengths and tapers linearly over a length
      0.22 wavelengths to the aperture in the axial direction from the base,
      which aperture is 0.58 wavelengths in diameter.
PAR  In the operation of the antenna described above, the first wavelength
      section of the coil acts as a standard helical resonator and the second
      wavelength section acts as a special termination. This special termination
      is provided at the disk 17 which is fed in phase rotation about its
      circumference with the points 21, 22, 23 and 24 being the 0.degree.,
      90.degree., 180.degree. 270.degree. relative phase points of this disk
      radiator. This special termination both minimizes open end reflections
      (which destroy the low axial ratio) but also aids in the radiating
      performance of the antenna.
PAR  In the arrangement as described above and operating at a center frequency
      of 720 MHz a horizontal pattern was produced as shown in FIG. 3. The
      horizontal polarization is illustrated in dashed lines 41 and the vertical
      polarization is illustrated in solid lines 43. It can be seen that these
      closely approximate each other and the relative phase between the two
      polarizataions is 90.degree.. Also as can be seen by observing the pattern
      at the half power points, the beam width nearly approaches 120.degree..
      The dimension of this antenna are aperture A = 9 1/2 inches, base 13a =
      6.5 inches, axial length l = 3.6 inches, disc diameter = 3.7 inches, disc
      thickness = 1/8 inch, wavelength .lambda. = 16.4 inches, diameter d of
      coil = 5/8 inch, diameter D of coil = 5 inches, coil length = 32.8 inches,
      pitch angle of coil = 8.degree.. The coil is terminated every 4.1 inches
      to disk 17 for the last 12.3 inches of the coil 11.
PAR  FIG. 4 illustrates a top plan view of three such antennas 51, 52 and 53 as
      shown in FIGS. 1 and 2 mounted on a triangular tower 55 with the axis of
      the coils firing radially from the center 55a of tower 55.
PAR  FIG. 5 illustrates the horizontal pattern of the antennas as illustrated in
      FIG. 1 mounted as illustrated in FIG. 4. The horizontal pattern is
      represented by the pattern defined by dashed lines 57 and the vertical
      polarization pattern is defined by a solid line 59. As can be seen viewing
      FIG. 5, they approximate each other. The serrated horizontal pattern 60
      illustrates the axial ratio of this particular antenna when measured by a
      test set up as described by Dr. Ben-Dov in IEEE Transactions on
      Broadcasting, March 1972, entitled "Measurement of Circularly Polarized
      Broadcast Antennas." The minimum to maximum ratio of the serrated pattern
      at any azimuth angle is the axial ratio in that direction. This axial
      ratio is on the order of 2.5 db or less. It can be seen that a
      satisfactory omnidirectional pattern with low axial ratios is provided by
      this structure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An end-fire helical antenna comprising:
PA1  a funnel-shaped, electrically conductive reflector having a base at one end
      and tapering sides to a larger aperture at the opposite end,
PA1  a helical coil extending in an axial direction from a fixed point near the
      base of the reflector to the plane of the aperture, said helical coil
      having a given diameter and pitch such that one turn equals approximately
      one wavelength at an operating frequency of said antenna,
PA1  a flat conductive plate connected to the aperture end of said helical coil,
      and
PA1  means for conductively mounting said flat plate to said funnel-shaped
      reflector.
NUM  2.
PAR  2. The combination claimed in claim 1 wherein said flat plate is
      electrically connected to said helical coil at the extreme aperture end of
      the helical coil and at points along the coil approximately a quarter
      wavelength, a half wavelength and three quarters of a wavelength from said
      extreme end of said helical coil.
NUM  3.
PAR  3. The combination claimed in claim 2 wherein each of said points along
      said coil are connected to different points on said flat plate that are
      substantially equally spaced from each other near the periphery of said
      flat plate.
NUM  4.
PAR  4. The combination claimed in claim 1 wherein said means for conductively
      mounting includes a post of conductive material that is connected between
      the center of said base and the center of said flat plate.
NUM  5.
PAR  5. The combination claimed in claim 1 wherein said coil is two wavelengths
      long with an axial length of about 0.22 wavelengths.
NUM  6.
PAR  6. The combination claimed in claim 5 wherein said base is flat and the
      diameter of said flat base of said reflector is 0.4 wavelengths and the
      diameter of said aperture of said reflector is 0.58 wavelengths.
NUM  7.
PAR  7. The combination claimed in claim 6 wherein said flat plate is a circular
      disk.
NUM  8.
PAR  8. The combination claimed in claim 7 wherein the diameter of said disk is
      0.23 wavelengths.
NUM  9.
PAR  9. The combination claimed in claim 1 wherein the pitch of said helical
      coil is about 8.degree..
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ABST
PAL  An electrophotographic recording method comprising the steps of forming a
      charge image of specific polarity on an electrophotographically sensitive
      plate, transferring the charge image to a recording paper, and
      neutralizing the residual charge on the electrophotographically sensitive
      plate by the use of shielding type charge erasers capable of shielding the
      electric field of corona discharge and having an ion transmissive
      property.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an electrophotographic recording system
      using an electrophotographically sensitive plate, and more particularly,
      to an electrophotographic recording system capable of erasing the residual
      charge on the electrophotographically sensitive plate by the use of an
      ionic erasing method.
PAR  2. Description of the Prior Art
PAR  Marked development has been achieved of late in the art of
      electrophotographic recording systems by virtue of various improvements
      proposed in electrophotography.
PAR  One well known electrophotographic recording system uses an
      electrophotographically sensitive plate consisting at least of three
      layers; a front insulating layer, a photoconductive sensitive layer, and a
      rear electroconductive layer, wherein a charge image of specific polarity
      is formed on the front insulating layer, the charge image is transferred
      to a recording paper by means of a transferring roller, and the residual
      charge on the front insulating layer is erased by a suitable method such
      as cleaning, charge-erasing, or corona charging at reverse polarity.
PAR  This conventional recording system will be described in detail by referring
      to FIGS. 1 and 2.
PAR  FIGS. 1a through 1d schematically illustrate steps of the
      electrophotographic process. In FIG. 1a, the reference numeral 4 denotes
      an electrophotographically sensitive plate (hereinafter referred to as a
      photosensitive plate) constituted integrally of a front insulating layer 1
      such as a Mylar film, a photoconductive layer 2 comprised of CdS, Se-Te or
      the like with a lowered impedance when exposed to light and a rear surface
      electrode 3.
PAR  The step of forming a charge image on the photosensitive plate 4 by a
      negative corona charging device 5 will be described. For explanatory
      simplicity, assume that the photosensitive plate 4 is exposed not in the
      left half but in the right as shown in FIG. 1a.
PAR  The impedance of the photoconductive sensitive layer 2 is lowered in the
      exposed part with the result that the quantity of charge imparted from the
      coronoa charging device 5 to the front insulating layer 1 increases to
      cause the surface of the insulating layer to be strongly charged at a
      negative polarity. In the unexposed part, the impedance of the
      photoconductive sensitive layer 2 is high. Accordingly, the front
      insulating layer 1 is weakly charged as shown in FIG. 1b.
PAR  With reference to FIG. 2a, the solid line indicates the relationship
      between the potential at the front insulating layer and the illuminance in
      the photosensitive plate 4 with CdS layer 2. In FIG. 2a, the abscissa
      represents the dose of light (lux-sec), that is, the product of the
      illuminance (lux) and the time of exposure (sec). The ordinate represents
      the potential V.sub.1 (volts) at the front insulating layer 1. FIG. 2a
      indicates that the potential approaches a constant value Ve as the dose of
      light increases, approaches a value Vd as the dose of light decreases, and
      assumes a value according to illuminance in the intermediate range of
      light dose.
PAR  The dependence of the dose of light upon the potential is heavily dependent
      on the material of the photoconductive sensitive layer 2, as well as on
      the method of making it, and is not inherent in CdS. Assume that the
      photosensitive plate 4 is constituted of a front insulating layer 1 of
      Mylar 15 microns thick, and a photoconductive sensitive layer 2100 microns
      thick formed of CdS powder containing an impurity (0.005 wt.% copper) with
      a binder (10 wt.% acryl resin). Experimentally, this photosensitive plate
      was charged by use of a charger 5 in such manner that the charger was
      moved above the photosensitive plate at a speed of 300 mm/sec as a corona
      charge of -6.0 kV with an effective width of 30 mm was being applied by a
      tungsten wire of 50 microns in diameter with the result that the
      potentials Ve and Vd were -1300 V and -600 V, respectively.
PAR  Then, as shown in FIG. 1c, an electrostatic recording paper 8 comprising a
      low resistance paper 7 on which a high resistance layer 6 is attached is
      brought into contact with the front insulating layer 1 of the
      photosensitive plate 4 by a transferring roller 9 connected to a voltage
      source 10 offering a transferring voltage Vb.sub.1 whereby the charge on
      the front insulating layer 1 is transferred to the surface of high
      resistance layer 6 of the electrostatic recording paper.
PAR  Assume that the transferring roller 9 is grounded directly. Then, the
      transferring is effected only when the potential at the front insulating
      layer 1 exceeds the transferring initiation voltage Vo.sub.1 which is
      developed due to the discharge or an electric field across a narrow gap
      between the photosensitive plate 4 and the electrostatic recording paper 8
      because the charge on the front insulating layer 1 is transferred to the
      recording paper across this gap.
PAR  The transferring initiation voltage Vo.sub.1 depends upon the condition of
      the surface of the recording paper 8 and of the front insulating layer 1
      and usually ranges from .+-.300 to .+-.500 V. After the charge is
      transferred, a potential of about Vo.sub.1 + .alpha. (V.sub.1 - Vo.sub.1)
      is considered to remain on the front insulating layer. (Note: The symbol
      .alpha. stands for a value which depends upon the capacitance of the front
      insulating layer 1 and the high resistance layer 6; it is normally 0.2 to
      0.3) For example, assume .alpha. is 0.2. Then, the potential which remains
      on the layer 1 (or the residual potential on the layer 1) after the charge
      is transferred is about -520 V since Vo.sub.1 is -500 V and V.sub.1 is
      -600 V in the unexposed part of the layer 1 before the charge is
      transferred. This residual potential becomes -640 V when V.sub.1 is -1300
      V in the exposed part thereof.
PAR  FIGS. 1d and 2b show how the residual potential changes with a change in
      the dose of light applied. When the photosensitive plate 4 on which a
      residual potential of -540 V is present in the unexposed part is
      negatively charged again as in the process illustrated in FIG. 1a with the
      aim to use such photosensitve plate repeatedly, the charge potential
      dependent upon the impedance of the photoconductive sensitive layer 2 is
      superposed on the residual potential. This results in -830 V beng
      negatively larger than -600 V which is the potential in the unexposed part
      charged from zero potential for the first time.
PAR  The potential curve in the second charging is indicated by the broken line
      in FIG. 2a wherein the potential Ve approaches the saturated potential of
      the charger 5 when the dose of light is large. Hence, the potential after
      the second negative charging is about -1300 V which is equal to the
      charged potential for the first time. As a result, the potential in the
      unexposed part becomes further negative. Because the potential at the
      front insulating layer 1 in the unexposed part is higher than the
      transferring initiation potential -500 V even in the first turn of
      negative charging, the charge transfer to the recording paper 8 occurs
      also in the unexposed part. This causes a certain amount of toner to be
      attracted by the unexposed part in the process of development wherein the
      recording paper is placed in a liquid developer containing dispersed
      toner. Consequently, low signal-to-noise rato (S/N) recording results. In
      the second process of negative charging, the S/N becomes lower due to the
      fact that the potential in the unexposed part is negatively larger than
      that produced in the first turn.
PAR  In the prior art recording systems, wherein negative charging occurs only
      once, the unexposed part also is negatively charged to cause the recording
      S/N to be lowered and, in addition, the presence of the transferring
      initiation potential used in the process of electrostatic recording serves
      to further lower the S/N. This has hampered the repeated use of the
      photosensitive plate 4. It is for this reason that repeated recording with
      a high S/N could have hardly been realized by one charging process on an
      electrophotographically sensitive plate which comprises a front insulating
      layer.
PAR  One prior art approach to this problem is the adoption of a charge erasing
      process using an AC corona discharge or a DC charging process at opposite
      polarity to that of the residual charge.
PAR  In the former process, however, the AC corona discharge becomes unbalanced
      with respect to positive and negative polarities resulting in a certain
      amount of residual negative charge. In the latter process, it is
      impossible to maintain constant the potential at the surface of the front
      insulating layer.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, an object of the invention is to provide an improved
      electrophotographic recording system.
PAR  Another object of the invention is to provide an electrophotographic
      recording system capable of operation with a high S/N.
PAR  Still another object of the invention is to provide an electrophotographic
      record system which permits the initial potential to be accurately set.
PAR  A further object of the invention is to provide an electrophotographic
      recording system capable of perfectly erasing the hysteresis in the
      repeated use of the photosensitive plate in spite of the employment of the
      method wherein the photosensitive plate is charged once.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention will become more
      apparent from the following description when taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIGS. 1a through 1d are schematic diagrams showing the steps of operating a
      prior art electrophotographic recording system having a charge transfer
      function,
PAR  FIG. 2a is a diagram showing how the potential at the front insulating
      layer changes before the step of charge transfer in the prior art
      electrophotographic recording system
PAR  FIG. 2b is a diagram showing how the potential at the front insulating
      layer changes after the step of charge transfer in the prior art system,
PAR  FIG. 3 is a model diagram illustrating the principles of an
      electrophotographic recording system using an ionic erasing method
      according to the invention,
PAR  FIG. 4 is a schematic diagram showing an electrophotographic recording
      system of one embodiment of the invention using a shielding type charge
      eraser,
PAR  FIG. 5 is a schematic diagram showing an electrophotographic recording
      system using another shielding type charge eraser according to the
      invention,
PAR  FIG. 6 is a schematic diagram showing a wet developing type
      electrophotographic recording apparatus associated with the system of the
      invention,
PAR  FIG. 7 is a graphic diagram showing the relationship between the charge
      erasing velocity and the exposure intensity of the electrophotographic
      sensitive plate in the system of the invention using shielding type charge
      erasers, and
PAR  FIG. 8 is a schematic diagram showing another electrophotographic recording
      system of the invention using shielding type charge erasers.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The principles of the system of the invention will first be described
      below. As previously described by referring to FIG. 1d, it is apparent
      that repeated recording is available when the negative charge which
      remains after the charge transfer by the transferring roller 9 is erased
      by a suitable means.
PAR  To erase the negative charge, it is necessary to supply positive charge to
      the photosensitive plate 4.
PAR  One of the more important aspects of the invention lies in its use of a
      novel positive charge supplying means and charge erasing method. FIG. 3
      illustrates by model the principles of the invention. An enlarged view is
      shown in FIG. 3 for explanatory simplicity wherein a residual charge 13 is
      present on the electrophotographically sensitive plate 4 after a charge
      image has been transferred to a sheet of electrostatic recording paper.
PAR  In FIG. 3, a grounding electrode 11 is installed opposite to the front
      insulating layer 1 of the photosensitive plate 4 having its rear electrode
      3 grounded. Assume that positive ions 12 are introduced into this system.
      Then the positive ions move to the side of layer 1 due to coulomb force
      produced by the potential of the residual charge 13. If a large number of
      positive ions are present, the positive ions compensate for the residual
      charge on the photosensitive plate 4 viewed from the front insulating
      layer until the negative potential becomes zero. Thus, the residual charge
      can be erased after the lapse of a certain length of time.
PAR  This charge erasing time becomes short as the density of positive ions
      present in the gap between the grounding electrode 11 and the front
      insulating layer 1 becomes large. For example, the charge erasing time is
      about several tens to several thousands milliseconds when the gap is 2mm.
      One noteworthy feature of the principle of the invention is that the
      residual charge itself serves as a potential source which attracts ions of
      opposite polarity to that of the residual charge.
PAR  It is considered that the bulk of this negative potential source, i.e., the
      residual charge, is normally of the polarization charge at the front
      insulating layer 1 and the remainder is of the polarization charge at the
      photoconductive insulating layer 2 or of the connective internal
      polarization charge.
PAR  In accordance with the invention, the residual charge includes all charges
      which appear as a negative potential from the side of grounding electrode
      11.
PAR  For explanatory simplicity, the charge is assumed to be held on the front
      insulating layer 1. As described above, the principles of the invention
      are broadly summarized as (i) the grounding electrode 11 is disposed on
      the side opposite to the front insulating layer 1, and (ii) ions of
      opposite polarity to that of the residual charge are present in the gap
      between the grounding electrode 11 and the front insulating layer 1, which
      ions are attracted by the coulomb force occassioned by the residual
      charge.
PAR  A system capable of satisfying these conditions is schematically
      illustrated in FIG. 4 wherein an AC power source is used as a corona
      source for producing both positive and negative ions. FIG. 4 shows a
      sectional view of a shielding type charge eraser 17 which is shielded
      against corona electric field and which comprises a grounding guard
      electrode 14a and a transparent guard electrode 14b constituted of Nesa
      glass or metal mesh through which light can be introduced thereinto.
PAR  The reference numeral 15 denotes a mesh electrode made of copper, stainless
      steel, nickel or the like, which is installed opposite to the transparent
      guard electrode 14b and below the grounding guard electrode 14a. A corona
      wire 16 is disposed between the mesh electrode 15 and the transparent
      guard electrode 14b. This corona wire is of tungsten wire or gold-plated
      tungsten wire 50 to 100 microns in diameter.
PAR  An electrophotographically sensitive plate 4 (or briefly, photosensitive
      plate 4) of the type as previously described consists essentially of a
      front insulating layer 1, a photoconductive sensitive layer 2, and a rear
      electrode 3. The numeral 18 denotes an AC corona source having one
      terminal grounded together with the grounding guard electrode 14a, and the
      other terminal connected to the corona wire 16.
PAR  In FIG. 4, assume that the residual charge is at negative polarity, and
      that a corona voltage Vd is applied to the corona wire 16 from the AC
      corona source 18. This causes the corona wire 16 to produce a large number
      of positive and negative ions which are confined inside the charge eraser
      17 since the corona electric field around the corona wire 16 is shielded
      by the guard electrode 14a, transparent guard electrode 14b and mesh
      electrode 15.
PAR  The mesh electrode 15 must meet the following conditions:
PAR  a. The mesh must be so fine that the AC corona voltage Vd can be
      effectively shielded.
PAR  b. The mesh must be so loose that positive ions can be passed therethrough.
PAR  There is a range of mesh for practical applications. For example, when the
      gap between the mesh electrode 15 and the photosensitive plate 4 is 1 to 5
      mm, the mesh may range from 10 to 50 in view of corona shielding or from
      2000 to 5000 in view of ion transmissivity. Thus, the range of practical
      meshes was found to be fairly wide.
PAR  In this embodiment, an electrode 15 of 50 to 200 mesh may be used in view
      of ion transmissivity, ability to shield the corona electric field, and
      ease of manufacture.
PAR  By the use of such a mesh electrode, no corona electric field leaks out of
      the charge eraser 17. When a residual charge is present on the front
      insulating layer 1 of the photosensitive plate 4, the positive ions
      generated in the shielding type charge eraser 17 are attracted by the
      negative potential of the residual charge on the photosensitive plate 4.
      The positive ions leak through the mesh electrode 15 and reach the front
      insulating layer 1 thereby neutralizing the residual charge.
PAR  When the residual charge is neutralized, the potential at the
      photosensitive plate 4 becomes zero, the supply of positive ions from the
      charge eraser 17 to the photosensitive plate 4 stops, and the
      photosensitive plate 4 returns to the state before charge image recording.
PAR  Thus, in the electrophotographic recording system using the shielding type
      charge eraser 17 according to the invention, the prior art problem
      ascribed to the residual charge is solved and the hysteresis effect is
      removed even if recording is repeated. Furthermore, according to the
      invention, any corona generating electric field may be used as long as
      such corona electric field accompanies the generation of positive ions
      because the corona electric field is shielded and positive ions necessary
      for neutralizing the residual charge are derived according to the
      potential of the residual charge.
PAR  In the embodiment of FIG. 4, a commercial frequency of 60 or 50 Hz is used
      for the corona source 18 with the result that the cost of the corona
      source is diminished.
PAR  Referring to FIG. 5, another embodiment is schematically illustrated
      wherein positive DC corona discharge is utilized for the corona source.
      This embodiment differs from the previous one in its use of a positive
      corona source 18'.
PAR  More specifically, the electric field of the corona wire 16 is shielded by
      the guard electrode 14a, ion transmissive guard electrode 14b, and mesh
      electrode 15. A large number of positive ions are produced in the
      shielding type charge eraser 17 by the positive corona source 18'. By the
      use of mesh electrode 15 which is constituted to meet the foregoing
      conditions, no corona electric field leaks out of the charge eraser 17 and
      positive ions escape through the mesh electrode 15 by diffusion. How
      positive ions escape is indicated by the dotted lines in FIG. 5. For the
      sake of simplicity, it is assumed that the negative charge is present only
      in the right side of the photosensitive plate 4 placed below the shielding
      type corona charger 17 and that the charge is not present on the left side
      thereof. As shown in FIG. 5, the mesh electrode 15 and the rear electrode
      3 of the photosensitive plate 4 are at the same potential, i.e., ground
      potential. In this state, no electric field acts on positive ions which
      escape from the mesh on the left side of the photosensitive plate 4. As a
      result, the escaping ions are localized in the neighborhood of the mesh
      electrode 15 and exert no effect upon the photosensitive plate 4. On the
      right side where negative charge is present, an electric field owing to
      the negative charge is applied to the escaping positive ions to cause the
      positive ions to move to the photosensitive plate 4. This means that the
      escaping positive ions which have been localized in the vicinity of the
      mesh electrode 15 are liberated. This state is depicted by model on the
      right side of the mesh electrode 15 in FIG. 5. The positive ions which
      have escaped therefrom due to the negative charge potential reach the
      surface of the front insulating layer 1 and neutralize the residual charge
      on the insulating layer 1. After the charge is neutralized, the positive
      ions are localized again in the vicinity of the mesh electrode as in the
      state on the left side thereof. In other words, by the use of the charger
      17, the neutralization of the charge stops when the potential viewed from
      the side of the mesh electrode becomes zero.
PAR  Another embodiment of the invention is shown in FIG. 6, wherein the
      invention is applied to an electrophotographic recording apparatus of a
      wet developing system. An electrophotographically sensitive plate 4 is
      disposed on a rotary drum 19 of aluminum, iron or the like, which is
      continuously rotated in the direction of arrow mark A.
PAR  A negative corona charger 5 is disposed near the rotary drum 19 and
      photosensitive plate 4. A lens system 21 and an original 20 are disposed
      at a given interval from each other on the axial line of the corona
      charger 5.
PAR  A light source 22 is installed near the photosensitive plate 4. A shielding
      type charge eraser 17 and an exposure lamp 26 are disposed substantially
      on the axial line of the light source 22.
PAR  In FIG. 6, the numeral 9 denotes a transferring roller, 10 a transferring
      roller bias source, 8 electrostatic recording paper, 23 a developing part,
      24 a fixing part, and 25 a cutter. The recording paper 8 is transported in
      contact with the photosensitive plate 4 and the transferring roller 9,
      passed through the developing part 23 and the fixing part 24, and then cut
      by the cutter 25.
PAR  The charge image is recorded in the following manner. The image light
      reflected from or transmitted through the original 20 is projected on the
      negative corona charger 5 by way of the lens system 21. The corona charger
      5 is of the construction with its top optically opened so that both
      exposure and charging are available from the side of its top. There are no
      limitations on the negative corona charger 5 with respect to the general
      concept of negative corona charges conceivable in the prior art.
PAR  A charge image is formed on the photosensitive plate 4 in the position
      under the negative corona charger 5 by the simultaneous exposure and
      charging method described with reference to FIG. 1. At the position of
      transferring roller 9, the charge image is transferred to the
      electrostatic recording paper 8 under the application of a transferring
      bias voltage Vb supplied from the transferring bias source 10. In this
      step, the transferring bias voltage is not essential and may be grounded.
      The charge image transferred to the recording paper 8 is toner-developed
      in the developing part 23, subjected to heat in the fixing part 24, and
      the recording paper is cut to a suitable length by the cutter 25. Thus a
      cycle of the recording process is completed.
PAR  After the charge image transfer, the photosensitive plate 4 holding the
      residual charge is rotated in the arrow-marked direction to the position
      under the shielding type charge eraser 17. As previously described, the
      charge eraser 17 is capable of neutralizing the surface potential of the
      photosensitive plate 4 by the air of the residual charge on the
      photosensitive plate.
PAR  To effectively erase the residual charge on the front insulating layer 1,
      the photoconductive sensitive layer 2 must be of low resistance to allow
      the presence of as many carriers as possible. For this purpose, light is
      applied to the photosensitive plate 4 from the exposure lamp 26 by means
      of the charge eraser 17 through the mesh electrode.
PAR  The aim of this exposure is to accelerate the neutralization of the charge
      on the photosensitive plate 4 and is not to form a polarization state of
      reverse polarity as in the inverted electric field method in the prior
      art.
PAR  This exposure step is not needed when the resistance of the photoconductive
      sensitive layer is relatively low because the velocity of charge
      neutralization depends upon the quantity of positive ions moved by the
      force of residual charge present on the photosensitive plate 4.
PAR  FIG. 7 shows a typical example of the relationship between the charge
      erasing velocity and the dose of light applied. In FIG. 7, the curve a
      represents the relationship measured with no light applied, the curve b
      the relationship measured with light applied at 10 lux.sup.. sec, and the
      curve c the relationship measured at 500 lux.sup.. sec, under the
      condition that the AC corona voltage is 5.0 kV, and the gap between the
      mesh electrode 15 and the photosensitive plate 4 is 2 mm. The charge
      erasing velocity largely depends on the construction and operating
      condition of the shielding type corona charge eraser 17. Experimentally,
      the illuminance needed was greater than 25 lux in order to erase the
      residual charge in 0.4 sec.
PAR  The curve c is obtained at a sufficiently high illuminance, that is, 500
      lux, where the greatest erasing velocity is attained. This erasing
      velocity is about 0.2 seconds which depends on the quantity of positive
      ions produced in the shielding type charge eraser as well as on the gap
      between the photosensitive plate 4 and the mesh electrode 15 and on the
      capacitance (pf/cm.sup.2) of the front insulating layer 1.
PAR  According to the invention, the residual charge is neutralized or erased by
      the charge eraser 17 by utilizing the potential of the residual charge
      itself. An external electric field needed to form a charge image on the
      photosensitive plate 4 is limited to the negative charger 5. This makes it
      possible to reduce the number of charging steps in comparison with that
      needed in the prior art, and to thereby minimize damage on the
      photosensitive plate due to corona charging.
PAR  The photosensitive plate from which the residual charge is removed by
      positive corona produced when a positive corona voltage, +Vd, is applied
      from the positive corona source to the corona wire 16 of the shielding
      type charge eraser 17 is further rotated to the position of negative
      corona charger 5 wherein another charge image is recorded on the
      photosensitive plate free of the influence of the residual charge.
PAR  The light source 22, i.e., a uniform exposure lamp, may be installed before
      the step of image transfer as shown in FIG. 6. It is to be understood that
      the embodiment illustrated in FIG. 6 is but one arrangement according to
      the invention and a variety of modifications may be made to the disclosure
      arrangement. Several specific examples of these modifications will be
      described below.
PAR  As previously described, one of the more important constituent elements of
      the system of the invention is the shielding type charge eraser 17 which
      must satisfy the following conditions:
PAR  a. The corona electric field must be effectively shielded from the
      photosensitive plate 4.
PAR  b. Only ions can be supplied to the photosensitive plate 4.
PAR  Thus, many modifications may be made of the disclosed construction as long
      as these conditions are met. One example of modifications will be
      described by referring to FIG. 8.
PAR  In FIG. 8, a corona wire 16 is disposed between a pair of grounding
      electrodes 28, and a corona charger 29 is constituted of the corona wire
      16 and the grounding electrodes 28. A number of porous shielding plates 27
      of mesh or like construction capable of shielding the AC corona electric
      field of the corona charger 29 and permitting ions to be transmitted
      therethrough are disposed at regular intervals facing one end of the pair
      of grounding electrodes. The shielding plates 27 are grounded at one side
      and thus are able to serve as the shielding type charge eraser 17 as in
      the embodiment described in reference to FIG. 6. In the foregoing
      embodiments, commercial AC power is used with the aim to save the cost of
      a separate power source. It is apparent that the invention is not limited
      to this example but any power source of alternating waveform may be used.
      For example, an AC sine-wave power source of several kilohertz to several
      tens kilohertz may be used to maintain a stable corona discharge in the
      shielding type charge eraser 17. Instead of a sine-wave power source, a
      square-wave or sawtooth-wave power source may be used.
PAR  Furthermore, for example, a positive DC voltage may be superposed on AC
      power. This makes it feasible to derive positive ions from the charge
      eraser with higher efficiency.
PAR  When DC corona discharge is employed, a bias resistor 30 indicated by a
      dotted line is installed as shown in FIG. 8 to enable the pair of
      grounding electrodes 28 to be at a potential slightly on the positive side
      with respect to the shielding plates 27. With this arrangement, the
      density of ions moving toward the shielding plates 27 can be increased and
      thus the neutralization of the residual charge can be accelerated.
PAR  In the foregoing embodiments, the mesh electrode and the shielding
      electrode are kept at ground potential. According to the invention,
      "ground potential" is taken to be the potential of the photosensitive
      plate 4. To this effect, therefore, a voltage may be applied so as to make
      the potential at the photosensitive plate 4 identical to that at the mesh
      electrode and the shielding electrode.
PAR  In the embodiments described above, the photoconductive layer is formed of
      the mixture of CdS powder and 10 st% organic resin binder. If a Se or
      Se-Te alloy vapor-deposition layer which exhibits p-type conductivity is
      used instead, the polarity of the corona voltage as in the embodiments
      must be reversed.
PAR  Instead of CdS powder, other photoconductive materials may be used; such
      as, for example, CdSe, CdSx, Se.sub.1-x, ZnS, wt % xZn.sub.1-x S, ZnO,
      PbO, polyvinylcarbazole, and Se-polyvinylcarbazole compound.
PAR  In the embodiments disclosed above, only the system in which the charge
      image transferred to the electrostatic recording paper is developed in a
      liquid developer is shown. Other systems may be employed instead of this
      wet developing system; for example, the dry type developing system may be
      used wherein a bias voltage is applied to the developer magnetic brush to
      make the developing level adjustable.
PAR  The original to be recorded includes books, as well as an optical image
      displayed in terms of a flying spot. The invention may also be utilized
      with facsimile and electronic printers.
PAR  Although specific embodiments of the invention have been disclosed herein
      in detail, it is to be understood that this is for the purpose of
      illustrating the invention and should not be construed as necessarily
      limiting the scope of the invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An electrophotographic recording system comprising
PA1  means for forming a charge image of specific polarity on an
      electrophotographically sensitive plate,
PA1  means for transferring the charge image to a recording paper, and
PA1  means for neutralizing the residual charge on the electrophotographically
      sensitive plate comprising a shielding type charge eraser comprising
PA1  means for generating a corona discharge producing an electric field and a
      large number of ions,
PA1  means for shielding the electric field from the residual charge and
      permitting only ions of a polarity opposite to the residual charge to be
      disposed adjacent to the electrophotographically sensitive plate, the ions
      of a polarity opposite to the residual charge being attracted by the
      residual charge to neutralize the residual charge.
NUM  2.
PAR  2. An electrophotographic recording system as claimed in claim 1 wherein
      the shielding type charger eraser is disposed to face the
      electrophotographically sensitive plate and is operated to generate an AC
      corona discharge.
NUM  3.
PAR  3. An electrophotographic recording system as claimed in claim 1 wherein
      the shielding type charge eraser is disposed to face the
      electrophotographically sensitive plate and is operated to generate a DC
      corona discharge of opposite polarity to that of the residual charge.
NUM  4.
PAR  4. An electrophotographic recording system as claimed in claim 1 wherein
      the electrophotographically sensitive plate consists of at least three
      layers; a front insulating layer, a photoconductive sensitive layer, and a
      rear electroconductive layer.
NUM  5.
PAR  5. An electrophotographic recording system as claimed in claim 4 further
      comprising means for applying light to the photoconductive sensitive layer
      while neutralizing the residual charge.
NUM  6.
PAR  6. An electrophotographic recording system as claimed in claim 4 wherein
      the shielding type charge eraser comprises a top transparent guard
      electrode, side guard electrodes, a bottom mesh electrode, a corona wire
      disposed between the electrodes, and a corona source to generate a voltage
      between the guard electrodes and the corona wire.
NUM  7.
PAR  7. An electrophotographic recording system as claimed in claim 4 wherein
      the shielding type charge eraser comprises a corona wire and a pair of
      grounding electrodes, shielding plates disposed at regular intervals
      facing the grounding electrodes, and a corona source to apply a voltage
      between the grounding electrodes and the corona wire.
NUM  8.
PAR  8. An electrophotographic recording system as claimed in claim 7 wherein
      the shielding plates are of porous material and are maintained at ground
      potential.
NUM  9.
PAR  9. An electrophotographic recording system as claimed in claim 7 further
      comprising a resistor connected between the corona source and a grounding
      electrode.
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ABST
PAL  For use in a single lens reflex camera having a swingable mirror, a device
      for associating the film winding and shutter release in a manner free from
      error, characterized in that an arresting lever is so arranged that the
      book portion thereof is in association with the arresting portion of a cam
      plate associated with the film winding lever and the opposite end of the
      arresting lever is in opposition to one end of an intermediate art lever
      as well as to the tapered surface formed on one end of a member associated
      with the shutter button. The operation of the shutter is automatically
      prevented by the arresting lever until the film winding operation is
      completed. Likewise, the film winding operation is automatically prevented
      by the arresting lever until the shutter button operation is automatically
      prevented by the arresting lever until the shutter button operation is
      completed.
BSUM
PAC  BACKGROUND
PAR  This invention relates to the field of camera equipment and more
      particularly it is related to mechanisms used in conjunction with the film
      winding and shutter release operations in a single lens reflex camera with
      a swingable mirror. The invention is specifically directed to an apparatus
      to prevent or eliminate error related to the interface of the film winding
      and the shutter release operations.
PAR  In the prior art, with less sophisticated cameras, a problem exists in
      making sure that the shutter release button is not activated until the
      film has been advanced for the taking of the next picture. Otherwise, if
      the shutter release button is activated before the film is wound properly,
      the typical result is a double exposure ruining not only the previously
      taken picture, but also the picture just taken. This can be quite
      frustrating to the typical amateur photographer where it may be impossible
      to again recapture the same setting or subject matter which he had
      previously taken.
PAR  Another drawback to the prior art typical cameras is the inability of the
      normal photographer to remember whether he has advanced the film winding
      after taking the last picture. Consequently, in order to be on the safe
      side many times the photographer will advance the film again or a second
      time. This, of course, results in a waste of the film which will require
      the photographer to replace the film in the camera more frequently.
PAC  SUMMARY
PAR  The invention is useful for eliminating the error operations during
      photographing associated with the operation of the shutter button and the
      film winding mechanism in single lens reflex cameras with a swingable
      mirror. When the device is in the position to allow the film winding, the
      shutter button cannot be operated. However, where the shutter button is
      depressed for photometry, the film winding is prohibited. In the half-way
      position of film winding the device also does not allow the shutter button
      depressing operation.
PAR  At the time when the film has been wound, the next film winding operation
      is prevented until the next shutter button operation is completed. During
      operation of the shutter the next film winding operation cannot be
      effected even when the shutter button has been restored. The next film
      winding operation can be effected only after the shutter operation has
      been completed.
PAR  The device comprises an arresting lever which pivots alternately between
      engagement with a cam plate connected to the film winding mechanism and a
      rod connected to the shutter release button. The movement of the arresting
      lever is controlled by an intermediate lever which acts in response to the
      mirror lever and a spring.
PAR  This invention is designed to be of simple construction having a minimum
      number of components in order to be easily incorporated in cameras to
      eliminate the common operator errors associated with the shutter button
      and the film winding.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of the mechanism according to this
      invention;
PAR  FIG. 2 is a bottom view of the mechanism shown in FIG. 1, the mechanism
      being shown in the position before film winding;
PAR  FIG. 3 is a similar view to FIG. 2 showing the mechanism in the position on
      the half-way of film winding; and
PAR  FIG. 4 is a similar view to FIG. 2 showing the mechanism in the position
      after completing the film winding operation.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention will be described hereinunder with reference to a preferred
      embodiment shown in the accompanying drawings. Referring to FIGS. 1 and 2,
      a cam plate or guide member 2 is fixedly attached by use of a screw 3 to
      the bottom end of a film take-up shaft 1 connected to a not shown film
      winding mechanism. The cam plate 2 includes an arresting portion 2a and a
      coaxially protruded circumferential portion 2b and also carries a pin 4
      fixed to it. Pivoted on an axis 6 is an arresting lever or engaging means
      5 urged clockwise (as viewed in FIG. 2) by means of a spring 7.
PAR  One end of the arresting lever 5 carries a hook portion 5a which is
      operative in association with the cam plate 2 while the other end of the
      arresting lever 5 includes a vertically bent portion 5c and an edge 5b
      arranged in opposition to a tapered surface 8a of an axially movable rod
      or adapter 8 associated with the shutter and shutter button which are not
      shown. An intermediate lever 9 is pivoted on an axis 10 and urged
      clockwise by use of a spring 11. One end of the intermediate lever 9 is
      engaged with the vertically bent portion 5c of the arresting lever 5.
PAR  Pivoted on an axis 13 is a mirror charge lever 12 having one end engaged
      with the pin 4 fixed to the cam plate 2 and the other end arranged in
      opposition to a mirror actuating lever 15 carrying a restoring spring 16.
PAR  Now the operation of the foregoing mechanism will be described. FIG. 2
      illustrates the mechanism in the position before winding the film. In this
      position, since the spring force urging the intermediate lever 9 clockwise
      is selected to be larger than the spring force urging the arresting lever
      5 clockwise, then the arresting lever 5 is in a stop position pressed
      against the shutter rod 8 by means of the intermediate lever 9 against the
      action of spring 7. Therefore, the hook portion 5a of the arresting lever
      5 is retracted from the arresting portion 2a of the cam plate 2 thereby
      relieving the take-up shaft 1. Under these conditions if the shutter
      button is depressed for the purpose of light measurement, then the
      associated shutter rod 8 is depressed, thereby rotating the arresting
      lever clockwise by the tapered surface 8a formed on the shutter rod 8 to
      engage the hook portion 5a with the arresting portion 2a of the cam plate
      2. Under these conditions the film winding operation is prevented and the
      vertically bent portion 5c of the arresting lever 5 forces the
      intermediate lever 9 to rotate counterclockwise against the action of
      spring 11 without giving any influence over the other mechanism (the
      position shown in FIG. 2 by two-dotted chain line).
PAR  FIG. 3 illustrates the mechanism in the half-way position of film winding,
      wherein the hook portion 5a of the arresting lever 5 is in opposition to
      the coaxially protruded circumferential portion 2b of the cam plate 2.
      Under these conditions the shutter button cannot be depressed, because
      when the tapered surface 8a thereof is engaged with the arresting lever 5
      and the protruded circumferential portion 2b of the cam plate 2 prevents
      the arresting lever 5 from rotating clockwise by engaging with the hook
      portion 5a.
PAR  FIG. 4 illustrates by the solid lines the mechanism in the position after
      completing the film winding. The mirror charge lever 12 is rotated
      counter-clockwise by means of the pin 4 against the action of spring 14.
      At this time the mirror charge lever 12, against the action of restoring
      spring 16, moves the mirror actuating lever 15 to the shown position until
      it is arrested by a hook (not shown). Immediately before reaching its stop
      position, the mirror actuating lever 15 rotates the intermediate lever 9
      counterclockwise against the action of spring 11, thereby relieving the
      arresting lever 5. In this position, however, the spring 7 cannot rotate
      the arresting lever 5 clockwise because of the engagement of the hook
      portion 5a with the protruded circumferential portion 2b. This prevents
      the shutter rod depressing movement. When the winding lever is restored
      from the winding operation completing position, the cam plate 2 is also
      restored by means of the take-up shaft 1 and simultaneously the mirror
      charge lever 12 is restored by the spring 14. With the restoration of the
      cam plate 2 the arresting portion 2a is engaged with the hook portion 5 a
      of the arresting lever 5, thereby prohibiting the next film winding and
      permitting the shutter release (the position shown in FIG. 4 by dotted
      line).
PAR  When the shutter is released for photographing, the mirror swings up, the
      front screen moves, and in response to a signal developed after exposure
      and immediately before completing the rear screen movement the mirror
      actuating lever 15 is released and restored by the restoring spring 16.
      Accordingly, the intermediate lever 9 rotates clockwise, thereby rotating
      the arresting lever 5 counter-clockwise by means of the vertically bent
      portion 5b. At this time the hook portion 5a of the arresting lever 5
      retreats from the arresting portion 2a of the cam plate 2, thereby
      allowing the next winding operation.
PAR  As is appreciated from the foregoing detailed description, the present
      invention can satisfy, with a very simple construction, all the
      requirements stated in the beginning of this specification for associating
      the film winding operation with shutter release operation in a manner free
      from error. The mechanism of this invention ensures to prevent error
      operations, greatly improving the reliability of the photographing
      operations.
PAR  Although in the shown and described embodiment the shutter rod 8 is shaped
      to have a tapered surface 8a, it may also be shaped to have a stepped
      portion as shown in FIG. 1 by the dotted line. In this case when the
      mechanism is in the position before the film winding, the shutter rod may
      be displaced by a distance of a. This displacement may be used exclusively
      for operating the power switch for the purpose of photometry, while the
      further displacement of the shutter rod 8 may be used for locking and
      releasing the mirror-up lever (not shown). In the position on the half-way
      of film winding as shown in FIG. 3, the arresting lever 5 may be engaged
      into the stepped portion, so that the shutter rod 8 is displaceable only
      for a distance of a and is not operative to release any other members.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combination film winding and shutter release error prevention device
      for use in a single lens reflex camera with a swingable mirror, said
      device comprising:
PA1  a film winding mechanism;
PA1  a shutter button;
PA1  an arresting lever interconnecting said film winding mechanism with said
      shutter button;
PA1  guide means connected to said film winding mechanism; and
PA1  adapter means connected to said shutter button, said arresting lever
      pivotally mounted between said guide means and said adapter means, said
      arresting lever automatically preventing movement of said shutter button
      before said film winding operation is completed.
NUM  2.
PAR  2. A combination film winding and shutter release error prevention device
      for use in a single lens reflex camera as defined in claim 1 wherein said
      arresting lever locks onto said guide means preventing movement of said
      film winding mechanism before the shutter button operation is completed.
NUM  3.
PAR  3. A film winding and shutter interface device in combination with a single
      lens reflex camera with a swingable mirror comprising:
PA1  a film winding mechanism mounted within said camera;
PA1  a shutter release mounted within said camera;
PA1  a cam plate connected to said film winding mechanism, said cam plate having
      an arresting portion and a protruding portion;
PA1  an axially movable rod with a tapered portion responsively connected to
      said shutter release;
PA1  an arresting lever pivotally mounted between said cam plate and said
      tapered rod, one end of said arresting lever locking onto said arresting
      portion of said cam plate when the operation of said film winding
      mechanism is completed and the other end of said arresting lever blocking
      movement of said axially movable rod as said rod is moved toward the
      shutter release position when said shutter operation is completed;
PA1  an intermediate lever pivotally mounted adjacent said arresting lever, said
      intermediate lever moving said other end of said arresting lever in
      contact with said axially movable rod; and
PA1  biasing means attached to said arresting lever, said biasing means moving
      said one end of said arresting lever into said locking position on said
      cam plate.
NUM  4.
PAR  4. A film winding and shutter interface device in combination with a single
      lens reflex camera as defined in claim 3 and additionally comprising:
PA1  a mirror charge lever pivotally mounted adjacent said cam plate; and
PA1  a pin attached to said cam plate, a first end of said mirror charge lever
      in contact with said pin, the second end of said mirror charge lever
      moving said intermediate lever allowing said other end of said arresting
      lever to move away from said axially movable rod and allowing said biasing
      means to move said one end of said arresting lever into said locking
      position with said arresting portion of said cam plate to prevent further
      film winding prior to the shutter release operation.
NUM  5.
PAR  5. An error free film winding and shutter release device for use in a
      single lens reflex camera having a swingable mirror, said device
      comprising:
PA1  a film winding mechanism;
PA1  a shutter button;
PA1  a shutter rod having a tapered surface and responsively connected to said
      shutter button;
PA1  a cam plate mounted on said film winding mechanism and having an arresting
      portion and a protruding portion;
PA1  an arresting lever mounted on said camera with one end responsive to said
      arresting portion of said cam plate and the other end responsive to said
      tapered surface of said shutter rod;
PA1  an intermediate lever attached to said camera with a first end responsive
      to said other end of said arresting lever; and
PA1  a mirror actuating lever attached to said camera for responsive contact
      with a second end of said intermediate lever, said one end of said
      arresting lever locking onto said arresting portion of said cam plate
      preventing operation of said film winding mechanism when said tapered
      surface of said shutter rod contacts said other end of said arresting
      lever by depressing said shutter button, said one end of said arresting
      lever contacting said protruding portion of said cam plate when said film
      winding mechanism is half way through its operation causing said other end
      of said arresting lever to block said shutter rod preventing depression of
      said shutter button, said second end of said intermediate lever being
      moved by said mirror actuating lever when said film winding mechanism
      operation is complete causing said one end of said arresting member to
      lock onto said arresting portion of said cam plate preventing operation of
      said film winding mechanism and allowing depression of said shutter
      button.
NUM  6.
PAR  6. A film winding mechanism and shutter release button interface device for
      use with a single lens reflex camera, with a swingable mirror, said device
      comprising:
PA1  a guide means attached to said film winding mechanism;
PA1  adapter means connected to said shutter button, said guide means responsive
      to movement of said film winding mechanism, said adapter means responsive
      to movement of said shutter button;
PA1  an arresting lever pivotally mounted in said camera for alternately
      engaging said guide means and said adapter means, one end of said
      arresting lever for contacting said guide means and the other end of said
      arresting lever for contacting said adapter means;
PA1  a spring biased intermediate lever having a first end contacting said
      arresting lever for automatically urging said arresting lever away from
      said guide means; and
PA1  means for automatically moving said urging means into and out of contact
      with said engaging means, said moving means moving said urging means into
      contact with said other end of said arresting lever to pivot said one end
      of said arresting lever out of contact with said guide means to allow
      operation of said film winding mechanism after operation of said shutter
      button has been completed, said other end of said arresting lever
      contacting said adapter means to prevent operation of said shutter button
      before said operation of said film winding mechanism is complete.
NUM  7.
PAR  7. A film winding mechanism and shutter release button interface device for
      use with a single lens reflex camera as defined in claim 6 wherein said
      moving means comprises:
PA1  a mirror charge lever pivotally mounted within said camera, one end of said
      mirror charge lever responsively engaged with said guide means; and
PA1  a mirror actuating lever having one end for contact with the other end of
      said mirror charge lever and for contact with said intermediate lever,
      movement of said guide means causing said other end of said mirror charge
      lever to pivot into contact with and move said one end of said mirror
      actuating lever to pivot said intermediate lever out of engagement with
      said other end of said arresting lever.
NUM  8.
PAR  8. A film winding mechanism and shutter release button interface device for
      use with a single lens reflex camera, said device comprising:
PA1  a guide member attached to said film winding mechanism;
PA1  an adapter member connected to said shutter release button; and
PA1  an arresting lever pivotally mounted in said camera for interconnecting
      said guide member and said adapter member, said arresting lever pivotal
      between two positions, said arresting lever locking onto said guide member
      in said first position preventing operation of said film winding
      mechanism, said arresting lever contacting said adapter means in said
      second position preventing operation of said shutter release button;
PA1  biasing means connected to said arresting lever to bias said arresting
      lever into contact with said guide member;
PA1  an intermediate lever pivotally mounted adjacent said arresting lever, one
      end of said intermediate lever contacting said arresting lever when said
      arresting lever is in said second position;
PA1  biasing means connected to said intermediate lever to bias said
      intermediate lever into contact with said arresting lever, said
      intermediate lever biasing means being stronger than said arresting lever
      biasing means, said arresting lever blocking movement of said adapter
      member preventing operation of said shutter button when said arresting
      lever is in said second position;
PA1  a mirror actuating lever mounted in said camera; and
PA1  a mirror charging lever pivotally mounted between said guide member and
      said mirror actuating lever, said mirror charging lever responsive to
      movement of said guide member resulting in movement of said mirror
      actuating lever to move said intermediate lever out of contact with said
      arresting lever allowing said arresting lever biasing means to move said
      arresting lever into said first position.
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ABST
PAL  A bilateral zener diode is described having improved terminal
      characteristics including a low noise factor, a predictable breakdown
      voltage level in the reverse breakdown mode within plus or minus 3
      percent, and providing a sharp reference voltage which is substantially
      independent of diode current. This bilateral conducting diode is achieved
      by utilizing a collector ring diffusion of the same conductivity type as
      the anode diffusion, but spaced from both the anode diffusion and the
      cathode diffusion. In the forward bias conduction mode, the flow of
      current from the anode to the cathode is collected by the collector ring
      and returned to the cathode providing a forward transfer efficiency which
      is typically 90 percent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are many different forms of prior art zener diode construction and
      each one attempts to achieve improved circuit characteristics including
      the following general classes. A sharp reference voltage breakdown is
      desired as the prime function of the zener diode. This reference voltage
      level should be predictable, and should be nearly independent of diode
      current. A zener diode should have a low noise performance characteristic
      which minimizes the broad band noise normally generated by a zener diode.
      This broad band noise is detrimental to the operation of the circuit
      because many times it is coupled to the output and provides a noise
      characteristic at the output terminals. A zener diode for special circuit
      operations should be bilaterally conducting insofar as it not only
      operates in the reverse breakdown mode for generating a reference voltage,
      but it also operates as a forward biased rectifying diode. Most prior art
      zener diodes which operated in the forward biased direction possessed an
      extremely low current transfer efficiency from the anode to the cathode.
      In the prior art devices, this transfer efficiency was no greater than 10
      percent. The current flowing from the anode to the cathode escapes to the
      substrate and is not collected by the cathode.
PAR  An additional characteristic of a zener diode is that the required reverse
      breakdown current drawn in the DC state should be kept as low as possible
      so as to reduce the standby current drain from the battery when the zener
      diode is operating in an automobile within the battery regulator. In all
      other environments, a low standby current reduces temperature of the
      device by reducing power dissipation in the device.
PAR  In the prior art, an NPN transistor is used as a zener diode in order to
      achieve bilateral conduction. However, such an NPN transistor uses the
      emitter-base junction operated in the reverse breakdown mode as the zener
      junction. Such a device, when operating as a zener diode, has two basic
      drawbacks. First, to achieve the low noise and provide a solid reference
      voltage, the reverse breakdown current must be very large. These large
      currents are measured in the milliamps and such a current creates a
      temperature problem on an IC chip which must dissipate heat generated in
      the zener diode. When the current flow is reduced to avoid the temperature
      problems, the reference voltage level is no longer predictable, but
      rather, it varied within the range of ten percent of its design value. A
      low current flow of 100  microamps in an NPN transistor still resulted in
      a 3 millivolt RMS noise signal, as the typical noise signal, at the output
      terminal. Accordingly, such an NPN transistor connected as a zener diode
      provides a poor reference voltage standard as well as provides a high
      noise term on the reference voltage.
PAR  The prior art also teaches the use of a zener diode using the finger
      emitter design for achieving high current density with a low reverse
      current. While this construction gives a low noise at a reasonably low
      current, it is a poor device for operating in the bilateral conduction
      mode. The transfer efficiency from the anode to the cathode is again less
      than 10 percent.
PAC  OBJECTS OF THE INVENTION
PAR  The present invention relates generally to integrated circuit apparatus
      and, more particularly, to a novel integrated circuit bilaterally
      conducting zener diode having a low noise characteristic and a predictable
      breakdown voltage, in the reverse breakdown mode, which is substantially
      independent of diode current.
PAR  It is an object of the present invention to provide a bilaterally
      conducting zener diode.
PAR  Another object of the present invention is to provide a bilaterally
      conducting zener diode having a low noise characteristic and having a
      predictable breakdown voltage in the reverse breakdown mode at a low
      reverse breakdown current.
PAR  A still further object of the present invention is to provide a bilaterally
      conducting zener diode which is able to provide the reference voltage
      level substantially independent of diode current.
PAR  Another object of the present invention is to provide a bilaterally
      conducting zener diode which maximizes current density across the junction
      of the diode when operated in the reverse breakdown region in that area
      where current flows from anode to cathode by utilizing the finger anode
      type construction.
PAR  A still further object of the present invention is to provide a bilaterally
      conducting zener diode wherein the anode region protrudes into the cathode
      region as a finger structure and wherein a collector ring is diffused
      around the anode for operating as a means for collecting all the anode
      current flowing from the anode to the cathode when the zener junction is
      forward biased.
PAR  Another object of the present invention is to provide a bilaterally
      conducting zener diode utilizing a diffused collector ring surrounding the
      anode region for collecting the anode current as it flows outwardly from
      the anode region.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a zener diode wherein the anode region
      of the diode appears as a finger-like projection into the cathode region
      for maximizing the current density flow across the zener PN junction
      thereby achieving improved noise performance. Such a combination is
      well-known in the prior art as it is fully described at Page 369 of an
      IEEE Journal of Solid State Circuits, Vol. SE-6, December, 1972, beginning
      at Page 366.
PAR  Such a finger zener diode has a very poor bilateral conducting
      characteristic when operated in the forward biased mode. The transfer
      efficiency of current flowing from the anode to the cathode is less than
      ten percent of the total current flowing. This occurs because the current
      flowing from the anode to the cathode is collected by the substrate and it
      is no longer available as part of the anode-cathode current flow.
PAR  The present invention corrects this defect in the prior art finger zener
      diode design by adding a diffused region surrounding the anode region and
      spaced close to the cathode region for collecting the current flowing out
      of the anode and returning it to the cathode terminal. By adding the
      collector ring, the transfer efficiency is improved to typically 90
      percent.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of a prior art zener diode comprising an NPN
      transistor connected as a zener diode.
PAR  FIG. 2 is a schematic drawing showing the connection of the NPN transistor
      as a zener diode.
PAR  FIG. 3 shows a cross-sectional view taken along the line 3--3 in FIG. 1.
PAR  FIG. 4 shows a top view of the prior art finger zener diode.
PAR  FIG. 5 shows the cross-sectional view taken along the line 5--5 of FIG. 4.
PAR  FIG. 6 is a schematic drawing of the finger zener diode.
PAR  FIG. 7 shows a top view of the zener diode made according to the present
      invention.
PAR  FIG. 8 shows a schematic view of the zener diode shown in FIG. 7.
PAR  FIG. 9 shows a cross-sectional view of the zener diode shown in FIG. 7
      taken along the line 9--9.
PAR  FIG. 10 shows a circuit diagram of an automotive voltage regulator
      utilizing zener diodes as described herein.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, there can be seen the top view of an NPN transistor
      connected as a zener diode. The NPN transistor is generally indicated by
      the reference numeral 2 and is positioned within an epi tub 4. The NPN
      transistor diode includes a cathode diffusion at 6, an anode diffusion at
      8, and a junction isolation diffusion indicated at 10. Corresponding
      portions of an NPN transistor would be the collector as represented by the
      region 4, the base by the region 8 and the emitter represented by the
      region 6. The cathode contact is shown at 12, and the anode contact is
      shown at 14.
PAR  Referring to FIG. 2, there is shown a schematic representation of the
      structure shown in FIG. 1. The emitter is shown connected to an output
      terminal 16 which corresponds to the cathode terminal 12 of the zener
      diode. The base terminal is connected to the collector terminal and their
      junction is connected to a second output terminal 18 which corresponds to
      the anode terminal 14 of the zener diode.
PAR  Referring to FIG. 3, there is shown the cross-sectional view showing the
      diffusion made into a substrate 20 to form the NPN transistor
      configuration. Similar regions will be given the same identifying numbers.
      The collector region or epi tub is shown at 4. The cathode or emitter
      region is shown at 6, and the base or anode diffusion is shown at 8. At
      the same time that the emitter diffusion 6 is made, a diffusion is also
      made at 22 so as to short the collector-base junction by the anode contact
      shown as 14. The cathode contact is shown at 12.
PAR  This prior art NPN transistor connected as a zener diode is able to provide
      both a low noise factor and a solid reference voltage output only when
      using large currents. These large currents are greater than one milliamp.
      However, such a large current as this causes high thermal temperatures to
      exist within the chip. Therefore, from a thermal viewpoint, an NPN
      transistor connected as a zener diode is undesirable. When the current
      flow is reduced to the range of 1/2 milliamp or below, the output
      characteristics of the circuit are unpredictable and typically suffer with
      10 percent variation in breakdown voltage as standard and a three
      millivolt RMS noise signal superimposed on the reference voltage available
      at the cathode terminal.
PAR  Referring to FIG. 4, there is shown a top view of the finger zener diode
      which is well-known in the prior art. The epi tub is shown at 30 having an
      anode diffused region at 32 and the cathode diffused region at 34,
      respectively. The anode contact is shown at 36 while the collector contact
      is shown at 38, respectively. A junction isolation diffusion encircles the
      structure and is shown at 40.
PAR  Referring to FIG. 5, there is shown a cross-sectional view of the device
      shown in FIG. 4, taken along the line 5--5. The P type substrate is shown
      at 42 having the P type junction isolation diffusion at 40. The N type epi
      tub is shown at 30, while the anode is shown at 32. The cathode is shown
      at 34. The anode contact is shown at 36, while the cathode contact is
      shown at 38. While this finger diode structure is well known in the prior
      art for its ability to maximize current density and give low noise factor
      at the output reference voltage, it is a poor bilaterally conducting
      structure. When a finger zener diode is used as a rectifying diode in the
      forward biased direction, only 10 percent of the anode current flow
      reaches the cathode terminal. Accordingly, a finger zener of the design
      shown in FIGS. 4 and 5, is not suitable for use in that application
      wherein the zener diode is needed to be used not only as a reference
      voltage generator, but also as a rectifying diode operated in the forward
      biased direction.
PAR  FIG. 6 shows the schematic view of the finger zener diode.
PAR  Referring to FIG. 7, there is shown the zener diode of the present
      invention. The zener diode of the present invention includes an N type epi
      isolation region at 50, a collector ring diffusion at 52. The cathode
      region is at 54 and the anode region is shown at 56. The anode is
      separated from the collector ring by a portion of the N type epi region at
      58. The cathode contact is shown at 60, and is in contact to both the
      collector ring and the cathode region. The anode contact is shown at 62.
PAR  Referring to FIG. 8, there is shown the schematic view of the connection of
      the structures shown with reference to FIG. 7. The emitter electrode 64
      provides the anode terminal at 66. The base electrode 68 is connected to
      the collector electrode 70, and together they provide the cathode terminal
      at 72.
PAR  Referring to FIG. 9, there is shown a cross-sectional view of the structure
      shown in FIG. 7 taken along the line 9--9. The P-substrate is shown at 74
      while the epi isolation region is shown at 50. The anode diffusion is
      shown at 56 while the cathode diffusion is shown at 54. The anode contact
      is shown at 62 while the cathode contact is shown at 60. The collector
      diffusion ring is shown at 52. The region of the epi isolation pocket
      separating the collector diffusion ring from the anode is shown at 58.
PAR  The important addition to the prior art structure as shown with reference
      to FIG. 7, is the addition of a collector ring 52 which is positioned
      adjacent to the cathode diffused region and spaced from the anode region.
      When the current in the forward biased direction from the anode to the
      cathode leaves the anode region, it diffuses in all directions from the
      anode. Accordingly, in a normal zener diode configuration, the anode
      current flowing everywhere except at the anode-cathode junction is lost to
      the substrate thereby reducing the transfer efficiency of the device. In
      the present invention, the collector ring surrounds the anode and is in a
      form similar to a lateral PNP, the collector ring diffusion collects all
      the radiated anode current and returns it to the cathode contact. This
      improves the transfer efficiency to 90 percent of the anode-cathode
      current flow.
PAR  The collector ring 52 may surround less than substantially all of the anode
      as shown in FIG. 7. To the extent that less than all of the anode is
      surrounded, then there will be a reduction in current transfer efficiency
      from the anode to the cathode as some of the current will not be
      collected.
PAR  The collector ring is electrically joined to the cathode region by the
      contact 60. Accordingly, the diffusion forming the ring 52, in a second
      embodiment (not shown), may contact the cathode region and the device
      continues to operate satisfactorily. In this second embodiment, the only
      change is that the collector ring is spaced a little further away from the
      anode in the region near the cathode region.
PAR  The device configuration shown in FIGS. 7, 8 and 9, results in a
      bilaterally conducting zener diode having both the low noise
      characteristic of a finger diode, as well as a predictable breakdown level
      in the reverse breakdown mode. Such a device provides the reference
      voltage level substantially independent of the diode current. In addition
      to these characteristics, the device is a true bilaterally conducting
      diode having a transfer efficiency in the forward biased direction of
      anode to cathode of 90 percent.
PAR  Referring to FIG. 10, there can be seen a schematic diagram of a typical
      voltage regulator used in an automotive environment. The automobile
      battery is represented at 75 having its positive terminal connected
      directly to the BATT. terminal 76 of the alternator represented by a
      typical alternator schematic diagram 77. The battery 75 is also connected
      to an ignition switch 78, an alternator warning light 79 to a first
      terminal 80 of a switching regulator indicated at 81. The normal battery
      input voltage signal is applied to a second terminal 82 of the voltage
      regulator system. A second input signal is provided to the terminal 80.
      The signal available at terminal 80 is the output of diode trio of the
      alternator. In an automobile environment the connection from the battery
      75 to the terminal 82 is frequently broken. The regulator is then
      controlled by the signal from the diode trio.
PAR  The voltage regulator comprises a first Darlington circuit indicated
      generally at 90 and comprising a first transistor 92 and a second
      transistor 94. The base electrode of the first transistor 92 is connected
      to the one side of a resistor 93 and the collector electrode of the first
      transistor 92 is connected to the collector electrode of the second
      transistor 94 and both of these are connected to one side of an alternator
      field coil 95. The emitter electrode of the first transistor 92 is
      connected to the base electrode of the second transistor 94 and the
      emitter electrode of the second transistor is connected to ground.
PAR  A second Darlington circuit is shown as 96 comprising a first transistor 98
      and a second transistor 100. The collector of the first transistor 98 is
      connected to the collector electrode of the second transistor 100 and both
      of these electrodes are connected to the junction of the base electrode of
      the transistor 92 and one side of the resistor 93. The emitter electrode
      of the transistor 98 is connected to the base electrode of the transistor
      100 and the emitter electrode of the transistor 100 is connected to
      ground. The base electrode of the transistor 98 is connected to an anode
      electrode of a first zener diode 102 and to an anode electrode of a second
      zener diode 104. The cathode electrode of the zener diode 102 is connected
      to the junction of a first resistor 106 and a second resistor 108. The
      other side of the resistor 108 is connected to ground. The other side of
      the resistor 106 is connected to the junction of the input terminal 80 and
      the other side of the resistor 93. The cathode electrode of the zener
      diode 104 is connected to the junction of a third resistor 110 and a
      fourth resistor 112. The other side of the resistor 112 is connected to
      ground, while the other side of the resistor 110 is connected to the input
      terminal 82.
PAR  In operation, a 12 volt battery 75 is kept fully charged by maintaining a
      14 volt charging voltage across the battery at all times. This is the
      recommended charging voltage for such a 12 volt battery. It is desirable
      that this charging voltage does not exceed 14 volts because any excessive
      voltage causes internal currents to flow in the battery which will damage
      the battery by excessive heat. Accordingly, a design limitation is to
      maintain a 14 volt charging voltage across the battery 75. This 14 volt
      charging voltage is desired regardless of whether or not the headlights of
      the automobile are on or off or whether the car is idling or racing. For 6
      volt battery, or a battery of any rating, the zener diodes operate the
      same. The alternator is different.
PAR  The resistor 93 is connected to the positive side of the battery 75 and
      current flows through resistor 93 when the ignition switch 78 is closed to
      provide drive current to transistor 92. This drive current turns on the
      Darlington pair 90. When the Darlington pair 90 is turned on, current is
      pulled through the field coil 95 and the alternator responds by providing
      additional voltage across the battery by the BATT. connection 76.
      Accordingly, the voltage across the battery is continuously increased on
      demand of the bias current flowing into the base electrode of the
      transistor 92. In order to reduce this charging voltage across the battery
      75, the bias current through the resistor 93 must be diverted through the
      transistor 100 to ground.
PAR  In order to divert the current through the transistor 100, the Darlington
      pair 96 must be turned on. This Darlington pair is turned on in response
      to a suitable signal at either one of the input terminals 80 or 82. In the
      normal mode of operation, when the voltage across the battery 75 is of a
      suitable magnitude, i.e., 14 volts, the current flowing in the resistors
      110 and 112 reverse biases the zener diode 104 causing a voltage level
      equal to two base emitter drops to be applied to the base electrode of
      transistor 98. This is the normal mode of operation when the connections
      between the input terminal 82 and the battery is available. However, this
      connection is often broken and voltage regulation becomes difficult as
      described hereinafter. This voltage at the base of the transistor 98 is
      sufficient to turn on the Darlington pair 96, thereby taking the current
      from the base of transistor 92 and by-passing it to ground through the
      transistor 100.
PAR  The system operates in the same manner in response to a signal applied to
      the terminal 80. A current flows in resistors 106 and 108 and provides a
      reverse breakdown voltage level to the zener diode 102. The zener diode
      provides a control signal to the base of the transistor 98 turning on the
      Darlington pair 96 and by-passing the current through the resistor 82 to
      ground. The control signal applied to the base of transistor 98 is also at
      a level equal to two base-emitter drops.
PAR  In this normal mode of operation, it is important to note that the
      Darlington pair 96 is only caused to conduct when the base electrode of
      the transistor 98 is raised to a voltage level equal to at least two base
      emitter voltage drops. One base emitter drop is required to forward bias
      transistor 98 and the second base emitter drop is required to forward bias
      transistor 100. Accordingly, the base electrode of the transistor 98 must
      be raised to a voltage level of at least two base-emitter drops before the
      Darlington pair 96 is turned on.
PAR  In the event that either of the input signals available at terminals 80 or
      82 is disconnected, then the system is subject to harm unless the
      Darlington pair 96 can be turned on for diverting the drive being pulled
      through the field coil 95.
PAR  In the automotive regulator, the main reason for the zener diode 104 to be
      bilaterally conducting is to handle that situation when the connection to
      the battery 75 is broken and the regulator loses its signal at input
      terminal 82. When the signal at terminal 82 is lost, the regulator
      responds to the voltage available at terminal 80 supplied by the diode
      tria terminal 83 of the alternator. The voltage at terminal 80 provides a
      current through resistor 93 and forward biases transistor 92 pulling
      current through coil 95. The alternator responds by generating a higher
      voltage at its BATT. terminal 76 for application to the battery 75. A
      correspondingly higher voltage is available at terminal 80. Since the
      connection is broken at terminal 82, the higher voltage across the battery
      is not available to forward bias the transistor 98 through the path
      including the zener diode 104. Accordingly, the voltage at terminal 80
      must be used to turn on transistor 98. In this situation, the new current
      path for providing a voltage level of two base-emitter voltage drops is
      from terminal 80, through resistor 106, through the zener diodes 102 and
      104 and resistor 112 to ground. In this path, the zener diode 104 must be
      a bilaterally conducting diode having high transfer efficiency in the
      forward bias mode from the anode to the cathode for creating a voltage
      level of at least two base-emitter drops at the base of transistor 98.
PAR  The current flow from the diode trio terminal 80 is through the resistors
      106 and 108 to ground for creating a reverse bias voltage at the cathode
      of zener diode 102. When the reverse breakdown voltage is reached and the
      zener diode 102 conducts in the reverse breakdown mode, current flows
      towards the base of transistor 98. However, before the Darlington pair 96
      can conduct, the voltage at the base of transistor 98 must be two base
      emitter drops above ground. The current path now includes the zener diode
      104, conducting in the forward direction. Current will flow through zener
      diode 104, when a voltage level of one base-emitter voltage drop is
      available. Therefore, the biasing current for transistor 98 is diverted
      away from the base of transistor 98 and flows through diode 104. The
      current from the zener diode 102 flows through the zener diode 104 and
      then to ground through the resistor 112. When the zener diode 104 is a
      poor conductor in the forward bias mode, only a fraction of the current
      flowing into the anode reaches the cathode and hence, can flow to ground
      through the resistor 112. Hence, if a certain amount of current is
      necessary to flow through resistor 112 before the two base emitter drop
      voltage level is available at the base of the transistor 98, then the
      current flow through the zener diode 104 must increase until this voltage
      is available at the base electrode. In the prior art, the transfer
      efficiency or current flow from the anode to the cathode in the forward
      bias mode is only ten percent of the current flowing into the anode.
      Accordingly, the alternator field coil must put out an excessive amount of
      current and must raise the voltage on the battery to an excessive level
      and cause excessive amount of current to flow through the battery. The
      signal at terminal 80 must cause a current to flow into the zener diode
      104 which is ten times greater than necessary to create a voltage level of
      one base-emitter voltage across the resistor 112.
PAR  A zener diode of the present invention when placed in position of the zener
      diodes 102 or 104, transfers the current with much higher efficiency from
      the anode to the cathode. The voltage at the junction of the resistor 112
      and the cathode of zener diode 104 provides an additional one base emitter
      drop by the current flowing to ground through resistor 112. This one base
      emitter drop plus the one base-emitter drop provided by the forward biased
      zener diode 104 provides the two base-emitter drop to the base of
      transistor 98 required by the Darlington 96 to turn on the Darlington 96
      and takes the bias current away from the Darlington 90 and thus reduce the
      voltage put out by the alternator.
PAR  The improved current transfer efficiency of the zener diode 104 causes more
      current to pass through the diode 104 at a lower voltage at terminal 80 to
      bring the regulator back into operation after the cable to the battery is
      broken and the lead at terminal 82 is broken.
PAR  The current transfer efficiency of the zener diodes 102 and 104 are
      sufficiently high that the switching regulator 81 is able to hold the
      charging voltage across the battery to near fourteen volts even when the
      battery connection to terminal 82 is lost. The charging voltage is set as
      fourteen volts by selecting the values of the resistors 106 and 108 and
      110 and 112.
PAR  Various changes and modifications of the proposed embodiment of the
      invention described will be apparent to those of ordinary skill in the
      art, and it is intended that such changes and modifications are covered by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bilaterally conducting zener diode, comprising:
PA1  a semiconductor body of a first conductivity type,
PA1  an anode region positioned within said semiconductor body and being of an
      opposite conductivity type;
PA1  a cathode region positioned within said body and being of said first
      conductivity type and forming a P-N junction with said anode region; and
PA1  a further region of opposite conductivity type surrounding said anode
      region and spaced close to said cathode region for collecting the current
      flowing out of said anode region and contact means for returning such
      current to the cathode region.
NUM  2.
PAR  2. A zener diode as recited in claim 1 wherein a portion of said anode
      region extends under a portion of said cathode region.
NUM  3.
PAR  3. A zener diode as recited in claim 1, and further comprising:
PA1  a contact member connected to said cathode region and said further region.
NUM  4.
PAR  4. A zener diode as recited in claim 1, wherein said further region
      surrounds less than all of said anode region.
NUM  5.
PAR  5. A zener diode as recited in claim 1, wherein said cathode region is
      formed integral with said further region.
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ABST
PAL  A nickel-palladium alloy in the form of a layer is contacted by one portion
      of one main face of a semiconductor substrate to form a Schottky barrier.
      A gold layer is disposed upon the nickel-palladium layer and an
      electrically insulating film is disposed on the remaining portion of the
      one main substrate face to contact and surround both layers. The film has
      a thickness equal to or greater than the sum of thicknesses of both
      layers.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a semiconductor device including a Schottky
      barrier and more particularly to means for thermally stabilizing electric
      characteristics of a Schottky barrier included in a semiconductor device.
PAR  It is well known that the Schottky barrier is formed in semiconductors
      adjacent those portions thereof contacted by metallic members and there
      have been previously propsed many types of semiconductor devices utilizing
      the electric characteristics of the Schottky barrier. Some of such types
      of semiconductor devices have been already put to practical use and very
      frequently included the substrate of semiconductive material having
      disposed thereon the metallic layer formed of nickel. This nickel layer
      has been contacted by the substrate to form a Schottky barrier at the
      interface of the layer and substrate.
PAR  Semiconductor devices of the type referred to are often used at fairly high
      temperatures and therefore it is desirable to maintain the electric
      characteristics of those semiconductor device unchanged even at fairly
      high temperatures. In other words, it is desirable to provide
      semiconductor devices of the type referred to be thermally stable in
      electric characteristics. It has been found that the Schottky barrier
      formed by contacting the nickel layer with the semiconductor substrate is
      thermally unstable in electric characteristics so that, when continuously
      subjectd to heat treatment in the atmosphere at 200.degree. C for one
      hour, the electric characteristics thereof have been considerably changed.
PAR  The applicants have studied causes for which semiconductor devices having
      the Schottky barrier formed by contacting the nickel layer with the
      semiconductor substrate are changed in electric characteristics after they
      have been subject to heat treatment in the atmosphere. As a result, it has
      been estimated that one of the causes is to oxidize the nickel layer due
      to the heat treatment in the atmosphere. It is believed that this
      oxidation of the nickel layer will change the composition of the metallic
      layer and also the electric characteristics of the Schottky barrier. It
      has been also found that the oxidation of the nickel layer occurs with an
      additional layer of another metal such as gold covering the nickel layer
      in order to facilitate the bonding of an external lead to the nickel
      layer. In that event it has been estimated that oxygen diffused into the
      nickel layer through the additional layer oxidizes the nickel layer. Also
      it has been found that, with the additional metallic layer disposed upon
      the nickel layer, atoms of a metal forming the additional layer, for
      example, gold are diffused through the nickel layer into the semiconductor
      substrate due to the particular heat treatment. The diffused metallic
      atoms have reacted on the semiconductive material of the substrate. It has
      been estimated that this provides a second cause for which the Schottky
      barrier changes in electric characteristics. In addition, it has been
      found that, when thermally treated, the metal forming the additional
      metallic layer is alloyed with nickel forming the first layer. This
      alloying causes an increase in electric resistivity of the first layer and
      the occurence of strains in the crystal lattice of the first layer.
      Therefore it has been estimated that the alloying provides a third cause
      for which the Schottky barrier changes in electric characteristics.
PAR  Although the second and third causes as above described offer no problem
      with semiconductor devices not including the additional metallic layer as
      above described, that layer has been, in many cases, provided on
      semiconductor devices including the Schottky barrier in order to make it
      possible to bond a lead to the device. Therefore the second and third
      causes are also important.
PAR  It is an object of the present invention to provide a new and improved
      semiconductor device including a Schottky barrier thermally stable in
      electric characteristics by preventing any changes in the electric
      characteristics due to the causes as above described.
PAR  Furthermore semiconductor devices of the type referred to are desirable to
      be small in a stray capacity relative to the Schottky barrier involved for
      the purpose of handling high frequency signals.
PAR  Thus it is another object of the present invention to provide a new and
      improved semiconductor device including a Schottky barrier exhibiting the
      thermally stable electric characteristics and low in a stray capacity
      relative to the Schottky barrier.
PAC  SUMMARY OF THE INVENTION
PAR  According to the principles of the present invention there is provided a
      semiconductor device comprising a substrate of semiconductive material,
      and a metallic member disposed on the substrate to be contacted by the
      latter thereby to form a Schottky barrier in the substrate adjacent that
      portion thereof contacted by the metallic member, the metallic member
      being composed of a nickel-palladium alloy.
PAR  In order to decrease a stray capacity relative to the Schottky barrier, the
      semiconductor device may comprise preferably a substrate of semiconductor
      material including a pair of first and second main faces opposite to each
      other, a surface passivation film of electrically insulating material
      disposed so as to cover that portion of the first main face except for a
      predetermined portion thereof, a first metallic layer formed of a
      nickel-palladium alloy and disposed so as to contact the predetermined
      portion of the first main face thereby to form a Schottky barrier in the
      substrate adjacent that portion thereof contacted by the first metallic
      layer, and a second metallic layer disposed to cover the first metallic
      layer, the sum of the thickness of the first and second metallic layers
      not exceeding the thickness of the surface passivation film.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will become more readily apparant from the following
      detailed description taken in conjunction with the accompanying drawing in
      which:
PAR  FIg. 1 is a fragmental sectional view of a semiconductor device constructed
      in accordance with the principles of the present invention;
PAR  FIG. 2 is a graph illustrating the comparison of the semiconductor device
      according to the principles of the present invention with that according
      to the principles of the prior art, in terms of the voltage-to-current
      characteristic of a Schottky barrier involved; and
PAR  FIG. 3 is a graph similar to FIG. 2 but illustrating the thermal
      characteristic of a current relative to an applied voltage for the
      Schottky barrier involved.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawing, it is seen that the arrangement
      disclosed herein comprises a substrate 10 of semiconductive material
      including a pair of first and second main faces 10A and 10B opposite to
      each other, a surface passivation film 12 disposed on that portion of the
      first main face 10A of the substrate 10 except for a predetermined portion
      thereof, in this case the central portion thereof, and a first metallic
      layer 14 disposed on the predetermined portion of the main substrate face
      10A and a second metallic layer 16 disposed upon the first metallic layer
      14.
PAR  The substrate 10 may be composed of any desired one of semiconductive
      materials such as any one of III-V semiconductive compounds, II-VI
      semiconductive compounds and IV semiconductive materials.
PAR  The surface passivation film 12 may be formed of any suitable, electrically
      insulating materials. Typical examples of such a insulating material
      involve silicon dioxide (SiO.sub.2), and silicon nitride (Si.sub.3
      N.sub.4). With silicon dioxide used, the surface film 12 may be formed
      according to chemical vapor deposition technique or sputtering technique
      well known in the art. In the substrate formed of silicon, the same may be
      thermally oxided in the well known manner to form the surface passivation
      film 12. On the other hand, chemical vapor deposition technique can be
      used to form the surface film 12 of silicon nitride. In order to dispose
      the surface passivation film 12 on that portion of the first main
      substrate face 10A except for the predetermined portion thereof,
      photolithographic technique well known may be used to form a through
      opening 12A in that portion of the surface film underlaid by the
      predetermined portion of the main face 10A until that face portion is
      exposed. The thickness of the surface passivation film 12 preferably
      ranges from 0.5 to 2 microns.
PAR  Then the first metallic layer 14 is disposed within the opening 12A on the
      predetermined portion of the main face 10A to be directly contacted by the
      latter portion to form a Schottky barrier 18 at the interface of the first
      metallic layer 14 and the substrate 10 as shown in FIG. 1. According to
      the principles of the present invention, the first metallic layer 14 is
      formed of a nickel-palladium alloy by an electrically plating process.
      More specifically, the substrate 10 including the surface passivation film
      12 with the opening 12A is immersed into a plating bath including a nickel
      plating solution mixed with a palladium plating solution in an appropriate
      proportion and an anode plate of palladium or carbon is also immersed into
      the plating bath to oppose to the substrate 10. The anode plate and the
      substrate are connected to the positive and negative poles of a plating
      source of direct current respectively for electrically plating. This
      results in the formation of the first layer 14 formed of a
      nickel-palladium alloy.
PAR  A suitable example of the nickel plating solution can be prepared by
      dissolving a powder of nickel sulfate (NiSO.sub.4.sup.. 7H.sub.2 O) into
      water. The palladium plating solution can be prepared by dissolving a
      powder of palladium ammonium chloride (Pd(NH.sub.3)Cl.sub.2) into water.
      By changing a proportion of one to the other of the plating solutions, a
      ratio of nickel atoms to palladium atoms in the first layer 14 can be
      varied.
PAR  As above described, the second metallic layer 16 is disposed upon the first
      metallic layer 14 so as to cover the entire exposed surface of the latter.
      The second metallic layer 16 may be formed of a metallic material selected
      from the group consisting of gold (Au), aluminum (Al), silver (Ag), copper
      (Cu), solders (Pb-Sn) etc. Normally the second layer 16 is formed of gold
      (Au). Although the second metallic layer may be formed by electrically
      plating or vacuum evaporation technique, the electrically plating
      technique is more effective in that the second metallic layer 16 can be
      simply formed upon the first metallic layer 14 alone. The purpose of the
      second metallic layer 16 is to facilitate soldering of an external lead to
      the first metallic layer. Thus the second metallic layer may be omitted
      provided that the soldering of such an external lead is not required.
PAR  The layer 14 of nickel-palladium alloy has a first property that it becomes
      difficult to be oxidized as the number of palladium atoms included therein
      increases. This first property is effective for suppressing the tendency
      to oxide the first metallic layer 14 when the arrangement of FIG. 1 is put
      at a fairly high temperature in the atmosphere. This is effective for
      suppressing a thermal change in electric characteristics of the Schottky
      barrier 18 at the interface of the first metallic layer 14 and the
      substrate 10. The layer 14 has also a second property that an increase in
      the number of palladium atoms is attended with the suppression of the
      tendency for atoms of other metals to be diffused into the semiconductor
      substrate through the first layer 14. Further the nickel-palladium layer
      14 has a third property that an increase in the number of palladium atoms
      therein is accompanied by the suppression of the tendency for other metals
      to be alloyed with the metallic material forming the first layer 14. The
      second property is effective for suppressing other metals from being
      diffused through the first layer 14 into the substrate 10 to react on the
      semiconductive material of the substrate 10 while the third property is
      effective for suppressing the alloying of one with the other of the
      metallic materials of both layers 14 and 16. Thus both the second and
      third properties ensure that the Schottky barrier 18 is prevented from
      thermally changing in electric characteristics.
PAR  It is to be noted that the nickel-palladium layer 14 effectively exhibits
      the first and second properties even in the absence of the second metallic
      layer 16. With a semiconductor device of the type referred to without the
      second metallic layer 16 put in the atmosphere at a high temperature,
      oxygen contained in the atmosphere tends to directly act upon the first
      metallic layer 14 while atoms of metals included in the atmosphere tend to
      touch the first metallic layer 14. Under these circumstances, the first
      property serves to suppress the oxidation of the first metallic layer 14
      while at the same time, the second property serves to suppress the atoms
      of metals from being diffused into the first metallic layer 14.
PAR  The first, second and third properties of the nickel-palladium layer are
      equally effective in the presence of the second metallic layer 16. In the
      latter event, the first property is effective for suppressing oxygen from
      the atmosphere diffused into the first layer 14 through the second layer
      16 from oxidizing the layer 14 while the second property is effective for
      suppressing the atoms of the metallic material forming the layer 16 from
      being diffused into the substrate 10 through the layer 14. Also the third
      property is effective for suppressing the alloying of the metallic
      materials forming both layers 14 and 16 with each other.
PAR  Even if the nickel-palladium layer 14 would decrease in the number of
      palladium atoms to become poor in their first, second and third
      properties, the layer 14 retains still all those properties to exhibit the
      effectiveness as above described. Since an increase in the number of
      palladium atoms included in the first layer 14 is attended with a plenty
      of the first, second and third properties, it is desirable to increase the
      number of palladium atoms included in the layer 14 so that the layer 14
      has the number of palladium atoms exceeding the number of nickel atoms.
      However an excessive increase in the number of palladium atoms tends to
      deteriorate the adherence of the first layer 14 to the substrate 10 while
      the reproducibility of semicondutor device becomes poor. It has been found
      that the number of palladium atoms should be equal to or less that four
      time the number of nickel atoms in the first metallic layer 14 with
      satisfactory results. In other words, the first layer 14 has preferably a
      ratio of nickel atoms to palladium atoms ranging from 50 to 50 to 20 to
      80.
PAR  The thickness .beta. (see FIG. 1) of the nickel-palladium layer 14 may be
      of any desired magnitude. However it has been found that the thickness of
      the layer 14 should be equal to or larger than 0.3 micron because the
      thickness of less than 0.3 micron causes pin holes to be apt to occur in
      the layer 14. In the atmosphere at a high temperature this occurrence of
      the pin holes results in the diffusion of metal atoms from the atmosphere
      into the semiconductor substrate 10 through those pin holes in the absence
      of the second metallic layer 16 and in the diffusion of metal atoms from
      the layer 16 into the semiconductor substrate 10 through the pin holes in
      the presence of the second metallic layer 16.
PAR  On the other hand, if the nickel-palladium layer 14 is too thick then the
      layer 14 itself increases in strain. This results in the poor
      reproducibility of semiconductor devices. In view of the reproducibility
      it has been found that the thickness of the nickel-palladium layer 14
      should be of 1.0 micron or less.
PAR  The second metallic layer 16 has preferably a thickness .gamma. (see FIG.
      1) as large as possible in order to decrease or minimize the number of
      oxygen atoms diffused into the layer 13 through the same.
PAR  In the arrangement as shown in FIG. 1, a stray capacity relative to the
      Schottky barrier 18 takes place between the metallic layers 14 and 16 and
      the semiconductor substrate 10. If the sum of the thickness of the layers
      14 and 16 or (.beta. + .gamma.) becomes larger than the thickness .alpha.
      (see FIG. 1) of the surface passivation film 12 then the layer 16 or the
      layer 14 is apt to hang over the exposed surface of the surface
      passivation film 12 resulting in an increase in the stray capacity as
      above described. In order that the arrangement of FIG. 1 decreases in
      stray capacity relative to the Schottky barrier 18, the relationship
      .gamma..ltoreq..alpha. - .beta. must be held. In the absence of the second
      layer 16, the relationship .beta. .ltoreq. .alpha. must be held.
PAR  As an example, a semiconductor device such as shown in FIG. 1 was produced
      as follows: A semiconductor substrate such as the substrate 10 was
      prepared by forming on a gallium arsenide substrate having an impurity
      concentration of from 1 to 3 .times. 10.sup.18 atoms per cubic centimeter
      an expitaxially grown N type gallium arsenide layer. This epitaxially
      grown layer had an impurity concentration of from 1 to 3 .times. 10.sup.16
      atoms per cubic centimeter. A pair of main faces such as the main faces
      10B and 10A shown in FIG. 1 were formed of the main or exposed surfaces of
      the N.sup.+ and N type layers located in the crystallographic plane [100
      ], respectively.
PAR  Then a surface passivation film such as the film 12 shown in FIG. 1 was
      formed by disposing on the main face of the N type layer a film of silicon
      dioxide with a thickness .alpha. of 1 micron by chemical vapor deposition
      well known in the art. Subsequently a window or a through opening such as
      the opening 12A was formed as a predetermined portion of the surface
      passivation film by well known, photolithographic technique employing the
      mask.
PAR  Thereafter the electrically plating process as above described was used to
      form a nickel-palladium layer such as layer 14 in the form of a disc
      having a thickness .beta. of 0.3 micron on the exposed surface of the N
      type layer and a ratio of 50 to 50 of the nickel atoms to palladium atoms.
      Further a second metallic layer in the form of a disc such as the layer 16
      was disposed upon the nickel-palladium layer by depositing gold thereon by
      electrically plating process. The second layer thus formed had a thickness
      .gamma. of 0.7 micron.
PAR  Finally an ohmic contact was disposed on the main face of the N.sup.+ type
      layer to complete a semiconductor device. That device may be called an
      "embodiment" hereinafter.
PAR  FIG. 2 shows the voltage-to-current characteristic of a Schottky barrier
      included in the embodiment as compared with a conventional semiconductor
      device produced in the same manner as the embodiment except for the
      substitution of a nickel layer for the nickel-palladium layer included in
      the embodiment. In FIG. 2 a voltage in volts applied the semiconductor
      device is plotted in abscissa against a current flowing through the device
      in ordinate. The forward characteristic shown in a first quadrant of FIG.
      2 is obtained with a forward voltage applied across the device to render
      the metallic layer on the main face of the N type layer positive with
      respect to the ohmic contact on the main face of the N.sup.+ type layer.
      This is because the substrate is of an N type conductivity. The reverse
      characteristic shown in a third quadrant of FIG. 2 is obtained with a
      reverse voltage across the device rendering both layers negative with
      respect to the ohmic contact.
PAR  In FIG. 2 it is noted that a forward current due to the forward voltage is
      expressed in milliamperes and that a reverse current due to the reverse
      voltage is expressed in microamperes. Also, with the substrate formed of a
      P type semiconductor material, the forward characteristic is presented
      with the reverse voltage as above described and the reverse characteristic
      is presented with the forward voltage as above described.
PAR  In FIG. 2 curve A depicts the embodiment or the present device while curve
      B depicts the conventional device.
PAR  The thermal stability of the voltage-to-current characteristics as shown in
      FIG. 2 was tested by taking notice of both a current (which is designated
      I.sub.f1V) following through the device with a forward voltage at one volt
      applied thereacross and a voltage (which is designated by
      V.sub.B1O.sub..mu.A) with which a reverse current of 10 microamperes flow
      through the device.
PAR  While the present device or the embodiment and the conventional device were
      placed in the atmosphere at 200.degree.C the current I.sub.fiV and the
      voltage V.sub.B1O.sub..mu.A were measured at predetermined time intervals,
      In FIG. 3, the measured values of the current I.sub.f1V in milliamperes
      are plotted in ordinate against a time interval in hours for which both
      devices are put in the atmosphere at 200.degree.C, in abscissa. Curve A
      also describes the embodiment or the present device and curve B describes
      the conventional device.
PAR  In FIG. 3 it is seen that the current I.sub.f1V remains substantially
      unchanged with time for the Schottky barrier formed in the embodiment and
      must desreases with time for the conventional Schottky barrier.
PAR  The results of similar tests concerning the voltage V.sub.B1O.sub..mu.A
      indicated that both devices did not change in that voltage within a time
      interval up to 20 hours.
PAR  From the foregoing it has been found that the semiconductor according to
      the present invention includes a Schottky barrier very excellent in the
      thermal stability as compared with conventional semiconductor device.
      Further the results of heat treatment of the present semiconductor devices
      in the atmosphere at 200.degree.C. for 2,000 hours indicated that the
      Schottky barrier did not change in both I.sub.f1V and V.sub.B1O.sub..mu.A.
PAR  Since the Schottky barrier according to the present invention is thermally
      stable in the electric characteristics as above described, the
      semiconductor, devices of the present invention enclosed with appropriate
      packagings can have the average lifetime in excess of 10.sup.7 hours while
      the substrates involved are maintained at a temperature of 60.degree.C.
PAR  Further it can be pointed out in FIG. 2 that the tendency for the forward
      current to be saturated in excess of 150 milliamperes appears in the
      conventional device but not in the present device. This means that the
      present invention is secondarily advantageous in that the Schottky barrier
      increases in permissible current.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A semiconductor device comprising a substrate of semiconductive
      material, and a metallic member disposed on said substrate to be contacted
      by the latter thereby to form a Schottky barrier within said substrate
      adjacent that protion thereof contacted by said metallic member, said
      metallic member being composed of a nickel-palladium alloy.
NUM  2.
PAR  2. A semiconductor device as claimed in claim 1 wherein said
      nickel-palladium alloy includes the number of palladium atoms not less
      than the number of nickel atoms.
NUM  3.
PAR  3. A semicondutor device as claimed in claim 1 wherein said
      nickel-palladium alloy includes the number of palladium atoms not greater
      than four times the number of nickel atoms.
NUM  4.
PAR  4. A semiconductor device as claimed in claim 1 wherein said
      nickel-palladium alloy has a ratio of nickel atoms to palladium atoms
      ranging from 50 to 50 to 20 to 80.
NUM  5.
PAR  5. A semiconductor device as claimed in claim 1 wherein said metallic
      member is in the form of a metallic layer having a thickness not less than
      0.1 microns.
NUM  6.
PAR  6. A semiconductor device as claimed in claim 1 wherein said metallic
      member is in the form of a metallic layer having a thickness ranging from
      0.3 to 1.0 microns.
NUM  7.
PAR  7. A semiconductor device as claimed in claim 6 wherein said metallic layer
      is formed of nickel and palladium with a ratio of nickel atoms to
      palladium atoms ranging from 50 to 50 to 20 to 80.
NUM  8.
PAR  8. A semiconductor device as claimed in claim 1 wherein said metallic
      member has another metallic member disposed thereupon.
NUM  9.
PAR  9. A semiconductor device as claimed in claim 1 wherein said metallic
      member has disposed thereupon another metallic member formed of a metallic
      material selected from the group consisting of gold, aluminum, silver,
      copper, amd solders.
NUM  10.
PAR  10. A semiconductor device comprising a substrate of semiconductive
      material including a pair of first and second main faces opposite to each
      other, a surface passivation film of electrically insulating material
      disposed so as to cover that portion of said first main face of said
      substrate except for a predetermined portion thereof, a first metallic
      layer formed of a nickel-palladium alloy and disposed so as to contact
      said predetermined portion of said first main face of said substrate
      thereby to form a Schottky barrier in said substrate adjacent that portion
      thereof contacted by said first metallic member, and a second metallic
      layer disposed to cover said first metallic layer, the sum of the
      thickness of said first and second metallic layers not exceeding the
      thickness of said surface passivation film.
NUM  11.
PAR  11. A semiconductor device as claimed in claim 10 wherein said first
      metallic layer has a ratio of nickel atoms to palladium atoms ranging from
      50 to 50 to 20 to 80.
NUM  12.
PAR  12. A semiconductor device as claimed in claim 10 wherein said first
      metallic layer has a thickness ranging from 0.3 to 1.0 micron.
NUM  13.
PAR  13. A semiconductor device as claimed in claim 10 wherein said second
      metallic layer is composed of a metallic material selected from the group
      consisting of gold, aluminum, silver, cooper and solders.
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ABST
PAL  A light source having an infrared-emitting diode and a luminescent material
      excitable in a step-like manner for converting the infrared radiation to
      visible rays comprises an optical cavity enclosing the luminescent
      material. A portion of the cavity wall is a dichroic filter that is
      substantially transparent to the visible rays but reflects the infrared
      radiation. The other cavity wall reflect the infrared radiation in
      particular.
PARN
PAR  This is a continuation of application Ser. 393,490 filed Aug. 31, 1973, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a solid-state light-emitting or
      electroluminescent device for converting electrical energy to the energy
      of visible rays.
PAR  Various solid-state devices of the type described are coming into use as
      pilot lamps and in particular as solid-state number and/or letter display
      panels because of their compactness, high reliability, and moderate cost.
      Among such known sold-state electroluminescent devices, are semiconductor
      junction diodes that generally produce red radiation. Although a
      semiconductor junction diode of a crystal of gallium phosphide including
      nitrogen impurity is capable of producing green rays to which human eyes
      are more sensitive compared to red rays, it is difficult to grow these
      crystals because the high volatility of the phosphor requires a high
      ambient pressure that balances the high vapor pressure of the phosphor
      while growing the crystal. In addition, the efficiency of conversion of
      the electrical energy to visible-ray energy is at most 2 percent with a
      junction diode for red rays and only 0.1 percent with one for green rays.
      Among solid-state electroluminescent devices of the type described, a
      combination of an infrared-emitting electroluminescent diode and a
      luminescent material excitable in a step-like manner is also known which
      produces red, green, blue, or other rays in accordance with the choice of
      the luminescent material. The efficiency of conversion is, howver, only
      0.2 percent at most with a combination for red rays, 0.02 percent with a
      combination for green rays, and even lower with a combination for blue
      rays in the normal mode of operation.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a
      light-emitting or electroluminescent device comprising an
      infrared-emitting electroluminescent diode and a luminescent material
      excitable in a step-like manner and operable with an excellent efficiency
      of conversion of electrical energy to the energy of visible rays.
PAR  It is another object of this invention to provide a light-emitting device
      of the type described, capable of producing visible rays of the desired
      color.
PAR  It is still another object of this invention to provide a light-emitting
      device of the type described, that is easy to manufacture and consequently
      of moderate cost.
PAR  In the manner known in the art, a light-emitting device according to this
      invention comprises an infrared-emitting electroluminescent diode, such as
      a silicon-doped gallium arsenide diode, and a luminescent material
      excitable in a step-like manner for converting the infrared radiation to
      the visible rays, such as a rare-earth fluoride luminescent material
      activated by erbium ions and sensitized by ytterbium ions. In accordance
      with this invention, the device further comprises an optical cavity
      enclosing the luminescent material. A portion of the cavity wall through
      which the visible rays are emitted is formed by dichroic filter means that
      is substantially transparent to the visible rays and reflects the infrared
      radiation. A portion of the cavity wall through which the visible rays
      need not be emitted may be formed by a reflector means capable of
      reflecting the infrared radiation.
PAR  According to an aspect of this invention, the luminescent material is in
      the powder state and placed within the cavity together with the
      infrared-emitting diode and in contact therewith.
PAR  According to another aspect of this invention, the luminescent material is
      a single crystal attached to the infrared-emitting diode by a bonding and
      refractive-index matching glass layer and covered by the walls of the
      cavity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more detailed understanding of the invention, reference may be made
      to the description below taken in conjunction with the accompanying
      drawings wherein:
PAR  FIG. 1 schematcially shows the energy levels of an luminescent material
      excitable in a step-like manner used in a device according to the instant
      invention;
PAR  FIG. 2 shows the excitation and the emission spectra of a sensitizer used
      in the luminescent material;
PAR  FIG. 3 is a schematic vertical sectional view of a first embodiment of this
      invention; and
PAR  FIG. 4 is a similar view of a second embodiment of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Before describing the specific preferred embodiments of the present
      invention, the operation of a light-emitting device comprising an
      infrared-emitting electroluminescent diode and a luminescent material
      excitable in a step-like manner for converting the infrared radiation to
      visible rays will be analysed with reference to FIGS. 1 and 2 in order to
      facilitate an understanding of this invention. The diode may be a
      silicon-doped gallium arsenide diode for emitting infrared radiation
      centered at about 0.96 microns. The luminescent material may be a
      rare-earth fluoride luminescent material sensitized by ytterbium ions
      having relative energy levels are shown by lines 11 and 12 and activated
      by erbium ions having relative energy levels are shown by lines 16, 17,
      18, and 19. The energy difference between the levels 11 and 12 corresponds
      to a wavelength of about 0.97 microns that falls in the infrared region.
      The energy difference between the levels 16 and 17 or between the levels
      17 and 19 also correspond to a wavelength of about 0.97 microns. The
      energy difference between the levels 16 and 18 corresponds to a wavelength
      of about 0.54 microns that provides green stimulation to human eyes. A
      portion of the infrared radiation emitted by the electroluminescent diode
      is absorbed by the ytterbium ions as indicated by arrow 21. A portion of
      the absorbed energy is transferred to the erbium ions as indicated by
      arrows 22 and 23 to excite the erbium ions in a step-like manner from the
      ground state 16 to the intermediate energy level 17 and then to the second
      excited level 19. The majority of the energy absorbed by the ytterbium
      ions is not directly transferred to the erbium ions but emitted as light
      as illustrated by line 25. The excitation spectrum 26 of ytterbium ions
      overlaps the emission spectrum 27 thereof over a considerable range of
      wavelengths. A portion of the energy emitted by the ytterbium ions
      returning to the ground state 11 is therefore repeatedly absorbed by the
      ytterbium ions to be eventually utilized to excitation of the erbium ions.
      The erbium ions emit green rays upon occurrence of a downward transition
      (arrow 28) from the relatively higher energy level 18 to the ground state
      16 after a decay (arrow 29) of the energy from the second excited level 19
      to the relatively higher energy level 18 without emission of radiation.
      The erbium ions alternatively emit red rays. Inasmuch as the energy
      transfer from the ytterbium ions to the erbium ions takes place in two
      steps 22 and 23, the intensity of the visible rays emitted by the
      luminescent material varies approximately quadratically with the
      concentration of the excited ytterbium ions and consequently with the
      intensity of excitation and the lifetime of the excited ytterbium ions.
      Thus the efficiency of conversion of the luminescent material for the
      infrared radiation is substantially proportional to the infrared energy
      incident on a unit area of the luminescent material.
PAR  Conventional light-emitting device of the type described make use of
      powdered luminescent materials having a particle size of about ten
      microns. Scattering of light is therefore considerable, particularly at
      the surface of a mass of the luminescent material. When the luminescent
      material is deposited on the surface of the electroluminescent diode in a
      thick layer, most of the green rays emitted by the luminescent material
      located adjacent to the diode surface are lost before reaching the exposed
      surface of the luminescent material. When the luminescent material layer
      is thin, it is impossible to fully utilize the infrared radiation emitted
      by the electroluminescent diode. Although the layer thickness is set at an
      optimum value to render the maximum visible-ray output, about 70 percent
      of the infrared energy emitted by the diode is lost without being
      converted to the visible-ray energy. In addition, an appreciable
      proportion of the infrared radiation emitted by the ytterbium ions is also
      lost without being utilized to excite the erbium ions. It has thus been
      confirmed that the low conversion efficiency of a light-emitting device of
      the type described is attributed to the considerable loss of the exciting
      infrared energy. The basic concept of this invention is therefore to trap
      the exciting infrared radiation within an optical cavity and utilize the
      radiation to the fullest extent. It has also been confirmed that the
      lifetime of the excited ytterbium ions is thereby lengthened.
PAR  The lifetime of the excited ytterbium ions in a powdered luminescent
      material is shorter than that of the similar ions in a single crystal
      luminescent material, being at the longest shorter than two milliseconds
      in a powdered yttrium fluoride luminescent material activated by erbium
      ions and sensitized by ytterbium ions. In addition, the scattering of the
      light fails to give a clearly defined luminous area. A single crystal
      luminescent material is therefore resorted to according to one aspect of
      this invention.
PAR  Referring now to FIG. 3, a light-emitting device according to a first
      embodiment of this invention comprises a silicon-doped gallium arsenide
      diode 31 mounted on a substrate 32 that serves also as one of the
      electrodes for supplying the diode current to excite the diode 31 as well
      as one of the walls of a housing or optical cavity 33 of the
      electroluminescent device. The cavity 33 is partially defined by a side
      wall 36 made of a material that reflects at least a substantial portion of
      the infrared radiation. A mass 38 of yttrium fluoride luminescent material
      activated by erbium ions and sensitized by ytterbium ions and an
      approximately equal amount of a binding agent having substantially the
      same refractive index as the luminescent material, such as epoxy resin, is
      placed within the cavity 33 and in contact with the diode 31. The cavity
      33 is closed by a dichroic filter 39. The inside surfaces of the substrate
      32 and the side wall 36 are preferably rendered optical flat and plated
      with gold or aluminium. It is possible to make the dichroic filter 39
      reflect substantially all of the infrared radiation incident
      perpendicularly thereon and transmit about 80 percent of the green rays
      emitted by luminescent material. The cavity 33 may be 1.5 millimeter in
      diameter and 0.7 millimeter high.
PAR  With light-emitting devices according to the first embodiment, it has been
      found possible to raise the conversion efficiency to 0.1 percent and the
      surface brightness to 3,000 footlamberts. It will be appreciated that
      these values are comparable to those attained by a gallium phosphide
      junction diode for green rays. The lifetime of the excited ytterbium ions
      is lengthened from the previously attainable value of 2.0 milliseconds to
      3.5 milliseconds. It is, however, to be noted that the maximum possible
      thickness of the luminescent material mass 38 is about 1 millimeter with
      the luminescent material and the binding agent now available.
PAR  Referring to FIG. 4, a light-emitting device according to a second
      embodiment of this invention comprises a silicon-doped gallium arsenide
      diode 31 mounted on a substrate 32 that serves also as a portion of a
      housing or optical cavity 33 of the light-emitting device. A mass 34 of
      glass of high refactive index and low melting point is applied to the
      diode 31. A single crystal 35 of a luminescent material is attached to the
      glass mass 34 to embed the diode 31. The luminescent material single
      crystal 35 may be a mixed crystal of berium fluoride and yttrium fluoride
      that has a composition of BaY.sub.1.3 Yb.sub.0.65 E.sub.0.05 F.sub.8. The
      bottom surface of the single crystal 35 is covered with a film 36, such as
      a quarter-wavelength film, for reflecting the infrared radiation except
      the portion covered with the substrate 32. The film 36 is further covered
      with a thin metal film 37 vaporized or otherwise attached thereto to
      reflect the green rays. The remaining surfaces of the single crystal 35
      are covered with dichroic filter means 39. The glass may have a high
      refractive index, such as 2.2, and the external surface of the mass 34 is
      preferably hemispherical. A somewhat shorter wavelength should be selected
      for the quarter-wavelength film 36 to make the film 36 reflect the
      infrared radiation acutely incident thereon. The metal of the thin metal
      film 37 is preferably silver.
PAR  With barium yttrium fluoride BaY.sub.2 F.sub.8 (ytterbium and/or erbium
      being substituted for a portion of yttrium), it is easy to grow a large
      single crystal and to achieve a relatively long lifetime of the excited
      ytterbium ions. It is possible to render the lifetime as long as four
      milliseconds with the material described purified with care and grown into
      a single crystal as perfectly as possible.
PAR  While a few preferred embodiments of this invention have thus far been
      described, it will be understood that it is possible to carry this
      invention into effect in various other forms. For example, the side
      surfaces of the single crystal 35 may be either covered with infrared
      reflecting walls instead of the dichroic filter means 39 or dispensed with
      any wall of the so-called optical cavity. For yellow rays, use may be made
      of a luminescent material BaYb.sub.2 F.sub.3 :Er and a quarter-wavelength
      film 36 of a similar construction. For red rays, the luminescent material
      may be Y.sub.1.75 Yb.sub.0.20 Er.sub.0.05 O.sub.3. The infrared radiation
      reflecting wall means 36 or 36 and 37 for use in this case should reflect
      also the infrared radiation that is emitted by the luminescent material
      ranging from 1.5 microns to 1.6 microns. For blue rays, the luminescent
      material may be BaY.sub.1.1 Yb.sub.0.89 Tm.sub.0.01 F.sub.8 that emits
      also radiation of the wavelengths 1.7 microns and 0.84 microns. The
      infrared radiation reflecting wall means 36 or 36 and 37 therefor should
      preferably reflect the infrared radiation of these wavelengths.
PAR  Other variations and modifications of the invention will occur to those
      skilled in the art. The above-described embodiments are exemplary and do
      not limit the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A light emitting device comprising:
PA1  diode means for emitting first infrared radiation;
PA1  a single crystal of luminescent material excitable in a step-like manner by
      said infrared radiation attached to said diode means for emitting visible
      radiation together with second infrared radiation having a wavelength
      range in common with said first infrared radiation, said luminescent
      material being sensitized by ytterbium ions; and
PA1  a closed optical cavity comprising, in turn, a dichroic filter disposed in
      front of said diode means that is transparent to said visible radiation
      but reflects said first and second infrared radiation and a reflector that
      extends behind said diode means as a back wall of the cavity and reflects
      said first and second infrared radiation, said cavity thereby confining
      said first and second infrared radiation therein and emitting only said
      visible radiation through said dichroic filter, whereby the excited state
      lifetime of said ytterbium ions is made as long as about four
      milliseconds.
NUM  2.
PAR  2. A light emitting device comprising a cavity in which the crystal is
      enclosed formed entirely by a reflector that extends about the periphery
      of the diode means to form a back wall of the cavity and by a dichroic
      filter transparent to visible radiation but reflecting infrared radiation,
      diode means for emitting infrared radiation, a single crystal of
      luminescent material excitable in a step-like manner attached to the diode
      means for converting infrared radiation from the diode means and radiation
      reflected by the reflector and the filter into visible radiation, whereby
      infrared radiation is substantially confined within the cavity and only
      visible radiation is emitted from the cavity.
NUM  3.
PAR  3. The light emitting device of claim 1, wherein the reflector and the
      dichroic filter completely enclose the diode means and the crystal.
NUM  4.
PAR  4. The light emitting device of claim 1, wherein the cavity is completely
      filled by the diode means and the crystal.
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ABST
PAL  A two-phase semiconductor charge transfer device is constructed using
      electrodes which include both a highly resistive region and a highly
      conductive region. An array of such electrodes is overlayed on an
      insulating layer which has been deposited onto a semiconductor substrate.
      Alternate phases of an applied two-phase voltage source are applied to
      alternate electrodes in the array, thereby generating an electrical
      potential distribution in the semiconductor. Charge, in the form of
      minority carriers in the semiconductor, is stored in the minima of the
      potential distribution. When the voltage phases are pulsed, the potential
      in the regions beneath the highly conductive parts of the electrodes
      almost instantaneously changes value. However, in the regions beneath the
      highly resistive parts of the electrodes, the potential changes value much
      more slowly. As the potential varies, charge is transferred from the
      region under one electrode to the region under an adjacent electrode. The
      slower variation in the potential under the resistive regions provides a
      "potential shoulder" which prevents backward spilling of the charge in an
      undesired direction. Thus, directionality is imparted to the charge
      transfer.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 370,887, filed June 18,
      1973, now abandoned.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Charge transfer devices are semiconductor devices which operate to store
      clumps of charge in localized regions of a semiconductor and to transfer
      the stored charge systematically from one region to another. A typical MOS
      charge transfer device consists of an array of metal electrodes overlayed
      on a dielectric layer which is itself deposited on a semiconductor
      substrate. The device operates by storing minority carriers in the
      semiconductor in localized regions under certain ones of the metal
      electrodes. In one type of device, commonly called an interface device,
      the charge is stored at the boundary between the oxide and the
      semiconductor substrate. In another type of device, called a bulk device,
      the stored charge is instead distributed in the semiconductor to some
      distance below the oxide-semiconductor interface. In both cases, the
      charge is localized by applying external voltages to the electrodes to
      create potential minima (potential wells) in the vicinity of the
      electrodes. By suitably varying the voltages on the different electrodes,
      the potential minima can be moved from one electrode to the next, thereby
      inducing a transfer of the stored charge from one region to another.
PAR  One potential application of these charge transfer devices is in the area
      of image sensing; minority carries are generated in the semiconductor in
      response to incident light, the charge thus generated being collected
      under the electrodes and transferred to a detector. Another potential
      application is to use the transfer device as an electronic delay line. Yet
      another potential application is to use charge transfer devices in a shift
      register mode to form a semiconductor computer memory. Each clump of
      stored charge (or the absence thereof) represents one bit of information.
PAR  For all of these applications, and especially for use as a computer memory,
      it is important that the charge transfer efficiency be very high. That is,
      when charge is transferred from the region beneath one electrode to the
      region beneath an adjacent electrode, a very large fraction (for example
      99.9%) of the charge should be transferred. Otherwise, charge which is
      left behind will be subtracted from the charge comprising the transferred
      information bit, and added to the charge comprising the next adjacent bit.
      After a large number of transfers, the information in both bits will have
      been substantially degraded.
PAR  One of the ways known in the prior art to achieve efficient transfer is to
      employ a three-phase device in which every third electrode is connected in
      common. To store charge, external voltages are applied to the electrodes
      to create a deep potential well beneath every third electrode. Minority
      carriers in the semiconductor will be trapped and temporarily stored in
      these regions. To effect a transfer of charge, external voltages are
      applied to the electrodes in a three-phase timed sequence according to
      which another, deeper, potential well is created beneath the electrodes
      adjacent on one side to those electrodes under which charge may be
      currently stored. Under the influence of this deeper potential well, the
      charge stored under particular electrodes will be transferred to the
      regions beneath the above-mentioned adjacent electrodes. At the same time,
      the three-phase voltage operates to establish a very shallow potential
      well under the electrodes adjacent on the other side to those under which
      the charge (if any) was initially stored. This potential acts as a barrier
      to prevent charge from "spilling backwards." Thus, the three-phase
      structure serves to provide directionality to the charge transfer.
PAR  However, it is often desirable to provide directionality to the charge
      transfer without the complexities inherent in a three-phase system. This
      has been accomplished in the prior art by using a two-phase sytem in which
      external voltages are applied to the electrodes in a two-phase timed
      sequence beneath each electrode. Directionality of the charge transfer is
      provided by making the oxide layer non-uniform. In particular, if the
      oxide is thicker under one side of the electrode than the other, the
      variation in dielectric thickness will produce a variation in the
      potential strength under the electrode, so that the charge will be stored
      preferentially under one side of the electrode. To effect a charge
      transfer, the voltages on adjacent plates are pulsed to decrease the depth
      of the potential wells in which charge (if any) is currently stored, while
      simultaneously increasing the depth of the potential wells under the
      adjacent electrodes. Charge which was initially stored in the "deep"
      potential well (now "shallow") will be transferred to the adjacent
      potential well which is now "deep." FIGS. 1A-1B illustrate how the
      potential variation under each plate (caused by the non-uniform thickness
      of the oxide layer) acts to provide directionality to the charge transfer
      and thus prevent charge from slipping backwards. FIG. 1A shows the
      configuration of such a variable-thickness two-phase device in the storage
      mode. A voltage -V.sub.1 is applied to all of the odd-numbered electrodes,
      while another voltage -V.sub.2 (where V.sub.2 &gt; V.sub.1) is applied to the
      even-numbered electrodes. In this configuration, charge can be stored
      under any of the even-numbered electrodes. An oxide layer 5 is thicker
      under the left side of each electrode than under the right side, so that
      the potential well is deeper under the right side than under the left side
      of these electrodes. Charge will thus be stored under the right side. For
      example, in the figure, charge is stored under the right side of electrode
      2 (representing a "1" bit of information), while no charge is stored under
      electrode 4 (representing a "o" bit of information). FIG. 1B shows the
      configuration of the device after the two-phase voltages on adjacent
      electrodes have been exchanged. The arrows indicate that the potential
      wells under the odd-numbered electrodes have increased in depth while
      those under the even-numbered electrodes have decreased in depth. Thus,
      the charge that was formally stored under electrode 2 will be spilled
      forward into the potential well under electrode 3. However, since the
      relative depths of the potential wells under the two halves of electrode
      are decreased in tandem, there will at all times be a "potential shoulder"
      under the left side of the electrode 2 which will prevent charge from
      slipping backwards to the region under electrode 1. In practice, it is
      difficult to design and manufacture multiple oxide thickness devices which
      achieve efficient charge transfer. Typically, for efficient transfer, one
      of the oxide thicknesses must be very much greater than the other, for
      example, thicknesses in the ratio of about 1:3 to 1:5. Furthermore, in
      order to manufacture the device, two separate steps are required to grow
      and etch the two oxide layers. Thus, it is often a complicated and
      expensive procedure to provide charge transfer directionality through the
      design and fabrication of multi-level oxide devices.
PAR  In accordance with the illustrated preferred embodiment, the present
      invention provides a two-phase charge transfer device using an array of
      electrodes overlayed on an insulating layer which is deposited on a
      semiconductor substrate. Directionality of the charge transfer is built-in
      by using electrodes which include a highly conductive part and another
      highly resistive part. When a two-phase voltage applied to the electrodes
      changes phase, the potential under the conductive part of each electrode
      follows almost instantaneously. But the resistive part of each electrode
      acts in conjunction with the oxide insulating layer as a distributed RC
      line which slows the rate of change of the potential in the region beneath
      the resistive part of the electrode. In effect, then, a single phase
      change in the voltage applied to each electrode generates an instantaneous
      change in one part of the potential well under that electrode, and also a
      delayed change in another part of that potential well. If the geometry is
      suitably chosen, the potential wells under adjacent electrodes will vary
      in such a way that charge is dumped from the region under one electrode to
      the region under the next adjacent electrode. The delayed change in part
      of the potential well creates a barrier which prevents charge from
      slipping backwards.
PAR  Another feature of the invention is that the charge transfer is
      self-correcting for losses of charge that occur when charge is transferred
      too rapidly into a region. In particular, the charge transfer frequency is
      dependent almost entirely on the RC time constant of the distributed RC
      line and not on the external clock frequency. Thus, when there is no
      charge in the region into which charge is to be transferred, the capacity
      (and hence the RC time constant) is small and the potential well changes
      rapidly, thereby inducing a rapid transfer of charge into the region. But,
      as charge builds up in the region, the capacity increases so that the
      shape of the potential well changes less rapidly. The rate of transfer of
      charge into the region is thus reduced. The rate of transfer of charge
      into the region is thus reduced. This self-correcting process ensures that
      charge will not be transferred into a previously charged region at a rate
      high enough to cause loss of charge. The efficiency of the devices is
      thereby increased.
PAR  It can be seen that the directionality of the charge transfer is achieved
      in the invention using only a single oxide layer of a uniform thickness.
      Since the resistivity of the electrodes can be varied by implanting
      impurity ions in the resitive layer, there is no additional masking step
      required during fabrication as is required in devices achieving
      directionality using a non-uniform oxide thickness.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B illustrate a two-phase charge transfer device known in the
      prior art.
PAR  FIG. 2A shows a cross-sectional view of a portion of a two-phase charge
      transfer device using electrodes with a highly conductive region and a
      highly resistive region.
PAR  FIG. 2B illustrates the progressive variations of the potential wells under
      several electrodes during one charge transfer cycle.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In FIG. 2A there is shown a substrate 5 of a semiconductor material, e.g.
      Si, or GaAs, or GaP. Deposited onto the substrate 5 is an insulating layer
      6 of a dielectric material, e.g. SiO.sub.2, or Si.sub.3 N.sub.4, or
      Al.sub.2 O.sub.3. Overlayed on the insulating layer 6 is an array of
      electrodes, four of which are shown and labeled 11, 12, 13 and 14. Each
      electrode includes two distinct regions. One region, shown in the
      illustrated embodiment as being directly overlayed on the oxide layer 6,
      is a highly resistive region. In the figure this highly resistive region
      is labeled 15a, 15b, 15c and 15d for the four electrodes 11, 12, 13, and
      14 respectively. Typical values of the resistivity are in the range
      0.1-100 M.OMEGA./square which may be obtained by using materials such as
      polysilicon or a thin metal layer (e.g. thicknesses of about a few
      thousand Angstroms). Typical dimensions of the highly resistive region are
      e.g. 5.mu.m by 10.mu.m. Overlayed on a portion of each of the resistive
      regions 15a-15d is a highly conductive region, numbered 17a, 17b, 17c, 17d
      for the four electrodes 11, 12, 13, 14 respectively. Typical values of the
      conductivity are e.g. in the range 1-5.mu. which may be obtained by using
      materials such as Al, or MoAu, or PtTi. Typical dimensions of the highly
      conductive region are e.g. 2.mu.m x 10m. By using electrodes including
      both a highly conductive region and a highly resistive region, each
      electrode in effect becomes a part of a distributed RC network, the
      resistance being supplied by the highly resistive region of the electrode,
      and the capacitance being supplied by the oxide-semiconductor interface.
      The spacing between the electrodes must be small enough to allow efficient
      charge transfer from the region under one electrode to the region under
      the next adjacent electrode, for example in the range of about 1-3.mu.m.
      Also illustrated in FIG. 2A is a two-phase voltage system including two
      voltage lines shown as providing voltages -V.sub.1 and -V.sub.2. The
      voltage -V.sub.1 is applied to electrodes 11 and 13 and also to all other
      odd-numbered electrodes in the array, while the voltage -V.sub.2 is
      supplied to the electrodes 12 and 14 and also to all other even-numbered
      electrodes in the array.
PAR  The charge transfer operation of the device may be understood by reference
      to FIG. 2B. The first graph of FIG. 2B illustrates the charge storage mode
      in which the electrodes 1 and 3 have a voltage in a phase .phi..sub.1
      applied to them while the electrodes 2 and 4 have applied to them a
      voltage in a phase .phi..sub.2. These phases indicate that the voltage
      V.sub.1 is larger in in magnitude than the voltage V.sub.2 so that a deep
      potential well is created under the odd-numbered electrodes. Charge could
      thus be stored under electrode 1 or electrode 3. For purpose of
      illustration, charge is shown as being stored in the potential well under
      the electrode 1, while under the electrode 3 there is an absence of stored
      charge. Thus in the illustrated state there is a "1" information bit
      stored under the electrode 1, while there is a "0" information bit stored
      under the electrode 3. The graph labeled 2 illustrates the variation in
      the potential when the voltages on the odd and even electrodes change in
      phase; i.e., the .phi..sub.1 phase is applied to the even numbered
      electrode, while the .phi..sub.2 phase is applied to the oddnumbered
      electrodes. In other words, the voltages V.sub.1 and V.sub.2 are
      instantaneously exchanged. Since the region directly under the highly
      conductive portion 17a of electrode 11 (in FIG. 2A) includes a very low
      resistance, the RC time constant of that region will be very small.
      Consequently the potential 19 in that region will almost instantaneously
      follow the change in phase of the applied potential, thereby immediately
      jumping to the value -V.sub.2 represented by the phase .phi..sub.2.
      However, the time constant of the distributed RC line composed of the
      highly resistive region 15a of electrode 11 and the oxide layer
      immediately beneath that region (in FIG. 2a) will be much larger because
      of the high resistance involved, typical values of this RC time constant
      being about 1.mu.sec. Thus the potential in the region beneath the highly
      resistive part 15a will rise to its final .phi..sub.2 value very much
      slower than did the potential under the highly conductive part 17a. In the
      figure this slower rise is shown as a portion of the well 21, the rise
      being indicated by an arrow. The portion of the potential well labeled 23
      is that potential beneath the conductive region 17b of electrode 12 (in
      FIG. 2A). When the phase .phi..sub.1 is applied to the electrode 12 this
      part of the potential 23 will also almost instantaneously follow the phase
      of the applied potential so that there will be created instantaneously a
      deep potential (-V.sub.1) in this region beneath the conductive part 17b
      of electrode 12. The direction of change of depth of the region 23 is
      indicated by a downward arrow in the figure. It can be seen, then, that
      the charge which was originally stored in the well beneath electrode 11
      will be attracted into the region beneath the electrode 12, as shown by
      the crosses. The part of the potential well 25 (beneath the resistive
      region 15b of electrode 12 in FIG. 2A) will decrease to the .phi..sub.1
      value, but will do so slowly. The entire sequence just described also
      simultaneously occurs with respect to the regions under the electrodes 13
      and 14. Thus the potential under the conductive region 17c immediately
      rises to the .phi..sub.2 value while the potential beneath the resistive
      region 15c rises more slowly, etc. However, since no charge was currently
      stored under the electrode 13 no charge will be transferred to the region
      under the electrode 14. This is, of course, equivalent to a "0" bit of
      information being transferred. The third graph of FIG. 2B illustrates the
      shape of the potential well later in time as the charge transfer proceeds.
      It can be seen that the portion of the potential well 21a has risen almost
      completely to the .phi..sub.2 level while the portion of the well 25a has
      almost decreased to the .phi..sub.1 level. Thus the charge that was stored
      under electrode 11 has almost been entirely transferred to the region
      under electrode 12.
PAR  It can be seen that the charge transfer described above is directional in
      that, when the phase of the applied voltage is exchanged, charge is
      transferred in one direction only. The directionality is supplied by the
      fishtail-like motion of the changing potential well; that is, the slow
      rising of the region 21 creates an effective potential shoulder which
      prevents the charge from slipping backwards from the region under
      electrode 11 to the region under an electrode adjacent to electrode 11 on
      the left side. Part 4 of FIG. 2B illustrates again the quiescent storage
      stage in which charge could now be stored under the electrodes 12 and 14.
      The presence of charge under electrode 12 represents a "1" information bit
      while the absence of charge stored under electrode 14 represents a "0"
      information bit.
PAR  It can be seen from the above description that the time constant for the
      charge transfer depends almost entirely on the time constant of the
      distributed RC line under each of the electrodes. It is thus independent
      of the clocking frequency of the external voltages, provided only that the
      frequency is slower than the time constant of the distributed RC lines.
      Furthermore, as the charge is transferred into the regions under the newly
      formed deep potential wells, for example, the well under electrode 12, the
      time constant of the region 25 increases, which serves to decrease the
      rate at which that portion of the well descends. Thus the rate at which
      charge will be transferred into this well is itself decreased. This
      feature of the invention tends to ensure that charge will not be
      transferred into a region at a high enough rate to force the loss of some
      charge.
CLMS
STM  I claim:
NUM  1.
PAR  1. A semiconductor charge transfer device comprising:
PA1  a substrate layer of a semiconductor material;
PA1  an insulating layer of an insulating material on the substrate layer; and
PA1  an array of electrodes positioned on the insulating layer with an
      electrically insulating gap between adjacent electrodes, each electrode
      comprising a first part of a highly conductive material, and a second part
      of a highly resistive material, the highly resistive part and an
      associated portion of the insulating layer forming a distributed RC delay
      line for delaying the response time of an associated region of the
      substrate to changes in electrical potentials applied to the electrodes,
      the resulting variation of electrical potential in the substrate serving
      to impart dynamic directionality to the transfer of charge in said device.
NUM  2.
PAR  2. A charge transfer device as in claim 1 wherein the highly conductive
      material of the electrodes is selected from the group consisting of Al,
      MoAu, and PtTi.
NUM  3.
PAR  3. A charge transfer device as in claim 1 wherein the highly resistive
      material of the electrodes is selected from the group consisting of
      polysilicon and thin metal layers.
NUM  4.
PAR  4. A charge transfer device as in claim 1 wherein the substrate material is
      selected from the group consisting of Si, GaAs, and GaP.
NUM  5.
PAR  5. A charge transfer device as in claim 1 wherein the insulating material
      of the insulating layer is selected from the group consisting of
      SiO.sub.2, Si.sub.3 N.sub.4, and Al.sub.2 O.sub.3.
NUM  6.
PAR  6. A charge transfer device as in claim 1 including a two phase voltage
      source electrically interconnected with the array of electrodes, alternate
      phases of the voltage source being connected with alternate electrodes in
      the array.
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PAL  A transmission photocathode comprising a crystal substrate transparent to
      the radiation to be detected, at least one epitaxial crystalline
      intermediate layer having a lattice constant close to that of the detector
      layer and transparent to the radiation to be detected, and a p-type group
      III-V compound detector layer. Preferably the intermediate layer is
      p-type.
PARN
PAR  This is a continuation of application Ser. No. 278,834, filed Aug. 8, 1972,
      and now abandoned.
BSUM
PAR  This invention relates to transmission photocathodes, more particularly to
      transmission photocathodes in which the detector material is a group III-V
      compound semi-conductor.
PAR  It is well established from both theoretical and practical aspects that
      considerable advantage and improvement can result from the use of III - V
      group compound semi-conductor photocathodes. For example, a photocathode
      based on gallium arsenide (GaAs) has a response to a longer wavelength and
      an increased sensitivity when compared to the conventional multi-alkali
      photocathodes.
PAR  Transmission photocathodes, in which radiation reaching one face of a thin
      film detector layer results in the emission of electrons from the opposite
      face, require that the detector layer be less than the electron diffusion
      length in thickness if sufficient electrons are to emerge and not be
      reabsorbed in the material. It is clear that such detector material will
      be very thin and requires support in a practical device. In a transmission
      photocathode, however, the supporting substrate must be transparent to the
      radiation to be detected and hitherto systems proposed have suffered from
      limitations in performance and/or production difficulties.
PAR  In British Pat. No. 1,239,893 for example it has been proposed that gallium
      aluminium arsenide be epitaxially grown onto a seed crystal of gallium
      arsenide prior to the growth of a thin p-type gallium arsenide detector
      layer, and that finally the gallium arsenide seed be lapped away. It is
      difficult to provide thick robust substrates by this process particularly
      of large diameter with a consistent composition throughout the layer.
PAR  P-type gallium arsenide detectors on substrate systems however, are not as
      efficient and sensitive as would be expected and the presence of the
      substrate-detector layer interface bordering or at the active region of
      the photocathode introduces additional difficulties in the growth of the
      structure which degrade the final devices.
PAR  In the present invention a transmission photocathode is characterized in
      that it comprises a p-type group III-V compound photocathodic detector
      layer, at least one epitaxial crystalline intermediate layer transparent
      to the radiation to be detected and having a lattice constant close to
      that of the detector layer, and a crystal substrate transparent to the
      radiation to be detected. Transmission photocathodes in accordance with
      the invention can be made with large diameters and can be extremely
      robust. They can be constructed to make use of various easily available
      substrates.
PAR  We have found that with provision of an intermediate layer having a lattice
      constant close to that of the detector layer and having a moderate
      thickness significantly less than that required for a satisfactory
      supporting substrate, a substantially improved performance can be
      achieved. Thus for example, the provision of an intermediate layer of
      Ga.sub.(1.sub.-x) Al.sub.x As of 5 - 50 .mu.m in thickness between a
      p-type GaAs detector layer and a GaP substrate has greatly enhanced the
      performance of gallium arsenide transmission photocathodes.
PAR  It has also been found that the provision of an intermediate layer has a
      further advantage in that a p-type dopant can be provided in the
      intermediate layer, further enhancing the performance of the photocathode
      by raising the conduction level in the intermediate layer, so that a
      potential barrier is provided at the interface with the detector layer
      preventing the return of photoexcited electrons from the detector layer
      into the intermediate layer. It has been found that provision of
      sufficient p-type dopant in the intermediate layer to produce a potential
      barrier of about 1/2 volt at the interface effectively stops all electrons
      entering the intermediate layer and increases the electron yield by 50%,
      yet is not sufficient to cause a large increase in the radiation
      absorptivity of the intermediate layer. P-type doping of the intermediate
      layer has been found to give a further advantage in that the p-type
      detector layer can be more easily grown on it.
PAR  The preferred substrate is gallium phosphide, although sapphire or quartz
      for example might be used.
PAR  Alloys from the mixed III-V alloy system provide particularly suitable
      materials for epitaxial intermediate layers under p-type III-V compound
      detectors.
PAR  In the particular case of a p-type gallium arsenide detector layer p-type
      Ga.sub.(1.sub.-x) Al.sub.x As provides a particularly suitable
      intermediate layer as it has a lattice constant between 5.65A when X = 0
      (pure gallium arsenide) and 5.66A for X = 1 (pure aluminum arsenide)
      compared to the lattice constant of 5.65A for gallium arsenide. In a
      thickness of 50 .mu.m it is possible to accommodate the lattice mismatch
      between a gallium phosphide substrate and p-type gallium arsenide detector
      layer. The intermediate layer can be controllably grown to thickness of
      this order without problems and without variations in the composition
      through the thickness. A further advantage arising from the use of gallium
      aluminum arsenide is derived from the variation of energy gap for
      increasing values of X. Thus by selecting the energy gap of the
      intermediate layer, one can provide the photocathode with a particular
      window. For most requirements a transmission photocathode with a wide
      window is appropriate, and for this reason X is selected such that 0.4
      .ltoreq. X .ltoreq. 1. It has been found in practice that X = 0.7 provides
      a convenient easily reproducible material.
PAR  P-type Ga.sub.0.5 In.sub.0.5 P is also particularly suitable for the
      intermediate layer under p-type gallium arsenide, this alloy having a
      lattice constant of 5.65A.
PAR  Other combinations of detector layer and intermediate layer are possible,
      for example a p-type gallium indium arsenide detector layer could be used
      in conjunction with a p-type gallium indium phosphide intermediate layer,
      as could a p-type gallium arsenide antimonide detector layer. Another
      possible detector layer is p-type indium phosphide, although this material
      presents difficulties with activation as the usual caesium and oxygen
      activation process is inappropriate. Other possibilities include p-type
      indium arsenide phosphide as the detector layer.
PAR  Zinc, cadmium, germanium or silicon are suitable for providing the p-type
      doping in not only the detector layer but also in the intermediate layer.
PAR  The manufacturing process is characterized in that the intermediate layer
      is first epitaxially grown on the crystalline substrate, prior to the
      epitaxially deposition of the detector layer. It may further be
      characterised in that the process used is horizontal or vertical liquid
      epitaxy or vapour deposition.
DRWD
PAR  In order to facilitate comprehension of the invention the following
      description, by way of example only, will refer to the accompanying
      drawings in which:
PAR  FIG. 1 shows a section through a photocathode according to invention; and
PAR  FIG. 2 a horizontal system for double liquid epitaxy suitable for use with
      the invention, the lower view showing the boat and sides in longitudinal
      section and primed for use, and the upper view showing an empty boat in
      isolation,
PAR  FIG. 3 is a graphical representation of the variation of energy band gap
      with concentration of AlAs in the alloy Ga.sub.(1.sub.-x) Al.sub.x As; and
PAR  FIG. 4 shows the relationship between energy gap and lattice spacing for
      mixed III-V semiconductors.
DETD
PAR  In FIG. 1, a transmission photocathode is illustrated wherein a p-type
      gallium arsenide detector layer 3 is supported upon a transparent
      crystalline gallium phosphide substrate 1. Interposed between the detector
      layer and substrate is an epitaxial intermediate layer 2 comprising a
      p-type Ga.sub.0.3 Al.sub.0.7 As. The exposed surface 6 of the detector
      layer has been treated to provide a negative electron affinity surface,
      enabling a high percentage of photoexcited electrons released in the
      detector layer to escape into the surrounding vacuum 7.
PAR  In operation of the devices infra-red radiation 4 falling upon the
      transparent substrate 1 passes through both substrate 1 and intermediate
      layer 2 to be absorbed in the detector layer 3 causing the release of
      electrons. These photoexcited electrons diffuse to the surface 6 and
      escape into the surrounding vacuum 7 from whence they may be accelerated
      to a collector or phosphor screen (which are not shown). The electrons so
      released are indicated by the numeral 5.
PAR  One method of manufacture of such a transmission photocathode is
      illustrated in FIG. 2. The apparatus comprises a carbon boat 10 wherein a
      carbon slider 16 operates. The length of the slider 16 is somewhat less
      than the length of the boat 10. Centrally placed in the base of boat 10 is
      a circular recess 12. The slider 16 has two cylindrical wells 18 and 20,
      each of the same diameter as the boat recess 12. Initially the slider 16
      is placed at one end of the boat 10 such that neither well overlaps the
      recess 12.
PAR  A suitable gallium phosphide seed crystal 14 is chemically cleaned and
      placed in recess 12.
PAR  Two solutions 22 and 24 are prepared as follows:
PA1  solution 22:10g gallium, 1g gallium arsenide, 80 mg aluminum, 0.1g zinc.
PA1  solution 24:10g gallium, 0.8g gallium arsenide, 0.3g zinc
PAL  These solutions are placed in the wells 18 and 20, solution 22 in well 18
      nearer seed crystal 14, solution 24 in well 20 further from seed crystal
      14. The system is assembled and loaded into a single zone furnace.
PAR  Initially the system is flushed for 30 minutes with pure hydrogen. The
      furnace is then raised to 1000.degree.C, then after 10 minutes taken down
      to 950.degree.C and left for 20 minutes to stabilize. The system is then
      programmed to cool at the rate of about 80.degree.C/hour and the slide 16
      moved within carbon boat 10 to bring well 18 directly above recess 12 and
      solution 22 into contact with the GaP seed crystal 14. Growth of the
      intermediate layer commences. After an hour slide 16 is again moved to
      bring well 20 above recess 12 and solution 24 into contact with the
      deposited p-type Ga.sub.0.3 Al.sub.0.7 As intermediate layer on seed
      crystal 14. Growth of the p-type gallium arsenide layer commences. The
      growth continues for a few minutes, the actual period depending on the
      thickness of p-type gallium arsenide required, before the solution 24 is
      swept off and the furnace turned off.
PAR  The photocathode thus prepared is heat cleaned in a vacuum, then exposed
      alternately to caesium vapour and oxygen until its surface has the correct
      electron emission properties. This part of the process is identical to
      that carried out on prior art photocathodes.
PAR  While the production of transmission photocathodes according to the
      invention has been described with reference to a horizontal liquid
      epitaxial system, their manufacture is not limited to this system, for
      example a vertical liquid epitaxial system or a vapour deposition system
      might be used to grow the layers.
PAR  The present invention overcomes the fundamental problem of lattice mismatch
      between the p-type GaAs layer and the GaP substrate by introducing another
      layer between the GaP substrate and the p-type GaAs epitaxial layer. Study
      of mixed group III-V alloy systems show that the alloy Ga.sub.1.sub.-x
      Al.sub.x As has an almost constant lattice parameter from x = 0 (pure
      GaAs, lattice constant 5.65A); to x = 1 (pure AlAs, lattice constant
      5.66A). Since the energy gap of Ga.sub.(1.sub.-x) Al.sub.x As varies from
      1.4eV at x = 0 to 2.1eV at x = 1, as shown in FIG. 3, it is possible to
      choose a composition which is both transparent over an appreciable
      spectral range and which matches the GaAs lattice parameter. Where a
      device is required which will detect a wide spectral range, values of x
      giving an indirect energy band gap are preferred. Values of x below 0.4
      give material with a direct energy band gap which has much increased
      absorption but will provide a device with a narrower spectral window. It
      will be appreciated that in FIG. 3 the atom fraction of As in Ga.sub.x
      Al.sub.(1.sub.-x) As is fixed.
PAR  While the invention has been particularly described with reference to a
      zinc doped p-type gallium arsenide photocathode with a gallium phosphide
      substrate, it is emphasized that the invention is of much wider scope than
      this narrow interpretation. There are many other p-type dopants which
      might be used; in particular it has been stated that germanium, silicon or
      cadmium are suitable. Other p-type group III-V compound photocathodic
      layers may be used for the detector layer, as may other p-type alloys
      selected from the group III-V mixed alloy systems for the intermediate
      layer. It will be remembered that p-type Ga.sub.0.5 In.sub.0.5 P was
      specifically mentioned as an alternative to p-type Ga.sub.(1.sub.-x)
      Al.sub.x As when p-type GaAs is the detector.
PAR  By reference to FIG. 4 the instructed reader can ascertain a suitable
      material for the intermediate layer matching a particular detector layer.
      Taking as a first example p-type gallium arsenide as a detector, reference
      to FIG. 4 shows that Ga.sub.1.sub.-x Al.sub.x As provides a suitable
      intermediate layer as does Ga.sub.0.5 In.sub.0.5 P. As a further example
      the photodetector material p-type Ga.sub.0.8 In.sub.0.2 As having a
      lattice constant of slightly over 5.7A can be matched by p-type Ga.sub.0.3
      In.sub.0.7 P as the intermediate layer. Similarly the photodetector
      material p-type Ga As.sub.0.8 Sb.sub.0.2 can also be matched by p-type
      Ga.sub.0.3 In.sub.0.7 P.
CLMS
STM  We claim:
NUM  1.
PAR  1. A transmission photocathode comprising:
PA1  an activated detector layer of p-type gallium arsenide of thickness less
      than the electron diffusion length in gallium arsenide,
PA1  a crystalline substrate of gallium phosphide having an energy band gap
      greater than that of said gallium arsenide detector layer, and
PA1  a p-type intermediate layer selected from the group consisting of
      Ga.sub.(1.sub.-x) Al.sub.x As, where 0 &lt; x .ltoreq. 1, and Ga.sub.0.5
      In.sub.0.5 P,
PA1  said detector layer being epitaxially supported upon said intermediate
      layer, and said intermediate layer being supported upon said substrate.
NUM  2.
PAR  2. The transmission photocathode of claim 1 wherein 0.4 .ltoreq. x .ltoreq.
      1.
NUM  3.
PAR  3. The transmission photocathode of claim 2 wherein x = 0.7.
NUM  4.
PAR  4. A transmission photocathode comprising:
PA1  an activated detector layer of p-type photocathodic material having a
      thickness less than the electron diffusion length in said photocathodic
      material, said photocathic material being selected from the group
      consisting of gallium indium arsenide and gallium arsenide antimonide,
PA1  a crystalline substrate of gallium phosphide having an energy band gap
      greater than that of the detector layer, and
PA1  an intermediate layer comprising p-type gallium indium phosphide having a
      lattice constant within 0.2% of said detector layer and having an energy
      band gap greater than that of the detector layer, said detector layer
      being epitaxially supported upon said intermediate layer, and said
      intermediate layer being supported upon said substrate.
NUM  5.
PAR  5. A transmission photocathode comprising:
PA1  an activated detector layer of p-type gallium arsenide having a thickness
      less than the electron diffusion length in gallium arsenide,
PA1  a gallium phosphide substrate, and
PA1  an intermediate layer comprising Ga.sub.0.3 Al.sub.0.7 As including a
      p-type dopant, said p-type dopant being zinc,
PA1  said detector layer being epitaxially supported upon said intermediate
      layer, and said intermediate layer being supported upon said substrate.
NUM  6.
PAR  6. A transmission photocathode comprising:
PA1  an activated detector layer of p-type gallium arsenide having a thickness
      less than the electron diffusion length in gallium arsenide,
PA1  a gallium phosphide substrate, and
PA1  an intermediate layer comprising Ga.sub.0.5 In.sub.0.5 P including a p-type
      dopant, said p-type dopant being zinc,
PA1  said detector layer being epitaxially supported upon said intermediate
      layer, and said intermediate layer being supported upon said substrate.
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ABST
PAL  A metal-insulator-semiconductor type integrated circuit includes a
      semiconductor substrate of a first conductivity type and a power supply
      for a back-gate bias. The substrate is connected to the power supply by a
      switching means. A region of a second conductivity type, which is
      grounded, is formed on a major surface of the substrate. The potential of
      the semiconductor substrate is clamped at a predetermined level by a
      clamping means connected between the above-mentioned region and the
      substrate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to MIS (Metal-Insulator-Semiconductor)
      type integrated circuit devices, and more particularly to an improved MIS
      type integrated circuit device in which a semiconductor substrate is
      supplied with a bias voltage which increases the threshhold voltage of MIS
      type transistors included in the integrated circuit (hereinbelow referred
      to as a back-gate bias).
PAR  Since positive charges tend to be accumulated in a silicon oxide film used
      as a gate insulating film in MIS type integrated circuit devices, the
      semiconductor surface just beneath the gate insulating film of an
      N-channel MIS type transistor is easily converted to N type. Therefore, an
      N-channel MIS type transistor inevitably becomes the depletion type, even
      if the gate voltage is maintained at zero volts. MIS type transistors of
      the enhancement type needed for digital IC applications can be obtained by
      the application of a back-gate bias to the semiconductor substrate. With
      the back-gate bias applied to the semiconductor substrate in an integrated
      circuit device incorporating MIS type transistors, both the threshhold
      voltage (hereinafter abbreviated as VT1) of the MIS type transistor in the
      circuit and the threshhold voltage (hereinafter abbreviated as VT2) of a
      parasitic transistor to be formed between adjacent diffused regions in the
      semiconductor substrate can be made higher than that which can be obtained
      with the semiconductor substrate grounded, thereby widening the operating
      range of the circuit.
PAR  Suppose now that such an MIS type integrated circuit device incorporating
      N-channel MIS type transistors is operated with the back-gate bias applied
      to the P type semiconductor substrate and used with the substrate in an
      unbiased condition as a result of a delay in the application of the
      back-gate bias voltage at the moment the power supply is applied to the
      circuit of the device. This causes positive charges to leak from P-N
      junctions and channel portions in the circuit to the substrate. Since the
      charges flow toward grounded N type regions through the P-N junctions
      formed between the substrate and the grounded N type regions, the polarity
      of the potential of the substrate will become that of the circuit power
      supply potential for the presence of the voltage vs. current
      characteristics of the P-N junctions to reach a value of the order of for
      example, +0.5 volts. Because of this phenomenon, VT.sub.2 is lowered
      further than expected in a case in which the substrate and the grounded
      region are equipotential, thus resulting in degradation in electrical
      isolation between transistors. Consequently, current flows in portions of
      the integrated circuit which should be essentially isolated electrically,
      and the circuit current abnormally increases, which may affect the life
      span of the integrated circuit.
PAR  Power supply devices conventionally used are so contrived that the
      back-gate bias can be applied to the substrate prior to the application of
      a voltage to the circuit. Such devices are invariably expensive as
      compared to ordinary devices. The same problem mentioned above has also
      arisen in cases in which an MIS type integrated circuit device is used
      under a condition of power supply application with the substrate kept
      released from the back-gate bias.
PAR  It is consequently an object of this invention to provide an MIS type
      integrated circuit device, in which the substrate potential does not
      increase toward the potential of the circuit power supply when the
      semiconductor substrate is in an electrically floating state and the
      possibility of an excessive increase in current flowing in the circuit is
      eliminated.
PAC  SUMMARY OF THE INVENTION
PAR  An MIS type integrated circuit device according to this invention comprises
      a semiconductor substrate of a first conductivity type connected through
      switching means to a first power supply for a back-gate bias, a grounded
      first region of a second opposite conductivity type extending inwardly
      from a major surface of the substrate, a clamp means connected between the
      first region and the substrate for clamping the substrate potential at a
      predetermined value, and a second region of the opposite conductivity type
      also extending inwardly from the major surface of the substrate and
      connected to an additional second power supply opposite in polarity to
      said first power supply, whereby the clamp means clamps the potential of
      the semiconductor substrate at a potential between +0.1 volts and -0.1
      volts when the switching means is open.
PAR  While either an MIS type transistor of the depletion mode or a resistance
      element may be employed as the clamp means, as will be explained later by
      reference to specific embodiments of this invention, the use of a
      depletion type transistor is advantageous compared to the resistance means
      in that current flowing in the clamp element becomes extremely small and
      hence power consumption is minimized, under normal operation -- that is,
      when the back-gate bias, the ground potential and a voltage opposite in
      polarity to the back-gate bias are applied to the substrate, the first
      region, and the second region respectively.
PAR  According to the MIS type integrated circuit device of this invention, even
      when the substrate is in the unbiased condition, the differential
      potential between the substrate and the grounded first region is
      maintained below 0.1 volts by the clamp means and hence the potential of
      the substrate is substantially equal to the ground potential.
PAR  Therefore, VT2 for electrical isolation between adjacent transistors can be
      maintained sufficiently high and the possibility of an excessive current
      flowing into the integrated circuit or the life of the circuit being
      adversely affected can be eliminated.
PAR  Furthermore, it is not necessary to use the expensive power supply device
      mentioned above so contrived as to apply a backgate bias to the substrate
      prior to application of a voltage of the circuit power supply.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the principles of this invention, a detailed
      description of various embodiments will be given in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a schematic cross-sectional view of an MIS type integrated
      circuit device according to a first embodiment of this invention;
PAR  FIG. 2 is an equivalent circuit diagram of the device shown in FIG. 1;
PAR  FIG. 3 shows the threshhold voltages of the MIS type transistors as a
      function of semiconductor substrate voltage;
PAR  FIGS. 4 (A), (B) and (C) show diagrams illustrating the current vs. voltage
      characteristic curves of a P-N junction, a MIS type transistor of
      depletion mode and a resistance element, respectively.
PAR  FIG. 5 is a schematic cross-sectional view of an MIS type integrated
      circuit device according to another embodiment of this invention; and
PAR  FIG. 6 is an equivalent circuit diagram of the device shown in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a highly doped semiconductor regions 2 to 8 of N
      type and electrically isolated from one another are formed on a major
      surface of a P type semiconductor substrate 1 by a conventional technique
      such as selective impurity diffusion.
PAR  Silicon oxide films 9, 10, 11, and 12 that serve as the gate insulating
      films of MIS type transistors are respectively formed on the major surface
      of the substrate 1 between regions 2 and 3, 4 and 5, 5 and 6, and between
      7 and 8. On these silicon oxide films the gate electrodes 13 through 16
      are formed respectively. A MIS type transistor Q1 is composed of the
      N-type regions 2 and 3 and the gate electrode 13. In the same manner,
      transistors Q3, Q4, and Q5 are formed respectively by the regions 4, 5 and
      the gate electrode 14; by the regions 5, 6 and the gate electrode 15; and
      by the regions 7, 8 and the gate electrode 16. Further, thick silicon
      layers 18 and 19 are formed respectively between the regions 3 and 4 --
      that is, between the transistors Q1 and Q3, and between the regions 6 and
      7 -- that is, between the transistors Q4 and Q5, to achieve isolation
      between transistors. The thick silicon oxide layer 17 is formed as a
      protective film on the remaining part of the semiconductor surface. A
      metallic layer 21 is provided on the silicon oxide layer 18. A parasitic
      transistor Q2 is formed by the metallic layer 21, the regions 3 and 4, and
      the oxide film 18. A metallic layer 20 is also provided on the protective
      film 17.
PAR  The structure shown in FIG. 1 may be represented by an equivalent circuit
      shown in FIG. 2. As illustrated, the PN junctions formed by the P-type
      substrate 1 and the N-type regions 2 through 8 are represented by the
      diodes D1 through D6, respectively. The drain region 4 of the transistor
      Q3 is connected to a positive power supply 25 and at the same time, to the
      metallic layer 21, thereby forming the parasitic transistor Q2 as
      mentioned previously. The source regions 3 and 6 of the transistors Q1 and
      Q4 are both connected to the ground terminal 26 to become the grounded
      regions, and the substrate 1 is connected via a switch 28 to a power
      supply 27 for a negative back-gate bias.
PAR  In this embodiment, the depletion mode N-channel transistor Q5 is connected
      as a clamp means between the grounded regions, 3 and 6, and the substrate.
      Thus, the drain region 7 of the transistor Q5 is connected to the ground
      terminal 26 and both the source region 8 and the gate electrode 16 are
      connected to the substrate 1. It is noted that the transistor Q5 is
      fabricated simultaneously with the other transistors Q1, Q3, and Q4. In
      this case, the transistor Q5 will operate in the depletion made, since the
      gate insulating film 12 thereof is a silicon oxide film and the source
      region 8 is connected to the substrate 1.
PAR  All of the transistors Q1, Q3, and Q4 will be operated in the enhancement
      mode by a back-gate bias voltage via the switch 28. Each of the
      transistors Q1, Q3, Q4, and Q5 has a thin gate oxide film and the
      threshhold voltage VT1. While, the oxide film of the part corresponding to
      the gate of the parasitic transistor Q2 is thick and its threshhold
      voltage is expressed as VT2.
PAR  Now operation of the circuit of FIG. 2 will be analyzed with further
      reference to FIGS. 3 and 4. FIG. 3 illustrates variation of the threshhold
      voltage VT as a function of the substrate voltage VS. The relationship
      between VT and VS is given by
EQU  VT = K1 .sqroot. -VS + 2 .phi. F + K2                      (1)
PAL  in equation (1), .phi. F denotes the Fermi-level of the substrate, and K1
      and K2 are the constants mainly determined by the gate oxide film
      conditions. Therefore, the linear characteristics depicted in FIG. 3 can
      be obtained for VT and VS by taking VT and .sqroot. -VS  + 2 .phi. F as
      the ordinate and the abscissa, respectively. Under normal operation, the
      switch 28 is closed so that the device is operated with a back-gate bias
      applied to the semiconductor substrate 1. Under this condition, which
      corresponds to the point D in FIG. 3, VT1 takes a low positive voltage and
      VT2 takes a positive voltage higher than the power supply voltage and
      hence no current flows in the parasitic MIS type transistor Q2. Assume now
      that the semiconductor substrate 1 is held at ground potential. This
      causes both VT1 and VT2 to decrease so that VT1 takes a negative voltage
      value as shown at point C in FIG. 3. In cases where the switch 28 is open
      and the transistor Q5 (the clamp means according to this invention) is not
      connected between the ground terminal 26 and the semiconductor substrate
      1, a positive charge that has leaked to the substrate 1 from the high
      potential part within the semiconductor circuit via the P-N junctions.
      (D1, D3, and D4) and the MIS transistors (Q1, Q3, and Q4) will flow
      through the P-N junctions D2 and D5 to the ground terminal 26 which is the
      lowest potential. The potential of the substrate 1 in this case takes a
      value between +0.4 and +0.6 volts as shown by the voltage vs. current
      characteristic of the P-N junction shown at FIG. 4A, VT1 and VT2 taking
      values in the vicinity of point A on the abscissa of FIG. 3. It shows a
      further decrease in the values of VT1 and VT2. In this case, VT2 is
      lowered considerably as compared to the power supply voltage and the
      electrical resistance of the isolated part Q2 decreases, with the result
      that an excessive current flows into the integrated circuit.
PAR  The transistor Q5 of the depletion type is used as the clamp means
      according to this invention. Therefore, as shown in the voltage vs.
      current characteristic of the element Q5 of FIG. 4B, the drain current
      flows in spite of a slight increase in potential of the substrate 1 and an
      increase in the substrate potential is suppressed at a sufficiently low
      value on the order of less than +0.1 volt. In this case, the ground
      terminal 26 and the substrate 1 become almost equipotential, VT1 and VT2
      take values in the vicinity of point B which is close to point C on the
      abscissa in FIG. 3, with the result that an abnormal current flowing into
      the integrated circuit is restricted to a value close to that which would
      be obtained if the substrate 1 were connected to the ground terminal.
      Accordingly, even when the substrate 1 is freed from the back-gate bias by
      the switch 28, the electrical resistance of the electrically isolating
      region Q2 is maintained at a considerably higher value. Therefore, the
      possibility of an excessive current flowing into the integrated circuit is
      eliminated.
PAR  It has been assumed in the foregoing embodiment that the element forming
      the clamp means is a depletion type transistor, but a resistance element
      may be substituted of the transistor. An embodiment for this type is shown
      in FIG. 5 using the reference numerals as in FIG. 1 to identify like
      components. In this embodiment, it can be seen that a resistance element
      29 consisting of an N-type region is formed on the surface of the
      substrate 1 with one end connected to the ground terminal 26 and the other
      end connected to the substrate. The reference numeral 30 denotes an
      insulating protective film formed on the resistance element 29. An
      equivalent circuit of this device is shown in FIG. 6 which is similar to
      that shown in FIG. 2, wherein the resistance element 29 is represented by
      R1. The voltage vs. current characteristic of the resistance element 29 is
      shown at FIG. 4C. Since the previously mentioned leakage current with the
      substrate released is extremely small and current flows even in the case
      of a nominal potential difference on account of the resistance element,
      the substrate potential can be suppressed below about +0.1 volt in the
      same manner as mentioned previously.
PAR  In the device of FIG. 1 or FIG. 5, when the power supply 25 is +12 volts,
      the power supply 27 for the back-gate bias is -5 volts and the switch 28
      is opened, the current flowing into the integrated circuit is 45 mA when
      the clamp means Q5 or 29 is not present. In contrast, it is 33 mA under
      the same conditions when the clamp transistor Q5 is employed according to
      this invention, the channel being 1,500 .mu. in width and 10 .mu. in
      length. The current is 34 mA in the case of employment of the resistance
      element 29 having a resistive value of 1 K.OMEGA., under the same
      conditions.
PAR  In cases where the depletion type transistor Q5 is used with a negative
      potential applied to the substrate under normal operation, the backward
      current barely flows in the transistor Q5 as shown at FIG. 4B and power
      dissipation of this portion is only nominal, but current proportional to
      the back-gate bias applied to the substrate flows as indicated at FIG. 4C
      when the resistance element 29 is employed. Therefore, use of the
      resistance element 29 slightly increases the power dissipation, as
      compared to the use of the depletion type transistor Q5.
PAR  While the foregoing descriptions are concerned with integrated circuit
      devices of the structure including N-channel MIS type transistors, this
      invention can be applied to an integrated circuit device comprising
      P-channel MIS type transistors. In the latter case, a depletion type
      transistor must be also used as the clamp means. It has been publicly
      known that, in order to make a P-channel MIS type transistor used as a
      clamp means operate as a depletion type transistor, boron is injected into
      a channel region just beneath a gate insulating film by the ion
      implantation process so as to form a P-type region with a low impurity
      concentration. As a matter of course, the application of a positive
      voltage as a back-gate bias and a negative voltage as a circuit power
      supply voltage is needed in this case. Therefore, the substrate potential
      is suppressed below about -0.1 volt when the substrate is free from the
      back-gate bias.
PAR  Although both embodiments described above are concerned with the formation
      of the clamp means within the semiconductor substrate of an integrated
      circuit device, the structural modification of connecting an independently
      prepared clamp element across the ground terminal 26 and the semiconductor
      substrate could be made without departing from the essential scope of the
      present invention.
PAR  It will thus be appreciated that variations and modifications of the
      embodiments of the invention herein specifically described may be made by
      those skilled in the art to which the present invention pertains, all
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A metal-insulator-semiconductor integrated circuit device comprising a
      semiconductor substrate of a first conductivity type, a plurality of
      metal-insulator-semiconductor transistors each having regions of a second
      conductivity type opposite to the first forming a source and a drain on a
      major surface of said substrate, means for grounding a first portion of
      said regions belonging to one of said transistors, means for applying a
      voltage to a second region belonging to a different one of said
      transistors, said first and second regions being disposed in such
      relationship that a leakage current flows between them if the absolute
      potential of said semiconductor substrate exceeds a first predetermined
      value, and means for clamping the potential of said semiconductor
      substrate at a second predetermined value closer to the ground potential
      than said first value predetermined to prevent said substrate from
      exceeding said first predetermined value, said clamping means being
      connected between the ground potential and said substrate.
NUM  2.
PAR  2. The circuit according to claim 1, further comprising a power supply for
      giving said substrate a back-gate-bias, and switching means for connecting
      said substrate to said power supply, wherein the potential of said
      substrate is clamped at said second predetermined value by said clamping
      means and said leakage current is thereby prevented from flowing between
      said first and second regions when said switching means is open.
NUM  3.
PAR  3. The circuit according to claim 2, wherein said second predetermined
      value ranges between about +0.1 volt and -0.1 volt.
NUM  4.
PAR  4. The circuit according to claim 1, wherein said clamping means includes a
      metal-insulator-semiconductor type transistor of the depletion mode formed
      on said major surface of said substrate having a source region, a drain
      region, and a gate electrode, said drain region being connected to said
      first region, and said source region and said gate electrode being
      connected in common to said substrate.
NUM  5.
PAR  5. The metal-insulator-semiconductor type integrated circuit device
      according to claim 1, wherein said clamping means comprises a resistance
      element with one end thereof connected to said first region and the other
      end thereof connected to said semiconductor substrate.
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PAL  A method and system for the real-time dynamic simulation of a nuclear power
      plant that includes a control and monitoring console for operating the
      reactor and monitoring three dimensional physical values, such as nuclear
      flux, power and temperature throughout the core. A digital computer is
      connected to the console to calculate the physical values in real-time,
      with such calculations including the effect of xenon on the output and
      distribution of the power in the core. The method and system also provides
      for accelerating the xenon effect to provide for accurate simulation in
      real-time without the necessity of operating the simulator continuously
      through the preselected time span.
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PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  Reference is made to the following concurrently filed and related patent
      applications which are assigned to the present assignee:
PAR  1. Ser. No. 333,901 entitled "Training Simulator For A Nuclear Power Plant"
      and filed by G. L. Gregg, R. E. Putman and J. W. Gomola on Feb. 23, 1973
      in U.S. Patent Office.
PAR  2. Ser. No. 335,286 entitled "Nuclear Power Plant Training Simulator System
      And Method" and filed by R. W. Ferguson and R. E. Converse on Feb. 23,
      1973 in U.S. Patent Office.
PAR  3. Ser. No. 335,295 "Nuclear Power Plant Training Simulator Modeling
      Organization And Method" and filed by W. H. Alliston on Feb. 23, 1973 in
      U.S. Patent Office.
PAR  4. Ser. No 335,181 entitled "Training Simulator For Nuclear Power Plant
      Reactor Monitoring" and filed by W. H. Alliston, F. R. Czerniejewski and
      B. A. Mutafelija on Feb. 23, 1973 in U.S. Patent Office.
PAR  5. Ser. No. 335,288 entitled "Training Simulator For Nuclear Power Plant
      Reactor Control Model And Method" and filed by F. R. Czerniejewski on Feb.
      23, 1973 in U.S. Patent Office.
PAR  6. Ser. No. 335,294 entitled "Training Simulator For Nuclear Power Plant
      Reactor Coolant System And Method" and filed by W. H. Alliston and A. A.
      Desalu on Feb. 23, 1973 in U.S. Patent Office.
PAR  7. Ser. No. 335,285 entitled "Engineered Safeguards Systems And Method In
      Nuclear Power Plant Training Simulator" and filed by A. A. Desalu on Feb.
      23, 1973 in U.S. Patent Office.
PAR  8. Ser. No. 335,391 entitled "Fluid Distribution Network And Steam
      Generators And Method For Nuclear Power Plant Training Simulator" and
      filed by W. H. Alliston, S. J. Johnson and B. A. Mutafelija on Feb. 23,
      1973 in U.S. Patent Office.
PAR  9. Ser. No. 335,183 entitled "Training Simulator And Method For Nuclear
      Power Plant Heater And Non-Linear Modeling" and filed by B. A. Mutafelija
      on Feb. 23, 1973 in U.S. Patent Office.
PAR  10. Ser. No. 335,293 entitled "Secondary System Modeling And Method For A
      Nuclear Power Plant Training Simulator" and filed by S. J. Johnson on Feb.
      23, 1973 in U.S. Patent Office.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the real-time full scope simulation of the
      dynamic operation of a nuclear powered electrical generating plant for
      training plant operators.
PAR  The increasing demand for well-trained power plant operators together with
      the complexity of modern day power plants, has led to the realization that
      the simulator is the most effective tool for such training.
PAR  Also, with advancements in nuclear power plant technology, experienced
      operators from time-to-time need retraining in order to be competent. An
      actual nuclear plant cannot provide the operator with the required
      experience, such as starting up, changing load, and shutting down, for
      example, except after years of experience; and even then, it is unlikely
      that he would observe the effect of important malfunctions and be able to
      take the best corrective procedures.
PAR  Although simulators have been used for many years, in power plant design,
      it is only recently that they have been used for power plant operator
      training. An article in the July 22, 1968 issue of "Electrical World,"
      entitled "Nuclear Training Center Using Digital Simulation"  briefly
      describes the installation of a boiling water reactor plant simulator. An
      article in the same publication in the Oct. 6, 1969 issue entitled "Huge
      Simulator to Ready More Reactor Operators" discusses the proposed
      installation of a pressurized water reactor simulator. In Volume 10, No. 5
      of the publication "Nuclear Safety" published during September and
      October, 1969 is an article entitled "Training Nuclear Power Plant
      Operators With Computerized simulators;" and in the June, 1972 issue of
      the publication "Power Engineering" there is an article entitled
      "Simulators" which describes a number of power plant operator training
      simulators presently in use or proposed.
PAR  Design simulators usually cover only a small part of the process, and may
      run slower or faster than real-time; while training simulators must
      operate and respond in a manner identical to the actual plant. A design
      simulator may involve only a narrow range of conditions, while a training
      simulator must simulate from "cold" shutdown to well beyond normal
      operating conditions. A design simulator usually involves only the major
      process, while a training simulator should cover every auxiliary system
      with which the plant is concerned.
PAR  Training simulators presently in use for operator training, which are more
      or less complete in their simulation utilize a digital computer that is
      connected to control consoles that are identical in operation and
      appearance to the plant being simulated. Also, an instructor's console is
      connected to control the simulator, introduce malfunctions, initialize the
      simulated plant at selected states of operation, and perform other
      functions useful for training purposes and control of the simulator.
PAR  In order to be complete, the simulation of the reactor should include xenon
      calculations and their effect on reactor power at any point in time of
      operation. Also, in many instances, an instructor may wish to simulate the
      real-time operation of the plant after a time span in hours or days is
      supposed to have elapsed, and it is desired that the plant be in an exact
      condition of operation at the end of the elapsed time. Depending on the
      power level or condition at which it is to operate after this elapsed
      time, the various controls are adjusted accordingly.
PAR  However, with respect to xenon, the amount builds up slowly in the reactor;
      that is, it lags behind the power by about eight hours. As the xenon
      builds up to equilibrium, the reactor power decreases. With decreased
      power, the amount of xenon decreases, which permits the power to increase.
      This in turn increases the production of xenon, which create oscillations
      of xenon that lag behind reactor power in the neighborhood of the 8 hour
      period. Thus, in order to have an accurate simulation of the effect of
      xenon at some predetermined time in the future, it is necessary to
      accelerate the xenon simulation. Also, inasmuch as the amount of decay
      heat, which depends on the reactor operating time and power output,
      influences the xenon build up, it is desirable that such influence be
      included in the xenon simulation.
PAR  During actual operation the effect of xenon on reactor power is compensated
      by the addition and subtraction of boron; thus, it is also desirable that
      the boron concentration be known at the end of the predetermined elapsed
      time span.
PAR  It is apparent that without the benefit of an accurate xenon acceleration
      simulator, an accurate simulation would require the running of the
      simulator for the elapsed time that the instructor desires; and an attempt
      to calculate for a long elapsed time would prevent accuracy and limit the
      flexibility of the simulator. Thus, it is desirable to utilize time steps
      that are small enough to be accurate in their calculations and large
      enough to prevent an undue delay in arriving at the proper condition of
      operation for all operating situations both normal and abnormal.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the broad principles of the present invention, a method
      and system for simulating the real-time dynamic operation of a nuclear
      power plant for training purposes is provided, which utilizes apparatus
      wherein a plurality of control devices corresponding to the control
      apparatus for operating the plant provide input data to a digital computer
      that calculates physical values including the effect of xenon on a reactor
      during successive time steps for simulating the power output of a reactor
      core. The method and system also provides for accelerating the real-time
      simulation of xenon to permit a future operating condition to be simulated
      without unnecessary delay.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic block diagram of a nuclear powered electrical
      generating plant that is simulated in accordance with the present
      invention;
PAR  FIG. 2 shows a schematic block diagram of the apparatus used in simulating
      the operation of the plant shown in FIG. 1;
PAR  FIG. 95/1A is a functional block diagram illustrating the interconnections
      of the various individual modules that make up the simulator;
PAR  FIG. 96/1 is a front elevation with parts broken away of a typical nuclear
      reactor of the type being simulated in a system according to the present
      embodiment of the invention;
PAR  FIG. 96/2 is a schematic diagram of a typical reactor core of the type
      being simulated in accordance with the present invention;
PAR  FIG. 96/3 is a schematic representation of a plan view of a reactor core
      showing a flux thimble and a malfunctioned rod together with coordinates
      which correspond to coordinates used in associated programs of the
      simulation;
PAR  FIG. 96/4 is a functional block diagram to illustrate the generation of X
      and Y multipliers for the X-Y flux synthesis approximation;
PAR  FIG. 96/5 is a diagrammatic representation of the chambers for ex-core
      instrumentation simulation;
PAR  FIG. 96/6 illustrates a flow chart of the program XELEAP utilized in the
      accelerated time xenon calculations.
DETD
PAC  GENERAL DESCRIPTION OF SIMULATED NUCLEAR POWER PLANT
PAR  Referring to FIG. 1, the preferred embodiment of the invention is described
      in connection with the simulation of a nuclear power plant, in this case a
      four loop pressurized water reactor power plant. Such a plant includes a
      primary system generally referred to as 10 which is housed in a
      containment building 11, a secondary system, generally referred to as 12,
      and a control office that includes control and indication panels 13 for
      operating and monitoring the various elements in the power station. The
      plant itself is described herein in a general sense to an extent which
      will aid in understanding the invention. More detail on the plaant is
      ascertainable from the more detailed invention description herein.
      Extensive background information on nuclear plants of various kinds is
      widely available in prior patents and publications. Certain invention
      features are applicable to nuclear plant types other than the pressurized
      water type.
PAR  The primary system includes a nuclear reactor housed in a reactor vessel RV
      and in this instance four closed reactor coolant loops RCL (A, B, C, and
      D), connected in parallel to reactor vessel RV. Each loop contains a
      reactor coolant pump RCP (A, B, C, and D) and a steam generator SG (A, B,
      C, and D). The reactor vessel RV, reactor coolant loop piping RCL, pumps
      RCP, and primary side of steam generators SG, all from what is referred to
      as a reactor coolant system RCS. The primary system 10 also includes an
      electrically heated pressurizer system PZR and certain auxiliary systems
      hereinafter described.
PAR  High pressure water circulates through the reactor vessel RV to remove the
      heat generated by a nuclear chain reaction within a fuel arrangement
      disposed in the reactor. This heated water exits from the reactor vessel
      RV and passes via the coolant loop piping RCL to the steam generators SG.
      In the steam generators SG, the coolant water gives up its heat to the
      feedwater in the secondary side of the steam generator SG to generate
      steam for a turbine driven electrical generator GN. The reactor coolant
      cycle is completed when the coolant is pumped back to the reactor vessel
      RV for reheating in the nuclear reactor.
PAR  Rod drive system RD is used to control reactor power level and consists of
      clusters or banks of movable cylindrical neutron absorber rods. The
      absorber rods move within guide tubes in certain fuel assemblies in the
      reactor fuel arrangement. The reactor coolant pumps RCP are vertical
      single stage mix flow pumps of the shaft seal type; and are designed so
      that adequate coolant flow is maintained to cool the reactor core
      adequately under all conceivable circumstances. The steam generators SG
      are vertical U-tube units that contain integrally therewith, in the
      secondary side, moisture separation equipment that reduces the moisture
      content of the steam to one-quarter percent of less. The electrically
      heated pressurizer PZR connected to one of the four reactor coolant loops
      RCL maintains the reactor coolant system RCS pressure during normal
      operation, limits the system coolant pressure variation during plant load
      transients, and keeps the system coolant pressure within design limits
      during abnormal conditions.
PAR  The reactor operating level is controlled inherently by a negative
      temperature coefficient of reactivity of the water; by control rod cluster
      positioning as already indicated; and by a soluble neutron absorber, such
      as boron in the form of boric acid. The boric acid is inserted into the
      coolant during cold shutdown, partially removed during startup, and
      adjusted in concentration during the life time of the fuel in the core to
      compensate for such effects as fuel consumption, and accumulation of
      fission products, which tend to slow the nuclear chain reaction.
PAR  The primary system includes engineered safeguard systems, ESS including
      chemical and volume control system CVCS, safety injection system SIS,
      residual heat removal system RHRS, containment spray and fan cooling
      system CSP, and an accumulator discharge system (not shown) which is
      described in detail in connection with the description of the individual
      models.
PAR  The chemical and volume control system CVCS performs a number of functions,
      such as filling the reactor coolant system RCS, providing a source of high
      pressure water for pressurizing the system RCS when cold, maintaining the
      water level in the pressurizer system PZR when the RCS system is hot,
      reducing the concentration of corrosion and fission products in the
      reactor coolant, adjusting the boric acid concentration of the reactor
      coolant, and providing high pressure seal water for the seals of the
      reactor coolant pumps RCP.
PAR  The residual heat removal system RHRS portion of the engineered safeguard
      systems ESS transfers heat energy from the reactor core and the system RCS
      during plant shutdown and refueling operations. Components in the residual
      heat removal system RHRS are also employed in conjunction with the safety
      injection system SIS.
PAR  The safety injection system SIS supplies borated water to the system RCS to
      limit the fuel rod cladding temperature in the unlikely event of a loss of
      coolant accident. Also, the system SIS functions to provide a means of
      introducing a spray of borated water into the containment 11 as an
      additional dynamic heat sink. The system SIS includes several independent
      subsystems characterized by equipment and flow path redundancy. This
      redundancy assures complete reliability of operation, and continued core
      cooling even in the event of a failure of any single component to respond
      actively as intended. For example, during the passive accumulator
      injection phase of the system operation which is described in connection
      with the individual models, accumulator tanks rapidly inject borated water
      into the reactor coolant system automatically when the depressurization of
      loops RCL causes a reversal of the pressure drop across the accumulator
      check valves. The accumulators provide rapid cooling of the reactor core
      for large breaks which would otherwise result in core uncovering and
      overheating before the electrically driven low head safety pumps of the
      SIS system are energized and delivering coolant. The low head system of
      safety injection provides for injection of borated water into the RCL
      loops for large breaks, which would result in rapid blowdown and
      depressurization. A high head system for injection into the loops RCL for
      small breaks is provided for those instances that would result in slow
      blowdown and depressurization. The low head system utilizes pumps of the
      residual heat removal system RHRS which takes water from a refueling water
      storage tank, and pumps borated water through one of the residual heat
      exchangers, through an injection header and injection lines to each of the
      reactor coolant loops. The high head safety injection phase utilizes two
      subsystems which provide extremely rapid response to an SIS system
      actuation signal, utilizing a boron injection tank and a charging pump of
      the chemical and volume control system CVCS.
PAR  The containment building 11 completely encloses the entire primary system
      and insures that an acceptable upper limit for leakage of radioactive
      materials to the environment is not exceeded, even if gross failure of the
      elements contained therein were to occur. The containment spray system CSP
      is included in the primary system to limit the pressure in the containment
      atmosphere to below the containment design pressure, and remove sufficient
      iodine from the containment atmosphere to limit the radiation doses to
      safe value. This system delivers NaOH to the space within the containment
      building 11. The reactor containment fan cooling system portion of CSP
      which is also part of the containment building monitoring system removes
      heat from the containment building during normal operation, and during any
      loss of coolant accident. When a loss of coolant accident is sensed, the
      fan motors are automatically switched to low speed to provide circulation
      of the steam-air mixture in the containment building.
PAR  The steam generators SG (A, B, C, and D) deliver steam at appropriate
      pressure and temperature in the secondary system for conversion to
      mechanical and then to electrical energy in the turbines and the
      generators, respectively. The secondary steam is additionally used for
      various operational auxiliary services such as turbine shaft steam seals,
      turbine drives for main and auxiliary feedwater pumps and steam jet air
      ejectors.
PAR  Steam is admitted to a double flow high pressure turbine HPT that is
      controlled by governor valves with quick acting throttle or stop valves
      ahead of them for rapid isolation in an emergency. Four separate pipes
      convey steam from the governor valves to the turbine nozzle chambers. The
      steam passes through an impulse blading or control stage and a number of
      reaction stages of the high pressure turbine HPT; the impulse chamber
      steam pressur is measured and used as a load measurement for use in
      reactor control.
PAR  On leaving the last row of high pressure blades, the steam has a moisture
      content of approximately 10%. Thus, the steam is then passed through a
      moisture separator and reheater REH to improve the turbine efficiency and
      reduce the low pressure turbine exhaust moisture. The exhaust steam from
      the high pressure turbine when first passed through the moisture separator
      portion REH removes approximately 10% of the flow which is extracted as
      moisture. The remaining 90% flows through steam heated reheater portion of
      REH where it receives approximately 100.degree.F superheat. The moisture
      is removed and drained to a heater drain tank (not shown); and the steam
      which rises above the moisture separator passes over the reheater and is
      reheated by live steam.
PAR  The hot reheated steam is conveyed to the double flow low pressure turbines
      LPT (A, B, C) the number of which in use can depend on the electrical
      output required. The low pressure turbine exhaust directs the steam to a
      condenser CNDSR that has cooling water passing through tubes which
      condense the steam to water where it is collected in a chamber, called a
      hot well. The condenser cooling water is controlled by circulating water
      system CW. The condensate system CNDSR and the feedwater system FW return
      the condensed steam from the turbine condenser, and the drains of the
      regenerative feed heating cycle, to the steam generators SG (A, B, C, and
      D) while maintaining the proper water inventories throughout the cycle.
PAR  The feedwater system FW conveys the feedwater through low pressure heaters
      LEX and then through high pressure heaters HEX to the generators SG. The
      auxiliary feedwater system AFA is used when the main system is
      inoperative. These systems automatically maintain the water level of the
      steam generators SG during both steady-state and transient operation.
PAR  The turbine HPT is equipped with an electrohydraulic control system EH
      comprising a solid state electronic controller and a high pressure fluid
      supply. The electronic controller computes a control signal based on
      measured turbine speed, measured first stage steam pressure, and speed and
       loss reference values established by the dispatcher or initiated at the
      operator's control panel 13. The control signal is transmitted to the
      electrohydraulic actuator of each main steam throttle and/or governoring
      valve to produce the valve positioning needed to meet the reference load.
      During turbine startup, the throttle valves are position controlled to
      accelerate the turbine from turning gear or higher speed up to synchronous
      speed. The high pressure hydraulic fluid system provides the power for all
      turbine steam control valves, electrohydraulic actuators, and positions
      the governor valves in response to the electric control signals from the
      electronic controller. The interceptor valves are also operated by the
      hydraulic fluid, and they may be position controlled or simply controlled
      to be either open or closed.
PAR  The electrohydraulic control system provides turbine control during all
      phases of operation by varying the turbine valve opening. Hydraulic
      cylinders move the valves to the required opening with electrically
      operated servo-valves controlling the cylinder's position.
PAR  The main generator GN operated by the turbine is a hydrogen inner cooled
      synchronous generator with a water cooled stator and an output voltage of
      approximately 22 to 25 kV at 60 cycles. The excitation is provided by a
      shaft driven air cooled brushless exciter. Cooling for the generator is
      provided by system GNC which circulates hydrogen at a pressure of about 75
      psig through the generator GN by fans attached to the generator shaft.
PAR  Various plant parameters including reactor parameters, coolant and steam
      pressures, temperature, and flows and liquid levels in the various
      systems, as well as the speed of the turbines and electrical output of the
      generator are sensed and displayed through meters, alarms, and
      annunciators on the central office panel 13. Among the reactor parameters
      the position of the rods of the reactor and the state of all operable
      components are displayed to inform the operator of the condition or state
      of operation of the nuclear power plant.
PAR  The state of operation of the various components of the plant and certain
      fluid pressures, temperatures, and levels are connected through
      interlocking and logic circuitry 14 to prevent unsafe operation of
      selected system components and to trip or shut down the plant under
      abnormal conditions.
PAR  Nuclear instrumentation panel NISP is provided with various recorders,
      indicators, meters, and selector switches to display the neutron flux
      values in various sectors of the reactor, both in an axial and radial
      direction, which function is termed in-core flux mapping.
PAR  Also, a portion of the panel NISP displays through meters the flux in
      various sectors of the reactor vessel RV to inform the operator of the
      various ranges of nuclear flux, such as source, range, intermediate range,
      and power range of the reactor during start-up and shutdown, which
      operation is termed ex-core radiation detection. Further, the temperature
      of individual fuel rods of the reactor, and the radiation in various parts
      of the plant are monitored and displayed on the panels NISP. Finally, the
      auxiliary power to the plant is controlled by a portion of the panel NISP.
PAC  GENERAL DESCRIPTION OF SIMULATOR CONFIGURATION
PAR  The nuclear power plant simulator according to one embodiment of the
      invention comprise digital computation apparatus and peripheral equipment
      operatively connected to control and indication panels which are identical
      in appearance and wiring to the actual control and indication panels of
      the four loop pressurized water reactor power plant that is simulated. The
      general function, structure, and operation of digital computers is set
      forth in a publication entitled "Electronic Digital Systems" by Mr. R. K.
      Richards, which was published in 1966 by John Wiley and Sons, Inc. and
      bears the Library of Congress card catalog number 66-17618, to which
      reference is made for a detailed description thereof in order to aid in an
      understanding of the apparatus and methods in carrying out the invention.
PAR  Specifically, and referring to FIG. 2, the simulation system includes a
      Sigma 5 digital computer 20 referred to at times in this specification
      also as the "C" machine and associated peripheral equipment. The Sigma 5
      computer system is manufactured and sold by Xerox Data Systems, Inc. and
      has been in general use for over one year prior to the filing date of this
      application. For more information on the Sigma 5 computer system reference
      is made to the appendix.
PAR  The simulator also includes digital computers 21 and 22 referred to at
      times hereinafter also as the "A" machine and "B" machine, respectively
      and associated peripheral equipment of the type manufactured and sold by
      Westinghouse Electric Corporation, and which is known as model p2000, and
      which computers have been in general use for over 1 year prior to the
      filing date of this application. The P2000 digital computers 21 and 22 are
      described in a publication entitled "Prodac 2000 Computer Systems
      Reference Manual" copyrighted in 1970 by Westinghouse Electric Corporation
      and bears copyright Registration No. A244775, to which reference is made
      to aid in an understanding thereof.
PAR  The Sigma 5 computer, or C machine provides an extensive arithmetic
      capability for the power plant simulator. The computers 21 and 22, act as
      process input/output controllers for the C machine. In practicing many
      features of the invention, a single computer or other multiple computer
      arrangements may be employed.
PAR  Communication between the A, B, and C machines is provided by a combination
      of the Xerox Data Systems Model 7650 channel interface units 23 and 24,
      and high speed data link devices 25 and 26 respectively. The C machine
      provides the software control and synchronization for the multiple
      computer configuration involving the A machine, B machine, and C machine;
      and the A and B machines in addition to providing the process input/output
      capability for the C machine also provide a capability for instantaneous
      simulator responses through their external interrupt system, the
      processing of all interlock and protection system logic, and the
      processing of several employed in the simulator models, such as a reactor
      control rods program.
PAR  The simulation of the electrohydraulic control system EH as depicted in
      FIG. 1 and represented by a simulator panel portion 27 of FIG. 2 is
      accomplished in part by the actual analog electrohydraulic controller
      manufactured and sold by Westinghouse Electric Corporation, which has been
      in use for more than a year prior to the filing date of this application.
      The panels 27 through 35 in FIG. 2 provide the same outward appearance and
      operation as panels in an actual plant and are connected directly through
      appropriate computer system equipment to the A machine and the B machine.
PAR  Instructor's console 36, which provides the control facility to start, stop
      and manipulate the simulator is connected to software in the B machine.
PAR  A basic real time batch monitor (hereinafter referred to as RMB) software
      system of the C machine is a two partition system designed for normally
      running simultaneously foreground and background programs. The foreground
      programs include the system software extension programs which are made up
      of a sublevel processor, data link handler, and disc handler. Such
      foreground programs also include data conversion routines, and various
      dynamic models for the simulated system, which include reactor models,
      primary system models, secondary system models, a valve handler routine, a
      pump handler routine, and a controller handler routine. In order to permit
      an economy in core memory requirements, in the present embodiment of the
      invention the foreground programs and the background programs are not run
      at the same time.
PAR  Referring to FIG. 95/1A, control rod drive model T1 (A machine), which
      provides a continuous variable truncation approximation for neutron
      absorbing control rod positions and indications, operates in response to
      inputs L1 which include the full length and part length rods in and out
      panel switches, the rod control mode select position, the rod start up
      reset pushbutton, the trip and trip reset pushbuttons, permissive
      interlock pushbuttons and rod. Input L2 is also applied to the model T1
      and, it comprises rod speed and direction in the automatic mode from an
      automatic rod control model RODGO(T2), which calculates a transform
      approximation of the Automatic Rod controller.
PAR  Automatic Rod Control model T2 operates in response to input L3 comprising
      the nuclear power rate which is the output from the EX-CORE instrument
      model DETOUT, which calculates the meter output from the Ex-Core nuclear
      chambers, referred to at model T3. The 15 rod bank and/or group positions,
      and the 10 malfunction rod positions, which are calculated in the model
      T1, form an input L4 from T1 to the nuclear cross-section model (SIGMAS)
      T4, which provides the 11/2 energy group cross-sections.
PAR  L4 is also applied as an input to the X-Y synthesis model PLTLT, which
      calculates neutron flux vector components, referred to as T5; core exit
      thermocouples model TMCPLS, which calculates the average channel with
      local tilt and rod factors, referred to as T6; and the trace generation
      model T7 which provides the numerical flux fit for In-Core traces. The
      model T4 responds to the neutron flux input (22 mesh points) L5 which is
      calculated in the one dimension space time kinetics with delayed neutrons
      model FCALC referred to at T8. The T8 output L5 is also the input to the
      xenon model (POISON, PADE) T4A which provides the analytic solution for
      Xenon for input L6 to the model T4. Also, the model T4 has applied to it
      the reactor boron concentration represented by input L7 from the output of
      the model RCS boration (RCBORC) referred to at T9, which integrates boron
      inflow and outflow to obtain net boron concentration in the RCS and
      isolated loops. The model T4 also receives the output L8 from model RCS
      thermal (RCSLOP) T10, which calculates enthalpy distribution around the
      RCS loops, the reactor core inlet enthalpy and the average exit enthalpy.
      The model T4 acts on inputs L4, L5, L6, L7, and L8 to produce 22 diffusion
      coefficients, 22 absorption cross-sections, 18 neutron yields, 18 energy
      yields, and 22 neutron velocities which are input as L9 to the one
      dimension space time model T8.
PAR  In addition to the output L5, the model T8 provides 22 neutron flux
      calculations over output L10 to the input of the models T3 and T7. Also,
      the model T8 produces the total fission power (output L11) which is used
      in the calculation of the X-Y Synthesis model T5 and the decay heat
      (FPROD) model T11, which calculates the eight fission products, one node
      heat generation. The total fission power at output L11 is summed with the
      calculated decay heat power at output L12 from the model T11 to produce
      the total core power as an input L13 to the reactor thermal hydraulic
      (THERMO) model T12. The latter model calculates reactor flow and heat
      transfer.
PAR  The probe drive model T13 provides output L14 to the probe position
      indicators on the NIS panel and also provides an input to the model T7
      which comprises thimble selection and the probe position in the thimble,
      of which there are six maximum. The X-Y xenon (XEOSCL) model T15 provides
      an output to the model T6 and the planar tilt at the thimbles (TILT) model
      T16 which comprises two X-Y xenon tilt component factors. The calculations
      of the model T16 and the model T15 operate on two X-Y gross flux tilt
      component factors from the output L16 of the model T5. The model T16 in
      response to the inputs L15 and L16 calculates the X-Y tilt factor at each
      thimble location for output on L17 to the model T7. The model T5 also
      provides X-Y tilt factors at each Ex-Core chamber location (output L18)
      for the model T3.
PAR  The Trace Generation model T7 in response to the inputs L17, L4, L10, and
      L14 produces output L19 the flux trace at each selected thimble up to 6
      maximum for input L19 to the trace and TC input/output format and scaling
      (AUXIL) model T17. The points on each trace are output at L19
      sequentially; that is, one point at a time corresponding to the probe
      position. A total of 120 points is supplied for each complete trace. The
      model T6 in response to the inputs L8, L4, and L15 produces at its output
      L20 the temperature at a selected thermocouple which is input into the
      model T17.
PAR  The model T3 calculates the flux at the Ex-Core chamber location for the
      source, intermediate, and power range meters on the NIS panel over output
      L21; the source range reciprocal count rate for the audio count rate meter
      over output L22, which reciprocal is coded as a 16-bit binary number and
      is output on 16 output contacts; and on output L23, the total neutron and
      delta flux for each long ion chamber location for the power range control
      panel. The model T3 also calculates over output L24 the total neutron flux
      for each long ion chamber location and the rod drop differentiator signal
      for the limit check (LIMP) model T18 which checks the limits of the
      parameters for the trip logic and annunciators on the control panel. Also,
      the flux at each half chamber location, which there are a total of eight,
      is applied from T3 as an input L25 to the overpower and overtemperature
      protection (SETTMP) model T19, which model calculates Z-transforms
      approximations for DNB protection. The output of the limit checks model
      T18 comprises alarm and annunciator actuation signals, reactor plant
      permissive signals, reactor protection trip signal, and reactor rod stop
      signal represented at L26. The model T19 responds to the input L25 and the
      input L28 which comprises the loop average temperatures, loop delta
      temperatures, and system pressures to produce the overpower and
      overtemperature protection trip signals L27 for input to the limit checks
      model T18.
PAR  The inputs L8, and L13 previously described and the input L37, which
      represents reactor core fluid flow, are applied to the reactor thermal
      hydraulic model T12 which in turn generates output L29, i.e., the core
      outlet fluid enthalpy, for input into the RCS thermal model T10.
PAR  Referring to FIG. 96/1, a pressurized water reactor for a four loop plant,
      is illustrated, the operation of which is simulated in accordance with the
      present embodiment.
PAR  In FIG. 96/1, reactor vessel 100 is a cylindrical shell which has a
      plurality of inlet nozzles such as 101 and outlet nozzles such as 102 for
      circulating the reactor coolant to the steam generator. The vessel 100
      contains the fuel rods in a core arrangement that undergo a chain nuclear
      reaction to produce usable energy in the form of heat, and it further
      includes various internal assemblies for controlling the rate of heat
      generation. Reactor control is provided by neutron absorbing control rods
      103 and by a homogeneous neutron absorber, such as boric acid, dissolved
      in the reactor coolant. The control rods 103 are utilized to start up,
      follow load changes, to provide reactor trip capability, and to furnish
      control for slight deviations in reactivity due to temperature. In the
      event of a reactor trip, the control rods 103 fall into the core by
      gravity. The concentration of the boric acid in the coolant is varied
      during the life of the core to compensate for changes in reactivity that
      occur with fuel depletion, as well as to compensate for the reactivity
      associated with xenon transients arising from power level changes.
PAR  In simulating the nuclear reactor, which includes the control of the
      reactor, and the condition of the reactor including malfunctions for the
      purpose of training, a number of individual models are utilized in the
      computer system. These models include a space-time neutron kinetics model
      which simulates the total power of the core and the spatial power
      distribution. A flux synthesis for the horizontal axis of the core, that
      is the flux distribution outwardly form the center of the core; a model
      for simulating the decay heat of the reactor to represent that heat which
      becomes prominent subsequent to the shutting down of the reactor; the
      model to simulate fuel burnup and PU production; the core exit
      thermocouple model for calculating the fuel assembly outlet temperatures;
      the automatic rod control; the simulation of the build up of xenon; the
      thermo-hydraulic modeling of the reactor core; the model for simulating
      the set points and limits of the reactor; the model for measuring the in
      core flux traces; and the out-of-core detectors are all used in the
      overall simulation of the reactor.
PAR  In addition to the position of the control rods 103 previously described,
      temperatures, nuclear flux, and power are measured throughout the reactor
      core and the reactor vessel. Referring to FIG. 96/2, a schematic diagram
      of the reactor core is illustrated having a vertical Z-axis, and
      horizontal axes X and Y to which reference will be made throughout the
      description. In the reactor core, the fuel assembly temperature is
      measured by thermocouples which are permanently mounted in the plane of
      the X and Y axes at the top of the core at selected locations. There are
      in total 65 individual thermocouples.
PAR  The neutron flux is measured in selected fuel assemblies by six miniature
      flux detectors that move upwardly along the Z-axis, and in particular fuel
      assemblies, spaced relative to the horizontal X and Y axes as selected by
      the operator. Outside the reactor core, the neutron flux is measured at
      predetermined points around the periphery of the core as shown in FIG.
      96/2 to detect the flux in the source range, the intermediate range, and
      the power range of operation.
PAR  The neutron flux and power are measured in three dimensions of the
      cylindrical core. Thus, in the reactor being simulated the flux
      distribution can be determined in three dimensions along the Z-axis
      vertically and along the X and Y axes horizontally.
PAR  In accordance with the present embodiment, to obtain a simulation of the
      total power, and core spatial power distribution effects, the coupled
      space-kinetics model T8 is used. The T8 model calculates a modified one
      group flux along the Z-axis from diffusion theory and adds point by point
      delayed neutrons to obtain a fission power distribution. A radial tilt
      synthesis is utilized for the spatial distribution effects along the X and
      Y axes.
PAR  The space-time neutron and kinetics model T8 provides variation in control
      rod worth with the changes in flux shape along the Z-axis. This spatial
      power model provides correct response in the direction of the Z-axis for
      permitting training emphasis in such aspects as part length rod control,
      for example.
PAR  The actual solution of the neutron diffusion equations is used for the
      Z-axis direction. In simulating the fission power distribution along the
      Z-axis, a single dimension differential technique is employed.
PAR  Referring to FIG. 96/2, 22 nodes are assumed along the Z-axis which are
      designated G1 through G22 inclusive. G1 and G2 and G21 and G22 are assumed
      to be located outside the length of the fuel rods to act as neutron
      reflectors, which in a real reactor simulates the reflective effect of
      water in the reactor. At each of these nodes G1 through G22 inclusive, six
      delayed neutron time groups are calculated. The six time groups represent
      the different time fission effects of the most important delayed reaction
      isotopes in a nuclear reactor of the type being simulated in the present
      embodiment. The simulation for the one dimensional space-kinetics is
      mechanized in the program FCALC and begins with a steady-state eigenvalue
      problem solution which provides a K.sub.bias that is interpreted as the
      calculated K for measured critical of the reactor.
PAR  When the reactor is shut down, there will be an output of decay heat which
      is dependent upon the amount of time and at what power level the reactor
      has been operating. The input to the decay heat model T11 (FPROD) is the
      average reactor fission power calculated in the routine FCALC to produce
      an output representing the fission product heat for the reactor thermal
      hydraulic model THERMAL.
PAR  Decay heat is caused by eight isotope groups, two of which are U239 and
      Np239. The remaining six are fitted from the product decay curve for
      infinite radiation. In simulating this decay heat generation, eight
      decaying exponentials, which are modeled by first order lag functions that
      approximate the decay of the main gamma decay heat precursors are
      utilized. The sum of these eight decaying exponentials are initialized to
      represent operation at the average power level which exist for several
      hours prior to shutdown. Once the time, or point in life, from initial
      conditions is input into the decay heat model, such time is updated
      periodically to remember the power and the time that the reactor
      simulation is operating. In integrating a time X power level, a factor 1-B
      is multiplied by the yield of each of isotope of the six regular groups
      and U239. The differential equations for this calculation are as follows:
EQU  dDi/dt = ai P.sub.r (1 - B.sub.i) - .lambda.i Di
EQU  i = 1,T
EQU  dD.sub.8 /dt = a.sub.8  D.sub.7 - .lambda..sub.8 D.sub.8
PAL  where D.sub.i is the heat in watts produced by the i.sup.th product,
      a.sub.i is the full irradiation yield, P.sub.r is the reactor power in
      watts, .lambda. i is the decay constant and
EQU  B.sub.i = e.sup.-.sup..lambda..sbsp.iT.sup.' .fwdarw.  0 as T' .fwdarw.
      .infin.
      ##EQU1##
      with
EQU  0 .ltoreq. B.sub.i .ltoreq. 1
PAL  The constants used in solving the above decay heat equations are as
      follows:
TBL  Group     .tau..sub.i =.lambda..sub.i.sup..sup.-1                         

                           ai                                                  

     ______________________________________                                    

     1        1.262.times.10.sup.6                                             

                          .004485                                              

     2        18400       .011                                                 

     3        1420        .01035                                               

     4        333         .0073                                                

     5        123.3       .0105                                                

     6        10.335      .01622                                               

     7        1410        .0019622      (U239)                                 

     8        201312      1.20888       (Np239)                                

     ______________________________________                                    

PAR  .sigma.ai = .064189 = total decay heat at infinite irradiation.
PAR  During initialization, a time T1 at full power is used in calculating the
      term B.sub.i and solving for D.sub.i assuming dDi/dt .apprxeq. 0. The
      total decay heat is then subtracted from the input power to the reactor to
      determine the direct fission power. Residual fissions on the usual decay
      heat curves, which represent a one time group delayed neutrons is
      accounted for in the space kinetics model for delayed neutrons
      hereinbefore described.
PAR  The inclusion of the factor 1 - B which accounts for the non-infinity of
      radiation is a function of an exponential decay for a time constant. For
      example, when operating at zero power, decay heat can never be built up;
      when operating at one-half rated power, for example, the decay heat will
      only be built up proportionately. When the reactor is operating at 1%
      power, the ability to build up decay heat is degraded so that an
      exponential function is added which approaches zero to take the reduced
      build-up into account. As the time T gets larger and larger it becomes -T
      which goes to zero, and T' goes to infinity. B starts to approach one, as
      time goes on, which means that if the reactor was started, and then
      immediately shutdown after a short predetermined length of time it is
      simulated as a clean reactor with no decay heat.
PAR  Isotopes of iodine, which are reaction fission products decay into high
      neutron absorbing isotopes of xenon. The amount of xenon builds up slowly
      in the reactor, that is, it lags behind the power by about 8 hours. As the
      xenon reaches equilibrium, the reactor power decreases. With decreased
      power, the amount of xenon decreases, which permits the power to increase.
      This in turn increases the production of xenon, thereby creating xenon
      oscillations which lag behind reactor operation in the neighborhood of
      eight hours. These oscillations are reflected under normal conditions in
      the vertical dimension of the core; that is, the neutron flux increases
      and decreases proportionally from the top to the bottom. In the event of a
      dropped or withdrawn rod malfunction, the horizontal plane tilts in the
      direction of the malfunctioned rod, which results in the delayed xenon
      oscillations occurring in a manner such that they are not symmetrical with
      respect to the horizontal reactor plane, and the amplitude of the
      oscillations are dependent on the distance of the malfunctioned rod from
      the center of the core.
PAR  The xenon oscillations are monitored in the ex-core chambers which are
      located at the core periphery adjacent the upper and lower portions of the
      core in the four quadrants of the core, the flux mapping recorders which
      detect flux throughout the core by detectors moving the flux thimbles and
      of course, the meter for indicating temperature of the reactor water
      adjacent the fuel assemblies.
PAR  In the simulation of xenon for the Z or vertical axis, the concentration is
      calculated from the output of model T8 for input to the nuclear
      cross-sections model T4 by the xenon calculation model T4A.
PAR  In simulating xenon in the T4A model, the average power of the reactor and
      the flux and fast neutron to thermal neutron ratio for each of the mesh
      points in the space-time kinetics model T8 are input to the program to
      provide a xenon concentration for each mesh point. Each one-half second,
      one point in the mesh is updated by analytic solution from this average
      power, the flux and fast to thermal ratios with two dummy points at
      opposite ends of the core. Thus, every 10 seconds the entire core is
      updated for xenon concentration.
PAR  The differential equations for the xenon calculation are as follows:
      ##EQU2##
      Analytic solution is possible given .phi..sup.T, the thermal flux.
      ##EQU3##
      The quantity is calculated from
      ##EQU4##
      where .lambda.'s are the natural time constant, .sigma..sub.f Q is the
      forcing function, and .phi.TJ is the sink function. Although the natural
      time constants are much longer than 10 seconds, the period of xenon
      calculation, the forcing function and the sink functions may change
      significantly within this period or a longer period. The average values
      for .phi. and .phi.T are calculated for each point in the space kinetics
      model.
PAR  In simulating the effects of xenon in the plane of the X-Y axis, the X-Y
      synthesis model T5 includes provisions for the calculation for the ex-core
      detector monitoring and flux mapping simulation.
PAR  Xenon oscillations are approximated by second order differential equations
      whose periods of oscillation and damping ratio are obtained by actual
      plane measurement.
PAR  Two oscillations, one for the Y-axis and one for the X-axis, are
      considered. The forcing function is the sum of the planar tilts which
      enables more than one malfunction to occur during the oscillating period.
      The differential equations for the X and Y axes are as follows:
      ##EQU5##
      where the values A and B are chosen in accordance with the above-mentioned
      test and the forcing function is proportional to the tilt angle .phi.. The
      above equations approximating xenon are solved at the same rate as the
      xenon depletion in the preceding Z-axis diffusion calculation.
PAR  Referring to the block diagram of FIG. 96/4, in addition to the xenon
      approximation, terms are added to approximate the "prompt" and delayed
      neutron X-Y spatial effects. The "prompt" term is assumed to be
      instantaneous while the "delayed neutron" term is approximated by a single
      first order lag function similar to a single delay group model.
PAR  Referring to FIG. 96/2, the ex-core ion chambers are located 90.degree.
      apart. The influence of the malfunctioned rod on each chamber is obtained
      by vector decomposition of the malfunctioned rod position. The
      malfunctioned rod and the X-Y axes in the direction of the chambers is
      decomposed in two orthogonal vectors. The malfunctioned rod causes xenon
      oscillations and each ex-core chamber will be effected in accordance with
      the vector decomposition. The angle between the malfunctioned rod and
      chamber 1 is the symbol lambda, which position is decomposed in the
      direction of chambers 1 and 2 as:
EQU  x = d cos
EQU  y = d sine
PAL  The factors which are used with each chamber reading and represent X-Y flux
      distribution are given as:
EQU  Ch.sub.1.sub..theta.s = Xe.sub.osc .sup.. x
EQU  Ch.sub.2.sub..theta.s = Xe.sub.osc .sup.. x
EQU  Ch.sub.3.sub..theta.s = Xe.sub.osc .sup.. x
EQU  Ch.sub.4.sub..theta.s = Xe.sub.osc .sup.. x
PAL  The decomposition is done for all four quadrants of the core where the
      ex-core chambers are in the path of the X-Y axes. For example, if the rod
      drops at a = 45.degree., lambda is equal to zero and chambers 2 and 4 will
      not be effected by any flux tilt, while chamber 1 will have a maximum tilt
      effect in the downward direction and chamber 3 will have a maximum tilt in
      the upward direction.
PAR  Once a reactor power change occurs, a long time is necessary to achieve
      equilibrium of xenon. For example, if the reactor is at zero power and is
      brought to full power approximately 2 days is required for the xenon to be
      in equilibrium or steady-state. For training purposes therefore it is
      obvious that the instructor needs to have intermediate points and/or the
      equilibrium point to train at without waiting an extended period of time
      to achieve it.
PAR  In accomplishing the xenon simulation in this aspect, it is necessary to
      provide a solution to the non-linear flux-xenon system while maintaining a
      critical reactor. Such a problem is termed non-linear because the flux is
      dependent on the xenon and similarily the xenon is dependent on the flux.
      Thus, a clean analytic solution is less satisfactory than an approximate
      iterative solution. Also, as time proceeds, the amount of the decay heat
      changes; and therefore, the amount of fission power, which is proportional
      to flux, varies to maintain a specified power level.
PAR  Referring to the flow chart FIG. 96/6, the program XELEAP is used in the
      model by first changing the reactor power to some new value either by rod
      movement or boron change; and then if the instructor wishes to illustrate
      the long term effects of xenon several hours later he interrupts the
      computer to stop the simulation. He then enters the value of the time step
      that he wishes to take. To aid in the accuracy of the solution, without
      greatly reducing the speed, the time step which is specified is internally
      divided into five hour segments. However, the instructor sees only the
      full step which he specified. Then, the program XELEAP is called in from
      disk and the decay heat using average parameters is iterated until the
      fission power equals the total power minus the decay heat power. Then, a
      time function is used for total flux, thermal flux and fission
      cross-section and each space node G (see FIG. 96/2). Then these linear
      functions are used to integrate the xenon and iodine differential equation
      using rates of change and time step. Next an estimate of the compensating
      change in boron is made, which estimate is used in the calculation of the
      multiplication and flux. The boron is iterated until the multiplication is
      one or critical. The flux produced from this critical reactor condition is
      then used to reapproximate the linear function which produces a new xenon
      and iodine function. Then when the flux is converted to xenon and the last
      five hour time step is reached, the delayed neutrons, detector outputs,
      and the xenon and iodine index are set. The results are then printed and
      control is returned to the computer to commence simulation.
PAR  The time step taken need not produce an equilibrium solution but only a
      critical one. Thus, an instructor can get to any point of the xenon
      oscillation, power startup, or partial shutdown in a few minutes.
PAR  If it is desired in the simulation to provide for an accelerated xenon
      solution only at shutdown where no fission flux is utilized to calculate
      iodine, xenon and fission products decay heat for a time, the routine
      TSTEP can be utilized which provides analytic time steps for fast xenon
      and decay heat at shutdown. This program or subroutine is run on-line from
      the programmer's console of the C computer and allows large time steps to
      be taken.
PAR  It is understood that the various inventive features in the improved method
      and simulation system, may be implemented in either an analog, digital, or
      analog/digital with or without single or multiple computer apparatus. Also
      many of the features are applicable in the simulation of other pressurized
      water reactor plant arrangements, boiling water reactor plants, and gas
      and other nuclear plant arrangements.
PAR  Reference is made to U.S. patent application bearing Ser. No. 333,901
      entitled "Training Simulator For A Nuclear Power Plant" and filed by G. L.
      Gregg, R. E. Putman and J. W. Gomola which is assigned to the present
      assignee and filed concurrently herewith; and which is incorporated herein
      by reference and made a part hereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automated training simulator for the real-time dynamic operation of a
      nuclear reactor in which the power output of the reactor is influenced by
      xenon over an extended period of time; said simulator comprising
PA1  a control console having command devices operable to generate input data
      values
PA1  calculating means including sequence controlling means having the following
      components
PA2  a. first means to generate a data value relating to reactor power output in
      accordance with a data value relating to nuclear flux,
PA2  b. second means to generate a data value relating to xenon concentration in
      accordance with the generated reactor power data value,
PA2  c. third means to generate a data value relating to neutron absorption in
      accordance with the generated xenon concentration data value,
PA2  d. fourth means to generate said data value relating to nuclear flux in
      accordance with the generated neutron absorption data value and the input
      data values; and
PA1  indicating devices governed by selected ones of the generated data values
      to monitor the operation of the representative reactor.
NUM  2.
PAR  2. An automated training simulator according to claim 1 wherein the
      calculating means is structured in a programmed digital computer means and
      the data values are generated during each time step.
NUM  3.
PAR  3. An automated training simulator according to claim 2 wherein each
      generated data value relates to a respective one of a plurality of spaced
      locations along a vertical axis of a representative nuclear reactor.
NUM  4.
PAR  4. An automated training simulator according to claim 3 wherein the
      calculating means is structured in a programmed digital computer means,
      and each data value relating to xenon concentration is generated
      repetitively for each said spaced location during alternate time steps of
      said calculating means.
NUM  5.
PAR  5. An automated training simulator for the real-time dynamic operation of a
      nuclear reactor in which xenon increases and decreases over an extended
      period of time; said simulator comprising
PA1  a control console having command devices relating to reactor control
      devices operable to generate input data values;
PA1  calculating means including sequence controlling means having the following
      components
PA2  a. means to generate data values relating to boron concentration in
      accordance with data values including input data values,
PA2  b. means to store a first data value relating to a reactor critical bias
      factor,
PA2  c. means to store a second data value relating to an approximation of xenon
      concentration for a first lapsed time,
PA2  d. means to generate iteratively a third data value relating to a reactor
      critical bias factor in accordance with data values including the first
      and second data values, said iteration to continue until the third data
      value is similar to the first data value,
PA2  e. means to generate fourth data values relating to xenon and boron
      concentration in accordance with the third data value; and
PA1  indicating means to represent reactor operation at the end of said lapsed
      time in accordance with the fourth data values.
NUM  6.
PAR  6. An automated simulator according to claim 5 wherein the fourth data
      values generated for the first lapsed time are employed to iteratively
      generate a data value relating to a reactor critical bias factor
      corresponding to a second lapsed time.
NUM  7.
PAR  7. An automated training simulator according to claim 6 wherein the data
      values are generated in a programmed digital computer.
NUM  8.
PAR  8. An automated training simulator according to claim 5 where the first and
      second lapsed times each are representative of approximately 5 hours.
NUM  9.
PAR  9. An automated training simulator according to claim 5 wherein the
      calculating means is structured in a programmed digital computer means.
NUM  10.
PAR  10. An automated training simulator for the real-time dynamic operation of
      a nuclear reactor in which the power output of the reactor is influenced
      by xenon; said simulator comprising
PA1  command means operable to generate input data representative of selected
      lapsed time increments for reactor xenon effect;
PA1  calculating means including sequence controlling means having the following
      components
PA2  a. means to store a first plurality of data values relating to average
      decay heat build-up factor, fission power and decay heat,
PA2  b. means to store a second plurality of data values relating to nuclear
      flux, xenon, and nuclear fission cross-section,
PA2  c. means to store a third plurality of data values relating to unestimated
      rate of nuclear flux and nuclear fission cross-section change for a first
      representative time increment,
PA2  d. means to store a fourth plurality of data values relating to estimated
      boron concentration and a critical bias factor,
PA2  e. means to generate a data value relating to xenon concentration in
      accordance with the second and fourth plurality of stored data values,
PA2  f. means to generate a data value relating to boron concentration and a
      critical bias, said data values being representative of boron and a
      critical bias at the end of the first representative time increment,
PA2  g. means to generate a data value relating to nuclear flux in accordance
      with the generated critical bias factor data value,
PA2  h. means to generate a data value relating to xenon concentration in
      accordance with the generated data value relating to nuclear flux,
PA2  i. means to generate a data value relating to decay heat in accordance with
      the first plurality of data values,
PA2  j. means to store each generated data value,
PA2  k. means to generate new data values relating to each of the stored
      generated data values a predetermined number of times, said predetermined
      number of times corresponding to the selected number of lapsed time
      increments; and
PA1  indicating devices governed by the last generated data values to represent
      reactor operation at the end of the selected time increments.
NUM  11.
PAR  11. An automated simulator according to claim 10 wherein the decay heat
      data value is iteratively generated in accordance with the convergence of
      data values relating to fission power and estimated fission power.
NUM  12.
PAR  12. An automated training simulator according to claim 11 wherein the data
      values are generated in a programmed digital computer.
NUM  13.
PAR  13. An automated simulator according to claim 10 wherein the generation of
      the xenon data value includes the integration of xenon data values in
      accordance with the generated rate of change for each time increment.
NUM  14.
PAR  14. An automated training simulator according to claim 13 wherein the data
      values are generated in a programmed digital computer.
NUM  15.
PAR  15. An automated training simulator according to claim 10 wherein the
      calculating means is structured in a programmed digital computer means.
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ABST
PAL  A method of and apparatus for mixing and recording multitrack stereo audio
      signals from individual audio signals while utilizing the development of
      analog signals which are indicative of level, etc., converting the signals
      to digital form for clock controlled processing and reconverting to analog
      form to actuate mixing control elements.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 311,004, filed Nov. 30,
      1972, now abandoned, which was a continuation-in-part of Ser. No. 101,469,
      filed Dec. 28, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for mixing and recording
      multi-track audio signals from several individual audio signals, and more
      particularly to a method and apparatus which utilizes control elements
      assigned to the individual audio signals, or to their channels, in order
      to influence level, frequency, or other such recording parameters.
PAR  2. Description of the Prior Art
PAR  Both technical and artistic problems occur during the mixing of audio
      signals which have been recorded on several channels, in order to produce
      a multi-track stereo recording, since the attention of the sound
      technician is continuously overloaded due to the plurality of necessary
      level adjusters and frequency response adjusters which must be actuated
      continuously, depending on, for example, the musical performance, and he
      might thereby be distracted from his artistic tasks. Due to these reasons,
      there is a desire to continuously record the mixing process and, if
      necessary, to divide the process into several sub-processes in order to be
      able to repeat the mixing process automatically and to correct the mixing
      program. Furthermore, a control of the individual adjuster positions
      should also be possible, for example, by means of recording level diagrams
      or by means of overhearing techniques. In addition, it is desirable that
      the individual signals be recorded with as high a level as possible on the
      primary sound carrier before the mixing process.
PAR  Prior art techniques fulfill, respectively, only some of the above
      requirements. Therefore, particular difficulties arise on the correction
      of level control programs, for example, if use is made of conductive
      sections on the primary carrier, such as contact strips on a magnetic
      tape, or of a separate perforated tape. In addition, the number of final
      control elements with a fairly large number of recording channels is so
      large that the storage capacities of the storage means which are applied
      in prior art systems are no longer sufficient.
PAC  SUMMARY OF THE INVENTION
PAR  This invention teaches how the foregoing requirements can be met in as
      simple a manner as possible while avoiding the drawbacks of prior art
      methods. According to the invention, which is related to a method of the
      aforementioned kind, the above objective is achieved in a manner that the
      variable regulated quantities which occur during the mixing process are
      provided as analog signals in scanning cycles which are controlled by
      means of synchronous pulses, transformed into digital pulse successions
      and--with the assignment of an address which characterizes the respective
      final control member--recorded periodically and continuously in a track of
      a multi-track primary carrier containing the multi channel audio signals,
      which track has been kept free, while simultaneously, the original audio
      signal which has been changed correspondingly by means of the individual
      regulated quantities is recorded on a second carrier as a multi-channel
      stereophonic version.  An advantage of this method results from the fact
      that the audio information and the control program are present on the same
      storage medium, namely on the primary carrier. Therefore, the timely
      coincidence between the audio information and the corresponding control
      order is ensured in a simple manner.
PAR  It is also possible by means of practicing the present invention to
      automatically control steady transfers and cut-outs which is not possible
      with most prior art techniques since they are generally limited to state,
      for example, release processes for step-by-step switches or other similar
      controls. Finally, there is no difficulty with the method of the present
      invention to record a complex and complicated mixing program in several
      successive steps which, for example, might serve to attain a desired total
      acoustic impression of the mixing product in stages, as long as there are
      enough available tracks.
PAR  As mentioned above, this invention has been developed, as the human brain
      will not simultaneously follow the full content in multi-track recordings
      when the level of all playback tracks is to be changed into the most
      successful mix down. The invention enables the balance engineer to
      concentrate on the program of each track step by step. For example,
      sixteen or more fader positions are converted into sequential digital
      words which are recorded on one of two or more spare remote tracks
      simultaneously with the audio program. The digital remote signal is built
      up by positive or negative pulses at a 5 kHz pulse frequency. In the
      remote mode of operation the 16 sequential digital words are converted
      into voltages which are analogous to the fader positions. When logarithmic
      voltage control amplifiers are fed by the analog output of the apparatus
      an automatic mix down is obtained.
PAR  A logarithmic voltage controlled amplifier is regulated by the apparatus in
      60 1dB steps in the upper range of the fader, and in 3-4dB steps in the
      lower range down to 79 dB, and finally a fader "off" position is provided
      by which the analog control signal is set to "zero." Although 1 dB steps
      are chosen in this particular design, no clicks are audible during a
      fade-out, because of the logarithmic law (dB) in the control voltage,
      based on the smaller number of digital bits which a linear controlled
      signal would require.
PAR  The apparatus described in detail below may be switched to "manual" and
      later back to "remote" modes of operation when a further mixed program is
      to be recorded without a level drop during change over. This is obtained
      by comparator circuits which activate red or green light emitting diodes
      at each fader when a fader would give more (red) or less (green) analog
      control voltage than the remote signal.
PAR  The repeat cycle of each fader is determined by the amount of
      bits/fader/fader quantity time of one imaginary sequence separation bit,
      and the pulse frequency:
      ##EQU1##
      Therefore no audible steps are effected during a fast fade-out.
PAR  As the binary pulse signal on the remote track operates as a clock pulse
      generator (5 kHz) the remote signal is only clocked by the apparatus
      control circuit when the first mix is recorded on the remote track. This
      is necessary because the clock pulse generator will not be in correct
      phase if the binary signals has a portion thereof to be changed and
      recorded on a second remote track. The approach to the final mix program
      is made by alternate use of two or three remote tracks which are spares on
      the multi-track recorder. It may also be possible to use a single track
      width with a small extra three track head.
PAR  The apparatus detects possible drop outs which can occur during the running
      of the tape as a memory. The analog control voltages remain in their last
      sequential level until a complete 112 bit sequence is played back again
      without any bit loss.
PAR  The remote track level is 20 dB below standard alignment tape 0 dB level.
      It has been chosen as the cross talk of and to an audio track may disturb
      either the apparatus input trigger circuit or with higher pulse level the
      audio signal on an adjacent audio track.
PAR  The apparatus consist of two relatively small units and a power supply
      unit: The mix panel has eight double digital faders and seven
      automatically corresponding push buttons to control up to three remote
      tracks in clock, record or remote modes; the control unit contains 16
      equal plug-in channel circuits with digital coder/decoder, signal
      comparator, shift register, latch circuit and digital/analog converter
      circuits and one plug-in card for logic control circuits and a pulse
      former/decoder network; and the power supply has a 5 volt output for
      integrated circuits and a .+-. 12 volt output for the analog circuits and
      relays.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention will be best
      understood from the following detailed description taken in conjunction
      with the accompanying drawings, on which:
PAR  FIG. 1 is a schematic block diagram of apparatus for practicing the
      invention; and
PAR  FIGS. 2-4, when arranged according to the diagram of FIG. 5, together form
      a logic diagram of the control circuit and one of a plurality of channel
      circuits of apparatus embodying the principles of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, one or several tracks on a magnetic tape 1 are
      reserved for the recordings of the control processes which are needed for
      the mixing process of the present invention. The magnetic tape 1 serves as
      the primary carrier. The remaining tracks are provided for the storage of
      individual audio signals.
PAR  A mixing console 2 contains a plurality of control elements, such as
      adjusters for level, frequency response, echo, group and sum. These
      control elements supply analog output signals which are proportional to
      the respective positions of the individual adjusters, however, they do not
      influence the useful information. Among other things, it is the task of
      these analog signals to actuate final control members. Motor driven
      potentiometers may, for example, be applied as final control members 3,
      which lie in a closed control loop. In the case of an electronic amplitude
      control, the changeable damping can be produced, for example, by means of
      photo-conductive cells, field effect transistors, thermistors or similar
      components.
PAR  In order to provide answering signal and control, an auxiliary voltage can
      be applied to the final control members 3. The frequency of this
      alternating voltage thereby lies outside of the range of audibility,
      whereby electric filters isolate the alternating voltage from all
      preceding and succeeding amplifiers.
PAR  The analog control voltage is furthermore extended to an analog/digital
      converter in an electronic unit 4 which operates, for example, as a stage
      encoder. The regulated output of the controller, which has originally been
      provided as an analog value, is available as a digital pulse succession in
      an intermediate memory. The analog/digital converter and intermediate
      memory are utilized in a multiplex operation. The switch over to the
      different final control members is thereby effected with the help of a
      ring counter which is controlled by a central time element (clock). In
      addition, the ring counter in a parallel-series transformation causes the
      read out of the address information which, respectively, belongs to the
      individual final control members.
PAR  The pulse program for each channel is therefore composed as follows:
      synchronous pulse-address information-control information-brake. The
      program is recorded as a pulse succession with individual pulses on a free
      track of the magnetic tape 1, whereby the pulse length is selected in such
      a manner that it corresponds to one half of the upper limit frequency of
      the magnetic sound recording system.
PAR  During a repetition of the above described mixing process, the recorded
      digital pulse successions are again transformed into analogous amplitude
      values by the utilization of a multiplexer and a digital/analog converter,
      and assigned to respective channels or final control members.
PAR  The final control members, as was mentioned above, are designed either as
      electronic systems (for example light source/photo conductive cell or
      field effect transistor) or as electro-mechanical systems (motor
      potentiometers with a follow-up circuit) and they control the level
      corresponding to the previously determined pulse succession.
      Advantageously, the course of the level values can be indicated at
      corresponding points, for example, by means of light indication
      instruments, or recorded by means of registering devices. This is
      advantageously effected by means of utilizing an overlying audio frequency
      pilot voltage which is prepared in a suitable manner for this application.
PAR  During a possible correction, the combined reading and recording head which
      is provided for the control track serves as a recording head. A statement
      of the theoretical value is thereby effected with the help of adjusters
      which are present in the mixing desk 2, which adjusters supply both the
      analog value for the new corrected control recording and the control
      voltage for the electronic or electro-mechanical adjusting members.
PAR  A mixing process occurs both with a manual operation by means of actuating
      the individual adjusters and with an automatic operation where the
      processing of an audio signal recorded on a multi-channel carrier is
      effected with the help of a pulse program which is present on the control
      track, and during this mixing process, the multi-channel primary
      information is transferred onto a second information carrier which is
      designed, for example, as a magnetic tape 5, and into a common two-track
      stereo recording.
PAR  In an advantageous further development of the invention it is provided that
      more than one track be available on the magnetic tape 1 for the
      recordation of control signals. With the automatic repetition or
      correction of the stored mixing program, the pulse program which is stored
      on a first track of the primary carrier is transmitted onto a second
      control track, which is kept free, either unchanged or modified, while the
      new pulse succession is inscribed into the first track. This has the
      advantage that the originally recorded pulse program remains for the
      purpose of comparison, or for further applications. Only with a repeated
      repetition or correction, the contents which were originally stored in the
      first track will be deleted. Of course, it is possible to provide several
      control tracks on the magnetic tape 1, depending on the available storage
      supply, in order to have correspondingly many development stages of the
      final mixing program available. Furthermore, it can be provided that the
      control pulse successions are stored on a data carrier which is
      independent from the primary carrier with a transport movement which is
      synchronized with that of the primary carrier. This technique makes it
      possible to utilize all tracks of the primary carrier in an advantageous
      manner exclusively for useful information.
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 2-5, a more detailed description of a preferred
      embodiment of the invention is provided, and the operation of the
      apparatus is discussed by referring to three modes of operation, the clock
      mode, the remote mode, and the remote with record mode.
PAR  In FIGS. 3 and 4, the apparatus generally extending between the digital
      fader 10 and the shift register 13 is a channel circuit and is provided in
      multiple, for example 16 channels, to the shift register 13. The remainder
      of the apparatus constitutes the control circuit and is provided only once
      in the system. The following discussion is, of course, only exemplary with
      respect to the number of word bits and the number of channels.
PAL  Clock Mode
PAR  The 7 bit digital fader 10 sets the RS-flip-flop 11 in a single step code.
      A single step code is necessary as a binary or decimal code would not have
      the correct digital word when more than one bit changes simultaneously at
      a fader step. A single step/BCD decoder 12 allows the use of available
      inexpensive integrated circuits in the later logic circuits. By passing
      the (electronic) selector S1 which is automatically switched to the fader
      10, the BCD signal is fed to seven parallel inputs of the 112 bit shift
      register 13. For 16 channels, the sixteen faders will provide 16 .times. 7
      = 112 bit to the shift register 13 which is clocked into a "parallel in
      mode" operation by a 250 .mu.s pulse with the end of word monoflop 14. A
      112th pulse of the 5 kHz pulse generator 15 activates the end of word
      monoflop 14 by way of a NOR gate 16, a three decade counter 17, a NAND
      gate 18, and a delay circuit 19. The shift register 13 is set in the
      "shift serial mode"  operation at the (250 .mu.s) pulse end of the end of
      word monoflop 14. The 5 kHz pulse generator 15 now shifts by way of the
      NOR gate 16 the 112 bits through the shift register 13 to the NAND gate 20
      and to the NAND gates 21 and 22. The NAND gates 20 and 21 have outputs
      which are respectively connected to the negative and positive inputs of a
      pulse coder operational amplifier 23. Before the pulses are fed to the
      recorder inputs, they are required to pass a compensate recorder circuit
      24. The circuit 24 is necessary to compensate a disturbing saw-tooth wave
      effect, caused by the recording-playback process, where positive and
      negative pulse rows add an inverted integrated dc level to the pulse
      level. The pulse length is controlled through a pulse length monoflop 25
      which is started by each clock pulse by way of the selector S2.
PAR  The three decade counter 17 is reset to 0 by the 113th pulse of the
      internal 5 kHz pulse generator 15 by way of the NAND gate 26 and a
      selector S3.
PAL  Remote Mode
PAR  The pulse signal from a recorded remote track is received by an amplifier
      27 and passed by way of a pulse limiter 28 to a pair of comparators C1 and
      C2. The comparators C1 and C2 are triggered by the positive and negative
      pulse signals, respectively. The comparators C1 and C2 start a clock pulse
      monoflop 29 by way of NOR gate 30 with the negative edge of the pulses.
      The clock pulses arrive at the three stage decade counter 17 by way of the
      NOR gate 16 and through a 0/1 decoder 31 to the serial input of the shift
      registers 13, which shifts in the serial mode by clock pulses provided
      through a NOR gate 32. The 0/1 decoder 31 output is 0 when a negative
      pulse monoflop 33 (started with the positive edge of a pulse) and a clock
      pulse monoflop 29 are activated simultaneously. A 1 occurs only if the
      clock pulse monoflop 29 is started (with the negative edge of a pulse). To
      operate correctly in time with the binary signal at the shift register
      output a clock pulse length monoflop 34 (started with the positive edge of
      the pulse) activates the pulse length monoflop 25 by way of the selector
      S2.
PAR  A completely counted (112 bit) sequency signal (no drop outs are detected)
      clocks the 16 .times. 7 bit memory 35 of a channel circuit by way of a
      NAND gate 36 in the "parallel in mode" operation when the clock pulse
      monoflop 29 signals, by way of an end of word decoder 37 (retriggerable
      monoflop) a sequence separation bit (no pulse signal on the remote track,
      virtual 113th bit). During the serial mode of operation of the shift
      register 13, the 16 .times. 7 bit memory 35 stores the last sequence.
PAR  The counter 17 is reset to 0 by a counter reset monoflop 38 by way of the
      selector S3 with a delayed signal (delay circuit 39) of the retriggerable
      end of word decoder 37, or when a drop out interrupts a sequence. The
      counter reset pulse clocks the shift register 13 with a virtual 113th
      pulse by way of the NOR gate 32.
PAR  During the remote mode, the parallel inputs of the 112 bit shift register
      13 are fed by the 16 .times. 7 bit memory 35 outputs via the selector S1.
PAL  Remote with Record Mode
PAR  The remote with record mode is the complete remote operation as described
      above, with the exception of the 7 bit in parallel signals which are fed
      to the 112 bit shift register 13 either from a fader 10 (new mixed
      program) or from the 16 .times. 7 bit memory 35 parallel outputs (remote
      mix).
PAR  In the remote and remote with record modes of operation, a BCD comparator
      40 signals the digital difference between the signals from the 16 .times.
      7 bit memory 35 and the fader 10. In the clock mode, light emitting diodes
      at the outputs of the BCD comparator 40 are switched off as an incoherent
      bit configuration at the memory outputs would disturb the balance
      engineer. In the latter two discussed modes of operation, however, the
      light emitting diodes are effective to aid the engineer in the mixing
      process.
PAR  Although we have described our invention by reference to a specific
      illustrative embodiment thereof, many changes and modifications of the
      invention may become apparent to those skilled in the art without
      departing from the spirit and scope of the invention. Wee therefore intend
      to include within the scope of the patent warranted hereon all such
      changes and modifications as may reasonably and properly be included
      within the scope of our contribution to the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of producing a single composite sound recording from recordings
      of a plurality of subsidiary audio signals individually recorded on
      separate tracks of a multi-track primary carrier to provide a number of
      output channels which is less than the number of subsidiary audio signals,
      comprising the steps of reading the subsidiary audio signals from the
      primary carrier, mixing the subsidiary audio signals, contemporaneously
      with said mixing varying control elements assigned to the subsidiary audio
      signals to vary acoustic characteristics of said audio signals including
      level and frequency response, sampling during scanning cycles controlled
      by synchronizing pulses the positions of the control elements in
      succession to obtain the varied quantities as analog values, converting
      the sampled values into digital pulse trains which correspond to the
      respective control elements, recording the digital pulse trains in
      succession during recurrent cycles on at least one additional track of the
      multi-track primary carrier which contains the recordings of the
      subsidiary audio signals, and recording the mixed audio signals on a
      second carrier having said number of output channels.
NUM  2.
PAR  2. A method according to claim 1, wherein the step of mixing is carried out
      during a plurality of successive control element varying operations and
      said step of recording the pulse trains is further defined as recording
      the pulse trains one after the other in the same control track of the
      multi-track primary carrier.
NUM  3.
PAR  3. A method according to claim 1, wherein said step of mixing is carried
      out during a plurality of successive control element varying operations
      and wherein said step of recording the digital pulse trains is further
      defined as storing the pulse trains sequentially in separate control
      tracks of said multi-track primary carrier.
NUM  4.
PAR  4. A method according to claim 1, wherein said step of recording the mixed
      audio signals is further defined as recording the mixed signals for
      stereophonic reproduction on a secondary carrier having two output
      channels.
NUM  5.
PAR  5. A method of producing a single composite sound recording from recordings
      of a plurality of subsidiary audio signals individually recorded in
      separate tracks on a multi-track primary carrier to provide a number of
      output channels which is less than the number of subsidiary audio signals,
      comprising the steps of: reading the subsidiary audio signals from the
      primary carrier, mixing the subsidiary audio signals, during mixing of the
      audio signals varying control elements respectively assigned to said audio
      signals to vary acoustic characteristics thereof, sampling in succession
      the position of the control elements to obtain the varied quantities as
      analog values during scanning cycles controlled by synchronizing pulses,
      converting the sampled values into digital pulse trains, assigning
      addresses to the digital pulse trains corresponding to the respective
      control elements and to respective final control elements to be adjusted
      during subsequent recording, recording the digital pulse information in
      succession on the primary carrier with the subsidiary audio signals during
      recurrent cycles, synchronizing a second carrier with the primary carrier,
      and recording on the second carrier from the primary carrier containing
      the recordings of the subsidiary audio signals a composite signal mix of
      signals produced by said mixing under the control of the final control
      elements, said second carrier providing said number of output channels.
NUM  6.
PAR  6. Apparatus for mixing individually recorded audio signals and recording
      the mix as a multi-track stereo recording, comprising: a first information
      carrier means including a plurality of channels each storing audio signals
      and at least one control channel magnetically storing digital control
      signals recorded periodically and continuously and corresponding to
      recording parameters for said audio signals; reading means connected to
      said first information carrier means to read the audio signals; a second
      information carrier means connected to said first information carrier
      means via said reading means for receiving a mix of said audio signals;
      program mixing means including a plurality of controllable elements
      connected between said first and second carrier means assigned to
      respective channels and operable to vary the audio characteristics of the
      respective audio signals; program mix control means connected between said
      first information carrier means and said controllable elements for reading
      said magnetically recorded digital control signals and responsive to said
      digital control signals to control the operation of said controllable
      elements to vary the audio characteristics in accordance with said
      recording parameters, said digital control signals including address
      signals identifying the controllable elements and recording parameter
      control signals for each channel and said program mix control means
      comprising a plurality of channel circuits each including a digital/analog
      converter connected to the respective controllable element for changing
      digital control signals to analog control signals for controlling said
      controllable elements, means for receiving and storing the digital control
      signals, and scanning means for multiplexing said receiving and storing
      means to said plurality of channel circuits in accordance with the address
      signals.
NUM  7.
PAR  7. Apparatus according to claim 6, wherein each of said channel circuits
      comprises a fader operable to provide channel digital control signals
      representing an audio characteristic; a memory for receiving the
      respective multiplex digital control signal; a comparator circuit
      connected to said memory and to said fader for comparing said digital
      control signals from said fader and from said memory; and indicator means
      connected to and operated by said comparator circuit to indicate the
      relative magnitudes of the values represented by said digital signals.
NUM  8.
PAR  8. Apparatus for mixing individually recorded audio signals and recording
      the mix as a multi-track stereo recording, comprising: a first information
      carrier means including a plurality of channels each storing audio signals
      and at least one control channel magnetically storing digital control
      signals recorded periodically and continuously and corresponding to
      recording parameters for said audio signals; reading means connected to
      said first information carrier means to read the audio signals; a second
      information carrier means connected to said first information carrier
      means via said reading means for receiving a mix of said audio signals;
      program mixing means including a plurality of controllable elements
      connected between said first and second carrier means assigned to
      respective channels and operable to vary the audio characteristics of the
      respective audio signals; program mix control means connected between said
      first information carrier means and said controllable elements for reading
      said magnetically recorded digital control signals and responsive to said
      digital control signals to control the operation of said controllable
      elements to vary the audio characteristics in accordance with said
      recording parameters, wherein said program mix control means comprises
      means for generating said digital control signals for storage in said
      control channel including a plurality of channel circuits each comprising
      a fader operable to provide channel digital control signals, and a
      digital/analog converter connected between said fader and the respective
      controllable element; storage means connected to each of said faders for
      storing the channel digital control signals; means for recording digital
      signals on said first information carrier means; and scanning means
      connected between said storage means and said means for recording digital
      signals for continuously cyclically transferring the respective channel
      digital control signals to said first information carrier means.
NUM  9.
PAR  9. Apparatus for mixing individually recorded audio signals and recording
      the mix as a multi-track stereo recording, comprising: a first information
      carrier means including a plurality of channels each storing audio signals
      and at least one control channel magnetically storing digital control
      signals recorded periodically and continuously and corresponding to
      recording parameters for said audio signals; reading means connected to
      said first information carrier means to read the audio signals; a second
      information carrier means connected to said first information carrier
      means via said reading means for receiving a mix of said audio signals;
      program mixing means including a plurality of controllable elements
      connected between said first and second carrier means assigned to
      respective channels and operable to vary the audio characteristics of the
      respective audio signals; program mix control means connected between said
      first information carrier means and said controllable elements for reading
      said magnetically recorded digital control signals and responsive to said
      digital control signals to control the operation of said controllable
      elements to vary the audio characteristics in accordance with said
      recording parameters, wherein said program mix control means comprises a
      number n of channel circuits each including a digital fader operated to
      provide an m-bit digital signal representing a control parameter for the
      respective channel, an RS flip-flop connected to and operated by said
      fader for changes in fader setting, a single step BCD decoder connected to
      said RS flip-flop, and a D/A converter connected between said BCD decoder
      and operated thereby to provide a BCD decoded output representing fader
      setting and the respective controllable element for controlling the
      controllable element with an analog signal derived from the BCD output, an
      n .times. m-bit shift register connected to each of said BCD decoders to
      receive said m-bit signals in parallel, a pulse coder in said recording
      means connected between said shift register and said first information
      carrier means, and clock means for serially transferring the n .times.
      m-bits stored in said shift register to said pulse coder.
NUM  10.
PAR  10. Apparatus for mixing individually recorded audio signals and recording
      the mix as a multi-track stereo recording, comprising: a first information
      carrier means including a plurality of channels each storing audio
      signals; a source of digital control signals recorded on the first
      information carrier means and provided periodically and continuously and
      corresponding to recording parameters for said audio signals; reading
      means for reading the audio signals from said first information carrier
      means; a second information carrier means connected to said first
      information carrier means via said reading means for receiving a mix of
      said audio signals; program mixing means including a plurality of
      controllable elements connected between said first and second carrier
      means and assigned to respective channels; said digital control signals
      including address signals identifying the controllable elements and
      recording parameter control signals for each channel; program mix control
      means connected between said first information carrier means and said
      controllable elements and connected to said source of digital control
      signals and responsive to said digital control signals to operate said
      controllable elements in accordance with said address signals and said
      recording parameter control signals, said program mix control means
      including means for decoding said digital control signals, means for
      storing said decoded signals, digital/analog converter means connected
      between said storage means and said controllable elements, and means for
      providing the decoded stored information to the respective controllable
      elements via said digital/analog converter means.
PATN
WKU  039328872
SRC  5
APN  4896157
APT  1
ART  235
APD  19740718
TTL  Tape marker
ISD  19760113
NCL  5
ECL  1
EXP  Moffitt; James W.
NDR  2
NFG  8
INVT
NAM  Jenkins; John P.
CTY  Towanda
STA  IL
ASSG
NAM  International Tapetronics Corporation
CTY  Bloomington
STA  IL
COD  02
CLAS
OCL  360 13
XCL  360128
EDF  2
ICL  G11B 2702
FSC  360
FSS  13;14;128
UREF
PNO  2744755
ISD  19560500
NAM  Dibbins
OCL  360 13
UREF
PNO  2832840
ISD  19580400
NAM  Morin
OCL  360 13
LREP
FRM  McCaleb, Lucas & Brugman
ABST
PAL  A tape marker for a tape playing machine in which tape runs past a
      reproducing head in a housing compartment. The compartment has a door
      through which tape is inserted and withdrawn when the tape is changed or
      edited. A marking arm having an inked marking pad is pivoted to a sleeve
      which is mounted on a removable compartment cover so the tape marker and
      cover comprise a unitary sub-assembly. A pushbutton guided in the sleeve
      is connected to the marking arm by a double-pivoted link. Manual
      depression of the pushbutton swings the marking arm to press the ink pad
      against the tape. A narrow rib on the tape side of the pad prints a line
      on the tape at the exact center of the reproducing head. When the
      pushbutton is released, a return spring moves it outward and swings the
      marking arm and pad to a stored, out-of-the-way position providing
      clearance for the tape when inserted or withdrawn through the door.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  Reference is made to the following copending, related patent application,
      assigned to the same assignee:
PAR  Jenkins Appln. Ser. No. 489,614, Filed July 18, 1974 on MAGNETIC TAPE
      REPRODUCING APPARATUS WITH SOLENOID ACTUATED TAPE LIFTER MEANS AND
      AUTOMATIC CONTROL THEREFOR.
PAC  BACKGROUND OF THE INVENTION
PAR  The field of the invention is magnetic tape playback apparatus of the kind
      used in radio and television broadcasting.
PAR  There are many applications where a recorded tape must be edited, and
      specific locations be identified for the deletion and addition of recorded
      material. One example where this is required is in preparing raw taped
      news such as on-the-spot interviews for broadcast. Such tapes may be used
      only once and must be edited in a hurry. The fastest and most economical
      way of doing so is to play the tape and physically cut the tape and
      re-splice it with sections removed or added.
PAR  The precise pinpointing of recorded material on a tape requires some skill
      on the part of the editor who must guess where the tape should be cut. The
      work is almost always done under the pressure of time deadlines and
      requires more skill with the higher recording speeds. A timing
      miscalculation may result in cutting the tape at the wrong place and
      either losing a wanted section or not deleting an unwanted section.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  A general object of this invention is to provide a tape marker for a tape
      playing machine which is easily used by a relatively inexperienced person
      and which will precisely identify the location of the recorded material on
      the tape.
PAR  An important feature of the invention is that the operator can press a
      button and mark the tape with a clearly legible line precisely over the
      center of the reproducing head.
PAR  A further specific feature of the invention is that a tape marker arm and
      marking pad are moved into printing position against the tape in response
      to manual depression of a pushbutton, and are automatically moved to an
      out-of-the way, stored position to provide clearance for inserting and
      withdrawing the tape through an opening in the housing reproducing
      compartment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages will be apparent from the following
      description taken in connection with the drawings in which:
PAR  FIG. 1 is a top plan view of a recording and reproducing machine
      illustrating a preferred form of the present invention;
PAR  FIG. 2 is a fragmentary enlarged view of FIG. 1;
PAR  FIG. 3 is a fragmentary enlarged cross-sectional view of FIG. 2 taken along
      line 3--3 showing the tape marker in out-of-the-way, stored position;
PAR  FIG. 4 is a fragmentary bottom view of FIG. 3 as seen in the direction of
      arrows 4--4;
PAR  FIG. 5 is a view similar to FIG. 3 showing the tape marker in marking
      position;
PAR  FIG. 6 is an exploded perspective view of the tape marking arm and inked
      marking pad;
PAR  FIG. 7 is a further perspective view of the inked marking pad; and
PAR  FIG. 8 is a lower perspective view of the housing sleeve shown in the
      previous figures.
PAR  Like parts are referred to by like reference characters throughout the
      figures of the drawings.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A recorder and reproducer 20 comprises a known form of housing 22 with
      forward and rewind reels 24 and 26 rotatably driven in the usual manner by
      individual torque motors (not shown). A magnetic recording tape 32 is
      trained for forward and rewind movement through a head compartment 36
      which for the present purposes may be considered as part of the housing
      22.
PAR  The tape is pulled taut by tensioning assemblies 38, 40 and is held at
      constant linear speed in play mode in the usual manner by frictional
      engagement between constant speed capstan 42 and pinch roller 44 while
      tape is wound on the foward reel 24.
PAR  The head compartment 36 completely encloses and shields erase, recording
      and reproducing heads 46, 48 and 50, respectively. The tape marker of the
      present invention is useful primarily with the reproducing head 50 with
      which the invention will be described. The housing compartment 36 includes
      side walls 52 with forwardly open slots 54 through which the tape runs
      between the reels. A front door 56 is in the upright, closed position
      shown in solid lines in FIG. 2 during recording or playback, and it may be
      opened to the broken line position in FIG. 2 to permit tape to be inserted
      in or withdrawn from the head compartment. The top and back of the head
      compartment are closed by a cover 58 held in place by screws 60.
PAR  The apparatus shown and described so far provides the environment for the
      present tape marking invention and has been described in detail in
      applicant's copending application Ser. No. 489,614 filed concurrently
      herewith entitled MAGNETIC TAPE REPRODUCING APPARATUS WITH SOLENOID
      ACTUATED TAPE LIFTER MEANS AND AUTOMATIC CONTROL THEREFOR, to which
      reference may be had for details.
PAR  As a further extension of the housing 22 and compartment 36, a housing
      sleeve 62 is fastened on the top of the cover 58 by screws 64 engaged in
      the tapped bores 66. The sleeve 62 has an upwardly open, external,
      cylindrical recess 68 within which a pushbutton 70 is slidably fitted. The
      bottom of the recess 68 is defined by an end wall 72 having a circular
      through hole 74 and a transverse slot 76 facing the interior of the
      housing head compartment 36. A pair of vertical guide plates 78 extend
      downwardly integral with the sleeve 62 and are transversely spaced to
      receive and retain a tape marker arm 80.
PAR  The tape marker arm 80 is generally L-shaped, comprising right-angled
      sections 82, 84. Section 84 has a central recess 86. The bottom solid
      portion of section 84 has a transverse bore 88 extending completely
      therethrough. Section 84 has aligned transverse bores 90 in an
      intermediate section, upwardly and to the right of bore 88 as shown in
      FIGS. 3 and 6.
PAR  A tape marker pad 92 is formed of a block of highly absorbent material such
      as felt or open-celled rubber or plastic material fastened on the tape
      marker arm by a suitable adhesive. The pad 92 comprises a major ink
      reservoir block with a relatively narrow rib 94 which functions as a
      marking edge.
PAR  The tape marker arm 80 is pivoted for movement between the out-of-the-way,
      stored position shown in FIG. 3 and the tape marking position shown in
      FIG. 5 by means of a pin 96 extending through the transverse bore 88 in
      the arm and through bores 98 in the vertical guide plates 78.
PAR  A link 100 comprises a straight rod pivotally connected at opposite ends to
      the pushbutton 70 and the arm 80. At its upper end, the link 100 is in an
      axial recess 102, pivoted on pin 104. The recess 102 is deliberately
      provided oversize with respect to the link enabling the latter to pivot
      freely as it moves between the FIG. 3 and FIG. 5 positions. The bottom end
      of the link 100 is in the recess 86 of arm 80, held by pivot pin 104
      extending through a transverse bore (not numbered) in the link and bores
      90 in the arm.
PAR  The through hole 74 in the base of the sleeve 62 is preferably made
      oversize to facilitate insertion and operation of the link 100.
PAR  A biasing spring 106 is compressibly interposed between the sleeve end wall
      72 and the pushbutton 70 within the recess 68. By reason of the
      interconnection between the parts provided by the link 100, the spring 106
      simultaneously moves the pushbutton and tape marker arm to the stored
      position shown in FIG. 3 when the pushbutton is released.
PAR  One of the advantages of the construction described is that the entire tape
      marker is carried on the cover 58 and is removable as a unit with it
      simply by loosening screws 60.
PAR  Use and operation of the invention are believed to be obvious in view of
      the foregoing description. Briefly, when the tape marker is not in use,
      the marker arm 80 and pad 92 are in an upper, out-of-the-way position
      partly above the level of the cover plate 58 as shown in FIG. 3. This
      provides a clear path for the insertion and removal of tape 32, as for
      example between the broken line and solid line positions shown in FIG. 3,
      when the door 56 is opened. When the operator locates a position on the
      tape which he wants to identify and mark, he stops the tape at the desired
      position, then presses the pushbutton 70 as shown in FIG. 5. The
      relatively narrow rib 94 is pressed against the tape leaving a clearly
      legible transverse line on it precisely centered on the reproducing head
      50.
PAR  After making two such marks on the tape at locations defining a section to
      be deleted, the operator opens the door 56 to the broken line position
      shown in FIG. 2, pulls the tape out of the compartment 36 and cuts out the
      section to be discarded and splices the ends together. One convenient way
      of expediting this operation is to provide a diagonal groove 108 on the
      inner face of the door 56. By placing the tape 32 across the groove with
      the ink mark 110 at the groove, as shown in FIG. 2, the tape can be
      quickly cut by a knife or razor blade guided in the groove.
PAR  One important feature of the invention is that the center line X-X of the
      link 100 is closest to the pin 96 in the out-of-the-way stored position
      shown in FIG. 3 and significantly farther away in the marking position
      shown in FIG. 5. This provides a desirable increase in mechanical
      advantage, and therefore, pressure of the marking pad on the tape, in the
      FIG. 5 position. The spacing between pins 88 and 104 thus comprises a
      lever arm the length of which provides the desired marking pressure.
PAR  While one form in which the present invention may be embodied has been
      shown and described, it will be understood that various modifications may
      be made within the spirit and scope of the invention which should be
      limited only by the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a tape reproducing machine, a tape trained for movement past a
      reproducing head in a housing compartment having an opening through which
      said tape is inserted into and withdrawn from playing position against
      said head, a tape marker comprising:
PA1  a tape marking arm having an inked marking pad, said tape marking arm being
      pivotally mounted on the housing on a pivot axis laterally offset from one
      edge of of the tape when in said playing position for swinging movement
      between a marking position against the tape at the center of the
      reproducing head, and a stored, out-of-the-way position laterally of said
      edge of the tape providing open clearance for tape while being inserted
      through said housing compartment opening along a line of direct approach
      to the face of the reproducing head, and pushbutton means for actuating
      said tape marking arm.
NUM  2.
PAR  2. In a tape reproducing machine, a tape marker according to claim 1 in
      which said pad comprises a block of ink absorbent material functioning as
      an ink reservoir, and said pad has a relatively narrow tape engaging rib
      for applying a linear marking to the tape in said marking position.
NUM  3.
PAR  3. In a tape reproducing machine, a tape marker according to claim 1 in
      which said housing includes an elongated sleeve having an external recess,
PA1  said pushbutton means includes a pushbutton connected to said tape marking
      arm and manually movable inwardly within said recess to move said arm to
      its said marking position, and
PA1  spring means simultaneously urging said pushbutton outwardly and urging
      said tape marking arm toward its said stored position.
NUM  4.
PAR  4. In a tape reproducing machine, a tape marker according to claim 3 in
      which said pushbutton and said tape marking arm are pivotally connected to
      opposite ends of a link, and said spring means is a compression spring in
      said recess having opposite ends seated respectively against said
      pushbutton and the inner end of said sleeve.
NUM  5.
PAR  5. In a tape reproducing machine having a housing with a tape trained for
      movement past a reproducing head in a housing compartment having an
      opening through which said tape is inserted into and withdrawn from
      playing position against said head, a tape marker comprising:
PA1  a tape marking arm having an inked marking pad pivotally mounted on the
      housing for swinging movement between a marking position against the tape
      at the center of the reproducing head, and a stored, out-of-the-way
      position providing clearance for tape inserted through said housing
      compartment opening; and
PA1  pushbutton means including a pushbutton guided for inward and outward
      movement in said housing and a straight rod link having a longitudinal
      axis being pivotally connected at opposite ends to said pushbutton and
      tape marking arm respectively, and spring means between said pushbutton
      and said housing for simultaneously urging said pushbutton outwardly while
      urging said tape marking arm toward its said stored position, said
      pushbutton being manually movable inwardly to move said arm to its said
      marking position;
PAL  said rod being pivoted to said tape marker arm at a position enabling the
      distance of said axis from the pivotal connection between the tape marker
      arm and housing to increase as the tape marker arm is moved from stored to
      marking position by said pushbutton, whereby the mechanical advantage
      between said pushbutton and tape marker arm is significantly increased as
      the tape marker arm is moved from said stored position to said marking
      position.
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ABST
PAL  Time base instability of signals in a train thereof is corrected by use of
      analog shift registers. As employed in the correction of time base
      instability of video signals, plural analog shift registers are used. Two
      clock rates are used, respectively, to clock video signals into and out of
      the analog shift registers. The clock-in rate is set so that samples of a
      video signal which has been stretched a predetermined amount may load all
      stages of an analog shift register within the duration of the stretched
      signal. The clock-out rate is set to unload all stages of an analog shift
      register within the nominal duration of a video signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to apparatus for modifying the time base
      of signals in a train thereof; more particularly, the invention is
      concerned with apparatus for correcting a time base instability in TV-type
      signals.
PAR  2. Description Relative to the Prior Art
PAR  While the invention is not so restricted, its utility as a flutter
      compensator in a video tape recorder dramatically indicates its
      significance. The playback of a taped video recording requires faithful
      replay of recorded signals without causing such signals to shift
      unwantedly and continuously in frequency. Unwanted frequency modulation of
      playback video signals can, among other things, cause (1) the sync
      information content of the video signal to become unstable, and (2) the
      color information content of the video to become, at best, faulty, i.e.,
      color information may not be detectable at all, since unstable playback of
      recorded color burst information within the video signal may cause the
      color content of the video signal to be lost entirely.
PAR  The degree of unwanted frequency shift during playback of the video signal
      is measured in terms of "percent flutter," it being recognized that even
      fractional percent flutter will prevent the AFC circuits of most TV's from
      tracking the fluttering sync signal, resulting in the tearing apart of the
      visual display that corresponds to the playback signal. Percent flutter
      may be defined as 100 times a change in frequency divided by a nominal
      frequency, the nominal frequency in the present case being 15,750 Hz.
PAR  To assure against instantaneous time base instability of played back TV
      signals which are derived from a video tape recorder, present practice is
      to employ extremely close tolerances in the precision parts of the
      recorder and to complement such tolerances with various servo controls
      which actively prevent flutter from occurring during playback. Such
      practices greatly add to the cost of manufacturing video tape recorders
      and, indeed, have prevented video recorders from being cost-wise within
      reach of many who would otherwise want them. This being the case, various
      proposals have been made to utilize variable delay lines, e.g., U.S. Pat.
      Nos. 2,960,568; 3,238,300; and 3,580,991, as a way to nullify flutter
      within playback signals: flutter within the played back signals is
      detected; the "flutter" signal is then used to vary the delay of a delay
      line through which the fluttering signal is passed, thereby causing the
      output of the delay line to be, hopefully, a flutter-free equivalent of
      the fluttering input to the delay line.
PAR  Copending U.S. application Ser. No. 432,363 discloses a departure from the
      above-noted delay line concept, having, at the heart thereof, an analog
      shift register. Basically, copending Ser. No. 432,363 teaches (1) the
      clocking (sampling) of a fluttering signal into an analog shift register
      at a rate dependent on the degree of flutter, and (2) the clocking of such
      signal samples out of such analog shift register at a desired rate. If the
      desired rate is constant, flutter is nullified. On the other hand, the
      clock-out rate may be a variable, whereby the signal output of the analog
      shift register may be modified according to choice.
PAR  In utilizing the teaching of Ser. No. 432,363 to process signals such as TV
      type signals, i.e., signals which are continuous and which have a nominal
      periodicity, plural analog shift registers, say two, are used and so
      cooperate that while one TV line signal is clocked into one register at a
      flutter-dependent rate, the signal within the other register is clocked
      out of such register at a known, but stable, rate, and vice versa.
PAR  As is known, analog shift registers may take a variety of forms such, for
      example, as charge coupled and charge injection devices, various serially
      disposed sample-and-hold circuits, and even A/D and D/A converters which
      functionally sandwich digital shift registers.
PAC  SUMMARY OF THE INVENTION
PAR  Recognizing that time base stability in the lead portion of, say, a TV-type
      signal is of more consequence than time base stability in the mid or
      trailing parts of such a signal (i.e., the lead signal portion contains
      the color burst information and also critically affects horizontal
      synchronization of a TV set, whereas time base shift in mid or trailing
      signal portions causes the mere shift of visual scene content -- which
      will frequently occur off the face of the TV, and/or be relatively
      unnoticeable, anyway), the present invention obviates the need, as in Ser.
      No. 432,363, for a variable frequency clock to load an analog shift
      register at a flutter dependent rate and, instead, employs a fixed clock
      in combination with variable loading of an analog shift register(s). In a
      somewhat broad sense, then, the present invention proposes the following
      as a way to nullify the effects of time base instability: Successively
      clock periodically occurring signals which may be subject to time base
      instability, and which have a nominal duration and periodicity, into an
      analog shift register by means of a fixed clock having a frequency which
      is just sufficient to shift the first sample of each signal to the output
      stage of the analog shift register within the duration of each such signal
      whereby, for each periodic signal, samples will appear in a number of the
      stages of the analog shift register in proportion to the degree that each
      such signal is stretched time-wise. Then, in response to a reference pulse
      train having time base stability, unload the analog shift register of its
      samples at a clock rate which will unload all stages of the analog shift
      register within the nominal duration, thereby causing (1) the lead part of
      all of the periodically occurring signals to have time base stability, and
      (2) those periodic signals, which before processing were stretched, to
      have the nominal duration after processing, all other post-processed
      signals having durations which are less than the nominal duration by
      tolerable amounts. Such a technique may, assuming the time spacing between
      the periodic signals is sufficiently long, as above, be implemented by a
      single analog shift register, i.e., all periodic signals are clocked into
      and out of the same analog shift register. In the event the time spacing
      between the periodic signals is short, however, or nonexistent as in the
      case of video signals, plural analog shift registers are employed, i.e.,
      while one analog shift register is loaded at one clock rate, another
      analog shift register -- storing a prior signal -- is unloaded at a higher
      clock rate.
PAR  In a preferred embodiment of the invention, as might be employed to remove
      flutter from a TV signal train derived from the playback of magnetic tape
      or the like, the invention employs three analog shift registers, e.g.,
      charge coupled devices (CCDs) to store, respectively, samples of every
      third video line signal (which signals shall be taken to include both
      video and sync information) in a signal train: The first video signal is
      clocked into the first CCD at a first clock rate; then the second video
      signal is clocked into the second CCD at the first clock rate, and while
      such occurs, the signal in the first CCD is clocked out of the first CCD
      at a second rate which will assuredly clear all stages of the first CCD
      during the time of an unfluttered video signal; then the third video
      signal is clocked into the third CCD at the first clock rate, and while
      such occurs, the signal in the second CCD is clocked out of the second CCD
      at the second clock rate; then the signal in the third CCD is clocked out
      of the third CCD at the second clock rate, and while this occurs, the
      fourth video signal is clocked into the first CCD at the first clock rate,
      and so on. By so selecting the first clock rate that a "worst case"
      stretched video signal fully loads all stages of a CCD with signal samples
      within the duration of the "worst case" signal, each CCD will be more or
      less, starting with its output stage, periodically loaded with signal
      samples, the number of which is in proportion to the degree of stretch
      that the corresponding video signal experiences. Attendantly, this means
      that, as the CCD's are successively unloaded at the horizontal sync rate,
      there will be no flutter of the critical sync portions of the video
      signals clocked out of the CCD's; and whatever flutter remains within the
      clocked-out signals will virtually unnoticeably occur in the visual part
      of, and more particularly be off the right-hand side of, the TV picture.
PAC  OBJECTIVES OF THE INVENTION
PAR  To provide apparatus for modifying the time base of signals.
PAR  To provide a technique for stabilizing the time base of critical signals in
      a train thereof and, more particularly, to provide a technique for
      stabilizing the time base of sync signals in a TV signal train.
PAR  To provide apparatus for nullifying the effects of flutter during the
      playback of recorded video information.
DRWD
PAR  The invention will be described with reference to the figures, wherein:
PAR  FIG. 1 is a diagram useful in describing the invention;
PAR  FIG. 2 is a schematic diagram illustrating a presently preferred embodiment
      of the invention; and
PAR  FIGS. 3A and 3B are timing diagrams useful in explaining the operation of
      the embodiment of FIG. 2.
DETD
PAR  Before embarking on an apparatus-oriented description of the invention, the
      basic philosophies employed in implementing the invention will be
      discussed in relation to FIG. 1. A TV signal waveform is depicted as
      having, in succession, line signals (H - .DELTA.H) that are compressed in
      duration, line signals (H + .DELTA.H) that are stretched in duration a
      maximum tolerable amount ( .DELTA.H), and line signals (H) having normal
      durations, which in the case of an NTSC signal format is nominally 63.5
      .mu.sec. Three analog shift registers A, B, C are pictorially indicated as
      storing respective samples of the compressed (H - .DELTA.H), stretched (H
      + .DELTA.H), and normal (H) signals. Given that the clock which samples
      and feeds the three signals respectively into the analog shift registers
      A, B, C is the same, and has a clock rate that is sufficient to load the
      stretched signal fully into the analog shift register B within the
      duration of such signal, the compressed and normal signals (H - .DELTA.H)
      and (H) will get shifted -- within respective durations which are the same
      as the duration of the stretched signal -- to occupy less than all of the
      stages of their respective analog shift registers A and C, from output end
      toward input end, and in proportion to their respective durations relative
      to the duration of the stretched signal. With the sync-identifying start
      of each signal (H - .DELTA.H), (H + .DELTA.H), and (H) so defined by the
      analog shift registers, i.e., at the output stage of each analog shift
      register, the signals in the analog shift registers are, as will be
      described below in detail, successively clocked out at a rate which will
      fully unload all stages of each analog shift register within the nominal
      period of the video line signal, i.e., 63.5 .mu.sec. Thus, the sync
      information reappears precisely at the nominal frequency, and whatever
      flutter remains in the clocked-out video information content of each line
      signal causes, when displayed by a TV, either no apparent visual shift of
      scene content, or a shift which appears just behind the right-hand side of
      the mask found on most TV sets.
PAR  It is known that approximately 200 evenly-spaced samples of video
      information per horizontal scan line evenly spaced provide good resolution
      of the TV image at normal viewing distance. Because of the relative
      availability of 256-stage CCD's (i.e., 256 = 2.sup.8), the invention
      employs such CCD's as analog shift registers, utilizing those CCD stages
      in excess of approximately 200 as "relief" for a fluttering TV signal:
      Assuming that the maximum expected flutter is 10 percent, then a 63.5
      .mu.sec signal will periodically be stretched to 69.9 .mu.sec; and
      compressed to 57.1 .mu.sec. This means that if a 256-stage CCD is to store
      the fully stretched signal, then 256 stages per 69.9 .times.
      10.sup.-.sup.6 seconds will define the frequency (3.66 Mhz.) necessary to
      clock such stretched signal into, and fully load, the CCD; which is to say
      that a frequency of 3.66 Mhz. will shift a video signal which is not so
      stretched so that the sync portion of such signal resides at the output
      stage of the CCD. To unload the 256-stage CCD in 63.5 .mu.sec requires a
      clock-out rate of 4.03 Mhz. Thus, the clock-in frequency for processing a
      nominally 63.5 .mu.sec video signal may be defined:
      ##EQU1##
      wherein N equals the number of analog shift register stages and D equals
      the peak level of fractional flutter which could be expected to occur; and
      the clock-out frequency for such a video signal may be defined:
      ##EQU2##
PAR  Keeping in mind the clock-in and clock-out frequency as defined above, and
      the teaching which was characterized in relation to FIG. 1, reference
      should now be had to FIGS. 2 and 3: A video signal train -- including sync
      information -- as may be supplied during playback of a video tape
      recorder, and which may be subject to flutter, is applied to first,
      second, and third CCD's (1, 2, 3) respectively, via an amplifier 10. The
      sync information is also applied to a three-bit ring counter 12 which
      serves as a basic control for clocking discrete line representative
      signals in the video signal train, respectively, and successively, into
      the first, second, third, first, second, etc, CCD's. In other words, the
      output of the ring counter 12 tracks whatever flutter is in the incoming
      video signal train. When, for example, the ring counter 12 has an output
      on its lead 14, a flip-flop 16 is set, removing an INHIBIT signal from a
      gate 18 and causing clock-in pulses at 3.66 Mhz. (source 11) to be applied
      to a 256-stage counter 20, and to the CCD 1 via AND and OR gates 22 and
      24, respectively. As soon as 256 shift-producing pulses have been applied
      to the CCD 1, at which time the lead portion of the first video line
      signal will have been shifted to the output stage of the CCD 1, the
      counter 20 carry-output resets the flip-flop 16 to end the application of
      clock-in pulses to the CCD 1. Thus, the first video line signal gets so
      clocked into and shifted within the CCD 1 that the sync portion of the
      first video line signal lodges at the output stage of the first CCD 1,
      irrespective of how much the video line signal has been stretched or
      compressed (i.e., as long as the stretch is less than the maximum level D
      defined above). Similarly, the second video line signal is clocked into
      the second CCD 2 by means of circuit components 23, 24, 26, 28, 30, and
      32; and the third video line signal is clocked into the third CCD by means
      of circuit components 33, 34, 36, 38, 40, and 42; after which the fourth
      video signal is applied to the CCD 1, and so on.
PAR  In accordance with the invention, clock-out of the CCD's 1, 2, 3 does not
      occur until the lead sync portion of each discrete video line signal is
      assuredly stored in the output stage of a corresponding CCD; and to this
      end, the invention employs a delay device 44 -- which in the present case
      provides a one-half H delay -- to assure sufficient time for shifting the
      video line signal samples within the CCD's. Bearing such delay in mind, it
      appears useful at this point to refer to the timing diagram of FIG. 3.
      FIG. 3 is comprised of two parts, the upper part A being directed to
      overall system timing, and the lower part B showing durations which are
      referenced against the duration (H.sub.1) of part A of FIG. 3. Taking the
      durations of part B up first, it is seen that:
PA1  a. A "worst case" stretched video signal spills time-wise into time
      H.sub.2.
PA1  b. With the one-half H delay provided by the delay device 44, all signals
      which start at time zero will be held until the middle of time H.sub.2.
PA1  c. The time for clocking out a CCD is H.
PA1  d, e, f. Unfluttered and compressed signals get shifted within a CCD to
      locate their respective lead sync portions at the CCD output, after which
      they are held as in (b) above.
PA1  g. The delay provided by the delay device 44 must be at least great enough
      to assure that clock-out of a CCD, for example, does not occur until after
      the "worst case" stretched signal has been fully loaded into the CCD.
PAR  Now, turning to part A of FIG. 3 (wherein diagonals are employed to
      indicate first and second halves of H times), the theme expressed therein
      is that each video line signal which is clocked into a CCD is clocked out
      of that CCD in H = 63.5 .mu.sec, and that such clock-out occurs during the
      clocking of the next occurring video line signal into a different CCD . .
      . the CCD shifting indicated in the legend of FIG. 3, part A, being that
      identified in paragraph (d), (e), (f) above. To assure clock-out of the
      256-stage CCD's 1, 2, 3, as employed in the embodiment under discussion, a
      clock-out rate of 4.03 Mhz. is utilized.
PAR  Troublesome flutter is effectively removed from the delayed (44) horizontal
      sync pulses by a low-pass filter (DC to 0.1 Hz.) 46 within a phase lock
      loop including a voltage controlled oscillator (VCO) 48, the output of
      which is divided (50) by 256 to provide a signal frequency for comparison
      with the fluttering output of the delay 44. Thus, the VCO 48 provides a
      4.03 Mhz. output signal frequency, and the divider 50 provides an H-rate
      signal frequency, both signal frequencies being without troublesome
      flutter frequencies.
PAR  The output of the oscillator 50 is applied to operate a three-bit ring
      counter 54 which, unlike the flutter-influenced output of the ring counter
      12, produces an output that changes at precisely the H rate (but subject
      to the one-half H delay). The ring counter 54, via AND gates 56, 58, 60,
      causes the clock (4.03 Mhz.) from the oscillator 52 to be applied
      successively to the CCDs 1, 2, 3, via OR gates 25, 32, 42, whereby each
      CCD gets fully unloaded, via logic 70, in the 63.5 .mu.sec which occurs
      between the signals produced by the oscillator 50; and since each CCD
      unloads the lead portion of its stored sync signal at precisely the H
      rate, flutter is efficiently removed from the critical sync portion of
      each CCD-processed video signal. Indeed, by means of the invention, a TV
      responsive to such CCD-unloading will appear to embody a "driven" sync
      circuit. As noted above, those portions of video signals which are stored
      in CCD stages nearest the CCD inputs cause, when clocked out, only slight
      and relatively unnoticeable shift of visual scene content which, as stated
      above, will ordinarily occur behind the right-hand side of the mask found
      on most TV sets.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for processing a signal having a nominal duration and which
      may have been subjected to time-wise stretch or compression, comprising:
PA1  a. analog shift register means,
PA1  b. means for clocking said signal into said analog shift register means at
      a first predetermined fixed clock rate, said fixed rate being sufficient
      to load all stages of said analog shift register means with samples of,
      and within the duration of, said signal when said signal has been
      subjected to time-wise stretch of a predetermined amount, whereby said
      analog shift register means may be loaded from its output end toward its
      input end with a number of signal samples that correspond with the degree
      of time-wise stretch or compression of said signal,
PA1  c. means for producing an enabling signal, and
PA1  d. means responsive to said enabling signal for clocking said signal
      samples out of said analog shift register means at a second predetermined
      fixed clock rate greater than said first fixed clock rate, said second
      fixed clock rate being sufficient to unload all stages of said analog
      shift register means within a predetermined duration.
NUM  2.
PAR  2. Apparatus for assuring that the lead portions of information
      representative signals in a train thereof have the time base of a
      reference signal train, comprising:
PA1  a. an analog shift register,
PA1  b. means for successively clocking at least some of said information
      representative signals into said analog shift register, the rate of said
      clock being fixed and such that an information signal which is stretched
      in duration a predetermined amount will fully load the stages of said
      analog shift register within the duration of said stretched signal,
PA1  c. means for producing a reference signal train, and
PA1  d. means responsive to said reference signal train for clocking signals out
      of said analog shift register, the rate of said clock-out signals being
      fixed and sufficient to unload fully the analog shift register within a
      predetermined duration that is shorter than the duration of said stretched
      signal.
NUM  3.
PAR  3. Apparatus for removing flutter from video signals having a nominal
      periodicity, said apparatus comprising:
PA1  a. a plurality of analog shift registers,
PA1  b. means for clocking video signals into said analog shift registers at a
      first fixed rate sufficient to load one of said analog shift registers
      fully with samples of a video signal that has been stretched time-wise a
      predetermined amount by said flutter, and within the duration of said
      stretched signal,
PA1  c. means for clocking signal samples out of said analog shift registers at
      a second fixed rate that is sufficient to unload all stages of one of said
      analog shift registers within the period of a video signal which has not
      been stretched time-wise, and
PA1  d. logic means cooperative with said analog shift registers for enabling
      samples of one video signal to be clocked into one analog shift register
      at said first rate, and for simultaneously enabling signal samples of a
      previously occurring video signal which are stored within another analog
      shift register to be clocked out of said other analog shift register at
      said second clock rate.
NUM  4.
PAR  4. Apparatus for processing video signals which may be subject to the
      time-wise stretch and compression thereof, comprising:
PA1  a. a plurality of analog shift registers,
PA1  b. means for clocking said video signals successively and respectively into
      said analog shift registers, the clock rate being a predetermined fixed
      amount that is such that samples of a video signal which has been
      stretched a predetermined amount will load all of the stages of an analog
      shift register during the time span of such stretched signal,
PA1  c. means for clocking signal samples out of said analog shift registers at
      a second higher fixed rate which will unload all samples of a signal which
      has been stretched said predetermined amount within the duration of a
      video signal which has neither been stretched nor compressed, and
PA1  d. logic means for enabling the selective clocking of one video signal into
      one analog shift register and for enabling the simultaneous clocking of a
      signal which is within another analog shift register out of said other
      analog shift register.
NUM  5.
PAR  5. Signal processing apparatus comprising:
PA1  a. a plurality of substantially identical analog shift registers,
PA1  b. first clock signal producing means, the clock having a fixed rate which
      is such that samples of an information signal of a predetermined duration
      may be loaded by means of said first clock signal into all stages of one
      of said analog shift registers within the duration of the information
      signal,
PA1  c. second clock signal producing means, the clock of which has a fixed
      rate, greater than the clock rate of said first clock signal producing
      means, which is such that a signal, samples of which are in all stages of
      one of said analog shift registers, may be clocked out of said register by
      means of said second clock in a duration that is less than said
      predetermined duration, and
PA1  d. logic means cooperative with said analog shift registers for
      successively enabling information signals in a train thereof to be clocked
      into respective analog shift registers by means of said first clock signal
      producing means, and for successively enabling signals to be clocked out
      of said analog shift registers by means of said second clock signal
      producing means.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said analog shift registers are charge
      coupled devices.
NUM  7.
PAR  7. The apparatus of claim 5 wherein said plurality of analog shift
      registers is comprised of at least three analog shift registers, and
      wherein said logic means includes means adapted to delay the clock-out of
      each said analog shift register for a predetermined duration after its
      respective output stage has been loaded with a signal sample.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said analog shift registers are charge
      coupled devices.
NUM  9.
PAR  9. In combination with apparatus for playing back recorded video signals
      which may be subject to time-wise stretch and compression thereof, the
      apparatus comprising:
PA1  a. a plurality of analog shift registers,
PA1  b. means for clocking said video signals successively and respectively into
      said analog shift registers, the clock rate being fixed and such that
      samples of a video signal which has been stretched a predetermined amount
      will load all of the stages of an analog shift register during the time
      span of such stretched signal,
PA1  c. means for clocking signal samples out of said analog shift registers at
      a fixed rate which will unload all samples of a signal which has been
      stretched said predetermined amount within the duration of a video signal
      which has neither been stretched nor compressed, and
PA1  d. logic means for selectively clocking one video signal into one analog
      shift register and for simultaneously clocking a signal which is within
      another analog shift register out of said other analog shift register.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said analog shift registers are charge
      coupled devices.
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ABST
PAL  A magnetic recording and reproducing system using a one-reel catridge tape,
      which is provided at its leading end with a leader tape wider and more
      rigid than the magnetic tape and wound on a supply reel accommodated in a
      protective case, the tape being automatically loaded with the leader tape
      guided to a take-up reel through a leader tape guide having a slit
      extending in the direction of tape travel and wider than the magnetic tape
      but narrower than the leader tape. The system is provided with an
      automatic tape drive control circuit for effecting sequential control of
      the tape drive in various timings such as when commencing the loading of
      the tape, at the end of the tape loading, upon detection of the trailing
      end of the magnetic tape and at the end of the rewinding. Further, there
      is provided means for preventing the malfunctioning of the system in case
      trouble occurs in the tape progress detection means.
BSUM
PAR  This invention relates to improvements in magnetic recording and
      reproducing systems of the type capable of automatic operation.
PAR  In the recent magnetic recording and reproducing systems, particularly
      video tape recorders, there has been a trend of using cartridge tapes and
      cassette tapes, and there have been proposed various electric control
      circuits for controlling automatic loading mechanisms in these systems.
PAR  A first object of the invention is to add to the magnetic recording and
      reproducing system using a one-reel cartridge tape, which is provided at
      its leading end with a leader tape and wound on a supply reel accommodated
      in a protecting case, an automatic tape drive control circuit for
      automatically controlling the system from the loading of the tape till the
      ejection of the cartridge.
PAR  A second object of the invention is to provide a magnetic recording and
      reproducing system, which is provided, in addition to the afore-mentioned
      automatic tape drive control function, with such novel functions as
      automatic repeating of the reproduction and still reproduction.
PAR  A third object of the invention is to provide a magnetic recording and
      reproducing system, which is provided with means for preventing the
      malfunctioning of the control circuit when trouble takes place in the tape
      progress detection means consisting of a lamp and a photoelectric
      converting element, the detection means being provided on the path of
      travel of the magnetic tape for detecting the trailing end thereof. When
      the lamp happens to burn out, the detection of the trailing end of the
      tape is no longer possible. Accordingly, means is provided for detecting
      the burn-out of the lamp, its output being fed back to the control circuit
      to thereby prevent the malfunctioning thereof.
PAR  By incorporating the control circuit according to the invention, it is
      possible to obtain a magnetic recording and reproducing system of a
      one-reel cartridge type, which is versatile in operability, free from
      malfunction and capable of entirely automatic operation.
DRWD
PAR  The above and other objects, features and advantages of the invention will
      become clear when the specification is read in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a schematic representation of the mechanical arrangement of
      various parts of a one-reel cartridge type magnetic recording and
      reproducing system together with a showing of the path of travel of the
      magnetic tape;
PAR  FIG. 2 is a fragmentary perspective view showing a leader tape guide in the
      arrangement of FIG. 1;
PAR  FIG. 3 is a schematic drawing showing an electric circuit in a magnetic
      recording and reproducing system embodying the invention;
PAR  FIGS. 4 to 6 are circuit diagrams showing circuit constructions of some
      parts in the circuitry of FIG. 3;
PAR  FIGS. 7(a) to 7(f) show waveforms involved in the operation of the circuit
      of FIG. 3;
PAR  FIG. 8 is a circuit diagram showing part of the control circuit for
      effecting the repeating of reproduction;
PAR  FIG. 9 is a circuit diagram showing part of the control circuit and part of
      the controlled circuit operated when effecting the still reproduction; and
PAR  FIG. 10 shows an example of the circuit for detecting the breakage of a
      tape progress detection lamp.
DETD
PAR  With the magnetic recording and reproducing system using a one-reel
      cartridge tape for recording and reproduction, the commencement of feeding
      of the tape from the cartridge, recording or reproduction, stopping and
      rewinding of the tape and ejection of the cartridge can all be caused
      under automatic control.
PAR  With the magnetic recording and reproducing system using one-reel cartridge
      tape by loading the cartridge the transparent leader tape leading the
      magnetic tape automatically starts to be paid off in a fast feed state to
      be promptly taken up on a take-up reel. Then, upon detection of the
      leading end of the magnetic tape the tape drive is automatically stopped
      or rendered into the playback state. The tape progress in the playback
      state or fast feed state can be automatically stopped or switched into the
      rewind state in response to the detection of a transparent trailer tape
      trailing the magnetic tape. At the end of rewinding when the transparent
      leader tape leading the magnetic tape is completely rewound into the
      cartridge, the cartridge is automatically ejected. With the above
      automatic tape drive control the tape is thus subjected to totally
      automatic control without any manual control operation by merely loading
      the cartridge, the loading of the leader tape automatically commencing
      with the loading of the cartridge, the playback state being automatically
      brought about upon detection of the leading end of the magnetic tape, the
      rewind state being automatically brought about upon detection of the
      trailer tape trailing the magnetic tape, and the tape run being
      automatically stopped upon completion of the rewinding of the leader tape
      into the cartridge, followed by automatic ejection of the cartridge.
PAR  The invention will now be described in conjunction with a preferred
      embodiment thereof with reference to the accompanying drawing.
PAR  FIG. 1 shows an example of the mechanical arrangement providing the path of
      tape travel. Referring to the Figure, reference numeral 101 designates a
      cartridge accommodating a supply reel 104, on which is wound a magnetic
      tape 102 (FIG. 2) provided at its leading end with a leader tape 103 wider
      than the magnetic tape and having some rigidity. Numeral 106 designates a
      leader tape guide. As shown in FIG. 2, it is formed on its one side with a
      slit extending through its entire length and wider than the magnetic tape
      102 but narrower than the leader tape 103. It is disposed such that its
      one end is positioned near a tape guide opening 105 formed in the
      cartridge, and it defines a roughly circular path of travel of tape along
      a cylindrical tape guide 108.
PAR  Numeral 106 defines a take-up reel, and numeral 110 a take-up lever
      pivotable about a support pin 111 and adapted to be urged against a core
      112 of the take-up reel 109.
PAR  A substantially straight tape travel path is provided between the point
      P.sub.1 of forced contact between the tape roll on the core 112 and the
      take-up lever 110 and the corresponding end A of the leader tape guide
      106.
PAR  The leader tape 103 paid off through the tape guide opening 105 proceeds
      through the space inside the leader tape guide 106, and emerging from the
      end A of the leader tape guide it proceeds past part of the leader tape
      guide 106 and a guide plate to the position of the point of contact
      between the core 112 and take-up lever 110 and is progressively taken up
      on the core 112 by well-known means.
PAR  Numeral 114 designates a guide pin for guiding the magnetic tape 102 coming
      out of the leader tape guide 106, numeral 115 an erasing head, and numeral
      116 a sound and control signal head. Numerals 117 and 118 respectively
      designate capstan and pinch roller, which are adapted to be urged against
      each other only in the recording or playback state. Numerals 119 and 120
      respectively designate a lamp and a photoelectric converting element, and
      they constitute a detector for detecting the presence of the magnetic tape
      in the path of travel of tape.
PAR  FIG. 3 shows an electric circuit for the magnetic recording and reproducing
      system according to the invention. Referring to the Figure, reference
      numeral 1 designates a first delay circuit for delaying a voltage V.sub.cc
      appearing through a switch 2 adapted to be closed by loading the
      cartridge. Its output appears after a delay time from the commencement of
      paying-off of the leader tape till the passing of the leading end of the
      magnetic tape by the pinch roller. In this embodiment, this delay time is
      set to be about 5 seconds. Numeral 3 designates a second delay circuit for
      delaying a voltage V.sub.cc appearing through a switch 4 adapted to be
      closed upon detection of the leader tape in the rewind state, that is,
      when the indication of a tape feed extent indicator, the indication being
      proportional to the tape feed extent, is reduced back to zero. A slight
      delay time, of about 1 second, is required from the instant when the
      magnetic tape is completely rewound until the tape run in the rewind state
      is in order for the leader tape to be also completely rewound into the
      cartridge. Numeral 5 designates a first control signal generating circuit
      to produce a pulse signal with a duration of about 1 second as a control
      signal for automatically bringing about the playback state or
      automatically ejecting the cartridge. Numeral 6 designates a second
      control signal generating circuit to produce a pluse signal with a
      duration of about 1 second as a control signal for automatically stopping
      the tape drive.
PAR  FIG. 4 shows the essential part of the circuit construction constituting
      the first and second delay circuits 1 and 3 and first and second control
      signal generating circuits 5 and 6. It has the form of an integrated
      circuit generally designated at 10, comprising a differential amplifier
      section 7, a Schmitt circuit section 8 and a drive circuit section 9. The
      control signal generating circuit 5 or 6 may be constructed by connecting
      a differentiating circuit 11 to the input terminal of the circuit 10, as
      shown in FIG. 5. The delay circuit 1 or 3 may be constructed by connecting
      an integrating circuit 12 to the input terminal of the circuit 10, as
      shown in FIG. 6. When a step voltage as shown at (a) in FIG. 7 is added to
      the input terminal of the differentiating circuit 11, a differential
      signal as shown at (b) is obtained at the input terminal of the circuit
      10, so that a control signal (c) is generated in the form of a pulse of
      voltage V.sub.cc and with a duration corresponding to a portion of the
      differential signal above a reference voltage V.sub.s preset with the
      differential amplifier section 7. On the other hand, when the step voltage
      (a) is added to the integrating circuit 12, an integral signal as shown at
      (d) is obtained at the input terminal of the associated circuit 10, so
      that a delayed signal (e) delayed after the input signal (a) is obtained
      when the reference voltage V.sub.s is surpassed by the integral signal.
      The pulse width of the control signal (c) and the delay time of the
      delayed signal (e) may be suitably preset by appropriately selecting the
      time constant of the differentiating circuit 11 and integrating circuit
      12.
PAR  Numerals 13 to 15 designate respective hold circuits for holding the drive
      voltage for driving associated solenoids. In this embodiment, the hold
      circuit 13 is provided for driving a rewind solenoid 16, the hold circuit
      14 for a playback solenoid 17, and the hold circuit 15 for a fast feed
      solenoid 18.
PAR  The operation of these hold circuits 13 to 15 will now be described. When
      source voltage V.sub.cc is switched on, a transistor 20 is triggered with
      the charging of a capacitor 19, so that a transistor 21 and a driving
      transistor 22 remain "off". In this state, the rewind solenoid 16 is not
      energized. By subsequently closing a manual switch 23 for rewinding or
      upon subsequent coupling of a control signal through a diode 24 to the
      base of the transistor 21, the transistors 21 and 22 are triggered to
      energize the rewind solenoid 16. Simultaneously, the transistor 20 is cut
      off, so that the output of the transistor 20 is held at a high voltage
      level sufficient to hold the transistor 21 "on". In this way, the rewind
      solenoid 16 is held energized. Likewise, by closing a manual switch 25 for
      playback or upon coupling of a control signal to a diode 26 in the hold
      circuit 14, the playback solenoid 17 is rendered operative. Also, by
      closing a manual switch 27 for fast feeding the fast feed solenoid 18 is
      rendered operative by the hold circuit 15.
PAR  Numeral 28 designates a detecting circuit. Numeral 29 designates a lamp,
      and numeral 30 a photoelectric converting element such as CDS. They are
      provided such that they face each other on opposite sides of the path of
      tape travel. The element 30 constitutes a voltage divider together with a
      resistor 31. The photoelectric converting element 30 provides a high
      resistance when the magnetic tape is present between it and the lamp,
      while it provides a low resistance when light of the lamp 29 is
      transmitted through the transparent tape and falls upon it. The input to
      the detecting circuit 28, that is, the output of the voltage divider, is
      adapted to be higher than a reference voltage V.sub.s when the resistance
      of the element 30 is high and lower than the reference voltage when the
      resistance of the element is low. Thus, the detecting circuit 28 can be
      set such that its output undergoes a change from high voltage level
      V.sub.cc to low level (zero volt) at an instant when the non-transparent
      magnetic tape passing by the photoelectric converting element 30 is
      replaced with the transparent leader tape or trailer tape.
PAR  The hold circuits 13 to 15 are reset by an input coupled to their
      respective diode input sections 32 to 34.
PAR  When a stop signal from a manual stop switch 35 is added through a diode 36
      to an input terminal A in the diode input section 32 or when the output of
      the second control signal generating circuit 6 is coupled as a stop signal
      through a diode 37 to the input terminal A, a transistor 38 is triggered
      to cut off the transistor 21, thus triggering the transistor 20. As a
      result, the hold circuit 13 is reset to deenergize the rewind solenoid,
      whereby the tape is stopped. This stop signal also goes to an input
      terminal E in the diode input section 33 and an input terminal I in the
      diode input section 34 to cause similar action of the hold circuits 14 and
      15. The hold output voltage 39 from the hold circuit 13 is added to input
      terminals F and J in the respective diode input sections 33 and 34 for
      resetting the other hold circuits 14 and 15. Likewise, output voltage 40
      from the hold circuit 14 is added to input terminals B and K in the
      respective diode input sections 32 and 34, and output voltage 41 from the
      hold circuit 15 is added to input terminals C and G in the respective
      diode input sections 32 and 33. When the output of the delay circuit 3
      goes to an input terminal D in the diode input section 32, the rewinding
      is prohibited for effecting the ejection of the cartridge. When the output
      of a transistor 42 inverting the output of the detecting circuit 28 is
      added to an input terminal H or L in the diode input section 33 or 34 as a
      result of the detection of the transparent trailer tape trailing the
      magnetic tape, the playback or fast feeding is prohibited. A transistor 43
      serves to invert the output of the detecting circuit 28 so as to produce a
      control signal added to a diode 24 in the hold circuit 13 for
      automatically causing the rewinding. A transistor 44 serves such that it
      is cut off for about 1 second by a control signal (with a duration of
      about 1 second) from the second control signal generating circuit 6. When
      the transistor 44 is triggered again after 1 second, the first control
      signal 5 is actuated to produce a control signal for automatically causing
      playback or ejection of the cartridge. This control signal causes either
      the playback state or ejection of the cartridge depending upon the output
      of the detecting circuit 28. In the presence of the magnetic tape at the
      detecting section, the output of the detecting circuit 28 is at a high
      voltage level to hold a transistor 45 on. In this state, even if the
      control signal is added to the base of a transistor 46, a transistor 47
      remains off since the transistor 45 is on, so that an eject solenoid 48 is
      not energized. This solenoid 48 is energized as a result of detection of
      the transparent tape. In order that the eject solenoid 48 will not be
      energized as a result of detection of the trailer tape trailing the
      magnetic tape, the transistor 45 is adapted to be cut off only when the
      voltage level of the signal going to both diodes 50 and 51 becomes low
      with the delayed output signal from the second delay circuit 3 inverted
      through a transistor 49. When the transistor 45 is rendered off in this
      way, the output of the first control signal generating circuit 5 triggers
      the transistor 47, thus energizing the eject solenoid 48. The input to the
      second control signal generating circuit 6 for generating the automatic
      stop control signal is added through diode 52, 53 or 54. The diode 52
      permits a signal from the transistor 42 to invert the output of the
      detecting circuit 28. Thus, in response to the detection of the
      transparent trailer tape trailing the magnetic tape the second control
      signal generating circuit 6 produces an automatic stop control signal, the
      control signal being coupled through the diode 37 to the input terminal E
      in the diode input section 33 and input terminal I in the diode input
      section 34, thus automatically releasing the playback state or fast feed
      state and stopping the tape for about 1 second. At the end of the stop
      period an inverted signal from the transistor 43 is added through the
      diode 24 to the hold circuit 13 to energize the rewind soleniod 16, thus
      automatically bringing about the rewind state. The diode 53 conducts a
      signal produced when the switch 4 is closed upon detection of the
      completion of rewinding of the magnetic tape. In response to the closure
      of the switch 4 the second delay circuit 3 produces, after a delay time
      required for fully rewinding the leader tape into the cartridge, an output
      inverted by the transistor 49 to produce the signal added to the second
      control signal generating circuit 6, causing the circuit 6 to produce a
      control signal for releasing the rewind state and stopping the tape for
      about 1 second. By this control signal, the transistor 44 is also cut off
      for about 1 second, so that a voltage as shown at (f) in FIG. 7 is
      supplied to the first control signal generating circuit 5, which thus
      produces a control signal with a duration of about one second to serve
      this time as an automatic eject control signal. Although the output of the
      first control signal generating circuit 5 is also coupled as an automatic
      playback control signal to the hold circuit 14, this time a signal from
      the transistor 42 inverting the output of the detecting circuit 28
      prevails at the input terminal H of the diode input section 33 and the
      input terminal L of the diode input section 34 due to the presence of the
      leader tape at the detecting section, prohibiting the playback and fast
      feed, so that the cartridge is automatically ejected.
PAR  The diode 54 conducts a signal appearing from an indicator switch 55 upon
      closure thereof. The indicator switch 55 is provided in an indicator for
      indicating the extent of tape feed. The indicator can be preset to a
      desired tape feed extent position, so that the switch 55 will be closed
      upon reaching the preset position, producing a signal coupled through the
      diode 54 to the second control signal generating circuit 6 for rendering
      the transistor 44 off for about 1 second. As a result, the first control
      signal generating circuit 5 produces a control signal serving this time as
      an automatic playback control signal coupled to the diode 26 in the hold
      circuit 14, thus energizing the playback solenoid 17 to automatically
      cause playback. In effecting the automatic playback from a desired tape
      position (or so-called cutting-in) with the indicator switch 55, the tape
      is preferably fast fed up to the preset position. To this end, that is, to
      achieve cutting-in right after the fast feeding, the hold output 41 of the
      hold circuit 15 is supplied to the switch 55 since during the normal
      playback there is no need of stopping the tape.
PAR  Numeral 56 designates a switch with its pole held in contact with contact M
      during the loading period, during which the leader tape is paid off.
      During this period, the voltage output of the switch 2 closed by loading
      the cartridge is supplied to the input terminal of the first delay circuit
      1, and with the rising of the signal appearing from the delay circuit 1
      after a delay time of about 5 seconds the first control signal generating
      circuit 5 is actuated to produce an automatic playback control signal
      added to the hold circuit 14 so as to energize the playback solenoid 17
      for automatically causing playback. As mentioned earlier, the delay time
      here corresponds to a time interval from the commencement of paying-off of
      the leader tape till the passing of the leading end of the magnetic tape
      by the pinch roller. As soon as the playback solenoid is energized, the
      feed roller for loading the leader tape is decoupled to release the intial
      loading state. At this time, the pole of the switch 56 is switched over to
      the side of contact N, thus switching the source voltage V.sub.cc over to
      the line leading to the manual switches 23, 25, 27 and 35.
PAR  While the operation of various parts of the electric circuit for the tape
      drive control has been described in the foregoing, the tape drive control
      will now be reviewed in a sequential way. By loading the cartridge the
      switch 2 is closed. At the same time, the switch 56 is thrown to the side
      of its contact M, thus bringing about the loading state to pay off the
      leader tape. At the end of the paying-off of the leader tape, the first
      delay circuit 1 produces an output. With this output the first control
      signal generating circuit 5 is actuated to deliver a control signal of a
      duration of about 1 second to the hold circuit 14, thus energizing the
      playback solenoid 17 to automatically render the tape drive into the
      playback state while simultaneously releasing the loading state. When the
      transparent trailer tape trailing the magnetic tape is detected, the
      detection circuit 28 produces a detection signal, causing the second
      control signal generating circuit 6 to produce a control signal for
      stopping the tape for about 1 second. At the end of the stop period an
      inverted signal from the transistor 43 is given to the hold circuit 13,
      thus energizing the rewind solenoid 16 to automatically bring about the
      rewind state. When the transparent leader tape provided at the leading end
      of the magnetic tape is detected, at which time the indication of the tape
      feed extent is reduced back to zero, the switch 4 is actuated, and at
      delay time of about 1 second thereafter the second delay circuit 3 causes
      the second control signal generating circuit 6 to produce a control signal
      for stopping the tape for about 1 second. At the end of this stop period,
      a control signal produced from the first control signal generating circuit
      5 is coupled to the transistor 46 to trigger the transistors 46 and 47,
      thus energizing the eject solenoid 48. Thus, after the tape is
      automatically stopped, the cartridge is automatically ejected.
PAR  As has been shown, with the magnetic recording and reproducing system
      embodying the invention the tape drive can be controlled entirely
      automatically without any manual operation, with the leader tape leading
      the magnetic tape automatically beginning to be paid off by merely loading
      the cartridge, the playback state automatically setting in when the
      leading end of the magnetic tape passes between the pinch roller and
      capstan, the tape being automatically stopped upon detection of the
      trailer tape trailing the magnetic tape, the rewind state being
      subsequently brought about automatically, and the tape being again
      automatically stopped upon completion of rewinding of the leader tape into
      the cartridge, which is subsequently ejected automatically.
PAR  Of course, it is also possible to control the tape drive manually. Further,
      even when the playback state or fast feed state is caused manually, the
      tape can be automatically stopped upon detection of the trailing end of
      the magnetic tape, followed by the setting-in of the rewind state.
PAR  Furthermore, it is possible to achieve the so-called cutting-in
      automatically, that is, automatically switching the fast feed state into
      the playback state upon reaching of a tape position preset by the tape
      feed extent indicator.
PAR  Since the commencement of the feeding of the tape from the cartridge,
      recording or playback, stopping of the tape, rewinding and ejection of the
      cartridge can all be effected under automatic control, the magnetic
      recording and reproducing system according to the invention features the
      most excellent operability.
PAR  The invention also intends to provide such recording and reproducing
      apparatus with means for automatically repeating the reproduction of a
      tape portion from a predetermined position thereof to the trailing end
      thereof. FIG. 8 shows part of the electric circuit in another embodiment
      of the invention. In the Figure the same parts as those in FIG. 3 are
      designated by like reference numerals, and they are not described here. In
      this embodiment, the automatic repeating function is provided by a repeat
      switch 57 and a diode 58, these parts being added to the tape drive
      control system shown in FIG. 3. The repeat switch 57 is inserted between
      the hold output terminal 39 of the hold circuit 13 and the diode 58, which
      is in turn connected to the switch 55. The indicator switch 55 acts such
      that it is turned on upon the reaching of a preset extent of the tape feed
      reached in the presence of the hold output 41 of the hold circuit 15 in
      the fast feed state, whereupon the second control signal generating
      circuit 6 is actuated to cut off the transistor 44 for about 1 second and
      cause the first control signal generating circuit 5 to produce an
      automatic playback control signal so as to switch the tape run into the
      playback state. With subsequent detection of the trailing end of the
      magnetic tape the rewind state is brought about in the manner as mentioned
      earlier. If the repeat switch 57 is on at this time, the rewind hold
      output 39 is applied through the diode 58 to the indicator switch 55.
      Then, when the indicator switch 55 is closed upon reaching the tape
      position corresponding to the preset tape feed extent, the playback state
      automatically is set in the same way as from the fast feed state. It will
      be understood that by holding the repeat switch on it is possible to
      automatically repeat the playback of a tape portion between a tape
      position corresponding to the preset tape feed extent and the trailing end
      of the magnetic tape in the order of fast prefeeding till the reaching of
      the present tape feed extent position, playback (cutting-in) from that
      position, detection of the trailing end of the magnetic tape, rewinding
      back to that position and playback from that position again. By opening
      the repeat switch 57 the normal automatic tape drive control as mentioned
      earlier in connection with the first embodiment may be obtained.
PAR  As has been shown, according to the invention it is possible to
      automatically repeat the playback of a tape portion from a preset tape
      feed extent position to the trailing end of the magnetic tape.
PAR  FIG. 9 shows a further embodiment of the invention, which permits still
      reproduction. Numeral 59 designates a power source plug. Its one lead is
      led to the earth side of a motor 63 and a source power transformer, while
      its other lead is led through a power switch 60 to switches 61 and 62 and
      to the hot side of the source power transformer. The switch 61 is provided
      for the still reproduction, and it has ganged switches a and b. When the
      power switch 60 and either switch 61 or 62 are closed, the circuit of
      motor 63 and motor drive phase advancement capacitor 64 is connected
      across the power source, so that the motor is driven. The switch 62 is
      interlocked to the tape drive mechanism such that it is on when the tape
      is moving, that is, during the loading immediately after the loading of
      the cartridge, fast feeding, playback and rewinding. When the playback
      solenoid 17 is energized by closing the manual switch 25 for playback or
      with a control signal given to the hold circuit 14, the switch 62 is
      closed to start the motor 63, thus bringing about the playback state. When
      the switch 61 for still reproduction is closed in this state, the playback
      hold output 40 triggers transistor 64 to shunt the output of transistor
      66, thus cutting off transistor 67 to de-energize the playback solenoid 17
      so as to stop the tape, so that the switch 62 is opened. With the stopping
      of the tape, however, the motor continues to be driven so long as the
      switch 61 for the still reproduction is closed, so that the still
      reproduction is obtained. By opening the switch 61 the transistor 65 is
      cut off to trigger the transistors 66 and 67 with the hold output, thus
      re-energizing the playback solenoid 17 to resume the playback state. At
      the time of the ordinary stopping due to the closure of the manual stop
      switch or due to the appearance of the automatic stop control signal, the
      switch 61 for the still reproduction is off, so that both tape and motor
      are stopped with the opening of the switch 62.
PAR  FIG. 10 shows a main circuit part of one practical embodiment of this
      invention.
PAR  The same parts as described-above are denoted as the same numbers as shown
      in FIG. 3, and their explanations are omitted.
PAR  In FIG. 10, in the normal state that the lamp 29 is conductive, a current
      flowing through the lamp 29 turns a transistor 68 on and a transistor 69
      off. Accordingly, a resistor 70 is in the open state and a voltage
      V.sub.cc is divided by the resistor 31 and the photoresistance of the
      photoelectric converting element 30. When the magnetic tape changes to a
      trailer tape part the light of the lamp illuminates the photoelectric
      converting element 30, and the resistance thereof is decreased. It is
      necessary to set the value of the resistor 70 almost at this low
      resistance value. As the current flowing through the lamp 29 is cut off
      when the lamp 29 happens to be broken, the transistor 68 turns off and
      accordingly the transistor 69 turns on. As the lamp 29 is broken, the
      photoresistance of the photoelectric converting element 30 is high, and
      the voltage V.sub.cc is divided by the resistor 31 and a resistor 70. As
      the resistance value of the resistor 70 is selected to be nearly equal to
      the resistance value in the case that the photoelectric converting element
      30 is illuminated, the resistance value is set nearly equal to that in the
      photo detecting circuit when the lamp is broken. That is, when the lamp 29
      happens to be broken, the detecting circuit 28 is operated and
      consequently the transistors 42, 43 are operated to protect the tape from
      overrunning and uncertainty of automatic stopping by converting tape
      running to automatic stopping and automatic rewinding states at once.
PAR  As has been shown, according to the invention while both the tape and drive
      motor are stopped at the time of the ordinary stopping of the tape, only
      when the switch for the still reproduction is on only the drive motor can
      be driven with the tape held still for effecting the still reproduction.
      Thus, the magnetic tape will not be damaged by the rotary head. Also, the
      still reproduction state can be switched from the normal playback state at
      any time by merely closing the still reproduction switch, so that any
      desired frame can be reproduced as a still picture. Further, by opening
      the still reproduction switch the normal playback of the following frames
      can be promptly resumed. Furthermore, with the still reproduction switch
      it is possible to realize consecutive still reproduction of frames very
      close to one another, and also there is no need of manually rotating the
      reel in the neighborhood of the noise band.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A magnetic recording and reproducing system using a cartridge housing a
      reel on which is wound a magnetic tape having a transparent leader tape
      joined at a leading end thereof and a transparent trailing tape joined at
      a trailing end thereof, comprising:
PA1  a. cartridge holding means for mounting said cartridge for movement between
      an operative position and an inoperative position on the system and
      including an ejection means having an ejecting solenoid (48) for moving
      said cartridge from the operative position to the inoperative position;
PA1  b. a take-up reel provided on the system;
PA1  c. loading means including a pinch roller for transporting the tape over a
      travel path from said cartridge to said take-up reel responsive to the
      movement of said cartridge to the operative position;
PA1  d. first delay means (1) for producing an output voltage signal after a
      delay time corresponding to the time the leader tape is transported from
      said cartridge by said loading means to the time the magnetic tape passes
      through the pinch roller;
PA1  e. a first control circuit means (43) for inverting an input signal;
PA1  f. first switching means (56) for applying a supply voltage to said first
      control circuit means (43) through said first delay means when the tape is
      transported by said loading means and directly to said first control
      circuit means (43) when the tape is not transported by said loading means;
PA1  g. first and second pulse generating means (5, 6). each generating a pulse
      at the beginning of a voltage signal applied to their inputs;
PA1  h. means for applying the output voltage signal of said first delay means
      (1) to the input of said first pulse generating means (5);
PA1  i. a rewinding solenoid (16), a playback soleniod (17) and a fast feed
      solenoid (18) each including a holding circuit means (13, 14, 15) for
      energizing the respective solenoid and having a set terminal and a reset
      terminal wherein once an input signal is supplied to the set terminal, a
      fixed state of the set terminal is maintained energizing the respective
      solenoid until a next signal is supplied to the reset terminal, and when
      one of the holding circuit means is set, the others are reset;
PA1  j. a tape rewinding means activated by said rewinding solenoid (16);
PA1  k. a playback means activated by said playback solenoid (17);
PA1  l. a tape fast feed means activated by said fast feed solenoid (18);
PA1  m. means for supplying the pulse of said first pulse generating means (5)
      to the set terminal of the holding circuit means of said playback solenoid
      (17);
PA1  n. first detecting means (29, 30) arranged in the travel path of said
      magnetic tape for detecting the presence and absence of said magnetic tape
      and generating an output signal in the absence of said magnetic tape;
PA1  o. means for passing the output signal of said first detecting means to the
      reset terminal of said holding circuit means of said playback solenoid and
      said fast feed solenoid, and as the input signal to said first control
      circuit means, said control circuit means including means for applying the
      inverted signal to the set terminal of said holding circuit means of said
      rewind solenoid;
PA1  p. means for applying said output signal of said first detecting means (29,
      30) as the voltage signal applied to the input of said second pulse
      generating means (6);
PA1  q. means for applying the pulse of said second pulse generating means (6)
      to the reset terminals of all of said holding circuit means (13, 14, 15);
PA1  r. tape end second detecting means (4), including an indicator scale means
      which increases depending on the quantity of tape feed and decreases
      depending on the quantity of tape rewind, for providing an output signal
      at the zero point of said indicator scale means;
PA1  s. a second delay means (3) for delaying said output signal of said tape
      end detecting means and providing an output signal;
PA1  t. means for applying the output signal of said second delay means to the
      reset terminal of said holding circuit means of said rewind solenoid;
PA1  u. means (45, 46) for ANDing the output signals of said second delay means,
      said first detecting means and the pulse of said first pulse generating
      means and providing an output signal; and
PA1  v. means for energizing the ejecting solenoid (48) in response to the ouput
      signal of said ANDing means.
NUM  2.
PAR  2. A magnetic recording and reproducing system according to claim 1,
      wherein said first detecting means comprises a lamp (29) and a
      photoelectric converting element (30) which are arranged opposite each
      other on opposite sides of the travel path of said magnetic tape, and
      further comprising:
PA1  third means (68) for detecting disconnection of the lamp (29) from the
      system, and
PA1  means (69), responsive to said third detecting means, for generating a
      detecting output signal when said lamp is disconnected.
NUM  3.
PAR  3. A magnetic recording and reproducing system according to claim 1,
      further comprising:
PA1  third detecting means (55) for generating an output signal at a
      predetermined scale position of said indicator scale means;
PA1  means for applying said output signal of said third detecting means to said
      second pulse generating means, and
PA1  control means responsive to the pulse generated by said second pulse
      generating means (6) for applying a voltage signal to the input of said
      first pulse generating means (5) so that a pulse may be generated by said
      first pulse generating means (5).
NUM  4.
PAR  4. A magnetic recording and reproducing system according to claim 3,
      wherein said second detecting means generates an output at a predetermined
      scale position of said indicator scale during a hold state of said holding
      circuit of said fast feed solenoid.
NUM  5.
PAR  5. A magnetic recording and reproducing system according to claim 3 wherein
      said second detecting means generates an output at a predetermined scale
      position of said indicator scale during a hold state of said holding
      circuit of said rewind solenoid.
NUM  6.
PAR  6. A magnetic recording and reproducing system according to claim 3 wherein
      said second detecting means generates an output at a predetermined scale
      position of said indicator scale during a hold state of either one of said
      holding circuits of said rewind and fast feed solenoids.
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ABST
PAL  A tape recording and reproducing apparatus utilizing a tape cassette is
      disclosed which eliminates the tape slack between supply reel and take-up
      reel. When the tape cassette is placed in the play position, the take-up
      reel is rotated in the forward direction to remove the tape slack. Then
      the supply reel is started to rotate by the stretched tape. A detecting
      device is provided to detect the rotation of the supply reel in the
      forward direction. The detecting device triggers a control device which in
      turn causes the tape transport mechanism to come into engagement with the
      tape ordinary play mode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is in general directed to an improvement of a
      magnetic and reproducing apparatus of the type utilizing open-reel or
      cassette magnetic tape, and more particularly to a magnetic recording and
      reproducing apparatus having the function of preventing unstable operation
      due to the slack of the magnetic tape between the supply reel and the
      take-up reel.
PAR  For the better understanding of the present invention, some disadvantageous
      phenomena encountered in the tape recording and reproducing apparatus of
      the prior art due to slack the magnetic tape will first be studied briefly
      with reference to FIG. 4 in which some examples of malfunction due to tape
      slack in a tape recording and reproducing apparatus of dual capstan type
      are illustrated.
PAR  FIG. 4A shows an example in which slack exists in the tape portion of
      supply reel side. In this case, tape tension in the magnetic head 30 side,
      being bounded by the capstan 4, becomes larger than that of supply reel 2
      side, which causes some portion of the magnetic tape 36 to be protruded
      out of the capstan 4 and pinch roller 34, resulting in twisting or cutting
      of the tape 36 as well as deterioration of wow-flutter characteristic.
PAR  FIG. 4B shows an example in which slack of the tape 36 exists between the
      capstan 4 and another capstan 4. In this case, tape transferring at
      constant speed may not be obtained, and noises and signal drop-out due to
      unstable contact between the tape 36 and the magnetic head 30 will be
      encountered.
PAR  FIG. 4C shows an example in which slack of the tape 36 exists in take-up
      reel 3 side. In this case, since the take-up reel cannot absorb all of
      slack, the remained slack portion of the tape 36 may occasionally happen
      to twist around another member of the recording and reproducing apparatus.
PAR  Although those examples have been described about the magnetic recording
      and reproducing apparatus of the type of dual capstan, these
      disadvantageous phenomena may also be encountered in a recording and
      reproducing apparatus of the type of single capstan. As described above,
      slack of magnetic tape existing before the tape is started to play may
      deteriorate the performance of such magnetic recording and reproducing
      apparatus.
PAR  In order to avoid such disadvantage as described above in connection with
      the example shown in FIG. 4A, the prior art has attempted to increase the
      accuracy of parallelism between capstan and pinch roller. This and other
      attempts, however, have not been successful as a practical matter.
PAR  Accordingly, it is an important object of the present invention to provide
      an improved magnetic recording and reproducing apparatus in which slack of
      tape can be eliminated for stable performance in advance before magnetic
      head contacts the tape and the tape is started to play.
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PAR  The novel features which are considered as characteristic of the present
      invention will be set forth in particular in the appended claim. The
      improved magnetic recording and reproducing apparatus itself, however,
      both as to its construction and its mode of operation, together with
      additional features and advantages thereof, will be best understood upon
      perusal of the following detailed description of a specific embodiment
      with reference to the accompanying drawings in which;
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view showing the essential internal construction in
      "play" mode, which embodies the present invention in a cassette type tape
      recording apparatus,
PAR  FIG. 2 is a top plan view showing the essential internal construction in
      "non-play" mode, which embodies the present invention in a cassette type
      tape recording apparatus,
PAR  FIG. 3 is a circuit diagram of a control device for the apparatus shown in
      FIG. 1 and FIG. 2, and
PAR  FIGS. 4A-4C show diagrams for several condition in which tape slack is
      generated in the prior art devices.
DETD
PAC  DETAILED DESCRIPTION OF EMBODIMENT OF THE INVENTION
PAR  Now referring to FIG. 1 and FIG. 2, in the drawings, reference numeral 1
      shows a chassis, on which a pair of reel drive spindles 2 and 3, and a
      pair of capstans 4 and 4 are rotatably mounted in a predetermined
      relation. The chassis 1 also includes an electric motor 5 for driving the
      reel drive spindles 2 and 3 and the capstans 4 and 4. An endless belt 7 is
      provided to pass around a motor pulley 6 secured to the rotor shaft motor
      5, a flywheel 8 attached to one of the capstan 4, three pulleys 9, 10 and
      11, and a flywheel 8 secured to the other capstan 4. A rotating shaft 42
      to which the pulley 10 is secured extends upwardly through the chasis 1,
      an idle pulley 12 is positioned close to the rotating shaft 42 and
      supported rotatably on one end of a lever 13. The rotating shaft 42 is
      positioned to be equally spaced from both the reel drive spindles 2 and 3.
      The lever 13 is held on the chasis 1 by a pin 14 that engages movably with
      a slot 43 thereof. On the other end of the lever 13, there is provided tab
      portion 44 to which one end of a spring 15 is recured. The other end of
      the spring 15 engages the pin 14, and the spring 15 serves to press the
      idle pulley 12 against the rotating shaft 42. The idle pulley 12 is also
      pressed against supply reel mount 38 or take-up reel mount 39 in
      accordance with the rotating direction of the rotating shaft 42. Thus, the
      rotation of the rotating shaft 42 may be transmitted to the take-up reel
      mount 39 through the idle pulley 12 when the shaft 42 rotates in the
      forward direction (the direction of the tape movement shown by an arrow A
      in FIG. 1). When the rotation of the motor 5 is reversed, the idle pulley
      12 is switched to the supply reel mount 38 so as to cause its rotation.
PAR  On the other hand, the chassis 1 supports a carriage 29 which is movable
      between the first position close to a tape cassette 37 placed in "play"
      position as shown in FIG. 1, and the second position spaced from the first
      position as shown in FIG. 2, and is usually biased to be retained in the
      first position by a spring 28. A magnetic transducer head 30 and a pair of
      pins 31 and 31 are placed on the carriage 29, and each pin 31 is
      positioned to about on the free end of a supporting frame 33 which is
      pivotaly mounted on a shaft 32 on the chassis. The supporting frame 33
      holds rotatably a pinch roller 34 and is biased by a spring 35 so that the
      pinch roller 34 approaches to the capstan 4. The pin 31 abutting the
      supporting frame 33 permits the supporting frame 33 to rotate so as to
      press the pinch roller 34 against the capstan 4 when the carriage 29 is in
      the first position shown in FIG. 1, and serves to rotate the supporting
      frame 33 against the spring 35 so as to separate the pinch roller 34 from
      the capstan 4 in the process in which the carriage 29 is shifted from the
      first position to the second position.
PAR  In order to release the carriage 29, there is provided an ejection button
      27. By depressing the ejection button 27, a rod (not shown in the
      drawings) shifts the carriage 29, and a memeber 18 attached to the
      carriage 29 engages a rockable retaining lever 20 rotatably supported on
      the chassis 1 by a shaft 19, thereby causing the carriage 29 to be
      retained in the second position as shown in FIG. 2. The other end of the
      rockable retaining lever 20 is connected to a plunger 22 of an
      electro-magnet 40 through a pin 21. A compression spring 23 is provided
      between the front wall 25 of the electro-magnet 40 and a stopping member
      24 secured to the plunger 22, which serves to rotate the rockable
      retaining lever 20 around the shaft 19 in the clockwise direction in the
      drawings. However, the rockable retaining lever 20 is blocked to rotate by
      a stopper pin 26 secured to the chassis 1.
PAR  A sensing rotor 17 which is connected to the supply reel mount 38 through a
      belt 45 is provided to detect when the supply reel mount 38 is rotated in
      the forward direction. The sensing rotor 17 is provided with electric
      conducting portion partly around the peripheral surface thereof so as to
      short-circuit intermittently a pair of sensing members 16 and 16 when it
      rotates.
PAR  Referring now to FIG. 3 a control circuit for the apparatus will be
      described below.
PAR  A pulse signal detecting circuit 100 comprises a transistor Q1, to the base
      electrode of which one end of a biasing resistor R1 and one of the sensing
      members 16 of the sensing rotor 17 are connected. The other end of the
      biasing resistor R1 is connected to the power supply and another sensing
      member 16 is grounded. A voltage doubler rectifying circuit 101 includes
      capacitor C1 and C2, and diodes D1 and D2. The emitter electrode of the
      transistor Q1 in the pulse signal detecting circuit 100 is coupled to one
      end of the capacitor C1 in the voltage doubler rectifying circuit 101. The
      out-put of the voltage doubler rectifying circuit 101, that is, the
      cathode of the diode D2 is coupled to input of a Schmitt tigger circuit
      102 and also to the anode of diode D3 in plunger control circuit 104. The
      Schmitt trigger circuit 102 is constructed so as to switch its
      (conducting) state when a signal having higher level than a predetermined
      level is applied, and generate negative or positive pulse in turn. Out-put
      pulse from the Schmitt trigger circuit 102 is applied to a flip-flop
      circuit 103, out-put signal of which will control a relay L1. The relay L1
      serves as reversing means for a double-pole double-throw switch SW1 and
      SW2 which permits the motor 5 to rotate either in the forward direction or
      backward direction. The flip-flop circuit 103 may be switched only when
      negative pulse signal is applied through a gate circuit. That is, when a
      tape cassette 37 is loaded in position and thereby the power supply is
      actuated, the out-put of the flip-flop 103 energizes the relay L1 so that
      the traveling contacts of the double-pole double-throw switch SW1 and SW2
      come into contact with stationary contacts a and a respectively to rotate
      the motor 5 in the forward direction, and when a negative pulse is applied
      to the flip-flop circuit 103 to switch its state, the relay L1 is
      deenergized and the traveling contacts of the double-pole double-throw
      switch SW1 and SW2 come into contact with stationary contacts b and b
      respectively to rotate the motor 5 in the backward direction.
PAR  The plunger control circuit 104 includes a transistor Q2, a diode D3, a
      capacitor C3 and a resistor R3. The cathode of the diode D3 and one end of
      the resistor R3, having the other end grounded are connected to one end of
      the capacitor C3. The other end of the capacitor C3 is coupled to the base
      electrode of the transistor Q2, and the collector electrode thereof is
      connected to the power supply through the electro-magnet 40. The emitter
      electrode of the transistor Q2 is grounded.
PAR  The operation of the recording and reproducing apparatus embadying the
      present invention as described above will now be described.
PAR  When a tape cassette is placed in the predetermined position, an electric
      switch (not shown in the drawings) is closed by way of the conventional
      fashion to cause the motor 5 to rotate in the forward direction. With the
      rotation of the motor 5, the flywheel 8 and 8, and the pulleys 9, 10 and
      11 start to rotate. The idle roller 12 abutting with the rotating shaft 42
      is pressed against the take-up reel mount 39 in accordance with the
      rotating direction of the rotating shaft 42. Thus, the rotation of the
      shaft 42 can be transmitted to the take-up reel mount 39 through the idle
      roller 12. In this condition, if there is tape slack in the tape 36 wound
      on the take-up reel or supply reel or between them, only the reel drive
      spindle 3 will rotate until the tape slack is removed. When all the tape
      slack is eliminated completely and the reel drive spindle 3 continues to
      rotate, the reel drive spindle 2 starts to rotate due to the tape tension
      of the tape wound up to the take-up reel, resulting in the rotation of the
      reel drive spindle 2 in the forward direction. Consequently, the sensing
      rotor 17 connected with the belt 45 to the reel drive spindle 2 will
      rotate. By the rotation of the sensing rotor 17, the sensing members 16
      and 16 are short-circuited intermittently to generate pulse signals.
      Generation of the pulse signal is the indication of completion of tape
      slack removal. Thus, the pulse signal detcting circuit 100 generates pulse
      signals which is in turn applied to the voltage doubler rectifying circuit
      101. D.C. out-put voltage of the voltage doubler rectifying circuit 101 is
      supplied both to the Schmitt trigger circuit 102 and the plunger control
      circuit 104. The signal applied to the Schmitt trigger circuit 102 causes
      the circuit to switch to the reversed state to generate positive out-put
      pulse, which is in turn applied to the flip-flop circuit 103. Since the
      flip-flop circuit 103, however, is constructed so that the circuit may be
      triggered only when negative pulse is applied thereto, the positive
      out-put pulse of the Schmitt trigger circuit 102 may not switch the
      flip-flop circuit 103, and the motor 5 continues to rotate in the forward
      direction.
PAR  On the other hand, the signal applied to the plunger control circuit 104
      actuates the electro-magnet 40, which in turn draws the plunger 22
      thereinto, and thereby rotates the rockable retainging lever 20 in the
      anti-clockwise direction around the shaft 19 secured to the chassis 1 so
      as to release the member 18. Accordingly the carriage 29 will be released
      from the position as shown in FIG. 2 and shifted to the first position
      shown in FIG. 1 by the action of the spring 28. Thus, the magnetic head 30
      comes into engagement with the tape in the cassette already placed in
      position through the aperture thereof, while the supporting frame 33 is
      released from blocking by the pin 31 due to the action of the spring 35,
      and the pinch roller 34 is pressed against the capstan 4. Thus, the tape
      36 is pinched at two points by the capstan 4 and 4, and the pinch roller
      34 and 34, and comes into constant speed movement.
PAR  While the capacitor C3 is being charged, the transistor Q2 is maintained in
      ON state. With accomplishment of charging, the transistor Q2 is turned
      into OFF state, and the electro-magnet 40 is deenergized. Consequently the
      plunger 22 is pushed forwards by the spring 23 so as to return the
      rockable retaining lever 20 to the original position.
PAR  When the tape cassette 37 is played to reach the end of the tape 36, the
      reel mount 38 will stops rotating because the end portion of the tape 36
      is secured to the reel hub. Thus, the sensing rotor 17 also ceases
      rotation, and no pulse signal is generated from the pulse signal detecting
      circuit 100. Then the D.C. out-put voltage of the voltage doubler
      rectifying circuit 101 decreases and consequently the Schmitt trigger
      circuit 102 will switched. When the Schmitt trigger circuit 102 is
      reversed, a negative pulse is generated, which is applied to cause the
      flip-flop circuit 103 to switch into the reversed state. The flip-flop
      circuit 103 serves to reverse the double-pole double-throw switch SW1 and
      SW2 from a side position to b side position by way of the relay L1 so as
      to actuate the motor 5 to rotate in the backward direction. Thus, the
      sensing rotor 17 is used both to detect the completion of tape slack
      removal and to detect the end of the tape.
PAR  From the foregoings, it may be apparent that the present invention may
      prevent the magnetic tape from the damage of curling or cutting-out due to
      tape slack and accomplish stable transferring of the tape.
PAR  Although the present invention has been described with respect to a certain
      specific embodiment, it will be appriciated that modifications and changes
      may be made by those skilled in the art without departing from the true
      spirit and scope of the invention. In particular, although a recording and
      reproducing apparatus of the type of dual capstan, the present invention
      will fine equal application in a recording and reproducing apparatus of
      single capstan type.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a tape recording and reproducing device of the type having rotatable
      supply and take-up spindles engaging tape supply and take-up reels, at
      least one capstan, means to rotate said supply spindle in a reverse
      direction, at least one pinch roller selectably engageable with said
      capstan, a motor driven means to rotate said at least one capstan for
      feeding the tape in a forward direction when said at least one pinch
      roller is engaged with said at least one capstan, a movable carriage
      having a transducer head and means to control the engagement of said at
      least one pinch roller with said capstan mounted thereon and mounting
      means to mount said carriage so as to be movable between a first position
      wherein said transducer head and said at least one pinch roller are out of
      contact with said tape and said at least one capstan respectively, and a
      second position wherein said transducer head and said at least one pinch
      roller are in contact with said tape and said at least one capstan,
      respectively, the improvements comprising:
PA1  a. means to rotate said take-up spindle in a forward direction so as to
      wind the tape thereon by running the motor in a forward direction,
PA1  b. means for sensing the rotation of the supply spindle in the forward
      direction, and
PA1  c. means responsive to said activation of the forward spindle drive and
      forward rotation of said supply spindle to move the carriage to the second
      position so as to engage the transducer head with the tape and bring said
      at least one pinch roller in contact with said at least one capstan.
NUM  2.
PAR  2. The improved tape recording and reproducing device of claim 1 wherein
      said means responsive to the activation of the forward spindle drive also
      activates the means to rotate said supply spindle in a reverse direction
      upon cessation of rotation of the supply spindle in the forward direction.
NUM  3.
PAR  3. The improved tape recording and reproducing device of claim 1 wherein
      the sensing means comprises:
PA1  a. pulse generator means to generate an electrical pulse when driven by
      said supply spindle,
PA1  b. pulse signal detecting means connected to said pulse generating means,
      to detect and transmit electrical pulses generated by said pulse
      generator,
PA1  c. rectifying means connected to said pulse signal detecting means, to
      rectify the electrical pulses transmitted by said pulse signal detecting
      means,
PA1  d. threshold means responsive to the output of said rectifying means to
      generate and output signal when output of said recitfying means reaches a
      predetermined level, and
PA1  e. switch means responsive to the output of said threshold means to change
      direction of the motor.
NUM  4.
PAR  4. The improved tape recording and reproducing device of claim 3 wherein
      said threshold means is a Schmitt trigger.
NUM  5.
PAR  5. The improved tape recording and reproducing device of claim 3 wherein
      said responsive means includes carriage control means responsive to the
      output of said rectifying means.
NUM  6.
PAR  6. The improved tape recording and reproducing device of claim 5 wherein
      said carriage control means comprises:
PA1  a. a solenoid having a plunger mechanically connected to a first hook
      pivotally attached to a stationary support structure,
PA1  b. switch means connected to the output of said rectifying means and
      electrically connected to said solenoid to selectively supply electric
      current to said solenoid,
PA1  c. a second hook-rigidly attached to said movable carriage, said second
      hook engaging said first hook when said carriage is in a position wherein
      said transducer head is disengaged from said tape, and
PA1  d. spring means attached to said movable carriage and a stationary support
      structure to normally bias said carriage away from said first hook.
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ABST
PAL  A tape player system of the cartridge type wherein the cartridge is
      automatically opened and closed when inserted into and removed from the
      tape player, respectively, and wherein the casing of the cartridge
      embodies at least one retention element for retainingly engaging, in
      tangential relation to the hub of the tape reel, a roll of endless tape
      disposed in the casing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to magnetic tape player systems, and, more
      particularly, to magnetic tape players and cartridges therefor.
PAR  It is a primary object of the present invention to afford a novel magnetic
      tape player system.
PAR  Another object of the present invention is to afford a novel magnetic tape
      player of the endless tape type.
PAR  A further object of the present invention is to afford a novel magnetic
      tape player system of the type embodying a tape cartridge.
PAR  Another object is to afford a novel tape cartridge for use in magnetic tape
      players.
PAR  Yet another object of the present invention is to afford a novel tape
      cartridge of the endless tape type.
PAR  A further object is to afford a novel magnetic tape cartridge wherein the
      parts thereof are constituted and arranged in a novel and expeditious
      manner for opening and closing the cartridge.
PAR  An object ancillary to the foregoing is to afford a novel magnetic tape
      cartridge which is automatically opened and closed in a novel and
      expeditious manner upon insertion of the cartridge into, and removal of
      the cartridge from a tape player, respectively.
PAR  Another object of the present invention is to afford a novel tape cartridge
      for use in magnetic tape players, wherein the tape in the cartridge is
      fully and effectively protected in a novel and expeditious manner against
      contact by objects disposed exteriorly of the cartridge when the cartridge
      is removed from the player.
PAR  An object ancillary to the foregoing is to afford a novel tape cartridge of
      the aforementioned type wherein such protection is automatic, upon removal
      of the cartridge from the player.
PAR  Another object of the present invention is to afford a novel tape cartridge
      for use in magnetic tape players, wherein the tape in the cartridge is
      effectively protected in a novel and expeditious manner against tampering
      and damage by inquisitive children, and the like.
PAR  Tape cartridges for use in magnetic tape players, with the cartridges
      having closure members for protecting the tapes when the cartridges are
      removed from players have been heretofore known in the art. However, such
      cartridges that have been heretofore known in the art have commonly had
      several inherent disadvantages, such as, for example, requiring special
      manual operations for closing the cartridge after removal of the latter
      from a tape player, requiring special manual operations for opening the
      cartridge prior to insertion of the latter in a tape player; being large
      and cumbersome in size; not affording reliable protection against
      tampering with or accidental damage to the tape when the cartridge is
      removed from the tape player; being complicated in construction or
      operation; or being difficult and expensive to produce commercially, and
      the like. It is an important object of the present invention to overcome
      such disadvantages.
PAR  Another object of the present invention is to afford a novel magnetic tape
      cartridge wherein the tape is retained in proper operative position in a
      novel and expeditious manner during storage and playing.
PAR  A further object of the present invention is to afford a novel tape player
      system and a novel tape cartridge for use therein, both of which are
      practical and efficient in operation and may be readily and economically
      produced commercially.
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PAR  Other and further objects of the present invention will be apparent from
      the following description and claims and are illustrated in the
      accompanying drawings which, by way of illustration, show a preferred
      embodiment of the present invention and the principles thereof and what I
      now consider to be the best mode in which I have contemplated applying
      these principles. Other embodiments of the invention embodying the same or
      equivalent principles may be used and structural changes may be made as
      desired by those skilled in the art, without departing from the present
      invention and the purview of the appended claims.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a front perspective view of a tape player system embodying
      principles of the present invention, and embodying a tape player having a
      cartridge disposed in operative position therein;
PAR  FIG. 2 is an end elevational view of the tape player shown in FIG. 1, with
      the cartridge removed therefrom;
PAR  FIG. 3 is a side elevational view, with the cover removed, of the tape
      player shown in FIG. 2, looking in the directions of the arrows 3--3 in
      FIG. 2, and with certain portions thereof illustrated more or less
      diagrammatically;
PAR  FIG. 4 is a detail sectional view taken substantially along the line 4--4
      in FIG. 3;
PAR  FIG. 5 is a detail sectional view taken substantially along the line 5--5
      in FIG. 3;
PAR  FIG. 6 is a detail sectional view taken substantially along the line 6--6
      in FIG. 3;
PAR  FIG. 7 is a detail sectional view taken substantially along the line 7--7
      in FIG. 3;
PAR  FIG. 8 is a top plan view of the tape cartridge shown in FIG. 1;
PAR  FIG. 9 is an end elevational view of the tape cartridge shown in FIG. 8;
PAR  FIG. 10 is a top plan view of the tape cartridge shown in FIG. 8, with the
      cover portion thereof removed;
PAR  FIG. 11 is a detail sectional view taken substantially along the line
      11--11 in FIG. 10;
PAR  FIG. 12 is a detail sectional view taken substantially along the line
      12--12 in FIG. 10;
PAR  FIG. 13 is a detail sectional view taken substantially along the line
      13--13 in FIG. 10;
PAR  FIG. 14 is a fragmentary top plan view, similar to FIG. 10, but showing the
      tape cartridge disposed in operative relation to portions of the player
      shown in FIG. 3;
PAR  FIG. 15 is a detail sectional view taken substantially along the line
      15--15 in FIG. 14;
PAR  FIG. 16 is a detail sectional view taken substantially along the line
      16--16 in FIG. 14;
PAR  FIG. 17 is a bottom plan view of the interior of the cover member of the
      cartridge shown in FIG. 8, with the endless tape and certain parts, shown
      in FIG. 10, being shown in broken lines for the purpose of illustrating
      the orientation of the latter with respect to the parts of the cover
      member shown in FIG. 17;
PAR  FIG. 18 is a detail sectional view through the cartridge shown in FIG. 8,
      taken substantially along the line 18--18 in FIG. 17;
PAR  FIG. 19 is a detail sectional view taken substantially along the line
      19--19 in FIG. 17;
PAR  FIG. 20 is a detail sectional view taken substantially along the line
      20--20 in FIG. 17; and
PAR  FIG. 21 is a wiring diagram illustrating the electrical controls for the
      tape player system shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE EMBODIMENT SHOWN HEREIN
PAR  A magnetic tape player system 1 of the type embodying a tape player 2 and a
      tape cartridge 3 is shown in the drawings to illustrate the presently
      preferred embodiment of the present invention.
PAR  The tape player 2, FIGS. 1 and 3, is a battery-operated unit, and like
      other tape player units of the same general type, which are readily
      available on the market, embodies a housing or casing 4 having a base
      portion 5 and a removable cover portion 6. The batteries 7 are mounted in
      operative position in the bottom of the casing 4, and are connected
      through the usual control elements 8, shown diagrammatically in FIGS. 3
      and 21, controlled by an externally disposed volume control member 10, to
      a motor 11, a sound head or transducer head 12, a speaker 13 and an
      internal control switch 14, FIGS. 3 and 21.
PAR  A tunnel or chute 15 is mounted in the tape player 2 in communication with
      one end wall 16 of the housing 4 thereof, FIG. 3, a door 17 being mounted
      in the outer end portion of the chute 15, FIGS. 2 and 5. The door 17 is
      pivotally mounted for swinging movement between a closed position, as
      shown in solid lines in FIG. 5, and an open position, as shown in broken
      lines in FIG. 5, and is urged by a torsion spring 18 toward normally
      closed position.
PAR  Two spring-urged detents 19 and 20, each embodying an elongated leaf spring
      member 21, are secured to the outer face of one of the side walls 22 and
      23, respectively, of the chute 15 by suitable means such as rivets 24
      extending through the leaf springs 21. Each of the members 21 carries an
      inwardly projecting wheel or roller 25 on the end thereof remote from the
      rivets 24, the rollers 25 projecting inwardly through the respective side
      walls 22 and 23 into position to yieldingly engage a cartridge, such as
      the cartridge 3, disposed in operative position in the chute 15, as will
      be discussed in greater detail presently.
PAR  The motor 11 is operatively connected to a capstan 26, which projects
      upwardly from a partition wall 28, FIG. 7, in inwardly spaced relation to
      the inner end of the chute 15, FIG. 3. An idler wheel 28 is mounted on the
      partition wall 27 by a suitable mounting 29 in driven relation to the
      outer periphery of the capstan 26.
PAR  A plunger 30 is slidably mounted in a supporting member 31, and is disposed
      between the inner end of the chute 15 and the normally open switch 14, in
      positions to effect closing of the switch 14 when a catridge, such as the
      cartridge 3, is moved into operative position in the chute 15. The
      actuating element 32 of the switch 14 is engaged with one end of the
      plunger 30 at all times, and is effective to yieldingly hold the plunger
      30 in its normal, at-rest position, shown in FIG. 3, when no cartridge is
      disposed in the chute 15. Insertion of a cartridge such as the cartridge
      3, into the chute 15, is effective to press the plunger 30 to the left, as
      viewed in FIG. 3, to thereby close the switch 14 for a purpose which will
      be discussed in greater detail presently.
PAR  All of the foregoing structure of the tape player 2 is old and well known
      in the art, being embodied in commercial tape players, which are readily
      available on the market, and forms no part of the present invention except
      insofar as it may constitute a part of a combination embodying the novel
      aspects of the present invention.
PAR  The cartridge 3 embodies a casing or housing 34, made of suitable material
      such as, for example, polypropylene, and having a base member 35 and a
      cover member 36, FIGS. 8-10 and 17. In the assembled housing or casing 34,
      the base member 35 and the cover member 36, which are complementary in
      size and shape to each other, are disposed in stacked, inwardly facing
      juxtaposition to each other, along a longitudinal line of separation 37,
      FIG. 9.
PAR  The caratridge 3 is generally rectangular in shape, and the casing 34
      thereof has an arcuate-shaped handle 38 projecting from one end thereof.
      The end of the casing 34 remote from the handle 38 has a front end wall 39
      having two openings or apertures 40 and 41 extending therethrough for a
      purpose which will be discussed in greater detail presently. The casing 34
      has another end wall 42 disposed between the handle 38 and the end wall
      39.
PAR  The cartridge 3 is of substantially greater width than thickness and has
      two substantially straight, oppositely disposed narrower side walls 43 and
      44, extending between the end wall 39 and the handle 38, in substantially
      perpendicular relation to the end wall 39. Two other substantially flat,
      parallel side walls 45 and 46 are disposed at opposite sides of the casing
      34, and extend between the end walls 34 and 42 and the other side walls 43
      and 44 to afford the wider, outer side walls of the base member 35 and the
      cover member 36 of the housing 34, respectively. The walls 42-46 are
      imperforate, and, together with the end walls 39, define a chamber 50
      which, in the assembled cartridge 3, is closed except for the openings 40
      and 41.
PAR  In the assembled cartridge 3, the line of separation 37 extends along the
      longitudinal center line of the end walls 39 and 42, the handle 38, and
      the side walls 43 and 44, and the two portions 35 and 36 of the casing 34
      are secured together by tabs 47, which project outwardly from the side
      walls 43 and 44 of the base member 35 and the cover member 36 and are
      disposed in corresponding openings 48 formed in the side walls 44 and 43
      of cover portion 36 and the base portion 35, respectively, with a tight
      frictional fit. If desired, the two portions 35 and 36 of the casing 34
      may be further secured together by a suitable adhesive applied to the
      engaging portions of the handle 38 and of the walls 39 and 42-44 of the
      two members 35 and 36.
PAR  A reel 51 is mounted in the chamber 50 of the casing 34 in rearwardly
      spaced relation to the front wall 39, FIGS. 10 and 18. The reel 51
      embodies a central hub 52 from one end of which a substantially flat
      flange or turntable 53 projects radially outwardly. The hub 52 is
      substantially round in transverse cross section and is frusto-conical in
      shape, the outer periphery thereof tapering outwardly away from the flange
      53. The reel 51 is disposed between the side walls 45 and 46 of the casing
      34 and is rotatably mounted therein by pins 54 and 55, which project
      axially outwardly from opposite sides of the reel 51 and are journalled in
      openings 56 and 57 formed in the side walls 45 and 46, respectively, FIG.
      18. In the assembled cartridge 3, the side walls 45 and 46 are disposed in
      closely adjacenet, spaced relation to the reel 51, with the flange 53
      preferably being disposed in substantially parallel, adjacent relation to
      the side wall 45.
PAR  Two guide members, in the form of rollers 58 and 59, FIG. 10, are mounted
      in the chamber 50 between the front wall 39 and the reel 51. The roller 58
      has oppositely projecting, axially disposed pins 60 and 61 rotatably
      mounted in openings 62 and 63 in the side walls 45 and 46 of the casing
      34, respectively, FIG. 19; and the roller 59 has oppositely projecting,
      axially disposed pins 64 and 65 rotatably mounted in openings 66 and 67 in
      the side walls 45 and 46, FIG. 20.
PAR  The roller 58 is disposed rearwardly of a closed, solid portion of the
      front wall 39, in closely adjacent relationship thereto. Preferably, the
      outer periphery thereof has an annular channel 68 extending therearound,
      FIG. 19, for a purpose which will be discussed in greater detail
      presently.
PAR  The other roller 59 is disposed rearwardly of, and closely adjacent to the
      end portion of the aperture 41 in the front wall 39 remote from the roller
      58, FIG. 10. The outer periphery of the roller 59 preferably is smooth, as
      shown in FIG. 20.
PAR  In the assembled cartridge 3, a roll 69 of magnetic endless tape 70 is
      disposed in endless array within the chamber 50. The roll 69 is mounted on
      the reel 51, with the lateral edges thereof resting on the face of the
      flange 53 remote from the side wall 45, in substantially perpendicular
      relation thereto, and with the upper edges of the inner convolutions of
      the roll 69 disposed in abutting engagement with the enlarged outer
      extremity of the outer periphery of the hub 52, in a manner heretofore
      well known in the art. A loop 71 of the tape 70 extends from the inner
      convolutions of the roll 69, adjacent to the hub 52, around rollers 58 and
      59 and back onto the outer convolutions of the hub 69, as shown in FIG.
      10. The tape 70 fits into the channel 68 in the roller 58 so as to be
      supported and guided thereby in spaced relation to the side walls 45 and
      46 of the cartridge casing 34. The rollers 58 and 59 are so disposed
      relative to the front wall 39, that the portion 72 of the loop 71
      extending therebetween is disposed in closely adjacent, rearwardly spaced,
      substantially parallel relation to the front wall 39 of the casing 34.
PAR  A pressure pad 73 is mounted in the casing 34 between the rollers 58 and
      59, FIG. 10. The pressure pad 73 embodies a pad member 74, made of any
      suitable material such as, for example, felt, or the like, mounted on the
      bight portion of a hairpin spring 75, which rests between two
      channel-shaped members 76 and 77 projecting inwardly from the side walls
      45 and 46 of the casing 34, FIGS. 10 and 17. Two pairs of V-shaped
      retaining members 78 and 79 project inwardly from the side walls 45 and
      46, respectively, FIGS. 10 and 17, and in the assembled cartridge 3, the
      free-end portions of the spring member 75 are retainingly engaged between
      each of the pairs of retainer members 78 and 79.
PAR  The pressure pad 73 is disposed in the casing 34 in such position that the
      face of the pad member 74, remote from the spring member 75, is disposed
      in alignment with the end portion of the aperture 41 remote from the end
      portion thereof with which the roller 59 is aligned, rearwardly of, and
      immediately adjacent to the rear face of the portion 72 of the tape 70,
      extending between the rollers 58 and 59.
PAR  The pressure pad 73 and the roller 59 are disposed in such position in the
      cartridge 3 that when the latter is disposed in operative position in the
      tape player 2, they are effective to press the portion of the tape 72,
      extending between the rollers 58 and 59, against the transducer head 12
      and the idler roller 28, respectively. When the cartridge 3 is so disposed
      in the player 2, the transducer head 12 and the idler roller 28 project
      inwardly through the aperture 41 into such position that the tape is
      firmly pressed thereagainst by the pressure pad 73 and the roller 59, and
      the idler roller 28 is firmly engaged with the capstan 26.
PAR  In the operation of the player unit 2, as will be discussed in greater
      detail presently, the capstan 26 is effective to rotate the idler roller
      28, and thereby rotate the drive roller 59 of the cartridge 3, and thus
      pull the tape 70 from the inner convolutions of the roll 69 around the
      roller 58 and past the transducer head 12, which is effective to pick up
      the signals on tape 70 and thus transmit them to and through the speaker
      13, the pulling of the tape 70 from the reel 71 being effective to rotate
      the latter, so that the tape pulled from the inner convolutions thereof is
      rolled onto the outer convolutions of the roll 69.
PAR  As will be appreciated by those skilled in the art, the guide members 58
      and 59 are shown herein as comprising rollers merely for the purpose of
      illustrating the preferred embodiment of the present invention, and other
      types of guide members, such as, for example, stationary guide posts may
      be substituted therefor without departing from the purview of the broader
      aspects of the present invention.
PAR  The cover member 36 embodies two elongated flanges or ribs 80 and 81
      projecting downwardly from the inner face of the side wall 46 in
      substantially parallel relation to each other, FIG. 17. The ribs 80 and 81
      are so disposed on the side wall 46 that, in the assembled cartridge 3,
      they project downwardly on opposite sides of the hub 51 in closely
      adjacent, substantially tangential relation thereto, and are disposed in
      closely overlying relation to the upper edges of the convolutions of the
      tape in the roll 69, each end of the ribs 80 and 81 projecting outwardly
      beyond the roll 69, as illustrated more or less diagrammatically in FIG.
      17. Preferably, the ribs 80 and 81 are so disposed relative to the roll 69
      that the loop 71 of the tape 70 is fed outwardly from adjacent the hub 52,
      between the ribs 80 and 81, and is fed back onto the outer convolutions of
      the roll 69 outwardly of, and closely adjacent to the rib 81.
PAR  With this construction, the ribs 80 and 81 are effective to prevent the
      roll 69 from being displaced from the reel 51 if the cartridge is turned
      into a position wherein the roll 69 projects downwardly from the reel 51,
      and is also effective to prevent such dislodgement if the cartridge should
      be jarred or dropped, or the like. In addition, it will be seen that the
      ribs 80 and 81 are effective to act as guide members, which are effective
      to hold the roll 69 on the turntable 53 while the inner convolutions
      thereof are being pulled from around the hub 52, adjacent to the rib 80,
      and to guide the convolutions being fed back onto the outer convolutions
      of the roll 69 adjacent to the ribs 81.
PAR  The tape cartridge 3 also embodies an elongated, flexible door, or panel
      83, movable between a normal, closed position wherein it extends across
      the aperture 41 in closing relation thereto, as shown in FIG. 10, and an
      actuated, open position wherein it is disposed in retracted position
      outwardly beyond one end of the aperture 41, as shown in FIG. 14. The
      panel 83 may be made of any suitable material, but preferably is made of a
      tough, durable, flexible material, such as, for example, nylon, or the
      like. The preferred form of the panel 83 shown in the drawings embodies a
      smooth front face 84 and an oppositely disposed, corrugated rear face 85,
      the corrugations 86 on which preferably extend across the full width of
      the panel 83 and are disposed in substantially parallel, spaced relation
      to each other throughout the length thereof.
PAR  An elongated flange 87 projects laterally inwardly or upwardly from the
      inner face of the side wall 45 of the base member 35, and extends
      forwardly from the rear wall 42 in inwardly spaced, substantially parallel
      relation to the side wall 43 of the base portion 35, FIG. 10. Similarly,
      an elongated flange 88 projects laterally, inwardly of downwardly from the
      inner face of the side wall 46 of the cover member 36, and extends from
      the rear wall 42 thereof in such position that, when the base member 35
      and the cover member 36 are disposed in assembled relation to each other,
      the flanges 87 and 88 are disposed in spaced, uniplanar relation to each
      other, FIG. 12, and together with the side wall 43 of the casing 34 define
      an elongated passageway 89 extending rearwardly from the opening 40 to the
      rear wall 42, FIGS. 10 and 17.
PAR  A substantially L-shaped groove or channel 90 is formed in the inner face
      of the side wall 45 of the base portion 35 of the casing 34, FIG. 10. One
      leg 91 of the groove 90 extends along the flange 87, in immediately
      adjacent relation thereto, FIG. 10, and another leg 92 extends along the
      front wall 39 of the base portion 35 in immediately adjacent relation
      thereto, FIG. 14, the two legs 91 and 92 being interconnected by a curved
      intermediate portion 93, FIGS. 10 and 14. An identical groove or channel
      94, having legs 95 and 96 and an intermediate portion 97, is formed in the
      inner face of the side wall 46 of the cover member 36 in such position
      that the legs 95 and 96 extend along the flange 88 and the front wall 39
      in the same relative position as that in which the legs 91 and 92 of the
      groove 90 extend along the flange 87 and the front wall 39, respectively.
PAR  The door or panel 83 preferably is of relatively small thickness, such as,
      for example, between one thirty-second of an inch and one-sixteenth of an
      inch, and preferably in the nature of three sixth-fourths of an inch. In
      the assembled cartridge 3, the panel 83 is disposed between the side walls
      45 and 46 of the base portion 35 and the cover portion 36, respectively,
      in laterally perpendicular relation thereto, with the opposite
      longitudinal edges thereof disposed in the grooves 90 and 94,
      respectively, with a snug, but freely slidable fit. In such position, the
      panel 83 extends longitudinally along the front wall 39 and the flanges 87
      and 89, with the outer or front face 84 thereof disposed in sliding
      engagement with the inner faces of the front wall 39, and the flanges 87
      and 89. The tape 70 is so disposed in the casing 34 that it is disposed
      inwardly of the panel 83, and, preferably, the portion 72 of the loop 71
      thereof is disposed in inwardly spaced but closely adjacent relation to
      the portion of the panel 83, which extends along the front wall 39. Such
      spacing of the portion 72 of the loop of tape from the panel 83 along the
      front wall of the casing 34, preferably, is in the nature of from
      two-hundredths of an inch to five-hundredths of an inch.
PAR  An elongated actuating member in the form of a catch 98 is secured to the
      end of the panel 83 which is disposed in the legs 91 and 95 of the grooves
      90 and 94, respectively, in the assembled cartridge 3, FIGS. 10 and 14.
      The catch 98 embodies two longitudinally split end portions 99 and 100
      disposed on opposite sides of an intermediate portion 101, FIGS. 11 and
      15. In the assembled cartridge 3, the catch 98 is disposed in laterally
      upright position in the channel 89 between the base member 35 and the
      cover member 36, FIGS. 10 and 12.
PAR  The intermediate portion 101 of the catch 98 has an opening 102 extending
      therethrough, FIG. 11, and the aforementioned end portion of the panel 83,
      which is disposed in the legs 91 and 95 of the grooves 90 and 94,
      respectively, has a fastening member 103 formed thereon, FIG. 10, for
      insertion into the opening 102. In the assembled cartridge 3, the
      fastening member 103 extends outwardly from the outer surface 84 of the
      panel member 83 through the space between the ribs 87 and 88 and is
      disposed in the opening 102, FIGS. 10 and 12, to thereby operatively
      connect the catch 98 and the aforementioned end portion of the panel 83
      for sliding movement, as a unit, along the channel 89 and the grooves 90
      and 94, respectively, for a purpose which will be discussed in greater
      detail presently.
PAR  The end portion 99 of the catch 98 has a recess 104 formed therein, which
      opens outwardly through the front end 105 of the end portion 99, FIG. 11.
      The recess 104 has an enlarged, intermediate portion 105, which is
      substantially diamond-shaped in transverse cross-section, having two front
      surfaces 106 and 107 sloping rearwardly and outwardly away from each
      other, and two rear surfaces 108 and 109 sloping forwardly and outwardly
      away from each other. Two detents 111 and 112, which may be of any
      suitable shape, but, preferably, are substantially semi-circular in shape,
      as shown in FIGS. 11 and 15, project outwardly away from each other from
      opposite sides of the free end portion of the rear end portion 100 of the
      catch 98.
PAR  The rear end portion 113 of the channel 89, adjacent to the rear wall 42 of
      the casing 34, is of substantially uniform width throughout its length,
      FIGS. 11 and 15. The other end portion 114 of the channel 89, remote from
      the rear wall 42, has two oppositely disposed recesses 115 and 116 formed
      in the rear or inner end portion thereof. The recesses 115 and 116 are of
      such size and configuration, and are so disposed in the channel 89, that
      when the catch 98 is disposed in forwardmost position in the channel 89,
      wherein the front end 106 of the catch 98 is disposed adjacent to the
      front opening 40 of the channel 89, the detents 111 and 112 are disposed
      in the recesses 115 and 116, respectively, FIG. 11, with a snug,
      frictional fit. The front or outer end of the end portion 114 of the
      channel 89 has rearwardly and outwardly sloping enlargements 117 and 118
      formed in the inner surfaces of the side walls 45 and 46 of the base
      member 35 and the cover member 36, respectively, immediately inwardly of
      the front opening 40 of the channel 89.
PAR  The catch 98 may be made of any material but, preferably, is made from a
      flexible, but relatively tough, stiff material, such as, for example, the
      aforementioned nylon, or the like.
PAR  Another actuating member, in the form of an elongated probe 119, made of
      suitable material, such as, for example, steel, or the like, is mounted on
      a mounting block 120 on the partition wall 27 of the housing 4 of the tape
      player 2, FIGS. 3 and 4. The probe 119 is disposed in such position in the
      housing 4, that it projects longitudinally inwardly into the chute 15,
      FIG. 5, along the longitudinal center line of the path of travel of the
      channel 89, when the cartridge 3 is being inserted into and removed from
      operative position in the chute 15.
PAR  The free end portion 121 of the probe 119 is complementary in shape to the
      enlarged portion 105 of the recess 104 in the catch 98, having two
      outwardly and rewardly sloping surfaces 122 and 123 on the inner side
      thereof, and two outwardly and forwardly sloping surfaces 124 and 125 on
      the outer side thereof, FIGS. 4 and 11. Preferably, the surfaces 124 and
      125 of the probe 119 and the surfaces 109 and 110 on the catch 98,
      respectively, slope outwardly at a relatively small angle, such as, for
      example, 30 degrees to the longitudinal center lines of the probe 119 and
      the recess 104, respectively; and the surfaces 122 and 123 on the probe
      119 and surfaces 107 and 108 of the recess 104, respectively, slop
      outwardly away from each other at a greater angle, such as, for example,
      60 degrees to the longitudinal center lines off the probe 119 and the
      recess 104, respectively.
PAR  It will be remembered that when the cartridge is removed from the tape
      player 2, the panel 83 is disposed in its aforementioned normal position,
      wherein it extends across the aperture 41 in the end wall 39 of the
      housing 4 in closing relation thereto, as shown in FIG. 10. In such
      position of the panel 83, the catch 98 is disposed in its aforementioned
      forwardmost position in the channel 89, as shown in FIG. 11, wherein the
      detents 111 and 112 are disposed in the recesses 115 and 116,
      respectively, in which position they are effective to yieldingly hold the
      catch 98 stationary in the channel 89. Under such conditions, when the
      cartridge 3 is inserted into operative position in the chute 15 of the
      tape player 2, the enlarged free end portion 121 of the probe 119 enters
      into the recess 104 in the catch 98, and first cams the opposite sides of
      the free end portion 99 of the catch 98 outwardly away from each other, as
      shown in broken lines in FIG. 11. It will be remembered that the surfaces
      124 and 125 on the free end of the enlarged portion 121 of the probe 119
      slope outwardly away from each other at a relatively small angle, this
      angle being such that during this initial insertion of the probe 119 into
      the recess 104, the engagement of the detents 111 and 112 in the recesses
      115 and 116 is effective to hold the catch 98, and, therefore, the panel
      83, in stationary position.
PAR  Thereafter, continued movement of the cartridge 3 toward operative position
      in the tape player 2, is effective to cause the enlarged portion 121 of
      the probe 119 to move into the enlarged portion 105 of the recess 104 in
      the catch 98, the resilience of the catch 98 being effective to cause the
      opposite sides of the end portion 99 thereof to move inwardly so that the
      portion 121 of the probe 119 is snugly engaged in the enlarged portion 105
      of the recess 104. In such position, the surfaces 124 and 125 on the probe
      119 are substantially directly engaged in face-to-face relation, with the
      surfaces 109 and 110, respectively, of the recess 104, so that continued
      inward movement of the cartridge 3 is effective to cause the probe 119 to
      push the catch 98 rearwardly in the channel 89 with sufficient force to
      dislodge the detents 111 and 112 from their holding engagement with the
      recesses 115 and 116, and then to continue to move the catch rearwardly
      along the channel 89 into its rearwardmost position therein, as shown in
      FIG. 15. This is effective to pull the panel 83 along the grooves 90 and
      94 in a clockwise direction, as viewed in FIG. 10. When the cartridge 3 is
      disposed in fully inserted position in the housing 2 of the tape player 1,
      the catch 98 is disposed in the rear end portion 113 of the channel 89,
      FIG. 15, in position to dispose the end of the panel 83, remote therefrom,
      laterally outwardly of the aperture 41.
PAR  Subsequently, when the cartridge 3 is being removed from the housing 2 of
      the tape player 1, by pulling the same rearwardly outwardly through the
      chute 15, the engagement of the surfaces 122 and 123 of the probe 119 with
      the surfaces 107 and 108, respectively, of the recess 104 in the catch 98
      is effective to hold the catch 98 stationary relative to the probe 119,
      during the initial, outward withdrawal movement of the cartridge 3, and
      thereby pull the catch 98 forwardly along the channel 89 from the position
      shown in FIG. 15 back to the normal position thereof, shown in FIG. 11,
      wherein the detents 111 and 112 again are disposed in engagement in the
      recesses 115 and 116, respectively. The engagement of the detents 111 and
      112 in the recesses 115 and 116 is effective to stop further movement of
      the catch 98 forwardly along the channel 89, and, therefore, continued
      withdrawal movement of the cartridge 3 is effective to pull the probe 119
      out of the cartridge 3. However, the movement of the catch 98 forwardly
      along the channel 89 from the rearwardmost position thereof, shown in FIG.
      15, to the forwardmost position thereof, shown in FIG. 11, is effective to
      slide the panel 83 along the grooves 90 and 94 in a counterclockwise
      direction, as viewed in FIG. 14, from the actuated open position shown in
      FIG. 14 to the aforementioned normal, closed position, shown in FIG. 10,
      wherein it is again effective to close the aperture 41.
PAR  It will be seen that, with the cartridge 3 constructed in the
      aforementioned manner, and with the probe 119 disposed in operative
      position in the housing 2 of the tape player 1 in the aforementioned
      manner, the panel 83 is automatically moved into the aforementioned open
      and closed positions during insertion of the cartridge 3 into the housing
      2 and removal of the cartridge 3 from the housing 2, respectively.
PAR  Also, it will be remembered that the surfaces 122 and 123 on the probe 119,
      and the surfaces 107 and 108 of the recess 104 in the catch 98, are
      disposed at a substantial angle to the path of movement of the catch 98
      into and out of the tape player housing 2. This is for the purpose of
      preventing accidental dislodgment of the proe 119 from the recess 104,
      such as, for example, by reason of a child jerking on the cartridge 3,
      prior to the catch 98 being disposed in forwardmost position, as shown in
      FIG. 11, wherein the panel 83 is disposed in fully closed, normal
      position, as shown in FIG. 10. As will be appreciated by those skilled in
      the art, the detents 111 and 112 and the recesses 115 and 116 are shown as
      being rounded in shape, and the portion 121 of the probe 119 and the
      portion 105 of the recess 104 are shown as being substantially
      diamond-shaped, merely by way of illustration of the presently preferred
      construction of these portions of the tape player 1 and cartridge 3, and
      not by way of limitation, and other suitable shapes may be substituted by
      those skilled in the art without departing from the purview of the broader
      aspects of the present invention.
PAR  The cover member 36 of the cartridge casing 34 embodies two substantially
      V-shaped notches 126 and 127 formed in the outer surface of the side walls
      43 and 44 thereof, FIG. 17, the notches extending across the entire
      lateral width of the outside surfaces of the side walls 43 and 44 of the
      cover member 36. The notches 126 and 127 are so disposed on the casing 34
      that when the cartridge 3 is disposed in operative position in the chute
      15, the rollers 25 on the detents 19 and 20 are operatively engaged in the
      notches 126 and 127, respectively, to yieldingly hold the cartridge 3 in
      such operative position in the tape player 2. When it is desired to remove
      the cartridge 3 from the tape player 2, it is merely necessary to pull
      outwardly on the handle 38, the rollers 25 riding upwardly out of the
      notches 126 and 127 and along the front end portions of the side walls 43
      and 44 during such withdrawal movement.
PAR  In the operation of the magnetic tape player system 1, when the cartridge 3
      is not disposed in operative position in the tape player 2, the door 17 is
      disposed in closed positiion in the housing 4, as shown in FIGS. 2 and 4,
      and the door or panel 83 in the cartridge 3 is disposed in its normal,
      closed position, as shown in FIG. 10, wherein it is effective to
      completely close the aperture 41 in the casing 34. When it is desired to
      play a tape, the cartridge 3 may be inserted through the outer end of the
      chute 15 into operative position in the latter, the insertion of the
      cartridge 3 being effective to swing the door 17 into open position, as
      shown in broken lines in FIG. 17. Such insertion of the cartridge into the
      chute 15 is effective to move the catch 98 into operative engagement with
      the probe 119, as shown in FIG. 15, so that further movement of the
      cartridge 3 into its operative position in the tape player 2 is effective
      to cause the catch 98 to be moved rearwardly from its normal position
      shown in FIG. 11 to its actuated position shown in FIG. 15, and thereby
      pull the panel 83 from its aforementioned normal closed position, as shown
      in FIG. 10, to its fully actuated open position, as shown in FIG. 14, and
      thereby open the aperture 41.
PAR  Such insertion of the cartridge 3 into the chute 15 is effective to cam the
      detents 19 and 20 outwardly, until such time as the notches 126 and 127 in
      the side wall portions 43 and 44 of the cover member 36 move into
      alignment with the rollers 25 on the detents 19 and 20. At this time, the
      detents 19 and 20 are effective to move the rollers 25 into respective
      ones of the notches 126 and 127 and thus yieldingly hold the cartridge 3
      in fully inserted, operative position in the tape player 2.
PAR  Such movement of the cartridge 3 into operative position in the tape player
      2 is effective to move the pressure pad 73 and the feed roller 59 into
      position to press the portion of the tape 70 disposed between those
      members and the aperture 41 into firm frictional engagement with the
      transduces head 12 and the idler roller 28, respectively, in the tape
      player 2, FIG. 14. In addition, such movement of the cartridge 3 into
      operative position in the tape player 2, is effective to move the front
      wall 39 of the casing 34 into engagement with the push rod 30 and thereby
      close the switch 14 and thus energize the motor 11, the control elements 8
      and the transducer head 12.
PAR  Energization of the motor 11 is effective to rotate the capstan 26 and thus
      rotatably drive the idler wheel 28 and the drive wheel 59 to thereby pull
      the tape 70 from the inner convolutions of the roll 69 around the guide
      roller 58 past the transducer head 12, the withdrawal of the tape 70 from
      the inner convolutions of the roll 69 being effective to cause rotation of
      the reel 51. Rotation of the reel 51 is effective to pull the tape 70 from
      the drive wheel 59 and cause the tape 70 to be rewound on the outer
      convolutions of the roll 69. Also, during movement of the tape 70 from the
      idler wheel 58 to the drive wheel 59, past the transducer head 12, the
      latter is effective to pick up the signals on the tape 70 and cause them
      to be transmitted through the control element 8 for reproduction through
      the speaker 13, the volume of the reproduction being manually controlled
      by actuation of the volume control knob 10. During such movement of the
      tape 70 outwardly from the inner convolutions of the roll 69 and back onto
      the outer convolutions thereof, the ribs 80 and 81 on the cover member 36,
      are effective to hold the roll 69 in operative position on the reel 51 and
      to prevent the roll 69 from being dislodged from such operative position.
PAR  When it is desired to remove the cartridge 3 from the tape player 2, and to
      stop operation of the latter, it is merely necessary for the operator to
      pull outwardly on the handle 38 of the cartridge 3 to thus move the latter
      outwardly through the chute 15 from its yielding engagement with the
      rollers 25 of the detent members 19 and 20. Such removal of the cartridge
      3 from the chute 15 is effective to cause the catch 98 to be pulled
      forwardly from its rearwardmost position, shown in FIG. 15, to its
      forwardmost position, shown in FIG. 11, and thus move the panel 83 from
      its open position shown in FIG. 14 to its fully closed, normal position
      shown in FIG. 10. Also, such withdrawal of the cartridge 3 from the tape
      player 2 is effective to move the front wall 39 of the casing 34 out of
      engagement with the plunger 30 and thus permit the spring-urged switch
      blade 32 of the normally open switch 14 to move outwardly into open
      position and thus open the circuit between the battery 7 and the motor 11,
      the control element 8, and transducer head 12.
PAR  Upon complete removal of the cartridge 3 from the tape player 2, the door
      or panel 83 therein is again disposed in fully closed position, wherein it
      is effective to protect the interior of the cartridge 3, including the
      portion of the tape 70 extending across the aperture 41, from accidental
      damage and tampering. It also affords a substantially dust-free enclosure
      for the cartridge 3 to protect the interior thereof from dust, and the
      like.
PAR  Also, such withdrawal of the cartridge from the housing 4 permits the door
      17 to be automatically closed by the spring 18, to thereby again close the
      housing 4 of the tape player 2.
PAR  From the foregoing, it will be seen that the present invention affords a
      novel, magnetic tape player system.
PAR  In addition, it will be seen that the present invention affords a novel
      tape player and a novel cartridge therefor, which are operable to
      cooperate in a novel and expeditious manner.
PAR  Also, it will be seen that the present invention affords a novel tape
      cartridge embodying a novel door and door actuating mechanism constituted
      and arranged in a novel and expeditious manner for opening and closing the
      cartridge.
PAR  Further, it will be seen that the present invention affords a novel tape
      cartridge embodying a roll of tape disposed in endless array therein, with
      the roll being retained in operative position in the cartridge in a novel
      and expeditious manner.
PAR  Also, it will be seen that the present invention affords a novel tape
      player and a novel tape cartridge for use therewith, both of which are
      particularly well adapted for use by children.
PAR  In addition, it will be seen that the present invention affords a novel
      tape player and a novel tape cartridge, both of which are practical and
      efficient in operation, and which may be readily and economically produced
      commerically.
PAR  Thus, while I have illustrated and described the preferred embodiment of my
      invention, it is to be understood that this is capable of variation and
      modification, and I therefore do not wish to be limited to the precise
      details set forth, but desire to avail myself of such changes and
      alterations as fall within the purview of the following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. In sound reproducing apparatus for use with magnetic tape cartridges,
      the apparatus embodying means for receiving such a cartridge in operative
      position therein, a transducer head, and drive means including a member
      which is rotatable during operation of said drive means, the combination
      of
PA1  a. a cartridge insertable into and removable from said operative position,
PA1  b. said cartridge comprising
PA2  1. a housing having
PA3  a. an end wall, and
PA3  b. an aperture in said end wall
PA2  2.
NUM  2.
PAR  2. a strip of magnetic tape mounted in said housing for movement across
      said aperture,
PA2  3. an elongated panel movably mounted in said housing for longitudinal
      reciprocation therein between
PA3  a. a first position wherein it extends across said aperture in closing
      relation thereto between said end wall and said strip of tape, and
PA3  b. a second position wherein it is disposed laterally outwardly of said
      aperture,
PA2  4. means for holding said strip of tape in operative engagement with said
      transducer head when said panel is disposed in said second position and
      said cartridge is disposed in said operative position in said apparatus,
      and
PA2  5. means for holding said tape against said rotatable member for movement
      thereby across said aperture and said transducer head, during operation of
      said drive means, when said panel is disposed in said second position and
      said cartridge is disposed in said operative position in said apparatus,
      and
PA1  c. means for reciprocating said panel between said first position and said
      second position,
PA1  d. said last mentioned means comprising
PAR  1. a first actuating member operatively connected to said panel, and
PA2  2. a second actuating member mounted in said apparatus in position to
      operatively engage said first actuating member for reciprocating the
      latter and thereby said panel,
PA3  a. into said second position during insertion of said cartridge into said
      operative position, and
PA3  b. into said first position during removal of said cartridge from said
PAR   operative position. 2. The combination defined in claim 1 and in which
PA1  a. said first and second actuating members are frictionally engaged with
      each other during said reciprocation of said first actuating member.
NUM  3.
PAR  3. The combination defined in claim 1, and in which
PA1  a. said first actuating member has an opening therein, and
PA1  b. said second actuating member comprises an elongated member having an end
      portion releasably frictionally engageable in said opening during said
      movement of said cartridge into and out of said operative position.
NUM  4.
PAR  4. The combination defined in claim 3, and in which
PA1  a. said second actuating member is disposed in such position in said
      apparatus that said end portion thereof moves into and out of said housing
      during said movement of said cartridge into and out of said operative
      position.
NUM  5.
PAR  5. The combination defined in claim 1, and in which
PA1  a. said housing includes a side wall disposed transversely to said end
      wall,
PA1  b. said housing has a channel therein extending along siad side wall,
PA1  c. said end wall has an opening therethrough in communication with said
      channel,
PA1  d. said first actuating member is disposed in said channel and reciprocable
      therealong, and
PA1  e. said second actuating member
PA2  1. comprises an elongated member, and
PA2  2. is disposed in said apparatus in position to extend through said opening
      into operative engagement with said actuating member in said channel
      during movement of said cartridge into and out of said operative position.
NUM  6.
PAR  6. The combination defined in claim 5, and in which
PA1  a. said first actuating member comprises an elongated member having one end
      facing toward said opening,
PA1  b. said one end has an opening therein, and
PA1  c. said second actuating member has an end portion disposed in position to
      be disposed in said last mentioned opening in frictional engagement with
      said first actuating member during said movement of said cartridge into
      and out of said operative position.
NUM  7.
PAR  7. The combination defined in claim 6, and in which
PA1  a. said opening in said first actuating member has a portion which is
      substantially diamond shaped and extends transversely through said first
      actuating member, and
PA1  b. said end portion of said second actuating member is complementary in
      shape to said diamond shaped opening in said first actuating member and
      disposed therein during said reciprocation of said panel.
NUM  8.
PAR  8. The combination defined in claim 5, and in which
PA1  a. said panel
PA2  1. is flexible, and
PA2  2. extends along said side wall and said end wall between said walls and
      said tape.
NUM  9.
PAR  9. The combination defined in claim 8 and in which
PA1  a. said panel has
PA2  1. a substantially smooth face disposed in facing juxtaposition to said
      walls, and
PA2  2. another face on the opposite side thereof remote from said walls, and
PA1  b. said panel has spaced, substantially parallel corrugations therein
      extending transversely across said opposite face.
NUM  10.
PAR  10. The combination defined in claim 6 and in which
PA1  a. said panel
PA2  1. extends along and adjacent said channel on the side wall, and
PA2  2. has an end portion attached to said first actuating member at the side
      of said opening in the latter remote from said opening in said end wall.
NUM  11.
PAR  11. The combination defined in claim 10, and in which
PA1  a. said first actuating member is flexible,
PA1  b. said channel has an enlarged end portion disposed adjacent to said
      opening in said end wall, and
PA1  c. said end portion of said second actuating member is of such
      cross-sectional size as to flex said one end of said first actuating
      member outwardly into said enlarged portion during insertion and removal
      of said end portion of said second actuating member into and out of said
      opening in said first actuating member.
NUM  12.
PAR  12. The combination defined in claim 11, and in which
PA1  a. said chanel has an inwardly opening recess therein,
PA1  b. said first actuating member has an outwardly projecting abutment member
      on the end portion thereof remote from said one end thereof, and
PA1  c. said abutment member is yieldingly disposed in said recess when said
      panel is disposed in said first position
NUM  13.
PAR  13. The combination defined in claim 11, and in which
PA1  a. said channel has two oppositely disposed, inwardly opening recesses
      therein,
PA1  b. said first actuating member is flexible and has two oppositely disposed,
      outwardly projecting abutment members on the end portion thereof remote
      from said one end thereof, and,
PA1  c. said abutment members are yieldingly disposed in respective ones of said
      recesses when said panel is disposed in said first position.
NUM  14.
PAR  14. A cartridge for elongated strip material comprising
PA1  a. a housing having
PA2  1. two side walls, and p2 2. two end walls,
PA1  b. one of said end walls having an aperture therein,
PA1  c. means in said housing for guiding a strip of material along a path of
      movement extending across said aperture,
PA1  d. an elongated flexible panel member movably mounted in said housing for
      longitudinal reciprocation along said one end wall across said aperture
      for opening and closing said aperture,
PA1  e. said panel having one end portion mounted in said housing for movement
      along one of said side walls during said reciprocation of said panel, and
PA1  f. means on said one end portion and disposed in position within said
      housing for engagement by a means inserted into said housing from outside
      said housing for effecting said reciprocation of said panel.
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ABST
PAL  A superminiature cassette tape recorder comprising a flat elongated upper
      casing, a flat elongated lower casing, and an intermediate frame held
      between the upper and lower casings and having fittings made integral
      therewith. The tape recorder further comprises a tape driving mechanism, a
      cassette raising member, a switch operating member inclusive of a
      rotatable switch button selectively assuming a recording-reproducing
      position, a rewinding position, and a stopping position, a record push
      button and a fast-feed push button, and parts such as a battery, speaker,
      magnetic heads, all of these driving mechanisms, operating members and
      parts being so constructed and arranged that they can be assembled
      beforehand and then mounted on the fitting of the intermediate frame.
BSUM
PAR  This invention relates to cassette tape recorders, and more particularly to
      a superminiature cassette tape recorder operable in the state as held in
      one hand of a user.
PAR  Such kind of superminiature cassette tape recorder has heretofore been
      developed and described, for examples, in U.S. Pat. No. 3,581,022. In the
      conventional superminiature cassette tape recorder, however, various kinds
      of driving mechanisms, for example, a tape driving mechanism, recording,
      reproducing, fast-feeding and rewinding mechanisms; various kinds of
      operating members, for example, a cassette mounting member, cassette
      raising member; various kind of fittings, for example, a battery receiving
      fitting, speaker receiving fitting, level meter receiving fitting, jack
      fitting; and various kinds of parts of an electric circuit, for example, a
      printed circuit board must be incorporated into a casing of the tape
      recorder and assembled together therein. In addition, these mechanisms,
      members, fittings and parts must be connected each other to meet special
      need, for instance, it is required to incorporate a level meter into a
      tape recorder casing in the recording mode of operation, incorporate a
      speaker into the tape recorder casing in the reproducing mode of
      operation. Thus, the conventional superminiature cassette tape recorder
      has disadvantage that the above mentioned mechanisms, and more
      particularly the tape driving mechanism becomes very complicated in
      construction, that a number of operating members must be disposed at
      accessibly operative positions, and that the tape recorder becomes
      difficult and troublesome in manufacture and adjustment and hence becomes
      expensive. Moreover, it is sometimes convenient to incorporate such parts
      as the battery, speaker and microphone into the tape recorder casing. A
      cassette tape recorder adapted to mount all of these parts in one casing
      has heretofore been proposed. But, such tape recorder is comparatively
      large in size and hence is inoperable in the state as held in one hand of
      a user. If such tape recorder is made superminiature in size, it becomes
      more complicated in construction and is required to use a number of parts,
      and as a result, incorporation of these parts in an extremely small casing
      becomes considerably troublesome and these parts must accurately be worked
      and assembled together and hence the tape recorder becomes expensive.
PAR  The object of the invention, therefore, is to provide a superminiature
      cassette tape recorder which can enclose not only a tape driving mechanism
      and various kinds of operating members but also parts such as a battery,
      speaker, microphone, etc. can be incorporated into one casing, and which
      is of so small in size that which is capable of being held in one hand of
      an operator.
PAR  Another object of the invention is to provide a superminiature cassette
      tape recorder of which parts are small in number, which can easily and
      rapidly be assembled, and which is less expensive.
PAR  A feature of the invention is the provision of such an improved
      superminiature cassette tape recorder comprising a flat elongated upper
      casing, a flat elongated lower casing, and in intermediate frame held
      between the upper and lower casings and having fittings made integral
      therewith and adapted to mount thereon a battery, a speaker, a chassis to
      which are secured a tape driving mechanism and operating members inclusive
      of record-reproduction, fast-feed and rewind operating members, a printed
      circuit board constituting an electric circuit of the tape recorder, and a
      driving motor.
PAR  Such superminiature cassette tape recorder according to the invention is
      capable of mounting all of parts suitably assembled together beforehand on
      the intermediate frame, reducing the parts in number, making the assembly
      considerably easy and rapid, and making the cost less expensive.
DRWD
PAR  For a better understanding of the invention, reference is made to the
      accompanying drawings, in which:
PAR  FIG. 1A is a front view of a superminiature tape recorder according to the
      present invention;
PAR  FIG. 1B is its side view, seen from the left-hand side of FIG. 1A;
PAR  FIG. 1C is a side view, seen from the right-hand side of FIG. 1A;
PAR  FIG. 1D is an end view, seen from the upper end of FIG. 1A;
PAR  FIG. 1E is an end view, seen from the lower end of FIG. 1A;
PAR  FIG. 1F is a rear view of FIG. 1A;
PAR  FIG. 2A is a plan view, illustrating various driving mechanisms, operating
      members, a counter and a cassette receiving plate, usable, in the tape
      recorder according to the invention;
PAR  FIG. 2B is a front view, illustrating a cassette mounting member, partly in
      section;
PAR  FIG. 3 is a perspective view, illustrating a cassette mounted on a cassette
      mounting plate;
PAR  FIG. 4A is a plan view similar to FIG. 2, with the cassette receiving plate
      and counter removed therefrom;
PAR  FIG. 4B is a section illustrating a pulley and bolt shown in FIG. 4A;
PAR  FIG. 5 is a plan view, illustrating a record operating member usable in the
      tape recorder according to the invention;
PAR  FIG. 6 is its exploded perspective view;
PAR  FIG. 7 is a plan view, illustrating a switch operating member for
      selectively effecting recording, reproducing, fast-feeding and rewinding
      modes of operation of the tape recorder according to the invention;
PAR  FIG. 8 is an electric circuit diagram, illustrating the operation of the
      switch of FIG. 7;
PAR  FIG. 9 is a plan view of a chassis and intermediate plate usable in the
      tape recorder according to the invention, seen from the rear side thereof;
PAR  FIG. 10 is a plan view, illustrating a motor mounting member and a part of
      the intermediate frame usable in the tape recorder according to the
      invention, seen from the rear side thereof;
PAR  FIG. 11 is a plan view, illustrating a speaker mounting member usable in
      the tape recorder according to the invention;
PAR  FIG. 12 is a sectional view taken on line XII-XII of FIG. 11;
PAR  FIG. 13 is a perspective view, illustrating a magnetic head mounting member
      usable in the tape recorder according to the invention;
PAR  FIG. 14A is a partial sectional view, illustrating a tape take up shaft
      usable in the tape recorder according to the invention, the right half
      being shown in front view;
PAR  FIG. 14B is its plan view;
PAR  FIG. 15 is a perspective view of an intermediate frame usable in the tape
      recorder according to the invention; and
PAR  FIGS. 16A, 16B and 16C are sectional views, illustrating methods of
      connecting wiring codes usable in the tape recorder according to the
      invention.
PAR  Like parts are designated by like numerals and symbols throughout the
      drawings.
DETD
PAR  Referring to FIGS. 1A to 1F, showing a cassette tape recorder according to
      the invention, a flat elongated casing capable of being held in one hand
      of an operation is made of an upper casing 1, a lower casing 2, and an
      intermediate frame 3 held between these two casings 1 and 2. As shown in
      FIGS. 1A and 1C, provision is made of a cover 4 for covering a cassette
      mounting fitting made integral with the upper casing 1. The cover 4 is
      hinged at its one side edge to the upper casing 1. A microphone 5 is
      incorporated at the lower side of the cover 4 into the upper casing 1. A
      window 6 is formed on the upper casing 1 adjacent to the microphone 5 so
      as to view numbers of a counter therethrough. In addition, a hole is
      formed on the upper casing 1 so as to extend a reset button 7
      therethrough. As shown in FIG. 1C, a hole 9 is formed on the right side
      wall of the lower casing 2 so as to expose a volume control knob 8. As
      shown in FIGS. 1D and 1F, a battery receiving fitting formed integral with
      the intermediate frame 3 is covered at its rear side by a cover 10. The
      cover 10 is secured at its one corner to the battery receiving fitting by
      a screw 426. As will be described hereinafter, a printed circuit board,
      constituting the electric circuit of the tape recorder is also mounted on
      the intermediate frame 3. Those portion of the operating members which can
      be seen from the outside of the tape recorder will now be described. As
      shown in FIG. 1B, a level meter 11 and fast-feed button 16 are mounted at
      the left side of the lower casing 2 on the intermediate frame 3, while a
      record-reproduction and rewind button 66 is mounted at the left side of
      the upper casing 1 on one face of the intermediate frame 3. As shown in
      FIG. 1E, an insert jack 12 of an outside microphone, insert jack 13 of a
      remote switch and insert jack 14 of an earphone and also a record button
      166 are mounted at the lower end of the lower casing 2 on the opposite
      face of the intermediate frame 3. A ring 17 for connecting a suspender
      band (not shown) is secured at the lower end of the upper casing 1 to one
      face of the intermediate frame 3. An insert jack 15 of an AC supply source
      is mounted at the upper end of the upper casing 1 on one face of the
      intermediate frame 3. A rectifier is not incorporated into the casing, but
      is incorporated into a plug of a consent of an AC supply main line.
PAR  As shown in FIG. 1A, a notch 18 is formed on the lower edge of the cover 4
      so as to receive a projection 56 of a cassette push up lever plate to be
      described later.
PAR  The cover 4 and projection 56 are raised above the surface of the counter
      to form a gap therebetween into which the user can insert his finger for
      the purpose of pushing up the cassette together with the cover 4.
PAR  As shown in FIG. 1A, a small hole 19 is formed on the upper casing 1
      through which can adjust a screw for changing the position of a magnetic
      head with respect to the tape from the outside of the tape recorder to be
      described hereinafter. After this screw has been adjusted, the small hole
      19 is closed by covering a decoration sheet or plate thereon to hide the
      small hole 19 out of sight.
PAR  In FIG. 1F, 420, 422, 424 and 426 designate screws for securing the lower
      cover 2 to the intermediate frame 3.
PAR  The above mentioned operating members and parts are inserted through
      corresponding openings formed on the casing and mounted on the fittings
      made integral with the intermediate frame 3.
PAR  In FIG. 2 is shown a chassis 30 seen from the cassette mounting side, with
      the intermediate frame 3 removed. A cassette receiving plate 34 is secured
      to one face of the chassis 30 through four spacers 32 each having a
      suitable height so as to form a space between the cassette receiving plate
      34 and the chassis 30 as shown in FIG. 2B. A capstan shaft 36 is extended
      through a hole formed on the cassette receiving plate 34. A tape take up
      shaft 38 and tape supply shaft 40 are extended through corresponding holes
      formed on the cassette receiving plate 34, respectively. A pair of
      cassette guiding and locking pins 42 and 44 are also extended through
      corresponding holes formed on the cassette receiving plate 34,
      respectively. Each of these cassette guiding and locking pins 42, 44 has a
      reduced stem portion formed between an enlarged chamfered head and a
      shoulder portion and adapted to be engaged with a hole formed on the
      cassette base plate shown by hatching lines in FIG. 2B so as to prevent
      loosening of the cassette when it is mounted on the cassette receiving
      plate 34. A pair of cassette positioning pins 43 and 45 are extended
      through holes formed on the cassette receiving plate 34, respectively.
      These cassette positioning pins 43 and 45 are slightly projected out of
      the cassette receiving plate 34 and the upper ends of these pins are made
      in contact with the cassette casing so as to define the level at which the
      cassette is mounted. To the chassis 30 are secured a cassette holding
      member comprising a pair of claws 46, 48 engageable with an upper shoulder
      portion formed on the side edge of the cassette when it is mounted on the
      cassette receiving plate 34 and a leaf spring 50 disposed between the
      claws 46 and 48 and adapted to bias the upper part of the side edge of the
      cassette obliquely downwards. Thus, if the cassette is mounted on the
      cassette receiving plate 34, it is firmly held by the claws 46, 48 and
      spring 50 as shown in FIG. 3.
PAR  As shown in FIG. 4A, an L-shaped member 47 is secured to the chassis 30 by
      a pair of screws. A lever plate 52 is pivotally secured at its one end to
      the L-shaped member 47 by a screw 54. The lever 52 is provided at its free
      end with a first projection 56 (refer also to FIG. 1A) operable with a
      finger of a user so as to rotate the lever 52 upwards in FIG. 4. The lever
      plate 52 is provided with a leaf spring 58 secured thereto and with a
      second projection 60 penetrating beneath the leaf spring 58. When the user
      brings his finger into engagement with the first projection 56 so as to
      rotate the lever 52 upwards, the second projection 60 is raised together
      with the leaf spring 58 against the action of spring which is then brought
      into contact with the base plate of the cassette. Thus, when the cassette
      is mounted on the cassette receiving plate 34 as shown in FIG. 3, the
      upward rotation of the lever plate 52 ensures pushing up of the cassette.
      The lever 52 is provided with a third projection 62 of which operation
      will be described hereinafter.
PAR  As shown in FIG. 2A, provision is made of a three digits counter 63 adapted
      to be interlocked with the tape supply shaft 40. The counter 63 is reset
      to zero when the reset button 7 is pushed. An interlocking mechanism
      between the counter 63 and the tape supply shaft 40 will be described
      hereinafter.
PAR  The members for mounting and pushing up the cassette has been described.
      Now, the record, reproduction, fast-feed and rewind operating members will
      be described.
PAR  In FIG. 4A are shown inside parts of various operating members with the
      cassette receiving plate 34 removed. In FIG. 4, that part of the chassis
      30 which is hidden from view by other parts are shown by dot and dash
      lines, while those parts of members other than the chassis 30 which are
      hidden from view by any other members are shown by dotted lines. A
      rotatable switch button 66 is pivotally secured substantially at its
      center by a shaft 68 to the chassis 30. The horizontal position of the
      switch button 66 shown in FIG. 4 corresponds to a stop position To the
      left end of the switch button 66 is pivotally secured a lever 72 by a
      shaft 70. To the free end of the lever 72 is secured an operating pin 74.
      The operating pin 74 extends through a  -shaped groove 78 formed on a
      sliding plate 76 slidable along an L-shaped passage and a  -shaped groove
      80 formed on the chassis 30 and projects into the rear side of the chassis
      30. The sliding plate 76 is formed with five L-shaped grooves 82, 84, 86,
      88 and 90 into which are penetrated pins 92, 94, 96, 42 and 44 projected
      from the chassis 30, respectively. Downward depression of the switch
      button 66 causes the sliding plate 76 to slide downwards by means of the
      operating pin 74. On the sliding plate 76 are mounted a
      record-reproduction magnetic head 104 which is secured to a base plate 100
      formed with a tape guide 98 through a fitting plate 102 and a pinch roller
      112 pivotally secured to the end of one arm of an L-shaped lever 108 by a
      shaft 110, the L-shaped lever 108 being pivotally secured to the chassis
      30 by a shaft 106. A member for operating the magnetic head 104 will be
      described hereinafter. As described above, the downwards sliding movement
      of the sliding plate 76 results in downward movement of the tape guide 98,
      magnetic head 104 and pinch roller 112, all of which being brought into
      contact with the tape enclosed in the cassette. Particularly, the pinch
      roller 112 is resiliently urged against the tape by the action of a
      capstan shaft 36 and a spring 114, and as a result, the rotation of the
      capstan shaft 36 causes the tape to move at a constant speed.
PAR  To the cassette guide and holding pin 44 is pivotally secured a lever 116
      through a spacer 114. To the lever 116 is secured a leaf spring 118 which
      is in engagement with a pin 120 secured to the sliding plate 76 and
      adapted to bias the lever 116 in a clockwise direction. To one end of the
      lever 116 is secured a brake shoe 122 made of rubber and adapted to be
      brought into engagement with a brake gear 124 secured to the shaft 38 by
      the action of the leaf spring 118. In the stop position shown in FIG. 4,
      the brake shoe 122 engages with the gear 124 so that the take up shaft 38
      is stopped. But, as above described, if the sliding plate 76 slidably
      moves downwards, the pin 120 is urged against the lever 116 to rotate it
      in a counterclockwise direction against the action of the leaf spring 118,
      and as a result, the brake shoe 122 becomes disengaged from the gear 124
      to rotate the take up shaft 38.
PAR  Now, a mechanism for rotating the tape take up shaft 38 in a clockwise
      direction will be described. To a capstan shaft 36 is secured a pulley 126
      having a groove showing in FIG. 4B and adapted to be engaged with an
      endless belt 128 made of rubber and having a square section shown in FIG.
      4B. To the chassis 30 is pivotally secured a lever 132 by a shaft 130. To
      the lever 132 is pivotally secured a pulley 136 by a shaft 134, the pulley
      136 having a section shown in FIG. 4B. The belt 128 is also brought into
      engagement with the pulley 136. As a result, if the capstan shaft 36 is
      rotated in a clockwise direction, the belt 128 is reliably rotated in a
      clockwise direction by the pulley-belt connection shown in FIG. 4B. To the
      chassis 30 is pivotally secured an intermediate gear 140 by a shaft 138
      and brought into engagement with the gear 142 and the belt 128. The lever
      132 is provided at its one end with an upright portion 154, while the
      cassette holding leaf spring 50 is provided at its lower end with a hang
      down portion 156. Between the upright portion 154 and the hang down
      portion 156 is inserted a tension spring 158 so as to bias the lever 132
      around the shaft 130 in a counterclockwise direction. As a result, the
      rubber belt 128 is resiliently urged against the gear 140 in a stable
      manner as shown in FIG. 4B and the gear 140 is frictionally interconnected
      with the take up shaft 38 through the rubber belt 128. Thus, if the belt
      128 is rotated in a clockwise direction, the gear 140 resiliently engaged
      with the belt 128 is rotated in a counterclockwise direction, and as a
      result, the gear 142 threadedly engaged with the intermediate gear 140 is
      rotated in a clockwise direction and hence the take up shaft 38 is rotated
      in a clockwise direction.
PAR  The above operation makes it possible to carry out the reproducing mode of
      operation.
PAR  Now, the rewinding mode of operation will be described.
PAR  If the right end of the switch button 66 is depressed, the operating pin 74
      is moved upwards. In this case, the sliding plate 76 is slidably moved
      towards left by the inclined portion of the groove 78. As a result, the
      magnetic head 104 and pinch roller 112 mounted on the sliding plate 76 are
      also moved towards left and become out of contact with the tape. In this
      case, the pin 120 secured to the sliding plate 76 is also moved towards
      left, so that the lever 116 is rotated in a counterclockwise direction
      around the pin 44 to disengage the brake shoe 122 from the gear 124. A
      lever 108 pivotally secured to the sliding plate 76 by a shaft 106 is
      biased to rotate in a counterclockwise direction by means of a leaf spring
      144 mounted on the lever 108. The lever 108 is provided at its one end
      with a tag 146 which engages with the side edge of the sliding plate 76,
      thereby limiting a further counterclockwise rotation of the lever 108. The
      shaft 130 is further provided with a leaf spring 148 whose free ends are
      resiliently engaged with projections 150 and 152 formed on the lever 132,
      respectively. As above described, if the sliding plate 76 is moved
      leftwards, the tag 146 of the lever 108 is urged against one end of the
      spring 148, and as a result, the lever 132 is rotated in a clockwise
      direction against the action of the spring 158 to bring the belt 128 into
      engagement with a gear 160 frictionally engaged with the tape supply shaft
      40. In this case, the energy accumulated in the spring 148 serves to
      resiliently urge the belt 128 against the gear 160. Under such condition,
      if the capstan shaft 36 is rotated to rotate the belt 128 in a clockwise
      direction, the gear 160 is rotated in a counterclockwise direction, and
      hence the tape supply shaft 40 is rotated in a counterclockwise direction,
      and as a result, it is possible to rewind the tape.
PAR  A ball 162 is supported by the chassis 30 with the aid of a coil spring
      (not shown) which serves to partially project the ball 162 upwards out of
      the chassis 30. The sliding plate 76 has a gourd-shaped hole 164 and a
      circular hole 165 formed at the upper part of the left side hole of the
      hole 164. If the sliding plate 76 is moved downwards, the ball 162 is
      clicked into the hole 165 to keep the sliding plate 76 at its lower
      position. If the sliding plate 76 is moved leftwards, the ball 162 is
      clicked into the right side hole portion of the hole 164 to keep the
      sliding plate 76 at its left position.
PAR  Now, the recording mode of operation will be described. If it is desired to
      carry out the recording mode of operation, in the first place a record
      push button 66 slidably secured to the intermediate plate 170 is depressed
      and then the left end of the above described switch button 66 is
      depressed. In FIG. 5 is shown a record operating mechanism seen from its
      rear side. FIG. 6 is its exploded perspective view. A sliding lever 168 is
      secured to the record button 166. The sliding lever 168 has grooves 178,
      180 and 182, so as to extend pins 172, 174 and 176, projected from the
      intermediate plate 170 secured to the chassis, therethrough, respectively,
      and hence guide the sliding lever 168. To the pin 176 is pivotally secured
      a lever 184. A pin 186 is projected from the intermediate plate 170. A
      lever 188 has grooves 190 and 192 so as to guide the lever 188 by the pins
      186 and 174, respectively. That is, the lever 168 is guided in a
      horizontal direction seen in FIG. 5, while the lever 188 is guided in a
      vertical direction. Between a projection 194 from the intermediate plate
      170 and a projection 196 from the lever 188 is inserted a tension spring
      198 so as to bias the lever 188 downwards. The lower end of the lever 188
      engages with one end of the lever 184 so as to rotate the lever 184 around
      the shaft 176 in a clockwise direction.
PAR  A pin 200 secured to the lever 184 engages with the inclined edge of a
      -shaped hole 202, so as to keep the levers 184 and 188 in their positions
      shown in FIG. 5, respectively. The lever 184 is provided at its lower end
      with a tag 204 which is projected downwards beyond the intermediate plate
      170 and chassis 30. The lower end of the tag 204 is opposite to the side
      edge of the cassette as shown in FIG. 4. As shown in FIG. 3, the cassette
      is formed at its side wall with a hole 206 which is covered by a fin 208
      formed integral with the cassette as shown in FIG. 3. If the cassette is
      mounted on the cassette receiving plate 34, the lower end of the tag 204
      of the lever 184 is located at a position opposing the fin 208 (FIG. 3).
      The cassette is classified into a cassette adapted to be exlusively used
      for reproducing mode of operation in which the contents recorded must not
      be erased and a cassette adapted to be used for recording mode of
      operation. In the cassette adapted to be exclusively used for reproducing
      mode of operation, the fin 208 is removed to expose the hole 206, while in
      the cassette adapted to be used for recording mode of operation, the fin
      208 is kept remained as it is. When the cassette adapted to be exclusively
      used for reproducing mode of operation is mounted on the cassette
      receiving plate 34, the record button 166 is slightly depressed to
      slidably move rightwards the lever 168. The hole 202 is also moved
      rightwards, and as a result, the lever 184 is rotated about the shaft 176
      in a counterclockwise direction and at the same time the lever 188 is
      moved downwards. The intermediate plate 170 has a groove 209 which permits
      the rotation of the lever 184 at the time when the lower end of the tag
      204 is penetrated into the hole 206. The lever 188 is provided at its one
      side edge with a projection 210 made integral with the lever 188. If the
      record button 166 is depressed, the projection 210 makes contact with an
      upright piece 212 to prevent a further depression of the record button
      166. Thus, if the cassette adapted to be exclusively used for the
      reproducing mode of operation is mounted on the cassette receiving plate
      34, it is impossible to depress the record button 166 so as to carry out
      the recording mode of operation, and as a result, there is no risk of the
      contents recorded being erroneously erased.
PAR  If the cassette with the fin 208 is mounted on the cassette receiving plate
      34 and then the record button 166 is depressed, the lower end of the tag
      204 of the lever 184 comes into contact with the fin 208 to prevent the
      rotation of the lever 184 and hence the movement of the lever 188. In this
      case, the projection 210 formed on the lever 188 penetrates into a groove
      214 formed on the upright piece 212 of the lever 168, so that it is
      possible to depress the record button 166 until it can effect the
      recording mode of operation.
PAR  The lever 168 is provided at its one part with an upright piece 216 which
      projects above the chassis 30. As shown in FIG. 4A, to a shaft 218 secured
      to the chassis 30 is pivotally secured a lever 220 which has a small piece
      222 secured to the lever 220 by screws 226 through a pair of spacers 224.
      To the small piece 222 is secured an erasing head 228. To the shaft 218 is
      secured a spring 234 inserted between a pin 230 secured to the chassis 30
      and a projection 232 formed on the lever 220. The spring 234 serves to
      bias the lever 220 so as to rotate it about the shaft 218 in a clockwise
      direction. If the record button 166 is not depressed, the upper end 217 of
      the upright piece 216 formed on the lever 168 makes contact with a
      projection 236 of the lever 220, thereby maintaining the lever 220 in its
      position shown in FIG. 4A. Thus, if the left end of the switch button 66
      is depressed without depressing the record button 166, the reproducing
      mode of operation is carried out. In this case, the sliding plate 76 is
      moved downwards to bring the projection 236 of the lever 220 into contact
      with the top end 217 of the upright piece 216, and as a result, the lever
      220 is rotated about the shaft 218 in a counterclockwise direction against
      the action of the spring 234. In practice, the shaft 218 moves downwards.
      Thus, the erasing head 228 secured to the lever 222 is not moved downwards
      and hence is not brought into contact with the tape. Thus, the erasing
      mode of operation is not carried out.
PAR  If the record button 166 is depressed and then the left end of the switch
      button 66 is depressed, the upper end 217 of the upright piece 216 of the
      lever 168 becomes disengaged from the projection 236 of the lever 220 and
      moved rightwards as shown by dot and dash lines in FIG. 4, and as a
      result, as soon as the sliding plate 76 is moved downwards, the lever 220
      is rotated about the shaft 218 in a clockwise direction to bring the erase
      head 228 into contact with the tape. In this case, the rotation of the
      lever 220 is limited by a pin 238 secured to the sliding plate 76. As
      shown in FIG. 5, between a projection 240 of the lever 168 and the pin 174
      is inserted a tension spring 242 so as to normally bias the lever 168
      rightwards. As described above, if the record button 166 is depressed to
      its operating position and then the left end of the operating member 66 is
      depressed, the projection 244 formed on the sliding plate 76 and the
      projection 236 of the lever 220 are penetrated into the return passage of
      the upright piece 216 of the lever 168, and as a result, the lever 168 and
      hence the record button 166 is not returned, but kept remained at its
      record position.
PAR  The fast-feeding mode of operation will now be described. In this case, the
      left end of the switch button 66 only is depressed to effect the
      reproducing mode of operation. Then, the fast-feed push button 16 (FIG. 7)
      is depressed to carry out the fast-feeding mode of operation. That is, if
      the fast-feed button 16 is depressed, the energizing circuit of the motor
      is changed so as to rotate it at a high speed.
PAR  In FIG. 7 are shown the pin 74 for driving the sliding plate 76, a lever
      246 secured to the fast-feed push button 16 and a switch adapted to be
      operated by the lever 246. Four resilient conductive contact pieces 250,
      252, 254 and 256 are arranged in parallel each other and secured to a
      board 248 made of electric insulating material and secured to the lever
      246. The contact pieces 250 and 252 constitute one pair of a first switch
      contact. The contact pieces 254 and 256 constitute another pair of a
      second switch contact. To the free end of the contact piece 252 is secured
      a first operating piece 258 made of an electric insulating material. A
      second operating piece 260 made of an electric insulating material is
      secured to the free end of the contact piece 254. A substantially V-shaped
      notch is formed on the first operating piece 258. 262 designates one of
      the inclined side edges of the V-shaped notch and 264 designates the other
      inclined side edge of the V-shaped notch. The second operating piece 260
      has a first inclined side edge 266 located in opposition to the inclined
      side edge 264 and has a second inclined side edge 268 opposing the first
      inclined side edge 266. The operating pin 74 is positioned in a space
      formed by the inclined side edges 262, 264 and 266.
PAR  FIG. 7 shows a stop position in which the chassis 30 (not shown) is
      provided at its rear side with the lever 246 secured to the fast-feed
      button 16 and with the switch at the lower side of the lever 246. In FIG.
      7 is shown the rear side of the switch which is positioned beneath the
      lever 246. A projecting piece 270 of the switch is secured to the
      intermediate frame 3 by a pair of screws. The lever 246 has a  -shaped
      groove 272 through which is extended the operating pin 74. The lever 246
      has also a pair of grooves 274 and 276 through which are extended pins 278
      and 280 secured to the chassis 30, respectively. A compression spring 282
      is inserted between the lower end of the lever 246 and a member 280
      secured to the chassis 30, so as to bias the lever 246 and hence the
      fast-feed button 16 upwards. To the lever 246 is secured an operating pin
      284 located at a position opposite to the second inclined side edge 268 of
      the operating piece 260.
PAR  In the stop condition shown in FIG. 7, the operating pin 74 occupies in its
      intermediate position without being engaged with both inclined side edges
      of the operating pieces 258 and 260.
PAR  The lever 246 takes its upper position, so that the operating pin 284 is
      not engaged with the second inclined side edge 268 of the operating piece
      260, and as a result, both the contact pieces 250, 252 and 254, 256 are
      opened. In FIG. 8, SW.sub.1 and SW.sub.2 designate switches constructed by
      the contact pieces 250, 252 and 254, 256, respectively. As shown in FIG.
      8, the switch SW.sub.1 is a main switch connected between the electric
      current supply source E and an amplifier A and the switch SW.sub.2 is a
      switch connected between the amplifier A and a tape driving motor M. If
      the switch SW.sub.2 is closed, a transistor Tr is short-circuited to
      rotate the motor M at a high speed. If the switch SW.sub.2 is opened, a
      current adjusted by the transistor Tr is supplied to the motor M which is
      then rotated at a constant speed. In the stop condition shown in FIG. 7,
      both the switches SW.sub.1 and SW.sub.2 are opened, so that the motor M is
      not energized.
PAR  As described above, in the recording mode of operation, the depression of
      the switch button 66 causes the operating pin 74 to move downwards and
      make contact with the first inclined side edge 262 of the operating piece
      258 so as to move the contact piece 252 rightwards, and as a result, the
      contact piece 252 makes contact with the contact piece 250. That is, the
      main switch SW.sub.1 is closed. In this case, the inclined side edges 266,
      268 of the other operating piece 260 are not engaged with the operating
      pins 74, 284, respectively, so that the contact pieces 254, 256 are kept
      separated, thereby opening the switch SW.sub.2. As seen from FIG. 8, in
      this case the motor M is rotated at a constant speed to effect recording
      mode of operation. If the record button 166 is depressed, the lever 168 is
      moved leftwards, and as a result, the upright piece 216 is penetrated into
      the downward moving passage of the lever 246, thereby preventing the
      depression of the fast-feed button 16. This serves to prevent the
      fast-feed button 16 from being erroneously depressed during the recording
      mode of operation.
PAR  In the reproducing mode of operation, the operating pin 74 is moved to its
      lower position to close the switch SW.sub.1. In this case, if the record
      button 166 is not depressed and the lever 168 is not moved, it is possible
      to operate the fast-feed button 16. Thus, in this reproducing mode of
      operation, if the fast-feed button 16 is depressed, the fast-feeding mode
      of operation is carried out. That is, the switch SW.sub.1 to be operated
      by the operating piece 258 is closed by the operating pin 74. In addition,
      the operating pin 284 of the lever 246 makes contact with the second
      inclined side edge 168 of the other operating piece 260 to close the
      switch SW.sub.2. Thus, in this fast-feeding mode of operation, both
      switches SW.sub.1 and SW.sub.2 are closed to rotate the motor M at a high
      speed, thereby effecting a desired fast-feeding mode of operation.
PAR  In the rewinding mode of operation, the operating pin 74 is moved upwards
      and brought into engagement with the second inclined side edge 264 of the
      operating piece 258 and also with the first inclined side edge 266 of the
      operating piece 260 to close both switches SW.sub.1 and SW.sub.2. Thus,
      the motor M is rotated at a high speed to effect a desired rewinding mode
      of operation. During the rewinding mode of operation, if the fast-feed
      button 16 is depressed, the lever 246 makes contact with the operating pin
      74, and as a result, it is impossible to move the lever 246 downwards.
      Thus, during the rewinding mode of operation the fast-feed button 16 is
      prevented from being depressed.
PAR  In FIG. 9 is shown the chassis 30 seen from the rear side thereof. The
      above mentioned switches are not shown. An intermediate plate 170 is
      secured to the rear face of the chassis 30 and spaced apart in parallel
      therewith. The capstan shaft 36 (FIG. 4) is extended through the
      intermediate plate 170 and rotatably journalled in a bearing 288. To the
      capstan shaft 36 is secured a flywheel 290 whose periphery is covered with
      a rubber ring 292 which resiliently engages with a driving shaft 318 of
      the motor 316 so as to transmit the rotation of the motor to the flywheel
      290 as will be described hereinafter with reference to FIG. 10. To the
      intermediate plate 170 is secured a small piece 294 having a projection
      296 provided at its front end with a pin 298. Around the pin 298 is wound
      a coil spring 300 for urging the ball 162 for clicking the sliding plate
      76 shown in FIG. 4 against the hole 164 formed on the chassis 30.
      Moreover, the lever 184 and the sliding plate 188 are secured to the
      intermediate plate 170. As described hereinbefore with reference to FIG.
      5, these plates 184, 188 cooperate with the sliding lever 168 secured to
      the record button 166.
PAR  As described with reference to FIG. 7, on the chassis 30 are mounted the
      fast-feed button 16 and the lever 246 secured thereto. To the chassis 30
      is further pivotally secured a shaft 302 to which is secured a pulley 304.
      As shown in FIG. 4, to the shaft 302 is secured a gear 308 threadedly
      engaged with a gear 306 secured to the tape supply shaft 40. As shown in
      FIG. 9, the pulley 304 engages with one end of an endless belt 310 another
      end of which also engages with a pulley 312 secured to a shaft 314 which
      serves as a driving shaft of the counter 63 shown in FIG. 2A.
PAR  In the recording, reproducing and fast-feeding modes of operation, if the
      tape is wound around the take up shaft 38, the supply shaft 40 is rotated
      in a clockwise direction. The rotation of the tape supply shaft 40 is
      transmitted through the gears 306, 308, shaft 302 (FIG. 4), pulley 304,
      belt 310, and pulley 312 to the driving shaft 314 (FIG. 9) of the counter
      63 (FIG. 2A). Thus, the shaft 314 is rotated in a clockwise direction in
      FIG. 9 to advance the counting values of the counter 63 in an adding
      direction. If the tape is rewound from the take up shaft 38, the counter
      drivings shaft 314 is rotated in a counterclockwise direction to advance
      the counting values of the counter 63 in a substracting direction.
PAR  A motor mounting mechanism will now be described with reference to FIG. 10
      showing the rear side of the motor 316 secured to the intermediate frame
      3. The driving shaft 318 of the motor 316 is urged against the rubber ring
      292 of the flywheel 290. For this purpose, around a casing of the motor
      316 is fitted an annular member 320 provided at its each end with pin 322,
      324 projected therefrom. To the intermediate frame 3 is secured a motor
      mounting plate 326 by a pair of screws 328, 330. The motor mounting plate
      326 has upright pieces 332, 334 formed with holes through which are
      penetrated the pins 322, 324, respectively, so as to permit the motor 316
      to be swung about these pins 322, 324. To the mounting plate 326 is
      secured a leaf spring 336 arranged to surround the casing of the motor 326
      and for urging the driving shaft 318 of the motor 316 against the rubber
      ring 292 of the flywheel 290. As shown in FIG. 10, the intermediate frame
      3 has a battery receiving fitting 338 formed integral therewith and in
      which is received a battery 339. The battery receiving fitting 338 is
      provided at its left end with a leaf spring 341 made in contact with a
      negative terminal of the battery 339 and at its right end with projecting
      pieces 342 made in contact with a positive terminal of the battery 339.
PAR  In FIG. 11 is shown the front side of a part of the intermediate frame 3
      having tapped holes with which are threadedly engaged the screws 328 and
      330 for securing the above mentioned motor mounting plate 326 to the rear
      side of the intermediate frame 3. To the intermediate frame 3 is secured
      an A.C. source insert jack 15. In FIG. 11 is also shown a speaker mounting
      fitting. An annular fitting 340 for supporting a cone flange of a speaker,
      semi-circular fitting 342 for supporting a yoke portion of the speaker and
      resilient fitting 344 for resiliently supporting the yoke portion of the
      speaker are made integral with the intermediate frame 3 and extended
      perpendicular thereto. As shown in FIG. 11, the resilient fitting 344 is
      formed at its one end with an arm 346 made integral with the intermediate
      frame 3 and extended so as to form an arcuate resilient fitting for the
      purpose of resiliently supporting the yoke portion of the speaker. Thus,
      the free end of the resilient fitting 344 is bent inwards from the outer
      periphery of the yoke portion of the speaker contrary to the semi-circular
      fitting 342 whose inner periphery coincides with the outer periphery of
      the yoke portion of the speaker. Thus, the resilient fitting 344 is urged
      against the speaker when it is mounted on the intermediate frame 3.
PAR  The intermediate frame 3 is further provided with a stopper 348 projecting
      slightly from the lower end of the inner periphery of the semi-circular
      fitting 342 to form a stepped portion so as to support the lower end of
      the yoke portion of the speaker. As shown in FIG. 12, between the above
      mentioned annular vertical fitting 340 and the cone flange 343 on the
      other hand and between the cone flange 343 and the upper casing 1 on the
      other hand are inserted resilient rings 350 and 352, respectively, so as
      to prevent resonation at the time of producing undue oscillation or sound
      from being occurred on the cone part 345 of the speaker and firmly fix the
      speaker between the stopper 348 and the upper casing 1 disposed on an
      opening of the speaker. In addition, a sound passing hole 354 (FIG. 11) is
      formed on the intermediate frame 3 to improve the sound characteristic of
      the speaker.
PAR  When the speaker 343 is mounted on the speaker mounting fitting, the
      resilient fitting 344 is biassed outwards and then the yoke portion 345 of
      the speaker is inserted between the semi-circular fitting 342 and the
      resilient fitting 344 until it is brought into engagement with the stopper
      348. In this case, the resilient fitting 344 serves to resiliently support
      the yoke portion 345 of the speaker. Thus, the speaker can firmly be
      secured through the above mentioned resilient rings 350, 352 to the
      intermediate frame 3.
PAR  Now, the magnetic head mounting mechanism will be described with reference
      to FIG. 13. In a casing 358 made of metal, for example, is enclosed a
      magnetic head 104 whose effective gap portion only is exposed out of the
      casing 358. A first magnetic tape guide member 360 is formed on the casing
      358 and constructed by a channel-shaped groove to guide the tape
      therethrough. The magnetic head casing 358 may be mounted on a mounting
      plate 102 and secured thereto by a suitable means, for example, spot
      welding. The mounting plate 102 is detachably secured to a base plate 100
      by means of a pair of screws 364, 366 through a horseshoe-shaped spacer
      362. On the base plate 100 is formed a second tape guide member 98 adapted
      to cooperate with the first tape guide member 360. The second tape guide
      member 98 is constructed by a channel-shaped groove through which is
      guided the tape.
PAR  The head mounting mechanism usable in the tape recorder according to the
      invention makes it possible to adjust both the position of the effective
      gap of the magnetic head 104 with respect to the base plate 100 and the
      position of the second guide member 98 with respect to the first guide
      member 360 by loosening the screws 364, 366 and using the one
      horseshoe-shaped spacer 362 having a suitable thickness or several
      horseshoe-shaped spacers 362 each having a suitable thickness and
      superimposed one upon the other. In addition, the mounting plate 102 is
      pivotally secured to the base plate 100 through a screw 370 threadedly
      engaged with both projecting piece 368 of the mounting plate 102 and the
      base plate 100, a coil spring 372 being wound around the stem of the screw
      370. Thus, the rotation of the screw 370 ensures adjustment of the
      position of the mounting plate 102 with respect to the base plate 100 and
      hence adjustment of the head 104. Thus, it is possible to adjust the
      height and inclination of the head 104 with respect to the base plate 100.
      The base plate 100 is adjustably secured to the clicking plate 76 as shown
      in FIG. 4 by three pin holes 374, 376 and 378. Each of these pin holes may
      be elongated to form a slot like opening so as to adjust the distance
      between the tape and the magnetic head 104. In addition, as described with
      reference to FIG. 1, the screw 370 (FIG. 13) may be adjusted from the
      outside of the tape recorder through the hole 19 (FIG. 1) formed on the
      upper casing 1 after the upper casing 1 has been assembled together with
      the intermediate frame 3 and lower casing 2.
PAR  Then, the mechanisms for driving the tape supply shaft 40 and tape take up
      shaft 38 will be described with reference to FIGS. 14A and 14B. These
      mechanisms are the same as each other so that only the tape take up shaft
      mechanism only will be described. In FIG. 14A, are shown the right half of
      the tape take up shaft mechanism in front elevation and the left half
      thereof in section. Around the take up shaft 38 is closely fitted a sleeve
      380 having a gear 124 made integral therewith. To the sleeve 380 are
      rotatably fitted a gear 142 and slidably fitted a hub 382 which engages
      with a core of a tape wound body in the cassette, the hub 382 being
      slidable in a lengthwise direction of the sleeve 380. The sleeve 380 is
      surrounded by a compression coil spring 384 which biases the hub 382
      upwards and the gear 142 downwards. To the sleeve 380 is secured a ring
      386 adapted to act as a stopper so as to maintain the hub 382 in a
      position shown in FIG. 14A. Provision is made of a ring 388 secured to the
      shaft 38 and for fixing the sleeve 380 to the shaft 38. A ring 390 made of
      felt is held between the gear 142 and the gear 124. As described with
      reference to FIG. 4, the gear 142 is threadedly engaged with the gear 140
      and the brake shoe 122 is urged against the gear 124. In the recording,
      reproducing and fast-feeding modes of operation, the brake shoe 122
      becomes disengaged from the gear 124 and the rotation of the gear 142
      threadedly engaged with the gear 140 is transmitted through the felt ring
      390 acting as a frictional ring to the gear 124 so as to cause rotation of
      the hub 382 through the sleeve 380. Next, in the stop condition, the motor
      316 is deenergized to bring the brake shoe 122 into engagement with the
      gear 124. In this case, the large moment of inertia of the flywheel 290
      causes the gear 142 to be rorated a little further. But, the gear 124 is
      stopped by the brake shoe 122 engaged therewith to stop that shaft 38 at a
      given instant. Thus, the mechanism makes it possible to absorb the inertia
      of the flywheel 290 and prevent various parts from being subjected to
      undue forces.
PAR  The coil spring 384 serves not only to attain the above mentioned effect,
      but also to smoothly guide the cassette when it is mounted on the hub 382.
      That is, as shown in FIG. 14B, the hub 382 could not be rotated around the
      sleeve 380, but is slidable in its lengthwise direction, and as a result,
      when the cassette is mounted on the hub 382, it is possible to move the
      hub 382 downwards. Thus, if the tape wound core of the cassette is mounted
      on the hub 382, the hub 382 is depressed against the action of the spring
      384 until the core arrives at a certain lower level. Then, the hub 382 is
      returned upwards by the action of the spring 384. Thus, the hub 382 does
      not hinder the downward movement of the cassette at the time of mounting
      it on the cassette receiving plate 34.
PAR  In FIG. 15 is shown the intermediate frame 3 as a whole. The motor 316
      secured to the intermediate frame 3 is shown in FIG. 15, but the chassis
      30, speaker 343 and battery 339 are not shown therein. The above described
      speaker mounting fittings 340, 343, 344, 346 and the battery receiving
      fitting 338 are formed on the right side of the intermediate frame 3 and
      made integral therewith. In addition, the A.C. supply source connecting
      jack 15 is secured thereto. The fitting for mounting the chassis 30 is
      formed on the left side of the intermediate frame 3. The chassis 30 is
      secured to the intermediate frame 3 by screws extending through the holes
      392, 394, 396, 398 formed on the chassis 30 (FIG. 9) and threadedly
      engaged with corresponding holes 400, 402, 404, 406 formed on the
      intermediate frame 3, respectively. In addition, the level meter 11,
      microphone jack 12, remote switch jack 13 and earphone jack 14 are secured
      to the left end of the intermediate frame 3. Moreover, a switch fitting
      408 is formed on the intermediate frame 3 so as to secure the above
      mentioned projection 270 (FIG. 7) of the switch to the fitting 408 by a
      pair of screws. A bridge 410 is also projected downwards from the
      intermediate frame 3 so as to reinforce the intermediate frame 3 and
      support all of wiring codes. A printed circuit board, constituting the
      electric circuit of the tape recorder, is moutned on the lower side of the
      intermediate frame 3 through a suitable support and separated therefrom.
PAR  As seen from the above, the chassis 30, speaker and printed circuit board
      can be secured to the intermediate frame 3 in a simple and rapid manner.
      After necessary mechanisms, members and parts have been assembled with the
      aid of the intermediate frame 3, screws (not shown) are inserted into
      holes 412, 414, 416 and 418 formed on the four corners of the intermediate
      frame 3 and the upper ends of these screws are threadedly engaged with the
      upper casing 1 to secure the upper casing 1 to the intermediate frame 3.
      Then, the lower casing 2 is disposed on the rear side of the intermediate
      frame 3 and screws 420, 422, 424 and 426 (FIG. 1F) are inserted into holes
      formed on the four corners of the lower casing 2. The upper ends of these
      screws are threadedly engaged with tapped holes formed on the rear side of
      the intermediate frame 3 to secure the lower casing 2 to the intermediate
      frame 3. The screw 426 (FIG. 1F) serves to secure the cover 10 to the
      intermediate frame 3. A plurality of ridges 428 are formed along the
      peripheral edges of the intermediate frame 3 so as to facilitate the
      positioning of the upper and lower casings 1 and 2 with respect to the
      intermediate frame 3. As seen from the above, the tape recorder according
      to the invention can be assembled in a simple and reliably manner.
PAR  In FIGS. 16A, 16B and 16C is illustrated how to treat the wiring. In the
      conventional superminiature cassette tape recorder, provision is made of a
      printed circuit board, constituting the electric circuit of the tape
      recorder, so as to make the electric circuit parts small in size. The
      electric circuit parts arranged on the print circuit board such as the
      battery, motor, speaker, switch and various jacks are connected each other
      through wiring codes. For this purpose, provision must be made of several
      numbers of wiring codes in an extremely small space, and as a result, the
      wiring of these cords becomes considerably complicated and troublesome. In
      order to avoid such disadvantage, the intermediate frame 3 is used as
      means for wiring the cords. A pair of sector-shaped ridges 430 are formed
      integral with the intermediate frame 3 so as to enclose the cords 432 in a
      space formed between these ridges 430 as shown in FIG. 16A. Alternatively,
      a semi-cylindrical strip 436 is secured to the intermediate frame 3 by a
      screw 434 so as to arrange the cords 432 in a space formed by the
      semi-cylindrical strip 436 as shown in FIG. 16B. In addition, a conductor
      438 may be embedded in the intermediate frame 3 and projected outwards at
      a suitable position, so as to connect a desired electric part 440 to the
      projected end of the conductor 438.
PAR  As seen from FIG. 4, in the recording, reproducing, fast-feeding and
      rewinding modes of operation, if the sliding plate 76 is moved downwards
      and leftwards, the lower end 61 of the sliding plate 76 slides on the
      upper side of the third projection 62 formed on the cassette push up lever
      52, and as a result, when the tape recorder is in the recording,
      reproducing, fast-feed or rewinding modes of operations, the rotation of
      the cassette push up lever 52 and hence the push up of the cassette is
      prevented.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A superminiature cassette tape recorder comprising a flat elongated
      upper casing; a flat elongated lower casing; an intermediate frame held
      between said upper and lower casings and having fittings mounted thereon
      and adapted to mount thereon electrical components; a chassis secured to
      said intermediate frame and supporting a tape driving mechanism and tape
      operating members such as record-reproduction, fast-feed and rewind
      operating members; a printed circuit mounted on said intermediate frame
      and constituting an electric circuit; a sliding plate slidably mounted on
      said chassis for movement along an L-shaped passage and having a
      record-reproduction magnetic head mounted thereon; and a lever plate
      pivotally secured at its one end to said chassis and having a leaf spring
      secured at its one end to said lever plate, said lever plate having a
      manually operable first projection for raising a cassette mounted on said
      chassis, a second projection penetrating beneath said leaf spring and for
      raising it together with said lever plate against its spring action, and a
      third projection adapted to be engaged with the lower end of said sliding
      plate in the recording-reproducing, fast-feeding and rewinding modes of
      operation of the tape recorder so as to prevent the cassette from being
      removed; in which the improvement comprises, said tape operating members,
      a ball resiliently supported by chassis and partially projected upwards
      through a gourd-shaped hole formed on said sliding plate, said ball being
      clicked into a circular hole formed at a position on said sliding plate
      above said gourd-shaped hole upon said sliding plate being moved downwards
      and clocked into the right side hole portion of said gourd-shaped hole
      upon said sliding plate being moved leftwards, thereby maintaining said
      sliding plate at the position thus moved; a rotatable switch button
      pivotally secured substantially at its center to one face of said chassis
      so as to be rotatable in a direction perpendicular to the side edge of
      casing and selectively assume a recording-reproducing position, a
      rewinding position, and a stopping position; a lever pivotally secured to
      said chassis and having an erasing head and a projection; a record push
      button slidably secured to an intermediate plate and having a projection
      adapted to be engaged with said projection of said lever when said push
      button is not depressed and disengaged therefrom when said push button is
      depressed; a pin secured to a further lever pivotally secured to one end
      of said rotatable switch button and slidably extending through a
      rearwardly faced and inclined L-shaped groove formed on said sliding plate
      and a groove composed of an upwardly inclined leg and a downwardly
      inclined leg integrally joined at their centers with a common short
      horizontal leg formed on said chassis; a fast-feed button secured to a
      lever slidably mounted on the opposite face of said intermediate frame and
      engaged with said groove, said fast-feed push button biased upwards and
      engageable at its lower end with said projection of said record push
      button in a manner such that when said record push button is depressed the
      fast-feed push button is prevented from being depressed; and a switch
      having four resilient conductive contact pieces arranged in parallel to
      each other and each secured at its lower end to an insulated board
      fastened to said slidable lever, said contact pieces constituting two
      switch contacts adapted to selectively connect a capstan shaft driving
      motor to two electric circuits, one for driving said motor at a constant
      speed and the other for driving said motor at a high speed, said two
      switch contacts being selectively opened and closed by said pin secured to
      one end of said rotatable switch button and a pin secured to said
      fast-feed push button.
NUM  2.
PAR  2. A superminiature cassette tape recorder as claimed in claim 1, in which
      the improvement comprises a lever pivotally secured substantially at its
      center to said chassis and having at its lower end a brake shoe, said
      brake shoe being urged against a gear secured to a take up shaft when said
      switch button is in its stopping position and spaced therefrom when said
      switch button is in its recording-reproducing and rewinding positions; a
      capstan shaft extended through said intermediate plate and rotatably
      journalled in bearing; a pulley secured to said capstan shaft and having a
      square groove at its periphery; a lever pivotally secured at its upper end
      to said chassis; a pulley pivotally secured to the lower end of said lever
      and having a channel-shaped groove at its periphery; an endless rubber
      belt having a square cross-section adapted to be brought into engagement
      with said pulley secured to said capstan shaft and then twisted and with
      said pulley pivotally secured to said lever; an intermediate gear
      pivotally secured to said chassis adapted to be brought into engagement
      with a gear frictionally slidable along said take up shaft; a tape supply
      shaft having a gear slidably fitted around said shaft and adapted to be
      brought into engagement with said belt when said switch button is in its
      rewinding position.
NUM  3.
PAR  3. A superminiature cassette tape recorder as claimed in claim 1, in which
      the improvement comprises fittings formed on one face of said intermediate
      frame and made annular so as to form an annular fitting for supporting a
      cone flange of a speaker thereon, made semicircular so as to form a
      semicircular fitting for mounting a yoke portion of said speaker, and made
      arcuate so as to form an arcuate fitting for resiliently supporting said
      yoke portion of said speaker, said semicircular fitting being provided at
      its lower end with a stepped portion for supporting the lower end of the
      yoke portion of said speaker, and resilient rings being inserted between,
      respectively, said annular fitting and the cone flange on the one hand and
      between the cone flange and the upper casing on the other hand.
NUM  4.
PAR  4. A superminiature cassette tape recorder as claimed in claim 1, in which
      the improvement comprises a pair of sector-shaped ridges mounted on said
      intermediate frame and enclosing insulated wires therein; and a
      semi-cylindrical strip secured to said intermediate frame and enclosing
      said insulated wires therein, said insulated wires being arranged on and
      adapted to be embedded in said intermediate frame.
NUM  5.
PAR  5. An improved superminiature cassette tape recorder as claimed in claim 1,
      in which the improvement comprises a fin secured to said cassette, and a
      fin detecting lever provided at its lower end with a tag opposed to said
      fin whereby, when said switch button is brought into the recording
      position and said record button is depressed, said tag comes into
      engagement with said fin to prevent rotation of said fin detecting lever,
      and said erasing head secured to said lever is not moved downwards to
      prevent erroneous erasure of the records on the tape.
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ABST
PAL  In sound recording and reproducing apparatus of the magnetic tape type, two
      pivotal levers of similar form are provided, each with a wing and two
      guide flanges, arranged in the assembled condition with their guide
      flanges on a mounting pin and pivotally biased by a torsion spring so that
      the wings press the magnetic tape against the magnetic heads. Each pivotal
      lever has an abutment nose which is pressed by the torsion spring
      surrounding the mounting pin against an abutment surface on the other
      pivotal lever, such that the two levers, the torsion spring and the
      mounting pin constitute a group which is a closed system as regards forces
      and shape. The mounting pin has an intermediate portion of reduced
      diameter, and the openings in the guide flanges and the torsion spring
      bear against generally opposite sides of the mounting pin, thus preventing
      accidental dislodgement of the levers in the longitudinal direction of the
      mounting pin.
BSUM
PAC  FIELD, BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to sound recording and reproducing apparatus of the
      type utilizing a magnetic tape, wherein two pivotal levers of similar
      form, each with a wing and two guide flanges, are arranged in the
      assembled condition with their guide flanges on a mounting pin and biased
      by a torsion spring so that the wings press the magnetic tape against the
      magnetic heads of the apparatus. The instant invention is a further
      development of the apparatus disclosed in my copending application, Ser.
      No. 361,058, filed May 17, 1973.
PAR  It is an object of this invention to secure a considerable simplification
      of the mounting and assembly of the constructional elements of such an
      arrangement. This object is achieved in accordance with the present
      invention by an arrangement wherein each pivotal lever has an additional
      abutment nose which is pressed by the torsion spring, engaged around the
      mounting pin, against an abutment surface on the other pivotal lever,
      whereby the two pivotal levers, the torsion spring and the mounting pin
      constitute a group which is a closed system as regards forces and shape.
      The constructional elements can thus be combined into a group as a
      pre-assembly, which can be mounted in the apparatus in this condition and,
      when the final assembly takes place, can be introduced and incorporated as
      a whole in the apparatus or in the cassette of the latter.
PAR  In a preferred embodiment of the invention the mounting pin is provided
      intermediate its ends with a reduced diameter section and with two limit
      surfaces which are at right angles to the longitudinal axis thereof, each
      of which constitutes an abutment face for the confronting guide flanges of
      the pivotal lever concerned. As a result, the elements are held together
      as a closed system as regards shape and force conditions, even in the
      longitudinal direction of the mounting pin, and are thereby secured
      against accidental dislodgement.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention is illustrated in the accompanying
      drawings, wherein:
PAR  FIG. 1 is a plan view of the guide arrangement in use in a cassette which
      has been only partially illustrated,
PAR  FIGS. 2 and 3 are different views of the front group of elements of the
      guide arrangement,
PAR  FIGS. 4 and 5 show details of the arrangement on a larger scale, and
PAR  FIG. 6 is a perspective illustration of a pivotal lever of the guide
      arrangement.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates in some detail the guide arrangement for the magnetic
      tape 18 which is anchored to spools 14, 16 and introduced into the
      cassette 12. The two pivotal levers 34 and 34' are of similar form, are
      installed on the mounting pin 32 held in the cassette 12, and are biased
      by torsion spring 38 in such a way that the felt pieces 36, 36' carried by
      the arms 34a, 34a' of the pivotal levers press the magnetic tape 18
      against the magnetic heads 28, 30 of the sound recording and reproducing
      apparatus when the cassette 12 is inserted in said apparatus. The two
      guide flanges 34b and 34c, and 34b' and 34c', respectively, of pivotal
      levers 34, 34' have mounting openings 34bb and 34cc, and 34bb' and 34cc'.
PAR  The mounting pin 32 is provided at its central part with a reduced section
      32a bounded by two surfaces 32b, 32bb at right angles to the longitudinal
      axis of the pin 32. As clearly shown by FIG. 3 and FIG. 6, each pivotal
      lever 34, 34' additionally has a projection or abutment surface 34v or
      34v' which is approximately tangential to the pivotal axis thereof, and a
      nose 34n or 34n' which is turned down parallel to this axis.
PAR  In a pre-assembly of the elements described, the mounting pin 32 can be
      pushed through the openings 34bb, 34cc, 34bb' and 34cc' of the pivotal
      levers 34 and 34', and through the turns of the torsion spring 38. The
      ends 38a, 38b of this spring 38 act on the pivotal levers 34, 34' and the
      mounting pin 32 in such a way that the nose 34n of one lever 34 presses
      against projection 34v' of the other pivotal lever 34', and that at the
      same time the openings 34bb, 34cc, 34bb' and 34cc' are applied against one
      side of the reduction 32a of the bearing pin 32, and the turns of the
      spring 38 bear against the other side, as best seen in FIGS. 4 and 5. This
      means that the elements 32, 34, 34' and 38 are non-positively connected to
      one another to form a constructional unit which can be inserted as a whole
      during the assembly in the cassette, each of the two ends of the mounting
      pin 32 being held in a mounting bore in the cassette which has not
      actually been illustrated in full. FIG. 1 shows this constructional unit
      mounted in the cassette 12 in position ready for operation.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a tape transport mechanism of the type wherein a tape is moved
      sequentially along signal heads for the reception or reproduction or
      removal of informational signals, means for guiding and pressing the tape
      against the signal heads comprising a mounting pin located between the
      signal heads and on the opposite side of the tape relative to the signal
      heads, two like-shaped swinging levers each having two guide flanges by
      which the levers are pivotally journalled on said mounting pin, each
      swinging lever having a wing portion extending outwardly from said
      mounting pin and carrying a pad oriented so as to lie generally opposite a
      respective one of the signal heads for bearing against the tape opposite a
      respective one of said signal heads, and torsion spring means engaged
      about the mounting pin for biasing said swinging levers and their wings in
      respective directions to press the tape against the signal heads, each
      swinging lever having an abutment nose and an abutment surface so arranged
      that the abutment nose of one is biased by said torsion spring against the
      abutment surface of the other to define normal inoperative positions in
      which the swinging levers are held by the spring when the wing pads are
      clear of the signal heads, and such that the abutment noses and surfaces
      are moved away from each other when the wing pads bear against the signal
      heads to define the operative positions of the swinging levers.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein the abutment nose and the
      abutment surface of each lever are carried by different guide flanges of
      that lever.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 wherein the mounting pin is provided
      intermediate its ends with a reduced diameter section and with two limit
      surfaces which are at right angles to the longitudinal axis thereof, and
      each limit surface constitutes an axially-limiting abutment face for the
      confronting guide flange of one of the levers.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 wherein said torsion spring bears
      against one side of the reduced diameter section of said mounting pin, and
      openings in said guide flanges bear against the opposite side, the
      openings being of larger diameter than the reduced diameter portion of
      said mounting pin.
NUM  5.
PAR  5. Apparatus as claimed in claim 4 wherein said torsion spring has a coiled
      portion about said mounting pin and two arms bearing against respective
      ones of said levers to urge them pivotally in opposite directions.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 wherein the coiled portion of said
      spring lies between the flanges of said swinging levers.
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ABST
PAL  An elongated magnetic tape has a pair of longitudinally extending servo
      track areas, one of which is closer to the longitudinal center of the tape
      than the other. The lateral space intermediate the servo areas receives
      data signals, while the space between said one servo area and one edge
      contains identification and address signals. The tape is particularly
      adapted for use with rotating head recorders having two gaps on the rotor,
      with an intergap distance slightly greater than the lateral extent of the
      servo areas. A recording or write gap precedes an immediately trailing
      reading or recovery gap. When the rotor gaps pass the one edge in the one
      servo area, the write gap senses the servo track; while the read gap
      senses the identification signals. The arrangement is such that prior to
      the time the write gap reaches the data recording area, the read gap has
      sensed the identification signals. In a similar manner, when the gaps are
      leaving the data signal area, the write gap is sensing the other servo
      area; while the read gap is still sensing data. The longitudinal extent of
      the servo areas indicates, respectively, beginning of tape (BOT) and end
      of tape (EOT). A leader portion includes a magnetic coating for
      facilitating calibrating magnetic recording apparatus to each particular
      article.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved magnetic medium particularly
      adapted for use with rotating head magnetic recorders, also referred to as
      "transverse" magnetic recorders.
PAR  Rotating head recorders have been used for the last several years for
      recording video or television signals. Such signals are analog in
      character which permits repeated signal usage to compensate for defective
      recording, while not materially detracting from the quality of the
      television picture presented on a television set or CRT screen.
PAR  Such video recorders employ carrier recording techniques with the carrier
      at the upper portion of the frequency band of the signals being recorded.
      Such video recorders have been employed for digital data recording by
      modulating digital data signals on the normal video carrier. In
      contradistinction, most other digital data recorders employ baseband
      recording rather than heterodyne the information-bearing signals on a
      carrier.
PAR  Another aspect of digital data signal recording is that any error
      conditions cannot be obviated in the same manner as video recording
      signals can submerge or enable errors to be ignored. In data recording,
      all signals read back from a record medium must be correct. Further, tape
      motions employed with digital signal recorders and that of video recorders
      are quite different. Requirements of a digital signal record medium
      usually require that the magnetic recorder should be able to step the
      medium to any selected position along its longitudinal length and then
      precisely indicate to controlling apparatus that the medium is at the
      desired location. In one form of digital signal data recorders employing
      rotating heads, during the recording, the magnetic medium is completely
      stopped; i.e., the apparatus operates on a step-by-step or incremental
      mode. That is, one record stripe is recorded while the tape is stopped.
      The tape moves to the next stripe with additional data being recorded,
      etc. Accordingly, any article to be employed with digital data recorders
      should be capable of being operated efficiently in a step-by-step or
      incremental mode, as well as in a continuous motion or slewing mode.
PAR  The history of digital data recording on magnetic tape media indicates that
      as the technology advances there is a great desire on the part of users
      that there be backward compatibility. The term "backward compatibility"
      means that all newly designed digital data recorders have a capability of
      reading all previous digital data formats. For example, in the 1/2 inch
      tape area, digital data recorders employing 1,600 cpi phaseencoded
      recording also usually have the capability of reading the prior 800, 556,
      and 200 cpi NRZI recording. Accordingly, any improved article for use with
      rotating head digital data recorders should facilitate this so-called
      backward compatibility.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved article for
      a digital data bearing signal, particularly a magnetic article for
      recording such signals.
PAR  In accordance with the invention, an elongated magnetically coated member
      has a pair of spaced-apart, longitudinally extending, servo areas adapted
      to receive digital data signals laterally extending therebetween. One of
      the servo areas is spaced from one longitudinal edge of the tape for
      receiving identification or address signals relatable to the data signals
      recorded between the servo areas. Further, the servo areas extend
      longitudinally to an extent demarking beginning of tape toward the leader
      end of the article and end of tape, which denotes the spool end of the
      article.
PAR  Further, at the BOT end of the article, a space between the servo areas is
      reserved for density and format indicating signals for facilitating
      backward compatibility of recorders employing the improved article. One of
      the first data stripes adjacent the BOT end of the article includes the
      serial number of the article. Such serial number is also printed at the
      free end of the leader extending from the BOT area. A magnetically coated
      portion is reserved for recorder calibration; that is, whenever the
      article is loaded onto a rotating head magnetic recording apparatus, that
      apparatus will record signals in the test area and read such recorded
      signals back for calibrating the recording apparatus to the readback
      signals.
PAR  In a preferred constructed embodiment of the invention, the data stripe
      angle with respect to the longitudinal edge is about 171/2.degree.. The
      distance between two gaps of a magnetic head on a rotor adapted to be
      employed with the present article has an intergap distance slightly
      greater than the 171/2.degree. angled width of the servo areas. It is
      preferred that such recorder will employ the leading gap as a recording
      gap, but switch such gap between readback and recording circuits such that
      the recording gap can sense the servo track area signals simultaneous to
      the read gap, reading the identification signals adjacent the one
      longitudinal edge of the article. This action facilitates switching and
      stepping of the article. As the write gap leaves the tape immediately
      adjacent one of the servo signal areas, the read gap is still reading the
      data area; then, the tape can be simultaneously advanced to the next
      stripe. A preferred arrangement is such that the periodicity of the rotor
      and the transit time between two adjacent data signal receiving stripes
      permits the write gap and the read gap to simultaneously read such one
      servo track area and said identification signals during that portion of
      the latency period required to step the article.
PAR  In accordance with another aspect of the invention, the gaps are switched
      in accordance with tachometer settings of the magnetic recorder for
      switching the write gap between recording and readback operations.
DRWD
PAR  The foregoing and other objects, features, and advantages of the invention
      will become apparent from the following more particular description of the
      preferred embodiment, as illustrated in the accompanying drawing.
PAC  THE DRAWING
PAR  FIG. 1 is a diagrammatic showing of an improved article constructed in
      accordance with the present invention.
PAR  FIG. 2 is a diagrammatic showing of a pair of data signal receiving
      stripes, together with the servo signal areas and identification areas.
      Relationship of the geometry to intergap distance of a rotor is
      illustrated.
PAR  FIG. 3 is a greatly enlarged diagrammatic showing of the relationship of
      the servo track area, identification area, and a signal envelope derived
      from the improved article by a rotating magnetic transducer.
PAR  FIG. 4 is a diagrammatic showing of a rotating head recording apparatus
      adapted to utilize the present inventive article.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawing, like numerals indicate like parts and structural
      features in the various views and diagrams. The improved article of the
      present invention is advantageously mounted on a single flange spool 10. A
      cylindrical sleeve (not shown) fits on the spool to complete a dust-proof
      enclosure for the record article. The improved article includes elongated
      member 11 having a magnetic coating on one face thereof. The free end of
      member 11 is tapered at 12 for facilitating automatic threading. In the
      free-end portion, as at 13, a plurality of imprinted article serial
      numbers reside on the coated side of the article. The imprinted serial
      numbers are viewable through a covering transparent cylindrical sleeve
      (not shown). Such printing enables visual inspection and identification of
      various improved articles for facilitating handling and transfer. Such
      serial numbers facilitate logging performance statistics about each of the
      articles, as well as facilitating identification.
PAR  Immediately adjacent free end 12 is a leader area 14 which may or may not
      have magnetic coating thereon. Leader 14 facilitates automatic threading
      operations. Immediately adjacent area 14 is a magnetically coated test
      area 15 for enabling recording and readback of signals by each digital
      signal recorder employing the improved article. A test pattern of signals
      recorded in area 15 is sensed by the digital signal recorder. The
      amplitude, phase shift, and other characteristics of the readback signal
      are analyzed by recorder circuits which then automatically adjust the
      readback circuits for optimum readback of data signals recorded on the
      improved article. The details of such automatic readback circuits are not
      a part of the present invention.
PAR  The data recording area 16 of the improved article is completely defined
      and located by a pair of servo track areas 17 and 19. Each servo track
      area in a constructed embodiment of the improved article included areas
      for two parallel longitudinally extending servo tracks. The servo tracks
      contain signals identifying data stripe locations indicated by dashed
      lines 20 in FIG. 1 and by long narrow rectangles 21 and 22 in FIG. 2.
PAR  Each of the servo tracks in areas 17 and 19 may be constructed in
      accordance with U.S. Pat. No. 3,691,543, no limitation thereto intended.
      In the alternative, a single servo track may be employed in each of the
      areas 17 and 19.
PAR  The servo track areas 17 and 19 have precise longitudinal extents and
      locations. These areas demark all recording areas on the tape. The servo
      area ends adjacent free end 12 define beginning of tape, labeled "BOT,"
      which signifies the area in which a rotating head can start recording data
      signals. In a similar manner, the spool ends of servo track areas 17 and
      19 precisely denote end of the tape, labeled "EOT," which correspondingly
      defines the other longitudinal limit in which a recorder may record data
      signals.
PAR  In addition to data signal receiving area 16, which is left blank when the
      improved article is first manufactured, an identification and addressing
      track is located at 25 with a longitudinal extent substantially
      longitudinally coextensive with servo area 19. Identification and
      addressing area 25 will be described in detail later. In an early
      constructed embodiment of the present improved article, the identification
      area ended at 26 longitudinally toward spool 10 from free end 12. The
      first data record area number was 0 identifying a so-called "stripe 0." In
      this first constructed embodiment, stripe 0 had recorded therein the
      serial number of the improved article, which serial number corresponded
      with the printed serial numbers at 13.
PAR  In practice, a digital signal recorder would receive the improved article
      and read stripe 0 to identify the particular article. In a preferred form
      of using the improved article, apparatus employing the article would
      identify which articles had never been used, i.e., "scratch" articles, and
      other articles which had previously received recording. For such scratch
      articles, stripe 0 is initially read, the article moved to stripe 1, with
      the serial number then recorded in stripe 1. Subsequent loading of such
      article into a digital signal recorder apparatus causes the apparatus to
      move to stripe 1 for reading the serial number. In this manner, possible
      erasure or other destruction of the serial numbers in stripe 0 is
      minimized. One procedure for effecting such protective reading is to
      always have the digital recorder step to stripe 1. If the stripe is
      erased, then stripe 0 is read. If the stripe 1 is in error, then
      additional stripes 2-9 may be employed for receiving such serial number.
      Additionally, other data may be recorded in stripes 1-9, such as usage
      indicators, error status, and other information usually found in header
      labels of one-half inch magnetic tape record media.
PAR  The longitudinal space extending from point 26 to BOT and disposed
      intermediate servo areas 17 and 19 is reserved for density and code
      indicating information. Such an area may accommodate up to 100 stripes,
      for example. When the first type of recording is employed, then all of
      such stripes in areas 26 to BOT are left blank. For a first modification,
      such as increased density, variation of stripe width, spacing, etc., a
      first particular code is inserted in the density area between space 26 and
      BOT, identifying the newer recording format. By such identification,
      backward compatibility of the recorded improved article is identifiable.
PAR  In accordance with all of the above, the improved article, when shipped
      from a manufacturing plant, includes servo stripe areas 17 and 19 with
      their associated servo stripes, identification and addressing area 25, and
      the printed serial numbers at 13. Area 25 can have addresses 00000 to
      13342 (decimal). The address signals consist of two 8-bit binary coded
      bytes which may be subjected to error correction codes or be redundantly
      recorded, as one pleases. All recording is inset from longitudinal edges
      30 and 33 to provide a guard area of no recording.
PAR  Referring now more particularly to FIG. 2, the relationship of the improved
      article to a particular digital signal recorder with which the improved
      article can be advantageously employed is described. The timing
      relationship of the rotating head scanning of the tape with respect to the
      servo track areas and the identification and address stripe show the
      advantageous usage. As mentioned above, in a first constructed embodiment
      of the improved article, the angle of the data stripes, such as stripes 21
      and 22, with respect to the longitudinal edges of the tape, is about
      171/2.degree.. The data receiving areas 21 and 22 extend at such an angle
      between the precisely aligned servo areas 17 and 19. The lateral extent of
      the servo areas 17 and 19, as measured along the scan path 27 of a
      rotating head, is slightly less than the intergap distance between a write
      (W) and a read (R) gap of the single two-gap head on the rotor, as will be
      later described. This intergap distance, as at 28, being slightly greater
      than such transverse dimension of the servo areas, is advantageously
      employed when recording and stepping the improved article by a digital
      signal recorder. Assume that when gap W is scanning the tape at the lower
      edge 30, it is connected to a readback circuit. Gap W scans the address
      portion 25. The readback signals being identified as data signals are
      ignored. As gap W scans servo area 19, the readback signals are identified
      as servo signals and sent to a servomechanism used in connection with
      transporting article 11 past the rotating heads having gaps W and R. As
      gap W scans area 19, at 171/2.degree., trailing gap R follows by distance
      28 to simultaneously scan address area 25. The servo signals from gap W
      drive the servomechanism simultaneous with other readback circuits,
      analyzing the signals from area 25 to identify the location of the
      improved article with respect to gap W. After gap R has completed a scan
      of the appropriate portion of address area 25 signals, electronic circuits
      determine whether or not the article is appropriately positioned. If it
      is, then recording currents are turned on for recording data signals in
      stripe area 21, precisely aligned along the 171/2.degree. scan path with
      the appropriate portion of servo tracks in area 19, as well as the
      later-described address portion of area 25 associated with data signal
      receiving area 21. As gaps W and R continue to scan across tape 11, the
      signals are recorded through gap W into data signal receiving area 21. For
      checking the correctness of the recording in area 21, the recorded signals
      are simultaneously sensed by gap R as it scans area 21. Such
      read-after-write recording verification can follow the same procedures
      used in connection with prior digital data signal recorders, such as
      employed for 1/2 inch tapes.
PAR  As gap W leaves area 21, as at 31, all recording currents are removed from
      the gap. Gap R continues to sense the recorded signals. Gap W senses the
      area 17 servo signals to supply servo track signals to said servomechanism
      for use in connection with positioning the article, as is well known.
      Since the intergap distance 28 is slightly longer than the 171/2.degree.
      transverse dimension of area 17, gap W leaves area 17, as at 32, about
      substantially coincidentally with gap R leaving area 21, as at 31. At this
      time, gap R is substantially transversely inward of upper edge 33 of tape
      11. The servomechanism is now actuated to step the article 11 to the next
      stripe, such as stripe 22. The constants of acceleration and the rotor
      velocity can be matched such that the stepping to stripe or signal
      receiving area 22 is the same time it takes for gap W to move from area 17
      to just immediately prior to area 19 which is aligned with stripe 22. This
      transit time corresponds to the transverse dimension from area 17 to edge
      33, plus the distance from edge 30 to lower edge 34 of area 19. This
      statement assumes a helical wrap of 360.degree. of article 11 around a
      laterdescribed mandrel, such that edges 30 and 33 abut. In this manner,
      for a single head type rotor, a minimum time is lost because of the rotor
      movement and tape movement for maximizing data signal throughput.
PAR  Referring next to FIG. 3, the detailed relationship of the address area 25
      with respect to the data receiving area 16 is further explained. The
      address area 25 is recorded on the improved article in accordance with the
      Harr U.S. Pat. No. 3,366,897. Area 25 includes one address signal
      receiving area 40 corresponding to each data signal stripe or receiving
      area, such as areas 21 and 22 of FIG. 2. Areas 40 are precisely aligned
      along the 171/2.degree. scan path, with corresponding servo information
      signals in the servo areas 17 and 19. For example, assume that stripe J is
      to be accessed. It has an address area JID in area 25, which identifies
      the longitudinal address of stripe J. Read and write gaps R and W scan the
      hatched area 42 of address portion JID. The gap center line 43 identifies
      the scan path of both gaps. Stripe J, after recording by a suitable
      positioning based upon the servo tracks in area 19, corresponding to servo
      positioning indicating signals as at 44 and 45, is precisely aligned with
      JID center portion. In a similar manner, servo track area 17 has an
      additional pair of servo positioning signals corresponding to stripe J.
PAR  The signal envelope appearing from gap R in reading JID and stripe J is
      shown in the lower part of FIG. 3. Signal envelope portion A corresponds
      to gap R reading portion A of JID+1; i.e., only a portion of the gap R
      senses JID+1. The space between A and the signal JID' is the interaddress
      gap, as at 50. The JID' signal represents a full scan of the address area
      JID, enabling signal detection in accordance with known techniques.
      Following the JID' signal, gap 51 appears, followed by signal B from gap R
      sensing the B portion of address area JID-1. Then, the servo tracks are
      sensed (envelope now shown); following that, the data stripe J is sensed,
      as indicated by the signal J' followed by sensing the servo tracks from
      area 17, the signal envelope which is not shown.
PAR  It should be noted that the addressing and the data signals are read by gap
      R, while both servo tracks are read by gap W. Additionally, gap W records
      signals in the data stripe area, as well as selectively recording signals
      on the address portion, as will be later described. The preferred write
      gap to read gap ratio is about 2:1; i.e., the write gap scans a wider
      track than the read gap as commonly practiced in one-half inch tape
      recorders.
PAR  Referring next to FIG. 4, using the improved article in a rotating head
      digital signal recording apparatus is further described. The improved
      article 11 has a helical wrap around an air bearing mandrel consisting of
      two halves 60 and 61, the mandrel being stationary. Precisely coaxially
      aligned with the cylindrical mandrel 60, 61 is a single axially thin rotor
      62 which carries gaps W and R, as above referred to. The intergap distance
      is the short distance between the gaps. A rotary transformer (not shown)
      of usual design is included in rotor 62 to provide electrical connections
      over lines 63 and 64, respectively, between gaps W and R and electronic
      circuits diagrammatically shown in FIG. 4.
PAR  Rotor 62 is driven at a constant angular velocity by motor 70. Motor 70
      also includes a precisely constructed tachometer disk 71. Disk 71 has
      fiducial mark 72 precisely aligned with the angular position of gaps R and
      W such that sensor 73, supplying a signal indicative of sensing fiducial
      mark 72, provides a precise relationship of the angular location of gaps W
      and R for use in connection with the medium format shown in FIGS. 1 and 2.
      Sensor 73 supplies its fiducial signal to reset angular position counter
      74 to a reference state, such as all 0's. In addition, sensor 75 senses
      the positional marks evenly distributed around the circumference of disk
      71. Sensor 75 supplies corresponding angular position-indicating signals
      to counter 74 to tally same for indicating the present angular position of
      gaps R and W. For example, if the counter is set to all 1's by the reset,
      then the tally signals from sensor 75 decrement the counter toward zero as
      motor 70 rotates rotor 62 and tachometer disk 71. In the alternative, when
      counter 74 is set to all 0's, the tally signals from sensor 75 may
      increment the counter. Other reference states may be used in the counter
      in accordance with machine design principles.
PAR  The present count in counter 74, i.e., the indication of the angular
      position of gaps R and W, passes head-switching positions represented by
      signals on the lines 80, 81, and 82. These positions correspond to the
      read and write gap positions, as shown in FIG. 2.
PAR  Since the apparatus is employed for recording digital data signals, a
      computer (not shown) is usually connected to the apparatus, no limitation
      thereto intended. The computer supplies the usual control signals for
      digital signal recorders and, in addition, supplies digital signals to be
      recorded. Recording circuits 84 receive the computer-supplied signals and
      convert them to a form suitable for recording on article 11. Such a form
      may be NRZI digital signals, as taught by Phelps in U.S. Pat. No.
      2,774,646. Such NRZI recording, as taught by Phelps, is preferably encoded
      for reducing the charge effects in the rotary transformer. To this end,
      the record code taught by Patel in commonly assigned co-pending Pat.
      application Ser. No. 369,675, filed June 13, 1973, may be advantageously
      employed for recording signals in the data signal receiving area 16, as
      well as certain signals to be recorded in the address area 25. Such
      recording includes a preamble clock synchronizing set of signals, such as
      those employed in phaseencoded recording.
PAR  Signals to be recorded are supplied by recording circuits 84 through AND or
      coincidence circuit 85 for being supplied over line 63 to gap W. AND 85
      passes such signals only when the gap W is scanning that portion of
      article 11 corresponding to the digital data signal receiving stripes in
      area 16. Counter 74 is constructed to decode the counts for defining data
      signal receiving area 16 by supplying a relatively low amplitude signal
      over line 80; i.e., the signal on 80 represents a series of tachometer
      counts from disk 71 corresponding to the scan portion represented by
      stripes 21, 22, etc. The signal on line 80 is supplied through inverting
      amplifier 86 to AND 85 for enabling the recording of signals by gap W. At
      all other times, coincidence circuit 85 is disabled, thereby protecting
      the integrity of the signals recorded at a manufacturing plant in servo
      areas 17 and 19 in accordance with the Harr patent, supra.
PAR  Gap W scans the servo areas 17 and 19, which have a predetermined
      relationship with the above-mentioned data receiving area, such that a
      second predetermined set of counts from disk 71, as manifested in counter
      74, can be used to open AND circuit 87 to pass signals from line 63 to
      servo circuits 90. In this regard, whenever address area 25 is not to be
      updated, the signal on line 80 is passed through OR circuit 91 to enable
      AND 87 whenever AND 85 is disabled. Hence, in this manner, the signals on
      line 63 are passed to servo circuits 90 whenever the gap W is scanning a
      portion of the tape outside the data signal receiving area. Servo circuits
      90 are constructed to ignore the data signal type of readback signals.
PAR  In addition, gap R supplies signals over line 64 to a set of readback
      circuits 95. Readback circuits 95 supply such readback signals to the
      computer whenever gap R is scanning signals in the data signal receiving
      area 16. This is indicated by the output of inverter 86. At other times,
      gap R is scanning area 25, which is indicated by the signal on line 81. In
      a similar manner, the signal on line 82 indicates gap R is scanning a
      nondata area of the tape. Similarly, the signal on line 82 disables
      readback circuits 95 whenever gap R is not scanning a signal receiving
      area on tape 11.
PAR  As additional controls and variations of modification of the signals are
      recorded on improved article 11, electronic circuits associated with a
      given digital signal recorder must necessarily become more complicated. In
      the preferred form of the invention, address area 25 has a set of
      addresses beginning at zero adjacent BOT extending through a predetermined
      number of stripes at EOT, for example, 13,342, with the stripes being
      spaced center-to-center of about ten mils with a width of 6 mils, leaving
      an interaddress space of 4 mils. The data signal receiving stripes 21 and
      22 can be made contiguous provided the recording signal apparatus has
      sufficiently accurate servo circuits and guiding apparatus (not shown) for
      precisely aligning each of the stripes as diagrammatically illustrated in
      FIGS. 1 and 2.
PAR  Since recording in data signal area 16 is initiated only after the article
      has been accurately positioned and such positioning verified, all data
      stripes 00000 to 13,342 are precisely aligned with the corresponding
      portions of the servo track areas 17, 19 and address signals at 25.
      Positioning control 100 coordinates medium 11 transport with rotor 62
      position in a known manner. Supply or payout reel 101 driven by motor 102
      and capstan-reel or takeup reel 103 via motor 104 are also coordinated in
      operation in accordance with Phillips U.S. Pat. No. 3,781,490. Tachometer
      105 supplies position data signals to control 100. Translation of capstan
      reel 103 rotation to actual linear tape motion is calculated by the
      computer in accordance with tape wrap radius on capstan-reel 103.
      Threading medium 11 from reel 101 to reel 103 is in accordance with
      established automatic threading techniques.
PAR  It is anticipated that the illustrated record medium may be used by several
      different tape units as diagrammatically shown in FIG. 4. Such tape units
      usually will have different tape-guiding characteristics yielding slightly
      different record stripe angles --such angle differences are termed "skew."
      Such skew can result in readback errors, unintended recording overwriting
      resulting in obliteration of previous records. In spite of this skew
      problem, it is commercially imperative that record stripes be changeable
      without unintentionally obliterating any recorded signals. For achieving
      such a re-recording capability without error, record stripes 20 are
      grouped into record blocks such as 110 and 111, each such record block
      being separated by an area 112 containing no recorded signals. To
      re-record, one entire block 110 or 111 is recorded at a time. Following
      such a practice accommodates tape-guiding tolerances of various tape
      units.
PAR  Each record block may contain any number of record stripes 20; it is
      preferred that a fixed number of record stripes be selected, such as 50,
      100, etc. Such a selection simplifies programming in computers using the
      illustrated record medium for data signal storage.
PAR  For maximizing data signal storage on each medium, area 112 (termed
      interblock gap or IBG) has a minimal length, for example, a length
      sufficient to accommodate one or two record stripes. Identification
      portion 25 can contain special indicia (all 1's, etc.) signifying an IBG,
      the computer recognizes IBG's by specified addresses, or the IBG can
      extend into portion 25.
PAR  It is preferred, for maximum flexibility, that each block and IBG be
      identified by decimal address such as set forth below for a 65-stripe
      block:
TBL  Block Number                                                              

                 Block Addresses  IBG Addresses                                

     ______________________________________                                    

     0            0-64             65                                          

     1            66-130          131                                          

     2           132-196          197                                          

     3           198-262          263                                          

     4           264-328          329                                          

     5           330-394          395                                          

     .           .                .                                            

     .           .                .                                            

     .           .                .                                            

     N           66N - (66.N+64)  66N + 65                                     

     ______________________________________                                    

PAR  Each address consists of two bytes (address modulus of 2.sup.16 -1)
      recorded in the ID portion 25 in accordance with the Patel et al.
      co-pending application, supra, and Harr U.S. Pat. No. 3,666,897. The
      recorded signals appear in seriatim at the 171/2.degree. angle.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and detail may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A new article having a flexible longitudinally elongate substrate having
      a magnetic coating substantially over its longitudinal length and a pair
      of longitudinal edges, one of which is a reference edge, a leader end and
      a spool end,
PA1  the improvement including in combination:
PA1  first and second laterally spaced-apart longitudinally extending servo
      tracks each consisting of a longitudinal extending series of record area
      designating signals sensible along respective scan paths, corresponding
      signals of said servo tracks defining transverse ends of a recording area
      adapted to receive data signals serially arranged along said scan paths
      extending along said corresponding signals, respectively;
PA1  each said scan path subtending an acute angle with respect to said
      reference edge and opening toward said leader end;
PA1  said first servo track being laterally spaced from said reference edge a
      distance less than one-fourth the lateral extent of said article;
PA1  address indicia recorded along each of said scan paths and disposed
      laterally intermediate said reference edge and said first servo track,
      each said address indicia identifying said respective scan paths having a
      lesser extent than the extent of said servo tracks as measured along said
      scan paths, respectively; and
PA1  said second servo track being laterally adjacent a second one of said
      longitudinal edges.
NUM  2.
PAR  2. The new article set forth in claim 1 wherein both said servo tracks
      extend longitudinally closer to said leader end than said address indicia.
NUM  3.
PAR  3. The new article set forth in claim 2 further including a set of
      article-identifying signals recorded intermediate said servo tracks along
      a given one of said scan paths longitudinally closest to said leader end;
      and
PA1  visible indicia signifying said article identifying signals and disposed
      longitudinally immediately adjacent said leader end and being
      longitudinally spaced from said servo tracks.
NUM  4.
PAR  4. A new longitudinally elongate article for allowing precise readback and
      error recovery operations on digital data signals to be recorded on such
      article, the article having a magnetically coated elongated web with a
      record signal receiving portion, a leader end, a spool end, and a pair of
      longitudinally extending edges, one of which is a reference edge;
PA1  an unrecorded leader portion extending for a given distance from said
      leader end toward said spool end;
PA1  signals recorded on said article adapted to be read along respective plural
      longitudinally displaced scan paths disposed at a predetermined angle with
      respect to the longitudinally extending edges;
PA1  the improved article including in combination:
PA1  a first elongate servo portion extending from said leader portion to an end
      portion adjacent said spool end and comprising plural sensible indicia for
      identifying scan path longitudinal locations and sensible along said
      respective scan paths and spaced from said reference edge a distance less
      than one-fourth the width of said elongated web;
PA1  a second elongate servo portion extending from said leader portion to said
      end portion in lateral spaced-apart relation to said first servo portion
      and disposed adjacent a longitudinal edge of said web opposite said
      reference edge, and comprising plural sensible indicia for identifying
      scan path longitudinal locations and sensible along said respective scan
      paths, said record signal receiving portion being intermediate said
      elongate servo portions;
PA1  a recorded indicia portion disposed laterally between said reference edge
      and said first elongate servo portion and extending longitudinally
      substantially from said leader portion to said end portion and having
      plural recorded sets of indicia, one set of indicia extending along and
      being for said scan paths respectively for indicating longitudinal
      addresses for said record signal receiving portion; and
PA1  all of said portions having like signal receiving characteristics adapted
      to be recorded and read back during a scan by a two-gap single head
      rotating head with a minimum intergap spacing approximately about the
      spacing along a scan path between said reference edge and said first
      elongate servo portion.
NUM  5.
PAR  5. The article set forth in claim 4 wherein said recorded indicia portion
      extends only part way from said spool end portion toward said leader
      portion such that both said servo portions extend from said leader portion
      along a predetermined length of said article without said recorded indicia
      portion.
NUM  6.
PAR  6. The article set forth in claim 4 wherein said first and second elongate
      servo portions respective plural sensible indicia have an extent along the
      respective scan paths slightly less than said minimum intergap spacing.
NUM  7.
PAR  7. The article set forth in claim 4 wherein a first one of said given areas
      closest adjacent to said leader end contains a set of recorded
      machine-readable article identifying indica, said recorded article
      identifying indicia being sensible as any data signals recorded in any of
      said record signal receiving portion; and
PA1  a visible indicia section longitudinally intermediate said unrecorded
      leader portion and said leader end, said section having visible article
      identifying indicia identical to said recorded article identifying
      indicia.
NUM  8.
PAR  8. The article set forth in claim 7 wherein said recorded indicia portion
      sets consist of parallelogram-shaped record areas having two sides
      substantially parallel to said reference edge and two sides substantially
      perpendicular to each respective one of said given lines wherein each one
      of said given lines, except for longitudinal end ones of said sets,
      bisects a corresponding one of said parallelogram-shaped sets and extends
      adjacent a corner of two others of said sets which are immediately
      adjacent, and being spaced apart along said respective given lines less
      than the longitudinal extent of any one of said sets.
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ABST
PAL  An improved magnetic disk unit comprised of a jacket provided with flexible
      disk coated on both faces thereof with a magnetic material. The jacket and
      the disk have means thereon for rendering the disk unit compatible with
      different types of disk drives so that the disk unit is reversible in a
      particular disk drive to permit storage and readout of information from
      either face thereof to thereby increase the storage capacity of the disk
      itself.
BSUM
PAR  This invention relates to improvements in magnetic storage media of the
      type utilizing a flexible magnetic disk of the type known as a "floppy"
      disk usuable with a disk drive and, more particularly, to a record unit in
      which both sides of the disk thereof are usuable with conventional disk
      drives rather than only one side as with presently available disk units.
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional disk drives utilize a record unit including a disk of flexible
      material rotatably carried in a jacket and coated on both faces with a
      magnetic material, yet information in the form of magnetic signals can be
      written on or read from only one face of the disk because the record unit
      has no means to permit it to be used in an inverted or reversed position
      relative to the read-write head of the disk drive. Typically, the record
      unit has a configuration which renders it compatible with a particular
      disk drive. There are several U.S. companies which market disk drives;
      thus, there are several different record unit configurations commercially
      available at the present time.
PAR  The particular means on the jacket and disk of a conventional record unit
      include a single group of aligned holes through the jacket and the disk
      for use with a disk rotation sensor, a single slot for use with the
      read-write head, and possibly a notch or hole in the jacket to provide a
      write enable function for the corresponding disk drive. The record unit
      can only be coupled to the disk drive in one way because of the irregular
      positioning of the hole and notch sensors of the disk drive.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved record unit of the type
      described because it uses additional holes and an additional notch or hole
      if needed, all of which additional features are in mirror image positions
      with respect to the corresponding features found in a conventional record
      unit and also provided with the record unit of the present invention.
      Thus, the present invention permits the record unit to be reversible so
      that, after one side of the disk thereof has been used for the storage or
      readout of information, the record unit can be inverted relative to the
      disk drive to allow the opposite side of the disk to be used.
PAR  In a preferred form of the invention, the jacket of the record unit has two
      pairs of holes therethrough, each hole pair corresponding to a particular
      side of the disk and adapted to be placed in alignment with a photosensor
      for generating triggering signals to be applied to the read-write head of
      a disk drive as a function of the rotation of the disk within the jacket.
      The locations of such hole pairs are selected in accordance with the
      locations of the photosensors of particular disk drives. In addition, the
      jacket of the record unit of the present invention can be provided with
      notches or holes at strategic locations to provide a write enable function
      for the disk drive when the record unit is coupled thereto. Thus, the
      record unit is reversible in use inasmuch as either side of the disk can
      be used for storage or readout of information by the read-write head of
      the corresponding disk drive.
PAR  The primary object of this invention is to provide an improved record unit
      utilizing a flexible disk coated with magnetic material on its opposed
      faces wherein the disk is in a jacket having means thereon for rendering
      the same compatible with a particular disk drive notwithstanding the fact
      that the disk itself is reversible in use to increase its storage capacity
      over that obtainable with the use of conventional magnetic recording
      disks.
PAR  Another object of this invention is to provide a record unit of the type
      described wherein the jacket and the disk thereof can be provided with
      holes, slots, recesses and the like in symmetrical locations with respect
      to a predetermined reference so that the record unit is reversible to
      permit both sides of the disk to be available for storage of information
      thereon.
DRWD
PAR  Other objects of this invention will become apparent as the following
      specification progresses, reference being had to the accompanying drawings
      for an illustration of several embodiments of the invention.
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of one form of the record unit of this
      invention;
PAR  FIG. 2 is a fragmentary view showing the opposite side of the record unit
      of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 1;
PAR  FIGS. 4-6 are views similar to FIGS. 1-3, respectively, but showing another
      embodiment of the record unit; and
PAR  FIGS. 7 and 8 are elevational views of respective sides of a third
      embodiment of the record unit.
DETD
PAR  A first embodiment of the recording unit of this invention is broadly
      denoted by the numeral 10 and includes a disk 12 disposed within a jacket
      13 for rotation relative thereto. Disk 12 has a circular inner periphery
      14 and a circular outer periphery 16, and the disk is provided with a
      coating on each side thereof to permit electrical signals to be
      magnetically recorded thereon. Disk 12 comprises a conventional floppy
      disk in that disk 12 has the coatings on opposed sides or faces thereof.
      Thus, signals can be magnetically written on or read from both sides of
      the disk.
PAR  Jacket 13 has a pair of opposed sides 18 and 20 of generally square
      configuration. The proximal end margins of sides 18 and 20 are coupled
      together to confine disk 12 between the sides, yet the disk can rotate
      within and relative to jacket 13. Sides 18 and 20 have respective holes 22
      and 24 therethrough concentric with the center line 26 through sides 18
      and 20. Openings 22 and 24 are of essentially the same diameter and this
      diameter is larger than the diameter of hole 14 through the center of disk
      12.
PAR  Sides 18 and 20 also have respective slots 28 and 30 therethrough for
      exposing a slot-shaped portion of disk 12 in the manner shown in FIGS. 1
      and 2. Slots 28 and 30 are in alignment with each other and permit a
      read-write head (not shown) of a disk drive to become coupled to disk 12
      for reading information from the disk or writing information thereon.
      Slots 28 and 30 are radial to center line 26 and permit both sides to be
      alternately presented to a read-write head.
PAR  The read-write head of the disk drive with which record unit 10 is
      associated is triggered by a pulsor signal from a photosensor 32 when the
      latter receives a light beam from a light source 34 passing through a hole
      36 in disk 12. Photosensor 32 and light source 34 are mounted in any
      suitable manner adjacent to record unit 10 to provide for the generation
      of this triggering signal. To permit the triggering of the read-write head
      regardless of which side of disk 12 is being used, sides 18 and 20 of
      jacket 13 are provided with holes therethrough to permit alignment of hole
      36 of disk 12 between photosensor 32 and light source 34. As shown in FIG.
      1, side 18 has holes 38 and 40 which are symmetrically located on opposite
      sides of a diametral central line 42 radial to center line 26. Also, holes
      38 and 40 lie on radial lines emanating from center line 26.
PAR  Side 20 is provided with holes 44 and 46 which are also symmetrically
      located with respect to a diametral center line 48 radial to center line
      26. Hole 44 is aligned with hole 40 and hole 46 is aligned with hole 38.
      The hole pairs are offset with respect to corresponding center lines 42
      and 48 because photosensor 32 of a conventional disk drive is offset and
      in a fixed position as shown in dashed lines in FIG. 2. Thus, in the
      example of FIG. 2, light will pass through hole 36 and trigger photosensor
      32 only when hole 36 is in alignment with holes 40 and 44. For the reverse
      case, i.e., when record unit 10 is inverted, the hole pair comprised of
      holes 38 and 46 will become aligned with photosensor 32.
PAR  In use, record unit 10 is normally in a vertical plane in a disk drive, the
      latter having a spindle 50 which is received within hole 14 at the center
      of disk 12 for rotating the disk relative to jacket 13. When record unit
      10 is so mounted, the read-write head (not shown) of the disk drive will
      be in alignment with the slot of either side 18 or side 20. For instance,
      if the head is adjacent to slot 30, photosensor 32 will be in the dashed
      line position of FIG. 2 relative to the hole pairs 38-46 and 40-44. A
      triggering signal will be generated and applied to the head each time hole
      36 becomes physically aligned with holes 40 and 44. Information can then
      either be read from or written onto the corresponding side or face of disk
      12.
PAR  When the disk is inverted, it is also placed on spindle 50 as shown in FIG.
      3 and the opposite side of the disk can be used for reading information
      from a disk or writing information thereon. In such a case, the read-write
      head will be adjacent to slot 28 and the hole pair comprised of holes 38
      and 46 will be aligned with photosensor 32. In this manner, either side of
      the disk can be used at any one time so as to essentially double the
      storage capacity of the disk.
PAR  Record unit 10 is of the type compatible with the disk drive marketed by
      the IBM Corporation. Other disk drives are made by other companies, such
      as Memorex Corporation, Santa Clara, California, and Shugart Associates,
      Sunnyvale, Calif. A record unit made in accordance with the present
      invention and compatible with the Memorex disk drive is shown in FIGS.
      4-6, and a record unit made in accordance with the present invention and
      compatible with the Shugart disk drive is shown in FIGS. 7 and 8.
PAR  Record unit 110 of FIGS. 4-6 includes a recording disk 112 mounted within
      an envelope 113 for rotation relative thereto. Disk 112 has a center hole
      114 for mounting on a spindle 150 of a disk drive. The outer periphery 116
      of disk 112 is shown in dashed lines in FIGS. 4 and 5.
PAR  Jacket 113 is comprised of two sides 118 and 120 having respective slots
      128 and 130 for the same purpose of slots 28 and 30 of record unit 10.
      Slots 128 and 130 are radial to the center line 126 of record unit 110.
PAR  Sides 118 and 120 have aligned hole pairs therethrough to permit alignment
      of a photosensor (not shown) and a light source (not shown) with a series
      of circumferentially spaced holes 136 through disk 112 near its outer
      periphery 116 as shown in FIG. 4. Side 118 has holes 138 and 140
      symmetrically located on opposite sides of slot 128. Similarly, side 120
      has corresponding holes 144 and 146 symmetrically located with respect to
      slot 130. Hole 146 is in alignment with hole 138 to form a first hole pair
      and hole 144 is in alignment with hole 140 to form a second hole pair. The
      photosensor and light source in a disk drive with which record unit 10 is
      to be used is offset laterally with respect to either of slots 128 and
      130; thus, this explains why the aforesaid hole pairs are located as they
      are. Moreover, the function of holes 136 is to cause the photosensor to
      generate a triggering signal for the read-write head (not shown) of the
      disk drive as disk 112 rotates.
PAR  Jacket 113 has also a pair of notches or recesses 151 and 153 in the side
      margins 155 and 157, respectively, near the end margin 159. These notches
      are provided for a write enable function of the disk drive and are also
      located symmetrically with respect to slots 128 and 130.
PAR  In use, record unit 110 is inserted into the disk drive, typically in a
      vertical plane. In such a case, one or the other of slots 128 and 130 is
      adjacent to the read-write head of the disk drive. In such a case, the
      photosensor and light source for triggering the head will be adjacent to a
      particular hole pair, such as the pair including holes 140 and 144.
      Furthermore, one of the two notches 151 and 153 will operate to effect a
      write enable function of the disk drive while the other notch is
      inoperable for any function. When properly positioned with respect to the
      disk drive, spindle 150 thereof will be received within the central hole
      114 of disk 112.
PAR  As the disk rotates, holes 136 successively pass the hole pair aligned with
      the photosensor and light source. This causes signals to be generated by
      the photosensor which are directed to the read-write head to effect either
      a reading or a writing function.
PAR  When it is desired to either read or write on the opposite face of disk
      112, record unit 10 is inverted on spindle 150 and the disk is rotated
      within jacket 113 as before. This time, the read-write head will be
      adjacent to the other of the two slots 128 and 130 and the other of the
      two notches 151 and 153 will be performing the write enable function.
      Also, the other hole pair, such as the pair including holes 138 and 146
      will be aligned with the photosensor and light source. Thus, it is
      possible to use either side of disk 112 for recording and playback of
      information.
PAR  Record unit 210 shown in FIGS. 7 and 8 and compatible with the disk drive
      of Shugart Associates is of essentially the same construction in all
      respects as record unit 10 (FIGS. 1-3) except that record unit 210 has a
      second set of hole pairs to provide a write enable function for the disk
      drive. To this end, record unit 210 includes a disk 212 mounted within and
      rotatable relative to a jacket 214 of generally square configuration. Disk
      212 has a hole 236 therethrough for the same purpose as hole 36 of record
      unit 10 (FIGS. 1-3). Jacket 214 has sides 218 and 220, side 218 having
      holes 238 and 240 therethrough and side 220 having holes 244 and 246.
      Holes 238 and 240 are located on opposite sides of and symmetrical to a
      diametral center line 242 passing through the center line 226 of record
      unit 210. Similarly, holes 244 and 246 are on opposite sides of and
      symmetrical to a diametral center line 248 also passing through center
      line 226. Hole 246 is aligned with hole 238 and hole 244 is aligned with
      240. Hole pairs 238-246 and 240-244 are provided for the same purpose as
      hole pairs 38-46 and 40-44 of record unit 10.
PAR  Sides 218 and 220 have respective slots 228 and 230 for the same purpose of
      slots 28 and 30 of record unit 10. Slots 228 and 230 are aligned with each
      other and are radial to center line 226.
PAR  Side 218 has two holes 251 and 253 near one margin of the jacket as shown
      in FIG. 7 adjacent to slot 228. Holes 251 and 253 are symmetrically
      located on opposite sides of center line 242.
PAR  Similarly, side 220 has a pair of holes 255 and 257 therethrough at
      locations symmetrical to and on opposite sides of center line 248. Hole
      257 is aligned with hole 251 and hole 255 is aligned with hole 253. These
      hole pairs are formed in record unit 210 to provide a write enable
      function for the read-write head of the disk drive with which record unit
      210 is used.
PAR  Record unit 210 is used in the same manner as described above with respect
      to record unit 10 except that record unit 210 provides for the write
      enable function mentioned above. Record unit 210 can be used in a manner
      such that information can be read from or written onto either face or side
      of disk 212, thereby essentially doubling the storage capacity of the disk
      relative to conventional disks.
PAR  In each of the foregoing embodiments, a liner (not shown) is disposed
      between the disk and the inner surface of each jacket side, respectively.
      Also, disk 212 has typically thirty-three holes 236 although only one such
      hole is shown in FIGS. 7 and 8.
CLMS
STM  I claim:
NUM  1.
PAR  1. A reversibly mountable magnetic record unit for a disk drive having a
      sensor for controlling information transfer to and from a selected side of
      a planar recording media comprising: a flexible circular planar disk
      having a pair of opposed faces, a central axis, a central circular opening
      and a hole through said disk radially spaced from said central axis, there
      being a coating of magnetic recording medium on each of said faces,
      whereby information in the form of magnetic signals can be magnetically
      read from and written onto either of said faces; a jacket, said disk being
      disposed within the jacket and being rotatable relative thereto, said
      jacket having a pair of opposed sides, each jacket side having a central
      circular opening and a pair of holes spaced from the central opening and
      symmetrically located relative to a diametral center line therethrough,
      said jacket being symmetric about said diametral center line, the holes of
      one jacket side being aligned with respective holes of the other jacket
      side to form two aligned hole pairs equidistant from said diametral center
      line, the hole in the disk being movable past and into successive
      alignment with each aligned hole pair to actuate the sensor when the
      jacket is in an operative position relative to the disk drive, each jacket
      side further having a slot therethrough radially aligned with said central
      opening and with each other along said diametral center line for
      permitting information to be magnetically transferred to and from a single
      selected face of the disk, said magnetic record unit being mountable to
      the disk drive in an obverse and a reverse position about said diametral
      center line.
NUM  2.
PAR  2. A magnetic record unit as set forth in claim 1, wherein each jacket side
      has a second pair of holes symmetrically located relative to the diametral
      center line between the corresponding first pair of holes, each second
      hole of one jacket side being aligned with a respective second hole of the
      other jacket side to form a hole group therewith to provide a write enable
      function for the disk drive when said jacket is in said operative
      position.
NUM  3.
PAR  3. A magnetic record unit as set forth in claim 2, wherein the first and
      second pairs of holes of each jacket side are on one side of the
      corresponding central opening.
NUM  4.
PAR  4. A jacket for a reversible magnetic recording disk having a magnetic
      coating on each of the opposed faces thereof, said jacket including a pair
      of flexible opposed sides having means for connecting the outer peripheral
      margins thereof together when the disk is therebetween and rotatable
      relative thereto, each side having a central circular opening, a slot
      extending radially from and being in spaced relationship to the central
      opening, a pair of spaced holes symmetrically located on opposite sides of
      a line coincident to the radial line on which the slot is disposed, the
      slot and holes of one side being aligned with the slot and respective
      holes of the other side, and a pair of recesses symmetrically located
      relative to said radial line and mating with respective recesses of the
      other side for permitting the reversible mounting of said recording disk
      contained therein.
